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ABSTRACT

The aim of the paper is to set limits on changes of the cosmological environment in the epoch
from the origin of the solar system to the present within the standard cosmological models. The
minimum and the largest possible changes of the main cosmological observational and
theoretical cosmological parameters are demonstrated. It is suggested that these limits of global
change of physical conditions in the evolving universe are the essential cause of the long-term
stable cosmological environment in the last 5 x 10 years.
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1. Definition of the topic

The changes and evolution of the natural environment of the Earth are mainly
a consequence of physical, chemical and biological processes, respectively
interactions of matter and energy on the planet, in the solar system and in the
Galaxy. The evolving universe as a whole represents in the same time a global
environment of these local events and phenomena. The physical state of this
cosmological environment is secularly changing due to evolution of the universe from
an extremely hot and dense state in the past to its present-day observed
spacetime metric and large-scale structure. There appears a question about how
rapidly and to what extent the physical conditions in the universe as a whole have been
changing during the periods of the history of the Earth and the solar system — that is
during the last 5x107 years of the up-to-now evolution of the large-scale structure of
the universe. The principal aim of the paper is therefore to set limits on changes of the
cosmological environment in the epoch from the origin of the solar system and the
Earth to the present within the standard cosmological models. For this topic the
following were taken into consideration: the knowledge of the age of the universe,
galaxies and stars, data about ranges of present-day values of the main cosmological
parameters, the Hubble expansion rate H,, the deceleration parameter q, and
cosmological constant A, the physical state of matter and radiation in the extremely
short period after its origin, and also further observations and theoretical findings
about the evolution of the universe as a whole and its local inhomogeneities such as
our Earth, solar system and Galaxy.
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2.The age of the Earth related to the age of the universe

The radiometric age of our Galaxy was recently estimated at (12 — 18) x 10° years
(Norris 1994, Chaboyer et al. 1996) and the photometrically best found age of the
metal-poor globular cluster M92 at (15.8 = 2.1) x 10° years (Bolte, Hogan 1995).
However, Salaris et al. (1997) reconsidered the age determination of three of the oldest
globular clusters in our Galaxy (M68, M15 and M92) and concluded that they are only
(12 = 2) x 10° years old. According to Peebles et al. (1991, 1994) the oldest stars,
quasars and protogalaxies were being formed in the period t = (1 —2) x 10° years where
t is the age of the universe. With regard to the age of metal-poor globular clusters in our
Galaxy (12 £ 2) x 10° years (Salaris et al. 1997, Chaboyer et al. 1998), the lowest age
of the universe is estimated within the limits 11 x 10° years <t, < 16 x 10° years.

Therefore, are at least (13.5 + 2.5) x 10° years between the present stage of the
evolution of the universe and the period t = 3 x 103 years when radiation separated from
matter. Galaxies and other structural units of the universe could have been formed after
a certain time of its evolution probably by gravitational contraction of primordial
inhomogeneities of matter as such they were recently discovered in an isotropic cosmic
microwave background radiation. This isotropic cosmical radiation with the present
temperature Ty = 2.73 K (Penzias, Wilson 1965, Dicke et al. 1965) which has the
radiation spectrum of Planck’s black body, is physically identified to the relics of the
extremely dense and hot stage of the expanding universe in the past. The present
temperature of the relic radiation T, approximately corresponds to 5 x 108 photons
with density of energy of 3.5 x 105 eVm™ (Weinberg 1972). The Earth is moving with
regard to the relic isotropic cosmic microwave background radiation at a speed
of (360 = 20) km s'! in the direction oo = 11.2 h and & = -7° (Smoot et al. 1992,
Partridge 1995).

