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KOMIIAKTHHE TI'PYNIb KOMIOAKTHWX TAJIAKTUK

PE3IWME

OrmMeuena mioHepckasd pabora @ . [IBUKKYM N0 UBYUEHUIO KOMMAKTHBLIX ralakTHK, ykasasiiero Ha Ooabiuyio
YaCTOTY BCTPEYAEMOCTH KOMITAKTHBIX MaJakTHK B KPATHBIX CHCTEMAX M CyWECTBOBAHUS ux bKOHJleHMM
YTouneHo oripefieieHue KOMNAKTHOCTH MaNaKTUK ( CPEeAHss NOBEPXHOCTHAS SpPKOCTh 6oabue 20M ¢ KBaj-
paTHOM CeKyH/Ibl, B KpacHbIx Jyuax), Ha kaprax [lanomapckoro arjaca BbABJIEHO CyllecTBOBaHne bosee
250 CUCTEM, KOMIIAKTHBIX M COCTOANIMX U3 OKOJO AECHTKA ralakTHk, B CBOEM GoJbIIMHCTEE KOMMAaKTHBIX
4ACTO 9IMITHYECKUX WK chepudeckux, MHOTME U3 9TUX CUCTEM UMEIOT HeoOblunbie KOHpUIypammy (ue-
HOUKY, KpUBOJMHEHbIe CTPYKTYpPbI C nycroToit B yenTpe u T.1.). Ha npumepe cucrem llax6azan 1 v 123,
06Jl‘1]ldl()UlMX oueHb HeboJbioi Aucnepcuell paauaibHbIX (‘KOpOC’I‘eM YTO YKas3blBaeT Ha KpailHe HU3KOe
3HAYEHME OTHOWIEHUA MAcCA-CBETUMOCTD, TOKA3aHo, UTO, N0 KpaiiHe#l Mepe, YACTb UJEHOB KOMIIAKTHbIX
rpyNn pasanuaeTes | o Npupojie, oT oObIUHBIX ralaKTHK TeX Xe CBETUMOCTEN

The study of compact galaxies and their systems indicates the unusual physical nature
of these objects, their major significance to physics and the evolution of galaxies.

Zwicky (1971) was the first to appreciate the importance of compact galaxies and conduc-
ted their systematic study. He found out the following regular features:

1. Both blue and quite red objects occur among compact galaxies;

2' Frequently compact galaxies are encountered in pairs, triplets, etc.;

. Clusters of compact galaxies exist; they consist of at least several dozen objects most
of Wthh are described as quite red. Blue objects in those clusters occur very seldom. The di-
mensions of clusters of compact galaxies are comparable to those of usual clusters of galaxies.

The significant investigation of Robinson and Wampler (1973), gave a new impetus to the
research of compact galaxies; they showed that cluster Shahbazian {1 discovered in Byurakan
(Shahbazian, 1957) is a distant compact cluster of compact galaxies possessing quite unusual
properties.

This has led Arp, Burbidge and Jones (1973) to consider it as a unique in characteristic
features of clusters of galaxies. In fact, the Palomar Atlas contains no other group of galaxies
that might equal or excel the group Shahbazian 1° simultan'eously in number of members, in its
compactness and the compactness of the members of the group.

However, the group Shahbazian 1 can also be regarded as the extreme representative of a
broader class of groups of compact galaxies, groups of compact galaxies which are poorer as
to the number of their members or groups. richer yet less compact. Such an approach to the
problem of the existence of compact groups of compact galaxies proved to be quite fruitful.

Compactness is the principal characteristic of galaxies - members of compact groups under
review. Therefore, to distinguish compact galaxies and their groups from the totality of all the
galaxies one must be equipped, foremost of all, with definite practical criteria in order to assign
the galaxies to the compact type. In other words, one must have a definite criterion of compactness.

Zwicky was quite right in suggesting to consider the high average surface brightness as a
criterion of compactness of galaxies. The great value of this quantity in fact characterizes some-

_what the **excited’’ state of the galaxies producing an unusually high surface brightness of com-
pact galaxies.

