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Abstract

Stationary kinetic equations for a quark plasma (QP) in the Abelian dominance ap-
proximation are reduced to the nonlinear system of As-periodic Toda chains (with
elliptic operator). Using solutions of this system, which are found with the help of
the first integrals and Hirota’s method, such characteristics of QPas the distribution
function and the potential of the self-consistent field are constructed.

1 Introduction

In the last few years in connection with the experiments on a search for a quark-gluon
plasma in ion-ionic collisions, the intensive theoretical investigations of different properties
of this new phase of matter are performed. As one of the approaches to a plasma dynamic
description, the kinetic theory is used through short times available for equilibration in
these collisions. In the precise investigation of QP, which takes into account the spinor and
quantum effects, the gauge-covariant Wigner operator W(x,p) [1] for guarks interacting
via the gauge field A¥(x,p), where p is a quark 4-momentum, z is a spatial-time state,
is used. From the Dirac’s field equation, the equation of motion for W(:c,p) is derived.
With the help of power expansions in &, the quasiclassical limit [1] of these exact operator
equations is defined.

The problem of construction of exact solutions even for the quasiclassical stationary
non-Abelian kinetic equations with a self-consistent field is a rather complicated one.
Therefore, we shall restrict our consideration to the simplest and most natural approxi-
mation of a quasiclassical kinetic theory, namely, the Abelian dominance approximation [1,
2]. Tt is shown in this paper that this approximation possesses interesting and physically
nontrivial stationary states described by a system of elliptic equations with exponential
nonlinearities on the right-hand side.

In section 2, it is demonstrated that one of the possible reductions of this system is the
As-periodic Toda chain [3] (with an elliptic operator). In section 3, two first integrals for
the one-dimensional As-periodic Toda chain are obtained. With the help of these integrals
exact solutions expressed in terms of elementary functions are derived. In sections 4, 5
we obtain exact solutions of the above-mentioned system for the two-dimensional case.In

Copyright ©1997 by Mathematical Ukraina Publisher.
All rights of reproduction in form reserved.



504 Yu. MARKOV, M. MARKOVA

section 4 based on the analysis of one-dimensional solutions, replacement of required func-
tions is proposed. It allows us to write the system of As-periodic Toda chains in a bilinear
form and use Hirota’s method [4] for obtaining exact solutions. Two- and three-parameter
solutions are defined in an explicit form. Moreover, forther exact real solution is sepa-
rated from a three-parameter one by taking complex vectors. In section 5, we simplify
significantly a bilinear system and obtain a six-parameter solution. Unfortunately, the
application of this method to the system of As- periodic Toda chains makes it impossible
to obtain an exact solution in a fairly general form, but it merely indicates an algorithm
for constructing a chain of particular exact solutions of increasing complexity.

Note that it is known one paper [5] only, in which Hirota’s method is used, to obtain
exact solutions of two nonlinear equations. By this method, here a further nontrivial
example is introduced.

Finally, we recover from the constructed exact solutions such plasma characteristics as
distribution functions and the self-consistent field.

2 Reduction to the As—periodic Toda chain (with an elliptic
operator)

We use the metric g"” = diag(1,—1,—1, —1) and choose units such that & = ¢ = 1.

In the model of the Abelian dominance approximation, the components f; of the Wigner
function for quarks satisfy the following system with the self-consistent field F*(z) =
OHAY — 9" Ar, Ar = (A1, AY) (1]

1. y
(pax - gejFWp”@’j)fj(a:,p) = ZZgng,ul/[o-u afj(xap)] ) (1)
3
OuF"(x) = ~g > e [dP-Sp(r ) j=1.2.3. 2)
j=1

where dP = 1/(2m)120(po)d(p? — m?)dlp; o = [y*,4"],* are Dirac’s matrices; ¢; are
the elementary weight vectors of SU(3); the functions f; are 4 x 4 matrices in spinor space.
The constant of interaction g is defined as a phenomenological parameter. In equation
(1), we have omitted the collision term.

