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YK 539.3

B.B. I'aiinaiiuyk, 1-p TeXH. HayK
JL.B. lleBuyk

MOJEJIOBAHHSA KOJIMBAHBb KPYXJIIAHHA KOJIOH
'IMBOKOI'O BYPIHHSA

ITocraBiiena 3a/ladya npo KOJMBAHHS KPYXKJIAHHSA N0JI0OTa 6ypHHBHOT KOJIOHH, sIKa MONEPEAHBO
Hampy>X€Ha MO310BXXHbOIO CHJIOK i OGepTaGTLCH Hi[[ Z[iGEO MPUKJIaACHOTrO N0 A0JI0Ta MOMEHTY CHUIT
piSaHHﬂ. Bukonano aHaii3 MeXaHi3My CaMO36yZ[)KeHH${ KOJIMBaHb. O61"0B0p}0}0TLC5{ pe3ysibTaTh
KOMH'IOTepHOl'O MOJCITHOBAHHA.

Beryn. B 3B’sA3Ky 3 BHYEpHaHHSAM JIETKOJIOCTYITHUX BYTJIEBOJIHEBUX
TaJIMB, OCTAHHIM YacoM Bce Oiibi 00’ eMu HaTH i ra3y 100yBalOThCs 13 ayxKe
TIIMOOKUX TMiI3EMHUX pe3epBYapiB. 3a TAaHUMHU T'e€OJIOTOPO3BIIKU PECYPCH Ta3y
B YKpaiHCbKOMY ceKTopi akBaTopii YopHOro i A30BCHKOIO MOpIB OLIIHIOFOTHCS
B 1228 mipa.xy6.m. [Ipore rmmbuna nux nokiais ckiaanae 7000 M i Oinblie, a
pexopaHa TuOuHa OypiHHS B YKpaiHi moku mo piBHa 6200 M. OmHak B mux
BUIagKax TNpodieMa BHAOOYyBaHHS HadTH 1 rasy TNOB'S3aHa 31 3HAYHUMHU
TEXHOJIOTIYHUMH TPYIAHOIIAMHU OypiHHA TIuOOKuX cBepmioBuH [1,3,4,5,7].
OpHa 3 OCHOBHUX TPYIHOIIIB — MOXIIUBICTh MOSBYA HEINTATHUX CUTYAIlil, SKi
BUKJIMKaHI KPUTUYHUMH CTaHaMM KBa3iCTaTHYHOI DIBHOBAarM 1 KOJNWBaHb
oypunbHoi kononu (BK).

[IpoTe HAWOINBIN CKIAJHAM MEXaHI3MOM BOJIOJIIOTh 3THHI KOJMBAaHHS
nm3y BK, ski BHKJIMKaHI Ai€l0 Ha JONOTO 3MIHHHMX 3 YacoM HOPMaJbHHX 1
JIOTUYHHUX CHJI KOHTakKTHOI 1 (pPUKLifHOI B3aemomii onoTa 3i CTIHKOIO
CBEpIJIOBMHM. B IIbOMY BHIIQJIKy T€OMETPUYHUI ILIEHTP J0J0Ta IOYMHAE
pyXaTHcs HABKOJIO OCHOBOI JIiHIT CBEpJIOBHHH, OOTAHIIOYN a00 BiJICTAIOYH BiJl
obepranpHOro pyxy camoi konoHH [8,9]. CXoxki pyxul 3iHCHIOIOTE ] €0
TipPOCKOIYHUX CHJI iHepuii Tipockom abo poTop HEHTPU(YrH IpambHOL
MaIlIMHA CTapoi KOHCTPYKIii. Y MexaHilli BOHM OTPUMaJIH HA3BY MPONECIiTHIX
KOJIMBaHb. Y poborax [6,8,9] BiaMidaeThcs, MO ONMMCAHWN BHUINE PYX LEHTpa
JIOJNIOTa MA€ 1HITY MPUPOAY 1 JUIS HOro BU3HAYEHHS BUKOPHUCTOBYIOTH TEPMiH
“whirling” — xpyxystHHA. BOHO BUBYAJIOCS Ha BEIBMHU CIPOIICHUX (PI3UIHUX 1
MaTeMaTHYHUX MOJEISX 3 OJTHOIO a00 ABOMa CTENEHSMH BUIBHOCTI MPH Pi3HUX
3aKoHAaX ()PUKIIAHOI B3a€MOJIIT TOJIOTa 31 CTIHKOKO Ta JHOM CBepUTOBUHH. Lli
MOJIETI BEJIBMH JANIeKi BiJl peasbHOI cucTeMH 1 c1abo BimoOpakaloTh peasbHi
JIUHAMIYHI IPOIIECH.