The experience of studying compact galaxies has led to the conclusion (Ambartsumian et’al.,
1975), that as a correction for this definition of compactness offered by Zwicky, it is convement
to consider compact those galaxies the average surface brightness of which in the red is higher
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than.20™ from the square second of arc.

An examination of the maps of the Palomar Sky Survey has shown that a considerable
number of compact groups of compact galaxies exist, made up of a small number (of the order
of one dozen) of members. Most of the members of those groups satisfy the specified condition
of compactness.

On the other hand, in accordance with the data of de Vaucouleurs® Catalogue (1964) only
1/25 part of all the galaxies possesses the average surface brightness in the red above _20m:/D
i.e. are compact (Ambartsumian et al., 1975). Therefore there are no doubts that the great ma-
jority of the observed compact groups of compact galaxies are real physical systems and not
the random result of projection. Most galaxies of these groups possess red magnitudes in the
interval 17M5 - 1gM5; Saturation of the images on the maps of the Palomar survey is for them
a sufficient condition to be compact, as has been shown (Ambartsumian et al., 1975).

Spectroscopic observations of the group Shahbazian 78 (Ambartsumian et al., 1975;Mirzo-
yan et al., 1975) have shown that its brightest members are stars, while on the photograph of
the group Shahbazian 129 obtained-with the 5-m telescope (Ambartsumian et al., 1975) of the
Palomar Qbservatory, all the objects have star-like images. Only the spectroscopic observa-

tions of this group enable us to determine its true nature. Those data attest that an insignifi-
cant number of groups, consisting of stars or casual groupings of galactic stars and galaxies
may occur in the published lists of compact galaxies (Shahbazian, 1975; Shahbazian and Pet-
rosian, 1974; Petrosian, 1974, Baier et al., 1974; Baier and Tiersch, 1975). However, most of
those groups are undoubtedly real physical systems, consisting of compact and some non-
compact galaxies. Naturally, objects projected on those groups are likely to be included in the
lists of the members of compact groups.,(Shahbazian, 1975; Shahbazian and Petrosian, 1974;
Petrosian, 1974; Baier et al., 1974; Baier and Tiersch, 1975).

Over 250 systems (Shahbazian, 1975; Shahbazian and Petrosian, 1974, Petrosian, 1974;
Baier et al., 1974; Baier and Tiersch, 1975), have so far been included in the lists of compact
groups of compact galaxies, compiled by the astronomers of the Byurakan Astrophysical Obser-
vatory of the Academy of Sciences and the Central Institute of Astrophysics of the Academy of
Sciences of the GDR. Clearly, the total number of compact groups of compact galaxies up to the
limit of the Palomar Atlas all over the sky must be considerably larger: of the order of one tho-
usand.

The group Shahbazian 1 (Robinson and Wampler, 1973; Shahbazian, 1957) containing at least,
20 galaxies, is a relatively rich group of compact galaxies. The linear diameter of this group is
of the order of 200-300 thousand parsecs (Robinson and Wampler, 1973; Ambartsumian et al.,1975).
Some of the members of the group are quite compact.

Croups more compact than Shahbazian 1 are met among compact groups of compact galaxies
included in the lists, however, most of them are less compact.

Spectroscopic observations of the compact group Shahbazian 1 (Robinson and Wampler,1973)
as well as of the brightest galaxies of the compact group Shahbazian 123 (Mirzoyan et al., 1975)
testify to a very smal!l dispersion of radial velocities in those systems as compared to other
groups of non-compact objects. Although, as the observations of Lynds and Khachikian of the
group Shahbazian 4 (Lynds and Khachikian,private) have shown, the small dispersion of radial
velocities is not a property characteristic of all compact groups of compact galaxies, yet the
presence between those groups of systems with small dispersion of galaxies is a highly impor-
tant property for this class.

As distinct from the case of great dispersion of radial velocities, when a strong violation
of the virial theorem cannot be excluded, such great violation is ruled out in this case. Worded
differently, even in case of instability of the system the velocity dispersion cannot be many
times less than the virial one,, if we have not caught the system right in time of the beginning
of the collapse. The latter is, of course, unlikely. Therefore the value of the mass of the system
derived from the virial theorem should be taken as close to the reality. This leads to a very low
value (of the order of unity and less) of the ratio mass to luminosity - M/L. In this way it turns
out that at least several members of the compact groups of compact galaxies differ by their na-
ture from ordinary galaxies of the same luminosities.

