“Phobos-Grunt” space project:

The New stage of Russian Planetary Program

The basis of the modern strategy of deep space exploration is the creation of high-tech and at the same time, available considering budget constraints, spacecrafts to solve current scientific problems. “Phobos-Grunt” project intended for capturing samples from Mars satellite surface – Phobos and their delivery to the Earth, fully complies these criteria. This project is the first Russian planetary mission after long-term interval with new generation spacecraft which is fully different from the previous ones. Marketability of the project is achieved due to the use of advanced technologies and middle class launch vehicles. The project is primarily aimed at solving the important scientific problems of modern cosmochemistry – studying the primary matter in the laboratories, not much modified in the evolution of the Solar system. The extensive program of direct and remote explorations on Phobos surface and in circummartian space is provided using onboard scientific devices. Simultaneously, the project shall demonstrate a high efficiency of original incorporated technical solutions while developing the basic spacecraft. Creation of such spacecraft and its flight tests while implementation of “Phobos-Grunt” project open prospects for implementation of long-term program of space exploration of planets and small bodies of the Solar system and solving a great deal of other scientific and application tasks. 

Historically, our country plays a prominent role in Solar system explorations, marked by the pioneering achievements in 1960–1980 in exploration of the Moon, the terrestrial planets – Venus and Mars and Halley's comet using automated spacecrafts. Unfortunately, the situation has changed dramatically in subsequent years, especially in the post-reconstruction period, due to the difficult economic situation in the country and the sharp decline in financing the space. The incomplete implementation of the flight program of the two spacecrafts to to Mars satellite Phobos in 1989 has an adverse effect. Nevertheless, through remote measurements using onboard photometers some information about the properties of the surface (regolith) of this celestial body [1, 2] was obtained. The unsuccessful launch of spacecraft "Mars-96" in 1996, which didn't insert into orbit due to failure of upper-stage rocket of launch vehicle had the disastrous consequences on domestic space exploration program. Ambitious plans were not to be materialized including in addition to a satellite of Mars, the delivery of Mars stations and two penetrators, equipped with equipment for direct measurements on the surface and subsurface layer of soil to its surface. As a result, our planetary program was in deep crisis, having lost several years the support from both the Space Council of the Russian Academy of Sciences and the space industry authorities, and from the international scientific community which has lost a lot of money invested in the development of scientific devices in this apparatus.
“Phobos-Grunt” project is aimed to restore the Russian space exploration program with prominent traditions. Works on this project, however, required considerable efforts made initially by a small group of enthusiasts soon after the failure of "Mars-96" against the backdrop of major depression in our scientific (mainly planetary) community. Despite the fact that a section of the Council on the Russian Academy of Sciences of space "Planets and small bodies of the Solar system", noted in its decision dated 20.03.1998 that the exploration of Mars, Phobos and the Moon share a number of scientific and technical issues, and indicated that the delivery of Phobos sample to Earth is an important scientific task, Lunar and Planetary funding program was carried out for years at a minimum level. The lion's share of allocated funds was spent on the preparation of astrophysical projects, "Spectrum", which, however, has not yet been achieved. The history of this complicated period in the Russian space exploration program and the inefficiency of management in selecting target areas of research, thoroughly described in the book of E. M. Galimov [3]. However, due to to the energetic work of the above mentioned group of specialists – representatives of several leading academic and industrial organizations, especially NPO Lavochkin Association, Laboratory at Research Institute of Applied Mechanics and Electrodynamics of Moscow Aviation Institute (RIAME MAI), Keldysh Institute of Applied Mathematics, Central Research Institute of Machine Building (TSNIIMASH), involving Vernadsky Institute of Geochemistry and Analytical Chemistry and IKI RAN has managed to carry out quickly the full stage of research and development works (R&D) to establish the basic apparatus of a new generation – the universal space module intended to solve the wide range of tasks of planetary explorations [4, 5]. It made possible after the completion of R&D in 1999 to begin the stage of conceptual design of “Phobos-Grunt” spacecraft since 2000 and begin design and development works (DDW). Unfortunately, due to chronic under-funding of this project, implementation period twice moved from the originally planned in 2003 to 2005 and then to 2009 and finally to 2011.
“Phobos-Grunt” project is considered ad the first spacecraft based on universal space module for planetary explorations being implemented in the beginning of the second decade of new century. At the same time it provides the necessary foundation for the implementation of a comprehensive plan of deep space research or the next period during sharp reduction in financial expenses. Cheapening of the creation and launch process of spacecrafts on middle class launch vehicles ("Soyuz-Fregat", "Zenith"), along with the latest technology, breakthrough technical solutions, the existing technological and industrial base and, fortunately, still preserved a rich experience in NPO Lavochkin Association and in a number of related organizations provides the necessary basis for a fundamentally new long-term strategy.
Selection of the actual scientific problem of planetary research mission to Phobos and samples delivery from this celestial body is not accidental. A detailed study in terrestrial laboratories of extraterrestrial matter which has "encapsulated" the chemical processes and phase changes over billions of years in its structure, can give answers to fundamental questions about the origin and evolution of celestial bodies and the Solar system as a whole, and thus make a decisive contribution in solution of the key problems of modern science – cosmology, cosmochemistry, astrobiology. It should be noted that the problems of cosmochemistry now on the cutting edge of exploration of planets and small bodies, as the only detailed study of extraterrestrial matter is able to give answers about the genesis of the Solar system and reconstruct the underlying mechanisms of its formation. These problems are directly related to intriguing questions about evolution in space and on celestial bodies, the primary organic matter and the origin of life, in particular, the emergence of the early Earth's biosphere [6, 7].

