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INVESTIGATION OF THE DISTRIBUTION OF DARK MATTER
IN THE GALACTIC STRUCTURE

Abstract. We investigate the formation of disk-bulge-halo systems by including the basic components in the
theory of the formation of galaxy. The purpose of this article is to investigate the distribution of dark matter in the
Galactic structure and examine the impact of subhalo on the halo and the disk components to be included in one
simple scenario of the formation of the galaxy. We investigate several important characteristics of galaxies, such as
coordinates, position, velocity and masses, to form a stable component of the galaxy. We search for the parameters
and physical processes that determine the subhalo-halo ratio, and thus largely explain the origin of the collision or
other obstacles through the galactic halo. The spread over the radial velocities of the halo, combined with the spread
of obstacles in the distances from the center of the galaxy, may explain the observed spread over the properties of the
disk and the bulge. The paper uses data from Auriga proper unit - a data file of the main galaxies in Aurig-6 before
free run. The units of data length used in Gadget2, such as coordinates and density, are converted from Mpc to kpc
and also include star_age.

Key words: dark matter (DM), radial velocity, Galactocentric coordinate system.

I. Introduction

One of the most compelling puzzles in present day astronomy is the question how galaxies formed. In
particular, we need to understand the wide variety of sizes, masses and morphologies of galaxies observed,
as well as their coordinates, position, velocity and masses. The main morphological parameter that sets the
classification of galaxies in the (revised) Hubble diagram is the disk-to-bulge ratio. Disk dominated
systems such as spirals are believed to have formed by cooling of the baryonic matter inside a virialized
dark halo. As the gas cools, its specific angular velocity is conserved, and the amount of angular velocity
of the dark halo thus determines the size of the disk [1].

We envision an inside-out formation scenario for the bulge. It is assumed that the bulge forms out of
the low-angular velocity material in the halo, which cools and tries to settle into a small, compact disk.
Such disks are however unstable, and we assume here that this instability, coupled with the continuous
supply of new layers of baryonic matter that cool and collapse, forms the bulge. This inside-out bulge
formation is self-regulated in that the bulge grows until it is massive enough to allow the remaining gas to
form a stable disk component. We do not describe the bulge formation in any detail but merely use
empirical relations of the characteristic structural parameters of bulges and ellipticals to describe the end
result of the formation process as a realistic galaxy. We use this simple formation scenario to investigate
the predicted disk-to-bulge ratios and disk scale-lengths as a function of the halo angular velocity, and as a
function of formation redshift and cosmology.

— 4) ——
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IT Observational results

In this paper we use data from Auriga proper unit - a data file of the main galaxies in Aurig-6 before
free run. The units of data length used in Gadget2, such as coordinates and density, are converted from
Mpc to kpc and also include star age. Snapshot 000 is the initial condition of collision simulation,
snapshot_029 is a snapshot when the distance between the satellite is about 10 kpc, snapshot 032 is a
snapshot when the distance to the satellite is about 5 kpc, and snapshot when the distance to the satellite is
about 1 kpc.

In each snapshot file, there are 6 types of particles: gas (type 0), dark matter (type 1), disk (type 2),
bulge (type 3), star (type 4; also include wind particles) and black hole (type 5). Gas particles only exist in
the host galaxy. Dark matter particles exist in both the host and the satellite: those from the host with
particle ID <= 2701512 and the satellite with particle ID >2701512. Disk and bulge particles only exist in
the satellite — they together form its stellar component. Star particles and black hole particle only exist in
the host. In total, there are 667454 gas particles, 2371259 dark matter particles (2034059 in the host and
337200 in the satellite), 100000 disk particles, 25999 bulge particles, 1575406 star particles and 1 black
hole.

