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ABSTRACT. The results of the detailed analysis
of the 2D distribution of galaxies in 28 rich galaxy
clusters with signicant concentration to the cluster
center are present. The analysis was executed in these
directions: the detection of regular substructures
and peculiarities in the galaxy distribution. The
role of brightest cluster members was taken into
account too. The input data were selected from The
Catalogue of Galaxy Clusters and Groups and list of
galaxies of Muenster Red Sky Survey. Concentrated
galaxy clusters are evolved, virialized structures.
Substructures in this type of clusters must be feeble
marked. Nevertheless we detected signicant part of
concentrated galaxy clusters having dierent kinds
of peculiarities, namely crossing and divaricating
laments or X and Y-type peculiarities, as well as
curved strips and short dense chains. 2 clusters
having extremely density of galaxies were attributed
as superconcentrated/compact type.
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ÀÁÑÒÐÀÊÒ. Ìè ïðåäñòàâëÿ¹ìî ðåçóëüòàòè
äåòàëüíîãî àíàëiçó 2D ðîçïîäiëó ãàëàêòèê ó
28 áàãàòèõ ñêóï÷åííÿõ ãàëàêòèê çi çíà÷óùîþ
êîíöåíòðàöi¹þ äî öåíòðó (Ñ-òèï). Ñïîñòåðåæíîþ
îñíîâîþ äëÿ äîñëiäæåííÿ áóâ "Êàòàëîã ñêóï÷åíü
òà ãðóï ãàëàêòèê", ñòâîðåíèé íà áàçi Ñïèñêó
ãàëàêòèê Ìþíñòåðñêîãî ×åðâîíîãî Îãëÿäó Íåáà.
Ó "Êàòàëîçi ñêóï÷åíü òà ãðóï ãàëàêòèê" ¹ 460
ñêóï÷åíü, ó ïîëi ÿêèõ çíàõîäèòüñÿ 100 òà áiëüøå
ãàëàêòèê.
Âäîñêîíàëåíà ñõåìà ìîðôîëîãi÷íî¨
êëàñèôiêàöi¨
ñêóï÷åíü
ãàëàêòèê,
âðàõîâó¹
êîíöåíòðàöiþ äî öåíòðó ñêóï÷åííÿ, íàÿâíiñòü
ó ñêóï÷åííi âèäiëåíî¨ ñìóãè  øèðîêî¨ (F-òèï) àáî
âóçüêî¨ (L-òèï).
Ðîëü íàéÿñêðàâiøèõ ãàëàêòèê
òàêîæ ïðèéìà¹òüñÿ äî óâàãè.
Âiäïîâiäíî äî
ïîïåðåäíüîãî ðîçïîäiëó íà êîíöåíòðîâàíi Ñ,
ïðîìiæíi I òà ðîçñiÿíi Î ñêóï÷åííÿ, íàáið

êîíöåíòðîâàíèõ ñêóï÷åíü ¹ íàéìåíøèì.
Ïiä ÷àñ äîñëiäæåííÿ äëÿ êîæíîãî ñêóï÷åííÿ
áiëî ïîáóäîâàíî éîãî ìàïó ó ïðîåêöi¨ íà
êàðòèíó ïëîùèíó ó iäåàëüíèõ êîîðäèíàòàõ òà
ïðîàíàëiçîâàíî âàðiàöi¨ ïîâåðõíåâî¨ ãóñòèíè
ãàëàêòèê. Êðiì íàÿâíîñòi ñòàòèñòè÷íî çíà÷óùèõ
ñòàíäàðòíèõ îñîáëèâîñòåé , ÿêè ó ìîðôîëîãi÷íié
ñõåìi âiäïîâiäàþòü òèïàì ç âèäiëåíîþ ñìóãîþ,
áóëî çíàéäåíî òàêîæ iíøi çíà÷óùi ïåêóëÿðíîñòi.
Ñêóï÷åííÿ ãàëàêòèê ç âåëèêîþ êîíöåíòðàöi¹þ äî
öåíòðó, âiäïîâiäíî äî ñó÷àñíèõ óÿâëåíü, ïîâèííi
áóòè âiðiàëiçîâàíèìè ñòðóêòóðàìè. Ïiäñòðóêòóðè
â öüîìó òèïó ñêóï÷åíü, ñêîðèø çà âñå, ¹ ñëàáî
âèðàæåíèìè.
Ïðîòå ìè âèÿâèëè, ùî ñåðåä
ñêóï÷åíü, ùî äîñëiäæóâàëèñÿ, ïîíàä 40
Êëþ÷îâi
ñëîâà:
Ãàëàêòèêè:
ñêóï÷åííÿ:
ìîðôîëîãiÿ, ïåêóëÿðíîñòi.
1. Introduction

