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Abstract

The article presents some results of a nonsingular theory of gravity (hereinafter - NTG)
based on the axiomatics which differs somewhat from the axioms of the general theory of
relativity (GR) and free from the internal problems inherent to GR. Nonsingular space
kinematics is constructed on this basis. It is proved that from the condition of energy positivity
follows: global isotropy of homogeneous space, existence of a change of the acceleration -
deceleration eras and negative value of the scalar curvature of space. Nonsingular basic
phenomenological model of evolution of the Universe is constructed, described by the smooth
one-parametrical dependence from the moment of the beginning of evolution to an arbitrary
point of time, coordinated with the observational astronomical data but without an involvement
of the hypotheses of the existence of a dark energy, dark matter and inflatons. The particle-like
solution of the NTG equations for the static isotropy metric is found. The behavior of the
solution in the region of weak fields is specified on the basis of correspondence principle with
GR. It is shown that in the certain region of space the distributions of fields can exist, for which
the equality of inertial (defined according to Mach’s principle) and gravitational mass is
satisfied. The horizon characteristic for the solutions of GR equations in the isotropic case is
absent in NTG.

Keywords: Gravitational Physics, Space Kinematics, Cosmology.
1. Introduction

One 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.

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.

However Penrose’s and Hawking’s proof of the theorems on singularity of the solutions of
GR equations is a sufficient cause to doubt a possibility to describe on its basis phenomena in the
microcosm and in the scale of the universe.

In the light of the new experimental data [1] GR doesn’t seem as unshakeable as before
any more. For an explanation of the received results within this theory it was necessary to
introduce certain hypothetical entities which haven’t been found yet.

The Nobel lecture of B. P. Schmidt [2] comes to the end with the statement: «An enormous
body of theoretical work has been undertaken in response to the discovery of the accelerating
Universe. Unfortunately, no obvious breakthrough in our understanding has yet occurred —
cosmic acceleration remains the same mystery that it was in 1998. The future will see bigger and
better experiments that will increasingly test consistency of our Universe with the Flat A-CDM
Model. If a difference were to emerge, thereby disproving a Cosmological Constant as the source
of acceleration, it would provide theorists with a new observational signature of the source of the
acceleration. Short of seeing an observational difference emerge, we will need to wait for a
theoretical revelation that can explain the standard model, perhaps informed by a piece of
information from an unexpected sourcey.

In our opinion, just 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
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problems unresolved so far: the problem of energy, singularities, black holes, cosmological
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, as we see it, is
in the aprioristic introduction of constraints that restrict the choice of coordinate system. Such
attempts have repeatedly been made in last one hundred years; 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 region of the manifold.

The article presents some results of a theory of gravity free from the internal problems
inherent to GR.

2. Gravitational field equations

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

0 4 1 04-9
- ‘T’ )=0,T! =———=, g=detlg,,), (x,v=0123). 2.1
o~ (=g9"15)=0. T 5 oo (9,.). (u ) (1)
To obtain 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 (2.1) as:

c? oD
S =———[(R+A)J—gd*x, A=T"g"" —. 2.2
T (R+A)J-g e~ (2.2)

The presence in Lagrangian of the additional members besides to the scalar curvature leads
to the occurrence of the energy density tensor of the gravitational field in the Hilbert-Einstein
equations when the metric is varying.
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These equations together with (2.1) are sufficient to determine the components of the
metric and the field ®. The equations are covariant relative to the local unimodular and global
scale transformations of coordinates.

3. Space kinematics

Since now the gravitational field has certain energy that in contrast to GR the metric is
nontrivial even in the absence of any matter. It is natural to consider all the components of the
metric tensor in that initially empty space as not dependent on the space-like coordinates. If the
spatial metric is non-degenerate then the most general expression for the space-time interval can
be reduced to the form [3] by the unimodular coordinates transformation:

ds® = goo (X2)(dX°)? + g, (X*)dx™dx", » = —det(g,,) >0,(mn=123). (3.)
An absence of the general invariance of the action (3.2) doesn’t allow us to eliminate the

metric component goo, therefore the expressions for the nonzero components of the curvature
tensor are rather different from the expressions given in [3].

d
Rg d ( 1 d}/J 1 gmk gkp gpn dgnm1 (32)
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1 d [ |7y dg
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Nonzero components of the energy-momentum tensor density:

(g )o . c* | d 1 do . 2 d\/ 9oy dd (3.4)
U0 167G | dX°\ Ogo OX° ) goi/Oey  OX° X’ | '
4
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The gravitational field equations will have the form:

d (idvm""j:o, (3.6)

dx’| gy dx°
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Eqg. (3.8) shows that:

dg do /g
mp “Jkm | gp X _ [J00 P 3.9
g —dXO € 4x° ” k (3.9)
The constant matrix L} is not arbitrary. Since eq. (3.9) shows

dg,, do /g

dXi:) +gknd7: %gankp’ (310)
that the matrix must satisfy the conditions:

Gp (X" )LE = g4 (X)L (3.11)

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 L{=

diag(Ly,L2,L3) and the metric tensor must also be diagonal.
Simplifying eq. (3.9) on p and k indexes:

300 _ 147 % (3.12)
dx y dx 4
and the system of equations (3.9) takes the form
grm Wm _ 1 47 5, %(Lg —lakpl_;j. (3.13)
dx 3y dx 14 3
Eqg. (3.13) shows that:

dg dg.. 1(1dy ) 1/ .y
mk ke pn nm _ — L uy +%|:Lp|_k —=( } 3.14
CRP I RN 3(7dx°j y L 3( ) (3.14)

Using this expression and eq. (3.12) it is possible to eliminate ® and all spatial metric
components from the equation (3.7) and after introduction of the proper time cdt = ,/g,,dx° to
write it as:
2 2
32 1dy _,_E 1dy +3L[LEL|;—E(L2)2]=QOO\/;EL id_y_d_: . (3.15)
dt\y dt ) 2y dt 2y 3 2,

Eq. (3.6) implies
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1 dgoo +1 A T =const. (3.16)

G dt  ydt TSy
This equation allows to eliminate g00 from (3.15) and to write the equation for the function

2 1dy L%_ZZO,GZB;_E[kasg—l(B:)z], (3.17)
vy dr 2 3

where t=t/T dimensmnless proper time, B =cTL} - matrix of the dimensionless constants. The
order of the equation (3.17) can be lowered at the function u(y) introduction - dimensionless rate
of change of the volume factor - \/;

u= M . (3.18)
dr
The equation takes the form:
_d
gu Y a7 o4, U Vr (3.19)
dy "4 -2u+o \fy

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 (3.19) we find that:

v _ [4u? —-2u+o 1 1
. f(u), f(u) . exp{rtarctg\/iJrarctg mﬂ (3.20)

where /7., - the minimum value of \/;at u=0.
Differentiating (3.20) with respect to t gives:

d
1 dy _diwad i T (3.21)
[y dT du dz du 4u°-2u+o
Hence we find the solution of the equation (3.17) in the parametric form in consideration of

(3.18), (3.20).

R m.nj Oy, = o T, (322)

-2y+o
Evolution of space begins in the tlme pomt 7 from a state of rest with the minimal volume
factor.
Consider the expression (3.4) for the energy density on the field equations. Using the
relations (3.12) and (3.16), we can transform (3.4) as foIIow5'

2
(6 f = py =S| L[ 22 + L(idy)', 1 7 _Lgel (323
0 487GT2 | dr ydr ydr 2 Jyydr 2y

Using the equation (3. 17) we eliminate the second derivative, then

4y 4

487zGT2 dr 487GT %y

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.
In this case the solution of the equations (3.13) can be presented in the form:
9w = _71/35kn J (325)
and the interval
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s? =c?(dt)® — M3 (t)dx"dx". (3.26)
Introduce the Hubble parameter H and the acceleration parameter q (instead of the
deceleration parameter [4]) according to the modern representations:

Het &7 qoge L df1dy (3.27)
6Ty dr 6H2T? dr ydr)

The substitution of these expressions in (3.17) allows us to derive the equation describing
change of the acceleration-deceleration eras.

_3[\/5 1}2 3
q_

o) T2 H- (3.28)

This implies that two scenarios are possible. When 6>3/4 the acceleration (q>0) is only 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

u, = i .3 ~0.1376, u, = g .3
1414673 A(W3+2) T TP 1-1-46/3  A(3-2)

Discovered recently [1] 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-—> 5.2 (3.30)
4o
After the onset of the second era of the acceleration, q asymptotically approaches unity
according to (3.28).

The energy density of the gravitational field (3.24) is related with the Hubble parameter as:

3c’H?(7)

Pyr e (3.31)
Thus, space is homogeneous and isotropic and has proper energy. And the density of the space
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 = ¢/2 < u;

~1.3624.(3.29)

H_ - Jo exp| - arctgv4o -1 ’ (3.32)
6T /7 min 4o -1
and then monotonously decreases, tending to the constant value
1 1
H =———expp| —————| arctg — (3.33)
6T ymin ( 4 ( - 2 JJ

Determined by the relations (3.5) the spatial components of the energy-momentum tensor
density are equal on the field equations to:

2
b c d(1ldy 1 d;/ 1 d;/ 1
_ Lz =B |sP, 3.34
(8gr)k 487GT? [dr( drj [ dr 2,/ ydr 2y K (3:34)

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 (3.17) and assuming (&, )y = - PgrJ, as it is

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

c® P -2u+o
Pyr =— 5 . (3.35)
482GT 4
This implies when 0.25 < 6 < 0.5 there is a change of the pressure sign at the following u values:
u, =1V 20 V2-1 0.146, u, = TV1Z20 V241 08536  (3.36)
2 242 2 242
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The gravitational field has a positive pressure in the interval us<u<u, in other cases it has a
negative pressure.

Let us consider the curvature tensor. Substituting the relations (3.13), (3.14) in (3.2), (3.3)
we will find the expressions for the curvature tensor on the field equations:

no__ 1 df(ldy) 1 (1dy)
 2ctdtlydt ) 12¢2\ydt )’

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

—_— 2 —_
R=Rf =L (P -2u+o)=- WD Fhol 4 (3.37)
4¢°T “y 16¢°T “y
‘R=Ry +Ry :—%[guz —2u+0'j. (3.38)
2¢°T ¥\ 3

(3.37) 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 (3.31), (3.32) the maximum density of the gravitational field energy is equal

_ c’o oxo| _ 28rctgv4o -1
P = 962G 2 to-1 )
Assumed that c=1/4 for definiteness, connect the constant value

(3.39)

2

TS ~ i[C—J (3.40)

8| 67-G- Pyrmme

with the maximum energy density.
Now (3.22) can be written as:

41 (y) 1 u
t—t, =T yHU)=———.
Jr m.nj Sy VRO

According (3.20) f(u) depends on the constant ¢ only. Substituting in these relations the current

values [5] of the time from the beginning of evolution till now ( to-ty = 4.355+10*" sec ) and

Hubble parameter (Ho = 2.181+10™*sec™®) gives, taking into account (3.40), couple of equations
for two unknown — ¢ and the value of parameter u at the current time.

It is considered to be the maximum energy density equal to the Planck’s energy density in

the standard cosmological model. Providing that o .. = &g the solution of the system of
equations (3.41) according to data at the current time is:

(3.41)

0° =0.250119943, u° =6.119897974. (3.42)
The results of the calculations of other parameters for this case are presented in Table 1.
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Parmex = Ep1i T Vmin =5.798463086-10*° sec; 6°=0.250119943; u’=6.119897974

u q z °R, cm™ t-ty , SEC H, sec™
6.119897974 0.7599 0 -4382-10™° | 4.358-10" 2.181-107"
1.362298981 0 0.850004 -6.309-10°° | 1.876:10%" 3.074-1078
0.853468568 -0.5 1.416151 -9.216-10™° | 1.129-10" 4.290-10™°

0.4 -1.5776 4.831122 -1.126-10™* | 1.305-10™ 2.826-10"

0.35 -1.7544 7.804654 -5.944-10™* | 4.160-10% 8.514-10™"

0.3 -1.9157 24.3401 -8.520-10™% | 1.959-10" 1.739-10"
0.250119943 -1,9986 1.740781-10" | -1.062-10° 7.092:10™° [ 4.702-10™
0.146531432 -0.5 9.818436-10%° |-1.223-10°" [4.071-10% | 4.943-10%
0.137701018 0 1.017771-10% [ -1.787-10°" [ 3.361-10% [5.174-10%
0.125059971 1 1.058713-10°* | -2.801-10°" |2.610-107% 5.289-10%
0 o 1.172766-10% | -2.069-10%® [0 0

Parmee =10%°g-cmsec?; Ty, =1.296575763 10 sec; 6°=0.2505961314; u’=6.117403956

u q z °R, cm™ t-ty,sec | H,sec”
6.117403956 0.75982 0 -4.382-10° | 4.358-10" 2.181-10™®
1.362007273 0 0.849896 -6.309-10™° | 1.876-10" 3.074-10™
0.853131610 -0.5 1.416264 -9.219-10™° | 1.129-10" 429110

0.4 -1.5753 4.819468 -1.120-10™* | 1.313-10% 2.810-10"
0.35 -1.7514 7.757364 -5.828-10™* | 4.230-10% 8.381-10™"
0.3 -1.9117 23.5132 -7.317-10°° | 2.166-10" 1.575-107
0.250596131 -1,9929 2.510051-10°> | -4.756-10%° | 236.74 0.001413
0.146868390 -0.5 3.483573-10° | -0.0245 9.1035-10™ [ 2.214-10°
0.137992728 0 3.611425-10° | -0.0358 7.5143-10™ [ 2.317-10°
0.125298066 1 3.757034-10° | -0.0562 5.8328-10" [2.369-10°
0 0 4.162766-10° | -0.4146 0 0

TABLE 1. Space kinematics at two different values of the maximum energy density.

