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Abstract: the problem of gravitational field physics is to identify the relationship between
the gravitational field and the expansion of the space-time continuum. Therefore, it is also
important to create models, the study of which allows you to identify these relationships and
Express them with formulas. In this article, the gravitational field of a stationary centrally
symmetric object is studied using a simplified model of the coordinate system and the
maximum distance of capture of a test particle by the gravitational field is calculated. A
model of the gravitational field is presented that combines quantum properties with the
expansion of the space-time continuum.
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INOCTPOEHUE ®U3UKO-MATEMATHYECKOM MOJEJIN
I'PABUTAIIMOHHOTI'O ITOJIsA
KacenoBa JI.F.I, Ecexeea M.K.’

"Kacenoea Jleiina Fanumbexosna — kanoudam nedazo2udeckux HayK, 0oyeHm;
’Ecexeesa Musiypa JKymazanuesna — Kanouoam u3uKO-mMameMamuieckux HayK, OOYeHm,
kagedpa « Unghopmayuonnvle cucmemol u mexHoI02UUY,

Kaszaxckuil ynusepcumem 3KOHOMUKU, PUHAHCO8 U MENCOYHAPOOHOU MOP20&L,

2. Hyp-Cynman, Pecnyoauxa Kazaxcman

Annomayun: npobremol  Qu3UKU  2PABUMAYUOHHO2O NOASL  AGIACMCA  BbIAGICHUE
83AUMOCSA3U  2PABUMAYUOHHO20 NONA U  PACUWUPEHUS NPOCHPAHCIMEEHHO-8PEMEHHO20
kouwmumnyyma. Ilosmomy akmyanvno u cosoanue Mmooenell, UCCIe008aHUE KOMOPbIX
NO380JIslem BbIAGUMb MU B3AUMOCEA3U U 8bIPA3UMb UX popmyramu. B dannou cmamve Ha
VAPOWEHHOU  MOOenU  Cucmemvl KOOPOUHAM — UCCAE008AHO  2PAGUMAYUOHHOE — NOJe
CMAaYUOHAPHO20 YEHMPANbHO-CUMMEMPUUHO20 00beKmMa U PAaccyumano npeodenbHoe
paccmosanue 3axeama npooHoU yvacmuybl 2pasumayuoHnsim noiem. Ilpeocmaenena mooens
2PasUMAayUoHHo20 NOJA, 00BEOUHAIOWAs KBAHMOBbIE CEOUCMBA C  pPacClupeHuem
nNPOCMPAHCMBEHHO-6DEMEHHO20 KOHMUHYYMA.

Kniouegwie cnoga: nocmosnnas Xabona, epasumayuonnoe nojie, K6anmogule coUCmaa.

UDC 53:550.831.015

Introduction: Modeling in physics serves as a method of scientific knowledge. Visual
models are widely used in scientific and theoretical research. These include hypotheses,
analogies, diagrams, graphs, and diagrams.

Relevance: The problem of gravitational field physics is to identify the relationship between
the gravitational field and the expansion of the space-time continuum. Therefore, it is also
important to create models, the study of which allows you to identify these relationships and
express them with formulas. In modern theories of the gravitational field, small quantities appear,
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which are neglected when deriving formulas of practical application. An urgent task of physics is
to create models that can be used to analyze these small quantities.

Goals: identify the relationship between the gravitational field and the expansion of the
space-time continuum by modeling and Express it with physical formulas.

Task: mathematical calculation of models and output of physical formulas.

Scientific novelty: Hubble's law, which describes the expansion of the vacuum, is
established when observing galaxies and is used for research in astrophysics. When
calculating the gravitational field of compact objects, the Hubble law is not taken into
account because of the negligible manifestation at close distances by cosmic standards. The
novelty of the research results lies in the fact that the method of modeling revealed a way to
make corrections to the calculations of the gravitational field, taking into account the
manifestation of the Hubble law. At the same time, it was found that the established
formulas correspond to the physics of elementary particles.

Results: created model of the gravitational field, which takes into account the Hubble
constant as a parameter; using the formula for marginal distances of the capture of the test
particle mass gravitational field; refined formula of a Schwarzschild black hole; the regularities
of quantum quantities in elementary particle physics.

1. Analyzing the spectra of galaxies, Edwin Hubble came to the conclusion that most galaxies
are moving away from us at speeds proportional to the distance to them. Galaxies are moving
away not only from our Galaxy, but also from each other. The picture of the expansion of the
Universe associated with Hubble's law appears to be the same for an observer located at any
point in space [1].

A fundamental observational fact is that the absorption lines in the spectra of nearby galaxies
are shifted to the red side of the spectrum. There are two types of redshift known: Doppler and
gravitational. In the 20s of the last century, the General theory of relativity was not yet as widely
known and familiar as it is now. Therefore, it is quite natural that observers interpreted the red
shift in the spectra of galaxies as Doppler. However, in modern cosmological theories, the
expansion of the Universe is related to the curvature of the space-time continuum, which is
equivalent to the gravitational field. Any theory that fulfills the principle of equivalence of
inertial and gravitational masses and the local law of conservation of energy must give a correct
description of the gravitational frequency shift [2].

