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The paper proposes to perform plasma magnetic confinement in the constructions where plasma streams flow by
knotted trajectories. It is shown that in this case due to more complicated topology of plasma circulation, a quasi-
stationary equilibrium may be carried out without an external magnetic field, and i.e. plasma is self-confined by the
self-generation of poloidal-toroidal magnetic surfaces. This phenomenon may serve as a mechanism of a ball-lightning

origination and existence.
PACS: 52.55. -5

1. INTRODUCTION

It is shown that plasma magnetic confinement may be
carried out not only in tokamaks and stellarators (see, for
example, [1, 2]), but in quite new constructions where
plasma streams flow by knotted trajectories. If it aimed at
the creation of thermonuclear synthesis reaction, such
constructions may be called knotted thermonuclear
synthesis reactors (KTSR). Note that first the idea
concerning such constructions on heuristic level was
expressed in [3, 4].

Thus, let in KTSR the magnetic axis, i.e. the line
corresponding to maximum pressure, is written down in
the following vector parametric form:

5(4’):{(R+rcos¢n)cos¢,(R+rcos¢n)sin¢,irsin¢n},
(1)

where ¢, =(n+1/2)¢, —2n<$p<2n, R,r - tore

parameters, on the surface of which (Seifert surfaces [5])
one may trace this space curve (here the signs “+”
correspond to right- and left-hand n-foils). In Fig. 1
possible magnetic surfaces with magnetic axis (1) in the
case of the meanings of n=3,57,9 are represented.
Besides, in this figure as an example of 5-foils, a current
toroidal line is expressed schematically by a dotted line
from foil 3 to foil 4 and originated by the poloidal
magnetic field (heavy line). This field in concern to foil 1
is also simultaneously toroidal. Thus, an arising magnetic
surface may be called poloidal-toroidal. It is generated by
a toloidal-poloidal plasma current and vice versa. One
may say that in the case of non-dissipative plasma the
external field pressure is not in need of its confinement.
At the expense of a complicated topology of KTSR,
plasma in it, in a stationary regime will be considerably
confined by itself. In such constructions some internally
distant regions in an external region are neighboring
which leads to their magnetodynamic interaction. Maybe
just such constructions will be the most optimal for
magnetic (correctly, self-confinement) of plasma and at
last, the confinement solution of one of the main problems
is the realization of the controllable thermonuclear
synthesis. Further we will try to substantiate the above
mentioned just from the mathematician point of view.

n=7

n=9

Fig. 1. Schematic representation of knotted poloidal-
toroidal-magnetic surfaces at various meanings of the
parameter n

2. THE ORIGINATION OF POLOIDAL-
TOROIDAL MAGNETIC SURFACES IN
KNOTTED PLASMA VOLUMES

As in [6], we will start the investigation of the
equilibrium condition of knotted plasma stream from the
notes of the magnetic hydrodynamics equations

—Vp+1[i,ﬁ]+pvq>=o, rot A = %3,
c c

AD =—471Gp, divH =0,

2

where p,p — density and pressure of a conducting

plasma, j, H — current density and a magnetic field

strength, @, G — gravitation potential and gravitation
constant. However, now besides a local
magnetohydrodynamic interaction leading to the
generation of poloidal magnetic field plasma by a toroidal
current there is a non-local interaction leading to the
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generation of poloidal currents by toroidal magnetic
fields.

Analogous to [7] at the calculation of electrostatic
potential in non-local polarizable medium, in our case at
the calculation of magnetic values instead of conduction

current j(F) in the second equation of magnetostatic we

substitute the current

j(r)+:—‘;rotljH”(F')F(f-f')df’], 3)

which takes into account the reverse effect on the current
in point of T of magnetic fields of H () in the points

F'. Here k¥ — a dimensionless coefficient depending on
the parameters of medium and the system geometry,

F(F—TF') — an averaging nucleus taken as a function of
F(F-7)= exp[—(F—F’)z/az}/n3/2a3 , where a — an

averaging length, depending on medium parameters.
Further, substituting (3) into the second equation of the
system (2), we get integro-differential equation

mt{ﬁ(r)_Kj"H(r')F(r-r’)dr}fT“i(f), )

which should be used in the system (2) instead of the
second equation. From here it is evident that since
magnetic hydrostatics equation remains invariable,
magnetic field lines and lines of flux are as usual arranged
at the surfaces of the constant pressure of p =const (see,

for example, [8, 9]), in spite of the fact that now these
lines must not be self-orthogonal. It allows to take
advantage of the results of [6, 9], where by means of
Grad-Shafranov equation for axial-symmetric systems it
is shown that at some parameters we get limited toroidal
configurations nearby magnetic axis with circular cross-
sections. One may admit that just in the case of magnetic
axis like a space curve (1) there arise nearby limited
configurations such as, for example, in Fig. 1. It could be
shown strictly mathematical using orthogonal system of
Mercier coordinates (see for example, [10]), connecting
with the curve (1). Giving a spiral-like lines of flux
winding on a knotted limited surface one may by means
of equation (4) find magnetic field lines. Using Fourier
transformation to the equation (4), we find

