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YucsieHHOE MOieIMpPOBaHUe peJlaKCalMOHHbBIX KPYTUJIbHBIX
aBTOKOJIeOaHW M OYPUJIbLHOW KOJIOHHBI BO BpEMS MPOXOJKU —
yrJiy6JyieHus1 320051 CKBa KU HbI
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Tpunyunuaneno Hogas 00HOMACCOB8AS MOOeNb OYPUNLHOU KONOHHbL, paA3pabomaunHas asmopom, 6 Omiuyue om 6cex
CyWecmsyowux, y4umoplédaenm npoyecc NpoXoOKU U NO360SAeM YUCTEHHO MOOeTUPO8AMb KPYMUIbHble d8MOKONeda s, 803HUKAIOWUe
npu oypenuu ckeadicun. HMccnedyromes penakcayuonuvle pejicumbl, koeoda nospyaicenue 6ypunbHoll KOIOHHbL U 8paujeHie 0010ma Mo2ym
uepe0osamuvcs ¢ ONUMENbHBIMU OCMAHOBKAMU. AHanumuyecKkue 3a8UcumMOCmu Oisl CUIbL U MOMEHMA CONPOMUBLEHUS, BO3HUKAIOWUE CO
Ccmoponbl 3005 CK8ANCUHBL, 3A0AIOMCSL, 8 3ABUCUMOCHIU OM TUHENHOU CKOPOCMU NOSPYICEHUS U Y2NI0B0L CKOPOCIU 8paujeHUs. 00I0md,
uepes annpokcumayuio Ilade. IIpeononazaemcs, umo 3navenus NOTUHOMUATLHBIX KOIPDUYUEHMOB OJil MHO2OUTIEHO8 Nepaoll CIenetl,
uepe3 OmMHOWEHUEe KOMOPLIX 3a0Aemcs annpoKcumMayus, onpeoensiiomcs U3 peanbHoll Xapakmepucmuky Ons CUlbl CONPOMUBIEHUs,
nonyuaemMou dKCNepumMeHmanbHo O1s nopoobl, 8 KOMOPOU Npou3so0Umcs OypeHue CK8AdICUHbL, U OHU ONPeoesion NPOYHOCTHbIE
ceolicmea nopoovl 3a60s. Memoo axademuxa PAH B.®. JKypasnesa no onpedenenuio nonuxomnonenmnozo mpenusi uepes Ilade
annpoxcumMayuio, NPUMeHsemMulll NPU ONUCAHUU CKOJbIICEHUS Mel ¢ GepueHueM No Wepoxoeamoll niockocmu, 0600wen asmopom
cmamou na 3a0ayu 6ypenus (3a0auu noepysicenus 6pawaiowye2o0cs meid 6 CORPOMUBISIIOUYIOCs Cpedy) Npu OnPedesienuL CUbl, d Yepe3
Hee U Momenma conpomugienus. B dannoi pabome onsa xodgh@uyuenma yoenvHo20 MOMEHMA CONPOMUBIeHUs, NPUXo0saue2ocs Ha
eounuyy 0agienus co CMOpoHvl 3a00s, NO AHANOUU C KOIPhuyueHmom cyxoeo mpeHus, NpuHUMAemcs HeluHeuHdas Kyouueckas
xapaxkmepucmuxa. Hosas ounamuyeckas mooenb OYpunvbHou KOIOHHLL NO360J5A€m ONpedensimy CKOpoCmb U 21yOuHy npoxooKu —
HaugadicHeliuue nokazamenu dpgexmusHocmu Oypenus — He IMIUPULECKU, KAK IMO ObLIO 00 CUX NOP, A UCX005 U3 YPAGHEHUT CAMOTL
OUHAMUYECKOU MOOeNU, ee Napamempos U HPOUHOCHHbIX C80UICME NOPoOdbl 3a605. Panee onpedenenue smux xapakmepucmux npoyecca
bypenus 06110 aOCONOMHO HEBO3MOIUCHO, MAK KAK CYWecmeyloujue Mooenu He yuumsieaiom npoyecc npoxooku. Ckopocmuv u enyouna
NPOXOOKU ONPedesnUc, MOIbKO 8 8UOe IMIUPULECKUX 3ABUCUMOCTE, NOTYHUEeHHbIX, KAK NPAGUNO0, IKCHEPUMEHMANbHLIM HymeM aubo 8
CmMeHo008bIX, TUOO 6 NPOMbIUIEHHLIX Ycaosusax. Huciennoe modenuposaniue nepexooHo2o pexlcuma agmoxonedbanuii noKazano, 4mo
Haps0y ¢ B03MOJICHIMU YCMAHOBUSUUMUC NEPUOOUNECKUMU PEXCUMAMU MOV BO3HUKAMb U PEICUMb] 0eMePMUHUPOBAHHO20 XAOCA.
B cayuae demepmunuposannozo xaoca @azoeas mpaekmopus NpumaU8aemcs K CMPAHHOMY AMMPAKmopy, a 6ecbMa Mavle
UBMEeHeNUsl 8 HAYANbHBIX YCII0BUAX NPUBOOAM K CYUeCBEHHbIM USMEHEHUAM 68 pabome cucmembl, NPAKMu4ecku HenpeocKasyemvim @
npoyecce Oypenus. QObnapyoicenue pedxdcumMos O0emepMUHUPOBAHHO2O XA0Cd SABIACMCA  00KA3AMEeNbCmBOM  CYUeCmByioue2o
npeononodICeHUsl O BO3MOICHOCIU XAOTNUUHBIX NPOYECCO8, BOZHUKAIOWUX NPU OYPEHUU HeDMAHBIX U 2A308bIX CKEAICUH.
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JIeTCPMHUHUPOBAHHBIN Xa0C.
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string during penetration - bottom-hole deepening

