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REGULARIZATION OF THE NONLINEAR THEORY OF DRIFT WAVES IN THE INHOMOGENEOUS  

MAGNETIZED COLLISIONAL PLASMA 
A.A. Vodyanitskii 

Akhiezer Institute for Theoretical Physics NSC KIPT 
1 Akademicheskaya, Kharkov, 61108, Ukraine 

Nonlinear oscillations of the magnetized non-uniform collisional plasma are studied. Basic nonlinear equation is got for 
waves and regularization of the theory of perturbation is considered. It consists in the inclusion of dissipative terms into normal func-
tions and in an account of their derivatives with respect to the the non-unifrm coordinate This procedure supplies with the crucial 
non-linearities which determine the nonlinear stabilization of drift-dissipative instability and anomalous transfer of plasma. 
KEYWORDS: nonlinear theory, magnetized plasma, drift-dissipative instability. 

 
     ,    

-        . -
-         , -

   ,    [1].       
    ,     [2].   -

   [3]         ,  -
      .  

            -
  [4-7].    ,   .   [5], [6]  [8] -

         ( .    -
 [9]). ,     [10], -   -   , 

           -  . 
-           
    Q –  [11-13].     ,   
 -  .     -

          1m =   5;   6m =  
[11], [14].        10 % – 20 %.  

        -
 -   [15-22].        -

             . 
   [15]       10     -

2 4
«Journal of Kharkiv University»,  ¹1001, 2012 A.A. Vodyanitskii
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...

© Vodyanitskii A.A., 2012



. ,         .    
             -

 . 
           ,   

      .    [17],   -
   ,      -

         -   (   
 " "  ).        -

     -   [21]        
. (            -

,          .) -
      .  

  [23]         ,   
,    " " (core)    " "  " " -
      [24]. 
          

     .         
   -        

[25].    [26]      ,   
  .        -

   .  
        (      

  [27]).    ,         
   .      ,    -

  ,  -        [27].  
    "... the main attention of this review (i.e. the review [28]. – A.V.) is devoted to the 

investigation of nonlinear drift structures, whose existence may result directly in the anomalous transfers." 
      ,        -

 [26].   [29]    -     
  -  c  ,     -
.       ,   -

      .   -
      .         
,               , 

    ,        (  – ).  
      ,   ,    

      . 
    ,        
-        . 

 
     

       ieτ     [30]     
      eiee ττ =    iiτ  ,     -

    [31]: 

( )ieeei nZTm 2423 e223 Λ= πτ ; ( )iiiii nZTm 2423 e43 Λ= πτ ; )3( eieiie mmττ = ,  (1) 
 αm , αT , αn  — ,      α  ( e=α  – ,  i=α – ), eZ   

0e ee <−=  –    , =Λ  )eln( e
63

e nT  –   [30].   
        , ,   

ie mm   21
ie )( mm           eiτ .  

        . 
     ,      -

 ,    [31].        -
          -

.  ,       , 
     [32],      -

   .    ,  ,  ,   
            -

2 5
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...



.        [31].     
   .       -

   .           
     . 

       [32]    -
     [33].        -

   [32]   [34]    .     
  ,     ,    [33],    -

,         [32]  [34].   [33] -
         ,   

  . 
    ,      ,  

,   ,   ,    
-  .  ,       

  : 

*' ωtt = , ⊥= Lrr π2' ,  II2' Lzz π= ,  ( )⊥⊥⊥ = LV *2v ωπ
αα

,  ( )IIIIII *V2v Lωπ αα = .      (2) 

      (    ), IIL   L⊥  –  -

    , )e(4 2
0e

2
* HLcT ⊥= πω  –   . -

      .        
       .   00

~ nnn α= ,  

ie nnn ==α ,          00n    

00eT  ( ,        ).     
      ,     α  

 : 

0 ep
pα

απ = ,  ( )0000 e eTnp = ,  
*

'
e0ω

ωππ ααα
p

H
ikik =  ,  

e0
'

p
H

jj
ααα ωηη = ,   

e0
ee

T
ϕψ = .  (3) 

 (3)      i
jη ,  4,3,2,1=j  ( . [31]).    

     0η , .     (4). 
   ,  -    ( -

          ): 

0ee0
2

e
2

e0
4

*

i

II

T

mL
y

τπ

ω
= ,   ==

= 0
   10

ii TT
iηη

0  
 3,0

iiHi
it

τω
,   

2

2
ie

24*

⊥

==
L

b
Hi

ρπ
ω
ω

,   
e0
0

T
Tt i

i = ,   
im

me .   (4) 

 ( )2
0

2
Hiieie mT ωρ =  —    ,    . 

 , , ,        
, ( )eiHe

e τωζ 1= ,       α , cmeHH ααω = ,   
 ,      . 

