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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 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,
evolution of the Universe.

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
relative to arbitrary transformations of coordinates and chose the invariant of the Riemann tensor
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
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constant, “cold dark matter”, and finally the problem of description of the elementary particles
which appears in the canonical theory of gravitation as “micro black holes”.

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.

Our basic assumption is that the components of the metric tensor g, are constrained by

the conservation law:
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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:
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where R - scalar curvature, R=g""R,, R,y - Ricci tensor,
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where Fﬁw - Christoffel symbols,
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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 ®.

2



The scalar curvature is invariant 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.
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The object (2.3) behaves like a tensor only under a restricted group of coordinates
transformations. It is covariant only relative to the local unimodular 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
covariant derivative of the symmetric energy-momentum density tensor of matter is equal to zero
remains also valid in the presence of the constraint (1.1). The covariant derivative of the
expression on the left-hand side of (2.2) is zero because 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 covariant derivatives 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.

Since the remaining terms in (2.2) are generally covariant, on the whole the system of the
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 /-
#A —g’ s =const-v*
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In the Planck system of units this constant can be written in the form:

Oln/—
%, viy, =1. (2.4)
X
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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]
afﬂ (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, the system of equations (1.1, 2.2, 2.3)
can be formulated in a nonholonomic orthogonal frame, since the group of local Lorentz
transformations is unimodular.




3. Empty Space

Since the gravitational field has a certain density of energy-momentum and entropy now in
contrast to GR, the metric is nontrivial even in the absence of any matter. Obviously, such an
initially empty space is homogeneous. There are nine possible types of homogeneous spaces
with a time-dependent metric (Bianchi classification) [11] in GR three-dimensional space. It is
easy to show that in homogeneous nonstationary space the constraint (1.1) is solvable only under
the condition that the determinant of reference vectors is a constant. Only homogeneous spaces
of type I and II (according to 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 can be
reduced to the form [11]:

ds> = gy (x")dx")’ +g,, (x")dx"dx", y = —det(g,,)>0,(mn=1273). (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].
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Nonzero components of the energy-momentum density tensor:
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Taking these relations into account, the gravitational field equations (in the presence of the

constraint) take the form:
d./
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Eq. (3.8) shows that:
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The constant matrix L? is not arbitrary. Since eq. (3.10) shows that
g, b _ |g
o 8= ;0 g LL, G.11)

the matrix must satisfy the conditions:



gnp(x )Lk _gkp(xo)LZ' (312)
For the metric tensor of the general form this condition will be accomplished only in case
when the matrix L} is proportional to the single matrix. Otherwise the matrix LF=

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

340 _ Ldr, |8wpi (3.13)
dx y dx ¥
and the system of equations (3.10) takes the form
d.
g B 1 A7 5y goo( é'PL"j (3.14)
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Eq. (3.14) shows that:
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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:
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where the following notation is entered cdt = /g, dx’.
Eq. (3.7) implies
L dg 1 d ay _
gy dt T T\/_
This equation allows to eliminate gy from (3.16) and to write the equation for the function

= const . (3.17)
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where 1=t/T - dimensionless proper time, B,f’ =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:
_d
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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:

f _ @), flu)= l4u 2u+aexp{\/ﬁ(arctg\;%+arctg 4;_1H, (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 _dwde & 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).

-, -Jymmj4 o 7 = f ) (3.23)

Evolution of space begins in the time point t 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 4 f(u)du 4du
dIn = min = .
(8w) = \/_ du* —2u+o 4’ -2u+o

goo(“): o-f(u)
200 du’-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
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Using the equation (3.18), we eliminate the second derivative, then

c’ 1({1dy 3 c? [ 3 1 }
= 8T 2\ v ds) "2 B”B"—— BIY1|= | 2u® ~ 2 [B/ B ——(B})’1|(3.25
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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, < &u").
In this case the solution of the equations (3.14) can be presented in the form:
En = _71/35/01 > (3.26)
and the interval (3.1) -
ds® = g, (x")(dx’)’ =y (x")dx"dx"S,,,. (3.27)
We note that a metric 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 assumed that there is no other uncontradictery theory besides the theory
of homogeneous space of the type .
Introduce the Hubble parameter H and the acceleration parameter g (instead of the
deceleration parameter [8]) according to the modern representations:

=L 97 g, ] d(””} (3.28)

6Ty dr’ 6H’T> dr\ y dr
The substitution of these expressions in (3.18) allows us to derive the equation describing
change of the acceleration-deceleration eras.

2
P (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

O O
u, = > \/E ~0.1376, u, = < ﬁ
Yal—40/3 T aWB3+V2) T T T 1-1-40/3 43 =42)

~1.3624.(3.30)
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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

g :1—%»2. (3.31)

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:
2 2
P, = 3c’H (r)'
871G
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)

- Jo exp| - arctg4o —1 ’ (3.33)
6TV in vdo -1
and then monotonously decreases, tending to the constant value
1 1 1 T
H, =———exp| ———| arctg———=+—||. (3.34)
6T\ i ( \/40'—1( Vdo -1 ZD

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

2 2
(ggr): :c—2 d(ldy _,_l Ldy _;Q_FLB: 57, (3.35)
A487GT* |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 (¢,.), = - pg0, as it is

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

c? u -2u+o

484GT? y
This implies when 0.25 < 6 < 0.5 there is a change of the pressure sign at the following u values:
1-v1-20 _+2-1 1+41-20 2 +1
U, = > = <
2 22 2 22

The gravitational field has a positive pressure in the interval u;<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:

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

207y dt\ y dt

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

Py = (3.36)

~0.146, u, ~0.8536.  (3.37)

— 2 —
1 (4u-1) +do -1 _

R=R/ =— 4’ —2u+o0)=— 0. 3.38
¢ 4c2T2y( ) 16¢2T%y (3.38)
‘R=R) +R| =—%(§u2 —2u+a]. (3.39)

2¢° T y\3
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(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

o B c’o expl - 2arctg\4o -1
grmax 967ZGT2}/min /40_ _ 1 °
Assumed that 6=1/4 for definiteness, connect the constant value

(3.40)

2

1/2
T e o [C—J (3.41)

67[ G pg}" max

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

/ 41 (») 1 u
t_t =T mm yﬁH(u):— .

j -2y+o 3T 7 min f(u)
According (3.21) flu) depends on the constant ¢ only. Substituting in these relations the current
values [12] of the time from the beginning of evolution till now (#’-#; = 4.355-10"7 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

B 41(y) o 1 u’
=1, =Ty mmj' vio dy, H "

(3.42)

The quasi-classical approach is justified providing that the parameter7'/y,;, =21, 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 maximum energy density
equal to that achieved on accelerators with an energy of 1 TeV (pgrmax = (1TeV)' =~ 2:10® I'm™).

The characteristic values uo, u2, u4, o, u3, ul, o/2, supplemented by a number of the
intermediate values, have chosen for the parameter u.



TV min = b1 S€C; Py =5-2-10'°T -m 5 6=0.2501278985; u’=6.11995485

u q z 3R, m~ t-t; , sec H, sec’!
6.11995485 0.7599 0 -4382-107° | 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"° 7.019-10"°
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"° 2.826-107"
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 [3.785-10% | 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

TABLE 1. Space kinematics at the maximum energy density pgrmax = 5.2 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 -4.382-10°% | 4.358-10" 2.181-10"
1.362007273 0 0.849915 -6.309-10°* | 1.876-10" 3.074-107"°
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™ 5.433-107"°
0.6 978096 | 2.200817 -1.678-10°" [ 6.057-10™ 7.015-10"°
0.5 -1.2485 2.937278 -2.970-10°" | 3.656-10™ 1.088-107"
0.4 -1.5757 4.821492 -1.121-10™° | 1.313-10'° 2.813-107"
0.35 -1.7519 7.765541 -5.848-10°" | 4.218-10" 8.404-10"
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°° | 7.285-107 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° 6.103-107" 3.301-10"
0.137941901 0 1.915439-10"° |-7.974-10° 5.038-10"° [ 3.456-10"
0.125256589 1 1.992637-10" | -1.250-10’ 3.910-107" 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™.




The comparison of these data shows that the results of the calculation are in good agreement up
to red shift at least

5 1/3

z(u) = 7)) -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 &

d*x* e dx” dx*

+ =0 3.45
dé:z vA df: d§ ( )
and integrating the derived equations we find:
L = A"y (x"), 1/goo(x _JAZ B +B, A4 =4"5, A", A", B=const.  (3.46)

dg

The hypersurface ¢ = t, is the edge of found space-time manifold. On the edge u(#,) = 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]:

d(t)=c-at*)- j O (3.47)

where a(t) - scale factor, ¢ — proper time. The factor a(t) = v 7(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].

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

0 5 10 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.

075

0.25

a ] 10 15 20

Figure 4. Dependence of the ratio of the Hubble parameter in ACDM-model to its value in this theory.



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’

13
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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 8% = 2.725 °K ("cold space-time"), then pgma: = 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" - O(uo) = 272.5 OK, 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.

14



4. Basic model of the Universe evolution.

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 =ﬁ§ =%E P (1), (4.3)
Py =Pt — 48;(2?T2 ! {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]

15



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 TR S LTSy ity (4.12)
S@w’) 3 Su) Sw)+4-u,” f(u,)+1-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 unimodular coordinates transformation [8]:
G(r) ,_
ds® = F(r)(dx")’ —#(x -dx)? — C(r)(dx - dx)
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, X ”
gOO :F(r)’ gOm :0) gmn :_C(r).é‘mn _G(r) :fzn s xm =X 9 (5'1)
g(r)=detg, =—FC*(C+G).
The tensor g (inverse to the metric tensor):
00 — 1 , gOm — 0’ gmn - _ l 5mn + G(V) X zx ) (52)
F(r) C(r) C(C+G) r

nk k
gmng = 5m *
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 gives the following contribution to the action:
_ 00,1 og  D(gr) _ P(A'(K)
"o g 2AC+Gg | A
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(The stroke hereinafter denotes differentiating with respect to r)

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)(dr2 +7r*d0* +r’ sin’ 0d¢)2) _

By analogy to the “standard” form [6] write it as follows:

ds> = F(r)(dx")’ — A(r)dr* — r* (r)(d6” +sin® 6dg?), (5.4)
where A(r)=G(r)+C(), r*(r)=rC"” (r).

For this metrics the nonvanishing components of the connection differ slightly from the

corresponding components of the “standard” form [7]:

F' . A . rEp¥ - r*r*sin® @ ., F'
bo=li=gm T To=— om0 Ti=gyp
0 0 7”* 0 ’ o _ T 0 v
r,=_ry = , I, ==sinfcosd, I'7 =T = = r,, =T, =ctgh.

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

1 (F'j 1 (F'j 2 (r*r*'j Z(F*'j 2 2 (r*'jz r* F'
=—|— |+ = | +— += -+ + :
2F\ A4 24\ F r* A A\ r* r¥ A\ r* r*F
Singling out the divergent term, it can be written in the form:

’ *! %! ! */! 2
- i{r*z «/AF(L+4F ﬂ—z[r F +l(r*j +L}. (5.5)
7 r r

*2 JAF dr AF  r*A4 r*AF A
The action for the gravitational field:

3
=~ [(R+AWAFr+ sin0drdodedx".

& 162G
Substituting here the expression (5.5) for R and (5.3) for A, omitting the divergent term and
taking into account that A=A"/FC’ we have:
c? I(A PR 1 O'AF*F
2

S = + Y —— ¥ ¥ e e lsin@drdGdodx” .
£ 872G * Ar4( ) Art J o

2N
Introduce a variable &=/ instead of r, then the action takes the form:

3 %2 % * *4
3c j( A Fr (df’ j +l,, dr dF fr dﬁd—A}dgsdequodx

= +
“ 8aGY| 9r*’ A\ dé A dé d§ 2N dE dE
From a principle of least action find the gravitational field equations in space free from
matter:
x4
At Fad_y, (5.6)
dé\ A" dg
%2 %3 *
2_r r2 dr*dF 12 d Fd;() —o, (5.7)
Or* AN d& d§ 2A d§ dé
%2 %3 % s4
4 At rT dAdD (5.8)
A d& 2A° d& dé
P %3
2, s pi) o d (L) i pdd g,
9r* dé dé A dé AN d&EdE
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Equation (5.6) implies:
r* F dA B
N 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  dd
— 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:

a, (5.6

This implies:

1dF_do_ _1ds B

Fag dag “nae’’ " a
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:
E{V“”*T+.*pi{ﬁfm*j_r“ééég
NPT "Uae\ A ag )TN ag s
After the substitution of this expression in the equation (5.9) it takes the form:

put d(1AF o o d (Fredr®) | 1(redre)  d (rrdr) | 28
dé\ A d& dé\ A dé& A\ d& dé\ A dé 9 *?
This equation is equivalent to the following:
d|r* d [ F j 2A
— — + =0.
dé| A dE\r* 9p *?

Integrating this equation over & we have:

d( F A 2 A %A
( j_ﬂlr*6+_ Ir 45 =0,

*2 *6 *2
dé\r 9r* s

Ad_fr*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).
¢
th}z a | 8 ge=o. (5.9")

dE\r*? ) 9 p*tqp*
Integrating one more time, represent the function F(r) in the form:
2 o f(F A A
— = %2
F=gr i(j_dr*z gj—dr*é £

0
Transform the equation (5.8). Introduce a notation

%6
where £, :{r d [ al

ﬂ is one more constant with the dimension of length. This constant
&=0
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_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 dd .
dr* 2r*F dr*
1 d 1 3a do
S 3r*U dr*V 2r*F dr*
Passing from the derivatives with respect to &=/ to the derivatives with respect to 7* in all
relations and introducing the dimensionless coordinate’s »/a and r*/o (keeping the previous
notation  and »* for them), we can write the initial system of equations as follows:

(5.8")

1dA 3@ (5.10)
Adr* Fr**’ '
V(r*) = ! ,®=—In(FA™®), (5.11)
2 -[ *F dr
F(r*) = 2% j ( j V (r)dr J—V(r*)dr (5.12)
A(r*zr Iy, (5.13)
7 *k d *k

Generally speaking, the nonzero value 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

27(]*1/@*)6# j(—)dr* —b>0 (5.14)

exists, q.(5.12) implies that the function F(r *)=b* at the small r*. Then assumed that
V(r*y=b;r*>0, A(r *)zbyr*‘SZO and substituting these expressions in (5.8', 5.10) we have:

v=3, b= 2b ,0 = 6 ) (5.15)
2-06 2-06
From the last relation follows:
S 1£+1-60
o

therefore ¢ < 1/6.
Integrating the equation (5.13) find at the small values 7, »*:

(%) = 3]”’" *zdr*z3ﬁjr*(5’5)dr*. (5.16)
o AG™) by 4

The last integral exists only at 0 < 6. In this case

5=1zvl=60 0'<%. (5.17)
(o2

Consider now the expression for the energy of the static isotropic gravitational field
(Appendix I). In this case

o r® Fo*) din(FA)|

AG | V(¥ dr*

—3InFAC(r*,)|. (A.8)

o3k
" min
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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 6 > 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;,c’.
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 r* the first term coefficient of the function F(»*) expansion
in powers of 1/r* is equal to the gravitational radius-to-a ratio.

r, 1 2M G 1
F(r*)=1- g’—*+..:1— = — T (5.18)
ar ca r
In this case the relation (A.8) passes into the equation defining a quantity r*,,;, .
P 2r* F(r¥u,) n F(r*..)
a V(r* ) A (7 * in) .

