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Abstract

Nonlocal physics is applied for investigation of the tsunami wave movement.
It is established that tsunami movement and the Hubble effect of the Universe
expansion can be considered in the frame of the same mathematical theory.
Moreover, it can be said that tsunami is Hubble effect in the Earth conditions.
The corresponding results of mathematical modeling are shown.
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1. Introduction: About Tsunami and Hubble Effects

Tsunami is one of the most dangerous events caused by the ocean, for example,
tsunami that occurred at 07:58:53 local time on 26 December 2004 (00:58:53
GMT).

Here we remind only some facts we need for the construction of the mathe-
matical model of tsunami events. Tsunami is a single wave convoying by a series
of ocean waves (like a wave train). Tsunami waves can be as huge as 100 feet. The
first wave of a tsunami is only the harbinger of the tsunami; successive waves get
bigger and stronger. The fast-moving water associated with tsunami can reach a
maximum vertical height on shore above tens of meters.

The length of a tsunami can be as long as 100 kilometers. Deep in the ocean,
tsunamis are only 1 - 3 feet tall. In other words, tsunami can be even less than 30
centimeters in height and can pass off unnoticed. Tsunamis can travel up to the
speed of 500 - 800 kilometers per hour.

Let us consider now shortly the destiny of the most famous classic paper in

the annals of science. I mean Edwin Hubble’s 1929 PNAS article on the observed
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relation between distance and recession velocity of galaxies—the Hubble Law
[1]. Hubble’s remarkable observational relation was obtained using 24 nearby
galaxies for which both measured velocities and distances were available. Eva-
luating his data, Hubble concludes: “For such scanty material, so poorly distri-
buted, the results are fairly definite.” Hubble showed that galaxies are receding
away from us with a velocity u that is proportional to their distance x from us:
more distant galaxies recede faster than nearby galaxies. This relation

u =Hx (1.1)
is the well-known Hubble Law. Its graphic representation is the Hubble Diagram
indicates a constant expansion of the cosmos ones. The slope of the relation, H,
is the Hubble Constant; it represents the constant rate of cosmic expansion.
Strictly speaking this rate changes with time throughout the life of the universe.
Over the decades since Hubble’s discovery, numerous observations of the Hub-
ble Law have been carried out to much greater distances and with much higher
precision using a variety of modern standard candles, including Supernovae type
Ia (SNIa). The linear relation observed at small distances starts deviating from
linearity at large distances due to the specific cosmology of the universe, includ-
ing the cosmic mass density. You can find the corresponding details in [2]. Then
the Hubble Parameter H(#) depends on time. The expansion rate at the present
time is about 70 km/s/Mpc. The inverse of the Hubble Constant is the Hubble
Time, which reflects the time since a linear cosmic expansion has begun. This
estimation leads to the age of the Universe from the Big-Bang to today about
~14 billion years. Hubble’s diagram shows that a static universe (that Einstein
and others assumed in 1917) does not exist.

Hubble’s values for his distances in 1929 were, however, rather wrong. But
despite this large difference and its major implications for the expansion rate
and age of the universe, Hubble’s fundamental discovery of the expanding un-
iverse is not affected; the underlying linear relation remains unchanged.

From the first glance, we deal with the absolutely different physical systems
which need the different mathematical descriptions. But this is not the case. Really:
1) Both events can be considered as 1D movement of soliton waves in space.

2) The movement of Hubble and tsunami waves is a product of the self-
organization of matter in the gravitational field.

3) Both waves are longitudinal waves.

4) The action of the gravitational field is significant only in the longitudinal
(x) direction. For the tsunami wave motion, the Earth’s gravitation is not signif-

icant.

