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The cardinal difference between relativistic gravithermodynamics (RGTD) and general relativity (GR) is that in
RGTD the extranuclear thermodynamic characteristics of matter are used in the tensor of energy-momentum to describe
only its quasi-equilibrium motion. For the description of the inertial motion in RGTD only the hypothetical intranuclear
gravithermodynamic characteristics of matter are used. Exactly this fact allows avoid the necessity of nonbarionic dark
matter in the Universe in principle. Evolutionary self-contraction of microobjects of lower layers of
gravithermodynamically bonded matter outpaces the similar self-contraction of its upper layers. This is the exact reason
of the curvature of intrinsic space of matter. That is why gravitational field itself should be primarily considered as the
field of spatial inhomogeneity of evolutionary decreasing of the size of matter microobjects in the background
Euclidean space of expanding Universe. In correspondence to this the gravitational field itself is the field of spatial
inhomogeneity of gravithermodynamic state of dense matter of compact astronomical objects, as well as of strongly
rarefied gas-dust matter of space vacuum. And, therefore, the gravitational field fundamentally cannot exist without
matter. That is why it is not an independent form of matter. It is shown that equations of the gravitational field of GR
should be considered as equations of spatially inhomogeneous gravithermodynamic state of only utterly cooled down
matter. This matter can only be the hypothetical substances such as ideal gas, ideal liquid and the matter of absolutely
solid body. The real matter will be inevitably cooling down for infinite time and never will reach the state that is
described by the equations of gravitational field of the GR. Only conditional identity of inertial mass of moving matter
to its gravitational mass only by gravity-quantum clock, which is located in the point, from which the matter started its
inertial motion, and due to the usage of corrected value of gravitational constant in its pseudo-centric intrinsic frame of
reference of spatial coordinates and time, is justified. This is related to the equivalence of inertial mass of matter to the
Hamiltonian of its inert free energy, while the gravitational mass of matter is equivalent to the Lagrangian of its
ordinary internal energy. It was proved that total energy of matter of inertially moving body is equal in all global
gravithermodynamic frames of references of spatial coordinates and time (GT-FR) that are also inertially moving
relatively to matter. The temporal invariance of not only the momentum but also of Lagrangian of ordinary internal
energy and of equivalent to it gravitational mass of matter is justified. And that is precisely why there is the temporal
invariance and a conformal Lorentz-invariance of thermodynamic potentials and parameters in examined modification
of transformations of the special theory of relativity (SR). Conformal relativistic transformations of increments of
metrical spatial segments and metrical temporal intervals (instead of increments of coordinates and coordinate time of
SR) were received. Exactly this fact allows avoid not only the twins paradox when twins are inertially moving but also
the necessity of the dark energy in the Universe. It is also shown that the tensor of energy-momentum of matter (right

side of the gravitational field equation) should be formed not being based on external thermodynamic parameters, but
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being based exactly on the intranuclear gravithermodynamic parameters. In this case the observed motion of
astronomical objects of the galaxies is provided at arbitrary small density of mass of the matter on their periphery and,
consequently, the presence of dark non-baryonic matter in the Universe is unnecessary. Of course, bodies free fall in
gravitational field is an original realization of their tendency to increase the evolutionary self-contraction of
microobjects of their matter, and the realization of the tendency of the whole gravitationally bonded inhomogeneous
matter to the minimum of the integral values of its inert free energy and thermodynamic Gibbs free energy. Bodies that
fall accelerate independently in spatially inhomogeneous medium of the outer space or atmosphere. Such bodies
transform their continuously released intra-atomic energy into kinetic energy. It is shown that in case of bodies’ free fall
the gravitational deceleration of the rate of their intrinsic time is completely compensated by the motion due to isotropic
all-round conformal gauge self-contraction of the size of falling bodies in the background Euclidean space of the
Universe. Clocks that fall free are inertially moving and, therefore, continue to count time at the same rate as when they
were in the state of rest. Similarly, the rate of time of astronomical body is not changed in the process of its motion in
elliptical orbit. The dilatation of intrinsic time of distant galaxies is also absent, which points on the fact that
Etherington identity does not correspond to reality. The fact that Hubble’s redshift is linearly dependent on transversal
comoving distance instead of luminosity distance is justified. It is shown that mentioned above fact corresponds to
astronomical observations. According to this the presence of dark energy in the Universe is also unnecessary. For the
collective gravithermodynamic Gibbs microstates the connection between all thermodynamic potentials and parameters
of matter have been found. This connection is realized with the help of several wave functions that can take arbitrary
values with certain probability. The quantum equation of gravitational field have been found, the solutions of which set
the spatial distribution of gravitational radius of matter in its every new gravithermodynamic state with the polynomial
function with the next more high degree. The indicator of the degree of this function of continuously cooling down
matter can successively take only integer and semi-integer values. That is why the process of cooling down of the
whole RGTD-bonded matter is the quantum process that is caused by its spontaneous transition to the polynomial
function with more high value of degree and, therefore, to the next quantum collective state.

Keywords: gravithermodynamics, thermodynamics, gravity, gravitation, GR, SR, vacuum, inert free energy, Gibbs
free energy, field, evolutionary and gravitational conformal gauge self-deformation, all-round isotropic conformal
gauge self-contraction of moving matter, collective space-time microstate, Gibbs microstate, Lorentz conformal

transformations, the principle of unobservability of the kinematic and gravitational self-contraction of the size of
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But, it is similar to a building, one wing
of which is made of fine marble (left part
of the equation), but the other wing of
which is built of low grade wood (right
side of equation). The phenomenological
representation of matter is, in fact, only a
crude substitute for a representation
which would correspond to all known
properties of matter.

Albert Einstein (Physics and reality)
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Preamble (from the author)

Recently besides the epochal misunderstandings such as “Big Bang” of the Universe and “black
holes” the two more not less significant misunderstandings appeared: “nonbarionic dark matter” and
“dark energy”. This clearly testifies the presence of protracted crisis in theoretical physics. It
gradually becomes the simple handicraft industry instead of creative reflection of reality. The gaps

that were found in very harmonic constructs of special (SR) and general (GR) relativities are started



to be hushed up or “patched” via the introduction of new material entities (Kantian “things-in-
themselves”) instead of reconsidering the physical entities of those theories themselves.

This crisis started right after the discovery of possibility to construct the relativistic theory of
thermodynamics alternative to the theory of Planck-Hasenohrl by Heinrich Ott [Ott, 1963: 70] and
independently from him by Heinrich Arsels [Arzelies, 1966]. Due to heavy debates on this question
H. Arsels told about the “modern crisis of thermodynamics” (and not of SR). However the majority
of physicists came to the conclusion about relativistic invariance of thermodynamics. And it is so
indeed. Despite the principal possibility of relativistic dilatation of the intrinsic time of matter the
matter that only inertially moves in the gravitational field is not affected in principle by this
dilatation of intrinsic time. And it is guaranteed by more complex Lorentz-conformal relativistic
transformations of increments of spatial coordinates and time. These are why the tensor of energy-
momentum being based on the thermodynamic parameters and characteristics of matter can be
formed only in frames of references of coordinates and time that is comoving with continuous
matter. Unfortunately, the folk wisdom “the simplicity is worse than a theft” has been replaced in
modern physics with the statement “everything genius can be only simple”.

The legitimacy of usage in the tensor of energy-momentum of continuous matter of extranuclear
(thus thermodynamic) parameters and characteristics instead of intranuclear was substantiated by
Richard Tolman [Tolman, 1969], who proved the mutual consistency (correlation) of extranuclear
and intranuclear parameters and characteristics of matter. In the quasi-equilibrium state of matter
the product of absolute temperature, that characterizes the intensity of extranuclear thermodynamic
processes, and coordinate velocity of light, that characterizes the intranuclear state of matter, is the
spatially homogenous magnitude. However, such correlation is absent for the non-continuous
matter of the galaxies and that is why the tensor of energy-momentum of non-continuous matter of
the galaxy should be formed only based on relativistically non-invariant intranuclear parameters and
characteristics of matter. It was for a reason that Albert Einstein himself had doubts that universal
structure of tensor of energy-momentum is possible and compared it with the low quality timber in
comparison to metrical tensor, which he compared with elegant marble.

All these misunderstandings are caused by a distorted physical interpretation of the theory of
relativity itself and by the not deep enough understanding of physical essence of different forms of
such main physical concepts as space and time and also by the not having knowledge about physical
processes hidden behind the mathematical model of space-time continuum (STC). Both the revealed
by Henri Poincaré physical nature of the curvature of intrinsic space of matter and the revealed by
Hermann Weyl possibility of non-observable in principle in people’s world gauge deformation of
matter on the level of its microobjects and, consequently, of corresponding to it STC are de facto

ignored. Moreover, not all people understand the united nation of thermodynamic and gravitational
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properties of matter, according to which the equations of gravitational field of GR are the equations
of spatially inhomogeneous gravithermodynamic state of gauge evolving matter. The neglecting of
the principal unrealizability of singularities in GR (taking into account the correspondence of zero
value of velocity of light only to infinitely large values of absolute temperature and pressure), as
well as the neglecting of possibility of self-organization by matter and antimatter of mirror
symmetric configuration of intrinsic space, are responsible not only for the replacement of ultra
massive hollow neutron stars by “black holes”, but also for the non-understanding of the nature of
ultra high luminosity of quasars and supernovas. Non-perception of the fact that the Universe
cannot be homogeneous in principle in intrinsic STCs of astronomical objects and the false identity
(paralogism) of Etherington (that is based on the imaginary dilatation of intrinsic time of inertially
moving far galaxies) are responsible for the fictive necessity of phantom “dark energy” in the
Universe. Non-understanding of the fact that tensor of energy-momentum should be formed not
being based on the external thermodynamic characteristics, but namely being based on the
intranuclear gravithermodynamic characteristics of non-continuous matter, is responsible for the
fictive necessity of phantom “non-baryonic dark matter” in the Universe. The scientific research
made by author, results of which are described in the proposed for consideration work, is dedicated

to the justification of everything mentioned above.

Introduction

Clausius's Hypothesis about opportunity of the heat death of the Universe (1865) and also the
misconceptions about non-invariance of thermodynamics equations to relativistic transformations led to
false conclusion that methods of thermodynamics cannot be applied to the analysis of evolutional
processes in megaworld. It is known now that the Universe cannot cool down at any as long as possible
finite time period. Self-organization of spatially inhomogeneous thermodynamic states and gravitational
fields that correspond to those states prevent matter from complete cooling down. The thing that
prevents unlimited growth of entropy in the Universe is the self-organization of different structural
formations, the complexity of which grows with every new hierarchy level of self-organization of
natural objects that form them. Relativistic generalization of thermodynamics with the invariant absolute
temperature is currently considered as the most acceptable generalization [ Van Kampen, 1968; Bazarov,
1964; 1991].

Thermodynamics was already used in this or that manner for analysis of the processes of
formation of megascopic Universe objects [Antonov, 1962; Lynden-Bell & Kalnajs, 1972;
Polyachenko & Fridman, 1976; 1984; Saslaw, 1968; 1969; 1970; 1985; Binney & Tremaine, 1987].
The main researches that should be highlighted: researches on gravitational plasma [Finney &

Tremaine, 1987; Binney, 1993], researches based on the kinetic theory of rarefied gas [Zhdanov &
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Roldugin, 1998], and also the theory of spatio-temporal evolution of nonequilibrium thermodynamic
systems [Olemskoy & Koplyk, 1995]. Recently, being based on the analysis of self-organization
processes in nonequilibrium systems [Prigogine & Nicolis, 1977; Prigogine, 1985] and on the more
wide usage of the methods of statistical physics, thermodynamics of self-gravitating systems
achieved the quite significant success [Chavanis, 2002; 2005; Katz, 2003]. However thermodynamic
and gravitational descriptions of the self-organization processes of Universe astronomical objects
are still not naturally merged. Some authors [Gogberashvili & Kanatchikov, 2010] still continue the
search for more weighty purely thermodynamic causes that are responsible for the curvature as well
as for the physical inhomogeneity of intrinsic spaces of matter. Another authors [Jacobson, 1995;
Verlinde, 2010] identify the gravity force with entropic force® not only based on thermodynamics,
but also based on extraordinary properties of unreal “black holes™ (in astronomical observations
the objects that are considered as “black holes” are indeed very massive neutron stars that have the
topology of hollow body in background Euclidean space [Zeldovich & Grischuk, 1988] as well as
mirror symmetry of intrinsic space). But, of course, gravity can be justified by just the self-
organization (by the whole gravithermodynamically bonded matter) of spatially inhomogeneous
gravithermodynamic states with gravitational outrunning of evolutionary self-contraction of
microobjets of matter in the bowels of astronomical objects [Poincaré, 1892; 1902; Sawyer, 1955].
And this is fundamentally possible due to the fact that the whole matter reaches the minimum of
integral value of not only extra-nuclear Gibbs free energy, but also of intranuclear inert free energy.
Therefore, phenomenological justification of the united nature of thermodynamic and gravitational
properties of the matter [Danylchenko, 2008: 19; 2008a; 2009: 75; 2009a; 2010: 64; 2010a: 38;
2020: 5] is very important for the studying of megascopic astronomical objects and global processes
in the Universe.

Thermodynamic states of matter, examined in General Relativity (GR), are self-inducted by matter

spatially inhomogeneous states of this matter. This fact is caused by the presence of gravitational field in

? The gravitational pseudo-force that does not perform any work is caused by the non-conservation of the momentum in
physically inhomogeneous space. Moments of virtual microobjects (quanta of energy), which are the objects of transfer
between mutually interacting real microobjects, are increased in the process of their propagation to the gravitational
attraction center and, vice versa, are decreased in the process of their propagation in the opposite direction.

* The impossibility of collapse of matter under the Schwarzschild sphere is quite obvious. In any moment of intrinsic
time of matter it belongs only to infinitely far cosmological future and its radius in background Euclidean space is equal
to zero [Danylchenko, 2004: 33; 2005b: 95; 2008: 45]. And it is related to the fact that the simultaneity of events that
take place in different points in cosmological time (but are simultaneous in SF of observer) is not fulfilled. According to
mutual solution of equations of gravitational field of GR and equations of thermodynamics [Danylchenko, 2005b;
2008: 4] the tendency of coordinate velocity of light to zero is possible only when pressure and temperature tend to
infinity. And, consequently, the real singular surface, on which coordinate velocity of light is very close to zero, can be
only median surface. And it should separate external matter from internal antimatter. In internal space of hollow
astronomical body the phenomenon of contraction of internal “Universe” takes place instead of the phenomenon of
Universe expansion. And it means that in the internal space of hollow astronomical body the correspondent to
antimatter divergent spiral-wave formation (and not the convergent, as in external space) should be placed. Due to the



matter: Gravitational field is the cause of spatial inhomogeneity of rates of intra-atomic physical
processes in matter and, therefore, it inducts not only the curvature, but also physical inhomogeneity of
intrinsic space of matter [Danylchenko, 1994a; 2004: 33; 2008b: 45]. In rigid frames of reference of
time and spatial coordinates (FR) this physical inhomogeneity of the space is in the mutual inequality of

values of such hidden thermodynamic property of the matter as coordinate-like velocity v, of light in

different points of this space [Mdller, 1972].

The equations of GR gravitational field should be considered as just the equations of spatially
inhomogeneous thermodynamic state of utterly cooled down matter. Such matter can be represented
only by hypothetical substances such as ideal gas, ideal liquid and matter of absolutely rigid body. Real
matter is doomed to cool down infinitely long without reaching the state that is described by the
equations of GR gravitational field. This state of gradual quasi-homogeneous cooling down is described
by considered here modified tensor equations of GR — equations of relativistic gravithermodynamics
(RGTD).

Increasing of coordinate-like velocity of light during the distancing from compact matter of
astronomical body can be the consequence of gradual change of thermodynamic parameters of the
atmosphere and the outer space that surround this body. In this case spatial distributions of coordinate-
like velocity of light, which are set by gravitational field, strictly correspond to concrete spatially
inhomogeneous thermodynamic states of matter. Adding of the third independent parameter —
coordinate-like velocity of light to any of two mutually independent thermodynamic parameters in GR
guarantees only conventional consistency of this theory with objective reality. Indeed, the solutions of
equations of gravitational field for any cluster of gravitationally-bounded matter are always examined in
conventionally empty Universe. However, the Universe is not empty and, as united solution of
equations of gravitational field and equations of thermodynamics for ideal liquid shows [Danylchenko,
2005b; 2008: 4], values of coordinate-like velocity of light are not vacuum values, but gravi-baric
values. They are determined by the values of thermodynamic parameters of ideal liquid accurate to
gauge coefficient. Only this coefficient can be considered as pseudovacuum value of coordinate-like
velocity of light. In the case of presence of both mechanical and thermal equilibriums in ideal liquid this
pseudovacuum value of coordinate-like velocity of light is the same within the whole liquid, which self-
organized its spatially inhomogeneous equilibrium state and gravitational field that corresponds to this
state [Danylchenko, 2005b; 2008: 4]. This fact allows us to consider this vacuum value as gauge
parameter, that interconnects spatial and temporal metrics and cannot be observed in gravity-quantum

intrinsic FRs (GQ-FRs) of matter and in people’s world FR in principle.

fact that minimal Schwarzschild radius can take quite large values the mass of hollow neutron stars can be arbitrary
large.



1. Gravitational nature of the pressure in ideal gas and in conventional emptiness

The space of the Universe is infinite in a comoving FR in expanding Universe (CFREU). In GQ-FR
the whole space of the Universe is inside the sphere of pseudo horizon of events® (events on this pseudo
horizon belong to infinitely far cosmological past) [Danylchenko, 2004: 33; 2005; 2005a: 95; 2008b:
45]. Therefore in GQ-FR the volume of the whole Universe ¥, fundamentally can be finite. Although
even infinitely far objects of CFREU are observed in this Universe, the infinitely large number of its
astronomical objects is beyond the limits of space-time continuum (STC) of gravithermodynamically
bonded matter. And therefore, according to the equation of the state of ideal gas, the pressure in GQ-FR

cannot take not only infinitely large values, but also zero values: p,>RT/V,, . Taking into account the

fact, that not the absolute, but relative measurements of pressure are performed by all devices:

DP=Pyu—Pumn» the equation of mechanical equilibrium of matter in gravitational field should be as

follows:

dp_ 2 \ cv
E_ (;ugroc +p+pel dr 2b dr’

dlnv,, (U’ +p+p,)db

where: b=V’ /c*, p,>p,... is arbitrary small but still finite value of pressure on the surface of
compact physical body that is located in conventionally empty space; ygm:,uoob"” * and ,, are

the densities of gravitational rest mass of matter and of eigenvalue of its mass correspondingly;

v., — coordinate velocity of light GR [Moller, 1972]; ¢ — constant of velocity of light (really

cv

metrical values of pseudo-vacuum velocity of light).

Then even in the case of zero density of the mass () the radial distribution of pressure in
conventionally empty space that surrounds the body formally strictly corresponds to the radial
distribution of coordinate velocity of light of GR in this space:

I
dp__, dnve,_ p.db p=p.| 1=tn| Yo [ Ep | 1=t 2 ||, (1)
dr dr 2bdr % 2 \b

The tendency of coordinate velocity of light to zero while approaching the fictive singular surface

of pseudo horizon of events corresponds to the tendency of pressure to infinity in the same way as it
takes place while approaching the real singular surface that separates external matter from internal
antimatter in ultra massive neutron stars [Danylchenko, 2004: 33; 2005; 2005b; 2008: 4; 2008: 19;
2008a; 2008b: 45].

> In equations of gravitational field of GR and RGTD, in contrast to standard cosmology, not the path-like but
coordinate time (which can be infinitely big in the past and in the future) is used. That is why the pseudo horizon of
events that covers the whole infinite background Euclidean space belongs (in contrast to the real Rindler event horizon)
at any moment of intrinsic time of observer only to infinitely far cosmological past [Danylchenko, 2004: 33; 2005b: 95;
2008: 45]. This is related to the relativistic non-fulfillment of simultaneity of events (that happen in different places) in
cosmological time, but simultaneous in SF of observer.



And this, of course, confirms the possibility to use the gradient of pressure in matter and in outer
space as the gradient of gravitational field. The pressure in matter and in outer space, which is not
caused by electromagnetic interaction of molecules, has namely the gravitational nature.

Conventionally empty space that surrounds such compact matter of The Universe has really never
been empty and never will be completely empty. Even the highest cosmic vacuum should be considered
as very rarefied gas-dust “incoherent matter”, which obey the thermodynamic laws the same as ideal gas
of non-interacting molecules’.

That is why radial distribution of pressure that is set by (1) dependency indeed should correspond
not to hypothetical absolute emptiness, but to rarefied gas-dust matter of the outer space that surrounds

the compact astronomical body.

2. Maximal possible velocity of matter

The limitation of the velocity of physical bodies is indeed exists in such rarefied gas-dust matter.
However, this limitation is not related to the velocity of light in the matter or in hypothetic absolute
vacuum. In airspace, as well as in dense matter, the charged micro objects (protons) can propagate faster
than the velocity of light. That is confirmed by the origination of the radiation, found by Cherenkov, in
this case. On the other hand, hypothetical frequency of intranuclear interaction (alternative to the
pseudo-vacuum velocity of light of GR) decreases while approaching the gravitational attraction center
unlike the real frequency of electromagnetic interaction in matter, which increases. This is in a good
correspondence with the fact that thermodynamic and gravity-evolutionary processes have opposite
directions and is related to the fact that frequency of electromagnetic interaction in matter is greater
when the temperature of the matter is greater. Due to the same reason the physical processes flow faster
not on the surface but in hotter bowels of the astronomical objects despite the gravitational slowing
down is predicted by GR for those processes.

The reason for limitation of velocity of physical bodies is indeed the nature of matter movement in
the space. Physical vacuum is not carried away by physical body. Matter is only the non-mechanic
excitement of physical vacuum (space-time modulations of its physical characteristics). Therefore, the
perception of high-frequency discrete movement of the body in the space as the continuous motion is
similar to cinematographic perception of discrete change of image frame. The limitation of body
velocity can be related to the fact that it is impossible to reach infinitely high frequency of discrete
change of Gibbs collective thermodynamic microstate (quantum «hologram») of the whole its RGTD-
bonded matter and to the fact that it is impossible to reach the zero value of the length of spatial step

shift (quantum micromovement) of the body. This frequency and this micromovement are de facto the

% Such “incoherent matter” (in a form of e.g. lonely atom), of course, can interact with the cloud of coherent virtual
microobjects in the gravitational field of coherent matter that form collective Gibbs thermodynamic microstates.
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de Brogile frequency v, and wave length A, of the moving body. That is why instead of denying the
possibility of moving body to overcome the velocity of light we should state the principal impossibility

to reach the extremely big velocity v, =4/vv, =v,_ . , that corresponds to the tending of v, to infinity,
and tending of A4, =v, /v, to zero, when phase velocity of de Brogile wave propagation v, reaches its

minimal value, equal to maximal possible group velocity v, of the whole matter of the body

ax

( vB min :Vmax EVl Evcv ) .

3. Physical essence of gravitational field

Purely gravitational nature of the pressure in ideal gas and also the tendency of coordinate velocity
of light (and of equivalent to it maximal possible velocity of objects) to zero value only when pressure
tends to infinity is in a good correspondence with the spiral-wave nature of matter [Danylchenko, 2004:
33; 2004a: 44; 2008b: 45; 2014: 21]. Pressure in matter in the outer space as well as the gradient of the
strength of gravitational field increase with the increasing of density of turns of spiral-wave modulation
of dielectric and magnetic permeability of physical vacuum. Spiral wave turns approach the physical
body with the de Broglie frequency. With each turn that runs over the correspondent to body spiral-
wave formation the center of mass of the body can discretely change its position in space. The body
itself (correspondent to it spiral-wave formation) is gradually self-shrinkage in CFREU on the level of
microobjects of its matter (terminal outlets of the turns of the common spiral-wave formation of the
Universe). Exactly this fundamentally non-observable self-contraction of matter is responsible for the
expansion of the Universe in the FR of people’s world.

There is a thermodynamic quasi-equilibrium between gravitationally self-contracted compact matter
and surrounding it arbitrary rarefied matter of the outer space. Therefore, pseudo-vacuum value of the
hypothetical coordinate velocity of light in this rarefied liquid matter cannot differ from pseudo-vacuum
value of the coordinate velocity of light in the space filled in by compact matter. And, consequently, this
value should be the same in the whole Universe space, filled by gaseous and liquid matter. Thus,
coordinate velocity of light of GR should indeed be considered not as vacuum velocity but as gravibaric
velocity of light [Danylchenko, 2005b; 2008: 4; 2009: 75; 2009a; 2010: 64; 2020: 5]. Thus, vacuum
value of the hypothetical coordinate velocity of light, which is a gauge parameter, should be considered
as strictly equal to the constant of the velocity of light ¢ in the whole space, filled in by any gaseous and
simplest liquid matter that is in quasi-equilibrium thermodynamic (thermal and mechanical) state. And
then, due to isotropy of radial distribution of the pressure in such matter we can reach the following
conclusion. The fact that the rates of coordinate (gravity-quantum) time of the homogeneous matter
differ in the points of matter, where values of gravitational potential are different, is caused only by

inequality of the pressure and other thermodynamic parameters of this gaseous or liquid matter, which
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fills the whole space, in those points. And, therefore, all such homogeneous matter is not only in the
state of mechanical and thermal equilibrium, but also on the same stage of evolutional decreasing of the
level of improper value of its intranuclear energy. Of course, the closer is the matter to gravitational
attraction center the smaller is its value of limit velocity of its motion (alternative to gravibaric
coordinate velocity of light in partially modernized GR [Danylchenko, 2005b; 2008: 4; 2020: 5]) and,
therefore, the smaller is its inert free energy and the smaller is the size of its microobjects in background
Euclidean space of CFREU. However, this spatial inhomogeneity of evolutionary-gravitational self-
shrinkage of matter in CFREU strictly corresponds to the spatial inhomogeneity of its thermodynamic
state. And that is why all effects that take place in such gaseous or liquid matter and that are considered
as gravitational are indeed purely thermodynamic.

Anisotropy of radial distribution of the pressure in matter is the characteristic for solid matter. That
is why solid matter and liquid matter, located above the world Ocean level, are on the certain stage of
lagging of evolutionary-gravitational decreasing of the level of improper value of its intranuclear
energy. The water of world Ocean is also on the certain stage of lagging of this process since it covers
the rigid body. However, gravitational reduction of the level of improper value of its intranuclear energy
is in advance of the similar reduction for the objects that are above the world Ocean level. It means that
gravitational field is the field of non-equal (spatially inhomogeneous) advance of evolutional decreasing
of improper value of intranuclear energy of solid and any liquid matter. And such advance for solid and
liquid matter cannot be smaller that the advance of evolutionary reduction of improper value of
intranuclear energy of gaseous matter that is in contact with it. Thus, the stepped layer-by-layer
realization of gravitational advance of evolutionary reduction of improper value of intranuclear energy
of multilayer inhomogeneous matter takes place. The overall gravitational advance of evolutionary self-
shrinkage of the whole upper layer of grvithermodynamically bonded gaseous matter is de facto
increasing due to advancing evolutionary-gravitational self-shrinkage of solid body covered by this
matter. Moreover, radial gradient of the real velocity of light in such gaseous matter can be significantly
smaller than the gradient of conventional gravithermobaric velocity of light. And this, of course, can
significantly reduce the blurring of spectral lines of radiation of such photospheric gaseous matter of
stars.

In correspondence with all this, significant gravithermodynamic redshift of emission radiation
spectrum can take place only for astronomical objects with a solid photosphere, as well as for liquid and
gaseous astronomical objects, which have solid nucleus or are in non-equilibrium thermodynamic states.
And, of course, gravithermodynamic redshift of radiation spectrum is the consequence of advance of
evolutionary reduction of the intranuclear energy of lower layers of matter (the consequence of lagging
of evolutional decreasing of intranuclear energy of radiating matter). Frequencies of emission radiations

are determined only by the differences between energy atomic levels, values of which are not changed
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in atoms at quasi-equilibrium thermodynamic processes. Radial changes of matter RGTD-parameters,
when liquid or gaseous matter is in hypothetical equilibrium thermodynamic state, lead to the change of
only the frequency of quantum interactions in atomic nuclei. And it is not accompanied by redshift of its
spatially homogeneous emission radiation and by widening of spectral lines of that emission radiation.
Due to all mentioned above the introduction of the count of unified thermodynamic time in
atmospheric layer of the Earth instead of the counts of coordinate (gravity-quantum) times (time rates of
which are decreasing while approaching the gravitational attraction center) does not break the general

covariance of equations and laws of physics.

4. Thermodynamic nature of the majority of gravitational effects

Analysis of solutions of the equations of GR gravitational field [Danylchenko, 2005b; 2008:
4; 2008: 19; 2008a] specifies the thermodynamic nature of majority of gravitational effects. All
gravitational phenomena, except the phenomenon of curvature of intrinsic space of matter, are
strictly thermodynamic in fact. For example, the fact that bodies, more dense than surrounding
medium, tend to the gravitational attraction center, as well as the fact that bodies, less dense than
surrounding medium, tend from the gravitational attraction center, is caused by the fact that the
whole system (which consists from all bodies and the medium surrounding them) tends to the
state of the minimum of the integral value of their thermodynamic enthalpy [Danylchenko,
2005b; 2008: 4]. In the case of presence of heat exchange integral value of thermodynamic Gibbs
free energy also tends to minimum [Danylchenko, 2009: 75; 2009a; 2010: 64; 2010a: 38; 2020:
5], while integral value of entropy of all matter in the Universe tends to maximum. From the other
hand, the pressure in ideal gas and in any other “incoherent matter” is not caused by
intermolecular electromagnetic interaction and, consequently, this pressure itself has purely
gravitational nature. And, therefore, physical phenomena and properties of matter, which are
examined by thermodynamics and theories of gravity in a different phenomenological way, are
based on the same fundamental nature of matter micro-objects (elementary pseudo-particles)
[Danylchenko, 2004: 33; 2004a: 44; 2008b: 45].

In classical physics potential energy of gravitational field was considered as something
external for the matter, while in GR potential energy is contained in matter itself. Indeed, free fall
of the body is an inertial motion. Released potential energy of intranuclear bonds and intranuclear
interactions in the atoms cores of matter of falling body together with the energies of nucleons
that form these atoms transform into kinetic energy of body motion. And the excessive level of
evolutionary lost intranuclear energy of matter, in fact, decreases. As it follows from united
solutions of equations of gravitational field and thermodynamics equations [Danylchenko, 2004a:

44, 2005b; 2008: 4; 2009a; 2020: 5], all characteristics that determine gravitational properties of
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matter and phenomenon of Universe expansion are also contained in matter itself and cannot be
considered as something external for the matter.

The change of collective spatial-temporal state of the whole gravithermodynamically bonded
matter takes place simultaneously in its intrinsic time and in all points of its intrinsic space. That is
why the rates of all physical processes in intrinsic STC of gravithermodynamically bond matter
should be determined only by its thermodynamic parameters and should not directly depend on
spatially inhomogeneous rate of coordinate (gravity-quantum) time. Their rates will be non-equal
only in cosmological time, rate of which in intrinsic time of matter is decreasing while approaching

the gravitational attraction center.

5. Gravithermodynamic FR of people’s world

In classical thermodynamics all intensive thermodynamic parameters of matter are determined via
measuring of extensive parameters (which depend on those intensive parameters) of matter itself or
matter of measuring instruments that are in thermal equilibrium with this matter. For example, the main
method of temperature measuring is in the measuring of volume occupied by thermometer liquid.
Pressure is determined via measuring of elastic deformation (caused by this pressure) of any element of
recording instrument. Deformation and volume are both extensive parameters. This makes closed
system of the pairs of mutually complementary intensive and extensive matter parameters self-
consistent and guarantees invariance of intensive thermodynamic parameters to time transformations.
And, thus, there is not only temporal invariance, but also Lorentz-invariance of used in thermodynamics
proper values of intensive and extensive characteristics of matter. And it is similar to the principal
invariance of the value of velocity of light by the intrinsic clock in the point of its dislocation and to the
principal invariance of Hubble constant’. The majority of measurings of physical characteristics in FR
of people’s world is purely relative. They are strictly bonded not only to intrinsic clock, but also to other
intrinsic instruments of operator who performs measurement. And, therefore, the influence of the
instrument on the measurement result takes place not only in quantum, but also in classic physics. In
contrast to microworld, in the macroworld the measurement results are only strictly determined.

