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BJIMAHUE CUJI TPEHUSA HA BUOYPKAIITMOHHOE BBIITYYNBAHUE BYPUJIBHBIX
KOJIOH B ITPSIMOJIMHEMHBIX HAKJTOHHBIX CKBAKHHAX

Umonw H.B., HantmoHanbHbIN TpaHCTIOPTHBIA yHUBepcHUTeT, Kues, Ykpauna

IMocTaHoBKka MpodJieMH.

Po3BuTtok HadrTOorazoBoi NPOMHUCIOBOCTI Ta YAOCKOHAJIEHHS YMOB OypiHHS € OJHUM 3
HallaKTyaJbHIIINX MUTaHb B HAIOMY CTOJNITTi. OCHOBHOIO MPOOJIEMOI0, IO CYHPOBOMXKYE MpoLec OypiHHS
SIBIISIETBCSL BTpaTa CTIHKOCTI Ta AedopMaliss OypuMIbHUX KOJOH B CepeirHI MOXMINX Ta KPHUBONIHIHHHX
cBepanoBuH. [IuTanHs BUIIMHAHHS OypHIBHHUX KOJOH B MOPOKHUHAX MOXWIMX UUIIHAPHYHUX CBEPIIOBHH
npuBepTae yBary Oaratbox (axiBIiB, OJHAK JAajeKe BiJ CBOr0 BHpilIeHHA. JlaHy OCOONMBICTH MOKHA
MOSICHUTH CKJIaJHICTIO HOT0 MareMaTHYHOI MOAENI, IO OMUCYETHCS 32 JOMOMOTOI0 CHHIYJISAPHO-30ypeHHX
piBHAHE. IXHi pimleHHs MaoTh (GOpMy KpaioBMX e(eKTiB ab0 rapMOHIYHMX CIUIECKIB JIOKAli30BaHMX B
MONIePEeTHBO HE BU3HAUCHHX 30HAX CBEP/IOBHH. TaKMM YMHOM JaHa mpodieMa Mae OyTH BU3HAYEHA IO BCii

VY nmaHiii pobGOTi po3poOiieHa MaTeMaTW4Ha MOZAENb JUIS KOMIT IOTEPHOTO aHaji3y I0YaTKOBOTO
BUTUHY OypWJIBHOT KOJIOHH B IWJIIHAPUYHOMY KaHajdl MOXWJIOI CBEp/UIOBHHH. Bu3HauambHE pPIBHAHHS
BUBOAMTBCS 3 ypaxyBaHHSM BIUIMBY CWIM TSDKIHHS, KOHTAaKTHHX CWJI Ta cwil TepTs. Komm'rorepHe
MOJICITIOBaHHS IOBEIIHKH OYpHIIBHOT KOJIOHU NPOBOAMTHCS /TSI PI3HUX 3HAYCHB KYTiB HAXWITy CBEp/JIOBHHH,
il moBxkwHM Ta KoeimieHTy TepTs. 3HaWACHI 3HAUYEHHS KPUTHYHOI CHIIM Ta moOymoBaHi (opMu BTpaTH
cTifikocti. YucenpHi pe3yibTaTd A BUMAJAKY, KON KyT HAaXWIIy JIOPIBHIOE KYTy TepTs 30iraroTbcs 3
Pe3yJIbTaTH OTPUMAHUMHU aHATITHIHO.

AHaJi3 OCTaHHIX JOCTiIKeHDb | myOaikamii.