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\”(+*) as a first approximation from (5.12), and then to find
AP(*) 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 7(+*) from the equation (5.13).

Construct a trial function. If eq. (5.18) is valid at large values of r*, then eq. (5.10, 5.11)
implies that V(r*) ~[-vw/r**+.. As in the presence of the edge the behavior of the desired
functions is not determined at small values of 7*, it is natural to assume that the relative size of
r*nin 18 more than unit. Providing that »*,,;, > 1, specify a trial function as follows:

VO@E*)=1-v/r**. (5.20)
Substituting this expression in eq. (5.12) we find

(5.19)

1 2 v v vl
——=(r* .+ _—, 5.21
) ) - (5.21)

min min

\%
r*

FO®r* =1 —%(r*min +

Based on correspondence principle, in this approximation we have
r
gr — z (7" * n %
min %
a 3 r

A constant v can be chosen so that the values of a trial function and first approximation
coincide VW (r* )=V (r* _ )in the point 7*=r*,,,. Substituting (5.20), (5.21) in (5.10) we
find

) (5.22)

min

< (0) (%
InA® (%) = =3[ i GO

LTFOenT o2

and then from (5.11) we have

-1

@ (0) (. *

V(l)(l”*)z 1_,_2 1_0 _i 1+ 4 ((:ﬂ ) zdl”o . (5.24)
2rxFO@*) 200 2rx FO %) ) (%) F©O (%)

In this case
v= =V 00 * 0, (5.25)
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

24



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 ; ro/o. =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

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-clasical theory of gravitation where this principle is replaced by its
antithesis (as it was with the fifth postulate in Lobachevsky's "Imaginary geometry"). The
restriction of general covariance occurs due to the introduction of the constraint, which from a
physical point of view is interpreted as the principle of adiabaticity of the process of evolution of
the metric of space-time manifold.

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
of quantum effects accounting near the edge. First of all, it is a symmetry violation between
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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 “inflatonons” 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:

1 0 (—m 108 ip
@axv(*/_gT”) 2o

In case of a static field the energy of the gravitational field is conserved:

E:Iaiv( —gTy Jitx = [ 1y~ g, . (A1)

where according to (2.4)

4 a _
Tp =5 L g O2 ) ey OO iy OO g 1 NTE p )
" oxt

* T 16aG ox” o ot [ —g oxt
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:
= g — 6CD dv. (A.3)
162G

Substituting here the express1ons for the components of the metric tensor we derive from (5.2):

2 do r2 dod
g5 dr( @z { j J-g dr[ Jdr} (A.4)

164G C+G dr (C+G) dr
Let’s consider now that by definition and by the relation (5.13) also:

C(r¥)+ G(r*) = %, ridr = %r *2 dp * (A.5)
e % —g

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

_ctalr* F( T r* F(r*) do dq— (A6)
4G | V(r*) dr* 2 V() [-g dr* dr ' '
By the relations (5.7"), (5.10)
dJ-
® =-In(FA™), ! ,A=4/— (A.7)

-g dr* r*2

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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KBa3zukaaccuyeckas TEOPpHUA TATOTCHUSA

Co0oneB Anexcanap IlaBnosny
sapsolto@mail.ru

AHHOTaUA

B o6me#i Teopun otHocutenbHocTH (OTO) mpu BBIBOJE YpaBHEHHUM TPaBHTAIIMOHHOTO
MOJISL MCTIOJIH30BANIOCH TMPEIOJIOKEHHE O KOBAPUAHTHOCTH HUX OTHOCHUTEIBHO IMPOU3BOJIBHBIX
npeoOpa3oBaHnil KOOpAMHAT. 3a HUCTEKIIEe CTOJIETHE HEOJHOKPATHO BBICKA3bIBAIOCH MHEHHE,
YTO TaKOe PaBHOMPABHE BCEX CHCTEM KOOPJMHAT, MOKET HE COOTBETCTBOBATh PEAbHOCTU. TeM
HE MEHee, /10 HACTOSIIEr0o BPEMEHHU CTAaTyC 3TOr0 MPEANONOXKEeHHS Kak (yHIaMEHTaIbHOTO
du3NYECKOro MPUHIMIA HE TOJBEpPTraeTcs COMHEHHI0. B cTathe chopMynupoBaHbl UCXOIHBIE
YpaBHEHHS TEOPUM TATOTEHUST C OTPaHUMYEHHOM 3a CcYeT BBEJACHHUS CBs3UW OOIIeH
KOBAapHAHTHOCTHIO. OIMNpeneieHo MOHSATHE IJIOTHOCTA DJHTPONUU TMPOCTPAHCTBA-BPEMEHU, C
¢uznyecKkol TOYKM 3pEHUS CBA3b MHTEPHPETUPYETCS Kak JOCTAaTOYHOE  YCIOBUE
a1MabaTUYHOCTH TIpollecca HBOJIONUHM ero MeTpuku. Ha 3Toil ocHOBe mocTpoeHa Oa3oBas
MoJiedb 3BoJOLMK BceeneHHoM, coriacyromascs ¢ HaOMoAaTelbHBIMU ACTPOHOMHYECKUMU
JTaHHBIMU 0€3 TPUBIICYCHUS TUIIOTE3 O CYIIECTBOBAHUH «TEMHOM YHEPTUY, KTEMHOU MAaTEPUI
U «MH(DIATOHOB». YTBEpXKIAeTcs, YTO MaKCHUMallbHas TIJI00aibHasi IUIOTHOCTh HSHEPTUHM BO
Bcenennoii Opu1a Ha 64 mopsiika MEHbIIIE TUTAHKOBCKOM, a TUIOTHOCTh PHTPOMHH HA 18 MOpsIKoB
npesbiaet npeackaspiaeMoe OTO 3HaueHue.

KitoueBbie ciioBa: rpaBUTalUs, OTPAaHUYCHHAS KOBAPUAHTHOCTh, HECHHTYIISIpHAS TEOPUS,
SHTPONUS NPOCTPAHCTBA-BPEMEHH, IBOIIONMS BeeneHHOM.

1. BBeaenmue

bonee crta ner Ha3zan Npu BBIBOAE YPAaBHEHMI I'PAaBUTALIMM U3 BapHALMOHHOIO IPUHIIHAIIA
A. T'mnasbept chopmynupoBall akcHOMy OOIIe WHBAPHUAHTHOCTH JCWCTBUS OTHOCHTEIHHO
MIPOU3BOJIBHBIX NMPeoOpa3zoBaHUil KOOpAUHAT U BbIOpas MHBApHAaHT TeH30pa PumaHa B kauecTBe
JarpaHKMaHa rpaBUTalMoOHHOrO moJs [1].

Tpems romamu panee A. DiHmTeitH mucan [2, ¢. 237, 243]: «Heob6xomumo, Bmpodem,
MOMYEPKHYTh, YTO y HAC HET HHUKAKUX OCHOBAHWH I OOIIeH KOBAPHMAHTHOCTH YpaBHEHUU
rpaBUTALUU.... Mbl HE 3HA€M OTHOCHUTENIbHO KaKOH TpyMIbl MpeoOpa3oBaHUN TOJKHBI OBITH
KOBapUaHTHBI UCKOMbIe ypaBHeHHUs. CHadana HauOoliee €CTECTBEHHBIM KaxxeTcs TpeOoBaHME
KOBAPUAHTHOCTH CHUCTEMBI YPaBHEHUUM OTHOCHTEIBHO npou380bHulXx (KypcuB A. DWHINTEHHA)
peoOpa3oBaHUI».

Ycnex KaHOHUYECKOW TeOprH TATOTEHUs Kak OyATo Obl MOATBEPANI MPAaBUIBHOCTH TAKOTO
JIOMYIIEHHUs, a CaMO OHO CO BpeMEHeM o00peno craryc (pyHIaMeHTaIbHOrO MpHHLUIA. XOTS
paHee BBICKa3bIBalach W 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 mocjeaoBaTeneil MpUuaepKUBAIOTCS UHOM TOYKU 3peHusd. OHu
cuuraror, yro OTO mnomMuMo »3TOro (M B TEPBYIO OYEPENb) YCTAHABIMBAET IPUHLHUII
pPaBHOMPABHUS BCEX CUCTEM OTCUETA....C 3TOM TOYKON 3pEHUS, OJTHAKO, TPYJAHO COTJIACUTHCS, TaK
KaKk TpU TOM PaBHONPABUE CHUCTEM OTCUYETa C TOYKH 3pEeHUs (POpMaJbHO-MAaTEMATHYECKOTO
anmapara HE3aKOHHO HCTOJKOBBIBAETCS KaK paBHONpABHUE M MO HUX (PUINUECKOMY CYIIECTBY
Jenay.

B cBere HOBBIX 3KCIEpUMEHTaIbHBIX AaHHBIX [4-6] OTO yxe He KaxkeTcs CTOJb
He3bI0IeMoi 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
9TH TPYAHOCTH CTadl COBOKYITHOCTHIO HEPEHICHHBIX [0 HACTOSIIEr0 BPEMEHU MpoOIeM:
MpoOJEMbl DHEPTUHU, CHUHTYISPHOCTEH, KOCMOJOTUYECKOW ITOCTOSHHOM, «XOJOJAHOW TEMHOMU
MaTepuu», W, HAKOHEI, MPOOJIeMBbl OIMUCAHUS JIIEMEHTAPHBIX YaCTHIl, NPEJCTAIONINX B
KaHOHUYECKOW TEOPUH IPaBUTALIMH B 0OJIMKE «MUKPOCKOMUYECKUX YEPHBIX ABIPH.

OueBUAHBIN MyTh MOCTPOCHUS He o0Owe KOBAPUAHMHOU meopuu ma2omenus 0Oe3
HapyweHus akcuom lunbbepma BUAUTCS BO BBEJACHUU alPUOPHBIX CBS3EH, OrpaHUYMBAIOIINX
BBIOOp CHCTEMBI KOOpIWHAT. PaHee mpeanpuHUMANKCh MOMBITKH TaKOTO POJia, IPUMEpP TOMY
YHUMOJYJISIPHAST TEOpHsI TATOTCHHS, UCTOKA KOTOPOW BOCXOIAT K A. DiHmTEiHy. B 00mem
cly4yae CIEeJCTBUEM BBEJICHUS CBS3EH SIBJISIETCS BOBHMKHOBEHHUE KPaeB y MPOCTPAHCTBEHHO -
BpeMeHHOTO MHorooOpasus. [lpm Hammuun auddepeHnuaiTbHOi  CBSI3U  TOSIBISETCS
BO3MOXKHOCTh BBIOpATh TMOJIOKEHUE Kpas TaKhuM 00pa3oM, YTOOBI BBIICTUTH HE CHUHTYISIPHYIO
BHYTPEHHIOIO 00J1aCTh MHOTOOOpasus.

[Ipu takom monaxoje yexamuii B ocHoBaHUM OTO o0mui TPUHIUIT OTHOCUTEIHLHOCTH,
KaK MPHUHIMI SKBUBAJIEHTHOCTU BCEX CHCTEM OTCYETAa, COBMECTHMBIX C MCEBJOPUMAHOBOU
METpPUKOH, HE HapyiaeTcs. KpoMme TOro He CTaBUTCS MO COMHEHUE M HE3BIOJIEMOCTh IPUHIIUTIA
WHBAapUAHTHOCTH  JCHCTBUS Mamepuu OTHOCUTEIBHO TPOU3BOJIBHBIX IPeoOpa3oBaHUN
koopauHaT. B To xe Bpemsa B otnuune ot OTO cea36 ocpanuuueaem obwyro ko8apuanmuocmeo
ypasHenuti epasumayuu. Takum o00pa3oM, ampuopu B OSTOM CIy4yae BBINOJHAETCA JIHUIIb
«CPETHECUJIBHBI  MPUHILMID SKBUBAJIEHTHOCTU [8]. DTO, OHAKO, HE MOXKET SIBISTHCS
OCHOBaHMEM [UIsl TOT0, 4YTOOBI OTBEPrHYTh MpeUIaraeMblii MOAXOJA KaK MPOTHBOpEYaIlnit
HKCIIEPUMEHTAM MO MPOBEPKE CUJIIBHOTO MPUHIUIIA SKBUBAJEHTHOCTH JJI T€ KOCMHUYECKHX
MacmTabos [9].

Jeno B ToMm, uto yxxe B OTO B pamkax ACDM — mMozenu caMo nIpOCTpaHCTBO HAAENsAETCs
sHepruei. To ke caMoe MPOUCXOUT U TIPU BBEJICHUH allPUOPHOM CBSI3U. B cuily HeIMHEMHOCTH
YpaBHEHUU TpPaBUTAIMU TPOCTPAHCTBO CTAHOBHUTCS CAMOTPABUTUPYIOMUM OO0BEKTOM. Jliist
TaKOro OOBEKTa MOXKHO OINpEeAeNUTh MHEPTHYI0 MacCy M TpaBUTAIMOHHYIO Maccy. PemieHue
YpaBHEHU! TPABUTALUU UMEET JOCTATOYHO CBOOOTHBIX MAPAMETPOB JIJISl TOTO, YTOOBI HE TOJIBKO
o0OecrieunTh TpeOOBaHME pPABEHCTBA HMHEPTHOM Macchl TpaBUTAIIMIOHHOTO TOJII  Macce
TATOTEIOUIEH, HO M OIpEeACNUTh WHEPTHYI0 MacCy B COOTBETCTBMM C MpUHUUIOM Maxa
(mocnemnsiss 3amada Tak u He Obuia permeHa B OTO). C 3Toil TOYKM 3peHUs PE3yJIbTaThl
AKCIEPUMEHTOB [9] cienyeT paccMaTpuBaTh KakK yKa3aHUE Ha TO, YTO CYUeCmEYIom moJbKO
maxue (K6asu)CmayuoHapHsle camozpagumupyroujue 00veKkmel, 0Jisl KOMOPbIX UHEPMHASL MACCa
pasHa macce epasumayuOHHoOU.

Hamme ocHOBHOE NpeanosioKeHHe COCTOUT B TOM, UYTO KOMNOHEHMbl MempUyecKo2o

meH3opa gﬂv C643A4Hbl 3AKOHOM COXPAHEHUA

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

2. YpaBHeHusl TPABUTALIMOHHOIO T10JIS1 IPU HAJMYUH CBA3HU

YroObl MOMYyYUTHh OCTaJbHBIE YpPaBHEHMs TPAaBUTALMOHHOIO TOJsS HA MAacCOBOM
MOBEPXHOCTH, MCXOAs M3 AeWcTBUS | 'mnbOepra M BBOAS MHOXKHTENb Jlarpanxka — ckaispHOe
nosie O, 3anuIieM JAelcTBUE pHu Hamu4uuu cBs3u (1.1) B Buze:

3
c 4 1 0yJ—-g oD
S =- R+A)\J—gd A= i 2.1
& 1672Gj( +AN-gd'x. N-g ox* & For @1

R - ckamnsipHast kpuBu3Ha, R=¢g""R,, R,y — Ten30p Puuun,
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a A a A A A
R,uv = aXTF#V —ax—VFM +FWFfp —prrlﬁ ,

Fﬁw — cumBoJIbl Kpucroddens,
l—wl _1 Ap _ag/lv+agp/j+agvp

w8 ox”  ox”  oxt
Tenepb pu BapbUPOBAHUU JECUCTBUS 68Ce KOMNOHEHMbL Mempu4ecko2o mensopa u ckaiap D
MO2Ym paccmampusamvpcsi KAk He3a8UCUMbLE GETUYUHDL.

