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

            .      

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

         (  , 

                 Т = 2,7 K).  -

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

  370 /       .    
       T ~ 10

–3
 K.    -

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

      . 

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

Введение.     -    
      [1],      

       [2].        

  ,      [3–5],   -

     COBE [6]. 

           ,    -

             ,     

     0,01 %   .  -
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    —     
.  ,    -

         ,   ,  

              .   
         

    [6]. 

       Методы  и материалы; результаты.      

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

        -    
   .      -

    .      - 
 , ,         -

     .  

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

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

      .      -

  ,    . 

            , 
           -

            ,  

   ,     -
        .   3        -

       1  (  -

        Planck)     

    1 . ,      
   100  /  [7]. 

            -

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

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

        -

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

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

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

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

          -
  .  
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Abstract. One of the promising directions in the field of aircraft orientation and navigation 

is the construction of a coordinate-time reference system based on cosmic microwave 

background radiation. To determine the motion parameters In space, it is possible to use the 

natural anisotropy of the temperature of the background electromagnetic radiation of the 

Universe (cosmic microwave background radiation, the spectrum of which is blackbody 

with a temperature of T = 2.7 K). The local dipole anisotropy of the cosmic microwave 

background radiation is associated with the Doppler effect, which occurs when the Solar 

system moves relative to the cosmic background at a speed of about 370 km/s towards the 
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constellation Leo. Dipole anisotropy leads to a change in the temperature of the sky at the 

level of T ~ 10-3 K. In addition, multipole anisotropy of cosmic microwave background 

radiation and a map of point sources in the millimeter wavelength range can be used to im-

prove the accuracy of constructing a coordinate-time reference system.  

Keywords: cosmic microwave background radiation, reference frame, cosmology, naviga-

tion 

Introduction. The paper [1], in which the temperature of the cosmic microwave 

background radiation (CMBR) was computed [2], presented the first theoretical 

investigation of this phenomenon. Later, both the CMBR and its anisotropy were 

detected experimentally [3–5] and confirmed by the COBE measurements [6]. 

The dipole anisotropy of the CMBR observed in the near-Earth space mani-

fests as the radiation temperature in the direction of the Leo constellation being 

0.01% higher than its average temperature, with the temperature in the opposite 

direction, towards the Aquarius constellation, being lower than the average by the 

same amount. The main hypothesis to explain the dipole component of the temper-

ature distribution in the Universe would be the Doppler effect arising from the mo-

tion of the Solar System relative to the CMBR. Moreover, there were experiments 

that allowed higher multipole orders of the CMBR anisotropy to be measured [6]. 

Methods and materials; results. A CMBR-based coordinate-time frame of 

reference may be used to design novel navigation and attitude control systems for 

advanced spacecraft. The method rests on the anisotropy of the CMBR. It allows 

the angular position, velocity and acceleration of the spacecraft to be uniquely de-

termined via measuring the power spectral density in several directions.  

The CMBR is a navigation field of natural origin that enables the attitude and 

velocity of the spacecraft to be determined directly. The attitude may be deter-

mined by integrating the corresponding equations of motion. Determining the time 

requires using certain supplementary means, such as an on-board clock. 

At present, the error in determining coordinates, velocity and attitude of space-

craft via measuring the CMBR temperature primarily stems from the fluctuation 

sensitivity of the receivers, the angular resolution of the optical system, and the 

number of measurement channels. Using 3 measurement channels and receivers 

with a sensitivity of 1 K (which is approximately the same as the sensitivity of the 

Planck spacecraft), the accuracy of angular coordinate determination will be under 

1 arcminute, while the accuracy of motion velocity determination will be at least 

100 m/s [7]. 

There are several sources that impose fundamental limitations on the accuracy 

of the method: intrinsic fluctuations in the CMBR temperature, its spectrum poten-

tially deviating from the Planck spectrum in specific ways, and the spatial inhomo-

geneity spectrum of the CMBR. Should measuring instruments reach these funda-

mental limits, the accuracy of determining navigation parameters by measuring 

CMBR temperature distribution maps may be several orders of magnitude higher 

than when using global navigation satellite systems. 
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Conclusion. Our analytical and numerical assessments demonstrate the poten-

tial for using the CMBR anisotropy to design a coordinate-time frame of reference 

featuring unique characteristics for solving the problems of navigation and attitude 

control of spacecraft. 
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