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Abstract  

The solution to the gravitational field equations of a flat galaxy has been found. It 

is shown that at the edge of the galaxy the excessively strong ordinary (unreduced) 

centrifugal pseudo-forces of inertia are compensated mainly by centripetal pseudo-

forces of evolutionary self-contraction of matter in the background Euclidean space 

of expanding Universe, and not by the weak gravitational pseudo-forces at the edge 

of the galaxy. The strength of the dynamic gravitational field of spiral and other 

flat (or superthin) galaxies, according to their two-dimensional topology, is 

inversely proportional to the radial distance, not to its square. And this is the case, 

despite the inverse proportionality of the strength of individual gravitational fields 

of all spherically symmetric astronomical objects of the galaxy exactly to the 

square of radial distance. The general solution of the equations of the gravitational 

field of the galaxy with an additional certain parameter n is found. At possible values 

of 1<n , the velocity of the orbital motion of stars is slightly less than the highest 

possible velocity even at the edge of the galaxy. According to the General Relativity 

(GR) equations and the Relativistic Gravithermodynamics (RGTD) equations, the 

configuration of the dynamic gravitational field of a flat galaxy in a quasi-equilibrium 

state is standard (canonical in RGTD). That is because it is not determined at all by the 

spatial distribution of the average mass density of its non-continuous matter. After all, 

this spatial distribution of the average mass density of the galaxy's matter is itself 
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determined by the standard configuration of its dynamic gravitational field. The 

standard value of the average density of mass of matter at the edge of a galaxy is 

determined by the cosmological constant Λ and by the difference between unity 

and the maximum value of the parameter bc. And it is a non-zero standard value, 

despite the gravitational radius at the edge of a galaxy takes the zero value. 

Therefore, in the RGTD and in the appropriate interpretation of the GR, in contrast to 

the orthodox interpretation of the GR, there can be no shortage of baryonic mass. And 

therefore, the Universe does not need dark non-baryonic matter at all. 

Keywords: galactic dynamics; spiral structure; General Relativity; flat (or superthin) 

galaxy; dark non-baryonic matter; Relativistic Gravithermodynamics. 

1. Introduction 

In 1934, Swiss astronomer Fritz Zwicky discovered that the total gravitational mass of a 

galaxy – calculated using the gravitational virial theorem – was significantly greater than the 

luminous mass observed through optical methods. This suggested that the majority of a 

galaxy's gravitational mass is invisible [1, 2]. According to Newton's law of universal 

gravitation, the rotational speed of stars within a galaxy should decrease as their distance from 

the center increases. However, in the 1970s, American astronomer Vera Rubin and her 

colleagues observed that the rotational velocity of gas in spiral galaxies remains nearly 

constant at varying radii. This phenomenon, known as the asymptotically flat rotation curve, 

remains one of the key mysteries in astrophysics [3–5]. 

The problem of the lack of enough amount of baryonic matter in galaxies has been the 

subject of many research works [6–18]. But it has not yet been solved. This research considers 

the possibility of a radical solution to the problem without the use of ghostly dark non-

baryonic matter based on the fact that the decrease in gravitational field strength along the 

planes of flat galaxies is inversely proportional to the radial distance, and not to its square, 
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and based on the spatiotemporal non-invariance of the gravitational constant [19, 20]. And the 

possibility of this is confirmed by the corresponding solution of the gravitational field 

equations of a flat galaxy [19–22]. 

Due to the fact that evolutionary decrease of the radius r of the star´s orbit is 

fundamentally unobservable in the intrinsic frames of references of coordinates and time (FR) 

of matter, this radius is the same ( invar=r ) in all FRs. The orbital velocities of galaxies and 

their stars that are observed on an exponential physically homogeneous scale of intrinsic time 

t [19, 23] of any observer should also be considered real in the observer´s FR. Taking this into 

account, a dynamic gravitational field [22] of a flat (or superthin) galaxies is examined here: 

the field in which the velocities v of the hypothetical equilibrium circular motion ( const=r ) 

of astronomical objects do not depend directly on the radial coordinates r, but depend only on 

the values of the coordinate pseudo-vacuum velocity of light bcvcv =  of GR or on the 

equivalent limit velocity lv  or cllc vv Γ= ˆ  of matter group motion of the relativistic 

gravithermodynamics (RGTD) [19, 20, 23].  

Thus, unlike the modified Newtonian dynamics proposed by Mordechai Milgrom [24, 25], 

both in the orthodox GR and in its modification by the RGTD, the speed of orbital motion of 

astronomical objects in a flat galaxy, albeit indirectly, still depends on their radial distance to 

the center of the galaxy. 

Because of this, the Λ-reduced (evolutionarily weakened) centrifugal pseudo-force of 

inertia [19, 20]:  

)(//)/(/)( 22222
0

222 2311 rrvbrvmrbvmrrrvm ccincininEininin −−≈+=Λ−Λ−= FFF
)

, 

which “balances” (compensates) the gravitational pseudo-force in a rigid FR of matter, 

depends in GR and RGTD on the cosmological fundamental constant )(tcHE const==Λ −223  

and, therefore, on the Hubble fundamental constant )(tHE const= . The fundamental 
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invariability of these constants in the intrinsic time t of matter ensures the continuity of the 

intrinsic space of a rigid FR [19, 20].  

Here: rbvm cinin /2
0 =F  is ordinary (unreduced) centrifugal pseudo-force of inertia 

)(/)(/)/( 222
00

2222222 2232 rrbrvmrHcbrvmHrrvm ccEcinEininE −−≈−−=Λ−Λ−=
)

F  is 

centripetal evolutionary pseudo-force, which pushes matter towards the center of the galaxy, 

thereby compensating within the galaxy (when 21/−Λ<r ) the centrifugal gravitational pseudo-

force, which is responsible for the evolutionary distancing of other galaxies from it according 

to Hubble's law; Ec Hcr /≈  is the radius of the event pseudo-horizon, which covers the entire 

infinite fundamental space of the Universe [19] in the FR of any matter due to the 

fundamentally unobservable in FR of people´s world evolutionary self-contraction (in 

fundamental space) of matter spiral-wave microobjects, which are the so-called elementary 

particles [19, 26–28]. 

