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New thematic issue of the “APAAS”, no.2(43), vol.21, 2016, is another special issue devoted 
to the greatest events of the history of Mankind associated with Aviation and Cosmonautics, 
with the beginning of Space exploration Era. 
This Era is associated with distinguishing achievements in space exploration, implemented on 
the basis of fundamental science and thought-out engineering practice: from the first, Soviet, 
Earth satellite (4 October 1957) – to the first Man on space orbit (Yu.A.Gagarin, 12 April 
1961), to the first-- ever  Spacewalk of Man (A.A.Leonov, March 1965),  to the satellite 
constellations and International space stations, to the space flights and lunar landing, to the 
interplanetary missions… 
Great Russian scientist Konstantin Eduardovich Tsiolkovsky was the founder of the Epoch 
of Space exploration, with profound development of all the areas of basic and applied 
astronautics. Scientific theories and approaches that became a basis for the first space 
calculations, theoretical and applied researches, including the problems of dynamics of 
celestial bodies and artificial satellites and engineering problems of space flights, are 

If to be, it is necessary to be the First 
V.P.Chkalov 

“…we value cooperation with Russia… 
since in Russia it is World Sharpest Engineers,…”, 
Josef Byden, Vice President, USA, (2011). 
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associated with the names of outstanding specialists in mechanics and mathematics, with 
Russian scientific and design Schools, which have been recognized all over the world. They 
are the Academicians: Leonard Euler; Alexander Mikhailovich Lyapunov, founder of the 
motion stability theory; Nikolay Guryevich Chetayev, who interpreted A.M.Lyapunov’s 
concepts and theory to the whole scientific and engineering world, who founded Kazan 
Chetayev’s School of stability and Kazan Aviation Institute (A.N.Tupolev KAI-KNRTU); 
Sergey Pavlovich Korolev, Chief Designer of rocketry; Mstislav Vsevolodovich Keldysh, 
scientific supervisor of the USSR Space Program, theorist in astronautics – a brilliant 
specialist in mechanics and mathematics… 
This was an Event of paramount importance for the history of Mankind that logically resulted 
from the efforts of the USSR people, who had managed to join the achievements of basic and 
applied science, engineering, socio-political system. 
Contribution to that notable breakthrough, the projects and creativity of the outstanding 
scientists and designers of that time – M.K.Tikhonravov, V.P.Barmin, M.S.Ryazansky, 
G.Ye.Lozino-Lozinsky, V.P.Glushko, V.N.Chelomey, M.K.Yangel, V.F.Utkin, 
G.N.Babakin,V.P.Makeev, M.P.Simonov,.… 
… – are the subject of special scientific research. 
It was the fundamental higher Engineering Education, powerful scientific Schools, lofty 
ideas, boundless loyalty and inexhaustible enthusiasm that provided the Soviet Union 
with the chance for such a brilliant breakthrough in science, technology and ideology. 
These positive results were provided by professional heroism of the Soviet Representatives of 
science and engineering and by policy of the country’s top Leadership who made the fantasy 
come true and the Soviet Union win the Victory (in the struggle for Peace…) 
The city of Kazan and Kazan Aviation Institute is directly relevant to the development of 
aviation and astronautics; the world-famous names – Nikolay Guryevich Chetayev, Valentin 
Petrovich Glushko, Sergey Pavlovich Korolev, Andrey Nikolaevich Tupolev,..., as well as 
Andrey Vladimirovich Bolgarsky, Yuri Georgievich Odinokov, Vyacheslav Yevgenyevich 
Alemasov, Georgy Sergeevich Zhiritsky (one of the lunar craters was named after him), 
Vladimir Mefodyevich Matrosov (minor planet – Object 17354 – “Matrosov”)… – all of 
them are associated with Kazan and Kazan Aviation Institute (which will celebrate its 85

th
 

Anniversary in 2017 year), alma mater of engineering personnel for aviation and rocket-and-
space engineering.  
It was in 1945 in Kazan where the first in the country department of rocket propulsion 
engineering was founded in Kazan Aviation Institute (Head of department – V.P.Glushko, 
Professor of department – G.C.Zhiritsky, Lecturers – S.P.Korolev, D.D.Sevryk,...). 
Among the famous designers of aviation and rocket-and-space hardware there were also the 
following graduates of KAI: B.I.Gubanov, Chief Designer of Energiya-Buran Space System; 
V.I.Lobachev, Head of Mission Control Center; M.P.Simonov, Chief Designer of Su- 27, 
famous aircraft;… 

Close interdisciplinary link between the fundamental and applied domains of science, 
between its separate disciplines is of vital importance for successful development of the 
whole aviation and rocket-and-space engineering, for space exploration. This was established 
as a basis for the entire scientific, educational, engineering and design work aimed at the 
training of specialists in Kazan on N.G.Chetayev’s initiative and according to the innovative 
ideas of the “Fathers of Russian Aviation” N.E.Zhukovsky, S.A.Chaplygin, aiming at 
extension of traditions of advanced scientific and educational Engineering School 
(P.L.Chebyshev – A.M.Lyapunov– N.G.Chetayev- …). 

The papers published in this special issue describe the developments of the leading specialists in 
aerospace; they contain the historical analysis of the way that led to the positive results of the 
beginning of Space Era. Scientific research, analytical reviews on these events and relevant 
problems, analytical and information articles, polemical ideas and prospects of further 
development of Astronautics in Russia and in the World, scientific meditations about Mankind 
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Evolution, reflections on the meaning of space scientific and engineering heritage for the whole 
world society and results in the sphere of aviation and aerospace systems are presented. 

Our Partners on special issues:  
Cosmonautics Federation of Russia Central Scientific Research Institute for Machine 
Building, Federal Space Agency, K.E.Tsiolkovsky Russian Academy of Cosmonautics, 
Academy of Aviation and Aeronautics Sciences, A.A.Maksimov Scientific and Research 
Institute of Space Systems, N.E.Bauman Moscow State Technical University, Moscow 
Aviation Institute (National Research University), International Academy of Astronautics, 
Institute of Control Sciences of RAS, Concern ”TsNII “Electropribor”, International Centre 
for Numerical Methods in Engineering (CIMNE); International Academy of Astronautics,.. 

Our authors are well-known specialists, researchers, representatives of the Academies of 
Sciences, design bureaus, scientific and research institutes, universities, space agencies, who 
work in the spheres theoretical and applied aviation and astronautics. 
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New astronomic hypothesis in cosmogonies  

of Solar System evolution 

E. Spedicato 

University of Bergamo, Italy 

Dedicated to Immanuel Velikovsky, the first scholar to consider as a real event the 

mythological birth of Athena-Venus from Jupiter’s head; and toRoberto Pinotti, whose 

invitations to San Marino CIRPET meetings led to this work. 

Abstract. The themes of the work is connected with solving problems of modeling in problem of the 

evolution of the Solar system. The new astronomical hypothesis is built within scientific interpretation 

of some history events. It is developing the first works of I. Velikovskiy. These events are reflected in 

cosmogonies theory, based on archeological studies .It is given the survey material on problems and 

methods of modeling in dynamics of the interaction of the large cosmic object with the Earth, 

including multidisciplinary processes of seizure of the body by Earth. It developed the author's points 

in theory of evolutions. 

Key words: antique history, cosmogonies, Solar system, astronomy, civilization 

1. Introduction 

Senmut was a famous minister in the Egyptian XVIII dynasty, at the time of the woman 

pharaoh Hatshepsut, of whom he was probably a lover. His tomb is famous for the drawings 

and hieroglyphic writings on the ceiling that appeared once the plaster covering them was 

removed. Their interpretation has been subject of many discussions. For a detailed description 

of Senmut ceiling [6] (Barbetta (2015)). While reading Barbetta’s book, who presented his 

work at the 2015 San Marino CIRPET conference, this author realized that at least part of the 

ceiling content could be naturally explained within the new astronomic scenario for the 

evolution of the solar system in the last 12.000 years BP, started by Velikovsky (1950), 

developed by Ackerman (1999a,b) [1, 2] and more recently by this author, [21–23] (Spedicato 

(2012, 2013, 2014a)). Such a scenario is here called the VAS scenario. 

In this paper we interpret Senmut tomb ceiling drawings in terms of the most important recent 

event in solar system, namely the impact of a body larger than Earth on that planet about 7000 

B.C. As a corollary we get an explanation for the mythological role of Orion, for the cosmic 

waters, possible origin of ritual number 260 in the Mayan calendar. Also we argue that the 

roots of Egyptian civilization go back to the time of the Atlantis civilization before 9450 B.C. 

as claimed in Plato. Our astronomic key will be applied in further papers to Babylonian, 

Hindu, Avestan and other cosmogonies. 

2. Metis, Moon, Mars, Jupiter et alia, an unexpected story 

We start by a synopsis of what we call here the VAS scenario, developed mainly by 

Ackerman and Spedicato, from a claim by Velikovsky. It provides the key to explain the 

major features of Senmut ceiling. For more see the quoted papers and books. All data in this 

paper are В.C. 

A.  About 9450 the body we call here M passes close to Earth, having entered the inner 

solar system from outside. At the close passage M loses one of its satellites, that is captured 

by Earth, and becomes our Moon. Due to gravitational stress from the passage of M having a 

larger mass, Earth is slightly deformed, being affected by earthquakes and fissuring of the 
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oceanic crust, with magma emission. Tsunamis and strong rains follow, leading inter alia to 

the melting of most ices that covered Earth. Quick end, in perhaps just a few weeks, of the 

last Ice Age, then in a period of great cold, the Younger Dryas, that followed a super 

Tunguska explosion over Great Lakes about 10.500, [28] (Spedicato (2015b)). Many animal 

species disappear, human population is greatly reduced, the then thriving Atlantis civilization 

disappears (small groups survived), [25] (Spedicato (2014c)), the ocean level grows about a 

hundred meters flooding large coastal areas. 

B. M has an orbital period of 20 years, obtained by dividing by 180 the period  of 3600 

years given by Sumerians  to the body called Nibiru,  in encrypted form. A division by 180 is 

needed in many ancient chronologies and even in length measures, [26] (Spedicato (2014d)). 

M appears probably with the name Marduk in in Babylonian mythology, Pachacamac in south 

American, Metis in Greek one. We call it M from the initial letter of Metis. Every 20 years 

Metis approached Earth, an event waited with terror and feasted once it moved away. See the 

walls of ancient Anatolian city of Ҫatal Huyuk, dated from about the Platonic time for 

Atlantis, that were painted white some 120 times, we believe as a celebration of the escaped 

catastrophe. Such paintings were done for some 2400 years, see further a more precise 

estimate. Notice that 20 has special ritual value in for instance Mayan calendar. 20 is the basis 

for computations in hundreds of languages, even now in Basque and several Siberian 

languages, traces in the French language. 

C. After about 120 passages near Earth, M impacts on Jupiter, forming a crater of depth 

possibly 40.000 km, reaching the core of Jupiter. From the crater enormous mass is expelled 

towards much of the solar system. The crater corresponds to the Red Spot, usually considered the 

sign of a giant hurricane, [12] (Ackerman (1999a,b)) for its identification as an impact crater. 

Notice that already Runcorn (1970) [13]  had proposed, with others, a non atmospheric meaning 

of the Red Spot, proposing a crater from a crashing satellite. The region affected by the impact 

extended over hundreds of million square km. Certain signs indicate that the Red Spot might soon 

disappear. 

D. The mass expelled from Jupiter formed several structures: mainly planet Venus, 

Athena in the earlier stage, still now in cooling phase; the asteroid belt with small bodies 

along the original Jovian orbit; the Jovian short term comets, all passing near a point on the 

asteroid belt; even the Jupiter satellites called Galileans. Some mass reached Sun, Earth, 

Moon, Mars and even Saturn. The birth of Venus can be dated, with unexpected accuracy, 

using the Mesoamerican chronology, [28] (Spedicato (2015b)), to year 6910. Hence M 

orbited in the inner solar system, after ceding Moon to Earth, a total of years 2540, a figure 

with possibly an error of only a few years. 

E. Earth had two satellites, when M impacted Jupiter: one, the Moon, had been captured 

in 9450, while Mars, satellite since very long time, possibly formed together with Earth, had 

water in oceans and life, possibly even intelligent life, [12] (Piccaluga (2009)). Moon was hit 

by Jovian mass, leaving its original orbit, closer to Earth, where it loomed in the sky one and 

a half times the width of Sun or Mars. Mars, more heavily hit by Jovian mass, was depressed 

on a hemisphere and got a bulge on the opposite one. Great volcanoes appeared with great 

eruptions, part of the crust fissured forming the Valles Marineris. Mars revolved Earth on an 

orbit more distant than Moon’s, at about one million km, close to Hill’s bound of Earth 

(where Earth and Sun’s attractions are equal). After the push from the Jovian mass, Mars lost 

the gravitational tie with Earth, ceasing to be our satellite. Earth was also hit by several Jovian 

pieces, leading to earthquakes, worldwide tsunamis, rains and vapors reducing visibility of 

sky objects, see the geologist Alexander Tollmann and his paleontologist wife Edith (1993) 

[30]. Even part of the water of Martian oceans might have reached our planet, albeit we think 
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most of it arrived in a later event, the Noachian Flood, that can be dated to possibly one year 

accuracy at 3161. The waters from Mars are the ones called in Genesis as the fountains from 

the high. They arrived in the form of ice at temperature possibly about 200 below zero, 

thereby explaining how mammoth could be found as almost instantly frozen, [8] (Ginenthal 

(1997)) or [11] (Manher (2015)). 

G. The loss of mass reduced the Jovian core mass to a value below that of Saturn’s one 

(estimated at 20 times Earth mass), this being one of the most important recent discoveries by 

space probe. Indeed Venus 5 after thorough analysis of planet Venus explored to some extent 

Jupiter and Saturn, analyzing their mass distribution, with the said unexpected result.  The 

mass loss by Jupiter is naturally explained as the result of a large impact with some object, 

whose mass has been estimated at Beijing University Astrophysics Department to 10 times 

Earth mass. While no date for the impact has been proposed, we claim that it was the one by 

Metis, at 9450 BC. M impacted Jupiter frontally, slowing the giant planet that moved to a 

more distant orbit, because of Kepler law and other effects.  

H. Earth people saw in the sky the spectacular transformation of the small star of Jupiter 

into a large body of egg shape, its volume consisting mostly of extremely hot gas, in ionized 

form, say a plasm. Gas originated not only from the previous Jovian atmosphere, increased by 

part of Jovian crust passing from unstable solid methane hydrate to gas. The expanded Jupiter 

likely appeared in the sky with angular diameter larger than those of Moon or Sun. In the 

resulting plasma giant globe, electrical discharges occurred, interpreted on Earth as the 

lightings of Jupiter, otherwise never explained. Around expanded Jupiter one could see part of 

the mass that did not escape its gravity, forming the four Galilean satellites. The age of these 

satellites is indeed only a few thousand years, [4] (Ackerman, The cosmogony of the solar 

system, Academia.edu, 2015). The sight of the new Galilean satellites around Jupiter might be 

the origin of the Greek myth of Giants battling Jupiter. 

I. Jupiter expanded to a not spherical form, because the plasma in front of the great 

crater, whose diameter was several times Earth’s, was pushed to the exterior by the mass from 

crater. The asymmetric form was well visible from Earth during the rather fast rotation of 

Jupiter, possibly affected by the impact.  

L. The mass expelled from Jupiter moved, due to its fast rotation, not only towards the 

inner part of the solar system, but also towards the external part. It likely reached Saturn orbit. 

Possibly it interacted with Saturn, thus providing an explanation to several features of that 

giant planet. This includes the rings, a result perhaps of fragmentation of the Jovian material 

once it entered Roche limit of Saturn.  

M. Ackerman (2015a) [3] claims that Jupiter at the time of the impact had water for a 

mass about 250 Earth mass; a large part was expelled forming inter alia Galilean satellites and 

Saturn rings. He claims that the isotopic composition of Jovian water is different from 

terrestrial water, with more deuterium. Thus the almost instantaneous compression of Jupiter 

surface from the impact of M could generate nuclear explosions of enormous energy, 

contributing to the fast expansion of the Jovian globe and projection of mass outside Jupiter. 

N. An interesting question is the time required by Jovian mass to reach Earth. The escape 

speed from Jupiter is about 60 km/sec, and we can assume it was the same at the impact time 

(the speed of a gun bullet is about 1 km/sec, fragments of a plastic explosive like the one used 

in the Sinai explosion of a Russian jet in 2015 reach 8 km/sec…). Let us assume for default a 

speed of 100 km/sec. Jupiter being at that time along the present orbit of the asteroid belt, 

some 400 million km from Sun, the impact with M took place with a Jupiter’s distance from 

Earth between 550 and 250 million. With a speed of 100 km/sec, ejected mass would travel 
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some  8 million km per day. Hence Earth would be reached, depending on its relative position 

with respect to Jupiter, after between about one month and 9 weeks. A time sufficient to allow 

the evolution of Jupiter and its interaction with the bodies formed in the aftermath. 

See below the Red Spot 
 

 

3. An astronomic interpretation of Senmut ceiling tomb 

Here we give a new interpretation of some aspects in one half of Senmut ceiling tomb, as a 

corollary of the VAS scenario. Below two images of the ceiling. Fig. 1, elaborated for clarity, 

relates to the main analysis of this paper. Fig. 2 shows the whole ceiling, divided into two 

partially symmetric parts. 
 

 

Fig. 1 
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In Fig. 1 we see 28 of the 36 so called decans, say certain divisions of the sky. They are 

amply discussed in [6] (Barbetta (2015)). There we see stars and hieroglyphic writings, these 

here ignored; at mid left side we see a rectangle R containing hieroglyphs and an enigmatic 

structure defined by 3 concentric contours, called by Egyptians the Nu womb. Left to R we 

notice a rectangle S with 3 larger stars and a person standing on a boat, one of three boats 

appearing in the ceiling. The central figures are surrounded by a  frame of larger stars, that we 

discuss later on. 
 

 

Fig. 2 
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We consider part of Senmut ceiling, noting the following: 

 

A1. stars are 5-pointed. The number 5 may be explained by M being the fifth body from 

Earth in terms of maximum distance, after Moon, Mars, Sun, Jupiter. The orbital period of 20 

for M implies an aphelion between the present one of Jupiter and Saturn. After M disappeared 

in the Jupiter impact, and Mars lost its core becoming Mercury, [2] (Ackerman (1999,b)), an 

event leading to Noachian Flood at 3162, number 5 could be associated also with Mars, fifth 

in the distance after Moon, Sun, Mercury, Venus, Mars. A 6-pointed star is naturally referred 

to Jupiter, king of planets (especially before the impact with M), that became a quiet body, a 

symbol of cosmic peace, when it reached its new and present orbit. A 6-pointed star was taken 

as a symbol by David and Solomon, kings of glory and peace. We do not doubt the existence 

of Solomon, albeit many Bible scholars consider him, often with David and Moses, an 

imaginary figure. 

A2. In Senmut tomb ceiling we count, within the frame and outside R, 127 stars. Between 

the passage of M near Earth, estimated at 9450, from geological arguments inter alia, [25] 

(Spedicato (2014c)), and the impact on Jupiter, estimated at 6910 from Mesoamerican 

chronologies, [28] (Spedicato (2015 b)), we count 2540 years. Dividing this number by 20 we 

obtain the number of revolutions made by M, between the two events, say 127, to be 

associated with closer passages to Earth. This number is near the estimated 120 white 

paintings of the walls of Ҫatal Huyuk. That 127 be the same number for the counted stars in 

Senmut ceilings and the number of revolutions by M might be a chance result, but with a low 

probability; it is more easily explained by people having memorized the number of passages 

and reproduced them in the 127 stars in the ceiling. We note that the 127 stars have different 

sizes, a fact explained possibly because closer passage happened at different distances. Notice 

moreover that if 127 passages were memorized, then a civilization existed to give meanings to 

them and to keep their count. A civilization most probably predating the first passage, hence 

existing at the Atlantis time, if not before. Thus Senmut ceiling leads as a corollary to the 

existence, claimed by Plato, of a civilization around 9500, that was active at least in the last 

part of the Ice Age  

A3. The number of stars in each decan might mean how many times M had its aphelion in 

that decan, a non constant number, since M is not expected to have orbital parameters in 

resonance with the other planets, due to its recent capture in the inner solar system 

A4. The form of R recalling a drop, or a pointed egg, was called by Egyptians as the Womb 

of Ra. It is easily seen as a representation of planet Jupiter, whose atmosphere, added with the 

crust methane hydrates that became gas, appeared in the sky as a very bright object, with 

angular size possibly greater than that of Moon or Mars. Now Jupiter, slowly moving along 

the constellations, making a full orbit in 12 years now (less at the time of M impact), was 

visible for observers, in a given Earth meridian, only for part of the day, because of Earth 

rotation.  In the initial expansion after the impact, Jupiter was seen with increasing size day 

after day, till reaching its maximum visible size. This possibly happened already at the third 

day, therefore explaining the three contours of the Womb of Ra. The decrease of the expanded 

Jupiter, due to cooling by radiation and other effects, took probably many years, while Jupiter 

was moving to its new present orbit. Thus Senmut ceiling memorizes the quick initial events. 

Slow events generally are important for modern scientists, but did not impress ancient people. 

A5. The not spherical form of expanded Jupiter is obvious consequence of the push on the 

external gases by the material expelled from the crater, a phenomenon lasting quite a long 

time, possibly even now marginally present. The expelled material consisted of Jovian mass 

in different phases, solid, liquid, gaseous, plasma, part even from the core whose mass was 
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decreased to present value less than Saturn’s. The action of such expelled material gave 

Jupiter its special shape, also appearing in other cosmogonies, as for instance the Cosmic Egg.  

A6. The 5-pointed star inside the Womb of Ra is interpreted as M inside the body of Jupiter 

after the impact, ancient people being unaware of the physics of such impacts. We recall the 

Greek myth, in Hyginus, that Metis (a wife of Jupiter as Hera, who never gave a child to his 

husband… why…?) entered the body of Jupiter being pregnant of Athena that Jupiter 

expelled from his head. An excellent description of the real event, at the origin of 

Velikovsky’s Worlds in Collision. At the origin of my interest for enigmatic ancient events 

was a synopsis of Worlds in Collision in Reader’s Digest, Italian Selezione, which I read 

being 7 years old, in 1952. Therefore Greek myth recalls very ancient events. Possibly the 

oldest one is the Prometheus myth about a man who taught people how to keep fire, again see 

Hyginus, who dates the event to 3 myriads before his time. We have a better estimate to 

27.000, the time corresponding to the beginning of the first Vedic yuga, [26] (Spedicato 

(2014d)), close to the time when Neanderthal man disappeared, see the studies of the 

anthropologists led by Brunetto Chiarelli of Florence University. 

A7. The three 5-pointed stars around the Womb of Ra are less obvious to interpret. They 

might be three of the four Galilean satellites of Jupiter, formed from mass that did not escape 

but orbited around the great planet, and were initially very luminous. [4] (Ackerman (2015b)) 

for the recent origin of such satellites. Only three of them could be seen at the same time, the 

fourth one hidden by the giant planet. They might also be satellites of M that did not impact 

together with their parent body, but were captured and heated by Jupiter radiation. The motion 

of such bodies around Jupiter appeared as of giants attacking the great planet god, so 

justifying the mysterious story of the Giants war against Jupiter. A similar war of Titans, 

probably related to older events, might be associated to the capture of M in the inner solar 

system by gravitational interaction with Jupiter, some of its satellites being captured by 

Jupiter. 

A8. In Sumerian and Akkadian mythology Marduk fights and defeats Tiamat, that opens 

like a shell and expels its inner organs. That looks like the description of the initial M impact. 

The impact moment is not shown in Senmut ceiling. This can be explained by Jupiter that is 

visible only for part of the day due to Earth rotation, rising in the sky for Egyptian ancestors 

when the impact had already occurred some hours before. Now the original land of the 

Sumerians, called by them Dilmun, and located to the east of their later domain in present 

southern Irak, should be identified north of India, in or close to Tibet, [18, 16] (Spedicato 

(2001a,b)). The Tibetan connection appears intriguingly also in the proper name of the 

Sumerians, say black heads, the same used by Tibetans, say Bopas. Sumerian name Dilmun 

means in zhangzhung language, used in the past throughout much of interior Asia, blue sky, 

very well expressing a main feature of the Tibetan land due to aridity and elevation. Dilmun 

was close to present deserts of Takla Makan and Lob Nor, that till a few thousand years ago 

were partly a huge inner sea of sweet water. This is a recent geological finding, due to 

Turkish geomorphologist Eröl Orghuz, who used satellite photographs.  We identify this huge 

basin of sweet water with the Sumerian Abzu, meaning in Sanskrit Sweet water, with 

secondary meaning abyss, since it lay well below the high mountain ranges surrounding it, 

say Kunlun, Tienshan, Altai… Now there is evidence, see for instance [5, 29] (Bacchi (2015) 

or Temple (2010)), that Egyptian civilization goes back thousands of years before the 

historical dynasties, whose first king was Menes, dated at around 2800, an uncertain date. The 

Egyptian civilization seems to originate from outside the Nile basin, possibly from north-west 

Africa, the present Morocco. Between Morocco and NW Tibet there are a hundred degrees of 

longitude difference, say some seven hours difference. Sumerians in their original land might 
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have seen the impact itself, while the ancestors of the Egyptian civilization would have seen 

Jupiter as it appeared several hours after the impact, when it had already developed the form 

called Womb of Ra.  

The M impact and its aftermath most probably appears in the cosmogony of other people. We 

quote the Indus-Sarasvati civilization, whose beginning is now set at about 7000, from 

evidence at the archaeological site of Mehrgar [10] (Kak (1994)). In the quoted works of 

Ackerman much use is made of the Vedic texts, wherefrom he derives the evolution of 

Athena, then planet Venus, whose circular orbit was finally obtained at about the time Rome 

was founded. 

A9. Jesus can be considered in a sense as a witness of the M impact on Jupiter. First notice 

his declaration that before Abraham was, I exist. Abraham birth date is 2094, from 

chronology of Septuaginta and our dating Noah’s Flood at 3161. Thus Jesus claims to know 

very old events, albeit he also declares his ignorance of the future, known only to his Father. 

His claim in Luke 10-18 I have seen Satan fall from the sky like a lightings, can be interpreted 

as a description of Athena-Satan-Lucifer expelled from Jupiter, under electrical discharges. 

Satan and Lucifer were related in biblical and extrabiblical traditions. Lucifer was associated 

to the Morning Star, say to Venus appearing in the morning before sunrise. Venus in the sky 

after sunset was considered as a different star or god, Hesperus. The discovery of the identity 

of Lucifer and Hesperus is attributed to Pythagoras, who probably got it by scholars he met in 

his travels to Egypt, Mesopotamia, India… many scholars are silent on the origin of claims 

presented as their own. Just consider Copernicus, who deleted references to Aristarchus, or 

Einstein, whose famous formula was derived and published before him by Olinto DePretto, a 

friend of Einstein’s father… 

A10. When M impacted Jupiter, the giant planet was seen from Earth in a position in the 

sky near or above Orion constellation, thus explaining the Orion importance within Egyptian, 

and other peoples, cosmogonies. If name Orion has Sanskrit origin, its meaning is water, Ur 

being a special Sanskrit name for water (that has other names, e.g. pani, the name still now 

used in Hindi, Bengali, Sinti… and given to the ancient India navigators). Notice that Ur 

appears among ancient cities in the Sumerian Ur, or the Kashmiri Uri (in a forthcoming paper 

we claim that Abraham originated from that city, validating a forgotten statement by 

Clearchus of Soli). Thus it is natural to see Orion constellation associated to water, because 

waters affected Earth by tsunamis and great rains, after Jovian mass hit continents and mainly 

ocean. So not cosmic water in the sense of water in deep space. Some of the water that 

affected our planet in the aftermath of M impact may have arrived from Martian ocean, since 

Mars as an Earth satellite was greatly affected by the event. 

A11. Association of Jupiter with Orion may be confirmed by rectangle R, where three great 

stars appear aligned as the three stars, Al Nitak, Al Nilam, Al Mintaka, of Orion constellation 

belt. The three names might refer to the three great rivers Tanai (now Don, once possibly 

united with Volga), Nile and Mintaka-Tarim. These rivers may define the region controlled 

by Noah’s three sons Sem, Japhet and Cam. The persons standing on boats recall that vast 

continental areas were flooded by the tsunami following the oceanic impacts. Perhaps the 

reference is to the flooding of coastal areas of north-west Africa (Morocco, Mauritania… up 

to the Atlas range). They became lagoons for many  centuries, leaving many now dry lake 

bottoms covered by salt. Also lake Tchad probably received water, increasing its surface. 

There possibly the special technology for reed boats was developed, later used by Thor 

Heyerdhal in his famous explorations. 

A12. After developing the above arguments, I read the Proceedings of Velikovsky 

Centennial Celebration, 1895-1995, New York, 1995, organized by Charles Ginenthal, a book 
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I had left unread for fifteen years. I found a paper by Renate Schukies, an anthropologist of the 

Great Plains Indian tribes, especially the Cheyenne. She found among those Indians the belief 

that planet Venus originated from Orion. A belief explained by VAS scenario since the impact 

of M occurred, with birth of Athena-Venus, when Jupiter was seen in front of Orion 

constellation. I found soon Renate’s phone number and talked with her now living in Hamburg. 

