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Report

of for the dissertation work of a doctoral student of the Department of
Theoretical and Nuclear Physics of al-Farabi KazNU Mansurova Aizhan on
the topic " Gravitational field of neutron stars considering the quadrupole
moment'', submitted for the degree of Doctor of Philosophy (Ph.D.) in the
specialty 6D060500-Nuclear Physics

In her Ph.D. work, Aizhan investigated the interior Einstein’s equations in
the case of a static, axially symmetric, perfect fluid source. She presented a
particular line element that is especially suitable for the investigation of this type of
interior gravitational ficld. Assuming that the deviation from spherical symmetry is
small, She could linearize the corresponding line element and field equations and
find several classes of vacuum and perfect fluid solutions. Aizhan found some
particular approximate solutions by imposing appropriate matching conditions.

To implement her work, Aizhan was given the following tasks:

- Calculation of field equations with quadrupole for compact objects

- Analyze of different types of equations state for white dwarf and neutron stars

- Analyze of matching conditions at the surface of compact stars

- Calculation of field equations with quadrupole in vacuum

- Calculation of field equations with equations of state for white dwarf and

neutron stars
Aizhan worked very well on the tasks set and received significant scientific

results, which are described in her thesis. Firstly, she considered the g-metric as
describing the exterior gravitational field of a deformed source with mass and
quadrupole moment. Second, she presented the exact field equations for a perfect
fluid source and the corresponding conservation laws, which take a particularly
simple form for the chosen line element. Then, she constructed the approximate
interior and exterior line elements, in which the quadrupole moment is considered
up to the first order only. She analyzed in detail the field equations for the exterior
field and derive a S-parametric approximate solution, which she interpreted as the
most general vacuum solution with arbitrary mass and small quadrupole moment.
Aizhan also considered the approximate field equations and matching conditions
for a perfect fluid. She found the spherically symmetric metric with a vanishing
quadrupole, which is used in the following sections as a background solution.
Consequently, she had several particular interior solutions. First, she fixed some
metric functions as constants and showed that there exist perfect fluid solutions
with well-behaved pressure and density, but with discontinuities in the derivatives
of the metric functions, which is usually considered as a nonphysical matching




b‘cha\'lor. Then, she postulated a particular radial function for the density and
19un§ numerical solutions, which satisfy the matching conditions for the metric
tuncllon§ and the energy conditions for the fluid. Finally, she considered a
barot.roplc. equation-of-state (EoS) and find well-behaved solutions. After, the
physical sgmﬁcance of the solutions is investigated. In particular, she showed that
some sol‘utlons are characterized by a physically meaningful behavior of pressure
and c.ler?sny, which is essentially comparable with the behavior obtained from more
sophisticated EoSs for white dwarfs and neutron stars. This shows that essentially

the purr.xerlcal solutions obtained in this work can be applied to describe the
gravitational field of realistic compact objects.

.In the framework of her Ph.D. thesis, Aizhan came up with the following
scientific discovery:

- a class family of static exterior solutions of Einstein's field equations with
quadrupqle were found. The general approximate exterior solution with quadrupolc
moment is represented by a S-parameter family of solutions. In this particular case,
these' solutions contained asymptotically flat solutions, and non-asymptotically flat
solutions are also contained, it indicated that the solutions are more general. In
addition, it is found the metric functions as the Newtonian limit of general
relativity with quadrupole therefore, the solutions can be used to describe the
exterior gravitational field of deformed mass distribution.

- it is for the first time found the new non-spherical solutions of Einstein's
equations with quadrupole and non-constant density that the solution satisfies all
physical conditions: inside the mass distribution, as well as the conditions for
limiting values of the mass, radius of the compact object and positive energy; also,
satisfy the matching conditions: smoothly matched with the exterior approximate
metric at the surface of the deformed object. These results show that it is possible
to find such solutions, implying that the approximate approach is compatible with
the imposed physical conditions.

- an effective equation of states of pressure versus density for white dwarfs
and neutron stars. It is shown that the effective equation of states can be
approximated by a more realistic polytropic equation of states, therefore, it is
expected that the method can be used to describe the interior gravitational field of
white dwarfs and neutron stars with an effective polytropic equation of states.

