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1. Introduction
It is generally accepted that the laws of physics we are used to do not “work” in a black hole, that “as we
move deeper into the black hole, space-time continues to bend and becomes infinitely curved at the
center. This point is known as the gravitational singularity [1]. “Space and time in it cease to have any
meaning, and all the laws of physics known to us, for the description of which these two concepts are
needed, no longer work” [2]. Modern theories do not allow looking inside a black hole. However,
transformations of some of the simplest known relations of the special and general theory of relativity
make it possible to make some qualitative and quantitative estimates. What do we know? On the one
hand, a black hole absorbs all radiation and matter falling on it. On the other hand, S. Hawking suggested
that a black hole emits elementary particles (mainly photons), losing mass and evaporating (Hawking
radiation) [3].
Some well-known simple relationships between special and general relativity allow us to make
important simple assumptions.
Suppose the frame of reference K* moves relative to the frame K in the direction of the x axis
(coincides with the direction of the x* axis) with a speed v. From the Lorentz transformations it follows
that the time interval passed in the K and K* systems is related by the relation
Δt = t2 – t1 =

Δ
2

,

(1)

1– 2

where Δt*= t2* – t1*; c - speed of light in vacuum. The start of time is the same, i.e. t0 = t0*. Time in a
moving frame of reference is slowing down.
The lag of a clock moving along a closed curve from a stationary one (later known as the twins
paradox of the special theory of relativity or the kinematic paradox of twins) was first pointed out by A.
Einstein in 1905 [4]. The paradox directly follows from the Lorentz transformations when moving at
about the speed of light. The clock lag paradox was first confirmed experimentally in October 1971 (the
Hafele-Keating experiment) [5].
In general relativity, there is another "paradox of twins" (gravitational). A twin brother near a large
gravitational mass turns out to be younger. We will assume that the K system is associated with a
relatively large gravitational mass (gravitational potential), and K* is associated with a much lower
gravitational potential. For example, the twin in the K frame is on the surface of the Earth, and the twin in
the K* frame is on a high tower. Time near the surface of the Earth slows down and the brother who is
constantly in the K system after the meeting of the twins will be younger. In 1980, to confirm the general
theory of relativity, studies were carried out “using a hydrogen maser frequency standard on a spacecraft
launched almost vertically to an altitude of up to 10,000 km” [6]. The results of high-precision
experiments on kinematic and gravitational time dilation are presented in works [7, 8].
The speed of a body moving in the gravity field of the Earth with the acceleration of gravity g, after
passing the distance x is equal to v = 2 . Substituting this relation into formula (1), we obtain
Δt =

Δ
2

.

(2)

1– 2

The potential energy of uniform gravity on the Earth's surface is U = – mgx, the gravitational potential is
φ = – U/m = – gx. Expression (2) can be rewritten as
Δt =

Δ
1–

2φ
2

=

Δ
1–

2 φ
2

.

(3)

The gravitational field can be considered weak, since |2| << c². Near the Earth's surface (Earth's radius x
= 6,371 km, average g = 9.807 m / s²) φ = – 62480.397 m² / s², ratio 2 | φ | / c² = 1.400 · 10 –12 much less
than 1.
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2. Results
2.1. Time Dilation Kinematic Effect
Some important clarifications should be made. It would seem that in the special theory of relativity, time
dilation is a purely kinematic effect, but not quite. The frame of reference K is rigidly "tied" to the Earth,
that is, the twin remaining at home does not move relative to the Earth, that is, rests on a relatively large
gravitational mass. Moreover, the mass M of a space object (the Earth or another body) is much higher
than the mass m of an escaped spacecraft with an astronaut, that is, M >> m. Otherwise, the paradox of
twins does not work, since all physical processes in all inertial reference frames go the same way, and the
escaped twin can be considered at rest, and the one remaining on Earth as having escaped with a speed of
minus v. Thus, it is important that the frame K is at rest, and K* moves with respect to a large gravitational
mass. The presence of a large gravitational mass as a reference point is of decisive importance. Then the
speed v is the speed relative to an object with a large gravitational mass. Let's say two rockets with twins
launch in distant space far from objects with a noticeable gravitational mass (gravitational potential  →
0). It is impossible to determine which of the rockets is at rest and which is moving, in other words, what
to take for the frame of reference K and what for K*. The course of time on both rockets is the same. They
both are at rest relative to, for example, the nearest, but very distant black hole. This means that the
paradox of twins in the special theory of relativity is in one way or another always associated with an
observer at rest on Earth, i.e. with the gravitational mass of the Earth (having a small, but not zero, in
absolute value gravitational potential: || << c²). In other words, the frame of reference K is associated
with gravitational mass.
Some authors find the inconsistency of the twins paradox of the special theory of relativity [9]. The
explanations are very different: from movement along a closed curve (as suggested by A. Einstein [4]), to
the optional return to the starting point and the possibility of an instant reversal.
2.2. Time Dilation Gravitational Effect
The gravitational potential is defined as φ = – GM/x, where G is the gravitational constant (G = = 6.6743·
10−11 m3 s − 2 kg − 1); M is the mass of a large space object; x is the distance from the center of mass of a
large object to a given point where a body of mass m is located (moreover, m << M). Substituting the
expressions for φ into formula (3), we obtain
Δt =

