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THE EVOLUTION OF DARK MATTER AND THE FORMATION
BASIC THEORY OF STRUCTURAL GROWTH
OF THE STANDARD UNIVERSE MODEL

Abstract. The formation and evolution of dark matter and galaxies is one of the basic topics in cosmological
rescarch. This thesis uses numerical simulation to study the evolution of the universe under the cold dark matter
model. The first chapter introduces the relevant background, including the theory of cosmology and structure
formation, the evolution of dark matter levels and the physical processes of galaxy formation, and the numerical
simulation tools we use: N-body simulation and semi-analytical galaxies formation models. The second part solves
the local cavity crisis by using high-precision numerical simulation combined with semi-analytical model. The local
void is considered to be the crisis of the standard cosmological model because the density of the galaxies is too low,
and some of the predecessors believe that such low density cannot exist in the cosmic structure predicted by standard
cosmology. We look for a system similar to the local space in the numerical simulation of standard cosmology, and
then look for a structure similar to the local void to verify whether the local void exists in standard cosmology. Our
work found that 77 similar local space systems can be found in the simulation, with a 14% chance of finding local
voids nearby, indicating that local voids can exist entirely in the cold dark matter model. The reason for the
extremely low density of local hollow galaxies is that it is mainly due to the low density of dark matter halos, and the
influence of the environment on the formation of galaxies also reduces the number of galaxies by 25%.

Key words: Standard cosmological model, dark matter halo, local cavity crisis.

1. Basic theory of structural growth of the Universe

Since the universe is expanding, the universe must be smaller than it is in the past, and it will continue
to go back to the past. The universe collapsed into a state of extremely high density and extremely high
temperature. The current structure is formed by the "big bang" and subsequent surges. Hubble's Law
finally introduces the now widely accepted "Big Bang" universe model. At the beginning of the “Big
Bang”, most astronomers considered it a joke, but since 1964, the discovery of microwave background
radiation [1] has made the “Big Bang” cosmological model gradually mainstream.

From the theoretical point of view, the same expanded universe. In 1917, Einstein used the general
theory of relativity to study the universe and found that the universe was not static, so he introduced
cosmological constants to try to keep the universe stable. Subsequently, in 1922, Friedman combined the
Robertson-Walker metric [2] to obtain the Friedman equation: assuming that the universe is
homogeneously isotropic, then Robertson-Walker can be used at any point in the universe. Gauge
representation
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Where C is the speed of light, it can also be written as 1, (r, o, go) is the spatial co-polar polar
system, ! is the time, a(t) is the scale factor, today is equal to 1, kisa constant, only the three values

1,0,1 represent the open, flat, and closed Universe. Using this metric, the Einstein field equation can be
reduced to the Friedman equation:
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Here G 1is the gravitational constant, o is the average density of the universe, and A is the
cosmological constant. Define the basic parameters: Hubble constant H =da /a, cosmic density

Q =87Gp/3H” and cosmological constant density Q, = Ac”/3H”, and assume that the cosmic

2
curvature density is QK =—k/ (GH ) . This formulacan be simplified to:
Q +Q,+0Q =1 (4)

This formula simply gives the three energies in the universe: the relationship between matter,

curvature, and dark energy. Q ., Q, ,, O, jrepresent the average material density, cosmological

constant density and curvature density of the current universe. Then the variation of the density of the
universe with the scale factor is Q,=Q,  /a’, Q, = Q,, and Q_ = Q, /a’. Moreover, the

relationship between the redshift and expansion factors of cosmology is:

alty) 4
alt) A
Then, Equation 4 can be written as:
H*(z
H(2 )_ = (1+2)+Q,0+2)+Q, (6)
0
Where Q. €, ,, H, are the three basic cosmological constants. The curvature of the universe

() is confirmed to be very close to k ~ 0 [3]. Cosmological constants can be measured by supernovae,
large-scale structures, and microwave background radiation, as shown in Figure 1. As can be seen from
the figure, the observations show that our universe is a flat, dark energy-dominated, constantly expanding
universe. The latest PLANCK (Planck Collaboration et al., 2013) of the microwave background survey is
given by the satellite: 4, =67.3+1.2 km/s/ Mpc, €3, =0.315+0.017, (2, =0.685, o, =0.828.