The results of similar calculation, but with the maximum energy density equal to that at which
the electroweak phase transition occurs, are shown in the same table. The comparison of these
data shows that the results of the calculation are in good agreement up to the red shift at least,

=] 7Y 1 j03)~24. (3.43)
y(u)

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

So, the following properties of space are a consequence of the assumption of the constraint

(2.1) between the components of the metric tensor existing:

is homogeneous;
is globally isotropy;
is material, possesses an energy and pressure that able to have both positive and negative
values;
has negative space curvature limited on an absolute value
has the acceleration-deceleration-acceleration eras;
is the only source of the Universe energy.
7
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An existing of this new law of nature doesn’t contradict 10 the latest observational astronomical
data on the Universe evolution.

4. Phenomenological model of the Universe evolution.

So, we have shown that Space exists, unique material space.

From the speech delivered by A. Einstein in 1930, “The strange conclusion to which we
have come is this — it now appears that space will have to be regarded as a primary thing and that
matter is derived from it, so to speak, as a secondary result. Space is now turning around and
eating up matter. We have always regarded matter as a primary thing and space as a secondary
result. Space is now having its revenge, so to speak, and is eating up matter. But that is still a
pious wish.” [6].

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,~Pmat,~Pmat,~Pmat)-
In the presence of matter the gravitational field equations will take a form:

d [ 1 dy¥o 0o
dx’| gy X’ ’
2
1 df 1 dy| 1 (1dy d( 1 do) 86
o] o - - = + +3 , (4
Joo dx® L}/ Joo dXOJ 6900(7/ dXOJ 7900 dx° [goo*/woo dx(’] c* (o p)mat “)

1 dyj 1 d[;goo dCD}_87zG

1 d
_3\/;@1_00 dx°® {\/Qg_oo dx°® Jpo OX° ) c* (P = P)ar:

e OX°

Repeating all the computation taking into account these additional members, we have the
following equation instead (3.19)

du 4u?-2u+o 487GT? 1Y du)”
8u—- + 2 ((p—i_ p)mat __J.(,O_ p)mat(_j du] = 01 (41)
c 4y < dy

dy 14

and it’s supposed that the pressure and density of matter are equal to zero in the initial time.
The equations for the energy and pressure are also modified in this case; instead of (3.31)
and (3.35) we have

c® u® 3c’H(7)
+p . = - = . 4.2
Por T Pmat =50 GT? 584G (42)
¢ U -2u+o 1 du)"
- +p  ——[(p- 2 du. 4.3
P =g, Pl p>mat[dyj (4.3)

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 the equality to zero of the covariant derivative of matter
energy-momentum density tensor, the «conservationy» laws for each type of matter are satisfied
separately [3,4]
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dJr (4.4)

do=—(p+ p)W-

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

weight. Eq. (4.4) shows that:
413 4/3
p ZPO\/? P =p; @ P, =p, E : (4.5)
m m \/; r r \/; v v \/;

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 [5]. Data are less defined for
neutrinos Qv<5.52-10. The relations (4.5) describe the dependence of pma:, Pmat 0N the bulk
factor at times not too far from the present.

0 0 4/3 0 4/3
1
Prat = P ‘/\/g +(p. +p, )[%j Prac =5 (o) +py )[%] U, <u.  (46)

As approaching to the beginning of evolution, the conditions (under which these relations are
valid) are violated. If at the initial time there is a birth of matter due to the gravitational field
energy, then the covariant derivative of matter energy-momentum density tensor not be equal to
zero anymore because of interaction existing, and instead of this, owing to the Bianchi identity
the relation (4.2) holds.

To redefine the dependences of pmat, Pmat at the beginning of evolution, assume

=0 A<, Pt == Pty 0SUS U, 4.7
pmat pgr p t 3+/,11U+/,12U2p t b ( )
Eliminating the gravitation energy density from the relations (4.2), (4.7) we have
2
Pmat = : Lu_ O sus Uy . (48)
247GT? 1+ 4 y

We define constant coefficients A and uj, p» in these relations from conditions of a smooth
conjugation of the dependences (4.6), (4.7) when u=uy. For the implementation of this procedure
it is necessary to have the dependence y(u). Further within phenomenological approach and
using the expressions which pma, Pmat inClude, we will consider that this dependence is
determined as a first approximation by the relation (3.20). From the conditions of a smooth
conjugation follows that:

ZU{Q fw,) | (f(u ] } (Zubao)lgmf(ug)JrQ(f(ug)] }Q_Qrmwmlg)
fu®) 3 f(u°) f(u°)

L:[EJ {Qm f(ug)+Q(f(ug)j } (4.10)
1+4 (u, f(u”) f(u")

1 EES 3(1_ij J{Qm(f(ub)] +1]8uu§+u2(4u§—6ub+30°). (4.11)
2(u) u, Q| f@u®) uZ(4u? —2u, +o°)

The equation (4.9) allows us to find a quantity up, and then the relations (4.10), (4.11) allow to
evaluate the complexes which include desired parameters.

The results of calculations for two values of the maximum energy density are presented in
Table 2.
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Pyrmex = Ept 3 Tl Vmin =5.798463086-10™sec; 6°=0.250119943; u°=6.119897974; Q=5.57-10"°
Up M1+ ul )
0.7820 0.2324 17.14 -4.791
Porm =10%g-cm sec? Ty, =1.296575763-10sec; 6°=0.2505961314; u°=6.117403956; Q=5.57-10°
Up M(1+)) ul u2
0.7817 0.2324 17.14 -4.795

TABLEZ2. Solutions of the equations of a smooth conjugation for two values of the maximum
energy density.

Results of calculations coincide so that an error is considerably smaller than an error of
observational data. The value in the second column - 0.2324 is the maximum fraction of matter
energy density in relation to the Universe energy density for all time of its existence. Thus, the
main part of the Universe energy is Space energy, it amount to about 95% in present, and this
fraction continues to grow with the lapse of time.

Substituting (4.7 - 4.11) in (4.1) we derive in the second approximation the equation
describing the initial stage of the Universe evolution from u=0 to u=u, (Space kinematics gives
the first approximation of Universe evolution). The solution of this equation can be written by a
quadrature.

[y [ 4udu
—— =¢p(u)=e , (4.13
Y min ¢( ) P I 21“2 A ¢ 4U3dU ( )

04 2_2 _ 1 A 1_
Homere 1+1(+”(U))+1+10( 40 47 gy s o0

t—ty =T | 2 4p(u)du : 3 . (4.14)
2402 —2u+ o — 2N @+ y(u))+ij.(1—y(u))&
1+ 2 1+29 4u* -2u+o°
Appearing in these relations constant o differs from o, generally speaking, and just as it
was made in the previous section, has to be defined together with the value of u at the current
time from a condition of the equality of the evaluated time of the Universe existence and Hubble
parameter to their values observed now. For this purpose it is necessary to find at first the
solution of evolution equations at the values of u lager than uy,. Substituting (4.7 - 4.11) in (4.1)
we derive in a second approximation the equation describing the stage of the Universe evolution
at u>up. The solution of this equation can be written by a quadrature.

/4

=y (u) =
y(uy)
fuy 4 (fu))°] 24 meau |
wt—2ueo-ao o, 1O A TENT) 4 G avd
u f(u) 3 f(u) 1+ 24 4u°-2u+o
expj U3 4udu
Uy Y 0
u2{l Q. f(uo) +EQ f(u-) 24udu :
W f(u’) 3 f(u) 4u°-2u+o
(4.15)

10
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t—t(u,)=T»(u,)x

4u22u+02u°2[§2m f(uo) +i9(f(uo)j ] if ())—4u30|u
fu?) 3 { f(u) 1+ 2+ ~2u+o?

1/3
U] Q. f(uo) +gg(f(u°)j 4udu

o f’ 3 | f(u) 4 -2u+o"°
(4.16)

It is possible to construct a priori only the parameterized collection of dependences
between which the dispersion increases as approaching to the edge of space-time manifold. The
range of the parameters changes can be restricted a posteriori. Such opportunity is limited only
by a resolving power of the observer’s astronomical instruments in the case of the Universe
itself. The fact of the observation doesn’t lead to a “reduction of the Universe wave function” at

all but only defines more precisely our knowledge about the possible range of the initial
parameters variation.

4y (u)du

R S

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 [4]:

S (% dx)? - C(r)(dx - d¥)

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 Jmn , write the metric tensor g, as:

XX m
gOO=F(r)l gOm =O! gmn =_C(r)'5mn_G(r) :Zn’ Xn = X7, (51)

g(r)=detg,, =—FC*(C+G).
The tensor g (inverse to the metric tensor):

goo _ 1 ’ gom — 01 gmn - _ 1 5mn + G(r) X ;( . (52)
F(r) C(r) C(C+G) r
O™ =5y

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(r) .
The constraint gives the following contribution to the action:
ox*" 29 ox” 2(C+G)g A

(The stroke hereinafter denotes differentiating with respect to r)

Other terms can be found using the known results of calculations [3,4]. The scalar
curvature and volume element are generally covariant, therefore they can be found using
“spherical” coordinates.

In “spherical” coordinates space-time interval is:

ds? = F(r)(dx°)? — G(r)dr? —C(r)(dr? + r?d6? + r?sin? 6dg? )

By analogy to the “standard” form [4] write it as follows:

ds? = F(r)(dx’)? — A(r)dr? —r** (r)(d6? +sin” dg?), (5.4)
11
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where A(r)=G(r)+C(r), r*(r)=rCY2 (r).
For this metrics the nonvanishing components of the connection differ slightly from the
corresponding components of the “standard” form [4]:

F' A r*r* r*r*sin o =
N=Ti=pp Tn=oa To=—p To=——p — N=px
g_g_l’*' I’ =—sind 0 ‘P—‘/’—r*, I’ =T? =ctqd
Fm_r&_F’ o = —SINOCOST, F‘/’r_r“/’_F’ po =La, =CO0.

The expression for the curvature tensor changes accordingly it.
Using the expressmns for the components of the connectlon find the scalar curvature:

1 (Fj 1(F'j 2 (r r*’) 2 r*’j 2 2 (r*’}z r*F'
=—|— |+t | = | +— +— ——— || = | + :
2F A 2A\ F r* A Alr* r*>  Allr* r*F
Singling out the divergent term, it can be written in the form:
1 d[ Frooar*Y] Jr*F 1(r*\ 1
=— =~ |r*JAF + -2 +— +— | 5.5
r*ﬂ/ﬁdr[ (AF r*AJ_ [r*AF A[r*) r*z} (5:5)
The action for the gravitational field:
C3

So =6 [(R+A)VAF T sin @ drdedgax”.

Substituting here the e 2pressmn (5.5) for R and (5.3) for A, omitting the divergent term and
taking into account that A=A*/FC? we have:

3 *2 IA Ty %4
Sy = 8(7:zG I(réz n rAr“F (r )2 +$r*3 r* F’+M]rzsin O drdad gdx® .

Ar?
Introduce a variable &=r® instead of r, then the action takes the form:
3 *2 * 2 * x4
gr:3c_[ A2+Fr dr +1r s dr*dF Frqu)dAdfsdeéd(pdx
872G 7| 9r* A\ d& A d& d§ 2A° d¢& d&
From a principle of least action find the gravitational field equations in space free from

matter:

*4

dfrFdA)_g (5.6)
del A? de

*2 *\2 *3 *
12_r2 dr I:_r2 dr*dF lzi (i p 40 0. (5.7)
Or=* A\ dE A° d& d& 2A° dé d&

*2 * 2 *3 * x4
r= dL _i r*° dr r 2 dA d® 0, (5.8)
A\ d& dél A dé& 2A dcf dcf
2A _2*1 r*FE - d 1 dF 2r*3Fd_Ad;i>
A d& del A de A dE déE

— = - 0. (5.9)

Equation (5.6) implies:
r*F dA
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:

—a (5.6

12
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SECES
d&| A lde de

r*F(1dF  do
A (Fdet d§) 4

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

This implies:

1dF do__1dA B

F d§ dz ade’’ T 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:

1(r*dr*)’ , d (r*dr*) r** dAdd
= +r* — —— =
A\ dé dél A d& ) 2A° d& dé&
After the substitution of this expression in the equation (5.9) it takes the form:
* * * * 2 * *
i 4 d(1dF Lopxe 4 d Fr> dr 41 r*dr +r*zi r_dL Fy 2A2:0
d& Adg‘ d& A d§ A\ d¢& dé\ A d& or*
This equation is equivalent to the following:
d|r**d ( F j 2A
dé| A dé\r*® or *?

