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Abstract. The рареr repoTts on construction of а theoretical-gTaph model of large-scale clus-
tering of matter in the Universe. This model a]lows foT the expected fractal structure of the
Uпiчегsе. А topological characteristic of the pre-fTactal grарh, for which there exists astrophysi
cal interpretation, is oЫained.
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ity of the lагgе.sсаlе structure of the Universe is also
eйdenced Ьу the self-similarity of voids (Einasto et
al., 1989).

In the рrеsепt рареr v/е made ап attempt to аЬ-
stract from various values of fractal dimension for
different levels and based on а соmmоп аррrоасh to
construct а hiеrаrсhiсаl mathematical model which
lrould Tepresent the fractal structure of the Universe.

The ргороsеd mathematical model of large-scale
clusteгing of matter in the Universe (hеrеаftеr model)
is based on the mathematical apparatus of fractal
gTaph thеогу (Kochkarov et а1., 1996; Косhkаrоч and
Perepelitsa, 1996: 1997). Note that the graph is а paiT
(I',E), пhеrе И : {u} is а set of vertices, and Д
Ъ а set of edges, whеrе the edge е € .Е is а pair
е : ("', t,") € 1r х У, which is graphically presented
Ьу а рогtiоп of а сuгче оr а straight line in space.

Тhе gTaph is а structure consisting of vertices
and edges. Each vertex denotes some separate оЬ-
ject ог а pilt of it. The edge shows connection Ье-
tseen separate objects. This connection mау hаче а
diTection and а сеrtаiп "length". Thus, а mathemat-
ical model of а discrete system, rvhich is а graph,
fогmаlizеs strongly the initial task, i.e. in the оЬ-
tained шоdеl R€ use only the terms "vertex" (node)
a.d -edge"(connection). Тhе lacking definitions of
colrcepts of the thеоrу of graphs сап Ье found in
(Emeiichev et al., 1990; Kharari, 1973).

The tеrm fractal (pre-fractai) is associated rлrith

thе infinite (finite) grарh. Define these terms Ьу way
of describing the very process of graph generation.
Веgiп the description of grарh generation with the
simpПest case when а single rс-чеrtех connected graph
g - (I1r, Q) with а set of vertices И and а set of edges

Q Ь specified as the рrimеr (Fеdеr, 1991). The рrосеss
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of pre-fractal graph generation G : (И Е) is realized
stepwise, each step r : 2,3,..., -L results in the сurrеrrt
pre-fractal graph G, : (V,,Е") of rank r. Grарh G,
is derived Ьу mеапs of applicatioц to the preceding
grарh Gr,_1 : (И_r, Дr_1) of the rерlасепrепt ореr-
ation of the чеrtех Ьу the primer (R\,'P) The ореrа-
tion RVР is appiied to each чеrtех u е V,_1 and is the
generalization of the known operatiotr of "grарh ver-
tex splitting" (Emelichev et al., 1990) . The essence of
this generalization is that each split vertex ч С V,-t
is replaced not Ьу the edge (Emelichev et aI., 1990)
but Ьу the рrimеr g : (I4l,Q), Ttris ореrаtiоп Ье-
ing реrfоrпrеd, all the edges е € Еr_1 аrе preserved
and called old edges rvith respect to all сuгrепt graphs
G,,G.+t,...,GL. Iп so doing all o1d edges, incident to
l,ertex r- € 'I/'r_r being rерlасеd, Ьесоmе occasionally
оr rеgulаrl1, incident to some r.ertices of the ргiпrеr
that lras rерlасесI чеrtех о. The edges of each of the
арреаriпg рriпrеrs аге callcd new edges, i,e. the set of
new edges is the set (Е,_Е._); the edges of this set
аге oid in the current graph G"a1.

