AHOTALIA
Pauxeeuu 1.O. Ilporno3yBaHHS BTOMHOI JJOBI'OBIYHOCTI €JIEMEHTIB OypHIIbHOI
KOJIOHM 3 BpaxyBaHHSAM CKJIaJHOro nedopmoBaHoro crtany. — KaamidikamiiiHa

HAyKOBa Npallsl Ha IPaBax PyKOIUCY.

Hucepranis Ha 3100yTTS HAYKOBOTO CTyIeHs JokTopa dimocodii 3a
cnemianpHicTIO 133 — «[amy3eBe MammHOOymyBaHHs». lligroroBka apuceprartii
3aiiicHIOBanach B IBaHO-DpaHKIBCHKOMY HAIlIOHAJTLHOMY TEXHIYHOMY YHIBEPCHUTETI
HapTH 1 razy. 3axucTt auceprauii BigOynerbcs B IBaHO-DpaHKIBCHKOMY

HaIllOHAJILHOMY T€XHIYHOMY YHiBepcuTeTi HadTH 1 razy, 2021 p.

Jucepranis nOpuUCBSYEHA BHUPILIEHHIO BaXXJIIMBOIO  HAYKOBO-TEXHIYHOI'O
3aBAaHHS MPOTHO3YBAaHHS BTOMHOI JOBIOBIYHOCTI €JIEMEHTIB OYpHIBHOI KOJIOHH 3
BpaxyBaHHSIM HOPMaJIbHUX 1 TOTUYHHUX HANPYXKEHb B ii MONEPEUHOMY MEpEpi3L.

B pobGori HaOyB mMOAANbIIOTO PO3BUTKY METOJ OI[IHKA HAMpPYyXEHO-
neOpMOBAHOTO CTaHYy IUISHKH OYPHJIBLHOI KOJOHH, IO 3HAXOIUTHCS B JIOBUIHHO
BUKPUBJICHOMY CTOBOYpl CBEp/UIOBUHM 3 TMapaMeTpaMmH, LI0 3aJaloThCsi 32
pe3ynbTaTaMu MPOMHUCTOBOI THKIIHOMETPIT Ta mpoduToMeTpii Ta MiAAE€THCS BIUTUBY
OCbOBOI CHWJIH, 3TUHAJIBHOTO Ta KPYTHOTO MOMEHTIB. JlJi1 pOo3paxyHKIB BUKOPHCTAHO
TBEPJOTUILHE MOJIEIIOBAHHS CHUCTEMHU «IUISTHKA OYypWIbHOI KOJOHU — (hparMeHT
cToBOypa CBEpPAJIOBUHM» 3 IMOJAJBIIMM 3aCTOCYBaHHSIM METOJY CKIHYEHHHMX
eneMmeHTiB. Lle gano MOXIMBICTH 3IIACHIOBATH OOYMCIEHHS, BPaXOBYIOUH
F€OMETPUYHI PO3MIPHM 3aMKOBHX PpI3b0OBUX 3’€qHaHb OypwJIbHHX TpyO 1 IiX
TIOJIO’KEHHS BITHOCHO CTIHOK CTOBOypa CcBepioBUHH. [[01aTKOBO ICHY€ MOKJIMBICTD
BpPaxoBYBaTu (pi3MKO-MEXaHIYH1 BJIACTUBOCTI IPChKOi MOPOAH.

JloonpabOBaHO ~METOAWKY BU3HAYEHHA KPUTUYHOIO 3YCHWIUIA  CTUCKY
ICHYIOUOTO TPHUCTPOIO JJIsi KEPYBAHHSI TPAEKTOPIEI0 CBEPAJIOBUHU 32 JOIOMOTOH)

TBEPAOTLILHOTO MOJICIIOBAHHS TAaKETy MPYKHUX 000JI0HOK. lle mae MOoXIuBICTH



OUTBII TOYHO 3aJ]aBaTH OCbOBY CHJIY, SIKA JII€ HA BIIXWJIBHUK, 3 METOIO €()EKTUBHOIO
KEepYBaHHS TPAEKTOPIEIO CBEPIIOBHUHHU.

Brockonaneno Js1abopaTtopHuil CcTeHA Uil AOCHIKEHHS Jedopmaumii 1
HANPYEeHb y TPYOHMX KOJOHAX, sIKIi 3HAXOASTHCA B JOBUIBHO BHKPHUBICHOMY
CTOBOYp1 CBEPIUIOBMHU. 30KpeMa MPOBEAECHO JOOMPAIIOBAHHS HAaBAHTAXKYBaJIbHOIO
By3Jla 3 METOIO peaii3ailii HUM OChOBUX 3YCHJIb K PO3TATY, TaK 1 CTUCKY. 3aBISKH
IbOMY 3’ SIBUTHCS MOXKJIUBICTH (DI3MYHOTO MOJEIIOBAHHS JUISTHOK OYPHJIBHUX KOJIOH,
SIK1 3HAXOJIATHCS SIK BUIIE, TaK 1 HUKYE HEUTPAIBHOTO Mepepizy.

