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The authors of the present work have calculated the angles specified by various plasma pressure profiles depending on the parameter
o that characterizes the profile of vacuum angles of rotation angles and on the magnetic axis displacement caused by an external
transverse magnetic field. The authors have considered three laws of plasma pressure distribution over vacuum magnetic surfaces:

P=Py, P=Py(1-U (1) /U (r,)); Ps=Po(1-y (r)/§ (r,))’ . The calculations showed, that in the case of magnetic axis shifting into
the inside of the torus and at low values of a, the rotational transformation angle of a torsatron decreases up to zero with plasma
pressure increasing, In this case, the splitting of magnetic surfaces caused by pressure distributions Ps=Po(1-) (r)// (r,))” takes

place in the central region of a magnetic configuration. As plasma pressure distributed by the law P,=P, increase the splitting of
magnetic surfaces due to the helical winding perturbation only occurs.

PACS: 52.55.Hc

It is known that the correction of magnetic axis position, the
rise in the limiting equilibrium pressure of plasma, and also
variations in such integral characteristics as the angle of
rotational transform and the average magnetic well, can be
realized with the help of an external transverse magnetic field
[1-3]. The authors of the present work have calculated the
angles specified by various plasma pressure profiles versus the
parameter O that characterizes the profile of vacuum angles of
rotation, and also versus the magnetic axis displacement
caused by an external transverse magnetic field. The authors
have considered three laws of plasma pressure distribution
over vacuum magnetic surfaces: P=P,, P=Py(1-

O () /U (r,)); P=Po(1-U (r)/0 (r,))*; where Py is the
plasma pressure on the axis of the system: U (r) is the

averaged function of vacuum magnetic surfaces. The
distribution of vacuum angle of rotational transform was
calculated as t(r)=try[a+(1-a) 7* /7, ], where -0= t(0)/t ) is
the ratio of the angle of rotation of field lines on the magnetic
axis to the one on the plasma boundary of radius r,.

The equations of averaged magnetic surfaces in the cylindrical
system of coordinates with due account for the external
transverse magnetic field have the following forms [4].
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The analytical formulas of the angles of rotational
transform for different plasma pressure profiles were
calculated by formulas of averaging over magnetic
surfaces [5,6,7]. For the distribution P=P, and Po=P(1-
U (")/¥(7,)), the angle of rotational transform is given by
the following expression:
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For the distribution Po=P(1-V (r)/V (r,)) these factors
have the following forms
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where 7o is the initial displacement caused by the
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external transverse magnetic field. 3 3
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a r Fig. 1 shows the angles of rotational transform due to different

pressure profiles as functions of the magnetic axis
displacement. It can be seen from the figure that for small
magnetic-axis displacements and small o values, on certain
radii 1,/r,, the angle of rotational transform turns to zero (Figs.
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lc, d, e). The magnetic axis was originally displaced by the ,

[

- 6_7:-0.2;f_r=-0.3)
transverse magnetic field to the inside of the torus by ;E =05, 0 0
The sign “minus” at r./r, means that the magnetic axis N> 119;(;1[1
displacement is on the beam 0 =0 directed to the outside of
the torus. Fig. 2 shows the magnetic surface shapes 1304+ 4140 - 27]+ (10)
determined by the pressure profile Po=P (1-U (r)/U (7,)) s \/(130( 44 41492 - 27)2 + 345600 2(1 - 2]3

versus the magnetic axis displacement. It is obvious from the
figure that for magnetic axis displacement r./r,=0 the splitting
of magnetic surfaces takes place.

A flat distribution of plasma pressure P = P, does not cause
the magnetic surfaces to split (Fig. 3). The magnetic surfaces
in this case will be split only due to the perturbation caused by
a helical winding [7]. A similar splitting of magnetic surfaces
was observed by Shishkin [8] when investigating the plasma
equilibrium of the 1=3 stellarator at correction by an external
transverse magnetic field.

The condition of magnetic surface splitting for the

In the case of magnetic axis displacement to the outside of the
torus, there occurs an increase in the angle of rotational
transform, caused by both the external transverse magnetic field
and the pressure of plasma.

