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AHHOTanusa. AkmyaavHocmes. [IpyuxBaT 6ypUIbHBIX TPY6 YBeJMYMBAET HENMPOU3BOAUTENIbHOE BpeMs 6YPOBOH YCTaHOBKH,
NOBbBILIAET PUCKU KOHTPOJIA CEeLHaJBHOT0 060pyA0BaHUSA IPH NMPOXOJKE CJIOKHBIX 110 CTPYKTYpe KOJUIEKTOPOB. Jl1s Tou-
HOT'O OIMCAHMA TAaKUX HEeraTHUBHBIX ClleHapHeB TpebyeTcs yHUBepcalbHas METO/MKA, BK/IIOYAIAsA KOMIJIEKCHYIO reoMe-
XaHHUYECKYI0 M TMJPOJUHAMHYECKYI0 MOJeJb C JieTaJbHbIM IIPOrHO30M B3aHMOCBS3aHHbBIX QU3UYECKUX MPOLECCOB B OT-
KPBITOW TepMOJANHAMHUYECKOHN CUCTeMe «KOJIJIEKTOP-CKBaXKHHA-O0ypoBOH pacTBop». [Ipo6sieMbl NOCTpOeHUsT «TMOKOH» Mo-
JleJId, pa3paboTKHU KOPPEeKTHON MeTOAMKH UCCIe[0BaHUs IPUXBATOB HETPHUBUAIBHBI U IPEJCTABJSIOT HHTEPeC /151 HHXe-
HepHBIX NPUJI0XKeHUH B HedTerasopoi oTpaciu. IJess. [1o peabHBIM JaHHBIM Ha MeCTOpOXJeHUsX B I0xkHoM Hpake nmpes-
JIaraeTcs: UCC/Iel0BaTh IPUXBAThl TPYO NPH 6YPEHUH CKBaXKMH C HAKJIOHHOM 06pasyoliei CTBOJIA; OLEHUTbh PUCKH, BBIABUTD
0COOGEHHOCTH M 3aKOHOMEPHOCTH IIPUXBATOB; pa3paboTaThk MOJeE/Ib U METOAUKY UX IpeAynpexaeHus.06seKm: NIpuxBaThl U
vx 3¢ dexTol. Memodul: reoMexaHUYeCKUH U THPOJAMHAMUYECKUH, YUCIEHHBIN U aHaIuTHUYecKUi. Pe3yasmamul. [lpen-
CTaBJIeH JleTaJbHbIA 0030p M KPUTHYECKUH aHA/IN3 ClleHapHeB NpUXBaTa OYPUJIBHBIX TPYyO Ha MeCTOpPOXJeHHUsAX B 0xxHOM
Hpaxke. [IpoaHanusupoBaHbl GaKTOPHL, BAUSIOIMe HAa NpUXBAT U 3GPeKTUBHOCTb paboThl 6YpOBOH yCTaHOBKH B Npoliecce
OypeHUs] HAaKJIOHHBIX U TOPU3OHTAJIbHBIX yYAaCTKOB CKBaXKMH. YCTAHOBJIEHbl KpUTePUH, onpefestomivie 3¢pGeKTUBHOCTb
O6ypeHUsl C yueTOM HM3MeHEeHUH peXMMOB paboThl 060pyAoBaHuUA. O6CYK/Jal0TCsl 0COGEHHOCTH yIpaBJeHUs MapaMeTpaMu
O6ypeHUsl, OTBETCTBEHHBIMM 3a NpeAyNpexJeHWe NpUXBaTa Ha paHHel cTajuy, ceilUMEeHTalUy LjaMa B JOHHOH 4acTu
HaKJIOHHBIX YYaCTKOB U 3aCOPEHUs CKBXKUHBI. BBIBO/ABI MPOMJLIIOCTPUPOBaHB] pe3y/ibTaTaMU aHa/au3a GaKTHUeCKUX Clie-
HapHeB NIPUXBATOB, JAHHBIMU YUCJIEHHOTO MOJeJIMPOBAaHUA AUHAMUKHU 4acCTHUL, B 3aTPY6GHOM MPOCTPAHCTBE TOPU30HTA/b-
HBIX 9KCLeHTPUYHBIX CKBRXKUH, [I0JIyYeHHbIMU B pacyeTax CJI0XKHOTO CABUIOBOTO TeueHUs HeHbIOTOHOBCKOM JucIepcHOMN
CMecCH C UCTOJIb30BAaHHEM U/Jiel 3i11epoBO-3iiepoBa U 31JepoBo-JarpaH:xeBa 0AX0/0B.
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TOAHUKa, ylipaBJieHHe
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Analysis of pipe sticking at well drilling in the South Iraqi limestone
and sandstone reservoirs
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Abstract. Relevance. Sticking of drill pipes increases the drilling rig unproductive time and risks of monitoring special
equipment when drilling complex reservoirs. To accurately describe such negative scenarios, a universal methodology is
required. It includes a comprehensive geomechanical and hydrodynamic model with a detailed forecast of interconnected
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physical processes in an open thermodynamic system "reservoir-well-drilling mud". The problems of "variable" model
evaluation, developing a correct method for studying pipe sticking points are not trivial and are of interest for engineering
applications at the oil and gas industry. Aim. Based on actual data from fields in the Southern Iraq, it is proposed to:
investigate pipe sticking when drilling wells with an inclined wellbore: assess risks, identify features and patterns of pipe
sticking; develop a model and a methodology for their prevention. Object. Pipe sticking and its effects. Method.
Geomechanical and hydrodynamic, numerical and analytical. Results. The paper introduces the detailed overview and critical
analysis of scenarios of pipe sticking in the Southern Iraq fields. The authors have analyzed the factors affecting pipe sticking
and efficiency of the drilling rig in drilling inclined horizontal sections of wells. They established the criteria determining the
effectiveness of drilling taking into account changes in drilling modes. The paper discusses the specifics of managing the
drilling parameters responsible for preventing pipe sticking at an early stage, sedimentation of cuttings in the bottom of
inclined sections and plugging of the well. The conclusions are illustrated by the results of analysis of actual pipe sticking
scenarios, numerical modeling of particle dynamics in the annulus of horizontal eccentric wells obtained at the investigation
of the complex shear flow of the non-Newtonian dispersed mixture using the ideas of the Euler-Euler and Euler-Lanrange
approaches.
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BBejeHue HISIMH OypOBBIX OTIEpaIii pU MPOU3BOIFHOM H3MCHE-
Xoporo u3BecTHO [1-6], uTo obecrieyeHue Oe30mac- HHUM yriia HAKIOHA W TOPU3OHTAIBHOM OpHUCHTALHU €
HOTO M JKOHOMHYECKH BBITOIHOTO Iporiecca OypeHmst  ctBona [7, 8]. VumThiBas cKa3aHHOE, B CTAThe TIOCTABIIC-
HE(TSIHBIX U ra30BbIX CKBRKHH BO3MOXKHO NIPU YCTOMUU-  HBI yeau. MCCIC0BaTh OCOOCHHOCTH M 3aKOHOMEPHOCTH
BOM (DYHKIJMOHHPOBAHHUH 3JIEMEHTOB CIICLHANBHOTO 000-  MPHXBATOB, BO3HUKAMOIINX B XOJE SKCINTyaTal[HOHHOTO
PYZOBaHUA M €T0 MHOTOYHCIICHHBIX PEKHMMHBIX napa-  Oypenus Ha HOxxHOM MectopokaeHuu B Mpake; yaCHUTD
METpOB. B Takumx yclOBHAX CIEyeT y4YMTBIBATh, YTO  pOJb OTACIBHBIX 3((EKTOB B (M3MUYECKUX MpoIeccax
CKB)XMHA JIOJDKHA OBITH OCTATOYHO OOJBINOH ISt CBO-  MEPEHOCA MACChl, WMITYJIbCA, BS3KOYIIPYTOTO Harpsike-
OOTHOrO TIPOXOXKACHUS 00CaTHOM TPYOBI C MUHHMAalb- HHMs U IIPOCTPAHCTBEHHBIX JIe(OpMAaliii CMECH BOKPYT
HOM BEpOSITHOCTBIO 3aKyIOpKH [2], Torma mpoOneMbl, —CTBONA; paspaboTaTh METOAMKH OINEPATHBHOTO IMpPEIy-
BO3HHKAIOIKE B IpoLecce OypeHus, OyAyT CBA3aHbl B MPEKACHHUS IPHXBATA B PEXKUME PCATLHOIO BPEMEHH.
OCHOBHOM C OOCTOSITENThCTBAMH TpUXBaTa TpyO, a HE C
oreparyei KOHTPOJIS CKBXUHBI [6]. AHamM3 [4—6] moka-  AHaIu3 3pPeKTOB, CONPOBOXKIAIOLIMX
3bIBAET, YTO B OYPOBO# MPOMBIIIICHHOCTH OONBIIMHCTBA ~ NPHUXBAT 6YPUILHBIX TPYO,
Pa3BUTBHIX CTpaH ClIydad IpHUXBaTta TpyO Mo-TpexHeMy M npo6./IeMbl HX MO/ e/TUPOBAHMA
SABJIAFOTCS OCHOBHOM IIpHYMHON Henpou3BoauTensHOro Amnanus mpuxsaTta TpyO 1Lieaecoo0pa3HO HayaTh CO
Bpemenn (HBT), HecMOTps Ha TO, YTO MX B 3HAUMTEb-  CLEHAPHEB, OTBEYANONIMX BEPTHKAIBbHONW OpUEHTAMH
HOHM CTENEHU MOXHO TPENOTBPaTUTh IyTeM d(dekTrB-  CTBOJIA CKBAXKHUH. Torna nomydennbie cBeicHus OyayT
HOTO IUIAHUPOBAHHUS U COONIOJIEHHS COOTBETCTBYIOIIMX  IOJIE3HBI NPH BBIPAOOTKE 3aKIIOYEHHH Ha 0000IIeHHE
npaBw1. OCHOBY STUX IIPaBHMJI COCTAaBISIOT METOAMKH  JAHHBIX 00 OCHOXKHIOIMX 35(@(eKTax, BbI3BAHHBIX
5 ()EKTMBHOTO MCTIONBL30BAHNS: ATTOPUTMOB TEXHOJIOTH-  HPOU3BOJILHOCTBIO YINIa HAKIOHA TpU OypeHHM CKBa-
YEeCKUX OIepaliii TI0 OYKMCTKE CKBaKWH; JOOABOK, cMa-  JKMH Ha He()TEerasoBbIX MeCTOpOXkAeHUAX B lOxHOM
30K, AHTHIPWIAINATENIEH, ONTUMU3UPYIOIMX mnporecchl  Vpake. JlaHHas METOMOJIOTHS ONpPENEIIAETCS €lle M
HepeHoca B CMecH; Ae(pOpMalMOHHBIX 3(QQEKTOB B KO-  TEM, 9TO MecTopoxaeHus B IO0xnoM Mpake cocrosaT u3
JIEKTOpe U PeopU3HUECKHX, MOTAPHBIX U U Y3HOHHBIX ~ ONON3AIOIIMX TIMHUCTBIX MOPOA M BBICOKOIPOHHUIIAE-
M3MEHEHMIi CBOMCTB GYPOBBIX PACTBOPOB M0 CHWKEHHIO ~ MBIX IUIACTOB, Il OYpEeHHS KOTOPBIX HEOOXOAMMO
COIpPOTUBJICHUS TPEHUs MEXKIy OypHIBHON KOJIOHHOM M MCIONIb30BaTh OTHOCHMTENBHO TyCThle OypoBEIE pac-
mwiactoM [1]. B Takux ycnoBusX i NpeNOTBpAIlieHds  TBOPBI, @ 3TO OOOCTPAET yCIOBHA mNpHxBara. bosee
WHIMACHTOB C 3acTPSBIIMMM TPyOaMmu, ONpeeNneHus — TOro, cornmacHo [9—11], mus BEIpabOTKM anropurMa Io
KPUTUYECKMX PEXKUMOB OypeHHs OT MHKeHepa-  INOJJEPKaHHI0 Oe3aBapMHHOrO OypeHHUs CIeHyeT y4uH-
HeTAHMKA TPeOYIOTCS TITyOOKHE 3HAaHMS O JETAIAX pa3-  ThiBaThb, YTO KOPUYHEBBLIE MECTOPOXKICHUSA B OTOM
BHTHS TePMOJIMHAMUYECKHX IPOLIECCOB B CKBAXHHE [2].  PallOHE COJCPIKAT IIIACTBI, HAXOSIIMECS B UCTOLICH-
OTH CBEJCHUS TIOJIE3HBI B (DYHIAMCHTAILHOM U MPakTH-  HOM COCTOSTHHU. [IprdeM Ha HEKOTOPBIX MECTOPOXK/IEC-
YECKOM OTHOLIEHMH, T. K. JIAFOT MPEICTABJICHHS HE TONIb- ~ HUAX JABICHME MCTOIICHMA MOYTH Ha 35 % MeHbIIE,
KO O 3aTparax Ha SKCIUTyaTaluio CKBaXWHBL OHHM Cro- — YEM OTAJIOHHOE IUIacToBoe nasieHue. [IpoBeneHHbINA
COOHBI KOPPEKTHO MPEJICKA3bIBATH COOBITHUS, CBA3aHHBIC ¢ OMONMorpaduyeckuii aHanu3 nokaseisaer [5—-11], uro
KOHTPOJIEM MpolLecca LUPKYIAIUM PAcTBOpA, HAapylue- B OOJBIIMHCTBE MH)KEHEPHBIX METOAUK IO MPOTHO3Y
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M3MEHEHUH nuddepeHInaIbHOro AaBiacHus U ddek-
TUBHOCTH OYHCTKH CTBOJIA COJCPIKUTCS TOIYIMITHPU-
geckas WHPOpMAIHs, KOTopas HYXKTaeTcs B KOPPEK-
mun. B gactHOCTH, mpu 0000IIEHNH Pe3ylbTaTOB HA
Ooyiee NMIMPOKUI IMANa30H M3MEHEHUH XapaKTEePHBIX
mapaMeTpoB CIenyeT YYUTHIBATh W HOBBIC HETPUBH-
anbHbIe 3()(EKTHI, KOTOPHIE COTPOBOXKAAIOT U OCIIOXK-
Hst0T Oypenue. Hanpumep, B 00BOJTHEHHBIX 30HAX, T1IE
JTaBJICHHE B CKBaYKMHE TIPEBHIIIACT JaBJICHHUE B IUIACTE,
OypmiibHasi KOJIOHHA MOXKET 3aCTpSATh B CKBRXKHHE
oKazaTeCsi B ee (uiIbTpauuoHHOM Kopke. [locnennee
MOJKET IPUBECTH K TOMY, UTO U U3BJICUCHHUS TPYOBI
notpedyercss O4eHb OoJjbIIoe ycwine. Tak, JaHHbBIC,
MPEICTaBICHHBIC HA PUC. 1, HIUTIOCTPUPYIOT POJIb Ma-
paMeTpoB, OIpPEHCIIONMX MeXaHu3M auddepeHu-
albHOTO TpuxBaTa [12] B yKa3aHHBIX OOCTOATEIb-
cTBax. B pesyibrare, cornmacHo cxeme Ha puc. 1, B [13]
ompeneneHa MPOrHO3UpyeMasl IMPUHA 30HBI KOHTAKTa
W, nroiim, o cBsizm (1):

(2r-2h, ) —(2r,. ) —(2r-2r,)’

1
2(2r-2ry)2h, e

W = 2r| acos

3nmech I — NOKaIbHBIM paguyc OypoBoif TpyObl,
moiM; Ny, — TommuHa GUIBTPAIHOHHON KOPKH, THOMM;
rgc — pamuyc pabouell OypHIIBHON KOJIOHHBI, IFOIM;
20, — YTOJI paCTOJIOKEHHS TPYOBI.