Integrating this equation over & we have:

d(Fj A i
dé\ r*? Lo 9r*60r w0
r*® d

where g, = {T@(%ﬂ is one more constant with the dimension of length. This constant
r
£=0
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 a
is equal to zero).

d .
dé(r*zj 9r*6-..r*2 (5.9)

Integrating one more time, represent the function F(r) in the form:

I jr*a

Transform the equation (5.8). Introduce a notation
_rxdr>*
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:
du  oU do
dr* 2r*F dr*’
1 d 1 3o do
T3r U’ dr*V  2r*F dr*’

U2+r*u

(5.8)

13
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Passing from the derivatives with respect to &=r° to the derivatives with respect to r* in all
relations and introducing the dimensionless coordinate’s r/o. and r*/a (keeping the previous
notation r u r* for them), we can write the initial system of equations as follows:

1da_v(r 6.10
Adr*  Fr*®’
1
V(r*) = —— ,® =—In(FA™), (5.12)
37 1 do
2 r*Fdr*
F(r*) = 2r* j{ jV(r*)dr*]—V(r*)dr* (5.12)
A(r<)r? dr
[ *2 m :V (r*) . (513)

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

ZT[TV(r*)dr *er* b>0 (5.14)

exists, eq.(5.12) implies that the function F(r*)=b-r*? at the small r*. Then assumed that
V(r*)=by-r*'>0, A(r*)=b,r**>0 and substituting these expressions in (5.8', 5.10) we have:

v=3, b= 2b L0 = 6 ) (5.15)
2—-00 2—-
From the last relation follows:
5o 1+VJ1-60
O

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

P () = 3jv(r ) x2grr 32 jr*‘f’ Ny *. (5.16)
2 0
The last integral exists only at < 6. In thls case
5=1=¥1=60 0'<%. (5.17)
(o)

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

Ccta| r B dIn(FA)|”
4G V (r*) dr*

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

The quantity r*mi, 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 Mi,= Mg,. And at last, based on correspondence principle with GR

—3INFA(r*;,) |- (A.8)

*
™ rmin

14
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we assume that at the large values of r* the first term coefficient of the function F(r*) expansion

in powers of 1/r* is equal to the gravitational radius-to-o ratio.

F(r*)zl_&iJr —1— ZMQ'GLJF (5.18)
ar* ca r* '

In this case the relation (A.8) passes into the equation defining a quantity r*my;n .

h: 2r.kmin F(r *min) —In F(r *min) . (519)
124 w(r*min) Al/Es(r-*min)

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 © (r*) at the chosen initial value r*u,
it is possible to find the function FO(r*) as a first approximation from (5.12), and then to find
A9(r*) from (5.10) and - new value V @ (r*)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*n,
from the equation (5.19). And then find the function r(r*) from the equation (5.13).

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

VO@I*)=1-v/r**, (5.20)
Substituting this expression in eq. (5.12) we find
2 v (1 2 v . v vl
|:(0) M~ =1-=(r*_. + — +=(r*. + _— 5.21
(M) =1 2 (Pt ) e g (M ) e =g (5.21)

Based on correspondence principle, in this approximation we have
r
i = E(r*min + !
(24 3 r*min
A constant v can be chosen so that the values of a trial function and first approximation
coincide V@ (r* )=V ®(r*_ )in the point r*=r*y;,. Substituting (5.20), (5.21) in (5.10) we

) (5.22)

min

find
2 VO ()
In A® (r*) = -3 ——— x, (5.23)
()P FO(r)
and then from (5.11) we have
« ©) (px * N
V@ (r*) = 1+§—10 31 Y (Or) zdro : (5.24)
2r*FO(rx) 2.0 2r*FO@r%) ) (r)*FO(rv)
In this case
V= (1_\/ @ (r *min ))r *rznin . (525)

This equation defines v as a function of r* .

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

M *min~1.74.
This value is more than unit, as it was supposed. In a dimensional form
Mmin~0.935rg; .
The results of the calculations are presented in Table 3.

15
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G=1/6 ; Xmax20575 ; rgr/(l =1.859

X=a/r* V(X) F(x) A(X) C2(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
05 0.4596 0.2366 0.0962 1.2288
0.575 0.3413 0.1813 0.0543 0

TABLE 3. Solution of the system of equations (5.10..5.13) at the value ¢=1/6.

The value of one of the metric functions - C(r) 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).

Thus, at the presence of the constraint (2.1) 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.

The calculations were carried out at 6=1/6. Generally the solution will exist also at the
values o 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.
Arising in this regard uncertainty generally cannot be eliminated. Perhaps just this uncertainty
underlies the quantum behavior of microscopic objects.

16
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Appendix I. Energy of the static isotropic gravitational field

By the Bianchi identity in the absence of matter the energy density of the gravitational field
T, must satisfy to the relation:

1 0 .y 109
ﬁaxv(ﬁ-rﬂ) ZaﬂiTﬂpZO

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

E:.[aiv( —gTy btx = [T gds, , (A1)

where according to (2.4)

4 [
Th=— C |:51 0 (gyvaq)j_gbyrp o0 e aCD:|’1—~}p 1 9 . (A2)

167G | ° ox“ ox o ox" " ox° g ax
In a static field the last two terms in this relation are equal to zero and (A.1) (taklng into account
(A.2)) takes the form:
= [ jdv . (A.3)
167zG ox”

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

r’ do r’  do
167zG r dr(C+G drj [I\/_dr((C+G) dr Jdr} (A4)

Let’s consider now that by definition and by the relation (5.13) also:

4 _ 2 *
c(r+ 6 =079 g VI e g (A5)
r* F(r*) V-0
Substituting these expressions in (A.4) and passing to the dimensionless coordinate r*/a, we
have:

Ccta| 2@ dolm 7 F e F(re) do dy-g A
4G v V(F)—g dr* dr* ' '
By the relations (5.7, (5.10)
_ 1 dy-g K
® =-In(FA™), = L A=4-0. A7
(FA), = = reF J-g (A7)
Taking into account these relations
4 *2 r*—w
I e T N (SR I (A8)
4G | V(

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*y, by the relation (5.12)
at r* = r*pi, we find:

r*—oo

_r dF
V(r*)dr™|

r * *
:_i_i_ZF(r mln)r min . (Ag)
24 V(r*min)

17
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Ot 0011€ii TEOPUH OTHOCUTEIBLHOCTH K HECUHTYJISIPHOM TEOPUH TATOTEHUSA

CoboneB Anexcanap IlaBnosuy
sapsolto@mail.ru
29 asrycra 2016

AHHOTANUA

B cratbe u310%KeHBI HEKOTOPBIE PE3YJIbTAaThl HECUHTYJIIPHOW TEOPUU TATOTEHUS (najnee -
HTT), ocHOBaHHON Ha aKCHOMAaTHKE HECKOJbKO OTIMYAIOIICHCS OT aKCMOM OOIeld Teopuu
otnocutenbHoctd (OTO) u cBoboanoit ot mpucynmx OTO BHyTpenHux npobiem. Ha stoit
OCHOBE IIOCTPOEHA HECUHTYyJIsipHas kuHemaTuka [IpoctpancTa. Jloka3piBaeTcs, 4TO U3 YCIOBUS
MOJIOKHUTEIBHOCTH SHEPrHM CJEAyeT: TJo0albHas W30TPOIHUS OJHOPOTHOIO IMPOCTPAHCTBA,
HaJU4YM€ CMEHBI JI0X YCKOPEHHMS — 3aMEUICHUsT M OTPULATENIbHOE 3HAYEHUE CKAISIPHOU
KpUBHU3HBI MpocTpaHcTBa. [loctpoena HecuHrynspHas 0a3zoBas (EeHOMEHOJIOTMYECKas MOICIb
3BOMOLMM BceneHHOHM, onuchiBaeMas TJIAAKOW OJHONAPAMETPUYECKOW 3aBUCUMOCTBIO OT
MOMEHTa Hayaja 3BOJIOLMU [0 IPOU3BOJBLHOTO MOMEHTa BpPEMEHH, COIJIACYIOLIAsCs C
HAOII0IaTEIbHBIMU ACTPOHOMUYECKUMU JaHHBIMU 0€3 MPUBJICUEHUS THIIOTE3 O CYIECTBOBAHUH
TEMHON HEPruH, TEMHOW Marepuu W WHGIaToHOB. HalimeHo wacTuie — momoOHOe pelrieHue
ypaBHenud HTT muis cratudeckoil u30TpomHOil MeTpuku. [loBeneHue pemieHuss B oOnactu
cnalbbIX TOJiel 3a/laBajioch HA OCHOBAHMHM MpUHIHUINA cooTBeTCTBUA ¢ OTO. IlokaszaHo, 4TO B
OmpeieNieHHOW 00JIacTh MPOCTPAHCTBA MOTYT CYIECTBOBaTh paclpeAeNeHus MoieH, A
KOTOPBIX BBIIOJIHAETCS PABEHCTBO MHEPTHOM (ONpeneNeHHOW B COOTBETCTBUU C IPUHLIUIIOM
Maxa) u rpaBUTallMOHHON Macchl. XapakTepHbIN A peuieHuit ypasHeHuit OTO B H30TPOTHOM
ciy4ae TOpu3oHT B 1T OTCYTCTBYET.

1. BBenenue

Cro ner Hazaj IpU BHIBOJE YPABHEHWM I'paBUTAlMM W3 BapHallMOHHOro npuHuuna /.
['unsbept chopmynampoBan axkcHOMy o0OLIe WHBAPHAHTHOCTH JIEHCTBHS OTHOCHTEIBHO
IPOM3BOJIBHBIX NTPE0Opa30BaHUN KOOPIUHAT.

VYcnex KaHOHUYECKOW TeOpUH TATOTEHUS Kak Oy/To Obl MOATBEPIUI MPABUIBLHOCTH TAKOTO
JIOMYILIEHHS, @ CaMO OHO CO BpeMeHeM 00pesio cTaTryc (hyH/IaMEHTaIbHOIO PUHIIMIIA.

Opnnako nokazatenbcTBo [IeHpoy3oM M XOYKMHIOM TEOPEM O CHHTYJSPHOCTU pPELIeHHH
ypaBHeHMI o6mieil Teopun oTHocutenbHOCTU (OTO) sBISETCS AOCTATOUYHBIM OCHOBAaHHEM JUIS
TOT0, YTOOBI ITOCTABUTH 10J] COMHEHHE CaMy BO3MOKHOCTb OINMCAHMSI HAa €€ OCHOBE SIBICHUU B
MHUKpOMHpE 1 B MaciTabax BeeneHHOM.

B cBeTe HOBBIX 3KCIIEPUMEHTANIBHBIX JaHHBIX [ 1] 0011ast Teopusi OTHOCUTEIBHOCTH YXKe He
Ka)XeTCsl CTOJIb He3bI0JIeMoll, kak npexJe. /11 oObsICHEHNs OTYYEeHHBIX pe3yJIbTaTOB B paMKax
ATOW TEOPHUH MPUILIOCHh BBECTU HEKHE MMIOTETUYECKHE CYIIHOCTH, OOHAPYKUTh KOTOpBIE MOKa
HE yJaeTcsl.

HoGeneBckass neknust b. I1. IImuara [2] 3aBepmiaercss BbickasbiBaHueM: «OTKpBITHE
YCKOPEHHOI'0 paciiupeHusi BceneHHON BBI3BaJO OTrPOMHOE KOJMYECTBO TEOPETHUECKHUX
uccienoBanuil. K coxxanenuto, sBHOro NpopbiBa B HaIlleM MOHUMAaHUU 3TOW MpoOIeMBbl TOKa HE
IIPOM30LIUI0 — KOCMUYECKOE YCKOPEHHE OCTAaeTCs CTOJNb XK€ 3araJouHblM, 4yTo U B 1998 T.
Bynymue skcriepuMeHTHI 0osiee TOYHO TpoBepAT coriacue miockoir A - CDM - monmenm ¢
JMaHHbIMM HaOmoneHuil. He wHckioyeHO, 4YTO BO3HUKHET pa3HOIJacue, OTBeprarouiee
KOCMOJIOTUYECKYIO TIOCTOSIHHYIO KaK IPUYMHY YCKOPEHHOTO pACIIMPEHUS, U TEOpEeTUKam
HeoOXxoauMo OyaeT OOBSICHATH ATOT (yHIAMEHTAIbHBIA pe3ynabTar. Hamo Oyzmer xaath
TEOPETUYECKOIO 03apEHUsi, KOTOPOe MO-HOBOMY HCTOJIKYET CTaHJIAPTHYH) KOCMOJIOIMYECKYIO
MO/JIeNIb, BO3MOXHO, C MOMOIIbIO MH(OPMAINK, MOJYYEHHOH OT COBEPLICHHO HEOXHJIAHHOTO
HUCTOYHUKAY.
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[To Hamemy MHEHHIO, IMEHHO 00IIasi KOBaPHAHTHOCTh YPABHEHUH SIBISIETCS UCTOYHUKOM
tpynHocteit OTO. OOGHapyKEHHBIE YK€ Ha CTaauH €€ (POopMUpOBaHUS, CETOIHS ITH TPYAHOCTH
CTaJll COBOKYITHOCTHIO HEPEUICHHBIX 10 HACTOSILEr0 BpEeMEHM IpoOieM: mpoOjaeMbl dHEPruw,
CUHTYJIIPHOCTEH, YEPHBIX JbIP, KOCMOJOTHYECKOW TOCTOSIHHOM, XOJIOIHOM TEMHOW MaTepuu, U,
HaKOHEI, TPOOJIEMBI OMMCAHUS HIEMEHTAPHBIX YaCTHII, MPEACTAIOMNX B KAHOHUYECKON TEOpHHU
rpaBUTALMU B OOJIHKE «MUKPOCKOMMYECKUX YEPHBIX JIBIPY.