The solar system originated (4.8-4.9) x 10? years ago, including the lighting up of
the Sun as a star by nuclear reactions (4.7-4.8) x 10° years ago, and the planet Earth
was formed (4.5-4.6) x 10° years ago (Dambrymple 1991). Conditions for the origin of
terrestrical life already existed (3.8-4.2) x 10° years ago (Emiliani 1992) when the
Earth differentiated into mantle and core, and degassed, so the early ocean and
atmosphere originated. A large but declining flux of asteroideal impacts on the young
Earth surface ceased about (4.0-3.8) x 10° years ago (Chang 1994) and life took firm
hold probably in the marine environment. The Issua greenstone belt of southwestern
Greenland indicates surface temperatures of the Earth below 100 °C and its lower
formation consists of amphibolite with layers of ironstones also containing organic
carbon as evidence for life before 3.8 x 10° years (Mojzsis et al. 1996). Isotopically
light kerogen, found in carbonaceous argillites, siltstones and cherts of the Theespruit
formation in the lower part of the Onwerwacht group in the Mpumalanga is the product
of chemical activity of Eobionts (3.4-3.7) x 10° years ago. The microfossils of
procaryotes are filamentous Cyanobacterium in shallow marine sediments of the
Warrawona group in northwestern Australia (3.5 x 10° years old) as well as
Archaeopheroides Eobacterium (3.2 x 10° years old) of the Swaziland sequence in
Mpumalanga’s Fig-Tree formation.
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The range of sustainibility of life in palacogeographical conditions of the very
complex environmental systems of the near-surface spheres of the Earth has been very
narrow. Life remained almost exclusively unicellular for a full period of 3 x 10° years
(Bengtson 1994). Bacteria are older than 3.5 x 10° years, Eucaryot fauna originated in
the period (2.2-1.9) x 10° years, but simple multicellular algae only evolved
approximately 1.2 x 10% years ago and the oldest known metazoan Edicaran fauna is
109 years old. A generically very rich evolution of life went on in a noticeably shorter
period of the history of the Earth. It is incontestable that chemical elements
indispensable or necessary for the origin and evolution of life originated both in the
early stages of the universe evolution (H, He, D, Li), and in supernovae (e.g. O, C, N
and Fe) or other stars of the local group of galaxies (Davies, Koch 1991, Dunlop 1994)
and mainly of our Galaxy.

The flow of cosmic time t in the basic reference cosmological system of the relic iso-
tropic microwave background radiation is very close to the radiometric time measured
on the Earth. The progress of radiometric time t,, which determines the time remoteness
of geodynamic events in the Earth’s history, is synchronous with the progress of cosmic
time t at relativistic and other types of corrections of the order of only 103 (Kalvoda
1987). Within the framework of standard cosmological models the evolution of the
universe as a whole in the period of the existence of the Earth and solar system can thus
be characterized by the values of the principal cosmological parameters in the
radiometrically measured time

=1t ey

where t; is the present age of the universe and t its age at the time of the origin of the
radiometrically dated rocks of the upper part of the Earth’s crust, meteorites or other
objects in the solar system. Corresponding to every moment of the geological time scale
is a certain set of cosmological parameters that characterize the varying global spacetime
geometry of the universe.

3. Global changes of cosmological environment

The standard cosmological models incorporate the general relativity theory and the
cosmological principle that postulates a large-scale homogeneity and isotropy of the
universe (comp. Misner et al. 1973, Bicdk 1974 and others). The expansion of the
universe is indicated by the relation between the redshift in the spectra of galaxies and
quasars and their distances which is expressed by the Hubble expansion rate

g =90 2
a(t)

The expansion factor a(t) characterizes the radius of universe curvature and it is
determined by the dynamic equations following from the Einstein gravitation law
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where c¢ is the speed of light in a vacuum, G is the gravitation constant, 1 is
cosmological constant (in standard models A = 0), k is the index of curvature (+1, 0, —1)
of homogeneity hypersurfaces of the universe, the dots denote derivations with respect to
time; pressure p and density of matter and radiation p are bound by the equation of state.
The law of energy conservation implies for matter density p,, and radiation p,

1
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The change in the rate of universe expansion is determined by the deceleration
parameter

-

In standard cosmological models the characteristic linear dimension of the universe
a(t) is the cube root of its volume V(t), the ratio Va3 remaining constant for all t > 0.
Therefore, the dynamics of the universe can be expressed by the introduction of the
actualistic ratio of its characteristic parameters a(t) in the past and at the present time

s=4_ 1 ®)
a, l+z

where z is the observational parameter of the cosmological redshift of radiation
spectrum from very distant galaxies and quasars.