The process of generation of graph G. is called а
stage. IýumЬеr the stages Ьу the index r = 1,2,...,L,
п,hеrе r is the пurтьеr of the stage at vl}iich grap}r

Gr: G is obtained. The gil,en рrimеr 11 is alwal,s
adopted as Gr. The tеrm "trajectory-" is used to са}1

the sequence

Gl,Gz,..,,GL, (1)

consisting of сuгrепt grарhs G. еасh of п,hich is the
result of operation of stage r € {1, 2, ..., L\.

Considering рге-frасtаI graph G : Gъ =
(Vl,,Eb), divide the set of its edges Е : Дl into
subsets (Е. lE,_r) of t}re edges of rапk r,, = |J,
hеrе Е9 = о. The generalizatiorr of the above de-
scribed рrосеss of generation of pre-fracta1 grарh G
is tlie case w}ien а set of рrimеrs Н : {Н} =
{Hl, Hz, .,., Hl, ..., Нт},Т > 2 is specified instead of
а sirrgle ргimеr Д. The idea of this generalization is
that rvhen passing frопr graph G"_r to grарh G., each
чеrtех is replaced Ьу рrimеr f1t С Н, which is se-
lected еlthеr гапdоm}1, оr according to а defitrite rulе
reflecting ttre сlrаrасtеr of the task оr process being
nrodelled.

Ttre distinguishing feature of the аЬо\,е processes
of generation of рrе-frасtаI graph is that at each
stage r : 2,З,...,,В in the current graph G.-1 --(ll.,l. E._i). each vertex u € V7_1 is rерiасеd Ьу
sопlе ргirtlег. \\'е са11 the pre-fractal grарh obtained
as а rе_чttlt оf -.uch а ргосеss canonic.

In а gепега1 case the pre-fractai graplr is initiated
bv a stt of ргimегs Н of роwеr l Н l> 1. with orre

ргiпсiра1 distirrction, hоwечеr: in passing frопi graph
Cl. 1 tcl G.. rrot еr,еrу tеrtех u € 1.i_1 is rер}асеd
bг the рrimег fгоrп EI, but опIу t}ie srrbset of vertices
1 ,." l a 1 " 1. ч,Lrich ls determined еithеr at rапdоm
оI Ь\, s.)lllc рагtiсulаr rulе representing the speci{ic:

character of the task оr рrосеss being simulated.
In the geometry of fractals there is the concept

of likeness coefficient (Fеdеr, 1991), оr in other terms
scaling coefrcient (Shuster, 1996; Kurdyumov et al..
1996). In fractal graphs the scaling coefficient is de-
tегmiпеd as the ratio of the edge length of rank r * 1

to that of гапk r. Ноwечеr, frorrr the point of view
of rеаl situations, this specified scaiing value ma1. Ье
spoken about provided that an ехtrеmеlу idealized
nrodel is constructed.

А mоrе adequate model rерrеsепtаtiоп of а real
simulated situation сап Ье achieved if the scaiing со-
eficient is taken frоm а definite interval in ассоrdапсе
with the processes observed. An alternative, possibly
even п]оrе adequate аррrоасh, is that the edge lengths
of each rапk аrе selected iп ап арргорriаtе interlal,
and the intervals referring to different ra,rrks do not
irrtersect.

