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For the dissertation by Kurmanov Yergali Berzhigitovich
“Optical and kinematic properties of dark matter with non-zero pressure”,
submitted for the degree of Doctor of Philosophy (PhD)
in the specialty 6D061100 — “Physics and Astronomy™

This letter certifies the efforts spent by Mr. Kurmanov Yergali Berzhigitovich and
aims at recommending him for his final thesis defense at the Department of solid state physics
and non-linear Physics, Specialty: 6D061100 — “Physics and Astronomy™.

I knew Yergali since two years. He initially was involved into the study of cosmology
and theoretical physics by me, but immediately later he switched to the topics of dark matter,
black holes and applications in astrophysics. I always had the possibility to work with
Yergali during last years. He has extensively collaborated with me, convincing me about his
good ability to carry on multiple projects at the same time.

After our initial collaboration, where Yergali spent time to fix the above new concepts
in the field of general relativity and astrophysics, he is now expert on theoretical aspects of
dark matter, metrics and slightly confident with topics related to cosmology and astrophysics
in general. Further, he provided great attitudes and skills on programming and on numerical
analysis. He knows in a good manner how to handle the most recent data concerning dark
matter and how to adapt those data to theoretical models of dark matter and of compact
objects. Moreover, he is currently working on Monte Carlo simulations applied to these
scenarios with encouraging results.

It is interesting to notice his good CV, constructed through the following publications:

1) Accretion disk luminosity for black holes surrounded by dark matter with
anisotropic pressure / The Astrophysical Journal. — 2022. — Vol.925. — P. 1-8;

2) Effects of non-vanishing dark matter pressure in the Milky Way galaxy // Monthly
Notices of the Royal Astronomical Society. — 2021. — Vol. 508. — P. 1543-1554;

3) Luminosity of accretion disks in compact objects with quadrupole. // Physical
Review D. — 2021. — Vol. 104. — P. 084009;

4) Imprint of pressure on characteristic dark matter profiles: the case of ESO0140040,
// Galaxies. — 2020. — Vol.74. — P.1-13;

5) Geometrical Optics in a Universe with Dominance of Dark Matter / Russian



Physics Journal. — 2020. — V.63. — P. 58-63;

6) Physical properties of dark matter in galaxy Ul
technology. — 2020. — Vol. 7. — P.11-20;

7) Dark matter properties in galaxy U5750 // News of the National Academy of
Sciences of the Republic of Kazakhstan physico-mathematical series. — 2020. — Vol. 6. —

P.81-90;

The above papers have been used to write his thesis, entitled “Optical and kinematic
properties of dark matter with non-zero pressure”.

His dissertation work consists of 4 chapters. In the introduction and in the first chapter,
Yergali reported an overview of modern problems of astrophysics, focusing on the main topic of
the dissertation itself. The main goals, the scientific novelty of his results and their practical
significance are also shown in detail in these two chapters.

The second chapter is devoted to the study of the distribution of dark matter in the spiral
galaxies US5750, U11454 and ESO0140040. This topic is presented in view of current
understanding about dark matter in spiral galaxies. Particular attention has been devoted to model
dark matter in a model-independent way, i.e., without postulating its fundamental nature a priori.

In this respect, the third chapter considers dark matter in the Milky Way galaxy, with the
intriguing property of having a non-zero equation of state. This hypothesis is discussed from both
a theoretical and phenomenological perspective. In particular, it departs from the dust hypothesis
for dark matter and has been compared by Yergali with current numerical constraints.

In the fourth chapter Yergali investigates the luminosity of the accretion disk of a static
black hole surrounded by dark matter with anisotropic pressure.

Yergali has also spent a period of visit in Italy, under my supervision. The official
invitation has been carried out by a colleague of mine, prof. A. Capolupo, at the physics
department of the university of Salerno. The incoming collaboration that arose from his visit
is currently opening new insights into the study of dark matter in spiral galaxies under the
form of axions. The impressive work of Yergali will be spent for developing these new
projects in the future. I appreciate his qualities as scholar and I am today in collaboration
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with him.
To conclude, I believe Mr. Kurmanov Yergali Berzhigitovich could be a valuable and

strong candidate for your PhD program and I intend to recommend him for his final defense
at the Department of solid state physics and non-linear Physics, Specialty: 6D061100 — “Physics

and Astronomy”.

Orlando Luongo
Professor of Theoretical Physics,
Physics Division, University of Camerino, Camerino, Italy.