And, therefore, invariant values of thermodynamic parameters and characteristics of motionless
matter, which are used in classical thermodynamics, are self-sufficient and don’t need to be a member
of any FR. They can be members only of certain tracking system: system that tracks changes of
thermodynamic parameters and characteristics of matter. And, from the other hand, global FR can be

formed based on this tracking system. The presence of phenomena, for which frequency of their

" In an comoving FR in expanding Universe the change of velocity of light is proportional to the change of the size of
length standard and , therefore, proportional to the velocity of evolutional motion of matter to the center of its self-
contraction. The velocity of evolutional motion of the matter obeys the Hubble law in this FR. All this guarantees the
principal invariance of not only intrinsic value of velocity of light, but also Hubble constant in people’s world FR.
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elementary acts depends only on absolute temperature, is necessary for this global
gravithermodynamic FR (GT-FR) to be non-artificial in nature. Then, the scale of absolute
temperature can be linearly calibrated based on this frequency. The clock, using which the rates of
coordinate (gravity-quantum) times can be compared and dependences of these rates on parameters of
thermodynamic states of these matters can be analyzed, can be realized based on this phenomenon.
And such phenomenon exists: dependence (obtained by Wien) of electromagnetic wave
frequency, which corresponds to the maximum of spectral density of equilibrium thermal radiation,
only on absolute temperature and proportionality of this frequency to absolute temperature:
V.=(ak/h)T , where k is Boltzmann constant, / 1s the Planck constant, o is the root of the equation:
a/5=l-exp(-a). Therefore, united thermodynamic time is used in people world in fact, instead of
gravity-quantum time, rate of which is not similar for different matters and depends on their
gravithermodynamic states. Quantum processes in etalon matters can only be used for the counting of
this time due to the stability of their rate in this matter when temperature 7" and pressure p remain

unchanged. Thermodynamically invariant atomic characteristics — differences between energy levels

AE, in atoms and frequencies of emission radiation v, = AE, /h corresponding to them also can be

used for this time counting. Energy levels are defined by radiuses of allowed orbits of electron shells
in the atom and, similar to intensive thermodynamic parameter, are the characteristic defined by
extensive parameter (radius of allowed orbit) and, therefore, dependent on transformations of spatial
coordinates not time. Therefore, electrons energy and, thus, energy levels in atoms are, similarly to
thermodynamic internal energy of matter U, Lorentz-invariant and does not depend on the level of
inert free energy of nucleons as well as on the gravitational potential (and on hypothetical coordinate
pseudo-vacuum velocity of light that defines this potential). And, thus, it does not depend also on the
rate of coordinate (gravity-quantum) time of matter.

Thus, the wavelength, as well as the frequency of not only thermal, but also emissive radiation, is
determined only by individual properties and thermodynamic parameters of matter. Ant their values do
not depend on the magnitude of gravitational potential in it as well as on the rate of coordinate (gravity-
quantum) time of matter. And this means that real velocity of light in matter is also strictly determined
only by its individual properties and thermodynamic parameters. And it cannot be greater than the limit
velocity of motion of baryonic matter, that is also the function only of the individual properties and
thermodynamic parameters of the same matter. And, therefore, hypothetical coordinate vacuum velocity
of light of GR, is, of course, the nonsense since absolute vacuum fundamentally cannot exist not only in
matter but also in the outer space.

Gravity (similarly to the evolutionary process of Universe expansion) reduces the magnitudes of

radiuses of allowed orbits of electron shells in atom in background Euclidean space of CFREU.
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And, therefore, for astronomical objects (which matter is in the state of gravithermodynamic
equilibrium) the non-Dopplerian (gravitational) blueshift of the wavelength of emissive radiation in
the process of its generation takes place in CFREU instead of the redshift. However, the
gravitational shift of the frequency of emissive radiation is absent in GT-FR since neither the
radiuses of allowed electron orbits in atom nor the real velocity of propagation of interaction in
matter depend on the value of strength of gravitational field on matter and on the spatial distribution
of hypothethical coordinate velocity of light that defines this strength. Moreover, it corresponds to
the accepted in GR concept of fundamental unobservability of gravitational deformation of matter
on the level of its microobjects. And we, of course, should agree with this concept as well as with
the fundamental unobsevability of relativistic deformation of moving matter. Otherwise the general
covariance of equations and laws of physics would not be fulfilled.

Despite this the observability of deformation of the orbits of electron shells in atoms under the
influence of gravitational pressure can take place in GR. However, if we suggest that while
approaching the gravitational attraction center the radiuses of allowed orbits of electron shells are
reduced very insignificantly (at least in photosphere of stars) then the very insignificant decrease of
real velocity of propagation of electromagnetic interaction will compensate the influence of this on
the frequency of emissive radiation. And, then, despite the decreasing of limit velocity of motion of
baryonic matter (alternative to coordinate velocity of light of GR) the frequency of the same
emissive radiation will, obviously, remain the same within the whole photospheric matter that is
located in the spatially inhomogeneous state of equilibrium (in GT-FR, as well as in any GQ-FR).
De facto the “purely gravitational” decreasing and the “purely thermodynamic” increasing of the
frequency of emissive radiation of quasi-equilibrium cooling down matter of non-active stars are
mutually compensated. And, therefore, gravithermodynamic shift of the frequency of this emissive
radiation is absent. It means that widening of spectral lines of emission radiation can be only
Dopplerian — can be caused only by the thermal fluctuations of molecules of the matter. This is
confirmed by the absence of gravitational and thermodynamic blurring of spectral lines of excited
atoms of cold rarefied galaxy medium even when values of their main quantum numbers are
n~1000 (A >20m ) [Sorochenko & Salomonovich, 1987; Gordon & Sorochenko, 2009]8.

And, consequently, the significant non-Doplerian redshift of the spectrum of emissive radiation

can take place only for those astronomical objects (that do not have a solid nucleus) the liquid and

8 Their size, in correspondence to Bohr’s model, reaches 0,1 mm, while the wave length of the line C766a. of carbon is
20 meters. The reason that prevents the existence of more highly excited atoms is the background galactic radio
emission that is propagated throughout the whole Galaxy. The brightness temperature of the background increases with
the wave length increasing. That is why the density of quanta, capable to cause the induced transitions in the atom,
increases with the increasing of the excitement level of the atom 7n. The sections of such transitions increases together
with the increasing of n. As a result, when n value is close to 1000 the life time of the atom on current levels becomes
so short that one cannot distinguish any spectral lines [Sorochenko & Salomonovich, 1987; Gordon & Sorochenko,
2009].
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gaseous homogenous matter of which is in non-equilibrium thermodynamic state. And it will be
determined exactly by the thermodynamic parameters of matter and not by the values of limit
velocity of motion of baryonic matter and of correspondent to it gravitational potential. However in

GR such astronomical objects are not considered at all since density of the hybrid enthalpy is used

instead of density of the ordinary internal energy at rest %/V:ug,,0c2:u00c3/vw (together with

density of the inert free energy at rest E,/V=m,,c’/V=mycv.,/V=p,cv,, ) in the tensor of energy-
momentum (where m,, is the eigenvalue of the mass of one mole of matter; ,=m,/V is the

eigenvalue of density of matter mass).

So, all physical properties of such matter do not depend on gravitational field that is formed by
its intranuclear characteristics. Gravitational field reveals itself in the presence of spatial gradients
of thermodynamic parameters and potentials as well as other known parameters and characteristics
of solid homogenous matter. That is why in RGTD, as well as in classic thermodynamics, it is
enough to use only two independent parameters for the description of spatially inhomogeneous
quasi-equilibrium thermodynamic state of continuous homogeneous matter. Three independent
parameters are used in GR. It is considered that physical properties of the same such matter depend
also on the magnitude of coordinate velocity of light in it when the values of its two thermodynamic
parameters are equal. That is why purely thermodynamic redshift of radiation spectrum in
photospheric layer of solid homogeneous liquid of gaseous matter (that is in the state of
thermodynamic quasi-equilibrium) is considered in GR as gravitational. Though, of course, in
general case it is indeed gravitationally-thermodynamic.

Despite the quite large velocity of motion of Solar system in the Universe (near 370 km/s) the
anisotropy of namely the real velocity of light (and not the conventional coordinate velocity of light
in hypothetical absolute vacuum) is absent in isotropic media. And, therefore, the matter (being
adapted to its velocity of motion) not only reduces its size but also (being conformally-gaugely
deformed [Danylchenko, 1994, 1994a]) sets the anisotropy of its physical properties (and of its
refractive index of radiation [Danylchenko, 2009: 79]) in FR in which it moves. And this means that
relativistic shrinkage of length of moving matter is determined neither by hypothetical coordinate
velocity of light nor by alternative to it limit velocity of matter motion. And since not only the limit
velocity of matter motion defines the magnitude of its relativistic dimensions shrinkage it can be
non-equal in the same point of space for different matters. That is why RGTD suggests the
possibility of inequality of values of gravitational potentials (that are formed based on the limit
velocity of matter motion) on the boundary of media and even phases of the same matter. However
using the correspondent gauge coefficients the non-equal for different matters (and for their phase

states) inranuclear as well as thermodynamic potentials (that are used in logarithmic gravitational
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potential) still can be lead to some unified logarithmic parameter of gravitational potential
(similarly to using of conventional coordinate velocity of light in GR in hypothetical absolute
vacuum, based on which the spatial distribution of logarithmic gravitational potentials is formed).
Such universal parameter can be e.g. the limit velocity of mutual motion of all RGTD-bonded
matters, at which all those matters are still able to form common collective Gibbs
gravithermodynamic microstates.

And this means that logarithmic gravitational potentials can be formed based on some
thermodynamic as well as other physical properties of matter. RGTD admits the usage (as
gravitational potential) of not only the logarithm of limit velocity of matter motion or logarithm of
its Gibbs free energy (that is inversely proportional to this velocity). Gravitational potential can also
be formed in it based on the logarithm of function of internal scale factor of matter [Danylchenko,
2008: 19; 2008a; 2009a; 2020: 5] and of refractive index of its radiation (or of the real velocity of

propagation of radiation in it v, ) on the standard or chosen frequency of correspondent to it
electromagnetic wave. Due to it the purely gravitational redshift of radiation z,=(4,—-4,)/4, can be

determined, being based on the fact that:
k
A=A/ nlA)H(nh/ n:
i=1

where: n,, is the refractive index of the matter of continuous core of astronomical body on the
boundary with the layer (that covers it) of another matter or another phase of the same matter; n,, is
the refractive index of the lower layer of atmosphere (photosphere); n, and n, are the refractive

indexes of intermediate layer of matter on its upper and lower boundaries correspondingly; £ — is

the number of intermediate layers of matter.

6. Inert free energy of matter
Absolute temperature is an intensive parameter that characterizes only the level of thermal

internal energy U(T, p) of matter, which includes also potential energy of interatomic and

intermolecular bonds. Invariance of all thermodynamic parameters and matter characteristics to
time transformation denotes that all of them should be relativistic invariants. Therefore,
temperatures of phase transitions should remain internal properties of moving matter. This means
that the change of thermodynamic parameters and characteristics of matter should have indirect
influence on the change inert free energy of matter. And, therefore, nonchemical internal potential
energy of interatomic and intermolecular bonds can transform into kinetic energy only of chaotic,

but not directed, motion of matter molecules.
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Not the total U=U,+U, and not the ordinary internal energy at rest of matter

but only the inert free energy at rest of matter E,=m, c’=mcv,,

cy

—_T7 — 4. -2 2__ 3
VK]=UO_minOC Ve _mgrOc =My, ¢ v,
can be equivalent to the inertial rest mass m,,. Additive compensation U ,=U-U>0 of

multiplicative representation of internal energy U of matter is spatially homogeneous and,
consequently, does not depend on the strength of gravitational field.

In classical thermodynamics the intranuclear energy considered as one that is not changed in
thermodynamic processes. In fact, it is not true. Part of potential intranuclear energy of gas, which
pressure is adiabatically increasing, transforms into energy of chaotic’ state of its nucleons and
potential energy of stressed state of matter of the vessel that contains this gas [Danylchenko, 2008:
19; 2008a]. The release of intranuclear potential energy, which is reserved in deformed shell of the
vessel that is in stressed state, takes place during the heating of compressed gas. Solid body freely
expands during the process of its heating and the frequency of interaction of its nucleons decreases
[Danylchenko, 2004: 33; 2008: 19; 2008a; 2008b: 45]. Thus, dilation of its gravity-quantum time
takes place in a similar way as it happens during body unfree movement. However, increasing of
thermal energy of the body, which is accompanied by the increasing of his thermal temperature 7, is
only non-significantly compensated by the decreasing of its intranuclear energy due to decreasing

of intranuclear entropy S, '°, which corresponds to one mole of matter, and due to decreasing of
intranuclear temperature 7, . That is why no essential dependence of molar gravitational mass of

matter on thermal component of its internal energy'' can be observed. And it takes place despite the
presence of mutual correlation between inert free energy £ and thermodynamic Gibbs free energy G
of matter. During the cooling down of the body non-significant part of its thermodynamic internal
energy is spent on replenishment of intranuclear inert free energy. The similar decreasing of
frequency of interaction of nucleons and releasing of intranuclear energy that corresponds to it takes

place during the experiments with rotating gyroscope'.

? It is obvious that chaos is inherent to microworld on all hierarchy levels of self-organization of matter microobjects.

' These gravitational parameters, which define the level of intranuclear energy of matter, are conventionally named so
here only due to similarity with thermodynamic parameters, which define the level of molecular internal energy of
matter. However they, the same as used in GR the pseudovacuum coordinate-like velocity of light and intrinsic time of
the matter, can have another physical interpretation that will possibly better correspond to objective reality than
considered here their primitive “thermodynamic” interpretation.

' The fact that mass of the mater does not depend on its thermal internal energy U has been noticed by many physicists
[Tolman, 1969], including Einstein and Infeld: “Mass can be measured on the weights, but can we measure the heat?
Does a piece of iron have bigger weight when it is heated to red-hot that when it is cold as ice? Experiment shows that
no.” [Einstein & Infeld, 1938]. In spite of the extra small (for the bodies of laboratory size) predicted by GR temperature-
like relative change of gravity force, experiments that have an objective to measure temperature-like dependence of
gravity force took place many times. However most of those experiments were not correctly conducted. The most
precise measurements gave paradox results. The decreasing of the mass of heated bodies was observed instead of the
predicted by GR increasing of their mass [Chen & Cook, 1993; Dmitriev, 2005].

2 As experiments show [Hayasaka & Takeuchi, 1989; Faller et al., 1990; Quinn & Picard, 1990], the weight of
gyroscope is not increasing with the increasing of kinetic energy of its rotating rotor (as it could be expected when total
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7. Generalization of RTGD equation
The examined here formalism is the most acceptable for galactic gravitational fields of a big
cluster of astronomical objects that are located in the cosmic vacuum and that are held on their
trajectories of motion only by centrifugal pseudo-forces. For the continuous matter that resists to
gravitational self-contraction due to the presence of internal pressure in it we should also take into
account its thermodynamic properties that are described by the equations of thermodynamics.
Inert free energy of matter should be taken into account in generalized differential equations of

thermodynamics by  means of  multiplicative = parameter = of  direct  action

qy=1,,Nepv,y/c=n, (1+T2T2)"*<n, , which is proportional to the limit value of local group velocity
of matter v, in CFREU and, therefore, proportional to almost identical to it pseudo-vacuum

coordinate-like velocity of light of GR in CFREU (v, =v, ) [Danylchenko, 2004: 33; 2008: 19;

cby
2008a; 2008b: 45; 2020: 5]. These equations should also contain a multiplicative parameter of
reverse action that realizes the negative feedback. Such parameter is obviously the relativistic

(longitudinal) external scale factor':

Ny =N, /Ty=v, /vy =y lemy2c ™ p2, Vi1,
that increases while approaching the gravitational attraction center (and, therefore, while deepening
into cosmological future) and is responsible for the curvature of intrinsic space of matter and

together with ¢, for the presence of spatial inhomogeneity of intranuclear values of temperature

T, ", entropy S, , pressure p, " and pseudo-volume V¥, '°. Here: n, =c/v,,=m,/m, is parameter

energy is equivalent to gravitational mass), but, quite the contrary, is decreasing or is not changed at all. It is obvious
that rotating movement of the matter when the center of mass is motionless is equivalent to its chaotic movement and,
therefore, similar to the thermal motion of the molecules of matter. Therefore observed decreasing of gyroscope weight
is possibly caused by the same reason that causes the decreasing of the weight of heated bodies. And it is obvious that
the reason is in proportionality of gravity force not to Hamiltonian but to Lagrangian of ordinary internal energy of
rotating matter of rotor.

" Due to continuous calibration of longitudinal (radial) standard of length in CFREU by its size in GT-FR on the

surface of the body (dR=dr,) the N,.=l is always on this surface. Due to relativistic non-fulfillment of simultaneity
of events in cosmological time measured in the CFREU and events in GT-FR all intrinsic objects of the body belong to
cosmological future. Due to this and due to the curvature of intrinsic space of the body Np,>1 for all its intrinsic

objects.

' Conventional intranuclear temperature as well as the temperature of world ensemble consists of identical particles
[Gogberashvili & Kanatchikov, 2010], in contrast to thermodynamic temperature, is (similarly to entropy) the really
immeasurable parameter.

' Intranuclear pressure is absent on the surface o the body (NN z=1) and can reach its critical (limit) value
N,.=(-f, /3 )71/2 in infinitely far cosmological future, when intanuclear Helmholtz free energy will be already absent

(F,=0) for the matter.

' Here, the “intranuclear pseudo-volume” is just the distance of intranuclear interaction. When Ny tends to 1, the
intranuclear pressure in non-rigid spherical layers of the atoms and the intranuclear pseudo-volumes (distances of
interaction) of those layers both tend to zero. If anisotropic mater indeed has non-uniform angular distribution of its
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that corresponds to certain matter and that defines the dependence between ¢, and v, , as well as
between other parameters of certain matter; N, =r/R>T, is the transverse external scale factor ", r

and R are radial coordinates of matter in GT-FR and CFREU correspondingly; I'.>1 is relativistic

shrinkage of the length of radial segments of the body in GT-FR that happens due to evolutionary
T N

C

isotropic self-contraction of its matter in CFREU; m . and p,, are not similar for

ers Viers
different phase states of the same matter, as well as for different matters, critical values'™ of
eigenvalue of molar mass of matter, limit velocity of its motion and also of intranuclear temperature
and pressure correspondingly. In correspondence with this, the rate of quantum processes of
intranuclear interaction between nucleons in global GT-FR can be characterized by relative average

statistic value of frequency of this interaction f.=q,N..=n,v,/c=v,/v,,<n, , that is proportional to
the limit value of local group velocity of matter v, in GT-FR (and, therefore, proportional to almost
identical to it pseudo-vacuum coordinate-like velocity of light of GR" in GT-FR v, =v_, N, =,
[Danylchenko, 2004: 33; 2008: 19; 2008a; 2008b: 45; 2020: 5]). Precisely f, , similarly to v, in
GR, is responsible for the presence of gravitational pseudo force® F,, that forces matter for free

fall. And this pseudo force in GR is proportional to the inertial mass m_ , which is equivalent to the

Hamiltonian H=E,(1-v*v.”)"*=m, c’=m, c*(1-v*v.)) *=mycv, (1-v*v.>) *=const(r) of the rest
energy E, of the matter:

dH/v,) . dn, dlom,  dnE, _Hd InW,

Folon=fo— g = Hge =A== dr

r

In RGTD the gravitational pseudo force, in contrast to the pseudo force of inertia, is proportional

not to the Hamiltonian of inert free energy, but to the Lagrangian of ordinary internal energy W, :

weight [Einstein & Infeld, 1938], then external surfaces of non-rigid layers of its atoms can be ellipsoidal and the molar
value of its effective gravitational volume can be proportional to the volume of the sphere with radius that is equal to
the modulus of radius-vector of ellipsoidal surface.

17 External scale factor, similarly to coordinate-like velocity of light, defines only the space-time configuration of self-
organized spatially inhomogeneous state of matter and, similarly to it, does not characterize its properties observed in
people’s world and so is not a RGTD-parameter or characteristic of matter. They are external factors for closed system
of pairs of mutually complementary intensive and extensive RGTD-parameters of matter and, therefore, it is not
possible to measure them in people’s world. Their values can be determined only indirectly and only with the accuracy
limited by gauge coefficient. So not absolute, but their relative values can be determined.

'8 Here, under conventional term “critical values” we consider firstly the values of parameters of the same matter on the
boundary of its phases or aggregate states.

1 Coordinate-like velocity of light is not the characteristics of matter, but the characteristics of the form of its being —
intrinsic space of GTD-bonded matter. Therefore, it cannot be directly used in equations of thermodynamics.
Thermodynamic parameters and characteristics of matter are its self-sufficient properties and do not depend on the
values of coordinate-like velocity of light. This pseudovacuum velocity of light sets only the spatial gradients of their
values. The values themselves are determined by the boundary conditions.

? In GR only the mechanical component of gravitational pseudo-force, which is counterbalanced by the pressure p, is
taken into account while the thermal component of gravitational pseudo-force, which is counterbalanced by the pressure
of thermal radiation, is ignored [Moller, 1972; Danylchenko, 2005b; 2008: 4; 2008: 19; 2008a; 2004: 44].
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[FG]RGTD f dar - dr = dr = dr =L dr where::

Ld(Lfy)__ dinfy_ dinmy, | dInE, | din,

LZVVO(l_vzv/—Z 1/2:mgr02: grOCZ(l_VZVI—Z)l/Z:moo(c3/v/)(1_v2v/—2)l/2:mcrc4v/—2f:g(1_v2v1—2)1/2:mcr(77 2/f )(l V —2 1/2 .
Lagrangian of ordinary internal rest energy of the matter W, the same as Hamiltonian inert free
rest energy of the matter £, is conserved in the process of matter free fall (L=const(r) ), since

thermodynamic state of matter and, consequently, its thermodynamic internal energy are invariable

during that process. Lagrangian of inert free rest energy of the matter £, tends to the minimum (as

befits it) in the process of free fall of matter in the gravitational field. Hamiltonian of ordinary

internal rest energy of matter W, to which the coordinate mass is equivalent in GR [Méller, 1972],

also does not conserve.

According to it, frequency of nucleons intranuclear interaction in GT-FR:

fG REqN mmO/m =E, /EOu (VI/()_SNTN+VNPN)/(VI/()CI SNchNcr+VNcrchr)
is equal to the division of the inertial mass m,, of one mole of matter by the critical value of this
mass m,=E c~, which corresponds to critical equilibrium value W, =m_c*+S, T\..—Vy. Pre OF

the ordinary internal energy. Here:
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and ', are conjugate values of the parameters ¢, , N,, and I, that correspond to the points of

intrinsic space of hollow astronomical body (separated by singular surface from its external space)
where values of Schwarzschild radial coordinates r are the same as in external space.

It is obvious that not only m_ , v,,, T

C

. and p,. ., but also W,

o, are individual parameters
that characterize certain matter and are, possibly, related only to its certain aggregate or phase
state®'.

The greater value of internal energy of matter (that corresponds to gravitational potential) is
taken by the matter only in the state of the rest, when matter comes to thermodynamic equilibrium

with environment. Evolutionary increase of total internal energy of matter in CFREU also

corresponds to the increase of this energy while approaching its the gravitational attraction center.

21 1t is also possible that in case of anisotropic matter those constants have non-equal values for different directions.
Then the value of intranuclear energy of those matters will be dependent on their orientation related to the direction of
gradient of gravitational field or to the motion direction. Such possibility can be taken into account due to results of
experiment where the anisotropy of weight of monocrystal has been revealed [Einstein & Infeld, 1938]. The values of
these constants for each certain matter can be determined by experimental dependencies of the change of intranuclear
energy on the changes of temperature and pressure and, therefore, on the change of the Gibbs free energy.
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But, since in  CFREU: N, =N explH,(t—1,)]=N, /(1+2z), I, =const(7),
Gr=qrexpl-H (t—7))l=q\(1+2) , then: f.=q,,N.,,=q,N,=const(r) and, consequently, in people’s
world FR the evolutional increasing of internal energy cannot be observed in principle. Here: H . is
Hubble constant, that sets the speed of evolutional expansion of the Universe, 7 is cosmological
time, counted in CFREU by metrically homogeneous scale (d7 = dt ), z is Dopplerian redshift of
the wave length of radiation of astronomical object, characteristics of which are being determined.

However in CFREU according to Hubble law both molar internal energy #,, and molar inert free
energy FE, are changed. And, therefore, the also equivalent to it molar inertial mass m,, is

changed™:
Wo=WoN, =W NpexplH (r—1)) FW N /(1+2),
Ey=m, ,¢*=Ey/ N, =(E,/ N, )exp[-H (t—7,)|=(E,/N,)(1+z2) .
Not only the molar inertial mass itself ([1+z] times), but also its concentration in intrinsic space of
the matter ([1+z]’ times) was bigger in that distant time [Danylchenko, 2008: 106]. And it means

»23 can be fictive.

that the need in “dark non-barionic matter
Physical space that is rigidly connected with cooling down body self-contracts not only in
CFREU, but also in intrinsic metric space of the body that has non-rigid intrinsic FR [Danylchenko,
1994: 521:
R=pexpl~(H, +H,)(t-1,)]. r=pexpl-H, (t~1,)].
where: p is radial coordinate, which is counted by rigidly connected with body coordinate grid not
in metric space but in physical space of gradually cooling down body, H, is parameter that

characterizes the speed of observed shrinkage of the dimensions of cooling down body.

And due to EW=mc*=const the following situation will take place. The inert free energy and

corresponding to it inertial mass of the matter will decrease the same number of times as ordinary
internal energy is increased. Gravitational mass will not be increasing proportionally to the
increasing of ordinary internal energy because of the violation of thermodynamic equilibrium
between heated matter and environment. Quite the contrary, it will be decreasing together with
inertial mass since by the intrinsic clock of experimenter these masses should be equal one to

another. This is in a good correspondence with the results of experiments since for the many heated

22 Total energy and momentum are saved only when time and space are homogeneous. The stationarity of the Universe
is required for evolutionary saving of molar inertial mass of the matter. Gradual decreasing of mass of rotating
astronomical bodies in a binary star system was found by Taylor [Taylor et al., 1979] and Hulse, and, possibly, it is not
only evolutionary but also kinematic effect. However, it is mistakenly “connected” with the loss of energy of those
objects that is carried away by principally non-existent gravitational radiation (gravitational waves).

3 As we can see, the fictive need in “dark energy” and “dark non-baryonic matter” in the Universe is directly related to
the phenomenon of Universe expansion in people’s world FR and is caused by not understanding of real causes and
physical essence of this phenomenon.
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metallic bodies the decreasing of their mass is observed [Einstein & Infeld, 1938; Chen & Cook,
1993; Dmitriev, 2005]**. So the correlation of thermodynamic characteristics of matter with its
intranuclear gravithermodynamic characteristics takes place only for homogenous matter that is in
the quasi-equilibrium state and, therefore, in a thermodynamic equilibrium with environment. That
is why the usage of extra-nuclear thermodynamic characteristics of matter instead of intranuclear
characteristics in the equations of gravitational field id fundamentally impossible when there is no
correlation between them.

The presence of correlation between them in quasi-equilibrium state of matter is found by

Tolman [Tolman, 1969] in a form of spatial homogeneity of parameter 7,,=1v, /c=const(r). If
coordinate pseudo-vacuum velocity of light v, characterizes the rate of intranuclear gravity-

quantum processes, then the absolute temperature 7 characterizes the rate of extranuclear
thermodynamic processes. And, consequently, in quasi-equilibrium state of matter the slower the
rate of intranuclear processes in it the faster the rate of extranuclear processes. Therefore, together
with gravity-quantum intrinsic time, in which the intrinsic value of pseudo-vacuum velocity of light
c=const(r) is invariant parameter, it is worth to examine the thermodynamic intrinsic time, in
which gravithermodynamic intrinsic value of temperature 7;,=const(r) is invariant within the limits
of all RGTD-bonded homogeneous matter that is in quasi-equilibrium state.

Both inert free energy and Gibbs free energy reach their minimum precisely in the center of
gravity of astronomical body. However, in spite of this, when approaching the center of gravity
coordinate velocity of light tends to its minimum, while the temperature of matter quite the contrary
tends to its maximum. Therefore, the intensive parameters of matter (its temperature and
correspondent to it coordinate velocity of light) are determined by such characteristics of matter as

density of multiplicative component of its Gibbs free energy G, and density of its total internal
energy W,. The curvature of intrinsic space of matter is being determined by density of
multiplicative component of its total internal energy U, =W, (and correspondent to it gravitational
mass) and density of its inert free energy £, (and correspondent to it inert mass).

Spatially inhomogeneous equilibrium RGTD-state of liquid and gaseous matter takes place in

the case of fulfillment of the following: W,=(f;,/ f, W, . In the case of isotropy of radial distribution

** Dependencies of molar mass of the liquid on the pressure and temperature can be determined by putting the liquid
into the vessel under the randomly loaded vertical piston. The change of inert free energy (weight) of the liquid can be
controlled with the help of several pairs of mutually selected by their sensibility load cells that are located above and
under (under the piston) the liquid column and are connected according to the differential “bridge” scheme. Firstly, we
should reach the zero value of many times (“cascadingly”) amplified differential signal from upper and lower load cells
with the help of balancing of the “bridge” in initial thermodynamic state of liquid. Secondly, we should increase the
pressure in the liquid via loading the piston or increase the temperature via isobaric heating of the liquid. In order to
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of physical parameters and characteristics of homogeneous matter of astronomical object it can be
shown in the following way: Wy,=f.(r)W(r)=const(r) . In the case of radial altitudinal multi-layer
distribution of inhomogeneous matter this condition is fulfilled layer by layer, with the break on the

boundaries of two media: Wy, =/cusWisry Hooi=ScWy » Where (k+1) is serial number of the less

dense and, therefore, more distanced from the Galaxy center matter.

In equations of GR gravitational field the hybrid thermodynamic enthalpy H,=E,—pV
(dH ;,=(E,+pV)dInv,, )* is de facto used. This hybrid enthalpy is based on the fact that the density

of internal energy U/V is changed to completely inert free energy g, ,c =gV, c=E,/V .

Equilibrium state of ideal liquid in GR is reached only in case of mutual absence of radial gradients
in intrinsic gravity-quantum time of matter of not only gravithermodynamic eigenvalue of

temperature 7,,=7v./c=const(r), but also of its gravithermodynamic eigenvalue of enthalpy

Hy,=H,v. /c=const(r), and of entropy S = const(r) [Tolman, 1969; Danylchenko, 2008: 4; 2008a;

2020: 5]. These conditions fulfill the more general condition of equilibrium state of liquids and

gases — spatial homogeneity of gravithermodynamic eigenvalue of Gibbs free energy:
G,=(v,,/c)G=H ;,—ST,,=const(r) ,
where:  dG,,=(U/c)dv,+Vdp,,—SdT,,=0, Poo=PV,,/c . This implies:
UVeydv,,=dp,,+SV)AT,,=(p=TS/V)dv,,+v. dp—(v.S/V)dT]/c,
dp=—U/V+p)dlnv, +(S/V)dT,,,
and when 7,=const(r) and in the case of replacement of density of internal energy by the density

of inert free rest energy 1, ,c°=E,/V the following dependency could be used in GR:

_p__ 2 \dlnvcv_ (:umocz"'p)db
P e T

However, indeed not the values in FR (ordinary values) but eigenvalues of the density of mass g,
and pressure p,, are used in the tensor of energy-momentum of GR [Moéller, 1972]. Being based on
this the dependency that correspond not to the value in FR but to the eigenvalue E,,=p,,c’V=E/ Vb

of inert free rest energy of matter is used in GR:

dpoo__ 2 dlny,, (ﬂoocz"'poo)db
dl" - (/uOOC +p00/ dl" — 2b dl’ B (2)

determine the measurement errors, caused by the mutual difference of sensibilities of load cells, we can repeat
measurements with swapping the load cells in each of their pairs (swap upper with lower).

» While the increment of inert free energy (when we differentiate by coordinate velocity of light) is positive the
increment of the product of pressure and molar volume is negative.
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where: b=v> /c*.

Equilibrium RGTD-states of matter, in which external gravitational pressure of upper layers of
matter is counterbalanced not only by intrinsic pressure inside matter, but also by radiation
(thermal) pressure (7;,#const(r)), are not considered at all in GR, in contrast to RGTD. And,
therefore, GR not only reflect physical reality in more simple way, but also is applied to
equilibrium states of only cooled down to the limit homogeneous matter (7;,=const(r)). That is
why the reflection of physical reality in GR should be considered only as the special case of its
reflection in RGTD.