The values of the actualistic parameter of universe expansion & as a coefficient of
proportionality between global (mean) physical conditions of the universe in the past and
of the universe state as observed today were calculated (Kalvoda 1987) in relation to the
radiometrically measured time t.. From the dynamic equations of Einstein’s gravitational
law (3, 4) in a form appropriate for the era of matter dominance over radiation follows
(Weinberg 1972, Peebles 1993 and others)

N2
[ﬂj = H21-2q, + 2q0(a—°j . ©)
aO at
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Therefore, the formula for radiometrically measured look-back time in the equation
(1) is

1
t=H'[ 1-2¢, + 2% a0 1-2g, + 290 | *ax | (10)
X X

There are four variants of the solution of the equation (10) according to the values of
the deceleration parameter q, which are demonstrated in detail by Kalvoda (1987,
1999). The values of observational cosmological parameters Hy and g are so far known
from astronomical tests only to be within certain limits of observation (Sandage
1972, Peebles 1980, Kennicutt et al. 1995, Ballinger et al. 1996): 30 km s! Mpc! < Hy <
<80 km s'! Mpc! and 0.1 < gy < 1.0. The present age of the universe t, and the relation
of the actualistic parameter of the expansion of the universe & to the radiometrically
measured atomic time t, are calculated and graphically expressed within these limits of
H, and q, according to the equation (10) in Table 1 and Fig. 1.

Table 1. The present age of the universe t, within the framework of standard cosmological models in
relation to the values of observational cosmological parameters Hy and qq (the cosmological constants

1
1 .
being A = 0) according to the formula t, = HO’II (1 — Zqo + Zi) 2dx
0 x
in the range near to the limits of observed values of the Hubble expansion rate 30 km s! Mpc! < H,, < 80 km s°!

Mpc! and the deceleration parameter 0.1 < gy < 1.0. Values in brackets are excluded by astrophysical
determination of the minimum possible age of the universe ty = (13.5 + 2.5) x 109 years.

qo 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Hy

(km s! Mpc!) to(10° years)

30 27.5 25.3 23.8 22.7 21.7 20.9 20.2 19.6 19.1 18.6
40 20.6 19.0 17.9 17.0 16.3 15.7 15.2 14.7 14.3 13.9
50 16.5 15.2 14.3 13.6 13.0 12.5 12.1 11.8 11.4 11.2
60 13.8 12.7 11.9 11.3 (10.9) (10.5) (10.1) 9.8) 9.5) 9.3)
70 118 (109  (102) O  93)  (9.0) 87 (84 (8.2) (8.0)
80  (10.3) 9.5) (8.9) (8.5) (8.1) (7.8) (7.6) (7.4) (7.2) (7.0)

Observations also show (Misner et al. 1973, Peebles 1993, Gribbin, Rees 1995,
Coles, Ellis 1997) that the present mean density of matter p,, and radiation p,, in the
universe are in orders of 1026 kg m3 and 10-30 kg m3 respectively. The values T, p,,
and p, in different periods of cosmic time t related to their present-day values,
represent global changes of physical conditions of the cosmological environment from
the early stages of the universe’s evolution to the present.

Establishing the course of the curve §(t,) is conditioned by a precision of mutually
independent observations of present values of H, and q, (Fig. 1). Precise determi-
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Figure 1: Set of the values of the actualistic parameter of universe expansion d in radiometrically measured time
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tr within the framework of standard cosmological models with A = 0 and within A) the ranges of
observations of Hy (30 to 80 km s~! Mpc-!) and qq (0.1 to 1.0), B) the Einstein — de Sitter model of
the universe (k =0, qo = 0.5, A = 0) with H,, from 30 to 80 km s~! Mpc-!. Figs 1, 2 and 3 are prepared
according to the calculations and graphs in the papers of Kalvoda (1987 and 1999).

Key: S — period of the existence of Sun (4.8-5.0 x 10° years), E — period of the Earth’s geological
history (4.7-4.8 x 10° years), L — period of life evolution on the Earth (3.8-4.2 x 10° years).
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Determination of the area in which the real curve of the actualistic parameter of the
universe’s expansion d(t,) at a minimum possible age of the universe t, = (13.5 + 2.5) x 10° years (see
hatching) can extend within the framework of A) standard cosmological models with A = 0 and B)
the Einstein - de Sitter model of the universe (k = 0, qy = 0.5, A = 0), in closer ranges of astronomical
observations Hy = 30 - 80 km s~! Mpc-! under the conditions & < 0.01 for various given times t,.
Key to Fig. 2A
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Key to Fig. 2A

Indication of to Hy qo
curve &(t,) (109 years) (km s'! Mpch)
a 27.5 30 0.1
b 18.6 30 1.0
c 16.5 50 0.1
d 13.6 50 0.4
e 10.9 70 0.2
f 10.3 80 0.1
e 7.0 80 1.0

