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Аннотация.              ,     
  « »      -

     () ,  -
             -     
   4 . .         

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

        .        
   — 130–150 / /      170–

200 / /      , . .  2–3       
.         . 

       Ключевые слова:     ,  ,  

,   

Введение.            
       (, )    

 90  [1],       . 

              2000- ,  
           

    «»  (-) —        -

  ,   ,    -  
         [2]. 

      .   .  [3, 4]  ,    -

           

              -

 .  ,     -
        4  ,  -
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          

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

       .    —    

       ,     

                 ,    

      . 
Методы  и материалы; результаты.     -    

       ,     , 
           [5],  ,    -

          -
   : 

    
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0 s s0

4,96
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  
 

 (1) 

     L —  , Ts     —   , h = 

= 100 / / ,   t — ,   . ,    
   ,       . -

  ,         -

 H0           0,7 h,       t  4 . 
   (L t)/L0  0,7. 

           [6], 

   3,54  .       -
 (Ts0           15C = 288 K)    Ts    70C= 343 K;    

  (1)  H
(loc)

  1,31,5 h (  . .,  2    -

  ).     ,     
     Ts0    63C = 210 K; 

    ,  3,74 .     -

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

  ,   Ts  0C = 273 K.    -   (1) 
   : H(loc)

  1,72 h. 

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

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

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

   ()     -

       . 

   ,      -

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

           [7],       H
(loc)

/H0. 

     ,    (-

)             , 
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       ,    -. 
 ,  ,       
       «  -
»,          

[8, 9]          , -

           ,  -   

    —   . 
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Abstract. Assuming that Hubble expansion should manifest itself even at the sufficiently 

small (interplanetary) scales in the framework of dark-energy-dominated cosmological 

models, we try to estimate Hubble parameter from the thermal evolution of Earth and Mars 
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during the last 4 billion years. The basic idea of our analysis is taking into account the vari-

ations in solar irradiation arriving at these planets due to the cosmological expansion of 

their orbits and subsequent confrontation of these calculations with the planetological data. 

The corresponding values of the local Hubble parameter were found to be rather large: 

130150 km/s/Mpc for the orbit of Earth and 170200 km/s/Mpc for Mars, i.e., 23 times 

greater than the commonly-accepted intergalactic value. Finally, we discuss a possible in-

terpretation of these results. 

Keywords: local Hubble expansion, dark energy, evolution of Earth, evolution of Mars 

Introduction. The problem if Hubble expansion can exist at the sufficiently small 

(e.g., interplanetary) scales is discussed for over 90 years [1] but remains unsolved 

till now. This issue became especially topical in the early 2000’s, when a new par-

adigm in cosmology was based on the models with dominant contribution by the 

dark energy (-term): since the dark energy is distributed perfectly uniform every-

where in space, one can expect that the corresponding Hubble expansion will mani-

fest itself even at very small scales [2]. 

As was pointed out in works by M. Krizek and L. Somer [3, 4], the local Hub-

ble effect should affect a thermal regime of the Earth throughout the entire period 

of its geological and biological evolution. Particularly, if the Earth’s surface tem-

perature is assumed to be constant over the interval of approximately 4 billion 

years, then the required local Hubble parameter turns out to be about a half of the 

standard intergalactic value, which might look somewhat strange. It is the aim of 

the present work to go beyond the assumption of constant planetary temperature by 

employing more recent data on the temperatures of the early Earth and Mars and, 

thereby, to evaluate the corresponding Hubble parameters more accurately. 

Methods and materials; results. Starting from the equation of heat balance of 

the planet whose orbit experiences the cosmological expansion caused by the dark 

energy [5], one can find a magnitude of the local Hubble parameter at which the 

planetary temperature would have a specified value in the past: 

    
(loc)

0 s s0

4.96
      ln ( ) 4ln ( )  ,H L t L T t T h

t
  
 

 (1) 

where L is the solar luminosity, Ts is the temperature of the planetary surface, h = 

100 km/s/Mpc, and t is the time measured in billion years, which should be taken 

with a negative sign if it is directed to the past. Let us remind that the present-day 

value of the Hubble parameter at intergalactic scales is H0  0.7 h; and it is reason-

able to take L t L( )/ 0    0.7 for the approximate estimates at t  4 bln. yr. 

As follows from the modern data of paleochemisry and paleobiology [6], the 

Earth’s temperature 3.54 bln. years ago could be substantially greater than today 

(Ts0  15C = 288 K) and estimated as Ts  70C= 343 K. Consequently, formu-

la (1) gives H
(loc)

  1.31.5 h (i.e., two times greater than its contemporary interga-

lactic value). As regards Mars, its present-day surface temperature is Ts0   63C = 

= 210 K; but there is a clear evidence that rivers flowed across its surface 
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3.74 bln. years ago, i.e., there was a considerable volume of liquid water, so that 

Ts  0C = 273 K. In such a case, formula (1) leads to the even greater value H
(loc)

  

  1.7 2 h. 

Conclusion. The above-mentioned values of the local Hubble parameter—

exceeding its contemporary intergalactic value by two or more times—might look 

quite strange. One of the most evident reasons could be caused by the oversimplifi-

cations employed in our estimates, namely, the time-independent absorption prop-

erties (albedo) of the planets as well as a permanent efficiency of the greenhouse 

effect in their atmospheres. 

On the other hand, there might be also a cosmological interpretation of these 

results. First of all, let us mention that the available theoretical calculations—based 

on the assumption that the local Hubble effect is caused solely by the dark ener-

gy [7]—give us only the lower limit on the ratio H
(loc)

/H0 . On the other hand, there 

is no a rigorous upper limit, because the ordinary (aggregated) matter, in principle, 

can also give contribution at the small scales; and this contribution might be even 

greater than the one from the dark energy. Besides, the surprisingly large values of 

the local Hubble parameter might be associated with the effect of “accelerated un-

winding spiral”, which was derived in the general relativistic calculations of the 

model problem of motion of a test particle in the field of the central point-like mass 

embedded into the uniform cosmological background formed by the -term and 

possessing the Walker–Robertson asymptotics at infinity [8, 9]. 
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