Δ
1–

Formulas (3) and (4) are valid for small |φ|. We denote
case

2

.

2

(4)

2

= a. Formula (4) is valid for a << 1. In this

(1 – a)2 = (1 – 2a + a2) ≈ 1 – 2a;

1–2

≈

2

(1 – ) = |1 – a|.

(5)

If |φ| ~ c², then expression (4) taking into account (5) can be written in the form
Δt =

Δ
(1 –

=
2

Δ

.

1 –

(6)
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This is a more accurate formula. It is valid for any gravitational potential.
It follows from the Lorentz transformations that the length of the body decreases when passing from
the K to K* system. Let Δx= x2 – x1; Δx* = x2* – x1*, the x and x* axes coincide, Δx || x, Δx* || x*. Then
Δ
Δ
Δx* =
=
.
(7)
2
1–

1– 2

2

For the mass:
m=

1 –

,

(8)

2

where m and m* are the mass of the same body in the K and K* systems, respectively.
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2.3. Analysis of the Simplest Black Holes
We will consider the simplest Schwarzschild black hole. Let us assume that the hole is spherically
symmetric, has no "preferred" direction and axis of rotation, and has no electric charge or magnetic field.
We will assume that a black hole is characterized by a certain mass. For black holes like this
= 1.
(9)
2
This means that from the point of view of an external observer, time stops at the event horizon (Δt →
∞) and does not depend on Δt* (at Δt* ≠ 0). Any object approaching the event horizon from the side of the
observer appears to be slowing down and never completely crosses the horizon [10]. What happens
beyond the event horizon as you approach the center of a black hole?
G and c are world constants. According to (6), if the distance from the center x falls, then 2 > 1 and,
due to the presence of the modulus in the denominator of expression (6), the time interval Δt begins to
decrease, and Δt < Δt*. As x → 0 (center of the black hole), Δt → 0, that is, time in the frame of reference
K stops and does not depend on Δt* for finite Δt*.
Let's return to the gravitational "twin paradox". The twin brother traveling through gravitational fields
(frame of reference K*) and located on the event horizon will be the youngest. It grows old with distance
from the event horizon in any direction. Inside the event horizon, the twin in the K* frame will always be
older than the twin in the K frame, outside it will be younger. When approaching the event horizon from
either side, the course of time slows down to zero.
The characteristic size of a black hole is the Schwarzschild radius
xS =
.
(10)
It is derived from formula (4). The factor "2" in the formula (10) is characteristic for a small in absolute
value gravitational potential, when the expansion (5) is valid.
For small a (a << 1), one can use the expansion
≈ 1 + a2/2.
(11)
(1– )