[lepmuit cucteMHMiA aHaMi3 SBUII KPUTHYHOTO Ta 3aKPUTHYHOTO BUITMHAHHA OYPHIIBHUX KOJOH B
BEPTUKAILHUX CBepaiIoBHHaX OyB BukmameHuii Lubinski Ta in. B 1962 p [1], Ta mOXUIMX CBEpIJIOBUHAX B
cratrri Dawsen Ta Pasley 1984 p [2]. BoHu BusSBHIN MeXaHI3M BTpaTH CTIHKOCTI OYpPHJIBHOI KOJIOHH B
BEPTUKAIBHIA CBEP/IOBHHI Ta BCTAHOBIIIM KPUTHYHI YMOBH ii BUIMHAHHS. 3 THX TIip OYJIN PO3TISHYTI pi3Hi
MOJEII BTPATH CTIHKOCTI OYpHIBHOI KOJIOHH B KaHajlaX CBEPIJIOBHH ITiJl JII€I0 CHIIA TSDKIHHS, KOHTaKTHOT
CWJIM, CHJI TEPTS, a TAaKOXK KPYTHOTO MOMEHTY Ta 30BHIIIHBOI OCHOBOI CHJIH. 3 PO3BHUTKOM Ha(TOTa30BOi
TIPOMHCIIOBOCTI aHaIi30M JaHo1 MpoOaeMu 3aiMainrcs Taki BUeHi sk (Gao Ta Liu [3], ['ynseB Ta iH. [4 — 6],
Huang i Gao [7], Kyllingstad [8], Mitchell i Samuel [9]), BOoHM BHeCaM Oarato yTOYHEHb B TEOPETHYHI
MOJIeNi BIUIMBY CTpaTH CTIMKOCTI. JleTanbHuil ornsan miel npodiaemu OyB BuKIaaeHH B poboTax Cunha [10],
Mitchell [11]. MosHa 3poOMTH BHCHOBOK, III0 B OCHOBHOMY, MiJIXOIM SKi BHKOPHUCTOBYBAJINCH
IPYHTYBAJIUCh HAa HAOMIDKEHUX PEeXKUMaxX BTPATH CTIHKOCTI OypHIBHOT IO CHHYCOiJabHUM a00 CIipaTbHUM
KpPHBHM, Ta SIK TIOKa3aHo B poborax ['ymseBa ta iH. [6, 12] npobieMa BTpaTH CTiKOCTI OypUIIbHOI KOJOHH B
KaHaJlaX JJOBI'MX CBEPJIOBUH € CHHTYJISIPHO-30YPEHOIO 1 BiIOyBaeThes uepe3 GopMyBaHHS TrapMOHIHHIX a00
CIipaJbHUX BEHBJIETIB 31 SMIHHIMH KPOKaMH B PI3HUX CETMEHTaX JOBKUHU OypHIbHOT KOJIOHU.
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PiBusinnsi kputuuHux ctadiB BK B cepeauni mnoxuiaux cBepAI0BUH.
Posrnsiaemo 3amady mpo mpyxHe BummMHaHHA BK BcepenmHi HWIIHAPUYHOTO KaHATy MHOXHIIOL

ceepmnoBuan. BK monepennso Hanpyxena cunamu Tsokinas £ (s) posmomizeHuMu Mo BCil ii TOBKUHI Ta

OCBOBOIO CTHCKAIOUOI0 CWIOK F,(s) Ha CBOEMy HIDKHbOMY KiHHI s=S. [lif nmx cui mos’s3aHa 3

f cont

3apoLKeHHAM BHYTPIIHBO1 cuin F(s), MomenTy M(s) Ta sk i 30BHIIIHIX KOHTaKTHHUX CHI ( (x))Ta cun

teprst (£ (x)).

OcobnuBa yBara Mae OyTu mpujiieHa eQexkram Cuil TepTs. Y HalIOMy BHIAAKY PO3TISAAIOTHCS JBi
cutyaynii, konu BK HepyxoMa B mepen KpUTHYHOMY CTaHi, 1 KOJM BOHA BUTHHAETHCS TiJl 4ac MPOXOIKH 1
OypiHHsI. MOXHAa MNPUIYCTUTH, 1O B mepmoMy Bunaaky BK mimmaerscs il pi3HUX JAMHAMIYHHX
HaBaHTa)Ke€Hb (HAIPHUKIIAM, CEJIEBHUX IOTOKIB), IKi 3MEHIIIYIOTh BIUIUB CHJIH TepTs i Tomi f7(s)=0. VY Toit gac

SIK Hi):[ 4Jac OCbOBOI'O pyxy BK I CrJia BU3BHAYAETHC 3a (1)0pMYHOIO:

ST (s)=2uf " (s5) (1)

ne u koedilieHT Tepts i BuOip 3Haky "+" un "—" 3anex)uTh Bix HanpsMKy pyxy BK.

TakuM 9UHOM, 3aBIAHHS IIOJIATAE B TOMY, OO BCTAHOBUTH THIIOBI 3aKOHOMIPHOCTI BIUTUBY CHJI
TEPTS Ha TPOILIEC BTPATH CTilKOCTi. B pe3dynbrarti aiif ux cuit, BK Moxe OyTH po3TArHyTOIO B BEpXHii 30Hi 1
CTHCHEHOI0 B HIKHBbOMY cermeHti. Omke, 1l KpUTHUHA BTpaTa CTIMKOCTI TepeBakae BHH3Y, A€ BICh
CBEpAJIOBUHH €, SIK IIPABUIIO, Maike MPSIMOiHIHHOIO.