2. Generalized Hydrodynamic Equations

The generalized hydrodynamic Equations (GHE) can be obtained from the non-
local kinetic equation in the frame of the Enskog procedure [3]-[8]. Generally
speaking to GHE should be added the system of generalized Maxwell Equations

(for example in the form of the generalized Poisson equation for electric poten-
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tial) and gravitational equations (for example in the form of the generalized Pois-

son equation for gravitational potential). For example

o L op 0
—-FV =4 —r| . . 2.1
— ny{p T(@t PV (2.1)

(Continuity equation for species « )
0 6,0,1 0 0 0
at {p T |: ﬁt 61‘ (pa 0):|} ar {pavo Ta|:at (pavo)

5 (2.2)
0 = Op 1 _ 4

+—(p v v )+ - —2—p F/ -2 H v xB|+=R .
or (pa 0 0) or pa a m, pa 0 :|} a

(Continuity equation for mixture)

%{p—%}ra[%+§-(pa 0)}}*‘; {pvo 27 {;(pavo)

; (2.3)
0 = Op o 9

4. v.v, )+ —%— F/ -2 v. xB =0.
ar (pa 0 0) 6r pa a ma pa 0 :|}

(Momentum equation for species « )

0 0 0 op o 4
— v,—7,|—(p,Vy)+— p, V,V, +—= F' ——%p v,xB
6[ {pa 0 a|:at (pa 0) 81‘ pa 0'0 ar m /Da 0

a

0 0 0
() _ ,0,1 . _a —r | =
|:pa T [ ot ar (paVO)]:| ma {pavo Ta|:at(pavo)

0
+£'paVOV0+ pa _paFa(zl) _q_apaVOXB xB
or or m,

(2.4)

d - 0 7.9
+a-{pavovo +PaI -7, |:§(paVOV0 +pa1)+a'p¢z (VOVO)VO

(0 o -
+21(5'(1&"0))*’5’(&%"0)_Fa(,l)pavo_paVoFS)_Zl_apa [VOXB]VO

a

a " a”a

_q_ﬂfpmv0 xB]}} J.m v, Jdv, +J.m v, J "y,
m

a

(Momentum equation for mixture)

0 0 0 op m 4
T |l—(pv))+—-p VvV, +—2%—p F/—=%p v, xB
6t{p 0 Z a|:6t(pa 0) ar pa 0'0 ar pa a ma pa 0

0P, O q, 0
_ZFS)|: ( 81‘ 61‘ (pa 0)jj|_2m_{pav0_ra |:5(10av0)

1o/
+£'paVOVO pa _pa 0(() q_apaVOXB xB
or or m,

(2.5)
0

- 0 - 0
+5~{pvovo +pl —;ra [E(PaVoVo +Pa1)+a'/7a (Vo¥o) Vo

(0 0 (=
+21[a.(pavo)J-"_g.(lpavo)_Fc(tl)paVO _paVOFC((I)

_q_apa [Vo XB]VO _q_apavo [Vo XB]:|} =0
m m,

o
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(Energy equation for « species)

+
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Here FS) are the forces of the non-magnetic origin, B —magnetic induc-
tion, I —unit tensor, g, —charge of the « -component particle, p, —static

pressure for a —component, g, —internal energy for the particles of o —
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component, v, —hydrodynamic velocity for mixture, 7, —non-local parame-
ter.

The non-locality parameter 7 plays the same role as the transport coeffi-
cients in local hydrodynamics. The different models can be introduced for the
7 definition, but the corresponding results are not much different like in local
kinetic theory for different models of the interaction of particles.

Generally speaking, parameter 7 is the mean time of the information trans-
fer in adjacent physical volumes. Obviously, the time 7 should tend to dimi-
nish with increasing of the velocities u of particles invading in the nearest neigh-
boring physically infinitely small volume:

T= u_" . (2.8)

But the value 7 cannot depend on the velocity direction and naturally to tie

7 with the particle kinetic energy, then

r=—1, (2.9)

where H_ is a coefficient of proportionality, which reflects the state of physical
system. In the simplest case H, is equal to Plank constant # and relation (2.9)
became compatible with the Heisenberg relation.

