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O.B. I'nymakosa

CAMO3BY/JKEHHS XBUJIbOBUX KPYTUJIbBHUX KOJINBAHb
CKUIIAJJIEHUX BYPUJIBHUX KOJIOH

PosriassHyra mpoOmemMa caMo30yIKEHHS KPYTHIBHHX KOJNHBaHb OYpPHJIBHHX —KOJIOH,
CKJIAJJICHUX 13 JIAHOK 3 PI3HUMH JKOPCTKOCTSAMHU KpyTiHHS. IIpoBereHi IOCIHIIKEHHS OCHOBHHUX
3aKOHOMIpHOCTell caM030yKEHHs 1 NMPOTIKaHHS LUX KONMBaHb. BuBeneHi piBHSAHHA Iudparimil
XBWJIb KPYTIHHS B TOYKAaX CTHKY JAHOK KOJIOHH 3 PI3HHMH JXOPCTKOCTSIMHU. BcraHOoBieHO, 1o
(hopMHu aBTOKOIMBAHb Pealli3yI0ThCs MO CHEHAPIsAM pellaKCcalifHUX aBTOKOJINBAHb.

1. Beryn. ABTOKOJIMBAJbHOIO SIBISETHCS Oy/b-sKa HEKOHCEpBAaTHBHA
cucTeMa, B SIKiH B pe3ysbTaTi pO3BUTKY HECTIHKOCTEH MOXIIMBO BCTAHOBJICHHS
He3aTyXarouhXx XBWJIBOBUX a00 KOJIMBAJIBHUX pYXiB, IapaMeTpH SKHX
BH3HAYAIOTHCS CAMOIO0 CHUCTEMOIO 1 HE 3aJie)kaTh BiJ| CKIHUEHHOI 3MiHH
MOYAaTKOBUX YMOB. 3ajiada Mpo JOCHIPKEHHS MEPIOANYHUX aBTOKOJIMBAHb B
cHCTEMI 3BOJIUTHCS N0 3a/1a4i 3HAXOMKEHHsSI TPAHWYHUX LHKIIB B (ha3oBOMY
MIPOCTOpI 1 BU3HAYEHHS iX MapaMeTpiB.

OCHOBHOIO ITPUYMHOI0 CaM030y/PKEHHS! TOPCIOHHUX KOJHMBaHb OypHIIbHOI
KoJoHM € OidypkamiiiHe mNoOpymeHHs OalaHCy MDK NPYKHHUM KPYTHHM
MOMEHTOM OYPHJIBHOI KOJIOHH 1 HEJIIHIHHIM MOMEHTOM (DPUKINIHOT B3aeMoIil
JIOJIOTA 31 CTIHKOKO CBepIoBUHM [2,3,6-8].

ABTOKOJIMBaHHS B MEXaHIYHUX CHCTEMaX, OOYMOBJIEHI TEPTSIM, JIOKIATHO
MpoaHali3oBaHi B IPYHTOBHHMX 1 OpHriHaJbHUX poOoTax A.A. AHIpOHOBa,
C.B. binokobunscekoro, H.B. byrenuna, I'.C. T'openuka, J[x.I1. Jlen-I"aptora,
10.C. Konecora, B.O. Kononenka, I.B. Kparenbckuit, JL.T. Jlobaca,
€.®. Mimenka, A.A. XapkeBuua Ta B inmux [1,4,5,9,10].

Mera aHOTO JOCIIIKEHHS TOJISATae y BCTAHOBJIEHI HAHOLIBII 3aralbHUX
3aKOHOMIPHOCTEH HAaCTaHHS aBTOKOJIMBAHb JOJIOTA 1 Y BU3HA4YEeHHI (aKTopiB,
SIKI HAaOLTbIIIe BIJIMBAIOTH HA T€HEPYBAHHS X KOJUBAHb.

2. MocTraHoBKa 3agayvi. PosrisHeMo ckiajgeHy OypwibHY koiony (Puc.
1). B wifi xBwIi KpyTiHHS 3a3HAIOTh JOJATKOBUX AaKTIB 3aJOMJICHHS —
BiJJOOpakeHHsI B TO4Ill 3’€HAHHS cerMeHTiB OypwibHOI kononu (BK) piznoi
XKopcTkocTi. ToAi BHHHUKAaIOTh aKTH BTOPUHHOTO, TPETHHHOTO 1 T.n.
BiI0OOpaXKeHb — 3aJIOMJICHB B)KE BiJOOpPa’KCHUX 1 3aJIOMJICHAX XBWIb 1 B TOYII
po3puBY KpyTHIIbHOI sxopcTkocTi BK 1 Ha 11 BepxHbOMY KiHII (B iHTEpheiicHIX
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ToYKax). B 1poMy BUmaaky HeoOXiJHO Oe3mocepeHbO BiACHIKOBYBATH PyX
xsunb f(z,1) i g(z,1).
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Puc. 1.Cxema ckiasieHoi OypuiIbHOT KOJOHU Puc. 2.Cxema po3noBCIOPKEHHS XBHIIb

