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Abstract

The gravitational equations were derived in general relativity (GR) using the assumption of
their covariance relative to arbitrary transformations of coordinates. It has been repeatedly
expressed an opinion over the past century that such equality of all coordinate systems may not
correspond to reality. Nevertheless, no actual verification of the necessity of this assumption has
been made to date. The initial equations of a theory of gravity with general covariance restricted
due to introduction of the constraint are formulated in the paper. The concept of the entropy
density of space-time continuum is defined, the constraint is interpreted from a physical point of
view as a sufficient condition for the adiabaticity of the process of evolution of its metric. A
basic model of evolution of the Universe is constructed on this basis which consistent with the
observational astronomical data but without using of the hypotheses of the existence of a “dark
energy”’, “dark matter” and “inflatons". It is claimed that the maximum global energy density in
the Universe was 64 orders of magnitude smaller the Planckian one, and the entropy density is
18 orders of magnitude higher the value predicted by GR.

Keywords: Gravitation, restricted covariance, nonsingular theory, entropy of space-time,
cosmology.

1. Introduction

Over a hundred years ago at the derivation of the gravitational equations from the
variational principle D. Hilbert formulated an “axiom of the general invariance of the action in
relation to arbitrary transformations of the world parameters (coordinates)” and chose “R - the
invariant built from the Riemann tensor (curvature of the four-dimensional manifold)” as
Lagrangian of the gravitational field [1].

Three years earlier, A. Einstein wrote [2, p. 237, 243]: “Besides, it should be emphasized
that we have no basis whatever for assuming a general covariance of the gravitational
equations.... From this it seems to follow that the equations sought will be covariant only with
respect to a particular group of transformations, which for the time being, however, is unknown
to us. It seems most natural to demand that the system of equations should be covariant against
arbitrary (Einstein's italics) transformations.”

The success of the canonical theory of gravity ostensibly corroborated validity of such
assumption and it has acquired the status of the fundamental principle eventually. Although the
opposite point of view was also expressed earlier [3, p. 631]: “...the physical meaning of GR
boils down to the creation of a new theory of gravity. However, the author of the theory A.
Einstein and a number of his followers have another point of view. They believe that in addition
to this, and in the first place, GR establishes the principle of equality of all reference frames. It is
difficult to agree this point of view, however, since in this case the equality of reference frames
from the point of view of a formal mathematical apparatus is illegitimately interpreted as
equality on their physical essence.

GR doesn’t seem as unshakeable as before any more in the light of the new experimental
data [4-6]. For an explanation of the derived results within the framework of this theory it was
necessary to introduce certain hypothetical entities (ACDM-model [7]), the nature of which are
still unclear.

In our opinion, precisely general covariance of the equations is a source of the troubles of
GR. Detected on the stage of its formation, today these troubles have become the whole set of
problems unresolved so far: the problem of energy, singularities, black holes, cosmological
constant, “cold dark matter”, the problem of description of the elementary particles which
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appears in the canonical theory of gravitation as “micro black holes”, and finally, the
impossibility of creation of a quantum theory of gravitation on the basis of GR.

An obvious way to construct the non-generally covariant theory of gravity without
violating of the axiom of Hilbert (as we see it) is the introduction of a priori constraints that
restrict the choice of coordinate system. Attempts of such kind had been being made previously
the example of it is the unimodular theory of gravity whose origins date back to Einstein.
Generally an appearance of the edges of space-time manifold is a consequence of the constraints
introduction. In the presence of the differential constraint there is an opportunity to choose a
position of the edge so that to single out nonsingular interior region of the manifold.

Under such an approach, the fundamental principle of the equivalence of all reference
systems compatible with the pseudo-Riemannian metric, underlying GR, is not violated. In
addition, we don’t put in doubt the principle of the invariance of matter action relative to
arbitrary transformations of coordinates. At the same time, the covariance of the equations of
gravitation is limited by the constraint in contrast to GR. Thus, a priori only "medium-strong
principle" of the equivalence is met in this case [8]. However, this cannot be ground for rejecting
the proposed approach as contradicting the experiments on verifying the strong equivalence
principle for bodies of cosmic scales [9].

The fact is that already in GR within the framework of ACDM model, space itself is
endowed with energy. The same thing happens when an a priori constraint is introduced. Space
becomes a self-gravitating object because of the nonlinearity of the gravitational equations. One
can determine inertial and gravitational mass for such an object. The solution of the gravitational
equations has enough free parameters in order to not only ensure the requirement of the equality
of inertial mass of the gravitational field to gravitational mass, but also to determine inertial mass
in accordance with Mach’s principle (the latter problem have not been solved in GR). From this
point of view, the results of experiments [9] should be considered as an indication that only such
(quasi) stationary self-gravitating objects exists for which inertial mass is equal to gravitational
mass.

Hilbert's axioms are formulated in a coordinate language. The gravitational field is

represented by the ten components g, (x*) of the metric tensor.
Our basic assumption is that the components of the metric tensor g, are constrained by

the conservation law:

O~l—
o (gw axvg}o’ g=deilg,,). £ g, =015 (v =0.123) (1.1

The left-hand side of (1.1) is not a generally covariant scalar. Such a scalar, including the second
derivatives of some scalar function ¢(x), should have the form [§]

1 0 — w 0Q 10
E@x" (\/_gg aij' (12

Obviously, the left side of (1.1) will also be a scalar in view of (1.2) on the restricted group of

coordinate transformations on which /—g is a scalar.

For arbitrary coordinate transformation x* — x"* [8]

1ot 2 8)6”
gx)=gx)-J°, J=det|] —|. (1.3)
ox'"”

It follows from the definition of a scalar that the determinant of the metric tensor changes as a
scalar under transformations of coordinates with the Jacobian of the transformation equal to
unity in modulus.

Thus, the constraint (1.1) restricts the group of admissible coordinate transformations from
general diffeomorphisms to special diffeomorphisms with the Jacobian equal to unity. In
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addition, the constraint allows arbitrary linear transformations of coordinates unlike the
unimodular theory.

2. Gravitational field equations in the presence of the constraint

To derive the rest of the gravitational field equations on the mass shell, proceeding from
the Hilbert action and introducing the Lagrange multiplier — the scalar field ®, write the action
for the gravitational field in the presence of the constraint (1.1) as:

S [(R+A)-gd'x, A= : aﬁg’”’ o (2.1)

S
8 162G J-g ox” ox”
where R - scalar curvature, R=g""R,, R,y - Ricci tensor,
a A a A A A
R, =——T/ ——T/ +TAT% ~TATY,

S N, e
where wa - Christoffel symbols,

1—% — lgip(_ agﬂv + agpﬂ + agVP)
o2 ox”  ox”  ox!

Now all the components of the metric tensor and the scalar @ can be considered as independent
quantities at the action variation.

We derive the equation (1.1) from the principle of least action at the variation over the
field .

The scalar curvature is covariant relative to arbitrary transformations of coordinates, so the
calculation of its variation and the contribution to the field equations has no differences from [8].

The presence in Lagrangian of the additional members besides the scalar curvature leads to
an occurrence of a new object in the Hilbert-Einstein equations at the metric variation.

1 871G 871G
RW—EgWRz o (ggr ”V+_c4 (gmm)w, (2.2)
162G 0 o1 0D 1 O\—g 0D 1 O+—g oD
4 (gg”)#‘/ = _gHV P 2] U v v o (23)
c ox ox -g ox" ox J—g Ox" oOx

The object (2.3) behaves like a tensor only under the restricted group of coordinates
transformations. It is covariant only relative to the special diffeomorphisms and global linear
transformations of coordinates.

The constraint (1.1) does not include the fields of matter. Therefore, the action for matter
remains invariant under general coordinate transformations as in GR, and the assertion that the
divergences of the energy-momentum density tensor of matter is equal to zero remains also valid
in the presence of the constraint (1.1).

Since the covariant derivative is defined for arbitrary coordinate transformations, its action
has also defined for objects that are tensors relative to restricted group of transformations. The
only difference is that the new objects belong again to the same group of tensors on which they
act.

The divergence of the expression on the left-hand side of (2.2) is zero in view of the
reduced Bianchi identity (the validity of which is due only to the general covariance of the
curvature tensor), therefore, taking into account the above, the divergences of the right sides of
both (2.2) and (2.3) must be equal to zero.

All this in aggregate allows us to call the object (2.3) as an energy-momentum density
tensor of the gravitational field. The question of the positive definiteness of the energy density
will be considered below in Section 3.

Thus, we have derived the system of equations involving the constraint (1.1) and ten
equations (2.2) for eleven unknowns listed above. It is impossible to fix the gauge arbitrariness
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by choosing a synchronous reference frame because of the restricted covariance, in contrast to
GR. However, it is always possible to synchronize a clock in a certain neighborhood by choosing
a gauge g, (x) = 0(m=1,2,3).

In the limiting case, when the energy-momentum density of the gravitational field is
negligibly small in comparison with the energy-momentum density of matter, equations (2.2)
become the equations of GR and, in the limit of a weak gravitational field, lead to Newton's law
of gravitation. In this case, the equation (1.1) restricts the gauge arbitrariness.

Since the remaining terms in (2.2) are generally covariant, on the whole the system
equations of gravitation will be covariant only relative to the indicated restricted group of
coordinate transformations in the presence of the constraint. This is sufficient that a number of
statements proved in GR remain valid. In particular, in an infinitesimal neighborhood of any
point, we can introduce the Galilean coordinate system and also turn all Christoffel symbols to
zero not only at the point but also along a given world line [3].

The constraint (1.1) can be interpreted from a physical point of view as a sufficient
condition for adiabaticity of evolution of the metric. We determine the vector of the entropy
density flux of the gravitational field by the relation

Oln/— Oln /-
”’1%, s :const-v’l%, viy, =1. (2.4)
X X

uo_
S, v =const-g o
In the Planck system of units this constant can be written in the form:

k

const=a-—-, (2.5)
pl

where k - Boltzmann constant, /,; — Planck length. For a quasi-classical theory, the condition

[a]< 1 must be satisfied. The sign of the constant a must be chosen so that the entropy density

would be positive on time-like geodesic lines. Now the constraint (1.1) can be written in the

form of the relativistic adiabaticity condition [10]

= (V=gs,v)=0. 2.6)

We note that under the definition (2.4), all the thermodynamic potentials will be scalars only
relative to the restricted group of transformation.

For inclusion in the consideration of spinor matter and gauge fields, the system of
equations (1.1, 2.2) can be formulated in a nonholonomic orthogonal frame. In addition to this,
along with the affine connection, the spin connection is introduced. This is possible, despite the
presence of the constraint, since the group of local Lorentz transformations is unimodular.

If we assume that matter had been playing an insignificant role and that the energy-
momentum density of matter can be neglected at the initial stage of evolution of the Universe,
then the system of the equations (2.2) is radically simplified. In this case, we can find the exact
general solution of the system of equations (1.1, 2.2), and this solution will be unique.

3. Evolution of space-time continuum in the absence of matter

Obviously, initially empty space is always homogeneous due to the absence of events.
There are nine possible types of homogeneous spaces with a time-dependent metric (Bianchi
classification) in three-dimensional space [11].

In homogeneous space, scalars do not depend on spatial coordinates. The determinant of
the metric tensor is a scalar in the theory under consideration therefore it can depend only on
time. Only homogeneous spaces of type I and II (according to the Bianchi classification) satisfy
over that condition. The metric tensor depends only on the time-like coordinate for the first of
these. In this case, if the spatial metric is non-degenerate then the most general expression for the
space-time interval by the transformation of coordinates with the Jacobian equal to unity [11]:

=X’ X" s x" v (x")
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always can be reduced to the form:
ds® = gy (x°)(dx*)* + g, (x")dx"dx", y = —det(g,,)>0,(mn=123). (3.1
An absence of the general invariance of the action (2.1) doesn’t allow us to eliminate the

metric component gy, therefore the expressions for Christoffel symbols and nonzero
components of Ricci tensor components are rather different from the expressions given in [11].

1 dg 1 dg 1 dg
0 _ 00 00 0 _ 0 _ 00 nl m __ m __ mk kl m __
00 —Eg A T =0T, __Eg i s Too =0, Iy, —Eg s I, =0, (3.2)
1 d 1 d 1 w98 dg,,
R =~ ; ol Ry i S (3.3)
280 dx | yAgy dx 4g0 dx dx

1 d d;
R/ =-— _0( /Lgmp g_k(;n] _ (3.4)
2,72y, dx Zoo dx

Nonzero components of the energy-momentum density tensor:

¢l d( 1 db 2 d\gyy do
(e, ) =~ - ~ |+ w? 2, (3.5)
162G | dx” \ g, dx ZooN &y dx  dx

¢t d (1 do
(e, ) =~ ; s lor (3.6)
162G dx” \ g, dx

Taking these relations into account, the gravitational field equations (in the presence of the

constraint) take the form:
d.
d { 1 7’%00]:0’ 3.7)

dx’\| g, dx
1 d 1 d 1 .98, . dg. 7o d 1 dd
- 0 }/0 - g ‘ kopgp go = . 0 0|’ (3.8)
2G0 X"\ yagyy dx 40 dx dx 2 dx | goon1g Ax

d wp A2 d [ 18y d®
| [ L BB | 5y L Nw T (3.9)
dx &oo dx dx’ | g dx

Eq. (3.8) shows that:

dg do g
m —Skn y §P = / 0rr. 3.10
g P k0 y k ( )
The constant matrix L? is not arbitrary. Since eq. (3.10) shows that

dg,, dd |g

dxko +gkn dxo = ;0 gania (311)
the matrix must satisfy the conditions:

gnp(xO)Lk Egkp(xo)L‘::' (3'12)

For the metric tensor of the general form this condition will be accomplished only in case
when the matrix L7 is proportional to the single matrix. Otherwise the matrix L} =

diag(L;,L, L;3) and the metric tensor must also be diagonal.
Simplifying eq. (3.10) on p and k indexes:

3 dqz __ 1 dyg + Bk (3.13)
dx v dx 4

and the system of equations (3.10) takes the form




g cilgkén :%570 57+ /@(Uk’ _%555;1) (3.14)
x y ax 4

Eq. (3.14) shows that:
dg d 1d [ 1.,
mk kp  pn & um — /4 @ Lka =z 3.15
& dx® & dx’ 3(}/dx y | 3( ") ' (3.15)

Using this expression and eq. (3.13) it is possible to eliminate ® and all spatial metric
components from the equation (3 8) and we can write it in the form:

4 (1dy) 1(1dy) 3¢ i _(L;y]:gom/;iL Lar_ | a6
at\yar ) 2\ ar ) T2y dt 120 \ \y dt

where the following notation is entered cdt = /g, dx’.
Eq. (3.7) implies
1 dgoo ldy 1

g dt y dt T\/_
This equation allows to eliminate gy from (3.16) and to write the equation for the function

= const . (3.17)

2 [ 1dy), N dy o o g 3ipegr_Ligryey) (3.18)
dr\ydr y\/_dT 4 2 b3

where 1=t/T - dimensionless proper time, B/ = cTL} - matrix of the dimensionless constants.
The order of the equation (3.18) can be lowered at the function u(y) introduction - dimensionless
rate of change of the volume factor - \/;

d
u= —\/; . (3.19)
dr
The equation takes the form:
4 d
sy oyt o, —udu Jr (3.20)
dy 4u’> -2u+o \/;

It is remarkable that when ¢ > 1/4 determinant of the spatial metrics isn’t equal to zero
anywhere. Therefore in this case there are no singularities.
Integrating the equation (3.20) we find that:

i:f(u), f(u):\/@exp{\/%(arctg\/i+arctg\/ﬁﬂ, (3.21)

where /7. - the minimum value of \/;at u=0.

Differentiating (3.21) with respect to T gives:

1 d df(u)du d 4u
7 _dwd & A, (3:22)
Vi 4T du dr du 4u'-2u+o

Hence we find the solution of the equation (3.18) in the parametric form in consideration of
(3.19), (3.21).

N I o 7 = f ) (3.23)

Evolution of space begins in the time point from a state of rest with the minimal volume
factor.
From the equation (3.17), taking into account (3.23), it follows that



dt « 4 f(u)du 4du
dln(]goo) — — 7/m1n f( ) _
v

14 M’ -du+o P -Qu+o

8oo (1) _ o f(u)
200 4u’-2u+o
Using this relation, proceeding from the determination (3.19), we can show that du o< dx”.
Consider the expression (3.5) for the energy density on the field equations. Using the

relations (3.13) and (3.17), we can transform (3.5) as follows:

2 2
(e, ) =py = [d(ldlj+1(lﬁj+ 1 ﬂ—iB"]. (3.24)

" 487GT? | dr ;dr 2\ydr 2\/;7/dr 2y g

Using the equation (3.18), we eliminate the second derivative, then

T 482GT |2\ y dr ) 4y T 484GT?y 4

The first term in the brackets vanishing at the small values of u, the second term characterizing
the global anisotropy of space is constant, positive and enters into the expression for the energy
density with a minus sign. The energy density will be positive only in case when homogeneous
space is isotropic (B < 8u7).
In this case the solution of the equations (3.14) can be presented in the form:
Q=76 (3.26)
and the interval (3.1) -
ds® = g, (x")(dx’)’ =y (x°)dx"dx"S,,,. (3.27)
We note that homogeneous space of the type II has an unremovable anisotropy. Therefore,
bearing in mind the connection between the positive definiteness of the energy density and the
absence of the anisotropy, it can be argued that there is no other noncontradictory theory of
homogeneous space beside the one described above.
Introduce the Hubble parameter H and the acceleration parameter g (instead of the
deceleration parameter [8]) according to the modern representations:

HELQ, qg=1+ 12 zilﬂ . (3.28)
6Ty dr 6HT" dr\ydr
The substitution of these expressions in (3.18) allows us to derive the equation describing
change of the acceleration-deceleration eras.

2
+1-——-. (3.29)
This implies that two scenarios are possible. When 6>3/4 only acceleration (¢>0) is possible.

When 3/4 > ¢ > 1/4 the change of the eras is possible: acceleration-deceleration-acceleration.
The change of the eras happens at the values
V3

V3 % 3
1-1-46/3 43 -+2)

~0.1376, u, = ~1.3624.(3.30)

o
u, = >
'1+1-40/3 7 43 +42)
Discovered recently [3-5] the change of the eras indicates that the second scenario takes place.
The maximum value of the deceleration is reached at u=c

9 max =1_%>-2' (331)

After the onset of the second era of the acceleration, ¢ asymptotically approaches unity
according to (3.29).
The energy density of the gravitational field (3.25) is related with the Hubble parameter as:
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B 3¢’H?* (1)
« 872G
Thus, space is homogeneous and isotropic and has proper energy. And the density of energy is
equal to the critical density at any moment of time. The Hubble parameter reaches the maximum
value during the era of the first acceleration at u = 6/2 < u;

(3.32)

H_ = Jo expl - arctgN4o -1 , (3.33)
6T\ in V4o -1
and then monotonously decreases, tending to the constant value
1 1
H, =———exp| ————| arctg—— ] (3.34)
6T\ Y i ( V4o -1 ( V4o -1 2 J

Determined by the relations (3.6) the spatial components of the energy-momentum density
tensor are equal on the field equations to:

C A1y 1f1ay) 1 dy 1
(6, ) =—— er S L S sy, (3.35)

kT A82GT? | dr ydr 2 ydr 2\/_7/ dr 2y
and differ from expression for the energy density in the sign of the last two members. These
components can possess both the positive and negative values during evolution. Eliminating the

second derivate again by means of the equation (3.18) and assuming (¢,.),,= - pg-0, as it is

accepted for macroscopic mediums, write the gravitational field pressure as:

c? ul —2u+o

482GT? %
This implies when 0.25 < ¢ < 0.5 there is a change of the pressure sign at the following u values:

1-V1-20 _2-1 1+41-20 _V2+1
Uy = > ~0.146, wu,= <
2 22 2 242
The gravitational field has a positive pressure in the interval uz<u<uy in other cases it has a
negative pressure.
Let us consider the curvature tensor. Substituting the relations (3.14), (3.15) in (3.3), (3.4)

we will find the expressions for the curvature tensor on the field equations:
goo_ L d(ldr) 1 (1dr)
‘ 2 dt\ydt ) 12¢*\ydt )’

Py =~ (3.36)

~0.8536.  (3.37)

Excepting the second derivatives, write the expressions for the scalar curvature of space-time R
and space °R.