[Mixg wac kpuruunoro nedopmysanHsi, BK moxxe HaOyBatu cknagnoi dopmu, ToMy isi 1l aHamizy
BUKOPHUCTOBYETBCS TEOPisi KPUBONIHIHHAX THYYKUX CTPIDKHIB. MojenmoBaHHs 0iypKamiifHOro BUTMHAHHS
0a3yeTbcsi Ha aHami3i HENHIMHUX PIBHSHb PIBHOBAarM KPHBOJIHIHHHX CTPHXKHIB, SIKi TPEICTaBICHI B
CKaJSIpHiH opMi B pyXOMiit cucTemi KoopauHat oxyz [6, 12] B skOCTi piBHSHB pIBHOBAru CHII

dF,/ds=—~k F,+k.F,— f5 - freom,
dF,/ds=—k.F +kF. - fF, )
dF. | ds ==k F, +k,F = [ = [/,

1 MOMEHTIB
dM . /ds =~k M_+kM +F,,
dMy/ds=—kzMx+kxMz_Fx, 3)
aMm ., /ds=-k M, +k,M,.

TyT craloTh MOMITHUMH TIepeBard BHOPaHOi CUCTEMH BiJUIIKY 0xyz i1 BekTopa @ [6]. Tinbku oauH

fC(In[

HeBigoMuil KOMIOHEHT f " (s) mpucyTHili y mepmiomMy piBHsAHHI cuctemu (2) i

7" (S) KOHTAKTHOI CHJIM

OJIVH HEBITOMHUH KOMIOHEHT fzfr (s) cumu tepra 7 (s) BxomuTh 10 ii Tperhoro pismsmHs. L{i paxTopu
103BOJIAIOTh crpoctutu popmynu (2) 1 (3). Tak, srusanbHi mMomeHtn M., M, B piBHAHHAX (3)
BUP@XKAIOThCS uepe3 KpuBu3Hu [6] i marots Bursan M = Elk,, M, = Elk,, a nonepeusi cum F, 1 F,

MOXKYTh OyTH 3HaWAEHI BUXOJSTYH 3 IBOX MEPIINX PIBHAHb CUCTEMH (3).

F.==2ElavV"—a(M, — Eu"V)(u"v' —v"u')

d "t "or 10 "2 (4)
F, =—E1ad—(u Vi =vu')y+a(M, - EuV)(V')
s
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[IpaBa yacTuHa TPETHOTO PIBHSAHHS CUCTEMH (3) IOPIBHIOE HYJIO, & KPYyTHUH MOMEHT M. € CTajiuM

1o Bciit nosxuni BK.
BukopucroByroun piBHsHHS (1) — (4) OTpEMYEMO CUCTEMY 3 ILIECTU PIBHSHB NEPLIOTO MOPSIKY:

dF .
d_y =2Elau' (V)" V" = (M, — EluVu'Vk, + k F, - f¥
s

fz =—k.F, =2Ela* V')’V + a(M, - EV)Y(V') 'k, - 5 =

S

dkx 1 ~n2 rr.N\3 1

7 ——Ea(v) M, +au'(v) +EFy (5)
dv ,

—_— =V

ds

% =J1-a*(v)?
s

Y uiii cucremi, 3MiHHl F 1 M, BUKIIOYAIOTBCSA 3 POIIISAY, TaK sIK BOHA MOXKYTb OyTH IIPE/ACTaBIIEH]

Yyepe3 reOMETPUYHI MapaMeTpu moBepxHi (G, B TOW 4ac SIK KOMIIOHCHTH CHJIM TsDKIHHS BU3HAUYAIOTHCS 32
bopmynamu

fE =—f% sin fcosv
£ =f¥(cos B-av'+sin Bsinv-u') (6)
fE = f¥(cos f-u'—sin Bsinv-av’)

[lepme piBHsHHA cuctemu (2) He BXOAWUTHL B cucTeMy (3), ajie BOHO BHUKOPHCTOBYETHCS IS
pO3paxyHKy KOHTaKTHOI CHIIU

c de 1 r
fx == ds _k))Fz+uVF}r_fxg (7)

PiBusiHHS (5) 3 BiANOBITHMMHK TpaHMYHMMH yMOBaMH ONHKCY€e HemiHiMHWN BuruH BK mig miero
TpaBiTAIlifHUX CHJ 1 CHII TEPTsI, a TAKOX 30BHIIIHIX OCBOBUX CHJI, IO Jit0Th Ha KiHIi BK BcepenuHi kanamy
oXmioi TpsAMoITiHiIiHOT cBepmioBuan. Crtanm BK, komm miHeapw3oBaHWii omeparop cucremu (5)
BUPOIKYETbCSL € KpUTHYHMMH (OipypkamiiHumu). BracHi 3Ha4eHHS 1 BIAcHI PeXHMHU Ii€i cCUCTEMH
BU3HAYAIOTh KPUTHYHI HAaBaHTAXKEHHS 1 (POPMH BTPATH CTIMKOCTI (BUNIMHAHHA) B TAaHUX CTaHaX.

