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A.A, Blagonravov, .N. Sokolsky (USSR)

MAIN ORIENTATIONS OF STUDY IN THE HISTORY
OF AVIATION AND COSMONAUTICS .

Aviation amnd rocket-space science and technology are
acquiring steadily increasing importance in the life of modern
society. During the past few decades aviation and then cosmo-
nautics heve invariasbly been in the forefiont of scientific end
technological progress, making wide use of the basic achievem-
ents in various branches of sclence and technology and, in
their turn, substantially influencing the charscter and orien=-
tation of many spheres of science and technology.

As key areas of the present-dsy scientific and technolo—
gical revolution aviation and cosmonsutics sre exerting a con-
siderable influence on the development not only of individusl
branches of science and technology but also of society as &
whole.

It is not surprising, therefore, thet immense interest
is displayed by large sections of society in the development
of avietion and cosmonautics and in their history, which forms
one of the most vivid chapters of the history of science and
technology.

Also natural is the fact that for meny years the historv
of these spheres has been receiving close sttention in the
Soviet Union, whose scientists have mede a fundasmentel contribus
tion to the development of aviation esnd rocket~-space science

.and technology.



Lately{ on zccount of the msjor sdvances in evietion end,
particﬁlarly, in cosmonsutics, interest in their history hes
grown markedly not only in the USSR but throughout the world.
During the past 10-15 yesrs a large number of books and papers
on the history of aviation and cosmonautics has been published
in 2 number of countries, many research teems sre functioning
and work in this area is actively promoted by the national fe-
derations of the Internstional Assoclation of the History and
Philosophy of Science. liuch is being done to encourage and co-
ordinate these researches by the International Committee on
the History of Rocket-Space Technology that was set up about
10 years ago by the Internationsl Acedemy of Astroneutics.

However, an analysis of the present stage of resesrch in
the history of aviation and cosmonsutics shows thet despite the
unquestioned achievements of the past 10-15 years it still does
not fully meet with the requirements mede of these aress of
knowledge by the development of sviation and rocketry and the
present level of historicsal-scientific analysis. These requi-
rements are growing steadily, and what to a certein extent con-
formed to the tasks that faced historians of the nstural sciences
and technology in the 19508-1960s can no longer satisfy us today.

The level of historical-scientific research in aviation and
cosmonautics is one of the basic problems, Today the history
of the natural sciences and technology is increasingly becoming
an independent science with its own specifics and methods. This
requires a substantially higher level of professional treining

for the researchers working in thet area,
Regrettebly, many of the published works on the history

of aviation and cosmonautics do not meet with the requirements
made of historical-scientific research: they are rather:des-
criptive then investigative end, in many cases; far from re-
solving historical-scientific problems, they do not even raise

these problems.



Of course, this does not mesn that there is no need for
serious historicsel study, Every science, including the history
of sviection and cosmoasutics can develop only on the basis of
undisputable, scientificeally suthentic facts., For that reason
considersble importence continues to be attached to the ascer-
taining, collection, systematisetion and'énalysis of primary
materiel on the history of aviation and rocket-space science
- end technology. Here we can single out two orientationss

1) collection, systemstisation and analysis of documents
and literary sources;

2) study of the reminiscences of the participants =and
eyewitnesses of events,

The first orientation is fundamentsl and every serious
scientific study must be based on it. For that reason the his-
torians of avistion and consmonsutics continued to be faced
with the task of preparing and publishing reference and docu-
mentary materials, which should include:

a) collections of documents and materisls,

b) chronologicel tables,

¢) bibliographical dictionaries,

d) photographs, films, recordings, and other meaterials,

However, one should not confine oneself to this because
documents and literary sources frequently do not make it pos—
sible to give an integral picture of the actusl history of va-
rious events. In this case considersble assistance msy be remn—
dered by the reminiscences of the participsnts and eyewitnes-—
ses of events, In this respect, the history of avistion and
rocket-space science and technology is in & very favourable
position, for many of the people who witnessed the initial
phases of the develépment of aviation snd most of the pioneers
of rocketry and cosmonsutics are still slive.

For that resson memoirs can be a very importent additionsl

source of the informetion needed to give a correct picture of



historical events. Nuch hes been done in this direction, but we
feel that this is only the first step and that the work should
be continued and developed. In particular, attention should be
given to the organisation of the collection of the reminiscences
of scientists and engineers, i,e., the direct perticipents in
the creastion of aviation and rocket technology. It seems that
the question of setting up a centraslised librery of the re-
cordings of their reminiscences and pronouncements has matured.

However, it must be clearly borne in mird that in one way
or another reminiscences are subjective. Moreover, in some
cases they are affected by the imperfection of the human me-
mory. For that reason they must be regarded only as esdditional
material thet widens and specifies documentary sources, which
must be used as the foundation of research.

The collection, systemstisation and presentation of
factual -material are, as we have said, extremely important
énd necessary, but this is not all, It is only the necessary
foundation for historical-scientific research.

Regrettably, in many of the bGoks thet have sppesred in
recent years on the history of aviation and cosmonatuics the
authors confine themselves to a statement of facts without set-
ting themselves the aim of maeking a serious critical analysis
of the described events, showing the internal and external
links, establishing the causal dependence or resolving other
historical-scientific problems.

At the same time it is quite obvious that a historicsal-
scientific analysis of the laws governing the development of
avistion and cosmonautics must become the central orientation
of research. This work must show the basic trends in the deve-
lopment of aviation and rocket-space science and technology,
the main issues linked with the appearance of new scientific
ideas, new developments in design and new methods of research,

designing and computation,



One should avoid supplsnting sn eanalysis of the develap-
ment of the science and technology by a simple listing of what
has been achieved in & given field and in a given period of
time., One should not only relate what has been achieved by in~-
dividusl scientists and engineers, trace the development of
svistion and cosmonstics in one country or another, and show
the evolution of the various branches of aviation or rocket-
space science snd technology as s whole, but also explain the
reasons motivating a specific orientation of this development,
snalyze errors and bring to light the basic laws and trends
of the development of avietion end rocket-spgce science and
technology.

The researcher working in this area has a very wide field
of activity. The history of aviation and cosmonautics still has
very many problems that have been either inadequately studied
or not investigsted at all. This concerns the early periods and,
in particular, the latest history of the exploratior of air and
outer space.

Very little hss been done to study the history of various
individusl branches of aviation and rocket-space science and
technology. Whereas severgl score of fundamental works smd a
quite large number of books and papers have been published
on the history of flying apperatuses and engines, serlous stu-
dies of the history of other orientstions —- systems of control,
instruments and radio equipment, the technology of production,
ground equipment, flight tests, and so forth -~ are today only
appearing,

Whereas at the early phases of the development of aviation
and rocketry success wes indeed determined chiefly by the im~-
proved design of flying spparatuses and engines, today very
much depends on other orientations, the correlation between the

various branches of aviation and rocket technology hsas essenti-



ally changed and there is a more acute need for expanding the
problematics of historicsl-scientific research.

Almost no attention is given to questions such as the his-
tory of the organisation of scientific snd technical research
in aviation and cosmonautics, and the development of industry
and production in these areas, while the study of the history
of the various scientific schools and design orgsenisations
still lacks sufficient depth. True, herg one cannot complain
of a leck or insufficiency of books devoted to the history of
individuel firms or even individuel types of flying apparatuses.
However, in most cases these publicstions offer only a descrip-
tion of the apparatuses or engines built within a definite pe-
riod without making a serious attempt at a scientific and tech-
nical enalysis of the achieved results, of the selected ways
of development and of the "individuality" of the heads of the
different schools.

These publications should be regarded as reference mate-
rial indisputably necessery for an historical research but
not as actusl studies. At present there is an acute need for
studies offering a serious analysis of the work of individusl
scientific schools snd teams of designers who have made a large
contribution to the development of avietion end rocket-space
science and technology.

The question of the reciprocal influence of sviation eand
rocket—-space technology is of undoubted interest. The press
frequently writes thet avistion is the cradle of cosmonautics,

but nothing has been done to mske & comprehensive study of

" how avistion influenced the development of rocket-spece tech-

nology and how, in its turn, cosmonautics influences the de-
velopment of aviation.
Lately, increasins attention is being received by rese-

arch in the logics of the development of aviation and rocket-



space science and technology and also in the psychology of
scientific and technical thinking in these areas. But this
is only the initial step. For the further unfolding of these
studies it is necessary to enlist the aid of specialists in
the logic of the development of science and in the psychology
of scientific and engineering thought.

A speciel place is occupied by works devoted to the study

of the scientific heritage of the founders of aviation and ro-

cket-space technology. The study of the scientific and technicel

work of outstanding scientists and engineers, who played the
fundemental role in the development of gvistion and cosmonaut-
ics, is of immense interest,

Two phases of this work should be borne in mind. One is
the publication of the works of these ocutstanding scientists.
In this field quite a lot has been done, but there is still
very much to do. The collected works of N.Y.Zaukovsky, S.A.
Cheplygin, K.E. Tsiolkovsky, R.Goddard and other scientists
have been published, and the publicetion of series of collec-
ted and individuel works of the founders of rocketry is conti-
nuing,

However, very much remains to be done. Suffice it to say
that to this day many of Tsiolkovsky's manuscriﬁts have not
been published, hundreds of psges ofTsender's shorthand notes
have not been deciphered, and the study of S.P.Korolyov's
creative heritage has only Jjust been started. Kuch also re-
mains to be done to bring into scientific circulation some of

the fundsmental works of foreign scientists such as HﬂGans-

windt, R.Esnault-Pelterie, R.Goddard,. H.Oberth, VW.Hohmann, _
H. von Pirke, F. von Hoefft, F.Ulinsky, L.Sénger and others.

Of stil grester importance is the next phase of this work,
nemely the study of the scientific heritage of the founders

of aviation and rocket science snd technology and of the im-
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pact of their idess on the further development of these

fields.
The study of the crestive heritage of outstanding scien-

tists and engineers is of grest importence for reseerchers work-
inz in the sphere of the history of science and for specislists
in various spheres of the natural sciences end technology. An
acquaintance with the fundamentel works of the classics of
science end technology end s study of their scientific heritage
will brinz to light their methods of work snd mske it possible
to understand the unigueness of their creative methods. Trnis is
of immense significance to the history of science and techno-

logy and to the methodology of scientific and technicel research

In the Soviet Union reseerch into the creative work of the
founders of avietion and cosmonesutics is conducted by the USSR
Acadeny of Sciences' Commission for the 3tudy of the Scienti-
fic Heritage of Tsiolkovsky and Tsander, the Institute of the
History of the Natural Sciences snd Technolozy of the USSR
Academy of Sciences, the Zhukovsky Scientific Memorial Museum
end other research organisations. The scientific resdings held
regularly in Kalugza end Rige in commemorstion of Tsiolkovsky
and Tssnder are contributing to this work. lowever, the results
reported at these readings must be rezsrded as only the initiel
stage of investigations, because only individuel aspects of the
work of these scientists are studied. Very much remains to be
done to meke a comprehensive study of their work and to show
the influence of individusl scientists and scientific schools
on the development of avistion and cosmonautics.

Lately, researchers have been incressingly sttracted by
the possibility of using mathematical methods in studying the

history of the natursl sciences and technology. This is an ex-



tremely urgent question because, evidently, in the history of
aviation and cosmonautics the problem has arisen of a more de-
termined switch from qualitative to quantitative assessments
based on scrupulously worked objective criteria of the develop-
ment of aviation and rocket-space technology.

Regrettably, these researches have not been logically con-
summated, but the attempts that heve been made are of undoubted
interest and this orientation uaquestionably merits attention
because it prepares the ground for scientifically substantiated
modelling and then for forecasting the development of science
and technology.

In this connection special significence attaches to the
question of the method of collecting, storing and processing
informetion. Mesns of mechsnisstion snd automation that faci-
litate the processing and sesrch of needed materisl are begin-
ning more and more to enter into the prqétice of researchers
in the history of science and technology. It is evidently ne-
cessary to consider the question of applying mathematical me-
thods for processing informetion also in the sphere of the his-
tory of avistion and cosmonautics.

The question of teaching the history of avietion and ro-
cketry at institutions of higher learning is of considerable
importance. At present there is hardly any doubt thet a skilled
specialist must be well versed in the history of his sphere of
knowledge., Regrettably, however, it must be stated that this in-
disputable fact is still not translated into life.

Evidently, the possibility of orgenising the appropriate
courses at institutions of higher lesrning must be considered.
However, this can only be done provided there are trained teach~-
ers and an adequete number of serious textbooks and study aids.
It must be noted that very little progress has been made to re-
solve this problem. There is still not & single work that may

13



be unreservedly recommended as & textbook on the history of
aviation or rocketry.

Therefore s very urgent task facing historians of sviation
and cosmoneutics is that of producing such a work thet msy be
regarded as a valuable textbook or study sid for a course in
the history of aviation or rocketry. This is undoubtedly a
complex task, but the solution of the problem of orgenising
such courses at institutions of higher leerning depends to s
considersble extent on its successful fulfilment and slso on
the training Ef teachers in these subjects.

The problem of treininz scientists specislising in the
history of avigtion and cosmonsutics is also extremely import-
ant and complex. To a considersble degree this problem is com-
pounded by the fact that in the Soviet Union no institution of
higher learning treins or shell in the immediste future be in
a position to train such specialists.

At the same time, it is quite obvious theat, being s compo-
nent of the general history of science and technology, the his-
tory of aviation and cosmonsutics is, naturally, governed by the
same laws as the science of the development of society end
thet it uses the same methods of research.

For that reason the historisn of aviation and cosmonautics
must have not only special knowledge in aviation or rocket-space
science and technology (which is esn sbsolutely necessary but &
far from adequate condition) but slso knowledge in the metho-
dology of historicel-scientific research.

All this adds to the considerable difficulties of trein-
ing specialists in the history of aviation and cosmonesutics.

The USSR Academy of Sciences' Institute of the History of
the Natural Sciences and Technology, which since 1953 has been
training resesrchers in the history of avistion and cosmonaut-
ics, is today practically the only centre in the Soviet Union

systematically training cadres for this field of science. Since



the close of the 1960s similar work hes been conducted by the
commission for the Study of the Scientific Heritege of Tsiol=-
kovsky and Tsander. In future it will evidently be necessary
to consider opening other centres for the trsining of specisl-
ists in the history of the development of air and outer space.

We have already noted that most of the researchers in the
history of aviation and cosmonsutics are specislists in svia-
tion and rocket science and technology. However, a contribu-
tion to the elaboration of historical=-scientific problems in
this spﬁere can be made by other sﬁecialists -- historians,
philosophers, sociologists, economists and psychologists.

Their participation can be particulerly iwportent in the study
of problems such as the development of the idee of space flight,
the character of the development of aviation and rocket tech-
nology under various socio-economic conditions, end in the ex-
ceedingly important problem of the influence of avietion #nd
cosmonautics on the development of society.

A large role csn be played by international scientific
co-operation in the study of the history of sviation and cosmo-
nautics., Until recently students of the history ov aviation and
rocket technology have, ss a rule, either confined themselves
to a study of the historical events in their own country or un-
critically based their research on meterisls elready published i
in the works of fowreign authors and thereby making more or con-
sidersble errors due to their unsufficient knowledge of the
history of technology in other countries,

Lt first sight, this seems to be natural end difficult to
overcome becsuse in most cases the archives of other countries
are inaccessible to foreign researchers. However, the experi-
ence of other spheres of historical science shows that provi-
ded internationel scientific co-operation is properly orgenised

this difficulty cen be largely removed.
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The experience of the Soviet Association of Historiens of
Science and Technology, which hes slready taken the first steps
in thet direction, is evidence of the productiveness of ex-
chenzes of scientific publications end other materisls on the
history of sviation and cosmonsutics. Some assistsnce in the
solution of these problems is rendered &lso by the Interns-
tionel Committee on the History of Rocket-Space Technology,
which is to some extent helping to brosden contacts between stu-
dents of the nistory of rocket-spsce technolog; in different
countries.

Regrettably, no snzlogous centre of the history of svie-
tion science end technology has been set up, end this somewhet
complicetes the estsblisihment of contects between scientists
working in thet sphere. In particuler, this is evidently af-
fecting also the subject matter of the present Congress, at
which the number of foreign pspers on the history of aviation
is considerably smzller thsn the number of pepers on the his-
tory of rocket-space technology.

A properly organised bibliogrephicsl service in the his-
tory of aviation and cosmoneutics can be of considerable as-
sistence to researchers. However, very little hss been done
in thet direction. So fer in practicelly no country are there
fully systematised reviews of the published works on the his-
tory of eviation and rocket-space technology. This is greatly
conpounding reseerch, and a frequent outcome is that some re-
searchers study snew problems thet have alreasdy been desalt
with in published works. One can therefore appreciete that the
creation of serious bibliogrephicesl reviews and of.historio-
graphical works on avietion and cosmonautics is an urgent
task thst must be carried out as soon as possible,

Lastly, there is the extremely importeant question of the

ohronological framework of scientific-historical research.



For a long ‘time most researchers had confined themselves to
the period preceding the October Revolution, going no farther
than'the end of the First World War. During the past two de—~
cades this framework has been somewhat enlarged and it is now
possible to nsme quite & large number of historicsl-scientific
works that embrace the period between the two world wars.

However, even this is now evidently not enough. We feel
that the time has come when the sphere of serious historical-
scientific resesrch must cover developments of the 1940s-1950s
and even the 1960s.

So fer very little has been done in that direction. True,
quite & large number of pspers hsve been‘written that touch
upon developments almost to the present, but in most cases the
materisl lascks fullness end, particularly, depth. Moreover,
the ineviteble danger is that instesd of engsging in a serious
historical~scientific analysis researchers simply review events.
We find this in many of the recently published papers.

It must be noted that the methodb of studying the latest
history of various branches of technology (over & relatively
short period of 10-20 years) has not been worked out éompre-
hensively slso in the sphere.of the history of the natursl
sciences and technology as a whole. This is & very importent
problem and the scientists studying the history of sviation
and cosmonautics should seriously consider the ways and means
of resolving it. . .

In this connection immense significence attaches to the
problem of storing documents onm the latest history of aviation
and cosmoneutics. It must be noted that on account of .the grow-
ing volume of informstion its full preservation is not slways
ensured., Regrettably, we find instances where materisls of

greet interest to the history of avistion and rocket science
and ~echnology are lost without trace to researchers. This prob=-

lem must therefore be urgently resolved.
1265 2



Even a very brief review of some basic orientstions of
_research in the history of sviation and cosmonsutics shows that
the tasks facing researchers in this sphere are important and
complex. They can only be resolved through the combined efforts
of many specialists studying the history of aviation and rocket-
space sciende and technoloéy, a large number of whom ere present
here today in this hsll.
~ Therefore, in conclusion, I should like to express the
hope that many of the above-mentioned problems will soon be
successfully resolved and that our Congress will represent a
landmark in the development of historical-scientific research

in the sphere of eviation and rocket-space science and techno-

logy.

L Blosset (Francé)

TRAVAUX DE R.ESNAULT-PELTERIE DANS LE DOMAINE
DE LA SCIENCE ET DE TECHNIQUE DE L' ASTRONAUTIQUE

Robert ESNAULT-PELTERIE (REP pour tous ceux qui l'ont
connu) est 1'un des premiers pionniers qui aient prévu par
leurs études théoriques et confirmé par leurs expériences les
possibilités de l'astronautique, aprés celles de l'aviation,

Sa clairovoyance et l'envergure de ses travaux sur les
problémes spatiaux se sont pourtant heurtées & une profonde inc-
ompréhension et & de paralysantes difficultés matérielles et
financiéres.

I1 fut trés peu soutenu par les pouvoirs publics et par
1'industrie car on ne croyait pas a ses projets.

Etant donné le nombre et la valeur de ses vues originales,

que n'aurait-il pu réaliser s'il avait été compris et aidé.



Certains ont dit, notamment M.Werner von Braun dans une
BEncyclopédie récente, que REP avait eu sur les autres pionniers
de 1'espace le grand avantage d'avoir été céldbre de son vivant.
C'est peut-etre vrai pour l'aviation et absolument faux pour
l'espaces On a méme pu écrire a ce sujet qu'il suffisait, avant
la derniére guerre, qu'un rapport fiit signé ESNAULT~PELTERIE
pour que les Services officiels auxquels il était adressé le
mettent aussitdt au rebut.

Dés 1908, REP avait déja congu toutes les possibilités de
voyage dans l'espacte. Il en subsiste une trace dans le livre
du Capitaine Ferber "De crete & crete, de ville a ville, de con-
tinent & continent" qui cite les travaux de REP dans un texte
daté du 26 juillet 1908 (1, p.161).

A 1'insu de REP, qui ne le connut qu'a la fin de 1912,
un hansais le Dr André BING avait pris, le 10 juin 1911, un
brevet belge pour un "appareil destiné & permetire l'explora-
tion des hautes régions de l'atmosphére, si raréfiée que soit
cette atmosphére", brevet dans lequel il faisait état de la
possibilité de "dépassement des limites de l'atmosphére ter-
restre" avec des "fusées successives" et en utilisant 1l'éner-
gie nucléaire.

Peu gprés, le 15 novembre 1912, dans une communication
retentissante & la Société Frangaise de Physique, & Paris, REP
expose ses "considérations sur les résultats de l'allégement
indéfini des moteurs" et, bravant les sarcasmes, montre, le
prémier, la possibilité théorique pour un mobile doué de cer-
taines propriétés de se déplacer entre la Terre et la Lune. Il
prévoit en outre la réalisation de véhicules intersidéraux lor-
sque l'énergie atomique sera maitrisée.

Lors de la publication de la conférence de REP en 19122?
les lignes et meéme les mots furent si parcimonieusement comptés

per le Secrétaire du Journal de Physique que la pensée de 1l'au-
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teur est souvent rendue & peine intelligible du fait de suppres-
sions de larges parties du texte. Ledit Secréteire général ava-
it été en effet épouvanté par la teneur de l'exposé dont REP
avait par prudence déguisé l'objet réel par un titre anodin. La
traduction en anglais du texte intégral de cette conférence fut
distribuée & titre commémoratif aux membres du Congrées Inter-
national d'Astronautique d'Amsterdam en 1958.

REP a déploré cette condensation exagérée, imposée pour
1'impression de la conférence, qui a été responsable de 1l'appa-
rente divergence des conclusions de Goddard et des siennes
sur la possibilité de réaliser & cette époque un véhicule
capable de s'affranchir du joug de lt'attraction terrestre.
Goddard, en fait, voulait simplement & ce moment envoyer sur
la Lune un projectile chargé de poudre et en constater l'arri-
vée au télescope. REP envisageait les conditions a réaliser
pour qufun véhicule pgiese transporter des etres vivants d'un
astre & l'autre et les ramener sur la Terre; ses conclusions
plus pessimistes tenaient & l'importance de la masse initiale
pour la propulsion d'une masse finale assez faible et aux
moyens limités dont on disposait alors.

La Conférence contient toutes les bases théoriques de
1'auto-propulsion, dissipant le mythe de la fusée qui "s'ap-
puie sur l'air" et donnant 1l'équation réelle du mouvement.
Elle prévoit déja 1'intérét de propulseurs auxiliaires pour
diriger la fusée et lui assurer une maniabilité compléte. On
y trouve les calculs relatifs & la vitesse critique de libéra-
tion et aux phases du voyage aller-retour Terre-Lune temps et
vitesses durée des voyages vers la Lune, Mars, Vénus. Y figu-
rent également des considérations thermiques, notamment sur
1'effet de la nature de la face tournée vers le Soleil (métal

poli ou surface noire).



Cette Conférence de 1912 constitue la premitre étude pure-
ment scientifique marquant la naissance de l'Astronautique. REP
est ainsi le fondateur de l'astronautique théorique.

Si la prescience et le mérite, dés 1903, de l'utilisation
de la fusée dans 1'espace reviennent entiérement & Ziolkowsky,
.ctest & REP qu'on doit d'avoir mis le premier le probléme en
équation et d'avoir établi la théorie mathématique des voyages
interplanétairos.‘)

. Aprés la guerre, en 1920, il reprit ses études sur les
vitesses d'éjection, mais les résultats, rappelés par son ami
André-Louis HIRSCH, ne furent pas publiés a l'époque.B)

Le 8 juin 1927, il présente & la Sorbonne une conférence
sur"l'exploration par fusées de la trés haute atmosphére et la
possibilité de voyages interplanétairee"4) Il y précise trés
clairement les bases théoriques relatives notamment & 1'importan
ce du role de la vitesse d'éjection et du rapport de la masse
finale ainsi que la théorie de la détente des gaz dans une tuy-
&ére convergente-divergente.

Puis REP entreprend la construction d'une fusée stratos-
phérique et poursuit de nombreux travaux sur les combustibles
liquides qu'il choisit de préférence aux poudres pour la pro-.
pulsion des fusées, mais il ne dispose hélas que de moyens trés
insuffisants.

Croyant que le maniement de l'oxygéne liquide est parti-
culiérement dangereux, il lui semble plus raisonnable d‘'envi-
sager l'usage d'un explosif liquide: le tétranitrométhane. Mal
lui en prend, car cet explosif ultra-sensible provoque, le
9 octobre 1931, un accident qui lui coiite quatre doigts de la
main gauche. Cependant cet accident remue l'inertie de 1'Ad-
ministration qui, sur l'unitiative du Général FERRIE, accorde
enfin une subvention & REP; celle-ci est toutefois si maigre
qu'elle ne lui permet que d'étudier certains appareils, mais

sans pouvoir passer & leur fabrication.
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REP eut conscience, sans doute le premier, du danger gue
présentaient les fusées comme armes de guerre avec possibilité
d'un tir intercontinental et il s'en inquiéta. Pourtant il pen-
sa d'abord préférable de garder le silence. La publicité que la
presse donna a ses travaux de 1927 sur "l'exploration par fu-
sées de la trés haute atmosphére" lui valut un grand nombre de'
lettres qui lui donnérent connaissance de travaux qu'il igno-
rait: "Die Rakete zu den Planetenraumen", par Hermann OBERTH
(1923); "Die Erreichbarkeit der Himmeskorper", par Walter
HOHMANN (1925); "Der Vorstoss in den Weltenraum", par Max VAL-
IER (1925).

I1 estima alors que son devoir changeait et qu'il devait
faire connaitre aux pouvoirs publics de son pays les conclusions
de ses travaux et, en méme temps que les dangers encourus, les
moyens de mettre au point des méthodes pour envoyer, a plusieurs
centaines de kilométres, des milliers de tonnes de projectiles
en quelques heures, Utilisant les premiers calculs qu'il avait
faits en 1920 avec deux de ses collaborateurs, MM. SCAL et
MARCUS, il se décidait & établir un premier rapport secret
adressé le 20 mai 1928 & son ami le Général FERRIE qui le
transmit & son Administration.S) Ce rapport théorique démon-
trait qu'il était alors possible d'atteindre une portée de
2267 xm avec une vitesse d'éjection de 2667 m/s (REP constats
d'ailleurs par la suite que cette valeur était optimiste pour
1'époque). REP étudia en outre en outre dans le détail le cas
particulier d'une portée de 600 xm en précisant tous les rap-
ports de masée et notamment le rendement balispique de la fusée
(proportion entre le poids de mélange propulsif nécessaire et
le poids des projectiles envoyés & cette distance), tant pour
les mélanges essence/peroxyde d'azote qu'il avait pris comme
exemple que pour la poudre spéciale utilisée alors par le Pro-

fesseur GODDARD.



‘Ce mémoire s'achevait sur une étude économique comparative
entre les bombardements par fusées et les bombardements par
avion et concluait que les fusées & longue portée paraissaient
constituer l'artillerie de l1l'avenir,

Au bout de quelques mois, le dossier fut réndu: il avait
paru sans intérét.

Personne ne considérait alors de semblables travaux comme
susceptibles de résultats utiles et le savant ne réussit pas a
secouer l'inertie de services qui souvent écartaient systéma-
tiquement toht ce qui émanait de lui. ‘

L'Administration accorda pourtant, en 1931, le détachement
au laboratoire de REP d'un lieutenant a la section technique de
1tartillerie, Je-Jo BARRE, qui collaborait avec lui depuis 1927,
a titre privé, et qui avait participé aux calculs lors de .
1tétablissement du mémoire. Ce détachement cessa au bout d'une
année car on n'estimait pas alors que "l!'étude des fusées pui-
sse abs;rber 1'activité d'un officier", Malgré ce mémoire
précis et prophétique, REP n'obtint donc pas les subventions
nécessaires pour poursuivre de fagon efficace les études qu'il
suggérait.

. Il n'en fut pas de méme en Allemagne ol des travaux si-
milaires aboutirent aux V-2, Pourtant il faut remarquer qu'eﬁ
1931, André-Louis HIRSCH, remplagant REP empeché, se rendit en
Allemagne pour voir le premier bac d'essai de fusée a Reini-
ckendorf prés de Berlin et qu'aucun secret ne pesait sur ces

" expériences & l'avenir militaire desquelles 1'Allemagne ne
croyait sans doute pas encore. )

Apres l'accident du tétranitrométhane, REP revient a
l'oxygéne liquide et affronte la difficulté de réaliser deux
débits corrects et proportionnels de l'oxygéne et du combus-
tible. ..

Dés 1930, REP avait étudié avec M.Pierre MONTAGNE les

conditions optimales théoriques de carburation d'un moteur &
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réaction et cette étude avait parmis de fixer les proportions
du mélange oxygéne liquide-éther de pétrole donnant le meilleur
rendement,

En 1932, REP's'attaque, dans son laboratoire de la rue
des Abondances & Boulogne-sur-Seine, avec MM, MONTAGNE et
SAVALLE, & la réalisation de ce moteur & réaction et met au
point un banc d'éssai & Satory, qui lui permet d'étudier, de
1934 a 1937, le rendement optimal de son moteur en faisant
arriver dens la méme chambre 4 réaction en graphite de l'oxy~
géne liquide et de l'éther de pétrole. Devant les difficultés
que lui donnait le graphite, REP utilisa, pour le col de la
tuyére, une piéce en tungstéme qu'il fabriqua lui-méme dans
un four & haute fréquence qu'il imagina spécialement dans ce but.

. Pour ces travaux, REP avait obtenu un petit marché de la
Direction des Etudes et Fabrications d'Armements qui avait
délégus 1'Ingénieur Général DESMAZIERES pour en superviser
1'exécution.

En 1937, devant les personnalit_és venues visiter le la-
boratoire de REP, le moteur fonctionna sans incident pendant
60 secondes, avec une poussée de 125 kg. Le moteur était ainsi
qualifié, mais la subvention devant permettre & REP de réali-
ser sur se fusée le dispositif de stabilisation gyroscopique
qu'il estimait nécessaire, lui fut alors refusée. REP consen-
tit & envisager un projet de fusée empennée, sans ce guidage,
mais il le baptisa "NIC", abréviation de "N'Importe Comment",
et abandonna enguite ce projet. La guerre de 1939 éclatant peu
aprés mit un terme & l'activité astronautique de REP.

Comme on ne considérait pas que les travaux de REP
étalent susceptibles de résultats utiles et que les subven-
tions nécessaires lui étaient toujours refusées, quand la
guerre vint, REP avait & peu prés, selon sa propre estimation,

accompli 1/100 du chemin, c'est-a-dire effectué des essais av



banc de propulseurs donnant 300 kg de poussée pendant 60 se-
condes: ceci correspondait a une fusée d'une maesse totale de
100 kg qui aurait 4l atteindre 100 km d'altitude (ce que les
Américains réalisérent aprés 1945).

OBERTH avait indiqué le premier qu'il était techniquement
possible de réaliser des fusées expulsant leurs gaz a une vi-
tesse supérieure a 4000 m/s (c'est ce qui lui valut d'ailleurs
de se voir attribuer le prix REP-HIRSCH). Comme OBERTH avait
simplement énoncé ce principe sans en donner de démonstration
chiffrée, REP se consacra, de 1926 & 1930, a la solution de ce
probléme de physique mathématique et la publia dans son livre
de 1930.6) I1 calcula également que la température dans la
chambre de combustion était trés inférieure & celle envisagée
par OBERTH, du fait de 1l'augmentation des chaleurs spécifiques
avec la température. D'ou il conclut & la possibilité de cons-
truire les chambres et les tuyeres en matitres tres réfractaires

Il est intéressant de noter que les calculs théoriques de
REP concernant les températures eurent une confirmation écla-
tante lors de l'ascension stratosphérique du Professeur PICCARD.
La nacelle en forme de sphére noircie d'un coté et polie de
l'autre s'est trouvée pendant un certain temps avec sa face
noire tourhée vers le Soleil; la température monta alors & 39°C
a4 1'intérieur de la cabine. REP, lors @e ses calculs pour cette
méme position, avait trouvé 42°,

En 1930, REP groupe les résultats de ses travaux et publie
son ouvrage capital "L'Astronautique® 6), véritable traité des
véhicules spatiaux dont s'inspirdrent ensuite tous les ouvrages
sur ce sujet et qui constitue une étude théorique trés poussée,
appuyée sur la connaissance approfondie de la mécanique céleste,
de 1l'astrophysique, de la balistique, comme de la physico-chimie

et de la physiologie. Rien de ce qui est dit 12 n'a ensuite été
infirmé.
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Ce livre a été le bréviaire de tous les astronautes et il
suffif de citer les tétes de chapitres de cette publication

pour voir qu'elle constitue & la fois un document scientifique

et technique capital et une somme de connaissances pratiques

précieuses:

- mouvement de la fusée dans le vide et dans l'air,

- densité et composition de la trés haute atmosphére,

- détente des gaz de la combustion dans une tuyére,

- combustion dans une chambre,

- utilisation possible des fusées (exploration de la trés haute
atmosphére, envoi d'un projectile sur la Lune, transports
circumterrestres a grande vitesse, traversée de 1l'atmosphére),

- voyages interplanétaires, avec des sections consacrées a l'exa:
men des conditions dans lesquelles les voyages autour de la
Lune s'effectueront, & 1l'étude de la gouverne d'un astronef,

des appareils de navigation et de pilotage, des conditions

d'habitabilité.

Pour ces derniéres, REP précise qu'on pourra emplir 1'appa-

reil d'une atmosphére d'oxygene pur, ce qui permettra de réduire

la pression au voisinage de 1/10e d'atmosphére, les fuites étant

ainsi considérablement réduites elles-memes.

Dans la section "gouverne d'un .astronef", on trouve déja le

principe de la stabilisation du véhicule spatial a 1l'aide "de
trois petits moteurs électriques munis chacun d'un volant de
moment d'inertie suffisant et ayant leurs axes & angle droit".

REP prévoit également, pour le retour vers la Terre, le
retournement de l'astronef freiné par son propre propulseur
(les rétrofusées d'aujourd'hui) et 1l'utilisation finale du
parachute.

En mai 1934, REP apporte un complément7) a son livre de
1930, dans lequel il traite spécialement des conditions prati-

ques et de 1'intéreét des voyages interplanétaires. Ce document



contient: 1l'étude du mouvement d'une fusée (vitésses, trajec- .
foiren en fonction des régimes de combustion et des masges),
une nouvelle étude des tuyéres de détente des gaz de la combusd
tion, la thermodynamique de la combustion (en faisant état des
études thermochimiques de M. Pierre MONTAGNE qui valurent a
celui-ci le prix REP-HIRSCH en 1931), ainsi que des vues de
grand avenir sur la propulsion nucléaire, sur l'utilisation
des éléments radioactifs (les neutrons et la fission venaient
juste d'étre découverts) et de 1thydrogéne atomique (REP eut
ainsi pour la remiére fois 1l'idée de se servir des radicaux
libres pour assurer la propulsion dans les meilleures condi-
tions).

Ce document comporte également une étude des routes orbi-
tales (correspondant & nos actuelles orbites de transfert),
1'application de la relativité & la radiation d'énergie (REP pr
prévoit la propulsion photonique, qui & été assez récemment
étudiée dans certains pays).

Le principe de la fusée a étages et les calculs de rappor-
ts de masse, dont REP donne alors connaissance, ont suggéré a
Louis Damblanc les travaux qui le menérent & son brevet de
1936 sur "les projectiles autopropulsenrs dont la charge pro-
pulsive est répartie en plusieurs étages de combustion superpo-
8és suivant l'axe de la fusée".

REP prévoit aussi 1'intéret des fusées pour l'étude de
la zone € aurores boréales, objectif d'une grande partie des
expériences actuelles sur fusées-sondes.

Aprés la parution de ce complément & son livre, le Grand
Prix annuel de la Société des Ingénieurs Civils de France est
attribué & REP pour la seconde fois.

Puis, en 1937, il est élu & l'Académie des Sciences dans

la section des Applications des sciences & l'industrie.
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Aprés la guerre, REP, retiré en Suisse, incompris et mé-
connu, se désintéresse des recherches spatiales: décision par-
ticulidrement regrettable et perte déplorable pour la science
astronautique, d'autant plus que la presque totalité de ses
travaux non publiés furent perdus. Beaucoup de documents qui se
trouvaient entre les mains de certains de ses collaborateurs
ont d'ailleurs di &tre détruits par leur détenteur au moment
de l'occupation de notre pays.

Cependant, en 1947, dans une conférence faite a 1'Aéro-
Club de Prancea), REP reprend les résultats de ses calculs
concernant les mélanges précédemment étudiés (soit poudre,
soit éther de pétrole/oxygéne liquide), et les compléte en con-
sidérant l'ensemble hydrogéne/oxygéne liquides et également
1'uranium 235 et le plutonium,

REP connut, en ses dernidres années, des jours difficiles;
lui, qui aurait pu amasser une fortune grace a4 ses inventions,
fut harcelé par le fisc et son mobilier fut saisi (fig. II).

N

Et cela venait s'ajouter a 1'indifférence, a4 l'incompréhension

et aux sarcasmes dont il a souffert pendant toute sa vie.

Aprés avoir participé au prestigieux développement de
1'aviation, REP, pionnier de l'espace, eut l'amére consolation
de voir, avant de mourir le 6 décembre 1957, confirmer la jus-
tesse de ses vues & l'étranger, par le V-2 d'abord et, plus
tard, par le lancement en U.ReS.S. du premier satellite terres-
tre, le Spoutnik I.

Le jour méme de sa mort, une fusée Vanguard était lancée
au Cap Canaveral, telle une salve d'honneur.

Aprés nous etre penchés sur la vie de labeur de ce génial
précurseur, nous saluons la mémoire de cet homme universel en
ne sachant que louer le plus: 1l'imagination si riche du cherche-
ur, la rigueur de raisonnement du théoricien, l'habileté, 1l'au-
dace et 1'intrépidité de 1l'expérimentateur, le souci de per-

fection de l'ingénieur.
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V.P. Glusihko (USSR)

THE LENINGRAD GAS DYNAMICS LABORATORY (G:DL)
CONTRIBUTION TO THE DEVELOPMENT OF ROCKETRY

In 1971 it was 50 years from the day of creation of the
first Soviet rocket research and development organization =
the Gas Dynamics Laboratory. This laboratory abbreviately na-
med the GDL was organized in lMoscow on 1 March , 1921 for
development of powder-propelled missiles after the proposal of
N.I.Tikhomirov, a chemical engineer.

Tikhomirov, the founder of the GDL, began his activity in
rocketry with testing of powder rocket models as long ago as
1894 (fig.1) /1/. In the description of the invention, applied
to the patént which had been got by Tikhomirov in 1915, there was
forseen using not only powders but also liquid fuels in his ro-
cket. FX¥om 1922 a part of the GDL experiments and . froem1924
all the experimental studies were performed in Leningrad. By
1925 the GDL completely shifted its base to this city /3,4/.

The development of the smokeless grain powder at the GDL
and the Artillery Academy Powder Department in 1922-24 was an
important step in the GDL activity. Using trotyl as a non-
volatile pyroxylin solvent allowed to obtain stable nonlamina-
ting grains of large length and diameter, measured in scores
and hundreds of millimetres /5/. Some grains had channels and
some had not; they were armelfred and not armoured and were no-
table for combustion stability. Detailed research work on the
combustion laws investigation of the developed powders allowed
to solve the problem of internal ballistics. This pyroxylin-
trotyl powder possessed essentially higher e-nergetics than sm'oke
powder compounds,which were used in rockets in that time, did.

In 1928-1933 rocket missiles of 82, 132, 245 and 400 mm
calibres as well as auxiliary rockets of smaller calibres were
developed on the base of this splendid smokeless powder at the

GDL. From 1928 shots were made from ground and airplanes /7/.



Fig.1 N.I.Tikhomirov

By thé end of 1933 at the GDL rocket missiles of nine types
were developed and adopted. This fact was mentioned in a report
of the Red Army Department of Military Inventions (to which the
GDL was subordinated) to M.N,Tukhachevsky, the Red Army Chief
of Armasments /8/.

After some modifications the GDL missiles were used in the

battles with Japanese troops near the Khalkhin Gol River in 1939

and they were widely used in aircraft and ground mobile facili-
ties from the first to the last days of the Great Patriotic War.

The GDL leading workers — B.S.Petropavlovsky, G.E.Langemak
and V.A.Artemyev were Athe main authors of these developments,
begun earlier by N.I.Tikhomirov. None of them has lived till
our days. Their contribution to the Soviet rocketry formation
and development is great. Their names went down in the rocketry
history of the USSR for ever and were assigned t.o the craters on
the back side of the Moon.
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Great progress in the development of airplane take—offs
using smokeless grain powder rocket engines was also achieved
at the GDL. The GDL began this work on models in 1927; in 1931
this work was performed using a training plane U-1. In 1933
state tests of the TB-1 heavy bomber equipped with take—off ro-
ckets were completed /9/. Due to application of take-off rockets
the TB-1 heavy bomber take-off run was shoﬁened 77 per cent,

In the same year rocket-assisted take-offs of a heavier TB-3
bomber were perfected.x)

- Besides the divisions engaged in thé creation and use of
smokeless grain powder rockets there was a department on elect-
rical and liquid-propellant rocket engines development at the
GDL which worked under my guidance from 15 May,1929.

The problem of energy sources and methods of their use in
rocket engines was and will always be of the greatest interest
as it defines rocket capabilities. Energetic resources of chemi-
cal propellants are limited. The mass unit of each chemical pro-
pellant contains a <fixed quantity of energy. It was logical to
find methods of separate control of the available energy supp-
lied from an external source and of the propellant receiving
this energy. While imparting the same quantity of energy to a
different mass of medium it is possible to obtain various exhaust
velocities in engines. At a ratio of the energy quantity to the
mass of medium higher than for chemical propellants it is pos-
sible to obtain higher exhaust velocities. This was the way to
achieve specific impulse values essentially higher than it was
possible using the most effective chemical energy sources.

x)

The GDL activity in the field of rockets application as
boosters is presented in detail in V.I.Dudakov's report given
in this issue (p.p.40-42 )



Fig.2 Helioraketoplan

The practical decision of this problem was stirmlated by
the reported in the USA in 1922 and 1926 experiments mthe elactri-
cal exploding of metal wires to study high temperaturs spectra
performed by Andersen, an astrophysicist.

In 1928-1929 I developed a project of a spaceship named
"Helioraketoplan" looking like a hollow sphere with electrical
rocket engines mounted circumferentially which had to be fed
with electrical energy supplied from a flat round ther—oslezsz?
battery surrounding the spaceship and exposed to tae Sun (fig.2)
/11,12/.4 '

Solid or liquid conductors electrically exploded with a pre-
dicted frequency in a nozzled chamber were forseen as a rcediua
of electrical rocket engines. As conductors there were used
either metal wires continuously supplied to the chamber or li-
quid jets. .

Firstly in 1929-1930 single electrical eﬁ:plosions of vari-
ous metal and non-metal solid wires were performed in open space;
later there were conducted durable explosions with a frequency
to some scores in a second using a continuous mechanical supply
system for solid conductors and a pneumatic system for liquid
ones. At last in 1933 electrical explosions were performed in
a nozzled chamber installed on a ballistic pendulum. The pulse
electrical installation used in these experiments consisted of
1265 3
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Fig.3 Electrical rocket engine (ERD)

a 100 kv and 10 kva transformer with 4 kenotrons and of a 4. mu f
0ily condensers battery charged up to 40 kv. There was developed
a nozzled chamber of an electrical rocket engine ( E=D )
(fig.3). Metal wires or a conductive liquid were continuously
fed through the injector orifice that was coaxial with the cham-
ber. The injector isolated from the case and the case itself
were powered by a pulse electrical installation.

Thus in 1929-1933 the first laboratory electrothermal ro-
cket engine was developed /13/.

The electrothermal rocket engines could be practically
used only after emerging into the space and achieving a flight
velocity not less than the first cosmic velocity. That's why
already in 1929 we began the development of measuring devices to
perform an experimental work on liquid-propellant rocket engines
and from 1930 studies of liquid-propellant rocket engines became
the main aspect of the GDL activity.

In 1930 there were firstly proposed and later investigated
as oxidants for liquid-propellant engines nitric acid, its so-
lutions with nitrogen tetroxyde, hydrogen peroxyde, perchloric
acid, tetranitromethane as well as their mutual solutions and
as fuels - beryllium dispersed in powders or liquid fuels and
beryllium in combination with hydrogen and oxygen /14/.

In 1930 exponential nozzles of minimal in comparison with

conical ones surface, length and weight as well as zirconium



Fig.4 Experimental rocket motor (ORM)

Fig.5 ORM=-1

dioxide heat-insulating coatings were developed for liquid pro-
pellant engines and tested on engines using smokeless slowly
burning powder /15/.

In 1930-1931 there were designed and fabricated the first
in the USSR liquid-propellant engines: the ORM (the experimental
rocket motor)(fig.4) with a thrust up to 6 kg wl;.ich was tested
using a liquid mixture of nitrogen tetroxyde and benzine or to-
luene prepared beforehand as well as the ORM-1 (fig.5) with a
thrust up to 20 kg with a separate feed of the same propellants.
In 1931 about 50 bench tests of these engines were performed
/16,17/. In the same year a hypergolic propellant and chemical
ignition as well as gimbal mounting of a pump fed engine were
firstly proposed. In 1931-32 there were created and tested pis-

ton-type propellant pumps driven by gas from the combustion
chamber /18/. In 1932 a series of experimental motors (frox the

ORM-4 to the ORM-22) were developed and tested using various
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Fig.6 ORM-50 in test stand

Fig.7 ORM-52
propellants to determine the most effective type of igmition,
starting methods a_.nd. mixing systems. In bench tests of theses en-
gines there were used liquid oxygen, nitrogen tetroxide, nitric
acid, solutions of nitrogen tetroxide in m‘.fric acid as oxidants
and gasoline, benzol, toluene, kerosene as fuels.

In 1933 another series of experimental rocket motors (from
the ORM-23 to the ORM-52) were built and bench-tested. They had
pyrotechnic and hypergolic ignition systems and used nitric acid
and kerosene as propellant components. Being notable for their
reliability the experimental motors ORM-50 with a thrust of 150 ks
(£ig.6) and ORM-52 with a thrust of 300 kg (fig.7) and a specific
impulse up to 210 sec were capable of rmltiple starts. In 1933
both these motors designed for rockets and other applicatioans
passed official bench tests /19/.

