
This article was downloaded by:[Bochkarev, N.]
On: 20 December 2007
Access Details: [subscription number 788631019]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

On the astronomical applications of the dynamics of
hierarchical systems
T. B. Omarov a
a Astrophysical Institute, Alma-Ata, Kazakhstan

Online Publication Date: 01 May 1995
To cite this Article: Omarov, T. B. (1995) 'On the astronomical applications of the
dynamics of hierarchical systems', Astronomical & Astrophysical Transactions, 7:4,

265 - 266
To link to this article: DOI: 10.1080/10556799508203271
URL: http://dx.doi.org/10.1080/10556799508203271

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799508203271
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
09

:3
2 

20
 D

ec
em

be
r 2

00
7 

Astronomical and Astrophysical Transactions, 1995, 
VOI. 7 ,  pp. a65-aes 
Reprints available directly from the publisher. 
Photocopying permitted by license only 

@l995 OPA (Overrear Publishers Associrtion) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Pmblishers SA 
Printed in Malaysia 

ON THE ASTRONOMICAL APPLICATIONS 
OF THE DYNAMICS OF HIERARCHICAL 

SYSTEMS~ 

T. B. OMAROV 

Astrophysical Institute, Alma-Ata 480068, Kazakhstan 

(Received December 25, 2993) 

An equation for the formation time of galaxy clusters in a self-organizing Universe of the critical 
density is obtained using the method of dynamics of hierarchical systems. It is shown that the 
value of this time predetermines, in a certain sense, the violent relaxation time. 

KEY WORDS Celestial mechanics, stellar dynamics - galaxy clusters: violent relaxation 

Any self-organizing system has a hierarchical structure [l]. There are reasons to 
believe that galaxy clusters form a hierarchical level in the self-organizing Universe 
[ 2 ,  31. Th&e subunits of the Metagalaxy expanding according to the Hubble law 
as systems of gravitating bodies, generally, are not in equilibrium initially [4]. It is 
known that the dynamical activity of hierarchical systems at  some given level can 
be investigated by considering processes at  the lower levels as boundary conditions 
and those at the upper levels, as a constant [3]. In the case of the Metagalaxy 
with the critical density 6 = 1/6?rGt2, such an approach to the behavior of galaxy 
clusters leads to the equation containing their formation time T :  

U + 2h 'Y 4/3(U0 + 2h) - l/6(00T) - (14(uo + 2h) - 2 0 0 T ) t / T  
+ (27(uo + 2h)  - 9 / 2 ( 0 0 T ) ) ( t / T ) ~  - (40/3(U0 + 2h) 

- 8/3(00T))(t/T)~, (1) 

where t is the cosmogonical time, (4) is the potential energy, h is the energy 
integral, UQ and UO are the values of U and dU/d t  for t = T ,  respectively. In this 
equation for non-equilibrium conditions of galaxy clusters (in the corresponding 
practical sense U ( t ) + 2 h  # 0), the time interval is considered such that the condition 
t - T < T is simultaneously fulfilled. 

It is believed that an efficient mechanism of the relaxation acts in galaxy clus- 
ters associated with a considerable non-regularity of the initial mass and ve1ocit.y 
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distributions [3]. In equation (1) under a dominant effect of such a process on the 
time behavior of the quantity U + 2h, we can neglect the initial rate of its variation. 
Correspondingly, we have 

U + 2h N (Uo + 2h)(4/3 - 14(t/T) + 27(t/T)2 - 40/3(t/T)3), (2) 

putting 
Uo/(Uo + 2h)  << 5/T. (3) 

For the root t /T > 1 of the equation 

413 - 14(i/T) + 27(t/T)' - 40/3(t/T)3 = 0, (4) 

we find 1.24 < t /T < 1.25. Consequently, in the self-organizing hierarchical Uni- 
verse with the critical density, the time 7 for reaching the virial equilibrium in galaxy 
clusters is predetermined by the formation epoch of these gravitating systems as 
follows: 

The condition (3) under T = 47 naturally means that, in the violent relaxation 
process, the average value of the variation rate of the non-equilibrium parameter 
U + 2h strongly exceeds its initial value 

7 2: (1/4)T. (5) 

lU0l << IUO + 2hJ/r. (6) 

Relation (5) can be used, in particular, for the determination of the formation epoch 
of galaxy clusters as non-equilibrium systems of gravitating masses, according to 
the estimates of the violent relaxation time of these objects. 
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