SIK MOKa3yloTh EKCIIEPUMEHTH Ta CIOCTEPEKEHHS, NMPH JIEIKUX PeXnMax
KOJIMBaHb KPYXJISTHHS JIOJIOTO ITOYMHAE IEPEKOYYBATUCS IO KPHUBOJIHIWHIN
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TIOBEpXHi JHA CBEPUIOBHHH, a HOrO IEHTP PYXAa€ThCs MO JOCHUTH CKIIAIHUX
TPAEKTOPIsX, SKI HATaAyIOTh 0araToOIeIOCTKOBY KBITKY.

BuBueHHsS aBTOKONMBAaHb TaKOi CHCTEMH MOXXE OYTH BUKOHAHE JIMIIE
METOJIaMH HEroJIOHOMHOI MexaHiku. CripaBxHsl podoTa npucBSYeHa podiemi
KOMIT'IOTEPHOTO Tepe10aYeHHs 1 MOJICIIIOBAHHS SIBUILA KOJUBAHb KPYKIISIHHS
JtoyoTa i OypriIbHOI KOJIOHU SIK HETOJIOHOMHOI CHCTEMU.

MopnesilOBaHHSI KOYEHHSI 3 BEPTIHHAM TBEPAOr0 Tija IO IIOPCTKil
noBepxHi. Po3poOka 6araTb0oX MUTaHb MEXaHIKH HETOJIOHOMHHUX CUCTEM TiCHO
MOB'sI3aHE 3 3aCTOCYBaHHSAM METONIB Teopii audepeHniadbHUX pPIBHAHB 1
nmudepeHmianbHoi TreoMeTpil. 3aranbHe T€OMETPUYHE TPAaKTYBaHHS NpoOiieM
PYXY TaKMX CHCTEM IIPUBEJIO 10 CTBOPEHHS HOBOT'O PO3JUTY ITU(EpeHIiaTbHOT
TeOMETpil — HETOJIOHOMHOI T'eOMETpii, OCHOBY SKOi CKJIagae 3ajava Ipo
KodeHHs Oe3 KOB3aHHS OJIHI€l
noBepxHi mo iHmil [2]. Bona
(OPMYIIOETBCS TAKUM YHHOM: €
HepyxoMa HoBepxHi S| 1
pyxoMa MOBEpXHA S,, sKa
KOHTAKTye 3 S| B TOUlll JOTUKY
G (puc. 1). 3amana BeKTOp-
byHkIiss (7))  3aJIeXKHOCTI
MUTTEBOI KYTOBOi IIBHJKOCTI
® mnoBepxHi S, Bix uacy f.

[MoTpibHO nodyayBaTu
Tpaekropii /; i [, pyXu TOUKH

Puc. 1. HeronoHoMHe KOYeHHS 3 BEPTIHHIM

HoBepXxHi S, 10 noBepxHi S
G Ha KOXHI 3 IIOBEPXOHb.

IMpn po3p’sizanHi mi€i 3a7adi HEOOXiHO BpPaxOBYBAaTH, IO B KOXEH
MOMEHT Yacy IToJjie MIBUAKOCTEH TOUOK PyXOMOi IIOBEpXHI Take K, K OM BOHA
obepranacs 3 JEAKOI KyTOBOIO MHIBHIKICTIO () HAaBKOJO JAEIKOi OCi, IO
MIPOXOANTHh Yepe3 TOYKY JOTHUKY. 3aleXHO BiJl HampsMy MHUTTEBIH oci
o0OepTaHHs PO3PI3HAIOTh YUCTe abO BIIACHE KOYCHHS 1 TaK 3BaHE BEPTiHHS.
Uuncre KOueHHST Ma€ Miclle y pasi, KOJM MHTTEBA BiCh OOEpTaHHS PYyXOMOL
MTOBEPXHI JIGKUTh B JIOTHYHIW IUIONIMHI, JOTHYHIMH O 000X IOBEPXOHb, i
BEPTHUTHCS — KOJIM MUTTEBA BiCh 0OEpTaHHS HOPMaJIbHA JI0 I€] TUIOLIMHH.

