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Magne&c	Islands	at	various	scales	in	tokamak	
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Basic	Mechanism	leading	to	Large	Magne&c	Island	:	

� �

�

Resonant surface 

!   Equilibrium !   Tearing instability 
!   Tearing and reconnection 
of magnetic field lines 
!   Large (few cms) magnetic islands 

!   Disruption 
!   Origin and 
Control of large 
magnetic  islands  ? 
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Magne&c	Islands	at	various	scales	in	tokamak	
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Basic	Mechanism	leading	to	Micro	Magne&c	Island	:	

� �

�

Resonant surface 

!   Equilibrium !   Micro-Tearing instability 
!   Tearing and reconnection 
of magnetic field lines 
!   Micro (mm) magnetic islands 

!   Stochaztisation 
!   Impact on the  
electron  heat  transport  
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Magne&c	Island	Forma&on	Recipe’s	
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Open questions in tokamaks context relative to magnetic 
reconnexion at small and large scales :  
 
1. Non ideal phenomenom to violate the 
frozen flux condition locally ? 

 => modification of the magnetic field line topology is allowed 

 resistivity  and collisions , electron mass inertia, other mechanisms ? 
 

2. Free energy to let the island grows ? 
 large island :  magnetic  equilibrium , resistivity, pressure gradient, turbulent modes , !  

 micro island : electronic  temperature  gradient , collisions, curvature , 
     electric  potential  fluctuations , ! 

 

3. Saturation mechanisms ? 
 

 Size of large island at saturation . 
 Electron heat transport due to micro-reconnexion at plasma edge ? 

 



Outline	
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I. Classical theory  of the tearing  instability  

 1. Resistivity  at the origin  of the reconnection  
 2. Equilibrium  current  for the growth  and the saturation 
 3. Saturation ? 

 

II. Turbulence Driven  Magnetic  island  
 1. Resistivity  at the origin  of the reconnection  
 2. Turbulent modes drive the island  growth  
 3. Saturation ? 

 

III. Stability  of Micro-Tearing Modes 
 1. Collisions at the origin  of the reconnection  
 2. Instability  growth  : electron  temperature  gradient, 
 curbature , electric  potential  fluctuations 
 3. Saturation ? 

 

Conclusions  

 



I.	Classical	Theory	of	the	Tearing	instability	
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2D	Reduced	MagnetoHydroDynamic	Model	
!
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I.	Classical	Theory	of	the	Tearing	instability	
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"   Tearing	instability	of	the	mode	m=1	
!

!-!A&-,-'F,1E!#66*7-!4#$%&'(!)&(*%%&('*%!L-1&<!VM!
!

!-!"#$%&'( !&0.,6,/),.4 !WX!,%2.(&-!#%!&0.,6,/),.4 !
!(.))&%1!YX!#66*7,%$!1;&!$)*71; !*3!#!4#$%&'(!,-6#%2!
!L-1&<!KM!

!

!?@!Q%!,4<*)1#%1!<#)#4&1&)!Δ’	
	

! !Z[!,-!#!4&#-.)& !*3!1;&!4#$%&'(!&%&)$E!!
! !#F#6#,/6&!,%!1;&!&0.,6,/),.4 !3*)!1;&!4#$%&'(!
! !,-6#%2!$)*71; !

!
!

!!
"  Linear	predic&on	of	instability	
!

Z[!,-!#%!$**2!,%2&+!-1#/,6,1E!<#)#4&1&)!
Z[!\!X!S*!,-6#%2!$)*71; !
Z[!@!X!O&#),%$!,%-1#/,6,1E!

!9-6#%2!$)*71; !
!
!

"  Island	size	at	satura&on	?	An	open	ques&on	
!

!A.1;&)3*)2!4*2&6!
!
!
!
!
!
!

! twm= 1 = ! tw1 = " ! ! + NL

1

[R.J. La Haye, POP 13 (2006)] 



I.	Classical	Theory	of	the	Tearing	instability	
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"   Tearing	instability	of	the	mode	m=1	
!

!-!A&-,-'F,1E!#66*7-!4#$%&'(!)&(*%%&('*%!
!

!-!"#$%&'( !&0.,6,/),.4 !WX!,%2.(&-!#%!&0.,6,/),.4 !
!(.))&%1!YX!#66*7,%$!1;&!$)*71; !#%2!1;&!-#1.)#'*%!
!*3!#!4#$%&'(!,-6#%2!