Supposing that red compact galaxies consist of a physically homogeneous class of objects,
it should be assumed that even in cases when the dispersion of radial velocities in the group is
large, for instance in the group Shahbazian 4 (Lynds and Khachikian, private), the ratio M/L is
of equally small value. The large dispersion of radial velocities can in this case be accounted
for by the violation of the stability of the system.
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ﬁ: It is to be noted in connection with the problem under c_qnsideration that_the data on ‘
'the rotation of compact galaxies 1 Zw 129 and 11 Zw 70 confirm the small value of the rat!o
‘d/L (O’Connel and Kraft, 1972). In particular, for the compact galaxy | .Zv.v 129 this ratio is
%‘stimated equal to 0.18 (O’Connel and Kraft, 1972). On the other' hand, it is w’ell know'n that
:ébr normal galaxies this ratio is equal to several unities or considerably more. According to
@he investigation by O’Connell and Kraft (1972), the small value of the ratio M:/‘L.and thg obj
served energy distribution in the spectrum of galaxy 1 Zw 129 attest that the mn.tlal Iumunos!ty
tfunction of stars formed in it differed substantially from the corresponding function for the vi-
cinity of the Sun. However, as the observations show (O’Connel and Kraft, 1972), kinematically
compact galaxy 1 Zw 129 differs but little from normal galaxies.

It should be noted that compact galaxies included in the lists of compact groups, are often
very red objects. For instance, according to Bbrngen and Kalloglian’s determination (1974),most
of the compact galaxies in the compact groups Shahbazian 17, 18, 41 and 42 have colour indices
B-V well surpassing 1. This is not surprising as during the search for compact groups {Shahba-
zian,1975;Shahbazian and Petrosian,1974;Petrosian,1974;Baier et.al.,1974;Baier_ and T‘ie.rsch,
1975) particular attention was paid to colour and groups were chosen that consisted mainly of objects
red in colour. .

However, the existence of blue compact galaxies admits no doubt . From this more general
point of view Sargent (1970) believes that compact galaxies, form an extremely unhomogeneous
class of objects. _

Among the biue compact galaxies are kncwn, for instance, (1 Zw 17 and 11 Zw 40) for which
the ratio mass-luminosity is essentially larger than unity (Sargent and Searle, 1970).

Compact galaxies differ sharply as to the relative content of gas. For instance, the mass of
ionized hydrogen in the galaxy 1 Zw 129 by an approximate estimation comes to 0,07 of its total
mass (O'Connell, Kraft , 1972) while its portion in the galaxies | Zw 17 and || Zw 40 is at least of one
order less (Sargent and Searle, 1970).

It cannot be excluded that there is some heterogeneity also among red compact galaxies. The
unusually high surface brightness of compact galaxies can be due to both uncommonly low values
of the ratio mass-luminosity, M/L. and the unusually high concentration of stars in them.Which
of these possibilities is realized in each particular case is a matter for special investigation.

Most compact groups of compact galaxies contain non-compact galaxies in their composition
as well. However, it is of interest to note that most of the galaxies, at a definite interval of ab-

solute stellar values, are compact in the clusters of compact galaxies especially in Zwicky’s
clusters of compact galaxies (Zw Cl 0152 +:3337, Zw Cl 1700.5 +:3322, Zw C| 0054.6-127, ZwW
Cl 1710.4 +:6401 (Zwicky F. and Zwicky M., 1971). This means that in the above clusters a
considerable number of compact galaxies have luminosities close to each other. As a result of
which there is a certain maximum in the luminosity function of these galaxies corresponding to
the above interval of absolute magnitudes.

Such a distribution of compact galaxies according to their luminosities indicates that the
observed state of a compact galaxy can last for an essential portion of the age of the cluster;

Compact galaxies in compact groups are mostly nearly elliptical or spherical in form. Besi-
des, spiral galaxies also occur, though much less in number. However, bright irregular galaxies
are presumably lacking in compact groups (Ambartsumian et al., 1975).