IIpu BappupoBanuum no nonw @ U3 OpPUHIKIA HAUMEHBIIETO JECUCTBUSA TOJIYYUM
ypaBHenue (1.1).

CkangpHasi KpUBHU3HA HHBApUAHTHA OTHOCHUTEIBHO MPOU3BOJBHBIX MpeoOpazoBaHUM
KOOPJIMHAT, TIOATOMY BBIYUCIICHHE €€ BapHallii U COOTBETCTBEHHO BKJIAJla B YPaBHEHUS MOJISl HE
MMEET HUKAKUX OTINYuH OT [8].

Hanuume B narpanxuiane JOMOJHUTENBHBIX UJICHOB IOMUMO CKAJISPHONW KPHUBU3HBI
MIPUBOAMT TIPH BapbUPOBAHUHU TI0 METPHUKE K MOSBJICHUIO B YpaBHEHUAX [ mipOepra-DWHIITeHHA
HOBOTO 00BEKTA:

1 871G 871G
R, _Eg’”R = o (ggr)w +—c4 (gmm)w , (2.2)
162G 0 od 1 O\—g 0D 1 O—g oD
4 (ggr),uv = _g/jv P ( P 2 j_ P v v P (2.3)
c Oox Oox -g ox* ox -g Ox" oOx

OO6mwexT (2.3) Bemer cebs Kak TEH30p TOJIBKO TPU OrPaHUYEHHON TpyIe NnpeodpazoBaHHNA
koopauHat. On KoeapuawmeH OMHOCUMENbHO JNOKANbHBIX VHUMOOVIAPHLIX U 2100ANbHBIX
JIUHEIHBIX NPeobpa3068aHuUll KOOPOUHAM.

Cea3p (1.1) He Brimrowaet mosst matepuu. [loaromy kak u B OTO nelicTBue 1 MaTepuu
OCTaeTcs HMHBAPUAHTHBIM NpU OO0IMX NpeoOpa3oBaHUSAX KOOPAWHAT, a YTBEPXKICHHE O
PaBEHCTBE HYII0 KOBAapUAHTHOM MPOM3BOJHON CUMMETPHUYHOIO TEH30pa IUIOTHOCTU IHEPrHH-
UMITyJIbCa MaTEpUU OCTaeTcs B cuwie U npu Hanuuuu cBs3u (1.1). KoBapuantHas npousBoaHas
BBIDOKECHHUsI B JICBOW CTOpoHE (2.2) paBHa HYIIO B CHJIYy CBEPHYTOrO TOXJeCTBa buaHku
(cTpaBeITMBOCTH KOTOPOTO OOYCIIOBIIEHA JIUITH O0IIEeH KOBAPHAHTHOCTHIO TEH30pa KPUBH3HBI),
MO03TOMY C YYETOM BBIIIE€ CKa3aHHOTO JOJIKHBI PABHATHCS HYIIO M KOBapHAHTHBIE TPOU3BOIHBIE
MPaBBIX CTOPOH Kak (2.2), Tak u (2.3). Bce 3T0 B COBOKYITHOCTH MO3BOJISIET Ha3BaTh 00BEKT (2.3)
TE€H30POM IUIOTHOCTH PHEPTUHU - UMITYJIbCa TPAaBUTALMOHHOTO MoJjs. Borpoc o monoxxkurenbHOU
OTIpPEIeIIEHHOCTH TNIOTHOCTHU SHEPTUH OyJeT pacCMOTPEH B pasjee 3.

[TockonbKy ocTalbHBIE WICHBI B (2.2) 00IeKOBapUAHTHBI, TO B I[€JIOM CHCTEMa YPaBHCHUM
TpaBUTAllUd TpU HAJUYMK CBS3M OyHeT KOBApWAHTHA JIMIIb OTHOCHTEIBHO YKa3aHHOM
OTPAaHWYEHHOW TPYNIBI MPeoOpa3oBaHUl KOOPAMHAT. DTOTO JOCTATOYHO, YTOOBI OCTaBaJICA
CHpaBeJTUBBIM psii yTBepxkaeHui, nokazaHHsix B OTO. B wacTHOCTM B OECKOHEUHO Maon
OKPECTHOCTH JIF000I TOUYKH MOXHO BBECTH T'aJIUJIEEBY CUCTEMY KOOPAMHAT, a TaKKe 0OpaTUTH B
HOJIb Bce cuMBOJBI Kprcrodderns He TOIBKO B TOUKE, HO M BAOJb 33JaHHOH MHPOBOH JTUHHU
[3].

C ¢usnueckoir Touku 3peHHs cBs3b (1.1) MokeT OBITh HMHTEPIPETHPOBAHA Kak
JIOCTaTOYHOE YCJIOBHE aJna0aTUYHOCTH MpOoIlecca 3BOJIONUU MeTpUKU. OmnpenenuM BEKTOp
NOMOKA NIOMHOCMU IHMPONUU SPABUMAYUOHHO20 NOA5S COOTHOLIEHUEM:

Olny-g oln—g
sVt = const - g" 0 vy, =1, s, = const -v* B (2.4)
X X
B m1aHKOBCKO# cucTeMe eIMHUIL 3Ty OCTOSHHYIO MOKHO 3aIiCcaTh B BUJE:
k
const =a-—-, (2.5)

pl
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rie k mocrosiHHas bonbiMana, /,; i1aHKoBcKast JuinHa. [l KBa3UKIacCUYECKOM TEOPHUU JIOTKHO
BBITIOJTHATHCS yCJIOBHE |a| < 1. 3HaK MOCTOSTHHOW @ TOJKEH BHIOMPATHCS TaK, YTOOBI HA BpEMEHHU
- TOJOOHBIX I€0/IE3MYECKUX JIMHUSAX TIOTHOCTh SHTPOIUHU ObLIa TIOJIOKUTENBHOU. Tenepsb cBsI3b
(1.1) MOXHO 3amucaTh B BUJI€ PEISTUBUCTCKOTO YCIOBUS aanadatuaHocTy [10]

O (s, v*)=0. (2.6)

ox*
OtmeTnM, 4TO B cuiy ompeneneHus (2.4) Bce TepMOIWHAMUYECKHE MOTCHIMAIBI OYAyT
CKaJIsipaMU TOJILKO OTHOCUTENIbHO OIPaHUYEHHOH BBIIIE TPYIIIBI IPEeoOpa3oBaHUiA.
Jl1g BKIIIOUEHMS B pacCMOTpPEHUE CIIMHOPHOM MaTepuu cucreMa ypasHenui (1.1, 2.2, 2.3)
MOKET OBITh CPOpPMYIUPOBaHA B HETOJIOHOMHOM OpPTOTOHAJIBLHOM perepe, MOCKOIbKY Ipymmna
JIOKaJIbHBIX JIOPEHLEBBIX IPE0Opa30BaHUN YHUMOIYJISIPHA.

3. IIycroe kocmuyeckoe IIpocTpancTso

[Tockonbky B ommune or OTO Temeph rpaBUTAlIMOHHOE TOJIe OOJIAZAET OIpeaeIIEHHON
IUIOTHOCTBIO SHEPTUU — UMIYJIbCa U SHTPONUH, TO METpUKa OyAeT HETPUBHAIBLHOM, Iake MpU
OTCYTCTBUHM Kakoil nmbo Matepuu. OuUeBHAHO, YTO TAaKO€ M3HAYAJIBHO IMYCTOE MPOCTPAHCTBO
ABJSIETCS OMHOPOAHBIM. B TpexmepHoM npoctpancTtBe OTO umeeTcs: 1eBSITh BO3MOKHBIX TUIIOB
OJIHOPOJIHBIX TIPOCTPAHCTB C 3aBHCSIIEH OT BpeMeHU MeTpukoi (knaccudukanus buanku) [11].
Jlerko mokazath, 4TO B OJHOPOIHOM HECTAIIMOHAPHOM TpocTpaHCTBe CBs3b (1.1) paspemmma
TOJIBKO TIPU YCJIOBUU IIOCTOSIHCTBA JETEPMHHAHTA PEIEPHBIX BEKTOPOB. OTOMY YCIIOBHUIO
YIOBIIETBOPSIET JIUIITL OJHOpOAHBIE TTpocTpancTBa Tuna [ u Il mo knmaccudukanuu buanku. s
NEpBOT0 U3 HUX METPUUECKUH TEH30p 3aBHCUT TOJBKO OT BPEMEHH - MOJ00HOM KoopauHaThl. B
3TOM CiIy4ae, eCcii MPOCTPAHCTBEHHAs! METPUKA HE BBIPOXKJIEHa, TO Hanbosee o011ee BIpakeHne
JUIS. IPOCTPAHCTBEHHO-BPEMEHHOT'0 MHTEpBAJIa YHUMOIYJSIPHBIM MTPpeoOpa3oBaHueM KOOPIUHAT
MOKET ObITh IpHBEeHO K BUAY [11]:

ds> = gy (x")dx")* +g,, (x")dx"dx", y = —det(g,,)>0,(mn=1273). (3.1)

OtcyrcTBue 0O0IIell WHBApUAHTHOCTH JeWcTBHS (2.1) HE MO3BOJIIET HCKIIOYHTH Zgo

KOMITOHEHTY METPUKH, TIOITOMY BbIpaXXeHus, 171s1 cuMBoIoB Kpuctoddens u oTanyHbIX OT HYIS
KOMIIOHEHT T€H30pa PUy4m, HECKOJBKO OTJIMYAIOTCS OT BBIpaXKEHUM, MpUBEAEHHBIX B [11].

1 dg 1 dg 1 dg
1—*0 . 00 00 ’1—*0 :0’ FO - 00 nl ’Fm :0, Fm —— mk kl ,Fm :0’ 32
0= 8 PR nl ) g PR o= 8 PR (3.2)

d,
JE— do 1 d70 S L g S g dg"g’, (3.3)
28y A"\ /&g X 4800 dx dx
Rp =t L] L g BB | (3.4)
2.2, dx oo dx
OTIUYHEBIE OT HYJISI KOMIIOHEHTBI TCH30pa IMJIOTHOCTU SHEPTUHU-UMITYJIbCA:
( )O | d[ 1 do 2 dygyy do
gy = 0 o |t 0 0 (3.5)
167G | dx” \ g, dx Zoo &y dx  dx
¢t d (1 do
e, ) = 5. (3.6)

£ 167G dx | gy dx’ ) ¢

C y4eToMm 3THX COOTHOIIEHUN ypaBHEHHUS TPABUTALIMOHHOTO TOJS NpU HATUYUU CEA3U TIPUMYT

BU:
d| 1B |_, (3.7)
dx’| g, dx’ ’ '

32



1 d 1 d 1 .98, ,.dg,. 18w d 1 dd
- 0 }/0 - g ‘ kopgp go = - 0 N E (3.8)
280 X"\ 4Gy dX 420 dx dx 2 dx | goon1g ax

d np A2 d [ 18y d®
| L BB | 5y L Nw T (3.9)
dx &oo dx dx” | g dx

N3 (3.9) cnenyer:

g Bin 5 dqz =\/5L;;. (3.10)
dx’ dx /4
ITocrosiHHas Matpuua Lf He sBisieTcs mpou3BoiabHOM. [lockonbky u3 (3.10) cienyer
B g, =\/g§ e 6.1
MaTpula JOJKHA YAOBJICTBOPATL YCIOBULO!
g, (L =g, ("L} (3.12)

JlJiss METpUYEecKOoro TEH30pa OOIIEer0 BUJA ATO YCIOBHE OYJET BBINIONHSATHCS TOJBKO B
cilydae, KOrja MaTpuna L; TpomopuuoHalbHA €AWHUYHON MaTpume. B mpoTuBHOM citydae
marpunia LY = diag(L;L> L3) 1 MeTpU4eCKU TEH30p TaKXkKe JOJKEH ObITh AUAarOHAJIbHBIM.

Yrpomas (3.10) mo uHaEKCaM p U k, TIOTy4UM:

340 _ Ldy |, 8wt (3.13)
dx y dx ¥
u cucteMa ypaBHeHu# (3.10) mpuHuMaeT BUJ
pm dgk(;n _ 1 d]/ é'kp gOO( 5anj (314)
dx 37/ dx’ ¥ 3
U3 (3.14) cnenyer
d d

By ol L(1drY @[U;L’; —1(LZ)2] (3.15)

dx dx 3 y dx’ 4 3

Ucnonwszyss 310 Bbipakenne u (3.13), moxHO wuckimounth ® U BCce MNPOCTPAHCTBEHHBIE
KOMIIOHEHTbI METPUKHU U3 ypaBHeHus (3.8) u 3anucaTh €ro B BUJIE:

3i(lﬂj+l(lﬂj +£[L5;L§_ ()= Oofd 1 (1 ar ch,J, (3.16)

dt\y dt ) 2\ y dt 2y \/_dt

TJie BBEJIEHO 0003HaueHne cdf = /g, dx’.

