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The research is dedicated to reasoning the need for creation of a functional material as an active medium of conversion of solar energy into mechanical energy with further conversion of it into electric power and using it in power plants and in projects of solar power satellites (SPSs). There have been considered the ways of generating energy from the points of view of the environment and inexhaustibility, which include photoconverting power engineering, methods of heat conversion of solar energy and the problems, restraining creation of large-sale projects. The result of the research is the development of a method of continuous generating useful mechanical energy by using the functional material (working fluid) in the process of heating it with solar radiation in the heat-absorbing zone and cooling it down in the heat-radiating zone within the optimum rated temperature range. The corresponding theoretical researches have been conducted in order to assess quantitatively the capacity of the metal segment as working fluid of the heat-converting panel while the thermal solar energy converter (TSEC) for space application is functioning. The graphic curves of segments capacity in various temperature ranges have been presented herein. The time response of the TSEC metal segment functioning cyclicity has been studied at solar concentration of n = 1.2, for different temperature ranges. A solution has been suggested that allows a significant increase of TSEC efficiency by improving the physical and technical characteristics of the segment material. The promising character of changing one of the series of parameters that define the segment material has been shown; and it leads to an opportunity to compete with photoconverting systems according to their efficiency, provided several parameters are combined in an optimum way. A variant of structure of a TSEC as an electric drive has been shown. It may also be applied on earth if modified correspondingly. The conversion method under consideration enables to construct SPSs and calculate the paths of motion so that the time of a power plant being in the subsolar zone and the shadow zone while moving around the Earth per one rotation could match the time of a TSEC cycle.

Introduction. Nowadays, such world problems of energetics as energy safety, energy efficiency and environmental protection are appended with the factor of energy pricing policy. The significance of the energy problem is worth considering due to the obvious fact that the products manufactured by any industry are purchased for money equivalent to the amount of energy expenditure. The restricted and non-renewable character of energy resources on earth as well as the increasing consumption of them caused by the people's comfortable living conditions are leading to the produced useful energy becoming more expensive, which makes us search for alternative ways of generating energy by using renewable sources.

The Price Factor of Technologies and Materials of the Photoconverting Power Engineering. The most promising among the renewable types of power engineering is the solar power engineering, particularly the photoconverting one, and the concomitant thermal energy, generated by this way of conversion, will make the increase of the environment temperature negligibly small. When getting this energy from earth energy resources, there is a direct risk of increase of the parameter values which are included into the definition of environment entropy.

In its turn, improving the photoconverting ways of generating energy causes a row of problems that are hard to solve. Thus, with significant reduction of consumption of photoconverting materials accomplished through the concentrated solar radiation method, with application of linear Fresnel lens in the module itself [START_REF] Zh | The Tendency and Prospects of Development of the Solar Power Engineering[END_REF] and because of the complexity of its structure, it is difficult to solve the problem of deployment of the system, which is based on them, in space. The 3rd-generation photoconverters using the nano-and microstructures (Vapor-Liguid-Sol: 2-VLS method) that belong to the class of devices of special industrial design with conducting quantum wires are resistant to radiation damage in space conditions, but they possess properties of metallic conductivity, because of which the applicability of the method is limited [START_REF] Nsakalakos | Silicon nanowire solar cells[END_REF]. Proceeding from the analysis of works [START_REF] Yefimov | The New-Generation Photoconverters of Solar Radiation Energy[END_REF], it follows that only the silicon photoconverters of a planar design with conducting quantum wires that belong to the 3rd generation are of a certain interest concerning their further development.

The class of multijunction (cascade) А 3 В 5 with the structure of such Cu (ZnGa)Se 2-elements, the efficiency of which reaches 33%, can be used in space. However, their production requires creating high-technology equipment, which causes their high cost. Thus, let us take the cascade photocells, the efficiency factor of which reaches 28%, and in prospect the prime cost of 1 W of capacity based on them will make USD 1.5 [START_REF] Andreev | Concentrator Solar Photo Power Engineering[END_REF]. In this connection, there are many competing companies that possess the complicated technology of epitaxial growth of multijunction photoconverters and production of solar cells using the concentrated solar radiation with the possibility of space application, though the problem of pricing policy remains actual for them.

Proceeding from the analysis of full production cycle of photoconverters for space application, starting from extraction of raw materials with creation of high-technology process of their production to their further application in large-scale projects of solar power satellites (SPS), it is obvious that the cost of generated energy after transportation onto the Earth remains sky-high. This makes us search for new ways and methods of improving the cycle. Proceeding from this fact, the method of heat conversion of solar energy into the mechanical energy with the possibility of further converting it into the electric power by using the corresponding TSEC for space application. Due to the possibility of future developing the following method of conversion of solar energy, the need has arisen to define the notion of active medium of conversion as the composition of substance that participates in converting the solar radiation energy into energy of some other type. For a thermodynamic conversion system in SPS projects based on gas or steam turbine converters, the active medium is either liquid metal with phase transformations or gas which is intended for serving as working fluid. At the stage of heating the active medium to the operation temperature and partially at cooling it down , there is no useful effect; in this case the medium is in a passive state. The active medium of the photoelectric conversion system for space application demonstrates a complex architecture based on nanoheterostructure consisting of semiconducting materials and metals. The active medium of thermoelectric systems of direct conversion of heat into electric power through physical phenomena and effects is solid bodies (metals), i.e. each conversion system needs a corresponding active medium.

