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Dear Colleagues,

Kalambay Mukhagali's Ph.D. thesis focuses on the study of the dynamic evolution of star
clusters in galaxies similar to the Milky Way, and the effect of black holes formed within
clusters on their dynamics. This research is of great importance in astrophysics, as it contributes
to our understanding of the formation and evolution of star clusters in our Galaxy.

The thesis mainly involves numerical simulations to study the dynamic evolution of star
clusters in Milky Way-like galaxies using observational data. Mukhagali has selected five
different Milky Way-type galaxies with variable potentials from the illustris-TNG100 model
and performed N-body simulations of their orbits using data from Gaia DR2 and DR3. In
addition, Mukhagali explores the impact of black hole dynamics on the evolution of their parent
star clusters, considering different theories of their origin.

The results of this research hold promise for advancing astrophysical studies and addressing
applied problems related to star cluster formation and evolution. Mukhagali demonstrates
proficiency in modern research methods, the use of technologies in astrophysics, handling large
data sets, literature review, algorithm development, programming for fundamental parameter
calculations, data analysis, and the use of astronomical databases.

The results of this dissertation have been published in journals recommended by the Ministry
of Science and Higher Education of the Republic of Kazakhstan and in a journal with a high
impact factor. Overall, the dissertation meets all requirements and I recommend it for defense.
Kalambay Mukhagali deserves the degree of Doctor of Philosophy (PhD) in Physics and
Astronomy.

Sincerely yours, Dr.Sci. Peter Berczik.

Astronomisches Rechen-Institut (ARI),
Zentrum fuer Astronomie der Universitaet

Heidelberg (ZAH), Moenchhofstrasse 12-14,
69120 Heidelberg, Germany

E-mail: peter.berczik@uni-heidelberg.de
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ACTpoHOMHA OpTankIFkl

AcTpoHOMHSLIK ecenTeyill HHCTHTYTHI
KypmerTi apinTectep,

Kanambait Myxaraauawu PhD Anccepraumsce Kyc wonbina

WOrbIPAAPBIHBIN ANHAMMKANLIK IBOMOUNICHLIH KoHe knactepniep iwinaeri Kapa KYPABIMAapabIH
| Naiiaa GONYBINBIH  ONAPABIN  AuHAMMKacwina 3cepin  3eprreyre  apuanram. byn 3eprrey
7 acTpou3inka

. 1a YAKEH Manbi3ra ue, ofiTkeni on Oisnin ManakTukanars KYJABI3NAP WOFBIPHIHBIH
| naiina Gonybl MeH IBOMIOLHACH ApouecTepin TYCiHyre bIKnan eTeni.

YKCac ranaktukanapaarkl xyabi3

pbin, Kyc XKonbina ykeac ranaktukanapaars:
TMOUMACLIH 3CPTTCY YUIiH CAaHABIK MOAenbaeyre

CAiHEH O3repMmeni noTeHumans 6ap Gec Typni Kyc
JKonw! THNTI ranakTUKanel Tainan, Gaia DR2 %ane DR3 ACPEKTEPiH KONAAHA OTLIpHIT, onapabiy

opOuTanapbina canabIK Mozenbaey xyprisren. Conbimen karap, Myxaranu kapa KYpAsIMaap
AHHAMHKACBIHLIN ATANBIK XKYAABI3ABIK WOFBIPALIH 3BONOUMACHIHA 3CepiH 3epTTen, onapabiy
WLIFY Teri Typanbl apTypni TCOPHANAPALI KapacThipraH.

KYMIBIALIK WOFLIPNAPALIH AMHAMMKANLIK 380
- OGarwirranran. Myxaranu illustris-TNG100 MoJ

byn 3eprreynin HITHXKeNepi acTpodusMKanLik 3e

pTTCyncpae inrepineyni kome KYNABIIABIK
WOFbIpAapabIK nafina 6onysl Men 3BoMouMACHIHA

KaThICTL! KonnaHGansl Macenenepai weuryre
KaKkcel acep ereni. Myxaranu 3amaHaywW 3eprTey oaictepin, actpodmaukana TEXHONOrHANAPALI

KOAAaHY, yaKeH konemaeri aepektepai oHuIey, anebuerTepre wony kacay, anroputMaepai a3ipney,

Heri3ri napameTpaepai ecentey ywin Garnapnamanay, AepeKTepai Tanjay wame aCTPOHOMMANBIK
ManiMeTTep Gasackin naiinanana aNaTbIHBIH KOPCETTI,

e

e

Ocbr anccepraumsanpin HaTHxkenepi Kasakcran Pecn

MUHHCTDPIr  ycbIHFaH KypHajinapia, coHpaii-ak orapsl [loiiexcos KOpeeTKiwi xkoraphi
AYPHaAna xapusnanael. dKannel, Auccepraums Gapnbik TananTapra coiikec keneni K3HE MEH OHLI

Koprayra kenec Gepemin. KanamGaii Myxaranu gpusmka xane acTpoHoMMsA GotbIHa dunocodus

| Jokrops (PhD) NdpeKeciHe anyra naibIKThl aen ecenTeiiMin,

ybnukacw Foinbim xkone KOFapul Ginim

Kypmernen, [Konbi) Feuteim nokropu [lerep Bepuuk.
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