  -      ,   
           [7],   -

    (     )  .   
 [1]        ,   

     [35]. (         
  (3)        -

). ,            -
     ( .   [17]). 

 ,         , 
            ln nν = ,. 

      ,       
  ),(~ trν   ),( trξ    ),(~ trν   ),( trψ : 

( ) 0vv ~e~'~' /~
2

~
=+∇+−+∂∂ ⊥

−
D

i
xyyx nt ννξνξν ,       ( ) 0v ~    ~ 2e0e

22 =∇+∂+∂ ⊥
inyz ανψ ,   (5) 

 νψξ ~
it+−= , exp( )n ν=   51,0e =α  [31].       -

2 6
«Journal of Kharkiv University»,   ¹ 1001, 2012 A.A. Vodyanitskii



.  ,         -
   ,    1vi     ( , )r tξ : 

y
i
x 'v1 ξ−= ,   x

i
y 'v1 ξ= ,          yEx 'v ψ= ,       xEy 'v ψ−= .   (6) 

       ,    -
 ,          

,     =i
3η 2iπ    .   -

          (5)  
( )( ) ]})~(4)~([~{v~ ""2

1
2

102 xyxy
i nndtdnbn ξξηξ +ΔΔ−∇∇−=∇ ⊥⊥⊥⊥ , 2222

1 , yx ∂∂±∂∂=Δ⊥  (7) 

yxxyttdd ∂−∂+∂=⊥ ''   ψψ ,   ( )πζ ⊥⊥⊥ ∇−∇=∇ e
Dn  v~ , ie πππ += .    (8) 

 
   

         -  -
.    ,       
         -

.       ,     -
,         [37]    -

            
[38]. (           

         [39].) 
           

   .         -
      [38]        

        .    -
   ,        [38],  

          
,    . 

 
    

     o    ,     
   , 1 |'| |"| 00 ≤<< xxx νν   1 |'| |"| 00 ≤<< ttt νν ,    

  0ξ .         
     " "      -

   .   o         
),(),(~

0 trtx ννν +=   ),(),(~
0 trtx ξξξ += ,  ,   , ,  -

  ,     ,    . -
     -       -

  .         .    
  (5)     ,     -

   .         (7)   , -
     (    )~exp(~ ν=n ):  

[ ],))'~()'~((4)~(4)~(2 )~2exp()~(4)~( 1
22

11
2""2

1
2

1 ξννξνξνξνξξ Δ−+Δ∇∇+ΔΔ+Δ≡+ΔΔ ⊥⊥⊥⊥ yxxyxynn   

,         )exp( 00 νηη =   
)exp( 0e00 να yye = . 

         xO     
   y   z .   Ox         -

  x     ,    y -  . 
     ,    , -

          " "  " "   
   .    +∂∂=∂∂ 0 / / tt 1 / t∂∂ε , +∂∂=∂∂ 0// xx 1 / x∂∂ε   

      ε .         
    [40].    ( , )r tν   ( , )r tξ    -

      }{exp kiϑ ,  )( 1xknzmy xk ++=ϑ  ( m   n  –  -

2 7
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...



  )( 1xkx  –  " " ): 

{ } { } { }≡= k kkkkmn
x

kkx iaiaxdk ϑξϑξξν exp;exp;)(; 0 1 .   (9) 

     (5)         -
        

)()( 12 κξκλωξ NLiai kk =+− ,        )( )( )1( 31
2 κξκλ NLatn kki =−+− ,   (10) 

 )ˆ,ˆ(ˆ kωκ =    

{ }  )''','','( )'','()( ''''''''''''''''''' ' kkkkkkk jkkkkjk kj aaRaUNL −−=−= += κκκκκξκ .          (11) 

        (10) 

.')1()]"'2'4'(''[''''') ln'()'','( ''
''e2

1
2
1

3"4''
0'1 kkimxkx akktkkkkkkkibmkmxikU ξζηωξκκ ⊥⊥⊥⊥⊥⊥⊥ ++++−+−∂∂−=  (12) 

    (10)         : 
)()(2 κκ ηωωκλ ib mne +−= , xm m 0'ψωω += , =κη )( 22 mkx +η .   ,   

      : =ω ) /  /( 10 tti ∂∂+∂∂ ε   

11  / )( xixkk xx ∂∂−= ε .   (10)  (11)    'k     ',' nm   

  )(' 1xk x    –  "k .    (12) yxx mkk e'e'' +=⊥ , 222
1 mkk x −= ,  xe    

ye      xO   yO . 
 

     
           . -

     ka     (10)    

)exp(),(),( 0111 titxatxa kk ωκ −= ,     ( )kk ,ωκ = ,   (13) 

    ),( 1 txkξ .        -

  ,   =dtda /κ  κκ ωε ata k<<∂∂ 1/ .       
       .  ,   
            (  , 

 kω         'kω   ''kω , =kω  +'kω ''kω .   , 
        ,  (13)     -

 .    (13)    (10)    -
  [38].     ,       -

 . 
          kξ   

 κa   .        ,   
     .       