!

!?@!Q%!,4<*)1#%1!<#)#4&1&)!Δ’	
	

! !Z[!?!&0.,6,/),.4 !(.))&%1!,%1&$)#6!*F&)!1;&!
! !)#2,#6!<)*56&!
! !Z[!,-!#!4&#-.)& !*3!1;&!4#$%&'(!&%&)$E!!
! !#F#6#,/6&!,%!1;&!&0.,6,/),.4 !3*)!1;&!4#$%&'(!
! !,-6#%2!$)*71; !

!
!

!!
"  Linear	predic&on	of	instability	
!

Z[!,-!#%!$**2!,%2&+!-1#/,6,1E!<#)#4&1&)!
Z[!\!X!S*!,-6#%2!$)*71; !
Z[!@!X!O&#),%$!,%-1#/,6,1E!

!9-6#%2!$)*71; !
!
!

"  Island	size	at	satura&on	?	An	open	ques&on	
!

!A.1;&)3*)2!4*2&6!
!
!
!
!
!
!

Does	not	work	3*)!6#)$&!,-6#%28!Z[!,-!%*1!1;&!$**2!
<#)#4&1&)8!!

! twm= 1 = ! tw1 = " ! ! + NL

1

[R.J. La Haye, POP 13 (2006)] 



I.	].))&%1!-;&&1-!adract/repulse	,-6#%2-!!
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"   7 V!!,%!1;&!A.1;&)3*)2!4*2&6!4&#-.)&- !1;&!4?V!4*2&!7,21; !#%2!%*1!1;&!3.66!
,-6#%2!-,:&!,-!$,F&%!/E!1#^,%$!,%1*!#((*.%1!#66!1;&!4*2&!?@!#!$**2!4&#-.)& !*3!1;&!
,-6#%2!7,21; !7 -!(#%!/&!2*%&!2,)&(16E!.-,%$!1;&!-,4.6#'*%-8!
!

"   C,_&)&%1!-#1.)#'*%!7,21;- !7 -!,3!current	sheets!#)&!()*--&2 !

!

[A.	Poyé	et	al.,	POP	20	(2013)]	
[A.	I.	Smolyakov	et	al.,	POP	20	(2013)]	
!

=>	`+1&)%#6!(.))&%1!-;&&1-!2*!4*2,3E!,-6#%2!-,:&!#1!-#1.)#'*%!
=>	G;E-,(-!3#)!3)*4 !1;&!)&-*%#%(&!(#%!%*1!/&!(#-1&2!,%1*!Z[!<#)#4&1&)!
What	is	the	missing	ingredient	to	predict	the	saturated	island	size	?	

      Current sheets and island size  
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      Current sheets and island size  

!"#IV.-Current-sheet-and-Island-

1.  Profiles-A-and-C:-same-than-H-but-with-external-signed-current-sheets-
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a)  External-current-sheets-do-modify-island-size.--

b)-Physics-far-from-resonance-cannot-be-cast-into---------parameter-
-

!! !

! !

A.-Poyé-et"al,-Phys.-Plasmas-20,-020702-(2013)-

[A.	Poyé	et	al.,	POP	21	(2014)]	
[A.	I.	Smolyakov	et	al.,	PPCF	56	(2014)]	



I.	Island	size	predic&on	using	Neural	Network	!
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!"#

Improving perceptron predictions!  
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28	

Improving perceptron predictions!  

Marseille,	May,	2019		

5% correct predictions 623/870	

IV.		Magnetic	island	size	predictions	

[O.	Agullo	et	al.,	ICDDPS,	Marseille	(2019)]	



I.	Island	size	predic&on	:	Importance	of	Jeq!
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!"#Marseille,	May,	2019		

Which points are important for      predictions ? ws
<latexit sha1_base64="v7Ow7ie72Md/UAvfZYk01ZlNhRk="></latexit>

! ! The	forest	of	decision	tree	has	scored	points	where	current	sheets	are	located	
	
(In	the	dataset	2,	they	were	at																																							)	
	
! ! No	scoring	at	the	resonance!					(lack	of	profile	diversity	at	the	resonance	x=0	?)		

! ! Scoring	is	concentrated	on									dataset	(as	expected)	

Results	clearly	differ	with	the	ones	of							predictions.		
	