The snapshot files only contain the coordinates, the velocities, the particle IDs, the potentials and the
masses (solar mass), and for gas particles, the densities and several other parameters. The units of these
data are the same as Illustris, with Hubble parameter h=0.6777. If you want to read the stellar age,
metallicity or other fields of particles from the host galaxy provided by Auriga, please refer to the file
‘Auriga_proper units.hdf5’. Note that in this file, I have changed the unit of length of all the data fields
that also exist in the snapshot files to kpc/h, while other data fields are unchanged, because this file is used
as an initial condition file for my simulation. So when you use it, be careful of the units. For your
convenience, here is a free software that can read and display data stored in hdf5 files:
https://www.hdfgroup.org/downloads/hdfview/.
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Figure 1 - Distribution of stars in the horizontal coordinate plane. The panels are for stars in our sample located at initial
conditions of collision simulation, satellite data from the disk about 1kpc, Skpc and 10 kpc. a) The first column represents two-
dimensional histogram in bins of D = 0.lkpc and p = (.14p¢ for halo, with the darkness being proportional to the number

of counts.; b) The second column represents plane coloured as a two-dimensional histogram of disk; c¢) same as for bulge; d) but
for subhalo




News of the National Academy of sciences of the Republic of Kazakhstan

Figure 1 shows the distribution of particles with respect to the center of the Galaxy for the he units of
data length used in Gadget2. Snapshot 000 is the initial condition of collision simulation, snapshot 029 is
a snapshot when the distance between the satellite is about 10 kpc, snapshot 032 is a snapshot when the
distance to the satellite is about 5 kpc, and snapshot when the distance to the satellite is about 1 kpc. In
which orbital evolution and masses are consistent with previous models. This model can reproduce the
observed location and the LA reasonably well and shows bifurcated structures, which appears to be
consistent with observations.

III Distances and Geometry

Remind that galactic coordinates system this is the system with origin placed on the Sun and extended
through the center of Galaxy. Its plane coincides with the plane of Galaxy dick [2]. In disk. In doing this,
its latitude b is measured from galaxies plane to an object and takes magnitudes from —90° up to +90°.
Galactic longitude 1 is measured at the Galaxy plane from the baseline connected the Sun and galactic
center up to the baseline connected the Sun and object. Counting directs to the same way that the right
ascension in the second equatorial coordinates. Therefore the galactic longitude puts i limits from 0 ° up to
360°. The position of object in galactic coordinates describes by matrix expression

X =rCcosacoso
y=rsinacoso
z=rsind
The longitude-velocity distribution (Figs. 1b and 2b) is approximately sinusoidal and that of the

latitude-velocity distribution (Figs. 1c and 2c) follows a cosine law. In consequence, the radial velocity
momentum distribution of the LMCs can be represented by the following formula:

L=yv+zv,
L=xv,+zv,

L =xv,+yv,

We assume that we start with a 3D position in the ICRS reference frame: a Right Ascension,
Declination, and heliocentric distance (&, ,B,I” ). We can convert this to a Cartesian position using the
standard transformation from Cartesian to spherical coordinates:

r=y{x’+y’+z°

where v =~200-230km /sec. This distribution law admits a simple interpretation (or “inversion”),
namely: it reflects a roughly uniform flow of HVCs that comes approximately from galactic coordinates
l, = 90° and b, = 0° and that encloses the whole Galaxy. If v, and v, are the velocities of the Sun and

of the LMC flow with respect to the Galactic center respectively, the radial velocities of the LMCs with
respect to the LSR are given by

) XV YV, +ze,

7

r

This model is therefore one of the successful models in the present study. The physical properties can
be well reproduced by the present models, as long as we adopt the velocity type. However, models with
the velocity type cannot reproduce well the observed locations. The physical properties in models with
different velocity types are briefly discussed in Figure 2.

— 4y ——
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Figure 2 - Distribution of velocity in the horizontal coordinate plane. The panels are for stars in our sample located
at the satellite data from the disk about lkpc, from left to right is velocity in VeV, V. coordinate direction,

from top to bottom stellar halo, disk, bulge and dark halo

IV Observational results

We explore the parameter space in terms of the coordinates, position, velocity and masses, and the bar
pattern speed. Besides, we run control simulations without satellite for both 2-d and 3-d configurations.
All simulations were run for 8-12 kpc from the sun, an order of magnitude longer than the satellite merger
timescale. The models are listed in Table 1, showing also the amount of mass that reaches the inner 8 kpc
(a generous definition of the central region).

