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The paper deals with the topological grounds for the possibility of effective fast kinematic dynamo origin in so-
called knotted thermonuclear reactors. On the basis of the utilization of the topologic spirality invariant the
additional arguments in favour of plasma strings stability raise in such reactors are given. It is supposed that in the
reactors with cavities like linking torical knots plasma confinement characteristics may be essentially improved that

would allow carrying out thermonuclear synthesis.
PACS: 52.55.Dy

INTRODUCTION

The paper [1] deals with the possible constructions
of so-called knotted thermonuclear reactors where
according to the preliminary estimations the origin of
poloidal-toroidal magnetic surfaces capable to quite an
effective high-temperature plasma confinement is
possible. Naturally, to prove this it is necessary to trace
the evolution of very strong mutual-each other

stipulated distributions of hydrodynamic v(¢) velocities

and B(t) magnetic field in such “knotted plasma”. For

this, at least, we must solve the following equation
system of the ideal magnetic hydrodynamics (see, for
example, [2]):

%: ~(7.9)7 +(r0t B)x B-Vp, divi=0,
Z—Ij:rot(ﬁxé), divB=0, )

since in the first approach plasma can be treated non-
compressible and carrying a “frozen” divergenceless
magnetic field B(¢) (from the mathematical point of
view it means that any motion of the medium effects the
magnetic field as diffeomorphism preserving its field
lines mutual position) in spite of a very high
temperature (of some million degrees) of plasma
medium (the coefficients in these equations are
normalized by a proper choice of measurement units).
Here in the first equation the pressure gradient Vp is
determined simply by divov/dt =0 condition. However

this problem can be treated from topologic point of view
as well.

1. THE POSSIBILITY OF THE EFFECTIVE
KINEMATIC DYNAMO ORIGIN IN
KNOTTED PLASMA VOLUMES

Without solving non-linear equations (1) given in
addition in quite a complicated knotted M region, let’s
try to substantiate the origination of exponentially
increasing magnetic field in the conditions of a fast

kinematic dynamo (so the velocity field v(7) is called)

by means of a number of topologic characteristics. In

ISSN 1562-6016. BAHT. 2013. Nel(83)

addition the system is called kinematic dynamo
equation

—=rot(\7x§)+nA§, divB=0, (2)

where m — a magnetic viscosity being reverse to so-

called Reynolds magnetic number R, :n_l, A —

Laplacian-Beltrami operator on M . Evidently, that
kinematic dynamo equation (2) is got from a complete
non-linear system of magnetic hydrodynamics (1) by
means of throwing back a reverse action of the magnetic

field B(¢) on the velocity field ¥(¢), which is realized

on the initial stage of the magnetic field increase
accordingly with the dependence

B(t)=B(0)exp(nrt), 3)

in which a real part of A value must be positive for all
quite big Reynolds numbers. Further increase of the
magnetic field causes a so-called self-congruent theory,
i.e. a velocity field is found along with a magnetic field
from a complete system of equations of magnetic
hydrodynamics [2]

%: —(V,V)ﬁ+(r0tl§’)xl§’+vA\7—Vp,
divB=divi =0,
OB - -
h rot(va)+nAB, 4

where v — a kinematic viscosity. Besides, a magnetic
field (and, hence a magnetic energy) will increase at the
expense of plasma medium kinetic energy pumping.
Evidently, the more complicated the topology of such
field is the more effective this process occurs, i.e. the
dependence (3) may take place at quite large times as
well which in a complicated way depend on parameters
n and v, comprising non-linear equation systems (4).
Qualitatively it is analyzed by means of spirality
topologic invariant which direct consideration is treated
below.
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2. THE ANALYSIS OF THE MAGNETIC
FIELD ENERGY BY MEANS OF SPIRALITY

One of the most important topologic characteristics
of such complicated fields (such as, for example,

magnetic fields B(¢) inside knotted thermonuclear

reactors [1]) is a spirality k (the word “spirality” was
introduced into a magnetic hydrodynamics in [3])

x(B)= jB.ATdV, 5)
M

where 4 — a vector-potential of the field of B(¢),

satisfying VxA=B, V-A=0 expressions. The
spirality (5) is both the measure of twisting and the
measure of linking of magnetic field lines. Really, as it
is shown in [4,5], it is proportional to a linking
coefficient Ik of any two field lines of B(¢) field, i.e.

x(B)=1k-0°, (6)

where Q —a field B(¢) string through any section of a
knotted volume. By means of (6) one may determine a
lower border of B(¢) [5] magnetic field energy:

E> c‘K(B)‘, 7

where C — a positive constant, depending on a form and
dimension of a compact M region. Since the spirality (6)
is a global topologic invariant (Hopf invariant) regarding
arbitrary diffeomorphisms of magnetic field (see [4]), the
correlation (7) in an ideal medium is fulfilled precisely
and in a resistive medium changes very slowly with a
global time of a magnetic diffusion t,; (for example, it
occurs in astrophysics [6, 7]).

It should be noted that the spirality (6) is called a
self-spirality as it is a measure of twisting and writhing
of a magnetic stream tube. The coefficient of a self-
linking lk in this case is Calugareanu lk = Wr+Tw
invariant, where Wr — a writhing coefficient, Tw —a
twisting coefficient (see, for example, [5]). In many
constructions of tokamaks and stellarators the spirality

increase K(E) of a magnetic field B(¢) is realized at

the expense of Wr coefficient increase (see, for
example, [8,9]). In knotted thermonuclear reactors
proposed in [1], the spirality could be increased both at
the expense of Wr and Tw coefficients.