    (10)     ,      
 (   ),     κD      

    .    , 0≡κD ,     
         κξ  κa   -

  (10).          -
  . 
         ,    

   .        (10)  
       .     

     : =)1(
κξ  )(2 κλωξκa ,  )()(2 κκ ηωωκλ ib mne +−= .  -

        (10)      -
      

( ) )()' ')','(( 2''01''
)1(
'

)2( κληνκκκξωξ κκκκκξκκ −+−−= − bmmUaia xk .   (14) 

  ,           -

2 8
«Journal of Kharkiv University»,   ¹ 1001, 2012 A.A. Vodyanitskii



 .       )1(
κξ ,   -

    )(0 xn       η ,  
   ,       ,     

        .     

{ ( )
( ) } ( )

(2) 1 4 (1) 4 '' 3 "2 '2
0 2 ' '' 1 1'

4 1 4 1 2 2 2
2 2 1 0 '' '

'  ( )    ' 4 ' 2

( ) ' ( ')  ( ', '') ' , .

x k

x

d dx ib k a k k k k k

k k U O b

κ κ κ

κ κκ κ κ

ξ ην λ κ ξ

λ κ λ κ κ κ ν η

−
⊥ ⊥ ⊥ ⊥

− −
⊥ ⊥ = −

= + + ⋅ + −

− + +
   (15) 

           η   (12) 
  .          -

   )(0 xν        -
)1(

κξ ,   )(exp 00
2 xk νηηκ ⊥= . 

     (14)       (15) 
      [38].     , -
          

)( 
k  x  11

κε
ω

ε κ
κκ

κ NLa
D

i
D

t
iD

xk
=

∂
∂

∂
∂−

∂
∂

∂
∂+ .    (16) 

 κκκ ''' iDDD +=  —  ,       

( ) ])()1(['' 2
e

2
κκκ ηωωωωω eneimminm yttnbnD ++++−= ,   (17) 

( )[ ]btntybD e
ineimme κκκκ ζηωωω ++−+= )1()(' 2 .    (18) 

      : 
( ) ]{ }−−=− +−= '' "''"'"''''' )"',",'(',')( kk RaaVaaNL κκκκκκκκκκκ κκκκκκκ ,   

( ) ( ) ( )  '",",'
~~'",",' )(

)'(
'

)"',",'(          , ",' )(
)'(

'
)",'(

3::123::12
+==

==
κκκκκκκλ

κλ
ω

κκκκκκλ
κλ

ω
κκ ξ

κ
ξ

κ jj
j

j
j

j RRRUV (19) 

                          ξ111 UUU += ;         [ ( −−⋅+−= ⊥⊥⊥
4'1 "''"'"')",'( kkkibkmmkU mxx ηωκκ  

( ) )] ( ) ⊥⊥
−

⊥⊥
−

⊥ ⋅+−+⋅+− ''')1(')'('''24''"' 1
2

2
1

2
1

3'"1 
20

4 kktkkkkmk e
ix ζωκλκλν ξ ,                              (20) 

                        ( )[ ]2
1

2
1

3'''4
33 '''2'2''  )'','( kkkkkkkibyUU me +⋅+−⋅== ⊥⊥⊥⊥⊥ ηωκκ  ,                                     (21) 

( )[ ]2
1

2
1

34
11 )'('2'45,1)"',",'( kkkkkkkbRR −+−+−== ⊥⊥⊥⊥ηκκκ ξ ,                                 (22) 

                      [ ],)'(425,0)'",",'( 2
1

2'
1

3'''4'''
33 kkkkkkbykkbyiRR eme −+⋅+−⋅== ⊥⊥⊥⊥⊥ ηωκκκ ,             (23) 

ξ111
~~~~ RRR += , 33

~~~ RR = ; )"()",'( )","()1(~ 1
21

2)2( κκλκκκκκ −−−= −− UUiR jj
j  

                        ( ) ),",'( )'()"(')'",",'(~
12

4
2

4
1 κκκλκκληκκκξ UkkkibR +−−−= ⊥⊥⊥                          (24) 

   (19 – 24) 1=j   3=j .      

Nmne  −ω ,  dxdN x 0
'
0 νν =≡ , '

0xkm mψωω += , ;)1( e
ineim tit κξ ζωωω +++=  κκ ηωω im += , ηηκ

2
⊥= k , 

222 mkk x +=⊥ , bkb 2
⊥=κ ;   κκωκλ biyn e+−= 2

1 )( ; )(23 κλλ i= ; κκωωκλ bne −=)(2 ; 222
1 mkk x −= , 

222
1 ''' mkk x −= ;   ' ' ' mmkkkk xx +=⋅ ⊥⊥ ;   =⋅ ⊥⊥ kkk 3''' 2''' '⊥⊥⊥ ⋅ kkk  .                                                                           (25) 

          -
  (10),            (15).  -

 (19) – (24)          , -
          .   