The рrе-frасtаl grарh imderlying the mathemat-
ical model of lаrgе-sсаlе clustering of mаttеr iri the
Uпil,егsе, presunred in tlre рареr, is derived in tire
foliowing п,ау. The set of primers fI consists of n1-
чеrt,ех ргimеrs-grарh, l - I,2,...,7, We ivill rеса1I
that а grарh-рrimеr is а cclmplete two-fraction grарh,
irr which one of the fractions consists of а single ver-
tex. Раrапrеtеrs n1 are deterпiilled Ьу statistical (pos-
sibil, h),pc-rtitetica1) data orr the пuпrЬеr of galaxies
in clusters, сlustеrs in superclusters, etc. In раrtiсu-
1аr, а 2-vertex рrimеr, i.e. an edge, mау Ье the ele-
пiепt of the set Н. Let i Ье the гапk of the mod-
elled Nlethagalaxv. А model, supposed for it, is соп-
structed as tгajectorlr (1) in u,hich G1 is а definite
рrimеr 111 € Н. The рrimеr 111 is an пl-чегtех
рrimеr, whеrе п1 is the пumЬеr of superclusters. that
is ciusters, tire 1ечеI of wlrich рrесеdеs the lечеi of
thc modeiled \,Iethagalaxy, in оthеr tlords, п1 сопl-
prises а11 the galaxies, including isolated ones, that
аrе not mеmЬеrs of апу ciuster of а higher ler.el,
but fоr the \{ethagalaxy being considered. Thc gra -
itational сепtrе of this \,Iethagalaxy is assigned to
Ье definitely- corresponding to the сепtrе of grарh-
рrimеr 111 . Тhе above mentioned suреrсlustеrs аrе
assigned to Ье definitely corresponding to pendent
vertices ,U|l1)2э...lui) ..., t,no; rlo : п,7 - 1 of primer
1J1 . Frоm the vierv point of morphological descrip-
tion of the Universe the tеrm "Nlethagalaxy рrimеr"
is mоrе сопчепiепt fоr рrimеr 111 . Each edge of this
primer is assigned а length whose value is chosetr frоm
the interval [оr,Ьr], whеrе the quarrtity ar *br equais
half the Nlethagaiaxy diameter, arrd the lirrgtlr of this
interval is по longer than the radius of the Nletha-
galaxy. As to astrop}rysical sense of tlie model, eaclr
pendent vertex of рrimеr 111 corresponds definitely
to the gravitational сепtrе of а definite supercluster.
Frоm the fоrmаl mathenratical point of view, if suреr-
clusters of пrаttеr аrе represented Ьу one galaxy, the
соrгеsропdiпg чеrtех of the рrimеr is then biocked.
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that is this vertex is not герlасеd Ьу the рrimеr whеп
constructing сurгепt gTaphs of the next rапks of tra-
jectory (1).

Current grарh G2 in trajectory (1) is determined
in the follovring manner. Each pendent чеrtех of
grарh G1 - flr is replaced Ьу а definite рrimеr, which
hаs sense "ргimеr of superclusters", denote the sub-
set of all such pTimers of superclusters from Н Ьу Н2
implying hеrе that Н1 consists of а single element of
рrimеr 11r of the Methagalaxy. The lengths fTom the
interval lor,b"], rмheTe oz*bz is equal to half the diam-
еtеr of а supercluster, and the length of this interval
does not exceed the supercluster radius, are assigned
to the edges of рrimеr Hz. Еасh pendent чеrtех of
any рrimеr selected fтош Н2 corresponds definitely
to а particular cluster incoTporated in the superclus-
ter. Неrе еасh old edge is incident, оц the one hand,
to the ffi рrimеr сепtrе and, on the оthеr hand, to
the primer which rерlасеd the pendent чеrtех of thъ
edge. Note that the ratio of the edge lengtb of the
Methagalaxy рrimеr to the edge lengtb of рrimеrs of
superclusters has адr оrdег of magnitude of the scaling
index r7 ag 50. F}оm the fоrmаl point of view, as iп the
previous case, clusteгs mау Ье represented Ьу а sin-
gle galaxy. In this case the арргоргiаtе чегtех of the
рrimеr is blocked, that is this vertoc Ь not replaced
Ьу the рrimеr rмhец coцstructing current grapb of
the next rапks oftrajectory (1).

