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SUMMARY: The behaviour of Agekyan’s factor - the quantity %‘3;—’;5- appearing
in the formula of Agekyan’s criterion for estimating the importance of irregular,

resp. regular forces, in stellar systems - is studied. It is found that in the case of
a mass distribution of stars expected on the basis of stellar statistics the value of
this quantity tends to be about 2. In general, the value of Agekyan’s factor exceeds

one, increasing gradually with N (number of stars in a stellar system) towards 2

expected for N high enough. According to Agekyan’s criterion with taking into
account the present results a classification of gravitationally bound stellar systems
consisting of stars based on stellar dynamics is proposed.

‘1. INTRODUCTION

. Agekyan’s criterion (Agekyan 1962) was for-
mulated for the purpose of estimating the role of ir-
regular, resp. regular forces in stellar systems. It
is characterised by the presence of a factor depend-
ing on the mass distribution in a stellar system (the
present author proposes the name of Agekyan’s fac-
tor for it). Therefore, in order to estimate the role
of these forces in a stellar system with given N (to-

tal number of stars) one should estimate the value of
Agekyan’s factor. This is important because then 1t
becomes possible to compare the results of applica-
tion of Agekyan’s criterion to the case of other cri-
terions developed for the same purpose. In this way
we have approached the final goal, the formulation
~ of a dynamical classification of bound stellar systems
according to their N.

Bearing this in mind the task of the present

paper will be to study the values of Agekyan’s fac-

tor in systems containing stars and to try to formu-
late a classification of bound stellar systems based

on Agekyan’s criterion.
2. PROCEDURE

The role of irregular, resp. regular forces, in
stellar systems in Agekyan’s criterion is estimated
through the ratio of the volume of a stellar system

where the former dominate over the latter ones to
the entire volume of the system. The corresponding

formula (Agekyan, 1962 - form. (5) ) is
IN—1/24, (1)
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The designation m refers to the mass of an in-

dividual star and < > means that the mean value is
taken over the entire system. It is seen that the for-

mula is a product of two dimensionless factors where

the first one is a monotonous function of N and
the second one denoted A is what has been called
Agekyan’s factor above.

The dependence of the role of the two types of
forces on N is clearly indicated through the first fac-
tor, whereas the presence of the second one makes
this dependence less clear. The cases of some sys-
tems of galaxies where members exist a few orders of
magnitude as massive as the other, are well known;
also there are possibilities of existence of very mas-

sive clouds of interstellar matter. In all these sit-
uations Agekyan’s factor can attain extremely high

values. However, these cases, being really rather ex-
treme, will not be treated in the present paper which
is confined to ordinary gravitationally bound systems
consisting of stars only. This circumstance enables
one to establish a relationship between the values of

Agekyan’s factor and N.

3. RESULTS

In a system containing a sufficiently large
number of stars the value of Agekyan’s factor can
be obtained through the law of mass distribution. As

well known, the most frequently used law of mass dis-
tribution is a power law where the best known case 1s
Salpeter’s one in which the number of stars within a
narrow mass interval decreases with the power value

of 2.35 (e. g. Marochnik, Suchkov, 1984 - p. 200).

It is clear that in such a situation the mean val-
ues also depend on the mass limits assumed for the

‘stars. Taking into account the mass values usually
cited for ordinary stars one assumes here the values

of 0.1 My and 50 My as the lower and upper lim-
its, respectively. Using them one easily obtains 2.19
for Agekyan’s factor in the case of Salpeter’s law.
Other variants of the power law are also treated and
it 18 interesting to note that the highest value for
Agekyan’s factor (about 2.8) appears when the ex-
ponent is equal to —1.8. This is the consequence of
the mean value of about 1 My (to be compared to
0.34 Mg in the case of Salpeter’s law). -

On the other hand in the book by Marochnik
“and Suchkov, in the same chapter, the authors men-
tion some reserves concerning the application of Sal-
peter’s law, in the sense that the fraction of low mas-
sive stars (e. g. less massive than 2 M) yielded
by it is too small, whereas the one of high-mass
stars (say, exceeding 10 My ) appears to be too large.

Therefore, it becomes necessary Salpeter’s law to be
amended. On the basis of what 1s given in the book

by Marochnik and Suchkov (form. 13.1.9, p. 202)
one finally finds that the value of Agekyan’s fac-

tor suggested by stellar statistics should be about
2. As an example it can be also stated that a com-
bination of a power law of —1.75 within the interval
0.1Mgy—1Mg and Salpeter’s law beyond this interval

yields A = 2.01 with the mean mass of 0.588 M.

