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BBEOEHUE

BBEOEHUWE

BypeHue n, ocobeHHO, BCKPbITUE MPOLAYKTMBHbBIX NMACTOB, XapakTepU3yLLNXCH BbICOKMMU
NNacToBbiMW  OABNEHUAMW  3a4acTylo  NPUBOAUT K  rasoHedTEeBOAONMPOSBIEHUAM,
nepexogsawmx, npu onpeaeneHHblXx obcToaTenbcTBax, B TPUEPOHbLI WU  OTKPbITbIE
GOOHTaHBbI.

OTKkpbITble (QOHTaHbl ABNAITCA Haubonee TSXKENOoM No MNOCNeACTBUSM  aBapuen,
HaHOCALLEN OrpoOMHbIA  3Konormyeckmn yuwlep® pervoHy, Tpebytowen 6Gonblimnx
MaTepuanbHbIX PecypcoB U OMUTENbHbIX CPOKOB Ha WX NUKBMAaumio. YacTtble criyyau
drromgonposiBNeHnin  Habnwganucb Ha MHOMMX MECTOPOXOEHUSIX CEBEPHOW 4acTu
BocTtouHon n 3anagHon Cubupm n gp. ObcTtoaTtenbctBa MX BO3HUKHOBEHMS Pa3fUYHbI:
OTCYTCTBME AOCTOBEPHOM MHPOPMaLMM O NIIAaCTOBbIX AaBMNEHNAX, HapyLIeHNe TEXHOSOrmm
OypeHus, He NpoBeAeHE OPraHN3aUNOHHO-TEXHUYECKUX MEPONPUATUNA U T.4.

Ana npegynpexaeHus n nukeMaauum rasoHedTeBOAONPOSBIIEHMN HEOOXOANMO UMETb
MOMHbIA  KOMMMEKC  3(PEKTUBHbIX  NPOTUBOBLIOPOCOBLIX  OPraHU3auUMOHHbBIX U
TEXHUKO-TEXHOSOMMYECKNX PELLEHUI:

- NPOEKTUPOBAHMNE KOHCTPYKLMM CKBaXKUHbI, UCKMNIOYAIOLLEN OCNOXHEHNA Npu ee BypeHnn
N aKcnnyatauum;

- obopyaoBaHuNe yCTbs CKBaXMH HaZleXXHbIM MPOTMBOBLIOPOCOBLIM 060pPYyAOBaHMEM;

- OCHallleHMe CKBaXMWHbl cneuunaribHbIMWU YCTPOMCTBaMW AONA paHHero obHapyXeHus
razoHeTeBOOONPOSBIIEHMI B npoLecce bypeHus;

- NPUMEHEeHNe ONTUMarbHbIX METOAOB NMUKBUAALMM BOSHUKLLUX MPOSABIEHNNA.

- npoBegeHne oby4vyeHMs nepcoHana nepBooyvepeaHbiM AENCTBUAM NPU BO3HUKHOBEHUMU
dononaonNposiBNeHns.

BaxHO OTMeTUTb, YTO Npu 0By4eHun OOSMKHbI OblTb YCBOEHbI HE TOMbLKO TeopeTuyeckue
3HaHWS, HO U B PaBHOM CTerneHu - NPUoBpeTEHbI U COBEPLUEHCTBOBAHbLI NpakTU4eckne u
KOMMYHVKaTUBHbIE HaBbIKK.

OTO 3agaya B OCHOBHOM pellaeTcs MpuBrieYeHWeM MofiHoMacwTabHbIX, MMUTATOPOB
npouecca 6ypeHus.

[aHHoe y4ebHoe nocobue paspaboTaHO UMEHHO ANA peanu3auun NocTaBEHHbIX 3ajad
Ha npumepe ncnosb3oBaHus 6yposoro TpeHaxepa Drillsim-5000 B Hem gaHO 06bACHEHME
MPUYMH  BO3HUKHOBEHMSI  ra3oHeddTeBOAOMNPOsIBNeHMs  paspaboTaHbl  3agaHus U
yNpaxHeHusi, NO3BOMAOLWME 3aKpennsaTb TeopeTUyeckue 3HaHus UM nonyyatb
NpakTU4eCcKne HaBbIKM KOSNEKTUBHbBIX AENCTBUA Npy PAOUAO0NPOSABNEHUNAX.

1 TASOHE®TEBOAOINPOABIIEHUA MNMPU
CTPOUTENBCTBE U 3KCIMNYATALUUUN CKBAXWH
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1 TASOHE®TEBOOOIMNPOABJIIEHUA NMPU CTPOUTEJIbCTBE U
SKCMNYATAUNN CKBAXWUH

1.1 O6wme nonoxeHnsa n onpeaeneHus
MasoHedTeBogonpossneHus (THBI) - noctynneHne nnactoBoro cnonga B CKBaXUHY,
HenpeayCMOTPEHHOE NPOEKTOM.
lMepenunB - ncTevyeHune XuOKoctn 4yepesd OypunbHble TpyObl NpU OTCYTCTBUM
LMPKYNALUUKN B CKBaXMHE.
Bblbpoc - anepuoamyHoe u3BepeHue drovaa U3 CKBaXMHbl Ha 3HAYUTENbHYHO
BbICOTY.
®doHTaH - NOCTOSIHHOE, HeynpaBndemMoe W3BepPXKeHMe NnacTtoBoro diovaa yepes
YCTbe CKBaXXWHbl Ha 3HAYUTENbHYIO BbICOTY.
"PndoH - NnposaBneHne NIacToBoro oritonga BHE YCTbA CKBAXKUHbI
dntoung - nobon Bug npoaykTa (ras, HeTb, BOAA...) HAXo4ALWMIACA B nnacTe.
Onpepgenutb BUA hnovga 0O BbIXOOa €ro Ha NOBEPXHOCTb NPaKTUYECKUM HEBO3MOXHO.
[MoaTomy npm BypeHUn ONOpHbIX, NapamMeTpPUdeckux U nepsbix pasBedoYvHbIX CKBaXXUH B
OTeYeCTBEHHOM npakTuke npumMeHsieTca 0600 EeHHbIV TEPMUH
«rasoHedTeBogonposiBrieHne». pu CTpoMTENbCTBE M PEMOHTE CKBaXKMH Ha ra3oBbIX
MECTOPOXAEHNAX MNPUMEHAETCA TEPMWUH  «ras3onposiBNeHne», a Ha HeTsHbIX
MEeCTOPOXAeHUsX - «HedTenposBneHne». Bmecte ¢ ra3aom B CKBaXXMHY MOryT MocTynaTtb
Boga W HedTb, COOTBETCTBEHHO TPOSIBIIEHNUS MNPU 3TOM HOCAT  Ha3BaHUA
«ra3oBOJONPOSABEHUMN, HedTerasonposiBrieHnm nnu «rasoHeTENPOABNEHUNY.
Hanbonee pacnpocTpaHeHHbIM M OMacHbIM NO NOCNEACTBUSM SBNAETCH ra3onposiBrieHne,
TaK Kak npu BbiMbiBe rasa c 3abosi npoucxoauT BbICTpOe ero paclumMpeHue, YTo MoOXeT
NPUBECTU K BOZHUKHOBEHMIO OTKPLITOrO (POHTaHa.
1.2 MNMoka3aTenu, xapaktepusyroLwme reosiorm4yeckme ycroBsusi BCKpbITUS NiacToB
opHoe OaesnieHue
"opHoe (reoctaTtnyeckoe) naeneHune Pzop Ha rnybunHe npeacTaBnseT cobon aaBnexHune,
oKasblBaeMOe BECOM BblLLENEXALLUX NOPO, U HAChILLAOLWNX UX OIOMA0B

x 2 , (1.1)
By = 2 11~ @100mg + D hBosg
iml iml
roe  hi- MOWHOCTb MHTepBana, M; 4" - nopucTocTb Nopoa, Aonu obwero o6bvema; N
[
- - MNOTHOCTb FOPHbIX nopoa n dnonaa, KI'/MS; g - yCcKkopeHue cBoOOAHOro nageHums,

2
Mm/c .

[MNOTHOCTL OTNOXEHUW 3aBUCUT OT MOPUCTOCTU U NNOTHOCTM bnomaa,
coaepxaBLlerocs B Mopax ropHonm nopoAabl. B HOpmarnbHbIX YCNOBUSX MNOPUCTOCTb
OTNOXEHUN YMeHbLUaeTcs ¢ rnybuHOM, a MX MNNOTHOCTb yBenuumBaeTcs. B rmMHUCTLIX
nopogax MOPUCTOCTb YMEHbLUAEeTCs MO 3KCNOHeHTe. [na apyrnmx TUNOB OTSIOXKEHUA OHa
yMeHbLUaeTcs nMHenHo (puc.1.1).
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lMnacmoeoe dasnieHue
lMnactoBoe (nopoBoe) pfaBrneHve npeacrtaBnder cobon [JaBreHve, OKasblBaeMoe
dnongamm, cogepKalmmMmncs B ropHon nopoae.
Pasnuume wmexagy nnactoBbiM M MNOPOBbIM [aBMEHUAMU OMPeAEenseTca XapakTepom
nopofa, cogepxawumx B nopax cniouva. B npoHuLaembix nopoaax-Konnekropax gaBrieHune
dontomaa HasbiBaOT NMACTOBbLIM, B HEMPOHULIAEMbIX, TAKUX Kak rMnHa, - NOPOBbIM.
lMnactoBoe OaBneHwe HasbiBaeTCsi HOpMarbHbIM, €CIM OHO PaBHO MAPOCTaATUYECKOMY
AaBneHuto ctonba nnacTtoBbiX BOA, coobLualomxcs Yepes
TPELUUHbI 1 NOPbI FOPHOW NOPOAbLI C aTMOCKEPOMN.
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PucyHok 1.1 - WM3MeHeHMe MOpUCTOCTM TFOPHbIX MOPOL B 3aBUCUMOCTU OT TNyOUHbI
CKBaXXWHbI

PasnuyHble Bapuaumm C BenuYMHaMKU MAacTOBOro AaBfieHUs B OCHOBHOM 3aBUCAT OT
MNNOTHOCTU TMMOPOBOM >XMAOKOCTM, a TakkKe COOTHOLWEHUA MeXay MNOSIOXEHNAMU
Nbe30MEeTPUYECKON NOBEPXHOCTU, rMyOBUHON 3aneraHus nnacta v NpeBbILEHNEM YCTbSA
CKBaXXWHbl Hag ypoBHEM Mops (puc. 1.2).

lMnactoBble gaBrneHusi, npeBbllalOWmMe rMapocTaTMyeckme naBreHna  ononaos
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onpenenAarTca Kak aHOMalibHO BbICOKME AaBJiEHUA, a NNacTtoBble OaBlieHUA MeEHbLUE
rmgpocrtatn4ecknx Ha3biBaloTCA aHOMaJIbHO HU3KUMMN.

) 0] B

A
@I

Fe=0gl

PucyHok 1.2 - BriusiHme nbe3oMeTpu4eckon BbICOTbI Ha NiiacToBoe

AaBreHne B CKBaXXUHe

a)- YCTbe CKBaXXMHbI COBNaAaeT C Nbe30METPUYECKON MOBEPXHOCTLIO;

0)- yCTbe CKBaXXMHbI PACNoOSIOKEHO BblLLe Mbe30METPUYECKON NOBEPXHOCTY;

B) - YCTbE CKBaXXMHbI PACMOSIOXKEHO HMXKE NbE30OMETPUYECKON NOBEPXHOCTH

lMpakTnuka cTpouTenbCTBa HeMTHAHbIX M ra3oBbIX CKBaXWMH Mokasana, YToO aHOMarbHO

BbICOKME [aBrfieHUs BCTPEYatoTCs NOBCEMECTHO. AHOMArbHO HU3KOe NacToBOE AaBfieHne

B Nnpupoae HabngaeTca peako. ATO AaBrEHNE MOXET BO3HUKHYTb B MOPCKUX BaccenHax

BCNeaCTBME UCTOLLEHUSA NPOAYKTUBHbLIX NS1acToB.

B cywiectBOBaHUN aHOManbHbIX AaBMEHUI BaXXHYO ponb nrpaeTt BpemMs. HenpoHuuaemble

neperopogkn HuWkorga He ObIBalOT repMeTUdHbIMM M MOCTOSAHHBIMM B MacwTabe

reonornyeckmx nepmogoB. C TevyeHMEM BpPEMEHW [aBNEHUA WMET TeHOeHUUN K

BblpaBHMBaHUIO C 06enxX CTOPOH NEPEropOaKM.

HaeneHue 2udpopa3spbiea 20pHbIX MOPOA

OTO faBsneHune, cosgaBaemoe rnongoM, nNpu KOTOPOM B FOPHOW MOpoAe HauuHakoT

BO3HMKATb TPELUMUHbI, YTO MOXET CTaTb MPUYNHON MOrMOLLEHMS

OypOBOro unm TaMnoHaXXHOro pacTeopa, a 3atem un HBI.

'mppopaspbiB FOpHbIX MNOpo4 npeactaBnseT cobon crnoxHoe sBneHne. BenuunHa

AaBneHnst rmapopaspbiBa ropHbIX MOPOL MOXET HaxoAuTbCA B npegeriax oT niacTtoBOro

A0 MOMHOro ropHOro AaBfeHWM U 3aBUCUT OT MHOIMX (PAKTOPOB, TaKMX Kak: MPOYHOCTb,
8
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aHM30TPONKMS U NPOHMLAEMOCTb NOPOS, (PU3NKO-XMMUYECKUX N TEPMUYECKMNX HANPSHKEHWUNA,
a3UMyTanbHOro U 3€HNUTHOIO YrNOB CKBAXMHBbI.

[na nporHo3mMpoBaHWs rpagmMeHTa rmapopaspbiBa CyLECTBYHOT pasfiMyHble 3aBUCMMOCTW.
B oteuyectBeHHOW n 3apybexHon npakTuke ucnonbdyetca cdopmyna b.A, UtoHa (1.2) u
P.A. AHgepcoHa (1.3)

grad Pzp = Dan . . P _P;'uz , (1.2)

208
H 1=y i
rme 2 , p - MnacTtoBoe W ropHoe gasnenus, lNa; H - rnybuHa nnacta, m; 10 -
o 204
KoapdpuumeHT lNyaccoHa.
grad Pzp = s , (1.3)
20 Y . 1Sy R

1-v] A 1= | &
3HaueHna koadpduumeHTa lNMyaccoHa ana Hanbonee pacnpoCTpaHeHHbIX FOPHbIX MOPOA
npuBeaeHsbl B Tabnvue 1.1.

Tabnuuya 1.1
"opHas nopopa KoadpdpuuuerTta NyaccoHa
MuHbI:

- Nec4YaHucTble 0,38-0,45

- NAOTHbIE 0,25-0,36

MuHNCTbIE cnaHLbl 0,10-0,20

MN3BecTHSAKN 0,28-0,33

KameHHas conb 0,44
MNecyaHunkun 0,30-0,35

CenbBawiykom A.ll. npeanoxeHa ¢opmyna, oTpaxarolwas MexaHu3M rmapopaspbisa
FOPHbIX NOPOA Pa3fINYHbIX KaTEeropumn,

ng e e s , MMa, (1.4)

roe A - koacpmumneHT GOKOBOro pacnopa ropHbix nopog; Pc - gaBneHue, Heobxogumoe
ANs NPeoaoNeHnst CONPOTUBINEHUS CKeneTa ropHbIX Nopoa paspbiey, Mla.

B umcknounTenbHbIX Ccriydasix npu NOSIHOM OTCYTCTBMM MPOMbBICIIOBbLIX AaHHbIX
A0NyCcKaeTcs UCnonb3oBaTh AMMUPUYECKYIO 3aBUCUMOCTb

B, = 000834 + 0,667, -MNa(15)

C yBenuyeHnem rnybuHbl CKBaXXMHbI rpagueHT LaBreHust rmapopaspbiBa nopog
Bo3pacTtaeT. CnegoBaTenbHO, Hambonbliaas BEPOATHOCTb €ro BO3HUMKHOBEHUSA OyaeT B
BEPXHEN 4acTu OTKPbITOro cteona (nog 6Gawmakom npegblaylien 3aueMeHTUPOBaHHOWN
obcafHOM KOMOHHbI).

[na Hambonee TOYHOro onpeaeneHnsa NPOYHOCTU FOPHbIX NOPOA MCMOMNb3YHT AAHHbIE
HEMNOCPEACTBEHHbIX W3MEPEHUN MNpPU MHTEHCMMKALMM MNPUTOKA, a Takke [AaHHble
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HabniogeHun 3a nornoweHnem OypoBOro pactBopa BO Bpemsa OypeHus wunu
LeMEeHTUPOBaHMS.

3a pyb6exxoMm n B Hallen cTpaHe nocne pasbypuBaHus Bawimaka o6cagHOM KOMOHHbI
npoBogAaT paboTbl MO onNpedeneHuio AaBreHus MOrMoLweHUss TOPHbIX NOpoa, KOTopoe
OOMKHO ObiTb Gonblle OaBNEeHWA ONPecCOBKM LIEMEHTHOro Kombua, T.e. onpefenstoT
MakcuMarnbHO [JOMyCTUMOE YBEerMYeHWe MOTHOCTU MPOMbBIBOYMHOW XXWOKOCTU  Mpu
AanbHenwem yrnybneHum ckBakuHbl. 3HaHMe OaBNEHWsa NOrnoLlleHns obssaTtenbHo Ans
ycnewHon nuksmgauuun HIMBI unn oTkpeiTOro ooHTaHa.
OObIYHO MCMbITAHNA NPOBOAAT NoA GalMakoMm KOHAYKTOpa U MPOMEXYTOYHbIX 06cagHbIX
KONoHH. [Mpu 3TOM ropHas nopoda He [OMKHa noaBepraTbCa rnmapopaspbiBy BO
n3bexxaHne OCrOXHEHUN B CKBAXMHE.

MeToanka npoBeAeHNA NCCNeaoBaHUs 3akmno4aeTcs B CNeayoLem.

1. Pa3bypuBatoT LeMeHTHbIn cTakaH u nopogy Ha 10-15 meTpoB Hwxe Galimaka
o6caHOWM KOJTOHHBbI.
2. [MpombIBalOT CKBaXXWHY M BblpaBHUBAOT NapameTpbl OypoBOro pactesopa.
3. TlNogHumatoT gonoto B 6awimak o6cagHOM KOMOHHbI. KOHTpONUpyoT, 4Tobbl CKBaXXUHa
Oblfia NONHOCTLIO 3anofiHeHa 6ypoBbIM PacTBOPOM.

4. MoacoeanHsAT LEMEHTUPOBOYHbLIE arperaTbl K OMNPEeCCOBOYHOW FOMOBKE.
OnpeccoBbIBalOT HarHeTaTeNbHY0 NMHULO.
5. Bbi3biBalOT LMpkynauuio 6ypoBoro pacteopa Yepes JIMHUI0 APOCCEeNMPOBaHUS Mpu

MONMHOCTbIO OTKPbITOM LWTyLepe. PerynnpytoT Npon3BOAUTENBHOCTb LEMEHTUPOBOYHbIX
arperatoB B npegenax 40-80 n/MuH.

6. 3akpblBalOT CKBaXXUHY (MPEBEHTOPOM U LUTYLEPOM).

7. [MpokauMBalOT LEMEHTMPOBOYHbLIM arperaTtom BHYTPb OYpUNbHOW KONMOHHbI BypoBoW
pacTBOp, yBENMYMBasi JaBIEHNE B CKBaXXMHE OO0 MOSMOBUHbI PAacCYETHOr0 MaKCMMarbHOro
3HayeHus. [pu 3TOM Ha yCTbe PErMcCTpUpyoOT NOBLILLEHWE AaBEHUS MO Mepe yYBENN4eHns
obbema 3akaunBaemMoro pacrteopa.

8. lpogomxatoT 3akaymBaHne GypoBoro pacteopa nopumsmm no 0,04 M Kaxabln pas c
nocrneaywLwen BblOEPXKOM BO BPEMEHM (2-3 MUHYTLI), AnA ctabunuvsaunn OaBreHus B
CKBaXuHe. M0 NONyyYeHHbIM AAHHbIM CTPOAT rpadukK U3MEHEHUS OABfEHUN B CKBaXKUHE
nocrne Kaxgon 3akadyaHHoOW B Heé nopumu (puc. 1.3).

9. CtposT rpachuk B KoopaMHaTax AaBfeHUe-o0beM 3akaudmBaHMEM XMAOKOCTWU. Touka
OTKIOHeHns (A) OT MPSIMOSIMHEMHOW 3aBUCMMOCTUM COOTBETCTBYET [aBrfieHW0 Hadana
NOrfoLweHus (PA). [MpekpawaT 3akadymBaHWe Npu NoryyYeHun Ha rpaduke 2-3 Toudek
ctabunbHoro nornoweHnsa. [pogorkeHne - (Todka B) npuvBeaeT K OOCTUXKEHUIO
MakCcumMmarbHOro AaBfieHus (PB), npu KOTOPOM MPOUCXOAUT TMApOpaspbiB MNOpPOAbl.
XapakTepusyeTcs pe3knum nageHnem gaBrieHust HarHeTaHus.

10. OcTaHaBnMBalOT HAcoC 1 AenatT BblAEPXKKY B TedeHne 5- 10 MUHyT.

11. OcywectBnaoT nnasHoe (no 0,5-1,0 MlMa/MuH.) cTpaBnvMBaHWe OaBnNeHUa 4Yepes
wryuep. CpaBHMBass 00beM BO3BPATUBLLENCS XWOKOCTM C 3aKadeHHOW, onpeaensitoT
00beM XXMAKOCTM NOrfOLLEHHbIN MacTOM.
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B o o e e

4

T IR

HNaeneHne

VA 1IILIIIrEI
OfbemM 3aKkavyaHHOWN KN AKOCTH

PucyHok 1.3 - TunoBas guarpamma ucnblTaHUsi TOPHOW MOpPOoAbl HA NPOYHOCTbL METOO0M
onpeccoBku: 1- [OaBneHWe HarHeTaHusa; 2- CcTaTuyeckoe nAaBrneHne A - Hadvano
nornoweHnsa 6ypoBoro pactBopa; B- rmgpopaspbiB nnacta; BC- pacnpoctpaHeHue
TpewmH B nopoae; CD- nageHne fasneHnsa nocne npekpalleHns 3akadku.

F'udpocmamu4eckoe 0aesieHuUe Ha 3aboll U CMeHKU CK8a)XXUHbI
OTO [aBneHuwe, co3gaBaemMoe CTONOOM >KMAKOCTUM OnpedeneHHOW MAOTHOCTU Bblle
paccMaTpMBaEMOro CEYEHUS.
[MporHo3npoBaHne €ero  BennuYMHbl  9BNSETCS  HeobxoauMbiM  ONst  CcO34aHus
NPOTUBOOABIIEHMS] HA CTEHKM CKBaXKMHbI C Lienblo NpeaoTBpalleHns obeanoodpasoBaHuin
N ra3oHedTEBOAONPOSIBIEHNI.
B nokosiwencs BA3KOW WAN HbIOTOHOBCKOW >KMAOKOCTU rMapocTaTtudeckoe [asrieHune
pacnpegensieTca no rnybuHe CKBaXKMHbl COrNAacHO ypaBHEHUIO
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P.'a.:: = P.::' +gﬂg}g (1.6)

roe Pzc - nMonHoe rmapocTatudeckoe AaeneHue Ha rnyéuHe h (m), Ma; Po - BHellHee
y 3
[AaBneHne Ha cBOGOAHOWN NOBEPXHOCTM XUAKOCTH, Ma; £ x- NNOTHOCTb XUAKOCTU, KI/M™; g

- yCKOopeHne cBob60agHOro nageHus, m/c’.

'MapocTaTnyeckoe gaBrieHne 3aBMCUT OT BbICOTbI cTonba dnomnaa n ero NNoTHOCTH.
CeueHne 1 reomeTpua ctonba He OKasbiBalT BNMSHUS Ha BenNuUnHy aasneHus. Jlioboe
N3MEHEHNE OaBneHns B NPOU3BOSIBHON TOYKE HECKUMAEMOM KUAKOCTU, Haxo4saLWencsa B
CTaTU4EeCKOM COCTOSIHUM MOJSTHOCTBIO nepeaeTcst B NIOOYI0 APYryr0 TOYKY 3TOM XUOKOCTMU.
'MapocTaTnyeckoe AaBneHne B Kakon-nmbo Touke 0gMHaAKoBO BO BCEX HaMNpPaBfiEHUSIX.

B rnyGokux ckBakuHax, 3anofiHeHHbIX 6ypOBOWM MPOMbBIBOYHOW XWUAKOCTbIO, 3HAYEHMUS
rMOpoCTaTUYECKOro [OaBriEHUs] OTKIOHSAETCA OT 3akoHomepHocTn (1.6). OTKNOHeHus
00ycnoBneHbl BANAHNEM BbICOKOW TemMnepaTypsbl, AaBNeHus, dpunbtpaunen, KOHTpakumnen
n gp. C yBenuyeHnem rnybuHbl CKBaXXWHbl BRMsiHAE TemnepaTtypbl npeobnagaeTt Hapg
BMUSIHUEM [aBMEHUs, B pesyrnbTaTte 4ero MroTHOCTb OypoBOM MPOMbBIBOYHOM KUOKOCTU
yMmeHblwaeTcsa. B pabGote [1] npuBeOeHbl SMNUPUYECKME 3aBUCUMOCTU  BIUSIHUSA
TemnepaTypbl U AaBNEHUS Ha NAOTHOCTb BYPOBbLIX pacTBOPOB
onsit £ 130°C

oPel=gll+410P-4-107%-310%2 1 (17)
onst > 130°C

1.8
_10 5 6,2 £-130Y’ 19)
AFE = g1+4 1007 F=-4-107 -2 107 + 04| ———
£

HeobxoauMO yuuTbiBaTb, YTO €CNM OCTAHOBUTb WM CHU3UTb LMPKYNSaUMIO, TO
TemnepaTtypa OypoBON NMPOMbBIBOYHOW XWUOKOCTU MOBLICUTCS, YTO NpUBELET K CHKEHUIO
MNNOTHOCTU N KaK CreacTBue - rmapocTaTU4ecKoro AaBreHuns.

Joboe n3ameHeHne [aBfeHUs B NPOW3BOSIbHOM TOYKE HeckKumaemoro cnonaa,
HaxogsLerocsa B COCTOSHUN paBHOBECKUS, MOMHOCTLIO NnepefaeTcs B Mobylo TOYKY 3TOro
dontonaa.

CKBaXknHa C NOMELLEHHOM BHYTPU KoroHHOM Tpy6 ynogobnsetca U-obpasHon Tpybe
(konoHHa Tpy6 npeacTaBnseT OAHY M3 BETBEW, a KOSbLEBOE MPOCTPaHCTBO - Apyryto). B
cnyyae, ecnn U-obpasHasa Tpyba cogepXuT HenoABWXKHbIM dnong, cBoboaHbIE
MOBEPXHOCTM 3TOro hromaa HaxogAaTCcsa Ha OOHOM YpOoBHe B 0benx BeTBAX TpPyObl.
'mapocTaTnyeckoe [AaBfneHWe OOMHAKOBO Ha OOHOM [OpU3OHTanM He3aBUCMMO OT
paccmaTpmBaemoro ceveHus. Ecnn B BeTtBn U-obpasHonm Tpybbl cogepxaT dnovabl
pasnuyHoOM NMOTHOCTU, TO CBOBOOHbLIE MOBEPXHOCTUM (PNIOMAOB HAXOAATCA Ha pasHbIX
FOPM30OHTanNbHbIX YPOBHAX. [ns AOCTUXKEHUA paBHOBECUSI CUCTEMbI MPOUCXOAUT NEPETOK
dnonga ¢ Oonblien NNOTHOCTbKO M3 OAHOM BeTBM B Apyryto. Kak npasuno,
rmopocTaTtMyeckoe AaBfieHne OAMHAKOBO B HWXHEW 4vacTu obeux BeTBen U-obpasHom
TpyObl.

CornacHo [lNpasun [2] npegycmatpmuBaeTcs, 4ToObl rMapocTaTMyeckoe gaBrieHe Ha
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32001 CKBaXXUHbI NPEBbILLIAN0 NSacTOBOE HA BENMMYUHY HE MEHEE:
10 % - ons ckBaxuH rnybuHon go 1200 m;
5 % - ang nHTepsanos ot 1200 M 4O NPOEKTHOW rMy6OUHbI.
B HeobGxogumbIx criyvasix AonycKaeTcsl MPEBbILEHNA TMAPOCTAaTUYECKOro AaBreHus
Hag NNacToBbIM AaBNEHUEM:
ANs CKBaXWH ¢ rnybuHon ao 1200 m Ha 1,5 MlMa
ANsa cKBaXuH ¢ rnybuHon 6onee 1200 m Ha 2,5-3,0 MIlla
lrudpoduHamu4yecKkoe OaesieHUe 8 CK8aXUHe
M'MpopoanHamnyeckme OaBreHUs B CKBaXXMHE BO3HMKAKT MPU TEYEHUM XKMAKOCTU MO
LMPKYNALNOHHOW CUCTEME U NPU CMYCKO-NOABEMHbIX Onepawmsix.
Mpn NpomMbiBKE CKBaXMHbI - 3TO AaBneHue, co3gaBaeMoe BypoBbIMM Hacocamu, ans
NPEeoAONEHNss CyMMapHbIX TMAPABANYECKUX COMPOTMBIIEHUA TEYEHUIO >KMOKOCTUM B
LIMPKYNSALNMOHHOM cucteme BypoBom

Fu = APo + ADBr + AP + AFD + APsn - (1.9)

roe 1"'_""|Pl"_:' - notepun pOaBJiEHNA B Ha3eMHON 00BsA3Ke; ;"i".PEF": - notepun pOaBJiEHUNA B
6ypI/IJ'IbHOI7I KOJ1IOHHE; ;"'_"".Pl?n"j - noTepun gasrneHna B 3abonHom gBuraTtene; ﬁPﬁ -notepun
OaBlieHNA B O0I0TE; .&PR'."E - NoTepun gasrieHnA B KOJibLLEBOM MPOCTPaHCTBE.

Hanbonblwne notepn gaBneHus NpoucxogaT B gonorte n 3abonHom asuratene (ot 50
00 70 %). B konbLEeBOM NPOCTPAHCTBE OHW, KaK NPaBuIio, MEHbLUE YeM BHYTpK Tpyo.
B cnyyae umpkynauum 4epes LwWTyuepHyto ©Oatapeto (Npy  nukBMaaumnm
HedTerasaoBogoNpPOSBIIEHWU) NOTEPU AABNEHUS COCTaBAT

Fu = APo + ADBr + AP0 + AFD + APn + Alou + Al » (1.10)

roe ALng - NOTEPU [aBNEHWs B OTBOAHOM KaHane (OT 3aABWXKU YCTbs CKBaXWHbI [0
perynupyemoro wrtyuepa); Ay, - NOTepy AaBneHns Ha perynmpyeMom LTyLepe.

Jloboe n3meHeHne BenuuuHbl nepenaga [aBfeHus B AAHHOW TOYKE LMPKYNALMOHHOM
cUCTEMbI (pa3MblB MMM 3aKynopka HacagoK [0noTa, U3MEHEeHWe MPOMYyCKHOro ceyYeHus
apoccenst n ap.) NoBrneYeT NAeHTUYHOE M3MEHEHNE OAaBNEHUS 40 3TOW TOYKM U OCTaBUT
HEU3MEHHbIMU WX HWKe Hee. Takum 00pa3oM, COCTOSIHWE OTBEpPCTUs ApOoccens
perynupyeT aAaBneHue B Nobor ToUKe LUMPKYNSLUMOHHOM CUCTEMDI.

Mpy LEMEHTUPOBaAHMM CKBaXXMH NOTepwn OaBneHuss obycnoBneHbl 3akadnBaHUEM
TaMMOHa)KHOTO PacTBOpa Mo Ha3eMHOWM 00BA3KE M Dy , B 06CagHble TPYObI A Dizgy M

KONbLIEBOE MPOCTPAHCTBO
Puya = AFor + AFPom + APrn - (1.11)

3HayeHne rmapaBnNUYECcKMX NOTepb onpeaenseTcs No CyLecTBYOWUM METOANKAM.

Mpn npoBedeHMM CMNYCKO-NOABEMHbIX OMepauuMi B CKBaXXWHE MOryT BO3HMKATb
3Ha4MTENbHbIE NO BENMYNHE MTMAPOANHAMUYECKNE OAaBMNEHNUS.

B pesynbtate nogbema Tpyb B HadanbHbIl MOMEHT B OypOBOM pacTBOpPE BO3HMKAKOT
HanpsHKeHUs1 pacTsKeHUA, M 4Yem Oonblie ero obbemMHas Npo4YHOCTb, TeM 6Gonee
ONUTENbHOE BpPeMs He NPOUCXOOUT OBWXKEHUA pacTBopa. BosHukaeT adodekT
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cBabupoBaHUS!, BbI3bIBAIOWMA CHWXEHWE OaBfEHUs HAa CTEHKM CKBakMHbl U 3abon. B
Hayane ABWXeHust OypunbHOM KOMOHHbLI CO34alTCA  OONOSNHUTENbHbIE  KonebaHus
AaBneHnsi, obycrnoBneHHble paspylleHMeM CTPYKTypbl pacTtBopa. [na KomneHcauuum
addekTa ceabmpoBaHMs co3gatoT 3anac gaesnenus ot 2,5 go 3,5 Mla.
Mpn cnycke Tpy6 npoucxoauT cxaTue Bcero obbema OypoBOro pacrtesopa B 3aTpybGHOM
NPOCTPaHCTBE, WHUUMUPYETCA [faBreHne noa Jonotom (6awwmakom), casurarollee
pactBop. BosHukaeT addeKkT nopLIHEBaHMS, BbI3blBAKOWMIA YBENUYEHNE [OaABNEHUA B
CKBaXXWHe, YTO MOXeT MPUBECTM K MornoweHnto 6yposoro pactBopa. B Havane cnycka
CBeYM OaBneHue nog AONI0TOM BO3pacTaeT, a MocCne TOPMOXEHUA OHO CHUXAETCHA U
MOXET CTaTb MEHbLLE MMOPOCTaTUYECKOro, YTO MOXET Bbl3BaTb NOCTYMNSIEHME MACTOBOro
dronga B CKBaXMHY.
HanpsbkeHns pacTskeHust U CKaTua Mocre OKOHYaHWUst Crycka MM nogbema Kaxaom
CBEYM CHWXKAKTCHA BO BpeMeHU. Bpemsa penakcaunm MoxeT OOCTUraTb HECKOSTbKMX YacoB
B 3aBMCUMOCTU OT ANNHbI KONOHHbI TPY6 1 BENMYNH BO3HUKAIOLLNX HANPSKEHWUNA.
MmaopoanHammyeckoe LaBrfieHWe 3aBUCUT OT MHOMMX ClyYarHbiX (PakTOpOB - TakUX Kak
KaBEpPHO3HOCTb CTBOSIa CKBaXWHbl, Obpa3oBaHUsA cCanbHUKOB Ha OypunbHbIX Tpybdax,
TONLWUMHBI (OUNBTPALMOHHOM KOPKK, 3KCLIEHTPUCUMTETA M Ap. B CBA3M ¢ 3TUM B HacTosiee
BPEMS He CYyLLEeCTBYeT €OMHOM TOYKU 3PEeHUs Ha MeTodbl pacyeTa rmapoaMHaMUYecKoro
AaBIEHWS NMPU CNYyCKO-NOABbEMHbIX Onepaunsx.
N36bImoyHoe OasneHue
N36bITOuHble AaBneHust Pu B CKBaXXMHE BO3HWKAKOT B CrlyyYae MpeBbILEeHWsT MacTOBOro
AaBneHns Hag rmapocrtaTnyeckum (Npy HedTerasoBoAoNPSIBIIEHUNAX).
FPu = Fnn - Pzc -(112)

N3bbiTouHOE AaBneHve B OypunbHbiIX Tpybax nM3MepsarT MaHOMETPOM Ha CTOsIKke Mnpu
3aKpbITOM CKBaXXUHe 6e3 unpKynaumu.

N36biTouHOE OaBneHne B 06cagHOM KONOHHE M3MEPSIIOT B 3aTpyOHOM (KOMbLEBOM)
NPOCTPaHCTBE Ha YCTbe 3aKPbITOM CKBaXXMHbI MPU OTCYTCTBUUN LIUPKYNSALMMN.
3aboliHoe OasneHue

[aBneHne Ha 3abon CKBaXkKMHblI MPU LUMPKYNAUUA KUOKOCTU Bcerga npesblllaeT

rmgpocTtaTndeckoe (puc. 1.4).

Pz = Pz + AFPun - (1.13)

[ns onpegeneHns rmapaBnnUYeckuX NOTEPb AABNEHUS B KONbLEBOM MPOCTPAHCTBE B
NpaKTUYeCKNX pacyeTtax ucnonbsyetcs oopmyna Japcu-Bencbaxa

2 , (1.14
Hulg (1.14)
A0 =

rae A - KoappuumMeHT ruapaenmyeckux conpotueneruii (0,03-0,03); L+ - ckopocTb

S = A

TeYeHUSs XNOKOCTU; D- ouameTp CKBaXMHbI; d - HApPYXXHbIN guameTp OypusbHbIX Tpy6.

B HekoTOpbIX cnyyasx umeeTcss HeobxoauMMoCTb B obpaTHOM uMpKynauun. BHyTpu
CKBaXWHbl ANS [aHHOro pacxoga nepenagbl OaBfeHWA Mnpu npsMon M obpaTHoM
NpombIBKE ofuHakoBbl. OpgHako, AaBneHne Ha 3abon npu obpaTHOM LMPKyNsumm
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3HauuTENbHO HonbLue, YeM NP NPSAMON LMPKYNSLMN.

dnHamunyeckoe CoCTosiHME:
CkBakmHa 3aKpbiTa. VigeT npouecc BbIMbIBaHMS NOCTYNUBLLMX B CKBaXXMHY (OMOMAOB.
3abonHoe [aBreHne paBHO CyMMe [MApPOCTaTUYECKOro, W3BbITOYHOrO U NOTEPAM
AaBIEHNSA B KOMbLEBOM MPOCTPAHCTBE.

Fa2 = Faoc + PAPu(en) + Alxn

CraTtunyeckoe cocTosiHME:
CkBaxxmHa 3akpbiTa. Mimeetcs M30bITOMHOE OaBMNeHWe B KONMbLEBOM MPOCTPaAHCTBE Mpu
rHBIM.
3abonHoe paBneHne paBHO CyMMe T[MAPOCTAaTUYECKOro AaBfeHust M M3ObITOYHOro
AaBlNeHUs B KOJbLLEBOM NPOCTPaHCTBE.

Fa = Fac + APulpn)

[vHamunyeckoe cocTosiHME:
CkBaXuHa OTKpbITa, MAET UMpKynsums 6ypoBoro pacteopa.
3aboiiHoe faBrneHne paBHO CyMMe rMapoCTaTUYecKoro A4aBrneHust U noTepsiM AaBneHus B
KONbLIEBOM MPOCTPaHCTBE

CocTosiHMe cTaTu4eckoe:
CKBakMHa OTKpbITa, LMPKynsums 6ypoBoro
pacTBopa oTcyTCcTBYeT. 3aboiHOe AaBneHne
paBHO rMapocTaTUYECKOMY AaBMNEHM

F3 = Fee

Pae

Fa B

0 [nHamnyeckoe cocTosiHMe:

CkBaxuHa  OTKpbiTa, WAET  UMPKynaums
OypoBoro pactBopa. 3aboriHoe [aBneHue
paBHO CyMMe TMapoCTaTtu4eckoro gaBrieHuna un
noTepsamM aasleHnsa B KONbLEBOM NPOCTpPaHCTBE

F3 = Fac + AlPwxn

JARE Fac

F3 F
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0 CrtaTtudyeckoe COCTOsSIHUE:
CkBaxvHa 3akpbiTa. MmeeTcss uM30bITOYHOE
OaBreHne B KONbLEBOM MNPOCTPaAHCTBE Mpu
MHBIN. 3aboiiHoe [faBneHWe paBHO CyMMe
rMApOCTaTUYECKOro AaBneHns U M3bbITOYHOro
[AaBrneHunsi B KONMbLIEBOM NPOCTPAHCTBE.
Fa2= Farc + APuiwn)
AP Pz
L
3
=
0 AdnHamun4eckoe COCTOSIHME:
CkBaxkvHa 3akpbiTa. MigeT npouecc BbIMbIBaHUS
MOCTYNUBLUNX B CKBaXXMHY ¢hrtomaos.
3abonHoe AasrneHvie paBHO cymme
rMAPOCTATUYECKOro, U3BbITOYHOrO U MNOTEpsM
OaBIeHNs B KONbLIEBOM MPOCTPaHCTBE.
F3 = For + PAPu(en) + Alun
| AP ) Pae
L
) Pa B
PucyHok 1.4 - 'pachmkmn 3a6ONHOro AaBneHns B CKBaXXMHE

B cnyyae npsamon umpkynauumm
- ANs TypOYyNeHTHOro Te4eHUs XXUOKOCTU

4,77, (1.15)
SFwn = ———
rorllle]
- Aan4gd CprKTypHOFO Te4YeHUNdA XXUOKOCTU
AT . (1.16)

MFwn =

Al fDd —d*(f —~1)]

B cnyyae o6paTHON unpKynauum
-Ans TYypOYNeHTHOro Te4eHNs XNOKocTn

4rc  Bd 07
+ i
ad  D-d

- Anda CTPYKTYPHOIro Te4eHnd >XMAKOCTU

P.d apg - (118)
flD~ds) mid(D~ds)

Ml = —

HPn =
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roe &G - YMEeHblUeHNEe BecCa 6ypVIJ'IbHOI71 KOJTOHHbI NPU MNPOMbIBKE CKBaXWHbI, H; d-

HapYXHbI guameTp Tpyb 6ypurbHOM KOMOHHLI, M; Pc - AaBNEHME Ha YCTbE CKBaXXMHbI Npn
obpaTtHon npombiBke, [a; f - KO3 PUUMEHT, yUMTbIBaOLWMIA pacnpeaeneHme KkacaTerbHbIX
HanpsxeHun (f=1,03-1,08)

To4yHOCTb pacyeTa rMapaBAMYeckux conpoTmBneHu no dopmynam (1.16-1.18) Gyaet
3aBUCETb OT Knacca TOYHOCTM gaTymka Beca OypurbHOM KOMOHHbI M MOrpeLiHOCTN Npu
onpegeneHnm pakTnyeckoro gmameTpa CKBaXXUHbI.