Assuming that the temperature of quarks is sufficiently high, we shall seek for stationary
solutions of system (1), (2) in the form

fi(x,p) = £ @) + £ (@, p) (3)
where

(£) — 1 I A EN (Y s AV

fi (. p) (I+4pw exp{ (—Buf™)(p” - g=;A")

()

are the distribution functions in each counter-flux. The constant 4-vectors w, ’ are 4-
velocities of each flux, which are in the form

uf) = (u0, 0,0, %us), (un)? — (us)” = 1, )
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here I is the identity matrix; 3 is a positive constant, related to a plasma temperature.
Using the relation [0V, y*] = 2i(g"*y* — gh*y¥), after substitution (3), we check that
the functions f;(x,p) satisfy the equation (1) if the following identity is realized
() 0A7 _
o ox,
Let A = A(z = 2!,y = y') (here x,y are not 4-vectors!), then, with regard to (4), we
verify that the last equality is satisfied. We impose the condition of Lorentz gauge for the
potential A#(x) : 9,A*(x) = 0. Substituting (3) in (2) and integrating with respect to
4-momentum, we reduce system (2) to the form

U 0.

3 —
AA(z,y) = Zl gejSO{expﬂgu,(j)(ajA“) + expﬁgu,(l )(5jA“)} ,

]:

3 _ 5

AA3(z,y) = Zl gst?’{(expﬁguEf)(ejA“) — exp Bguft )(5jA”)} , (5)
j:

Al = A2 =,

where S = (m2u)/(4873)Ka(pm), S? = (u3S°)/u’, Ko(Bm) is the modified Bessel’s
function. Here we use the relation: Sp(y#+") = 4¢**.

Thus, the integro- differential system (1), (2) is reduced to the nonlinear system of
elliptic equations for the potentials A? = (A9, AY) and A3 = (43, A3). Further, we
rewrite system (5) having used the following notations

1 = Bgu (1AR), By = Bguy (A1),
Py = Bgu,(f)(slA“), dy = ﬁgu(_)(eng“).
Then (5) is reduced to the form

Ady = a(2exp 1 — exp Py — exp(—P1 — P3))+

b(2exp @3 — exp Py — exp(—P3 — Dy4)) ,
Ady = a(2exp Py — exp P; — exp(—P1 — P9))+

b(2exp @4 — exp P3 — exp(—P3 — P4)) ,
A®3 = b(2exp @1 — exp Py — exp(—P1 — Py))+

a(2exp @3 — exp @4 — exp(—P3 — D4)) ,
Ady = b(2exp Py — exp Py — exp(— Py — P2))+

a(2exp @4 — exp @3 — exp(—P3 — P4)) ,

where a = (mg)?/(27)3K2(Bm), b = a((u®)? + (v*)?); a,b > 0, a # b.

System (6) represents the system of two interacting Ag- periodic Toda chains, where
the wave operator is replaced by the elliptic one [3]. The connection between ®; and the
potential A, is given by the relations

1 \/g
AV = —— (] — Dy + P35 — By), AJ= " (B + Py + D3+
g g (7)
3 1 3 \/3
A (B3 — Dy + Py — D), Ay = ——=(P3+ Dy — P — Dg).

1= 2Bqgu3 2Bqgu3
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Next we consider reductions of system (6) to more simple equations. Let ®; = &3 and
$y = Py, then (6) is reduced to the As-periodic Toda chain with the elliptic operator

Ad) = (a+b)(2exp P — exp Py — exp(—P1 — P2)) ,

8
Ady = (a+ b){2exp Py — exp P1 — exp(—P; — P2)}. ®)
In this case,
AP =A3=0, A} =1/(Bgu’)(®1 - B2), A= V3/(Bgu’)(P1 + P2).

Exact solutions of system (8) (for a wave operator) were obtained on the basis of the
group approach in [3].

The reduction ®; = &9 = 3 = 4 = P leads system (6) to the equation of Bullough-
Dodd type (BD) [6]

A®(x,y) = (a+b)(exp ® — exp{—2D}). 9)
Potentials (7) have the form:
Al = A7 = A3, AJ=(2v3)/(Bgu°)®.