In 1933 there was designed a turbopuzmp assembly with centri-
fugal pumps to feed propellant components to the ORM-52 to be.

also used as a booster on aircraft /20/.



At the same time methods of raising the efﬁ.ciency of propel=~
l;nts for liqgid—propellant rocket engines by increasing their
density through deep cooling and introducing a heavy irert addi-
tive were proposed and there were also suggested fluorine solu=-
tions in oxygen as oxidants, fluorine - hydrogen propellant, kero-
sene solutions in pentaborane as fuels, etc. /21/.

Perspectiveness of rocketry development and necessity
of broadening and énsuring works conducted in this direction made
the GDL leaders = raise a question about reorganization of the
GDL to a research institute as far back as 1931. The Moscow Group
for Studying Jet Propulsion (Moscow's GIRD) headed by S.P.Korolevl

also applied for the__Institute organization. As a result by the

go applied for the institute oréanization from 1932.As a result by the
end of 1933 the Research Institute of Jet Propulsion (RNII) was or-
ganized in Moscow on the base of the GDL and Moscow's GIRD /22/,

During its thirteen-year activity (1921-1933) the soviet rc;cket
design organization (GDL) made a basic contribution to the native ro-
cketry development.

The division = On liquid-propellant rocket engines which worked
at the GDL in 1929-1933 continued the development of a series of ex-
perimental rocket motors at the RNII in 1934-1938, In 1939 it sepa-
rated from the RNII to a special group which became an experimental
design bureau (OKB) from 1941, '

The creative way of this organization (from the GDL to the OKB)
named the GDI-OKB was commented in press in 1969 on the occasion
of its 40~-th anniversary.

The foundations of the native roéket motor engineering ﬁere
laid at the GDL. At the GDL there were trained the main specialists
who brought up the creafive body of the twice decorated with orders
experimental des:.ign bureau ~ the GDL ~ OKB which created powerful
liquid-propellant rocket engines for all the Soviet launch~vehicles

which have been launched to space up to date.
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B.U.dynakos (CCCP)
HEKOTOPHIE 3KCIIEPUMEHTbBI HAYAJIBHOTO 3TAIA TTPUMEHEHUSA
B ABHALIMU CTAPTOBLIX PAKETHBIX YCKOPUTEIEN

PaccMartpuBaeMert aTan Havasics, C Hawed TOYKM 3peHug, B 1928 r.,
Korga apropy HacTosmelt cratbd M B,A.KoncTanTuHOBY Obi/l BRUIAH IATEHT
Ne 439c ma maobpeTeHme noa HasBaHHeM: “YCTPOKCTBO C DAKETHHIM ABHXKH—
TeneM [ns obneryenus saneTa camonetos” [11,

B To BpeMd nsig mojeTa caMojieTa HeOOXOAMMO GBIIO TAroBOe YCHIIHe,
paBHoe 1/10-1/12 Beca camoseTa (B pacyeTe Ha CWIy TSrM BOSOYLIHOIO
BHHTA), a ANs B3neTa Tpebopanach Tara peswyuHON 1/4-1/5 peca camone -
Ta, [Ipn pasMoxweM aspoapoMe B3JeT C TaKOH THATroi Gbl1 HEBOSMOXEH, a
GeTOHHEIE B3/IeTHO-NIOCANOYHLIE TIONOCH TOrA& He CTPOMNMCh. Hamiuywe no-
MOJIHATE/IbHOIO CTApTOBOTO ABUIaTejis NO3BOJISIO BBRNOJNHUTL B3JET Camoje-
Ta B JNOGBIX YCJIOBHSIX M C YBEJWYEHHBIM BECOM,

HTK YBBC nonnepxan mpennoxenue B.W.[ynaxoBa u B.A.KoscTauTuHO-
Ba. B 1930 r. aBTop oToit cTarbk 6nw1 Hanpapnen B I'IJ1 (Tasonunamuyec—
kas naboparopusi) B JIeHMHrpan Ans ONLITHOX NMpopaGoTKH CTapTOBOrO yC—
xopurens, [1o ykasanuio koMaHAyomero JIeHHHIDaACKHM BOEHHLIM OKpYI'OM
M.H.Tyxagesckoro B I'[l/l 6bu1 mepenaH yyeGHbii caMoneT Y-l ¥ mpHKOMaH-
mupopanbl X U1 netynk-usctpykrop C.M.Myxun u aBuarexnux A.A.[puuxe-
BHY.

Camoner Y-1 - 6unnaH, OepeBsHHBIN, C NOJOTHAHON OGWMBKOM KphUIbEB
u qrosenska. BosHukna npobnema - kaxo# PJ] mocraBuTh B KayecTee YC—
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xopuress Baneta? IMowvenenne XPJl uckmoyanock, Tax kak B 1930 r, He
6xuio Hapexuo neicreyiomux XPI. Kpome Toro, o6opynosanue Pl oyeHb
CJIOXHO M TPYAHO B 3KCIuTyaTannd. [loaToMy B xayecTBe ycCKOpHTenas Obul
npuaar Pl Ha TBepaoM Tonsupe. [IpuMeHeHwe nopoxa Ha TBEpAOM pPacTBO—
putene, npepioxenHoro H.M.TuXOMHPOBEIM, MOSBOMMIIO MOSYYHTH HAOEXKHO
neitcreoBapunit P[l, ofnanaplmnii BHICOKMMH nokasarensMu B pabore. Kon-
crpyxuua PJl Gbiia paspaGorana E.C.l'le'rpoabm noa pykosoactsoM B.C.Ile-
TPOMAaBJIOBCKOr0.

Moctaeute PI1 B xBOCT drozenaxa Ha caMoniete Y-1 6GpuIO Henb3s, Tak
KaK ¢ro3esIsk ITOro camoneta He Gbul paccyuTaH Ha GoJbuy0 OCEBYIO CHITY.
[losToMy Gvula npuHsTa ycTaHoBka Pl Ha xpeule camonera. AHa/ma npouec—
ca B3jleTa NOKasaj, YTO peakTuBHas cuna Pl nomkHa NpOXOAMTH HHMXE LEeHT-
pa tsxectn (LT) camonera, B NpOTUBHOM CiTydae GbLNIO BO3MOXHO Karo-
THpOBaHME NpH pas3bere. Drula npuusra ycranoeka asyx P/l Ha HMXHEM Kpbl-
ne camoneta. [elicTeylomasa cuna 6buia SHaunTeNmHOK — N0 1,5 Beca camo-
nerta, [Ipmocs NMOAKPENHTH KPBIIO HA AEHCTBHE TOPHIOHTAJIBLHON CHIIBL

Hrak, Mpl uMmemn nBa Pl Ha HHXHeM Kpeule, no Gokam ¢rozenska. Te-
nepb Heo6xoAMMO OBNIO OGECHEYHTH ONHOBPEMEHHOE BOCIJIaMEeHEeHMe 3apsifioB
P u cunxponHoe neiicTBHe of6oux P[l. 310 6bUI0 AOCTHIHYTO C NMOMOIWBIO
cucreMs! orHeBoit ceaau kamep Pl (1931 r,), xoTopas OT/IMYHO BBIIOJIHHJIA
cpolo 3anayy: oba Pl HaynHanu ReiCTBOBATHL OAHOBPEMEHHO M pa3BHBAIM
ONMHAKOBYIO peakTHBHyl0 cumily, Kak nokasamum skcnepuMeHTHl C. 3amyckoM Pl
TIpH T'OPH3OHTA/ILHOM IIoJleTe CaMoileTa, NPOXOXAeHHe CYMMAapHOH peaxuun
oboux Pl muxe LT camoneTa He BHI3B&ANIO OCJ/IOXHEHUH,

Bo Bcex cnyuasx camoneT nunorupopan netuuk C.M.Myxun, Ha BTOpOM
cupenre Haxopuiacs B.WU.[ynmakos. Ha camonere Y-1 6bii0 coenaHo OKoJio
100 BaneToB C peakTHBHBIMH YCKOpHTe/sMH, [10JleTHl MpOBOAWIMCHL IOA DPYKO=—
poacTteoM B.U.[lynakosa. Hcneiranua npoxomunu B JleHuHrpane B 1931 r.
[TonoxuTenbHbe pesymbTaTel NPHMEHEHHS YCKOpHTe/e¥ BaneTa Ha camoneTe
Y-1 nossonunu nepeiiTH K SKCIEpHMEHTaM Ha TsKejoM caMmonerte. [lns 2Tok#
uemt xoMmaHnoBanueM JIBO 6bun BeIOesieH Tsokenbiii GoMGapaupoemuk Th-1
BeCOM 7 T.

Ananua BaneTa STOro caMojieTa IOKa3ajl, YTO NpHMEeHeHHe YCKOpHTenei
npu Bece camojeTa 7 T yMeHbwano AnuHy pasbera c 330 m mo 80 M, anpm
Bece camoniera 8 T - ¢ 480 po 110 M. Banerunit Bec camonera 8 T - 3TO
neperpy3ka MOJIETHOI'O Beca Ha 1 T, 4TO NO3BONIANIO 3HAYHTEJLHO YBEJMYHTH
NIONe3HYI0 HArpy3Ky camolieTa.

TeopeTuyeckuit aHamus npouecca B3jleTa M JIeTHbIE 3KCIEPHMEHTHI NO-—
Kasanu, YTO BKJIOYeHHMe YCKOpHTelleH B3jleTa BLI'OAHO HE NPH TPOT'aHMH Ca—
MOfleTa C MecTa, a Nnocie HeGobWOro npobera, NpOXOAsSIEr0 TOJBLKO Ha Tsi-
T'e BHUHTOB, '

Ycranoska P]l na camonere TH-1 Brmo/Hsa/Iach NO TOMY e IpHHIMIY,
49TO ¥ Ha caMojeTe Y-1, a HMEHHO C pacieTOM NpPOXOXAEHHS CYMMapHoOK
Taru P umke UT camonera, OxcnepHMeHTaNbHble BaneThl camosnera Th-1
NoKasaly NpaBMILHOCTL Takoll ycraxoexu PIl. Pasfer camozeTra mpoxoaun
6esykopusnenso, sapsapl Pl moropanu B BO3AyXe, NOC/e OTAENICHHS CamMO—
7ieTa OT 3eMiHM, 4YTO HHYYTh He IOPTHJIO NMpOLEeCC MOoABLeMa.
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Ha camonere TB-1 6wnuio ycranoeneno 6 P: werwipe PI noa Kpbliom
u aea Pl Ha BepxHeill MOBEePXHOCTH KpbWI4, CHMMETPHYHO OTHOCHTEJILHO hio—
genspka. Bece P Gputn cBasaHbl MexXay co6oil CHCTeMOH Or'HeBO# CBA3H,
KoTopas 3actasnana Bce PJl paoraTb OOHHAaKOBO.

B Hawmux 3KcnepuMeHTax co BaneToM camoneros ¥Y-1 u TB-1 He 6buto
HM OMHOI'O Cilydas NOJIOMKHM camojieTa HJIM HecyacTbs C JIOAbMH, YTO Cle—
OyeT OTHEeCTH 3a CyeT xopolueil ycTaHoBku Pl ¥ NpaBH/IBLHOTO MHIIOTHPOBa—
HHA caMoJjieTa. JKCIepPHMMEHThI NMPOXOAMNIM IoA pykosoacTBoM B.U.[lynaxoma,
KOTOpBHIf yYyacTBOBaJl BO BCeX NojieTax camoneta Tb-1.

ITo MHeHMIO aBTOpa, PACCMOTpeHHble paboThl GEHIIM OOHMMH M3 NEPBBIX B
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E.M Emme (USA)
THE HISTORIOGRAPHY OF ROCKET TECHNOLOGY

AND SPACE EXPLORATION

Of renewed intellectual interest for historians of sci-
ence and fechnology today is the classic thesis of the late
William Fielding Ogburn on the "cultural lag" in human af-
fairs.1 Treditionally, mankind as a whole has reluctantly
understood dynamic changes in scientific knowledge about na-
ture as well as the full import of technological mesns avai-
lable to exploit it. This "cultural lag" has been rather well
documented for the salling vessel, the telescope, the steam
engine, the sirplsne, and nuclear fission. Ogbufn's thesis
might well be revisited now, when the pace and the breadth
of scientific advances end technological innovations have
presented a wholesale challenge to earthbound society in
these finsl decades of the twentieth century.

Until the appearance of the balloon in the late 19th
century and the asirplane in the early 20th century which ope-
ned up the sir space medium, man's physicsl mobility wes only
two dimensional on the surface of the earth. Techniques of

war and peace 8s well as scientific inquiry and intellectusal

Historian of the National Aeronautics & Space Administra-
tion (Washington, D.C.), Dr.Emme is editor of the Impact of
Air Power: Nationsl Security and World Politics (Princeton,

1959), author of Aeronautics & Astronsutics: An Americsn
Chronology of Science & Technology in the Explorstion of
Space, 1915-1960 (Washington, D.C., 1961), and A History of
Space Flight (New York, 1965).

s

This paper is largely drawn from and upgrsades the editor's

Introduction in The History of Bocket Technology: Essays on

Research, Development snd Utility (Detroit: 1964), pp.4-10.
It wes read in Moscow by L.S.Swenson, Jr.
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perspectives were, to differing degrees, thereby constrained
as they had been throughout the ages. Technologically-impro-
ved aviastion was increasing to exercise & three-dimensionel
influence upon the pursuits of earth-bound menkind, first in
warfare, and then air travel which became truly worldwide
with the large jet transport in the late 1950's. Interconti-
nental military air power as well as globsl-legged statesmen,
businessmen, politicians, ertists, scholars, and tourists
quickly mede their mobility felt in humen affsirs. Men grap-
pled with a shrunken snd bipolarized air-sge world, this with
an seronsutical technology exploiting a ussble atmospheric

medium only twice the height of his tsllest mounteins.

Pace and Dimensions

In the mid-twentieth century, unprecedented innovations
were to be brought shsasrply into human comprehension and uti-
lity by the release of nuclesr energy and the advent of astro-
nsutics. Space explorstion was considered an unacceptable
field of inquiry at the end of World War II except for a
handful of physicists interested in the ionosphere, for a
few misslemen and their engineering compatriots, for aerome- )
dical men projecting the humen pilot to supersonic and high-
altitude flight, and, of course, for the cosmologists, and
small bands of rocket societies and a few publicists.2 The
appearance of practical liquidlchemical-fuel . rocketry by the
V-2 in the Second World War led to the development of nuclesr
tipped missiles and space flight possibilities exerting a
revolutionary impact upon scientific potentisls and technolo-
gical competence within a decade later. At the same moment,
the modern rocket first wedded to thermo-nuclear technology
perhaps sppeared without a corresponding comprehension of

their full potential for nonmilitsry uses. Significance of



the spplication of rocket technology beyond military utility
to space flight =- the first breaching of the lsst barrier
f;o man's mobility into the universe itself -- was less under—
stood in the Sputnik birth of the so-called "space age” in
1957 than was highest policy co-mingled concerns on the "mis-
sile gap", the "space race", and "national prestige"”.

In July 1969, twelve years after Sputnik snd eight years
after Yurl Gagarin first circled around the earth in space,
N.A.Armstrong first stepped upon the surface of the Moon.
Less than 14 years after the first Sputnik eight men have
already walked on the moon, 23 men have orbited the moon, and
‘one man (J.,Lovell) has made two voyages to the moon as well
as two other earth orbital flights. Hundreds of scientific
and application satellites, and numerous interplenetary pro-
bes have served to plece together part of the cosmic jigsaw
puzzle involving the solar environment of the ea:;:th. The swift
pace and complexities chéraoterizins rocket technology and
its application to space exploretion snd exploitation erect
the most importent tasks of present-day historians.

Despite an existing technology in the ancient black fire-
works of Asia and Europe, and the gunpowder rockets popula=-
rized by early rocket enthusiasts, modern rocketry was to
emerge virtually new-born as a major new technology.5 Space
exploration was masde possible by liquid-fueled chemical ro-
cket:r;y, an evolution from the first demonstration by the Ame-
rican, R,H.Goddard, in 1926, snd first developed to opera-
tionsel stestus in the German V-2 in World War II. The large
liquid-fueled rocket as s technological innovation was only
temporarily overshadowed by the impact of nuclear fission in
1945, whose destructive fusion potentiel first was harnessed
to rocketry for intercontinental systems a decade later. Con-
fusing to meny laymen and historians alike is the fact that
the "missile age" and the "space age" began at about the same
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historical moment, although their subsequent history has had
divergent paths. The history of modern rocketry csnnot be
concerned merely with the evolution of missile systems in
the late 1940's and the 1950's. Launching of rockets for ver-
tical soundings of the upper atmosphere, including use of the
V-2, gave direct impetus after 1945 to the creation of the
Internstional Geophysical Year by ’1954.4 It was slso no his-
torical accident that the first Earth sstellites launched by
the USSR and the United States in 1957 and 1958, were lasunched
in the name of internmational science for the IGY, which was
to establish space science traditions carried on thereafter
by the participating nations.5 This drsmatic innovation in
mankind's capability, in turn, sparked spasce endesvors inclu-
ding manned flight of dimensions and accomplishment largely
unforeseen as to scope and the rapidity of their happening.
"Why" and "how" this transpired slso dictates central con-
cerns for the professional historiasn in determining "“what"
and "who" were involved in the history of space affairs. The
scope of inquiry includes the entire historicsl spectrum in-
volving space science and technology =-- political, economic,
and social aspects —- and the international sgreements to
maintain the space environment as peaceful and dedicated to
the pursuit of benefits for all of mankind.6
With regard to rocket technology itself, the primitive
scientific experiments flown on missiles evolved swiftly into
new and complicated test and operational space systems. En-
gines, pumps, turbines, valves, tubing, tsemnks, gyroscopes,
accelerrometers, guidance, control devices, and computers
adapted to space needs were improved and manufactured in
large quentity in recent years. An urgent need also developed
for mecharicel and electronic instruments, pressure and strair
gauges, transducers, beacons, and recorders. New material pro-

cesses and tools were modified or created -— explosive form=—-



ing, chemical million, electron-beesm welding, and so forth.
New combinations of mechanicsl stress, thermal extremes, and
vibration harmonics demanded new alloys and new structures of
steel and aluminum as well as greaster use of other metals —-
tungsten, molybdenum, beryllium, titanium-- better insulators
of resins, glass, graphite, snd rubber. Specislized ground
servicing and lsunch-associated equipment were designed snd
produced, often with unique mobility and dimensions. Rocket
propulsion fuels, solid and liquid, have been produced and
employed in grest tonnsges: composite double-base solid fuels;
liquid oxygen, kerosene, nitric acid, hydrazine, fluorine, and
most recently successfully in Apollo, liquid hydrogen. Also,
nuclear and electric propulsion were developed and now offer }
promising results for future space applications.7

Virtuslly a new industry -- indeed, seversl new indus- -
tries -- coalesced rapidly. Technical personnel in missile
and space programs expanded from a few hundred persons in the
late 1930's to hundreds of thousands in the late 1960's. The
art of managing large organizations as well as the stimulus
to the life sciences for manned operstions were challenges

involving unique space-related problems.8

The broad front
of advances in space technology was based upon constant refi-
nements of manifold systems and subsystems, including innume-
rable tests and repested modifications, all zimed at the im-
provement of performance and reliability of operations. Ad-
vances often led to new techniques of application #o earth-
bound uses. And, intrinsic to the complete history of space
machines, techniques, and supporting equipments, was the role
of individusl men and organizstions of men of various talents
who made it all possible.

Historians of science and technology schould not miss

the central theme and opportunity submitted here for sero-
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space scholsrship: the vest host of importent snd new histo-
ricel problems awaiting detsiled resesrch end sound scholsr~
ship, perhaps new techniques for valid documentation and re-
lieble snalysis, not to ignore less leggard initietion to
capture the detail and spirit of grest story in the history
of mankind. By definition, historians slways come after the
event, Clearly, the history of rocket technology and space
exploration now must pass into the domain of non-participsnt

historians.

Some Thoughts on Methodology

The swift arrivel of practical space technology duringv
the past two decedes intimstely involves the art snd science
of contemporary history with all of its hezards and benefits,
Aerospace historians are placed into & close relstionship
with the yet—living.history-makers themselves. As a group,
major participents appear to have been much too busy to have
yet had time and occasion to write their memoirs, and a preci-
ous few have 2lready passed away. Participents in this great
space story seem generaslly concerned about their experience -
as it may relaste to history. Their high interest and help
provides added impetus for the fullest treatment of events
possible by historisns. A most useful exercise has been the
giving of memoir papers at historical snd professional con-
ferences by history—makers.9 On the whole, most participants
seem generally willing to be interviewed in~-depth by serious-
minded historians. A few may clsim that their memoirs are his:
tories. Some participants have been enthusiastic sbout the
significance of their work which perhaps evoked Lewis Mumford
to stete: "Contemporary 'space sge' prophets, who proclaim

- space exploration as the endless frontier and astronsuts as



the coming pioneers, throw a unrealistic glemour over the
past, snd even more, the future of such efforts."1o

In the anthor's experience working in contemporsry histos
ry, inviting comments of perticipants on draft histories ge-
nerally serves well as a part of the continuing resesarch pro-
cess. Ultimate discretion still resides with the individusl
historisn. Orel history interviews and comments from parti-
cipants is not a process without hazard should = historian.
not become well-informed about his subject 80 that inaccurate
memories or singular viewpoints do not warp one's research.11
Having one's scholarship reviewed by living perticipants
clearly sets contemporary historiens spart from their more
traditional collesgues sttempting to recreate a time and cir—
cumstance involving people long dead snd buried. This author
submits that the adventages of contemporary history far out-
weight its hazards for bies and short perspectives if scho-
larly purposes of accurately re-creating the past, however
recent, are maintained uppermost., While resesrch in-depth
and subsequent analysis may be initisted when the basic docu~
mentation is in hand, publication of full histories involving
the inevitable controversies and problems of. sll human insti-
tutions seeams to recommend a reasonable perspective of ten—
yoars., The History Symposia of the International Academy of
Astronsutics invites memoir papers &s well as historical mo-
nographs covering subjects more than twenty-years past from
prominent historisns and history-makers.12 Contemporery his-
tory by definition cannot be successful without the assistance
of or judgement by participsants.

A second characteristic of contemporary hiatoriogrsphy is
that the bulk of relevsnt primsry documents is likely to be
extant, and, further, often proliferated by menifold repro-
ductive devices such es xerox. Problems of selection and va-

lue sre erected by the sheer mountsins of eveilable documenta-
1265 4
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tion. Historians have a particularly timely role in helping
ascertain that key papers and files, data benks, film depo-
sitories, and the like may be retained and preserved for the
future. Additionally, the massive bulk of current publica-
tions -- official, technical, professional papers, journals,
and the news media -- are also availsble to the contemporary
historian. Rare is the important recent event thet is not
well documented also by technical and production motion pic-
tures and television tapes. The live transmissions of Appolo
TV cameras from the surface of the moon to hundreds of mil-
lions of persons on earth prompted one spokesman for journa-
lism to challenge historians by saying: "Once agsin (in 1970)
the Appolo flights demonstrated that television is the fore-
most chronicler of the rituals and actions of our time. No
future historian is likely to improve upon those images which
on certain great occasions, it brings into the world's 1li-
ving rooms." What historians would maintain, of course, is
thet more than "certain grest occasions" in the course of
history must be told and documented. Certain less well~known
occasions, ideas, and persons take on greaster significance
as the full history becomes better known.

Various kinds of historical works help systematize the
labors of contemporary historisns of rocket technology sand
spsce exploration. The following checklist is merely offered
to stimulate discussion and comment: '

Bibliographies: massive computer-gesred technicsl bibli-
ographies arranged by crude classifications are helpful but
encompass only a fraction of any subject to be covered by the
contemporary historian. Only a few helpful critical bibliogra-
phies exist for the published litersture on serospace his-

tory.14



Chronologies: orgsnize known data arbitrarily sccording
to time, and if documented provide a useful beginning refe-
rence to initiate ®erious historicel scholarship. Chronolo-
gies are not histories, and are only as useful as the quality
of their sources.‘15 They have the virtue of ordering data of
broed scope into a time frame, snd when well indexed provide
retrievsal, as compared to theorists who collect data in ac-
cordance with s predetermined model; chronologies better
serve all possible specislized scholars.

Memoirs: by key perticipants on recent history sre rsrely

available,16

with the exception of some reflective speeches
as well as invited papers at historicsl end engineering con=-
ferences, The lack of memoirs must be overcome by recorded
orel history interviews, research in-depth, and by programs
to encourage history-mskers to reflect upon their activity.
Most historisns esre aware that memoirs written sfter the pas—
sage of time sometimes are distorted by intevening experiences
and self-justifications, which is snother benefit for the
confemporery historian working closer to the actusl events.
Collected papers: of leading perticipants are valuable
indeed. Publication of the papers of K.E.Tsiolkovsky and,
more recently, R.H.Goddsrd, for example, insure thet primary
sources not biographies are more widely avsilsble, While the
collected papers of institutions snd individuels sre rarely
published because of their sheer mass, effective archivity
is indispensable to the work of future historians which can-

not be trested adequately here.17

History of leadinz institutions: professional societies,
academies, governmentsl agencies, lsboratories, industries --
these are difficult bmpt indispenseble for documenting the
evolution of space activities from individusls in smsell

18

groups to lerge programs. Anniverssries are helpful in get-
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ting such histories initisted, but most helpfﬁl are those
professional, nationsl, snd internstionsl institutions which
support a professionsl historical activity.

Histories of programs: rocket and space programs have

the adventage of a beginning and en end, an integrated orga-
nization directed toward a specific goal, and can often be
initisted as soon as a program ends.19 The history of the US
Apollo program, for exsmple, has already been initisted al-
though it will be some years until it may appeer in print.
Histories of disciplines and subdisciplines of science,

engineering, and management: these cannot be neglected. Per-
force, & scientific discipline generslly has a long evoluti-
onary development, one compounded by space experimentation
of novel and massive date, and is difficult to treet without
the passage of time. The significance of the discovery of
lunar-like land forms on the surface of Mars, by Mariner IV
in 1965, will concern scientists for many years. Each new dis-
covery eanswering some questions erects many more answers. The
engineering disciplines are likewise impacted by the rspidity
of innovations and their unpredictable spplicstion in many
areas of humen activity.

Histories of nationsl space prograsms: these ultimately
must be undertaken and will necessarily involve the full in-
tegration of the work of meny historians. National space ef-
forts are likewise enmeshed in the internationsal environments
of science, technology, and policy.

Assessing, as we have briefly here, the overall spectrum.
of the full history of rocket technology and space explora-
tion seems valid in & process of defining worthy parts of
this massive history for precise scholarship. Obviously an
attempt was made here only to be suggestive since the histo-
riography of rocket technology and space exploration is in a
primitive gestation period.



Can we all aspire to become objective scholars as the
Greek historian Thucydides, despite our living in the dynemic
environment in which space history has been made? If so, the
degree to which we obtain this goal, our methodology and our
skills, will be evalueted by Jjudgments to come in the future.
Contemporary historians sre, therefore, serving future his-
torians beyond the immediete reception given our litersry
contributions. Accurecy of fact and vslidity of interpreta-
tion, ss well ss impeccsble chronology, documentation, expls-
netion and generalization -- these seem the classic hallmsrks
of historical scholarship whatever the subject snd time-pe-
riod involved., So-called "histories" thet are purely commer-
‘cial, self-seeking, the art of politics by other means, or
the perpetustion of pre-spsce era concepts of the solar sys-
tem and man's place in it =- surely these will not stand the
test of time. Space explorestion has alreedy sfimuleted a flooc
of popular as well as serious publicetions around the world.

- Historiand must be concerned thet their works will esrn a
lesting place as contributions to knowledge sbout men's past

experience.
In Conclusion

When the so-czlled "space sge' begen with the lsunching
of Sputnik I on October 4, 1957, the US Nationsl Advisory Com-
mittee for Aeronautics, known as the NACA, formed a Special
Committee on Space Technology heasded by H.G.Stever. It had
working groups with chsirmen who assumed later prominence:
Je.A.Ven Allen, W. von Braun, W.H.Pickering, W.R.Lovelace and
others. Its finsl report was submitted to NACA's successor,
the new National Aeronsutics and Space Administration (NACA)
during its first month of existence in October 1958. In its

introduction, the Stever Committee said:ao
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Scientificelly, we asre st the beginning of a new era.
More then two centuries between Newton snd Einstein were oc-
cupied by observations, experiments and thoughts that produ-
ced the background for modern science. New scientific know-
ledge indicates that we are alresdy working in a similsr pe-
riod preceding another long step forward in scientific theory.
The inmbrmation obtained from direct observation, in space, of
environment and of cosmologicel processes will probably be
essential to, and will certainly sssist in, the formulation
of new unifying theories. We can no more predict the results
of this work that Galileo could have predicted the industrial
revolution that resulted from Newtonian mechanics.

The heroic first phase of the sge of men's explorsation
of his solar system beyond the environs of the earth with
space technology has about come to its end. As the telescope
helped men see the place of the earth in orbit around the sun
in the seventeenth century, so rocket propul;ion has ensabled
scientists to test and augment new knowledge received from
beyond the cataract of earth's atmosphere in the twentieth
century. Now the frontiersmen of the co-mingled disciplines
of the space scientes foretell a wholesale acquisition of new
dnderstandings of the meaning of space, time, energy, motion,
and life processes in the universe. Once again the signifi-
cance of future potentiasls does not appear widely sccepted by
even the majority of thinking men rooted in esrth-bound af-
fairs.

In the present era of sstronsutics with its tender aos-
mic philosophy, perhasps a new renaissance of the mind and
spirit of mankind on earth many be in the msking --- a re-
neissance sparked as when the new geography of Columbus and
Magellan, and the new astronomy of Copernicus and Galileo,

helped loosen Kurope from the Middle Ages and grought forth



democratic nation-stetes; or when the new biology of Darwin
snd the new chsllenges and benefits of the industrisl revo-
lution for the conscious man assisted grest intellectusl
stimulus in the late nineteenth century, as well as humanita-—
risnism end techmological growth in the twentieth century. As-
tronsutics now has arisen after the technological mobiliza-
tion of the leading industrisl nations during two worldwide
Wars.

As in most man-made ventures, there was & smgll band of
zeslous prophets who snticipated a science and & technology
of rocketry snd sstronsutics that.they themselves could not
achieve or fully explain. So slsc the new cosmology envisio-
ned by Tsiolkovsky, Goddsrd, and Oberth, and, csrried on by
others, suddenly expanded in the mid-twentieth century to a
whole solar system and beyond. Space mobility has sown the
seeds for s dynsmic revolution in men's comprehension of
nature and explorstion of accessible reality. New dste retur-
ned from the surface of the moon may serve as a Rosetta
stone for the physical history of the earth. Future prospects
for space undertskings seems limited only by our willingness
to undertske them. A new and vivid view of our "blue planet"
from above the "dirty beach sand" of the moon, described by -
the Apollo 8 crew in December 1968, cerfainly served to en—b
force man's precious spprecistion for his unique "Spaceship
Eart;h".z‘I What the future msy bring is not the task of histo-
rians, But what has happened during the first decade-and-s=
hglf of men's era of space mobility —- for his instruments sné
for himself ~~ is s wholessele challenge awaiting the care-
ful sttention of all competent historisns.
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Notes

1. Cf. Otis D.Duncan, "An Apprecistion of Williem Fielding
Ogburn", Technology and Culture, Vol.I (Winter, 1959-
1960), pp.94-99.

2. In the US, several seminsl books sppeered which are consi-

dered to have grestly expsnded the number of people,
particular young engineers, interested in rocket tech-
nology snd spece explorstion., The most significant of

these sre: G.E.Pendray, The Coming Age of Rocket Power

(New York, 1945), whose manuscript was read by R.H.God-
dard; Willy Ley, Rockets, Missiles snd Spece Travel
(New York, 1949), which was to go through 21 printings,
and four revisions by 1970; Arthur C.Clarke, The Explo-
ration of Space (New York, 1951), a Book-of the Month

Selection in 1952; Cornelius Ryan (ed.), Across the

Space Frontier (New York, 1953), book version of papers
by J.Ksplan, W.von Braun, H.Hsber, W.Ley, O.Schacter,
and F,L.Whipple given at the First Conference on the
Physics and Medicine in Outer Space, San Antonio, Texas,
and published in Collier's Magazine in 1952, in turn,
this led to the Walt Disney movie, "Man in Space", in
1954, Beyond the early writings of Tsiolkovsky, Godderd,
Oberth, end Esnault-Pelterie, the classic volumes of
N.A.Rynin, Interplsnetery Flight and Communicsetion
(USSR, 1928-32); W.Ley and Die Rakete: Zeitschrift des
Vereins fiir Rsumschiffshrt (Germany: 1927-29); David
Lasser (US) and the publicstions of the American Rocket
Society (1931= ); P.E.Cleator snd the publications of
the British Interplsnetsry Society (1933- ); and, A.Ans-
noff, L'Astronsutique (Psris, 1950), who esrly contected

Tsiolkovsky and was one of the founders of the Interna-



tional Astronautical Federation —- these would seem
to be among the stimulsting works in Durope.

3. Cf. V.N.Sokolsky, Russisn Solid-Fuel Rockets (Moscow, 1963,
translated by NASA (TT-F-415). Few gunpowder rocket
developers, if any other than H,Ganswindt (1954-1934),
had any genuine space technology thoughts. Jules Ver—
ne's Voyage to the Moon (1865) was inspirational to
K.E.Tsiolkovsky, R.H.Goddard, znd H.Oberth so that scie

ence fiction should not be ignored in the pfehistory of astro-
nantics. Cf. A.C.Clarke, "Imaginary Worlds", The Pro-
mise of Space (New York, 1968) pp.3-12.

4, C.Mcl.Green and M.Lomask, Vanguard: A History (Washington,

D.C., 1970), pp.18-39; Cf. L.V.Berkner and H,Odishaw
(eds.), Science in Space (New York, 1961) pp.34-37.

'5. The Internstionel Committee on Space Resesrch (COSPAR) was
& direct continustion of the IGY, and it has functioned
very effectively. Cf. A.Frutkin, Internetionsl Coopera-
tion in Space (New York, 1965), =nd "International
Cooperstion in Space", Science, Vol.169 (July 24, 1970),
PP.333-39.

6. On the US creation of the National Aeronautics and Space
Administration in 1958, see R.,L.Rosholt, An Administra-
tive History of NASA, 1958-63 (Washingtom, D.C., 1956),
PDP.3=17.

7. M.W.Rosen, "Big Rockets", International Science and Tech-

nology, Vol.I (December 1962), pp.66-71.

8. For example, see J.E.Webb (Administrstor of NASA, 1961-68),
Space Age Msnagement: The Large-Scale Approach (New
York: 1969); R.C.Seemans,Jr. (Associaste Administrator
of NASA, 1960-67), Action snd Resction, Minta Martin
Lecture for 1969 (Cambridge, Mass., 1969).
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9. Among those which should be noted in this regsrd sre the
programs of the respective history committees of the
International Academy of Astronsutics, the American
Institute of Aeronsutics snd Astronsutics, the Ameri-
can Association for the Advancement of Science, the
British Interplanetary Society lectures, and the Sci-
entific Conferences of the Institute of History of

. National Science and Technology of the Academy of
Sciences , USSR. Historians presenting resesasrch pa=—
pers also appear on the above programs. In the US,
historians present papers at the professional histo-
rical society conferences, as engineers and scientiste
also present memoir papers at their respective pro-
fessional meetings.

10. Lewis Mumford, The Myth of the Machine (New York, 1970),

Pe7.
11 E.M.Emme,'NASA, Fourth National Collogium on Oral His-

tory Proceedings (New York, 1970), pp.8-=12.
12. I.A.A. History Symposia are annually summerized in Tech-

nology and Culture, qusrterly of the Society for the

History of Technology, and English lenguage prodeeding
for the first two are beiﬁg edited for publication by
F.C.Durant of the Smithsonian Institution, and the
third end fourth by E.M.Emme. The first Russian langu-
age volume has already sppeared &8s A.A.Blagonraviv and
V.N.Sokolsky (eds), From the History of Rockets and As-

tronautics, papers of the XVIIIth IAF Congress, Bel-
grade, 1967 (in Russian) (Moscow, 1970). Cf. E.M.Emme,
"International History of Rocketry and Astronautics Sym-
posium: Constance, Weste Germany, October 1970", Tech-
nology and Culture, Vol.12 (July 1971), pp.477-486.



13. Marvin Barrett (ed.), Survey of Broadcast Journalism,
1969-1970 (New York, 1970), pDe3=4.

14, Cf. W.Ley, Rockets, Missiles and Space Travel (New York,
1961), Bibliography, pp.516-42; M.Benton, The Litera-
ture of Space Science and Exploration (US, NRL, 1958);
F,I.Ordway, Annotated Bibliography of Space Science snd
Technology, 1931-1961 (Washington, D.C., 1961); A.Ren-
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L. Essers (BRD)
MAX VALIER, EIN VORKAMPFER DER WELTRAUMFAHRT

Max Valier, 1895 in Bozen geboren, hat schon als Gymnasiast
mit seinem Fernrohr die Sterme betrachtet und mit groSem Eifer sein
Wissen iiber den Kosmos erweitert. Nach dem Abitur studierte er in
Innsbruck Astronomie mit Mathematik, Physik und Meteorologie bis er
eingezogen wurde. 1916 erschien das kleine "Stermbiichlein fiir jeder-
mann",1das Valier in leichtversti@ndlicher Sprache iiber die Sternen-
welt geschrieben hatte. i

1917 wurde er zu einer Feldwetterwarte der Osterreichischen Luft-
fahrttruppe versetzt und 1918 auf einem Kurs zum technischen Flug-
zeugbeobachter ausgebildet und nun zu Versuchs- und Hohenfliigen neu-
er Flugzeugtypen kommandiert. Nach einem Flugzeugabsturz lag er in
Wien im Lazarett; da schrieb er eine Denkschrift und legte dar, wa-
rum das Propellerflugzeug zum Erreichen groBer Hthen fiir immer unge-
eignet bleiben muB, und nur die Rakete als Antriebsmittel fiir Stra-
tosphdrenfliige befdhigt ist. Wihrenddessen kam das Kriegsende. Seine
Heimat, Slidtirol, wurde von den Ententemiichten Italien iibergeben.
Valier, der sein Studium in Wien und spidter in Miinchen fortsetzte,
muBte sich den Lebensunterhalt durch schriftstellerische und Vor-
tragstdtigkeit verdienen.

- In seiner Wehlheimat Miinchen schrieb Valier 1923 sein groBes Buch
nDer Sterne Bahn und Wesen" .2Darin schildexrt er, wie im Lauf der
Jahrhunderte unser heutiges Weltbild von Kopernikus, Kepler und New-
ton aufgebaut wurde, so daf die Bewegungen der HimmelskSrper in un-~
serem Sonnensystem genau vorausberechenbar sind. Aber je mehr das
optische Gerdt der Sternwarten verbessert wurde, umso unsicherer wur-
de das Vorstellungsbild, das die Menschen sich iiber die Entstehungs-
ursachen vieler, nun im Kosmos beobachteter Erscheinungen, 2.B. Son-
nenflecken und Protuberanzen oder das Entstehen einer Nova machten.
(Durch die neuen Kenntnisse iiber nukleare Vorginge mit ihren unge-
heueren Energieentfaltungen sind jetzt viele Fragen beantwortet, die
vor 50 Jahren Streitfragen der Astrophysiker waren).

In solche Riétsel der Sternkunde vertieft, stief Valier 1924 zu-
fillig auf Oberth's Buch "Die Rakete zu den Planetenréumen",adas 1923
erschienen und bis dahin kaum beachtet worden war. Mex Valier war der
erste, der Oberth's Buch ernst nahm und in vielen Verdffentlichungen
und Vortridgen erklirte: "Oberth macht den Vorstof in den Weltenraum
zur technischen Moglichkeit". Die ILosung vieler Ridtsel des Kosmos
erhoffte Valier von der Weltraumfahrt.

Zwei Jahre leng wardb Valier in der Presse, um Geldgeber fiir
Oberth's Raketenprojekt zu finden, aber vergeblich. Den Zeitgenossen
war der Plan einer Weltraum-Rakete zu gro8, zu utopisch.
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Bild 1: Max Valier, 1927

wandte sich Valier seiner eigenen Idee zu, als Ausgangspunkt

fiir die Entwicklung des Weltraumschiffes das Raketenflugzeug zu

schaffen. In seinen Briefen an Oberth hatte er von 1924 an immer wie-

der betont, er glaube, die Verwirklichung der Weltraumrakete werde
am besten durch eine schrittweise technische Entwicklung erreicht.

Dafir

hielt er folgenden Weg flir zweckmZBig:

Ltappe: Die bisher iiblichen Pulverraketen systematisch durch-
messen und zu Hochleistungsraketen entwickeln.

Etappe: Anwendung des Raketenantriebs an Bodenfahrzeugen.
Etappe: Entwicklung von Raketenmotoren mit fliissigem Treibstoff
und Einbau von Raketenmotoren in entsprechend konstruierte
Flugzeuge.

Etappe: Schaffung eines durch Raketenkraft angetriebenen Stra-
tosphdrenflugzeuges, das weiterentwickelt in immer hdhere At-
mosphirenschichten dringt und immer grofBere Geschwindigkeiten
entfaltet, bis schliefllich der VorstoB in den Weltenraum mdg-
lich sein wird.

Doch auch fiir diesen Plan die ndtige Finanzierung zu erhalten,
schien unmdglich, denn auch dieser enthielt fiir die damalige Zeit
viel zu ne€ue Gedanken.

Im

September 1925 wendete sich Valier an die Junkerswerke, die da

mals mit ihren dreimotorigen Passagierflugzeugen einen regelmidBigen
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iuftverkehr Berlin-Moskau flogen. Er erklérte den Junkers-Ingenieuren,
wie er sich die Erprobung und schrittweise Entwicklung des RickstoB-
antriebs fiir Flugzeuge dachte und wie durch diese neue Art des An-
triebs der Flug in der diinnen ILuft der Stratosphire ermdglicht und
damit bald die dreifache Geschwindigkeit der Propellerflugzeuge er-
reicht werden kdnnte. Aber die Junkers-Ingenieure wollten diesem

Plan erst ndhertreten, wenn wenigstens ein kleiner RiickstoBmotor mit
flissigem Brennstoff existierte.

Professor Oberth, mit dem Valier damals in stzndigem Briefwechsel
stand, lehnte die Idee, die Rakete erst in Bodenfahrzeuge und in
Flugzeuge einzubauen, ab wegen des zu schlechten Wirkungsgrades bei
den kleinen Geschwindigkeiten. Valier hingegen schrieb: "Ein Raketen-
flugzeug mit Benzin als Treibmittel kOnnte bei Vorkompression der
Luft, also noch mit Luftsauerstoff, arbeiten (das ist das Prinzip
unseres heutigen Diisenflugzeuges) ... Das Stratosphirenflugzeug, das
mit groBer Geschwindigkeit von Kontinent zu Kontinent fliegt, wird
fiir den ILuftverkehr eine Neuerung von groflem Nutzen sein und wird da-
durch auch die Finanzierung der Weltraumrakete einbringen".

Eine sowjetische Zeitung schrieb im Februar 1927: "Das Komitee der
Interplanet. Sektion der Erfinder in Moskau ist nun mit einer offizi- -
ellen Einladung an Max Valier als ... einen der griBten Mitarbeiter
fir das allgemeine Ideal herangetreten mit dem Ersuchen, sich an der
Weltausstellung in Moskau mit seinem Material zu beteiligen." Valier
sandte eine Ubersicht liber seinen Plan: Vom Flugzeug zum Weltraum-
schiff nach Moskau. Vermutlich waren es die Zeichnungen, die er sich
von den Graphikern v. Romer fiir Presseaufsdtze hatte zeichnen lassen,
um seine geplante, schrittweise Erprobung und Entwicklung des Riick-
stoBantriebs zu zeigen. Bild 2, 3, 4 und 5.

Diese Bilder zeigte er auch bei seinem Vortrag "Flug mit Raketen-
kraft in StratosphZre und Weltraum", gehalten in Berlin 1927 vor der

Bild 2: Aus der 3-motorigen Junkers G 2% wird schritiweise

das Raketenflugzeug entwickelt.
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Bild 4:

Bild 33 Bei Versuchsstufe (1) wird der Mitteimotor mit Propel-

ler fur Start und Landun; beibehalten.

Stute (3) mit 6 Ruckstossmotoren, kleinen Fligeln und

Druckkabine, das Schnellverxenrsflugzeug.

Bild 5¢ Stufe (4) Raketenschiff zur
Erforschung der hochsten Zonen unserer

Atmosphare und zur Erprobung der Start-
und Landetechnik.

Durch die Anordnung der Brennkammern

wird Flugstabilitat erreicht, weil die
Vortriebskraft vor dem Schwer

punkt des Flugkorpers angreift.
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Bild 6: Ergebnis systematischer Messreinen von Pulverraketen:
Grosste Auspuffgeschwindigkeit liegt nicht dicht beim
Expiosionspunkt, sondern beim Brandflichenverhaltnis

36:1.

Fachwelt der Wissenschaftlichen Gesellschaft fiir Luftfahrt. Aber bei
der Diskussion ergab sich, daB die damaligen Flugzeugkonstrukteure
sich einfach nicht vorstellen konnten, daB der RiickstoB von Auspuff-
gasen die Antriebskraft von Kolbenmotor und Propeller ersetzen kann.

Valier bemiihte sich weiter durch Zeitungsaufsitze Verstandnis fiir
seinen Plan zu wecken und Geldgeber zu gewinnen. Aber in jener Zeit
der groBen Arbeitslosigkeit und Geldknappheit scheiterten Valiers
Hoffnungen immer aufs neue.

Nach vielen Enttiuschungen gelang es ihm endlich, in dem Automobil-
fabrikanten und Sportsmann Fritz von Opel den gesuchten Finazier fiur
sein Entwicklungsprojekt zu finden.

Als Mitarbeiter fiir die erste Etappe, die systematische Untersu-
chung und Weiterentwicklung der vorhandenen Pulverraketen, wurde ein
erfahrener Pyrotechniker, F.W.Sander, gewonnen. Valier schrieb: "In
keinem Lehrbuch findet man eine Formel, nach der die Leistung einer
Rakete vorher berechnet werden kidnnte. Es galt also, auf eigene Faust
den Gesetzen nachzuspiiren, welche die Raketenleistung bestimmen." Bei
ciesen Untersuchungen fand Valier, daB die hochste Leistung der Rake-
ten bei einem ganz anderen Brandfldchenverhdltnis auftritt, als bis-
ner angenommen war. hach dieser Erkenntnis konnten nun Hochleistungs-
raketen hergestellt werden. Bild 6.
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Im ldrz 1928 fanden erste Versuchsfahrten auf der Cpel-Rennbahn
statt. Hierfiir wurden an einem normalen Opelchassis Raketen befestigt
Valier wollte die erste Raketenfahrt selber fahren, aber Fritz v.Opel
entschied: "Volkhart wird fahren, er ist Rennfahrer". Die Versuchs-
fahrten verliefen erwartungsgemisB.