Thus, it has been demonstrated here that in the case of magnetic
axis displacement to the inside of the torus and small a values,
the angle of rotational transform decreases down to zero on
certain radii of magnetic surfaces as the plasma pressure
increases. In this case, in the central region of the magnetic

S ] configuration there occurs magnetic surface splitting determined
pressure distribution Po=P (1-4 (")/¥ (7,)) is by the distributions P=P, (1-Y (»)/¥(7,)) and P=P, (1-
2 A
N> g,/a (1+a)ii-a2), N= —ZE(F) (9) U (r)/U(r,)*). The conditions of magnetic surfaces splitting
0
ified by pl distributi in the radius h:
In the case of P=Py (1-4 (*)/¥ ()*), the condition of ;I;nggund}};err)ssma pressure distributions in the radius have

splitting is the following expression:
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AHAJIITUYHI PO3PAXYHKH KYTIB OBEPTAJIBHOTI'O ITIEPETBOPEHHS, 3YMOBJIEHI PI3HUMHAX
PO3NOAIIIAMHU TUCKY IIVIABMHU TA 30BHIIIHIM IOINEPEYHUM MATHITHUM IMOJIEM Y TOPCA
TPOHI
IO.K. Ky3ueyoe, Lb. Ilinoc, B.1. Tiona

ABTOpamMu po0OOTH BHKOHAHI PO3PAXyHKH KyTiB OOEPTANBLHOTO MEPETBOPESHHS, 3YMOBICHHX DPi3HUMH PO3MOIIAMHU THCKY
IUIa3MH B 3aJISKHOCTI BiJl MapamMeTpa 0, XapaKTepH3yl0 HOro PO3MOLT BaKyyMHHMX KyTiB IOBOPOTY CHMJIOBHX JIiHIiHM, a TaKOX Bif
3MIIICHHS MAarHiTHOI OCi, BUKJIMKAHOTO 30BHIIIHIM TONEPEYHHM MAarHiTHUM IoJeM. ABTOpaMH POOOTH PO3TIIAHYTO TPU 3aKOHHU
PO3NOALTY THCKy IUIa3MM 10 BAaKyyMHHM MarHitHum nosepxusm Pi=Py; P,=P(1-§ (")/¥ (,)); P=Py(1-y (r)/U (7‘0 ))2
Po3paxyHku mokaszany, OI0 y BHIAJAKY 3MIIICHHS MarHiTHOI OCi y cepelnHy TOpa Ta MaJHX O KyTH OOepTaJbHOTO MEPEeTBOPECHHS
MOXYTb 00€pTaTHCS B HYJIb Ha MEBHUX Pajiycax Ta BUKIMKATH PO3IICIUICHHS MarHITHUX MOBEPXOHb. Po3mozin Tucky miasmu Pi=P,
HE BHUKIMKA€ PO3IICIUICHHS MAarHiTHHX MOBEPXOHb. MarHiTHI IOBEpXHI y L[bOMY BHIIQJKy PO3LICIULIIOTHCS TUIBKM 32 PaXyHOK
30ypeHb, 3yMOBJICHUX TBHHTOBOIO 0OMOTKOIO.

AHAJIMTUYECKUE PACYUETHBI YI'JIOB BPAIIATEJBHOT'O TIPEOBPA3OBAHUSI,
OBYCJIOBJIEHHBIX PA3JIMMHBIMU ITPOPUTIAMU JABJEHUSA IIJIASMbI U BHEILTHUM
HOMNEPEYHBIM MATHUTHBIM ITOJIEM B TOPCATPOHE
I0.K. Ky3ueuos, U.b. ITunoc, B.U. Tiona
ABTOpamMu pabGOTHI BBIIIOJIHEHBI PACYETHI YIJIOB, 00YCIOBICHHBIX Pa3IMYHBIMU MPOQHISIMH IaBICHHS IUIa3Mbl B 3aBHCHMOCTH OT
napameTpa 0, XapakTepH3yIIero npodiib BaKyyMHBIX YIJIOB MOBOPOTa, a TaKKe OT CMELICHHWS MAarHUTHOW OCH, BBI3BAHHOI'O
BHCIIIHUM IIONEPCYHbIM MAarHUTHBIM II0JIeM. PacCMOTpPEHBI TpH 3aKOHA pACHpE/CICHUs [aBICHUS IUIa3Mbl [0 BaKyyMHbBIM
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MarHUTHBIM NOBEepXHOCTAM: P=P; Pz:P(l-w (l") / lﬂ (I”O )), P=P(1-{ (r) / 1] (ro ))2 . Ilokazano, 4T0 pacnpenencHue JaBICHHsS

mwiasmer P,=P(1-Y (r)/Y (7)) wu P=Py(1-U (r)/Y (I/'O))2 BBI3HIBAIOT PACHIEMICHHE MArHUTHBIX ITIOBEPXHOCTE mpH r./r,=0.

Ilonoroe pacnpenenenue JaBieHus Iias3Mbl Pi=P, He BBI3BIBAET pacIlEIUIEHUsT MarHUTHBIX IOBEpXHOCTEH. MarHuTHble
MOBEPXHOCTHU B 3TOM ciIydae OyIyT pacIIeIUIAThCs TONBKO 3a CIET BO3MYIIECHHS, BEI3BAHHOTO BUHTOBOM OOMOTKOM.

19



	References
	Ю.К. Кузнєцов, І.Б. Пінос, В.І. Тюпа
	Ю.К. Кузнецов, И.Б. Пинос, В.И. Тюпа