B 3aranbHOMY BUIAAKy KOYEHHS NOBEpXHI S, IO MOBEpXHI S, MOXHA
PO3KJIACTH Ha YHUCTE KOUEHHS 1 YMCTE BEPTIHHS BIJIOBIAHO PO3KIAJaHHIO
BEKTOpa ® HA CKIAJOBY @, AKa JEKHUTh B JOTHYHIH IUIONIMHI, i CKIAJOBY

®,, , HOpMaJbHY JI0 HOBEPXOHb (puc. 1).
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3amada Ipo KOYEHHS i BEPTIHHS CYTTEBO YCKIATHIOETHCS, SKIIO BEKTOPH
®.(f) Ta ®,(f) He € 3aJaHMMH, a MalOThb OyTH BU3HAYEHi 3 AKUX-HEOYIb
JOJATKOBHX yMOB. Tak, B HErOJOHOMHIM MeXaHilli BBaXKAa€ThCs, IO MOBEPXHI
S, Ta §, oOMEeXylTh TBEpAl LIOPCTKI Tila, IO BONOJIIOTH Macamu, 1 ix

B3a€MHHUH pyx O3 KOB3aHHS 3/1HCHIOETHCS B PE3yNbTaTi MPHUKJIaIaHHs 10 HAX
cui, sKi 3anmexats (abo He 3anmexaTh) Big wacy f. Tomi CKIIagarOThCs
JUHAMIYHI PIBHSAHHA PyXY T, JJIs SIKUX KiHEMAaTHYHI YMOBHM iX KOHTaKTHOI
B3aEMOJIi BIJIrParOTh POJIb HETOJOHOMHUX B'si3¢d. Y Takiii MOCTaHOBIN
BHUpIlIeH] 3a7a4i Mpo KO4YeHHsI 0e3 KOB3aHHS TUI MPOCTHX (OPM IO MPOCTUX
MOBEpXHAX. 30KpeMa, MOKa3aHo, 10 3aJIKHO BiJl IIOYATKOBHX YMOB KOYEHHS
IIOPCTKOI ~ KYJABKM IO  IIOPCTKIM  cepuyHiii  MOBEpXHI  MOXKe
CYNpPOBO/KYBATUCSI PYXOM TOYKH IX KOHTAKTy Y3JIOBX MAESKUX TJIAQJAKHAX
CHHYCOITAJIbHUX TPAEKTOPiH, KPUBHUX 3 TOUKAMH MTOBEPHEHHS 1 MIETJICNONiOHNX
KpPHUBHX.

MaOyTh, HaWOINBII SICKpAaBMM 3 BIJIOMHX TNPHKIAAIB HETOJOHOMHHUX
CHCTEM € JIBOKOJICHI 1 HaBiTh OZHOKOJICHI (MOHOIMKJIM) BEJIOCHIIE/H, SIKi
30epiraroTh CTIHKICTh CBOTO BEPTHKAJIBHOTO ITOJIOKEHHS, 3aBJSKH HasBHOCTI
HET0JIOHOMHOI KEpPOBaHOI B's31.

YMOBU KOYEHHS 3 BEPTIHHAM MOXYTh OyTH peaji3oBaHi 1 B cHCTeMI
JIOJIOTO-JTHO CBEpJIOBMHH. BOHM 3a0e3neuyroThcs 32 paXyHOK HasBHOCTI Ha
TIOBEPXHI J10JIOTa J[iaMaHTOBHX BKpaIlIeHb, SIKi MPH KOYEHHI BiAIirparoTh pojb
TBEpAMX 1HJIEHTOPIB, SIKI BJABIIIOIOTHCS B CKEJIBHY ITOPOAY Ha MOBEPXHI THA
CBEPJIOBHHY 1 TTEPEIIKO/KAIOTh KOB3aHHIO JI0JI0Ta 10 Hil.