Torna 3HaueHWe IUQPGEPEHITNATLHOTO JaBICHUS

Pq, cpyHT/moﬁMz, MpeJyIaraeTcs MoJayInuTh B Buae (2):
N

P=——, 2

"= LW )

rne N — HanpsbkeHue TpyOsl, krc; C — KoadduiueHt
TpeHust TpyOsl; L — 1iIiHa KOHTaKTa TPyOBI C KOPKOIi,
¢yTt; W — mmpuHa 30HbI KOHTAKTa, JTFOWM.

Puc.1. Cxema  JdupgepenyuarbHozo  npuxeama U
napamempbl 015 npo2HO3a 3AKAUHUBAHUS MPYObl
Fig. 1. Scheme of differential pipe sticking and parameters

for predicting pipe sticking
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[Ipn mocTpoeHuH IeTaabHOr0 YMCIEHHOTO pelle-
HHUS paccMaTpUBaeMOH 3aJaydl CTOMT YUUTHIBaTh [14],
9TO €€ THAPOIMHAMHIYECKHI OJIOK TacT MpeICTaBICHHE
00 DSBONIOIMK KOHBEKTHBHO-IH()(Y3MOHHBIX MEJIKO-
MacIITaOHBIX MPOIIECCOB Ha TPaHMIIAX paclpeleeHus
(a3 B TETEPOreHHON CHUCTEME, OCIOKHEHHBIX IEpPEeXo-
JlaM{ BUXPEBOW MPHUPOIBI U HETUHEHHOCTHIO U3MEHE-
Huil Mopdonornueckux cBoicTB cMecu. IIpornos atux
MIPOIIECCOB MOTPEOyeT KOPPEKTHOTO 33aHUS PIaa M-
MUPUIECKUX MapaMETPOB, OMPEACISIIOMNX MPOCTPaH-
CTBEHHOC HM3MCHCHHE NUHAMUYECKOW U IUPPY3UOH-
HOH, OCPETHEHHOU U MYJbCAIIMOHHON CTPYKTYpPHI CMe-
CH B ToJie IeWcTBUsA BHemHUX cwi [15]. Tak xak atm
CBEJICHUS 3a4acTyl0 OTCYTCTBYIOT B IPaKTUYECKUX
HCCIIEIOBAHUSAX Tpolecca OypeHusi CKBaXKUHBI, BO3HH-
KAalOT TPYAHOCTH YHCICHHOTO TIPOTHO3a OYHCTKU
cTBoJia. HecrmocoOHOCTh OYHMCTUTH CTBOJ CKBaKHHBI
MPU HCIIONB30BaHUM OOBIYHBIX OYpOBBIX PacTBOPOB
MOJKET BECTH K MHTCHCHBHOMY HAaKOIUICHHIO IIIaMa B
KOJIBLICBOM TIPOCTPAHCTBE CKBAKUHBI M B KOHEYHOM
cYeTe BBI30BET MPUXBAT TPYOBbL. YUUTHIBAS CIOKHOCTH
peanu3anyy YHCICHHBIX MOZAETICH IPUXBaTa, HCCIIEHO0-
BaTeIH OOpaTWIINCh K (DEHOMEHOIIOTHYECKOMY IOJIXO0-
oy [16, 17] m mpencraBwid MOAETbh OIEHKH MUHU-
MaJIbHBIX CKOPOCTEW MOTOKA >KUIKOCTH U raza [18], B
paMKax KOTOPOH MOKHO MONXYYUTh NPUEMIIEMYIO KOH-
LIEHTPAIUIO [IUIaMa B CTBOJIE CKBAYKHMHBI, a TAKXKE 3HA-
YeHHs MPEANOYTHUTEIHLHOTO TMaJCHUs JaBleHUs, Tpe-
HUS TIPH OYUCTKE AKCICHTPUYHBIX IIPOCTPAHCTB CKBa-
JKUH TP UCIIOJIB30BaHUU OYPOBBIX PaCTBOPOB CO CIie-
upUIECKUMHI peopu3ndeckumMu cBoicTBamu [19]. U3
naHHBIX [20] ciieayeT, 9To Ha MPUXBAT TPYObl aKTHBHO
BIIISIIOT  YCIIOBHSA, ONpEACIAIONINEe KOH(MUTYpALHIo
3aJa4u TUApPpOAWHAMUKU U CONPSHKEHHOI'0 TEIIoMac-
COIEpPEHOCa B OTKPBITOM TEPMOJMHAMUYECKOU CHCTE-
Me «BHEIITHSS CPeNa/KOJICKTOp — TpaHHIBl TPY-
OBI/CTEHKH KaHayia — pabouee Telo/cMech». XOpoIlo
W3BECTHO, YTO LIS BaJMOAIMN YHCICHHOTO METOJAa U
MOJIEITN TIPOIiecca, BepH(UKAIIMH Pe3yIbTaTOB pacyera
0CcOo0yI0 LIEHHOCTh MPHOOPETAIOT JaHHBIE TMOYyIMITH-
puyeckux mozenel. IlosTomy mpu aHanuze npuxsara
aTIOCTEPHOPHBIC KOPPEISIUU ISl CKOPOCTH B KOJBIIE-
BOM MPOCTPAHCTBE SIBJIAIOTCS OJHUMH U3 Hambomee
BaXXHBIX 3aBHCUMOCTEH, CIIOCOOHBIX JIaTh MpelCcTaBIie-
HUE O KayecTBE OYHUCTKH CTBOJIA B BEPTHKAIBHBIX
CKBaXXMHax. B HHMX ckopocTh OypoBOro pacrtBopa,
TPaHCIIOPTUPYIOIIAs IUIaM, IOJ/DKHA IPEBBIIATH CKO-
pOCTh €ro COCKaJIb3bIBAaHUA HA JHO CTBOJA CKBA)KUHBI
noxa aeiictBueM cuiibl TsbkecTd. OHO U3 AMIHUpHUYE-
CKHX TIPaBUJI TIO MOUCKY KOPPEKTHOTO 3HAYECHHUS CKO-
pOCTH B KOJIBLIEBOM MPOCTPAHCTBE Il BEPTUKAJIBHBIX
CKBAXMH 3aKJIIIOYAaeTCs B CIEAYIOUIEM: CKOpPOCTh B
KOJIBIICBOM MPOCTPAHCTBE JOJDKHA ObITh KAK MUHUMYM
B JIBa pa3a OoJIblle CKOPOCTH CKOJBbKeHwMs tutama [20].
Takyro ckOpocTh CKoJbkeHus Vs, GyT/c, cmecu Oypo-
BOTO PAacTBOpa C YaCTHUIAMU BBIPAOOTKH MpPH JaMHU-
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HAPHOM TEUCHHH B PEKUME C€CTECTBEHHOH CeMMEHTa-
UM TBEPJBIX YACTHII, coriacHo [21], menecoobpasHo
onpeaensaTh B Buae (3):

_ 29dc ) 2(:05 _pm)
92.6 '

©)

S

3nmech § — YCKOPEHWE CHIIbI TSDKECTH, Q)yT/cz; d. —
HAUOOJBIINIA JMAMETP YacTUIl IUiama, (QyT; pm, Ps —
IUIOTHOCTU OYpOBOTO PAcTBOpa M TBEPIBIX YACTUIL IILIA-
Ma, COOTBETCTBEHHO, (YHT/(BYT’; 1/ — IMHAMHUUCCKAS BSI3-
KOcTh OypoBoro pactBopa, clI3. Kak m3BectHO (Hampu-
Mep, [21]), MeTom OIlCHKM MWHHMAaJIbHOW 3aTpyOHOMH
CKOPOCTH ISl 00€CIIeYeHNSI COOTBETCTBYIOMIECH OUHMCTKU
CTBOJa CKBAKHHBI OCHOBaH Ha mojaxonae DymieproHa.
3TOT METOX TPEIIoaraeT, YTo pa3Mep ILIaMa COCTaB-
nsger 0,25 moiima, TUIOTHOCTH ITaMa — 2,5 cerMeHTa, a
3aTpyOHasi CKOPOCTB JKHAKOCTH JIOJDKHA OBITH B JIBa pasa
0OJIbIlIE CKOPOCTH CEIMMEHTAIMH YacTHll Iuiama. [lon-
XOJl OCHOBAaH Ha BBHIIONHEHHUH CIICAYIOIIETO YCIOBHUS UL
TUIOTHOCTH OYpOBOTO PacTBOpa, pgr. Tak, cormacHo [13],
npu pg<1,43 r/cM® MHHHMAJIBHAS KONBLCBAS CKOpOCTb
Vmin, YT/MUH, MOXKET OBITh paccunTaHa B Bue (4):
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rae dy — auameTp CTBONA CKBKHHBI, [aroiiM]. 3ame-
THM, 4TO IIpH pg<1,43 r/em® m3MeHeHUS pacxona Kua-
KOCTH OT IHaMeTpa CTBOJA CKBaXHHBI HILTIOCTPHPYIOT
IaHHEIE, MpeCTaBICHHBIE Ha puc. 2. Bmecte ¢ THM
aHaJ M3 MMCIONIUXCS MyONUKaIMid 10 paccMaTpHBae-
MO Ipo0JieMe YKa3bIBaeT, YTO OOJIBIIIMHCTBO MPOOIJIeM
C TMIPUXBATOM TPYO Ha I0)KHBIX MECTOpOXKAeHIsIX Hpa-
Ka BO3HHUKJIO U3-32 MEPTeNs U OTON3AI0IINX CIAHIIEB, a
TaKkKe M3-3a YpPEe3MEPHOU IUIOTHOCTH OYpOBOTO pac-
TBOpa B CKBakuHe [6]. J[ist BBISBIIEHUST OCOOCHHOCTEH
9THUX MNPOLCCCOB BAXKHBI MPECACTABJICHUA O AUArpaMme
M3MEHEHUs TPaJIueHTa pa3phiBa MOPOBOTO JAABJICHUS HA
TEPPUTOPHSIX IOKHBIX HEMTIHBIX MECTOPOXKICHHUN
Wpaka B 3aBUCUMOCTH OT Pa3jIMYHbIX 3HAYEHUU TIIy-
61/IHI)I 1 IUIOTHOCTHU pacCTBOpaA, KOTOPBIC MPUBCIACHBI HA
puc. 3. Tak, Ha puc. 3 o6o3naueno: Kt — koadpurm-
ent nornomenus, MIla/m; Ki — xo3addunment aHo-
MaJbHOCTH IIacTOBOTO AaBneHus, Mlla/m; po — oTHO-
CHTEJIbHAS IIOTHOCTB IPOMBIBOYHOM KHIKOCTH, KI/M®.
OTMeTUM, 9TO TOYHBIE PACTIPEISIICHHS TPaJuCHTa Pas3-
pbiBa OYC€Hb BAXHBI JId IUIAHUPOBAHUA CKBAXHWH H
MEpONPUATUH B CiIy4ae HWHIUACHTOB C IPHUXBATOM
Tpy0. [lapameTpsl OypeHUs, TOIYYCHHBIE C MIOMOIIBI0
mpuOOpOB KapoTaka OypoOBOTO pPacTBOpa, MPEACTaB-
JIAKOTCA TIOJIC3HBIMU INIPHU aHAJIU3C CIIYy4YacB NpHXBaTa
TpyOBl HE TOJBKO IOCJTE TOro, Kak Tpyba oka3amach
3aKJIMHEHHOM, HO ¥ IIPY BO3HUKHOBEHUU IIEPBbIX IIPU-
3HAKOB MpHXBaTa. B cuily cka3aHHOro, B HACTOSIICH
paboTe TPUBOASITCS MapaMETPHI, IMONyYCHHBIE C II0-
MOIIBIO KAPOTAXKHBIX YCTAHOBOK OypOBOTO PacTBOpA.
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as a function of different values of depth and solution
density at parameters Kn=1.02-1.09 MPa/m;
Kna=1.1-1.8 MPa/m; po= 1.5-1.52 kg/m3

JaHHBIE C KOHKPETHOTO 000OpYIOBaHUs IEPeIaroT-
Csl TIOCJIE M3MEPEHHs C TOMOIIbIO CIIOKHBIX H3MeEpH-
TENBHBIX TpeoOpaszoBateneit [6, 10, 20]. PesynbraTsl,
MOJIy4YEHHbIE B pPaMKax JaHHON METOIOJOTHH, IOA-
TBEPXKIAIOT, YTO HEe(TIHBIE MecTOpOKaeHus B HOx-
HOM I/IpaKe HeﬁCTBHTeHLHO COCTOAT M3 TI'NIMHUCTHIX U
IJIACTUYHBIX MEPresieBbIX IUIACTOB C BBICOKOH MPOHH-
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[IaMOCTBIO, YTO MOXKET NPUBECTH K HHIHICHTaM C
npuxBaroM TpyO. Kpome Toro, mcTomeHHbIe IIacThI-
KOJIJIGKTOPBI MOTYT IPUBECTH K MOTEPSIM IUPKYIISIIIAU
[22-25], a u3BeCTHSIKOBBIC IUIACTBI C ECTECTBEHHBIMU
TpelMHaMH OyIyT BECTH K MNOJHOH moTepe TpyO BO
BpeMsi OypeHmst. B memom aHanmm3 pe3ynabTaToB, Hpei-
cTaBieHHBIX B [1-12, 22-25], mo3BoisleT OTMETHUTD,
9TO TPH YyACHEHHH 3(QPEKTOB, COMPOBOXKIAIOIINX
MPUXBAT TPYO B CKBaKMHAX, PACIIOIOKEHHBIX Ha FOTE
Wpaka, MOXHO BEIpabOTaTh MPAKTHYECKHE PEKOMEH-
JalH NIePCOHATY JUIS TPOTHO3a PEKUMOB IIPHXBATa U
MOCTPOCHUS ANTOPUTMA TEXHOJIOTHUECKHUX OIeparui
0 OCBOOOXKICHHIO 3aCTPSABIIMX TPYO. DTH perjiaMeH-
TUPYIOIIME JEHCTBUS OIUPAIOTCS Ha 3HaHHE OCOOEH-
HOCTEH, 3aKOHOMEPHOCTEH pa3BUTUS AepOpMaIMOH-
HBIX MIPOCTPAHCTBEHHBIX IPOILIECCOB B cpele U 00opy-
JIOBaHWUM B CWJIy MX PEaKkIuil Ha M3MEHEHHEe CIIeKTpa
BHYTPEHHHMX W BHEIIHHUX CHUJ, CTPYKTYPBI U PEIKUMOB
TpaHcropra OypoBOTO pacTBOpa B pabodel TepMoIu-
HAMHYECKOM  CHCTeMe «BHEWIHSSA cpena—Tpyoa—
pacTBOp» B paMKax IeOMeXaHHYeCKOW MOAenu 3eMiIu
(3-Dimensional Mechanical Earth Model (3D-MEM)).
CTOUT OTMETHUTB, YTO IPH UCCICIOBAHUN IIPUXBATOB B
pamkax 3D-MEM wMogzeneil yduThIBaeTCsi, 4TO OHHU
KJIacCU(UIHPOBAHEI B BUIIE TPYI (COTJIACHO JaHHBIM
[26-28]), n300pakeHHBIX Ha pHC. 4.
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21%
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Fig. 4.

