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Пу л к ц  

О ов ое оде е д е т  ло е о в 5 уч ы  от ,   кото ы  
опу л ков ы в е е уе ы  у л  ВАК п ок п вод т я е . 

 

    

    ,  ,  10    
3 ,     100 .    
70 . 

  

 .        ,    
      -   2

sp  . 
         

:     “ ”   ,   
      .    

       [1*, 2*]. 

1.1.   ,   4 ,      
     :     (  ),   
 ,   (« » ). 

 1.1.1.       a0   a


 , 
  s-  -   “ ” . 

        U∈SU(2), 

         
: 𝑈 = 𝜏 + a

 ∙   ,                                                (1) 

 0    2 2  𝜏   ,  SU (2) 
 + a

 =   .                                                 (2) 

      (1)   
: = 𝑈+ ∂ 𝑈  ,                                              (3) 

     0,1,2,3  ∂       x0  
  𝑖 , i=1, 2, 3.  

        :                 𝐿 = − 𝐼 ( ) − a
           .                           (4) 

  -      ,   
. 

  1.1.2.     ,  
        Z,    

  :                              𝑈 = 𝑒 𝜓𝜏 ,   𝜓 = 𝜓 𝑧  .                                                                        (5) 
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     :  𝐿 = − 𝐼𝜓′ −                                (6) 

     (6):                 𝐼𝜓′′ − 𝜓 =                                (7) 

  (7),     𝜓 = −∞ =  , 𝜓 +∞ =  

 -  (  ):                                    𝜓 𝑧 = arctan 𝑒 𝑧 ℓ⁄                                          (8) 

   (  ) ℓ = √𝐼⁄  

 

 1.1.3.        
      .    

   (8)      
 , . .   z.      𝜓 = /     
    𝜉 =   ± = ±     : 𝐿 = 𝐼(𝑧− 𝜕 𝜉𝜕 𝜉 + 𝜕 +𝜕 −) − + −                     (9) 

 (9)   ,       : z ∂ z− ∂ ξ + ⊥ξ = ,   − ℓ− a+ =                           (10) 

 ⊥ = ∂ + ∂ .     x ,y       

Z=0      : ξ = ξ exp −k z / coskx,  a+ = A+ek̅ cosKx, K = k̅ − /I,     (11) 

 k̅ℓ > .        Z  (11)    
  ,           

1966    .  

        -  : ξ = ξ exp −k z / J kρ ,     a+ = A+eimφek̅ Jm Kρ                     (12) 

 Jm -    m-  , m = , , , …,  ρ, φ -    
 .  ,   ,    

   . 

 1.1.4.          , 
        

.        : 𝑈 = exp 𝜓𝜎 , 𝜓 = 𝜓 , 𝜎 = 𝜏 𝜙 + 𝜏 , 𝜙 = 𝜑, = , , ..     (13) 
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 (13)      « »  
 .  (13)    (4),                                     ℒ = − 𝐼 𝜓′ + 22 𝜓 − 𝜓   .                            (14) 

      ψ(ρ)  :   𝜓′ ′ = + /ℓ ψ  .                           (15) 

   = 𝑔 ℓ⁄      ℓ⁄     
(15)   :              𝜓 = [𝑒 − ] ,                    (16) 

    𝜓 +∞ = , 𝜓 −∞ = ,  = ℓ𝑒  

   . 

 .   K-        
  ψ 1, ψ2,         

.          
     ,    

 . 

 2.1.           
   [2*]    .   

      𝜓 , 𝜓 ,     
       , ψ = ⊗ (ψ1 ⊗ ψ 2)   
     (1).  