Internal energy U of real gases and liquids depends on many pairs of their intensive ( 4, ) and
extensive (a;) thermodynamic parameters. However, it can also be shown as a sum of internal
energy of hypothetic ideal gas (liquid) U,, and output of multiplication of resulting intensive
(A4,=TS/R; =T?2S/pV ) and extensive (a,=R,=pV/T) thermodynamic parameters:

u=U, +iAia[ =U,+4,a,,
i=2
du=T,dS, +4,da,—pdV=TdS—pdV,

where: T,=TR,/R,, S,=SR,/R;, A,a,=T,S,=TS. For gases: a=R,BV'", B, is virial
coefficients that depend on both temperature and individual gas properties [Bazarov, 1964], while
R, 1s universal gas constant and R (r)=pV /T=const(t) is spatial thermodynamic parameter of
matter, that does not vary in space at conditions of quasi-equilibrium cooling down of matter (is the
same on any radial distance r from the gravitational attraction center in the comoving to it frame of
reference of spatial coordinates and time 7). And exactly this invariability in space of R,(f) is
responsible for the fact that properties of quasi-equilibrium cooling down real gases are close to
properties of hypothetic ideal gas.

“Ideal” component U, of internal energy is de facto identical to Helmholtz free energy F;,
while “ideal” component H,,, of enthalpy is identical to the Gibbs free energy G:

Ui ZU_apAp =U-ST=F;, HTidzHT_apAszT_ST:G 5

dU, =T,dS, —a,dA,—pdV = (TdS—L2-dR ) ~(SAT+TdS—L2dR, )= pdV =—SdT— pdV = dF,

T RT

dH =T, dS,,~a,dA, +Vdp=—SdT+Vdp=dG .

This, of course, is caused by the absence of binding energy (ZAl.al. =4,a,=0) in ideal gas

i=2
and ideal liquid due to the absence of electromagnetic interaction of their molecules and atoms.
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Self-organization of hierarchically more complicated interactions and interconnections in matter is
in the tendency of Helmholtz and Gibbs free energies to their minimum.

Lower layers of matter, loaded by its upper layers form the extended system. The energy of
such extended system [Bazarov, 1964] that consists of the whole RGTD-bonded matter is indeed

equivalent to enthalpy. Moreover, as it is shown further, parameter a, (in contrast to 4,

parameter) takes the same value in the whole space filled by quasi-equilibrium cooling down

homogeneous matter ((0a,/0r),=0). And, therefore, Gibbs energy “behaves” as it is expected: it

only changes in space along the radial coordinate » together with the gravitational potential. And
when Gibbs energy changes in time together with the gravitational potential, it “behaves” like
multiplicative component of enthalpy (like the energy of extended system).

This is quite logical and reflected in static equations of GR gravitational field. However in
dynamics the four-momentum should be formed not by enthalpy, but by ordinary internal energy of
matter.

So, if equations of GR gravitational field are designed to get the solutions that correspond only
to ideal (cooled down to the limit) matter, then the usage (together with inert free energy) of
enthalpy instead of ordinary internal energy in those equations is justified. But, of course, not the
Lorentz-invariant thermodynamic enthalpy (intrinsic value of enthalpy), but Lorentz-noninvariant
intranuclear enthalpy (improper value of enthalpy) should be used in those equations. However, in
order to get the solutions that correspond to quasi-equilibrium cooling down astronomical objects
we should include not enthalpy, which includes free and binding energy of extended system, but
ordinary internal energy (that includes also intranuclear energy) with transition to functionally
related to it thermodynamic total internal energy. But, of course, such transition is possible only in
the case of presence of its thermodynamic equilibrium with environment.

Total internal energy of matter has an influence on all physical processes. However, due to the
fact that in various physical processes the part of its energy is bonded differently the different free
energies are formed — inert free energy, Helmholtz free energy, Gibbs free energy and other more
exotic free energies. And namely the free energies define the specifics of the flow of correspondent
to them physical processes.

In thermodynamics only the increments of total internal energy of matter are usually examined.
At the same time the theoretically possible in general (and not in some particular conditions of
usage) total value of its multiplicative component does not have any special importance. On the
other hand the total internal energy of matter in mechanics and in the theories of gravity is
considered as not reached but reachable in principle in specific conditions its value, when matter
receives it from the surrounding environment after the reaching of the state of thermodynamic
quasi-equilibrium with it. As it will be shown further, the gravitational-mechanical total internal
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rest energy of matter /¥ is identical in the same real conditions to the multiplicative component U,

of its thermodynamic total energy, since both of them are described by identical mathematical
expressions. However, these identical total energies of matter, as well as free energies that are their
components, show themselves differently in different physical processes.

During the quasi-equilibrium self-contraction of cooling down matter the decreasing of its inert
free energy is accompanied not by the increasing of velocity of its motion (in contrast to its free fall
in gravitational field) but by the its deceleration. Therefore, the released intranuclear free energy is
transformed not into the kinetic energy but into the energy of thermal radiation. In this case the

decreasing of inert free rest energy E;, as well as the decreasing of Gibbs free energy, is

determined by increments of only intensive parameters of matter and also by the decreasing of
velocity of its motion. During the free fall of the matter in gravitational field (that is not
accompanied by the change of its thermodynamic state in principle) the decreasing of its inert free
energy is equal to decreasing of its total internal rest energy. And, therefore, the decreasing of inert
free energy of matter in this case is determined by the increment of not the intensive but extensive
parameter, namely, of its momentum.

Moreover, during the motion of the matter along the elliptic orbit the change of its inert free
energy is not accompanied by the change of its thermodynamic state. The change of coordinate
velocity of light along the trajectory of orbit, as well as possible decrease of the frequency of
interaction of elementary particles due to matter motion, is completely compensated by relativistic
shrinkage of distances of interaction. That is why during such inertial motion of matter not only the
dilatation of the rate of intrinsic time does not happen, but also the correlation between intranuclear
and extranuclear physical characteristics of matter will not arise. And, consequently, in this case the
formation of tensor of energy-momentum of matter based on its extranuclear thermodynamic
characteristics is impossible in principle. This tensor can be formed based only on the intranuclear
characteristics of matter.

Spontaneous change of RGTD-state of coherent matter and, consequently, its free fall are

possible only when they are accompanied by continuous decreasing f. and thereby decreasing of

matter inertial mass at rest.
Since during the free fall of matter in gravitational field the inert free energy is consumed
exactly the increments of this energy should be determined by the increments of extensive

intranuclear parameters S, and V). According to this, in the process of during matter free fall
(dS=0,dV =0, d=dW=0, dW,>0, dH=dE=0, dE,<0) evolutionary-gravitational increasing of
intranuclear entropy (dS,>0) that is accompanied (as a partial compensation for the effect of its
increasing) by increasing of molar value of intranuclear volume (dV,>0) and, thus, by the release
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of inert free energy E, (instead of thermal energy) with its further transformation into kinetic
energy of it ordered motion takes:
dH=dE=—TydS+ppydVy+(VidP;)=0,  dEy=—Tp\dSy+ppydVy=—(V,dPg;)<0,
dL=dW =S, d T~V \dp py—Pr,dV)=0,  dW=Syd o=V \Appy=Pgr,dv)>0.
So in the process of body free fall in gravitational field the evolutionary-gravitational increasing
of intranuclear entropy takes place, in the same way as it also takes place in the theory of entropic
gravitation [Gogberashvili & Kanatchikov, 2010]. Namely this guarantees the increasing of internal

energy”® of the whole gravithermodynamically bonded matter after the recovery of its mechanical

equilibrium and, thus, also guarantees its infinitely long existence in the Universe.

8. Non-identity of inertial and gravitational masses

In classical mechanics and in SR the inert free energy of rest EO:m”Dczzm)ocvc %7, which tends to

the minimum and transforms into kinetic energy in the process of the fall of body in gravitational
field, is the equivalent of Helmholtz and Gibbs free energies, which tend to the minimum in

thermodynamic processes. The conservation of Hamiltonian of the inert free energy of rest of

matter H=m C2:ET:"¢,,OCZF=H70 £V (1—\/2\/;2)’1/2

m

=const(r) (v.I'=const(r)) is guaranteed due to the

decreasing of inertial mass of rest m, ,=myv./c of matter in the process of its free fall. The

V2__

Hamiltonian momentum P,=(0L, /ov),, =m,(v/v,)A="V.%) =m,I", which is proportional to

gravitational mass m,,,=mc/v,, is derived from Lagrangian L, =E/T=m,cv\1-"v.> of namely

inert free energy of matter. The magnitude of matter momentum, according to Noether’s theorem
[Noether, 1918] and Heisenberg uncertainty principle, is invariant (in relation to the transformation
of time) characteristic of moving matter and, consequently, is invariant for all observers despite the
different rates of time of their gravity-quantum clocks.

Coordinate pseudo-vacuum velocity of light v (r)=cb;,* is determined for certain point j in
unified (for all gravithermodynamically bonded matter of the Earth) coordinate astronomical time

tz. It is identical to the critical velocity of baryonic matter in the relativistic gravithermodynamics

*® There is no violation of the law of energy conservation here since according to Noether theorem [Noether, 1918] this
law works in time and not in the process of interaction of nucleons. The rate of time of gravity-quantum clock of body
that falls free is invariable only in the process of its fall, while starts to decrease in the process of deceleration of the
motion. At the same time the increasing of gravitational radius of the whole gravithermodynamically bonded matter
and, consequently, the decreasing of rates of time of all its gravity-quantum clocks takes place. That is why it makes no
sense to make statements about the action of the law of energy conservation in the moment of the change of rate of time
of gravity-quantum clock. Moreover, at the same time the negative energy of bond of nucleons of fallen body is
increasing. And, consequently, in the process of deceleration of body not only its kinetic energy, but also its released
intranuclear energy are converted into thermal energy.
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(RGTD) [Danylchenko, 2009: 75, 2020: 5; 2021] and its value depends on Schwarzschild radial
coordinate » of that point. It decreases in GT-FR while approaching the pseudo-horizon or the

. . . . . A _ (C/Vci)z
gravity center. Gravity-quantum value of coordinate velocity of light: 'v,=cv,/v.,=c(v,/v.y)

[ibj:(bo j/bol.)l/ b"] is also dependent on coordinate velocity of light v.; in the point i of disposition of
real or prospective observer. Here v, and v,, are the values of coordinate velocity of light in

intrinsic centric “FR, of prospective observer. Metric eigenvalue of velocity of light is the spatio-
temporal invariant (gauge-invariant and Lorentz-invariant constant) by intrinsic clock. This
eigenvalue (proper value in Special Relativity) is equal to the constant of velocity of light in any
point of space: 'v,="v, =c.

1/2

Obviously, the momentum P,=m,,v jc(vfj —vjz.)’ =inv(z,) of matter does not depend on the rate

of gravity-quantum time, which is not equal in the points with different gravitational potential.
Therefore, the values in FR of inertial and gravitational mass will be expressed via proper rest mass
=MyyV,;/ c=m00b}/ > and

(eigenvalue of mass) m, in the following way m,,

Mo, =MV, /cb;=m,,./b.=myc/v,. And their gravity-quantum values will be as follows:
i _ 2 _ 2.2 ©/ve)* _ /26, i _ i ©/vep)* 1/2b;
My, =MooC ViV =MooC ViV /Ve)) ™ =mggbi(by;/by) " ™" 5 "My, =g /v =mgg(vigi Vo)™ " =mgy(b/b;)" " -

Obviously, proper rest mass m,, can be equal for homogeneous matter in gravitational field only in
case of presence of its thermodynamic quasi-equilibrium.

As it was shown by Tolman [Tolman, 1969] and as it follows from the Schwarzschild internal
solution for incompressible ideal liquid [Moller, 1972], the gravitational forces in it are proportional
to ordinary enthalpy H,,=U,+pV=H,,c/v,, (where: H,,=const(r)), which is not decreasing in
contrast to inert free energy E, but, quite the contrary, is increasing while approaching the
gravitational attraction center. And since for quasi-equilibrium cooling down matter

pV/U,=const(r), then the ordinary internal energy of rest W,=U,=U-U ,=W,c/v, (W,,=const(r))

of matter is also inversely proportional to coordinate velocity of light. Here p is the pressure, V' is

the molar volume, and U _,=consnt(r) is the additive compensation of multiplicative decreasing
(with time) of multiplicative component I/Vozmg,,oc2 =my,c’/v, of internal rest energy U of matter.

And, consequently, it is quite obvious that inertial mass of moving matter is conventionally
equivalent to its gravitational mass only by the intrinsic clock of the point, from which matter
started its inertial motion, in case of the correction of the value of gravitational constant, which

guarantees the conventional absence of bound energy of matter in centric or pseudo-centric intrinsic

27 Here, only the cooled down matter is considered (C,=1).
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FR of matter. And this is related with the equivalence of inertial mass of matter to the Hamiltonian
of its inert free energy, while the gravitational mass of matter is equivalent to the Lagrangian of its
ordinary internal energy. And the ratio of these masses is invariant due to the conservation in time
of Hamiltonians of inert free energy and of Lagrangians of ordinary internal energy of inertially
moving gravity-quantum clock of observed matter and of observer:

_ HILJ_ vczriz i -2 2_c0nst (t)
grO_minO L_HA_minO 2 =My vl}j/' ¢ = >
=) crj

m
where: iVCUEiVl,j:C%-/VMZ(C\jj/V,,-)(l—vjz-vl;z)_l/z(l—vagz)l/z is the value of limit velocity of matter motion
in the points of its hypothetic rest relatively to hypothetic observer of the motion.

Of course, it could be assumed that such concept as Hamiltonian is excessive for GR and
especially for RGTD. The conservation of Lagrangian of ordinary internal energy and the tendency
to zero of the Lagrangian of inert free energy of matter take place in GR and RGTD. However, the

usage of only Lagrangian does not allow to reflecting the reality using the local pseudo-Euclidean

. . 2.2 242 . .
space-time. Moreover the decreasing (m,,,/m,,=v,;v,,=c"/'v,=b,/b, times) of required average

density of mass of astronomical objects in the galaxy will not be guaranteed. That is why we have
to rely on namely this hypothesis.

Possibly we should also consider the mass only as the measure of quantity of matter, and we
should characterize inertial and gravitational properties of matter by Hamiltonian of inert free

energy and Lagrangian of ordinary internal energy of matter correspondingly.

9. Gravity-temporal invariance of really metrical values of mechanical and

thermodynamic parameters of matter
In contrast to the momentum the forces that act on the matter, as all types of its energies,
formally depend on the rate of time gravity-quantum clock. During the transition from unified
gravithermodynamic (astronomical) time to gravity-quantum intrinsic times of matter the
magnitudes of these forces, as well as magnitudes of non-centric values of all energies, are

increasing c/v, times. In intrinsic FR of 7 point, from which the matter started its fall:

) c dP dP
7 - _r re _ _ _r
En _EiIC/vli‘_ minOr ar _mOOar_v_lr E_d_l‘r__ gar?
3 r
rF _F / _r r___ / _ 2. -2_r -2 Zdln(vl/v]r)_ c GMgrO dr_ GMgrO d}"
ar— grc vlr_ mgrOr g_mgrOrgc Vlr_moogc vlr - mgrOerr c d’;‘ _mOO V;FZ d}?_mgro rZ d’j s

and the eigenvalues (that were corrected to eigenvalue of gravitational constant (centered)) of
Hamiltonian of inert free energy and of Lagrangian of ordinary internal energy of matter in its

pseudocentric "“FRy will be as follows:
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"“H="H=Hc/v,=my, vc(1=v"c ) =my
“L=G/"G) "L=G/"G)Lc/v,=myc ™V, (1-v"c )G/ G=my, ",
where: v=vc/v, is the really metrical value of velocity of matter motion [Danylchenko, 2006: 27;

2008: 60; 2021]; v is the coordinate velocity of motion of matter in background regular space,

where its local kinematic curvature (that is contributed by the moving matter itself) is not taken to
account; "a,=a, =inv(f) and a.=(c/v,)(dv/df)=dv/dt,=av,’c’=inv(t) are the really metrical values of
accelerations of body free fall in the intrinsic gravity-quantum time of the point » and in the

gravithermodynamic time correspondingly; a,. is coordinate acceleration of motion of matter in

background regular space; "g.=g v,’c’='GM gror‘z and g, are the gravitational accelerations in the

point r by its intrinsic gravity-quantum clock and in gravithermodynamic time (world time of GR

. . LT _ : r _ _ LT _ 2 2 :
[Mbller, 1972]) correspondingly; 'm,,,=my, , since 'm,.=m, v, /c=myw, /v, ; "m,,=myv,c”, since

r

m.

_ _ 2. _ 2 ~2 . .. . . . .
10, MoV €=MV, €~ 3 "vi=cv, /v, =Nc"—v" is the limit velocity of motion of matter in arbitrary

point in the intrinsic gravity-quantum time of the point r; ‘G=Gcv,” is the value of gravitational

constant by the intrinsic clock of point r; df =(v, /c)dt is the value of the increment of intrinsic

gravity-quantum time of point .
So, by the gravity-quantum clock of any point 7 inertial and gravitational rest masses of matter
will be determined in the following way:

ic ic

m

10, =Moo V) / C=MyyV; v, My, =My, C/ vy =My, v,/ V-

However, with the help of examined here transformations the transition happens only to coordinate
(and not to metrical) values of inertial and gravitational mass. And these values of masses in
pseudo-centric “FRy do not correspond to real values of internal energy of matter and to its
thermodynamic states in general. And inert bound energy is absent at all in a new center of
coordinates. That is why they cannot be considered as really metrical values of inertial and
gravitational masses.

As we can see, the pseudo force of inertia is increased only due to the increasing of inert free

energy and equivalent to it inertial mass ¢/v, times. The metric value of acceleration of free fall of
the body, as well as the metric value of velocity of its fall, is not changed. The equations of free fall
of matter v,/v,=v1-v’c™, as well as of any other its movements, are equally formulated with the

usage of any gravity-quantum clocks. Not the absolute values but the relative values of parameters
of motion are used in these equations. So the gravity-quantum clock of matter has only the hidden

influence on its mass and does not have an influence on really metrical values of parameters of
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matter motion, which do not depend on the rate of time of gravity-quantum clock at all. And this is,
of course, due to the fact that quantum change of collective microstate of the whole
gravithermodynamically bonded matter takes place simultaneously and, consequently, with the

same frequency. That is why this all is quite logical. The limit velocity of motion of matter

Vy=cWy,/W,,=cE,,/E, , as well as the identical to it coordinate velocity of light of GR, is the hidden

mechanical and thermodynamic parameter and is already taken into account in its parameters and
characteristics that are practically used. And, that is why it fundamentally cannot directly influence
on the majority of mechanical and thermodynamic parameters of matter. Its value only

characterizes the difference between multiplicative components of thermodynamic internal energy

v, =cU,/U,, in different points of gravitational field because in those points matter is in not the

same thermodynamic states. The minimum possible value of thermodynamic internal energy

U

n=UotU,, (U=Uc/v+U,,) is, as other thermodynamic parameters, the intrinsic characteristics
of matter. Moreover, the multiplicative component of thermodynamic internal energy of matter is

identical to its mechanical ordinary internal energy (U,=W,) and, therefore, similarly to it, cannot

depend on the rate of time of gravity-quantum clock of the observer (of course, if their rate of time
is calibrated by the rate of uniform gravithermodynamic time of the whole gravithermodynamically
bonded matter). And, consequently, all other thermodynamic potentials also do not depend on it.
And, not only extensive but also intensive thermodynamic parameters a fortiori do not depend on it.
So the usage of formalism of gravity-quantum time helps to perform only the relative
measurements of mechanical and thermodynamic parameters and characteristics of matter. In order
to determine (based on it) their really metrical values for observed matter we also need to know — to
what values the readings of gravity-quantum clock of the observer correspond to. And only in this
case the observed values of mechanical and thermodynamic parameters of matter will be equal for
all observers. For example, taking into account that for quasi-equilibrium cooling down gases and

simplest liquids:
m

=my,c/v; (m

20 o0 =MooC/ Vi )s Ug;=Unoclvy (U =Ugc/v; ),

H 10/ =H g,/ Vi (Hpo=Hrpoc/vy), 1 j =T,c/ \ (I6,=T5ec/vy)s

we will receive really metrical values (that are observed by gravity-quantum clocks of point i in
point j) of such characteristics of matter as gravitational mass, internal energy, thermodynamic

enthalpy and temperature that are identical to their coordinate values in GT-FR:

i~ N _ T ()i _ i N _ P ()i _
mgrO_/'_(C/ vlj)mgrOi:mgrO_/ > Uo,'—(C/ Vlj)UoFUo_/ , H TOj_(C/ sz)H ro=H 70 2 7?)_/—(0/ V_l/')ﬂ)izﬂ)_/-

That is why it is expedient to use not the gravity-quantum clock of the observers, but universal

(common for the whole gravithermodynamically bonded matter) gravithermodynamic clock. It is
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possible that the gravity-quantum clocks, which are located in specially created for them standard
thermodynamic conditions, can be used as those clocks. However, it is required for this that in all
points of space, which is filled with gravithermodynamically bonded matter, the same intranuclear
gravithermodynamical parameters and characteristics of matter should correspond to the same
standard thermodynamic conditions, as it takes place for homogeneous ideal liquid [Danylchenko,
2008: 4].

Of course, the inertial mass of rest of matter became equal to its gravitational mass of rest by
the intrinsic gravity-quantum clock of point » and to the eigenvalue of mass. Moreover, by the
intrinsic clock of this point the strength of gravitational field is increased more significantly than
based only on the usage of logarithmic gravitational potential [Danylchenko, 2020: 85; 2021]. And
the velocities and accelerations of object remained the same as in gravithermodynamic
(astronomical) time.

In addition to this in intrinsic gravity-quantum time of any arbitrary point i the ratio of values of
inert free energy to values of ordinary internal energy of matter (and, consequently, the ratio

-2

. . . i ivyy i i ) :
between masses equivalent to those energies) remains the same 'E/'W,='m,/'m,,=v,c™, as in

common for all gravithermodynamically bonded matter gravithermodynamic time. After all:

i i i~ 3
. .. m. .. da. m. ..C i
iy _ Tini _ inoi i 2 __"in0i~ 2 ! =
EOi_F 0=y g M€ =T MgoC s 0 =My 5
ini in0i i li
i i i 3
i _ g _ har0i gj 2 i -2 4_ "grOi -2 4_ ic i —
W= F W= m My, C = MgV € = v =myV; ¢ =myGl“Gy, My, 0: =My »
igi gr0i i li

where: ‘a=av,’c’, a and 'g=gv,’c’, g are the accelerations of motion and gravitational
accelerations in gravity-quantum time of the i point and in common for all gravithermodynamically
bonded matter gravithermodynamic time correspondingly; “G,=Gv,’c’ is the equivalent value of

gravitational constant.

Thus, in pseudo-centric ‘FRy of i point we will have the similar thing that is accepted in both
classical physics and GR. Namely, due to the correction of gravitational constant we will receive in
the i point not only the equality of the velocity of light to the constant ¢, but also the equality of
inertial mass to gravitational mass. That is why with the exception of inert free energy and
equivalent to it inertial mass all other really metrical mechanical and thermodynamic parameters
and characteristics of matter do not depend on the readings of gravity-quantum clock and,
consequently, are invariant under time transformation. Within the limits of atmosphere and outer
space of the Earth this equivalent value of gravitational constant not essentially depends on the
height above its surface. While on the edge of the Solar system namely this could cause the

abnormal movement of spacecrafts “Pioneer” [Anderson et al., 2002; Masreliez, 2005; Jacobson,
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2009]. If we go deeper in the distant outer space, where v, is the maximum possible value of limit

velocity of motion of matter in the outer space, then we will receive the quite essential difference
between the value gravitational constant there and its value on the Earth. Moreover, for the distant

galaxies, this will already be not the pseudo-centric but real centric galactic FRs.

10. Equations of gravitational field of the RGTD
Obviously, in the tensor of the energy-momentum of GR gravitational fields equations we
should use Lorentz-noninvariant intranuclear RGTD-characteristics of matter instead of Lorentz-
invariant thermodynamic characteristics. For gradually quasi-equilibrium cooling-down matter we
should use the density of ordinary internal energy W,/V=m,c’/Vv,=m,c’n, /Vf, instead of the
density of enthalpy.

In CFREU non-zero components of metric tensor are the following:
g, =N2(Rr)=r*(R2)/R>,  g,=r"(R7), gy=r’(R,r)sin’0,
8= ROTLRDM, ¢’ =[5, (Ro), =N (ROq (RO, =N (R, (R7).
According to this, the equations of gravitational field for homogeneous matter [Danylchenko, 2004:
33; 2008b: 45; 2009; 2020: 5]:
M}=G!~Gg! 12-Ag! =T =~ IV){(c W)U U +(W,~E )5\ )=

K|(m Vy 1,8
__K /s pNzNI JZZN)l]iUk-F(TNSN_pNVN)é‘ik}:
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_ KMy 1, kK, 2 M fcj k:|_ [ 1 k 2( 1 j k:l
= Inpryk e A _J6 sk gy | = U U+ ——b |5 3
V [ G ' (fG nm ' /'100 '\/E ' '\/E ' ()

in pseudo-Euclidean Minkowski space of CFREU are the following (in general case):

Vo 2R O 0r 2, Ofg 0 2m, O o, @)z R( @)z
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where: WO=77"’fG = b

are the multiplicative component of total energy (ordinary internal energy) and the inert free energy of

matter correspondingly; 7,5, —p\Vy=my,c’(1/ Vb—b)y=c*(m 0 M) 5

A=3H}c? is the cosmological constant; v,=dR/dr=—H,R=—A/3cR=v,/N,=v,v,/c and v, are the

velocities of radial motion of microobjects of matter in CFREU, which are determined in cosmological

time 7 by the united length standard and by their own length standards correspondingly;

v,=cv,/v,=—rcNA/3n, / f,=consf(t) is the relative velocity of radial motion of microobjects of

matter; v, =(R/rWv>+Ar’c?/3=\Jbc*+H /N, and v, are the limit velocities of motion of microobjects of

matter in cosmological time and in intrinsic time of matter correspondingly;

Form [ A2 3= Jb+H2c 7 and f,=n b are the frequencies of intranuclear interaction in
cosmological time and in intrinsic time of matter correspondingly.

In conventionally empty space Jor=(R=R;)/(R+R;)=(1-r,/ ",
V= RIr=4cR R*(R-R,)/1, (R+R, )’ =cR*(R-R,)(R+R,) exp[-H ,(r-7,)],  while  radial

coordinates in CFREU and in intrinsic FR of matter are connected with each other with more simple

dependencies:

R=R i+i=r/rH ,/H, ) /1., r=r (R+R,V/4RR,,; R, =(r,/4expl-H (z-7,)].

ge
According to these equations for rigid intrinsic FR of matter (r=const(t); f,(r)=const(t),
T, (r)=const(t); S,(r)=const(?); p,(r)=constt); V,(r)=constf)) we can receive by metrically

homogeneous scale of cosmological time 7(dt = dt when dr = () the following dependencies:

b'labr—r*(1=V a)+ A=b'labr—r,(r)r>+2A/3=rmyc* (b~ =b"* )V =T, Sy—p VIV

dla’r+r?(-1/a)-A=d'/ a2r+rg (r—>-2A/ 3=Kyg,0bc2 =KmOOCZ\/E V.

From where:
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where: H, = H, for the area of fundamental space of CFREU R e (R, ;), in which /67 >0, and

H, =—H, forthearea R e (0;R,), in which &r/8r <0.

As we see in counted in CFREU cosmological time there is no gravitational as well as
relativistic anisotropy of the shrinkage of size of micro-objects of matter in the fundamental space
of CFREU. Such relativistic anisotropy appears only because of the non-fulfillment of cosmological
simultaneity of events that correspond to the same collective microstate of matter when the
comoving with self-contracting matter its proper time is used in this background Euclidean space.

Because in conventionally empty space (ab=1, v,=v,):

" ara, T)Tznm@drz I LaRen),= | et e dr _ dr
R fo N R bn, (A1) i r1-viv?)

Of course, it is related only to the usage of components of metrical tensor, which guarantee the
absence of anisotropy of relativistic shrinkage of size of micro-objects of matter in fundamental
space of CFREU. However, the usage of exactly these components allowed to receive a solution
that completely corresponds to the Schwarzschild external solution in isotropic coordinates [Moller,
1972; Misner et al., 1973].

Moreover, it is taken into account that the Hubble constant #,, like the length standards and
the constant of the velocity of light, is a fundamentally unchangeable quantity in the rigid FRs. And

this follows from the condition of continuity of spatial continuum in rigid FRs [Danylchenko, 1994:
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22]. The most corresponding to astronomical observations value of Hubble constant is the value
determined by the following empiric dependencies of it on the well known physical constants and

characteristics:

4 3 3
H=cdAB=""%y 214 tﬁ(zv&l} =3ﬂGe2(ﬂj 018859107 [s~1=62,29548 |
8N, 3 3 4n sMpc

where: NDnZI,S(tpo,,)ZZ 37rchm,,"2/G= 0,999885-1040 is the neutron large Dirac number, a=é*/ch is
the fine structure constant, an=mncz/27rh is the de Broglie wave frequency of the neutron,
tp=(c5hG)1/2 is the Planck time, %4=h2m is the Dirac-Planck constant, G is the Newton’s
gravitational constant, e is the electric charge of the proton and electron, m, is the mass of neutron
[Danylchenko, 2020: 85; 2021; 2021a: 29].

However, the value of Hubble constant HE=(7r4a/8NDH)vBH=62,16420 [km/sMpc]
(A=1,35457-10"% [m™]), that corresponds to the de Broglie wave frequency of hydrogen atom
Va=mc®2mh=2,270262-10" [s™'] (m,=1,67375-107" [kg], Npi=1,5(t,ve)>=1,001292-10*"), only
for small distances guarantees slightly worse correspondence to the data of graphical extrapolation
of the results of astronomical observations. It is possible that Hubble constant took “hydrogen”
value only after spontaneous transformation of quark or neutron medium of the Universe into
hydrogen medium. However, of course, it was impossible before that to metrically characterize its
continuous protomatter and, therefore, it is senseless to characterize it by “neutron” Hubble
constant. Therefore, the final choice of one of these two close values of Hubble constant can be
done based on the more precise results of astronomical observations.

It is obvious that supposed need in the presence of dark energy in The Universe is based not
only on the taking into account the imaginary (fictive) dilation of the time on distant astronomical
objects (postulated by Etherington’s identity [Etherington, 1933]), but also on the wish to have the
linear dependence of redshift of radiation spectrum z on luminosity distance D, to those objects. In
fact, according to GR [Danylchenko, 2004: 33; 2004: 62; 2008b: 45; 2008: 106; 2020: 85; 2021] the

redshift is linearly dependent only on the transverse comoving distance D,

Z_A/ID H., R H.D,
Ao c c
and on the angular diameter distance:

2_AVD_ z Hy,r H,D,

v, l+z c c

Moreover, the supposed dark energy could not be a certain physical entity at all. It could be just
the effect of ubiquitous negative feedback. The deceleration of evolutionary self-contraction of

matter in CFREU could take place in the distant past due to the presence of this negative feedback.
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Thus, evolutionary decrease of the velocity of light in CFREU using metrically homogeneous scale
of cosmological time [Danylchenko, 2004: 33; 2004: 62; 2008b: 45; 2008: 106; 2020: 85; 2021] in
the distant past would also be decelerated. This deceleration, of the outer space course, could have
been the greater the smaller the coordinate velocity of light in the outer space in GT-FR had been in
distant past.

However, it is quite probable that Hubble’s parameter is indeed unchangeable in time, as we had
to make sure of it here. It even can be a spatially-temporal invariant alike the proper value of the
velocity of light. The value of Hubble’s constant can be precised after the more accurate processing
of results of astronomical observations.

In the obtained solutions of equations the density of equivalent to ordinary internal energy

gravitational mass and the density of equivalent to inert free energy inertial mass are integrated not by

eigenvalues of density of mass ,uooszO/V:yg,O\/E and pressure p,,= pvb , which are determined via

different intrinsic clocks as it is in used GR [Moller, 1972]*. They are integrated by their values
[0 rrn =100/ Vb=n,my/ £V and [, ]rem :moox/l_)/ V=fsmy/n,V observed using the same clock. In
all other means these solutions are formally correspond to the solutions of GR for cooled down to the
limit matter (S = const(r)), which is in the state of mechanical equilibrium [Danylchenko, 2005b;
2008: 4]:
dp/ a’H—QJg,Oc2 +p)b'/12b=0.
In this case, not only the conditions Tolman conditions for thermodynamic parameters of matter in its

intrinsic gravity-quantum time TOO=T\/Z;=c0nst(r) and HOO:HT\/Z:const(r) are fulfilled, but also the
used in obtained solutions condition G00=Gx/3 =(H,-T. S)\/Z =const(r) is also fulfilled:
dH ,,(S)=NbTdS+NbVdp+(H /1 2b)db=0 .

