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Abstract. Quantum cosmology describes universe as a relativistic object with an evolution defined by an equation for the energy density corresponding to the least action principle. In quantum cosmology this equation plays the same role as the Planck equation does in quantum physics. Universe evolution consists of not only the space expansion but also a deceleration of the course of physical time. Durations of all processes, measured by decelerating physical time, are always longer, than corresponding durations, measured by a scale of the invariable uniform Newtonian time. Quantum interpretation of the redshift phenomenon enables to estimate the Hubble parameter by means of fundamental physical constants. In the course of evolution, the universe retains the self-similarity defined by the constancy of the characteristic scale relations for micro- and mega worlds with an average fractal dimension of the typical cosmic large-scale structures 
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. Quantum cosmology advances new relations for the microwave background parameters, apparent stellar magnitudes and redshifts; formulae for the cosmological increase of the macroscopic space- and time- characteristics and evaluation of quasar redshifts and luminosities.
Introduction


Quantum cosmology could be said to have begun with Max Plank’ proposal in the conclusion of his legendary presentation in Academy of Sciences in Berlin on May 18, 1899 to introduce the “natural units” of measurement, basing on his new quantum constant. Plank’ idea, however, got no support from his contemporaries, and it was buried in oblivion for more than half a century until in the 1950s John Wheeler rediscovered Planck’ fundamental length in his “geometro-dynamics”. In 1958 Nikolai Kozyrev achieved an important heuristic result introducing first global cosmological quantum parameter - the “course of time constant” 
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 [15], but like Planck he had not many followers. Despite occasional criticism, cosmology continued to use Newton-Einstein gravitation theory, abandoning for a long time an idea of the search for specific relativistic and quantum laws of mega-world. This was by no means because the failure to realize limited prospects of a mega-world theory based on Newton-Einstein gravitational equations and thermodynamics. The quest for specific quantum mega-world laws was inhibited, until the last quarter of the 20th century, by inferior, compared to quantum physics, amount of reliable quantitative data from observations of distant cosmic structures. An important stimulus for progress in quantum cosmology was the discovery of fractal geometry of the universe large-scale structures. It appeared that fractal dimension of the universe large-scale structures 
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 is the same as the dimension of a fractal micro-particle trajectory described by quantum mechanics. 


A conception of relativistic quantum cosmology can be formed from the following basic ideas [13, 14]: 

1. Quantum cosmology, as a part of quantum physics, is specifically concerned with describing discrete rather than continuous space distributions of matter. Unlike classical cosmology, quantum cosmology should therefore use mass and energy densities in the form of extensive characteristics of finite volumes and masses as opposed to intensive densities represented by continuous physical fields. Intensive parameters of the mass or energy density type are basically inadequate for fractal galaxy distributions in the large-scale universe structure, being explicitly dependent on the averaging volume and tending to zero as the volume increases in the galaxy distributions with high lacunarity.

2. Like the quantum micro-world theory, quantum cosmology can rely on the specific mega-world equation having a methodological unity with quantum postulates of Planck and de Broglie. Early attainments of quantum physics were associated with the use of quantum postulates long before the formalisms of wave function and matrix mechanics were developed. For quantum cosmology is especially important the following unique methodological advantages of the Planck equation: 

- a laconic form of the least action principle

- coordination and interrelation of the motion characteristics that provides a union of discrete corpuscular and continuous wave descriptions of the micro-world processes. 

3. Quantum cosmology has to be relativistic theory firstly since the universal constancy of the speed of light is a major result of quantum photon physics. Secondly because the constancy of the speed of light is the basic principle of contemporary length and time standards. On the other hand, relativistic nature of quantum cosmology is not governed by Lorentz transformation group or consequences of the principle of the speed of light constancy in various inertial reference systems with related relativistic mechanics. Of particular importance for cosmology are the following features of relativistic ideology:    

- universal constancy of the speed of light everywhere in space and in all epochs of the universe evolution  

- quantum cosmology requires a relativistic interpretation of the mass and energy relations in cases of the energy comparable with energy equivalent of rest mass.


Any wave- or statistical analogies between quantum cosmology and quantum microcosm theory would be ill advised. Unlike multiple microcosm statistical ensembles, the universe is unique. Probability theory axiomatic and statistics are inapplicable for unique universe. Cosmology is also a unique sphere of natural science with the observers not outside of the object under investigation but inside it and participating in its evolution. Quantum cosmology shares with the quantum theory of microcosm the dualism of continuous space-time and physical fields and the presence of discrete matter concentrations of finite volume. In quantum physics this duality is represented by conjunction of discrete quantum parameters of micro-objects with continuous wave-functions in the phase space. In quantum cosmology the discrete-continuous dualism would be reflected by duality of the motion description in the evolution of the universe as a unified physical object.

Quantum equation of the universe evolution


Cosmology describes expanding universe with non-stationary metrics defining intervals of the type: 
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The dimensionless scale-factor 
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 defines variations of space intervals relative to the constant standard 
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. In the space-time with interval (1), the speed of light defined as coordinate velocity at the geodesic line with zero interval 
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The speed of light is invariable and can be regarded as a universal constant only at the world-lines with Minkowski metric using Newtonian time 
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 and determining the interval:
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Therefore, the use of non-stationary metrics with interval (1) in cosmological models contradicts a conception of the quantum photon physics asserting universal constancy of the speed of light in vacuum. The photon velocity equation (2) can be transformed using the scale-factor 
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. A condition of the constancy of the speed of light on the geodesic line then looks like: 
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. Integrating this equation with initial condition 
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, we obtain the relation: 
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. Thus, a condition of the constancy of the speed of light in a non-stationary universe with arbitrary time-dependence of the scale-factor results in the following relation for space- and time intervals:
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For density dependence of the chemical potential: 
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 the pressure-density relation is defined by the equation of state (see e.g. [8, 9]):
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For a relativistic matter 
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 and the total energy of the matter with the equation of state (5) is defined by the relation: 
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 with potential gravitational energy: 
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. Total energy of the relativistic matter, including the energy equivalent of rest mass, will look like:
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Here 
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 is the internal energy including kinetic energy of moving subsystems. As virial theorem affirms that: 
[image: image25.wmf]2

234

uG

EUGmr

=-=

 , the relation (6) can be transformed to: 
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From this energy balance one can derive the mass density 
[image: image27.wmf]3

34

m

mVmr

rp

==

 defined as an extensive parameter for finite volume and mass: 
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. Inserting Eq. 4 into this relation one can get:
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In relativistic methodology, the energy conservation law generalizes the mass conservation law, accounting for example possible mass and energy transformations with changing mass defect in the structures of interacting elements. Conversion of the mass density to energy density 
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 with the use of the mass energy equivalent: 
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 will bring Eq. 8 into the form:
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It must be remembered that densities in Eqs. 8, 9 are defined, as opposed to intensive parameters representing continuous physical fields, as the average densities of a finite structure, i.e. as ratios of extensive characteristics: energy, mass and volume. The use in Eqs. 8, 9 mass- and energy densities defined as extensive average characteristics of finite structures allows their application in description of the evolution of heterogeneous matter- and energy distributions in the universe. However, the extensive nature of average mass- and energy densities prevents their use in the differential thermodynamic relations. 

Quantum cosmological model


In cosmology the term “cosmological model” is used to name equations describing the scale-factor variation in the process of universe evolution. A doctrine of “expanding” space of the universe 
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 together with a condition of the constancy of the speed of light: 
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 lead to the relation: 
[image: image36.wmf](

)

0

()

a

tttt

D=D

. This relation suggests that time also “expands” along with the space in the course of universe evolution. While a term “space expansion” is a common cosmological term today, the somewhat clumsy term “time expansion” is better to replace with a more accurate term “deceleration of the course of time”. The course of time is defined as a value 
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. Increasing time standard corresponds to decreasing course of time and thus to deceleration of the course of time. The course of time concept was probably first formulated by Einstein and Minkowski in their pioneering works in the relativity theory. The term “course of time” was later favored by J. Synge [12] and N.A. Kozyrev [15].


The decelerating, expanding time cannot be Newtonian time commonly used by natural science as invariable homogeneous continuum. The time displaying a deceleration in the process of universe evolution is referred to in this article as “physical”. The term “physical time” is justified by analogy with the term “physical vacuum” used by quantum physics instead of the old classical concept of “emptiness” as an abstract three-dimensional mathematical continuum. Quantum physics defines vacuum state by fluctuations of interacting quantum fields. These fluctuations correspond to zero-oscillations in quantum mechanics and govern multiple transformations of virtual micro-particles resulting, in particular, in physical vacuum polarization. The fluctuation spectrum change and vacuum polarization in volumes with electro-conducting boundaries are made evident by Casimir’ macroscopic forces, independent of masses, charges or any other coupling factors.


Since modern physics accepts a conception of non-stationary space-time, a principle of the constancy of the speed of light and quantum postulates, the decelerating time rightfully can be referred to as “physical”. Similar to the physical vacuum theory, our conception of the cosmological deceleration of the course of time is substantiated with relativistic and quantum ideology. Physical time is henceforth symbolized by 
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A condition of the constancy of the speed of light allows to obtain from equivalence of (1) and (3) the coupling equation for 
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Notice that this equation can be derived with the condition
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, i.e. for unmoving objects. From the Eq. 10 it follows that all characteristic intervals of physical time 
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, used in non-stationary metrics with interval (1) and  monotone increasing scale-factor, will grow with respect to the uniform and invariable Newtonian time scale. The equation describing the scale-factor growth can be derived after transformation of (4) using the scale-factor definition 
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This equation of quantum cosmological model can be also derived from the Eq. 9. Taking into account the change of dimension scales of basic units in a non-stationary universe: 
[image: image53.wmf]0

[][]

lal

=

, 
[image: image54.wmf]0

[][]

a

tt

=

,
[image: image55.wmf]0

[][]

mam

=

, Eq. 9 can be written as: 
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 and repeated differentiation gives the Eq. 11.


Equation (11) describing scale-factor evolution in quantum cosmological model can be represented in traditional for theoretical cosmology form, defining cosmological deceleration parameter 
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In addition to Eqs. 11, 12 the quantum cosmological model should include the proper frame of reference and initial conditions. Instruments for observations whose functions are described by either quantum or classical physics play an important role in cosmology. In quantum physics a conception of “observational relativity” is used to underline the leading role of “classical instrument” in quantum theory [4]. In cosmology a function of “classical instrument” of quantum physics executes the frame of reference with special emphasis on zero-time reference point. As quantum physics methodology depends on the properties of “classical instrument”, quantum cosmology relies on a frame of reference.

Processing their observational data for most bright stars in the galaxies during the 1920s, Knut Lundmark and Edwin Hubble calculated the spectral shifts from the same formula as used by astronomers today: 
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Here 
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 is the moment of radiation emission. The index "p" hereinafter identifies present-day values of cosmological parameters. For expanding universe with 
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 the relation 
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 holds and spectral shift is “red”, i.e. spectral lines shifting towards the long-wave side of the spectrum. Since the days of Lundmark and Hubble, cosmological redshifts have been computed using observed spectral wavelength 
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 at the reception time i.e. at our epoch. In comparing redshifts in spectra of various cosmic objects, the value 
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 determined by the laboratory standard. As the scale-factor allows the arbitrary multiplier, it is possible to set 
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The emission reception time 
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 in this expression is used as the current time and independent variable. The emission time: 
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 is the zero-time reference point.

It would be convenient to have a single, "absolute" time scale with zero-time reference point at a hypothetical initial moment of the universe evolution. However, we have no reasons to find emission times for various space objects on this time scale. One can only assume that: 
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. For this frame of reference Eq. 13 defining the redshift looks like:
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This formula uses emission time 
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 as a current time and independent variable. Initial countdown for 
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. While often proving useful in transformations of cosmological model equations, the expression (15) is inconsistent with the Eqs. 13, 14 applied to interpret the astrophysical observations of luminous cosmic objects.


These two different definitions of the cosmological redshift realize two possible scale-factor normalizations to unit: at reception time – (15) and at emission time – (14). The values Z and z may only be considered as about the same value when 
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. The formal properties of parameters Z and z are different, corresponding, in particular, to different zero-time reference points for the current time. 