OCKIJIBKH TIOBEpXHS JojioTa (pHc. 2) 1 IHAa CBEPJIOBUHA MOXYTh MaTH

Puc. 2. 'eomerpuuni hopmu JoiT
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pizHi reomerpuuHi (opmu, B mpoueci OYpiHHS MOXIHMBI TIEpeXOau pPyXy
JIONOTa BiJ YUCTOrO BEpTiHHA (WITAaTHWH mpomec OypiHHS) g0 Horo
JIOATKOBUM KOUEHHSIM, BIIXOIy 3 BEPTHKaJli TOYKH JOTHKY JOJOTa 3 JTHOM
CBEpAJIOBMHU 1 BUKPHUBJIEHHS OCi OypWIBbHOI KOJOHM. JIJIst TOCTIJDKEHHS LIHX
SIBUII HEOOXIAHO TOCTaBUTH 3aJady IIpO MpPYKHI IONEepedHi KOJMBAaHHS
OypHIILHOI KOJIOHHM, B SIKiii HET'OJIOHOMHI B'sSi31 € TPaHMYHAMH YMOBAaMHU JIJIS

PIBHSIHB pyXYy J0JIOTA.

Pipassnaa koaumBanr BK B HmkHbOMy mnposasorti. Komnusanzs
KPYXJISIHHS JIONIOTa, SIKe OOEpTaeThCsl 3 KYTOBOIO MIBHAKICTIO , 3a3BHYai

CYTIPOBOKYETHCS 3aTyICHHSM JIO BiOpaIiifHOro
MIPOIIECY TaKOXK 1 HIDKHIX JIUJITHOK KOJIOHH, SKi
pO3TaIIOBaHI MiXK IEHTPYIOUUMH HPUCTPOSIMH 1
BiJIIrpalOTh POJIb NOAATKOBUX omnop. Tomy mpu
aHayi3i  MexaHi3My 30y/DKeHHS  KOJHMBaHb
KPYXJSIHHSL ~ 7oota  OyZeMo  HEXTYBaTH
BIUTMBOM BepxHbOi yacTuau BK i Bumimumo 1i
(dparmeHT 3aBIOBXKKH [ (puc. 3.).

Bupinena TpyOuacra JUTSTHKA BK
MoTNepeIHhO  Hampy>KeHa NPHUKIAJAECHUM  J0
JI0JIOTa KPYTHUM MOMEHTOM M, 1 IOJOBXXHBOIO

CTHCKYIO4WOIO cwiolo T, piBHIH peakuii
OIMPAEThCS JI0JI0Ta Ha JHO CBEPJIOBHHHU.
JluHamiky mi€i TUISHKK MOJIETIOBAaTHMEMO Ha
OCHOBI Teopii CTHUCIIO-3aKPYYEHHX CTPHKHIB,
mo oOepraforees. s 1mOro  BBEIEMO
HEPpYXOMY cHcTeMy KoopauHat OXYZ i
cucreMy koopamHat Oxyz, MO 00EPTAETHCS

pasom 3 BK, i3 3aranpHuMm moyatkom (O Ha
omopi A (pwuc. 4.).

Jlns  KUTBKICHOTO — aHallizy KiHEeMaTHYHO
30y/KYBaHUX KOJHBAHb KPYXKJISIHHS HEOOXiTHO
CKJIACTU PIBHSHHS JWHAMIKH BCi€i BHIICHOT

eHmpanopu
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Puc. 3. Po3zpaxyHkoBa cxema
OypHIIEHOT KOJIOHH

JUIL PO3IJISY JABONPOTroHHOI Oanku ABC, mo 00epTaeTbcsi, HONEpPEeaHbO

HaNpy)XeHOI KpyTHHUM MOMEHTOM M, =-M i noxoBKHBOM CTUCKYIOYOI0

cuinoro I'=—R .