The results obtained in the Ph.D. thesis of Aizhan can be considered as a
first step toward the determination of an exact solution to Einstein’s equations
which describes correctly the gravitational field of a rotating deformed source. The
important feature of the approach is that she considered explicitly the influence of
the quadrupole on the structure of spacetime and the corresponding field equations.
Here she only considered the simple and idealized case of static mass distribution
with a small quadrupole and obtained compatible and physically reasonable results.
To study more realistic configurations, it is necessary to take into account the




rotation and the exact quadry
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problems in her future works, & o fde

: According to the materials of the dissertational work, 7 publications were
p.ubl.lshed: Four works among these publications are articles, one of them has
citations in Thomson Reuters (ISI Web of Knowledge, Thomson Reuters) and
Scopus. databases, three articles in scientific publications recommended by the
Committee on the Control of Education and Science of the Ministry of Eduéalion

and Science of the Republic of Kazakhstan, three reports at the local international
conferences.

In my f)pmion, Mansurova Aizhan’s thesis satisfies all the requirements for
papers submitted for the degree of Doctor of Philosophy (Ph.D.). The student
proved to be a qualified specialist in the field of Nuclear Physics. I recommend that
the Academic Council accept Aizhan’s Ph.D. thesis for public defense for the
degree of Doctor of Philosophy (Ph.D.) in the field of Nuclear Physics.
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Prof. Hernando Quevedo

Full Professor of Physics - National Autonomous University of Mexico
(Mexico)E-mail: quevedo@nucleares.unam.mx
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AOKTOpauThl Mane
HEHTPOH/IbI

~/bIH TEOPHSLIBIK JKIHE SAPOJILIK (PHIHKA
«6D060500-SInpobik  dusuka»  MAMAWIBIFBINbII
YPoBa Ajizkannbin «KBagpynoabai MOMEHTTi eckeperin
RYJIBIBAADABIN  rPABHTALMSIBIK  OPic»  TaKbIPbIObIHAATHI

®unocopus F
BLILIMAAPLINBIH  okTOpbl (Ph. D.) aapemecin Koprayra
apHaJIFaH ecedi PEC ) nap e

O3inin Ph.D. KYMbIChIHAA AlkaH CTaTHKa/IbIK, OCbTIK CHMMETPHSIbL,
TaMf‘ma.CWHKTHK KO3i Karjaiibita DifHIITeHHHIN iKi TeraeyepiH 3epTTe/.
Q“ ILIKi MPaBHTALMANBIK OPICTIH OChI TypiH 3epTTeyre acipece Koaitbl Gearii
Oip CBI3BIK BNIEMEHTIH YChIHBL. CdepanblK CUMMETpHS/IaH ayBITKY a3 [N ecernTe
OTBIPBIT, ONI COMKEC CHI3BIK NIEMEHTIH JKOHE Opic TeHIey/epiH ChI3BIKTBIK eTirl,
BaKyyM/IBIK JKOHE Tamalla CYWBIKTBIK epiTiHAlIepiHiH OipHelue KiacTapbiH Taba

anmbl. Alkad ColikecTiK mApTTapblH KOIO apKbulbl Genrii Oip XKybIK wewiMep
TanThl.

©3 5KYMbICIH JKY3ere achipy ylin AibkanFa Keneci Tancsipmanap oepiti:

- bIKWAM OOBEKTINIep YIUiH KBaAPYyNOJib/i Opic TeHIeyIepiH ecentey

- aK eprexeilni skoHe HEHTPOH/bI KYJbI3NAP YLIH Kyl TeHJeyIepinii
OpTYpJIi TUNTEPIH Tajiay

- BIKIIAM JKYJIIbI3Aap OeTinjeri colikecTiK xKar/iainapblii Taniay

- BaKyyM/Iarbl KBaJpyIojib/i Opic TeHey IepiH ecentey

- aK eprexeiti xoHe HEHTPOH/bI KYJI/IBI3AAPABIH Ky# TeHzmeynepi 6ap epic
TEeHJIeyJIepiH ecenTey.