Note that there is a further reduction, which transforms (8) to Eq. (9) : ®; = —2®.
Then the potential A, becomes

A = =3/(Bgu’) @y, A = —V/3/(Bgu’) Py, A} = A =0.

Using (8), we turn to the construction of some exact solutions of system (1), (2).

3 First integrals. One-dimensional solution

We transform (8) to a more suitable form by setting
Dy =2u—v, Py =20—u, (z',y) =Va+b(z,y), (10)
where u and v are new unknow functions. Then (8) may be written as
Au(z',y") = exp(2u — v) — exp(—u — v) , a1)
Av(2',y') = exp(2v — u) — exp(—u — v) .

Later we omit primes of the arguments. In the one-dimentional case, system (11) turns to

u(x) = exp(2u —v) —exp(—u—v) = A, (12)
v (z) = exp(2v — u) — exp(—u —v) = B.
Further we construct the simplest exact solution of this system.
It is easy to check that system (12) has two first integrals
P2 _PQ+0Q?—D=3C, (13)

PQ? - P2Q+ QA —PB = C,, (14)
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where P = u/(x), @ = v'(z); D =D(u,v) = exp(2u—v)+exp(—u—v)+exp(2v—u); Cy, Cs
are arbitrary constants.

Integral (13) may be interpreted as the energy for (12). It is interesting to note that
the system (12) is Hamilton’s with Hamiltonian

1
H= g(p% + p1pa +p3) — D(q1, 42),

where (p;, ¢;) are generalized impulses and coordinates : p; = 2P — Q, po =2Q —P; q1 =
U, qa = 0.
We assume that Co = 0. This condition admits the existence of reduction of the

solutions of system (12) to a solution of Eq.(9). Solving (13) with respect to @ and
substituting in (14), we get the cubic equation for z = P?:

23+ {2(B—-D —30C) — A} 2%+
{(D—B+3C1)*+ A(D — B+3Cy) + A%}z = A%(D + 3Ch).

We define a real solution of the above-mentioned equation with the help of Cardano’s
formula [7]

P2 =t {f-a/2+ @22+ /37 + {|-a/2— i@/ + /) (15)
where
d =2C1 + exp(2u — v) + exp(—u — v);
p=—3exp(u — 2v) — 3C1 (exp(2u — v) + exp(—u — v)) — 3C%;
g =exp3(u—v) + exp(—3v) — exp 3u — exp(—3u) + 2+
+6C exp(u — 2v) + 3CF (exp(2u — v) + exp(—u — v)) + 2C5.
Integrals (13), (14) allow us to turn from (12) to the following system
u'(x) = Plu,v), V' (z) = Q(u,v), (16)

where P = P(u,v) is in the form of (15) and Q(u,v) results from P(u,v) with the replace-
ment u — v, v — u. Autonomy of system (16) enables us to reduce (16) to one nonlinear
equation

do(u)  Qu,v)

du ~ Pu,v)’ (17)

which may be written as

dv P> (B-D-3C)

du_A+ A

and, after the substitutions v = 1n6,v = In p, it becomes

Odp() _ 1 019P+031_1<\?/s+m+\3/8—m), (18)

p do B -1 -1
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where
S = (;(06 +1)— (CF + 1)03) p®— gcf (92 + ;) 03p* —3C10p — %e3<03 + 1),
T =—6%—C10(0° +1)p — C36%p>.
Next we introduce a new function p = u(#), which satisfies the cubic equation
(1w + C10p)® + 3T (pu+ C10p) — 25 =0

and define the equation connecting p with p and 6

3C10 1
3 90 2 3 3 3 3 3(p3
_ P 2 1 S S - 1)) = 0.
p (93_1)2(u (0° +1)p+6°) (93_1)2(# 36°n+6°(6° +1)) =0

The real solution [7] of this equation admits a more simple form if C; = —1. In this
case, we obtain

w(@—1)+60%—0
o0 = 0= D20 (19)

After substitution (19) and simple transformations, we lead (18) to the Riccati equation

1(0) = f(O)u* + g(0)p + h(6),

where
f(0)=1/(6*—0), g(6) =(20°—1)/(6*—0), h(0) =—-202/(6°—1).