KPYTiHHSI B HEOJHOPITHIN CKIIa[eHii
OypHUIIBHIil KOJIOHI

Jlns 1UBOrO 3BEPHEMOCH JI0 CXEMH PO3NOBCIOUKGHHS XBHIb f(z,t) i
g(z,t) B JIBOCEKIiiHIN OypwibHii KonoHi (puc. 2). Bynemo BBaxkatu, mio
HIWDKHS JIUISTHKA € TICPIIOK0, BEPXHS UISHKA - qpyroto. Tomi XBuis [ (z, t), sIKa
migiiMaeTscs Bropy, Oyzae 3apomkyBatuch mpu z=0. Lls xBuns Oyne

PO3IIOBCIOKYBATUCh HE 3MIHIOIOUM CBOTO Mpodisto Bropy 1o iHTepdeiicHol
TOYKH, 1 TOMY, JOCATHYBIIM ii, BOHa OyJae TpaTu poJib MaAalodoi XBHII.

TTo3naunmo ii fli (z,t) . Ilpu mudpakuii miei xBuii B ToUIl PO3ALIEHHS Z =]
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MepIioi 1 Jpyroi AUITHOK BOHA Oyae TpaHCHOpMyBaTHCh Yy BioOpakeHY i
sazomiieHy xBimo. IlosHaunmo ix gi (z,t) i f; (z,t) (puc. 2). BinoGpaxkena

gl (z,t) — XBuig Oyje CIYCKaTHCh BHU3 31 IIBHAKICTIO [, B TOW yac sK

3anomiieHa  fy (z,t) — xBunst Gyae pO3IOBCIOKYBATHCH BrOPY 3 Ti€l0 X
IIBHKICTIO.

B Bepxmiit Touni z=L BK Qopmyetses g5(z,¢) — xBwm, wWo
PO3IIOBCIOKYETHCS] BHU3 31 IIBUAKICTIO 3 B3JOBX JIPYroi JIIISIHKH i SKa rpae
pOJb maarouoi XBuii A inTepdeiicHoi ToukH.

Ilpu nocsruenHi Hiei Toukn g (z,¢) — XBIJIS po3lafa€TbCs Ha 3I0MICHY
g1 (z.1) iBino6paxeny f; (z,r) xsuni. Ilpn upomy g| (z,¢) HakmagaeThes Ha
gl (z,¢) 1 BOHM pa3som BIUIMBAIOTH HA JONOTO, @ fy (z,/) HAKIamAeThCs Ha
5 (z,t) , 1 BOHH, IiIHIMarO4YKCh Bropy, 0epyTh y4acTh HOTIM Yy BiJOOpaskeHH1
BiJl BEpXHbOI TOUKH, II€DETBOPIOIMNCH B g5 (Z,¢) — xBumo. Omucana cxema

PO3IIOBCIO/DKCHHS 3alOMJIeHHX 1 BimoOpaxennx f(z,1)- i g(z,t)-xBuib

BHUKOPHCTOBYETHCS IIPU MOCTAHOBII 3a7a4i MPO caMO30y/KEHHS KPYTHIBHUX
KOJIMBaHb OypHIIBHOI KOJIOHH 1 J0JIOTa.
[pyxHi kpyTrinbHi pyxu BK onmucyroThCst XBUIILOBUM PIBHSHHSM [5]

2 2
0@ 72070 _
—2 B =0 M
ot 0z
Jie B — MIBHAKICTH ITOMIMPEHHS MTONEPEYHOl IPYKHOI XBHIIL.

BoHo Mae po3B’s30k y BUIIIsAL (DYHKINH, SIKi 3a1€XaTh BiJ 1BOX (ha30BHX

3MiHHHX z —Pt, z+ B¢ . [IpencraBumo #oro B dopmi [’ Anambepa

(p(z,t)zf(z—ﬁt)+g(z+[3t), 2)
ne f(z—-Ptr), g(z+Pt) - noBimbHi HemepepBHi, He 00OB’I3KOBO
mudepenniiopani  gynkuii. [lepma 3 HUX BH3HAYae XBWIIIO, sKa
PO3TOBCIOKYETHCS 31 MIBUAKICTIO 3 B OJaTHOMY HampsiMKy oci Oz , npyra -
B TPOTWISKHOMY HampsMKy. 3aBISKd TOMYy, IO I XBWI €
HEJMCIIEPTYIOUMMH, BOHU MEPEMILYIOThCsl, HE 3MIHIOIOUHM CBil Mpodink, MI0
CYTTEBO CIIPOIIYE PO3B’sI3aHHS 3a]adi.