Therefore, astronomical objects in distant galaxies move in stationary, rather than 

divergent spiral orbits precisely due to the presence (in the observer's FR) of the action on 

them not only of gravitational, but also of evolutionary centripetal pseudo-force. And it is 

precisely this evolutionary centripetal pseudo-force that causes these same astronomical 

objects to move in convergent spiral orbits in the comoving with expanding Universe FR 

(CFREU) [19] (due to fundamental unobservability (in the observer's FR) of evolutionary 

self-contraction of matter in fundamental space of the CFREU). 

The dependence of Λ-reduced centrifugal pseudo-force of inertia exactly on the intrinsic 

value of the object's orbital velocity 
clс bvvvcv // ==

)  actually compensates for the non-

identity of its inertial mass cgrin bmm =  to the much larger gravitational mass grm  and thereby 

provides the possibility of using a single galactic value 00Gg  of the gravitational constant in 

the FRg of the galaxy. But in the FRsi of each of the stars of this galaxy there may be their 
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own values 2
0000

−= ci

gg

i

S bGG  of the gravitational constant [19–22], according to which the 

planets and satellites rotate relative to them. Similarly, in the FRE of the Earth, each of the 

distant galaxies may also have its own gravitational constant 2
0000

−= ce

EE

e

g
bGG . The failure to 

take this into account, together with the failure to take into account the two-dimensional 

topology of flat galaxies, are the main reasons for the imaginary need for dark non-baryonic 

matter in the Universe. After all, compensation for the mutual non-identity of the inertial and 

gravitational masses of only the most distant galaxies does not provide compensation for the 

mutual non-identity of the inertial and gravitational masses of their stars. 

Thus, in the own time of astronomical objects of a distant galaxy, the inertial mass of 

their matter is actually identical to the gravitational mass of the matter, as it should be. The 

fact that gravitational mass of objects of a distant galaxy in the FR of the Earth observer is 

greater is due to a much higher temperature of their matter in the distant past. And this is 

similar to the much higher temperature of matter in the bowels of the Earth. And therefore, 

the observed thermodynamic parameters of matter in any distant galaxy strictly correspond to 

the thermodynamic parameters of the Earth's matter. Therefore, the values of the parameter 

cb  in a distant galaxy strictly correspond to the values of the absolute temperature of its 

matter in the observed distant past. And therefore, the Earth's gravitational field strictly 

corresponds to the thermodynamic state of the matter of the Universe in any distant past. 

The second reason for the imaginary need for dark non-baryonic matter may be the 

erroneous conclusion about the presence of relativistic dilation of intrinsic time for objects of 

distant galaxies. Because of this, objects of distant galaxies should move in their intrinsic time 

at much higher speeds than according to the clock of an observer from the Earth. In fact, 

galaxies “fall” onto the event pseudo-horizon by inertia, and therefore their objects, which 

also rotate relative to centers of galaxies by inertia, do not have dilation of intrinsic time at all 

[19, 20]. The galaxies that cooled down, and therefore were previously much larger, always 
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had (and still have) non-rigid FRs. The variable function u(v) [22], which corresponds to a 

non-rigid FR and at which there will be no need in dark non-baryonic matter in a flat galaxy, 

can be determined using the parameter “ε” for any such galaxy. 

It turned out that this dynamic gravitational field corresponds well to flat (or superthin) 

galaxies in which, for not very large values of the parameter 1<n  [19–22], the velocity v of 

the orbital motion of stars is slightly less than the highest possible velocity even at the edge of 

the galaxy [29–31].  

Based on the hypothesis of the spiral-wave nature of both microobjects of matter [26, 27] 

and the entire Universe as a whole [28], the author came to the conclusion that the coordinate 

vacuum velocity of light in GR and the equivalent limit velocity of motion of matter in RGTD 

are hidden intranuclear parameters of matter. It is precisely with this hypothesis that the 

another hypothesis is connected: the hypothesis of a quantum change in the location (discrete 

microscopic shift of the coordinates of the spiral waves nuclei) of matter in space, which 

occurs with the de Broglie frequency in the process of orbital motion of matter in a quasi-

equilibrium state (its motion by inertia in a quantum-variable gravitational field). The 

quantum change in the parameters of the gravitational field of the galaxy occurs together with 

the quantum change in the quasi-equilibrium thermodynamic state of matter, which 

quantumly cools with the de Broglie frequency [19, 32]. Only the quasi-equilibrium of the 

thermodynamic state of the cooling matter is caused precisely by the occurrence of short-term 

equilibrium disturbances in the quantum process of discrete loss of thermal energy by the 

matter. After all, the energy levels corresponding to the equilibrium are quantized according 

to the polynomial solutions of the gravitational field equations [19, 32]. 

Richard Tolman [33] showed that in the quasi-equilibrium state of continuum matter, the 

values of its extranuclear thermodynamic parameters and, above all, the absolute temperature 

T are correlated (coordinated) with the intranuclear parameter cvv  ( )(rTvcv const= ). Of 
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course, such correlation is absent in the entire non-continuous matter of the galaxy. That is 

why Albert Einstein [34] was right when he stated that, unlike the metric tensor, the energy-

momentum tensor he proposed is similar to low-quality wood. This is what prompted the 

author to endow matter with other hidden intranuclear parameters and potentials [19]. 

