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The thesis deals with vibrations of vertical and horizontal rotating drilling rods affected
by various factors, including material and geometric parameters of a drilling tool, stick-
slip phenomena and borehole interactions. Nowadays, drilling is widely used in the oil
and gas industries and finds important applications in various engineering solutions.
Thus, the practical relevance of the studied problem is pretty obvious.

Development of mathematical models taking into account interaction with the
environment, nonlinear and stochastic phenomena, coupling between bending,
longitudinal and torsional vibration modes, along with several extra features is of
significant importance for supporting efficient and safe drilling of oil and gas wells.

The thesis develops multi-parametric analysis of drilling rod vibrations with the use of
key dimensionless quantities governing its dynamic behavior. Various combinations of
these parameters oriented to a broad range of scenario are considered. As a result, a
general classification of free vibrations along with the related shortened equations of
motion is established. It covers the limiting setups, for which the bending stiffness or
one of two pre-stress components (an axial compressive load or a torque) could be
ignored. In addition, a multi-scale procedure using perturbations of limiting static
solutions is proposed for studying a special case of low-frequency vibrations.

Other important results of the thesis include investigation of drilling rod dynamics
using the method of generalized functions with finding the fundamental solution of the
problem; development of new nonlinear mathematical models of coupled bending and
torsional vibrations of a drilling rod pre-stressed by external loadings for 2D and 3D



formulations; modeling of a drilling rod taking into account its initial curvature, contact
interactions with borehole walls, as well as bit-rock interactions; analysis of stochastic
vibrations of a drilling rod in more sophisticated setups.

Modern methods in solid mechanics and theory of structural vibrations, along with
perturbation, asymptotic, variational and numerical methods are adapted in the
thesis.

The theoretical and practical results achieved by Mr Almaz Sergaliyev demonstrate a
mastery in implementing of advanced mathematical techniques and modern computer
technologies, along with a clear ability of physical interpretation of the observed
phenomena. The thesis makes a significant contribution to the general field of
Mathematical and Computer Modeling, in particular, to the highly challenging problem
of drilling.

Mr Almaz Sergaliyev visited School of Computing and Mathematics, Keele University,
UK, in 2014-2015, 2016 and 2017. During his visits, Almaz conducted research under
my supervision within the topic of his PhD thesis, including asymptotic analysis of
vibrating structures. The obtained results were published in our joint paper entitled “On
the dynamics of drilling”, which has recently appeared in the International Journal of
Engineering Stocience.

I recommend to accept the thesis “Modeling of nonlinear and stochastic dynamics of
shallow drilling rods™ by Mr Almaz Sergaliyev as a requirement for his doctoral degree.
I also recommend to award Mr Almaz Sergaliyev the degree of Doctor of Philosophy
(PhD) in Mathematical and Computer Modeling at al-Farabi Kazakh National
University.
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OT13bIB Ha HAHCCEPTALMNIO

«MopnesiupoBanne HeJINHEHHON U CTOXAaCTHYECKOI JUHAMHUKHN 0y pPOBBIX
HITAHT HErJIyOMHHOTO OypeHus»,
mpeacTaBiIeHHyIo r-HoM CeprajaueBbiM AJIMazoM
Ha COMCKaHue cTeneHu aokropa ¢punocodhuu (PhD) mo cienuansHocTH
6070500 — MaremaTtndeckoe ¥ KOMIIBIOTEPHOE MOJIEJIMPOBAHAE

HuccepranonHas paboTa cBA3aHa C aHAIM30M KojeOaHuif BEPTUKANLHBIX U
TOPU30HTAIBHBIX BPAMIAFOUINXCS OYPOBBIX IITAHT [TO]] BAUSHUEM Pa3IMUHBIX (PakTOpoB, B
TOM YHCJIE IIapaMETPOB MaTepuaia U reOMeTPUU OypOBOIro MHCTPYMEHTA, IPWIHITAHUS 1
KOHTaKTa INTaHTH CO CTEHKOM CKBaXWHBL. B HacTosiiee BpeMs OypeHHe IIHPOKO
UCIIOJNIB3YETCST B HE(PTSIHOH ¥ Ta30BOH MPOMBIIUICHHOCTH, & TAKXKE HAXOAHUT BAKHBIE
NPUMEHEHUS B PAa3JIMYHBIX WH)KEHEPHBIX mpobiemax. Takum oOpazoMm, HpaKkTHYEcKas
aKTyaJbHOCTh M3y4aeMOii poOIEMBI TOBOJIBHO OYCBHU/IHA.