Key to Fig. 2B

Indication of to Hy
curve &(t,) (109 years) (km s'! Mpch)
a 21.7 3
b 16.3 40
c 13.0 50
d 10.9 60
e 9.3 70
f 8.2 80

For other symbols see Fig. 1.

nation of the position and the course of the curve of the actualistic parameter d(t,) as
a coefficient of proportionality between physical characteristics of the state of the
universe as a whole in the past and at present leads to a more precise establishment
of the global changes ofphysical conditions in the evolving universe as a whole
in the period when events forming the history of our Galaxy, solar system and
Earth were going on. In accordance with astrophysical theories of the evolution of
stars and galaxies (see e.g. Peebles 1993, Norris 1994, Coles, Lucchin 1995), it is
possible to expect not only a higher energetic activity of the Galaxy in the younger
stages of its evolution, including a higher mean frequency of explosions of supernovas
(Hippelein et al. 1995, Arnett 1996), but also, as a consequence of the
universe’s expansion, a higher intensity of radiation from very distant and extremely
strong sources. These phenomena of cosmological origin could have influenced, for
instance, the secular changes of solar emissions connected with the Sun’s evolution,
and, therefore, also the geodynamic processes in the history of the Earth. The
correlation of the course (for instance of the sheerness) of the curve d(t,) with
radiometric dating of the course of events in the history of the Earth and solar system
excludes or reduces the factuality of the sequence of combinations H, and g, also in
larger limits of the astronomical observations of them (Kalvoda 1987, 1999), and
therefore also the present mean densities of matter p,,,, and radiation p,, and the age of
the universe t.

A consequence of the lower model age of the universe t; is a higher range between
the global physical conditions in the universe as a whole in the ancient history
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Figure3: The selection and exclusion of various combinations of Hy and qq within the limits of astronomical
observations (area of oblong) in standard cosmological models with A = 0 by the minimum possible
age of the universe in the range 11 x 10° years < t; < 16 x 10° years. Possible combinations of H,
and ¢, for minimum age t, = 11,13.5 and 16 x 109 years are shown by (1), (2) and (3) type of hatching.

Table 2: Changes of temperature of the relict isotropic radiation T, of the average density of matter
1, and average density of radiation r, in the universe in relation to the actualistic parameter of expansion

a 1
S=—"L= (within limits 0.5 <3 < 1, a, resp. a, is the characteristic linear dimension of the universe
a, +z

and z is the cosmological redshift), expressed for Ty = 2.73 K, pyo = 1026 kg m=3 and p,, = 103% kg m™3 and in
ratios

I P P

Iy Pn P
5 T L pukemd) Lo kg ) v
T, P, P,
1.00 2.73 1.00 10-26 1.00 10-30 1.00
0.98 2.78 1.02 1.06x10-26 1.06 1.08x10-30 1.08
0.93 2.92 1.07 1.23x10-26 1.23 1.31x10-30 1.31
0.90 3.03 1.11 1.37x10-26 1.37 1.52x10-30 1.52
0.85 3.22 1.18 1.64x10-26 1.64 1.94x10-30 1.94
0.80 3.41 1.25 1.95x10-26 1.95 2.44x10-30 2.44
0.75 3.63 1.33 2.35x10-26 2.35 5.53x10-30 5.53
0.70 3.90 1.43 2.92x10-26 2.92 4.16x10-30 4.16
0.60 4.55 1.67 4.63x10-26 4.63 7.72x10-30 7.72
0.50 5.46 2.00 8.00x10-26 8.00 1.60x10-22 16.00
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of the Earth (and solar system or Galaxy) and these conditions at present. If the lowest
possible present age of the universe might be only t, = (13.5 + 2.5) x 10° years, the
curve of the actualistic parameter of expansion of the universe 8(t,) runs within the
limits depicted in Fig. 2. These data substantially exclude all variants of standard
models of the universe with a cosmological constant A = 0, where Hy is higher then
75 km s! Mpc-! (Fig. 3) and below this value also those possibilities where the
deceleration parameter g, has (also within the limits of its observations, see Tab. 1)
a too high value.