This analysis indicates that detailed mathematical models in quantum cosmology should use the frame of reference with zero-time reference point corresponding to the moment of emission. This frame of reference, corresponding to the redshift formula (14), also is used in the practice of astrophysical observations. The frame of reference with zero-time reference point at the hypothetical moment of the universe birth, corresponding to Eq. 15 for redshift, can be successfully used in the models, describing evolution of the universe as an integral object.


Solutions of Eqs. 11, 12 with initial conditions, corresponding to different renormalizations of scale-factor are the following (see e.g. [6] i. 6.125):
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Eq. 17 shows that a point 
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 is the peculiar point for Eqs. 11, 12. Using a transformation rule for derivative: 
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 and Eq. 10 one can derive from Eqs. 11, 12: 
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 it gives a common form of Hubble law with Newtonian time:
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Integration of Eq. 10 with initial condition 
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 after substitution of the Eqs. 14, 18 in the form: 
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When Eq. 20 is substituted in Eq. 18 we find the formula of Hubble law with physical time: 
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The Eq. 4 establishing quantum cosmological model (11, 12) is a laconic description of the universe evolution: 
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Square of the growing universe radius is proportional to the universe physical age.
Cosmological scales and Hubble parameter 


Estimates of the cosmological scales of time (“universe age”) and length (“universe radius” or “horizon”) can be deduced from the Eq. 19. Universe age is estimated in Newtonian time from the relation (14): 
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[image: image105.wmf]117

5.08110

p

tH

-

==×

 s  = 16.131 Gyr                                                                    (23)
Here and further on for the calculations of cosmological scale values a theoretical formula for the Hubble constant (29) is used. Physical age of the universe, corresponding to Eq. 23 is derived from the Eq. 19:
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 s = 24.1 Gyr                                   (24)
The relation 
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 together with Eq. 24 provides the estimate of the universe radius: 
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The Eq. 7 provides the estimate of the universe mass scale:
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Providing that the quantum evolution equation (8) is valid for cosmological scales (24 - 26) then: 
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. This relation allows to estimate the constants in Eqs. 8, 9:
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Index “T” for quantum constant 
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 underlines a close connection of quantum cosmological model with a conception of physical time and cosmological deceleration of the course of time.

 
Physical meaning of Eq. 27 can be clarified by comparison with Planck equation, which can be interpreted as a definition of the Planck constant for a minimal action, corresponding to the electron angular momentum projection: 
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  is the period of oscillation associated with the micro-particle. Planck equation therefore postulates discreteness and a constancy of the minimal action (J s) in microcosm. The same analysis demonstrates that Eq. 27 postulates a constancy of the action density (J s cm-3) in mega-world. Planck equation can be transformed to a relation of the type (27) on the assumption of the existence of a finite volume 
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. It may be also suggested that quantum action is defined in the same volume as the elementary charge, i.e. in the sphere with electron radius: 
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 cm is the classical electron radius). Equality of Planck action density and action density (27): 
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 allows one to define the Hubble constant only using fundamental constants:
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 s-1 = 61.6 km/s/Mpc                                    (29)
This theoretical value of the Hubble constant corresponds well to the Hubble parameter observational estimations. In 1927 Jorge Lemaitre using less than ten galaxy redshifts evaluated Hubble constant as 625 km/s/Mpc. Edwin Hubble himself estimated this parameter in the 1930s as 559 km/s/Mpc. In the 1940s, astrophysicists preferred the value around 200 km/s/Mpc. In 1970 - 1990s summarizing of all published data on galaxy redshifts had led to the estimation: 50 – 80 km/s/Mpc. In 2000 the multiple data of the Hubble Key Program (HKP) of Cepheid survey for galaxies at distances below 20 Mpc (
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 km/s/Mpc.  In 2006 Alan Sandage, recognized redshift expert estimated the Hubble constant as 
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The average mass and energy densities of the universe can be defined using cosmological scales (25, 26) and Eq. 29 for the Hubble constant:
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Planck equation causes the self-consistence of quantum physics models providing a conjunction of discrete corpuscular and continuous wave descriptions of a motion in microcosm. The self-consistency of the fundamental triad of quantum particle characteristics is determined by Planck constant. Substituting into Planck equation: 
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 of the particle momentum defined by de Broglie equation: 
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 results in the quantum self-consistency condition: 
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. The analogous self-consistency condition for cosmological characteristics represents the quantum equation of the evolution (27). With the use of the relation 
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 Eq. 27 can be transformed to:
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This relation defines self-consistence of the matter distribution parameters in the process of the universe evolution.


Planck equation, defining a minimal action 
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 is in fact a laconic formulation of the least action principle in the microcosm. Quantum equation of the universe evolution (27) having tight methodological unity with Planck equation also can be considered as brief formula of the least action principle in mega-world.


Odd feature of Standard model is the absence of fundamental electromagnetic field constants, even though all astrophysical data are exclusively derived from analysis of various forms of electromagnetic radiation. Quantum cosmology restores the role of fundamental electromagnetic field constants in the universe evolution model.

Self-similarity of the universe and magic great numbers

Dimensional analysis in cosmology came to attention of astronomers after Dirac applied Eddington' “magic great  numbers” to validate a new model of the universe evolution. Eddington noticed that dimensionless relation of electromagnetic and gravitational interactions between proton and electron 
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 is close to a value of the relation between estimated universe radius and classical electron radius: 
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. It was also noticed that a relation between square root of estimated universe mass and proton mass is about the same value: 
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. While Dirac’ hypothesis has gone down in history, the unusual close coincidence of Eddington' magic numbers still defies all attempts of explanation.


Representation of the Hubble constant as a combination of fundamental constants (29) provides the relations of characteristic scales for mega- and micro-world, defined with a unique combination of fundamental constants. To gain an insight in the general mechanism of forming cosmological scales, we should consider the methods of introducing scales basing on universal constants. Thus, to use constants 
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considered as internal electron energy. Energy of the electron gravitational interaction with a relativistic object with mass 
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. This relation defines the mass scale:
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This mass scale can be regarded as an estimate of the relation between forces of electromagnetic and gravitational interaction. 


Using mass scales, one can derive corresponding length scales by applying the formulae: 
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. This scale set includes, in particular, the classical electron radius:
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Time scales can be derived from length scales, using the formula 
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This scale corresponds to the duration of light travel a distance equal to the classical electron radius (34).


Using the above mentioned scales, one can develop multiple dimensionless relations and their functions. Some relations appear as indeed great numbers, for example those with denominator containing gravitational radiuses. Among them is the famous Eddington number
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, corresponding to the relation of the classical electron radius to the proton gravitational radius. 


Great cosmological numbers can be also derived as dimensionless constant combinations from relations: 
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 allows to produce scores of scales for the fundamental triad, in their turn permitting generation of hundreds dimensionless complexes. Including of the cosmological scales 
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 into the constant set will cause a many-fold increase of the number of dimensionless complexes. The hundreds dimensionless numbers thus produced can be used to find scores of triple great numbers coinciding in value to various degrees of accuracy. Of particular importance, however, is the scale triad in the system 
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 with relations not approximate, like in Eddington’ numbers, but exact: 
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These equalities determine the dimensionless self-similarity criterion 
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 as a relation of characteristic mega- and micro-world scales which, being defined by a unique dimensionless value, are invariable during the universe evolution. Therefore, the universe in the course of evolution retains, despite monotone change of the scale-factor, the physical self-similarity with constant relation of mega- and micro world scales.

 Fractal dimension of large-scale structures in Metagalaxy: D = 2 


During the last quarter of 20th century rapid progress of  instruments for astronomical observations and achievements of computer technologies gave birth to new statistical techniques in investigation of “three-dimensional” distribution of matter in Metagalaxy. A conversion of two-dimensional projection of large-scale structure in Metagalaxy on the celestial sphere to a three-dimensional picture requires the estimation of third coordinates, using the galaxy redshifts with consequent calculation of their distances from Hubble law: 
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. No more than a thousand galaxy redshifts were measured in the 1980s, more than a hundred thousand in the 1990s, and more than a million to date. It is well to bear in mind, however, that the three-dimensional picture of galaxy distribution obtained with the use of Hubble law is not the true three-dimensional section of the 4-dimensional space-time at some fixed moment. Hubble law only permits to estimate the distance to galaxies by line of sight for retrospective moments of time. Thus, due to finite speed of light the distribution of galaxies at a distance, let us say, around 300 Mpc is now seen as it was almost a billion years ago. Therefore, the “three-dimensional” galaxy distribution examined with statistical techniques consists of a set of two-dimensional projections on celestial sphere of the true three-dimensional galaxy distributions but for a set of different consequent epochs.


The use of Hubble law for estimation of third coordinates in statistical analysis of galaxy distribution presumes employment of the relation: 
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For self-similar fractals, a special Hausdorf fractal dimension 
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can be introduced by the relation: 
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[image: image169.wmf](3)

D

m

r

r

--

µ

. A comparison of this relation with Eq. 37 shows that Eq. 37 describes the mass density of cosmic structures with fractal dimension:
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Therefore, statistical methods of galaxy distribution analysis, employing Hubble law to define third coordinates, should disclose the fractal dimension of distributions 
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Fig. 1 Observational data from different galaxy catalogues [7] compared with theoretical equation (37) (dotted line).


Fig. 1 gives comparison of formula (37) with results of statistical analysis of galaxy distributions [7]. Different marks at figure correspond to analyses with data from different galaxy catalogues. As the Fig. 1 demonstrates, theoretical formula (37) (dotted line) agrees satisfactorily with observational data at least up to a distance scale around 300 Mpc.

Universe evolution as the global energy source 


Standard cosmological model can not explain from where the present immense mass of the universe appeared if the initial Planck mass of the newborn universe was infinitesimal: 
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 g. Increasing radius of the expanding universe with invariable mass should result in gradually decreasing universe gravitational energy. In the relativistic ideology with variable number of particles and where the energy conservation law includes energy equivalent of potential mass change, decreasing gravitational energy in an isolated system can be only compensated by the increase of internal energy and mass. That is, at least in part, by generation of the new matter. Characteristics of possible universe mass growth can be estimated from analysis of the relativistic relation (7) for an isolated system. From this relation and the evolution description in the form (4, 22) it follows that the relation defining universe mass growth is:
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Average rate of the universe mass growth can be estimated with the use of cosmological scales (24 – 26): 
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 g s-1. To gain a visual impression of the universe mass growth, one may use an estimate of the mass growth rate in a unit of Metagalaxy volume: 
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 g s cm-3. This mass growth rate means, for instance, that in the whole volume of the Earth during all its history could appear no more than 
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 g of hydrogen, not enough to fill a child balloon. The relative universe mass growth also seems insignificant: 
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 s-1. Yet in the whole Metagalaxy this mass growth means the birth of new cosmic objects with the total mass of more than 
[image: image181.wmf]5

10

 solar masses, i.e. of the same order as masses of globular star cluster or a dwarf galaxy, emerging every second.


The estimated characteristics of the universe mass growth discussed above by no means suggest uniform matter synthesis across the Metagalaxy. It seems rather that such high-energy processes occurred and, most likely, still proceed in relatively few centers, like quasars or active nuclei of massive galaxies.


