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The theory of General Relativity, published by Albert Einstein in 1915, is the currently widely accepted
. and tested modemn theory of gravity. It describes gravitational ficlds both inside and outside distributions
of matter, including stars, galaxies, and the Universe as a whole. A key area in contemporary astrophysics
is the study of gravitational fields around compact astrophysical objects, aiming to understand their
dynamical and intrinsic properties. These studies are essential for the understanding the nature of
astrophysical systems (both quiescent or transients) that host compact objects like black holes or neutron

,i stars, e.g., X-ray binaries, pulsars, active galactic nuclei (AGNs), and gamma-ray bursts (GRBs) in their
' different flavors.

In this dissertation, Gulmira Nurbakyt investigates the Einstein field equations governing the geometry
surrounding such compact objects, analyzing both exact and approximate solutions. She explores the
interrelations among various spacetime metrics by employing invariant definitions of multipole moments
and by analyzing coordinate transformations under different approximation schemes. Additionally, she

L | examines how the rotation and shape deformation of a central body affect the trajectories of test particles
in the central body spacetime.
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The thesis is logically and systematically structured. It begins by establishing a relationship between the
approximate Ercz—Rosen and static Hartle—~Thomne metrics. It then derives expressions for the periastron
advance of a test particle or body using adiabatic theory within the Hartle-Thome and Kerr spacetimes. In
the final part, she analyzes the formation, growth, and evolution of supermassive black holes based on the

seneral relativistic model for the distribution of dark matter in galaxies that adopts a massive fermion as
the dark matter particle candidate, the Ruffini-Arguelles-Rueda (RAR) model.

Gulmira Nurbakyt employs a broad range of fundamental techniques, including both analytical and
numerical methods for solving Einstein’s field equations. Her work makes use of differential geometry
and tensor analysis, the Lagrangian and Hamiltonian formalisms, perturbation theory, numerical
modeling, and computational methods—each used with clear scientific justification. The key results of
her research have been published in reputable international scientific journals, highlighting their

significance and originality.
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iven th-c rclcvlz:ncc, depth, an.d .quality of this research, 1 consider the dissertation to be a valuable
nmbuuon.(o the field of relativistic astrophysics. 1 therefore fully support awarding Gulmira Nurbakyt
e acadcnllc degree of Doctor of Philosophy (PhD) in the specialty “6D061100 — Physics and
stronomy .
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~ PeIATHBHUCTIK aCTpodusnka soninmeri XaJIbIKapaJiblK JKeJIU1IK OpTaJIbIK
®eppapa, 24/04/2025

dunocodus FBUIbIMIapbIHbIH JI0kTOPBI (PhD) FBUIBIMU 1I9peXeciH any yluiH
Hypbaxbit I'yimupanbig « Kaans CANbICTBIPMAJIBIK TEOPHSICLIHAA IAFBIH
00BEeKTiNIepain rpaBHTANHAIBIK opicTepi» TakbIpbIOb OOMBIHILIA
JIUCCepTaLMSIIBIK )KYMbIChIHA

[TIKIP

915 >xbinbl Anbbepr DiiHiTeiiH yChIHFAH KajIbl CaJIbICThI pMAJIBIJIBIK
- TEOpMsChl Kaslpri TaHga KeHiHeH TaHbUIFAH JKOHe TEKCEpPUIreH 3aMaHayHu
- TPaBUTALUs TCOpUsACHl OoJibin TaObinaabl. byn Teopus MaTepusHBIH TapanybiHa
- GainanbICThl (KyJ1BI31AD, rajlakTukanap xoHe Oykis FanaM CHSKTBI) iLIKi KoHE
- CBIPTKBI FpaBUTAUMANBIK  opicTepal  cunartaiaesl.  Kasipri  3aMaHFbl
- aCTPOQM3MKAHBIH  6acTbl  GarbITTapBIHBIH  Oipi  —WIAFBIH  aCTPO(GH3HKAIBIK
- 00BEeKTIIep/IiH alfHaTackIHAaFbl FPaBUTALHSIBIK OPICTEP/i 3epTTey KoHe OJIapABIH

1K 9pi IMHAMUKAJIBIK KacueTTepiH Tyciny. MyH/ail 3epTTeysiep sKyJabI3apaibiK
Ky#enepne Kapa KypAbIMAap HeMece HEeHTPOH JKYJIABI3AApbl CHSKTHI LIAFBIH
| 6’beminep OpHaJlaCKaH acTpo(U3NKaJIBIK KYObUTBICTApABIH (MBICAJBI, pEHTIEHIIK
KOCXKYJINbI3/1ap, MyJiibcapiap, 6esnceHal ranaktukanslK saponap (BISI), ramma-
sxapkblnaap (I7K)) raburateiH alyra aca MaHbI3bI.