GHE are extremely important for astrophysics special cases when density
p — 0 (the initial stage of evolution of the Universe, the Big Bang; transport
processes in physical vacuum) and when density p — o (evolution of the
black hole). Both limiting cases have no physical or mathematical meaning in
“classical” hydrodynamics. Thus, we have a unified statistical theory of dissipa-
tive structures, which has a hydrodynamic shape defined by the genesis of GHE.

3. The 1D Non-Stationary System of Equations for
Description of Hubble and Tsunami Waves

Let us derive the system 1D non-stationary nonlocal equations. For the Poisson

nonlocal equation we have from (2.1)
oY op 0

=4 B s , 3.1
for TE}{,D T( ot ox (pu)ﬂ (.1

where u is velocity along the x axis; W is gravitational potential (its dimension
is cm?®/s®) and y = 6.67430 (15) x 107" m*kg"-s* or

3
y = 6.6x10™ T (3.2)
gs
is gravitational constant.
Let us introduce the moving coordinate system and coordinate
E=x-Ct. (3.3)

For the scales p,uy,%, =Uyl,, ¥, =t , and conditions C= Clu, =1, the

equations take the form
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Y x|l . . 6p @, ..
— =dnyp, 2| p-F| =+ —= ,
oE? o up {p T( a§+a§ (pu)ﬂ o

Introducing the scale for y as

}/0:_2) (35)
PoXy
we reach
o4 . . 8 o, ..
—~:4 - ——= T —= . .
o&? Y {p T( a§+a§(pu)ﬂ eo

The dimensionless parameter 7 is of the principal significance for the nu-

merical investigation. Let us introduce the Hubble parameter H as

H=u,/x, . (3.7)
For the cosmic situation H = 2.2 x 107'* s™". Then in the general case, we find
HZ
Yo=—- (3.8)
Po
cm’
For water if p, =1g/cm® we find Yoo =H, g5t

For the length L of the tsunami wave equal to 100 km and velocity u equal to

600 km per hour we have

6x10” x6x10’ 36 1 cm’
Yo = 1 = 5 2 (3.9)
3600x3600x10™  3600x3600 3.6x10° g-s
and
7= —6.67x10" x3.6x10° =2.4x10™2. (3.10)
Yo

Results of the Hubble expansion essentially depend on the space density cho-
sen for calculations.

Voyager-2 has detected an increase in the density of space beyond the Solar
System. Voyager-1 sent the same message.

As it is known the Voyager-2 spacecraft has detected an increase in the densi-
ty of space beyond the Solar System. In November 2018, 41 years after launch,
the Voyager-2 spacecraft finally crossed the border of the heliosphere—the re-
gion of space in which the Solar System is located. And as the device moves away
from the heliopause—the boundary of the heliosphere—the density of space in-
creases.

Voyager-1, which entered interstellar space in 2012, found a similar density
gradient elsewhere. New data from the second Voyager shows that the increase
in density may be a large-scale feature of space beyond the Solar System.

When the Voyager probes crossed the heliopause, their plasma wave instru-
ments measured the electron density of the plasma. Voyager-1 at that moment
recorded a density of 0.055 electrons per cubic centimeter, and Voyager-2—
0.039.
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After passing another 20 astronomical units (2.9 billion km) in space, Voya-
ger-1 reported an increase in plasma density by half: up to 0.13 electrons per cu-

bic centimeter. The electron rest mass is about 0.9109x107 g~107" g. In this

case
18 —18 3
yo = 2.2x10 x2.2><_129 :4.09“0-8&2 (3.11)
0.13x0.91x10 gs
and
-8
}7212 6.67><10_8 ~163. (3.12)
7, 4.09x10

Let us transform the nonlocal continuity equation.

