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MASS DISTRIBUTION OF DARK MATTER HALO
AND SCALE EVOLUTION OF EARLY TYPE GALAXIES

Abstract. In this paper we use two suites of ultra-high resolution N-body simulations Phoenix and Aquarius
Projects to study the assembly history of sub-halos and its dependence on host halo mass. We found that more
massive haloes have more progenitors, which is in contrast with former works because they counted dynamical
progenitors repeatedly. Less massive halos have larger fraction of dynamical progenitors than more massive ones.
The typical accretion time depends strongly on host halo mass. Progenitors of galactic halos are accreted at higher
redshift than that of cluster halos. Once these progenitors orbit their primary systems, they rapidly lose their original
mass but not their identifiers. Most of the progenitors are able to survive to present day. At given redshift, the
survival fraction of accreted sub-halos is independent of host halo mass, while sub-halos in high mass halos lost
more mass.

In the second part, we use a semi-analytical galaxy formation model compiled on a Millennium Simulation to
study the size evolution of massive early-type galaxies from redshift z = 2 to present days. We find that the model we
used is able to well reproduce the amplitude and slope of size-mass relation, as well as its evolution. The amplitude
of this relation reflects the typical compactness of dark matter halos at the time when most stars are formed. This link
between size and star formation epoch is propagated in through galaxy combinations. Minor combinations are
increasingly important with increasing present day stellar mass for galaxies more massive than 10'*Mg. At lower
masses, major combinations are more important. In situ star formation contributes more to the size growth than it
does to stellar mass growth. Similar to former works, we find that minor combinations dominate the subsequent
growth both in stellar mass and in size for early formed early-type galaxies.

Key words: dark matter halo, semi-analytical galaxy formation model.

1. Introduction. The un-evolution sub-dark matter halo mass function (USMF) describes the mass
distribution of all precursor dark matter halos involved in the construction of the dark halo and its
substructures throughout the dark halo formation. The mass distribution of dark matter halos. Some of
these dark bodies that fell into the main dark halo disappeared, and some survived as a sub-dark matter
halo. Their mass distribution plus the influence of evolution is the current sub-dark matter halo mass
distribution. In order to understand the dependence of the sub-dark matter halo mass function on the
quality of the main dark halo, we need to know more about it from the USMF. First, whether the USMF of
the galaxy cluster darkness and the galaxy dark halo is the same; second, whether the current sub-dark is
dependent on the quality of the main dark halo is caused the evolution is different at the beginning. In
paper [1] were studied the distribution of the current dark halo in 2009. They found that the USMF does
not depend on the quality of the main dark halo. This result is a bit strange, because the energy spectrum
of the standard cosmological model is not scale-independent, so it is difficult to understand why the main
dark halo of different scales actually have the same USMF.

We use the dim sum of the tree to track all the predecessors. First we need to build the main branches
of the dark matter halo and the trees. Our method is to start with the main dark halo of the redshift z = 0,
find the predecessor of the highest quality of its last time point, and then find the predecessor of the
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highest quality at this moment. Repeat this step until the darkness of the predecessor is too low cannot be
resolved (there are 32 particles in the numerical simulation we used), and the precursors of the largest
mass at each moment constitute the main branch of the combined tree. Then, if a dark halo eventually
enters the radius of the main branch (R,), it is defined as the darkness of the predecessor. The darkness of
the predecessor is very important when accretion is a sub-dark halo, and many previous work gives a
variety of definitions. For example: in the paper [2] used the moment when the dark halo entered the FOF
group of the main branch; in the paper [3] used this dark matter halo to reach the moment of its greatest
quality in history. In this work, we define the maximum wraparound velocity (V,,.,) of a sub-dark matter
halo, and it is also an independent dark halo, defined as its accretion time. Correspondingly, its mass is
now defined as the accretion mass. We use this definition because of Gao et al. [4] found that the mass of
a satellite galaxy closely related to the peak of the maximum surrounding velocity of the sub-dark matter
halo.