I'pannyna ymMoBa Ha HWKHHOMY KiHI[I KOJIOHH (POPMYETHCS 3@ JOTIOMOTOI0
piBHsHHS OanaHcy MOMeHTIB cun imepuii M"™, cun teprs M™¥ i cun
npyxuocti M ™

MiH + MM LM = 0, (3)
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o BUIUIMBaE 3 NpuHIMIY Jlamambepa, 3ammucaHoro i JI0J0Ta, YMOBHO
BiJTIOKpemIteHOro Bif Tpyou BK.

Tyr M" - MoMeHT cun iHeplii J0NOTa, IO 3aMMCYETHCA Y BUXITHOMY
BUTJISLIL

M =T =T~ S (-Br)+&(Br) ], )
M™® - MOMEHT CuJl TepTsl, KU MiZPAaXOBYETHCS 32 OMOMOTOK (HOpMYIT
k- [or 7 (p0) g ()]} < an k[0 7 (pr) ()]} )
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Jlns Busenenns GyHkuii M "™ | Sk i BUle, BAKOPUCTOBYEMO 3aJIEKHICTD

mw =612 (7)

z

Bona Bigpi3userscs Bin piBHocted (4), (5) TuM, IO MICTHTh YacTHHHY
noxigHy Bix yHKuii ¢ mo z . I1{o6 mepeiiTy Bix wiei MOXiAHOI A0 MOXiIHOI 1O
¢ , BUITMIIIEMO HACTYITHI 3aJI€)KHOCTI

a(p(z,t)zaf(z—ﬁt)+8g(z+[3t):g.a_u_’_ag ow af og
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3BiJCH BUILIUBAE
8_(p 1of 10og

=——t—— )
0z Bot P ot
3 ypaxyBaHHsM (9) 3anumiemMo
mw=—gr |1 1% (10)
Bot P ot

3minni f(—Br) i g(Pt), sKi BUKOPHCTOBYIOTECS y CIIIBBiNHOMICHHSX (4),
(5), (10), BU3HAYAIOTHCS TAK
S (=)= £ (0.0),

g(Bt)= g (0,)+g{ (0,7). (n
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[MizcraBumo orpumani Bupasu (5), (10) B piBHicts (3). 3 ypaxyBaHHIM
(11) orpumaemo B ocrartouHiii ¢opmi HenmiHiiiHE 3BMUaiiHe AndepeHIianbHe
PIBHSIHHS KDYTHJIBHOT'O PYXY J1OJIOTa

.. .. Gl 1. . .
TR (001 (00! (o,t)]-MmeuTz[ F(0.0)-g (0.0)-g{ (0.1)]. (12)
3 [oro 3acTOCYBaHHSIM BHKOHYIOTHCS JOCTIJDKCHHS CaMO30YIKCHHS
KONMBAHb CKIAJCHUX OypHIbHMX KonmoH. B mpomy dymkuii g (), g (f)
XBWJIb, IO IMPUXOIATH, BBAKAIOTHCS BIAOMUMH, a (YHKLisS BHXIIHOI XBHII

fi(t) — mykanoo. BoHa 3HAXOAMTBCS B PE3yIBTATI  UHCETBHOTO

IHTErpyBaHHS JIAHOTO PiBHSHHSL.
3. Indpaknis XBWIi KPYTiHHA B TO4YLi 3’€AHAHHA JAHOK OypHJIbLHOI
KoJIoHHu. Hexail MexaHiuHI XapaKTEpUCTUKH KOJIOHH Ha Ti IUITHKaX CKJIaJIaloTh

Bis p1» I, T@ By, py, I,, BigmoBigHO. Toxmi eneMeHTH XBHII f(z —Bt) ,
PO3HOBCIOMXKYIOUHCH BiJf TOUKU z =0 1 J0ocCAraroud TOUKU z =/, OyAyTh B Hilt
MiAgaBaTUCh BIUIMBY aKTiB  YIApHOTO  3aJIOMJICHHS-BiJoOpakeHHs. B
pesynbrati audpaxuii xsuis ¢ (z—Pit) u @) (z+B,t) cynepnosuuis
NPOHUKIOL @y’ (z—PB,t) i BimoGpaxenoi @, (z—P,¢) XBHIb CKIazae XBUIO
f>(z—B,t) wa npyriii minseui, a cyma @ (z+P¢)+0, (z+pyf) — xBumO
g (z + Blt) Ha Mepii TuisHLi. 3 ypaxyBaHHSIM IIbOTO OTPHUMAEMO ITOYATKOBY