       ,    -
    .     ,    -

   (      [33]). 
    ,         -

2 9
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...



    ,      , -
     [38].        

   .      ,     
 ,         ,   

.          ,      
 .        ,     

            
. 

      (16)      
,     x      >>κκγ a  ( ) xakx ∂∂∂∂ κω  (  -

   ,        , -
   ,       [41]).  ,   

              
 tt  1 ε= ,  x1 ε=x .  

 
      

       ,   -
           

     .      ,  , -
     ,        

 , —      . 
 

   
           ,  -

  ,          -
    : 

( , , )xm m n k± = ± ± ± ,  ( , , )xm m n k= − ,  ' ( , , )xm m n k= − ,  ' ( , , )xm m n k= − − ; 

2 (2 , 2 , 2 )xm m n k= ,  2 ' (2 , 2 , 2 )xm m n k= − − ,  II0 (0,2 ,2 )xn k= , 
II II0 ' 0= − ,    ),0,(0 xkm=⊥ .     (26) 

 (   )   , -
        ( ) ( ) ( ) ( )m m m m+ + − = ,    -

 +−= ),,( κκκκRSmm  ),,(),,( κκκκκκ κκ −+− RR .      -
   ,           

 (       (19-23)),   ,  2
κb   

κκη2b ,    .     κb   κκηb .   -
,       (40),  

( ) ( )[ ]44
1

24
1

42
 42)2/3(85)1( ⊥⊥⊥ −−−+−+= kkyikykknbtS neemneeimm ωωωηη  .  (27) 

             
),( kkωκ = ,  ),,( xknmk = ,     .    

 ,   2
xk ,   ,   

( ) 085 224 <−+− ⊥ mkk x ,     .   -

,   22 mkx ≈ ,    . ,    
  ξ1R , (24),         

[ ] =1 Re RSκκ  ( ) 05  )1( 4
1

42 <−+−+ ⊥ kknbti η ,         

 2
xk   2m ,      [33].  ,    , -

        ,    
   .         

             
[42].  ,         

     . 
   (4),         

3 0
«Journal of Kharkiv University»,   ¹ 1001, 2012 A.A. Vodyanitskii



   .       , -
      : 

( )22
II

2/1)/2(7,1 ⊥== LLmmtyp ieie η  —     (28) 
,        ; 

,byq e λη ==         κκ λη bnkyq eie ≡= ⊥
22  —    (29) 

  ,    ,     
   κb    ,  

2nei λλ = ,   ( )iiTiTeLmmt eiiei τπνλ vv22
II

23 4/ 15,0=    (30) 
            

.   -        
,     

( )eii
e mtmbp 23,01 == ζηζ ,     eiHe

e τωζ 1= .    (31) 
  κ            

2
⊥= bkbκ ,    2

⊥= kpp ζζκ .     (32) 
 

  .   
  -     ,   -

 ,    (17), (18).     m ω  (25)     
    .      -

    .       -
            : 

( ) ( )[ ]κκκκωω qtbqbt iine
cr
m +++−= 111 ,  mNne −=ω ,   (33) 

( )[ ]
( )( )

( ) ( )[ ]κκ
ζκ

κκκ

κη
qbtnk

pm

p

qtqbtym

qtbn
mNN i

iie

ik
cr +++

+
≈

+−

+++
≡= ⊥ 1 21

1

11

11~
)( 22

22

22
22 ,  (34) 

 ( )ζκηη p+= 1~ .  (34)         κb . -
             

  -  .     -
   ,   (28), (29)  (31). 

          ,   -
     0x ,   ( ) 00 =∂∂ = xxxF ,   F  -

   (33),   2
xk    m

cr
m ωω : ( ),...,2 ωxFkx = , 

( )[ ] 21''
0

2
00 ...2)( +−+= FxxFxk x .        -

   lxdkx
x x  π=′+
−

,  ( ) 0=±xkx   l  –   [43], [4]. ,     

 ,   

( ) ( ) ''
000

2 2,..., FlxFxk x −=≡ ω .     (35) 
  (35)     ,     

,    , ( ) 0,...,,0Im 0 == ωxkD x .       (35) 
    0F ,      ( ) 00 ≠xkx , 

     .     , 
        xk ,   -

      .    -
       .     ,  
        ,      

  xk        ,     
x x→ − . 

           , 

3 1
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...