AiDkaH KOWBUIFAH MiHIETTepAl ©Te IKaKChl OpbIHAAM, AWIIOMBIK
JKYMBICBIHJIA CHIATTAJIFAH MaHBI3/bl FBUILIMH  HITHXKENEPre KoM KETKI3.
BipinmiigeH, o ¢-METPUKAHBI MAaccachl JOHE KBAZIpyMoJibAi MOMeHTi Oap
nehopMalUsIaHFaH  KO3IIH CHIPTKBI PABUTALHMAIBIK epiciH cunarTaiabl Jen
KapacTbIp/bl. EKiHLIiIeH, O MiHCI3 CYMBIKTBIK KO3i YIIiH epic TerJaeyepin KaHe
TaHaJIFad ChI3bIK yeMeHTI YlIiH oTe KapanaibiM nitminAl KaObULIANTBIH COMKeC
caKTajy 3aHiapbiH YCbIH/bL. Cojan KeifiH o1 KBaJpynolibii MOMEHT TeK Oipitiii
perke JIeHiH KapacTbipblIATLIH aMaianran ki JKOHE  ChIPTKbI - Chi3bIK
yJIeMEHTTEPIH  TYPFbI3/Ibl. On CchIPTKbl OpIC YIIiH Opic TeHIey/Iepit erkeii-
rerskein Tangan, S napameTpii KybiK wemiMai wbIFapsl, OyJ1 epikTi Maccachl
MeH [IAFbIH KBaApymob/i MOMEHTI Gap eH Kalrbl BaKyyMIbIK IIEwliM peTitje
Tycinmipinai. Aibkan MiHCi3 CYHBIKTBIK YIIiH LIaMajaHraH epic TeHeyepi Mek
coliKkecTiK APTTapbiH 13 KapacTbIpbl. On keseci Genimaepae LIeWiM peTiHje
naiiianasbiaTbiH - AKOFaIbIT KeTeTiH KBaJpynojbli cepaiblk CHMMETPHSLIbI
METpHKaHbI TAMTbI. CoHbIH HOTIKECiHAE, 011 OipHelle epekiue ik weimiepin




Tantel. Bipinmigen, ol KeiGip MeTpUKaibIK (yHKUMATAPAbI TYPAKTLLIAP petinjic
GeKiTTI KoHE HKAKCBI AKYMBIC iCTelTiH KbICHIMBI MEH THIFbI3/IbIFbI Oap, Gipak aa€eTTe
dU3MKanblk emec ColKecTik opekeTi peTiHje KapacTbIpbUIaThiH METPHKAIBIK
dyHKuusmapAblH  TybIHABUIApbIHAA  y3imicTepi  Oap - Tamaia CYHBIKTBIK
wewimaepinin Gap exeHin kopcerti. Conan Keii 01 ThIFbI3AbIK ywin Genrini Oip
pamManibl (GyHKUMAHBI TYKbIPHIMAAI, METPUKAIBIK (yHKLUUATAP/BIH CcolKecTiK
LapTTapbii XKoHe C\LHblKTblKTblH JHEPreTHKAJIbIK apTTapbiH
KaHaraTTaH/bIpaThii caHblK wWetimaep/i Tantbl. CoHbiHAa 01 6apoTponThl KY i
Tenneyin (EoS) kapactbipbin, Jypbic wemimiepai  Tantbl.  Coaan Kerin
ePITIHAINepPAIH (PU3MKANBIK MaHbI3AbLIbIFBI 3epPTTENM. ATan aiTKaHaa, o1 aK
eprexeiii xaHe HeHTPOHABIK KyJIAbI3AAP YLLIiH albIHFaH HEFYPIbIM Kypae/i KyH
TEHJCyJlepiMEH  CanbICTHIPhUIATBIH  E0S  KelOip iewimMaep KbIChIM — MCH
TBIFBIABIKTBIH ~ (U3MKATBIK ~MaFbIHANBl  MiHE3-KWJIKBIMEH — CHMATTalaTbIHbIH
KepceTTi. Bys1 ochbl jKyMpicTa aNblHFAaH CaHIBIK WwemiMaepAl HaKThl bIKLIAM

00beKTiNep/IiH rpaBUTALMANIBIK OPICIH CHMATTay YIIiH KOJJaHyra 00JaTbiH/bIFbiH
KepceTel.