Due to mutual proportionality of f.(r)=7,+/b(r) and Jb (gradln f. =grad In+/b ), the matter

STC, which is obtained based on the analysis of spatial distribution of Lorentz-noninvariant
intranuclear RGTD-characteristics of matter, is identical to STC obtained in GR when ignoring both
Lorentz-invariance and gravitational-temporal non-transformability of thermodynamic parameters

and characteristics of matter.

It should also be mentioned here that, according to GR and RGTD, the ideal gas ( pV'=R,,T")

cannot have gravitational field in principle. Molar energy of ideal gas and, consequently, coordinate-like

velocity of light in it are the same at all points of the space filled by this gas:

% Due to this the integral value of gravitational mass of the whole matter, of course, will be significantly larger. And,
consequently, there is a chance to avoid the necessity of existence of dark non-baryonic matter in the Universe.
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E,=my¢*Nb=(H,—pV Wb=(H,~R,,TWb=H,,—R,,T,;=const(r), v, =-/bc=const(r).
And it means that the phenomenon of gravitation is related to electromagnetic interaction of molecules

of matter and, therefore, has purely electromagnetic nature.

11. Equations of gravitational field of the galaxy

When single objects and their aggregates form big collection (cluster) their total mass can
essentially exceed the mass of central astronomical body (supermassive neutron star or quasar). The
attraction of astronomical objects of the internal spherical layers of the galaxy can be much stronger
than the attraction to the central body of the galaxy. Then, their collective gravitational influence
can essentially distort the correspondence of the motion of peripheral astronomical objects to
Kepler's laws. And, therefore, according to astronomical observations the velocities of rotation v of
galaxy’s peripheral astronomical objects required for prevention of joint collapse of all matter of the
galaxy are much higher than the velocities of rotation of the separate peripheral astronomical
objects required for prevention of the independent fall of those objects onto the central astronomical
body.

And, also, the square of really metrical value v=vc/v, of linear velocity v of orbital rotation of

astronomical objects of the galaxy, that can be found from the condition of equality of centrifugal

pseudo force of inertion F,-n=Hvzc'2a'l/2/r and pseudo force of gravity F ngLc'za'l/zd(lnvc/c)/dr:

v? Lrdin(v,/c) rb' a

T H a2 iV a+(kp=A)r’]

very slightly depends on »>>r, due to the smallness of pressure p in the outer space of galaxy and
cosmological constant A.

Here “galactic” value of coordinate velocity of light ve=ch"?, Lagrangian and Hamiltonian:
L=m,,c’=m,*(1-v’c?)"*=H(—v’c)/b=H/b, , H=m, ¢’ =m, ¢ 1=V"c ) *=m,c’b"*(1-’c) "
are determined by the parameters b =(v,/c)=b/(1-v’c?), b and a of the equations of GR
gravitational field:

b'labr—r~(1-1/a |+ A=wp,
dla’r+r>(1-1/ a)—A:K(/Jg,Oc2 +pvic?)/ (1—\72072):1(,ugmc2 .
However, instead of eigenvalues of density of the mass x, and pressure p,, [Moller, 1972] their
gravitational values in FR are used in tensor of energy-momentum ﬂgrozﬂoo/\/l; and p=p,,/vb
(P! 140= P/ yg=comst(r) ). This is related to temporal invariance of really metrical mechanical and

thermodynamic parameters and characteristics of matter. An insufficient amount of the mass in the
Universe denotes the fact that not only in RGTD but also in GR the tensor of energy-momentum should
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be based on the ordinary internal energy of matter that includes not only inert free energy but also bound
energy of matter.

If we do not take into account local peculiarities of distribution of average density of the inertial
mass in galaxies and examine only the general tendency of typical dependence of the orbital
velocity of their objects on radial distance to the galaxy center, then the following dependence of
this velocity on parameter b and, thus on radial distance r, can be matched to them [Danylchenko,

2021a: 33]:

| 2LH, oo | 2. (/b 20, _, 1 (b, ~v)[1+(b/b)"] o
VHL [, /b)Y +(/b)'] * \ b [1+(/b, )2"] b1+(b/b,)"] b 20°b(b/b)""

where similarly to diffeomorphically-conjugated forms [Trokhimchuck, 1985]:

rer.expl (200, ) ) E. exp{i(c 52 14n\(b/b,)Y' ~(b,/b)' ] }

1/n
b= b[(vmaxc/vvl Y@ c/vV,) —1] =b [£2nv2v. c 4ln(r/re)+\/1+[2nva,2rec_4ln(r/re)]2] ,

p_ b 25 2020/b)" by TP
TV ALY (@B " s b

and: r, is radius of the conventional friable galactic nucleus, on the surface of which the corrected

value V=h!"v=v,v/c={[(b,/b)'+(b/b,) V25"

max

of the orbital velocity of objects can take its

maximum possible value the orbital velocity of objects can take its maximum possible value

=b*v (b,)=v,,v,/c [Danylchenko, 2021].

re e

In case v~const(b) outside the loose nucleus of galaxy, b, takes its minimum value b, . =4v’c™

rmin~

when b=2v’c™. In this case, when b,=2v’c? (b =4v’c?, v_ =2v>/c) the linear velocities of

rotation of galactic objects and the radial distances to them will be as follows:

_ A 2"}‘2 2kn -1/4 N ) }
e 1—+2kbflb—2+kbzn D kz” 4n ln 16"8:| . r=r eXp[C4V 4(k _kb )/1 6}’[] ’
1
when: k,=b/ be:[ 14+64n*vic*In’(r/r)+8nv'c *In(r/r, )}; _

The large value k, corresponds to the larger value n* of the index of density of friable galactic
nucleus on the same big radial distances. However, only when values are extremely large n>>2*
the significantly lesser average density of matter beyond the friable galactic nucleus takes place and

that is why the dependence of orbital velocities of galactic objects on radial distances can be close

¥ In spite of the fact that the indicator of density of friable nucleus of the galaxy can formally take any values, we
cannot exclude the possibility that some factors that may allow them to take only integer or both integer and half-
integer values can exist. And this can be due to the feasibility of quantization of the states of gravitational field of the
galaxy.
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to Keplerian. For example, when n=2" (k,"=16,780) the orbital velocity of peripheral objects of the
galaxy is less than half of the maximum velocity (when r,/7.=20, v,=0,461v,), while when n= =%
(k,"=535) it is already significantly smaller of maximum velocity (v,=0,086v, ). However, not only

in the weak gravitational fields (n<<2**, k,"<<1,1391), but even in quite strong gravitational field
(n=2*, k,"<1,1391, k,=1,00000000000758) the orbital velocities of extra-nuclear objects (when

b~=1,12656-10"°) are quite close to their maximum values v,<225 km/s on quite big radial distances
1/1.<20:
Av=v,~5=5,~(c/ 20 )2 () Fre 160 < 095 i),
The FR that 1s almost equivalent to this FR of observed galaxy is its intrinsic GT-FRy, in which
when b,.=1, b,=0,5+(025-v"c)"*~0,99999943672 , n,=b,n=4(v,/c)’n=2"°(v,/c)’=38708,24438~2">*

1
Kopo=byo =2 I 1) 42252 Ingr, )| -1000003366  (k=L1391, 7, =25,

Av=v,~5=5, -2 (/) F+el5,)f < 095 [km/s].
Not only the Lagrangian of ordinary internal energy and equivalent to it gravitational mass of
matter, but also the following relations are invariant under such a transformation:
Vo /V,o=v/v,=inv, n,Ink,,=nlnk,=inv [ n,(k,,—)=n(k,—1)].
This, of course, is related to the fact that big gradients of gravitational field on the periphery of
such galaxies are formed not by their nuclei but by all large set of their objects. This is also related
to the fact that the coordinate value of Hamiltonian of inert free energy of matter is significantly

smaller than the coordinate value of Lagrangian of its ordinary internal energy when 5,,~2,253-10°°

=0,3377 km/s).

QU

Then, taking into account the negligible smallness of cosmological constant and of the pressure
in the outer space of the galaxy, the following typical radial distribution of average density of
gravitational mass of matter in the galaxy will take place in GR:

l[a’ 1( lﬂ[l 92}‘%%1—%2)[1+292c2—4:«29“c:“1n(r/re)] o W

1— = s
a c? xe’r(14+20°¢%)° 4nGr* nGe'r’ 472Gg0r2

[ero)or™

Kc|lar r

where G=«c'/87 is Newton’s gravitational constant, the intrinsic galactic values
G,,=G/b,=Gn/ny=v, ’c’G/4~443833 G of which (according to Dirac hypothesis [Dirac, 1978]) in

far cosmological past possibly were significantly larger than it is now due to the very large average

density of matter in the Universe [Danylchenko, 2021], and:
a=1+2vc =148 e (k" +k)/ 21=1+2{ [2nIn(r /1) P +(c /v, ) =14204n In* (r/ 7))+ 16vE T
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Thus, according to GR, the bigger the index »n and the lesser the value of parameter b,, the lesser
1s minimum possible value of average density of gravitational mass of the matter on the edge of the
galaxy. However, when v,=225 km/s, r=5 kpc, r,/r~=20, n=2>* and b,~1,12656:10°° (k,"=1,1391)
the exact value of the density of gravitational mass [gp]er =1,4 10 kg/m’ is only 1% smaller than
its approximate value. And, therefore, due to v<<c it quite weakly depends on the index n of the
density of  friable galactic nucleus. Namely due to the decreasing
(H/L=m, /m grzrzmmo/ m Z>,r():\/,2;c_2 =b, times) the minimum possible accepted value of average density
of inertial mass of matter on the edge of the galaxy is decreasing significantly. And this all fits well with
the dependence of the value of gravitational constant on the rate of time of gravity-quantum clock,
by which this value is being determined.

The following dependence of the orbital velocity of objects of galaxies on parameter b and,

thus on radial distance r, can be matched to these objects in centric intrinsic GT-FRy (“FRyg) of

galaxy [Danylchenko, 2020: 85; 2021; 2021: 33]:

1
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According to the dependence nylnk,=nlnk,=inv in intrinsic GT-FR, of the galaxy there is stronger

gravitational field than in FR of distant external observer:

_Lydink, n L dlnkb=£F =%F :lF
e oda dr myJg dr n, & G € b

where: L =L due to the fact that Lagrangian of ordinary internal energy of inertially moving matter does

not depend on galactic rates of gravithermodynamical (astronomical) time [Danylchenko, 2021; 2021:
3771°.

By using the reverse transformations we, of course, can switch to the observation of objects of
the galaxy with the conservation of Lagrangians of ordinary internal energy of their matter from the

points with another gravitational potentials, for which there are another values of their parameters b

3% In contrast to the Lagrangian of ordinary internal energy of matter, the value of Hamiltonian of its inert free energy
depends on the difference between gravitational potentials in the point of hypothetical rest of moving matter and in the
point of disposition of the clock of the observer of its motion. And, consequently, in contrast to relativistic
transformations, the gravitational transformations change the value of Hamiltonian of inert free energy of moving
matter, which is observed without taking into account the true value of gravitational constant in distant cosmological
past.

43



and b,. This indicates the fact that Lagrangian of ordinary internal energy of inertially moving matter does
not depend on the gravitational potentials in the points of dislocation of inertially moving observers and,
consequently, on the rates of their gravity-quantum time.

By using the reverse transformations we, of course, can switch to the observation of objects of
the galaxy with the conservation of Lagrangians of ordinary internal energy of their matter from the
points with another gravitational potentials, for which there are another values of their parameters b
and b,. This indicates the fact that Lagrangian of ordinary internal energy of inertially moving matter does
not depend on the gravitational potentials in the points of dislocation of inertially moving observers and,
consequently, on the rates of time of their gravity-quantum clock.

It is obvious that the essential dilatation of rate of time, which is being observed for far
galaxies (due to b,~1,12656-10"°), can be considered as evolutionary-gravitational phenomenon that
is consistent with the linear Hubble dependence of redshift of wavelength of radiation and that
significantly differs from this dependence only for quasars that have very strong gravitational field.
If the value of radius 7, of the surface of loose nucleus of the galaxy is the minimum possible in
mirror symmetric configuration of intrinsic space of the galaxy, then its nucleus will de facto be the
loose quasar. And, consequently, all stars of loose nucleus of galaxy will consist of only antimatter.
The solution of equations of gravitational field of GR in background Euclidean space
[Danylchenko, 2005; 2008: 45; 2008: 96; 2020: 5; 2021] confirms the principal possibility of
existence of such loose structure of galaxies.

Due to the low strength of gravitational field outside the loose nuclei of galaxies they can
indeed be considered as "island Universes" [Gordon, 1969, Weinberg, 2010; Koberlein, 2013] (non-
isolated island systems [Moller, 1972]) that have individual intrinsic values of gravitational

constant:

G Odap:G/brdop :(1+Zdop)2G:Dj/1D;2GER27"72G .

g
Let us examine the movements of objects of such galaxy using metrically homogeneous scale of
cosmological time, by which the frequency of radiation of its stars does not change in time and the
redshift of its wavelengths appears because of the evolutionary decreasing of velocity of light in
comoving with expanding Universe FR. By the synchronous to it scale s of intrinsic times in FR
of distant observer (z4,,>0, b,dop=(l+zd0p)'2, mmo(z)ngm(z)(1+zdop)'2, r, G) and in comoving FRy of the
galaxy (z,=0, b,=1, Mmin(zo)=mgr(2o), R=r(1+zaep), GgodOPZG(szop)z) we will have the following ratios

of pseudo forces of gravity and inertia in these FRs:

G G G Sin’a P’ (+2,,)’
F =m M g0dop =m g0dop =m — F — dop F
gr(ZO) gr0™"" gr0 ,Og gr0 grORZSinzA gr0 grO}’ZSin2A SinZA gr(Z) poz gr(Z) >
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Qo py(+2,,)°
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where: G, R?=Gr; p,=RSInA and p=rSina are the radiuses of orbits of objects of galaxy in

FR4o and in FR,, correspondingly; A and o are the aperture angles of radiuses of orbits of galaxy in
CFREU and in FR, correspondingly; Qo and Q are the angular velocities of rotation of galactic
objects in FRyo and in FR correspondingly

In order for centrifugal pseudo forces of inertia to compensate the pseudo forces of gravity the

following conditions should be fulfilled according to this:

ngé:pO],}\Oz :p§2:p3QZZMgrOG/b :M G

rdop gr0™" gdop0

=M ,,G(1+2,,,)’ =M ,G

gro™~" »

1b,4,b...=M

p(,):p:MgrOG/br:MgrO rdop™~rgr grOGgOZMgr0(1+Z)2:MgrOG(l+Zd()p)2(l+Zgr)2:M;rOG

where: b=b, b ; b

_ 2. —F  —2
rdop~rgr > “rdop _(1+Z dop) s brgr _bros =V,

cos

¢?=(1+2,)7; (+2)=(+2,,)(+2,); V., is the
value of coordinate velocity of light in the outer space; z,, and z, are the Dopplerian and

gravitational redshifts of the spectrum of radiation of distant galaxies correspondingly; v, and v are

the linear velocities of rotation of galactic objects in FR,o and in FR correspondingly.

So, mostly namely due to the ignoring of essentially bigger value of gravitational constant in distant

cosmological past the imaginary necessity in the bigger mass M, =M,

Go/G=M ,,((1+2)*>>M

gr0
and, therefore the imaginary necessity in fictive dark matter, appears.
Observed radiuses of orbits of galactic objects do not differ from their eigenvalues p, only in case of

the absence of gravitational dilatation of intrinsic time of galactic objects by the outer space that

surrounds them: p=p,V.v "=p,cV.ie=p,/b,.,,.= ,00(1+Zgr)2 or in case when the gravitational dilatation

ros

of the time rate ( o=, ) is taken into account in the eigenvalue of gravitational constant. All this is in a

good agreement with the theory of dimensions.

The most significant fact id the absence of relativistic dilatation of intrinsic time of galaxies according
to received transformations. And this confirms the correspondence of namely Lorentz-conformal
transformation of increments of metrical intervals and metrical time to the galaxies [Danylchenko, 2021].
Since the galaxies in FR of people’s world are inertially falling onto the pseudo horizon of the past, then
according to these conformal relativistic transformations there fundamentally should be no relativistic
dilatation of their time rate. The dilatation of their intrinsic time rate could be only gravitational in
cosmological past because the gas-dust matter, in which they were immersed, had big density at that time.
For the nearest galaxies, which (as our galaxy) are located now in the outer space, we can accept that

angular velocity of observed orbital motion of their objects was not essentially smaller at that time than it

is now (Q~Q),). And, consequently, radiuses of orbits of their objects in CFREU are practically not

decreased since that distant time ( o~ 0, ).
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And, consequently, in contrast to FR of superficially cooled down astronomical objects, the
galaxies itself (similarly to their evolutionary cooling down stars) have non-rigid FR. Radial distances to

their stars R =R jexp[—H .(r—7,)] in FRs of their superficially cooled down planets are evolutionary

decreasing by the reverse Hubble law due to evolutionary decreasing of gravitational constant

Gr=Gp,exp[—2H (r—7,)] in these FRs. So due the stars of the galaxy indeed move not in closed orbits

but in spiral orbits. And, consequently, this fits well with the spiral-wave nature of matter and of the
Universe as a whole [Danylchenko, 2004a: 35; 2004b: 44; 2008: 45; 2014: 21]. Of course, by using the
gauge transformation of scales of intrinsic time of galaxies [Danylchenko, 2008a: 106] we can
guarantee the invariance of gravitational constant in their non-rigid FRs [Danylchenko, 1994: 52].
However, the galactic objects will anyway move in CFREU in spiral orbits.

In RGTD (taking into account the negligible smallness of only cosmological constant) the
completely different typical radial distribution of the average density of gravitational mass of the

matter in the galaxy takes place [Danylchenko, 2021; 2021a: 33]:
5 [20c?~(a-1)] _[492, ¢ k! —(a-1)(k2"+1)]

[£g0rarp™ = = )

krra(-b)  wc*rla(-b)  xc*rla(l-b)(k1+1)

according to which it becomes infinitely small. The tendency to 1 of not only parameter a, but also
parameter b (when b,.=1), prevents the limitless decrease to zero of average density of mass of
matter on the edge of the galaxy. That is why in RGTD, in contrast to GR, there cannot be in
principle any shortage of baryonic mass not only in the center, but also on the edge of the galaxy.
And this is related namely to the fact that tensor of energy-momentum of RGTD is formed based on
the ordinary internal energy of matter and corresponds (in contrast to the tensor of energy-
momentum of GR’') not to cooled down to the limit matter, but to the infinitely cooling down

matter of astronomical objects of the galaxy.

Taking into account that in the outer space, when the values of b, are close to 1, on the periphery
of the galaxy a,-1=1-b, and, thus, @,=1,00000111973203677 (when 2v.c*=11197320378 - 10™°,

b,=0,99999888026796323), having V. =V,, n=2" and the same initial data we can find the

acceptable value of the average density of mass of matter on the edge of the galaxy: [1tgrop|rem=
=5 107%¢ kg/m3. However, of course, when we have value b,, that guarantees 51im<10'15, the

significantly smaller average density of mass of the matter on the edge of the galaxy can take place

in RGTD also when b,.=1. When n=1 (v,=224,9999999993 6 km/s) and the same value jin=10"

e ) s = B rop |RGTD™— ’ i gm . n 1n case
b.=0,99999606363264543, b,=0,999999436721227408) [pgrop 1,4 107 kg/m’. And i

31 Enthalpy of GR, in contrast to enthalpy of thermodynamics and RGTD, de facto does not include the bound internal
energy of matter.
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when n=1, a,=1 and when in=10"" there will also be 2v)¢=11197320378 - 10™°, then we will
receive [Lgrop|ram :1,24-10'3 8 kg/m3.

As we can see in RGTD, in contrast to GR, index n=2" (when b,=1) quite significantly
(almost 36 times) increases the acceptable average value of density of inertial mass of matter on the
edge of the galaxy. However, due to mutual dependence of variable parameters n, b, and a,, that is
defined by the principles of expedience and by corresponding to them negative feedbacks, the

increasing of [z, 1z, Will be indeed significantly smaller. The increasing of [, on the

]RGTD

galaxy periphery due to n=2" can be partially compensated by its decreasing due to decreasing of
the value djim.

As a result of evolutional decreasing of average density of matter in the Universe and gradual
cooling down of the galaxy nuclei their parameters n, b. (b,) and a. (a,) are gradually changing. It is
manifested in a gradual distancing of astronomical objects from the galaxy center. The speeds of
gradual change of these parameters are not equal for different galaxies that may result in the non-
equality of galactic values of Hubble constant. However, the difference of galactic values from the
global value of Hubble constant, which corresponds only to evolutional expansion of the Universe,
is negligibly small in modern time. But in far cosmological past it could be more significant due to
the big values of average density of matter in the Universe and, thus, due to the smaller values of
parameter b (and, consequently, of defined by them values of coordinate velocity of light) in the
outer space of the Universe. Nowadays it is more significant only in non-rigid FRs [Danylchenko,
1994: 52] of cooling-down astronomical bodies.

Radial distribution of parameter a (when b,.=1) can be found via the solution of differential

equation:

, ~2
ra’ oo o1, VL
P +a-1)—xu,,,c [Hb(cz—ﬁz)}_

_rd o Q@) b7 b A e b )+ 20 b (b))
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and, taking into account that dr=(rc*/2v°b)db , and v,<<c , — of another equation:

Ida AB"+bY) (a-1) (b +b2")+202c B (1-b)
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12. The condition of invariance of thermodynamic potentials and parameters with

regard to the relativistic transformations

Thermodynamic potentials and parameters of matter as well as the temperatures of its phase
transitions are purely internal properties of matter [Bazarov, 1964; Van Kampen, 1968] and,
therefore, fundamentally should not be changed during relativistic transformations of increments of
spatial coordinates and time. One more thing that denotes it is the presence of two absolutely
opposite relativistic generalizations of thermodynamics [Mares, et al., 2010; Mares, et al., 2017],
according to one of which [Hasenohrl, 1907; Mosengeil, 1907; Planck, 1907, 1908] moving body is
colder than resting body, while according to another one [Ott, 1963], moving body is hotter than
motionless body. Moreover, in spite of the declared in SR relativistic shrinkage of the size of body
along the direction of its motion the molar volume of moving matter also should not be changed
during the relativistic transformations of increments of spatial coordinates and time [Danylchenko,
2008: 60]. In order to fulfill the general covariance of equations of not only thermodynamics but
also mechanics in SR and in GR there should be a principle of unobservability of deformation and
metrical inhomogeneity of matter on the level of its microobjects. Indeed, instead of metrically
inhomogeneous background Euclidean space [Zeldovich & Grischuk, 1988: 517] the intrinsic
spaces of matter that have gravitational curvature are used in GR. And, therefore, of course, the
local kinematic “curvature” of intrinsic space of the observer of moving body should be introduced
in SR instead of relativistic length shrinkage.

In commonly accepted but erroneous interpretation of SR besides the Ehrenfest paradox the
correspondent to it paralogism of enclosed trajectory (circle, ellipse) takes place. Due to expected
relativistic shrinkage of the size of standard of length (meter) of the body that moves by enclosed

trajectory its length (according to its intrinsic standard of length) according to external observer
should be T'=(1—"c )™ times greater than by the standard of length of this observer. And time,

which is required for body to perform the full turn, by its intrinsic clock should be the same number

of times smaller than by the clock of this observer. And, consequently, according to external

observer the velocity of orbital motion of the body in intrinsic FR of the body should be I’ times
greater than its value that is registered by this direct external observer. Lorentz transformations do
not guarantee this, since according to them the velocity of motion of the body in its intrinsic FR is
the same as in FR,; of external observer.

Increments of coordinate time and spatial coordinates can be expressed not only in four-

dimensional pseudo-Euclidean Minkowsky space, but also in similar to it four-dimensional
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hyperbolic space® [Moller, 1972]. Let us examine at first the movement along the one direction.

According to Lorentz transformations we will have:

-2 2 -2
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where: ds=cdi=\1-v"c"df'=/ 1=/°cdt=inv, thy,=v/c, shy,=(vic)1—"c?) ", chy,=(1—"c?) ",

When y,,=0 (v,=0):
cdf'=cdi=chy ds=——<—df | & ! d

, —==chy,=———, —=c shy,=——.
Viaie?  dt V1™ V- S dt " Vv c‘2

And, consequently, in the intrinsic time 7 of moving body the velocity of its motion is greater than

dl'=dl=shy ds=———

by the observations from external FRs, which is, of course, related to the dilatation of intrinsic time
of moving body in SR. Due to invariance of the time of such interval (that is equal to the intrinsic
time of moving matter) to the relativistic transformations this time could be used as a unified
universal (cosmological) time if at least inertially moving matter would not have the dilatation of its
intrinsic time. In order to guarantee the invariance of thermodynamic parameters and potentials to
relativistic transformations it is required that exactly the time of inertially moving matter should be
invariant to relativistic transformations. And this obviously can be guaranteed only by Lorentz-
conformal transformations. Conformal transformation of increments of time and coordinates do not
have an influence on the form of transformations of projections of velocities and, therefore, it is
quite acceptable.

In general case the Lorentz transformations of increments of time and coordinates as well as of

the projections of velocities of motion during the transition from FRyy to FRy (/,(v,)=arth@,/c))

22 _ -
At dx_ |1 e V) gy V)
\/l—v 2 1=/ chy, ¢

32 The usage of hyperbolic four-dimensional space instead of pseudo-Euclidean is more preferable since exactly this
space corresponds to exponential expansion of the Universe (evolutionary conformally-gaugely self-contraction of
matter in CFREU) and reflects the self-consistency (mutual dependence) of the rate of time and the velocity of
propagation of electromagnetic interaction that sets this rate [Danylchenko, 1994:10; 2004: 15; 2008b: 24]. Moreover,
the necessity to use the hyperbolic addition of velocities of motion of matter is possibly caused by the discreteness of
changes of its collective spatial-temporal microstates, which are perceived as continuous motion only due to the high
frequency of changes of these Gibbs microstates.

will be as follows:
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where: ds, ~\/C ('Y’ ~(dx'y’ ‘\/c (dt)y’~(dx)*=inv, dar- _yz__\/l_vjc‘z_j/l—vzc‘2 =Ch®/t_l//t0).

And, taking into account that cdf'=ccosp.cthy,—w,)dl', we will receive

dl'{cos’ ¢.cth’(w,—w,)-1] *ds. And, according to this and according to transformations of

trigonometric functions of angles [Einstein, 1905; Moller, 1972; Weisskopf, 1972] we will have:
cdt'=cosg cth(y,—y,)[cos' g, cth’ (y,—y, )] *ds={l-sec’ @ th*(w,~,,)] *ds ,

dx'=cosgl[cos’ gl cth’(y,—,,)-1] *ds, dy'=cosgi[cos’ g.cth’(y,—, -1 "ds,

dl h(y,— 20 cth’y -1
dz'=cospl[cos’ g.cth’(y,—w,,)-1] ds dl' _cospshy, /) _ \/ cos @ cth'y,

dl" cospshy, | cos’gcth’(y,—,)-1
dt'_chly,~y,,)_cosplcthly,~y,) d'_cos, | cth’y,—sec’p,
dt~ chy,  cospcthy, U dx cosp '\ cth(w —w . —secd.
v, sp.cthy, P, N eth'(y,—y0)-sec ¢
dy'_cosp,cospshy,~,,)_cosp, - dz'_cosg.cosp,sh(y,—y,,) _cosg, -l
dy~ cosp, cosg shy, COS(py ©odz cosp.cosgshy,  cosp.”'
where: singd =sechiy,gJ=sing, ¥ —=sing, [0 SN i) OB
B A i (R ey e O ma
Ctg(q;:wctggpxzsh(y/t —y, O)ZM , cosg,=cosp, /g, , cosp=cosp./g, (v=ccosp,,
shy, sing A/1-vpc ™

w,=arth(cosp ), shy,=ctgp , chy,=coseap,, thy=cosp).

Since hyperbolic cosine cannot be equal to zero the increment of time in FR,, can be equal to
zero only if interval s is equal to zero. But this corresponds only to world lines of radiation in
hypothetical absolute vacuum. Moreover, when df=0 andds=0 then also dx=0. That is why it is
out of the question that there can be any synchronous measurement of the length of moving body in
FRou. And, consequently, synchronous fixating of coordinates of two distant one from another
objects of moving body is fundamentally impossible. Asynchronous fixating [Cavalleri, Salgarelli,
1969] of their coordinates in FR,, obviously should correspond to the same collective

gravithermodynamic (spatial-temporal) Gibbs microstate of the whole matter of moving body. Since
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correspondent to it front of intrinsic time of moving body propagates in FR, at vtozcz/vo velocity

[Danylchenko, 1994: 5, 2008b: 3], then when dtl.j:voc*zdxlj we’ll receive:

(:M_ 1-v;cdx,=sechy  dx.=thy, ds..
if W 0 i 107%j 107" *

And, therefore, according to Lorentz transformations not the contraction but vice versa
enlargement of longitudinal coordinate “size” of moving body takes place. And only in case of such
increasing of coordinate length of moving body the Lorentz transformations do not lead to
paralogism of enclosed trajectory, since how many times the time needed to pass this trajectory is
decreased — the same number of times the coordinate length of distance passed by the observer (that
rests in FRy) is decreased”. However regarding the motion of FR,y in his/her FRy the paradoxal
opinion is formed, based on the identification (in SR) of increments of coordinates and increments
of metrical segments. After all, each of two observers considers that dilatation of time and
enlargement of moving body belong to opposite FR.

The considerations that instead of relativistic shrinkage of longitudinal size of moving body the
increasing of it can take place were expressed by various authors [Arzelies, 1965; Rohrlich, 1966;
Strel’tsov, 1988, 1991]. However, it can take place only for forcibly accelerated bodies. Anyway
the shrinkage of the size in background Euclidean space of the observer should take place for
inertially moving bodies. Due to the necessity to fulfill the general covariance of the physical
equations the change of metrical size of moving body in intrinsic space (that has curvature) of the
observer should, of course, be absent [Terrell, 1959; Danylchenko, 2009: 75, 2010: 64].

And this means that Lorentz transformations are the transformations of only spatial coordinates
and coordinate time and not of metrical spatial segments or metrical time intervals. And, therefore,
it is still required to multiply the matrix of transformations of increments of coordinates [Moller,
1972] by the matrix of transition to the increments of metrical segments. This matrix should be
similar to the matrix of metrical tensor of GR and, of course, it should include not only the indexes

of local curvature of time (values of local coordinate velocities of light

v, =c(dt/ Jt_)zvm(l—vzvc‘f )" ), but also direct or reverse indexes of local curvature of the space’:

E=dx/dx=1/=c/v, =V C=dildi=y, Je=C (1I-vvi))"?,

3 This is, of course, not enough weighty getting rid of paralogism of enclosed trajectory in SR, since the conclusions
are made being based on analysis of increments of coordinate time and spatial coordinates and not being based on
increments of metrical segments of time and space.

** According to condition of GR for the conventionally empty space ab=1 (for radial direction) the following takes
place here: &v,/c=v,/c{=1 and &y, /c=v, /cC =1.
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where: dt and dt are the increments of the spatially inhomogeneous coordinate (gravity-quantum)
time in background pseudo-Euclidean STC and of the united intrinsic (gravithermodynamic) time
of all gravithermodynamically bonded matter correspondingly; dx and dx are the increments of

spatial segments in background Euclidean space and in intrinsic space (that has local curvature) of
matter correspondingly; v, =c{ =c/é and &, & are correspondingly the coordinate velocity of

light and also the direct and reverse values of indexes of curvature of the space in the hypothetic
point FR,,, in which moving body could be in the state of rest. At the same time, in the same way

as in conventionally empty space in GR, v, é=v, /¢ =c, while for quickly distancing from

vr

observer galaxies the local deviations of coordinate velocity of light and curvature of the space are

negligibly small (v,,,~c, &1, { ~1).

However, these indexes that take different values in different FRs can be as well directly

included in the modernized Lorentz transformations themselves.
So, according to increment of metrical segment dyx=&dx=¢£(1-v'v)) *dx the real metrical

velocity of inertial motion of the body in the uniform gravithermodynamic time (world time of GR
[Moller, 1972]) of FR,y will be de facto equal to its intrinsic value in the FR of moving body
[Danylchenko, 2006: 27; 2008: 60; 2021]:

172
v =dx/dt =&, [c)dx/di=dx/dt=vclv, =(vclv,, ) 1-vv. )P =(velv )[(1+w/l—4v2v{jv2,.)/2T =c\1-v v

cvr. cv'cvr

where: &_=c; v=dx/dt =(v=v/E=vv, Je=0(v,, [c)(1-v"c?)"? is the velocity of motion of object in
background regular space of FRyy, which does not take into account the curvature contributed by
nearby astronomical objects and by the moving body itself.