The Dependence of Capacity of the Metal Segment in the Process of Its Performing Work at Heat Absorption and Radiation in Space on Parameters, Characterizing Its Physical

Properties. Let us estimate the capacity of the medium of solar energy conversion into the mechanical energy from duraluminum alloy with possible further application of it as an active medium of conversion in TSECs for SPS projects. In order to calculate the capacity of the segment in the form of a plate, which the TSEC panel consists of, the average indices of an alloy, which is not prepared specially for this purpose, are used. The mechanism of performing the continuous effective work by the active medium of the material (elastic metal plate), located in the thermal trap, lies in periodical conversion of the solar radiation, falling onto its surface, which by its thermal properties is close to a black body, as a result of thermal expansion and compression at cooling down in the shadow zone, when released from the thermal trap. The segment material must comply with its main functionality: to perform mechanical work continuously, to have the minimum specific heat capacity and density with the maximum values of the thermal expansion coefficient, the modulus of elasticity at physical loads (compression -tension), and the plates surface emissivity is close to unity with the possibility of placing them in the heat-absorbing zone of the thermal trap and beyond it in the heat-radiating zone in the shadow. The thermal trap consists of low-emission transparent with selective coating on the side of solar radiation of surface, but reflecting the heat radiation from the heated panel and preventing it from coming out in full. Nearby the opposite unlit (shadow) surface of the panel, it is possible to place specular heat-reflective foil, when it goes about the variant without using the concentration of solar radiation. To ensure rigidity, the panel segment may look like a segment of an oval line in the cross-section, so that its opposite extreme longitudinal parts could not re-radiate onto themselves. Here below, there are tabular data on the segment material, its parameters and values of constants, where the changes of values of the modulus of elasticity and the linear thermal expansion coefficient within the studied temperature ranges are negligibly small: Let us estimate the capacity of the panel segment. In the heliostationary orbit of the near-Earth space environment, where the TSEC is going to be placed, the Earth albedo is negligibly small compared to the thermal processes on the converter. The amount of thermal solar energy at irradiation of the panel segment is used for heating it, for reverse heat radiation, for insignificant reflection from the surface of the thermal trap, wherein the panel is situated, and for heat-stretch work of the segment:

ΔQ = ΔQ1+ΔQ2+ΔQ3 + ΔA. (1) 
In our calculations, we shall require increasing the heat radiation from the segment to the outside through the transparent low-emission coating of the thermal trap, which it really is, by the value of the falling radiation, reflected from the upper surface of the thermal trap; then the equation ( 1) shall assume the following look:

∆𝑄 = ∆𝑄 1 + ∆𝑄 ′ 2 + ∆𝐴. (2) 
∆𝑄 ′ 2 = 𝜀𝛿(𝑇 0 4 -𝑇 4 )𝑆∆𝜏 where ΔQ = GSΔτ; ΔQ1= ρVcΔT. Since the absorbing and the reflecting surface is the same.

∆𝑙 = 𝑙 0 𝛼∆𝑇segment stretch while heating; 𝐹 = 𝐸𝑆 𝑛 𝛼𝑇force close to terminal, which can suspend the segment stretch within the temperature range, where the modulus of elasticity remains the biggest (Sпsectional area of segment, 𝛼 = 0.97𝛼′).

Proceeding from the last correlations, the segment work at heat-stretch may be determined and inserted into the equation along with the previous ones [START_REF] Nsakalakos | Silicon nanowire solar cells[END_REF]. The amount of heat is coming into the thermal trap to the segment within the time dτ, and the corresponding heating occurs for the value dT. Whence the segment heating time within the temperature range from T0 to T is determined by the following expression:

𝜏 = ∫ ℎ(𝑐𝜌+2𝐸𝛼 2 𝑇) 𝑛𝐺-𝜀𝜎𝑇 4 𝑇 𝑇 0 𝑑𝑇. (3) 
The highest temperature value must be lower or equal to terminal, to which the segment can be heated up, which does not cause any difficulties to determine it at a certain solar concentration. The capacity, determined by the ratio of the work performed by the segment in the process of its heating up to the time spent on this process, is determined through the following expression:

𝑃 = ∫ 2𝑉𝐸𝛼 2 𝑇𝑑𝑇 𝑇 0 ∫ ℎ(𝑐𝜌+2𝐸𝛼 2 𝑇) 𝑛𝐺-𝜀𝜎𝑇 4 𝑇 𝑇 0 𝑑𝑇 . (4) 
In figure 1, there are graphs of heated segment capacity in dependence on temperature values from 250K to 430K and in the higher temperature range from 350 K to 530 K at concentrations n = 1 and n= 2 respectively.