Figure 6 shows the distribution of the star velocity in the horizontal coordinate plane for the its units
of data length used in Gadget2. Snapshot_000 is the initial condition of collision simulation, snapshot_029
is a snapshot when the distance between the satellite is about 10 kpc, snapshot 032 is a snapshot when the
distance to the satellite is about 5 kpc, and snapshot when the distance to the satellite is about 1 kpc. In
which orbital evolution and masses are consistent with previous models. This model can reproduce the
observed location and the LA reasonably well and shows bifurcated structures, which appears to be
consistent with observations.

From the parameter astrometric solution and line-of-sight velocities of these particles, we derived
distances (as 1/@ ), positions and velocities in the cylindrical Galactic reference frame, that is (

R,p, Z,V,, Vsz ). For convenience, we took ¢ positive in the direction of Galactic rotation and with

origin at the line Sun-Galactic Centre. For these transformations, we adopted a vertical distance of the Sun
above the plane of 8 kpc, a distance of the Sun to the Galactic centre of 8.34 kpc and a circular velocity at

the Sun radius of V, (RD ) =240 km-s~'. We assumed a peculiar velocity of the Sun with respect of the
Local Standard of Rest of (UJ VoW ): (1 1.1,12.24,7.25) km-s™'. Our choice of values give
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(K (R] )+ v, )/ R =30.2km-s'kpc™", which is compatible with the reflex motion of galaxy. To derive

the uncertainties in these coordinates, we propagate the full covariance matrix. The median errors in the
VsV, V, velocities are 1.4, 1.5, and 1.0km -s~", respectively, and 80% of dark matter particles have

errors smaller than 3.3, 3.7, 2.2km-s™" in these velocities. The positions in the Cartesian coordinates X-
Y and X-Z of the sample are shown in Extended Data Fig.1.

Velocity_DM particles
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Figure 12 - Distribution of radial velocities (y _ y |y ) of the dark matter particles within 5 kpc of the sun in various snapshots
x27yd 7tz

with the center of the main galaxy as the coordinate system. The position of the sun is x=8kpc

Given an initial distribution of stars Z (t =0) and V, (1= 0), the vertical amplitudes of the orbits
can be derived through the conservation of energy and using the fact that at the vertical turn-around point
of the orbit (Vz = 0) , the (vertical) kinetic energy is null. Assuming that stars follow a simple harmonic
oscillation (but with different frequencies), the movement of the stars with time is described by Eq. (3)
0) is obtained from the initial distribution of Z and V,

where the initial phase of the stars @0 = (p(t
and the corresponding amplitudes.

Velocity_DM particles
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Figure 13 - Distribution of radial velocities (vx v, ’vz) of the dark matter particles within 2 kpc of the sun in various snapshots

with the center of the main galaxy as the coordinate system
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Figure 14 - Distribution of heliocentric velocities (Vh) obtained for the solar reflex motion using the circular motion

of the LSR at the Sun and Sun’s peculiar velocity of the satellite and dark matter and satellite particles within 2 kpc
of the sun in various snapshots with the center of the main galaxy as the coordinate system

For part of our study, we selected from our sample the 2371259 dark matter particles located in the
solar Galactic cylindrical ring, that is with Galactocentric radius 8.24 < R < 8.44 kpc (dotted lines in

Extended Data Fig.2). For this selection, the median errors in the V,, V,, V, velocities are 0.5, 0.8, and

0.6 km-s™", respectively, and 80% of dark matter particles have errors smaller than in these velocities
1.1, 2.0, 1.3 km-s™". We note that the velocity uncertainties are significantly smaller than the sizes of the

substructures detected and that, together with the number of dark matter particles in our samples, this is
what made possible their detection. Although there are some correlations between the astrometric Gaia
observables, these are not responsible for the correlations and substructure seen in our phase space plots.
This is because the particles in our sample are distributed through all sky directions, and the phase space
coordinates come from combinations of astrometric measurements and radial velocities, in different
contributions depending on the direction on the sky. Besides, the astrometric correlations for our sample
are small (smaller than 0.2 in their absolute value for more than 50% of dark matter particles) and this,
combined with the small errors, makes their contribution nonsignificant.

