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Pedepar:

1. Y po60Ti BUKOHAHO aHaJli3 eKCIUIyaTalilHUX YMOB OYPUJIbHUX KOJIOH Ta iXHiX Pi3bO0OBUX 3'€IHaHb,  TAKOX
BU3HAYEHO BILIMB PO60UYMX (PAKTOPiB HA IMOBIPHICTb BiZIMOB OKPEMMUX €JIEMEHTIB KOJIOH. 31IiilCHEHO OrJIsiy,
Cy4aCHUX KOHCTPYKLiil pi3bOOBUX 3'€IHAHb, 30KpEMa OHO- Ta IBOOIIOPHUX BapiaHTIB, 110 32CTOCOBYIOTHCS B
OypuiibHUX KoJloHaX. Kpim Toro, 31ifiCHEHO OrjIsf] iCHYI0UMX METOIUK PO3PAXyHKY €J1IeMEHTIB OypPUJIbHUX KOJIOH.
[IpencraBieHO KOMILJIEKC METOAUYHUX MiAXOAIB 114 ineHTudikalii maTepiasiB 6ypuabHOI KOJIOHU Ta 3aMKOBUX
pi3b0OBUX 3'€AHAHD, BUBHAUYEHHS X MEXaHIYHUX BJIACTUBOCTEH i TPIIIMHOCTIMKOCTI, & TAKOXX OL[{HKYU BILJIUBY
€KCIIIyaTalilHAX YMHHUKIB — MEXaHIYHUX HaBAaHTAXKEHb, TEMIIEPATYPHUX KOJIMBaHb Ta BOLHEBOBMICHOTO
cepelioBUIIA — Ha Jlerpajallilo Marepiasny. 3allporOHOBaHI METOOUKA (POPMYIOTh CUCTEMHY OCHOBY [1JIs1
IIPOTHO3YBAHHS 3aJIMIIKOBOTO PECYPCY €JIeMEHTIB 6YPUIIbHOI KOJIOHU 3 yPaxyBaHHSM B3a€MO3B'SI3KY MixXK

KOHIIEHTpALli€10 BOJHIO Y CTaJli, MEXaHIYHMMU XapaKTePUCTUKAMUY, TTapaMEeTPaMU TPIIMHOCTINKOCTI Ta



TeMIlepaTyPHUM YMHHUKOM. TaKoX po3po6sIeHO METOIMKY BU3HAYEHHS HANPyKeHO-1e(OPMOBAHOTO CTaHy
3aMKOBOTO pi3bboBoro 3'efHanHs (3P3) i3 3acTocyBaHHSAM METOy KiHII€BUX eJIeMeHTIB y cepenoBuili SolidWorks
Simulation. ITigxin oxonoe No6yA0By MOJeJi, 3alaHHs MaTepiasliB, (PAHUYHUX i KOHTAKTHUX YMOB, & TaKOX
[IPOBEEHHS PO3PAXyHKY. 3a JOIIOMOIOK PO3PO0JIEHOI MOZEJi IPOBEEHO KOMILJIEKC NOCiI)KEHDb BILJIUBY
TEeMIIePAaTyPHOTrO YMHHUKA Ha HAIIPY>KeHO-Ae(OPMOBaHNUI1 CTaH OJHOONOPHUX i ABoonopHUX 3P3. [1pu pomy
BpPaxOBYBaJIH SIK MiBUILEHHS TeMIIEPaTypy BCbOTO OYPUJIbHOTO 3aMKa, TaK i MOKJIMBI BapiaHTH ii 3MiHU 110 TOBIIUHI
CTiHKH, 3yMOBJIEHI Pi3HULIEI0 TEMIIEPATyPU OYPUJIBHOIO PO3YMHY BCEPEVHI Ta 30BHi OypUJIbHOI KOJIOHHU.
BcraHoB€HO, 110 TEMIIEPATYPHi YMOBU eKCIIyaTallil BIUIMBalOTh HA HaNpy>XeHo-IgedopMoBaHuil ctad 3P3, onHak
He 3MiHIOIOTh MOr0 SKiCHOTO XapakTepy. 3pOCTaHHS TEMIIEPATYPHOrO rPafiieHTa IIPU3BOAUTD 0 MiABUIIEHHS PiBHS
€KBiBaJICHTHUX HAIIPYy>X€Hb, 3POCTaHHS TEMIIEPATYPHOrO IpajlieHTa IPU3BOIUTD [10 MiABUIIEHHS PiBHS
€KBiBJIEHTHUX HaIPY>X€Hb, 0COOJIMBO y [TOYATKOBIN YaCTUHI Pi3bOy, 1[0 HEOOXiNHO BPaXOBYBATH IIPU OLiHIL
MIIJHOCTI Ta JOBrOBiYHOCTi KOHCTPYKLii. HaBejeHO pe3yIbTaTi eKCIIEPUMEHTATIBHOTO BU3HAYEHHS (DAKTUYHUX
BJIACTMBOCTE! MaTepiajy IicJs TpyuBasoi eKcITyartallii. BctaHoBeHO, o eKcIyaTallis eJlieMeHTiB 6ypubHOi
KOJIOHU B YMOBAX KOMIUIEKCHOI [Iii MEXaHIYHUX HaBaHTAXXEHb, MIIBUILIEHUX TEMIIEPATYP i BOGHEBOBMICHOTO
cepelloBHUlIa IPU3BOAUTD [0 iHTEHCUBHOTO HABOJHIOBAHHS CTaJIel, IPUYOMY MiIBUILIEHA TEMIIEPATypPa JOAATKOBO
inTeHcudikye nudysio Ta HAKOIIMYEHHS BOLHIO Y cTaji. [TokazaHo, 1o Ipu He3HayHil 3MiHi XapaKTepruCTUK
MILIHOCTI MiJ], BIVINBOM T€MIIEPATyPH Ta HABOJHIOBAHHS BiZi0yBa€ThCs 3HUKEHHS! yIAPHOI B'SI3KOCTI (Ha 5-15%) i
TpimMHOCTINKOCTI (Ha 5-20%), 1110 CBiJYUTH NPO MifBUIEHY YYTIUBICTb XapaKTePUCTHK ONOPY PYHHYBAHHIO 10
KOMOIHOBAHOI i [ux yMHHUKIB. Ha nifgcTaBi OTpMMaHUX Pe3yJbTaTiB yI0CKOHATIEHO METOIUKY ITPOrHO3yBAHHS