Fig. 1. Graphs of heated segment capacity in dependence on temperature values.

In the denominator of the expression (5) for determining the time of the panel segment cooling down, the coefficient 2 indicates a two times increase of the area of the heat-radiating surface beyond the thermal trap in the shadow.

𝜏 ′ = ∫ ℎ(𝑐𝜌-2𝐸𝛼 2 𝑇) 2𝜀𝜎𝑇 4 𝑑𝑇 𝑇 0 𝑇 . (5) 
The segment capacity in the process of heat-radiating (cooling down), determined by the ratio (6), is shown in figure 2. The expression in the numerator corresponds to the work of the reverse process. It is negative in relation to work at heating, then the expression (6) will be positive, if we change the limits of integration; this method covers the following expressions (7) as well:

𝑃′ = ∫ 2𝑉𝐸𝛼 2 𝑇𝑑𝑇 𝑇 𝑇 0 ∫ ℎ(𝑐𝜌-2𝐸𝛼 2 𝑇) 2ε𝜎𝑇 4 𝑇 𝑇 0 𝑑𝑇 . ( 6 
)
Fig. 2. The segment capacity in the process of heat-radiating.

The capacity per one cycle of the process of heat-absorbing and heat-radiating by the segment is determined by the expression (7), and its corresponding curve is shown in figure 3. The relative curve of the segment capacity along with a value of specific heat capacity of the material decreased by 0.01 per cycle in figure 3 are shown in dotted lines. These indices increase twice, if we consider each of the directions of two-dimensional expansion. This structure variant of TSEC as an electric drive of the power plant is shown in figure 4, where (A) is the general view, (B) is the crosssection; the part of the thermal trap in the horizontal position corresponds to the heat-absorbing state, and the one in the vertical position -to the heat-radiating state in the shadow area. The Analysis of the Research Results. Based on the suggested method of conversion of solar energy, the dependence of the capacity of the segment as working fluid of TSEC on several variables has been discovered. These variables are the physical characteristics of the material, which the segment is made of. The requirements, made to the optimisation of functioning of TSEC for space application, lie in receiving an active medium of the rigid elastic material of the panel, the functionality of which is directed to obtaining the maximum capacity per heating-cooling cycle as a result of expansion and compression at minimum weight and size parameters in two perpendicular directions. This is indicated by the researches [START_REF] Xu | Size dependence of elastic mechanical properties of nanocrystal line aluminum[END_REF] that allow predicting mechanical properties of nanocrystalline materials and the scheme of their production. The possibility of a wide range of combinations of physical and technical parameters of the active medium of the segment material at its production, which are included into the analytical expression of capacity, allows choosing an optimum variant for its maximum value, which is going to be an alternative for the existing conversion systems. The advantages of TSEC are its significant service life, the safety and resistance to radiation and meteor showers, and the processability of deployment in space.

𝑃 ′′ = ∫ 4𝑉𝐸𝛼 2 𝑇𝑑𝑇 𝑇 𝑇 0 ∫ ℎ𝑐𝜌+2𝐸ℎ𝛼 2 
Summary. During the accomplishment of a TSEC project, there is a problem arising: its conversion of mechanical energy into electric power. In this connection, a superconducting generator without any magnetic conductor will be an integral part of the TSEC. The low temperature value in the shadow area will allow it to function at small energy expenditure on cryostat. This conversion method enables to construct SPSs and calculate the path of motion so that the time of a power plant being in the subsolar zone and the shadow zone while moving around the Earth along the path per one rotation could match the time of a TSEC cycle. Herewith, the dimensions will be reduced, and there is no need to block the full stream of solar radiation, falling onto TSEC, with foil in order to create a heatradiating zone while shadowing.
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 5 67•10 -8 W/m 2 K 4 -Boltzmann constant; c = 850 J/kgK-specific heat capacity; ρ= 2780kg/m 3density; Е = 7•10 10 Pa -Young modulus; α′ = 23.8•10 -6 K -1linear thermal expansion coefficient; k = 0.95emissivity; ε = 0.12reverse radiating capacity; G = 1360W/m 2solar constant; d = 3•10 -3 msegment thickness; m =16kgsegment mass; ι = 10msegment length; n = 1 and 2solar concentration.

Fig. 3 .

 3 Fig. 3. Capacity per one cycle of the process of heat-absorbing and heat-radiating segments.

Fig. 4 .

 4 Fig. 4. Structure variant of electric drive. (1, 5)rigid framework made of carbon, its sides and diagonals with reflecting coating serve as ways for movement of the side ends (3) of the plane (4) along them from the heat-converting segments of the active material; (2, 6)the opposite surfaces of the thermal trap in the framework (10); (7)rigid connection; (8)biaxial generator; (9)generator rods; (11)solar concentrator; (12)radiation reflector.
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