W3 ypaBuenus (3.7) cnenyet
L dgo 1 d ay _
gy dt T T\/_

DTO ypaBHEHHE TMO3BOJISIET UCKITIOUUTD gy 13 (3.16) 1 3anmucarh ypaBHeHUE 11 PYHKITUH V:

pd(Ldy), 1 dy o o g 3ipepe Ligry, (3.18)
dr\ydr y\/_df /4 2 T3

rne t=t/T Ge3pasmepHoe Bpems, B} =cTL! - marpuna 6e3pa3MepHbIX NOCTOSHHBIX. [lopsiiox

= const . (3.17)

ypaBHeHUs (3.18) MOXXHO MOHHM3UTH MPHU BBeICHUU (PYHKIUU u(y) — Oe3pa3MEepHON CKOPOCTH
U3MEHEHUS 00beMHO20 (hakmopa -y

:M. (3.19)
dr
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YpaBHEHHE IPUMET BUJ:

d
8wﬂ—4u -2u+o, Audu \/_

dy 4 -2u+o \/;

3ameuaTeNbHO, UYTO Npu 6 > 1/4 omnpepenuTenb NMPOCTPAHCTBEHHONW METPUKU HUTIJE HE
paBeH Hymt0. CiedosamenbHo, 8 3MOM Clyuae Hem CUHSYIAPHOCHE.
Hurerpupys ypasuenue (3.20), nHaiinem:

]/iZf(u), f(u)zwexp{\/li(arctg\/i+arctg\/ﬁﬂ, (3.21)

TIE AV, - MUHUManbHoe 3navenue +y(u) npu u=0.
Huddepenmpys (3.21) o 1, moyanm:

1 d dfu)du d 4u
7 _dwd &t g, (.22)
¥ i dr du dr du du*-2u+o

(3.20)

Ortcrona ¢ yaerom (3.19), (3.21) HaiimeM B mapaMeTpUIECKOM BUIE perienne ypaHeHus (3.18)

r=t, =7 I o zf D)y 7 = f ). (3.23)

Deonoyus nPoCmMpaHcmed HAYUHAEMCS 6 MOMEHM 6PDEMeHU Ty U3 COCMOAHUA NOKOSL C
MUHUMATTLHBIM 00bEMHBIM PaKMOpPOM.
N3 ypaBuenus (3.17) ¢ yuetom (3.23) crnemyet

dt min 4f(u)du 4du
i) = Voo A4S _

4u2—2u+0_4u2—2u+0'

goo(“): o f(u)
20(0) 4u’ -2u+o

0
Hcnonp3yto 3To cooTHOIIEHHE, UcX01s U3 onpeneneHus (3.19) MokHO mokas3aTh, 4To du « dx .

Paccmotpum Belpakenue (3.5) 1 IIIOTHOCTH SHEPIUU Ha ypaBHEHUsX noss. Mcnonb3ys
cootHomenus (3.13) u (3.17), mpeobpazyem (3.5) cneayrommm oOpa3om:

S |d(ldy) 1(1ay) 1 ay 1
(e, =p, =—— LA I S AR 1T (3.24)
482GT? | dr ydr 2\ y dr 2\/;)/612' 2y

Hcnions3ys ypaBHeHwue (3.18) UCKIIIOUUM BTOPYIO TPOU3BOAHYIO, TOTIa

cz ld}/ 2 3 1 Cz [ 3 1
=——— || —=5 | —= (BB —~(B{)’]|=————| 2’ - =[B/ B, ——(B{)’1|(3.25
Pe 967zGT2H;/dT 2 BV By —3 (B = o | 24" 1B/ B, —1 (B)"1|3.25)

[lepBpiii uneH B cKkOOKax NpU MallbIX 3HAUYEHUAX M CTPEMUTCS K HYIIO, BTOpPOIl 4IEH,
XapaKTepU3YIOIUN TI00albHyl0 aHU30TPOIHUIO TPOCTPAHCTBA, IMOCTOSHEH, TMOJIOXKUTENEH |
BXOJUT B BBIPAXKEHUE ISl TUIOTHOCTH SHEPTUU CO 3HAKOM MUHYC. [lnomHnocmub sHepeuu 6yoem
NOLOHCUMETILHOT MOTILKO 8 MOM Clyude, Ko20d 00HOPOOHOe Npocmpancmeo uzomponno (B, «
mn)-
B arom cnyuae pemenne ypaBHeHui (3.14) MOXHO IIpeCTaBUTh B BUJIE:
Qi =7 "6 (3.26)
a maTepsain (3.1) -
ds® = g, (x")dx’)’ =y (x")dx"dx"S,,. (3.27)
3amerum, uto MeTpuka Ttuna Il umeer HeycTpaHumyr aHuzoTponuto. [loatomy mmes B
BUJY CBSI3b IOJOXHUTEIBHOM ONPEAENEHHOCTH IUIOTHOCTH DSHEPIUHM C  OTCYTCTBUEM
AQHU30TPONHUH, MOXKHO MPEAINOJIOKHUTh, YTO HE CYHIECTBYET APYroil HEMPOTHBOPEUMBOM TeOpUU
KpOM€ TE€OpUHU OJTHOPOJHOTO MPOCTpaHCTBA THMa .
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Beenem mapamerp Xab0ia H M B COOTBETCTBHH C COBPEMEHHbIMU NPeOCmAasieHUusmu
napamemp yckopenus q (émecmo napamempa 3ameonenus [8)]):

HELQ, (]El+%i Ldy . (3.28)
6Ty dr 6H T dr\ydr

[ToncranoBka 3Tux BeipaxkeHUi B (3.18) MO3BOJIAET MONYYUTh YpaBHEHHUE, OMKCHIBAOIIIEE
CMEHY 3M0X YCKOPEHHsI-3aMeIJICHUSI.
2
3 [ Jo o1 j 3

g="|—-—| +1-—.
4l uly) o %2
Orcroga cnemyeT, 9YTO BO3MOXKHBI J1Ba crieHapus. Ilpu 6>3/4 BO3MOXKHO TOJIBKO YCKOPEHHE

(g>0). IIpu 3/4 > 6 > 1/4 Bo3MOXKHA CMEHA AMOX: YCKOpEHHE-3aMeJIeHne-yckopenue. CmeHa
SMOX MPOUCXOAUT IPHU 3HAUCHUAX
V3

_ O \/5 O
_1+«/1—4a/3>4(\/§+\/§) 1—«/1—40/3<4(\/§—\/5)

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

o :1—%»2. (3.31)

[Tocne HacTymieHUs BTOPOM 3MOXH YCKOpPEHHUS B COOTBETCTBHM C (3.28) ¢ acHMNTOTHYECKH
CTPECMUTCH K CAUHUIIC.

[InoTHOCTE »HEprum TpaBUTAaMOHHOTO Tonsa (3.25) cBs3aHa ¢ mapameTpoM Xab0ma
COOTHOILLIEHHUEM:

(3.29)

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

U,

2 2
3¢c"H (1)
Pg =0 ~ -
« 872G
TakuM 00pazoM, npocmpanHcmeo 0OHOPOOHO U UBOMPONHO U 001adaem cOOCMBEHHOU IHepeUel.
[Mpuyem B mO0OH MOMEHT BPEMEHU NJIOMHOCHb IHEPIUU PABHA KPUMUYECKOU NIOMHOCHIU.
[Tapamerp Xab0ma MOCTHTraeT MaKCUMAIBHOTO 3HAYEHUS B IMOXY MEPBOTO YCKOPEHUS MPH U =

(3.32)

o/2 < u;
Jo arctgdo —1
H, .\ =—F——¢exp| ——F—|, (3.33)
6T\ uin V4o -1
a 3aT€M MOHOTOHHO YOBIBAET, CTPEMSCh K TIOCTOSTHHOMY 3HAYCHUIO
1 1 V4
H, =———exp| ———| arctg —=+—||. (3.34)
6T\ in ( \/40'—1( Vdo -1 2]}

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

2 2
(ggr): :c—2 d(ldy _,_l 1dy _;Q_FLBS 57, (3.35)
4872GT* | dr\ydr) 2\ydr) 2,yydr 2y

U OTJINYAIOTCS OT BBIPAXKEHUS JJIS IUIOTHOCTH 3HEPTUU 3HAKOM IOCIEAHUX JBYX WICHOB. JTU
KOMIIOHEHTbl MOTYT IpPUHHMMaThb B MPOLECCE DHBOJIONMM KakK IIOJIOKUTENIbHbIE, TaK U
OTpuLATENIbHbIE 3HaueHMs. Vckiatodyas cHOBa BTOPYIO NPOMU3BOJHYIO C IIOMOIIBIO YpaBHEHHE
(3.18), u nonaras, Kak 3TO MPUHATO JUIA MAaKPOCKOMMYECKUX CPeNl (&,,), = - PgrO,, , 3aNHUIIEM

JAaBJICHUC T'PAaBUTAMOHHOI'O ITOJIA B BUAC!

c? 2u -2u+o

484GT? y

Py = (3.36)
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Orcroga cnenyer, yto npu 0.25 < ¢ < 0.5 mpoucXoAUT HM3MEHEHHME 3HAKa JABJICHMS IpU
CIICYIONINX 3HAYCHUSX U:

1-V1-20 _+2-1 _1+y1-20 _2+1

u, 5 Nl ~0.146, u, 5 o)
I'pasumayuonnoe none umeem RNOLOHCUMENbHOE OdGleHUe 6 npomedcymke uz<u<uy 6
OCMATIbHBIX CYUASX €20 OABNIeHUe OMPUYAMENTbHOE.

Paccmorpum tenzop Puuun. [loacrasmnsist coornomenus (3.14), (3.15) B (3.3), (3.4) naitnem
BBIPKEHUS JUTSI €70 OTIIMYHBIX OT HYJISl KOMITIOHEHT Ha YPaBHEHUSX TTOJIS:

R Ld(ldr)_ 1 [1dry
C2crdt\ydt ) 122\ ydrt )’

~0.8536  (3.37)

Hckmroyass BTOpble TNPOU3BOAHBIC, 3alMIIEM BBIPAKEHUS S CKAISIPHOM  KPUBU3HBI
MPOCTPAHCTBA- BPEMEHHU ‘Ru CKaJISIPHOM KPUBU3HBI MPOCTPAHCTBA °R.

_— 2 J—
R=R' = (4 —2uro)=- WD Aol (3.38)
4¢°T"y 16¢c°T y
Ty

U3 (3.38) cnenyer, 4To cransapHas KpususHa npocmpancmea ececoa ompuyamenvra. KpuBuzna
Ke TPOCTPAHCTBA - BPEMEHHM H3MEHSETCS B TIPOIECCE DBONIONMHM W TPUHUMAET CHadaia
OTPUIIATENILHBIE 3aTEM IMOJIOKUTEIHHBIC U, HAKOHEII, CHOBA OTPHUIIATEIIbHBIC 3HAUCHUS.

B cuny (3.32), (3.33) makcumanbHas TUIOTHOCTh DHEPTHUU TPABUTAITMOHHOTO TTOJIS paBHA

o B c’o expl - 2arctgN4o -1 (3.40)
gr max 967ZGT2}/min /40__1 ° °
[Tomaras mys onpeneneHHocTH 6=1/4, CBsbKEM 3HAYCHHUE TTOCTOSTHHON
2 1/2
T | — (3.41)
86 67T'G.pgrmax
C MaKCUMaJIbHOW TIJIOTHOCTBIO SHEPTHH.
CootHomenust (3.23), (3.28) MOKHO 3amucaTh B pa3MEPHOM BHJIE:

(-, —T\/ymmf YO gy by = (3.42)

—2y+0 NP ()

Cornacno (3.21) f(u) 3aBUCUT TOJNBKO OT MOCTOSIHHOM o. [Ipu mMojcTaHOBKE B 3T COOTHOIICHUS
COBPEMEHHBIX 3HaueHMI [12]: BpeMeHH OT Hayajga 3BOJIONMHU JO0 TEKYIIEr0o 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 o ¥ 3HadYeHHs mapamerpa u” Ha TeKyIiHii MOMEHT BpeMeHH

_ [ 4/(») 0 _ 1 u’
t =T j/mln_“ 2y+0_dy’H - 3T (]/min f(uO)

KBasukimaccnuecknil mMojxo/| OnpaBJaH MpH YCIOBHH, 4YTO mapamerp T4/, =1,, TAC Ly —

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

o =0.2501278985, u° =6.119954849. (3.43)
Pe3ynbraThl pacyeToB OCTaJIbHBIX MapaMETPOB Ui 3TOTO ciydas npezactasiieHbl B Tabmuie 1.

Hwxe B Tabmuue 2 mpuBeAeHbI pe3ylbTaThl aHAJIOTMYHOTO pacyera, HO C MaKCHMaJIbHOM
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IUIOTHOCTBIO SHEPTUU PABHOM TOM, KOTOpas AOCTUTaeTCsl Ha yCKOpPUTENAX ¢ aHeprueil B 1 TeB

rmax = (1TeB)* = 2-10% Jix-m™).
&

0
Jns mapamerpa u BBIOpaHBI XapakTepHble 3HadeHus u , ul, u4, o, u3, ul, o/2,

JIOTIOJTHEHHBIE PSAZIOM MTPOMEXKYTOUHBIX 3HAYEHUH.

TV in = b1 ©5 Pgrmae =5.2-10' Tk -m 75 6=0.2501278985; u"=6.11995485

u q V4 3R, M7 t-tg , C H, ¢’
6.11995485 0.7599 0 -4382-10°% | 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 |3.785-10% | 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 MaKCuManoHOU RAOMHOCIU IHEPUU Pgrmax =

5.2:10" Ii-m.
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Pomax =210 ok M 5 Ty, =8.691677508-107' ¢; 6=0.2505131785; u’=6.117937216
u q z 3R, M t-ts , C H, ¢!
6.117937216 0.75983 0 -4.382-10°% | 4.358-10" 2.181-10"
1.362007273 0 0.849915 -6.309-10°* | 1.876-10" 3.074-107"°
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"7
0.4 -1.5757 4.821492 -1.121-10™° | 1.313-10'° 2.813-107"
0.35 -1.7519 7.765541 -5.848-10°" | 4.218-10" 8.404-10™"
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’ 4.590-107
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° 5.038-10"° | 3.456-10"
0.125256589 1 1.992637-10" | -1.250-10’ 3.910-107" 3.533-10"
0 o 2.207492-10" |-9.224-107 0 0

Tabnuya 2. KuHemamuKa npoCmMpancmea npu MaKCUMaibHOU NIOMHOCMU IHEP2UU Pgrmax =
49
2-10™ JIx- M

W3 cpaBHEHMs 3TH NaHHBIX CIEAYET, YTO, IO KpallHEW Mepe, A0 KOCMOJIOTMYECKOr0 KPacHOro
CMEILEHUs

0 1/3
z(u) = 7)) -1, z(0.3)= 24, (3.44)
y(u)
pe3yJIbTaThl PACYETOB XOPOIIO COTIACYIOTCS MEXIY cO0O0#, HECMOTpPS Ha OTJIMYHE B BEJIMYUHE
MaKCUMaJIbHOW TUIOTHOCTH SHEPTHUU 00Jiee YeM Ha MIECTHACCAT MOPSAKOB. DTO 0OCTOSATEIHCTBO
UCKJIFOYAeT COMHEHHsI B BO3MOXXHOCTH OJHO3HAYHOTO OIMCAHHS JBOJIOIHMH TPOCTPAHCTBA B
9TOM JHAIa30He U3MEHEHHUS KPACHOTO CMEIICHHSI.

Metpuka (3.27) otmudaercst or MeTpuku Pobeprcona-Yokepa. Tem He meHee, kak u B OTO,
JIMHUN X = X = )C3 = const SABIAKOTCA IreoaCc3n4CCKuMu, U B Ka)KI[OI\/'I TOYKE MOXHO BBCCTU
COITYTCTBYIOIIYIO CHCTEMY KOOPIMHAT, B KOTOPOW OIpe/esIeHHasl BBIIIEC MepeMeHHas ¢ Oyaer
ABJIATHCA CO6CTBCHHBIM BPEMCHCM.