V.A. Koronatov

Bratsk State University; 40, Makarenko St., BraiRissia
kortavik@mail.ru
Received 16.03.2015, accepted 11.05.2015

Fundamentally new single-mass model of a drilinstrideveloped by the author, in contrast to alkémg, takes into accounts the
process of penetration and allows simulating nunadly torsional self-oscillations occurring duririgole drilling. Relaxation modes
have been studied when immersion of the drill gtand bit rotation may alternate with long stopsialytical dependences for the
force and torque resistance arising from the botiinthe hole are set, depending on the linear wigland angular velocity of bit
rotation via Pade approximation. It is assumed ttiet values of polynomial coefficients for polyraisiof the first degree, which is
defined as the ratio of approximation, are deterdifrom the actual characteristics of the resise&afarce obtained experimentally for
the rock drilled, and they determine the mechanmalperties of the rock. The method of Academididn Zhuravlev, proposed to
determine multicomponent friction when describifidirsg motion of bodies with spinning on a rougtamp, is generalized to the
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problem of drilling (penetration) when determinitige strength, and through it, determining the man@resistance from the
downhole. In this study, for the coefficient of Hpecific moment of resistance per unit of pres$tomn the bottom, similar to the
coefficient of dry friction, cubic nonlinear chatadstic is taken.The new dynamic model of the drill string allowsedmining the
speed and depth of penetration (which are the mgsbrtant drilling performance indicators) non-emipally, as it was until now, but
on the basis of the equations of the dynamic matelparameters and strength properties of the rdoktermination of these
characteristics was impossible earlier, becauseetisting models do not take into account the psead penetration. The speed and
depth of penetration were determined only in tmenfof empirical relationships obtained usually byperimentation either in bench or
in industrial environment. Numerical simulationtadnsitional regime of self-oscillations has shailat along with the other possible
periodic regimes, modes of determined chaos canasur. In the case of determined chaos phasedi@ijy is attracted to the strange
attractor, and very small changes in initial conalits lead to substantial changes in the systemostimnpredictable in the drilling
process. Finding out the modes of determined cpamge the assumption about the possibility of degotocesses occurring when

drilling oil and gas wells.

Key words: drill string; excavation; downhole; resistancelw tock; relaxation, torsional and self-oscillaiptransitional regime;
multicomponent friction; V.F. Zhuravlev's methodad® approximation; determined chaos.

BBenenne. B manHO# paboTe aBTOp Ha OCHOBE paHEe
pa3paboTaHHON WM HPHHIUIHAIGHO HOBOH OJHOMACCOBOM
JIMHAMUYECKON MOJIENM  OypHIBbHON KOMOHHBI [6; 7],
YUYHTHIBAIONICH, B OWIMYME OT BCEX CYIICCTBYIOIIMX Ha
CETOIHSIIHNN JICHb MOZEIIEH, MPOIECcC MPOXOKH, YNCIIEHHO
HCCIeyeT IePEXOIHbIA PEKUM KPYTMIILHBIX aBTOKOIEOaHNH,
BOZHMKAIOMIMX TpH  OypeHnu CKBakHH. Vcciemoascs
PENaKCalMOHHBIA PEXKHMM, KOTJ[@a IOrpyXeHHe OYypHIbHOM
KOJIOHHBI ¥ BpalleHWE [OJIOTA MOTYT 4YepenoBaThcsi C
JUTTEBHBIMU  OCTaHOBKaMH. Ilo cpaBHEHHMIO ¢ paboramu
[6; 7], rme wccnemoBanMe KpYTHIBHBIX —aBTOKOJIEOaHMIt
JIeI1a10Ch pu YIIPOILLEHHON KyCOYHO-JIMHEHHOU
3aBHCHMOCTH, Ul KOd(p(QUIMEHTa yAEIBHOr0O MOMEHTa
conporuBienus (o 3akony KynoHa), mpuxosierocs Ha
eIMHUILY JABJICHUSI CO CTOpPOHBI 3a00s, B JaHHOW pabore
Oepercst Ooree oOmIasi HENMWHCHHAS 3aBUCHMOCTb B BHJIC
KyOnueckoro momuHOoMa. [loMnMoO OOBIMHBIX ITapaMeTpoB
OypeHus, 3[eCb  ONpPENEISIOTCS  JIMHEWHAsh  CKOPOCTh
TIOCTYNATENIBHON ~ COCTAaBIISIOIIECH JIBIDKEHMSI KOJIOHHBI 1
rmyOuHa  mpoxoxku. Eme  pa3  momuepkHeM, — 4TO
TpaJMLMOHHBIM MOJIEIISIM OYpPHIIBHOW KOJIOHHBI OIpE/IeICHNE
CKOpPOCTH 1 TITyOWHBI POXOJIKM HEIOCTYITHO, TaK KaK OHU HE
YUYHTHIBAIOT CaM IIPOLECC MOTPYKEHUsI B 3a00€ CKBAKUHBI
(cm., Harpumep, [1-5,15-18]).