«6D061100 — du3iKka xKIHE ACTPOHOMHS MAMAHIBIFBI GOIiBIHILIA dunocodus
nokrope! (PhD) reuibivu napeskecin any ywin Kypmanos Eprann
bepurutosuaTin «KpichiMbl HOeH @3reie GoNaThiH KapaHFbl MaTepUsHbIH
ONTHKAJIBIK XoHE KHHEMATHKAJIBLIK KaCHeTTepi» TaKbIpbiObl 0OiibIHILA
JIHCCEPTALMSIBIK XKYMbICHIHA

TTIKIP

byn xar apkeuisi men Kypmanos Epramm BepkurutoBuutin enGerin
PacTaliMblH JKOHE OHBIH KAaTThl JeHe (H3MKAchl XoHe OeiiChI3BIK (H3HKA
Kadeapachinbiy «6D061100 — dusika xoHe ACTPOHOMHSI» MaMaHIbIFhl GOIBIHIIA
AMCCEPTALMSUIBIK XKYMBICHIH KOPFayFa YChbIHAMBIH.

Men Epranuni exi xbuinan Gepi 6inemin. O anraiubiiga KOCMOIOMHs MeH
TEOPHSIBIK (DH3HKAHBI 3epTTeyMeH aiiHanbicTsl. Keffinipek, on kapaHrbl Matepus,
Kapa KYpAbIM JKoHE AacTPO(H3HKAZarbl ©3eKTi Maceneiepre KbI3bIFYLIBUIBIK
TaHBITTBL. COHFBI JKbLIZApbl EprajiuMeH KapKblHAbl IKYMbIC aTtkapaelk. On
MEHIMEH Kem JKyMbIC ictem, Gip yakeiTra GipHelre xoGaHsbl XKy3ere aceipyra
KabineTTi eKeHiH KopeeTTi.

Bi3sNiH anramkel bIHTBIMAKTACTHIFBLIMBIZ Gapbichbinna, Epramm JKorapsblaa
aTallfaH JKaanbl CaIbICTBIPMAIBUIBIK TEOPHS MeH acTpohH3MKANarkl JKaHa
YFBIMAAPAB! HTEPreHHeH KefliH, KapanFbl MaTePHUSHBIH, METPHKAHBIH TEOPHSUIbIK
aCIeKTUIEPIH IUeuTy/e XAKChl MAMaH JXOHe CAHABIK Tainay MeH OGarnapnama
Kasyra Oeilim exenin kepcerTi. Epranu kapanrel matepus Typajbl COHFbI
JiepeKTepAi Kaaii exey KepeKTirid xoHe Oy nepekTep/i Kapaurbi Marepus MeH
LIaFblH  HBICAHJAP/BIH TEOPHSUIBIK  yAriepiHe KONI@HYIbl JKaKChl OLies.
ConbiMen Katap, on OyriHae >Korapblna aTanrau Macenenepre Mownte-Kapio
QUiCIH KOJIIaHa OTBIPBIN, MOJENbACyMEeH aifHambiCyla KoHe ajiraH HaTHXKenepi
KYMOH TYAbIpMakbl.

Hoxropant E.b. KypMaHOBTBIH Temenae kentipinren MWapHsIaHbIMIAPbIH
aTamn eTKeH KeH:

1) Accretion disk luminosity for black holes surrounded by dark matter
with anisotropic pressure / The Astrophysical Journal. — 2022. — Vo0l.925. — P
1-8;

2) Effects of non-vanishing dark matter pressure in the Milky Way
galaxy // Monthly Notices of the Royal Astronomical Society. — 2021. — Vol.
508. —P. 1543-1554;

3) Luminosity of accretion disks in compact objects with quadrupole. //
Physical Review D. —2021. - Vol. 104. — P. 084009

4) Imprint of pressure on characteristic dark matter profiles: the case of
ESO0140040, // Galaxies. — 2020. — Vol.74. — P.1-13:

5) Geometrical Optics in a Universe with Dominance of Dark Matter //
Russian Physics Journal. — 2020. — V.63. — P. 58-63;

6) Physical properties of dark matter in galaxy Ul1454 // Physical
sciences and technology. — 2020. — Vol. 7. — P.11-20;



7) Dark matter properties in galaxy U5750 // News of the National
Academy of Sciences of the Republic of Kazakhstan physico-mathematical
series. — 2020. — Vol. 6. —P.81-90;

JKorapbina kepceTiireH FbUTBIMM Makaianap OHbIH «KpIChIMbI  HOJICH
o3reiie OONMATBIH KapaHrbl MaTEpPHUSHBIH ONTHUKAIBIK JKOHE KHHEMAaTHKaJIbIK
KaCHETTEepi» aTThl AUCCEPTALUSIIBIK )KYMBICBIHA Heri3 60J1/bl.

E.B. KypmaHoBTelH aucceprauuscel 4 TapayaaH Typausl. Kipicneae xoHe
Gipinwi Tapayaa Epranu actpodusukaHblH Kasipri MacesenepiHe LIOJy acarl,
YKYMBICTBIH Heri3ri TakblpblObiHA TOKTanAbl. COHBIMEH KaTap, YMbICTBIH Herisri
MaKCcaTbl, QJbIHFAH HOTIIKENEPiHIH FBUIBIMH JKAHAIBIFbl JKOHE MPAaKTHKAIbIK
MaHbI3IbLIbIFbI XKaH-)KaKThl KOPCETIJIIeH.