And this means that not only the decreasing of coordinate velocity of light, but also the
increasing of curvature of intrinsic space of FR, is locally compensated by the inertial motion. It is
obvious that gravitational curvature of regular space (gravitational decreasing of longitudinal size of
the body that falls free in background Euclidean space) is completely compensated by the local
curvature of this space, which appears due to the increasing of the velocity of inertial motion of

body in gravitational field. And, consequently, the local coordinate velocity of light as well as

indexes of local curvature of the space in the point of instantaneous dislocation of inertially moving
body correspond in its intrinsic FR to their values &, ¢, in hypothetical point of the start of

independent motion of the body and not to their regular values in the points of instantaneous

dislocation of the body in FR,,.. Being based on the change of exactly this real metrical velocity of

the body Moller received the acceleration of body motion G=dv/dt=(1-v’v.>)"*dv/dt [Méller,
1972; Danylchenko, 1994: 5, 2008b: 3].
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According to this the Hamiltonian of inert free energy and Lagrangian of ordinary internal
energy as well as Hamilton and Lagrange momenta of the inertially moving body are

correspondingly equal to [Danylchenko, 2021a: 37]:

H=E,'=mcv, (1-vv.") *=mcv. =const(),

cvr

L=, /T=m,c 1=V )" v, =m’ /v, =const(),

P,=myl'=mpI'c/v, =myvc/ vcw,(l—vzv;f )=2myvclv (1+wll—4v2v;v2r) ,

cvr

P, =my=myvclv, =(myvc/v,, )1=vv.2) "2 =(mgvc/ vm,)[(l+m >2r/2 ,
while: VIH P = U4 P =mic’

Lorentz invariance of the velocity of light fundamentally takes place only in the point of
disposition of the clock [Danylchenko, 1994:10, 2008b: 24]. In distant from the clock points (as it
takes place in GR for coordinate velocity of light) it can be non-equal to the constant of velocity of
light. That is why it is quite possible that more complex (than purely Lorentz) transformations of
increments of coordinates and coordinate time can be required in SR. All of this is the consequence
of the presence of local gravitational fields and correspondent to them local distortions
(deformations) of intrinsic space of the observer in regular (conforming to the laws) STC of the
observer. These local deformations of real STC do not correspond to the equations of gravitational
field of regular STC. Exactly the fact that inertial motion of matter does not correspond to equations
of regular gravitational field should allow mathematical describing of these local deformations of
regular STC of the observer.

And, as it follows from the solution of equations of gravitational field of GR with non-zero

value of cosmological constant A=3Hc*, the free fall of distant galaxies onto the pseudo horizon

of events of the Universe is accompanied by the correspondent to velocity of their motion

gravitational field, which is set by the distribution of coordinate velocity of light:

v, =c(1-"v )= \/(1+\/1—4v2c"2)/2. Similar local gravitational influence on the metrics of space-

time, obviously, can be indicated by any inertial motion of matter.

In GR instead of transformations of velocities of motion, which are determined in the point i by

gravity-quantum clock of the observer, their gravithermodynamic values v=dx/dt="vc /v, which

are normalized by the coordinate velocity of light and therefore are independent from the readings
of any certain gravity-quantum clock, are indeed transformed by the Lorentz rules. They, despite
taking into account the curvature of observer’s space, yet ignore the possibility that this curvature
can be changed by the moving body which leads to the imaginary observability of relativistic

deformation of this moving body. Thus, the transition from the usage of local gravity-quantum
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clock of any observer to the usage of independent from their readings uniform gravithermodynamic

(planetary) time 7=(c/v )t of all RGTD-bonded matter de facto takes place. And this is quite

logical. In contrast to gravity-quantum times* the discrete change of the collective
gravithermodynamic state of matter happens with the same frequency in the whole space that is
filled with RGTD-bonded matter. The uniform gravithermodynamic time (that has gravitational
curvature) corresponds to exactly this discrete change.

Moreover, during the transition from CFREU to FR of the observer in GR the conformal
Lorentz transformations, which in contrast to pure Loretz transformations give the possibility to
reflect physical reality in more adequate way, are also used. That is why even in case of the
conventional absence of gravitational field conformal gravitationally-Lorentz transformations
[Danylchenko, 1994: 22] of increments of coordinates and time and of the velocities of matter
motion should be used instead of the ordinary Lorentz transformations also in SR. If body moves at
velocity v, and taking this into account its limit velocity in background regular®® space of the FRoy

)(p /2

of external observer is v,=v, [} "=, (v, , then in commoving with it FRg and in FR, the

increments of coordinates (and, thus, of metrical segments) of its moving objects and time will be

as follows [Danylchenko, 2021a: 37]:
vdt'  Vidt'

J1=2c?y 1=
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%> The fact that there is a gravitational dilatation of the rate of intrinsic time in the bowels of the planet does not mean
that physical processes will flow there slower that on its surface. Quite the contrary, these fast flowing processes will
flow even faster by the intrinsic time of the bowels of the planet than by the observations from the surface of the planet.
3% Background regular space can have regular curvature. Therefore, additional kinematic curvature of this space will be
locally imposed on its regular curvature.
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chy, V' 1-v;c
R T i T e e
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where: V,==V, (V;="Vy="V,¢/V); Vie=V; W,=arth(/c), y =arth('/c)=—arth(/c) (y,=arth@,/c),
wl,=arth(;/c)=—arth@,/c)); v=y,I.7 and T, =1-v.v,°)"? are values of the limit velocity of
motion in the background regular space and Lorentz shrinkage of dimensions of mobile object m
(matter) in regular space of the FRow; Vis=17(p,GWV,, , vie=((p,GW,, v,=v,=c{ =c/& ; V, =V,
Vo=V /T V=0 /T =12 and T=(1—/?)" are values of the limit velocity
of motion’” and Lorentz shrinkage of dimensions of stationary and mobile objects in regular space

of the FRy correspondingly; dx) , dy! , dz! are the increments of metrical segment projections of
mobile object in FRy, and: dx ,=v, dt , dy,=v, dt , dz, =v,. dt are the increments of coordinates

of mobile object in FRy; of observer of the motion of the whole body and its objects; v, and v,, v,

are the real and limit velocities of motion of object m in FRyy correspondingly;
NP+ Y+ 42D =C (A D)=L (1= D) and

=242 42 )= (1= )PV =¢ L (197 2P are the all-side shrinkages of the

size of moving body in background regular space in FR,,: and in FR, correspondingly;

$o=n(p,G)S, and {=n'(p,G){, are the functions of index p and the acceleration G of forced

motion; £, is a parameter that characterizes the curvature of intrinsic space of observer in the rest

initial state Of moving bOdy; NC:(I—V2V;2) pl2 ( =2 2) —p/2 and N—(l v'zv,' 2)7p/2 (1 §!20—2)*p/2

7 1t is quite possible that this means that not only real velocities of propagation of radiation in moving matter but also
the alternative to hypothetical vacuum velocity of light limit velocity of matter is anisotropic in moving body in FRy,
[Danylchenko, 2009: 79]. However let us consider it isotropic for a while.
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are the kinematic scale factors in the FR,y and in the FRy correspondingly; (p—1) is a degree of

shrinkage of the size of moving body in background regular space.
According to this, the transformations of the velocities projections of motion will have the

following form [Danylchenko, 2021a: 37]:
‘,}\:nx 1dx’ ;ldg mx V / vl VO/ VIO i; ‘/;0 ﬁr;y ldy m 4/! ) ,,n y_vmy 2"'1?)2 \ _VOZ -
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where the real velocities of motion of observed object and of FR, are equal to v, =v c/v,

= roo . ' o :
V.= clv, v =v c/v, and v,=v,c/v,, correspondingly.

my

When V, =0, V, =0, Vv =0 (dx=dx,, v,,=v,, V=V, ¢=(,) and di=(,{,/cv,)dx, (that

my mx

mz:vaC/vl ° sz

=V,,C/V, Y,

=YV Y,
corresponds to the identical collective spatial-temporal Gibbs microstate of the whole matter that
moves at v, velocity) there is a relativistic invariance of longitudinal metrical sizes of moving body
(dx'=dx,=dx,=inv ), independently from the values of index p. Due to the isotropy of kinematic self-
contraction of the sizes of moving body in background regular space the transversal metrical
segments will also be relativistically invariant. And this, of course, corresponds to the accepted in
GR principle of unobservability of deformation of matter on the level of its microobjects (de facto
to the principle of metrical homogeneity of the space of observer of matter motion)*. Inequality of
increments of transversal metrical segments in different FRs, when relativistically invariant
increments of metrical time are the same, is caused by the difference of transversal components of
velocities of motion in those FRs.

According to the increment of times d¢ and df¢' (dx=vdt and v,=v,,, and: &’ =0, dy/ =0,

& =0, vj=v,,), as well as of conformal interval when body moves inertially (V=)
[Danylchenko, 2021a: 37]:
(ds)'=Nlc*(dty ~(dx, )’ ~(dy, )’ ~(dz, ) ENeAv, (de Y =¢(dx,, ) =1y, ) +(dz,) T}=vi(di ) =

*¥ Instead of metrically inhomogeneous background Euclidean spaces [Zeldovich & Grischuk, 1988: 517] the metrically
homogeneous spaces that have curvature are used in GR in order to fulfill the general covariance of formulations of
physical laws.
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=N 2L ~(d, Y =y, (2} TN () =¢ (Y = (5, +d2,) 1= i )
takes place not only the invariance of the rate of the count of inertially moving clock, but also the
invariance in relation to relativistic transformations of counted by them unified
gravithermodynamic time of the Universe (d¢'=d¢=inv) which, of course, can correspond only to
the unprompted motion (inertial motion or chaotic motion) of any objects. From the condition of
conservation in FR( of the Hamiltonian of bodies that are free falling it follows that p,=2. In case
of forced motion (when p#2 and VA2, 1(p, G#(p, G#) the dilatation of intrinsic time of
moving objects can indeed take place, which is confirmed by the increasing of lifespan of unstable
microobjects that are formed in experiments on accelerators. The rate of coordinate (gravity-
quantum) time devdi, which is spatially inhomogeneous in gravitational field, is of course
changed along the trajectory of inertial motion of objects. However, the influence of gravitational
field on the count of gravity-quantum clock is completely compensated by the inertial motion
similarly to the complete compensation of gravity forces caused by it.

The limit velocities of the matter motion itself (which is decreased by the gravitational field)
in FRy can be expressed via its real velocities of motion V' and via the velocity of motion in

background regular space V=1"vj/c in the following way:

V= 1=V =v,r\/ (1+w =d/* 2 )2 (V= 1=,

Them values when gravitational field is hypothetically absent” (v, =c ) will be determined by

the dependence that guarantees the Lorentz-invariance of thermodynamic potentials and parameters

in this case as well: v,'O:c\/ (1+1I1—4v(')20_2 2.

And, consequently, it is quite possible that in the case of any spontaneous (not forced) motion

there indeed should not be any time dilatation of moving clock. The motion, quite the contrary,
even compensates the gravitational dilatation of the time. Moreover, during such motion there is an
absence of declared in SR non-fulfillment of simultaneity of the events that take part in different
places in FR of moving body, which are simultaneous in observer’s FR. However, of course, this
can be related only to inertial motion ob body in the Universal gravitational field that surrounds it,
while purely Lorentz dilatation of the rate of time in commoving to moving body FRy as well as
dilatation that is induced by gravitational field, are completely compensated by all-round isotropic

self-contraction of this body in FR, (self-contraction of its size in background regular space). At

* Namely the applicability of the concept of limit velocity of motion for the description of not only the gravitational
field, but also the motion, urged the author to reject the usage of such a term as coordinate velocity of light.
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least, the deceleration of orbital motion of astronomical objects of far galaxies that are distancing
from us at high velocities is not confirmed by astronomical observations”.

It is obvious that not only the fundamentally unobservable in FR of people’s world gravitational
self-contraction of matter (on the level of its microobjects) in the background Euclidean space
[Zel’dovich & Grishchuk, 1988], but also its motion can cause the advance of evolutionary self-
contraction of matter of moving bodies in CFREU comparing to the conventionally motionless
bodies in it. However, it should be taken into account that the ordinary Lorentz transformations as
well as used now in GR trivial conformal gravitationally-Lorentz transformations are the
transformations of increments of only spatial coordinates and not of metrical segments?.
Relativistic shrinkages of length and volume of moving bodies should be fundamentally
unobservable in the people’s world similarly to the gravitational shrinkage of molar volume of
matter in background Euclidean space. General covariance of formulation of physical laws will be
fulfilled if the kinematic “curvature” (densening) of intrinsic space of observer of moving matter is
used instead of them. That is why the molar volume of matter as well as all other its thermodynamic
parameters are invariant relatively to spatial-temporal transformations.

Thus, the inertial motion of the matter in gravitational field not only prevents the gravitational

—1/2
increasing of its refractive index of radiation njini,(l+1/(l—4vé /.vl;f )/2) (n=const(f)), but also causes

in the regular space of the CO,, the relativistic (kinematic) self-contraction of it in both
longitudinal and transversal directions [Danylchenko, 2009: 79]. According to this the rate of

metrical time of inertially moving bodies is unchangeable and relativistically invariant

($=C,=C,=v,;/c=v,/c, dt'=dt ). According to this we will have the following expressions for the

% Astronomers, quite the contrary, are looking for non-baryonic dark matter, which would allow to explain the quite big
velocities of orbital motion of astronomical objects on the edge of far galaxies that are distancing from us at high
velocities. Moreover, in order to explain the imaginary accelerated expansion of the Universe (that follows from the
false notion about the dilatation of intrinsic time of distant galaxies) astronomers are forced to “fill” the Universe also
with dark energy.

! Mutually observed shrinkage of longitudinal and transversal size (increments of coordinate time and spatial
coordinates) of moving objects is indeed not paradoxical since vectors of world points of these objects are located in
different three-dimensional sections (hyperplanes) of four-dimensional pseudo-Euclidean space and are inclined one to
another at hyperbolic angle that corresponds to the velocities of their relative motion. Orthogonal spatial projections of
vectors of world points on the opposite hyperplane always should be smaller than the spatial components of four-
dimensional vector. At the same time, orthogonal projection of coordinate time, quite the contrary, should be greater
than the temporal component of orthogonally projected four-dimensional vector. Precisely this is guaranteed by
Lorentz-conformal transformations. However, we should remember that these are transformations only of increments of
coordinates and not of metrical segments. Moreover it should be taken into account that these transformations of four-
dimensional segments should correspond to the same spatial-temporal Gibbs microstate of the whole
gravithermodynamically bonded matter of moving body. And this means that projected four-dimensional segment
should be perpendicular to the axis of coordinate time of hyperplane, in which this body rests and on which the
projection of segment takes place, and not to the axis of coordinate time of hyperplane, in which the projected four-
dimensional segment lies. And, consequently, hyperbolic projection of segment on this axis of coordinate time should
be equal to zero.
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transformation of increments of metrical segments (dx,, dy,, dz,) and coordinates (dt, dx,,

dy,, dz,):
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where: dxl.j and dx; are the increments of coordinates that correspond to spatial transition to
another object j, which is located in the same collective spatial-temporal microstate that the initial
object i (while the increments dx, and dx correspond to the change in time of the spatial location

of the same object m).
While the tensor of energy-momentum is formed in GR being based on purely Lorentz

transformations of increments of coordinates and time, the metric tensor is de facto formed being
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based on their conformal gravitationally-Lorentz transformations. And namely the conformal self-
contraction in background Euclidean space of CFREU of galaxies that are quickly distancing from
the observer (and of their astronomical objects) is responsible for the curvature of intrinsic space of

observer as well as for the coverage of the whole infinite space by the fictive sphere of the events

pseudo horizon when the cosmological constant is A=3H]3-072 . On the sphere of pseudo horizon, of

course, the conformity of infinity of not only cosmological past, but also of the space (division of
one infinity by another infinity helps to get rid of both) takes place [Penrose, 1968]. Due to isotropy
of coordinate velocity of light in GR the thermodynamic potentials and parameters of only
astronomical objects that conditionally motionless in CFREU can be Lorentz-invariant in GR. Only
they are inertially falling onto pseudo horizon of events of the Universe with the conservation of the
value of Hamiltonian of inert free energy of rest and the value of Lagrangian of ordinary internal
energy of rest, and thus of the total energy of its matter.

Moreover in any observer’s FR the coordinate sizes of these objects (in the moment when they
emit the radiation) are conformally reduced in their cross-section more than it is required for the

absence of dilatation of their intrinsic time. According to GR their transverse coordinate scale factor
N, formally exceeds its limit value, beyond which there should be not a deceleration but

acceleration of the rate of intrinsic time of moving body [Danylchenko, 2008: 106]:

RG D, {v,,o 1
Ny, —1+z N - )

where: V_,=cy1- VGO —VIO; Vao=Y, 1s the velocity of radial motion of distant galaxy at the moment
of emission of radiation by it; D, =R.=r.. is the transverse comoving distance to the galaxy in

CFREU; D =r, is the angular diameter distance in the observer FR at the moment of emission of

radiation by the galaxy; z is the redshift of the wavelength of radiation from the stars of the galaxy.
According to the increment of the interval [Danylchenko, 2021a: 26]:

(ds)’=c*(dt’)’ —(dx,'%)z—(dy,'ﬂ)z—(dz:ﬂ)2 =N i[cz(dt)z—(dxm)z—(dym)z—(dzm)z]

when: & =0, d/ =0 and &, =0 the dx,=v,.di=(v;/v, )cd, dy =0, dz =0, will take place, and:

Y =N (1)@ =NV ) = (v, Y (@ 1 =10, 400,/ 02,7,) 16D’

And, consequently, the dilatation of intrinsic time of astronomical objects of far galaxies that
are distancing from observer is absent in conformally transformed time ¢ of the observer FR and all
the more so by its real clock that counts universal astronomical time 7. So, according to GR
formalism not the dilatation but vice versa the fastening of the rate of intrinsic time of distant

galaxies takes place by the observer’s clock: d#=(+v,/v.)d>dt . However, if just the gravitational
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dilatation of the rate of time of distant galaxies is completely compensated by the free fall of distant
galaxies on the pseudo horizon of events, then indeed there fundamentally cannot be any
contraction or dilatation of the unified gravithermodynamic (not coordinate) time of matter of these
galaxies.

That is why the Etherington identity D,=D (I+z)* [Etherington, 1933], which takes into

1/2

account the fictive (14+z) "~ times decreasing of the number of quanta of energy emitted by the

moving astronomical object (being based on the false notion about the deceleration of the rate of its
intrinsic time), is indeed the paralogism. And, of course, it should be replaced by the

D,=D,,(1+2)"?=D (1+2)’* identity, according to which the Hubble linear dependency
z=AA,/A=H_D,,/c is strictly fulfilled namely for the metrical distance D,,, and not for the

luminosity distance D, [Danylchenko, 2020: 85; 2021; 2021a: 26]. And it means that the fictive
dark energy is not needed for the Universe [Danylchenko, 2020: 85; 2021; 2021a: 29].

At the moment of registration of radiation (when astronomical object that emitted it can be

already non-existent) the prognosed by GR value of scale factor is reduced to the value
N, (t.o)=R./r.=c/v, =(1—viv. ) *<(1=v;vi7)™". That is why the imaginary dilatation ((1=vgv.>)™*
times) of the rate of intrinsic time of these astronomical objects is indeed prognosed. However this
imaginary dilatation strictly corresponds to the value of coordinate velocity of light v, in the place

of present expected dislocation of astronomical object. And, consequently, it can be not kinematic
but purely “gravitational” effect that is caused by the tendency of coordinate velocity of light to
zero when approaching the pseudo horizon of events.

And this can take place in the case of the conformal gravitationally-Lorentz transformations of
increments of space coordinates and time, which guarantee the relativistic invariance of the

Lagrangian of ordinary internal energy of inertially moving body as well as of all thermodynamic
potentials and parameters of its matter when the values of kinematic (N, ) and coordinate (V,)

scale factors are:

U R B R, 1 11
SVt 1vive g M 1 \/1_‘% 2 \/1_‘%‘;1—2 \/l—rérc_z'

According to this the evolutionary process of self-contraction of correspondent to matter spiral-
wave formations de facto forms the global gravitational-evolutionary gradient lens (GGEGL) in the
Universe with the following gravity-optical power:

I 111
’1- (I@ﬂ/i@z—ré )_I/;:G(RG)_E - E’

D(r;)=
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where: rcG:(z;:h/rf—er)fc /r.2r. is the local value of focal distance of GGEGL; r.=c/H,=V3/A is the

total focal distance of GGEGL (radius of the pseudo horizon of events of the Universe); R; and 7,

are radial distances to the galaxy correspondingly in CFREU and in FR of the observer at the
moment of registration of the galaxy radiation by him.
However, the redshift z of the emission spectrum of the stars of distant galaxy is determined not

by its Schwarzschild radius 7, and not by N, , since in contrast to the transverse comoving distance
to the galaxy in CFREU D,, =R, (that corresponds to galaxy all the time during the propagation of

its quantum of radiation) the distances with angular diameter D,=r;, and N,,=D,,/D =l+z should

correspond to the moment of emission of radiation by the galaxy.

The Schwarzschild solution of the equations of GR gravitational field makes the misleading
impression that the space that surrounds galaxies is distancing from the observer together with
them. And, consequently, far from the observer the FR of Schwarzschild solution can be
considered as non-rigid continuation of the rigid FR of our galaxy. However the conservation of the
energy of inertially distancing galaxies disproves this impression, since in nor-rigid FRs the law of
conservation of energy of inertially moving bodies fundamentally cannot be fulfilled [Danylchenko,
1994: 52]. Therefore FR of Schwarzschild solution is rigid in all its length. And, consequently, the
local kinematic curvature of the space, filled by moving matter, should be imposed on the curvature
of its rigid regular space. Thus, the same as in the space that do not have regular curvature, we will

have:

dr dr dr dx, dr dr
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Taking into account that v,=cy1-7"7"", and v,=vy/r.=(cr/r)\J/1-r"r> we may find time A7 at

which the radiation of galaxy will reach the observer and the galaxy itself will take the position that

is simultaneous with this event:

0 3~ 0 ~ 0 2,2 2

~ ¢dr dr  r. r+r _dr ¢ rdr . r-n)
J.—:J.—:—ll’l < = = < N ~In 2 Cz 2

2 -2 0 _ .

A A W Cor(l=rr) 26 (7))
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From here, taking into account that »=r,R(r’+R*)™"'? , we will find:

r, = =r) R Dy=R="t i 1D,

r= ry= = =
/-1 =2t AR r—r, 1-D,H,/c
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The transversal comoving distance (that corresponds to the classical photometric dependency)
to the distant astronomical object that is conventionally at rest, the same as for the observer, can be
determined in CFREU also from the condition of invariance to coordinates transformations of the
diameter:

D=2r,sinu,,=2r,sinu,=2Rsinu,=inv
of aperture of registration device [Danylchenko, 2008: 106]:

[\/1 —r, 1= H /0)005%]’”0 I 1,
=0 oy (z4])=——,
L1, /1, ~(r,H ;/c)* I-r,H,/c r—r, H,

where according to relativistic transformation of trigonometric functions of angles [Einstein, 1905;
Moller, 1972; Weisskopf, 1972]: sinu,=(7/R)sinu, =1-vZ /v, [1=(v,/v, )cosp,] 'sinu,, (@.=7), a
sinu,,=(ry/1;)sinu, =sinu, /-7, / r,—A1/3; r.2N3/A=c/H, is the radius of pseudo horizon of events

on which the value of limit velocity of motion v, is equal to zero [Danylchenko, 2004: 33; 2005a:

95; 2008b: 95].
As we see the global gravitational lens, formed along the world line of radiation, is already not
the gradient lens since it has the constant gravity-optical power in the whole space:
1 1T 1 1

1
QO=—=—— - —=— — —=constR)
r. , R D D,

According to this the proportionality of redshift of the wavelength of radiation z=(H,/c)D,, to

the transversal comoving distance to the galaxy in CFREU D,, =R, possibly should take place in all

points of the only the space with isotropic coordinates [Moller, 1972; Misner et al., 1973]. And such
conformal-Euclidean metrics quite corresponds to the all-side isotropic shrinkage of the
microobjects of moving bodies. And only the system of isotropic coordinates can guarantee the
correspondence of the curvature of intrinsic spaces of matter to isotropic gravitational as well as
evolutionary deformations of its microobjects in background Euclidean space of the expanding
Universe.

And indeed the isotropic coordinates corresponds to the conventionally empty intrinsic space of
the body that has the linear element (world interval) of external Schwarzschild solution in
background Euclidean space and in cosmological time 7 of CFREU [Danylchenko, 2004: 62;
2008b: 96]:

(ds)’=N>N2{2 (d7) ~(dRY—R*[(d0)*+sin’O(dp)*|}=

AR (R ) ( ge) 2
N{(R Ry c(dr )W[dRz+R {(@0y +sin’ Kdy) }]}
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0PI (TN 2 2y +sin’Old gy =297

(1+77\/ —rge r ) 1- "1;2‘711;2

=N (-7 /N ~H 2 \(de Y (=1, /1)~ H T (dr)? = [(dO) +sin* O d ) =1V, 2) i ).

Namely their conformal transformations when R=R, and gravitational radius R ,=r, /4 in this space

=N} (1-r o/ 7)° !

are equivalent to non-isotropic Schwarzschild coordinates [Moller, 1972; Misner et al., 1973].

Here: N,=I/N,=r/R=r, (R+R, } 4R R=Ml+np\fi-r. /) explH (t—1,)]; R=R r{i+nfi=r /) /1.,
=r (R+R,J'/ARR,; v, =4cR R’ (R-R, )1, (R+R,, =cR*(R-R )(R+R,)exp[-H (r-7,)],
be:V,b/c:(R—Rge)/(R+Rge):(1—rg/r)” *5 R,=(r,/#expl—H(t—1,)] is the continuously decreasing
value in conventionally empty background space of the gravitational radius r,, of astronomical body;
n=1 (R>R,,) for the external part of the space that contains matter and n=-1 (R<R,,) for the internal part

of the space (that contains antimatter) of extremely massive hollow astronomical body.
According to this the dependence of redshift of wavelength radiation on the transversal comoving

distance D, =R will be the following:

4Rge 3 Tk 3

R+R )'dR R+R d

H, J‘ ( ) :HE J' ( o) Vi Tzl—exp(—HETO)Zl—/L‘Zﬁ
x R(R-R,) ¢ 7, R(R-R,) A A

b

M _He [, (R—1,./4)"
l{ e, I e (10625+2InL3)

where: v, =¢, v,=cR*(R—R,)(R+R,,) exp[H,(r—7,))/0384, 7,<7<7,=0, A,/ =exp(-H 7).

Since far from the source of gravitational field: 7, /r~0, and R~rexp—H (11, )] ,then for the same

moment of cosmological time (7=const) the following conditions will also be fulfilled: dR/dr=R/r
and exp2H . (r—7)J{(dR)’+R[(dO) +sin’Ndp) 1 x(dr)’ +r[(0)*+sin’ Adp)’] . Therefore far away the
spatial Schwarzschild coordinates also form (together with universal cosmological time) the system of
isotropic coordinates. And since the planet Earth inertially goes around the Sun and around its axis there
fundamentally should not be the dilatation of its intrinsic time the same as for all inertially moving
astronomical objects. That is why its gravithermodynamical (astronomical) time is de facto identical to
universal (absolute) cosmological time. And then it becomes quite understandable why far galaxies almost
strictly” correspond to the Hubble law as well as to the gravity-optical lens despite the coordinates of

intrinsic FR of the Earth are non-isotropic.

*2 The erroneous conclusion about non-fulfillment of Hubble linear dependence is caused by the usage of uncorrected
luminosity distance instead of transversal comoving distance in it and by the taking into account the imaginary
relativistic dilatation of time in distant galaxies.
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It can, of course, be assumed that the solution of the equations of gravitational field should be in
isotropic Cartesian coordinates and only after that should be transformed to be in spherical system
of coordinates. However, such solution in isotropic Cartesian coordinates [Kramer, et al., 1980]
does not differ from the solution in isotropic spherical coordinates that corresponds to background
Euclidean space and cosmological time of CFREU. In CFREU the galaxies are quasi-motionless
(perform only some small peculiar moves). And, therefore, in equations of gravitational field (3)
correspondent to this solution the cosmological constant A is responsible not for the radial motion
of the galaxies, but for the evolutionary decreasing of spatially inhomogeneous standards of length
in Euclidean space of CFREU [Danylchenko, 2004: 62; 2008b: 96]. And, of course, this solution of
equations in isotropic coordinates fundamentally cannot correspond to intrinsic FR of matter, in
which galaxies are distancing from the observer. Therefore only the non-isotropic coordinates can
correspond to intrinsic FRs of matter (in contrast to CFREU) that have the pseudo horizon of events
(visibility). And this after all confirms the fact that CFREU (only in which the coordinates are
isotropic) is indeed the global preferred FR [Gogberashvili & Kanatchikov, 2010] and that
cosmological time (counted in it) is similar to absolute time of classical physics.

When we forcefully accelerate some body it is as if we send it into cosmological future
relatively to the conventionally resting bodies in the Universe. Not only inert free energy, but also
real total energy of its matter is increasing during that. The ordinary internal energy (that formally
should be decreasing) is only the potentially possible its energy in the future state of inertial motion
and equilibrium of matter and environment. And after this body starts inertial motion under the
influence of Universal gravitational field it will only gradually lose its accumulated energy only due
to its deceleration by the matter of the outer space. And only when its kinetic energy will start to
correspond to the certain trajectory of motion in Universal gravitational field its real total energy
will become equal to potentially possible total internal energy and there will be no time dilatation of
the rate of count of its clock due to the motion.

If the change of the velocity of motion of the body is characterized by an ordinary acceleration,

then the change of energy of its objects is characterized by the Moaller hyperbolic acceleration

G =V[}dInv)/dx" . Spatial distribution of the limit velocity of light in hyperbolic Méller FR (FRM) is

determined by the following invariant dependency, which guarantees the independence of

coordinate values of limit velocity of matter motion v, on the velocities of motion of external
observers only when p,=2, while correspondent to it value N=v;'v,’=(1-v;v,”) ' #const(x'):
V=V, (14+Gv;’x /N )=v,(1+ Gy, x) )=inv
where x; is the distance in FRM of accelerating body from its random object i to its random object
J-
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Spatial distribution of Moller accelerations can be determined by the following invariant
dependency, which takes into account the simultaneity in FRM of events that correspond to the

same velocity of motion in any external FR of all its points (v=v,=const(x’),

v,i=v,'i\/‘1+1/1—4v02vl’i_2 ';2¢c0nsi(x') when #'=const(x')):

1_ Vi @, - Vi d(v’/v,;)zl L ! 'x'vfz(l—vzvfz):i+x'v"2: i
G, ’°Gdt] vG' di' G viN, G 7" WG TT Gy,

i i il
where V is the velocity of free fall of bodies in gravity-inertial field of FRM.
And only if N.=(,/v,)’=(1-v;v;?)”" the invariance of Méller accelerations relatively to spatial-

temporal transformations can take place. So the values of Moller accelerations will be equal for the
observers independently on the velocities of motion of those observers relatively to accelerating
body.

The body that falls free in gravity-inertial field of FRM conserves its energy in the same way as
when it falls in gravitational field. All resting or inertially moving bodies (which are even not under
the influence of gravity-inertial field of FRM) also conserve their energy in FRM. That is why the
following Lorentz-conformal transformations can guarantee the relativistic invariance of
gravithermodynamic time and the Lagrangian of ordinary internal energy not only for inertially
moving bodies, but also for the bodies that have stable FRM.

Velocities of motion normalized by their maximal possible (limit) values are defined in those
transformations not in intrinsic gravity-quantum time of some observer but in unified
gravithermodynamic time (that has curvature) of the whole RGTD-bonded matter. So the metrical
inhomogeneity (formed by matter) of not only space but also time takes place in STC of CFREU. In
order to guarantee the general covariance of equations of physics the STCs that have curvature of
both space and time are de facto used in GR as well as in RGTD instead of Euclidean STCs. This
helps to hide (behind the curvature of intrinsic STC of observer) the metrical inhomogeneity of
background Euclidean space as well as of background Euclidean cosmological time of the
Universe. The motion of matter creates additional local curvatures of intrinsic space-time of
observer. That is why in order to guarantee the general covariance of equations of physics we
should consider the principle of unobservability of not only relativistic shrinkage of longitudinal
and transversal size of moving matter, but also of relativistic dilatation of its intrinsic time. Instead
of this relativistic dilatation of time we should consider the local curvature of time of STC of
observer, which is caused due to the motion of matter in a form of correspondent local distribution
of gravitational potentials (limit velocities of motion of matter).