The combined tree of dark matter halos is generally very complicated, we need to consider two
special cases, I will explain it in detail next. 1) Ejected halo: a dark halo has been briefly appeared within
the radius of the main branch, but it is eventually popped out when the redshift z = 0, and it is disappeared
in the outside of the virial radius of the main dark halo. Previous work found that the dark halo that was
ejected within the virial radius of 1~3 times around the main dark halo, and the probability of being
popped was related to their own quality, which is the main cause of the deviation of the aggregation.
Because the main dark halo is less affected by the current sub-dark halo distribution, we did not include
this part of the dark halo in the predecessor dark halo sample. 2) Through the dynamical progenitor: that
is, the former branch through multiple times of the main branch in dark matter halo. After the dark halos
of these predecessors entered the radius of the main branch, one or several redshifts appeared outside of
the radius of main branch, but eventually it is disappeared within the main branch or within the main dark
halo’s virial radius when the redshift z = 0.

The definition of the dark halo used in our predecessor is completely different from the early
observations [5]. They use the combined tree of the FOF group to find the dark halo of the predecessor,
and the dark halo which we are looking for the main combination into the R, of the main dark halo.
Because there are some dark halos in the FOF group are only connected by a thin particle "bridge" and do
not belong to the same system, our method can remove these false "sub-dark halos". In addition, the way
we track the darkness of our predecessors is completely different. When tracking the predecessor’s dark
halo, they only considered the dark halo of the main branch into the main combination, ignoring the dark
halo of the predecessors, which first combined into other dark halos and followed other dark halos into the
main branches. This method can give us less statistics of a large number of the dark halo’s predecessors.
In the work of Li and Mo [6] counted all the dark halo’s predecessors, including dark matter halos which
first entered other dark halos. But these dark matter halos, which first enter other dark halos, may have
been broken up before entering the main dark halo, so they ultimately did not contribute to the sub-
structure of the main dark halo, and their quality has been incorporated into their host dark halo at the
time. When the host darkness enters the main branch, it is counted as the quality of their host dark halo, so
they repeat the statistics of the quality of these dark halos. In our work, there is no statistics of dark halo
which are disappears in the darkness of other predecessors. The two important differences between Li
Yun's work and our work are that they count as a predecessor of dark halo every time they meet.

2. Mass distribution of dark matter halo. In figure 1, we compare the ratio of Phoenix dark halo
and Aquarius dark halo through the predecessor dark halo to all front of main dark halos. The figure
shows the median values of 7 Phoenix dark halos and 6 Aquarius dark halos. Through the darkness of the
predecessor dark halo, the R, that repeatedly enters the main branch is repeated, and the predecessor dark
halo that eventually disappears in the main dark halo. The results for Phoenix are indicated by solid red
lines and the results of Aquarius are indicated by solid black lines. The horizontal axis is the quality of the
dark halo of the predecessor normalized by the quality of the main dark halo. Note that at this time we are
counting the predecessor dark halo which passed through the front, not the number of crossong times of
the predecessor dark halo. It can be seen from the figure that when the quality of the current dark halo is
greater than 1/1000 of their main dark halo quality, whether it is Phoenix dark halo or Aquarius dark halo,
the proportion of predecessor dark halo through the front is small. But the proportion of dark halo lower
than this quality is very large. Phoenix's galaxy group has about 35%, and Aquarius's galaxy group has
about 50% of its predecessor dark halo has crossed the main branches for many times.
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In figure 2, we present the USMF for the integration of the Phoenix numerical simulation and the
Aquarius numerical simulation. The red solid and black solid lines represent the median of the USMF for
each of the seven Phoenix galaxy cluster halos and the six Aquarius galaxy dark halos, respectively. The
quality of the main dark halo limits the quality of its sub-dark halo, and the dark halo of the galaxy cluster
is even greater than the mass of the galaxy dark halo. In order to remove the dominant main dark halo
dependence to the quality, we use the quality of the predecessor dark halo normalized by the main dark
halo mass M,,, / Mj.,. The figure 2 gives the mass function of the integral, which makes the difference
between the different samples more obvious. As can be seen from the figure 2, the USMF is obviously
dependent on the quality of the main dark halo, and the Phoenix main dark halo of the galaxy cluster level
contains an average of 30% substructures more than the Aquarius main dark halo of the galaxy cluster
level.
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Figure 1 - The median ratio of the seven Phoenix Figure 2 - The median of the seven Phoenix
and the six Aquarius to the dark halo dark halos, and the median
of the predecessor to it's quality of six Aquarius dark halos