Alternatively, we used the mode of the posterior distribution and a prior of an exponentially
decreasing density of dark matter particles with a scale length of 8 kpc from the center of the Milky Way.
We found the differences between this distance determination and the inverse of the parallax are between -
2% and 0.6% for 90% of the 6,376,803 dark matter particles for the different snapshots. Therefore, the

difference in velocity presented here is in the change of v and v,. We can see that in the initial condition

of snapshot 000, the dark matter particles move according to the original trajectory, but when the satellite
passes through the galaxies, the velocity of the dark matter particles in the snapshot-029, snapshot-032 and
snapshot-033 changes subtly. When observing the running trajectory on the side of the v_, we cannot
observe the large parallax error due to the deviation of the line of sight direction, but for velocity v, v,

due to the longitudinal observation, when the satellite passes through the galaxies, we can find the radial
velocity of dark matter particles has changed. For these dark matter particles, the estimator of the parallax
inverse will produce a non-physical distance.

V. Models for the vertical phase mixing of dark matter density
We first reproduced the spiral shape observed in the Z —V, plane with the Gaia DR2 data by using a

simple toy model. Often the classic harmonic oscillator is employed to describe the vertical movement of
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dark matter particles in galaxy disks under the epicyclic theory. However, in this approximation, which is
valid only for very small amplitude orbits for which the potential changes little vertically, stars have the
same vertical oscillatory frequency v and there is no phase mixing, unless orbits at different guiding
radius, thus with different frequencies, are considered [3]. Instead, we used an anharmonic oscillator with
the potential. We took the coefficients ¢, «,,a, corresponding to the expansion for small Z, derived

elsewhere, with values of a=6.5kpc, b=0.26kpc, M =10""M_ . These coefficientsa depend on

Galactocentric radius R .
The phase space evolution described above is shown in the top row of Extended Data Fig.3. Initially,

the particles followed a Gaussian distribution in Z (t = O) and V, (t = 0) with mean and dispersion of

—0.1kpc and 0.04kpc , and —2km-s™' and lkm-s~', respectively. We located all particles at the same
Galactocentric radius R = 8.5kpc , and thus, they all move under the same functional form of the vertical
potential. The initial conditions are shown in Extended Data Fig. 3a, where we colour-coded the particles
according to their period. Following Eq. (3), each star follows a clockwise rotation in the Z -V, plane.

However, they do it at a different angular speed: stars with smaller period located at the closer distances
from the mid-plane (Z = O) revolve faster than those located at the largest distances from the mid-plane.

The whole range of frequencies is what creates, therefore, the spiral shape. Extended Data Fig.3b shows
the evolution of the system for three initial phases of the time evolution when the spiral shape begins to
form. Extended Data Fig.3c shows the spiral shape after 1000 Myr of evolution.
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Figure 7 - Distribution of stars in the horizontal coordinate plane within 2 kpc of the sun. The panels are for stars in our sample
located at initial conditions of collision simulation, satellite data from the disk about 10kpc and 1 kpc. a) The first column
represents two-dimensional histogram inbins of p = 0.1kpc and p = ¢ lkpe for halo, with the darkness being proportional
X v .

to the number of counts.; b) The second column represents plane coloured as a two-dimensional histogram of disk

In the Gaia data, we do not see a thin spiral but a thick one, with many of the stars in the volume
participating in it [4]. A similar effect was reached with our toy model when we included particles at
different radius for which the vertical potential changes and the range of amplitudes/frequencies also
changes. In Extended Data Fig.3 (bottom row) we let the same system evolve as in the top row but starting
with initial radius following a skewed normal distribution, which creates a density decreasing with radius
as in galaxy disks, with skewness of 10, location parameter of 8.4kpc and scale parameter of 0.2kpc .

The spiral structure is now thickened similarly to the data, with higher density of stars at the leading edge
of the spiral.

To estimate the time of the phase mixing event from the spiral seen in the Gaia data (Fig.1) using Eq.
(4), we needed to locate two consecutive turns of the spiral and estimate their vertical frequencies from
their amplitudes and mean radius. For this, we used Extended Data Fig.5 which has been colour coded as a
46
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V

function of median guiding radius. This was approximated as R, ~ A,
V(&)

flat rotation curve, where we used the values of R, =8.34kpc and V, (RU ) =240km s assumed in the

coordinate transformation of the data. In this panel we see that the density gradient across the spiral shape
is created by stars with different guiding radius that arrive at the solar neighbourhood due to their different
amplitudes of (horizontal) radial oscillation.