Bis das im Bau befindliche eigentliche Raketenfahrzeug fertig wur-
de, nitzte Valier die Zeit. Etappe 1 und 2 seines Entwicklungspro-
gramms waren gegliickt, nun wandte er sich Etappe 3 zu. Weil die Jun-
kerswerke damals nicht z2uf seinen Plan -eingegangen waren, wollte
Valier nun die Wirkung des RiickstoBantriebes von Pulverraketen an
einem Segelflugzeug erproben. So hatte er es auch mit Opel verabre-
det. Er fuhr in die Rhon um zu sehen, ob das schwanzlose Segelflug-
zeug "Ente" der Rhon-Rossitten-Gesellschaft fiir erste Versuchsfliige
mit Raketenantrieb geeignet wire.

Inzwischen wurde das Raketenfahrzeug "Rak 1" fertig. Die Presse-
vorfilhrungen brachten Opel den erhofften Reklameerfolg. Er hatte ja
viel Geld fir die Raketenversuche gegeben, nun stand der Name Opel in
allen Zeitungen im In- und Ausland. Wenige Wéchen spater fuhr Opel
selber seinen neugebauten "Opel-Rak-2" vor groBem Publikum auf der
Berliner Avus-Bahn. Mit 24 Raketen erreichte er die Hochstgeschwin-
digkeit von 230 km/h. .

Leider filihrten lieinungsverschiedenheiten zu einem Zerwiirfnis zwi-
schen Opel und Valier. Opel filhrte nun mit Sander zusammen Valiers
Plane ohne Valier weiter. '

Nach einigen Modellflugversuchen wurden 2 Raketen am Heck der "En-
te" befestigt. Chefpilot Fritz Stamer bestieg die Maschine. Nach dem
iiblichen Gummiseilstart zlindete er im Flug elektrisch eine Rakete
nach der anderen. "Das Fliegen mit Raketenantrieb erwies sich als au-
Berordentlich angenehm" schrieb Stamer in seinem Bericht in der Zeit-
schrift fiir Flugtechnik und Motorluftfahrt von diesem allerersten
Fliegen mit RiickstoBantrieb nach Valiers Plan.

Vom Raketenschlitten, den Herr von Miller, die Bedeutung des Riick-
stoBantriebs erkennend, in das Deutsche Museum holte, ebenso von Va-
liers Dampfstrahl-Riickstofler, der mit flﬁssiger Kohlensdure zuverlds-
sig und billig arbeitete, kann hier nicht weiter berichtet werden; al-
les waren vergebliche Eemilhungen, in den Jahren der groflen Arbeitslo-
sigkeit und Geldknappheit Geldgeber fiir die Entwicklung der Fliissig-
keitsrakete zu gewinnen. )

Im Vorwort zur 2.Auflage seines Buches ”Raketenfahrt“#berichtete
Valier, daB im August 1929 die Junkerswerke das von ihm seit Jahren
empfohlene Frinzip, bei schwer iiberladenen Flugzeugen Raketen als
Starthilfe zu verwenden, an der Junkers W 33 mit Erfolg erprobt hat-
ten. Valier hoffte, daB nach der gegliickten Raketen-Starthilfe man
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bei Junkers wohl auch daran gehen werde, "den eigentlichen Raketen-
flug grofBer liaschinen fiir zukiinftige Fern- und Schnellverkehrszwecke
zu verwirklichen. Da fiir die angestrebten Ziele, d.h, Fliige in

12 000 bis 15 0OC m Hohe mit Geschwindigkeiten von 600 bis 900 km/h
jedoch der direkte Raketenstrahl von geringer Masse und hoher Auspuff-
geschwindigkeit einen ungiinstigen Wirkungsgrad ergeben wiirde, er-
scheint es naheliegend zu vermuten, daB man bei Junkers sich die Her-
anziehung der AuBenluft als Sauerstofftrédger. sowie zur Verwandlung
des Strahls in einen Luftstrom von groBer Masse und einer dem Flug-
tempo dhnlichen Geschwindigkeit zu Nutze machen wird." - Eigentlich
wollte er die Junkers-Ingenieure auf diesen Gedanken aufmerksam ma-
chen, wenn er taktvoll schrieb:"erscheint es naheliegend zu vermuten".
Weiter schrieb er: "Dann wird das Problem des RiickstoBantriebs auf
dem Gebiet des Flugwesens Leistungen hervorbringen, die alle bisheri-
gen Flugzeuge weit in den Schatten stellen. - Dann mag Schnellverkehr
mit Raketenkraft und auch der Vorsto8 in den Weltenraum zur Tat werden'

Ende 1929 wandte sich Valier an Dr.Paul Heylandt, der in Britz Er-
zeugungsanlagen fiir fliissigen Sauerstoff baute. Heylandt ging auf Va-
liers Plan ein - ein kiinftiger Sauerstoff-Verbrezucher war fiir ihn
auch kaufmé@nnisch interessant. Heylandt gestattete Valier in seinen
rabrikanlagen den Raketenmotor mit fliissigem Treibstoff zu bauen,
groBziigig stellte er Valier fiir die Entwicklung 6 000 Mark zur Verfii-
gung und als Assistenten seine jungen Versuchsingenieure Walter rie-
del und Arthur Rudolph.

Trotz vieler zeitraubender Nebenbelastungen - Valier muBte durch
Vortrage und Zeitungsartikel seinen und seiner Frau Lebensunterhalt
aufbringen - gelang es Valier in kurzer Zeit durch wohliiberlegte Ver-
suchsreihen die RiickstoBkraft seiner kleinen Brennkammer "Modell 1"
immer weiter zu steigern. Riedel berichtet davon in der Zeitschrift
"Weltraumfahrt" 1953 ... "Die Brennkammer bestand aus einem normalen
Stahlrohr. An einem Ende war die Ausstromdiise und am anderen das Ein-
spritzsystem angebracht." Bild 7 . Der RiickstoB8 der brennenden Rakete
wurde von Valier durch Gewichtauflegen auf die Waagschale einer han-
delsiiblichen Dezimalwaage gemessen. Flir SchutzmaBnahmen, wie sie heu-
te bei Raketenversuchen iiblich sind, hatte Valier weder Zeit noch
Geld. Bild 8. '

Am 23, Januar 1930, als die Brennkammer (auch einfach Ofen ge-
nannt) zum erstenmal geziindet wurde, hatte sie einen Riicksto8 von
130 g.Nun wurde eine Anderung nach der anderen vorgenommen, das Ge-
misch, das Einstromen im Gegenstrom, mit und ohne Wirbelscheibe, die
Halsweite der Diise, die Linge der Brennkammer, alles wurde stufenwei-
se geindert und durchgemessen. Nur Brennversuche konnten zeigen, ob
eine inderung wirklich eine Verbesserung brachte, und der unbestech-
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Bild T7:

Bild 8:

Die Brennkammer
ist auf einer
handelsublichen
Dezimalwaage

aufgebaut.

Um den Ruckstofs
zu messen, legt
Max Valier Gewi-
chte auf die

Waagschale.



liche Richter aller Uberlegungen war - die vielbeldchelte Waage.
Nach den ersten 5 Tagen wurden 2 150 g RiickstoB erreicht, Im Deutschen
Museum sind einige Fotos von Valiers Archiv aufbewahrt. Auf die Riick-
seite des Fotos schrieb er den Versuchsbericht.
Ein Beispiel: "Modell 1 am 4.M&rz nachm. erstmals im Ffreien im Dau-
erbetrieb; RiickstoBkraft 3 200 g Verbrauch pro Sec
20 g Spiritus und 8 g Sauerstoff(also zu wenig Sau-
erstoff) Druck auf den Tanks je 5 atm. wnach dieser
' Mzssung wurden die Sauwerstoff-Zufuhr-Querschnitte
verdreifacht.”
Am 26.k#rz wurde die Brennkammer zum erstenmal mit fliissigem Sauer-
stoff betrieben und arbeitete gut. Am 14.April schrieb Valier seiner
Frau: "heute 28 0CO g Riicksto8, 28 kg, der kleine Ofen!"

Nun wurde-die Brennkammer in Valiers Vorfiihrwagen "Rak 7" einge-
baut. Walter Riedel berichtete: "Am 17.April 1930 wurden mit diesem
Wagen auf dem Geldnde der Firma Heylandt, und am 19.April auf dem
Flugplatz Tempelhof Pressevorfilhrungen durchgefiihrt, die erfolgreich
verliefen. Diese Daten sind festzuhalten, da sie eine gewisse ge-
schichtliche Bedeutung haben. Zum ersten Mal wurde n&mlich in Deutsch-
land ein Reketenantrieb mit flissigen Treibstoffen gezeigt, und man
kann diese Tage als Anfang der nachfolgenden Raketenentwicklung auf
dieser Ireibstoffbasis werten."

Valier hat den Pressevertretern erkldrt, daB hier nicht ein Fahr-
zeugmotor, sondern der erste kleine Anfang vom Flugmotor der Zukunft
gezeigt wurde. Das berichteten sie dann auch, und dagzuhin: "Dieser
Raketenmotor, der nicht ganz 4 kg wiegt, ist regulierbar wie ein Kol-
benmotor. Die Verbrennung ist so vollkommen, daB weder Rauchgase noch
schddliche Dampfe entstehen".

Nun niitzen Zeitungsberichte nicht viel, sie werden schnell verges-
sen. Darum war Valiers Plan, ein Flugzeug mit RiickstoBmotor iiber den
Armelkanal zu fliegen, von Calais nach Dover, demn das ist die histo-
rische Strecke der Fliegerei (wir erinnern an Blériots Flug 1909).

In der Hoffnung, vom Generaldirektor des Shell-Konzerns filir diese
Entwicklung die nétige Finanzierung zu bekommen, bemiihte Valier sich,
dessen Bedingung zu erfiillen und seine Brennkammer von dem bisher
verwendeten Spiritus auf Shelldl (Paraffin) umzustellen. Aber durch
eine bis dahin unbekannte Eigenschaft dieses Brennstoffs kam es bei
neuen systematischen Versuchsreihen zu einer Explosion; ein Splitter
der berstgnden Brennkammer traf Valiers Iungenschlagader.

An seinem Raketenpriifstand starb am 17.Mai 1930 Max Valier als
“orkdmpfer und erstes Todesopfer der Reumfahrt.
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A. Keller (Great Britain

KEPLER, THE ART OF FLIGHT AND THE VISION
OF INTERPLANETARY TRAVEL AS THE NEXT
GREAT INVENTION

Historians of flight vefy often precede their account of
man's conquest of the air by retailing some of the ancient.
legends of men who flew by magic or tried to fly, stories
whch are found in almost every culture. From these tales,
tj.hey move directly to the century when the topic had become
almost a respectable subject for discussion, or at least
for imaginative literature. From the 1630s on, from the

‘ days when Godwin and Wilkins explored different possibilities
thro\u;gh"-the years when Wilkins! student Robert Hooke "invented
several ways of flying, and Huygens and Pascal ''talked......

«of flying",l the subject seems to have been a popular one.
But there seems to be a gap between Wilkins, and those
after him who took the matter seriously, and the fairy
stories that went before; between the Age of Fantasy and the
Age of Experiment. In this communication, I wish to
suggest that gap can be spanned, that over the years 1546~
1630 the idea was already gradually leaving the territory of
myth for that of expectation.

Marjorie Nicolson, in her famous work "Voyages to the
Moon", showed that Kepler's Somnium was the first imaginary

journey to the Moon to be based on recent scientific discovery.
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She s.uggests tiot -the popularity of the idea of flight in the
later seventeenth century and after was originally due to the
inspiration of the telescope, which gave life to speculations
about the moon's inhabitants and encouraged people 1;0 believe
that any such creatures would be reasonably like ourselves,

as their home was ressonably like our planet. As Kepler
"himself explains, since the eye cannot Judge distance except
comparatively, the effect of magnification is to make the

Hoon seem nearer, and the sight of detail on her surface

makes her more familiar territory (one might slmost say,

more homely). But I would like to propose that the idea

was present in Kepler's rAnind well before the invention of the
telescope, and that the concept, for Kepler, as for others of .
his contemporaries who wrote in similar vain before the
publication of the Somnium, derives from a litersry noti:on N
at first perhaps a jeu d'esprit, but increasingly more serious,
which can be traced back to the 1540s.

At all events Kepler's writings did something to promote
the idea of flight and travel to the Moon 2nd bryond before the
publication of the Somnium. In his Disscrtatio cum Nuncio Sidereo
of 1610, he declares that "setflers from our race of men will
not be wanting once somebody will teach them the art of flying.
Yho would once have believed thot the navigation of the most
vast Ocean was safer and more tranquil than the narrow gulf
of the Adriatic, the Baltic Sea, the English Channel.

Grant but ships or sails suited to celestial breezes, there

will be those who are not afraid even of thstbvast expanse. » «

So let us lay the foundations of Astronomy for those men who
will sppear almost any day nowvavnd attempt this journey. And
if he does then tries to smile away these bold hopes, he
qualifies his smile with praise for’ the miracle of human audacity

which has been shown especially in the men of this age“.a The

"
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comparison with the crossing of the Ocean is not an accident.
Interplanetary voyages were evidently still in his mind a
little later when he wrote the preface to his Dioptrice,
and speculated how the heavens would appear to the eyes of
""ecreatures who may live on Jupiter' and see four moons crossing
their sky. And then he adds jokingly, ''for I have just come
back from those regions."3 Incidentally, it might have been
this passage in the Dissertatio cum Nuncio Sidereo that
first inspired John Wilkins, even before the Somnium, because
when he says "it is the opinion of Keplerthat as soon as the
art of flying is found aqut some of their nation will make
one of the first colonies‘that shall transplant into that
other world"4 he is alluding to the first sentence quoted,
but he misunderstood "ex nostra hominum gente" to mean the
German nation rather than, as Kepler clearly intends, the
human race.

But for Kepler we can go further back than his reaction
to Galileo's Sidereal Messenger. In 1606 he bublished another
Latin work, De Stella Nova in Pede Serpentario, which contains
his observations and comments on 'Kepler's nova,'' and on the
grand conjunction of the three superior planets in 1604. In
this connéction, he discussed the speculations of those who
imagined that 2 new age of the world was about to begin. On
the whole he was doubtful; if anything 2 new age had already
begun some while before. So much had happened in the past
hundred and fifty years; he spends three pages on the dramatic
conquests of Turks and Spasnisards, on the overthrow of empires,
on the Reformation, and most significantly on the great inventions,
like printing-press and cannon, and devotes much space to the
triumphs of navigation, and the great explorations of that
centurye. A;trologers must be very foolish if they think more

changes will take place in the next two hundred years, as



some predict, 'unless" says Kepler ''perhaps they think some
new world will be discovered and the art of flying found out,
whereby we may go to the Moon, or to some other celestial ord
(2lium mundi globum) good Lord, this orb of Earth is
already too narrow for them!".5
In this pessage the idea that the art of flight will be the
next great invention follows on a list of the marvellous
technological achievements of the recent past, ard as in the
excerpt from the Dissertation, the ime_diate connection is
with voyages across the vastness of the ocean. Just before
Kepler wrote, another dreamer of dreams and contemplator of
conjunctions had expressed almost the same éhougixt. In 1602
Campanella was still in the dungeons of the Inquisition when
he wrote the first draught of his City of the Sun, which ends
by expounding how the City's wise inhabitants see the effects
of wvarious celestiasl combinations, and how these have given rise
to all the wonderful inventions of the present age; he notes
that they have already "found out the art of flying which is
all the world needs, and they expect sn eye-piece to see the
hidden stars, and an ear-piece to hear the harmony of the
planets? mtions".6 But it was not for many years that these
strange words were published — not till after the invention of
the telescope had justified one prophesy at least.
Yet we can go back before Campanella, The same train
. of jdeas mAy be seen in the Third Book of Rabelais. In the
course of preparations for Pantagruel's imaginary voyage, a
model for many of his successors, Rabelais speaks most
rhapsodically of two modern inventions; windmills, which save so
much labour the Ancient philosophers could not avoid for all
their learning, and great sailing ships which have conquered the
oceans and brought the most remote cormers of the world together.
The descendants of the present generation may well invent

something ''of like energy by means of which humans will b¢ able



to visit the sources of hesil, the sluices of rain, the smithy of
thunder; will be able to invade the regions of the Moon'"; and

he imagines the Gods gathering in pesnic to stop them, for fear
they will "sit down with us at table and take our goddesses

7

to wifei'. Cardano too in his autobiography dilstes on the
great inventions and discoveries of his time, - agsin the
roll-call of new lands discovered and seas traversed - and ends
"Now what more is lacking but that we occupy Heaven........"8
The French poet Salluste du Bartas in his "Enfance du Monde"
of 1584 follows the same line of thought; first the roll-call
of invention, then once we reach the marvels 6f modern
navigation, it is spparently an easy step to add that "Men.
hoisting themselves through the emptiness of air will cross
the sea with bold flight, and there is no doubt that if the
Geometer should .find another universe to set his feet, and his
engines at his convenience, he will be able like a new god to

carry this World into another place".9

That phrase " a new god"
was too blasphemous to Du Bartas - in a second edition
only five months after the first, he changed it to " a little
god"eei.e

Here are five pagsages, all preceding the telescope, which
link the art of flight with the crossing of the oceans and the
great inventions of the last generations, and which either imply
or say outright that the art of flight is the next on the list.
It is not easy to say how serious all this is; yet the sssociation
with something that had happened, with real achievements that
would have seemed incredible not long before, does suggest
thaf these authors saw the hope of flight as more than just
fantasy. The first public discussion of the possibility of
flight actually took place at Kepler's old university of

THbingen, where he had first hoped to present his lunar hypotheses



in 1593. For there in 1627 a disputétion ""on the art of flying"
was held under the presidency of the humanist and poet Friedrich
Herrmann Flayder.lo The proposer of the motion, one Johann
Oswald of Ballingen, begins as ususl with a psean to modern
invention, thch surpasses the Ancients: ''we have found a new
world; we have found out not only Printing, Paper, the mariner's
Compass'" - and a host of other fine things mostly taken from
Stradanus - but have also adorned alchemy with new discoveries,
and added six hundred new medicines: the only thing we have

not achieved is the art of flight. Then he mentions most

recent attempts to venture under water in divingebells and

float with the aid of inflated boots and belts. And to top all,
Stevin's sailing carriage .... who could have believed that possible
who did not know it true..... and to travel across the sands at
such an incredible speed!

Flayder himself concludesthe debate. He makes an interesting
physiological comment on the skeleton of a stork in the University
library, remarking on the smsll size of the wing bones relative
to its long legs and beak; yet those wings are capable of
raising its l-~rge body. He then names some who haQe attempted
to fly, and if he starts with more or less mythical heroes of
a distinct past, like Daedalus and Ailmer of Malmesbury, he
goes on to near contemporaries, an old fellow who was a teacher
at Nuremberg, someone else at Paris "in the recollection of

. my parents', and a third at Venice. The first had used
double wings as oars, with 1ittie wheels attached to drive them.
Flayder had to admit that all these bird-men met with disaster,
and were lucky if they escaped with no more than broken legs.
But they were all novices and’ tiros at this art. We ought to
train neople up from.childhood, then it might be done.

Almost a1l those who talk of flight assume that if men

could fly at all, they could as easily fly to the Moon. Wilkins
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was to make this explicit; he explained the phenomena of gravity
by supposing a sphere of attraction, presumably taken ultimately
from Gilbert, without understanding what Kepler had said on the
subject, for he maintained its influence extended no further than
the atmosphere, which he thought could be no more than 20 miles
high. And so "if a man could but fly, or by any means get
twenty miles upwards, it were possible for him to reach until
the Moon."ll What they will breathe beyond the atmosphere,

he does not say. But some there were who wanted to be rid of
the concept of a-limited '"sphere of air! altogether. Once the
division between sublunar and celestial physics began to break
down, some scholars could put forward the view that our air
continued -indefinitely and filled interplanetary space.

The French mathematiciaanena asserted in 1557 in the introduction
to his translation of Euclid?’s Optics that "Optics is contemptuous
of 211 these Opinions'" (i.e. of crystalline spheres, an ether )
differing from our Foﬁr Elements etc.)" and, despising haughty
and arrogant authority freely proclaims that all that space
through which the planets move skilfully ..... is that life-
giving (snimabilem) spirit diffused throughout nature, which we
breathe, and is in no way to be distinguished from air".12
Anyone who held this view would have to be, as Pena was, a
Copernican: he would also have to decide that thé phenomena

of atmospheric refraction which follow from the assumption of a
'sphere of air' and a 'sphére of fire' in fact are not observed;
and Pena believed they were not. His book was republished in
1604, and Keplef, while approving of much of what Pena had
written, was obliged to refute him absolutely on this point.

In November 1603, Kepler's correspondent Edmund Bruce wrote to
him on similar lines.Broadly following the ideas of Bruno,
believed in the uniformity of nature, and so he insisted that

the same elements are to be found throughout the universe
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"because.the Air is also between those very bodies we call stars"
and these in due sequence are composed of Water, Earth and Fire.l3
Kepler had to disillusion him, but if he needed to do so at this
late date, the error hua§ have survived, particularly among the
less scientific of the 00pernicans; Aftexr he wrote, the .
visionaries of flight had to allow for the lack of air if their
aeronsuts were to travel far above the Earth's surface, although
few were prepared to accep£ Kepler's observation that the
atmosphere extended only a little way above thg peaks of the
highest mountains. As late as the 1660s Hooke was trying to

use barometric technigues to prﬁve far greater depths.lu Kepler

was unusual in appreciating the enormous diériculties presented

by the need to overcome gravity, by the lack of air to breathe,

the cold, the huge distances iﬁvolved. Hence in the Sommium he
noted that the shock when Moon voyagers overcame the Earth's
attraction would be much greater than being fired from a cannon,
"and spoke of applying damp sponges to the nostrils to help in
respiration.’”  But he knew that in his day only supernatural
methods would do. Unlike him.the other flight enthusiasts were
not scientists. Those who have been mentioned here were men
excited by the triumphs of an advancing technology and as recent
discoveries which gave them the boldness to predict fresh
victories to come. They Aid not really understand the obstacles
and even those like Wilkins, who tried to face Kepler's problems,
minimised their effects. That being so, it is all the more
striking that Kepler too was an optimist who though£ a voyage

away from the Earth not beyond the bounds of possibility, for those
who will aftempt this great journey "will appear almost any

day now'.
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B.M.Kynpseues, E.K.Momxru, H.B.Pyrosckuit (CCCP)
PA3BUTHE TEOPHM XHUIOKOCTHBIX PAKETHLIX IBUTATEJIEN B
. CCCP

PagBHTHE OTeYeCTBEHHOrO PAKeTHOT'O ABHraTesleCTpOSHHS HMAET IO NyTH
pelleHHs TAKHX NMpo6/ieM: NOBBIHEHHE 3(ppeKTUBHOCTH HCIONBL3OBAHUS TOMJM-
Ba MyTeM YBelMYeHHUs] yOSNBHON TATH M YIYYIIGHHS pexuUMa MaccoobMeHa;
obecnieyeHre TpeGyeMOl HaOeXHOCTH paboThl ABHIaTe/ILHON YCTAHOBKH; CHH-
KEeHHWe CTOMMOCTH NpOUSBOACTBA M SKCINTyaTAaUNH ABUTaTelILHON YCTAHOBKH;
npocToTa ¥ ynoScTeo B ofpameHuM; HCK/HOYeHHe 3arpsiGHeHMS armocdephb
3eMaH ¥ KOCMOCA SITOBHTHIMM NMPOAYKTAMH CrOP&HHd.

K.3.lluonkoeckut B 1903 r. cpopMysMpoBan H pasBHil B NOC/edylouUlHe
IOl OCHOBHBIE TO/IOKESHHS DEAKTHBHOr'O ABIDKEHHS, B HaCTHOCTH TEOPHH
XPI, nmpeanoxwn B WCCHEAOB&Nl CXeMY DPaKeThl C XHAKOCTHEIM [BHraTelleM.
BriBefeHHOE HM OCHOBHOE ypaBHeHUe DaKeTOAMHAMHKA IIOKAasaso, 4TO NOoJIeT
K OPYTHM IjageTaM TpebyeT CO3AAHHS HBHMrarefiell C BEICOKON YACBLHON
Tsroli, GONBIIOrO OTHOWEHAS Beca 3allpaBNeHHON pakeTH K ee “cyxomy”Be-
CYy, MCNOJBb30OBAHHS "PAKeTHBIX IMO3MOB’y IO 3AMBICITY &HAJIOTHMIHBIX MHOTO-
CTYNeHYaTHM pakeTaM. DTH NOJOXeHMS Npenonpelwmiu NyTh passurns KPI.
Bonewoit sxnan B Hayxy o paketax ¢ XKPl erec 10.B.Konnpartiok, paspabo-
TaBlIN} OCHOBHBIC Npo6ieMbl kKocMoHaBTHkM k 1919 r. ¢.A llannep chopmy-
IHpOB&ll MOS0 HCMOMb30BAHHMA METAJIMYECKMX 37NeMEeHTOB KOHCTPYKUHMH pa—
KeThl B KadecTBe AOGABKM K roployeMy.

B nepsele apa necsruneTHs XX Beka He ObWIO NPOM3BOACTBEHHOK 6a3nl
LS peanusaluM dTHX HOe# — weJsl NMPOUECC HAKOIICHHS TeOPeTHYeCKHX U ya-
CTHYHO IKCNepHMeHTA/bHLIX AaHHpX. C 1829 r, HayMHalOTCH nepspie paspas=
Gorkn XP[, xoToprle B falbHeiweM NOMyYWIHM NMPAKTHYECKOS pPa3BHTHe Gila-
rogaps yCHIMsM MHOHEPOB PAKeTHOR TeXHUKH MPH MOMOMHM OGIECTBEHHBIX H
rOCyNapCTBEHHEIX OpraHu3aiuf.

B 1803 r. K.3.lUnonkopCku# pekoMeHAOB&N TOM/IMBO, COCTOSINEE H3 KHC—
Jopofla ¥ BoAOpona, Kax Haubonee SpGeKTHBHOS, & TAKKEe M3 KHCIopoda H
YIreponopoaoB, OTH TONJMBA B Haule BpeMs B MMPOBOH NPAKTHKE HAWH WK~
pokoe nmpumeHernue. [loagree ¢.A.llaHnep mokaszan, YTO NpPH HCMONL3OBAHHH
MeTa//IoB B KaYeCTBe IOpIoYero MOXHO NOMYyYHTh elie Gonee BHICOKHE yaebw

Hble TATH.
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3HauHTe/bHBII BKIad B paspaboTKy S¢peKTHBHbIX Tonus BHec B.I1.Iayuw-
ko. Haunnaa c 1930 r. oH mpensioXuil M HCCllefoBajl B Ka4eCTBE KOMIIOHEeH—
TOB TOIVIMBA A30THYIO KHC/IOTY M PacTBOp B Heil a30THOrO TeTpakcHaa, Te-
TPaHHTPOMET&H, XMOPHYI KHCJIOTY, pPacTBOphl ¢TOp& M KHMCNOpOAA, TPeXKOM—
TIOHEHTHOe TOI/IMBO — KHMcCiopod + Gepuanuit + Bogopoa M T. A. Pesynbrars
HCClleoBanuii nuoxepoB pakeTHo# TexHukH CCCP no3BONMIM NMOIYYHTH M
NpHMEHHTb B 9KCITyaTalud BbICOKO3(GhEKTHBHEIE TOMNMBA.

[IpobneMa cxuranus GONbWHX KOJMYECTB TONIHMBA B MHHHUMAIIBHEIX O6Be—
Max Obina pemreHa myTeM Iepexoda OT KOHHYECKHX M NpelKaMepHBIX I'O/I0OBOK
K NJIOCKO}H I'OJIOBKE C pABHOMEDHBIM DAaCNO/IOXEeHHEM ONHO- M [BYXKOMIIOHEH-
THBIX LEHTPOGEMHBIX ¢$OpCyHOK, ObecleyHBaIWHUX I'OPEHHE TOMJHMBA B COOT—
BETCTBHH C NPENDBSBISeMbIME TpeGOBaHHIMH. Lng sroro monanobunock coanars
MeTOmbl pacyeTa GOPCYHOK C Y4eTOM BSSKOCTH XHMAKOCTH, TOYHO OBECNeuHTD
ONTHMA/LHbBle COOTHOLIeHHs] KOMIIOHEHTOB, NPOBECTH HMCKIIIOYHTEJBLHO GONbliok
KOMIIJIEKC ONBITOB HA YHHKa/IBHBIX yCTaHOBKaX. TeOpeTHYeCKH M IKCIepHMeH—
TaybHO OBINIM ONpefelsleHbl ONTHMajbHble OOBEM M OTHOIIEHHE MJIMHBEI KaMephl
K ee OmaMeTpy; OOGOCHOBaHa lleflecoOGpasHOCTb NMPHMEHEHMS LUMINHApHYECKUX
MPSAMOTOYHLIX Kamep.

Pewaromee szayerne mMerT paboTEl MHOTMX COBETCKHX y4YeHBIX, B TOM
ygucne $.A.llannepa, mo TepMoaMHaMHYeCKMM pacyeTaM. Merondnl pacyeta
Gbun ycoeepueHcTeoBaHsl f1.B.3emnobuyemM, A.ll.BauuyeBrm, A.U.Ilonsp-
HeM K Op. B urore Gmum CosmaHbl Kameph! BLICOKOH TEMIIOHANPSIKEHHOCTH H
ofecneyeHO IOMHOE CrOpaHHWe TONIMBa. Hanuuue BBICOKMX TeMIepaTyp Ipo-—
NYKTOB CropaHHus NoTpeboBaso NpOBeOEHHS ¢(yHAEMEHTAaNbHLIX UCCIeNOBaHHH
CHCTEM OXJ/I&XNEeHHs CTeHOK KaMephl CT'OpaHMsl M conia, TeopeTHYecKue HC-
ClleIOBaHHS TOSBOJIMIM NEPEeHTH OT SMIHPHYECKHX METONMK K HaOEXHBHIM Te-
OpeTHYeCKHM MeTonaM pacyera. Tax, B.M.MepnepeM Ha OcHOBe TeopHu no-
TpaHMYHOr'o cjiog 6bula paspaboTaHa NMOC/IeNOBATE/IBHOCTL ONpeAefIeHHs KOH—
BeKTHBHOI'O TeIlJIOBOI'O MOTOKa C Yy4eTOM UPHCTeHOYHoro cios. CosmaHeag
MeToaMKa Obl7la yCOBEpLWIEHCTBOBaAHA C YYETOM DPEe3Y/bTaTOB ONBLITHBIX AaHHBIX.
BbUM paspaboTaHsl H YTOYHEHHl METONbI PACYETA Nepelaud Telia B OXJIaX~—
[AWYI0 XUAKOCTb, ONTHMHUSHPOBAHEI IapAMETPHI 3JIEMEHTOB CHCTEMBbl OXJI&X —
[eHUs, BBeAeHbl HCKYCCTBEHHas TypOy/H3auua OXJaxaamleid XHOKOCTH, ope6—
peHHe CTeHOK KaMepkl, OCYIECTBJ/IeH NEepeXxOld K CKpeIJIeHHEM OGO/IOYKEeM M
T. 0. Peanuzauug 3THX MeTONOB NpHBEJIa K IIOBBHILEHHIO 3¢deKTHBHOCTH BHE—
IHET'O OXJI&XACSHHS.

BHyTpeHHee oxJlaXOeHHWe HHTEHCHHMUMPOBAJIOCh 3& CYeT YJIy4YleHHs yCJio—
BMil NOAAYHM OXJIQXAAWIeH XUIKOCTH. Vcrmomb3oBa/mch KOqbla MapoBod 3a-
BECHl, WEJH C 3aKpyTKOH IOTOKA, NMOPHCTHIE CTEHKHM H IephdepHitHble ¢op—
cyHku, Cepbe3Hyl0 pOib B pelleHHH NpoG/ieMbl 3allMThl CTEHOK CHIIp&JIo NpH-—
MEHeHHe TEepMOCTOHKHX IOKDBITHHA, Ha HEOGXOOMMOCTL KOTOpBIX YKA3HIBAIH
eme B I'JT u THP[e.

OKOHOMHYHAas, HalexHas CHCTEMAa 3AallHThl CTeHOK NO3BOJIMJIA NOAHATHL Aa-
Bll€HHe B KaMepe M Giaronaps 3TOMY YBEeNHMYHTb CTENEeHb paCIIHpeHUs Npo—
OYKTOB CropaHMs, B peayibrare ynanoch NOCTHYb 3HAYUTEINLHOrO yBeHYe-—
HUS yOeJIbHOH THTH,

B cBsizgn c BO3pacTaomell poibio COIia B CO3NAHMM THIH 6bUIM NpoBede—
Hbl GOMblLINE MCCJIEIOBAHMS IO CHHXEHHIO 110Tepb, Beca M rabapuToB colja,
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Tak, ewe B Hasane 30-x romos B.Il.I'mywko paspa6oran npoduiupoBanHOe
(skcnoneHInanbHOe) COMIO. BCkOpe OT 37@MeHTapHOro KOHMYECKOro comia
NepelyIH K NpOGHIMPOBAHHBIM COIJIaM H, B YACTHOCTH, K COILUTy C YI'JIOBOM
Toukoit., [ A.MelbHUKOBBIM H PSAOM COBETCKHX YHEHBIX Gblla CO30aHa MeTO-
OMKa pacyeTa ONTHMU3HPOBAHHEIX COIeJl.

PexxuMm paboTe! comnia €o ckaukoM ymiiorHeHus obocHosan I'.H.lleTpos,
KOTOpBIji ITIOKa3sai, YTO B COIJIO BXOAHT MOCTOOGpasHbIi CKaYOK YNJIOTHEHMS,
NIpeABApHTEJILHO He Npeobpasysack B NpsMoil. [lpyrue aBTOphl YCTaHOBHIM 3a-
BHCHMOCTBL MECTOIOJIOXKEHNs] CKayka YNJIOTHeHHs OT yria pacTeopa Colula
yucna Maxa na cpese. OT Tex e BeNMYHH 3aBUCHT BOCCTAHOBJCHHME [aBjle—
HHs 3a ckaykoM ynnorHennsg, B nrore B CCCP 6bun co3naHb! BBICOKOS(—
beKkTHBHBIE comjla. *

Teopus nonays TOIJIMBa BKIOYaeT B ceGd pasfesisbl, NOCBSIIEHHBIE CHC—
TeMe HanOyBa, BHYTPHUOAKOBBIM IpolecCaM, ABMKEHHIO YNPYIroif XHOKOCTH B
nepopMHupyeMoM Tpy6GonpoBode, TypOOHOCOCHOMY arperary ¥ Ap. Bonbmoit
BKJIal B Teopuio cucteM nonaun BHecnn K,3.lwonkosckuit, $.A.llannep u
Opyrue NHOHEephl PAKETHOH TeXHHKH.

B3saMeH paspO3HEeHHBIX METOAOB pacyeTa, HCHOMb3yeMBIX Hpexnae, B No—
ClleBOeHHEI Nepuod Oblla cozfaHa CTpoitHas TeopHs, KoTopas NO3BOJHia
paspaboraTb COBeplLIEHHEIE Kamephl CrOpaHHs, COllJla H arperaTkbl CHCTEMEI
NnoAa4YM TONMBA M NepelTH K INIyGOKOMY HM3Yy4eHMIO BCEel ABHIaTe/bHON ycTa—
HOBKH KaK €[QHHOI'O LeJIoro.

HCKTIOUNTEBHO BEIMKO 3HAYEHWE HMCCIIe[OBAHHs YCNOBHi paboThl ABHTa-
Tensd Ha HeCTAUMOHApHBIX pexumax. K dHciy Takux MccienoBaHHH OTHOCSATCS
YMeHblIGHHe BpeMEeHH BBIXO#a Ha peXMM M MyJbcauuil NaplleHUs, & TaKxe
ofecrneyeHre ONHOTHIIHOCTH pe3y/LTATOB MCIBLITAHHH M XapaxkTepa BhIKIIOYe—
nua XPI.

B nocnieBoeHHEIE T'OABI H3YyYEHHE HECTAUHOHAPHBIX PEXUMOB NPOBOAUIIOCH
ONBITHLIM IMYTEM M PacyeTOM Kak Ha MOOS/IMpYIOIHMX YCTaHOBKAaX, TaK M Ha
BBIYHCIIUTE/LHBIX LUHPPOBBIX MaunHax. Bompockl B3aMMOCBS3H NMPOLECCOB,
nporekaoumx B XPI, paccmorpensr E.K.MowxnueiM B 1952 1., a OCHOBEI
nuHamuxu XPI - B 1964 r, BorbluMy KONIEKTHBAMM YYeHBIX OBUIM paspa-
GoTaHel MeTonMKH pacdeTa Brixofa KPI Ha pexuM, NMO3BOJSIOMHME YYHUThI-
BaThb pe3y/bTaThH O6paGOTKM ONBITHBIX AAHHBIX, BKJIOYamue B cebs COTHH
HeNIMHeHHbIX OuhPepeHUNaNbHEIX ¥ airebpandyeCKHX ypaBHeHHH, B TOM YHCIIe
¥ B YaCTHBIX IPOM3BOAHBIX. OTH MCC/IE[IOBAHHS IO3BOJIMIIM CO3[ATH ONTHMAsb—
HYI0O UMKIOTpaMMy 3anyckKa, NOBBICHTh HAAEXHOCTb NyTeM HCKIIOYEeHHS K
NpenynpexxaAeHus aBapHifHbIX CHTYyauui.

B cBa3u c noBboueHHEM NaBieHHS B KaMepe M BEJIMYMHBI CHIBI TATH IO-
SBHJIaCh HeOGXOAWMOCTb B OTHICKAHHWM IIyTeji NOBBLILIEHHS YCTOWYMBOCTH OBH—
rarens, [leppoHayaqLHO BONPOCH YCTOHYHBOCTH pelIa/MCh SKCIEpHMEHTallb—
HO, a nosAHee HCINO/bL3OBANIMCH HOBBIE METOABI pacyeTa, OCHOBAHHEIE Ha pe-
3yMbTaTax O6pabOTKH ONBITHLIX OAHHBIX M IIONIOXEHHSX TEOPHH yCTOMYMBOCTH,
Y panocs obecneuyuth ycToityuByio patoTy XKPJIl nps OOCTaTOYHO BBICOKOM
OaBNCHUM B Kamepe,

Ouuamuka XXPJ xax camocrogresbHag o61acTb HAYKH IOMyYMia WHPOKOe
pasBuTHe, YTO CIOCOGCTBOBAJIO CO3NAHHIO psAa ABHTAaTeslel, OTHOCAUMXCS K
Jy4wuM B Mupe B CBOEM Kiacce. PaspBuTHE TEOpHHM BBLICOKOYACTOTHON He—
YCTOAYMBOCTH M MCC/C[OBAHHS COBETCKHX YYEHbIX B 9TOH O6GNacTH NO3BOJIMIM
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co3naTh KaMepel, YCTOHYHBO pafoTrailye NpH BLICOKMX AaBMIEHHAX M Gomb—
IOK CHJle THArH.

Ona XPO c HeGo/bLINM CYMMAapHBIM HMITY/bCOM HCNONB3YIOTCS BBITEC—
HHUTE/IbHbIE CHCTeMbl NOAAaYH TOIJIMBA, KOTOpLe B NEPBOHAYA/IbHOM BHAE ObUIHM
peanusoBansl B 1932-1933 rr. B I'l/l, a Taxke M.K.TuxoHpaBoBbiM, d.A,llan~
nepoM M ap.

B XP co cpemuuM H GOJBIIMM CyMMAapHBIM HMITYyJIbCOM NMPHMEHSETCS
cxeMa 6e3 QOXHMIraHUs NMpPOAYKTOB rasoreHepaund. Itu KPJ MonepHU3Hpo-
BAJIAICh OT CXEeMbl, I'le HCIO/Ib30BAJICS TpeTHH KOMIIOHeHT AJIs MpHBOAAa TYyp-
GHHBEI CO CBOEH BBITECHHTEJLHOM Ioaayei, 0O CXeMbl, I'Ae ras Ang TypOHHbI
BHIPA6GATHBAETCH H3 OCHOBHOI'O TOIJHBA.

Han6onee copepuenHol aBngetca cxeMa KPJl ¢ moxurasueM reHepaTop-
HOr'o rasa, Bo3MOXHOCTBL CXHraHHs BCEr'o TOIJIMBA IPH ONTHMAJBLHOM COOT—
HOWIEHWM KOMIIOHEHTOB, BeleHHe Npouecca NpH GOJbUIMX NaBJICHASX M CTele-
HSIX pacCUIHpeHMsd B COMJe NO3BOJIIO 3HAYHTE/ILHO IOBBICHTE YOEJBHYIO THTY.
Ipn coasnammm Taxux XPJl 6bu pelleHbl C/IOXHBIE 380a4YH: CXKHIaHHe TOIIH—
Ba B rasoreHepaTtopax HpH KO3(p¢dHUHEeHTe UIGBITKA OKHUCIMTEJNSs, Pe3KO OTI/IHI-
HOI'O OT CTeXMOMEeTpPHYeCKOr'o, SHepreTHYeCKHH 6aaHC y onTHMH3auud na-
pameTtpoB XPI. CospemerHnble pakeTwh ¢ XXPl npeacrasnsior coboil eQHHYIO
SHEpPreTHYECKYI0 CHCTeMy, paboTamylo B ONTHMAIBLHOM DEeXHME,

OTnenbHEle BOMpOCH! TeopHu XKPJ] MIIOKEHL B pas3iMYHBX paborax pyc—
Ckux M coBeTCkux yuyennix ( ®.A,llannepa, B.Il.I'mymxo, E.K.Mowxknna,
A.B.Bomrapckoro, B.K.llyxuna, I',B.Cunapésa, M.B.Jo6posoasckoro,
B.M.Kynpsasuesa, E.C.llletnnkoBa, A.Il.Banuuyesa, B.E.Anemacosa, T.M.Me-
MbKyMoBa M Ap.), Bombuoe yncno MoHorpaduii, yyeGHHKOB, CTaTell, HanmMCaH—
HbIX COBETCKMMH YYEeHBIMH H OnyGiukoBaHbix B CCCP, SBISeTCS HeoUeHH-
MBIM BKJIQAOM B HAyKy, BKIQIOM NpeNCTAaBHTeJIell COBETCKON WIKOJBL

C.H.KysbMmenko (CCCP)
K UCTOPUH PAKETHOIO OEJIA HA YKPAHMHE

UssecTHO, uTO yxe B 1516 r. 3amopoxusl B 6UTBE C TaTapaMu NOBL3O—
B&/MChb pakeTaMHd. Tak, B OOHONK M3 pabor, Tde ONHCHIBAIOTCH COOLITHS
XVI B., roeopurcs: “TerMan... (Pyxnuckuit, - C.K.) BbICIIan OTpsl KOHHH-
LB C NPUTOTOBNIEHHEIMH 3a8BPEMEHHO GYMAXHEIMH pakeTaMmHu, KOH, Gyaydu
6poleHsl Ha 3eMJI0, MOIVIH NepeCKakHBaTb C MecTa Ha MeCTo, AejlaTb [0
WeCTH BHICTpenoB kaxnasd. KoHHHuA OHad, HACKAKaB Ha CTAaHOBHIIE Tarap-—
CKOe, 3&XIJja CBOM pakeThbl, GDOCHIA MX MeXQAy Joweael TarapCKuX M NpH-—
YMHMJIA B HUX BE/IMKYIO CyMSTHOY...” [1].

B 1594 r. 3pux Jlacora nmpubeul C OMIIJIOMATHYECKOH MHCCHell B 3ano-
poxckyio Ceub (or mMmeparopa Pynomepa [|) ¥ nosaxee mucajy, 4TO NOCHe
Toro, kak Ha Ceuepoit Page ”...6bUIO NPUHATO NOJIOKUTENILHOE DELICHHS...
Kasaxu CTand rpeMeTb BOHCKOBLIMH 6GapabaHamu M TpybaMu, nanu OeCsTb
3a/moB M3 NyWeK, a HOYbio MYCTHIM eme HecKombko paket” (2],

B xayecTBe TON/MBA B TAKHX paKeTax HCIO/Jb3OBAJ/ICS YEPHLIYl MOpOX, B
KOTOpPOM, COOTBETCTBEHHO YPABHEHHIO OCHOBHON XMMHMYECKON peakuuH, 4Oi—
KHO coaepxaTbesi: ceqmuTpel 74,8%, yrna 13,3%, cepst = 11,9%.
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Y Hac HeT cBeleHH# O TOM, KaK IOTOBHIM YIOMSHYTBlE BhILE paxkeThL
OnHako M3BECTHO, YTO OCHOBHOH HMHI'DeAMEHT NOpOXa — CeJMTpa — I'OTOBHJICH
Ha Yxpanse "uckonn” [38], o6 atom rosopmr u Bonnam, uspapumit B 1650 r.
B Pyane "Onucanme Yxkpaunn”: “...Kasaxu BecbMa HCKyCHEl B [0OBIBAHHH
CeJIMTPE!, KOTOPOIO H300WiyeT Y KpaHH&, M B NPUTOTOBJICHHH NMYWIEYHOI'O IO-
poxa” [4]. B wacrHocTH, usroTOBNEHMe GONBUIOTNO KOMMYECTBA CEMTPEI Ha
Ykpaune u npuroM Beicokoro kawectrsa [5] mospomio orkperrs B 1739 r.
IlocTxuncxuit mopoxoso#t sason [ 6 1. O cnocobax npuroTosnesus mnopoxa
KasakaMH Ha Y KpamHe yNOMHHaeT, B yacTHocTH, ¥ K.CuMmeHoBHY B cBOeit
kuure, uanamHolt B 1650 r. na naTmHCKOM s3bike B AMcrepaame [7].

B 1815-1817 rr. Han 6oeBbiMH pakeTamu B Poccun ycrmewHo paboran
A.[0.3acanpko (1779-1837), ypoxenen [lonTaBumyHel — apTHINEPHCT, KOHCTPYK—
TOp, H306peTareskb, KOTODPLII NpHies] K BLIBOAY, YTO “pakeThl, NpHMeHse-
Mble Ha BOitHe, ecTb paxeTh! oberynbie” [8]. Tako#t BeBOA 6Bl TOrAa OYEHb
BaXHLIM IIOTOMY, YTO IOC/le BBefeHHs B Eppone GOeBEIX pakeT CHHT&JIOCH,
YTO AeHCTBHE MX 38BHCHT OT COOTHOIUEHHS COCTA&BHBIX YacTel NpHMeHsBlIe-
rocs B HMX Nopoxa, 3acsibKO NpHIlesl K BBIBOAY, YTO CBO#CTBa 60eBHIX pa-
KeT B 3HAYWTE/LHON CTENEHH 38BHCSAT OT MX KOHCTPYKUHH.