  L    γ-5-  
,   : 𝐿 = 𝐼 𝜕 �̅�𝑃𝜕 𝜓 − 2 ⃗                                         (17) 

         
 : =  𝜕 − 𝑒 𝑒 , 

  0> 0      Γe = (1- 0 / 2)   , 
        :  

a0 (∞) = 1.      :            𝐿 = 𝐼 �̅�𝑃 𝜓 − 2 ⃗ + �̅�𝜎 𝜓  ,                     (18) 

  = [γ  γ ] / 4, = 𝜕 − 𝜕   0> 0   ,    
   . 
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    ,    
     (18),   j 2≡j  j

 
 = 1, Ψ1 = 𝑖,  

A  = 0.    : = 𝑒 𝐼 (�̅�𝑃 𝑒𝜕 𝜓) − 𝑒 𝐼 + + 𝜕 �̅�𝜎 𝜓          (19) 

     ,      
 . 

 2.2.        
  z = 0      B0, 

   x.    Ay = A (z), ,  
                                                    𝑥 = 𝑧 = − ′ 𝑧 , 

     : A → -B0 z. 

       ,    ,   : 𝜓 𝜓  ,    : 𝜓 ⇒ 𝜓 

   :                                                     𝜓 ⇔ 𝜓𝑖∗;    , ⇒ − . 
     2-  𝜑 𝑧 = , − , 𝜓 = 𝜓 =𝜑, 𝜑 .       : 𝐿 = −8𝐼|𝜑| θ′ + 𝑒 + |𝜑′|2|𝜑|2 − 8 |𝜑| + ′𝜑+𝜏 𝜑 − ′ 8⁄       (20)     

,    : 𝜑 ⇒ −𝜏 𝜑,    
      .    

  φ1 = -φ2 = u.   : 

                            𝑈 = |𝜑| = , чи ывая, ч о   = 6𝑈 . 

     : 𝐿 = − 𝐼𝑈′ − 8𝐼𝑈 θ′ + 𝑒 − 4𝑈 𝑈 + ′ − ′ 8⁄     (21) 

      :                                                     ∞ = , θ ∞ = , A′ ∞ = −B . 

  « » : = 𝑃Θ ′ + 𝑃𝑈𝑈′ + 𝑃 ′ − 𝐿 = − IU′ − 8IU θ′ − e A sin θ − 4Usin θ U + A′ − ′28π = − 028π           (22) 



9 

 

 ,   -   « » S   : 

8𝐼 𝜕𝑆𝜕𝑈 + 𝐼𝑈2 𝜕𝑆𝜕𝜃 + 𝜕𝑆𝜕 + 4 𝑈 = 028 + 8𝑈 + 𝐼𝑒     (23) 

     : 𝜕𝑆𝜕𝑈 = −4𝐼𝑈′;  𝜕𝑆𝜕𝜃 = − 6𝐼𝑈 ′; 𝜕𝑆𝜕 = −4 𝑈 − ′
                  (24) 

    (23)    z → ∞:  ≈ 0 − 8𝑒 𝐼𝑈                                       (25) 

           
z → ∞: = ′ ≈ − 𝑒 𝐼 − 𝑒 −𝑒 𝑧  .                (26) 

   (26),       
   e0 I-2 0.     

 « »,      = 𝑒 𝐼Im(�̅�𝑃 𝑒𝜕 𝜓) − 𝑒 𝐼 + + 𝜕 �̅�𝜎 𝜓   .     (27) 

  (27)     ,     
 .     (26),     

 e0 I-2 0     . 

 .        
:   ,    

,   ,    
. 

 3.1.            
      .  

 3.3.2.   ,     B 0   
  z.    r,  , z,   

 A   = A,                                                        𝑧 = 𝜕𝑟 ⁄  , 𝑟 = −𝜕𝑧 . 

       : 𝑧 → ∞ = ⁄ . 
     ψ1 ψ2  γ0- 

 ψ⇒γ0 ψ,    2-  φ,  
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𝜓 = 𝜓 = 𝜑, 𝜑 ,    𝜑 = , . 
       : 

𝑟 𝑧 . 
       : 𝜑 −𝜎 𝜑, − , ∗, , − , , 

    : = ,      = . 