The universe evolution results in the universe mass growth and in accordance with relativistic ideology in a growth of the universe internal energy. Total power of this global process can be estimated as current value of the time-derivative of (39): 
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Non-stationary state of the universe appears as a global source of energy, and we could try to identify “evolutional” energy effects, entering cosmological terra incognita. Probably major part of the evolutional energy consumed by the processes of the new matter synthesis, but, alas, we know nothing about these processes. We may suggest that some fraction of the evolutional energy is absorbed by cosmic objects, in particular, by planets. Local non-stationary state of the space-time may be allegorically described by the local cosmological space “expansion” and by apparent “growth” of massive cosmic bodies with consequent their gravitational energy decrease [14]. For an isolated massive cosmic body with the constant total energy a decrease of potential gravitational energy during its cosmological “expansion” ought to result in the compensating growth of its internal energy. Cosmological “increase” of the planet radius in accordance with Hubble law: 
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, initiating a compensating energy transfer of the initial gravitational energy into internal thermodynamic energy. Defining the energy flow from the planet interior as a certain fraction of the current momentary cosmological change of the planet potential gravitational energy we can get:
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Here 
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 is the planet age. In transformations leading to Eq. 41 the relation: 
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 is used. The Eq. 41 corresponds to virial theorem. The heat flow from planet interior is proportional to planet internal energy that in its turn in accordance with virial theorem is proportional, as demonstrates Eq. 41, to planet gravitational energy: 
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To estimate the proportionality coefficient in Eq. 41 the investigation of the heat flow from the Earth interior can be used. In the last quarter of the 20th century thousands of heat flow measurements were performed in different regions of our planet, and the Earth heat flow is reliable estimated as 
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 W (see e.g. [16]). It appears that the energy of radioactive minerals decay is not enough to explain the Earth internal heat flow (see e.g. review in [16]). Several independent studies showed that at present the generation of radiogenic energy in the Earth does not exceed 
[image: image190.wmf]13

1.310

×

 W (out of which 
[image: image191.wmf]13

0.910

×

 W in the earth crust and 
[image: image192.wmf]13

0.410

×

 W in the earth mantle) that totals only 30 % of the entire heat flow. Therefore, the gravitational component of the energy flow not related to radio-chemical processes is about 
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 W. For theoretical value of Hubble constant (29) corresponding proportionality coefficient in Eq. 41 is 
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To compare Eq. 42 with observations it is possible to use key energy parameters of the Earth and outer planets (see e.g. Table 4.3 in [14]). Fig. 2 represents in decimal logarithmic coordinates the comparison of the formula (42) (dotted line) with the estimations of heat flows based on the astrophysical data. 
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Fig 2 The observational estimations of surface heat flows (filled circles) compared with Eq. 41 (dotted line). E – Earth, U – Uranus, N – Neptune, S – Saturn, J – Jupiter. 


Fig. 2 demonstrates a satisfactory coincidence of the formulae (41, 42) with observational data, and, in particular, Eq. 42 can be used for estimation of heat flows from the outer planet interiors with the error that does not exceed one standard deviation for the observational data. An important result of our analysis is the independence of the planet heat flows on the chemical and structural characteristics of planet interiors. Energy balances of planets governed only by their gravitational energy and by Hubble constant, defining global rate of the universe evolution. Quite good agreement of theoretical analysis of the planet heat balances, based on the estimations of the global cosmological evolution effects, with observational data may be regarded as one of the arguments in favor of the assumption about existence of the evolutional energy effects caused by the local non-stationary space-time state.
Large-scale structure parameters in Metagalaxy


Quantum cosmology is attractive not only by its analysis of the unity of physical laws in the mega- and micro world. An advantage of quantum cosmological models is the effective description of the large-scale structure parameters in Metagalaxy. Observational data discussed in this article suggest that all physical processes in a non-stationary universe evolve in the cosmologically decelerating physical time and just this time should be used in mathematical models of the large-scale structure of Metagalaxy. This assumption raises a question: how one can be certain of the physical time advantages in astrophysics if there are no methods of direct estimation of the time intervals between astrophysical events?


Mathematical models in cosmology can be formulated as the general relations:
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Here 
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 stands for the observable parameters of cosmic structures. To exclude time from these mathematical models, cosmology uses the relation between luminosity distance 
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Comparing these relations with observational data, we can judge the correctness and usefulness of the concept of cosmological deceleration of the course of physical time.


Solutions of the quantum cosmological model equations (11, 12) are useful in defining relations for cosmological distances and redshifts. For a frame of reference with zero-time reference point at the emission moment Eq. 14 is valid and the following initial conditions for Eq. (11, 12) can be used: 
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Using the dependence of luminosity distance 
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 , Eq. 46 can be rewritten in the form convenient for comparison with astrophysical observations:
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The corresponding formula for Newtonian time derived from Hubble law (18) is: 
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Formulae (47) and (48) are a good example of the relations (44).


Observational data for distant bright quasars at 
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 (see e.g. Table A5 in [14]) can be combined with data for supernovae SNe Ia (see e.g. Table A3 in [14]) to test Eqs. 47, 48 with theoretical value of Hubble constant (29) in the wide redshift range: 
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. Spectral bands of supernovae apparent magnitudes data (B: 0.45 mcm) and quasar apparent magnitudes data (g: 0.47 mcm) are almost the same and for distance modulus the following relations: 
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Fig. 3 The observational data (filled triangles for SNe Ia , filled circles for quasars at 
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) compared with Eq. 47 (dotted curve 1) and Eq. 48 (dotted curve 2).
Fig. 3 demonstrates that Eq. 47 matches observational data much better than Eq. 48. A difference in apparent magnitude estimates by Eqs. 47 and 48: 
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In quantum cosmology a doctrine of “expanding” space of the universe: 
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 with unlimited extent of time intervals. Using the Eq. 14 to transform this relation one can get an equation defining cosmological growth of time intervals:
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Here 
[image: image235.wmf]0

t

  is the time interval at 
[image: image236.wmf]0

z

=

. Eq. 49 suggests cosmological growth both for microscopic time intervals like photon periods, and quite bigger macroscopic time intervals [13, 14].

Recent studies of supernovae SNe Ia (with z up to 0,85) discovered an expansion of supernova light-curves (time-dependences of luminosity) with the growth of redshifts [3]. Fig. 4 with plotted relative luminosity periods 
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 of SNe Ia  corresponding to observational data (see e.g. Table A3, column 7 in [14]) demonstrates satisfactory agreement with Eq. 49 (dotted line), attesting to appreciably increase of the supernova luminosity times with the growth of distances to them. The value 
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Fig. 4  The agreement of Eq. 49 (dotted line) with observational data for supernovae  SNe Ia.

A concept of cosmological deceleration of the course of physical time explains the phenomenon of the supernova luminosity time growth in the same way as the increase of photon period in the redshift phenomenon: all process durations in the past seem longer in our epoch due to cosmological deceleration of time and the increase of time standards. But the increase of SN luminosity times differs fundamentally from the redshift phenomenon. The photon period 
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, by alone photon wavelength growth in the expanding universe space. On the other hand, the SN luminosity period is usually around four weeks i.e. about 
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 s, being by 21 orders of magnitude over the photon period and belonging not to micro- but to macro parameters. No reasonable characteristic length could be found for this macro parameter to explain its growth by the expanding universe space. The phenomenon of increasing SN luminosity times with the growth of the redshifts provides an impressive evidence of the macroscopic time interval enlargement due to cosmological deceleration of the course of physical time.


A constancy of the speed of light enables to describe any length with the relations: 
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. Using these relations, Eq. 49 can be transformed to:
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This relation allows to suggest not only cosmological growth of microscopic parameters like the photon wavelength, but the increase of apparent macroscopic dimensions of cosmic structures like angular diameters when distances between observer and an object grow up. Apparent size of a cosmic object, for instance the luminosity radius 
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, will increase according to (50) with the growth of a distance from the observer. Using Eqs. 50 and 46 one can derive the following relation for the angular dimension: 
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To test this relation observational data published in [2] can be used. The authors collected and analyzed statistics of 25 elliptic galaxies (Table A4 in [14]) at various distances at 
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 in radians. As one may see there is a satisfactory agreement of the observational data with theoretical estimation of Eq. 51.
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Fig. 5 Elliptic galaxy observational data (filled circles) compared with Eq. 51 (dotted line). 

Slow increase of apparent magnitudes with the growth of redshifts and a complex form of quasar parameters domain in 
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 diagram lead to an opinion that Hubble law in the forms (18) or (21) cannot be used in analysis of quasar observational data. However, Hubble law appears a quite effective tool if additionally the influences of quasar dimension and structure are taken into account. It helps to avoid the overestimated quasar luminosities and reveals statistical parameter relations hidden in the exotic form of quasar domain in 
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It can be suggested that the estimation of quasar luminosity depends on its volume and apparent angular diameter, since the main source of quasar luminosity is linear structure of the quasar plasma jets. Therefore luminosity should be directly proportional to the quasar  volume 
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Here 
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 is the quasar luminosity at a standard distance of 10 pc from the observer, i.e. at 
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The formula for quasar apparent magnitudes can be derived from the definitions of apparent and absolute magnitudes: 
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. In this formula luminosity distance is estimated in Mpc. After introduction of Eq. 53 and the value: 
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(with theoretical Hubble constant (29), this formula for quasar apparent magnitudes becomes: 
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The second term in this formula accounts for the decrease as  
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 of the radiation flux. The third term describes the influence of quasar volume and plasma jet size on its apparent magnitude.


A possible approach to compare Eq. 54 with observational data for quasars is to use the calculated from catalog SDSS DR6 (Sloan Digital Sky Survey. Data Release 6) [11] average magnitudes 
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 (see e.g. Table A5 in [14]). A differences between 
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 can be used. Fig. 6 illustrates a comparison of the averaged observational data (filled circles) with the Eq. 54 (dotted curve 1). Estimations yield the average absolute quasar magnitude 
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Fig. 6 Quasar observational data (filled circles, corresponding to average apparent magnitudes, plotted with interval 
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), compared with Eq. 54 (dotted curves 1) and Eq. 55 (dotted curve 2). 

At 
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quasar dimensions and structure don’t influence the estimates of their apparent magnitudes and quasars can be considered as radiation point-sources. The magnitude-redshift dependence at 
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 is described by Eq. 54 without the third term: 
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Selection effects are of crucial importance for large distances and at 
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 only high-luminosity quasars with absolute magnitudes 
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 (dotted curve 2 in Fig. 6) are observable. Eqs. 54, 55 enable one to estimate quasar luminosities, using the relation: 
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.Analysis of the catalog data [31] indicates that all quasars fall into the two main groups:

- quasars at 
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- distant bright quasars at 
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Spectral asymmetry of the cosmic microwave background radiation

Quantum cosmology considers the microwave background phenomenon as a result of the universe self-similarity during the evolution and a specific characteristic of the universe matter state. To analyze parameters of the microwave background a methodology of quantum scaling may be used. Scaling is effective when no parameters with the dimension of a length are involved. Therefore, our analysis employs the quantum energy density-time dependence (27) of the form: 
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Here 
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 is the average energy density and 
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 is energy density of the high-frequency microwave background (HMB). Thermodynamic characteristics of cosmic fluid are determined mainly by two subsystems: molecular, atomic and ionized hydrogen and helium and free electron and proton gas amounting to more than 98 % of the total universe mass. Scaling properties of electrons, nucleons and nucleon-electron structures in cosmic plasma with constants 
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After substitution of first two time scales into Eq. 56 it takes the form:
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Interestingly, the right-side part of this relation includes, in addition to the speed of light, the Kozyrev constant 
[image: image311.wmf]2

e

h

 with the dimension of velocity, which Kozyrev applied in 1958 to evaluate “the course of time” in our world [15]. The use of the average energy density estimation (31) allows deriving from Eq. 57 a relation for the HMB energy density:
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The HMB temperature is defined from this energy density with the use of Stephan-Boltzmann constant (
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This scaling temperature estimation is surprisingly accurate since it differs by less than 2 % from, say, the microwave background temperature: 
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The use of time scales 
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 allows to estimate energy density of the low-frequency microwave background (LMB): 
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Corresponding temperature of LMB radiation one can evaluate similar to Eq. 59:


[image: image319.wmf](

)

1

4

*

0.41

LMB

LMB

T

r

s

==

 K                                                                                    (61)

Comparing HMB and LMB radiations it is helpful to note that the maximum HMB intensity corresponds to: 
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. HMB and LMB radiations compose a joint spectrum of cosmic microwave background radiation (CMBR) with average temperature slightly higher than HMB temperature (59): 
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The presence of two sources of microwave radiation with different emission temperatures may cause the CMBR spectral asymmetry. Blackbody CMBR spectrum can be represented with the use of Planck function 
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From this equation the formula for CMBR spectral temperature can be derived:
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Fig. 7 demonstrates this CMBR spectral temperature-frequency dependence (curve 1), which shows bigger low-frequency temperature than high-frequency one. The Eq. 63 estimates CMBR spectral temperature corresponding to spectral intensity in narrow frequency interval. Averaging Eq. 63 in wide frequency interval one can estimate the CMBR mean spectral temperature 
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              Fig. 7 CMBR spectral temperature-frequency dependence (63) (curve 1). Filled circles - COSMOSOMAS data, filled triangles - WMAP data.