A13. The Turkish (not Islamic) symbol of a lunar crescent with a 5-pointed star between its 

horns can be explained within VAS scenario, noting that when Moon appeared first in the 

sky, about 9450, after dissolution of the clouds originated by the great rains, other celestial 

bodies became visible again. If M was then not too far and was still well visible, while 

moving away from Earth, then possibly it appeared in the sky between the lunar horns. After 

6910, when M no more existed, that event might have repeated with Mars instead of M, 

before it ceased to be Earth satellite, at the time of Noachian Flood, 3161 

A14. The part of Senmut ceiling that we have considered, is surrounded by a frame of larger 

5-pointed stars, numbering, if our counting is correct, 260. 260 is the number of days in the 

sacred year of the Mayas, [7, 28] (Barbiero (2015) and Spedicato (2015b)). Thus, unless we 

are facing another unlikely coincidence, a relation is suggested between the Mayan and 

Egyptian civilizations, dating to very old times. Note first that 260 is the product of 20, here 

seen as the period of M, and 13, a cabala type relation. Now 13 is inter alia a sacred number 

to the Aztecs, [28] (Spedicato (2015b)), and to other people. It was quite probably the number 

of months in a year before the Noachian Flood. This statement comes from anthropologist 

Giuseppe Brunod, who analyzed Val Camonica petroglyphs. There a transition is shown of 

the number of months from 13 to 12 near the end of fourth millennium BC. The real reason 

why 260 was important for Mayas is unknown in the academic world. A weak proposal sees a 

relation with the number of days for human pregnancy, estimated at 266 for the present year 

of 365.25 days, or 262 for a year of 360 days, as arguments indicate it was the case before 

Noachian Flood. See later for another possibility within the VAS scenario. 

A15. Almost unknown is that 260 appears in Cambodia, not far from Angkor, in the temple 

of Ta Prohm, whose walls measure about 1000 by 600 meters. The sum of these numbers is 

close to a multiple of the golden section ratio, say 1.618… a relation that if not by chance 

would give the first case where the golden section is noted in eastern Asian archaeology, as 

commented astronomer Adriano Gaspani.  In that temple there are 260 statues of gods set 

around the statues of some gurus. The temple was built in 1186 AD, from a local inscription, 

thus shortly after that 1178 AD when the Giordano Bruno crater was formed near north lunar 

pole by an asteroid impact. The lunar impact was probably followed by some pieces of the 

asteroid hitting the Pacific Ocean. Those impacts of moderate energy led to several events, 

inter alia migration of Aztecs from Mexican coast to inner Mexican highland, the demise of 

the coastal Peruvian states substituted by the Incas empire,the burning of forests in New 

Zealand with the large Moa bird disappearing… see Spedicato (1988). It is expected that 

important tsunamis affected the southern part of Cambodia, that is low lying, and where the 

initial Cambodian Fusan civilization started. The catastrophic event might be at the origin of 

the construction of the Ta Prohm temple. If the number 260 of statues has an astronomic 

derivation, then we may conjecture that an object with orbital period 260 might have existed, 

coming very close to Earth every 260 days, looming quite large in the sky, thus justifying the 

size of the stars that in the frame are bigger than those inside. The body might be related to 

the 1178 lunar impact, after some orbital perturbation. Venus present period being 225, Earth 

365, the body would have orbited between Venus and Earth orbits. Its origin might have been 

as another M satellite, lost to M but not captured by Earth. Thus the origin of 260 would be 

not in a numerical symbolism, but in real events, either astronomic or from human biology. 
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4. For epilogue 

Our considerations open several themes to research, where the VAS scenario provides a key 

to interpret historical or prehistorical events not in the rather usual symbolic or exoteric 

nature, but referring to real, albeit, unusual events. An approach for which science is indebted 

to Velikovsky. Such themes include: 

- analysis of the Tiamat myth, and generally of the Sumerian Theogony  

- Egyptian god Ra to be identified not with Sun but with Jupiter, also from features in Sun 

identification in the petroglyphs of Val Camonica or Monte Bego that cannot be applied to 

Sun. 

- intelligent beings reaching Earth during, say, last Ice Age, to be present at the two most 

important and unusual events in recent solar system history. These are the impact of M on 

Jupiter in 6910 and the Noachian Flood in 3161, when Mars passed close to Earth and lost its 

core from the Valles Marineris, as proposed by Ackerman and further developed by 

Spedicato, quoted papers. 

- contacts between civilizations in North West Africa considered by Bacchi and Temple as the 

origin of the Egyptian civilization, and at least a Mesoamerican civilization, that produced 

extremely accurate calendars. Contacts probably existed already at the time of the Platonic 

civilization of Atlantis, located in the island of Kiskeya-Hispaniola [25] (Spedicato (2014 c)), 

and whose developments started before the fatal year 9450… 

Note 1. On Nibiru and Sitchin 

Zecharia Sitchin is an author of several books, sold in million copies, where he assumes the 

arrival on our planet of intelligent people from a planet named Nibiru in Sumerian sources, 

orbiting our Sun with a period of 3600 years. In VAS scenario, the period is 20 years and we 

do not assume or need that intelligent beings lived in Nibiru. Note that Sitchin got his main 

ideas from the little known mathematician Matest Agrest, born like him in Baku. I met Sitchin 

in New York. He told me that he never read books by other authors, to avoid doubts about his 

own theories. 

There have been critical remarks about Sitchin knowledge of ancient Semitic languages and 

doubts that a planet Nibiru exists in Sumerian literature. Some followers of Sitchin have 

associated Nibiru to a hypothesized planet X or star Nemesis, as a companion of Sun, 

claiming that Nibiru will return; such a return is of course impossible within VAS scenario.  

Analysis of Sitchin statements is due to Bible scholar Michael Heiser, who certifies existence 

of Nibiru from evidence in Chicago Assyrian Dictionary, where the other name Neberu is 

preferred (vowels are usually not known in many ancient consonant only scriptures). Here 

Nibiru appears with the main meaning of passage, a meaning well justified in VAS scenario, 

but mysterious for Sumerologists. Nibiru is also associated to a sky divine body, being 

preceded by words mul = star, or D = dingir = god.  The role of Nibiru is enigma for 

academic scholars of Sumerian astronomy, who ignore the VAS scenario. Nibiru is also 

quoted in a 1961 paper of Benno Landsberger, by many considered as the greatest 

assyrologist of last century, died in 1968. 

Sitchin (1976) associates his Nibiru’s period of 3600 years to one sar-shar, o saros, o sare, a 

unit used by Babylonians, as claimed by Syncellus, Abydenus, Berosus, Alexander 

Polyhistor. A short saros of 20 years is discussed in Spedicato (2004), related to the short 

saros of 18 years of Chaldeans, see Lorenzo Hervas y Panduro (1781), a now forgotten 

astronomer, abbot and member of Cortona Etruscan Academy, known inter alia for a 1794 

book on the discovery of Uranus in 1781. We like to recall that Euler calculated in mind 
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Uranus orbital parameters. After getting the result, he drank a cup of tea, caressed his young 

nephew and passed away. 

Sitchin considers Nibiru as the twelfth planet of Sumerians, a statement we do not comment. 

3600 also defines the Great Year in Pythagoras and Plato, being the period at whose end 

planets and stars take again their initial configuration. The square of 3600 appears in Plato 

Politicus, with a complex meaning. 

Note 2. 127 in Tibet? 

Tibetan calendar uses cycles of 60 years, as in other calendars, each year being defined by a 

unique combination of one from 12 animals and one from 5 elements. Such a calendar had no 

beginning year, contrary to Christian or Islamic calendars. Before the Chinese took full 

control of Tibet, around 1950 AD, some scholarly lamas were given the task to establish the 

beginning year.This was taken as 127 В.C., when the great king Nyatri Tsenpo supposedly 

acceded to the throne. The king followed the pre-Buddhist religion called Bön, existing also 

in Kashmir, substituted by Buddhism after the sixth century A.D. Nyatri Tsenpo built the first 

masonry building in Tibet, near river Yarlung, Brahmaputra in Sanskrit, that still exists (of the 

about 10.000 monasteries in Tibet before Cultural Revolution, only 11 were left intact…). 

Nyatri Tsenpo also established the Losar, or Tibetan New Year festival, lasting now 15 days, 

and corresponding to the day he ascended to the throne. 

The agreement of year 127 В.C. for the beginning of the Tibetan calendar with the number of 

127 stars in Senmut ceiling should be purely casual. However it seems that Nyatri Tsenpo 

actually came to the throne in 414 А.D. Therefore one wonders if that date was changed by 

the lamas in order to associate it with another number of secret meaning… 
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Jupiter — Solid or Gaseous?  
(Ask “Juno”) 

J. Ackerman 

Angiras Institute 

20 Beaver Run Rd., Ottsville, PA, USA 

Abstract. The research is discussing new theories, related to Solar system evolution. It is proposed new 

author’s hypothesises, based on analysis of samples, delivered in last time. This paper was written as 

paper in anticipation of the arrival of the NASA Juno probe at Jupiter. In it we suggest that the probe 

will return unexpected data that NASA will have difficulty explaining, the details of which we specify 

in the paper. This paper (link below) suggests Jupiter is quite different than has been assumed for the 

last one hundred years. 

Key words: Jupiter, Venus , Galilean moons , Juno Radio Science (gravity) 

Introduction 

The subject of many researches is complex problems Solar System dynamics [1–17]. This 

paper proposes that Jupiter and Saturn are solid, frozen, Methane Gas Hydrate (MGH) planets 

which do not reflect the solar composition. The only hydrogen and helium present in their 

atmospheres today is that which is has been continually released from their MGH surfaces in 

the last 6,000 years. The MGH formed as the pressure within the cold accreting planets 

increased in the presence of ample methane (Figure 1)
*)

. Laboratory analyses reveal that a 

dozen or more water molecules form rigid cage-like Type I structures. Each cage typically 

encapsulates a methane molecule, but can contain other foreign molecules or atoms. Type II 

cages are larger and can contain larger atoms or compounds, including Ar, Kr and Xe. The 

two types are usually intermixed. The nominal laboratory composition of MGH is 

(CH4)8(H2O)46, with an average density of 0.9 g/cm
3
, usually with 

13
C slightly enhanced. 

Tests have shown that MGH is two orders of magnitude stronger than water ice at 208 K, and 

the difference increases with decreasing temperature. This strength is further enhanced in 

highly deuterated MGH. 

Giant Planet Formation 

Infrared studies of proto-stars and Large Dark Nebulae (LDN 1689N)
,
 noted a 10

10
 

enhancement of deuterium fractionation in NH3 molecules in their outer reaches, suggesting 

that: (a.) the proto-Sun formed from clouds enhanced in deuterium; (b.) as it contracted and 

spun-up it acted as a centrifuge, preferentially ejecting heavy elements, including deuterium, 

into the planetary disk; c.) heavily deuterated ices of volatile molecules (H2O, NH3, CO2 and 

CH4) formed on small dust grains or nanoparticles at the ‘snow line’, the orbit of Jupiter, and 

accretion began at the smallest scale by the adhesion of snowflakes, further enhancing 

deuterium fractionation; (d.) by this symbiotic process, Jupiter accreted essentially all of the 

heavy elements in the nascent solar system within its heavily deuterated Methane Gas 

Hydrate structure, resulting in its average density of 1.33, versus Saturn’s density 0.7, closer 

to pure MGH. 

Due to their large orbital radii and periods, the giant planets formed slowly, therefore cold, 

over long time spans, perhaps 50 to 400 million years.  An abundance of methane and the 

                                                 
*)

 All figures are on pp. 38–40. 
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increasing internal pressure during accretion resulted in the ideal conditions under which 

MGH formed. With the exception of a relatively small core, the full spectrum of heavy 

elements, in nucleogenesis proportions, became evenly distributed throughout the bulk of 

Jupiter. Cold hydration made possible the incorporation of the noble gases argon, krypton, 

and xenon which have been detected by the Galileo atmospheric probe. 

The most abundant volatile molecules (H2O, NH3, CO2 and CH4) not accreted in Jupiter, 

continued outward and formed Saturn and the other giants. Hydrogen and helium not captured in 

hydrates escaped from the solar system in a few million years, as observed in very young systems. 

Giant Elemental Abundances 

The MGH hypothesis suggests that Jupiter and Saturn together comprise >275 Earth-masses 

of water. Therefore, all the satellites and rings around the giant planets are due to impacts 

which ejected material, primarily water, into the surrounding space. 

In contrast, the ‘gas giant’ hypothesis suggests Jupiter and Saturn are 90 % H and 10 % He, 

precluding significant water (oxygen) in 93% of the solar system mass, at the same time 

failing to explain the origin of the icy satellites and rings and the enhanced oxygen, carbon, 

sulfur and nitrogen detected by the Galileo atmospheric probe. 

The Impact 

Prior to 6,000 years BP, Jupiter was a beautiful blue giant, similar to Uranus and Neptune. 

Ancient texts reveal that at that date, a body impacted Jupiter, triggering events which are still 

producing the complex features observed today. The initial energy of the impact was 

described in the earliest Greek texts as Zeus having such a headache that he had Hephaestus 

split open his head, resulting in the birth of Pallas Athene and that the entire Earth ‘cried out’, 

suggesting an incredible impulse of gravitational radiation, since no sound could have 

propagated through 600 million km of empty space. As a result, every creature on the Earth 

witnessed the explosion. 

The impact instantaneously compressed and raised the temperature of the highly deuterated, 

closely packed MGH (or MGD) in the impact basin above 100 million K, triggering an 

inconceivably energetic nuclear fusion explosion which expanded Jupiter’s atmosphere 

tenfold. The primary blast ejected the mass which formed proto-Venus, which will become a 

complete terrestrial planet once it cools and the lighter elements already ejected can settle on 

its surface. The mass not imparted escape velocity formed the proto-Galilean moons, which 

quickly entered their current resonant orbits.  

The Jupiter Plume 

The impact initiated an enormous steady-state fusion reaction on the surface of Jupiter, 

resulting in a wide plume of flaming radioactive plasma that shot into space two million km 

from the impact site at 22
o
 South latitude. This was so bright and extensive that it was 

observed by every person on Earth at the date as shown in Figure 2. It was imagined to be 

Zeus’ aegis, a divine shield, because it moved back and forth as in conflict, due to Jupiter’s 

rapid spin. Aegis, literally means a ‘violent windstorm’, indicating that the ancient peoples 

understood the true nature of the plasma plume. 

In Roman myth, Jupiter was said to have drawn around himself a ‘veil of clouds’ to hide his 

mischief, but Juno, his wife, was able to look into the clouds and reveal his true nature. This 

obviously referred to the plume which was visible to the naked eye on Earth for thousands of 

years, not as imagined by the Juno mission designers, the few clouds currently present in 

Jupiter’s atmosphere. 
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The Rig Veda describes the impact on Dyaus-pitar, the heaven father, as caused by his 

invisible ‘Maya’, out of which Aditi (the first), the blazing proto-Venus, was born. The fiery 

plume “left behind” was described as an elephant, Marttanda – a description of the 

enormously expanded Jupiter and the plume, seen as its head, with the tip of the plume 

representing the elephant’s trunk. This interpretation is corroborated by a statement that the 

elephant would keep “disappearing and reappearing”, suggesting the appearance of the 

elephant’s “trunk” was due to the rotation of Jupiter every eight or nine hours, as in the case 

of the Zeus’ shield. 

Much more recent historical corroboration of the Jupiter plume appears in a drawing of the 

shapes of the planets in a 9
th

 century Arabic epistle from Baghdad (Figure 3). The upper left 

drawing is annotated “one with a forelock”, “long bearded”, “with the temperament of 

Jupiter”, which shows the extent of the plume at that date to be ~ 4 times the radius of Jupiter.  

The fact that the Jupiter disk was discernable implies that its atmosphere was still greatly 

expanded, even at that late date, emphasizing the slow multi-millennial decline of the plume. 

For almost six thousand years, the plume hurled an immeasurable mass of ejecta into the inner 

and outer solar system over a wide range of inclined orbits. The ejected gas condensed and 

froze as it expanded in the weightless environment, forming innumerable dark, porous, low 

density bodies incorporating the full nucleogenesis spectrum of elements, which “splatted” at 

low velocities forming asteroids resembling “comet” 67P C-G. 

The orbits of these bodies were determined by the vector sum of the plume ejection velocity 

at 22
o
 S latitude, the spin and orbital velocity of Jupiter, the sum of which was 30 km/s as 

compared to the present escape velocity of 11 km/s. During these 79.9-hour rotations over 

5,000 years, millions of these asteroids with Jupiter’s elemental makeup were dispersed into 

all parts of the solar system, including the Kuiper Belt, Oort cloud and the inner solar system. 

Impacts of these bodies from Jupiter are the most likely explanation of the many different 

features imaged on Pluto by New Horizon. Recent impacts of many asteroids from Jupiter on 

Saturn, which also comprises Methane Gas Hydrate, suggest an origin of its satellites and 

short-lived rings. ‘Spokes’ photographed on Saturn’s rings by Voyager and Cassini show the 

effect of dispersed masses of ejecta from recent impacts (Figure 4). 

The Galilean Moons 

The fusion plume initially (6000 BP) extended as far as Callisto’s orbit (Figure 5). It 

originated at 22
o
 South Latitude, but due to its great width and the rapid spin of the planet, it 

still enveloped each of the three inner moons with every rotation of Jupiter for thousands of 

years. As the flaming plume gradually declined, it first failed to envelope Callisto, but the 

solidified bodies condensed from the plume still pummeled the outer moon for thousands of 

years, leaving an icy surface full of impact craters. A dozen crater chains, or catenae, with 

raised rims, have been identified on Callisto, not associated with any major impact crater.  

Several millennia later (3000 BP) the plume failed to reach Ganymede, but had spent that 

additional time enveloping, coating and heating it, so a larger core of heavy elements 

accumulated before the water, and later icy bodies, could condense on its surface. Although a 

thin icy layer finally accumulated on Ganymede, the temperature was still so high that the 

craters, including catenae due to later impacting bodies, slumped, many forming palimpsests - 

round, completely flat circles. Bands of molecular oxygen have been detected imbedded in 

the trailing hemisphere which was most impacted by the plume from Jupiter’s rapid rotation. 

Having been heated for another thousand years after Ganymede, Europa was too hot for 

water, the dominant molecule in the plume, to condense on its surface for an additional 

thousand years. When it finally cooled sufficiently, all the water in its orbit settled, about 
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1000 BP, forming an ocean 100 km deep, but the heavy element core is still hot, keeping the 

ocean liquid. Since then, a thin icy crust has formed, with ‘chaotic’ regions implying a 

number of additional impacts since the ice began to form. Sulfuric acid from the same bodies 

has been detected on its surface. 

Based on the drawing in Figure 3, Io was still being swept by the plume in 800 AD, fitting the 

suggested time scale of its decline. The surface is rocky, volcanic and sulfurous 

demonstrating the intense radiation and mass of heavy elements accumulated in the last 6,000 

years from the Jupiter plume. Due to the rapid rotation of Jupiter, the blasts of the plume 

concentrated more heat on the trailing hemispheres of the Galilean moons, evident in the 

concentration of volcanoes on Io, the locations of which are acknowledged to be inconsistent 

with the tidal tug-of-war hypothesis. Professor William Hubbard dismisses the tidal tug-of-

war hypothesis (Planetary Interiors, p. 306), stating: “In order to explain Io’s observed heat 

flux by this (the currently accepted) tidal dissipation mechanism, we must assume that Io’s Q 

is of the order of unity!” - a meaningless value. As stated above, the Galilean moons were 

born out of Jupiter ~ 6,000 years BP and their apparent differences, shown in Figure 6, are 

due to the different exposure times of each moon to the plasma fusion plume from the impact 

site on Jupiter. 

With the exception of the very hot Io, the satellites and rings surrounding all of the giant 

planets reflect the composition of their primaries, ejected by impacts on their MGH surfaces, 

which comprise primarily water. Since Jupiter captured essentially all the heavy elements in 

the nascent solar system, its ejecta include all of the heavy elements, including iron, in their 

nucleogenesis proportions. This results in some weak magnetic field properties not expected 

in apparently icy bodies.  

The best known bodies formed from the jet as it diminished are the main belt asteroids, 

evidenced by their enormous numbers > 10
6
, orbital ‘families’ and inclinations consistent 

with the 22
o
 S latitude of the plume site. The same range of inclinations apply to the Kuiper 

belt and Oort cloud bodies. Their formation from hot gases in a weightless environment 

dictated porous, low density bodies, often interpreted as ‘rubble piles’. These properties have 

been noted on several close passes of probes to large main belt asteroids. 

Jupiter’s Temperature Excess 

The temperature excess of Jupiter’s atmosphere is due to the fusion reaction continuing in the 

impact crater. Although steadily declining for 6,000 years, this blazing furnace is still 

producing as much energy as the enormous Jupiter receives from the Sun, manifested both as 

heat and the driving of the pole-to-pole circulation of its atmosphere. The latter results in a 

relatively constant atmospheric temperature distribution from the equator to the poles, leading 

to the unfortunate assumption that the entire planet is hot and therefore gaseous. 

The Multiple Zonal Vortices 

Today, a powerful vortex of hot gases, over a 10
6
 K, rises rapidly from the fusion furnace in 

the impact basin, less than 1,000 km below the cloud tops. It is deflected westward beneath 

the visible cloud layer some 116,000 km by the rapid rotation (41,626 km/h) of Jupiter where 

it reaches the cloud-tops as the Great Red Spot (GRS). Its counterclockwise rotation is due to 

the Coriolis effect. The powerful rotation of the GRS produces the highest easterly wind 

(150 m/s) in the south equatorial band to its north and the westerly wind of the south tropical 

belt to its south (Figures 7 & 8)The vortex influences the deeper atmosphere in another 

significant way. Its horizontally extended vortex component induces secondary vortices of 
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opposite chirality to its north and south, constrained beneath by the solid surface of the planet. 

The combination of this horizontal vortex and the velocity induced by the spinning GRS at 

the surface is the means by which the singular nuclear furnace drives the entire circulation 

system. An animated video of this motion is available at the following site: 

https://upload.wikimedia.org/wikipedia/commons/7/76/PIA02863_-_Jupiter_surface_motion_

animation.gif.  

At the equator, the vortex effect disappears as the Coriolis effect becomes vertical and 

combines with the centrifugal force of the rapidly rotating planet, inducing a vertical motion 

of the atmosphere flowing from west to east resulting in a slight dip in the wind speed exactly 

at the equator (Figure 8). The reversal of the Coriolis effect at the equator interrupts the 

propagation of the vortex motion through the equatorial zone, as shown in Figure 7, 

disrupting the circulation pattern, causing the turbulence visible in the north equatorial belt. 

This causes large swirls and the gaps in the clouds, revealing the high temperature radiation 

from deeper in the atmosphere. Further north, a mirror image of the southern winds and 

vortices is reestablished, conserving energy and angular momentum. 

To generalize, the broad ‘zones’ are the ‘tops’ of vortices and the narrower ‘belts’ are their 

plunging/rising edges. The spawning of these multiple vortices to all latitudes is the direct 

result of the presence of a hard boundary, the surface of the solid Methane Gas Hydrate 

Jupiter, less than 1000 km below the cloud-tops. The motion of the vortices explains why the 

winds measured by the Galileo probe are strong all the way down to the surface, well below 

the cloud-tops. 

Great Red Spot 

The primary vortex rising from the incredibly hot fusion site produces the Great Red Spot 

extending some 30 km above the cloud tops. Early Galileo photographs of the GRS showed 

that it is elliptical and tilted, with the eastern edge rising higher than the western edge. The 

Galileo infrared imaging spectrometer (NIMS) indicated that top of the GRS is at 0.24 bar and 

the ‘base’ is very shallow, at 0.7 bar, actually above NASAs arbitrary 1 bar reference level. 

This apparent shallowness of the GRS has been interpreted as a corroboration of the currently 

accepted hypothesis that it is a passive anticyclonic whirlpool or ‘soliton’ driven by the 

opposite winds to its north and south. However, the Galileo view, shown in Figure 9, failed to 

reveal the extreme horizontal orientation of the vortex leading to the Great Red Spot due to 

the rapid rotation of Jupiter. 

As the hot gases rise from the fusion source and expand, the reduction in pressure within the 

plume causes considerable water to condense and fall as snow or ice. This accounts for the 

increase in water vapor detected by the Galileo probe as it descended to 22 bar - only 156 km 

below the 1 bar reference ‘surface’, where it ceased to function. The water vapor prevented a 

measurement of oxygen at this depth and led to the mysteriously low measurement of H2O. 

Jupiter Radiation Exiting the GRS 

The Great Red Spot is not the passive ‘whirlpool’ currently imagined. In addition to driving 

the wind circulation of the entire atmosphere, it is the source of all the invisible high energy 

particulate radiation which encompasses Jupiter, and during the last 6,000 years, the entire 

Jovian system. As the fusion conflagration has subsided and the temperature in the fusion 

furnace has decreased, the reaction in the heavily deuterated, closely packed MGH (or MGD) 

has declined to D + p  3He
+
 + γ. The energy of this remaining reaction, is too low to 

destroy the 
3
He

+
 ions, which are quasi-stable, with half lives of 400 years. Based on the 



J. Ackerman 

 

 32 

estimate that the internal heat is equal to the solar energy incident on Jupiter, the reaction is 

currently producing 
3
He

+
 ions at a rate of 10

30
 per second, most of which are exiting Jupiter 

through the Great Red Spot, producing an extremely dangerous radiation environment, 

especially to the immediate west of the GRS. The gamma radiation from the fusion source is 

not constrained within the vortex and might be helpful in locating the fusion source. 

This ‘terrible storm’ (aegis) of helium ions was detected at a rate as high as 2,000/s, by 

Galileo and Cassini, simultaneously on one occasion, at distances greater than 11 Jupiter radii 

coming from the direction of Jupiter with velocities of 200 km/s and with the rotational period 

of Jupiter. This was not a stream, accidentally encountered by both of these probes as currently 

imagined. Considering the minuscule solid angle subtended by the spacecraft sensors, millions 

of km from Jupiter, the measured radiation was only an infinitesimal sample of a huge invisible 

blizzard of 
3
He

+
 ions being continuously emitted from the GRS as Jupiter rotates. The Galileo 

NIMS data and images did suggest that the inner part of the Great Red Spot “probably 

represents gas moving upward rapidly», but the sheer magnitude of this invisible
 3

He
+
 blizzard 

has never been imagined. The red color of the GRS is due to carbon and sulfur, two of the 

heavy elements positively identified by the Galileo atmospheric probe, which combine as CS in 

the deep, hot vortex and form tiny red crystals at 200 C as it rises and expands.  

Since the ‘gas giant’ hypothesis would engender no high speed particulate radiation from 

Jupiter, an elaborate model has been devised suggesting that particles from volcanoes on Io 

are consistently being accelerated by Jupiter’s rotating magnetic field to 200 km/s. Obviously 

Occam’s Razor favors a source in Jupiter itself. The high velocities of the particles are 

produced by the fusion reaction itself and the 
3
He

+ 
ions travel through the curved vortex and 

exit into space through the Great Red Spot. This is not surprising in light of the magnitude 

and recentness of the plume which originated from the same fusion source in the MGH 

hypothesis. 

The Galileo orbiter instruments and computer memory were repeatedly knocked out by 

unidentified “particulate radiation». When it approached for its 11 Rj (radius of Jupiter) 

perijove pass to get high resolution images of the center of the GRS, the software stopped 

running and the mechanical filter wheel jammed. This was the result of the high speed 
3
He

+
 

reaction products from the Great Red Spot causing faults in the software, even at this great 

distance from Jupiter.  

Galileo Probe Data 

Consistent with this interpretation, the Galileo atmospheric probe reported a new, intense 

radiation belt, 10 times as strong as Earth's Van Allen belts, between Jupiter's ring and the 

uppermost atmospheric layers, reported as “high energy helium ions (
3
He

+
) of unknown 

origin». This radiation belt is not aligned with the equator, but inclined at an estimated 10 

degrees due to the emission of the 
3
He

+
 ions from the GRS, which is located well below the 

equator combined with the rapid rotation of Jupiter. The fusion reaction continually releases 

methane, hydrogen, oxygen, nitrogen and the entire nucleogenesis spectrum of heavy 

elements incorporated in the solid Methane Gas Hydrate. The elevated fractionation of 

deuterium which comprises the solid Jupiter is not reflected in the atmosphere since it is 

consumed in the fusion reaction. The continuing supply of methane in all the giant planet 

atmospheres is from impacts on their MGH surfaces. 

Because of their uniform distribution throughout Jupiter’s MGH, the heavy elements are 

continually being released in the high temperature environment immediately above the fusion 

reaction where they form oxide, sulfide and hydroxide micro-grains. They are carried above 

the cloud-tops by the primary vortex and sprayed into the upper atmosphere by the spinning 
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Great Red Spot producing the unidentified colors of the clouds which surround the planet, 

currently believed to be some form of ammonia. This warm heavy element layer was sensed 

by the Galileo atmospheric probe when it reported a denser and warmer atmosphere than 

‘expected’ above the cloud tops and by the deceleration of the Galileo orbiter in its final 

plunge into Jupiter. The MGH hypothesis suggests this heavy element layer also acts as a heat 

blanket, further disguising the localized fusion source origin of Jupiter’s temperature excess. 