2

Then formula (6) takes the form
1

2

Δt = Δt* [1 + 2 ( 2 ) ].
(12)
Formula (12) speaks of the absence of an event horizon at low gravitational potentials, i.e., at |φ| << c².
From relation (6) it follows that the characteristic size of a black hole or Schwarzschild radius x should
be considered the expression
x= .
(13)
It should be noted that in the theory of relativity the speed of any interactions is limited by the speed of
light in a vacuum. At such speeds, neither potential energy nor potential can be introduced. The
gravitational potential φ makes sense if |φ| << c². When
|φ|/c² = 2 ~ 1
(14)
the legitimacy of using the concept of gravitational potential is questionable. To somehow rectify the
situation, we can assume that as we approach the black hole (to the Schwarzschild radius) from the
outside, the speed of light in vacuum increases in such a way that relation (14) never exceeds 1, or
xc2 = const.
(15)
Here x is the distance from the center of the black hole. In this case, the sphere (of radius x), on which
time from the point of view of an observer in frame K stops (Δt → ∞), may not exist. Thus, the possibility
of leaving the black hole cannot be deterministically excluded.
In fig. 1 shows the dependence of Δt / Δt* on x when approaching the center of a black hole from the
region ||  0 0 = G/c2 = const. Here xS is the Schwarzschild radius. From the point of view of an
external observer, a temporary "potential" barrier "isolates" the black hole from the outside world. Let 0
 = G / c2 =  (x) ≠ const for xxS (Fig. 2). Fig. 1 and 2 are equivalent and illustrate the curvature of
space-time.
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Fig. 1. Dependence of Δt / Δt* on x.

Fig. 2. Dependence of  / 0 on x.