Below, we study the survival rate and survival mass ratio of the two redshifts z = 2 and z = 4, which
are accreted by the precursors. The triangle line in figure 3 represents the survival rate, and the number of
survivors compared to the number of surviving dark halo, which was accreted by the redshift. The square
line indicates the survival quality ratio, and the mass of the dark halo which is surviving to the present,
compared to the mass when they were just accreted. Red and black indicate the result of Phoenix dark halo
and Aquarius dark halo, respectively. It can be seen that whether it is in Phoenix dark halo or in Aquarius
dark halo, at the redshift z = 2 , the accreted predecessor of the dark halo, which mass is larger than the
(log(My106/Maoo, - = 0) > 107°), about 90% have survived to the present.
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In figure 4, we show the relationship between the survival rate and the survival mass ratio of all the
precursors, which accreted at all times in the history of the whole accretion, and the quality of the
predecessors. Red and black line give the median values of Phoenix Dark Halo and Aquarius Dark Halo,
respectively. The error bars represent the full range of diffusion for each of the sewen Phoenix dark halos
and six Aquarius dark halos. Triangles and squares represent survival and survival mass ratios,
respectively. It can be seen from the figure 4 the survival rate of the dark halo of the predecessor is more
dependent on its quality, and the massive predecessor dark halo is more easier to be destroyed, because the
greater the mass of the dark halo, the stronger the dynamic friction. The dynamic friction and the tidal
stripping force work together to make the massive dark halo predecessor’s survival rate lower.
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Figure 5 - The median value of the existing sub-dark matter halo Figure 6 - Scale-quality relationship of early-type
in the Phoenix dark and Aquarius dark halo galaxies at different redshifts

In figure 5, we show the median value of the survival mass ratio of Phoenix dark halo and Aquarius
neutron dark halo and their relationship » / g in the main dark halo. To compare the dependence of this
relationship on the sub-dark halo mass function, we divided the sub-dark halo samples into two parts
according to the mass: 10°< M,/ M, < 10° and 10° < M,,;, / M,. The error bars represent the full
dispersion of Phoenix Dark Halo and Aquarius Dark Halo. It can be seen that the survival mass ratio of the
sub-dark matter halo has a strong correlation with their distance from the center, and this correlation does
not depend on the mass of the sub-dark halo.

In figure 6 gives the median distribution of the scale-quality relationships for the three samples
(samples represented by red, green, and black solid lines). It can be seen that the slope of the scale-quality
relationship is almost independent of the redshift, and the amplitude has increased by about 1.2 times from
the redshift z ~ 1.6 to the present. The square in the upper graph in figure 6 represents the scale-mass
distribution of the galaxies of each sample in the redshift z = 0. Unlike the dashed lines, they only contain
the early galaxies of the satellite galaxies when the redshift is z = 0. About 27% of the MidZ galaxies,
about 21% of the HighZ galaxies are satellite galaxies in nowadays. The higher the dark matter of the
same mass, the higher the redshift and the denser, the evolution of the dimension follows to this formula
Ry (2) H(z)_Z/3 .