Proto-Solar D/H and 
3
He

+
/ 

4
He  

Considerable analysis has been performed on the deuterium to hydrogen (D/H) and helium 3 

to helium 4 (
3
He

+
/
4
He) ratios measured by the Galileo probe under the assumption that this 

would reveal the proto-solar makeup of the Sun. In the proposed hypothesis, the composition 

of Jupiter’s atmosphere is due exclusively to the molecules released from the solid MGH 

planet by the 6,000 year-old fusion reaction which is still burning, and therefore cannot 

provide any information concerning the proto-solar system. 

 Slowing of Jupiter’s Rotation 

Since 1910 historical records of the transit times of the GRS determined by telescopic 

observations have been plotted assuming Jupiter’s current rotation rate, based on cycles in its 

magnetic field, has not changed (Figure 10). This has been interpreted as a ‘drift’ of the GRS, 

thought to confirm that it is merely a ‘storm’ on a gaseous planet. However, if the GRS were 

free to drift, it would not have remained at the same latitude on Jupiter for the entire 360 years 

it has been observed. This is impossible for a ‘storm’ on a planet with such a large Coriolis 

effect. For example, consider the northward movement of hurricanes formed at 20
o
 latitude on 

the slowly rotating Earth. 

In the proposed scenario the plume has been ejecting an enormous mass at such high 

velocities, thus angular momentum, during the last 6,000 years, that the rotation of the giant 

Jupiter had been measurably slowing down until 1937. This trend probably stopped due to the 

reduction of the temperature in the fusion furnace below a threshold for a more energetic 

(deuterium-tritium?) reaction. The slower apparent increase in rotation rate which then took 

place from 1937 to 1968 was due to the deflation or settling of the atmosphere to its current 

altitude. Once that process was completed, Jupiter and the GRS have settled down to an 

essentially constant rotation rate. This again emphasizes the very recent nature of the events 

which have shaped Jupiter ‘right under our noses’. 

Sir Fred Hoyle estimated the rotational period imparted to Jupiter during its accretion 

assuming (apologetically) small incremental mass captures [16]. His initial result was a period 

of 1 hour. Since the period is now almost 10 hours, he assumed his initial simplifications were 

flawed. However, there is reason to believe that Jupiter has experienced at least three huge 

impacts, including the latest one 6,000 years ago. If each impact increased Jupiter’s rotational 

period by three hours, then Hoyle’s initial calculation may have been fairly accurate. 

Shoemaker - Levy 9 ‘Main Events’ 

The ‘main events’ associated with the larger Shoemaker - Levy 9 fragments (G & L) appeared 6 

minutes after the initial impacts and lasted over ten minutes, attaining peak intensities much 

greater than the precursor and the fireball. The MGH hypothesis suggests the only viable 

explanation: The larger fragments penetrated the atmosphere and impacted the deuterated 

Methane Gas Hydrate surface of Jupiter triggering fusion explosions which produced the 

observed shock waves traveling outward at 450 m/s for two hours (1,620 Km), proving the 
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presence of a solid surface. The six minute delays preceding the detection of the most energetic 

radiation, significantly termed the ‘main events’, was the time required for the ‘mushroom 

clouds’ from the surface explosions to reach the cloud tops at which time the roiling plume 

became detectable, lasting more than ten minutes. These plumes emitted spectra of a number of 

heavy elements never before observed on Jupiter, including iron, magnesium, silicon, sulfur and 

carbon (as CS2). The fact that the direct radiation from the blast was not detected, is consistent 

with the failure to detect the continuing fusion reaction which is the origin of the GRS, attesting 

to the thickness of the heavy element cloud layer covering the entire planet. 

“Juno” MWR Experiment 

“The Juno mission aims to reveal the story of Jupiter’s formation and details of its internal 

structure.” However, the Micro Wave Radiometer (MWR) wavelengths are designed 

specifically to find evidence of the touted three cloud layers (Figure 12) inherent in the ‘gas 

giant’ hypothesis, which were not detected by the Galileo atmospheric probe. The MWR’s 

sparse coverage, only 5 of the 33 orbits, reflects the belief that (a) the three cloud layers cover 

the entire planet, and (b) because it is anticipated that the radiation encountered on the earlier 

orbits will degrade the MWR instrument.  

The Methane Gas Hydrate hypothesis delineates two currently unrecognized features on 

Jupiter that could be detected by the MWR experiment: (a) The nuclear fusion in the crater, 

which constitutes a localized source of fusion energy equivalent to the total solar energy, 

3x10
6
 megawatts incident on Jupiter; (b) The vortex of hot gases extending beneath the cloud-

tops from the fusion source to the Great Red Spot. The fusion furnace is located at the same 

latitude as the GRS (22
o
 S) an estimated 116

o
 longitude to the East. The vortex extends 

westward, expanding as it rises from the fusion source until it is revealed as the Great Red 

Spot (Figure 11). The longitudinal extent of the vortex provides a higher probability that one 

of the MWR polar orbits will cross over it. In that case, the much greater sensitivity of the six 

independent wavelength channels should detect it. Detection of the fusion reaction, a 

localized source, is problematic due to the limited orbit coverage, even with the 20
o
 beam of 

the two longer wavelength channels. The Juno altitude at perijove, initially over the equator, 

is 4000 km above the nominal 1 bar surface. If Juno makes an MWR pass directly over or just 

to the west of the GRS it will be exposed to the constant deadly blizzard of 
3
He

+
 ions from the 

fusion reaction (Figure 9), which caused more than twenty software outages on the Galileo 

orbiter when it was farther than 11Rj (769,000 km) from the planet. The most important 

MWR pass from the MGH point of view would be between 10 and 120 degrees east of the 

Great Red Spot. 

The MWR is designed specifically to detect the three cloud layers predicted by the ‘gas giant’ 

hypothesis. As shown in Figure 12, the signals in the different wavelength channels are 

anticipated to originate from different depths. However, the radiometers are passive 

instruments, not able to determine depth or identify molecular species. If the radiometer 

experiment detects the predicted fusion and/or the vortex rising to the GRS, the data will have 

to be interpreted differently than expected, based on the ‘gas giant’ hypothesis. 

“Juno” Radio Science Experiment 

The Radio Science experiment uses Doppler variations in two frequency bands which are 

transmitted from Earth, detected by “Juno”, and retransmitted back to Earth (a transponder) to 

measure relative velocity and thereby calculate the gravitational field of the planet. Due to the 

assumed ‘gas giant’ hypothesis, this instrument is designed to sense very small gravitational 

changes due to radial differences in atmospheric composition and possibly air density 
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fluctuations due to mass wasting. The detection of these features will probably utilize longer 

integration times after reception on Earth. Fortunately, the raw data will be stored in a way 

that small Doppler shifts detected second-by-second, can also be examined in minute detail. 

As a result, it should easily detect solid features on the surface suggested in the MGH 

hypothesis during the low altitude science (pole to pole) passes, taking into account the low 

average density of Methane Gas Hydrate. These include the impact basin in which the fusion 

burning is occurring and the range of ice mountains extending beneath the vortex due to the 

raining out of water as the column rose. 

Although the original impact was probably deep, the heat of the fusion reaction may have 

extended millions of square kilometers on Jupiter’s surface, causing the melting of MGH and 

the consequent loss of methane. This area probably became refilled with water as the fusion 

reaction decreased, so it will resemble a spheroidal ice cap with higher density than the MGH 

surfaces and a depression in the vicinity of the fusion source. Considering the enormous mass 

that was initially blasted into space plus that ejected over the following 6,000 years, 

equivalent to two Earth masses, there is little doubt that the radio science experiment will 

reveal this feature in which the fusion is centered. 

Another potential surface feature, shown in Figure 8 is anticipated, which would  result in a 

positive gravitational free-air anomaly. As the hot fusion vortex rises, expands and is swept 

westward, water in it condenses, falling as snow or hail along a section of the longitudinal 

path from the fusion furnace toward the Great Red Spot. This should leave a linear ice 

‘mountain range’ extending westward toward the Great Red Spot at 22
o
 S latitude. 

This ice has been accumulating for at least 85 years, since the slowing of Jupiter’s rotation 

ceased, around 1937 (Figure 9), but prior to that date the higher energy vortex likely extended 

further to the west. As a result, older mountain ranges may be present extending more widely 

and further west than the current position of the GRS. The longitudinal extent of these 

features and their localization relative to the GRS, greatly improves the probability of their 

positive detection from polar orbits perpendicular to the features. 

The Methane Gas Hydrate hypothesis predicts a total of at least three such major impacts 

throughout the solar system history. Whether the recent one, which occurred only 6000 years 

ago, has erased the evidence for the more ancient ones, 4.5 and 3.9 billion years old will be 

determined in the next year. 

Sneak-Peek Experiment Assignments  

One conservative aspect of the revised “Juno” mission plan is a sneak-peek feature, which 
places Juno in a 53.5-day preliminary orbit with science instruments turned on, followed by 
another 53.5-day period before the final engine burn places it into its 14-day science orbit. 
The longer orbital period will allow more time for safe mode recovery which, due to the 
powerful emission of 

3
He

+
 ions from the GRS, may be necessary. 

The primary function of the ‘sneak-peek’ period should be to schedule the experiments to 
ensure that Juno does not pass directly over or to the immediate west of the Great Red Spot 
during a MWR pass. Considering the problems caused by the high energy 

3
He

+
 particulate 

radiation on the Galileo orbiter, which never got closer than 11Rj, the same radiation will 
probably cause the shut down the Juno MWR radiometers if they are directly exposed.  

The Great Red Spot Fading 

The cessation of significant mass ejection (~1937), the recent shrinking of the GRS and the 

lowest energy fusion reaction presently occurring, suggest that the fusion furnace is 

approaching its extinction. At extinction, the GRS will immediately disappear along with the 

multiple zonal vortices. 
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Abbreviations list 

LDN – Large Dark Nebula 

MWR – Juno Microwave Radiometer 

GRS – Great Red Spot 

JEDI – Jupiter Energetic Particle Detector 

MGH – Methane Gas Hydrate 

MGD – Methane Gas Deuterate 

67P CG – 'comet' Churymov-Gerasimenko 

BP – Before the Present 

D/H – Deuterium to Hydrogen ratio 

11Rj – Eleven Jovian (Jupiter) Radii 
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Fig. 1. Nominal Phase diagram of MGH       Fig. 2. The Aegis of Zeus 

Рис.1. Номинальная фазовая диаграмма ГГМ   Рис.2. «Щит» Зевса 

 

 
Fig. 3.  9th century AD Arab epistle on planets. 

Рис. 3. Арабский рисунок планет 9 века н.э. 
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Fig. 4. ‘Spokes'-ejected ice on 

Saturn rings. 

Fig.5. Stages of plume at annotated dates 

Рис.4. «Спицы» выброшенного 

льда на кольцах Сатурна 

Рис.5. Шлейф Юпитера относительно галилеевых 

спутников. Прямые линии – это отвердевшие тела. 

     
Fig. 6 Differences in the Galilean Moons 

due to times exposed to Jupiter plume 

Fig. 7 Vortex rising from fusion source is 

swept west below the cloud-tops due to 

Jupiter's rotation appearing as the GRS 

Рис.6. Различия галилеевых спутников 

вследствие разного времени, 

проведенного в шлейфе Юпитера 

Рис.7. Вихрь, поднимающийся из области 

синтеза, сносится к западу под вершинами 

облаков вследствие вращения Юпитера и 

виден с Земли как Большое красное пятно 

      
Fig. 8. The highest velocity easterly wind 

coincides with the northern edge of the GRS 

Fig. 9. Great Red Spot rises above cloud-tops, is tilted 

toward west and ejects a massive flow of Helium ions. 

Рис.8. Максимальная скорость 

восточного ветра совпадает с 

северным краем БКП 

Рис. 9. Большое красное пятно поднимается 

над облаками, оно наклонено к западу и 

выбрасывает поток ионов гелия 
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Fig. 10. Inner radiation belt 

during a single rotation. 

Fig. 11. Historical record of GRS transits assuming 

Jupiter rotation constant 

Рис. 10. Внутренний 

радиационный пояс за один 

период вращения   

Рис.11. Исторические наблюдения за Большим 

красным пятном свидетельствуют о замедлении 

Юпитера до 1937 г.в 

 

   
 

Fig.12. IR image -GRS at left & hidden 

fusion source at right center below clouds. 

Fig. 13. Weighting of MWR bands right: 

expected three cloud layers. 

Рис.12. Инфракрасное изображение 

Юпитера с Большим красным пятном 

(обозначено) слева и оценкой положения 

области синтеза за слоем облако 

Рис. 13. Уровень давления, на котором 

должны поступать измерения от каждой 

микрорадиоволны. Справа: слои, 

ожидаемые на основе гипотезы о газовых 

гигантах. 
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Cosmic globalistics: prospects of formation 
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Abstract. The paper reveals proposed and developed by the author of the concept anthropogeocosmism 

(sociogeocosmism) emanating from the fact that the main purpose of space activities in the nearest 

historical perspective is the use of space capabilities to address global problems and in the long term 

transition to a sustainable development of society and nature on the planet. On this ideological basis 

explores the origins and formation of the new direction of global studies and space research, exploring 

the relationship of global and cosmic factors, the impact of the latter on the development of global 

processes and systems, space development problem in the world and escalating global processes in 

space. It is about the relationship planetary and cosmic processes, the transformation of the global 

activities in space-related activities (as well as their relationship), as well as global development in 

cosmic evolution. Global studies can not be isolated from the space problems due to natural spatial 

transition extraterrestrial planets in its environment, and even more - due to begin development of 

extra-planetary force protection. It is shown that global processes and issues affecting the world at 

large, there is a certain degree of manifestation of the global-space character of contradictions, related 

to the expansion of spatial limits of human activities, including space exploration. 

Key words: globalistics, cosmoglobalistics, astronautics 

Introduction 

Мore than half a century ago, a human ventured into space, continuing the development of 

extra-terrestrial space, which began with the launch of Sputnik by the Soviet Union in 1957. 

The beginning of the second half of twentieth century was rich in cosmic achievements, 

opening to mankind a new era of in its history – the era of space exploration. Output of the 

human in the Universe in its broadest sense means basically a new twist in the relationship 

between mankind and nature, whose interaction is limited primarily to earthly nature. To 

some extent cosmonautics influenced global studies and created a new area of both cosmic 

and global studies, which in the mid-1980s of the last century was proposed to be called 

cosmoglobalistics [1]. In fact, cosmoglobalistics in most concentrated form demonstrates the 

idea of the spatial development of the world by human, overcoming many, including 

terrestrial restrictions, although this aspect expresses only the outside of the deeper processes 

of evolution of human culture. 

Cosmos exploration continues those global processes and issues, which characterize not only 

social development, but also its relation with nature. Socio-natural part of global issues and 

processes, from our point of view, is a global foundation for further development of mankind, 

expressing relation between the earthly and the cosmic. But this idea of relation is rooted in 

the far past. 

The idea of the unity of the human and the Universe, micro-and macrocosmos has a solid 

tradition in the eastern (Indo-Iranian) and Western (Greco-Roman) Antiquity [2]. In the 

extended meaning we can talk about ancient form of anthropocosmism, which consider the 

human as part of the cosmos and coming from their interpenetration and assimilation. Naively 

naturalistic and religious interpretations of ancient anthropocosmism had a significant 

influence on its subsequent development. Along with teoanthropocosmism [3] originated 

"naturalistic anthropocosmism", whose main representatives are K.E. Tsiolkovsky, 

V.I. Vernadsky, A.L. Chizhevsky and partly N.G. Holodny. 
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Vernadsky thought about the possible output of human in cosmos, reasoning, in particular, 

about the prospects of created by him science of biogeochemistry[4]. And he noted that: "In 

the future we are drawn as possible fabulous dreams: human seeks to go beyond his planet in 

outer space. And probably will do it" [4, P.147]. Scientist in many areas of his research 

developed a cosmic perspective. However, the greatest contribution to the development of the 

idea of space exploration, of course, was made by K.E. Tsiolkovsky. 

In the analysis of the scientific heritage of K.E. Tsiolkovsky, as well as V.I. Vernadsky work, 

we face the inescapable fact that we open in it new sides, ideas and concepts, which 

previously were either not understood or not attracted the attention of the researchers. In this 

sense we can say that the legacy of Tsiolkovsky also inexhaustible. And one of the reasons for 

this inexhaustible legacy of a brilliant scientist, who, like Vernadsky, completed his work in 

the first half of the XX century, is in the factor of updating of thinking, which poses new 

challenges in the light of which we feel the urgency of creativity of the founder of theoretical 

cosmonautics. 

Some initial statements 

Globalistics as a discipline and at the same integrative direction of scientific research studies 

global processes and systems, including the diversity of phenomena, typical for society in its 

global, planetary quality of integrity and interaction with the environment of the planet and 

the cosmos. Globalistics cannot be isolated from cosmic issues even if only due to natural and 

spatial communication of the planet with its extra-terrestrial environment, and even more, 

because of began extra-planetary environment exploration. And the special role of this 

relationship gets the biosphere as "the only area of the planet, naturally associated with the 

cosmic space"[5, P. 425]. 

Cosmonautics in its development at the beginning was a global issue in the sense that before 

the outputting of human into space, and now basically, this integrative field of science, 

technology and production was and is a globally-terrestrial biosphere and activity-practical 

basis. In the same sense the cosmization, unfolding in parallel with globalization, contributed 

significantly to this latest global process. Global issues and processes, as well as their 

cosmization, and output in cosmos are a natural consequence of socio-economic and 

technological development of civilization. 

Cosmonautics takes in this process a special place: it pushes the boundaries of our 

civilization, outputs civilization activity beyond the globe, and at the same time a number of 

worldly, global issues. Also it was noted that if some of them will not be solved on the Earth, 

they will continue to exist outside the planet, turning into cosmic form. And globalization thus 

completes its "geocentric being" and human issues, ceasing to be only global, will find their 

extra-terrestrial being. 

In the "industry" structure of globalistics is now possible to select a specific section, namely - 

a special area or destination – cosmic globalistics, or, more briefly, cosmoglobalistics. It 

should be noted that, since this name is not established, then this area more appropriate to 

name as global and space researches. Among the issues and challenges of cosmoglobalistics, 

or global and cosmic researches - the study of general patterns and trends in global and 

cosmic scale, place and role of cosmos exploration in the system of other global issues (and 

processes), opportunities and prospects of participation of cosmos in their solution. 

Cosmoglobalistics, on the one hand, is making its first steps emerging field of globalistics, 

studying the effects of space factors on the development of global processes, the issue of 

development of cosmonautics on the planet and escalating global processes in space. On the 

other hand, it becomes clear that cosmoglobalistics somewhere in the spatial sense (on the 
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border of the planet and near-Earth space) is limited and further it likely can be about cosmic 

researches, in particular, of the Earth from space. In short, there is an interrelation of planetary 

and cosmic processes, the transformation of global activities into cosmic activity (and their 

interrelation), and global development into cosmic evolution. 

However, this activity-based approach, as now appears from the standpoint of evolution and 

globalization, should be supplemented by the inclusion of cosmic natural processes in their 

interaction in the subject area of cosmoglobalistics, which will provide the necessary integrity 

to this area of globalistics and at the same time - to cosmonautics and cosmic researches. In 

fact, there is a new field of research – global and cosmic exploration as the interconnection of 

previously independently developing global studies and cosmic researches. 

Inclusion in cosmoglobalistics(or global and cosmic exploration) of natural global and cosmic 

processes in their relation to human and mankind is not just an extension of the subject field 

of scientific knowledge, but also certain theoretical and methodological innovation, due to a 

broad understanding of globalistics, appearance of evolutionary globalistics, and their vision 

in the context of global evolutionism [6,7]. 

Global processes and issues affecting the world as a whole is a certain degree of manifestation 

of global and cosmic character of the contradictions associated with the expansion of the 

spatial boundaries of human activity, including progress in the space of the universe. In 

addition to the above mentioned Tsiolkovsky’s point of view, there are other conceptual 

representations, for example, formulated at the beginning of the past century by F. Turner 

theory of "pushing the boundaries" [8]. Although this model of development proposed is not 

for cosmos exploration, it was severely criticized; however, following the doctrine of 

"pushing the boundaries" American model of cosmos exploration is constructed with a glance 

of the increment to their public ownership of outer space, giving natural means to enhance its 

national welfare. 

So, E. Dolman proposed the concept of astropolitics or geopolitics of space, in which the 

United States should take a dominant position (continuing world domination) in the fight for 

the planets of the Solar system and its resources [9]. In fact, in the U.S. for decades deployed 

a new doctrine - "geocosmopolitics", logically continuing extensive doctrine of "geopolitics", 

based on the idea of extension of life boundaries within the Earth. This "geocosmopolitical" 

doctrine of the frontier now forms one of the most extravagant parts of the U.S. strategy of 

neo-globalism, has nothing to do with the strategy of the global transition to the sustainable 

development. 

However, it must be noted that the development of geopolitics became associated with 

globalistics, and the development of cosmoglobalistics accompanied by cosmogeopolitics 

formation, despite the different names, which are given by scientists. Now it is considered to 

be the last line on the first stage and not only American, but also Russian authors 

independently came to this conclusion [10, 11]. 

In total orientation of global-space researches there are two important aspects: first - that 

cosmonautics brings in content that makes changes in the nature of global research, the 

second - which practical means it gives for the solutions of global issues and eliminate the 

negatives of globalization and other global processes. The analysis of "global and cosmic" 

scientific researches shows that the second aspect has received more coverage. This is due to 

the fact that the topic turned to professionals, working in various fields of expertise: 

international law, politics, economics, ecology, natural sciences and engineering, etc. The first 

aspect requires, first of all, and mostly philosophical and methodological reflection, and in 

this regard some philosophers have proposed some statements of issues and approaches in the 

above mentioned works. 
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Important role in understanding of global processes play their spatial characteristics [12, 13]. 

The evidence of this is the very name of the term "global", taken from the Latin name of the 

globe. The term emerged in 60th years of the XX century and it was not used in social 

knowledge, studying the beginning of human history, or even two centuries ago, and there 

were some reasons: human development, accompanied by expansion of the boundaries and 

the scale of interaction with nature only in the last decades gained its global parameters and 

limitations. It is appropriate to say, that the last (restrictions) have, in principle, global and 

cosmic nature: with the "inner" side - planetary, and with the "external" side- extra-terrestrial, 

space spatial character. 

Thus, global processes and issues affecting the world as a whole is a certain degree of 

manifestation of the global-space character of the contradictions associated with the 

expansion of the spatial boundaries of human activity, including expansion into cosmos, in 

the space of the Universe. 

Cosmos exploration has a peculiar position in the total number of global issues and processes. 

In its "issue" terms it, as it seems, corresponds to features of globality. Firstly, the need for 

cosmos exploration objectively is typical for all countries and peoples of the world, for 

mankind as a whole. It is significant, that the founder of theoretical astronautics K.E. 

Tsiolkovsky do not imagine designated purpose of cosmic activities otherwise. He never 

proceed from narrow national interests and believed that only on the way of increasing living 

space and human settlement in cosmos all earthly mankind will acquire new energy, space 

and raw material sources of expansion of material production. From this perspective, it is 

obvious that the available cosmos for human practice must be, in fact, belongs to all mankind. 

Secondly, the cost of space projects increase more with each new successful advancement 

into space, exceeding the capacity of individual, even the largest countries, especially with 

regard to the development of the Moon, Mars and other solar system objects. It is clear that 

even the two major space powers, which are Russia and the United States (not to mention 

catching up with them European Union, China, India and Japan), alone to implement large-

scale projects is almost impossible in the next decade [14]. 

Thirdly, cosmos exploration goes to the deep essence of existence of human civilization, it is 

a natural consequence of the planetary self-organized world society, an important outcome of 

the continuous deployment of globalization and a number of other global processes. This 

means that the impossibility of cosmos exploration would place significant restrictions on the 

path of global development, it would be its brake. Moreover, by its successful practical 

implementation cosmonautics is able to render serious assistance in elimination of a number 

of global crises related to both social and socio-natural interactions (information, 

environmental, energy, etc.). 

Some global issues grow with time into cosmic, but they are preceded by a transitional time 

interval and spatial boundaries beyond the planet, but still not far from rushing into space. 

This is the exchange of activities between the Earth and the cosmos in mentioned outer global 

and cosmic "corridor" is just the basic "core subject" of cosmoglobalistics. Global human 

activity develops in space activity, but does not become such just being separated from its 

terrestrial globality, as do some spacecraft, going beyond the solar system. A kind of technical 

and technological model of global space activity is the operation of the international space 

station, which is just like a "cosmic peak" of all space-oriented global activity, which takes 

place on the Earth. 

Cosmization of global issues and processes is the impact of space means and space factors on 

their development and decision. Space exploration means are a powerful factor in the 

intensification, which can significantly contribute to "sustainable" solution to global issues 

through the use of the space, forces and processes beyond the planet, with the ability to look 
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at the globe outside. There is literally no single global issue, but any national economic, 

scientific-technical and other issues of modern mankind, where space assets would not have a 

positive impact, of course, to the peace and sustainable use of space. 

Thus, cosmos exploration according to the main features is world, universal, global issue. 

However, in the nature of "cosmic" aspiration of mankind itself, acting in this process in its 

not fully realized globality, laid an objective contradiction, whose essence is that globalizing 

mankind, and with it some of its issues with the beginning of the cosmic age, outgrow the 

planetary scale. The question arises: what are the underlying causes forcing mankind to rush 

out into cosmos? And asking this question, we mean not obvious "cosmic dividends" and that 

the technosphere, staked off the planet, without which mankind no longer can see further 

development. It is about the reasons which lead not only in cosmos, but essentially cause 

globalization and make mankind to be included in other global processes. 

There is occurs spatial expansion and significant complication of the social stage of 

development, which is not typical for the pre-social stages of global (or universal) evolution 

as a permanent self-material systems in inanimate nature, living matter and society, 

continuing further in the socio-natural shape and embracing a real piece of the Universe. In 

the pre-social or pre-socio-natural evolution operates set in the beginning as a result of 

empirical generalization, and further by synergy, the narrowing trend of spatial and mass-

energy parameters of evolving material systems the in the process of self-organization while 

climbing the stairs of more ordered structures and forms [7]. 

To explain this trend in the course of global evolution the hypothesis was proposed, expressed 

in early the second half of the twentieth century to justify the output of mankind into space 

from the standpoint of global evolutionism (although this term was not used then) [15].. It 

was about the orientation of the output of human activity beyond the planet with a "target" to 

fit into the global evolution superhighway as a "next" stage of the process). 

On the superhighway of global evolution, along with informational criterion and the vector, 

which demonstrates the growing accumulation of information in material systems (at least in 

the stages of development and their main components), is implementing the trend of 

narrowing the evolutionary corridor - reducing the distribution space and mass-energy volume 

of occurring more complex structures. On the one hand, there is the growth of the information 

content in each higher structural unit, increases the variety of kinds and forms of existence of 

higher structural levels and, on the other hand, the narrowing of their overall total volume. 

Changing of this trend of narrowing of "evolutionary corridor" occurs only on the social stage 

of evolution and occurs during the development of more planetary and extra-terrestrial space. 

And it would seem that the issue is not only about spaces and energy and raw materials, as 

economists mainly write about this. However, the expansion in space of the planet and 

cosmos is, in a deeper sense, the pursuit of information and negentropy, but not only of light 

and space, as suggested by K.E. Tsiolkovsky. 

This phenomenon of expanding the social stage, named Big social explosion, has deep 

informational nature, the expansion in space of planet and cosmos is acquirement of 

information and negentropy of environment. In fact, it is not so much civilianized, as cultural 

and informational phenomenon, which means that further self-organization of matter will 

continue to be carried through culture. 

The emergence of the social stage of evolution in this sense is a kind of "second singular" 

point, a turning point, which reverses the evolutionary processes in the Universe, promoting 

"socialization" of the natural evolution of the cosmos. Evolution of matter appears from this 

perspective as a process unfolding not only in the "spatial" space environment, but also in the 

temporal dimension, linking into a single evolutionary integrity the astronomical past of the 

Universe with its "need" for mankind cosmological future. This process, returning the already 
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begun to degrade humanity on the superhighway of global evolution, can be considered, by 

analogy, as Great social, or even socio-natural "explosion." Great socio-natural explosion, i.e. 

rapid (on cosmogonical time scales) (but not inflational) spatio-temporal extension of social 

and natural dimensions, is viewed as the same astrosociological regularity as now the process 

of globalization is seen. 

Social stage is fundamentally different from its previous stage. This is due to the possibility of 

expanding of this stage firstly in planet space, and then beyond. This fundamental difference 

makes it possible to consider it by analogy if not the singularity like initial cosmological 

"point", than the kind of "singular stage", in the sense that it completes the narrowing trend of 

global evolutionary corridor and gives rise to the extension of this stage, which is called by 

analogy the Great social explosion. This, of course, is not an explosion in the physical sense. 

But this is an explosion in social and cosmological perspective of Megahistory, if it is allowed 

to be named so in future. And the reason for this planetary space "explosion" is the specificity 

of informational processes in society, which require for their continuation of supraindividual 

accumulation, storage and transformation of information. Expansion of the spatial and energy 

parameters of this social information is inherently process looks just as the outer side of this 

global and cosmic phenomenon. 

It was already mentioned that a purely active approach to cosmoglobalistics is narrow, though 

it only started to be developed. Now, when we introduced global natural processes in 

globalistics and global studies, cosmoglobalistics also can be conceived more widely, 

including those cosmogonic processes which formed our planet, and not only just post-

astronomical history and evolution of the Earth. By the way the evolution of our planet since 

the formation of the Earth experienced all the time a significant influence of space that 

reflects the process of cosmization of global first natural and then socionatural and social 

processes.  