After knowing the three cosmological constants, you can integrate the backtracking time for a given
redshift according to Equation 6:
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when Z = 0 the result is the age of the universe.
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Figure 1 - CMB, superova, and large galaxies are observed for Qm o and Q Ao 4]

Existing observations and theories all herald a flat, accelerated expansion universe. According to the
study of the structure of the universe, our universe is dominated by cold dark matter. This flat
cosmological model dominated by cold and dark matter is what we usually call the standard cosmological
model. The standard cosmological model can explain many of the major observations today, such as the
large-scale distribution of galaxies [5], and the baryonic oscillations [6]. The small-scale clustering model
of the cold-dark matter prophecy is also consistent with the observations, so the standard cosmological
model is widely accepted. Our next work is carried out under the framework of standard cosmology. As
observations and theoretical results advance, some observations seem to be unexplained using standard
cosmological models, such as loss of satellite galaxies [7], density contours at dark centers [8]. . Some of
these problems can be explained by galaxies forming models, and some may require new physical
processes or alter the nature of dark matter. Looking forward to more deeper and broader observations in
the future, it may bring us conceptual changes.
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2. Basic properties of dark matter halo

The dark matter halo is the cornerstone of the cosmic structure. It is a system of Vary equilibrium,
often defined as the area where the average density is 200 times the critical density of the universe. Of
course there are other definitions of density, and we will not explain them one by one here. A very
important parameter of dark matter halos is its mass distribution. From theoretical and numerical
simulations, it is found that the density profile of dark matter conforms to the NFW profile:

p(r) _ 5,
jo (r/rs)(1+r/rs)2

®)

Here 7, is the characteristic scale of the dark matter halo, J, is the feature density, and

p... =3H /87 is the critical density of the universe. From the center to the edge of the dark matter

. . . -1 -3 s . .
halo, the density profile is excessive from 7 to /', and pocr *at r. . This density profile has been

confirmed by many numerical simulations [9].
Through the density profile, you can define the compaction coefficient of the dark matter halo:

c =l (10)

where 7, is the radius of the dark matter halo. In this paper, the radius of the dark matter halo is

generally 7, , that is, when the density of the region is 200 times the critical density of the universe. The

radius. The compacting factor is an important feature of the dark matter halo. It gives the degree of
convergence of the material distribution in the dark matter halo. The larger the compacting factor, the
darker material halo density distribution to the center, and vice versa. High-precision numerical
simulations show that the compaction factor depends on the mass of the dark matter halo. For a given
mass, the compaction factor depends on the formation time of the dark halo. The density profile of the
dark matter halo determines its rotational velocity profile. After introducing the compaction factor,
Navarro et al. (1997) also gave a rotational velocity profile at the NFW density profile:

{M} :lln(1+cx)—lfzx

Voo % ln(l+c)—%
¢

(11

Here V,,, is the rotational speed at dark matter halo r,,,, x = r/R,,,. When x ~ 2.16/c, the

rotation speed reaches the maximum V,

{Vm T _0216¢ )
Vo ln(l-l—c)—L

1+¢

Therefore, the clamping factor can also be solved with V,__ /1.
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Figure 2 - Convergence tree of dark matter halos, you can see the structure of the dark halo after the combination

3. Dispels the Local Cavity Crisis of the Standard Cosmological Model
The neighboring galaxy survey found a hole around the cluster of galaxies, which does not contain

galaxies, accounting for about 1/3 of the volume of the local space (1Mpc < D <8Mpc around the Milky

Way). As the performance of the telescope increases, we can observe darker galaxies, and the samples are
more complete, but with integrated optics and HI surveys, local voids still contain few galaxies [10].

Peebles and Nusser published an article in the American Journal of Nature in 2012 [11] claiming that
the extremely low density of local voids cannot exist in standard cosmological theory. They combined the
neighboring galaxy's catalogues at the time and found that there were 562 galaxies in the local space, and
only three galaxies were in the local voids. However, in dark matter simulations, the dark matter halo
density in the cavity is 1/10 of the average density [12]. Combined with the HOD model [13], the
luminosity function of the galaxy is monotonically related to the mass function of the dark matter halo.
Peebles and Nusser believe that the standard cosmological numerical simulation predicts that there should
be about 19 galaxies in the local cavity (562 x 1/10x 1/ 3), 6 times higher than observation. Therefore,
they believe that the extremely low density in the local void reality is a threat to the theory of the
formation of cold dark matter structure. Maybe dark matter can't be cold, or you need to modify the
intervention of gravitational theory to get this very low density cavity.