Analysis of the relationships between these intranuclear parameters and potentials led to the 

conclusion that the gravitational and inertial masses of matter are equivalent to each other 

only according to the intrinsic clock of this matter [19, 35]. It turned out that in the general 

case, the gravitational mass is equivalent to the Lagrangian (is it possible GT-Lagrangian 

[Keplerian]) of the ordinary rest energy of matter, and the inertial mass is equivalent to the 

Hamiltonian (is it possible GT-Hamiltonian [Newtonian]) of only the matter inert free energy, 

only which is similar to the internal energy of thermodynamics [19, 35]. This is what allowed 

author to confirm Dirac's hypothesis about the existence of an evolutionary change in the 

gravitational constant [36]. The justification of the spatiotemporal non-invariance of the 

gravitational constant also contributed to this [19, 20]. If its value 00GE  is conditionally 

invariant according to the intrinsic clock of matter, its effective value 44
0000

−== lce

E

e

g

eeff

E
vcGGG  

depends on the value of the limit velocity of motion lcv , and therefore, in distant galaxies it 

increases with the approach to the event pseudo-horizon. But in the observer's FR this is 

revealed not only in a way of increase in the gravitational constant, but also in a way of 

increase in the value of the gravitational mass of matter relatively to the value of its inertial 

mass mgr=minc
2
vlc

-2. It is precisely ignoring of this that leads to the imaginary need for dark 

non-baryonic matter in a flat galaxies. 

The use of the difference between the values of the densities of gravitational and inertial 

masses (instead of the negligible value of pressure p in cosmic space) in the differential 

equations of the dynamic gravitational field (spatial distribution of potentials of this field is 

formed by moving matter) made it possible to obtain a standard (canonical in RGTD) 
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differential equation, in which the spatial distributions of the gravitational and inertial masses 

of galactic matter are absent. Thus, the gravitational field equations themselves began to 

determine standard distributions of the mass of matter in a flat galaxy, depending on the 

variable function )(vu , on the certain value of the parameter n and on the value of mass of the 

loose nucleus of the galaxy. 

In these equations, as in the equations of Lorentz-invariant thermodynamics [19, 37–39], 

the kinematic parameters v and ),( cvvvΓ  and the parameters a and b of the hypothetical static 

gravitational field are hidden internal parameters of matter. Not only all fundamentally 

measurable thermodynamic parameters, but also the parameters ca  and cb  (or analogous to 

them parameters sa  and sb ) of the dynamic gravitational field depend on those hidden 

internal parameters. Therefore, the direct use of v and ),( cvvvΓ  of galaxy objects and а and b 

of the hypothetical static gravitational field in these equations is unnecessary. And this is an 

important feature of both the GR gravitational field equations and the RGTD gravitational 

field equations derived from them. In the very solution of the canonical differential equation 

of the gravitational field, both the logarithmic potential of the gravitational field [19, 20], and 

the identity (for all observers) of the spatial distribution of the relative value of limit velocity 

of motion precisely according to the gravity-quantum clock of a separate point i in its pseudo-

centric icFR [19, 20] are used: 
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where: 00Gg  and 
gi

E
G0  are the intrinsic and observed external values of the gravitational 

“constant” of a galaxy, respectively; 22
00

−= cvb lcc  is a parameter of the dynamic gravitational 

field in the intrinsic FR0 of a galaxy. 

2. Solutions of the equation of a galaxy dynamic gravitational field  

In the tensor of energy-momentum of the RGTD not only intranuclear pressure Np  but 

also intranuclear temperature NT  is taken into account [19–22]: 

( ) VbbcmVсmmVVpSTarrbab ccingrNNNNcccc /)/(/)(/)(// −=−=−=Λ+−−′ − 111 2
00

22 κκκ , (1) 

VbcmVcmVEarraa cinccc ///)/(/ 2
00

222 11 κκκ ===Λ−−+′ − , 

VbcmVcmVWraaabbraab cgrcccccccc ////)//(/])[ln( 2
00

2 κκκ ===′+′=′ , 

where: 2122 /)( g

EE rrr −=  is the radial distance to the object from the center of a galaxy, rE  and 

g

E r  are the radial distances from the observer to the objects and to the center of a galaxy, 

respectively; cb  and ac are the parameters of the dynamic gravitational field equations of a 