Therefore such a broad understanding of cosmoglobalistics significantly complements its 

initial "cosmoactive" view. 

And it also affects the relation and the proportion of globalistics and cosmoglobalistics. 

Indeed in this variant the subject field of cosmoglobalistics is even wider than globalistics 

because it covers the earth and space. However, component of activity still prevails on the 

planet, but the objective content of globalistics is in a new, wider environment. However, a 

purely formal vision will hardly be accepted as more general, because globalistics is still 

largely "tied" to the planet, and cosmoglobalistics – to relation to the Earth and space, both in 

active and the natural aspects. As for the broader vision of the relation of global and cosmic 

processes, they are shown as in global space studies, as also in the universal (global) 

evolutionism, in which the concept "global" acquires a very broad sense, extending to the 

visible Universe. 

But possible extension of cosmoglobalistics is not limited by this. 

Since the end of the last century after the discovery of dozens of planets around other stars, 

which are called exoplanets or extrasolar planets now, it is understood that there are planets in 

a very significant amount in the galaxy. If recently it was believed that there are more than 

five hundred of such planets found already, so now their number exceeded one thousand. The 

vast majority of them were detected by the space telescope "Kepler", which was placed in 

space by NASA in 2009. 

It was also found out that characteristics of a large number of extrasolar planets are similar to 

those of Earth and Jovian groups of planets of the solar system. There is a list of planets, on 

which life most likely can be. Exoplanets, which are located at a distance of tens of light years 

from the Earth, take priority positions.  
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Planets, on which it is theoretically possible to expect the presence of life, were evaluated to a 

significant degree from the standpoint of similarity of these celestial bodies with the Earth. 

List of characteristics, on which various space objects were compared with our planet, 

includes their size, distance from its star, character of the surface, the presence of a magnetic 

field, mass of the planet and etc.  

It is important to identify the so-called "zone of life", potential candidates for the possible 

resettlement of mankind from the Earth, if such a need will arise in the future. In addition it 

was found out that planets, which are comparable in size to the Earth, are widespread in our 

galaxy. 

Of course, contemporary planetology as a complex of sciences, which study planets, their 

satellites and our star system as a whole, extrasolar planets and other planetary systems in the 

universe, is not aimed at the resettlement to "super-Earths". 

But it is possible, that using data of planetology, cosmoglobalistics as "exoplanetary 

globalistics" will be developed in this direction anyway, if exoplanetary processes are in the 

subject field of global space studies. 

For epilogue 

However, in future studies won’t be aimed only at search for life on extrasolar planets and the 

possibility of resettlement to other suitable celestial bodies in order to prolong the existence of 

mankind, as K.E. Tsiolkovsky and S. Hawking suggested. 

It is possible that issue of search for extra-terrestrial civilizations will be one of the areas of 

space and global studies and communication with them. 

Another possible extension of the relation of space and global studies has "exocivilisational 

character." Investigating the issue of ETC, we already enter the territory of emerging science 

of era of noosphere: there are not fewer hypotheses, than in cosmology, and much more in 

relation to obtained reliable knowledge. Indeed, cosmology deals with the existing object of 

study - the universe, many fragments of which are still poorly understood.  

Astronomy and astrosociology, which makes its first steps in search for extra-terrestrial 

intelligence, still did not find their object and have to rely on "global-extrapolation 

methodology": make arguments on "terrestrial analogy", focusing on mankind, which 

seemingly is not desired terrestrial object of scientific study in this case. 

The issue of ETC fits into the concept of anthropogeocosmism (sociogeocosmism), in which 

the idea of priority role of development of cosmonautics for solution of terrestrial, planetary 

issues of mankind and formation of a single super-system "Humanity-Earth-Universe", whose 

concept serves as methodological basis of cosmoglobalistics and other global space studies. 

One of the most important tasks of search of these civilizations is the promotion of sciences 

and those earthly issues of mankind (especially global) that require approach to our 

civilization as a holistic systemic progressive developing object. 

It seems that such question, which is not focused on the issue of ETC and integrates space-

focused humanity and other hypothetical processes for contemporary science into a coherent 

whole, is a methodological position, which enables to combine organically study programs in 

the field of philosophical issues of cosmonautics and methodological issues of ETC, to 

actualize resulting from the "invariant synthesis" statement of the issue of cosmic entity of 

social stage of evolution and its role in the global-universal evolution. 

In this approach, "globally-earth aspect" of issues of ETC, as well as attempts to extend some 

general characteristics and patterns of development of our earth civilization on them, are 

justified not so much in respect of still not discovered EC, but more to really existing human 
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civilization, which slowly reveals its cosmic potencies and becomes a new factor of global 

evolution in space. 

Thereby methodological synthesis is planned, allowing on the basis of achievements of 

contemporary science, and especially its astronomical and astronautical complexes of 

disciplines to reveal how patterns of global evolution lead to the appearance of its highest 

(yet) - social level and as the evolution of the latter affects the overall trends and 

characteristics of development of matter in the universe and even the evolution of the universe 

as a whole [16-19].. 

Possible further extension of cosmoglobalistics, whose panorama of development was 

schematically and in large part hypothetically presented here, shows that the new field of 

global or rather global space studies can have a great, truly universal future. Even if scenarios, 

which are proposed here, are not fully realized, however, integrative conceptual potential of 

outlined cosmic extension of global studies will play its role in the development of 

interdisciplinary communication and studies and will show, where are uncertain boundaries of 

rushing into space global scientific search. 

It is appropriate to indicate most likely place of cosmoglobalistics in its various 

interpretations in the global evolutionism, in which three biggest spatiotemporal stages of 

universal evolution were identified. 

These stages are: a cosmic stage, starting from the Big Bang, further planetary continuation of 

evolution, finishing by expanding space exploration, 

It is obvious that cosmoglobalistics and global space studies will be focused on transitions of 

the first cosmic stage to planetary stage and transition of the latter to the next cosmic stage 

already in the process of socionatural Big Bang. 

Abbreviations 

ETC – extraterrestrial civilizations 

EU–European Union 

NASA – National Aeronautics and Space Administration 

US – United States of America 

SD – sustainable development 

SETI – Search for Extraterrestrial Intelligence 
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Annotation. In this article we discuss the project of prefab modular structures for lunar settlements in 

the Moon exploration. Prefab modular structures have several advantages, such as assembly simplicity 

of structures, high mobility, short time of assembly and low cost of materials used in construction. 
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Introduction 

The rapid development of space technology confirms that Space exploration is achievable and 

reasonable goal, because of its proximity to the Earth (three days of flight) and the well-

explored landscape, the Moon has long been regarded as a candidate for the place of creating 

human settlements [1–14]. 

There are plans to use Moon bases for military purposes to monitoring of the near-Earth space 

and ensure space supremacy. 

During the first "Space race" of the 1960s (and also a little earlier or later), two space 

superpowers, the United States of America and the Union of Soviet Socialist Republics, had 

plans for the building of Moon bases which have not been implemented. 

The US worked on projects of military Moon bases such as Lunex Project and Horizon Project, 

and there were also some technical ideas for Moon base originated from of Wernher von Braun. 

In the first half of the 1970s under the direction of academician V.P. Barmin scientists from 

Moscow and Leningrad developed a project of a long-term Moon base. This project studied 

the possibilities of bunding the habitable structures by directed blast for protection from 

cosmic radiation  (A.I. Melua inventions with use of Alfred Nobel’s techniques). In more 

details, including models of expeditionary vehicles and habitation module, the USSR Moon 

base "Zvezda" was developed, which had to be implemented in the 1970s-1980s as the 

development of the Soviet Moon program. [1]. 

In 2007 Russia announced the possibility of organizing flights to the Moon from 2025 and the 

subsequent creation of base on it [2]. 

In 2014 public got to know of the project conception of the Russian Moon program which 

offered three stages: 

Stage 1 (2016-2025) - launch on the Moon automatic interplanetary station "Luna-25", "Luna-

26", "Luna-27" and "Luna-28". 

Stage 2 (2028-2030) - manned expeditions to the Moon's orbit without landing on its surface. 

Stage 3 (2030-2040) - landing cosmonauts in the area of the potential placement of the Moon 

launch site and deployment of first elements of the infrastructure using material from the Moon. 

By 2050 it is planned to build a manned base and first mines to harvest minerals. 

Design of the module 

The advantages of modular designs for Moon settlements in the Moon exploration, proposed 

in this project, are simple and fast assembly, high mobility,  and low cost of materials used in 

construction. 
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The module has a spherical shape (Fig.1). The sphere is transparent, and one has good 

seismic-stability. The architecture of this module has positive influence on the health and 

mind of the people living in this sphere.  

 

 

Fig.1. General view of the construction. 

Let consider the details of the  construction elements. The set has the flooring, the central jack 

(100х150mm); the frame ginders (50х100mm); two sets of the connection units to fix the 

inside and outside parts of the dome; triangles from the polymer panels with a thickness of 

12 mm. 

Note, for the sphere with a diameter of 7m the building will have the total area 55 m
2
 (1

st
 floor 

30m
2
, 2

nd
 floor 25m

2
). 

Thermal analysis of module 

The thermal analysis of the house with calculation of heat transfer through a multilayer wall 

with air gaps between layers should be done (Fig.2) and temperature state between the plates 

has to be calculated [4-14]. 

The calculation was implemented in the following sequence: 

1. The calculation of the temperature condition for the given factors: the approximate heat 

transfer coefficients, the approximate coefficient of thermal conductivity of LDPE plates, 

approximate coefficients equivalent thermal conductivity of air in the gaps. 

2. The clarification of the heat transfer coefficient, thermal conductivity of HDPE plates, 

coefficients equivalent thermal conductivity of air in the gaps. 

3. The calculation of the thermal state of the proximate factors: heat transfer coefficient, 

thermal conductivity coefficient LDPE plates, coefficients equivalent thermal conductivity of 

air in the gaps. 

For this method of calculation it is necessary to make a program which for calculating of the 

temperature condition. Further, the method of successive approximation temperature must be 

set to the density of heat flux transmitted through the wall (q) so that the temperature inside 

the house 2ft  will be equal to 20 °C. 

It is necessary to determine the density of heat flow q, equal in all points of the calculation, 

for this using the following formulas: 

1. The heat flow (q) under the first plate: 

  1 1 1f cq t t    . (1) 
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Fig. 2. A graph of heat transfer; here δ1 = 1 mm – the thickness of the resin plate; 

δ2 = 92 mm - the thickness of the air gap between the plates; 1ft  – temperature 

ambient air away from the wall; 2ft  – the temperature inside the house; 1ct  – the 

temperature of the wall bordering the ambient air;  8ct  – the temperature of the 

wall bordering the air inside the house; 2ct , 3ct , 4ct , 5ct , 6ct , 7ct   – intermediate 

temperature of plates. 

2. The heat flux (q) in the first plate: 

    1 1 1 2c cq t t     .      (2) 

3. The heat flux (q) in the first gap: 

    
1 2 2 3ec с cq t t     .        (3) 

4. The heat flux (q) in the second plate: 

    2 1 3 4с cq t t       .     (4) 

5. The heat flux (q) in the second gap: 

    
2 2 4 5ec с cq t t     .      (5) 

6. The heat flux (q) in the third plate: 

    3 1 5 6с cq t t      .     (6) 

7. The heat flux (q) in the third gap: 

    
3 2 6 7ec с cq t t      .          (7) 

8. The heat flux (q) in the fourth nip: 

    4 1 7 8с cq t t     .        (8) 

9. The heat flux (q) after the fourth plate: 
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  282 fc ttq  .  (9) 

10. In accordance with (1)(9) we solve the system of equations and define the heat flux (q) 

 
31 2

1 2

31 2 4

1 1 2 1 2 1 2 1 2

1 1

f f

ecec ec

t t
q




    
       

        

         (10) 

It is necessary to determine the approximate value of the average temperature. 

1. The average approximate temperature before the first plate: 

  1 2 1 10,1п

ср f f ft t t t    .    (11) 

2. The average approximate temperature of the first ( п

ср2t ), the second ( п

ср4t ), third ( п

ср6t ) and 

fourth ( п

ср8t ) plate: 

  2 2 1 10,1п п

ср f f срt t t t   ,       (12) 

  4 2 1 30,1п п

ср f f срt t t t    ,     (13) 

  6 2 1 50,1п п

ср f f срt t t t    ,    (14) 

  8 2 1 70,1п п

ср f f срt t t t    .       (15) 

3. The approximate average temperature in the first ( п

ср3t ), the second ( п

ср5t ), and third ( п

ср7t ) air gap: 

  3 2 1 20,1п п

ср f f срt t t t    ,       (16) 

  5 2 1 40,1п п

ср f f срt t t t   ,      (17) 

  7 2 1 60,1п п

ср f f срt t t t    .     (18) 

4. The average approximate temperature after the last (fourth) plate: 

  9 2 1 80,1п п

ср f f срt t t t    .     (19) 

Define the value of the approximate outer heat transfer coefficient ( п

1  ) and internal heat 

transfer coefficient ( п

2 ) of the wall surface in accordance with SNIP II-3-79 “Heating 

engineer in building”. 

We define the value of the approximate thermal conductivity of HDPE plates approximate 

coefficients equivalent thermal conductivity of air gaps in the respective value of the average 

of approximate temperatures. 

Based on these values solve the equation (10) and determine the approximate value of the 

heat flux transmitted through the wall ( пq ). 

From (1)(9) we define values of temperature п

с1t , п

с2t , п

с3t , п

с4t , п

с5t , п

с6t , п

с7t , п

с8t , п

f2t , 

respectively, and find their meanings. 
Thus, we held an initial thermal analysis for the given coefficients. Further, the method of 

successive approximations temperature must be set to an approximate density of the heat flux 

transmitted through the wall ( пq ) so that the temperature of the air inside the house 2ft  will 

be equal to 20 °C. 

Further when the importance of the temperature obtained in the latter approach, we perform 

refinement of heat transfer coefficients, thermal conductivity of HDPE plates, coefficients 

equivalent thermal conductivity of air in the gaps. 

Heat transfer coefficient is given by expression 
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 Nu l   , where Nu is Nusselt number (20) 

1. If the vertical and horizontal position of the surfaces are in infinite space, the heat transfer 

at the free movement is determined by expression 

  Nu Gr Pr
n

c   ,     (21) 

where c and n are constants depending on the regime of free movement. 

Their values are held in Table 1. 

 

 Table 1. The constants depending on the regime of free movement. 

 ( PrGr  ) c n 

1·10
-2 

  –  5·10
2 

1,18 1/8 

5·10
2 

  –
  
2·10

7 
0,54 1/4 

2·10
7  

– 
 
1·10

13 
0,135 1/3 

 

2. The value of the dimensionless complex (Gr ∙ Pr) is determined by the expression 

   Prt
v

lg
PrGr 


 

3

.     (22) 

3. The physical parameters of the air (thermal conductivity, kinematic viscosity) is determined 

from the tables by interpolation from the corresponding defining medium heat. 

4. The Prandtl number is selected from the table for determining the appropriate medium heat. 

5. The coefficient of volume expansion is determined from the respective determined by the 

average temperature of the expression: 

 1 averT        (23) 

6. g = 9,8 m/s
2 

– the acceleration of gravity. 

7. The height of the plate l = 1,96 m is determining size. 

The values of thermal conductivity of HDPE plates are defined from the tables interpolated 

for determining the appropriate medium heat. 

The equivalent thermal conductivity of the accounts for the intensity of the circulation in the 

interlayer. 

Fig. 3. represents a closed air gap between the plates of the frame. The arrows show the 

circulation of coolant between hot and cold walls, form a loop. 

The coefficients of equivalent thermal conductivity of air in the gaps is given by expression 

 ec K   .     (24) 

The coefficient of convection    nPrGrс КК : ,                                                          (25) 

Their values are held in Table 2.  

 
Table 2. The constants depending on the regime of free movement. 

( PrGr  ) c n 

10
3 

–  10
6 

0,105 0,3 

10
6 

– 10
10 

0,4 0,2 

 
The value of the dimensionless complex (Gr ∙ Pr) is determined from expression 

 Prt
v

g
PrGr 


 


2

3

2     (26) 
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Fig. 3. The closed air gap. 

The physical parameters of the air (thermal conductivity, kinematic viscosity) is determined 

from the tables by interpolation from the corresponding defining medium heat. 

The Prandtl number is selected from the table for determining the appropriate medium heat. 

The coefficient of volume expansion is determined from the respective determined by the 

average temperature of the expression 

 1 averT  .    (27) 

g = 9,8 m/s
2 

– the acceleration of gravity.  

The thermal analysis under the refinement coefficients is realised. The temperature values 1ct , 

2ct , 3ct , 4ct , 5ct , 6ct , 7ct , 8ct , 2ft  are found from (1)(9) expressions respectively. We also 

find their values under the heat flux (q) transmitted through the wall, defined under the final 

thermal calculation under given coefficients. 

Final part 

Here we present an thermal analysis using the corrected coefficients. Further the method of 

successive approximation temperature may be used for determination of the density of heat flux 

(q) transmitted through the wall so that the temperature inside the house 2ft  will be equal to 20°C. 

According to the presented methods were calculated with the outdoor temperature is –30°C 

and –50°C. It was obtained following the heat flux density equal at all points of calculation   

–15,50  W/m
2
  and –23,20  W/m

2
 , respectively. Under these conditions, it appears that in the 

module will be sufficient to identify the source of thermal energy capacity of 1.8 kW and 

2.5 kW, respectively, and the internal temperature is maintained at 20 °C at an external 

temperature of –30°C and –50°C. 

Abbreviations 

LDPE – Low-density polyethylene 

HDPE – High-density polyethylene 

SNIP – Building regulations  
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Kinetic Aviation 
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V.P. Consulting and Research Co.  
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Abstract. The current passenger-transport aviation systems have reached the top of its development. In 

the last 30 years there has been no increase in speed or decreases in trip costs. The aviation needs a 

revolutionary idea, which allows jumps speed, delivery capability, and dramatic drops in trip price. 

The author offers a new idea in aviation in which flight time practically does not depend on distance 

(it is same for lines: New York – Washington or New York - Paris), vehicle load capability doubles 

and a  drive engine that is located on the ground and can use any cheap source of energy. 

Key words: Kinetic aviation, kinetic vehicles, kinetic aircraft, innovation. 

Introduction 

Current take off mass of a long distance aircraft is made up by approximately 1/3 of aircraft 

body, 1/3 of fuel, and 1/3 of payload. The aircraft engine needs an expensive aviation fuel. 

The passenger-transport aircraft cannot exceed the speed of sound. The “Concorde” history 

shows that the conventional passenger supersonic aircraft is unprofitable. The hypersonic 

aircraft, which is under development  by the USA, will be more unprofitable as a passenger 

long distance aircraft  because it will use a very expensive hydrogen fuel, it is very complex 

and it has a high production cost. The hypersonic engine problems have not been solved in 

spite of spending tens of millions dollars in research and testing. The Aviation needs  new 

ideas which increase speed, load capability, and decrease a delivery cost. Some of these ideas 

are published in [1]-[22]. This paper is discussing the innovation ideas. 

The author’s idea is the acceleration of a flight vehicle (non-engine aircraft) to high speed by a 

cable engine located on the ground. The vehicle will then use its kinetic energy for flight. The 

computation shows that the kinetic aircraft accelerated to subsonic speed of 270-300 m/s can fly 

60 - 80 km until the speed decreases to a landing speed of 50-60 m/sec. It is enough for suburb 

transport or for air bridges across the Straits of Gibraltar, English Channel, Bering Straits 

(Russia-America), Sakhalin-Asia, Russia-Japan, etc. For acceleration to this speed with includes 

being acceptable to passengers (3g) the runway length must be one and half km (a current 

runway for large aircraft have length 1.5 – 3 km). For the long distance flight (6000- 8000 km), 

the air vehicle must be accelerated to a speed of 4-4.5 km/sec. For acceleration of not more then 

3g the requited runway length must be 290-340 km. It is may be made by the methods described 

in [3], [4], [21]. It is not a conventional runway. It is an air cable acceleration system presented 

in [3],[4] for acceleration of space vehicles. It is located in atmosphere. 

Brief description of the innovation 

This system for kinetic vehicles includes (fig.1): Chain from closed-loop cables and drive 

stations. Subsonic system (fig.1b) may be located on surface or under ground, high speed (up 

to hypersonic speed) system (fig.1a) is located over ground in air [3].  Chain is supported in 

air by flight devices (see [1]-[4]) or by columns with rollers. Drive stations have engines 

located on the ground and work on any cheap energy. 

 The system works as the following. Aircraft starts from conventional aerodrome. The 

subsonic aircraft   is accelerated (with 3g) up to a speed of 270-300 m/s (Mach number is 0.9) 

For discussion  

of innovation idea 
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by the drive station on the runway having length 1200-1500 m (fig.1b).  The aircraft takes off, 

flies (50-70 km, figs.1c, 2), gradually losses speed and increases the attack angle. When speed 

is close to landing speed, the aircraft lands. 
 

 

Fig.1. Drive system for acceleration of kinetic aircraft. (a) Hypersonic and 

supersonic aircraft. (b) Subsonic aircraft. Notation: 1- chain from closed-loop 

cables; 2 – drive stations; 3 – support column with roller; 4 – flight vehicle; 5 – 

trajectory of flight vehicle; 6 – engine of drive station. (c) Kinetic subsonic 

aircraft as air bridge across stream.  

The high speed aircraft also starts from conventional aerodrome, take off, lifts off the ground, 

and accelerates up to speed of 1000-5000 m/s in air by the ground drive stations. The 

acceleration distance (with 3g) may be 13÷400 km (depending on final speed, see fig.5). It is 

not a problem, because acceleration is made in the air (fig.1a). The range of the high speed 

aircraft may reach 200-8,000 km (see fig. 3). The aircraft can make a full circle and return in 

its base (figs.8, 9). The flight data are significantly improved if a vehicle has variable wing 

area or variable swept wing (see [5]). Other similar ideas and useful parts for kinetic aviation 

are presented in [6]-[21]. The flight altitude does not influence range because energy spent for 

climb will be returned in gliding. 

Theory of kinetic vehicles and a general estimation of flight data 
(in metric system) 

1. Maximum range, R, of kinetic air vehicles is received from the kinetic energy of theoretical 

mechanic. We have 
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 (1) 

where R is range, m; R0=6,378
.
10

6
 is Earth radius, m; K is average aerodynamic efficiency 

(K=10-20 for subsonic air vehicles and K=5-8 for supersonic air vehicles. For example: the 

subsonic Boeing-747  has maximum K=16,  the supersonic “Concorde” has maximum K=7,5, 

supersonic aircraft XB-70, YF-12  have K=7, Boeing 2707-300 has K=7.8 ); go = 9.81 m/s
2
 is 

gravity acceleration; V1 is initial (after acceleration) speed, m/s; V0 < V1 is final (near lending) 

speed, m/s (V0=50-60 m/s); V is variable speed, V0<V<V1, m/s. For estimation V=0.5(V1+V0); 

mg/K=D is air drag, N (Newton); m is vehicle mass, kg. For V<2000 m/s, variable gravity 

ggo. Last formula in (1) is received from the first formula in (1) by integration. 
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Results of computation for subsonic (V<300 m/s, M<0.9, M is Mach number) and supersonic 

vehicles are presented in figs. 2-3.  Range of subsonic vehicle is 45-90 km for  V1=300 m/s; 

range of supersonic vehicle can reach 4000-8200 km for  V1=4500 m/s. 

 

    

Fig.2. Range of the subsonic kinetic aircraft versus an initial speed for different 

aerodynamic efficiency K=10 12 14 16 18 20.. 

Fig. 3. Range of the supersonic kinetic aircraft versus an initial speed for different 

aerodynamic efficiency K=4 5 6 7 8. 

2. Maximum acceleration distance can be calculated by equation 

 
gn

V
S

2

2

1 ,  (2) 

where n characterises the overload. Result of computation for subsonic and supersonic aircraft 

is presented in figs. 4-5. 

 

   
Fig. 4. Acceleration distance of subsonic kinetic aircraft versus an initial speed 

and different overloads 

Fig. 5. Acceleration distance of supersonic kinetic aircraft versus an initial speed 

and different overloads 
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Acceleration (3g) distance equals 1500 m for speed 300 m/sec of the subsonic vehicle and 

340 km for speed 4.5 km/sec of the supersonic vehicle.  

3. Average speed and flight time equal 

 .,
2

01

a

a
V

R
T

VV
V 


   (3) 

Results of computation are presented in figs. 6-7. The subsonic vehicle has an average speed 

of 1.5 time more then conventional aircraft (because the kinetic vehicle has high subsonic 

speed in beginning), the average speed of supersonic (hypersonic) is more than 6-9 times that 

of a conventional vehicle. The flight time is less for both cases.  

 

    
Fig. 6. Average speed of the kinetic and conventional aircraft versus range for the 

different aerodynamic efficiency K=4 5 6 7 8. 

Fig. 7. Average flight time of the kinetic and conventional aircraft versus a range. 

4. Trajectory of horizontal turn can be found from differential equations 
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where L1 is projection of the vehicle lift force to horizontal plane (vertical overload equals 1); 

t is time, sec;  is turn angle, rad.  

Results of computation for different overload are presented in fig. 8-9.  They show that the 

vehicle can turn in back and return to initial aerodrome (for example a bomber after flight in 

enemy territory). 

Advantages 

The offered method has the following advantages: 

1. The load capability of kinetic aircraft increases as a factor two (no fuel and engine in 

aircraft). 

2. The kinetic aircraft significantly is cheaper than conventional aircraft (no aviation engine 

which is very expensive and has limited resources).   

3. The engine located on the ground can work on a cheaper fuel, for example a natural gas, 

gasoline, diesel fuel, electricity. 

Conventional aircraft Conventional aircraft 
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4. The average speed in long distance travel is increased by 6-9 times (see fig.6). 

5. The maximum flight time is about 55 min and for distance 8000 km.(see fig. 7). 

6. The flight production cost is dramatically decreased. 

7. One installation can have a very large capability and can serve many airlines, for example, 

most airlines from USA to Europe (New York - London, Paris, Berlin, Madrid, Brussels, etc). 

The load capability is also increased greatly. 

8. The installation can be used for launching of satellites and probes (now some projects 

offered use the conventional airplanes but they have the maximum speed only 270 m/s). 

9. The installation can be used for space tourism and flights along high altitude ballistic 

trajectory.  

 

 

Fig.8. Horizontal deviation versus the range of the subsonic kinetic vehicle for the 

initial speed V=200 220 240 260 280 300 m/sec, horizontal overload n=3g, 

aerodynamic efficiency K=14.  

Fig.9. Horizontal deviation versus the range of the supersonic kinetic vehicle for 

V= 1 2 3 4 km/sec, horizontal overload (acceleration 3g), aerodynamic efficiency 

K=7.  

Project  

Assume the mass of the space vehicle is m=15 tons (100 passengers and 4 members of crew); 

the acceleration a equals 3g (this acceleration is admissible for conventional people). The 

range is approximately 7200 km (see fig.3 or calculate by RKV
2
/2g for the final acceleration 

speed 4.5 km/sec and K=7, g=9.81 m/s
2
.  

The needed distance of acceleration is S=340 km. The time of horizon acceleration is 

t=(2S/a)
0.5

=150 sec=2.5 min. Assume it uses the artificial cheap fiber (=600 kg/mm
2
) widely 

produced by current industry. An admissible tensile strength of the vehicle cable is =180 

kg/mm
2
 (safety factor is 600/180=3.33), density =1800 kg/m

3
 (K1=180/1800=0.1). Then the 

cross-section area of the vehicle cable about the vehicle will be S1=3m/ =250 mm
2
, the cable 

diameter is d=18 mm. Let us assume that the drive stations are located every 10 km [21]. It 

needs 34 drive stations. Mass of the cable is M=1.5S1Ld=6750 kg. Here Ld=10 km is distance 

between drive station. The influence of directive cable [21] and variable cross-section area of 

main cable is taken in consideration in the coefficient 1.5. 

The energy requested for acceleration aircraft and cable is E=(m+M)V
2
/2. It equals about 220 

Giga Joules (1 Giga Joule =10
9
 J) if V=4.5 km/sec. The drag of aircraft and cable is about 
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D=3 tons. It means E=DL= 3
.
10

4.
390,000 =11.7 Giga Joules. If the launches are made every 

0.1 hours the engines must have the total power about P=E/t=231.7
.
10

9
/6/60=643,600 kW 

distributed between 34 drive station (it is 18,900 kW each).  If engine efficiency is  =0.3 the 

fuel consumption will be F=E//=232
.
10

9
//0.3=18.4 tons per 1 flight. Here =42

.
10

6
 [J/kg] 

is an energy capability of Diesel fuel. This means that 184 kg of fuel is used for each 

passenger.  

If admissible tensile strength is  =180 kg/mm
2
=1.8

.
10

9
 N/m

2
, =1800 kg/m

3
, then the total 

weight of the flywheels (as storage energy) will be about Mw=2E/ = 

=2
.
232

.
10

9.
1800/1.8

.
10

9
=835 tons or 835/34=25.6 tons for each drive station (see more details 

in [21]). 

Economical efficiency 

Assume a cost of 500 millions dollars for the Installation (see issue [27]), a lifetime of 20 

years, and an annual maintenance of 5 million dollars. If 100 passengers are launched on 

every flight, ten flights every hour for 350 days a year and a load coefficient is 0.75, then 

N=100.10.24.350.0.75=6,300,000 passengers will be launched per year (one installation can 

serve many lines, for example, New York – London, Paris, Berlin. Rome, ets) . The launch 

cost per one passenger $30,000,000/6,300,000=$4.76 plus fuel cost. If 184 kg of fuel is used 

for 1 passenger and liquid fuel price is $0.25 per 1 kg, then the fuel cost is $46 for liquid fuel. 