) byn pucceprauusanslk sxymeiceiHAa HypGakpiT I'ynimupa DHHIITEHHHIH
BIKIIaM OOBEKTINIEPAl KOpILIaraH KEHICTIKTIH T€OMETPHSICHIH CHITATTAWTBIH OpPiCTIK
HJIeyJIEpIH 3€pTTell, OJIApAbIH J9J1 XKOHE XYBIK LIeIliMIAEpiH Tajiaajabl. ABTOp
KOMNMOMOCTIK MOMEHTTEP/iH MHBAPHAHTTBI aHBIKTAMaNaphlH KOJIJAHbIN, 9PTYpI
KYBIKTay CXEMaJlapblHAAFbl KOOPAWHATTBIK TYPJEHAIpYyJep apKbUIbl KEeHiCTiK-
YaKbIT MeTpHKanapbl apachiHIarbl OalnanbicTapibl 3epTreni. COHBIMEH KaTap,
j;pmbm JNEHeHIH aWHalybl MeH [Je(OpMauUsACBIHBIH ChIHAK OeJLIeKTep
TPaeKTOPHACHIHA Kajlal ocep €TETIHIH 1€ KapacThIpaJsl.

JluccepTauys JIOTHKAIBIK XKSHE XXYHell TYpAe KYpbUIbIMAANFaH. AJIbIMEH,
KybIKTaTFaH Ope3—Po3eH koHe cTaTuKaiblK XapTi—TOpH MeTpHKalaphl
apaceiHiarsl  Oainanpic  kepcerinreH. Kenin, Xapmi-Topu xome Kepp
KeHicTikTepiHae  aauabaTTBIK  TEOpHUs  asChIHAA _CBIHaK 69nmexcrepni1?
TIepULIeHTPJIIK BIFBICY ©pHeKTepi ainbiHFaH. CoHfbl Oelimae aBTop aca MacHBTi
kapa KypAbIMAApABIH Maiifa OoJybl, ecyl joHe 9BOJIOLHACHIH .3ep'rreﬁm. Byn
| ywiH on rajlaKTMKanap/Jarbl Kapa MaTepUsHbl Tapaily YIrICIHE HErI3AE/IeH JKarbl
 CaNBICTBIPMAJIBUIBIK MOJIET! asChIHAA, Kapa MaTepus Oesmieri peTiHAe MaCCHBTIK
depmuon  KapacTbIpbLIATbIH Pyddunu—Aprysmnec—Pysna (PAP) mMopenin

KOJIIaHabl. \

Hyp6akprt [ynmupa  OWHWTEHH — TEHACYJEPIH [UeIIyre —apHasraH
AHATUTHKAILIK JKOHE CaHbIK oficrepal, AM(pQEpeHUHANIbIK I'€OMETPUs MeH
TeH30pNBIK TaJAay/bl, Jlarpamx JKoHe ["amunbTOoH QopmanusmzaepiH, Oy3blry

TeOpHsIChIH, CaHAbIK MOJEIbY MEH KOMIIBIOTEPJIK ecenTeyyiepAi KeHiHeH XoHe
b
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:a H IMH HErI3JIeNreH Typre kosyjianraH. OHbIH nerisri  HoTHXesnepi Oexei
JIbUTBIFbI

xaJIbIKapPJIBIK FBUIbIMU JKypHasijlapjia JKapusjiaHblll, KYMBICTBIH MaHbI3
_1 (,,g {unbmu XKaHaUIBINAbIFBIH KepCeTTl

*’3epTTeymu ©3eKTiniri, Teperuiri
pit ccep'rauuxnbm KYMBICTBI PEISTHBUCTIK acTpOd
,@_sj- aﬁMLIH Conppiktan I'ynmupa HypOakeITKa
wq» Igomm MaMaHIbIFel  OoiipiHma ¢umocodus AOKTOPEI
IS a SCIH Oepyal TONBIK KOJIAaMMBIH.
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Frutby qceuecml

MeH carachlH ecKepe OTBIPBI, oy
y3MKa cajlachbiHa MaHbI3/lbl YJIEC
"6D061100 — Pu3rKa KIHE
(PhD) FBUIBIMH
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