Cmamucmuka npuxeamos npu 6ypeHuu CKeaxicuH
Pipe sticking statistics when drilling

Bubnuorpadudecknii aHaIU3 MOKAa3bIBACT, UTO IS
MPOSIBIICHHUS TPUXBaTa TPYObI XapaKTCPHBI YCIOBHS:
HEBO3MOKHOCTH H3BJICUECHHsI OYpOBOTO 00OPYIOBaHHUS
(OypuIbHBIX TpYO, KOJIOHHBI, 00CATHBIX WJIM HACOCHO-
KOMIIPECCOPHBIX TPYO) U3 CTBOJIA CKBAKUHBI IaXe MPU
ee OOJBIIOM JuaMeTpe, BMEMIAIINEM 00CaJHYH KO-
JIOHHY; TPOEKTHPOBAHMs OYpHIBHBIX KOJIOHH C 3ama-
COM IEpEerpy3Ku OoT 5 10* mo 10° ¢dbyHTOB, O0OCCTICUH-
Balollel JIOMOJIHUTEIBHOE YyCUIHe, HEeoOXoaumoe B
ciIyyae MpHXBaTa TPyObl, HAIMYMS MPOYHOH M KpyTI-
HOU (B pa3mepax) (pHIBTPAIMOHHON KOPKH, COMIPO-
Boxkmatomied muddepennmanpHeiii mpuxsat. Kpome
TOTO, CYIIECTBYET €IlE ABE TPYIIIbI, XapaKTECPU3yO-
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mMe cilydyau npuxBaTta TpyO, BakHsle anst 3D-MEM
MOJICITUPOBAHUS: 1) MPUXBATHI, BRI3BAHHBIC TBEPABIMU
YacTUIIaMU; 2) TPHUXBATHI, CBSI3aHHBIE C U3MCHEHHEM
oOpasyromeil cTBoJIa CKBaXHMHBL. B dYacTHOCTH, B
[27,28] oTMmedyeHO, UYTO UCMOJB30BAHUE CHCTEMBI
BEPXHETO NPHBOJAA JACT BO3MOKHOCTH OCYIIECTBIIATH
pasBepThiBaHUE (MPSAMOE U OOpaTHOE B TOJIHOW CTOH-
Ke) B yCJIOBHAX 3aX0Jla WIK BbIXoAa U3 OypoBoil o0ma-
CTH, YTO CBOAUT K MHHUMYMY BO3MO>KHEIE CITyJaw 3a-
KIMHUBaHuS TpyOsl. B [29, 30] yka3aHo, 4TO CHCTEMBI
yIIpaBlIeHHUs JAHHBIMU OYPEHHS B PEATbHOM BPEMCHU
MOTYT YMEHBIIUTh KOJIMYECTBO CIydaeB IIpPHUXBATa
TpyOBI ITyTE€M HENPEPHIBHOTO KOHTPOJIS BCEX BAXKHBIX
TPEHJOB M3MEHCHUS TAHHBIX OYPEeHUs 4epe3 KOMIbIO-
Tep OypoBoro Omoka. B [31] oTmeuaeTcss Ba)KHOCTH
ydeTa TIpH MOICIUPOBAHUM (PUIUIECKOTO IIporiecca
3aKIUHUBaHKS 3(P(HEKTOB OT: U3MEHEHUH KPYTAIIEro
MOMEHTA M CONPOTHBICHHUS B CKBAKUHE, MMOBEICHHUS
mapaMeTpoB Tporecca OypeHHs Mpu HEBpAIaromeHcst
KOJIOHHE M 0e3 BKJIIOUCHHBIX HACOCOB; XapakTepa H3-
MEHCHHUI TEH30pa HANPSHKEHHH MPU BEPTUKAILHOM U
TOPU30HTAIEHOM DACHONIOKEHUN CTBOJIA CKBAXKHHBL
WuaTepecHs! s BrimrodeHus B 3D-MEM-monens cBe-
neHust 00 addexTax, conpoBoxaaromux AuddepeHm-
QIBHBIN MIPUXBAT TPYO B HAKJIOHHBIX CKBaXHHAX. OHHU
npencraBieHsl B [32, 33], rae obocHOBBIBaeTcs (op-
MYJMPOBKA CBSI3€H VI OIICHKU TNIyOMHBI TOYKU IMPH-
XBaTa B HAKJIOHHOM CTBOJIE CKBOXHHBI HA OCHOBE JIaH-
HBIX 110 BBITSATUBAHMIO W BpameHuo. Kpome toro, B
[34] momuepkuBaeTCs, 4TO MpHU ydyeTe BHEIIHUX CHI,
OIMPCACTIAONIUX MPUXBAT, IEpeTIa] JaBJICHUS ABJIACTCA
JOMHUHUPYIOIIMM (H)aKTOpOM, KOTOPBIH HEOOXOIUMO
yMeHbIIHTH. Torna, ciemys [35], 3Toro MOXHO m0-
CTUTHYTh, OpPraHu3ys IIPOLIECC BBLITECHEHHS M3 CKBa-
JKUHBI OypoBOTO IIama OoJiee JIETKOW JKUIKOCTHIO.
B oTnenbHBIX HcciienoBanusax (Hampumep, [16]) oTme-
YaeTcs, 4TO eCJIM Ha CEBEpPHOM MecTopoxaeHun Kara-
pa BO BpeMs OypeHMs KOHIICHTpamus OypOBOH BbIpa-
0OTKM OBITa TOCTATOYHO BBICOKOM, TO 3TO CONMPOBOXK-
Jaock OOPHIBOM IaueKk U 3aKIMHUBAHUEM TPYyO. OTh
00CTOSITENbCTBA BaXKHBI IS aHaIH3a 3()h(HEeKTOB U pHC-
Ka MEXaHHYeCKOTO TIpHXBara OypHIHHON KOJOHHBI
BCJI/ICTBUE CEAMMEHTAllMM IlIJJaMa M OCJIOXHEHHIA,
CBA3AaHHBIX C YIPABJICHUEM U KOHTPOJEM CKBaXXHUHBI.
TakuM 00pa3oM, NpencTaBICHHBIN KpaTKuil OHOIHO-
rpaduuecknii aHanmm3 ykaseaer [10-16, 23-36], urto
HPOLECCHI, CIIOCOOCTBYIOIIME MPUXBATY, UMEIOT OCO-
OeHHOCTH, XapakTepHbIe i perrnoHa Oxuoro Upaxka.
B cuiy aToro npezacraBinsercs meaecooopa3HeM Ooree
HOJPOOHO OCTAHOBHUTHCS Ha OCOOCHHOCTSIX, OTJINYAIO-
[IMX MPHUXBATHI TPYO HpPH pa3paboTKe HEPTSHBIX Me-
cropoxkaenuit Oxunoro Mpaka, ¢ ykazaHHeM KOMIIO-
HOBKM HH3a OypwibHOH TpyOs! (KHBT), mapamerpos
Oypenus B actax [lammam u Xapta, Tanapat u Pax-
XyMa, a TaKKe NpoOlieM HEyCTOWYHBOCTH CTBOJA
CKBa)XMHBI B Tu1acte bypran.
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UHIUAEHTBI C IPUXBATOM TPYGhI

Ckeancuna A. TlepBblid ciay4ail mpuxBaTa TpPYyOBI
MPOM30IIeNT B CKBaXHHE A BO Bpems OypeHUs Ha
YYacTKe CKBaXHHBEI 12 % mioiima Ha rayoune 2235 M
CO CIEYIOIINMH TapaMeTpaMu: Pacxol pacTBOpa IO-
toka Q=3200 n/mMuH; cTOsluee HaBICHHE B TPyOe
SPP=3104 psi; nporHocts pactBopa MW=1,15 r/cm’.
Ha »toit rmyOuHe HaOMIOAaIMCh YaCTHYHBIE TIOTEPH U
pacxon Q cHmwkancs modtamao (¢ 3300 o
2500 5/mun). [Ipu aTOM GBUTO TTOTEPsIHO 285 Gappeneit
OypoBoro pactBopa. bypeHue mpomomKaloch C
Q=2000 n/MuH 10 HIWKHEH YacTH MHTepBaia Mumpud
Ha Tiyoune 2214...2378 M, 3atem pacxox Q Obu1 yBe-
mudeH 1o 2400 y/MuH u OypeHue BO30OHOBHIIOCH IO
riryounsl 2453 M npu SPP=2000 psi 1 norepsix ot 30
1o 50 Gappeneii B yac. B TakoMm mporuecce O6b1a 0OHa-
pyxena (Harmprumep, [37]) Tabmerka [Lost Circulation
Material, (LCM)] oobemom 130 Gappeneit u npeanpu-
HATHI TOMBITKA OTKauku, HO SPP yBemmumnoch 10
2500 psi. /lanabple aHaIM3a Mpolecca MoKa3bIBatoT, YTO
KOJIOHHA 3acTpsiia Ha oTMeTke 2265 M. Ha puc. 5, a—e
MOKa3aHbl XapaKTepHbIE pacIpeieNeHHs I1apaMeTpoB
Oypenus u 3cku3 KHBT Ha MoMeHT coOwITHS C 3a-
crpsBiei Tpyooit Ha ormerke 2453 M. Ha riryOune
2235 M, TAe MPOM3OLUIM MOTepH, pacxo] Q yMmeHb-
HIMJICS ¥ TUIACT MHUIIpUQ HAXOTWICS B HCTOIICHHOM
COCTOSIHUH, TIOOTOMY OKHAATACh IMUPKYILIIUS PacTBO-
pa ¢ morepsimu. 3HaYeHHe pacxoma Q B MOMeHT Oype-
HHsI, TPEALIECTBOBABLICIO CIy4Yal MpPUXBAaTa TPYOBI,
OBUTO TMPHOJIM3UTEIHHO PAaBHO MHHUMAJILHOHN 3aTpy0-
HOU ckopoct. Kpome toro, ormernm, uto 19-gacoBoit
nporiecc OypeHus: B uHTepBasie Ti1youHsl 2324...2453 m
MPOJOIDKANCSA C YACTUYHBIMH IOTEPSIMH — MOPSIIKa
20...90 Gappeneit B yac. HecMoTpsi Ha 3akauky TaOie-
TOK BBICOKOH BsizkocTH (LCM) uepes peryispHble WH-
TepBaJIbl, HAKOIUICHUE [IJaMa B KOJIBIEBOM IIPOCTpaH-
CTBE HE YHAIOCH IPENOTBPaTUTh. B pamkax momxonma
QDymieproHa ObUT paccyMTaH MUHUMAJBHBINA JEOWT,
paBHBIit TpubIM3UTENLHO 1940 J1/MUH, TIPU CIIETYIOMNX
3HAYCHUSX: AUAMETP CKBaKUHBI COCTaBIsLT 12 Y4 mroit-
Ma, JUaMeTp BBIOYPEHHON MOPOABI Oyyya=0,25 moiimMa
U TUIOTHOCTH OypoBoro pactBopa MW=1,15 r/em’,
pacxog Q depe3 Hacoc HUMeN 3HAUCHHWE IOPSIKA
2000 n/mMuH. OTMETHM, YTO ecii OBl (haKTHIEeCKUI
AUaMETP CKBaXUHBI HE 6BIJ'I ONUIUHAPUYCCKUM U CO-
CTaBJsU1 mpuMmepHo 13,5 mroliMa, MUHUMAJIBHBIA pac-
xox coctaBui 061 mpumepHo 2200 n/muH. Kpome Toro,
OypeHHe MpPOIODKANIOCh Yepe3 IUIACTBI, COJICpIKaIlne
N3BCCTHIIK, HeperBITLIﬁ CJIaHIIEBbBIMH CJIOSIMH.
U3 nanHpIx ananmsa (puc. 5) ClemyeT, 4To IpUXBaT
TpyOBI B CKBOKHHE A 0KHAJICS W3-32 HEJJOCTATOYHOTO
nebuTa MpU OTHOCHTENIBHO BBICOKOW CKOPOCTH IPO-
XOJKH, YTO TPHUBEIO K HAKOIUICHHUIO M30BITOYHOTO KO-
JMYECTBa IUIaMa B KOJbIIEBOM IpocTpancTBe. [Ipu-
XBaT TPyOBI MPOU30IIIEN, KOT/Ia YaCTh BEpXHEro crabu-
JU3aTopa BOIUIA B KOHTAKT CO CKOIUICHHEM IIIaMa B
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mwracte Mumipud, HECMOTPS HA TO, YTO BPEMs IOIb-
ema 3a00s coctaBisuio 70 MUH, CKBaKHHA ITUPKYITHPO-
Baja B TEUCHHUE IBYX MOABEMOB IPH Ka)KIOM H3BJICUC-
HUM KOJIOHHBI. B TakoMm mpoliecce KOJIOHHA HMelna
MPOTSHKEHHOCTD Nopsinka 2294 M ¢ neperpyskoit 40 T,
HO TIOTIBITKM TPOWTH Jajibllie OTMETKH 2268 M He
YBEHYAJINCh YCIIEXOM H3-33 MOTEPH LUPKYISIIIH, BEI-
3BaHHON CKOIUICHHMEeM InamMa, Hanuuuss LCM BHyTpu
konoHHbl. AHanu3 [38, 39] moka3eiBaeT, 4TO MPHUXBAT
TpyOBI OBLT CBSI3aH C OCAXICHUEM TBEPIBIX YaCTHII H3-
3a HedocmamouHou ouucmku ckeadicunsl. Ilocne Bcex
MIOTIBITOK TIPOMBIBKH, BKJIFOYAs 3aKa4dKy KHCIIOTHL,
CKBa)KMHa OblIa BBIBEJCHa Ha OOKOBOW CTBOJ IyTEM
cnycka Ha riyomHy 2168 m. CoriacHo aHanu3y
[40, 41], manHOTO CNydasi IpUXBaTa TPYOBI MOKHO ObI-
70 Obl M30eXKaTh, €CII OBl OOJIbIIIE BHUMAHUS YICIs-
JIOCh KOPPEeKMHOU O4UcmKe CTBOJIA U OOCMUNCEHUIO
MUHUMATbHO20 Oebuma 3aTpyOHOTO MPOCTPAHCTBA.
OTMedaeTcs, 4TO B JAHHOM TIIPOLECCE MUPKYILIHS
Tepe]l U3BJIeUeHUEM TpyOBI TOJKHA OBbITH OoJiee mpo-
JIOJKUTENHHOM.