κγωω iL
mm += .   κκ DD ′′<<′    ,  L

mωγ κ << . ,  
      

( ) ( ) ( ) ( )( )κκκκκ ηωωγ bOdtbDkD mim
L
m +′+=∂′′∂′= 1~1, ,  1)(22 −=′ mNNd crm .  (36) 

    (36)     md ′ .   -

 L
mω       (33)         -

    mNne −=ω .    , mm DD ωω κκ ∂′′∂<<∂′′∂ ,  
    :  

( )( )κκκκ βγω iDD L
m +∂′′∂=  ; L

mm ωωβκ −= .     (37) 
  κβ      .  

              
 " ,"    ( )   . 

       0222 =−= L
mmm ωωβ   

( ) ( ) m
L
mi

L
mm dtbnkDD 2

2
2   1242,2 ωω κκ +=≡ ; ( )κκ ωη qid L

mm ++−= 122 .  (38) 
       (33), (34)   κb . 

   md ′  (36)      -
 ,            

. 
      (34)     -
     : ( ) ( )[ ] ( )κλλκ 2411 21

Neicr pb Δ++−= ,  2
⊥= keiλλκ ,  

( ) ( )iNN tpp +−=Δ 21   ( )[ ]ζκpnpNpN += 122 .   (39) 

   2N           -

 ( )( ) ( )( )bmbmqtd crim −++=′ 2212 κ .    -
,   ,     HΔ ,  : ( ) ( ) Hcrcr mbbmb Δ=− 2 , 

 ( )[ ] ( )mHmHH crcrH −=Δ .  HΔ          -

 , ( )[ ]22
0

222  4 ⊥= LmbeTcmH creicr π .     NpΔ , 

 mk x     n      . 
 

   
     (   ) -

    .  ,     
 e   ,      ( ) ( )mmVmmV m ,, 2= .  

 ,   ,     , 
( ) ( ) ( )mjVjmVjmV jmjm ,,, ++ += .       -
 ,    .     -

 122 ≈= npNpN , (39),      κb ,    (34).    
    ,       (39)   

, 
( )( )κκηω bOny nee += 1~22   ( ) ( )ζκκκκ ωηωη pqy menm +≈≈ − 1~ 12 ,    (40) 

 ( )ζκκκ ηη p+= 1~   2nyy neeen ω≡ .         
 ,       ,  : 

( ) ( ) κκξ ati  11 +≈ .       ( ) ( )11
mm ξξ −      

 κκηb  .  ,     
    : 

( ) ( ) ( ) ( )+++++−= 222 53114, ZiZqbtinmmV
m

mi ω
ηω κ

κκ , ( ) 222
⊥−= kmkZ x ,  (41) 

3 2
«Journal of Kharkiv University»,   ¹ 1001, 2012 A.A. Vodyanitskii



                      ( ) ( ) ( ) +−++−=+=− ζκ
κ

κκ ω
ηω pZiZqbtnimmV

m
mi 2

981983112,2 222  .                          (42) 

 ( ) mkmkU xx ′′′−′′′=′′′ κκ ,11 ,      -
  ,         ,    

    κb . (  eibq λκκ =     -  -
  eiλ .) 

    )',0( mV         -

 .        κb : =)',0( mV  

)1(2)1(2
ζκpmktn xi ++ .   11U        -

  ( )[ ] ( )( )( )ζκκκ ωη pbtniUmmV nei ++=′− 1116, 2
11 ,   -  

:.            .  
   [17],          -

       .      
( ) ( ) ( ) ( )[ ]ζζκ ωη pkkkpkimkbtnmmV nexi +++++=′− ⊥⊥

22
1

2
1

22 21116, .      
 .          -

       -   ( )0=m      
 .           -

 , : ( ) ( ){ }, , , ;x xV m m V m m k k n n′ ′ = → − → − =−− ),( ljV ( ) ( ){ }, * , ;V j l V j l k k− − = → −  

( ) ( ){ }nnkkmVmV xx −→−→′=− ,,0,0 . 
 

 -   
    

           -
     (    ).  , -

    ,       ,   -
 ,   ,  (       

  )   ,   .     
   ,   ,   ,     

 ,  . 
        .   -

 -           
 .  ,     .    

     .        -
   ( . (36)), ( ) 1~~ <<′ εmbd crm ,       

     bκ ,       e  -
,         :  

                             2~ εmD ,       ( ) εκκ ~ ~ , ~. mmmj SVD ′′′ ;  ,...3,2=j                     (43) 

      ,      -
           .   

          -
      : 

( ) 2
 2    ,2ˆ mmmmmmmm aaSaammVaD +−= − , ( ) 2

22   , ˆ mmm ammVaD = ; j
j

j
j D

t
D

iD +
∂
∂

∂

∂
=

ω
ˆ . (44) 

    ,       (43)   
 ,  1<<mD .   ,        

   (44) ,          
 [44].             -
. 

 
    

         -

3 3
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...



