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Аннотация.                  
              ,  

    “  ”.     

              

       ,      .   

       ,      -
  ,     .    -

            -

  . 

Ключевые слова:    -  ,  , 
 ,   ,   

Введение.         -        
.            

[1, 2].  —      ,  
    [3, 4].    

             
(“       -”),       
    [1,2],          -

      (  ,  MOND) 

[1, 2].  

   [5, 6]        

  —   ,    -
           -

.          
          

     ,     -

        -

         (). 

    , ,    [5, 6]   

  ,   , -

             . -
          

    . 
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   Методы  и материалы; результаты.    -   
             

            .  

      [5, 6]  -

          -

         .           
        [7].       

                 

,      .  -

               -
.              -

 . 

Заключение.            
         

  ,    .  
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Abstract. In this paper, a model of spiral galaxies under dynamic equilibrium conditions is 

constructed based on a new semiclassical theory of gravitation, including the effect of hid-

den mass or “dark matter”. The new model is an extension of the model of the structure and 

evolution of disk galaxies and allows one to describe the spiral structure observed in most 

disk galaxies. The description of the dynamics of matter in the structure of spiral galaxies is 

constructed using the Lagrangian approach, applied not only to the parameters of the con-

tinuous medium, but also to the gravitational field. The resulting model supports the density 

wave theory and establishes a connection between spiral structures and the effect of hidden 

mass. 

Keywords: semiclassical theory of gravitation, spiral galaxies, dynamic equilibrium, hid-

den mass effect, self-similar evolution 

Introduction. There are two main problems in the general theory of disk galaxies. 

The first is the flat rotation curve of galaxies at their periphery [1, 2]. The second is 

the formation and evolution of spiral structures, which have a great variety of 

shapes [3, 4]. The solution to the first problem is sought either within the frame-

work of the hypothesis of the existence of exotic forms of matter (“dark matter”) 

interacting with ordinary matter only through a gravitational field [1, 2], or within 

the framework of the hypothesis of the violation of Newton's law of gravitation on 

the scale of galaxies (the effect of hidden mass, the MOND theory) [1, 2]. In [5, 6], 

a new approach to solving the first problem of disk galaxies — the effect of hidden 

mass, based on the semiclassical theory of gravitation and the Lagrangian formal-

ism in describing the gravitational field is proposed. In these works, equations of 

the dynamics of disk galaxies with the effect of hidden mass, arising from the natu-

ral expansion of the new representation of solutions of the Poisson equation of the 

classical theory of gravitation for a continuous medium using Lagrangian variables 

(markers), were obtained and analyzed on the basis of a new semiclassical theory 

of gravitation. In this work, the approach presented in works [5,6] in relation to 

disk galaxies with cylindrical symmetry is modified in order to include in this de-

scription the spiral structure of galaxies. The main objective of this work is to con-

struct a model of the dynamic equilibrium of galaxies with spiral structures. 

Methods and materials; results. The construction of the model of disk galax-

ies with a spiral structure in the work is based on the Lagrangian approach to de-

scribing the dynamics of a rotating self-gravitating continuous medium. This ap-

proach uses the representation of the gravitational field of the classical theory of 

gravitation using Lagrangian variables obtained in [5, 6]. The description of the 

dynamics of the medium is constructed within the framework of the theory of dy-

namic equilibrium of astrophysical objects [7]. The work derives equations for the 
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structure and self-similar evolution of disk galaxies with a spiral structure, taking 

into account the effect of hidden mass. The features of the self-similar evolution of 

disk galaxies in dynamic equilibrium are analyzed. The structure of the zonal flow 

of the medium and its relationship with the density wave are analyzed. 

Conclusion. The constructed model of the structure and self-similar evolution 

of disk galaxies can be considered as a new version of the density wave theory to-

gether with the effect of hidden mass. 

The work was carried out within the framework of the Agreement  

on the provision of a subsidy from the federal budget for financial support  

for the implementation of the state assignment for the provision of public services 

(performance of work) No. 073-03-2025-066 dated 01/16/2025, concluded between 

the Federal State Budgetary Educational Institution of Higher Education  

“UlGPU named after I.N. Ulyanov” and the Ministry of Education  

of the Russian Federation. 

References  

 [1]  Einasto J. Dark Matter. 2009, arXiv:0901.0632v1. 

 [2]  Zasov A.V., Saburova A.S., Khoperskov A.V., Khoperskov S.A. Dark matter in galaxies, 

Uspekhi Fizicheskikh Nauk, 2017, vol. 187, no. 1, pp. 3–44. (In Russ.). 

 [3]  Dobbs C., Baba J.I. Dawes Review 4: Spiral Structures in Disc Galaxies. Publications of the 

Astronomical Society of Australia (PASA), 2014, vol. 31, e035, 40 p. 

 [4]  Marchuk A.A., Kostyuk V.S. Clarification of the nature of spiral structure in galaxies: such 

different cases of NGC 3686 and M 100. Bulletin of the Main Astronomical Observatory in 

Pulkovo, 2023, vol. 229, pp. 1–24. (In Russ.). 

 [5]  Zhuravlev V.M. Evolution of dust disks and jets in dynamic equilibrium models. The role of 

“dark matter”. Space, time and fundamental interactions, 2024, no. 1, pp. 54–58. (In Russ.). 

 [6]  Zhuravlev V.M. Gravitational field of a continuous self-gravitating medium and “dark matter”. 

Letters to JETP, 2024, vol. 120, no. 6, pp. 400–408. (In Russ.). 

 [7]  Zhuravlev V.M. Models of dynamic equilibrium of astrophysical objects. JETP, 2022, vol. 162, 

no. 6, pp. 850–877. (In Russ.). 

  


