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In the spaceplasmasmagneticfields play an important role in the formation of structuresthat are
bursty in character. Suchphenomenaareoftenattributedto rapiddissipationof magneticenergy in highly
conductingplasmasduringreconnectionof themagneticfield linesin thevicinities of thecritical pointsof
themagneticconfigurations.

Theproblemof magneticlinesreconnectionis closelyrelatedto theproblemof thestructurallystability
of vectorfield. The structurallystabledynamicsystemis definedasa systemwhosestateremainstopo-
logically equivalentto the initial statefor any sufficiently smallperturbationof thevectorfield. Sincethe
magneticfield topologychangesduringbothspontaneousandinducedmagneticreconnection
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We presentthe resultof theMHD simulationsof nonlineardynamicsof MHD perturbationsin struc-
turally unstable3D magneticwith two 3D saddlepoints.Theanalysisof theprocessis a difficult problem
due to self-consistentnonlinearinteractionbetweentwo vectorfields: magneticand velocity in the 3D
geometry.

At theinitial momentweconsiderthestructurallyunstablemagneticconfigurationwith two null points
connectedby separatorline embeddedin the high electric conductivity plasmas,which is given by the
magneticfield
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We solvedthesetof MHD equationsnumericallyin a squarecomputationregion ; �<7>=	!?=@7A�B�<7C=

"?=D7FE
. At the initial instanttheplasmais restin themagneticfield. ThedimensionlessMHD equations

canbewritten as
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whereA is a vector- potentialof themagneticfield. All theresultspresentedbelow wereobtainedfor the
magneticdiffusivity

c:df�g365h3A3[9
anda pressurecorrespondingto Q �i3+5j3+7F 

. Thedimensionlessthermal
conductivity anddimensionlesselectricfield werechosento be

a>�	3+5j3+7
and k �P3+5j3Al

.
SoAlfv enandmagneto-acousticmodesremaincoupledin thelinearapproximation,weconsideredthe

boundaryconditionswhichcorrespondingto excitationof nonlinearMHD waves.Theboundaryconditions
for the remainingquantitieswereimposedin accordancewith MHD equations.At the boundaryregions
throughwhichtheplasmaentersthecalculationdomainwespecifiedtheplasmadensityandpressure
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and U �m7[5

At theremainingboundaryregionstheboundaryconditionsassumeda freeplasmaoutflow out
of thecalculationdomainn .



(a) initial configuration (b) separatrixdisappearance

Figure1: Magneticfield visualizationby illuminatedstreamlines

At theresultsof modelingof evolutionof aMHD perturbationwecanseethatthestructurallyunstable
magneticconfigurationbecomesstructurallystable.Theinitial configurationis demonstratedon Fig.1(a).
From Fig. 1(b) we canseethe separatrixbetweenthe two null pointsdisappears(time = 5 Alfen time).
MHD perturbationsbreakthesymmetryof theinitial magneticconfigurationandleadto thefinal magnetic
field with anothersymmetrictype.

Two visualizationmethodswasusedto displaythemagneticfields.Firstmethodis amodificationof an
illuminatedstreamlines’method.It wasusedto produceabove images.Theideaof themethodis to usea
pregeneratedtextureto simulatealightningcomputationsfor modifiedilluminationmodel.Main difference
betweenthatmodelandthestandardoneis a replacementof asurfacenormalvector(undefinedin 1D case
of streamlines)by theuniquelydefinednormalvectorwhich is coplanarwith tangentialvectorandvector
towardstheviewer. Thuslight intensitycanbecomputedfor thepointsof a streamline.Resultingimage
containsa naturallightning which greatly improvesthe geometricperception.For the samepurposewe
apply thesecondmethod.It is anoriginal versionof a ’streamballs’method.Basicmethodoperateswith
exponentialtype blobby objector convolution surfacesof the sametype. An isosufaceof the additional
scalarfield definedby thoseobjectsareusedto displaythestreamlines.If onedistributessufficientnumber
of blobsalongthe lines, and if eachblob have a small influence,than the resultingisosurfacewill look
like thetiny tube,andsincethat is a ’real’ surfaceonecanusea standardillumination model.We propose
to usea blobsof specialpolynomial type alongwith octree-basedspacepartitioning,which cangreatly
decreasethecomputationalcost.Additionally weproposeto useapropagationalgorithmto constructa fast
polygonalapproximation,with initial cellssetdefinedby skeletonconsistedof streamlinesandaline which
connectstheinitial pointsandonepoint on a practicalinfinity o . Usedtogetherthosemethodsallows usto
createan informative andefficient visualizationandanimationof currentsheetformationandexplore the
structureof themagneticfieldsnearMDH-singularitiesin 3D magneticconfigurations.
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