This view is limited by two factors. First, they only used a numerical simulation [14]. The scale of
this simulation is not large. Using only one model to study local voids will make the results have large
deviations and lose statistical significance. More numerical simulations are needed to statistically analyze
the dark matter density in the cavity. Second, this work assumes that the HOD method applies the same
law to dark matter halos in different environments. The effect of assembly bias is not considered. Dark
matter halos, especially small mass dark halos, can be significantly different in different environments
[15]. The galaxies in the local voids are very dark, and there are dark halos in the small mass, so the
influence of the aggregation bias is large. Galaxies form a process of aggregation that depends on the dark
matter halos of their host. So whether the HOD is directly used with a small mass of dark halo is still
unknown.

—— §) ——
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Paper [16] used another method to detect whether the low density of local voids is consistent with
standard cosmology. They also believe that local voids are a crisis. They assume that there are HI galaxies

that can be observed in the dark halo with a wraparound speed greater than 25km - st They found that the
number density of this dark halo in the cavity is an order of magnitude higher than the number density of
the observed dwarf galaxies. But the correctness of their hypothesis remains to be discussed.

As mentioned earlier, the physical processes formed by galaxies and the evolution of dark matter
halos are not exactly the same, and the dependence on the environment is not exactly the same. The above
two work on local voids did not take this difference into account. In this paper, we use Millennium
Simulation II [17], a large-scale high-precision simulation, combined with the formation of a semi-
analytical model of the galaxy. The following question: Can the current understanding of standard
cosmology and galaxies physics explain the existence of local voids; or whether new physical processes
need to be invoked to explain observations.

4. Local voids in observations

The projected distribution of neighboring galaxies given in the work of [18] (Fig. 3). They used the
neighboring galaxy catalog of Karachentsev [19] (K04) to select more accurately 337 galaxies from SDSS
[20] and HIParkes All Sky Survey (HIPASS) [21], 172 and 53 galaxies were selected as supplements. It
can be seen that about 1/3 of the arca in the projection of the left figure in Figure 3 is a void with obvious
boundaries, including only three galaxies.

Figure 3 - Local space galaxy projections in Peebles and Nusser work. Each symbol in the figure is a neighboring galaxies within
1Mpc < D < 8Mpc around the Milky Way, and the left and right figures are the two projection directions in the super-galaxies

coordinate system. The black dots in the picture are from K04, the red triangles are from the Sloan Digital Sky Survey, and the
blue squares are from the HIPASS Sky Survey. Lines of the same color correspond to the coverage angles of these surveys

With the increase of observation accuracy, the observation samples of local space have been more
complete in recent years. Karachentsev published the latest Neighbor Galaxy catalogue, newly added
optical bands for the latest observations and HL surveyed galaxies, including SDSS [20] and HIPASS [21]
data. The new catalogue measures the distance and luminosity of the galaxy more accurately; and removes
some illuminating objects that are not galaxies. In this catalogue, the completeness of a galaxy with a

my, < 17.5, such as a star, is 70%—80%. In the new catalogue, within the range of 1Mpc < D < 8Mpc

from the Milky Way, there are 486 galaxies that are brighter thanm, < 17.5. adding more than a

hundred galaxies to K04. Peebles and Nusser also added SDSS and HIPASS galaxies to their work, but
the distance measurements they added to the galaxy were not accurate, and some illuminating objects were
misjudged as galaxies in the HIPASS patrol. So some of the galaxies they use don't exist in the latest
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catalogs we use, and there are many galaxies that change position on the projected map. We use the new
star catalog to make the same projection of the neighboring galaxies in Figure 4. We only painted galaxies

that are brighter than m, < 17.5and IMpc < D < 8Mpc from the Milky Way. Comparing Figure 4

with Figure 3, it can be seen that some of the galaxies in Figure 3 disappeared in Figure 4, and the three
empty galaxies on the SGZ-SGX projection in Peebles work "disappear” in our diagram (Figure 4 in the
blue dotted circle), one of the three missing galaxies is projected elsewhere, two galaxies that are judged
to be false are not included in the new catalog, and some are scattered in the void projected in Figure 4 on.
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Figure 4 - Projection distribution of neighboring galaxies brighter than 7, < 17.5 in the nearest Galaxy K13 from the Milky
Way 1Mpc < D < 8Mpc . The left and right images are the projection directions in the two superclustered cluster coordinate

systems. The red cross represents a galaxy that exists in a three-dimensional local void. The blue dotted circle gives the location
of the three empty galaxies given in the Peebles and Nusser articles. But in the new catalog, the three galaxies “disappeared”
because of the more accurate calculation of the distance