OueBUIHBIN MYTh MOCTPOCHUS He 00uje KOBAPUAHMHOU Meopuu msacomeHus BUINUTCS B
anpUOPHOM BBEICHHUH CBS3€H, OrpaHUYMBAIOIINX BBIOOP CUCTEMBI KOOPAMHAT. Takue MOMBITKH
NpEeANPUHUMAIIUCH B TEUEHUE UCTEKIIUX CTa JIET HEOJJHOKPATHO, IPUMEP TOMY YHUMOAYJISIpHAs
TEOpHs TATOTCHHS, UCTOKHM KOTOPOH BOCXOIAT K DWHINTEHHY. B 0o0mem ciydae cieactBuem
BBEJICHUS CBSI3€H SBISIETCS BO3HUKHOBEHHE KpPAaeB y IIPOCTPAHCTBEHHO - BPEMEHHOIO
MHOrooOpasus. [lpu nanuuum nuddepeHuanbHON CBSA3U MOSBISETCS BO3MOXKHOCTH BBIOPATh
MOJIO’KEHUE Kpasi TAKUM 00pa3oM, 4TOOBI BBIIEIUTH HE CHHTYIISIPHYIO 00J1aCTh MHOTO0Opa3Hsl.

B craThe n3noskeHbl HEKOTOPbIE PE3YyIbTAThl TEOPUU TATOTEHUS, CBOOOJIHOMN OT MPUCYITNX
o01ielt TeOpur OTHOCUTENLHOCTH BHYTPEHHUX MPOOIIEM.

2. YPaBHeHI/Iﬂ IrpaBUTAlHOHHOI'O IMOJIsA

Hame ocHOBHOE MNPpEAIOJIOXKCHUEC COCTOUT B TOM, YTO KOMHWOHEHMbl Mempuieckoco
menszopa g,uv C6A30Hbl 3AKOHOM COXPAHEHUA

0 ( ) 1 04-9
/ wvre | p_ _
0 —0gg9 va —0, va —ﬁax—v, g —det( ,uv) (,UV 0,1,2,3). (21)
YTto06BI IIOJTYYHUTh OCTaJIbHBIE YPaBHCHHUA T'pPaBUTAIUOHHOIO IIOJA Ha MacCOBOM
IMOBEPXHOCTHU, UCXOOSA H3 JEHCTBHUS rI/IJ'H)6epTa 1 BBOASA MHOXUTCIIb J'IarpaHX(a — CKaJIsIPHOC
I10JIC (1), 3alIMIIcM ﬂeﬁCTBHG HpI/I HaJIMYUH CBA3U (2 1) B BUJC.

6CD

e I g (2.2)

Hanuume B narpaHkuaHe IIOMUMO CKaJIIPHOM KPHMBHU3HBI JIONOJHUTEIBHBIX YICHOB
IPUBOJUT TIPU BAPBUPOBAHWU METPUKU K TIOABJIEHUIO TEH30pa IUJIOTHOCTH HSHEPTUU
IPaBUTALIMOHHOTO MOJI B ypaBHEeHUsAX [ unpbepTa-OnHIITEHA.

ar

1 872G 872G
R’uv_agvaZC—A(g ,UV+ C (gmat)yv’ (23)
162G 0 oD oD oD
C—4(ggr)yv = g,uv a P ( ” ax j_ 5p axv _F‘ZW (24)

Otux ypaBHeHUH BMecTe C (2.1) AOCTaTOYHO Ui ONpENeNeHUs] KOMIIOHEHT METPHUKH U
nons ®. Vpasnenus xosapuanmmubl OMHOCUMENLHO TOKANGHBIX YHUMOOYIAPHBIX U 27I00ANbHbIX
MacumabHvlx npeobpaz08anuli KOOPOUHAM.

3. Kunematuka IlpocTpancrBa

ITockonbKy Temepp IpaBUTAlMOHHOE IMoje O0JaJaeT OINpeNeleHHOW SHepruei, To B
otnuune oT OTO, meTpuka OyJeT HeTPUBUAIBHOM, JlaXKe NMPU OTCYTCTBUU KaKoW MO0 MaTepuu.
B Takom wusmauanvno nycmom npocmpancmee 6ce KOMNOHEHMbl MEmpUuyecKko2o meH30pa
eCcmeCcmeeHHO CUUmamo He 3A8UCAWUMU OM NPOCMPAHCMEEHHO NOO0OHBIX KoopOunam. Eciau
IPOCTPAaHCTBEHHAss METpHKa HE BBIPOXKJEHa, TO Haubosee oOIIee BbIpAKEHUE IS
MIPOCTPAHCTBEHHO-BPEMEHHOTO HMHTEpBajia YHUMOJYJISPHBIM IpeoOpa3oBaHUEM KOOPAWHAT
MO3KeT OBITh MPUBEIEHO K BUAY [3]:

ds® = goo (X2)(dx°)? +g,,, (x*)dx™dx", y = —det(g,,) >0,(mn=123). (3.1)
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OtcyrcTBUE O0OIIEH WHBapUAHTHOCTH JACWCTBUsA (2.2) HE MO3BOJIIET HCKIIOYHUTH (oo
KOMIIOHEHTY METPUKH, MOITOMY BBIp@XEHHS, AJS OTJIMYHBIX OT HYJIS KOMIIOHEHT TEH30pa
KPUBU3HBI, HECKOJIBKO OTJIMYAIOTCS OT BBIPAXEHUI, IPUBEACHHBIX B [3].

d
Ro—_ L d[ 1 dyJ_ 1 a9, 32)

9,
2./90 X°( 74/0ge OX° ) 4gy, ~  dX° dx® ’

1 d / 1% dg
RP =— —| | L—g™ k| 3.3
‘ 2\/7’900 dx’ ( Qoo | dx’ ] 3)

OTnau4yHEIC OT HYJI1 KOMIIOHCHTBI TCH30pa IJIOTHOCTHU SHEPIrun-uMITyJbCa:

- {d [id@}r 2 dygeyr dcb} 3.4)
O

162G | dx° | g, dx° Oy x° dx°
¢t d (1 do

O 1 35)
167G dx° | gy, dx

YPaBHGHI/Iﬂ TpaBUTAIMOHHOT'O ITOJIA 6YIIYT HUMECTh BHU.

o (1 d\/;g_o(,] 8

900 dx’
1 d 1 dy| 1 gmkdgkpgpndgnm= Moo d 1 do (3.7)
2050 IX°{ 7[00 IX° ) 40 dx° dx° 2 dx°( gooi/790 AX° ) '

d dg, d (V180 dod
- g oy . 3.8
dxo(\/goog dx"] “ dx°£ oo don (38)

U3 (3.8) cnenyert:

gm Bin , 5p IO \/QLE. (3.9)
dx dx° y
[TocrosinHas MaTpuna L} He sBisercst npousBosibHON. [Tockombky u3 (3.9) cienyer
(jji‘g‘ +0,, S;D \/%g oLE, (3.10)
MaTpula JOJKHA YAOBJICTBOPATH YCJIOBUIO!
9 (X)LE =9, (X)L (3.11)

JInsi METpUYEeCKOro TeH30pa OOIIEero BHA ATO YCJIOBHUE OYAET BBITOJIHATHCS TOJBKO B
cinydae, Korma marpuia Lf mpormopuuoHanbHa €AMHHWYHOM MaTpuie. B mpoTHBHOM ciydae
matpuna L} = diag(Li,Lo,L3) 1 MeTpryeckuii TeH30p TakXkKe JOIKEH ObITh ANArOHAIBHBIM.

Yupomas (3.9) mo unaekcam P u K, moaydaum:

3d_d3=_£d_7;+ %Lt, (3.12)
dx y dx ¥
U cucteMa ypaBHeHUH (3.9) mpuHUMaeT BHU]I
9 pm dgk(r)n _ 1 d7 5kp Yoo (LIF(’ _lé’kp L:j . (313)
dx’° 3y dx° /4 3
U3 (3.13) cnenyer

mk dgkp gpn dgnm — 1 1 d}/ g_|:|_p|_k _E(Ln) } (314)

dx° dx° y dx° 4 3
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Ucnonb3yst 310 BbIpaxkeHue u (3.12), MoxHO wuckaouuTth ® U Bce MPOCTPAHCTBEHHbBIC
KOMIIOHEHTbl METpUKU U3 ypaBHeHHs (3.7), WM mocie BBEACHHUS COOCTBEHHOI'O BpEMEHH

cdt = 1/9,4,0x° 3amucars ero B BuE:

2
d({1ldy) 1(1dy 3c? K d 1| 1dy
3—| === |[+=| === | +—[LL, —=(L; ———| —=—-cL |. (3815
dt[ydtj Z(ydtj 2, L 5 Twy- goofdtmoo oa (3.15)
N3 ypaBuenus (3.6) cnenyet

1 d9oo +1d—7/ 1 T = const. (3.16)

G dt  ydt TSy

DT0 ypaBHEHHE MTO3BOJISIET UCKITIOUUTH Qoo 13 (3.15) 1 3anucath ypaBHEHHE TSl PYHKIIMH Y-

pdf1dr), 1 dr o 4, g —§[ka3; “Len, (3.17)
dr\ydr 7/\/— dr y 2 3
rae 7=t/T Ge3pasmepHoe cobcTBeHHOEe Bpems, B/ =cTL] - marpuma 06e3pa3MepHbIX

noCTOsTHHBIX. [lopsinok ypaBHeHus (3.17) MOXKHO MOHHU3UTH NMpH BBeACHUH (QyHKIUU U(y) —

0e3pa3MepHOl CKOPOCTH U3MEHEHUS 00beMHO20 (hakmopa -~y

u= M . (3.18)
dr
VYpaBHeHUE IPUMET BUI:
d
gu ! _au? o4, U W (3.19)
dy "4 -2u+o \fy

3amMeuarenbHo, 4TO Ipu 6 > 1/4 ompenenurtenb MPOCTPAHCTBEHHOW METPUKH HUTIC HE
paBeH Hym0. CiedosamenvHo, 8 9MoM cyuae Hem CUHSYIAPHOCMELL.
Hurerpupys ypasuenue (3.19), naiinem:

v _ [4u? —2u+o 1 1
. f(u), f(u) . exp{r[arctg\/iJrarctg mﬂ (3.20)

TH€ /Vpin - MUHUMAIbHOE 3HAYEHUe \/; npuu =0,
Huddepenuupys (3.20) no 1, noxydnm:
1 dyy dfudu df 4

JVmn 4T du dz’ du 4u*-2u+o

Ortcrona ¢ yuetoM (3.18), (3.20) Haiizem B mapaMeTpu4ecKoM BHJIE pelieHue ypaBHeHus (3.17)
— 4f —

(2 T = }/mm I ;3;/)_‘{_ y! \/; = ymin f(U) (322)
Deonoyus npoCmMpancmed HAYUHAemcs 6 MOMEHM 6PeMeHU Ts U3 COCMOAHUA HNOKOs C
MUHUMATBHBIM 00bEMHBIM (DaKMOPOM.

Paccmotpum Beipaskenue (3.4) 11l IOTHOCTH SHEPTUHU Ha ypaBHEHUSIX moiis. Mcmonb3ys
cootHomenus (3.12) u (3.16), mpeobpazyem (3.4) CJ'IGI[yIOHII/IM o0OpazoM:

0 c? d(1dy 1d}/ 1 dy 1 .«
—p = = y—— L~ B[ 3.23
(89')0 Par = 487zGT{dr(7drj ( dr 2 yydr 2y " (3.23)

Hcnone3ys ypaBHeHue (3.17) UCKIIOYUM BTOPYIO MPOU3BOAHYIO, TOT/1a

f(u). (3.21)

2

2
C 1d]/ 3 K K2 C2 |: 2 3 k k2:|
— 7| _ 2 [BPB*—-(B =—— |2u°—-—=[B’B‘—(B 3.24
Py TZHer 4 (BB~ (BT = (- | 2u” 1 TB7B] - (B)'] | (329)
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[lepBblii ujgeH B CKOOKax MpPH MajbIX 3HAYEHUSAX U CTPEMHUTCS K HYIIO, BTOPOM YJIeH,
XapakTepU3yIOIUN TII00aJbHYI0 aHU30TPOIMIO IMPOCTPAHCTBA, IMOCTOSHEH, IOJIOKUTENCH U
BXOJMT B BBIPQXKECHUE JUI1 IIJIOTHOCTH SHEPTUU CO 3HAKOM MUHYC. [Lnomnocmb sHepauu 6yoem
NOJOJACUMENLHOL MOJILKO 8 MOM cliydae, K020a 00HOPOOHOe NPOCMPAHCIMEO U30MPONHO.