Gravitational dilatation of gravity-quantum time of mobile and resting matter should be

considered as the manifestation of curvature of unified gravithermodynamic time of the whole
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RGTD-bonded matter of the Universe. That is why only the normalized velocities of motion of
matter (that reflect the presence of local curvature of unified gravithermodynamic time in the place
of instantaneous dislocation of moving matter) should be used in equations of motion.

These conformal gravitationally-Lorentz transformations of increments of spatial coordinates
and time also guarantee the absence of dilatation of intrinsic time of inertially moving matter.
However, they can be conformally-gaugely transformed without the influence on the values of real
and limit velocities of motion of matter and, thus, on the values of its thermodynamic potentials and
parameters. The transformations of velocities of motion that are normalized by the limit velocities
of motion of matter form the Lorentz group.

Exactly these conformal gravitationally-Lorentz transformations correspond to metrically
homogeneous scale of cosmological time. According to purely Lorentz transformations the time on
far astronomical objects flows slower the more those objects are distanced in the past. And this
takes place despite the fact that in cosmology, quite the contrary, physical processes would flow
faster in cosmological past than nowadays. And this means that both used now in cosmology and
defined by ordinary Lorentz transformations scales of cosmological time are exponential. The
former one speeds up physical processes in infinitely far cosmological past and, as a result, makes it
finite. The latter one slows down physical processes in infinitely far past and de facto stops their
flow on the pseudo horizon of the past”, which covers in observer FR the whole infinite space of

the Universe.

13. Generalized equations of thermodynamics

If during the inertial motion of matter the main role is played by conserving Lagrangian of its
ordinary internal energy and Hamiltonian of its inert free energy, then during the quasi-equilibrium
(quasi-uniform) motion of cooling down matter the main role is played by gradually decreasing
Hamiltonian of its ordinary internal energy and Lagrangian of its inert free energy. The decreasing
of Lagrangian of inert free energy happens also more swiftly as well as the decreasing of Gibbs free
energy o matter.

Moreover, the thermodynamic processes in matter confront the intranuclear evolutionary and

gravitational processes in it. While in mechanics the main role is played by the inert free energy

H=E=m, c'T=m,cv[ (equivalent to inertial mass m,=m,v,I'/c), in thermodynamics the main role

“ The physical processes flow quite fast (as it is suggested in cosmology) by the intrinsic clock of astronomical objects
that are located near the pseudo horizon of events in the deep cosmological past. However the singular sphere of pseudo
horizon of events (that belongs only to infinitely far cosmological past) has the certain specific square and is not an
imaginary singular point, in which “Big Bang of the Universe” happened. Schwarzschild singular sphere (that belongs
only to infinitely far cosmological future) also has the certain specific square according to the solutions of equations of
gravitational field of GR despite the fact that in background Euclidean space it is indeed a point. In infinitely far
cosmological future all astronomical objects should become points due to their evolutionary self-contraction in CFREU.
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is given to the total internal energy U :W+Uad:mg,0c2Fm+Uad =my,c'T, /v,+U,, of matter. Therefore,

frequency of intranuclear interaction f,=q,Ng,=1,v,/c<n, corresponds to inversely proportional to
it frequency of electromagnetic interaction of its molecules in the comoving FR:

Jr= N, =Vad ON =Y, CIVZY i CIV Y (Jfir=S6e=1)-
This frequency is changing together with the change of velocity of light v =cg,,<v; in matter (that
corresponds to radiation refractive index n, at the wavelength of maximum of energy of thermal
radiation) and with the change of internal scale factor* N,=dl,/d<l of matter [Danylchenko, 2008:

19; 2008a; 2009a; 2020: 5]. Here: y,=x,.,.=L./T...; V.=l n=X./17,=V,1./cl, .. ;

mer 2 mcer

Voo=Xno! 1 =Vieso!c=v,,./T,.c and 1 =c/v,, are the constants of cooled down to the limit ( y,, ,
v, ) and quasi-equilibrium cooling down ( 7,,, , ¥, ) matter”, which is not identical for different

matters and for their various phase or aggregate states and not dependent both on strength of

gravitational field and on matter thermodynamic parameters; v, and v,, are maximum possible

(limit) velocities of matter in any point on the phase boundary of the same matter and on the
boundary of different matters correspondingly; v,=v,/I',<v, and v, =v, /I', are the limit
velocity of quasi-equilibrium cooling down matter in the comoving with it the non-rigid FR (so not
in the metric STC, but in the inseparable from matter its own physical STC, in which the radial
motion of molecules of matter, which cooling down is absent and the time is counted by the clocks

coming with them); [, =(1-v2v,*)"* and T, =l/y,, are the expected Lorentz shrinkage of

mcr

dimensions of matter (that moves in the process of quasi-equilibrium cooling down) in arbitrary

point and on the phase boundary of the same matter or with another matter respectively; J,. is

minimal possible distance of electromagnetic interaction between molecules of certain matter or its
critical value; c is constant of the velocity of light.

In contrast to used in cosmology spatially inhomogeneous external scaling factor N, which is

the cause of the curvature of matter intrinsic space, internal scaling factor N, takes nonsimilar

* It is obvious, the every matter forms in gravitational field its own thermodynamic STC, the curvature of which
partially compensates the curvature of STC of the whole RGTD-bonded matter.

* These constants unambiguously correspond only to the homogeneous matter of not layered astronomical body that
does not possesses any matter outside its borders. In any other case it is only gaugely changed since due to
logarithmicity of gravitational potential (that is formed based on correspondent thermodynamic potential) it does not
directly influence the strength of gravitational field. Changes of the strength of gravitational field in it take place under
the influence of other matters on the formation of its spatially inhomogeneous thermodynamic state [Danylchenko,
2008:19; 2008a; 2009a; 2020: 5]. When there is a violation of thermodynamic equilibrium with environment they can
substantially influence on the magnitude of limit velocity of motion of matter and, thus, on the magnitude of ordinary
internal energy of matter and equivalent to it gravitational mass. So, for example, in spite of the increasing of thermal
energy of matter during its heating its ordinary internal energy and, therefore, gravitational mass are decreasing
[Einstein & Infeld, 1938; Chen & Cook, 1993; Dmitriev, 2005].
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values for different matters and depends on thermodynamic state of matter. This factor characterizes
the distinction between average statistic value of interaction distance o/ in the atoms of concrete

matter and the value of this distance &/, that corresponds to critical equilibrium values of internal

energy multiplicative component U, Gibbs free energy G, , temperature 7,

cr?

pressure p, . And if
parameter ¢, =v, /c=1/n,<1 characterizes the difference of real velocity of electromagnetic

interaction propagation in matter from the constant of velocity of light ¢, then N, is responsible for
compensation of the influence of increase of propagation velocity of electromagnetic wave on the
frequency of electromagnetic interaction f, of matter microobjects. If for gases and simplest
liquids the dependencies of instantaneous values of their thermodynamic parameters and potentials
on ¢q,, and N, allow to separate these variables, then instantaneous value of their Gibbs free energy
(that corresponds to their instantaneous thermodynamic microstates) can be expressed via these two

parameters and via their function R, in the following way:

G(GysN,-R)=U (@, -N,-Re)=S(q30-N o ROT @3- N RV (@3N PG oN) -

Methods of thermodynamics allow us to analyze equilibrium states of matter even when there is
no analytic dependence of thermal energy of matter on its thermodynamic parameters. With the
purpose of revealing of some features let us examine analytic representation of such dependency for
gases and simple liquids. According to it the instantaneous values of main thermodynamic

parameters and potentials can be represented in the following way:
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where: U, (U ., H o= U 0> GO:,BGUO , F ro are multiplicatively dependent on ¢, =1/n,,
and N, components of instantaneous values of internal energy, enthalpy, Gibbs free energy and

Helmbholtz free energy of instantaneous Gibbs microstate of matter correspondingly;

a; ap Ry
I da= jA da,= J(T S/ RT)dR >0 is instantaneous value of realized via negative feedback
=24, 4p0 Rpg

partial additive compensation of multiplicative representation of thermodynamic potentials of

microstate of matter (a multiplicative decrease in its free energies over time); szf S‘/RT,

a,=Re=pVIT: (V)=q, "N, "= ;"= 1, "N "= fey,) " exp(SIR;)

l+l/kNl+m 1/k—m

+m + m— -Bu!pB O -
(P)=ay "Ny "=ay " 1" =1 N =dew,) T exp(=S/Ry) . (S)=In(gy N)=In(f'N'Y),
(f):(ﬁ)(l}):qMN =fi=x,/fo=w c/v. =y clv=y b""* are normalized values of thermodynamic

parameters (entropy, temperature, molar volume and pressure) of Gibbs microstates of matter;

km-1 k(1-1) H, k(Im+1-1)-1
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p=np, , while: n is the hidden variable that is the indicator of the magnitudes of instantaneous

microfluctuations of values of pressure and molar volume when pV =const and during not
absolutely rigid retention of occupied by gas constant volume;

k, 1 , m are the hidden variables that are indicators of the influence of parameters ¢,, and N, on
the parameters of thermodynamic microstates of latently coherent matter”.

Variables k, | , m and n characterize instantaneous collective microstates of the whole
gravithermodynamically bonded matter and similarly to the wave functions of quantum mechanics
can take with certain probability any arbitrary instantaneous values. The probability that Gibbs
microstate of matter have instantaneous energy, the corresponding certain composition of values of

these variables, obviously, is represented by canonic Gibbs distribution. The concrete mathematical

expectations k (R;), IN(RT) , m(R;), n(R;) of those variables (that depend on the parameter

R, ) correspond to parameters of a thermodynamic macrostate of matter.

Normalized values of thermodynamic parameters of instantaneous microstates of matter are

mutually related via the following dependencies:
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As it was expected, all instantaneous thermodynamic potentials reach their minimum

independently both on the values of variables k, I , m, n, and on the value of spatial gas-related

(liquid-related) parameter RT:

% Tt is possible that latent coherence of matter is brought on (together with the new moment of its proper time) by the
next turn of spiral wave of space-time modulation of dielectric and magnetic permeabilities of physical vacuum
[Danylchenko, 2008: 19; 2014: 21].
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And, moreover, the change in space of available thermodynamic parameters of cooling down

matter is inevitably accompanied by the change of its hidden thermodynamic parameters I’ and v, :
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where: Or is the increment of metric radial distance.

And the bigger the distance from matter to the gravitational attraction center the smaller is its
internal energy. That is why in contrast to inert free energy (which is the greater the greater the
distance from the substance to the gravitational attraction center) the thermal energy behaves like a
negative mass. And this is confirmed by numerous investigations of the influence of heating of
matter on its weight [Einstein & Infeld, 1938; Chen & Cook, 1993; Dmitriev, 2005].

Precisely the condition of spatial homogeneity of hierarchic complexity of RGTD-bonded

matter R,=const(r)* determines the spatial distribution of the set of main thermodynamic

parameters of this quasi-equilibrium cooling down matter.

Of course, every matter has its values of gravitational potentials, since the common for the
whole RGTD-bonded matter gravitational field forms only its gradients in the space. However, in
order to make all thermodynamic parameters of all individual thermodynamic STC of these matters
conformed with the parameters a and b of Schwarzschild solution of common for them gravitational
field the appropriate conditions should be fulfilled.

According to received expressions for thermodynamic potentials limit velocity of matter

motion v, (the equivalent to pseudo-vacuum velocity of light v_ in GR) is the thermodynamic

hidden parameter. At that the founded in GR by Tolman [Tolman, 1969] condition for the

mechanic equilibrium of cooled down to the limit matter?:

7 This is nothing more than the expression of the tendency to align the magnitudes of any intensive parameters of
matters in the whole filled with them space. Only such main (field) intensive thermodynamic parameters as temperature
and pressure in principle cannot be (or become) absolutely spatially homogenous in quasi-equilibriumly cooling down
matter. Some other the fielded intensive thermodynamic parameters, which are related to the possibility of appearance
of not only gravitational but also magnetic and electric fields in the RGTD-bonded matter, also cannot become
absolutely spatially homogenous.

“® At the first sight the increasing of thermal, and thus also total, energy of the gas while approaching the gravitational
attraction center is paradoxical since its inert free energy, and thus its inertial mass, are, on the contrary, decreasing.
However this is the undeniable fact. Even the temperature of the air is increasing with the decreasing of the height
above the surface of the Earth. So the matter that fell inertially in gravitational field should (in the process of
decelerating of its motion) at first cool down and only then heat up, using the thermal energy of objects of the
environment. That will happen since the part of its kinetic energy will be spent for the deformation and destruction of
the objects on which it has fallen. It is impossible to achieve the required increasing of total internal energy of fallen
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Ty=Tv, /c=Tv,/c=y, U, j3,,/R,=const(r), (4)
could be fulfilled for real gases and liquids only due to the possibility of self-realization by them

of optimal values of mathematical expectations of their hidden variable £, :

RT(Tap) .
R,(T,.p)

The same way, additional condition S=S,,=const(r) and derived from it condition:

B (T.p)=B,.(T.p.)

TSV, /=TS, =y, ;U [Iny, —In(v,/c)~(I —1)Inn, J=const(r)
for cooled down to the limit matter could be fulfilled for correspondent to them values of

mathematical expectation of hidden variable S, :

3 el Iy —In(v, /c)~(I. ~1)lnn
BT p=B (T poytn 0 D0
Iny/,, —In(v,/c)—(I ~1)Inn,,

However, considering all of this normalized value of enthalpy H, :
Hyoo=(H,~U W, /lc=U,y,(1+B,, )#const(r),
since EPV #const(r). And this already does not correspond to the equations of GR gravitational
field [Danylchenko, 2008: 19; 2008a], according to which [Tolman, 1969]:
U=H,-pV=Hc/v.,—pV,
where: H ,=const(r).
Moreover, spatial inhomogeneity of hidden parameters EPV(RT) and EST(RT) does not

correspond to the concept of self-creation (by matter) of a single collective Gibbs thermodynamic
microstate with similar in the whole space hidden variables k, I ,mandn.
And, therefore, the only substances that can be in mechanic equilibrium state in GR are cooled

down to the limit hypothetic substances — matter of rigid body, ideal gas and ideal liquid that are
only substances for which R.=R ,=const and, thus, B v =const(r) and H=const(r). The absence
in GR of the force (that acts on trial body) of radiational (electromagnetic) resistance to the fall of
this body in gravitational field also denotes this. F =Hgrad(InS)=0 due to S=const(r), where H is

Hamiltonian of trial body that falls free in gravitational field.
However, such cooled down to the limit hypothetical substances in principle cannot form their

spatially inhomogeneous thermodynamic state and, thus, cannot create gravitational field that

matter using only the transition of kinetic energy into thermal energy. It is identical to the compressed freon, which after
its expansion cools down the environment. Unfortunately this effect cannot be checked with gases due to the absence of
absolutely rigid balloon, which would not compress the gas that is inside of it after hitting the ground. However it will
probably be possible to check it on rigid enough solid matter if we would place in its center the shockproof fast-acting
temperature sensor with the device that would remotely transmit the results of the temperature measurement.
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corresponds to it. The reason for this is the absence of electromagnetic interactions of their
molecules. And this, of course, is one of the main internal contradictions of used in equations of
GR gravitational field simplified reflection of thermodynamic properties of matter.

Only matter which continuously (quasi-equilibrium) cooling down and have
Woor=Upy=U,,/cT,,=U .y ,=const(r)  (when A =TS/R.=T ’S/pV=const(f), R,=const(r),
ﬁ ,» =const(r) and ,EST:const(r)) can be the real matter in GR. And it is quite possible in the case
of the following dependence of parameter R, on Lorentz shrinkage of dimensions of the matter

I’ , the values of coordinate-like velocity of light v_ =v, and on the light refractive index n,

and on mathematical expectation of the value of hidden thermodynamic variable I>1 of matter:

BsrL,vullny,—In(v, /eI, ) (I ~Dnn, ] R \ Bsrviall Iney,0)—1 Inv,~( ~DInN, ]
PBsnLvling,—In(Cv, /cT, )— (Z —Dlnn,, ] ﬂSTlec[l In(cy,,0)— llnv/ck (Z l)lnNIk]

where: R, (t,), ﬂSTk, s Ny Uis vi» n, are values of parameters of matter in a moment of time

T(t) RT k (tk}

t, . However, it is possible only if use unstable entropy in equations of gravitational field of GR (as

it is in RGTD). In this case not the entropy but the parameter R, (which characterizes the same
hierarchical complexity of matter in all space) is spatially homogeneous.

The conditions of mechanic and thermal quasi-equilibrium are in the dependencies of
thermodynamic potentials on thermodynamic parameters of quasi-equilibrium cooling down matter.

For the energy of extended system, (which enthalpy is) [Bazarov, 1964], we will have:

{22t 22 5 o) o),
or J or J, or J; or J or/, or J,

Where: HT :BHUCI'WMOC/VIL'+Uad ( ﬁHUCI'WWOCZCOHSt(r) )9 I/V()E[JO :U_Uad :Eczvl_cz :mgroczrm :l/nOOc3 /vlc iS

the ordinary internal energy of matter, identical to multiplicative component
Uoz(f" W,,=U v,.c/v.=Uyc/v, of total internal energy U; U ,=const(r) is the mathematical
expectation of partial additive compensation of multiplicative representation of thermodynamic

potentials of matter; z,.,=m,,,/ V=m,,c’/vV is gravitational mass density of matter; Hooc’T,=H, 1V

gr0

— is the density of Hamiltonian of cooling down matter;

oUY (oW, . (dlw,\ (V) _(aS\  [apV)] (8w (V)  (dp
(& 7)) AF) &) [F]-F)AF) 3

According to this the conditions of thermal and mechanical quasi-equilibrium for cooling down

matter will be as follows correspondingly:

[5_pj s )(alnv,j _ groczfm+p(alnv’j (m+1)ﬁpy( oH, j: 1{({—1)(11%1) ( aHTj’
o)y oF )\ o ) VB, \oF ) VIEGm+I-D)-1\ &7 )
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Z(a_s) :{rmﬂmoc4 =PJ[alnij: Bs aHTj_ 1k (6HT) “

v\or V2 or )i VB, or ) VK@il )1\ o
At EST:0 (kim=1, $=0) we will receive the condition of mechanic equilibrium for the

extremely cooled down matter in GR. The absence of parameter I', in (used in GR) condition of

mechanical equilibrium (2) is related to its usage only for static states of matter. Moreover in GR

there is a usage of the inert free energy” E=m,cvI, instead of the total internal energy

U=U,+U,,=Ec™v,’T, +U,,=U,c/v, +U,, in the expression for the enthalpy of matter and there is an

ignoring of Lorentz-invariance of thermodynamic parameters and potentials [Bazarov, 1964; Van

Kampen, 1968]. The equivalence of eigenvalue of mass my="m,,,=U,v,c="U,c” of matter to the

gr0i
eigenvalue of its ordinary internal energy U,='U,, which is determined by intrinsic gravity-

quantum clock of matter in the point i of its disposition, is ignored in GR. And, thus, the invariance
of all thermodynamic potentials and parameters, which are the eigenvalues of corresponding
properties of matter, to gravity-temporal transformations is also ignored.

So, in the state of strict mechanical equilibrium (I, =1) the forces of gravity are proportional not
to the inert free energy £, but to multiplicative component of enthalpy
H,=Wy+pV=Ecv;>+pV=myc/v,+pV . And this, of course, follows from the solutions of equations

of gravitational field of GR for matter that is in the state of mechanical equilibrium. As it was
shown by Tolman [Tolman, 1969] and as it follows from the Schwarzschild internal solution for
incompressible ideal liquid [Moller, 1972], gravitational forces in this matter are proportional to
enthalpy that is not decreasing, in contrast to inert free energy £, but quite the contrary is increasing
while approaching the gravitational attraction center. Ignoring of all this leads to imaginary
necessity of dark non-baryonic matter in the Universe.

Obviously, the spatial homogeneity of the product of inert free energy and multiplicative

component of total internal energy of matter EU,=const(r) (that takes place not only for cooled

down to the limit matter in GR, but also for quasi-equilibrium cooling down matter) also
corresponds to the homogeneity of hierarchic complexity of matter ( R,=const(r) ). In this case the

inert free energy of one mole of matter that moves in the process of its cooling down is identical to

the Hamiltonian E =E " =m,cvI, =H

m

inert free energy at rest E;, of matter. While the

inm

“ If total energy of matter would not be increasing during approaching the gravitational attraction center, but quite the
contrary would be decreasing (as it takes place in GR that identify it with inert free energy of matter), then the hot
magma would not be present in bowels of our planet due to the high pressure. Even gases at first liquefy with the
increasing of pressure and only then solidify. That is why the usage of enthalpy in GR, which is formed not based on
the total energy of matter that is increasing while approaching the gravitational attraction center, but based on its
decreasing inert free energy, is the nonsense.
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multiplicative component of its total internal energy that is defined by the proper value of its molar

mass my,=const(r) is de facto identical to the Hamiltonian U,=W,=m,c’T,/v=H,, of ordinary

grm
internal energy W, of cooled down matter.
The downfallen matter potentially can accumulate the correspondent to W7 total internal energy

U=w,+U ,>W,/T+U ,, after the equilibrium state of rest is reached but only due to the heat

exchange with the environment. And exactly due to the invariance of limit velocity of matter

motion in commoving with it FR v, =v['=inv relatively to the transformation of spatial coordinates
and time, not only the Hamiltonian E, and Lagrangian W, but also the internal energy of matter U

(and, thus, all other thermodynamic potentials and thermodynamic parameters of any matter) are
conformally-gravitationally Lorentz-invariant.
And since integration by parameter R, takes place in the space, because of R,=R,,=const(r)

the spatial additive compensation U,, for quasi-equilibrium cooling down matter is not only

invariable but is also can be very insignificant. And this, obviously, takes place not only far from
the sources of radiation in molecular clouds of cold non-ionized gas, but also in highly rarefied cold
plasma of the outer space even despite its mainly non-equilibrium thermodynamic state. In contrast
to the condition of quasi-equilibrium of cooling down A4 =const(f), the condition of spatial
homogeneity of hierarchical complexity R,=const(r) for this plasma can also be fulfilled. And,
consequently, not only in quasi-equilibrium cooling down matter, but also in the outer space the

U, can be negligibly small (g ,~1). However, even if spatial additive compensation U, would
take any arbitrary small value the total internal energy of matter fundamentally cannot be smaller
than its component — the inert free energy E, since: U=U +U ,>U,=Ec’v,*=I, m, c*v>=m groczfm .
Due to the smallness of U, not only the logarithm™ of ordinary internal energy, but also
logarithms total internal energy and enthalpy can be used as gravitational potential:
grad p=c’gradln/¥ ~c’gradInU ,

gradp=c’gradinH ,,~c’gradln H,=—gc’gradIn(v, /c)=—¢c’grad[In(v,/c)-InT, ],

>0 Only such logarithmic gravitational potentials can correspond to the Einstein concept of inertia of free fall of bodies
in gravitational field. Exactly when gravitational potential is equal to the logarithm of coordinate velocity of light in

hypothetical absolute vacuum the Hamiltonian of body that falls free in this vacuum is conserved in GR (g,=l)

[Danylchenko, 2020: 85]. Moreover, due to mutual dependence of gravitational potential (that is the logarithmic
function of the limit velocity of matter) and thermodynamic parameters of matter there can be a misconception about
the possibility to locally change the strength of gravitational field via the change of matter thermodynamic state.
However it is not true, since the spatial distribution of the strength of gravitational field is the product of collective
spatially inhomogeneous state of the whole gravithermodynamically bonded matter. Therefore, any matter that is
located in this gravitational field should obey the collective influence. Namely the logarithmicity of gravitational
potential allows to gaugely change it without changing the strength of gravitational field.
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where: g=l/[1+Uad/Ucrt//moc(l+ﬁpy)] is the coefficient of resistance of matter of the environment to

the fall of bodies in gravitational field. And, so, self-creation by matter of the own spatially
inhomogeneous thermodynamic state is responsible for the appearance of gravitational field in it.
Since parameter:

TS U, By N,In(@yN,) U, By, [iny, ~Inw,/o)+( -Dln(y,, /)]
A A - Ay,

P

RT

=R,

expressed not only via constants (including also A,=const(r) which characterizes the quasi-

equilibrium of the process of cooling down of matter throughout the whole time), but also via

velocity of the light in matter v, , limit velocity of motion v, and Lorentz shrinkage of dimensions

of the matter that moves in the process of quasi-equilibriumly cooling down I' #const(r)
(v,,=¥ 0L, #const(r) ), then only via them we can in temporal form (via A4,) or in spatial form (via
a,=R;) express instantaneous values of all main thermodynamic parameters and potentials of
RGTD-bonded matter:

T= Ap/B )14 — AP/B 14
B (Mg, +InN)) - By [y, ~In@, /o)+A-DIn(,, /)]

:UcrIBpl/qMNl :UcrﬂVch l//mO :lv)vf//:UorvﬂpV Ir Uci Dxp(ij}ﬂpl/ =
R, Ryv, R, R, Lpr R,

1 -
— A p pr _Ucrﬂler [v? A i 1+ﬂpV
_ﬂpVAp[ln(pl ijJr(l_i_ﬂpV)ln[ UCr j} - ET '_plﬂpV UX ETJ:| 2

SZUcrﬂszquNl(l l\l}qM +th[)2 zﬂSTRT(I Ing,, +1nN1)=
ﬁpVAp ﬂpV

U, ey, ofallny,—In@, /c)+(1-DIn@,, /o)
ﬂ P VApvlc

=By Re/ B,,)[Iny, o +InL, ~In(v, /e)+(1-DIn(v,, /o) =
- - @ - - 8
U.B,4] b oxd &2 Pu_U,By4| U, ext| o -
" | pBy T\ T " |pV \T
=B, P V/Zp)[ln( P/ DB, )+By In(Vp,/U )T,

1+m m-1/k - <
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where: [aTUJ =0, [@] =0, (&?J =0, (STGJ =0;
o4, ), o4, ) o4, )., )i s

P P

v,=I v, is the limit velocity of quasi-equilibrium cooling down matter in comoving with it FR (in

its own space-time continuum (STC), in which the radial motion of molecules of cooling down

‘le ‘Zp

matter is absent); U, = I R.dA = J.(ST /A4,)dA,20 is instantaneous value of partial additive
4 A
PO 0

compensation of multiplicative representation of thermodynamic potentials of matter microstate
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(multiplicative increase of bound energy as we approach the gravitational attraction center); G is

the instantaneous value of Gibbs energy G (that is similar to the Lagrangian, since it constantly
tends to its minimum too).

As we can see, due to A4 (r)=const(r) when homogeneous matter is quasi-equilibrium cooling

down the gravitational changes in time of its Gibbs free energy and Helmholtz free energy take

place similarly to the changes in space of multiplicative component of internal energy U, and

enthalpy H,, correspondingly’'. Precisely, if:

COTS N — (TS
ot ), 1+ By |In(cw, o v )+T —dinn, L\ o ), \ a7 ),

— (Uo"'U;d)IEST(Z:D (alnnmj , then:
L+ B lIn(e /v, )+(T ~Dinn, \ oF ),

() ) Aol ) o)
ot Jr ot J» ot J, ot Jr ot /. \ ot J,
()] () o)
at r at r at r 8t r 8t r 8t r

where: 0f is the increment of metric time of cooling down matter in a comoving with it FR.

In the process of free fall of matter in gravitational field the Helmholtz and Gibbs
thermodynamic free energies, as well as the Hamiltonian of inert free energy of matter, are

conserved not only due to the presence of weightlessness in its FR (v, =v,/I' =const(¢) ), but also

due to the total compensation of the influence of gravitation on its thermodynamic state by the
motion. However it is possible only in hypothetical absolutely empty space. But when there is a
resistance to motion these energies will be gradually increasing due to the matter cannot reach the

required for their conservation value I', and thus also due to accommodation of the matter of

falling body to the new thermodynamic state of matter of the environment.

Before the appearance of spatial inhomogeneity of limit velocity of matter v, the only thing that

could interfere its distancing from the future gravitational attraction center (due to tending of its
Gibbs thermodynamic energy to its minimum) was the electromagnetic interaction of its molecules.

That is why the hypothetic ideal gas and ideal liquid in principle cannot create their gravitational

field.

>! The authors of GR, obviously, intuitively understood this fact. That is why GR is the genial creation, despite the fact
that it ignores the principal invariance of thermodynamic parameters and potentials relatively to space-time
transformations.
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As we see, here we have a dependency of spatial distribution of intrinsic values of these
thermodynamic parameters and potentials (not the dependency of spatial distribution of other their
values observed by other clocks and by other length standards) on v, (and, so, alsoon I', and v,).

It would be non-logical if I',, and v, would not influence on spatial distribution of the set of

intrinsic values of main thermodynamic parameters of matter. So this does not contradict to
invariance of thermodynamic parameters and potentials of matter relatively to the space-time
transformations [Danylchenko, 2008: 19]. On the contrary, it only confirms the fact that limit

velocity of matter motion v,, as well as I, , is the internal hidden RGTD-parameter of matter and

not the non-dependent on certain RGTD-state of matter external gravitational parameter.

14. Physical and other thermodynamic characteristics of matter

At Tolman condition (4) and when S, =const(r) the parameter R, should be invariable not

only in space, but also in time. And this can correspond to the substance that abnormally cooling

down (Szconst(r)) and due to 7S=R,A4,=const(r) has exactly the following thermodynamic

parameters: T=Tyclv,, S=Syv./c .
Bu s .
_ vlc E pV ﬂ H (RTAp _Uad )(vlc/ cr _vlc)
p_pcr V_ exXp > * >
le/cr IBpVHTOO

~ 1 ~
- cp b VNH 700 ( Vie )EPV eXp|:ﬂH (R; Ap:Uad)(vlc _vlc/cr)i|
Vlc/crﬂHpcr Vieler ﬂpVH;OO ,

where: T, =const(r), S,,=const(r), H,,=H v, /c=const(r), pV=cﬁpVH;OO/v,c,EH; p.. and v, are

the critical values of parameters on the phase boundary of the substance or between substances.

The refractive index of such matter:

1/(7 1)
nm =|:C l//mO exp( vlcRTAp~ J:|
vlc c l//mOUcrﬂST

depends not only on values of its characteristic parameters y,,, and U, and on the limit velocity of

its motion v, but also on the parameters I, B, and R, that change in time together with the
cooling down of matter.

Obviously, the stability of magnitude of extensive parameter 4,=T ’S/pV takes place in the

process of quasi-equilibrium cooling down of matter. If we experimentally find its averaged value

32 Such spatial distribution of entropy does not correspond to the condition (5) and, therefore, is abnormal. Possibly it
can be peculiar for astronomical formations that have extraordinary topology.
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for researched matter at the beginning of the research or if we measure the increments of

thermodynamic parameters:

we can determine its entropy:

olnS
)

Olnp olnV olnT
( o H o jﬁz( o j
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where: 5=1n13,—(1+1/,§p,,)ln(mooc3/v,c,,)—(lnﬁpV)/BpV=const(Al‘) and ,Ep,, =const(Ar) are

mathematical expectations of the values of functions of arbitrary changing hidden variables k, I ,
m, n, which are the strictly constant magnitudes during the whole not very long time of the

existence of any Gibbs thermodynamic microstate.
However, if we know & and ,Ep,, and if we determine only the molar volume of quasi-

equilibrium cooling down gas and the pressure in it, then we can determine only its bond energy:

and=ST=Vp{§+[ — Janali‘p] (6)
pV ﬂpV

In order to determine the entropy and, thus, the value of parameter 4, we should additionally

measure the temperature of the gas. It is obvious that parameters £ and ,EpV of the equation of the

state of gas (6) can be determined also experimentally in the process of controlled change of its
bond energy as well as of all its thermodynamic parameters.