3. Formation of early galaxies. In figure 7, we examine the contribution of different physical
processes to the mass of early-type galaxies. We follow the main branches of the combined trees of each
galaxy, and record the in-situ star formation, the galaxy main combination, the minor combination,
starburst, and this contribution of these four physical processes to the mass growth during the growth of
the galaxy. Divided by the total stellar mass, and all sample galaxies take the median by mass interval.
The solid line indicates the result of the LowZ galaxies, and the dashed line indicates the results of the
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MidZ galaxies. In the process of in-situ star formation, we distinguish between stars formed by starbursts
caused by galaxies (indicated by black) and stars formed statically on galaxies (indicated by green). We
distinguish the main combination (indicated by blue) or minor combination (indicated by red) according to
the mass ratio of the two galaxies.

In figure 8, we present the scale-growth process of four galaxies with redshift z = 0 in the model. We
record the changes in the mass and radius of the galaxies caused by different physical mechanisms at each
moment, and link the changes on the scale-quality map with lines of different colors. The change in
quality is monotonous, but the scale is usually increasing or decreasing. At low quality (high redshift
time), the scale and quality of our sample galaxies grow mainly through the formation of static stars (black
lines) on the galaxies, and the quality formed during this period is only comparable to the final mass of the
galaxies. Very small, but the most scaled growth is very effective. After the redshift z = 2 (vertical dotted
line), the evolution of the galaxies is dominated by the combination. Consistent with the statistical
average, the main combination (blue) dominates the growth of relatively small-mass galaxies, and the
minor combination dominates the growth of large-mass galaxies.
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mechanisms to stellar mass growth galaxy-scale growth of the main combination

As shown in figure 9, there are several very important features in the sample which we are tracking.
For example: there is no significant difference in the scale of growth between main and minor
combination in terms of growth unit mass. Part of the reason is because we used in the calculation of the
galaxies' scale changes, contains the mass ratio. Before the combination, the radius of the two galaxies
were: 5.9 kpc and 1.7 kpe, and the corresponding masses were: 12.2x10'° M and 8.8x10'° M. After the
combination, the projected radius of the newly formed galaxies is 5.1 kpc.

Figure 10 shows the average scale and mass change from the (HighZ (red solid line) and MidZ (blue
solid line)) high redshift early galaxies to the low redshifts. We will compare the evolution of the galaxies
after the minor combination process, which will cause the shape of the galaxies to change. We only
consider the scale and quality of the nucleus to remove the influence of the disk of the galaxies. We found
that although the MidZ galaxies are not early galaxies when the redshift z = 2, their scale and quality are
pursuing HighZ's early galaxies. As can be seen in figure 16, the HighZ early-type galaxies are redshifted
from z = 2 to redshifted z = 0. The quality has increased by 2 times and the scale has increased by
1.9 times. The MidZ galaxies’ mass increased by 1.7 times from the redshift z = 1 to the redshift z = 0,
and the scale increased by 1.5 times.
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4. Conclusion. We use the latest half-system galaxies formation model to study the scale evolution of
large-scale early galaxies. We found that the half-mass radius of the early-type galaxies with redshift z =0
in the simulation is 1.8 times larger than the radius of the early-type galaxies with the redshift z = 2
selected by the same method. This discovery is consistent with many recent observations.

When we choose galaxies in the same way in different redshifts, we are not choosing the same
galaxies. In low redshifts, new galaxies are constantly becoming early galaxies. The number of early
galaxies has increased by 100 times from redshift z = 1 to z = 2. Therefore, most of the current early-type
galaxies are not early-type galaxies in high redshifts, and the mass range of early-type galaxies are also
changed. Therefore, there are two main reasons for the changes in the scale of early-type galaxies.