Applying this method to several streams at a variety of Galactocentric distances and orientations with
respect to the Galactic disk would allow us to build a comprehensive map of the distribution of DM in the
halo — its shape, density profile, and orientation [5]. In the last few years evidence for dSph galaxy tidal
tails has been discovered around Milky Way satellites at very large Galactic radii, and other distant
streams are known. With SIM Lite, such distant streams can be used to trace the Galactic mass distribution
as far out as the virial radius with an unprecedented level of detail and accuracy. This would provide the
very first, accurate three-dimensional observational assessment of the shape and extent of a galactic-scale
DM halo.

We can begin to understand their spatial distribution and kinematics in stratified formation scenarios
as satellite galaxies traverse the main cluster of galaxies in association with the ability to cause tidal flows
in the CDR clumps [6]. The global effect has been proposed that re-ionization in this era strongly
influences the initial motion trajectory of dark matter particles, directly reaching the tidal flow of a larger
mass scale, equivalent to the scale of the Magellanic Cloud [7]. Therefore, the dark matter particle
composition and globular clusters of our protogalaxies are distributed in the center of the cluster of
galaxies. Since the dark matter particles are too hot to cool efficiently, thousands of similar mass halos are
generated during the movement of the original running track. This situation can explain the problem of
uneven distribution of dark matter particles caused by satellite galaxies crossing the main galaxies,
observing the uneven distribution of density among the thousands of DM substructures visible in Figure 8
at the center of the main galaxies.

under the hypothesis of a
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Figure 8 - The density distribution of projections in the Z direction drawn by the particle ID to distinguish the two galaxies
(satellite particles and dark matter particles for snapshot_000). The density unit is (kpc/h)™>

Most of the rare, luminous protogalaxies rapidly merge together, their stellar contents and DM
becoming smoothly distributed and forming the Galactic stellar and dark halo (Figure 4-8). The metal-
poor globular clusters and old halo stars formed in these early Milky Way structures become tracers of this
early evolutionary phase, centrally concentrated and naturally reproducing the observed steep number
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density fall off with radius. The most outlying substructures fall in late and survive to the present day as
our familiar satellite galaxies. The observed radial velocity dispersion profile and the local radial velocity
anisotropy of Milky Way halo stars are successfully reproduced in this model, but only with full three-
dimensional orbits can we be assured that the orbital shapes are truly consistent with predictions.
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Figure 9 - The density distribution of projections in the Z direction drawn by the particle ID to distinguish
the two galaxies (satellite particles and dark matter particles for snapshot_033). The density unit is (kpc/h)™>

Determining the nature of the DM that surrounds galaxies and overwhelms the gravitational force
from visible matter constitutes a fundamental task of modern astrophysics [8]. CDM particles are
characterized by low initial velocity dispersion and high phase space density, resulting from a relatively
heavy particle mass. After the satellite galaxies cross the main galaxies, they cause tidal currents in the
center of the total cluster due to external shocks, which affect the distribution of dark matter particles, with
steep density cusps at the center. In cosmologies with a somewhat lighter DM particle there are reduced
phase space densities and higher velocity dispersions. These alternative models, broadly classified as
warm DM, produce more constant density cores in galactic halos. In this sense, by precisely measuring the
shape of the central DM density profile (characterized by the logarithm of the slope there), one places
important constraints on the primordial phase space density of DM, which in turn bears on such
microphysical properties of the DM particle as its mass and details of its formation mechanism.

Based on measured mass-to-light ratios, dwarf spheroidal (dSph) galaxies occupy the least massive
known DM halos in the Universe. Dwarf spheroidals are also unique among all classes of galaxies in their
ability to probe the particle nature of DM, because phase space cores resulting from the properties of the
DM particle are expected to be most prominent in these small halos. In recent years, the measurement of
line-of-sight velocities for upwards of a thousand stars in several dSphs has allowed for a precise
determination of their masses. However, despite the great progress made in estimating masses of these
systems, determining the logarithmic slope of their central density profile, and thus the nature of the DM
contained within, remains elusive.