3abonHoe gaBneHue npu rnyweHnn cKBaxknH B crnydae HIBI

P =P _+AP_+P, . (119

i )
Ha BennumHy 3ab6oONHOro gaBreHns npu cnycko-noaAbEMHbIX Onepaunsix BMsSIIOT CKOPOCTb
ABWXKeHUst OypunbHOM  KOMOHHbI, Nfowanb KOMbLEBOro 3asopa, peorornyeckue
XapaKTEPUCTMKN NPOMbIBOYHOW XNOKOCTU, TN 06paTHOro KnanaHa v ap.
Mpn nogbeme 6ypunbHOM KONOHHbI 3ab0MHOE AaBNEeHNE paBHO

P.a =Paﬁ_‘ﬂPmﬂ_‘ﬁP¢_‘ﬁPuﬂ - (1:20)

roe ﬁPﬁ, - rMapoauHaMNYeckoe AaBrneHune nog AofoTOM; &P.@ - CHUWXeHune 3abonHoro
"

AaBneHus B pesyrnbTaTe (OUNbTpauuun, KOHTpaKuuu, cedMMeHTaumm n TemnepaTypHbIX
l/I3MeHeHVIl7I; J..-;-.IIP - CHMXeHune gaBreHnd 3a cHeT HeoJinBa CKBaXXUHbI.
xd

Mpwn cnycke 6ypunbHON KONMOHHLI AaBreHne Ha 3aboi CKBaXXMHbI paBHO

P, =P, + AP, ~ APem »(121)

2 =
roe A PcT -TemnepaTypHble U3MEeHeHUs rmapoctaTnyeckoro gasneHns 6ypoBoro
pacTteopa.
Mpn cnycke Kaxgowm cBeun OypunbHOro MWHCTPYMEHTa Mo4  OO0SI0TO  BO3HMKAKT
3HaKonepeMeHHble rugpoavHamudeckue nasneHud. B Havane cnycka cBeyn C poCTOM
CKOPOCTM CNyCka HapacTaeT U ruapoanHamudeckoe gasneHue nog gornotoMm. lNMocne Toro,
KaK CKOpPOCTb BbIPOBHAMACb - OHO [OCTUraeT MakCMMyMa U OCTaeTCHA MOCTOSIHHOW [0
MOMEHTa Hayana TopMoXeHusi. [pu pe3koM TOPMOXEHUN - CHWXKaEeTCA A0 Hyns wu
AaBfieHne B CKBaXXMHE CTaHOBUTCA HWXKe NiiacToBOro.
OKCNepMeHTanbHO YCTaHOBMEHO, YTO [aBfieHMe, BO3HUKalLlee Mo OOSI0TOM,
NPaKTUYECKN HE nepeapaeTcs Ha 3abor ecnu paccTosiHne mexagy Hummn 6onee 700-800 m.
CKopoCTb ABWXEHUs KonMoHHbl B AuanasoHe ot 0,16 go 0,55 wm/c He okasbiBaeT
CYLLEeCTBEHHOIO BANAHUSA Ha BENUYNHY 3a060NHOMO LaBreHus.
1.3 MpunynHbI hopMmupoBaHUSA 30H C aHOMasIbHbIMU NJIACTOBLIMU AaBNEHUSMU
Pexxum HopmarbHOro AaBneHus npegnosiaraeT CyLLeCTBOBAHUA CUCTEMBI, TMAPaBiNYeckn
OTKpbITON ana  atMocdepbl. O6pasoBaHMe aHOMarnbHbIX AaBneHun  Tpebyer
OLJHOBPEMEHHOIO MPUCYTCTBUSA HEMNPOHULAEMON neperopoakn (MOKPLILWKM) U CcaMoro
hakTopa cosgarLero aHomaribHoe AaBreHune.
HenpoHnuaemble neperopogkm UMeEKT  CeOUMMEHTONIOrMYeckoe U TEKTOHW4YecKoe
npovcxoxaeHve (HakonfieHne OCafgkoB  Mano-unv  HEMpPOHMLAEMbIX  OTIIOXKEHUN,
TEKTOHNYECKas aKTUBHOCTb, ABMEHUS AuareHesa).
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CyLecTBYHOT MHOXECTBO (PaKTOPOB ABMISIOLLMXCS NMPUYNUHON NMPOUCXOXOEHUS aHOMAaSbHO
BbICOKMX MNNIACTOBbIX OABMEHWIA, KOTOPbIE CBSA3aHbl C rEONIOrMYEeCKUMU, PUINYECKUMU,
reOXMMUYECKUMN N MEXaHUYECKMMWN npoueccamn. BeposiTHO, HecKonbko ¢)akTopoB
OfHOBpPEMEHHO cnocobcTtBoBann obpasoBaHuio ABIL B  KaXgoM  KOHKPETHOM
reosIorM4eckoM permoHe.

OCHOBHbIE N3 HUX:

- Nbe30METPUYECKMA YpPOBEHb MnacToBbix niongos. BnvaHue pernmoHanbHoM
NOTEHLMOMETPUYECKON MNOBEPXHOCTU, WMMEKLEN aHOMasribHO BbICOKMN YPOBEHb. JTO
rmaBHasi NPUYNHA HaNMYMsa apTe3MaHCKOW BOObl B CUCTEME;

- pasHOCTb MMOTHOCTEM B HedTe-BOASAHbIX W rasoBo-AsHbIX cuctemax. [laBneHue
NSacToBOM BOAbI B 3aneXmn MOXeT OblTb HOpMarnbHbIM HA BOAOHETSIHOM KOHTakTe. Toraa
Kak B KpoBne nnacrta HabntogaeTtcs usbbIToO4HOE AaBrneHne oOyCrnoBrieHHOE Pa3HOCTbH
NAOTHOCTEN YrNeBogopoaoB 1 Boabl. N36bITouHOE faBneHne nponopumoHanbHO Pa3HOCTH
NNOTHOCTEN pnioMaoB M BbicOTE cTonba yrneBogoponoB. OTO M3OLITOMHOE OaBrieHue
MOXET ObITb OCOBEHHO 3HAYMTENBbHbLIM B CIlyvae ra3oBOW 3anexu;

- pervoHanbHbIA YKIOH nnacTtoB. [MnacTtoBble AaBneHusi, HopmarbHble B ry0OoKon YacTtu
30HbI, OyaQyT nepenaBaTbCs B BEPXHIOK YACTb 30HbI, A€ BO3HWKHYT aHOMarlbHO BbICOKME
AaBIeHns;

- MNOBbIWEHNE OaBreHMst Ha Hebonblion rnybuHe BCreacTBue rmapaBiiM4ECKON CBA3U C
rnyboko3anerarowMmMmmn OTMOXEHUAMN, NEPETOKOB MO HerepmMeTuyHomy 3aTpybHomy
NPOCTPaHCTBY;

- CKOpOCTb CeAMMEeHTauunm W YCnoBuUsi OcadKoHakonnenusa. bbicTpoe oTnoxeHue,
NPEMMYLLECTBEHHO [fIMH C HEKOTOPbIM KONMMYECTBOM MNecka, Nnpesblllalollee CKOpPOCTb
CTPYKTYPHOIO YNJIOTHEHWS;

- TEKTOHUYECKME TMEepEMELLEHUs TOPHbIX nopod. AHOMAaNbHO-BbICOKME MNacTOBbIE
AaBneHnMst MOryT BO3HUMKHYTb B  pesynbTaTe JoKasnbHbiX  cObpocoobpasoBaHun,
CKNag4yaTocTu, OMon3aHusi, BbI3BAaHHOrO OMyCKaHWMEM pasfeneHHbiXx cbpocamu 6noKoB,
ANannupoBbIMU ABWKEHUSIMU COMU W FNIMHUCTLIX CNaHUEB, 3eMNETPACEHNAMU U Ap.;

- ocMoTu4yeckne saBneHusi. lNepemelieHne mMeHee MWHEParnM30BaHHOW XWOKOCTU yepes
NoNynpoHMLaemMyto neperopoaky (rnuHa) B 6onee MMHepanmn3oBaHHYyIO;

- TepMuyeckas 9IKCMaHCUs NMacToBbiX BOA. TemnepaTtypa BHYTPU  OTHOXEHUN
yBenuumBaeTcsa ¢ rnyobuvHOW, 4TO BedeT K yBennyeHuto obbema BOAbl B MOpax FOpHbIX
nopoA. OekT BO3HMKAET TOMBKO NpU YCNOBUK, YTO NOpoaa N30NnpoBaHa repMeTn4HON
Neperopoakon, a NoBbILLEHME TEMNEPATYPbl MPOM3OLLISIO NOCHEe repMeTM3aunmn CUCTEMBI;

- ABNeHue gmnareHesa. [locteneHHoOe N3MeHeEHNe ocaka U COCTaBAIOLMX ero MMHeparnoB
(obpasoBaHMe HOBbIX MUHEPAriOB, NepepacnpenenieHme u nepekpucTannnaasmsi BeLLECTB
B OCaaKu, NuTudunkaums;

- Ouoxmmuyeckne npoueccbl. Ha manbix rnybvHax uMerowmecs B OTNIOXEHMAX
OpraHM4yeckMe BeELLeCTBa 4YacTMYHO pasnaralTca nog Aenctemem OGaktepuni C
BblAeNneHneMm MeTaHa W gpyrux rasoB. Ecnu murpauus rasa ocTaHaBnvBaeTcsA
HEeNpPOHULaeEMbIMM NOPOLaMKN, TO OH OKa3blBaeTCH B NOBYLUKE NO4 AaBneHneM. BennynHa
3TOro AaBfeHnst 3aBMCUT OT CTEMNEHN repMEeTUYHOCTM NacTa, OKpyXXatoLen TemnepaTtypbl
N OKOHYaTEeNbHOro CocTaBa yrneBoaopoaoB
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- MaccoBble HakonneHnsa kameHHon conun. Conb cnocobHa Teyb ¢ 0bpa3oBaHNEM COMSIHbLIX
Kynonos. [logbem conuv K MNOBEPXHOCTU MOXET Bbi3BaTb aHOMasibHble [OaBfieHUsl B
BblLLenexawmx obpasoBaHusax n no 6okam kynona;
- HanuMume B TreonorMyeckom paspese KpPUONUTO30Hbl. AHOManbHble OaBneHUs
BCTpeYvatoTcs fiokanbHo Ha rnybuHax ao 500 m B pe3ynbTaTe pe3kux M3MEHEHU Knnmara.
N3 onbiTa MMPOBOKM NpakTUKn BypeHus yCTaHOBIEHO, YTO cyulectBoBaHua ABI[ B
MUHUCTBLIX OTNOXEeHusIX coctaBnsetr 65 %, B coneBblx oTnoxeHumsx - 33 %, a B
kKapboHaTHbIX - 2 %. Hanbonee 4vacto (75 %) ABI[ BcTpedaioTca B yrneBogopoaHbIX
3anexax aHTUKIMHaNbHON hOpPMbIl, MMEIOLLMNX FIIMHUCTYIO NOKPbLILKY (puc. 1.5.).

Jlaenenue, Ma
K A D m g @ g
1000 — —
1
2] _ ?

2000 = 3
= E
o 2000 -
I
% 4 BN
5 4000 — —

y r

000 —

koao — —
PucyHok 1.5 - Cxema ctpoeHust mectopoxaeHus ¢ ABIL (a) n pacnpegeneHne gaBneHum

no rnybuHe ckBaxuHbl (6) | - rMnMHUCTas nokpbiwka; Il - opeon BTopxeHus; Il - ras; IV -

HedTk; V- Boaa; 1, 2, 3, 4 - faBnNeHNss COOTBETCTBEHHO ropHoe, rmapopaspbisa,
nnacToBoe, YCNOBHO rMapocTaTuYeckoe.

B rMuHMCTON NOKpbIWKE, Kak npasuno, obpasyeTcsa opeosl BTOPXKEHUs BCreacTeue
WHTEHCUBHOIO MPOHUKHOBEHUS BbICOKOHAMOPHbIX niongos un3 3anexu. B opeone
BTOPXXEHUS1 HabngaeTcs cunbHasa 3ara3oBaHHOCTb, HACBILLEHHOCTb pacCesaHHOM BOLOM M
HeTblo. BTOprHyBlMeca dniovabl co3gatoT aHOMasnbHO BbICOKWME AaBreHus B nopax
[MWH, 4TO cnocobCcTByeT MX pas3ynnoTHeHMO u HabyxaHuio. B pesynbTaTe npoucxoguT
YMEHbLLUEHME NMPOYHOCTU MNHUCTON NOKPbILWKK. Opeon BTOPXKEHUS pacnpoCTpaHsaeTcs 40
TPYAHOMNPOHMLAEMOro nuTonorudyeckoro 6apbepa, OKaNMMSKLWEro BEPXHIO YacTb
pas3ynnoTHEHHbIX TOpHbIX MopoAd. Ero mowHoctb ObiBaeT pasnuyHon. B opeone
BTOPXXEHUSI pe3Ko BO3pacTalT rpaguveHTbl gasneHun. C rnyOuMHOM CKBaXWHbI OHWU
CHWXaKTCA N aHOMarnbHOCTb JaBfieHUsI B 3areXu yMeHbluaeTcs. AHOMarnbHOCTb TaKke
CHUXXaeTCcHa OT CBOAA 3arexu K ee nepedepun.

1.4 MporHo3npoBaHue n o6HapyxeHne aHoMaribHO BbICOKMX faBleHUMn
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[ns BbIBNEHUA NNacTOB C aHOMAasibHO BbICOKMMM MSIAaCTOBbIMU [aBfEHUSMU [0
OypeHusi CKBaXXWMH WCMOMb3yeTCs [daHHble TeosIorMYecknx W3bICKaHUW, pesynbTaThbl
reopunanyecknx nccnegoBaHum, MHopMaLmst O COCeAHUX CKBaXXMHaX.

Mo gaHHbIM reonormYecknX U3bICKaHMM MOryT ObiTb COCTaBMEHbI MPUMEPHbIE KapThbl
pacnpegeneHnsa gaBneHun.

Cencmnyeckne wmetoabl reodusvkm MNO3BOSMAKT OO OypeHus BbISBUTb HaxXOXAeHue
HeJOYNMNMOTHEHHbIX MuH. Kak npaBuno, HegoynsioTHEHHAasi 30Ha XapakTepuayeTcs
Xa0TUYECKUM OTPaKEHMUEM UITN OTCYTCTBUEM OTPaXKEHNSA BOSH.

MHopmaums o cocegHux CKBaXMHAX ONsl BbIABIEHUS aHOMalbHbIX OaBfEHUA BaXHa.
OHa ncnonb3yeTcs Npu cocTaBneHMn Nporpamm 6ypeHns HOBbIX CKBaXMH.

[ns onepaTtMBHOrO KOHTPOSiSi OCOOYI LIEHHOCTb NPEeACTaBsAT AaHHble, NOSfyYeHHble
HenocpeacTBeHHO npu bypeHun ckBaxuH. BbiasneHue 3oH ABI[ no gaHHbIM GypeHus
OCHOBaHO Ha KOHTpOse nokasartenen (MHAMKAaTOPOB): MEXaHNYECKOW CKOPOCTHN BypeHus, d
- OKCMOHEHTHI, BpaLLAoLWEro MOMEHTa Ha poTope, BeCa Ha KPHOKe, AaBMNEHUs Ha BblKMae
Hacoca, NMIOTHOCTU W TemnepaTypbl BbIXOAdALEro OypoBOro pacTtBopa, KOnM4yecTBa,
pasmepa, opMbl U NAIOTHOCTU BbIHOCMMOro GypoBbLIM PacTBOPOM LUSiaMa, COAep)KaHus
rasa B 6yposom pacTteope 1 ap.

PekomeHayeTca otcnexusaTb ABI[ no HECKONLKNM, HE MeHee TpeX, MoKasaTensm.
MexaHu4eckasi ckopocmb 6ypeHUsi CK8aXKUH

MexaHnyeckasi CKOpOCTb NPU HOPMarsbHbIX YCAOBUSX BypeHnst yMeHbLLAEeTCs C riyOuHON.
OpHako npu  OypeHun pasynfioTHEHHbIX T[fIMH B Opeofie BTOPXEHUST OHa pPes3ko
YBENUYMBAETCS, YTO CIYXUT WHOUKATOPOM BXOXOEHUS CKBaXWHbl B 30HY BbICOKUX
AasneHun. MNpu aToM cnegyeT yyuTbiBaTb, YTO Ha BESIMMMHY MEXaHW4YeCKOW CKOPOCTU
OKa3blBalOT BIUSAHME MHOrMEe Apyrne hakTtopbl, Takue Kak: nutonorusi pasbyprmBaembix
FOPHbIX MOPOA, NapamMeTpbl pexuma OypeHus, Tekyliee COCTOSHWEe [onoTa, CBOMCTBA
OypoBoro pacTtBopa. BnusHue 9TMX napameTpoB TaKOBO, YTO He Bcerga yaaeTtcs
onpeaenuTb NPUYNHY U3MEHEHUS MEXaHNYECKOM CKOPOCTM.

Taknm obpasom, mMexaHuyeckad CKOpOCTb OypeHuMs OQHO3HAYHO OTpakaeT WU3MEHeHue
NNacToBOro AaBfieHUs B MMMHUCTBLIX NMOpoAax B TOM Crydae, Koraa napameTpbl pexuma
OypeHust ocTatoTCs NOCTOAHHBIMMN.

[laHHble 00 N3MEHEHMM MeXaHNYECKON CKOPOCTUN BypeHnsa pekomeHayeTca pukcuposaTh B
MSArknx nopogax vepes 10-15 meTpos, a B TBepabIxX - Yepes 1,5-3 meTpa.
Hopmanu3oeaHHasi ckopocmb 6ypeHusi (d-akcrnoHeHma)

BrnivsHne wn3ameHeHMss napameTpoB pexmma OypeHMst MOXHO WCKIHOUUTb, WUCMONb3ys
HOPManu3oBaHHYKD CKOPOCTb OypeHus, npeacTaenswowen cobon 6HespasmepHoe
BblpaXeHne (d-9KCMOHEHTA), MNOSIyYEHHOE W3 YpaBHEHUSI MEXaHUYECKOM CKOPOCTU
OypeHus.

;o 18l 1602)  (1.22)
lg\£, / oDy |

roe v-mexaHumdeckas CKOpocTb BypeHus, m/4ac; n- yactoTa BpaweHus gonota, 06/MuH;
3
Poc- oceBast Harpy3ka Ha gonoto, kH; £ - nnoTHocTb ©ypoBOro pacrteopa, Kr/m™; g -
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2
YCKOpeHune csobogHoro nageHusa, m/c” ; D.:ﬁ - AuaMeTp aosnoTta, M.

PacueTbl 3Ha4yeHU OOMKHbI BbITb NPUYPOYEHBI K UHTEPBaNam 3aneraHus rmuH nnu
MUHUCTBIX cnaHueB. OObIYHO 3HA4YeHUsA d-3KCMOHEeHTbl u3ameHsawTea ot 0,5 oo 2,5. B
HOpMasbHbIX YCIOBUAX OHa pPaBHOMEPHO Bo3pacTaeT C rnybuHon. lMNpu BXoxaeHun B
HeOYNNMOTHEHHYIO 30HY OTMEYaeTCsl OTKITOHEHNEM €€ B
CTOPOHY YMEHbLUEHMS.

lTnomHocmb ennuHUCMOR20 wWnama

Cuntaetcsl, YTO M3MEPEHME MNMOTHOCTM FNIMHUCTOrO Wrama gaBnsietca Hambonee
00BbEeKTUBHbIM cnocobom BbisiBNeHust 3o0H ABI[. B 30Hax HopmanbHOro nnacTtoBOro
AaBNeHNs NNOTHOCTb MWH yBENUYMBAETCA C rnyoumHon. OTKNOHEHME OT HopMarnbHOW
TEHOEHUMN U3MEHEHUSA B CTOPOHY YMEHbLUEHUSI MOKaXET Hannume HegoynsSIOTHEHHbIX
FMVH N, cnegoBaTenbHO, BbICOKMX AaBrieHnin. OgHako Ha NAOTHOCTb IMH MOXET NOBNUSATb
Hanuyune TsXKenbIX MUHEPASioB U Bo3gencTane 6ypoBon NPOMbIBOYHOW XUAKOCTH.

Konuyecmeo u ¢popma 2nnuHucmoezo wiiama

Mpn pas3bypmBaHun ropHbIX NOpon B Mpedenax opeona BTOPXEHUs Habnwogaetcs
yBENUYEHNE KONMUYECTBA MMMHUCTOrO LWama Ha Bubpocutax. MNMpu aToM pasmep vacTtul
LuamMa yBeSIMYEHHbIN, a hopMa - yAMHEHHAsA C OCTPbIMU KpasiMu.

KonnyecTtBo n hopma rmmMHUCTOro Wwriama uMeeT BTOPOCTENEHHOE 3Ha4YeHne u MoryT
NCrnonb30BaTbCH ANA NOATBEPXAEHUSA OPYTMX MPU3HAKOB aHOMAasbHOCTU AaBNEHUMN.

Bpawarowuli MOMeHmM Ha pomope U 8eC Ha KpPHoKe

MoMeHT BpaLLeHnss onpeaensieTca TpeHneM Mexay AO0N0TOM U 3ab60eM CKBaXWUHbI, a
Takke mexay OypunbHOM KOMOHHOW U CTEHKaMWU CKBaXXMHbl. B HOpManbHbIX YCNOBUAX OH
AOJHKEH pPaBHOMEPHO yBenuymBaTbCa C rNyouHON. Mpyn aHOManbHOCTU AaBNEHUS MMUHbI
MOryT BbDKMMaTbCA B CTBOST CKBaXXMWHbl, YTO MPUBOAUT K €ro CYXEHU. YMeHbLUeHne
AnameTpa CKBaXXMHbl Bbl3bIBAET YBENIMYEHNE KPYTSLLErO MOMEHTA Ha poTope. BosHukatoT
3aTSHKKM M NOCAOKM MHCTPYMEHTa Mpu ChycKo-NogbeMHbIX onepaumsax. [pu 6onblion
NepexogHon 30Hbl (opeona BTOPXEHMs!) MOBLILEHME MOMEHTa Ha poTope M Beca
OypUITbHOW KOSNOHHbBI MOTYT OCTaTbCs HEe 3adOMKCUPOBAHHbBIMM.

PaccmaTtpurBaemble Bbiwe hakTopbl N0 NPUYMHE HEOQHO3HAYHOCTU CaMOCTOATESTbHOIO
3HAYEHUS1 HE UMEKT N MOTYT MPUMEHATLCA B COBOKYNMHOCTU C APYIMMU MHOMKATOpPaMn 30H
ABIAO.

Temnepamypa 6ypoeo2o pacmeopa

HepoynnoTHeHHas ropHasa B Opeosie BTOPXEeHUs nopoga umMeeT TennonpoBOAHOCTb
HWXe HOPMarbHOro 3HadeHus. BenvynHa reotepmMmyeckoro rpagmMeHTa ymeHbLaeTcs npu
NPUBNMXKEHUN K TaKOW Nopoae, 3aTEM MNOBLILLAETCA B MHTEPBArne ee 3aneraHus, gocTuras
aHOMasnbHO BbICOKOMO YPOBHSA. WM3MeHeHne reoTepMMUYECcKOro rpagueHta MOXHO
KOHTPONMpOBaTh, M3Mepsas TemnepaTypy OypoBOro pactBopa Ha yCTbe CKBaXWHbI. [1pu
BCKpbITUM 30HbI ABIL TemnepaTtypa pacTtBopa Ha BbIXO4e W3 CKBaXWHbl BO3pacTaerT,
pocturasg 20 % Ha 100 meTpoB npoxonku. OgHAKO Ha TOYHOCTb M3MEepeHU oKasbiBaloT
BNMUSIHWE CBOWCTBaA camon OypoBOM XWMOKOCTW, BENMYMHA KONbLEBOro 3a3opa, Bpems
nocrne BOCCTaAHOBMEHMS uUupkynsaumm u gp. B atonm cBAsu TemnepaTtypa OypoBOro
pacTBopa siBAsSeTCA LOMOMHALWNM bakTopoM npu obHapyxeHun 3oH ABI/.
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rasupoeaHue 6ypoeoz2o pacmeopa
BypeHve ckBaxuH B npegenax opeonia BTOPXKEHUS MOXET CONpoBOXAATbCA

rasvpoBaHuemM UMpKynupyowero 6ypoBoro pacTtBopa. PekomeHayeTca HenpepbiBHO
KOHTpONMpoBaTb NOCTynsfeHne rasa B 6yposon pacTteop. [1pn3HakoM nocTtynneHuns rasa B
CKBaXWHY SBNSieTCA YyBenuMyeHwe rasocogepxaHus OypoBoro pactBopa nocre
HapaLmBaHna 6ypoBOro MHCTpPyMeHTa.

Mpaktuka BypeHus cBmaeTenbCTBYeT O HEOOXO4MMOCTU KOMMSIEKCHOW OLEHKU npu
nporHo3npoBaHun 30H ABT1.
1.5 MpurUYnHbLI M YyCNOBMUA BO3HMKHOBEHUSA ra3oHe(pTeBOAONPOABIIEHMA B CKBaXXMHaX
[[a30HeTEBOAONPOSABIIEHUA  ABNSAKOTCA  OAHMM U3 CaMblX  pPacrnpoCTpaHEeHHbIX
OCIMNOXHEHWI B NPOLECCE COOPYXKEHUS CKBAXKMH.
Mpn BypeHnn nnacTtoBble oMbl B HE3HAYUTENBHOM KONMYEeCTBE NOCTOSIHHO MNOCTynaroT
B CkBaxuHy. [lputok pnonga oOYyCrnoBneH OCMOTUYECKUMU U KaNUINSPHbIMU
nepetokamu, KOHTPAKUMOHHbIMU U (PUMNbTPALMOHHO-AENPECCUOHHBIMU  3dhbdekTamu,
TemnepaTtypHbiMu akTopamu, Ouddysmen rasa u Opyrumm  ABMEHUAMU, KOTopble
HenoCpeaCTBEHHO MNPW  Hanuuuu NpPOTMBOLABMEHUA Ha nnact He npuBoadaAtr K
razoHepTeBogonposBreHnsam. OgHako Adaxe npu He3HAYUTESNbHbIX MO MHTEHCUMBHOCTMU
NpUTOKax NnacToBoro cdonomnaa NPONUCXOANT CHUXKEHNE 3aB0OMHOMo AaBrieHusl, YTO co3gaeT
ONAaCHOCTb BO3HWKHOBEHMWS OCIIOXHEHWN.
MoaToMy BCe 3aperncTpupoBaHHble crnyvyanm ra3oHedTEBOAONPOSBIEHUA, a TakKxe
OTKpbITble (POHTaHbI NPOU3OLNN BCNeACTBME MpPEeBbILLEHUS MNNacTOBOrO AaBrieHus Haf
3ab60MHbIM OaBNEHNEM.
MpuumHel THBI npuBeaeHbl Ha pucyHke 1.6.
[MpeBblweHe nnacToBOro fAaBreHus Hag 3aboMHbIM - AaBneHWeM MNpPOUCXOAMUT, Kak
npasuno, B pesyrnbTaTe:
- BCKpbITUS nnacta ¢ 6ornee BbICOKUM [PagveHTOM MNracToBOro [AaBfeHusi, 4Yem
NpeayCMOTPEHO NPOEKTOM;
- CHWXEHMs MAOTHOCTM OypOBbIX WM TaMMOHAaXHbIX PaCTBOPOB M3-3a HapyLleHUs
reofnlormyecknx Unm TeEXHONOrM4Yecknx TpebosaHunm;
- YMEHbLLUEHNS BbICOTbI cToNGa 6ypoBoro pacteopa BCcrneacTsne HeAonuea npu nogbeme
Tpy6 nnun nornowieHus;
- HEKOHTOPOSIMPYEMOro BBOAA XMMUYECKUX peareHToB Unu BoAbl;
- KonebaHun rmapoaMHaMMYECKOro OaBrieHUs!, BbI3BAHHbIX ABMXEHMEM OYypunbHbIX MK
obcagHbIx Tpyo;
- NpeKpaLleHns umpkynsaumm 6ypoBoro pacTeopa;
- CHWXXeHUa rmagpocTtaTudeckoro gasnexHms npu O3L;
- YCTaAHOBKM cneuuanbHbIX BaHH C XWOKOCTbHO, MAOTHOCTb KOTOPOW MEHbLUEe MOTHOCTU
GypoBoro pacTtsopa.
Ycnosue BO3HMKHOBeHMs THBI1 npu 6ypeHun, npoMbiBKE U LEMEHTUPOBAHMUM CKBaXXWH
nmeet Bug,

PM b Pﬁ +‘£Pm . (1.23)
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JasneHie Ha mnacT
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KanunnagHele - H ﬁwnaumpggwnpa H YCTHHOBKS
MEpETORM MEHTHB MOCTOE
P B 33RO -
MPOCTRAHCTES
TPaEUTALMORHE ) | Momowgrms Pashivll eHue
SAMEILEHHE Bi08orT pacTEpa ofipaom knanaHa

PucyHok 1.6 - INpn4mHbl BO3HMKHOBEHUS ra30HETEBOLONPOSIBEHNA B CKBAXKUHAX
B cnyyae npekpalleHnsa umpkynaumm (reopumsnydeckne nccnegoBaHust, MpOCTON CKBaXXKUHBbI
nT.go.)
.(1.24)
o

Hanbonee 4acto BO3HMKAOT MNPOSIBNEHMS MNPUM  MPOBEAEHUN  CMYCKO-MOOBEMHbIX
onepauun.
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YcrnoBrve BO3HUMKHOBEHUA MPOSBIIEHUA B CKBaXWHE Npu noabeme 6prJ'IbHOl7I KOJTOHH
BblpaXaeTCcd HepaBeHCTBOM

Puar P, —HP, - AP - togh » (1:29)
roe J"_"".P-:':'PE - rmagpognHamm4yeckoe nOasrieHne B KOJbLlEBOM NnpocCTpaHCTBE,

O6yCJ'IOBJ'IeHHOG OBMXEHNEM 6ypI/IJ'IbHOl7I KOJ1OHHbI; ﬁP - CHWXeHune [OaBJieHUd
]

BCNeACTBME KOHTPaKUUW, CeaMMeHTauun, dunbTpaumu, TeMnepaTypHbiX U3MEHEHUN B
HenoABWXHOM OypoBOM pacTBOpeE; Mogh - ONOPOXHEHME CKBaXMHbI MO MpuunHe

Hegonvea ee OypoBbIM pacTBOPOM.
Ycnosue, nNpy KOTOPOM MPOMCXOAUT MPUTOK NnacTtoBoro cntonga Bo BpeMs crycka
OypunbHbIX TPY6, nmeeT BMA

Pua= P, - AP, -AP_ - (126)

2]

roe A P&, - oTpuuaTternbHas cocTaBnswllas rMapPoANHaMUYECKOro  [aBneHus,
i

BO3HMKaOLLLAs BO BPEMS TOPMOXEHUSA BYPUITbHON KOFNOHHBLI NPWU CNYyCKe.
3HauyeHne AP MOXHO onpeAennTb No dMNupuyeckon opmyne
[

AP =(0,02-005)2 gh, (1.27)

roe h - BeicoTa cton6a OypoBoro pacteopa, Haxo4siLerocs B COCTOSAHUN MOKOS1, M

n o
[nsa OueHKn BEeNMYMH rMapoaMHAMUYECKUX AABMEHUN BO3HMKAKOLWIMX B CKBaXMHE MOXHO
ucnonb3oBaTb 3aBucumoctu 1.14 -1.18.

2 ObOPYOOBAHUE O5NA NPEAYNPEXAEHUA U
NMUKBUOALNN TASOHE®TEBOOONPOABNEHUA

2 ObOPYOOBAHUE ONA NPEAYNPEXAOEHUA U
NMUKBUOALUUU TA3OHE®TEBOAOMNPOABIIEHUA

2.1 ®naHubl u chnaHueBble coeAUHEHUs
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

KpenneHue npoTMBOBLIGPOCOBOro 1 NPo4vero ycTLeBoro o6opyaoBaHus
ocyulecTBnsieTcs Yepe3 (praHueBble COeaUHEHMUS.
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HokymeHT co3gaH aBTopckon cuctemorn LERSUS. Bee npaBa 3awyuieHbl



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHV|;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX AaBneHun

XapaxTepicTika
GTAHIIEB

BryTpenHmi Pabouee
THAMET] TAB/TeHIle
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KOHTpOﬂb n ynpasneHue npoueccom 6ypeHVIFI B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

KCnaccht Qnammes

p—

/ ﬂﬂﬁﬂ‘lee TaBaerne 33 Mﬂh
Padouee napenne (3000 psi)
14,20 m 35 MIIa (2000, Hawmmad ¢ pasmepa
3000 1 5000 psi). 13-5/8" , wa 70, 103 n 140 MIIa
Pasmep: 11 (10000, 15000 1 20000 psi).
BRTHMHTETbHO Padouee apnenne 14 120 MIIa
K / (2000 m 3000 psi) ws pasmepa
26-314°

y
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

Tunel 6B 1 6BX oT/IHIAKTCA cCHCTeMOIl
repMeTH3AMHH MeTALI-MeTAJLL.
HCHOJIb3VETCHA CTATBHOE TOPOIIAIBHOE
VILIOTHeHHE (KOJIbII0).
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

dnaHuel 6B ocHaIIeHB]I
YILDIOTHEHHUEM

R i

RX
me R

Yinorxe

R - oBaBHOE
ceucHue

R - BOCEMHE-

YTOJIBHOC
CCYHCHHC
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

dDi1aHusl 6BX ocHaIIIEHBI
YIDIOTHEHHUEM

BX
e B - BOCKMHYTOISHOS CoSeEe
E

YIiome

B HeR0OTOPBIX KOIBIAX
EX u Beex koomuax BX
HMeeTCHA 0TBE] CTHe
(mmuanpeTpom 0,16 mm

& 0,12 moima),
MpeTHATHAYIEHHO ¢ [[/IH

BRIPABHHBAHIA TABICHHA B
O CHOB AHHAYX KAHABOR.

G g
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HokymeHT co3gaH aBTopckon cuctemorn LERSUS. Bee npaBa 3awyuieHbl



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHVIFI B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

Tpebopams mo chopke

- KaHABKH H YILTOTHEHHA JO/DKHEI IPOBEPATHCH,
O0UHIIATHCA H COOHMPATHLCH B CYXOM BIH/eE.

- YCTAaHOBKA BePXHETo 2JIEMEHTA JO/KHA
OCYILECTBIATHLCA €3 HoBpesKIeHHA YIVIOTHeHUA
(KOIBIA) H CTOPOH KAHABKIL
- 3aTAKKA O0JTOB OCYIIECTBIACTCA
KPecToodpasHo ¢ KOHTPOJIEeM:
3a30pa Mo MepUMeTPY B CIVUae HCIOIb30BAHNA
VILToTHeHHA R i RX;

MOMEHTA 3aTAKKH 114 QiaHnes 6BX.
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

Coemunerna 010Ka PEBEHTOPOB

Horpmanesoe & mamer Komiep e
AR JIeHIe HA T 0K TATKH
GaoKe
I B eHT 0] 0B
14 1 20 MITa (2000 1 APl type 6B ¢ APT type RX
3000 psi) 0B AJILHOIT K AHABK 01
Tima R
35 IIa (3000 psi) APItype 6B ¢ API type RX
OB ATMBHOH KAHABK O 1Lm
oA R API type BX
API tyvpe 6BX ¢ ¢ (pammen 6BX
KaHABKoI Tima BX
70 MTa (10000 psi) APT type 6BX ¢ APT tvpe BX

KAHABKOI Tima BX

¢ (paammem 6BX
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl




KOHTpOJ'Ib n ynpasneHue npoueccom 6ypeH|/|9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn
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[okymeHT co3gaH aBTopckon cuctemon LERSUS. Bce npaBa 3awwmieHbl



KOHTpOJ‘Ib n ynpasrieHne npoueccom YPEHNA B YCINOBUAX aHOMallbHbIX M1aCToBbIX OaBreHnmn

(OVHKIHH TDEBEHTOPOB

1. TepmeTH3amus yeTb CKBAXHHLE

2. penynpexnenne HedTerazonoyo-
NpOsBJICHHH HA YCThe

3. KonTpoan 1 ynpapaenne JapneHueM
B CKBAXKHHE

AADAKTEPHCTHKA TIDERCHTOPd

1. Mapka (mpou3BoauTeDh)
2. Tum

3. laameTp MpOXOAHOTO OTBEPCTHSA
4. MakcumansHoe pabodee JaBneHHe

OKYMEHT co3faH aBTopckoit cuctemort LERSUS. Bcee npaBa 3aliyiieHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

IInamie9HbIN IPEBEHTOP
U ¢pupmei Cameron

Kopnye 14 PaGouwi uMNWHAP B
Kpbiwka — PaBouywh nopwoHe -~
CTONORHLIA BHHT g MAawexHLIA y30n 4
Nopwens 8. cw. nnawsw 10 BonT Kpsiwsm - A
Ofonoyka cTON. BHHTA 7 MpoamasyTos, dnaney 2
Usnnuuap A, ca, nnawes 11 ¥NnoTt. JMcnomkn Kpeiwsy 22
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[okymeHT co3gaH aBTopckon cuctemorn LERSUS. Bce npaBa 3awwmieHsi



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

Ilnamey4yHeI IpEeBEHTOP
U ¢upmer Cameron

[myxag e
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

I Inamxu

cpe3aromas
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

YerpoiicTso TpyOHoii H1ANIKH
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

YCTpoerB0 Cpesalomel LIAMKE

+  Bepxmni qepxarems

+ Hmzanoi gepxatems

+ Bepxmni BKnaTEII ITALLKH
+  Hirsanmi pKTagBII MTAINKH
+ Bepxnee ymwmo rHene

+  Huzsee yiomoTHe IR

+ Hissee cpesariiee Te3sie
+  Duxcarop

+ Komueeoe yimmoTHeHize

+  Duxcarop

+ Bumr

+ Komueroe vimmoTHeHize

+  [aiiha
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[okymeHT co3gaH aBTopckon cuctemorn LERSUS. Bce npaBa 3awwmieHsi



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

BretmmAA B cpesatomedl IAMIKH

Ilmamixa

THII
V Shear
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[okymeHT co3gaH aBTopckon cuctemorn LERSUS. Bce npaBa 3awwmieHsi



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHVIFI B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

TpeGoBanns k mpeBeHTOpaM

PeroMeHTIVEMOE TABTCHITE HCTBITAHIA
B COOTBETCTRHH ¢ Tpedoramavi API RP 53 :
-1 MIPEBEeHTOPOR ¢ HOMHHAILHBIM Pad 0“1
JapaeHiieM 35 Mlla (5000 psi)
BRIHHTeEHe — 100%0 0T HOMHHATILHOT 0 Padotero;
- 1714 NP EBeHTOPOR ¢ HOMIHAILHBIM Pad o I
JapaeHHeM dosxee 35 MILa (5000 psi) - 150%0 o1
HOMHHATLHOT 0 Ppado*1ero;
PeroMeHIVEMOE MARCHMATLEHOE BpeMA
TARPBITHA— 30 CeKVH] I MeHee;

TpeoBanns K mpeBeHTOPAM

* JI0JUKHBI OBITH 000PYI0BAHBI MeXaHHYeCKoi
cHCTeMoli (PHKCALIHH IVTAIIEK;
* MoKHO HCHOJTB30BATD I HOJBeHBAHMIA
OVPILTBHOII KOMIOHHBI
* PexoMeHaveTCA HCHBITHIBATD IIALIEYHbIE
MpeBeHTOPbI HA HI3K0e JAB/IeHHE,;

* VIUIOTHeHHe ILTAIIEK Pa3padoTaHo I/ JaBaeHHs
CHH3Y, H03TOMY ILTAIIeYHBIII MpeBeHTop X0POIIo

Te[VKNT TaRIeHHe CHH3Y 1 IVI0X0 IaB/IeHIe

CBepXY
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

Mexanm:M QRKCAIHH 1IANIKR

IIOFPITEHL

JAMOK
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HokymeHT co3gaH aBTopckon cuctemorn LERSUS. Bee npaBa 3awyuieHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

Mexanms (HKCAIEH IIAMKH

SAKIIMVAROLUIIE ILTACTITHEL
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HokymeHT co3gaH aBTopckon cuctemorn LERSUS. Bee npaBa 3awyuieHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn
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[okymeHT co3gaH aBTopckon cuctemorn LERSUS. Bce npaBa 3awwmieHsi



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

JAKDMTHE H OTKDBITHE HpeBeHTOpa

JakpeiTHE (M TEPBRITHE ILTATHEK

ILIAIleE
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

Hpesemop Hydrll

Y3CIT IUTQMTKH

0o
[TaIKH

Ve KopIye
vmmﬁer-mg/ (’ i ’, (
BbIXOJ Ha LWTYLED

Yl T o JIIOTHCH KDHIIK

pmmorg  SORIDOIbHOE QTBEDCTH:
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[oKkymeHT co3 [aH aBTO PCKOW CUCTEMOW n LERSUS. Bce npasa 3alumiLeHbl



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHVIFI B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

pesesop Seatry upusa ydrl ia 21/35 MIla

| RN

ad'>
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHVIFI B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

IIpesenTop Quik-Logq
Gupmul Hydril ma 70/105 Mlla

i ] ]

-
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

IIpeserarop Compact
¢upMmer Hydril ma 35/105 Mlla
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HokymeHT co3gaH aBTopckon cuctemorn LERSUS. Bee npaBa 3awyuieHbl



OOOOOOOOO ynpasrieHne npoueccom 6ypeHM$| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

OTTEATETSH0 O YApRTEHCTHR

| Tabapumhi
1. CoOTHOMEES MEXTY OTKPBITHEM H SAKDBITHCM

3. (0meM TeXHONOTMYeCKOM XHIKOCTH [N
SAKDHITHS HIH OTKDBITHA

OKYMEHT COo3aH aBTOpCKOI?I cuctemon LERSUS. Bce npaBa 3aLyuiieHbl



(byﬂknﬂn npenempon

1. TepmeTm3anus yeTa CKBAKHHbI

1. Korpoas mporeccon BauMoJeiicTRES
CKBAKHHA - IIACT
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ponb 1 ynpasrieHune rnpo OM 6ypeHM;| BY

KoHT| Lecc CINoBUAX aHOMallbHbIX NMNAacTOBbLIX AaBIIEHUN

1. Mapka (mpom3BojHTEIb)
2. Tan

3. /luameTp npoxoAHOro OTBEPCTHS
4. Makenmansuoe pabovee naBiene
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OOOOOOOOO ynpasrieHne npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

Kosbuesbie mpesenTopa
HCTOJB3YIOTCH LIS

- [ePMETH3ANAH YCThH CKBAXKHHBI HPH
1000 9acTH OYpHIALHOIH KONOHHLE
H OTKPBITOM HPOXONHOM CeYeHHH

- paboTni ¢ OypHILHOH KOJIOHHOM
NPH 3aKPLITOM NpEBEHTOpE

Roaoiuesoi mpesearop Hydrl GX

JamopHaq KpBINKa

[ SALITHAL LT

| FEEEY |
1 \ [akepywupni
1J Kpsnuxa
; KAMEPEI 0 TRPBITHS

Kamepa

Famepa




KOHTpOﬂb n ynpasneHue npoueccom 6ypeHVIFI B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

 Nuasaesi mpeseop Hydrl G

--'-.-
F ==

FOIHTHAA ILTHTA
Tlaxepym upH 3meMeNT

Jamop Had KPHILIK 2

Kamepa

IMopieH:

Kamepa
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

omsiesoi mpeseirop Hydril M?