R=Rf =- 12 (4u” —2u+0)=— (=D +40-1_, (3.38)
% 16¢° Ty
‘R=R)+R} :—%(§uz —2u+0'j. (3.39)
2¢° T y\3

(3.38) implies the space curvature is always negative. But the space-time curvature changes
during evolution and possesses at first negative, then positive and at last again negative values.
According (3.32), (3.33) the maximum density of the gravitational field energy is equal

c’o expl - 2arctgN4o -1
967GT>y, . Jac-1 )
Assumed that 6=1/4 for definiteness, connect the constant value
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1/2
2
Ty = i[C—J (3.41)

86 67[ G pgr max

with the maximum energy density.
The relations (3.23), (3.28) can be written in the dimensional form:

f(y) 1 u
—t, =TV, Hu)=—F— .
L=t J-4 2 y (u) AT ,_}/min )

According (3.21) f{u) depends on the constant & only Substituting in these relations the current
values [12] of the time from the beglnnrng of evolution till now (-t = 4.355-10"" sec ) and
Hubble parameter (H° = 2.181-10"%sec™) gives, taking into account (3.41), couple of equations
for two unknown — ¢ and the value of parameter u’ at the current time

o 41(») oo L«
t’ —t, T\U/mmj 2y+o d, H 377 S (°)

(3.42)

The quasi-classical approach is justified providing that the parameter7'/y,;, =1,, where 4, -

Planck time. According to (3.40), the maximum energy density of the gravitational field, which is
four orders of magnitude smaller than Planck density, corresponds to the minimum value of this
parameter. In this case the solution of the system of equations is:

o =0.2501278985, u’ =6.119954849. (3.43)

The results of the calculations of other parameters for this case are presented in Table 1. Below
in Table 2, the results of a similar calculation are given, but with the max1mum energy den51ty
equal to that achieved on accelerators with an energy of 1 TeV (pgrmax = (1TeV)' =~ 2:10® I'm™).
The characteristic values u’, u2, u4, o, u3, ul, o/2, supplemented by a number of the
intermediate values, have chosen for the parameter u. In the table: q - cosmic acceleration, z -
cosmological redshift, °R - curvature of space, t-t - proper time, H - Hubble parameter.



TV min = b1 S€C; Py =5.2-10'”T -m 5 6=0.2501278985; u’=6.11995485

u q z 3R, m” t-ts , Sec H, sec”
6.11995485 0.7599 0 -4.382-10°% | 4.358:10" 2.181-10"
1.362294109 0 0.850003 -6.309-10°% | 1.876:10" 3.074-10"°
0.853462941 0.5 1.416153 9216:10°° | 1.129-10" 4290-10"°

0.8 -0.58188 | 1.525699 -9.989-10°% | 1.029-10" 4.593-10"®
0.7 -0.76001 | 1.792857 -1.223-10°" [ 8.275:10"° 5.435-10"°
0.6 -0.97890 | 2.201817 -1.679-10°" | 6.051-10'° 7.019-107"°
0.5 -1.24962 | 2.939430 -2.973-10°" | 3.650-10'° 1.089-107"
0.4 -1.57752 | 4.830927 -1.126-10™° | 1.305-10'° 2.826-10"
0.35 -1.75432 | 7.803856 -5.942-10°° | 4.161-10" 8.512-107"
0.3 -1.91560 | 24.32574 -8.498-10°° | 1.963-10" 1.737-107°
0.28 -1.9643 87.61905 -5.742-10" | 4.848-10" 6.945-10"
0.26 -1.9941 15503.34 -2.332:10% | 9.670-10° 3.454-107
0.250127899 -1,9985 8.091592-10" | -1.142-10° 7.062-10"° | 4.723-10"
0.146537059 0.5 2.167298-10" | -1.415-10°7 |3.785-107" 5.317-10"
0.137705891 0 2.246609-10° |-2.067-107 [3.125-10% | 5.565-10"
0.125063950 1 2.336987-107 |-3.241-10°7 |2.426-10% | 5.689-10"
0 o 2.588750-10” |-2.393-10°® |0 0

TABLE 1. Space kinematics at the maximum energy density pgrmax

=52-10"° J-m>.

Pomex =2-10°T-m 7 Ty, =8.691677508-10" sec; 6=0.2505131785; u’=6.117937216

u q z 3R, m~ t-ts; , sec H, sec’!
6.117937216 0.75983 0 -4382-10°% | 4.358-10" 2.181-10°"
1.362007273 0 0.849915 -6.309-10°% | 1.876:10" 3.074-10"
0.853190332 0.5 1.416244 -9.219-10°% | 1.129-10" 4291-10"

0.8 -.58143 1.525223 -9.988-10°% | 1.030-10" 4.593-10"°
0.7 -75942 1.792221 -1.222-10°" [ 8.281-10™ 5.433-10"°
0.6 978096 2.200817 -1.678-10°" | 6.057-10"° 7.015-107"°
0.5 -1.2485 2.937278 -2.970-10°" [ 3.656-10™ 1.088-10"
0.4 -1.5757 4.821492 -1.121-10™° | 1.313-10'° 2.813-10™"
0.35 -1.7519 7.765541 -5.848-10°° | 4.218-10" 8.404-107
0.3 -1.9124 23.65224 -7.509-10" | 2.130-10™ 1.575-10"°
0.28 -1.9607 78.70332 -3.355-10% | 6.670-10" 5.054-107"
0.26 -1.9899 3671.264 -7.126-10°° | 7.285-10’ 4.590-10”
0.250513178 -1,9939 5.926882-10° | -7.093-10% | 17.963 0.001859
0.146809668 0.5 1.847662-10"° | -5.457-10° 6.103-10"° [ 3.301-10"
0.137941901 0 1.915439-10" | -7.974-10° 5.038-107" 3.456-10"
0.125256589 1 1.992637-10"° | -1.250-107 3.910-10"° [ 3.533-10"
0 o 2.207492-10" |-9.224-107 0 0
TABLE 2. Space kinematics at the maximum energy density pgrmax = 2 10 J-m™.
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The comparison of these data shows that the results of the calculation are in good agreement up
to red shift at least
0 1/3
z(u) = pAC) -1, z(0.3)= 24, (3.44)
y(u)

despite the difference in the value of the maximum energy density on more than sixty orders.
This circumstance excludes doubts in a possibility of the unambiguous description of space
evolution in this range of the red shift variation.

Metric (3.27) differs from Robertson-Walker metric. Nevertheless, the lines x'=x*=x’=const
are geodesic as in GR and in each point it is possible to introduce the concomitant coordinate
system where the variable ¢ defined above will be a proper time.

Substituting Christoffel symbols (3.2) for the metric (3.27) in the equations of the geodesic
xp (&) with the natural parameter &

2 u v A

dx pude & (3.45)

dé dé d&
and integrating the derived equations, we find:

m 0
D gy (1), g () % =+ Ay (") + B, A7 = 475, A", A" B =const.  (3.46)

dg

The hypersurface ¢ = #,, is the edge of found space-time manifold. On the edge u(z;) = 0 and
the cosmic acceleration (3.29), which is an invariant observable quantity, turns to infinite. In
regard this any geodesic coming onto the edge will confront with an unremovable singularity at
the final value &. Consequently, found manifold is geodesically complete and cannot be extended
beyond the edge. The symmetry between particles and antiparticles is violated near the edge.
In view of (3.46), for an observer resting at the origin of coordinates and connected by 0-
geodesic (B = 0) with a concomitant point, the physical distance (as in GR) is determined by the
relation [7]:

tO

0 dt
d(t)=c-a(t’) ja(t) :
where a(t) - scale factor, ¢t — proper time. The factor a(t) =y "(t) is determined in the case under
consideration by the relations given above, after discovering of cosmic acceleration it is
determined in GR within the frameworks of ACDM model [7]. The parameters of this model are
selected proceeding from a condition of providing the best consent with all set of the
experimental data which are available at the present time, their numerical values as at 2013 year
are given in [12].

(3.47)

1/6
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Figure 1. Distance to an object (Gps) depending on its red shift, calculated by (3.47) for this theory and
ACDM - models. The upper curve - this theory, the lower curve - ACDM-model.

In [13] all data set of the dependence of a distance on red shift which was available at the
moment of the publication is given in a graphic form (Fig. 24.2, Fig. 26.1). Comparison with the
data [13] shows that both dependences presented in Fig. 1 lie in the range of an error of the
experimental data. Moreover, as follows from the data in Fig. 2, even future experiments of this
kind unlikely will allow to make a choice between these two dependencies. When the above
dependence is continued to the region of large values of z, its course will be defined by the
maximum energy density of the gravitational field, which is unknown at the present time.

0.1

0.0

0.1

[T T T T T T T T T [ T T T T [ T T T T[T
a ] 1a 15 20
z

Figure 2. Deviation of the ratio of distances from unity calculated according to GR and this theory depending
on the value of red shift.

A small value of the deviation is associated with the integral nature of the dependence of a
distance on redshift. For a local parameter, such as the Hubble parameter, the situation is
different.
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Figure 3. Dependence of the Hubble parameter (km-sec”-Mpc™) on red shift. The upper curve - ACDM-
model, the lower curve — this theory.

In this case, as the comparison of the calculation results with the experimental data shows ([13]
Fig.4), both dependences also is within the limits of the experiments error at z <2.5. However,
the discrepancy between them increases iteratively at large red shifts as it shown in Fig. 4. Thus,
only one of the two theories can be valid.

1.0

0.5

a ] 10 15 20

Figure 4. Dependence of the ratio of the Hubble parameter in ACDM-model to its value in this theory.
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It is essential that, the dependence does not have free parameters in this region of red shifts,
is determined only by the initial values at z = 0 and is valid up to the initial instant of time as it
can be seen from Table 1. The hypotheses about the existence of dark energy and dark matter are
introduced in GR within the frameworks of ACDM-model in order to ensure agreement with the
experiment. A hypothesis about the existence of inflatons is introduced for description the
dependence in the region of large z, which, however.

Empty space possesses characteristics inherent in the material medium. If space is
considered as an ideal medium from the point of view of the relativistic hydrodynamics, then the
equations must be satisfied for it [10]:

ov, 1 ,0g op

e+ p)v -y 2 =y v”
(#+p) (aﬂ e
where vy is 4-velocity, € - energy density, s - entropy den51ty, p — pressure of the gravitational
field.

Because of homogeneity and isotropy of the considering metric, all spatial derivatives are
equal to zero, and from the equations of motion we find W' = (goo'“ 2.0,0,0). In this case, it
follows from the adiabatic equation in consideration of (2 4) (2.5), (3.17) that:

S, =
¢ 4lch1/7/(u 4lz,cT1/7/(u

In the last equality, we identified an unknown constant @ with the only in the theory
dimensionless parameter ¢ (3.18) that characterizes space-time manifold found. It follows from
(3.49) that the entropy density of manifold at the present time is practically independent of the
maximum energy density and is equal to

ok

s W= 2Ty £

This value is 18 orders of magnitude rank over the contribution of all remaining entropy sources
taking into account in the framework of GR [14].

The pressure, entropy density and temperature - 6 will be related in empty space by the
relation [15]:

“Y=0 ,  (3.48)

(3.49)

~8.54-10" k-m> | (3.49)

dp =sd@. (3.50)
This equation allows us to determine the temperature of empty space from the found
dependences of the pressure (3.36) and entropy density of the gravitational field on u.
Substituting the corresponding relationships in (3.50), we have:

c’ 2u —2u+o o-k
———=y(u)d = de . 3.51
487GT* 7() y(u) 4lf,,cT B3
Integrating this equation taking into account the dependence v(u) (3.21), we find:
Ou) = g=2ul-o) (3.52)

67 -k- TJ;/mm '[O' f(u) o —2u + 4u’

14
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Figure 5. Dependence of the ratio of the current temperature of manifold to its value at present on the
dimensionless velocity of the bulk factor change.

The relationship between the dimensionless velocity of bulk factor change and the proper
time is seen in Table 1 and 2. It should be noted that for both variants presented in the table, the
calculation dependences are almost identical. The temperature of manifold remains at the
constant level equal to its current value except for a short initial time interval.

Eq. (3.52) shows that:

T\/a: h : J' 1 _0'—21/!(1—0'2)duz 0.5-7’20 . (3.53)
6rkOw’ )y o f(u) o—2u+4u orkO(u")

Using this relation and (3.41), it can be related the maximum magnitude of the global energy

density pgrmax to the current temperature value of physical space-time manifold

37 ¢ (k0w
pgrmax = _L j . (354)

8e’ G h

If we take for the evaluation the temperature 6(x”) equal to the background radiation temperature
at the present time 0% =2.725 °K ("cold space-time"), then pgrmax = 2.73-10° J- m? ~(1 - TeV)
*. This value corresponds to the variant of manifold evolution presented in Table 2. For a less
likely "warm space-time" - 0(u”) = 272.5 °K, Parmax Would be four orders of magnitude larger. In
both of these cases, the maximum energy density does not exceed the values being attained in
experiments at the Large Hadron Collider (LHC). This differs strikingly (60 orders of magnitude)
from the standard cosmological model (SCM), in which the energy density can reach
(10”GeV)". In this connection, the question of a possibility of existence in the Universe of the
hypothetical forms of matter, which aren't found in experiments at the LHC, can be considered
closed.

15



4. Basic model of evolution of the homogeneous and isotropic Universe.

So there is space, unique material space, which is the primary source of all the energy of
the Universe.

Space is the main, but not the only form of existence of matter structures in the Universe.
The gravitational field intensity increase will lead inevitably to appearance of new matter
structures in process of evolution what in turn can significantly influence on its kinematics
eventually.

Consider phenomenologically influences of matter on process of evolution of the Universe.

Let matter be born in some time point in Space described above. Owing to the homogeneity

and isotropy of space the energy-momentum tensor of matter can be written as (¢, ), = diag

(pmat: 'pmab 'pmab 'pmat)~
In the presence of matter the gravitational field equations (3.7-3.9) will take a form:

T

mat

oo dx’
1 d 1 dy 1 1 dy — d 1 do 87ZG
0 0 _6 (_ 0] = 7g00 0 0 ( +3p)mata
oo DX\ 7/ 8oy X 8oo \ 7 dx dx" | goo 720 X c*

1 d o AL i 1 d 18 dD | 872G
0 r g i gk() = 5kp 0 = 0o |~ 4 (p - p)mat 5pr :
V2o X &oo dx 7o AX | &g dx c

Repeating all the computation taking into account these additional members, we have the
following integro-differential equation instead (3.20)

S 4 —ous o+ M@y 2. (4.1)
dy du
where

M, d}f)_@[ o+ D) T I(P p)mat[;i:}duu]’

and it’s supposed that the pressure and density of matter are equal to zero in the initial time.
The equations for cosmic acceleration, energy density, pressure and scalar curvature of
space are also modified in this case; instead of (3.29), (3.32), (3.36) and (3.38) we have

Py * Poa = %% = % =p, u), (4.3)
Py =Pt — 48;2;# ! {Zu uto+ Mu,y, ‘;7 )} . (4.4)
R=R :_4c21T27/[(4u2 —2u+0')+M(u,7/,d—Z)]. (4.5)

Hilbert’s axiom suggests that the action of all kinds of matter is invariant relative to
arbitrary transformations of coordinates. According to the observation data there is macroscopic
matter, electromagnetic radiation, and neutrino in the Universe at the present time. These
components weakly interact among themselves. In this case, owing to Hilbert’s axiom the
«conservation» laws for each type of matter are satisfied separately [8,11]
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d
dp = —(p+p>Tf. (4.6)

The pressure can be considered equal to zero for baryon matter, p=p/3 for an electromagnetic
radiation, for neutrinos the similar relation will be valid until it is possible to neglect their mass.

Eq. (4.6) shows that:
4/3 4/3
0 0 0
VY VY VY
,p,—pf{ J ,pv—pf{ J : (4.7)

pr=ri L i L

Jr Jr

The values relating to the current time are marked by upper index. It is authentically
known that the energy density of the two first components is respectively equal Q, = 0.0499 and
Q, = 5.46-10" of the critical energy density at the present time [12]. Data are less defined for
neutrinos Qv < 5.52-107. Then, to estimate the maximum degree of matter influence on the
evolution process, it will be used exactly that value of the relative density of neutrinos.

At times not too far from the present we have the following dependence of the average
energy density and pressure of matter from the bulk factor:

4/3 4/3
\/7+Q£\/7)J ,pmm—p“o" {‘/70} Q=0 +Q,. (4.8)

Pomat ::/?g~ Q Nl
W Jr

Further when using the expressions which include ps, pmar, taking into account the approximate
character of the dependencies (4.7), we will consider that variation of the bulk factor and it’s
derivative is described by the relations (3.20), (3.21) in a first approximation, and the critical
density is described by relation (4.3). Thus the energy density and pressure of matter will be
determined in this approximation depending on u at u, < u without taking into account the

inverse influence of matter on the process of space-time manifold evolution.

3

o o @y (fw)” ol (fw”)”
= p°lQ, Q ;P =t L =0 10, . (49
P (1) pw[ f(u)+ [f(u)j } p 3 (f(u)j + (4.9)
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Figure 6. Time dependence of a ratio of the avera%e energy density of matter to the energy density in the
Universe (in billions of years), pgmax = 2° 10% J-m™.

The maximum fraction of the energy of matter does not exceed 0.2324, at the present time
this value is less than 0.055, and continues to decrease with time. In contrast to GR, where the
energy density of matter increases indefinitely at time decreasing, here it reaches a maximum
and then begins to decrease.
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The rest and main part of the energy of the Universe is the energy of the gravitational field.
It is this energy (and not “dark matter”), evenly distributed in space, that exhibits in the character
of dependences of the rotation curves of gravitation-coupled objects.

10°®

10.0

7.5
rogr 5.EI—_

25

o
=

a 1 2 3 4 )

Figure 7. Dependence of the energy density of the gravitational field p,, (10°*J-m™) on red shift in the location
of the observed gravitation-coupled objects, pgrmax = 2° 10 J-m™,

Thus, it is not required to enter any new forms of matter besides the already known forms to
describe features of evolution of the Universe in contrast to GR.

The conditions under which the relations (4.9) are valid are violated for 0 < u < u;. Let us
redefine the dependences p,,.(u) at the beginning of the process of evolution. Since there are no
other sources of the energy other than gravity, we assume that it is proportional to p,{(u) with a
coefficient that depends on the dimensionless intensity of the gravitational field:

u
uy=A4-——- u,A<l, 0<Zu<u,. 4.10
pmat( ) f(u) pgr( ) b ( )
Excluding the gravitational energy density from the relations (4.3), (4.10), we have:
‘U
U)y=——————- u),0<u<u,. 4.11
pmat( ) f(u)-i—ﬂ,u pcr( ) b ( )

The constant A and the quantity u; are determined from the smooth conjugation conditions of the
dependences (4.9), (4.11) at u = u;. Equating separately the energy densities and their derivatives
at u = up, we derive a system of two equations to determine up, u A:

4u§-Qbf(uf))+iQ(f(u’(’))] S T SO (oL TSy WRN S PR )
Sw) 3 (f(’) S)+A-u,” flu,)+A-u,
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A-u, :(KJ Q, f(“z)+Q(f(”z)j . (4.13)
S)+A-u, u, S@w?) Sw?)

This system of equations has two different solutions, the solution with a smaller value u; is
physical sensible. f{uy) << flu”) for this solution, therefore the equation (4.12) is simplified and
the solution takes the form

9-3J9-16c
16 '

We find from (4.13) for this value the ratio of the energy density of matter to the energy
density of the gravitational field at the time of separation of matter from it

u,=

03 2/3
fu,) uy - f(u®)

By substituting in this relation the values, corresponding to the data of Table 2, we find that this
fraction was 2.88-107° of the critical energy density of the Universe - 6.08-10* J-m™ at the time
t-ty = 5.68-10™ seconds. When approaching the initial instant of time, the energy density of
matter decreases in accordance with (4.11), tending to zero.

Now we estimate the influence of matter on evolution of space-time manifold. In the
approximation considered above, for the prescribed function y (u), we find:

d
M(u,y,d—Z) = w(u),

W(u)__mo{gb /@ +iQ( f(uo)j H{Qb fw gg[ f(uo)j ] i
fw) 3 \f(u) 0 f@w) 3 Uf) 4u” -2u+o

Substituting (4.14) in (4.1) we derive the equation describing how matter in turn affects the
change of the metric. The solution of this equation can be written by a quadrature.

/M 3 3 h 4udu
¥ min =y = expu 4u’ —Qu+o+ w(u)] . (4.15)

t_tst = T'\ )/min I 4 4l//(u)du (4.16)
0

u? —2u+o+w)

The constant ¢ in these relations, in the same way as it was done in the previous section,
has to be defined together with the value of #” from a condition of the equality of the evaluated
time of the Universe existence and Hubble parameter to their values observed now.

(A0 S S
t' =t =Ty . du, H = . 4.17
:  in J; du® = 2u+ o +wu) 37y wu’) @.17)

Pomx =2-10°T-m 7 Ty, =8.691677508-10"*sec; 02,=0.0499; Q,=5.46-10; Q,=5.52-10”

u’=7.02400 ; 6=0.25050754

TABLE 3. Solution of the equations (4.17) (*-ty = 4.355-10"sec, H” = 2.181-10"%sec™’) at the
maximum energy density pgrmax = 2 10% J-m™.
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Figure 8. Results of calculation of the dependence of the Hubble parameter (H=100-h km-sec”-Mpc™) on red
shift taking into account (full line) and without taking into account (points) the presence of matter.
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Figure 9. Results of calculation of the object age (in billions of years) depending on its observed redshift
taking into account (full line) and without taking into account (points) the presence of matter.

In view of the data provided in the previous section, it is possible to conclude that prehistory
effect on the further course of the given dependences is insignificant in the range of red shifts
less than 2.3. Within this range, the course of the dependence can be reconstructed using one

reliable value.
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Figure 10. Results of calculation of the dependence of cosmic acceleration on red shift taking into account
(full line) and without taking into account (points) the presence of matter.

The birth of matter does not lead to a noticeable time shift of change of the deceleration-
acceleration eras. Such behavior of the mentioned dependences is related to a small fraction of
the energy of matter in its general quantity.