The total production cost will be about $53/man for liquid fuel. If the ticket costs $153, then 

the profit will be about 630 millions dollars per year. It significantly decreases the fuel cost if 

aircraft will use a cheap natural gas as a fuel for drive station engines. The flight from the 

USA to Europe will be cheaper and takes less time then now. The efficiency is improved 

when aircraft will take the 200 and more passenger. The number of request aircraft decreases 

in 6-9 times because hypersonic aircraft has very high speed. 

In table #1 the reader finds the approximately cost of the different energy converted to 

mechanical energy. 

 

Table no.1. Cost of mechanical energy for different fuel. 

-----------------------------------------------------------------------------------------------------------------  

No Fuel  Price  Energy      Price of 10
6
 J   Conv. coeff. Cost of mech. energy  

   $/kg  J/kg  $    $/10
6
 J 

-----------------------------------------------------------------------------------------------------------------  

1. Liquid  0.3  43
.
10

6
   0.007  0.3  0.0233 

2. Natural gas 0.2  45
.
10

6
   0.0044  0.3  0.0147 

3. Coal  0.035   22
.
10

6
   0.0016  0.3  0.0053 

4.  Electricity 0.06 kWh -  0.0167  0.95  0.0176 

-----------------------------------------------------------------------------------------------------------------  
 

Fuel prices are changed in time. In any case the cost of delivery will be in some times less 

then delivery by conventional aircraft. Critics must remember that main contents of this 

article are not economical estimations, but the new idea for aviation and space apparatus. 

Discussing of Problems 

1. Cable problem 

At present the current industry produces a cheap artificial fiber with tensile stress up =500-

620 kg/mm
2
 and density =970-1800 kg/m

3
 [22]-[25]. It is enough for the subsonic, 
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supersonic, and even the hypersonic systems (see [1-4, 6, 10-12, 16, 18, 21]). Hypersonic 

system with this cable requires the drive station every 10 km. When industry will produce 

cheap whiskers or nanotubes the distance between the drive stations can be increased up to 

100 km and system parameters will be significantly improved. 

2. Vehicle heating 

The offered hypersonic vehicle will have heating from compressed air. The space ship 

“Shuttle” and warheads of ballistic rockets have the same problem and in more difficult form 

because they have greater maximum speed (about 8 km/s).  The heat flow increases in more 

than a third power of speed as V
3.15

. This problem is successfully solved by a demountable 

terminal cover of “Shuttle” and warheads. The same solution may be in offered kinetic 

vehicle (KV). The other solution is cooling. It needs in additional research. The nose and 

wing leading edges of the supersonic (speed less 4M) kinetic vehicles can be made from heat-

resistant material. If speed is more 4M, the hypersonic vehicle may to have a cooling system. 

However, this problem is not difficult for kinetic vehicles as for space ship “Shuttle”. The 

problems of “Shuttle” and KV are different. The ‘“Shuttle” has a much greater speed (about 

8000 m/s) and kinetic energy. It must decrease this speed and energy by air drag. For this the 

“Shuttle” has an obtuse nose and wing leading edges. The KV must save the speed and energy 

for the long flight. The KV has a sharp nose and wing leading edges. The maximum speed of 

hypersonic KV is two times less. It means the heat flow will be approximately 5 times less 

than the “Shuttle”. This problem can be solved by a light knockout ceramic cover (as the 

“Shuttle”) or a cooling system. If it uses water for cooling the vapor can be used for additional 

thrust. The lithium as a cooler has 5 time the capability of  water. The work [28], p.395 

indicates that 0.9 kg of lithium is enough for cooling a 5-ton projectile launched from ground 

with a speed 8 km/s. However, this method needs more research and computation.    

3. High aerodynamic efficiency 

The KV can have more efficiency than conventional hypersonic aircraft with engine because 

it does not have an air entry for air breathing engine. The permanent high aerodynamic 

efficiency can be saved by variable wing area and variable swept wing as is shown in [5]. The 

optimal trajectory is following: after acceleration the hypersonic vehicle gets the vertical 

acceleration (3g), reaches the optimal (high) altitude, and fly along the optimal trajectory [5]. 

After this the KV glides to air port. Upon arrival KV brakes and lends.  

4. Maneuverability in a landing. 

This problem can be solved by conventional methods – air brakes and small engine. 
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Laser diagnostics methods for investigations  

in gas turbine combustor with dual-swirl flow 

Wenyan Song 

School of Power and Energy, Northwestern Polytechnical University,  

Xi'an, China 

Abstract. The velocity field, single-point field of temperature, line-integrated-averaged field of 

temperature and relative concentration of major species in gas turbine combustor with dual-swirl flow 

are measured with particle image velocimetry (PIV), coherent anti-stokes Raman scattering (CARS), 

tunable diode laser absorption spectroscopy (TDLAS) and spontaneous vibrational Raman scattering 

(SVRS), respectively. The information about flow and combustion field can be obtain in gas turbine 

combustor with primary and dilution jet injected with Jet-A. In this paper, the applicability of the 

above laser diagnostic techniques has been investigation primarily. 

Key words: gas turbine combustor, particle image velocimetry (PIV), coherent anti-stokes 

Raman scattering (CARS), tunable diode laser absorption spectroscopy (TDLAS), 

spontaneous vibrational Raman scattering (SVRS). 

Introduction 

In advanced gas turbine combustor, the temperature rise was improved gradually, while the 

stability and emission in high temperature rise were in conflict [1]. For achieving the aim to 

keeping stability and reducing emission simultaneously, the swirler structure in the front-end 

was developed more complex, such as dual-swirler or triple-swirler [1,2]. In consequence the 

flow, mixing and combustion became more complicated and the design of such advanced gas 

turbine combustor was more challenging. It is quite helpful to the understanding of the flow 

and combustion in gas turbine combustor and further the design of advanced gas turbine 

combustor that experiments research were carried on about the flow and combustion[3]. As 

the flow field structure is quit complicated, the contact measure method is not suited to the 

research of combustion zone of combustor. Moreover, the non-contact laser diagnostic 

technologies got noticeable development in the past three decades such particle image 

velocimetry(PIV), coherent anti-stokes Raman scattering (CARS), tunable diode laser 

absorption spectroscopy (TDLAS) and spontaneous vibrational Raman scattering (SVRS), 

which made it possible that these laser diagnostic technologies were applied to the flow and 

combustion field in gas turbine combustor. 

PIV can be used to acquire the flow characteristic of instantaneous and mean flow field of a 

planar [2, 3, 4]; CARS[5, 6, 7, 8] and TDLAS[9, 10] can be applied to measure the single-

point and line-integrated-averaged temperature respectively; SVRS[11, 12] can be used to 

measure the major species including O2, N2, CO2 and H2O. These laser diagnostic 

technologies have been applied to the study of gas turbine combustor, and however these laser 

diagnostic technologies mainly are used to measuring of flow and combustion field in gas 

turbine combustor injected with gaseous fuel, while there are quite a few reports about these 

kinds of researches with liquid fuel. 

In the current paper, several laser diagnostic methods, including PIV, CARS TDLAS and 

SVRS, will be applied to study the flow and combustion field in a dual-swirl gas turbine 

combustor injected with Jet-A. PIV, CARS, TDLAS and SVRS will be used to measure the 

velocity, single-point and line-integrated-averaged temperature, and relative concentration of 

major species, respectively. The main aim is to study flow and combustion characteristics of 
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combustion zone of dual-swirl gas turbine combustor, and moreover investigate applicability 

of these laser diagnostic methods in gas turbine combustor injected with Jet-A. 

Experimental unit 

Experimental model 

In current study, the combustor is a rectangle single annular combustor (SAC) which is a 

simplification of a SAC sector. The SAC comprises of a swirl cup with counter-rotating 

discrete jets and radial swirler, injector which inter combustor from the top side wall of 

combustor, cowl, film, as well as primary and dilution jet (Fig. 1). The up and down liners are 

symmetric and the height is 84 mm. The two sides are the optical windows the size of which 

is 100 mm × 80 mm(Fig. 2). 
 

Cowl

Film

Swirler 
Assembly

Primary 
Jet

Dilution 
Jet

Dome

          

Fig. 1. Sketch of the SAC                                Fig. 2.  Combustor model 

Experimental system 

The experimental system is shown in Fig. 3. The system includes six pressure gas tanks, a air 

regulator, an air heater system, a mixer, import manifold, test sector, exhaust and pressure 

adjustment system. The heater system can heat air up to 1000 K, the inflow air pressure can 

vary from 0.1 MPa to 4 MPa, and the maximum flow rate is up to 1.0 kg/s. The bypass of 

exhaust is used to exhaust before and after the measure for avoiding the exhaust during 

heating disturbs the measure sector. There are four measure windows made up of silica glass 

in the measure sector, except the two windows mentioned above, one windows is located on 

the bottom of combustor and the last one is locate in the downstream of exit of combustor. 
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Fig. 3. Sketch of experimental system 
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Laser diagnostic methods 

2D PIV system comprises of YAG laser, ICCD, synchronizer and processing system.YAG 

pulse laser which has 500mJ single pulse energy, 6~8ns pulse interval and 532nm wavelength 

enters combustor across the windows of downstream of combustor exit, lighting the Al2O3 

particles. ICCD with 532 nm narrow band filter collects the particles image across the side 

windows of combustor. time interval for double particles images collected is 5μs, and time 

interval for every couple of images is 0.1s. Particles images collected by ICCD are converted 

to velocity information of flow field by PIV processing system. 

CARS system comprises of YAG laser, dye laser, beam splitter, spectrograph, ICCD and 

processing system. YAG laser generates double-frequency 532 nm laser with180mJ laser 

energy, 7~8ns pulse interval and 10Hz frequency. Partial laser penetrates the beam splitter, 

enters dye laser (2×10
-4

mol/L methanol solution), obtaining 12mJ energy, stokes light 607nm 

with central wavelength, and the left laser reflected by the beam splitter obtains 60mJ energy, 

532nm laser. The two bunch of laser focus on the reacting zone across side window, and then 

enter spectrograph across the other side widows, and finally are receipted by ICCD. The final 

temperature is got by way of processing system. 

TDLAS system comprises of diode laser, controller, phase-locked amplifier, detector and 

multifunctional data trap. Output wavelength of diode laser is modulated by modulating 

signal produced by multifunctional data trap. Laser enters combustor across fibre attenuator, 

collimator and the side windows in turn, and then enters detector across the other side 

window. The detector measures variation of intensity of laser going through reacting field, 

and detection results is converted to the final temperature by further processing. 

SVRS system comprises of YAG laser, monochromator, ICCD. YAG laser produces triple-

frequency 355 nm laser with 150mJ pulse energy, 8mm laser diameter and 10Hz frequency. 

ICCD and monochromator make up spectrograph with 392nm central wavelength and 40nm 

spectral range per frame which includes all Raman spectral from the major species in reacting 

field. laser enters combustor across the bottom window of combustor, and then spectrograph 

accepts signal across W1, moreover optical filter is arranged in front of spectrograph for 

filtering all kinds of scattering signal. 

Results and discussions  

Non-reacting flow field 

  
Fig. 4 Mean axial velocity contours and 

streamline 

Fig. 5 RMS of axial velocity contour 
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Velocity measurement is conducted by 2D PIV, and the measure condition is a pressure of 

106 kPa, a temperature of 300K, and an air flow rate of 0.14 kg/s without reaction. Fig. 4 

shows the mean axial velocity contour and streamline. The left boundary is 1 mm off  the 

front-end of combustor. Fig. 5 illustrates RMS of axial velocity. The main characteristic of 

mean flow field includes swirl jet, central recirculation zone (CRZ), primary jet and wake 

zone. The black solid line represents the boundary of recirculation zone (BRZ) and the CRZ 

extends into the dome. The primary jet prevents the swirl flow from extending downstream, 

limiting the rear boundary of CRZ, and reducing the length of CRZ, which makes the 

combustion zone more compact and enhances the stability. As the primary jet is quite strong, 

the primary jet plays a role of bluff body, therefore a bluff body recirculation zone  emerge in 

the downstream of each primary jet. This is not surprising. Because swirl flow is highly 

sensitive to small deviation of the boundary condition, and penetration depth of the up and 

down primary jet are different, the structure of CRZ is asymmetric. Meanwhile, the difference 

of penetration depth of the up and down primary jet causes asymmetry of the two BRZ. 

Because the penetration depth of down primary jet is stronger than that of up primary jet, the 

penetration depth of  the down BRZ is larger than the up one. Fig. 5 illustrates the distribution 

of root mean square of axial velocity. As seen from Fig. 5, there is shear layer between the 

swirl jet and CRZ, between the primary jet and CRZ and between the primary jet and BRZ. 

The maximum shear stress appears between primary jet and the BRZ, while the shear stress 

between primary jet and CRZ is quite slight. The possible reason is that the interaction 

between primary jet and swirl jet is quite strong which causes intense dissipation effect, while 

the interaction between primary jet and BRZ is slight, the dissipation effect is caused by 

which is weak. 

Reacting flow field 

CARS and TDLAS measurement are conducted under  a pressure of 5.5atm, a temperature of 

860K, an air flow rate of 0.441kg/s and a f/a ratio of 0.026. CARS totally measures 

temperature of 11points in the combustion zone, and these points are located on the P1~P11 

in Fig. 6. TDLAS measures line-integrated-averaged temperature of two locations, and the 

locations are the P1 and P12 in Fig. 6. The measurement results of CARS are listed in 

Table 1. The measurement results of TDLAS are in Fig. 8, and every location has twice 

measurements and the results are the average of the two results. The mean results of TDLAS 

are 1390K and 1575K in the two point, respectively. 
 

 

Fig. 6 The measurement location of temperature of CARS and TDLAS 
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Fig. 7 The measurement results of TDLAS 

 

Table 1:  CARS measurement results 

Location P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 

T 2350 2235 2100 2160 1870 2300 2210 2087 1895 2190 1905 
 

SVRS is conducted under two conditions: the first one is the same as that of CARS (C1); the 

second includes a pressure of 535kPa, a temperature of 865K, an air flow rate of 0.45kg/s and 

a f/a ratio of 0.019 (C2). The measure regime of relative concentration of major species 

including O2, N2, CO2 and H2O is located in a 10mm × 6mm rectangle region, the centre of 

which is located on the axis and keeps the same location as centre of the primary jet in flow 

direction. 
 

  
a b 

Fig. 8 The interference signal of Jet-A 
 

  
a b 

Fig. 9 The effective Raman signal 
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Because unburned Jet-A would produce quite strong interference signal in extent of 

ultraviolet laser, the interference signal produced by Jet-A interferes with the Raman 

scattering signal. In C1, the interference signal of Jet-A overlaps the Raman signal in time and 

space, and moreover the interference signal of Jet-A cannot be removed by filtering in time 

and space. Besides the strength of the interference signal of Jet-A is quite larger than that of 

the Raman signal in the reacting field, as seen in Fig. 8. So no effective experimental data can 

be got. In C2, the interference of Jet-A is quite slight, and the effective Raman signal can be 

acquired, as shown in Fig. 9. 

Conclusions  

In this paper, four laser diagnostic methods are applied to study the flow and reacting field of 

a dual-swirl gas turbine combustor. PIV is used to measure velocity, CARS and TDLAS are 

utilized for measurement of single-point and line-integrated-averaged temperature 

respectively, and SVRS is employed in measurement of relative concentration of major 

species including O2, N2, CO2 and H2O.  

The mean flow field is divide into four areas: the swirl jet, the CRZ, the primary jet and the 

wake zone. The characteristic of the CRZ is determined by the swirl jet and the primary jet 

together, and the characteristic of the BRZ is determined by the primary jet mostly.  

The results of temperature show, there is reaction zone of high intensity which is located 

between the CRZ and the primary jet. The results of species show, the interference signal of 

Jet-A interferes with the Raman signal, so no effective species data can be got in high f/a 

ratio, while the effective species data can be obtained in low f/a ratio. 

These laser diagnostic technologies have a good applicability in gas turbine combustor with 

complex geometry injected with Jet-A, but it remains to be further research and investigation. 

Abbreviations list 

PIV – particle image velocimetry  

CARS – coherent anti-stokes Raman scattering  

TDLAS – tunable diode laser absorption spectroscopy  

SVRS – spontaneous vibrational Raman scattering 

SAC – single annular combustor 

YAG laser –yttrium aluminium garnet laser 

ICCD – intensified charge-coupled device 

RMS – root mean square 

CRZ – central recirculation zone 

BRZ – boundary recirculation zone  
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To problem of turn optimality for the spacecraft  

with power-gyroscopes 

M.V. Levskii 

Research Institute of Space systems, Khrunichev State scientific-and-production Space Center 

Tihonravov street, 27, Yubilejny, Moscow region, 141091, Russia 

Abstract. The problem of correct choosing the time of optimal spacecraft slew from an arbitrary initial 

position into prescribed final angular position is investigated. The case, when a slew is performed with 

minimum magnitude of spacecraft angular momentum, is considered. Optimal control is in the class of 

regular motions. It is supposed that dynamics of spacecraft rotation during a slew corresponds to the 

known method of control [1], designed earlier, which includes as much as possible fast acceleration of 

a spacecraft, rotation with constant modulus of angular momentum and as much as possible fast 

cancellation of angular momentum. The formalized equations are presented, and computational 

expressions for determination of optimal duration of reorientation maneuver are obtained for known 

mass-inertial characteristics of a spacecraft, if attitude control is made by inertial actuators (system of 

control moment gyroscopes, gyrodynes). The condition for determining the instant of the beginning of 

the braking which uses actual parameters of motion (information on angular position of a spacecraft 

and measurements of angular velocity) is given, it considerably increases accuracy of spacecraft 

transfer into a required position. 

Key words: spacecraft, optimal control, power-gyroscope 

Introduction 

Here we solve the problem of a choosing the duration of maneuver for spacecraft turn into 

position of the required orientation (reorientation maneuver of a spacecraft). As spatial 

reorientation we mean the transfer of the axes ОXYZ related to the spacecraft body from one 

known angular position into another known (usually prescribed) angular position in finite 

time Т. In this case, parameters of a slew (for example, components of slew quaternion) are 

known in advance, even before the beginning of maneuver; any initial angular mismatches 

can be possible (from a few degrees up to 180
 
°). The angular orientation of the right-hand 

coordinate system ОXYZ (as well as its initial and final positions, ОXstYstZst and ОXfYfZf) is 

determined relative to a chosen coordinate system (reference basis I). In most cases the 

reference basis is inertial coordinate system ОXinYinZin (ICS). 

Many papers [113] are dedicated to questions of controled rotations of solid body about its 

centre of mass. In particular, the kinematic problem of a slew is studied in detail [3] where 

solution was resulted for variant when angular velocity vector is limited by modulus. In [4], 

the questions of optimal slew of a spacecraft by criteria of fast response and minimum of 

energy expense for the case when the region of admissible values of the controlling torque is 

limited by sphere are considered, and itself spacecraft rotates about the vector of finite slew. 

Interesting results are presented in [5] where control is constructed by method of the 

combined synthesis by criterion of the generalized work. Later works [6, 7] are known also 

(including decisions on the basis of algorithms of indistinct logic [7]), but they also describe 

the methods of constructing the controls that stabilize the spacecraft rotation about an 

instantaneous Euler axis (we will notice, that the majority of decisions [38] corresponds to 

spacecraft rotation around motionless axis). At the same time, a slew in the plane of the 

smallest angle of slew is not always optimal in practice (only in a few special cases) no matter 

how precisely it is performed. 



To problem of turn optimality for the spacecraft with power-gyroscopes 

 

 135 

In this paper, it was supposed that inertial actuators, i.e. powered gyroscopes [9] (or 

gyrodynes), are used for control of spacecraft attitude, and size of angular momentum of 

spacecraft becomes essential-critical, therefore we must take into account this size at control 

of spacecraft rotation. Earlier, the control method for spacecraft reorientation [1] has been 

designed, which takes into account restriction for angular momentum of a spacecraft. This 

method is accepted as model motion (as reference). From theoretical studies [1, 2, 12] is 

known that modulus of spacecraft angular momentum and the slewing time Т are 

interdependent; if angular momentum is small (i.e. less) then duration of maneuver is more 

large. However at presence of perturbations acting upon the spacecraft, the choice of the time 

Т is not so obvious (further we will show that available stock of the angular momentum of 

gyro-system has significant role at timing Т ). This investigation is dedicated to finding of 

optimal duration of spacecraft reorientation (in the framework of the mode [1]) at which the 

reserved stock of angular momentum of gyroscopes system would be maximum. 

2. Equations of motion and statement of the control problem 

We assume that spacecraft attitude control is realized using actuators which generate torques 

relative to all three principal central axis of inertia of the spacecraft. Angular motion of the 

spacecraft as a solid body we describe by the equations written down in quaternion variables [3]. 

 ω 2 ,  (1) 

where  is the vector of absolute angular velocity of a spacecraft;  is the quaternion 

reflected spacecraft orientation relative to inertial basis I. Eq. (1) has the boundary conditions 

(0) = н and (Т) = к . The quaternions н and к which specify directions of spacecraft 

axes at initial and final instants of time have predetermined arbitrary values satisfying the 

condition н= к= 1. Spacecraft motion is considered optimum if the value  
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is minimal (Т is the time of the slewing termination; 1 , 2 , 3 are projections of the vector 

 onto spacecraft axes; J1 , J2 , J3 are moments of inertia of a spacecraft). Optimal control of a 

spatial slew consists in transfering the spacecraft from position н into position к according 

to Eq. (1) with minimum value of the index (2). 

For the spacecrafts controlled by powered gyroscopes (gyrodynes or flywheels), minimization 

of angular momentum of a spacecraft body is very important. Now powered gyroscopes 

(gyrodynes) have received good application as actuators of spacecraft attitude system. Their 

use in regime of a slew demands that the summary angular momentum of the gyro-system 

would not exceed the admissible value. At control of spacecraft attitude with use of inertial 

actuators (control moment gyroscopes), the vector of angular momentum of the gyro-system 

should be within preset limited region S, and the extending of this vector beyond the region S 

leads to loss of controllability of a spacecraft; the size of angular momentum determines the 

controlling possibilities of gyro-system. Control of spacecraft slew is executed by 

redistribution of the angular momentum between the system of gyrodynes and spacecraft 

body [9]; total angular momentum of a spacecraft as solid body with rotating masses is equal 

or close to zero. When designing, analyzing, elaborating, and modeling the algorithms of 

attitude control of a spacecraft with powered gyroscopes it is assumed that region S of 

available angular momentum of the system of powered gyroscopes is limited by a sphere with 

radius R0. Such statement is used by many developers, designers and researchers [14–17]; it is 

valid for a large number (if not for the majority) of spacecrafts. Obviously, for the guaranteed 

presence of angular momentum G of powered gyroscopes system within region S it is 
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necessary that G was as small as possible. Hence, it is necessary that during controled slew 

of a spacecraft from position н in position к the modulus of angular momentum of 

spacecraft body was minimum possible (since L + G  0, where L is the angular momentum 

of the spacecraft body, and G is the angular momentum of the system of powered 

gyroscopes). From here we understand a sense of the formulated problem of control with 

minimization of the index (2), because the stock of the angular momentum of the gyro-

system, determined by difference R0 – L will be maximal in this case only. 

3. Formalization of optimal control of spacecraft slew 

Let us shortly write down basic relationships and equations describing optimal motion of a 

spacecraft. The accepted functional (2) does not contain (in an explicit form) components Мi 

of the torque of forces. Therefore the projections of angular velocity  i ( 3,1i ) are 

considered as the controlling variables (controls). If there are no restrictions for the torque M, 

then optimal rotation of a spacecraft (in sense of the criterion (2)) satisfy to the equations [2] 

 2/ iii Jbpω  ,  (3) 

 32231 ppp    ,  13312 ppp    ,  21123 ppp    ,  (4)  

where р1 , р2 , р3 are projections of some vector р onto axes related with spacecraft; b > 0 is 

scalar value (from (4) we show that the vector р is immovable relative to inertial basis I); 

p= 1. The problem of determining the optimal control consists in solving the system of Eq. (1) 

of angular motion and Eqs. (4) under the condition that optimal vector-function  (t) is chosen 

basing on the requirements (3) and this solution satisfies to the boundary conditions (0) = н , 

(Т) = к . Angular momentum L and the magnitude b are connected by the formula:   
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In case of unlimited torques Мi at entire interval of motion 0 < t < Т spacecraft rotates with 

L= const; optimal slew of a spacecraft is carried out with constant modulus of angular 

momentum Lm. Concrete value Lm is unequivocally determined by the time of slew 

termination Т. The optimal vectors  and р are connected by the relation [2] 
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    ( 3,1i ),  (5) 

under satisfying the conditions (0) = н , (Т) = к for solution (t) of Eq. (1), where Lm > 0 

is the magnitude (modulus) of angular momentum with which the slew of a spacecraft is 

performed. Equations for angular velocities  i can be formalized in the following form: 
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During optimal slew (without restriction for Мi ), the desired solution (t) has the properties   
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Optimal control of a spatial slew consists of a short-term imparting the initial conditions of 

motion (the calculated angular velocity) to the spacecraft at the beginning of a slewing 

maneuver, maintenance of spacecraft rotation with demanded (programmed) angular velocity 

 t) at which the modulus of angular momentum of a spacecraft has constant value 

L  const, and a short-term suppressing of available angular velocity to zero at the instant 

of time t = Т, when  t) = к (at achievement by spacecraft of final position к ). Key 

problem – finding the law of variation of the vector p(t) and the value Lm that at result of 

solving the system of Eqs. (1), (4), (5) with initial condition (0) = н , the boundary 
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condition (T ) = к was satisfied at right endpoint (the determination of the vector p(0) is a 

separate and rather complicated problem). 

The problems in which the boundary values (0) = (Т ) = 0 (such conditions of spacecraft 

slew are most typical) are of practical importance. Of course, at the instants of time t = 0 and 

t = T the angular velocity for nominal program of spacecraft slewing, determined by Eqs. (5), 

is not equal to zero. Consequently, transient segments are unavoidable: acceleration of 

rotation as a transition from the state of rest (when  = 0) to slewing regime with angular 

momentum having maximum modulus Н0, and braking, i.e., reduction of spacecraft’s angular 

momentum down to zero; and should be Н0 > Lm for finishing the slew maneuver during 

prescribed time Т. Between acceleration of rotation and braking, Eqs. (4) and the equations 
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  ( i = 3,1 , H0 = const )  (7) 

are satisfied. 

If slew conditions н , к , and the time T are such that the times of acceleration and braking 

are very small (compared to the total time of the slew) and we may neglect them, then one can 

consider as a jump both imparting necessary angular momentum Н0 to the spacecraft body 

and reducing available angular momentum down to zero, and almost during all slewing 

maneuver (between acceleration and braking) we have 0const|)(| Ht L  with satisfying 

Eqs. (4), (7). For the finding the optimal solutions p(t), (t), the value of the vector р at the 

instant t = 0 is determinative. 

If the controlling torque М is limited, then a boost of spacecraft angular momentum to the 

required magnitude L= Н0 at the beginning of the slewing maneuver and damping of 

available angular momentum to zero at the end of reorientation maneuver occupy some finite 

(distinct from zero) time. The general case, when slew conditions н and к are such that one 

cannot neglect the transient segments (acceleration and braking), is of interest. Let us assume 

that the vector М obey the condition 

 2
0
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3

2
2

2
1 mMMM  .  (8) 

The laws of the fastest imparting and reduction of the angular velocity under the constraint (8) 

are known [10]. At the segment of acceleration, optimal control has the form 

 ||/0 ωωM JJm ,   (9) 

where J = diag ( J1 , J2 , J3 ) is the spacecraft tensor of inertia; m0 is maximum possible 

magnitude of the torque M. At optimal motion, angular momentum of a spacecraft does not 

change the direction in inertial coordinate system, since the controlling torque М and angular 

momentum L have same direction. The magnitude of angular momentum varies according to 

the law tm0|| L . At the segment of braking, optimal control has the form 

||/0 ωωM JJm . 

At optimal motion, the torque М makes with the angular momentum an angle of 180 degree. 

Angular momentum varies according to the law )(|| 00oc ttmL L , where |)(| 0oc tJL ω ; t0 

is the instant of beginning of rotation damping. For both acceleration and braking, optimal 

control (as fast response) is control under which the controlling torque is parallel to angular 

momentum of a spacecraft at any instant of time. 

At the instant of time t = 0 the angular momentum of a spacecraft L = 0, and for the fastest 

reaching the preset magnitude L= Н0 is necessary the control (9). While 0|)(| HtJ ω , the 
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controlling torque ||/0 LLM m  is optimum. Since the instant tр when the equality 

0р |)(| HtJ ω  becomes valid, optimum will be the motion (4), (7) at which the equality 

0|)(| HtJ ω  take place. It is obvious that because of existence of the boundary condition 

(Т ) = 0 such instant tТ (tТ < Т ) should exist starting from which the angular momentum is 

begun to be reduced at a maximum control torque ||/0 LLM m  (the instant of time tТ is 

chosen so that by the instant of absolute stop  = 0 the spacecraft would occupy the desired 

angular position к ). At the intervals of rotation acceleration and braking, the control torque 

М has ultimate maximum, and condition (8) is a strict equality, and within interval between 

acceleration and braking, Eqs. (4), (7) and equality 0const|| HL  are valid. As a result the 

trajectory of spacecraft rotation (t) is partitioned in three components: (0)  (tР) , 

(tР)  (tТ), and (tТ)  (Т). Let us represent slew quaternion in the form: 

ТnomРКНР

~
  , 

where )(
~

pНР t   is the quaternion of spacecraft slewing during the acceleration 

segment; KTT )(
~

 t  is the quaternion of spacecraft slewing during braking; 

)()(
~

Tpnom tt    is the quaternion of slewing during spacecraft rotation with maximum 

angular momentum Н0 . 

