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Introduction: Dynamic structure of the 

asteroid belt, which is well studied in the past decade, 

provides a good overview of the evolution of the orbits 

of small bodies of the solar system and the asteroidal 

dangerous. On the other hand, the asteroid belt - is a 

good laboratory for the simulation of the formation of 

the solar system bodies in the early stages of its 

evolution. Study of the dynamic structure of the 

asteroid belt and the classification of the chemical 

composition of asteroids so far have created a 

sufficiently reliable basis to attempt to build a more 

detailed model of the formation of the solar system 

bodies. The results of these studies show that in the 

evolution of the asteroid belt could play a significant 

role catastrophic mutual collisions formed bodies. 

Mechanism of mutual collisions of bodies could act in 

other proto-planetary rings. However, this mechanism 

is likely not the primary mechanism for the formation 

and growth of the body in the early stages of the 

evolution of the proto-planetary disk. The mechanism 

of formation and growth of small bodies 10
2
 – 10

5
 cm, 

in the early stages of the evolution of the solar system, 

so far not been elucidated [4]. For the simulation of the 

formation and growth of small bodies in proto-

planetary rings, in this paper we use the results of 

research libration motions of asteroids [6, 1]. It is 

shown that the libration centers could appear before the 

formation of large bodies and planetesimals in proto-

planetary rings when there was a redistribution of gas 

and dust particles. The density of gas and dust 

particles, at a certain stage of evolution of the proto-

planetary disk, could be close or equal to the density of 

the ring of Gauss. Then, the initial formation of bodies, 

will occur in the centers of libration. 

Long-period libration of small bodies in the 

model of an ideal resonance: The results of modern 

observations show rapid growth in the number of 

newly discovered asteroids Trojan group. According to 

these observations, near the Lagrange points L4 and L5, 

there is a huge number of small bodies and dust 

particles. From these observations, we can conclude 

that in stable libration point occurs accumulation of 

dust particles and small bodies. However, a deeper 

study of this problem shows that there is no reason to 

assume that these two groups of asteroids are 

accumulated in two new minor planets. If the 

accumulation of dust particles occurs near stable 

libration points L4 and L5, when and for what reason 

accumulation process stops? In some cases, 

gravitational perturbations will not contribute to the 

accumulation and growth of small bodies? Before try to 

find answers to these questions, consider the libration 

of small bodies near the mean motions 

commensurabilities of 1/1 and 3/2. 
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Fig.1: Distribution of polar coordinates: a) of asteroids 

of the resonance 1/1 (G, λ'); b) of the Hilda group 

asteroids (G, λ* + qg/p), λ' = λ – λ1, λ* = λ'- qλ1/p. 

 

Fig. 1 shows the distribution of asteroids of the orbital 

resonances 1/1 and 3/2. Comparison of the 

distributions of the Trojan asteroids (Fig. 1a) and 

asteroids of the Hilda group (Fig. 1b) shows that 

Trojans form subgroups closer than asteroids of the 
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Hilda group. The comparison shows that the resonance 

groups having relatively larger order resonance will be 

subjected to more scattering and disintegration. 

Consequently, more favorable conditions for the 

accumulation of particles is the conditions near 

resonance 1/1. 

Distribution of gas and dust particles in the 

Gauss rings and the formation of bodies:  The 

results of the study of libration motions of small bodies  

show that libration centers appear in gravitational 

systems like the Sun - asteroid - the planet. However, 

in the early stages of evolution was not planets and 

planetesimals. Nevertheless, the libration centers could 

appear before the planets and planetesimals. In order to 

understand how this is possible, it is necessary to con-

sider the details of the method for determining the 

long-period librations of asteroids. To determine the 

secular perturbations of asteroids Gauss [6] applied the 

method of averaging. Application of this method is 

equivalent to the mass distribution of the planet along 

its elliptical orbit (Gauss ring) with some non-uniform 

distribution. Suppose now that the gas and dust 

particles of proto-planetary rings, as a result of 

evolution, have been redistributed so that the density of 

this ring was equal or close to that of the ring of Gauss: 
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where r = p/(1-e·cosv). In the proto-planetary ring with 

such a distribution will act the mechanism of long-

period librations. That is, in the proto-planetary ring 

will appear libration centers, which will accumulate the 

dust particles. These centers will occur long before the 

formation of planetesimals. The rapid influx of a large 

amount of dust particles in the libration centers could 

be when the gas and dust particles were the main part 

of the proto-planetary disk. That is, at the initial stage 

of formation of the proto-planetary disk. Therefore, the 

most rapid growth of bodies could occur exactly at the 

initial stage of the evolution of the proto-planetary 

disk. 

The width of the proto-planetary rings: 

Together with the formation and growth of bodies in 

the libration centers will be running out of gas and dust 

particles from the resonance zone. That is, the growth 

of bodies, without an influx of new dust particles from 

outside the resonance zone is limited. The rapid growth 

of body size to kilometer or more, could not occur 

without an effective mechanism for providing the 

necessary flow of gas and dust particles in the 

resonance zones of the outer zones of the resonances. 

Such a mechanism could be the mechanism of surface 

perturbations of the protoplanetary disk [2, 3]. If the 

ring is presented as material Gauss elliptic curve, the 

linear density of such a curve should be much larger 

than the average density of the proto-planetary disk. 

For this reason, we consider a flat or a cylindrical ring 

with their respective densities distributions. We define 

the width of the solar system protoplanetary rings as an 

interval [rp - r0, ra + r0], where rp = a(1-e), ra = a(1+e), 

r0 = m
1/5

,  m - mass of the planet, a, e - semi-major axis 

and eccentricity of the orbit of the planet. The average 

height of the protoplanetary disk is 0.088 AU ( for β = 

0.026) [7].  

 

Conclusions: In this paper we consider the 

accumulation of gas and dust particles in the centers of 

libration. It is shown that 1) the libration centers have 

existed long before the formation of planetesimals. The 

emergence of centers of libration is possible 

immediately after the appearance of irregularities in the 

distribution of gas and dust particles in protoplanetary 

rings still in the early stages of the evolution of 

protoplanetary rings. 2) In the libration centers could 

be the accumulation of gas and dust formations: the 

beginning of the formation of dense bodies and the 

growth of small-sized bodies. Large motion velocity 

will not prevent their accumulation and growth, as the 

relative velocity of small bodies and dust particles in 

the centers of libration are practically zero. 3) The 

rapid growth of body size to kilometer or more, could 

not occur without an effective mechanism for providing 

required for the growth of the inflow of gas and dust 

particles of bodies in the resonance zones of the outer 

zones of the resonances. Such a mechanism could be 

the mechanism of surface perturbations of the proto-

planetary disk [2, 3]. 
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