5. Static isotropic metrics

Consider static spherically-symmetric metrics. The most general expression for space-time

interval can be reduced to the form by the coordinates transformation
t'=t+o(x"), x'" =x"

with the Jacobian equal to unity [8]:
G(r
ds* = F(r)(dx")* - (2 )
r

The constraint (2.1) is invariant relative to such transformations, but now in contrast to GR
its existence doesn’t allow to reduce quantity of the required metrics components till two.

Using the Kronecker symbols d,,, , write the metric tensor g, as:

(x-dx)’ — C(r)(dx - dx)

X, X m
gOO =F(V), gOm :0’ gmn :_C(r)'é‘mn_G(r) :2” > xm =X, (51)
g(r)=detg, =-FC*(C+G).
The tensor g (inverse to the metric tensor):
00 — 1 , gOm — O, gmn - _ 1 5mn + G(}") X 2x ) (52)
F(r) C(r) c(C+aG) r

gmngnk = 5: ‘
In the presence of the constraint (2.1) it is more convenient to proceed not from the
equations derived at the action variation on the metrics components, but to choose as one of the

varied functions A(r) = /— g(7) .

The constraint (2.1) gives the following contribution to the action:
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AP LB QW) POAC) e (5.3)
ox" 2g ox" 2(C+G)g A

(The stroke hereinafter denotes differentiating with respect to »)

Other terms can be found using the known results of calculations [8,11]. The scalar
curvature and volume element are generally covariant, therefore they can be found using
“spherical” coordinates.

In “spherical” coordinates space-time interval is:

ds* = F(r)(dx")* = G(r)dr* - C(r)(dr* + r*d6* + r* sin® 0dp?)

By analogy to the “standard” form [8] write it as follows:

ds> = F(r)(dx")’ — A(r)dr* - r* (r)(d6” +sin® 0dp?), (5.4)
where A(r)=G(r)+C(r), r(r)=rC"* ().

For this metrics the nonvanishing components of the connection differ slightly from the
corresponding components of the “standard” form [8]:

’ ’ % o, k! % 10 k! qin 2 '

I i F I - A , F£9=—r r , r,(p:_r r* sin 6’) F,f:i,

2F’ 24 A A 24
r*"—rg—r* , % =—sinfcosd, r‘/’—r‘/’—r*' I’ =T% =ctgf
o =To="% sin & cos e 0o =Ly, =c1g0.

The curvature tensor changes according to this.
Using the expressions for the components of the connection, find the scalar curvature:

L (FY 1 (FY 2 (rre®) 2(r¥) 2 2|(r*) r¥F
=—|— |+t =| +t—F +— —— |+ .

2F\ 4 24\ F r* A A r* r* A\ r* r*F

Singling out the divergent term, it can be written in the form:
1 d F' ar®N] | r®F 1Y 1
R=—F—+— *JAF| —+ -2 +——| +— | 5.5
r* A AF dl[ [AF *Aj_ L*AF A(r*j r*z} (5-)

The action for the gravitational field:

3
S, = 16c7zG (R + AWAFr** sin 0 drd 6dpdx” .

Substituting here the expression (5.5) for R and (5.3) for A, omitting the divergent term and

taking into account that 4=A°/FC* we have:
3

S, = szGJ.[riz + r;f (*')? +ﬁr*3 ppry PATTE ZAAZ:i Fjrz sin O drd O g .
Introduce a variable &= instead of 7, then the action takes the form:
S I[ A +Fr*2(dr*j2+ L o dr*dF  Fre' dda

¢ 8aGY| 9r*’ A\ dé A dé dé 2N d§ dé

From a principle of least action find the gravitational field equations in space free from

Jdﬁ sin @ d Gdgdx" .

matter:
dfre FdA_, (5.6)
dé\ N dé ’ '
%2 - %3 %
12_r2 dr o rz dr dF 1 d dCD 0. (5.7)
9r*  A* |\ d& A dE dE 2N d§ d§
r*(dr* z_i ¥ dr* r*4 dAdCD _0 (5.8)
A\ dé& dé\ A dé YN dé dé '
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* * %3
_ 2A3_ ,,*i rYEdr* _,,*3i 1adr or de_AdE:() (5.9)
Or* dé\ A dé& déE\ A d& A dé dé
Equation (5.6) implies:
x4
rrEAA g, (5.6)
A dE

where a is a constant with the dimension of length.
Multiply the equation (5.7) by 24, subtract from result - (5.8), multiplied by 2F, and add
the result to the equation (5.9), multiplied by r*, after simple transformations reduce the equation

to the form:
x4
dfretfar o]
dé| A\ dé dé

r** F(1dF  do
— 4+ — | = ﬂ ,
A \Fdé dé&

where f is one more constant with the dimension of length. Using (5.6") this equation can be
written in the form:

This implies:

1dF_do_ _1ds B

Fac ac ade’’ o
Taking into account that the function ®@(r) is defined accurate within a constant, find:
®=-In(FA™). (5.7
Rewrite the equation (5.8) as follows:
L(dj *zi(r_*dr*]_r*“d_wg
NPT "ae\ A ag )T an ag s
After the substitution of this expression in the equation (5.9) it takes the form:

%k %k %k %k 2 %k %k
r*4ild_F +2r*2i Fr*dr _4lrdr +r*2ir_dr Fi 2A2:O
dé\ A d& dé\ A d& A\ d& dé\ A d& Or*

This equation is equivalent to the following:

d|r* d[Fj 2A
— — + =0.
dé| A dE\r* 9p *?

Integrating this equation over & we have:

d( F A 2 A %A
d_g(r*zj_ﬂlr*é+§r*6jr*2d§=O’

0

r¥ d(F
where £, :{ A d_f[r*z

is equal to zero for the Minkowski metric. Let us assume further ;=0 in order that the
Minkowski metric could be the solution of this system of equations (in case when the constant o

is equal to zero).
¢
d [ il j+3 a | 8 ge=o. (5.9")

I 2 6 2
dé\r* 9r*or*
Integrating one more time, represent the function F(r) in the form:

2 L5 A A

E\0

ﬂ is one more constant with the dimension of length. This constant
&=0
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Transform the equation (5.8). Introduce a notation
_r*dr*
A dE’
and substitute the expressions for derivatives of A and @ from the equations (5.6") and (5.7'),
then the equation (5.8) can be put in the form:
U2+r*UdU _ aU do
dr* 2r*F dr*
1 d 1_ 3a a’d)
3r*U dr*Vv 2r*F dr*
Passing from the derivatives with respect to &=/ to the derivatives with respect to r* in all

relations and introducing the dimensionless coordinate’s »/o. and r*/o (keeping the previous
notation » and r* for them), we can write the initial system of equations as follows:

(5.8"

1da _We) (5.10)
Adr* Fr*
V() = ! , @ =—In(FA™), (5.11)
_7-[ r*F dr
F(r¥)=2r* j( jV(r*)dr *J 14 (5.12)
A r
A(’"*zr Ay, (5.13)
r* dr*

Generally speaking, the nonzero value r*,,;,= r*(0) means a presence of an edge of space-
time manifold.
Consider behavior of the metrics at r*,,, = 0 and the small values r*. If the integral

2I(IV(r*)d J V) v = >0 (5.14)

exists, eq.(5.12) implies that the function F(r*)~b-+*° at the small 7*. Then assumed that
V(r*y=b;r*'>0, Ar*)=b,r*’>0 and substituting these expressions in (5.8', 5.10) we have:
v=3, b= 2b ,0 = 6 . (5.15)
2—-00 2—-00

1++1-60

o

From the last relation follows:
S =

therefore ¢ < 1/6.
Integrating the equation (5.13) find at the small values r, r*:

(%) = 3jV(V *2dr*z3ﬁjr*“-5>dr*. (5.16)
o Ar™) b, 5

The last integral exists only at é < 6. In this case

5=1=v1=60 a<%. (5.17)
o

Consider now the expression for the energy of the static isotropic gravitational field
(Appendix I). In this case
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o r® Fo*) din(FAC)|
AG| Ve dr¥

The last term in this relation has a logarithmic singularity at »*,,,=0.
The energy will have the finite value only at r*,,, # 0, that is in the presence of the edge. It is
possible only at the value ¢ > 1/6.

The quantity r*,;, is an independent parameter and for its definition the additive
considerations are necessary. First, suppose that according to Mach’s principle inertial mass M;,
is related to the total gravitational field energy E out of the edge by Einstein’s formula E=M;,¢’.
Secondly, in accordance with Etvesh’s experiment, we assume the equality of the quantity of this
inertial and gravitational mass M;,= M,,. And at last, based on correspondence principle with GR
we assume that at the large values of 7* the first term coefficient of the function F(r*) expansion
in powers of 1/7* is equal to the gravitational radius-to-a ratio.

1 2M G 1
F@*)=1- +..:1— —+.. (5.18)
ar* cca r*

In this case the relation (A.8) passes into the equation defining a quantity 7*,,;, .
Tor _ 2r* F(r*min)_ n F(r*..)
a  W(rx,) NS )

The solution of the system of equations (5.10) - (5.13), (5.19) can be found by a successive
approximation method. Starting from the trial function V' (#*) at the chosen initial value r*,,;,
it is possible to find the function F(r*) as a first approximation from (5.12), and then to find
A9(*) from (5.10) and - new value ¥ (+*)from (5.11). Continue this process before deriving

on N step the values of the desired functions with the required accuracy. Find the value of r*,,,
from the equation (5.19). And then find the function »(»*) from the equation (5.13).

Construct a trial function. If eq. (5.18) is valid at large values of »*, then eq. (5.10, 5.11)
implies that V(r*) =~I-v/*+.. As in the presence of the edge the behavior of the desired
functions is not determined at small values of ¥, it is natural to assume that the relative size of
r*um 18 more than unit. Providing that r*,,, > 1, specify a trial function as follows:

VO =1-v/r*. (5.20)
Substituting this expression in eq. (5 12) we ﬁnd

—3InFAC(r*_)|. (A.8)

*
7" min

(5.19)

2
©) _
F (F*)—l—g(”*mﬁr min T )r?—?rj- (5.21)
Based on correspondence principle, in this approx1mat10n we have
r
w2 gV (5.22)

a 3" r * i

A constant v can be chosen so that the values of a trial function and first approximation

coincide V@ (r* )=V D (r*_ )in the point r*=r*,;,. Substituting (5.20), (5.21) in (5.10) we
find

V(O) (,,*)

TR dr*, (5.23)

In A (%) = j

and then from (5.11) we have

V(l)(r*):(l_}_é;_iw(l_k ) ] dr* j ) (5.24)

2p*FO (r*) 27, 2r* O (r*) (r"‘)2 F® (r*)
In this case
V= (1 - V(l) (7’ *min ))7’ *1znin . (525)

25



This equation defines v as a function of *,,,.

Spline approximations were used for the calculations in the higher approximations. After
five successive approximations, solving the equation (5.19), we find (using six intervals in the
calculations) with an error equal to fractions of a percent

r*min:I 74.
This value is more than unit, as it was supposed. In a dimensional form
7 *nin~0.9357, .

The results of the calculations are presented in Table 4.

0=1/6; Xmax=0.575 ; re/o =1.859

x=q/r* V(x) F(x) A(X) CP(x)=r(x)/r*

0 1 1 1 1

0.1 0.9875 0.8160 0.7184 1.1792
0.2 0.9346 0.6381 0.4814 1.3523
0.3 0.8202 0.4746 0.2980 1.4556
0.4 0.6471 0.3386 0.1721 1.4378
0.5 0.4596 0.2366 0.0962 1.2288
0.575 0.3413 0.1813 0.0543 0

TABLE 4. Solution of the system of equations (5.10..5.13) at the value a=1/6.

The value of one of the metric functions - C(7) increases indefinitely at approaching to the
edge, however the determinant of the metric tensor and all invariants of the Riemann tensor are
limited at the same time. Indeed the Riemann tensor is generally covariant and the metrics has no
singularities in the spherical coordinate system (5.4).

The calculations were carried out at 6=1/6. Generally the solution will exist also at the
values ¢ lying in some interval adjacent to this value. The parameter ¢ can be chosen arbitrarily
in the range of the acceptable values, therefore the distribution of fields in the region of about the
gravitational radius will differ among themselves at the identical values of the total energy.

Thus, at the presence of the constraint (1.1) there is a nonsingular stationary particle-like
distribution of the centrosymmetrical gravitational field for which the equality of inertial
(defined according to Mach’s principle) and gravitational mass is satisfied. A horizon (existed
in the solution of GR equations for centrosymmetrical empty space) is absent in this case.

6. Conclusion

It has historically developed so the principle of general covariance of the gravitational field
equations served as a basis for the canonical theory of gravitation. The paper contains the
foundations of the quasi-classical theory of gravitation where this principle is replaced by its
antithesis (as it was with the fifth postulate in Lobachevsky's "The imaginary Geometry"). A
distinguishing characteristic of the theory is that space-time manifold is endowed with all the
properties of a material medium in addition to the metric and connectivity. And the gravitational
field is the main source of energy of the Universe. A consequence of this is the observed high
degree of homogeneity and isotropy of the Universe.

Another feature of the theory is the possibility of constructing of manifolds free from
singularities. Preliminary analysis shows that at a nonperturbative approach, the singularities
connected with the gauge interaction are also eliminated.

However, there is singularity on the edge of manifold (the moment of the beginning of
evolution of the Universe or the surface near the gravitational radius), where some observable
invariant quantities take infinite values. This fact should be considered as the sign of a necessity
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of quantum effects accounting near the edge. First of all, it is a symmetry violation between
particles and antiparticles on the edge. Note that the restriction of covariance leads to a decrease
in the number of primary constraints, in this regard the problem of "frozen formalism" is
eliminated at canonical quantization.

The accuracy of the available astronomical observations is still insufficient to make a
choice on their basis between the predictions of GR and proposed theory of gravitation.
However, the physical nature of a “dark energy”, “dark matter” and “inflatons” has not been
established over the past twenty years, and no new particles with suitable properties have been
detected at the LHC. It is an essential argument to make doubt their existence. It is established
that the maximum global energy density in the Universe was less than Planck's one by 64 orders
of magnitude and did not exceed the value being currently attained in experiments at the Large Hadron
Collider (LHC). From the point of view of the theory stated in the paper, all the effects associated
with hypothetical fields are only manifestation of the material essence of the gravitational field.

Appendix I. Energy of the static isotropic gravitational field

By the Bianchi identity the energy density of the gravitational field 7,,” must satisfy to the
relation:

10 1085 .,
— = (JeeTr )= =0,
X ( g H ) 2 a H
In case of a static field the energy of the gravitational field is conserved:

E=| aiv (W—ery htx =17 gds, . (A1)

where according to (2.3)

i c“{ﬂa[ acpj w 1L N-gow ., 1 o-g oo
0o — a s

162G ox’  ox” J-g ox’ ox’

In a static field the last two terms in this relation are equal to zero and (A.1) (taking into account

(A.2)) takes the form:
oG ( jd V. (A.3)

Substituting here the expressions for the components of the metric tensor we derive from (5.2):
c* 1 d r* do r’ dq)
- e - A - dr|. A4
16;sz 8 dr\C+G dr I gdr (C+G) dr (A.9)
Let’s consider now that by definition and by the relation (5.13) also:

}. (A.2)

C(V*)+G(F*)=%, rzcz’r:%r*)r*2 dr*. (A.5)
r r -g

Substituting these expressions in (A.4) and passing to the dimensionless coordinate 7*/a, we
have:

B T P2 F(r¥) dd d\/_ ] A6
2 V(g dr¥ dr¥

_ctalr®
4G Vr*) dr*
By the relations (5.7"), (5.10)

d
®=-In(FA™?) = , A =— (A.7)
-g dr r*

Taking into account these relations
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r¥*—o0

= - —3InFA(r* ) |- (A.8)
4G | V(r*)dr*
Boundary values of the derivative of the function F(r*) appear in the relation.
Considering fields behavior at infinity and fact that dF/dr*= 2F/r*,,, by the relation (5.12)
at r*=r*,, we find:

E—C4O{ r¥ dF

‘*‘
" min

r¥—om

r* dF

rg” 2F(l" >x<min )7" *min
VO dr* T

a V(r*min)

(A.9)

*
" min
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Co0oneB Anexcanap IlaBnosuy
sapsolto@mail.ru

AHHOTaUA

B o6me#i Teopun otHocutenbHocTH (OTO) mpu BBIBOJE YpaBHEHUM T'PaBHUTAIIMOHHOTO
MOJISL MCTIOJIH30BANIOCH MPEIOJIOKEHHE O KOBAPUAHTHOCTH HUX OTHOCHUTEIBHO IMPOU3BOJIBHBIX
npeoOpa3oBaHnil KOOpAMHAT. 3a HUCTEKIIEe CTOJIETHE HEOJHOKPATHO BBICKA3bIBAJIIOCH MHEHHE,
YTO TaKOe PaBHOMPABHE BCEX CHCTEM KOOPJMHAT, MOKET HE COOTBETCTBOBATh PEAbHOCTU. TeM
HE MEHee, /10 HACTOSIIEro BPEMEHHU CTAaTyC 3TOr0 MPEANONOXKeHHS Kak (yHIaMEHTaIbHOTO
(du3NYECKOro MPUHIMIA HE TOJBEpPTraeTcs COMHEHHI0. B cTathe chopMynupoBaHbl UCXOIHBIE
YpaBHEHHS TEOPUM TATOTEHUST C OTPaHUMYEHHOM 3a CcYeT BBEJACHHUS CBs3UW OOIIeH
KOBapHAHTHOCTHIO. OTpeieNieHO MOHSATHE IIOTHOCTH SHTPOIMUHU MPOCTPAHCTBEHHO-BPEMEHHOTO
KOHTHHYyMa, ¢ (U3NYECKOM TOUKU 3PEHHsI CBSI3b MHTEPIPETUPYETCS KaK JTOCTATOYHOE YCIOBUE
a1MabaTUYHOCTH TIpollecca HBOJIONUHM ero MeTpuku. Ha 3Toil ocHOBe mocTpoeHa Oa3oBas
MoJielb 3BoJOLMK BceeneHHoM, coriacyromascs ¢ HaOMoAaTelbHBIMU ACTPOHOMHYECKUMU
JTaHHBIMU 0€3 TPUBIICYCHUS TUIIOTE3 O CYIIECTBOBAHUH «TEMHOM YHEPTUN», KTEMHOU MAaTEPUI
U «H(DIATOHOB». YTBEpXKIAeTcs, YTO MaKCHUMallbHas TIJI00ajbHasi IUIOTHOCTh HSHEPTUHM BO
Bcenennoii Opu1a Ha 64 mopsiiKa MEHbIIIE TUTAHKOBCKOM, a TUIOTHOCTh SHTPOMHH Ha 18 MopsIkoB
npesbiaet npeackassiaeMoe OTO 3HaueHue.

KitoueBbie ciioBa: rpaBUTalUs, OTPaHUYCHHAS KOBAPUAHTHOCTh, HECHHTYIISIpHAS TEOPUS,
SHTPONUS MPOCTPAHCTBA-BPEMEHH, IBOIIONMS BeeneHHOM.

1. BBenenue

Bbonee cra ner Ha3zax npu BBIBOJE YpAaBHEHUH I'paBUTALMU W3 BApUALMOHHOTO MPHUHIIMIA
. TunebepT chopmymupoBan «akcuomMy oOIeld MHBAPUAHTHOCTH JEUCTBUS MO OTHOIICHHUIO K
MPOU3BOJBHBIM TMPEOOPA30OBAHMSIM MHUPOBBIX MapaMeTpoB (KOOPAWHAT)» M BhIOpanm «R -
WHBapHaHT TeH30pa PumaHa (KpUBH3HBI UETBIPEXMEPHOTO MHOro00pasus)» B KauecTBe
JarpaHKMaHa rpaBUTalMOHHOrO moJjs [1].

Tpems romamu panee A. DitHmTeitH mucan [2, c. 237, 243]: «Heob6xomumo, Brmpodem,
MOMYEPKHYTh, YTO y HAC HET HHUKAKUX OCHOBAHWH I OOIIeH KOBAPHMAHTHOCTH YpaBHEHUU
rpaBUTALUU.... Mbl HE 3HA€M OTHOCHUTENIbHO KaKOH TpyMIbl MpeoOpa3oBaHUN TOJIKHBI OBITH
KOBapUaHTHBI UCKOMbIe ypaBHeHHUs. CHadana HanOoliee €CTECTBEHHBIM KaxxeTcs TpeOoBaHME
KOBAPUAHTHOCTH CUCTEMBI YPaBHEHUUM OTHOCHUTEIBHO npou3sobHulXx (KypcuB A. DWHINTEHHA)
peoOpa3oBaHUI».