Probably this CMBR spectral “overheat” already has been registered by  COSMOSOMAS-team which recently reported that unresolved extragalactic sources are found to be dominant foreground at 11 GHz as a signal detectable in the frequency range 11 - 33 GHz with amplitude of order 3 - 6 
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at 11 GHz [5]. A single Gaussian law with maximum at 
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GHz mimics this anomalous signal corresponding well to predicted LMB maximum at 24.1 GHz. With the average CMBR amplitude estimated as 
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 this anomalous signal corresponds to predicted CMBR low-frequency overheat of order 3.0 - 3.3 K.


Predicted CMBR low-frequency spectral asymmetry does not contradict precise measurements of FIRAS (Far Infrared Absolute Spectrophotometer) aboard the COBE, that have demonstrated deviations from the blackbody spectrum form not more than 
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, since these measurements only made in high-frequency range 60 - 600 GHz. In this high-frequency range the predicted share of LMB intensity is less than 
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Conclusion

In 1927 G. Gamov, D. Ivanenko and L. Landau proposed a convenient classification of physical theories by means of three fundamental constants: 
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, used by Planck early in the 20th century to introduce his "natural" primary units. For example, the classical mechanics was nominated as: 
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 and relativistic quantum mechanics as: 
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. In this classification cosmological theories can be nominated as follows:

- Newtonian gravitational cosmology: 
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- Cosmology of the general relativity theory: 
[image: image345.wmf]{;1;0}

Gch

®

  

- Quantum cosmology: 
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 with the equation of the universe evolution (9) represented, using Eq. 29, as a function of the fundamental constants of quantum physics (27).


New physical theories extending previous theoretical models, in accordance with Bohr “Correspondence Principle”, usually can be reduced to previous models by some limit transformation. The concept of quantum cosmology is consistent with cosmological interpretation of Einstein equations of gravitation. The quantum equation (27) can be regarded as a special condition defining energy-momentum tensor of the cosmic fluid at the right-part of Einstein equation of gravitation. To see it, one should first use Eq. 10 in the form: 
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 of the Standard cosmological model to physical time derivatives:
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Substituting in this equation one of the possible solutions of quantum cosmological model equation (11, 12): 
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, we obtain the relation: 
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This relation differs from (27) only by the constant multiplier, demonstrating that the standard classical cosmological model can be regarded as a specific form of the quantum model with constant average energy density instead of the non-stationary equation (27). In standard cosmological model energy density has no explicit dependence on time and varies only due to increasing space volume. The quantum equation (27) can be interpreted as a description of the “long tail relaxation”, typical of complex structures with memory, governing the universe evolution.
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		18.4617856393		18.4617856393		18.4617856393		18.4617856393		18.4617856393

		18.5303145276		18.5303145276		18.5303145276		18.5303145276		18.5303145276

		18.5846684256		18.5846684256		18.5846684256		18.5846684256		18.5846684256

		18.6294745778		18.6294745778		18.6294745778		18.6294745778		18.6294745778

		18.6650756836		18.6650756836		18.6650756836		18.6650756836		18.6650756836

		18.6957202678		18.6957202678		18.6957202678		18.6957202678		18.6957202678

		18.7210131512		18.7210131512		18.7210131512		18.7210131512		18.7210131512

		18.7429723837		18.7429723837		18.7429723837		18.7429723837		18.7429723837

		18.7626133255		18.7626133255		18.7626133255		18.7626133255		18.7626133255

		18.7785357756		18.7785357756		18.7785357756		18.7785357756		18.7785357756

		18.7931317473		18.7931317473		18.7931317473		18.7931317473		18.7931317473

		18.8061039009		18.8061039009		18.8061039009		18.8061039009		18.8061039009

		18.8173412361		18.8173412361		18.8173412361		18.8173412361		18.8173412361

		18.8271545033		18.8271545033		18.8271545033		18.8271545033		18.8271545033

		18.836516851		18.836516851		18.836516851		18.836516851		18.836516851

		18.8445052494		18.8445052494		18.8445052494		18.8445052494		18.8445052494

		18.8519265944		18.8519265944		18.8519265944		18.8519265944		18.8519265944

		18.8584402404		18.8584402404		18.8584402404		18.8584402404		18.8584402404

		18.8645131186		18.8645131186		18.8645131186		18.8645131186		18.8645131186

		18.8699875683		18.8699875683		18.8699875683		18.8699875683		18.8699875683

		18.8751156744		18.8751156744		18.8751156744		18.8751156744		18.8751156744

		18.8800077616		18.8800077616		18.8800077616		18.8800077616		18.8800077616

		18.8843622221		18.8843622221		18.8843622221		18.8843622221		18.8843622221

		18.888205387		18.888205387		18.888205387		18.888205387		18.888205387

		18.8917189573		18.8917189573		18.8917189573		18.8917189573		18.8917189573

		18.8950344134		18.8950344134		18.8950344134		18.8950344134		18.8950344134

		18.8980356831		18.8980356831		18.8980356831		18.8980356831		18.8980356831

		18.9008165824		18.9008165824		18.9008165824		18.9008165824		18.9008165824

		18.9036598743		18.9036598743		18.9036598743		18.9036598743		18.9036598743

		18.9062471617		18.9062471617		18.9062471617		18.9062471617		18.9062471617

		18.9086363532		18.9086363532		18.9086363532		18.9086363532		18.9086363532

		18.9107693628		18.9107693628		18.9107693628		18.9107693628		18.9107693628

		18.9127818829		18.9127818829		18.9127818829		18.9127818829		18.9127818829

		18.914656136		18.914656136		18.914656136		18.914656136		18.914656136

		18.9165177538		18.9165177538		18.9165177538		18.9165177538		18.9165177538

		18.9181657316		18.9181657316		18.9181657316		18.9181657316		18.9181657316

		18.9198972345		18.9198972345		18.9198972345		18.9198972345		18.9198972345

		18.9213781899		18.9213781899		18.9213781899		18.9213781899		18.9213781899

		18.9227586642		18.9227586642		18.9227586642		18.9227586642		18.9227586642

		18.924118115		18.924118115		18.924118115		18.924118115		18.924118115

		18.9254287964		18.9254287964		18.9254287964		18.9254287964		18.9254287964

		18.9264789935		18.9264789935		18.9264789935		18.9264789935		18.9264789935

		18.9281952369		18.9281952369		18.9281952369		18.9281952369		18.9281952369

		18.929413859		18.929413859		18.929413859		18.929413859		18.929413859

		18.9376128934		18.9376128934		18.9376128934		18.9376128934		18.9376128934

		18.9465124203		18.9465124203		18.9465124203		18.9465124203		18.9465124203

		18.9509896893		18.9509896893		18.9509896893		18.9509896893		18.9509896893

		18.9557505378		18.9557505378		18.9557505378		18.9557505378		18.9557505378

		19.2929487913		19.2929487913		19.2929487913		19.2929487913		19.2929487913

		19.3976399947		19.3976399947		19.3976399947		19.3976399947		19.3976399947

		19.4987762095		19.4987762095		19.4987762095		19.4987762095		19.4987762095

		19.5930276567		19.5930276567		19.5930276567		19.5930276567		19.5930276567

		19.6856890369		19.6856890369		19.6856890369		19.6856890369		19.6856890369

		19.7755273009		19.7755273009		19.7755273009		19.7755273009		19.7755273009

		19.8684343826		19.8684343826		19.8684343826		19.8684343826		19.8684343826

		19.9539921137		19.9539921137		19.9539921137		19.9539921137		19.9539921137

		20.0475237863		20.0475237863		20.0475237863		20.0475237863		20.0475237863

		20.1307221799		20.1307221799		20.1307221799		20.1307221799		20.1307221799

		20.2111475621		20.2111475621		20.2111475621		20.2111475621		20.2111475621

		20.2932646477		20.2932646477		20.2932646477		20.2932646477		20.2932646477

		20.3753861631		20.3753861631		20.3753861631		20.3753861631		20.3753861631

		20.4434290984		20.4434290984		20.4434290984		20.4434290984		20.4434290984

		20.5592783716		20.5592783716		20.5592783716		20.5592783716		20.5592783716

		20.6453402218		20.6453402218		20.6453402218		20.6453402218		20.6453402218

		21.3312061869		21.3312061869		21.3312061869		21.3312061869		21.3312061869

		22.440449935		22.440449935		22.440449935		22.440449935		22.440449935

		17.440449935		17.440449935		17.440449935		17.440449935		17.440449935
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Лист1

		z		m®		s(z)		s(m)				N		lg (1+z)		m		m(th)				z		m		lg (cz)

		0.0736895509		16.2967067635		0.0200652632		0.9135430851				334		0.0308787266		16.2967067635		16.7659804896				0.0736895509		16.2967067635						4.3445271644

		0.1597998429		17.6919273343		0.0271307273		0.7535343041				2037		0.0643830456		17.6919273343		17.4830594053				0.1597998429		17.6919273343								4.6806976028

		0.2473565072		18.2102290255		0.0277069934		0.5574073127				3178		0.095990597		18.2102290255		17.842535294				0.2473565072		18.2102290255		4.8704445946

		0.3483985527		18.3203159695		0.0289513914		0.553786244				2294		0.1298182777		18.3203159695		18.0930289773				0.3483985527

		0.4498744563		18.5326316298		0.0280505493		0.5552673366				2069		0.1613303986		18.5326316298		18.2589359178				0.4498744563		18.5326316298		5.1302125895

		0.5493932314		18.5735108932		0.0285437518		0.5658178486				2126		0.1901616544		18.5735108932		18.3749920605				0.5493932314

		0.6484419838		18.5520727264		0.028681517		0.5519650738				1981		0.217073667		18.5520727264		18.4617856393				0.6484419838		18.5520727264		5.2889923805

		0.7492026731		18.4259707407		0.0286734375		0.5308841454				1863		0.2428401324		18.4259707407		18.5303145276				0.7492026731

		0.8497268283		18.444475721		0.0293210056		0.5093849731				1939		0.2671075956		18.444475721		18.5846684256				0.8497268283		18.444475721		5.4064005851

		0.9519757246		18.4361910453		0.0277833714		0.5198450923				2077		0.2904744123		18.4361910453		18.6294745778				0.9519757246

		1.0503694014		18.4757445096		0.0288055198		0.5151120136				2606		0.311832112		18.4757445096		18.6650756836				1.0503694014		18.4757445096		5.4984633164

		1.1514061105		18.5442068382		0.0296913061		0.4723506515				2751		0.3327223978		18.5442068382		18.6957202678				1.1514061105

		1.2497571914		18.5415314245		0.0297220693		0.5055606999				2973		0.3521356487		18.5415314245		18.7210131512				1.2497571914		18.5415314245		5.5739468992

		1.3493408397		18.572353494		0.028277001		0.5017757577				2739		0.3709460283		18.572353494		18.7429723837				1.3493408397

		1.4526916584		18.6736393206		0.028647491		0.4809183381				2810		0.389642954		18.6736393206		18.7626133255				1.4526916584		18.6736393206		5.6392946975

		1.5489445707		18.7626301382		0.0285968956		0.4838887106				3308		0.4063603914		18.7626301382		18.7785357756				1.5489445707

		1.6494055986		18.7901287518		0.0285755669		0.4713195946				2865		0.4231484497		18.7901287518		18.7931317473				1.6494055986		18.7901287518		5.6944487191

		1.7507822479		18.8173919993		0.0283485413		0.4865753959				2985		0.439456213		18.8173919993		18.8061039009				1.7507822479

