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Abstract. This paper presents the results of the photometric study of the structure of the surface layer of regolith in different regions of the Mercury, Venus, Mars and Moon. The elemental mapping of the photometric parameters of the separate areas of the surface is very useful method for study of morphology and origin of the multi-ringed basins. The best space images of the high resolution are used as the basic material for investigation. The different types of the morphological formations of the planetary surface are allocated and the main morphological parameters are determined. The cartographic method described in this paper and results of investigations of the planet’s surface show that the structure of the surface of the planets and the Moon’s surface is similar. The main elements of the relief of the planets are craters and multi-ringed basins. In the paper are used some digital models to obtain preliminary estimates of the structure and characteristics of the regolith of the planets from experimental results. The technique employed is similar to that conventionally for investigation of the lunar structure. The digital models of the multiple scattering of light are considered and optical, physical and geological properties of the natural regolith of the surface layer of the Moon and Mercury are estimated. The present work allows to study optical characteristics of surface and to determine texture roughness and material composition of the ejecta of the terrestrial planet in the millimeter and centimeter range. According to these results, there may be a possibility to describe the real case of natural regolith surface, and to investigate specific anomalous of the local KREEP assimilation.

Introduction: Photometry and spectroscopy are fundamental methods to study of planetary surface. A photometric models based upon radiative transfer theory may be used for analyzing scattering properties of particulate surface, compositions of the surface materials, and textural parameters. A number of approximate models, and mainly the bidirectional reflection function, have been widely used to analyze photometric observations of planetary surface. This article examines the different methods, which deal with theory of a radiative transfer on the terrestrial planets. The two scattering theories were used for estimate of the mesoscale and microscale roughness properties in the millimeter centimeter range. 

The photometric study of the surface of the airless bodies. The Moon. The average structure of the lunar surface consists in a porous upper layer with various small fragments. Reflecting properties of this layer gives the uniform shape of photometric function. The average integrated lunar indicatrix [1] was used as a background photometric model. Taken as a reference, it permits to intercompare in a uniform system the shape of the phase function of different areas located at different longitude and latitude on the Moon. The surface roughness of the ejecta lunar terrains were estimated by means comparison of the local phase function and the average integrated lunar indicatrix. The difference between the modeled and observed phase functions was obtained for surface having various degree of the surface roughness. The great difference between the modeled and observed phase functions demonstrates for phase angle in range about 18o and corresponds a high degree of the surface roughness. So the value of this difference of intensities (I may be used as a photometric parameter of the surface roughness. In the areas under study, parameter of the surface roughness (which can vary between 0 and 1) varies from 0.05 (smooth mare surface) to 0.25 (crater Tycho and its ejecta, fig.1). 
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Figure 1. The area is located to the North from crater wall of Tycho (fig.1a). Surveyor VII landing site is placed in the center of the image 11o27(W, 40o53(S (Clementine series). Mosaic of narrow-angle Surveyor VII pictures (fig.1b).

The Hapke’s formula is well known model for the estimation of the surface roughness [2]. The model allows to define of the physical and chemical characteristics of the lunar surface by means phase function. This model is the only existing one, which accurately represents the reflection properties of the Moon. The photometric function by Hapke of the bidirectional reflectance (R) may be written in the general form:
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where (o, ( are cosines of incidence ((o) and emergence (() angles, g is the phase angle, w is the single scattering albedo, B(g) is the opposition effect function, P(g) is the phase function, H(() is the isotropic multiple scattering function, S(() is the function for macroscopic roughness. The Hapke’s function, including six parameters, describes the optical properties of the materials in planetary regoliths. The parameter h of the function B(g) characterizes compaction of the regolith and size of the particle, Bo is the amplitude of the opposition effect. The function P(g) includes two parameters b and c, which determines the phase function form and the nature of scattering (c<0.5 corresponds to forward scattering and c>0.5 to backward scattering). The function of the isotropic multiple scattering H(x) includes angles incidence and emergence and the single scattering albedo w. The equation S(() allows to calculate the effects of macroscopic roughness on light scattered by a surface having an arbitrary diffuse-reflectance function [3]. The parameter ( may thus be mainly considered as an integral of the mesoscale and micro-scale roughness properties in the millimeter and centimeter range.

The photometric function was calculated in the areas of landing sites. The values photometric parameter of the roughness (I was compared with the parameters the Hapke’s model. A good correlation (0.985) is observed between the photometric roughness parameter and then parameters the Hapke’s model. Figure 2 represents the diagram of relationship between the photometric roughness parameter ((I) and parameters of the Hapke in different lunar landing sites. The separate points represent of number of landing sites Surveyor I, III, V, VI, VII (S1, S3, S5, S6, S7), Apollo 11 and 12 (A11, A12), Lunokhod 1 and 2 (L1, L2).
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Figure 2. Hapke’s parameters plotted against the photometric roughness parameter ((I).

The Mercury. The model of Hapke of the bi-directional reflectance was applied to disk-integrated observations of Mercury. The model enables to be determined the structure parameters of the relief from experimental results. Values of the photometric parameters (w, h, Bo, b, c, () derived by Hapke were calculated from Mariner-10 images.
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Figure 3. Mariner-10, a - image 0027435, b – colouring indicates surface brightness.

The average integrated lunar indicatrix was used for calibration values of the surface brightness [4, 5]. Results of the photometric estimation of the surface brightness are shown on the diagram. 

The brightness of the Mercury surface may vary in the rages 100-200 relative units. Colouring indicates surface brightness, resolution 50 relative units.