3AIOPHAA KPBILIE

VILTIOTHeHIIe [0 PIUHA

[TaxepyRLIEDT
3IeMEHT

[Topruess

Kamepa 30K pEITHA
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

(Tawpytome Jnevtesrl mpesexopop Hydr

ITaxap yronmmm
yieMeHT G ITaxmp vio i
3aeMeHT L1
ITaxup yiowmm

1IeMeHT (A
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

Roasueoil mpeserop Shatfer Spherical

3amopHAA
KPEILIKA

[Makepyroupnt
3IeMeHT

Komen
0
Kantepa oTKpEITIA

[TopiueH:

Kanepa 3akpeITHA
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[okymeHT co3gaH aBTopckon cuctemorn LERSUS. Bce npaBa 3awwmieHsi



KOHTpOJ‘Ib nynpasneHue n poueccomMm 6yp eeeee YCNnoBuAxX aHoMarsbHbIX NNacToOBbIX OaBreHumn

[lakpyiomni saewes mpeseiropa Shaffer

Cepnueckuii
MaAKeP YOI
)1eMEHT
NpeBeHTopa
GupmbI
Shaffer

OKYMEHT CO3
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naH aBTopckon cuctemon LERSUS. Bce npaBa 3awymileHbl



KOHTpOJ'Ib n ynpasneHue npoueccom 6ypeH|/|9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

[ pMETHBALIA KOTbEBOT0 TDOCTPHCTBA

ITaxmpyrommi
3IeMEHT

Ilopuress

Byvpnm aas
Tpyba
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[okymeHT co3gaH aBTopckon cuctemon LERSUS. Bce npaBa 3awwmieHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

(Ipimam paaTh! ROTBIICBORY HpEBEATOA

F

Padouas AIIKOCTb, I0JABAEMASA B KAMEPY
JAKPERITIA, TOJIKAET MOPIIEHE BBEPX.
[opieHE CRHIMAET MAKePYIOLIHIT
3IEMEHT (3IACTHMHOE YILIOTHEHIIE).
[TaKePYIOIIIT HJIeMeHT MepeMeiafch TOIbKO B
PAJHATEHOM HAMIPABJIEHII, TePMeTII3HpYeT p
KOJIBLEBOE TIPOCTOPAHCTBO MEAKTY HHCTPYMEHTOM bl
BHYTPIL PEBEHTOPA I €70 KOPITYCOM. T

I
¢

=l = N S
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

(Tpision padoTsi ROmblCBOrD HPEBEHTOPA

Padouas KIIKOCTh, MOJABAEMAA B KAMEPY 0

OTKPBITIIA, TIEPEMEIIAET MOPIIEHD T

B HCX0JHOE TT0J0KEHIIE. A

[TopieHs 0CBOOOKIACT MAKePYHOIIII l\

3IEMEHT (AIACTHIHOE YILIOTHEHIIE). p
ITAKePYIOILIIIT 3 IeMEHT

MPHHIMAET HCX0THYI0 opMy bl

I
I
¢
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

Tpeboamms k mpoTHBOBBIOPOCOBLIM
NPEBEHTOPAM

PekomenaveMoe JapJieHie HCIBITAHNA
B COOTBETCTRHH ¢ TpeooBaHuAMHE API RP 53 :
-1 IPOTHROBBIOPOCOBLIX MPEBEHTOPOR ¢
HOMHHAJIBHBIM padounM gaeaenneM 33 Mlla (5000
)$1
BRINUYHTETEHO — 100% 0T HOMHHATILHOTO Pad0vero;
-/ IPOTHBOBLIOPOCOBBIX PEBEHTOPOR C
HOMIHAJIBHBIM PAad0THM JARIeHIEM
ooJree 35 MIIa (3000 psi)
150% 0T HOMHHATLHOTO PAdOYUEro;
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[okymeHT co3gaH aBTopckon cuctemorn LERSUS. Bce npaBa 3awwmieHsi



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

TpedoBammst K mpoTHBOBBIOPOCOBBIM
EBEATOPAM

B cooteeTcTBHN ¢ TpedopanuaMa APIRP 16 E
PeROMEHTVEMOE MAKCHMAIBHOE BpeMA
JAKPBITHA KOIbIEBBIX MPEBEHTOPOB:

- THaMeTpoM MeHee 18 74— 30 ceKVH] ILTH MeHee;
_THAMMeTpOM 0oJee 18 ¥4 - 45 cekvHa IWIH
MEHee.

[lakepyromue y1eMeHTbI

IIakepyoIiie 2J1eMeHThI
H3roTABIHBANTCA:
-YCTOMYHBLIE H HEYVCTONYNBRIE K H2S;
-C YU4eToM padoveil cpeabl
(ras, HedpTh, BOJA, CMECH, H T. 1.):

- C YU€TOM TeMIIepPaATVPhI CpedbL
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

14 lueprophi
Tlueprop =

KOJILIEBO HPEBEHTOP ¢ OOMBIIIM HPOXOTHBIM CeveHmey +
OTBOZ(bI) BHYTpEMmEM Amaverpom 12 i Gonee

Hcnoas3yrTed, Kora nocTynIeHIe
aronga 3anerawiero Ha HeoobIIoN LIVOHHE
HEBO3MO/KHO KOHTPOJIHPOBATH 00BIYHBIMI METOJAMIL

YCI0BHA HX MPHMEHEHNA: HATHYIE BOSMOKHOCTH
repMeETH3AIHN YCThA CRBAKHHBI MPH
OTHOBPEMEHHOM OTKPBITHH OTHOTO HIH
HeCKOJIbKHX O0KOBBIX OTBOJOB.
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KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHnmn

JliBepTopsl

1ot Konbnepoii mpepeHTop
¢ 00JIBIIHM
P OXOTHBIM

p— OTBEPCTHEM
o
; BoKOBBIE OTBOILI
‘ amaMeTpom 12
1 DoJ1ee
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HokymeHT co3gaH aBTopckon cuctemont LERSUS. Bee npasa 3awumiLeHbl



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

[peionaius & Tusepropay

bBokoBbIe OTEOIbI
JOJDKHBI ABTOMATHY€CKH
OTKPBIBATHECH MPH 3AKPBITHH
KOJIBIHEBOTD NMpeBeHTOPA.

Koauuerol mpeBeHTOD

ABTOMATHYECKAA 3ATBHAKA

OTBOTHAS /

JIHHHHA
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Lo A ¢ TN
A0d

3 NMPEAYNPEXOEHUE
rASOHE®TEBOAOMNPOABIEHUN

3 NPEOYNPEXOEHWE TA3SOHE®TEBOAONPOSABNEHUA

3.1 NMpusHakn M'HMNB

Mpn HapyweHun rvapoaNHaAMUYECKOrO pPaBHOBECUSI CUCTEMbl CKBaXKMHa- nnact u
NMOCTynneHMn B CTBOST CKBaXWHbl MNNacTtoBOro driiomMaa Bcerga  MNOsIBRAKTCS
npegynpeauTenbHblie NPU3HaKM, UTHOPUPOBATb KOTOPbIE HEMb3S.

lMpu3Hakn nposiBNeHUss NNacTtoBoro dniounaga YcrnoBHO KnaccudpuuupoBaHbl Ha [fOBe
KaTeropuu:

- NpsAIMblEe NPU3HAKM NPOSABIEHMUS, KOTOPble O4HO3HAYHO CBUAETENbCTBYKOT O NOSABMEHUU
nnacToBoro cnioraa B CKBaXUHE;

- KOCBEHHblE€ NPU3HAKN MPOSIBIEHNA, KOTOpPblE BO3HMKAKT HE TOMbKO B pe3ynbTaTe
nputoka dnonaa B CKBaXWHY, HO 1 MO APYrMM NpUYMHaM.

MpssiMbIMK NpU3HaKamMn NPOSIBIIEHMSA NPUTOKA NIIAacTOBOro hnionaa B CKBaXXMHY ABMASILOTCS:
npu 6ypeHuu, npopabomke, NpoMbieKe, pacWupeHuUU cmeosia CKeaXUHbl
-NpEeBbILEHNE MHTEHCMBHOCTU MOTOKA BbIXOAsLWEeNn 6ypoBON NMPOMbIBOYHOM KUOKOCTU U3
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CKBaXXWHbl HaJ WHTEHCUBHOCTbIO 3akayMBaeMon Mpu HeusMeHHOW nopdayve OypoBbIX
HacoCoB;

-yBenuyeHve obbema (ypoBHs1) BypOoBOW MPOMbLIBOYHOM XUOKOCTU B MPUEMHON EMKOCTU;

8 rnpouyecce crnycko-no0beMHbIX ornepayuli

-yBenuyeHme obbema npupocta GypoBOM NPOMbIBOYHON XNOKOCTU B NPUEMHON €MKOCTU
Hag OObeMOM ChyLWEHHOro B CKBaXWHY MeTanna Tpy® npu crnycke KOMOHHblI Tpy6
(bypunbHble Tpybbl, obcagHble Tpybbl HKT). [OBmXeHne NpOMBbIBOYHOW >XUOKOCTU U3
CKBaXXVHbl;

- YMeHbLUEHNe obbema LONUTON NPOMbIBOYHOM XMOKOCTU Hag 06BHEMOM, N3BIEYEHHbIX U3
CKBaXXWHbl 06bema meTanna Tpyd npy nogbeme KONoHHbI Tpy6. [IBmxeHne npoMbIBOYHOM
XMOKOCTU N3 CKBaXMUHBbI.

npu npocmosix, 2eoghusuyeckux uccredoeaHuli, O34

-OBVXXEHNE MPOMbIBOYHOM XMAKOCTU N3 CKBaXXMHbI Npy HepaboTatowmx 6ypoBbix Hacoca.
K KoCBEHHbIM NMpU3HaKam OTHOCATCS:

-pe3koe 3HauYUTeNbHOEe CaMOMpPOMU3BONIbHOE YBENUYEHWE MEeXaHUYeCcKon CKOpPOCTU
OypeHuss  CkBaxWH. Takoe  yBenMyeHMe  MexXaHW4eckon  CKopocTu  BypeHus
CBMAETENbCTBYET, KaK MpaBuio, O ObICTpOM BO3pacTaHMM aHOMasibHOCTM Ha 3aboe
CKBaXWHbl. [logobHoe sBNEeHWe MOXeT BO3HUKHYTb, Hanpumep, W B pesynbrarte
«npoBanoB» 6GypoBOro MHCTPYMEHTa Mpu BCKPbITUM OypeHMeM KPYMHbIX TPELLMH Wunu
KaBepH;

-aHOManbHO HU3KWEe BEeNWYMHbI d-3KCMOHEHTbI B MUHUCTBIX nopodax. YcTrondmsoe
OTKITOHEHME d-3KCMOHEHTbl Ha MpOTshKeHun BypeHunsa nocnegHux 50-100 meTpoB MoOXeT
cBuaeTenbcTBoBaTb O Bxode B 30Hy ABI1. OgHako HecooTBeTCTBME Tuna AofioTa
pa3byprBaemMbIM ropHbIM Nopodam 4atoT aHaNOrM4YHoOe OTKITOHEHNE d-3KCMOHEHTDI.
-yMEHbLUEHWNE NAOTHOCTU MMNHUCTOrO LWnama;

-yMeHblUeHNe faBrieHns OypoBbIX HAacOCOB NpW HeuaMeHHon nogade. llocTynawowun B
CKBaXXVHY (hnoma noAHMMAaeTCs K YCTbio, cnocobCcTByst OypoBbIM HacocaM npokadmBaTtb
OGypoBon pactBop no 3aTpybHoOMy npocTpaHcTBy. [MogobHOE CHMKEHMEe OaBneHus MOXeT
BO3HUKHYTb M MPU HapyLLEHMUN LLeNOCTHOCTN TpyD BYpUnbHON KONOHHBI;

-yBenu4yeHne MomeHTa Ha potope. O4HOBpeMEHHOe yBeNMYeHne MOMEHTa Ha poTope B
coyeTaHun ¢ yBeNUYEeHUEM MEXaHUYEeCKON CKOPOCTU N CHMKEHMEM [aBeHns Ha BypoBbIX
Hacocax CBMAETENbCTBYET O BXOXAEHMM B NNacT C rpagueHToM MnacToBOro [aBfeHud,
NpeBbIWAaLWMM rpagneHT NPOMbIBOYHOWN XNOKOCTU. YBENUYEeHNne MOMEHTa CO CHUKEHUEM
MeXaHM4YeCKON CKOPOCTM CBUAETEeNbCTBYeT 06 M3HOCE [0MO0Ta, a NOoBbiWeHWEe OaBNeHUs
Ha Hacocax - 0 BO3MOXXHOM 06pa3oBaHuK canbHKKa UIM OCbINen CTEHOK CKBAXXWHbI;
-U3MEeHeHne nokasarernen CBOMCTB BYpOBOW NMPOMbIBOYHOM XnAKoCcTU. pu noctynneHum
nnacTtoBOro pniovaa B CKBAXUHY MNPOUCXOOUT YBENUYEHWE BOLOOTAAYU, CHUXKEHUE
MNNOTHOCTWN, BSA3KOCTM, CTaATMYECKOro HanpsbkeHuss casura u gp. OgHako npuYmMHON
OTKINOHEHNS napameTpoB OypoBOro pactBopa OT 3aJaHHbIX 3HayYeHWn MoryT ObiTb U
apyrue oaktopsbl.

[dnarHocTnka cuTyauum COCTOMT U3 aHanusa BXOAHOW WHGOpMauMm O npu3Hakax
dnongonpossreHnss n npeobpasoBaHnUN ee B BbIXOOHY MHGOPMaUMO ON9 NPUHATUSA
peLleHus.
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CKOpOCTb MOCTYMMeHuUs UWHopMaLMM 3aBUCUT OT MHOMMX (aKTOpOB TakMX Kak:
paspellaloLen cnocobHOCTU U3MEePUTENbBHOM annapaTtypbl; TMNa nnactoBoro donaa;
rnybuHbl CKBaXXuHbI; AnddepeHumnanbHOro aaesneHns Ha 3aboe n ap.
B cnyyae nosiBneHMs KOCBEHHbIX NPU3HAKOB HEOOXOAMMO YCTaHOBWUTb HabnwogeHwe 3a
CKBaXXVHOW.
Mpn oBHapyXeHUn HABHOrO nNpuU3HaKa MOCTYNNeHna nnacTtoBoro nounga, OevcTBuS
4yneHoB BypoBOM nepcoHana AOMKHbl OblTb HanpaBfieHbl Ha CKOPEWLLYIO repMeTu3auunio
YCTbS CKBaXXMHbI.
3.2 MNnaHupoBaHMe pauuoHanbHbIX NMPOTUBOBbLIOPOCOBLIX NPOrpamMm U MPUHATUE
pewweHnmn
MeToabl oBHapyXeHUsi NPOSBMEHUS C MNPUHATUEM NPaBUSbHbLIX PELUeHUW MO ero

NUKBMOAUMM OOMMKHbI BbITb XOPOLWO M3BECTHbI Byposon Opurage. MNpuHaTHE BLICTPLIX U
NpaBUNbHbIX Mep MOXeT NpefoTBpaTUTb BO3HUMKHOBEHME OTKPLITOro ¢poHTaHa. C aTom
Lenbo Ha NpoM3BOACTBE ANA NepcoHana, paboTaroLllero B YCroBUSAX, KOrga BO3MOXHO
driromgonposiBNeHne NPoBoAATCA B YCTAHOBMEHHbIE CPOKU MHCTPYKTaXN, y4ebHble Kypcbl
1 NOBbILLEHNe KBanudukauum.
Bo MHOrmx cnyyasix Ha npakTuke onacHOCTb BO3HUKHOBEHUS BblIbpoca npeysennymBaeTcs
BCNeaCTBME OTCYTCTBUS YeTKO pa3paboTaHHbIX METOAOB OLEHKM CUTyauun U NPUHATUS
COOTBETCTBYIOLUMX pauMOHanbHbIX peleHun. Kak npaBuno, B NepByl o4vepeib
OCYLLEeCTBNAT YyTshkeneHne ©OypoBOro pacrtBopa, KOTOpoe He Bcerga SBnseTcsd
ODOOCHOBaHHbIM, @ MHOrga - OnacHbIM, CMOCOGCTBYHOLUM BO3HUKHOBEHUIO TSKEIbIX
OCNOXHEHUN B CKBaXuHe. PelueHusi, npvHUMaemMble B KaXOOM KOHKPETHOM criyvae,
AOJTKHbI CrieoBaTh UCXOAA U3 CIOXUBLLENCHA CUTYaUUn U MHANBUOYaNbHOCTU CKBaXKWHbI.

C uenbto onepaTtMBHOIO M NPaBUIbHOIO MPUHATUS PELUEHUA B Criydyae obOHapyXeHus
HedTerasoBoAONPOSBIEHMN MpU Hauvbonee TUNUYHBLIX TEXHOMOMMYECKUX npoueccax
OypeHus CkBaXUH BbiNu paspaboTaHbl 1 onpoboBaHbl HA NPakTUKe NPOTUBOBLIGPOCOBLIE
nporpamMmeil.

MpoTMBOBLIGPOCOBbLIE MpPOrpamMMbl - 3TO KOMMMEKC crneuuanbHblX  MeponpusTum,
BbIMOSIHEHME  KOTOPbIX  MO3BONseT  M36exaTb  BO3HWMKHOBEHUS  (POHTAHOB B
CKBaXuHe. PaspaboTaHHbIi kOMNNekc Ans yaobcTBa MpaKkTUYeCcKOro Mosib30BaHUS

NpeacTaBnAlT B BUAE TEXHONOMMYECKNX KapT, Anarpamm, 6riok-cxem.

Ha pucyHke 3.1 npeacrtasneHa B BMAe guarpammbl NPOTUBOBLIOpOCOBasa nporpamma (no
B.0. Bopeny u P.A. JTioncy).

[nsa onpeneneHns aHOManbHOCTU [OaBIieHUS MUCMONb3YKTCA Criedylowme rnokasaTtenu:
MeXxaHnyeckasa CKOpOCTb BypeHusi; d- 9KCNOHEHTAa; Harpy3ka Ha Kptoke; nepenus 6ypoBoro
pacTBopa; coAepXaHue XIopuaoB; YpoBeHb BypoBoro pactsopa B NPUEMHON €MKOCTU;
yBenuyeHne nputoka OypoBOro pacteopa W3 3aTpybHOro npocTpaHCTBa; MMOTHOCTb U
3NEKTPOCOMNPOTUBIIEHME NINHbI; YBENUYEHUE Winama Ha BubpocuTe. Hanbonee BaxHbIM
nokasateneMm HeypaBHOBELLUEHHOCTU [daBfeHus SBMSeTCA MexaHu4eckas CKOpOCTb
OypeHus.

Ha pucyHke 3.2. npuBefeHa Bnok-cxema aHanusa n nocrieosaTesfibHOCTb MEPONPUATUN B
cnyyae obHapyXeHus npusHakoB nongonposiBrieHnn B npolecce 6ypeHnsa ckBaxuH. B
KayecTBe Mpu3HaKkoB ¢nOMAONPOSBIEHNN MNPUHATLI: MOBbIWEHWE pacxoga 6ypoBoro
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pacTBopa Ha BbIXOAE M3 CKBaXKWHbI U yBenuyeHne ero obbema B NPUEMHbIX €MKOCTSX;
rasmpoBaHue 6ypoBoro pacreopa.

lMpoTmBOBLIOPOCOBLIE Nporpammbl B Buae 6nok-cxem npegcraenedsl B.[. LleBLoBbiM
(puc. 3.2-3.4). MNMpoTmeoBLIGPOCOBaAs nporpammMa B Buae Grok-cxeMbl Ansi OBHapyXeHus
MPU3HAKOB MPOSIBIIEHUI BO BPEMSI NPOMbIBKM CKBaXXWH NMOCE 3aMeHbl 4OnoTa Unm apyroro
nepepbiBa UMPKYNSLMN NpuBeaeHa Ha pucyHke 3.3.

Jlg A
y
i

J
1 : ¥ /
v 13
f
- p |0 14
I

PucyHok 3.1 - CxemaTtusnpoBaHHoe npeacTaBfieHMe NpoTUBOBLIOPOCOBOW
nporpammel (no B.[. bopeny u P.A. Jlioucy)
1- MexaHu4deckaa CKopocTb OypeHusi; 2 - d- 3KCrnoHeHTa; 3- Harpyska Ha [o0soTo;
4-nepenuB GypOBOro pacTBOpa; 5- yBenu4YeHue rMuHbl B Liname; 6-ypoBeHb GypoBOro

pacTBopa B MNPUEMHOM EMKOCTW; 7- coAepXaHue XrnopuaoB; 8 - NIOTHOCTb WU
3NEeKTPOCONpPOTUBIIEHME MKHbI; 9 - onpefeneHne nNnacToBOro AaBfeHns no AaHHbIM
kapoTaxa; 10- npekpatutb OypenHune; 11 - npoBectu kapotax; 12 - cnycTuTb

MPOMEXYTOYHYIO KOMOHHY; 13 -npoformknte BypeHue; 14 - 3a0aBnUTb CKBaXUHY.
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Mopsiaok meponpuaTuin B criydae obHapyXeHus onionaonposiBieHna B npouecce
CMyCKO-NOABEMHbIX Onepauun npegycMoTpeH Brok-CXeMoW, NpUMBEOEHHON Ha PUCYHKEe
3.4. NMpwn 3TOM BaKHO paHHee OBHapyXeHne NpUTOKa NNacToBOro hronaa B CKBaXMHY.
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By peHue
¥
¥ ¥
YBENIYEHAE PACKON A HA BLIKOAE 13
CHBAHMHEI 1 Fz;ro ogbema BmegHch i
S BypoBoro  pacTeopa
Y ¥
(CTAHOBHTE BypeHme, 3aKDLTE QCTaH0BMTE Bypetme 1
CHBAWMUHY, MCCMBNOBATE NPORENEHHE, LMDIYMALWK pacTeopa,
ONPEAENTE DERIM ML BHUA CHBEKAH HABMKAATE 3 MAHYTEI
¥ ¥
¥ ¥
BOCCTAHOBMTE LUDIYN ALK
- BEMLITE (NIOH Mepenue QTCyTCTEME NEpen U
BypoBoro pacTeOpa BypoBoro pacTeOpa
¥
VIAKEMHTE Y
6006 JEKDETE CKBAMMHY,
JRORQIERERTRO COMBN0BATE LinprynaLs
DOSEN BHHE, (1 L)
Y ONPEAENTE PERIM
ITIYIL EHAA CHEAHIHE ¥
[pononsuT Bypeue L v '
BOCCTAHOBHTE Her rasa [&3MpOBAHHBIA
LAPHyALED, B fypoBom Byposoi
BbMbITh (WA pacTROpe pacTBOp
¥ Y ¥
PeluTe
YTAHEMU Tk [TpoaomHnTE e e
BypoBOoR pacTeop Cipetme P
YTAHENEHMM
L ¥
[poaomnTE [TpononsuTs
Bypenie BiipeHue
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PucyHok 3.2 - Cxema aHanuaa npmMsHakoB oritongonposiBlieHUn U NPUHATUS
peLueHn npu dypeHun cksaxuH (no B.[. LesuoBy)
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[TNOMIBHA CHBAKMHEI

YBEMH|EHIE DACKOAA HA BhKODE U3
CKBEMVHBI 1 810 0fbema B MEDHER
EMEOCTHE

Y

QCTaH0BMTE BypeHe, 3aKpbTL
CKBAWMHY, HCCNBA0BATE NDOAENEHNE,
ONPEAENTb DEKM IMYLL EHNA CHEEHMH

¥

BOCCTAH0BHTE LUDHYNALMIO

¥

[ &MpoBAHHE
Byposoro pacTeopa

¥

QcTaHoeuTe Byperme
LMPKYNALMK PACTBODA,
HAEMKATE 3 MAHYTEI

¥

i BoMeITe (ioKg Mepenue OTCyTCTEMe NepenyEa
BypoBOro pacTepa BypoBONO pacTEODa
) J
TIDOROTHT NOHEIEY Y
(1 i) BoccTaHoEuTs
LWPKYMALMK, BEMETE
MMACTOBEM (niouy
¥ ¥
Her ra3a ECTh ras Y
3 BypoBoN 3 Byposol TPOBOMKHTE MPOMEERY
DacTeOpe DaCcTBOpE 05 uina)
¥ ¥ ¢
CHH3HTE ' .
DEONOTHYBCHE YTAKENHTE 7
EpAMETOH Byposoi Her ras Faampoaawm
BypoBono DACTBOp 5 0yposon (yposoi
DACTEODa DACTBOpE DACTBOD
Y ¥
CHYMTE
DEONOTHYECKE YTRKENNTh
napaMeTyk BypoBoil
BypoBoro DACTBO
DACTROPA

¥
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PucyHok 3.3 - Cxema aHanuaa npmMsHakoB qoritongonposiBfieHUin U NPUHATUS
peLLeHn nNpu npomMbiBKke ckBaxkuH (no B.[. LesuoBsy)
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Monbem ByPHIEHOA KONOHHEI

YMeHbL eH1e obLema Lonuea

Y

[epanua fyposoro
DACTBODA

CycH BypHEHOR KON OHHb!

ki

k.

" Boswowed cyck | | HeBoaMaweH  cyck
¥ OYPUMEHOR KONOHKEL | | ByDUNBHOR KOMOHHE
Her nepeniaa npy Coycke ‘
. Tepenve .
L fGypoBoro pacTeopa
J8HDETE NPEBEHTOD
Criyck a0 3aboq
3
| y y [IpOMbleta
' L Cyck Cryck yacTi CYTAKENEHHEM
i || Oyposoropactaopa
BoccTaHOBHTS 10 38007 By pHNEHOI YPOBOr0 PaCTap
LIADHM AL, BT HONORHEL ‘
AnacTossi diong RanbHed LK y
CyeK CICH C npOMBIRKOil
¥ HER0IMOHEH (4epes 1ceevy)
MTOQOMHITE NPOMEIBKY
(0.5 Lanal
¥ Y
Her rasa EcThra
B BypoBom B 0ypoBoM
pACTaope DACTBODE
¥ Y
CHIInT
DEONOMYeckie YTAKENNTS
NapameTel Byposoit
fypogaro PACTROP
DACTBODA
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PucyHok 3.4 - Cxema aHanuaa np1MsHakoB doriiongonposiBfiEHUI U MPUHATUS PELLEHUI
npu noabeme BypunbHoOM KoroHHs! (no B.[. LLesuosy)

B cnyyae HeobxogmMmocTn npuBeaeHHble BoK-CXxembl MOryT ObITb CKOPpPEKTUPOBaHbI B
COOTBETCTBUM C YCNOBUSAMW N TEXHONOIMEN BypeHns CKBaXknH, OcHalleHneM BypoBbiX.
3HaunTenbHas pornb no HeponyweHuto HIBIT pomkHa oTBOAMTCA MOArOTOBKE

CcneuManncToB, OCYLLUECTBNALWMX  CTPOUTENbCTBO  CKBaXWH M CMNeLManucToB,
Yy4acCTBYIOLLMX B UX NUKBMAALUN
3.3 UmuTaTopbl npoueccoB GypeHus

B nocnegHue rogpl ¢ pasBuTMeM KOMMbIOTEPHbIX NPOrpamMM 1 KOMMNbIOTEPHOW TEXHUKM,
YUMTbIBasi CrOXHOCTb, OMNACHOCTb, MatepuarbHble 3aTpaTtbl U T.A4. B NpakTuke obyyeHuns
cneuManncToB  HedpTerasoBoro HamnpaeBneHuss Bce Oonbliass pofb  OTBOAMTCSA
MCNONb30oBaHMIO Npu  oBy4yeHUn wuMUTATOPOB npoueccoB OypeHus. 3a pybexom
(Benukobputanma, CWA) n y Hac B Poccum (Cankr-lNeTepbypr) paspaboTtaHbl u
BbINYCKalOTCHA pasnuyHble BUAbl TPEHAXEPOB - MEepeHOCHble, MnoriHoMacwTabHble.
MpuHUMN ux paboTbl B OCHOBHOM uAeHTUYeH. Llenb - obydyeHne v NpuHATUE BEpPHbIX
peLleHnn NO HeAONyLEHNIO U NUKBMAAUMM ra30HeTEBOAONPOABNEHNA B CKBaXWHY Ha
pasnu4yHbIX 3Tanax CTpPoUTEeNbCTBa CkBaWH. Hambonee nepcnektmBeH n apdeKTUBEH
ana obyveHns nonHomacwTabHbii TpeHaxep Drillsim-5000 dwupmbl Drilling systems
(BenukobputaHus).
MonHomacwTabHbIn 6ypoBon TpeHaxep «DrillSim-5000» paspaboTtaH komnanunen «Drilling
Systems» (BenukobputaHus) gns yrnybneHHon nogroTOBKW yNpaBrieHUIO MpoLeccamu,
npovcxogawmnmMm B CkBaxkuHe. [lpu 3TOM npegycmartpuBaeTcs npuobpeTeHne Kak
MHOMBMAOYaNbHbIX, TaK U KONNEKTUBHbIX HaBbIKOB paboTbl NpY peLLeHnn 3agad pasnndHom
CINOXHOCTW.
TpeHaxep ocHalleH, nynbTamu ynpasneHns obopygosaHnem nogobHbIM COBPEMEHHOMY
obopyaoBaHuio OypoBbIX YCTaHOBOK. [nsi MaKCMManbHOrO COOTBETCTBUSA pearnbHbiM
ycrnoBusiM OGypOBON UCNOMb3YHOTCA 3BYKOBble 3MEKTbI, CUHXPOHM3MPOBAHHbLIE C
pasnNUYHbIMU TEXHUKO-TEXHOOMMYECKMMI OnepaumsiMy, BbINONHAEMbIMU Ha TPEHaXepe.
lMporpammHoe obecneyeHne TpeHaxepa nossonser obyvyaembiM, cneguTb 3a
pesyrnbTaTtamu CBOUX AEUCTBUM TaK Xe, Kak 3TO MPOMCXOaUT B pearibHbIX YCIOBUAX.
MpenogaBaTenb MMEET BO3MOXHOCTb KOHTPONMpoBaTh paboTy Kak TpeHaxepa, co3aaBas
aBapuiHble CUTyaumMm B CKBaXuHe M C OypoBbiM 000OpyAOBaHMEM, HaAXOASALWMMCH Ha
NOBEPXHOCTM B npouecce paboTkl, Tak 1 oby4varoLlero.
[MoaroTtoBka MOXET NPOBOAUTLCS NO CAeAYHLWUM HanpaBneHNsMm:
NPOEKTUPOBAHWNE CTPOUTENBCTBA CKBAXWUHbI;
ynpaBneHne LMpKynsiuMOHHON CUCTEMOWN CKBAXXWHbI;
ynpasneHme NpoTnBoBbIGPOCOBLIM 060OPYAOBaAHNEM;
NPOeKTUpOBaHME pexmma bypeHus;
ynpasrieHme crnycKonoagbeMHbIMU onepaLmsamu;
CMyCK N LleMeHTUpoBaHne o6CcaHOM KOSOHHbI;
NpeaoTBpaLlEHNE N NUKBMAALNS OCNOXHEHUA NPy BYpPEHNN CKBaXXWMH;
KOHTpOnb 3a paboTon 6ypoBon Gpuragpl
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KanuTanbHbIA PEMOHT CKBaXWH

Obwasn cxema pasmelleHnsa obopyaoBaHusa TpeHaxepa «DrillSim -5000» npuBeneHa Ha
pucyHke 3.5.

HasHayeHve nynbTa ynpaesnexHus noasogHbiM MBO - obecneunts 0bydeHrne npaBuibHbIM
aenctemsiM npm pabote ¢ nogsogHbiM MNMBO.

lMynbT nossonsetr ynpaeBnsaATb [OBYMS YHMBEpPCarnbHbIMU MNPEBEHTOpPaMU, YeTbipbMS
nnawe4YyHbiMM, ABYMSI BXOOHbIMM naTpybkamu B JIMHUIO [IYLLEHWSS M BOCEMbHO
3agBmkkamu. Kaxabii MpeBEHTOP U 3adBMXKKM 0OO3HAYeHbl Ha NaHenu CcBeTsAlencs
kHornkon ynpasneHuns "OTkpbITo"/"Bnok"/"3akpbITo".

Mogenb TpeHaxé€pa npencrtaBneHa crteosioBon dacTtbto [1BO pasmepom 18 3/4",
paccuntaHHon Ha pasneHne 10 000 doyHTOB Ha kB. agtoim (70 MIMa) c¢ 21 1/4"
BOAOOTAENSAIOLLEN KONOHHOM U APOCCENbHBIMU NIMHUAMWN.

i
[

i

il

1 2 3 4 3 0 7 8 9
PucyHok 3.5 - Cxema pacnonoxeHus obopygoBaHus TpeHaxepa «DrillSim 5000»

1- NyNbT ynpaBneHns AOHHLIMU NPEBEHTOPOM U NOABOAHBLIM ANBEPTEPOM, 2- MynbT
ANCTaHLUMOHHOTO ynpasneHns gpoccensiMu, 3 - NynbT ynpaBneHns npeBeHTepoMm 4-nynbT
ynpasneHus 6ypoBbiM 060opyaoBaHUEM, 5-NynbT KOHTPONSA 3a npoueccoM bypeHus, 6-
78
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NynbT yNpaBneHusi KanutanbHbIM PEMOHTOM CKBaXWHbI, 7 - MaHUdonba, 8- cucrema
ApOCCenupoBaHus, 9- NynbT yNpaBneHns UHCTPyKTopa.
Ons  rnybokoBogHoro  OypeHuMst  npeagycMOTpeHa  BCroMoraTenbHasi  JNMHUS U
cMoaenupoBaH 6rok BOOOOTAENSOWEN KONOHHbI (pan3ep) Hag BEPXHUM YHUMBEpPCanbHbIM
NPEBEHTOPOM.
Ha nynbTe pa3meLlyeH NonHbIA KOMMIEKT MaHOMETPOB, NMO3BOMAIOLMIA onepaTopy BUAETb
N3MEHEHMS AaBNEHUs U U3MEHEHUS NMoKasaHuii NpnbopoB B pe3ynbTaTte CBOMX AeNCTBUN.
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i

-1

PucyHok 3.6 - MynbT ynpaBneHnsa nogsoaHbIM NPEBEHTOPOM
1- MaHOMETP AaBreHus B TENECKONMYECKOM COEANHEHNN; 2- MaHOMETP AaBeHus
akkymynatopa; 3- MaHOMETp AaBreHus B rmapocucteme; 4- MaHOMeTpP AaBneHUs B
perynatope yHMBepcasnbHOro npeBeHTopa; 5- MaHOMETP MakCMMarbHOro AaBneHus B
perynsatope yHMBepcarnbHOro NpeBeHTopa; 6- MaHOMETp AaBIeHNs B perynsarope
MaHundonbaa; 7- MaHOMETP MakCUMarbHOro AaBreHus B perynatope MaHugoneaa; 8 -
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rnaBHasi nyckoBasi KHOrkKa.

Cuctema nogBoAHOro AvMBepTepa npeaHasHaydeHa ans obydeHust onepaumsam yoaneHus
rasa, NOCTYNUBLLErNO B CKBaXXMHY M3 HErnyboKo 3aneratoLimx ropu3oHToB, U yaaneHus rasa
n3-nog nnawek NnpeBeHTopa, OCTaBLLErOCH NOCNE rMyLIEeHNS CKBaXWUHbI.

Mpn 6ypeHun c nnaByyen GypoBoM MNaTgoOpMbl, TPEHAXEP MO3BOMAET OCYLLECTBNATb
yrnpasrieHne CKBaXXUHOW, NCNONb3YySA TONbKO AnMBepTep, Unn BMecTe ¢ nogsoaHsim MBO.
TpeHaxép cMoaenupoBaH Ha NpuUMepe NaHenu ynpasneHus NOABOAHLIM AMBEPTEPOM
Koomey. OTa cuctema coeanHeHa ¢ NMHUen Bnbpocuta HxXe nakepa gueeprepa,
BHewHnn Bug nynsta ynpasneHns JOHHbIM ANBEPTOPOM MOKa3aH Ha pUcyHke 3.7.

—

fm

PucyHok 3.7 - lynbT ynpasneHnsa ousepTepom.
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1.-[aBneHune B akkyMynaTope, 2.-cxema ynpasreHus AuBepTepoMm, 3.-perynmpoBaHune
[aBneHns B nakepe, 4.- perynupoBaHne AaBrneHns B MmaHedonbae, 5.-YnpasneHue
[laBneHneM B YNIoTHUTENbHbIX OTBOAAX AMBepTepa.

0 1 § 9 10

PucyHok 3.8 - lNMynbT AUCTaHLUMOHHOIO ynpaBfeHust Apocceniem
1.-MNepekntoyaTtens apoccenen, 2.-BknoveHne naHenu ANCTaHLUMOHHOIO yNpoBIieHNs
apoccensamu, 3.-Pblyar ynpaBneHust oTKpbiTueM gpoccens, 4.-Knaesuwa cbpoca
NnoKasaHusa 4acToTbl XO40B BypoBOro Hacoca, 5.- YnpaBneHue CKOpOCTbIO OTKPbITUS
apoccens, 6.-JaTtynk gaesneHusa B 6ypunbHblx Tpybax, 7.-Lindposbie nokasaHusa ymicna
xo[oB BypoBoro Hacoca, 8.-lNokasaHnsa oTKpbITOCTU gpoccend, 9.-[laTynk AaBneHus B
obcofHom kKonoHHe, 10.- [JaTynk gaBneHns B NIMHUN [IyLLIEHUS.

Ha pucyHke 3.8 nokasaH nynbT AUCTAaHUMOHHOIO ynpasneHus gpoccensamu. Ha nynbte
pasmelleHbl MaHOMETPbI, MOKa3biBalLWme AaBrneHus B OypunbHbiX Tpybax n obcagHon
KOMNOHHe, ABYXMO3WUMOHHBLIN TyMOMepHbIN nepeknoyaTens Ang Bblbopa npaBoro unu
NeBOro ApocCcens, pbl4aXHbIA NepekroyaTensb, QUCTaHLUMOHHO PEerynupyrowwnn cTeneHb
OTKPbITUA ApOoCccenis, NHOMKATOP MONOXEHUS OPOCCens, Perynsatop CKOpPOCTU AeNCTBUS
Apoccens, aucnnen Yyucna xogos 6ypoBoro Hacoca.
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MynbT ynpaBneHns npoT1BOBLIOPOCOBLIM 060pyA0BaHMEM NPeACcTaBeH Ha pucyHke 3.9.