Ckeaoicuna B (crieHapuil ipuxBara TpyObl B CKBa-
J)KUHe Ha OoJiee TIIyOOKHMX ydYacTKaxX Iociie oTdopa
kepHa ¢ 3749 nmo 3777 m 3a 15 yvacoB). Tak, Ha puc. 6
MoKa3aHbl mapaMmeTpbl Oypenns u cxema KHBT B mo-
MEHT oTOOpa KepHa Ha otMeTke 3777 M. IIpu mpoMBbIB-
K€ CKBRXHHBI IIOCIC JBYXYAaCOBOHM IMPKYJIAIUH OBbLI
3aukcupoBaH nudepeHIHaTbHbI IPUXBAT KOJIOH-
HbI Ha oTMeTKe 3775 M. Lupkynsauust ocymiecTBIsiach
¢ pacxojgoM Ha Bbixoje 880 n/MuH. OJHAKO MOAXO]
OynneproHa MOKa3bIBA€T, YTO MUHUMAIBHBIA JCOUT
JoKeH Obln cocTaBisaTh 1020 J1/MUH, 9TO CBHAETEND-
CTBYET O TOM, YTO OYHCTKA CKBAKUHBI HE MTPOMCXOIH-
Jla C COOTBETCTBYIOIIMMH IPOIECCY YCIOBHIMHU (OTIe-
PaTHBHOCTBHIO M CKOPOCTBIO OUUCTKH). [II0THOCTE OY-
poBoro pacTBopa Gblia cHikeHa ¢ 1,77 1o 1,74 r/em?,
I1T06LI YMEHBIIUTL IIC€peraa HaBJICHUSA B HWHTCPBAJIC
npuxsara. [ombITKH 0CBOOOINTH KOJOHHY ITYyTEM BBI-
TaruBaHus (ocnabieHus 10 60 T) He oOeceunTn J0-
CTATOYHOTO YCHJIMS 11 OCBOOOXKICHHS KOJIOHHBI. [1o
MMEIOIIMMCS JaHHBIM, MPOW3OUIEAINN HHIIUIECHT C
MPUXBATOM OB BbI3BaH JU((HEepeHIINATBHBIM TPUXBaA-
TOM B TPOHUIIAEMON 30HE, MOJBEpruIeHcs BO3AEH-
CTBUIO BBICOKOTO nucbananca cui. [locnenoBatenbHbie
MOTBITKA OTKAYKU JKUAKOCTH TaKXKe OKa3alich 0e3-
YCIIEIIHBIMU. B Takumx yCIOBUSIX KOJIOHHY OTITYCTHIIA
U TIPOJIOJDKIIIN pabOoThI, BHIOJIHHUB 3ape3Ky OOKOBOTO
CTBOJNIA. AHaNW3 MapameTpoB, OMPEACIFONINX WHIIH-
JCHT IpHUXBaTa CKBAXUHB B TOKa3piBaeT, YTO IS
TpyOBl XapaKTepHBI 3HAYCHUS MAKCHUMAaJBHOM Tepe-
TsoKkKHU (Tosbko 100 T). CpencTBa MHAMKALMKM CBOOO-
HOW TOYKH TOKa3and, 4To 3a00iHas KOMIIOHOBKA 3a-
cTpsiia Ha ayrHe okosio 100 M. A 3TO CBUIETENHCTBYET
0 TOM, YTO YCHJIME OCBOOOXKICHHUS MPEBBIIIACT 3HAYC-
HUS U1 paboyeii KOJIOHHBIL.
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Puc. 5. CksaxmcuHa A. HHdopmayuss o npuxeame mpy6bul: a-e) Xapakmep U3MeHEHUlU no

2/1y6UHe cMB0/1a CK8ANCUHbI CAedYIoWUX napamempos: ckopocmu npoxodku, M/4 (a);
Hazpy3ku Ha dosomo, ke (b); yucaa o6opomos, c-1 (c); kpymsiwezo Mmomenma, kKH - m
(d); dasaeHus 8 cmosike, amm (e),

Fig. 5. Well A. Information about pipe sticking: a-e) changes in the wellbore depth of the fol-
lowing parameters: rate of penetration, m/h (a); bit per weight, T (b); number of revo-
lutions, sec-1 (c); torque, kN-m (d); standpipe pressure, psi (e)
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Puc. 6. CksadxcuHa B. HHgpopmayus o npuxeame mpy6ul: a-e) xapakmep usmeHeHull no 2/ayouHe

Fig. 6.

€Me0/1a CK8adjCUHbl cAedyrowux napamempos: cKopocmu npoxodku, m/4 (a); Hazpy3ku
Ha dosiomo, ke (b); uucaa o6opomos, ¢! (c); kpymsauwjezo momenma, kH - m (d); dagaeHus
8 cmosike, amm (e)

Well B. Information about pipe sticking: a-e) changes in the wellbore depth of the follow-
ing parameters: rate of penetration, m/h (a); bit per weight, T (b); number of revolutions,
sec-1 (c); torque, kN-m (d); standpipe pressure, psi (e)
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Taroke OTMETHM, YTO BCS IPEICTABICHHAS IO JaH-
HBIM pHC. 5, 6 HHPOPMAIIHS COCTABISIET BAXKHYIO YaCTh
B BOINPOCAaX KOMIUICKCHOTO HCCIEIOBaHUs MpoOieM
NpUXBaTa, ONHUPAIOUIETOCs Ha METOHOJIOTHIO paspa-
00TKH coBpeMeHHO reobypuibHoi (3D-MEM) mome-
T TIPUXBAaTa B PaMKax IIOJIOXKCHUI MEXaHWKH HEO-
HOPOJHBIX CIUIOINHBIX CpPEl ¥ TEOPHU YIPYTOCTH.
C 31Ol TOYKHM 3peHHs TpeACTaBseTcs Ienecoodpas-
HBIM OCT@HOBUTHCS Ha OCTIDKCHHUSX, IPEUMYIIECTBAX
U OCOOCHHOCTSX WCIIOJB30BaHMsI 3TOr0 MOJXoJa K
mporHo3y 3(P(}HEeKToB, OCIOKHAIOMNX OYypeHUe, U yKa-
3aTh MyTH pa3paOOTKH YHHBEPCAIHHOW MOIEIH U Me-
TOJIa UCCIIEI0BAHMS IPO0IeM OypeHHsI.

YucjseHHOe MOAE/JMPOBaHUE IPUXBATa
B paMKax reoMexXaHU4ecKou MoAe/n
Iepcnexmugnvle nodxoovt u ux auaiu3. Brime
YCTaHOBJIEHO, YTO OYEBUAHOU IENBI0 OYypHIIBIIMKOB
SIBJIIETCS] BBIIIOJIHEHUE TEXHOJIOTMYECKUX OIepaluil B
PeXUMAaX, OTIMYAIONIMXCS AKOHOMHYHOCTBIO, 0€3-
OTMACHOCTBIO, YCTOWYHUBOCTBIO CTBOJA CKBAXHHBI, MIPU
KOTOPBIX MUHHMH3UPYIOTCS KOMIUIEKCHBIE 3()(EeKTHI
OT B3aUMOCBA3AHHOTO BIIMSHUS HIPOCTPAHCTBEHHBIX
Je(pOopMaIOHHBIX, TEIIOBBIX, THAPOANHAMUYECKUX U
T} }y3HOHHBIX MPOLECCOB MEpepacHpereNneHusl Mac-
Chl B IIACTax-KOJUIEKTOpaX, IOBBIMLAETCS IBUKECHHE
OypuJIbHOH KOJIOHHBI, MHTeHcH(UUUpyeTcs apodiie-
HHUE MOPOABl U €e TPAHCIOPT Ha IOBEPXHOCTh Oypo-
BBIM pacTBOpoM. B Takux ycmoBusx momnas 3-D reo-
MeXaHW4ecKas OLIEHKa HaIlpsDKEHHOIO COCTOSHUS ILla-
CTOB C OMNpEICICHUEM OPHEHTALUN MAaKCHMAaJbHbIX
HaNpsDKEHUH, pacripelielleHnii BHEIIHUX U BHYTPEHHHUX
CHJI BOKPYT CTBOJIa U BHYTPH CKBaXKUHBI, CAMOM Oypo-
BOM pacTBOpPE CIOCOOHA TOYHO YCTAHOBUTH HMPUYMHBI
HETPOU3BOIUTEIBHOTO BPEMEHH W3-3a IPOOIeM ¢
MPUXBATOM TPYOBI, a TaKxke cHopMyIupoBaTh IUIAH
MEpOTIPUATHI omepaTopaM IO obecreueHnio Oe3aBa-
puiiHOro pexxnMa Oypenus. Hamr aHamus mokassiBaert,
9TO PHUCK 3aCTPEBAaHUS TPYOBI BO BpeMsi OYpEHHS 0CO-
OCHHO yBEIMYHMBACTCS NMPU OypeHHH ¢ MHHUMAJIBHBIM
JaBJICHUEM B HCTOIIEHHBIX IJIacTax-KOJJIEKTOpax.
A mpuxBaT TpyOBl W TOTEps LUPKYILIIUH SBILSTFOTCS
IBYMSI OCHOBHBIMH (DaKTOpaMH, NPUBOISIIINMH K He-
MIPOM3BOAUTEIIEHOMY BpeMEHHU. BUiHO, 4TO ysCHEHHe
STHX TPOOJIEM CTaBHT 337aqy JJIsI NETaIbHOTO aHAIIN3a
BCEW KapTHHBI B3aMMOZICHCTBUI CHJI M MPOLECCOB IIe-
peHOCa Macchl, UMIYJIbCa U SHEPTHH B TEPMOJHMHAMHU-
4eCKOll cucTeMe «opoia—CKBaXKMHA—PACTBOP» B paM-
Kax reoOypmisHOH MEM-Monenu. Pa3zpaboTka Takoi
KOMIUIEKCHOM (U3HKO-MaTeMaTHUECKOI MEM-
MOJICTTH U MOJYYCHHE €€ YNCICHHOTO PEIICHHS TT03BO-
JUT UMETh ONTUMAJIbHBIN CLUEHApUil Ui MPOBEICHUS
3¢ ¢GeKTUBHOTO OypeHHs M IPEJOTBPAIEHHS HEIpo-
JOYKTHBHBIX BPEMCEHHBIX COOBITHH B Tiporiecce Oype-
HUA. B KOHEYHOM cueTe 3TO NMpeJoTBpaTUT 00pa3oBa-
HUE MpHUXBaTa TPYObl, pa3pylleHUe CKBaXXUHBI U CBA-
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3aHHYIO C 3TUM MOTEPI0 LUUPKYJISALHMUA PacTBOpa, a TaK-
JKe€ TOBBICUT IPPEKTUBHOCTh THIPOTPAHCIIOPTA IIPO-
JYKTOB OypOBOM BbIpaOOTKU U OYUCTKY cTBOJA. CTOUT
OTMETHUTH, UYTO paccMmarpuBaeMas MEM-Mozens rpo-
MO3/IKa B CBOEH 3amnCH, T. K. ONHAPAETCS Ha IOJHBIC
muddepeHuanbHble  YpaBHEHUS B YAaCTHBIX TPOHU3-
BOJHBIX BTOPOTO TOpsIKA AJISi 3aKOHOB COXpaHEHUMN
MAacChI, UMITYJIbCA U SHEPTUU C BXOIHOW WH(popMarmen
0: peambHBIX W3MEHEHHSIX TeH3opa nedopmamuii u
HaIPsDKEHUM B BA3KOW CPeJie U TBEPJAOM Telle yKa3aH-
HOH TEepMOJMHAMHYECKOWH CHCTEMBI; Bece OypOBOTO
pacTtBopa u ero MopQosorun; GU3NIECKUX U MeXaHH-
YECKUX CBOMCTBAX CHUCTEMbI, FeOMETpUUYECKONH KOHPU-
rypauuu (ONTUMAJIbHOW TPAeKTOPUU CTBOJIA CKBAXKH-
Hbl). Kpome Toro, i moiydeHus ee KOPPEeKTHOTO pe-
LICHUS NMOTpeOyeTCs MOMOIHUTENBHOE HCCIEOBaHHUE
1Mo 0OOCHOBAaHMWIO IMPHBIEKAEMBIX 3aMBIKAIOMIUX CBS-
3eil 111 HOBBIX HEU3BECTHBIX, a TAKOKE IOTIOTHEHUIO
ypaBHEHUI (HOPMYITHPOBKAMH KPAacBBIX YCIOBUH s
TEIJIOBOM, THUAPOAMHAMUYECKOH, IUPPY3HOHHONH U
HaNPsHDKEHHO-IePOPMUPYEMON COOTBETCTBYIOIINX Ya-
cTeil 3amaun. B pesynprare momyyaemoe perieHue Oy-
JIeT TPEeACTaBIATh CO0O0Il peleHne COBMECTHBIX 3a1au
TEOPHU YIPYTOCTH M MEXaHWKH T'€TePOTCHHBIX HEO-
HOPOIHBIX CIUIOIIHBIX CpeA. XOpOIIO M3BECTHO
[42-44], uto pelreHue TaKMX 3a1a4 BO3MOXKHO TOJIBKO
YUCIIEHHBIMU METOJAMHU U, B CBOIO OUEPEe/b, COACPIKUT
Mpo0JIEMbI Pa3pabOTKH YCTOMYHUBOTO, KOPPEKTHOTO U
a¢dexkTuBHOrO YMCIeHHOTro anroputMa. Hakoner, Bo-
npockl Banmupganmu MEM-mozenu, BepuUKanuu ee
YHCICHHOTO METO/a, AITOpPUTMa pacueTa, TOYHOCTU
METOAWKY M YCTAaHOBJICHUS MOTPEITHOCTH MOTYICHHBIX
YHCJICHHBIX PE3YJIbTAaTOB HOTpeGyIOT MPUBJICYCHUSA
JIOTIOJTHUTEIILHOW SMITMPHYECKOW HWH(pOpMaInuu o je-
TaJIIX MPOCTPAHCTBEHHOTO HM3MEHEHHS HCKOMBIX JIO-
KaJIbHbIX W HWHTCTPAJIBbHBIX IapaMETPOB. Tak xak mo-
CllefiHue, B OONBIIMHCTBE CBOEM, HEU3BECTHBI, TO IO
TBEPXKICHUE TIIONYyICHHBIX pE3yIbTaTOB TOTpedyeT
BBINOJTHEHUS] KPOTIOTIMBOM pabOTHI MO X CPaBHEHHIO
C MaKkCHMAaJIbHO BO3MOXHOH HHQOpmanueir o0 oco-
OCHHOCTSIX HCCIIEAYEMBIX TIPOIECCOB, IIONYYCHHBIX
ApYruMu METOJaMHU U DKCIICPUMCHTAMMU.

VYuuteiBasi BBICKa3aHHOE O MpobiIeMax, COMpPOBOXK-
JIAFOINX pPa3pabOTKy TOJHOW TeoMexaHudueckod 3D-
MEM-mozaenu,  mpeacTaBiseTcs — LEnecooOpasHbIM
OCTaHOBHUTBHCSA Ha PANAC BaAXKHBIX (1)I/I3I/IqCCKI/IX ITOJIOXKE-
HUiA, TO3BOJLFOIIUX YIIPOCTUTH ITOCTAHOBKY 3a/1auul 0e3
MOTEPU TOYHOCTH AHAIM3UPYEMBIX IPOIECCOB U BbI-
IMOJIHUTh MATEMAaTHYCCKOC MOACIIMPOBAHUC ITpUXBATa
pu OypPEHUH CKBAXKUH B CIIOXKHBIX IO CTPYKTYpE U (H-
3MYECKUM CBOMCTBaM Iutactax. OTMETHM, YTO MOZEIH-
pOBaHHE camoro Tpoliecca OypeHHs yIo0HO paccMar-
pHBaTH B KJIacCE 33/1a4, PELIEHUE KOTOPBIX CBSI3aHO:

1) ¢ BcecTOpOHHEH TeOMEXaHHYECKOH W Treosoruye-

CKOW OIIGHKaMH IIIacTa AJIsl YCTaHOBJICHUS U MPO-

THO3a HAMpsHKCHHO-IE(POPMHUPYEMOTO COCTOSHHS
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paboYux OpraHoOB TEXHOJIOTHMYECKOr0 000pyIoBa-
HUS U OKpY)Kalolllell BHEUIHEW Cpelbl B TEPMOIH-
HaMU4ECKOI cucTeme «I10POAA—CKBAXKHHA—
pacTtBop» B hopmare in-Situ;

MPOTHO30M ONTHUMAIBHBIX PEKUMOB (DYHKIIMOHU-
poBaHUsI 000PYOBaHUS 10 JAPOOJICHUIO MOPOABI
TPAHCIOPTUPOBKH OypoBOrO IJaMa Ha ITOBEPX-
HOCTb;

VSCHEHHEM OCOOCHHOCTEH M 3aKOHOMEPHOCTEH
YOpaBiI€HUs] TEIUIO- W TUAPOIAUHAMHYECKUMH,
i y3HOHHBIME ~ PEKUMAMHU  THAPOTPAHCIIOPTA
PEOJIOTUUECKH CJOXHOW BSI3KOM TIe€TepOreHHOU
cMecH (pacTBOp — YacTHUIIBI TBEPIOU (a3wl) Mo 3a-
TpyOHOMY TPOCTPAHCTBY C KPUBOJHMHEHHON 00pa-
3YIOLIEH CTBOJIA CKBAKUHBI,

paspabotkoii 3(h(heKTUBHOW TeoOypHIILHOW CHCTe-
Mbl C MEPONPUATUAMHU NEPCOHATY 110 YCTPAHEHUIO
MIPUYUH HECTAOUIILHOCTH CTBOJIA, MHTEHCH(pHUKAIINN
OYHCTKU CKB@)XMHBI, YBEIMYEHHIO CKOPOCTH IIpO-
XOIKH, KOPPEKTHPOBKE METONOB OypeHHS W ympe-
KJICHUIO TIPUXBATa.