Optimal motion of a spacecraft consists of segments on which the control torque maximum in 

magnitude acts (segments of acceleration and braking), and of a segment of rotation with 

constant (in modulus) angular momentum, equal to the designed value Н0 supporting the 

reaching of final position К in the given time T. On the segment of maximal control torque 

the angular momentum vector L has a permanent direction in the inertial coordinate system, 

but it is variable in magnitude (increase up to preset value on the acceleration segment, and 

decrease to zero on the braking segment); the torque М is immovable with respect to the 

reference basis I also (the vectors М and L are parallel). During the spacecraft rotation with 

maximum angular momentum the parameters of motion are determined by Eqs. (4), (7). In 

this case, the angular momentum vector L has a constant magnitude Н0, but its direction 

varies from a position preset at spacecraft acceleration to a position required during spacecraft 

braking. The spacecraft motion during its slewing maneuver proceeds according to the 

following program of angular momentum variation: an increase of the magnitude of vector L 

from zero to Н0 with maximum velocity (with maximum torque М) at the invariable direction 

relative to the reference basis I; next follows rotation of the vector L with constant value Н0 

according to optimal law determined by Eqs. (4), (7); and, finally, a decrease of modulus of 

the vector L down to zero with maximum possible velocity (with maximum torque М) at 

invariable direction relative to the reference basis I. This program fully specifies spacecraft 

motion in process of transfer from the state = н ,  = 0 to the state = к ,  = 0, since the 

Eq. (1) and the equality )()( 1 tJt Lω   are fulfilled. 

Since initial and final angular velocities are equal zero and the magnitude of control torque is 

constant 0const|| mM , duration of phases of acceleration and braking will be identical. 

Optimal solution (t) during segment of nominal motion (between acceleration and braking) 

possesses the properties (6), the vectors М and L are orthogonal, the magnitude of angular 

momentum is maximum and constant 0const|| HL . Dynamics of motion is fully similar to 

solution of problem of optimal slew which was obtained in [1]. If the magnitude Н0 of 

maximum possible angular momentum of a spacecraft is known, then after solving the 
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problem of maximally fast response we shall find the slewing time Т; if the time of 

termination of the slew maneuver is given, then value of parameter Н0 in control law is 

subject to definition. 

Optimal control of spacecraft attitude is implemented using the method described in [1]. Since 

at spacecraft braking the torque М is directed strictly against angular momentum L, the 

instant when braking begins can be predicted with the good accuracy. The duration of rotation 

damping is 0/|| mL . The instant of the beginning of braking segment is determined by the 

condition: 

4
2

33
2

220

2
3

2
2

2

2
33

2
22

2
3

2
2

)()()()(
arcsin










JJm

K

JJ

qqK
, 

where q j are the components of mismatch quaternion К)(
~

 t  ( j = 0, 1, 2, 3 ); || ωJK   is 

the magnitude of the spacecraft angular momentum. At braking segment, cancellation of 

angular momentum is carried out according to linear law: )(|)(| T00 ttmHt L , where tТ is 

the instant of the beginning of braking. 

Determining the instant of time tт based on actual (measured values) kinematic parameters of 

motion (mismatch angle and angular velocity) improves the accuracy of transferring the 

spacecraft to the required state  = к ,  = 0. 

4. Problem of choosing the optimal duration of the slew maneuver  

For the spacecrafts with inertial actuators (powered gyroscopes), minimization of the angular 

momentum during a slew is important, but not only; is important also to preset properly 

(maximum correctly) the time T of maneuver ending. The problem consists in determination 

of such duration of a slew Т (and of the value of the parameter Н0) at which during the 

spacecraft motion about its center of mass, evolution of vector G of the total angular 

momentum of the system of gyrodynes will not bring this vector beyond the limits of region S 

of admissible values (no saturating of the system of gyrodynes will occur), and no necessity 

will emerge in unloading, i.e., in removal of accumulated angular momentum of the gyrodyne 

system by applying the torque of forces of another nature (magnetic [2], produced by 

switching the attitude control jet engines, etc.). Such motions of spacecraft are considered as 

allowable (in the sense of controlling the spacecraft orientation without unloading the system 

of gyrodyne). 

At solving the formulated problem (choice the optimal time of the slew maneuver) two 

moments are initial: (a) spacecraft slew occurs according to the method [1], and (b) the stock 

of angular momentum of the gyrodynes system should be maximum (at the found parameters 

of slew Н0 and Т ); last requirement allows to reduce probability of involving any other 

(except the gyrodynes) means of attitude control (for example, jet engines). For the case with 

zero boundary conditions (0) = (Т ) = 0 only a single type of motion is realized: the first 

phase  acceleration of spacecraft rotation with maximum controlling moment M= m0 up to 

L= Н0 , next the site of spacecraft motion with constant in magnitude of angular momentum 

L= Н0 (with satisfaction of equalities (6)), and then the symmetric segment of spacecraft’s 

braking with maximum controlling moment M= m0 up to a full stopping of the spacecraft 

( МL ). Changing the angular momentum G of the system of powered gyroscopes during a 

slew is such that the condition const/|| dtd G   is true on the segments of acceleration and 

braking (since the torque M of the controlling forces is much more perturbations torque МВ). 
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And, in most cases, it is possible to assume 
TP

/||/||
tttt

dtddtd


 GG , where tР is the 

instant of termination of acceleration; tТ is the instant of the beginning of braking. For the 

hypothetical case when МВ = 0, acceleration of spacecraft rotation can be carried out up to 

situation L= R0 , because in this ideal case L= G, and within the interval between 

acceleration and braking we have 0/|| dtd G  (here R0 is radius of the sphere entered in 

region S of available values of the angular momentum G of powered gyroscopes system). 

In real conditions of flight МВ  0, and therefore 0GL , and hence in general case we 

have 0/|| dtd G  within the segment of nominal rotation (when const|)(| tL ). At presence 

of perturbations torques МВ  0 there is the problem  what value should be the slewing time 

Т (or the value Н0) so as up to termination of the slew maneuver the possible increase in size 

G was less R0  Н0 (dependence Н0 from Т is the monotonously decreasing function). 

Though perturbations МВ can "help" the slewing of a spacecraft (in this case 0/|| dtd G ), 

but to guarantee such evolution of events will be throughout at the interval of time [tр, tт] is 

impossible. Therefore at constructing the designed program of control, we must take into 

account the worst scenario  we assume that the perturbations МВ are greatest possible in 

magnitude and directed against angular momentum L of spacecraft body. Then we have 

||/|| BMG dtd  and Bpac/max
тр

Mdtd
ttt




G , where МВ рас is the greatest possible magnitude 

of perturbations torque МВ (i.e. МВ МВ рас ). Increment of magnitude of gyro-system 

angular momentum G during spacecraft rotation with L= const  will following 

BpacTPBpacPTВ )()(
т

р

MTMttdtG

t

t

 М , 

where р and т are the durations of acceleration and braking; G = G. Thus, the inequality  

0BpacTPP )()( RMTG   

should be satisfied, where R0 is the known value beforehand preset. 

At the instant of acceleration ending we have |)(|)( PP ττG L  (since 0B || mM ). 

"Saturation" of system of powered gyroscopes can be present in the limiting case, if the 

equality BpacTP0P )(|)(| MττTRτ L  is valid. We must note: if the the slew time Т has 

less quantity then probability of achievement by the instant tт of the braking beginning of the 

threshold level G (t)= R0 will less, it would seem. However with reduction of the time Т, the 

required angular momentum L(р) increases, and the stock |)(| P0 τRR L  decreases; this 

factor raises probability of presence of gyro-system's "saturation" in the course of the slew 

maneuver (probability of satisfaction of equality G= R0 increases). Here the problem of 

spacecraft slew with minimum angular momentum L during prescribed time Т is very 

important (for increasing the stock of angular momentum ||0 LR  which can be used for 

indemnification of prospective perturbation torques МВ). 

At constructing the optimal program of control we can vary only one of two parameters: the 

slewing time Т or the modulus of spacecraft angular momentum L(р) (other characteristics 

are preset by conditions of a slew and cannot be changed). We will write down the equation 

setting dependence between the slewing time Т, an estimation of the maximum magnitude of 

perturbation torques МВ рас , and the computed magnitude of spacecraft angular momentum 

L(р). For the slew of solid body along the trajectory which satisfies to Eqs. (3), (4), the 

equality  
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L

T

Sdt  const
0

L , 

is true, where the value SL is determined exclusively by the slew quaternion КНР
~

   

and inertial characteristics of a spacecraft J1, J2, J3 [11]. Having designated L0 =L(р), and 

if we believe that on the segments of acceleration and braking, the modulus of angular 

momentum varies under linear law mdtd /|| L , where т is the maximum speed of varying 

the modulus of angular momentum, we will receive the following relationships: 

)2(2 тр0

0

ττTLdt

T

 L   or  LSmLTL  )/( 00  (since mLττ /0рт  ). 

Two statements of a problem are possible: (a) at the presence of constraint Т  Тset  we use 

criterion L0  min  or  МВ рас Т  max ; and (b) if right endpoint is free, then we receive the 

system of two equations in which the slew maneuver time Т is specified by the condition 

МВ рас  max. These equations have the following form 

00Bpac0 )/2( RmLTML   ,  LSmLTL  )/( 00     

or     0BpacBpac0 )/21( RTMmML   ,  0/ 0
2
0  LSTLmL ; 

whence  0/)/1/1( Bpac00Bpac
2
0  LSMRLmML  (since  mLMLRT /2/)( 0Bpac00  ). 

The solution of last equation is  

   расВрасВрасВ
22

000 )(45.0 MmMmmMSmRmRL L  . 

If m   then the values р  0 , т  0 , and TLSL 0 ; therefore 

0BpacBpac00 / LSMTMLR L , and hence 2/)4( расВ
2
000 MSRRL L  (the inequality 

L0 < R0 is obvious). 

Situation when m > МВ ра is typical, and there are two solutions of quadratic equation (in both 

L0 > 0); smaller value L0 corresponds to a higher bound for the time Т (Tmax), larger value L0 

corresponds to a lower bound for the time Т (Tmin , the slew in minimal time). We appoint the 

slew maneuver time within the range maxmin TTT  . Outside of the interval [Tmin , Tmax] the 

slew maneuver without "unloading" of gyro-system is not guaranteed, as "saturation" can 

occur or because of big L0 which was imparted after acceleration of rotation (it is close to R0), 

owing to small time Т, or because of large duration of the phase of nominal rotation (between 

acceleration and braking), and, as a consequence, the perturbations accumulated up during the 

slew maneuver "will eat" all stock 00 LR   of angular momentum of the gyro-system. If 

magnitude МВ рас is not known or can vary its value over a wide range, then we must specify 

the slew maneuver time Т using the condition of maximum of the parameter МВ рас for which 

the inequality 

)(4 расВрасВ
2
0 MmMSmR L   

is satisfied. The function )( расВрасВ MmMSL   is maximum at the point 2/Bpac mM  ; 

however such perturbation torques, comparable on size with the torque of the controlling 

forces, does not happen. Hence, it is possible to assume that the roots of quadratic equation in 

which L0 is single unknown value, are converged nearer to each other with increase of the 

parameter МВ рас, and the range [Tmin, Tmax] concerning preferable values of the slew maneuver 

time Т will be narrowed. Let us find such critical value of the parameter МВ рас (we will 
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designate it Мкр) at which the slew maneuver from position н into position к is still possible 

without infringement of the requirement 0|| RG . For this purpose, we must solve the 

equation 

0)(4 2
0расВрасВ  mRMmMSL  

with respect to МВ рас (all other quantities in this equation are known, they were preset by 

conditions of the problem of optimal slew maneuver). As result, we have  

2/)/( 2
0

2
кр LSmRmmM   

(from physical sense, we assume 2/Bpac mM  , and therefore only one root МВ max = Мкр is 

interesting for us); max BB ||max MM  (i.e. max BpacB MM  ). Taking into account action of 

perturbations МВ with a priori unknown magnitude, the optimal values are 

 mSRRL L/11 2
000   , and 0opt /2 RSTT L . 

Have come to conclusion Тopt = 2Тfast, where Тfast is the theoretically achievable lower bound 

of duration of spacecraft slew under the constraint 0|| RJ ω  (in these formulas прtKS CL   , 

where tпр is the predicted time of the slew maneuver from position н into position к 

obtained by the simulating the spacecraft rotation according to Eqs. (1), (4), (5) in which 

0 Cm KL ).  

Predictably, we could expect this result: in optimal case the slew maneuver time should be 

twice more the time of ideal slew (when the modulus of spacecraft angular momentum L is 

equal to as much as possible admissible value R0 and the perturbation torques are absent). 

Conclusions 

Spacecraft attitude control using inertial actuators (in particular, by system of powered 

gyroscopes) is carried out often enough. Efficiency of use of inertial devices (powered 

gyroscopes) in regime of spatial turn is defined by the accepted algorithm of spacecraft 

attitude control, but not only; efficiency is also defined by time of the ending the reorientation 

maneuver. For excepting the saturation of gyro-system its total angular momentum should not 

exceed admissible value (the slew maneuver is carried out by redistribution of the angular 

momentum between the system of gyrodynes and spacecraft body). For situation when the 

slew maneuver will occur without the unloading of gyro-system, the modulus of angular 

momentum of a spacecraft should be obviously less radius of the sphere entered in region of 

available values of the angular momentum of gyro-system. The reorientation duration can 

become critical factor in many cases. We formulated the following problem: it is necessary to 

define such duration of the slew maneuver so as during spacecraft motion about the centre of 

mass the angular momentum vector of gyrodynes system was within region of admissible 

values, this fact will exclude necessity of "unloading" of gyro-system and will provide 

performing of the slew maneuver without the applying of other means for attitude control (for 

example, jet engines). The solving the specified problem allows to make spatial slews of a 

spacecraft using only powered gyroscopes. 

It is known that the method of orientation [1] is optimum at control with use of inertial 

actuators. In the most general case the slew maneuver is partitioned in three characteristic 

phases: acceleration of the spacecraft (the imparting to it the angular velocity) up to the 

prescribed magnitude of angular momentum; spacecraft rotation with constant modulus of 

angular momentum; and cancellation of angular velocity down to zero. The problem of 
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attitude control is reduced to solving the three problems: the fastest imparting to a spacecraft 

the required angular momentum, rotation of the spacecraft with the calculated velocity of 

motion, and maximum possible deceleration (damping) of the spacecraft. At the segments of 

acceleration and braking, the control torque is maximum possible and parallel to the angular 

momentum vector, which ensures a minimum time of reaching the preset value of the 

spacecraft angular momentum (or reduction of available angular momentum down to zero). 

At the phase between acceleration and braking, the spacecraft rotates with angular momentum 

having constant modulus; the control torque is formed using the condition that angular motion 

of a spacecraft should proceed along the prescribed trajectory of rotation determined by the 

rated vector of turn and the preset value of the angular momentum modulus. During phases of 

an intensive gaining and suppressing the angular momentum, the modulus of control torque 

remains constant. This circumstance allows to use the described control method of spacecraft 

slew if the controlling torque is limited by sphere. Basing on the properties of the optimal 

slew maneuver [1], the estimations for determination of optimal time of slew maneuver 

depending on concrete conditions (initial and final positions of a spacecraft and its inertial 

characteristics) are given. Designed control technique of spacecraft attitude is exclusively 

important to apply in cases when magnitude of angular momentum is significant for us and 

the controlling torque is limited by sphere. 
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Introduction 

I would like to spend a little time with you giving my own recollections and impressions of 

those early years of the human conquest of space as I witnessed them. 

I was there and I can tell without exaggeration about the significant role Sergey Pavlovich 

Korolev played as the trailblazer, the motivating force behind space accomplishments not 

only of the East but also – yes – of the West. I doubt that without the world’s first 

intercontinental ballistic missile, the R7 “Semyorka”, or the world’s first artificial satellite, 

the early “Lunnik” moon probes and the world’s first human space voyager, we would have 

struggled as hard as we did in responding to Korolev’s challenge in opening access to the 

cosmos for humankind. 

The story of space exploration is a story of continuous innovation. Ever since Korolev launched 

Sputnik 1 on October 4, 1957, or Yuri Gagarin on April 12, 1961, ever since Wernher von 

Braun’s team developed the giant rocket that brought us to the moon in 1969, ever since we 

flew our first space stations Salyut and Skylab, joined up with the Soviet space program in the 

Apollo-Soyuz Test Project (ASTP) in 1975 or built the first reusable space ships, the Space 

Shuttle and the Buran, and today the International Space Station ISS, we strove for innovation 

because we had to: we were doing things that had never been done before. 

As Boris Chertok tells us in his great memoirs “Rakety i lyudi”, often was the time that he 

and his colleagues advised Korolev that what the Chief Designer wanted was impossible, and 

Korolev told them to do it anyway, and fast. And we are still doing that today, both here in 

Russia and back home at NASA. 

For me, the trail from my Huntsville of the 1960s to Baikonur in the 1990s was blazed by 

S.P.Korolev. 

Huntsville 

When I arrived in Huntsville/Alabama, in the Deep South of the USA, in August 1962 as a 

young engineer on personal invitation from Wernher von Braun, I entered a world the likes of 

which had never existed before nor would ever exist again. 

A picture of that time (all illustrations are in article end, pp.21-22), showing the red clay, 

typical for Huntsville (as also denoted by the name of Redstone Arsenal), my first American 

                                                 

* The article was published in 2007 (“APAAS’, no. 2, 2007). The subject of the paper is meditations about 

beginning of Space Era, with retrospective view of NASA representative on collaboration in Space. 
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car (a Chevrolet Impala 1962), and one of many proud city signs boasting "Rocket City, 

USA“ and the "Space Capital of the Universe", as the local Chamber of Commerce and HIEC, 

the Huntsville Industrial Expansion Committee, liked to call it. 

Little did we know at that time that there was another “Space Capital of the Universe” 

halfway around the world, and even less could I have imagined then that one day I would 

become a frequent visitor to that place, Baikonur/Kazakhstan. 

The name Rocket City for Huntsville was well deserved, because in those 1960s rockets were 

what we ate and drank and breathed, ever since Wernher von Braun and his original team of 

117 specialists from Peenemünde (the men Boris Chertok was looking for in 1945) came here 

with their families in 1950. 

In Fort Bliss/Texas, and White Sands Proving Grounds/New Mexico, they spent five 

frustrating years translating documents and launching captured A-4/V-2 missiles. In 

Huntsville, they worked for 10 years for the U.S. Army before joining the civilian NASA in 

1960. They developed the Redstone medium-range missile from V-2 technology, followed by 

the larger Jupiter rocket. The first test flight of the 70-foot Redstone missile succeeded on 

August 20, 1953, the year Joseph Stalin died (March) and the Soviet Union detonated its first 

hydrogen bomb at Semipalatinsk (August). 

The standard Redstone was later chosen in the suborbital Mercury/Redstone Program of 

NASA for the human-rated version of this rocket. It launched Alan Shepard in 1961. The first 

U.S. flight in orbit was accomplished by John Glenn in 1962 on an Atlas rocket. Huntsville 

became the birthplace of the Saturn rockets, with the smallest one, the Saturn I, using eight 

upgraded Jupiter-Thor S-3D engines with 188,000 pounds thrust each, and a cluster of eight 

Redstone tanks around a central Jupiter tank. The first Saturn I thundered off the pad on 

October 27, 1961. This vehicle flew ten times, always successful. After it came the upgraded 

Saturn IB with nine flights, again all successful. The third and much larger Saturn vehicle, 

finally, designed specifically for the lunar landing missions and the crowning achievement of 

the decade-long struggles of the Rocket Team, was the 110 m tall Saturn V, with 13 

successful missions out of 13 attempts. 

Shocked into Action 

Sputnik 1, on October 4, 1957, came as a tremendous shock on the American psyche, which 

the launch of Explorer 1 on one of our Redstone rockets almost four months later, on January 

31, 1958, could reduce but not erase in the public mind. 
The following Sputniks, Sputnik 2 with the first “Proto-Cosmonaut”, the dog Laika (Nov.3, 
1957) and others, like Belka and Strelka on Sputnik 5 (Aug. 19, 1960) added more fuel to the 
fire of an increasingly fierce competitive feeling on both sides. (By the way, the longest 
spaceflight by dogs was performed by Veterok and Ugolyok on Febr.22, 1966, aboard Cosmos 
110, for 22 days).  In the U.S., our Proto-Astronauts were monkeys and chimpanzees, such as 
the squirrel monkey Miss Baker (May 28, 1959) and the chimpanzee Ham (January 31, 1961). 
The most important “trailblazer” impact of Korolev’s early successes on our side was the 

establishment, by President Eisenhower and the U.S. Congress, of the civilian National 

Aeronautics & Space Administration on October 1, 1958, within the framework of the first 

International Geophysical Year (IGY). And because Wernher von Braun and his team were the 

only ones in the West who knew how to build really big rockets, they were moved from the 

Army over to non-military NASA, at the Marshall Space Flight Center in Huntsville in 1960. 

The second major impact which trailblazing Korolev had on our space program was the launch 

of the first human, Yuri Alekseyevich Gagarin, on April 12, 1961 in “Vostok 1”, and again we 

came in second place, which Alan Shepard’s suborbital flight on Mercury-Redstone 3/Freedom 

7 four weeks later (May 5, 1961) could not actually balance out in the public mind. 
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The real important thing that Gagarin’s epic space flight on Korolev’s Semyorka achieved for 

all of us in my opinion was that it provided the unquestionable proof that space flight by 

humans was indeed possible.  It silenced a lot of skeptics, doubters and nay-sayers, and it 

motivated an unbroken chain of courageous men and women to follow in Yuri 

Alekseyevich’s footsteps, both in the East and the West. 

It was “Big Al” Shepard’s flight but more importantly Korolev’s and Gagarin’s success in 

April, that set the stage for President John F. Kennedy on May 25, 43 days after “Vostok 1”, 

to ask the nation to “commit itself to achieving the goal, before this decade is out, of landing a 

man on the Moon and returning him safely to the earth.” And that, as Wernher von Braun 

said of Kennedy in 1964, "made the country feel young again." 

Headlines in Huntsville 

Both sides quickly recruited and selected the men to follow the road blazed by Sergei 

Pavlovich with the Semyorka, the Vostoks and the Voskhods. 

Selection criteria for the first humans to fly in space were rigorous and severe – they had to be 

military officers, test pilots, stable of mind, well-trained and restricted in body size. All of 

them quickly became public heroes, both in the East and the West. 

This slide shows the first ones: Some of the original cosmonauts, including Nikolayev, 

Gagarin and Leonov, and on the bottom the Original Mercury Seven: Wally Schirra, Al 

Shepard, Deke Slayton, Gus Grissom, John Glenn, Gordon Cooper, and Scott Carpenter. 

At my early-morning breakfasts in my bungalow home on Monte Sano, Huntsville's 

newspapers continuously served up wonderful headlines straight out of Science Fiction. 

Reading about Korolev’s amazing “Firsts in Space”, coming like drumbeats of destiny, 

caused in many of us professionals great admiration but also the dismaying feeling of being 

only in second place, of lagging behind.  Americans do not like this feeling, because it makes 

us look like losers. Thus, there was no doubt in our minds that a race was underway – a race 

that aimed for the moon. Good racing horses run best when they see another horse in front of 

them, and that also applies to Americans. We had no detailed knowledge about the Soviet 

plans for beating us to the moon, but there were signs, and today those plans and designs have 

become public knowledge. They confirm that indeed there was a race. 

The struggle on both sides became titanic in the truest sense of the word, and it lasted for 

more than a decade, well beyond the Apollo lunar landings. 

Wernher von Braun’s moon rocket, of course, was the gigantic Saturn-V. The newspaper 

“Huntsville Times” called it the "world's largest rocket", but then they didn't know yet about 

the equally gigantic Nositel odin (N-1) being developed by Chief Designer Sergey Korolev in 

Russia. In great haste, under extreme pressure from Moscow, his successor, V.P. Mishin, 

began N-1 assembly in Kazakhstan in February 1967, and two years later, on February 21, 

1969, the first N-1, 105 m tall and weighing 2700 tons, thundered from its launch pad in 

Tyuratam, today's Baikonur. As we all know, its flight had a sad ending. Fifteen months 

earlier, our Saturn V completed its first flight flawlessly. Three more N-1s attempted the 

flight to orbit with lunar landing systems, the last one on November 23, 1972, but all failed 

tragically, ending the Soviet manned lunar program. 

Space Stations – from Salyut to ISS 

But the race went on regardless, now by means of manned space stations circling the Earth. In 

the US, we developed Skylab from left-over Apollo hardware, launched on the 13th Saturn V 

(of 15 built) in 1973. In the Soviet Union, there was a succession of seven crewed orbital 

stations, from Salyut to Mir. 
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The first space station was Salyut-1 (“Zarya”), from Korolev’s Design Bureau, now headed 

by Vasiliy Mishin. His rival, the Design Bureau of Vladimir Chelomey, launched the military 

“Almaz” space stations and gave us the heavy “Proton” launch vehicle. The first second-

generation Salyut, Salyut-6, had two docking port, i.e., it could be resupplied for long-

duration flights. On it flew famous cosmonaut heroes like Valery Ryumin, Leonid Popov, 

Georgi Grechko and a number of foreign guest cosmonauts including the first German, 

Sigmund Jähn. The last Salyut, Salyut-7, was launched in 1982, and it was followed in 1986 

by the third-generation space station Mir, which had multiple “building block” modules 

around the core module. A second Mir was under development but was never finished.  

Instead, its components found good use in the new International Space Station ISS, now 

circling Earth since 1998. The Mir-2 core module became the ISS Service Module “Zvezda”, 

and a progeny of the Almaz stations at Khrunichev became “Zarya”, the FGB 

(Funktsionalnyi-Grusovoi Blok) of the ISS. Chelomey’s Proton and Korolev’s Soyuz are of 

course still being launched at Baikonur today, with great reliability. 

Apollo 

The historic flight of the first moon landing was preceded by two circumlunar missions,  i.e., 

without actually landing:  by Apollo 8 with Frank Borman, James Lovell and William Anders 

on Christmas 1968 on the third Saturn V, and Apollo 10 with Thomas Stafford, John Young 

and Eugene Cernan in May 1969 on the fifth Saturn-V. 

Our dream of setting foot on the moon finally became reality after eight years of hard work 

when the sixth Saturn V lifted off from Florida on July 16, 1969, at 9:32 am local time. And 

in the afternoon of July 20, at 4:17pm Florida time and 102 hrs 45 min after the launch, the 

"Eagle" of Apollo 11 touched down in the Sea of Tranquility when Neil Armstrong, Buzz 

Aldrin and Michael Collins fulfilled Kennedy's mandate, within the specified time ("…before 

this decade is out...") and within estimated costs ($24 billion). The entire mission, from 

launch to splashdown in the Pacific Ocean, lasted 195 hrs 18 min 35 sec and brought back 22 

kg of lunar surface samples. What they left behind at Tranquility Base included three objects 

of honor for five grieving widows on Earth: two Soviet military medals, awarded to the 

cosmonaut heroes Yuri Gagarin and Vladimir Komarov, and the mission insignia of Apollo 1, 

once intended for Astronauts Gus Grissom, Roger Chaffee and Ed White who lost their lives 

in a fire on the launch pad in 1967. A commemorative marker with the names of 14 fallen 

U.S. & Soviet space heroes was later left on the moon by Apollo 15, beside a small statue of a 

spaceman lying on the regolith. 

Apollo 11 was followed by five more moon landings, including three Lunar Rover vehicles, 

and the program ended with Apollo 17 in December 1972. 

Altogether, the six landing missions returned 383 kg of surface samples, over 33,000 

photographs, many 16-mm films and more than 20,000 magnetic tape reels. The three NASA 

field organizations behind these historic engineering triumphs were the Marshall Space Flight 

Center in Huntsville, the Manned Spacecraft Center (now Johnson Space Center) in 

Houston/Texas, and the Kennedy Space Center in Florida. 

Two Extraordinary Men 

When I met with Wernher von Braun for the first time after I had followed his invitation to 

join his team, he was 50 years of age – and I was 29. 

I worked with him for eight years, until he went from Huntsville to NASA Headquarters in 

Washington in February 1970. In June 1972 he left NASA and entered private industry – the 

company Fairchild Industries. And on June 16, 1977, he died from complications following 
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intestinal cancer surgery, at 65 years (Korolev died at 59, in 1966). Wernher’s modest 

gravesite is at Ivy Hill Cemetery in Alexandria, Virginia (Korolev’s burial site, of course, is at 

the Kremlin Wall on Red Square in Moscow, behind Lenin’s Mausoleum). 

What I learned in those years under von Braun's leadership has never left me nor ever failed me. 

When he was our Director, technical competence was more than a catchword at Marshall Space 

Flight Center (MSFC) – it was simply a way of life! Wernher insisted on it and we lived by it. 

