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Abstrakt

Cílem této práce je provést CCD fotometrii otevøené hvìzdokupy NGC 2099 a na zák-
ladì získaných pozorovacích dat urèit její základní parametry. Teoretická èást zahrnuje
pøehled hvìzdokup, popis Hertzsprungova-Russellova diagramu, základy fotometrie a prin-
cipy CCD kamer, jako¾ i obecné informace o hvìzdokupì NGC 2099. Praktická èást je
vìnována pozorování, zpracování získaných dat a analýze výsledkù.

Na základì sestavených diagramù barva-magnituda bylo mo¾né urèit vzdálenost k hvìz-
dokupì, její vìk a chemické slo¾ení. Na závìr byly získané údaje porovnány s výsledky pre-
zentovanými v odborné literatuøe.

Abstract

The purpose of this work is to perform CCD photometry of the open cluster NGC 2099
and determine its fundamental parameters based on the obtained observational data.

The theoretical part includes an overview of star clusters, a description of the Hertz-
sprung{Russell diagram, the basics of photometry and the principles of CCD cameras, as
well as general information about the cluster NGC 2099. The practical part is devoted to
the observations, processing of the obtained data, and analysis of the results.

Based on the constructed color-magnitude diagrams, it was possible to determine the
distance to the cluster, its age, and chemical composition. In conclusion, the obtained data
were compared with the results presented in the scienti�c literature.
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Introduction

If you look up at the night sky, you will probably recognize the characteristic �gure
of the Big Dipper or other most recognizable constellations. And while some stars in
constellations may appear to be very close to each other, they may actually be separated
by huge distances. Which is one of the main differences between constellations and star
clusters. In clusters, stars are formed from one giant molecular cloud, so they are relatively
close to each other and gravitationally bound, they have similar chemical composition,
similar ages, and other identical properties. These characteristics of star clusters help us
to learn when and where the processes of star formation took place and in what quantities,
what was the content of heavy elements at that time and much more. In other words, we
can reconstruct not only the history of our galaxy, but also better understand the universal
and more general processes that occur in other galaxies and in the Universe as a whole. We
can say that star clusters in a sense play the role of chroniclers of the history of galaxies
and therefore they are an important tool in understanding and studying our universe.
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Chapter 1

Star clusters

1.1 Formation of open star clusters

The formation of open star clusters begins with a giant molecular cloud. It consists mainly
of hydrogen and helium, but may also contain some heavier elements or compounds. These
gas and dust structures are truly unimaginable in size, with diameters ranging from a few
tens to hundreds of light-years (Freedman et al., 2019).

The cloud itself is normally in hydrostatic equilibrium and is stable and homogeneous
because the pressure of the gas balances the force of gravitational attraction. But some
external events such as supernova explosion, collision of galaxies or clouds can lead to a
shift in this balance and to the effect of gravitational instability, in consequence of which
the density of the cloud becomes uneven and in places with higher density it begins to
collapse, disintegrating into fragments.

During the compression process, these fragments still radiate energy and cool, but this
happens until the density of the gas increases enough to make it nontransparent to radiation.
After that, further fragmentation stops, and the already formed clots of gas begin to attract
the remaining interstellar material to form accretion disks. Absorption of matter leads to
an increase in temperature and subsequently to the beginning of thermonuclear reactions
and complete evolution into a star.

Usually from one cloud can be formed from tens to several thousand stars that are
gravitationally bound to each other, have a similar chemical composition and physical
properties and are located at approximately the same distance from us, creating an open
star cluster. However, in addition to open clusters, there are also globular clusters, whose
formation and evolution process, as well as physical parameters are signi�cantly different.

1.2 Globular clusters

Globular clusters usually contain a huge number of low-mass stars, sometimes reaching
millions. These stars form a spherical structure about 60{150 light-years in diameter and
their concentration increases toward the center of the cluster (Bennett et al., 2019).

Most globular clusters are located in the galaxy's halo, a spherical structure that
surrounds the main visible part of the galaxy. This region has a lower density than the
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