Memoodonoeus peuterus. B xaxmol M3 yKazaHHBIX
3ala4 OCHOBHAs IeJib IOCBSIIEHA CHUCTEMAaTHYECKUM
HCCJIEJIOBAaHUSAM COOTBETCTBEHHO:

1) mporeccos, 000CTPSIOMINX HaNPsHKEHHO-
negopMupyeMoe COCTOSHHE BOKPYT CTBOJNA U B
HEMOCPECTBEHHONH OKPECTHOCTH €ro B3auMO/Ieii-
CTBHUSL C TIOPOJIOH, ¢ HEOOXOJUMOCTHIO BBISIBICHUS
MOTEHIUAIFHOTO IDIACTa, KOTOPHIH (opMupyeT
MPUXBAT C YYETOM J[ETAIbHBIX CBEJCHUHA O CKBa-
JKUHE, MPUYMHAX TPUXBaTa C Y4ETOM TeOopeThde-
CKHX W JKCIIEPUMEHTANBHBIX TAaHHBIX O MOpQoIo-
rur OypOBOTO PacTBOPA, TIIMHUCTON KOPKY;
MEXaHHU3MOB TPUXBAaTa U OCBOOOXKIEHUS TPYOBI C
JETaJbHBIM aHAIM30M IpoLecca Pa3pyLIeHUs Top-
HBIX MOpPOJ B paMKaX COBPEMEHHBIX IOAXOJIO0B,
YUUTBHIBAIONMX (hparMEeHTalUI0 NMPOOYypeHHON Io-
poIlbl M W3MEHEHHEeM TeoMeTpu4Yeckord (opMsl,
pa3Mmepa, Macchl, (PU3HYECKHX U MEXaHHYECKHX
CBOMCTB 4acTull, CKOPOCTH OypeHHs, THIIA J0J0Ta 1
BBIXOJHOI MOITHOCTH, 3¢ (EKTOB 00pa3oBaHUS
«TIOCTETILHOTO» CJI0 OTJIOKEHUH, YCIOBUM HUX BBI-
HOca OypOBBIM PacTBOPOM Ha TIOBEPXHOCTH;
TUAPOJMHAMUKA M TEIJIOMACCONEPeHOoca B JUC-
MEPCHBIX CHUCTEeMax (PKUIKOCTh — TBEPABIC YaCTHU-
[BI) TP JIAMHHAPHOM H TypOYICHTHOM TEUCHUH
PEOTIOTHYECKH CIIOKHON CMECH B SKCIICHTPUYHBIX
TpyOaXx B YCIOBHSAX pPa3BHBAIOMIErOCS IO IIPO-
CTPAaHCTBY U BPEMEHU HEM30TEPMUYECKOIO MOTOKA
B TIOJISIX JICKCTBUSI MHEPIIMOHHBIX M MacCOBBIX CHII,
B YCIIOBUSIX VIpaBiICHHUA MOP(HOIOTHISCKUMU
CBOMCTBAaMH HEHBIOTOHOBCKOW BSI3KOM CMECH IS
ONTHMHU3ALINN YCIOBUIA THAPOTPAHCTIOPTa NUIaMa U
OYHCTKU CKBaKHMHBI;

(hOPMYITUPOBKH MPEBEHTUBHBIX MEp MO0 KOHTPOIIO
OypoBOro Ijiama, UCIOJIB30BAHUIO ONTHMAaJIBHOTO
Beca OypoBOTr0 pacTBOpa sl YIIPaBIEHHS TOPOBBIM

2)

3)

4)

2)

3)

4)
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JABJICHHEM, MHHUMH3ALUN BPEMEHH BO3JCHCTBUS

HA CTBOJ CKBAXXHHBI U ©¢ MOHUTOPWHTA, BBIIAYC

pEKOMEHIAINI 1 YIIPEKAAIOMNX Mep AT MUHIMH-

3allUH CUJI, BEI3BIBAIOIINX IPUXBAT.

Hexomopuvie 3ameuanus k nocmanogke 3a0auu u
Mmemodam ee peuterus. JIns 000CHOBaHUS (HU3NIESCKHX
JIOTYIICHUH K YIPOIICHHIO MaTeMaTHUYeCKOW MOJAENH
paccMaTpHBaeMOro MPOIEecca OCTAHOBUMCS Ha Xapak-
TEPHUCTUKE OCOOCHHOCTEH, CONMPOBOXKIArOIMX audde-
pEHIMATBHBIA U MEXaHHUYECKUH NMPHUXBAT OypHILHOM
TpyOBl B TEPMOIUHAMHYECKONH CHUCTEME «IIOpOJa—
CKB2)XHHA—PAaCTBOP», M MPOWLIIOCTPUPYEM HX IaH-
HBIMH, TIPEJCTaBIeHHBIMU Ha puc. /—14. Tak, cormac-
HO puc. 7-10, HA KOTOpPHIX MPHUBEACHBI CBEICHUS O
CYTH IpPOIIECCOB, MPEMATCTBYIOIUX (HYHKIIMOHHUPOBA-
HHUIO OypoBOro 00OpYyIOBaHWS, BHIHO, YTO TIPH AH(}-
(epeHIMaTbHOM MPUXBATe BO3HUKAIOT CHIIBI PEAKIIUU
U3 TPOHUIIAEMOT0 IUIACTA, BBI3BAHHBIC JCHCTBHEM
CKB2)XUHHOTO (PIIFOHIIA B YCIOBHSAX, IPU KOTOPBIX €T0
ruapocraTrdeckoe nasieHue (Py) craHoBHTCS OoJibIe
mactoBoro aasiicHus donna (Pg).

Puc. 7. JudpdepeHyuanvHbili npuxeam 6 8epmuKaAbHOM
yyacmke CK8AXCUHbI 8 naacmax ¢ meepoo-mszkoll
cmpykmypoli (coeaacHo [13, 16, 21])

Differential pipe sticking in a vertical well section in
hard-soft formations (according to [13, 16, 21])

Fig. 7.

Puc. 8. [Ipo6aemHasn
(coznacHo [21])
Problematic wellbore cleaning (according to [21])

oyucmka cmeosia CKB8AJMCUHbI

Fig. 8.
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Puc. 9. JuddepenyuanvHuili npuxeam 8 HAKAOHHOM
yuacmke CK8AX?CUHbl 8 naacmax ¢ meepoo-mszkoll
cmpykmypotl

Differential pipe sticking in a deviated well section in
hard-soft formations

Fig. 9.

rMapocTaTuyeckas cuna
OnameTtp NMPU

< »!
< >

MnHUcTas Kopka

Cwuna nnacToBoro gaeneHus

Puc. 10. 'udpocmamuyeckas u nsacmosas CUJIbI,
deticmgyroujue Ha GypuabHyo mpy6y (cozaacHo [13,
16, 21])

Fig. 10. Hydrostatic and formation forces acting on the drill
pipe (according to [13, 16, 21])

B Ttakmx ycnmoBmsx maBieHWe OYpOBOTO pacTBOpa
OTPaHMYMBAET TIOJBMKHOCTh pabOYNX 3JEMEHTOB Oy-
poBoro o0OpYyIOBaHHS W CHOCOOCTBYET (OpMHpPOBa-
HUIO (QUIBTPAIMOHHONH KOPKH BOKpPYT 3aCTPSIBIINX
9JIEMEHTOB, MPOYHO VIEPKUBAIONICH HMX B CTaTH4e-
CKOM TIOJIOXEeHHMU. [l MeXaHMYecKoro TpuxBara
(puc. 8) XapaKTepHBI MPOIIECCH BO3ACHCTBUS Ha TPYyOy
3¢ (heKToB, CBSA3aHHBIX C CEAMMEHTAIMEl yacThll Oy-
POBOI BBIPAOOTKH, CYIIECTBEHHO MPEMATCTBYIOIINX
OYUCTKE CTBOJIA M (DOPMHPOBAHHEM II0 IMEPUMETPY
TpyOBl KPYIHOI'O MO pasMepy «IOCTEIBbHOTO» CIOA
MOJIUAMCIIEPCHBIX YACTHII IIJIamMa. 3aMEeTHM, 4TO yCTa-
HOBJICHHE YCIOBHH IS 3(QPEKTHBHOTO THUAPOTPAHC-
MOPTa ITUX YACTHI[ OYPOBBEIM PACTBOPOM IIPEICTABIIS-
€T OTHEJIbHYIO 3a7audy, BaXHYK B HCCIICJOBAHUAX

mpoOaeM THIPOIUHAMUKA M TEIUIOMACCONEPEHOCa T'e-
TEPOTCHHBIX CMECEH C IENbI0 TPOrHO3a ONTUMATBHBIX
PSKUMOB TEUEHHUS] CMECH B IIOJIE JNEHCTBHS CIIEKTpa
BHCIIHUX M BHYTPCHHUX CHJI, TPETSATCTBYIOIIUX CEIH-
MEHTAI[UM YaCTUI] U TPSAYIPESKIAAIONINX aBAPUITHBIC
cutyaruu (cornacHo 1ensmMm MEM-monenmun s 1-4
3agad). [IpryeM B KauecTBE BXOTHBIX JAHHBIX IS MO-
cTpoenus peumieHuss MEM-moneny, kKak MpaBuiio, Bax-
HBI PE3yJIbTATHI, MIOJIydeHHBIE B peskume iN-Situ, o mo-
BEJICHUH IIapaMeTpPOB, BBHI3BIBAIOIINX IPUXBAT TPYOHI,
TaKUX KaK Harpy3ka Ha J0J0TO, KOA(P(PHUIUESHT TPEHHUS,
CKOPOCTh HPOXOAKH, CHJIBI CONPOTUBICHIS, IIaByde-
CTH, BpAIIEHUs, KPYTAIIET0 MOMEHTA, TSHKECTH, KOH-
TakTa, MOp(OJIOruu, Beca OypoBOro pacTsopa U T. JI.
(nanpumep, puc. 9-14). IMeHHO 3TH cBeieHHs TTOMO-
TYT BBELSIBHTH IOTEHIMANBHBIN IIIACT, KOTOPBIA BBI30-
BET MpHUXBaT TPyOBl OYpOBBIM pacTBOpoM. U 3T naH-
HbIC HEOOXOIUMBI JIJIsI BKITFOUCHHUS B MATEMATHUYCCKYIO
MTOCTAaHOBKY 3a/laud B KadecTBe Habopa yCIOBHHl IIist
(hOpMYyITUPOBKH KpPAeBBIX YCIOBHU B BHJE CBS3CH IS
OmpesesieHnss TEeOMETPHUYECKOW, TerIo(U3NIeCcKOH,
TETUTOTHAPONHAMUYECKON U IUPPY3HOHHONH KOH(U-
rypamuid 3aJaqyd Ui TeOMEXaHWYeCKOW OypHIbHOU
MEM-monenu. IToatomy cBeneHust 06 0COOEHHOCTSX,
OCJIOKHSIOIINX OYpEeHUe U COMPOBOKIAIOIINX MIPUXBa-
TBI Ha MecTopoxneHusx FOxwuoro Hpaka, mpencras-
JICHHBIC BBIIIE B PE3yJbTaTe aHAIM3a HHIUICHTOB CO
CKBaXUHBI A, B, a Tarke pe3ylnbTaThl ¢ 3TUX MECTO-
pOXIeHM, cOOp MaHHBIX O 3aKOHOMEPHOCTSX IIPOBE-
JICHUST SKCIICPUMEHTOB C OYPOBBIMH pacTBOpaMu (pas-
Jen ctaTbu «VHIUAEHTHI ¢ IPUXBATOM TpyO») BecbMa
MOJIE3HEI B YaCTH JONOJHEHWN MOCTAHOBKH 3amaun. B
YaCTHOCTH, TPOBEJACHHBIN OuOimorpaduueckuii aHa-
U3 TPOOIeMBbl MOJCITUPOBAHUS TPUXBATa YKa3bIBaCT,
9TO A MaTeMaTHYECKOW MOCTAHOBKH 3aa4d U WC-
nonp3oBanus 3D-MEM-Monenu 1ose3Ho UMETh CBe-
nenust (puc. 9-14) o meransx KHBK, rme d — xopma
MIOTIEPEYHOTO CCUCHUSI OYPHIIBHOW KOJOHHEI, OTIpere-
JsieMasi CTENEHBI0 3ariayOJieHHsT B TIMHUCTOW KOpKE

(puc. 9).