%{p—r[z—f+§(pu)}}+a—i{pu—r[g(pu)

E p . ovl]
o) pa}}—

(3.13)

Introducing the wave & variable one obtains

O ) el 2 P, 0¥\
aé{pu T[@f( ) oc pag}} 0 (3.14)

. 2 2 .
or using the scales p, = pyuy, Py,Uy %, = Uyly, ¥y =1, we fined the dimen-

sionless form of equation
I . p 0¥
i{pu—r{i(puz)+a—}z+p—a~}}:0 (3.15)

or

We turn to the transformation of the motion equation

P LTSRN . 2 I B )
at{p” L%( pu)+ 2o )+8x+p6x}}+8x{p T(afax(p”)ﬂ

0 2 0 2 0 3 oY
+—pu+p—t|—|\pu +p|+—\pu +3pu)+2pu—~/ ;=0
6x{p P [&('D P)t oo +3pu) 2 Gx}}

(3.17)

In the dimensionless form Equation (3.17) is written as follows

v . .0 N R O
Of{p_ E( )} ag{pu —r{a—g(pu +3pu)+2pua—g}}—0(3.18)

or

O (s ~ .\ O 0 oY
6_5('0” +p—pu)+a—g{ [ (2pu —pu+2p—pi —3pu)+pa—j|}( |
3.19

|
| &
—
1
v
|
DD
l!\n|bx
Ri|o)
—_
oYl
<
SN—
[
%,—/
|
[\S)
RS
—
N
1
:1
(o))
| 2
%/_J
|
(e
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Finally we reach the energy equation
0 2 0 2 0 3 8‘1’}
—pu +3p—t| —|pu” +3p)+—I(pu +5pu|+2pu—
ar{p P Lﬂt(p p)r gl +spu)apu
a 3 a 3 a 4 2 p2
+—<pu +S5pu—t|—|(pu’ +5pu)+—| pu” +8pu” +5— 3.20
ax{p p {at(p pu) 6x(p p > (3.20)

oY oY 0 0 oY
+E(3pu2 +5p)}}+2g{pu —T[E(pu)wLa(ptf +p)+p§}} =0

We search the wave solutions using the ¢-variable. In the dimensionless

form energy equation is written as

O Jacs ane 2| Of 24 g-a i)zj OV i o
—pu +5pu—7|—| pu" +8pu” +5— |+—=(3pu" +5p
65{ Lé( 5 ) e ) 6o

or

_a%{f’az +3ﬁ—f{_a%("3ﬁ2 +3i;)+a%([”~‘3 +5‘~"7)+2’5ﬁ%}

6 ~~3 ~~ o~ ~~3 ~~ 6 ~ ~4 ~ ~2 ﬁz
+—=1 pil +5pu—r{——~ i +5pu +—~[pu ++8pi” +5—
7 o7 ;

+g_‘§(3ﬁﬁ2 B sﬁ)}}+ 22—?{/3& —f{—i(ﬁﬁﬁi(ﬁﬁz “p) /36_‘{’}} -

o)}

or

a%(m%m-,aﬁ-s,m)

6 ~ 6 ~~3 ~ o~ ~~2 ~ ~~4 ~~2 ]32
——<7—=|2pu +10pu—pu- -3p—pu" —8pu”- —5—
85{ 85( P pu—p p—p )4 -

O | fnnr V| ..0F 0. 0P
+a—5{r(3pu +5p)6_§}_2pu8_§_28_§{rpu8_§}
0

an 0 fan oy, 0P
[—a—g(pu)+a—{§(pu +p)+pa—g}:0

bS]

(3.23)

o
o0&
Let us concentrate the scales:
2
7 =6.6x10"* cm3/(g . sz) ant its scale y, = % - the pressure scale
PoXo

Po = Pyia 5 the gravitation potential scale W, =u, and other scales
PosUy> Xy = Uyt, . We should choose the time scale ¢, . With this aim we intend to

apply the relation (2.9) in the form

T=— (3.24)

or in the dimension form
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1 5 1 Ukin
T=— Uty = —UgXy =—5, (3.25)
u u u

where the kinematic viscosity is introduced as a scale )" = u,x,. Then we ob-
tain the physically transparent result: the nonlocal parameter is proportional to
the kinematic viscosity and inversely proportional to the velocity squared. These
scales correlate with the Heisenberg principle of the uncertainty principle.