non-continuous matter of a galaxy; 22 cmcmbEVp inpVNgrpVNcpVNNN βββ
~~~

=== , )(
~

rpVN const≠β , 

)(rbTT cNN const==00 , )(/ rbmbmm cincgr const===00 , )(/ rVm const≠= 0000µ  is the 

density of a matter intrinsic mass, )(/ rVbm cin const≠= 00µ  is the density of a matter inertial 

mass, )(// rbVbm сincgr const≠== µµ 00  is the density of a matter gravitational mass, 

)(// rTcmTcmS NgrN const=== 00
2

00
2  is the intranuclear entropy, )(rV const≠  and )(rVN const≠  

are the molar and intranuclear volumes of matter, respectively, 2cmW gr=  is the Lagrangian 

(or GT-Lagrangian) of the ordinary rest energy 0W  of matter (multiplicative component 

00 WUGG ad ≡−=  of the thermodynamic Gibbs free energy G of matter), 2
cmE in=  is the 

Hamiltonian (or GT-Hamiltonian) of the inert free energy 0E  of matter, )(rUad const=  is the 
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additive compensation of the multiplicative spatial transformation of component 0U  of the 

internal energy U of matter [19, 32, 33]. 

In addition, according to the RGTD equations, the configuration of the dynamic gravitational 

field of a galaxy in a quasi-equilibrium state is standard (canonical in RGTD). That is so because it 

is not determined at all by the spatial distribution of the average density of mass of its non-

continuous matter. After all, this spatial distribution of the average density of mass of the galaxy's 

matter is itself determined by the standard configuration of its dynamic gravitational field:  
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where the parameter S can be conditionally considered as the distance from the event pseudo-

horizon. 

The trivial solution of equation (2), which takes place at: 
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does not correspond to physical reality. After all, because of 032 2 ≠Λ−Λ−=′ )/( ecec rrbb  at 

0≠r , the solution does not imply the presence of event pseudo-horizon in the FR of matter. 

And the parameter cb , unlike the parameter ca , does not depend on the gravitational radius gr

. And therefore, gravity is absent in the FR corresponding to this trivial solution. 

The gravitational potential of the dynamic gravitational field of the flat (or superthin) 

galaxies depend on the complete galactic value of the gravitational constant (the effective 

value of the gravitational constant 2
000

−== ce

E

cege

E

eeff

E
bGbGG /  in the observer’s FR). Since the 
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thing that depends on this effective value is the density of the inertial mass of matter 

(equivalent to its inert free energy), which previously (when 21/−Λ>r , 0<drdbc / ) gradually 

increased in cosmological time (time measured in the CFREU [19, 20]), but now (when 

21/−Λ<r , 0>drdbc / ) gradually decreases with approaching the center of gravity. And 

therefore, flat galaxies, which previously were cooling in quasi-equilibrium state (due to 

const≈cbT ), and which are now more "hot" when approaching their centers, can have 

predominantly non-rigid FRs. 

According to the mutual non-identity of the gravitational and inertial masses of matter we 

find the square of the rotation velocity of astronomical object relatively to the galaxy center 

according to the equations (2, 3) of gravitational field of RGTD: 
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As we can see, at the same radial distribution of the average density of the mass 

Vm /0000 =µ  of baryonic matter the circular velocities of rotation of astronomical objects 

relatively to the galaxy center are much bigger in RGTD than in GR. And this is, of course, 

related to the fact that: 

pbbcVcmmVVpST ccingrNNNN >>−=−≡− )/(/)(/)( 12
00

2 µ . 

Moreover, a strength of the dynamic gravitational field of flat (superthin) galaxies, 

according to their two-dimensional topology, is inversely proportional to the radial distance, 

not to its square. And this is the case, despite the inverse proportionality of the strength of 

individual gravitational fields of all its spherically symmetric astronomical objects exactly to 

the square of radial distance. 

Therefore, the fictitious need for dark non-baryonic matter in flat galaxies (which follows 

from the GR gravitational field equations) can be completely eliminated if the motion of 
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astronomical objects is analyzed using the RGTD equations of dynamic gravitational field and 

diffeomorphically-conjugated forms [40] and if take into account the two-dimensional 

topology of the galaxies. Due to: 
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an indicator of the level of zonal anomaly of the gravitational field caused by the location of 

the galaxy in a cosmosphere with an increased average density of matter or by the high speed 

of the galaxy's motion on a picture plane; )(ru  is the indicator of the presence of non-rigidity 

of the FR0g of a galaxy that was cooling in quasi-equilibrium state ( grin FF −< ); 
er  is the 

radius of the conventional galactic loose nucleus, on the surface of which of the observed 

orbital velocity v of objects can take its maximum possible value 

cvvbvbvv elceeecee /)(/
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gravitational masses of the loose nucleus of the galaxy; 
em00  and 

grem  are the ordinary and 

gravitational masses of a galactic star e moving in a circular orbit at the maximum possible 

speed; gr  and ger  are the gravitational radii of any layer of the galaxy and its loose nucleus, 

respectively; grstµ  is the standard value of the gravitational mass density of the galaxy matter, 

)/(. maxcgrpst b−⋅= − 11085964 27µ  [kg/m3] is the non-zero standard value at the edge of the 

galaxy ( 2521 1057348 ⋅=Λ= − ./
pr  [m] = 2.778 [Gpc] [19, 20]) of the gravitational mass density 

of the galaxy matter still held by the galaxy in quasi-equilibrium state, despite the zero value 

of the gravitational radius at its boundary ( 0=gpr , 0=≡′
pccp drdbb )/( ). 

Thus, the variation of the gravitational constant does indeed occur not only in time (a 

possibility suggested by Dirac [36]), but also in space. It varies similarly to the coordinate 

velocity of light, and therefore a function of it can be used as a gravitational potential. 

Moreover, the spatial distribution of the potentials of gravitational field of a flat galaxy 

does not actually depend on the values of local gravitational radii of this galaxy. The values 

of these local gravitational radii themselves depend on the gravitational field parameter bc 

and determine both the curvature of the galaxy's intrinsic space and the spatial distribution of 

the allowed average mass density of matter. Consequently, new massive astronomical objects 

captured by the gravitational field of the galaxy will only have to fall onto its loose nucleus. 

And if the loose nucleus of the galaxy contains antimatter [41], those objects will be 

annihilated by it. 