ITanen s yopapaeHHA
omoxkoM ITBO

PucyHok 3.9 - NaHenb ynpasneHuns 6nokom NMNBO
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;[ﬂ"["llm JAB/IeHHA B

ARKYMY/ISTOPHOH CHCTe
NaTmk 1B IeHIdA B

MAHH (0B T8
JlaT K JAB/IeHIA BO3IYXA

JAT K JABIeHIA B
KOJIBIIEBOM IT €B eHTO]e
PykosaTra ynp aB 1emia
KOJIBLEBBIM I €6 eHTO POM
PykosaTka yIip aBneHus
moJa'ieH Bo3AyXA

PykoATR? YIIP ABITeHILA
O AHIIACCOM

PucyHok 3.10 - NMaHenb ynpaeneHnst 6510KkoOM NPeBEHTOPOB
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| PYKOSTKA VIIpABTIeHIY
CPe3ARLIVI TTTALIK A

PyKOATE 2 YIIPABIeHIIS
THIPABIMeck 0 320815
HA JIHHIH TITYIIEHIA

PykoATKA yIIpaBeHIA
THIPABIF eCK 0 39 JBILKKOI
HA JIHIH P 0Ce eTIIpoB AHIA
PyKoATEA VIIpABJIeHHE
HITEHIM TTTTAIIEHE IV

I EBEHTOPOM

PucyHok 3.11 - lNMaHenb ynpaeneHnst 6510KkoM NpeBEHTOPOB
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PucyHok 3.12 - MNynbT ynpasneHusa 6yposbiM 060pyaoBaHNEM
1. - YnpasneHue sBepxHum npmesogom (puc.3.13)
2. - Perynatopbl paboTbl 6ypoBbIx Hacocos (puc. 3.14)
3. - Perynatopbl ckopoctn paboTtbl nebeaku, potopa, BepxHero npmeoga (puc. 3.14)
4. - Perynatop npegenbHOro 3HadeHns KpyTaLwero momeHTa potopa (puc. 3.15)
5. - KHomku u pblyaru ynpasneHunsa npoueccom dypeHus
6. - YnNpaBneHue npoLeccom crnycka-nogbemMa (pMcyHok 3.16)
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PucyHok 3.13 - [NaHenb ynpasrieHna BepXHUM NpUBOLOM
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FEEFRA
w PYROATKA YTIPABIEHI  Pygogrica yrpapIeHIs

ITAi ARt IPHD U MOIIHOCTBH) JTede TR
AC0COB Ip@TOpa

PyKOATKA YIIpaBTeHUA
10 1A' eIT HACOCOF

PyKoATEA VIIPABIeHIH

PucyHok 3.14 - MNaHenb ynpaBneHns paboTon HacocoBs, poTop
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- Pyvr0gSTE 2 VIIPAB TEHIIT
m PykodTka BRTOMPHHA {‘ﬂﬁg*

PyKoATKA YIIpaB e HILf

Fvrodarka
CKOpOCTHE) X004 Tederny :

VIIPABJIeHHA
HIPAB TITeCKIV
TOPMO30M

PucyHok 3.15 - Pbivarn ynpasneHusi 6ypoBbiM 060pyaoBaHNEM
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ITanems yIpaBIeHISA ROMILIEKCOM
ACTI (aBTOMATH IeCKHH CITYCK-TIOTb €M),
BcrapEsM ITBO 1 «xBagpaTory

PucyHok 3.16 - NaHenb ynpasnexus komnnekcom ACI1 (aBTomatmnyeckui

cnyck-nogbem), BctaBHbiM MNMBO 1 «kBagpaTtom»
[ns BBoga AaHHbIX B CTaHumio MHcTpykTopa n CTtaHumio KoHTponsa kayectBa 6ypoBoro
pacTBopa MOXET WCMNOSb30BaTbCA CEHCOPHbIN 3KpaH. CEeHCOPHbLIM 3KpaH - 3TO
YCTPOMCTBO, MO3BOMSOLLEE OnepaTopy B3aMMOLENCTBOBATb C KOMMNbIOTEPOM MPOCTbIM U
€CTEeCTBEHHbIM CNOCOBOM NPUKOCHOBEHMEM. [1pukacaTbCa K CEHCOPHOMY 3KpaHy cnenyet
ofHMM nanbueM. KacaHne AomkHO 6bITb MeaneHHbIM U yBepeHHbIM. [1p1 HEOCTOPOXXHOM
NMPUKOCHOBEHUN K 3KpaHy ABYMSA nanbuaMu Kypcop nepemMectuTcs B obnactb Mmexay
TOYKaMm NpuKocHoBeHUs1. CEHCOpPHbIE 3KpaHbl TpeHaxepa paboTatoT B pexume " Lift-off".
[Mpn NepBOM NPUKOCHOBEHMM KypCOpP NOSABASIETCS Ha 3KpaHe. MoXHO BOAMTbL nanbueM no
3KpaHy ons nepemelleHnsa kypcopa. Korga Bel otBOgUTE Nanew, oT 3KkpaHa, B 9TOM MecTe
NPOM3BOAUTCHA OAMH LUESYOK KHOMKOM Mblwn. Bbl®GOp KHOMKM ynpaBneHus npoucxoguT
OOHMM TMPUKOCHOBEHWEM W OTBedeHMeM nanbua. [JaHHbIi MOHWTOP MpeacTaBneH Ha
pucyHkax 3.17; 3.18.
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Student Control Station

PucyHok 3.17 - CeHCOpHbIN aKpaH

lMpuBegeHne ux B [OEeNCTBME Bbi3blBaeT COOTBETCTBYHLLYK peakumio 6onbluMHCTBA
ANHAMUYECKNX JNIEMEHTOB, MNPEACTaBNEHHbIX B aHUMUMPOBAHHOM u30bpaxeHun. C
NOMOLLBIO OPYrMX pPerynatopoB, BCTPOEHHbIX B MNynbT YrpaBreHUd, UMUTUPYIOTCS
pasnu4yHble JMHaMmunyeckue BypoBble onepalumu, Hanpumep:

CBUHYMBaHWe / pa3BNUHYMBAHNE COEOUHEHUN;

yCTaHOBKa BeayLen TpyObl B Wypd /m3BneyeHme.
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TTicruredt 6 pIBIQIK A
(CTOM poTopa, MoMoKeHie ' u
SAIBILKEK MAHH{ 075108, CeHCOPHBIT TCTITE] )
moso:keHIe yieMeHToR ITBO) YIpABTeHIA INPR Y IAITOHHOM

CHCTEMOIT

PucyHok 3.18 - lncnnenHoe obopyagoBaHue TpeHaxepa
nepensmxeHne Tanesoro 6noka Bneeo / BNpaeo;
Bbl6Op annapaTHoro obopynoBaHMs Ans BEPXHEro NpMBoAa;
OTKITOHEHME LUTPOMNOB BEPXHENO NPUBOAA;
yCTaHOBKa 3Ha4YeHUs KpyTALEro MOMeHTa CUCTEMbI BEPXHEro NpMBOAaA;
npu CBUHYMBaAHMW/PaA3BMHYMBAHUN COEANHEHUN N Op.

Ha pucyHke 3.19 nokasaH nynbT KOHTPONSA 3a npoueccoM BypeHns
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PucyHok 3.19 - MynbT KOHTpOns 3a npoueccom 6ypeHns

1- Oucnnen ynpaBneHns eMKOCTSMW M OypoBbIM pacTBOpPOM B npouecce OypeHuns
(pycyHok 3.18). 2- MoHuTOp Npouecca bypeHnsa - (pucyHok 3.18). 3-[aTunkmn ynpaBneHus
N oTcnexmBaHna padoTbl MepHOM eMKoCTU (pucyHok 3.20). 4- [aTymkm KOHTpons 3a
o6bemom GypoBoro pacteBopa (pucyHok 3.20). 5 WHgukaTop Beca (pucyHok 3.21). 6-
[aTtumkn KOHTpoOns uupKynauum G6ypoBOro pactesopa W uucna xogoB GypoBoro Hacoca
(pucyHok 3.22). 7- [aTyukn ynpaBneHUs M OTCreXuBaHUA paboTbl AONMBHOW €MKOCTU
(pycyHok 3.22). 8- MoHuTop npouecca bypeHus - 2. 9- [aTyumkm KOHTpons paboThbl
OypoBbIX HAcOCOB, poTopa M AaBreHus B ob6cagHbIx/GypunbHbix Tpybax (pucyHok 3.23).
10- [Jatymkm koHTponsa paboTbl BepxHero npuvBoga pucyHok 3.24). 11- [lMepanbHoe
ynpasneHue nebeakomn n KNMHbsSMn potopa
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ITaHemns yrpapeHIA

il st _ IIaHen® yripaeJeHis
3AIIOTHEHHEM MEPHBIX EMKOCTR 1y g oprrs 714 3ammoiHers

padotell enKOCTIH
PucyHok 3.20 - NaHenb koHTponsa obbema 6ypoBoro pactsopa

94
[okymeHT co3gaH aBTopckon cuctemorn LERSUS. Bce npaBa 3awwmieHsi



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

HammaTop Beca
HA KproKe
0YPOBOH YCTAHOBKH

PucyHok 3.21 - iHgukaTop Beca Ha Kptoke 6ypoBOKM YCTaHOBKU
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IIaHem: YIIpaBIeHIIT

I[IaHeE YIIpaBIeHIA H KOHTPOIIA

I KOHTpOJIA - s s
nom 3 LIIPEYJALITIOHHOH CHCTENMOIT

PucyHok 3.22 - Bnok KOHTpoNsa 1 ynpasneHnst LMPKYNSLUMOHHOM CUCTEMOWN
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JaT mEH
IABJIEHIA B
O YPHIBHOT
H 00 CATHOH

KOJIOHHe
AT HEH TOTAYH JTaTUIK MOMeHT

OYPOBBIX HACOCOB Ha poTope

PucyHok 3.23 - bniok koHTponst paboTtbl 6yposoro o6opyaoBaHus
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JTaTUIK MOMEHTA
HAa poTope

PucyHok 3.24 - brnok KoHTpona paboTbl BEpXHEro npmeoga
Ha pgucnnee (1) msobpaxaetcs, obHoBNAemasi 4yepe3 Kaxable 2 MWHYTbl, MOfHas
MHdopMaUua 0 napameTpax npouecca bypeHus: rmybuHe HaxoXxaeHus OonoTa, 0CEeBOW
Harpyske Ha 0OonoTO, Harpy3ke Ha Kproke, NnoTHOCTU BypoBOro pacteopa u ero obbeme B
€MKOCTSX, AaBNeHnsax B OypunbHbiX Tpybax n KONbLEBOM MPOCTPAHCTBE, MEXaHUYECKOM
cKkopocTu BypeHus 1 ap.
Kaxxgasa naHenb nynbTa CHabXeHa CMCTEMOM aBapuMHOWM CUrHanmsauun.
MHemocxema nynbTa ynpasfieH1si MPOLIECCOM KanuTarbHOro PEMOHTA CKBaXXMH MNOKa3aHa
Ha pucyHke 3.25.
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TRk FREERLRY

e s

Fulw DUt S FUNRS LM AUNMFTD BEIET

PucyHok 3.25 - lNynbT ynpasneHna npoLeccoM KanmTanbHOro pEMOHTa CKBaXXWHbI
MHemocxema wuMUTUPYEeT BCe YHKUMW MOfIHOMAcWTabHONW CUCTEMbl KanpeMoHTa,
BKMNOYaA YCTbe CKBaXMWHbl, (OHTaHHYIO apmartypy, 3KchnyaTauuMOHHbIA LTyLep,
MaHM(ONbA KanpemMoHTa, a Takke MaHOMETPbl UM KHOMOYHble Mepeknw4vatenu ans
BbIMOJSTHEHUS BCEX CKBAXXWHHbBIX Onepauu.
3agBWXKKM Ha MaHMGONbAEe KanpemoHTa, (POHTAHHOM apmaTtype W YCTbe CKBaXXMHbI
npeacTaBneHbl MNOBOPOTHbIMM MepeknYaTtenamMm ¢ noacBeTkon, obecnednsatoLlen
BU3yarbHOe NoATBEPXKAEHNE OEeNCTBUA onepaTopa.

Ha pucyHke 3.26, 3.27 nokasaH TpybGonpoBOA BbICOKOro AaBneHus (MaHudonbg), no
KoTopoMy OypoBbIMM Hacocamu OypoBOM pacTBOp 3akayMBaeTCs B CKBaxuHy. [ns
KOHTpONs 3a [OaBNeHWemM Ha MaHudonbae yCTaHOBSiEHbl MaHoMeTpbl. [lpu nomolm
OTCeKaloLMX 3aBMKEK MOXHO YyNpaBnsaTb HanpasfieHMeM ABumxeHnsa 6ypoBoro pactesopa.
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PucyHok 3.26 - TpybonpoBoa BbICOKOro AasneHus (MaHmdonba)
KoHcTpykuusa perynupyemoro pgpoccena Tuna [P npuBegeHa Ha pucyHke 3.28.
PerynupoBaHne noTtoka NponsBoOANTCA NyTEM U3MEHEHUS NPOXO4HOI0 CeYeHnsa ceana npu
ONyCKaHUM Unu nogbeme Urfbl Npy NepeMeLLeHmmn LToKa No TpaneuengansHon pesbbe.
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T m
PucyHok 3.28 [poccenb Tuna [P 1-konbuo; 2-cegno; 3-kopnyc; 4-urna; 5-sTysnka; 6-naket
YyNNoTHeHus; 7-ranka; 8,12-6ont; 9-kopnyc urnbl; 10-ctakaH; 11-pyyka; 13,18-BUHT;

14-macneHka; 15-wanba; 16,17-konbLo YyNIIOTHUTENBHOE.
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Crosx

JIHHHA 0T 2-0T0
HAcCocA

JInung ot 1-or0
HACOCA

PucyHok 3.27 - PacnonoxeHve n yHKUMM MaHUonbaHbIX 6110K0B

[poccernbHbin MaHUdoOnNbA NokasaH Ha pucyHke 3.29.
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PucyHok 3.29 - [ipoccenbHbii MaHUdOrb

[poccenbHbin MaHndonb NpeacTaBsnseT cobon cMCcTeMy 3aABUXKEK, NMUHUIA U OpOCcenen,
npefHasHa4YeHHbIX 449 ynpaBrieHns noTokoM BypoBOro pacteopa v nnactoBoro dnonaa,
nocTynatoLlero n3 3atpybHoOro npocTpaHCcTBa BO BpeEMS onepawmi no riyLleHuHo.
MaHundonbg 1 gpocceny npegHasHayeHbl Ang obyyYyeHus npaBuibHOMY UCMONb30BaHUIO
AaHHoro obopyaoBaHus B NpoOLECCe YNpaBeHNsa CKBAXXUHOM M BO3MOXHOCTEN BbISABIIEHUS
HeuncnpaBHOCTEN OpOCCeNnen.

[poccenb npegcraBnsieT cobon 3aaBMKKY, NPUMEHAEMYIO AN151 CO34aHUS COMPOTUBIEHNSA
noToky. [laHHoe conpoTuBfieHMe co3daeT NPOTUBOAABEHNE AN YNpaBieHns niacTtoBbiM
pasneHnem. Mmutmnpyetca pabota asyx nap gpoccenen. OgHa napa npeacrtasfieHa
rmapaBrvyeckummn  gpoccenamm C  OUCTAHUMOHHBbIM - ynpaBrieHnMeMm, BTopad napa -
Apoccenu C pyYHbIM ynpaBieHUEM.
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PucyHok 3.30 - CtaHuusa MHCTpyKTOpa
CtaHuusa TpeHaxepa «DrillSim 5000» no3BondeTr MHCTPYKTOpPY bopmupoBaTb y4ebHble
yrnpaxKHeHMUs1 MO BCEM KITHOYEBLIM acrnektam npouecca bypeHuda, cnegutb 3a XOAOM WX
BbIMOJTHEHUS, A TAKKe COXPaHATb UX U BOCCTaHaBNMBaTb B Ntoboe Bpems
3.4 TexHuka 6e3onacHocTu npu paboTte Ha 6ypoBom TpeHaxepe «DRILLSIM - 5000»
MonHomacwTabHeln 6ypoBon obyvawowmn TpeHaxep «DRILLSIM-5000» coctout wu3
OTAENbHbIX OIIOKOB, OCHALUEHHbIX 3NEKTPOHUKOM W  COeOMHEHHbIX Mexay cobon
3IEKTPUYECKON CBA3bID. TpeHaxep uMNTupyeT paboTy HacToswwen dyposon yctaHoBku. C
MOMOLLIbIO  KOMMNbIOTEPOB MNPOU3BOAUTCA YMpaBfieHMe W KOHTPOMb npouecca OypeHus.
Hannuve cneumanbHbIX NporpaMm no3BonsdeT co3faTtb Mobble WTaTHble M HewTaTHble
KpUTUYeckue cuTyauumn, 4YTO [acT BO3MOXHOCTb CTydeHTam 0ornee co3HaTenbHO
NoaXoOUTb K U3YYEeHUD OUCUMNIUHBI « TexHonorna BypeHus» n CMeXHbIX OUCLMNIVH, a
Takke npnobpeTaTb NPaKTUYECKNA HaBbIK OS5 BbIXOAA N3 KPUSUCHBLIX CUTYaLUNA.
Mpuctynatb k paboTe Ha TpeHaxepe MOXHO TOSMbKO C pa3peLLeHnsa npenogasaTens 1 nog
€ro KOHTponem.
Mepen kaxabiM 3aHATUEM nabopaTopuio HEOBXOOUMO NPOBETPUTbL U NPOBECTU BRAXHYHO
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ybopKy.

MNMepen Hayanom paboThbl:

- NPOBECTM BHELLHWI OCMOTP TPEHAaXepa;

- BKITIOYUTb SHEPronMTaHne TpeHaxepa C NoOMOoLLbo Tymbriepa Ha rnaBHOW NaHenu;

- BM3yarbHO MNPOKOHTPONMPOBaTb (MO BKIOYEHUIO CUrHamnbHbIX Namn) BKOYEHME B
paboTy BCcex HOCUTENeN TpeHaxepa;

- BKITHOUUTb KOMMbIOTEPDI M 3aNyCTUTbL OBYYaloLLY0 NPorpammy.

Bo Bpems paboTbl:

- NpY NOMOLUN MaAHUMYNATOPOB (PYKOATOK, KHOMOK, pbl4aroB, 3agBWKEK) OCyLLEeCTBNATb
ynpaBrieHNne CKBaXUHOW;

- MO perncTpupyoLwmm npnbopam BECTN KOHTPOSIb 3@ COCTOSSHUEM CKBaXXUHbI.
3anpelaeTcs BO BpeMsa paboTbl OTKpbIBaThb 3aLLMTHbIE ABEPLbl M 3aHMMATbCA PEMOHTOB
Y3MN0B, HaX04sALWMXCA NOA HaNpsKEHNEM.

Mo okoH4YaHun paboTbl:

- BbIKINIOYNTb KOMMNbIOTEPDI;

- BbIKINIOYNTb SHEPronUTaHNe TpeHaxepa Ha rnaBHOW NaHenw;

- BbICTaBUTb MaHUMNyNATOPbI TPEHaXepa B UICXOAHOE COCTOSHME.

4 YIMIPAXHEHWA MO NPEAYNPEXOEHUIO U
NMMKBUOALUUUN TA3OHE®TEBOAOOMNPOABIIEHA
(THBIM)

4 YIIPAXHEHUA NO NPEAYNPEXAEHUIO U NTUKBUOALUUN
FTASOHE®TEBOLOOIMNPOABIIEHUU (THBIM)

OCHOBHbIMM  NPUYUHAMW  FA30HETEBOOONPOSBEHMA, Kak cnegyeTr U3  onbiTa
CTPOUTENBLCTBA CKBAXWH SBMISIOTCS:

65535. CHWxeHne NPon3BOACTBEHHOW, TEXHOMNOMMYECKON N TPYAOBOW OUCUUNIIVHDI;
65536. HapylweHne UCNONHUTENAMWN OENCTBYIOLWMX UHCTPYKUUIA KU npaBun 6e3onacHoro
BeAeHus pabor;

65537. HepocTaToyHas 0By4YEeHHOCTb CrneumanucToB U NPOU3BOACTBEHHONO NepcoHana
AENCTBUSAM NO NpeaoTBpaLLEHUIO N NKBMAaUMn HedoTerasonposBneHnn n OHTaHOB.

[Mpn nposiBNEHNN NPU3HAKOB ra3oHeddTEBOAONPOSABEHMI, MO0 ye COBEPLUNBLLErOCH
NOCTYNMAEHNS NMacToBOro rionga Ha YCTbe CKBaXWHbl crnegyeT npuaepXkuBaTbCcA
«PernameHTa no npaktuyeckum genctemam 6yposon Gpuragbl Nnpn Bo3HMKHOBEHUM THBI
Ha CKBaXXMHe» U OPYrux WHCTPYKUWUKW, MOMOXEHUA MO npefynpexneHunio 1 nvkemgaumm
AaHHOro Bmaa ocriokHeHun. OBLWMI NopagoK AencTBuin BypoBon Bpuragbl B 9TOM criyvae
cnefyloWmnN: 3aKpbiTb CKBaXWHY; MccnegoBatb Xxapaktep u cteneHb [HBI, oueHutb
napameTpbl, HeobxoauMmble AONs yrnpaBreHUs CKBaXXMHOW; BbibpaTb Cnocob rnyweHus
CKBaXXMHbI; MPUCTYNUTb N OCYLLECTBUTb NUKBUAAUMIO aBapuu; paccrnefoBaTb NPUYMHbBI
aBapuu, ee nocrnencTeus, No pesynbTatam paboT npoBecTn obyyeHue nepcoHana Aans
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npeaynpexageHnsa NoBTOPHOIO OCIOXHEHUS.

BypunbLUmMK xe Npu HacTynneHumM 4aHHon cutyauumn obasaH
65535. npekpaTuTb yrinybneHve CKBaXWHbl M OCTAHOBWUTb BpallieHuMe poTopa (npwu
TYPOUHHOM BypeHUn CHU3UTb MPOM3BOAUTENBHOCTb OYpPOBbLIX HAaCOCOB WU OTKMOYUTb
OAVMH Hacoc);
65536. ycTaHOBUTb 3aMOK BypusibHon TpyObl Hag CcTofloM potopa B npegenax 0,5-1,2 m
(HanpoTtume kntova AKB ansa yoobersa B paboTe);
65537. oCcTaHOBWUTbL HacocC B NOCNEOHIO o4Yepeab, YTOD COXpaHUTb BNUSHWE NepenagoB
AaBneHnss B 3aTpybHOM MpPOCTPAHCTBE W He [AO0MNYyCTUTb OCMOXHEHWUS MNpu nogbeme
KOMMOHOBKWN BYPUIBHOrO UHCTPYMEHTA;
3aKpblTb 06paTHbIN KnanaH.
4.1 3aKpbiTe CKBaXXUHbI
lMpoueaypa 3akpbITUS CKBaXXWMHbl BO MHOMOM BIMSIET HA YCNEWHOCTb MNpOBEAEHMS
nocnegyowmx pabot no nukBugauum nposiereHus. B npaktuke OypeHus M3BECTHbI
MEeTOoAbl «KECTKOro» U « MArKOro» 3akpblTUS CKBaXXMHbI NPU (hniongonposBieHun.
4.1.1 "Msarkoe 3aKkpbiTue " CKBaXXuHbl
1. [Onsa peanusauumn aToro metoaa, paboyas rmgpaBnuyeckn-mMexaHnyeckas 3agsukka Ha
yCTbe A0SMKHA ObITb 3aKpbITa, WTyLep (NpaBbii) omkeH 6biTb Ha 50 % OTKPbLIT U OTKPbITHI
3adBMXKKM Ha BepTuUKanbHbii gerasatop. LWTyuep (neBbil) Ha Opyron NOMOBUHE
LWITYLlepHOW BaTapen 1 3aBMXKU AOSMKHbI ObiTb 3aKPbIThl. ATO HOPMAasibHOE MOSOXEeHUe
3a4BWXKeK Ha WTyLepHon baTapee npu BCex onepaumnsx, BbINOSTHAEMbIX Ha CKBaXXUHE.
Mopsgok paboT Npu "MArkOM 3akpbITUN" CKBAXKUHbI:
1. OTKpbITb rMAPaBANYECKO - MEXAHWUYECKYHO 3a4BWXKKY Ha JIMHMM OPOCCENMPOBaHNS
(6okoBas 3aaBuKka Ha kpecTtoBuHe BL);
3aKpbITb BEPXHUI NpeBeHTOp (0ObIYHO YHMBEPCArbHbIM NPEBEHTOP) U 3a4BWXKY MPSMOro
cbpoca. Ecnu mHCTpyMeHT B OGawmake o0OCagHOW KOSOHHbI, TO 3aKpbITb MNaLLeYHbIN
NPeBEHTOp;
65535. nocTeneHHo 3akpbIThb WTYLEP;
65536. 3aKpbITb MEXaHUYECKYIO 3a4BWXKY MOCre WwTyLepa;
65537. o0CTaBUTb CKBaXMHY Ha cTabunuaaumio gaeneHus B TeyeHne 5-10 MUHYT (HO He
bonee 15 MWHYT He3aBUCUMO OT rNYyOUHbBI CKBaXWHbI), CHAMAaTb MOKa3aHUSA M30bITOYHbIX
AaBneHu Ha yctbe P ., P . yepes Kaxaylo MUHYTY.
4.1.2 "XXecTtKoe 3aKpr3I'}Me“3(§KBa)KVIHbI
1. B 3apybexHon npaktuke, B criydae paHHero obHapyxenua npossneHna (Vo =
50+500n), wucnonb3yeTcsa MeTo4 ObICTpOM repMeTM3aumm YCTbsl CKBaXWHbl. [ns
peanusauun 3TOro mMertoda wWTyuep (npaBbli) OOMKeH OblTb 3aKpbIT, 3a4BWXKW Mocre
WTyuepa Ha BepTUKanbHbIA gerasatop OTKpbIThl. LWUTyuep (neBbin) Ha Apyron NOMoBUHE
LITYLLepHOM BaTapeun 1 3a4BUKKN JOITKHbI ObITh 3aKpbIThI.
Mopsagok paboT Npy "XXeCTKOM 3aKpbITUN" CKBAXMHbI:
3aKpbITb BEPXHU NpeBEHTOP (0BbIYHO yHUBEpPCasibHbIA NPEeBEHTOP). Ecnn MHCTPYMEHT B
balwmake o6caHOM KONMOHHBI, TO 3aKpbITb NNaLeYHbIN NPEBEHTOP;
OTKPbITb MAPABIIMYECKO - MEXaHWYECKYl0 3agBWKKy Ha JNUHUW  OPOCCEenMpoBaHnS
(rmaBHas 6okoBas 3agBWKKa Ha KPECTOBUHE;

106




KOHTpOﬂb n ynpasneHue npoueccom 6ypeHV|;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX AaBneHun

65535. o0CTaBUTb CKBaXMHY Ha cTabunuaaumio gasrneHus B TeyeHne 5-10 MUHYT (HO He
6onee 15 MUHYT, HE3ABUCUMO OT rMyOUHbI CKBaXXMHbI), CHUMAaTb NOKa3aHUs U30bITOYHbIX
AaBneHun Ha yctbe P ., P . yepes kaxayro MUHYTY.

41.3 PeKomeHnauMM K Bbléopy cnocoba 3aKpbITUS CKBaXUHbI

lMpenmyLlecTBa «MSArkoro» 3aKkpbITUS CKBaXWHbI: - CHWXKEH 3(eKkT rmapaBnmyeckoro
yaapa B CKBaXuHe.

HepocTtaTkm «MArKOro» 3akpbiTUS CKBaXXMHbI: - ©0onee CrnoXHbli cnoco® BbIMNOMHEHMUS
3aKpbITMSA CKBaXXWHbI; - 06pasyeTca 6onblwni NPUTOK NNAcTOBOro ontomnaa B CKBaXKUHY.

1. [peumyLlecTBa «KEeCTKOro» 3aKkpbIiTUS CKBaXMWHbI: - NpocTas un GbicTpas npouenypa
3aKpbITUS CKBaXWHbI; - 0BpasyeTcs MeHbLUMIA MPUTOK NNacToBOro ortonaa B CKBaXKUHY.
HepocTaTku «KeCTKOro» 3aKkpbITUS CKBaXMHbI: - BO3HMKAET ONacHOCTb rMApaBrvyeckoro
yaapa, onacHoro ans o6opygoBaHUSA 1 rOpHbIX NOpoS.

4.2 UccnepoBaHue napametpoB HIBI

[Mocne 3akpbITUS CKBaXMHbl WM CcTabunmsaumm [aBneHun B OypunbHOW KOSMOHHE U
KOIbLIEBOM MNpOCTpaHCTBe pernuctpupytoT yveped 10-15 MUHYT creayrowyo YCTbeBYH
NMHopmauuio o pnongonNpPoOABIEHUN:

1. Bpems Bo3HuKHoBeHUA HIBI

2. Mo nokasaHWsiM MaHOMETPOB Ha YCTbE€ CKBaXMHbl PErMCcTPUpYOT YCTaHOBUBLLEECS
AasneHne B Tpybax BypunbHOM KONOHHbI Pu (6T) 1 konbuesom npocTtpaHcTee Pu. kn (Puc.
4.1).

Pw(kn)

P, MMa

|
|
|
|
| MUrpauna raza 6 Oypoeom

Tabunuaaunsg pacTeope Hes
ASBMERMA 1 pnaclMpeHKMA

|
|
10-15 snH :

Bpems, MUH

PucyHok 4.1- XapakTep naMeHeHns gaBneHmn B Tpybax 1 KonbLeBOM NPOCTPaHCTBE
nocne 3akpbITUA CkBaXknHbl Npu HIBI

3. Bec 6ypoBOro MHCTpyMeHTa Ha KpHoke.
4. NapameTpbl 6ypoBOro pacrteopa.
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5. PaccuuTbiBaloT gaBneHve npossnstoLLero nrnacra

Pnn. =Pwu (6 k) + pg H, (4.1)

rae p - NNOTHOCTbL BYPOBON MPOMBIBOYHOW XNOKOCTU

6. Mo pacxogomepy B MNPUEMHOW €MKOCTM OnpeaensalT ob6bem (VO) NOCTYNMBLLETO
nnacTosoro cnonga.

7. OnpepgensaioT BUA nocTynueLLero cdonounia

BM3yanbHO 1 No hopmyne

s _Pu:mJ_Puur: " _Pu:m:_Pucﬁr: 4-2)
."::}.jl .'g;u .ﬂ@ ."::};u
E-‘-?.@ E-'-?.@
roe {,ra - BbicOTa cTonba NocTynuBLLErO NAAacToBOro gortomaa, M;
S - nnowaab KonbLEBOro NPOCTPaAHCTBA CKBAXMHbI, M.
3
ecnu: p = 10-360 kr/m™ - ras;
p =360-700 Kr/M® - ra3okoHaeHcar;
p =700-1080 kr/m® - rasmpoBaHHasi He(PTb;
p = 1080-1200 kr/m° - nnacToBas BOAA.
8. OnpenenstoT NIIOTHOCTb XUAKOCTU IMyLLEHUS
Pyt AP Py t AP (4.3)
o (F.me) o uF.m]
2=t =gt
g, £
9. OnpeaensitoT MakcUmarnbHO OOMNYCTUMbIE AABNEHUS NPU FNYLLIEHUM CKBAXKMHBbI
f (4.4)
o
P | 082,

P = max
[Pul:ijE P@J_f{}ﬁmgH *

rae P - paBneHne onpeccoBkn obcafaHbix Tpyb; Prp - gaeBneHve rugpopaspbiBa
Haumehoe MPOYHbIX FOPHbIX Nopoa; H* - rnybuHa 3aneraHMa HanmeHee NPOYHbIX FOPHbIX
NOpPOA.
4.3 OueHKa gaBneHus nornouweHus (rmgpopaspbiBa) FOpHbIX NOpoa
B npaktuke 6ypeHuss nocne pasdbypuBaHus Oawimaka obcagHOW KOSMOHHbI NPOBOAAT
paboTbl MO OUEHKe [OaBneHWs TMOrfoWweHna ropHbIX Mopod C Uenbko onpeneneHus
MakcuMarnbHO [[OMYCTUMOrO YBENIMYEHUS MNIIOTHOCTM MNPOMbIBOYHOM >KMAKOCTW MpU
AanbHenwem yrnybneHnmn ckBaxmHol.
1. 3HaHne gaBneHus nornoweHnst obss3aTtenbHoO Ansa ycnewHon nukesmnaaumm HIMBI unn
OTKpbITOro (oHTaHa. B Tex cnydvasix, Korda [OaBneHWe HarHeTaHusi OrpaHMyYnBaeTCH
npeaBapuUTeribHO YCTAHOBMEHHbLIM 3HaYeHneM AaBreHus, NOATBEPXAaeTCsd CNocoBHOCTb
ropHon dopmMaumm BblOepXuBaTb 3afaHHOe [faBneHue. Takaa npouegypa HOCUT
Ha3BaHWe OrpaHNYEHHOro UCMbITaHUS TOPHbIX NOPOL Ha NPOYHOCTb METOAOM ONPECCOBKM.
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B MpOYHbIX rOpHbIX MOpOAax OrpaHUYeHHOe UCMbITaHMe YacTo BrOSfHE AOCTAaTOMHO AJ1S
BbINOMHEHNA TpeboBaHMM AanbHenWwen NpoBOAKM CKBaXUHbI. B CKBaXkmHax noanexaiumx
nuKBMAaUuK, OaBrieHne B LeNaX HaKonneHUs OaHHbIX MOXeT AOBOAUTLCA A0 BeNUYUHbBI
rmapaBnnyeckoro paspbisa.
Ecnv npegnonaraeTcs BCTpeya C ropHbIMU nopogamMu Manow NpOYHOCTM Huxe Balimaka
06caHOM KOMOHHbI, TO peKOMeHAyeTCs NPOBOANTL NOBTOPHbIE
UCMbITaHWS B OTKPbLITOM CTBOS1€ CKBaXXMHbI.
OObIYHO MCMbITAHUSA NPOBOAAT NoA GalMakoMm KOHAYKTOpa U MPOMEXYTOYHbIX 06cagHbIX
KONoHH. [lpyn 3TOM ropHas nopoda He [OMKHa noaBepraTbCa rmapopaspbiBy BO
n3bexxaHne OCrOXXHEHUIN B CKBAXXMHE.

Mopsgok NnpoBeAeHUs UCTbITAHNSA CrneayoLwmni.
1. MNocne cxBaTblBaHNA LEMEHTHOrO KaMHS pa3dypuTb LEeMEHTHbIA CTakaH B 0B6cagHbIX
Tpybax, 6awmak n LuemeHT, a 3aTteM ropHyto nopoagy Ha 10-15 meTpoB Hwxe Gawmaka
o6caHOWM KOJTOHHBbI.
1. 2. lMpombITb CcKBakMHY W obecneunTb BbipaBHMBaHME NapamMeTpoB OypoBoro
pacTtBopa.
2. 3. MoagHaTb gonoTto B Oawmak obcagHOM KOMOHHbI. YOeamuTbCHA, UYTO CKBaXXWHa
NOSHOCTbBIO 3anosiHeHa GypOBbIM PacTBOPOM.
3. 4. [lNogcoeauHUTb LEMEHTUPOBOYHbIE arperatbl K OMPEeCCOBOYHOM [OSIOBKE W
onpeccoBaTb HarHeTaTesbHYH NIMHUIO.
4. 5. BbIzBaTb LMpKynsuMio OypoBOro pactsopa 4yepes NIMHUI0 OpOoCccennpoBaHus npu
MNONMHOCTbI OTKPbITOM WTYyLepe. PerynupoBaTb nogayvy LEeMEHTUPOBOYHbLIX arperaToB B
npeaenax 40-80 n/MuH.
5. 6. 3aKkpbITb CKBaXXWHY, UCMOSb3yS NPEBEHTOP U LWITYLEP.
6. 7. lNpokayaTb LEMEHTUPOBOYHLIM arperaToM BHYTPb OypurbHOW KOMOHHbLI BypoBOn
pacTBop, yBenuuuBas JaBfieHne B CKBaXXMHE [0 MOSIOBUHbI pacyeTHOro MakCcMMarnbHOro
3HayeHus. [pu 3TOM Ha yCTbe PerMcTpupyroT NOBbILLEHWE AaBEHUS N0 Mepe yYBeNn4eHns
ob6bema 3akayMBaemMoro pactaopa.
7. 8. lNpogomknTb 3akaymBaHne Gyposoro pacteopa nopumamu no 0,04 M. Kaxabin pa3
C nocrnenyLLen BblAEPXKKOM BO BpEMEHU (2-3 MUHYTbLI), ONsl cTabunusauum gaBneHus B
CKBaXWHe.
8. 9. lNo nony4YyeHHbIM OaHHbLIM MOCTPOUTL FPpaUK N3MEHEHUS OABMEHUN B CKBaXKUHE
nocne Kaxaou 3akayaHHoM B Heé nopuumn (puc. 4.2). Todka oTkrnoHeHus (A) oT
NPAMONIMHENHON 3aBMCUMOCTW COOTBETCTBYET [aBIIeHUI0 Havarna mnornoweHus (PA).
lMpekpalwialoT 3akaymBaHMe npwu MONyyYeHUM Ha rpaduke 2-3 To4vek CTabunbHOro
nornoweHus. [lpogomkeHne 3akaumBaHua (Touyka B) npuBegetr K  OOCTUXKEHWUIO
MaKCMMarnbHOro AaBreHns (PB), nNpwv KOTOPOM MPOUCXOAUT rMApopaspbIiB FOPHON NOPOabI.
[MpouncxoauT peskoe nageHne gaBrieHUss HarHeTaHnA.
10. OcTaHOBUTb HAcOC U caenaTtb BblAEPXKKY B TeYeHne 5- 10 MUHyT.
1.  11. OcywectButb nnasHoe (no 0,5-1,0 MlNa/MuH.) cTpaBnNuBaHwe OaBneHUs Yepes
wryuep. CpaBHuBas obbem BO3BpaTMBLUENCH XWOKOCTU C 3akayeHHOW, onpeaenuTb
00bEeM XMAKOCTU NOTSOLEHHbIN MacToM.
4.4 Metoabl NMKBMAaLUn rasoHecpTenpossBNneHnmn
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Onsa addekTMBHOro ocyuwlecterneHnss pabot no nukeugaumm [THBI Heobxogumo
NpaBUNbHO BbIOpaTb CNocob rnyLeHnsa cKBaXnHbl. Cnocob rnyLeHna 3aBUCUT OT MHOMMX
KOHKPETHbIX YCMNOBMWM, BKMNoYas KBanudukauuio Haxogsawerocs Ha OypoBow nepcoHana,
HanMuns yTSXKENEHHOro 3anacHOoro pacTBopa, COCTOSIHMSA KOMoHHbI, MNMBO u crtBona

CKBa>XMHbIl, a TakKXe OT Xapaktepa U MHTEHCMBHOCTW CaMOro rnpodaBJiEHUA. CyLIJ,eCTByeT
HeCKosbKo cnocoboB rMMyLweHna CKBa*XuH.

lﬂh' FEEIIddadddaaaannnnriaalf’

441 +Fr =Tk

INaeneHune

Vv, \V

B
Obbem 3akayaHHOW XNAKOCTH

PucyHok 4.2 - Tunosas gnarpamma ncnbITaHUsi FOPHOW NOpPOoLbl HA NPOYHOCTbL METOLOM
OnpeccoBKku: 1- faBneHWe HarHeTaHus; 2- ctatuyeckoe gasneHve, A- Havyano
nornoweHns 6ypoBoro pacteopa; B- rugpopaspsis nnacta; BC- pacnpoctpaHeHue
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TpewwuH B nopoae; CD- nageHne gaBneHns nocne npekpalleHust 3akavkm
4.4.1 MeTop 6ypunbLUuKa
1. OTOT MeToq HasblBaeTCHd Tak, MOTOMY, YTO MM MOXeT MNOoSfib30BaTbCA MepcoHart,
HE3HaKOMbIi C OCOBO CROXHbIMW OnepauMsiMn Mo YnNpaBneHWto CkBaxuHou. MeTopg
OypunbLiuKa He YyHMBEpCcarneH, HO MPUMEHMM BO MHOIMX CUTYyaLMsIX.
2. [llpeumyuiecTtBa aTOro MetToaa:
3. [lpocToTa npMmeHeHus:;
4. BO3MOXHOCTb HE3aMeaAnuTEeNbHO HavyaTb paboTbl MO yNpaBieHUO CKBAXXMHOMN.
OTcyTcTByeT HEO6XOANMMOCTb B CMOXHbIX MaTeEMaTUYECKMX pacdeTax, Mo KpamHen mepe,
Ha Ha4anbHOM 3Tane.
HepocraTtkm metoaa:
3HaunTenNbHbIN PUCK NOpbIBa Nnacta Ha 6awmake nocnegHen o6cagHOM KONOHHbI.
MoBblWEHNE 3HaYEeHNA AaBrEeHNs Kak B CKBaXKUHE, Tak U Ha3eMHOM 060pya0oBaHNN.
MpooomknTensHoe BPEMS MMYLIEHUS CKBaXKMHbl. HeobGxoguMmo He MeHee OBYX LMKIIOB
UMpKynsaumn. FepBbid LUK - BbIMbIB Fa30BOM Mayku, BTOPOW LMK -HENOCPEeACTBEHHO
rnyLweHne CKBaXuHbl (PUCYHOK 4.3).

P, kMa
L=
[

a
- .
=

sssangmesn®® %

HWCNO ¥0A0B HAcoca
s [13B NEHME HA CTOAKE

[ TT L 1) HEIE.HEHHE Ha LUT'j,I"LlEpE

—=— [agneHue MAASF
PucyHok 4.3 - 'padouk rnyweHuna metogom bypunsiumka

4.4.2 Heobxogumblie pacuyeTbl Ana peanusauum metoaoB nukBugauuu MHBIT npu
COCTaBleHUsA NUCTAa rnyLweHnsa cKkBaxuHbl (MpunoxeHwue 1)

1. PacuyeT Beca OypoBoro pactBopa [Ansl [MyLWEHUa CKBaXWHbl NPOU3BOAUTLCS MO
dopmyne
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P =P +P /9 81xH (4.5)
np
roe p - UCXogHbIN BeC BypoBOro pacrteopa, Kr/M P - U3BLITOUHOE ,anneHl/le B Tpybax
MIa; "B - rnybuHa no BepTuKanu, M. '

2 Pacyét o6bemoB OypuIibHOM KOMOHHbI U KOSbLLEBOrO NPOCTPAHCTBA, KONMYeCTBa XO40B
NOPLUHA «OT MOBEPXHOCTM A0 A0NoTa» U «OT AonoTa A0 NOBEPXHOCTU»
O6beMm KOMOHHbI paccynTbIBalOT Mo hopmyrne
V =(miD %/4)xL (4.6)
roe D - BHyTpeHHUI gnamMeTp KOMOHHbI, MM; L - ANTMHHA KOMOHHbI, M. ‘ °
O6bem KONbLEBOro NPOCTPaHCTBa paccynTbIBaOT No hopmyne
V =[mD D %y4]xL (4.7)
r,u,eD - ANaMETP CKBaXKWHbI, MM; o ° e
D - Hapy>KHbII/I ANMETP KOMNOHHbI, MM.
Yncro X0[J0B Hacoca paccyuTbIBaloT No popmyre
N=V/Q (4.8)
rae Q - nogaya Hacoca, n/c.
Bpemsi npokaunBaHus pacteopa no opmyne
T=N/n (4.9)
rae N - YACNO XO40B Hacoca B MUHYTY.
3 Pac4eT oxuagaemoro HavanbHoro gasnenus umpkynsauum (ICP).
BenuunHy ICP HeobxoauMmo ANA OUEHKW BenWYMHbl [aBrfieHus B LMPKYNSLUMOHHON
cucteme, Kotopoe TpebyeTca co3gatb AnNA NoggepXaHus MOCTOAHHOro 3abonHOro
AaBreHnst B Havane rnyweHnsa ckBaxuHbl. OnpegensieTcs no popmyne
P=P +P (4.10)
roe P - paBneHue HacocosB. nooem
4 Pacrt'feT KOHEYHOro AasneHus B LumMpkynsumoHHom cucteme (FCP).
Bo Bpems 3ameleHns npegbigywiero ©ypoBoro pactBopa Ha yTsKerneHHbln OypoBown
pactBop B OypunbHOW KOSMIOHHE, AaBfeHWe UMUPKYnauMM Ha CcTosike Heobxoaumo
NOHMXaTb, MPUMHMMasi BO BHWMaHWE MOBbILEHNE [NMOPOCTATUYECKOrO [AaBrfieHus B
OypvnbHOM KonoHHe. ocne nonHoro 3amelleHns npeablgyuiero 6ypoBoro pacteopa Ha
pacTBOp rnyLeHus, n3bbITOYHOE AaBNEHNE B KOSTOHHE JOITHKHO OblTb paBHbIM HYIHO.
P=pP x(p /e )(411)
5. CocTtaBneHvne pexuvma AaBrneHuss LMpKynsumm B 6ypunbHoOn KONOHHE B CpaBHeHVIVI c
KONM4eCTBOM XO40B MOPLUHA Hacoca.
lMocne onpegeneHna HavyanbHOrO M KOHEYHOro [faBfeHus Heobxoguma CoCTaBUTb
Tabnuuy NOHWXEHUs OaBfeHUs LMPKYNAUMM MO OTHOLLEHWMIO K YMCIY XOAOB Hacoca U
rpacouK rnyLeHns CKBaXKUHbl. OTO NO3BONUT 6e3 NoMex 3arnyLwnTb CKBaXKUHY U BbISIBUTb
nobble BO3MOXHbIE HApYyLUEHUS.
4.4.3 MopAAoK BbINOSIHEHUA paboThbl
1. Nepepn BckpblTeM nnactoB ¢ ABI onpenenute ruapogMHaMmmnyeckme conpoTmBeHUs
(AP ) B UMPKYNAUNOHHOW cucTeme npu paboyeM pexume TMpOMbIBKM U Mpu
yMeHbLLIeHHOI/I BABOe nogade OypoBbix HacocoB. [Anis 9TOro npegraraetcs 3anosiHUTb
Tabnuuy 1.