I think there were (or must have been) many similarities between Wernher von Braun and 

Sergey Pavlovich Korolev. They never actually met physically, primarily because of the 

secrecy around the real identity of the Chief Designer in the Soviet Union. But when I read 

Boris Chertok’s wonderful memoirs for the first time, his descriptions of S.P. often reminded 

me vividly of v.B. 

They were very special men, uniquely qualified for the immensely difficult tasks they had set for 

themselves: men of tremendous visionary powers, almost childlike in their unshakeable 

conviction that those visions could be made reality, and both equipped with the charisma and 

leadership qualities necessary to influence people in government, industry and universities, 

convince politicians, deal with and prevail over adversaries, pick the right professionals for the 

right job, and motivate them to accomplish those visions that to them at times seemed impossible. 

Historic Handshakes & Breakthroughs 

It is with some gratification that I can note here, as an engineer “who was there”, that our 

wishes and attempts to get in touch with our counterparts of the Soviet space program started 

well over 35 years ago. 

One of the first contacts was established by Apollo 8 Commander Frank Borman during the 

Apollo 11 moon landing mission when he conferred with Moscow on Russia’s intentions with 

Luna 15. Luna 15 had been launched three days before Apollo 11 on a mission to land an 

unmanned station on the moon, pick up soil samples and return to Earth. We needed to know 

precisely whether there was a chance of orbital or radiofrequency interference between that 

mission and our Apollo 11 flight which landed on July 20. Luna 15 crashed several hours 

later, on July 21, on the other side of the moon. 

A more visible event took place in October 1970 when highly decorated Soviet cosmonauts 

Andrian Nikolayev and Vitaly Sevastyanov visited us at MSFC in Huntsville on a goodwill 

tour. Earlier that year, in June, Vitaly and Andrian had established a new space endurance 

record of 18 days, in their Soyuz 9 capsule, and we were of course very excited about their 

visit. We put Vitaly in a NASA spacesuit (which he checked out carefully), and our Apollo 9 

Flight Engineer Rusty Schweickart went with him into our water tank, the Neutral Buoyancy 

Simulator (NBS), designed to simulate the weightlessness of space.  Andrian meanwhile was 

taken on a tour of Huntsville’s famous Alabama Space & Rocket Center (ASRC) by Buzz 

Aldrin who had returned from the first moon landing in July of the preceding year. 

A major breakthrough in East/West cooperation in space came four years later, in 1975, with 

the joint American/Soviet mission ASTP (Apollo Soyuz Test Project). 

It sent a highly visible signal to the world that the Cold War had come to an end, at least for 

our joint attempts of continued manned cosmic exploration, in a time when national interests 

had turned to Détente, away from thoughts of fierce competition and risking human lives in 

space just to prove national or ideological superiority. 

The crews of Thomas Stafford, Deke Slayton and Vance Brand from the US and Alexei 

Leonov and Valery Kubasov of the Soviet Union joined their Apollo and Soyuz spaceships on 

July 15, 1975, for a nine day flight of the first international manned mission and the first 

international space station (above: the crews in 1975 & 2005). ASTP was designed to test the 
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compatibility of rendezvous and docking systems for American and Soviet spacecraft, to open 

the way for international space rescue as well as future joint manned flights. 

I must confess that during that project I actually believed that it would immediately open the 

door to many more joint missions with Russia, and I was only one of many engineers and 

young managers who also believed that. But what did we know about politics! 

It actually took another 20 years until that dream became reality, with the first docking of a 

Space Shuttle to the Soviet space station Mir: STS-63/Discovery with Cosmonaut Vladimir 

Titov in February 1995. Titov was actually the second cosmonaut on an American Shuttle: 

before him was Sergey Krikalyov who flew on STS-60 one year earlier (Feb. 1994). 

People writing History 

It was only after these first Soviet/American flights to Mir, considered ISS Phase I, that we 

began to learn what had been going on during the preceding years behind the so-called Iron 

Curtain and the dense veil of secrecy surrounding the real persons, heroes and struggles of 

Soviet Union’s steps into the cosmos. I for one became more and more impressed. Pictures 

emerged from archives, stories became known from personal notes and biographies of former 

VIPs, and we began to meet real people and made friends. 

On well-known illustrations we can see these heroes, randomly mixed: Konstantin 

Tsiolkovsky, Fridrikh Tsander, Yuri Semonov, Vladimir Syromyatnikov, Georgi Gretchko, 

Yuri Koptev, Vassiliy Tsibliev, Boris Chertok, S.P. Korolev, Alexei Leonov, Nikolay D. 

Kuznetsov, Mikhail Yangel, Viktor Glushko, Valery Ryumin, Vladimir Solovyev, Aleksandr 

Aleksandrov, Gherman Titov, Vladimir Kovalyenok, Vladimir Chelomey, Mstislav Keldysh, 

Gerbert Yefremov, and Vasiliy Mishin. 

Toward ISS and Beyond – to Moon and Mars 

20 years after ASTP, real and lasting cosmic cooperation between the Russian and American 

space communities at last became reality. 

The foundation was laid on June 17, 1992, in Washington D.C., when George Bush, the U.S. 

President, and Boris Yeltsin, President of the Russian Federation, signed the “Agreement 

between the United States of America and the Russian Federation Concerning Cooperation in 

the Exploration and Use of Outer Space for Peaceful Purposes.” This agreement stated that 

one of the areas of cooperation included a “Space Shuttle and Mir Space Station mission 

involving the participation of U.S. astronauts and Russian Cosmonauts.” The two leaders 

further agreed to flight(s) of Russian cosmonauts on the Shuttle in 1993, flight of a U.S. 

astronaut on a long duration mission on Mir in 1994, and a docking mission between the 

Shuttle and the Mir in 1995. This was the beginning of the Mir/Shuttle Program, Phase I of 

the current ISS Program. 

Phase 1 was a stepping stone to the ISS. It was a chance for NASA to learn from the 

Russians’ experience of building and maintaining a Space Station, and for both countries’ 

space programs to fit these experiences into the plans and implementation of the ISS. 

The four main objectives of the Phase 1 program were: 

1. Learn how to work with international partners; 

2. Reduce risks associated with developing and assembling a space station; 

3. Gain operational experience for NASA on long-duration missions; 

4. Conduct life science, microgravity, and environmental research programs. 

To accomplish these objectives, a Joint Working Group Structure was developed, with 9 

disciplinary working groups (WG), headed by a Management WG called “Team Zero”. The 

two Program Managers were Frank Culbertson and Valery Ryumin. 
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Seven U.S. astronauts spent long-duration missions on Mir: Norm Thagard, Jerry Linenger, 

Shannon Lucid, Mike Foale, John Blaha, David Wolf, and Andy Thomas. 

As the cooperation between NASA and the Russian Space Agency grew, both partner sides 

became increasingly comfortable with each other. We were engineers, technical managers and 

planners who were striving after the same thing: opening the cosmos to humankind, no matter 

what was placed in our way.  Having grown up during the Cold War, we had come to believe 

that it took this kind of “horse race” mentality to act as the motor of getting into and operating 

in space.  Even while on the rocky road of developing Détente and entering into Perestroika 

and Glasnost, many of us remained pretty skeptical that mutual cooperation was really 

feasible and superior to competition. Today, I am certainly not the only one any more who is 

convinced that cooperation in space, while perhaps not as strikingly aggressive as 

competition, is a much more dependable, cheaper and morally superior motor for space 

exploration than a politically motivated Space Race. 

When I stood there on the VIP bleachers at Baikonur for the first time, I marveled about that event 

which I would have never, ever imagined possible back in 1962 when I came to Huntsville. 

Today, with 16 International Participants plus 5 international Partners, headed by the United 

States and the Russian Federation, the ISS/MKS (Meshdunarodnaya Kosmicheskaya 

Stantsiya) is making history with every day that it is in orbit. 

Both S.P. Korolev and W.v. Braun would undoubtedly be joyful and delighted to see what their 

visions have wrought. Where originally only tough and heroic test pilots dared go, meanwhile 

astronaut and cosmonaut crews include male and female professional engineers, research scientists, 

politicians and even an ever increasing number of private citizens who can afford the ride. 

Because of what we have learned during our joined activities and are proving to the world so 

amazingly with the ISS, we are well on our way to give our young people new perspectives 

for an exciting future and new options for growing beyond the limits of this Cradle of Earth, 

as Konstantin Tsiolkovsky, born 150 years ago this year, saw it already. 

The trail that S.P. Korolev helped us blaze from Alabama and Texas to Kazakhstan will go on 

into the cosmos, to the moon, to our “guiding star” Mars and then on and on into the Solar 

System. The door is opening, slowly but surely, and beyond it is a future that is wide open. 

Today we are honoring the 100th birthday of Sergey Pavlovich. Wernher’s 95th birthday will 

be observed two months from now, on March 23, 2007. As we are now preparing to tackle the 

difficult job of going jointly to the moon and on to Mars and beyond, I think we, in all 

countries involved, would be well advised to keep these two remarkable men foremost in our 

mind as role models. 
 

Aknowledgements: Boris E.Chertok, Alla K.Medvedeva, Elena V.Maroko. 
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On social and technological aspects  

of Russian Cosmonautics, part I 
*
 

G.M.Chernyavsky 

“Cosmonit” Science and Technology Center, Russian Space Systems Corp. 
84/32, Profsoyuznaya str., Moscow, 117997, Russia 

The subject of the review was evoked by the discussion 

[29] of Jesco von Puttkamer’s (NASA) question:“I’m 

trying to understand, how could it happen that the Soviet 

Union appeared to be First in Space”. 

Abstract. The study is connected with important problems of Cosmonautics development in whole, with 

discussion of historical aspects and scientific perspectives [1-32]. In article it is presented 10 sections. 

Introduction. World-outlook views of cosmism. Cosmonautics’ Mission. Methodological basis of 

cosmonautics. Goals and tasks of space activity. Technological means of cosmonautics. Country that 

paved the way into space. Space exploration at the beginning of the 21
st
 century. Space activity of new 

Russia. Afterword. 

Here it is presented first (I) part of article; second (II) part will be presented for the next issue. 

Key words: cosmism, methodology, Space exploration, systemic approach. 

1. Introduction 

The semicentenary Anniversary of the flight of the first astronaut – the citizen of our 

country – seems to be a good occasion not only for panegyrics to our participation in the 

historical past, but also for reflection about how carefully we – his compatriots – save and 

use the heritage left by space exploration pioneers. 

The grandeur of events that entailed the social sphere extension up to space scale is obvious. 

Discussion on the expediency and urgency of “cosmization” of life on the Earth was relatively short. 

Space is gradually transforming into a habitat, and the mankind realizes that beyond 

the space environment the Civilization is doomed. 

Today, more than 130 of 247 countries on the Earth use the space activity results. As to their 

contribution, it is determined by the resources and mentality of a state. 

Space activity stimulates progress and represents an indicator of material, intellectual 

and spiritual level of society. 

At the present stage, space activity develops harmoniously and at prompt paces, though its 

productivity is less impressive, than in the 20
th

 century. 

The forward motion is characteristic for an overwhelming majority of national space 

exploration programs. 

Our country, which has earlier paved the way into space for mankind, is an exception. In the 

nineties of the past century, owing to social upheaval, space activity in Russia first degraded 

and then stagnated. 

This analytical review gives the author’s opinion on the sources and possible consequences of 

space activity stagnation in Russia and also, in summary, dares give some recommendations. 

Cosmonautics is known to represent a synthesis of knowledge in the field of natural, 

engineering and social sciences which provide extension of the social sphere, which possesses 

multiple-aspect environment, allowing for the matter and physical fields of space. 

                                                 
*
 The article was published in 2011 (“APAAS”, no. 2, 2011). Subject of discussion: the role of Cosmonautics in 

Mankind evolution, Cosmonautics activity in reformed Russia. 

To beginning of Space Era 

Some meditations 
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The author considers it possible to confine himself to discussion of social and technological 

aspects as more dynamical ones than the natural environment, and tries to elucidate their 

direct relationship. 

Elucidation of engineering aspects was promoted by the author’s professional skills and 

availability of extensive literature. 

As to social aspects, their consideration is based on the author’s life experience and civic 

positions and does not claim to be a summary review. 

For more complete presentation of the range of problems, the author took the advantage of his 

knowledge on cosmonautics’ nature and methodological bases. 

The paper also covers cosmonautics’ aims and technological means, and tries to analyze space 

activity in the world at the beginning of the 21
st
 century. Some materials on the history of 

Russian cosmonautics occurred to be useful as well. 

2. World-outlook views of cosmism 

Human-Space relationship represents one of the major world-outlook problems. 

Space mysteries have attracted the earthmen since the ancient times. Such immanent inner 

mechanisms as striving for knowledge, inclination to relocation and the habitat extension, 

creativity, ambitions, reverie that have been worked out during the struggle for existence have 

attracted people to navigation, aerostation, and flights into outer space. 

Interest in space flights was reflected in science-fiction novels, the first of which was the story 

by the ancient Greek satirist Lucian of Samosata. This story was published in 160 A. D. in “A 

True Story” by Lucian. Jules Verne, Herbert Wells and other science-fiction writers dreamt of 

the interplanetary flights. 

The great Kant wrote in the 19
th

 century: 

“Two things fill the soul with new and ever stronger astonishment and veneration, the more 

often we reflect on them, – this is a stellar sky above me and a moral law inside me”. 

An early man perceived the world as a system of homogenous relations, where a man had no special 

place. Society progress and accumulation of knowledge led to cosmogonic myths with their gods 

and heroes. Simultaneously, the rational views were outlined. The philosophical idea about space as 

an ontology of world’s harmony and regularity was formed in the ancient Greece. Ancient Greeks’ 

philosophy was cosmocentrism. A man and space were thought to be interrelated. 

During the Renaissance, anthropocentrism reinforced by Ptolemy’s geocentricism appeared as 

a stage of the world comprehension. Finally, in the 18-19
th

 centuries, N.Copernicus’ 

heliocentricism allowed to pass from natural philosophical views of the Universe to the 

natural-scientific theory. 

In the 20
th

 century a new science – cosmology – arose as an astrophysical theory of the 

Universe as a whole. It was based on learning the most general properties of the available part 

of the universe. Cosmology rests upon the basic fundamental physical theories (general 

relativity theory, field theory, etc.). 

Modern cosmology achievements are associated with A.Einstein, Russian scientist 

A.Friedman, who updated the principles of relativity theory, American astronomer E.Hubble, 

who submitted the idea of receding galaxies, and others. 

The empirical basis of cosmology is an extragalactic astronomy. Its evolution is also 

promoted by the optical and radio astronomy. 

In Russia, Peter the Great was the first who adopted western system of the Academy of 

Sciences and universities during the modernization reforms. 

In the 18-19
th

 centuries, scientific elite was attracted from the West, and Russian scientists 

were consolidated. 
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New trends emerged in science and the first scientific schools were established. 

The works by Russian scientists acquired worldwide recognition. Among them there were: 

A.M.Butlerov, V.I.Vernadsky, S.P.Krasheninnikov, P.I.Lebedev, N.I.Lobachevsky, 

M.V.Lomonosov, D.I.Mendeleyev, I.I.Mechnikov, M.V.Ostrogradsky, A.S.Popov, 

N.M.Przhevalsky, I.M.Sechenov, B.S.Jacobi and others. At the beginning of the 20
th

 century, 

a unique field of world-outlook knowledge appeared in Russia – the cosmism. 

Russian cosmists, many centuries after Greek cosmocentrism, announced the problem of man-

space interrelation in a new way. It was a weighty contribution of the Russian school of 

philosophers to the science. 

Emergence of cosmism was boosted by successes in studying the biosphere, as well as by 

attempts to associate its evolution with the origination of a man and his role in space. 

Cosmism, stated in works by V.I.Vernadsky, N.F.Fedorov, K.E.Tsiolkovsky, A.LChizhevsky, 

represents an inhomogeneous, in its content, flow of thoughts; it includes both philosophical 

and natural-scientific aspects. 

A.M.Chizhevsky wrote about the space influence on life processes: “A living cell represents a 

result of cosmic, solar and telluric effect; it is an object that was generated by the strain of 

creative capabilities of the whole Universe”. In this connection, astronomer J.Jeans’ thought 

is of interest: “Our bodies consist of the ash of planets that declined long ago”. 

N.F.Fedorov developed an idea of space settlement of mankind, idea of people obtaining 

immortality through scientific achievements. 

K.E.Tsiolkovsky wrote about space exploration by means of special space vehicles: “The 

infinity of the Universe implies that life and intelligence are not unique. The Universe is “a 

sensible world”. Therefore the Man should lean on moral standards. Humanism, which is the 

assistance of planets that had attained a higher stage of evolution to the retarded ones, should 

become the basis of morals”. 

V.I. Vernadsky considered the transition from biosphere to noosphere – the “sphere of mind” 

– as a natural phenomenon. It is the sphere that will determine further evolution on the Earth.  

Russian cosmists demonstrated in their works that the equivalence of two principles – 

material and ideal ones – reflects the clear and complete idea оf all the living objects. 

Cosmists’ humanism leaned against the world outlook of Voltaire, Diderot, Kant, d'Holbach, 

Helvétius, Saint-Simon. S.P.Korolev, who probably shared the philosophical views of 

cosmists, answering journalists’ question about whether the astronauts had seen the God, 

responded as follows: “No, they have not …. They are gods themselves”. 

Cosmists stated that the world evolution suggested a permanent development of a human up 

to the moment, when intelligence would become a leading force of this evolution. Human 

interrelation with space will lead the civilization to a higher stage of development, and the 

earth ethics will transform into cosmic one. The standards and principles of cosmic ethics will 

determine the living activity of a man. 

Faith in the progress and optimism suggests confidence that for 4 billions years left till the 

Solar system catastrophe, the man-space assimilation will occur. Here, one should not forget 

that, according to current notions, only 4% of the Universe can be cognized, and remaining 

96% are attributed to the so-called “dark matter” and “dark energy”.  

In the present paper context, it seems reasonable to emphasize that cosmonautics is founded 

on cosmism’s world-outlook views and is soaked with faith in intelligence, optimism, and 

humane morals. 

3. Cosmonautics’ Mission 

Three epoch-making events reflect the Civilization progress in the 20
th

 century: the 

appearance of nuclear synthesis, cybernetics and cosmonautics. 



On social and technological aspects of Russian Cosmonautics 

 

 181 

The idea of "cosmonautics" has its roots in ancient Greece. It reflects the idea of space as a 

universe of harmony and world regularities. The term "cosmonautics", accepted later by 

Americans, is a synonym of this notion only in the form, but not in the content. 

Cosmonautics (cosmonautics), as a new field of scientific knowledge, emerged at the 

beginning of the 20
th

 century on the basis of world-outlook views of cosmism and began to be 

formed in Russia. 

Formation of cosmonautics in Russia, which later became a pioneer of space age and the 

native land of the first-ever astronaut, has deep socio-economic and socio-political roots and 

is determined, along with civilization progress, by inherent features of Russian society. 

When in the 15-17
th

 centuries the cultural centers moved from the East to the West, Russia 

continued its traditional archaic evolution. The natural environment stipulated an extensive 

way of economy intensification by means of incorporation of new territories. The latter was 

promoted by challenges from Asia and then from Europe. Such features of the Russian 

character, as tolerance and patience, diligence and wastefulness, thoughtfulness and 

sluggishness, communicability and respectfulness, reverie and mysticism, desperateness and 

selflessness, mercy and compassion, were manifested. 

Peter the Great pushed Russia on the way of modernization according to the "western" 

pattern. He started with extension of western boundaries annexing Poland and Sweden. Peter 

the Great and the Russian authorities that followed him carried out the modernization not in 

"westernization" way, but according to the so-called “catching-up model of evolution”. The 

objective and subjective reasons hindered to implant the West European civilization into the 

Russian reality. Peter the Great borrowed much from the "modernist style", including some 

political inventions. At the same time, till the end of the 19
th

 century Russia remained an 

illiterate pseudo-european country ... 

The abolition of serfdom is considered to be one of the milestones of the Russian history. The 

reform implemented by Alexander II formally translated the country to the capitalist 

economic management, but, in its essence, changed neither material, nor spiritual status of 

people. Remaining limited to primary education available independent of the estate, Russian 

elite was still was convinced of being useless to enlighten and educate the people. 

At present the President of Russia has declared himself a successor of Alexander II in 

modernization of Russia. We cannot but hope only that this claim was not caused by the 

identity of views of the state education system and monarchical government. 

Low standards of living, social contradictions and, simultaneously, the influence of European 

culture at the beginning of the 20
th

 century led Russia to revolutionary events. 

Just before and during these events, the pleiad of Russian advocates of jet propulsion and 

enthusiasts of space exploration, led by the teacher of Kaluga secondary school 

K.E.Tsiolkovsky, laid the basis of cosmonautics. K.E.Tsiolkovsky, who is justly considered a 

founder of cosmonautics, laid philosophical, natural-scientific and technological basis of 

penetration of Man into space. 

At the maiden stage, cosmonautics was restricted to technological aspects of space flights, 

and the wide range of transportation tasks was solved. 

K.E. Tsiolkovsky in a series of more than 700 works demonstrated for the first time that 

“Only a rocket built in a special manner would help mankind to break through the chains of 

Earth gravity and enter the interplanetary space”. 

Priority in the idea of jet propulsion application to aerostatics dates back to the end of the 19
th

 

century and belongs to the Russian member of “Narodnaya Volya” (“The People’s Freedom”) 

organization N.I.Kibalchich. 

At the same time Prof. I.V.Meshchersky published his works, in which the basic equations of 

rocket dynamics were stated. 
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Without reading works by Tsiolkovsky, scientist and inventor Yu.V.Kondratyuk from Poltava 

(his real name was Alexandre Ignatyevich Shargey) submitted his idea of a space flight. His 

book “Outer Space Conquest”, published in 1929, was considered by specialists as “the most 

complete study on interplanetary traveling among all the existing ones in the Russian and 

foreign literature”. 

One of the lunar program managers, American John Houbolt recalls: “When in the early 

morning of March 1968 …. I watched the launch of Apollo-9 from the Cape Canaveral 

towards the Moon, I thought at this moment about the Russian Yury Kondratyuk, who 

elaborated that route, along which our three astronauts had to fly”. 

In the late twenties – early thirties of the last century the engineers of many countries turned 

to jet propulsion problems. R.Goddard (USA), N.I.Tikhomirov and V.P.Glushko (USSR), 

J.Oberth (Germany), and E.Sänger (Austria) began the experiments with liquid-propellant 

rocket engines. 

F.A.Zander, who combined the qualities of theorist, practitioner and organizer of work in 

cosmonautics, devoted his life to the space flights theory and rocket engineering. He was the 

first head of the well-known GIRD group (Group for the Study of Reactive Motion) and created 

the first Soviet laboratory engine OR-1 powered by benzene and compressed air in 1930. 

In the thirties, at the Gas-dynamic Laboratory of Moscow GIRD, the Jet Institute (RNII), in 

the USSR, the experimental liquid-propellant rocket engines of ORM (“test rocket motor”) 

series were produced, and the projects of liquid-propellant ballistic missiles of RLA and 

GIRD types were developed. 

In 1933 one of GIRD missiles designed by M.K.Tikhonravov (some time later, together with 

S.P.Korolev he created the first artificial Earth satellite) reached the altitude of 400 m. It was 

a real success if compared to the missile launched in the USA in 1926 to the altitude of 12.5m 

and the German missile that reached the altitude of 100m in 1931. 

From the historical point of view it is remarkable that it was not cosmonautics that 

stimulated the development of rocket engineering, but vice versa. Missiles produced to 

improve the armament ensured the development of cosmonautics. 

In their evolution through centuries, the missiles passed the way from the elementary powder 

missiles up to the most complicated flying vehicles without significant variations. 

Rocket engineering began its development in Russia in the 17
th

 century, when Peter the Great 

established the first-ever State rocket production enterprise – Moscow Rocket Institution. 

Russian missiles, designed by K.I.Konstantinov and other inventors in the 19
th

 century, were 

the top items of the European rocketry of that time. 

In 1912, N.I.Tikhomirov, who became later one of the pioneers of liquid-propellant rocket 

engines development, presented the design of “self-powered jet mines”. 

The works in the field of jet propulsion were supported by the Soviet administration in terms 

of solving military tasks. 

Powder missiles were used in military operations in the region of the Halh River and in Fin-

land. Development of high-efficient jet armament (well-known “Katyusha”), capable of mas-

sive firing at the enemy, significantly helped the Soviet Army during the Great Patriotic War. 

Unfortunately, the results obtained in the field of solid propellants, were forgotten in the post-

war period, and the leadership in solid-propellant intercontinental missiles was captured by 

the USA. 

Repressions of the thirties caused great moral and material damage to the Soviet Union, 

which along with other troubles led to disintegration of the works on jet propulsion. 

At the same time, Wernher von Braun, a talented German designer, developed a liquid-

propellant ballistic missile V-2 capable of delivering a warhead of 1 ton to the distance of 

about 300 km; and a batch production of the missile began. 
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Ballistic missiles were transferred from the experimental field into the practical application, 

which was of major historic importance. Not only the development of rocket industry began, 

but also the industrial foundation was laid for the future cosmonautics. 

The Cold war, which was through no fault of the Soviet Union, demanded a ballistic missile 

capable of transporting “nuclear” warheads over intercontinental distances. 

This task was brilliantly solved by efforts of the intellectual and industrial potential of the 

country. On 27 August 1957, the first ever intercontinental ballistic missile R-7 deprived the 

USA of invulnerability and guaranteed a strategic parity to our country. 

To provide national security and social-economic development, the Soviet Union had to solve 

a difficult task of consolidating success. 

US economics was far more powerful than the Soviet one, and it could ensure the twenty 

fold superiority over the Soviet Union in nuclear missiles. The USSR government spent 

all available resources on parrying this threat, and by 1975 the gap was reduced down to 

1:3. Powerful infrastructure was created in the rocket industry. 

In addition to Korolev Design Bureau (DB), four large Rocket Production Centers were 

established, which were located in the cities of Dnepropetrovsk, Kuibyshev, Zlatoust, and 

Krasnoyarsk. Later, aircraft factories were set up in Omsk and Orenburg. 

To provide combat readiness of ballistic missiles, the latter was redirected towards high-

boiling propellant. Owing to V.P.Glushko’s efforts, unsymmetrical dimethylhydrazine 

(UDMH) began to be used as propellant. 

The development of submarine-launch missiles began at the Special Design Bureau (SDB)-

385 (Zlatoust city); development of ampoule-type missiles began in DB-52 (Moscow). 

The silo-type launch installations were built over the whole territory of the country. 

The R-7 missile was intended for canceling out the threat of nuclear war. Being capable of 

attaining the orbital velocity, it ensured simultaneous solution of the epoch-making task of 

space breakthrough. 

On 4 October 1957, the Soviet Union launched the first artificial Earth satellite into the 

Earth orbit. It was the space age start and initiation of rapid development of cosmonautics. 

After the space age initiation, Cosmonautics (theory and practice of space flights) gain a 

significant impetus in its development on the basis of synthesis of knowledge in the fields of 

natural, engineering and social sciences providing, in particular, the extension of social 

sphere. The problems of space exploration (in particular, considering space as a habitat) and 

involvement of space into the social sphere are dominating nowadays. 

“Cosmization” covers many fields of life activity. The following notions appeared: "space 

biology", "space medicine", "space law", "space communication", "space navigation", and “space 

earth sciences”. 

50 years of space age have demonstrated that implementation of K.E.Tsiolkovsky’s ideas 

concerning propagation of terrestrial forms of life to the Universe is a matter of distant future. At the 

same time, cosmonautics is developing along the trajectory of the target function that was 

determined by K.E.Tsiolkovsky. This is confirmed by the space flights of the first earthman 

Yu.Gagarin and other Soviet astronauts, and subsequent flights of Americans to the Moon. 

Space activity is performed in two main directions: scientific research of space, its properties 

as a new region of “cosmosphere”, which is gradually getting involved into the interests of 

inquisitive Humanity; and utilization of space and its properties for production and 

distribution (transmission) of information, energy, materials and application in different 

spheres of human activity. 

Investigations aimed at acquiring knowledge about space and the Earth as its integral part 

represent the space exploration outpost. They promote space utilization and implicitly 

influence the social and economic progress. 
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In this respect, the tasks of global informatization are brought to the foreground. This 

implies promotion of awareness of society owing to new information technologies and 

promising means, including space-based ones. 

The successes achieved in the field of space utilization are also partly described in Section 8. 

Staying of a man in space is particularly significant issue of space activity. Yu.Gagarin's 

space flight was an epoch-making event in the Civilization history. 

Manned space flights have become and still remain a benchmark in estimation of space 

activity successes. These flights are significant from social and political points of view. They 

stimulate technologies of production and application of space means. They assist in studying 

space environment properties and, possibly, more profound space exploration. At the same 

time, the efficiency of manned flights seems to be ambiguous. 

At present, space research results are attained both by automatic means, and by manned 

flights. But space exploration is mainly performed by the artificial Earth satellites. 

Today, the Man in space appears in two roles: as a subject (object) of space research and as an 

operator. 

In the first case there are premises for more successful solution of the task of researching 

space environment as a habitat. As to acquiring the data on physical, chemical, biological 

parameters of space environment, here the capabilities of astronauts are rather restricted.  

When a man acts as an operator, the efficiency of control and maintaining technical means 

depends on perfection of applied information technologies. 