Convergence, stellar accretion, and in situ star formation preserved this dependence on formation
time, to a greater or lesser extent, in the evolution of early-type galaxies during low redshift periods.
Compared with star formation, the combination dominates the quality and scale evolution of early low-
shifted galaxies, and the minor combination is most important for the evolution of early-type galaxies with
My > 3 x 10" M. The starburst caused by the combination only contributed 5% in quality growth,
indicating that starbursts occurred less. Previous studies have shown that the red-shifted z = 1 after the
combination is a lack of gas, consistent with our conclusions. In-situ star formation contributes more to
scale growth than to mass growth. But for large-scale galaxies, in-situ star formation contributes less to the
scale or mass than to the combination process. We found that early-type galaxies formed by high redshifts
mainly grew by sub-combination in the subsequent evolution. Their nuclear mass and nuclear sphere
radius increased by 2 and 1.9 times from redshift z = 1 to redshift z = 0, respectively. When we studied
the growth of individual galaxies, we found that a single galaxies combination or star formation may also
shrink the scale of the galaxies.

The model we used did not incorporate the physical process of gas interaction energy dissipation
when combined, which resulted in our results being too large for observations with high redshift gas [10].

Most early-type galaxies formed by high redshifts have evolved to today's central galaxies (of course,
most of the current central galaxies are not early-type galaxies at high redshifts). Then it is very interesting
to study the high redshift early galaxies in the low redshift state, or the low redshift galaxies in the high
redshift mass form distribution. These studies are relatively easy to implement in a half-cutting system.
We have conducted some research and look forward to publishing follow-up articles. In addition, the
observations emphasize the “binomiality” of galaxies evolution (Huang et al., 2013). The observations
show that high-redshift galaxies and low-redshift galaxies are consistent with the mass density profile
within 1 kpc from the center. The density profile within the internal 1 kpc is also independent of galaxy
mass. That is to say, the early-type galaxies with high redshifts only change externally during the
subsequent evolution. This question is also very interesting, but after some tests we made it, we regretted
that we could not study this issue using the current model.
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18J1—<13apa6p1 ateiaaarel Kaz¥V, Anmatel, Kazakcran;
’Mexkcrka YITTHIK ABTOHOMHUSLIBIK yausepcureti (UNAM)

KAPAHI'BI MATEPUSA T'AJIOCBIHBIH MACCAJIBIK TAPAJIYbBI
7KOHE EPTE THUIITEI'lI TAJIAKTUKAJIAPABIH TY3LJTY 9BOJIIOIUSICHI

AnHoranus. JXymbicta cyO-rajonapiblH JKHHAKTATY TapUXbIH JKOHE OHBIH Tal0 MaccachlHa TOYEJJIUIITiH
3eprrey yuwin Phoenix men Aquarius Projects-TiH KOFapbl yJIbTpa aXbIpaTbIMIBUIBIFBIHBIH N-I€HENK MOJIeNbACYiH
KOJIJTaHAMBI3. MaccallblK TaTOHBIH HETi3iH KaJayIIbIHbI aHBIKTAIbIK, OYPBIHFBI )KYMBICTAPMEH CaJBICTRIPFAHIIA, OIap
JMUHAMUKAJIBIK HETI31H KajaraH rajojapJsl OipHENIe peT ecenTercH. A3 MacCHBTI TajoFa KaparaHIa Maccachl a3
rajonapra JUHAMHKAIBIK YHKETICTIH YIKeH ocepi Oap. OmETTeri >KMHAKTAy YaKBITHI Taj0 MaccachlHa TOYeJi.
[MaakTHUKAIBIK KapaHFbl MATEPHsl TajoJapblH HETI3iH Kypaylibl KbI3bUI BIFBICY KE3iH/E KIACTEPIIK rallakTHKAaIbIK
rayioyanapra KaparaHnua »Xorapel Oonmanbl. byn Gacray e3nepiHiH anFamIkel JKyidenepiHiH aifHamachblHOa OOJFaHHAH
KeHiH, HAeHTH()UKATOPJIAPBIH eMeC, 0acTalKbl MacCachlH TE3 YKOFaITaabl. ATaJbIK raJojapAblH KOIIIUIr OyriHre
JeiiiH eMip cypin kennai. bepinreH KpI3pUT BIFBICY Ke3iHAE aKKpEUWsUIaHFaH CyO-TaJocTapAblH TIpLIUIIK eTy yIeci
HETi31H KaJaFaH rajlo MacCachblHa TOYEI i eMec, ajl YJIKEH rajoyiapIarsl cyOraaoaap Ker MacCcachlH )KOFaITaIbl.