[Mozacrasiisis B ypaBHEHHUS Fe0A€3MYECKOM X(E) ¢ HATYpAILHBIM ITapaMeETPOM &

d*x" o dx” dx’
—+1;
dé dé d&
cumBoibl Kpucroddens (3.2) mns merpuku (3.27) U MHTErpupys NOJTy4YE€HHBIE ypaBHEHHS,
HanaeM:

dx™ m
=4 1/3()6 ), \/goo(x

dg

=0 (3.45)

_JAZ 3(x")+B, A> = A", A", A" ,B=const.  (3.46)

lunmeprioBepxHOCTh ¢t = tS, SBIIICTCS KpaeM HaWJEeHHOTO MPOCTPAaHCTBEHHO—BPEMEHHOTO
MHOTOOOpa3msi. Ha xparo u(ty) 0 m xocmumueckoe yckopeHue (3.29), sBusArOIIEEC
WHBApPUAHTHON HAOII0JaeMON BEIMYMHON, oOparaercss B OECKOHEYHOCTh. B cBsi3u ¢ 3TuUM
ar00asi, BBIXOASAIIAS HA Kpall Treoje3uuecKkas, MpH KOHEYHOM 3HAYCHHH & CTOJKHETCS C
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HEYCTpaHUMOH  0ocoOeHHOCThIO. CleoBaTeNbHO, HAllOeHHOe MHO2000pasue  AGIAemcs
2eodesuyecKu nNoIHbIM U HE MOXKET OBITh MPOJIOJIKEHO 3a Kpail.

B cuny (3.46) mns HabGiromarensi, IOKOSIIETOCsS B Hadalle KOOpAWMHAT M cBsi3aHHOTO 0 —
reoje3ndeckoil (B=(0) ¢ comyTCTByIOIIEH TOUYKOW, (uznueckoe paccrosinue, kak u B OTO,
OnpeJIeNsieTcs COOTHOIIeHUEM [7]:

d(t) :c-a(tO)-j%, (3.47)

rne a(f) — macmTaOHBINA (hakTop, ¢ - cOOCTBEHHOE BpeMsi. B paccmarpuBaemMom ciydae (akrop
a(t) = yl/ 5(f) ompeneneH mpUBENCHHBIMHE Bbllie cooTHOmeHMsMH, B OTO mocne OTKPBITHs
KOCMHUYECKOT0 YCKOpeHusi oH ompenensercs B pamkax ACDM — monenu [7]. [lapametpsl 3Toi
MOJIeTI TOJIOMPAIOTCS HMCXOAsl M3 YCIOBUS OOecreueHHs HauIydIllero corjiacusi co Bcei
COBOKYITHOCTBIO UMEIOIINXCS B HACTOSIIEE BPEMsI IKCIICPUMEHTAIBHBIX JTAHHBIX, UX YHCICHHBIC
3Ha4YeHUs 1Mo cocTtossHuio Ha 2013 roa npuBeneHsl B [12].
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PucyHnok 1. Paccrosinue 10 00beKTa B 3aBHCHMOCTH OT €ro KPacHOr0 CMellleHHsi, BEPXHsIA KpUBasi - pacyer
no (3.47), uuxHsisi — pacuetr no ACDM — moaenu.

B pa6ore [13] npuBeneHa B rpaduueckoii popme BCsS UMEBIIAsICS HA MOMEHT ITyOJIMKAITAN
COBOKYITHOCTh JAaHHBIX 110 3aBUCHMOCTH paccTOsHUS OT kpacHoro cmemienus (Fig. 24.2, Fig.
26.1). CpaBHenue c pgaHHBIMH [13] mOKa3bIBaeT, 4To 00€ TMPEACTABICHHBIE Ha pHC. |
3aBUCHMOCTH JICKAT B TMpPEJeIax MOTrPEeIIHOCTA IKCIIEPUMEHTANLHBIX JaHHBIX. bojee Toro, kak
clelyeT U3 MPUBEIECHHBIX Ha PHUC. 2 JAHHBIX, Jaxe Oyayline SKCIePUMEHTHI TaKOTO poja B
JU TO3BOJISIT CAENATh BBIOOP MEXAY OTUMHU JABYMs 3aBUCUMOCTSIMH. [Ipu mpojomkeHun
MPUBEJEHHON 3aBUCUMOCTH B 00JIACTh OOJBINIUX 3HAYCHUH z €€ XOJ OyAeT OmpeneisiThCs
HEU3BECTHOU B HACTOSIIEE BPEMSI MAKCUMAIBHOHN TNIOTHOCTBIO YHEPTUH TPABUTAIIMOHHOTO TTOJISL.
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0.1

0.0

PﬂcyHOK 2. OTKJIOHEHHE OT eIUHHUIIbI OTHOIIEHUS paccmmmﬁ, BbIYHMCJIEHHBIX 10 OTO u naHHOI Teopuu, B
3aBUCHUMOCTH OT BCJIMYUHBI KPACHOI'0 CMEIIICHUSA.

Manast BelMurMHA OTKJIOHEHHUS CBSI3aHA C MHTErPAJIbHBIM XapaKTepPOM 3aBUCUMOCTH PACCTOSIHUS
OT KpacHOro cMeleHus. [ nokanbHOro mapaMeTrpa, Takoro Kak rnapamerp Xa00:ma, cutyarus
uHasl.

2a0

Pucynok 3. 3aBHcHMOCTH mapamerpa Xa66maa (km-c”’-Mnc') oT KpacHoro cMemenusi. Bepxusisi kpuBasi —
ACDM-moae/b, HUKHASA KPUBas — JaHHAS TeOpHsl.

B sToM ciydae, kak MOKa3bIBae€T CPABHEHUE pE3yJbTATOB pacueTa ¢ HKCHEPUMEHTAIbHBIMU
nanabivu ([13] Fig4) mnpu z < 2.5 o0e 3aBUCHUMOCTH TakK XK€ YKIAJbIBAIOTCS B IPEIEIIbI
HOTPEIIHOCTH JKCIepUMEeHTOB. OJHAaKO Kak BHAHO M3 puc. 4 mpu OONBIIMX KpPacHBIX
CMEIICHHUAX PACXOXKACHUE MEXTYy HUMHU YBEIIMUMBAETCS MHOTOKpPATHO. Takum 00pa3om, TOIBKO
OJIHa U3 JIBYX TEOPUH MOXKET OBbITh CIIPAaBEJINBA.

40



075+

0.8

Pucynok 4. 3aBHCHMMOCTH OTHOIIeHHsI mapaMerpa Xa06ga B ACDM-moaean K ero 3Ha4eHUIO B JAHHOI
Teopuu.

CyIecTBEeHHO TO, YTO B AITOW 0OJACTH KPAaCHBIX CMENIEHWH 3aBUCHUMOCTh HE HMEET
CBOOOJHBIX TApaMETPOB, OMPEICISICTCS TOJHKO HAYAIbHBIMU 3HAUEHUSMU mpH z = 0 H, Kak
BUIHO U3 Tabmuikl 1, cpaBeaivBa BIUIOTh 10 Ha4aJbHOTO MOMeHTa BpemeHu. B OTO, uTo0s!
obecreunTh coriacue C dKcrmepuMeHToM, B pamkax ACDM-Mopenu BBEACHBI THUIOTE3BI O
CyIIECTBOBAaHMU TEMHOM SHEPrMM W TEMHOW Marepuu. [l ommcaHus kK€ 3aBUCHUMOCTH B
o0yacT OONBIINX z BBOJUTCS TUIIOTE3a O CYIIECTBOBAHUY UH(IATOHOB.

[TycToe mpocTpaHCTBO 00JagaeT XapaKTEPUCTHKAMU MPUCYIIMMH MaTepUaIbHON Cpele.
Ecnu mpoctpaHcTBO paccMaTpuBaTh C TOYKU 3PEHUSI PEISTUBUCTCKOM THUIPOJMHAMHUKHU Kak
HEKYI0 UJICATIbHYIO CPEY, TO JUIsl Hee JOJKHBI BBIOJIHATHCS ypaBHeHu [10]:

G p,, P e
vy lvp Ew | _ Pe v, v Por, O (=gs,v)=0 , (3.48)

.
Cot PV 572 o [T Y e

rae W — 4-ckopocTh, & S, p — IUIOTHOCTh JHEPTHH, IUIOTHOCTH SHTPONUH W JaBJICHUE

CPAaBUTALMOHHOTO  TIOJII  COOTBETCTBEHHO. B cuily OJHOPOIHOCTH U U3O0TPOIHH

paccMaTpuBaeMOil METPUKHU BCE MPOCTPAHCTBEHHBIE IPOW3BOJHBIE paBHBI HYIIO, U U3

ypaBHEHU ABMKEHHS Haiiiem V' = (goo'l/z,0,0,0). B sTrom cnyuae u3 ypaBHEHUS aina0aTUIHOCTH

¢ yuetom (2.4), (2.5), (3.17) cnenyer:

>

x

ok

a-k
S - = =
¢ 4l§,cT1/ 7(u) 4112,,ch/ 7(u)

B nmocneaneM paBeHCTBE Mbl OTOXKJIECTBUIIM HEM3BECTHYIO IOCTOSIHHYIO @ C €AMHCTBEHHBIM B
TeopuH Oe3pazMepHBIM napaMeTpoM o (3.18), XxapakTepu3yromuM HaiiieHHOe TPOCTPAHCTBEHHO
— BpeMeHHoe MHorooOpasue. M3 (3.49) cnemyeT, 4TO IUIOTHOCTH IHTPONUU MHOT000pa3us B
HACTOsIIee BpeMs MPAKTUYECKU HE 3aBUCUT OT MAKCUMAJIbHOM MJIOTHOCTH SHEPTHU U paBHA

o-k
s, W)= ~8.54-10" -k -m™
* 41;271CTV7/min f(uo)

Ota BenmunHa Ha 18 MOPSIKOB MPEBOCXOAWT BKJIAJI BCEX OCTAIBHBIX MCTOYHHWKOB SHTPOIHH,
yuuThiBaeMbIX B pamkax OTO [14].

(3.49)
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B mycrom mpocTpaHcTBe AaBiieHHE, IUIOTHOCTh DHTPONMHM M TeMmmeparypa - 6 Oynyt
CBSI3aHBI COOTHOIIEHUEM [15]:
dp =sd@ . (3.50)
DTO ypaBHEHHE IIO3BOJISICT IO HAWJIEHHBIM 3aBUCUMOCTSM JaBiieHus (3.36) W IJIOTHOCTH
SHTPONMM TPABUTALMOHHOIO TOJS OT # ONPEAESIIUTh TEMIIEPAaTypy IyCTOr0 KOCMHUYECKOTO
MIPOCTPAHCTBA.
[Toxcrapnss B (3.50) cOOTBETCTBYIOLIUE 3aBUCUMOCTH, IIOJYUUM:

2 2 .
< : l_)/(u)d 2u® -2u+o _ O'Zk i (3.51)
487GT y(u) al,cT
WHTerpupys 3T0 ypaBHEHUS € yquOM 3aBUCHUMOCTH y(u) (3.21), Haiinem:
O(u) = j g-2ul-o) (3.52)
67 -k-Tr\lY, 00° f(u) o —2u + 4u?
1.0 ,I
075
0.5
0.25
0.0
TTT T[T T T T[T T T T[T TT T [T T T T[T TTT]
0 1 2 3 4 5 b

L1

PucyHok 5. 3aBHCHMOCTbH OTHOIIEHHUSI TEKYIIell TeMnepaTypbl MHOroo0pa3usi K ee 3HAYEHHI0 B HACTOsILIee
BpeMsi 0T 0e3pa3MepHOii CKOPOCTH H3MeHeHNsI 00beMHOr0 (hakTopa.

Cs3p  0Oe3pa3sMepHOl CKOPOCTH U3MEHEHHUsT 00beMHOro (akTopa ¢ COOCTBEHHBIM
BpeMeHeM BuaHa u3 Tabmui 1 m 2. CiaegyeT OTMETHTB, YTO JJII OOOMX NPEICTABICHHBIX B
Ta6J'II/ILIe BapI/IaHTOB paC‘{eTHBIC 3aBUCUMOCTHU HpaKTI/I‘-IeCKI/I NACHTUYHBI. TeMnepaTypa
MHOTO00pa3usi COXpaHsAETCS Ha MOCTOSHHOM YPOBHE PaBHOM €€ COBPEMEHHOMY 3HAUCHHIO 32
MCKJIFOUEHHEM KOPOTKOIO HayalbHOTO MPOMEXYTKA BPEMEHHU.

N3 (3.52) cnenyer:

(3.53)

noo o-2u(l-o 0.5
ymin: .[ ( )d

6TkOW*) S o () o—2utdu’  6xkOW")

Hcnonp3yst 3T0 cooTHomeHune U (3.41) MOXHO CBs3aTh MaKCUMaJIbHYIO BEIMYUHY TII00ATBHON
IMJIOTHOCTHU SHCPTHUU pgrmax C TCKYIIUM 3HAUYCHUCM TCMIICPATYPhL (I)I/ISI/I‘-IGCKOFO MMPOCTPAHCTBCHHO
- BPEMEHHOTO MHOT000pa3ust
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3 ¢ (kOw®)Y
pgrmax - e o 2 G ) T

Eciu nns onenku HPUHATEL TEMIIEpATYpY 0(u”) paBHOIl TemmepaType pPEIMKTOBOrO
W3JIYYCHHS B HaCTo;uuee BpeMs 9 el = 2.725 K («X0I0AHOE MPOCTPAHCTBO-BPEMS»), TO Pgrmax ~
2.73-10" Jx'm® = (1-TsB)’. DroMy B3HAYCHMIO COOTBETCTBYET BAPHAHT 9BOJOLUM
MHOT000pa3us mpeacTaBieHHbId B Ta0muie 2. JIJis MeHee BEpOsSITHOTO «TEIUIOrO MPOCTPAHCTBA-
Bpemenm» - 0(u”) = 272.5 °K Bemmunma Parmax OYZIET HA YETHIpe MopsaKka Oosbuie. B 060ux 3Tux
Cllydasix MaKCUMallbHasl TUIOTHOCTh JHEPrMHM HE TIPEBBINIACT 3HAUYEHUH JOCTHUTAEMBIX B
IKCIIEPUMEHTax Ha OonbiioM agponHoM kosmainepe (BAK). Omo pasumenvro (na 60 nopsoka)
omauuaemcsi om cmanoapmuou xocmonocudeckou moodenu (CKM), 6 xomopoii niomnocme
SHepeUU Modcem 00Cmueamo (1019F3B)4. B »T0i1 cBsSI3M BONTPOC 0 BOZMOKHOCTH CYIIIECTBOBAHUS
Bo BcenenHoii rumorernueckux (OpM MaTepUU TaKHWX, KOTOphIe HE OOHApPYKUBAIOTCA B
skcniepuMenTax Ha BAK, MOKHO cUuTaTh 3aKPBITHIM.

(3.54)

4. ba3oBasi MoaeJbL dBoJIIONMH BeesleHHOM

Hrak, cymectByer I[Ipocmpancmeo, €IUHCTBEHHOE B CBOEM pPOJE MAaTEpHAIBHOE
IIPOCTPAHCTBO, SABIAIOLIEECS IEPBOUCTOYHUKOM BCEU SHEPIUU BCeneHHOM.

IIpocTpancTBO mpeAcTaBiasieT CcOOOH OCHOBHYIO, HO HE €AMHCTBEHHYIO (opMmy
CyILIECTBOBAHUS CTPYKTyp Marepuu BO BcenenHoil. PocT MHTEHCHMBHOCTM T'paBUTALIMOHHOIO
0JIs B ITPOLIECCE IBOJIOLMH HEN30EKHO NPUBEET K MOSBICHUIO HOBBIX CTPYKTYP MaTepUH.