The dependence of the differential density of the physical vacuum on the distance x qualitatively
coincides with the dependence shown in Fig. 2. Their relations (1) and (4) imply that the condition 2 =1
is equivalent to the velocity v = c at rest mass m ≠ 0. Applications of special and general theories of
relativity are extremely idealized.
Fig. 1 and 2, it follows that in the presence of explicit asymmetry, there is also some symmetry in the
variation of the parameters under study relative to the Schwarzschild radius. At least, the symmetry is
most clearly observed at x ≥ xS / 2.
2.4. Three "Ways" of Slowing Down Time
Changing the geometry of space-time is possible when moving at relativistic speeds and near large
gravitational masses. Changing the geometry of space leads to a change in time intervals and vice versa.
For this reason, relations (1) and (6) can be considered equivalent from the point of view of the possibility
of time dilation in the K* system. As noted, in formula (1) the frame of reference K is rigidly "tied" to the
Earth, that is, the external observer does not move relative to the Earth, rests on a relatively large
gravitational mass with a small gravitational potential |2φ| << c². The condition 2 = 1 in formula (6) is
equivalent to the condition v² / c² = 1 at rest mass m ≠ 0 in formula (1). Moreover, in cases, one way or
another, gravity (gravitational potential) has an effect. In formula (1), it allows you to choose an
"external" observer (for which |φ| << c², for the frame of reference K* the potential is negligible |φ| → 0).
It is determinative in formula (6). For an "external" observer |φ| << c² or |φ| → 0), for the frame of
reference K* approaching a black hole, |φ| → c².
Thus, time slows down (length decreases, mass increases) at relativistic velocities and (or) near a large
gravitational mass. In both cases, space-time is curved.
There is one more factor slowing down time. This factor is directly related to the curvature of space, or
rather, to the stretching of space and a decrease in its curvature during the evolution of the Universe. As
the universe expands, the curvature decreases. This means that the expansion of the Universe can be
considered as another equivalent condition to relations (1) and (6). This, in turn, is equivalent to condition
(6) under the assumption (exclusively for making computational estimates) that the entire mass of the
modern Universe (~ 1053 kg) was concentrated in a singularity (here and below, we are talking about a
cosmological singularity). As you move away from the singularity (as the universe expands), time
accelerates. Thus, in the distant past, time could go many orders of magnitude slower. This indirectly
confirms the following fact.
As it approaches the center of the Earth, the age of the rock decreases, that is, the inner layers of the
planet are younger than the outer layers. The Earth's core is 2.5 years younger than its surface [11]. This
is possible if we assume that the entire gravitational mass of the planet is concentrated at a point, that is,
in its center. By analogy for making calculations, it can be assumed that the mass of the Universe was
concentrated in a singularity. From the point of view of photons of light, their speed is equal to c, from
the point of view of an external observer; the Universe can expand at a speed exceeding c.
So, the time dilation should be added to the relativistic and gravitational time dilation when
approaching along the time axis to the beginning of the Universe (to the singularity) with the most curved
space. In all three cases (even with relativistic time dilation), the frames of reference are not inertial.
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3. Analysis
3.1. Planck Black Hole
Consider the Planck era. Let us estimate the parameters of the Planck black hole. This object is
considered to be identical to the maximon (elementary particle with the maximum possible mass) [12].
The Compton wavelength of a Planck black hole is λ = = 1.2655 · 10–35 m (here h is Planck's constant).
The gravitational radius without taking into account the coefficient 2 in formula (9) or the "event horizon"
x = 0.7416 · 10–35 m. (Taking into account the coefficient “2” x = 1.4832 · 10–35 m.) As expected, x ~ λ.
For elementary particles, the wavelength is greater than the gravitational radius, for black holes - less
[12]. The Planck black hole occupies an intermediate position [12].
Let us assume that the Universe is a closed system into which neither mass nor energy enters from the
outside. The maximon mass is determined by the Planck mass mPl ~ 10–8 kg, the mass of the modern
Universe is ~ 1053 kg. For what reason has the mass increased many times over?
3.2. On the Formation of Mass in the Universe. Hypotheses Based on Analogies
It is known that among all types of fundamental interactions, only the gravitational interaction is not
saturated. The Planck era is characterized by a single interaction. Saturation of three types of fundamental
interactions out of four known, gives reason to believe that a single interaction is saturated. The
cosmological singularity (maximon) is an unknown fore matter. How is the saturation of nuclear forces
manifested? Mutual repulsion of nucleons at small distances (less than 0.25 fm). The presence of mutual
Coulomb repulsion of protons in anomalously super-heavy nuclei (with a charge of about 400) makes the
bubble shape optimal when there is a cavity in the central part of the nucleus [13]. The 34Si nucleus has a
bubble shape [14].
As a result of the saturation of the forces of the unified interaction in the next quantum of time
(Planck's time), a void appears in the center of the singularity (maximon) with a characteristic size
determined by the Planck length. The void is surrounded by a spherical layer of pra-matter with a
thickness determined by the Planck length lPl ~ 10–35 m.
It can be assumed that the evolution of the Universe began with a process similar to nuclear multifragmentation (or fission of an atomic nucleus into many fragments) of a maximon from a highly excited
state. The expansion of the maximon is equivalent to the transition to an excited state. Maximon becomes
unstable. With characteristic particle sizes of ~ 10–15 cm and less, one can expect the fulfillment of the
well-known relation of quantum physics: mcr ~ h. Here m is the mass of a fission fragment; c is the speed
of light in vacuum; r is the characteristic size of a fission fragment; and h is Planck's constant. In other
words, each fission fragment is comparable in mass to the original fissile object (Planck mass). In
accordance with relation (2), the mass could increase as the deformed (expanded) maximon was fission.