=>	Comparisons	with	random	profiles	have	to	be	done	É 	(random	bumps,	no	clear	bumps)	
	

x/ ⇡ = 0.5, 1, 1.5
<latexit sha1_base64="JAHvCfXfiCXpwejObie3s8EIUzY="></latexit>

Jeq
<latexit sha1_base64="6QVbIsapW/hxfHqcJlYkDAjt+xY="></latexit>

�!
<latexit sha1_base64="W5SLU+YAaEZ2goI8KJPJZy7QDKA="></latexit>

IV.		Magnetic	island	size	predictions	

"  h;,(;!)#2,#6!<*,%1-!#)&!,4<*)1#%1!3*)!7-!<)&2,('*%-!i!! [O.	Agullo	et	al,	ICDDPS	2019]!

"  O;&!3*)&-1!*3!2&(,-,*%!1)&&!;#-! -(*)&2!<*,%1-!7;&)&!(.))&%1!-;&&1-!#)&!6*#(1&2!L,%!1;&!
2#1#-&1!1;&E!7&)&!#1!+ej!?!X8a=!V=!V8aM!
!

"  S*!-(*),%$!#1!1;&!)&-*%#%(&k!L6#( !̂*3!<)*56&!2,F&)-,1E!#1!1;&!)&-*%#%(&!+?X!iM!

"   l(*),%$!,-!(*%(&%1)#1&2!*%!m&0!2#1#-&1!
!
=>	Z[!,-!,%-.n(,&%1!1*!<)&2,(1!-#1.)#1&2!,-6#%2!-,:&!
!

=>	Indeed,	the	radial	structure	and	the	amplitude	of	the	equilibrium	current	profile	affect	
also	the	saturated	island	size	ws	
!

[O.	Agullo	et	al.,	ICDDPS,	Marseille	(2019)]	



I.	Classical	Tearing	Mode	–	Conclusion!
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!
"   9%!1;&!(6#--,(#6!1;&*)E=!4#$%&'(!)&(*%%&('*%!,-!#66*7&2!1;#%^-!1*!)&-,-'F,1E!
L-1&<!VM!
!
"  O;&!$)*71; !*3!1;&!,-6#%2!,-!2.&!1*!3)&&!&%&)$E!#F#6#,/6&!,%!1;&!&0.,6,/),.4 !
4#$%&'(!5&62!L#%2!,%!1;&!&0.,6,/),.4 !(.))&%1!<)*56&M!L-1&<!KM!
!
"  Open	ques&on	:	predic&on	of	the	saturated	island	size	(step	3)	?	
!
However	:	

	Tearing	instabiliy	is	stable	in	tokamaks	although	a	seed	magne&c	island	(?)	
can	be	amplified	by	neoclassical	effects	and	lead	to	a	nonlinear	growth	of	a	
Neoclassical	Tearing	Mode	(NTM)	which	can	damage	the	device.	
	
=>	Since	tearing	is	stable,	what	is	the	origin	of	a	such	seed	island	in	tokamak?	
=>	Can	there	be	other	physical	mechanisms	to	explain	seed	magne&c	
island	growth	in	tokamaks	?	
!
!

!



	!
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II. MHD-Turbulence Interaction, a Multi-Scales Problem 

"   Interchange like instabilities coexist with 
macro 

MHD instabilities and lead to micro-turbulence 
in fusion devices. 
 

"  The interaction of magnetic island with 
interchange is a multi-scales problem. 
 

[F. Militello  et al, POP 15 (2008)]  

[F.L. Waelbroeck  et al, PPCF 51 (2009)] 
[M. Muraglia et al, PRL 103 (2009)] 
[A. Ishizawa et al, POP 17 (2010)] 
[F. Hariri et al, PPCF 57 (2015)] 
[L. Bardoczi  et al, POP 24 (2017)] 
 
 

"  Turbulence Driven Magnetic Island (TDMI) 
 

[M. Muraglia et al, PRL 107 (2011)] 
[A. PoyŽ et al, POP 22 (2015)] 
[W. Hornsby et al, PPCF 58 (2015)] 
[O. Agullo  et al, POP 24 (2017)] 
[A. Ishizawa et al, PPCF 61 (2019)] 
 
"  TDMI amplified and at the origin of a NTM 
 

[M. Muraglia et al, NF (2017)] 
J. Frank, PhD thesis, CEA and PIIM Lab 
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! II. Model: 2D Reduced MHD 

"   Instability characterization : THE PARITY of the eigenfunctions    
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"  Model includes both resistive Interchange  and Tearing  Mode  : 
!!