PiBusinnsa kputuynux cradie BK BcepennHi moxuiioi cBepa/IOBHHH.

Posrasaemo npsimortiniiny BK, 1m0 BUTBHO JIEKHUTH a00 MPOKOB3YE B3I0BXK CBO€EI oci Ha aHI u =0
MPSIMOJIHINHOT cBepToBHHU. Tpeba 00UNCIUTH 11 KpUTHYHY CHITY 1 OOyayBaTH (GopMy BUIIMHAHHSL. 3 LI€I0
METOI0, TIporiHeapuzyeMo (opmynu (5) B Oe3mocepenniii Onmm3bkocTi maHoro crany u(s)=s, v(s)=0,

k. (s)=k,(s)=k,(s)=0, M (s)=M  (s)=0.VY upomy crani, KOHTaKTHa CHIa f,""(s) € CTANIOIO i JIETKO

BHU3HAYAETHCS POPMYIIOIO:

[ ==1F (8)

Cuna tepTs f" 0OUUCIIOETHCS HACTYITHUM YHHOM:
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Ji — L _ T
fz ' (S) - iMXCU" - +ngr (9)
[Ticast mporo, 3 IPyroro piBHIHHAA CUCTEMH (5) 3HAXOAUTHCSA QYHKIIS F.(s):

F.(5)=F.(0)= —I (5 + f)ds =~(fF + f)s - R (10)
0

Tyt, F,(0) € 3Hauenns cunm F, B Touni miasicy s =0. fIkmo pexum onmyckanus bK BuOupaerscs,

10 F,(0)=(f2 + f/)S i R Bu3Hauae cTuckarouy culy, o Ji€ Ha HIKHBOMY Kinmi BK. B pe3ysbTaTi mux

3ayBaKCHb, ITICIIA JIIHEAPU3aIlii CUCTEMH (5), BUKOPHCTOBYIOTHCS TUTBKH YOTHPH piBHIHHA. [lepenmmremo ix
y JiHeapu30BaHiii popmi:

doF, /ds = F ok, —af *" cos poV',

doF. | ds = &% =0,

dok, /ds =(1/ EI)JF,, (11)

dsv/ds = &V,
ds' /ds = (1/ a)ok,,
dou/ds = 0.

Mpuitvemo o yearm, mo &k, =ad", OF, =Elad", &F =0, [f"(s)=fsing,

X

fr )=y sinp, ¢ =g(p,—p,)F, ne g=9.81m/c>; p,, p, — IiIbHICT MaTepiamy Tpybu Ta

n_mn

MIPOMUBHOI pigwHM; F — 1€ Tuiomia mepepidy Tpyou bK; 3Hak "+" BuOMpaeTbes Mg migioMy, 3HaK TUTS
onyckanHs bK.
Jami 6yae posrisinatucs peskuM omyckanHs bK, Tomy:
F.(s)=f* (cos f— psin f)(S —s)~ R (12)

Hpyre Ta mocre piBHAHHA cucteMu (11) TpuBianbHi, 1 TOMY X MOYXHA OIYCTUTH, 1HII YOTHPH
PIBHSIHHS MOYKHA TIEPETMCATH B OiIBII 3pyUHii GopMi:

w [ ST osBpsing) R, fT(ospousing) o, [Tsinf o
o+ I (S s)+E]§y+ I '+ Il =0, (13)

e oy(s) =adv(s).

e omuopimHe mudepeHIliabHe PIBHSIHHS YETBEPTOTO TMOPSAIKY aHAJOTIYHE PIBHSIHHIO CTIHKOCTI
ITy9Ka Ha MPYXKHIHA OCHOBI, 1 TOMY iX pO3B’SI3KM MarOTh CXOXi BJIIACTHBOCTI. Y TEpITy Yepry, BOHH OOHIBa
CHHTYJISIDHO 30ypeHi 1 3 i€l IPUYUHH, PEXKUMHU IX BTPATH CTIMKOCTI MaloTh GopMU KpalioBUX e(eKTiB, sIK
MPaBUIIO, JIOKAJI30BaHUX B IPaHUYHUX 30HaX. [lo-apyre, 3a3BUUail, i peKUMH € TApMOHIYHO 3aTyXal0UUMHU
KOJMMBAaHHAMH. Jly)Ke BaXKIMBOIO BIACTHBICTIO LBOTO pIBHAHHA € Te, IO KPYTHUH MOMEHT M,

MpeJIcTaBICHU B cucTeMi (5), 3HHKAae B pe3ysbTari il JiHeapu3alii B Oe3mocepenHiil OJM3bKOCTI TaHOTO
crany. Lleii ¢pakT cBiqUMTH PO HEUYTIUBICTH CHCTEMH A0 KpydeHHs BK B 1iboMy monokeHHi.