On the other hand, Agekyan’s factor cannot
be less than 1, this being the case, as easy to see,
when all the stars in a stellar system have the same
mass. It is clear that the larger N is, the lower 18 the
probability of all star masses to be equal. Strictly
speaking 1t is impossible to find two stars with ex-
actly equal masses, however bearing in mind the con-
straints of mass determination one may consider two,

or more stars, with masses nearly equal (equality

within error limits) as if they were equal exactly.
Therefore, one may conclude that normally Ageky-
an’s factor lies within the interval 1 < A < 2.

It is, certainly, of interest to study the rela-
tionship between Agekyan’s factor and N. Though,
at first %ance, 1t may seem that in systems contain-
ing a sufficiently large number of stars, A is expected

to be about 2 (based on what has been established
above) with a small dispersion and at the same time

that in systems containing a smaller number of stars
one can only expect A to be greater than 1, some
kind of relationship based on probability theory can
be found.

It seems according to modern stellar statistics
that the frequency of systems of stars is inversely
proportional to to the number of stars per system so

that the double stars are the most frequent (e. g.
Anosova, 1990). This circumstance enables to imag-

ine a sample of many double stars and then to under-
take the calculation of the mean value of Agekyan’s
factor in it. The rate of stars of different mass will,
certainly, be reflected so that the combinations con-
taining rare stars will also be rare, or less frequent. In
this way it will be possible to estimate the expected

value of Agekyan’s factor for double stars.

For this purpose the individual stars are di-
vided into several mass groups where the limits of
these groups are chosen following the formula pre-

sented by Marsakov and Suchkov (1984 - (13.1.9),
p. 202). The frequency of each group is determined

according to the mass-distribution law for individual
stars assumed above. The presentation of the groups
18 given 1n Table 1.

Table 1.
Group

Frequency of the chosen star groups

Mass limits (Mg)
0.1 — 0.4
0.4 — 1.0
1 - 2
2 — 10
~ 10 — 50

Frequency

11%
27%
1.3%

0.02%
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Fig. 1. Agekyan’s factor versus number of stars.

For the case of double stars Agekyan’s fac-
tor is determined for all possible combinations of
the groups. As the first step its mean value is es-

timated within each combination (smoothing proce-

dure), then after assigning to the combination its
weight which is proportional to the probability where
the latter one directly depends on the frequency (Ta-

ble 1), one obtains the expected value of Agekyan’s
factor for double stars as a weighted mean. The re-
suit i1s 1.07. By applying analogous procedures the
expected values of Agekyan’s factor are estimated
 also for the systems of higher multiplicity. As ex-
pected these values increase with N increasing. The
corresponding dependence is presented in Fiq. 1. As
seen from the figure at N about 260 Agekyan’s factor
already reaches its statistical value of 2.

The substitution in (1) of the results prééented

in Fig. 1 enables one to estimate the rate of the
irregular forces in systems of stars on the basis of
Agekyan’s criterion. Some values of this rate can
be indicated as critical. For example, the rate of
the irregular forces (1) reaches the value of 1 at N
between 5 and 6. If the role of the irregular forces
is considered as negligible when (1) yields values less
than, say, 5 %, then this condition will be satisfied
1n systems with N greater than 6400.

It is also possible to propose a classification of
gravitationally bound systems of stars which is based
on Agekyan’s criterion through the values found here
for Agekyan’s factor:

Y ‘.
3 log N

multiple stars - 2 < N < § - rate of 1rzreguia:
forces exceeds 1;
systems intermediate between multiple aizes

and open clusters - 5§ < N < 100 - rate of irreguiar
forces less than 1, but Agekyan'’s factor less than 2;

open clusters - 100 < N < 10000 - rate of -
5egular orces not negligible, Agekyan’s factor about

globular clusters and galaxies - N 2 10000 -
rate of irregular forces negligible.