[na pasBuTHS pakeTHOro fena Gonblioe 3HAYEHHE HMejia AeSTENbHOCTh
renepana K.U.KoHncranrunosa (1818-1871), xoropeit ¢ Mapra 1850 r, Bos-
raaeun Cankr-IleTep6yprckoe “pakeTHoe 3aBefeHHe”, M BCKOpE CT&yl OfHHM
M3 MHpOBLIX &BTOPHTETOR B oroit obnactu, 10 miona 1861 r. oH npouutan
neKuMH o GoeBbX paxkeTax B [lapmxckoll axaneMuM Haykx, ¥ B TOM Xe roay
9TH nekuuyu 6pum u3naHbl B [lapmxe orneswHoi kHuroi [9]. B Poccum oHa
semia 3 rona cnycrs [10]. Bmecto Canxt-IleTep6yprckoro ”paxeTHOro
3aBefieHHs”, KOTOpoe HMeJIo psal Hemocrarkos [11], B 1866 r. mayamoch co-
OpyXeHHe pakeTHOro 3apoga B rop., Huxonaese Ha p. Hmrysn. Ilpoexruposa-—
HHE M CTPOHTEJILCTBO €r0 NPOM3BOAMINCH IIOA HENOCPEACTBEHHEIM pPYKOBOA-
cteoM K.U.KoHcTanTHHOBA.

HaroroBiieHne pakeT COCTOS/IO M3 TAKMX IVIABHEIX STalOB: &) NPHIOTOB—
nenue mopoxa, 6) HSTOTOBJeHHEe KOPIyCa pakeT, B) HaGUBKa pakeT IOPOXOM,
I') OKOHuYaTe/IbHAs OTAEJKA MX, B COOTBETCTBHM C STHM M COODPYXAJMCh 38—
Husg, OCHOBHOE ChIpbe Npeanonarajioch NoJaydaTb M3 ApYrHX MecT. Tak, Ha-
npumep, B 1871 r. cenuTpy, cepy 4YepeHKOBYIO M OJbXOBbie OpOBa AOCTaBISa—
mu ¢ lllocTkUHCKOrO NMopoxosoro aaeofa [12]. Yroms Ansa mopoxa rOTOBHIM
Ha MecTe B “peTopTHex mewax” [13].

KoxcTanTnHoB cuutan, uro Ha HukoneeBCKkoM pakeTHOM 3aBOoAde pakeThl
[O/DKHBl H3T'OTOB/IITECS MAUIMHHBIM, & He PYYHBIM CHOCOGOM: NMpH HEM [OJ-
eH 6bITb ITOPOXOBOH 3aBOM, AODKHE! GBELTM HArOTOBIATECH PAS/MYHEIE MeTal—
MYeCKHe AeTaJIM A/ PaKeT ¥ s APYT'HX BOSHHBIX NOTPeGHOCTEH, TAM AOIKeH
6pu1 GBITE MOMMIOH M y4ebHbll meHTp. Ho KoHCTaHTHHOBY BCe BpeMs INpH-—
XOAMIIOCH GOPOTHCS C NMPOXJ&[HBIM OTHOUIEHMEM K €ro IpoeKTaM [14]. Tem
He MeHee, T'MAPABNMYECKHE MpecChl A/l HaGHBKHM pakeT GbIIM 3axasaHbl GHp-—
Me dapko Bo dpaHuuyu, npubewin B Hukoneee u, B KOHUe KOHLOB, GBNIM ycTa-
Hoenienbl. [lpapaoa, naxe korna Mawuuel H3 Ppanuuy yxe npuOGLUM, TO eme
OCTaBanuCb COMHEHHMS B BBHICIIMX Cpepax OTHOCHTENIbHO TOro, ClelyeT JM B
Huxonaepe opraHusaoBBIBATL paxeTHOe NpeANpHUSTHE.

KoHCTaHTHHOB pacCYMThIBAJ, YTO NMOMHOCTBIO HAJIGAUTH IPOM3BOACTBO pa-
KeT MallMHHbLIM CIO0COBOM ynacrcs He paHee 1873 r., HO norpe6HocTs B pa-
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KeTax clenana HeoGXomMMbM NPOM3BOAMTBL MX ¢ 1871 r. pyuyHBIM crioco6om,
B arom roay 6o usrorosneHo 1500 GoeBblX pakeT OBYXAXAMOBOIO Kaiji—
6pa. OxonuaTenbHo paGora sapona Hanamunack B 1873 r. [15].

PakeTHble TH/Ib3bI A1 ABYXAIOIMOBEIX 60eBbIX PaKkeT HabuBanmH IpH MOMO-
Il THApA&BJMYECKOTO Npecca COCTaBOM, COCTOSIBIIMM M3 72 yacTell Ce/MTpsl,
14 wacreii cepb u 20 wacreit yrns (161, Tepen atum cenntpy u cMecb ce-
pbl C yriieM OTAE/LHO M3Mesbyand “...B HAKIOHHBIX MEAHbIX GOukax, BHYTpH
KOTOpBbIX HaxoaaTcsi GpOH30BbIe NyJu”, a 3aTeM I'OTOBMIIM CMeCh.

HuxonaeBCKuil pakeTHBIA 3aBOA Gbl1 B TO BPEMs EepeAOBbLIM MEXaHH3HPO —
BaHHBEIM TIPEANpHATHEM — OH IO CyTH 6bI1 OOHOBPEMEHHO M 3aBOAOM M apce-—
HalloM, Hay4HO-MCCNeNOBaTe/IbCKUM M IPOeKTHO-KOHCTPYKTOPCKHM Yupexae-
HueM. TaM HSrOTOBISANHCH pakeThl GoeBble M OCBETHTeJbHEIe, a B 90-x rr.,
I'VIaBHBIM 00pasoM, CHrHajbHEIE M crnacareibheie [17] .

B nepuon c 1871 no 1885 r. HauBosbliee yucio 60eBBHIX pakeT OGpLI0
uaroroeneso B 1877 r. (5000), a naumenbpmee B 1884-1885 rr. (mo 500
IITYX ©XeromHO); OCBeTHTENbHBIX: camoe Gonbumoe uxcno b.1894-1898 rr.
(o 9000 exeronHo), a Hammerpmee — 5 1876 r, (200) [18 1,

Cocrap pakeTHOM cMecH (mopoxa) wacTo MeHsncs. KOHCTaHTHHOB BHa-
yajie CYMTall, YTO HaW/Iyyuwee COOTHOWEHHE TaKOe: CeJMTphl — 72 4YacTH,
cepnl u yraig mo 14 wacteii. Bnocnencreuu, yuuThBas Mcciienobanus Ilpy-
cTa, OH Iplesn K BLIBOAY, YTO Jyyllee COOTHOWEHHE: CEenUTphl— 79, & Cepbl
u yras no 12,5 wacteit (cm. Tabn. 1) [19].B nagoueiinem pakeTHas cMechb
¥Menia pas/MyHbll COCTAB B 3aBHCHMOCTH OT POOA PAaKeT, MX KOHCTPYKUHK
¥ MarepHaiioB.

Cocrapel nopoxa

Ne|Pon mopoxa Copepxanue B % ) [Mpume-
II/I (MM aBTOp Cemutpe! | Cepbl Yraa YaHue

1  "Upeanbuwnt” (mo

XUM, YpaBHEHHIO) 74,8 11,9 18,3
2 TIlpycr 75 12,5 12,5
3 KoncrauTHHOB

(BHAUANE) 2 14 14
4 CeMeHOBHY - AJIS '

opynui 66,6 16,7 16,7
5 CemeHOBHY - A7

MYLIKETOB 72,5 13 14,5
6 CemeHoBHY - ang

IMCTOJIETOB 78,7 9,4 11,9

7 Huxonaesckitit
paxkeTHBIH 3aBod —
ons 2-X [JIoiM,
B0eBbIX pakeT 67,9 13,2 18,9
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IMpuMepHas TeMaTHKa ONBITHBIX pabor,
NOCTYNAaBWHKX Ha HukosnaeBCKuit pakeTHEI! 3aBon

r}jjn AsTOp Toner Lene paGoTe
1 "Topeuxuit 1871-1875 IlpuMenenne He¢TH Xk pakeTam
2 Tenvrod Hay, 1877 [IpuMeHeHHe OMHAMMTA H NHPOKCH—
: fIMHa K paxeTaM
3 “Amepukaren” 1877 [lBuraTe MOABOAHEIE  MHHBI C
NOMOUILIO pakKeT
4 Besobpazos 1878-80 Harorosnenre NHpOTeXHUYECKOTO
: ABHTaTe/Ns AN CaMOABHXYIUMXCS
MHH
5 3apanne Boen- ’ [Tomyuyerne GeHralbCKHX OTHei
HOT'O MHHH— C NpPHMeCBI0 MeTa/NIMYeCKOro
cTepcTBa Marsus
6 BumsaMmc 1886-87 Bpocars cH/bHO B3pHIBYaTHIE
BElleCTBa C IIOMOWLIO pakeT
7 O-Bo cnacenus 1890 HUsroroenenne “,..pakeT mns
Ha Bomax GpocaHusa XHOKOrO Macia Ha

B3BOJIHOBAHHOE MOpe C LeJbio
YCMUPEHHS BO/H.e.”

CymecTBeHHAs XapakTepHCTHKa pakeT — OA/bHOCTb IlojleTa — 3aBHCella
He TO/bKO OT COCTaBa PAKeTHOH CMeCH, HO H OT KOHCTPYKUHMH, JTOMY BO—
npocy MHoro ynenss pHmManns B,B.Hewaes (1822-1906 rr.), cMeHuBuIHi
KoncTanTunoBa, CxoHyaBumerocs B sHeape 1871 r. B ceasu c u3obpeTeHHEeM
nupokcunuHa B.B.Heuaep paspaboTan NHpOKCHIHHOBYIO pakeTy, KOTopas B
Hayane 1876 r. mcnmiTeiBanace Ha BonkosoMm none B Camxr-IleTep6ypre,
NONMy4H/ia MOMIOXHTENbHYIO OUeHKY ¥ B JabHEHIIEM COBEpPLICHCTBOBAHHE ee
npouspoaunochk Ha HukonaeBckoM paketHoMm 3apome [20]. Hcnerramus pakeT
TaM npouspoaumuch eme B 1865 r, [21]. BrocnencTeuu OHM YacTO BBMOJN-
HSJTUCh TIO NMOPYYEHUIO BOSHHOI'O BENOMCTBA AJS NPOBEPKH MM AOPaboTkKH
Pa3/IMYHLIX H306peTeHHi MM NPe[JIOXCHHE CO CTOPOHBI OT@YeCTBEHHBIX HIlH
MHOCTpaHHEIX crenuanucros (cM. Tabm. 2) [22].

K xonmy X[X B. BCIIEACTBHe OYpHOI'O pa3BUTHS HAPE3HON apTHIUIEpHH HH=—
Tepec X pakeram B Eppone, B ToM uHcne M B Poccum, ynan ¥ B CBA3H C
arum Huxonaescxmit 3asog B 1910 r. 6pl1 3aKpeIT, & BCe pakeTHoe OeJIo Ie-—
penano B llocTkuHCkH# IOPOXOBOH 3aBod, C KoropbmM Hukonmaebckuit Gbun
CBsI3aH ¥ paHee,

B XIX B. npofnemMaM¥ peakTHBHOr'O [BHXCHHS 3&HHMAJIUCh Ha Y KpauHe M
orhenbHple u3obperarenu, Tak, kuepcku#t mmxenep ¢.P.l'emsenn B 1886 r.
H30a KHUT'Y, B KOTOpPOA pacCMOTpeJl NMpUMEeHeHHe PeakTHBHOI'O NMpHHUMIIA Ha
KeIe3HONOpOXXHOM TpaHCnopTe [23], a B 1887 r. obockoBan Ha TOM Xe
NpUHUMIE YCTPOKCTBO JleTaTe/ILHOIO annapata Tskelee Boanyxa [24],

Cnenyer Takxe ynoMsHyTb o H.U.Kubampumye (1853-1881), aBTope cxe-
MBI peakTHBHOT'O jeTaTe/lbHOro anmaparta, a taxke l0,B.Konaparioke (1897-
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1942) u C.Il.Koponese (1907-1966), xoTOpsie BHEC/M SHAUMTENLHBU BKIAX
B DasBUTHe pakeTHOH TexHMkH. OHM PONMIMCH, YUM/MCh M ONpEene/IeHHYIO
4acTb XH3HM paboranyu Ha Y kpamne. OnHakKo Noapo6GHOe pacCMOTpEeHHe X
AeSTeNbHOCTH BLIXOAMT 38 PAMKM A&HHOrO AoKMana.
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T.M. Measkymos (CCCP)

OCHOBHBIE MIIEW B PA3BWMTHU ABHAUMOHHLIX [BUTATEJ/IEN
B [OC/IEBOEHHHIY TIEPHO

Upen B o6nacTi aBHALMOHHBIX I'a30TYpOMHHBIX OBHTaTeNeil MOSBISIACH Y
npuoGpeTany MaTepHalbHBI O6MMK NPaKTHYEeCKM OfHOBPEMEHHO B pspe CTpaH
(CCCP, Asnrnus, T'epmannsa, CIIA,. dpanuus).

1. Bropas Mupoeas BoliHa norpeGoBalla OT BOEHHOH M TPAHCIOPTHON aBH—
alMy¥ 4Ype3BbIYalHBIX yCHmuil; 3TO GBUIO CBA3aHO CO BCE BO3PACTAOLIHM KO-
UYEeCTBOM CAaMOJIETOB ¥ YIIydlleHWeM HX JIeTHO-TEXHMYEeCKMX INokasarenei B
npouecce camoil BoiiHel, B xope BO#HBEI, B YACTHOCTH, NOBHILATACHE MOIIHOCTH
NIOPIIHEBBIX ABUraTeled, KOTopble GbUIM OCHOBHBIM THUIIOM ABHALMOHHBIX [BH—
rarenelt [6]. OnHako BOSHHKNO NMPOTHBOpEYHEe MEXAY BOSMOXHOCTSMH IIOp-
WHEBOr'o ABHraTensd W TpeGoBaHMEeM '3HAUNTEILHOIO YBe/MYeHHS CKOpPOCTH ca-
MomneTra. HyxeH 6bi1 COBEpIEHHO HOBBLIA THI [BHUIaTels, KOTOpBIM Nyuwe Co—
OTBeTCTBOBall OBl TPeGOBAHASIM CKOPOCTHOr'O caMoieTra. TakuM [BAraTelieM
cran rasorypbunnni (FTHO).

2. B 1930 r. emrmuuanuy $. YurTn sanarenrosan cxemy [1] u pan omr—
caHHe ABHAUMOHHOT'O Ia3O0TYpOHHHOT'O PEeakTHBHOI'O [BATATeNs C HCIOIb30Ba-
HMEM LEeHTPOGeXHOro KoMIpeccopa.

IMospuee wmmxeHep A.M. JTioneka (CCCP) BBIABHHYN M OBOCHOBA/ KOH-
CTPYKTHBHYI0 CXeMYy ABYXKOHTYpPHOr'O TypGopeakTHBHOro pgsurarend., B ormu-
yge oT cxemel P, Yurrna, AM, Jlioneka mis cxaTHs BO3[yXa H3Gpalm MHO-
FOCTYNEeHYaTHI OCeBON KOMIpeccop, YTO IS apHauMu ObuIo Gonee mporpec-—
CHBHEIM pelnenneM., Eme BO Bpemsa BTOpo#f MHpOBO# BOMHEI HMOABHIINCH CaMo-—
nets ¢ I'T[, EMeBWHMHE MHOIOCTYNEHYaThIe OCeBhle Komipeccopsl (IOMO-
004, BMB-003); nBHrarein 9THX CaAMOIETOB MMM HH3KHe Mokasaremn [2].

3. [locneBoeHHbI! NepHOA XapakTepuayeTcd GHICTPHIM M LIMPOKAM Dpa3Bh-
THEeM AaBHAUMOHHBEIX I'a30TYPOHHHEIX ABAraTrei]ell H NMPaKTHYECKH NOIHBIM BbI-
TeCHeHWeM IMOpLIHEBLIX' fABATarene,

Hapapy ¢ typ6opeaxtueremvu peurarensmua (TPIl) 6onbuwoe BHEMaHHe
ynensnoch paspaborke TypboeunToBhIX pBurarene# (TBI), xoTopele Noiy-
YUY BeCbMa WHMPOKOe NpHMeHEHHe Ha TPAHCHOPTHHIX M BOEHHO-TPaHCIOPTHHIX
camonetrax. OGpgcHIeTCsS 9TO TeM, uTo TBJl CymecTBEHHO YBENMHYHIM Xpeih-—
cepckyio ckopocTh nomera (mo 600-700 xM/yac) CPABHHTENBHO C MOpLIHE—
eeivu (8300-450 xm/uac). Hammume BOSHyWHOro BHHTA NPUBOMMIIO K yBelHye—
HAIO0 B3neTHOM TarH. llepsrie TBIl MMen# CpaBHATENBHO HEGONBUIYIO MOIIHOCTH
[7]; BMecTe c TeM ypenbHble pacxopsl TOIMBa ObLUM BelHKH. Bonbuag pa-
6ora B psife CTpaH NpHBe/la K YBE/HYEHHI0O MOIHOCTH, K COXPAHEHHIO MOM-
HOCTH [0 HEKOTOpPOH BBICOTHI M K CYIIECTBEHHOMY YMEHBIICHHIO pacxopa TON-
nusa [4]. Opuaxo TBJl obnapann opraHHYeCKMM HENOCTATKOM IIOpIIHEBbIX
ppuMrarene#t, a MMeHHO: pa3BHBasg MOIIHOCTbL Ha Bally BHHTA npﬂhmanoﬁ Be-
nuynHe peaktHBHOH Tar# (oxonmo 10% or Tarm BPI no sany), TBI He mor-
mu ofecneynTh GONBUIYIO AO3BYKOBYIO KpelCepCKylo CKOpPOCTBH IloneTa.,

CrpemileHde TIOBBICUTH 3KOHOMHM4HOCTb TBJl, ocoGeHHO Ha xpelcepckux
pexuMax TnojeTa CaMolIeTOB, [UI YBelWdeHus AAIbHOCTH HIIH IPOAO/DKHTENb—
HOCTH NONeTa B BO3AyXe YyXe Ha Ha4dalbHOM 3Tane CO3[aHMd ra3oTypOHH-
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HBIX OBHrarejell NpUBe/O K NPHMEHEHHIO peredepanyuu Temla; pereHepauus
ToNnyyu/ia OrpaHMyYeHHOe NMpPUMEHeHHe B aBHallMH.

4., Ha TpaHCNOpPTHBIX U BOEHHO-TPAHCIIOPTHBIX AO3BYKOBLIX CaMoleTax B
Hayane 50-X TOAOB CTamu NPUMEHSATHCS ABYXKOHTYpHBIE I'a30TypPOHMHHBIS [BH—
raremu (ATPI), paspafoTka KOTOpBIX OIMpanach Ha omblT cospaxus TP[.
[BYyXKOHTYpHbIE [BHCATEld IO3BOJMIM INOBBLICATHL KPEeHCEepCKYyi0 CKOPOCTBb MOo-
neta camoneTor po 850-950 KM/Hac Ipd YHOBIETBOPHTENBHON SKOHOMHY—
HOCTH. DTOMy CNOCOGCTBOBAN GOMee BLICOKHIl KII OCEBBIX CTyNeHe# NepBo—
'O M BTOpPOI'O KOHTYPOB.

OTP[ He uMeeT peaykTopa M BOS[YWHOI'O BHHTA; B3aMEH 3THX CIIOK-—
HBIX, TSDKeNbIX M poporux ycrpoicrs QTP uMmeeT opHO- wid ABYXCTYyNeH—
yaTelif BEHTHISTOP BO BTOPOM KOHTYpe C BBICOKMM KIIfl.

B sacrogmee Bpema [OTP[l cTaau OCHOBHBIM THIIOM ABHALMOHHBIX ABH—
rareneil pad camoneToB C GONbWZAMA AO3BYKOBBIMH CKOPOCTSIMH. B itocmep-
HHe rofpl cTanu pa3pabartbiarbca ATPI ¢ 6onbwoif CTENEHbIO ABYXKOH—
TypsocTH (m=6-8 u Gonee) [4]. DTo, B CoueTaHu#d C BHICOKMMH CTeleHS—
MU TNOBbIWEHHs faBieHns B komipeccope ([ly pocturaer 25-26) u BEICO-
KMMH TeMllepaTypaMH rasop lepea Typ6unoil (po 1600° K u spuue) [9],
NMPHUBEIO He TOMBKO K YBEJIMYEHHIO B3JIETHOM THArH, HO M CYLWIECTBEHHO yBe-—
JINYHIIO SKOHOMMYHOCTL ABHMrareneil. B onbITHBIX ofpasuax ypaenbHbIl pac—
Xxon TomnupBa Ha B3nere poxopuT no 0,315 kr ma 1 kr taru B yac (TF -
39).

C yBenuyeHHEM B3JIETHOT'O BeCa CAaMOJIETOB POCIH M abCOMIOTHBIE TATH
OTPA. B Hacrosiuee BpeMs MakKCHMaibHad Tara aeurarens RB-211-22
nocruraer 22,7 T, a neurarens [xenepan dnextpuk CF 6-50 - 23,9 t [10,
11]. v :

5. TypbopeakTuBHbIe ABUIaTelHd, KaK yKa3bBaloCh, pa3pabaThIBaliCh C
caMoro Hayaja CO3[aHUd peakTuBHON apnamuu., OpraHu3auus Ipouecca pac—
NMBUIMBaHAS TOIUIMBA, CMEIUeHHe ero C HadalbHBIM BO3AyXOM, obecleyeHHe
MO/IHOTHl CrOpaHus TOIUIMBA, CHYXEHHe CpefHeil TeMiepaTypbl I'a30oB Iepepn
TypOUHOK [0 HeOoGXOAMMOr'o ypOBHd, oGecleyeHHe Gomnbluell paBHOMEPHOCTH
ToNig TeMIlepaTyp ¥ CKOpOCTed Nepep TYpOHMHON — BCe 3TO GbUIO yCIEIHO
AOCTMI'HYTO B pe3ynbTaTe OOnblIONH M LeleyCTpeMIeHHOH paGoThl B psife
cTtpad., TeM He MeHee, panbHellee yMeHbIIEHHE ABIMHOCTU BBIXJIONA, OCO-—
6eHHO Ha pexumax B3NeTa, elle dBIgeTCs NPeAMETOM CEepbEe3HBIX HCClefo-—
BaHuH,

YBennyeHHe THTYM e[MHUYHOI'O ABHUIaTells U NOBBILIEHHEe SKOHOMHYHOCTH
TIOCTOSIHHO GBUTM 3ajauaMu HCClieoBaTellelf ¥ KOHCTPYKTOpoB. OcobeHHo oc—
TPO 3TH 3afayy¥ BCTalIM, KOI'la aPMalldsd Ilepeuyia X CBEpPX3BYKOBBIM CKO—
pocTaM,

Y xe K koHuy 40-XIroO0B CTA/IO SICHO, YTO OQHOH M3 INIABHBIX NPOG/IEM, CBfi—
3aHHBIX C NOBBILUEHUEM CKOPOCTH TMONeTa, SBIAeTCS yBeIMYeHHe YASbHON 10—
60BO# TArM ABHTaTels, T.e. TS'H, OTHECEHHOH K 1 Munens. Y BellmdeHue
YAenbHOl 1060BOM TarH Tpe6GOoBaIo NpU 3aNaHHOM pacxofe BO3AyXa yepe3 ABH—
raTeib yMeHBIUEHUS pa3MepoB BXOAHOT'O YCTpPOHCTBa, KOMIpeccopa, KaMe-—
pa cropaHus, TYpOHHEI, BBLIXOHOr'O ycTpoiicTea M dopcaxHo# xamepel. Eme
B Iepuon BO¥MHBEL B ['epMmanum paspabaTbiBamuch QopcaxHble Kamepbl, B KO-
TOpPHIX 33 TYpPOMHON CXHIaloCh TOIUIMBO, Gnaropaps GonblIOMY H3OBITKY KHC—
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opopa TMoCie OCHOBHEIX Kamep, YTO NO3BONSUIO NMOBBICATH TSy ABUraTens
Ha 20-25% TNpM yBenMueHMH yRenbHOro pacxopa tomgsa ¢ 1,1-1,2 (na 6ec-
dopcaxnom pexume) mo 1,9-2,0 Xr Ha 1 Xr TArH B yac Ha JO3BYKOBBIX ABH—
rareisx Ha creHfe. TeopeTHueCKHe MCCIIE[OBaHHMSA IOKa3bIBAIM, YTO C yBe-—
/IMYeHHeM CKOPOCTH NOjeTa, OCOGEHHO Ha CBEpPX3BYKOBBIX CKOPOCTSX, IpHMe—
HeHHe dopcaxa CTAHOBHTCS Golee BBIMOAHBIM, YTO OOBSICHACTCS YBEIMYCHH—
eM Nepellafa AaBlleHHd B CoIUle IpH yBenuuyeHun uucia M momera. B coepe-
MEHHBIX CBEPX3BYKOBBIX CaMolleTax BC/IeACTBHe Golee COBEpIIEHHOI'O Cropa-—
HHS TOIUIMBA M- 6GO/lee BBICOKHX TeMilepaTyp bopcaxHble KaMephl yBeldyHBa—
0T Tary peurarens Ha 50-60%.

Hesasucumo ot ucnonb3obanust Gopcaxa, 3afaya yBelIHYeHHS YAENBHOM
71060BOit TSTH Tpe6oBajsla yMeHbIIEHHS MMAENIS BCEeX IEeMEHTOB usura'renﬂ
IIpH 3aaHHOM pacxofie BO3AyXa,

B pesynbrare B coBpeMeHHBIX cBepx3pykopeix TPI® ypensnas moGopas
Tara pocrmraer 11,5 m/M (meurarens GE 4/15P) [8] Bmecto 1,6-2,5 T B
paurnx HeMenxux TP c oceBmM komnpeccopom [2, 71.

ABcomoTHag MakCHMajbHas Tara B NepBeix obpasuax TPl cocrasasana
900 kr u MeHbwe, B To Bpemsa Kak cospemenHeii TP GE4 s 6ectopcax-
HOM BapMaHTe pa3pHBaeT Tary 18 T,

6. Tlepexon Ha CBepX3BYKOBbIe CKODOCTH NO/IeTa NOTpeGoBasl CO3AaHAS
CHeHATBHBIX PETry/IHPYEeMEBIX BXO[HEIX YCTPOHCTB C ONTHMANILHOM CHCTEeMOil
cxaTus, coorperctayomell uncny M momera, m ¢ perymmpoekoit pacxopa Bo3-
ayxXa Ha pa3lHYHEIX pexHMax Tak, yToGbl pacxof BO3[AyX&a, NPOTeKaomero
yepe3 BXOAHOE YCTPOMCTBO, TOYHO COOTBETCTBOB&I TpeGyeMoMy Mjid ABHIa—
Tells pacXofy BO3[yXa Ha 9THX pexHMax. DTa 3aflaya norpeGopaia nepexo—
fla K CBEPX3BYKOBLIM DErylHPYeMBIM BXOAHBIM YCTPOHCTBAM C BHEIUHHM HIIK
CMelIaHHBIM CXaTHeM Bo3ayxa [3].

BaxHoe 3Hauenue npuobpemmu M BhIXOAHBIE ycTpoiicTBa., [leperie TP ume-
¥ IpOCTOe CyXalomeecs COIUIO, B JIyylleM Cllyyae CHaGXEHHOe CleluabHOM
NIeNeCTKOBO¥ KOHCTpyKuMe# [yis M3MEHeHMs pa3Mepa BHIXOHOr'0 cedenusd, B
pe3y/nbTaTe TEOPEeTHYECKHX M SKCIIepEMEHTA&IbHBIX HCCIIeOBaHuil Gpuid pas—
paboTaHbl CHEUHAILHBIE 9XKEKTOpHbBIe pery/lMpyeMble BhIXOfHEIE YCTpPOMCTBA C
MaibiM KOS(QdUUEEHTOM 2XeKUMH, a Takxe BHIXOfHbIE YCTPOMCTBA C LEHTpalb—
HEIM TeJIOM,

7. OpHolt M3 BecbMa BaXHBIX 3afay CO3[AaHHS COBPEMEHHBIX ABHraTenei
CBEPX3BYKOBBIX CaMOJIETOB SIBIISVIOCH COIVIACOBaHME PacXOfa BO3[yXa H Ipo-—
NYKTOB CrOpaHHs yepe3 BCE S/IEMEHTHI [BATATENsl HAa BCEX DeXHMax Hole-
Ta ¥ Ha BCeX uHcCilax o6opoToB TypbGokommpeccopa. UMerHO aT0 morpe6o-
BaJI0 pery/lMpoBaHud, INpexpae BCEro, BXOAHOI'O M BBIXOJHOT'O yCTPOHCTB.

C camoro Hayasa CO3paTel ra3O0TYpPOMHHBIX ABHraTeled CTONKHYIHCH C
OYeHb Cepbe3HOi mnpobieMoli — npobnemMolt HeycToHuyupOd paGoTel ABUraTens
(“momnax”), B pesynbTare uero B JyylleM ClyYae QBHCaTelb BLIK/OYANCH,
a yame BCEro - pa3pyWalIuCh JIONaTKU TYpOGUHEI, Pelenne aToit npobiemsl
norpe6opano riyGOKMX M MHOI'OJIETHHX HCCIIe[loBaHMi B pape cTpaHd, YcTpa-
HeHJe NOMIaxa AOCTHraNoCh YCTAHOBKOH NOCie ONpefeleHHbIX CTyNeHel
cneusanpHblx 1eHT (opHOH, ABYX), KOTOpHIE aBTOMATHYECKH Ha ONpepeNeHHbIX
pexyMax OTKPHIBJIM OTBEPCTHS M NepeNnyCKaiM U3OBITOYHOE KOMMYECTBO BO3—
gyxa MHEMO IOCHIeAyIOUMX CTyNeHei,

[pyro# MeTof, nonyydBUMit NPaKTHYECKOe NpUMEHeHHe B KoHue 40-x u
Hayane 50-x ropop, 3aK/OYaICs B pa3fe/leHMH MHOI'OCTYNEeHYaTroro KomMripec-—
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copa Ha MBa Kackapa, Kaxpabl#i K3 KOTOPBIX MMell MeHbllee 4HCIIO CTyTeHei,
MEHBIIYI0 CTYINeHb NOBHILUEHHS AAaBIeHHd U TPUBOAWICS BO BpalleHue Cpoed
TYpOGHHOI,

Haubontee abdhexKTUBHEIM METOAOM perylMpOBaHHs KOMIpeccopa SBiseTcd
NOBOPOT HANpPABISIOWMKX M PaBGoyYHX JIONaTOK COOTBETCTBEHHO PEXUMY pabo-
Thbl [IBUT'ATENs Tak, 4yToOBl BCErga MMeTb GeccpblBHOE OGTEeKaHHWe JONAaTOK
IIOTOKOM BO3ayXa. B aBnanuOHHBIX KOHCTPYKUHMSX OrDAHHYMBAIOTCS NOBOPO-—
TOM HAaNpaBIgIoWMX JIONATOK pffa CTyNeHell cTaTopa X 3TO yxe NPHBOAMT K
omyTHMbIM peadyibTatam [12]. [lepBble ONBITHI C TOBOPOTHBIMH JIOTATKaMH
HaNpaBISIOMMX AalllapaToB SKCIePUMEHTAIbHOIO KOMIPEeCCopa OTHOCATCH K
koHy 40-x ropoe. B 3aBHCHMOCTHM OT KOHCTPYKUHH H XapPakTEpHCTHK KOM-—
Ipeccopa peryaupyloTCs TONbKO HaNpapisioliie anmnapaThbl NepBhIX CTyTeHel
UM OfHOBPEMEHHO INepBbIX U Hocnepsux cryneHed, [lpu Gombumx uncnax M
nonera (M =2, 5-38,0) B opHOBa/bHON KOHCTPYKUMM Hanbonmbumi adhekT mo-
XeT GbITb NOIy4YeH INpH pPery/IdpOBaHMM BCeX HaNpaBIIOUNAX AallapaTos,

Eme B mepuop BTOpO# MuMpOBOI BOMHBI B I'epManuu, a mocne BOWHBI H B
ppyrux crpasax (Awrmus, CCCP, CIUA) Bennch HCCIeAOBaHHS BbICOKOHa—
NOpHLIX ¥ CBEpPX3BYKOBBIX CTyNeHell kommpeccopa. OCHOBHaS Lelb — YMEHb—
LIeHHE YHUCIa CTYNEHell KoMNpeccopa H, CllefoBaTeNbHO, BeCa M [UIMHBI ABH—
rarens, KoMIipeccopsl C gO3SBYKOBBIMH CTYNEHAMH OKa3alUChb IO BeCy W pas-—
MepaM B LIeIOM He XyXe, a IO YCTONYHBOCTH, TEXHOIOT'HMYHOCTH M CTOMMOC—
TH Jyylle KOMIIPECCOPOB CO CBEpPX3BYKOBBIMU CTYNEHAMH, XOTS 9Ta Ipobie—
Ma eme He IOAYyYywia OHO3HAYHOI'O DELIEHHS, TAK KaK YBEeIHYeHHEe CTeleHH
NMOBLIUEHHUS [aB/IeHUs B xoxvmpeccope TpeGyeT HEKOTOPOr'O MOBBLILEHHS Ha-
TIOPHOCTH CTyNeHei,

8. B nocnepnue rope! B psafe CTpaH NOSBWIACL Ta&K HASLIBAEMEBIE MO-
AynbHbIE KOHCTPYKUMM ABMrareneit, 3TO — BaXHbI B 3KCIUIyaTalWOHHOM OT—
HOUIEHHH BOIPOC — pa3paboTka KOHCTPYKLMH, NOSBOMSIOWAX NPOBOMTEL pas—
B6OpKy ¥ OCMOTp OTHENBbHBIX yanos (mopynei) pBuUraTend 6es momHoil pas-
Gopku peuratens u 6es crema ero ¢ camonera [13, 14]. dTor npmauMn
NMPOEKTHPOBAHHS [BUrAaTeNs SBIFGeTCHd BeCbMa INepCHeKTHBHEIM,

9. PasBuTHe aBHAUMOHHBIX PEAKTUBHLIX ABUraTeledl NPUBENIO K yBeluye-
HHUIO [UIMHBI pa3fera caMoieTa Ha B3/IeTe M [UIMHbI Npo6era IpH Iocapke,

~ 9To moTpeGoBanoO yBeNMYEHHS Pa3MEpPOB ad9POAPOMOB M YBEIHYEHHS MX CTO—

nmocTH, OOHMM M3 TepBHIX paweHuil, HaNpaBleHH! X HA YMeHbLEHHEe [UIMHBL
npobera, 6bUIO TNPHMEHEHHEe peBepca TSTH.

Haubonee papukanbHBIM pelICHHEM SBISETCS CO3[aHHE MOAbEeMHO-Map-
WeBbIX M NMOABEMHBIX TypGOpeaKTHBHBIX ABMrareneil, B mopvemuo-Mmapiesom
ABHTaTelle BHIXOAHOE COIUIO fAelaeTCs NOBOPOTHBIM TaK, 4YTO NpH B3NeTe M
IpH ToCapKe caMojleTa Tsr'a HalpaBlseTCs BEepTHKAIBLHO BBepX MM TOM He-
GOonbIKM YIVIOM K BepTukanmu, Ecnu Tara peurarenedl npespluaeT Bec ca-
MoleTa, TOCHEe[HAN MOXEeT B3JIeTaTh W COBEpWATH [OCAAKY BEPTHKAaNbHO,
Ecmu cuna Taru peurarteneit He Gonblle Beca CamoileTa, TO NMOBOPOT Bbl-
XOMHOI'O YCTONMCTBA NIO3BOIMT 3aMETHO COKPATUTH (YKOPOTHTB) [IMHY pad-—
fera u mocapku, DTH cCaMoOJeTH MOMYyuwIH oBoaHauenne CB/YBII¥,

CB/YBII - caMmoiieTsl BepTHKAIBHOIO MM YKOPOYEHHOT'O B3JeTa M NOCA[KH,
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[nsa ofecneveHnss BEPTHKAIBLHOrO B3JETA M IOCAfKM CaAMONETOB B Teye—
uue mocnepuux 10-12 neT cospaBanuck ClienHanbHble NONBEMHLIE PEaKTHB-
HBl€ [BHTATENM; OHM BHINONHSIOTCH OAHO— M AYXKOHTYpHbIMU, [1aBHag oco-
GeHHOCTB HX - JIeTKoCTb KoMcTpykuui (po 0,05 xr Beca/Kr TarM M MeHblue)
{16, 18]. 3T0 pocruraercsa wMPOKHM NPHMEHEHHeM /IETKHX CHHTeTHYECKHX
MaTepHA/IOB, & TaKXe CHWXeHueM rpebGopanuit X pecypcy. IlopbemMHble ABH~
raTeny CoYeTalTCd C MaplieBbIMH PEaKTHBHBLIMM [BMTATEIAMH, 4YTO HO3BO—
NIeT CAMONIeTY HMETh HeOOXOmMMYI0 CKOPOCTb M MAaHEeBpeHHOCTb. [lpumeHe-
HHe TOABeMHEIX OBHrareneil TpeSyeT cClelMalbHBEIX Mep [ YCTORYABOCTH
B3NeTa, NONETa H NMOCAAKH CAMOJeT&a, & TaKXe [IS YMEHLLIEHHS CONpPOTHB—
JIeHRS TpH TOPR3OHTANLHOM monete [15],

10, 3apaua TMOBHILIEHHS NATBHOCTH M 30GEKTHBHOCTH CaMOIETOB BhHIABH—
reet TpeSopaHye pas3paboTKH H NpAMEHEHHs BBICOKOK&IIOPHMHBIX TOIUIHE.
BmecTe ¢ TeM, OXNaxpaeHHE TOPSYMX S/IEeMeHTOB CH/IOBHIX YCTAHOBOK CBSSBI-
BaeTCHd C HCNOML3OBAHHEM TOIUIHB, OGMANAOMIX BO3MOXHO 60Nee BHICOKHM
xnapopecypcom [17]. 3a mocnepuue rogm B psAfge CTPaH HCCIEAYIOTCH A Be—
OyTCH SKCTepUMeHTAaNbHele paBoThl MO NPUMEHEHWI0 B ABATraTeNsX XHUAKOro
MeTaHa ¥ XMJKOTO BOROpOAA,

11. CoBpeMeHEbIE Ty’pﬁopeaxmsnme ABHraTen o0eCHeqMBAaloT AOCTHXE-
HMe CKOpOCTH TNojleTa, onpepensemMoll umciioMm M~3, [anvHellmee ypenuuenne
CKOpOCTH TonieTa TpeSyeT HCNONbL3OBAHUS HOBEIX Hpelt. Takolt sengeTcs upes
CO3MaENS KOMOMHUDOBAHHHIX pABUrarenell — rypGopakeTHHIX, TypbonpsaMoToy-
HEIX, PaKeTHO-TIPAMOTOYHBbIX ABUraTenel M Apyrux Gonee CNOXHBIX CHCTEM,
KoMmGuHupoBaHHas cy.-TeMa TO3BOIFeT Ha B3JIeTe W CKOPOCTHX HoneTa Ao
M~ 3 pocrionb3oBaTBECA HaHBOIee SKOHOMUYHEIMH, HO NO3BONSIOMUMA GhICTpee
[OCTHTHYTb HYXHOH CKOPOCTH M BBICOTH, paKeTHbIMH peurarensmu. [lo poc-
THXEHHH GONbWOH CKOPOCTH B KOMOHHMPOBAHHOM CHCTeMe HauMHaeT paboTaTb
NpSMOTOUNEI BOSAYWHO-PeaxTupHbl meurarens (MBPA). C nomomsio NTIBPI
Ha cospeMexHbix Towtksax gng TP Moryr 6bith noayuns! yncina M monmera
5-6. Ha Bopopope NpH CBEepX3BYKOBOM TOpeHMH B CIelHanbHOl KOHCTPYKIHK
MBPL moryT 6HiTL NOCTATHYTH uwucia M momera 20-24 [6].
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F.I. Ordway (USA)

THE HISTQRY, EVOLUTION, AND BENEFITS
OF THE SPACE STATION CONCEPT
(IN THE UNITED STATES AND WESTERN EUROPE)

The tragic ending of the otherwise highly successful
Salut/Soyuz 11 experiment underteken during a 24~day period
last June, and significant progress in the development end
construction of the American Skylsb orbital workshop and so-
lar telescope mount followed by nearly a century the first
known proposal for what today we term a space station. Pre-
sented in the form of a novella by the American writer Edward
Everett Hale, it appeared in 1869 and 1870 as a four-part se=~
rial in the Atlantic Monthly Eggazinej (The story unfoided in

the November and December 1869 issues, with no clue as to its
author. Nor did he reveal himself in the final installment
in February of the following year. But when it ceme time for

the Atlantic Monthly's editor to publish the tsble of con-

tents for the entire year 1870, the writer's name, Edward
Everett Hale (US clergymen and suthor of the famed short
story "A Man Without a Country"), was made known). The tale
wes entitied "The Brick Moon", and dealt with a 61-meter dia-
meter station orbiting the Earth at a distance of 6,500 kilo-
meters. Primarily constructed to serve as an aid to ocean na-

vigation, it was to "...forever revolve ... the blessing of’



all seamen...". (Hale's idea occurred almost two centuries
after the appearance of Sir Isaac Newton's theoretical exple-
netion that, given sufficient velocity and proper aim, a body
would enter into orbit around the Earth. I am indebted to
Jesco von Puttkamer for pointing out that Jules Veme intro-
duced this éoncept in his book The Five Hundred Millions of
the Begum published shortly after Hale's story (1879). "A pro-
jéctile, animated with an initial speed twenty times supe-
rior to the actual speed, being ten thousand yards to the se-
cond, can never fall! This movement, combined with terres-
trisl sttraction, destines it to revolve perpetually round
our globe.”" In Kurd Lasswitz' Auf zwei flaneten (1897) an
"outside station" is introduced, set up by the Martians ome
Earth radius above the North Pole. This statioh is not in
orbit, however; it is stationary,'heid up by en antigravity
field. In neither case is a true orbitihg space station invol-
ved: Verne offered a satellite-projectile but no station,
whereas Lasswitz proposed a station, but it was not made to
orbit the Eéfth.) Wrote the author: I have no objection now
to telling the whole story. The subscribers, of course, hsve
a2 right to know what became of their money. The astronomers
may as well known all about it, before they announce any more
asteroids with an enormous movement in declinastion. And expe-
rimenters on the longitude may as well know, so that they may
act advisedly in attempting snother brick ﬁpon or in refusing

to do so. )
Hale thought that once his Brick Moon had "cleared the

forty or fifty miles of visible atmosphere," it would en-
counter little resistance, end would continue on in orbit
forever. It was launched successfully, but prematurely, with
construction workers end their families aboard.

Now let it fal}... Let it fall, and the sooner the bet-

ter! The curve it is now on will forever clear the world ...
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will forever revolve, in its obedient orbit, the Brick Noon,
the blessing of all sesme, - as constant in all change as its
older sister has been fickle, and the second cynosure of sll
lovers upon the waves, and of 8ll girls left behind them.
Hermann Oberth, in his pioneering book Die Rskete zu

2, and in the expanded Wege zur Rsumschif-

den Planetenrdumen
29555,3 suggested that orbitsl vehicles would be useful as
communications links end refueling stations for spaceships
and-for observing the Easrth snd monitoring weather patterns.
He wrote that if one were to place rockets "...around the
Earth in a circle they will behave like & smell moon. Such
rockets no longer need to be. designed for landing. Contact
between them and the Earth csn be maintained by mesns of
smaller rockets so that the large ones ... can be rebuilt

in orbit the better to suit their purpose, If the continuing
state of apparent weightlessness should have undesirable
consequences, which, however, I doubt, one could connect two
such rockets by wire ropes a few kilometers long end mske
them rotate around each other." In4 he further expeanded his

ideas.

Other suggestions for Farth orbiting stations were made
in 1928, by Basron Guido von Pirquet in the journal Die Rskete
and in Ley's Die Moglichkeit der Weltraumfahrt? and Hermann

Noordung (an alias for an Austrien Imperial Army Captain na-

med Potocnik), author of the book Das Problem der Befahrung
des Weltraums.6 Von Pirquet proposed thest three stations be
established, one in & 100-minute orbit to observe the Earth
below, one in a 150-minute elliptical orbit intersecting both
the orbit of the lower station and thst of e third, outer
station which was to be placed in a 200-minute orbit to serve
as s leunch platform for interplanetsary spsceships. Noordung,
in & more detailed study, offered s three-element station

consisting of the "Wohnrad" crew module, & power generating



module end an observatory. The "Wohnrad" weas shaped like &
deughnut, had a 15-meter radius, and wss designed to rotate
around a central hub to create artificlial gravity on the per-3

imeter. The station was to be placed in a 24-hour orbit which -

Noordung felt would facilitete observation of the Earth with
the powerful optical equipment he planned for the station.

Noordung's suggestions for what today we would call an
Earth resources space station, hsve a surprisingly modern rirg
From his observatory in space, he p;r:edicted it ... would be
possible to perceivev optical signals sent from the Earth by
the simplest means, thus keeping exploring expeditions in
touch with their native lands at &ll times. Unexplored lands
could be investigated, their terrsin determined, general con~
clusions reached sbout their populsation and their accessibi-
lity. Valueble preliminary work therefore could be done for
expeditions planned, and even photographic detail mapé could
be furnished for new lends to be visited.

This indicates thset cartogrephy would rest on an abso=
lutely new besis; for by means of telephotography not only
could entire countries and even continents be mapped from the
observatory (a taesk requiring otherwise many yesrs and corres-
ponding emounts of money), but also deteil maps on any scale
could be made, not surpassed in exactness even by the most
scientific work of surveyors and meppers. i‘o the latter
would remain only the task of putting jh contours. Above all,
the still little-known regions of the earth, such as Centrel
Africa, Tibet, Northern Siberia, the Polar regions, etc.,
could be mapped very exactly without much trouble,

Furthermore, important seiling routes could be kept un=
der observation (et leest by day, cloud conditions permitting)
to be able to warn the shi}ps in time sabout dangers such as
flosting icebergs, approaching storms, etc., or to snnounce

immedietely shipwrei:ks which had already teken plece.
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Since, from the observatory, the cloud movements of more
than a third of the Earth can be seen at one time, while
cosmic observations not possible from the Earth can be under-
taken at the same time, entirely new bases for weather pre-
dication might result.

By no means of least importsnce, is the strategic va-
lue of such possibilities of distant observation. Spread out
like the map of a war game, there would lie before the eyes
of the observer in the spatial stestion the entire battle-
field and its approaches. Even with most careful avoiding of
any movement by day the enemy would hardly succeed in hiding
his plans from such "Argus eyes."

Since the suggestions of Oberth, Von Pirquet, and Noor-
dung for observation and scientific stations in space, there
have been numerous other proposals. J.D.Bernal,in his The

World, the Flesh and the Devil,7 looked to the day when man

would build permanent homes in space:

At first space navigators, snd then scientists whose
observations would be best conducted outside the earth, and
then finally those who for any reason were dissatisfied with
earthly conditions would come to inhsbit (extraterrestrial)
bases, Even with our present primitive knowledge we can plen
out such a celeatial ststion in considerable detail.