If the maximon can be considered a black hole, then in accordance with the conclusions to Fig. 2, on
the gravitational radius of the singularity-maximon  = G / c2 =  (x)  0, that is, we can assume that c 
∞. But the singularity is not a black hole, since || << c 2. At a distance of the Schwarzschild radius from
the center of the singularity, the speed of light in vacuum increases, but is limited. The rate of division of
the maximon cannot be less than the characteristic time of a single interaction.
The shortest time (τS ~ 10–23 s) is characterized by a strong interaction and its manifestation - nuclear
interaction. The characteristic time of the strong (and nuclear) interaction is determined as τS ~ lPl / c. At c
~ 1038 m / s, the interaction time is τS ~ 10–43 s, which is comparable to the Planck time. As a result, the
division of the maximon into fragments equal in mass to the maximon occurs quickly. So the mass of the
young Universe could grow.
The complete Schwarzschild solution contains black and white holes [15]. It can be assumed that the
cosmological singularity to a much greater extent manifests the properties of a white hole [15, 16], and
not a black one: nothing enters the singularity, it rapidly decays.
General relativity gives reason to believe that when moving to the center of the black hole (x → 0);
space-time will be the most curved. This corresponds to a gravitational singularity. But is it? If we
assume the possibility of saturation of the gravitational interaction, then the most incredible consequences
can be expected. For example, for black holes, the bubble structure may be optimal when all the mass is
concentrated in a relatively thin surface layer of the hole near the Schwarzschild radius. It turns out a kind
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of bubble, into which it is easy to enter and from which it is impossible (almost impossible) to get out.
Doesn't this remotely resemble our Universe - a huge black hole from which it is impossible to get out?
3.3. Connection with Shapiro Effect
Gravitational time dilation and space curvature entail a gravitational delay of the electromagnetic signal
(Shapiro effect [17]). In a gravitational field, electromagnetic signals take longer [17, 18].
In essence, the Shapiro effect leads to a deceleration of the speed of light near the gravitational or
cosmological singularity, which is consistent with the data in Fig. 2 as x → 0. It can be assumed that from
the point of view of an external observer, the light directed towards a large gravitational mass is
accelerated. The light that comes from the gravitational mass slows down.
Suppose that the speed of light in a vacuum can change under the influence of a large gravitational
mass (singularities at the initial stage of the evolution of the Universe, black holes). Strong gravity slows
down light, slows down time. A. Einstein was the first to calculate the gravitational deflection of light
(change in the direction of propagation of light in a gravitational field). A ray of light (photons with
infinitesimal mass) passing by the Sun is deflected by 1.7 ' [19].
If light is deflected by gravitational mass, the rest mass of the photon is nonzero, albeit close to zero.
According to [20], it is less than 10–22 eV / c2. On the one hand, the speed of light slows down; on the
other hand, the time interval increases significantly. As a result, the speed of light in a vacuum is greater.
This increase can be estimated from condition (9). At the early stage of the evolution of the Universe, the
fundamental constant (invariant) can be considered not c, but the ratio G/c2.
From expression (9), it is possible to determine the value of x corresponding to the radius of the early
Universe, at which time stops (and the speed of light in vacuum c = 3 ·108 m / s). We get 0.6742 · 10–26
m, which is five orders of magnitude greater than the Planck length. Perhaps, with the expansion of the
Universe to such a value, the speed of light in a vacuum decreased rapidly.
So, we can assume that the speed of light in vacuum changes near space objects of large gravitational
mass as the ratio
to 1. When
≥ 1, the speed of light increases noticeably in comparison with the
known value c. If you mentally travel back to the distant past of the Universe, then as you approach the
singularity, time slows down; the gravitational potential grows in absolute value, and the speed of light
increases. In this case, time does not stop near black holes and inside the event horizon, but, slowing
down, continues to flow in the "forward" direction.
Note that most of the fundamental constants play a limiting role in physics. The gravitational constant
does not fulfill such a role. It can be assumed that it changed during the evolution of the Universe.
Perhaps it is less than the accepted value.
In general, there are many options for "bypassing" time stopping on the event horizon. It cannot be
ruled out that the G/c2 complex changes. It is possible that the constant near black holes is |φ| / c².
E.A. Milne (1933), and then P. Dirac (1937) hypothesized about the possible change in the
gravitational constant with time [21]. Later, other scientists also spoke about this [22]. “Australian
physicists, led by theorist Paul Davis of McQuare University in Sydney, have suggested that the speed of
light in a vacuum decreases over billions of light years. It may turn out that 6-10 billion years ago the
speed of light could have been higher than it is now” [23].
3.4. Slowing Down Massless Particles. Birth of Mass from Energy
Let us assume that the physical vacuum slows down the objects of the micro-world to a speed not
exceeding c [24]. Deceleration to lower speeds is also possible [24]. In this case, the objects "acquire" rest
mass, that is, the physical vacuum performs the functions of the Higgs field [24]. The deceleration of the
objects of the microcosm occurs due to their interaction with virtual particles that are born in a physical
vacuum. Under certain conditions, virtual particles turn into real ones. Interaction can lead to the
appearance of an inert mass in the particles of the microcosm. When braking in the ether field, the speed
of the particles becomes equal to v, moreover, v ≤ c. For v = c the rest mass of the particle is m = 0, for v
< c the rest mass is m ≠ 0. Thus, there are two classes of particles. Particles of one of the classes interact
with all virtual particles that are born in a physical vacuum. Particles of another class do not interact with
all, but only with certain virtual particles (possibly much heavier ones - the Higgs bosons). Other particles
are "transparent" for them. The mass appearing in the particles of the first class is determined by the
6

