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Аннотация.      -      — 
-.    ,   -

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

            -

        .       

   ,        ,    , -

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

        ,    .    
      ,     

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

           .      

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

      Ключевые слова:    -  ,   , 
,  

Введение.            

        ,         

 —  -,     ,   

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

    .    . 

        — -
       -          , 

     .    -

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

   III     ,   
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 ,     -

     —  —   —  

(FLRW).                ,  
           

 ,  ,     ;   V -

       ,     

   .      -

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

Методы  и материалы; результаты.    -   
          
Rmnpq,  , ∗ ∗Rmnpq,  , R mnpq, ,  

       Rmn    R   ,  -

-         .  -

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

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

:          

                 .  -

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

 -     .   -

   .        

      sin ,     - . 

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

     N = ¯ ?  , , -

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

         (Rmnpq            ¯ m n )( ¯ p q ), Rmnpq( ¯ m )( ¯ n p q ),  

Rmn(¯ m)(¯ n ), ...    . . ,     -

       -    . , 
       : 
1, 2       , . ,   ∗  ∗               
        -

,      m,     E, 

      M,     
             . ,    

      mA  -
  MA,       R  N.   , 

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

      . 

            

     .  -
             S = ¯      

P i =      ¯ 5 ,  = ¯ 0  ,       -
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      . 
 ,      , ,  , 

  , S(t)  P(t),    

      - J,    -

 .       -

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

  ,      = 2 k, . .      -

       .    ,    H(t),  

  (  a t)    (q t),  ,    -

      1, 2, , ∗ ∗ 

            , 
    . 

      Заключение.         

--         -

       N.  

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

       Rmnpq,   , Rmnpq*,   , ,  

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

-       .   

          ,    ,  

:         -

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

                ,    

      ,  -
   m,     E,   -

    M,       
 . ,      

     MA,    R  N, 

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

(         -    )     
 . 
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Abstract. The influence of growth of global energy consumption on changes in ecological 

balance in nature is considered. The risks of further growth of use of non-renewable energy 

sources are presented. The directions of development of alternative energy sources are 

shown. The potential possibilities of application of nanotechnologies and innovative nano-

materials in production and transmission of energy aimed at saving natural resources and 

reducing toxic emissions into the environment are listed. Taking into account the specific 

properties of nanosystems, a conclusion is made about the need for systematic research to 

assess the potential risks of application of nanomaterials aimed at ensuring a safe future of 

mankind. 

Keywords: Alternative theories of gravity, Einstein-Dirac theory, axion, spinor 

Introduction. Keeping in mind the mentioned details of the history of the non-

minimal field theory, we established here the new complete non-minimal version 

of the Einstein-Dirac-axion theory, which is linear in curvature, is of the second 

order in derivatives, is linear in the number density of spinor particles and non-

linear in the axion field. The paper is organized as follows. At first we construct the 

Lagrangian of the non-minimal Einstein-Dirac-axion theory, and derive the extend-

ed master equations for the spinor, pseudoscalar and gravitational fields. Next we 

apply the established extended theory to the homogeneous isotropic cosmological 
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model, describe the evolution of the spinor field invariants, analyze the behavior of 

the Hubble function and of the scale factor. To be more precise, in Section III we 

reduce the master equations of the spinor, axion and gravity fields, taking into ac-

count the symmetry of the Friedmann-Lemaître-Robertson-Walker (FLRW) space-

time platform. Then we deal with the exactly integrable model, in which the axion 

field is frozen into one of the minima of the axion field potential, and thus is in the 

equilibrium state; in Section V the axion field is fixed in the instable state related to 

one of the maxima of the axion potential. In the end we discuss physical conse-

quences of the non-minimal graviton-spinor-axion interactions. 

Methods and materials; results. The non-minimal terms in the Lagrangian of 

this theory are formulated as tensorial products of the Riemann tensor Rmnpq, of 

its left-dual, ∗Rmnpq, and right-dual, R∗mnpq, tensors, as well as, of the Ricci ten-

sor Rmn and Ricci scalar R on the one hand, and of the spinor-axionic tensors and 

pseudotensors, on the other hand. All the derivatives in the non-minimal terms 

originated from the curvature tensor and its convolutions; the spinor-axion tensors 

and pseudotensors do not contain derivatives. In this sense, the set of the non-

minimal terms is complete: there are no new independent geometrical objects up to 

the second order in derivatives in the context of the Effective Field Theory. 