Bigpypkauis Bununanus BK B kaHas1i noxu/ioi cBepAJI0BUHH.
Crin migkpeciauty, mo piBHAHHA. (13) Mae 3MiHHI Koe(ilieHTH, TOMY HOT'O BIIacHI 3Ha4eHHS 1 BIacHi
PEKUMHU MOXKYTh OyTH IPOaHANI30BaHI TUIBKH 32 JOTIOMOT'O0 YHUCEIBHUX METOIB. Y PO3TIISTHYTOMY
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Tabnuya 1— Kpumuuna cuna R, i popma eununanus 6y(s) oas eunaoky S=500 m., i a=0.166 m.

Monens 6e3 Tepts | Monensb 3 TepTsM

1 Kyt Haxuny S =45°

R, =203.772kN

R, =202.129kN
@// 2007 FZ’ kN @/ -

200 F,, kN

/@
|
i
|

-200 5. m

. S,m ,m i S, ‘m
0 250 500 | o 250 230 0 250 500 0 250 500
2 B =60°
R, =221.771kN R, =219.441 kN

200 ] 200 7

/
é

2001 T
0 250 500 0 250 500 0 250 500 0 250 500
3 =78.495°
R, =230.962kN R, =224.922kN
200 ] 200 1
200 200
0 250 500 0 250 500 0 250 500 0 250 500
4 B =78.69°
R, =230.942kN R, =225.856 kN
200 i 200 1
0 _______'“\AJ\AUM 0l
-200 200
0 250 500 | o 250 500 0 250 500 0 250 500
5 £ =79.06824"
R =230.997 kN R =227.518kN
200 ] 200

-2001
0 250 500

o
|
1
N
o
o o
Ll L

250 500 0 250 500

o

250 500

o

. =230.962kN R, =229.450kN
200 200

' X

-200

o
|
|
J
N
o
o o
Ll L

0 250 500 250 500 0 250 500

o

0

o

250 5

o

BHIIANIKY, JJIS ITi€l MeTH OYB BHKOPHUCTAHWUN METOJ CKIHYCHHHX pi3HUI. Jlami, mpemcraBiieHi pe3ybTaTH
KOMITIOTEPHOTO  MOJECTIOBaHHS. Y Tepumy uepry, 3ayBaXHMMO, [0 T[IOCTaBJI€HE 3aBIaHHS €
OaraTonapaMmerpuyHuM. [[ificHO, BTpaTa CTIIKOCTI 3alexuTh B qoBkuHU bK, monepeunoro nepepisy, kyrta
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HaxwWiIy, 3HAYEHHS 3a30py, HAIBHOCTI a00 BIJICYTHOCTI €(EKTIiB TEpTSA i BEIMYHWHH Koe(illieHTa TepTs,
3HAYCHHS CTUCKAIOYOi CHIIM R , TPaHUYHHMX YMOB, 1 TaK JaJIi.
PosrnssHeMo BHIIQZOK 3 HACTYIMHUMM BEIHUYMHAMH 1 3HAYCHHSIMH XapaKTEPHUX IapaMeTpiB:

E=21-10" Ta, 1=27-10"*m", p, =78-10°krr’, p, =1.3-10° xr/m’, d,=02m, d,=0.18M,
F= 7r(afl2 - dzz)/ 4=0.00597 %, 1 =0.2. Tpanndni yMOBH Ha BEPXHBOMY i HIDKHBOMY KPasiX BiAIIOBIZArOTH
3aKPITUICHAM KiHIIM.

¥(0)=y(S5)=0, &"(0)=9"($)=0 (14)

Hocmimumo moBeninky BK goexuao1o S =500 M Ta BemuumHO 3a30py a = 0.166 M. Pesynbpratn po3paxyHKy
JIEMOHCTPYIOThCSA B Tabmuili 1. JIBa JBUX CTOBITUMKA ITi€l TaOJHUIlI BIMHOCATHCS IO Monesi 0e3 TepTs, aBa
MpaBUX MICTATh AaHi moB's3ani 3 i1 BmmBom. liarpamm ocboBOi cuinu F,(s), BUOMHAHHSA Jy(s) 1