   (44)  ,         
      

0200   mmmmmm aaWaD = ,             ( ) ( ) mmmmm SDmmVmmVW +−= 2,2 , .   (45) 

         .    -
 2

κb ,    .  ,       
 (33).       (45) ,     -

     .     (45)  
   nem ωω = . 

   (45)          -
Vw ,   mms      : 

( ) ( ) ( ) Vmi wbtnmmVmmV 2224 18,2 , ωκ+=− ;    (46) 

( ) mmimm snbtS    1 22
κκ η+= ;     ( ) mim dnbtD ′+= 2 ~  1Re κκ η .   (47) 

      (46)    (40). 
     ,     , 

  

( ) ( ) ( )2222421 3    3 8    16
2
33 16 589 1 1' ZZqZpZZpqwV +−−++−++−= −

κζκκ ζκ ,  (48) 

( ) ( )++−−+−= 2422 3 
2
9 24 39724  6'' ZpZZqZw

m
V ζ

ω
η

κ
κ .   (49) 

    ,     ,  

 (46) – (49)  (38),  ,   *
2md    -

 md2 : 

( ) ( ) mmmmimm wdtbnW 2
2

2    131 −+= ωκ ,   ( ) 2
2

*
2      3 mmmmmVmm dsdw ωηω κ+= ..  (50) 

       2
2

20   Re ~3 −=′ mmmmmm dwad ωηκ . -

  mωηκ
~    mmw Re ,          

    ( ) ( ) mmm wpZqQ Re,, 2
κζκκ ηω=      -

  

( ).,,   3 22
2

20
ζκκ pZqQdda mmm ′= .     (51) 

     ,   : 
( ) ( ) ( )+−++−+++= 4224222  8 2739  56 109184  187,, ZZqZZqZpZqQ κκζκκ  

( ) ( )[ ] ( )2422422   8 5,3148 56 375,188  185,2 ζκκκζκ pOZZqZZqZp +−++−++++ .  (52) 

   (29) – (32), (41)  (42),  ( ) )1(41  22
2 ζκκκ pqqd m +++= . 

  ,     ,  -
    κb .         

    ,     . 
 

     
      (51)      

       : 

( ) ),,, ( 1  22
cr

220
ζκκ pZqfNNam −=         ).,, (       3),, ( 22

 2
2

2
2

ζκκζκκ pZqQddpZqf mm=   (53) 

    2
cr N , (34),    ,  

   :   (28),    bκ , -
  (30)     (31), (32).      -

       (53)    -

3 4
«Journal of Kharkiv University»,   ¹ 1001, 2012 A.A. Vodyanitskii



.     N         -
      ,  ,  ,  . 

                
  ,  N   . 

      (53)      -
      (29),   ,     Z , (41), 

         .  
 Z   mkh x=    ,    h       0,7  1,7 

 2Z         0,03.       -
   0=Z  . ,      h   Z   

  .   ,       .1=Z  
      f .     

              -
  .  ,        5,0=κq    

   0,08  0,117,       .    
1,0)0; 5,0( ≈==> ζκκ pZqf       20%,     , 

  10%.         Q –
 [11].      : ( 0,1 ; 0) 0,19f q Z pκ ζκ= = = ≈ , 

( 0,05 ; 0) 0,24f q Z pκ ζκ> = = ≈   ( 0,1 ; 0) 0,43f q Z pκ ζκ<< = = ≈ . ,       

, ( ) ( ) 1  21 ≤ei mmbq κκ ,       
   .      κq   , 

eiq λκ << ,         . 
  1=Z       qκ    10qκ >>   

0,5qκ =    0,05  0,08.   ,  ,  0,1qκ ≤    
  -    1=Z        0=Z . 

     ,     -
 ,   ,       .  -

         ζκp   ,   
 (52)      .    , 

  ζκp =0,2   κq     0,5       -
  0,09.          1=Z .  

        . 
  (53)          

 . (        -
      .)      

,   (52)  (53).    ,  -
          ,  

     mm kk 22 = ,    .     -
   (41)  (42),     (33)  (37).    -

    κq           

κq ,      . 
 

 
         , -

 ,    .       ,  
   ,     .  , -

   (  )      
  .          -

    ,     , 
    .     .  

         -
   . - ,        -

 . - ,       .   

3 5
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...



          , 
    ,      (15). 

            -
    ,        

         .   
           

.  ,        ,     -
    ,          -

           -
    ,    . 

  -        -
 ,  : 1)         -
   ; 2)         

 ,          -
 ; , , 3) ,   ,      

, ,     ,   0 Im 2 ≠mD . 
 -         -

     .          
        ,  

     .     
          -

  (29) (           
    [11-14]).     

         -
          . 