B aTom ciyuae pemienue ypaBHeHu# (3.13) MOXHO IIpeCTaBUTh B BUJIE:

9 =775, 3.29
a HHTEpBal
ds? =c?(dt)® — M3 (t)dx™dx". (3.26)
Beenem mapamerp Xa060i1a H ¥ B COOTBETCTBUH C COBPEMEHHbIMU NPEOCHAGIEHUSMU
napamemp yckopenus  (6mecmo napamempa zameonenus [4]):

H=t 97 qogy 1 dfLl0ry (3.27)
6Ty dr 6HT" dr\ ydr
[ToacranoBka >TuX BhIpaxkeHu# B (3.17) mM0O3BOJISET MOJIYYUTh YPABHEHHE, ONUCHIBAIOIIEE
CMEHY 30X YCKOPEHHsI-3aMeIJICHUSI.

a-5 25| o (3:28)

Otcrofa cnenyer, 4To BO3MOXHBI JBa ciieHapus. [Ipu 6>3/4 BO3MOXHO TOJBKO YCKOPEHHUE
(g>0). IIpu 3/4 > 6 > 1/4 Bo3MOXKHA CMEHA 3I0X: YCKOpPEHHE-3aMelIeHne-yckopenue. CMeHa
ATOX TPOUCXOIUT IIPH 3HAYCHUSX

J3

_ (o2 \/§ O
T 4073 >4(J§+J§) 1-J1-45/3 <4(J§—J§)

Obnapyacennas HedasHo cmena snox [1] ykasvieaem na mo, umo umeem mecmo eémopoil
cyeHapuii.
MakcumManbHas BeIMYUHA 3aMEIJICHUS JIOCTUTAeTCs Ipu U=0
4. =1-—>-2. (3.30)
4o

[Tocne HacTymaeHUS BTOPON SMOXH YCKOPEHHUS B COOTBETCTBHM C (3.28) ( aCHMITOTHYECKU
CTPEMUTCS K EAMHHIIC.

[InotHOCTh 3Heprum TpaBuTalioHHoro mons (3.24) ces3aHa ¢ mapameTpoM XaObna
COOTHOIIICHUEM:

3[\/5 1}2 3

~0.1376, u, = ~1.3624.(3.29)

~ 3c?H?(2)
Por =86
Taxum 00pazoM, npocmparncmeo 0OHOPOOHO U USOMPONHO U 001adaem coOOCMEEHHOU IHePIUell.
[TprueMm B m000I MOMEHT BPEMEHU NJIOMHOCHb SHEpeUl NPOCMpAHCMBEAd PAGHA KPUMUYecKou
naomuocmu. Ilapamerp Xab0ma JOCTHTaeT MaKCHMAaJIbHOTO 3HAUEHHs] B DIIOXY IE€PBOTO
yCKOpeHust pH U = /2 < Uy

(3.31)

T Jo oo - arctg/4o —1 | (332)
6T \/7 i 4o -1
a 3aTeM MOHOTOHHO YOBIBA€T, CTPEMSCH K IIOCTOSHHOMY 3HAUYEHHIO
1 1 1 T
H, =— " —exp| ————| arctg ———+= | |. (3.33)
6T \/7 i { \/40'—1( Nio -1 ZD

[IpocTpaHcTBEHHbIE KOMIIOHEHTHI TEH30pa MJIOTHOCTU YHEPTHUU-UMITYJIbCA, ONpeAeIeHHbIE
COOTHOIIEHUsAMH (3.5), Ha ypaBHEHHUSX I0JIs1 PABHBI:

2 2
(e, =S | d(1ar], 2f2dy) 1 dy 1pgnlso (3.34)
K 482GT*|dr\ydr) 2\ ydr 2\yydr 2y
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U OTJIMYAIOTCS OT BBIPAKEHHS s IUIOTHOCTU DHEPTUHM 3HAKOM TOCICIHUX JBYX WICHOB. DTH
KOMITIOHEHTBI MOTYT TPHHHMAarTh B MPOIECCE OSBOJIONMH KaK MOJOXKUTENbHbIE, Tak U
OTpHIIaTebHbIC 3HAaYCHHs. VICKIroYas CHOBA BTOPYIO IMPOU3BOAHYIO C IOMOIIBIO YpaBHEHHE
(3.17), u momaras, KaK 9T0 NPHHATO JUI MaKPOCKOTMYECKHX CPenl (&4, )m= - Pgrdy , 3amuiIem
JIaBJICHHE TPABUTAIIMOHHOTO MOJIS B BUJIE:

¢ ¥-2u+o

482GT? y
Orcroga caenyer, uto mpu 0.25 < ¢ < 0.5 mpoucxoAuT U3MEHEHHE 3HAKA JABICHHS IMPU

CJIGI[YIOH_II/IX 3HAYECHUIAX U.
1-V1-20 2-1 1+1-20 2 +1
U, = > = <
2 242 2 242

I'pasumayuonnoe nore umeem noaoHCUmMenbHoOe OasleHue 6 npomedcymrke Us<U<Uy 6
OCMANILHBIX CIYUAAX €20 OaBNeHue OMpuyamenbHoe.

Paccmorpum tenzop kpuBu3HbL [loacraBnss cootHomenus (3.13), (3.14) B (3.2), (3.3)
HaliIeM BBIPKEHUS JIJIsl TCH30pa KPUBU3HBI HA YPABHEHUSX TTOJIS:

po__ 1 d(1dy)_ 1 (1dy)
2ctdtlydt ) 12¢2\ydt )’

Py = (335)

~0.146, u, ~0.8536  (3.36)

Hckmroyass BTOpblE INPOM3BOAHBIC, 3alMIIEM  BBIPDAKEHUSA I CKAIAPHOM  KPUBU3HBI
4 )
IIPOCTPAHCTBA- BPEMEHU R U CKAJISIPHOM KPUBU3HBI IPOCTPAHCTBA *R.

2
R=Rf =L (i -2u+to)=- WD Fhol 4 (3.37)
4¢°T “y 16¢°T“y
‘R=R; +R; =—%(§u2—2u+aj. (3.38)
2¢T Y\ 3
N3 (3.37) cnemyer, u4TO KpugusHa npocmpancmea 6cezoa ompuyamenvha. KpuBu3Ha xe
IPOCTPAaHCTBA - BPEMEHM M3MEHSETCSs B TMPOLECCe OHBONIONMM M TNPHHMMAET CHavajia

OTpHUIATENbHBIE 3aT€M TMOJIOKUTEIbHBIC U, HAKOHEI], CHOBA OTPUIIATEeNIbHbIC 3HAUCHUSI.
B cuny (3.31), (3.32) makcumaibHas TUIOTHOCTH YHEPTUHU TPABUTAIIMOHHOTO TIOJIsI paBHA

2 J—
Porran = C—Uze _ 2arctgvé4o -1 _ (3.39)
962GT “y 1, 4o -1
[MTonaras myist onpeaeacHHOCTH 6=1/4, CBsbKEM 3HaYCHHE MTOCTOSTHHOM
1/2
2
T~y (3.40)
8e|67-G- Pyrmax
C MAaKCUMAaJIbHOW TIJIOTHOCTBIO SHEPIHUH.
Teneps (3.22) MOXKHO 3anucaTh B BUJE:
t 4f(y) 1 u
t—t,=T\Vmin | ———dy, HU) = ——F———. (3.41)
' £4y2—2y+o- 3Ty, f()

Cornacuo (3.20) f(u) 3aBUCHT TOJBKO OT MOCTOSIHHOM 0. [Ipu MOACTaHOBKE B 3TH COOTHOIICHHUS
COBPEMEHHBIX 3HAuYeHHWi [5]: BpeMEHH OT Hauajga JBOJIOLUH 0 TEKyIIero mMomeHra to-ty =
4.355-10"c u mapamerpa Xa66ma Ho = 2.181:10%%¢? momyunmm ¢ yuerom (3.40) mapy
ypaBHEHUIT ISl IBYX HEU3BECTHBIX — 0 M 3HAUCHHUS MapameTpa U Ha TeKyIIHi MOMEHT BPEMEHH.
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Parmex = Ep1 i T Vmin =5.798463086-10° ¢; 6°=0.250119943; u°=6.119897974
u q Z 3R, R t-tst , H, ¢t

6.119897974 0.7599 0 -4382-10™° | 4.358-10" 2.181-107"
1.362298981 0 0.850004 -6.309-10°° | 1.876:10%" 3.074-1078
0.853468568 -0.5 1.416151 -9.216-10™° | 1.129-10" 4.290-10™°

0.4 -1.5776 4.831122 -1.126-10™* | 1.305-10™ 2.826-10"

0.35 -1.7544 7.804654 -5.944-10™* | 4.160-10% 8.514-10™"

0.3 -1.9157 24.3401 -8.520-10™% | 1.959-10" 1.739-10"
0.250119943 -1,9986 1.740781-10" | -1.062-10° 7.092:10™° [ 4.702-10™
0.146531432 -0.5 9.818436-10%° |-1.223-10°" [4.071-10% | 4.943-10%
0.137701018 0 1.017771-10% [ -1.787-10°" [ 3.361-10% [5.174-10%
0.125059971 1 1.058713-10 | -2.801-10°" | 2.610-10% 5.289-10%
0 o 1.172766-10% | -2.069-10°%® [0 0
Parme =10%°reM e Ty, =1.296575763-10™ ¢; 6°=0.2505961314; u°=6.117403956

u q Z 3R, oM’ t-ts, C H, ¢t

6.117403956 0.75982 0 -4382-10°° | 4.358-10" 2.181-107"
1.362007273 0 0.849896 -6.309-10°° | 1.876-10% 3.074-107®
0.853131610 -0.5 1.416264 -9.219-10°° | 1.129-10" 429110

0.4 -1.5753 4.819468 -1.120-10™* | 1.313-10% 2.810-10™"

0.35 -1.7514 7.757364 -5.828-10™* | 4.230-10" 8.381-10™7

0.3 -1.9117 23.5132 -7.317-107° | 2.166-10" 1.575-10™
0.250596131 -1,9929 2.510051-10° | -4.756-10%° | 236.74 0.001413
0.146868390 -0.5 3.483573-10° | -0.0245 0.1035-10" [2.214-10°
0.137992728 0 3.611425-10° | -0.0358 7.5143-10™ [ 2.317-10°
0.125298066 1 3.757034-10° | -0.0562 5.8328:10™ | 2.369-10°
0 o 4.162766-10° | -0.4146 0 0

B cranpapTHON KOCMOJIOTHYECKOW MOJIENH MPUHATO CUUTATh MAaKCHMaJIbHYIO IJIOTHOCTh
SHEPrUM PaBHOM MUIAHKOBCKOMA. IIpn ycinoBuu p ., = &p PELICHUE CUCTEMbI ypaBHEHHUH (3.41)
10 JAaHHBIM Ha TEKYIUH MOMEHT:

o° =0.250119943, u° =6.119897974. (3.42)
Pe3ynbTarhl pacyeToB OCTaIbHBIX TApaMETPOB JJIs ATOrO Ciaydasl npejacTaBiieHsl B Tadnune 1.

Tabauya 1. Kunemamuxa Ilpocmpancmea npu 08yx pasiuyHulX 3HAYEHUAX MAKCUMANbHOU
NJIOMHOCMU dHEPSUU.

Tam ’xe nmpuBENEHBI pe3yJIbTaThl aHAJIOTMYHOTO PacyeTa, HO ¢ MAKCHUMaJbHOW IJIOTHOCTBHIO
SHEPruu PaBHOM TOM, MPH KOTOPOH MPOUCXOIUT 3JIEKTPO - ciadblii ¢a3zoBelii nepexon. M3
CPAaBHEHMS 3T JAHHBIX CIEYET, 4TO, 110 KpaiiHeW Mepe, 0 KpaCHOTO CMELICHUS

5 1/3
u
=] YD) 1 z03)~24, (3.43)
140)
PE3YIbTAThl PACUCTOB XOPOMIO COTJIACYIOTCA MCKIY CO601>1, HECMOTpPA Ha OTIIMYHC B BCIIMYUHC
MaKCUMaJIbHOW TIJIOTHOCTH YHEPTHHU 00JIee YeM Ha TATHICCAT MOPSIKOB. ITO 00OCTOSATETHCTBO
HUCKIIIOYaCT COMHCHHA B BO3MOXHOCTH OAHO3HAYHOI'O OIMCAHUWA 3BOJIIOINMU HNPOCTPAHCTBA B
3TOM AHAITa30HC N3MCHCHUA KpaCHOFO CMCIIICHUA.
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Wtak, cneacTBueM MPEIONOKEHUs O CYIIECTBOBaHUH CBs3U (2.1) MKy KOMIOHEHTaMHU
METPUYECKOTO TEH30pa SABJISIOTCS CISAYIOIINE CBOMCTBA TPOCTPAHCTBA:
® OJIHOPOJHOE;
e I00aJBHO U30TPOITHOE,
e MaTepHaJIbHO, 00JIaJJaeT PYHEPTUEH M JABJICHHEM, MOTYIIIMM MMETh KaK IMOJOKUTEIbHOE
3HAYCHHE, TaK U OTPHUIIATECIILHOE;
® UMEeT OTPULIATEIbHYIO, OTPAaHUYEHHYI0 10 aOCOJIOTHOW BEJIIMYMHE KPUBHU3HY
MIPOCTPAHCTBA;
® UMEET IMOXH YCKOPECHUSI — 3aMEIJICHUS — YCKOPCHHSI;
®  SBJISICTCS €IMHCTBEHHBIM UCTOYHUKOM dHEpruu BeemeHHo.
Cywecmeosanue 5mo2o0  HOB8020 3AKOHA  NPUpoObl He  NPOMUBOPEUUM  NOCIeOHUM
HaO00amMeNbHbIM ACMPOHOMUYECKUM OAHHBIM NO 380110YUL BeeneHHoll.

4. ®eHOMEHOJIorHYecKas MOeJb BoJNNH BeenenHoii

Wrak, MBI IOKa3alu, 4TO CYWIECTBYeT [Ipocmpancmeo, €IUHCTBEHHOE B CBOEM pOJE
MaTepHalIbHOE MPOCTPAHCTBO.