The photometric function was calculated for 4 morphological types: smooth plans, flat-floored, heavily cratered terrain, bright craters and ray. The phase functions were constructed in the range of phase angles about 75o to 100o in the coordinate system. The average values of the photometric parameters are given in table. These and other tables will be shown at the conference.

The main conclusion from Mariner 10 is that Mercury’s photometric characteristics are indeed very similar to those of the Moon, as anticipated from Earth-based observations. The brightness distribution across Mercury at phase angles of 80o and 100o is closely similar to that observed on the Moon. The darkest plains on Mercury are brighter than their lunar counterparts. The highland/mare albedo ratio is almost a factor of 2 on the Moon, it is only about 1.4 on Mercury. Heavily cratered terrain has approximately the same average albedo as the lunar highlands, and the smooth plains of the Mercury are significantly darker. But Mercury’s appearance is blander than that of the Moon. Studying of the photometric characteristics of Mercury is an actual problem, because about 70 % of surface of planet remains unexplored. Mercury remains the most difficult object for ground supervision. KA “Mariner 10” is the space spacecraft most full investigating this planet. Studying of photometric characteristics of the surface of Mercury is also an actual problem in connection with the prospective project the ESA BepiColombo (ESA, JAXA) and the project space station MESSENGER (NASA). The information about structure and composition of the Mercurian ejecta can be useful to scientific planning and realization of the future space projects.
The photometric study of the surface of the atmosphere bodies. The Mars. One of the dangers facing planners of missions to Mars is the rough topography observed at both Viking Lander sites. Both landing sites are ubiquitously covered with meter-scale boulders. The surface is covered with a layer of aeolian sediment from which numerous outcrops of bedrock and boulders protrude.  The best resolutions realizable on current and future missions (i.e., Mars Observer) are on the order of several meters. Even at this scale, boulders of 1-2 meters in size are unresolvable. An alternative is to determine the 'roughness' of the surface at a subpixel scale using bidirectional reflectance observations. Much larger areas of the planet can be searched, and much of the search can easily be automated. This morphology, while simple, will be difficult to characterize from orbit using traditional bidirectional reflectance models. The concepts of geometric and boolean models developed by several workers, had given a model for the bidirectional reflectance of a surface morphology comparable to that observed at the Viking Lander sites [6].

As examined, soil materials at the crater Gusev show texture down to the limit of resolution (~100 microns). Soil surfaces are typically rough at submillimeter scales but are molded to much smoother surfaces under compression, suggesting the presence of a substantial fraction of particles too small to be resolved (fig.4 a, b).
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Figure 4. Fragment of the panorama plains at the crater Gusev acquired by Spirit observations. Image shows soil-material, rocks and linear textures, which may have been formed by winds (fig.4a). The image shows mineral grains and granules typically 0.5-3 mm in size (fig.4b).

The Venus. The photogeologic mapping of Magellan images on the Venera showed that the most widespread are extensive plains whose morphology suggests formation by the high-yield eruptions of non-viscous lavas. Authors of the investigation of the material at the Venera sites suggest, that the rocks seen on the Venera TV panoramas (Fig. 5a 1) could be partly indurated airfall sediment consisting of the fraction of ejecta of the upwind impact craters. This hypothesis is supported by the very low mechanical strength of these rocks and implies that the source of the sampled material at the Venera sites could be rocks from the kilometers-deep subsurface excavated by those craters [7].
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Figure 5. Fragment of the Venera 13 panorama. Darker soil and brighter finely bedded rocks are showed on fig.5a. Venusian volcano-tectonic structure types are given on fig. 5b: (A) Corona, (B) Arachnoid, (C) Nova, (D) Corona-nova [8].

Venus has a unique set of volcano-tectonic features. Well established is also the fact, that the formation processes of the venusian volcano-tectonic structures are not simple; as shown by global scale investigations [8]. The feature groups include, not only the already well acknowledged coronae, but also novae (a.k.a. astra), arachnoids and, corona-novae . Examples of Venusian volcano-tectonic structure types. (A) Corona, (B) Arachnoid, (C) Nova, (D) Corona-nova, are seen on fig.5b. The detailed study and comparison of different volcano-tectonic feature groups will give more detailed information on formation processes and evolution of these structures.
Conclusion. The classic theory of the bidirectional reflectance gives access to optimized determination of the of Hapke’s parameters, for planetary analog surface when dealing with experimental multi-angular specto-imaging data. The method allows the study of the optical characteristics of analogs of non-icy planetary surfaces versus grain sizes and material composition. The parameters appear that the microscale and mesoscale textural features less than the centimeter scale contribute predominantly to the photometric effect related to the rocky aspect of planetary soil surfaces. The results presented in the paper and their modification are also of applied significance in planning and implementing the space projects.
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		h		b		c		B0		Q

		0.240		0.490		0.130		0.150		5.800

		0.280		0.510		0.110		0.140		5.800

		0.202		0.021		0.010		0.020		0.087

		0.033		0.003		0.009		0.031		0.074
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		I reg.		h		b		c		B0		Q/100		Albedo		Ald. (reg)		I reg.		I		I-Ald peg		h		b		c		Q/100		Albedo

		0.110		0.3500		0.3470		0.3174		0.3479		0.1696		0.3587		0.3991		0.110		0.117		0.0945		0.3500		0.3470		0.3174		0.1696		0.3587
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		0.07		0.3880		0.3131		0.3174		0.2844		0.1507		7		a12		2.5		6.9		10.0

		0.12		0.4914		0.5975		0.5459		0.5389		0.2967		8		l1		2.5		4.9		15.5
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