The dependence of the local values of the gravitational radii of a galaxy on the radial 

coordinate is determined from the following differential equation: 
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or using dependent on it parameter S: 
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At 1−=u  (
grin FF −<< ) this solution of the standard equation of the dynamic gravitational 

field of a flat galaxy allegedly degenerates. After all, in this case the value of the gravitational 

radius of the galaxy becomes proportional to the cosmological constant Λ, and therefore to the 

Hubble constant:  
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But in fact the cosmological constant Λ, like the parameter 
cb , is a hidden parameter of 

almost all physical characteristics of matter. And it is thanks to it that at 
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)//()( 311 22
eece rrb Λ−Λ−>  in the non-rigid FR of a cooling flat galaxy in a state of observant 

self-contraction ( 222 /−−= vvu e
, 

grin FF −<< ), the radial values of the gravitational radii )(rrg
 

of a flat galaxy become larger than in the hypothetical rigid FR of the flat galaxy ( 0=u , 

grin FF −= ). 

Thus the trivial solution of the equation takes place both at 0=u  (
grin FF −= ) and at a 

negative value of the parameter 222 /)( −−= vvzu eeε  (
grin FF −< ), where: 1≤)( ezε  is the galactic 

constant, which determines the rate of contraction of a galaxy and is apparently dependent on the 

redshift z of the wavelengths of its emission radiation. 

Also what is important is that even in an incredibly weak gravitational field (when 1=)( ezε , 

222 /−−= vvu e
, 

grin FF −<< ) and even at large radial distances, astronomical objects will rotate 

around the center of the galaxy with orbital velocities very close to the maximum possible speed 

[30, 31]. After all, regardless of the value of the variable function u, the orbital velocities of 

astronomical objects in a flat galaxy at 0== cebn  can theoretically be equal to the maximum 

velocity evv ≡max  at all radial distances. 

Moreover, it is precisely thanks to )//()( 311 22
eece rrb Λ−Λ−>  that this takes place at 

222 /−−= vvu e
 ( 1=)( ezε , 

grin FF −<< ) at very large distances from the center of the galaxy. After 

all, when 222 /−−= vvu e
 ( 1=)( ezε , 

grin FF −<< ), the radial distances from the center to the 

objects of the cooling flat galaxy at the same value of the parameter 
cb  were much greater in 

the past than the hypothetical radial distances that could be much smaller at 0=u  (
grin FF −= ): 
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3. Absence of relativistic time dilation during the orbital motion of galactic objects 

The transition from the dynamic to the hypothetical static gravitational field of the galaxy 

when 0=u  (
grin FF −= ) is carried out as follows: 
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The gravitational force acting in a static gravitational field on a conditionally motionless body 

is greater than the gravitational force acting in a dynamic gravitational field on the same body that is 

moving (
cbb ′>′ ). And this is not only due to the decrease in the gravitational mass of the body due 

to its movement. After all, in a space full of rapidly moving bodies, the intensity of the dynamic 
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gravitational field also decreases. That is why it is necessary to use precisely the dynamic 

gravitational field instead of a static one in calculations of the rotational motion of galactic objects. 

Thus, in the equations of the dynamic gravitational field of RGTD, as in the equations of 

thermodynamics, not only gravitational, but also relativistic indicators are internal hidden 

parameters of the RGTD-state of matter in motion. And that is why in RGTD, unlike 

orthodox GR, the use of an external relativistic description of the state of matter in motion is 

not always required. 

The GR gravitational field equations de facto correspond to spatially inhomogeneous 

thermodynamic states of only utterly cooled down matter. The similar to them equations of RGTD 

correspond to spatially inhomogeneous thermodynamic states of gradually cooling down matter. In 

addition, in RGTD, unlike GR, bodies that move by inertia in a gravitational field, influence (by 

their movement) the configuration of the dynamic gravitational field surrounding them. At the same 

time, in equilibrium processes, along with the usage of ordinary Hamiltonians H and Lagrangians 

L, in RGTD it is also possible to use GT-Hamiltonians [Newtonians] N and GT-Lagrangians 

[Keplerians] K. Therefore, in RGTD for matter that cools quasi-equilibrially the Hamiltonian (or 

Newtonian) four-momentum is formed not by the Hamiltonian of enthalpy, but by the Hamiltonian 

(or Newtonian) of the inert free energy, and Lagrangian (or Keplerian) four-momentum is formed 

by the Lagrangian (or Keplerian) of ordinary rest energy (multiplicative component of 

thermodynamic Gibbs free energy G) of matter of astronomical object [19].  

The Keplerian [GT-Lagrangian] of the ordinary rest energy of the matter: 

cllclgrgrlc bvvbcvbvcmvvcmcmvcW N/)(N/)(N//)(/K / =+=+==+=== −−−− 22223
00

21222
0

2
0 111 )  

forms the four-momentum not with the Newtonian [GT-Hamiltonian] momentum, but with 

the Keplerian [GT-Lagrangian] momentum:  

vmvvcmvvvcmvcvmvvvm lcllclgr

)
0000

2122
0000

2122
0 1 ==+==+= −−− /)(/)( //

KP . 

Then: 42
0

262
00

222462
00

22262
00

22422
0 11 cmvcmvvvvcmvvvcmvcW grllllll ==+++=+= −−−−−− )/()/(K KP , 
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cllcc vvcvvcvbv Γ=== − ˆ/// 21) ,  21221 /)(ˆ −+=Γ lc vv ,  22222222 −−− =+=+=Γ= cvcvbcvvbb lclcc )(ˆ . 

And therefore, the condition of quasi-equilibrium precisely in the dynamic gravitational 

field of the galaxy of all its objects moving by inertia leads to both the absence of relativistic 

dilation of their intrinsic time and the invariance of their intrinsic time with respect to 

relativistic transformations: 

invar==−+=−=−−−= 222222222222222 )()())(()()()()()()()( dtbclddtvvlddtcbzdydxddtvds lclcc

))))) . 

Here: )()( rdtcbс const=22 ; )()()( rdtbcds c const≠= 222  is the square of the increment of 

the relativistic interval; 222 )()()( zdydxdvdtld
))))

++== , dtvxd x=
)

, dtvyd y=
)

, 

dtvzd z=)  are increments of metric segments, not increments of coordinates. 

The spatial homogeneity of the rate of intrinsic time in entire gravithermodynamically 

bound matter is consistent with the single frequency of change of its collective spatially 

inhomogeneous Gibbs microstates, which is not affected by either a decrease (during 

approaching gravity center) in the frequency of intranuclear interaction or an increase (during 

approaching gravity center) in the frequency of extranuclear intermolecular interactions. 

Moreover, this is ensured even without conformal transformations of the space-time interval 