The shape of Bernal's station was spherical snd its size
was 15 kilometers or so in diameter! He did not plan on pro-
viding artificial gravity to the structure, predicting "thete
is no reason to suppose that we would nof ultimately adjust
ourselves (to weightlessness)." He preferred to establish &
number of stations in orbit around the Sun, from where they
could conduct observations of the inner Solar Sysfem.

From 1930 until after World War II, few other originél
space station ideas were forthcoming as attention was in-

creasingly focused first on the development of rocket engi-



nes and lster on military guided ballistic espnd serodynamic
missiles. Then, in 1949, H.,E.Ross published an article on his
proposed large, rotsting station to be used for meteorologi-
cal end sstronomical research studies or zero~gravity end
high vacuum physics, cosmic and solsr rsdistion investige-

tions, and communications.8

Two years later, Wernher von Bra-
un designed a 61-meter, wheel-shaped station in & 1,760-kilo-
meter high orbit primarily for use as an Esrth observation
platform.9 He wrote that... A person observing the earth
from up there would have a unique view of cloud formation on
earth, particularly above the oceans. This offers novel pos-
sibilities for weatﬁer forecasting. By using high-powered te~
lescopes, you may observe ships crossing the oceans and you
may flash iceberg warnings to endangered ships. And, believe
it or not, magnificetion factors could be used that would
ensble you to see people moving around on the easrth's sur—
face. This is because the atmospheric disturbances, when look-
ing from outer space through the earth's atmosphere, are
much less serious than those affecting sstronomical observa-
tions from telescopes mounted on the bottom of the atmosphe=-
ric shell. If we turn such a satellite telescope to the outer
reaches of the universe, the planets and the stars, we shall
£ind observation conditions which no terrestrial observatory
could equsl.

In the same year, Heinz Hermenn KGlle presented his "Aus-
senstation" concept, consisting of a ring made up of 36 sphe=-
res, nearly 5 meters in dismeter, connected to a central hub

by eight supporting tubes, four with elevator shafts.1o

Thq
station would house up to 65 scientists and engineers and
would weight 150 metric tops. Among its purposes would be
westher observation, forecesting, and control; physical re~

search on the behaviour of solids, liquids and geses in space;
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1. inflatable space station cesign oi tae late 1ys50's zwuad
one man ‘'bottle suits" conceived by Wernher von oraun

for servicing anc otaer activities. Courtesy C.C.daawe.

biological studies of plents under zero and low-gravity con-
ditions; navigaetional aid; Earth observstion; communications
relay; and intermediste assembly, refueling, and navigational
station for lunar and planetary exploration creaft.

By the late 1940s, and into the mid 1950 decade, man
began to think both in terms of larger manned space stations,
and minimal-size unmanned satellites. In 1952, for exsmple,
von Braun's original 61-meter-dismeter wheel station was up

to almost 330 meters11’12

and in 1955 Krafft A.Ehricke pub-
1:’Lshed/13 a detailed anslysis of the uses of space ststions
in his "Analysis of Orbitsl Systems". His station consisted
of a central hub and two extensions housing working snd li-
ving qusrters. One third Earth gravity wss achieved by rote-
ting the ststion st 2.185 rpm. Darrell C.Romick then intro-

duced his bkleteor design - a QOO—meter long, 350-meter-die-



2. Solar-powered space station used for astronautical obser-
vations, communications, relay activities in connection
with.deep space missions, etc. Coucept developed'by
The Martin Cowmpany in the late 1950's, witn tubular cente?
section serving as laboratory and the wheel-disc housing

the crew. Courtesy Arfor Picture Archives.

meter cylindrical termingl attached to a wheel 460 meters in
diameter and over 12 meters thick.14 At the same time, how-
ever, it had become clear that much research could be under-
taken in space in small spacecraft without man sboard -- at-
mospheric sounding rocketry and spectacular advances in re-
mote telemetry had demonstrated that. Moreover, large car—
rier rockets capable of orbiting space ststion elements were
still meny years in the future. Accordingly, in 1949 E,Bur—
gess published an article on "The Establishment and Use of
Artificiel Satellites",qs and in 1951, K.W.Gatland, A.M.
Kunesch end A.E.Dixon in Englend presented a study entitled
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"Minimum Satellite Vehicles" at the Second International Con-
gress on Astronautics in I;oruloxl."16 Two yesrs later, at the
fourth congress, the American physicist S.Fred 3inger offered
his small MOUSE satellite, an acronym derived from Minimum
Orbital Unmanned Satellite, Experdable (later, he changed this
word to Earth)1? Weighing but 45 kilograms, it was to cerry i)
instrumentation to measure solar cosmic radistions and mag-
netic fields in space. Singer concluded his proposel with the
sage observation that in order to progress, one ... must be
ready to justify a project even if the setellite is very
small and minimal. Only in this way can we make use of the
opportunities which the next few years may offer for such a
project. If we can plen for this minimum satellite, the
MOUSE, we may be launching it sooner than we now think pos-
sible.

Interest in small satellites continued. In 1954, W. von
Braun prepared a report on "A Minimum Satellite Vehicle Based
on Components Availeble from the Missile Development of the
Army Ordnance Corps";** and, in August 1955, H.E.Canney and
F.I.Ordﬁaj presented a long survey on "The Uses of Artifi-

cial Satellite Vehicle" to the Sixth Internstional Congress

on Astronautics meeting in Copenhagen, Denmark.18

They em—
Phasized that "...scientific knowledge can be given a tremen-
dous impetus following the establishment of even a small, un-
manned satellite, and that lifetimes are such as to justify
the existence of close orbit minimum vehicles." These and

other proposals in the Soviet Union led to Russia's Sputnik I,

* Classified studies had been made‘even eerlier. In 1946,
the Rand Corporation of Santa Monica, Califormis, publi-
shed a report entitled "Preliminary Design of an Experi-
mental World-Circling Spaceship".

** Internal Army report.
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5. Space station 5,000 miles high according to a 1958 Aerojet—
General design, with nuclear Mars-bound rocket lower left.

Courtvesy Arfor Picture Archives.

launched on 4 October 1957, and America's Explorer I satel-
lite orbited in early 1958. Since the early Sputniks, Explo-
rers, and Vangusrds, spectaculsr progress with instrumented
unmenned satellites has permitted many observational function
to be undertasken from space.

Despite the successes of unmanned satellites, space
station studies continued. In 1960, at & symposium devoted
entirely to space stations in Los Angelea,19 a temporary but
reslistic trend began towards studies of small and_interme-
diste size space stations, and such less imposing nsmes as

orbital laboratories and later orbital workshops evolved.
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4. A 50-inch orbiting space

station/telescope according
to a 1959 design developed by former Army Ballistic

liissile Agency. Courtesy Arfor Picture Archives.

Typical of the new approach was the Stoiko-Kayten-Dorsey
MSOL, a Manned Scientific Orbital Laboratory whose four to
six man crew was to rotete, or be resupplied every three or
four weeks by rendezvous vehicles. (A small, self-contained
reentry craft was carried on board the MSOL to return the
crew to Earth.) The aufhors divided the studies to be made
geophysical, chemical and physical, biological, and medicel
and human factors. It was one of many efforts that led to
the now defunct Air Force Manﬁ;d Orbital Laboratory, or MOL,
program, which was placed in full development in August 1965
only to be cancelled in June 1969, after falling two years
behind schedule,
In 1963, NASA envisioned a similar space laboratory end
asked industry to propose configurations capable of sustsin-

ing a four-man crew up to one year in space, with crew rota-
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tion occurring every 90 days. The Douslaé Aircraft and Boe=-
ing companies were selected to provide preliminsry designs.
Concepts grew from a four to a six-man Manned Orbiteal Space
Station (MOSS) to a 24 to 36-man Lerge Orbital Research La=
boratory (LORL). An intermediste step was the MORL (Manned
Orbital Research Leaborastory) with a six to nine-man crew and
a8 useful lifetime of at least five yesars. Its two, indepen-
dently pressurized compartments would be connected by an air—
look. The larger compertment would contain (1) a control
deck from which most of the experiments would be comducted,
(2) en internal centrifuge, snd (3) flight crew querters.
The smaller compartment would be s hangar test srea for
cargo transfer, logistics, spaceci*aft meaintensnce, etc. Still
another concept was proposed by Lockheed. Known as the Mul-
tipurpose Space Station, it consisted of three modules, a
hangar, and a zero—-gravity.laboratory. By rotating the en—
tire structure at 4 rpm, & 0.4 g gravity sensation would be
felt at the end of the arms. The MSS was designed for 36
men, Design work by thése and other companies snd by NASA
itself continued into the mid and late 1960s. Typical stu-
dies are summarized in Table I.

In 1967, NASA contracted with the Planning Research
Corporétion for a study of the economic benefits end impli-
cations of space stetion operations with emphsasis onr such
"Earth-oriented" sareas as nstursl resources, meteorology,
sgriculture, forestry, oceanography, and fisheries. The study
was coordinated with meny agenc;es of the US government, ran-
ging from the Department of Agriculture to the US Navy Ocea—
nographic Project. In 1968, a three-volume report was publi=-
shed., '

It is observed thet even though Earth orbital require-

- ments are fsirly firmly qstablished, 8 variety of space sta=-

tion configurstions, weights, and internal arrangements can
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5. Stellab space station with large solar array. Concept
developed in late 1950's by Chanee Vought. Courtesy

Arfor Picture Archives.

result. From the mid 1960s an interesting cycle occurred:
in 1966, nine-man stations were investigsted; by mid 1968,
the number of men was reduced to three. Then, in the early su
autumn of 1969, attention was focused on & 12-man integral '
station. This was followed, beginning in 1970, by smaller,
modular elements which could be attached to a core station or
could orbit by themselves in a "free-~flying" mode. General
surveys of space statioﬁs, their utility and their history
through the 1960s can be found in such works 3320 through.3o
Reference31 contains a three-page list of key sources for in-
dustrial studies of the space station designs listed in
Table I and other concepts. Other sources are’? through.34
NASA-sponsored space station studies being carried out

in the 1970s evolved from two basic investigations undertaken

104



-6. An “"all-in-one" space station being readied for launch,
according to Army Ballistic Missile Agency concept of

early 1960. Courtesy Arfor Ficture Archives.

in 1968, one the Saturn 5 Workshop Study and the other the
Intermediate Orbital Workshop Study. These, in turn, evolved
from investigations conducted between 1963 and 1967 by indus-
try, as noted in the bibliography. As a result of studies
made through 1968, NASA decided to teke into account a numé
ber of basic considerations in planning for its future space

stations:
(1) insure flexibility by providing for modulsr growth,

including replaecement of modules and use of docked and free-
flying modules,
(2) make the crew large enough to insure diversity of

talents,
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(3) provide adequate work space and support facilities,
including equipment for repair and modification, comfortsble
crew quarters, and automated house-keeping,

(4) sepsrste the experiment program development and sche:
dule from those of the station itself,

(5) plan for a long lifetime station in order not only
to emortize the investment but to provide for substantial
advances in science and technology from orbital operstions,

(e provide for multidisciplinary activities in orbit,

(7) plan for meximum in-orbit capebilities, reducing to
the extent possible ground operationsl costs,

(8) insure reliable, cost-effective, eand frequent Earth-
to-orbit supporf (shuttle).

Today, we find that four major fectors are pacing the
American approach to space stations: commonality requirements,
the availebility of money, Karth-to-orbit delivery systen,
and, of course, experience derived from the interium Skylab
orbital workshop - often caslled an embrionic space station.
Commonality simply means designing core and other modular
elements so that they can perform alternste missions. As
Huber and Cramblitt have pointed out, "...decoupling the expe-
riment program from the space station, and modularity within
the space station configuration itself (permitting growth as
funding allows) appears to be the essential key to the defi-
nition of 2 program with the inherent flexibility to accom—
modate funding varisbles."

Recent Americen space station plans hsve been besed in
part on the Saturn 5 carrier, specifically the Int-21 two-
stage derivetive., It could handle a 10-meter dismeter psy-
load weighing up to 85,000 kilograms inserted into a 455-
kilometer, 55-degree inclination orbit, or 87,000 kilograms
to a QBO-kilometer, 20-degree inclination orbit. Several 10-

meter diemeter baseline space station designs are based on
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7. Close-up view of the crew quarters and laboratories in

the 1960 ABMA design. Courtesy Arfor Picture Archives.

this capability; they would sustain twelve men, asnd would

be operstional for s decsde. During 1970, two major contrac-
tual studies for Saturn Inf-21 leunched stastions were complet-
ed, one by North Americsn Rockwell and one bj McDonnel Doug—
las. They dealt with the physical configuration, selection
and sizing of subsystems, and definitions of how scientific
and abplications experiments would be undertaken,

Housing a crew of twelve, the integral space station’
would have reserve sufficient to last for 180 dsgys within
which time it would have to be replenished by space shuttle
flight. Both crew and cargo would be trsnsported in a module
carried by a shuttle; the same vehicle would bring down from
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orbit returning crews, dsts accumulsted during the course of
space station research, and wastes. Seven dockinz ports
would be provided. .

The core module would be the basic element of the inte-
grel space ststion, consisting of an external 10-meter-die-
meter cylinder, en internal tunnel~forming cylinder % meters
in diameter, and s toroidal closure st each end. According
to one design, the core module would be divided into two sec—-
tions connected by a skirt and tunnel sectidn, an outer me-
teoroid bumper ‘end radistion shell, etc. Fach section would
be divided into two decks containing general purpose lebores—
tories and operstions and crew quarters, as shown in the illu
strations. Enhanced safety and opportunity to conduct repsirs
result from having two sepsrste, pressurized sections con~-
nected by & common tunnel. Life support snd comntrol facili-
ties would be incorporated in both sections so as to permit
the speace ststion mission to continue should one section have
to be evacuated. Kach section has two escape routes through
the tunnel snd through an sirlock. Hatches sre large enough
to permit pressure-suited crewmen to psss through without
difficulty.

All experiments associsted with the space station will
not necesssrily be conducted in it. Implicit in the design
concept of the integrgl station is the existence of "free-
flying"” experiment modules, which from time to time would
return to the ststion for servicing. Typicsl space station
designs have been prepared showing‘I docked free-flying at-
tached,2 permanently attached experiment modules, and5 docked
crew and cargo modules left by & space shuttle,

A significant change in space station design philosophy
occurred as the practicability of the reussble launch vehicle
began to teke shape. First referred to as the serospaceplsane

and the winged booster, the term gpace shuttle is now in vogue

108



8. Another ABNA space laboratory of the period. Courtesy

Arfor Picture Archives.

In the United States, the National Aeronsautics and Space Admi-
nistration has funded several Phase A feasibility studies of
the concept and two Phase B preliminary design and definition
efforts. The Phase A work is being undertaken by a Grumman
and Boeing team, by Chrusler, amd by Lockheed. The Grummaq{
Boeing teem is looking at two concepts - - (1) a two-stage
shuttle in which the orbiter stage carries its hydrogen fuel
in externsl "drop" tanks, end (2) a two-stasge shuttle with
hydrogen carried internelly. Chrysler is studying the SERV
single-stagé Earth orbital reusable vehicle concept, while
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v. A larger “space viliiage" with joined crew and ovacr

mocvules (see inset). Courtesy arfor Picture Archives.

Lockheed is concentrating on & stsge-and-a-half design with
the reusable orbiter stsge incorporating two large drop tanks.

Phase B Shuttle design snd definition studies have given
rise to winged orbiter and booster vehicles which are laun—
ched vertically and lsnd horizontally. The McDonnell Douglas
design consists of a booster with a highly swept, high wing
mounted to the rear. Overall booster length is 82.5 meters
and maximum span 50.5 meters. The North American Rockwell/
General Dynamics booster has a delta—shaped wing attached at
the bottom of the aft fuselage. Booster length is 82 meters,
span 43,7 meters. Orbiter dimensions for the McDonnell Dou-
glas design sre: 53 meters (length) and 32.6 meters (span).
The weights of the two designs for the easterly 28.5 degree
inclinetibn mission are listed in Table II.

Both designs will require 12 high-pressure booster and
2 orbiter rocket engines operating on liquid oxygen and 1li-
quid hydrogen rated at 249,500 kilograms of thrust at sea

110


http://moauJ.es

10. By the late 1960's,
Marshall Space Flight
Center engineers and
contractors had come
up with the long-dura
tion space station de
sign.

Courtesy NaASA-MSFC.

level. Space shuttle main engine Phase B studies are being

made by three NASA contractors: Aerojet-General, North Ame-
rican Rockwell's Rocketdyne Division, and Pratt & Whitney's
Florida Reseasrch and Development Center in accordasnce with

the specificstions listed in Table III.

The orbiter stage will be fitted additionelly with two
or three orbit maneuvering engines with a total thrust of
13,600 kilograms plus 29-31 attitude control propulsion sys-
tem engines possessing vacuum thrusts between 725 and 950
kilograms. From 16 to 30 of these engines will also carried
by the booster stage.

Both contractor Phase B designs incorporate ten augment-—
ed turbogan sirbreathing engines for the booster. A cross- .

range capability* of 2,000 kilometers is assumed. Some of

* Disteance orbiter can fly to right or left of nominal bal-
listic reentry trajectory.
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the specified design capabilities of the space shuttle are
seen in Table IV.

By late 1970, space shuttle design studies had reached

the point that it became feasible to consider the craft as
the carrier of an alternate type of space ststion - or rather
of individual modules which, once in orbit, would be assemb-

led into a moduler space station. Such a station offers in-

herent flexibility: modules would be orbited as needed, de-
tached and pleced in the "free-flying" mode if desired,
and even returned to Earth for refurbishment. When attached,
the modules would utilize space stetion subsystems for pri-
mary power and so on; but, when free-flying, they must rely
on their own subsystems. Studies are being undertaken to de-
termine how many shuttle launches will be necessary to estsb-
lish a modular station housing six astronauts, end whet ef-
fort would be needed to expand the habitability to twelve.
The modular space station would consist of (1) core mo-
dules for crew housing and life support functions snd (2) re-
search and application modules —-- so-called RAMs —-- conteain-
ing the lesborestory facilities., These RAMs would be operated
(and powered) from the core modules. Typical free-flying re=-
search and application modules would conduct astronomical
and karth resources experiments which require a high degree oi
of stability and pointing accuracy ss well as freedom from
contaminetion thst may exist in the neighbourhood of a space
station. Typical designs include a cross-—arranged modular
station proposed by NASA's Marshell Space Flight Center, and
an alternate configuration preferred by the Manned Space-
craft Center in which all experiment modules are readily ac-
cessible from the centrsl modules. Still another concept calle
for a central, 6.6-meter diameter core module orbited by a

Saturn 5 (Int 21) to which shutte~launched eiperiment modules
would be attsched.
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11. Take caption from rear. Courtesy NASa.

According to present designs, it is extimated that 17
flights would be necessary to create a modular station with a
capebility equel to that of the 12~man integrsl station. A
distinct adventage of the modular approach is the possibi-
1lity of réturning individual modules to Earth via space
shuttle for repair,refurbishment, modification, and improve-
ment. A majop drawback, however, is the necessity to estab-
lish interface connections with each module ss far &s envi-
ronmental, power and data menegement subsystems are concerned.

Meny benefits will result from space station resesrch in
such principal areas as astronomy, physics, chemistry, Earth
observations, communicstions and navigsetion, materials scie-
nce and manufacturing, technology, life sciences, an¢ edu-
cetion, To conduct these experiments, the following crew

skills will be required:

Biologicsl Technician Opticsl Scientist
¥icrobiological Technician Meteorologist
1265 8
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12. Take caption irom rear. Courtesy NASA.

Biochemist

Physiologist
Astronomer/Astrophysicist
Physicist

Nuclear Physicist

Photo Technician/Cartographer
Thermodynamicist

Electronic Engineer
Mechanical Engineer
Electromechanical Technician
Medical Doctor

Optical Technician

Microwave Specialist
Oceanographer
Physicel Geologist
Photo Geologist
Behavioral Scientist
Chemical Technician
Metallurgist
Material Scientist
Physical Chemist
LAgronomist

Geographer

Among the specific areas of estronomical investiga-

tion envisioned for & space ststion are:

(1) advanced stellar astronomy: imprbved observation

of steller objects, and build-up of experience thsat can be

applied to & possible netional astronomy spsce observatory
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13. Various modules docxed to the main space station or
orbiting in a Ifree-ilying mode. Courtesy NASA.

a) karth resource module.

b) Biology module.

c) Aastronomy module.

d) ledical behavioral measurement module.

(2) X-ray stellar astronomy: identification and locstion -
of soft X-ray sources (1 to 100 angstrom spectrsl range); un-
derstanding of mechanisms responsible for X-rays; study of
amount and distribution of energy associsted with X-ray sources;
and determinstion of angular size of X-ray sources

(3) advenced solar astronomy: continuity of observations;
study of solar grenuler structure and incipient flare activity;
monitoring of coronal activity; acquisition of daste on "man-
optimization" of solar observations from space; and development
of techniques to lead to & long-life solar infprmation acquisi-

tion facility
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(4) ultraviolet observations: wide-field surveys to yield
UV maps and UV luminasity distribution of celestial sphere;
and narrow-field survey of spectral images of galactic emis-
sions, star clusters, planetsry nebulae

(5) high-energy stellar astronomy: simultsneous messure-
ments of flux, direction, spectral distribution, and polarize-
tion of individusl sources; anguler dimension, intensity and
location of selected X-ray and gamma-ray sources

(6) infrared astronomy: distribution amnd location of IR
sources; determination of their brightnesses; correlation chesr-
acteristics of IR spectra compared with X-ray spectra; study
of cool stars, protostars, galactic objects, galactic center,
extragalactic sources, quasistellar objects, and Seyfort gala-
xies.

As for physics,” a number of laboratories have been proposed
In a space physics research laboratory, for exemple, experiments

would be conducted on atmospheric and magnetospheric sciences,



ometary physics, snd meteoroid science ~ the letter concen-
trating.on the study of tresjectories, mass, velocity, and com~
position. In & plasma physics and environmentsl perturbstion
leborstory, studies would be conducted of such phenomena es
plesma wakes around orbital bodies and electron and ion beam
propagation. Other leboratories would desl with cosmic ray
physics and basic physics and chemistry, the latter taking ad-
vantage of the unique conditions of space to conduct experiments
in the aress noted in Table V.

Experiments to be conducted in an Earth observations fa-
cility include defining the Esrth's geometry, surface charscte-
ristics, and dynesmic body properties; stud&ing the physics of
the atmosphere, westher forecasting, and the basis for weather
modificetion and control; and managing Earth resources and the
environment. The goals of a communicestions/navigation research
facility are to serve international requirements for communice-
tions between ground, ocean, airborne end space terminals, and
to improve ground, ocesn, air and spesce vehicle nevigation end
traffic control.

Space stations will be ideslly suited to advence studies of
materisl science and manufacturing in the space environment,
with the aim of defining prospects for processing materiels and
products in space, hopefully leading to commercislly feasible
enterprises, Individuel experiments in five sreas are proposed:
metallurgical processes; crystal growth; gless processes; bio-
logicel processes; and physicel processes in fluids.

Meny other studies can be conducted in spacé stations,
renging from the light~scattering effects of external contaminats
on optical sensors to methods of assembling large structures in
spece., The life sciences will by no means be neglected; and, e
nunber of facilities and activities have been proposed including
basic medical research, vertebrate research, plant resesrch,

cells end tissue research, invertebrate research, end men-sys-
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14. Module space station. Courtesy NASA.

tem integration. Teking a single example, the proposed program
for the vertebrate research facility includes:

(1) understanding role of gravity in life process, and ce-
pability of living orgzganisms to adspt to grsvitation changes

(2) understanding role of time in biology, including ef-
fects of time-varying environmental psremeters on biologicel
rhythms and aging

(3) determination of how to utilize space science and
technology to advance medicine, biology, public.health, agri -
culture, and space explorstion itself. It is even considered
feasible to develop weightless—adapted strains of animals to
aid in the study of adaptive processes.

As for education, it is hoped thet direct broadcests from
space stations into many school systems can be arranged, pre-
ceded and followed by preparatory and aﬁalytical support pro-
grams, These would include explenstory lectures with films,

filmstrips, slides, models, and the like,



15. Modular space station witb-Space shuttle orbital stage
atiacred. (PM - Po.er Mowute; CM — Crew Mocdulce; Ralk I -
Earth Ougervacion; RaM II - Astronomy; GPL - Generul rur-

vose Lab; and LM - Logistic Module). Courtesy NASA - MSFC.

100 KW. NUCLEAR
POWER PLANT

<SUB-SYSTEMS

16, DU-mun spuce gtation anticipated for the 1900's. Courtesy

NaSA-iuwodC.,
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17. The Skylab orbital laboratory and other clustered ele-

ments. Courtesy NASA.

References35 through38 cover typical US space station pro-
gram activities in the 1970s. Space station indices asre svailsble
through NASA listing all documents aveilable in the Space Sta=-
tion. Repository. Useful year—by—yeér summaries are found in such
sources 3859. A recent review of the Skyleb embrionic space

station program is found in40w
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TABLE |

U. S. SPACE STATICN STUDIES IN THE 1960 DECADE

.__“___.‘.__.._

Years of Nominal Inclination, | Crew | Diameter | Length, | Weight, | Figurs
Desigaatiod Study Altitude, km dag Size r m Ky &) I Ident. N,
\
Manned Oib’tu! Resecich Laburatory] 1963~ 300 50 6=9: 6.6 13.4 14.5 1
(MoRt) 1966 )
Large Orbircl Recearch i.chorstory 1964 480 29.5 | 24-3410 (hub) 37.5 | 107 2
(LORL) 3 (spokes
Apollo Extension Systers 1964~ Multi- Multi- 39| 464 | 2.6 11,7 gob 3
Multi-purpose Missile Module 1965 orbit inclinction module) -+
; 2.5 (rack
subsystens)
Manned Five -yecr Space Staricn 1966 370 50-90 2 "
v 500 28.5 921 6.6 27.4 | 54.2 4
£7=ih Orblting Space Statica (EOSS) 1965 480 50-70 91 6.6 38.4 75 5
(elements)
Bagic Subsystoms Modula (8SM) 1967 480 70 6-91 4,64 31 22,63 6
I




x4}

TABLE I (Cont'd)

Years of

Norninal

) Inclination, | Crew | Diameter,] Length, ; Weight, I Figure i
Designation Study Altitude, km deg Size m m Kg (k) j_ident. Nc. i
Early Orbital Space Station 1967 480 50 36 6.6 2.4 | 68 7
- )
i
Satum 5 Single-launch Space Sration 1967 480 50 8 6.6 23.2 75 g
(Common Madule) ‘
Satum 5 Single-lcbm:h Space Station 1967 480 50-65 é 10 15.25 75 9
Satum 5 (8-2) Workshop 1958 500 50 3-6 6.6 24 .4 91 10
Intermediate Space Station 1968 500 50 3 4.57 15.2 ! 28.1 11
Threa-man Litormediate Orbitai Workshiop; 1968 500 50 3 6.6 13.4 27.1 12
Six-man Intcrmediate Orbite. Workshop | 1968 500 50 6-9 6.5 2x13.4 | 56.5 13 |
(Cluster Buildup) i
Six-man Intermediate Orbital Woikshon 1968 500 50 b 6.6 5.9 ! 3% 14
. . {
1]
B-O Orbital Workskop = Minimur: Module i l
Corcept ' 1968 430 50 31 6.6 1 288 ! 2.4 15 i
i f i
MDAC Integral 1969 5C0 50 J 12 110 [ 15.9 > 55 Separcts '
! i




TASLE 1l

WLIGHTS OF TWO SHUTTLE DESIGNS

Gross Weicht, Kilugrams

Booster, Kilogram:

Norih American

MeDoonell Rockwell/General
Doualas _ Dyncmics _
2,103,000 2,274,000

1,714,000 1,879,000

Orbiter, Kilograms 390,000 375,000
TABLE 10

SHUTTLE ENGINE SPECIFICATICNS

Beoster thrusi, sea level, kilograins

Booster thrust, vacuum, kilograms

249,500 * 4,500

274,000 ¥ 4,500

Orbiter thrust, vacuum, l;ilogroms 286,000 = 4,500
Booster spzcific impulse, sea leval, seconds 400 ¥ 3
Booster specific impulse, vacuum, seconds 439 T 3
Urbiter spacific irpulse, vacuuin, scconds 539 * 3

Engine power levels
Nominal
Minimura
Emergency™

100% thrust i
50% thrust
109% thrust

Gimbal capobiiity (from cngine centerline)

Boostor
Orbiter

1+

11 deg
8 deg

TABLE 1V

TARGET DESIGN CAPARILITIES OF SPACE SHUTTLE

Poyload:

Size of Caigo Boy:

MinTmus Nusber of Tlighis:

Landing Constraints:

124

30,000 kilograms into custeriy 23.5
decg inclinaticn, 185-kilometer cibit
18,000 kilogroras into polar orbit at
185-kilometer altitede

11,500 kilogrems into @ 500-kiloincter
erbii inclined ot 55 deg (space station
resupply refcrence o1bir)

18.3 mzters lang, 4.57 neters in
diometer )

00

3,05C--mzter standa: d runveay
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Addenda

The contributions of the German rocket development group at Peenemirde
to the development of the space station concept is not well docu..)menfed. Never-
theless, it is known that Wemher von Braun and members of his scientific and
engineering team looked into the feasibility of one day establishing a large sta-
tion in orbit around the Earth. Robert B. Staver, a key figure in American sci-
entific and technical exploitation efforts conducted in Germany during 1945,
prepared a report on "The Liquid Jet-Propulsion Program of the German Ord-
nance Department" on- 17 December 1945. In this typewritten, unpublished
repori, he wrote that the "German scientists and engineers responsible for the
rocket developments ... speculated over ... future possibilities ... They know
as well as anyone else who has seriously studied the general aspects of the field
of jet-propulsion, that men will some day travel in and out of the earth’s atmos-
phere at will, that artificial satellites will be constructed in space circling about
the earth to be used as scientific laboratories and as departure stations for travel
into outer space, and that travel from these stations fo i-'he moon will be a simple
matter utilizing much less energy than w.os required fo reach the space station
from the earth's surface. As already mentioned, the first object of constructing
such a station would be for purposes of scientific observation and study. Thej

possibility has been suggested thot a large reflector might be built in space to

focus the sun's rays on the earth to light up cities at night and possibly for
power generating purposes, The latter appears difficult as the image of the
sun reflected on the earth by a mirror in space con be of no smaller diameter
than (0.00934) r, 'r' being the distarice of the mirror from the earth's surface.
At one radius.disrance, the minimum diameter of the image would be approxi-
mately 37.4 miles, This presents no impossibility for the long- range future of

perhaps 100~200 years though its utility for power derivation may be very low
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with the probable advent of abundant nuclear energy sources. However, such
reflectors might find use for purposes of weather control, to divert the course
of a hurricane or possibly to bring moisture to areas that need it. Also, such

a reflector might find military application. In sum|;119r, a square meter of the
earth's surface normal to the sun receives about 12-1/2 - 14 thousand calories
per minute, or 1--1/4 horsepower. If this were doubled by the use of a space
reflector of about 37-1/2 miles diameter, a city like Washingfon or Detroit
could certainly become unbearable.

"The early space stations would probably take a form ...[of] a wheel
of 50 meters diameter which, if revolving at 38 revolutions per minute, would
exert a normal centrifugal acceleration on the occupants equivalent to that of
gravity. The design is such that the outer extremities of the wheel hub remain
stationary, only the wheel, its spoke, and central section of the hub revolving.
A reflecting type power plant is located on one hub extremity. The black ball
is the steam generator while the condenser is a black radiating irregular surface

below the ball, its sunny side being shaded by a reflector. The ball would tend

to reach a temperature of over 200°C while the radiating condenser surface
would tend to reach a temperature of about -200 to -250°C. On the opposite
side of the hub is attached a sphere which can, through a magnetic grip, rotate
in any direction to permit celestial and terrestrial observation. There would be
no apparent gravity in this sphere. When locked in normal position, this sphere
might also serve to receive rocket craft.

"The air and water conditioning plant is a most important part of this
station. Some liquid oxygen could be brought in by rocket which might be the
best solution to maintaining the proper oxygen supply. One cubic foot of liquid
oxygen can supply sufficient oxygen for 4,500 cubic feet of normal air. The
carbon dioxide and water vapor would be brought back through the centrifugal

floor ventilator to the air conditioner where the water would be liquefied and
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the cc‘xr!uon dioxide made to liberate its oxygen or frozen to be discarded. All
refuse would be dehydrated, the dchydrate being purifiecd for recoasumption.
The economy of the system must be as sclfsufficient os possible. The first
space stations will probably be made out of sections of rockets themselves, the
persons going up in one rocket retumning in a second. This method would pro-
vide the greatest economy for tronsport of materiols. As the space stations
increased in size they would develop their own gravity, clthough it would be
extremely small compared to that of the earth. Yer it would influence all

bodies in.their immediaie system.

. "The final purpose of this station would bz to serve as a departure point
for outer spacce travel ... one seces that if one leaves from a space station located
at only two diameters above the earih, one only needs to achieve a velociiy
relative to this station of 5% of the equivalent velocity needed. to reach this
station from the earth, to find himself flying out into space. This incremenial
velocity would be less than 1800 ft/sec. This serves to illustrate that after one
once attains a usable space station, very little energy is needed, relatively
spzaking, to go to the moon which is located about 60 radii from the earth,
or only 12 times as far out as our assumed space station. If one should accelerate
away from the space station so as to quickly reach a velocity (which viould be
less than the critical velocity) and direction which would determine an orbit
passing near the moon, on completion of the orbit one would find himself back
at his starting point where if he decelerated equally in direction and amouat to
his previoﬁs acceleration, he would find himself in the immediate vicinity of
the space staiion and rotating at the saume speed. This would require exact
timing so as to intercept the space station in its orbii. Retum to the station
from there would be an easy matier. If one's calculations were sufficiently
exact, he could pass within a few miles of the moon's surface as no atmosphere

is known o eist on this body."
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B. Orlows ki (Poland)

SOME REGULARITIES AND ANALOGIES IN THE SOCIAL RECEPTION
OF PIONEERING TECHNICAL ACHIEVEMENTS

(EXEMPLIFIED BY THE BEGINNINGS OF 18TH CENTURY AERONAUTICS
AND OF THE PRESENT DAY SPACE PENETRATION)

The influence of the application of technological inven-
tions (of new tools and production methods) on the economy
and on the material culture of societies is commonly known
and reéognized, and its major examples in history are rela-
tively well described. On the other hand, much less attention
has been paid to the impact of some pioneering technological
accomplishments on social consciousness and culture.

It seems that the scope and intensity of the social res-
ponse to a technological accomplishment is not always propor-
tional to the practical significgnce of the latter. In this
respect, it is important how "attractive" or "effective" che
accomplishment appears to be. Accordingly, some technological
achievements stir up the imagination of virtually all the
people, although their practical utility is relatively small
(at least in the first phase). One can risk remarking that,
in this aspect, the question of economic usefulness is of
secondar& importance.

From the point of view of disclosing certain regulari-
ties in thié process it is interesting that there are far-
-reaching and probably noncontingent analogies between the
whole body of events connected with the first steps into the
air that mankind had made toward the end of the 18th century
and the events and trends evoked by the first steps into
space that are being witnessed at present.

For the historian of civilization both achievements are
similar to each other, of course if the obvious differences

in the technological possibilities of the two epochs are dis-
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re;arded. Both are natural, successive stages of overcoming
the gravitation force. Each of them marks an essential quali-
tative transition in the conquest of nature by mankind - an
extension of man's penetration to a new, previously inacces-
sible sphere. There are even some analogies in the implementa-
tion of both programs:

- flights with man on board were preceded by flights with
experimental animals, .

- the new opportunities were made use of to check the
existing scientific theories,

- diverse direct scientific observations of the new en-
vironment were made,

- physiélogical examinations of the effect of a change
of conditions on the functioning of living organisms, espe-
cially on the human organism, were carried oute.

Furthermore, each accomplishment opened new technologi-
cal possibilities which were hardly expected before. History
has shown that, although the balloons had rendered remarkable
services in different fields and still continue to find new
applications, they actually failed to fulfili the expectations
of aur 18th-century ancestors. Today it is difficult to fo-
resee to what extent the penetration of space will fulfill
ours.

The analogies and similarities are still more conspicuous
in the social reception of both accomplishments. Notwithstan:
ding, the essential differences between the society of the end
of the 18th century and the contemporary one, the respective
responses evoked were similar to each other.

Among the features common to the two complex achievements,
the following seem to be the most specific:

- an ubiquitous interest,

~ an ubiquitous emotional commitment,
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- the elevation of the importance of science and techno-
logy in social consciousness,

- a specific feeling of satisfaction with this new enor-
mous victory of man over the forces of nature,

L an at least temporary surge of feeling of belonging
to a supra-national community of "citizens of the world",

~ an at leas? transitory revival of the previously depre-

cated "faith in man",

- a vivid response in the mass communication media,

- a response in literature and art,

- attempted speculations on the possibilities of furthex
developments and future applications of practical importance.

Thus, the social response evoked was vivid, profound,
and many-sided., Both accomplishments no doubt, belong to the
most attractive ones, both arouse fantastically the stron-
gest imagination. It is not without some importance that the
problems of aeronautics and space penetration had fascinated
men long before any practical possibilities of their imple-
mentation emerged. What was at stake in both cases was the
materialization of man's "eternal dreams", which had preji—
ously found their reflection in popular fancies and occasio-

nally in modern science fiction. It is noteworthy that the

implementation of those dreams had been estimated by many
(even eminent) people as entirely impossible. .

The group of problems discussed here involves also the
question of the attitude and behaviour of people who for the
first time faced an invention unkmown to them, as,for example,
very differentiated reactions of the poorly educated country
men to the appearance of balloons.

The social phenomena accompanying the first attempts and
flights with balloons were similar, but not identical, in dif-

ferent countries infected with the "ballooning frenzy" toward
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the end of the 18th century. A mere list of tihe countries ta-
king part in the undertaking then and now is interesting. 14
confirms the well-known historical changes in the importance
and possibilities of different countries. Relatively well-
-known are the events that took place in France, and partly
also in England, whére main work on the improvement of balloons
and the developing of aeronautics and the related investigations
were being done. Much less is known about the course of these
events in the less active countries. Research in this domain
may yield many interesting contributions.

This is attested by the interesting results obtained in
studies of that syndrome of events in 18th century Poland.
It has become evident that the Polish attempts by no means
limited themselves to imitating the French examples. Among
the numerous trials of balloon flights, special mention is
deserved by the experiments made at Cracow by a group of pro-
fessors of the university. The Cracow scientists employed
strictly scientific methods of preparation and experimenting
and the related observation connected with the latter. They
also published a detailed report on their most important ex=-
perimént that hed been mede on 1st April 1784.1It is remar—
kable that one of them, the outstanding scientist and philo-
sopher Jen Sniadecki, slready et thet time snticipasted a con-
siderable development of meteorology with the use of ballooning.
Unfortunately, the Commission for Netional Education (which,
incidentally, was the first ministry of education in the world)
refused to mske further allowances for experiments with bslloons
and urged the scientists to "concentrete primarily on the im-
iediate needs snd benefits of our country leaving to thise coun-
tries that are richer and better satisfied in their fundamen-
tal needs the perfection of those experiments, which hitherto
seem to satisfy only our curiosity and which require consi-
derable expenditures..." 2
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This decision seems to have been right in view of the
difficult situation of the stste which was then in its period
of decline.

An outstanding place among the originel Polish achieve-
ments in ballooning is occupied by the eminent physicist,
Father Jozef Osinski whose book "The Construction of lionsieur
Montgolfier's Flying Machine" (Robota machiny powietrznej Pans
liontgolfier) appeared in Wersaw in 1784. In its first part the
author explains the principles of designing end constructing
of balloons and appends examples of calculations, whereas the
second part presents the author's own interesting though of
course unreal project of & metal vacuum aerostat,.

Another idea seems worth mentioning. Although rather naive,
it is a good illustration of the scope of the "ballooning fren-
zy" in Poland at that time. The court poet and chemberlain
- of king Stanislaw August, Stanislaw Trembecki, suggested in
. 1795 to steer balloons by means of an iron plate fastened to
its basket and a big magnet put forward by the seronauts on
a long stick in the desired direction.3

Besides, we may 8lso mention & series of articles entitled
"Medical remarks concerning the sir globe" (Lekerskie uwagi o
napowietrznej Bani) published in 1784 in one of the journals
of Lvov by doctor Nepomucen A,Hermenn, He warns the seronsuts
against the danger of "poisonous eir, electric etmosphere and
swift change of air". For reasons of heslth he also argues
ageinst filling the bslloons with hydrogen. Thus he becomes, in
8 sense, a precursor of the now current complaints about the
pollution of eir in result of men's technologicsl activities.
Among other things, the writes: "that the thin elast;c air used
most frequwntly to f£ill in the sir globes sppesred to be ex
acide sslicis or else vitrioli dissolved tin. The viciousness,

the poisonous and suffoceting effects of thet sir need no proof.,
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Now please observe how this may be hexrmful not only to those
busying themselves with it but slso to the whole country -
or even the whole country, if the mechines conteining 50, or
100000 or millions of cubic feet of such eir should clesr out,
But people want to se; st lesst ome at 2ll costs, slthough even
a single one may be harmful,..." 4

I think thst elready from these £w exemples, rather
unknown to the wider publié, it is evident that the collec~
tion and comparison of this type of meteriels from different
countries may be a subject of interesting studies. Perhaps it
should be useful to orgenize an internstionel resesrch team
under the suspices of ICCHTEC or one of the UNESCO sgencies
for this purpose especlially since & possible publiceation of
the results of such studies, illustirated by exsmples of inter—
esting fragments of 18th~-century texts and by original drawings
should presumably be relevant celebrestion of the 200th enni-
versary of the invention of bglloons and the first aeronsu-~
tic flights which will be commemorsted in & nesr future - in
1983, Since it is necessary to cerry out extensive coordinsted
fundemental research in different countries, this date does not
seem to be too remote, Besides, it may be surmised that studies
on that complex of phenomena seen from a perspective of two cen-
turies will enable us to see more clesrly the anslogues, more

complicated processes taking place at present,

Note

1. Opisanie znakomitego doswiaczenia z Bania, powietrzny, czy-
nionego w Krakowie I kwietnia 1784, Krakow, 1784; cf. "na-
gazyn Warszawski', 1784, t.I, cz. II, s.392-411.

2. Archivum uvniversytetu Jagelloﬁskiego w Krakowie, rkps.4,

s. %25 (Protokdl Obrad Szkoly Gléwney Koronmey, 1780-1%05).
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3. Trembecki, St., Pisma wszystkie, t.II, Warsz., 195%, s.119-
129.
4, liermann, N.A., Lekarskie uwagi o napowietrznej Bani. -

"Lwowskie Pismo Uwiadamiace, Lwcfw, 1778, nr.8-12, 15.

I0.A. lTo6eponocues, U.A. Mepxynos (CCCP)

TBOPYECKUM BKJIAL 10.B. KOHOPATIOKA
B TEOPUI0 KOCMHYECKHUX TIOJIETOB

IOpuit Bacunweeuu Konppatiox (1897-1942) mpunamiexuaT k uMcCTy Tex
yueHsix, xoTroprle Bcien 3a K.3. LIHOMKOBCKMM HauyanM pPa3’BHBATH TEOPHIO
KOCMHYECKHX TNOVIETOB.

Ceon TeopeTHueCKHe HCCleoBaHHsl B obnacTH xocMmoHapTuxku 10.B. Kon-
ppaTiok Hayan B 1916 r, ¥ B Hawame 1917 r. Hamucan HepByl0 PYKONHCH, B
KOTOpo# Obul paH BHIBOA POpMYMIBI TMONeTa paxkeThl, PACCMOTPEHb! BOIPOCH
ycTpoiicTBa KOCMHYECKOro Kopabiid, YyCIOBHSI MeXIUIAHEeTHBIX IOlIeTOB, CO3—
[aHHS TPOMEXYTOYHBIX 6a3, BIMSHHS aTMochepbl HA [BMXEHHS KOCMHMYECKMX
annapaToB ¥ psSn APYTHX. '

OTa pyKomHMCh HOCH/IA XapakTep JMYHBIX. 3amdcel M, BUMMO, He Tpep-
Ha3Hayalach [ omybnukosaHus. B nocnepyiomme roaet 10.B. KonppaTtiok
pacCUIMpHI ¥ [ONOIHWI PYKONMCh, OTPEfaKTHpOBal ee, IIOArOTOBWI K Neya—
TH M CHabpun mnpepMcioBHeM, osarviapuB ee “Tem, xTo 6ypeT uHTaTh, YTO-
651 cTpouTh”. 3Ty pabory yueHbl# 3akoHuwn B 1919 r. Opmuako B Te ropsl
TpyR KonppaTioka He 6ru1 M3paH. Brneperle oH 6vin omyGmukoBaH B 1964 r,
B cOopHuke “Ilmoneprl pakeTHo#t Texuuku” {1].

lpoponxasi paGorars Hap TeopHeit KocMuuyeckux noneroB, 10.B. Kon-
ppaTiok Hamucan B 1920 r. HOBBIA, TpeTHii BapHaHT CBOero Tpyaa, HasBaB
ero “3aBoeBaHue MeXIUIQHETHBIX NPOCTPAHCTB”., DTOT TPYA YueHbl B Te-
YyoHMe NOC/IeAYIOWMX YeThIpeX JIeT pa3BUBal M NepepabaThiBas, 3aKOHYHB
pabory Hap HuM B 1924 r.

B 1925 r. 10.B. KoHpgpaTiok NMOAroTOBHI K NeyaTd 4YeTBEpThI BapHaHT
cpoell paGoThl ¥ HanpaBus ero Ha or3eie nmpopeccopy B.Il. Berumnkuay, op-
HOMY M3 Onmxaiumx yyenumkoB H.E. XKykoBckoro, urpasumemMy B Te I'Ofbl Cy—
WEeCTBEHHYI0 PONMb B IpollaraHfe MAei KOCMOHABTHKH,

Beruunkun B Hayame 1926 r. pam BecbMa NONOXHTENbHBIA OT3HIB H pe-
KOMEH[IOBaJl KHUT'Y K M3jaHMio. 3areM BeTuMHKMH oTpepaxkTpoBan Tpya Kom-
fpaTioka M Hamucal K HeMy IpepuciioBde, faTHpoBaHHoe 1927 ropom.