PiBusHHS nuHAmMiuHOrO mpyxkHoro 3ruHaHHs bBK mnpm HasBHOCTI

BiMiYeHUX (haKTOPiB MAIOTH (OPMY:

4 2 3
E[azl Tazl Mzav
Oz Oz

oz \

8214_

ov
(PF+py )0 u=2(pF+p, )0 —+(pF+p, 1) —==0,

or?
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ou v
- PF+p )0 v=2pF+p, F) Jo—+HpF+p F) —=0, (1)
oz ot ot

4 2 3
E[ar r? ;:M Ou
Oz 0z

ne u(z,t), v(z,t) — npyxui nepemimenns enementa Tpyou BK B Hampsimax
oceit Ox, Oy BinnosinHo; EI —xopctkicts Tpyou BK npwu sruni; p, p; —
T'YCTHHA Matepiany TpyOH i NpOMMBHOI piyHH, BiAnoBiaHO; F, F; — miomi
TIONIEPEYHHX Mepepi3iB CTIHKM TPYOH 1 11 BHYTPIIHEOTO KaHaJy, BiINOBIIHO; ¢
— yac.

Jis onucy INpyXKHOro IOBOPOTY JOJIOTa BBEAEMO TaKOXK JKOPCTKO
HOB'sI3aHy 3 HHUM cHcTeMy koopauHat Cx;y,z;, oci Cx;, Cy, sKoi y

MOYaTKOBOMY TOJIOKEHHI mapaienbHi ocsiMm Ox, Oy, BiONOBIIHO, a HpHU

TIPYXKHIH gedopMalii 1010Ta IOBEPTAIOTHCS Ha KYTH — v'| ol u'| c (puc. 4.).

o0

V pot
’ \fY

Puc. 4. Cxema KOYEHHS JI0JI0TA 110 MTOBEPXHi HA CBEP/JIOBUHH
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Kouenns nosepxHi S, Mo HOBEepxHi S; 3aJaBaTUMEMO B PYXOMil cucTemi
koopauHaT GX,),z,, MO4aTOK G sKoi 30iraroTbCs 3 TOUKONO 3iTKHEHHS
noBepxoHb S; i1 S,; Bick Gz, € mponoBkeHHAM Biapizka CG ; Bick Gy,
MepHeHANKYsIpHa TUIOLIMHI, sIka MICTUTh Bick OZ 1 Bigpisok CG, i
Opi€HTOBaHA y HampsiMi oOepTaHHA; Bick (X, JOIOBHIOE CHUCTEMY OCEd 10
TIPaBoi TPIHKH.

YMoBa Ko4eHHs JjonoTa 0e3 KOB3aHHS J03BOJISIE C(HOPMYIIOBATH B TOYIII
C »1Bi rpynu KpailoBUX piBHSHb. BOHM BKIIOYAIOTH JBa KiHEMAaTHYHI
PIBHSIHHSI, SIKi 33J]af0Th MBUAKICT ToYkH C , 1 IBA JWHAMIYHI PIBHSIHHSA, SKi
BH3HAYAIOTH AMHAMIYHY PIBHOBAry BCiX MOMEHTIB BiIHOCHO TOUYKH G .

Jlns BuBeneHHS KiHEMaTHYHHX KpaHOBHUX YMOB OOYHMCIMMO aOCONIOTHY
mBUAKICTs HeHTpa C, Tina S,, 0 KOTUTHCSH, B IPOEKIISIX Ha OCi CUCTEMH
Oxyz .

B Toi1 ke 4ac If0 DIBHAKICTH MOXKHA OOYHCIWTH, BUXOJSYU 13 aHAIIZY
MIPY>KHUX KOJNUBaHb KiHISI C CTEPIKHS:

[TpupiBHIOIOYM TNpaBi YaCTMHM IUX PIBHOCTEH, ONEPKHMO KiHEMaTH4HI
KpaioBi yMOBH

. R-2a . R-2a
u——ov=0, V+—
R—a R—-a
BoHu € HErOJTOHOMHUMH, OCKIJTBKYA MiCTATh TOXIiAHI ¢ 1 V.

Jlns moOynoBH pIBHSHB PyXy CKOPUCTAEMOCS TEOPEMOIO MpO 3MiHY

MOMEHTY KIJIBKOCTEH pyXy J0JI0Ta BiIHOCHO TOUKH G

g (2)
dK ¢

ou=0. Q)

A2 72 (2
+QO<KG =M, 3)

=(2 . . . .
ne K (G) — MOMEHT KUIBKOCTEH pyXy JOJIOTa BiJHOCHO TOYKH, MPEICTABICHUN
. = (2 . ..
B cucreMi Gx,y,z,, M (G) — MOMEHT CHJI MPY)KHOCTI, SIKi JIiFOTh Ha JOJOTO,
TaKOX 3allMCaHIN B II# K€ CUCTEMI.