The limits in N, such as the upper one ior
the intermediate systems and further on do not cor-
respond exactly to the values given in Fig. 1; they
are rather suitable round numbers sufficiently ciose
to the critical ones. The names of the systems ap-
pearing in the proposed classification are connected
with our intuitive concepts of the given systems of
stars. In our intuition based on stellar dynamics
multiple stars are expected to be the systems where

the irregular forces prevail. On the other hand open
clusters are interpreted as systems where statistical
effects are expected to be of importance, therefore
Agekyan’s factor in them should be near its statisti-
caﬁ value, found here to be about 2. As a subclassifi-
cation one may add the notions of small open clusters
(N ~ 10%) and large open clusters (N ~ 10°) where
in the latter ones the rate of the irregular forces is

less than 10 %. Finally, globular clusters and galax-
ies are understood as systems in which the irregular

forces are generally negligible.
3



4. DISCUSSION AND CONCLUSIONS

It should, certainly, be pointed out that the
classification proposed here cannot be understood as
universal since it is based on one criterion only - that
of Agekyan. The problem of classifying dynamically
the gravitationally bound systems of stars is impor-
tant and it deserves further thorough studies taking

into account other results. |
In any case what results from Agekyan'’s crite-

rion should be compared to the results following from

another criterion. As a suitable criterion for estimat-
ing the importance of the irregular (regular) forces in

systems of stars one can mention the amount of the
relaxation time of a system expressed in terms of its

crossing time (e. g. Binney, Tremaine, 1987 - form.

(8.1), p. 489). In this formula the ratio relaxation
time to crossing one depends on N only. Its recipro-

cal value may be compared to results of applying (1)
after taking into account the relationship between
A and N established here. The agreement is satis-
factory since the values yielded by the two formulae
“are of the same order of magnitude. This is enough
with regard to the approximative character of both
formulae. The best agreement is reached in the do-

main of N ~ 10% where the values yielded by the
two formulae are approximately equal, however for
N ~ 10! the formula given by Binney and Tremaine
yields systematically higher amounts, whereas in the

domain of N ~ 103 the situation is converse.
On the basis of the present estimates 1t 1s

concluded that in the gravitationally bound systems
consisting of ordinary stars (covering mass interval
0.1 Mg - 50 Mg) the values of Agekyan’s factor are

expected to exceed 1 and to increase with increasing
N (total number of stars) to attain the value of about

i
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2 at N sufficiently high (say > 250). This conclusion
has a rather statistical character.

The amounts of Agekyan’s factor, obtained 1n
such a way and substituted in (1), enable a more di-

rect application of Agekyan’s criterion to be made
for the purpose of estimating the role of the irregu-

lar, i. e. regular, forces in such systems. The agree-
ment between the estimates resulting from (1) and

those based on the ratio of the relaxation time to the
corresponding crossing one are satisfactory. Finally,

according to the results obtained here by using Sl)

a dynamically based classification of gravitationa ly
bound systems consisting of stars is proposed.
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O BPEIHOCTMA ATEKJAHOBOI' YYIHHIOILILA Y 3BE3IAHNM CUCTEMVYIMA
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OputurasHU HAYYHU paod

[IpoydaBa ce roxaillame Arek jaHoBor 1MHHOLLA,

BEITHIHHE %{%@ﬁ Koja durypuuie y GopMyJIn Are-
KjaHOBOI' KPUTCPMjyMa 3a MpOLCHY 3HavYaja Mpery-
JapPHUX, OOH. peryjiapHUX cuia, y 3BE3NaHMM CHUC-
reMuMa. HaheHo je na y ciydajy pacrionedie 3se3za 1o
MacaMa Koja ce¢ 09eKyje Ha OCHOBY 3BC3faHC CTaTHC-
THKE BPpETHOCT OBE BEJIMIMHE MMa TCHICHIIUjy Oa Oyxae

oko 2. YormmTe, BPEAHOCT ArekjaHOBOI THHMOLA je
Beha X jellaH M rocTeneHo ce noschasa ca noechateM
N (Gpoj 3pe3na y 3BEIMAHOM cuc'reuy) npeMa 2 3a
IOBOJEHO BeJIMKO N. ¥ cKkjialy ca ArekjaHOBUM KpH-
TEPUjyMOM, y3uMajyhu y o63up oBlIc HOOHMjCHE peay-
TaTe, TNpelIaxe C¢ jedHa KiacuuKalmja rpaBHTa-
LMjCKM BE3AHMX CHCTEMa KOjU Ce CacToje Od 3Be3na
3aCHOBaHa Ha 3BE3NaHOj AMHAMHUILH.