B npemucnobur BeruuHkEH mwcan, yro Tpyp KoHppaTioka “...HeCOMHEHHO
npeacTapnseT Hanbonee NMOMHOE KCCIEfOBAHHE NO MeXIUIGHEeTHHIM ITyTelecT-
BUSM U3 BCeX NUCAaBLUIAXCS B PYCCKOH H MHOCTPaHHOH JHTepaType RO Nocief-
Hero BpemeHH”. [laee B IpefMC/IOBHM I'OBOPWIOCH, 4TO B KHHMre KonppaTio—
Xa “...oCBemweHbl C HCyepnblBaiomel IOMHOTON BCe BONPOCH], 3ATPOHYTHIC H
B [IDYIMX COYHHEHMAX, M, KpOMe TOro, pa3pelleH pPSf HOBBIX BONPOCOB NEpBO-
CTeNeHHOH BaXHOCTH, O KOTOpHIX ApyrdAe aBTOpH He ynomuHaoT” [2,crp.8].
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Tpyn 10.B. Konppartioka “3apoeBaHue MeXIUIQHETHBIX NMPOCTPAHCTB” C Npe-
mucnoenem B.II. Berunnkuna 6eu1 u3pad camum aBTopoM B T'. HoBocuGupcke
B 1929 r. [2]. Tospuee, B 1947 r., yxe nocie cMmeptu KoHppaTioka, ero
Tpyn 6ei1 mepeuspan B Mockse [3]. B 1964 r. Axapemus Hayk CCCP sximo-
4Mma TPYA YYEHOro ”“3aBoeBaHHe MEXIUIAHETHBIX NMPOCTPAHCTB” B YHCIO H3—
GpaHHEIX TPYAOB IMHOHEPOB pakeTHOH Texuuku [4]. B mpepucrmosuu K aToMy
cBopuuxy ero pepaxtop nmpod. T.M. Menbkymos, Tak xe kak u npod, B.II. Ber-
YHHKMH, OTMeyaeT pS OpUTMHANBLHBIX upe#, BeigBHHYTHIX 10.B. KoHppaTiokom:
"B uacrtHoctd, 10.B. Konppariok mimer o6 HCHONIB3OBAHMYM M3TYyHEHHS MaTe-—
pMaNbHEIX yacTHu (HaIpuMep, o —yaCTHU) /I8 ABWXEHHS KOCMMYECKO# pa-
KeTbl, 0 “IBYOCHOM acTaTH4YeCKOM XHPOCKOIe” [jig ynpas/leHHs IONETOM, O
LIaXMATHOM pacCTONIOXEHMH POPCYHOK I'OpIOYEro M OKHC/IATENs, YTO HUCIONb3y-
eTcd B HacTosllee BpeMs B XHAKOCTHOpakeTHbIXx apurarendx. OH u3naraer
NPMHUMI TPOCTEeHIero MHTerparopa Mg y4eTa CKOPOCTH annapaTa Wid KO-
MMyecTBa M3PaCXOOBAHHOI'O M OCTAaBLIErOCH TOIUIMBA, BechbMa HHTepeCHOH
gaBisgeTcd upes ofeclieyeHus BO3BpATA allapara Ha 3eMmo IMyTeM OXJIaxfae-—
HHS CHapsfa HIH MCTIONL30BAaHMA CIIOMCTHIX pacxofyemsix (c6paceiBaeMbix )
MOKPBLITHA C TeIUIOBOH H3onduvel KOHCTPYKLMH, a Takxe ufaed HCIONbL3OBAHHS
TaM, rpe He TpeGyeTCs 3HAYMTENbHOIO YCKODEHHMs, COMHeYHOH SHEepru# B -
MEXIVIaHETHOM MOJNeTe NyTeM Ipeobpa3oBaHMs TeIUa B 7IEKTPHYECKYIO S3Hep—
ruio 1 ¢ orépocoM “karopHeix myueit” [5, crp. 7-8].

B csoem nepeoM Tpype [1] 10.B. KoHppaTiok fan OpHrHHAIBHBIA BBIBOA
OCHOBHOI'0 ypABHEHUS ABWKEHWS PAKeTHl, YCTAHABIKBAIOWEr'O0 3aBHCHMOCTb
MeXay BEeNIMYMHOM 3afaHHON KOHEeYHOH CKOPOCTH pakeThl M KOIHYECTBOM MOT-
pebroro romnupa. MapectHo, yro K.3. LlMONKOBCKUI BLIBENl ypaBHEHHE [BH—
XEHHs paKeThl Ha OCHOBAHHM 3aKOHA COXpaHeHHS HMIynbca (KomuyecTsa
peuxennst) [6]. Taxum xe MeTONOM BEIBOAMIM 3TO ypaBHeHue P. DcHo-
[lenbTpu, P. Foppapp, I'. OGepr. A 10.B. KonppaTiox BhiBen ypaBHeHHe [BH—
XEHHS paKeThl, Ha3BaHHOe MM ”“TeopeTHyeckas Popmyna Beca pakeTnl”, Ha
OCHOBAHWM HE HENOCPE[ACTBEHHOT'O 3aKOHa COXPAaHeHHs MMIY/IbCa, a MpUHSB,
4TO “NpH OTTANKMBaHMK OPYr OT APYTa ABYX Ten aHeprus (xusas cuma) or—
HOCHTENbHO MX OOIEro IeHTpa TSDKeCTH paclpefelseTcs MeXAy HUMH 06—
PaTHO TIPOTIOPUMOHANBHO MX MacCaM...”. To TOSBOMTWIO YYCHOMY HCTONB30—
BaTb He BEIUYUHY CKOPOCTHM MCTEYEHHS I'a3a, a HEeNOCPefCTBEHHO TeIIOTBOp-
HYIO CHOCOGHOCTB TomMBa. YpaBHEHMe, BeiepeHHoe 10.B. KonppatiokoMm,
HMello BHA:

_W
M= mev2p ,

r'ge m — HayajibHag MaccCa paxkeThbl, M — KOHe4YHad Macca pakeTkhl (1’10 TepMH-

wonornu 10.B. Kornpatioka “naccusheti rpy3”), W - ckopocTs paxerst;p -
TeIIoTBOpHAS CIOCOBHOCTH Tomwtuba (B aprax ).

YyeHslit pacCMOTpesl pasNiqyHble ClIyyan B3JeTa PAakeThl B I'PaBUTALMOH—
HOM mosie. [L1a @2TOro oH cHayanma TpeacTaBun oSumyo Qopmymty, clpaBemn—
BYIO Off CBOOOAHOr'O IPOCTPAHCTBA, B BHAE:
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g

= 9
M= me

rpe T - pamuyc 3eMiH, g — YCKOpPEHHE CHIIBI TOKECTH.
[lns BepTHKaNBLHOI'O B31eTa C IOBEPXHOCTH 3eMiIM UM Oblla BhiBefeHa
dopmyna, ananoruynas sropoit dopmyne K.d. llnonkosckoro:

rg k
p k=T
M = me
rpe k=j/g - orHowenne ycxopenmus, coofliaeMoro pakeTe pBMraTeneM, K
YCKODEHHIO CHIBI TSDKECTH.
3aTeM, pacCMOTpeB pasrOH PaKeThl MO OKPYXHOCTH, OH MOMYYWI $op—
Myay:

¥ =
M=melP k2-1

M TpuWen K BHIBOAY, YTO [/IS YCKOPEHHS A0 ORHON M TON e CKOPOCTH IpH
ONMHAKOBOM pexHMe paboThl (opuHaxoBOe p) mpu B3NeTe MO TMOPU3OHTAIIH
norpe6yeTcs MeHblle TOIUIMBA, YeM IIpH BEepTHKalIbHOM B3leTe.

B csoeMm propoMm Tpypme [2] 10.B. KoHapaTiok paccmoTpen MHOT'OKOM—
IUIeKTHbIE paKeTHbIe CHCTEMBI M BHIBEN VISl HHX YPaBHEHHe [BMXEHHd, ITo
ypaBHEHHe caM yueHbIH HasBan “topmyna HarpyxeHHOCTH” (OTHOLEHHe Ha-
yalbHOH M KOHeuHO# Macc pakeThl). KccrepoBaB 3aKOHOMEpHOCTH, Ollpege-
Asoude NONMeT pakeThl B KOCMOC, OH yOefuTelbHO OGOCHOBall HeOOXOAMMOCTH
cbpachiBaTh OCBOGOAMBLIMECH OT TOIUIMBA 3JI€MEHTHl KOHCTPYKIMH pakeThl,
naB KOMHYECTBEHHYI0 OLEHKY MoIyyaeMoro Ipu aroMm stdekra. B.Il. Ber-
9HHKHH O4YeHb BLICOKO OLEHHN aTH Hccnepnomanus 10.B. Konpparioka, Hami-
cap B CBoeM npepucioeuu: “OH NepBblft fan GopMymTy, YYHTHIBAIOMYO BIIHS—
HHe Beca 6aKkoB [UIS I'OPIOYEro H KHCIOpopa (mpomopuuoHanbHbIE MAcCHB IO
TepMHHOIOTHH aBTOpa) Ha obmuil BeC pakeTsl, X AoKa3al, YTO pakeTa, He
cbpachiBaoinas ¥ He CXHrawomas CBOMX 0aKop BO BpeMs ABMXKEHHS, BbUIe—
TeTb 3a IpeQieNibl 3eMHOI0 TArOoTeHHs He Moxet” [2, ctp. 3].

10.B. KounpaTiok BBen NpHHUMNHAAIBHO B&XHOE fe/IeHHe NMaCCHBHOH Mac-~
CHl pakeTHl (Tak OH MMEHOB&aJl BCIO MAacCy paKeThl, KpOMe TOINIHBAa) Ha fBe
Y4acTH:

*1) abcomoTHe# naccHe “m”, K KOTOPOMY OTHOCSITCS JIIOfI CO BCEM He-
OGXOAMMEIM ISl MX XW3HM M BHINONHEHHS 3afaHHOH MM oflepauuy ¥ 6na-
TFONIY4YHOro CIyCKa Ha 3eMHYIO ‘TIOBEPXHOCTHL IO OKOHYaHWH (YHKIHOHMpPO-
BaHUs paKkeThl, Kax TaKOBOi;

2) nponopuxoHanbHELA naccuB ' m 1' - Macca BCeXx NpeaMeTOB, O6CITyXH—
BaomMX QYyHKUMOHMPOBAHME DAaKeThl, K KaKOBbIM OTHOCATCH: &) COCYABl mig
3apsna, 6) KaMmephl CropaHus, B) H3Bepraiomas Tpy6a, ') MprGOpHl K Ma-
LWHHBI, TepeMemaplie BEWECTBO 3a8psfa B KaMepy CXHUTaHHs, ¥ [) BCe yac—
TH, CBA3blBAONME IpeAMeTHl NepBLIX YeThpeX KaTeropuit # NpHpaouiie Npoy-
HOCTb BCell KOHCTPYKLUMM pakeTbl. DTy 4acThb MACCHl Mbl Ha30BEM “mpomnop-
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UMOHAIILHBIM TACCHBOM”, BBHAYy TOI'0O, YTO WO KOHWCTPYKTHBHBIM 38KOHAM OH
B OBmEeM AODKeH GbITH NO CBOEH Macce NMPUGMUSHTENBHO TPOTOPUHOHANEH
Macce ofciyxnpaeMoro MM 3apsja...” [2, crp. 21].

310 onpepeneHHe, HNAHHOE CaMUM aBTOPOM, NOKAa3blBaeT, 4YTO MOA Tpo-—
nopunoHanbHbiM naccupoM 10.B. KoHppaTiok noHuMan IO CYyTH fena BeC KOH—
CTPYKLUMH CTYNEHH pakeThl M Ipepiarain cGpachiBaTh OTAeNbHBIE CTYNEHH IO
Mepe UX OCBOBOX[EHHS OT TOIIKMBA (KOTOpoe y4eHBli HasblBall 3apsfOM WM
roplouMM M oGo3Hayan yepes ”u"), )

“McxonHoil TOYKON KOHCTPYMPOBAHHMS pAaKeThl, — Mcal OH, — 9BIFeTCd ee
Halnepej ycTaHaeluBaeMblf “m”, a ¢ HAM yxe coryiiacoebiBaeTcs "M ”
“m)”; "m” ocraeTcs NOCTOSIHHBIM BCE BpeMs MojleTa; ”“ u” MOCTENEeHHO
pacxopyeTtcs, a ” ml" MOXeT OBITb M3MeHgeM, NpH HalleM Ha TO XellaHuH,
COOTBETCTBEHHO YMeHbIIalImMMcs MaccaM 3apsaga ” W”... [2, crp. 21].

[lanee oH paccCMaTpUBAET HATPYXKEHHOCTbL “TOrO y4acTKa, Ha NPOTIKEe—
HHY KOTOPOro GeCCMeHHO (YHKIMOHMpPYeT OMH M TOT e “M)” u 1o OKOH-
yaHUM KOTOPOr'O OH MOXET GbITh OTEpOlIeH, 4TOObl He O6pEeMEeHATb paKe—
Ty CBOeH H3/MIIHeH MAacCoi, IOClle 4ero M HAayMHaeT (GyHKUMOHHPOBATH APY—
roif KOMIWIEKT “m{’, MEHbUHMX DPa3MEepoB U MeHbllell MacCel, COOTBETCTBEH—
HO YMEHbUIMBLUIKMCS MaccaM 3apsfa u suipenenus” [2, ctp. 22].

10.B. Konppatiok mimer O HeOGXOAMMOCTH INPUMEHATH MHOI'OKOMIUIEKT—
HBle MM, K&K MBI Tellepb I'OBOPUM, MHOI'OCTyNeHuaThle pakeTsl: “Hucmio
Y4a4CTKOB M COOTBETCTBEHHO YHC/IO KOMIUIEKTOB “M]” oNmpepenseTrcd B 3a-—
BUCHAMOCTH OT TO} OTHOCHTE/IbHON BEIHMYMHBI PACKOAYyeMOro 3apsfa, Kakylo
Mbl HaligeM YOOOHBIM OBCIYXHBATHL OOHHM GECCMEHHBIM KOMIUIEKTOM ”ml”,
a MMEHHO 9TO YHC/IO AOMXHO 6bITh paBHO In n:ln n;,TRe Nj — HarpyXeH-
HOCTb K&XAOT'O U3 y4acTKOB Tpaektopuu” [2, ctp. 22].

Heo6xopuMoO OTMeTUTBH ciepywouee OGCTATENbCTBO. VMpes MHOroctyneH—
yaThIX pakeT Obuia uaBecTHa paBHo. OHM NMOAPOOHO OMMCAaHBl, B YACTHOCTH,
B XVIl B. B Tpyme murosckoro yuenoro K. Cumenosuua [7,8].O npumene—
HHM MHOT'OCTYII€HYaTBIX PAKeT B KOCMOHABTHMKE IHCAIM, KaKk H3BECTHO, ele
P. Toppapn u I'. OGept. OcHoBel ux Teopun paspatoran K., Llnonkosckuit
[9]. 3acnyroit 10.B. KonnpaTioka sBISeTCd He TOMBKO TO, YTO OH CaMOC—
TOSITENBHO NpHIIEI K Miee MHOIOCTYIEHYaTHIX PaKeT M BBLIIOIHWI MHTepec—
HBIC pacyeTHO-TeOpeTHYeCKHe HCCiefoBaHud B 3aToit obnactu. 10.B. Kon-
[PaTIOK IMOCTAaBWI BOIPOC O MHOIOCTYIEeHYaThIX pakeTax B Gonmee oSwel dop-
Me. OH NpemIoXKMII OCYWeECTBISTH COpachlBaHWe Kak UeNnblX CTyleHell, Tax
H OTHAENBHBIX 2/IENEHTOB KOHCTPYKUMH CTYIIEHH, Hampumep, 6aKos,IpH COX-—
panenun peurarenefl. OH faxe NMOCTaBPWI 3afady onpefeneHHs ONTHUMAIbHO-
ro BapHaHTa cOpachlBaHisa NPOMOPLHOHAIBLHOIO NACCHBA U [al pelleHHe ITOoM
3apaun, BecbMa OIM3Koe K TOMY, KOTOpOe MOXEeT AaTh COBpeMeHHas Hayka.

”

B ero kuure namucano: “[lpakTuyecku Haunyqwed cuctemod OypeT nostomy
[BYXKOMIUIEKTHAs [ MaWHH U NPUGOPOB U TPEXKOMIUIEKTHAaS IS COCYMOB,
Kak Gomee rpoMosmkmx wacteit “my” (2, crp. 23).

10.B. KonppaTiok pan fopMyny g OmpefeneHdss MacChbl MHOT'OCTYNEHYa—
TOM paKeThl:

' “ECnu MBI TIPUMEHHM HECKONbKO—KOMIUIEKTHYIO CHCTEMY, PA3[eHB Tpa—
©KTOpHI0 HA HECKONIBKO Yy4YaCTKOB C paBHbIMU Wi” I8 K&KAOro M3 HUX, TO
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fUig BCEro nojleTa MONYyYHTCH YBENMYeHHe MacChl B
1 k
1- q(ni -1

pas (rme "K” - yHC/I0 yYyacTKOB) CpaBHHTENILHO C Maccol, Kaxkylo pakeTa
nomxHa 6bula 6Bl WUMETH NMpPU OTCYTCTBHE “m}” (2, ctp. 23).

[TopcraeuB BriBepeHHOe KOHAPaTIOKOM BBID&XEHHE B OCHOBHYIO (GopMYyITy
pakeTsl s ciyyas mj=0,mocre mpocTeiX NMpeoGpa3oBaHMl JIETKO TOMyyaeT—
Cs ypaBHeHHMEe [BIKEHHS MHOI'OCTYNeHYaTol pakeThl, Hanpumep, B supe [10]:

M (n )[(l+q)n—q]'[ng
= mfs ’

rpe g=mu, U - CKOPOCTb pcTeueHHs rasa.

10.B. KoxppaTiok NpoBeNl OpuI'MHAalbHble HCCIEefOBaHHs INporpaMM Ionera
KOCMHYEeCKHX paKkeT H paspaboTall Npe[IoXeHHe OCYWEeCTBHTH pa3roH pake-
TBHl IO CeMeHCTBY SJUIMINCOB C KPaTKOBPEMEHHBIMH BKIIIOYEHHSIMH [BHIaTels
B HX nepuree, [lo NpepIoXeHHI0 y4eHOro IyTeM psfa BKIOYEHHH ABHrare-
/g B 30He NepUred MOXHO C HauMeHBbUIHM pacXOfOM TOIUIHBA OCYIIECTBHTH
ynaieHue amores B GECKOHE@YHOCTb, T. €. BBUIET NO Ilapabole B Mexmna-
HeTHOe INIPOCTPaHCTBO.

HckmoynTensHylo LHeHHOCTh mpenctaensger uped 10.B. Korppartioka o6 ocy-
IIECTB/ICHHH TIONIETOB HAa IUIaHeTHl C BBLIXO[OM Ha OpGHTY, BOKPYT HHX H TO-
CllelylOlIEM OT[e/eHHeM B3/1eTHO-IIOCANOYHBIX amnlapaToB, COBEpLIAOMKX IOo-—
cagKky ¥ BO3BpameHHe K OpSHTANBHBIM ammaparaM. OTa Hped, KaKk H3BECTHO,
yXe Hauula IpakTHyecKoe NpUMEeHeHHe NpH OCYWEeCTBISHHH momeToB Ha JIy-
HY aBTOMATHYEeCKHX ¥ IIOTHPYEMBIX AamNnaparos.

10.B. KouppaTiok paspaboran uAer CO3[aHHS HCKYCCTBEHHBIX CIyTHHMKOB
JIyHBl ¥ IUI@HET B KayeCTBE [OII'OBPEMEHHBIX NPOMEXYTO4YHHIX 6a3 mia 3a-
NpaBKH MeXIUIAHETHBIX Kopabiedl M CIocobbl NOCTABKA Ha HuX Tommmsa. Mc-
XOAs M3 TOrO, YTO AOCTaBKA TOMIMBA MOXET OCYUIECTBIATHCS C GOoNbMMHU
YCKOpeHUsIMH, 4eM [Oo/eT ' Mopeil, ydeHbll paspaboran HOE0 PaKeTHO-apTHI-
NepuiiCKOro CHabGxeHHUS TOIUIMBOM MeXIUIAHeTHBIX 6as.

CreunanpHeli pasnen csoero tpypa 10.B. KonapaTiok mocearun npobneme
TOIIMBA ¥ CKOPOCTM HCTEUEHHs ra3a. B 3TOM pasfene OH BBIABMHYN Ipef-—
JIOXXEHHe MCHONb30BAThL B KayeCTBe IOPIOYero [ PaKeTHBIX ABUrarened -
TH#, 60p u Goposopopoanl. Ilpu aTOoM OH mucam: “[lpuMeHeHHe MeTayec—
KHX unu GopHOM rpynm TpeGyeT pid HalMyMs B BbIENEHHH Ia3a OfHOBpe-
MEHHOI'O TNIpHMEHEHHs] BOAOPOAHON, GOpPO-BOAOPOAHON MIM ONHOM M3 YIVIeBORO-
POAHBIX TPy, MIM e NpPUCYTCTBHs M3GeTowHoro pomopopa” [2, crp. 16].
Benuunny ckopocTn mcTeueHus rasoB M BCeX BHAOB IOPIOYEr'O YYEHBIH Bbl—
HUC/IMI TIPM MCNONB30BAHMM B KayeCcTBe OKHCIIMTENIS KHCIIOpOAa H O30HA.

10.B. Konppartiox, Tax xe kax u ®.A. Llanpep, NpeIoKMWI HCIONBL3OBATh
orpaboTanHble 97@MEHTHl KOHCTPYKUMM pakeThl B KayecTBe ropouero. “Mox-—
HO Tpe[IOKUThb, — IUCANl OH, — TAKOe pelueHHe Bompoca 05 “m]”, mpu xoro-
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pPOM BpefHOe BIIMSHHE NMPHCYTCTBHS MacC “m{ yCTpaHsercs Mo4TH COBep-
LIeHHO, pelleHHe 3TO 3aK/IIoyaeTCs B ClIeAyloleM: KaK M TpH HeCKOMbKO—-KOM-
IUIEKTHON CHCTeMe, KOHCTPYUPYeTCsl HeCKOJILKO KOMIUIEKTOB “m]” mocTeneH-—
HO y6blBarolieit BeJMYNHBI, MATePHAaIOM AT KOHCTPYKIUMH CIIyXaT N0 BO3MOX-—
HOCTH TpPEHMMYILIECTBEHHO &IIOMHMHMI, KpeMHHH, MarHuif, yacTti, TpeSymoouuie
0co60it OrHeyNnopHOCTH (BHYTPEHHAS NMOBEPXHOCTb KaMephl CXHUIraHHd), Aefla—
I0TCA M3 IogXopswux CopTos rpabura, xap6opyHpa xopyHpa. KommiekTer,
CTaHOBSIIMECH II0 CBOell BelMYMHe MIMHMIHUMH BCIEACTBHE yMEHbUIMBLIEHCA
Macchl pakeThl, He OTGpACHIBAIOTCS, & pa3bHpaioTCd W TOCTYNAalT B Kamepy
mAI0oTa Ha NepelviaBKy ¥ pa3ppobieHHe, 4TOOBI 3aTeM OBITH YyNOTPeGIeHHbI—-
MH B KayeCTBe XHMHYECKHX KOMIIOHEHTOB 3apsfa. Takoe peileHHe sBIseTCS
HAealbHBEIM, T&K Kak IIpd HeM B KayeCTBe BpepHBIX Macc “Mj” ocraercs
IMLIb TIOC/Ie[HHN, CaMblii MEeHbLIMH KOMIUIEKT, BCe Xe NpefbAylHe SBIgOT-
ca 3apapoM, BpeMeHHO HcnomHsiomsaMm bynkmau “my” [2, crtp. 23-24].

OueHb HHTEpeCHbIM gpngercs uccieposanue 10.B. Korpparioka Bompoca
CTOMMOCTH TOIUIMBa, PacCMOTpeB STOT BONPOC, Y4YeHBIH NpHuIen K BBHIBOAY:
"ECIM KpHTepueM IpH COCTaBlleHnd 3apsfa OyAeT CIYXUTb HauMeHblias ero
CTOMMOCTb, TO PYKOBOASIUMM IPHHLIMIIOM AOKEH ObITH CIeAyomai: IpAMe-—
HeHMe HaufoOllee feleBBIX I'PYNI [iId dacTell 3apgpfa, PaCXOAyeMbIX IepBbl-
MU H TepexOfi OT HHX K IpyNnaM Goliee TeIUIONpOM3BOIMTENLHbIM.,, Mg
yacreil aapsila, pacxogyeMsix crepyomumu” [2, ctp. 16].

B cooTBeTCTBHM C 9THM NpPHHLUKIIOM Y4eHBIH TNpepiarail Ha NepBbIX CTY-—
NeHsaX HCIONL30BATh YTVIEBOAOPOAHbIE T'OpIOYHe, a Ha CIEeAYWAX BOAOPOA X
Gopoeopopoasl. “BypeT M NpuMeHAThHCH, O30H, — mucan 10.B. KowgpaTtiok, -
U HauWHas C Kakoil IpyNIbl, 3aBHCHT OT TOr'0, HACKOIBLKO AelleBbId, a IiabB-—
Hoe Ge30macHbIH XUAKMH O30H HaM YHAaCTCH MONy4HTh...” [2, crp. 17].

Hpen 10.B. Korppatioka B 06/1aCTH pakeTHOH SHEpPreTHKH 5e3yC/IOBHO SB—
JSIOTCS LEHHBIM BKJIAAOM B TEOPHI0 KOCMOHABTHKH.

HeofGxopuMO Takxe OTMETHTb M HCKIIOYHTENLHO LEHHBbIH BKiIan, BHECEH-
Helit }0.B. KonppaTiokoM B pa3BuTHe NpOGIeMbl UCNONL3OBAHMS A3pPOAMHAMH—
YeCKHMX CHNl TNpH Torere pakeT. B ceoelt pabore “TeM, kTo 6ypmeT yuTaTh,
YTOO CTPOMTH” STOT y4eHbI# BLIABHHYJI H pa3paboTal MHOIO BeCbMa HHTe-
PEeCHBIX MbICTIelf B paccMarpueaeMoit obmactd., B kuure “3asoeBanue Mex-—
TUIaHEeTHBIX NOCTPaHCTB” OH eme Gonee IMOAPOSHO pacCMOTPeNl BOMPOC 06 MC—
TIONb30OBAHMA a3pOAMHAMHUYECKHX CHI IpH INoleTe pakeT B armocthepe.

“Tlpexpe BCEro, — mican OH, — aTMocdepa GypeT 3anepXUBaTb CHapSAM IpPH
OoTiIeTe, a NpH AOCTAaTOYHO# CKOpoCcTH OypmeT M HarpeBaTb ero” [1, ctp. 521].
Paccmorpep BiusHHe aTmochepbl Ha TOIET KOCMHMYECKOro ammapara, KoH-
ApAaTIOK Npefyrapfai IpHMEHsSeMbl# HblHe CIIOCOG BBIBEAGHHS Ha OpBUTY HC—

KYCCTBEHHBIX CIyTHHKOB 3emnu: “M3 Tombko yTo ckasaHHoro (comporusie-—
Hue aTMocbephbl, HarpepaHue, OC/TOXHEHHe C TPyOOH) BHAHO, YTO 4YEeM CKO-—
pee BhHIiTH U3 atMocdeprl, TeM ayyuwe, [Ipy 3TOM pomb HIpaoT INIABHBIM 06—
pas’oM INepBble HECKONLKO [ECATKOB BEpPCT TOMUMHEL €e, TaK KakK 3a 9THM
NpefenioM IIOTHOCTbL €e CTAHOBHUTCS HUYTOXHOW, [loaToMy paxe u BTOpOH
CIIoco6 moeTa ClefyeT HauMHaTh NPUOIM3UTENbHO KaK M NepBhli — NOYTH
NEepIeHANKYISPHO K 3€MHOH IOBEPXHOCTH M yxXe IO Mepe B3[IeTaHHs Hanpas—
NSTHL YCKOpeHHMe No xacarenwHoit” [1, crp. 522].

Cnepyomuit paspen csoero Tpyna KosppaTiok Ha3pan “Yrunusauus ar-—
Mocbeprl”, MOCBATMB €ro BOIPOCaM IIONE3HOT'O UCIONb30BAaHMA arMochepsl.
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B sToM paspene, OTMeuas, YTO KPOME Bpe[HBIX OCIIOXHEHMH, BEI3BAHHBIX
arMocdepoit, ecTb u mone3nble, oH muuweT: “IlycTb Mbl BO3BpamaeMcs no 2-
My crnocofy. CraneM ONMMCHIBATHL KPYT'H BOKPYT 3eMiH He BHe aTMocbepsl,
KaK 3TO Heo6XOAMMO AeNaTh NpH OTIeTe M KaK MOXHO GBNIO 6Bl Clenarb
npu BO3BpameHnH, a B Hel. Torpa arMocepa CMOXET HOCIYMHTb NOTVIOTH—
TeneM CKOPOCTH CHapsfa H, ClefoBaTelbHO, HaM He IpMAeTCH TPATHTb Ha
9TO aKTHBHOI'O BEWIeCTBA... 3-# CNOCO6 BO3BpAWIEHMS COCTOUT B TOM, HTO
Mbl, TOfneTas K 3emile IO KacaTelbHOH, BOBCE He NONb3YeMCS aKTHBHBIM
BELIECTBOM, & NONb3yeMCs aTMochepoil M [IsS YMeHblIeHHs CKOPOCTH H /s
Napali30BaHua H3MUUIHeH HeHTpoGe}HOM CHMBI, KOTOopasa cMoryia 6bl OTOop-—
BaTb CHapsap OT 3eMin o6paTHO B IMyCTOe NPOCTPaHCTBO...” (1, ctp. 522].

Bcecroporne pa3pabaTeiBasg BONPOCH CIIyCKa KOCMHUYECKOro Kopabnd B
armochepe, 10.B. KoHOpaTIOK TOCBATHUN ClleUMAaNnbHbI pa3fenl CBOEro Tpy-—
na BbIGOpY topMel Kopabilst W yNpaBleHHIO MM NpH cnycke, B aToMm paspene
oH mucan: “IloyTH BCIO TOTepi0 CKOPOCTH HYXHO NPOM3BECTH B CaMBIX Bep—
XHHX Cl10aX aTMocdepsl, I'le IULIOTHOCTb €€ HHYTOXHA — CONPOTUBIEHHE 3Ha-—
yuT 6yAeT 3HAYMTENBLHO MEHbIue,,. YTpaBleHue M AOMKHO COCTOSTH B TOM,
yTOObl TIOKA BO3MOXHO, T. €, IIOKa Mbl He yTPATHIM NOYTH BCIO CBOIO CKO-—
pPOCTb, AEpXaTbCsl B BEPXHHX ClIOSIX aTMocepbl ¥ TOMLKO IO Mepe YMeHb—
WeHHS CKOPOCTH CIyCKarbCs B Ooyiee IUIOTHBle CloW, [lpu 9TOM pisa TpeTb—
ero crmocofa CIlyCKa BHauajle yrol aTakd [OMKeH ObITh OTpHLAaTeNbHBIM [l
TOrO, yTOGBl LEHTpOGexHas cuina He OTOpBana CHapsf o6paTHO OT 3eMilH...

Marneilag HeBepHOCTb B yIVIe aTakd M CHapsii 3apoeTcd B IUIOTHBIE CIIOH
aTMocthepsl, Te He BbIgepXaT CHIbl ee CONPOTHUBIEHMS HH CHapsdA, HH mac—
CaxHp, He BBIAEPXHUT TAKOT'O 3aMe[IeHdsl, WM NPOCTO YAapuTCs B 3eMIlo.
Wnn B3neTuT BBEpX M3 aTMOoChephl B MyCTOTY, a MOTOM GymeT napath Ha
3eMIi0 TIOA TaKUM YIVIOM, YTO Hellb3s 6y[eT NpefoTBPaTHTL KaTacTpodel..

[lpu mocTpolike CHapsfaa s BO3BpALICHHS C IOMOIIBIO BO3AyXa, BO3—
MOXHO TIpMAeTCd NpuGeratb mig TOro, 4TOObl IIOBEPXHOCTbH €r'o He packa-
As1aCh YPe3MEpHO, KO BCSKHM YXHIIDEHHAM — OX/IaxAaTb ee, felaTh ee B
BHIe HECKOILKHX, IOCIeOBaTeNbHO COpPACHIBAIOIMXCS YEX/I0B, WIM MEHSTb
[0 Mepe IIOPYM TOIBKO HOCOBBIE pEeXyLMe YacTH, AejaTb IIOBEPXHOCTb CHa-—
pana u3 Hanboree IONMPOBAHHOIO W B TO XXe BpeMsl Haubolee TYrOIUIaBKO—
ro marepuana”... [1, ctp. 524-525].

10.B. KonnpaTiok 6bul NepBbIM yueHbIM, KTO BO Bcell riybuHe mpeacra-
B/l 3HAYEHHe M CIIOKHOCTb NpobieMbl Harpesa KOCMHMYECKMX allaparos MpH
HX [BMXEHMM B arMochepe M YCHIEHHO UCKal HHXEHEepHble MeTO[bl 3allMThl
KOHCTPYKLMM Kopabnst oT cropanusd. O roeopun: “IloBepxHOCTH CHapsapa,

nofpepxeHHble AeHCTBHIO aTMochepbl, a MMEHHO, Ipex[ae BCEro NOAAepXH-—
Bawllasg ero NOBePXHOCThb, AO/IKHBI 06lagaTh MaKCHUMAaIbHON OMHEyIOpHOCThIO,
KOTOpYI0 ClIefyeT AOCTHYb XOTd Obl C yBe/lMYeHHEeM Beca MX KBafapaTHOro
MeTpa, ¥ ClefoBaTelbHO, C YMEHbUIeHHEeM IUIOWAaad NOAAepXUBAaWenl mo—
BEPXHOCTU M YBeIMYEHHEM Harpy3KH ee KpappaTHoro merpa. HauGomee pa-
LUMOHAIIBLHON KOHCTPYyKUMel noppepxuBapowel, XBOCTOBON M CTaGHIM3HpYyomei
IIOBEepPXHOCTEe! INpeACTaBlIsgeTCd Clefyluee: MeTallIMYeCKU OCTOB, HAIVIyXO
HOKPBITHIIl yepenuuell M3 Kakoro-nmubo BemecTBa MakCHMAaIbHON yrHeynop—
HOCTH, K@K Hanpumep, rpabur, peTopTHulil yroib, u3BecTHdK, $apdop., Ue-
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pelmua Ao/KHA HAXOAUTBLCS CO CTOpPOHBI MOBEepXHOCTeH, ObpameHHbIX Ble-
pen M 3ammmaTb coboit Mertamnuyecku#t ocros” {2, crp. 53].

10.B. KonppaTiok BriCKasan eme psf MHTEepeCHbIX HMpae#, KOTopele 3aciy-
XHBAIOT Gonbworo BHUMaHug., OueHKe TBOpPYECTBA 3TOrO Y4YeHOro 6bul noc-
psameH psp paboT, CpemM KOTophix cieayeT orMeruts [11, 12, 13].

B sakmounTtensHol rnase ceoero tpypa l0.B. KonppaTiok nocraeun oc-
HOBHbIE 3afayH, ONpefeNsiouMe Pa3BATHE PAKeTHO—KOCMHYECKOH TeXHHMKH.

B kauecTpe nepBoit 3apau¥ OH NOCTaBH/I CO3[aHHE XHMAKOCTHOT'O PaKeTHOro
pBUraredns, :

3aTreM y Hero CTOST:

1I. Haxoxpenne HaumyyumMx KOHCTPYKUMH [ BCeX UpEIMETOB IpONOp-
LHOHAJILHOI'O TIaCCHBa M CNOCOGOB YTHAM3AUHMH HX B KayeCTBe BellecTBa 3a-—
papa.

IIl. Viccnenopanue n HanaxuBaHHe NPOM3BOACTBA BeWIeCTB 3apsfa, A0
cux nop (aGpHYHBIM CIOCOGOM He NPOM3BOAMMBIX, KaK HalpuMep, XHAKKX
O30Ha M BOROpPOAA.

IV. HaxoxpeHne HawmyuylummX KOHCTDPYKIMH kxaMepsl Mg Juofeit M BCeX IpH-—
60poB IS ee OGCIyXMBaHHS,

V. HaxoxpeHue Hawlyquwux KOHCTPYKUM} NPHGOPOB aBTOMATHYECKOT'O Y-
paBleHus ¥ OpHEeHTHpOBAaHHS,

VI . Uccnepopanne BHIHOCIHBOCTH 4eNIOBEYECKOTO OpPraHW3Ma IO OTHOLe—
HHIO K MEXaHHYEeCKOMY YCKOPEHHIO U IO OTHOIIEHHIO K XHM3HH B BO3[yXe
MeHbIIero faBjIeHHs, HO C OONMbLUIMM COREepxXaHHeM KHCIIopopa.

VII. Haxoxpenue JYyYIWHX METOAOB M THIOB ACTPOHOMHYECKHX HHCTPYMEH-
TOB [1s GBICTPOrO OPHEHTUPOBAHMS IIATIOTa OTHOCHTENBHO TOYKH HAXOX[ACHHUS
paKkeThl M [aHHBIX ee OpGUTHL..”.

X . Uccnepopanne HarpeBaHus NMOBEPXHOCTH TeNl NPH GOMbIUHX CKOPOCTSX
OBIXEHHS B pa3pexeHHoH armocbepe..., 8 paBHO HCCIENOBAHMS COMPOTHB-—
neHus atMochepb! Npu GONMBUIMX CKOPOCTHAX M MCCIefOBaHHe BLIHOCIHBOCTH
Pa3/IHYHBIX KOHCTDPYKuMil, TIOfAepXHBAOWMX NMOBepxXHocTeM...” [2, cTp. 67—
68].

10.B. KonppaTiok orMeyan 6oiblioe HApOAHOXO3AHCTBEHHOE 3HAYEHHE
KOCMOHAaBTHKH. - B mpepucnoBuu x cBoelt kHHre oH mican: “MiMeHHO B BO3-
MOXHOCTH B OmmxaliieM xe OGyaymeM HayaTh MO-HACTOsmleMy XO3dMHAYATH
Ha Hawe¥d IUIaHeTe U ClefyeT BUAETbH OCHOBHOE Or'PDOMHOE 3HAYeHHe mjIs HaC
B 38BOEBaHMM NPOCTPAHCTB CONHewHoM cucTemsl” [2, cTp. 8].

3T clioBa Y4EHOro CBHAETENBCTBYIOT O TOM, 4TO OH, Kak u K.D. llmon-—
KOBCKHIi, paspabaTbiBal TeOpHI0 KOCMAYECKHX IOJIeTOB pafd MONb3bl BCEro
Ye/loBeyecTBa.
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C.Il. KOPOJIEB - OCHOBOIOIOXHKK MPAKTUYECKOU
KOCMOHABTHUKH

* B #CTOpMM HAVKHM BaxHeHMUIVIO DOIE BCerfia HIDANHM Te Y4YeHble, KOTO-
pBle NPOKJIaABIBAIIA COBEPILISHHO HOBBIE HANpaBleHHH HaydHEIX HCCiedoBa-
Huit, VIMGHHO C HX [ESTENBHOCTBI OGBIMHO CBSIGAHEI CAMEIE KPYTHBIE OTKpbI=
THS ¥ [OCTHXECHHSl, PEBOITIOIMOHHEIC IIepeBOPOTH B (yHAaMEHTAILHBIX INpeA-
CTaBlleHHdX, CO3AaHMe HOBBIX HAyYHBIX KO, [lo-BHAMMOMY, B HCTODPHH
HaykH HeT Gojlee BBICOKOI! OLEHKH TBOpPYECTBa Y4E€HOIO, YeM NpU3HaHHE
ero OCHOBOIIOJIOXHHKOM HOBOH O6IaCTH HAyYYHBIX HCCII€AOBaHHH, OCOGEHHO
KOrfla pe4yb HMAET O TaKoOit of6nacTd, KoTopas GLICTPO NMpUOOpeTaeT XU3HEeH—
HOBaXHOe 3HAuYeHHe [/ 4ejloBedeCTBa, B Hame Bpems ObICTpbUA TeMI pas-
BUTHS HayKd M TeXHUKH H COBPeMEHHble CPefICTEA HayYHO-TEeXHHYeCKOH
HEQOpPMAalMi BEIDABHMBAIOT (POHT NPOABMXECHHA HAyKH K PElICHHIO ee HaH-—
Gonee axTyalbHbIX NPOGIEM M MPUBOAAT K NPAaKTHYeCKOH OMHOBPEMEHHOCTH
MHOT¥X OTKDPBHITHH PSIIOM YYeHBIX B pa3HbIX CTpaHax, B oTHX ycnoeusx
NpU3HaAHME MCTOPHMKAMM HAYKM KaKOIo—IMGO OAHOIO- yYEeHOI'O OCHOBOIOJIOX—
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HHKOM HOBOTO HamnpaBleHus TpeGyeT OCOGEHHO Cepbe3HOro Moaxoda i o6o-
CHOBAHuUS,

Bce BhuneckazasHoe Tem 0osiee CymecTBEHHO, Korda pedb MOET He O
KaKkoM—JIu60 Y3KOM HAy4YHOM HAaNpAaBICHHH, & O TAKOM KOMINVIEKCEe MHOTHX
Hay4HbIX X TeXHHUYECKMX HAaNpaBleHui, KakUM gBigeTCd NpakTHYecKas Koc—
MOHAaBTHKA,

B Hacroswee BpeMs OOGLENPU3HAHO, YTO OCHOBOMNOJIOXKHMUKOM TEOpeTH-—
4eCKO# KOCMOHABTHMKM, CO3MaHHOK B Hadane XX B. TpydaMd HEMHOTHX
NMMOHepoB, Gnaronaps NMPHOPHTETHOCTH ero pabGoT ¥ WHpPOTe OXBaTa M TIiy-
6une paccMoTpenuss mpobiem siBasgercs K.3.lnonkosckuit, Uenr nanxoro
OoKnaga — NokKasaTb, YTO CTOMb Ke BEelMKYIO0 PO/l OCHOBOMIOJIOXHMKA Ipak-—
THYECKOl KOCMOHABTHKM B Hawe Bpems coirpan Cepreii [laBmoBuy, XoTs
ans MHOTHMX 9TO elle He OYeBHAHO MO TeM INpPHYHHAM, YTO NPAaKTHYeCKYIO
KOCMOHABTHKY CO3[ABAlM THICAYM M THICHYM JI0Ael, U3 KOTOPBIX MHOTHE
Hrpa/l CYIIeCTBEHHYIO HANpPAaBJSIOWyYIO POJb B €e DAasBUTHH, M YTO OHA
HMeeT OYeHb KOPOTKYIO M MalleKO elle He HCCIeNOBaHHYIO MCTOPHIO.

dopmupoBaHue pPaKeTHO-KOCMHMYECKON TeXHHKH KaK HOBOH CaMOCTOSITeib-
HOIl OTpaciM TeXHHKH 3aBepUHiIoch K Hayany 50-x rofop Hallero BeKa.
ViMeHHO Torna pakKeTHasa TeXHHMKAa AOCTHIVIA TaKOI'O YPOBHS, 4TO CTanla
peanbHOM IOCTAHOBKa BONpPOCa O Hayaje NpPaKTHMYeCKuX paboT IO OCBOEHHUIO
KOCMOCa, M MMEHHO Torpga aToT Bonpoc Geut nocrasned C.I1. KoponerriM,
Ho npexne, yeM paccCMOTpeTb €ro pojib B PASBHTHH IIPAKTHYECKOH KOCMO-
HaBTHKH, HeOOXOOMMO KOPOTKO HAIOMHHTbL O TOH 3HAYHUTEJBLHOH PO, KOTO-
pyio Koponep ceirpan B pasBUTHH AOKOCMHMYECKOM DAKETHONH TEeXHHKM Kak
OOMH U3 ee IMOHEepPOB M BeOyUMX CleuxanucToB. [loapoSHo o6 aToM roso-
puiiock B Ookiade aBTopoB Ha XX xonrpecce MA® B 1968 r.

[Mosnakomusuiuch B 1929 r. ¢ K.3. LIMONKOBCKMM Il yBASKWNCH ero uae-
aMu, 22-IeTHW! aBUAKOHCTPYKTOP M N1eTYMK Kopones pelumi NOCBATHTH
XHU3Hb OCYLIECTBICHMIO DTUX HUALi, M BCH OanbHellllasg ero AeaTelbHOCTb
6bl1a OTAAHA AOCTIXEeHmo 3Toil memu. B 1931 r. oH mosHakoMuiacsa c
®.A., LlanpepoM, BMecTe C KOTOpbIM opranuaosan ['MPI - ooHy u3 nepebIx
COBETCKUX pakeTHrIX opranusauuii., B 'MP[e, pykosomuTeleM KOTOPOro,
HEeCMOTpS Ha MOJIOOOCTb, He CiydaiiHo, a 6rnarofaps CBOUM HCKITIOYHTEIlb—
HBIM TBOpYECKMM crnoco6HocTsaMm ctan Kopones, Bcero sa nea roma pa6o-
Tl Gpn Brepsble B CCCP cospaHbl XHAKOCTHblE M I'MOPHAHBIE DAKeTHbIe
ABMTaTeNH, paboTaBlUIMe Ha XUAKOM KHCIIOpOAe, NMPOBEAEHBI CTEHAOBbIS
MCCNenoBaHus MepBbIX SKCIEepUMEeHTAalbHbIX BO3OYUHO—PEeaKTHBHBIX ABUIa-—
Tejlelf, OCYWECTBIICHB! JIETHbIe MCIBITAHUS MEepBBIX XUOKOCTHBIX pakeT, Ha—
YaThl paGoTel MO CO3NAHMIO YNpPaBISeMbIX paKeT U 110 OCYWECTBIEHMIO MoJe-
Ta yejloBeKa Ha pakeTHOM annaparte. Kpome toro, B oaTu roasl Koponep Ben
Bonpwyo paGoTy MO WHMPOKOH NponaraH€ne pakeTHOH TeXHUKH U BHeC 60lilb—
IO BKIad B OpPraHH3auMio MepBoro PeakTHBHOI'O HayyHO-HCCIIEAOBATEllb—
CKOI'0o MHCTHTyTa. B 2TOM MHCTHTyTe NOA HEeNOCpPeACTBEHHBIM DYKOBOACT-—
BOM Koponeea 6blia nposepeHa WIMpOKasi MporpaMMa HayyHbIX HCClleaoBa-
HHMIf ¥ ONBITHO—KOHCTPYKTOPCKMX paBoT, 3aBepUIMBLIMXCSH CTEHOOBBIMH U
JIeTHBIMU HCIIBITAHMSMHU PsAa KOHCTPYKUMIl GA/NIMCTHYECKMX M KPBLIATHIX
9KCIIEPMMEHTAIBHBIX PaKeT ¥ IepPBbIMH MOJeTaMH COBETCKOIO HYeJIOBORA Hil
PaKeTHOM ammnapare, OTH IOJeThl ObINM BBIMOJIHEHB! B (eppale — MapTe
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1940 r. netymkom B.Il, ®enoposeiM Ha pakeromnanepe PI1-318-1 kKoHCTpyK-—
unu C.I1. Koposepa.