KPUTUYHOTO 3HAa4YeHHS R, HaBelIeHI /U1 KOKHOTO BHNAAKY, IO PO3IVIAAAETHCA, IPU PI3HUX 3HAUEHHAX

KyTa Haxwiay [ . BuaHo, mo skmo kKyT £ He myxe Bemukuid (=45 1 60°), npu po3TAryBaHHI,
rpaBiTalliiiHi CHIM BEAYTh A0 3MEHLICHHS 0choBOi cuiu F, (s) y BepxHii 30Hi BK 1 Burnsan 6idypkauiiinoro
BUNMUHAHHS O)(s) HabyBae GpopMu KkpaiioBoro edexry. IIpu mboMy, CHITH TEepTs JHIIe HE3HAYHO BIUTMBAIOTH
Ha KpUTHYHE 3HaueHHs R, 1 QyHKUio oy(s). Ane xonu KyT [ HaOmmxaerbes 10 f = arcctg 4, 3HAUSHHH,

CHJIM TSDKIHHS 1 CHJIM TepTsI BpPIBHOBaXXYIOTh OZJHA OAHY, 1 Mae micue piBHICTD cos f — usin =0, QyHKmis

F_(s) crae cranoto, i piBHsHHA (13) HaOyBae cnpomeHoi popmu:

£5y”+fgr5inﬂ5yzo (15)

v
+
¥ ET akl

Le piBasiaHs 3 ymMoBamu (14) Moske OyTH BHpIIICHE aHATIITUYHO.

Sk MokHa OaunTH, KpUTHYHA CHJIA 1 opMa BTpATH CTIHKOCTI HE JEMOHCTPYIOTh OyAb-IKHX ICTOTHHX
3MiH B MOJIETI TepTs, ajie B yMOBaxX HAsBHOCTI i€l CHJIHM, 30Ha TAPMOHIYHOTO BEHBIIETY PO3LIMPIOETHCS 31
30umemeHdasM kyta . lle mommproerbess mo Bciit goexkwmHi BK  (mosmmist 3) 1 crae mpocToro
CHHYCOI010,KOJIM KYT ii HaXxWiy HOPiBHIOE KyTy TepTs (monokeHHs 4). Ilicns mepexoxmy uepes 10 30HY,
(dhopmu BTpaTH CTIHKOCTI MEHIII BIOPSAKOBaHI (TI03UIIii 5 1 6). Y TOH ke Jac, KO CUIN TePTS TOPiBHIOIOTH
HyJII0, TO PeXMM BHUIWHAHHS HaOyBae (opMm KpailoBOro BeiBieTy 1 3Ha4eHHS R, 30LIBIIYIOTBCS 3i
301IbIICHHSAM KyTa [ .

[Tokazani ocobnmBocTi BTpatu criiikocti BK moB's3ani 3 pexinbkoma Qakrtopamu. Komm xyt [
HeBenukuii, BK HampykeHa oCbOBMM CHJIaMH Yy BEpXHill YaCTHHI Ta CTHCKalOYOIO CHIIOI0 Y CBOIM HWXKHIH
YacTHHI. Y LBOMY BHUIAIKy HalpykeHo-aedopmoBanuil ctan BK, mo cyti HeomHopinHuil. Y Toii ke yac,
HOpMaJIbHa KOMIIOHEHTa CHJIM TSDKIHHS, 1m0 npuTrckae BK 10 CTiHKM CBEpAJIOBMHM Ta MEPEIIKOKAE Ti
BUNIMHAHHIO, HeBenMka 1 BK BiTbHO BHUMMHAETHCA HUXKYE. 3 PO3IIMPEHHAM KyTa PO3TATYIOUl CHIIU
3MEHIIYIOTECS, 1 HanpykeHo-NedopmoBanuii ctad bK crae 0inbIn ogHOPiMHUM, a CTaOLTI3YIOUHi €eKT CHIl
PO3TATHEHHsI 3MEHLIYETHCA. AJle KOHTAaKTHI CHIM 1 CHIM TEpTs, a TaKOXX HOPMaJbHAa CKJIAZ0BA CHJIN
TSOKiHHS, 30UThIIyIOTBCs. Ll QyHKIis BigmoBimae 3a Te, mo edekT BHIIMHAHHS MiAHIMAETHCS BroOpYy.
B3aemomis ux CymepeduBUX BIIACTUBOCTEH 31 301IBIICHHSIM KyTa [ TPHUBOAWUTH A0 HE3HAYHOTO 3MIHU

KpUTHYHOI cuiu F, .

Pobota BukoHaHa B pamkax nepxkOromkerHoi Temu 01150002270 «Komm’roTepHe MporHO3yBaHHA i
3aro0iraHHs aBapiiiHUM pexuMaM OypiHHS OXMIO-CKEPOBAHHUX Ta TOPHU3OHTAIBLHUX CBEPAJIOBUH Ha e€Tamax
iX MpOoeKTyBaHHS 1 MPOXOIKI
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PE®EPAT

[mrons H.B. BB cunmu TepTs Ha OidypKamiiiHe BUMMHAHHS OYPHIBHUX KOJIOH B TIPSIMOJIIHIHHUX
noxunux ceepanopuHax / H.B. Hlmons // Bicauk HamnionansHOro TpancnopTHoro ysiBepcutery. Cepist
«Texuiuni Hayku». HaykoBo-texniunuii 30ipauk. — K. : HTY, 2016. — Bum. 1 (34).