112



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHV|;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX AaBneHun

MNepen Hayanom GypeHusi BbICTaBUTb CUTHaNU3aUMIO AaTynka XenobHowm NMHMUK.
Tabnuvua 1 - Mnapasnuyeckre ConpoTUBNEHUS MPU LIUPKYNALMK

lNokasaHma 1 oro Hacoca NokasaHua 2 oro Hacoca
N - xopoB N/2 - xopoB N - xogoB N/2 - xopgoB

AP

POK

2. lNocne Havyana O6ypeHUs UKCMPOBATb MexaHUYecKyl ckopocTb 6ypenus. [lpu
YBEMNYEHUN MEXaHWYECKOM CKOpOCTM B 2 u Oonee pasa npekpatutb yrnybneHue
CKBaXXWHbl 1 NPOBEPUTb NOKa3aHWs Aatyumka xxenobHon nuHun. MNpun oTCyTCTBUM Nepenvea
npogormkute  yrnyonenue. [lpy ob6HapyxeHun HIBIT 3akpbiTb CKBaXuHy AN
cTabunmsayumn gaBneHus.

3. 3anucaTb MakcMMarbHble YCTaHOBMBLUMECS 3HAYEeHUSA AaBrneHun B 6ypunbHON KONoHHe
(P ) wnobcagHon KonoHHe (P ).

4." Tnpe,cl,enwﬂ: no ypOBHemeHnB NPUEMHON eMKOCTU 0B6bem noctynatowero 6ypoBoro
pacTtBopa.

5. Onpegenntb BMA NOCTYNMBLLENO B CKBaXXWMHY doronaa.

6. OnpenennTb NAOTHOCTb XXUAKOCTU rIyLIEeHUS

7. OnpepenuTb HadvanbHOE, W KOHEYHOe [aBfieHue UMpKynauuM And  yoaneHus
nnacToBoro cnonaa n3 CKBaXxuHbl.

lMocnepoBaTenbHOCTb  MNPOBOAUMMBLIX — OMNepauni, WU3MEHeHWe [OaBrfieHMM Ha YCTbe
CKBaXWHbI, B OypunbHbIX Tpybax n obcagHom KONOHHE NokasaHbl Ha puc. 4.3.

8. MNpoBepuTb coctosHMe obopyaoBaHus. HadaTb paboTy no BbIBOOY CKBaXKUHbI Ha
pexvm rnyweHns. [ns atoro HeobxoaMMOo HavaTb 3aKkavyMBaHWe pacTBOpa B CKBAXMHY C 5
XOO0B NIyHXepa Hacoca B MUHYTY, NoAAepXMBas AaBfNeHWe B KOMbLEBOM NPOCTPaHCTBE
MOCTOSAHHbIM.

lMocne BbIxo4a Ha pexum rMNyweHus AaBreHue B KOMbLEBOM MPOCTPAHCTBE OOSTHKHO
npeBbiWaTh AaBneHue 00 Havana umpkynauum Ha 0,5 - 1,0 MlMa. Janee oTperynupoBaTb
CTeneHb OTKPbITUS gpoccena Tak, 4ToObl [JaBneHne B  OypurbHOM  KOMOHHE
COOTBETCTBOBAsNiO0 pac4eTHOMY 3HA4YeHWo OaBNeHWa Havana uvpkynauum (ydactok 0-1).
[Mpu aTOM gaBneHue KonbLEeBOM NPoCTpaHcTBe ByaeT pacTu (y4acTok a-b).

9.  Bectu uupkynauuio ¢ nogaepxxaHmeM NoCTOAHHOW MPOM3BOAUTENBLHOCTN HAaCOCOB U
NOCTOSAHHLIM [JaBfieHNEM B HarHeTaTenbHOW NMHMM OO0 MNONHOro yaaneHus donwounga u3s
CKBaXWHbI: 3TO MOCTOSIHCTBO [JaBfieHUS Perynupyetcs 3akpbiTeM UMM  OTKPbITUEM
apoccens Ha 6noke gpoccenupoBaHus (ydactok 1-2). MnoTHOCTb NPOMBIBOYHOM XULOKOCTH
B TeyeHue Bcero npouecca He MeHsaeTcd. [0TOBUTCA XWAOKOCTb rnyleHuss Tpebyemon
NMOTHOCTM B 06beme paBHoM 1,2 - 1,5 o6bemMa CKBaXXMHbI.

10. OnpegenuTb MOMEHT NoAxoAa rasa K yCTblo CKBaXWHbI (Toyka b). OTKpbITb 3a4BUXKKY
Ha wWTyuepHon GaTapee AONA BbiBOA Nadvku rasa 4yepes Apoccenb Ha dakerbHoe
YCTPOMCTBO (y4acTok b-c). dnioma cumtaeTcs yaaneHHbIM, Korga gaBreHne Ha gpoccene
cTabunmanpyeTcs u cTaHeT paBHbIM Pkn = P u (6T) + S.

11. Nocne yoaneHus nionga n3 CKBaXKuHbI 3anucaTtb ycTaHoBMBLUeecs faBrneHue (P kn)
B KONbLEBOM TMpOCTpaHCTBe (Toyka c). [na 3Toro nnaBHO OCTAHOBWUTbL HACOCHI
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noggepXxueas gpoccenemM faBrfieHuMe B KOSMbLEBOM MPOCTPaAHCTBE MOCTOSIHHbLIM. [locne
yaaneHus dnovaa, nocne nepBon LUPKyNauumn, AaBreHne B KONbLEBOM NPOCTPaAHCTBE U
AaesneHne B OypunbHbiX Tpybax [oOmkHbl OblTb paBHbl. OcTaHOBKA LMPKYNAumnm
cootBeTcTBYET |l 30He Ha rpadmke rnyweHus (pUCyHok 4.3).

12. Hayatb paboTy no BbIBOAY CKBaXXMHbl HA PEXUM rnyweHus. [ons aToro Heobxoammo
HayaTb 3akayuBaHWe pacTBopa rMyLleHUs B CKBaXMHY C 5 XO0O0B NNyHXepa Hacoca B
MWHYTY, NOAAEPXNBAst AaBMEHME B KOMNbLIEBOM NMPOCTPaHCTBE

NOCTOSAHHbLIM. [locne 3anonHeHWs HaszeMHOW OOBA3KM pPacTBOPOM rnyweHus cbpocutb
cyeTuMK xoaoB nnyHxepa Ha 0. 3akadaTb yTsKeneHHbIn 6GypoBon pactBop B OypunbHbie
Tpybbl NpY NOCTOSAHHOM YCTaHOBMBLLEMCS AaBfeHUUM B KOMbLEBOM NpocTpaHcTee Pkn.
(yyactok c-d). [laBneHune B OypurbHbIX Tpybax npu atom ByaeTt cHmkaTbCs (ydacTok 2-3).
3adukcupoBaTb gaBrieHMe B OypuribHbIX Tpybax B TOT MOMEHT, Korga OHM OyayT
MONHOCTbIKO 3anorfiHeHbl yTsXereHHbIM pactBopoM (P koH. = 0). Bbixog yTskeneHHoro
pactBopa B KOSNbLEBOE MPOCTPAHCTBO COMPOBOXAAETCA MOBbILEHWEM [OaBNEHUA B
OypunbHbIX Tpybax.
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PucyHok 4.3 [uarpamma gaBneHuin Ha yctbe B OypunbHbix Tpybax (0 - 4) n Konbuesom
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NPOCTPaHCTBE (a - €) NPU MMYyLEeHNN CKBaXXMHbI ABYXCTaAUNHbIM cnocobom (cnocob
Bypunblymka) | - razoBas nayka nogHsinack K ycrbto; |l - yganeHne nadvku rasa us
ckBaxuHbl; [l - nepnoa UMpKyNALUKM XXMOKOCTM A0 Havana 3aMeHbl ee Ha XUOKOCTb
rnyweHus; 1V- 3anonHeHne 6ypunbHbIX TPYO XNAKOCTbIO rMyLweHns; V - 3anonHeHne
KOMbLIEBOro NPOCTPAHCTBA XUOKOCTLIO MMyLLIEHNS

13. 3arnywunTb CKBaXWHY Npu NOCTOSAHHOM AaBneHun B OypunbHbix Tpybax (P koH.). IMpu
3TOM [aBfieHne B KOMbLEBOM NPOCTPaHCTBE ByaeT CHMXATbCS A0 HYNEBOro 3Ha4YEHNS.

14. IMpy NOCTyNneHMN N3 CKBaXXMHbI Yepe3 ApPOCCenb YTshKeneHHoro 6ypoBoro pacteopa
MNOTHOCTBIO P HEOOXOAMMO OCTAHOBUTbL Onepauuio Mo ryLEHUIO CKBaXXWHbI NaBHbIM
CHIKEHMEM 4iCna X040B NIyHXepa, nogaepxvsas rnpu 3TOM [aBrieHne B 3aTpybHOM
MPOCTPAHCTBE NOCTOSAHHbLIM. [locne oCTaHOBKM HACOCOB WM 3aKPbITUS ApPOCCens JaBneHue
B OypunbHbIX Tpybax 1 3aTpybHOM NPOCTPaHCTBE AOIMKHO ObITb PaBHO HYIHO.

15. lNpoBepuTb CKBaXkMHy Ha nepenue. Ecnu n3 ckBaXuHbl HET nepenuea 6ypoBoro
pactBopa, OTKPbITb  MPEBEHTOP M MNPOMbITb  CKBaXWHYy C  MakCMMarbHOW
NPOM3BOANTESTbHOCTLIO HACOCOB.

4.5 MeToa 0XuAaHUS U yTsOKeNeHus

4.5.1 YcnoBusa npMmMmeHeHus

MpM npuMeHeHMM MeToda  OXMAAHMSA  YTSDKENeHWsl, yrnpaBfeHue  CKBaXXMHOW
OCYLLeCTBNAETCA NMyTEM OOHOWN LUPKYIALMK TSXXENoro pacteopa.

MeTon BknYaeT asy OXuaaHus MpU 3aKpPbITOW CKBaXMHE (MoslydyeHue TSXKenoro
OGypoBOro pactBopa) A0 3arnycka UMPKynsuumW, KoTopas COOepXWT TOMNbKO OOWH aTan -
nogaya Tskenoro 6ypoBoro pactsopa (PUCYHOK 4.4).

Mpn ryweHnn CKBaXWHbl CMNOCOBOM  «OXMAAHMA W YTAKENEHUA» BbiMblBaHME
MOCTYNUBLLErO MnacToBoro gritoMaa M 3akaumBaHue yTskeneHHoro 6ypoBoro pacreopa
Npov3BOaMTCH OAHOBpPeMeHHO. Ecnu 3anac HeobXoAMMOro yTSXKereHHOro pactBopa Ha
OypoBOM OTCYTCTBYEeT, TO OCTAHOBMB HacCOCbl W 3aKpblB CKBaXWHY,HEMEANEHHO ero
YyTSXKeNAT. TeXHONMOrM4eckn crnocob «OXUOaHUA WU YTSKENEHUA» CIOXHbIN, TaK Kak
TpebyeT nNpoBeaeHUsA NHXEHEPHbIX PacvyeTOB PerynmpoBaHnsa AaBreHnss B CKBaXUHE Npu
cBOEM ocyllecTBneHun. Bcneacteme 3Toro rnyweHue nposBrAeHUrM 3TUM Ccrnocobom
NPOU3BOAMTCA NOA PYKOBOACTBOM BbICOKOKBANMMULMPOBAHHBLIX CNELNanncToB.
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PucyHok 4.4 'paduk rnyweHna MeTogoM OXXUAAHUS U yTSXKeNneHna

[ns peanusaumm meTofa OXngaHus u yTsakeneHns Heobxoanmbl cnegyrowme yCroBus:
65535. [0noTo A0SMKHO BbITh y 3a005;

65536. He OOMKHO ObITb OCNOXHEHWUI AN1S UMPKYNaumMm 6ypoBOro pactsopa;

65537. MakcMmanbHOro 4onycTuMmoe AaBfieHWe Ha YCTbe B KOSMbLEBOM MPOCTPaHCTBE
(MAASP), pomkHO npeBblwaTb gaBreHve B 3aTtpybHom npoctpaHcTBe (SICP), He
Aonyckasa nopbiBa nnacrta Huxe 6awmaka o6cagHOM KOMOHHBI;

BO3MOXHOCTb MOfyyYeHus Heobxoaumoro obbema pacTtBopa B O4YEHb KOPOTKUW
NPOMeXyToK BpeMeHu. [lepunog mexay repmeTusaumen YyCTbd U HayarioMm 3akaydmBaHUS
TSXKENOro pacTBopa [[OMKeH ObiTb MakcuMarnbHO HenpoaormkutensHbeiM. Ecnn  gns
NPUroTOBIIEHUSA TSHKENOro pacTtBopa noTpedyeTca OnuTenbHOe BpeMms, ra3 CMOXeT
NOOHATLCS K NOBEPXHOCTU, YTO YpeBaTO MHOrMMU npobnemamu (Hanpumep, owmnbkamu B
OUeHKe [aBneHun, cofepxaHuvem npumecen B pacTteBope). Takum obpasom, Bcerga
AOMKHO OblTb B HanMU4MM HEKOTOPOE KOMMYECTBO TSHXKENOro pacTBopa; Kpome Toro,
BMECTMMOCTb CUCTEMbI NEPEMELLMBAHNSA pacTBOpPa U PaCTBOPHbIX EMKOCTEN AOMMKHA BbITb
AOCTaTOYHO ANg YTXeNneHnsa pacteopa B npouecce LMpKynsumm.

MpeumyLiectsa meToaa:

Mo cpokam peanuaaumm OH Kopoye, YeM meTo bypunbLumka;

65535. [JaBneHue Ha ycTbe B 3aTpyOHOM npocTpaHcTBe (ra3 noa GroKkoM 3aaBWKKM
CKBaXXWHbl) MEHbLLIE, YeM Npu MeToae bypunbLumka;

65536. [laBneHne B OTKPbITOM CTBOSME Mpu OBWKEHUN Ta30BOW Mayku HECKOSbKO
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MeHbLLEee, YTO BaXHO C TOYKM 3peHUst NPOYHOCTU B cnabom mecTe.

Hepoctatkmn meTtoaa:

65535. TpebyeT 6Gonblle BpeMeHM Ha MOArOTOBKY (NonyveHue Tsxenoro GypoBOro
pacTtBopa, pacyeT 1 guarpaMmma) 4o Hayana LMpKynsumu.

65536. TpebyeT pelieHns nNpobrnembl-MmurpaLmm rasa 3a c4eT MUCMNoSib30BaHUA MeToaa
CTpaBriMBaHNA AaBreHus.

OTcyTCTBME UMPKYNSUMW B TedeHue nepuoga npUroToBIiEeHUS YTSHKeneHHOro OypoBoro
pacTtBopa:

- 6onbLuoe n3bbITOYHOE AaBeHNe Ha yCTbe NpY BCMSbITUM ra30BOW NaYKy;

- NpoBeAeHne pacyeToB ANA 3anofHEHUS KapTbl MyLLEHUS] CKBaXWHBbI.

4.5.2 Nopsapok BbINONIHEHUA paboTbl

1. Mepepn BckpbiTUEM nnacTtos ¢ ABI[ onpegenuts rmapoguHaMmnyeckne ConpoTUBIIEHUS
(AP ) B UMpPKynsLMOHHOM cucTeme npu paboyeM pexmme LMpKynsauMmM nNpoMbiBOYHOM
>KV|/:L”K8'E:TM 1 NPV YMEHbLLEHHOW BABOE BeNnymHe nogade 6ypoBbiXx HACOCOB.

2. MNpun obHapyxeHun MHBIT 3aKpbITb CKBaXXMHY AN9 cTabunusaumm aaBneHus.

3. 3anucatb MakcumaribHble YCTaHOBUBLUMECS 3HAYEeHUs AaBrneHuin B OypunbHoOmM KONoHHE
(P ) v obcagHon kKonoHHe (P ).

4. Mésﬁpe,qeﬂl/lTb no ypOBHelvlepgi B NPMEMHON EMKOCTN 06BbEM NPOSABNEHMS.

5. OnpegennTtb BUA NOCTYNUBLLENO B CKBaXXUHY doritomaa.

6. 3anonHutb pabouyro KapTy rNyweHust CKBaXWHbl He 6onee yem 3a 15 MUHYT
(MpwunoxeHune 1, MNMpunoxeHne 2).

B pabouyo kapTy BHayane 3aHOCAT npenBapuTernbHyto 0By MHpopMauno: guameTp
CKBaXXWHbl M 0OCaAHOM KONOHHbI; rnybuHa cnycka o6cagHOW KOJSOHHbI; AaBneHue
nocnegHen onpeccoBkM 06CagHOM  KOMOHHLI, AaBfeHMe Ha  BblkMge Hacoca,
NPOM3BOOUTENbHOCTL HAcoOCOB; 06beM OypunbHbiXx Tpyb; AonycTumoe [aBneHwe B
KOMNOHHe. 3aTeM B KapTy rMyLIeHNs 3aHOCATCA pacyeTHble 3HaYeHUS NNOTHOCTU XUAKOCTU
rMyLWweHns, HadanbHOEe W KOHEYHOEe [aBrfieHMe UMPKYNAUUW KUOKOCTM B CKBaXXMHE.
Ctpoutca rpaduk M3MeHeHust gaBreHust B OypunbHOW KONIOHHE MPW BbIMbIBAHWUM NaYvku
rasa.

lMocnepoBaTenbHOCTL  MPOBOAMMbLIX — Onepauui, W3MEeHeHWe [OaBNeHUn Ha YCTbe
CKBaXXWHbI, B BypunbHbIX Tpy6ax n obcagHOM KOSTOHHE Noka3aHbl Ha puc. 4.

7. lpurotoBuTb YyTSXKeneHHbIn OypoBon pacTBop Tpebyemon nfoTHOCTU O06beMOM
paBHbIM 1,5 06bema ckBaXuHbI (y4acTok |).

8. MNpoBepuTb cocTtosiHne obopyaoBaHus. Hadate paboTy NO BbIBOAY CKBAXMHbI HA PEXUM
rnyweHus. [Anga aToro Heobxo4MMo HavaTb 3aKkadMBaHMe pacTBOpa B CKBaXWHY C 5 X040B
NAyHXepa Hacoca B MWHYTY, NogAepXuBas [OaBfeHWe B KOMbLEBOM NPOCTPaHCTBE
NOCTOSAHHBLIM. [locne BbiIxo4a Ha peXxnm rnyLeHns AaBneHne B KOSbLEBOM MPOCTPaHCTBE
AOJDKHO npeBbllWaTh AaBrieHve [0 Hadana uumpkynaumm Ha 0,5 - 1,0 MMa. [Odanee
oTperynupoBaTb CTeNeHb OTKPbITUS Opoccensa Tak, 4YTobbl AaBneHne B OypunbHOM
KONOHHE COOTBETCTBOBANO pacyeTHOMY 3HAYEHUIO OaBrfieHus Hayana umpkynsuum (PR).
lMocne 3anonHeHWst Ha3eMHOW OOBA3KM PacTBOPOM [MyLIEHUA COPOCUTbL CYETYMK XOAOB
nnyHxepa Ha 0.

9. HauaTb 3akaumBaHue yTSXKeNeHHoro OypoBOro pacTBopa B CKBaXWHY, CHWXas
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OTKpbITUEM Apoccens aasreHve B OypunbHbIX Tpybax o 3HadeHumsa Pk (yyacTtok 1) B
COOTBETCTBUE C MOCTPOEHHLIM rpacmnkom.

10. TNpogomknTb UMpKynsuuio OypoBOro pacrtBopa C MOCTOAHHbIM AaBreHnem Pk B
OypunbHbIx Tpybax (ydactok I, IV) npy NOCTOSHHbBIX 3HAYEHUSIX NPOU3BOAUTENBHOCTU
HaCOCOB N NNOTHOCTK BypOBOro pacTteopa A0 MOSIHOro yaaneHus nadky rasa u3 CKBaXKMHbl
N 3anOSTHEHUS CKBAXWUHbI YTSXKENEHHbIM PaCcTBOPOM.

11. locne TOro Kak U3 CKBaXXWHbl HAYHET BbIXOAUTb YTSKeneHHbI OypoBOW pacTeop,
OCTaHOBUTb HacoCbl Moadep)XvMBas OpOCCenieM AaBfieHNEe B KOMbLEBOM MNPOCTPaHCTBE
MOCTOSAHHBIM W MPOBEPUTH HanMUuMe un3OLITOYHOrO AaBfieHNs U nepeTtoka OypoBOro
pactBopa u3 ckBaxuHbl (Pu.(kn) = 0). Ecnu nepetoka pacTtBopa HET, TO OTKPbITb
MPEBEHTOP M MPOMbITb CKBaXXWMHY C MOMHOW MNoAdayerd HacOCOB W BblpaBHMBAHUEM
NNoTHOCTM BypoBoro pacTteopa. Mpu HanuuMm gaeneHnsa npouenypy rnyweHNsa CKBaXKUHbI
NOBTOPUTb C BHOBb NEPECYMTAHHOW NNOTHOCTbLIO BypoBOro pacTeopa.

4.6 MeToa HenpepbIBHOIO rMyLEeHUA CKBaXXWUH

Mpn aTtom cnocobe CKBaXWMHYy HauYMHAKT [MyWUTb cpas3y Mnocre ee 3akpbiTua npwu
HenpepbIBHOM yTshKerneHnn OypoBOro pactBopa, T.e COBMeLalT MpouecC BbiMbiBa
nnacTtoBoro dnonga C MnoBblEHWEM MNSIOTHOCTM OypoBOro pactBopa OO 3HaYeHus,
Heob6xoauMoro Anst MMKBMAauuM NpMTOKa M3 nnacTa.

OOGbI4HO NPOSIBNIEHME NUKBUOVPYIOT B TEYEHNE HECKONBbKUX LMKNOB umpkynauun. OgHako
HE MCKNYaeTCcsl BO3MOXHOCTb FMyLEHNs 3a OOWH LUKI1, €Cnn npyu 3TOM MOXeT ObiTb
obecnevyeHo OOCTAaTOMHO MHTEHCUBHOE YyTskeneHne Byposoro pactBopa. Ecnn 6yposon
pacTBOp YTSXKENAT B TEYEHME HECKOSIbKMX LMKMIOB LMPKYyNsuMM, TO €ro nnoTHOCTb
NOBLILWAKT CTYNEHAMW, MNPUYEM MpEKpalleHNe Ha Kaxaom Uukne onpegensercs
BO3MOXXHOCTbIO 060pya0OBaHUS.

[aBneHne B OypunbHbIX Tpybax perynupyeTcs B COOTBETCTBUM C rpadpuKkoM €ro
N3MEHEHNS, CTPOSLLMMCS TaK Xe, Kak U Npu cnocobe «oXunagaHue N yTskeneHuey.
Mpenmywectsa atoro cnocoba - OTCyTCTBME Mepuoda MPOCTOS CKBaXWUHbI MOA
AaBrneHneMm, HU3KkMe gaBneHnsa B 06cagHON KONOHHE NP MyLWEeHNN.

Hepoctatok crnocoba - CNoXHOCTb Mnpouecca pPerynnpoBaHUs OaBNEHUS B CKBaXWHE,
obycnoBneHHas N3MEHeEHNEM MOTHOCTM BypOBOro pacTeBopa BO BPEMS LMPKYNALUN.
lMocnepoBaTenbHOCTL  MNPOBOAMMBLIX —OMepauuin, WU3MEHEHWe [OaBfeHUn Ha YCTbe
CKBaXWHbI, B OypunbHbIX Tpybax n obcagHom KONOHHE nokasaHbl Ha puc.4.5.
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PucyHok 4.4 - [inarpamma gaBneHun Ha yctbe B BypunbHbIX Tpy6ax 1 KonbLEBOM
NPOCTPaHCTBE NPW MMyLLUEHUN CKBAXXMHbI CMOCOBOM «OXNMOAHWUS U YTSHXKENEHNUS»
| - Bpems NpuroToBneHuns yTsxeneHHoro 6ypoBoro pacteopa; |l- 3anonHeHne BypunbHbIX
Tpy6 xnakocTbto rnywenus; Il -1V - 3anonHeHne KonbLEBOro NPOCTPaHCTBA XNOKOCTbIO
rNyLweHnsa 1 BbiIMblBaHWE ra3a U3 CKBaXXWHbI
[MNoTHOCTE NOJaBaeMOro B CKBaXWHy pacTBopa MNoa4epXuBatdT MOCTOAHHOW A0
NosIBNEHUS pacTBopa C TaKOW Xe TMMOTHOCTbID Ha YCTbe CKBaXWHbl. 3aTeM CHoBa
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Ha4yMHalT yBENMYMBaTb NSIOTHOCTbL pacTBopa.
Mopsaaok BbINONHEHUA paboTbl

Mepen BckpbiTeM nnactoB ¢ ABIL onpegenuTb rmgpoanHamMuyeckme cornpoTUBIIEHNSA
(AP ) B UMPKYNSAUMOHHOW cCUCTEME (OaBreHue NpokKadMBaHus) nNpu paboyem pexume
ﬂponMgl(BKVI N NpWU YMEHbLLEHHON BABOE nofaye OypoBbIX HACOCOB.

1. MNMpun o6HapyxeHun MBI 3aKkpbITb CKBaXXMHY ONA cTabunuaaumm aaBneHus.

2. 3anucaTtb MakcMmarsibHble YCTaHOBUBLUMECS 3HAYeHUs AaBneHun B 6ypunbHOM KONOHHE
(P ) wnobcagHou konoHHe (P ).

3. I/bﬁﬁpejzl,enmb no ypOBHelvlepgi B NPUEMHOM EMKOCTM 0O bEM NPOSABIIEHMS.

4. Onpenenntb BMA NOCTYNMBLLENO B CKBaXXMHY doronaa.

5. 3anonHutb pabouyio KapTy rnyweHust CKBaXuHbl He 6onee 4yem 3a 15 MUHYT
(MpwunoxeHune 1, MNMpunoxeHwne 2).

B pabouyto kapTy BHayane 3aHOCAT npeaBapuTenbHyto obLuyio nHdpopmauuo: anameTp
CKBaXWHbl M 0OCagHOWM KOMOHHbI; rnybuHa cnycka o6GcagHOM KOMOHHbLI; AaBneHue
nocnegHenm OMNpeccoBkM 0OCagHOM  KOMOHHbLI,  OaBfeHME Ha BblKMAE  HAcoca;
NPON3BOAUTENBHOCTb HACOCOB; 06beM DYpUIbHLIX TPYD; AONyCTMMOE AaBreHne B
KONOHHE. 3aTeM B KapTy MMyLEeHUsS 3aHOCATCA pacyeTHble 3HAaYeHUSA NITIOTHOCTU XXNOKOCTU
rMyLWeHNs, Ha4YanbHOe N KOHEYHOE AaBrieHne LMPKYNSAUNN XXUOKOCTU B CKBaXKMHE.

7. NpoBepuTb cocTossHne obopyaoBaHus. Hadatb paboTy No BbIBOAY CKBAXKUHbLI HA PEXUM
rnyweHunsa. [1ns aToro Heo6xo4MMO HavYaTb 3akaymBaHUE pacTBoOpa B CKBaXXUHY C 5 xoaoB
NNyHXepa Hacoca B MUHYTY, NOA4EPXNBast AaBNEeHME B KOSbLEBOM NPOCTPaHCTBE
NOCTOSAHHLIM. [lOCne BbIXO4a Ha PeXnM rnyLeHns AaBreHne B KONbLEeBOM MPOCTPaHCTBE
AOJTKHO NpeBbIWaTh JaBneHne 0o Havana umpkynsaumm Ha 0,5 - 1,0 MlMNa. Janee
OTPErynmMpoBaTb CTENEHb OTKPbITUSA APOCCENS Tak, YTOObl AaBneHue B OypuribHon
KOJTOHHE COOTBETCTBOBASIO pacYETHOMY 3HAYEHUIO AaBReHNs Havana umpkynauum (PH).
[Mocne 3anonHeHns Ha3eMHoOW 06BA3KM PacTBOPOM MyLLEHNSA COPOCUTL CYHETUMK XOL40B
nnyHxepa Ha 0.
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PucyHok 4.5 [Jnarpamma gaBneHuin Ha ycTbe B OypurbHbIX Tpybax 1 KonbLEBOM
NpOCTPaHCTBE CKBaxWHbI Npu nuksmaaumm HIMBIM cnocobo «HenpepbIBHOIO ryLLeHUs
CKBaXXWHbI» | - 3anonHeHne 6ypunbHbix Tpyb xuakocTbio rnyweHus; I, 11l - BbiMbiBaHMe
rasa v 3anosiHeHue KosbLeBOro NPOCTPaHCTBA CKBaXMHbI XXUAKOCTbLIO MMyLIeHUs

8. No mepe yTsaxeneHms n 3akadmBaHna 6ypoBoro pacteopa B BypunbHble TpyObl CTPOST
rpaduKk CHMXEHNSA OaBNEHUS HarHeTaHus OT 3HadeHna PH o 3HadeHunsa Pk (yydacTtok ).
PerynapHo cnegutb 3a noBblleHWEM MNOTHOCTM BypoBoro pacteopa. CBoeBpeMeHHO
CHWXaTb JaBrieHWe HarHeTaHus.

9. Tlocne 3anonHeHus OypunbHbIX TPYO YTSHXKENEHHbIM PacTBOPOM MPOAOIIKUTL
LUMPKYNAUUIO pacTBopa C MNOCTOAHHbIM AasreHveM Pk B OypunbHbIX Tpybax npu
NOCTOSIHHOM MNPOU3BOAUTENBHOCTU HACOCOB M MNSIOTHOCTU pacTBopa P A0 MOSIHOro
yaaneHus rasa u3 ckBaxkuHbl (yyactok Il 111). ‘

10. lNMocne TOro Kak uU3 CKBaXWHbl HAaYHET BbIXOAUTb YTSXKENEeHHbI BypoBOM pacTBop,
OCTaHOBWUTb HAcOCbl MOAAepXuBasi ApoccerieM AaBreHve B KOMbLEBOM MPOCTPaHCTBE
NMOCTOAHHBIM U MPOBEPUTH Hanuune wun3bbITOYHOrO AaBfeHus K nepeToka OypoBoro
pactBopa u3 ckBaxuHbl (Pu.(kn) = 0). Ecnu nepetoka pactBopa HeT, TO OTKPbITb
NPEBEHTOP M MNPOMbITb CKBaXXMHY C MOMHOW Modave HacoCOB W BblpaBHMBaHUEM
nnoTHocTn Byposoro pacTteopa. Mpu Hanuuumn gaeneHus npouenypy riyweHNsa CKBaXKUHbI
NMOBTOPUTb C BHOBb MNEPECYUTAHHOM MIOTHOCTbIO OypoBoro pacteopa. [lpu Hannyum
AaBneHns npouenypy rnylweHUss CKBaXWHbl MOBTOPUTb C BHOBb MNepecYUTaHHOM
NIOTHOCTLIO BypoBOro pacTeopa.

11. locne TOro Kak U3 CKBaXXWHbl HAYHET BbIXOAUTb YTSXKeneHHbI OypoBOW pacTeop,
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OCTaHOBWUTb HacoCbl NMoaAdepXuBas ApoccerieM AaBreHuve B KOMbLEBOM MPOCTPaHCTBE
MOCTOSSHHLIM M NPOBEPUTbL HanuuMe u3ObITOMHOrO AaBfeHMs U nepeTtoka OypoBOro
pacTBopa U3 CKBaXWHbI (P|/| = 0). Ecnu nepeToka pacTBopa HeT, TO OTKPbITb MPEBEHTOP
N NPOMBbITb CKBaXKWHY C MONHO nogayen HacoCoOB U BblpaBHMBAHUEM NIIOTHOCTM BypoBOro
pacTtBopa.

Mpn Hanuuumn paBneHnsa npoueaypy rMyLWeEHUss CKBaXXWHbl MOBTOPUTbL C  BHOBb
nepecynTaHHOM NAOTHOCTBLIO BYPOBOro pacTeopa.

4.7 O6beMHbIN MeTop rMyLIEeHNUA CKBaXXUHbI

Ecnv noctynmBLINA B CKBaXXWHY a3 HeNb3sl BbITECHUTb NyTEM UMPKYNAuMn (Hanpumep,
OypunbHas KONOHHA HaxXo4MTCS Y MOBEPXHOCTU NN U3BMEYEeHa U3 CKBaXXWUHbI, NN 3abuTtol
Hacagku gornota), HeobxoauMO AaTb BO3MOXHOCTb rasy BbIMTM Ha MOBEPXHOCTb. JTO
AOCTUraeTcs OTKpbIBAHMEM 3a4BWXKKW PEryNMPYEMOro LTyuepa ¢ TeM, 4Tobbl BbiMyCTUTb
HEKOTOpOe KONMMYeCTBO pacTBOpa, YTO NpuBedeT K paclmpeHuto rasa. Ona npumeHeHus
ob6bemMHoro metoga Heobxoanumo, Ytobbl MAASP (MakcumanbHO SOMYyCTMMOE AaBrneHne B
3aTpyOHOM MpPOCTPaHCTBE MNPWU 3aKPbITOM YCTbe) MPEeBbIWAno pearnbHOe [AaBfeHne B
obcagHon konoHHe. B To e Bpems npu Bbixode rasa Ha nosepxHoctb MAASP He AomkHO
npeBbiaTb AaBneHne paspbiBa 06cagHOW KOMOHHbI unn  paboyvyee paBneHue
NPEBEHTOPOB.

O6beMHbIN MeTo MOXHO pa3buTb Ha Tpu aTana:

65535. mMurpaums rasa K NOBEPXHOCTU NPU KOHTPOSIMPYEMOM pacLUIMpeHnn;

65536. BbITECHEHME ra3a pacTBOPOM;

65537. BO306HOBNEHME LMPKYIALMN.

lMepebiit aman.

B cnyyae nposiBneHus, Korga yCcTbe yXe repMeTMsMpoBaHO, nnactoBbii ontong byaer
UMETb HEKOTOPbLIN 06bEM, BbICOTY U AaBMEHME.

dnonay npegocTaBnseTCcs BO3MOXHOCTL ABUratbcsa 6e3 paclumpeHus 4o Tex nop, rnoka
AaBrneHve B BEPXHEW YacTU He YBenuuuTCa Ha BenuumHy S, pasHyo 1 Mlla,
CUMTalOLLYIOCHA 3amacoM Ha npoTuBogasneHue. [anee, nossonseMm ysenuymeatbcs P
Ha 1 MMa. 370 3HayeHwe npuvHMMaeTca 3a 3anacom pabodvero AaBneHus Ha
npoTuBoAaBneHne"”. 3aTteM BbIMUCMUATCHA KOMMYECTBO pacTBopa, KOTOpoe creayeT
BbINYCTUTb Yepes WwTyLep, YTOObl YMEHbLUUTL AaBMNeHNe B CKBaXXUHE.

KoHTponnpys gaBneHue, BbiNyCKaeTCs YacTb pacTBOPOM Yepes wTyLep B MepHuk. Obbem
BblNyCKaeMOro pactBopa AO0J/PKEH COOTBETCTBOBATb pacyeTHoW BbicoTe H . OToT o6bem
paccYnTbIBAETCS NO YPaBHEHMIO: !

V H (TTD2/4) (06bem ¢ y4eToM BypUbHOrO MHCTPYMEHTa unn 6e3 Hero).

H& aTOM aTane ouyeHb BaxHO CTPOro KOHTponuposaTb 06beM BbIMycKkaemMoro pacTeopa,
perynupysi oTBepcTue wrylepa, YTobbl nogaepXmeanocb NOCTOAHHOE 3HavyeHne P +S.
Kak TOonbko pacyeTHbii 0b6bem pacTBOpa BbinNyweH, HeobXxoauMO 3aKpbiTb |.'fJ3'TKyuep.
[MoBTOPATE Onepauuio OO0 TeX Mop, MOKa ra3 He OKaXEeTCs Yy NOBepxXHOCTW. Ha gaHHoOM
aTane ras He cnegyeTt BbinyckaTb, HEOOXOOUMO MOMHWUTb, YTO B 3TOT MOMEHT Hago
ObICTPO 3aKpbIThb WTYLEp. B 3TOT MOMeHT P AOCTUraeT MakcMMarnsHOro 3HaqYeHNs.
Mopspok pacyeToB OO MOMEHTa nop,'bema rasa OO YyCTbsl Npu 3anosiHeHun Gnadka
ob6bemHoro metoaa rnyweHus (Mpunoxexne?2):

122




KOHTpOﬂb n ynpasneHue npoueccom 6ypeHV|$| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX AaBneHun

BbibpaTtb gnanasoH paboyvero gaesneHusa P 1 BenuunHy 6esonacHoro npegena P (ot
0,1 go 1 MnMa); P "
Hantn BenuuuHy rmgpoctatm4yeckoro AaBfeHus Ha OAWH MeTp KONbLeBOro
I'IpOCTpaHCTBa no q)oplvlyne
P —p g/[n(D D )/4] (4.12)
i antm BbII'IyCKaeMbIM ob6beM AN Kaxaoro umkra no dopmyne
H=P /P (4.13)
! ,D,%'Ell;b ch/>M3M0>KHOCTb YBENUYEHUIO JaBIIeHNS B KOMbLEBOM NPOCTPAHCTBE Ha BENUYUHY
P +P , 6es Bbinycka pacTBOpa U3 CKBaXWHbI;
" np%l%TKpblTb LWITYUep v BbINYCTUTb pacyeTHbI 06beM pacTBopa.
P =P +P+ P
B%Mgﬂoumg'}an BbITECHEHMS rasa pacTBOpPOM.
HayaTb 3akaumBaHme B CKBaXWHy TOro e pacTBopa, KOTOPbIN MCMNOoSib3oBancsa npwu
Hayane nposiBneHns (p ). HarHeTaHne BeCTM OYeHb MeLNEeHHO 4Yepe3 NUHWI0 Ans
FMyLWeHNA CKBaXMWHbI. P"  HauMHaeT noBbILATHLCS. [date eMy BO3MOXHOCTb [OCTUYb
3Ha4yeHns MAASP, MVIHyFMI&gaI'IaC Ha npoTuBogasrieHne. B aTOT MOMEHT HaZo BbIKITOYUTL
Hacoc.
Paccuntatb, Ha CKOMbKO MOXeT yMeHbwutcs P, 4ToBbl 3TO  CHWXEHue
KOMMEHCUPOBAnocb rmapocTaTMYecknm AaBreHnem cTONGa  3aKaYeHHOro pacTtsopa.
Hdonyctum, 4to ©ObIn  3akadaH o6vem V . [lpeocbpazyem V B H (BblCOTa
rmgpocTtaTu4eckoro cronba). P P !
H =V /(mD%4),
AP =981 p H
MepaneHHo BbII'IyCKaTb ras 4o Tex nop, noka P He JOCTUIHeT 3Ha4YeHust KoHeyHoro P -
API. Ha aTom atane cTtpaBnueatoT ras, paCTBop npm 3TOM He BbIMyCKaeTCH. o
lMpogomkaeTca OO MOMHOrO BbITECHEHUA rasa. Bo Bpemsa HarHeTaHus He OOMMKHO 6bITb
npeBbiweHo 3HadYeHne MAASP. He gomkHO Takke ype3aMepHO cHmxkaTbcs P . B KoHue
3TOro aTana CKBaXWHa 3anosfiHeHa pacTBOPOM W HaxoAUTCA non KOHTpOJI/lISéI(M, HO He
3arnyLieHa.
TpeTun atan: BO306HOBNEHNE LIMPKYNALMUK, CNYCK KONTOHHbI MOA AaBMEeHNEM.
Ana Toro, 4TOBbLI 3aMeHUTb nepBOHavanbHbIM PacTBOP PACTBOPOM ANA [IyLleHUs
CKBaXXMHbl HEOOXOANMO B CKBaXKMHY CMYCTUTb MHCTPYMEHT. Tak Kak CKBaXKMHA HaxXo4uUTCs
noA gasrieHneM, Cnyck NpoBOANTCA NoL AaBNEHUEM.
4.8 MpepynpexgeHue 'HBI npu cnycko-nogbeMHbIX onepaumsax
Mpn BypeHnn NpoMbIBOYHAs XMAKOCTb 3a CYET CBOEW MNIOTHOCTM AOfKHA co3faBaTth B
COCTOSIHAM CTaTWKM MpOTMBOAABNEeHWe Ha nnact. [py umMpKynauum npoTuBoAaBrieHue
YBENUYMBAETCS €Lle Ha BEeNUYMHY rmapaBfiMyeckux notepb B 3aTpyOHOM MpOCTPaHCTBE.
Mpn nogbeme TPYOHOM KOMOHHbI MaKCUMarbHO OOMYCTUMOE CHWXEHWE YPOBHS
MPOMbIBOYHOM XNOKOCTU B CKBaXMHE PACCUMTBLIBAETCH B KaXKAOM KOHKPETHOM Crnyyae u3
YCNOBUSA HeJonyLeHUs nageHus [aBfieHUs B CKBaXWHE HMXKe MnacTtoBOro W,
COOTBETCTBEHHO, onpeaenseTca MakCMMarnbHO AonycTuMas AnuHa nogHuMaeMblx Tpyo
0e3 ponuBa. MakcumManbHOE KONMYECTBO CBeYerl OYpUSibHbIX, YTSDKENEHHbIX WU
HaCOCHO-KOMMNPECCOpPHbIX Tpyb, nogHumaemblx 6e3 gonuea, ykasbiBaetca B [TH n B
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nnaHe paboT MO UCMbITAHUIO CKBaXWHbI. ECnM Ha npakTuke KOHCTPYKUMS CKBaXKWHbI,
KOMMOHOBKA BYpUIbHONM KOMOHHBI UMW NAIOTHOCTb NMPOMbLIBOYHOW XUAKOCTM OTNUYAOTCSA OT
MPOEKTHbIX AaHHbIX, MaKCMManbHO AOMYCTUMOE KONMYECTBO CBeYel, NoagHMMaeMbix 6e3
AonuvBa, nepecynTbiBaeTcs 6ypoBbIM MacTepoM no oopmyrne

(4.14)
L -100522
_ B Vo~V
ae 5 v,
rge Lmax - MakCnmalribHO ,D,OI'IyCTI/IMaFI OnnHa pr6, nogHMMaeMbIX N3 CKBa>XNHbI 663

Aonuea, Mm;
pnn - N1acToBoOe AaBrieHme Ha rnybuHe L (no Beptukanun), Mla;

P> - MAOTHOCTb XXMAKOCTU, 3aNOSTHAIOLEN CKBaXWHY, I/CM ;

VC - BHYTpPEHHMA 00beM NpUyCcTbeBOW YacTtum obcagHom KoroHHbl, M3 /100 m; Vm -
yCpeaHeHHbI 06beM MeTanna n3Bnekaemblx U3 CKBaknHbl Tpy6

(c yyeTom 3amkoBbIX coeguHeHui), m3/100 m.