HalyB mopaipmioro po3BUTKY METOJ] MPOTHO3YBAHHS BTOMHOI JIOBIOBIYHOCTI
€IeMEHTIB OypWIbHOI KOJIOHM Ha OCHOBI MEXaHIKM pPYyWHYBaHHA. 30Kpema,
pO3pO0JICHO TBEPJOTIILHY TPUBHUMIPHY MOJEIb BHUCAKEHOI YaCTHUHU OYpPUIILHOI
TpyOM 3 HAIIBEIINTUYHOK BTOMHOK TPIIIMHOW B HeOe3neuHoMy mnepepisl. [lpu
IIbOMY MOJE/Ib HaBaHTAXKYEThCS OCHOBOIO CHJIOK, 3THHAJLHUM 1 KPYTHUM
MomeHTamu. Lle nae MOKIMBICTh BU3HAYATH KOE(DIIIEHTH IHTEHCUBHOCT1 HAIIPYKEHb
HOPMAJILHOTO BIPHBY Ta MOMEPEYHOTO 3CYBY mepen (GPOHTOM BTOMHOI TPINTUHU
BPaxOBYIOUM SK HOPMaJIbHI TaK 1 JOTWYHI HANpPY>KEHHS B IUIONIMHI 11 MOIMIMPEHHS 3
MOJIAJIBIIINM PO3PAXyHKOM KIJTBKOCTI ITUKJIIIB /0 HACTAHHS KPUTUYHOTO CTaHY.

KurouoBi cioBa: kojgoHa OypuiibHUX TPyO; NMOXMIO-CKEpPOBAaHA CBEP/IJIOBUHA,;
OCbOBE HABAHTAXKEHHS; 3TMHAJIBHUA Ta KPYTHUM MOMEHTH; HaIpy>KEHO-
nedOpMOBaHHMI CTaH; HOPMajbHE Ta JOTWUYHE HAMPY)KCHHsS; BTOMHA JOBTOBIUHICTb;

HaIlBEJIINTUYHA TPIIIMHA; KOS]IIIEHT IHTEHCUBHOCT1 HAIIPY>KEHb.

ANNOTATION
Rachkevych 1.0. Prognosis of the drill string elements fatigue longevity with
consideration of complicate deformable state. — Academic qualification scientific

work on the rights of a manuscript.



Dissertation for obtaining the academic degree of the Philosophy Doctor in
specialty 133 — «Industrial machinery engineering». The dissertation is prepared in

the lvano-Frankivsk National Technical University of Oil and Gas, 2021.

The dissertation solves important scientific-technical problem of prognosis of
the drill string elements fatigue longevity with consideration of normal and shear
stresses in its cross section.

Method of estimation of stress-strain state of the drill string section in the
arbitrarily curved well is developed. Results of well survey are used as parameters of
curved well. Axial force, bending moment and torque are taken in to account during
calculations. 3D modeling of the system «drill string section — well section» is used
for calculations by the finite elements method. It gives possibility to calculate with
consideration of geometrical parameters of drill pipes screw joints and their positions
according to well walls. There is additional possibility to take in to account of
physical and mechanical parameters of rock.

Methodic of determination of the critical compression load of the device for
managing of the well trajectory using 3D modeling of elastic shells packet is gotten
refinement. It gives possibility to set more accurately axial load that acts on the device
with purpose of more effective managing of the well trajectory.

Laboratory equipment for research of deformations and stresses in the pipe
string models in the arbitrarily curved wells is improved. In particular, loading unit is
upgraded by the purpose of realization of axial tension and compression force. It gives
possibility of physical modeling of the drill pipes that are located higher and lower of
drill string neutral cross section.

Method of prognosis of the drill string elements fatigue longevity is developed
using fracture mechanics. In particular, 3D model of the upset end of the drill pipe
with semi elliptical crack in its cross section is developed. The 3D model is loaded by

the axial force, bending moment and torque. It gives possibility to determine stress



intensity factor for opening model and in-plane shear model of crack growth with take
in to account normal and shear stresses in to dangerous cross section. Consequently, it
gives possibility to calculate quantity of load cycles to critical condition.

Key words: drill string; directional well; axial load; bending moment and
torque; stress-strain state; normal and shear stress; fatigue longevity; semi elliptical

crack; stress intensity factor.
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