VY cTaTTi TOCHIKYEThCS 3aava Mpo BIUIMB CHUTA TEPTS Ha xapakTtep Oidypkamiiinoro BunmmHaHHs bK.
PosrnsiHyTa moxuia muiiHIpUYHA (GopMa CBEPIJIOBHHY , TOOYJ0BAHO PIBHSAHHS KPUTHYHOTO BUNMHAHHS BK
B IIill CBEpIOBWHI. 3HAHIACHO KPUTHYHI 3HAYEHHS OCHOBOi CTHCKAIOUOI CHJIH, NMPHUKIANCHOI 0 HUKHBOTO
kiamm BK mig miero cumm Tepts Ta Oe3 Hel. BcraHOBIEHO, MO KPUTHYHI 3HAYCHHS OCHOBOI CHUTH
T IKOPIOIOTHCSI ACSIKAM 3aKOHOMIPHOCTSIM, TIOB'SI3aHUM 3 MOJaMH BHITMHAHHA. [loka3aHo, 10 BiMTOBITHO 1O
BHCHOBKIB TEOpii CHHTYJSIpHO 30ypeHWX piBHSIHBL (opMH BTpaTu cTifikocTi BK MaioTe BHTIsSm KpaioBHX
eheKTiB, ane i Ti€0 CHIN TEPTS 30Ha BUITMHAHHS 301UIBITYETHCS 1 3MIIIYETHCS Bropy B3MOBXK bK.

OO0’ €eKT moCIiHKEHHS — OYpHIIbHI KOJIOHU B KaHaJIaX IMOXFIINX CBEPIJIOBHH.

Merta poboTH — IOCITITUTH BIUIMB CHIIA TEPTS Ha XapakTtep Oidypxkartiinoro sunuHanHas bK.

Mertonu mocniiKeHHss — OypHiibHa KOJOHAa OTOTOKHIOBAJacs 3 HAJJIOBTHUM TPyOUacCTUM CTEP’KHEM.
MaremMaTuyHa MOJEC/Ib KBa3iCTAaTMYHOI MOBEAIHKM OYPHJIbHOI KOJOHH J0 11 (QpUKLiAHOI B3aeMomil 3i
CTIHKOIO CBEepAJIOBUHHM OynyBajiach y BWIIIS[I CHHTYJSAPHO 30ypeHUX AudepeHIialbHUX PIBHSHB PyXY
00epTOBOTO HAJJIOBTOI0 CTEPXKHS B MPYKHIN nocTaHoBi. s aHai3y reoMerpii neopMoBaHOi OypHITbHOT
KOJIOHH BUKOPHCTOBYIOTBCS METOJIN TEOPii re0JIe3NYHIX KPUBUX Ha TMTOBEPXHSIX.

Pesynbrati cTaTTi MOXKYThH OYTH BIPOBAIKEHI B TEXHOJIOTIi OYpiHHS MIMOOKUX CBEPAJIOBUH.

[IporHo3HI MPUIYIICHHS MO0 PO3BUTKY 00 €KTa JOCHI/HKCHHS — MOIIYK ONTHMAJIbHHX DPEKUMIB
OypiHHSL.

KJIIOUOBI CJIOBA: BYPUJIBHA KOJIOHA, TIOXWJIA CBEPAJIOBHMHA, TEOJAE3MYHA
KPUBA, BI®YPKAILIMHE BUITMHAHHSL.

ABSTRACT

Shlyun N.V. Influence Of friction forces on bifurcation buckling of drill strings in inclined wells /
Visnyk National Transport University. Series «Technical sciences». Scientific and Technical Collection. —
Kyiv: National Transport University, 2016. — Issue 1 (34).

In the paper, the problem of influence of friction forces on the character of the DS buckling is
analized. The inclined cylindrical shape of the bore-hole is considered, equations of critical buckling of the
DS in this well considered. The critical values of the axial compressing force applied to its lower end are
found for cases of frictional and frictionless interactions. It is established that according to regularities
typical for singularly perturbed systems the mode of stability loss have the shapes of boundary effects,
though under action of friction forces they displace upward along the DS.

The research aim is to investigate the friction force influence on the character of the DS buckling.

The method of analysis. The drill string is considered as long elastic tube rod. Mathematical model of
the rod quasistatic mechanical behavior in the case of its friction interaction with the bore-hole wall is
constructed in the form of singularly perturbed differential equations of a long string with the use of elastic
statement. To analyse geometry of the drill string, the method of the theory of geodesical curves in surfaces
are used.