		1.8498541015		18.8168483228		0.0279159033		0.5045377852				2621		0.4548226268		18.8168483228		18.8173412361				1.8498541015		18.8168483228		5.7442587315

		1.9467131101		18.7612055844		0.0276248907		0.4916668289				2181		0.4693378553		18.7612055844		18.8271545033				1.9467131101

		2.0499281336		18.70785925		0.0286639899		0.4576315688				1752		0.484289606		18.70785925		18.836516851				2.0499281336		18.70785925		5.7888598905

		2.1479522865		18.6920071668		0.0285980253		0.4686543438				1487		0.4980281411		18.6920071668		18.8445052494				2.1479522865

		2.248781049		18.6533409948		0.0285392817		0.4666473087				1163		0.5117204431		18.6533409948		18.8519265944				2.248781049		18.6533409948		5.8290684274

		2.3464022519		18.7164219644		0.0292634559		0.4466715549				786		0.5245781438		18.7164219644		18.8584402404				2.3464022519

		2.4464264653		18.6895976798		0.028688655		0.4462658953				662		0.5373690166		18.6895976798		18.8645131186				2.4464264653		18.6895976798		5.865653421

		2.5452753617		18.669161066		0.0287927436		0.5266584967				470		0.5496499725		18.669161066		18.8699875683				2.5452753617

		2.6465446947		18.737208416		0.0282862357		0.5240378905				262		0.561881541		18.737208416		18.8751156744				2.6465446947		18.737208416		5.8998004874

		2.7522204739		18.8333245735		0.0278721529		0.6919737755				211		0.5742883488		18.8333245735		18.8800077616				2.7522204739

		2.8548958394		18.9931119234		0.029125925		0.679502934				274		0.5860126478		18.9931119234		18.8843622221				2.8548958394		18.9931119234		5.9327115224

		2.953266856		19.1847530183		0.0281558783		0.6716753867				493		0.5969561314		19.1847530183		18.888205387				2.953266856

		3.0504605697		19.2866689725		0.0277455966		0.6133583186				509		0.6075044088		19.2866689725		18.8917189573				3.0504605697		19.2866689725		5.9614866704

		3.1493937037		19.219237694		0.0286673137		0.6703774629				513		0.6179846436		19.219237694		18.8950344134				3.1493937037

		3.2457878455		19.3290029593		0.0286337837		0.6674048064				492		0.6279582894		19.3290029593		18.8980356831				3.2457878455		19.3290029593		5.9884413843

		3.3416378841		19.2377133188		0.028064996		0.6789293303				345		0.6376535981		19.2377133188		18.9008165824				3.3416378841

		3.4469567361		19.1600791875		0.0276859268		0.7321337275				144		0.6480629043		19.1600791875		18.9036598743				3.4469567361		19.1600791875		6.0145570872

		3.5500332164		19.2659898421		0.0284692417		0.6703430781				171		0.6580145671		19.2659898421		18.9062471617				3.5500332164

		3.6521140187		19.3293535607		0.0290782481		0.5981696039				214		0.6676503503		19.3293535607		18.9086363532				3.6521140187		19.3293535607		6.0396655824

		3.7495109483		19.3964370948		0.0295987042		0.6217772935				232		0.6766488931		19.3964370948		18.9107693628				3.7495109483

		3.8474409474		19.418927		0.0275334117		0.5818988069				190		0.6855125271		19.418927		18.9127818829				3.8474409474		19.418927		6.0622932175

		3.94449		19.5323426545		0.0282250791		0.5813484968				110		0.6941215029		19.5323426545		18.914656136				3.94449

		4.0470765		19.57954574		0.0272564716		0.5807228057				100		0.7030398875		19.57954574		18.9165177538				4.0470765		19.57954574		6.0842626685

		4.1435867045		19.5787079886		0.0288094081		0.5897264198				88		0.7112660651		19.5787079886		18.9181657316				4.1435867045

		4.2513737838		19.8070187838		0.0271119843		0.5923389996				74		0.7202729317		19.8070187838		18.9198972345				4.2513737838		19.8070187838		6.1056505448

		4.3492953846		19.8542529808		0.0272256856		0.5917229677				54		0.72829658		19.8542529808		18.9213781899				4.3492953846

		4.44581675		19.83074475		0.0280928627		0.5265403219				40		0.7360630234		19.83074475		18.9227586642				4.44581675		19.83074475		6.1250728125

		4.5462934211		20.2626194211		0.0273981969		0.6683639452				38		0.7440028418		20.2626194211		18.924118115				4.5462934211

		4.6487565385		20.585455		0.0281506611		0.5798555283				26		0.751952857		20.585455		18.9254287964				4.6487565385		20.585455		6.1444580569

		4.7351807692		20.6970008462		0.0264834484		0.5063827428		0.5584603829		13		0.7585471111		20.6970008462		18.9264789935				4.7351807692

		4.8855735294		20.0091593529		0.0577133044		0.8256922621				17		0.7697887898		20.0091593529		18.9281952369				4.8855735294		20.0091593529		6.1660368087

		5												0.7781512504				18.929413859				m(th)		16.7659804896				4.3445271644

		6												0.84509804				18.9376128934						17.4830594053				4.6806976028

		8												0.9542425094				18.9465124203						17.842535294				4.8704445946

		10												1.0413926852				18.9509896893						18.0930289773				5.019197597

		15												1.2041199827				18.9557505378						18.2589359178				5.1302125895

																								18.3749920605				5.2170045593

																								18.4617856393				5.2889923805

																								18.5303145276				5.351720573

																								18.5846684256				5.4064005851

																								18.6294745778				5.4557471287

																								18.6650756836				5.4984633164

																								18.6957202678				5.5383497846

																								18.7210131512				5.5739468992

																								18.7429723837				5.6072429198

																								18.7626133255				5.6392946975

																								18.7785357756				5.6671571315

																								18.7931317473				5.6944487191

																								18.8061039009				5.7203533891

																								18.8173412361				5.7442587315

																								18.8271545033				5.7664232084

																								18.836516851				5.7888598905

																								18.8445052494				5.8091458847

																								18.8519265944				5.8290684274

																								18.8584402404				5.8475237215

																								18.8645131186				5.865653421

																								18.8699875683				5.8828560283

																								18.8751156744				5.8998004874

																								18.8800077616				5.916804476

																								18.8843622221				5.9327115224

																								18.888205387				5.9474239461

																								18.8917189573				5.9614866704

																								18.8950344134				5.9753482096

																								18.8980356831				5.9884413843

																								18.9008165824				6.0010806406

																								18.9036598743				6.0145570872

																								18.9062471617				6.0273536713

																								18.9086363532				6.0396655824

																								18.9107693628				6.0510958808

																								18.9127818829				6.0622932175

																								18.914656136				6.0731121141

																								18.9165177538				6.0842626685

																								18.9181657316				6.0944976856

																								18.9198972345				6.1056505448

																								18.9213781899				6.1155401587

																								18.9227586642				6.1250728125

																								18.924118115				6.1347787167

																								18.9254287964				6.1444580569

																								18.9264789935				6.1524578179

																								18.9281952369				6.1660368087

																								18.929413859				6.1760912591

																								18.9376128934				6.2552725051

																								18.9465124203				6.3802112417

																								18.9509896893				6.4771212547

																								18.9557505378				6.6532125138

																						big z		19.2929487913										6.0145570872

																								19.3976399947										6.0273536713

																								19.4987762095										6.0396655824

																								19.5930276567										6.0510958808

																								19.6856890369										6.0622932175

																								19.7755273009										6.0731121141

																								19.8684343826										6.0842626685

																								19.9539921137										6.0944976856

																								20.0475237863										6.1056505448

																								20.1307221799										6.1155401587

																								20.2111475621										6.1250728125

																								20.2932646477										6.1347787167

																								20.3753861631										6.1444580569

																								20.4434290984										6.1524578179

																								20.5592783716										6.1660368087

																								20.6453402218										6.1760912591

																								21.3312061869										6.2552725051

																								22.440449935										6.3802112417

										Fig. 4.8														17.440449935										5.7781512504
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Лист1

				nu (GHz)		T*		<T*>

				0		3.094		2.8		2.684		2.728

				0.05		3.0929363857				2.684		2.728

				0.1		3.0917404737				2.684		2.728

				0.15		3.0905469486				2.684		2.728

				0.2		3.08935581				2.684		2.728

				0.25		3.0881670576				2.684		2.728

				0.3		3.0869806908				2.684		2.728

				0.35		3.0857967093				2.684		2.728

				0.4		3.0846151126				2.684		2.728

				0.45		3.0834359003				2.684		2.728

				0.5		3.0822590717				2.684		2.728

				0.55		3.0810846265				2.684		2.728

				0.6		3.079912564				2.684		2.728

				0.65		3.0787428839				2.684		2.728

				0.7		3.0775755854				2.684		2.728

				0.75		3.0764106681				2.684		2.728

				0.8		3.0752481314				2.684		2.728

				0.85		3.0740879746				2.684		2.728

				0.9		3.0729301972				2.684		2.728

				0.95		3.0717747986				2.684		2.728

				1		3.0706217781				2.684		2.728

				1.05		3.069471135				2.684		2.728

				1.1		3.0683228687				2.684		2.728

				1.15		3.0671769784				2.684		2.728

				1.2		3.0660334636				2.684		2.728

				1.25		3.0648923234				2.684		2.728

				1.3		3.0637535572				2.684		2.728

				1.35		3.0626171642				2.684		2.728

				1.4		3.0614831436				2.684		2.728

				1.45		3.0603514947				2.684		2.728

				1.5		3.0592222167				2.684		2.728

				1.55		3.0580953087				2.684		2.728

				1.6		3.05697077				2.684		2.728

				1.65		3.0558485997				2.684		2.728

				1.7		3.054728797				2.684		2.728

				1.75		3.0536113609				2.684		2.728

				1.8		3.0524962907				2.684		2.728

				1.85		3.0513835854				2.684		2.728

				1.9		3.0502732442				2.684		2.728

				1.95		3.049165266				2.684		2.728

				2		3.04805965				2.684		2.728

				3		3.0264418081				2.684		2.728

				4		3.0057594086				2.684		2.728

				5		2.9860013276		2.7997291959		2.684		2.728

				6		2.9671542519				2.684		2.728

				7		2.9492027901				2.684		2.728

				8		2.9321295999				2.684		2.728

				9		2.9159155308				2.684		2.728

				10		2.9005397794		2.7730914559		2.684		2.728

				11		2.8859800546				2.684		2.728

				12		2.87221275				2.684		2.728

				13		2.8592131216				2.684		2.728

				14		2.8469554669				2.684		2.728

				15		2.8354133046		2.7518190687		2.684		2.728

				16		2.8245595514				2.684		2.728

				17		2.814366694				2.684		2.728

				18		2.8048069555				2.684		2.728

				19		2.7958524527				2.684		2.728

				20		2.7874753448		2.7247523326		2.684		2.728

				25		2.7532956782		2.7225219471		2.684		2.728

				30		2.7296073327		2.7129492342		2.684		2.728

				35		2.7135898099		2.7058236664		2.684		2.728

				40		2.7029843672		2.7005653648		2.684		2.728

				45		2.6960853355		2.6967045029		2.684		2.728

				50		2.6916629736		2.6938741545		2.684		2.728

		0.09		10.9										3.17																				0.1

		0.08		10.9												3.31																		0.09

		0.09		12.7														2.91																0.12

		0.12		14.7																2.87														0.15

		0.28		16.3																		3.03												0.35

		0.03		22																				2.87										0.03

		0.03		33																						2.74								0.03

		0.02		41																								2.72						0.03
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Диаграмма1