Since f + g+ h =0, we can define the solution of this equation [§]

C — 62
0)= ——+—
o) =57 75
where C is an arbitrary constant. From the connection (19), we define
C-1 C-1
= =In———+—. 2
0= Gy o v =g (20)

Substituting (20) in the first equation of (16) (after the replacement u = Inp ), we obtain
the following quadrature

—1/2
x—xo=/<004—203—392+ 20 5 1 ) o, (21)

-1 C-1 Cc-1 Cc-1

here z( is an arbitrary constant.
We consider the case C' = 0. It follows from (20) that v = u (that is a reduction to the
BD equation) and the solution of this equation is

3
u=In|1-— VG .
2 cosh” 52 (x — xq)

Here we used the equality

20% — 302 +1 = (6 —1)%(20 + 1).
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Now we assume that C' # 0 and rewrite (21) in the form

9 _1 1 -1/2

here we suppose that C' # 1 and C'/(C' — 1) > 0. Using the solution of an algebraic
equation of fourth power in Ferrari’s representation [7], it can be shown that the subradical
expression in integral (22) admits the following factorization
2 Cc-1 1 Cc-1 1
0t — =% — 3——0° 29—::9—12<% 29—).
c ol e A Ul U I s

This fact allows us to determine this integral in terms of elementary functions and thus

to define the simplest exact solution of system (11)

u=In|1- S
N hexp&+ (r+1)+ %exp(—f) ’

(23)

U:hl(l— 3(r—1) )
hexpé + (r —2) + yexp(=¢) )’

where £ = v/3(x —x9), h=72—7r+1, 7= (C —1)/C. Then we define the characteristics
QP in terms of (10),(7), and (3)

3 r-3 3 I —3r)?
A= " In—=, AJ= V3 ln( r) ,
Bgu? r Bgu®  T(T — 3)

1 F 3r
1= (I + 4pw“> exp(—Bul;p” ) }

{=
i = (I * zlipﬂu> exp(—BulHp” {F(F 3r) }
§

T
)

P:hmm< aa+w@—x@>+ouwu+1m@m<— aa+w@—x@>

A} = A3 =0,

9

1
5 = (I - 4m’*> exp(—Bujp”

where

The lack of this solution is impossibility of its reduction to a solution of the BD equation.
The reason for this fact will be explained below.

4 Hirota’s method. A three-parameter solution

To construct a less trivial exact solution of system (11), we use Hirota’s method [4]. In
accordance with this method, we shall seek solutions in the form

—ln(1-G/F), v=In(l-Q/P), (24)
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where F, G, P and () are certain functions of x and y. Substituting (24) in (11), we obtain
the equations for F, G, P, and Q)

(P — Q){ (2FG — G*)DAF o F + FQDAGoG FQDAFoG}

ofle

F(P - Q){—3P%Q +3PQ* — Q*}.

P(F

G){-3F?G + 3FG*? — G3}

(2PQ — Q*)DAPo P + PQDAQ 0Q — P2DAPOQ}:

l\.’)\'—‘

Here DQA is Hirota’s bilinear operator, which acts as follows:

DiFoG=(D.+D.)FoG=

0  0\2 o 0\? ;o
(820 + (& &) et

DiF oG =FAG+ GAF —2VF - VG.

or

The analysis of solution (23) and the well-known bilinear system for the BD equation
[9] suggest the following decomposition of two last equations

(P—Q)(F—G/2)DAF o F = (F — G){3FPG — PG* — (2Q — G)F?} ,

(P-Q) {DQAF oG — %DZAG o G} = (F - G){3PG - (2Q — G)G} ,

(F—G)(P—Q/2)DAPo P = (P - Q){3PQF — FQ* - (2G — Q)P*} )

(P~ {PAPoQ - 30AQ0 Q) = (P-Q)BFQ - (26 - Q)Q)

In the case of the reduction F' = P,G = @, system (25) transfers to bilinear equations
for the BD equation [9].