3aJIMIIKOBOTO PECYPCY €JIeMEHTIB OypUJIbHOI KOJIOHU B YCKJIATHEHUX YMOBAX eKCIlTyaTallii.

2. The paper analyzes the operating conditions of drill columns and their threaded joints, and also determines the
influence of operating factors on the probability of failure of individual column elements. A review of modern
designs of threaded joints, in particular, single- and double-support variants used in drill columns, has been
carried out. In addition, existing methodologies for calculating drill string elements have been reviewed. A set of
methodological approaches for identifying the materials of the drill string and tool joints, determining their
mechanical properties and crack resistance, as well as assessing the impact of operational factors - mechanical
loads, temperature fluctuations, and hydrogen-containing environment - on the degradation of the material is
presented. The proposed methods form a systematic basis for predicting the residual life of the drill string
elements, taking into account the relationship between the concentration of hydrogen in steel, mechanical
characteristics, crack resistance parameters, and temperature factor. A method for determining the stress-strain
state of a tool threaded joint (TTJ) using the finite element method in the SolidWorks Simulation environment has
also been developed. The approach covers the construction of the model, the assignment of materials, boundary
and contact conditions, as well as the calculation. With the help of the developed model, a set of researches of the
influence of the temperature factor on the stress-strain state of single-supported and double-supported TTJs was
carried out. At the same time, both the increase in the temperature of the entire drill bit and the possible variants
of its change in the wall thickness due to the difference in the temperature of the drilling mud inside and outside
the drill string were taken into account. It has been established that the temperature conditions of operation affect
the stress-strain state of the TTJ, but do not change its qualitative nature. An increase in the temperature gradient
leads to an increase in the level of equivalent stresses. An increase in the temperature gradient leads to an increase
in the level of equivalent stresses, especially in the initial part of the thread, which must be taken into account
when assessing the strength and durability of the structure. The results of the experimental determination of the
actual properties of the material after prolonged operation are presented. It has been established that the
operation of the drill string elements under the conditions of complex action of mechanical loads, elevated
temperatures and a hydrogen-containing environment leads to intense hydrogenation of steels, and the elevated
temperature further intensifies the diffusion and accumulation of hydrogen in steel. It is shown that with a slight
change in the strength characteristics under the influence of temperature and hydrogenation, there is a decrease
in impact strength (by 5-15%) and crack resistance (by 5-20%), which indicates an increased sensitivity of the
fracture resistance characteristics to the combined action of these factors. Based on the results obtained, the



methodology for forecasting the residual life of the elements of the drill string in difficult operating conditions has
been improved.
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