Distribution of galaxies both in the space and on
the celestial sphere reected the primordial adiabatic
uctuations in beginning moments of Universe, as it
shown in big number of works from Silk (1968), Peebles & Yu (1970), Sunyaew & Zeldovich (1970) to well
quoted Millennium Simulation (Springel et al., 2005),
Illustris Project (Vogelsberger et al., 2014; Artale et
al., 2017). The galaxy clusters are the essential component of large-scale structure of Universe in the chain
galaxies ⇒ galaxy groups ⇒ galaxy clusters ⇒ galaxy
superclusters. From the other hand, galaxy clusters
are the special component of large-scale structure because time of virialization of biggest ones is only one
order less than age of Universe. Taking into consideration the results of dierent numerical simulations
(from Springel et al., 2005 to, for example, Cui et al.,
2018) described arising the knots, laments, sheets and
voids, the galaxy clusters are evolving and colliding objects. The evidences of collisions of galaxy clusters are

30

Odessa Astronomical Publications,

detected and analyzed. The collided and interacted
galaxy clusters show dierent distribution of intercluster galaxies, hot gas and DM (Markevitch et al., 2004,
Pearce at al., 2017).
The evolution of non-collided galaxy clusters is determined mainly own gravitation. For this case the
signs of cluster evolution can be dened according their
morphological type. Evidently, galaxy population is
not main component in a clusters, however galaxy fraction is seen in optic, and the presence or absence the
peculiarities in distribution of galaxies inside the cluster can be easyly detected.
Proposed by Panko (2013) classical schemes summarizes the classical approach (Abell, 1958; Zwicky et
al., 1961  1968, Bautz & Morgan, 1970; Rood & Sastry, 1971 and Lopez-Cruz, 2003). The improved types
correspond to concentration to the center (C  compact, I  intermediate, and O  open), preferential line
presence (L  line, F  at, and no symbol if no indication of atness is present) and the role of bright cluster
members, namely cD or BG if the bright cluster's members (BCMs) role is signicant. Other peculiarities are
noted as P. The special kinds of regular peculiarities,
such as X-type (crossed bands) and Y-type (divaricate
laments) with corresponding positions and orientations of the BCMs; curved strips and short chains were
detected in open rich clusters (Panko & Emelyanov,
2017; Panko et al., 2018).
According to idea Rood & Sastry (1971) and Struble
& Rood (1982) conrmed in simulations (for example,
Vogelsberger et al., 2014; Artale et al., 2017) the galaxy
clusters evolve form open to concentrated types. We
suppose the inuence of neighbours becomes apparent
as regular peculiarities.
The paper is organized in the standard manner.
Section 2 contains the description of the observational
data and the cluster mapping, section 3 presents
the characters of substructures, distribution clusters
according to subtypes and its analysis, and section 4
conclusions and analysis is given at the end.
2. Observational Data and Mapping

The present study is the part of common analysis of
properties of rich galaxy clusters selected from A Catalogue of Galaxy Clusters and Groups (Panko & Flin,
2006, hereafter PF). The PF Catalogue contains 460
galaxy clusters with richness 100 and more. According previous classication the set contains 28 concentrated, 178 intermediate and 254 open galaxy clusters.
The last subset was analyzed by Panko & Emelyanov
(2017). The 178 intermediate clusters were studied by
Zabolotnii et al. (in preparation). The dierence between O-type and other ones was established by Panko
et al. (2016) on subset of rich PF galaxy clusters coinciding to ACO objects (Abell, Corwin & Olowin, 1989).
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The information about individual galaxies in the
cluster eld is obtained from M
unster Red Sky Survey Galaxy Catalogue (Ungrue et al., 2003). For determination of morphological type we used improved
program The Cluster Cartography set (Panko &
Emelyanov, 2015, hereafter CC). The CC allows to construct cluster map in rectangular coordinates in arcseconds recalculated from standard equatorial. The
symbols on the map illustrate the galaxy shape and
orientation in the projection on the celestial sphere,
but size of symbol corresponds to galaxy magnitude;
calculation bases on MRSS data. Additional brightest
galaxies can be marked by darker shades of gray.
CC allows us to nd the overdense regions as
circles on case of C - and I -types of clusters or as
belts/strips for L and F clusters. In the last case
the clusters eld is divided to N bands. N can
be 3, 5, 7, 9 or 11 and the width of each band is
1/N part of diameter of cluster. The numbers of
galaxies in the bands are recalculated to weighted
densities of galaxies (Panko & Emelyanov, 2015). It
allows to describe overdense features as L11 or L9 for
L-cluster and F 7 or F 5 for F -clusters (the numeral
part corresponds N ). For C and I types the central
part of cluster was excluded from overdense features
search. The crossing bands, divaricate laments,
curved strips and short chains inside the cluster can be
detected according to weighted densities in the sectors.
4.