 -  : = , 𝑧 , = , 𝑧 . 
       : 𝐿 = −8𝐼 [ 𝜕⊥ + 𝜕⊥ + 𝑒 ] − 8 + 8 Rsin r ∂r rA −

8π [r2 (∂r rA ) + ∂ A ]                                                                                               (28) 

 ,  (28),  : 𝐼 [𝑟 𝜕𝑟 𝜕𝑟 + 𝜕𝑧 − 4 𝜕⊥ − 4𝑒 ] = [ − 𝑟 𝜕𝑟 ]     (29) 

𝐼 [𝑟 𝜕𝑟 𝜕𝑟 + 𝜕𝑧 𝜕𝑧 − 𝑒 ] = [ − 𝑟 𝜕𝑟 ]            (30) 

[𝑟 𝜕𝑟 𝜕𝑟 + 𝜕𝑧 − 𝑟2] = 6𝐼𝑒 + 8 𝜕𝑟               (31) 

     (29), (30)  (31)     
z → ∞,  → ;   = 4⁄ + , → ; = / 𝛼 𝛼 → . 

 ,      : 

𝐼 [ 𝜕𝑟 𝜕𝑟 + 𝜕𝑧 − 4 𝑒 ] = − 4 . 
       : = 𝑒 − − 𝑧 , = ,                                  (32) 

 (32)  (29)  (31),        α: 

𝑟 𝜕𝑟 𝜕𝑟ζ + 𝜕𝑧 = (𝜕⊥ ) + [ 𝑒 + I − B ]            (33) 

𝑟 𝜕𝑟 𝜕𝑟α + 𝜕𝑧 𝛼 − 𝛼𝑟2 = 𝑒 𝑒 𝐼 − 4 ≡                  (34) 

    : 
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                                           𝑧 = + 𝑧 , 𝑧 = 𝑟 𝜕𝑟 α , 𝑟 = 𝑟 = −𝜕𝑧𝛼. 

   r → 0  (34) ,      r 3  ,   
  : 

𝑧 = 𝑒 𝑒 𝐼 − 4  𝑒 − − 𝑧  ,                (35) 

𝑟 = 𝑘 𝑒 𝑒 𝐼 − 4 𝑒 − − 𝑧 .               (36) 

    (35), (36),      𝑒 𝐼 − 4  

      . 

        .    
  

.
a

E
I ,  

2
 ,    exch

300 
cam

e

c

e
e

e




  

  ,       Eexch = 2.9 eV  
    a = 3.56   10 

- 8 ,  e -    , 
   : 𝑒 𝐼 =  ,    =  . 

 ,   𝑒 𝐼 − 4       
    r    ( 35)  (36). 

 3.3.3.         
       , . .  

 r,   z.       
 (32)     : 

)](arctan[exp2 2
kzvr                                                   (37) 

  ,        .  
   (37)   (32), ,   

)cosh(

1
2

1

exp4
222 2

2

kzvr
vr

e

vr
kzvr

kzvr

r 









  

    : 

  rjkzvrIeBre
r

rr
r

zr  2)tanh(4sin2)(
1 2

00

2

002

2                (38) 
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  (38),     ,0)0(   
   : 

     zzrr
r

G
GGr

r
zrr

  ,
1

2

2                                           (39) 

  :  

 







 










)tanh(4sin)](I)(K)()([ 2

00

2

001111

2

0

)(
zkrIeBerssrrsKsrIrrdedszd

r

zzis 

                                                                                                                          (40)        

          r: 







 





r

r

r

r
rsIsrKrsKsrI

2

1
)()()()( 1111  

84

11

2

1

2

1

2

1 3
422

0

r
r

r
rr

r

r

r

r
rrd

r







 






 





 

 )tanh(4
)(cosh

1

8
)(2 2

002200

3

0

zkrIe
zkr

Be
r

zzzd 


 








       (41) 

   r: 

 )tanh(4
)(cosh4

2

0022

00

3

zkrIe
zkr

Ber 


 



                                    (42) 

       . 