The research of thermodynamic properties of matter should be performed only in its equilibrium
states or using the dependencies of its thermodynamic potentials on thermodynamic parameters that

take into account the variability of parameter R, in the process of this research (R, #const(?)). In

order to determine both the thermal expansion coefficient & and pressure » and the elastic
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modulus K, of gas or liquid it is enough to know only the thermal equation of the state (parameter

R,):

vo\or ), V,p or ), po\0T ), pV orT ),

() A2A%).
T 0

In order to determine their thermal capacity when volume and pressure are invariant™ and, thus,

all their thermodynamic potentials we should know not only R, and critical phasic values of

pressure p,. and of internal energy multiplicative component U, =myc’/v,., but also the

mathematical expectation /3 ,» of the value of hidden variable g,, = pviu,:

C, (ggj ﬂlV{RﬁT(H%;S](%)V}

p

1 R,T oR |
_E—W{RT+T{1+(1+,3 V)ln(ﬁvaaj ﬂpyln(ﬂprlﬂ(a—T }_
R

el
£

1+ S
C:T(a—S :(a—U +RT+T(8RT = NﬂPV RT+T[1+ Py } j]

or ), \or ), or ), B, (1+8,,)R,
148 Ry
C,~C, =R +T Why S [aR j NS ﬁRTj : vl j T—SdRT
ﬁpV RT ﬁ v RT or 14 oV RT0

Based on thermodynamic dependencies of thermal capacities when volume and pressure are
invariant we can determine the mathematical expectation of dependencies of these functions on

individual parameters R, and &, and, consequently, on any pair of main thermodynamic

R (ORTJ _[aRTj
T
5o~ R,T or ), \aor ),
pV
U, CV(aR j —(Cp—Rr)[aR’j +T(6RTJ (aR,)
or ), or ), or )\ or ),

The following correspond to the thermal Van der Waals equation of the state of real gases:

parameters:

>3 Heat capacity when pressure is invariant is determined not by internal energy of the matter itself, but by equivalent to
its enthalpy the energy of extended system that consists of this matter and the load that supports the needed pressure.
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where: g, and b, are individual constants of certain matter.

According to this we receive the simple expression for the entropy of hypothetical ideal gas:

c,T C.p.V T 4 T 14
S=C, ln(A}R ln(Mj:ScﬁC ln(—j+R ln[—):S +C, ln(—)+R ln(—),
40 Ucr ur RUT Ucr 40 ]’; ’ ur Vc ’ k Vo ];c ur Vk
where: S, =(C,,+R,;)In(C,T, /U,), C,=R,;/ ﬁpV; V.=R,T /p, and T, are critical phasic values

of molar volume and temperature of ideal gas; ¥, and 7, are their another arbitrary values.
The following expressions correspond to more precise Dieterici first thermal equation that uses an
exponent with the same parameter O=a,, /(R TV):

V= R, (14+0)exp(-0)dT—(V-b,,)dp
p—aV- exp(-0)

R,
k=13, o).

2

[dRT j :RUT (1+20)exp(-0)-R; R/[R,;(1+20)exp(-0)-R,] R,¥
T

oT ) Tll—a,exp(-0)(pV?)]  TIR—Ry0exp(-0)] — T °
148 )R
(aRT ) :RTH ’ CV _ fT , Cp:(l+‘P)(+ﬂ~¢+‘PS ,
aT 4 T ﬂpV ﬂpV

C,~C,=[(1+¥)(1+1/3,,)~(1+6)/ B, H(¥-O)S ,

B - (‘Y-O)R, _ R, (1+0)[R,(1+0)exp(-0)—R, ]
WY C,—0C,+00+Y)R, R, [(1+20)C, +6°C,+0(1+0)R, fxp(-0)-R,(C, +6C,)

Obviously, experimentally found heat capacities of gases can be represented as functions of only

R, and 6 parameters.
Hidden variables [ and f,, are invariant magnitudes in any moment of time that

corresponds to the certain Gibbs collective microstate of the whole RGTD-bonded matter. And,

thus, their derivatives by any thermodynamic parameter are equal to zero. The same can be told

regarding mathematical expectations of those hidden variables ﬂST and ﬂ despite the

V>

dependence of their values on other thermodynamic parameters of matter.
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15. The solutions of equations of gravitational field for cooled down to the limit

and quantum quasi-equilibrium cooling down gases
Due to the fact that the whole gravithermodynamically bonded matter forms the collective
spatial-temporal microstates (Gibbs microstates) the spatial integration of equations of gravitational
field has the physical sense only for the specific moment of intrinsic time of matter and only in the
(inseparable from it) intrinsic space. Exactly the cardinal absence of the velocity of motion of
matter in integrated equations makes the problem of relativistic invariance of thermodynamical
parameters and potentials of matter non-actual. Since in quasi-equilibrium cooling down clusters of

homogenous gas the functions of time #R,) and of rigidly related to cooling down gas radial

coordinate 1(4,) (v,=dr/di=0) perform the time-like gas parameter R,=pV/T=cons{r) and the
indicator of hierarchic complexity™ of gas Ap:ST/RT:STZ/ pV=constf) correspondingly, the spatial

integration of equations of its gravithermodynamic state should be performed for the same value of
parameter while the temporal integration should be performed for the same value of indicator of
hierarchic complexity of any concrete microvolume of the gas.

Given this, the gas cluster that is cooling down in quasi-equilibrium can be matched in general
relativity (GR) to thermodynamic frame of references (FR) that corresponds to Schwarzschild

parameters of equations of gravitational field. Since for quasi-equilibrium cooling down gases

T/ V)dS/dr+dp/dr+(yg,ocz+p)b'/ 2b=0 (R.=const(r) ), then for them not only in GR, but also and in
RGTD we will have:

Lds 1dp_ [, 1|0 _ {IIET%—I}V_;V_I?IN(%H)—(IFH) dr
R,dr pdr By k(- v, k@-HT  dr

2b

From here:

S-S,(Ry) h{ p J: {HZ’W(RT)]]H bk (n%+1)—<1?+1>ln( r J
Ry PR)) \2B,,(R) ) b(R) k(D TR

];7(1+I7l}—(1+];!

_ Pu
7 Ing S SV(b )28y ~ _ ,[b) 2k0-D)
S Luyo Bl gy p 0B pe"p[_]:_p ‘”exp( ] (_J pV:ﬁpVﬂlczH |
R, :BpV U,, D ﬂpV T T b,

~

where: B, (ROA(R)=(Poy/ P )eXPSyo/Rr):  By=pV IUy=p! prg=k (I -D)/(k I ii~I)=const(r)

w

(according to Boyle-Mariotte law [Regnault, 1847)); ﬁH =H,/U,=1+ ﬁpV ,

** While moving towards the center of the cluster in the same collective spatial-temporal microstate of matter its spatial
structure becomes more complex and matter even can make transition into a new phase or even aggregate state.
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,EST=ST /(§)UO=(1;%—1)/(/?7}17—1)=c0nst r); ﬁ,zpcrc’zﬁ/ﬁp[, is the limit value of density of the

gravitational mass of gas;

Obviously, the clusters of quasi-equilibrium cooling down gas have also the spatial

homogeneity of gravithermodynamic intrinsic value (eigenvalue) of Gibbs free energy G,

(similarly to the spatial homogeneity of thermodynamic intrinsic value of enthalpy H,, of cooled

down to the limit matter, as it was shown by Tolman [Tolman, 1969]):

Giy=(v,/)G=(v, [ONUy+U o+ pV ~TS|=U 0/ o[1+ B, ~ Brs In(f) NI I=U  [14 5, (1-S/ R, )|=const (r,4,) »

where: R =const(r), U,,=0, v, =vbe=v,/T, =cy, ./ f,, N,=f D exp[SB,,/ By R (1-1)].
Therefore:

VU B f; NSRS, i, Yowi2) P exp(STR )=y exp(SI RDP
PP B [EP NV B by PP exp(-SI R, Y=y B exp(-SI R PP
T=BU o [ Re=(/ U o, By I R =Ty b ™, Uy=p, U b7 =T Ry B, 0™ =Uob ™,
Hy=, U, B =(CoRe Byl B )b, Gy=Hy~TyySb™ 2 =(Ry By By ~S)Tiub™*=Gigb ™,

1 o= Ty Ry 1V, NpV)exp(—S/RT)b_BH/ 2ov gy P P
Gy IV =Ty Vi R Byl B =S)exp(=S R PP~ 2+ 3077 (1B v

_ -1 BB
where: b:vlzcc 2 Voo=(U_./ P, W o By > pOO_pcrl//m(;q o s Too=¥,0U,, ﬂ V/RTszl/z’ U00=U0b1/2’

2
Gog=Gob"*=Ty (R, B,/ B, ~S)=Upy(+B.,.):  FL=F, apl P _Gir R B, )exp(-S/R,)=const() and
&= Ty /Vyo)(R,~S)exp(~S/R,)=i.c’ B,,(1-S/R,)=[i.c’ B,,=const(r) are mathematical expectations
(when b=1) of mass density and the difference of densities of Gibbs free energy and gas mass
correspondingly; /3 =(pV-TS)/U,= V(I—S/RT).

Due to the relativistic invariance of thermodynamic parameters and characteristics of matter the
equations of gravitational field for quasi-equilibrium cooling down spherically symmetric gas cluster

and in commoving with it FR can be expressed in GR in the following way:

B abr—r(1=1/a}+ AR, )=x( p—ST/V )=k(7i T, /Vo, )R, —S)exp(=S/R Yo P11 *PrV 5 b P12 Frv
& @ r+1 (=1 a) AR =K1ty o =1 TR Vi B Yexp S/ R 1120 <iggy P10 <2yt (7

L{@j = ()= LB+ T)'fb 4360/ 2y rdr= 1A r 1{1 jﬁ KA, Ib B/ 2By rdr—— A P,
a(r) ! 7o a, 3 3 Jr r 4 3
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A S Ar2’ b=l RO AL 1 AL
a(r) r 3 a(r) 3 r 3 a(r) 3

>

where: r,(r)=r(1-1/ a,)=(1-1; A/ 3)7”0+Kﬁ,czb,(l+ﬂ pr ) 2Bpr Ib_(l+ﬂ 2P0V 12 4 s the value of gravitational

I‘O
radius of matter that is covered by the sphere with radius r27; r, is minimum possible value of
Schwarzschild radial parameter (1/a,=0);

~ 2 ~ ~ N2 2 , 72517 r
b: ﬂpVWmOUcr :(k(l_l )j UOO _ I”g Bu
R.T 1-kIm)\R,T) \xiic’r’

According to this we will receive the differential equation of the second order for the

gravitational radius of gas cluster that is cooling down in quasi-equilibrium:

2€pv(r;r 2 [1 re Ar) ’1';2/\?2:},,;,
By s ro3) s 3
r ﬁyﬁpr”; 2r, I (I+EPV)(Vg—2Ar3/3)rg' 0

]

r(r—rg—Ar3/3) 2ﬁer(r—rg—Ar3 /3)? I"z(l"—l"g—Al"S /3)? Z,Epl,(r—rg—Ar3 /3)?

When there are new parameters this equation is transformed into differential equation of the
first order:

u'—ri’ I+ lo=u'~(1= B, B, 128, )ru* | p+11 7 (r,=2Ar* 13)(r—1,~Ar*13) (1433, ,)/23,, =0,

where: u=yp=r.p/r(r-r,—Ar’/3), w=r./r(r-r,~Ar’/3),

- 28, 2 ~ 2pVU,
2B,y=BuB,r (+SIR)~PB,,(1=S/R,) (pV+STW,~(pV—-ST)pV

o rg ra =1, =Ar?) e re ry’
U=y orye = - 3 ’ - 37\2 2 : 3 I : S Wgo’
r(r=r,=Ar’/3) r(r—r,=Ar’/3)" r*(r-r,=Ar’/3) r(r-r,-Ar’/3) n
l//,zr_wz_l//g'zrt//z (438,,)(r,~2A113) , ¢ _(1438,)(,-2Ar13)
n @ n 2ﬁerz(r—rg—Ar3/3)2 ¢ ® 2ﬁer(r—rg—Ar3/3)

And, therefore:  S=R [1+2(Un-1)/ 3,1, V=(V,,/i)p" " exp[l+2(/n-1)/ B, 1,
p=pogiib PP expll+201/n-1)1B,1, G=U[l+G-2/m)B,, V5,
Since in the central zone of gas cluster (=l ):

ry? BBl 2B (430,,)(r,~2A1*13) ,
N Ve B A A
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we will determine the approximate solution of differential equation '=ry°/n exactly for this

zone:
Zn[ 11 J_zn[roz(l—rgo/ro—ArozB) e | N R R o
X 7 KR P T S T
From here:
, rrg—r2+Ar4/3 s o ., ,
r=2n—————, 1, =(r"=py)"/z , Where: py=ry =2n(r,/1,0)(1r,— 7 —Ar; /3), and the parameter z

r’=p;
d(l/z)_i'_2n(r2 —Ar'/3)

is determined from the equation:
dr ZZ (r2_p§)n+l

The obtained differential equation 1is the quantum equation of gravitational

(gravithermodynamic) field” since its solutions are the polynomial functions the degree indicators

of which (n=3/2, 2, 5/2, 3 ... ©) can take only integer or semi-integer values [Brychkov, 1986]:

=) { 2jr A3 }_( 0){__24{ A3 p21+p0A/3}d}_
20

P L =y =gy ey
) {1 il (1=DAB~(=2)ri=py] 1+ paAS3_n(=DAB=(1=2)(—p,)] 1+p0A/3}
" 0De-2R R =R D22l (Pl
N (rZ—pg)"{ij{ @n-SA3 203 §(2n—l)(l+p§A/3)} dr}:
(=207 D=y n-p)

Po o

:{(rz—pg)"+ 1 { A /3)+"Z-1 . l)k[(2n—3)(2n—5)...(2n—2k—1)]r3—[(2n—5)(2n—7)...(2n—2k—3)]r5A/3_}
P = 2= (1=2)...o—k) 2 (P3=r) *

L 2n=3)2n=5)..3( |r+p0|J_p32n A(2n—5)(2n—7)...3( P 1n|r+p0|}
i \p 2 r—po| 32 (300 p 2 Irpl

+2n(r—p?)' (- 1)"*{

Thus, the quantum transition of cooling down matter into its new quasi-equilibrium state is
accompanied by the increment by one step of the indicators of degree of all components of

polynomial equation of gravitational field:
(3+S /R;,)— ﬂp,,n(l S /an) 2
(1+S /RTn) ﬂan(l S /RTn) (1+S(n+l) T(n+1)) IBpV(nH)(l S(n+l) T(n+l))

Ean(l_Sn/RTn) S(n+1) — (Ean _l)(l_Sn/RTn) .
Z_ﬂan(l_Sn /RTn) RT(n+1) (3+Sn /RTn)_ﬁan(l_Sn/RTn)

where: Bovin=

> Proposed by specialists in quantum theory the gravitation quantizations of gravitational field are artificial, while
dynamic solutions of equations of gravitational field directly guarantee the quite natural quantization of the energy
emitted by the gas cluster. It is probably due to the fact that in GR the static states of the cooled down to the limit matter
are usually examined.
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a /BpV(n+1)(1_S(n+1)/RT(n+1))
ﬂan_ ~ >
ﬂpV(n+l)(1_S(n+l)/ RT(11+1))_2S(n+1)/ RT(n+l)

(1+3S(n+1) T(n+l)) ﬂpV(n+l)(1 S(n+1) T(n+l))
(ﬂpV(n+l)+1)(1 S(n+1) T(n+l))

S
R,

So, in the cooled down to the limit state of matter (S=0) the parameter Bsz pV/U, takes its

minimal possible value that is equal to one. Therefore: pV>U, .

In case of small values of indicators of polynomial function the cooling down cluster of gas
dumps its energy in big portions. However these portions of energy of radiation become less and
less with each new taken geavithermodynamic state. Thus, the gas cluster can cool down for

infinitely long time. The precise solution of this differential equation when 1/a,=0 is as follows:

1y i 13BN g

u Kic’a 2n Zﬂp,/ oo 2n
where: r,,<r and r,,<r, are effective values of radial distance that are significantly smaller than

real values on the big distances from the center of gravity. It is possible that exactly this causes the
effect of stronger gravitational field (than it is according to Newton’s theory) and, therefore, causes

the false necessity of dark non-baryonic matter in the Universe.
Since for cooled down to the limit gases and for simplest liquids dp/dr+(/1g,0c2+p)b'/2b=0
(SzO,ﬁpS:ﬁpV:p/ ,ugrozlzzl/n?:l ), and 0/t =p/p., (according to Boyle-Mariotte law

[Regnault, 1847]), then for them not only in GR, but also and in RGTD we will have:

Ldp_ [, 1 |b"_ _(1 ijhzzﬁ_
pdr ﬂ 2b kv, v

Fromhere:  p=pjilb=ph/b=fic’b/b,  py=HC=P=p,i, U=,V =(my/V)b" =L /b,
V=Vb'?=(m E)bID)".
However, for the real gases:

L My my(R—R,,) p_ :Bmeoo ,Bmeoo(R —R;)
S ER T Y= L Ty N WA

where:  R.=pV/T=const(r), T,,=Iv, /c=T Vbh=const(r) , Myy=M,,oC/V,, =MV, /c=const(r) ,

BpV:p//Jg,OZCOHSt(r) . and:

oo R, TN R~ NPT 0, Ty B R bR ~a, TN
e AR R,7) RRy

is a molar volume, more precise value of which can be numerically determined from the condition

Ry (1=b,,/V)~R,yexpla,Nb/(R,; Ty, V)]0
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And, consequently, only the degenerated gas, for which 5,=0, R,<R,,, p=ft,,’ (m=k=1),
Vio=a, /T, (R,;—R;), can be the cooled down to the limit gas. For such cooled down to the limit

degenerated gas ( ﬁp,,zl , V=V,;b"*) the received integral equation will take the following form:

{@) =yb==2xc moob/Voo)jb rdr—l{ ZJE i moo gy
a \or 3

Voo ro
Obviously this is a gas of micro-objects of matter that do not interact electromagnetically, since
it is very similar to ideal gas. And its degeneration could happen only after the gas cluster was
already formed. It is quite possible that this is namely the neutron gas that has been condensed into
neutron liquid [Danylchenko, 2004: 33; 2008b: 45].
For the gases that are cooled down not to the limit such problem does not exist. For any value of gas

parameter R.=pV /T=const(r) (that is independent from parameters of equations of gravitational field)

for any specific gas the combination of values of all four its thermodynamic parameters (p, V, T, S) can
be guaranteed via the determination of correspondent to it and to R, (and, consequently, to corrections
a, and b, ) combination of mathematic expectations of four hidden thermodynamic parameters k, 1, m
and n. If we analyze the sets of mutually correspondent combinations of explicit and hidden
thermodynamic parameters, then being based on this we can also determine the individual gas constants

U,, p, and v, ,. Of course, we should take into account that corrections «, and b, only
approximately reflect the properties of real gases in non-wide diapasons of deviations from the standard
values of pressure and temperature: a, ~V’[R,,T/(V-b,)-p].

However the usage of enthalpy instead of Gibbs free energy in the four-momentum of GR
makes doubtful the correspondence of it to non-rigid FR of quasi-equilibrium cooling down matter.
And, as we already seen, thermodynamic parameters of matter behave differently when they change
in time and in space. If for real gases in one-place experiments we have to add additive corrections

for molar volume and for other extensive parameter R,=c,, then due to R,=const(r) the

corrections for real gases, which are located on the different radial distances from the center of

gravity, are possibly have to be done for intensive parameter 4,=TS/R, and for other intensive

thermodynamic parameters. These corrections, obviously, will already be not additive but
multiplicative.

Moreover, due to relativistic invariance of thermodynamic parameters and characteristics of
matter the equations of gravitational field for any quasi-equilibrium cooling down astronomical
objects, which move at velocities v by the orbits around the galactic centers of gravity, can be

formed only being based on the relativistically non-invariant intranuclear RGTD-parameters.
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However, the form of these equations is largely formally similar to the equations of gravitational

field that are based on thermodynamic parameters of matter:

b'labr—r(1=1/a}+ A=k (TS, —p V)V (b)=ramy,c*(b™">~b"*)/V (b),

d 1@ (11 @)~ A==i? 4, [ 11D+ (b= ) g LB b b (o YV B)=r(dr dn),

where: 7, (r):mooczj{[(bl/ b4 (b= e )V (b)Y dr s the value (in RGTD) of gravitational

0

radius of matter that is covered by the sphere with radius .

From where we also receive the radial distributions of the values of parameters b and a:

2 r 2 r 12 1 g\ 2,2
1 :(a_;j - \/Erd;; : :1_(1 AU i b +(l b)vzc_z car e
a \or WV (b)) 3 Jr r ,OV(b)\/E(b—v c) 3

16. The comparison of reflection of physical reality in RGTD and in GR

The cardinal difference between RGTD and GR is in the usage in RGTD in tensor of energy-
momentum of extranuclear thermodynamic characteristics of matter for the description of only its
quasi-equilibrium motion, only for which there is a mutual correlation of extranuclear and
intranuclear characteristics of matter. For the description of inertial motion in RGTD only the
hypothetical intranuclear gravithermodynamic characteristics of matter are used. The necessity of
this is denoted by the independence of the motion of astronomical objects by their stationary orbits
from thermodynamic properties of their matter and, consequently, by the absence of correspondent
to this motion correlation between intranuclear gravithermodynamic characteristics and
extranuclear thermodynamic characteristics of matter. Namely this allows avoiding in principle the
necessity of non-baryonic dark matter in the Universe.

For astronomical bodies, which homogenous simplest liquid or gaseous matter is in the state of

mechanic and thermal equilibrium, the frequencies of interaction f, and f, are strictly

determined by the values of pressure and temperature in matter. For solid or liquid astronomical
bodies and also for gaseous matter, which covers them or which is not in the state of
thermodynamic equilibrium, those frequencies can also depend on the magnitude of gravitational
advance of evolutionary decreasing of their intranuclear energy. And, consequently, if for
continuous homogenous gaseous matter non-Dopplerian redshift of radiation spectrum is sort of
strictly thermodynamic, then for layer-by-layer homogenous gaseous matter (that covers solid or
liquid core) it is gravitationally-thermodynamic (gravithermodynamic). And this is, obviously,

related to the fact that in contrast to evolutionary shrinkage the gravitational shrinkage of matter is
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accompanied by the increasing of the density (in background Euclidean space of CFREU) of turns
of spiral waves of spatial-temporal modulation of dielectric and magnetic permeabilities of physical
vacuum.

During the heating of the matter the expansion of the matter happens and, therefore, the
density of turns of spiral waves of spatial-temporal modulation of dielectric and magnetic
permeabilities of physical vacuum is being decreased in the intrinsic space of FR of
experimentalist. At the same time during the increasing of the pressure in the gas cylinder it, quite
the contrary, is being increased. Obviously, this should lead to the decreasing of the limit velocity
of motion of the gas that is under pressure inside the cylinder. And, consequently, the weight of the
gas in the cylinder can be increased not only due to the increasing of its amount, but also due to the
decreasing of limit velocity of gas motion that is equivalent to coordinate velocity of light of GR.
Namely this allows us to understand why the increasing of energy of the gas in one case leads to the
decreasing of its weight while in another case leads to its increasing.

So the limit velocity of motion of matter is being determined namely by the density of the
turns of spiral waves of spatial-temporal modulation of dielectric and magnetic permeabilities of
physical vacuum. And due to the increasing of the temperature in matter the partial compensation of
increasing of this density happens due to the increasing of the pressure in matter.

However, in equilibrium RGTD-states of the whole set of different matters the gradients of

logarithms of f, and f, of all matters are strictly determined by gradients of pressure and
temperature in them and, therefore, are strictly equal to the gradient of limit velocity of motion v,
of the whole RGTD-bonded inhomogeneous matter. Moreover, due to U,=W and U E=const(r)
not only the conditions W, f,=W,vn, /c=const(r), E,/ f.=E,c/vn,=const(r), but also the conditions
Uy,=const(r), U/ f,=U, 1./ x,=Uvmn,! x,.c=const(r) are also fulfilled within the borders of the

whole RGTD-bonded continuous homogeneous matter that is in the state of mechanical and
thermal equilibrium. All this allows using in the partially modernized GR only intranuclear
properties of matter for the formation of metric tensor, but both intranuclear and thermodynamic
properties of matter for the formation of energy-momentum tensor. However, Lorentz-invariance of
pressure in the matter is ignored in the such modernized GR.

All the more so, separate contributions to gravitational potential of velocity of light in matter
v, and internal scaling factor N, are not important for the determination of gravitational pseudo-
forces. However, the form of radial distribution of gravitational potential in STC of astronomical
body that consists of this matter and the form of generalized relativistic linear element depend on

their contributions [Danylchenko, 2009: 79]. Therefore, the conversion of these characteristics are

not gauge when the named contributions are redistributed. The presence of internal scaling factor is
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not taken into account in GR: function only of coordinate-like velocity of light is used as
gravitational potential. In intrinsic spaces of matter changes of electromagnetic interaction
distances are unobservable in GR in principle, while spatial inhomogeneity of this distance for
uniform matter that takes place in background Euclidean space (and, consequently, spatial
inhomogeneity of the values of its scaling factor) causes the curvature of matter intrinsic space. The
one thing that points on it is the usage of the function of not the interaction frequency, but of
common for all substances coordinate pseudo-vacuum (gravibaric™) velocity of light in GR as the
gravitational potential.

Size of quantum length standard of the gas is decreasing in people world at the adiabatic
increasing of this gas. This fact and the fact that change of distances of interaction of matter
microobjects (which determine size of its quantum length standard) is unobservable in GR in
principle leads to increasing of corresponding to this gas gravity-quantum value of metrical volume
of the vessel that contains this gas’. Therefore, gravity-quantum metrical value of gas molar
volume is decreasing not so fast as thermodynamic metrical value of its molar volume due to the
presence of negative feedback [Danylchenko, 1994a; 2005¢c; 2008: 19; 2008a]. Such gravitational
shrinkage of the size of quantum standard of length that takes place on the matter micro-objects
level is analogous to imaginary relativistic shrinkage of the size of quantum standard of length
along the direction of matter motion. However we cannot introduce the common space for GQ-FR
of all matters because of the presence of the different intrinsic metrics of the space for each matter
[Danylchenko, 2008: 19; 2008a]. Therefore, not gravity-quantum but thermodynamic metrical value
of matter molar volume is used in the GR and in people’s world. In analogy to quantum clock™,
quantum and any other length standards can be used in GT-FR of people world only due to stability
of their length when values of temperature and pressure remain constant. The least influenced by
temperature and pressure are only the atomic standards of length that are based on the stability of
frequencies of emission radiations. According to all of this, in RGTD, the same as in GR, it is

rational to use only the common for all matters intrinsic space” of GT-FR. And, that is why f,,

%6 In contrast to GR, where equilibrium thermodynamic state is considered only for the matter that is cooled down to the
limit, in RGTD not the hypothetical gravithermobaric velocity of light (analogous to gravibaric velocity of light) but the
limit velocity of matter motion in conventionally empty space is used in the relativistic transformations of increments of
coordinates of moving matter. This is related to the fact that the values of conventional gravithermobaric velocity of
light can vary for different matters in the same point of the space. Only the gradients of logarithms of these
gravithermobaric velocities of light will be equal for them.

>’ This is analogous to its decreasing in the background Euclidean space while approaching the center of the star.
However in the latter case he decreasing of the quantum length standard corresponds to the increasing of not only
internal but also external scaling factor. That is why the curvature of intrinsic space of the star takes place.

¥ In contrast to the rate of conventional quantum clock the rate of atomic clocks does not change in quasi-equilibrium
processes of the change of thermodynamic state of their matter.

> The examination of every certain matter in intrinsic quantum space can be useful during the analysis of its thermal
equations of the state. The multiplicative change of the magnitude of molar volume that takes place during the
conformal transformation of spatial coordinates should be accompanied by the partial additive compensation of this
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f, and v, should be considered as the parameters that are not identical, but equivalent to pseudo-
vacuum coordinate-like velocity of light v, of GR. The usage of the universal for the whole

RGTD-bonded matter unified gravithermodynamic time that can be counted by standard atomic
clock in real conditions (instead of coordinate gravity-quantum times, which flow rate is different
for different matters and in different points of the space, and which are counted by their quantum
clock) is quite rational. It allows avoiding the necessity of transformation of time within the whole
matter that is in the sate of RGTD-equilibrium. The possibility and necessity of this is due to the
existence of closed system® of all self-consistent pairs of additive one to another intensive and
extensive thermodynamic parameters of matter when it is in the state of RGTD-equilibrium.
Existence of such closed system is revealed in the fulfillment of the Le Chatelier-Braun principle in
all RGTD-processes®'.

In contrast to gravitational potentials and external scaling factors used in GR, RGTD-values of
gravitational potentials and internal scaling factors are not equal for different contacting matters.

Only spatial gradients of the logarithms of frequency f, of intranuclear and f, of
electromagnetic interaction in all matters (they are identical to gravitational field strength), as well
as spatial gradients of the logarithms of internal scaling factor N,, are mutually equal in the same
world point. These spatial gradients of logarithms fe
(gradln f, = gradIn(v, /c) =gradIn(v_, /c)) for all matters” are identical to the gravitational
field strength in this point. The presence of identical spatial gradients in the same point of space
justifies the usage in GR of the conventional coordinate (pseudo-vacuum) velocity of light v
instead of intranuclear frequency of interaction f; . Related to it problems appear in GR only in the

process of “stitching” of the solutions of equations of gravitational field for different matters. And
this is related also to their stitching with fictive solutions for physically unreal absolutely empty
space (spatially inhomogeneous pseudo-vacuum) [Danylchenko, 2008: 19; 2008a]. So, differential
equations of GR gravitational field are definitely determine only the gradients of potentials and not

the gauge transformed potentials of gravitational field themselves. However, in non-empty space

change in the thermodynamics. It is possible that non-equal for different gases additive corrections for molar volume of
ideal gas, which are used in thermal equations of the state, are directly related to inequality of their internal scaling
factors.

% Due to the self-consistency of all pairs of intensive and extensive parameters this system should be considered not
only as closed, but also as self-enclosed.

%1 Not only the gravitational pseudo-force, but also the buoyancy force that partially or completely compensates this
pseudo-force influence the moving matter in water, atmosphere or outer space. All RGTD-parameters (including
intranuclear temperature and intranuclear entropy) are changing, according to principle of Le Chatelier-Braun, in
submerged to water matter, which is lighter than it is in the process of reaching the new state of its equilibrium.

82 Of course, the denser matter (body), which is placed into less dense matter medium, induce the additional local
gravitational field in it. And, thus, it changes the spatial distribution of strengths of total gravitational field. However, in
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they principally allow to switch from v, to f., f, and v, . And, therefore, these problems are

solvable in GR. It is necessary and enough to determine (from equations of thermodynamics) the

values of f,, and v, only in any single point of matter that is in the equilibrium RGTD-state.
Then the spatial distributions of f, and v, in any matter can be determined with the help of the

solutions of GR equations. It is necessary to use correspondent v, , and f,, values of coordinate-

like velocity of light v_, and the known dependency of v, on f, or on correspondent to f,

thermodynamic parameters of matter.

Decreasing of the lengths of electron orbits in atoms and, therefore, also the decreasing of the
wave length of emissive radiation in the photosphere of quasi-equilibrium compressed gas is
practically completely compensated by decreasing of velocity of radiation propagation in it. This is
also confirmed by the fact that emission radiation frequencies practically do not depend on
thermodynamic parameters of matter. This is also reflected in the negligibly small broadening of
spectral lines.

However, such total compensation is absent at non-equilibrium state of ionized gas (proton-
electron plasma) of quasars, situated in strong electromagnetic field (very saturated by radiation).
Due to this and due to the proximity of the photosphere of shell-like quasars to the singular sphere
they have the big gravitational redshift of the wavelength of radiation.

In contrast to “cooling down” stars, supernovae are heating up and, therefore, not contracting
but catastrophically expanding due to annihilation of matter and antimatter [Danylchenko, 2005b;
2008: 4; 2004: 33; 2008b: 45]. Instead of undercompensation of gravitational shift of radiation
spectrum its thermodynamic overcompensation takes place — as a result, not red but blue
gravithermodynamic shift of this spectrum takes place. Decreasing of quantum length standard

(increasing of N,) that is not completely compensated by the decreasing of velocity v, of

interaction propagation causes not only the increasing of the frequency of electromagnetic

interactions f,=N,v, /c#const for the supernovae, but also increasing of the frequencies of
emissive radiation v=v,N,v_, /N, ,c#const.

