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THE SOLUTIONS OF EQUATIONS OF GRAVITATIONAL FIELD FOR
QUANTUM QUASI-EQUILIBRIUM COOLING DOWN GASES

Danylchenko, Pavlo Ivanovich

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 (GTD)
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 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 state.

Keywords: gravithermodynamics, thermodynamics, GR, collective space-time microstate,
Gibbs microstate, entropy, hidden variable, quantum 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 quasiequilibrium

cooling down clusters of homogenous gas the functions of time t(R;) and of rigidly related to

cooling down gas radial coordinate r(A) (v,=dr/dt=0) perform the time-like gas parameter
Rr=pV/T=constr) and the indicator of hierarchic complexity of gas A =ST/R.=ST*/pV=constt)

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

(TA)S/dr+dp/d r+(yg,0C2+ pb'/2b=0 (R, =const(r) ), then for them not only in GR, but also and in
relativistic gravithermodynamics (RGTD) [1] we will have:
(dS/dr)/ Ry +(dp/dr)/ p=—b'f, /23 ., b=—1+(KT fi-1)/k (T =), v, = [T (F+1)~(k +1)/k YT DT }(dT /dr).

From here:  (S=S,)/R;+In(p/ p,)=—(B, /2B )In(0/b,)={[KT (fF+1)~(k +D VK I -1)}In(T /T,)
SIR=(By! B IR T, )-In(p/ p)-In B,/ B,y

where: B, (ROT(R)=(Poo/ P)exp(See/Rr)s By =PV Uy=p/ =k I -D/(KT fi-T)=const(r)

(according to Boyle-Mariotte law); ,EST =ST /(SU 0 =(km-1)/(k T fi—-1)=const (r);

B =H0/U0:1+/7pv , H=p,cn/ ﬁpv is the limit value of density of the gravitational mass of gas; K ,

| , M, N are mathematical expectations of thermodynamic hidden variables [1].
Obviously, the clusters of quasiequilibrium cooling down gas (U,,=0) 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 [2]):
GJOZ(VIC/C)G :(V|C/C)[U O+U ad + pV _TS ]ZU ch/mo[l+,pr _ﬂTS 11’1( fII N I17I )]ZU 00[1+ﬂpv (I_S / RT )] b

where: R;=const(r), , V,c=\/EC=V| ITy=Cw/ T, N,:f,’r/(l’r)exp[sﬁpv / B Ry (1-1)] . Therefore:

£ 1R N (=R o~ 028 o~ 1253
V=U, /BN, A b)Y exp(S/R)= (Voo /Mexp(S/Rb
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D=\ £ NG = 1, () ™ P exp(-S IR =Dy exp(-S Rep

~

ﬂ or fi/Re (‘//moUcr:pr/R b~ 1/2—Toob 1/2, 0 V/moucrbil/zz(TooRT /ﬁpv)bimzuoobil/2 ;
ﬂgroczz(ﬁTooR Nooﬂpv )exp(=S/R; )b_ﬂH P =[ Czb_ﬁH oy :rg’riz/’f )

Gy =(Tog Ny )Ry B/ By —S)exp(=S /Ry )b Pal2Bo (g1 2450 P 2P —(4 B e,
where: Gy, =Gyb"* =T,y (R B,/ By =5)=U (14 Byr),  Ug=Uh"*; ﬁpT=(pV—TS)/u0=ﬁpv<1—S/RT),

~ -/ BB, ~ 1 Bui2f
TOOZV/WUcrﬁpV/RT:TbI/Z’ VOO (Ucr/pcr)l//m ﬁpV ’ p pcr(//mO o ; /uc:/uIbIﬂH/ ﬂpVZ

=(ATooR Vo B )exp(-S/R;)  and  &,=(AT,y Ny)(Rr~S)exp(=S/Ry)=F.C* B, (1-S/Rr)=H,C' B,y are
mathematical expectations (when b=1) of mass density and the difference of densities of Gibbs free
energy and gas mass correspondingly; U , and G, are multiplicative components of internal energy
and Gibbs free energy correspondingly; ., is the parameter that connects internuclear and
intranuclear characteristics of the gas; b=v,c~