Let us consider another variant of the 7 estimation. Effects of gravitational
self-catching should be typical for Universe. The existence of “Hubble boxes” is
typical blocks of the nearby Universe. Gravitational self-catching takes place for
Big Bang having given birth to the global expansion of Universe, but also for Lit-
tle Bang in so called Local Group of galaxies. Then the evolution of the Local
Group (the typical Hubble box) is a really fruitful field for testing of different
theoretical constructions (see Figure 1). The data were obtained by Karachent-
sev and his collaborators in 2002-2007 in observation with the Hubble Space
Telescope [9]. Each point corresponds to a galaxy with measured values of dis-
tance and line-of-site velocity in the reference frame related to the center of the
Local Group. The diagram shows two distinct structures, the Local Group and
the local flow of galaxies. The galaxies of the Local Group occupy a volume with
the radius up to ~1.1 - 1.2 Mpc, but there are no galaxies in the volume whose
radius is less than 0.25 Mpc. These galaxies move both away from the center
(positive velocities) and toward the center (negative velocities). These galaxies
form a gravitationally bound quasi-stationary system. Their average radial veloc-
ity is equal to zero. The galaxies of the local flow are located outside the group

and all of them are moving from the center (positive velocities) beginning their

300
DD099
250 QDO
KKH86

200 R —
150 -

o 100

5 -

> 501

DDO210
[ ] A
0 _‘—'-é;; WIM-= Tycapa= —————-—————-—————-—1
LeoA,
- —+-
=50 _._:o
-+
-100 |- : Phoenix
L 4
AndV Cetus
-150 F *
1 1 1 1 1 1 1 1 1 | 1
0 025 050 075 1.00 125 150 1.75 200 225 250 2.75 3.00

R, Mpc

Figure 1. Velocity-distance diagram for galaxies at distances of up to 3 Mpc for local group
of galaxies.
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motion near R~1Mpc with the velocity v~ 50km/s. By the way the meas-
ured by Karachentsev the average Hubble parameter for the Local Group is 72 £
6 km-s™-Mpc™".

A unit of measurement of distances in astronomy, approximately equal to the
average distance from the Earth to the Sun. Currently, it is assumed to be exactly
equal to 149,597,870,700 meters. The astronomical unit is used mainly to meas-
ure distances between objects of the Solar system, exoplanetary systems, as well
as between components of binary stars.

Letbe x, isastronomical unit (au); xé =2.25x10"* cm?,

u, =100 km/s =10" cm/s . Then

2 -8 26 e
VX, :6.6><10 x2.25%10 —14.85x10" cm’ & ~15%x10° S
g-s

3.26
u; 10" g-s’ (3.26)

Sun mass M, is equal approximately to 2 x 10** g. The mean density in the

sun

nearby cosmic space can be estimated as

M 33 33
pp=-Me 207 1054008 G2
ﬂ R3 ETCX<1 5><10]3)3 TC><2.25X10‘ cm
3 au 3 N
and
2
7=L =D _15%0.14x10" =0.021. (3.28)
Yo Uy

Let us go now to the mathematical modeling. As a result the non-local system

of hydrodynamic equations is written as

S S P, 0 i
o _opi, 2 [ [0 ]
6§ 6§ 65{ { §[p+pu +p- 2pu]+p8§}} 0, (3.30)
0 0 0 ov
65('0” +p— pu)+¥{ [6_5(2'0” —pu+2p—pu —3pu)+p6—}}
y (3.31)
oY ~6,56~~_i~”6_‘1’:
65{ { o 65(’”’)} zaf{rp” 5} "
a%(,aausﬁ—ﬁm—sw)
—%{z’%[Zpu +10pii — pii> —3p — pit* —8pii° —5‘2}}
3 ¥ ¥ o oy (32
7| 57 T} -2 G2 e )

O o 0 (an o 0P
+2T6_§~{_£(pu) a—g(pu +p)+pa—g}=0.