Alxan Ph.D nucceprauuschiHbIH asCblHAA KeJeci FhIJIBIMH JKaHaJIbIKTap/ibl
allThI:

DWHIUTEMHHIH KBaJApyNoJbAi Opic TeHAeYMEpPiHiH CTAaTUKAIbIK ChIPTKbI
LIeLiMAEPiHiH KaaceThlK TOObI Tabbiibl. KBaapynonbai MoMeHTi Gap Kalliibl
LIaMaJlaHFaH ChIPTKbI LM 5 napameTpiii LielliMaep ToObIMEH YChiHbLIFaH. byl
HaKThl JKarjaiija Oyl LiewimMiepie acHMITOTHKAIBIK ‘KaANak —LIeiimMiepii
KapacTbIp/ibl, ajl aCUMNTOTHKABIK eMec LielliMAep JKajmbl LIeWiMaep peTite
kepceTinai. CoHbIMEH KaTap, KBaApYMNOJbAlL JKAIMbl  CANBICTBIPMAIIBIKTbIH
HbIOTOHIBIK 1IETi peTiHe METPUKAIBIK GyHKIHsIAp TAOBUIFAHBIKTAH LIELIIMAEP
nedopMalMsIAHFAH MAaCCaHbIH TapalybIHBIH CBIPTKbI TPAaBUTALMSIBIK OPICiH
cunaTray YiuiH naiaananbutybl MYMKiH.

- GipiHLII peT KBaJAPYMONb/i KIHE TYPAKThl €MeC ThIFbI3/bIFbI Oap DiHLITEeHH
TeH/EYNepiHiH jkaHa cepaibik emec wewiMaepi TabbuLabl, Oy wewiim dapibik
U3MKaNBIK LIAPTTap/ibl KAHAFaTTaHBIPA/bl: MACCAHBIH TapayblHbil iutinje,
COHBIMEH KaTap MAacCaHbIH, bIKIIAM HBICAHHBIH PajinyChIHbIH XKOHE OH SHEPTUsHbIH

HIeKTi  MOHAEpIHIH  lWapTTapbiH;  COHAal-aK  COMKECTIK  WAPTTapbii:
ﬂe(bopwauuﬂnauran HbICAHHbIH OeTiHaeri ChIPTKbI XKYbIK MeTpHKameH Oipkeliki
coiikecTeripy/li  KanaraTranwipajibl.  bya - Harikenep  Gonkambl Tacin

KyKTeJreH (U3MKIBLIK LapTTapra coiikec KeJICTIHAIKTEH MyHJQll 1wetimaep/i

Tabyra 60J1aTbIHbIH KopceTei.
- aK epremeunmep MeH HeHTPOHBIK JKYJIBI3AAP YUIH KbICBIM MeH

THIFBI3ABIK KYINEpiHiH THIMA tereyi. Kyinepain THIMII TeHIeYiH HEFypIibM
[IBIHAMBI  [IOJMTPONTBIK  KYH Teryleylepi  apKbUIbl KybIKTaTyfa OONaThIHbI
kepcerinrenikten Oy ofticTi THIMA MOMMTPONTHIK TerAeyi Oap ak eprexeiii
sKoHe HeHTPOHJBIK KYJIbI3AaPIbIH iKi TpaBUTALMSUIBIK OPICiH cHmaTTay i

KostaHyra 6oJazibl A€t KyTijyze.




AibKanHplH PR
gehopMaLMAnanran  kespiy
DHHIITEHH Tenaeynepinin oy

TE3UCIH
€ alblHFan HOTHXKeJep — alHanMallbl
= il 5
PaBUTALMANBIK ~ opiciH  jypbic  cunarTanTbii

LICLIIMIH dHbIKTayra »acajiraH ajrailKbl KajaaM

jern canayra Oonausl. Tacinn

JaKBIT prlﬂblema. )Kz:l”m”i MaHbI3/1bl epeKiiieiri - 01 KBaApyMoMbAIH KEHICTIK
€ Coli i : : I

v OHKeC epic TeH/eyepiHe acepiH HaKThI KapacTbIPAbL:

HAQ oI
K;;aﬂaﬁblM xT<§:e ?ZZ;HﬂagBaﬂpy"omﬂi CTajldKaHblK MaccaHblH Ta[.)aﬂ)./blelll
(WUKATBIK Typrbizan I_Iblpbmraﬂ KarJiaiiblH KapacThIPBII, ){ﬁ{lecmm KoHE
KOH(b”WPaUHHIIaan 2 Hemﬂen.reu HOTHKeNlepre KOs IKETKI3AL HaKTblpi-lK
€PTTEY YILUIH MaccaHbIH alHaJybIH KIHE 1971 kBaapynoJiH

€CKe Kaxe 5 : e
ceHeil}f 'T. AH)KaH aJ1Z1arbl )K¥MblCTapblHlla OCbI MQCEﬂeﬂep}ll ZCpTTCHJII Jiern
1H.