2. In an expanding space-time continuum, the test particle moves relative to the observer with
acceleration directed away from the observation point:

a=c-H (1)
¢ —speed of light, H — Hubble constant.
The speed of the test particle, estimated by an observer from a distance L:
u = at = cHt 2)

here t - time it takes for the light from the particle to reach the observation point.
L

t=- 3)
Substituting (3) in (2), we get the formula of Hubble's law:
u=H-L 4)
here L — distance from the test particle to the observer.
The gravitational field is characterized by a potential, which is related to the tension by the
ratio:

a
dp=-g95
For the model under consideration, following the principle of equivalence of acceleration and
gravitational field strength, we can write:

dp=-HZ (6
After integrating from 0 to L, we have:
a+e)=(1-%) @
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Doppler and gravitational redshifts are equivalent in the derivation of Hubble's law and are

described by the equation:
r=01-5)fh ®

here f, - frequency of light emitted by the observed object; f - frequency of light reaching the
observer.

Thus, the model of gravitational redshift is consistent with the theory of expansion of the
space-time continuum.

3. Let's determine the distance from a centrally symmetric compact object of mass M, at
which the gravitational field of the object and the vacuum are equal in magnitude and opposite in

direction:

GM
RZ

=c-H (9

From equation (9) we find:
1
GM

R=(27 (o)

R- limit distance of capture by the gravitational field of the test particle. At a distance greater
than R, the test particle will move away from the gravitational mass.

4. Consider the problem of the maximum capture distance in the Solar system:

The mass of the Sun is 1.989-10* kg. Calculating the maximum distance at which a cosmic
body will be captured by the attraction of the Sun gives the result 3.6-10" km.

The distance from the Sun to the comet belt "Oort cloud" on the outskirts of the Solar system
has a length of 1.5 * 10" to 2.25 * 10'° km. Some comets are even farther away from the
peripheral regions of the Oort cloud, but we must also take into account the contribution of giant
planets, the Kuiper asteroid belt, and the comet belt to the creation of a gravitational field on the
outskirts of the Solar system and the corresponding local increase in the capture distance.

Thus, the size of the Solar system corresponds to and is determined by the value of the
maximum capture radius [3].

5. We investigate at what value of the limiting capture radius 10 the mass of the microparticle

is the value:

h h
m==Z=— (I

cTy
Substituting (11) into (10), after algebraic transformations, we have:
1

n=(=)
The classical electron radius is determined by the formula (12).
6. We investigate what will be the value of the maximum capture radius for the Planck mass:
1
m- (=2
Substituting the mass value (13) in the formula (10) and after algebraic transformations we
get:
R=—— (14
(Hwp)2
7. We study the process of accretion of a sample mass particle to a compact object with a
mass of M.
Let the particle and the compact object be on the Or coordinate axis, with the origin
coinciding with the object. Then the increment of the particle velocity is determined by the
equation:

GM
w=(S-cH)or (15
In equation (15) we substitute the relation ot = Or/v and after algebraic transformations we
integrate within the range of

(-(&) o
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2 _ 2GM

1
We have: v* = —+ 2cHr — 4(GMcH)2 (16)

For the case when the velocity v approaches the speed of light in a vacuum, and the accreting
particle approaches the event horizon of a black hole with radius R, we obtain the quadratic
equation from equation (16):

2 _|< GMY2 GM _
R +2( )]R+CH—O (17)

We solve the quadratic equation (17) and decompose the radical function (in the solution)
into a power series. This is acceptable if the maximum capture radius is much less than c¢/H.

For the first four terms of the Taylor series, we obtain an equation from which, after
transformations, we derive the formula for the event horizon of a black hole:
_ 2GM _ 8GM (GMHY)>
R= (=)
The resulting radius of the event horizon of the black hole is less than the radius of the
Schwarzschild black hole [1] by:

1
c? c? c3 (18)

1
AR =4R- (2 (9
This value AR corresponds to the mass defect:
1
AM = 4M (Gf;’)z (20)
To evaluate the significance of formulas (19) and (20), we consider the following examples.
8. Hawking's black hole theorem: "For any interaction, the surface area of a black hole can
never decrease. If there are multiple black holes, the sum of their surface areas can also never
decrease. That is, the area of the event horizon of a black hole behaves like entropy" [4].
However, the mass defect expressed by formula (20) compensates for the "entropy" when black
holes merge. After all, for example, when two identical black holes merge, the mass defect will
increase by 1.4 times, in accordance with the formula (20). The need for calculations and
clarifications is obvious.
9. We determine the mass defect for a black hole with an event horizon radius equal to the
classical electron radius. From formulas (12), (19), (20) we get after algebraic transformations:

Am = 1,4mp 21

Conclusion:

The use of the Hubble constant as a parameter in theoretical studies of the gravitational field
is promising. Calculations made without neglecting small quantities give interesting results: the
limit radius of capture by the gravitational field of a test particle of mass; the Schwarzschild
formula for the mass defect of a black hole; relations expressing the dependence of quantum
physics quantities on the Hubble constant [5].
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