We shall seek a solution of system (25) as expansions in positive and negative powers
of ¢ . After all procedures have been implemented, we then set the parameter € equal to
unity.

Let

1
G=Gi=bF=Fh=-f14+a+¢fi,

1 (26)
Q=Q1=c PEPlzgp71+d+6p1.

Here a,b,c, and d are certain constants and fi1,p+1 are unknown functions of x and
y. Substituting (26) in (25) and equating the coefficients of the corresponding powers of
e, we obtain the bilinear system for fi; and p1i. If we now set f11 = A4 exp(£n),py1 =
C+1exp(£n), where A4y, Cyq are constants and n = k- r = k@ + kyy, then the received
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system is reduced to an algebraic system for the coefficients Ai11,C11,a,b,c,d, and the
vector k. Solving this algebraic system, we obtain the simplest solution of (11)

b
u=In|1-— ,
< %Al(b2 —3ab+ 3a?)exp(n —n°) +a + ﬁ exp{—(n — 770)}>

2b — 3a
v=In[1-— )
( $A1(b? — 3ab + 3a?) exp(n — n°) + b — 2a + ﬁ exp{—(n — no)}>

where 79 is a constant, k? = 3. Let b/a = 3, then we obtain the solution of Eq.(9).
If b/a = (3r)/(r + 1), we get a solution defined with the help of first integrals. This
parametrization excepts the possibility of reduction to a solution of the BD equation. The
obtained solution depends on two arbitrary parameters: the ratio b/a and components of
the vector k, normalized by the condition k? = 3.

We obtain a less trivial solution by choosing F, G, P and @Q in the form

1 1 1
Gy=—ga+bteq, Fo=—fot _fatatefi+efa,
€ € <
(27)
1 1 1 2
QQZE(J—1+C+€Q1, P2:;2P—2+gp—1+d+6pl+€p2’

where b and ¢ are constants. We shall seek a solution for the following choice of functions:
Jer = Asi(exp(Lm) + exp(dm)),  fro = Axa(exp{E(m +m)}),

g+1 = Byi(exp{£m} +exp{£n2}), a=ao+ arexp(m —n2) + a—1exp(nz —m),

p+1 = Cri(exp(£m) + exp(£n2)), px2 = Craexp{E(m + n2)},

qx1 = Se1(exp{Em} + exp{£na}), d=do+diexp(m —n2) +d_1exp(n2 —m),

1

where ag,dy, Ax1, A1o, B11,a4+1,C11,Cy9, 511, and diq are unknown constants; 7; =
kir,i=1,2.

Substituting (27) in (25) and equating the coefficients of the corresponding powers of
e, we obtain an algebraic system (which,being cumbersome, is not given). This system
is strongly overdeterminated. From the simplest equations of this algebraic system, we
determine the required constants:

1 2 1 2 1
e O — —(2c—b) - = —dy = —
ap 3(b c) 390@087 do 3(6 b) 3<P¢S, at+1 = d+1 ¥
c+b—s 9 1
£1= g oAkl A +2 TR
By = 2441+ Cuy = — 0 Al Say =204, + Ay = — ¢4
£1= 2451 + O = A1, S0 =20 + Ap = ——5 - Aw,

where Ay is obtained from the relation A1 A_1 = 1/36 9 (c — 2b + 2s)s. Here
= (ki +k2)?—3)/(ki —kg)?, ¢ = (ki —k2)?—3)/(ki +ky)?,
s=Vb2—bc+c2, kI=k3=3.

Substituting the obtained coefficients in the remaining equations of the algebraic system,
we verify that they all vanish identically. The solution of the BD equation is obtained by
the reduction b = c.
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The obtained solution depends on three arbitrary parameters: the ratio b/c and two
parameters from the normalization k3 = k3 = 3.