! tr2
?" + [ ", r2

?" ] = [# + #0,r2
?#]�$1! yP+ %r4

?"

! tP + [ ", P ] = �! xP0((1 � $2)! y" + $2! yP) + &2
! [# + #0,r2

?#]+ ' ?r2
?P

! t# = [ # + #0, " � P] � ! xP0! y#+ (r2
?#

1

[M. Muraglia et al, NF 49, 055016 (2009)]  
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! II. Linear Turbulent spectrum 

"  " Õ<0 Linear spectrum is stable 
with respect with tearing instability 
 

 => No island  
 
"  Stable large scales modes 

"  Small scales turbulence  driven 
by interchange instability 
 
=> What  Ôs about non-linear   
dynamics  ?  

! Õ<0 

Interchange  
unstable  
modes 
m* = 46 

m = 1 and large 
scales  modes 

are stable  
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"  NL generation of TDMI by a beating of interchange modes 
[M. Muraglia et al, PRL 107 (2011)] & [A. PoyŽ et al, POP 22 (2015)] 
[W. Hornsby et al, PPCF 58 (2015)] 
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! Õ<0 
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! 

"  Self-consistent generation  of NTM from  TDMI 
1. TDMI formation => Seeding  regime  

2.  NL growth of NTM => Amplification (by neoclassical  effects ) regime  
[M. Muraglia et al, NF (2017)] 
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II. NTM growth from a TDMI  

! Õ<0 
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S&*(6#--,(#6!&_&(1-!
S&*(6#--,(#6!&_&(1-!



! II. TDMI - Conclusions 

15	

"  O;&!1&#),%$!,%-1#/,6,1E!,-!-1#/6&!,%!1*^#4#^-!LZ[\XM8!

"  B*7&F&)=!,1!;#-!/&&%!-;*7% !1;#1=!,%!<)&-&%(&!*3!)&-,-'F,1E!L&F&%!7&#^M=!!
1.)/.6&%1!4*2&-!#1!-4#66!-(#6&-!(#%!2),F&!#1!6#)$&!-(#6&-!
#!-&&2!4#$%&'(!,-6#%2!!L-1&<!KM8!
!
"  l.(; !-&&2!,-6#%2!(#%!/&!#4<6,5&2!/E!%&*(6#--,(#6!&_&(1-!#%2!#!6#)$&!4#$%&'(!
,-6#%2!(#%!2#4#$&!1;&!2&F,(&8!
!
"  Open	ques&ons	:	

	1.	Predic&on	of	the	saturated	island	size	in	presence	of	turbulence	(step	3)?	
	

	2.	Experimental	signature	of	such	mechanisms	
	
	
At	small	scales,	Δ’<0	and	resis&vity	in	tokamak	is	considered	too	weak	for	
Micro-reconnec&on.	However...	
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16	

"   ];#66&%$&!N!
(*%1)*6!*3!1;&!(*%5%&4&%1!

"  R<&%!0.&-'*%-!N!
!

P  "&(;#%,-4- !6&#2,%$!1*!BP4*2&!i!G&2&-1#6!
G;E-,(-i!

-!R),$,%!*3!&6&(1)*%,(!1.)/.6&%(&!i!R),$,%!*3!heat	
electron	transport	i!
!

"  G*--,/6&!(#%2,2#1&!N!

!
=>	Micro-TearingMode	(MTM)	instability	?	
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"  C,-#$)&&4&%1!/&17&&%!
								 	analy&cal	theory	#%2!gyrokine&c	simula&ons		

	
	
	
	
	
	
	
	
"  G*--,/6&!<;E-,(#6!4&(;#%,-4- !#1!1;&!*),$,%!*3!"O"! 2&-1#/,6,:#'*%!

! ! !-!]*66,-,*%-!i!
! ! !-!"#$%&'( !(.)F#1.)&i!
! ! !-!`6&(1),(!<*1&%'#6!I.(1.#'*%-i!

Stable!"O"!,%! 7&# !̂(*66,-,*%#6!
)&$,4&!
!

?@!S*!"O"!,%!1*^#4#^-!
!

TB#:&6'%&!&1!#6!LVpgaMU!
TC)#^&!#%2!>&&!LVpggMU!
Tq#)/&1!LVppXMU!
Tl4*6E#^*F!LVppXMU!