PaccmoTpuM eHOMEHOIOTHYECKH BIMSHUS MaTepUH Ha MPOLIECC SBOIIOLUHN BeeneHHoil.

[Iyctb B HEKOTOpBII MOMEHT BpPEMEHHU B ONHMCaHHOM Bbilie I[IpocTpaHcTBE poXKaaercs
Marepuss. B cuny omHopomHocTM M m3orponuu [IpocTpaHcTBa TEH30p JHEPrUU-UMITYJIbCA

v __ .
MaTepUU MOXKHO 3a1UCaTh B BUIE (&,,,), = diag (Pmat-Pmas-Pman-Pmat)-

IIpu HanuuuK MaTepUn ypaBHEHUS I'PaBUTALMOHHOTO 1o (3.7-3.9) npumyT BUA:

d 1d\/ 7800 ~0

dx’\| g, dx’
2
1 do 1 d}; 3 1 l d}; _ /—00 do 1 in) 87ZG( “3p).
oo 9%\ 7+/go0 dx 680 \ 7 dx dx”\ goo~180 X
1 d o AL 1 1 d 780 dD 871G
- 0 ! 4 ’ k() = 5kp 0 = o |~ 4 (p_ p)mat 5kp :
oo X 8oo dx 720 AX | &o dx c

[ToBTOpsii BCE BBIKJIAJKH C YYE€TOM JTHX J00aBOYHBIX 4WIEHOB, BMecTo (3.20) momyuum
clenyroliee HHTerpo-audhepeHInaIbLHOE YpaBHEHNE

SWﬂ=4u2—2u+o-+M(u,7,ﬂ), 4.1)
dy du
r/ie BBelleH () yHKITMOHAT
d A87GT? dy \du
My, ") = 22 (4 )+ I(p p)mm( y) ;
u c? du

IpUyYeM TMPEAINoaraeTcsi, 4TO JAaBlIEHWE W IUIOTHOCTh JHEPTMM MATepUH DPaBHBI HYIIO B
HavaIbHBIIf MOMEHT BPEMEHH.

YpaBHEeHUs i1 KOCMHUYECKOTO YCKOPEHUSs, IIIOTHOCTH DHEPIHH, JABICHUS U CKAJISIPHOU
KpuBH3HBI [IpocTpaHCTBaA B 3TOM cllydae Takke BUIOM3MEHsoTcs, BMecTo (3.29), (3.32), (3.36)
u (3.38) nonyuum:

3 3o 3 dy

+ SV ——), 4.2
2u  du’  du’ ydu) 4.2)




¢t o’ B 3¢2H? (1) _

.+ = (u), 4.3

pgl Iomal 247Z'GT2 7/ 87Z'G IOCI() ( )
c? 1 d

Po =D —W;{Zuz —2u+ G+M(u,7,d—i/)] (4.4)
1 dy

3R=R: =—m[(4u2 —2u+0')+M(u,]/,d—u)]. (45)

CoryacHo HaOJIOMATENbHBIM JTaHHBIM BO BceneHHOW B HacTosIee BpeMs HMEETCS:
OapuoHHAsT MaTepus, SJICKTPOMATHUTHOE W3Iyde€HHUE W HEUTPUHO. DTH KOMIIOHEHTHI CIIa0o
B3aUMOJICCTBYIOT MeXay coboi. B »sTom cimydae B cuimy akcuombl [mnpOepra 3aKoHBI
«COXpaHEHUs» JIJIsl KAKJ0TO BUIa MATEPUH BBIMOJIHSIOTCS B OTAEIBLHOCTH [8,11]

d
cw=—uﬂqnj%?. (4.6)

Jlnst GapuOHHON MaTepuu JaBJIEHHE MOXKHO CUMTATh PABHBIM HYJIO, JJIs 3JIEKTPOMArHUTHOTO
U3IydeHUS p=p/3, U1 HEUTPUHO aHAJIOTUYHOE COOTHOIICHHE OyAeT CIpaBeIIMBO J0 TEX IOp,
MOKa MOKHO IIpeHeOpeyub HaTMureM y HUX mMaccel. 13 (4.6) cienyer:

4/3 4/3
pb=p§£p =p°£ p =p°£ (4.7)
\/;’ r r \/; S v 14 \/; * ‘

BepxHUM HMHIEKCOM OTMEYEHbI 3HAUY€HHUS, OTHOCSIIMECS K HACTOSIIEMY MOMEHTY BPEMEHH.
JlocToBEpHO M3BECTHO, 4YTO IUIOTHOCTh DJHEPTUM JABYX TMEPBHIX KOMIIOHEHTOB COCTaBIISIET
cootBercTBeHHO Qp = 0.0499 1 Q.= 5.46-10" 0T KPUTHUECKOH IIIOTHOCTH YHEPIUH B HACTOSIIIEE
Bpems [12]. Ins HEUTpUHO NaHHBIE MEHee ompeaeneHHble Qv < 5.52-107. Jlanee, 4ToGsl
OLIEHUTh MAaKCHUMAaJbHYIO CTENEHb BJIMAHUS MaTepUU Ha MpOIEcC SBONIOLWHU, Oyaer
HCIIOJIb30BaHO UMEHHO 3TO 3HAU€HHE OTHOCUTENIbHOM MIIOTHOCTH HEUTPHUHO.

Ha BpemeHax He CIOMIIKOM JaJEKMX OT HACTOALIETO BPEMEHH HMEEM CIIEAYIOLINE
3aBHCHUMOCTH CPEJHEH MIIOTHOCTU SHEPTUU U JIaBJICHHS MaTepUH OT 00BEMHOT0 (hakTopa:

4/3 473
\/70+Q N o [ , Q=0 +Q,. (4.8)

Pt = Por| Q > Pua = Nl
S e R

YuuteiBass TPUOMIKEHHBIH XapakTep 3aBucuMmocted (4.7) panee mNpU  HMCIOIB30BAHUH
BBIPQKEHUH BKIIOYAIOUIX Pyass Pmar OYAEM CUUTATh, YTO U3MEHEHHE 00BbEMHOTO (pakTopa U ero
MIPOU3BOJHOM OMHUCHIBAETCS B TMepBOM MpuOMmKeHun cootHomeHusmu (3.20), (3.21), a
KpUTHYECKast IJIOTHOCTh - cooTHomeHueM (4.3). Takum o0pazom, B 3TOM NPHOIMKEHUH
IUIOTHOCTh SHEPTUH U JaBJICHHE MaTepuu OYAyT ONpeiesieHbl B 3aBUCUMOCTH OT U TPU Uy < U
0e3 ydera 0OpaTHOTO BIMSHUS MAaTE€PUU HA MPOIECC IBOJIOIMH MPOCTPAHCTBEHHO-BPEMEHHOTO

MHOT000pa3usl.

/3 /3

S’ o L@ 4 o= Per o LW 4 Q=0,+Q, . (49)
P U fe ) T3 e )

pmat(u)ng‘ Q
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Pucynok 6. 3aBMCHMOCTL OTHOLIEHHSI CpeJHell NUIOTHOCTH JHEPIHM MATepHH K IJIOTHOCTH JHEpPruH BO
N 4 -
BcesieHHOii B 3aBHCHMOCTH OT BPeMeHH (B MIJLIHAPAAX J€T), Pgrmax = 2° 107 JhK-M ™.

MaxkcumanbHas 07 3HEpruM matepuu He npesbimaer 0.2324, B HacTosllee Bpems 3Ta
BennunHa coctaBisieT MeHee 0.055 u mpojoibKaeT yMEHbIIAThCA CO BpeMeHeM. B oTnuuune ot
OTO, e WI0THOCTh YHEPTUU MaTEPUU HEOTPAHUYEHHO BO3pACTAET NP YMEHBUIEHUH BPEMEHH,
3J1eCh OHa JOCTUTAaeT MaKCUMyMa, a 3aTéM HauMHAaeT yMEHbIIAThCS.

OcrasibHasg U OCHOBHAsI YacTh PHEPIHMM BcelneHHOH 3TO SHEprusi rpaBUTALMOHHOIO MOJIS.
HmenHO 3Ta 3HEprusi, paBHOMEPHO pachpe/ielieHHas B MPOCTPAHCTBE, a HE «TeMHasi MaTepUs»
IPOSIBISIETCS B XapaKTepe 3aBUCUMOCTEH KpUBBIX BpallleHHWs TI'PaBUTALMOHHO-CBSA3aHHBIX
00BEKTOB.

10#
1|II.III_
?’.5—3
rugrE.D—f
2.5—3
IZI.EI:....“...|....|....|....

a 1 2 3 4 5

Pucynok 7. 3aBHCHMOCTH ILUIOTHOCTH JHEPrHM TPABHTANHOHHOIO IIOJS Py, 10 Ix-m?) or Kpacnozg

CMeIlleHHsI B MeCTe HAXOXKIEHHs HAG/II01aeMbIX IPABHTALMOHHO-CBSI3AHHBIX 00bEKTOB, Pgrmax — 210
-3

Jhx-m ™.
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Takum o6pazom, B ommmuue oT OTO nmns omucaHusi ocoOeHHOCTEW IBOJIONUU BceneHHOW He
TpeOyeTcs BBOJUTH KaKue JTMOO HOBBIE (hOPMBI MAaTEPUU TTOMUMO YK€ U3BECTHBIX (hOPM.

IIpu 0 < u < u, ycnoBus, IpU KOTOPHIX CIPABEUIMBBI COOTHOLIEHUS (4.9) HapylmaroTCs.
Jloonpenenum 3aBUCUMOCTH pPpq(4) B Hauaje mporecca 53Boitonuu. [lockonbky apyrux
HCTOYHUKOB SHEPrMU KPOME IPABUTALMU HET, NPHMEM, YTO OHA HPONOPLHUOHATBHA Pgdu) C
K02 pUIeHTOM, 3aBUCSIINM OT O€3pa3MepHON MHTEHCUBHOCTH TPABUTAIIMOHHOTO TTOJISI:

u
Poa@W)=A-——-p_ (u),A<1l, 0Zu<u,. (4.10)
S " ’
W ckirovasi TIIOTHOCTh YHEPTUU TPABUTAIMK U3 cOOTHOIIeHUH (4.3), (4.10) monyuum
A-u
Uy=—p (u),05u<u,. 4.11
pmat( ) f(u)—i—ﬂ,u IOU’( ) b ( )

[TocTosIHHYIO A M BETUYUHY U, OMPENCTUM M3 YCIOBUU TJIAIKOTO COMPSIKEHHS 3aBUCUMOCTEH
(4.9), (4.11) npu u = up. [IpupaBHUBaAsA OTJIEIBHO MJIOTHOCTU SHEPTUU U UX MPOU3BOIHbBIC MPU U
= Up, TOJIYIHM CUCTEMY JIBYX YPAaBHECHH JJIsl OTIPEICTICHUS Uy U A

4l Q, f(”3)+fg f(”g) S T SO LTSy WRN S PR )
S@?) 3 fu) S)+A-u,” fu,)+1-u,
jouy, (Yl S, o £, wis)

fa)+Adu, \uy )| " f@®

DTa cucreMa ypaBHeHI/II\/JI HUMCECT JIBa PA3JIMYHBIX PCIICHHA, (1)I/I3I/I‘-IGCKI/I OCMBICJICHHBIM SABJISICTCS
pElICHHe ¢ MEHBLINM 3HaueHHeM up. Juis Hero Aup) << flu”), mosromy ypaseenue (4.12)

YIPOILAETCS U PELICHUE IPUHUMAET BUJ
_9-3v9-160

u,=
b
16
Hnst aToro 3nayeHust u3 (4.13) Haiigem OTHOIIEHUE TJIOTHOCTU YHEPTUU MATEPUU K IIOTHOCTH
SHEPTUU TPABUTAIIMIOHHOTO OISl HA MOMEHT OTJIEJICHHs OT HETO MaTepHU

03 2/3

Ay o |r S

S(u,) u, - f ()
[Ipu moacTaHOBKE B ATO COOTHOIIEHWE 3HAYCHUH, COOTBETCTBYIONIUMX 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
HAayaJIbHOMY 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 BBIIIC MPUOTMHKECHUHN TIPU 3aTaHHON
bynkuuu (1) Haiinem:

d
Aﬂ%%g%ﬁmww,

237, 2/3 02
w(u) = —2u™ Q,,L”’O)+f9 L”’O) +| Q,,LMO)+EQ L”‘O) f”—d”(4.14)
S@?) 3 Uf@?) of  S@) 3 f@w) s -2u+o

[ToncraBnss (4.14) B (4.1), monyunM ypaBHEHHUE, ONMKUCHIBAIONIECE, KAK MAaTEPHsl B CBOIO OYEpPE/lb
BIMSECT Ha HM3MEHEHHE METPUKH. PelieHne 3TOro ypaBHEHHMsI MOXKET OBbITh 3alHCaHO B
KBaJparypax.

y(u) T dudu

— =y(u)=ex .

v p'[4u2—2u+0'+w(u)

min 0

(4.15)
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f 4y (u)du
t—t, =T\/7mmj4u2 w(w) (4.16)
0

—2u+o+wu)

Ourypupyromas B 3TUX COOTHOUIEHHUSX MOCTOSIHHAsE G MOAOOHO TOMY, KakK 3TO ObLIO
CEJIAHO B MpPEABIAYIIEM pasjielie, J0KHA ONPENeNsIThCS BMECTE CO 3HAUCHUEM u’ w3 YCIIOBHS
pPaBEHCTBA BBIYMCIICHHOTO BpPEMEHH CYIIECTBOBaHWsA BceneHHoN u mapamerpa Xab0ma ux
Ha6JHO,Z[aeMBIM B HaCTOHH_II/Iﬁ MOMCHT 3HAUYCHUAM.

0

? 4y (u) 0 I “
1 —t, =Ty du. H = |
st \/Z_([4u2_2u+a+w(u) STMW uO)

4.17)

Pom =2-10°T-m > Ty, =8.691677508-10 " *sec; 0y=0.0499; Q,=5.46-107; Q,=5.52:10°

u’=7.02400 ; 6=0.25050754

Tabauya 3. Pewenue ypasnenuti (4.17) (to-tst = 4.35510"¢, H = 2.]8]-10‘180‘1) npu

. 49 -3
MAKCUMANbHOU NIOMHOCMU IHEPSUU Pgrmax = 27107 Jlx-M ™.

rJ
i

— — [ ]
] M -

o
i

o
=

0.0 0.5 1.0 1.5 20 245

z

Pucynox 8. Pe3yabTarsl pacyera 3aBucMMOCTH mapamerpa Xa6oaa (H=100h km-c*Mnc") or kpacuoro
CMelleHNs ¢ y4eToM (CILUIONIHAS JIMHUS) U 6e3 yyeTa (TOUKH) HATUYUS MAaTEPUH.
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Pucynok 9. PaccuutaHHblii Bo3pacT o0bekTa (B MWIIMAPAAX JieT) B 3aBHCHMOCTH OT ero Ha0J/10JaeMoro
KPAaCHOT'0 CMellleHHs ¢ Y4eTOM (CIJIOIIHAA JIMHUSA) U 0e3 yueTa (TOUKH) HAJTUYUS MATEepPUH.