=(2 . .
Bexkrop K(G) B cHucreMi koopauHaT Gx,y,z, MiAPaXOBYETbCS 3a

dbopmymoto:

B e . . 2+ 2 2+ 2 —
Kg) _Jrma [(—v'+mu')u+(u’+wv’)v] -2 v2 - \/u 5
N (ke

2
+ jj;mi gz[("'—mu')v+(u'+mv')u]fz + J{[(_V’+‘*’”’)u+(u'+w‘/)v]'R "
u+v i
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B 1iti sxe cucTeMi KOOpAMHAT MiJPaXOBYETHCS i MOMEHT M g)

CriBBignomenHs (1)—(4) Bu3HAuYarOTh TPHOXTOYKOBY KpaloBY 3amady
JUHAMIKM HIKHBOTO TPOJbOTY OYpPWIBHOI KOJOHM 3 JOJOTOM. BoHu
JIOTIOBHIOIOTBCSL TAKOXK IIOYATKOBUMHM YMOBaMH, SKi 3aJaf0Th II0YaTKOBE
30ypeHHs cucteMu. UncenbHe po3B’sI3aHHs TOCTABIICHOI 3a1a4i 3TiHCHIOETHCS
METOJIOM CKiIHYEHHHX PI3HHIIb i3 BUKOPHCTAHHSIM HESIBHOI CXEMH MO Yacy f .

Mo po3poOieHiit Meromauii OyTM TPOBEACHI JOCHIHKEHHS KOJIMBAaHb
cheprIHOro J0JI0Ta TOCTIHHOTO pajiyca a NpH pi3HUX 3HAYEHHSX pajaiyca R
JTHa CBEP/IIOBHHU 1 KYTOBHX HIBHAKOCTSAX ® OOEpTaHHS KOJOHH.

Pe3yabraTH 4YHceNBHHX JOCHiIXKeHb. B pesynpraTi miIpaxyHKiB
BCTAaHOBJICHO, 1[0 BEJIMKUI BIUIMB Ha JMHAMIYHMH NpoIlec Mae BenuunHa R .
Bcranosieni HaliHecnpuATIMBIII BHUNaaku. Tak, mMpu BeMMKHX R LEHTp
JIONIOTa TIOYMHA€E pyXaTuCs MO CIipaii, ska po3muproeTscs. Ha puc. 5
MOKa3aHa TPAEKTOpiS pyXy B HEPYXOMiH 1 pyXOMii cHCTeMax KOOpJUHAT.

Y1) v(t)

0,004 — 04

anoe

0.002

0004 — f‘,“} anes 1

0004 0.002 o oD 0 L0 o o002

Puc. 5. Hecriiike obepranust ( R=0,25m, a=0,2m, ®=20 pad/c , t=lc):

a) HepyXxoMa chcTeMa BiJyTiKy, 0) crucTema BiTKY, 10 00epTaeThCst

Taxwii pyx Hecrifikuid. [Ipu meskux R oOepranHs nonora (puc. 6.) crilike,
OHaK 00epTaHHs KOJOHHM 1 OJIOTa BiIOYBa€eThCs B Pi3HUX HampsMax. BoHo €
HEOE3MEYHUM, TaK $SK B [bOMY BHUNAQJKY BiIOYBA€ThCS BUKPHUIIYBAHHS
aJIMa3HUX Pi3IiB.
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Y (1) w(1)

aE 005 e
Fa° 4Eacs
@ 0
<005 AE4X5
8005 v X(1) SEQ0E — " 4 ” " ult)
25008 aE00s 0 005 BEC0E -BE005 D5 '] 4008 BE00S
a o

Puc. 6. Criiike obepranns ( R=1,0m , a=0,2m, ©0=1 pad/c , t=30c ):

a) HepyXxoMa chcTeMa BiJyliKy, 6) crucTema BiIIKY, 10 00epTaeThCst

[ikaBuii BUManok npezacrasieHnii Ha puc. 7. Tyr B HepyxoMmiil cucremi
KOOpJIMHAT J0JIOTO, SIKE OOEPTAETHCS, HAMaraeThesl 3alHITH IOJIOKEHHS, B
SIKOMY Bi/I0yBa€ThCs HOro YMCTE BEpTiHHS, TOOTO OypiHHSA. OJHAK BOHO TaKOXK
HEJIONYCTHME, TaK SIK TyT BiCh CBEP/UIOBUHH BiAXHIISETHCS B OiK.

