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Abstra
t. We model mole
ular 
louds (MCs) at an early stage of their evolution as su-

personi
 
ompressible turbulen
e is assumed to be saturated and prevails over gravity at

large s
ales, while gravity dominates at small s
ales. We 
onsider isothermal, homogeneous

and isotropi
 medium 
hara
terized by a lognormal probability density fun
tion of density.

The latter 
orresponds to the density distribution of introdu
ed abstra
t statisti
al obje
ts

labeled 
ondensations (or, simply, `
lumps'). A basi
 assumption in the model is the exis-

ten
e of a power-law relationship between density and mass of the 
lumps with index 
alled

`stru
ture parameter'. This parameter is obtained by solving the equations of equipartition

between main 
lump energies. By use of the stru
ture parameter, we model the global MC

stru
ture (the `mass-s
ale' diagram) and derive the 
lump mass fun
tion and `mass-size' di-

agram. The results are 
ompared with observational maps of Gala
ti
 MCs from mole
ular

emission or dust 
ontinuum. The model predi
tions show good agreement with observations

mostly at intermediate s
ales (between 1 and 10 parse
).
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The main obje
tive of this Thesis is to model mole
ular 
louds (MCs) at

an early stage of their evolution. Our model is based on the well-known phe-

nomenology of turbulent media and predi
ts: A) the global 
loud stru
ture in

terms of mass-s
ale relationship (i.e. how the mass of a 
loud region, delineated

by a stri
tly de�ned density 
ut-o�, depends on its e�e
tive size); B) the mass

distribution of 
lumps generated in MCs; and C) the mass-size relationship of

these 
lumps.

The model assumptions are as follows: i) turbulen
e dominates over gravity

at large s
ales, while the latter takes over at small s
ales; ii) the fully developed

supersoni
 turbulen
e produ
es an inertial range of s
ales within whi
h a 
as-


ade of turbulent kineti
 energy o

urs and s
aling laws of mass, density and

turbulent velo
ity �u
tuations are de�ned (i.e. fra
tal stru
ture); iii) turbulen
e

is isothermal and lo
ally homogeneous and isotropi
; iv) density is distributed

lognormally at ea
h s
ale under steady-state 
onditions whi
h allows for apply-

ing the ergodi
 hypothesis; v) the density distribution is represented through

abstra
t statisti
al obje
ts (`
lumps') whose statisti
s is identi
al to that of the

pixels at the 
onsidered s
ale while the 
olle
tive behavior is identi
al to that

of the real obje
ts; vi) a power-law mass-density relationship of the statisti-


al 
lumps whose index (`stru
ture parameter') is s
ale-dependent and 
an be

expressed by the density s
aling index and hen
e determines the global 
loud

stru
ture, the 
lump mass distribution and the 
lump mass-size relationship

(see points A, B and C above).

The `stru
ture parameter' is obtained by solving equations of equipartition

between kineti
 (turbulent), gravitational, internal and magneti
 energies, in

various virial-like 
ombinations. The equations are written for the most prob-

able 
lump at ea
h s
ale. Though not derived dire
tly from the Virial theo-

rem, their use in relation to statisti
al obje
ts is justi�ed through the general

ensemble-averaged virial equation. The obtained solutions are 
ompared with
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observations of MCs, 
onstraining the parametri
 spa
e in ea
h 
ase and 
om-

menting on the physi
al meaning. A good agreement is found between the


hara
teristi
s of observed obje
ts and the model predi
tions.

The study realized in three main stages. The �rst stage was to 
onstru
t

the model and to 
ompare the solutions for `stru
ture parameter' with mass-

s
ale diagrams for several Gala
ti
 MCs (Donkov, Velt
hev & Klessen, 2011;

hereafter, DVK-2011) by use of the observational study of Lombardi, Alves &

Lada (2010). The 
omparison with observations enabled us to probe whi
h of

the initially 
hosen equipartition equations yield reasonable solutions and to


onstrain the ranges of free parameters. The main 
on
lusion is that kineti


(turbulent) and gravitational energy must be always present in the equipar-

tition equations. The internal (thermal) and magneti
 energies play rather

supporting role. This is an important physi
al 
on
lusion regarding the energy

balan
e in real MC 
ondensations.

The se
ond stage, a

omplished in the se
ond paper (Donkov, Velt
hev &

Klessen, 2012) has been devoted to the 
onstru
tion of the mass distribution

of statisti
al 
lumps and the resulting 
lump mass-size diagram. The investiga-

tion was restri
ted to study of equipartition equations found to yield reasonable

solutions (DVK-2011). The main result is that the model mass fun
tions repro-

du
e very well the observational high mass range with typi
al fra
tal slope `-1'.

Moreover, the intermediate mass range 
an be also reprodu
ed using some of

the equations (and de�nite free-parameter sets). This intermediate-mass range

is 
hara
terized by a shallower slope and a 
hara
teristi
 mass whi
h separates

it from the high-mass one. The mass-size diagrams exhibit approximately the

same slopes like in observations and simulations. Thus the model has been


ompleted and the free parameter spa
e has been additionally 
onstrained.

The third stage was devoted to 
omparison of the model predi
tions with

observations (Velt
hev, Donkov & Klessen, 2013). That was a

omplished

through 
onse
utive �tting of the mass-s
ale diagram, deriving the 
lump mass

distribution and eventually the mass-size diagram for the 
onsidered Gala
ti



louds. At the �rst two steps, the free parameters of the model are �xed and

then the third diagram is determined 
ompletely. We used maps of Gala
ti


MCs from mole
ular emission and dust 
ontinuum. In the former 
ase, the

abovementioned three steps were made while in the latter (with one ex
ep-

tion) no data on the global 
loud stru
ture were available and thus only the

last two steps were made. The predi
ted global 
loud stru
ture is in a good

agreement with the observations mostly at intermediate s
ales (between 1 and

10 p
), while diversions were found at small (below 1 p
) and at large s
ales

(above 10 p
).

The latter result 
an be explained with di�erent physi
al 
onditions in


omparison with our model assumptions. The derived mass fun
tions exhibit

a good agreement at high and intermediate mass ranges. The largest disagree-

ment between the observational data and the model was found in the mass-size

diagrams. The slopes are satisfa
tory (within two times standard deviation) but

there are large shifts in sizes and/or masses. That 
an be explained with the

applied various 
lump-�nding te
hniques whi
h are not 
onsistent with ea
h

other and with our statisti
al approa
h. This is one of the problems we aim to

solve in the future.
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Another important task is to investigate the MC stru
ture and the mass

fun
tion of 
ores at smaller s
ales (less than 1 p
). These dense obje
ts are

birth sites of stars.
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