 In order to construct the complete Lagrangian of the presented theory, we 

used the so-called spinor-axion tensors and pseudotensors. One can explain this 

idea as follows. If we use the odd function sin  as the multiplier, we obtain the 
spinor-axion pseudotensor. Why do we restrict ourselves by the frameworks of the 

linear theory with respect to the spinor particle number density N = ¯ ? If we 

consider, e.g., the theory of the second order, we should include into the Lagrangi-

an a lot of terms, which have the form Rmnpq(¯ m  n )( ¯ p q ), Rmnpq(¯ 

m p q)(¯ n  ), Rmn(¯ m ¯ n  )( ),..., etc. Clearly, such a model would 

become non-effective because of the large number of phenomenological parame-

ters. Let us recall that the constructed theory contains only four non-minimal pa-

rameters: 1, 2,  ∗ ∗ and  . 

We would like to attract attention to the fact that the extended equations of the 

spinor field have the structure of the canonic Dirac’s equation, but instead of the 

seed mass m multiplied by the unit matrix E we obtain an effective mass matrix M, 

which depends on the curvature tensor and on the axion field. Similarly, the ex-

tended equation for the axion field contains the effective axion mass MA, which 

depends on the scalars R and N, instead of the seed mass mA. These effective 

masses, associated with the space-time curvature, predetermine the behavior of the 

spinor particles (massive fermion and massless neutrinos) and the dynamics of the 

axions in the early Universe. 

Application of the formulated non-minimal theory to the isotropic homogene-

ous cosmological model revealed an interesting detail. If we introduce one spinor 

scalar S = ¯ and two spinor pseudoscalars P = i¯ 5 ¯ 0 ,  =    , the evo-

lutionary equations for these quantities form the closed system of differential equa-

tions of the first order. Moreover, this system admits the explicit first integral, and 
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thus, only two quantities, S(t) and P(t), characterize the evolution of the gravita-

tional field, and enter the source-term J, which predetermines the evolution of the 

axion field. We analyzed in detail two exactly integrable sub-models of evolution 

of the non-minimally coupled spinor-axion system in the gravity field of the FLRW 

type. In the first sub-model, the pseudoscalar field was assumed to be frozen into 

one of the minima of the potential of the axion field,  = 2k, i.e., the axions are 

considered to be in the equilibrium state. Analysis of the exact solutions describing 

the Hubble function H(t), scale factor a(t) and acceleration parameter q(t) shows, 

that depending on the values of the non-minimal guiding parameters   1, 2, ∗ ∗,   

the Universe can be characterized by the Big Rip, Big Cranch and Pseudo-Rip sce-

naria. 

Conclusion. We discuss the new version of the non-minimal Einstein-Dirac-

axion theory of the second order in derivatives and of the first order in the spinor 

particle number density N = ¯. What are the interesting details of this theory? 

The non-minimal terms in the Lagrangian of this theory are formulated as tensorial 

products of the Riemann tensor Rmnpq, of its left-dual, Rmnpq*, and right-dual, 

tensors, as well as, of the Ricci tensor and Ricci scalar R on the one hand, and of 

the spinor-axionic tensors and pseudotensors, on the other hand. All the derivatives 

in the non-minimal terms originated from the curvature tensor and its convolutions; 

the spinor-axion tensors and pseudotensors do not contain derivatives. In this 

sense, the set of the non-minimal terms listed in research is complete: there are no 

new independent geometrical objects up to the second order in derivatives in the 

context of the Effective Field Theory. 

We would like to attract attention to the fact that the extended equations of the 

spinor field have the structure of the canonic Dirac’s equation, but instead of the 

seed mass m multiplied by the unit matrix E we obtain an effective mass matrix M, 

which depends on the curvature tensor and on the axion field. Similarly, the ex-

tended equation for the axion field contains the effective axion mass MA, which 

depends on the scalars R and N, instead of the seed mass mA. These effective 

masses, associated with the space-time curvature, predetermine the behavior of the 

spinor particles (massive fermion and massless neutrinos) and the dynamics of the 

axions in the early Universe. 
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