Interesting to notice that in the frame of local hydrodynamics we have the
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following system of equations

oY -
P =4ny P, (3.33)
P _%pt_,, (3.34)
o5 o0&
O (r o o O
—\pu"+p-pu)+p—=0, 3.35
ag(p p-pi)+p Py (3.35)
O [ ar mn at can) o OP
—|pu”+3p—pi’ —5pi)-2pi——=0. 3.36
agg(/o p-p p)pa(f (3.36)
From Equation (3.34) follows that
u=1 (3.37)
for all f without the soliton formation. Equations (3.35) and (3.36) can be
transformed
o, . N
—(p+p-p)+p—=0, 3.38
65(/) p-p) Pz (3.38)
o oy o2 OF
—(p+3p—-p-5p)-2p—==0, 3.39
GEPH3P=P=3B) =20 (3.39)
or
6_;3+ /36_‘1; =0, (3.40)
o0& o¢
2% 552 (3.41)
o0& o0&

In the case of local description the motion equation coincide with the energy

equation and we find the system of equations

R 2
¥ 3.42
o8 P (3.42)
P50, (3.43)
o5 o0&
i=1 (3.44)

As we see “classic” hydrodynamics leads to the unclosed system of equations

with the absolutely unsatisfactory results.

Let us show the working Maple program for the case 7=—
u

dsolve[interactive]({

diff(r(t)*(1-u(t)),t)+diff((1/u(t)A2)*(diff(p(t)+r(t)+r(t)*u(t)A2-2*r(t)*u(t)
>0)),t)+diff((1/u(t) A2)*r(t)*diff(v(t),t),t)=0,

diff(r(t)*u(t) A2+p(t)-r(t)*u(t),t)+diff((1/u(t) A2)*diff(2*r(t)*u(t) A2+2*p(t
)-r(t)*u(t)-r(t)*u(t)A3-3*p(t)*u(t),t),t)+diff((1/u(t) A2)*r(t)*diff(v(t),t),t)+r(
t)*diff(v(t),t)-diff(v(t),t)*(1/u(t)A2)*diff(r(t)*(u(t)-1),t)-2*diff(diff(v(t),t)*r(
t)*u(t)*(1/u(t)A2),t)=0,
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diff(r(t)*u(t)A2+3*p(t)-r(t)*u(t)A3-5*p(t)*u(t),t)-diff((1/u(t)A2)*diff(2*r(
t)*u(t)A3+10*p(t)*u(t)-r(t)*u(t)A2-3*p(t)-r(t)*u(t) A4-8*p(t)*u(t)A2-5*p(t)A
2/1(t),t),t) +diff((1/u(t) A2)*diff(v(t),t)* (3*r (t)*u(t) A2+5*p(t)),t)-2*r(t)* diff(
v(t),t)*u(t)-2*diff((1/u(t) A2)*r(t)*u(t)*diff(v(t),t),t)+2* (1/u(t) A2)*diff(v(t),t
)* (r(t)*diff(v(t),t)+diff(p(t)+r(t)*u(t) A2-r(t)*u(t),t))=0,

diff(v(t),t$2)=4*Pi*G* (r(t)- (1/u(t) A2)*diff(r(t)*u(t)-r(t),t)),u(0)=1,p(0)=
1,r(0)=1,D(u)(0)=0,D(p)(0)=0,

D(r)(0)=0,D(v)(0)=0,v(0)=1}).

The system of generalized quantum hydrodynamic Equations (3.29) - (3.32)
has the great possibilities of mathematical modeling as result of changing of
eight Cauchy conditions and the dimensionless gravitation 7 parameter de-
scribing the character features of initial perturbations which lead to the soliton
formation.

On this step of investigation, we intend to demonstrate the influence of differ-
ence conditions on the soliton formation. The following figures reflect some re-
sults of calculations realized according to the system of Equations (3.29) - (3.32)
with the help of Maple. The following notations on figures are used: r-density
p , w: velocity ii, p: pressure p, v: self consistent potential ¥ and G is 7.
Explanations placed under all following figures, Maple program contains Maple’s

notations—for example, the expression D(u)(O)zO means in usual

notations 2—:;(0) =0, independent variable t responds to & .