VI. Conclusion

Most of the stars in our Galaxy including our Sun move in a disk-like component and give the Milky
Way its characteristic appearance on the night sky. As in all fields in science, motions can be used to
reveal the under lying forces, and in the case of disk stars they provide important diagnostics on the
structure and history of the Galaxy. But because of the challenges involved in measuring stellar motions,
samples have so far remained limited in their number of stars, precision and spatial extent. This has
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changed dramatically with the second Data Release of the Gaia mission which has just become available.
Here we report that the phase space distribution of stars in the disk of the Milky Way is full of
substructure with a variety of morphologies never observed before, namely snail shells and ridges when
spatial and velocity coordinates are combined. The nature of these new substructures implies that the disk
is phase mixing from an out of equilibrium state, and that it is strongly affected by the Galactic bar and/or
spiral structure.

The ability of Auriga_proper unit - by used in Gadget2 to make pu as measurements of the positions
of faint stars is unmatched among all planned missions. Tis simulation method will be able to probe
accurately the three-dimensional stellar phase space distribution around the outskirts of our own Galaxy,
within a nearby sample of dwarf galaxies, and in other Local Group systems — and these are the only
galaxies in the Universe for which such data will be available. These measurements provide unique
windows on some key astrophysical problems, from galaxy formation and the structure of DM halos, to
the nature of DM itself.

The work was carried out within the framework of Project No. AP05134454 "Evolution of the
perturbations in the density of dark matter in a very early Universe", financed by the JSC "National Center
for Space Research and Technology", Aerospace Committee of the MDAI of the Republic of Kazakhstan.

Author express their gratitude to professor Yougang Wang from National Astronomical Observatories
of Chinese Academy of Sciences for the problem forwarding and the permanent supporting for its solving.

J. KaiipaTKbI3bl

On-Dapabu ateranarel Kaz¥V, «B.I'. ®ecenkoB ateiHgarsl Actpodmsnka UHCTHTYTEDY, «¥ITTBHIK FAPBIIITHIK
3epTTeynep MeH TexHonorusuap optansirb»AK, Kazakcran Pecrryonmnkacet MM AU a3porapBIITHIK KOMUATETI

TAJIAJITUKAJIBIK KYPBIJIBIMBIHIATBI KAPAHT'bBI
MATEPUSHBIH TAPAJIYBIH 3EPTTEY

AHHOTaNMs. [aJlaKTUKAHBIH KaJBIITACy TECOPUSICHIHIAFBI HETi3ri KOMIIOHEHTTEPAlI KOCY apKbUIbl TUCKLTIK-
rajo-rajio XyHesnepiHiH KaJblITaCyblH 3epTTeliMi3. Byn MakamaHblH MakcaThl TalakTHK KYPBUIBIMBIHAA KapaHFbI
MaTCpPUSHBIH TapallyblH 3€PTTCY JKOHE HETI3ri rajora CyOraJOHHBIH OCEpiH, COHBIMEH KaTap TalaKTHKaHBIH
KaJIBIITACYBIHBIH KapamnaibiM CIICHApUHiHEe €HETIH TUCK KOMIIOHEHTTEPIH 3epTTey OOJBIN TaObUIaab!. ["amakTHKaHBIH
TYPaKThl KOMIIOHEHTTEPIH KaJBIITACTHIPY YIIIH KOOPAWHATTAp, OPHANACY, )KBUIIAMIIBIKTAD XKOHE Maccaliap CHUSKTHI
TaJlaKTUKANApAbIH OipHEIIle MaHBI3Abl CHIATTaManapblH 3eprTreiiMiz. CyOrano-rajgo KaThIHACHIH aHBIKTaHTBHIH
mapaMeTpiep MeH (DU3HKAJBIK IPOIecTepi i3[eiMi3, OChUIafINa TaaKTHKAIBIK Tal0 apKbUIBI COKTHIFBICYABIH
HeMece 0acKa KeIepriiepin maina 00ysH alTapibIKTai TyciHAipeMi3. [anakTHKaHBIH OpTaTbIFBIHAH KAIIBIKTHIKTa
KeJeprijiep TaparysIMeH OipiKTIpUITeH CyOTaJOCBIHBIH paaWajibl KBUIIAMIBIKTaphl OOMBIHIIA Tapalybl TUCKIHIH
KacueTTepl MeH KaObIHYBIHBIH OaliKaiFaH TapaidyblH TYCiHAIpe anaabl. by Kyxkarra Auriga proper unit - Aurig-6
HETI3ri TaJlakTHKaJap/AblH JepeKTep (aiibl epKiH aiiHaIbIMHAH OypbiH KonpaHaasl. Gadget2-1e KoopauHATTAp MEH
TBIFBI3/IBIK CHSKTBI KOJIIAHBUIATBHIH JIEPEKTEP Y3bIHIBIFBIHBIH O1pJIIKTEpi, MIIK-1aH KIK-Fa JEHiH e3repTiieai KoHe
JKYJIIBI3 KAChIH KAMTHBIL.