The size of the local hole depends on its definition. In the work of Peebles and Nusser, the volume of
the cavity is calculated to be 1/3 of the total volume. It is worth noting that they are calculated from
projections, and such voids are not real. In order to more accurately assess the degree of voiding in a local
void, it is necessary to calculate the volume of the void in three dimensions. We use a cleaner and more
accurate K13 to calculate the 3D volume of the local void, so that the resulting void is more realistic.

Because the local void is fan-shaped and has dense boundaries on the projected image, we suspect
that the local void is similar to a cone in three dimensions. When determining local voids, we use a cone
scan. Specifically, all of the neighboring galaxies are in a spherical shell of 1 Mpc < R < 8 Mpc, and

the center of the sphere is the Milky Way. We will have a cone representing the cavity, and the apex of the
cone is the Milky Way. The orientation of the cone is determined by adjusting the orientation of the cone
along the ¢ and 0 of the spherical coordinates and calculating the number of galaxies falling into the cone.
Because the void usually consists of a distinct boundary, the density of the star coefficients in the cone at
the hole will plummet, so the shortest position we find is the local void. After finding the hole location, we
experimented with different cone deflection angles and calculated the number of galaxies in the cavity to
test the size of the hole. By this method, we get a cavity size of about & solid angle, which is 1/4 of the
total volume, and contains three galaxies. These three galaxies are marked with a red cross in Figure 4.

5. Comparing simulated voids and observational voids
The actual hole size and star coefficient density are determined. Next, numerical simulations are
needed to find out whether such holes exist in the numerical simulation of standard cosmology. First look
for similar spaces in standard cosmological simulations based on the observed local space. The
— §] ——
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characteristics of the local space in the observation are: 1) The local galaxies in the observation contain a
pair of giant galaxies: the Milky Way and M31, which are 0.77 Mpc apart; 2) The Milky Way is a spiral

galaxy with a mass of 6.4x10" M - [22]; 3) The host dark halo mass of M31 is slightly smaller than that
of the Milky Way host, but the mass of the star is larger, with (10—15) x10"M - [23]; 4) local galaxies

There are no large clusters of galaxies in the surrounding 10Mpc. In order to make the comparison

between simulation and observation more authentic, we use the following constraints to find the local
space from the numerical simulation.

First, we select galaxies like the Milky Way from the simulated star catalogues by stellar mass and
morphology. The specific conditions are as follows: 1) The candidate galaxies must be disc-dominant, the

nuclear sphere mass ratio is lower than M, , /M, < 0.5;2) the mass is similar to that of the Milky Way,

Ige
5.4><1010M] <M, < 7.4><1010M] . Then we find a system similar to the local galaxies from the

candidate simulated galactic system by M31. The specific conditions are as follows: 3) Within 1Mpc
around the candidate of the galactic system, at least one galaxies have a mass of

05xM,, < M, < 2xM,,, between. Because the Milky Way and M31 are the brightest galaxies in the
galaxies, we require: 4) There are no galaxies in the 1Mpc space around the Milky Way that are twice as
large as the Milky Way. Finally, because the nearest Virgo Cluster of Galaxy is about 12.8 Mpc around
the Milky Way, we require: 5) There is no dark halo in the 10 Mpcaround the simulated Milky Way with

a mass greater than 10" M, to ensure that the local space in the simulation is also in a real situation. The

same relatively isolated environment. Under these conditions, we have a total of 77 systems similar to
local space in the MS-II numerical simulation.

Before finding a hole in a numerical simulation, in order to determine that our numerical simulation is
believable, it is necessary to check whether the photometric function in our simulated local space is
comparable to the observation. We use the distance to the Milky Way to calculate the visual star of the
galaxy in the simulation. The black line gives the count of the galaxies in the observation K13, and the
error bar is the Poisson error. The solid red line gives the median of 77 simulated local spaces and the
dashed line is the 1 standard deviation range. It is clear that the star coefficient density of the simulated
star catalog we used is very consistent with the observations. Note that in the figure, we have not corrected
the completeness. In the observation, the completeness of the K13 galaxies is 70-90% at the apparent star

my, = 17.5. Therefore, the number of galaxies in the observation is evenly distributed at the dark end,

while the number of galaxies in the simulation is continuously increasing at the dark end. We expect that
higher-resolution observations in the future should complement more dark galaxies.