Unstable!"O"!,%! 7&# !̂(*66,-,*%#6!
)&$,4&!
!
TQ<<6&$#1&!&1!#6!LKXXgMU!
TC*&) !̂&1!#6=!q.r&%3&62&)!&1!#6!LKXVKMU!
TC,(^,%-*%!&1!#6=!G)&2&/*%!&1!#6!LKXVdMU!
Tl7#4E !&1!#6!LKXVsMU!
TB#1(;!LKXVgMU!
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T"8!B#4&2!&1!#68!]GG!LKXVfMU!
!

convergence was reached, since velocity dependent numerical dissipa-
tion may artiÞcially trigger MTMs. An exact value of the pulsation can
be derived in the collisionless limit from the dispersion relation Eq.
(16), namely,

Xr !
1
ge

"
1
2

: (27)

This value agrees well with the numerical resultFig. 3(b) when
! GKW

ei ! 0, keeping in mind that all frequencies are normalized to

vthi/R (GKW convention) so thatxGKW
r ! xTheory

r
x#

TeR
vthi

! 1:2xTheory
r .

Hence, the value of the pulsation,xtheory
r $vthi=R% ! 0:69 [in Fig. 3(b)]

at ! GKW
ei ! 10&3 becomesxtheory

r ! 0:57 when normalized tox#
Te, i.e.,

quite close to 1/ge " 1/2! 0.533. At the same collisionality,
xGKW

r $vthi=R% ! 0:8 becomesxGKW
r ! 0:66 when normalized tox#

Te.
Note also that, numerically with the GKW code, this asymptotic value
cannot be tested at lower collisionality than! GKW

ei < 10&3, since the
nature of the least stable mode changes (interchange parity), below
this value, see the blue point inFig. 3(b). Surprisingly, the agreement
between numerical and analytical values of the growth rate remains
quite good when increasing the collision frequency up to

! GKW
ei ' 3 ( 10&2 while the difference in the pulsation increases nota-

bly. Bothc andxr differ from theoretical values at collisionality higher
than! GKW

ei < 2 ( 10&2. At high collisionality, the current sheet width
becomes wider, and the ÒconstantwÓ approximation is debatable.11

The main result here is that the magnetic drift plays an important
destabilizing role but only in conjecture with a Þnite collisionality. The
fair agreement between the linear theory and GKW simulations and
the structure of the mode presented inFig. 4legitimatesa posteriori
the use of an effective magnetic drift in the electromagnetic model.

C. Structure of microtearing modes

In the GKW31 code, MTMs are clearly identiÞed by their eigen-
functions. Numerical simulations show that the perturbed electric
potential/̂ is odd and extended along the magnetic Þeld lines whereas
the vector potential̂Ak is even and more localized around the low Þeld
side midplane. This agrees with the classical theory of tearing/micro-
tearing mode.Figure 4shows the real (blue curve) and imaginary (red
curve) parts of the eigenfunctions for linear simulations. The black
curve represents the real part of the mode found analytically using the
set of parameters given inTable II. In Fig. 4(a), the blue and black
curves represent the real part of the vector potentialÂk$s%along the

FIG. 3.(a) Green plus sign and pink star points represent the analytical and numerical linear growth rates of microtearing modes as a function of electronÐion collision fre-
quency! GKW

ei for the set of parameters presented inTable IIand the blue point is the analytical linear growth rates of interchange parity mode. (b): Green plus sign and pink
star points represent the analytical and numerical real frequency of microtearing modes and the blue point is the analytical real frequency of the interchange parity mode.

FIG. 4.Real and imaginary parts of the
numerical eigenfunction of a MTM at
! GKW

ei $vthi=Rref% ! 0:016 using the set
of parameters given inTable II. (a): vector
potential̂Ak$s%along the magnetic Þeld
line in the ballooning space. (b): radial
structure of the vector potentialAk$x%in
real space. Dashed lines indicate resonant
surfaces.
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"  Qt&)!#!6*1!*3!1;&*)E!u!!
!A&2.(&2!v,%&'(!"*2&6!&0.,F#6&%1!1*!1;&!A"BC!4*2&6!,%!I.,2&!1;&*)E!

!

"  l.((&--3.6 !(*4<#),'*% !/&17&&%!1;&*)E!#%2!$E)*^,%&'(!-,4.6#'*%-!
!9%!<#)'(.6#) =!"O"! ,-!-1#/6&!,%!7&# !̂(*66,-,*%-!)&$,4&!
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"  S*!,%-1#/,6,1E!7,1;*.1 !(*66,-,*%-!?@!"#$%&'( !)&(*%%&('*%!,-!%*1!#66*7&2!
!