Kak BugHoO 13 npusegeHHon oopMynbl, CHUXKEHNE YPOBHS XUOKOCTU B CKBaXXMHE 3aBUCUT
He TOMbKO OT KONuMYyecTBa cBeYver (OSIMHbI) NOAHATBLIX TPYyD, HO U OT UX OuameTpa U
TONWMHbI CTEHKM, T.e. OT MX Beca. [lpn Hannumm HECKONbKMX BCKPbITbIX MfacToB C
pasnUYHbIMM rpagMeHTaMyM NnacToBOro [AaBMNEHUA AOMYCTUMOE MOHWXKEHWE YPOBHS
paccunTbIBaOT ANA KXAOro nnacra v NpMHMMaloT HauMeHbLUee 3HaYeHune.

Jonue CKBaXWHbl Ha MpakTUKe MPOU3BOAUTCA MNEPUOANYECKM 4Yepe3 KaKOaoe paHee
onpegerieHHoe KONMM4ecTBO NOoAHATLIX cBeYven. [lonneatb MOXHO BypoBbIMM Hacocamu, HO
Takon MeTOA4 HexenateneH Wu3-3a BO3MOXHbIX rpyObix ownbBoK onpeaeneHuns
AOMNOMNHUTENBHO 3akadYaHHoOro obvema. Hanbonee ToYHbIM ABNSETCH, OONMB CKBaXWHbI U3
OTAENbHOW AONUBHON eMKocTM obbemom 1,5 - 5,0 M3, CMOHTMPOBAHHOWM, Kak NokasaHo Ha
puUcyHke 4.6a n pucyHke 4.66 (cxema uMpKynsaunoHHOM CUCTEMbI BYpOBOro TpeHaxepa).
[Mpn HaNU4YMM B OTKPLITOM YaCcTU paspesa HECKOSbKMX ra3oBblX TOPU3OHTOB C rpagueHToMm
nnactoBoro aasnenuss 0,013 Mlla/m n 6onee BoO BpemMa cnycka OypunbHbIX Tpy6
HeobxooMMO NPOBOAUTL MPOMEXYTOYHbIE MPOMbIBKM HE3aBUCUMO OT Hanuums wunu
OTCYTCTBUSA pasrasmpoBaHHbIX nayex pacTtBopa no CTBOSTlY  CKBaXMHbI.
MpogomKUTENBHOCTD n 4acToTy  MPOMEXYTOYHbIX NPOMbIBOK  onpegenseT
TexHomnornyeckaa cnyxba npegnpuATUS Ha KaKOoOW CKBaXKWHe oTgernbHo. [onyctumas
CKOPOCTb CMyCcka KOMMNOHOBOK HE3aBMCUMO OT YCINOBUI
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PucyHok 4.6. Cxema LMpKynsaLMOHHOM cuctembl BypoBoro TpeHaxepa DrillSum 5000
Mpy NpeBbIWeHNN JONYCTUMOW CKOPOCTU Crycka BO3MOXHO MOrMoLeHne npoMbIBOYHON
XMOKOCTKN 3a cyeT adppekTa NOpLIHEBAHMS, T.€. BO3HUKHOBEHWA 06MacTu MoBbILLEHHOIO
AaBneHnst nog [OONoToM. OTO MOXET MPMBECTU K CHWXKEHUI YPOBHS B 3aTpybGHOM
NPOCTPaHCTBE N NPOTUBOLABIEHNS HA NNacT.

B cnyyae ucnonb3oBaHWA MNPOMbIBOYHOW >XMAKOCTU C YBENIMYEHHLIMU BS3KOCTBIO W
cTaTu4ecknMm HanpsbkeHnem cgsura, a Takke YBT wnmn Typbobypa yBenmyeHHoro
AanameTpa CKOpPOCTb Chycka Heobxoammo ymeHblwnTb. OcbinaHne CTEHOK CKBaXKUHbI,
Hanuune B LIAaMe KPYMHOOCKONbYaTbIX KyCOYKOB MOPOAbl FOBOPSAT O TOM, YTO CKOPOCTMU
cnycka M noabema Onu3kMm K KPUTUYECKMM 3HAYEHMSIM TO UX Hago YMeHbLuaThb.
TexHonornyeckas cnyxba npegnpuatua obsizaHa nepecymntatb 3TU BENUYUHBI U JOBECTU
00 cBefeHunsa 6yposon bpuragbl.
CoBpeMeHHasa TexHonorusa npegycmatpusaeTt bypeHune CKBaXkuHbl, Kak NpaBuno, npu Pses >
Prn. OgHaKo COOTHOLLEHME 3TO HapyLLaeTCcH, Mo psaay NPUYMH: BCKpbITME nracTta ¢ bonee
BbICOKMM, YEM OXMAArNoCb, NNAacTOBbIM AaBMEHNEM; NageHne Ps6 HUXE NPOEKTHOro 13-3a
HapyLleHNs TeXHOMormm OypeHus; HecTaburbHOCTb CBOWCTB MCMONb3yeMbIX OypoBbIX
pacTBOPOB; (PUSbTPALMOHHBIA U KOHTPAKUMOHHBLIA 3(P(EKTbI; CHMXEHNE YPOBHA OYpOBOro
pacTBopa, BbI3BaHHOE €ro MornoweHnem; norioMka obpartHoro knanaHa. [MonHOCTbIO
n3bexartb BO3HUKHOBEHMSI 3TUX CUTyaLMi NpuU CyLECTBYOLWEN npakTuke O6ypoBbix paboT
HeBO3MOXHO. CnepoBaTenbHO, MNpW  NPOBOLKE CKBaXWH Bcerga  CyllecTByeT
noteHuynanbHasa onacHocTb [HBI1. [lposBneHus, obHapyxeHHble 3abnaroBpeMeHHO,
MOryT ObITb ObICTPO NUKBMAMPOBAHLI. TpyooOeMKoCTb paboT Ho nuksugaumm [THBI
3aBUCUT B OCHOBHOM OT KONMMYeCTBa MOCTYMUBLUUX B CKBaXXWMHY MMacToBbIX (PnovaoB 1 no
MEepe ero yBenmyeHust Bo3pacTraer.
OCHOBHbIMM NpUYMHAMK, MO KOTOPbIM MNSACTOBOE [AaBfieHME MOXET ObiTb Bbile
3abonHoro, 4YTo HensbexHo npusoauT k MHBI, aensatoTcs:
- YMEHbLUEHNEe rMapoCTaTUYECKOro AaBfieHUS 3a CYET CHWXKEHUS MNSIOTHOCTU BypoBOro
pactBopa, MOCTYNMEeHNa B LUMPKYNUPYIOWNA pacTBOP XUAKOCTU MeHbLUEN MIOTHOCTMU,
HegocTaTovHas gerasaumsi OypoBoro pacTBopa;
- NageHne rmapoCcTaTUYECKOro AaBieHMs 3a CYET CHUXKEHUSI YPOBHS BypoBOro pactesopa B
CKBaXuHe (norrowieHne OypoBOro pacTBopa, HEeOONUB pacTBopa B CKBaXWHY npu
noagbeme 6ypuribHOW KOMOHHbI);
- oTpvuaTtenibHoe rmapoavHamMuyeckoe faBrieHue, BO3HUKawLwee nNpu ChyCcKONOAbeMHbIX
onepauusx, ycunmeatoLleecs 3a cyeT a(pdekra nopLUHeBaHuUS;
- HeCcTabunbHOCTb BYPOBOro pacTeopa (CHWXeHMEe NMIOTHOCTU pacTBopa, HaXo4sLLEerocs B
CKBaXWHe, 3a cYeT ocaxaeHusi TBepaon gasbl);
- 9(pdpekTbl  unbTpauMM M KOHTPaAKUMKM B COYETaHMM C  OCOBEHHOCTAMM
CTPYKTYPHO-MEXaHN4YeCKnx CBOMUCTB BypoBOro pactBopa;
- NMOrPELLUHOCTM B ONpeaeneHnm nnactoBoro (HOPOBOro) AaBNeHUS.
Ycnosue, Npy KOTOPOM BO3HUKAET NPOSABNEHNE B npouecce BypeHus nnm npomMbIBKN,
MOXeT ObITb 3anMcaHo Kak:
Prn>Pr + Prc (4.15)
rae  Pr-rmugpoctatvyeckoe AaBneHue, codgaBaemoe ctonbom 6ypoBoro pacteopa;
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Prc - ruagpaBnuyeckue notepu B 3aTpyOHOM NMPOCTPAHCTBO CKBaXMUHBbI.
Ycnosue, npy KOTOPOM BO3HUKAET NpOSABEHne npu nogbemMe KONMOHHbI TpyD, MoXeT bbITb
BblpaXkeHo hopMyIiomn
Prn=Pr- APngs- APct - Ahpg (4.16)
roe APgB - rmgpoguHamuyeckoe [faBneHue (oTpuuartenbHas cocTaBngawoLas),
obycnoBneHHoe NoAbEMOM KOMOHHbI Tpy6, MIa;
APcT ~ CHWXKeHWe CTaTU4YecKoro [aBneHuss Ha 3aboil CKBaXWHbl, O0OYCrNoBMNEHHoe
ceaAnMeHTauUnoHHbIMK siBrieHuamu, MrMa;
Ah- rnybuHa onopoXxHeHus 3aTpybHOro NpoCTpaHCTBa, M;
g - YCKOpeHmne cBobOAHOro nageHus, M/CZ;
p - NNOTHOCTL BypoBOro pacTeopa, Kr/M”.
B nutepatype durypupyet TOnbkO ogHa doopmyrna, no KOTOPOWM MOXHO paccyuTaTb
CHWXXEeHVE AaBneHus BO BpeMs NogbemMa KOSTOHHbI Tpyb dhopmyna
APns= 4 ar, (4.17)

YRS
roe  dw - HapPYXHbIN guameTp Tpyob, m.
CHuXeHne [aBneHus npoTMB FMAPOCTATUYECKOro Npu nogbeme KOSOHHbl TPyO Takke
MOXeET OblTb 06YyCrNOBMEHO N3MEHEHMEM CKOPOCTM nogbema (obpaTHbIV rMapaBiAnNyecKmn
yaap) npyv npeogosieHMn BO3OENCTBUSA CTaTMYECKOrO HanpshkeHus caBura Ha aTane
Hayana [OBWXEHUs, a Takke B CBSA3M C MAPaBIIMYECKMMU MNOTEPSMU MPU ABUKEHUU
KOJTOHHbI TPY6 BBEPX C paBHOMEPHON CKOPOCTLIO.
[Ona MOMeHTa Havana [ABWXEHMS T[MapoAuHaMuyeckoe [faBreHne MoxeT ObiTb
onpegeneHo no gopmyrne

APpgs= ar o (4.18)
4 ——+ ot (V7 -V, PR
D-d, 5,
roe Ve - CKOpPOCTb pacnpocTpaHeHUsl yaapHOW BOSHbI Mo 3aTpyGHOMY MPOCTPaHCTBY

CKBaXMHbI, M/C;
V - OOCTUrHyTas CKOPOCTb ABWXeHUs TpyO 3a Bpemsi pacrnpocTpaHeHus1 yaapHOW BOSHbI
OT 32605 A0 yCTbSA CKBaXWHbI, M/C;
Vo - Ha4YanbHasa CKOPOCTb ABWMXXEHUS KONTOHHbI TPY6, M/C;
L - anuHa KOnoHHbl Tpyo, Mm;
S7, Sk - nnowagb MNOMEPEYHOro CeYeHUss COOTBETCTBEHHO Tpybbl M 3aTpyBHOro
NPOCTPaHCTBA, M .
Mpn paBHOMEPHOM [ABWXEHUW KOSOHHbI TPYO BBEPX CHMXEHME OaBNEHUa MOXET ObiTb
oueHeHo no copmyne (6) dapcu - Bencbaxa ¢ y4eTOM CKOPOCTU ABMXKEHNSA XKULOKOCTH:
APps= 2 (4.19)
L g Ve
D - ':i:u g TEK

3
rae Vr- obbem Tpyb, NOOHATBIX N3 CKBaXMHbI 3a BpeMs T (B cekyHaax), M ;
A - KO3A(PPULMEHT rMapaBNUYECKUX CONPOTUBIIEHUN.

127



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHV|$| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX AaBneHun

N3mepeHns Ha 3aboe, coenaHHble C MOMOLLBI TenemMeTpu4ecKkorn CUCTEMbIl, rnokasanu,
4TO NpU noabemMe KOSOHHbI TPy6 c mybuHbl 2020 - 2235 M mn3amMeHeHWe AaBneHus
coctasuno 0,17 - 0,74 MlMa npwu pr = 25.5+27,2 MlMa. Pac4eTbl no dopmyne (4.18) [1 = 50
la, Ve = 1000 m/c n V = 0,2+0,4 m/c xopowo coBnagatT C pedynbratamv U3MepPEHUN
3abonHoro paenenHus. Pacdetbl no dopmyne (4.19) garoT 3aHMXKEHHbIE 3HAYEHUS MO
CpaBHEeHU0 C dakTU4yeckuMmn wnsmepeHnsmn. [lo-sngumomy, Hambornbluee CHUXeHue
AaBneHnst Npu nogbeme KONoHHbI Tpy6 HabnogaeTcs B Ha4YanbHbI MOMEHT OBUKEHUS.
Mpn pacyeTax NO NpPeasIoKEHHON opMyre pekoMeHAyeTcs npuHMMaTb CKOPOCTb
pacnpocTpaHeHns yaapHOW BOMHbI MO 3aTpybHOMY MNpPOCTpPaHCTBY AnNd oGCaXeHHOro
CTBONa, 3anofHeHHoro Bogou, pasHon 1350 m/c, n 6ypoBbiMm pacteopom 1100 m/c. Ansa He
obcaxxeHHOro cTBosia, 3anofHeHHoro 6yposbiM pactBopoMm, Ve = 800 m/c.

"HBIT npu cnycke KonoHHbI TPy6 06yCcnoBneHbl CHKEHNEM MMOPOCTaTUYECKOro AaBreHns
B HENOABWXHOM 4acTn GypoBOro pacteBopa B CBSA3WN C NMOHWKEHWEM rMOPOLNHAMUYECKOrO
AaBreHnst NPU TOPMOXEHUN KONMOHHbI TPy6.

Ycnosue, Npy KOTOPOM BO3HUKAET NposBreHne npu cnycke Tpyb, MoxeT ObiTb BblpaXeHo
doopmyrion

Prn=Pr-APct -APgc (4.20)

roe APpc - rmpgpoovHamunyeckoe AaBneHve (oTpuuaTenbHasi cocTaBnsoLwias),
06yCrnoBneHHOEe TOPMOXKEHNEM NPU CNYCKE KOSNTOHHbI TPy6.

3HauveHne APct no mepe cnycka Tpy6 yMeHbLLaeTcA.

N3mepeHns 3HavyeHun rmapoamvHaMUYeckoro AaBneHnsa npu crnycke OypunbHOM KOSOHUK
nokasanu, 4To 3a cyeT 4ero obliee AaBrneHMe B CKBaXMHE MOXET U YBENMYMBaTbCs, U
yMeHbLUaTbCA. AHann3 pesynbTaToB UCCNeaoBaHWUA NoKasar, YTO CHWXEHE OaBNeHNs He
npesblwaeT 5 % 3HayYeHWsa rMapoCTaTMYEcKOro AaBrfeHUs, PpacCYMTAHHOrO Ha riybuHe
norpyxenunsa Tpy6. lNMpn cnycke Tpy6 co ckopoctbio 1,0 - 3,0 m/c ruapoguHammn4yeckoe
AasneHve (oTpuuaTenbHas cocTaBnawLLas) criegyet onpeaensartb, No popmyne:

APpc = (0,05+0,02) P (4.21)

rAe  p_-MApoCTaTM4eckoe AaBrneHne Ha rnybvHe norpyxeHms 6ypurbHON KONOHWUN.
Mpu cnycke Tpyb co ckopocTbto meHee 1 m/c APac - 0,01 pr.

Mpwn otcyTcTBUKM UmMpkynsumm MTHBIM o6ycnoeneHbl HecTabunbHOCTLIO BypPOBOro pacTeopa,
B CBSI3M C YeM YCITOBUSA NX BO3HUKHOBEHUS MOXHO BbIpa3nTb (OOPMYSION :

Prn>Pr-APcT (4.22)

CHuxeHne paBneHus ctonba 6ypoBoro pacteopa, Haxogsawlerocs B nNokoe, o6ycnoBneHo
HeCcTabunbHOCTbIO CBOWCTB pacTBopa B COYeTaHUM C  PUIbTPAUMOHHBIMA 1
KOHTpakunounbimn adpdektamn. Mo Mepe pocta CTaTMY4eCcKoro HanpsiKeHus caBura Temn
nageHns M 3HadeHve 3abOMHOro [aBrfieHUs CHWXalTcsa. Ha ocHoBaHWM MMeroLmxcs
pe3ynbTaToB 3KCNepUMEHTarnbHbIX WCCNeAOBaHUA MOXHO NPEeAnoXuTb ChneaytoLLyo
dopmyny (10) ana onpeaeneHnst CHUXEHNA AaBrneHnsa B criydae, korga [ < 200 glla 3a 1
MUWH, ona nepuoga nokoda Ao 10 u:

APc =(0,05+0,02) Hn pg (4.23)

rae  Hn - BbicoTa cTonba 6ypoBoro pactsopa, OCTaloLLEerocs B NOKoe.

Onsa cnydas 0 > 500 glla 3a 1 MuH cHWxeHue gasneHust ctonba 6ypoBoro pacteopa He
npoucxoguT. [Ana yTOYHEHUS MpPeanoXeHHbIX 3aBMCUMOCTENM HeobXoauMMO MpPOBECTU
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AOMNOMNHUTENbHbIE 3KCMNEepPUMEHTarbHbIe NCCreaoBaHus.
KonnyectBo nocTtynarwwero u3 nnacra donounga B eguHuUy BpeMeHW B HadalbHbIN
MOMEHT NPOSABMAEHNS AOIMKHO ObITb OLEHEHO AN Cryvaes:
- OcyLlecTBNSeTCH NPOMbIBKA CKBaXXMHbI NMOCIIe OCTaHOBKM
lMocTynMBWMM B CKBaXcMHy MnactoBbii dnong BbiMbiBaeTcss € 3abos B Buae
rasupoBaHHOW Nayku, C TEeMW >Xe napameTpamn, 4YTo U npu paboTe CKBaXMUHbI.
CnepoBaTtenbHo, UHTeHcmBHOCTL THBIT 3aBucuT OT genpeccuun Ha nnacT, NPOHULAEMOCTH
N TOMNLWMHBI BCKPbITOM YacTW NPOSABNAOLWLNX MacToB, a Takke OT BMaa novaa.
- Mpun manbix o6bemax cnomaa, NOCTyNatLEro B CKBaXXUHy, Hanpumep rasa, BCreacTeme
HW3KOW MPOHMLIAEMOCTU KonmnekTopa 3abovHoe faBfieHne Bo3pacTaeT A0 Tex nop, noka
CTPYKTYPUPOBaHHbIN  pacTBop OyaeT BblAepxvBaTb BO3OENCTBME  BO3HUKAOLLEro
n30bITOYHOro gasrneHud. [locTynneHne rasa B CKBaXWHY MOXET NpekpaTUTbCs, ecnu
3abonHOe aOaBneHve CTaHeT paBHbIM MacTOBOMY WMNKU MpeBbicUT ero. B atom cnyvae
NOCTYNUBLLWIN B CKBAXXMHY NacTOBbIN brntong BbiMbIBaeTCs ¢ 326051 B B1uae raanpoBaHHON
Nayku.
- Ecnn noctynneHue dpnionga (Yalle Bcero rasa) B CKBaXWHY Npy OTCYTCTBUU LIMPKYNSLMA
oOHapyXmMBaeTCa TOMbKO NPU MPOMbIBKE Mocne cnycka OypurbHOM KONIOHUW BO BpPEMS
BbixOA4a ¢ 3a604 rasaupoBaHHOM Naykn, To NnogobHOoe NposiBfieHne Yalle Bcero He TpebyeT
NOBbILEHNSA NAOTHOCTM BypOBOro pacTeopa.
lMocTynneHne nnactoBoro nonga B CKBaXWHY Npu 6ypeHuun, npuBosLilee K NoBbILEHUIO
YpOBHS BypoBOro pacrteopa B MPUEMHbIX EMKOCTSAX, cneayeTt cHnTaTb SABNeHNneM onacHbIM
N TpedylLWmnM yBenmyeHus NinoTHOCTU pacTBopa.
4.9 N'mppaBnuyeckne cMCTeMbl yrnpaBrieHUsl NpeBeHTopamMu
Bce npeBeHTOpbl W OCHOBHble 3aOBWXKKM YCTbEBOro 000pyAOBaHMS OCHAaLLEHbI
rMmapaBnuyeckMMn  cuctemMamu  ynpaeneHns U QYHKUMOHUPYIOT MO NPUHUMUMY
rmapaBnuyeckoro  Aomkpata [OBOWHOro genctBus. Kaxgbii  npeBeHTop Tpebyer
OTAENbLHOro ynpasneHna OTKpbITUEM U 3akpbiTueM. VIx paboTa onpegensercs Hannimem
Takoro 3anaca >XMAKOCTWM Mo4 [aBreHueMm, KOTopbin B ntobor momeHT obecneuymBaet
3aKpbITME UK OTKPbITUE NPEBEHTOPOB.
Cnepyet yunTbIBaTh:
HeobxoaMMbIi 06bEM XUOKOCTU ANA peanusaumm psga yHKUUn NPeBEHTOPOB B

cnyyae CpovHOM HeobBXoaUMOCTH;

HeobxogMmoe aaBneHve ang nonyvyeHus HageXXHon repMeTUYHOCTY;

HeobxoaMmMmoe BpeMsi ANg 3aKpbITUS NPEBEHTOPOB.
Heobxoagnmo 3HaTb:

COCTaB KOMMIieKca NpeBeHTOPOB;

nocrnegoBaTesibHOCTb onepaunin No ynpasreHno NpeBeHTOpaMm ANs pacyeTa:
- Tpebyemoro o6bema paboyen xnakocTn, VT;
- obwero obbema 6annoHoB, V3;
- KonnyecTBa OanfoHOB;
- eMKOCTWN aTMocdepHOro pesepByapa;
- NPON3BOAUTENBHOCTb KaXkgoro Hacoca.
B Tabnuue 4.1 npeactaBneHbl Tpebyemble XapakTepPUCTUKM ONS 3aKpbITUS, OTKPbITUSA
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npeBeHTOPOB PA3JTNYHbIX KOHCprKLlMVI n Mogudumkaumm n npuMmepHasa nx KOMMOHOBKA.

Tabnuua 4.1 - CBeaeHnst 0 pabounx xapakTepuctmkax NPeBEHTOPOB

Hammenopa e Huanerp, | Pabouee Heobzommioe KoJmdecTEQ
il TAEJIEHHE, | EHIKOCTH, M (TAIOH)
(meoing) | MIDa (PRI | sasepemis OTKJEITHA

(Vay) (Vay)

W HME £ CAMEHEIA 346 33 0,068 0,0536

TPEBEHTON XAl IpHn (R0 (000} (17,598} (14,16}

[Imamemeid tpybeED | 346 70 0,022 0,02

MpEREHTOp Kamepon (139%) (100007 (5,800 (5,40

[ Imarmes HEl i TIyEoH | 346 il 0,041 (,0354

MpEREHTOp Kamepon [ 1358) (100007 (10,90 (10,50

[namesmeid TpyOHED | 346 70 0,022 0,02

mpepeHTop Kanepon (L33 (10000 (5,803 (5,403

NMocnepoBaTenbHOCTb PaboThbl NPEBEHTOPOB: - 3aKPbITUE; - OTKPbITUE NOSTHON COOPKN
(Hacocbl OCTaHOBIEHbI); - 3aKpbITHE.
'maopomexaHmyeckas 3adBWMKKa Ha ApOCCenbHOW NuHUKM OyaeT 3agenctsoBaHa npu
Kakgom cnydae n obbem ansa 3akpbiTua unn oTkpbiTna ByaeT paBHsaTbea 0,0038 M (1
ransion).
Crangapt AHW pekomeHayeT He onyckaTbcs Huke 8,5 MIMa (1200 dyHT/ kB. Atonm) (HO
HeKoTopble onepaumm MoryT notpeboBaTb 6oree BbICOKOro 3Ha4eHnd). 3ta MUHMMarnbHas
BEMYMHA  COOTBETCTBYET  OCTATOMHOMY  [aBfneHWt0 B KOHUe  Tpebyemon
nocnenoBaTeNbHOCTU onepaummn
Mo onpegeneHnto, nonesHbii 06bem Vn coctaenset V. = V2 - V1.
Mo 3akoHy MapunoTTa, nony4vaem: P1 V = P V = P V
V =P V/P nVl= P V/P

ﬁOJ'Ie3HbII/1 obbem Vn = -V = P Vv /P PV /P Vv (P /P P /P )
V=V (100011200 - 1000/3000) = V12 % °
ecnn P =21 Mla (3000 cyHT/ KB. /:uovuvl) P2 = 8,5 MlMa (1200 dyHT/ kB. Atonm), a
MMMa (1000 YHT/KB. OONM).
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[NpedEapMTENEHD
JAPMHEH 330THEIM
razom oo 7 wMa (1000
Py HTIKE. JHAM), Y3

A

Vs o

JARTHEH HMOKOCT B [MpyrogHaA *MOKOCTE — 3T0 OB REM,
CHCTEMHEIMM HACOD 3hK COOLMHALMACA B SKKY My AT 0pe
a0 21 MMa (3000 NpW O3ENEHMA BRIWe 3,5 MM a
iy HTKE. AR %1 (1200 dhy HTKE IR0 MR, 2

PucyHok 4.6 - PucyHok 3apsigku 6ansoHoB

OrpaHuyeHue no craHaapty AHUA RP16E
[Mpn OTKMOYEHHBIX HAcOCax akKyMynsiTOpHble €MKOCTU LOSKHbl COOTBETCTBOBaTb ABYM
YCIOBUAM:

3aKpblTMe BCEX NPEBEHTOPOB C HyrnesBbiM AasrieHneM nod MNMBO u 3anacom obbema
50%;
- nocre 3akpbiTUsi MPEBEHTOPOB OCTATOMHOE [aBrfieHMe [OSMKHO MpeBbIWAaTh
MUHMManNbHOE pacyeTHoe pAaBrieHne, 4YTobbl Oblna BO3MOXHOCTb 3aKpbITUA NOGOro
nnawe4yHoro npeBeHTopa (3a WCKMNOYEHMEM MNPEBEHTOPA CO CPEe3HbIMW Mnawkamu) ¢
pabouum gasneHmem Or1.
4.9.1 OnpepneneHue Tpebyemoro ooema paboyen xumakoctu (Vt)
Ob6bem ona 3akpbITUS:
2V3 =17,98 + 5,8 + 10,9 + 5,8 = 40,43 rannoHos (0,153 M3)
O6bem ANs OTKPbITUS;
2Vo =14,16+5,4+ 10,5+ 5,4 = 35,46 rannoHos (0,134 M3)
Heo|6XO,EI,VIMbIl7I obbem VT:
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VT =40,48%2 + 35,46 + 3= 119,42 rannoHa = 120 rannoHos (0,454 M3)
4.9.2 OnpepeneHue obwero o6ema emKoctTeun
Mpumem 3a V. ob6bem npensaputenbHon 3apsgkm 6annoHa (06blMHO B COOTBETCTBUM C
npasunom AHW naenenuve 6yaet 7 MlMa (1000 coyHT/ kB. Atonm) £ 10 %.
Mpn paboyem gaBneHUN akKyMynsSTOPHOW YCTaHOBKM P1 (06b14HO 21 MIMa (3000 doyHT/ KB.
AKoKnM)) aToT 06bEM CoCTaBuUT V1.
Mpyn MMHMManbHOM paboyem gaBneHuu P2 cooTBeTCTBYylOWMI 06bem ByaeT V2
B atux ycnosusax nonesHbin 06bEM NO €MKOCTAM COOTBETCTBYET MonoBuHe obbema V
(o6bem, 3aHMMaeMbI ra3oM B YCMOBUAX NpeaBapuTenbHon 3apsakun). Ons CTaH,u,apTHoﬁ
eMKocTu Ha 11 rannoHoB cyuTaeTcs, YTo oobem aszorta coctasnsaetT V3 = 10 rannoHos,
oTkyga Vn = 5 rannoHam.
4.9.3 O6ocHOBaHMe Yncna 6annoHoB
3Has "nonesHbli 06beM eMKOCTU N 06beM V , Kak yka3aHO BhbILLE YNCIO eMKocTen ByaeT
N6 =V /V

B npuBeneHHOM npumepe Ons CTaHAAPTHbIX "eMkocTel Ha 11 rarnnoHOB MUHUManbHOE
konun4yectBo 6bannoHoB N6 coctaBuT

N6 = 120/5 = 24 6annoHa
Mpumeyanue: CtaHgapt AHM RP16E TpebyeT, 4Tobbl B Criyyae aBapum C EMKOCTbHO UK
pacnpegenurtenem notepu 6binm He 6onblue 2.5% oT o6wero obbema cucTeMsl.
4.9.4 OnpepneneHne obbema atmoccepHoro pesepByapa
Mo npasunam AHW, MuHMManbHbIn 06beM pesepByapa paBHAETCHA ABOMHOMY MOME3HOMY
00beMy yCTaHOBKM.
Taknm obpasom, ecnm 6annoHbl paspspkatotes ot gasnexusa 21 MlMa go 8,5 MlMa (ot 3000
00 1200 cyHT/ KB.OONM), pe3epByap MOXeET NpUHATbL TpebyeMbin 06beM, B TO XKe BpeMs,
ecnun Heobxo4MMo 3anosfTHUTb EMKOCTU OT gasneHus 8,5 MlMa go 21 Mra (ot 1200 go
3000 cbyHT/ KB. AtonM), paboyast XNMOKocTb UMeeTCs B LOCTAaTOMHOM KONMYECTBE.
B Hawem npumepe MuHMMarnbHbIn 06beM pesepByapa coctaBnseT 240 rannoHoB.
4.9.5 O60cHOBaHMe NPOU3BOAUTENILHOCTU HACOCOB
Komnnekc, HaCOCHON CUCTEMbI aKKyMyNATOPHOW CTaHUUKN AOSMKEH 3anonHATb 6annoHbl oT
AaBneHns npeaBapuTenbHOn 3apsaku 4o paboyero gaBneHnsa ycTaHOBKM MakcumMym 3a 15
MUHYT. B cTaHgapTHbIX ycnoBuax (npeasaputenbHas 3apsagka go 7 Mila (1000 dyHT/ kB.
awonm), pabodee pasneHne 21 MMa (3000 dcyHT/ KB AroMMm)), crnegoBaTenbHO,
Heobxoguma nogkadka 2/3 obuiero obbema emKocTeW, TO €CTb B HalemM npumepe
NPOM3BOONTENIBHOCTb COCTaBWT;
Q=V3 x 24 x 0,67 /15=240% 067 /15 =10.72 ran/mMuH.
Kaxxgas HacocHas cuctema gormkHa obecneymsaThb, Npy HepaboTatowmx akkyMynsaTOPHbIX
GannoHax, 3akpbiTue BCEX MNPEBEHTOPOB, WCKMYas AMBEpPTEp, MpUM MUHUMAarbHOM
anameTpe mcnonb3yemblx TpyO M OTKpbITUE rnaBHOM OOKOBOWM 3a4BWKKW. OTa onepauus
AOIDKHA npojormkatbcs He 6onee 2 MUMHYT NpyM  OQHOBPEMEHHOM  COXPaHEHWUn
AOCTaTOYHOrO OCTaTOYHOrO AaBrfieHus Ana obecneyeHns repmMeTUHHOCTU 3aTpyBHOro
NPOCTPaHCTBA.
B Hawwem npumepe 31O BblpaxaeTca cnegyowmm obpasom:
- MMHUMarnbHasa NPOM3BOANTENIbHOCTb HACOCHOW CUCTEMbI AN AAaHHOrO KOMMeKea:
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(17,98 rannoHa + 1 rannoH)/2 muH = 18.98 rannona/ 2 mvH = 19 rannoHos/ 2 MuH = 9,5
ran/muH

[MprMeyaHue: TOT e pacyeT AOSMKEH ObITb BbINOMHEH Ana 3aTpybHoro npoctpaHcTea 20",
ecnu ucnonb3yetca coopka 20", 4yTo gaer:

O6bem 3akpbITUA yHMBEpcanbHoro npeseHTopa Hydril 20-3/4" MSP; 31,05 rannoHa.
Ob6bem, koTopbIn nNpuHUMatroT B pacdete: 31,05 + 1 = 32 rannoHa, cnegoBaTenbHO,
NPOn3BOAUTENBHOCTb HAacoCcoB cocTaBuT: 32 / 2 = 16 ran/mMuH.

4.10 Ob6ecne4yeHne paboTOCNOCOOHOCTN aKKyMYNATOPHOW CTaHLUKN

B uensx HeponyweHUs OCMOXHEHWA aKKyMynsaTOpHas CTaHuMa AOfKHa ObiTb Bcerga
rotoea Kk pabote. [1ns 3T0ro He06X04MMO NOCTOAHHO OCYLLECTBIIATb KOHTPOSIb C OTMETKON
Ha crneuuanbHOM KOHTPOSIbHOM NUCTE: BpeMeHU 3apsiakv GannoHoB; OaBNeHUsa nycka u
OTKMNIOYEHMSI HACOCOB; YPOBHA paboyver XKuakocTu B pe3epByape; B pamkax
npeaBapuTenbHON 3apaakn 6annoHOB; BPEMEHWN 3aKPbITUS CKBAXKMHbI KaXXOoW CUCTEMOMN
HacoCOB (MpW OTKMNIOYEHHbIX BannoHax); xapakTepUCTUKN 3aKpbITUS NPEBEHTOPOB TOSbKO
C MOMOLLbIO aKKYMYNSATOPHbIX BanmoHOB; BPpEMEHWN 3aKpbITUS NPEBEHTOPOB.

4.10.1 KoHTpOonb BpeMeHu 3apsaaKku 6annoHoB

[1Be HacoCHble CUCTEMbI AOSMKHbI BMECTE UMETb BO3MOXHOCTb 3apsanTb akKyMynsitop OT
AaBneHns npeasaputenbHon 3apsgku G6annoHoB (7 MMa - 1000 dyHT/ KB. AonMMm) Oo
paboyero gaesneHus yctaHoBku (21 MlMa - 3000 oyHT/KB. AONM) MaKCUMyM 3a 15 MUHYT.
4.10.2 KoHTponb NycKOBOro AaBJfieHUs1 U OTKITHOYEHUS1 HACOCOB

Kaxxgas HacocHasi cuctemMa [ofbkHa 3anyckaTbCs, Korda [OaBfneHwe B akKymyrnsaTope
noHmkaeTca Ha 10% (go 19 MIlla - 2700 cyHT/ KB. AONUM), U OTKMAKOYATCbSA, KOraa OHO
pocturaeT paboyero gasneHus yctaHoku (21 Mla.- 3000 cyHT/ kB AloNM).

410.3 KoHTponb ypoBHs1 paboyen XNOKOCTU B pe3epByape

O6bem pabouen XnMOKoCTN B pesepByape LOMMKeH ObiTb TakMMm, YTObbl yCTaHOBKa Morna
paboTtatb 6e3 ocnoxHeHun B AnanasoHe mexay 7 u 21 MMa (1000 u 3000 cyHT/ kB
OIONM).

410.4 KoHTponb npeaBapuTenibHOM 3apAaKuM 6annoHoB

N3mepnTb nony4yeHHbIn 06bem nocrne paspsagkm 6annoHoB oT 21 go 14 MMMa (3000 go
2000 coyHT/ KB. AONM) U CPaABHUTb Er0 C TEOPETUYECKUM 0O BEMOM, KOTOPbIN A0SMKEH BbITh
NonyYeH nNpu ycrnosun npegsaputenbHon 3apsakm npy 7 MlMa (1000 cyHT/ KB. ronm)
PacuyeTt aToro o6bema ocyLecTBAsIeTCS Tak Xe, Kak u ana Tpebyemoro obbema, 1O ecThb:
V3 / 6.

Ecnu nony4eHHbIn 06beM MeHbLLE TEOPETUYECKOrO, MOXHO 6e3 Tpyaa OueHUTb AaBneHne
npeaBapuUTENbHON 3apaaKu P3 cnegywowmnm obpasom

P3=6000 x Vn / V3

[aBneHne npeaBapuTENbHON 3apsfkuU OOMKHO MPOBEPATLCS Kak MUHUMYM B Hadane
OypeHuns KaKaon CKBaXKUHbI 40 COeQMHEHUSA NPEBEHTOPOB C aKKyMYyNSTOPHOW CTaHUVEN.
4.10.5 KoHTponb 3aKpbITUS CKBaXUHbI KaXXAOW CUCTEMOMN HacCOCOB

Mo ctangapty AHU RP 53:

Mpn HepaboTalwwmx GannoHax Kaxaas HacoCHas cucTemMa [JOSKHa MakCuMyMm 3a 2
MUHYTbI 06ecnevnTsb.

65535. 3aKkpblTUe yHMBEpCanbHO NpeBeHTopa Npu UCNOMb3yeMbIX BYpunbHbIX Tpybax,
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65536. OTKpbITME 3a4BWXKKN C ANCTAHUMOHHBIM YNpaBneHneM Ha OpOCCEenbHOM NINHUN.
65537. Hanuume ocTaToOYHOro AaBrieHus B cucteme Ha yposHe 8,5 MIla (1200 cyHT/ KB.
O01M).

Mo ctangapty AHN 16 H

Mpn HepaboTawwmx GannoHax Kaxaas HacoCHas cucTemMa [[OSKHa MakCUMyMm 3a 2
MUHYTbI 0becnevnTb

3aKpbITME KaXK4oro npeBeHTopa (Mckntovast gmeepTep) Ha BypunbHbIX Tpybax camoro
mMarnoro guameTpa,

OTKPbITME 3a4BWXKKN C AUCTAaHUMOHHbLIM YNpaBreHneM Ha APOCCESbHOWN NINHWUN.

Hanuyve OCTaTOMHOrO [aBfeHud, MO KpanHen Mepe paBHOrO AaBrEHMIO,
pekoMeHOyeMOMYy Mpou3BOAUTENEM YHUBEPCAlbHOrO npesBeHTopa Ansa obecneveHus
repMeTM4yHOCTM 3aTpyOHOro NpocTpaHcTBa
4.10.6 KoHTponb XapakTepuCTUKU 3aKpbITUSA CKBaXWUHbl TOJIbKO
aKKyMYyATOPHbIMU GannoHamu
Mpn HepaboTalWMX HACOCHLIX CUCTEMAX aKKyMynATopHble 6GannoHbl  OOXKHbI
yOOBNETBOPATL ABYM Hanboree XeCTKUM YCIOBUSM.

3aKpbITME BCEX MPEBEHTOPOB C HYNEBbIM AaBfEHMEM MO NPEBEHTOPOM M Hanuuve
octato4Horo o6vema 50% no TpeboBaHuAM npaBun 6e3onacHoCTy;

NPV 3aKpbITUN NPEBEHTOPOB KOHEYHOE AaBreHue AOSMKHO NpeBbIWaTh Heobxoanmoe
pacyeTHOe [JaBfeHve [ANns 3aKkpbiTUS NaweyHblX MNPEBEHTOPOB (3@ WCKOYEHMEM
NpeBeHTopa CO CPe3HbIMWU Mrawkamu) Npu OaBNeHUN B CKBaXKWHe, paBHOM paboyvemy
AaBMEHNIO NPEBEHTOPOB.

