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w2(ξ ) ≥ 0. (5)

This condition defines the boundaries of the do-
main filled up with an open meridional orbit. By analogy
with the quite useful Lindblad diagram from the theory
of orbits lying in the symmetry plane of the axially sym-
metric system (z = 0) or of orbits in spherical systems,
we can introduce here the characteristic diagram (I,-E)
on which we have the family of characteristic straight
lines

Eξ2 + 2ϕ(ξ ) -I = 0. (6)

Parametric equations of the envelope of this family
have the form
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In the case of Kuzmin’s plane model we have
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and equation (6) takes the form
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After excluding |ξ| from equation (7), we obtain a
simple enough relation
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where G is the gravitational constant and M is the total
mass of Kuzmin’s plane model.

It is obvious that the domain of admissible motions
on the diagram (I, -E) wholly lies in the first quadrant of
the diagram which is bounded from above by a branch
of the equilateral hyperbola and from the left by the axis
I = 0.

2. The method of constructing meridional orbits in
the potential field of Kuzmin’s plane model. The poten-
tial of Kuzmin’s plane model can be written as
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i.e. motion of a test particle in the field of this potential
is such that the total mass M of the model seems to be
concentrated at the most distant focus. When this test
particle passes through the symmetry plane z = 0, the
gravitation centre changes abruptly by jumping from
focus to another one, the particle motion velocity
changes gradually, while the acceleration changes in
jumplike manner for z = 0. It is obvious that in this case
the orbit is a set of pieces of various Kepler ellipses. In
the meridional domain ξ = const, parametric equations
of each ellipse piece have the form
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|z|+z
0
 = ssin u. (14)

Here a, e, ω are Kepler elements of the respective
ellipse piece, and the variable u is the parameter.

In the case of plane meridional orbits there exist the
following three motion invariants:
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related to the motion integrals E and I by
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It should be kept in mind that here

GMc
2
 = K 2 = GMp cos2 i = 0.

After excluding the parameter u from equations (13)
and (14), for the considered ellipse piece we obtain the
equation
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If the value z0 is assumed to be the unit of length,
then for z = 0 we can write the equation
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In the coordinate system (p, s), equation (19) gives
a closed algebraic curve of fourth order which can con-
ditionally be called “a link-up oval” because it completely
solves the problem of passage from one ellipse piece to
another. Such a graphic procedure simplifies the con-
struction of the entire orbit with given c1 and c3. Solv-
ing equation (19) with respect to the unknown s we ob-
tain
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using which we construct, on the plane (p, s), “a link-up
oval” for each pair of invariant motion values.

For all pairs of values of the invariants c1 and c3
related by the formula
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we have periodic orbits with equal periods with respect
to R and z or ξ1 and ξ2. Hence we find that
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For c2 = 0, the limit curves in the plane of invariants
(c 1,c3) are defined by the equation
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the roots of which are
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Among them we should choose two largest roots.
We obviously have
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For c1 > z0, at least one root of the quadratic equa-
tion
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is negative and should be replaced by p = 0. In order
that the other root of equation (26) be non-negative, we
should take c3 d ≤ 2z0. Thus for the limit curves we
respectively obtain
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In the general case, where c2 = 0, the limit surfaces
in the space of three motion invariants (c 1, c 2, c 3) are
defined by the equation
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which can be written in the standard form
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It should be noted that one of the roots of this
equation is always negative. Solving this equation to-
gether with the equation
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we find that
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These equations yield the expression
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For the motion invariants c1, c2 and c3 we have the
relations
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from which it follows that the isolines of these invariants
are straight lines. Using these formulas, one can easily
calculate isolines c

2
. In the space (c

1
, c

2
, c

3
), isolines p are

also straight lines (on the limit surface).
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astronomia

brtyeli meridionaluri orbitebis Sesaxeb Stekelis

potencialis zogierTi formisTvis
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(warmodgenilia akademikos j. lominaZis mier)

Stekelis potencialis zogierTi saintereso formis gamoyenebiT Seiswavleba brtyeli

meridionaluri orbitebi stacionarul brunviTi simetriis mqone varskvlavTa sistemaSi. yuradReba

gamaxvilebulia imaze, rom aseTi orbitebis kvleva Cvens galaqtikaSi da misi msgavsi rTuli

agebulebis mqone varskvlavTa sistemebSi Zalian mniSvnelovania maTi struqturul-evoluciuri

SeswavlisaTvis. simetriis (brunvis) RerZis Semcvel sibrtyeSi moZravi galaqtikuri obieqtebisTvis

kinetikuri momenti nulis tolia, magram Stekelis potencialTa klasSi energiis integralTan

erTad arsebobs mesame kvadratuli integralic siCqareTa komponentebis mimarT. am ori

maizolirebeli Tvisebebis mqone moZraobis integralis gamoyenebiT analizuri meTodis gverdis

avliT SemuSavebulia orbitebis agebis grafikuli meTodi moZraobis invariantebze dayrdnobiT.
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