H(r):%“ [7(),G(r-7)]dr, (5)

=

r
where
Esin[lZ(f‘—f")Jdlz

G(r-r)=(2n)" { [ tcesp(K7a? )

— vector Green’s

function, transforming at k=0 into the function of

G(F=r)=(r—7)/anfr -7

the law of the Bio-Savara-Laplasa.

¥ , and the formula (5) into

3. THE OBTAINING OF THE CONDITION
OF A STEADY BALANCE IN KNOTTED
CONFIGURATIONS

It is known [8, 9], that in the case of plasma
confinement in tokamaks and stellarators there is so-
called virial theorem, leading to a condition of

2
j[3p+H—Jdr:o, (©6)
8

which fulfills only at the meanings of p=0 and H =0,

when plasma is absent.

Substituting current density from the equation (4) into
the first equation of the system (2) (we neglect gravitation
potential @ in this case), after the transformations given
in [8], we get an essential condition of a steady
equilibrium

™
:T‘;r[r.ﬂ](r),[vrp (r-7),H (F’)ﬂdF’JdF,

=

which fulfills just at some zero meanings of p and H,

that admits plasma presence. Thus, plasma confinement is
possible just at the expense of own magnetic field.

4. ON THE MECHANISM OF BALL-
LIGHTNINGS GENERATION FROM
THE POINT OF VIEW OF KNOTTED
OR BUNCHING PLASMA STREAMS

There are some statements (see, for example, [6, 11])
that ball-lightnings are closed currents. On the basis of
above mentioned it is more natural to suppose that
currents in ball-lightnings are knotted (or bunching). May
be the mechanism of ball-lightnings generation is in that
magnetic field lines of the current curved lines at the
expense of bunching from the side of positive curvature
curve plasma streams more strongly and at last knot them.
And maybe only in this case, as it follows from the
condition (7), they may be self-confined at the expense of
own magnetic fields (in many papers it is also stated that
gravitation forces including into the first equation of the
system (2) also play an essential role). In this connection
the most frequently met ball-lightnings of 20...30 cm [12]
in dimension are evidently simple knots (right- or left-
hand trifoils). In nature we find some other kinds of ball-
lightnings in the form of ellipsoids, strips, cylinders,
spindles having tails, etc. [12]. Evidently, they may be as
well compared with various knotted structures [5]. Just
there may origin ball-lightnings in the form of bunching
plasma vortices. For example, such a scenario may be
represented by one of the frames of the cinerama in [12,
13], shown in Fig.2 on the left. It represents the
formation of three nearby placed plasmoids associated
with Borromean rings (picture in Fig. 2 on the right).
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Fig. 2. The comparison of three forming plasmoids with
Borromean bunching

At the end of this paragraph it should be mentioned, as
it is stated in [13], that sometimes in ball-lightnings we
observe an internal structure like, for example, shining
layers or moving sparks. It may serve one more argument
in favor of the proposed mechanism of ball-lightnings
origination.

5. CONCLUSIONS

Thus on the basis of above mentioned we may
suppose that in the proposed knotted constructions plasma
confinement at the expense of poloidal-toroidal magnetic
surfaces will be longer than in tokamaks and stellarators
which may lead to the achievement of Lousson criterion
in the conditions of self-compensated plasma instabilities.
Maybe exotic natural phenomena in the form of long-
lived ball-lightnings are just empiric confirmations of the
correct geometry choice while constructing thermonuclear
synthesis generators in the form of knotted constructions.

REFERENCES

1. B.B. Kadomtsev, V.D. Shafranov. Plasma magnetic
restriction // UFN. 1983, v. 139, N 3, p. 399-434 (In
Russian).

2. L.M. Kovrizhnykh. Modern status of stellarator
programme // UFN. 2009, v. 179, N 7, p. 772-779 (In
Russian).

3. M.V. Maksyuta, E.V. Martysh, G.P. Golovach. Knotted
fusion reactors // Proceedings of the IV International
conferece “Electronics and applied physics”. October,
23-25, 2008, Kyiv, Ukraine, p. 108-109 (In Ukrainian).

4. M.V.Maksyuta, E.V. Martysh. Physical vacuum as
crystal-like Plank plasma // Problems of Atomic Science
and Technology. Series “Plasma Physics”. 2009, N 1,
p- 89-91.