"  w%-1#/6&!"O"!,%!1;&!<&2&-1#6!)&$,*%!&F&%!,3!(*66,-,*%-!#)&!7&# !̂L-1&<!VM!

"  "#$%&'( !(.)F#1.)&!#%2!&6&(1),(!<*1&%'#6!I.(1.#'*%-! (#%!%*1!2&-1#/,6,:&!
"O"! 7,1;*.1 !(*66,-,*%-8!B*7&F&)=!,%!<)&-&%(&!*3!(*66,-,*%-=!1;&E!&%;#%(&!
1;&!"O"! $)*71; !)#1&!L-1&<!KM!
!

T"8!B#4&2!&1!#68!GRG!Kc!LKXVpMU!
!



III.	MTM	-	Conclusions	

20	

"  C&),F#'*%!*3!#!)&2.(&2!̂ ,%&'(!4*2&6!3*)!1;&!"O"!-1#/,6,1E!
!

"  A&(*%(,6,#'*%!/&17&&%!1;&*)E!#%2!$E)*^,%&'(!-,4.6#'*%- !
!

"  9%!<#)'(.6#) =!7,1;*.1 !(*66,-,*%-=!"O"!,-!-1#/6&!!
!!

"  B*7&F&)=!(*66,-,*%-!#)&!-.n(,&%1!,%!1*^#4#^-!1*!6&1!"O"!.%-1#/6&!
,%!1;&!<&2&-1#6!L-1&<!VM!
!

"   `6&(1)*%!1&4<&)#1.)&!$)#2,&%1!2),F&!"O"8!"#$%&'( !(.)F#1.)&!#%2!
&6&(1),(!<*1&%'#6!I.(1.#'*%-! &%;#%(&!1;&!$)*71; !*3!.%-1#/6&!4*2&-8!
L-1&<!KM!
!
"  Open	ques&on	on	satura&on	mechanisms	:	impact	of	MTMs	on	heat	
electron	transport	(step	3)	
!
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"   9%!;*1!4#$%&':&2!<6#-4#-!*3!1*^#4#^-=!4#$%&'(!&0.,6,/),.4 !,-!-.(; !#-!1;&!
1&#),%$!,%-1#/,6,1E!,-!-1#/6&!LZ[\XM8!
!

"   B*7&F&)=!4#$%&'(!)&(*%%&('*%!(#%!*((.) !N!

! !-!#1!6#)$&!-(#6&-!N!%*%6,%&#)!$)*71; !*3!S&*(6#--,(#6!O&#),%$!"*2&! (#%!6&#2!1*!
2,-).<'*%!#%2!(#%!2#4#$&!1;&!2&F,(&!
!

! !-!#1!-4#66!-(#6&-!N!4,()*P1&#),%$!,%-1#/,6,1E!(#%!6&#2!1*!4#$%&'(!5&62!!-1*(;#-'-#'*% !
#%2!&%;#%(&!1;&!;&#1!&6&(1)*%!1)#%-<*)1!,%!1;&!<&2&-1#6!)&$,*%!
!

"  Q61;*.$;!)&-,-'F,1E!#%2!(*66,-,*%-!#)&!7&# !̂,%!-.(; !2&F,(&=!1;&E!#)&!-.n(,&%1!1*!
#66*7!4#$%&'(!)&(*%%&('*%!
!

"   91!&+,-1!F#),*.- !4&(;#%,-4- !6&#2,%$!1*!#%!,-6#%2!$)*71; !N!

! !-!l4#66P-(#6&-!1.)/.6&%1!4*2&-!(#%!2),F&!%*%6,%&#)6E!#!6#)$&!4#$%&'(!,-6#%2!

! !-!`6&(1)*%!1&4<&)#1.)&!$)#2,&%1!(#%!2),F&!4,()*P1&#),%$!4*2&!,%!1;&!<&2&-1#6!
!!
"   R<&%!0.&-'*%!N!l#1.)#'*%!4&(;#%,-4- !i!

! !-!l#1.)#1&2!-,:&!*3!6#)$&!,-6#%2!i!
! !-!`6&(1)*%!;&#1!1)#%-<*)1!2.&!1*!"O"!i!

!
!