[IpuauMasi BO BHUMaHHE TIPUBEIACHHBIC B TIPEABIAYIIEM pa3jiesie JaHHbIC, MOXKHO CIENaTh
BBIBOJ O TOM, YTO B JHMAaNa3OHE KPACHBIX CMEIIEHUW MeHee 2.3 BIUSHUE MPEABICTOPUH HA
JaTbHEUIINI X0/ TPUBEICHHBIX 3aBUCUMOCTEH HE3HAYMTEIbHO. BHYTpH 3TOro auama3zoHa Xoj
3aBUCHUMOCTH MOXET ObITh BOCCTAHOBIICH IO OJTHOMY JJOCTOBEPHOMY 3HAUCHUIO.

Pucynok 10. Pe3yabTaThl pacdyeTa 3aBHCHMOCTH KOCMHYECKOr0 YCKOPEHHS 0T KPACHOTO CMEIICHHUS € y4eTOM
(cnJiomIHAst IMHUA) U 0e3 ydeTa (TOUYKH) HATHYNS MAaTePHU.

Poxxnenne Marepuu HE TPUBOJIUT K 3aMETHOMY H3MEHEHUIO BPEMEHH CMEHBI 310X
3aMEIUJICHUs] — YCKOpeHMs. Takoe MOBEAEHHE NMPUBEICHHBIX 3aBUCUMOCTEN CBS3aHO C Majoi
JIOJICH SHEPTHH MaTePHUU B €€ 00IIIeM KOJINYECTRE.
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5. Cratn4yeckasi H30TPONIHASI METPUKA

PaccmoTpuMm cratuyeckyio cdepruecKu-CUMMETpUYHYI0 MeTpuky. Hawmbomnee obmiee
BBIpa)KEHHUE JJIs1 IPOCTPAHCTBEHHO-BPEMEHHOIO MHTEPBajia YHUMOIYJISIPHBIM NIPeoOpa3oBaHUEM
KOOPJMHAT MOXKET ObITh PUBEACHO K BUY [8]:

ds® = F(r)(dx")> —if)(f-df)z — C(r)(dx - d¥)
r

Ces13p (1.1) uHBapraHTHA OTHOCUTEIBLHO TaKUX MIPeOOpa3oBaHUi, HO TENEPh, B OTIINYHE OT
OTO, €C HAJIMYUC HC MO3BOJACT YMCHBIIUTL KOJIWYCCTBO HCKOMBIX KOMIIOHCHT MCTPHUKHU 10

JBYX.
Hcnonb3yro cumBoibl KpoHekepa 0y, 3aIMIIEM METPUYECKUH TEH30D g B BUJIE:

X, X ”
gOO :F(r)’ g()m :0) gmn :_C(r).é‘mn _G(r) :2" s xm =X 9 (5'1)
g(r)=detg, =—FC*(C+G).
Tenzop g 0OpaTHBIl METPUYECKOMY TEH30DY:
00 — 1 , gOm — O, gmn - _ 1 5mn + G(}") X 2-x ) (52)
F(r) C(r) C(C+G) r

nk k

gmng :5m
[Mpu wamuumu cBs3u (1.1) ynoOHee HMCXOOUTh HE M3 ypaBHEHWUH, MOJIY4aeMBIX INPU
BapbUpPOBAaHUM JIEHCTBUA IO KOMIIOHEHTaM METPHKH, a BBIOpaTh B KauecTBe OJHOW U3

BapbUPyeMbIX QyHKIHH A(7) = \/— g(7) .
CBs3b JaeT Cneayoluii BKJIal B IEUCTBUE:
A0 e 108 0)g0) PN
ox” 2g ox" 2(C+G)g A
(ITpux 3aeck u nanee obo3Havaet Aud GepeHnrpoBaHue 1o 7).
OcranbHble WIEHBl MOXKHO HAaWTH, WCIONb3Yys H3BECTHBIE pe3yibTarhl pacyeToB [8,11].
CkangpHasi KpUBHU3HA U 3JIEMEHT 00beMa OOIEeKOBAPUAHTHBI, TO3TOMY WX MOKHO BBIUHCIIHTD,
UCTIONB3YS «C(hepruecKre KOOPAUHATHI.
B «cdepuueckux» koopAuHaTaxX NPOCTPAHCTBEHHO-BPEMEHHON MHTEPBAJI:
ds*> = F(r)(dx")* — G(r)dr* — C(r)(dr2 +7r’d0* +r’ sin’ 0d¢)2) _
ITo ananoruu co «ctangapTHOW» GopMOH [7] 3amuIIeM ero CIeIYIOIUM 00pa3oM:
ds> = F(r)(dx")’ — A(r)dr* — r* (r)(d6” +sin® 6dg?), (5.4)
rie A(r)=G(r)+C(r), r*(r)=rC'” ().
JIjis TaHHOW METPUKU HEUCUEe3arolIe KOMIIOHEHTHI CBA3HOCTH HECKOJIBKO OTJIMYAIOTCS OT
COOTBETCTBYIOLINX KOMIIOHEHT «CTaHIapTHOI» popmsl [8]:

FC? (5.3)

F' A ol et r*r*sin” 0 F'
_ t ro_ roo__ roo__ ro__
rttr_rrt_ZF’ Frr_zA’ FHE‘__ ’ F(/’(/’__ A ’ 1—"1_214’
re o =7 10 _Gingeosd, ¢ =T¢ =7 I =T? =ctgh
= &_F’ pp — —SINGCOSO, 1 = ,(/,—F, 0o = Lo, =CIZU.

COOTBETCTBEHHO ATOMY U3MEHSETCS BHIPAXKEHHE JIJIsl TEH30pa KPUBU3HBI.
Wcnonb3ys BeIpaxeHHs! 151 KOMIIOHEHT CBSI3HOCTH, HAlJIeM CKaJIIPHYIO0 KPUBHU3HY:
!

1 (F'j 1 (F'j 2 (r*r*'j Z(F*'j 2 2 (r*'jz r¥ F'
R=—|—|+—|—= |+ +=|— | =+ — | +
2F\ A4 24\ F r* A A\ r* r* A\ r* r*F

Brinensis nMBEpreHTHBIN WICH, MOKHO 3alUCaTh €€ B BUJIE:

49



’ K/ %! ! #\ 2
N U A5 B i | N A GO N s +L2 . (5.5)
r* JAF dr AF  r* A4 r¥AF A\ r* r*
JlenicTBrE JUIsl TPAaBUTALIMOHHOIO IOJIS:
3
c
S, =- R+ AN AFr** sin @ drd6d pdx” .
o =1 (R+A) o
[ToacraBnss croga Beipaxenue (5.5) mist R u (5.3) nns A, onyckas AUBEPreHTHBIA YJIEH U
YUYUTBIBAsA, YTO A=N/FC’, MOJTYYUM:

; %2 AT, x4
< J-[ iz LT F(r*r)Z + 1 s r*'F’_,_Mjrz sin O drd 0d pdx” .
r

S =
& 8aG Art Art 2A%
BMecTo 7 BBEIeM MIEPEMEHHYI0 E=7, Tor/ia NeiiCTBHE IPHMET BHI:

3 %2 )2 24
3c A Fr dr +1r*3dr dF Fr*" d® dA désin 0 d@dgdx’
9 dé

T = +
£ 8aG r¥ A\ d& A dé d§ 2N d§
W3 mpuHIWIa HAUMEHBIIETO JEHCTBUS HAWIEM YpaBHEHUS TPABUTAIMOHHOTO TMOJSI B
CBOOOJIHOM OT MaT€pUU MPOCTPAHCTBE:
x4
A\ 2Fd—A -0, (5.6)
dé\ N dé
%2 % \? %3 *
lz_r2 dr o rzdr dar lzd ng 0, (5.7)
Or* A\ dé A d& dff C2A dé dé
¥ (dr¥* z_i P dr* r*4 dA d® ~0 (5.8)
A\ dé& dé\ A dé 2A2d§d§ ’ '
* #3
_2A3_r*ierr r*3d 1dr ot de—AdE:O. (5.9)
Or* déE\ A dé dé Ad§ AN d&E d&
N3 ypaBHenus (5.6) cinenyer:
x4
mEE ., (5.6)
N dE

/i€ 0. — IOCTOSTHHAS C Pa3MEPHOCTHIO JITHHEI.

YMHOXkUM ypaBHeHHE (5.7) Ha 24, BeIUTeM U3 pe3yabTata - (5.8), ymMHOKeHHOE Ha 2F, n
CIIOXHM pe3ylnbTaT ¢ ypaBHeHHeM (5.9), yMHOXEHHBIM Ha r* TIOCIE HECIOXKHBIX
npeoOpa3oBaHuii MpUBEIEM ypaBHEHUE K BUAY:

d{r*“[dF dd)ﬂ
il Rl Al |
dé| A \ae  de

ey (1 dF dCDj
+ s,
A \Fdé de

r/ie [ — elle OJHa MOCTOSTHHAS ¢ Pa3MEPHOCTHIO JUTHHEL. Mcnonb3ys (5.6') 3T0 ypaBHEHHE MOXKHO
3anucath B BUJIE:

Ortcrona cnenyer:

1dF dd_ _1dA B

c——,0 .
Fdé dé Adé& a
VYuuteiBas, uro pyakuust d(r) onpeneneHa ¢ TOYHOCTHIO 10 TOCTOSTHHOM, Haiinem:
O =—In(FA™). (5.7
VYpasaenue (5.8) nepenuinem cleayronumM o0pa3om:
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Lr*drY' | ood (rrdr*) _r* dado
Al dé dE\A dE ) 2N dE dE

[Tocne moacTaHOBKH 3TOTO BRIpAKEHHSI B ypaBHEHHE (5.9) OHO MpUMeET BHI:

% % % % 2 %k %k
r*4d ldF +2r*2i FrdL_4lrdr +r*2ir_dr Fi 2A2:0
dé Adgg dé\ A d& A\ d¢& déE\A dé Or*

3T0 ypaBHEHHE SKBHUBAJIIEHTHO CIIEAYIOIIEMY:

d | r*° d(Fj 2A
— — + =0.
dé| A dé\r#? 9y *2

HHTerpupys 3T0 ypaBHEHUE 110 &, nonqu/IM‘
i( F j j A e
dE\ r* r S 9r*60r*2

*6

r d( F

rae f, =[ —( ﬂ — elle OJlHA MOCTOSIHHAs C Pa3MEPHOCTHIO JUIMHBL. J[si MeTpuku
£=0

A dé\r*

MWUHKOBCKOT'O 3Ta MOCTOsSIHHAs paBHa Hymo. [lonoxxum nanee f,=0 nnst TOoro, 4ro0bl METpHUKa
MuHKOBCKOro Morja ObITh pelIeHHeM JaHHOW CUCTEMBI YpaBHEHUH (B ciyyae, KOrjia KOHCTaHTa

0. paBHA HYJIIO).
¢
i[Fj+3 a | 8 ge=o0. (5.9")

dE\r*? ) 9 p*t gy
Wuterpupys eme pas, npeacraBuM QyHKuio F(r) B BUE:
2 L7 A A
e ] e
[Tpeobpaszyem ypaBHenue (5.8). BBegem o6o3HaueHue
r¥dr*
A d§

U TOJCTaBUM BBIPAKEHMS i NMpou3BOAHBIX A u @ wu3 ypaBHenuit (5.6') u (5.7'), Torma
ypaBHeHUe (5.8) MOXKHO 3amucarh B BUJE:

U’ +r*UdU __au dd '
dr* 2r*F dr*
1 d 1 3a do
3r*U° dr*V  2r*F dr*’
Tlepexo/si BO BCEX COOTHOLICHHSX OT MPOM3BOAHBIX MO &=/° K MPOM3BOAHBIM 1O 7% 1
BBO/IsI O€3pa3MepHbIe KOOPIAUHATHI 7/0. U 1 */o (coxparssn 0ns Hux npedxcuue 0003Havenus r u r*)
UCXOJHYIO CUCTEMY YPaBHEHHUI MOKHO 3aIUCATh CICAYIOIINM 00pa3oM:

(5.8")

1 dA :3V(r”2‘)’ (5.10)
Adr* Fr*
V(r) = ! ,®=—In(FA™), (5.11)
_7J‘ r*F dr
Fe)=2r* | ( [V (*r J (5.12)
A(’"*zr V(). (5.13)
r* dr
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OtnuuHoe OT Hyns 3HadeHue r*,;,,= r*(0) o3HadaeT, BOOOIIE rOBOps, HAIMYUE Kpdsi Y
MIPOCTPAHCTBEHHO-BPEMEHHOT'O MHOTO00Pa3us.

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

oo [ r* *
of| [r(roydr %r*zb >0, (5.14)
o\ 0 r

TO TpU MalbIX r* QyHKUIUS F(r*)=br*. Torma monarast V(r*)=b;r*>0, AGr*)=b;r*>0 u
MOJICTABIISISA OTH BeIpaxkeHus B (5.8', 5.10), momyqum:

v=3, b= 2b ,0 = 6 >0. (5.15)
2—-00 2—-00
W3 nmocieiHero COOTHOIICHHUS CIIEAYET:
5o 1£41-60
o

nostomy o < 1/6.
Wurerpupys ypaBaenue (5.13) Haliiem npu MaJlbIX 3HAYCHUSX 7, 7'

(%) = 3]”’" *Zdr*z3ﬁjr*<5*"‘)dr*. (5.16)
o (™) by 4

[Tocnenuuii HHTErpall CYIIECTBYET TOJIBKO MpH d < 6. B aTOM Ccityuae

5=1z¥l=60 a<%. (5.17)
(o2

PaccmoTpum  Temepp  BBIpaKE€HHME Ul DHEPTMHM  CTATHYECKOIO  HM30TPOIHOTO
rpaButannoHHoro noius (cm. Ipunoxenue I). B aToMm ciiydae
4 *2 * -0 T
_ca|r* F(r*)dIn(FA™)
4G V(r*) dr*

“3InFA(r*, ). (TL.8)

ok
¥ min

[Tocnequuii 4ieH B 3TOM COOTHOIICHHWH HMEET JIOTApUPMUIECKYIO OCOOECHHOCTh TpHu r*,,;,=0.
DHeprusi OyIeT UMEeTh KOHEYHOE 3HAUEHUE JIUIIb TIpH #*,,;, # 0, TO €CTh IPH Haauyuu Kpas. ITo
BO3MOYHO, TOJIBKO TP 3HaUYeHUH © > 1/6.