5. V.V. Prasolov, A.B. Sossinsky. Knots, bunches, plaits

and three-dimensional varieties. Moscow:
“MTcNMO”, 1997 (In Russian).
6. V.D. Shafranov. On equlibrium magneto

hydrodynamical configurations // ZhETF. 1957, v. 33,
N 3(9), p. 710-722 (In Russian).

7. Ye. Koskin, G.S. Dragan. The electrostatic potential in
nonlocal polarizable media // Ukr. J. Phys. 2010, v. 55,
N 7, p. 763-768 (In Ukrainian).

8. A.G. Sitechko, V.N. Mal’nev. The principles of plasma
theory. Kyiv: “Naukova dumka”, 1994 (In Ukrainian).
9. V.D. Shafranov. Plasma equilibrium in magnetic field
// Edited by Leontovich M.A. The questions of plasma
theory. Issue 2. M.: “Atomizdat”, 1963, p. 92-131 (In

Russian).

10. S.L. Solovyev, V.D. Shafranov. Closed magnetic
configurations for plasma confinement // Edited by
Leontovich M.A. The questions of plasma theory. Issue
5. Moscow: “Atomizdat”, 1967, p. 3-208 (In Russian).

11. V.V. Balyberdin, G.A. Bryzgalov, V.G. Kasyan. The
methods of obtaining of a steady system of plasma
vortices // Pis’ma v ZhETF. 1968, v. 7, N 8, p. 262-264
(In Russian).

12. B.M. Smirnov. The physics of ball-lifgtnings // UFN.
1990, v. 160, N 4, p. 1-45 (In Russian).

13. G.S. Paiva, J.V. Ferreira, C.C. Bastos, M.V.P. dos
Santos, A.C. Pavao. Energy density calculations for
ball-lightning-like luminous silicon balls // UFN. 2010,
v. 180, N 2, p. 218-222 (In Russian).

Article received 12.10.10

VJIEPXAHMUE ILIA3MbI C HOMOIIbIO TOJIOUJIAJTBHO-TOPOUJIAJTBHBIX MATHUTHBIX
MMOBEPXHOCTEN

H.B. Maxkcioma, I'.Il. I'onoeau, E.B. Mapmuiiu

Hpe,unaraeTCH MAarumTHOC YACPKAHUEC IIa3Mbl OCYHICCTBJIATH B KOHCTPYKIUAX, B KOTOPLIX IUIA3MEHHBIC ITOTOKU
ABUIKYTCS 3ay3JICHHBIMU TPACKTOPUSIMMU. HOKa3I)IBa€TC$I, 4TO B 3TOM CJIydac 3a CHET 0oJiee CIOKHOM TOIOJIOIMH
TAPKYJIIAOUA T1JIa3MBbI KBaBI/IYCTOI\/'I‘II/IBOG PaBHOBECHE MOXKET CYIIECTBOBATH U 0e3 BHEIIHEr0 MAarHUTHOIO moJida, T.C.
IrasMa yaA€pKUBacT cama cebs ¢ TIOMOIIBIO TIOPOXKIAAEMBIX €10 IMOJONAATIBHO-TOPOUTAIIBHBIX MAarHUTHBIX
HOBerHOCTeﬁ. DTO SBJIICHHE MOXKET CIIY’>)KUTh MEXaHU3MOM BO3HUKHOBEHHUS U CYIICCTBOBAHUA HlapOBOﬁ MOJIHHUH.

YTPUMAHHS IVIA3MH 3A JOIIOMOT OO MOJIOITAJTbHO-TOPOITAJIBHUX MATHITHAX
IHOBEPXOHb

M.B. Maxcroma, I'.I1. I'onosau, €.B. Mapmuw

[IpornoHyeTbCst MarHiTHe yTpUMaHHS IUTa3MH 3/iHCHIOBATH B TAaKMX KOHCTPYKIIAX, B SKMX IUIA3MOBI IOTOKH
PYXalOThCs 3aBY3JICHUMH TpaekTopisMu. [lokasyeTscs, 0 B [[bOMY BHUIIQJKY 32 PaXyHOK OJIbII CKJIQJHOI TOIOJOTI]
OUPKYJSIii IDTa3MH KBa3iCTiiKa piBHOBara MoO)Ke iCHYBAaTH i 0€3 30BHINIHHOTO MArHiTHOTO TOJSA, TOOTO IUTa3Ma
yTpuMye cama cebe 3a JOMOMOTO MOPOPKYBAaHMX HEIO ITOJIOIIABHO-TOPOiNaIbHUX MOBEpXOHb. Lle sBHIIe MOXKe
CIYT'yBaTH MEXaHi3MOM BHHHKHEHHS Ta ICHYBaHHS KyJIbOBOT OJIMCKaBKH.
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