The situation in manned cosmonautics is briefly presented in Sections 4 and 7. 

Informational and energy aspects of cosmonautics 

Information appears in two forms: on the one hand, as a target – for acquiring knowledge on 

space and society informatization; on the other hand, information is a means of space activity 

organization. 

Energy aspect of direct (mediated) staying of the Man in space is associated with transportation 

and functioning of target objects in some region of space. At present, this task is the most 

laborious, but usually it represents only an intermediate aim. Space flights implementation 

which includes the solution of basic problems of mechanics and control processes, power 

engineering and machine building takes the central place in cosmonautics. 

4. Methodological basis of cosmonautics 

Having realized the necessity of holistic cognition of objects, processes and phenomena in 

space and their properties in space and time, K.E. Tsiolkovsky actually laid the foundation for 

the system approach (SA) as a methodological basis of cosmonautics. 

Cosmonautics now represents a field of knowledge, the scientific-fundamental nature of 

which is revealed in the course of systematic cognition of human life and environment. 

The profound understanding of material and spiritual world’s properties promotes progressing 

differentiation of branches of knowledge. At the same time, penetration into the special 

picture of the world, down to micro (nano) scales, brings the systematic (holistic) view of a 

problem, comprehension of the determinants of its aims and solutions to the foreground. 

“I believe that learning the parts without knowing the whole is as impossible, as learning the 

whole without knowing its parts” (Blaise Pascal). 

SA is an expression of special description and analysis of reality “as a whole” – its systematic 

nature. From the standpoint of system approach, the explication of space activity by some 

system of actions aimed at creation and purposeful usage of a particular class of complex 

technogenic systems ("space systems" (SS) according to accepted terminology), is an efficient 

measure. 
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The science does not possess any tools for formal description of complexity. These difficulties 

are of fundamental nature. At the same time, the system approach provides the premises for 

mathematical modelling and computational experiment with complex technological systems. 

The model, that plays a key part in new information technologies, makes it possible to use the 

system approach for generation of information about the considered object. 

The formal model of a complex system can be presented as follows: 

S = R(m) Pk, 

where: m is a set; 

R is a ratio; 

P is a system-generating property; 

k is an index that characterizes various conceptions of a system. 

Here the concept of “a system” reflects invariant meanings, which include: 

a) integrity S  XY (where X and Y are input and output variables, respectively);  

b) relativity S = <А1...... Аn; R1...... Rm> (where A1...... Аn is a family of components; R1...... Rm is 

 a family of ratios); 

c) diversity А1 “ ≠ “...... “ ≠ “ Аn. 
 

The generality and singularity of this class of complex systems is manifested in the unity of: 

 aims – outer space exploration; 

 technological means of reaching the aims, including spacecrafts, transportation means, as 

well as the ground means of users and control of SS; 

 natural environment (space environment). 

All basic projects implemented in the space age period are, in their essence, the following 

SSs: the first artificial Earth satellite, the first flight of a Man into space, manned flights and 

Automatic Interplanetary Station (AIS) flights to the Moon, missions to the planets of the 

Solar system, AIS for Universe observations. Applied satellite systems can be also ascribed to 

these projects. 

The term “space system” was applied for the first time in the Soviet Union in the sixties during 

the development of the satellite personal radio communication system, and then it has been 

widely used for applied SS. The “space mission” notion is applied in scientific space research. 

Necessary condition of operability of a complex system is a number of attributed, including: 

intentionality, integrity, acceptability, succession, compatibility, and dynamism. 

In our opinion: 

Intentionality is formed at setting space activity aims. 

SS integrity is manifested in the properties resulting from integration of components of a 

system that is preserved under the external environment conditions. SS integrity breaks when 

external links prevail over internal ones. The scale of a system is critical as well. As the 

system is complicated, its destruction becomes possible. Otherwise, the risk exists that SS can 

lose the capability to fulfill its target functions. 

Acceptability appears as a commensurability of aims and means of their achievement. It is 

determined by material and intellectual resources, as well as by political limitations and time 

factor. The technological aspect of “acceptability” attribute is largely determined by 

capabilities of rocket-and-space hardware which provides transportation, as well as direct or 

indirect staying of a Man in space. The lack of “acceptability” attribute in the 

“Constellation” system, designed for the Martian mission claimed by President Bush, has 

lead President Obama to the decision to terminate this project. 

SS succession has a dialectic nature and possesses scientific, system and technological aspects. 

SSs are developed allowing for the world experience in space activity. In case of ballistic 
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missiles the succession was observed in development of Russian launch vehicles “Cosmos”, 

“Cyclone”, “Dnepr”, and “Rokot”. 

The use of unified space platforms for artificial Earth satellites (AES) and AIS is popular in 

the world practice. The platform analogues from the available technological backlog serve as 

a basis for the platform unification. Succession is some kind of restraint for new 

developments, but it is not supposed to impede them. In particular, this is the reason, why SS 

should possess the “dynamism” attribute. 

Dynamism defines a spatial-temporal state. 

The spatial-temporal diversity of SS states is characterized by “global” extension of its energy and 

information links, “space” velocities of its components, as well as by long-term “life” cycle with 

short duration of phases of the latter.  

Space and time appear, on the one hand, as metric characteristics of SS and, on the other hand, as 

correlates of its “global” aims and tasks. Spatial-and-temporal properties determine the role and 

place of particular SS in solution of target tasks of space activity. 

For example, geostationary AES “Raduga” was developed according to the structural-dynamic 

pattern with an oriented solar array and a block of antennas rigidly fastened on the spacecraft. These 

antennas differed from those of “Intelsat” and “Molniya” communication AESs operated at that time. 

Transition to a new structural-dynamic pattern provided "dynamism” to spacecraft structure and gave 

chances to increase energy potential of Earth-space-Earth radio links. These chances were 

implemented in the direct TV-broadcasting spacecraft “Ekran”. 

Compatibility implies conjugation of a newly developed system with environment. The presence 

of a system attribute is clearly illustrated by geostationary “Terra Star-1” AES launched in 2009, 

which provides mobile communication in S-band and conjugation with cellular communication 

stations in Ku-band. 

Attributes of SS as a complex system are implemented in its structure and functions. SS with the 

given properties is synthesized using the principles of system engineering, which covers, on the 

system approach basis, the whole cycle of works associated with creation of a system, and 

includes marketing, goal-setting, configuration of the system, its development, synthesis of 

subsystems and components, operation and evaluation of system’s efficiency. 

System engineering, as a technique of complex system design, is based on a rational 

combination of heuristic operations generalizing the experience, intuition and common sense 

with numerical methods of analysis and synthesis. 

The system approach concepts and, in particular, the use of attributes of SS as criteria of its 

vital capacity were applied in space activity practice in the Soviet Union. 

A classical example of development using SA concepts is the first-ever navigation-

communication satellite system “Cyclone”. System’s intentionality was determined by the 

need for nuclear-missile parity of the USSR and USA and prevention of the threat from the 

satellite navigation system “Transit” which had already been operated within the framework 

of the program common with nuclear missile-carrier submarines and “Polaris”-type ballistic 

missiles. 

System’s acceptability was ensured by increased efficiency of marine missile carrying 

vehicles and by simultaneous application for satellite navigation and radio communication via 

“vehicle – land” line. 

From the functional standpoint, “Cyclone” spacecraft possessed the attribute of succession 

with “Molniya-2” and “Transit” spacecrafts. On the other hand, its structural platform served 

as a basis for “Tsycada”, “Nadezhda”, “Sphera” and “Geo-IK” spacecrafts. 

“Cyclone” compatibility was expressed through design association with “Cosmos” launch vehicle. 

It simultaneously provided the long-term operation of the system. 
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Dynamism of “Cyclone” spacecraft is manifested, in particular, in the content of its target task 

which is implemented in space and time. 

The system approach methodology, which was popular in the Soviet Union, is often ignored in 

space activity of Russia. This is confirmed, in particular, by the innovative project of 

development of the transportation-power module on the basis of a megawatt-class nuclear 

power unit (YAERDU), which costs some hundreds billion rubles. In 2010, it was included in 

the president program of national economy modernization. Roscosmos managers consider this 

project to be able to solve the problems of manned flights in the 21
st
 century. In the authors’ 

opinion, YAERDU is the only means of reaching Mars. 

It is impossible now to thoroughly estimate the intentionality and acceptability of this 

YAERDU, because the authors do not possess so far the initial data on performance of this 

target payload. 

Concerning succession of the project, the reference to earlier Soviet and US developments 

and single launches of a spacecraft with kilowatt-class nuclear power units, which were 

terminated due to operation complexities, seems inadequate. 

The work should be started from scratch, and taking into account the experience in space 

activity, it will take not years but decades to perform bench and flight tests of YAERDU 

before the manned flight to Mars, the latter being possible only in case of successful testing. 

It seems logical that the nuclear unit concept in the USA is now at the stage of expert 

appraisal. Generally speaking, the compatibility of nuclear power sources with manned flights 

within Solar system demands extensive studies and discussions. Many experts associate the 

future of manned flights within the Solar system with solar energy utilization. 

The solar generators are being permanently improved. At present, multijunction gallium-

arsenide photovoltaic cells are used with about 30% performance index. 

American Ad Astra Rocket Company is now developing a magnetoplasma jet engine intended 

for scientific missions within the Solar system. The output power is around hundreds kW, and it 

is planned to be equipped with solar cells with a concentrator (implementation – 2015-2030). 

In May 2010, Japan launched an interplanetary “Icarus” probe to Venus. This is the first ever 

spacecraft with a solar sail. The principle of operation of the latter consists in using the 

sunlight pressure. The sail membrane is made of a polyamide film with a diagonal of 20 m. 

Two strips of thin-film solar arrays made of amorphous silicon with the thickness of 25 

microns are attached to each of the four lobes; these strips generate power up to 500 W. The 

mass of the spacecraft is 310 kg. Development of a hybrid plant is planned now consisting of 

a solar sail and an ion engine for the missions to Jupiter and Trojan asteroids. 

Simultaneously, the world rocket production progresses along the traditional way of using 

hydrocarbon fuels. 

In our opinion, YAERDU his project threatens to bring Russian cosmonautics to a dead end 

and has a prominent populistic tinge. 

We also believe that the project “Multipurpose aerospace system for monitoring and warning 

of natural disasters” (МАKSМ) initiated by Russia disagrees with the system approach. 

Roscosmos supposes to attract the world community to this project. This project does not 

possess any system attributes. Globalism of functions and structure of the project, as well as 

fuzziness of goals, threatens the integrity of the system. The project does not rely on certain 

space means to achieve the goals, and there are no signs of its compatibility with international 

space programs. 

The “globalization” trend is not fresh for the given project. As far back as 1994, the American 

administration advanced the initiative to establish a Single Global Information Structure to 

provide people with knowledge using space-based means. However, this idea was not 

implemented because of a number of social, economic and technological contradictions. 
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We believe that the project of establishment of a regional multipurpose space system “Arctica” 

within the framework of the Federal Space Program (FSP) 2011-2020 is also incorrect. This 

system is designed for continuous meteorological monitoring of the arctic polar zone and 

provision of the cross-polar air routes with radio communication. Integrity of a system, 

consisting of two subsystems with heterogeneous structure and functions, seems doubtful. 

Acceptability of a system, which will cost, according to Roscosmos, 68 billion of rubles, is 

not studied with potential investors. Obviously, its authors have forgotten that today the sole 

right for prospecting and exploitation of hydrocarbon deposits of the Russian shelf belongs to 

some Russian tycoons, who do not seem to be going to invest in the given project. System’s 

compatibility with other systems of similar purpose used in the world practice is absent. There 

are also no analogues for determining the succession of the system. 

Besides, involvement of high-elliptical orbits in the system lowers the efficiency of 

meteorological monitoring because data acquisition on the global scale is impossible. This 

type of orbit was used in the Soviet Union for the first ever regional system of real-time radio 

communication and TV broadcasting “Molniya”. There were no appropriate launch means 

available at that time, so it was impossible to utilize the geostationary Earth orbit. “Molniya”-

type orbits allow serving the northern, sparsely populated regions; however, they were not 

used for commercial purposes due to unprofitability. This type of orbits is successfully used 

in many countries, including Russia, for military purposes for the early warning of missile 

attacks and radio communication systems. 

Today the world practice of satellite monitoring is aimed at geostationary AESs integration 

with low-flying AESs in subpolar orbits. Significant results were obtained here both in the 

field of Earth remote sensing (ERS) and in mobile satellite communication. Dozens of ERS 

spacecrafts are being operated now by spacefaring nations. Russia, having only one spacecraft 

("Meteor-M") in subpolar orbit and one geostationary AES ("Electro"), instead of expansion of 

orbital AES systems, has decided to “surpass the world society without overtaking it” with its 

plans to establish some "original" space system. This project cannot be considered as a 

technological breakthrough, as its authors believe it to be. 

5. Goals and tasks of space activity 

“Knowing what to do is more important, 
than knowing how to do” 

(N.Wiener) 

The property of a complex system of any nature is its intentionality, i.e. the presence of a goal 

the system has to reach. The goals are typified according to a series of criteria. One should 

distinguish: 

 goal-setting behavior, which is characteristic for a system with its inherent aim; this is a 

property of a self-organized (intelligent) system; 

 controlling behavior, which is characteristic for complex engineering systems. 

SSs belong to the class of purposeful systems, the goals of which are set by a higher level 

system. 

Intentionality of SS is determined by the essence of cosmonautics and is implemented in the 

process of generation and transmission of information, energy, materials in space for the sake 

of social sphere extension. 

The aims are specified in correlation with its attributes ensuring the presence of a system 

throughout its “life cycle”. Relationships between complex system’s means and goal represent a 

particular case of cause-and-effect relations with the primacy of the latter. 

Incorrectly stated goals lead a system to destruction, whereas incorrectly chosen means lead 

to deterioration of the system’s parameters. 
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There are direct and long-term goals. Direct goals which represent the desirable result of 

activity, achievable over a certain time interval; they are characterized by a set of quantitative 

data or parameters of this result; in this context the notions of “goal” and “task” are identical. 

Long-term (perspective) goals are the desirable result, which can probably be approached 

over some time interval; the problematical character of long-term goals is caused not only by 

the indeterminacy in perspectives of means, but also by impossibility of problem statement. 

The problematic goals can be vague and abstract enough. Such goals of space activity include 

the goals of ISS and manned flights in near-Earth orbits. 

The goals in cosmonautics are also ranked into final and intermediate ones. The final goals are 

achieved during generation and distribution of information about phenomena, processes, and 

objects in space and on the Earth. An intermediate goal is usually transportation and 

maintenance of cargos (target payloads) in the given space region. 

The space activity goals are motivated by the material, spiritual, and social-political values. 

“Space research should grasp imagination,” wrote Karl Sagan. 

The need for recognition and rivalry immanent to a Man prevent global integration of society 

for space exploration purposes. Therefore the space activity should accomplished within the 

state framework and should not have a competitive character. 

The practice of recent decades has shown that, because of the shift of emphasis in universal 

values towards enrichment, the distortions in motivating space activity goals may occur (and 

have actually happened). The monetary approach as a state policy basis has led to decline of 

professional interest and popularity of cosmonautics in society. 

Indeed, conceptual aspect in goal statement in a country can be judged by the announcements 

of its leaders. 

Current space policy of the USA is characterized by President Obama’s statement made in 

2009: “To provide the power of our space program in the long run, we should remember the 

great adventures and discoveries that are possible in the future, …It is necessary to recover 

the sense of excitement and interest in the space program that existed earlier, … The 

preparation of the mission corresponding to the 21st century realities will become one of the 

basic functions … …” 

Russian authorities’ attitude towards space activity in Russia is ambiguous. In 2005, 

V.V.Putin disagreed with making the ambitious space exploration projects a national idea. 

“Our national idea should be provision of economic growth … at the expense of development 

of innovative branches of economics, including space sphere”. This announcement was made 

against the backdrop of proclamation of building of sports complex for the Winter Olympic 

Games at the southern territory of Russia as a “national” project. 

Three years later (in 2008) V.V.Putin called on to implement new really ambitious projects in 

space activity. But in 2011, while discussing the governmental program of armament for 2011-

2020, he did not mention space activity among the main parts of defense-industrial sector. 

 It is reasonable to recall that N.S.Khrushchev attached great importance to cosmonautics. 

During the Cold war period, he officially declared: “Successes in space are not less important 

for us now, than building of combat missiles”. 

As to the content of space programs of the USA, Russia and other spacefaring nations, they 

differ not only in amount of financing, but also in target functions of space activity. 

The U.S. space strategy, presented by Obama in 2010, includes manned flights to Mars, Moon 

and asteroids. It is oriented towards the international cooperation and active involvement of 

private companies. Besides, it is noted that the priority lies in observations of our planet and 

space safety. 

Major aims, basic principles, priority directions and tasks of space research and exploration in 

the Russian Federation were formulated in “The basic principles of Russian policy in the field 
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of space activity up to 2020 and later on”. This document ranks the space activity according 

to four priorities. 

The first priority, which is rather generalized and comprehensive, is as follows: “Meeting the 

needs of state defense and security, social-economic sphere and science in space activity 

results at the given level by deployment and efficient use of national orbital constellations of 

spacecrafts of required composition”. 

Epithets “given” and “required” confirm that the first priority belongs to reaching the long-

term aims, rather than solution of particular tasks. 

The second priority is “provision of guaranteed access of Russia into space and independence 

of Russian space activity throughout the whole spectrum of tasks. This is achieved, among 

other means, by building the launch site (cosmodrome) of scientific and social-economic 

purposes on the Russian territory”. It follows from the Federal Target Program (FTP) 

“Russian Cosmodromes” that in this case “Vostochny” (Eastern) launch site is meant. 

We do not doubt the need for provision of independence of Russian space activity, but 

nevertheless one question arises here: why the priority of construction of the launch site on 

the Russian territory is considered to be higher than building of space vehicles? What is the 

sense of building the launch site without involving it in solution of well-defined national 

defense and security tasks? 

The launch sites built in the Soviet Union were created according to this very concept; the 

network of these launch sites in “Kapustin Yar”, “Baikonur”, “Plesetsk” ensured the parity in 

the Cold war and the priority in cosmonautics. 

This problem is turned upside down in Russia. 

As far back as 1995, the Government Regulation “On measures for building “Angara” space 

rocket system” was accepted. The northernmost-in-the-world launch site “Plesetsk”was 

chosen for launch of rocket carriers. The idea was declared of providing free access of Russia 

into space via launches of all types of Russian spacecrafts from the Russian territory. 

Simultaneously, “Svobodny” (Free) launch site situated in the southeastern Russia was 

closed. However, a “small” detail was missed (as L.N.Tolstoy noted “It was all very nice on 

paper, but the ravines were forgotten”). The geographical position of the launch site does not 

allow performing manned flights over the existing route with inclination of 51º. Energy loss 

of “Angara-5” launch vehicle (LV) that accompanies the process of putting a spacecraft into 

the geostationary orbit from this launch site leaves it no chances to compete even with 

“Proton-M” LV. 

The third priority in the “Basic principles of Russian policy ….” is given to “fulfillment of 

international obligations of Russia, including those concerning the International Space 

Station”. 

The problems with possible independent significance for the space activity strategy seem to 

be mixed here. 

The task of “completing the deployment of Russian sector of the Station and enhancement of 

its scientific and applied usage” is motivated in this document by the prospects of orienting 

Russian space manned program towards the ISS operation up to 2020, and towards 

establishment of “new space infrastructure on the basis of orbital manned system” after 2020.  

But the choice of manned flights on near-Earth orbits as an ultimate goal for the future looks 

paradoxical. At the end of 2010, conclusions and recommendations were drawn at the summit 

of 25 space agencies that the next logical step in space research would be a manned flight to 

Mars… and the manned flights in near-Earth orbits … … were considered reasonable as an 

intermediate goal. 

 The importance of orbital flights for Russia at the present stage was commented by astronaut 

Georgy Grechko: “… Orbital flights give us nothing already …. We have gained from them 
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everything we could. Thank God, we have ceased carrying tourists, which was a profanation 

of space, as a matter of fact”. 

But it was a premature relief. American Space Adventures Company signed an agreement 

with Roscosmos and Rocket Space Corporation “Energiya”, according to which the company 

will get three seats per year for tourists onboard “Soyuz” spacecraft beginning with 2013. 

The only thing the Russians managed to make sure while operating ISS was that according to 

astronaut G.Padalka: “Russian orbital segment is far behind the segments of our partners. Its 

construction is based on technologies of the middle eighties, which were developed by that 

great power. New Russia has generated nothing new for 18 years of existence! Our lag in 

various technologies ranges from 7 to 30 years”. 

Another problem is associated with “fulfillment of international obligations of Russia” 

mentioned in the document, which seems to cause speculation about the essence of the 

international cooperation in Russian space activity. 

The international cooperation is known to be of basically dialectic nature. Counteraction of 

the USSR and USA, rather than cooperation, resulted once in development of the first satellite 

and in the first manned flight into space and, later, in American missions to the Moon. 

The international cooperation includes literally an exchange of knowledge and technologies, 

joint activity, and participation in the space services market. Joint Soviet-American Apollo-

Soyuz flight performed in 1975 played a significant role in exchange of knowledge. The 

international exchange of knowledge is performed with participation of state structures, legal 

entity and individuals, during the flights of spacecrafts and space vehicles, in various 

international organizations, as well as at symposia, conferences, and workshops. 

 The intergovernmental cooperation in technologies and products plays an important role in 

space activity. Commercial, political and social interests of parties are mixed here. 

But nowadays, having wasted the state resources and having put the state on a monetary way 

of development, Russian reformers saw only one aim in the international cooperation, that is 

commercial interest. Such notions as political and military parity, scientific-technological 

priority, interests and security of the country have been forgotten. 

At the early nineties, according to american side’s wishes, the Soviet long-living space station 

“Mir” that was put into orbit in 1986 was deorbited. Simultaneously, the decision was made 

to take part in the international space station built by the USA. 

Joint operation of the ISS has begun, and station functioning stimulates the development of 

space technologies in Europe and Japan. This gives the USA political dividends, and Russia 

obtains commercial benefit. China refused to participate in ISS project. 

Onboard the ISS the training of astronauts of some countries is carried out and scientific 

experiments with limited results are fulfilled. Maintenance and repair of unique engineering 

device, Hubble space telescope, performed by American astronauts for the first time in the 

world practice can be considered a weighty contribution of the ISS. 

ISS activity is provided by American “Shuttles” and Russian “Soyuzes’ supplemented by the 

automatic transportation vehicle ATV of the European Space Agency (ESA) and Japanese 

HTV automatic cargo spacecraft. 

The USA and Russia utilize the results of joint ISS operation in different manner. The USA 

are terminating Space Shuttle program in 2011 and begin to build new “Orion” spacecraft. 

They afford an opportunity to Russia for the nearest decade to load its space industry with 

production of obsolete and updated “Soyuzes” for the transport support of ISS instead of 

promising developments. 

While there are idle talks and irresponsible declarations in Russia concerning the things like 

by what means and where to direct the manned flights, the USA, having generated (together 

with Russia) the necessary technological groundwork at ISS, begin moving towards planets 
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and bodies of the Solar system. The personnel aspect of the American-Russian ISS 

partnership seems interesting. 36 astronauts and cosmonauts worked onboard the ISS in 2010, 

including 25 Americans, 8 Russians, 2 Japanese and 1 Italian. 

“Investigations of Solar system planets and bodies for the benefit of basic knowledge about 

the surrounding world, solution of applied problems of extra-terrestrial resources utilization, 

study of the Earth evolution and searching for extra-terrestrial life” are mentioned in the 

“Basic principles of Russian policy ….” as the fourth and last priority. It would be quite 

adequate for Russian space activity, but, beginning with the nineties, the flights of Russian 

Automatic Interplanetary Stations (AIS) were terminated, and space research has been carried 

out using AISs produced abroad. Space research financing is accomplished in Russia 

according to the residual principle… 
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Grigory Markelovich Chernyavsky, Director of “Cosmonit” Scientific and Technology 

Center of Russian Space Systems Corp., Corresponding Member of the Russian Academy of 

Sciences, specializes in research and development of space information systems. He is the 

author of more than 200 scientific works, 40 patents and 6 monographs. Under his guidance 

and direct participation a series of satellite telecommunication and navigation systems 

(including GLONASS), the first-ever personal satellite communication system (“Strela”) and 

direct TV-broadcasting system (“Ekran”) were developed. 
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Central Research Institute of Machine Building 

(TsNIIMash) – 70 ! 
 

Federal State Unitary Enterprise “Central Research Institute of Machine Building” 

(TsNIIMash, Korolev city) celebrated its 70
th

 Anniversary on May 16, 2016. TsNIIMash is 

Russian scientific and design School, a principal scientific and research institute for spacecraft 

and rocket technology and a research center of Russian astronautics. TsNIIMash has been 

developing along with the Russian astronautics often outrunning its colleagues and partners 

from all over the world. The history of TsNIIMash has been inseparably linked with 

distinguished scientists and engineers. Among them is Sergey Pavlovich Korolev, an 

outstanding scientist and designer of spacecrafts and rockets who worked at NII-88 

(TsNIIMash) in 1946-1956 and together with his colleagues provided solution to many 

challenging projects of astronautics. 

The main features of TsNIIMash include complex scientific research and experimental tryout 

of spacecrafts and rockets, system approach to problem solution. The Central Research 

Institute of Machine Building today is a leading scientific center that shapes scientific and 

engineering policy in rocket and space engineering and acts as a state expert that provides 

scientific and engineering support of space activity regulation in Russia. TsNIIMash maps out 

the development outlook for the rocket and space branch, rational design concepts and 

recommendations for new designs and improves methodology of their development under 

current economic environment. A school of system research of rocket and space engineering 

has been established at the Institute. It allows the analysis of the development of this field of 

engineering on the whole and some separate systems in particular, taking into consideration 

the multifactorial criteria and pointing out promising manned space means of the new 

generation. Issues of quality and reliability of the designed space means and elements of 

ground facilities are of critical importance. TsNIIMash has developed a number of methods to 

improve the quality system existing in Russian space industry. 

The Central Research Institute of Machine Building is not only a principal scientific and 

research institution of Roscosmos but also one of the leading scientific and engineering 

centers that determines the development of world astronautics of the 21
st
 century; its members 

contribute much to the development of fundamentals, scientific and engineering potential of 

space activities of the Humanity. 

On behalf of all the members of the International Editorial Board, we congratulate the whole 

team of the Research Center of Russian Astronautics – TsNIIMash with its 70
th

 Anniversary! 

We wish to our Partner – TsNIIMash “the stability on infinite time interval under permanently 

acting perturbations”! 

 

 

President of KNRTU-KAI Со-Editor of ISE 

Member of International Editorial Board 

Yu.F.Gortyshov L.К.Kuzmina 
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Yuri Fedorovich 

Gortyshov 
Doctor of Technical Sciences, Professor Yuri Fedorovich Gortyshov, 

President of KNRTU-KAI, full member of Tatarstan Academy of 

Sciences and Russian Academy of Natural Sciences, celebrated his 

70
th

 Anniversary on October 17, 2016. 

Yu.F.Gortyshov graduated from Kazan Aviation Institute in 1970; the 

specializaty is aerodynamics and thermodynamics. He obtained PhD 

degree (1974), Doctor of Sciences degree (1986), academic rank of 

Professor (1988). He was Head of the Department for Thermal Engineering since 1989, Head 

of the Curriculum and Instruction Department since 1993; first Vice-Rector for academic 

activity since 1995, first Vice-Rector for Research since 2005. He was elected Rector of 

KSTU-KAI in 2007;  he is President of KNRTU-KAI since 2013. 

Professor Yu.F.Gortyshov is a well-known specialist in area of heat and mass transfer of 

single-phase and two-phase media, in the research and design of heat exchangers and cooling 

systems, systems of thermal stabilization of thermally loaded structures. 

He is the author of more than 400 research papers, including 12 monographs, has over 50 

patents of invention. He has been a scientific supervisor of 7 Doctors of Sciences and 27 

Candidates of Sciences, arranged over 20 international conferences and symposia. His 

research results have been implemented at industrial companies of Tatarstan and other 

regions. 

Yu.F.Gortyshov is the Chairman of Dissertation Council, member of editorial board of 

several scientific journals, Academician-Secretary of the Department for Mathematics, 

Mechanics and Mechanical Engineering, presidium member of Tatarstan Academy of 

Sciences. He is a member of the International Editorial Board of Russian-American bilingual 

scientific journal Actual Problems of Aviation and Aerospace Systems. 

Yu.F.Gortyshov has many awards and prizes, including the Order of Friendship, Prize of the 

Government of Russia, Prize of the Ministry for Higher Education of the USSR awarded for 

the best research work, State fellowship granted to outstanding scientists of Russia. He has the 

following honorary titles: Honored Scientist of the Russian Federation, Honored master of 

sciences and engineering of Tatarstan, Honored Professor of KAI, Honored Gunsmith. He is a 

full member of the Academy of Aviation and Aeronautics, Academy of Military Sciences. He 

has been awarded a Medal in memory of thousand-year anniversary of Kazan, Medal of merit 

in engineering education development in Russia, Gold Badge of Honor of National Agency 

for weld examination, Medals of A.N.Tupolev, S.P.Korolev, M.K.Yangel. 

We wish to  dear Yuri Fedorovich the happiness, new success and vigorous activity! 

We wish «the stability on А.М.Lyapunov under all permanently acting perturbations»! 

 

From all members of the Editorial Board 

of the International scientific Edition 
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