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ON THE 3-TRANSITIVITY OF TRANSFORMATION GROUP OF THE LOBACHEVSKY
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In this paper the transformation group of the Lobachevsky plane in the Beltrami-Klein model
that extends the group of motions is considered. One property of this group analogous to the
3—-transitivity is established.
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Let A = B(O,1) be an open disk in a Euclidean plane of radius 1 with the center at
a fixed point O. Points inside the circle will be given by their radius vectors relative to
the point O. The 1-point is a point in A, and the 1-line is a chord in A. Distance between
l-points x, y € A is calculated by the formula

I-(x,y)
VI—22\/1-32

where k is a positive constant, (x, y) is the scalar product of the radius vectors x, y and x?
is the scalar square of the radius vector x [1]. The pair (A, p) is called the Beltrami-Klein
model of the Lobachevsky plane. Cosider A € R, p, x € A. We define the point 1,(x) € A
by the following three conditions [1, 2, 3]

1.

p(x,y) = kArch

p(p, Ap(x)) =IAlp(p, X).
2. For x # p, A > 0, the points x, A1,(x) lie on the I-line P(p, x) passing through the
points p, x, on one side of the point p.
3. For x # p, A <0, the points x, A,(x) lie on the I-line P(p, x) passing through the
points p, x, on the opposite sides of the point p.
The explicit formula for A, (x) has the following form [1, 3]

pch(a)sh((1-A)c)+ xch(b)sh(Ac)
ch(a)sh((1-2)c) +ch(b)sh(Ac)

where a=p(0,p)/k, b=p(0,x)/k, c=p(p, x)/k.
The parallel transfer g, : A — A along the axis Ox onto the vector a can be repre-

Ap(x) =

sented as
2o X+p . yV1-p?
S l4+px’ T 14px ]

where p = |al. In the Beltrami—Klein model, an arbitrary motion has the form f = g,o U,
where U is an orthogonal transformation of the Euclidean plane with a fixed point O,
bounded by the disk A [1]. We introduce the group G of transformations in the Beltrami-
Klein model of the Lobachevsky plane. An arbitrary element of G is a composition of a
finite number of transformations of the following three kinds:

1) the rotations around the point O with a possible reflection with respect to axis
Ox;
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2) the parallel translations g,, where a€ R? and 0 < |a| < 1;
3) the transformations Ay : A — A, Ag(x) = xcthbth(Ab), where A € R.
The following proposition is the main result of the paper.

Statement. Let {A, B, C},{A',B’,C'} be two triples of pairwise distinct points of the
plane A. Then for sufficiently small € > 0, applying the Maxima program, we find an element
g € G such that g(A) € B(A',¢), g(B) € B(B',¢), g(C) € B(C', ¢).

Comment. 1. We wrote the algorithm and the program in the built-in Maxima language
in order to calculate the element g € G described in the statement.

2. This statement allows us to assume that the group G acts on the Lobachevsky plane
in the Beltrami—Klein model 3-transitive.
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O 3-TPAH3UTVBHOCTU T'PYIIIIbI TIPEOBPA30BAHNI IJIOCKOCTU JIOBAYEBCKOTO B
MOJIEJIV BEJIbTPAMU-KJIEVIHA

JL.!. HurmarymuinHa
B cmamvwe 8 modenu Benempamu—-Knetina niockocmu Jlobauesckozo paccmampusaemcs 2pynna npe-
00pa3osaHuti, Komopas A6J15lemcsl pacuiupeHuem pynnst 0guxceHuil. Ycmauaeaueaemcs ceolicmeo

3moti 2pynnsl, AHAI02UYHOE CB0LICM8Y 3—mpaH3umMueHOCMu.
KiroueBble ¢jioBa: TNIOCKOCTh JIOGaueBCKOTO, METPHMKA, IPYIIa Ipeobpa3oBaHmii.
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In this paper we give an overview of wormhole solutions in the framework of the general theory
of relativity.
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By definition a wormhole is a bridge connecting two asymptotically flat regions. Usu-
ally such construction is a classical object and should satisfy to Einstein equations. The
topology of the 4D wormholes is the topology of direct product of the Minkowski plane
and a unit sphere. Static traversable wormholes could be threaded by “exotic matter” that
violates certain energy conditions at least at the throat [1]. As an example of such a matter