YMOBY B TOuLi z =/ juis xBuni f, (z—P,t) Bobmacti [ <z<L

2Bypy 1, i Bipiy —Bapals i
[, — = I - — = [ ,
/ ( : th) Bipily +Bapals h ( : Blt) Bipi 1y +Bapaly £ ( : +Blt)
; 2Bip, i Bipi Ly —Bapols ()
fo (b =Bat) = ——— fi' (i =Byt) - L—222 60 (1 +Bye),

= 1
Bipidy +Bapa 1, Bipidi +B,po 1,
1 IOYaTKOB1 YMOBH B Lill TOUIl JJIS XBUWIIL g, (z + Blt) B obnacti 0<z </

Bipi Ly —Bapats 2B,p,1, i

8 (ll +Blt) Bipi1y +Bapats A (ll Blt)+ Bipi Ly +Bapa 1y 82 (ll +[32t)’

. Bipi Ly —Bapats 2B,p,1, s i

8 (ll +Blt) Bipily +Bapats h (ll Blt)+ Bipi Ly +B2pa 1y 82 (ll +BZt). (1

PiBusiaHs (1) cnisibHO 3 rpaHUYHUMH yMOBaMHU (3) 1 yMOBaMH CHpSDKEHHS

(13), (14) onmcyrOTH TPUTOYKOBY KpaoOBY 3a/1a4y MO BiTHOIICHHIO JIO 3MIHHOT
z 3 ymoBamMu B Toukax z=0, z=/ 1 z=L. Jna i po3p'a3aHHA
3acTocoByeThcsi MeTox Pynre-Kyrra.
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4. Anaiiz caMo030y/UKeHHSI KPYTHJIBHHX KOJIUBAHb Yy CKJIAJEHHX
OypmiIbHHX KOJIOHAX. J{OCIiDKEHHST BUKOHAHI [UIsl BUMAJKY B3a€MOIii 10JI0Ta
31 CTIHKOIO CBEpJUIOBMHM MO 3akoHaMm B’s3koro (Bumaaxu I, II, III) i
KynoHoBoro Tepts (Bumanku 1V, V, VI). Posrisimanucey Taki CIiBBiTHOIICHHS
MIX JIOB)KHHAMH JIAHOK KOJIOHH:

Bumaaku I, IV — [, =L/3, [, =2L/3;
punagku IL V— 1 =1, =L/2;
sunajaxu III, VI— [, =2L/3, 1, =L/3.

MexaHi4HI 1 TeOMETpUYHI MapameTpu TpyOH mepioi (HMKHBOI) CeKii
ckmamt: G =80,77 I'Mla, p=7,8-10° ke / s, J =3,1k2-m*, 1; =0,05049 u,
r, =0,04449 m , npu npomy [, = 0,41-1075 mt.

Js npyroi (BepxHBOi) CeKIlii MexaHi4Hi BJIaCTHBOCTI Marepiary Tpyow i
MOMEHT iHEpIii J0JNO0Ta 3ajHIIINCh HE3MIHHUMH, a PajiycH TpyOou HaOyau
3HaveHb 7 = 0,08415 M, r, =0,07415 m , mpu upoMy 7, =3,12-107° ut.

Pe3ynpraTi uyncenbHHMX JOCHIIKEHb NpencTaBieHi B Tabmumi 1. Bi
JIOCITIJPKEHHS! TTPOBOMIINCH ISl KOJIOHU JoBXHHOW L =1000 m mpu KyTOBiH

IBUJIKOCTI ® =2 paod/c.
Tabmums 1

UYucrnoBi 3HaUEHHS ITapaMeTpiB aBTOKOIMBAIBHUX IIPOIIECIB
CKJIaZIeHNX OypHIBHUX KOJIOH

Mogenb B’SI3KOTO TEPTS Mogenb KyJIOHOBOTO TEPTS
Bumnagok 1 I 11 v Vv VI

Qg (pad) | -105,32 | -141,89 | -178.25 | -105,35 | -142,08 | -178,84
Peep (pao) | -85,79 | -115,46 | -145.13 | -100,03 | -134,78 | -169,49
D (pao) 39,07 52,86 66.25 10,65 14,61 18,71
T(c) 31,20 42,17 53.33 8,33 11,67 15,2

MosxkHa 6a4uTH, IO MPH PIZHUX MOJEISIX TEPTS CYTTEBO BIAPI3HAIOTHCS
smme po3Maxu (D) i nepiomu (7 ) KOJIMBaHb, a KYT NPYKHOTO 3aKpyIyBaHHS
¢, 3ATUIIAETHCSA Maike HE3MIHHUM.