Within the framework of standard cosmological models with A = 0 and with regard
to the results of astrophysical determination of present-day values of the Hubble
expansion rate Hy = 30-80 km s~! Mpc-!, the deceleration parameter q, = 0.1-1.0 and
the minimum possible age of the universe t, = (13.5 + 2.5) x 10° years there is shown
the maximum range to which the global metric of spacetime and the physical
conditions of the evolving universe in the period from the origin of the Earth and the
solar system have changed. For the period t, = 5 x 10° years (Fig. 2A), the limits of the
value of the actualistic expansion rate of the universe d(t,) have been calculated to be
0.6-0.8. These maximum limits correspond to 1) a temperature range of isotropic
cosmic microwave background radiation T of between 1.25-1.67, 2) a mean density of
matter p,, in the range 1.95-4.63, 3) a mean density of radiation p, of 2.44-7.72, all of
the ranges being multiples of present values. The characteristic dimension of the
expanding universe a was maximally 1.25-1.67 times lower and its volume V was
1.95-4.63 times lower than now. Therefore, for §(t,) = 0.6 in the period 5 x 10° years
ago, the largest possible values of T, p,,, and p, (Table 2) were 4.55 K, 4.63 x 10-26 kg m3
and 7.72 x 10-39kg m3.

The smallest possible changes of physical conditions in the universe as a whole
can be derived within the standard cosmological model with A = 0 for the combination
of the lowest values of cosmological parameters in the limits of independent
observations gy = 0.1 and Hy = 30 km s~! Mpc-!, when t, = 27.5 x 10° years. For the
period t, = 5 x 109 years, the actualistic parameter of the universe expansion is then
d(t,) = 0.85, which corresponds to the values T = 3.22 K, p,, = 1.7 x 1026 kg m~3 and
p, = 1.95 x 1039 kg m3, that is respectively, 1.18, 1.63 and 1.92 times more than at
present. However, t. = 5 x 10° years ago, the characteristic dimension of the expanding
universe a was maximally 1.18 times smaller and its volume V then 1.63 times smaller
than at present.

The general scenario of cosmological evolution is usually tested in the frame-
work of the Einstein - de Sitter model (k = 0, A = 0) with a qy = 0.5 expansion and

to = %Hofl.
Moreover, the equation (10) has in this type of standard model very simple solutions
2 3
t, :51{0—1(1—52) (11)
3 2
6:(1—5H0t,)3 . (12)
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The Einstein - de Sitter model seeded from the earlier inflation stage of the universe
(1043 sec < t < 1032 sec) with primordial fluctuations recently detected (Smoot,
Davidson 1993, Bernardis et al. 1994) in the scale-invariant spectrum of the cosmic
microwave background radiation with the present-day temperature T, = 2.73 K. After the
inflation stage of exponential expansion (Guth 1981, Linde 1995) the universe is
expanding at precisely the velocity to sustain that expansion indefinitely with the
deceleration parameter qo = 0.5.

The astrophysical extent of determination of the minimal age of universe t;, =
= (13.5 = 2.5) x 10 years corresponds in the Einstein — de Sitter model to the maximal
present value of the Hubble expansion rate in limits 40 km s~! Mpc-! < Hy < 60 km s-!
Mpc-L. It applies for t, = 5 x 109 years, that

3(tr) to(years)  Hy(km s~ Mpe!) — T(K) pm (kg M) pr (kg m™)
0.67  11.00 x 10° 59.50 4.08 3.32x102%6  4.96x 10
0.75  13.50 x 10° 48.50 3.64 237x102%6 316 x 10
0.79  16.00 x 10° 41.00 3.46 2.03x 1026 2.57x1030

According to the Einstein — de Sitter model, the maximum limits of the value of
the actualistic expansion rate of the universe & for t. = 5 x 109 years (Fig. 2B) have
been calculated to be 0.67-0.79. These limits correspond to a range of T 1.27-1.50,
Pm 2.03-3.32, p, 2.57-4.96 times higher, and a 1.27-1.50, V 2.03-3.32 times lower than
at present.

For t, = 109 years, which is approximately the period of the evolution of multicellular
life, limits of (t,) in standard cosmological models with all the above stated parameters
(comp. Fig. 2) are 0.98 for the minimum and 0.93 for the largest global change of
physical conditions in an expanding universe. These values correspond (Table 2) to
a range of T 1.01-1.07, p,, 1.06-1.23, p, 1.08-1.31 times higher, and a 1.02-1.07,
V 1.06-1.23 times lower than at present.