s. Therefore, like the parameters lv , lcv , b and mΓ  in thermodynamics [19, 37, 38], the 

parameter cb  (or its analogous parameter sb ) in the RGTD is a hidden internal parameter of 

the moving matter. And the usage of this parameter in the equations of the dynamic 

gravitational field of the RGTD allows us not to additionally use the velocity of matter in 

those equations, as well as in the equations of thermodynamics. 

A similar dependence of the parameter lcv  on the velocity also occurs for distant galaxies 

that are in the state of free fall onto the event pseudo-horizon of the expanding Universe: 
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2222
glglcg vvcv +=≡ . After all, according to Hubble's law and the Schwarzschild solution of 

the gravitational field equations with a non-zero value of the cosmological constant 

223 −=Λ cH E  and a zero value of the gravitational radius: 

22222222 31 gElg vcrHcrcv −=−=Λ−= )/( . 

And for planets that move only by inertia around stars this dependence 

),( rtvvv llc const=+= 222  also works. After all, according to Kepler's laws, which are 

actually based on Newton's theory of gravity, it is not Hamiltonians and Lagrangians that are 

conserved in the process of planetary motion, but rather Newtonians of inert free rest energy 

),()/(/N rtrrrcmvvcmcvmcvE gllclc const=+−≈+=== 21
2

00
22

00000 1  

and Keplerians of ordinary rest energy: 

),()/(////K rtrrrcmvvcmvcmvcW gllclc const=+−≈+=== 21
2

00
223

00
3

000 1  

of the planetary matter. Here r1 and r2 are the radii of the planet's elliptical orbit at aphelion 

and perihelion, respectively, and gr  is the gravitational radius of the Sun. 

At the same time, since:  

),()/(/ rtrrrcvrrcvbcvb gglcc const=+−=+−=+== −−−
21

222222 11 , 

the squares of the real velocities )]/(/[ 21
22 11 rrrrcv g +−≈  of the planets significantly 

differ from their gravitational values: 

rrcrrrbcrdbdabrcv gggr 2322 22222 /)//)(/(/ln)/( ≈−== Λ)
, 

which allow to compensate for centrifugal pseudo-forces of inertia only with gravitational 

pseudo-forces. And therefore, the centrifugal pseudo-forces of inertia indeed compensate not 

only for gravitational pseudo-forces, but also for the pseudo-forces of evolutionary self-



 21 

contraction of matter in the CFREU, which force planets to move in the observer's NE not in 

circular, but in elliptical orbits: 
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These pseudo-forces act in such a way that at perihelion the Sun is a little closer to the planet, 

and at aphelion, on the contrary, a little farther from the planet: 
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Since the compensation of the gravitational and evolutionary pseudo-forces by 

centrifugal pseudo-forces of inertia occurs only at the aphelions and perihelions of planets, 

for all planets and other independent objects we obtain a single dependence of the pseudo-

forces of evolutionary self-contraction of all matter of the Solar System to its center on the 

radial distance to the center and on the velocities of orbital motion at aphelions and 

perihelions:  

)///()( rcvrrrcm gingrev

2222
00 322 −− −Λ−≈+−= FFF . 

The values of the velocities of orbital motion of independent objects of the Solar System 

at aphelions and perihelions are determined by the initial conditions of their inclusion in the 

Solar System. 

Based on the mutual equality of the values of all parameters at aphelion and perihelion of 

the planet (precisely values of the both Newtonians, values of the both Keplerians, and the 

values of the both angular momenta ( 1122 rvrv = )): 
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22 111 −−−−− +−=+−≈+−≈= crrvrrcvrrcvrrcvb ggglcc )/()/()/( , 
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we can find the gravitational radius of the Sun: 1221
22

22121
22

1 rrrrcvrrrrсvrg /)(/)( +=+≈ −− . 

Planet r1  
mln. km 

r2  
mln. km 

v1 km/s 
v2  

km/s 
theoret 

ε 

(1-bc) 

x1010 rg  

km 
actual 

actual 
Theore

t 

Mercury 69.82 45.90 38.85 38.88 59.14 0.2067 255.95 2.96 

Venus 108.94 107.48 34.78 34.83 35.30 0.0067 136.74 2.95 

Earth 152.09 147.10 29.29 29.33 30.32 0.0167 98.92 2.95 

Mars 249.23 206.60  21.98 22.00 26.54 0.0935 64.92 2.96 

Jupiter 816.62 740.52 12.44 12.45 13.73 0.0489 19.00 2.96 

Saturn 1505.4 1353.6 9.10 9.15 10.18 0.0531 10.35 2.93 

Uranus 3006 2740 6.50 6.50 7.13 0.0463 5.15 2.96 

Neptune 4537 4456 5.39 5.39 5.49 0.0091 3.29 2.96 

Pluto 7375 4437 3.68 3.68 6.12 0.2487 2.51 2.96 

The table shows that the calculated values of the gravitational radius of the Sun, obtained 

on the basis of using approximate values of the orbital parameters and actual and theoretical 

(at 962.=gr  km) velocities of different planets, are almost identical. And this takes place 

despite the neglect (in the calculations) of the presence of both a slight evolutionary 

weakening (Λ-reduction) of centrifugal pseudo-forces of inertia, and the influence of planets 

on each other. And this confirms not only the correspondence of Newtonians and Keplerians 

to these planets, but also the absence of relativistic time dilation in them.  

The analysis of motion of the planets can also be carried out in a dynamic gravitational 

field corresponding to the hypothetical circular orbital motion of astronomical objects: 

)(/// rrrrrcvrrcvbcvb gcgglcc const≠−=−=+−=+== −−− 1211 222222
, 
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where: 22 222 // gcg rcrrcv == ; 2/ggc rr =  is gravitational radius of the dynamic 

gravitational field of the Sun. In this field, the pseudo-forces cevF  of unobservable 

evolutionary attraction (towards the Sun) of astronomical objects are centripetal and act on 

astronomical objects regardless of the trajectory of their motion. 

The centripetal pseudo-force of unobservable evolutionary attraction (towards the Sun) 

of hypothetical astronomical objects that can move in circular orbits in the dynamic 

gravitational field of the Sun is as follows: 
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where: 2210 /)( rrr +=  corresponds to the maximum possible value of the angular 

momentum of the object ( 020
2

0
22

0
2
0

22 ≤−−=− rrrrcrvrv g /)( ). 

Also we obtain the centripetal pseudo-force of unobservable evolutionary attraction of 

planets in the dynamic gravitational field of the Sun at aphelions and perihelions: 
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Thus, if in a dynamic gravitational field the centripetal pseudo-forces of unobservable 

evolutionary attraction (towards the Sun) of hypothetical astronomical objects that can move 

in circular orbits are strictly equal to the gravitational pseudo-forces, then the pseudo-forces 

of unobservable evolutionary attraction of planets moving in elliptical orbits are not equal to 

them, but for all planets they are precisely centripetal. 

The use of the parameter )()//( tcvbcvbbb lsss const==−=Γ= −− 22222 1 , built on the basis 

of relativistic size shrinkage 21221 /)( −−−=Γ ls vv , in the equations of the dynamic gravitational 