~The geometrical configurations of the compact groups themselves are of great interest. As
distinct from usual groups and clusters of galaxies, the compact groups do not show, for the
most part, noticeable concentration toward the center of the system. Less than 109, of all the
known groups show signs of concentration. Moreover, low density of galaxies is observed in the
central part of some groups. A considerable part of the compact groups are anomalous in form;
Chains or systems of chains are frequently met among compact groups of compact galaxies. Of
special interest are groups that are nearly closed curves in shape (with a cavity in the middle).
We can describe them as groups of peripherical structure.

Those structures are sometimes extremely unusual. For instance, the structure of the group
Shahbazian 65 is so much unusual that it calls for some special interpretation. This is not a
group but rather a cluster of compact galaxies in the form of the Greek letter *Q** with a cavity
in the center. The cluster of galaxies Shahbazian 65 is certainly at a distance greater than the
group Shahbazian 1 and considerably richer than the latter. If we assume, judging by the visible
brightnesses of galaxies, that the radial velocity of the group Shahbazian 65 is close to 50,000
km/sec, we shall obtain about 800 Kpc for its diameter. This is appreciably larger than the dia-
meters of the group Shahbazian I. The group Shahbazian 5 excels the group Shahbazian | in other
characteristics too (the number of members, mass, etc.). '
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Most of the compact groups of compact galaxies seem to be well isolated, however we
come across cases one can suspect that the group is a kind of nucleus of a larger system,the
peripherical part of which consists of considerably weaker galaxies. Calculations of the num-
ber of galaxies in consecutive rings surrounding the systems Shahbazian 31, 41 and g4 on pla-
tes obtained in the primary focus of the 4-m telescope of the Kitt Peak National Observatory
(Ambartsumian et al., 1975), showed a marked decrease in their density, as the distance from
their nuclei increased, which definitely indicates the presence of objects connected with the
given compact group, in addition to background galaxies. In the case of the groups Shahbazian
34, 35 and 43 this decrease is less pronounced. Thus one can suspect that, at least in some
cases, the compact group of compact galaxies is quite a dense nucleus of a larger extended
cluster. This question deserves serious attention.

In this connection it is necessary to mention the interpretation of compact groups of com-
pact galaxies given by J.E.Einasto et al., (1974). They consider them as nuclei of what they
call giant hypergalaxies - a class of systems which are quite different from clusters of galaxies.

It should be added that the group Anon (Ambartsumian et'al., 1975) seems to be the richest
among the studied groups of compact galaxies. Group Anon consists of at least two dozen com-
pact galaxies; it has not as yet been entered in the published lists of compact groups of com-
pact galaxies (Shahbazian,1975; Shahbazian and Petrosian, 1974; Petrosian, 1974; Baier et al.,
1974; Baier and Tiersch, 1975). '

We should like to note in conclusion that the compact groups of compact galaxies form an
interesting class of systems of galaxies, and their detailed study can throw light on the physics
and evolution of galaxies.
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D1 SCUSSI ON

DEUTSCH: I's it not difficult to define the mean surface brightness of compact objects, since
the diffusion of light in the photographical emulsion always enlarges the images?
MIRZOYAN: No, the criterion of the mean surface brightness is indeed very useful for the
definition of compactness of galaxies. |t is, however, quite another question how to define
this parameter on photos taken with different telescopes.

GOUGUENHEIM: You mentioned that the red compact galaxies look like elliptical galaxies;
but we find from 21-cm line observations at Nangay that their neutral hydrogen content is
quite large. How did you determine the masses?

MIRZOYAN: The main difference we have noticed is that the red compact galaxies in compact
groups look more spherical than the classical elliptical galaxies. We estimate the masses by
the virial theorem, using the practical absence of dispersion in the radial velocities of the
galaxies in the compact groups Shahbazian 1 and 123, We also used the data of O’Connel and
Kraft from their study of the rotation of two compact galaxies 1Zw 129 and 11Zw 70,
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