Exinmi Ttapay U5750, U11454 sxone ESO0140040 wmbIpLIBIKTEI
rajlakTHKaJIapblHAarbl KapaHFbl MaTEpUSIHBIH YJIECTIipilyiH 3epTTeyre apHajraH.
ByJ1 TakpIpbIN IOHBIPILBLIKTHI MalaKTHKAIapAarkl KapaHFbl MaTepUSIHBIH 3aMaHayH
TYIKBIPbIMaMaJIapblH €CKepe OTbIPBIN JKa3bUIFaH.

Ywinuwi tapayna Kyc skonbl rajakTHKachkl YIIiH KbICHIMbI HOJIAEH ©3relle
GoNMaThIH KapaHFbl MATepHAHBIH KacHeTTepi 3epTTeni. AJ, TOpTiHLI Tapayja
AHU30TPOINTHI KBICHIMBI 0ap KapaHFbl MaTepHsMeH KOpLIalFaH CTaTHKAJbIK Kapa
KypIbIM alHalachIHAAFbl aKKPELMSUIBIK AMCKTIH JKapbIKTBUIBIFBI  Typaslbl
Ka3bLIFaH.

Epramn CanepHo yHHBEpCHTETiHIH ¢u3uka ¢axynbTeTiHAe npodeccop
A.KanoJiynoHbIH MaKeIpTybIMEH JKoHe MeHiH jKeTeKuuimirimae iccarnapaa Gonusl.
Iccamap GaphiChiHAa IMMBIPUIBIKTEI ralaKTHKalapAa akCHOH TypiHJe OonaThiH
KApaHFbl ~MAaTepusiHbl ~3ePTTeyAiH JKaHa MYMKIHAIKTEpI  KapacThIPbUIIBI.
Epranuapld ToxipuGeci ockl jkaHa jkobamapisl JaMblTyra OarbITTas1abl. MeH
OHBIH )kKac FajbIM peTiHAeri KacueTTepiH OaranaiiMblH jXoHe OYTriHIe OHBIMEH
Gipre FBUIBIMU 5K00a1ap/ibl JKATFACTBIPY 1AMBI3.

KopsITeiHAbLIal Kene, i3aenyii Kypmarnos Epranu BepKUruTOBHYTI OUTIKTI
JKaHe MBIKTBI MamaH gen ecenteiiMid. COHbIMEH KOCa, KaTThl JeHe (HU3HKAChl
skoHe GeiichI3bIK dusmka KadeapachHbiH «6D061100—-Pu3HKka xoHE aCTPOHOMHUS
MaMaHIbIFsl GoiibiHIa puocopus gokropsl (PhD) FeuIbIMU AapeeciH amy YILiH

JuccepTauHsJIbIK JKYMBICBIH KOpFrayfa YCbIHaMBbIH.

Opnanpo Jlyonro
TEOPHSUIBIK (pH3MKa Mpodeccopsl,

KamepuHo yHuBepcuteti, ®u3uka kapeapachl,
Kamepuno, Mtanus.



PecnyGanka Kasaxcran, roposa Anmare..
Tpunaauaroe anpesis ABe ThiCA4H ABAAUATL BTOPOTO 1o,
TexeT — NEPEBOJA NOKYMEHTA € AHMAMICKOTO 13bIKA Ha Ka3aXCKMIl S3bIK BBINONEH

nepeBOAIHKOM nepesoaueckoro arentersa TOO «Global translation group» baknmosoii [iuink
CosetbekoBnoit, 29.04.1990 rona posxaenus, YPOKEHKOI ropo/ia AJmarbl.
MMH: 900429402063.

[Tonuce [‘//4 %()MZY— Leonon &’Il@?ag&f-g

Global translation group

BUH 150240017259

Pecniybnuka Kasaxcran, ropoa Anmarsl.

Tpunaauaroe anpens ABe ThICS4H ABAILATS BTOPOro roja.
S, Myramnesa [ymenyp Hypikanosna, HOTapuyc ropojaa Asmarel,  JeHCTBYIOUIMIT Ha
OCHOBAHHH TrOCYNApCTBEHHON auueH3un No 17013691 ot 01 asrycta 2017 roaa. BbIIAHHOMH
Munncrepetsom toctuunn PecnyGankn Kasaxcran CBHICTC/ILCTBYIO HOUIMHHOCTL MOUTHCH
nepeBoauuka rp. bakumwosoit Enmk CoerGekosubl.  JIHunocts HCPEBO/AMHKA YCTANOBICHA.
J1eecrocoOHOCTD M MOTHOMOUHS T1POBEPEHL.
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