Due to the relativistic invariance of thermodynamic parameters and characteristics of matter the
equations of gravitational field for quasiequilibrium cooling down spherically symmetric gas
cluster and in commoving with it FR can be expressed in GR in the following way:

b/abr —r2(1=1/a)+ A(R, )=x(p—ST NV )=&(A T,y Ny, )R, —S)exp(=S /Ry )b PH /2P _yz [y Pr/2Fov
&2+ (1=1/2) ARy )=ty o =Ty Ry Ny B Jexp(=S/R )b 2P0 iy 2P 2y

g 5

1 —[aj —Z(r)b(r)——xczﬁcb(lwpﬂjb o2t e L Ay [1 jr e j p P00 g A
a(r) a, 3 3 Jr r g 3
1Va(r)=l-r,(r)/ r—rzA/3=1/ab(r)—r2A/3 , b(r)=1-r,(r)/r—r’A/3=1/a,(r)-r’A/3,

where: 1,(1)=r(1-1/a,)=(-1 A/ +xgc )2 [p PRI gr (1/8,20) is the value of
To
gravitational radius of matter that is covered by the sphere with radius r=r;; r,is minimum possible

value of Schwarzschild radial parameter; b= ﬂpvl//mOU R°T™ _(rg' rc’/ Kﬁc)_zﬁpv i

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

2wpv/ﬂH)(r”r/r =2)(1-1,/r=r*A/3)—1 /r+2r’A/3= ﬂpT .

/I B B /2B 1200 2 4+(1, =20 A3 By 123, V(r =1, —1*A/3)=0.

When there are new parameters this equation is transformed into differential equation of the
first order:

U'—1U /@4y o=U'"~(1=B,, B 128, U [+ 10 (0, ~2A1 3)(r—1,=Ar/3) (143 /3,,)/2 3, =0,

where: U=y=rp/r(r-r,—Ar’/3), w=r,/r(r—r,—Ar’/3),
=213,/ By =P By )=2/[(1+S /Ry )= B, (1=S/R:)I=2pVU, /[(pV +ST I, —(pV ~ST)pV ],
r r' (-1 —Ar’ r! r'ey’ 2
U=y g2 oPUT—AT) of , S Ve

r(r—r,—Ar’/3) r(r—r,—Ar’/3)* r’(r-r,—Ar’/3) | r(r-r,—Ar’/3) n
W=ty In—yg' o=y /In—r,(+33,, )(r,~20° A/3)(r—1,~r* A/3) 12123, .
Since in the central zone of gas cluster (=1, y'~ry>/n), we will determine the approximate

solution of differential equation 7'=r7>/n exactly for this zone:
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2{1 1]:2n Iy (=1, /t,—=AL/3) r*(1—r,/r—Ar?/3) _ ( 1 R RS
7 7 7 2 kiic\ P a2

From here: r;=2n(rr,—r’*+r*A/3)/(r*~p;), r,=(r>-p})"/z, where: p;=r;-2n(r,/r}))(r,—1,,—Ar;/3), and
the parameter z is determined from: —d(1/2)/dr=zz>=2n(r*-r*A/3)(r’—p;) ™"

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:
24 r 2
rg:(r2—p§)n|:i—2n r2 r i\r/l?ldri|:(r2_p§)n{l_2nj|: ZA/f nfli 2 1 25\N p(? l-l_pOIZ\/n?ilj|dr}:
Z, o =pp) 0 oL (F=p)" (F=p) (r'=p;)
r
2 2y\n n-1 _ _ 9N 3 _ _ Al 5
:{(r )", iz {(ﬁ_rs N /3)+Z(—1)k[(2n 3)(2n-5)...2n—2k—1)r*~[(2n=5)(2n—7)...2n—2k=3)]r ABH .
k=1

2(N-D)(1-2)...(—K) ]2 (-1
3
a2y G 5)..3( r 1ln\r+p0\ IRl i) M (AN 0 L)
2 g, 2 Jr-p) 3:2'n! 300 Py 2 [r=py

s, the quantum transition of cooling down matter into its new quasiequilibrium state is

accompanied by the increment by one step of the indicators of degree of all components of

polynomial equation of gravitational field:
n+1:[(3+8n/RTn)_ﬁan(l_Sn/RTn)]/[(1+Sn/RTn)_ﬁan(l_Sn/RTn)]:z/[(1+S(n+1)/RT(n+1))_ﬂpv(n+1)(1_8(n+1)/RT(n+1))] ’

Where: /?pV(nH):Ban(l_Sn/RTn)/[Z_Ean(l_Sn/RTn)] 4 S(n+1)/RT(n+1):(ﬁan_l)(1_Sn/RTn)/[(3+Sn/RTn)_IEan(l_Sn/RTn)] °

So, in the cooled down to the limit state of matter (S=0 ) the parameter ﬁp\,: pV/U, takes its

Z, Lo fo

)
Thu

fo

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:

dl’zre?f _rOiff

~ 2 >
u xiuc’a n 28,0 N 2n

1M e 1435, jrg _2AP/3

where: I, <r and ry,<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.
Conclusion
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 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.
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