 
  

1. Moiseev S.S., Sagdeev R.Z. O koeffitsiente diffuzii Boma // ZhETF. – 1963. - T.44. - C.763. 
2. Bohm D., Burhop E., Massy H.S.W., Williams R. The Characteristics of electrical discharge in magnetic fields // Eds. Gutrie 

and R.K. Wakerling. – 1949. – New York etc.: Mc Grow-Hill. – 376 p. 
3. Rosenbluth M.N., Krall N.A., Rostoker N. Finite Larmor Radius Stabillization of "Weaklly" Unstable Confined Plasmas // Nucl. 

Fusion, Suppl., pt.1 - 1962. - P.143. 
4. Mikhaylovskiy A.B. Kolebaniya neodnorodnoy plazmy / Voprosy teorii plazmy, vyp.3. / Pod red. M.A. Leontovicha. – M.: 

Gosatomizdat. - 1963. - S. 141-202. 
5. Moiseev S.S., Sagdeev R.Z. Vliyanie konechnoy provodimosti na ustoychivost' plazmy v magnitnom pole // ZhTF. – 1964. - 

T.34. - C.248-253. 
6. Rukhadze A.A., Silin V.P. Kineticheskaya teoriya dreyfovo-dissipativnykh neustoychivostey plazmy // UFN. – 1968. - T.96. - 

C.87. 
7. Zaslavskiy G.M., Moiseev S.S. Ob anomal'noy diffuzii plazmy v magnitnom pole // ZhTF. – 1964. - T.34. - C.410-418. 
8. Pearlstein L.D., Berk H.L. Universal Eigenmode in a Strongly Sheared Magnetic Field // Phys. Rev. Lett. - 1969. - Vol.23. - 

P.220-222. 
9. Kroll N. Dreyfovye volny / Fizika vysokotemperaturnoy plazmy / Pod redaktsiey M.S. Rabinovicha. - M.: Mir, 1972. - S. 112-

171. 
10. Chen L., Guzdar P.N., Hsu J.Y., Kaw P.K., Oberman C., White R. Theory of Dissipative Drift Instabilities in Sheared Magnetic 

Fields // Nucl. Fusion. – 1979. - Vol.19. - P. 373-387. 
11. Hendel H.W., Chu T.K., Politzer P.A. Collisional drift waves - identification, stabilization and enhanced plasma transport // 

Phys. Fluids. – 1968. - Vol.11. - P.2426-2439. 
12. Chu T.K., Hendel H.W., Politzer P.A. Measurement of enhanced plasma losses caused by collisional drift waves // Phys. Rev. 

Lett. – 1967. - Vol.19. - P.1110-1113. 
13. Hendel H.W., Chu T.K., Politzer P.A. Methods of Experimental Physics. Vol.9, Part A / Ed. H.R. Griem, R.H. Lovberg. - N.-Y., 

London: Academic Press., 1970. – P .377. 
14. Ellis R.F., Motley R.W. Current-driven Collisional Drift Instability // Phys. Fluids. – 1974. - Vol.17. - P. 582-594. 
15. Stix T.H. Finite Amplitude Drift Waves // Phys. Fluids. – 1969. - Vol.12. - P.627; Phys. Rev. Lett. – 1968. - Vol. 20. - P.1422. 
16. Hinton F.L., Horton C.W. Amplitude Limitation of a Collisional Drift Wave Instability // Phys. Fluids. – 1971. - Vol.14. - 

P.116-123. 
17. Monticello D.A., Simon A. Nonlinear Theory of the Collisional Drift-Wave Instability // Phys. Fluids. – 1974. - Vol.17. - P. 

791-802. 
18. D'Andzhelo N. Issledovanie tsezievoy plazmy / Fizika vysokotemperaturnoy plazmy / Pod redaktsiey M.S. Rabinovicha. M.: 

Mir, 1972. - S. 214-261. 
19. Naumovets V.G., Pasechnik L.L., Popovich S.A. Issledovanie dreyfovo-dissipativnoy neustoychivosti v ogranichennoy ga-

zorazryadnoy plazme // ZhTF. – 1972. - T. 42. - C. 270. 
20. Yoshihara H., Iwayanagi T., Taniuti T. Nonlinear Collisional Drift-Waves near the Neutral Stable Points // J. Phys. Soc. Japan. 