We use the method of finding local voids as described above to find holes in the simulated local
space. We use a cone of the same size as the observed local hole, ie the solid angle is mw scanned in the
simulated local cavity, the position with the lowest density is defined as the void, and the number of empty

galaxies is recorded V,_, . Here, as with observations, the statistics are all galaxies that are brighter than

m, < 17.5. In our simulation, the shortest local void contains only one galaxy, even more empty than

the local void in the observation. Considering the Poisson error, we have a sample with a number of empty
galaxies less than 5 that are similar to local voids. Then, among our 77 simulated local spaces, there are
local holes in 11 systems with a probability of 14%. Explain that the degree of voiding of local voids in
the observation is not special.

A projection of the local void in the simulation is given in Figure 5. The figure shows the local space
where the number of six empty galaxies is less than 5. Each figure shows all the galaxies in the
IMpc < D < 8Mpc space around the simulated Milky Way, and the red cross represents the actual

hollow galaxies (in three dimensions, not in the projected image that looks like voids). The local space of
these simulations looks very similar to the actual observed local space (Figure 4).
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Figure 5 - Local voids in the simulation. Each black dot in the figure represents a galaxy, and all galaxies are brighter
than mB< 17.5, within 1Mpc < D < 8Mpc of the simulated Milky Way. The red cross indicates the galaxy in the cavity

6. Summary

We use large-scale, high-precision dark matter numerical simulations of MSII,add the latest semi-
analytical galaxy formation model [24], to study darker galaxies in local space. We focus on the problem
of the degree of voiding in local voids. Prior to this, the local void problem was thought to be considered a
threat to the theory of standard cosmological structure formation [25].

We use the latest star catalogue of neighboring galaxies [26] to recalculate the density of galaxies in
local voids in 3D space. The star catalog we used and the star-to-surface ratio used by [25] added a large
number of new galaxies and made more accurate measurements of distance. This catalogue has a

completeness of 70—-80% at a star level of m, = 17.5. We use a cone to simulate the shape of a three-

dimensional cavity, use a three-dimensional cone scan to find a three-dimensional local cavity in a new
star table, and then adjust the size of the cone to measure the volume of the cavity. We found that the local
void in the observations accounted for approximately 1/4 of the local space and contained three galaxies.
We use the same approach in the simulated local space for systems of the same size and similar cavities.
We found that 14% of the simulated local space contains structures similar in size and hole to local voids.
These simulated local voids are not only similar in number to galaxies, but their projections are also very
similar to the observed local voids. This shows that local voids are not a threat to standard cosmological
theory, but exist in the predictions of standard cosmology. In other words, local voids are the success of
standard cosmology.

In the local voids we simulated, the low density of galaxies was mainly due to the low density of dark
matter halos in the voids. At the same time, the environmental convergence caused by the dark matter halo
during the formation process will affect the formation process of the cavity galaxies, resulting in a 25%
lower mass function of the galaxies in the same mass dark matter halo.

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 professorYougang Wang from National Astronomical Observatories
of Chinese Academy of Sciences for the problem forwarding and the permanent supporting for its solving.
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J. KaiipaTKb13b1
Ox-Dapaduareianars Ka3¥YV, «B.I'. ®ecenxoparbinnarsl Actpodmsuka UHCTHTY TED,

«¥ ITTBIK FAPBIMITHIK 3CPTTCYJICP MCH TCXHOJOTHANAP OPTANBIFBI »AK,
Kazakcran Pecnyommkacst MMAMW a3porapbInThlK KOMHTETI