Tyiiin ce3nep: xapa matepus (DM), panuansl )XbIIIAMIBIK, [ amakToneHTpuYecknii KOOpIUMHAT XKykeci

. KaiipaTkbI3bl

Kazaxckuit HarmoHanbHBINH YHUBEpCUTET UM. Anb-Dapadu, « Atpodmsnyeckuii ”HCTUTYT UM. B.I'. decenkoBay,
AO «HammoHansHBIH HEHTP KOCMHYECKHIX HCCIEOBAHUHN U TEXHOJIOTHID,
Aspokxocmuaeckniit komuteT MJIAU PecrryOnmkn Kazaxcran

HCCJIEJOBAHUE PACIPEJIEJIEHUSI TEMHOM MATEPUH
B T'AJTAKTUYECKOM CTPYKTYPE

AnHoOTanusi. MBI uccienyeM o0Opa3oBaHHE CHCTEM JHMCK-Oa/DK-Tajo MyTeM BKJIFOUCHHS OCHOBHBIX KOMIIO-
HEHTOB B TEOPHUIO 00pa30BaHUs TalakTHKH. L[enb 3TOW cTaThW - MCCIIEOBATh pacIpe/ciicHHe TEMHOW MaTepuH B
CTpyKType [alakTHKU W W3y4YUTh BIUSHHE CyOrajlo Ha rajio ¥ KOMITOHGHTBI JHCKa, KOTOPBIC JOJDKHBI OBITh
BKIIFOYCHBI B OJHMH MPOCTOH CIeHapuil (OPMHUPOBAHUS TalAKTUKH. MBI HCCIIEAyeM HECKOIBKUX BaKHBIX
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XapaKTePUCTHK TaJlaKTHK, TaKMX KaK KOOPAWHATHI, MOJIOKEHHWE, CKOPOCTh W Macchl, 4TOOBI c(hOpMHPOBAThH
CTaOMIBHOCTH KOMITOHEHTHI T'aJlaKTUKU. MBI HIIeM mapaMeTpsl B (U3HUYECKHE IPOLECCH, KOTOPHIE OMPEACIIOT
OTHOUIEHHE CyOTrasno-rano, u, TAKUM 00pa3oM, B 3HAUUTEIbHON CTEIIEHN OOBSACHAIOT IIPOUCXOXKICHNE CTOJIKHOBCHHUS
WIN JIPyTUX MPENATCTBUN uepe3 TrajlakThudeckoe rano. Pazdpoc mo JydeBbIM CKOPOCTSM rajio B COYETAHUH C
pazdpocoM MPENSATCTBUI Ha PACCTOSIHHSIX OT IIEHTpa TajJaKTHKH MOXET OOBSICHHUTH Habmogaemblii pa3dpoc o
CBOIiCTBaM AMCKa W BBITYKJIOCTH. B paboTe HcHONB3yloTCS OaHHBIE M3 Auriga proper unit - ¢aiina AaHHBIX O
IJIaBHBIX TajlakKTHKax B Auriga-6 10 cBoOOJHOro 3amycka. EauHMIBI AJMHBI TaHHBIX, KcHojib3yemble B Gadget2,
TaKUe KaKk KOOPAMHATHI ¥ INIOTHOCTh, KOHBEPTHPYIOTCS U3 Mpc B Kpc u Takxke BKIIOYAIOT star_age.
KaioueBnie ciioBa: TemHas Matepus (JIM), nyueBast CKOPOCTb, FrajlaKTOLIGHTPHYECKAsi CHCTEMa KOOPIUHAT.
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