1,56 - 006 Y(r) " v(t)

BED0G

AL

AE006 —

Xy - u(t)

HE-06 —

—5E— 004 —

35E - M6 GOE - 006 REAE = 205 AEE o SE005 IS

a [

Puc. 7. Criiike Beprinns obepranus ( R=0,677m, a=0,2m, ®=5 pad/c , t=10c):

a) HepyXxoMa chcTeMa BiJyliKy, 6) crucTema BiUTKY, 10 00epTaeThCst

BucnoBkn. Ha ocHOBI MeTOAiB HErOJOHOMHOI MEXaHIKM, IOCTaBJIEHA
3ajaya MPO KOJMBAHHSA KPYXJISIHHS JI0JI0Ta OypHJIBHOI KOJIOHH, —sIKa
MONIEPEIHRO HANPYXKEHA ITO3/I0BKHBOKD CHJIOK 1 00epTaeThCcs i €0
MPUKIIAIEHOTO JI0 J0JI0TAa MOMEHTY CHJI pi3aHHs. BUKOHAHO aHasi3 MexaHi3My
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camMo30y/DkeHHsT KoynBaHb. OOTrOBOPIOIOTHCS JAWHAMIYHI €(DeKTH, BUKIMKaHI
3MO/IENIbOBAHOI0 KOHTAKTHOK B3a€MOJIEI0 JOJNOTa 3 JHOM CBEP/JIOBHHH,
aHaJII3yI0THhCSl YMOBH TIPSIMOTO 1 00EPHEHOTO KOUSHHS J10JI0TA I10 TIOBEPXHIi JHA
CBEPJUIOBUHU.

BukonaHo KOMIT'IOTEpHE MOJIENIOBAHHS MEXaHI3My KiHEMaTHYHOI'O
30y/KeHHS! KOJNWBaHb KPYKISHHS Ha IPOCTUX KIHEMaTHYHHX CXeMax 3
MIPOCTUMHU TE€OMETPUYHUMH TiaMyd. BOHU J03BOJMIM BCTAHOBUTH HalOiIbII
BaXdTUBI (DakTOpH, IO BIUIMBAIOTH HA XapaKTep NMPOTIKaHHS WX KOJHBaHb.
OTpuMaHi pe3ylbTaTd MOXYTh OYyTH BpaxoBaHi NpPH IPOEKTyBaHHI
KOHCTPYKIIH JIOJIT i peKUMIB OypiHHS.
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MOJEJIMPOBAHUE KOJIEBAHUM KPYKEHHUS KOJIOH I''TYBOKOI'O BYPEHUSA
IocraBienHass mpobieMa O KoJIeOaHHH KPYXKEHHs JO0JI0Ta OypPUIIBHOW KOJOHHBI, KOTOpas
MPEABAPUTENBFHO HATPSHKEHA MPOIOIBHON CHIIOW M BPAINAETCs TOJ JEWCTBHEM MPHIIAraeMoro K
JIOJIOTY MOMEHTA CHJI Pe3aHus. BBHIMONHEH aHAM3 MeXaHu3Ma CaMOBO30YKIEHHs KOIeOaHuil.
O6CYk)IAI0TCS PE3YIBTATH KOMITBEOTEPHOTO MOJIEH POBAHUSL.

Gaidaichuk V.V., Shevchuk L.V.

SIMULATION OF SPINNING OSCILLATIONS OF DEEP-HOLE DRILLING COLUMNS
The problem of the whirling vibrations of a bit of a drillstring, which is prestressed by longitudinal
force and rotates under the applied forces is stated. The analysis of the mechanism of the vibration
self-excitation is performed. The results of computer simulation are discussed.