field of the RGTD is also possible. However, in order to ensure the absence of dilation of 
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intrinsic time of matter moving in a gravitational field by inertia, it will be necessary to use 

conformal Lorentz transformations (instead of the usual Lorentz transformations) of the 

increments of spatial coordinates and time [19, 37–39]. The solutions of the equations of 

dynamic gravitational field of the RGTD do not depend on the usage of the parameter cb or 

the parameter sb  in them. The only parameters that will differ are the parameters of 

hypothetical static gravitational fields (which are reproduced on the basis of those parameters 

cb  and sb ). 

4. Analysis of the properties of a galaxy dynamic gravitational field 

The FR practically equivalent the FR of an observed galaxy is galaxy’s intrinsic FRg0, 

the transition to which can be reached by transforming the parameters. The invariants of such 

a transformation are not only the radii of the circular orbits of astronomical objects in the 

galaxy, but also the following relations:  

invar== ee vvvv // 00 ,     invar== bb knkn lnln 00    [ invar== )/ln()/ln( ceccececce bbbbbb 000 ]. 

The following dependence of the orbital velocity of objects of galaxies on parameter 0cb  

and, thus on radial distance r, can be applied to these objects in centric intrinsic ecFRg0 of 

galaxy [19, 20]: 
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In the Schwarzschild solution of the GR equations with a non-zero value of the 

cosmological constant Λ, in addition to the Schwarzschild singular sphere, on which only the 

infinitely distant cosmological future is always located, there is also a singular sphere of the 

event pseudo-horizon, on which only the infinitely distant cosmological past is always 

located [19, 20]. Moreover, if the radius of the fictitious sphere of the infinitely distant 

cosmological future of any astronomical object takes zero value in the background Euclidean 

space [19, 42], then the radius of the fictitious sphere of the infinitely distant cosmological 

past is, on the contrary, takes infinitely large value in it. And this corresponds to both the 

conformal infinity considered by Roger Penrose [43] and the conformal zero. 

Relativistic non-simultaneity in cosmological time τ of events that take place in different 

locations but simultaneous in the intrinsic time t of matter turns out to be a mutual agreement 

of the Schwarzschild solutions of the gravitational field equations in CFREU and FR of 

matter [19, 20]. And this is due to the use of the physically homogeneous scale of proper time 

of matter instead of the metrically and spatially homogeneous scale of intrinsic time of the 

matter. Otherwise, the values of almost all physical parameters and characteristics of the 

matter would have to be continuously renormalized. It is because of this that on the singular 

surface ( 0=cb ) of the event pseudo-horizon, the gravitational "constant" according to the 

Dirac hypothesis [36] takes an infinitely large value. 

And this corresponds to a very slow rate of physical processes ( 0≈cb ) in the distant 

cosmological past near the event pseudo-horizon. Moreover, it actually refutes the incredibly 

rapid initial rate of physical processes according to the false theory of the Big Bang of the 

Universe, which localizes the Universe in the distant past at a "point" instead of localizing its 

distant cosmological past in the observer's FR on a sphere with the maximum possible radius 

213 /)/( −Λ=cr . 
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Thanks to: 23
000

/)/()/ln()/ln( nndrbdmdrbdm ecgreecgre =  [ )/ln()/ln( 00
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2
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lcelcegregre vvmm /00= , when: )( lcevG const=00 , )( lcevM const=00 , )( lcevm const=00 , 

)( lcee vr const= ], 0cc aa =  and 00 lceelcee vvvv // = , we have the following relations for the 

centrifugal pseudo-forces of inertia and for the gravitational pseudo-forces in the intrinsic 

ecFRg of a distant galaxy and in the EFR of the observer of this galaxy: 
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where:   nnvv gre

E

lcelceine

E

ine

g

gre

g // 0000 FFFF ==−=−  and 0ine

g
F  are the galactic internal 

values of the gravitational pseudo-force and the centrifugal pseudo-force of inertia acting on star e, 

respectively; nnvv gre

E

lcelceine

E

ine

E

gre

E // 00 FFFF ==−=−  and ine

E
F  are the observed external 

values of gravitational pseudo-force and the centrifugal pseudo-force of inertia acting on the star e 

in the observer's EFR respectively; 0gre

E F  is the gravitational pseudo-force acting on a similar 

star in a similar hypothetical galaxy at a small distance from the observer. 

In the case of using the gravithermodynamic (astronomical) intrinsic time ( 10 =cb ) of a 

distant galaxy, we obtain the galactic value of the gravitational constant 2
0000

−= ce

Eg
bGG . 

Thus, the lack of temporal invariance of the gravitational "constant" refutes not only the 

Big Bang of the Universe, but also the need for dark non-baryonic matter. 

In centric intrinsic FRg0 of the galaxy when 222 /−−= vvu e
 (

grin FF −<< ) the following 

typical radial distribution of the average density of gravitational mass of the matter in the 

galaxy takes place: 
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According to this distribution, when at the edge of the galaxy the gravitational mass 

density of matter still held by the galaxy in quasi-equilibrium, becomes non-zero standard: 

)(/)(/ maxmax 000
2

0
2

0 14132 c

E

Ecgrst bGHbc −=−Λ= πκµ . 

It is obvious that the essential time dilation, which is being observed for far galaxies, 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.  

Due to the low strength of gravitational field outside the loose nuclei of galaxies they can 

indeed be considered as "island Universes" [44–46] (non-isolated island systems [47]) that 

have individual intrinsic values of gravitational constant.  

5. The loose nucleus of a galaxy as an antiquasar 

In a galaxy that is not a continuous astronomical self-formation the coordinate velocity 

of light cev  can be significantly greater than zero on the median surface with the minimum 

possible value of the Schwarzschild radius er . After all, the prevention of the annihilation of 

stars containing antimatter [41] with stars containing matter is ensured by their rotation 

around the median surface, which does not allow them to fall onto this surface, and even 

more so to cross it. 

Therefore, we cannot exclude the possibility that most quasars are “loose nuclei” of 

galaxies that have the loose structure and the topology of a hollow “loose body” in the 

background Euclidean space [19, 42] of the CFREU and the mirror symmetry of their 