VYcnex KaHOHUYECKOW TeOprH TATOTEHUs Kak OyATo Obl MOATBEPANI MPAaBUIBHOCTD TAKOTO
JIOMYIIEHHUs, a CaMO OHO CO BpeMEHeM o00peno craryc (pyHIaMeHTaIbHOrO MpHHLUMIA. XOTS
paHee BBICKa3bIBajach M JApyras MPOTUBOIOJIOXKHAS Touka 3peHus [3, ¢. 631]: «...dusnueckmii
cMbici OTO cBOAUTCS MMEHHO K CO3/JaHHMI0 HOBOM Teopuu TAroteHus. IIpaBma, cam aBTOp
Teopun A. DUHIITENH U P €ro mocjieaoBaTesiell MpUAepKUBAIOTCS MHON TOYKU 3peHusd. OHU
cuuraror, yro OTO mnomMuMo »3TOro (M B TEPBYIO OYEPENb) YCTAHABIMBAET IPUHLHUII
pPaBHOMPABHUS BCEX CUCTEM OTCUETA....C 3TOM TOYKON 3pEHUS, OJTHAKO, TPYAHO COTJIACUTHCS, TaK
KaKk TpU TOM PaBHONPABUE CHUCTEM OTCUYETa C TOYKH 3pEeHUs (POpPMaJbHO-MATEMATHYECKOTO
anmapara HE3aKOHHO HCTOJKOBBIBAETCS KaK paBHONpABHUE M MO HUX (PUINUECKOMY CYIIECTBY
Jenay.

B cBere HOBBIX 3KCIEpUMEHTaIbHBIX AaHHBIX [4-6] OTO yxe He KaxkeTcs CTOJb
He3bpI0IeMoi Kak mpexae. s oObsICHEHUs MOMYYeHHBIX Pe3yJbTaTOB B paMKax 3TOH TEOPHU
MPUIILIOCH BBECTH HEeKue runoteTrndeckue cymuoct (ACDM — monens [7]), mpupoia KOTOPBIX
JI0 HaCTOSIILIEr0 BPEMEHU HESACHA.
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[lo HamemMy MHEHHIO, WMEHHO, 00was KOBAPUAHMHOCMb VYPAGHEHUl  AGNAeMCs
ucmoynuxom mpyonocmer OTO. OOHapyKeHHbIE YK€ Ha CTaauu e¢ (OPMHPOBAHUSI, CETOTHS
3TU TPYAHOCTH CTald COBOKYIHOCTHIO HEPEUICHHBIX [0 HACTOSIIEro BPEMEHU NpoOiIeM:
MpoOJEMbl SHEPTUHU, CHUHTYISPHOCTEH, KOCMOJOTHYECKOW ITOCTOSHHOM, «XOJOJAHOW TEMHOMU
MaTepun», MPOOJEMBl OIMUCAHMUA HIIEMEHTAPHBIX YAaCTHIl, MPEACTAIONIMX B KAHOHHMYECKOU
TEOPHH IPABUTALMH B O0JIMKE «MUKPOCKOIIMYECKUX YEPHBIX ABIP» M, HAKOHEILl, HEBO3MOXHOCTb
CO3/1aHMs KBAaHTOBOM TeopuH TAroreHus Ha ocHoe OTO.

OueBUAHBI MyTh IOCTPOEHUS He 0Owe KOBAPUAHMHOU meopuu mA2omenus 0Oe3
Hapyuwienus axcuom [ unbbepma BUANTCS BO BBEJCHUHM ANPUOPHBIX CBS3EH, OTPaHUUYMBAIOIINX
BbIOOp cHcTeMBbl KOOpAMHAT. PaHee mpeanpUHUMaNNCh HOMBITKM TAaKOTroO poja, MpUMEp TOMY
YHUMOJIYJISIpHAs TEOPHs TATOTEHUS, HCTOKH KOTOPOH BocxoasaT k A. DifHmreliHy. B oOuiem
ClIy4ae CIEACTBHEM BBEICHMS CBA3CH SBISIETCS BO3HMKHOBEHHE KpAacB y NPOCTPAHCTBEHHO -
BpeMeHHOro MHoroo6pasus. Ilpm Hamuuunun auddepeHunanbHON — CBSI3M  TMOSBISIETCS
BO3MOXHOCTb BBIOpaTh IOJOXKEHHE Kpas TakUM OOpa3oM, YTOOBI BBIAEIUTH HE CHUHIYISPHYIO
BHYTPEHHIOIO 00J1aCTh MHOT000pa3Hsl.

[Ipu takom monaxoje yexamuii B ocHoBaHuM OTO o0mui TPUHIUIT OTHOCUTEIHLHOCTH,
KaK MPHUHIMI SKBUBAJEHTHOCTU BCEX CHCTEM OTCYETa, COBMECTHUMBIX C MCEBJOPUMAHOBOMU
METpPUKOM, HE HapyiaeTcs. KpoMme TOro He CTaBUTCS MO COMHEHUE M HE3BIOJIEMOCTh IPUHIIUTIA
WHBAapUAHTHOCTH  JEHCTBUS Mamepuu OTHOCUTEIBHO TPOM3BOJIBHBIX IPeoOpa3oBaHUN
koopauHaT. B To xe Bpemsa B otnuune ot OTO cea36 ocpanuuueaem obwyro ko8apuanmuocmeo
ypasHenuti epasumayuy. Takum o00pa3oM, ampuopu B OSTOM CIy4yae BBINOJHAETCA JIHUIIb
«CpETHECUJIbHBIM TMPUHLMUID SKBUBAJIEHTHOCTH [8]. DTO, OAHAKO, HE MOXET SBISTHCS
OCHOBaHHEM [UIsl TOTO, 4YTOOBI OTBEPrHYTh MpeUlaraeMblii MOAXOJA KaK HPOTHBOpEYaIlnit
HKCIIEPUMEHTAM MO MPOBEPKE CUIIBHOTO MPUHIMUIIA SKBUBAJEHTHOCTH JI T€ KOCMHUYECKHX
MacmTabos [9].

Jleno B ToMm, uto yxxe B OTO B pamkax ACDM — mMozenu caMo nIpOCTpaHCTBO HAAEIsAETCsS
sHepruei. To ke caMoe MPOUCXOUT U TIPU BBEIICHUH allPUOPHOM CBSI3U. B cuily HEeITMHEMHOCTH
YpaBHEHUU TpPaBUTAIMU TPOCTPAHCTBO CTAHOBHUTCS CAMOTPABUTUPYIOMUM OO0BEKTOM. Jliist
TaKOro OOBEKTa MOXKHO OINpEAeNUTh MHEPTHYI0 MacCy M TpaBUTAIMOHHYIO Maccy. PemieHue
YpaBHEHUI TPABUTALUN UMEET JOCTATOYHO CBOOOTHBIX MApaMeTPOB ISl TOTO, YTOOBI HE TOJIBKO
ofOecrieunTh TpeOOBaHME PABEHCTBA HMHEPTHOM Macchl TpaBUTAIIOHHOTO TOJIA  Macce
TATOTEIOUIEH, HO M OIpEAeNUTh WHEPTHYI0 MacCy B COOTBETCTBMM C MpUHUUIOM Maxa
(mocnemnsiss 3amada Tak u He Obiia permeHa B OTO). C 3Toil TOYKM 3peHUs PE3yJIbTaThl
AKCIEPUMEHTOB [9] cienyer paccmaTpuBaTh KakK yKa3aHUE Ha TO, YTO CYUeCMmEYIOm MOJbKO
maxue (K6asu)CmayuoHapHsle camozpagumupyroujue 00veKkmel, 0Jisl KOMOPbIX UHEPMHASL MACCa
pasHa macce epasumayuOHHoOU.

Axcuomsl ['nnpbepra chopmynrpoBaHbl Ha KOOPIUHATHOM si3bIKe. [ paBUTAIIMOHHOE TT0JIE

PEJICTABIISAETCS JECATHIO KOMIIOHCHTaMU g ,,, (x*) MeTpuyeckoro TeH3opa.

Hame ocHoBHOE MNpEANOJIOXKCHUC COCTOUT B TOM, YTO KOMNOHEHMbl MempuieckKkozco
meHnszopa gﬂv C65304Hbl 3AKOHOM COXPAHEHUA

6 I_
aju g" axvg =0, g=det(gw)ag““gvl=5f;(ﬂ,v=0,1,2,3)- (1.1)

JleBas ctopona (1.1) He sBisieTcs 0011e KOBapUAaHTHBIM CKaJIIpoM. Takoil cKajsip, BKIIOUAOIIHNA
BTOPBIC MTPOU3BOAHBIC OT HEKOTOPOH CKAIAPHON PYHKITUU ((X), TOTHKEH UMETH BUJ [ 8]

SN Y el ) 1.2
Eaxﬁ,@_gg axvj. (1.2)

OueBUHO, YTO HA OTPAHWYEHHOW Tpymme npeoOpa3oBaHUN KOOPAWHAT, HA KOTOPOH +/—g

SABIISIETCS CKajsipoM, B cuity (1.2) neBast cropona (1.1) Takxke OyaeT cKaasipom.
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[Tpu npon3zBoabHOM MpeoOpa3oBaHuy KOOpaAUHAT x* — x'* [§]

ox*

ax”/

W3 ompenenenus ckanspa cCleayeT, 4TO JETEPMUHAHT METPUUYECKOTO TEH30pa M3MEHSIETCS Kak
CKaJIAp TPHU MPeoOpa3oBaHUSAX KOOPJAWHAT C SKOOMAHOM IMpeoOpa3oBaHMs PaBHBIM MO MOYJIIO
SAMHHUIIC.

Taxum obpazom, cea3v (1.1) oepanuuusaem epynny OONYCMUMbBIX NpPeodPA308aAHULL
Koopounam om obwux oughgpeomoppuzmos 0o cneyuanvHvix Oupgheomopduszmos ¢ pasHvim
eduHuye axobuanom. Kpome TOro B OTIMYHE OT YHUMOAYJSIPHOW TEOPHU CBSI3b JIOIYCKAaeT
MIPOM3BOJILHBIC JTHHEHHBIE MPEOOPa30BaAHIS KOOPIUHAT.

g'(x")=g(x)-J*, J=det (1.3)

2. YpaBHemm IPAaBUTAIIMOHHOIO MOJA NPHU HATUYUU CBA3U

YroObl MOMYyYUTh OCTaJbHBIE YpaBHEHHsS TPAaBUTAIMOHHOTO TOJS HA MacCOBOM
IIOBEPXHOCTH, MCXOAd U3 AelcTBUs ['mnbbepra M BBOAS MHOXHTENb Jlarpanxka — ckaispHOe
nosie @, 3anuiieM aeiicTeue npu Hanuuuu cBasu (1.1) B Buze:

c’ 1 Oy—g oD
S, =- R+A)-gd'x, A= w 2.1
o= ong| BT AN-2 g o ° & &
R - ckansipHast kpuBH3Ha, R = ¢""R,, R,y — Ten30p Puuun,
a A a A A A
R, =—1,, __ﬁxv r, +1—‘W1—‘fp —FHPFVZ ,

v 2
o ox
»
I, — cumBoabl Kpuctodderns,

1—\/1 _1 Ap _agﬂv+agpy+agvp

w8 ox”  ox”  ox*
Teneps npu BapbUPOBAHUU JEUCTBUS 6C€ KOMNOHEHMbl MEmpUuiecko2o meHzopa u ckanip D
MO2Yym paccmampueamvpCsi KaKk He3a6UCUMbLE GeTUYUHDL.

IIpn BapbupoBanuu 1o noa0 @ K3 NPUHIUIIA HAMMEHBUIETO JEHUCTBHUS IOJIYYUM
ypaBHenwue (1.1).

CkansgpHass KpHBH3Ha KOBAapHMAHTHA OTHOCUTENBHO IPOU3BOJIBHBIX MPeoOpa3oBaHUi
KOOpJMHAT, TO3TOMY BBIYHMCIICHUE €€ BapUALlMU U COOTBETCTBEHHO BKJIaJa B YPABHEHUS IOJIA HE
MMEET HUKAKUX OTINYui OT [8].

Hanuune B narpaHkuaHe ONOJHUTEIBHBIX WICHOB IOMHMO CKaJIAPHOW KPHBHU3HBI
NPUBOJUT MPHU BapbUPOBAHUHU 110 METPUKE K MOSABJICHUIO B ypaBHeHUAX [ mibpOepra-DitHiTeiiHa
HOBOT'O O0BEKTa!

1 871G 871G
RHV_EgﬂVR:c_4(ggV)ﬂV+c_4(£maf)/1'/’ (22)
167G .y _ g 0 [ i amj_ 1 Oy-god 1 0yY-g o0 23)
ct e " ox” oxt) J-g ox' x" J-g o' ox* '

O6nekT (2.3) BemeT cebs Kak TEH30p TOJBKO MPH OTPAHWUYCHHOW Tpymre npeoOpa3zoBaHU
KoopauHat. OH KOBApUAHmMeH OMHOCUMENbHO CREeYUAIbHbIX Ouppeomopdusmos u 2nodaibHbvix
JIUHEUHBIX NPeodpaz08anHull KOOPOUHAM.

Cesa3p (1.1) He Britowaet nosnst marepuu. Iloatomy kak u B OTO nelictBue ans marepuun
OCTaeTcsi WMHBAapUAaHTHBIM TMpU OOIMHMX MpeoOpa3oBaHUsIX KOOpAWUHAT, a YTBEPXKIEHUE O
PaBEHCTBE HYIIO JMBEPreHLUU TEH30pa IJIOTHOCTH DHEPIHMM-HMITYJIbCA MAaTEpUU OCTAeTCs B
cuie v pu Hamuauu cBsizu (1.1).

[TockonbKy KOBapHaHTHAs IPOU3BOIHAS OIpEIesieHa IS TPOU3BOJIBHBIX Pe0o0pa30BaHMit
KOOpAMHAT, TO €€ JIeHCTBUE OIpeneaeHo U JUIsi OOBEKTOB, SBISIONIMXCA TEH30paMu
OTHOCUTEJIbHO OTpaHMYEHHOH Tpynnsl npeoOpa3oBanuil. Pa3sHuiia 3akimodaeTcst JUIIb B TOM,
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YTO MPH 3TOM HOBBIE OOBEKTHI OTHOCSTCS CHOBA K TOH K€ TpyIIe TEH30pOB, HA KOTOPHIE OHU
JIEUCTBYIOT.

JuBepreHiusi BbIpaXKeHUsI B JIEBOM CTOpoHE (2.2) paBHa HYJIIO B CHIIy CBEPHYTOTO
TokaecTBa buanku (crmpaBerIMBOCTh KOTOPOro OOyCIIOBJIEHA JIMIIL 00IIell KOBApUAHTHOCTHIO
TEH30pa KPHUBHU3HBI), MO3TOMY C Yy4YETOM BBIIIE CKAa3aHHOTO JIOJDKHBI PABHATHCA HYITIO U
JTUBEPTEHITNY TIPaBbIX CTOPOH Kak (2.2), Tak u (2.3).

Bce 5T0 B COBOKYITHOCTH MO3BOJSIET Ha3BaTh 00BEKT (2.3) TEH30POM IUIOTHOCTH YHEPTHH -
UMITyJIbCa TPAaBUTAIMOHHOTO MoJid. Bompoc 0 MOJOKUTENbHON ONpeAeNeHHOCTH IMIOTHOCTU
sHepruu OyIeT pacCMOTPEH B pasiene 3.

Takum 00pa3om, MBI MOTYYUIH CUCTEMY YpaBHEHHM, BKIIOUYarONuX cBs3b (1.1) U mecsats
ypaBHeHUN (2.2) nans OAMHHAALIATH TEPEUYUCIICHHBIX BBIIE HEU3BECTHBIX. Bcrencreue
OTpaHWYEHHOW KoBapuaHTHOCTH B oTiauume or OTO Henp3s GukcHpoBaTh KaTHMOPOBOYHBIN
MIPOM3BOJ BHIOPAB CHHXPOHHYIO CHCTeMYy OoTcueTa. OJHAKO CHHXPOHHU3AIMS YaCOB B HEKOTOPOU
OKPECTHOCTH 3a c4eT BbIOOpa KanuOpoBku g, (x) =0 (m=1,2,3) Bcerna BO3MOXKHa.

B npenenbHoM cnyyae, Korja IUIOTHOCTh SHEPTUU-UMITYJIbCa TPAaBUTALMOHHOTO TOJIS
Oyzer mnpeHeOpeXMMO Majla IO CpPaBHEHHIO C IUIOTHOCTBIO JHEPTUU-UMITYJIbCa MAaTEepHH,
ypaBHeHus (2.2) nepexonat B ypaBHeHus OTO u B mpejene ci1aboro rpaBUTAIIMOHHOTO ITOJISI
npuBogAT K HbroTOHOBY 3akoHy TsAroreHus. Ilpu stom ypaBHenue (1.1) orpanuumBaer
KaJIMOPOBOYHBII TTPOU3BOIL.

ITockonbKy ocTanbHble wWieHbl B (2.2) oOmie KOBAapHAaHTHBI, TO B IEJIOM CHCTEMa
YpaBHEHUH TpaBUTALMU TpPU HAIUYUU CBSI3U OyJeT KOBapuWaHTHA JIMIIb OTHOCHUTEIHHO
YKa3aHHOW OTpaHWYeHHOW TPYyMIbl MPeoOpa3oBaHUN KOOPAUHAT. DTOrO JOCTATOYHO, YTOOBI
OCTaBaJICS CTIPABEIMBBIM Psii YTBEpKAeHHH, moka3zaHHbIX B OTO. B wacTHOCTH B OECKOHEYHO
MaJIol OKPECTHOCTH OO0 TOYKM MOXHO BBECTH TAIUJICEBY CHCTEMY KOODJIWHAT, a TaKke
0o0paTuTh B HOJIb Bce CMMBOJBI Kpucroddenss He TOIBKO B TOYKE, HO W BIOJb 3aJaHHOU
MUpPOBOM uHUH [3].

C ¢wmsuueckoit Touku 3peHHss CBA3b (1.1) MokeT OBITP WHTEPHPETHPOBAHA Kak
JIOCTaTOYHOE YCJOBHE aJMa0aTUYHOCTH MPOIECca 3BOJIONUU METpHKU. OmnpenenuM BEKTOp
HOMOKA NIOMHOCIU IHMPONUU 2PABUMAYUOHHO20 N0 COOTHOLIEHUEM:

w 0lny—g Oln,/-g
—_— e (2.4)

ox*
B m1aHKOBCKO# CHCTEMe eIMHUIL 3Ty TOCTOSIHHYIO MOKHO 3aliCaTh B BUJIC:

o My — — A
s, V" =const-g , viv, =1 s, =const-v'(x)

const =a-—-, (2.5)
pl

rie k nocrosiHHas bonbiMana, [, IIaHKOBCKas JUIMHA. J{1 KBa3HKIACCUYECKON TEOPUH JOTKHO
BBITIOJIHATHCS ycinoBHe |a| < 1. 3HaK MOCTOSIHHOM a AOJKEH BBIOMPATHCS TaK, YTOOBI HA BpEMEHU
- TOJJOOHBIX Ie€0JIe3MYECKUX JIMHUAX IIOTHOCTh SHTPOIUHU OblIa MOJOKUTENbHOU. Tenepsb cBs3b
(1.1) MO>XHO 3amucaTh B BUJIE PENIITUBUCTCKOTO YCIOBUs aguadaTiuuHocTy [10]
0
= (V=gs,v)=0. 2.6)
OtmeTtnMm, 4TO B cuily ompezneneHus (2.4) Bce TepMOAMHAMUYECKHE MOTEHIMANbl OYyAyT
CKaJIsIpaMH TOJIbKO OTHOCHTEIHHO OIpaHUUYEHHOH BBIIIE TPYIIIBI IPeoOpa3oBaHui.

JIst BKITFOYEHUST B pACCMOTPEHHE CITMHOPHOM MaTepUU U KaTMOPOBOYHBIX IMOJIEH crcTeMa
ypaBHenuii (1.1, 2.2) moxet ObITh CHOPMYIHPOBAHA B HETOJIOHOMHOM OPTOTOHAJIBHOM perepe.
[Ipu >TOM Hapsiny ¢ apdUHHON CBSIZHOCTHIO BBOJMTCS CBSI3HOCTH CIIMHOBAs. JTO BO3MOXKHO,
HECMOTpsl Ha HAJIMYME CBS3HM, MOCKOJBKY TPYIA JIOKAJBHBIX JIOPEHLEBBIX MPeoOpa3oBaHUN
YHUMOJYJISIPHA.

Ecnu mpenamnonoxurh, 4TO Ha Ha4yajJbHOM A3Tale 3BOJIIOUMHM BceeneHHOW Marepus urpaia
HE3HAYUTENIbHYI0 pPOJIb U MOXKHO MpeHeOpedb IIOTHOCTHIO IHEPrHHU-UMITYJIbCa MaTepUu, TO
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cucrteMa ypaBHeHUHM (2.2) paaukalbHO ymopomiaeTcs. B 3Tom ciiyyae MOXXHO HaWTH TOYHOE
obmee pemenne cuctemsl ypapHeHui (1.1, 2.2), mpudem 310 pemieHne OyaeT eTMHCTBEHHBIM.

3. IBoJIIOLMS NPOCTPAHCTBEHHO - BPEMEHHOI0 KOHTMHYYMA B OTCYTCTBMU MaTepPUH

OueBHIHO, YTO W3HAUYAJIbHO ITYCTOE MPOCTPAHCTBO BBUIY OTCYTCTBHsI COOBITHH Bcerna
SIBJISIETCS. OJTHOPOJIHBIM.