N3 peun, npousnecenHoi A. DitHmreliHoM B 1930 roay: «Mbl IpUX0OAUM K CTPaHHOMY
BBIBOJIY: ceffuac HaM HAuMHAET Ka3aThCsl, YTO MEPBUYHYIO POJIb UTPAET MIPOCTPAHCTBO; MaTEPUs
’Ke JODKHa OBITh IIONyYeHa W3 MPOCTPAHCTBA, TaK CKa3aTh, Ha CICAYIONIEM JTare.
[TpocTpaHcTBO MOrNOIMIaeT Marepuro. Mbl Bcerja paccMaTpUBald MaTEpUi0 NEpBUYHOH, a
IIPOCTPAHCTBO BTOPUYHBIM. [IpocTpancTBO, 00pa3HO roBopsi, OEpeT ceifuac peBaHIl U «CHEAAET»
marepro. OJJHaKO BCE 3TO OCTACTCs MOKA JIUIIb COKPOBEHHOI MeuTOoi» [6].

[IpocTpancTBO mpencTaBiasier CcOOOH OCHOBHYIO, HO HE €IWHCTBEHHYIO (Hopmy
CYLIECTBOBaHMs CTPYKTYp Marepuu Bo BceneHHO#. PocT MHTEHCHMBHOCTH TI'paBUTALIMOHHOTO
MOJISL B TIPOIIECCE IBOIIOIMH HEU30EKHO MPHUBEET K TOSBICHUIO HOBBIX CTPYKTYp MaTE€pPHH, YTO
B CBOIO OU€pE/Ib CO BPEMEHEM MOXKET CYLIECTBEHHO MOBJIUATH HAa €r0 KUHEMATHKY.

PaccmoTpuM eHOMEHOIOrMUECKH BIUSHUS MaTepUH Ha IIPOLIEcC 3BOIOLUU BeenenHoil.

IlycTh B HEKOTOpBIM MOMEHT BpPEMEHHM B ONUCaHHOM Bble [IpocTpaHcTBe pokaaercs
Mmatepus. B cuny onHopoaHocTH M u30TponHocTU [IpocTpaHCTBa TEH30p 3HEPIHMU-UMITYJIbCA

MaTepHH MOKHO 3aIicaTh B BUJIC (&‘mat); = diag (pmat,-Pmat,-Pmat,-Pmat)-
[py HaTMYMK MaTEpUH YPABHEHHS IPABUTAI[MOHHOTO TIOJISI IPUMYT BHI:
d 1 dyro ~0
0 0 -
dx 9oo dx

2
| = 2] = e s ——— [ (03P, (4

1
v Y00 dx’ 7 Y00 dx” ] 6gg, \ 7 dx° ” dx° 900v oo dx’
d 1 d}/ 1 d 7900 d(D _872G

1
_3 I},goo dXO l}goo dXO - l}/goo dXO goo dXO C4 (p_ p)mat'

[ToBTOpsis BCEe BBIKIAIKM C YYE€TOM OTHX JJ00aBOYHBIX wiIeHOB, BMecTo (3.19) momyuum
CIIEIyIOIlleEe YPAaBHEHNE
-1
du 4u’-2u+oc 484GT? 17 du
8u—— + 2 (p+p)mat__'|.(p_p)mat . du :0! (41)

dy % C 4y« dy
IIPUYEM MPEAINONAraeTCs, YTO JaBJIEHUE W IUIOTHOCTb 3HEPTMHM MAaTE€pPUM PaBHbI HYJIIO B
HaYaJIbHBI MOMEHT BpEMEHH.
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YpaBHEeHUS AJI SHEPTUU U JABJICHUS B ITOM CIIy4ae TaKKe BHIIOM3MEHSIOTCS, BMECTO
(3.31) u (3.35) mosryunm

c® u? 3c’H?(r)
‘o = v , 4.2
Par T Prat =5 1 G572 7 872G (42)
c? 22U -2u+o 1% du)”
—— + o —— [ (0= — | du. 43
pgr 487ZGT2 7/ pmat 4}/'([(p p)mat d]/ ( )

CornacHo HaOmOIaTeNbHBIM JaHHBIM BO BcelleHHO B Hacrosiiiee BpeMsi HUMEETCs:
OapuoHHAsl MaTepus, SJICKTPOMATHUTHOE W3IyYCHHE W HEUTPUHO. DT KOMIIOHEHTHI Ci1abo
B3aMMOJICHCTBYIOT MEXIy coOoil. B 3ToM ciyyae B cuily paBEHCTBA HYJIO KOBapHAHTHOM
MPOU3BOJHOM TEH30pa IUIOTHOCTH SHEPIHMU-UMIYJIbCA MATEPUM 3aKOHBI «COXPAHEHUs s
Ka)KJIOT0 BH/Ia MATEPHUHU BBITIOIHSIOTCS B OTACIBHOCTH [3,4]

d
do=~(p+ p)%. (4.4)

Jniss GaprOHHON MaTepuyl JaBJICHHE MOXXHO CUMTATh PAaBHBIM HYIIIO, JUISl JIEKTPOMArHUTHOTO
U3IY4YeHUsT P=p/3, A HEUTPUHO aHAJIOTMYHOE COOTHOMICHHE OYyJeT CIpaBeIIMBO JI0 TEX TOp,
MOKa MOXHO MpeHeOpeub ux maccoil. U3 (4.4) cnenyer:

AP () () “5)

pm:pm ’pr_pr 1pv_pv
Jr Jr Jr

BepxuuMm WHIEKCOM OTMEYEHBl 3HAYEHUS, OTHOCSIIMECS K HACTOSIIEMY MOMEHTY
BpeMeHU. JIOCTOBEpHO M3BECTHO, YTO IUJIOTHOCTh JHEPTUM JBYX THEPBBIX KOMIIOHEHTOB
COCTaBJISIET COOTBETCTBEHHO 2,=0.0499 u Q,=5.46- 10° or KPUTHUYECKOW TJIOTHOCTH DHEPTUU B
Hactosimiee Bpemst [5]. i HEUTpUHO MJaHHBIE MEHEe OIpe/eICHHBIC Qv<5.52-107,
CooTtHoteHus (4.5) ONMUCHIBAIOT 3aBUCUMOCTD Pmat, Pmat OT 00bEeMHOT0 (hakTOpa Ha BpeMEHax He
CJIMIIKOM JIAJIEKMX OT HACTOSIIETO BPEMEHH.

\/T 4/3
4 (4.6)

\/F \/F 473

1

0 0 0 0 0

£ t ﬁ [ (/: ﬁv) [ ’p t (ﬁ ILV) [ ’ub <u.
ma m }/ r 7/ ma 3 r 7/

[To mepe mpuOAMKEeHUsT K HaYaIly SBOJIOIUN HAPYIIAIOTCS YCIOBUS, TPH KOTOPHIX CIIPaBEATUBbI
9T cooTHomeHus. Ecau B HavanbHBIH MOMEHT MPOUCXOIUT POXKIACHHE MATepUU 3a CUET
SHEPrUM TPABUTALMOHHOTO TOJsS,, TO M3-3a HAIWYUS B3aUMOJCIHCTBUSA KOBapHaHTHas
MPOU3BOJIHAS TEH30pa IJIOTHOCTU SHEPTUM-UMITYJIbCA MAaTEpPUH YK€ He OyJeT paBHa HYJIO, a
BMECTO 3TOTO B CUJTy TOKJeCTBa buaHku umeer Mecto cooTHolieHue (4.2).

UT0oOBI 1O0OTPEIETUTH 3aBUCUMOCTH Pmat, Pmat B HAYaJI€ IBOTIOIUU, TTOJIOKUM

Prmat = X’pgr’ A <], Prat = 2 Pmat» O<uc< Uy - (4-7)
3+ U+ p,u
Hckiroyas IIOTHOCTh SHEPTUM T'PAaBUTALIMU U3 COOTHOLIEHUH (4.2), (4.7), nomyuum
c? A u?
=—————— 0<u<u,. 4.8
Pme = 24nGT2 1+ 2 5 : (48)

[ToctositHHBIE KOA(DMOUIIUEHTHI A U L1, |12 B ITUX COOTHOIICHHSIX OMPEACTUM U3 YCIOBHM IIIaIKOTO
compspkeHusl 3aBucumocteit (4.6), (4.7) mpu U=U,. Jisa peanusamuu 53TOW MPOIEAYPHI
HEOOXOIMMO MMETh 3aBUCHMOCTh Y(U). Hanee 6 pamkax ¢herHomenonocuueckoeo nooxooa, npu
UCNONIL30BAHUU BLIPANCEHUL BKIIOYAIOWUX Pmat, Pmat OVOeM cuumams, 4mo 2ma 3a8UCUMOCHIb
onpedenena 8 nepsom npubaudxcenuu coomuoutenuem (3.20). VI3 ycnoBuii riagkoro conpsikeHus
CIIEeTyeT:
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2/3 2/3
2u2| @, 1) B[ TW)) o) 5oy g 1) g Q=0 +Q, . (49)
fu 3 L fu) f(u)
0 2
A (W], fW) | of (W) (4.10)
144 |y, fu’) L)
2 1/3 s 2z 0

1 =3+ U+ ,u° =3 -2 4 Qn f(ug) +1 8uubju (24ub 6ubt30 ) (4.11)
u(u) u, Q\f@) u;(4u; —2u, +o)

VYpaBuenue (4.9) mo3BossieT HAWTW BEJIMYMHY Up, Tocie 4vero cootHomeHus (4.10), (4.11)

MO3BOJIAIOT BBIYHUCIUTH KOMIIJICKCHI, BKIIFOYAOIHUE NUCKOMBIC IMTapaMETPhI.

Pe3ynpTaThl BBIUMCICHHHA sl JBYX 3HAYCHUH MaKCHMAaJbHOW IUIOTHOCTH SHEPrHU
npezcTasieHsl B Tabmuie 2.

Parmex = Ept 3 Tl Vmin =5.798463086- 10 ¢; 6°=0.250119943; u°=6.119897974; Q=5.57-10

Up M(1+)) ul u2

0.7820 0.2324 17.14 -4.791
Parmx =10%r-en e Ty =1.296575763-10™ ¢; 6°=0.2505961314; u°=6.117403956; Q=5.57-10"

Up M(1+)) ul u2

0.7817 0.2324 17.14 -4.795

Tabnuya 2. Pewenus ypasreHuii 21a0K020 CONPsAHCEeHUSA NPU 08YX 3HAYEHUAX MAKCUMATIbHOU
NIOMHOCMU IHEPSUU.

PesynbpTarel pacueroB COBIAAAIOT C IOIPEHIHOCTh 3HAUMUTENbHO MEHbILIEH, 4YeM
MOTPEITHOCTh HAOMIOAATEeNIbHBIX JaHHBIX. BenmwmunHa Bo BTOpoM croibdme — 0.2324 sto
MakCHUMasbHasl J0Ji IUIOTHOCTUM SHEPrUUM MaTepuu 110 OTHOLIEHUIO K IIOTHOCTH SHEPTUU
Bcenennoii 3a Bce BpeMsi ee CyIIECTBOBaHHMS. TakuM 0OOpa3oM, OCHOBHAS HACMb IHepeuu
Bcenennoii smo suepeus Ilpocmpancmea, B HacTOsA1IEE BpEMsl OHA COCTABIAET OKOJIO0 95% U 3Ta
JI0JIs1 CO BPEMEHEM TIPOJIOJIKAET PACTH.

[MoncraBnsiss (4.7 - 4.11) B (4.1), momyuum BO BTOPOM MPUONKEHUH (TIEpBOE
npubmkeHne sBomonuu  Bceenennoit  nmaer kuHemaruka IIpocTpaHcTBa)  ypaBHEHHE,
ONUCHIBAIOLIEE HAYaJbHBIA 3Tanm 3BoionuM BcenenHoit ot U=0 no U=Up. Pemenue 3toro
YpaBHEHHUS MOXKET OBITh 3alIMCAaHO B KBajipaTypax.

7 = ¢(u) =exp I Audu (413)
Ve ©4u*-2u+ 0_72/1u2 1+ (u))Jr—}b Ju.(l— (u))—4lJ3du
T TR TP T
I 4ep(u)du
B £4u2 —2u +a—%(l+ (u))+iu (- (u))& 9
PSR T F R LI TP

Ourypupymomas B 3TUX COOTHOLICHUIX MOCTOSHHAS G, BOOOIIE TOBOPS, OTIAMYACTCS OT o’
U, MOAOOHO TOMY, Kak 3TO OBUIO CHENaHO B MpEAbLAYIIEM paszfelie, JT0JDKHA OIMpenesThCs
BMECTE CO 3HAYEHHEM U B HACTOSIIEE BPEMsS U3 YCIOBMS PABEHCTBA BBIUYMCIEHHOIO BpPEMEHU
cymecTtBoBaHusl BcenenHol u mapamerpa Xa00iia Ux HaOMIOJAEMBIM B HACTOSIIIUHA MOMEHT
3HayeHusAM. [l 3Toro HeoOXOAMMO CHavyajla HaWTH pelIeHHE YPAaBHEHUH HBOJIOLUHM MpU
3HaueHusX U Oonpmmx, yem Up. [loacraBnsas (4.7 - 4.11) B (4.1), moayuyum BO BTOpPOM

28



Alexander P. Sobolev - From the General theory of Relativity to nonsingular theory of gravity

npuOJIMKEHUU YpaBHEHHUE, OMMCHIBAIOLIEE dTal 3BOJIONMH Beenennoil mpu U > Uy. Pemenue
9TOTr0 YPaBHEHUS MOXKET OBbITh 3allMCaHO B KBAAPaTypax.