The Subtypes and Peculiarities in Con-

centration Galaxy Clusters

Our detailed analysis of the distribution of galaxies
in concentrated galaxy clusters allows to conrm attribution to C-type without signs of the preferential band
only for 15 clusters.
Table 1: The distribution C-type PF galaxy clusters
by subtypes
Type

N

C
CF
CL
SC
CI
All

12
9
3
2
2
28

cD

BG

P

PX

PY

4
1

5
5
1

4
5
2

1

2
2
1

1
6

1
15

1
12

1

1
5

P
shc
1
2

P
crv
1
1

1
4

2

These 2 clusters show a special level of overdensity
and can be described as compact or superconcentrated
(SC-type). The example of SC-type cluster is shown
in Fig 1, left panel. SC-type clusters have no peculiarities. At the same time in SC-type clusters we found
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Figure 1: The map of galaxy cluster PF 2149-4829 SC-type and clusters with Y-type peculiarities: PF 0285-2494
and PF 2086-5271 with 2 centers of concentration. Axes labels are given in arcseconds.

4. Discussion and conclusions

Figure 2: The map of galaxy cluster PF 0380-4555 with
curved strip. The galaxies in the lamentary substructure are shown as light grey symbols, brightest galaxy
is black one.
extremely big part of galaxies with small ellipticities.
2 C-type clusters from 12 have Y-type substructures
underscore the positions of BCMs (Fig 1, central and
right panels). For another 2 C-type clusters we found
short chain (shc ) and curved strip (crv ) peculiarities.
The curved strip in PF 0380-4555 is shows in Fig. 2.
The founded lamentary substructure requires separate study.
12 clusters having preferential bands were attributed
as CF or CL types and 2 clusters were determined as
CI-type. The distribution of galaxy clusters of our data
subset is shown in Table 1.
The part of galaxies with big and small ellipticities
(as way to estimation E/S ratio) is dierent in normal
and peculiar clusters. At the same time, peculiar
clusters have essential part of galaxies with big ellipticity and a small part of E galaxies correspondingly.

From the previous study the morphology of galaxy
clusters (Panko et al., 2016) based on 247 Rich PF
Galaxy Clusters we established the special role of concentrated galaxy clusters - Regular ones according to
Abell (1958) and Compact in Zwicky et al. (1968)
schemes. The alignment of the brightest galaxy according to parent cluster is statistically signicant in
C-type clusters. Nevertheless we found the presence
of overdense belt in about 40% clusters in our data
set. For these clusters alignment of brightest galaxy
as well as positions and orientations for 2 or 3 BCMs
corresponds to direction of found belt.
The X-type (crossed belts) peculiarity was detected
only in 1 case in contrary to Y-type discovered in 5
clusters. The E/S ratio points out the dependence of
Hubble mix from interactions between galaxies in substructures. It conrmed the result Panko & Flin (2014)
which was not nd the hard connection E/S ratio with
basic morphology types. In Panko & Flin (2014) paper
the presence of peculiarities was not considered.
The orientation of low mass galaxies in lamentary substructures corresponds to Binggeli (1982) eect
(Fig. 2), in contrary to high-mass galaxies (Fig. 1, right
pane). High-mass galaxies tend to alignment crosswise
to overdense strip direction.
We studied the morphological characters of 28 concentrated galaxy clusters. We obtained the list of
galaxy clusters with regular substructures of dierent
kinds. We showed the signs of interactions and/or
evolution in concentrated galaxy clusters are present.
We detected the special types of regular substructures
namely curved and short strips in the concentrated
galaxy clusters. We detected the alignment of galaxies
in regular substructures according to preferential direction or direction to neighbours. We found the vari-
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ations of E/S ratio for galaxies in cluster is connected Panko E., Bajan K., Flin P. & Gotsulyak A.,
with presence of peculiarities and can be explained by
 Morphological Types of 247 PF Galaxy Clusters,
interactions between galaxies in substructures.
in: The Zeldovich Universe: Genesis and Growth
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