PazpaboTka MaTeMaTH4ecKMX Mozenell ¢ y4eToOM B3aUMOJEHCTBUSA C OKpYy Karomel
Cpelnoii, HeJIMHEHHOHN M CTOXaCTHYeCKOU IPHpOIsl KoJIeOaHui, CBI3H MEXIY PeKUMaMU
U3TUOHBIX, IPOJOJIBHBIX M KPYTWIBHBIX KojeOaHUill, a Takoke ydera APYrux (pakTopoB
uMeeT OosblIoe 3HadeHHe s obecriedeHus 3¢ ¢eKTUBHOTO M Oe3o0macHOro OypeHus
HEQTSIHBIX ¥ ra30BBIX CKBAKUH.

B nuccepranmsa paccMoTpeH MHOrollapaMeTpudeckuil aHanu3 KosebaHuil OypoBoit
LITAHTY C HCIONB30BAHUEM KIIOUEBBIX O€3pa3sMEpPHBIX BEJIMYHH, ONPEHEIIIONINX €€
JUHAMUYECKOE TIOBeNeHue. PaccMOTpeHsl pa3nuyHble KOMOMHALMM 3TUX IapaMeTpoB,
OpUEHTHPOBaHHbIE Ha NIMPOKUM TUana3oH clieHapueB. B pe3ynsraTe ycTaHaBieHa obmas
KJjiaccu@uKanys cBOOOAHBIX KOJIeOaHUI BMECTE C COOTBETCTBYIOUIMMH COKPALEHHBIMU
ypaBHEHMAMHU ABMKEHUA. OHa BKIIOYAET IIpeJeibHbIE CIlydad, U1l KOTOPBIX KECTKOCTh
Ha M3TM0 WM OAMH M3 JIBYX KOMIIOHEHTOB IIPEIBAPUTEIILHOTO HAIPSLKEHUSA (OoceBast
CKUMaroIlas HarpysKa Wwin KpyTALIHii MOMEHT) MOTYT UTHOpupoBatkes. Kpome Toro, ais
W3Y4EHMs YaCTHOTO ClIydyass HM3KOYACTOTHBIX KOJIeOaHWI MCIOIB3YEeTCAd METOJ MHOTHX
MacITaboB BMECTE C METOAOM BO3MYILEHUS NPEJEIIbHBIX CTATHYECKUX PEIEHUH.

JpyruMy BaKHBEIMU pe3yJIbTaTaMH JHCCEPTALMK SIBISIOTCS HCCIEOBAHUE IUHAMUKU
OypUJIBHOM MITAHIH C UCIIOIE30BAHUEM METO1a 0000IEHHBIX (QYHKIHH ¢ HAX0XKACHUEM
(yHIaMEHTAIBHOI'O PEHICHUS 3a1a4u; pa3padoTKa HOBBIX HETWHEUHBIX MAaTEMATHUYECKUX
Mozeneid M3THOHO-KPYTWIBHBIX KoneOaHuii OypoBO¥M IITaHTH, IPEABAPHUTEIHEHO
HaIpPsDKEHHOW BHEIIHUMM Harpy3kamu, it 2D u 3D ciygaer; mojenvpoBannie 0ypoBoi
IITAHTY C YUYETOM €€ HAaYaJIbHOW KPWBU3HBL, KOHTAKTHBLIX B3aMMOAEUCTBUM UITAHTUA CO
CT€HKaM{ CKBRXXMHBI, a TaKKe B3aMMOJCHCTBUM [J0J0Ta C TOPOAOH; aHAIN3
CTOXaCTUYECKUX KosieOaHuit 6ypoBoOii INTaHTU B O0JIEE CII0XKHON ITOCTAHOBKE.