B TpexmepHOM MNpOCTpPAaHCTBE HMEETCS JEBATb BO3MOXHBIX THIIOB OJHOPOIHBIX
MPOCTPAHCTB C 3aBUCAIICH OT BpeMeHH MeTpukoi (knaccudukarus buankum) [11]. B
OJIHOPOJIHOM IIPOCTPAHCTBE CKAJAPbl HE 3aBUCAT OT MPOCTPAHCTBEHHBIX KOOpAHMHAT. B
paccMaTpuBaeMoOil TEOpUM JI€TEPMHMHAHT METPUYECKOTO0 TEH30pa SBIAETCA  CKaJSIpOM,
CJIEI0BATEIIbHO, OH MOXET 3aBHCETh TOJBKO OT BPEMEHH. JTOMY YCIOBHIO YJIOBJIETBOPSIOT
JMIIB 0JTHOpOHbIe pocTpancTBa Tuma [ u Il mo knaccudukanum buanku. s nepBoro n3 HuX
METPUYECKUN TEH30p 3aBUCHUT TOJBKO OT BPEMEHHU-TI0I0OHOM KOOpAMHATHL. B 3TOM citydae, ecnu
NPOCTPAaHCTBEHHAsi METpPHKa HE BBIPOXKJEHa, TO Haumbosnee oOliee BBIpaXEHHUE s
MIPOCTPAHCTBEHHO-BPEMEHHOTO HMHTEpBaJia MpeoOpa3oBaHUEM KOOPAHWHAT C PAaBHBIM €IUHUIIE
sikooranom [11]:

= x’, X" x"+e"(x),
BCEr/1a MOKET ObITh MPUBEJICHO K BUY
ds® = gy (x")dx")’ +g,, (x")dx"dx", y = —det(g,,)>0,(mn=1273). (3.1)

OtcyrcTBUE O0OIIel WHBaApUAHTHOCTH JAcicTBUs (2.1) He MO3BONSIET HUCKIIOYHTH g
KOMIIOHEHTY METPHUKHU, TIO3TOMY BbIpaxKeHHUsl, I1s1 cuMBOJI0B Kprcroddens u OTIMYHBIX OT HYJISA
KOMITIOHEHT Te€H30pa Puyun, HECKOJIbKO OTIMYAIOTCS OT BBIpaXKEHUH, MpUBEeIeHHBIX B [11].

0 1 o dg 0 0 1 00 dg, m w1l o dgy
FOO :Eg dx(z)o ’FOI :0, Fnl :—Eg dxo ’FOO :0, FOI :Eg dxo ’Fnl :0, (32)
d,
Rg =- 1 do 1 d}; L g gkop g” dg"{}’ ) (3.3)
28y A"\ /&y X 4800 dx dx
1 d o A2,
Rl = Lg pg_ko _ (3.4)
2.2, dx oo dx
OTMYHBIC OT HYJII KOMIIOHEHTHI TEH30pa MNIOTHOCTH SHEPTHHA-UMITYJIbCa:
(e, ) - ¢t | d( 1 do 2 dygyy dd 35
“/0 " 162G | dx” i’ ) dx®  dx’ | G-2)
X\ 8o 4X ooV En? X X
¢t d 1 do
(e, ) =~ g 157 (3.6)
162G dx” \ g,, dx
C y4eToM 3THX COOTHOIICHUH YpaBHEHUS TPABUTAIMOHHOTO IOJS ApU HAIUYULU CE53U TIPUMYT
BUL:
d [ 1B |, (3.7)
dx’\| g, dx’ ’ '
_ 1 d 1 d}/ _ 1 mk dgkp gpn dgnm . 7800 d 1 dod (3 8)
2g0 &\ 7ge &) 420 dx’ dx’ 2 dx’ | gonlrge dx° ) '
d,
_ do 7 gmp gk(;n :5kp do )/g-OO dc)i) . (39)
dx &oo dx dx 8o dx

N3 (3.9) cnenyer:
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gmp Ciclgkm é‘p Z:qz — gOO Li . (310)
X X \ v

[TocrosiHHas Matpuua L} He siBisgercs mpou3BoabHOM. [lockonbky u3 (3.10) cienyer

dg, d® oo
L = | L7, 3.11
dx() gkn dx() 7/ gnp k ( )
MaTpHULa JOJKHA YIOBIETBOPITH YCIOBUIO:

g, (xIL =g, (x")L} . (3.12)

Jlisi MeTpUYecKoro TeH30pa OOILIero BUAA 3TO YCJIOBUE OYyIET BBINOJHATHCS TOJIBKO B
cilyyae, KOrja Marpuua L7 NponopLHMOHaNbHA €AMHUYHON MaTpuue. B mpoTHBHOM ciydae
marpuua L? = diag(L; L, L3) 1 MeTpu4ecKuil TeH30p TaKKe JOKEH ObITh JUarOHaIbHbIM.

VYnpomas (3.10) mo uHIeKcam p u k, moyuum:

3 dCIZ __Ldy | |8 I, (3.13)
dx v dx’ Y
u cucteMa ypapHeHu# (3.10) mpuauMaeT B
pm dgk(;n _ 1 dy S5+ @(ij—ld,fﬂ;j. (3.14)
dx’ 3y dx° 4 3
U3 (3.14) cnenyer
d d

m gk: g gnom _11 d7 @[L‘ZLZ _l(/;;)z}_ (3.15)

dx dx 3 }/dx 4 3

Ucnonb3yst 310 BBIpakeHne u (3.13), MoxHO wHCKIOYNTE © W BCe MPOCTPAHCTBEHHBIC
KOMIIOHEHTbI METPUKHU U3 ypaBHeHus (3.8) u 3anucarh €ro B BUJE:

2
d(1ld 1(1d 3¢’ L, d 1 1 d .
3_(——7}—[——7} + L, =3 (L) )= g7 ( = anJ,B-l@

dt\y dt ) 2\ y dt 2y \/_d
Ir7ie BBEIEHO 0003HaueHue cdf = /g, dx’.

U3 ypaBuenus (3.7) cnenyet
1 gy 1 dy 1

g dt y dt T\/_
DT0 ypaBHEHHE MO3BOJISIET UCKIIOUUTH ggp U3 (3.16) u 3anmucaTh ypaBHeHHE TS (DYHKIIUHU V:

= const . (3.17)

2 d(ldy), L dy o g 3ipege Ligay (3.18)
dr\ydr y\/_df 2 T3

rae t=t/T Ge3pa3mepHoe Bpems, B} =cTL? - marpuna 0e3pa3MepHBIX NMOCTOSHHBIX. [lopsaok
ypaBHeHHs (3.18) MOXHO MOHM3WUTH NPU BBEACHUM (PYHKIUH u(y) — Oe3pasMEepHON CKOPOCTH

U3MEHEHUS 00beMH020 Pakmopa -y

d
U= —*/; . (3.19)
dr
YpaBHEeHUE PUMET BU:
_d
S _ay oy o, Hudu Jr (3.20)
dy 4u> —2u+o \/;

3amMeuaTenbHO, 4TO Npu ¢ > 1/4 ompeaenuTenb NPOCTPAHCTBEHHOW METPUKH HUTAE HE
paBeH Hymt0. CiedosamenvHo, 6 5mMoM cydae Hem CUHSYIAPHOCHEL.
WNuterpupys ypasaenue (3.20), Haiinem:
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-2u+o 1 4u—1 1
/ =f(u), f(u)= 1/ exp{ 4a_l(arctgm+arctg 40_1H, (3.21)

THE AV - MUHUMAaNbHOE 3HaYeHue |y (u) npu u = 0.
Huddeperuupys (3.21) no T, noxydum:

1 d df(u)du d 4y
Vv _dde & A, (3.22)
Y min dr du dr du 4u” -2u+o

Ortcrona ¢ yuerom (3.19), (3.21) HalimeM B mapaMeTpuiYecKOM BUJie penieHue ypasHenus (3.18)

r=ty =7 j 4 2f N ) (3.23)

Deonoyus NPOCMpaAncmed HAYUHAEMCs 6 MOMEHM BPEeMeHU Ty U3 COCMOSAHUSA NOKOs C
MUHUMATBHBIM 00bEMHBIM (DaKMOpoM.
U3 ypaBuenus (3.17) ¢ yuerom (3.23) cienyet
dt Voin 4 f (u)du 4du
dIn(yg,) = =— .
T\/_ 4> 2u+o 4’ -2u+o

goo(“): o- f(u)
200 (0) 4’ —2u+o’

VICIoib3yr0 3T0 COOTHOLICHHE, UCXO/Is U3 ompeereHus (3.19) MOXHO moKasats, 9T0 du « dx° .
Paccmotpum Belpakenue (3.5) ns IIIOTHOCTH SHEPIUU Ha ypaBHEHUsX noust. Mcnonb3ys
cootHomenus (3.13) u (3.17), mpeobpazyem (3.5) cneayrommm oOpa3om:

) 2
(ggr)g_pgr_c—[i(ld_yj_i_l(lﬂj +— 1 d7/ LB,’;] (3.24)

4872GT* | dr\ydr) 2\ ydr 2\/_ydr 2y

Ucnonw3ys ypaBHeHue (3.18) uckirounM BTOPYIO TPOU3BOAHYIO, TOT 1A

c’ 1 dy 3 c? [ 3 1 }
=~ |l 5 - Bka - _ 2u2 . Bka _ Bk 2 3.25
Pr 967zGT2H7dT 27[ ( D= 487GT?y 2 1BiB, —3(B)"11(3.25)

IlepBbIii uneH B CKOOKax MNpH MalbIX 3HAYCHUSAX U CTPEMUTCS K HYIIO, BTOPOMl diieH,
XapakTepU3yIOIUN TJI00aJbHYI0 aHU30TPOIUI0 MPOCTPAHCTBA, IMOCTOSHEH, MOJIOXKHUTENIEH U
BXOIMT B BBIP@XEHHUE JUI IJIOTHOCTH SHEPTUU CO 3HAKOM MHUHYC. [Lnomuocms snepauu 6yoem
NOLOAHCUMETLHOT MOTILKO 8 MOM Clyuae, Ko20a 00HOPOOHOEe NPOCMPAHCmMEo u3omponno (B, «
O).

B stom ciydae pemenue ypapHeHu# (3.14) MOXHO MPECTaBUTH B BUJIC:

gkn = _71/35101 b (326)

a uaTepsain (3.1) -
ds® = g, (x")dx*)’ =y (x*)dx"dx"S,,. (3.27)

3aMeTuM, 4TO OJHOPOJHOE MPOCTPAHCTBO THma Il MMeeT HeyCTpaHUMYK0 aHU3O0TPOIHUIO.
[TosTOMy WMess B BHIy CBsI3b IOJOXHTEIHHONH OIPENEICHHOCTH IUIOTHOCTH DHEPTHH C
OTCYTCTBHEM AaHHM30TPOIHMU, MOKHO YTBEPXKIaTh, YTO HE CYIIECTBYET JAPYrodl KpoMe BHIIIE
OIMCaHHOHN HETTPOTHBOPEUYUBON TEOPHH OJTHOPOTHOTO TIPOCTPAHCTBA.

Beenem mapamerp Xab0ia H M B COOTBETCTBHH C COBPEMEHHbIMU NPeOCmAasieHUusmu
napamemp ycxkoperus q (6mecmo napamempa 3ameonenus [8]):

1 1 1
=LA gy . d[1dr) (3.28)
6Ty dr 6HT? dr ydr
[ToacranoBka 3TuX BhIpakeHUU B (3.18) MO3BOJISIET MOTYUYUTh YpaBHEHUE, OMHUCHIBAIOIIEE
CMEHY 3I0X YCKOPEHHsI-3aMeAJICHUSI.

36



(3.29)

:z[ﬁ_g 3
Hu@y) o

OTcrona cnenyer, 4To BO3MOXHBI J1Ba cueHapus. [Ipm 6>3/4 BO3MOXKHO TOJIBKO YCKOpPEHHE
(g>0). IIpu 3/4 > 6 > 1/4 BOo3MOXKHA CMEHA AMOX: YCKOpEHHE-3aMeJIeHne-yckopenue. CmeHa
SMOX MPOUCXOAUT IPHU 3HAUCHUAX

- V3 - V3
u, = > ~0.1376, u, = <
Ya—40/3 T aWB3 V) T T T 1-1-40/3 43 -42)

Obuapyoicennas Hedagno cmena 3nox [4-6] ykasvigaem Ha mo, 4mo umeem Mecmo 6mopoll
cyeHapuii.
MakcumManbHasi BEIMYUHA 3aMEIJICHUS IOCTUTACTCS IPU U=0

9 max =1—%>-2- (3.31)

[Tocne HacTymieHUs BTOPOM 3MOXH YCKOpPEHHUsS B COOTBETCTBHM C (3.29) ¢ acHMNTOTHYECKH
CTPEMUTCH K CAUHUIIC.

[TnoTHOCTE »HEprum TpaBUTAMOHHOTO Tonsa (3.25) cBs3aHa ¢ mapameTpoM XabO0ma
COOTHOLLIEHUEM:

~1.3624.(3.30)

2 2
_3¢"H (1)
« 872G
TakuM 00pazoM, npocmpancmeo 0OHOPOOHO U UBOMPONHO U 001adaem cOOCMBEHHOU IHepeUel.
[Mpuyem B mO0OH MOMEHT BPEMEHU NJIOMHOCHbL JHEPIUU PABHA KPUMUYECKOU NIOMHOCHIU.
[Tapamerp Xab0ma MOCTHTraeT MAaKCUMAIBHOTO 3HAYEHUS B AMOXY MEPBOTO YCKOPEHUS MPH U =

(3.32)

/2 < u;
Jo arctgdo —1
H, .\ =—F7——¢exp| ——F—|, (3.33)
6T\ in V4o -1
a 3aT€M MOHOTOHHO YOBIBAET, CTPEMSCH K TIOCTOSTHHOMY 3HAYCHUIO
1 1
H, =———exp| ——| arctg—— ] (3.34)
6T\ ¥ i ( Vdo -1 ( V4o -1 2 J

HpOCTpaHCTBCHHBIe KOMITOHCHTBI TCH30pa MJIIOTHOCTU SHCPTUU-UMITYJIbCA, ONIPCACICHHBIC
cooTHoteHusIMHA (3.6), Ha YpaBHEHHUSX TTOJIsI PABHBI:

2 2
(%»)p c < d(1ldy 1 1dy 1 dy lB,'] 57, (3.35)
F T 482GT? | dr\ y dr i ydr z[ vy dr ' 2y

U OTJIMYAIOTCS OT BBIPAXKEHUS ISl IJIOTHOCTH PHEPTUU 3HAKOM IOCJHEAHHMX JIBYX WICHOB. JTHU
KOMIIOHEHTBl MOTYT MpPUHUMaThb B TNPOILECCE OHBOJIONMHM KaK IMOJIOKHUTEIbHbIE, TaK U
OoTpuUllaTeNibHbIe 3HaueHus. Vckiroyasi CHOBa BTOPYIO MPOM3BOJAHYIO C MOMOIIBIO YpaBHEHUE

(3.18), u nonaras, Kak 3TO MPUHATO JUIA MAaKPOCKOMMYECKUX CPeNl (&,,), = - PgrO, , 3ANHUIIEM

JAaBJICHUC T'PAaBUTAMOHHOI'O ITOJIA B BUAC!

c? u -2u+o

487GT? y

Orcroga cnenyer, uro npu 0.25 < o < 0.5 TpoOUCXOAUT W3MEHEHHE 3HAKa JIaBJICHUSA NPHU
CJEYIOIIUX 3HAUYCHUSIX U:

1-J1-20 +2-1 1+1-20 2 +1

uy = <0.146, =< ~0.8536  (3.37)

242 242

FpaeumaquHHoe none umeem NOAONCUMENbHOE OaBleHUE 6 npomescymke uUz<u<uy, 6
oOCMAjlbHblX CYHasix eco oasjeHue ompuyameilbHoe.

Py = (3.36)
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Paccmorpum tenzop Puyun. [oacrasnsis cootnomenus (3.14), (3.15) B (3.3), (3.4) naitnem
BBIPAXXEHUS IS €r0 OTJIMYHBIX OT HYJISl KOMIIOHEHT Ha YpaBHEHMSIX MOJIS:

oo Ld(1dy) 1 (1dyY
C2crdt\ydt ) 122\ ydrt )’

Hckmroyass BTOpbIE TNPOM3BOAHBIC, 3alMIIEM BBIPDAKEHUS MU CKaJSIPHOM  KPHUBH3HBI
[IPOCTPAHCTBA- BPEMEHHU ‘Ru CKAJIIPHOM KPUBU3HBI IPOCTPAHCTBA ’R.

R=R'=—— (4’ -2uto)=- (u-l) +4o-1 (3.38)
4e° Ty 16¢° Ty
‘R=R)+R; = —%(§u2 —2u+0']. (3.39)
2¢° T y\3

U3 (3.38) cnenyer, 4To cransapHas KpususHa npocmpancmea ececoa ompuyamenvra. KpuBuzna
Ke TPOCTPAHCTBA - BPEMEHHM H3MEHSETCS B TIPOIECCE DBONIONMHA W TPUHUMAET CHadaia
OTPUIIATENILHBIE 3aTEM IMOJIOKUTEIHHBIC U, HAKOHEII, CHOBA OTPHUIIATEIIbHBIC 3HAUCHUS.
B cuny (3.32), (3.33) makcumanbHas TUIOTHOCTh DHEPTUU TPABUTAITMOHHOTO TTOJIS paBHA
c’o 2arctgN 4o —1

P = e eXp| . (3.40)

962GT’y, . Vdo -1

[Momaras nnst onpeneneHHOCTH 6=1/4, CBsKEM 3HAYEHUE TTOCTOSTHHOM
1/2

2
R (341)

8e\ 677G Py n

C MaKCHUMAJIBHOW TUIOTHOCTBIO SHEPTHH.
CootHomrenus (3.23), (3.28) MOXKHO 3amucath B pa3MEPHOM BUJIE:

L f(y) _ 1 u
t—t, =Ty, J- dy’H(u)_?,T\/af(u)'

Cornacno (3.21) f(u) 3aBUCUT TOJNBKO OT HOCTOHHHOfI o. IIpu noacTaHoBKE B 3TH COOTHOIIEHUS
COBPEMEHHBIX 3HaueHMI [12]: BpeMeHH OT Hayajga 3BOJIONMHU JO TEKYIIEro MOMEHTa (to-tst =
4.355-10"¢c) u mapamerpa XaG6ma (H° = 2.181-10"%c") momyumm c yuerom (3.41) mapy
yYpaBHEHHH IS IBYX HeI/ISBeCTHBIX 0 Y 3HAUCHMSI TapaMeTpa ¥ Ha TeKYIIUH MOMEHT BPEMEHHU

_ / 4/() 0 _ 1 u’
t =T ymln_[ 2y+o_dy’H - 3T (]/min f(uO)

KBasuknaccuuecknuil MOAXOJ OINpPaBJaH IpPU YCIOBHM, 4TO mapamerp 7./y,... =t

(3.42)

pl rae tpl -

IJIAHKOBCKOE BpeMsi. MunumanvHomy 3Hauenuro 3moz2o napamempa coenacio (3.40)
coomeemcemayem MAaKCUMAIbHASE NIOMHOCMb 9HEP2UU 2PABUMAYUOHHO20 NOJA HA Yemblpe
nopA0Ka MeHbULas NAAHKOBCKOU. B 3TOM citydae perieHne CuCTEMbl YpaBHEHUI:

o =0.2501278985, u’ =6.119954849. (3.43)

Pe3ynbTarhl pacyeToB OCTaJIbHBIX MAapaMETPOB I 3TOTO ciiydas npezactasiieHbl B Tabmuie 1.
Hwxe B Tabmuue 2 mpuBeAeHbI pe3ylbTaThl aHAJIOTMYHOTO pacyera, HO ¢ MaKCHMaJIbHOM
IJIOTHOCTBIO PHEPTUM PABHOW TOM, KOTOpasi JOCTUIaeTCsl Ha yCKOpUTENsx ¢ sHeprueit B 1 TeB
(Pgrmax = (1TeB)* = 2:10% ITx-m7).

Jns mapameTrpa u# BBIOpaHBI XapaKTEpHBIC 3HAYCHHS uo, u2, u4, o, u3, ul, o/2,
JIOTIOJTHEHHBIE PSAZIOM MTPOMEKYTOUHBIX 3HaYeHUN. B Tabmuiie: q — KOCMHYECKOe YCKOpPEHHUE, Z —
KOCMOJIOTHIECKOE KPACHOE CMEIIIeHHe, “R - KPHBH3HA POCTPAHCTBA, t-ty — COBCTBEHHOE BPEMH,
H — napamerp Xa66ma.
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TV imin = b1 €5 Pgrmae =5.2-10' Tk -M 75 6=0.2501278985; u"=6.11995485

u q z 3R, M t-ts , C H, ¢’
6.11995485 0.7599 0 -4.382-10°% | 4.358-10" 2.181-10"
1.362294109 0 0.850003 -6.309-10°% | 1.876:10" 3.074-10"°
0.853462941 0.5 1.416153 9216:10°° | 1.129-10" 4290-10"°

0.8 -0.58188 | 1.525699 -9.989-10°% | 1.029-10" 4.593-10"®
0.7 -0.76001 | 1.792857 -1.223-10°" [ 8.275:10'° 5.435-10"°
0.6 -0.97890 |2.201817 -1.679-10°" | 6.051-10'° 7.019-107"°
0.5 -1.24962 | 2.939430 -2.973-10°" | 3.650-10'° 1.089-107"
0.4 -1.57752 | 4.830927 -1.126-10™° | 1.305-10'° 2.826-10"
0.35 -1.75432 | 7.803856 -5.942-10°° | 4.161-10" 8.512-107"
0.3 -1.91560 | 24.32574 -8.498-10°" | 1.963-10" 1.737-107°
0.28 -1.9643 87.61905 -5.742-10" | 4.848-10" 6.945-10"
0.26 -1.9941 15503.34 -2.332:10% | 9.670-10° 3.454-107
0.250127899 -1,9985 8.091592-10" | -1.142-10° 7.062-10"° | 4.723-10"
0.146537059 0.5 2.167298-10" | -1.415-10°7 |3.785-107" 5.317-10"
0.137705891 0 2.246609-10° |-2.067-10°7 [3.125-10% | 5.565-10"
0.125063950 1 2.336987-107 |-3.241-10°7 |2.426-10" | 5.689-10"
0 o 2.588750-10”" |-2.393-10°® |0 0

Tabnuya 1. Kunemamuka npocmpancmea npu MakCUManibHOU NIOMHOCIU IHEPUU Pgrmax =

5.2:10" k™.