Mpumep: 10 MlMa (1400 cyHT/ KB. AlOVMM) NpeacTaBnaeT Heobxooumoe AaBneHue Ans
3aKpbITMa npeBeHTOpa ¢ TpybHbiMM nnawkamyn Ha 70 MIMa (10000 cyHT/ KB. Atonm) C
COOTHOLLEHMEM 3aKpbITus 7/1.

4.10.7 KoHTpoONnb BpeMeHU 3aKpbITUA NPEBEHTOPOB

Mo ctaHgapty AHN 16 E:

Bpems 3akpbiTnA (OT Ha4Yana 4encTBUSA 40 NOSMHOMO 3aKpbITUS) OOMKHO ObiTb:

+ mMeHbwe 30 cekyHO ANA nnawedHbiX NPEeBEHTOPOB BCEX AMaMeTpoB, W ANd
YHUBEpCarbHbIX MPEBEHTOPOB ANaMeTpoM MeHee 18-3/4";

¢ MeHblle 45 cekyHA Ans yHMBepcanbHbIX NPeBEHTOPOB AnameTpom 18-3/4" n 6onee.

Mo ctangapty AHN RP 53:

Bpems-3akpbiTns (0T Havyana AencTBMst 40 MOMHOIO 3aKpbITUA) AOSHKHO ObITh;

¢ wMmeHbwe 30 cekyHa [Ans nnawedHblX MPeBEeHTOPOB BCEX [AMaMeTpoB U Ons
YHUBEpPCanbHbIX MPEBEHTOPOB AnameTpom MeHee 20",

MeHbLUe 45 cekyHA NS yHMBepcarnbHHbIX NpeBeHTopoB AnameTpom 20" n bornee.
MprmeyaHue: 3agBMKKN APOCCENBHON NIMHUM U NIMHWW TAYLWEHNSA OOSMKHbI 3aKpbiBaThCS 3a
BPEMSs, KOTOPOE MEHbLLE BPEMEHM 3aKPbITUS NialleyHbIX NPEBEHTOPOB.

4.11 Cuctema AUCTAHLMOHHOIO ynpaBrieHUs aKKyMyATOPHON CTaHUuen

Ha pucyHke 4.10 nokasaHa cxema YCTaHOBKM M €€ pacnosiokeHuda. YcTaHoBKa
npeAcTaBneHa Ha cxeme cnesa. Paboyas XuOKoCTb MPOXOOUT OT akKyMYNSTOPHbIX
6annoHoB k NpeBeHTOpaM (rMbkue unum xecTtkme TpybonpoBoAabl, UCMbITAaHHbIE Ha paboyee
AaBreHne yCTaHOBKM).
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YcTaHoBka pacnonaraetcsi B npegenax 30Hbl 6e3onacHocTu, 4Tobbl He MnogBepraTbes
NnoBpeXaeHNsM B criyyae BbiGpoca.

YnpaBreHne MOXET OCYLLUECTBMSATbCS C MynbTa AWCTAHUMOHHOINO ynpaBneHus y nocTa
OypunblLMKa UM ¢ BCIOMOraTenbHOro nynbra.

YeTblpe MaHOMeTpa NO3BONSOT B N060M MOMEHT ybeamTbes, YTO YCTaHOBKA HaxXoaMUTCs B
paboyeM COCTOSTHUW.

PucyHok 4.10 - Cxema ycTaHOBKM akKyMynAaTOpHOW cTaHuun 1- fmgpasnuyeckne
pacnpegenutenu, 2- CoeguHutenbHas nnuta, 3- BcnomoratenbHbin NynbT yNpaBneHus,
4- MNynbl ynpasnexus dypunblimka, 5-TpybHas obesska, 6 - Kabenb anekTpo- nnm
NHEBMOKOHTpONS 7- [MaponHeBMaTMYeCKUM Hacoc 8 - SneKTpoHacoc

Komnnekc MNBO (pucyHok 4.11) npeacTtaBneH cneunduyeckorn CUCTEMON OTKPLITUA U

3aKpbITMA AN KaXKO0ro afieMeHTa, KOTOPbIN BKKOYAeTCa TONbKO NpU yYCNoBumn
OLHOBPEMEHHOTO BKITHOYEHWNA IMABHOIO KpaHa (NpuHUMn ABYX pykK). lNonoxeHne
4-X0[0BbIX KPAHOB YCTAHOBKW YKa3blBaeTCs CBETOBbIMW MHOANKATOPaMn 3eMneHoro unm
KpacHoro uBeTta. bonee nogpobHo pabota 6noka NBO onucana B pasgene 3.
4.12 Nasocenapartop 6ypoBoro pacteopa (pucyHok 4.12)
Mpn onpeaeneHnn MakcMmanbHOro BO3MOXHOMO AaBrfieHMs1 B rasocenapartope BO
n3bexxaHun NpopbiBa rasa, MCNOMb3YT crneayoLlyo hopmyny
P =P, ><g><H
roe p - NNOTHOCTb AerasmpoBaHHOro r8§/p0|3oro paCTBopa
H4 PBbicoTa cTonba BypoBoro pacteopa B U-obpasHon Tpybe

135



KOHTpOJ‘Ib n ynpasneHue npoueccom 6ypeHM9| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX OaBreHumn

PucyHok 4.11 - briok ynpasnenus NBO 1 - gaBneHune akkymynsitopa 21 Mlla (3000 cpyHT/
KB. AtonMm) 2 - gasneHne madndonsaa 10 MlMa (1500 gyHT/ kB. Atonm) 3 - faBneHne
Bo3gyxa 0,7 MlMa (100 cyHT/ KB. AoVM) 4 - AaBneHne B yHUBEPCanbHOM NpeBeHTope B
npeaenax 5-10 MlMa (700-1500 doyHT/ KB. AtoNM)
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BrinyckHoe oTBEpCTHE raza
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PucyHok 4.12 - TunnyHbIn razocenapatop 6ypoBoro pacteopa
4.13 OnpepeneHve ruapaBriM4ecKOro AaBrfieHUSs HeobGXxoAMMOro AnA 3aKpbITUS
npeBeHTOpa
[laBneHve 3akpbITUa ABNAKTCA CPEeOHUMU U UMEKT pasHble 3HaYeHusa O51s Kakgoro
npesBeHTopa. HavanbHOe [gaBreHve 3akpbiTMe  UCMNosib3yeTcsa  ANs  YCTaHOBKU
NUKMPYIOLLIErO 3fieMeHTa, U M3MEHSIeTCS MNPOMOpPLUMOHANbHO MOBbLIWEHUIO AaBMEHUs B
CKBaXuHe. [laBrneHne CKBaXWHbl YyOepXuBaTb 3aKpbITbiM  NPEBEHTOPOM  nocre
npeBbllEeHNa  HeobxoguMmoro ypoBHs. OnpegensaloT  3akpbiTUe  YHMBEPCanbHOro
npeBeHTOpa A5 Pa3nMyHbIX TMNOB TPYO no rpadpuky (pMcyHok 4.13).
[aBneHne Heobxoaumoe Anga repMeTn3aumm YCTbsl CKBaXKMHbI NNaLleYHbIM NPEBEHTOPOM
onpeaensieTcst COOTHoweHMeM 3akpbiTna (oT 6:1 ao 10:1) n COOTHOLLEHNEM OTKPbITUS
(2:1) mexxgy naBneHnem B CKBaXXMHe U AaBneHUEM 3aKpbITUA NpeBeHTopa
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PucyHok 4.13 - 'paduk onpegeneHns aaBneHus 3akpbiTUS YHUBEPCAlibHOIo NpeBeHTopa
Hanpumep. Ha ycTbe ckBaxuHbl yCTaHOBNEHO cneaytowiee obopyaosanHue MNBO:

Tpu nnaweyHblx npeseHTopa Cameron U, 13 5/8" (346 mm) c pabounm gaBneHuem
3akpbITvs 70 MIMa (10000 doyHT/ kB. Atonm). YHUBepcanbHbin npeseHTop Hydril GK 13 5/8"
(346 mm) ¢ pabounm gaeneHvem 3akpbiTns 35 MlMa (5000 cpyHT/ kB. AloNM).

[Mpn BO3HUKHOBEHUWN YHMBEPCArbHbIN NPEBEHTOP Ha Tpybax anameTpomM 127 MM 3akpbinu.
lMocne ctabunusaumm gaBneHUss MaHOMETP KOMbLEBOro NPOCTPaHCTBA Nokasan gaBfeHue
7 MIMa (1000 goyHT/ kB. AtonMm). TpebyeTcs onpeaenuTb, Kakoe rmapaBnnyeckoe gaBreHune
OOIMKHO COOTBETCTBOBATb [AaBMEHUIO 3aKpbITUS AONA  KaXOoro npeBeHTopa, YToObl
yOOBMNEeTBOPATbL peKOMeHAaUnnN N3roToBUTENS.

Mo Homorpamme npeacTaBrieHHOM Ha pUcyHke 4.13
Takum 06pa3oM [ns 3aKkpblTUA YHMBEpPCanbHOro npeBeHTopa notpebyeTcsa OaBneHue
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3akpblTua pasHoe 2,1 MMa. [Ona npeseHTtopa Cameron U, 13 5/8" (cooTHoweHue
3akpbiTMa 7:1) Heobxooumo nodaTb AaBnNeHWe ANa repmMeTudauumn yCTbSA CKBaXKWUHbI
paBHoe 1 Mla.

5 fenctBus 6yposou Baxtbl npu MHBI

5 NeuctBusn 6yposou BaxTtbl npu MHBI

MpakTuka 3HaeT Hemarno cry4Yaes, KOraa NposiBNEHUS Nepexoauny B OTKPbITble (DOHTaHbI
TONbKO BCMEACTBME HEYETKON M HecraxeHHow paboTbl 0GCnyXMBaloLWero nepcoHana. B
9KCTpeMarbHbIX CUTYaUMsX B CBSI3N C MOBbLILUEHHBIM HEPBHO-MCUXUYECKUM HamMpsiKeHUEM
06513aHHOCTN 1 NOPSAOK AENCTBUIA KaXkaoro YneHa GypoBowv BaxTbl AOMXKHbI ObiTb CTPOro
pernaMmeHTUpoBaHbl, YTOObl M3bexaTb OLIMOOK, PacTePSAHHOCTU M CBSA3aHHOW C HUMMU
notepu BpemMeHW. Onepaumm Mo [NYLEHUIO CKBaXWH [OMKHbl BbINOMHATLCA MOA
PYKOBOACTBOM OTBETCTBEHHOro paboTHMKA B COOTBETCTBUM C paboyelt kKapTow rnyLleHus
UNK No crneynansHOMy nraHy
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[Inmeie 1 Meponpuarsa oo Pabormm, Henomanrenn
KOCEEHHEIR mEEHTAE [ HBII OTEETCTE EHHEH
npisEaxH [HBIT 23 BENIOJHEHHE
Evpernie
[p e [logamT CHrHAT BypHmeipn BypHmEIE
PHSHAKH «Brbpocs. | -EI TIOMOLITHITE
VEEIIHEHHE [IpexparraroT T OsnAnGi)
obEena (VPOBHA) | YTJIYOIIEHE CHEARHHEL -0 M 3-1
fypoeoro BEIMOYAT HACOCEL TIOMOLITHHE
PACTEORA E [lommmAanT foaIaTo S OsnAnGIE)
IpHEMHOHA Hap 2aboen
EMIOCTH Ha I/2, | HABMHMMEAMT MIApOECH
Ho He bonee 1,5 | xpad (obpaTHEIR
[loprmmemie KJIATIAH) Ha DypHAEHY
pacyoma YDy INH OTCYTCTEHH
( CHOpOCTH) ET'0 0] BEyIIeH
EEEZOTALIIET 0 Tpyhoi.
fynoeoro OTHpPEEART
pacTEOpa K2 THAPOYIPAEIAEMY ) H
CHEAKHHEL PYHHEIE 2a]IBIDERH HA
T OCCEMEHOH JIHHE.
SAKPEBAI0T
VHHE ) CANEHEIH
P OCHMOTY (TIPH £ro
OTCYTCTEHH — BEQHHIH
TITATTIEHHED) .
CoobiamT By pHIEIE
nyroeoncTey PHTC o
E0smEHoBERRH [ HEIL
Hemtegnesso
SAKPEEANT OpOCCENE.
PETHCTRHNYET
H20RITOMHOE TARTIEHHE JlahopasT
E DypHIEHOE H
0b camgHOR KoJI0HHA:.
[omemoyar T Hacoc,
OIENETART [y, 3-H I0MOIIHIE
OTEPEEANT IPOCCENE, BypHIEITE
EEMEIESEOT [ITACTOERIH
ImIHT, 2-H TI0MOTITHAE
YroEenaaT Oypopod BypIUmELInGA

PACTEOR B IPHEMHEL
EMIOCTLL
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SAKATHEANT B
CHEAKHHY
YTOEENEHHEH Oyposof | Dypopof mactep | Byvpumeupm, 1-H
pacTeop H 2-H I0MOITHHE
By pIUTELIEA
Bypanennz, 1-f,
2-H, 3-8
TIOMOILHITH
BypIUTEIIHA,
nabopant
Bypumenps;, 1-8,
2-H, 3-H
TIOMOILHITH
Y pHIEIHEH
CIyCKO-NOTEEMHELE ONEPAITHHT
Y MEHEIITEHHE [TomarT CHrHAT By pHIELRE Bypumenpm, 1-4,
T 0 THE #Bribpocy Henennerso 21, 3-8
KOHTPOJIEHOT O TPHCTY AT K CITYCEY TIOMOILHIEH
obrema Dypoeoro | Tpyh. By DRI,
pACTEORA, Coobugator nafopasT
DOMMEAEMOI0 B | pykoeogcTeEy PHITC 0
satpyhHo & EosHHOEeHHE [ HBIT
IpOCTPAHCTED KontpomipyioT obnen
IpH [NONEEME ERITECHAEMOH
BypiEHOH EHIHOCTH.
EomoHHEI Ha Y | [TpopmosmxamT cImycy Bypoeof mMactep | Bypiwmnpm, -8,
Yp, HO He Donee | HHCTRpYMERTA 0DBEM 2-H, 3-H
1 TI0CTYILT EHHA TIOMOILHITH
Y EEIITHEHIE IACTOEOrD QUM HE DI
PO THE IPEBEICHT ¥2 Wi,
KOHTOTEHOT O HaruyumMEamoT Ha Bypumeona; Bypumenpz, 1-5,
obeema DypoBOro | KOJMOHHY DypHIEHED 2-H IOMOLIHIT
PAcTEOpA B Tpyh obpaTHEIR Kanan By pIDTELIEA
IPHEMHCOH (LIapOECH KpaH).
EMEOCTH IIH ITpu nepemuee 12 Tpy¥0 | Dypoeof mactep Byprmeinx
CITYCKE SAKPEEANT MAPOE0H
BypHEHOH KpaH.
K OJOHHED HA Y OTHPEEANT Bypumenp, -8
Vip, HO He DoNee | THOpOYIIPABILIEMY IO TIOMOLIHHE
1 1 TepemE SAMBITKEY H aJIBIEEH By pIUTELITERA
fypoEoro Ha [ 0CCETEHOR JHHHE,
HACTEODA H3 OTHPEEANT BepsHHA BEypoeof Mactep | Bypumenpm, 1-H
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CHEAKHHE] TIAITIEYHET TP EECHTOp TIOMOTLHIE
{ BCJO HHCTPYMEHT B Oy PRI A
oficamHoA KOIOHHE)
wo [[¥T (pu
HAXOK IEHHH
HHCTRYMEHTA E
OTEPEITOM CTEOJIE).
HaenHmEaoT Ha bypumeupm, 1-4,
bypiomesEle TpyhE 27, 3-8
TP OMEIE OHHYH) T OJIOERY TIOMOILHITH
C KpPaHOoM BEICOKOL 0 BypHIELEEA
TABJIEHH A HITH
BEMYILYH TPy,
IWegneHHo 2aKpPEEART 1 -H TIOMOIITHIE
IpOCCETE DY pITELI R A
CHMMAN T MOKASAHHA bypumeups, 1-H
MAETEHHA B ofcagHoR TIOMOTIHEE
KOJIOHHE B OVPHIEHED VPRI EA
Tpyhax, OIpemendaT 00
IPHEMHOR EMKOCTH
0DEEN OCTYIHEIIET O
IUACTOEOr 0 (UIHHTA.
Hamenefmine pafoTe W enep- Bypumenpe, 1-4,
HAMPAETEHE! HA TEXHOMAT A1, 3-8
mreEngans [HBITr | (DypoEof MacTep) | IOMOLHEH
BREIOTHAKTCA 10 By pMIEILEEA,
VHAAHHE nafopasT
oreeTcTEEHHOrD HTP
["eodmzrdeckaie paboTH
[lenemE 2 [loparoT cHUHAN BypHnELpE BypimEipg
CHEAEHHE] #Brifipocs.
Bypoecro [IpexpamanT Havamexmm
MACTEpA rendHsHIeCkie AP THH
pafoTeL
[omemaarn T
reodHIdeciie
IpHOOpPE HY CEEEEHHEL
CoobIam T 1 -H TIOMOIITHIE
PYKOBOOCTEY H Oy pHIELEEA
eosmmaien [HBIT
[pucTymarT ¥ COyCKy Bypumenpm, 1-H
HHCTPYMEHTA C TIOMIOTLHIE
0OPATHEM KIATAHOM K By pITELIEA

IpOIOITEANT CIVCE,

TI0KA 0bEEM
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TIOCTYILTEHHA (MR
HE [PEBEICHT Y Vi, |
TIpEKpAIAT CITYCK B
TEPMETHIHPYHIT YCTBE
CHECKHHEL

[IpH HHTEHCHEHOM BypopoH MacTep Havamnm
IpOABNEHIH py0AT TIap THH
¥abem: 1

T EPMETHIHPYIT
CHEAKMHY ILTAIIHANH
IpEREHTONA.
Hamsaefime paboTe Hxenep Byprmeipm, 1-3,
HATDAENEHEL Ha TEXHOJOT -1, 3|
mrERfamo [HBII | (OypoEol MacTep) | DOMOLRDEH
ERIIONHAKI TCA 110 BypHMELIEa,
HASAHITH nabopanT
oreercTeeEHoro HTP

6 BONPOCbI AN OLLEHKU 3HAHUI

6 BOMPOCbI AnA OLEHKN 3HAHUA

MO OKOHYaHMW N3yYeHUa JaHHOW ANCUMMNIUHBI CTYAEHT (CTaXep) AOSHKEH 3HaTb U B
NonHoM obbeme OTBETUTbL Ha CrieayoLme BONpocChl:
3apaHue
1 OB6BbACHUTL MO3TANHO MPOLECC CNyCKONOABLEMHbIX Onepauun Kak ¢ UCNosib30BaHMEM
BeayLlen Tpybbl, Tak U C BEPXHMM MPUBOLOM.
2 lNMpownssectn Bce Heobxoanmble pacyeTbl gna Clr10.
3 Kak CI1O cBasaHHo ¢ HBI1?
3apaHue
1 N306pas3nte nnaH pasmeLleHns obopyagoBaHus 6ypoBoro TpeHaxepa «DrillSim 5000».
2 O6BbACHUTL Ha3HadYeHne NynbToB ynpasneHus Ha TpeHaxepe «DrillSim 5000 .
3 OBbACHUTL HasHayeHue NVHUN MaHudonbada M WTyLepHon 6aTtapen Ha TpeHaxepe
«DrillSim 5000».
4 O6BbACHMTL paboTy 1 onucaTb KOHCTPYKLUMIO apoccens (wTyuepa).
5 WN3yunte npaBuna no TexHuke GesonacHocTu npu pabote Ha TpeHaxepe «DrillSim
5000».
Mpunoxexwne 1
JINCT rnyweHns cKBaXkmHbI
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International Well Control Forum
Surface BOP Kill Sheet - Vertical Well (Metric/Bar)

ﬂucr TNYWEHHS AN HAIBMHOTO tnnaepxﬁocmcro}

[laHkble 0 NPO4HOCTH NOPOA:

J'p‘ N /}
(3] |
ﬂaBHGHHG Ha !':W NEH KENBITAHAR 6ap \” L /

NOPOA HA NPHEMHETOCTE

MnothocTs Gyposoro pacraopa npw +| MpumenAemsi Byposoi pacteop: | | »
HenbiTaKKH N0pod nod GawmaKon Honouuuﬁm > o

TnorHocTs :r!cm |

Maxcunanso JonycTuMan naoTHoGTs Gyposoro pacTeopa =
() .
B Bepr. . baw, x0,0981 = IE’:’”“M

HauanwHoe makc, non. aasn.ha yer. B KN (MAASP) = Tlannbie o Gawmane HoNOHHb:
1(C) - Tinomocrs npuwensemoro Byp. p-pa) x Bepr, . Baw. x 009811 11yayyern l:l i

: |:|ﬁap [nyBua nomony[:|
: Bepr.rny6usa |:|

MNonasa Hacoca Ne 1 Mogaua hacoca NO 2

n/xon 1/%en

[llatHbie N0 CKBAMMHE:

S —"

Cropoct
I Hacoca NE 1 Hacoca NO 2 Fny6ia no umony[: 0

10aMH Bepr, rnybina |:| M

(PL) Nasnenne npokasin [6ap]

A0/MHH
Tlassie npeasapuiensHof Iiwa, |YRCTHBH|  Ofydm, Hicno Xon0B Hacoea, | goeyyy
perveTpauHH 0béna M °E}"§M~ TliTpsl 40405 MIHyTH
BypunsHbie 1oy (BT) X - Ofsim TepR—
Tmrannue prum:uue Wo»frsn W T =

floaaua Kacoca Ciopocts
TR

YET B OTHOBITOM CTBONE

BT/ TBT 8 0TKDLITOM CT80ME !

O6wé Il 8 oTpbiToM cTeone

s i oo m—m
O osonsaso oy (41 —m

OBuHit 0GBEM NPOMBIBOYHOI

MHAHOCTH B CHBAMHHE :

(Ofibém nosepxHacTHOR ofBRaKN
CT T e ——

OBuHi o6wém uuprynHpyHweH
IIPBHHBGIIIIGFI HHAKOCTH
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MpoaonmkeHne NpUNoxexHus 1
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i International Well Control Forum flara:
¥ Surface BOP Kill Sheet - Vertical Well (Metric/Bar)

Mer AR ok K (nosepxrocrvaro) MBO - Hasearte:

Ilauuue 0 ngmm

jlaa.nmaﬁyp prﬁax SIDPP}

¥
| 2
| <
%

&p npurona | nmpos

SFDPP

MnoTHocTs pacreopa MnaTHOCT NpMMeNAeMoro Gyp. pacteopa
TMyLIEHHA | Bepr m, xO/E8!
e i § T 2 .

|
Havanehoe fasnesme | Jlanedve npokaysk + SIDPP
LHpKYAALMA

IcP . bap
| TinoTHocTs pacTeopa rayweHkA
Koweunos peenenwe ——  xlerep faBneHun
UHPHYARLMH ‘nnomcm npiMenaenoro Byp. pacteopa
FCP
{K)x 100
B | e & 6ap/100 xon08

|
! [6ap]

Xoon —
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MpunoxeHwue 2

Pabouuni bnaHk OaHHbIX obbemHoro mMeToda rnyweHna CKBa>KuH

MNoTHECETE BYPOBOID pPACTEORA, KriM3

yores, MMa

Be3onacHeIA npanan gasnedns, MMa

JuanaaoH pabouaro gasnaduwa, MMa

AasneHue & oBcagHon KONOHHE NPK 33EP6LITOM

Pompan(D. D, *)4] = MMaim3

Hi=Pund Pae = M3

P =Pt Put F'|1..|,. MMa

Puum:: PIIHI\'_Il_ Fp.... MMa

I:Il;ur.u"= PI.HI!'.T]+ I:p.L KiMNa
leu'rl-

F.m- wad

Puur:.li

P :
ungn | H

Hasnaqne 8 obcaaHol KONOHHE

DEbEM, BRNYILEHHEIA M3 CHEIMMHE!, M3

TECTbI

no gucuunnvHe «KoMnbloTEPHbIA KOHTPOSb 3a fnpoueccamu,
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NPOUCXOAALNMM B CKBXKUHE»
Bonpoc 1.

UTo Ha3bIBaeTcs raso,-HedTe,-BO4ONPOABNEHNEM?

a) MoctynneHne nnactoBoro cnonaa B CKBaXKMHY, HENpPegyCMOTPEHHOE NMPOEKTOM.

0) WcrteyeHne xugkoctm 4epes OypunbHble TPyObl MpuM OTCYTCTBUM LUMPKYNAUMM B
CKBaXWHe.

B) AnepnoanyHoe n3BepxxeHne nionga n3 CKBaXkmHbl Ha 3HAaYUTENbHYHO BbICOTY.

r) TlocTosiHHOEe, HeynpaBnAsieMOe W3BEPXEHMEe MNnacToBoro dniounga 4Yepes ycTbe
CKBaXXWHbl Ha 3HAYNTENbHYIO BbICOTY.

A) NposiBneHe nNnacToBoro sitoMaa BHE YCTbS CKBAXXWHbI.

Bonpoc 2.

YTto HasbiBaeTcA (pOHTAHOM?

a) MoctynneHne nnactoBoro cnomaa B CKBaXKMHY, HENpegyCMOTPEHHOE NMPOEKTOM.

6) WcteuyeHue >xmpgkoctn 4yepe3 OypunbHble Tpybbl Npu OTCYTCTBMM UMPKYNaUMW B
CKBaXXWHe.

B) AnepnoauyHoe nsBepxxeHne nionga n3 CKBaXkmHbl Ha 3Ha4YUTENbHYIO BbICOTY.

r) TlocTosiHHOEe, HeynpaBnsieMOE W3BEPXEHMEe MNnacToBoro dniounga 4Yepes ycTbe
CKBa>XWHbl Ha 3HAYNTENbHYIO BbICOTY.

A) NposiBneHve nnacToBoro ritoMaa BHE YCTbS CKBaXWUHbI

Bonpoc 3.

YTo HasbiBaeTcs rpcpoHOM?

a) Moctynnenne nnactoBoro cnomnaa B CKBaXKMHY, HENpegyCMOTPEHHOE NMPOEKTOM.

6) WcteueHue >xmgkoctu 4depe3 OypunbHble Tpybbl Npu OTCYTCTBMM UMPKYNaUMW B
CKBaXXWHe.

B) Anepnoau4Hoe nsBepxxeHne nionga n3 CKBaXXnHbl Ha 3HAYUTENbHYIO BbICOTY.

r) TlocTosiHHOe, HeynpaBnsieMoe W3BEpPXeHMe nracToBoro dnionga 4Yepes ycTbe
CKBa>XWHbl Ha 3HAYNTENbHYIO BbICOTY.

A) NposiBneHne nnacToBoro ritoMaa BHE YCTbS CKBaXWUHbI

Bonpoc 4

UTto Ha3biBaeTcA Bbibpocom nnactosoro cdononga?

a) MNMoctynneHune nnactoBoro cnonaa B CKBaXMHY, HeENpegyCMOTPEHHOE NPOEKTOM.

6) WcteueHue xmpgkocTu 4yepes OypunbHble TpyObl Npu OTCYTCTBMM UMPKYNaUMN B
CKBaXXWHe.

B) AnepnoauyHoe n3BepxxeHne nionga n3 CKBakmHbl Ha 3HAYUTENbHYHO BbICOTY.

r) TlocTosiHHOe, HeynpaBnsieMoOe W3BEpPXeHMe MnracToBoro dniouga 4Yepes ycTbe
CKBaXXWHbI Ha 3HAYNTENbHYIO BbICOTY.

A) NposiBneHne nnacToBoro sitoMaa BHE YCTbs CKBAXMHbI.

Bonpoc 5

OT KakMx napameTpoB 3aBUCUT rMapocTaTu4eckoe aaBneHme?

a) AnameTp n OnvHa CKBaXWUHbI.

0) MNMopaya Byposoro Hacoca, ruapasnMyeckue ConpoTUBEHNS.

B) MNOTHOCTb 1 BbiCOTa CTONOA XMAKOCTUN B CKBaXKUHE.

Bonpoc 6
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YTo Ha3bIBaeTCs NnacToBbIM AaBrieHnemM?

a) naBreHne, okasbiBaemoe dritongamum, cogepXamumMmmncs B ropHoON nopoae.
0) naBneHune, okasbiBaeMOe ropHbIMM MOPOL4AMN.

r) 4aBneHue, Npy KOTOPOM MPOMCXOAUT paspbiB rOPHbIX NOPOA.

Bonpoc 7

Kakoe nnactoBoe AaBsreHne aBnaeTcs HopMmasnbHbIM?

a) 0) B

LA L
AR

P=pgH PBpgl-h)  B=pglh

Al

a) 0) B)

A

Pompogetl ooz g (HoRpe Bz peg(H+)

i
i
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Bonpoc 8
Yemy paBHO 3abonHOE gaBneHne npu NpocToe CKBaXKUHbI?

F2=Fac + AP Pz = Fao + APun

a)

Fa=Fae Fs=Fz

6)

F1=Fac —APun F3 = Foo — APun

B)

P3 = Pzec + APwpyte Pz = Pz + APmpye

r)

Bonpoc 9

YeMy paBHO 3aGoiiHOe AaBreHue npu NPOMbIBKE CKBaXKUHbI?

P3=Pz P3= Poc

a)

F3 = FPeo — APun Pz = Poec— APxn
6)

P3=Pec + bPmpye Pg = Poc+ APmpy6

B)

FP3=Fzc+ AFwxn FPs = Peac + AVwn

r)

Bonpoc 10

Yemy paBHO 3ab0nHOE faBreHne B 3aKpbITOM ckBaxuHe npu THBIM?

F3=Fee Pg_ Pope

a)

F3=Far+ APupn) Fs= Fao + APu(xn)
6)

F3=Feac+ Afkn P3 = Pec + APKn

B)

Bonpoc 11

EonHuubl nsmepenust gaBneHuna?

a) H;

0) Ma;

B) Kr;

Bonpoc 12

MpnymHa Bo3HMKHOBEHUSA THBI?

a) MpeBbleHre NNacToBOro AaBneHns Hag 3aboNHbIM JaBNEHNEM.
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0) lNMpeBblWeHne rMapocTaTMYECKOro AaBreHns Ha NNacToBbIM JaBNEHUEM.

B) MpeBblweHne 3ab6ONHOro AaBneHns rmapocTaTMyYecKoro AaBrneHus.

Bonpoc 13

B cootBetctBe c TpeboBaHusamu T[MBHIT] rugpocTtatnyeckoe [OaBreHWEe OOMKHO
npesbIWaTh NacToBOE:

a) HezaBucumo ot rny6uHbl ckBaxuHbl Ha 1 0-15%, Ho He Bonee 1,5 MlMa.

0) Ona ckeaxuH ¢ rmybuHon go 1200m Ha 4-7%, Ho He 6onee 1,5 Mla.

Anga ckBaxwuH ¢ rnybuHon go 2500m Ha 5-10% , Ho He 6onee 2,5 Mla.

[ns ckBaxkunH ¢ rnybuHon cebiwe 2500m Ha 1 0-15%, HO He Bonee 3,5 MIa.

B) [ns ckBaxuH ¢ rnybuHon ao 1200m Ha 10%, Ho He Bonee 1,5 MIa.

Ansa ckBaxuH ¢ rnybuHon 6onee 1200m Ha 5% , HO He Bonee 2,5-3,0 Mla.
Bonpoc 14

UTO He MOXeT nNpmBecTU K BO3HUKHOBeHUIO THBI1?

a) bypeHwne ckBaxuH npu yaensHom Bece BIMXK HMxke npoekTHOro

6) MNMocTosiHHOE nogaepXaHue 3a4aHHOro YPOBHSA XUOKOCTU B CKBaXUHE

B) OTpuuaTenbHoe BNusiHUe rmapoanHaMmmnyeckoro adpdekra

Bonpoc 15

Kakne npusHakm MHBI npyn 6ypeHun aBnsoTca SsBHbIMU (MPAMbIMUA)?

a) Peskoe kpaTHOEe yBENUYEHNE MEXAHNYECKON CKOPOCTU DypeHus;

uronb4yatasa popma Lnama;

yBenuyeHue TemnepaTypbl BbIXOASALLETO U3 CKBaXXMHbI BypoBOro pacteopa.

0) YMeHbLleHre NANOTHOCTU MIMHUCTOrO LWama;

CHwXeHve aaBneHnst Ha Bbiknae 6ypoBbIX HACOCOB;

YBenunyeHve Beca Ha Kpioke.

B) Hanuuve npusHakoB nnacTtoBoro drovaa B BbIXOAALWEM M3 CKBaXXWHbl GypoBOM
pacTBope;

noBbieHNe pacxoda (CKopocTu) Bbixogsdwero notoka BIMK u3  ckBaxuHbl  npu
Hen3MeHHon nogaye 6ypoBbIX HACOCOB;

yBenuyeHne obbema (ypoHs) BIMTXK B npuemHon emkocTu

Bonpoc 16

Kakune npusHaku MHBI npu CIMO aensatoTca aBHbIMK (MPsSiMbIMUA)?

a) YMeHblueHne obbema gonvsaemMon B ckBaxuHy BIMK npu nogbeme KonoHHb! Tpy6;
yBenuyeHne obbema gonveaemon B ckBaxknHy BIMXK npu cnycke KOnoHHbI TpyO.

0) YBenuueHue KonmyecTsa rMUHUCTOrO LWfama;

YMeHbLLUEHWE NIIOTHOCTU IMIMHUCTOrO LWrama.

B) YBenunyeHue Beca Ha Kploke;

yBennyeHne TemnepaTypbl BbIXOASALLETO U3 CKBaXXMHbI OypoBOro pacteopa.
Bonpoc 17

Kakne TexHunyeckne cpeacTtBa npegHasHadeHbl Ansg paHHero obHapyxeHusa MTHBIM?
a) ®oHapuk, TenedoH, 3axuranka

0) ypoBHEMEP, MAHOMETP, apeoOMETP

B) nepdghopatop, NpeBeHTOp, Apoccerib

Bonpoc 18
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3 4yero B OCHOBHOM COCTOUT NPUPOAHBIN ras?

a) /13 meTaHa 1 HEGOMNbLIOro KONMYECTBA TSHXKENbIX YrieBOgOpPOaO0B.

6) U3 yrnekncnoro rasa n HebonbLIOro KonMyecTBa Nerknx yrneso4opoaoB
B) V13 a3oTa u kucnopoga

Bonpoc 19

Kakon npouecc namMeHeHUs COCTOSAHUS rasa obbIMHO UCMONb3yeTcsa Npu peLleHuu 3agad
rasonposiBneHns?

a. M3oxopHbin (V = const.)

6. N306apHbin (P = const.)

B. I3oTepmuyeckun (T =const.)

r. AouabaTtHbin (6e3 TennoodbmeHa ¢ OKpyXKatoLLen cpeaon).

A. MonutponHein (o6obLwarowmin npouece).

Bonpoc 20

Mpun Kakom pexxume BCNIbITUSA raza ero CKopocTb HanbonbLuan?

a) KONbLEBON PEXNM

©) Ny3bIpbKOBbIA PEXUM

B) CHapSAOHbIN PEXNM

Bonpoc 21

CyLwHocTb adhhekTa MHBEPCUN ra3a B 3aKPbITON CKBaXKUHE?

a) P3aboniHoe = P ycTbeBoe

0) P3abownHoe = 2P ycTbeBoe

B) 2P3abonHoe = P ycTbeBoe

Bonpoc 22

OnpegenuTb NnacTtoBoe LaBrfieHWe Npu NOCTYMMEHUM B CKBaXKMHY Mayky rasa BbICOTOM
100 m. CkBaxknHa 3anonHeHa XnakocTbto nnotHocTbio 1000 Kr/M°

a) 20 MlMNa

6) 19 Mla

B) 22 Mlla
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28N 2

1000

1000 m

100 m

Bonpoc 23

Onpepenutb gaBrneHMe B KONMbLEBOM MNPOCTPAHCTBE Ha YCTbe€ NpW MNOCTYMNNEHUMUM B
CKBaXMHy na4vku rasa Bbicoton 100 m. CkBaxuHa 3anofiHEHa >XMAKOCTbI MIOTHOCTLHO
1000 kr/m°

a) 2 MMNa

6) 3 Mlla

B) 22 MlNa
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28N 2

1000

1000 m

100 m

Bonpoc 24

OnpepenuTb gaBneHne B KOSMbLEBOM MPOCTPAHCTBE Ha YCTbe MpPWU BbIXOAE NadkM rasa
BblcoTor 300 M. 13 ckBaXkunHbl. CKBa)nHa 3anonHeHa XnakocTbto nnotHocTbo 1000 |<r/|v|3
a) 2 MMNa

6) 5 Mla

B) 17 MlNa
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Bonpoc 25

Onpepenutb gaBneHne Ha Bawmake o6CcagHOM KOMOHHbI MPU MOCTYNNEHUN B CKBAaXUHY
nayku rasa sbicotor 100 m. CkBaXkuHa 3anosiHeHa XuakocTbio nNnoTHocTbio 1000 Kr/lvl3

a) 13 MlMa

6) 19 Mla

B) 22 MlNa
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Bonpoc 26

HasHayeHne NpoTnBOBLIOPOCOBON NPOrpaMmbI?

a) [lpotmBoBbIOpOCOBas nporpammMa - 3TO KOMMMEKC cneuunanbHbIX MeponpusaTUn,
BbINOSIHEHNE KOTOPbIX NO3BONAET n3bexaTb BOZHMKHOBEHNSI DOHTAHOB B CKBaXKWUHE.

6) [MpoTmBOBbLIOpOCOBas mnporpamMma - 3TO [AOKYMEHT, paspellaroluin  BbINOMHATb
NMKBNOALMIO (POHTaHa B CKBaXXMHE.

B) [lNpoTuBoBbIOpOCOBasi nporpamMma - 3TO MHCTPYKTaX MO TexHuke ©6e3onacHocTn
nepcoHana, paboTatoLiero Ha 6ypoBo.

Bonpoc 27

OTMeTbTe NPOEKTHbIE PELLEHMS ANt KOHTPONSA N yNpaBrneHnsi 4aBfeHNEM B CKBaXKUHE

a) [lpoekTnpoBaHne HaOeXHOW KOHCTPYKUMW CKBaXWH. OnpegeneHve oxuaaembixX
MakCuMarsibHbIX JaBneHun ona ckBaxknHol npu MHBI.

Bbi6op cxeMbl NpOTUBOBLIOPOCOBOrO 060PYA0BaAHUS.

6) YcTtaHOBKa MaHOMETPOB Ha MaHudonbae, YyPOBHEMEPOB B EMKOCTSIX, paCXo4OMEpPOB B
LIMPKYNSALNOHHON CcUCTEME.

B) Ob6yyeHne nepcoHana OypoBon nepBoOYEpedHbIM AEUCTBUSM NPU BO3HUKHOBEHUM
HBIM.
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Bonpoc 28
B kakonm TO4Ke p[guarpamMmbl WCMbITAHUS T[OPHOM MOPOAbl HA MNPOYHOCTL METoAO0oM

OMPEeCcCOBKN NPONUCXOANUT rMapopaspbIB?

a) A
0) b;
c) C;
A) O
F 3
! B
ik
=
T
L
C
&
E
*
Yy WV
CABEM 33K3Y AHHOM #KaK OCTH
Bonpoc 29

YKaxuTe HazHadYeHne NpoTMBOBLIGPOCOBOro 060PYAOBaHNS YCTbSA CKBaXWUHbI

a) MepmeTn3aumst yCTbsi CKBaXKMHbI, NS YNpaBrieHns NpUTOKOM MNAacToBoro dnovaa B
CKBaXXWHY NyTEM CO34aHUA AOMNONHUTENBHOIO NPOTUBOAABMEHMNS HA YCThE.

6) [Ona o6Bsaskn ob6cCagHbIX KOJMIOHH, repMeTu3auumn MEXKOSTOHHbIX MPOCTPAHCTB U
KOHTPONSA AaBMEHUS B HUX.
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B) [Ana obopynoBaHNsA yCTbst (POHTAHMPYIOLWMX HEMTAHBIX U ra3oBbliX CKBaXWH C LEIbio
KOHTPOSIS U perynmpoBaHus pexmnma akcniyaTtaumu.

Bonpoc 30

B kakom Touke Auarpammbl MCNbITAHUA T[OPHOW MOPOAbl Ha MPOYHOCTb METOAO0M
ONPECCOBKN HAYMHaEeTCs NormnoLleHne?