PesynpraTi po3paxyHKIiB MpejacTaBiieHI TakoX B rpadiudii ¢opmi Ha
puc. 3 (dopma aBTOKONMBaHB JonoTa) 1 Ha puc.4 (da3oBuil moOpTpET
aBTOKOJIUBAHb JIONIOTA).
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Puc. 3. ®opma penakcaniiiHuX aBTOKOINBAHb Puc. 4. ®a3oBuit nopTpeT aBTOKOIUBaHb
nonora cknaneHoi bK nosxunoro L =1000 m nonora cknaneHoi BK (L =1000 » ,
HpH KyTOBi# mBHIKOCTI ®, =2 paod/c ®, =2 pad/c,sunanok V)

(Bunaznok V)

Bunno, mo s gaHOi KOHCTPYKIII AMHAMIYHHMH Npoliec NpOTiKae 3a

CIIEHApIEM peTaKCallifHUX aBTOKOJIMBAHb.

BucnoBku. B po6oTi BUKOHaHI TEOpPETHUYHI TOCHIHKEHHS CaMO30YKEHHS

KPYTWIbHUX KOJIMBAHb CKIIAICHUX 6ypI/IJ'II>HI/IX KOJIOH 3 BUKOPUCTAHHAM piBHI/IX
MOMEHTIB CHII TCPTH. HpOBe)leHi I[OCJ'IiI[)KeHHH OCHOBHHX 3aKOHOMipHOCTeI>i
CaMO36yI[)KeHHH i HpOTiKaHHH X KOJIMBAaHb:

1
2)

3)

N —

BuBeneni piBHsSHHs Iudpakiii XBWIb KPYTIHHS B TOYKAaX CTHKY JIAHOK
KOJIOHH 3 PI3HUMH YKOPCTKOCTSIMH.

BcranoBieHo, KONMBaJNbHUI MpOIEC peali3yloThCS 32  CLEHapieM
penaxcaniifHuX aBTOKOJIMBAHb.

BukoHaHi JMOCHI/DKEHHS JUIsl BUMAIKIB, KOJIM OypWibHa KOJOHA
CKJIAJIA€ThCSA 3 JIBOX JUISHOK PIBHOI JOBXKHUHH, a00 3 JIOBXKHHAMHU, SIKi
3HAXOIAThCS y BigHomenHi 1:2. TIpoBeneHo aHai3 BIJIMBY MOMEHTY CHII
TEpTsI Ha MapaMeTpH aBTOKOJIUBAHb.
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Tauoaiiuyk B.B., I'nywaxoea O.B.

CAMOBO3BYXJIEHUE BOJHOBBIX KPYTHUJIbHBIX KOJEBAHUN COCTABHBIX
BYPWIBHBIX KOJIOHH

Paccmorpena mpobnema caMOBO30OYXKIEHUS KPYTHIBHBIX KOJNeOaHHH OypHUIBHBIX KOJOHH,
COCTOSIIIUX H3 3BEHBEB C PA3HBIMH JKECTKOCTSIMH. IIpOBENEHBI HCCIEJOBAHHUS OCHOBHBIX
3aKOHOMEPHOCTEHl caMOBO30YXIEHHsI M IHPOTEKaHWs ITUX KoyieOaHHH. BEIBeIeHBI ypaBHEHHs
IUdpPaKIUH BOMH Kpy4deHHS B TOUKE COWICHEHMS YJYAaCTKOB C PA3HBIMH IKECTKOCTSIMHU.
VYcraHOBIEHO, YTO (OPMBI aBTOKOJICOAHHH pealM3ylOTCS IO CLEHApHsAM pPeaKCalllOHHBIX
aBTOKOJIEOaHUI.

Gaidaichuk V.V., Glushakova O.V.

SELFEXCITATION OF TORSION WAVE VIBRATIONS OF MULTILINK DRILL
STRING

The problem of torsion vibration self-excitation of drill strings combined from tubular segments
with differing torsion stiffness is considered. The analysis of principal regularities of self-excitation
and realization of those vibrations is performed. The equations of the torsion wave diffraction at
the points of joints of the links with differing stiffnesses are constructed. It is established that the
auto-vibration regimes are realized with the scenarios of relaxation auto-vibrations.