Einstein formula for the rest energy E = mc2 or ΔE = Δmc2, where ΔE is the change in energy, Δm is the
change in mass. The lost energy during deceleration in the ether field turns into the mass of an initially
massless particle. Thus, the speed of light in a vacuum separates particles into the two mentioned classes.
2

The total energy of a particle in a vacuum: E =

.
1– 2

So there are two classes of particles. One of them can be attributed to photons (carriers of
electromagnetic interaction or electromagnetic waves), to the other - all the rest (not photons). Photons
are massless particles. All other objects of the micro-world are characterized by non-zero rest mass (and
1
relativistic mass). Photons are organically related to the world constant c. Their speed c =
is
0 0

determined only by two fundamental constants: electric and magnetic permeability of the ether field or
physical vacuum ( 0 and 0) and nothing more. The speed of other objects of the micro-world (not
photons) can only depend on c or not exceed c. For example, sound waves in a physical vacuum with zero
average density ρ cannot propagate, since the wave velocity is v ~ ρ1/2.
Photons are the most abundant particles in the Universe (there are at least 20 billion photons per
nucleon [25]). They are observable, exist in a free form, are stable, simple (indecomposable, not
composite), that is, fundamental particles. Obviously, if the mass of a photon is nonzero, it can decay into
lighter particles. During the lifetime of the Universe (13.8 billion years), not a single photon decayed
[26]. According to the data obtained with the WMAP (NASA) and Planck (EKA) satellites, it can be
assumed that the lifetime of relic microwave photons is at least 4 orders of magnitude longer than the
lifetime of the Universe, i.e., at least 1014 years [26]. (As a result of interaction with matter, a photon can
decay into two photons with a lower energy.)
In 2017, CERN scientists announced the observation with the ATLAS detector (part of the LHC) of
collisions between two single photons [27]. A high intensity of the electromagnetic field was created by
colliding ultra relativistic lead ions (the center-of-mass energy per nucleon pair is 5.02 TeV) [27].
Photons can interact with each other in an indirect and direct way. Direct interaction usually gives rise to
a virtual electron and a positron [27]. In indirect interaction "photons exchange a virtual set of all already
discovered and, possibly, unknown to us charge carriers" [27]. Light scattering by light (γ + γ → γ + γ) is
an extremely rare quantum process [27]. The diphoton invariant mass is more than 6 GeV [27].
It is known that a photon (or a γ-quantum) is identical to an antiphoton. Thus, the process of formation
of electron-positron pairs is the annihilation of a photon and an anti-photon. Three-photon annihilation is
known. For the creation of a particle-antiparticle pair, the corresponding photon energy (exceeding the
rest mass of the particles being born) and an additional object X (necessary in accordance with the
conservation laws) are required, which is usually considered an atomic nucleus or an atomic electron.
Formally, the process diagram can be written as:
γ +γ + Х → Х + e+ + eˉ,
where γ ≡γ. This is two-photon annihilation. Possibly three-photon annihilation:
γ + γ + γ + Х → Х + e+ + eˉ,
but its probability is about 100 times less than the probability of two-photon annihilation. The
conservation laws do not allow excluding a larger number of annihilating photons (moreover, direct and
reverse processes are possible, for example, e+ + eˉ → γ + γ + …). Usually, the process of pair (e+, eˉ)
production occurs near an atomic nucleus (in a region whose size is determined by the Compton
wavelength: 2.4 · 10–10 cm), but it is possible near an atomic electron.
It can be assumed that a virtual particle, born in a physical vacuum, acts as an "intermediary" X. The
characteristic time of electromagnetic interaction (the carrier of which is a photon) is ~ 10 –20 s. Photons
(γ-quanta) of high energy (several MeV and more) can participate in nuclear interaction. The
characteristic time of the strong (nuclear) interaction is τS ~ 10–23… 10–22 s.
The average lifetime τ of virtual particles of mass m is determined from the Heisenberg uncertainty
principle: τ ≤ 2 2 . The time τ is noticeably shorter than τS. Is it possible for such a lifetime of
fundamentally unobservable (virtual) particles to produce pairs of real particles?
It is known from the course of general physics that virtual particles can turn into real particles [28].
With the acceleration of an electron, virtual photons turn into real ones [28]. In β-decays, virtual electrons
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and antineutrinos turn into real ones [28]. When communicating energy to a system of particles, virtual
particles turn into real ones [28]. (When nucleons are given sufficient energy, the surrounding virtual