Another real solution can be obtained from (27) by taking complex vectors k; = p +
iq = ko with the condition p? — q? = 3, (p,q) = 0 [10]. Then ¢ = —(4p? — 3)/4q>, ¥ =
—(4q? + 3)/4p? and the solution has the form

2B_; cos(q,r) exp(—pr) + b+ 2Bjcos(q,r) exp(pr)
A_gexp(—2pr) + 2A_; cos(q,r) exp(—pr) + ap + 2a; cos 2(q,r)+

u:ln(l—

+2A4; cos(q,r) exp(pr) + Az exp(2pr) )’
B 25_; cos(q,r) exp(—pr) + ¢ + 251cos(q, r) exp(pr)
C_9exp(—2pr) 4+ 2C_1 cos(q, r) exp(—pr) + do + 2d; cos 2(q, r)+

v = ln(l

+2C cos(q, r) exp(pr) + Co exp(2pr)) ’

Based on (10),(7), and (3), we recover the characteristics of QP, corresponding to this
solution.

The obtained solutions are periodic in structure. This fact, possibly, is of main practical
value. A spatially-periodic equilibrium may be the finite result of filamentating instability
[11], which leads to stratification of the originally homogeneous quark flux on layers current
or threads.

5 Six—parameter solution
Analysis of solutions (26) and (27) shows that the following equality is obeyed

F-G=P-Q. (28)

Expressing P and substituting in (25), we obtain the more simple system of bilinear
equations for F, G, and Q)

DiFoF =2F(2G - Q) —-2G(G - Q) ,
DgFoG—%DiGoG:3FG—(%}—QXL (29)
L&FoQ—L%GoQ+%DiQoQ:3FQ—@G—QxJ

The third equation in (25) vanishes identically. On the basis of system (29), we assume
that the following solution in this chain is the form

1 1
Gy = 592+ Zg-1+b+eg + e%go,
1 1 )
Q3 = 29-2F Zg-1teteq +ete, (30)

1

1 1
F3 = gf—?, + ?f—2 + gf—l +atefr +e¥fo+ e fs,
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where

fi3 = Axgexp{E(m +n2 +m3)},
fro = Agrpexp{£(n +n2)} + Ax1zexp{=E£(m +n3)} + Axozexp{£(n2 +n3)},
fr1=Direxp{£m} + Disexp{Enz} + Digexp{Ens}+
+Di1zexp{£(m + 13 — m2)} + Doz exp{£(n2 + 13 —m)}+
+Di12 exp{E(m +n2 —n3)},
g+2 = Biigexp{£(m +m2)} + Biizexp{£(m + n3)} + Brozexp{E(n2 +n3)},
g+1 = Byiexp{Em} + Bioexp{tna} + Bizexp{Ens},
q+2 = St1zexp{E(m +n2)} + Stizexp{E(m + n3)} + Sx23 exp{E(n2 + 13)},
qx1 = Sx1exp{Em} + Sxoexp{En2} + Sisexp{Ens},
a = ap + a12 exp(m — n2) + a1z exp(m — n3) + a3 exp(n2 — n3)+
+a_12exp(n2 —m) + a1z exp(nz — m) + a—23 exp(nz — 12),
analogously for b and ¢; n; = k; - r,1 =1,2,3.
Substituting (30) in to system (29) and equating the coefficients of the corresponding

powers of €, we obtain, as in the previous case, an overdetermined algebraic system for
unknown constants. From the simplest equations, we find

Stij = 2Btij — 3A+ij,  Ctij = 2bsij — 3aij,
Aij By + AuBij — 3Ai Ay BiB;j — AijBi — AyBij