Y
=y ()=
y(uy)
fw 4 (fu))°] 4w widu |
qu? -2u+o-2"Q —+-Q +—j(1—,u(u)) : S
u f(u) 3 f(u) 1+ 24 4u°-2u+o
e | " 4udu
Uy Y 0
(| a. f(uo) +EQ f(u-) 24udu :
W f(u’) 3 f(u) 4u°-2u+o
(4.15)
t—t(u,) =Tyr(uy) x
0y )3 up 3 -
4’ -2u+o-2u%Q_ f(uo) ade) fu) +LI(1—y(u)) 24u du -
f(u) 3 f(u) 1+ 4u° -2u+o

j 4y (u)du
wl, et f@ 2 (fu”) T audu

A ) 3L f) 4 -2u+o’°
(4.16)

Amnpuopu  BO3MOXKHO  IOCTPOMTH  JIMIIb  [ApaMETPU30BAaHHYID  COBOKYITHOCTb
3aBUCUMOCTEH, pa30poc MeXAy KOTOPbIMHM YBEIMYHMBACTCS IO Mepe NpUOJIMKEHUs K Kparo
IIPOCTPAHCTBEHHO — BPEMEHHOIO MHOrooOpasus. ANOCTEpUOpPU JMANa30H H3MEHEHUs
3aBUCUMOCTEH MOXkeT ObIThb CyXkeH. B ciaydae camoil BceneHHOM Takas BO3MOYKHOCTh
OrpaHWYEHA JIMIIb Pa3pemaronieldl CrloCOOHOCThIO ACTPOHOMHYECKUX NMPUOOPOB HaOIrOmaTENsI.
Cam ¢akT HaOMIOEHUs OTHIOAb HE BEIeT K «PEeAyKLUH BOJIHOBOW (yHKiuu Bceenennoit», a
JIUIIb YTOYHSIET HAIIM 3HAHHUSI O BO3MOKHOM JIMana3oHe U3MEHEHHsI HaYaJIbHbIX [TapaMETPOB.

5. CraTtuyeckasi M30TPONHAsi METPUKA

PaccmoTrpuM cratnueckyro chepuuecKku-CUMMETpUYHYr0 MeTpuky. HawmbGonee oOmee
BbIpa)KE€HHUE JJIS1 IPOCTPAHCTBEHHO-BPEMEHHOTO MHTEPBaja YHUMOIYISIPHBIM NPeoOpa3oBaHUEM
KOOPJIMHAT MOKET OBbITh MPUBECHO K BUdy [4]:

ds® = F(r)(dx°)? —%()‘(-d)‘()z —C(r)(dx - dx)

CBs3b (2.1) nHBapHaHTHAa OTHOCUTENIBHO TAKUX NMPEOOpa30BaHUi, HO TeNeph, B OTINYHE OT
OTO, ee HanmuuMe HE TMO3BOJSET YMEHBIIUTHh KOJWYECTBO HMCKOMBIX KOMIIOHEHT METPUKU 0

JIBYX.
Hcnone3yro cumBoiel KpoHekepa Jmn, 3aIuIIeM METPUYECKHIA TEH30D J,, B BULE:

X X
gOO=F(r)1 Jom =0, 9 =_C(r)'5mn_G(r) st

r 2
g(r)=detg,, =—FC*(C+G).
Tenszop ¢’ 0OpaTHBII METPHUECKOMY TEH30DY:

X, = X", (5.1)

m

goo _ 1 ’ gom — 01 gmn - _ 1 5mn + G(r) X ;( . (52)
F(r) C(r) C(C+G) r
O™ =5y
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IMpu wamuuuu cBs3u (2.1) ymoOHee HCXOAWTH HE M3 YPAaBHEHUH, IMOMy4aeMbIX MpHU
BapbUPOBAaHUU JIEHCTBUA IO KOMIIOHEHTaM METPHUKH, a BBIOpaTh B KauecTBE OJHOU U3

Bapbupyembix pyrkmit A(r) = /—g(r) .
CBs3b JaeT CAeayolnii BKJIaJl B ICUCTBUE:
_ oo 149 _ _@'(ng'(r) _ @'(r)A'(r)
x4 T 2gox” 2(C+G)g A2
(IlITpux 31ech U manee obo3Hayaet aAuddepeHIrpoOBaHueE 110 ).
OcrasipHble 4IEHBl MOXXHO HAaWTH, HMCIOJb3Yys H3BECTHBIC pe3yibTaThl pacueToB [3,4].
CkansgpHasi KpUBU3HA U 3JIEMEHT 00beMa OOIEKOBAPHAHTHBI, IO3TOMY UX MOKHO BBIUHCIIHTb,
UCTIONB3Ys «CHEepUIEecKre» KOOPAHHATHI.
B «cdepuueckux» koopAauHaTax NpOCTPAHCTBEHHO-BPEMEHHOW HHTEPBAI:
= F(r)(dx°)* —=G(r)dr? —C(r)(dr2 +r’dé? +r?sin? qu)z).
[To anamoruu co «crangapTHOW» (hopMoii [4] 3anHIeM ero caeayrImuM 00pa3om:
ds? = F(r)(dx®)? — A(r)dr? —r*? (r)(d6? +sin? de?), (5.4)
re A(r)=G(r)+C(r), r*(r)=rc"* (r).
Jlnist JaHHOM METPUKH HEHCUYE3al0Ine KOMIIOHEHTHI CBSI3HOCTH HECKOJIBKO OTIIMYAIOTCS OT
COOTBETCTBYIOIIMX KOMIIOHEHT «CTaHIapTHOH» Gopmbr [4]:

FC? (5.3)

= A’ rxr* r*r*sin” 6 =
1_‘ttr:r‘rttzf' 1_‘rrr_ZA rggz— A rq;(pz_Ta rtizﬁ,
r* . r*
r’=r7= = , Ty, =—sinfcosd, T =T, = ry, =Ty =cgo.

COOTBETCTBEHHO 9TOMY U3MCHSACTCA BBIPAXKCHUC IJI TCH30pa KPUBU3HBI.
I/ICHOJII)?;YFI BI)Ipa)KeHI/DI IIJIH KOMIIOHCHT CBH3HOCTI/I HaI/II[eM CKaJIIPHYIO KPUBU3HY:

1(F' 1(F' 2 (r*r* 2(r™ 2 21(r*\ r*F’
= — |t = |t = = || | * )
2F\A) 2AlF) ¥ A Alr*) r* Al\r*) r*F

Brigenss ,I[I/IBepFeHTHHﬁ YJICH, MOXXHO 3aI1iCaTb €€ B BUJIC:

1 d[ Frooar*Y] Jr*F 1(r*\ 1
R=—————|r* vAF| —+ -2 +—— | +—. 55
r*> J AF dr{ (AF r*AJ_ [r*AF A[r*} r*z} (5:9)
JleficTBrE JUIsl TPAaBUTALIMOHHOTO TTOJIS:
c? .
S, =— R+ A)VAFr* sin@drdédpdx’.
o = 1og) REAN o

[ToncraBnss crona Beipaxenue (5.5) ansa R u (5.3) qnst A, onmyckast TUBEPreHTHBIN 4JieH U
YUUTBIBAs, 4TO A=A%FC?, MIOJIYYUM:

s, = sj; j(rﬁz ' r;f (r*)? +$r*3 v F'+%jrzsin 0 drd @l gax.
BMCCTO I BBEIEM HepeMeHHYIO §_I’3 TOraa ﬂeﬁCTBHe HpI/IMeT BHU.
3c? A Fr**(dr 1 dr*dF Fr** dd dA
9“:87zGj or* A (dg] AT ar e T dede

s IMpUHIMIIA HAUMCHBIICTO HeﬁCTBHSI Haﬁ}IeM YpaBHCHHA T'PABUTAIIMOHHOI'O IIOJA B
CBO60I[HOM OT MAaTCPpUHU IIPOCTPAHCTBE:

i[r*A Fd_AJ:o, (5.6)

dé&singdadpdx®.

dél\ A* dé
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*2 *\? *3 *
12_r2 dr E_ rzdr dF 12d r*“Fdi) _o, (5.7)
Or* A° \ d& A° d& df 2A° d& d&
*2 *\? *3 *4
r*>fdr*} d{r*dr* Lr 2 dA do 0, (5.8)
A\ d& dél A dé& 2A d§ d§
* *3
_2A3_2 » d(r*Fdr> r*3d 1dF L 2Fd_Ad2:O. (5.9)
Or* dél A df d& A df A d¢& d&
N3 ypaBHeHus (5.6) cinemyer:
*4
-Fd_,, (5.6)
A dE

/1€ 0. — IOCTOSIHHAS C Pa3MEPHOCTHIO JITUHBI.

YMmHO)uM ypaBHeHue (5.7) Ha 24, BeuTeM H3 pe3ynbrara - (5.8), yMHOKEeHHOE Ha 2F, u
CIOXKHM pe3yibTaT ¢ ypaBHeHHeM (5.9), yMHOXEHHBIM Ha [*, TOCIE HECIOXKHBIX
npeoOpa30BaHUil MPUBEIEM YpaBHEHUE K BUY:

d [r*“(dF dcbﬂ
— | — | — 3 F=||=
dé| A lde de

r*“F(l dF dcpj
- :ﬂ’
A \Fdé dé

r7ie [ — enie oJHa MOCTOSIHHAS C Pa3MEPHOCTHIO JIKMHBL. Mcnonb3ys (5.6") 3T0 ypaBHEHHE MOXKHO
3amucaTh B BUJIE:

Orcrona cienyer:

1dF_do__1dA B

O——,0="—.
F dé df Ad& a
VYuureiBas, uro pynkuus O(r) onpeneneHa ¢ TOUHOCTBIO 10 TOCTOSIHHOM, HalaeMm:
® =-In(FA™). (5.7)
VYpaBHenue (5.8) nepenuiieM ciaeyonM o0pa3om:
L(rxdr*)" ., d (redr*) r* dado
= +r* — — .
A\ d¢& d& A déj T 2N d& d&
ITocne mocTaHOBKHU 3TOr0 BhIpaXKEeHUs B ypaBHeHUE (5.9) OHO MpUMET BUA:
* * * * 2 * *
r*“i 1dF +2r*zi Fr*dr 41r dr +r*zi dr Fy 2A2:0
dé\ A dé& dé\ A df A\ d¢& dél A df Or*
OTO ypaBHEHHE YKBUBAJIEHTHO CJIEAYIOIIEMY:

d|r* d ( F j 2A
— — + =0.
dé| A dé\r*? or *?

WHTerpupys 3T0 ypaBHEHHE 110 &, MOIy4uM:

i(FJ 5 A ZAiAdgzo,

*2 *6 *6 *2
dé\r r 9r*or

* d(F
rIe ﬁl={r (

A d&
MWUHKOBCKOTO 3Ta TOCTOSTHHAs paBHa Hyr0. [Tomokum nmanee [1=0 mist Toro, 4T00BI METPUKA

MUHKOBCKOTO MOTJIa OBITh PELICHHEM JIaHHOW CHUCTEMBI YpaBHEHHMIA (B cIydae, KOTia KOHCTaHTa
0. paBHa HYJIIO).

I’?ﬂ — elle OJHa MOCTOSHHAs ¢ Pa3MEpPHOCTBIO UIMHBL. {11 MeTpukn
£=0
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d .
dé(r*zj 9r*6jr*2 (5.9)

Wurerpupys emie pas, npeacrasum yukimto F(r) B Buze:

1= Jr*a

IIpeobpasyem ypaBuenue (5.8). Beenem obo3HaucHme
_rxdr>*
A d&’
U TIOJCTaBUM BBIPOKCHHS I NMPOW3BOAHBIX A um @ wu3 ypaBHeHui (5.6") m (5.7'), Torma
ypaBHeHue (5.8) MOXKHO 3amucarb B BUJE:
du oJ do
U?+r*u = :
dr* 2r*Fdr*
1 d 1 3o do
T3r*U dr*V 2r*Fdr*
[Iepexons BO BCEX COOTHOLICHHSX OT IPOM3BOAHBIX IIO §=r3 K MPOU3BOJHBIM MO I'* U
BBOJIsI Oe3pa3MepHbIe KOOPAUHATHI I/a U ¥/ (coxpansist 0ns nux npedxcrue 0603Havenus ¥ u r*)
UCXOJHYIO CUCTEMY YPAaBHEHUN MOKHO 3aMKCcaTh CIEAYIOINUM 00pa3oMm:

(5.8)

*
1oa V(™) (5.10)
Adr*  Fr*
1
V(r+) = —— , @ =—In(FA™), (5.11)
l_EJ- 1 do Ir*
2 r*Fdr*
F(ro=2r* | [ jV(r*)dr*J—V(r*)dr* (5.12)
A(r<r? dr
— =V (r*). 5.13
ez gre V(™) (5.13)

OtauuyHOe OT HYJs 3Ha4YeHue M*min= r*(0) o3Hawaer, BOOOIE TOBOPS, HAIUYUE KPAs Y
MIPOCTPAHCTBEHHO-BPEMEHHOTO MHOTO00pa3usl.