		1.02		1.02		1.02		1.02		1.02				0.09		0.09		0.17		0.17		0.32		0.32

		1.018		1.018		1.018		1.018		1.018

		1.052		1.052		1.052		1.052		1.052

		1.05		1.05		1.05		1.05		1.05

		1.014		1.014		1.014		1.014		1.014

		1.18		1.18		1.18		1.18		1.18

		1.03		1.03		1.03		1.03		1.03

		1.043		1.043		1.043		1.043		1.043

		1.079		1.079		1.079		1.079		1.079

		1.32		1.32		1.32		1.32		1.32

		1.026		1.026		1.026		1.026		1.026

		1.088		1.088		1.088		1.088		1.088

		1.05		1.05		1.05		1.05		1.05

		1.172		1.172		1.172		1.172		1.172

		1.43		1.43		1.43		1.43		1.43

		1.036		1.036		1.036		1.036		1.036

		1.045		1.045		1.045		1.045		1.045

		1.063		1.063		1.063		1.063		1.063

		1.372		1.372		1.372		1.372		1.372

		1.4		1.4		1.4		1.4		1.4

		1.388		1.388		1.388		1.388		1.388

		1.472		1.472		1.472		1.472		1.472

		1.374		1.374		1.374		1.374		1.374

		1.49		1.49		1.49		1.49		1.49

		1.495		1.495		1.495		1.495		1.495

		1.416		1.416		1.416		1.416		1.416

		1.026		1.026		1.026		1.026		1.026

		1.526		1.526		1.526		1.526		1.526

		1.579		1.579		1.579		1.579		1.579

		1.075		1.075		1.075		1.075		1.075

		1.071		1.071		1.071		1.071		1.071

		1.45		1.45		1.45		1.45		1.45

		1.581		1.581		1.581		1.581		1.581

		1.83		1.83		1.83		1.83		1.83

		1.45		1.45		1.45		1.45		1.45

		1.43		1.43		1.43		1.43		1.43

		1.374		1.374		1.374		1.374		1.374

		1.612		1.612		1.612		1.612		1.612

		1.57		1.57		1.57		1.57		1.57

		1.58		1.58		1.58		1.58		1.58

		1.655		1.655		1.655		1.655		1.655

		1.48		1.48		1.48		1.48		1.48

		1.657		1.657		1.657		1.657		1.657

		1.42		1.42		1.42		1.42		1.42

		1.101		1.101		1.101		1.101		1.101

		1.55		1.55		1.55		1.55		1.55

		1.453		1.453		1.453		1.453		1.453

		1.498		1.498		1.498		1.498		1.498

		1.615		1.615		1.615		1.615		1.615

		1.354		1.354		1.354		1.354		1.354

		1.45		1.45		1.45		1.45		1.45

		1.465		1.465		1.465		1.465		1.465

		1.656		1.656		1.656		1.656		1.656

		1.619		1.619		1.619		1.619		1.619

		1.378		1.378		1.378		1.378		1.378

		1.425		1.425		1.425		1.425		1.425

		1.763		1.763		1.763		1.763		1.763

		1.592		1.592		1.592		1.592		1.592

		1.458		1.458		1.458		1.458		1.458

		1.828		1.828		1.828		1.828		1.828

		1		1		1		1		1

		2		2		2		2		2
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Лист1

		Sne		z		w		s(w)		z+1				R(H)		w		w+s(w)		w-s(w)		z(w)0		z(w)+		z(w)-		<z(w)>		s(<z(w)>)		R(T) cm		R(H)		s(<z(w)>)		R(T)Гpc		<z(w)>								z(thT)								s(w)		z+1		w												z+1		w

																																								0.025		0.075		0.15		0.3

		1990O		0.03		1.09		0.03		1.03				4.5E+26		1.09		1.12		1.06		0.1595744681		0.1914893617		0.1276595745		0.1595744681		0.0319148936		4.5675E+26		3E+26		0.0106382979		0.148007129		0.1914893617								0.0299260896								0.01		1.02		1.12								1.02				1.02		1.12		1.0980392157

		1990af		0.05		0.82		0.02		1.05				7.5E+26		0.82		0.84		0.8		-0.1276595745		-0.1063829787		-0.1489361702		-0.1276595745		0.0212765957		7.6875E+26		2.7E+26		0.0106382979		0.2491088788		-0.1808510638								0.0498779691								0.01		1.018		0.77								1.018				1.018		0.77		0.7563850688

		1992P		0.026		1.15		0.08		1.026				3.9E+26		1.15		1.23		1.07		0.2234042553		0.3085106383		0.1382978723		0.2234042553		0.085106383		3.9507E+26		7.8E+26		0.0106382979		0.1280200907		0.0531914894								0.0259358216								0.01		1.052		0.99								1.052				1.052		0.99		0.9410646388

		1992ae		0.075		1.09		0.09		1.075				1.125E+27		1.09		1.18		1		0.1595744681		0.2553191489		0.0638297872		0.1595744681		0.0957446809		1.1671875E+27		2.1E+26		0.0212765957		0.3782201879		0.0531914894								0.0748190255								0.02		1.05		0.82								1.05				1.05		0.82		0.780952381

		1992ag		0.026		1.14		0.04		1.026				3.9E+26		1.14		1.18		1.1		0.2127659574		0.2553191489		0.170212766		0.2127659574		0.0425531915		3.9507E+26		7.5E+26		0.0212765957		0.1280200907		-0.1276595745								0.0259358216								0.02		1.014		0.99								1.014				1.014		0.99		0.9763313609

		1992al		0.014		0.99		0.02		1.014				2.1E+26		0.99		1.01		0.97		0.0531914894		0.0744680851		0.0319148936		0.0531914894		0.0212765957		2.11470000000001E+26		2.7E+27		0.0212765957		0.0685255995		0.2872340426								0.013965241								0.02		1.18		1.21								1.18				1.18		1.21		1.0254237288

		1992aq		0.101		1.04		0.14		1.101				1.515E+27		1.04		1.18		0.9		0.1063829787		0.2553191489		-0.0425531915		0.1063829787		0.1489361702		1.5915075E+27		4.5E+26		0.0319148936		0.5157185677		0.1595744681								0.1007590552								0.03		1.03		1.09								1.03				1.03		1.09		1.0582524272

		1992bc		0.02		1.12		0.01		1.02				3E+26		1.12		1.13		1.11		0.1914893617		0.2021276596		0.1808510638		0.1914893617		0.0106382979		3.03E+26		6.45E+26		0.0319148936		0.0981853532		-0.0212765957								0.019950489								0.03		1.043		0.92								1.043				1.043		0.92		0.8820709492

		1992bg		0.036		1.09		0.05		1.036				5.4E+26		1.09		1.14		1.04		0.1595744681		0.2127659574		0.1063829787		0.1595744681		0.0531914894		5.4972E+26		1.185E+27		0.0319148936		0.1781335062		0.0957446809								0.0359115599								0.03		1.079		1.03								1.079				1.079		1.03		0.9545875811

		1992bh		0.045		1.15		0.05		1.045				6.75E+26		1.15		1.2		1.1		0.2234042553		0.2765957447		0.170212766		0.2234042553		0.0531914894		6.90187499999999E+26		4.8E+27		0.0319148936		0.2236511666		0.4787234043								0.0448899165								0.03		1.32		1.39								1.32				1.32		1.39		1.053030303

		1992bl		0.043		0.92		0.03		1.043				6.45E+26		0.92		0.95		0.89		-0.0212765957		0.0106382979		-0.0531914894		-0.0212765957		0.0319148936		6.58867499999999E+26		1.32E+27		0.0425531915		0.2135021063		-0.3829787234								0.0428947106								0.04		1.026		1.14								1.026				1.026		1.14		1.1111111111

		1992bo		0.018		0.77		0.01		1.018				2.7E+26		0.77		0.78		0.76		-0.1808510638		-0.170212766		-0.1914893617		-0.1808510638		0.0106382979		2.7243E+26		7.5E+26		0.0425531915		0.088279326		0.0744680851								0.0179553969								0.04		1.088		0.58								1.088				1.088		0.58		0.5330882353

		1992bp		0.079		1.03		0.03		1.079				1.185E+27		1.03		1.06		1		0.0957446809		0.1276595745		0.0638297872		0.0957446809		0.0319148936		1.2318075E+27		3.9E+26		0.0425531915		0.3991599157		0.2127659574								0.0788097133								0.04		1.05		1.01								1.05				1.05		1.01		0.9619047619

		1992br		0.088		0.58		0.04		1.088				1.32E+27		0.58		0.62		0.54		-0.3829787234		-0.3404255319		-0.4255319149		-0.3829787234		0.0425531915		1.37808E+27		2.58E+27		0.0425531915		0.446558652		0.1808510638								0.0877888766								0.04		1.172		1.11								1.172				1.172		1.11		0.9470989761

		1992bs		0.063		1.05		0.05		1.063				9.45E+26		1.05		1.1		1		0.1170212766		0.170212766		0.0638297872		0.1170212766		0.0531914894		9.74767499999998E+26		6.45E+27		0.0425531915		0.315867628		0.4468085106								0.0628471562								0.04		1.43		1.36								1.43				1.43		1.36		0.951048951

		1993B		0.071		1.06		0.09		1.071				1.065E+27		1.06		1.15		0.97		0.1276595745		0.2234042553		0.0319148936		0.1276595745		0.0957446809		1.1028075E+27		6.75E+26		0.0531914894		0.3573582307				0.2234042553						0.0708283698								0.05		1.036		1.09								1.036				1.036		1.09		1.0521235521

		1993O		0.052		0.99		0.01		1.052				7.8E+26		0.99		1		0.98		0.0531914894		0.0638297872		0.0425531915		0.0531914894		0.0106382979		8.00280000000001E+26		5.4E+26		0.0531914894		0.2593259883				0.1595744681						0.0518732053								0.05		1.045		1.15								1.045				1.045		1.15		1.1004784689

		1993ag		0.05		1.01		0.04		1.05				7.5E+26		1.01		1.05		0.97		0.0744680851		0.1170212766		0.0319148936		0.0744680851		0.0425531915		7.6875E+26		9.45E+26		0.0531914894		0.2491088788				0.1170212766						0.0498779691								0.05		1.063		1.05								1.063				1.063		1.05		0.987770461

		1992bi		0.458		2.26		0.34		1.458				6.87E+27		2.26		2.6		1.92		1.4042553191		1.7659574468		1.0425531915		1.4042553191		0.3617021277		8.44323E+27		5.58E+27		0.0531914894		2.7359786131				0.2978723404						0.4570345192								0.05		1.372		1.22								1.372				1.372		1.22		0.889212828

		1994F		0.354		0.96		0.19		1.354				5.31E+27		0.96		1.15		0.77		0.0212765957		0.2234042553		-0.1808510638		0.0212765957		0.2021276596		6.24987E+27		5.82E+27		0.0638297872		2.0252333117				0.4468085106						0.3532304719								0.06		1.4		1.62								1.4				1.4		1.62		1.1571428571

		1994G		0.425		1.32		0.24		1.425				6.375E+27		1.32		1.56		1.08		0.4042553191		0.6595744681		0.1489361702		0.4042553191		0.2553191489		7.7296875E+27		7.08E+27		0.0638297872		2.5047593973				0.4893617021						0.424095656								0.06		1.388		1.36								1.388				1.388		1.36		0.9798270893

		1994H		0.374		1.19		0.07		1.374				5.61E+27		1.19		1.26		1.12		0.2659574468		0.3404255319		0.1914893617		0.2659574468		0.0744680851		6.65907E+27		6E+27		0.0638297872		2.1578321452				0.7234042553						0.373192015								0.06		1.472		1.4								1.472				1.472		1.4		0.9510869565

		1994al		0.42		1.22		0.13		1.42				6.3E+27		1.22		1.35		1.09		0.2978723404		0.4361702128		0.1595744681		0.2978723404		0.1382978723		7.623E+27		7.35E+27		0.0744680851		2.4701879456				0.6808510638						0.4191049996								0.07		1.374				1.19						1.374				1.374		1.19		0.866084425

		1994am		0.372		1.22		0.05		1.372				5.58E+27		1.22		1.27		1.17		0.2978723404		0.3510638298		0.2446808511		0.2978723404		0.0531914894		6.61788E+27		5.61E+27		0.0744680851		2.1444847699				0.2659574468						0.3711958431								0.07		1.49				1.58						1.49				1.49		1.58		1.0604026846