Exinmri 6emimae 013 z = 2 KbI3bUT BIFBICYBIHAH OacTar OYTriHre AeHiHTT MACCHBTIK €pTEe THITI rajaKTHKAIAP/IbIH
KOJIEMJTIK IBOJIIOLMSICHIH 3epTTey YIIiH MBIHXbUIIBIK Moenbaeyi OolbIHIIA KYpacThIPbIIFaH rajlaKTUKaHbIH Maiiia
OOJYBIHBIH JKapThUIA aHAIUTUKAIBIK MOJENIH KOJJaHaMbI3. bi3 KOJJaHFaH MOJENh aMIUIMTYJAackl MEH Keioey
MOJIIIePiH, COHJA-aK OHBIH ABOJIOIMACHIH JKaKChl IIBIFAPYFa KaOUICeTTI €KeHIH aHBIKTaiMBI3. ByJl KaThIHACTHIH
aMILUTUTYIAChl KOINTEreH >KYIIbI3Iap Maiiia OOoNFaHIaFbl KapaHFbl MAaTEpUs TaJOCHIHBIH THUNTIK BIKIIAMIBLUTBIFBIH
KepceTeni. by emmemM MeH XYIIIBI3AapAbIH Maiina 601y A0yipi apackIHIAaF OaljIaHbIC TalaKTUKAHBIH TipKeciMaepi
apKBUTBI Tapanaapl. [ amakTUKamap VIIH Ka3ipri >KYJIABI3 MacCachIHBIH ©cCyiHe OalIaHBICTBHI KIIITipiM KOMOWHA-
UsuIap 10”‘4M@—neH YJIKeH MaHbI3Fa He. TOMeHTi Macca/ia HeTi3ri KoMOWHAIsIap MaHbRIBL. JKYIIIbI3 emeMiHiH
YIFaloblHA KapaFaHIa KYJIIbI3 MacCachbIHBIH KoOetoiHe KoOipeK BIKNal eTeli. bypbIHFBI dKYMBICTapFa YKcac, Killi-
ripiM KOMOMHAIMsIIAp JKYJIABI3ABIK Macca OOWBIHIIA Ja, epTe Maima OONFaH epTe THUITErl rajJaKTHKalIapaa Keem
OoiibIHIa 1a 6ackIM O0NaIbL.

Tyiiin ce3mep: KapaHFbl MaTepHst I'ajlo, raJaKTUKAHbIH JKapThUIall aHATMTUKAIIBIK TY31Tyi.
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'Kasaxckuii HALMOHABHBIN YHUBEpCHTET HM. Anb-Dapali,
*HanuoHasbHbII aBTOHOMHBIH yHIBepcuTeT Mekcukn (UNAM)