: JlvccepTaumsibiK KyMBICTBIH MaTepuasiapbl GOABIHIIA 7 GachlUIbIM JKapbIK
kopal. byn GacbiibiMpapabii Tepreyi Makananap, onapAblH Gipeyinin Thomson
Reuters (ISI Web of Knowledge, Thomson Reuters) wxaHe Scopus JIepeKTEP
6?'13aCblH£La cintemenepi Oap, yuw Mmakajia BisiM KoHE FbUIbIM MUHHCTPIITTHIH
BiniM xone FouibiMabl Gakbiiay KOMHTETi YCbIHFaH FbUIbIMH facbuibIMAAP/1a
KapblK Kepce, yII GasHaama KeprilikTi XailblKapasbiK KoH(pepeHLHAIap/1d
OastHIaNIbl.

MeHiH oiibiMiia, MancypoBa AjKaHHbIH JHCCEPTALMACE! dusocopus
noktopsl (Ph.D.) nopexeciH aiy yIIiH YChIHBLIATBIH JKYMbICTAPFa KOMbLIATbIH
Gapnblk TananTapibl KaHaraTTaHABIPabl. CTyeHT ©3iH SApPOJIbIK du3mka
canachlHia OLTIKTI MamaH peTiHae KepeceTe Ginni. FpuibIMH KeHecKe AFDKaHHbIH
Slnponsik Qu3KKa canachiHAAFbI dunocodust AOKTOPBI (Ph.D.) nepexeciH aiy
YLUiH KOFaM/IbIK KOpFayFa apHalFaH JIMCCEPTALMSCHIH KaObiay/ bl YChIHAMBIH.

/Konvl/

[Tpodreccop Dpranjio Keseno

Du3uKaHbIH TOJBIK Mpodeccopbl - MeKCHKaHbIH Y ITTBIK aBTOHOM/IbI
yuuepenteti (Mexico)

E-mail: quevedo@nucleares.unam.mx
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EXi MBIH KHBIDMa i bULBI MaMbip aibiHbIH OH CCT AiitenoBa Mesaip Baybipiariksisy,
Kyxarrer arpummsim rizinen kasak Tigine .a.yﬂapMambl v irimen14.05.2014 xbubl Gepinrey
aynapabl, Kasakeran Pecny6mkacinbii [kl icTep M””"C:pﬂ? JKBUIFBI JKOFapBl BiniM Typay
Keke Kkyanik No 036405031, IKCH 910308403625, 29.06.2012 kbl S
Jnniom Kb-b Ne 0418758,
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Anmarbl Kaackl, Kasakceran Peciiy6anKachl. f
Lol i fibIHbIH OH CEri3i.
EMKLal.blllHnézle:%acl(ﬂ;lluIle;ilgrn b”}ll:::':)’::l%s:couua Kasaxcran ljcc;n)6.rufn\-ac1,m|‘,m ,\?f.l.i"'vc'
MuHHCTpiriMen 2015 kb 18 Tambi3biza Oepinren Ne 150132_?\411”11?“3};1;;?1,, .““-”flll’.lc
OPeKeT eTyiui AJIMaThl KalachiHbIH HOTAPHYChI, ayapmatiibl AHTEHOBA MVIOIUP By Mp""aﬂf\bllbl
KOHFaH KOJTaHGAHBIN AYPhICTHIFBIH KyaNaH/bIpaMbiH, KyKaTka Ko KOIOIIBIHBIH  TYJIFAJIbLIBIFbI
QHBIKTAIBL, dpeKeT KaGLaeTTitiri MeH oKijeTTiri Tekcepul.
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