		1994an		0.378		1.44		0.23		1.378				5.67E+27		1.44		1.67		1.21		0.5319148936		0.7765957447		0.2872340426		0.5319148936		0.2446808511		6.74163E+27		7.425E+27		0.0744680851		2.1845852236				0.6276595745						0.3771843704								0.07		1.495				1.53						1.495				1.495		1.53		1.0234113712

		1995aq		0.453		1.27		0.15		1.453				6.795E+27		1.27		1.42		1.12		0.3510638298		0.5106382979		0.1914893617		0.3510638298		0.1595744681		8.3340675E+27		6.24E+27		0.0744680851		2.7006051523				0.6489361702						0.4520437244								0.07		1.416				1.55						1.416				1.416		1.55		1.0946327684

		1995ar		0.465		1.42		0.21		1.465				6.975E+27		1.42		1.63		1.21		0.5106382979		0.7340425532		0.2872340426		0.5106382979		0.2234042553		8.5966875E+27		8.685E+27		0.085106383		2.785705606				0.4787234043						0.4640216657								0.08		1.026				1.15						1.026				1.026		1.15		1.1208576998

		1995as		0.498		1.64		0.16		1.498				7.47E+27		1.64		1.8		1.48		0.7446808511		0.914893617		0.5744680851		0.7446808511		0.170212766		9.33003E+27		3.9E+26		0.085106383		3.0233408944				0.2234042553						0.496961586								0.08		1.526				1.38						1.526				1.526		1.38		0.9043250328

		1995at		0.655		1.84		0.12		1.655				9.825E+27		1.84		1.96		1.72		0.9574468085		1.085106383		0.829787234		0.9574468085		0.1276595745		1.30426875E+28		7.89E+27		0.085106383		4.2264055412				0.4680851064						0.6536860154								0.08		1.579				1.39						1.579				1.579		1.39		0.8803039899

		1995aw		0.4		1.62		0.06		1.4				6E+27		1.62		1.68		1.56		0.7234042553		0.7872340426		0.6595744681		0.7234042553		0.0638297872		7.2E+27		1.245E+28		0.0957446809		2.333117304				1						0.3991425946								0.09		1.075				1.09						1.075				1.075		1.09		1.0139534884

		1995ax		0.615		1.88		0.18		1.615				9.225E+27		1.88		2.06		1.7		1		1.1914893617		0.8085106383		1		0.1914893617		1.20616875E+28		1.125E+27		0.0957446809		3.9085183085				0.1595744681						0.6137547637								0.09		1.071				1.06						1.071				1.071		1.06		0.989729225

		1995ay		0.48		1.36		0.12		1.48				7.2E+27		1.36		1.48		1.24		0.4468085106		0.5744680851		0.3191489362		0.4468085106		0.1276595745		8.928E+27		1.065E+27		0.0957446809		2.8930654569				0.1276595745						0.4789942529								0.09		1.45				1.33						1.45				1.45		1.33		0.9172413793

		1995az		0.45		1.41		0.1		1.45				6.75E+27		1.41		1.51		1.31		0.5		0.6063829787		0.3936170213		0.5		0.1063829787		8.26875E+27		6.75E+27		0.0957446809		2.6794394038				0.414893617						0.4490492573								0.09		1.581				1.49						1.581				1.581		1.49		0.9424414927

		1995ba		0.388		1.36		0.06		1.388				5.82E+27		1.36		1.42		1.3		0.4468085106		0.5106382979		0.3829787234		0.4468085106		0.0638297872		6.94908E+27		8.715E+27		0.0957446809		2.2518081659				0.585106383						0.3871653254								0.09		1.83				1.88						1.83				1.83		1.88		1.0273224044

		1996cf		0.57		1.61		0.11		1.57				8.55E+27		1.61		1.72		1.5		0.7127659574		0.829787234		0.5957446809		0.7127659574		0.1170212766		1.098675E+28		6.75E+27		0.1063829787		3.560191186						0.5				0.5688332448								0.1		1.45				1.41						1.45				1.45		1.41		0.9724137931

		1996cg		0.49		1.58		0.07		1.49				7.35E+27		1.58		1.65		1.51		0.6808510638		0.7553191489		0.6063829787		0.6808510638		0.0744680851		9.15075E+27		6.45E+27		0.1063829787		2.9652462735						0.3617021277				0.4889760744								0.1		1.43				1.28						1.43				1.43		1.28		0.8951048951

		1996ci		0.495		1.53		0.07		1.495				7.425E+27		1.53		1.6		1.46		0.6276595745		0.7021276596		0.5531914894		0.6276595745		0.0744680851		9.2626875E+27		5.61E+27		0.1063829787		3.0015189566						0.4893617021				0.4939670135								0.1		1.374				1.4						1.374				1.374		1.4		1.018922853

		1996ck		0.656		1.51		0.21		1.656				9.84E+27		1.51		1.72		1.3		0.6063829787		0.829787234		0.3829787234		0.6063829787		0.2234042553		1.306752E+28		9.18E+27		0.1063829787		4.2344523655						1.0212765957				0.6546843083								0.1		1.612				1.9						1.612				1.612		1.9		1.1786600496

		1996cl		0.828		2.07		0.53		1.828				1.242E+28		2.07		2.6		1.54		1.2021276596		1.7659574468		0.6382978723		1.2021276596		0.5638297872		1.756188E+28		8.55E+27		0.1170212766		5.6908230719						0.7127659574				0.8263981056								0.11		1.57				1.61						1.57				1.57		1.61		1.025477707

		1996cm		0.45		1.33		0.09		1.45				6.75E+27		1.33		1.42		1.24		0.414893617		0.5106382979		0.3191489362		0.414893617		0.0957446809		8.26875E+27		8.7E+27		0.1170212766		2.6794394038						0.7234042553				0.4490492573								0.11		1.58				1.62						1.58				1.58		1.62		1.0253164557

		1996cn		0.43		1.28		0.1		1.43				6.45E+27		1.28		1.38		1.18		0.3617021277		0.4680851064		0.2553191489		0.3617021277		0.1063829787		7.83675E+27		9.855E+27		0.1276595745		2.5394523655						0.7553191489				0.429086334								0.12		1.655						1.84				1.655				1.655		1.84		1.1117824773

		1997F		0.58		1.62		0.11		1.58				8.7E+27		1.62		1.73		1.51		0.7234042553		0.8404255319		0.6063829787		0.7234042553		0.1170212766		1.1223E+28		7.2E+27		0.1276595745		3.6367465975						0.4468085106				0.5788156954								0.12		1.48						1.36				1.48				1.48		1.36		0.9189189189

		1997G		0.763		1.71		0.3		1.763				1.1445E+28		1.71		2.01		1.41		0.8191489362		1.1382978723		0.5		0.8191489362		0.3191489362		1.58112675E+28		9.825E+27		0.1276595745		5.1235474725						0.9574468085				0.7615046345								0.12		1.657						1.65				1.657				1.657		1.65		0.9957754979

		1997H		0.526		1.38		0.08		1.526				7.89E+27		1.38		1.46		1.3		0.4680851064		0.5531914894		0.3829787234		0.4680851064		0.085106383		9.96507E+27		6.3E+27		0.1382978723		3.2291218406						0.2978723404				0.5249112466								0.13		1.42						1.22				1.42				1.42		1.22		0.8591549296

		1997I		0.172		1.11		0.04		1.172				2.58E+27		1.11		1.15		1.07		0.1808510638		0.2234042553		0.1382978723		0.1808510638		0.0425531915		2.80188E+27		1.515E+27		0.1489361702		0.9079325988						0.1063829787				0.1716014851								0.14		1.101						1.04				1.101				1.101		1.04		0.944595822

		1997J		0.619		1.63		0.21		1.619				9.285E+27		1.63		1.84		1.42		0.7340425532		0.9574468085		0.5106382979		0.7340425532		0.2234042553		1.21587075E+28		8.25E+27		0.1489361702		3.9399570642						0.6063829787				0.6177478473								0.14		1.55						1.51				1.55				1.55		1.51		0.9741935484

		1997K		0.592		1.87		0.3		1.592				8.88E+27		1.87		2.17		1.57		0.9893617021		1.3085106383		0.670212766		0.9893617021		0.3191489362		1.150848E+28		6.795E+27		0.1595744681		3.7292546986						0.3510638298				0.5907947196								0.15		1.453						1.27				1.453				1.453		1.27		0.874053682

		1997L		0.55		1.51		0.14		1.55				8.25E+27		1.51		1.65		1.37		0.6063829787		0.7553191489		0.4574468085		0.6063829787		0.1489361702		1.051875E+28		7.47E+27		0.170212766		3.4085385612						0.7446808511				0.5488685386								0.16		1.498						1.64				1.498				1.498		1.64		1.0947930574

		1997N		0.18		1.21		0.02		1.18				2.7E+27		1.21		1.23		1.19		0.2872340426		0.3085106383		0.2659574468		0.2872340426		0.0212765957		2.943E+27		9.225E+27		0.1914893617		0.953661698						1				0.1795842488								0.18		1.615						1.88				1.615				1.615		1.88		1.1640866873

		1997O		0.374		1.4		0.1		1.374				5.61E+27		1.4		1.5		1.3		0.4893617021		0.5957446809		0.3829787234		0.4893617021		0.1063829787		6.65907E+27		5.31E+27		0.2021276596		2.1578321452								0.0212765957		0.373192015								0.19		1.354						0.96				1.354				1.354		0.96		0.7090103397

		1997P		0.472		1.4		0.06		1.472				7.08E+27		1.4		1.46		1.34		0.4893617021		0.5531914894		0.4255319149		0.4893617021		0.0638297872		8.75088E+27		6.75E+27		0.2127659574		2.8356707712								0.6170212766		0.4710088511								0.2		1.45						1.52				1.45				1.45		1.52		1.0482758621

		1997Q		0.43		1.36		0.04		1.43				6.45E+27		1.36		1.4		1.32		0.4468085106		0.4893617021		0.4042553191		0.4468085106		0.0425531915		7.83675E+27		6.975E+27		0.2234042553		2.5394523655								0.5106382979		0.429086334								0.21		1.465						1.42				1.465				1.465		1.42		0.9692832765

		1997R		0.657		1.65		0.12		1.657				9.855E+27		1.65		1.77		1.53		0.7553191489		0.8829787234		0.6276595745		0.7553191489		0.1276595745		1.30923675E+28		9.84E+27		0.2234042553		4.2425040506								0.6063829787		0.6556826017								0.21		1.656						1.51				1.656				1.656		1.51		0.9118357488

		1997S		0.612		1.9		0.1		1.612				9.18E+27		1.9		2		1.8		1.0212765957		1.1276595745		0.914893617		1.0212765957		0.1063829787		1.198908E+28		9.285E+27		0.2234042553		3.8849902787								0.7340425532		0.6107599573								0.21		1.619						1.63				1.619				1.619		1.63		1.0067943175

		1997ac		0.32		1.39		0.03		1.32				4.8E+27		1.39		1.42		1.36		0.4787234043		0.5106382979		0.4468085106		0.4787234043		0.0319148936		5.568E+27		5.67E+27		0.2446808511		1.8042773817								0.5319148936		0.3192967824								0.23		1.378								1.44		1.378				1.378		1.44		1.0449927431

		1997af		0.579		1.39		0.08		1.579				8.685E+27		1.39		1.47		1.31		0.4787234043		0.5638297872		0.3936170213		0.4787234043		0.085106383		1.11993075E+28		6.375E+27		0.2553191489		3.6290691834								0.4042553191		0.5778174475								0.24		1.425								1.32		1.425				1.425		1.32		0.9263157895

		1997ai		0.45		1.52		0.2		1.45				6.75E+27		1.52		1.72		1.32		0.6170212766		0.829787234		0.4042553191		0.6170212766		0.2127659574		8.26875E+27		1.1445E+28		0.3191489362		2.6794394038								0.8191489362		0.4490492573								0.3		1.763								1.71		1.763				1.763		1.71		0.9699376064