MACCOBOE PACHPEJIEJIEHUE I'AJIO TEMHOM MATEPUH
N MACHITABHASA 9BOJIONUA T'AJIAKTUK PAHHUX TUIIOB

AnHoTanusi. B cratbe MBI Hcrnone3yeM JBa HaOOpa MoJenupoBaHHs N-Tela CBEPXBBICOKOTO pa3pelleHus
Phoenix u Aquarius Projects 1yist U3y4eHHst ICTOPUH COOPKHU CyO-Tallo U €€ 3aBUCHMOCTH OT MacChl OCHOBHOT'O TaJio.
MBpl 00Hapy KT, 4TO 00JIee MaCCHBHBIE T'al0 UMEIOT OOJIbLIE MPEALIECTBEHHUKOB, YTO KOHTPACTUPYET C MIPEAbLIy-
IMKAMH paboTaMu, MOTOMY YTO OHHM HEOJHOKPATHO CUUTAIN JWHAMHYECKHE IPEIIIECTBEHHUKN. MeHee MacCHBHBIE
rajo MMEIOT OOJNIBIIYIO [OJII0 JUHAMHYECKMX HpPEALIECTBEHHHKOB, 4eM Oojiee MacCHBHBIC. THWITMYHOE BpeMs
AKKpPELWH CHIBHO 3aBHCHT OT MacChl OCHOBHOTO Tao. [IpeniecTBeHHUKY TaIaKTHYECKUX a0 aKKPELUPYIOTCs Ha
OoJiee BEICOKOM KPacHOM CMELICHHH, YeM y TaJI0 CKOIUIeHHH. Kak TONbKO 3TH NMpeANIeCTBEHHHKH BPAIIAIOTCS BOK-
PYT CBOUX MEPBUYHBIX CHCTEM, OHU OBICTPO TEPSIOT CBOIO MEPBOHAYAIBHYIO Maccy, HO HE CBOM MICHTH(HKATOPHL.
bonpmMHCTBO NpeamIecTBEHHUKOB JOKUBAIOT 4O HAIIMX AHEeH. IIpu JaHHOM KpacHOM CMEIIEHHH 01 BEDKUBAHUSA
cy0-raso He 3aBHCHT OT MacChl OCHOBHOTO Tajo, B TO BpeMs Kak cy0-Trano,) B OCHOBHOM rajio ¢ OOJBIION Maccoit
TEPSIOT OOJIBINE MACCHI.

Bo BTOpPOI1 YacTH MBI UCITIOJIB3YEM MOJTYaHATUTHYECKYIO MOJIENIb 00Pa30BaHuUs raJIaKTHK, CKOMITMIMPOBAHHYIO C
nomouipto Millennium Simulation, ajist u3yueHHs: IBONIOLUMHM Pa3MEPOB MAacCCHBHBIX TaJIAKTUK PaHHHUX TUIIOB OT
KpacHOTo CMeIIeHus z = 2 10 HaluX AHeil. Mbl 00Hapy KWiM, YTO MCIOJIb30BaHHAs HAMH MOJIEINIb CIIOCOOHA XOpOLIO
BOCITPOM3BECTH AMIUTUTYly W HAKJIOH 3aBUCHMOCTH pa3Mep-Macca, a TakXKe €€ IBOJIIOLHI0. AMIUIUTY 1A 3TOTO COOT-
HOUIEHUSI OTPAXaeT THIMYHYI0 KOMIIAKTHOCTh rajlo TEMHOW MaTepuH B TO BpeMsl, Korjga oopa3yercs OOJIBIIHHCTBO
3Be3]. OTa CBA3b MEX/Y Pa3MEpOM M 3I0XOH 3B€371000pa30BaHus PaCHpOCTpaHsETCs yepe3 KOMOMHAIMN T'aaKTHK.
BropocTHnieHHbIe KOMOMHALIMK CTAHOBSITCS BCe 00Jiee BAXKHBIMU C YBEJIIMUCHHEM COBPEMEHHOM 3BE3IHOI MacChl IS
TAIAaKTHK ¢ MacCUBOM OoJiee 10“‘4M@. ITpu Gonee HU3KUX Maccax 0ojee BaKHBI OCHOBHBIE KOMOWHAITH. 3BE3J10-
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oOpa3oBaHUe OOJBIIE CIIOCOOCTBYET YBEIMYCHUIO Pa3MEPOB, U€M POCTY 3BE3QHOIM Macchl. [10100HO mpempaymum
paboTam, Mbl OOHApy)XHMBaeM, 4YTO HE3HAUUTEIbHbIE KOMOMHALWK JOMHHUPYIOT B IIOCIEAYIOLIEM pPOCTEe Kak
3BE3HOM MacChl, TaK M pa3Mepa Ui paHo CHOPMUPOBABLIMXCS aJaKTHK PAHHUX THIIOB.

KiroueBble cj10Ba: rajgo TeMHOH MaTepyu, NOJIyaHATUTHIECKOE 00pa30BaHMe rajlaKkTHK.
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