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intrinsic space. Then, precisely, near the median spherical surface of the galaxy with the 

minimum possible value of the Schwarzschild radius er  in the matter-antimatter intrinsic FR, 

the maximum velocity speed of both the outer stars consisting of matter and the inner stars 

consisting of antimatter takes place. Catastrophic annihilation of these stars does not occur 

only due to the fact that they do not cross the median spherical surface of the galaxy, which, 

due to the constant renormalization of the size of the length standard in CFREU, has a 

constant radius eet rR =/  in it at any intrinsic time t. But the antistars in galaxy's loose 

nucleus can absorb and annihilate non-galactic matter. This is what allows the loose nucleus 

of a galaxy to be a powerful antiquasar, capable of emitting large amounts of electromagnetic 

energy for a long time. 

If the value of radius ete Rr /=  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 

“loose nucleus” will de facto be the antiquasar. And this will take place when in CFREU 
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τtR  are the values of the radial coordinate R in CFREU; τ is the 

cosmological time measured in CFREU.  
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And, consequently, all stars of loose nucleus of galaxy will consist of only antimatter.  

 

6. Conclusion 

1. At the edge of the galaxy (rp≈Λ-1/2), the excessively strong ordinary (unreduced) 

centrifugal pseudo-forces of inertia are compensated mainly by centripetal pseudo-forces of 

evolutionary self-contraction of matter in the fundamental (background) Euclidean space [19, 

42] of comoving with expanding Universe FR, and not by the weak gravitational pseudo-

forces at the edge of the galaxy. 

2. The strength of the dynamic gravitational field of spiral and other flat (or superthin) 

galaxies, according to their two-dimensional topology, is inversely proportional to the radial 

distance, not to its square. And this is the case, despite the inverse proportionality of the 

strength of individual gravitational fields of all its spherically symmetric astronomical objects 

exactly to the square of radial distance. 

3. The gravitational constant decreases evolutionarily in cosmological time along with the 

decrease in the average density of matter in the Universe. 

4. In the Universe there may be anomalous zones with an increased average density of 

matter, and therefore with an increased effective value E
Geeff of the gravitational constant 

(ς>1). 

5. Galaxies moving in the picture plane with large meridional or sagittal velocities should 

also be considered “anomalous”. After all, the proposed dynamic gravitational field assumes 

only the evolutionary radial distancing of galaxies from the observer and directly (without 

using the gravitational field anomaly index ς) takes into account only the presence of the 

orbital motion of the stars of the galaxy. 



 30 

6. The gravitational potentials of the dynamic gravitational field of flat galaxies do depend 

on the effective value of the gravitational constant 

24
00

2
000 211 −− ++≈== )()(/ ee

E
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ceg

E

eeff

E zzGbGbGG ςςς . 

7. All flat (or superthin) galaxies have only the dynamic gravitational fields in which the 

velocities v of the hypothetical equilibrium circular motion ( const=r ) of objects in 

equilibrium state are already taken into account in the parameter cb  and, moreover, do not 

depend directly on the radial coordinates r, but depend only on the limit values of the motion 

velocity of matter 
clc bcv = , and theses galaxies have mainly non-rigid FRs. 

8. Along with the decrease in the limit value of the motion velocity of matter lcv , the 

effective value of the gravitational constant increases. And this is manifested precisely in the 

non-identity of the gravitational mass, which is equivalent to the Lagrangian of ordinary total 

energy, and the much smaller inertial mass, which is on the contrary equivalent to the 

Hamiltonian of only the inert free energy of matter. 

9. Dynamic gravitational field corresponds well to flat (or superthin) galaxies in which, at 

the possible values of parameter 1<= cebn , the velocity of the orbital motion of stars is only 

slightly less than the highest possible velocity even at the edge of the galaxy.  

10. There is no relativistic dilation of intrinsic time during the orbital motion of galactic 

objects. 

11. The centrifugal pseudo-forces of inertia depend also on the cosmological fundamental 

constant )(tcHE const==Λ −223  and therefore on Hubble fundamental constant 

)(tHE const= , exactly the invariance of which in the intrinsic time t of matter ensures in 

principle the continuity of the spatial continuum of a rigid FR [19, 20]. 

12. The variable function )(vu , the value of the parameter cebn = , the value of the 

indicator ς  of the level of the gravitational field zonal anomaly and the value of mass of the 
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galaxy loose nucleus, at which there will be no need in dark non-baryonic matter in the 

galaxy, can be applied to any flat galaxy.  

13. Therefore, dark non-baryonic matter may turn out to be the same theoretical 

misconception and imaginary entity [20] as dark energy, the Big Bang of the Universe and 

black holes (which are actually neutron stars that have a hollow-body topology and mirror 

symmetry of their own space [20, 41, 48]). 

If all stars of the galaxy move in stationary or quasi-stationary orbits, then it can be considered 

that the galaxy is in a quasi-equilibrium state. According to the RGTD equations, the configuration 

of the dynamic gravitational field of a galaxy in a quasi-equilibrium state is standard (canonical in 

RGTD). That is because it is not determined at all by the spatial distribution of the average density 

of mass of its non-continuous matter. After all, this spatial distribution of the average mass density 

of the galaxy's matter is itself determined by the standard configuration of its dynamic gravitational 

field. In the equations of the dynamic gravitational field of RGTD, as in the equations of 

thermodynamics, not only gravitational, but also relativistic indicators are internal hidden 

parameters of the RGTD-state of matter in motion. And that is why in RGTD, unlike orthodox GR, 

the use of an external relativistic description of the state of matter in motion is not always required. 

The solution of the equation of the dynamic gravitational field of flat galaxies obtained 

here may also correspond to other galaxies. After all, spherical and elliptical galaxies can 

have a multi-sector structure, in which each sector can contain a separate flat microgalaxy. 

Such a sectoral configuration of the general dynamic gravitational field of the entire galaxy 

will actually isolate its individual microgalaxies from each other. 
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