F 3

HasneHne

v, v

O BEM 33K3Y AHHOW KUK OCTH

a)A

0)b

c)C

n) A

Bonpoc 31

OTmMeTbTe BblpaXeHue AONA onpefeneHus MakCumarbHbIX LaBfIEHUN B CKBaXKMHE Mpu
HBIM
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Bonpoc 32

YTto He BXoOuMT B COCTaB NpOTMBOBLIGPOCOBOro obopyaoBaHms?
a) lNpeBeHTOpHasa ycTaHOBKa

6) KonoHHas ronoska

B) MynbTbl ynpaBneHus

B) BblkngHble NMHUKN CO BCEM MX OCHALLEHNEM
Bonpoc 33

OTmeTbTe He KnaccudurKaLMOHHbBIA TUNa NPEBEHTOPOB
a) MNnaweyHble

0) 3amkoBble

B) YHMBepcarnbHble

Bonpoc 34

Tun npeseHTOpa?

a) YHuBepcarnbHbI

0) MnaweyHbIn

Bonpoc 35
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OTtmeTbTe 0603HaYeHne nnaweyHoro npeBeHTopa

a) MNrnr-350x35

6) MY 1-230x35

r) MB-350x35

Bonpoc 36

OTtmeTbTe 0603HaYeHMe yHMBepCcanbHOro npeseHTopa
a) MNrnr-350x35

6) MY 1-230x35

r) MB-350x35

Bonpoc 37

OTtmeTbTe 0603HaYeHMe BpallaoLLerocs npeBeHTopa
a) MNrnr-350x35

6) MY 1-230x35

r) MB-350x35

Bonpoc 38

Twun npeseHTOpa?

a) YHuBepcanbHbIN

6) MNMnawweyHbIn

Bonpoc 39

OTtmeTbTe 0603Ha4YeHMe NaLeyHoro NpeBeHTopa ¢ nepepesbiBatoLLMMK NaLlkaMmm
a) nrr

6) MNP
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B) MNMNC

Bonpoc 40

YKaxute B NPeBEHTOPHOM YCTAaHOBKE pacnofioXXeHne YHMBEpCarnbHOro NpeBeHTopa
a) BBEpXY

0) nocepeauHe

B) BHM3Y

Bonpoc 41

Ha kakoe paBneHve oOnpeccoBbiBAeTCs NPEBEHTOpPHas YCTaHOBKA MOCMe MOHTaXxa Ha
YCTbEe CKBaXXMHbI?

a) Ha HaumeHbLlee paboyee faBreHne 0gHOro U3 NPEBEHTOPOB YCTaHOBKU
6) Ha paBneHne onpeccoBkn 06CagHOM KOMOHHbI

B) Ha Hanbonbluee paboyee gaBneHne ogHOro n3 NpeBeHTOPOB YCTAHOBKM
Bonpoc 42

MOXXHO N 3aKpbITb 3aABUXKKY C rMapoynpaBfieHNEM PyYHbIM CNOCOOoM?

a) a

6) Het

Bonpoc 43

MOXHO NN OTKPbITb YHUBEPCAIbHbLIN NMPEBEHTOP C OCHOBHOIO NynbTa?

a) a

0) Het

Bonpoc 44

KakoBa gnvHa nuHWiA rnyweHnsa n 4occenmpoBaHmns st ra30BbIX CKBAXUH?
a) He meHee 150

0) He meHee 100

Bonpoc 44

KakoBa gnvHa nuHWi rnyweHnsa n 4occennpoBaHmsa Anst HeTAHbBIX CKBaXXUH?
a) He meHee 50
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0) He meHee 30
Bonpoc 45
'Ae pacnonoXeH OCHOBHOW MynbT yNpaBreHns NpeBeHTopamm?

a) Ha 6ypoBowu

0) BHe 6ypoBon

Bonpoc 46

[nsa yero npegHasHavyeHbl rmapaBnnUYecKkne akkyMynaTopbl?

a) [ins onepaTtMBHOIO OTKPbLITUSA - 3aKPbITUS NPEBEHTOPOB NPY aBapUNHOM OTKIHOYEHUN
3NEKTPOIHEPrnn.

6) [1na yckopeHus onepaTuBHOIO OTKPbLITUSA - 3aKpbITUS NPEBEHTOPOB

B) [1na 9KOHOMWUKN SNEKTPOIHEPTNN

Bonpoc 47

'Ae pacnonoxeH BCnomoraTenbHbIN NyNbT YNpaBneHna npeBeHTopammn?

a) Ha 6yposowu

©) BHe 6ypoBon

Bonpoc 48

Kakoe o6opyaoBaHme NpMMeHsieTcs AN NepekpbiTUsi BHYTPEHHEro NPOCTpaHCTBa
OypunbHbIX Tpy6 npu MHBIM?

a) Opoccenb

0) LapoBown kpaH

B) YHMBepcanbHbI NPeBEHTOP

Bonpoc 49

OTMeTbTE «MATKOe 3aKkpbITUE» CkBaxuHbl npu THBI
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A

b

[I3HAYAMEHO TIpH Oyp eHHH
VIIPARTAEMEIH JPOCCET H ITABHAA
00KOBaA 3aJIBHAKA (HA KPECTOBHHE
[IBO) 3aKpBITBL. 33 IBILKKH THHHH
TPOCCETH] OBAHILT OTKBITBL
(O0pATHBI KITATTAH YCTAHORTEH B BK.

1. OCTAHOBHTE BAILIEHHE J0M0TA
(BBIKTHOUHTB POTOP).

2. Tloguste BK 14k, uT00bI B 30He
IUTALLEK TPEBEHTOPA HAXOJHITACE
[aJKad 1acTh TpyObL

3. BHIKTHOYHTE HACOC (HACOCHI) H
TPOBE[PHTL HA HCTEMEHIE.
(OTOBECTHTB CTApIIEE JOMLEHOCTHOE
VIIOMHOMOYEHH0€ JIHLIO.

4. JaKpEITE MPeBEHTOP (00BMHO
VHHBE]) CATHHBII).

5. OTKpBITE IMABHYH0 G0KOBYH
JAIBIAKY (Ha KpecTOBHHE.)
0. PerucTparn JaBneHi (pHMepHo
yepes 15 MHYT) B TpyOax 0
KOTBLIEBOM MPOCTPAHCTBE CKBAAIHEL

II3HATATEHO pH OypeHHH
VIPARIAEMBIH  IPOCCET: HA JIHHHH
JPOCCEMHPOBAHIA  OTKPBIT. [TIABHAA
0OKOBAA 2AIBILEKA (HA KPECTOBIHE
IIBO) 3aKpeITBL  3AJBILKKH JHHHH
IPOCCETHPOBAHIA OTKPBITEL

1. OCTaHOBHTE BpallleHHe 10710Ta
[BBIKTHOYHIB POTOP).

2. Toguete BK Tak, 4T00b1 B 30He
TUTALIEK TTEBEHTOPa HAX0JHITACE
[TAKA 1acTh TPYOBL

3. BEIKTOMHTE HACOC (HACOCHI).

4, OTKPEITE [TABHYK) OOKOBYH
3aJIBILEKY Ha KpecToBiHe [IBO

5. 3aKpbITh TpeBeHTOp (00BMHO
VHHBE] CATHHBIH) H 3aIBHAKY
mpAMoro cdpoca, OTOBECTHIE
CTapIee T0/LKHOCTHOE
VIIOMHOMOUEHHOE JIHIT0,

6. IImaBHO 3aKPBITH POCCET.

7. PeTHCTpALA JABTEHHA (IPHMEPHO
yepes 15 MHHYT) B TpYOax H
KOMBLIEBOM IPOCTPAHCTBE CKBAKIHDI

Bonpoc 50
OTMeTbTe «KEeCTKOe 3aKpbITUe» CKBaxuHbl npu MHBI
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A

b

TT3HAATEHO TpH GYpeHHH
VIIPARTAEMBOT IPOCCETD H [MABHAA
00KOBad 3a7IBILKKA (HA KPECTORHHE
ITBO) 3aKPBITEL 3aIBILAKH THHIH
TIPOCCEMHPOBAHHA OTKPBITHL
(O0paTHBOT KTaMaH ycTaHoReH B BK.

1. OCTAHOBHTE BpaILieHHe J0M0Ta
(BBIKTEOUHTE POTOP).

1. Tlopusame BK 1ak, 4001 B 30He
TUTALIEK TTPEBEHTOPa HAXOITACk
[AJIKaA 1acTh TPYGBL

3. BEIKTIOYHTE HACOC (HACOCHI) H
TPOREPHTE Ha HCTETEHIE.
OMOBECTHTL CTApLIee JOILAHOCTHOE
VIOTHOMOYeHHoe JIH0.

4. 3aKpBITH TIpereHTop (00BMHO
VHHBE] CAMHHBI).

5. OTKpBITE IMABHYH 00KOBYH
JAIBILEKY (Ha KpecTOBHHE.)
0. PerHcTparpsa JapmeHis (IpHMepHO
yepes 15 MHHYT) B TpyOax H
KOMBLIEBOM IPOCTPAHCTBE CKBAKIHEL

I3 HATATRHO TpH OypeHHH
VIPARIAEMBIH  JPOCCET HA JHHHI
IPOCCETHPOBAHHA OTKPEIT.  [TapHAA
0OKOBAA 3AIBIUEKKA (HA KPECTOBHHE
[IBO) 3aKpbITEL  3aJBICKKH JHHHH
TPOCCEHPOBAHIA OTKPBITEL

1. OCTAHOBHTD BpallleHHe J0M0Ta
(BBIKTHOMHIB POTOP).

2. Toguars BK 1ak, 4T00BI B 30He
IUTALIEK TIPEBEHTOPA HAXOITACE
[MAKAA YaCTh TPYOBL

3. BEIKMHOYHTE HACOC (HACOCEI).

4. OTKPBITH [MABHYK OOKOBYH)
3a7IBICEKY Ha KpecTormHe [TBO

5. 3aKpBITH TPEBEHTO]P (0OBMHO
VHHB €D CATbHBIH) H 32 JBILEKY
mpAMoro cipoca. OToBecTHTB
CTapIIee JOILKHOCTHOE
VIIOMHOMOTeHHoe JTHTo.

0. IITABHO 3AKPBITE IPOCCETD.

7. PeTHCTaLms TaBmeHia (IpHMePHO
yepes 15 MiHYT) B TpyOax H
KOMBLIEBOM IPOCTPAHCTBE CKBAKIHE]

Bonpoc 51

Kakon cnocob 3akpbitua ckBaxkuHbl npu MHBIT 06bl4HO NpuMMeEHsieTCs B OTEYECTBEHHOM

npakTuke 6ypeHuna?

a) «MSArkoe 3aKkpbITUE» CKBaXXUHbI
0) «KeCTKoe 3aKpbITUE» CKBaXMHbI
Bonpoc 52

Kakon cnoco6 3akpblTvsi ckBaxkvHbl npyu HBIT 06blMHO npumeHsieTcsa B 3apybexxHon
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npakTuke 6ypeHns?

a) «MSArkoe 3aKpbITUE» CKBaXKUHbI

0) «KeCTKoe 3aKpbITUE» CKBaXXMHbI

Bonpoc 53

UTO nokasblBaeT MaHOMETP Ha CTosike vepe3 15 MUH. nocne 3akpbITUS CKBaXXMHbI Npu
HBMN?

a) NnacToBoe AaBrieHne

6) n3bbIToMHOE AaBneHne B OypunbHbIX Tpybax

B) rmapoamHamMmyeckoe gasneHune B OypunbHbix Tpybax

) rmgpoctaTtmyeckoe AaBneHune

Bonpoc 54

Kakoe 13 gaBneHun Ha ycTbe OyaeT Bcerga MeEHbLUMM MOCe 3aKpbiTUS CKBaXKUHbBI Mpu
MHBMN?

a) naeneHne B 6ypurbHOM KOMIOHHE

0) naBneHne B KONbLEBOM NPOCTPAHCTBE

Bonpoc 55
dopmyna gnga onpegeneHns NANOTHOCTM XNOKOCTU MyLeHNa cKBaXXuHbl npu MHBIM?
P AP P +AP
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s . =
g, £,
B)
Bonpoc 56

Kakon 13 Hmxe npuBeaeHHbIX CNOCOB0B rMyLEHNA CKBaXMHbI elle HasbiBaeTca «Cnocob
OypunbLUMKay.

a) Cnocob oxnaaHna n yTaxeneHuns

©) Cnocob aByxcTagnnHbIn

B) Cnocob HenpepbIBHOIO rNyLUEHNS

Bonpoc 57

Mpadumk kakoro cnocoba rnyweHnsa CKBaXXMHbl N306paxeH?
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Bpens

a) Cnocob oxnaaHuna n ytaxeneHuns

©) Cnocob aByxcTagnnHbIn

B) Cnocob ABYXCTaAUNHbLIN PacTAHYTbIN BO BPEMEHMU
r) Cnocob HenpepbIBHOIO rMyLIeHUs

Bonpoc 58
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Bpens

Mpaduk, kakoro cnocoba rnyweHnsa CKBaXKMHbI N306paxeH?
a) Cnocob oxungaHus n yTakeneHns

©) Cnocob aByxcTagnnHbiin

B) Cnocob ABYXCTaAUNHLIN PacTAHYTbIN BO BPEMEHU

r) Cnocob HenpepbIBHOMO rNyLIeHns

Bonpoc 59

"padumk kakoro cnocoba rnyLeHnsa CKBaXKUHbI M300paXKeH?

167



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHV|;| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX AaBneHun

3
Priax ,
PH
0 i
= E
T E
0 :
E :
il :
) :
q s
PK
Pili)
PifT)
—
” I

L
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a) Cnocob oxungaHus n yTaxkeneHns

6) Cnocob aByxCTagunHbIN

B) Cnocob gByxXCTagunHbIN pacTAHYTbIA BO BPEMEHU

r) Cnocob HenpepbIBHOIO rMyLIeHNs

Bonpoc 60

"padumk kakoro cnocoba rnyLeHnsa CKBaXKUHbI N300paXKeH?
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a) Cnocob oxnaanuna n ytaxeneHuns

6) Cnocob aByxCTaaunHbIN

B) Cnocob ABYXCTaAUNHbLIN PacTAHYTbIN BO BPEMEHU
r) Cnocob HenpepbIBHOrO rMyLIeHNs

Bonpoc 61

Kakon w13 cnocoboB rnyweHns CKBaXWH npwu
OTeYeCTBEHHOW NpakTuke 6ypeHna?

a) Cnocob oxungaHus n yTsakeneHus

©) Cnocob aByxcTagnnHbin

B) Cnocob ABYXCTaAUNHLIN PacTAHYTbIN BO BPEMEHU
r) Cnocob HenpepbIBHOMO rNyLIeHns

Bonpoc 62

MHBI 06blMHO NpuMeHAeTCA B

Kakon n3 cnocobos rnyweHust ckBaxxuH npu MHBIT 0bbivHO npumeHsieTcs B 3apyb6exkHON

npakTuke 6ypeHna?

a) Cnocob oxungaHus n yTsakeneHns

6) Cnocob aByxCTaaunHbIN

B) Cnocob gByxXCTagunHbIN pacTAHYTbIN BO BPEMEHU
r) Cnocob HenpepbIBHOrO rMyLIeHNS

Bonpoc 63

Mpn kakom cnocobe nuksmgaumm [HBI He Tpebyetca 3anonHeHuss nucTta (KapThbl)

FNYLEHNsI CKBAXXMHbI?
a) Cnocob oxmnaaHna n ytaxeneHuns
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©) Cnocob aByxcTagnmnHbIin

B) Cnocob HenpepbIBHOIO rmyLIeHNs

Bonpoc 64

Uepe3 CKONMbKO MWHYT MOCne repMeTu3aumm ycTbA HEeoOXOAMMO CHATb MoKasaHus
MaHOMEeTpPOB?

a) yepes3 1 MuH.

0) 4yepes 10 MUH.

B) 4epe3 30 MuH.

Bonpoc 65

oe nogoepxmBaeTcs NMOCTOSIHHBIM [aBrfieHWe B nepuo BbiMbiBa MiacToBoro dnwouna
cnocobom bypunbLumka?

a) B 6ypunbHbIX Tpyb6ax

6) B KONbLEBOM NPOCTPaHCTBE

B) B OypunbHbIX Tpybax v KonbLEeBOM NPOCTPaHCTBE

Bonpoc 66

KakoBa gomkHa 6bITb nogada Hacoca npw rmyLweHNn CKBaXXMHbI?
a) porxkHa coctasnatb 0,4 - 0,5 oT nogayn Hacoca npu BypeHun
6) pomkHa coctaBnaTtb 1,4 - 1,5 oT nogaym Hacoca npu GypeHun
B) fomkHa ObiTb paBHa nogade Hacoca npun 6ypeHum

Bonpoc 67

KakoBa chopmyna HayanbHOro AaBneHnsa LMpKynaunmn?

a) PHay. =P 6yp.Tpybax + P npokauku + A P

6) PHau. =P 6yp. Tpybax - P npokayku - A P

B) PHau. = P 6yp. Tpybax - P npokaykun + A P

Bonpoc 68

KakoBa chopmyna KOHEYHOro AaBneHus LMpKynsaumm?

a) PxoH. = Pnpok. - ( per/pHay) + S

6) PKkoH. = PHau.- ( pani/pHay) + S

B) PkoH. =Pu36. Tpy6 - ( par/pHay) + S

Bonpoc 69

Kakow cnocob rnyLieHus npoBoanTCA B ABE CTaann?

a) Cnocob oxungaHus n yTaxeneHns

6) Cnocob 6ypunbLumka

B) Cnocob HenpepbIBHOrO rnyLUeHNs

Bonpoc 70

YTo cBuaeTenbcTByeT 06 YCNELWHOM rMyLWEeHNN CKBaXWHbI?

a) YTsbKeneHHbIN pacTBOP AOCTUM YCTbS CKBaXKUHbI

6) Mayka nnacToBoro ¢nomaa BbiMbiTa U3 CKBaXXWHbI

B) OTcyTCTBME LMPKYNALNN B CKBAXKMHE NPW BbIKITFOYEHHbBIX Hacocax
Bonpoc 71

YTo cBuaeTenbcTByeT 06 YCNELWHOM rMyLWEeHUN CKBaXWHbI?

a) Pkn>0,aP61=0

6) P6T=Prn=0

170



KOHTpOﬂb n ynpasneHue npoueccom 6ypeHV|$| B YCINOBUAX aHOMallbHbIX M1aCcToBbIX AaBneHun

B) P61> 0

Bonpoc 72

Mpun kakom cnocobe rnyweHnsa HabngaeTca Hanbonee BbICOKME AABEHUS B CKBaXUHE?
a) Cnocob oxnaaHuna n yTaxeneHns

©6) Cnocob 6ypunbLymka

B) Cnocob HenpepbIBHOO rNyLUEHNSA

Bonpoc 73

Mpn kakom cnocobe rnyweHns HabnwgalTca HaMMeHbLUNE AaBMEHWs, BO3HMKAKOLWNE B
CKBaXXUHe?

a) Cnocob oxungaHus n yTsakeneHns

©) Cnocob 6ypunbLuymka

B) Cnocob HenpepbIBHOIO rmyLUeHNs

Bonpoc 74

Kakon cnocob npumensietca ansa nukengaumm HIBIM Bo Bpemsa CIMO?

a) Cnocob oxungaHus n yTsakeneHns

©6) Cnocob 6ypunbLymka

B) Cnocob HenpepbIBHOIO rmyLIeHNs

Bonpoc 75

Yrto Heobxoanmo BbINONHUTL Npu nukemMaauuu MHBI Bo Bpemst CMNO?

a) OcywecTBnTb CNycK BypunbHOM KOMOHHbLI A0 3a60s

0) OcywecTBUTb NOABEM OYPUITBHON KOSTOHHbI

Bonpoc 76

OcnoxHeHwns npu HIBI moryT BO3HMKHYTL BCneacTsum

a) NMpuxeatoB

0) KaBepHoobpasoBaHus

B) MocTynneHus B ckBaxuHy cdnonga B o6bemMe npesblllaloLem npegeribHoe 3HavyeHne
Bonpoc 77

Mouemy ana onpegeneHus nnactosoro gasneHus npu MHBI1 ucnonb3dyetca nokasaHus
MaHomeTpa B6ypunbHbIX TPYO, a He MaHoMeTpa 06cagHON KONOHHbI?

a) bonee ygobHoe pacnonoxeHne maHoMeTpa 6ypunbHbIX Tpy6 Ha GypoBoW.

6) B BypunbHbIX Tpybax HaxoauTcs O4HOPOAHASsA XUOAKOCTb C U3BECTHOW MNNOTHOCTLIO.

B) CornacHo lNpasunam 6e30nacHOCTM B HEPTAHOW M ra3oBOM MPOMBbILLSIEHHOCTU.
Bonpoc 78

Moyemy nogady HacoOCOB MpW BbIMbIBAHUM MNAcToBOro dnwomaa YMeHbLlaT Mo
CcpaBHeHMO ¢ BypeHnem?

a) Ytobbl nony4nTb pe3epB BpeMEHU A1 BbINOMHEHUS HEOOXOANMbIX pacyeToB.

6) [1na nerkocTn perynmpoBKnN OTKPbITUS APOCCENS.

B) [Ins npegoTBpaLLeHms rugpopaspbiBa ropHbIX MOPOA.

Bonpoc 79

[Mpn NpoBefeHMN Kakon TEXHOMOrMYeCckon onepauumn nponcxoauT 60MnbLUMHCTBO NPUTOKOB
nnacTtosoro dnovnaa?

a) Clo

6) bBypeHue
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B) LiemeHTupoBaHue

Bonpoc 80

Kakon cambln paHHUI siBHbIN Npu3Hak THBI1?

a) MexaHn4yeckas ckopocTb bypeHus

0) lNoBbILWEHNE YPOBHS XXUAKOCTU B MEPHBLIX EMKOCTSIX

B) YBennyeHne ckopocTn NoToKa XUAKOCTU (NPpY HEM3MEHHOW Nodaye HacocoB) B xenobe.
Bonpoc 81

Kakne npeaynpeautenbHble Mepbl AOMKHbI ObITb MNPUHATBI ANA  CHWXKEHUS pucka
nony4eHnst NpUToKa nnacrtoBoro gnitomaa so Bpems CMNO?

a) CHuautb ckopoctb CI1O, cHM3WUTb peonorndeckue napameTpbl GypoBOro pacTteopa,
NCNosib30BaThb JOSIMBHYK EMKOCTb.

0) YMeHbLwnTb nogady 6ypoBbIX HACOCOB, OCHACTUTb KONMOHHY TPy6 oBpaTHbIM KnanaHomM,
y6eanTbCcsa B MUCNPaBHOCTU KOHTPOSbHO-N3MepPUTENbHBIX NPMBopoB Ha 6ypoBoOWA.

B) YcTaHOBUTb Ha YCTbe NpOTMBOBbIOpOCOBOE 0OOpyAOBaHWE, BpalleHne U
pacxaxuBaHue BGypunbHOWM KOSOHHbI, AobGaBneHne B OypoBON pacTBOp 3aKynopuBaoLLMX
HanonHuTeneun.

Bonpoc 82

Kakvne napameTpbl NPUEMHON EMKOCTU BANSAIOT Ha YyCTBUTENbHOCTb ypOBHEMEPA?

a) BbICOTa EMKOCTU

0) nnowaab NOBEPXHOCTM XNOKOCTH

B) dpopma NOBEPXHOCTN XKUOKOCTU

Bonpoc 83

KakoBa Ha4anbHas Lerb )XeCTKOro 3aKpbITUA CKBaXXMHbI?

a) JonycTuTb MUHUManbHbIA NPUTOK NNACTOBOrO (hritonaa B CKBaXMHY.

0) [lnga oueHkn gasneHnsa rmgpopaspbiBa ropHbIX Nopoa.

B) [Ins bonee HageXHOM repMeTu3aumm CKBaXKMHbI.

Bonpoc 84

KakoBa Ha4YanbHas uenb MArkoro 3akpbITUsi CKBaXKMUHbI?

a) He gonyctutb rugpopaspbiBa ropHbIX Nopos.

0) [lonyCTUTb MUHUMAarnbHbIA MPUTOK NACTOBOro doritonaa B CKBaXKMHY.

B) [Ins bonee HageXHOM repMeTu3aumm CKBaXKMHbI.

Bonpoc 85

Moyemy Bce u3BECTHble METOAbl rNyLweHus paspaboTaHbl U3 yCroBUS MOAAEPXKaHWUSA
NOCTOSIHHBbIM 3a00MHOro AaBnNeHna?

a) [1ns cBoeBpeEMEHHOro N3MeHeHust nogaym 6ypoBoro Hacoca.

0) [lna akonornyeckomn 6e3onacHoOCTH.

B) UTOGbI NCKIOYUTL NOCTYMNNEHNE B CKBaXXMHY HOBOro obbema niouvaa.

Bonpoc 86

UTto ncnonb3yeTcs npu BeiMbiBe hnionga Ang ynpasneHus aBrieHNeM B CKBaXUHE?

a) MNMpeBeHTOp

©) Opoccenb

B) OBpaTHbIN kKnanaH

Bonpoc 87
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Kakoe yCTpOMCTBO NpPenaTcTBYET W3MEPEHU0 [aBneHna B OypunbHbIX Tpybax npwu
3aKPbITUN CKBAXXMHbI?

a) O6paTHbIV KnanaH

0) Hacagkn ponota

B) [lpoccenb

Bonpoc 88

Komy no3BoneHo ynpaenaTe NPEBEHTOPOM MNP 3aKPbITUM CKBaXKUHbI?

a) TexHonor

6) MNMomoLwHWK BypunbLimnKa

B) BypunbLimnk

Bonpoc 89

Kakue getanu NBO Hanbonee 4acTo BbIXOLAT U3 CTPOSA B Npouecce ryLweHnsa?
a) Tpy6Hble nnaLkn, pe3aMHOBOE YNNOTHEHNE

0) Kopniyc, nnyHxep.

r) dukcaTop HapPY>XHOro LMnnHapa

Bonpoc 90

KakoBa ocHOBHasi oyHKUMA aerasaTtopa?

a) CxuraHue rasa.

0) OtaeneHne rasa oT XXUAKOCTH.

B) [@3nMpoBaHme Xnagkoctum

Bonpoc 91

Asnsietca nu GypoBoM pacTBOpP C My3blpbkaMy rasa B HEM HaOEXHbIM WHAWKATOPOM
rHBIM?

a) ABnseTcs

0) He aBnsieTcs

Bonpoc 92

Llenb nepBNYHOro KOHTPONS 3a AaBrNeHNEM B CKBaXXUHE?

a) MpepoTBpalleHe BO3HUKHOBEHUSA OTKPbLITOrO (poHTaHa.

0) bypeHune ckBaXkMHbl 40 NPOEKTHOM rMyOunHbI 6€3 OCNOXHEHWIA

B) besonacHas nukengauma MHBIT 6e3 nocnenyowmx OCNOXHEHUA B CKBaXXKUHE.
Bonpoc 93

Llenb BTOPUYHOro KOHTPONS 3a AaBreHNEM B CKBaXXUHE?

a) bypeHue ckBaXknHbl 4O NPOEKTHOW rMyBuHbI 6€3 OCIOXHEHUN.

0) MNMpepoTBpaLleHne BO3HMKHOBEHMS OTKPbITOrO hOHTaHa.

B) besonacHas nukengauma MHBIT 6e3 nocnenyowmx OCNOXHEHUA B CKBaXXUHE.
Bonpoc 94

Llenb 3akntountenbHOro (TpeTbs CTagms) KOHTPOIA 3a AaBNEHNEM B CKBaXUHE?
a) bypeHwne ckBaXknHbl 4O NPOEKTHOW rMyBuHbI 6€3 OCIOXXHEHUN.

0) MNMpepoTBpaLleHne BO3HMKHOBEHMS OTKPbITOro hOHTaHa.

B) besonacHas nukengauma MHBIT 6e3 nocnenyowmx OCNOXHEHUA B CKBaXXKUHE.
Bonpoc 95

Kak ocyliecTtBnsieTca ynpaBneHne gaBneHnemM Ha nepBomr CTagum KOHTpona?

a) Kak nytem nsmeHeHnsa rugpocTaTM4ecKkoro gasneHnd, Tak n ncnonob3osaHuem MNBO.
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6) TonbKko NyTeM perynMpoBaHUsa BENWYUHBLI rmapocTaTndeckoro gasrneHus ctonba bIXK.
B) lMyTem yCTaHOBKU LEeMEHTHbIX U1 6apuToBbIX NPOBOK.

Bonpoc 96

Kak ocylecTtBnsieTcsa ynpasneHne gaBneHnem Ha BTOPOW CTaann KOHTPOA?

a) Kak nyTem nameHeHuns rugpocTaTM4ecKkoro AaBneHuns, Tak n ncnonb3osanuem MNBO.

6) TonbKo NyTeM perynMpoBaHUsa BENWYUHbLI rmapocTaTndeckoro gasrneHus ctonba bIXK.
B) lMyTem yCTaHOBKN LEeMEHTHbIX Urv 6apuToBbIX NPOBOK.

Bonpoc 97

Kak ocywecTtBnseTcsa ynpaBneHne gaBneHNeM Ha TpeTben CTagum KOHTPona?

a) Kak nyTem nameHeHuns rugpocTaTM4ecKkoro gaBneHuns, Tak n ncnono3osanuem MNBO.

6) TonbKko NyTeM perynmpoBaHUsa BENWYUHbLI rmapocTaTnieckoro agasrneHus ctonba bIXK.
B) lMyTem yCTaHOBKU LEeMEHTHbIX U1 6apuToBbIX NPOBOK.

Bonpoc 98

Ha pucyHKe nokasaHbl TUMUYHbIE TPadUKN N3MEHEHNS AaBMAEHWUIA NMPU BbIMbIBAHUN NaYKu
rasa n3 ckBaxkmHbl cnocobom GypunbLumka. 'padukmn Kakmx gasneHnn 6yayt MmeTb gpyromn
BUA, MPU BbIMbIBAHUN HEPTU N3 CKBAXKMHbI?
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a) Npaduk Pmax.

0) MNpadouk Pu(kn).

B) Mpadoumk Pu (T).

r) Mpadukn He nameHaTcA.

Bonpoc 99

Kakne HeobOxogumbl [enCTBMA B Criydyae MpOsIBMIEHMS U3 Hernyboko 3aneraroLlmx
nnacros?
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a) 3agasuTb hntong obpaTHO B NPOABNSAIOLMI NNacT.

0) Micnonb3oBaHMe MeToAa HU3KOro AaBneHus nepes gpoccenem.

B) Bectm npombiBKY OBYyMsi HacocamMy C MaKCMManbHO AOMyCTUMOM Mogayven npu
NOMHOCTBIO OTKPBLITOM Apoccene.

Bonpoc 100

Kakve BO3MOXHbl pelleHuUsi BO BpeMs TNyLeHUs CKBaXWHbl, eCrnu CyllecTByeT yrposa
rmapaBnMyeckoro paspbiea nnacra?

a) 3apgasuTb pnong obpaTHO B MNPOSBASKOWMA NNacT UM UCMNONb30OBaHWE MeTona
HW3KOro JaBfieHnsa nepea Apoccenem.

0) BecTM nNpombIBKY ABYyMS HacocaMy C MakCUManbHO [OMYyCTMMOW nogadven npu
MOMHOCTBIO OTKPLITOM Apoccene.

Bonpoc 101

Kakne BO3MOXHbI pelleHMs BO BPEMS [MyLUEHUS CKBaXXWHbI, €Crnyv NpousoLusia nosiHas
3aKyrnopka Hacagok gonora?

a) YBenuvunBaroT AaBreHue Ha Hacocax.

0) MepdopupytoT BYPUNBbHYH KOMOHHY.

B) PacxaxuBatoT 1 npoBopaymBatoT 6ypuUnbHYO KOSTOHHY.

Bonpoc 102

Kakoe npumeHsieTcsa KpanHee pelleHne BO BPEMS MMyLUEHUS CKBaXXMHbI, €CNK Npou3oLuna
NonHas 3akynopka Hacagok gosnora?

a) YeenuumnBaroT AaBreHne Ha Hacocax.

0) MepdopupytoT BYPUNBHYH KOFOHHY.

B) 3agaBuTb hntong obpaTHO B NPOABNAOLLMIA NNacT

Bonpoc 103

Kakve BO3MOXHbI pelleHns BO BPeMS MyLEeHNA CKBaXWHbl, ecrnv o6bem MOCTynmMBLLErO
nnacToBoro drovaa npesbIlWaeT npegerbHoe 3HaYeHne?

a) YBenuunearoT JaBrfeHne Ha Hacocax.

6) 3agasuTb cbnong obpaTHO B NPOABASOLMIA NnacT

B) NepdopurpytoT OypunbHY0 KONIOHHY

Bonpoc 104

Kakve BO3MOXHbI pelleHNs BO BpeMS MMyLIEHUS CKBaXXMHbI, eCrnn npousoLuna YactnyHas
3aKynopka Hacagok gonorta?

a) lNopoepxuBate paeneHve B 0GCagHOM KOMOHHE, HE MEHSIi NPOW3BOAUTENBHOCTU
HacoCoB.

0) 3agaBuTb hntoma obpaTHO B NPOABNAOLMIA NAacT

B) MNepdopupytoT BYpusibHY KONIOHHY

Bonpoc 105

Kakne BO3MOXHbl pelleHUss BO BpeMs [fyLeHUs CKBaXWHbl, €Cnv  Mpon30LUSo
nornoweHne 6ypoBoro pacresopa?

a) BecTu npombiBKY ABYMsi HacocaMy C MakCUMarnbHO [OMYyCTMMOW nogadven npu
MOMHOCTBIO OTKPLITOM Apoccene.

0) 3agasuTb hnoma obpaTHO B NPOABNAIOLMI NAacT

B) MepdopupytoT BYpUrbHY KOSTOHHY
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Bonpoc 106

Mepepn obHapyxeHnem MHBI 06bI4HO HabngaTCa cnegyowme NpU3HaKu:

A) oTcyTCTBME NMPU3HAKOB

B) yBennyeHune gaBneHnsa HarHeTaHus

B) YBennueHne pacxoga 6ypoBoro pactBopa, obbema OypoBOro pactBopa U CHUXEHME
AaBneHnst HarHeTaHUs

[') cCHWKeHne ckopocTu BypeHus

Bonpoc 107

MprunHom GonbLUMHCTBA BbIOPOCOB SABNSETCA HECNOCOOHOCTL BypoBon Gpuragp!:

A) NpaBWbHO YCTAHOBUTbL U UCNbITaTb 060pyaOBaHNE NPOTUBOBLIOPOCOBOrO NPeBeHTOpa
B) nogaepxmBaTh gocTaTO4HO BOMbLUYIO NIIOTHOCTL pacTBOpa

B) nogaepxmBaTb CTBOM CKBaXXMHbI 3aMOfIHEHHbIM BO BpeMsi Nogbema MHCTPyMeHTa u3
CKBa>XWUHbl

) obecneunTb Hanunume Hagnexawiero konmyectsa OypoBoro pactBopa B CTone
CKBaXXWHbl BO BPEMS CMYCKONO4bEeMHOM onepauun

Bonpoc 108

MprnymHoM BoMbLINHCTBA BbIBPOCOB SABASOTCS:

A) aHOManbHO-BbLICOKME NNacToBble AaBMEHMUS

B) oTcyTcTBME peakumm nnu HenpasusbHbIE ENCTBUSA NIOAEN B TAKUX CUTYaUMSX

B) oTka3bl 060pynoBaHnsa NpoTMBOBLIOPOCOBLIX NPEBEHTOPOB

") noTeps umpkynaumm

Bonpoc 109

Ona 3awntbl o1 GonbwuHcTBa oTka3oB MBO 06blMHO nNpegycmaTpuBaloTCA pe3epBHbIe
CUCTEMBI

A) pa

B) HeT

Bonpoc 110

Mpn moHTaxe MNBO BCe KonbLEeBble KaHaBKN (prnaHUeBbIX COeaUHEHUI cnefyeT OYUCTUTb
N 3anoSTHUTb CMa3KoWN:

A) pa

B) HeT

Bonpoc 111

Uto npousongetr c 3aboMHbIM AaBneHMeM npu BTOPOW UMPKYNaAuMm no metoay
Oypvnblimka, ecnu aaBreHne B MEXTPYyOHOM NpoCTpaHCTBE NOAAEPXKMBANoChb
MNOCTOSAHHbLIM, NOKa pacTBOP ANA rMyLeHUs He AOCTUT MOBEPXHOCTH:

A) yBenmMunTbLCA

B) ymeHbwNTLCH

B) ocTtaHeTcHa NOCTOAHHBIM

Bonpoc 112

"a3npoBaHHbIN BYpOBOI pacTBOP MakCMManbHO CHUXaeT 3abonHoe AaBneHune, Korga ras:
A) HaxoanTbCcs BOMIM3M NOBEPXHOCTU

B) HaxoanTbes Ha 3aboe unu B6rmM3n Hero

B) HaxoanTbcs NnpuMepHO nocepeamHe CKBaXKUHbI
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[') BCe BbiwenepevncrneHHoe

Bonpoc 113

Kakoe nageHve gaBneHus B CUCTEME LIMPKYNAUUN OKa3blBaeT BO3AENCTBUE Ha NnacT:

A) nageHue gaBneHnsa B HA3eMHOM 060pya0oBaHUM

b) nageHune gaBneHunsa B 3aTpybHOM NPOCTpaHCTBE

B) nageHve gasneHus B 6ypuribHOM KONOHHE

") nageHne gaBneHus B NPOMbIBOYHbIX Hacagkax 4onoTa

Bonpoc 114

Cratnyeckoe pasrneHne B OypunbHOM KOMOHHE, 3aperMcTpuMpoBaHHOE MpPU HaXOXO4eHUU
AonoTa Ha 3aboe CKBaXXMHbI, NICNOMNb3YIOT ANS:

A) yBenu4yeHus NNOTHOCTN BYypOBOro pacTeBopa C LUefbio YypaBHOBELLUMBAHUA NIacTOBOMO
AaBreHns

B) rpagueHTa nputoka

B) HavanbHOro gaBneHns unpKynaumm

") BCero BbilenepevmcrneHHoro

Bonpoc 115

MNepBOHa4anbHOE AaBreHne LMpKynauumn crnegyet nogaepXmnBaTb NOCTOAHHLIM B TEYEHME
BCey npoueaypbl BbiMbiBa nonaa, ecnv ysenuyeHne nnotHocTn 6yposoro pactesopa He
nponcxoamno:

A) pa

B) HeT

Bonpoc 116

Haunbonbllee gaBneHve gencreyeT Ha Hawwimak o6CcagHOM KOMOHHbLI, KOorga AaBrieHne B
MEeXTPYOHOM NPOCTPaHCTBE Y MOBEPXHOCTU MaKCUMarnbHO:

A) pa

B) HeT

Bonpoc 117

Ecnu npu BeiMbIBE BbiBpOCca UMpKynsaumMen nogada Hacoca yBenvynBaeTcs, a AaBneHve B
OypVNbHOM KOMOHHE NOALEPXKMBAETCA MOCTOSIHHbIM MyTEM PErynmpoBaHus wWTyuepa, To
3aborHoe gaBneHue:

A) yBenmMunTbLCA

B) ymeHbwNTLCH

B) octaHeTcs HeM3MeHHbIM

Bonpoc 118

[Mpn BbIMbIBE ra3oBOW NadkM BBEPX MO CTBOMY CKBaXMHbl 06bem GypoBoro pacresopa B
Ha3eMHOM pesepByape:

A) yBenuuntbcs

B) ymeHbwNTLCH

B) ocTtaHeTcA HEM3MEHHbIM

Bonpoc 119

Bce BbIGpoOChI criefyeT paccMmatpuBaTh Kak BblOpOCHI rasa:

A) na

B) HeT
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Bonpoc 120

[Mpn BbIMbIBE ra30BOW MaykyM Yepes OpOCCenbHy NUHMIO obbem GypoBOoro pacrteopa B
Ha3eMHOM pe3epByape:

A) yBennuntbcs

B) ymeHbLINTBLCSA

B) octaHeTca HEM3MEHHbIM

Bonpoc 121

YUrto nogpasymeBaeTtcsa nog ABIO?

a) [asneHue ctonba >XMAOKOCTU [NyLEHUS 3HAYUTENbHO npeBbillaeT nacToBoe
AaBneHue.

6) MNMnacToBoe aaBneHne npesblllaeT HOpMarnbHOE rMapocTaTUYECKoe AaBreHme.

B) MoBbIWeHNe JaBNeHNe NPOKAYKM.

Bonpoc 122

[asneHue umpkynsumm npu nogade Hacoca 50 xon4./MUH. n NNOTHOCTK BypoBOro pacTeopa
1300 «kr/m° paBHo 4,50 Mrla. Kakum Oyget [aBneHue UMPKYNauMM npu TOW Xe
NPOM3BOAMTENBHOCTU Hacoca, ecnu NNOTHOCTb BypoBoro pacteopa yeenuuntca go 1370
Kr/m>?

a) 5,20 MlMNa

6) 5,26 MlNa

B) 4,74 Mla

Bonpoc 123

[aBneHne unpkynauum npy nogade Hacoca 50 xoa./MyH. 1 NIOTHOCTM BypoBOro pacTeopa
1300 kr/m’ paBHo 4,50 MlMa. Kakum GypeTt gasneHune umpkynsumm 6ypoBoro pactsopa Town
Xe NNOTHOCTM Npu nogade Hacoca 60 xoa./MUH?

a) 6,48 Mla

6) 4,16 MMNa

B) 6,0 Mla

Bonpoc 124

B ckBaxuHe npou3BOAUTCA BbIMbIBaHWE nNayvku rasa. B kakon MOMEHT [aBreHue B
KONbLIEBOM MPOCTPAHCTBE HAYHET CHMXATbCA?

a) MNMpwu Havane umMpkynaumm

6) NMpu BbIXOAE €€ U3 CKBaXXWHbI

B) Mpn nonHOM 3anonHeHun BypunbHOM KONOHHbI XXUOKOCTbIO MMyLIeHUN

Bonpoc 125

Bo Bpemsa nogbema 6ypoBoOro MHCTPyMeHTa okasanocb, 4To gonunu 6ypoBoro pacTteopa B
CKBaXXWHY MeHbLLE YeM crieaoBano. Yto HyXHO NpeanpuHATL?

a) 3arepmMeTn3npoBaTb CKBaXXMHY U NPON3BECTM MPOMbIBKY

0) MpoBepuTb Ha M3NMB, eCnn ero HeT, TO NPOAOIPKUTL NOABEM.

B) [poBepuUTb CKBaXWHy Ha W3MMB, €CNU ero HeT noctapaTbCA CNyCTUTb OypunbHYyo
KOMNOHHY [0 32605 1 BbIMbITb MOCTYNUBLLYIO MayKy rasa.

r) OcywecTBuTb NO4HLEM OCTABLUMXCS B CKBaXXMHE BypunbHbIX Tpy6.

Bonpoc 126
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Kak MOXXHO 0BHapy»XMTb nornolieHme 6ypoBoro pacteopa npu rnyLweHNn CKBaXXmnHbl?

a) HabnwogaTb 3a notTokom BypoBoro pacrteopa.

6) HabntogaTb 3a ypoBHEM BypoBOro pactesopa B MPMEMHON EMKOCTH

B) Habniogatb 3a Harpy3kom Ha Kproke.

Bonpoc 127

B npouecce rnyweHnMsa CKBaXMHbl MNogada Hacoca WM3MeHunacb npu nopaepkaHum
NOCTOSAHHOIO OaBfEHUSA B KOMbLEBOM MNpPOCTpaHcTBe. Kak 3TO NOBNUANO Ha BENMYUHY
3abownHoro gaeneHna?

a) 3abonHoe faBneHne yMeHbLUNTCS.

0) be3 nameHeHus.

B) 3abonHoe gaeneHne Bo3pacTeT
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