Paccmotpum noBenenue METpUKH MpH *pin = 0 1 Manbix 3HaueHusx r*. U3 (5.12) cnenyer,
YTO €CJIM CYIIECTBYET WHTETPAJ

ZT(TV(r*)dr*J\Lrj)dr*: b>0, (5.14)
0\0 r*

T0 TmpH Mambix I* ¢yuxums F(r*)=b-r*2. Torma momaras V(r*)=bir*'>0, A(r*)=b,r*’>0 u
MOJICTaBJIss 3TU BhipaxkeHus B (5.8', 5.10), momydum:

y=3, b= 2 5.6 oo (5.15)
2-00 2- 05

13 nocnenHero COOTHOLIEHUS CIENYET:
1++1-60

o

S=

nostomy o < 1/6.
WnTerpupys ypasHenue (5.13) Haiiiem npu MasibIX 3HaYeHUSX I, I™*:

V(r
ri(rv) =3 j ( )
[Tocnemuuii MHTETPAT CYIIECTBYET TOJIBKO MpH d < 6. B 3TOM citydae
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r*2dr* ~ 35—1 [r=eodr*. (5.16)
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5=1z¥i=6c a<%. (5.17)
(o2

PaccMoTpuM  Temepb  BBIpaK€HHE  JUISL  DHEPIMM  CTATUYECKOIO  M30TPOIIHOTO
rpaButannoHHoro noius (cm. [punoxenue l). B atom ciiyqae

o _Cla| T Fr) din(ra )|
4G | V(r*) dr*

[Tocnenuuii 4ieH B 3TOM COOTHOIIEHHH MMEET JIOrapu(MHUYECKYI0 OCOOCHHOCTh MPH I*min=0.
OHeprust OyaeT UMeTh KOHEYHOE 3HAUE€HUE JIUIIb IPU *min # 0, TO ecTh Npu Hanuuuu Kpas. 1o
BO3MOJKHO, TOJILKO MIPU 3Ha4eHUH © > 1/6.

Benuuuna r*mi, sBiaseTcst HE3aBUCUMBIM [TapaMeTPOM M ISl €€ onpeeseHs] HE0OX0UMBbI
nobaBoyHble cooOpaxkeHus. [1omokuM, BO-TIEPBBIX, B COOTBETCTBUU C npuHyunom Maxa, 4To
uHepTHast Macca M, cBA3aHa ¢ MOIHOM SHepruel rpaBUTaLMOHHOrO 1o E BHe kpas popmymoit
Diinmreiina E=M;c>. Bo-BTOPBIX, B COOTBETCTBHH ¢ 9KCHEPUMEHMOM Imeeuid TPAMEM, UTo
9Ta HHEPTHAS Macca COBIAJAET 10 BEJIMUMHE C MAaccoi rpaBUTaMoHHON Min= My,. 1, HakoHewL,
Ha OCHOBaHUM npuHyuna coomeemcmeussi ¢ OTO TONOXUM TIpH OONBIIMX 3HAYCHHAX [*
k093D (UIMEHT TpU MEepBOM wWieHe pasiokeHus (GyHkuuu F(r*) mo cremensm 1/r* paBHBIM
OTHOIIEHHIO TPABUTAIIMOHHOTO Paanyca K o

r 2M .G
F(r*)zl—ii+..:1—2—mi+... (5.18)
ar* Caa r=*
B stom cnydae cootnomenue (I1.8) mepexoauT B ypaBHEHUE, ONMPEACISAIONICE BETUUNHY

* .
r min-

—3INFA™(r*..) |- (11.8)

&3
min

h: 2r.kmin I:(r.kmin) _ I:(r.kmin)
124 W(r*min) Al/6(r*min) .
Pemenue cucremsr ypaBuenuin (5.10) - (5.13), (5.19) MOXHO HaWTHU METOJIOM

(5.19)

TOCIeI0BaTeIbHBIX NpuOmmKenuit. Haunnas ¢ npo6roit ¢pynkmun V@ (r*) u BuiGpanHOM
HAYaJIbHOM 3HAYEHHH [*jn MOKHO HAWTH B IEpBOM npubnvxeHuu u3 (5.12) ¢pyHkiuo F(O)(r*),
a 3ateM u3 (5.10) - AQ(r*) u nosoe 3mauenne V@ (r*)us (5.11). [IpomomkaeM 3TOT MPOLECC A0

nosiyuyeHus: Ha N-HOM m1are 3Ha4eHU HCKOMBIX (QYHKIUN ¢ TpeOyeMoil TOYHOCThIO. 3HAUEHUE
pa3Mepa mopsl Haiiiem u3 ypaBHeHus (5.19). A 3atem u3 ypaBHenus (5.13) Haiizem QyHKIHIO
r(r).

[Toctpoum npoduyto pyHkuuto. Ecau mpu 6onpimx 3HadeHusX * cnpaseaiuso (5.18), To
torga u3 (5.10, 5.11) cnenyer V(r*) =I-v/r**+... TIocKoIbKY TPH HAIMYMH Kpasi TTOBELCHHE
UCKOMBIX (DYHKIMH MPH MasbIX 3HAYEHUSX '™ He ONpeiesIeH0, €CTECTBEHHO MPEAINOI0KUTh, YTO
OTHOCHUTEINIbHBIN pa3Mep *min Oosblie enuHuubl. [Ipu *min > 1, 3agaaum npoOHYyI0 QYHKIUIO
CJIEAYIOIIUM 00pa3oM:

VOMr<y=1-v/r*, (5.20)
[ToncraBnss 3To Belpaxkenue B (5.12), Haiinem
2 v 1 2 v v Vvi1
F(°)(r*)=1—§(r*mm+ et Mmt ) e g (5.21)
r min r r min r r
B sToM npubnuxeHnn, UCXOAs U3 MPUHITUIA COOTBETCTBUSA, TTOTYUYUM
r 2 v
L= —(r*., + ). (5.22)
*
a 3 r* .
[TocTostHHYIO BENMMUYMHY V MOXKHO BBIOpaTh Tak, 4TOOBI B TOYKE I*=I*;, 3HAYCHUS

npoGHoit GpyHKIMK 1 mepBoro npubmmkenns conagamu V@ (r* )=V (r*_ ). Toxcrasnss

(5.20), (5.21) B (5.10), Haiinem

min min
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: VO
©) (p*
InA™ (r*) = j (Y EO () r*, (5.23)

a3arem u3 (5.11)

V(l)(r*):[1+§;_§w[]_+ V(O)(r*) J( dr* j . (5.24)

2r*FO(rx) 2.0 2r*FO@r%) ) (r)*FO(rv)
B stom ciiyuae
V= (1_\/ @ (r *min ))r 2

i - (5.25)
OTO0 ypaBHEHHE ONPENEIISIET V B 3aBUCUMOCTH OT I pin.

B Oonee BbICOKMX NPUOIMKEHUSAX TPU BBIUKCICHUSX HCIOJB30BAINCH CIUIAHH
anmnpokcuManuu. Ilocne mATH MoOciaeA0BaTeNbHBIX NPUOIMXKEHUM, pemias ypaBHenue (5.19),
HaiiieM (IIpY MCMOJB30BAaHMHM B pacueTax IIECTH HHTEPBAIOB) C IOTPEIIHOCTHIO B JIOJIU
IIPOLIEHTA

M*min=1.74.
OT0 3HaUYEHHUE, KAaK U IIPEAIOoJarajJoch, 00ibllie eAMHULBI. B pasmepHoM Buzie
*min=0.935rg; .
Pe3ynbratel pacueroB npeacTasieHsl B Tabnuie 3.

0=1/6 ; Xmax=0.575 ; rg/a =1.859

x=a/r* V(x) F(x) A(X) C2(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
05 0.4596 0.2366 0.0962 1.2288
0.575 0.3413 0.1813 0.0543 0

Tabauya 3. Pewenue cucmemol ypasnenuit (5.10..5.13) npu 3nauenuu o=1/6.

3HaueHWe OAHOW W3 MeTpudeckux QyHkimid - C(r) HeorpaHMYEHHO BO3pacTaeT MpU
OpuOJIMKEHUH K Kpar, OJIHAKO JIETEPMHHAHT METPHUYECKOrOo TEH30pa M BCE HHBapUAHTHI
TeH3opa Pumana npu 3ToM orpanuyeHsl. JlefcTBUTENbHO, TeH30p PuMaHa obmekoBapuaHTeH, a
B ceprueckoil cucreMe KoopauHar (5.4) MeTpuka 0COOEHHOCTENW HE UMEET.

Takum oOpazom, mpu uanuuuu ceasu (2.1) umeemcs HecuHeyiapHOe CMAYUOHAPHOE
yacmuye - no0oOHoe pacnpeoenenue YeHmpaibHO-CUMMEMPUYHO20 2PABUMAYUOHHO20 NOJS, O
KOMOPO20 BbINOIHAEMCA PAGEHCIBO UHEPMHOU (OnpedeneH Ol 8 COOME8EeMCmMEUU ¢ NPUHYUNOM
Maxa) u epasumayuonnoti maccol. I oOpu30HT, MPUCYTCTBOBABIINN B pelieHnn ypaBHeHuit 07O
JUIS IEHTPaJIbHO-CUMMETPUYHOT'O ITYCTOTO MPOCTPAHCTBA, B 3TOM CIydae OTCYTCTBYET.

Pacuetsl nmpoBenens! npu 6=1/6. B o0uiem ciy4dae perieHue OyaeT CyIIeCTBOBAaTh U MPH
3HaYEHUSAX O, JISKAIIUX B HEKOTOPOM MHTEpBajie, MPUMBIKAIOIIEM K 3TOMY 3HaueHHio. B
JMara3oHe JOMYCTHMBIX 3HAUYEHHUH MapamMeTp 6 MOXKET OBITh BBHIOpaH MPOHM3BOJBHO, MOITOMY,
IOpU OJMHAKOBBIX 3HAUEHHSX IOJHOW HSHEPruH, pacmpereneHus Mmojied B 0o0JacTH MOpsIKa
IPaBUTALMOHHOTO pajuyca OyayT pa3iuyaThCsi MeXAy coOoi. Bo3Hukaromiasi B CBA3M C 3TUM
HEOIPEeIEHHOCTh B OOIIEM cllydyae He MOXeT ObITh YyCTpaHeHa. BosmooicHo, umenno sma
HeonpeoeNeHHOCMb JeXHCUM 8 OCHO8E KBAHMOBO20 NOGEOCHU MUKPOCKONUYECKUX 00BEKMO8.
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Ipunoxenne |. JHeprust cTaTHYECKOro M30TPONHOI0 IPABUTAIMOHHOIO TOJIA.

B OTCYTCTBUH MATCPHUU B CUIIY TOXKACCTBA buanku NiI0THOCTH SHCPIHUU I'paBUTALIUOHHOT'O
I10JIA T/,v JOJIDKHaA YAOBJIETBOPATH COOTHOIICHUIO!

1 0 (o) 109, s _
ﬁax\/(\/_g-rﬂ)zaﬂ-r 0

B CJIy4ac CTaTUYCCKOI'0 IOJIA COXPAaHACTCA SHCPTIHUA I'PaBUTAIIUOHHOTO ITOJIA:

E:Jai”( —gTy btx = [T gds, , (IL1)

I B COOTBETCTBUU C (2.4)

c* 0 oD oD oD 1 04-9
T/ =-— or ( # j— ML —— gt — T2 = . (I1.2
° 167ZG{ ° o\ 9 )Y v ox* (2

%7 ox” " ox°
B craruueckoM mosie mocienHHe JBa Wi€Ha B 3TOM COOTHouleHuHu paBHbl Hymo u (IL.1) ¢

yaeroM (I1.2) mpuHumaer Bua:
[ )dV . (I1.3)
167zG ox”

IToncrasistsa crona BI)Ipa)KeHI/Iﬂ JUTISI KOMIIOHEHT MeTqueCKoro TeH30pa u3 (5.2) nomy4nm:

r’ do r’  do
167zG r dr(C+G drj [I\/_dr((C+G) dr Jdr} (.4)

VYyrem Tenepb, 4To IO ONPEEIICHHUIO, a TAKXKE B CUITy cOOTHOLIEeHU (5.13)

C(r+ 6 = 0= g V) g (IL5)
r** F(r*) J-9
[Moacrasisist 3tu BeipakeHus B (I1.4) u mepexozst k 6e3pa3mMepHoil KoopauHaTe /o, mOIydnm:
_c4a[r*2F( ~ T r** F(r*) do d\/_ } (I16)
4G | V(r) dr¥. 2 V(r*)/-g dr* dr* '
B cuny cootnomennti (5.7%), (5.10)

~ O - N -
® = —In(FA™) T e = JA=\-g. (IL7)

C y4eTOM 3TUX COOTHOIICHHI

clal r* drF|"”
S AG | V(r¥)dr
B cootHomeHu# GUrypupyroT rpaHUYHbIC 3HAYCHUS TPOU3BOIHOMN hyHKIuu F(r*).

YuuThIBas MOBEACHUE MMOJICH HA OECKOHEYHOCTH W TOT ()aKT, YTO B CHIY COOTHOIICHHS
(5.12) ipu r* = r*pin dF/dr*= 2F/r* i, Haiigem:

~3INFA(r*, . )] . (I1.8)

min

r*—oo

_r dF
V(r*)dr™|

r * *
:_i_i_ 2F(r mm)r min . (Hg)
24 V(r*min)
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