4, Conclusions

Radiometric dating of 1) rocks and the evolution of life on the surface of our
planet, 2) the age of the Earth and the solar system, and 3) the oldest globular clusters
in Galaxy, and the minimum possible age of the universe t, = (13.5 = 2.5) x 10°
years based on nucleocosmochemistry and the large-redshift astrophysics, exclude
in standard cosmological models with A = 0 many combinations of H, and q,
within closer limits of their independent observations (Fig. 3). That is one of the
reasons why in cosmology open models, in particular, of the universe with both
0.1 £ gy £ 0.5 and acceptable non-zero values of the cosmological constant A are
intensively explored and tested (Weinberger 1989, Kraus, Turner 1995). However, in
the cosmological models with 1 = 0 the calculated ages of the universe and also values
of d related to time t,, are in general higher than in models with A = 0. Therefore, the
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value of & = 0.85 for t, = 5 x 10% years in the above described standard cosmo-
logical models is a suitable example of the possible minimum global change of
physical conditions in the universe as a whole (Table 2). The value of § = 0.6 indicates
probably the largest possible changes of the cosmological environment during the last
5 x 10° years (Fig. 2) and represents that 1) the characteristic dimension of the
expanding universe a and its volume V were maximally 1.67 and 4.63 times lower than
now; 2) a temperature of isotropic cosmic microwave background radiation T, a mean
density of matter p,, and a mean density of radiation p, were maximally 1.67, 4.63 and
7.72 times higher than now. These limits of global change of physical conditions in the
evolving universe are the essential cause of the long-term relatively stable
cosmological environment in the epoch from the origin of the solar system and the
Earth to the present.
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LIMITY GLOBALNICH ZMEN KOSMOLOGICKEHO PROSTREDI
OD VZNIKU ZEME

Résumé

Zmény a vyvoj pfirodniho prostfedi Zemé jsou disledkem zejména fyzikalnich, chemickych a biologickych
procest resp. interakci hmoty a energie ve sluneéni soustavé a Galaxii. Vyvijejici se vesmir jako celek je
zaroveni sekularné se ménicim globédlnim prostfedim téchto lokélnich udalosti a jevl. V préci jsou vypocteny
observacni a teoretické limity zmén kosmologického prostiedi v epose od vzniku Zemé do soucasnosti v rdmci
standardnich kosmologickych modelu.

Radiometrické datovani 1) hornin a vyvoje Zivota na povrchu nasi planety, 2) stafi Zemé a slune¢ni soustavy,
3) nejstarSich kulovych hvézdokup v Galaxii a nejniZz§iho moZného stafi vesmiru t, = (13,5 + 2,5) x 10 let
vylu€uji ve standardnich kosmologickych modelech s A = 0 mnoho kombinaci Hy a qq v uzsich mezich jejich
nezavislych pozorovani (obr. 3). To je jednim z diivodd, pro¢ jsou v kosmologii zkoumany a testoviny zvIasteé
oteviené modely vesmiru, a to jak s 0,1 < g, <0, 5, tak s pfijatelnou nenulovou hodnotou A. Vypoétena stafi
vesmiru t a také hodnoty aktualistického parametru expanze vesmiru & v radiometricky méfeném Case t,
jsou v kosmologickych modelech s A # 0 obecn& vys§i neZ v modelech s A = 0. Proto je hodnota & = 0,85 pro
t. =5 x 109 let ve standardnich kosmologickych modelech uspokojivym piikladem minimalnich globalnich
zmén fyzikalnich podminek ve vesmiru jako celku (tab. 2). Hodnota 8 = 0,6 indikuje pravdépodobné nejvétsi
moZné zmény kosmologického prostiedi v poslednich 5 x 10° letech (obr. 2) a ukazuje, Ze 1) charakteristicky
rozmér expandujiciho vesmiru a jeho objem byly maximélné 1,67, resp. 4,63krat mensi neZ nyni, 2) teplota
reliktového isotropniho kosmického mikrovinného zafeni, primérna hustota hmoty a primérna hustota energie
ve vesmiru byly maximalné 1,67, 4,63 a 7,72krat vyss§i nez v souCasné dobé. Tyto limity globalnich zmén
fyzikalnich podminek ve vyvijejicim se vesmiru jsou podstatnou prfi¢inou sekuldrné pomérné stabilniho
kosmologického prostiedi v epoSe od vzniku slune¢ni soustavy a Zemé do soucasnosti.

238