Puc. 11. YnpowenHas cxema pacnpedeneHusi cua 6ypuabHol
KOJIOHHbI 8 HAKJAOHHOM Y4ACmKe CK8ANCUHE

Fig. 11. Simplified scheme of drill string force distribution in
the deviated section of the well
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AR
Ps
Puc. 12, PacnpedeneHue cun 0aseHusi Ha 8epMUKANbHOM
yyacmke ckeaxcuHovl npu dugdepeHyuanabHOM
npuxeame
Fig. 12. Distribution of pressure forces on the vertical section
of the well during differential pipe sticking

Bpawenve yp. 1

Puc. 13. Onpedeasitoujue cubl, deticmayoujue Ha 6ypuabHyH0
mpy6y Ha npeumyuecmeeHHo HAKJAOHHOM yYacmke
CKBAMCUHDI

Fig. 13. Determining forces acting on the drill pipe in a pre-
dominantly deviated section of the borehole

OHTaKTHoe

Puc. 14. Onpedeasitowjue cubl, deticmayoujue Ha 6ypubHyHO
mpy6y 8 KpueoAUHelHOl 06.1acmu CK8ANCUHbL

Fig. 14. Determining forces acting on the drill pipe in the
curvilinear region of the borehole

IMapametp h — shdexTuBHas qTHHA OYpUIBHON KO-
JIOHHBI, KOHTAKTUPYIOLIEH CO CTEHKOH CKBAXKHHBI U
ruarcTon Kopkoi (puc. 10). Tarxke u3 puc. 11, 12
BHJIHO, YTO CHJIa B HOPMAJBHOM HAIIPaBJICHUH K CTCH-
K€ CKBR)XHHBI TCHEPUPYETCS BCSAKHUHA pa3, KOTja Mpouc-
xogut mpuxsat. [lpudyem wem Ooiplie IIOMAgs HpPO-
SIMPYEeMOT0 OTKPBHITOTO IPOCTPAHCTBA MEXIY CTEH-
KO u OypunbHOW TpyOOii, T. €. U3MEHEHHE B AMAMa-
3oHe Mexkay d u h, Tem Gombine cuna cuerwienus. O60-
OM{ aHaIU3 CHJI, BBI3BIBAIOIIUX IPUXBAT, YKa3bIBACT
Ha TO, YTO €CIIU CyMMa TaKUX CHUIJI, KaKk BeC OypHIBbHOMN
KOJIOHHBI, CHJIBI COIPOTHBIICHUS BIOJH CTBOJIA CKBa-
JKUHBI, CWIBl auddepeHanbHoro npuxsara, MpeBbl-
HIaeT mpejes NPOYHOCTH/TEKYUecTH OYPHIBHBIX TPYO,
BO3HHUKHET mpuxBaT. M3 puc. 9 Takxke ciemyer, 4To
MakKcuMajbHOEe 3HaueHHe 0 — 3TO HApYKHBIN JHAMETp
OypHIIbHOI TPYOBI, 2 MAKCUMAITBHOE 3HaueHue h — -
Ha OypHJIBHOW KOJIOHHBI. AHamu3 HTaHHBIX puc. 7-14
nmogdepKruBaeT BaxHOCTh uccnenoBannust HIC cucre-
MbI (1 3amaun) UIsl yCTAaHOBJIICHHUS KAPTHHBI TIPOCTPAH-
CTBCHHOI'O M3MCHEHHS KOMIIOHCHTOB TCH30pa HaIps-
JKCHUH BOKPYT IUTHHBI OypPHIBHON TPYOBI, pe3yiIbTaThl
KOTOpO# OYIyT MCIIOJIB30BATLCSA B (DOPMYITHPOBKE CO-
MPSDKCHHBIX TPAHUYHBIX YCIOBHH B 3alUCH KPACBBIX
3aad Ha dTare UCCIeNOBAaHUN THIPOANHAMUKA U TET-
JI0- ¥ MACCONEepPEeHoca B TEPMOAMHAMHIECCKOM CHCTEME
«IOPOIa—CKBAKMHA—PACTBOP» (COCTABJIAIOIIUX CYTh
2—-4 3amav). Kak oTMe4anoch BBIIIE, OCTPOCHHUE pe-
meHus 3a1a4 1—-3 reoMeXaHn4ecKOl CHCTEMBI OypeHus
MIPOBOJUTCS B paMKaX YHCICHHOTO MOJCTHPOBAHUS U
COIIPOBOXKIAETCS MpobdIeMaMu pa3paboTKH HPPEeKTUB-
HOTO W ONTHMAJIFHOTO ajNrOpHUTMa HHTETPHUPOBAHUS
OTIPENENAIOMNX YpaBHEHUH. DTOT mporecc Tpedyer
BHUMAHUS K BaJHIaldH MOJCIH, BepUPHUKAIUU O]~
X0Zla, METOJa PEIICHHUS, a TaKKe MMOMYYCHHBIX Ha ee
OCHOBE PE3yNbTaTOB. B 3TOM OTHOIIEHHUH CIEIYET BBI-
TIOJTHUTH OOJNBIIONH 00BEM PabOTHI IO BHISICHEHHUIO CTe-
MIEHW HAJEKHOCTH YUCICHHOTO aNTOPHUTMa, COMOCTaB-
JICHHIO TIONyYCHHBIX PE3yJIbTAaTOB KaK ¢ MMEIOIIUMHUCS
IKCIEPUMEHTATIBHBIMHU/TEOPETUICCKUMHU JAHHBIMU
JIPYTUX aBTOPOB, TaK M C M3BECTHBHIMH pElICHUsIMH. B
OOJIBIIMHCTBE CBOEM TaKHE PEIICHHUS COOTBETCTBYIOT
aHAJIM3Yy paccMaTpUBaeMBIX NPOIIECCOB IEPEHOCA, JAe-
(dhopmaruii cpenpl ¢ MOJA0OHON TeOMETPUYECKON KOH-
¢urypanueit npoctpanctsa. Toraa st OIEHKH TOYHO-
CTH TTOJYYCHHBIX PE3YNIETATOB MOJCITUPOBAHUS MOXKHO
BOCIIOJIB30BaThCs JaHHBIMU HccaenoBanuid HJIC cpe-
Ibl, THAPOTUHAMUKN U TEIIOMACcCOIEpPEeHOCa B TOMO-
TCHHBIX M TETCPOTCHHBIX CMECSIX C HBIOTOHOBCKOH U
HEHBIOTOHOBCKOM peosioruei apyrux aBTopoB. [lomy-
YCHHBIC 3AKITIOUCHUST O KOPPEISLUK PE3YIETATOB TEO-
PUH/MOIEITUPOBAHUS/IKCIICPUMEHTA CICIYET HCIONb-
30BaTh B KAadecCTBE MIONONHUTEIBHOTO Marepuana K
YTOYHEHHIO (10 Mepe HEOOXOIMMOCTH) KaKk MaTeMaTH-
9ecKOM MOJENH, TaK W YUCICHHOTO METOHa/TI0AX0Aa,
anropuT™Ma ee peanusanud. lIpuHMMas BO BHUMAaHUE
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MIpeJICTaBJIEHHbIE 3aMEYaHHs O METOI0JIOTUN UCCIIEN0-
BaHUs, nepeineM K (GopMyITHUpOBKE caMOl MaTeMaTH-
YeCKOW YacTH TeoMexaHwdeckoi OypwibHOH MEM-
Mozenu. IIpu 3ToM Ui Hayana 1eaecoo0pa3Ho OcTa-
HOBHTBCSI Ha OCOOCHHOCTSIX MAaTeMaTHYECKOH MocTa-
HOBKH 2—3 3a/Ja4 W OTHAEIBHBIX WX pe3yibTarax, Io-
JE3HBIX HpPU HCCICIOBAHUH THUAPOTPAHCIOPTA IBYX-
(da3HbIX cpex Mo 3aTpyOHOMY IPOCTPAHCTBY IKCIICH-
TPUYHBIX CKBXUH C MPOW3BOJHLHOW OpHEHTAlHUEH ee
CTBOJIA.

MoaeiupoBaHUe TUPOJUHAMUKH
U TeIJIOMacconepeHoca B reTeporeHHbIX
BSA3KHX CMeCsX CO CJIOKHOM peosiorueit

Qusuueckas nocmarnoekd. 3aMeTHM, YTO IOZOOHBIE
HCCIICIOBAHUS TOCTATOYHO TIOAPOOHO H3IIOXKEHBI,
HampumMep, B [42-51]. OTmeuanoch, 4TO YHCIEHHOE
MOJIETUPOBAHUE OIPENEIMIOMNX ypaBHEHUH TIpea-
CTaBJICHHOW MaTeMaTW4eCKOM MOJENM BBIIOJIHEHO B
paMkax GU3UUECKUX JAOMYIIECHUN O ABWKCHUH U CEIH-
MEHTAI[UM YacTUI[ OypOBOTO IIIaMa HAa HIDKHEW IT0-
BEPXHOCTH HAKIIOHHOTO y9acTKa CKBaKUHEIL [Ipmaem
TaKue MOMYIICHUS XapaKTePHBI ISl CIICHAPUS OypeHHUs
B peKUMeE N Situ, rie B CUCTEME «IOPOAa—CKBAKUHA—
000pyIoBaHNE» MPOSIBIAIOTCA 3((HEKTHI OT U3MEHEHHUS
ckopocTH OypeHHs, IUIOMAAW W AWAMeTpa IOJoTa,
00beMa U IIOTHOCTH YaCTHII, COCTABA M CTPOCHUS I10-
poxnsl. KoMrutekcHbie 3 dekThl oT nedopMaIMoHHbIX,
JUHAMHYECKHUX U T (HYy3HOHHBIX TPOIIECCOB B MOPOJIE
U TEKYILIEH IUCIIEPCHON CMECH CO CIIOKHOW PEOJIOruei
WHTEHCU(PUIIUPYIOT MPOLECCHl B3aNMOCHCTBUS Y3JI0B
000pyHOBaHHS C 3aTPOMOXKICHAEM CEUCHHS JacTHUIIa-
MU BI)Ipa6OTKI/I. A 9TO, B CBOIO OYUCPC/b, BBI3bIBACT HEC-
OmaronpusaTHbIe dPPEKTHl 3aKTUHUBANHUS U NPUXBATNA
mpy6. MonenmupoBanue TUAPOIVMHAMUKH B YCIOBHUIX
JTAMUHAPHOTO U TypOYJIEHTHOTO peXUMa TEUCHUS CMe-
CH BBINIOJIHACTCA B HNPEAIIOJO0XKECHNUH, YTO OG’I)GMHaH
JOJIST TBEPABIX YACTHI[ OMPEHEIICTCS BEIMYUHOM IT0-
psnka ap<O(101), npudeM 3pdeKT oT uxX coymapeHuit
Jpyr c JApyrom mnpeHeOpexumo Mai. bonee toro, or-
MEYaeTcsl, 9TO 10 MPOCTPAHCTBY CKBAKHUHBEI POPMUPY-
€TCSl TEYCHHE KalelIbHOM HEC)KMMAEMOM KHUIKOCTH,
OCIIO)KHEHHOE HeCTalMOHapHBIMU 3 dekTaMu 3arpys-
KH TBEpPABIX YaCTHI[ Ha BXOJAE B CKBAXHUHY (B Pe3yib-
TaTe APOONCHHS IMOPOJIBI), a TaKkKe IPPEeKTaMu OT
OpPSIMOTOYHOIO W 33aKPYYCHHOTO,  BS3KOCTHO-
HWHEPUUOHHO-TPABUTALIUOHHOTO U H30TECPMUYECKOTIO,
CTallMOHAPHOTO IO YCJIIOBHSIM BXOJa MOTOKa. Pacmpe-
JICJICHNE 3arpy3Kd MOHOMCIICPCHBIX YACTUI[ COOTBET-
CTBYET OJHOPOJIHOMY TPOQHII0 TOCTOSSHHON WHTCH-
CHUBHOCTH 3a €MHHUITY BpeMeHH pabodero mporecca. B
YKa3aHHBIX (PU3UYECKUX JOMYIICHUSIX OCOOSHHOCTH,
COIIPOBOXIAIOIINE MPOIIECC TMAPOTPAHCIIOPTA HIIaMa,
€ro B3aWMOICUCTBHE C AIIEMEHTAMU OOOPYIOBAaHUS B
PEKUMAax, XapaKTEPHBIX U1 IPUXBATa, MOTYT OBITH
MpeCKa3aHbl TOJBKO B PaMKaxX MOCTATOYHO IOJHBIX

MaTeMaTHYECKUX MOJICNEH C JETATbHBIM YUCICHHBIM
MOJIEJIMPOBaHMEM IIPOIIECCOB IIepeHOCa HMITYJIbCa,
TeIla M MacChl B BS3KOYNPYTHX M HANpsHKEHHO-
IeGOPMUPYEMBIX CMECSX N0 YPaBHEHHUSM, OIUCHIBA-
FOIMM JIOKQJIbHBIC M3MEHCHUS TEIUIOANHAMUYICCKON U
b dy3MOHHOW cmpykmypbl TIOTOKa. Torma MOXHO
HAJIESIThCS, YTO IIOJyYEHHBbIE PEe3yJbTaThl 00OCHOBaH-
HO TIO3BOJIAT YCMAHOBUMb OCOOCHHOCTH U 3aKOHOMEp-
HOCTH M3MEHEHHH MUHHUMAJBbHO PEKOMEH/IYEeMbIX -
HAMHYECKHX MapaMeTpoB ILLIaMa [0 CKBaXKHHE, BaXK-
HBIX Ui (popMupoBaHUs Oe3aBapUIHBIX YCIOBHMA
(hyHKIIMOHUPOBaHHS OOOPYIOBaHUS TPU OypeHHH H
MpeI0TBPAILCHHUS [IPUXBATA.

®opMyIMpPOBKa MaTeMaTHYE€CKOH MO e/IN
npouecca ru[poTpaHCIoOPTa CMeCH

[Ipu MonmenmupoBaHUM TEUCHUS AUCIEPCHOM Cpemb
CIIEAyeT YUYUTHIBATH IPOTpPEcC SHIIEpPOBO- DdiIepoBa
(393) u »itnepoBo-narpamkeBa (DJ) moaxoq0B B OmuU-
CaHWW TEUCHUH T€TEPOTCHHBIX Cpel, KOTOPhIe COCTaB-
JSIFOT OCHOBY TMOIYJISIPHBIX MPOTPAMMHEIX ITaKETOB,
Hanpumep, CFD FLUENT. Ham omslT MonenupoBa-
HUS JBIKCHUS CMECH IO 3KCHEHTPHYHBIM TPyOaM ¢
TOPU30HTATHPHON W HAKIIOHHOM OpHEHTAIMEl B paMKax
939- n OJl-monxomoB  (IpOJEMOHCTPUPOBAHHBIH,
Hanpumep, B [42-48]) ykassiBaeT, uro CFD FLUENT
yCIIelleH B IMIMPOKOM JIHAla30HEe M3MEHEHWH oIpene-
asromux napameTpoB. Cama (H3HKO-MaTeMaTH4ecKas
mozenb (5)—(20) c cucremoit muddepeHnanbHBIX
ypaBHEHHI 3aKOHOB COXpaHEHUSI MaccHl (5), UMITynbca
(6) mns gacTyil )KUAKON (a3sl (TapaMeTphbl ¢ HHISKCOM
“f”), 3ambikaHusMU AJs1 TeHzopa Hanpsokenuit (1) (7),
ckopocreit nedopmanuii (S) (7), cun MexdasHOro B3a-
umoneiicteust (Sf) (6), MHOromapaMeTpHUYEKol Moje-
TBI0 TypOyJICHTHOCTH BTOPOTO MOPSAKA ISl PEHHOIH-
ncossix Hanpspkennit (10) RANS-moaxonma (RSS — kw-
SST/KL ¢ omnopHoii 6a30ii 1uIsl TPAHCIIOPTHOTO ypaBHe-
Hus tumna r=o,L (11)—(20)), a Takke MOJOKECHUAMU
DJI-noaxoa K pacdyeTy TBEpAbIX JacTHUIl (TTapaMeTphI C
ungekcoM “p”) (21)—(23) umeer oOLIHiA BUI:

0
%"—V'(O{pfvf):(x (%)
0 \%
M+V.(apfvaf):
ot
-aVp+V-(at™)+S, +ap,g; (6)

‘rz=‘rL+‘rT,‘rL:ZyS—g(,uV-Vf)I,S:
2 (Fi)
=0.5[Vv, +(VV,)'].S, :Zkﬁ); @)
i=1

2
ZFfvi =F +F,, Faz_%;zd%fg; (8)

i=1
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. o utul — 0 _
ok k=20 gy @ AN T
Re Re e
Cij :Dij+Pij+Rij+gij; (10) ﬂ_ds 1
C. =D +P +g; (11) A= Vp:g”dp- (23)

3aMeTuM, 4TO B WILTIOCTpalu ocobeHHocTell (op-
MYJIMPOBKH Momenu ruaporpancmopra (5)— (23) Bce
0003HAYCHUS €€ MEePEMEHHBIX M IapaMEeTPOB IIOJIHO-

H= /U(I )I _(SS) zsu ji?

i,j=1

u= ,unpw,S <D . CTBIO WJICHTHYHBI JICTAIbHOMY OITMCaHHIO, IpE]CTaB-
mpen JCHHOMY, HampuMmep, B [45-51], u mo cooOpakeHUsIM

7 +&[S" — (7, / Hipe)"] 7, (12) KPaTKOCTH 3/1€Ch OITYINEHEIL.
H= 3 /S > P Kpaesvie ycrosus 3a0auu cOCTaBISIIOT ClIeNyIOIINE
e Onoku. eomempuueckas uacme ONPENEISIET OCOOEH-
o(pk) N o(pvik) HOCTH pab0d4ero MpoCTPaHCTBa TEYECHMS CMeCH. JJuna-
ot ox Muyeckas yacmv BKIIOYAaeT YCIOBUS IS 3a/laHUs
CTPYKTYpPBI TIOTOKa Ha BXone. Juggysuonnas uacme
_ 0 {(ﬂ#“o'k,ut) ok }Lﬁk_ B ko (13) OTBEYACT 3ANAHMIO COCTaBa (o) BXOmAWIEH CMeECH.
OX; OX; Hauanvnvie ycnosus st TBEpIBIX YacTUI] OTBEYAIOT