B nuccepranum mCnosnb30BaHBI COBPEMEHHBIE METONBI MEXAaHMKH Ie(POpMUPYEMOTO
TBEPJIOTO Tela W TeOopud KojaebaHuii KOHCTPYKIIMI, a TakKe BO3MYIIAIOMIKE,
aCUMIITOTHYECKUE, BApUAIIMOHHBIE U YMCIEHHBIE METO/IBI.



TeopeTtnueckue W MpakTHYECKUE pPE3YJIBTAThl, IONYyYEHHBIE TI-HOM AJIMa3oM
CepraJiueBsIM, JE€MOHCTPUPYIOT TiyOOKME 3HaHHA B IPUMEHEHHU  CIIOKHBIX
MaTeMaTHUECKNX METOJOB U COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTHI, a Takxke
XOpOINYI0 CHOCOOHOCTh (U3WYECKOW HMHTEPIPETallMd  HaOJIOJAaeMBIX  SBJICHUI.
Juccepraiiiss BHOCUT 3HAYMTENBHBIA BKJIaJ B 0OHIyl0 00JacTh MaTeMaTHYECKOro H
KOMIIBIOTEPHOTO MOJICIMPOBAHMA, B YAaCTHOCTH, B OYEHb CIOXKHYIO HpoOieMy
HCCIIeIOBaHUsI OYPOBBIX MPOIECCOB.

I'-u Anmmasz CepranueB nocemai GpaxyJIbTeT MaTEMAaTUKU ¥ BBIYUCIIUTEIbHBIX TEXHOIOTUH
Kunckoro yauBepcureta, Benukoo6puranus, B 2014-2015, 2016 u 2017 rogax. Bo Bpems
CBOEro BH3WTa AJIMa3 MPOBOIMI UCCIIECIOBAHUS 110]] MOUM PYKOBOJCTBOM IIO Ipodiieme,
CBA3aHHOM ¢ Temoii ero PhD jmmccepranum, BKiIOYas acCUMITOTUYECKHI aHaJIN3
Kosie6aTeNbHBIX CUCTeM. l[lojiyueHHBIE pe3yJbTaThl OBUIM OITyOJIMKOBAaHBI B Haileit
COBMECTHOI cTaThe o Ha3BaHueM «On the dynamics of drilling» B xypHaine International
Journal of Engineering Science.

S pexomeHnayto auccepTaiuio r-H Anmasa CepranneBa «MozenrupoBaHiue HEJIMHEWUHON U
CTOXaCTHYCCKOM TUHAMUKH OYpPOBBIX IITAHT HEMIyOMHHOIO OypeHus», KaK OTBEYAOIILYIO
BCEM TIPEIBSBIISIEMBIM TPeOOBaHHSIM, K IPUHATUIO HA COMCKaHNe JOKTOPCKOH crenenu. S
TaKKe pEeKOMEHIylo r-Ha Ajmaza CeprajiueBa K IPUCYKICHUIO CTEIEHH JOKTOpa
¢wiocopuu (PhD) mno cnenmansHocTM MaremaTHdeckoe M KOMIIBIOTEPHOE
moaenupoBanust KazHY um. anb-®apabu.
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Pecmybsinka Kazaxcran, ropon AnmMarel,

TruHaguaToe UIOHS ABE THICSYM JBAAIATOTO TOfa.

IlepeBon ¢ aHrIMiCKOro s3bIKa Ha PYCCKHi S3BIK BBINOJNHEH mepeBogunkoM TOO «Ariana
Translation (Apnana Tpancmiimn)», UcmarnnoBoii Perunoii PaguxosHoii.
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