Regimes can lead to the non-symmetric soliton which occupies a non-symmetric
area indicated as lim1 and lim2.

Figures 2-21 reflect the results of calculations. Figures 2-5 reflect the results
of calculations for the obtained before 7 -parameter for moving Hubble and

tsunami waves.

G=0.024, p-sl(lleid line, u-dashed line

Figure 2. Soliton formation for the case, pressure p <> [7(92) (solid line), velocity

u(—)d(f) (dashed line), t(—)f, 7=0.024; u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) =0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0.
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G =0.024, r-solid line, v-dashed line
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Figure 3. Soliton formation for the case, density <> ,6(5) (solid line), potential

v ¥(&) (dashed line), t<>&, 7=0.024; u(0) = 1, p(0) = 1, 1(0) = 1, W(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0.

G = 1.63, p-solid line, u-dashed line, lirm1 =-3.1535. lim2 = 4.5267

Figure 4. Soliton formation for the case, pressure p<> 13(5) (solid line), velocity

uei(€) (dashed line), t«>&, 7=1.63; u(0) = 1, p(0) = 1, r(0) = 1, w(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —3.1535, lim2 = 4.5267.
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G =1.63, r-solid line, v-dashed line, lirm1 =-3.1535, 1im2 = 4.5267
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Figure 5. Soliton formation for the case, density r<—>/3(§~) (solid line), potential

V(—)‘P(E) (dashed line), t<>&, 7=1.63; u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —3.1535, lim2 = 4.5267.

G =0.0000001, p-solid line, u-dashed line, lirm1 = -47.8949
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Figure 6. Soliton formation for the case, pressure p <> [7(92) (solid line), velocity

ui(€) (dashedline), t«>&, 7=0.0000001;u(0)=1,p(0) = 1,(0) = 1, ¥(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. im1 = —47.8949.
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G =0.0000001, r-solid line, v-dashed line, lim1 = -47.8949
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Figure 7. Soliton formation for the case, density <> ,6(5) (solid line), potential

v ¥(&) (dashedline), t<>&, 7=0.0000001;u(0) =1,p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —47.8949.

G =10.0001, p-solid line, u-dashed line, 1im1 =-28.8165
| 14

40

Figure 8. Soliton formation for the case, pressure p<> ]3(5) (solid line), velocity

uei(€) (dashed line), t«>&, 7=0.00015u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —28.8163.
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G =0.0001, r-solid line, v-dashed line, lim1 = -28.8165
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Figure 9. Soliton formation for the case, density <> /3(5) (solid line), potential

v ¥(&) (dashed line), t<>&, 7=0.0001; u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —28.8163.

G =0.001, p-solid line, u-dashed line, 1irm1 =-26.0720

Figure 10. Soliton formation for the case, pressure p <> [)(E) (solid line), velocity

u(—)ﬁ(g‘?) (dashed line), t<>&, 7=0.001; u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —26.0720.
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G =0.001, r-soid line, v-dashed line, lim1 =-26.0720
i
5 /

Figure 11. Soliton formation for the case, density r <> ,6(5) (solid line), potential

v ¥(&) (dashed line), t«>&, 7=0.001;u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —26.0720.

G =0.1, p-solid line, u-dashed line

- W

Figure 12. Soliton formation for the case, pressure p <> f)(f) (solid line), velocity

uoii(&) (dashedline), t«>&, 7=0.1;u(0)=1,p(0) = 1,£(0) = 1,v(0) = 1, D(u)(0)
=0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0.
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G =0.1, r-solid line, u-dashed line
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Figure 13. Soliton formation for the case, density r <> /3(5) (solid line), potential

V(—)‘P(E) (dashed line), t<>&, 7=0.1; u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0.