However spirality could be created at the expense of
linking of various tubes of magnetic strings as well (in
this case the spirality is called mutual). For example, in
the case of two narrow linked current tubes the axis of
which are closed curves C; and C, (Hopf linking
[10]), magnetic field spirality is calculated by the
formula

K(B)=21k(C,C2) 010, , (8)
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where 1k(C,C,) — a linking coefficient of the curves

Cl and C2, Ql

correspondent current tubes. Evidently, if the topology
of tubes linking will be complicated (a current tube with
writhings, self-linking, etc.), the spirality will be
calculated not by the formulas (6) and (8), but by means
of more complicated expression.

3. THE CONSTRUCTION OF THE
REACTORS OF LINKING TORICAL KNOTS
TYPE

Proceeding from mentioned above the given paper
proposes new constructions of thermonuclear reactors
where magnetic surfaces are presented in the form of
linking torical knots (of the same- and different types
n -foils [10]). For example, in Fig. 1,a the linking of
two magnetic surfaces being left-hand trefoils is
represented, in Fig. 1,b — a linking of left-and right-hand
trefoils, in Fig. 1,c, d an analogous picture is done for
five-foils, in Fig. 1,e — for left-hand seven-foils and at
last in Fig. 1,f — for left-hand nine-foils.

and O, — magnetic strings in

fyn =ny =91

Fig. 1. Schematic representation of knotted magnetic
surfaces linking

One may propose just more complicated
constructions of thermonuclear reactors in which
magnetic surfaces could be presented in the form of
multiple knots different linkings. Evidently, in such
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constructions the spirality should be just larger than in
the above constructions, and in the long run it will
contribute to the raise of thermonuclear reactor stability.
May be such complicated magnetic fields with
anomalously large spiralities are originated in nature
spontaneously in ball lightnings.

Fig. 2. A schematic representation of a thermonuclear
reactor having a trefoil type cavity

CONCLUSIONS

Thus, the given paper deals with the additional
arguments in favour of plasma confinement in multiple
knotted volumes to the grounds presented in [1], since
their complicated topology by itself leads to the
origination of self-confined strong magnetic fields
which when all is said and done may promote
thermonuclear synthesis reaction origin.

And at last, on the basis of the phenomenological
investigation carried out in this paper and in [1], the
authors propose the following technical project: to
construct in a laboratory a thermonuclear reactor with a
cavity like the simplest tore knot — a trefoil (Fig. 2).

Preliminary evaluations show that the time of
plasma confinement in such a construction just should
have approximately an order increase.
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TONMOJIOTHYECKOE OBOCHOBAHHUE BO3HUKHOBEHMUS BBICTPOI'O KHHEMATHUYECKOI'O
JUHAMO B 3AY3JIEHHOM TEPMOSIIEPHOM PEAKTOPE

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

[TpoBoanTCs  TOMOJOTMYECKOE OOOCHOBAaHME BO3MOXXHOCTH BO3HUKHOBEHHS 3(dexTrBHOrO OnICTpOro
KMHEMAaTU4YEeCKOTO TUHAMO B TaK Ha3bIBAEMBIX 3ay3JICHHBIX TEPMOSIEPHBIX peakTopax. Ha ocHOBe mcrnonb30BaHUs
TOIMOJIOTUYECKOT0 MHBAapUAHTa CIHPATBHOCTH MPUBOIATCS IONOIHUTENBHBIE APTyMEHTHI B IOJIb3Y MOBBIIICHUS
YCTOWYHMBOCTH IJIA3MEHHBIX IMIOTOKOB B TAKMX PEaKTOpax. BBICKa3bIBaIOTCS MPEAONIOKEHNS, ITO ISl PEAKTOPOB C
MOJIOCTSMH B BHJIE 3aIICTUICHHBIX TOPUYECKUX 3ay3JICHHOCTEH XapaKTEPUCTHUKU yJep)KaHWS IIa3Mbl MOTYT PE3KO
YITUIIUTHCS, YTO MO3BOJIMIIO ObI OCYIIECTBUTH TEPMOSICPHBIH CHHTES.

TOMNOJIOTTYHE OBTPYHTYBAHHA BUHUKHEHHS HIBUJIKOTIO KIHEMATUYHOT'O JIUHAMO
B 3ABY3JIEHOMY TEPMOAJEPHOMY PEAKTOPI

M.B. Maxctoma, I'I1. I'onosau, €.B. Mapmuwu

[IpoBOIUTHCS TOMOJIOTIYHE OOTPYHTYBAHHS MOXJIMBOCTI BUHUKHEHHS C€()EKTHBHOTO INBUIKOIO KIHEMAaTHYHOTO
JIMHAMO B TaK 3BaHUX 3aBY3JICHHX TEPMOSICPHUX peakTopax. Ha OCHOBI BUKOPHCTaHHS TOMOJIOTIYHOIO iHBapiaHTa
CHIpalTbHOCTI MPUBOIATHCS JOJATKOBI aprYMEHTH HAa KOPUCTH MiJABHICHHS CTIHKOCTI TUIA3MOBUX IOTOKIB Y TaKUX
peakTopax. BUCIIOBIIOIOTECS MPUITYIIEHHS, M0 IS PEaKTOPiB 3 MOPOXHUHAME Y BHUIJIAJ 3a4CIUICHUX TOPIYHUX
3aBY3JICHOCTEH XapaKTEPUCTUKH YTPUMAHHS IDIa3MH MOXKYTh Pi3KO MOKPAIIUTHUCS, IO JTO3BOJHIO O 3IiHCHUTH
TEPMOSIEPHUI CUHTES.
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