pions turn into real ones [28]). When virtual particles are absorbed, real particles turn into other real
particles (for example, a real neutron that has absorbed a virtual pion turns into a real proton [28]).
Thus, we can conclude that virtual particles constantly born in a physical vacuum are capable of
performing the functions of an "intermediary" in the production of pairs of real particles due to the
annihilation of γ-quanta.
So, there are three ways that mass is formed in the Universe. The first is associated with the decay of
the cosmological singularity in the first moments of the Big Bang, when the mass of the fragments was
approximately equal to the mass of the "fragments" (mcr ~ h). The deformation of the singularitymaximon is equivalent to its transition to an excited state. In this state, the maximon is unstable.
Essentially, this is the birth of mass from mass. The birth of mass from energy is possible. In this case, the
physical vacuum performs the functions of the Higgs field. The creation of particles from energy has been
observed up to the present time.
The first method is associated with the formation of pairs of particles during the annihilation of
photons in a physical vacuum. The intermediary is virtual particles, constantly being born and
disappearing in a physical vacuum, or real particles, into which virtual ones sometimes turn. The second
method is associated with the transitions of virtual particles, born in a physical vacuum, into real particles.
This is facilitated by an intense electromagnetic field, which is carried by photons.
As you know, photons (γ-quanta) are the only objects of the micro-world, the lack of mass in which is
reliably confirmed by modern physical theories and practice. Experimentally, based on the Compton
photon wave (no less than 1022 cm [29]), the upper estimate of the photon mass (3.5 · 10–60 g [29]) was
obtained. Modern physical theories assume that the massless particles are gluons, which are not observed
in free form [30].
The role of massless particles is claimed by gravitons, the upper mass limit (3.5 · 10–53 g [31]) of
which is determined by the frequency 3 · 10–5 Hz [31]. The arrival of gravitational and light waves from a
distant object was experimentally observed. It is believed that the speed of propagation of gravitational
waves is equal to the speed of light (within the measurement accuracy), i.e., the rest mass of the graviton
is equal to zero [32]. According to estimates, the Compton graviton wavelength is not less than 1013 km,
and the upper value of the graviton rest energy is 1.2 · 10−22 eV / c2 [32].
3.5. Gravitational Speed
It is generally accepted that the maximum speed cG of the gravitational interaction is equal to the speed of
light in vacuum. Let's assume these speeds are different. Indeed, what is the connection between quanta
of electromagnetic and gravitational interactions? Photons and gravitons are independent.
The absolute value of the gravitational potential has the dimension of the velocity squared, that is, v ~
1/2
|φ| . Let the speed of gravitational interaction cG = |φ|1/2 = , where G is the gravitational constant; M is
the mass of the Universe; x is the radius of the Universe. Assuming G = 6.67 · 10–11 m2 kg–1 s–2, M = 1053
kg, x = 7.8 · 1010 light years, we get |φ| = 9 · 1015 m2 / s2 or cG = 0.9 · 108 m / s.
For the cosmological singularity (at the time of Planck's time, when M ~ 10–8 kg, x ~ 10–35 m), we
obtain: |φ| ≈ 6.67 · 1016 m2 / s2, or cG = |φ|1/2 ≈ 2.58 · 108 m / s. This may mean that the forces of
gravitational interaction in the singularity (at the time of separation of the gravitational interaction from a
single interaction) are oversaturated, or the speed of light (the speed of propagation of the gravitational
interaction) changes with the evolution of the Universe, or the gravitational constant has decreased from 9
· 10–11 m2 kg–1 s–2 to 6.67 · 10–11 m2 kg–1 s–2 over the lifetime of the Universe.
3.6. Philosophical Dilemma
There are two important points to make.
1. For |φ| → 2, the black hole's own size can be expected to exceed the size of the Universe
(Friedmann's theory). Perhaps there is some additional M / x constraint so that the size is always less than
the size of the Universe. This is possible if the gravitational interaction at large M / x is saturated. Or it is
necessary to compare not c2, but with the maximum speed cG of propagation of the gravitational
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interaction in a vacuum squared (cG2 < c2). We can assume that for |φ| → cG2 gravitational forces are
saturated.
If the maximum value |φ| does not exceed cG2, that is, |φ| ≤ cG2 < c2, then relation (6) for the maximum
|φ| = cG2 will take the form:
Δt =

Δ
1– 2

As shown earlier, cG = 0.9 · 108 m / s. Hence, cG /c2 = 0.09. In this case
Δt =

Δ
1 – 0,09

≈ 1,1 Δt *.