S; = ) B; = )
’ 1Az ‘ 1 As3
D — Q(QBUB@Z — 3A2]le — 3Alez] + 3Aszll) _ Aiinl’[ﬂ'l
! nglA3(kj + kl)Q(kj — k‘l)2 Asg s
_ 3A4% + BY, —34;By p... - DuDy (%P g . _ DiSi Yista
Y 1243 Y Ay e’ T Ay e’
B,=—2'S. D_i=-—2'S_. aij:M.@’ ﬂ.jZM.@’
S; S; Az vji A3 pa
2
B;; DyDy; i\ b B;;
biii = —Layii, A_ii= A J | 22 L B_ji=-"2A_,
YAy Yo A3 Pij | il YAy
A, = D12€1123D23 ' (11112111131#23)27 K2 =3,
3 P12¥13%23

where
pij = ((ki + kj)* = 3)/ (ki — k;)%, ¥ = (ki — kj)* — 3)/ (ki + kj)*;

bl =1,2,3, 0% 4,5 #L1#
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all values are symmetric in lower indices. The coefficients ag, by, and ¢y are determined
from the system of linear algebraic equations

As{ag(ky + kg + k3)? — 2bg + co} + A12{D3(k1 + kg — k3)? — 3D3 + B3 + S3}+
+A13{D2(k1 =+ k3 — k2)2 — 3Dy + By + SQ}—I—
+A23{D1 (ks + k3 — k1)?> — 3D1 4+ By + S1} = B12S3 4 B13S2 + Ba3Sh,
boAs{ (k1 + ko + k3)? — 3} + Bi2{(Ds — B3)(ky + ko — k3)* — 3D3 + 2B3 — S3}+
—|—B13{(D2 — BQ)(kl + k3 — k2)2 — 3Dy + 2By — SQ}—‘F
—|—B23{(D1 — Bl)(kg + k3 — k1)2 —3D1 +2B; — Sl} = O,
C()A3{(k1 + ko + k3)2 — 3} + B12(2D3 + S3 — 233)(1{1 + ko — k3)2+
+313(2D2 + S5 — QBQ)(kl + ks — k2)2 + 323(2D1 + 51 — 231)(1{2 + kg — k1)2+
+A12(3B3 —3D3 — 253) (k1 + ko — kg)2 + A13(3By — 3Dy — 259) (kg + kg — k2)2+
+A93(3B; — 3D; —281) (ko + k3 — k1)? = (2B15 — 3415)(3D3 — 2B3 + S3)+
+(2313 — 3A13)(3D2 — 2By + 52) + (2323 — 3A23)(3D1 — 2B + Sl)
We define coefficients of the function P from (28). It is now necessary to substitute the
obtained coefficients in the remaining equations of the algebraic system. However, because
expressions are very cumbersome and complicated, we restricted ourselves to the simplest
equations. They all became identities. The obtained solution depends on six arbitrary
parameters: B;;/A;; and the vectors k;, where k? = 3. Let Bi;/A;j = 3, then we obtain a
solution of Eq. (9).
Unfortunately, the form of (26), (27), and (30) gives no way of constructing the general
structure of coefficients of the solution of system (11).

Finally, we obtain the characteristics of QP corresponding to the solutions of system
(11) in the form

Al=A’=A’=0,

g0 3 IH{FN—GN+QN} g0 V3 I (Fv-Gr)?
1 Bgu? Fy ’ 2 Bgud FN(FN —GnN+Qn) |’

1
"= <I + 4pﬂ“> exp(—Bufp") - (Fx = Gy +Qn) - (Fy = Gx)/FR,

1

759 = (1 1) exp(-Bulp) - Fy(Fy = G)/(Fx = Gy + Q)
1

79 = (1 ") exp(-Bulp) - Fn(Fy = Gy + Qu)/(Fx — G

where, for N = 1,2,3, we use (26), (27), and (30) respectively, and set the parameter ¢
equal to unity.

In conclusion, we note that the obtained solutions ( and corresponding characteristics
of plasma A, and f; ) cannot be realized in the complete space R3, since they possess
singularities. These singularities have a purely mathematical nature. In regions near the
singular surfaces, there is a breakdown of the condition of applicability of the Abelian
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dominance approximation model [1]. To "smooth” the singularity, it is necessary to use
more accurate models.

The work is supported by Grant 95-02-03819 of the Russian Foundation of Fundamental
Research.
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