Therefore, energy of ionized rarefied gas of the dropped supernovae shells, as well as non-
Doppler values of its emissive radiation, can be increasing along with increasing of pressure in the
outer space at the advancing to cosmological past. Actual value of red shift of supernovae radiation
spectrum can be substantially lower than its theoretical value, determined by Hubble relation, due
to the presence of such negative feedback. So the presence of dark energy in the Universe is not

necessary.

the process of body free fall, commoving with it its intrinsic gravitational field does not affect the acceleration of its free
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Obviously in GR gravitational field equations not strictly thermodynamic value of matter molar
volume is mainly used. Therefore, additional coordinates transformation is required for the
transition from used in GR local intrinsic FRs of matter and from similar to them GQ-FRs to GT-
FRs of people’s world. Only in this case the curvature of intrinsic spaces of matter is determined
only by spatially inhomogeneous relativistic shrinkage of radial intervals and by radial delay in
conformally-gaugely evolutionary-gravitational self-contracting of matter dimensions in CFREU

(by evolutionary-gravitational “deformation” of its micro-objects).

17. Internal contradictions in the theory of relativity and the main differences

between the theory of relativity and relativistic gravithermodynamics

Below is the list of facts that are internal contradictions in GR and SR:

1. The necessity in use of proper time (instead of classical absolute time) of moving matter, rate
of which is determined by the rates of quantum processes in matter, is declared in SR. However,
standard atomic or quartz clock is used instead of quantum clock of this matter. The rate of standard
atomic or quartz clock, in contrast to the rate of quantum clock, is set not by the standard of time or
hypothetical pseudo-vacuum velocity of light but by (used in them) the standard of length and
pseudo-real velocity of propagation of electromagnetic interaction, which corresponds not to the
real but to the standard external conditions. And, therefore, their time count, in contrast to quantum
clock, does not depend or dismissively weakly depend on thermodynamic parameters of matter and
on correspondent to them velocity of propagation of electromagnetic interaction. Thus, the
influence of pressure and temperature on relativistic dilation of coordinate (gravity-quantum) time
of matter is not taken into account in the process of non-comfort (forced non-inertial) motion of this
matter that is accompanied by the appearance of internal stresses and elastic deformations in it. Not
only the relativistic but also the gravitational dilatation of the rate of gravity-quantum time has an
influence on the rate of only intranuclear processes and, for sure, not of thermodynamic or
biological processes. The changes of collective spatial-temporal state of the whole
gravithermodynamically bonded matter take place synchronously and, therefore, with the same
frequency in the whole space occupied by it. That is why the leading role in the people’s world
indeed belongs to the uniform gravithermodynamic time and not to gravity-quantum times.

The influence of pressure and temperature in matter on conformal-relativistic (non-elastic)
shrinkage (or indeed the predicted by Lorentz transformations elongation [Arzelies, 1965; Rohrlich,
1966; Strel’tsov, 1988, 1991]) of coordinate intervals in matter is also not taken into account in the

SR. Exactly this shrinkage is responsible for the origin in observer’s FR of the gravitationally-

fall.
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kinematic curvature of the part of its intrinsic space filled by non-comfort (non-inertially) moving
matter. This leads not only to the unsuitability of SR trivial (non-conformal) transformations of
increments of coordinates and time for the transition from intrinsic FR of rotating matter to observer
FR (Ehrenfest paradox, enclosed trajectory paralogism), but also to the separate problems in GR.
All of this is the main reason of imaginary necessity of such absurd entities as “dark energy” and
“dark non-baryonic matter” in the Universe [Danylchenko, 2020: 85; 2021]. Paradoxical dilatation
of the intrinsic time of distancing from observer galaxies (according to SR and GR) contradicts to
the rapid flow of physical processes in distant cosmological past.

Moreover, the transformations of increments of coordinates and time in SR correspond not to
the IFR of inertially moving bodies, but to FR of uniformly (pseudo-inertially) and quasi-uniformly
(quasi-pseudo-inertially) moving matter in the process of its gradual cooling down in astronomical
objects. However, there the mutually observed shrinkage of longitudinal coordinate sizes of moving
bodies is just the consequence of non-simultaneity of simultaneous events that happened in different
places in FR of moving observer. In CFREU the relativistic self-contraction of size of moving
bodies is isotropic in principle as well as their gravitational self-contraction. In intrinsic FR of
matter any relativistic shrinkage of size is unobservable in principle. Instead of it there is a local
anisotropic kinematic curvature of intrinsic space of the observer in the place of instantaneous
dislocation of moving body.

On the other hand all this shows that both SR and GR are based purely on intranuclear physical
processes. And, consequently, the usage of thermodynamic extranuclear parameters of matter
instead of its gravithermodynamic intranuclear parameters in tensor of energy-momentum of GR is
nonsense.

2. The fact that intrinsic STC of matter is formed directly by matter itself is declared in GR. In
spite of this, values of components of STC metric tensor are considered to be independent from all
properties of matter, located in concrete point of space. Thus, metric tensor in this point determines
equal (not gauge mutually transformable, as it is expected) values of gravitational potentials for all
possible thermodynamic states of matter Therefore, coordinate velocity of light, used in GR, is not a
characteristic of matter, but, in fact, is a characteristic of the form of matter being — space, and can
take any values that do not correspond to thermodynamic matter parameters” and to real velocities
of propagation of electromagnetic waves in it. This leads to the necessity of using in GR the special

differential operators for dependencies of matter energy and momentum on its physical parameters.

5 When coordinate-like velocity of light tends to zero the pressure and the temperature of matter tend to infinity. And,
therefore, singularities on the external surfaces of astronomical bodies cannot appear in principle. However, this is
ignored in the solutions of GR gravitational field equations.
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It also leads to the need to replace very massive neutron stars®, which have the topology of a hollow
body in the background Euclidean space and mirror-symmetric inner space, fictional "black holes".

3. Influence of gravitation on matter, as well as influence of nonuniform motion on matter,
causes not only spatial inhomogeneity of the gravity-quantum rates of coordinate time of matter.
This influence also leads to inhomogeneous deformation of matter on the level of correspondent to
its nucleons terminal outlets of the turns of the common spiral-wave formation of the Universe in
both background intrinsic space of the observer and in background Euclidean space of CFREU
[Zel’dovich & Grishchuk, 1988]. The principle of unobservability of such deformation in all matter
intrinsic FRs remains valid in GR. However, there is some exception in GR for relativistic length
shrinkage: it is considered as observable in all FRs, not comoving with moving matter. This leads to
the finiteness of the intrinsic space of matter in the Schwarzschild solution of the equations of
gravitational field when the value of cosmological constant is non-zero and also to the formation of
four-momentum by the enthalpy of matter and not by the ordinary internal energy and also to other
disadvantages of relativistic generalization of thermodynamics with Lorentz-noninvariant volume
[Danylchenko, 2006: 27; 2008: 60].

4. The equations of gravitational field of GR allow getting the solutions with anisotropic as well
as with isotropic gravitational deformation of microobjects of matter in background Euclidean space
[Moller, 1972]. And usually the anisotropic solutions, similar to Schwarzschild solutions, are
considered more preferable. Indeed the unobservable in intrinsic FRs of matter gravitational
deformation of microobjects of matter as well as their evolutionary deformation is purely isotropic
similarly to relativistic deformation of microobjects of inertially moving matter. This, obviously, is
the consequence of the acceptance in SR of false statement about the presence of relativistic
deformation only of longitudinal size of moving mater.

5. Changeability of values of interaction distances of matter micro-objects in thermodynamic
processes (these values together with the velocity of propagation of interaction determine the
frequency of interaction) is not taken into account in GR. This causes the fact that GR gravitational
field equations correspond to FRs of STC, but not to GT-FR of all matters, to which RGTD
equations correspond. This makes GR equations useable only for homogeneous cooled down to the
limit matter. And this takes place despite the fact that clusters of real gases are fundamentally not
able to cool down to the limit in any arbitrary long period of time. Because in order to cool down to
the limit they should previously become degenerate and turn into gas that consists from the neutrons

that do not interact electromagnetically.

% The mass of such neutron star is not limited by anything since the minimum possible value of Schwarzschild radial
coordinate (which corresponds to its mid singular surface that separates matter and antimatter) can be arbitrary large
[Danylchenko, 2005; 2005b; 2008: 4].
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The fact that vacuum (coordinate-like pseudo-vacuum) velocity of light is more privileged than
true velocity of light in matter in SR and GR makes these theories more corresponding to
unrealizable in principle — degenerate states of matter than to real states [Danylchenko, 2005b;
2008: 4; 2008: 19; 2008a]. The fact that imaginary relativistic time dilation, as well as gravitational
potential (and integral equations of gravitational field in matter), are strictly independent from
concrete values of any characteristics®, of this matter denotes the excessive simplicity of SR and
GR that causes the primitiveness of representation of objective reality by these theories. The
“beauty” of these theories, related to their simplicity, does not correspond to, in fact, not very
“beautiful” objective reality.

In spite of this, the most of the original positions and principles of SR and GR are saved in
RGTD. The main distinguishing characteristics of RGTD are the following original positions and
principles:

1. Physical vacuum is a continuous (structureless) substance that is not involved in motion and
rests in CFREU. Matter micro-objects (elementary pseudo-particles) and electromagnetic waves are
only the non-mechanically excited states of this substance [Danylchenko, 2004: 33; 2004a: 44;
2008b: 45].

2. RGTD-state of matter is the spatially inhomogeneous average statistical macrostate of this
matter. This state is determined by statistical distribution of possibilities of various collective
space-time microstates (Gibbs microscopic states) of the whole gravithermodynamically bonded
matter. Discrete changes of collective space-time microstate of matter take place at de Broglie
frequency, which corresponds to the collection of all jointly moving objects of this matter, and
propagate as the quanta of action with a superluminal phase velocity. This takes place instantly in
FR, comoving with matter, because of the fact that propagation front of quantum of action (that is
responsible for the change of collective space-time micro-state of matter) is identical to the
propagation front of succeeding time instant of moving matter both in CFREU and in FR of each of
the observers of its motion.

3. Transfer of phase changes of collective space-time microstate of matter, as well as of
graviinertial field (gravitational field, removable by coordinates transformation) strength, at a
superluminal velocity do not accompanied by the propagation of changes of electrical and magnetic
field strengths in the matter and, so, not accompanied by energy transfer [Danylchenko, 2004: 3;
2008b: 3]. Released intranuclear energy of matter transforms into kinetic energy of directed motion

before matter is filled in with external energy transferred at velocity of sound. Therefore, despite of

% In fact only the spatial gradients of these parameters of matter (not the determined by them gravitational potentials)
can be independent.
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the change of its motion velocity, matter moves only inertially during this period of time. In fact,
free fall of matter in graviinertial field takes place.

4. Any arbitrarily rarefied matter of cosmic vacuum should be considered as “incoherent
matter”, which abides to the thermodynamic laws, in analogy to ideal gas of non-interacting
molecules [Danylchenko, 2008: 19; 2008a]. Because of this, and also because of principal
unattainability of the zero value of pressure in gas-dust matter of outer space, it is inadmissible not
to take into account gradual decreasing of pressure in cosmic vacuum at the distancing from
compact matter. And, therefore, vacuum solutions of gravitational field equations are senseless.
Moreover, the absence of absolute vacuum makes the postulation in SR of isotropy of hypothetical
vacuum velocity of light in moving body in FR (in which the matter motion is observed) outdated.
SR transformations admit the anisotropy of real velocity of light in moving isotropic matter in this
FR. And, of course, relativistic transformations should also allow the anisotropy of the real speed
of light in the very rarefied gas-dust matter of outer space carried away by a moving astronomical
body. In turbulent layer between dragged and not dragged by motion matter the gradual transition
from anisotropy to isotropy of velocity of light will take place.

5. In contrast to the velocity of propagation of real electromagnetic waves in matter,
conventional gravithermobaric (gravibaric) velocity of light in homogeneous matter, which is not
equal but only proportional to the pseudo-vacuum coordinate-like velocity of light in GR and limit
velocity of motion of baryonic matter in RGTD, does not depend on the frequency of these waves.
Values of this velocity are equal in straight and opposite directions at propagation of radiation along
the direction of matter motion. This is caused by the fact that motion inducts relativistic changes of
refractive index of moving matter. These changes cause the fact that values of gravi-baric
components of longitudinal and transversal values of refractive index are not similar. The values of
longitudinal and transversal components of refractive index guarantee the invariance to the
transformations of coordinates and time of thermodynamic potentials and parameters of matter and
the correspondence of relativistic values of longitudinal and transversal components of gravi-baric
velocity of light to generalized relativistic nonvacuum transformations of spatial coordinates, time
and velocities [Danylchenko, 2009: 79]. The invariance of Hamiltonian of inert free energy and
Lagrangian of ordinary internal energy of inertially moving matter relatively to relativistic
transformations is caused by relativistic invariance of unified gravithermodynamic time of the
whole RGTD-bonded matter.

6. Relativistic transformations of spatial coordinates and time of SR are the vacuum
degeneration of generalized relativistic transformations [Danylchenko, 2009: 79]. Relativistic
shrinkage of coordinate size (“coordinate intervals™) is isotropic conformal in general case and,

therefore, is able to guarantee the invariance to the transformations of coordinates and time of
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thermodynamic potentials and parameters of matter as well as guarantee the absence of relativistic
dilatation of intrinsic time for inertially moving bodies. Moreover, during the inertial motion it also
guarantees the absence of declared in SR non-fulfillment of simultaneity of events that happened in
different places in FR of moving body, which are simultaneous in observer’s FR. And it depends
not only on velocity of matter motion, but also on the pressure inside the matter®. The fact that
graviinertial field is originated in nonuniformly rectilinearly moving matter, as well as in rotating
matter, causes the fact that unobservable in principle all-round deformation of matter in background
regular space is gravitationally-kinematic, in fact. Relativistic time dilatation can be gravitationally-
kinematic also for any noninertially moving matter. And it is purely gravitational for inertially
moving massive astronomical object that has its own gravitational field as well as for any body that
is even non-inertially moving but has the conformally deformed Méller FR. In contrast to GR in
RGTD not only evolutionary but also gravitational and kinematic deformations of microobjects of
matter in background spaces are strictly isotropic.

Graviinertial field in GR can be considered as removable only conventionally. Spatial
inhomogeneities of thermodynamic state and of observable (non-relativistic) deformation of moving
matter that correspond to coordinates transformation are not removed at this transformation.
Differentiated tracking of the influence of removable and unremovable gravitational fields on
spatial inhomogeneity of thermodynamic state of matter is impossible in GR in general case.
Therefore, in GR, in contrast to RGTD, in general case gravitationally-relativistic dilation of
physical processes in matter cannot be decomposed on multiplicative components that separately
correspond to unremovable (external) and eliminable gravitational fields and to purely kinematic
impact.

7. Intrinsic spaces of matter are metrically homogeneous (isometric) in principle. Gravitational,
as well as relativistic, shrinkages of dimensions (length standards) and molar volumes are
unobservable in these spaces. Gravitational curvature and comoving with moving object kinematic
“curvature” of intrinsic space of motion observer are observable in these spaces, instead of these
shrinkages. The dilatation of the time that is caused by gravitational field in the state of rest of
matter is de facto completely compensated by the inertial motion of the matter. Similarly, the
relativistic dilatation of the rate of only coordinate (and not metric) time is observed in GT-FRs on
the distant galaxies (which move away from the observer and at the same time freely fall on the
pseudo horizon of events). Therefore, purely Lorentz relativistic transformations of SR are the
transformations of the increments only of coordinates, but not of metrical intervals [Danylchenko,

2006: 27; 2008: 60]. And, moreover, in contrast to Lorentz-conformal transformations they do not

5 It will also be dependent on the temperature in the case of the absence of thermal equilibrium in matter.
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guarantee the invariance of thermodynamic potentials and parameters as well as the absence of
dilatation of intrinsic time for inertially moving bodies.

8. General covariance of equations of matter motion and state (and, in fact, general covariance
of the majority of physical laws) to the coordinates transformations takes place only for spaces of
the GT-FRs of matter, namely, only for the spaces, in which matter deformations caused by
relativistic and evolutionary-gravitational “deformations” of its micro-objects (correspondent to
them spiral-wave formations) are unobservable in principle. Such deformations are “observable” in
background Euclidean space [Zel’dovich & Grishchuk, 1988] of CFREU (only in this space
Universe can be homogeneous). A completely different formulation of the majority of nature laws,
as well as other transformation of intensive and extensive parameters and characteristics of matter
that correspond to this formulation and possibly different form of equations that determine
interrelations between them are needed for intrinsic GQ-FRs of matter, in which not only
evolutionary but also RGTD-“deformations” of its micro-objects (changes of their interaction
distances) are unobservable in principle.

9. All thermodynamic parameters and characteristics of matter can fundamentally be examined
only with the usage of comoving with matter gravity-quantum clock, only by which the eigenvalue
of its mass is equivalent to the eigenvalue of its ordinary internal energy. Moreover, they are
invariant under both transpositional gravitational (spatio-temporal) and kinematic (Lorentz-
conformal) relativistic transformations of coordinates and time in principle. During the observation
of resting or inertially moving matter from the points with different gravitational potentials (and,
consequently, with the usage of gravity-quantum clock with different time rates) only the strength
of gravitational field, in which the observed matter is located, is being transformed. The really
metrical values of mechanical and thermodynamic parameters and characteristics of matter do not
depend on the rate of time of gravity-quantum clock. And, consequently, temperatures of phase
transitions are the internal properties of matter of not only resting, but also moving bodies. The
permanence (Lorentz-invariance) of observed thermodynamic state of moving matter when switch
from its observation from any of IFR to the observation from any other IFR is provided by the
calibration effect of classic inertial (hypothetic uniform) motion on the matter. It is guaranteed by
the save of initial proportionality of observed rates of all physical processes to the rate of intrinsic
time of moving matter. Ant the cause of all this is the self-consistency of all pairs of intensive and
extensive thermodynamic parameters of matter that are complementary to each other. They form the
self-enclosed RGTD-system.

10. Spatial inhomogeneity of RGTD-state of the whole gravitationally bonded matter (including
extremely strongly rarefied “incoherent matter” of the outer space) is the cause of the presence of

gravity. In ideal gas and in ideal liquid this spatial inhomogeneity fundamentally cannot be self-
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organized due to the absence of electromagnetic interaction between molecules of these hypothetic
substances. This inhomogeneity is reflected in real homogeneous matter as certain spatial
distribution of inert free energy and of corresponding to this energy the nominal intensive parameter
— relative average statistical value of the frequency of intranuclear interactions (alternative to
pseudo-vacuum coordinate-like velocity of light of GR). That is why gravitational field is de facto
the field of spatial inhomogeneity of gravithermodynamic state of matter and cannot be any
independent form of matter. This field was originated due to the gravithermodynamic advance in
the evolutionary process of increase of total internal energy and correspondent to it decrease of the
inert free energy in lower layers of matter. And it is the consequence of self-organization of
collective macrostate of jointly moving matter that corresponds to the minimums of total (integral)
values of all free energies of this matter. However, of course, gravitational field can be also
considered as the spatial distribution in CFREU of the density of turns of spatial-temporal
modulation of dielectric and magnetic permeabilities of physical vacuum.

11. In GR it is suggested that in the state of thermodynamic equilibrium not only the strictly
concrete, but also different values of coordinate-like velocity of light of astronomical objects of
different mass can correspond to all identical thermodynamic parameters of one and the non-rigid
(liquid or gaseous) matter within the whole volume of astronomical objects. At the same time, for
all contacting substances the gravitational potential remains the same.

In RGTD the gravitational field sets only the gradients of gravitational potential (of logarithm of
the average frequency of quantum change of Gibbs thermodynamic microstate or of correspondent
to it logarithm of the rate of gravity-quantum time). The value of the gravitational potential itself is
set by the properties of matter and by its thermodynamic state. And, consequently, for contacting
substances the gravitational potentials (logarithms of the average frequency of quantum change of
Gibbs thermodynamic microstate) can essentially differ one from another. For the homogenous
matter the smaller are the temperature and pressure the bigger is the limit velocity of its motion and,
consequently, the bigger is its gravitational potential. For more light matter the gravitational
potential is always bigger than for surrounding more heavy matter. That is why in quasi-equilibrium
state of matter when there is no external or internal heating of the matter the more light substances
are being displaced upward by more heavy substances. However, when such displacement is
impossible the gravitational potential of more light substances will be bigger than the gravitational
potential of more heavy substance that covers them. And when there are lacunas in more heavy
matter the less heavy liquids can leak into it via flowing down and displacing the more light gases
upward. In forced state the gravitational potential of gases and liquids can be artificially decreased

or increased together with the increasing of pressure and temperature in them.
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That is why in relativistic thermodynamics, the same as in classical thermodynamics, all
characteristic functions (potentials, including the gravitational potential) of liquid or gaseous
homogeneous matter, which is under the influence of only all-round pressure and is only in the
same aggregate and phase state and also in the state of both thermal and mechanical equilibriums,
are determined only by two independent parameters [Danylchenko, 2008: 19; 2008a] (while in GR
there are three such parameters).

In RGTD only the values of maximal possible velocity of motion of baryonic matter can be
different and only for liquids and gases that are in the equilibrium thermodynamic state or for
liquids that cover solid bodies and also for the solid (rigid) astronomical bodies themselves (the
process of evolutionary decreasing of intranuclear energy of matter of such bodies always advances
this process in the matter of external space). Moreover, in RGTD gravitational field equations
define only equal gradients of logarithms of relative frequency of intranuclear (quantum)
interactions for all matters. However, the values of this frequency themselves are not the same are
not the same and not only for different matters, but even for different atoms of matter molecules.

12. Bodies free fall in gravitational field — is an original realization of tendency of the whole
gravitationally bonded matter to the minimum of the integral value not only of inert free energy,
but also of thermodynamic Gibbs free energy. Bodies that fall independently accelerate in
physically inhomogeneous space. In such way bodies transform their continuously released
intranuclear energy into kinetic energy. And this happens due to the fact that momentum is not
conserved (in physically inhomogeneous space [Noether, 1918]) by virtual quanta of energy, which
are the objects of exchange in the process of interaction between atoms and nucleons
(correspondent to nucleons terminal outlets of the turns of spiral waves [Danylchenko, 2004: 33;
2004a: 44; 2008b: 45]). After the fall of the matter in gravitational field and its transition to
thermodynamic equilibrium with the environment its internal energy becomes bigger than it was
before the fall. And, consequently, matter transits into its new thermodynamic state that
corresponds to its new gravitational potential. And its new gravitational potential (logarithm of the
average for all mutually moving substances frequency of quantum change of Gibbs thermodynamic
microstate or correspondent to it logarithms of conventional gravithermobaric velocity of light or
limit velocity of matter) can be non-equal to gravitational potential of matter of surrounding
environment.

13. Removable gravitational (graviinertial) field, which is inducted by quasi-hyperbolic motion
of matter during the process of its free fall, totally compensates external gravitational field. And,
therefore, more dense particles cannot overtake less dense particles of “incoherent matter” in
principle. Pressure in this matter, as well as relative frequency of intranuclear interactions, is

spatially homogeneous (and this is reflected in the zero-gravity state). Matter free fall can be
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strictly inertial motion of matter only in hypothetic absolute vacuum. Therefore, matter free fall in
atmosphere, as well as in the outer space, is only a quasi-inertial motion.

14. Gravitational mass of inertially moving matter is strictly equivalent to the Lagrangian of its
ordinary internal energy and, therefore, (the same way as this Lagrangian) it also conserves in the
process of this motion. Inertial mass of inertially moving matter is strictly equivalent to the
Hamiltonian of its inert free energy and, consequently, it also conserves in the process of this
motion. That is why it is wrongfully to state that these masses are identical or equivalent one to
another. We can only say about conventional identity or equivalence of these masses one to another
only by the clock of the point, in which matter started to move inertially, due to the correction of
the value of gravitational constant that guarantees the conventional absence of bound energy of
matter in centric or pseudo-centric intrinsic FR of this matter. The ratio of these masses is invariant
due to the conservation (in time) of Hamiltonians of inert free energy and of Lagrangians of
ordinary internal energy of inertially moving gravity-quantum clocks of observed matter and of
observer. Not the total internal energy of matter, but only its inert free energy, which is equal to the
sum of free energies of nucleons and energies of intranuclear bonds and interactions, is equivalent
to inertial mass. Gravitational force that does not execute work is equal to the product of the
Lagrangian of ordinary internal energy of the matter and the gradient of logarithm of relative
frequency of intra-atomic interactions. By analogy, d’ Alembert inertial pseudo force is equal to the
product of the Hamiltonian of matter inert free energy and the derivative along the traversed path
from the logarithm of isotropic shrinkage of the sizes of moving body in background regular space.

In contrast to the Hamiltonian of inert free energy, the Lagrangian of ordinary internal energy
of resting or inertially moving matter is invariant not only to kinematic but also to gravitational
relativistic transformations due to the invariance of all thermodynamic parameters and potentials of
matter to those transformations.

15. When the thermodynamic state of liquid or gaseous matter is equilibrium the gradients of
conventional average value of frequency of intranuclear interactions are determined only by the
gradients of its gravithermodynamic parameters. The frequency of the wave of one and the same
emissive radiation remains the same in the whole (and even extremely rarefied) gas that is located at
the long distance from the gravitational attraction center. And, therefore, declared in GR
gravitational redshift of the spectrum of emissive radiation of purely gaseous matter (which is
strictly in thermodynamic equilibrium) of the non-layered astronomical object that does not have
liquid or solid nucleus is impossible in principle. It can be only purely thermodynamic. The non-
Dopplerian shift of the maximum of the spectral density of heat radiation in this astronomical object
is strictly determined only by the temperature of matter in its photosphere. Gravitational redshift of

the spectrum of emission radiation can take place only for non-rigid (liquid or gaseous) matters that
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are in non-equilibrium thermodynamic state or for any multilayered astronomical objects (including
those containing a liquid or solid nucleus). And, therefore, non-Dopplerian redshift of the spectrum
of emission radiation is mainly thermodynamic for the majority of astronomical objects. Mainly the
Doppler broadening of spectral lines takes place for them. The very significant gravitational-
thermodynamic redshift can be found only for the radiation of electron-proton plasma of quasar
photosphere, which is located nearby the singular surface and, thus, in the strong electromagnetic
field.
Conclusion

Gravitational field is the field of spatial inhomogeneity of gravithermodynamic state of matter
and is not an independent substance (form of matter). Gravitational field cannot exist without
matter, in principle, and, consequently, cannot have its own energy and own linear momentum that
differs from energy and linear momentum of matter, which formed that field. Therefore,
conservation of the sums of values of energy-momentum and moment of momentum together for
matter and for gravitational field [Brillouin, 1970, Logunov & Mestvirishvili, 1989] is not necessary
both in GR and in the RGTD. All bonds and interactions between matter structural elements have
the same electromagnetic nature [Danylchenko, 2004: 33; 2004a: 44; 2008b: 45], despite they all
considerably differ one from another. And, therefore, gravitational field cannot be completely
similar by its properties to electromagnetic field. Nature abhors uniformity. Nature “uses” new
forms of bonds and interactions between matter structural elements on each new hierarchical level
of self-organization of matter objects. However, for sure, all these forms are rather similar, because
they are based on the same laws and principles of appropriateness. Statistical laws, which guarantee
the correspondence of equations of RGTD-state of matter to the variational principles and,
consequently, Le Chatelier-Braun principle, are the basis of gravitational and other RGTD-
properties of matter. Gravity forces are evolutionary-gravitational pseudo forces that force all
matter objects to tend to spatially inhomogeneous collective equilibrium states with the minimums
of the integral values inert free energy and thermodynamic Gibbs free energy of the whole RGTD-
bonded matter. Because of this, GR gravitational field equations are, in fact, relativistic equations of
spatially inhomogeneous RGTD-state of conformally-gaugely evolving matter (equations of
RGTD) [Danylchenko, 2008: 19; 2008a; 2009: 75; 2009a: 20/2; 2010: 64; 2010a: 38; 2020: 5].
And, therefore, gravity — is only the peculiar (sui generis) manifestation of electromagnetic nature
of the matter on the appropriate hierarchical level of self-organization of matter objects. And, of
course, there are no such objects as gravitons and gravitational waves that transfer energy (if, of
course, moving matter itself is not considered as these waves). Only the phase spiral waves of de
Broglie — Schrédinger can be considered as the waves that transport only the change of collective

phase (spatial-temporal) microstate of matter [Brillouin, 1970]. Gibbs collective

107



gravithermodynamic microstates of matter are being described not only via thermodynamic
potentials and parameters of matter, but also via its hidden parameters. These parameters are the
wave functions that are able to take any arbitrary values with certain probability. The quantum
equation of gravitational field, the solutions of which set the spatial distribution of gravitational
radius of matter in its every new gravithermodynamic state with the polynomial function with the
next more high degree, is namely related to these parameters. The indicator of the degree of this
function of continuously cooling down matter can successively take only integer and semi-integer
values. That is why the process of cooling down of the whole GTD-bonded matter is the quantum
process that is caused by its spontaneous transition to the polynomial function with more high value
of degree and, therefore, to the next quantum collective state.

Inertial mass of moving matter is conventionally equivalent to its gravitational mass only by
gravity-quantum clock of the point, from which matter started to move inertially, due to the
correction of the value of gravitational constant that guarantees the conventional absence of gravity-
mechanical (inert) bound energy of matter in centric or pseudo-centric intrinsic FR of this matter.
And that is why indeed everything in the world is relative. Namely the relative eigenvalues of
physical parameters and characteristics of matter are their really metrical values in the people’s
world. And, consequently, there is no need to kinematically or gravitationally artificially transform
them to correspond to the readings of some clock. The usage of the formalism of gravity-quantum
(coordinate) time allows performing only relative measurements of mechanical and thermodynamic
parameters and characteristics of matter. In order to determine their really metrical values for
observed matter being based on those measurements we additionally need to know to what their
values the readings of gravity-quantum clock of the observer correspond to. And only in this case
the observed values of mechanical and thermodynamic parameters of matter will be the same for all
observers. And this is in a good agreement with the fact that gravitational field forms only the
gradients of parameters and characteristics of matter and gradients of correspondent to it
gravitational potential, which value can be changed only with the change of its parameters and
characteristics. That is why except for the inert free energy and equivalent to it inertial mass all
other really metrical and thermodynamic parameters and characteristics of matter do not depend on
the readings of gravity-quantum clock and, consequently, are time invariant.

Thermodynamic internal energy, which consists of the Lagrangian of ordinary internal rest
energy (multiplicative component) and additive compensation of its multiplicative representation, is
de facto the total energy of matter since it includes even the released kinetic energy of its motion.
Thermodynamic internal energy of matter is equal in all FRs of bodies that move inertially
relatively to it. And exactly this is the guarantee of Lorentz-invariance of all thermodynamic

potentials and parameters of matter. Since matter motion is accompanied by the all-sided
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conformally-gaugely self-contraction of its size in background Euclidean space of the Universe the
rate of the intrinsic time of inertially moving body is not dilated but, quite the contrary, remains
invariant, despite the presence of gravitational decreasing of the rate of intrinsic time for nearby
static objects. De facto the motion of the matter as well as its gravitational self-contraction in
background Euclidean space of the Universe leads to its advance over unobservable in people’s
world evolutionary self-contraction of the conventionally motionless matter in the Universe. That is
why the release of kinetic energy is always accompanied by the decreasing of limit velocity of
matter motion (that is identical to coordinate velocity of light of matter in GR) and the decreasing
of its inert free energy.

The internal energy of matter is bonded in a different ways in different physical processes. That
is why we have various free energies in different processes. Both the change of the inert free
energy®’ of matter (caused by its inertial motion) and its evolutionary decrease in CFREU do not
directly influence the thermodynamic parameters of matter that are changed only in thermodynamic
processes. That is why it is fundamentally unobservable in intrinsic FRs of matter in the similar way
as evolutionary and caused by motion reduction of molar volume of matter is unobservable in
commoving with expanding Universe FR. The gravitational reduction of molar volume of matter
when approaching the gravitational attraction center is also unobservable directly in intrinsic FRs of
matter. However, we still can say about its presence in Euclidean space of CFREU due to the
presence of gravitational curvature of intrinsic space of matter. And we also can indirectly say about
the presence of evolutionary self-contraction of matter due to the presence of not only the process of
Universe expansion in FR of people’s world, but also of correspondent to it global gravitational-
evolutionary gradient lens (GGEGL). Moreover, not only evolutionary but also gravitational and
kinematic deformations of microobjects of matter in background spaces (that form GGEGL) are
isotropic. And, therefore, generally only the isotropic coordinates are used in RGTD. The
evolutionary process of self-contraction of correspondent to matter spiral-wave formations forms
not the ordinary but namely gradient global gravitational lens in expanding Universe [Danylchenko,
2009a: 20/1], which is revealed in the form of ordinary lens only along the world line of
propagation of radiation. Gravity-optic power of gradient lens is smaller the closer are the observed
objects. And it portrays the infinitely far objects of the Universe on the pseudo horizon of events

that belongs only to the infinitely far cosmological past.
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