Benuuuna r*,,;, sBiseTcs HE3aBUCUMBIM ITaApaMETPOM U JUIs €€ oIpeieeHUs] HE00X0IUMbI
nobaBouHble cooOpakeHus. [1omokuM, BO-TIEPBBIX, B COOTBETCTBHUH C npuHyunom Maxa, 910
WHEpTHas Macca M;, cBs3aHa C TIOJIHOW SHEPTHUEH rPaBUTAIIMOHHOTO oISl £ BHE Kpas GpopMyIioi
Ditrmreitna E=M;,c’. Bo-BTOpBIX, B COOTBETCTBUH € IKCNEPUMEHMATLHBIMU OAHHHIMU TIPUMEM,
YTO 3Ta MHEPTHAs Macca JI0JKHA COBIALATh 110 BEIMYMHE C MaCCOW IPaBUTALMOHHON M, = Mo,
W, nHakoHel, HAa OCHOBaHWUU npunyuna coomgemcmeus ¢ OTO TONOKUM TPU OOJNBIINX
3HaYCHUSX »* KOd(PPUIIMEHT pu IepBOM WieHe pasioxkenust Gpynkmuu F(r*) mo crenensm 1/r*
PaBHBIM OTHOILIEHUIO TPABUTALIMOHHOTO pajnyca K o

o 1 _2M G ]
Fr9)=1--*-—+.=1-—3——+.. (5.18)
a r* ca r*
B stoMm cnyuae cootHomenue (I1.8) mepexoauT B ypaBHEHHE, ONPEIEIAIONIEE BEINUNHY
r*min-
v, 2r*  F(r*_ F(r* .
i — r min (r lTllﬂ) _ ln 1/6(r lTllﬂ) . (5‘19)
a V(r* ) A (r* )
Pemenue cucremsr ypaBuenuit (5.10) - (5.13), (5.19) MOXHO HalTH MeETOIOM

TIOCIeN0BATeNbHBIX NpuOMmKkeHnit. Haunnas ¢ mpo6uoit ¢ynxmmu V' (#*) u BeiGpanHOM
Ha4YaJIbHOM 3HAYCHHE 7 *,,;,, MOKHO HAWTH B MepBOM NpuoImkeHun u3 (5.12) GyHKIuo F«))(r*),
a 3ateM u3 (5.10) - A”(+*) u HoBOE 3HAUeHHEe V" (#*)u3 (5.11). IIpogomKaeM STOT HPOLECE 10
nojy4deHus: Ha N-HOM IIare 3HauY€HWH MCKOMBIX (DYHKIHHA ¢ TpeOyeMOl TOYHOCTHIO. 3HAYCHHE
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pa3mepa r*,;, HaiineM u3 ypaBHeHus (5.19). A 3arem u3 ypaBHenus (5.13) Haiinem ¢yHKIHIO
r(r¥).

[Toctpoum npoOHyro GyHnkiuio. Ecnu mpu 6onbimx 3HaueHusx »* cnpaseanuso (5.18), To
torma u3 (5.10, 5.11) caemyer V(r*) ~I-v/r*+... [IOCKONBbKY NP HAIMYAH Kpas IIOBEICHHUE
UCKOMBIX (DYHKIIMI MPH MaJIbIX 3HAUEHHSX 7* HE ONpeAesIeHO, €CTECTBEHHO MPEATOJIOKUTh, YTO
OTHOCHUTEIIbHBIN pasMep 7*,;, Oonbme equHuubl. [lpu r*,, > 1, 3agaaum npoOHYO (QyHKITHIO
clenyromuM oopa3om:

VO =1-v/r*. (5.20)

[ToncraBnss 3To Belpaxkenue B (5.12), Haiinem
v v vl

P I a— (5.21)
r

v
*

min

2 1 2
FO@*)=1-=(0*, + — =t
( ) 3( min ) %k 5( min i

B sTom HpI/I6HI/DKeHI/II/I, HUCXOAd U3 NpUHIOUIIA COOTBCTCTBUSA, IMTOJTYUIUM

r

gr v

- g(r*mm . (5.22)

*
a r min
[TocTostHHYIO BENMWYMHY V MOXKHO BBIOpaTh Tak, 4TOOBI B TOuke r*=r*,., 3HaueHHS
npo6Hoil GpyHKIMK U TIepBoro npubamkenns copnanam VO (r* )=V * ). Moxcrasnss

(5.20), (5.21) B (5.10), Haiizem

min

° (0) (ke
InA® (7%) = =3 j I/Z—O;)dr % (5.23)
. (,,*) F( )(r*)

a3arem u3 (5.11)

-1

© (0) (% *

O (7,.*) — 1+§+_§ 1+ 4 (: ) zdl" 5 . (524)
2 ¥ )(,,*) 2r* 2y F( )(,,*) (%) F¢ )(r*)

B aTtom cnyuae
v=(1-V"(r * pin DI *ilm . (5.25)
OT0 ypaBHEHHE ONPEEIISIET V B 3aBUCUMOCTH OT 7.

B Oonee BBICOKMX NPUONMKEHHUAX TIPH BBIYUCICHUSX HCHOJIB30BATKNCH CIUIAWH
anmpokcuManuu. [locne mATH mociaeaoBaTeNbHBIX MPUOIKEHUH, pemnas ypaBHeHHe (5.19),
HaiiieM (IIpM MCHOJB30BAaHMM B pacueTax IIECTH HHTEPBAJIOB) C IOTPEIIHOCTHIO B JIOJIU
MIPOLIEHTA

r*min:I 74.
JT0 3HAUYEHHUE, KaK U IMPEeoaraaoch, 00JbIle equHUIbI. B pasmepHoM BHe
7 *nin~0.9357, .
PesynbTaTel pacueToB npencrasiieHbl B Tabnuiie 4.

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 4. Pewenue cucmemot ypasnenuii (5.10..5.13) npu snavenuu o=1/6.
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3HayeHWe OJHOM W3 WHBApUAHTHBIX MeTpHuyeckux (QyHKiuil - C(r) HEOrpaHWYEHHO
BO3pacTaeT NpH MNPUONMKEHUH K Kpaw, TO €CTh Ha Kpal HMeeTcs HeycTpaHuMas
CHUHTYJISIpHOCTB. ClIe/I0BaTENIbHO, TOCTPOSHHOE MHOT000pa3ue SIBJISIETCS Te0/Ie3NUECKH TTOTHBIM.

Pacuetsr npoBenensl pu 6=1/6. B o0mem ciydae pemenne OyaeT CyIiecTBOBAaTh U MPH
3HAUEHUSAX O, JIeXKAIUX B HEKOTOPOM HWHTEpBaJie, MPUMBIKAIONIEM K STOMY 3HadeHHI0. B
JUarna3oHe JOMYyCTUMBIX 3HAYEHHH MmapaMerp ¢ MOXET ObITh BBIOpAH MPOU3BOJIBHO, ITO3TOMY,
IpU OJWHAKOBBIX 3HAUEHUSX TOJTHOW JHEPTHHU, paclpesesieHuss Moyied B o0JacTu Mopsaka
TPaBUTAIMOHHOTO pajyca OyayT pa3IndaThCs MEXKIY COOOM.

Takum oOpazoMm, npu uanuuuu ceazu (1.1) umeemcs necumeynapuoe cmayuoHapHoe
yacmuye - n0006HOe pacnpeodelienue YeHMpPAarbHO-CUMMEMPUUHO20 2PABUMAYUOHHO20 NOJIsL, Ol
KOMOPO20 BbINOIHAEMCS PABEHCINBO UHEPMHOU (OnpedeneHHOl 6 COOMEEMCmMEUU ¢ NPUHYUNOM
Maxa) u epasumayuonnoti maccol. ' Opu30HT, IPUCYTCTBOBABIINI B penieHnn ypaBHeHuit OT0O
JUISL HEHTPaJIbHO-CUMMETPUYHOTO ITYCTOI'O IPOCTPAHCTBA, B ’TOM CIIy4ae OTCYTCTBYET.

6.3ak0ueHue

HcTopuuecku CIOXUIOCH TaK, YTO B OCHOBY KAHOHMYECKOW TEOPUHM TIATOTEHUS ObLI
MOJIO’KEH MPUHIUI OOIIel KOBApMAHTHOCTH YPAaBHEHWMM TI'paBUTAlMOHHOTO mois. B cratbe
M3JI0’KEHBI OCHOBBI KBa3UKJIACCUUECKON TEOPUM TIATOTEHMSI, B KOTOPOM ATOT IPUHLHUI 3aMEHEH
€ro aHTUTE3UCOM (MOAOOHO TOMY, Kak 3TO OBUIO ¢ TATHIM TocTynaToM B «BooOpakaemoit
reomerpun» JlobGaueBckoro). OrpaHuueHue oOIIeH KOBAPHMAHTHOCTH MPOMCXOJUT 3a CYET
BBEJICHUS CBsI3U, KOTOpas C (U3MYECKOW TOYKM 3PEHUS HCTOJIKOBBIBAETCS KaK IPUHIIUII
a71MabaTUYHOCTH MPOIIECCa IBOIOIUN METPUKH NMPOCTPAHCTBEHHO-BPEMEHHOTO MHOT000pa3usl.

OTnuuuTeNnbHON 0COOEHHOCTHIO TEOPHH, BO-IIEPBBIX, SBISETCS TO, YTO MPOCTPAHCTBEHHO
— BpPEMEHHOE MHOrooOpa3zue MOMHUMO METPHKH M CBSI3HOCTH HAJENSIETCs BCEMH CBOWCTBAMH
MaTepuaiabHOW cpenpl. [IlpuueM TrpaBUTAIMOHHOE TOJIE SIBISETCS OCHOBHBIM HCTOYHHUKOM
sHeprun Bcenennoil. CnenactBueM 3TOro sBiseTcss HaOmronaemas BBICOKash —CTENEHb
OJIHOPOJIHOCTH W m3oTponuu Beenennoit. Jlpyras o0cOOEHHOCTh TEOPUH COCTOUT B BO3MOYKHOCTH
IOCTPOCHHUST MHOT000pa3suii CBOOOJHBIX OT CHUHTYIsipHOCTEeW. IlpeaBapuTenbHbId aHAIN3
MOKa3bIBaeT, YTO MpPH HENepTypOaTUBHOM TOJXOAE YCTPAHSIOTCA TakKKe CHHIYJISIPHOCTH,
CBSI3aHHBIE C KATMOPOBOUHBIM B3aUMO/ICHICTBHEM.

CUHTYISIpHBIM TIpU 3TOM SIBIISIETCS Kpal MHOroo0Opasus (MOMEHT Haudaja SBOJIOLUHU
Bcenennoil wim moBepXHOCTh BONM3M T'PaBUTALMOHHOTO Pajguyca), Ha KOTOPOM T€ WJIM HHbIE
HaO0JaeMble MHBApHAHTHBIC BEJIMYMHBI MPUHUMAIOT OECKOHEYHBIE 3HAYEHHs. DTOT (akT
CleZlyeT paccMaTpuBaTh KaK yKa3aHHE Ha HEOOXOJMMOCTh ydyeTa BOJM3M Kpash KBAaHTOBBIX
a¢dextoB. Ilpexnae Bcero, 3T0 NPOUCXOAsIIEe Ha Kpar HapyUIeHHE CUMMETPUU MEXITY
YacTHULIAaMM M aHTH4YacTuiamMu. OTMETHM, YTO OrpaHMYEHHE KOBApUAHTHOCTH BEIET K
YMEHBIIIEHUIO KOJMYECTBA MEPBUYHBIX CBSI3€H, B CBS3U C 3TUM MPU KAHOHUYECKOM KBAaHTOBAHUU
CHHMAaeTCs polbiieMa «3aMOPOKEHHOTO (POopMaIH3May.

TouyHOCTH MMEIOLUXCS aCTPOHOMHYECKHUX HAOJI0/IEHUH TTOKa HETOCTaTOYHO, YTOOBI HAa UX
OCHOBAaHMU cJeNaTh BEIOOp Mexay npenckazanusimMu OTO u npeyios)keHHON TEOpHH TATOTEHHS.
Opnako TOT (hakT, YTO 3a MCTEKILME JABAJLATH JIET TaKk U He ObUla ycTaHOBJIEHA (uU3NYeCcKas
pUpoaa «TEMHOU PHEPTUu», «TEMHON MaTepum» u «uHQIaTOHOBY, a HAa BAK He o0HapyxeHO
HOBBIX YacTUI[ C TMOAXOMASIIMMHU CBONCTBaMH, 3acTaBJISIET YCOMHHUTBCSI B CaMOM HX
CYIIECTBOBAaHMU. YCTAaHOBJEHO, YTO MaKCHMalbHas TIJ00ajbHast 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
CBS3BIBAEMbIE C THUNOTETUYECKUMHU TOJMAMU O EKTbl SBISIOTCA JUIIb TMPOSIBICHUIMU
MaTepUaIbHON CYIIHOCTH I'PAaBUTALIMOHHOIO MOJIS.
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IIpuioxenne I. JHeprusi craTH4eCKOro H30TPOMHOI0 IPABUTALMOHHOTIO MOJIS.

B cuiny ToxmectBa BuaHKM IUIOTHOCTH JHEPrHM TpaBUTAl[MOHHOrO mois 7, MOIDKHA
y,I[OBJ'IGTBOpHTB COOTHOLICHHUIO:

( TV)—l—ag”" T% =0
1/ g ox”
B cnyqae CTAaTUYCCKOI'O ITOJIA COXpaHHeTCH BHCPFI/ISI FpaBI/ITaHI/IOHHOFO I10JI:

E=| aiv (=emy Jrix=[ 17y~ gds, (IL1)

I7Ie B COOTBETCTBUU C (2.3)

4 a _

= | 520 (g‘”’ aq)j g, OO i O\ by 1 NTE gy
167G ox* ox” ox’ ox J-g Ox

B craruueckoM mosie mocienHHE JBa YJeHa B 3TOM COOTHouleHWHu paBHbl Hymio u (IL1.1) ¢

yaetoM (I1.2) mpuaumMaet Bu:
— |dV. (T1.3)
162G

IToncraBmss cro1a BEIPAXKEHUS 1JI1 KOMIIOHEHT MeTquecxoro TeH30pa U3 (5.2) nomy4nm:

c' I _gii[ rode “@dr[ r’ dq)jdr}. (T1.4)

164G P dr\C+G dr (C+G) dr

VY4urem Teneps, 4To 1O ONPEEIICHNUIO0, & TAKXKE B CUITy cooTHoweHus (5.13)

E =

C(’”*)+G(r*)_% zdrz%’”*)r*z dr* (IL5)
—&

[oncrasinss 3tu Beipaskenus B (I1.4) u nepexonst k 6e3pa3MepHOi KOOpAUHATE 7*/0l, TTOIYUUM:

_ctalr* F( _ T r* F(r¥) do d+- (IL6)
4G | V(r*) dr* 2V -g dr® dr '
B cuny cootnomennii (5.7'), (5.10)

1 dy-
® =-In(FA?), ,A = I1.7
(P87 =5 - b=yg 1.7)

C y4eToM 3THUX COOTHOIICHHI

4 ) r¥*—o

A P RN I (IL8)
AG | V(r*)dr*|.

B cooTHOMmIEHUN QUTYypHPYIOT TpaHUYHBIE 3HAYEHUS IPOU3BOJHON QyHKIUHU F(r*).
VYauTeIBas oBeieHUE TMOJIe Ha OECKOHEYHOCTH M TOT (aKT, YTO B CHIIy COOTHOIICHHS
(5.12) mpu r* = r*,,;, dF/dr*=2F/r*,,, Haiinem:

r¥*—o

_r*® dr
V(r*) dr*

* *
_ _’”gi+ 2E(r* i ) * i _ (T1.9)
124 V(r*min)
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