Pomax =210 o M 5 Ty, =8.691677508-107' ¢; 6=0.2505131785; u’=6.117937216
u q V4 3R, M t-tg , C H, ¢’
6.117937216 0.75983 0 -4382-107% | 4.358-10" 2.181-10°"
1.362007273 0 0.849915 -6.309-10°% | 1.876:10" 3.074-10"
0.853190332 0.5 1.416244 9.219-10°% | 1.129-10" 4291-10"
0.8 -.58143 1.525223 -9.988-10°% | 1.030-10" 4.593-10"°
0.7 -75942 1.792221 -1.222-10°" [ 8.281-10™ 5.433-10"°
0.6 978096 2.200817 -1.678-10°" | 6.057-10"° 7.015-107"°
0.5 -1.2485 2.937278 -2.970-10°" [ 3.656-10™ 1.088-10"
0.4 -1.5757 4.821492 -1.121-10™° | 1.313-10"° 2.813-10™"
0.35 -1.7519 7.765541 -5.848-10°° | 4.218-10" 8.404-107
0.3 -1.9124 23.65224 -7.509-10" | 2.130-10™ 1.575-107"°
0.28 -1.9607 78.70332 -3.355-10% | 6.670-10" 5.054-107"
0.26 -1.9899 3671.264 -7.126-10°° | 7.285-10’ 4.590-107
0.250513178 -1,9939 5.926882-10° |-7.093-10% | 17.963 0.001859
0.146809668 0.5 1.847662-10"° | -5.457-10° 6.103-10"° [ 3.301-10"
0.137941901 0 1.915439-10" | -7.974-10° 5.038-107" 3.456-10"
0.125256589 1 1.992637-10"° | -1.250-107 3.910-10"° [ 3.533-10"
0 o 2.207492-10" | -9.224-107 0 0

Tabnuya 2. Kunemamuxa npocmpancmea npu MakCUMAnbHOU NIOMHOCHU SHEPUU P grmax =

2-10% Jhx-m™.




W3 cpaBHEHMs 3TH NaHHBIX CIEAYET, YTO, IO KpalHEW Mepe, A0 KOCMOJIOTMYECKOro KPacHOro

CMCIICHHUA
1/3

0
z(u) = 7)) -1, z(0.3)= 24, (3.44)
y(u)
pe3yJbTaThl PACUETOB XOPOIIO COTJIACYIOTCS MEXAY CO00i, HECMOTPS Ha OTJIMYME B BEITUYHUHE
MaKCHUMaJIbHON IJIOTHOCTH SHEPruu OoJiee YeM Ha MIECTHAECAT MOPSAIKOB. ITO 0OCTOSTENBCTBO
UCKJIIOYaeT COMHEHHS B BO3MOKHOCTH OJIHO3HAYHOT'O OIMCAHUSI 3BOJIOIUHU IMPOCTPAHCTBA B
3TOM JIMana3oHe U3MEHEHUS! KPACHOTO CMEILECHHS.

Mertpuka (3.27) otuvaetcs or MeTpuku Pobeprcona-Yokepa. Tem He meHee, kak 1 B OTO,
JMHEE X' = x° = X° = const SBISAIOTCS TEONC3MUECKHMH, H B KAKIOH TOYKE MOXKHO BBECTH
COITYTCTBYIOIIYIO CHUCTEMY KOOpJMHAT, B KOTOPOM oOmpejesieHHasl BbIllle MepeMeHHas ¢ Oyner
SIBIISITHCSI COOCTBEHHBIM BPEMEHEM.

[Mozacrasiisis B ypaBHEHHUS Te0A€3MYECKOM X'(E) ¢ HATYpAIBLHBIM ITapaMeTPOM &

2 _u v A
dx” jpode & (3.45)
dg ¢ dg
cumBoibl Kpucroddens (3.2) mns merpuku (3.27) U MHTErpupys NOJTy4YE€HHBIE ypaBHEHHUS,
HaliieMm:

m 0
D gy (1), g () % =+ Ay (") + B, A7 = 475, A", A" B =const.  (3.46)

dg

lumepnioBepxHOCTh ¢ = f;; SBISETCS KpaeM HANJIEHHOTO MPOCTPAHCTBEHHO—BPEMEHHOTO
MHOTOOOpa3usi. Ha xpato u(ty) = 0 m kocmuueckoe yckopenue (3.29), sBisromnieecs
WHBApPUAHTHON HAOIIOJaeMON BEIMYMHON, oOparmaercss B OECKOHEYHOCTh. B cBsi3u ¢ 3TuUM
mro0asi, BBIXOZsINAs Ha Kpail reoje3uveckas, MNP KOHEYHOM 3HAYEHHHM & CTOJIKHETCS C
HEYCTpaHUMOH  0ocoOeHHOCTBIO. ClieoBaTeNbHO, HAllOeHHOe MHO2000pasue  AGIAemcs
eeodesuyecKu nNoIHbIM U HE MOXKET OBITh MTPOJIOJIKEHO 3a Kpail.

B cuny (3.46) nns HaGiromarensi, IOKOSIIETOCS B Hadalle KOOpAWMHAT M cBsi3aHHOTO 0 —
reoje3ndeckoil (B=(0) ¢ comyTCTByIOIIEH TOUYKOW, ¢uznueckoe paccrosinue, kak u B OTO,
ONpeJIeNsieTCss COOTHOIIEHUEM [7]:

dt
N b
a(t)
rne a(f) — macmTaOHbIA (hakTop, ¢ - coOCTBEHHOE BpeMsi. B paccmarpuBaemom ciydae (akrop
a(t) = y“ 5(f) ompeneneH mpUBENCHHBIMHE Bbllie cooTHOmeHMsMH, B OTO mocie OTKPBITHs
KOCMHUYECKOT0 YCKOpeHusi oH ompenensercs B pamkax ACDM — monenu [7]. [lapametpsl 3Toi
MOJIeT TOJIOMPAIOTCS HMCXOAS M3 YCIOBUS OOecreueHHs HaWIydIllero corjiacusi co Bcei
COBOKYITHOCTBIO UMEIOIINXCS B HACTOSIIEE BPEMsI IKCIICPUMEHTANIBHBIX JTAHHBIX, UX YHCICHHBIC
3Ha4YeHUs 1Mo cocTtossHuio Ha 2013 roa npuBeneHsl B [12].

d(t)=c- a(to)-] (3.47)
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Pucynok 1. PaccTrosinue 10 00beKTa B 3aBUCHUMOCTH OT €r0 KPacCHOI0 CMellleHUsl, BEPXHAS KpUBas - pacyer
no (3.47), nuxHss — pacuetr no ACDM — moaenu.

B pa6ore [13] npuBeaeHa B rpaduueckoii popme BCsS MMEBIIAsICS HA MOMEHT ITyOJIMKAITAN
COBOKYITHOCTh JAaHHBIX 110 3aBUCHMOCTH paccTOsiHUS OT kpacHoro cmemienus (Fig. 24.2, Fig.
26.1). CpaBHenue c pgaHHBIMH [13] mOKa3bIBaeT, 4To 00€ MPEACTAaBICHHBIE Ha pHC. |
3aBUCHMOCTH JICKAT B MpEJeIax MOTrPEeIIHOCTA IKCIIEPUMEHTANBHBIX JaHHBIX. bojee Toro, kak
clelyeT U3 MPUBEIEHHBIX Ha PUC. 2 JAHHBIX, Jaxe Oyayline SKCIepPUMEHThI TaKOTO poja B
JU TO3BOJISIT CAENATh BBIOOP MEXAY OTUMHU JBYMs 3aBUCUMOCTSIMH. [Ipu mpojomkeHun
MPUBEJICHHON 3aBUCHMOCTH B 00JIaCTh OOJBININX 3HAYCHHH z €€ XOJ OyAeT OmpeneisiThCs
HEU3BECTHOM B HACTOSIIEE BPEMSI MAKCUMAIBHOMN TNIOTHOCTBIO SHEPTUH TPABUTAIIMOHHOTO TIOJISL.

0.1

0.0

PﬂcyHOK 2. OTKJIOHEHHE OT eIUHHUIIbI OTHOIIEHUS paccmmmﬁ, BBIYHMCJIEHHBIX M0 OTO u naHHOI Teopuu, B
3aBUCHUMOCTH OT BCJIMYUHBI KPACHOI'0 CMEIIICHUSA.

Manast BelMurMHA OTKJIOHEHHUS CBSI3aHA C MHTErPAJIbHBIM XapaKTePOM 3aBUCUMOCTH PACCTOSIHHS
OT KpacHOro cMeleHus. [ nokanbHOro mapaMeTrpa, Takoro Kak rnapamerp Xa00:ma, cutyarus
uHasl.
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Pucynok 3. 3aBucumocTth mapamerpa Xadosa (KM~c'1~Mnc'l) OT KpPacHOro cMelneHusi. Bepxusasa kpuBas —
ACDM-Moae/ib, HUKHSISI KpUBasi — TaHHASI TEOPHUsl.

B sToM ciydae, kak MOKa3bIBaeT CPABHEHUE pE3yJbTATOB pacueTa ¢ HKCHEPUMEHTAIbHBIMU
nanabivu ([13] Fig4) mnpu z < 2.5 o0e 3aBUCHUMOCTH TaK >X€ YKIAJbIBAIOTCS B IPEEIIbI
HOIPEIIHOCTH dKCIepUMEeHTOB. OJHAaKO Kak BHAHO M3 puc. 4 mpu OONBIIMX KpPacHBIX
CMEIICHHUAX PACXOXKACHUE MEXYy HUMHU YBEIIMYMBAETCS MHOTOKpPATHO. Takum 00pa3om, TOIBKO
OJIHa U3 JIBYX TEOPUH MOXKET OBbITh CIIPAaBEJINBA.

1.0

0.75—

0.25-

Pucynok 4. 3aBHCHMMOCTH OTHOIIeHHs mapamMerpa Xa06ga B ACDM-moaean K ero 3Ha4eHUIO B JAHHOI

Teopuu.

CYLLICCTBGHHO TO, YTO B 9TOi oOJacTu KpaCHBIX CMEILICHUM 3aBHUCHUMOCTh HE HMEET
CBO6OI[HI)IX nmapaMeTpoB, ONPEACIACTCA TOJBKO HAYaJdbHBIMW 3HAUCHUAMU IIPU Z = 0 H, KakK
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BuHO U3 Tabmuipl 1, cipaBeuiBa BIJIOTH A0 HadaidbHOro MoMmeHTa BpemeHu. B OTO, 4to0sl
obecreunTh corjlacue c JKcnepuMeHToM, B pamkax ACDM-monenu BBEIEHBI THIIOTE3BI O
CYLIECTBOBAHMM TEMHOM JHEPIMM M TEMHOW Martepuu. sl omucaHus K€ 3aBUCUMOCTH B
00Jy1acTH OOJBIITUX Z BBOJUTCS THIIOTE3a O CYIIECTBOBAaHUU MH(IATOHOB.

[Tycroe mpocTpaHCTBO 007aaeT XapaKTePUCTUKAMU MPHUCYIIMMH MaTepUAIBHON Cpene.
Ecnm mpoctpaHcTBO paccMaTpWBaTh C TOYKH 3PEHUS PEISTUBUCTCKOM THUIPOJWHAMHKH Kak
HEKYIO U/I€aIbHYIO CPEAY, TO AJIs HEE JI0JIKHBI BBIIOJIHATHCS ypaBHeHus [10]:

(5gr +pgr)v# al_lvpag_/’f — apir lv/l 6pgr .

ox" 2 ox ox ox”

rae v 4-cKOpOCTh, &, §, p — IUIOTHOCTh SHEPTHM, IUIOTHOCTh SHTPONHUH U JIaBJICHUE

TPaBUTAIIMOHHOTO  TIOJII  COOTBETCTBEHHO. B CWily  OJHOPOIHOCTH W W3OTPOIHH

paccMaTpuBaeMoOl METPUKM BCE MPOCTPAHCTBEHHbIE IPOU3BOJHBIE pPAaBHBI HYIIO, U U3

ypaBHEHU ABKEHHs Haiigem W' = (goo'l/ 2.0,0,0). B 9T0OM cityuae U3 ypaBHeHHs aqnHabaTHIHOCTH
c yuerom (2.4), (2.5), (3.17) cnenyer:

“Y=0 , (3.48)

9 gr

i

S g ; (3.49)
4l cT y(u 4l lcTwly(u

B MOCJICAHEM PABCHCTBC MbI OTOXACCTBUIIM HCHU3BCCTHYIO IMMOCTOAHHYIO a4 C CAUHCTBCHHBLIM B

Teopun Oe3pa3MepHBIM mapameTpoM o (3.18), XxapakTepHu3yroIIMM HalIEHHOE MPOCTPAHCTBEHHO

— BpeMeHHoe MHorooOpaszue. 13 (3.49) ciemyer, 4yTO MIOTHOCTH DHTPONHUU MHOTOOOpasus B

HACTOSIIEe BPEeMsI MPAKTUIECKU HE 3aBHCUT OT MAKCHUMAIBHOM IIIOTHOCTH SHEPTHH U paBHA

S ') = —
§ 4lleT j/mm f(u

Ota BenuuuHa Ha 18 MOPSANKOB MPEBOCXOAUT BKJIAJ BCEX OCTAIBHBIX MCTOYHUKOB SHTPOIHH,
yunThiBaeMbIX B pamkax OTO [14].

B mycrom mpocTpaHCTBE NaBieHHE, IUIOTHOCTh DHTPONHH W Temmeparypa - 6 Oyayt
CBsI3aHbI COOTHOIIEHUEM [15]:

~8.54-10" - k-m™

dp =sd@. (3.50)
DTO ypaBHEHHE IIO3BOJISICT IO HAWJIEHHBIM 3aBUCUMOCTSM JaBiieHus (3.36) W IJIOTHOCTH
SHTPOIIMKU TPABUTAIIMOHHOI'O IIOJA OT # OIPCACIUTL TEMIICpATypy NYCTOro KOCMHYCCKOI'O
MIPOCTPAHCTBA.

[Toxcrapnss B (3.50) COOTBETCTBYIOLIUE 3aBUCUMOCTH, IOJYUUM:
2

c u’ -2u+o o-k
- RALSTIS 351
sor VN W 4%,cT (-1

WHTerpupys 3T0 ypaBHEHUS € yquOM 3aBUCHUMOCTH y(u) (3.21), Haiinem:

O(u) = (3.52)

J- o-2u(l-o)
67 -k-T\y, 00" f(u) o —2u + 4u?
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0.76

0.5

o 1 2 3 4 ] b
u

PucyHok 5. 3aBHCHMOCTH OTHOIIEHHUSI TEeKYIIeil TeMIepaTypbl MHOroo0pa3usi K ee 3HAYeHHIO B HACTOsILIee
BpeMsi 0T 0e3pa3MepHOii CKOPOCTH U3MeHeHNsI 00beMHOro (hakTopa.

Ces3p  Oe3pa3sMepHOl CKOPOCTH U3MEHEHHUsT 00beMHOro (akTopa ¢ COOCTBEHHBIM
BpeMeHeM BuaHa u3 Tabmum 1 u 2. CiaegyeT OTMETHTB, YTO JJII OOOMX TPEICTABIICHHBIX B
Ta6J'II/ILIe BapI/IaHTOB paC‘{eTHLIC 3aBUCUMOCTHU HpaKTI/I‘-IeCKI/I NACHTUYHBI. TeMnepaTypa
MHOTO00pa3usi COXpaHsAETCS Ha MOCTOSHHOM YPOBHE PaBHOM €€ COBPEMEHHOMY 3HAUCHHIO 32
MCKJIFOUEHHEM KOPOTKOIO HayaJlbHOTO MPOMEXYTKA BPEMEHHU.

U3 (3.52) cnenyer:

Ao 1 o-2u(l-o) 0.5-%
- 0 .[ ' 2 du SPETPYETN

onkOw’ )y o-f(u) o—2u+4u o6rkO(u”)
Hcnonp3yst 3T0 cooTHomeHue U (3.41) MOXHO CBs3aTh MaKCUMaJIbHYIO BEIMYUHY TII00ATBHON

IMJIOTHOCTHU SHCPTHUU pgrmax C TCKYIIUM 3HAUYCHUCM TCMIICPATYPhL (I)I/ISI/I‘-IGCKOI‘O MPOCTPAHCTBCHHO
- BPEMEHHOTO MHOT000pa3ust

Y win (3.53)

37 ¢ (kOw®))
Pomx =g 2 "~ | % |- (3.54)
e G h
Ecau sl OUEHKHM NpHHATH Temmeparypy O(u’) paBHOII TeMmieparype peIHKTOBOTO
W3JIY9CHHS B HACTOSIIIEE BpeMs Gorel =2.725%K («X0I0AHOE MPOCTPAHCTBO-BPEMS»), TO Pgrmax ~
2.73-10" Jx'm® = (1-TsB)’. DroMy B3HAYEHMIO COOTBETCTBYET BAPHAHT 9BOJIOLUM
MHOT000pa3us mpeacTaBieHHbId B Taonuie 2. JIjis MeHee BEpOsSITHOTO «TETIOrO MPOCTPAHCTBA-
Bpemerm» - 0(u”) = 272.5 "K Bemmunma Parmax OYZIET HA YETHIpe Mopsaka Oosbuie. B 060ux 3Tux
CIy4asiX MakKCHMajbHas TIJIOTHOCTh SHEPrUM HE IMPEBBIIACT 3HAUYEHUN JOCTUTAeMbIX B
JKCIIEPUMEHTax Ha OoibiioM aaporHoM koymaiinepe (BAK). Omo pasumenvro (na 60 nopsokog)
omauyaemcsi om cmanoapmuou xkocmonozcudecxkot mooeau (CKM), 6 xomopoii niomnocmo
9HepeUU ModHcem 00Cmu2amay (10"°IB)*. B a10it cBsi3u BOIIPOC O BO3MOKHOCTHU CYIIECTBOBAHUS
Bo Bcenennoii rumorernueckux (opM MaTepuu TaKHX, KOTOpble HE OOHapyXUBAKOTCA B
skcniepuMeHnTax Ha BAK, MOXHO cUMTaTh 3aKpHITHIM.
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4. bazoBasi MoJeJIb IBOJIIOLMHU OJJHOPOAHOI U H30TpPonHON Beesnennoi

Wrak, cymectByer Ilpocmpancmeéo, €IUHCTBEHHOE B CBOEM pOJI€ MaTepualbHOE
MIPOCTPAHCTBO, ABJISIOINIECECS TEPBOMCTOYHUKOM BCEHl YHEPTUH BCeneHHoil.

[IpocTpaHcTBO TpeACTaBIsSeT COOOM OCHOBHYIO, HO HE €IMHCTBEHHYIO (opMmy
CyILIECTBOBaHUS CTPYKTyp Marepuu BO BceneHHoil. PocT MHTEHCHMBHOCTH T'paBUTALIMOHHOIO
I0JIs B TIPOILIECCE IBOJIOIMH HEM30EKHO MPUBEET K MOSBICHUIO HOBBIX CTPYKTYP MaTepUH.

PaccmoTpum (heHOMEHOMOTHYECKH BIMSHHSI MAaTEPUH HA MIPOIIECC IBOJIONHMH BeeneHHOM.