The same goes for transformations of mass and length. In other words, the Eigen parameters of a black
hole (size, mass, course of time) differ from the parameters fixed by an external observer by no more than
10%. In other words, a black hole in the traditional sense is just a mathematical abstraction. She is far
from the ideals of a completely black body. The temporal potential on its border is not infinite: the course
of time slows down by only 10% in comparison with an external observer. The black holes own size and
the size estimated by an external observer do not allow us to consider it a friedmon, in which (according
to Friedman's theory) the huge Universe could fit. The main thing is that you can leave the black hole.
2. As is known, the Lorentz transformations were derived using the example of the movement of a
photon (light beam) in a light clock. In the case of gravitational interaction, it is logical to consider the
movement of the graviton or "gravitational ray". Let's say the maximum speed of its movement in
vacuum is not c, but cG. This means that in the Lorentz transformations and the following ratios of the
general theory of relativity (the theory of gravity) for the transformations of time, mass, and length, c
should be replaced with cG.
In this case, |φ| / c2 appears in the formulas for transformations of time, mass and length in the theory
of gravity, and the maximum changes (transformations) of these parameters can be determined from
relations similar to (1), (6), (8), and (9), replacing c with cG. In this case, freedmons can actually exist,
and the intrinsic size (as well as the intrinsic mass and proper time) of such a freedmont (black hole) is
not limited by anything. At saturation of gravitational forces, the denominator of these relations ((1), (6),
(8) and (9), with the replacement of c by cG) is identically equal to zero.
The intrinsic size of a black even very small (from the point of view of an external observer) black
hole can significantly exceed the size of the Universe, inside which this hole is located. The well-known
relation of quantum mechanics mcr ~ h (where m is the mass, c is the speed of light in vacuum or the
speed of interaction, r is the characteristic size, h is Planck's constant) means that the mass of a part can
be comparable to the mass of the whole or the size of a part can be comparable to the size whole. There
are paradoxes in the physics of the micro-world. Why can't they exist in the physics of the mega-world?
Which of the comments should you give preference to? The second is more justified, although it does
not fit into our usual notions. You can entrust the consideration of this question to philosophers.
4. Conclusion and Findings
An elementary analysis of the relationship between the special and general theory of relativity allows us
to draw conclusions that are somewhat different from the generally accepted ones. This is due to the
following facts.
1. The paradox of twins in the special theory of relativity is always associated with an observer at rest
on Earth, i.e. with the gravitational mass of the Earth (having a small, but not zero, in absolute value
gravitational potential: || << c2). The explanations are very different: from movement along a closed
curve (as suggested by A. Einstein [4]), to the optional return to the starting point and the possibility of an
instant reversal.
2. Applications of the special and general theory of relativity are extremely idealized. Some of them
are equivalent to the motion of an object with non-zero mass at the speed of light.
3. Some relations of the theory of gravitation correspond to low velocities and small in absolute value
gravitational potentials.
4. It is generally accepted that the speed of gravitational interaction in a vacuum is equal to the speed
of electromagnetic interaction (the speed of light). There is no reason for this.
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Consequences.
1. The disintegration of the cosmological singularity could lead to an increase in the mass of the
universe.
2. The temporary "potential" barrier "isolating" the black hole from the outside world is not infinite,
i.e., the Schwarzschild black hole is not an absolutely black body.
3. It is possible to admit a change in the world constants (ratio G / c2) near an object of large mass.
4. You can "look" inside the Schwarzschild black hole.
5. Time dilation is possible when approaching along the time axis to the beginning of the Universe (to
the singularity) with maximally curved space.
6. Near singularities and at the early stage of the evolution of the Universe, the fundamental constant
(invariant) can be considered not c, but the ratio G / c2.
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