3a/IaHMI0 UX PACIPEEeHril Ha BXOJE B CKBAXKHUHY 3a
o 1) ow N EIMHUIy BPEMEHM C Y4YETOM OypeHHS B BHUJIE:
okl oX Ni()=N"+[(t-to)/At]C, 3neck C — BenmuuuHa BBOAA i-ii

ot OX. :
YaCTULBI 33 CEK, [cfl], rae C=RSy/V,, R — ckopocts

Apw) , Aph) _ 0 {(y
%

+apS® - o’ +2(1- F)oo,, ié’_k@_a) (14) OypeHus, Sy — IIomanp 1010Ta, V, — 00beM 4acTHIIBL,

@ 0X; 0X, Ni" — pacmpesencHue i-if 4acTUIbl B HAYAIBHBIA MO-

o MEHT BpEMEHU. [ panuunsie ycioeus OTBE4YaroT (op-

E —tanh {min{max( k 500 4,0%2k}} (15) MHUPOBAHUIO H30TEPMHUUYECKOrO TEYEHUSA B IKCLICH-
! L Loy Yo CDkwy ' TPUYHOM 3aTPpyOHOM IIPOCTPAHCTBE CKBAKUHBI (HA

BXOJIe TUCIIEPCHON CMeCH, BHEITHEH IpaHulle KoJjblie-

1 ok oo 3 BOH 30HBI, CTEHKE BHYTPEHHEN TpyOBI, BbIX0zE). COOT-

CD, = maXLZP > 0% Ox 10 mJ (16)  BercrBenHo, Ha BxoOJe — OQHOpOAHBIC Hpoduun (a3,
X X Ha BBIXOJAC — YCJIOBHUA HCEIPEPBIBHOCTU TCEUYCHUS, Ha

ak CTeHKaX — JUIA Hecylmel W JAMCIICPCHOM (a3l MpUITH-

Vi = MaHUs KaleJbHON J>KHUIKOCTH, OTCYTCTBHUS IPOCKANb-

1
max F
a (ala)’s ) 3biBaHus. IIpu onpeneneHuu moss NaBiI€HUS MCIIOJIb-

( ko.s 500 V\} 3yeTcst ctaHjaptHas nporenypa PISO (pacmmpenue
(17) amropurma SIMPLE [45-48]), a Takke alropuIM

Strong Coupling, IIO ANSYS CFD, yuuThIBatouuii

ACTaJiIu BHYTPU- U Me)K(l)aSHOFO B3aNMMOBJIUAHUA MECXK-

F, = tanh<| max J
ﬂ oy’ y'o

av. ( ov, Oov j\ Iy YaCTHIAMH KaIeIbHOW XUIKOCTH M TBEPABIMHU Ya-
—+—L >
ax ax aXi ) CTULAMH.
CXOZ[I/IMOCTI) YHUCJICHHOT'O MCTOJIa UHTCTPUPOBAHUA
— P, =min(P,,10- § pkw), (18) ompenensroOmMUX ypaBHeHHH cucteMsl (5)—(23) oTBeya-

€T BBIMIOTHEHUIO KpUTepus Buaa (24):

f =009, o =5/9, a,=0.44,

_ _ OOl
f,=3140, B, =0.0828, @ max ] PST i <A, A, =0(10°), %, (24)
i, m
0,=085 0,,=1 o0,=05 0,=0.856. (20) LIk
8\) rie (@={v;,v,,V, vV K, & o, L}) u ee unrerpanbubie
m,—2=F, +Fy +F +F; (21) Do e
ot sHaueHust (Hanpumep, Pu=Tys — CONPOTHUBICHUS Tpe-
HUSI) XapakTepU3YIOT COCTOSIHUS CMECH Ha JBYX ITO-
= (pp — Ps )gvp’ Fpres = _Vpr’ Fo = ciegHuXx urepanusax (M, m+1). OcoOeHHOCTH YHCIICH-
c,p, A HOr0O METOJa M airOpUTMa JETAIbHO H3JI0KEHBI,
dPt My : .
:T‘uf _up‘(vf _np), (22) Hampuwmep, B [45 51].
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Ta6auya.
CK8ANCUHAY

Table.

XapakmepHbvle napamempsl M00eauposaHUsi npoyeccos 2udpompaHcnopma 8 cucmeme «KOAAeKMop-CMecb-

Typical parameters for modeling hydraulic transport processes at “collector-mixture-well” system

JMcrepcHas cpeja ¢dopmMa yacTuy, IJIOTHOCTb, KI'/M3 JMaMeTp, M PeoJsiorus
(TBepaas dasa - necok; particle shape density, kg/m3 diameter, m Rheology
KamneJsbHasi $pasa - )KUAKOCTb) 0/IHOpa3MepHbIE, HEHbIOTOHOBCKasl TUINA
disperse medium 1mapoo6pasHble l'epwens-bankin
(solid phase - sand; one-dimensional, (26-2,7)-10° 0,006 non-Newtonian
droplet phase - liquid) spherical Herschel-Bulkley

pEeXUM OypeHUst
drilling mode

peasibHast CKOPOCTb TBEP-
JIbIX YaCTHII, BXOJ, Lp, M/C
actual solids velocity,
inlet, vy, m/s

CKOPOCTb GypeHHs1, M/4
drilling speed, m/h

Macca 3arpyeHHbIX
4acTHI, KT
mass of load
particles, kg

JMHAMHUKa BA3KOTO
MOTOKa, Re
viscous flow dynamics,
Re

0

9-14

1,9-1,94

(0,02-2,6)-105

reoMeTpusi CKBaXKHHBI
well geometry

BHEIIHUH JUaMeTp, M
outer diameter, m

BHYTPEHHHI AUaMeTp, M
internal diameter, m

IJIMHA, M
length, m

3KCLEHTPUIHOCTE, %
eccentricity, %

0,2

0,12

12

70

Pesynomamer u ux ananuz. OTMETUM, YTO PACUETHI
KOMIUIEKCHBIX THIPOJHHAMUYECKHUX U TU(P(y3MOHHBIX
MPOLIECCOB, COIMPOBOXKAAIONINX THIAPOTPAHCIOPT OY-
pPOBOH BBEIPAOOTKH TIO0 SKCIECHTPUYHOMY 3aTPYOHOMY
MPOCTPAHCTBY HAKJIOHHOTO U TOPU30HTAIBHOTO y4acT-
Ka CKBQXHHBI, a TAK)KE CIIOCOOHBIX 000CTpUTH P dek-
ThI, OTBETCTBEHHBIC 32 (POPMHPOBAHHE TpHXBaTa Oy-
PHIBHOW TPYOBI, BBIMOJHEHBI [IPU 3HAYCHHUSAX OIpejie-
JISIFOINUX TIAPAMETPOB, TPEICTABICHHBIX B TAOIHIIE.

Ha puc. 15-18 npeacraBiieHbl OTACIBHBIC CBEICHHS
0 KapTHHAaX U3MEHEHHH MUHaMH4Yeckor u nuddy3noH-
HOU CTPYKTYpHI TIOTOKa IO JJIUHE CKBAXKHHBI, MTO3BO-
JISIIOIUE YSICHUTD MPOOJIeMbI BEIHOCA IIIaMa M3 CKBa-
>KUHBI U TIPEOTBPAIICHIS IPUXBaTA.

UucneHHbIl aHaMM3 JUHAMUYECKOH CTPYKTYPHBI
CMECH YKa3bIBaeT, YTO BIHSIHUEC PEOJOTHYECKUX Tapa-
METpOB (Ipeena TeKy4ecTH, MHACKCA ITOTOKa M KOH-
cucreniuy, (12)) Ha CKOPOCTh HAKOIUICHHS IILUIaMa
BECbMa CYIIECTBEHHO. YCTaHOBJICHO, YTO C TIOBBIIIIE-
HHUEM TIpenena TeKydecTH (7p), a TAKXKE C YMEHBIICHH-
eM uHAeKCOoB noToka (N) u koHcucteHiwu (K) MoxHO
chOopMHPOBATh YCIOBHS IS MHTCHCUBHON OYHCTKH
CKB)KHMHBI U TIPEJOTBPATUTH CIy4aH IPUXBATA.

Puc. 15. PasHocHass cemka K pacvyemy eaudpompaHcnopma
waama

Fig. 15. Spacing grid for calculating cutting hydraulic
transport

Puc. 16. H3meHeHUue  0ce80ll  KOMNOHEHMbl  8eKmMopa
ckopocmu pacmeopa no 0JuHe 20pU30HMA/NbHO20
yuyacmka ckeaxcuHol 8 ycaosusix: Re=104 L=10 m,
R2=0,2 M, R1=0,1 M 8 ceueHusix c uHmepgaiom 8 1 m
Change in the axial component of the solution veloci-
ty vector along the length of the horizontal section of
the well under the conditions: Re=104, L=10 m,
R2=0.2 m, R1=0.1 m in sections with an interval of
Im

Fig. 16.

Puc. 17. HU3zmeHeHue

06veMHOlU doau 4acmuy —necka,
npedckasaHHoe 8 pamkax 33 memoda. Ycaosus
aHa02u4Hbl OGHHLIM puc. 16

Variation of the volume fraction of sand particles
predicted within the Eulerian-Eulerian method. The
conditions are similar to the data of Fig. 16

Fig. 17.
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&

Puc. 18. H3ameHeHus o6wsemHol doau uacmuy meepdoll
¢asvl, npedckasaHHvle 8 pamkax 3/ memooda.
Ycnosus ananozuvHbl daHHbIM Ha puc. 16

Changes in the volume fraction of solid phase parti-
cles predicted within the framework of the Eulerian-
Lagrangian method. The conditions are similar to
the data in Fig. 16

Fig. 18.

Tax, u3 puc. 16-18 cnenyer, 4To B pa3BUBaIOIEMCS
notoke (B pexxnmax Re=idem, Fr=idem u ¢ paznudHoii
3arpy3Koii) TBEpAbIE YACTHIIBI JIOKATH3YIOTCS B HIX-
HEH 9acTH mormepeyHoro ceuenus (puc. 17, 18).

B aToli 30HE MHTEHCUPUIMPYETCS HX B3aUMOJICH-
CTBHE CO CTEHKOH TpyObl. IIpuuem mpu mpodux pas-
HBIX YCIIOBHSAX YBEJIMYEHHUE 3arpy3KH YacTHIl HA BXOJE
MPUBOIUT K OTHOCHTEIBHOMY pPOCTYy KaK pa3MepoB
0011aCTH, TaK U KOHIICHTPAIIUH KOJHUYECTBA TPAHCIOP-
TUPYEMBIX YacTHIl ¢ 6ojiee BBICOKMMHU aOCOIIOTHBIMU
CKOpOCTSIMH TeueHHs. Takke OTMETHM, YTO yBEIHYe-
HUE KOHLIEHTPALMU TBEPABIX YaCTHUI] U CpeTHEPacXOi-
HOW CKOPOCTHM HOTOKa B 00JIaCTH BXOJa NMPHBOAUT K
TOMY, YTO TEPEHOC TBEPIBIX YACTHI[ B TOPH30HTAIH-
HOM IIJIOCKOCTH IO AJIMHE TPYOBI 3aMETHO BO3pacTaeT.
B npucteHO4HON 30HE MHTEHCH(DUIIUPYIOTCS KOHBEK-
THBHO-TU(GY3MOHHBIC TIPOIIECCHI TIEPEHOCA UMITYJIhCA,
MacChl KOMIIOHEHTOB CMECH, OCJIIO’KHCHHBIC BIUSTHHEM
MacCOBBIX CHJI (CYThb BIMSIHHUSI TPaBUTALIMOHHOTO 3(-
¢exra). bonee Toro, pacyersl MOKa3bIBAOT, YTO B pe-
KUMaxX TEUCHUS B TpyDaX, OTIUYAIOMIUXCS POCTOM
WHTEHCUBHOCTH TypOyJIeHTHOCTH, uHcia Re, a Taike
YBEITMYCHHUEM JIOKAJIBHBIX MapaMeTpoB TYpOYIEHTHBIX
Buxpeii (Hanpumep, K, L, w, & 1 T. 11.) clienyeT 0KuaaTh
WHTEHCU(UKAIIIY MOJISIPHOTO IIpoIlecca MepeHoca UM-
MyJbCa, MacChl 3a CUYET MOBBIIICHHBIX 3HAYEHUH OJHO-
POJHBIX U CMEIIAHHBIX MOMEHTOB BTOPOTO U TPETHETO
MOpsiIKa MEXIy IyJIbCAllMsIMA BEKTOpa CKOPOCTH,
JTABJICHHUS ¥ YacTHIl TBEPAOH (pa3pl. DTO MPUBOIUT K
TOMY, 4TO CTPYKTypa IyNbCal[IOHHOTO TEYEHMs CTa-
HOBUTCSI HEOJHOPOJHOM M aHW30TPONHOW. B Takmx
yCIIOBUSIX UcTioib3oBanue mojeneid RANS-iogxona co
CKaJIIPHBIMH KO3 (pUIMEHTaMH MOJISIPHOTO TIepeHoca
UMITyJIbCa U Macchl (Hanmpumep, mojenn Tuna K—elw/L
[45]) mpoGnemaTryno. Pacueramu (UKCHpyeTCs TEH-
JICHIUS, XapakTepHas Uil pa3BHBaIOIIErocss TypOy-
JICHTHOTO TEYEHHs, YTO POCT MHTCHCHUBHOCTH TYpOY-