[Tepen BoliHOl 6bLIN paspaboTaHbEl NPOSKTHl pPakeT, M PAKETOIUIAHOB,
pacCyYuTaHHble Ha AOOCTMXEHHEe PeKOpAHBIX BBICOT IONeTa Al MCCIefOBaHHS
ctpatocdepsl. Ho Benmkas OTeuecTBeHHasi BOiiHa mIpeppaia 9T paGOTHI,
BCe CHIbI COBETCKHX PaKeTYMKOB GbUIM HANpaBeHbl HA CO3[Q&HME M COBep-—
LIEHCTBOBAHNE TAaKUX OOpa3uOB PaKeTHOIl TeXHHMKH, KOTOpbIE MOXHO OBLIO
6Bl HEMe[ANeHHO NPUMEHUTh B GOpbbe C BparoM. Y UUThHIBAs OCHOBHOE Hal-
pasnenye pa6or Koponesa, eMy NOpydwiu PyKOBOAMTb OCHAIIEHWEM pakeT-
HBIMM YCKOpMTeNsaMM cepHiiHoro Gombapauporumuka Cosetckoit Apmun [le-2,
OTH yCKOpMTE/H CO3[aBaliC. Ha 6a3e XHAKOCTHBIX PAKEeTHLIX ABMraTrejelt
PAO-1, PO-1X3 konctpykuuu B.I1.Taywko. KoponeebiM 6buin paspaboTansbl
peaKkTHBHBIE YCTAHOBKM C STHMHM ABHraTellsMu M camoyeTos [le-2. OH
[PUHMMAN y4yaCTHe B JIETHBIX MCIBITAHHSX CAMONIETOB C PEeaKTHBHON ycTa-—
Hoekoil. OTBeTCTBeHHA# 3afaya MO [OBBILUEHUIO JeTHO-TAKTHYECKUX AAHHBIX
GoeBBIX CaAMOJIETOB 3a CYeT NPMMEHEHHMs PakeTHBIX yCKopuTenei Obuta pe-
mieHa ychewso, 3a 4yTo Kopones Hapsfy ¢ Apyr¥Mid yd4acTHHKAMU paGoThl 6bLI
YAOCTOEH NpaBHTEIbLCTBEHHOI Harpansl. Ho B ycnoeuax GeicTporo FacTyie—
Hua CoBerckoli ApMHN HeOOXOAMMOCTE NPUHSITHS HA BOOPYXXEHHE aBHALMU NPUH—
LMIIHABHO HOBOW TeXHMKH, OOBOJIBHO CIIOXHOHl B SKCIUTyaTauuy, oThana.

[Tocne BOIHBI COBETCKME KOHCTPYKTOPBI 1IOy4YMIH BO3MOXHOCTH BEPHYTb—
Cd K CBOMM IIepCIIeKTHBHBIM paspaboTkaM, NpUyYeM elle 10 OKOHYaHWs
BOJMHBI OB CO3[aHBI HOBBIE NPOEKTHI pakeT AJls MCCIIe[OBaHHUS BEPXHUX
clloeB aTMOC(ephl ¥ Aaxe NPOSKT pakeThl [ild MOABEMa YeloBeKa Ha Bbl-
cory mo 200 kM (mpoekt BP-190). Ho aTOT mpoekT cCnpaBemuBoO GbLT
pacueHeH TOrja Kak npexaeBpeMeHHbll, CHayala NpeACTOSVIO NMPOBECTH
CepbesHyl0 pa3BellKy BEepXHUX CIIOEB aTMOC(epbl M BO3AEHCTBMSA yCIOBUH
paKkeTHOro mnoznera Ha xuBoi opranuaMm, C 1947 r, HayuHble mpuGOpHI CTa-
N1 PeryispHO yCTAHaBIMBATLCS HA 9KCIEPUMEHTAIBHBIX PaKeTax B KayeCT—
Be [ONOJIHUTENBHOI'O IOoJIe3HOro rpysa, a B 1949 r, moan pykoesoacTteoM Ko-
posepa Oblla COo3[aHa NepBas ClneuuanbHad reopuauyeckas pakera B-1-A,
NOAH¥MAaBIlag B MEepPBbIX BapMaHTaX IONe3Hbli rpya BecoM oxomno 130 kr Ha
poicoty 110 xMm. C Mas 1949 r, ¢ nmoMowbio 2TO#f paxkeTsl MPOBOAMIACE pe-—
rynaspHas nporpamMMa reoQusm4eCKuX HCCleaoBaHuil, a ¢ wong 1951 r, -
nporpaMMa OMOJIONMYECKHX MCClelOBaHMii, BO BpeMs KOTOPbLIX COBaku M
OpyT'He XMBBIE OPraHM3MEI IIO[HMMAINCh PAKeToll Ha BHICOTy 6ollee CTa KM—
JIOMeTpOB, a 3aTeM O6ecreuyuBancs ux Ge30macHblil CIyCK B I'epMEeTHYHBIX
KabuHax M B CKadaHOpax.

Bcnen sa nepsoli reodusuyeckoil pakeToit 6umM coznaHel 6ojlee MOIUIHBIE
ONHOCTYNeHyarble reo¢uanydeckue paxketsl B-2-A u B-5-B. Ilepeas ua Hux
nopuumana (¢ Mas 1957 r.) nonmessbii rpys secom 2200 kr, COCTOSBLIMI
U3 HayyHO! anmapaTypbl ¥ NMOAOMBITHBIX XHBOTHBEIX, Ha BBICOTY 212 KM,
[ns nopplileHHs: TOYHOCTH M3MepEeHHH NnapaMeTpOB BEPXHMX CIIOEB aTMoChe—
pBl GBINO NPUMMEHEHO OTCTPE/NMBAHME KOHTEHepoB C IeOPU3WYECKMMHU IIpH—
60opaMy Ha 3HAYUTENBHOE PaCCTOgHUE OT PAKeTHI C IOMOIIBIO CIelMallbHbIX
moptup. Pakera B-5-B, cospannas B 1958 r., cymecTBeHHO pacummpuina’
BO3MOXHOCTH PaKeTHBIX HCClIeflOBaHMil BepxHux crnoep arMocdeprbl, OHa Gbl-
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na criocobHa MOAHMMATL ITOJIe3Hbll I'py3 BecoMm Gonee 1,5 T Ha BHICOTY mno-
psanka 450 kM,

XoTs reo¢manyeckuMe paKeTbl M OaBalM UeHHelimue HayuyHble CBeAeHHd,
OHM Oobnafaiy IeNbiM PSAOM NPMHUMIMANBHBIX OT'DaHMYeHHH, KOTOpble MOXHO
6bI710 MPeonoNeTh TOMBKO CO3[AaHHEM KOCMHYECKMX DaKeT,

HccnenoBanus BOSMOXHOCTH NPAKTHYECKOrO AOCTIDKEHHS KOCMMYECKHX
CKOpOCTell Hayanmuchk B Haueji cTpaHe moa pykosoacTeom Kopomesa B 1950 r.,
a npob/neM CO3[aHyus MCKyCCTBEHHBIX CIyTHMKOB 3eMIM M OPYTMX Npobiem
KOCMOHaBTHKH - B 1954 r. MMeHHO B NmOCTaHOBKe M pEIIEHHMM STHX Npobiem
¥ CKasanachb, C OIOHO# CTOPOHBI, BblOaloWasCs Hay4HO--OpraHM3aTOpCKas
ponb C.Il. Koponepa u, C Apyro# CTOPOHEI, SIPKO NMPOSIBWINCH TPEUMYIIECTBA
COLMAanMCTHIECKOro OGIeCTBeHHOroO CcTpos. B peaynbrare C.I1, Koponesy,
ABNABLIEMYCS T'1ABHBIM KOHCTPYKTOPOM pPaKeTHO—KOCMHUYEeCKHX CHCTEM M
PYKOBOAMTEJIEM COBeTa INIaBHEIX KOHCTPYKTOPOB, paapabaThIBalOIIMX OTAe/b—
Hble HalpaBleHUs PaKeTHO-KOCMHUYECKON TeXHMKH, Oblla NpeAoCTaBleHa
BO3MOXHOCTb paboTaTh Hal OCYWECTBIIEHHeM DAaCCUMTAHHOM Ha MHOIO JIeT
BIlepe NporpaMMbl KOCMMYECKMX HCClIeOBaHU#, KOTODPBIE MOOMXHEI GbUIM
OXBaTHIBATh K&K OKOJIO3EeMHOe, TaK M MEeXINIaHeTHOEe INPOCTPAHCTBO M Omy-—
xkaifwme k 3eMie HebecHele Tena, [loneT yenopeka B KOCMOC 3 3TOH Mpor-
paMMe C CaMOr'o Havajla 3aH¥Mall BaxHeifee MeCTO, a CO3[aHMe HCKyC—
CTBEHHOr'O CIyTHMKA 3eMIIM DPaCCMAaTpUBAllOCh NMEPBBIM WArOM STOIl mporpam-
MBL,

[MnanomepHslit moaxon K mpobiemMe mossonwi Koponesy cocpenoTOYuTh
YCHIINg Ha CO3[aHWM MOLUIHO# pakeThl-HocuTens “BocTok”, KoTopasd MOMCTH-
He sBMIaCh “MaluyHON BeKa” C YpesBblYaiHO BBICOKMMH JIETHBIMH XapakTe—
PUCTHKAMH M KOHCTPYKTHMBHBIM COBEpUIEHCTBOM, NOAOGHBIX KOTOPHIM OO 3TO-
I'0 He 3HAa/I0 MMPOBOE DaKeTOCTPOEHHe M KOTOpBIe OCTABAIMCH HENpeB3oiineH
HBIMY IIOYTHM OecHTh jeT. Paxkery “BocTok” oTiuuyano Ha pelKOCTb yaayHOe
KOHCTPYKTHBHOE pElISHHe, OBeCleuMBaBliee BOSMOXHOCTL ee NalbHeilero
COBEpILIEHCTBOBAHMSA M INIyOOKMX MOOM(MKAUMi ONg PEelIeHHs CaMBIX PasHo-—
o6pasHeIX 3anad KOCMOHABTHKH.

Cospap Takyio paxkeTy—HOCHTE/lb, COBETCKME YYeHble M KOHCTPYKTOPEl BO
rnase ¢ KoponmepblM TeM CaMbiM ObeCnequny HafexHblil ¢yHAAMeHT ANg Bbi-
MoNHeHys OOWMPHON KOCMMYECKOH NpOrpaMMsel, DTO OANI0 BO3MOXHOCTL 38—
TeM NepeHeCTH COCPefOTOYeHMe YCWuii Ha CO3faHHe KOCMMYECKHX anmnapa-
TOB Pa3NMYHOI'0 HasHAyeHMs, BKMOYas NUIOTHPYeMble KOpabiy—CIly THUKH,
[NanbHoBuAHbI pacyeT Koponeea npuBen, B 4aCTHOCTH, K TOMY, 4TO Koraa
6ri1a paspaboTaHa KOHCTDPYKUMS NMIOTHPYeMOro kKopabid, pakeTa—HOCHTellb
B OCHOBHOM 6blna yxe oTpaboTaHa u obecneyupana AOCTATOYHYIO HAaeX-—
HOCTb BLIBE[IeHHS TNOJIE3HOI'O I'py3a Ha OpOuTYy.

Coananne MOIIHOM PAKETBI-HOCHTENS OBIIO JMWB OOHOM, XOTH M BaxHeH-
el Ha NMepBOM @Tane CTOPOHOH, 6e3 KOTOpOoil 6bIO GBI HEMBICIMMO pasBH—
THe NpaKTHYeCKONH KOCMOHaBTHKM, [pyroi ofasaTenbHOll CTOpPOHOMH, aHaue-—
HHe KOTOpOH CO BpeMeHeM BCe 6onee BO3pacTaio, OBIIO CO3AaHHE KOCMH-
4ECKHMX JIeTaTeNbHBIX aNnapaToB, CNOCOGHBIX AOCTATOYHO [UIMTENIbHOE BpeMs
paboTarb B YCIOBHSIX KOCMWYECKOI'O NPOCTPAHCTBA, 3a0ayd CO3[AaHMd HOCH-
Ten:f ¥ KOCMMYeCKUX annapaToB MMEIOT pa3iudHbli xapakrtep, Kopones
BO3IVIaBU paGoThl MO OOOMM STHUM HaNpAapBleHNSaM.
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W sro 6vuto He cayuwaiino, [ng ecero TeopuecTeBa Koponema HamGonee
XapAKTEpPHOM 4epTO# 6LUIO CTpeMieHHE K CO3[AHWIO MPHMHIMIMANBLHO HOBEIX
KOHCTPYKIMii, K OCBOGHMIO HOBBIX O6jlacTell Hay4HBIX MCCllefoBaHMil, Bomb-
IUMHCTBO KOHCTPYKTOPOB TaK MIH MHeYe CIEUMaNU3MPYIOTCS Ha OOHOM WIH
HEeCKONILKHX THIIaX U30eNHH, H co3nap B MONOOOCTH ynauHbl# THUI TOH MM MHOU
MallMHBl, OYeHb 4aCTO 3aTeM BCIO XM3Hb pa3pabaThiBaioT BCe Gonee comep—
IeHHble KOHCTPYKUMM MallMH otoro Thma. U sro, Boo6me roBops, 3aKOHO-
MepHO, KoponeB xe CBOMM MHOrOrpaHHbIM TBOPYECTBOM ONpOBEpran 3Ty
3aKOHOMepHOCThb, [loa ero pykoBoACTBOM Obll CO3AaH LemNbli paa O6BEKTOB,
KOHCTPYKUHUS K&XIOr'o M3 KOTOpBHIX B CBOMX OCHOBHBIX YepTax Oblna NMpUHIM-—
NManbHO HOBOW: HayyHble CIyTHMKM ”OneKTpoH”, CHyTHHK cBgsu “Monuus-17,
aBTOMAaTHYeCKHe annapatel g monetoB k Jlyne, Mapcy, Berepe, munotu-
pyemsle Kopabmu “Bocrtok” u “Bocxom”.

OCo6eHHOCTBI0O KOCMMYECKUX anlapaToB /moforo Tula gBIgeTCs TO, 4TO
[IOCNle OTASN2HMS OT PAKeTBI-HOCHTEls OHH CTAHOBATCH HCKYCCTBEHHBIMH
He6GeCHbIMH TellaMM, Ha KOTOpBIX C TOI M/IM HHOH CTENEeHBIO NOJHOTHI HEOO—
XOAMMO BOCCO3[@HME 3IEMHBIX YCJIOBHM# Ang paboThl Npu6OpOB M OCOGEHHO
aKunaxa, [JoMMMO 3TOro, B OTIMYME OT €CTECTBEHHbIX HeGeCHBIX Tell, OHH
NOJXHBI, K&K IpaBuNoO, OLITH yNpaBlgeMbIMM M HMeTb NOCTATOYHO HHQOPMa-—
THBHYIO JMHHIO CBSI3H C 3eMieil.

Ilpr coanaHMM NEepBBIX HCKYCCTBEHHBIX CI[yTHHKOB 3&MIIH, KOHEYHO, ObLI
HCIIO/Ib30BAH ONBLIT, NOJYYeHHEBIH NpY CO3OaHMH M HCIONBb3OBAHWM I'eO(H3M-—
YeCKHX paKkeT M HX anmapaTrypbl, HO damle BCEero KOCMHYEecKas TeXHHKa CTa-
'BHIIa 3a/layM MO pa3paboTKe CMCTeM, He MMEBUIMX NPAMBIX aHaIOruit B Apy-
rux obnacTsgX TeXHUKH. 3AeCh MOr'yT ObITh HasBaHbl CHCTEMBI KOCMHYECKHX
anmaparoB, Tpebymoomue NPHHUNIMAIBHO HOBOIO MOAXOAa MPM UX paspaboTke
KaK CHCTeMbl yIpaBleHHs ABIKeHMeM (OpHeHTauueil, MaHeBPHPOBAHHEM),
cCuCTeMa HaBMI'auuM, CHCTEMbI TEPMOPErylHpOBaHHsl, CHCTEMa SHepromnura-
HMSl, PaAUOCBA3H M OOBEeMHSIOasg BCE ITH PasHOPOMAHBIE YyCTPOHCTBA CHCTe-—

Ma ynpapiieHus GopToBbIM KoMmmiekcoM, Oco6o crnemyeT ckasaTb O CHCTeMe
ofeCneyeHHs] XUIHEASATEIBHOCTH M CHCTeMaX, O6eCIeyMBAOIINX BO3Bpalle—
HHe KOCMOHaBTOB Ha 3eMmo.

Ona C.II. KoponeBa Gbuia xapakTepHa dpe3Bbl4aj{Has WHPOTA NPOBOAMBIIMX—
ca uM paboT, BykpalbHO B CO3AaHmMM KaXAOW M3 IePeYNMCIEHHBIX CHCTEM, yC-
TaHOB/IEHHBIX HA alllapaTax ero KOHCTPYKIMHM, €CTb TOT WIH HHOH ero JIMYHbIH
TBOPYECKMH BK/IaA, STO BHINIAAUT OCOGEHHO YAMBHTE/BHBIM, NOCKOIBKY, KaxK
yXe OTMedaloCh Bbille, BCE KOCMHYECKHe ammapaTsl Kopomepa npeacTaBilsiu
Cco60ji NMPHHIMIKAILHO HOBBIE MAIUMHBI, KOTOPhe B @CIIOBHSX B3SATOMO MM OYEHbL
ObLICTPOrO TeMla pas3BUTHS NPOrpaMMbl KOCMUYECKMX HCCIIe[lOBaHHH CO3[aBa—
JINCb M 3alyCKANNCh B KOCMOC BCEr'o B OJHOM-ABYX 9K3eMIuIpax ANd pelie-—
HM§l ONpeAeseHHBX JTallHbIX 3ajad.

Kopones coapan CO6CTBEHHYI0 HAyHHYIO KONy PAKETHO-KOCMUYECKOro
pakeTocTpoeHus, OOHOM M3 XapakTepHBHIX YepT ero Kak Hay4HOrO PyKOBO—
aurens GbLUIO BOCHMTAHME MOJIOABIX KOHCTPYKTOPOB B IPOLECCE CO3AAHHS
HOBOrO ofpasua pakeT ¥ KOCMMYECKMX annapaTos, [Io Mepe Toro, kax
naHHBI Obpaseln OCYmMIECTBISICH, POC M KOINIEKTHB ero paspaboTyukos, U
K TOMy MOMEHTY, KaK of6pasell NPMHMMA&ICS B 9KCIUIyaTaUMio, yYaCTHHKH
ero CO3[aHUsI CTAHOBMIIMCH B COCTOSHMM BECTH CaMOCTOSITENbHYI0 paboTy.
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OHM BBIAENANMCh M3 KOHCTPYKTOpcKoro Giopo Koponesa M yxe He3aBHCHMO
NpOAOKaNM BECTH MOAM(HKALUM M COBEpILEHCTBOBAHME MCXOOHOrO obpasua,
A Koponep mpHCTynan K CO30aHMIO KakoW-mnG0 NPMHUMIMANIBHO HOBONH Ma—
wiHel, [IpocTO mMOpasuTenbHO, YTO OH ycmea caenatb 3a 10 meT: MoOliHas
paKeTa—HOCHUTENb, NMepBblii NCK{CGTBEHHbI CIyTHUK 3eMIM M INOC/eAoBaBliag
3a HUM CepMsl Hay4YHbIX M HapOJHOXO3siCTBEHHBIX CIIyTHHUKOB, B TOM YHCie
CIYTHHK CBsidu “MomHuga-1"”, mepeble aBTOMATHYECKMe anmapaTbl Qs Ioje-—
ToB X Jlyne, Mapcy, Benepe, mepBblit xocMuueckuit kopabnb “BocTok”, Ha
KoTOpoM cosepuya cpoit moneT l0.A.TarapuH, ¥ cepus NOCIEAYIOWMUX MMHUI0—
THPYMEBIX Kopabmeii. [Ipu Takoil WMpPOTe NPOBOAMBIUMXCSH IOA €r0 PyKOBOACT=—
BOM pafOT OHM B TO Xe BpeMsl He HOCM/IM Cily4allHOro xapakTtepa, a GbuiH
COCTaBHbIMM 3NIEMEHTaMH NPOAYMAaHHOI'O IJIaHa M XapaKTepU30BalMCh II0C—
TENMeHHbIM YCJIOXHEHHeM pellaBLMXCH 3adad.

C.I1, Kopones npekpacHO OHUMAJI, YTO CO3JaHHE PaKEeT-HOCHTeNelH U KOCMH—~
YeCKHX alllapaToB HBISeTCS XOTH M HeOOXOAMMBIM, HO ellleé HeNOCTAaTOYHBIM
YCIIOBHEM 3aBOSBaHMS KOCMHMYECKOrO NpPOCTPaHCTBA. VMeHHO MOsTOMy OH
NMOCTOMHHO YAelsil BHUMaHMe M TaKHM BOIIpOCAaM, Kak CO3[aHHe OBHTaTelel,
CHCTEM YINpaBleHUs, HA3EMHOI'O CTAPTOBOI'O U KOMAHAHO-M3MEPHUTE/ILHOrO
KOMIIJIEKCOB ¥ T.[.

[Tomumo ckazannoro C.I1. Koponep Benl GOnbLIyI0O OpPraHU3aTOPCKYH pa-—
60Ty — OH NpPUHUMAJ HENOCPeACTBEeHHOE y4aCTHEe B YIPABISHHH KOCMHYEC—
kumu noneramu. Oprasusauis Ha3eMHON CIIyXGObl YNpaBieHHs NOISTOM IIpO—
HCXOOHM/a MPH ero CaMoM [esTelbHOM y4acTuy, M3 snusonos, CBA3aHHBIX
C 9TOil ero AedATelbHOCTBLIO, WIMPOKO H3BECTHBI 3alHCH NeperoBopos Kopo-
neBa ¢ [arapyHbIM BO BpeMsl MCTOPMYECKOrO mnoserta kopabns “Boctox”.

Cronb e akTHBHOe ydacTHe NpuHuMan Kopones B oT6ope M moaroTob—
Ke KOCMOHaBTOB, CO MHOI'MMHM M3 KOTODPBIX €ro CBa3blBalla CamMas MCKpeH-
Has Opyx6a.

Omnucannas 30eCh MHXeHepHO-NpakTHieckas AesrtensHocTb C.I1. Kopome-
Ba HH B KOeii Mepe He O3HayaeT, YTO OH He 3aHMMAJICs BONPOCAMM TEOpHH,

Eme B cepeaune 30-x roaoB OH 6bUT HHHIHKATOPOM NPHBIICYEHUS MPYIIBl YIEHBIX
MOCKOBCKOrO yHMBEPCHTETA K paspaboTke BONPOCOB TEOPYH PAKeTHOI'O IO—
nera. K MoMeHTy Hauyana paboT MO pakeTHO—KOCMMYECKOH TeXHHUKe HeoHXo—
OMMOCTB WIMPOKOrO MNpMBJISYSHUS MHOIMX HayYyHO-HCCIIeNOBATEeNIbCKUX HHCTH—
TyroB Axamemuu Hayk CCCP x ¢yHoaMeHTanbHbIM HCCIIeJOBaHMAM, CBS-
3aHHBIM C BONPOCAMHM OCBOEHMS KOCMOCQ, Oblila AN Hero COBEpIUSHHO sACHa.
B npouecce paboThl Hal STHMH dyHAaMeHTanbHeMu npobmemamu C.IT. Ko-
pornes COAMSUNCA CO MHORMMH BeAYWHMHU YYeHBIMH M 00 YB&XEeHHH, KOTOPbIM
OH IMONB30BANICH B aKAAeMHUYECKHX Kpyrax, IOBOPUT u3bpaHue ero B Mmoc—
nefHye TOOBI XHU3HU B uieHbl [Ipeananyma Axamemuu Hayk CCCP.

[TpunrMas camoe XMBOE ydaCTHe BO BCeX OOIacTaX AeSATENbHOCTH, CBf-—
3aHHOII C OCBOSHMEM KOCMHYECKOI'0 INPOCTPAHCTBA, OT CO3AaHMA pakeT M
KOCMHUYECKHX alnapaToB 0O OpPraHU3auud Ha3eMHBIX CiIyx0 ynpaBleHus MO-—
eToM M moaroToBku KocMmoHaBToB, C.I1. Koponer mo mpaey saciyxuBaeT
TOro, 4Tobbl ObITH NPU3HAHHBIM OCHOBOMOJIOXHUKOM MpPaKTHYeCKOli KOCMO-
HaBTUKH,

B MupoBoii Hayke ¥ TeXHMKE HeT APYroro TaKoro AedTellsd, C HMMeHeM
KOTOPOrO CTOJb X& Hepa3phIBHO OblMH 6bl CBA3AHBI AElICTBUTENBLHO BCE Be-
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JIMKME OCHOBONOJIAraiollMe CBEepIIeHHS NMepBOro AeCHTHIETHS KOCMHYECKOH
apbl yenosewecTBa, kak ¢ mMmeHeM C.I1. Koponesa.

. MBI yBepeHEBl, 4TO AanbHelmue, 605ee rirybokue wccrneaoOBaHUS HCTODHH
KOCMOHABTHKH, eme INIy6xe BbISBAT OCHopomoaarawowmuit Bkiaaa C.I1, Kopo-
JeBa B Da3BUTHE NPAKTHYSCKOH KOCMOHABTHUKM, M BBIBOABI, CAESJIAHHbIE B
STOM [OOKJaae, BbIASDPXKAT IPOBEPKY BpeMeHeM,

E. Rot-Oberth (BRD)

UBER DIE ROLLE VON H.OBERTH IN DER ENTWICKLUNG
DER.RAKETEN- UND RAUMFAHRTTECHNIK

Oberth las als 11-jahriger Junge die Bicher Jules Vernes
"Von der Erde zum Mond" und “Reise um den mend®. Wenn man
vom romanhaften Beiwerk absieht, 80 bleibt folgendes ubrig:

Drei Reisende werden in einem Pfojoktil nach dem Mond
geschassen. Es s80ll auf den Mond fallen und den Fall mit Pul-
verraketen bremsen, - andere Raketen gab es damals namlich
noch nicht-. Im Romen hatte die Erde dann noch einen zweiten
Mond, was unsere Astronauten sehr gefreut h@tte, wenn es
wahr gewesen wire. Das Projektil kommt diesem zu nahe und wird
durch die Anziéhunsahaﬁ: dieses Himmelskorpers von seiner
Bahn abgelenkt., Es fahrt dasnn in einer astronomisch zwar un-
moglichen, schriftstellerisch dafir aber interessanteren Kurve
um den Mond, bekommt die schonsten, demals bekannten Einzel-
heiten zu sehen, landet weider auf der Erde und f&llt in den
stillen Ozean, schwimmt aber oben, weil es leichter ist als
das Wasser, und wird schliesslich gerettet.

Die Idee bégeisterte Oberth. Er sah jedoch ziemlich bald,
dass sie in dieser Form undurchfihrbar war. Abgesehen von al=-
len technischen Schwierigkeiten hitte der menschliche Eorper
die flirchterliche Beschleunigung beim Abschuss eines Projek-
tils nicht vertragen. Diese Beschleunigung hitte einen Andruck
erzeugt, bei dem der menschliche Korper einfach zu einem Brei
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zerflossen ware. Dieses hgtte Oberth schon in der dritten
Gymnasialklasse nachgerechnet. Er begann also nun mit Unter-
suchungen, wie der Mensch auf ungewohnliche Schwere- und
Schwere- und Beschleunigungsverhéltnisse reagiert.

Wenn man in einem Wagen sitzt, der mit derselben Besch-
leunigung anfihrt, mit der die Korper im luftleeren Raum fal-
len, 80 wird man gerade mit seinem eiganen Gewicht an die
Rﬁckiéhne gedrickt. Wirde der Wagen mit der doppelten Besch-
leunigung anfshren, ware der Andruck bereits doppelt so gross,
bei der dreifachen dreimal und so fort.

Oberth begann nun in der Sch@ssburger Schwimmschule zu
beobachten, was geschieht, wenn ein Spriger beim Auftreffen
auf die Wasserfldche gebremst wird.

Aus verschiedenen Beobachtungen konnte er feststellen,
dass der Mensch in liagender Stellung eine Verzogerung bis zum
achtfachen der Erdscﬁware vertragen wirde, wenn er mit dem
Gesicht nach obenzu liegt.

Was die Andruckfreiheit betrifft, war sich Oberth ziem-
lich bald dartiber im klaren, dass auf einem Freischwebenden
Raumschiff kein Andruck herrschen wirde, denn die Korper folgen
dem Zuge der Schwerefelder alle in gleichen Tempo, sodass zwi-
schen ihnen keine Zug- und Druckspsnnungen entstehen konnen.

Um diese Uberlegung auch durch das Experiment zu bestati-
gen, fiillte Oberth eine starkwandige Flasche mit Wasser, sprang
vom Turm der Schwimmschule ins Wasser und heitl die Flasche vor
sich., Was et erwartet hatte, geschah, das Wasser stieg an den
Wanden hoch und nahm die Luft in die Mitte. Diesen Versuch
wiederhalte er 10 bis 20 mal mit dem gleichen Ergebnis. Dann
benutzte er Quecksilber. Dieses zog sich zu einer Kugel zu-
sammen, die nur an einem Punkt an der Flasche haftete.

Es handelte sich nun also derum, eine Antriebsart zu fin-

den, die bei hinreichend geringer Beschleunigung die Flucht-



geschwindigkeit erreichen konnte, bei der ein iﬁxper das
‘Schwerefeld der Erde verlisst, und die schon Jules Verne rich-
-tig mit 11 Km/sec angegeben hatte. ) -

Jules Verne hatte als Bremsmittel im luftleeren Raum Pul-
verraketen vorgeschlagen. Oberth konnte sich davon iverzeugen,
dase der Riickstoss im luftleeren Raum tatsdchlich wirken wir-
de. Er fillte einen Kahn mit Steinen an und warf diesen Steine
einen nach dem anderen hinsus und beobachtete, dass der Kahn
dabei jedesmal einen Stoss erbielt, gleichviel, wo der Stein
niederfiel. Es ist einfach eine Auswirkung des dritten New-
tontschen Gesetzes, wonach jeder Kraft eine gleichgrosse Kraft
gegenﬁbersteht. Wenn man den Stein in der einen Richtung wirft,
st0sst man mit den Pussen gleichzeitig den kann in die endere
Richtung. Auf die Rakete iibertragen heisst dass Das Treibstoff-
gewicht soll moglichst hoch, das Leergewicht moglichst gering
sein, und des Gas soll moglichst schnell ausstromen.

Oberth konnte in der Polge (er war Ja noch Gymn asiast)
nich viel experimentieren, und um wenigstens etwas zu tun, bef
gann er die Physik rickstassgetricbener Gerate wenigstens ma-
thematisch und theoretisch zu untersuchen., Bereits mit 18 Jah-
ren entdeckte er mit Hilfe einer Differentiationérechnung, dass
es fiir eine in der Atmosphire aufsteigende Rakete eine gunstig-
ste Geschwindigket gibt, bel der die Verluste durch Luftwider-
stand und Schwere einen liindestbetreag annenhmen, sodass die
meiste Antriebskraft der Beschleunigung der Rakets zugute kommt,.
Da der Luftwiderstand ungefahr mit dem Quadrate der Geschwindi-
keit steigt, leistet die Luft der Rakete bald einen unertrég-
lichen Widerstand. Fliegt sie dagegen zu langsam, so nmass sie
zulange gegen ihr eigenes Gewicht ankimpfen und verbraucht
dabel ihre Brennstoffe zu stark, Unter der Annahme dieser
ginstigsten Geschwindigkeit konnte Oberth schon mit 19 - 20
Jehren die wichtigsten Zusammenh8nge zwischen Treibstoffver-—

155



156

brauch, Luftwiderstand, Schwerkraft, erreichter Geschwindig-
keit, erreichter Hohe und Fahrtdauer in verhaltnismsssig ein-
fache mathematische Formeln fassen. Noch im Jahre 1919 hatte
Goddard in seinem Buch "A Method of Reachig Extreme Altitudes™
behauptet, es sel unmoglich, diese Beziehungen im mathemati-
sche Gleichungen zu fassen., Aus der Diskussion dieser Glei-
chungen konnte Oberth nun ablesen, worauf es beim Bau von
Raketenraumschiffen ankommt. Die bis dahin gebauten Raketen
waren alle zu leicht gewesen und zu schnell seflogen. Deher ihr
Uberrachend schlechter Wirkungsgrad.

Weiter setzten diese Formel ihn in die Lage, anzugeben,
wann flussige Treibstoffe vorzuziehen sind und wann feste, wann
spezifisch leichtere Treibstoffe mit hoher Ausstromgeschwin-
dikeit vorzuziehen sind und wann spezifisch schwers, von denen
men in gleichgrossen Behdltern mehr mitnehmen kann, wenn sie
auch keine so hohe Ausstrsmgeschwindigkeit erreichen; weiter,
wann eine zusdtzliche Apparatur, die die Ausstromgeschwindig-
keit erhoht, gewichtsméssig von Vorteil ist und wenn nicht,
ebenso wis die Frage nach dem Bestwert fiir den Innendruck
einer Brennstofkemmers ceteris paribus stromt das Gas umso
schneller aus, je hoher der Innendruck ist, doch dann missten
auch die Wande der Brennkammer starker werden, wodurch ihr
Gewicht Steigte

Ebenso fend Oberth aus diesen Gleichungen das Stufenprin-
zip. Wenn auf einer grossen Rakete eine kleinere steht, und
wenn die grosse abgestossen wird und die kleinere zu arbei-
tent beginnt, so addieren sich ihre Geschwindigkeiten. Dies
sind nur ein paar Beispiele. Oberth war mit diesen Rechnun-
gen in ein volliges wissenschaftliches Neuland vorgestoffen
und konnte aus seinen Formeln eindeutig ablesen, worauf as
beim Bau von Raumschiffen ankommt. Dies ist der Vorteil sol-

cher Buchstaben-Formeln. Ein heutiges Elektronengehirn rech-



net natirlich viel schneller und genauer, aber es liefert
immer nur bestimmte numerische Falle; nicht die allgemeinen
Zusammenh@nge. ("Ubrigens sage ich ausdriicklich: "Ein heuti-
yes Elektronengehirn., Es gibt namlich schon Maschinen, die
aus einer kaum Ubersehbaren Fiille von Einzeldaten in kurger
Zeit gemeinsame Zlige herausfinden, fir deren Nachweis ein
Statistiker Jahre brauchen wiirde, falls er sie iiberhaupt
findet, und was zukinftige Elektronengehirne leisten werden,
18sst sich heute Uberhaupt kaum noch ahnen.)

Die Rakete glich damals einemvbagabten aber armen Jungen,
der in einem grossen Betrieb einen bescheidenen Posten ver;
sieht. Da er nicht ausgebildet ist, konnte er auch nicht
mehr leisten und da er nicht mehr leistet, wird niemand auf
ihn aufmerksam. Und wenn (um das Gleichnis weiter zu spinnen),
einzelne Freunde von ihm sagen sollten: "In ihm steckt mehr",
so glauben das die massgebenden Leute nicht.

Ich denke hier z.B. an den grossen, leider vollig ver-
kennten deutschen Erfinder Hermann Ganswindt, dessen Erfin-
dungen und tragisches Schicksal Oberth erst 1925 bekannt wur-
den., Er hat den Hubschrauber und den Freilauf erfunden und
im Jehr 1891 (also noch vor Ziolkowsky) ein ruckstossgetrie-
benes Raumschiff vorgeschlagen. Weiter denke ich hier an den
russischen Gymnasialprofessor Konstantin Eduardowitsch Ziol-
kowsky, der 1896 ein Rickstoss-Raumschiff vorgeschlagen hat-
te, der aber auch erst nach 1924 Beachtung fand, als unabh&n-
gig von ihm westliche Physiker shnliche Ideen hatten. (Sein
Verleger schrieb z.B. 1924 im Vorwort susdruucklich "Missen
wir denn aslles vom Ausland beziehen, was in den Weiten un-
serer unermesslichen Heimat geboren wurde und sus Mangel ab
Beachtung wieder verkamm.") Oberth hat erst im Jahre 1926 von
Ziolkowsky erfahren und in der Folge mit ihm einige Briefe

ausgetauscht,
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Auf der Hochschule berechnete Oberth nun auch die Bahnen
fir die freie Fahrt von Raumschiffen im Weltrasum, weiter die
Sonnenbestrahlung und ghnliches.

Weiter studierte er eifrig die Kreiselgesetgze und konnte
bald eine automatische Raketensteuerung angebens Die Fahrtri-
chtung wurde durch einen Richtkreisel angegeben, der die Ru-

.der elektrisch betdtigen aol;te. Die Beschleunigung wurde
dadurch gemessen, dass ein Gewicht an einer elastischen Feder
zog und dabei einen Widerstand betatigte, der den Strom so
regelte, dass er der Beachleunigung proportional war. Schickte
men diesen Strom iber einen Stromzéhler, so gab dieser die
Geschwindigkeit an. Dies war vielleicht das erstemal, dass

ein Analogrechner vorgeschlagen worden ist.
In den Jahren 1921 - 1922 schrieb Oberth seine Doktorar-

beit Uber die MOglichkeit der Weltraumfahrt. Seine Kenntnisse

iUber das Verhalten des menschlichen K orpers bei Andruckfrei-
heit hatte er inzwischen weitgehend verbessert. Dass die
Schwerefreiheit korperlich fiir kurze Zeit nicht schaden kann,
war vorauszusseben.Die Befirchtungen mantcher Leute, z.B. die
Speisen wirden nicht im uagen bleiben, konnte Oberth schon
miﬁ 14 Jahren dadurch widerlegen, dass er auf dem Kopfe ste-
hend einen 4pfel ass, Menn kann also gut von unten nach oben
schlucken.

Ebenso ist jede andere physiologische Funktion des Men-
schen von der Existenz, Richtung und Grosse des Andrucks un-
ter einer Erdschwere sicher unabhéngig.

Doch wie ist es mit der psychologischen Wirkung der
Andruckfreiheit; Hier nun zog Oberth seiner scharféinnigsten
Schlisse, er sagte sich ndmlich: Wenn man die seelische Wir-
kung eines Breignisses auf den Menschen untersuchen will, ge—
n§gt es, wenn man seinen Sinnen das Ereignis glaubhaft vor-

spiegeln kann, Ganz grod gesprochens Wenn ein Psychologe z.B.
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Untersuchen wiil, welche Wirkung die Nachricht vom Tode ihres
Sohnes auf eine Mutter hat, so hat er es nicht notig, den

Sobn wirklich totszuschlagen, es genligt schon vollig, wenn er

es 80 weit bringen kann, dase die Mutter diese Nachricht glaubt, )
auch wenn sie in Wahrheit nicht stimmt,

Oberth hatte wahrend des ersten Weltkrieges Zugang gu den
Drogen eines Notreservespitals. Er wusste, dass Skopolamin
heuptsdchlich die Gleichgewichtsorgane des memschlichen Eor— ‘
pers bet'a’.ubt; Alkohol bet8ubt die Musel- und Gelenkfunktionen.
Wenn alsé diese Orgene aul;geschaltet s8ind, fihlt man sich wie
ein Rsumfahrer im schwerelosen Zustand. Um auch die Hautemfin-
dungen aussguschalten, die uns ebenfalls eine Orientierung
dber unsere Lage im Raum geben, legte sich Oberth in eine
grosse Badewanne und hielt auck den Kopf unter Wesser. Die
Atemluft saugte er aus einem Schlauch. Bin Freund beobachte
dex'i Versuch. Als die Wirkung der Gifte einsetste, drehte
Oberth sich ein paarmal .ul die eigene Achse. Er hatte jede
Orientierung verlaren und schodb dem Stab, den er in die Senk-
rechte bringen sollte, vollig planlos hin und her. Er hatte
szwer ein Gefihl fiir oben und unten, weil wir uns ohne die
Denkkategorien "oben" und "unten" nichts vorstellen konnen,
doch dle Gefiihle entsprachen (&hnlich wie beim Traume) nicht
mehr der Iirklichke-it. Es war den Sinnen Andruckfreihet vorge-
t8uscht worden. Dieser Versuch hatte eine halbe, bis dreivier-
tel Stunde gedauert. Dann musst et abgebrochen werden, weil
Oberth unter dem Einfluss des Skopolamins sebr schldfrig wur-
de. (4 Jehre spater hat denn der Prager Professor Dr. Starken-
stein die Vasano-Tabletten gegen Seekrankheit erfunden, die
neben Skopolamin auch Atropin enthalten, das das Gleichwegi-
chtsorgan ebenfalls betiiubt, sber im Gegensatz zum Skopolamin
nicht einachlafernd sondern aufregend wirkt, so dass der Mensch
munter bleibt).
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Damit war nun die Moglichkeit der Weltraumfahrt im Grunde
erwiesen, denn lénger als eine halbe Stunde brauchte man den
Menschen der Schwerefreiheit ja nicht auszusetzen, man konnte
spater Schwere, d.h. Andruck, kunstlich erzeugen, indem man

zwel Kapseln mit einem langen Drahtseil verband und sie um
dem Mittelpunkt kreisen liess.

Oberth ist im Grunde sogar dagegen, den Menschen ande-
ren als seinen natlrlichen Lebensbedingungen asuszusetzen.
Sein Wahlspruch lautets "Die Technik ist erst dann am Ziel,
wenn sie dem Menschen in einer ihm feindlichen Umwelt seine
natirlichen Lebensbendingung schaffen ksnn. Das schliesst
aber natirlich nicht aus, dass man alles untersuchen soll,
was sich Uberhaupt untersuchen l8sst, z.B. auch das Verhalten
des Menschen unter ungewohnlichen Verh&ltnissen".

Wie erwahnt, hatte Oberth schon alles, was man beim Bau
von Raketen wissen moss, ins Auge gefasst und, soweit nicht
schon andere diese Formeln aufgestellt hatten, selbst Formeln
dafir gefunden. In seiner Doktorschrift wollte et eigentlich
nur die Moglichkeit der Weltraumfahrt mit den heute bekann-
ten technischen Mitteln beweisen, doch um sich nicht sagen zu
lassens "Ja lieber Freund, was Du da vorgebracht hast, ist ja
ganz schon berechnet, doch die heutige Technik kann so etwas
nicht schaffen",brachte er fiur alle auftretenden Probleme
beispielsweise technische Losungen und ist eigentlich selbst
davon Uberrascht, wie viele davon in die heutige Raketentech-
nik Eingang gefunden haben. Als Beispiele erwahne ich hier:

Die Verwendung von 70%igem Alkohol und flissigem Sauer=—
8toff bei der Unterstufe und von Wasserstoff und Sauerstoff
bei den Oberstufen, die Gesamtformgebung, die Anordnung der
Tanks,des Feuerraumdruckes, das Verhdltnis von Ofenrsumen zum
engsten Dﬁsenquerschnitt und das Verh8ltnis dieses Quersch-
nitts zum Hﬁndungsquerschnitt, die Ausbauchung der Lavaldusen,



die Graphitruder im Feuerstrahl, die Schlsierkinlung und die
Regenerativkihlung, die Pumpenforderung der Kraftstoffe, der

Ansatz der Lufstaudruckes suf die Kraftstofftanks usw. Uber
die automatische Steuerung habe ich schon berichtet. Auch

der Vorschlag Oberth's, die Raumschiffe nicht so sehr sta-~
tisch, sondern durch einen leichten Inneniberdruck zu verstei-
gen, fand in dexr Leichtbauwelse der "Atlas"-~-Rakete Verwendung.
Im ganzen haben der verstorbene Professorg S§nger und Herr
Ananoff 95 Ideen genannt, die heute bereits Bingeng in die
Raketentechnik gefunden haben,das ist die iberwiegende Mehr-
zahl. . )

Da die Arbeit Oberth's als Doktordissertation abgelehnt '
worden war, veroffentlichte er sie suf eigene Kosten im Jahr
1923 unter dem Titel "Die Rakete zu den Platenenrdumen" im
R.Oldenbourg Verlag. Die Kontroverse, die sich darauf erhobd,
gab ihm Anlass, im Jabr 1929 ein neues erweitertes Raketen-—

buch "Wege zur Raumschiffahrt" zu schreiben, wo »er-auch den
Aufstieg bemannter Raketen, auf die Probleme bei der Landung,
die Energiefragen, die Orientierung im Raun das elektrische
Raumschiff einging. Dieses Buch gilt auch heute noch. al;s Grund-
lage der Raketentechnik, wurde 1929 mit dém REP-Hirsch-Preis
susgezeichnet, 1946 von der Firma Edward Brother's in den USA
im Lif-;hotypiedxuck repioduziert und 1965 ins Japanische \'iber-
setzt.

Im Jahr 19é9 begann Oberth nun endlich auch seine tech-~
nischen Versuche suf dem Raketenflugplatz in Berlin., Dea seine
Mittel nicht ausreichten, nahm er dankbar die Hilfe von Stu-
denten der technischen Hochschule an, die dabei natiirlich auch
viel lernten. Unter diesen war der bedeutendste Prof. Der Wern-
her von Braun, der sich ebenfalls als Schiiler Hermann-Oberth's
bezeichnet und spiter, wie man weiss, dem Mondflug auch ver-

N

wirklicht het,
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Das Verdienst Oberth's besteht darin, dass er den Weg
der Raumfahrtentwicklung theoretisch vorgezeichnet hat. Der
Umstand, dass die Raketentechnik und Raumfahrt verglichen mit
der Fleigerei eigentlich verhdltnismissig wenig Opfer gekos—
tet hat, ist hauptsachlich darauf zuruckzufihren, dass die
Fliegerei ein Sprung in ein unbekanntes Element war, wahrend
bei der Raumfahrt die 'meisten Gefahren und die meisten dage-
gen zu ergreifenden Massnahmen schon vorher bekannt waren.

Dieses dirfte das Hauptverdienst Hermasnn Oberth's sein.

. Sdnger-Bredt, E.Schéfer (BRD)
BEITRAGE EUGEN SANGER'S ZUR ENTWICKLUNG

DER RAUMFAHRT-TECHNIK

Der Einfluss Bugen Sénger's auf die kntwickludg der
Raumfahrt-Technik erstrecicet sich auf Lehre und Forschung,
auf die technische Entwicklung durch Vorschlag und Forderung
konkreter Projekte und auf die Klarung kultureller, soziolo-
gischer und weltanschaulicher Aspekte der Raumfahrt.

In unserem Bericht iber diese Schwerpunkte seiner Leben—
sarbeit werden wir zunaschst die wisentlichen Projekte Eugen
SENGER's auf dem Gebiet der Raumfahrt- und Raketetechnik und
schliesslich seine Beitrdge zur Raumfahrtlehre und zur Orga-
nisation internationaler Zusemmenarbeit im Bereicht friedli-
cher Raumfahrt behandeln.

1. Die wesentlichen Projekte Eugen SXNGER's auf dem Ge-
biet Raumf t- und Raketen-Techn

Die Verwirklichung einer jeden technischen Idee scheint
nacheinander mehrere bestimmte, charakteristische Entwick-
lungsstadien zu durchlaufen, deren Trdgen man etwas schemati-

siert als "Traumer", "Erfinder", "Konstrukteure" und "Reali-
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Bild 1: Eugen SANGER vor Erdglobus

satoren" bezeichnen kann. Dabei gelten die Triger der beiden
mittleren Stadien als die "Pioniere"™ der neuen Technik, als
deren Pioniere der ersten und zweiten Generation.