IlycTe B HEKOTOpPBII MOMEHT BPEMEHHM B ONUCAHHOM Bbille [IpocTpaHcTBe poxamaercs
Marepus. B cuny omHopomHocTM M m3oTponuu [IpocTpaHcTBa TEH30p SHEPrHUU-MUMIYJIbCA

MaTEPHUH MOKHO 3aIcaTh B BHJIC (gmat):l = diag (Pmat-Pmas-Pmat-Pmat)-

[Tpu Hanuuuu MaTepun ypaBHEHUS TpaBUTAIIMOHHOTO 1o (3.7-3.9) mpumyT BUA:

d 1d\/ 7800 —0

dx’| g, dx’
2
1 d 1 dy 1 1 dy d 1 dd 87ZG
dx’ &’ | 6 (_d°] TVBw g 0 | T PP
8oo X\ V~/8 94X 8oo \V aX X 8oV 8oo 94X

1 d o A2 1 1 d 180 dD | 872G
- 0 u g Y k() = 5kp 0 = o |~ 4 (p_ p)mat 5pr :
Y20 X goo dx VS0 AX | &g dx c

[ToBTOpsiT BCE BBIKIAAKU C Y4ETOM O3TUX J00aBOYHBIX wWieHOB, BMecTo (3.20) momydum
cienyroliee nHTerpo-auddepeHIaTbHoe ypaBHECHHE

87uﬂ—4u 2u+a+M(u,7,Q)
d du

/4

, 4.1)

r7e BBeAeH () YHKIIMOHAT

M, dy)—487ZGT ( YO+ D)+ j(p p)ma,(zﬂi”},

IpHYeM TPEIIONIaraeTcs, 4TO OdsleHue U MNIOMHOCMb JHEPIUU MAmepuu pPAasHvl HYIIO 6
HA4anbHbLLL MOMEHM 8PEMEH.

YpaBHEHHS JJIT KOCMHYECKOTO YCKOPEHUS, IIOTHOCTH dHEPTHH, JABJICHHUS U CKAJIIPHOU
KpuBH3HBI [IpocTpaHCcTBa B 3TOM cllydae Takke BUJIOM3MEHstoTcs, BMecTo (3.29), (3.32), (3.36)
u (3.38) momyuum:

3 3 3 dy
=1-=+ 22 7,2y 42
9= T T M) (42)
¢ ut 3c¢H (u)
o+ t=—_:—E cru’ 43
Pt Pra =g crt = g P (43)
| dy}

—p - 2P = 2u+o+Mu,y, L. 4.4
pgr pmat 487Z'GT2 |: ( ]/ du) ( )
SRR = —— [ —2u+ o)+ My ). (4.5)

* 4c’T?y " du

CoryacHo HaOJIOMATENLHBIM JIaHHBIM BO BceneHHOW B HAcCTOsIIEe BpeMs HMEETCS:
OapuoHHAsT MaTepus, SJICKTPOMATHUTHOE W3IydeHHUE W HEUTPUHO. DTH KOMIIOHEHTHI CIIa0o
B3aUMOJICCTBYIOT MeXay coboii. B »sTom cimydae B cuiy akcuombl [minpOepra 3aKoHBI
«COXpaHEHUs» NSl KAKJ0TO BUIa MATEPUH BBIMOJIHSAIOTCS B OTAEIBLHOCTH [8,11]

d
dp = —(p+p)T\/Z- (4.6)
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Jlnst GapuOHHON MaTepuu JaBJIEHHUE MOXKHO CUMTATh PABHBIM HYJIO, JJIs 3JIEKTPOMArHUTHOTO
U3IydeHUS p=p/3, U1 HEUTPUHO aHAJIOTUYHOE COOTHOIICHHE OYyAeT CIpaBeIINBO J0 TEX IOp,
MOKa MOKHO IIpeHeOpeyub HaMureM y HUX mMacchl. 13 (4.6) cienyer:

4/3 4/3
0 0 0
ph=p,‘3\/7,pr=p3 a Py =Py i : (4.7)
V7 Jr Vr

BepxHuM HHIEKCOM OTMEYEHBI 3HAYCHHsI, OTHOCSIIHECS K HACTOSIIEMY MOMEHTY BpPEMCHH.
JloCcTOBEpHO M3BECTHO, YTO IJIOTHOCTb SHEPIHMHM JIBYX MEPBBIX KOMIIOHEHTOB COCTABIISIET
cooTBeTcTBEHHO 2= 0.0499 n 3, = 5.46- 107 ot KPUTHUYECKOU MIJIOTHOCTH YHEPTUH B HACTOSIIIIECE
BpeMmsa [12]. Jlnsa HEHUTpUHO JaHHBIE MEHee ompeneieHHble Qv < 5.52-107. Jlanee, uToGbl
OIICHUTh MAaKCHUMaJIbHYIO CTENECHb BIMSHUS MaTEePHUH HA TMPOIECC DBOJIONHUH, Oyner
HCII0JIb30BAHO UMEHHO 3TO 3HAUYEHHUE OTHOCUTEJIbHON MIIOTHOCTH HEUTPHUHO.

Ha BpeMeHnax He CHOMIIKOM JaJICKUX OT HACTOSIIETO BPEMEHH HMEEM CIEAYIOIIHe
3aBUCHUMOCTH CPEJHEH MIOTHOCTH YHEPTUU U IaBIICHUS MaTePUH OT 00BEMHOTO (hakTopa:

4/3 4/3
VL o7 N L N

pma:pcorQ ’pma
B B R

YuuteiBass TPUOIDKEHHBIH XapakTep 3aBucuMocTed (4.7) panee mNpU  HMCTOIB30BAHUH
BBIPKEHUH BKIIOYAIOUUX Pmats Pmar OYAEM CUUTATh, YTO U3MEHEHHE 00BbEMHOTO (pakTopa U ero
MIPOU3BOJHOM OMHUCHIBAETCS B TMEpBOM MpuOMmKeHun cootHomeHusmu (3.20), (3.21), a
KpUTHYECKasl IJIOTHOCTh - cooTHomeHueM (4.3). Takum o0pazom, B 3TOM NPHOIMKEHHH
IUIOTHOCTh SHEPTUH U JaBJICHHE MaTepuu OYAyT ONpeiesieHbl B 3aBUCUMOCTH OT U TPHU Up < U
0e3 ydera 0OpaTHOTO BIMSHUS MAaTE€pPUU HA MPOIECC IBOJIOIMH MPOCTPAHCTBEHHO-BPEMEHHOTO
MHOT000pa3usl.

/3 /3

ol o ra®y  (fw”) Pl (fw®)
=pl Q, Q , P =t L =0 10, . (49
P () = P, o) + 6 p 3 e + (4.9)

0.25
nz2
0.15
fuota

0.1

0.05

=
=

100 125

]
=
i)
i
1
=
=]
i

Pucynok 6. 3aBMCHMOCTb OTHOIIEHUSI CpedHEHl NJIOTHOCTH JHEPrUM MATEpPUMH K IUIOTHOCTH JHEPrud BO
o 4 -3
Bce/ieHHOI B 3aBHCHMOCTH OT BpeMeHH (B MHJUIHAPJAX J€T), Dgrmax = 2° 107 JK-M™.

MakcumanbHas J0Jisl SHepruu Matepuu He npesbimaet 0.2324, B HacTosiliee BpeMs 3Ta
BennunHa coctasisieT MeHee 0.055 u mpopoikaeT yMeHbIIAThCs cO BpeMeHeM. B orinuune ot
OTO, rae IIOTHOCTh YHEPTUU MATEPUN HEOIPAHUYEHHO BO3PACTAET IIPU YMEHBIIIEHUH BPEMEHH,
3/1€Ch OHA JJOCTUT'AeT MaKCUMyMa, a 3aT€M HaUMHAET yMEHbIIAThCS.

OcrtasibHast 1 OCHOBHAsI 4acCTh PHEPTruu BCENeHHON ATO PHEPrusi rpaBUTAIMOHHOIO TOJIS.
HMeHHO 3Ta sHeprus, paBHOMEPHO pacHpeesIeHHas B IMPOCTPAHCTBE, a HE «TE€MHasi MaTEpUs»
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HpOSIBJISICTCH B xapaKTepe 3aBI/ICI/IMOCTeI7I KpI/IBBIX BpaH_[eHI/I}I FpaBI/ITaI_[I/IOHHO-CBﬂ3aHHBIX
00BEKTOB.

10
10.07
?.5;
rngrE.Dé
2.5;
D-D:Hllllllllllllllllllllll

a 1 2 3 4 5

Pucynok 7. 3aBMCHMOCTH IUIOTHOCTH 3HEPIMH TPABHTALMOHHOIO MOJSA Py (10'SII>K-M'3) 0T KpacHOro
49
CMEIEHHs] B MeCTe HAXOK/IEHUS HAOJI0NaeMbIX rPAaBHTANMOHHO-CBA3AHHBIX 00BEKTOB, Pormax — 2-10

Jx: M.

Takum o6pazom, B ommmune ot OTO st onucanus ocoOCHHOCTEN IBOMIONMU BeeneHHoi He
TpeOyeTcs BBOJAUTH KaKKe MO0 HOBBIE (hOPMBI MAaTEPUU TTOMUMO YK€ U3BECTHBIX (hOPM.

IIpu 0 < u < u, ycnoBus, IpU KOTOPHIX CIPABEUIMBBI COOTHOLIEHUS (4.9) HapymaroTCs.
JloonpenenuM 3aBUCUMOCTH pPpq(4) B Hauaje mporecca 53Boionuu. [lockonbky apyrux
HCTOYHUKOB SHEPrMU KpPOME IPAaBUTALMU HET, NPHMEM, YTO OHA HPONOPLHUOHATBHA Pgdu) €
K02 PUIIEeHTOM, 3aBUCSIINM OT O€3pa3MepHON HMHTEHCUBHOCTH TPABUTAIIMOHHOTO TTOJIS:

u
Poa@W)=A-——-p_ (u),A<1l, 0Zu<u,. (4.10)
S " '
W ckirovast TNIOTHOCTH YHEPTUU TPABUTAIMK U3 cooTHOIIeHU (4.3), (4.10) momyuum
A-u
Uy=—-p (u),0<u<u,. 4.11
pmat( ) f(u)+ﬂ,u pu’( ) b ( )

[TocTosiHHYIO A M BEMYMHY U ONPENEIUM U3 YCIOBUH INIAJAKOTO CONPSKEHHs 3aBUCHUMOCTEH
(4.9), (4.11) mpu u = up,. IlpupaBHUBas OTAEIBHO IUNIOTHOCTU SHEPTUU U UX MIPOU3BOJHBIC MPU U

= Up, TOJTYYUM CUCTEMY JIBYX YPaBHEHUU IJI OTNIPEACIICHUS Uy U A:
2/3

du? - Q,,f(—“g)ﬁg L”g) S TR S LTS Wty (4.12)
Sw’) 3 Su) Sw)+4-u,” f(u,)+1-u,
dou, (0] S of £ wis)

S)+A-u, \u, A [

DTa cucreMa ypaBHeHI/II\/JI HUMCECT JIBa PAa3JIMYHBIX PCIICHHA, (1)I/I3I/I‘-IGCKI/I OCMBICJICHHBIM SABJISICTCS
pElICHHe ¢ MEHBLINM 3HaueHHeM up. Uit Hero Aup) << flu”), mosromy ypasHenue (4.12)
YIIPOILIAETCA U PEIICHUE IPUHUMAET BUL
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9-3J9-16c
16 '

Hnst aToro 3nayeHust u3 (4.13) Haiigem OTHOIIEHUE TJIOTHOCTU PHEPTUU MATEPUU K IUIOTHOCTH
SHEPTUU TPABUTAIIMIOHHOTO TOJISI HA MOMEHT OTJIEJICHHs OT HETO MaTepHU

A-u, NQ{u“-f(ub)j”_

u,=

S(u,) u, - f ()

[Ipu moacTaHOBKE B ATO COOTHOIIEHWE 3HAYCHUH, COOTBETCTBYIONIMX JIaHHBIM TaOmuier 2,
HaiizeM, uTo 9Ta 10715 cocraBisiia 2.88-102° or KPUTHYECKOU ITUIOTHOCTH DHEPruu BeeneHHoi -
6.08-10% I[)K-M'3 Ha MOMEHT BpPEMEHU I-fy; = 5.68-107"° cekyHabl. [lpu npubmmwkeHnn K
HayaJIbHOMY MOMEHTY BPEMEHHU IIOTHOCTh PHEPTUU MATEPUU YMEHBIIAETCS B COOTBETCTBUU C
(4.11), cTpeMsICh K HYIIIO.

OueHuM Temepp BAMSHUE MaTEepUM Ha TPOLECC HBOJIONUU MPOCTPAHCTBEHHO-
BPEMEHHOTO MHOrooOpasus. B 3TOM k€ pacCMOTPEHHOM BBIIIEC MPUOTMHKEHUHU TIPU 3aTaHHON
bynkuuu (1) Haiinem:

M[M,%QJ = w(u),
du

W) = —2u| @, LW 4 Q( f(uo)j tfla, L@ 2 Q( f(uo)J e
Sw) 3 \f() 0 fw) 3 \f(u) 4u” -2u+o

[Toacrasmss (4.14) B (4.1), momyduM ypaBHEHHUE, ONUCHIBAIOIIEE, KAK MAaTEPHsi B CBOIO OYEpE/lb
BJIMACT HAa HU3MCHCHUC MCTPHKHU. Pemmenue »toro YpaBHCHUSA MOKCT GBITB 3alilMCaHO B

KBaJparypax.
u T 4udu
70 ) = exp [— . (4.15)
¥ min o 4u” =2u+o+wu)

t_tst = T'\ )/min I 4 4l//(u)du (416)
0

> .
u” —2u+o+wu)

Qurypupyromas B 3TUX COOTHOLICHHSX IMOCTOSIHHAs G MOAOOHO TOMY, Kak 3TO ObLIO

C/IENaHO B TIPEIBIAYIIEM pa3jierne, JOKHA OMpeNeIsThCa BMECTE CO 3HaueHueM u’ u3 ycrmoBus

paBeHCTBA BBIYMCICHHOTO BpEMEHM CyIIecTBOBaHMA BceneHHoil m mapamerpa Xa0bma ux

HaAOII0aeEMBIM B HACTOSIILIUIA MOMEHT 3HAYECHUSIM.
0

.4 o_ 1w
" —t, =Ty, du, H° = : 4.17
.  win ;[4u2—2u+0'+w(u) 37y, wu’) #-17)
P =210 o -M 5 T, =8.691677508-10"c; ©,=0.0499; Q,=5.46-107; Q,=5.52:10”
u’=7.02400 ; 6=0.25050754

Tabnuya 3. Pewenue ypasmenuii (4.17) (%-ty = 4.35510"¢, H' = 2.181-10"°¢") npu
MAKCUMANLHOU NIOMHOCMU IHEPRUU Pgrmax = 2° 10% I[)K'M'3.
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Pucynok 8. PesyabTaThl pacuera 3aBHCHMocTH mapamerpa Xa66aa (H=100h km-c’-Muc”) or kpachoro
CMelIeHNs ¢ y4eToM (CILUIONIHAS JIMHUS) U 6e3 yyeTa (TOUKH) HAJTUYUS MATEPUH.

15.0

—_—
rJ
i

—_—
o
=

t 75

m
=

rJ
i

o
=

=
=

Pucynok 9. PaccuntaHHblii Bo3pacT o0bekTa (B MWIIMAPAAX JieT) B 3aBHCHMOCTH OT ero Ha0J/10JaeMoro
KPAaCHOTI'0 CMellleHHUs ¢ Y4eTOM (CIJIOIIHAA JIMHUSA) U 0e3 yueTa (TOYKH) HATUYUS MAaTepUH.

[IpuauMasi BO BHUMaHHE TIPUBEIACHHBIC B TIPEABIAYIIEM pa3jiesie JaHHbIe, MOXKHO CIENaTh
BBIBOJ O TOM, YTO B JHMAaNa3OHE KPACHBIX CMEIIEHUW MeHee 2.3 BIUSHHUE MPEABICTOPUH HA
JaTbHEUIINI X0/ TPUBEICHHBIX 3aBUCUMOCTEW HE3HAYMTEIbHO. BHYTpH 3TOro auama3zoHa Xoj
3aBUCHUMOCTH MOXET OBITh BOCCTAHOBIICH IO OJTHOMY JJOCTOBEPHOMY 3HAUCHUIO.
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Pucynok 10. Pe3yabTaThl pacyeTra 3aBUCHMOCTH KOCMHYECKOr0 YCKOPEHH OT KPACHOTO0 CMeleHHUs € y4eTOM
(cnJiomIHAst IMHUA) U 0e3 ydeTa (TOUKH) HATHYNS MATEPHU.

Poxxnenne matepun He NPUBOAWT K 3aMETHOMY HW3MEHEHUIO BPEMEHHM CMEHBI 30X
3aMEUICHUs] — YCKOpeHMs. Takoe IOBEIECHHE NPUBEACHHBIX 3aBUCHUMOCTEH CBS3aHO C MAajou
JI0JIeH SHEPTUU MaTepHHU B ee 00IIeM KOJINYECTBE.

5. CraTnyeckasi MU30TPONHASI METPUKA

PaccmoTpum  cratnueckyro cepuuecku-ciMMETpHUHYI0 MeTpuky. Hambonee ooOmiee
BBIPQXEHHE ISl MPOCTPAHCTBEHHO-BPEMEHHOTO UHTEpBaja mpeodpa3oBaHUEM KOOPIUHAT

t'=t+o(x"), x'"" =x"
C PaBHBIM €IMHHUIIEC IKOOMAaHOM MOJKET OBITh MPUBEICHO K BUY [8]:

G(r)
2 042 = 2
ds” =F(r)(dx") - e (x-dx)” = C(r)(dx-dx)
CBs3b (1.1) nHBapHaHTHA OTHOCUTEIBHO TaKMX NMPe0oOpa30BaHUii, HO TeNepb, B OTIMYUE OT
OTO, ee Hamuuue HE TO3BOJISIET YMEHBIIUTh KOJIMYECTBO MCKOMBIX KOMIIOHEHT METPUKHU 0
JBYX.
Hcnonesyro cumBoiel KpoHekepa 0, 3aIUIIEM METPUUECKHIA TEH30D g, B BUJIE:

X, X m
gOO :F(r)’ gOm :0) gmn :_C(r).é‘mn _G(r) :2’1 s xm =X 9 (5'1)
g(r)=detg, =—FC*(C+G).
Tenszop g’ 0OpaTHBIl METPHUECKOMY TEH3O0PY:
00 — 1 , gOm — O, gmn - _ 1 5mn + G(}") X 2-x ) (52)
F(r) C(r) c(C+aG) r

nk k

gmng :5m
[Mpu wamuumu cBs3u (1.1) ynoOHee HMCXOOUTH HE W3 ypaBHEHWUH, MOJIY4aeMBIX INPU
BapbUpPOBAaHUM JIEHICTBUA IO KOMIIOHEHTaM METPHKH, a BbIOpaTh B KauecTBe OJHOW U3

BapbUpyeMbIX QyHKIHH A(7) = 1/— g(7) .

Ces3b (2.1) maeT crnenyroniuii BKJIal B IEHCTBUE:
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A L3 O0I0) VWA e 53)
ox” 2g ox" 2(C+G)g A
(ITpux 3aeck u nanee obo3Havaet Aud GepeHrpoBaHue 1o 7).
OcranbHble WIEHBl MOXKHO HAaWTH, WCIONBb3Yys H3BECTHBIE pe3yibTarhl pacyeToB [§8,11].
CkanspHasi KpUBU3HA M 3JIEMEHT 00beMa OOIEeKOBAPUAHTHBI, TO3TOMY WX MOKHO BBIUHCIIHT,

UCTIONB3YS «C(hepruecKre» KOOPAUHATHI.
B «cdepuueckux» koopAuHaTaX NPOCTPAHCTBEHHO-BPEMEHHON MHTEPBAI:

ds* = F(r)(dx")* = G(r)dr* - C(r)(dr* + r*d6* + r* sin® 0dp*)
I[To anamoruu co «cTangapTHOW» (hopMoii [8] 3amuieM ero cueayrImuM 00pa3om:
ds> = F(r)(dx")’ — A(r)dr® - r* (r)(d6® +sin® 0dp?), (5.4)
rie A(r)=G(r)+C(r), r*r)=rC" ().
IL]I}I I[aHHOI>'I MCTPUKHU HCUCHUEC3AIOIUC KOMIIOHCHTBI CBA3BHOCTU HECKOJIBKO OTJIMYAKOTCA OT
COOTBETCTBYIOIINX KOMIIOHEHT «CTaHAApTHOW» GopMsl [8]:

F' A rEp r*r*sin’ 0 F'
rl=r,=—, I = , I’ =— , n=— =
rt 2F rr 2A 00 A 2] A it 2A
0 0 r* 0 : ? » r¥* » »
r,=r,= , I, ==sinfcosd, I} =T7 = L, =Ty, =cigh.

COOTBETCTBEHHO 9TOMY U3BMCEHACTCA BBIPAXKCHUC JIs1 TCH30pa KPUBU3HBI.
I/ICHOHL3YSI BLIpa)KeHI/ISI JJIs1 KOMIIOHCHT CBSI3HOCTI/I HaI/IIIGM CKaJIIPHYIO KPUBU3HY:

1 (F' 1 (F' 2 (r*r¥  2(r¥ 2 2| (r¥Y ¥ E
= — |t = | 5 += || + :
2F\ A 24\ F r* A A\ r* r¥ Al\ r* r*F
Brigenss AMBEpreHTHBIN YJIE€H, MOXKHO 3aMMCaTh €€ B BUJIE:

' ! L1 nll *\?
:éd{ \/AF(LJFM ﬂ—z{r il +l(r—j +L2} (5.5)
7 7"* 7"*

*2 | AF dr AF * A r¥*AF A

JlerictBrE JUIsl TPAaBUTALIMOHHOIO OJIS:

(R+ AW AFr** sin 0 drd 6dpdx".