– 1981. - Vol.50. -  11. - P. 3751-3758. 
21. Bondarenko V.E., Chechkin A.V. Dreyfovo-dissipativnaya neustoychivost' v slaboionizovannoy plazme vblizi poroga voz-

3 6
«Journal of Kharkiv University»,   ¹ 1001, 2012 A.A. Vodyanitskii



buzhdeniya // Fizika plazmy. – 1988. - T. 14, vyp. 9. - C. 1084-1093. 
22. Vasil'ev A.A., Zaslavskiy G.M., Sagdeev R.Z., Chernikov A.A. O nelineynoy stadii dreyfovo-dissipativnoy neustoy-chivosti // 

Fizika plazmy. – 1990. - T. 16. - C. 1176-1185. 
23. Mattor N., Diamond P.H. Drift wave propagation as a source of plasma edge turbulence: Slab theory // Phys. Plasmas. – 1994. - 

Vol. 1 (12). - P. 4002-4013. 
24. Stoker Dzh. Dzh. Volny na vode. Matematicheskaya teoriya i prilozheniya. - M.: IIL, 1959. – 617s. 
25. Larichev V.D., Reznik G.M. //  DAN SSSR. – 1976. - T. 231. - C. 1077-1079. 
26. Horton W. Nonlinear drift waves and transport in magnetized plasma // Phys. Reports. – 1990. - Vol.192.,  1-3. – R.177. 
27. Meiss J.D., Horton W. Solitary drift waves in presence of magnetic shear // Phys. Fluids. – 1983. - Vol.26(4). - P.990-997. 
28. Petviashvili V.I., Pogutse I.O. Vortices and nonlinear instabilities in inhomogeneous plasma // Reviews of Plasma Physics. 

Vol.20 / Edited by B.B. Kadomtsev. – N.Y.-London: Consultants Bureau. New York-London. – 1997. - P. 1-60. 
29. Kono M., Miyashita E. Modon formation in the nonlinear development of the collisional drift wave instability // Phys. Fluids. – 

1988. - Vol. 31(2). - P. 326-331. 
30. Landau L.D. Kineticheskoe uravnenie v sluchae kulonovskogo vzaimodeystviya // ZhETF. – 1937. - T. 7. -  C.203 -209. 
31. Braginskiy V.B. Yavleniya perenosa v plazme / Voprosy teorii plazmy, vyp.1. - M. Atomizdat, 1963. - S. 183-272. 
32. Mikhaylovskiy A.B. Neustoychivosti neodnorodnoy plazmy. Teoriya plazmennykh neustoychivostey. T.2. – Neustoychivo-sti 

neodnorodnoy plazmy. – M.: Atomizdat, 1977. - S. 360. 
33. Vodyanitskiy A.A. O nelineynoy teorii dreyfovo-dissipativnoy  neustoychivosti plazmy. I. / Khar'kov: KhFTI AN USSR, 1978. 

– 34 c. (Preprint / AN USSR. KhFTI 78-40). 
34. Nemov V.V. The hydrodynamics of collisional plasma in a strong inhomogeneous magnetic field // Nucl. Fusion. – 1970. - Vol. 

10. - P. 19. 
35. Mikhailovskii A.B., Tsipin V.S. Transport equation and gradient instabilities in a high pressure collisional plasma // Plasma 

Phys. – 1971. - Vol. 13. - P. 785. 
36. Mikhailovskii A.B. Drift wave stability under linear theta-pinch conditions // Nucl. Fusion. – 1972. - Vol. 12. - P. 55 
37. Ladyzhenskaya O.A. Matematicheskie voprosy dinamiki vyazkoy  neszhimaemoy zhidkosti. - M.: Nauka. Gl. red. FML, 1970. 

– 288 S. 
38. Bogolyubov N.N., Mitropol'skiy Yu.A. Asimptoticheskie metody v teorii nelineynykh kolebaniy. - M.: Nauka. Gl. red. FML, 

1970. – 503 s. 
39. Vodyanitskiy A.A., Repalov N.S. Nelineynoe vzaimodeystvie prodol'nykh voln v neizotermicheskoy plazme // ZhTF. – 1970.  

T. XL,  1. – P. 32-40. 
40. Uizem Dzh. Lineynye i nelineynye volny. - M.: Izd. Mir, 1977. - 622s. 
41. Kadomtsev B.B. Turbulentnost' v plazme. / Voprosy teorii plazmy, vyp.4. / Pod red. M.A. Leontovicha. – M.: Atomiz-dat. - 

1964. - S. 188-339. 
42. Tur A.V., Chechkin A.V., Yanovsky V.V. Negative Viscosity and Generation of Dissipative Solitons And Zonal Dissipative 

Structures // Phys. Fluids B. – 1992. - Vol.4. - .11. - P.3513-3521. 
43. Silin V.P. Kolebaniya slaboneodnorodnoy plazmy // ZhETF. – 1963. - T.44. - C.1271. 
44. Vodyanitskiy A.A. Mnogovolnovye nelineynye porogovye rezhimy i diffuziya v usloviyakh dreyfovo-dissipativnoy neustoy-

chivosti plazmy // II Mezhdunarodnaya konf. po teorii plazmy, - Kiev, 28 oktyabrya – 1 noyabrya 1974 g. - S.79. 

3 7
physical series «Nuclei, Particles, Fields», issue 2 /54/ Regularization of the...



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