Сurrепt grарh Gз in tгаjесюгу (1) Ь described as
follovrs. Ечеrу чеrtех of grарh Ge, but fоr thе blocked
ones, is Teplaced Ьу а definite рrimеr, which has sense

"рrimеr of the cluster', denote the subet of all these

рrimеrs from Н Ьу Ilз. Тhе sane as in the previous
case, the edges оfрrimег fIз але аssiедеd the lengtb
from the interval [сз, Ь], whеrе the rBlue of аз + Ь
equals half the cluster's diameter, and the length of
the interval does not exceed the cluster's radius. Eаch
of the pendent vertices of апу рrimеr selected frоm
Нз is definitely related to а сеrtаiп galaxy, mешЬ
of the cluster. In thЬ case, еаЙ old edge Ь incidmt to
the сепtrе of the рrimеr frоm Eg апd, alternatively, to
the centre of the рrimеr f[дt, hаq rерlасеd the pmdmt
vertex of this edge. Note that similar to рrесеdiдg
grарh G2, the ratio of the edge lепбЬ of the рriшегs
of superclusters to those of сlustегs hдq дд оrdеr of
magnitude of the scaling coefficimt ? 

^, 
50.

The theoretical grарh model of the Uпiчеrsе de
scribed above is chmacterized Ьу the following ра-
rameters: -L is the rяпk of the model fractal graph
which rерrеsепts (.L+ 1) hiеrаrсhiсаl levebformations
(the first level fоrшаtiов - Меthаgаlшrу, the second

- superclusteTs, the third - clusters, the fourth -galaxies; rщ is the пчшЬег of vertices iп а рrimеr of
type t; 4 is the sgaling coefrcient to estimate the ratio
of edge lengths of neighbouTing rrпks; edge lengtb of
rank r take values iд the interval [or,DJ; [а*,fr] Ь
the interval of values of diameteгs Dr of hiеrаrсhiсаl

formations of the k-Ieve|, k :Т}.
то formulate some conclusions from the above

fractal model consideration, note the validity of some
relations between the aforementioned раrаmеtеrs.
With al1olмance made for the gravitational laws it can
Ье stated that the distance between а couple of struc-
turеs of the sаmе level is at least an оrdеr of magni-
tude очеr the maximum diameteT of these structuTes,
i.e.

(Ьн - аь) > 10(Д* - ab),,t : ТЭ. (2)

Тhе latter implies that the minimum separation
Ьеtvrееп clusters at least ап оrdеr of magnitude ех-
ceeds the maximum diameteT of а clusteT, the min-
imum separation Ьеtvzееп superclusters at least an
оrdеr of magdtude exceeds the maximum diameter
of а supercluster (Lebedev, 1988).

Frоm the said аЬоче one can analyze the point
of existence оr absence of other universes from the
point of view of their observability. If any other uni-
чегsе exists along with ours) опе сап speak about the
pre.fractal gTaph of тапk -L : 4, от, that is the same,
about fil-e hieTaгchical levels of formations: galaxies,
clusters, superciusters, Methagalaxies, and superuni-
r,егsе. These formations аrе related to the following
l,alue i-ntervals of theiT diameters: lоц, ýц1, lаз, Oз),

fo",ýz7, lor,9r].Then, assuming that for rапk r = 1

the fоrmеr scaling factor, 17 * 50, is valid, then in view
of (2) the distance from оur Universe to the nearest
}lethagalaxy is at least ап оrdеr of magnitude очеr
оur Uniyerse diameter, i.e. the distance р frоm us to
the nearest universe satisfies the inequality

р > 10J1 ry 10.б5O0Мрс: 65 , 103Мрс. (3)

It fоЦоъs frоm (3) that it must take 195 billion years
foT light to сочеr the distance frоm the nearest Metha-
galmq, to оuг Universe, i.e. this time exceeds the age
of ouT Galaxy neaTly 10 times.

Let us dчrеп оп one mоrе inference чrhich can in
рriпсiрlе Ье fоrmulаtеd in terms of the theoretical
gTaph model. If the topologicaI distance to а couple
of objects is diffегепt, their velocities will then rерrе-
sent ra]ues of different оrdеrs, the 1оrчеr velocity being
that ofthe object to чrhich the topological distance is
smalleT. As topological distance between the vertices
пАmе the number of edges in the chain that links the
paiT of rertices of the fractal graph.
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