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Two-dimensional modeling of plasma confinement in atoroidal electromagnetic trap with transverse magnetic dlits
is carried out. The spatial distributions of electrons and ions density, magnetic and el ectrostatic potential s are obtained.
Diamagnetic currents of electrons and ions, responsible for shielding of a vacuum magnetic field in plasma, and borders

of the superseded vacuum magnetic field are determined.
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ALGORITHM OF TWO-DIMENTIONAL
MODELING

The magnetic configuration of a toroidal electro-
magnetic trap with transverse magnetic ditsis created by
eight twin coils located in a toroidal vacuum chamber.
The sizes of coils; radius Ry = 0.35 m, cross section —
0.1x 0.2 m?, ampere conductors — lo= 1 MA, radius of a
toroidal chamber along the axisline—R=1.6 m.

Two-dimensional modeling was made on a base of
solution of Vlasov's stationary equation. The method
described in the paper [1] was used.

The integrals of motion of charged particle with
energy ¢, and angular momentum |, in the cylindrica
coordinate system r, ¢, z is given by the following
expression:
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where m, and g are mass and charge of particle, ® isan
electrostatic potential, A, isa constituent of the magnetic

®
potentiadd A, A = A =0.
The dationary equation for electrostatic potential is:
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and for magnetic potential:
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The integration is carried out in the veocity space
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The solution of the equations (3) and (4) is redized
using the method of grids.

By virtue of symmetry, it is enough to choose the area
consisting of a quarter of the space between the neighbour
magnetic dits of the toroidal electromagnetic trap, Fig. 1.
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Fig. 1. Area of integration

The initial condition for magnetic potential is the
vacuum magnetic field, produced by the coils of magnetic
system of the toroidal trap:

Ay=Aw(r,2). (7

The boundary conditions:

A, (02) = A, (2,0) =0,
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Theinitia condition for ectrostatic potential:

@(r,z) = 0. C)

The boundary conditions ®=0 a an outermost
magnetic surface supporting on the anode diaphragm in
the magnetic dit:

rA,= (rA,) atr =21.5cm, z=0.2 cm, (10)
Fo=Tro=T(ts5=0. @
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The equations for electrostatic and magnetic potential s
that are brought in through thefinite differences:
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with the boundary conditions:
Ay(rK) = Ay(r-K); Ay(r, 5.5+k) = A,(r, 5.5-K);

@(r,k) = @(r,-k); D(r, 5.5+k) = d(r, 5.5-k). (14)
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The uncertainty on theaxisr =0, ——— = —,
rqr O
is opened by the Lopital’srule:
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The dectrostatic potential on theaxisr = 0:

h2k2
+4k?
+4p(qene +qi |))

The equations (12) and (13) were found by the method
of iterations for magnetic field in the magnetic dit
B=5kGs, density of plasma n,; = 10°-10" cm®
electron temperature T, 5 keV, ion temperature
T; = 1.5keV. In Fig. 2 the spatia distribution of potential
inatoroidal trap is shown.
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Fig. 2. Electrogtatic channel @,(r,2), neo= 10" cm®,
no= 10° em®, 7,= 1000V, T; = 300eV

The plasma is confined within the limits of the
boundary magnetic surface with a sharp decrease of
density of electronsand ions in the frontier area, Fig. 3.

The density of plasma grows to the centre, to axis r=0.
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Fig. 3. Density of plasma ne(r,2), T, = 5000 eV,
T, = 1500 eV
The plasma supersedes out a vacuum magnetic field
from the centre of the trap up to the border determined by
balance of magnetic and gas-dynamic pressures, Fig. 4.
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Fig. 4. Magnetic potential 4,(r,2), Te=
T, = 1500 eV;
a) No= 0, Ng=0,
b) N = 540" em®, njp=520% cm’®
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Together with a vacuum magnetic field the plasma
currents are superseded out to the surface of plasma: both
the electron and ion currents, Fig. 5.

These diamagnetic currents are responsible for the
screening of a vacuum magnetic field in the plasma.
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CONCLUSION

6 k Two-dimensional modeling based on the solution of
‘ the Vlasov's sationary equation has alowed to find

spatial digtribution of plasma density, eectrostatic and
magnetic potentiadls, to determine borders of the
superseded vacuum magnetic field - cross sizes of the
electrogtatic channel for capture and accumulation of ions
inanionring.
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Fig. 5. Currents of charge particles: |, — electron current,
I; —ion current

ABYMEPHOE MOJEJUPOBAHME YAEPKAHUS IVIASMbI B TOPOUJIATILHOM
SJIEKTPOMATHUTHOU JIOBYIHIKE

0.A.Jlaspenmoves, B.A. Macnos, C.B. I'epmanosa, b.A. Illesuyx, H.A. Kpymuvko

HPOBCHGHO JABYMCPHOC MOJCIMPOBAHUC YACPIKAHUA IJIa3Mbl B TOpOPII[aJ'ILHOﬁ BHGKTpOMaFHHTHOﬁ JIOBYIIKE C
MONnepeYHbIMA MAarHUTHbIMHU HICIIAMU. HOJ’Iy‘IeHLI MPOCTPAHCTBCHHBIC PACIIPEACIICHUA INIIOTHOCTHU 3JICKTPOHOB U HOHOB,
MAarivuTHOrO M DSJICKTPOCTATUYCCKOr0 IMOTCHIINAJIOB. OHPG,I[GHCHLI JUAMAariuTHbIC TOKHU DJJICKTPOHOB W HOHOB,
OTBCTCTBCHHBIC 34 SKPAaHHPOBAHWEC BAKYYMHOI'O MArHUTHOI'O IIOJIA B IUIa3ME, U I'PAHULbBI BBITCCHCHHOI'O MAarHUTHOI'O
T10JIA.

ABOMIPHE MOJEJ/JIIOBAHHST YTPUMAHHSI IIVIA3MHA
B TOPOIJAJIBHIN EJIEKTPOMAT'HITHIM ITACTI

0.0. J/lagpenmueg, B.O. Macnog, C.B. I'epmanosa, b.0O. Illeguyk, H.O. Kpymuoko

[IpoBeneHO TBOMipHE MOJCITIOBAHHS YTPUMAaHHS IUTa3MH B TOPOiTATBHIN €IEKTPOMATHITHINA MACTII 3 TIOMICPEIHUMHU
MarHiTHUMH miinuHamMu. OTpuMaHi OpPOCTOPOBI  PO3MOAUIM TYCTHHM ENEKTPOHIB 1 10HIB, MAarHiTHOTO Ta
€IIEKTPOCTATUYHOTO TOTEHIIaNiB. BU3Ha4YeHI MiaMarHiTHI TOKMA E€JCKTPOHIB Ta iOHIB, BIANOBiTaNbHI 32 €KpaHyBaHHSI
BaKyyMHOT'O MarHiTHOT'O TTOJIS B TIJIA3Mi, 1 ME€XKi BUTUCHYTOTO MarHiTHOTO TIOJIS.
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