JICHTHOCTH M 00Jiee BRICOKHE 3HAYCHUS 3arpy3KH KOH-
LEHTPAUU TBEPIBIX YACTUIl MIPUBOIAT K (POPMHUPOBaA-
HUIO OoJiee BBIPAKCHHOM «y3KOH 30HBI BBICOKHX TI'pa-
JIICHTOB) c MEPEXOTHBIMU JIAMHHAPHO-
TypOyJICHTHBIME SIBIICHUSMH B CTPYKTYpE MPUCTEHOY-
HOTO TCUEHHS U TYPOYIEHTHOTO IOTPAHUIHOTO THIAPO-
JUHAMHYeCKoro W Au(QPy3nOHHOTO cI0eB. DTO CIIO-
COOCTBYET OTHOCHTEIIFHOMY CMEIICHHIO TOPU30HTAb-
HOW 00JIaCTH MHTCHCHUBHOTO NMPUCTEHOYHOTO TECUCHHUS
OT HIDKHEW CTEHKH TPYOBI B PO MMOTOKA W MHTEHCH-
¢urnmpyer TypOYJICHTHOE TEUCHHE B IPHCTCHOYHOMN
30He (puc. 16-18). bosee Toro, u3 nHbopMamu o pas-
BUTHH JHCIEPCHOTO TEYEHHS IO JUIMHE CKBAKUHBI
CIIEAyeT, YTO MpH HEOONBIION 3arpy3ke TBEPIBIX Ya-
CTHIl BO BXOJSAMIUN B TPyOy TYpOYJICHTHBIN MOTOK C
OTHOCHUTEIBHO HEBBHICOKAUMH dHCIaMHu PeifHombaca
(Re=0,5...1-10% dbopMHUpyeTCs TEUEHHE C XapakTep-
HOW aCHMMETPUYHOCTBIO PACIIPEICTICHUS OCEBOI KOM-
MTOHEHTHI BEKTOpa CKOPOCTH TBEPABIX YACTHIl B paiul-
QITEHOM BBIXOTHOM CEUYECHHH THUAPOJMHAMIYCCKH CTa-
OWJIM3MPOBAHHOTO MOTOKA. Tarke BBIMOJHEHHBIC HC-
CIIEIOBaHUS M3MEHECHUI HANpPSDKECHUN COBHUTA TBEPIBIX
9aCTHUL NIOKA3BIBAIOT, YTO HANPSKEHUS Tyr, T, CIIOCOO-
HBI CYIIECTBEHHO 000CTpATH Ae(HOpMAIMOHHBIE MPO-
IIECChI BOKPYT OYpWIIBHON TpyOBl M WHTEHCHQHUIMPO-
BaTh 3(PQeKThl mpuxBara pabodnx AIEMEHTOB 000pY-
JOBaHUs B mporiecce Oypenus. Tak, Ipu OTHOCUTEILHO
HEOOJNBIINX 3arpy3kax TBEPIBIX YacTHII B 00JIACTH
BXOIa TOTOKA C WHTCHCHBHOH TYpOYICHTHOCTBIO
(Re=0(10°)) B JOHHO}i YACTH TOPU3OHTAIBHOTO YUACT-
Ka TpyObl (pOpMHUpPYETCS 30Ha «CIa0OMHEPIIOHHOTO»
TEUEHHS, TIIe M3-32 OTHOCHUTEIHHO BBICOKOH MOJIEKY-
JSIPHOH BSI3KOCTH CMECH HAOJIONACTCS CeIUMEHTAIIHS
YacTUIl. DTH MPOLECCH MPUBOIAT K POCTY HAIpPsDKE-
HUS CIIBUTA TI0 MOBEPXHOCTH OYpHUIBHOW TPYOBI, B3au-
MOJICHCTBYIONIEH ¢ OOJbIIeH Maccoi OcaKaaeMbIX
yactull nwiamMa. CTOUT OTMETUTh, YTO B CBOEM OOJb-
OIMHCTBE yKa3aHHBIC MPOOJEMBI IPOTHO3a IPUXBATA,
WX KOPPEKTHOTO MOJICIHUPOBAHUS B PaMKaX ITOJIOXKE-
HUIi MEXaHUKU TeTEPOTCHHBIX CMECeH omKpulmul U
ewje JcOym CBOETO OKOHYATENLHOTO PELICHUsl B paM-
kax ucnonb3oBanusa 3D-MEM-nongxoma. B nemom u3
puc. 16-18 cnenyet, 4TO B ONpPENEICHHBIX YCIOBHUIX
TEUYCHUs CMECH HeNHHEHHble 3PQPEeKThl COBMECTHOTO
B3aMMOJICHCTBHS MTOBEPXHOCTHBIX M MAaCCOBBIX CHJI Ha
CTPYKTYPY IOTOKAa CHOCOOHBI TPUBOIHUTH K aCHMMET-
PUYHOCTH PaCHpPECICHUs PATHaIbHON KOMIIOHCHTHI
BEKTOpa CKOPOCTH TBEPABIX YACTHUI[ B CHIY HX pEak-
UM HA MEXaHU3MBI IPOIECCOB MEPEHOCa UMITYIIbCA U
MAacChl, COCTaBJIIONIMX CYTh OIPEACISIONINX KPHUTE-
pues monobus (Re, Fr, Peg, Sm u 1. n.) paccmarpuBae-
Moii 3amaun. Takke CTOUT OTMETUTD, YTO YCTaHOBJICH-
Hasl HeTPUBHANBHOCTH ((HEKTOB OT MOBEIACHUS IO
CKOPOCTH B Pa3BHBAIOIIEMCsI TOTOKE, U3MCHCHHI B
JUHAMHIYCCKOH W JUPPY3NOHHOU CTPYKTYpE UYacTHUI
CMecH, peoJormueckux 3((EKTOB OT HEIMHEHHOCTH
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M3MEHEeHUI HaNpsDKEHWH CO CKOPOCTAMH JieopMartiii
B (hazax Oyayt obocmpsame mexanuzmbl IpuxBara 0y-
pWIBHOHN TpyOBl. [l0ATOMY CTOMT OXHAATh, YTO MpPH
BBICOKHMX 3HAUEHUSX 3arpy3KHd YacTUIl U MPH Bpalle-
HUM TPYOBI KPYITHBIE HEOAHOPOTHOCTH OYpOBOH BBIpa-
OOTKHM HAYHYT pa3pymaTbes. JTO MPHUBEIET K IAMUHA-
puzayuu mevenusi. DTH BOIPOCHI MOTYT COCTaBHUTH
mpeaMeT A MEePCIeKTUBHBIX OyAyIIMH HccienoBa-
HUH. BHUAHO, YTO B KOMIUIEKCHOM aHalM3e Mpo0JieM
nmpuxBaTa obpaieHne K MoIHO(GaKTOPHOH reOMeXaHH-
yeckoir 3D-MEM-mozenu siBiiseTcst onpaBIaHHBIM.

3ak/ro4yeHue
[IpoBeneHHOE WCCiIEMOBaHME MO3BOJSET ClENaTh

CIIEIYIOIINE BEIBOMEI.

1. Dxcruryaraius 000pyIOBaHKS B YCIOBUAX NIPUXBa-
Ta yKa3bplBaeT Ha TO, YTO CKBAXKHHBI MMEIOT Orpa-
HUYCHHS 1O BPEMEHU BO3JCHCTBHUS Ha OTKPBITHIH
CTBOJI, TMOXTOMY MpPOOJIEMHBIC IUIACTHI IOJDKHBI
OBITH 00CAXKCHBI KAK MOYKHO PAHBIIIC.

2. JInst mpenoTBpalieHus] AOPOTOCTOSIINX OIeparii
0 BOCCTAHOBJICHHUIO 00OPYIOBaHHS MPU IPUXBATE
HEOOX0qMM OOMEH OIBITOM MO YCTAHOBIICHHIO Me-
XaHM3MOB 00pa30BaHus LIIaMa.

3. Cuenapuii npuxBara JODKEH OBITH JETAIbHO IMPO-
aHAJIM3UPOBAH, & OCHOBHEIC BHIBOIBI JOJDKHEI OBITH
pacnpocTpaHeHbl Cpeld BCEX CTOPOH, y4acTBYIO-
KX B pa3pabOTKe MECTOPOKICHUS.

4. B nporecce OypeHHs peakius OypHIIBIIUKA SBIIS-
€TCs KJIIOYeBBHIM (DAKTOPOM B ONPENEIICHHH IpPH-
xBara. Ero Mo>xHO M30exaTh, €CIIM MPOUCXOAUT Jie-
TaNbHOE M3ydeHHE Ne(GOpMAMOHHBIX M TUHAMUYE-
CKHX IIPOLIECCOB B CKBAXKHHE.

5. OnHMM U3 peulieHuil Ui NpeoTBPaIeHUs OypeHHsI
gepe3 TPEUIMHOBATHIC/MCTOMICHHBIE KOJUICKTOPHI
SIBIISIETCS] IPUMEHEHUE OYPEHHUS IO YIIPABISIEMBIM
JIaBJICHHEM.

6. Ilpu aHanm3e mpuxBaTa OOpallleHHE K reoMeXaHH-
yeckoir 3D-MEM-monenu mpencrapiisercs o0oc-
HOBaHHBIM. Ha ee 0CHOBE MOXKHO YCTaHOBUTH IpPU-
YHHBI MIPUXBATa, IMONICPKUBATE TE PEKUMBI, TPH
KOTOPBIX peabHO BO3MOXKHO CMATYCHHE €Tr0 Hera-
TuUBHBIX 3¢ dexToB. Hampumep, uepe3 GakTel yuera
HAC cucrembl  «mopoja—CKBaKHHa—PacTBOPY,
0co0eHHOCTEH M3MEHEHUI MOPQOIOTHH, TEILIOMU-
3MKH, TeOMeXaHuKH cpenbl. [loaxon aokas3an CBOO
3¢ (EKTUBHOCTh TPH PEIICHHH OTICIBHBIX IIPO-
OJeM TpUXBaTa: MHHUMH3AIMH TUIOMIAIH KOHTAKTa
MEXIy IUIacTOM U TpyOOH, WHTEHCH(UKAIIH
OYHMCTKH CKB&XHHBI OT OypOBOro Iuiama, (Gpopmu-
POBaHHMH YCIOBUH CTa0HIBHOCTH CTBOJIA CKBAXKH-
Hbl. 3D-MEM-Mozenn mo3BossifoT OBICTpPO OOHAa-
PYXHTh MeCTa 3aKJIMHUBAHUS OOOPYIOBAHHUS IO
HHPOPMAIH O pacIpeleICHHN HaNPsDKCHUN 110
MEPUMETPY CTBOJA, HPEATIOKUTH MEPHI IO OCBO-
O0XKICHUIO TPYOBI, OLIEHUTH ITyOMHY IpUXBaTa U

paccuuTaTh KpYTSIIU MOMEHT M OCEBOE YCHIIHUE,

HeoOXoaUMbIEe Ul OCBOOOXAEHHs NpHuxBaTa. Bce

aT0 rapantupyer, uro 3D-MEM-monens Oypenus

OyzeT moje3Ha AJIsl MH)KEHEPHOTO aHaIIN3a.

IIpakTudeckue peKOMEHAALUU IEPCOHAYy CBOAST-
Csl K CIEAYIOIEMY.

1. Korga BO3MOKHO, KOJIOHHA JOJDKHA HAXOAWUTHCS B
MIOCTOSTHHOM JIBKEHHH, YTOOBI OOECHEeYUTh KOp-
PEKTHYIO OUHUCTKY.

2. Yactuuel LCM cpennero pa3mepa, MpeBbIIIAONIe
1/3 pa3mepa caMbIX MaJICHBKUX HACAJOK J0JIOTa, HE
JOJDKHBI MCIIONB30BAThCS TIPH YCTPAHEHUH TOTEPS.
OmnBIT MOKa3BIBACT, UTO 3aKAUMBAIOTCS KOHIIEHTpA-
uun LCM mpu 3HaueHusx Oonee 50 ¢yHTOB Ha
KBaJpaTHBIA I0iM Ipu notepsx 1o 50 Oappeneii B
gac. Boree miOTHBIE KOHIEHTpPAaMHM MOTYT OKa-
3aThCsl HeA(P(PEKTUBHBIMU U NMPHUBEIYT K 0Opa3oBa-
HUIO KPYITHOU KOPKH.

3. Tlpu cHmWKEHWH nedWTa HM3-3a MOTEPh MUPKYISAIUN
CKB2)XHHA MOXET CTaTh Ooiiee Tpsi3HOM. CBoMCTBa
OypOBOTrO pacTBOpa JOJDKHBI TIIATENEHO KOHTPOJIU-
poBatbcs. [loBbImeHne ero BSI3KOCTH TPU HHU3KOH
CKOPOCTH CIIBUTa MOXKET CIIOCOOCTBOBATH OYHCTKE
ckBakHHBL. Kpome Toro, morepu 6ypoBoro pactsopa
nmo APl gomKHBI OBITH KaK MOKHO HIDKE, YTOOBI
MPEOTBPATHThL Ype3MEpHOEe 00pa3oBaHue (HHIIBTpa-
LIMOHHOM KOPKH Ha MPOHUIIAEMBIX YPOBHSIX.
[Ipoananu3upoBaHHBIE OCOOCHHOCTH CIICHapHUEB

npuxsara Ha HOKHBIX MecTopokIeHHsIX Mpaka mo3Bo-

JSIFOT OTMETHTb.

Hns obecnieuenns 3ppeKTUBHON OUUCTKH CKBAXKHU-
HBI TIPEAJIaracTcsl 3aKaunBaTh TaOIETKH BBICOKOM BS3-
KOCTH dYepe3 peryisipHbIe MPOMEXYTKH BPEMCHU
(mampumep, depe3 15 MHUHYT WM Kakable IBa 4Yaca).
Tabnetku cienyer n00aBisATh K OypOBOMY pacTBOPY,
9T0 cHOpPMHUPYET HAIICSKAIIYIO YCIOBHSAM MOpPQOIIo-
THIO CMECH.

BaxxHo yuuTHIBaTH B MpaKkTUKE OYpEeHUs, 4TO B OT-
KPBITOM CTBOJIE CKBXUHBI HE CICIYeT OCTABIATH pa-
004yI0 KOJIOHHY HETIOJIBI)KHOH, 32 UCKIIIOUEHUEM OIIe-
paummii HapammBaHusi WHCTpyMmeHTa. CTouT Bcerna
CIIEANTH 32 TeM, YTOOBI KOJIOHHA COBEpIAia BO3BPAT-
HO-TIOCTYTIATENIbHBIE U BpallaTeIbHbIC IBUKCHUS.

AHanmu3 TOKa3bIBaeT, YTO ILEJIECO00pa3HO YBENH-
YHTH IUIOTHOCTH OYpOBOTO pactBopa ao 1,20 r/em® re-
pea BxonoM B miactel Tanyma u Haxp Ymp no 50 m.
Kpowme toro, npu Bxoae B mnact Haxp Ymp npennara-
€TCsI 3aKAYUBATh TAOJECTKU, BKIFOYAIOIIUC YIUIOTHSIO-
me u CaCO3 MaTepuaibl HE TOJBKO BO BpeMs Oype-
HUS, HO U MPH JPYTUX ONEpalusix, TAKHX KaK CITyCKO-
MOJABEMHBIE U T. [I.

OKBHBaJCHTHAsT  IHPKYIHPYIOMIAs  IUIOTHOCTH
JOJDKHA KOHTPOJIMPOBAThCS. B 3TOM OTHOIIEHUH Tyd-
MIMMU TPAKTUKAMHU SBJISFOTCS TJIABHBIN 3aITyCcK Hacoca
W pa3pylieHue reed. MakcuManbHbIA pacxol IpruMe-
HSETCSl TOJBKO B TOM ClIydae, €ClIM 3TO HEOOXOIHMO
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JUIA XOpOIIed OYMCTKH CKBAXHHBI. A yMEHBIICHUE
pacxona TpebyeTcs B yCIOBUSIX, KOra OypoBblE KO-
JIOHHBI HaXOMSATCS Mepel CIAHLAMH, OCYIIECTBISETCS
KOHTPOJIb CBOWCTB OYypOBOTO pacTBOpa, MPOBOIUTCS
MUHHMU3AIHS TaBICHUS BCIUTBITHUS/TIOIKAYKH.
LemecooOpa3HO HCIIOIB30BAHUE IBYX POIHUKOBBIX
pacmmpureneit B KHBK Ha onTtumanbsHBIX paccTosiHU-
SIX JUIA YMEHbILIEHHs paccllauBaHUs M MpefoTBpalle-

HUS Y3KUX MECT MPU PACHIMPEHUHU, OOPATHON MPOXO/-
K€ U CITyCKE OYHUCTHTEIIS.

B ciyuae npuxsata TpyObl B M3BECTHSIKOBOM ILIa-
cte Tpedyercs 3akauath 22%-t0 HCI/HF kucnoty mns
OXBaTa KOJBIEBOTO MPOCTPAHCTBA OT JI0JIOTA JI0 BEp-
IIUHBI KapOOHATHOTO TIACTa M YOTUTHCS, YTO KHC-
JOoTHas TablieTKa BIMTAJaCh B TEYCHHE JIBYX YacOB
MIPY TOTIBITKE BPALICHUS KOJIOHHEI.
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