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Аннотация.      -     
     ()   -

  ()    ,   -
        .       

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

    . ,      , 

         ,    

    .  -
            

.       . 

Ключевые слова:    ,  ,   

Введение.            

 -          

,          

   [1].      

    ,   

   ,       -     
   , GPS, Galileo, Beidou.  -

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

             

      ,          
     [2]. 

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

 .             ( -
       10^{–18}  ,    -

 )         

          ,     

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

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

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

    ,  -
            

          

2-          4-    -   
  .           

  ,        

        ,    

  ,     . , -
 epslion,     ,    
         ~10^{–10},   5   
 GREAT [3],     gamma —   

~10^{–8},       3    Cassini [4].  
              

  [5]    ,    -

  [6].         -

     .  

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

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

         .         
     ,      

          -

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

 ,        

  ,          

       .         

      ,    , -

    . 
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Abstract. The paper is devoted to a theoretical study of the possibility of experimental veri-

fication of the general theory of relativity (GR) and the Einstein equivalence principle 

(EEP) using atomic clocks placed on spacecraft. A model of signal frequency conversion in 

experiments with compensation for the nonrelativistic Doppler effect is constructed, taking 

into account relativistic corrections of the second order in the gravitational potential and the 

fourth order in the velocity of the spacecraft. It is shown that using spacecraft equipped 

with highly stable atomic clocks, it is possible to achieve a significant increase in the accu-

racy of measuring post-Newtonian parameters. The potential of such experiments for meas-

uring the spin of the Sun and searching for dark matter is also considered. Optimal orbital 

configurations are proposed for a number of scenarios. 

Keywords: gravitational time dilation, atomic clocks, dark matter 

Introduction. The search for deviations from Einstein's equivalence principle 

(EEP) and general relativity (GR) based on it is of great importance both for fun-

damental physics and for the task of constructing a new generation of global navi-

gation satellite systems [1]. One of the consequences of the equivalence principle is 

the effect of gravitational time dilation, or gravitational frequency shift, which is of 

practical importance for the existing navigation systems GLONASS, GPS, Galileo, 

Beidou. The deviation of the magnitude of gravitational time dilation from that 

predicted within the framework of GR is an inevitable consequence of most theo-

ries of unified interactions, as a result of which the precision measurement of this 

effect is an area of active experimental research [2]. 

Methods and materials; results. Atomic clocks are an essential element of a 

significant number of experiments searching for deviations from GR. Due to recent 

progress in the technology of their creation (increased stability and accuracy up to 

10^{–18} and higher, in terms of relative frequency), an increase in the accuracy of 

already known experiments by several orders of magnitude is expected in the next 

decade, and the possibility of conducting qualitatively new types of measurements 

will also appear. Laying a theoretical basis for planning and interpreting the results 

of such experiments, studying the effects accessible for measurement and assessing 
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the ultimate accuracy of their measurement are therefore extremely important 

tasks. We have constructed a theoretical model describing the conversion of signal 

frequencies in space experiments using a compensation scheme for the nonrelativ-

istic Doppler effect and taking into account the effects of the 2nd order in the 

gravitational field and the 4th order in the velocity of spacecraft. With its help, the 

possibility is substantiated and the accuracy of measuring a number of parameters 

characterizing deviations from GR within the framework of metric and nonmetric 

theories of gravitation, using spacecraft equipped with various types of atomic 

clocks. For example, the parameter epslion, which characterizes the deviation from 

EEP, in the gravitational field of the Earth can be measured with an accuracy of 

~10^{–10}, which is 5 orders of magnitude better than the GREAT result [3], and 

the post-Newtonian parameter gamma — with an accuracy of ~10^{–8}, which is 3 

orders of magnitude better than the Cassini result [4]. It also becomes possible to 

conduct a fundamentally new type of measurement of the Sun's spin [5] and detect 

dark matter consisting of light scalar particles [6]. For some of these experiments, 

we have found optimal configurations of spacecraft orbits. 

Conclusion. The conducted research demonstrates the high significance and 

prospects of using modern atomic clocks in space experiments to test the funda-

mental principles of gravitational physics. The model we have constructed allows 

us not only to refine the existing estimates of deviations from the general theory of 

relativity, but also offers new methods for measuring key physical parameters with 

unprecedented accuracy. The results obtained can serve as a basis for designing 

future missions aimed at testing metric and non-metric theories of gravity, studying 

the spin of the Sun and searching for manifestations of dark matter. All this makes 

such experiments an important direction in the development of both fundamental 

science and applied technologies, including new-generation navigation systems. 
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