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In the spaceplasmasmagneticfields play an importantrole in the formation of structuresthat are
burstyin characterSuchphenomenareoften attributedto rapid dissipationof magneticenegy in highly
conductingplasmasiuringreconnectiorof the magnetidield linesin thevicinities of the critical pointsof
themagneticconfigurations.

Theproblemof magnetidinesreconnections closelyrelatedto the problemof the structurallystability
of vectorfield. The structurallystabledynamicsystemis definedasa systemwhosestateremainstopo-
logically equivalentto theinitial statefor any sufficiently small perturbatiornof the vectorfield. Sincethe
magnetidield topologychangesiuring both spontaneouandinducedmagnetiaceconnectioh?.

We presenthe resultof the MHD simulationsof nonlineardynamicsof MHD perturbationsn struc-
turally unstable3D magneticwith two 3D saddlepoints. The analysisof the processs a difficult problem
dueto self-consistenhonlinearinteractionbetweentwo vector fields: magneticand velocity in the 3D
geometry

At theinitial momentwe considerthe structurallyunstablemagneticconfigurationwith two null points
connectedby separatolline embeddedn the high electric conductvity plasmaswhich is given by the
magnetidield

B = B,ex + Byey + B,e,, Q)

B, = —2zy — 2 + 2° + ¢,
B, = —2yz — 2>+ y* + ¢,
B, = —2xz — > + 2% + ¢,
with ¢ = 0.16.

We solvedthe setof MHD equationsiumericallyin a squarecomputatiorregion (-1 < z < 1,-1 <
y < 1). At theinitial instantthe plasmais restin the magneticfield. The dimensionlessMHD equations
canbewrittenas
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68—? = [V X rotA] — vprotrot A . (6)

whereA is avector- potentialof the magneticfield. All theresultspresentedbelon wereobtainedfor the
magneticdiffusivity v,, = 0.006 anda pressurecorrespondindgo 5 = 0.012. Thedimensionlesshermal
conductvity anddimensionlesglectricfield werechoserto bek = 0.01 andE = 0.03.

SoAlfv enandmagneto-acoustimodesremaincoupledin thelinearapproximationywe consideredhe
boundaryconditionswhich correspondingo excitationof nonlinearMHD waves. Theboundaryconditions
for the remainingquantitieswereimposedin accordancevith MHD equations.At the boundaryregions
throughwhichthe plasmaenterghe calculationdomainwe specifiedhe plasmadensityandpressure = 1
andp = 1. At theremainingboundaryregionsthe boundaryconditionsassumea free plasmaoutflow out
of the calculationdomair?.



(a) initial configuration (b) separatrixdisappearance

Figurel: Magneticfield visualizationby illuminatedstreamlines

At theresultsof modelingof evolution of aMHD perturbationwve canseethatthe structurallyunstable
magneticconfigurationbecomesstructurallystable. Theinitial configurationis demonstratedn Fig.1(a).
From Fig. 1(b) we canseethe separatrixoetweenthe two null pointsdisappeargtime = 5 Alfen time).
MHD perturbationdreakthe symmetryof theinitial magneticconfigurationandleadto thefinal magnetic
field with anothersymmetrictype.

Two visualizationmethodsvasusedto displaythe magnetidields. First methodis a modificationof an
illuminatedstreamlinesmethod. It wasusedto produceabore images.Theideaof the methodis to usea
pregeneratedextureto simulatealightning computationgor modifiedillumination model. Main difference
betweerthatmodelandthe standardneis areplacemenof a suriacenormalvector(undefinedn 1D case
of streamlinespy the uniquelydefinednormalvectorwhich is coplanamwith tangentialvectorandvector
towardsthe viewer. Thuslight intensitycanbe computedfor the pointsof a streamline.Resultingimage
containsa naturallightning which greatlyimprovesthe geometricperception. For the samepurposewe
apply the secondmethod.lIt is anoriginal versionof a’streamballsmethod. Basicmethodoperateswith
exponentialtype blobby objector convolution surfacesof the sametype. An isosuficeof the additional
scalarfield definedby thoseobjectsareusedto displaythe streamlineslif onedistributessufficientnumber
of blobsalongthe lines, andif eachblob have a small influence,thanthe resultingisosurbcewill look
like thetiny tube,andsincethatis a’'real’ surfaceonecanusea standardllumination model. We propose
to usea blobs of specialpolynomialtype alongwith octree-basedpacepartitioning, which cangreatly
decreas¢hecomputationatost. Additionally we proposeo usea propagatioralgorithmto constructafast
polygonalapproximationwith initial cellssetdefinedoy skeletonconsistedf streamlinesndaline which
connectgheinitial pointsandonepoint on a practicalinfinity*. Usedtogetherthosemethodsallows usto
createaninformative andefficient visualizationandanimationof currentsheetformationandexplore the
structureof the magnetidieldsnearMDH-singularitiesin 3D magneticconfigurations.
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