G =1, p-solid line, u-dashed line, lim1 =-3.8605, 1in2 =5.1711
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Figure 14. Soliton formation for the case, pressure p <> f)(f) (solid line), velocity

uo u(g) (dashed line), t<> &, 7=1;u(0) =1, p(0) = 1, 1(0) = 1, v(0) = 1, D(u)(0) =
0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —3.8605, lim2 = 5.1711.
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G =1, r-solid line, v-dashed line, lim1 = -3.8605, lim2 = 5.1711

1 10

Figure 15. Soliton formation for the case, density r <> ,6(5) (solid line), potential

v ¥(&) (dashedline), t<>&, 7=15u(0) =1, p(0) = 1, 1(0) = 1, v(0) = 1, D(u)(0)

=0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —3.8605, lim2 = 5.1711.

G = 10, p-solid line, u-dashed line, 1im1 =-1.3363, lim2 =2.1607
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Figure 16. Soliton formation for the case, pressure p <> f)(f) (solid line), velocity

uoii(&) (dashedline), t<>&, 7=10;u(0) =1, p(0) = 1, (0) = 1, v(0) = 1, D(u)(0)

=0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —1.3363, lim2 = 2.1607.
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G =10, r-sold line, v-dashed line, lim1 =-1.3363, lim2 =2.1607
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Figure 17. Soliton formation for the case, density r <> /5(5~ ) (solid line), potential
ve>¥(€) (dashedline), te»&, 7=10;5u(0) =1,p(0) = 1, r(0) = 1, v(0) = 1, D(u)(0)
=0, D(p)(0) =0, D(r)(0) =0, D(v)(0) = 0. lim1 = —1.3363, lim2 = 2.1607.

G =100, p-solid line, u-dashed line, 1im1 = -0.4480, 1im2 = 0.8462

Figure 18. Soliton formation for the case, pressure p <> i)(f) (solid line), velocity
uei(€) (dashedline), t«>&, 7=100;u(0)=1,p(0) =1, £(0) = 1,¥(0) = 1, D(u)(0)
=0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. lim1 = —0.4480, lim2 = 0.8462.
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G =100, r-solid line, v-dashed line,
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Figure 19. Soliton formation for the case, density r <> ﬁ(f) (solid line), potential

ve>¥(€) (dashedline), t<«>&, 7=100; D(v)e‘ff,uw)ﬂ, p(0) = 1, 1(0) = 1,

v(0) = 1, D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0. liml = —0.4480, lim2 =

0.8642.
G = 1000, p-solid line, u-dashed line

— :
-0.10 .
t
Figure 20. Soliton formation for the case, pressure p <> [)(E) (solid line), velocity

ueii(&) (dashed line), t<>&, 7=1000; u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0.
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G =1000, r-sold line, v-dashed line
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Figure 21. Soliton formation for the case, density r <> [)(5) (solid line), potential

v ¥(&) (dashed line), t<>&, 7=1000; u(0) = 1, p(0) = 1, r(0) = 1, v(0) = 1,
D(u)(0) = 0, D(p)(0) = 0, D(r)(0) = 0, D(v)(0) = 0.

As I wrote before the 7 -parameter changing corresponds to the very vast di-
apason. The following are the results of calculations when the gravitational pa-

rameter 7 changes by ten orders of magnitude.

4. Conclusions

1) The problem of principle significance—is it possible after a perturbation
(defined by Cauchy conditions) to obtain the object of the solitor’s kind as a
result of the self-organization of gravitation matter? As we see we obtained the
positive answer for this question.

2) The main origin of Hubble and tsunami effects is self-catching of expand-
ing matter by the self-consistent gravitational field.

3) Tsunami movement and Hubble expansion have the same physical origin
and can be described in the frame of unified nonlocal theory. It means that Hubble
expansion can be investigated using tsunami observation and vice versa.

4) The developed theory works in the tremendous diapason of the gravitational
7 -parameter changing.

5) Regimes exist of the soliton’s evolution when the non-symmetric soliton
occupies a limited area of space (indicated as lim1 and lim2) on the left or right,

or only a limited area of space.
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