KAPAHI'BI MATEPHUAHBIH 3BOJIIOTIUACHI ’)KOHE CTAHJAPTTbI
QJEMIAIK MOAEJBAIH K¥PBIJIBIM/bIK OCYIHIH HEI'I3I'T TEOPHACHI

Annotanmusi. Kapasrpl MaTepusMeH TaJaKTHKANAPABIH MaWaa OOMybl YKOHE SBOIFOLMICHI — KOCMOJOTHSLUIBIK
3ePTTCYICPACTI HETI3TI TAKBIPHIMTAPABIH Oipi. Bynm Makamama KapaHFBI MATCPHAHBIH CYBIK MOACHi OOMBIHIIA
FAJIAMHBIH 3BOJIFOIMIACHIH 3CPTTCY VIIH CAHIBIK MOICIBACY KOITAHBIIAAGL bipiHmn OemiMae KOCMOIOTHSA MCH
KYPBUIBIMHBIH ~ KAJBIITACY TEOPHACH, KAPAHFBI MAaTCpPHsi [CHICHIHIH 3BOJIOLICH JKOHC TAJAKTHKAHBIH
KaJbINTACYbIHBIH (DM3MKAJBIK IPOLECTEPi, COHOAaH-aK Oi3 KOJIAHATHIH CAHIBIK Kypaiamap: N-ICHECHI MOICIbICY
JKOHE JKAPTHUIAH AaHATHTUKAIBIK TaJAKTHKAIAPABIH KAIBIITACY TCOPHSIAPHI CHAKTHI THICTI MOJIIMETTEP KEATIPIATeH.

ExiHmi OemiM >KapThUIall aHAMHTHKAIBIK MOACIBMEH OIPIKTIPIITCH KOFApBl AJIIIKTI CAHABIK MOACTBACY I
KOJIAAHY apKbUIBI SKEPTITIKTI KYBICTBIH JAFAApBICHH mermesai. JKepritkri 60c OpbIH CTAaHAAPTTHI KOCMOJIOTHAIBIK
MOJCBIIH JaFIAPHICH ICT CAHATAIBI, OUTKCHI TAJaKTHKAIAPABIH THIFBI3IBIFEI THIM TOMCH, a1 KCitOip Oomkammap
MYHIAH TOMCH THEBI3IBIK CTAHTAPTTHI KOCMOJOTHS TY>KBIPHIMIAMACHIHIA FAPBIMITHIK KYpPbUIBIMAA 00Na anMaiias
JET CaHANIBL.

Bi3 cTaHmapTTE KOCMOJIOTHSHBI CAHABIK MOACITBHACYIC JKCPTUTIKTI KCHICTIKKE YKCac sKYHCHI 13aciiMi3, comaH
KCHIH CTAHZAPTTHI KOCMOJIOTHANA MKCPTLMKTI KYBICTBIH Oap-KOFBIH TCKCEPY VINIH JKCPTUTIKTI KYBICKA YKCAc
KYPBUIBIMIBI 137€HMi3. bBi3miH skyMbICBIMBI3ZAAa 77 yKcac >KEPTITIKTI FAPBINITHIK >KyHenepal monembae Tadyra
00NaTBIHABIFBL, JKEPTUTiKTI 00C keprepAin 14% MyMKiHAITi 6ap SKSHAITI aHBIKTAIABI, OYJI KEPTiMiKTI 00C OpBHIHAAP
TOIBIFBIMEH CYBIK Kapa MaTepusi MOJACIIHAC OMIp CYpe aJaThIHABIFBIH Kepcereni. KeprimikTi KybIC rajakTukaIap-
JIBIH, 6TC TOMCH THIFBI3BIFBIHBIH cc0cOl, Oy HETI31HEH KAPAHFbI MATCPHAIAP TATOCHIHBIH THIFBI3IBIFBIHBIH TOMCHIIT]
MCH OQiJIaHBICTHI KOHC TAJAKTHKATAPIBIH MAHIa OOMyBIHA KOPIIAFAH OPTAHBIH OCEPi ¢ TaNaKTHKAIAP CaHBIH 25%
TOMEHJICTEI].

Tyiiin ce3aep: cTaHIAPTTHI KOCMOJIOTHSUIBIK MOJCIIb, KAPa MATEPAIIBI TAJI0, KYBICTBIH KEPTLTIKTI TaFJaPBICHL.