Phobos samples are of particular interest also due to the unsolved problem of the origin of Mars satellites (Phobos and Deimos): whether they are relict bodies from the accretion stage, or asteroids which were later captured by gravitational field of the planet. The scenario of capture is generally consistent with the concept which states that comets and asteroids are constantly migrating from the periphery of the solar system (Edzhevort-Kuiper belt) in its inner regions – terrestrial planets zone [8]. The most intensive migration occurred in the earliest stages of the solar system evolution, with which is associated, in particular, the delivery of volatiles on the terrestrial planets in the heterogeneous accretion and formation of their atmosphere/hydrosphere [9, 10]. According to these estimates, the amount of water delivered to Earth by comets and asteroids of carbonic class chondrites, could be comparable to the mass of Earth's oceans. Modeling the migration of small bodies is directly related to the analysis of the role of collisional processes and transport of matter in the solar system and estimates of the effectiveness of asteroids transitions into orbits that intersect with the orbits of Earth, Venus, Mars, in particular, the problem of asteroid hazard. In turn, the migration of dust particles could make a significant contribution to the transport of biogenic forms of matter [11]. 

Phobos samples delivered to Earth will become the very first matters which form asteroid-like body. Mars particles separating from it due to impact process are expected to occur partially in regolith layer on Phobos surface. Meteorites Class SNC found on Earth, whose origin is associated with Mars with a high probability indicate this possibility. If similar fragments are found among the samples from Phobos, it will significantly increase the reliability of conclusions about the chronology of evolutionary processes on Mars, and possibly of a joint origin of the planet and its satellites (as in case of giant planets), that is invaluable for comparative planetology. To understand the evolution of matter within the solar system, the primary interest is to obtain measurement data of elemental and mineralogical and isotopic composition, mainly, the oxygen isotope ratios and major sample-forming elements. 

At the same time, long-term studies of physical and chemical properties on the surface of Phobos and its near cosmic environment with a variety of complex scientific instruments are supposed to be performed. They will provide important information on properties of the surface and the nature of this body, its internal structure and its proper motion, the physical conditions of circumplanetary environment in the vicinity of Mars and Phobos (the torus dust particles along the orbit of Phobos, the plasma and its variations, etc.). Data about Mars will be obtained at its most distant observations both in spacecraft-Phobos rendezvous and after launch of return vehicle by means of its module left on Phobos surface, equipped with scientific instruments for direct measurements on the surface of Phobos and remote measurement of characteristics of the environment in the Phobos and Mars system. Note that the natural satellite is a platform for long-term exploration of planet itself for the first time. Scientific problems to be solved by using complex scientific instruments, together with the description of designs, technical characteristics of “Phobos-Grunt” spacecraft and mission scenario intended for almost three years, have been previously described in detail in article [12], and a special issue of "Astronomical Vestnik" is devoted to description of scientific equipment installed on spacecraft [13]. For tasks related to monitoring of radiation and meteoric environment in the vicinity of Phobos, see the above-mentioned article [6], and for questions of selection and certification of spacecraft landing sites of surface of Phobos, see article [14].

The project success depends both on reliability of the spacecraft, which is a complicated complex of advanced computer systems and automatic executive devices with a high degree of autonomy, and on the ballistic and navigational support for the mission in operation system of onboard and ground control complexes. High accuracy and reliability of their work on all phases of flight is required, providing the flexibility to maneuver, the formation of intermediate orbit around Mars and Phobos rendezvous orbits, a soft landing on its surface, taking off from the surface and insertion into circummartian orbit, transfer of return vehicle on Earth trajectory, its atmosphere entry and landing of capsule with the soil in a given area. These problems are described in articles [15] and they are described in detail in present collection. 

As you can see, “Phobos-Grunt” project is at the forefront of most modern science about the Universe and makes a significant contribution to the development of space technology. It is successfully entered the international strategy of studying the solar system and is aimed at providing answers to fundamental questions of scientific importance, allowing at the same time, to avoid duplication with the spaceprojects in other countries, in particular, with an ambitious program of large-scale Martian NASA. Here we occupy our won defined niche. European and American scientists participate in number of scientific experiments. Prospects for wide international collaboration are opened when studying the relict samples delivered from Phobos to the Earth in laboratories around the world, which, undoubtedly, will be able to do so. “Phobos-Grunt” spacecraft has a Mars satellite having weight of 120 kg developed by scientists and engineers of Chinese Republic which will be separated from orbiter soon after its insertion into Martian orbit. It allows the Chinese scientists participate in mars exploration program after beginning of program. The U.S. Planetary Society, in collaboration with Russian and German biologists establishes a special small canister with microorganisms (Experiment LIFE) on return vehicle in order to study after returning to Earth, the impact of the factors of space environment for three-year journey in outer space. 

Advanced Russian space exploration projects based on universal basic module provide flights to comets, asteroids of main belt, asteroids, approaching the Earth (NEO), and in the system of Jupiter (mainly, the most interesting of the Galilean satellites – to Europe and / or Ganymede, presumably with deep ocean water), providing a solution of actual problems of studying the planets and small bodies on the basis of a flexible strategy and broad technical capabilities of multifunction base spacecraft, including its electric small boosters. Naturally, the technical solutions underlying “Phobos-Grunt” project will be subject to certain modifications depending on the specific problems to be solved during implementation of these advanced projects. It should be noted once more that “Phobos-Grunt” spacecraft is the first necessary step in this strategically important area of the solar system space research.
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