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The process of self-organization of particles with chaotic motion into a cluster system begins with a 

situation that randomly arises as a result of fluctuations, when two particles are at a distance equal to the 

distance of the minimum potential energy of interaction between two particles, but the binding energy is not 

enough to form their bound state [1, 2]. In this case, the appearance of the third particle at a distance 

exceeding the distance between the close pair leads to the appearance of the Efimov effect (Fig. 1). 

 

Fig.1. The Efimov effect in a three-particle cluster with the arrangement of particles according to the rule of the "golden" triangle in 

the model of absolutely hard spheres. 

The diameter of one of the two interacting particles σ (in the dimer) and the distance to the third 

disturbing particle L1 will be determined based on the properties of the "golden" triangle [3, 4]: 
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where θ is the "golden" angle, Ф = 1.6180339… is the value of the "golden" proportion ("golden" ratio). 

In the equatorial plane of the disk-shaped cluster, a centrally symmetric system is formed with the 

center at the center of mass of the dimer and circular formations of densely packed absolutely hard spheres. 

Such formations in the equatorial plane are characteristic of the structure of planar clusters (2D clusters), 

which have recently been actively studied [5]. 

In the structure of a disk-shaped cluster as an independent physical object, the formation of a nano-sized 

potential region in the form of a toroid is possible. When such clusters are irradiated with proton-ion beams, 

a toroidal quantum dot is formed into their structure [6]. 
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