A. Kaiiparkpi3s1

Kazaxckuit HannoHaIbHBIA yHUBEPCHTET HM. Ab-Dapadu, «B.I'. DeceHKOBCKHH
acTpodm3mucckuit HHCTATYT», AO «HannoHATBHBI CHTP KOCMHAYCCKAX HCCICAOBAHIHA U TCXHOJIOTHID,
Aspoxocmmaeckuii komureT MJIAW Pecnyomku Kazaxcran

IBOJIIOIMA TEMHON MATEPUHA U ©®OPMHUPOBAHUE BA30OBOI TEQPHU
CTPYKTYPHOI'O POCTA CTAHJIAPTHOU MOJEJHN BCEJIEHHOU

Annotarmust. DopMHUPOBAHUE U SBOTFONWS TEMHOW MATCPHH M TAJAKTHK SIBIBICTCS OTHON M3 OCHOBHBIX TEM B
KOCMOJIOTHYECKHX HCCICAOBAHMAX. JTOT TE3HMC HCHOJB3YET UMCICHHOEC MOJCIUPOBAHKE I M3YUYCHHS JBOJFOLHHI
Bcenennoit B paMKax MOJCIH XOJOZHOM TEMHOH Marepuu. B mepBod 4acTw MpeAcTaBiICH COOTBETCTBYIOIMK (OH,
BKITFOYAsI TEOPUEO KOCMOIIOTHH M (POPMHUPOBAHKA CTPYKTYPHI, 3BOJOLNIO YPOBHEH TEMHON MaTtepuu W (pu3HICCKHC
TIPOIIECCHI 00PA30BAHMS TANAKTHK, 4 TAKKES MHCTPYMEHTHI YACJICHHOTO MOJCIMPOBAHMS, KOTOPHIC MbI HCTIOIb3YEM:
MoJenupoBaHue N-TeJl U MOJIyaHAIMTHYCCKUE MOJCIH (POPMUPOBAHI raJaKTHK. BTOpast 4acTh penraeT I0KaIbHbIH
KPH3HC IIOJIOCTH C MOMOIIBIO BBICOKOTOYHOTO YHCJICHHOTO MOJCIMPOBAHMSA B COUCTAHHH C IIOJYaHATHTHUCCKOH
MOJENBI0. JIOKambHAdA MyCTOTA CHUMTACTCA KPH3HCOM CTAHJAPTHOH KOCMOJIOTHYECKOM MOJCTH, MOTOMY 4TO
IUTOTHOCTH TANAKTHK CIHIIKOM MaJa, H HEKOTOPBIC IPEAIICCTBEHHUKU CUMTAFOT, YTO TAKAsS HU3KAS IUIOTHOCTH HE
MOXKET CYIIECTBOBATH B KOCMHUYECKOM CTPYKTypE, NPEACKA3bIBACMOM CTAHZAPTHON KOCMOJOrueil. Mpl uimem
CHCTEMY, TOJOOHYFO TOKAJbHOMY ITPOCTPAHCTBY, B UMCICHHOM MO/ICITMPOBAHUH CTAHAAPTHOH KOCMOJIOTHH, a 3aTEM
HIIEM CTPYKTYPY, TMOJOOHYIO JOKAJbHOHW ITyCTOTE, YTOOBI IMPOBEPUTH, CYMICCTBYET IHM JIOKAJbHAS I[yCTOTA B
CTaHTAPTHOM KocMoormu. Hama padota mokaszama, IT0 B CHMYJIAIHH MOYKHO HAHTH 77 MOJOOHBIX JIOKATHHBIX
KOCMHYECKHX cHCTeM C 14% -HOH BEPOATHOCTHEO HAXOMKICHHUS JIOKAJIBHBIX IYCTOT HMOOIM30CTH, UTO YKA3hIBACT HA
TO, YTO JIOKAJBHBIC MYCTOTHI MOTYT CYHICCTBOBAThH IOJHOCTBIO B MOJCIH XOIOJHOW TeMHOH Mmarepum. [Ipmumna
YPE3BbIMAWHO HU3KOM IUIOTHOCTH JIOKAIBHBIX ITOJIBIX TAJAKTHK 3aKIFOYACTCS B TOM, YTO 3TO MPOUCXOIUT TJIABHBIM
00pazoM m3-32 HHU3KOH IUIOTHOCTH Tajl0 TEMHOH MATCpHH, a BIILTHHUC OKPY’KAIOMEH Cpeapl Ha 0Opa30BaHHC
TaNIAKTHK TAKXKEC YMCHBIIACT KOMUYECTBO IaJakTHK HA 25%.

KioueBbie cjioBa: CTaHmapTHAs KOCMOJIOTHYECKAS MOJCHb, Tal0 TEMHOM MATCPHM, JOKAIBHBIA KPH3HUC
TIOJIOCTH.
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