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1. INTRODUCTION
ELMs  (edge  localized  modes)  are  short  bursts  of 

particles and energy at the tokamak edge plasma observed 
in H-mode operations (JET, ASDEX-U, DIII-D) [1]. As 
results  of  these  bursts  the  melting,  erosion  and 
evaporation  of  divertor  target  plates  may  occur.  This 
problem is also important for ITER [2].

The suppression of ELMs by external helical magnetic 
perturbations in H-mode of DIII-D was observed [3,4].

ELMs modes are studied using MHD (ballooning and 
peeling  modes)  mostly  without  the  external  helical 
magnetic perturbations [5]. Note, the ELMs suppression 
is not predicted by stochastic layer transport theory taking 
in account the external magnetic perturbations [4].

Until now, understanding of the underlying physics of 
ELMs  and  their  suppressions  has  been  far  from being 
complete.  In the paper, one-fluid MHD ballooning mode 
equations are derived with the  external helical perturba-
tions. The plasma response and rotation take into account.

2. BASIC EQUATIONS
We start from the one-fluid MHD equations 
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where  ρ  is the plasma mass densities,  p  is the plasma 
pressure,  J  is  the  current  density,  iπ  is  the  ion 
gyroviscosity tensor, respectively. 

We consider a current carrying toroidal plasma with 
nested equilibrium circular magnetic surfaces ( 0ρ  is the 
radius of the magnetic surfaces, 0ω  is the poloidal angle 
in the cross-section  const=ς ,  ς  is the toroidal angle). 
Each  magnetic  surface  is  shifted  with  respect  to  the 
magnetic  axis  ( ξ  is  the  shift,  R  is  the  radius  of  the 
magnetic  axis).  The  equilibrium  toroidal  contravariant 
component  of  the  magnetic  field, ( )gB πς 20 Φ ′= ,  is 

large with respect to the poloidal one, ( )gB πχθ 20 ′= , 

Φ ′  and  χ ′  are  the  radial  derivatives  of  toroidal  and 
poloidal fluxes, respectively;  χ ′Φ ′= /)(aq  is the safety 
factor, q/1=µ .

 On each magnetic equilibrium surface (see, e.g. [6]) 
we  introduce  a  straight  magnetic  field  line  coordinate 
system ( a ,θ , ς )   a=0ρ ,  ( ) θλθω sin0 a+=
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Assuming  that  0≈⊥Vdiv and  perturbation 0≈ςB  
(see, e.g. [7]) we get for perturbations (m>>1, nq>>1)
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Here
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( ) gJJ t πθνς 2//0 ∂∂+′= , (10)

gIJ πθ 2/0 ′= ,  2
0000 /)( BBJ ⋅=α ,

( )ggpc −′=∂∂′ )0(0
2 )(4)/( πθνχ ,

ζθωω 00 nVmVi +−= .

We included the equilibrium poloidal plasma rotation 
with the velocity  θ

0V  due to existence of an equilibrium 
radial electric field and the ion diamagnetic drift; and the 
equilibrium toroidal plasma rotation with a velocity ζ

0V , 
ω  is the frequency of the external perturbation. In ω ′  the 
poloidal rotation is due to only of a radial electric field. 

We take perturbations in the form (see, e.g. [6])

[ ] )(exp),()(),,( )1()0( tnmiaXaXaX ωςθθςθ −−+= ,  (11)

θθθ cos)(sin)(),()1( aXaXaX cs +≈ ,   )1()0( XX > > .
We  consider  a  quadratic  approximation  in  1/R.  The 
known expressions  for  metric  tensor  are  used  [6].  For 
perturbations )0(X , sX , cX we have:
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.The value of  namaF −= )()( µ  is equal to zero inside 
the plasma, when nmaq res /)( = .

3. DISCUSSIONS AND CONCLUSIONS
The derived equations allow to study the control  of 

ballooning  modes  in  tokamak  because  the  expression 
04/0 ≈+ πBBp .  External  helical  magnetic 

perturbations will change pressure perturbation.
Expected  result  may be  used  to  control  the  plasma 

stability  for  experiments  in  tokamaks  JET,  DIII-D, 
TEXTOR and future ITER operation.
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ВЛИЯНИЕ ВНЕШНЕГО НИЗКОЧАСТОТНОГО ВИНТОВОГО ВОЗМУЩЕНИЯ НА БАЛЛОННЫЕ 
МОДЫ

И.М. Панкратов, А.Я. Омельченко
В рамках  одножидкостной  МГД  получены уравнения  для  изучения  влияния  внешнего  низкочастотного 

винтового возмущения на баллонные моды с учетом отклика плазмы и ее вращения. 

ВПЛИВ ЗОВНІШНЬОГО НИЗЬКОЧАСТОТНОГО ГВИНТОВОГО ЗБУРЕННЯ НА БАЛОННІ МОДИ
І.М. Панкратов, А.Я. Омельченко

У  рамках  однорідинної  МГД отримані  рівняння для  вивчення  впливу  зовнішнього  низькочастотного 
гвинтового збурення на балонні моди з урахуванням відгуку плазми та ії обертання.
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