8gr
[ToacraBnss croga Beipaxenue (5.5) mist R u (5.3) nns A, onyckas AUBEPIeHTHBIA YJIEH U
YUYUTBIBAsA, YTO A=N/FC’, MOJTYYUM:
3 2 AT 4
c A r*¥F 1 O'Ar* F
S = + P 4 — ¥ ' — — — \r?sin@drdOdpdx’ .
¢ 87ZGJ.[ oAt ) Ar? 20°r* j "
BMeCTO # BBE/IeM MepeMEeHHyI0 &=/, TOT/Ia IeHCTBHE MPUMET BUL:
33 o[ A B (ar*) 1 L dr¥ dF | Fr** do dA
| o

gr: *2+ r 2
872G | 9r A Lae ) TA" Tazaz TN de ac

ns IIpUHIIMIIA HAWUMCHBIICTO I[eﬁCTBHSI HaI/I,Z[eM YpaBHCHHA T'PABUTALITMOHHOI'O IIOJISI B
CBOOOJTHOM OT MaTE€pPHH MPOCTPAHCTBE:

de sin @ d Gdgdx" .

dfre FdA_, (5.6)
dé\ N dé ’ '
%2 )2 %3 *
lz_r2 dr o rzdr dar lzd r*4Fd£ 0, (5.7)
Or* AN\ dE A d& df A dé dé
%2 % 2 *3 * x4
r dr _i r* dr +r d_AdE:O, (5.8)
A\ dE dé\ A dé& 2N* dE dE
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* * %3
_ 2A3_ ,,*i rrF dr* _,,*3i 1dr or de_AdE:() (5.9)
Or* dé\ A dé& déE\AdE A d& d&
N3 ypaBHenus (5.6) cinenyer:
x4
d de—A:a, (5.6
AN dE

I7I€ 0. — IOCTOSTHHAS C pa3MEPHOCTHIO JITUHBI.

YMHO)uM ypaBHeHue (5.7) Ha 24, BeIUTEM U3 pe3ynbrara - (5.8), yMHOKEHHOE Ha 2F, n
CIOKMM pe3yabTaT ¢ ypaBHeHHeM (5.9), yMHOXKEHHBIM Ha r* TIOCI€ HECIOXKHBIX
npeoOpa3oBaHuil MpUBEIEM YpaBHEHHE K BUIY:

i{r“(d_m,:dﬂﬂ:o.
dé| A \dé — dé

rF(1 dr , do _5
A \Fdé dé ’

r7e f — elmie oJHa MOCTOSTHHAS ¢ pa3MepHOCThIO JUTHHBL. cmonb3ys (5.6') 3T0 ypaBHEHHE MOYKHO
3alucaTh B BUJC:

Orcrona cnenyer:

1dF_do_ _1ds B

— =0——,0="—.
Fdé dé Ad& a
VYuuteiBas, uro pyHkuus O(7)onpeneneHa ¢ TOUHOCTHIO JI0 IIOCTOSTHHOM, HalIeM:
®=-In(FA™). (5.7

VYpasuenue (5.8) mepenuineM ciIeayrOIM 00pa3oM:

L(dj *zi(r_*dr*]_r*“d_wg

A ae )T aeUa ag )T o ag ag
[Tocne moacTaHOBKH 3TOTO BRIpAKEHHSI B ypaBHEHHE (5.9) OHO MpUMeET BHI:

%k %k £ % 2 %k %k
r*4ild_F +2r*2i Fr*dr _4lrdr +r*2ir_dr Fi 2A2:O
dé\ A d& dé\ A dé& A\ d& dé\ A d& Or*

OT0 ypaBHEHHE SKBHUBAJIIEHTHO CIIEAYIOIIEMY:

d|r* d[Fj 2A
— — + =0.
dé| A dE\r* 9p *?

WuTerpupys 3T0 ypaBHEHHE 110 &, TOIY4UM:

d(Fj A 2 A%A
— -p += dé=0,
dé\r*? Ly 91f*6£r*2

%6
e B, :{r d [ F

A dE\r*
MWUHKOBCKOT'O 3Ta MOCTOsSIHHAs paBHa Hymo. [lonoxxum nanee f,=0 nnst Toro, 4roObl METpHUKa
MuHKOBCKOro Morja ObITh pelIeHHeM JaHHOW CUCTEMBI YpaBHEHUH (B ciyyae, KOrjia KOHCTaHTa

0. paBHA HYJIIO).
¢
d [ il j+3 a | 8 ge=o0. (5.9")

d_§ r¥ ) 9 pxs o7 *2
Wuterpupys eme pas, npeacraBuM QyHkuuio F(r) B BUE:
2 LA A
F=gr j(j—ngﬁdg

*2
\o”

j:| — €€ OJHa MOCTOAHHAsA C pasMCPHOCTHIO IJIWHBI. ﬂJ’IH MCTPHUKHU
£=0
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[Ipeobpaszyem ypaBuenue (5.8). BBegem o0o3HaueHue
_r*dr*
A dE’
U TOJCTaBUM BBIPAKEHMS i1 NMpou3BOAHBIX A u @ wu3 ypaBHenuit (5.6') u (5.7'), Torma
ypaBHeHUe (5.8) MOXKHO 3amucarh B BUJE:
U2+r*UdU _ aU do
dr* 2r*F dr*
1 d 1_ 3a dd)

3r*U dr* Vv 2r*F dr*
[lepexoast BO BCeX COOTHOMICHUSX OT MPOU3BOAHBIX MO §—r3 K MPOW3BOAHBIM IO 7* U
BBO/JIsI O€3pa3MepHbIe KOOPAUHATHI 7/0. U 1 */o (coxparss 0ns Hux npedxcuue 0003Havenus r u r*)

UCXOJHYIO CUCTEMY YPaBHEHHH MOXKHO 3aIHCaTh CIEAYIOIUM 00pa3oM:
1 dA 3V (r*)

(5.8"

A dr* B Fr*?’ (5-10)
V(r*) = ! , D =—In(FA™), (5.11)
_7-[ r*F dr
Fe)=2r* | ( [V (*r *J 14 (5.12)
7"* r*mn r
A(’"*zr Ay, (5.13)
r* dr*

OtnuyHOE OT HYJNS 3HaueHHe r*,;,= r*(0) o3Hadaer, BOOOIIEe TOBOpS, HAIHUUE KpAs Y
MIPOCTPAHCTBEHHO-BPEMEHHOT'O MHOTO00Pa3us.

PaccMotpum noBeneHue METpuKH nipu »*,,;, = 0 1 Manbix 3HaueHusx »*. U3 (5.12) cnenyer,
YTO €CJIM CYIIECTBYET HHTErpall

ZT(] V(r*)dr *]@dr* =b>0, (5.14)
0\ 0 r

10 TpH Mambix r* Gyskmus F(r¥)=br*. Torma momaras V(r¥)=b;r*>0, A(r*)%bg-r*’SEO u
MOJICTABIISIA ATH BhIpaxkeHus B (5.8', 5.10), monyuyum:

v=3, b= 2b ,0 = 6 >0. (5.15)
2—-00 2—06

W3 mociieHero COOTHOIICHHUS CIIETYET:

nostomy o < 1/6.
Wurerpupys ypaBaenue (5.13) HaﬁzxeM MIPU MaJIbIX 3HAYEHUSX 7, ¥
(%) = 3] (V) *2dr*z3ﬁjr*“-5>dr*. (5.16)

o AG¥) by 4

[locnennuii MHTErpai CyecTByeT TONBKO IpH & < 6. B aTom cinyuae

5=1=v1=60 a<%. (5.17)
(o)

PaccmoTpum  Temepb  BbIpaXKEeHHWE OIS OHEPrUM  CTATHYECKOrO0  H30TPOINHOIO
rpaButannoHHoro noius (cm. Ipunoxenue I). B aTom ciiyqae
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o r® Fo*) din(FAC)|
AG| Ve dr¥

—3InFAC(r*_)|. (IL8)

*
min

%

[TocnenHuii 4ieH B 3TOM COOTHOIICHUH WMEET JIOTapU(PMUUYECKYI0 OCOOEHHOCTh mpH 7 *,,;,=0.
DHeprus Oy/eT UMETh KOHEYHOE 3HAYCHHE JTUIIb TPH 7 ¥, # 0, TO €CTh IPU Haruyuu Kpas. ITo
BO3MOYKHO, TOJIBKO TIPH 3HaYeHUU o > 1/6.

Benuuuna r*,,;, SBIsIeTCS HE3aBUCUMBIM ITAPAMETPOM U IS €€ ONpeIeTIeHIs] HE00XOIUMBI
nobaBouHble cooOpakeHus. [1omokuM, BO-TIEpPBBIX, B COOTBETCTBUH C npuHyunom Maxa, 4TO
WHEpTHas Macca M), CBs3aHa ¢ MOJIHON YHEPTrHel rPpaBUTAIMOHHOTO 1oJist £ BHE Kpast popmynoit
Situurreiina E=M;,c’. Bo-BTOpBIX, B COOTBETCTBUH C IKCHEPUMEHMATLHBIMU OAHHLIMU TIPUMEM,
YTO 3Ta MHEPTHAs Macca J0JKHA COBIAJAATh 110 BEIMYMHE C MACCOU IPaBUTALIMOHHON M, = M,,.
W, nakoHern, Ha OCHOBaHUU npunyuna coomeemcmeus ¢ OTO TONOKUM TIpH OOIBIIMX
3Ha4YeHUAX 7* KOd(PPHUIMEHT Tpu MEepBOM wiieHe pasznokeHust GpyHkuuu F(r*) mo crenensm 1/r*
paBHBIM OTHOIICHUIO TPAaBUTALIMOHHOTO pajnyca K o

T 1 MG 1
F(r¥)=l-——+.=l-—F——+... (5.18)
o r* ca r*
B stom cnydae cootHomenue (I1.8) mepexoauT B ypaBHEHHE, ONPEICISIONIEE BEIHMUUHY
r*min-
r,  2r*  F(r*_ F(r*_
& _ P min (l" mm) —In l/gr mm) ) (519)
a V(r* ) A (r* )
Pemenne cucremsr ypaBHenmit (5.10) - (5.13), (5.19) MOXHO HaWTH METOJIOM

rnocyie0BaTeNbHbIX TpuOmkennii. Hauwnas ¢ npo6uoit ¢pymkuuu V' (r*) u BpiGpanHOM
HAYATEHOM 3HAYCHHE 7*,,;, MOKHO HANTH B IepBoM mpuOmmkennn u3 (5.12) dyukmmio FO*),
a sareM u3 (5.10) - A”(+*) u HoBoe 3HAuenne V'V (#*)u3 (5.11). IIpomomkaeM TOT HpoLEce 10

noyrydeHus: Ha N-HOM I1are 3Ha4eHH MCKOMBIX (PYHKIUH ¢ TpeOyeMol TOYHOCTHIO. 3HAaUeHHE
pa3mepa r*,;, HaiineM u3 ypaBHeHus (5.19). A 3arem u3 ypaBHenus (5.13) Haiinem ¢yHKIHIO
r(r*).

[Toctpoum npoOHyro GyHkiuio. Ecnu mpu 6onbimx 3HaueHusx »* cnpaseanuso (5.18), To
torma u3 (5.10, 5.11) cuemyer V(r*) ~I-v/r*+... [IOCKONBbKY NPH HANMYAH Kpas IIOBEICHHUE
UCKOMBIX (DYHKIIMI NP MaJIbIX 3HAUEHHSX 7 * HE ONpeaesIeHO, €eCTECTBEHHO MPEATONIOKUTh, YTO
OTHOCHUTEINIbHBIN pasMep 7*,;, Oonbme equHuubl. [lpu r*,,, > 1, 3agaaum npoOHYyO (QyHKITHIO
clenyromuM oopa3om:

VO =1-v/r*. (5.20)
[Toacrasmsst aTo BeipakeHue B (5.12), Haligem
2 A 1 2 v v v
©) _
F (r*)_l_g(r*min-i_ * )_*+§(r*min+r* )]’?_?}"? (521)

min min

B sTom HpI/IGHI/DKeHI/II/I, HUCXOOd U3 NpUHIOUIIA COOTBCTCTBUSA, IMTOJTYUIUM

l"gr Y

a

- g(r*mm . (5.22)

r *min

[TocTostHHYIO BENMWYMHY V MOXKHO BBIOpaTh Tak, 4TOOBI B TOuke r*=r*,., 3HaueHHS
npo6Hoil pyHKIMK U TIepBoro npubamkenns copnanam VO (r* )=V * ). Moxcrasnss
(5.20), (5.21) B (5.10), natizem
® 0
InA® () = -3 Vz()—((l;)dr * (5.23)
() FO (%)
a3arem u3 (5.11)
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3 1 3% VO %) dr*
|| 1+
2p*F©® (r*) 27, 2r* O (r*) (r"‘)2 F® (r*)

VO =1+ (5.24)

B aTom cnyuae
v=(1-V"(r ) *1211in . (5.25)
OT0 ypaBHEHHE OMPEEIISIET V B 3aBUCUMOCTH OT 7.

B Oonee BBICOKMX NPUONMKEHHUAX TIPH BBIYMCICHUSX HCHOJIB30BAIKNCH CIUIAHH
anmpokcuManuu. [locne mATH mociaeaoBaTeNbHBIX MPHUOIKEHUH, pemnas ypaBHeHHe (5.19),
HaiiieM (IIpM MCHOJB30BAaHMM B pacueTax IIECTH HHTEPBAJIOB) C IOTPEIIHOCTHIO B JIOJIU
MIPOLIEHTA

r*min:I 74.
OT0 3HAUYEHHUE, KaK U MPEeoaragoch, 00JbIle eqUHUIbI. B pasmepHoM BHe
7 *nin~0.9357, .
PesynbpTaThl pacueToB npencrasiieHsl B Tabnuie 3.

06=1/6 ; Xmax=0.575 ; re/a =1.859

x=0/r* V(x) F(x) A(x) C(x)=r(x)/r*

0 1 1 1 1

0.1 0.9875 0.8160 0.7184 1.1792
0.2 0.9346 0.6381 0.4814 1.3523
0.3 0.8202 0.4746 0.2980 1.4556
0.4 0.6471 0.3386 0.1721 1.4378
0.5 0.4596 0.2366 0.0962 1.2288
0.575 0.3413 0.1813 0.0543 0

Tabauya 3. Pewenue cucmemot ypasnenuii (5.10..5.13) npu snavenuu o=1/6.

3HavyeHWEe OJHOW W3 HWHBAPUAHTHBIX MeTpuyecknx (QyHKumid - C(r) HEOrpaHUYCHHO
BO3pacTaeT NpU NPUONMKEHHH K Kpaw, TO €CTb Ha Kpal HUMeeTcs HeyCTpaHuMas
cUHrynsgpHocTh. CrieoBaTeabHO, TOCTPOCHHOE MHOT000pa3ue SBISETCS re0/1e3UYECKU MOTHBIM.

Pacuers! mpoBeaens! npu 6=1/6. B obuiem ciaydae peuieHue OyAeT CyIIeCTBOBATh U MPH
3HAYEHUSIX O, JEKAIIUX B HEKOTOPOM HHTEpBaje, MPHUMBIKAIOIMIEM K 3TOMY 3HaueHuio. B
JMana3oHe JAOMYCTHUMBIX 3HAUYE€HUI mapaMeTp ¢ MOXKET OBbITh BBHIOpaH MPOM3BOJIBHO, MOITOMY,
IpU OJUHAKOBBIX 3HAUEHUSX IOJHOW SHEPIUH, pachupeiesieHus Mmoyieid B oOJacTu Mopsaka
IPaBUTAIMOHHOTO pajnyca OyAyT pa3inyaTbcs MEXy COOOH.

Takum oOpazom, npu Hamuuuu ceazu (1.1) umeemcsa necuneynapHoe cmayuonapHoe
yacmuye - n000OHoe pacnpeoeienue YeHMpaibHO-CUMMEMPUYHO20 2PABUMAYUOHHO20 NOJA, OIS
KOMOPO20 8bINOJIHAECMCS PABEHCMBO UHEPMHOU (OnpeoeneHHOU 8 COOmMEemcmseuu ¢ NPUHYUNOM
Maxa) u epasumayuonHoti maccol. I OpUu30HT, MPUCYTCTBOBABIINYN B pelieHuu ypaBHenuit OT0O
JUTSI IEHTPaJIbHO-CUMMETPUYHOTO ITyCTOrO MPOCTPAHCTBA, B 3TOM CIIy4ae OTCYTCTBYET.

6. 3akarouenue

HcTopudecku CHOXKWIOCH TaK, YTO B OCHOBY KAHOHHUYECKOW TEOPUM TATOTEHHS OBLI
NOJIOKEH TPUHIMII OOIIeH KOBapMAaHTHOCTH YPaBHEHHH TIpaBUTALMOHHOrO Tois. B crarbe
W3JI0KEHBI OCHOBBI KBA3UKJIACCHYECKOW TEOPUM TATOTEHHUSI, B KOTOPOH ATOT NMPUHLHUI 3aMEHEH
€ro aHTHUTE3UCOM (MOAOOHO TOMY, Kak 3TO OBUIO C MATHIM MOCTyJdaToM B «BoobOpaxaemoit
['eomerpun» JIobaueBckoro).

OTIUYUTENBHON 0COOCHHOCTBIO TEOPHH, BO-TIEPBBIX, SIBJISAETCS TO, YTO MPOCTPAHCTBEHHO
— BpEMEHHOE€ MHOrooOpaszue MOMHUMO METPUKH U CBS3HOCTH HAJENSETCS BCEMH CBOMCTBaMHU
MaTepuaiabHOW cpenbl. [lpudyeM IpaBUTAlMOHHOE IIOJIE SIBISIETCS OCHOBHBIM HCTOYHUKOM
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sHeprun Bcenennoil. CnenactBueM 3Toro sBiseTcss HaOmronaemasi BBICOKas —CTeNEHb
OJIHOPOJIHOCTH W m3oTponuu Beenennoit. Jlpyrast o0cOOEHHOCTh TEOPUH COCTOUT B BO3MOXKHOCTH
IOCTPOCHHUST MHOT000pa3suii CBOOOJHBIX OT CHHTYIsIpHOCTEeW. IlpeaBapuTenbHBI aHAIN3
MOKa3bIBaeT, YTO MpPH HENepTypOaTUBHOM TOJXOAE YCTPAHSIOTCA TakKKe CHHIYJISIPHOCTH,
CBSI3aHHBIE C KATMOPOBOUHBIM B3aUMO/ICHICTBHEM.

CUHTYISIpHBIM TIpU 3TOM SIBIISIETCS Kpal MHOroo0Opasus (MOMEHT Haudajga SBOJIOLUHU
Bcenennoil wim moBepXHOCTh BONM3M TPaBUTALMOHHOTO Pajguyca), Ha KOTOPOM Te WM HHbIE
HaO0JaeMble MHBApHAHTHBIE BEJIMYMHBI MPUHUMAIOT OECKOHEYHBIE 3HAYEHHs. ODTOT (akT
CleZlyeT paccMaTpuBaTh Kak yKa3aHHE Ha HEOOXOJMMOCTh ydyeTa BOJM3M Kpash KBAHTOBBIX
a¢dexroB. Ilpexnae Bcero, 3T0 NPOUCXOAsIIEe Ha Kpar HapyUIeHHE CUMMETPUU MEXITY
YacTHULIAaMM M aHTH4YacTuiamMu. OTMETHM, YTO OrpaHMYEHHE KOBAapUAHTHOCTH BEIET K
YMEHBLIECHUIO KOJIMYECTBA MIEPBUYHBIX CBSA3€H, B CBA3U C 3TUM IIPU KAHOHMYECKOM KBaHTOBAHHUH
CHHMaeTCs pobiieMa «3aMOPOKEHHOTO (PopMaIH3May.

TouyHOCTH MMEIOIUXCS aCTPOHOMHYECKHUX HAOJI0/IEHUI TTOKa HETOCTaTOYHO, YTOOBI HAa UX
OCHOBAaHMU cJeNaTh BEIOOp Mexay npenckazanusimMu OTO u npeios)keHHON TEOpHH TATOTEHHS.
Opnako TOT (hakT, 4TO 3a MCTEKILME JABAJLATH JIET TaKk U He ObUla ycTaHOBJIEHA (uU3NYEeCcKas
pUpoaa «TEMHOU PHEPTUU», «TEMHON MaTepum» U «uHQIaTOHOBY, a HAa BAK He o0HapyxeHO
HOBBIX YAaCTHIl C MOAXOJALUIMMH CBOWCTBAaMH, 3aCTAaBJISIET YCOMHHUTBCA B CaMOM HX
CYIIECTBOBAaHMU. Y CTAaHOBJEHO, YTO MaKCHMalbHas TIJ100ajbHasi IUIOTHOCTh SHEPIHU BO
BcenenHoii Oblia MeHbINIE TJIAHKOBCKOM Ha 64 Topsiika W HE TPEBBINIAIa TOW, KOTOpas B
HacTosuee BpeMs nocturiyra Ha BAK. C Touku 3peHHs M3JI0KEHHOW B CTaThe€ TEOPUU BCE
CBSA3BIBAEMbIE C THUMNOTETUYECKUMHU TOMAMU 3P EKTbl SBISIOTCA JUIIb TMPOSIBICHUAMU
MaTepUaIbHON CYIIHOCTH I'PAaBUTALIMOHHOIO MOJIS.
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