		1997aj		0.581		1.49		0.09		1.581				8.715E+27		1.49		1.58		1.4		0.585106383		0.6808510638		0.4893617021		0.585106383		0.0957446809		1.12467075E+28		8.88E+27		0.3191489362		3.6444288723								0.9893617021		0.579813944								0.3		1.592								1.87		1.592				1.592		1.87		1.1746231156

		1997am		0.416		1.55		0.07		1.416				6.24E+27		1.55		1.62		1.48		0.6489361702		0.7234042553		0.5744680851		0.6489361702		0.0744680851		7.53792E+27		6.87E+27		0.3617021277		2.4426182761								1.4042553191		0.4151124902								0.34		1.458								2.26		1.458				1.458		2.26		1.5500685871

		1997ap		0.83		1.88		0.09		1.83				1.245E+28		1.88		1.97		1.79		1		1.0957446809		0.9042553191		1		0.0957446809		1.761675E+28		1.242E+28		0.5638297872		5.7086033701								1.2021276596		0.8283948562								0.53		1.828								2.07		1.828				1.828		2.07		1.1323851204
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Лист1

				Galaxy/Cluster		Type		z		arcsec				z+1				R(T) cm		R(T) kpc		arcmin		d(T) kpc		<d(T)>		z+1		d(T) kpc				угол(рад)		tg…

				N4472/Virgo		E		0.00317		245				1.00317				4.76253667499976E+25		15434.218086657		4.0833333333		18.3329222523		18.3329222523		1.00317		18.3329222523				0.0011878097		0.0011878102

				N1316/For A		cD		0.00545		237				1.00545				8.19727687499994E+25		26565.3721197781		3.95		30.5242650763		24.4285936643		1.00545		30.5242650763				0.0011490241		0.0011490246

				N3862/A1367		E		0.0218		128				1.0218				3.30564300000001E+26		107127.815406553		2.1333333333		66.4803120899		38.4458331395		1.0218		66.4803120899				0.00062057		0.00062057

				N6158/A2199		E		0.0312		40				1.0312				4.75300799999999E+26		154033.379784165		0.6666666667		29.8714027237		36.3022255356		1.0312		29.8714027237				0.0001939281		0.0001939281

				No.1 in A1228		E		0.0344		49				1.0344				5.248752E+26		170099.231940888		0.8166666667		40.4091035765		37.1236011437		1.0344		40.4091035765				0.0002375619		0.0002375619

				N6041/A2115		S0-E		0.036		54				1.036				5.4972E+26		178150.824772337		0.9		46.640412473		38.7097363653		1.036		46.640412473				0.0002618029		0.000261803

				No.2 in A401		E		0.0746		16.4				1.0746				1.1607387E+27		376167.060958616		0.2733333333		29.9092407362		37.452522704		1.0746		29.9092407362				0.0000795105		0.0000795105

				No.2 in A2670		E		0.0753		19.5				1.0753				1.172025675E+27		379824.893865249		0.325		35.9086281159		37.2595358805		1.0753		35.9086281159				0.00009454		0.00009454

				No.1 in A795		E		0.14		13.34				1.14				2.247E+27		728197.815730629		0.2223333333		47.0962119799		38.3524998915		1.14		47.0962119799				0.000064675		0.000064675

				No.1 in Hydra II cluster		E		0.201		5.45				1.201				3.3180075E+27		1075285.18650549		0.0908333333		28.4119433915		37.3584442415		1.201		28.4119433915				0.0000264227		0.0000264227

				No.1 in A520		E		0.203		8.51				1.203				3.3540675E+27		1086971.35171922		0.1418333333		44.8464875177		38.0391754484		1.203		44.8464875177				0.0000412582		0.0000412582

				No.1 in cluster Zw 1305+2941		cD		0.24		10.72				1.24				4.032E+27		1306672.71607739		0.1786666667		67.9113531768		40.5285235925		1.24		67.9113531768				0.0000519727		0.0000519727

				No.1 in cluster Corwin 0404		E		0.3		8.28				1.3				5.175E+27		1677091.09764397		0.138		67.3236674518		42.5896885047		1.3		67.3236674518				0.0000401431		0.0000401431

				No.1 in cluster 0237-0138		E		0.373		8.32				1.373				6.6384675E+27		2151365.16835726		0.1386666667		86.7797180791		45.7461191886		1.373		86.7797180791				0.000040337		0.000040337

				No.1 in cluster 0949+4409		E		0.385		3.55				1.385				6.8866875E+27		2231807.20744078		0.0591666667		38.4119013061		45.2571713298		1.385		38.4119013061				0.0000172111		0.0000172111

				No.1 in cluster 0024+16		E		0.392		5.31				1.392				7.03248E+27		2279054.99562498		0.0885		58.671893172		46.0955914449		1.392		58.671893172				0.000025744		0.000025744

				3C 295		cD		0.461		6.17				1.461				8.5089075E+27		2757529.08578281		0.1028333333		82.4871011837		48.2362684884		1.461		82.4871011837				0.0000299134		0.0000299134

				PKS 0400-64		E		0.48		4.68				1.48				8.928E+27		2893346.72845708		0.078		65.6488480258		49.2036340182		1.48		65.6488480258				0.0000226896		0.0000226896

				No.1 in cluster 0016+16		E		0.541		5.01				1.541				1.03101075E+28		3341254.01043523		0.0835		81.1573755494		50.8854098883		1.541		81.1573755494				0.0000242895		0.0000242895

				No.2 in 3C 330 cluster		E		0.545		4.37				1.545				1.04026875E+28		3371256.9271154		0.0728333333		71.4256274723		51.9124207675		1.545		71.4256274723				0.0000211866		0.0000211866

				PKS 0116+082		R		0.593		4.22				1.593				1.15323675E+28		3737358.62203066		0.0703333333		76.4641736586		53.0815518576		1.593		76.4641736586				0.0000204594		0.0000204594														Fig. 4.6

				3C 352		R		0.806		3.48				1.806				1.696227E+28		5497057.39378423		0.058		92.7449541466		54.8844337798		1.806		92.7449541466				0.0000168717		0.0000168717

				No,1 in cluster 1305+2952		cD		0.942		3.02				1.942				2.078523E+28		6735985.35178404		0.0503333333		98.6254170125		56.7862156595		1.942		98.6254170125				0.0000146416		0.0000146416

				3C 13		R		1.05		2.2				2.05				2.401875E+28		7783890.20319538		0.0366666667		83.0233317222		57.8794288287		2.05		83.0233317222				0.000010666		0.000010666

				3C 427.1		R		1.175		2				2.175				2.79796875E+28		9067533.29876527		0.0333333333		87.9224801374		59.0811508811		2.175		87.9224801374				0.0000096964		0.0000096964

																												1

		z+1				угол(рад)				lg(…/…)		lg ang

														-4.78

		1.00317				0.0011878097				2.1985974663		-2.9252531402		-2.5814025337		-5.1238506065

		1.00545				0.0011490241				1.9637521376		-2.9396708785		-2.8162478624		-4.9034230161

		1.0218				0.00062057				1.3651712125		-3.2072092549		-3.4148287875		-4.5723804674

		1.0312				0.0001939281				1.2114356225		-3.7123592332		-3.5685643775		-4.9237948557

		1.0344				0.0002375619				1.1696937221		-3.6242231445		-3.6103062779		-4.7939168666

		1.036				0.0002618029				1.150279481		-3.5820254647		-3.629720519		-4.7323049457

		1.0746				0.0000795105				0.8415736352		-4.0995753765		-3.9384263648		-4.9411490117

		1.0753				0.00009454				0.8376537835		-4.0243846132		-3.9423462165		-4.8620383967

		1.14				0.000064675				0.5803630423		-4.1892633949		-4.1996369577		-4.7696264373

		1.201				0.0000264227				0.4337269074		-4.5780227223		-4.3462730926		-5.0117496297

		1.203				0.0000412582				0.4297550923		-4.3844896644		-4.3502449077		-4.8142447567

		1.24				0.0000519727				0.3629624251		-4.2842244392		-4.4170375749		-4.6471868643

		1.3				0.0000401431				0.2750942616		-4.3963888877		-4.5049057384		-4.6714831493

		1.373				0.000040337				0.1906639672		-4.3942958982		-4.5893360328		-4.5849598654

		1.385				0.0000172111				0.1785006605		-4.7641908715		-4.6014993395		-4.942691532

		1.392				0.000025744				0.1715919929		-4.5893247034		-4.6084080071		-4.7609166964

		1.461				0.0000299134				0.1098376768		-4.5241340605		-4.6701623232		-4.6339717373

		1.48				0.0000226896				0.0945687972		-4.6441733715		-4.6854312028		-4.7387421686

		1.541				0.0000242895				0.0496007086		-4.6145814987		-4.7303992914		-4.6641822072

		1.545				0.0000211866				0.0468441948		-4.6739377876		-4.7331558052		-4.7207819824

		1.593				0.0000204594				0.0153585657		-4.6891067736		-4.7646414343		-4.7044653392

		1.806				0.0000168717				-0.0977049625		-4.7728399806		-4.8777049625		-4.6751350181

		1.942				0.0000146416				-0.1544443456		-4.8344122816		-4.9344443456		-4.679967936

		2.05				0.000010666				-0.1937352774		-4.9719965437		-4.9737352774		-4.7782612663

		2.175				0.0000096964				-0.2343223349		-5.0133892289		-5.0143223349		-4.7790668939

										-0.5				-5.28		-4.7772116659

										2.5				-2.28

																														Рис. 4.6
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Лист1

				Масса (г)		Рад. cm		Пл.g/cm3		q (						lg (ro*m)		lg q												lg (m)		lg q																								L (erg/s)		U (erg)		L/U (1/s)						lg U		lg L														lg L

																																																																														250		2.16E+22		22.3338087633		0.2		0.27

		Земля		5.98E+27		6.38E+08		5.52		6.00E-06						28.5186402617		-5.2218487496		-5.0933597383										27.776701184		-5.2218487496		-5.177474112								-26.0543746376		-32.9985499336				2.50E-05		-4.6020599913						3.07E+20		3.74E+39		8.20E-20				Земля		39.5730389779		20.4867864522		20.4830389779								160		1.38E+22		22.1399887373

		Юпитер		1.90E+30		7.14E+09		1.33		5.44E-04						30.4026052419		-3.2644011003		-3.2093947581										30.278753601		-3.2644011003		-3.3009347993								-25.973466301		-33.5431547013				1.60E-05		-4.7958800173						3.49E+24		3.37E+43		1.03E-19				Юпитер		43.528130115		24.5422614953		24.438130115								70		6.04E+21		21.7809667947		0.34		0.27

		Сатурн		5.69E+29		6.03E+09		0.69		2.00E-04						29.5939613571		-3.6989700043		-4.0180386429						-4.0180386429				29.7551122664		-3.6989700043		-3.6936658002								-26.0153042041		-33.4540822707				7.00E-06		-5.15490196						9.14E+23		3.58E+42		2.55E-19				Сатурн		42.5542283455		23.960930792		23.4642283455						23.4642283455		520		4.15E+22		22.6180705972		0.1

		Уран		8.69E+28		2.62E+09		1.15		1.60E-05						28.9997176168				-4.6122823832		-4.7958800173								28.9390197764				-4.3057351677		-4.7958800173						-26.0143817143		-33.3751317162				9.00E-06		-5.0457574906						1.38E+22		1.92E+41		7.18E-20				Уран		41.2840593864				22.1940593864		22.1399887373						430		3.43E+22		22.5355357092

		Нептун		1.02E+29		2.52E+09		1.55		4.30E-05						29.1989318699				-4.4130681301				-4.3665315444						29.0086001718				-4.2535498712				-4.3665315444				0.040462056		-33.3427296554				4.30E-05		-4.3665315444						3.43E+22		2.75E+41		1.25E-19				Нептун		41.4401209276				22.3501209276				22.5355357092				340		2.71E+22		22.4335461706		0.1

																28				-5.612										27				-5.76										0.2394989063																1.27E-19						38				18.91

																31				-2.612										31				-2.76																										7.42E-20						45				25.91

												Fig. 4.15
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