HoBast nunamudeckast Mozenb, BBEJCHHas B padOTax
[6; 7], mpenmonaraer Havamo KaYECTBEHHO HOBOI'O JTAlla B
pPasBUTUM TEOPUM JAWHAMHKHA OypHMIIBHOW  KOJIOHHHBI,
YUUTBIBAIOMIEH  caMy  TPOXOJAKY W BO3MOXKHOCTH
OIIPEJICTICHUsT CKOPOCTH M TJIYyOWHBI IIPOXOJAKH HE
SMIMPUYECKH, KaK 3TO OBLIO JIO CHUX IOp, a MCXOAS W3
YpaBHEHHH JWHAMHWYECKONW MOJENH, €€ IapaMeTpoB H
MIPOYHOCTHBIX CBOMCTB TOPO/IBI 320051

IMocranoBka  3ajavm. 3a  ocHOBy  Oepercs
OITHOMACCOBasi MOJICTh OyPIIIFHON KOJIOHHBI, BBEJACHHAS B
paborax [6; 7] (puc. 1).

BepxHee ceueHue  KOJIOHHBI — 3aKpY4HMBAaeTCs  C
[IOCTOSIHHOM ~ YIJIOBOW CKOPOCTBIO ), @ B HIKHEM
CeyeHUH, yroil 3akpyduBaHus Koroporo ¢, umeercs
JIOJIOTO, U300paKCHHOE B BUJC IMUIHHIPA, HA KOTOPHIH CO
CTOpOHBI 3200 paeifictByrlor MomeHT M, wu cuma F
conporuBiieHnst (M — Macca, OOBIYHO OTOKIECTBIIAIEMAs C
MAaccoil YTSDKEIEHHOM 4YacTH KOJOHHBI, | — MoOMeHT
WHEpLUUHU  [ONEPEYHOr0  CEUYEHHUsI  KOJOHHBI, R-

XapaKTepHBI pa3Mep ISITHA KOHTaKTa I0N0Ta ¢ 3a00eM);
V = CKOPOCTb  IOTPYXEHHUsI  OypWJIBHOW  KOJIOHHBI
(CKOpOCTH MIPOXOMIKH) MIPH YIIIyOJICHHHU 330051 CKBaYKHHBIL.
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Puc. 1. JlunamMmudeckasi MOJenb OypHIBHONW KOJOHHBI BO BpPEMst
MIPOXOJKH — YTITyONCHHS 320051 CKBAYKHUHBI

VY4nThIBast, YTO OTHOCHUTEIBHBIA Yrojd 3aKpydHUBaHUS
WU =0 -«t mmwkHEro cedeHus OypWILHOH KOJOHHBI IO
OTHOIIEGHHIO K BEPXHEMY OOBIYHO JOCTATOYHO BEIHK,
VIPYrHii MOMEHT CO CTOPOHBI KOJOHHBI (IPY’KHHBIL),
Nepelatonuiicss Ha JIONOTO, BBEAEM B  CIEIYIOMIEM
HenuHEeiiHOM BHze. M :—Cl_(¢—wt)+[3(¢—wt)3l, e
t — Tekymee Bpems, C,[3— KOHCTaHTBI, OIpeesIoNue
yhnpyrue cBoiictBa konoHHbI (npu  B=0 ynpyrui
MOMEHT OY/IeT H3MEHSTHCS COITacHO 3aKkoHy ['yka).
Amnanmutnyaeckast 3aBHCHMOCTb JUIst CHJTBI
COIIPOTHUBJICHUSI CO CTOPOHBI 32005 CKBa)XKMHBI Oepercsi B
Bune Ilame anmpokcuManuy CcOrJlacHO 00OOIIEHHOMY
merony B.®. Kypaenesa [6; 7]. [IpuHrMas BO BHUMaHHE,
YTO YIJoBas CKOPOCTh MOXET HMETb IPOU3BOJIBHBIN
3HaK, a JIMHEeWHasi CKOpPOCTh BCErAa IOJOXKHUTEIbHA,
OyaeM roaraTh.
vV+A
d¢
dt

1)

v + bR +A

3mech b,A— KOIhOUIHMEHTH MTOIWHOMHUATBHBIX UJICHOB

alIlpoKCuMalun Ha,ue, KOTOPBIC YCTAHABJIMBAIOTCA U3
PCAJIbHBIX XAPAKTCPUCTHUK I CHWJIbBI  COIIPOTUBJICHUSA
opoAanl, B KOTOpOﬁ OCYHICCTBJIACTCA 6prHI/Ie CKBa’>XHHBI,
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