   (29) (42)  
2

,
4

1 0rB
AR  

    
:
      

 00

22222

00

22 2sin2sin
4

1
4)(4)(

2

1
BRrBReRRRrI zrr  



   (43)          
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)(cosh

4
)(

22

22
2

kzr

rk






        

)(cosh

1
22

2

kzr
Sin





  

 (43)  : 

  j
kzr

IB

I
rBIerk

kzr

R
RR

r
R zrr 














)cosh(

/2
444

)(cosh

1
2

00

2
22

0

2

0

222

22

2





 (44) 

    

 oB
I

Bek 0

2

00

2 4
1  

.
 

  (44)      : 

]),()()(),()()([ 
2

1
),(

0

0000

0

)(  





rr

zzis
zrjrsIsrKrrdzrjrsKsrIrrdedszr


      (45) 

      , :  

]/2log[)(          ,1)( 00 xxKxxI   








 rs

nsrrs
sr

nrrd

r
2

)1()1(
2

0

  

 
4

1
4

1

6

12 2
23 r

srrsr
sr

n 





   

  (3.33) ,     









 2//2

cosh4
),(

4

22

0

2

000

2
2

2

22

rBeIB
I

k
r

zrj
r   





  2/1()2(
2

cosh4
),( 2

00000

2

2

2

BreBeB
I

r
zr                                   (46) 
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  (46),     (37)  

     ,  ,  

/𝐼 𝑒 , 𝑒 ,  . 
 3.3.4.          

   ,   .   

    . 

     ,   

 . 

 ,   : 

1.           
   ,     

    ( ),   
    . 

2.    8-     ,   
    . ,      

,       : 
      . ,   

  ,    ,  
  , . .     

      r. 

3.   8-       
   . ,   ,   
,    ,   

 . 

 : 

1*Rybakov Yu. P. On chiral model of graphene//Solid State Phenomena, v.190. 2012, P.59-

62. 

2* Rybakov Yu. P. Spin excitations in chiral model of graphene//Solid State Phenomena, 

v.233-234. 2015, P.16-19. 
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. .        
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realization of chiral model // RUDN Journal of Mathematics, Information Physics 

[Bulletin of People’s Friendship University of Russia (RUDN University). Series 
“Mathematics. Information Sciences. Physics”], 2017, Vol. 25, No. 3. 

2. ы ко  Ю. ., хм  . .      
 //    . . 23, № 4. 

 : 

1.Rybakov,Yu.P., M. Iskandar, A.B. Ahmed, Magnetic excitation in chiral model of graphene 

// GAMS Dubai 2015. International Conference Proceedings, No.1, pp. 56-66. 

2.Rybakov.Yu.P. M. Iskandar, A.B. Ahmed, Graphene interaction with an external magnetic 

field in the chiral model // LII Conference on Problems of  Dynamics, Particle Physics, 
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   ,   .     

    ,      

 ,     .    
   -  .  

       .    
,    .    

    ,  8-    
      .  

         

  .      
  .      ,   

,   , . .    
  .     ,    

,         
(   r).      . 

 ,      . 

ABSTRACT 

Ahmed A.B 

Spin and electromagnetic excitations in graphene 

    Graphene is a two-dimensional collection of carbon atoms, with thickness of only one 

atom, forming the hexagonal lattice. The scalar chiral model of graphene based on the unitary 

matrix as an order parameter, was suggested in the long wave approximation and the ideal 

graphene plane was determined by the kink-like solution. Corrugation of the graphene 

surface was described in the form of ripple rings. The approximate solution corresponding to 

infinite carbon nanotubes was found. We considered the generalization of the scalar chiral 

model of graphene, the 8-spinor field being included for the description of spin and quasi-

spin excitations in graphene. The electromagnetic interaction was included through the 

extension of derivative and Pauli direct interaction term was added. We considered in detail 

an example of the interaction of the graphene plane with the external magnetic field.    We 

studied the case of the magnetic field parallel to the graphene plane, and the diamagnetic 

effect was predicted.  However, for the case of the magnetic field orthogonal to the graphene 

plane the strengthening of the magnetic intensity is revealed in the central domain (at small 

r). We studied magnetic excitations in bilayer grapheme which also reveals a paramagnetic 

behavior.  Thus, the magnetic properties of the graphene prove to be strongly anisotropic. 
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