The results of the article can be inculcated in technologies of deep bore-hole drilling.

Forecast assumptions about the object of study — the search of optimal regimes of drilling.

KEYWORDS: DRILL STRING, INCLINED BORE-HOLE, GEODESICAL CURVE,
BIFURCATION BUCKLING.

PE®EPAT

[llmons H.B. Bamsame cmn TpeHus Ha OudypKAIlMOHHOE BEHIMYYHBAaHWE OYpPUILHBIX KOJOH B
MPSIMOJIMHEHHBIX HaKJIOHHBIX ckBakuHax / H.B. lllmonp // BectHuk HanmoHaibHOTO TpaHCHOPTHOIO
yauBepeutera. Cepust « Texandyeckue Haykm». Hayuno-texunyeckuii coopuuk. — K. : HTY, 2016. — Bpm. 1
(34).

B craTbe uccnemyercs 3ajjaua o BIUSHAW CHII TPEHUS Ha XapakTep OM(ypKallMOHHOTO BITyYUBAHUS
BK. PaccmoTpena nunmaapuyeckas GpopMa CKBRKUHBI, MOCTPOSHO YPaBHEHHE KPUTHUYECKOTO BBITYUYHBAHUS
BK B »TO#t ckBaxkmHe. HailieHbl KpUTHYecKHe 3HAUYEHHUS OCEBOM CHKMMAIOIIEH CHIIBI, MPUIIOKEHHON K
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HIKHeMy KoHIy BK mopm meficTBueM CWIIBI TpeHHUS W 0e3 Hee. Y CTaHOBJICHO, YTO KPUTHUECKHE 3HAYCHUS
OCEBOM CHIIBI TIOAYUHSIOTCS HEKOTOPHIM 3aKOHOMEPHOCTSAM, CBS3aHHBIM C MOJAaMH BBITYYHBAHUS.
ITokazaHo, YTO B COOTBETCTBUH C BBIBOJAAMH TEOPHHU CHHTYIISIPHO BO3MYIIEHHBIX YPaBHEHUH (DOPMBI TIOTEPU
ycroiunBocTd bK mMeror Bunm kpaeBbiXx 3¢ (EKTOB, HO MO MEHCTBHEM CHIIBI TPEHHUS 30HA BBITYYHUBAHUS
YBEJIMUMBAETCS U CMeIaeTcs BBepx 1o jjiuHe bK.

OO0OBeKT ucciezoBaHus — OypUiIbHBIE KOJIOHHBI B KaHAJIaX HAKJIOHHBIX CKBaXKUH.

Lenb paboThl — HcClieOBaTh BIMSHUE CHJI TPEHHsI Ha XapakTep On(ypKalMOHHOTO BBITyYHBAHUS
BK.

Mertonbl ucciaeqoBaHusl — OypwiIbHAs KOJIOHHA OTOXIECTBISUIACH CO CBEPXIJIMHHBIM TpPyO4aThIM
CTCPIKHEM. Maremartuueckas MOJCJIb KBa3HCTAaTUYCCKOI'O IIOBCACHUA 6ypHHLHOI>'I KOJIOHHBI IIpHU €€
(pUKIMOHHOM B3aUMOJCHCTBHM CO CTEHKOW CKBA)KMHBI CTPOMJIACH B BHJIE CHHTYJISIPHO BO3MYIICHHBIX
middepeHINanbHBIX ypaBHEHUH JBWKEHUS BPAIIAIONIETOCS CBEPXUIMHHOTO CTEPXHA B YIPYrod
noctaHoBke. [ aHanuza reomeTpuu J1e(OPMUPOBAHHOW OYPHIILHOW KOJIOHHBI HCIIOJIB3YIOTCS METOIBI
TCOPHHU I'COAC3UUCCKUX KPUBBIX Ha ITOBEPXHOCTAX.

Pe3ynbTarhl CTaTHM MOTYT OBITH BHEIPEHBI B TEXHOJIOTHH OYPEHUS TITyOOKHX CKBayKHH.

[IporHo3HEIE MPEON0KEHHUS O PA3BUTUU O0BEKTA UCCICAOBAHUS — MOUCK ONTHUMAILHBIX PEKUMOB
OypeHus.

KJIIOYEBBIE CJIOBA: BYPWJIBHAS KOJIOHHA, KPUBOJMHEMHAS CKBAXHWHA,
I'EOHE3UYECKASA KPUBAS, BUOYPKAILIMOHHOE BIIIYYUBAHUE, 3AKPUTUYECKOE
JEDOOPMHUPOBAHUE.
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