Zu den Pionieren der zweiten Generation suf dem Gebiet
der Raketen- und Raumfshrt-Technik z@hlt - zumindest in der
ersten Halfte seines Lebens - auch der am 22. September 1905
in dem bshmischen Kleinstadtchen Pressnitz geborene spatere
Hochschulprofessor Bugen SANGER (BILD 1).

Der Dichter und "Traumer", der dem dreizehnjahrigen
Knaben EBugen schon in seiner Realschulzeit den Wunsch nach
Raumfahrt einpflanzte, war Kurt LASSWITZ mit seinem Roman
"Auf zwei Planeten"., Der Pionier der ersten Generation, des-

sen Gedanken ausschlaggebend fir Eugen SKNGER's sp&tere Be-
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ruswahl wurden, war Hermann OBERTH mit seinem genialen Buch
“"Die Rakete zu den Planetenrsumen". Bugen SANGER, der zu Be-
ginn seiner Studien im Herbst 1923 an der Technischen Hoch-
schule Graz zunachst allgemeines Bauwesen belegt hatte, be-
gann nach dexr Lektire von OBERTH's Buch sogleich, seine ei-
genen Hochschulstudien in Richtung Luftfahrt zu verandern.

Auffallend und zugleich charakteristisch fir BEugen SXNGER
ist, dess er sich trotz aller Begeisterung fiir OBERTH und seine
Ideen von vornherein von dessen konkretem Realisierungspro-
gramm rein ballistischer Tragerraketen 10ste und - &hnlich
wie seine Osterreichischen Landsleute VALIER, VON HOEFFT und
VON PIRQUET - einen mehr kontinuierlichen Ubergang von der
Luftfahrt zur eigentlichen Raumfahrt anstrebte. Diesen ™aero-
nautischen Weg in den Weltraum" bezeichnete er als das Ziel
der sogenannten "Wiener Schule".

Mit welcher Systematik Bugen SANGER als Ingenieur und
Forscher vorging, lassen Programmnotizen erkennen, die sich in
seinem Nachlass fanden. In einem der friuhesten dieser vorge-
fundenen Programme, das aus der Zeit um 1929 stammen dﬁrfte,
28h1t er unter dem Stichwort "Bauten™ folgende Entwicklungen
aufs "Stratosphdrenflugzeug - Raumboot - Aussenstation -
Planetenschiff -~ Raumschiff™ und unter dem Stichwort "Schrif-
ten, Hauptarbeiten"s "Stratospharenflug - Kosmotechnik- Bio-
technik"”.

Eugen SANGER, der unter Raumfahrt in erster Linie immer
bemannte Unternehmungen verstand, sah also in der Realisie;
rung seiner ersten Projekte, des "Stratospharenflugzeugs" und
des "Raumboots" (Raumtransporters) nur die allerersten Schrit-
te zur Verwirklichung von Raumfahrt, die er jedoch nicht zu
lUiberspringen winschte, wie es die spatere Entwicklung tat.

In dem Entwurft zu seinem 1929 geplanten Buch "Kosmotech-
nik" sind acht Kapitel vorgesehen: "Vom Sinn der Kosmotechnik -
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Die Rakete als Antriebsmotor - Das Raketenflugboot - Der Rake-
tenflug, einstufiger Vorstoss in den Weltraum - Die Erdaus-
sendestation - Das Raumschiff - Die Raumfahrt - Auswirkungen".
Man findet in den stichwortartigén Notizen hierzu neben che-
mischen Flussigkeitsraketentriebwerken bereits "Radium-" und
"Rontgen"- Raketen erwdhnt, wobei unter Radium-Reketen im
heutigen Sprachgebrauch kernchemische beheizte Raketentreib-
werke, unter Rontgen-Raketen SENGER's spatere "Photonen-Rake-
tentriebwerke" verstanden werden. Ferner findet man ausfihr-
liche Begrundungen fiir die 'Notwendiskeit von orbitalen Erdau-
ssentationen und eine Aufzdhlung ihrer verschiedenen Funktioc-
nen, Eonstrumtionsskizzen, Erwagungen uber den Einfluss der
Relativit&tstheorie auf die Kosmonautik, kurzum, neben unvol-
lendet Gebliebenem die Ansdtze zu allen spateren erfolgreichen
Arbeiten. Im letzten Abschnitt des Entwurfs wer&en als "Aus-
wirkungen" von Raumfshrt einige erst 20 bis 30 Jehre spater fur
die Allgemeinheit bewusst und aktuell gewordene Mgglichkeiten
erortert, wie erweiterte geologische, astronomische und astro-
physikalische Forschung, "Eingriffe in geologische und meteo-
rologisché Naturvorgange", "Sonnenergienutzung", "Hebuﬁg von
Naturschdtzen fremder Planeten™ und schliesslich gar so heik-
le Themen wie "Eultur-Protektorate" mittels Raumfa.hrt;

Seine ursprungliche Absicht, im Sommer 1929 auf dem Ge-
biet der "Raketen-Flugtechnik" zu promovieren, hat Eugen
SENGER guf Rat seines Lehrers der Luftfahrtwissenschaften,
Prof. R.EATZMAYR, aufgegeben und erlengte seine Promotion am
5. Juli 1930 - statt iiber das "Flugboot" - brav und erfolg-
reich mit der Arbeit uber das Thema: "Die Statik des viel-
holmig-parallelstegigen, ganz-und halbfreitragenden, mittel-
bar und unmittelbar belasteten Pachwerkfligels". '

In der Einleitung zu seiner als Dissertationsschrift
vorgesehenen Studie uber ‘"Baketen-l'lustechnik” heisst es un-
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ter anderems "Diese Untersuchung besteht aus einer rein theo-
retischen, kritischen Vergleichung der verschiedene Moglich-
keiten des Vorstosses 1n.den Weltraum, errechnet die wirt-
schaftlichste Weise und sicherste Methode (Flugboot - Aussen-~
station - Raumschiff) und liefert eine geschlossene Theorie
dieser Methode'.

Das im Jahr 1969 - also finf Jahre nach Eugen SXNGER's
Tod - von der amerikanischen Raumfahrtbehorden NASA angekin-
digte Post-APOLLO-Program mit den vier Schlisselelementen:
"gpace station module", "space tug", "space shuttle™ und "nuc-
lear space shuttle" entspricht genau dem grundsﬁtzlichen Kon-
zept Bugen SKNGER's aus dem Jahre 1929.

Bei der Durchrechnung seiner friiheren Projekte, iiber die
verschiedene Veroffentlichungen (LIT. 1-5) vorliegen, hatte
Eugen SKNGER bald erkannt, dass eine vernunftige Auslegung
der Zelle und Absch&tzung ihrer voraussichtlichen Flugleis-
tugen erst mgglich war, wenn experimentell gesicherte Daten

.ﬁber mogliche Triebwerksleistungen vorlagen. Im sogensnnten
"Bauhof" des Instituts fir Baustoffkunde der Technischen
Hochschule Wien (BILD 2) fiihrte er daher von Dezember 1932
bis Oktober 1934 auf eigene Faust systematische Versuche mit
selbstgebauten Modell-Brennksmmern von gr3ssenordnunssmﬁssig
10 cn? Hauptspantquerschnitt aus. Aus dem noch erhaltenen,
sehr ausfiihrlichen Tagebuch iuber "Modellversuche mit Gleich-
druck-Raketenflugmotoren" (BILD 3) geht hervor, dass in 235
Einzelversuchen mit diesen kleinen Modell-Brennkammern fiir
flissigen Sauerstoff und Gasol bei Schiiben bis zu etwa 30 kp
und Brennksmmerdricken bis zu 50 at, wirksame Auspuffgesch-
windigkeiten von 3000 m/s und Betriebsdauern von 26 Minuten
erreicht wurden.

Als theoretische Erkenntnisse aus seinen Versuchen und

als Glitemassstab fiir Raketentriebwerke pragte Eugen SANGER
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anschliessend den Begriff der "wirksamen Auspuffgeschwindig-
keit" sowle den Begriff der "charakteristischen Ofenlénge”,
die fir die Aufenthaltsdsuer der Feuergase in der Brennkammer
verantwortlich ist,

Die technologischen Erkenntnisse, die Bugen SANGER bei
seinen Versuchen mit Modellraktenbrennkammern gewann, sind in
Patentgrundlagen von Ende 1934 enthalten und umfassen:

~ Hochdruckfeuerung.

- Herstellung der Brennkammern und Disen aus Rohren mit

_ Zwangslesufkihlung durch Treibstoffe (BILD 4).

- Verwerdung von Metallen in reiner Form als Brennstoff

‘oder als Zusatz zu anderen Brennstoffen,

Brennstoff i
A

Fig.s

Sauerstoff
Fig.7

Fig.d

%Z’ue:rraamzzﬂscﬁlaﬂ
Fig.7

Bild 4: Zeichnungen zu Kuhlpatent
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Bild 5: Prufstandsanlage in Trauen

- Antrieb der Kraftstoffpumpen durch das Feuergas des
Motors,

- Grosse Schnellaufigkeit der PFlissigsauerstoffpumpen,

- Expsnsionsdise mit gekihlter Wand und Uffnungswinkeln .

der Dise grosser als 25° und kleiner als 270°.

Diese Erfolge brachten Eugen SANGER am 1. Febraur 1936
eine Berufung nack Deutschland, wo er von der DEUTSCHEN VER-
SUCHSANSTALT FUR LUFTFAHERT (DVL) mit der Planung eines rake-
tentechnischen Forschungsinstituts und dem Entwurf eines
Forschungsprogramms fir Flussigkeitsraketentriebwerke beauf-
tragt wurde.

Auf dieser Grossforschungsanlage mit einem Horizontal-
prufstand fir Gleichdruck-Raketen von vis zu 100 Mp Schub
(BILD 5) sowie einer Erzeugungs- und Speicheranlage fiir Fliis-
_sigsauerstoff von 56 t Fassungsvermogen in Trauen in der Liine-

burger Heide wurden ab Februar 1939 unter Leitung Eugen
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SKNGER's zahlreiche Triebwerksversuche mit Hochdruckraketen
von 1 M“Schub vorgenommen.

Neben diesen Priufstandsversuchen, bei denen Feuergas—
driicke bis zu 100 at und wieder wirksame Auspuffgeschwindig-
keiten bis Uber 3000 m/s im stationdren Betrieb erreicht wur-
den, leifen zahlreiche kleinere Experimente und theoretische
Arbeiten, die hier nur kurz aufgefihrt werden konnenj;

- erfolgreiche Brennversuche mit Leichtmetall-Dispersio-
nen in éasal und Wasserstoff-Sauerstoff-Brand;

- Entwurf optimaler Zellenformen fir Hyperschall-Rake-
tenflugzeuge mit halbogivaler Rumpfspitze und keilformigen

Fluigelprofilen (BILD 6) und Vermessung ihrer Unterschall-

Polaren;

Raketenmotor mit
Hilfsmaschinen

Araftstoffianks

£i ngﬁzgycnes
Falirgescell
Krartstofftanks

Bild 6: Skizze des "Fernbombers"



Bild 7: Gleitreibungsversuchsanlage

Bild 8: Do 217 mit Versuchsaufbau
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- Aufbau und Betrieb einer Versuchsanlage fur die erst-
malige Untersuchung der Gleitreibung bei Gleitgeschwindigkei-
ten bis 800 m/s (BILD 7) als Vorbereitung eines Startschiit-
tens bis zu 500 wn/s;

- soit 1939: Durchfﬁhrung von Boden- und Flugschleppver-
suchen mit neuartigen Hochtemperatur-Staustrahltriebwerken
(BILD 8, LIT. 25 und 36) nach dem Prinzip des Franzosen René
LORIN,

Neben allen diesen experimentellen Arbeiten liefen grund-
legende theoretische Untersuchungen, wie

- Entwicklung einer Theorie des semiballistischen erdna-
hen Raumflugs mit minimalem Energieufwand durch Bugen SXNGER,
die spiter als "Rikoschettier-* oder "Hipf-Flug" (BILD 9)

bekannt wurde;

-~ gemeinsam mit seiner Mitarbeiterin Irene BREDT: Begrun-
dung einer als "Caskinetik" bezeichnete Stromungslehre, die
erstmals die Berechnung von Luftkréften in sehr grossen Flug~
hohen in freier Molekularstromung gestattete;

~ ebenso in Zusammenarbeit mit Irene BREDT: exakte Bere-
chnung der Triebwerksstromung in Raketen- und Staustrahl-Sys—
temen unter Berucksichtigung der endlich grossen Einstellgesch-
windigkeiten des Gleichgewichts eines jeden Prozesses.

Wegen der kriegsbedingten Treidbstoffknappheit mussten die

Grossversuche am Raketenprufstand in Trauen im April 1942
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abgebrochen werden, die Flugschleppversuche mit Staustrahlt-
riebwerken im April 1944.

Bugen SXNGER und Irene BREDT hatten die auf dem Gebiet
der Raketenflugtechnik gewonnenen Erkenntnisse in einem Pro-

jektbericht "Uber einen Raketen-Raumflugzeug" zusammendefasst.
Dieser Bericht wurde im August 1944 als Geheime Kommandosa-
che mit dem Titel "Uber einen Raketenﬁntrieb fir Fernbomber"
(LI?. 10) veroffentlich, nachdem er zuvor durch einige "mi-



Bild 9: Rikoschettier = Flugbahnen

Bild 10: Franzosisches Experimentalflugzeug

"GRIFFON"



litarische" Kapitel erweitert worden war. Das Projekt "Fern-
bomber" erregte nach Beendigung des Krieges allenthalben
Aufsehen und diente als Grundlage zu interessanten Entwick-
lungen in verschiedenen Ldndern, zum Beispiel dem berihmten
amerikanischen Versuchsflugzeug NAA X-15.

Fir Bugen SENGER war die Zeit der grossangelegten Pruf-
stands-und Flugversuche aus weltpolitischen Grinden seit
1944 zu Ende. Als beratender Ingenieur ging er im Juli 1946
mit einigen seiner Mitarbeiter nach Frankreich, wo er neben
wichtigen theoretischen Arbeiten Raketenmotorenentwicklungen
betreute und die Entwicklung einiger anderer franzosischer
Projekte, wie der Panzerabwehrrakete SS-10, des bemannten
Staustrahl-Versuchsflugzeugs GRIFFON BILD 10) und des Stau-
strahl-Flugkorpers R.010 beriet.

In diese Zeit fallen einige wichtige theoretische Arbei-
ten Bugen SANGER's, wie der Voischlag von Luftzumischung zum
Abgasstrahl von Strahltriebwerken zwecks Schuberhohung (1947),
eine Theorie uber den Mechanismus der Gemischaufbereitung in
stationsren Feuerungen (1948), eine Theorie uUber den Mecha-
nismus der Pulverberbrennung (1950), die Theorie der ther-
mischen Verstopfung bei adiabatischer Stromung (1949) und
Vorschlége zur Herabsetzung der Grenzschichtreibung und Grenz-
schichterwdrmung durch Verwendung von Oberfldachen mit uUber-—
wiegend spiegelnder Reflexion (1953).

Zu den erregendsten Arbeiten Bugen SENGER's wéhrend sei-
nes Aufenthalts in Frankreich durfte indes die Wiederaufnah-
me einer Idee zahlen, die er erstmalig bereits in seinen No-
tizen aus dem Jahre 1929 fixiert hatte, der Idee des Photo-
nentriebs und seiner mgglichen technischen Bedeutung fir die
Weltraumfahrt. Es wirde hier zu weit fihren, auf Einzelhei-
ten dieser umfangreichen Arbeiten naher einzugehen, doch sei

ein wesentliches Resultat der angestellten Uberlegunsen ange-—
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Bild 11: Zentralgebaude FPS

fihrt: Eugen SENGER wies nach, dass Menschen - nach den Ge-
setzen dersspeziellen Relativitatstheorie’EINSTEIN's ~ grund-
s8tzlich in der Lage sein missten, innerhalb ihrer Lebens-—
dauer beliebig weit eAtfernte kosmische Objekte zu erreichen,
ohne allerdings damit rechnen zu konnen, bei einer versuch-
ten Rickkehr ihren Heiﬁatplaneten noch vorzufinden.

Nachdem das Verbot der alliierten Siegermdchte von Luft-
fahrtforschung in der Bundesrepublik Deutschland sich zu loc-
kern begann, war Bugen SXANGER im Herbst 1954 einem Ruf nach
Stuttgart gefolgt, wo er ein Forschungsinstitut eigens fir
den Ubergengsbereich zwischen Luft - und Reumfahrt aufbauen
sollte, wie es bis dahin noch nirgendwo existierte.

Es kam jedoch zu keinen grosseren Versuchsarbeiten mehr
fir Eugen SENGER. Unmittelbar nachdem die Versuchslabors des
Zentralbaus im Pfaffenwald (BILD 11) - mit den Abteilungen
Thermodynamik und Stromung, Plasmaphysik, Photonik, Moleku-
larstrahlphysik, Hochtemperaturspektroskopie, Verbrennungs-
raketen (BILD 12), Treibstoffchemie und Heisswasserraketen

und Staustrahlen (BILD 13) - im Sommer 1961 betriebsfahig ge-
175



Bild 12: lNodell von Laempoldshausener Raketen -

Versuchsanlage

Bild 13: Heisswasser - Raketenprifstand in Stuttgart
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Bild 14: JUNKERS Reumtransporter - Projekt

worden waren. Wurde der ganze Komplex auf Wunsch der bundes

deutschen BehOrden in eine Reihe selbstandiger Institute
aufgegliedertvund als Ganzes der DEUTSCﬁEN VERSUCHSANSTALT
FUR LUFTFAHRT (DVL) angeschlossen. Bugen SENGER folgte zu
Beginn des Jahres 1963 einer Berufung als ordentlicher Profes-
sor auf den neugeschaffenen Lehrstuhl fir "E&emepte der Raum-
fahrttechnik" der Technischen Universitd&t Berlin, wo er. bis

zu seinem Tode am 10. Februar 1964 wirkte.

In seiner nebenamtlichen Tatigkeit als Berater bundes-—
deutscher Luft- und Raumfahrt-Industrien hatte Bugen SXNGER
in den Jahren 1961 bis 1964 noch einen umfangreichen Haus-
bericht der Firma JUNKERS FLUGZEUG- UND MOTORENWERKE AG uber
"Vorschl8ge zur Entwicklung eines Europdischen Raumflugzeugs"
(LIT. 49) ausgearbeitet. Diese Vorschldge betrafen Vorstudien
zu einem kleineren, bemannten Raumflugzeug von ca. 250 t

Nutzlast (BILD 14) fur Transportmissionen in eine 300 kmwEr-
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dumlaufbahn; es war horizontaler Katapultstart mitteln Heiss-
wasser-Raketenantrieb, in der ersten Entwicklungsphase Zwei-
stufigkeit mit Flissigwasserstoff-Flussigsauerstoff-Raketen-
antrieben bekannter Bsuart (w = 4200 m/s) und in der folgen-
den Phase Einstufigkeit bei Impulserh3hung des Abgasstrahls
durch staustrahlartige Ummantelung des Flissigkeitsraketen-
atriebs vorgesehen.

Noch am letzten‘bormittag seines Lebens vollendete Eugen
SKENGER ein Kapitel seines Raumtransporterprogramms. Er wid-
mete so seine letzten Stunden im Grunde dem gleichen Projekt,
das ihn in seinen Jugendjahren als Erstes beschgftigt hatte
und von dem in seinen Wiener Tagebuchnotizen zu lesen stand:

"Und meine Silbervogel werden d o ¢ h' fliegen!"™ (LIT. 52).

2. Bugen SENGER's Beitrdge zur Raumfshrt-Lehre und zur

Organisation internationaler Zusammenarbeit im Be-
reich friedlicher Raumfahrt

Bugen SENGER's Wirken beschrénkte sich zu keiner Zeit
seines Lebens auf die Eroberung technischen Neulands allein.
Vom Beginn seiner Laufbahn an setzte et sich ebenso sehr fur
die Forderung der reinen Lehre und fir die Aufklarung der
kulturellen, soziologischen und weltanschaulichen Aspekte
von Raumfahrt ein.

Sein 1933 vom Verlag OLDENBOURG in Minchen veroffentli-
chtes Buch "Raketen-Flugtechnik™ (LIT. 3) stellte ein erstes
wissenschaftliches Lehrbuch der neuen Technik dar.

Von zwiaéhenzeitlichen kurzen Lehrtatigkeiten abgeseben,
erfﬁhr Eugen SENGER die Kronung seiner Laufbahn als Hoch-
schullehrer im Dezember 1962 durch die Berufung als ordentli-
cher Professor an den neugeschaffenen Lehrstuhl fir "Elemente

der Rsumfahrttechnik" der Technischen Universitst Berlin.
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Bild 16: ias kostet \eltraumfahrt?

In einem kurz vor seinem Tode erschienenen Buch "Raum-
fahrt, heute-morgen-ibermorgen" (LIT. 47) hatte Eugen SENGER
seine Gedanken uUber die Entwicklung der Raumfahrt - als Ver-
machtnis - der Nachwelt hinterlassen.

Wie Aufzeichnungen aus dem Jshre 1929 erkennen lassen,
hatte sich Bugen SANGER noch friihzeitig Gedanken iber die
allgemeinen Auswirkungen von Raumfahrt auf die Menschheit ge-
macht. In spsteren Jahren fasste er seine uberzeugung in die-
ser Hinsicht in zahlreichen Abhandlungen und Vortr@gen zusam-
men (s.a. das Literaturverzeichnis), von denen hier - als
Beispiele - nur "Zur Soziologie des Forschers" (1952), "Was

_kostet Weltraumfahrt" (1951), "Aspekte der Raumfehrt" kﬂ958)
und "Raumfahrttechnische Uberwindung des Krieges" genannt wer-
den sollen.

Daneben erarbeitete Eugen SENGER seit Beginn der finfzi-
ger Jahre immer wieder Extrapolationen der vermutlichen Wei-
terentwicklung der Reamfahrt-Technik (BILD 15) von erstaunli-
cher Treffsicherheit und wies durch Kostenberechnungen (BILDA6,
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LIT. 23) nach, wie rasch nationale Kapazitadten dabei Uber-
schritten werden.

Eugen SENGER hat Raumfahrt immer als ein Anliegen der
gesamten Menschheit aufgefasst.

Als Forderer internationaler Zusammenarbeit wurde er zum
ersten Prasidenten der Internationalen Astronautischen Fode-
ration (IAF) gewahlt, war Grindungsmitglied der Internationa-
len Astronautischen Akademie (IAA) und Ehrenmitglied zahlrei-
cher Raumfahrtgesellschaften der Welt. In Zusammenarbeit mit
den 1958 gegrindeten "Standigen Komitee fir Weltraumrecht™ der
IAF entwarf Eugen SENGER ein vielverwendetes Diagramm der
Anwendungsbereiche der verschiedenartigen Luft- und Raumfahr-
zeuge (BIDL 17), das eine obere Grenze des Bereichs nationa-
ler Souveranitét nach technischen Gesichtspunkten lieferte.

Als einen Hohepunkt seines Lebens empfand er auch den
Tag, an dem er im Februar 1956 in Freudenstadt die erste per-
sonliche Begegnung zwischen den offiziellen Vertretern der
russischen und amerikanischen Satellitenprogramme vermitteln
konnte;

Die ausgelibte Beratungstatigkeit bei der Grindung der
EUROPEAN LAUNCQER DEVELOPMENT ORGANIZATION (ELDO) und der
EUROPEAN SPACE RESEARCH ORGANIZATION (ESRO) stellte Eugen
SANGER nicht immer ganz zufriedep. So war er ﬁberglﬁcklich,
als es ihm gelang, die EUROSPACE, eine Vereinigung von 86
europdischen Firmer, fiir die Plannung eines europaischen
Raumtransporters zu interessieren.

Im Januarheft 1964 der Zeitschrift FLUGWELT veroffentli-
chte er unter dem Titel "Jetzt oder nie - Sternstunde der
europaischen Raumfahrt" einen Apell an die europaischen Staa-
ten zu gemeinsamer Realisierung eines bemannten Transportflug-
zeugs fur Antipodenflug und Missionen zwischen der Erdober-

flache und einer Erdaussenstation, des Raumtransporters.
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Bild 17: Diagramm der Fluggeschwindigkeiten und Flughchen

Durch die amerikanische ﬁondlandu.ug im Jahr 1969, durch
die russischen Ersterfolge beim Betrieb von Erdaussenstatio-
nen im Jahr 1971 und durch des amerikanische Post-APOLLO-
Program wurde die hrbeit Bugen SENGER's inzwischen bestatigt.
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Ein kleiner Krater auf der Mondruckseite, 4° Nord und
102° Ost, den die INTERNATIONALE ASTRONOMISCHE UNION im
Herbst 1970 auf Eugen SENGER's Namen taufte, erinnert die
Nachwelt an die Beitréige dieses Porschers zur Entwicklung der
Raumfahrt.
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B.A.Cemenos (CCCP)

NMPUHUWITMAJIBHBIE OCHOBbI MCTOPUKO-HAYYHBIX WCCJ/IEAOBA-
HWUW PA3BUTUA ABUALIMOHHOM HAYKU U TEXHUKH

B HacTOosumee BpeMd B YCIOBMSX CTPEMHTENIBHOIO Pa3BUTHS Hayr?n U Tex-—
{MKM MCTOPMKY HayKH OCODSHHO BaXKHO HailTM Hauboee BEepHYKH METOLUKY
103HaHUA 9TOI'O NpOUEeCCa AJsl BBISIBIEHUA ONpedelleHHON ero 3aKkOHOMEpHOC—
M ¥ VIS NOCTeAyIomero NpelBHASHHS Pa3BUTHs Ipouecca XoTs 6bl Ha Gau-—
Kalimee 6ynywee,

Hayka n TexHuka, B TOM 4YHCIle, KOHEYHO, ¥ ABMALMOHHBIE, ABISIOTCS
TBOpPSHHSIMHM YeJIOBEYECKOI'o padyMa. B HUX OTpaxeH NMpOUECC pOCTa MHTEI-
JeKTyanbHOI'O NMOTeHUMala YelloBe4eCTBa, B pasBUTHMX HayKM M TeXHMKM AOJ-
KHBI TIO9TOMY HabimopaTbCs Te Xe CTYNeHH poCTa OT MIIadeH4YecTsa K 3pe-
7OCTH, KaK M y JHOAel C NOCTeNeHHbIM HapaCTaHWeM TeMIla DPA3BHUTHS, CO
sce GONBbLMM NPOGBIEHHEM CIIOCOGHOCTell K HOBOMY, OpPMIMHANBHOMY. 3TO
1103BOJIAST METOAMYECKM B HAYyYHO-HCTOPHYECKMX HCCIICJOBAHHIX PacCMaTpl-—
3aTh HAayKy M TeXHUKY, KaK TaKOil yCIIOBHBIH XMBOH OpraHHaM, B KOTOPOM
OTpaxeHbl Haubollee BBICOKME MHTEJUIEKTyallbHble NPOSIBISHUS OeATeIbHOCTH
42/I0BeYeCKOro Moara, [IpelMymecTBo 9TOrO YCIOBHOIO XUBOI'O OpraHuamMa
rlepen YeJOBEKOM COCTOMT B TOM, YTO OH, KaK IIpaBHIO, HE CTapeeT, a
HEIpephIBHO HapauBaeT CBOM CIOCOGHOCTH M C yCKOPeHHEM [BHIXETCH BIe—
ped MO NyTH HOBbIX OTKPBITH K HOBBIM BO3MOXHOCTSM TO3HAHHS M TOKO-
peHNsl CHUII NPUPOAbL,

Ho, KOHeuyHO, HayKy M TeXHHKY M B TaKOM YCJIOBHOM CXeMAaTHYECKOM
TpeACTaBlIeHNM Hellb3si pacCMaTpUBaTh KaK H3OMPOBAHHYIO CAMOP&3BMBa—-
ourylocs cucreMy. HaGmopaeMmas, Kaxywascs CaMOCTOSTENIBHOCTbL Pa3BHTHS
liAyYHBIX 3HAHMII HMKAK He MCKIIOYaeT HAJMYMsl MHOXECTBA NPSAMBIX M oBparT—
HLiX CBA3ei, BK/OYAIOWMX HAyKy M TEeXHMKY B OOUIYI0 COUMANBHYIO XH3HL
O BCEMM OCOGEHHOCTSMH ee pa3BHTHS.

ABMALMOHHBIE HayKa M TeXHMKa OPraHMYeCKM CBS3aHBI CO MHOXECTBOM
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Apyrux obnacTeit HayuyHbIX 3HAHMH M, KOHEYHO, OCHOBHBIS TNPHHUMIIBI MCTOPH—
KO-HAay4YHOr0o aHalu3a UX Pa3BUTHS SBISIOTCSH OBLIMMM.

Hcropuk Hayku M TEeXHUKM MMeeT CBOell 3apayei pacKpbITh MPOLECC pas—
BUTHMS HayyHO-TeXHUYECKMX 3HaHUH BO BCeil ero MOIHOTe, BO BCEM ero MHO—
roo6paauy, NpH BCeil ero CIIOXHOCTH, PasBuTHe HayyHbIX 3HaHMii, COCTap—
Jsgoulee NMpeaMeT MCClIe[OBaHMs, — SIBJIeHHe KOMIJIEKCHOe, NO3TOMY MeTOAbl
MCClIeJOBAHUA AOJDKHBI OTBeYaThb 3TOIl KOMIIEKCHOCTM, OOJIXHBI 2 COOTBeT-
CTBOBAaTb,

[OpeBHss BOCTOYHas MyAPOCTb CIpaBefdIMBO OTMeyaeT, 4TO, He NO3HaB
NpOIJIOrO, HeNb3f MOHATh HACTOSIIEro; INpouuioe — yuyutenb Oyayuiero.

[Mpouioe BOCHPOM3BOAMT (AKThl BO BPEMEHH, T.e. MO BO3PACTHBIM CTy-
NMeHsM; OHO MOKaablBaeT NPOLECC poCcTa, IIpH M3yYeHHM MCTOPUM GaKThI,
KOHEYHO, MIpaloT NepBOCTeNeHHywo ponb, OOHAKO B Hay4yHO-MCTOPHYECKOM
HMCCIIeIOBAHUHY HeJIb3H OTPaHUYUTHLCS JIHUE NTepedYuCIeHne M CbaKTOB:aHQOGXOﬂH-
[MMO yCTaHOBHUTBb NPHYMHY CaMMX (GaKTOB, NMOHATbH KaK M MOYeMy el 3TOT
CTyNeHYaThlif Ipouecc pocTa, 4eM OH obfecneyupalCsd, 4YTO PaCHMIlalo eMy
nyTb., MccrnepnoBaHMe mpouecca MCTOPHYECKOIO pPa3BHTHS OT MPOUNIOrO XK
HacTOsIeMy OOMXKHO BCKDPBITb 3aKOHOMEPHOCTH Hay4HO-TeXHHYeCKOI'O Ipo-—
rpecca, O6BSCHUTE NPHYUHBI 0 HepaBHOMEPHOCTH. M, HamnpuMep, Ha TeKy-—
IeM OTpe3Ke MCTOPMM dYell0BeYeCTBA — HeH30eXXHOCTH ero yCKOpeHus, Mmo-
KasaTb 3HayeHMe BCEX COIyTCTBYIOMMX OGCTOATENbCTB,

Yem ’rnyG)Ke M OCHOBaTenbHee OydeT pacCKphITa HCTOPHS H3y4aeMoOro
Bompoca, T. e, YeM IoNHee OyneT BhIgBIeHa BCH COBOKYIMHOCTBH BHEIUHHX M
BHYTPeHHHMX BO3[EWCTBMIf, ONpede/sioMUX XapakTep Pas3BUTHS H3ydaeMoit
cucTeMbl (KOTODYI0 YCNOBHO MBI M NMpEeACTABIsieM KaK XHUBOH OpPraHuaMm),
TeM 060CHOBaHHee GyOyT PaCKpBbITBI 3aKOHOMEPHOCTH MCTOPHYECKOrO Xoaa
Hay4HO-TeXHHYECKOI'0 Iporpecca Boofle M B 061aCTH Hay4YHO-TEXHHYECKHX
3HaHHWH IO BOIpPOCaM aBMalMH, B YACTHOCTH.

IMockonbky myTh B Oymywee GepeT CBOe HAYalo B NPOLLUIOM, TO Haubonee
NMOJIHOE MCTOPMYEeCKOe MCCllefOoBaHHe B 067aCTH aBHAUMOHHON HAYKH M TeXHH—
KM OO/KHO OXBATHTBH COGOI0 BBISBIICHHE M aHAIM3 3aKOHOMEPHOCTEeH pasBH-
THS MOSM IOJIeTa W ee KOHKPEeTHBIX BOIVIOMEHHMH OT APeBHOCTHM [0 HalMX AHei,

Hcropusa apuamyu gpigeT COOOH HCTOPHYECKHH IPOLECC DAa3BUTHS Tex
HAYYHO-TEeXHUYeCKHUX MAeH, KOTOphle CO3daBalM M COBEPIISHCTBOBAIM ITHLO
aBHauwy, NMOBHILIANK ee ”TeXHHKO-MHTeINIeKTYAalbHbI” ypOBeHb, CO3daBaly
NMPUHIOMIHAIBLHO HOBBIH “TeXHHYECKMI MO3r” JeTaTellbHbIX allapaTos, BBIC—
Bo6oxaany 4YellOBeKa OT MEJIOYHOJ ONeKH CBoeil MallMHBl NpH B3JIeTE, BO
BpeMd Inojieta M IpH nocanke,

CronetusMu moau HabmoJany moieT HACEKOMBIX M IITHL, NBITANNCH pas—
rajaTh CexpeT INoOJieTa M HallTH BOSMOXHOCTB TEeXHHYECKOI'O MOOEIHPOBAHUS
TOr0, 4TO BHAENM B XMBOW mpupone. EcTecTBeHHBIe HayKM NOCTENEHHO Aa—
Bajli HEKOTOpble pasraaky gBJIeHMI NPHpPOAbI ¥ CO3NaBallM OCHOBBI K pas-—
BUTHMIO TeX INPMK/IaAHBIX 3HAHMH, KOTOpbIe BeNlM K Hay4yHOMY 9KCIEPHUMEHTY,
K Hay4yHO—O60CHOBAHHOMY MOJE/IMPOBAaHMIO.

Bonbwoit uHTepeC B HCTOPUKO-HAy4YHBIX MCClIefOBaHMAX NPeACTaBIseT
coboit TBOpYECKHil NyTh MOAEIMPOBAHMS (yHKIMIA XUBBIX OPr'aHU3MOB B TEXHH—
4YeCKHUX OOBeKTax, KOTOphle CaMH IO cebe BeChbMa OTIMYHBEL OT XHUBBIX 00—
pasuos, VIMeHHO Ha 3TOM NIyTH M [OO/XHO BECTHCh M3Y4YEeHHe TOro Npubop—
HOro O6OpyAOBaHWs JleTaTellbHBIX annapaToB, KOTOpPOe CTalo B HTOre COC—
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TaBIATh KakK OGbl MO3I' M OpraHel YyBCTB, COOTBETCTBEHHO NONOJHSIOLINE
MO3I M OpraHbl YyBCTB NmWiIoTa. KayecTBO, CBO{iICTBA M CIOCOGHOCTH BCEro
KOMIJIEKCa OBOpyNOBaHMA CTAIM ONpefdsNiaTb HOBble B3aNMOOTHOILEHMS J1eT-
4lKa W MallMHbl BO BpeMs IoOjeTa.

OcHoBHas pa6oTa mpu 9TOM llersia Ha obopynoBaHue, JIeTYHKY OCTanucCh
B OCHOBHOM (yHKLUHH KOHTpOIepa, )

3pech Heo6GXOOMMO TNIyGOKOe NMpPOHMKHOBEHHE B CaMylo CYLWIHOCTb OMHO
13 BaXHelWnx TeM cospemeﬂﬂocru O CBAGHM B S[MHOM KOMIIIEKCE HejloBe-—
Ka ¥ MallKHBL,

[lpu aannse pa3BHUTHA pealbHBIX KOHCTPYKLMIl JIeTATe/bHBIX AlllapaTos,
NIOCTENEeHHOr0 M3MEHEeH¥s HX J1eTATellbHBIX CBOIICTB, 0CO00e BHHMAHHWE Ha-
06XOOMMO yNeqsTh PACCMOTPEHMIO BIIMSHMS CIEUMUKH OTASNIbHBIX HCTOPM—
YeCKUX IepHOAOB Ha NpPOrpecC HCCIefyeMOr'o BHAA TEXHHKY.

Hapo umeThb B BMOY, UTO HOBAg Hay4yHas MBIC/IIL U COOGpaXeHHS O ee
BOSMOXHO} TeXHHYSCKOH peanu3alMi MOIYyT 3apoXAaTbCd B yMaX OTAeb—
HBIX MU [OA BIMSAHHEM /ML MX MHOMBMAYAanbHbIX nolyxnaeHwi., Passutue
TaKuX MbICllell ompefenseT COGOM IIyGMHHBIE NMPOUECCEI YMCTBEHHOI'O TBOP—
yecTBa, JTO — KaK Obl yTPOOHBIN IPOLECC 3apOXASHHUS Hooro, Ho korna
BO3HUMKAeT K 3TOMy HOBOMY OOLIECTBEHHEBII HHTepeC, BbI3BAHHBIH NOTpe6-—
HOCTAMM peanbHON XHU3HM, NMPOMCXOAUT yXe M CaMblif GakT POXIOSHUS STOrO
HOBOr'O, XOTg OBl W B JalleKO HeCOBEepLIEHHOM BHIE,

Tax 6bUI0 C IIOOOTBOPHBIMH, HO He Dealu30BaHHBIMH B CBOS BpeMs Hae—
amu JleoHapno-na-Burun o netaTenbroit Mammke (XV Bek), Tak 6blmo C

” asponpoMMIeCKOli MawuHkoi” (BeproneTom) M, B. lTomonocosa (XVIII B.)
4 Mbl 3HaeM, KaKk poxaanach pealbHasg aBHalug (moctuxenns A.P. Moxaii-
cxoro, 6p. Paiitr u ap. - xoren XIXu nauano XX BB.)

[Tocne 3TOro Nerk0 BHASTH NEPHOOMYECKYI0 ”CMeHy MOKOJeHWiH” apHauuu
XX B. (oT mepBEIX Manbx ee ¢oOpM, C OYEHb OI'DAHMYSHHBIMH SKCIUTYaTaUM—
OHHBIMH BO3MOXHOCTAMH, [0 COBPEMEHHBIX CaMOJIeTOB-I'MI'@HTOB C HCKIIO—
YHTENbHO GONBIIMMM SKCILIY ATAHOHHBIME BO3MOXHOCTSMH),

HcxomuelM MOMEHTOM IIMPOKOr'O MCCIiefOBaHHS Ha GO/bLIOM HCTOpHYEC—
KOM IIyTH OOJ/DKHA CIYXWUTb HayYHO—-OGOCHOBAHHAas NepHOnU3alyd,

[Neppeituieit 3anayeil IpH ITOM HBIAETCH YETKOS HAXOXIEHME OTIIMYMIl
HayIHO-TeXHHYECKOTO YPOBHS K&XOOTI'0 HOBOTO NEpHOAa B CPaBHEHHHM C TeM,
4TO [JapaNl NpefblAywWmii mepuon, VIMeHHO 3mech ¥ 3apoxaaeTCss MCTOPMKO—
Hay4yHOe TBOPYECTBO, BhHIABIOIIEe, KaK MOTOBWIOCH HOBOE KaiyeCcTBO, YeM
OHO BHISHIBAJIOCH, KaK OCYIIECTBISICH IPOLUECC Nepexoja B HOBOe KadeCTBoO,
KOTOpbIf B MTOr'e M ONpeaelisyl MOABEM HAyYHO-TEXHWYSCKHX 3HAHUH Ha HO—
Bbli, 6O/lee BBICOKMH ypOBEHb,

KayecTpeHHas OueHKa MCTOPMYECKHMX (AKTOB M CpaBHMTENIbHas OlEHKa
BBICOTBl UX HAyYHO-TEXHMYECKHUX YPOBHeH OOJXHbI BBIBHTBH CYIIHOCTH HOBO—
ro B M3yyaeMoif o61acTM 3HaHMi, B U3yyaeMblil Nepyoa BpPEMEHM M Npeaon—
pefeluTb XapaKTep NpeACTOSUIEr0 HCTOPUKO-HAYYHOI'O MCClIe0BaHMS.

[IpocTeiimest 3anayeit Ha 9TOM NMyTH GyneT PaCCMOTPEHMEe TEXHHYECKOH HO—
BU3Hbl, BOSHUKWIEH B pe3ylbTaTe HOBbIX HAeH B PAa3BUTHH TEXHHYECKHX HayK, UK
B peayibTaTe O4YepefHOro TEeXHMYECKOrO yCOBEepIISeHCTBOBAHWS NPOU3BOACTBA
¥ [axe B CHIYy HOBOTO TEXHWYECKOro usobpeTeHus. Bce Takue cnyuanu
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MOI'YyT OaThb CPABHUTENBLHO HEeBbICOKOE MpEeBbluIeHHe Hal IPEeXHUM ypOBHEM,
[pyroe meno, xorfa nepexol HA HOBbI ypOBeHb MOAIOTOBIIEH HOBBIM HayH—
HEIM OTKphITHEM B (yHAaMeHTAaNbHbIX HayKaxX., 3[eChk 3ajada MCCIefoBaT2is
pacUHpgeTCs M OCJOXHASTCSH M3YyyeHHeM Ipounecca BHeOpeHMsi Hay4yHOI'O OTK—
pPBITHE B TeXHIMeCKHe HayKH, B NPOLECC TEXHUYECKOro Ha306peTaTenbCTEa,

CymecTBeHHblI MHTEPEC NPEACTAaBISET PACKPBITHE BCEX 3aKOHOMEpPHOC—
Telt pasBHBAOMMXCH NMpoueccos, PaGoTa Hal PaCKPBITHEM TAKUX 38KOHOMep—
HOCTEH B HCTOPHMYECKOM MarepHaie NpOIIOro AO/xHa& GPOCHTh JIyd CBeTa
BIeped Qs NpPeABMASHMS AalbHEHWero MyTH DPas3BUTHA YelOBeYeCKMX 3Ha-
HMit,

Tak ¥ B aBHaAUMM Helb3s NpPedBHAETH ee OyAylero, He OUEHMB C AOCTa-
TOYHON OBOCHOBAHHOCTBIO €e TPOUUIOrO M COBPEMEHHBIX NMOTeHUHWATBHBIX BO3—
MOXHOCTEH; TONbKO MCTODPMKO-HAy4YHBIN aHANH3 BCeX ITaNOB HpPOASHHOI'O
NyTH CNOCOGeH AOCTOBEPHO OCBETHTHL ee Gynymee.

OpHol! M3 OCHOBHBIX 3aJad HCTOPHYECKOI'O aHallM3a aBMALMOHHON HayKu
¥ TeXHHKM M §BIgeTCs OUSHKa COBPEMEHHOT'O YPOBHS M NMOTEeHUMANIbHBIX BO3—
MOXHOCTEH aBMauuy C lenblo NPOrHO3MPOBAaHMS BO3MOXHLIX HalpaeleHHi
ee panbHeHlero pa3BUTHM.

[Ons yeeperHoro Barngaa B Gyaymee HanO0 CyMeTb BCKPBEITH ABUI'aTellb—
Hble CHJIBI Hay4YHO-TeXHWYECKOIr'O Mporpecca M NPOMCXOAsduIelt ceifyac HaydyHO-
TEeXHUYECKOJ peBOIIOUNY, YBHASTH BCEOOUHOCTH HOBBIX OTKDBITHHA M HOBBIX
sayk (Taxux, HanmpuMmep, Kak KUOSpHETHKA, MKTPOHNHKA, GHOHWKA M 1p.).
Peuenne 2T0i 3apa4# B COBPEMEHHBIX YCJIOBHSAX HEBO3MOXHO 623 IiryGOKO-—
'O 3HAHH# CYWHOCTH M OCOOEHHOCTell COBpeMEHHOIl Hay4YHO-TEXHHYECKOH pe-—
BO/IIOUMH, DTO CBA3EHO, B IEpBYK OYepedb, C HEOGXOAMMOCTHIO ydYeTa M-
POKOI'O CNeKTpa Hay4HbIX M TeXHHYeCKMX AOCTHXEeHWH Ha aBMalMIO, & Takxe
oBpaTHOro BO3ASHCTBUA aBMALMM Ha HAy4YHO-TSXHUYECKHUl NPOrpecc, OQHHM
U3 OCHOBHBIX HAaNpaBleHuil KOTOPOr'O sgBIdeTCd OHa cama,

Hano BupeTh, YTO TeMn COBpeMEHHON HAYYHO=TEXHHYECKON DP&BOIONHU
NPeBOCXOOUT BCE TO, YTO B 3TOM CMBIC/IE MMENIOCh BO BCEH HMCTOPMM pas—
BUTHMS €CTeCTBEHHOHAYYHBIX M TeXHMYeCKuUX sHauuil, Eo oxpauewss! mouTu
BCe oTpacnu Hayku. C Helo BOSHHKIM MO CBOSMY CYIIECTBY COBEPUIGHHC HO—
BBle NpPeACTaBlIeHMs O NPOMUCXOASIUX B NPUpOAe Npoueccax, HeioBek CBOMM
NBITIMBBIM yMOM ceiiyac IIyOOKO NMPOHUK B MO3HAHHME 3AKOHOB NMOCTPOSHHS
MHpa B LeNOM M B BOIPOCBI CTPOSHMS BEWIECTBA, OTKPBI HOBBIE 3aKOHBI
MIPHPOABL.

Henbsg He BuOeTb, YTO HAy4YHO-TEXHMYECKAs DPEBOMIOLUS M OTKPBITHIS
e10 HOBble OO/IACTH SHAHMS BLIABMHYI AaBHALMIO MU KOCMOHABTHKY C HX HO—
BBIMM 9KCIUTYy aTAaUMOHHO—TE XHUYECKHMH BOBMOXHOCTSMU Ha nepenHuii Kpai
Hay4YHO-TEXHHYECKOI'O NpOrpecca,

B none speHus HCTOPMKOB ABMALMOHHON HAYKM M TEXHVWKM OO/IXKHBL CTOATH
npo6leMHbIe BONPOCHI Pa3BHTHs apuauuu Gyaymero. Kak mpasuno, mx sapox-—
OSHME U pasBUTHE CBS32Hbl C DPOCTOM eCTeCTBEHHOHAaYYHBIX 3Haﬂnﬁ;—Hanpn—
Mep, HOBeHlye OTKPBITHA (QU3UKOB, KACAIOUMECH [VIa3Mbl, CO3OAHHe HMII
METOAOB ee H3yueHHud, Cpasdy XKe CTapdT U Nneped CaMMMH YYeHbIMM U Nepen
TBOPYECKMMM CH/IaMy CNeUMaIHCTOB-HHXEHEpPOB BONPOCHI BH2AP@HMS ITHX
OTKPBITUIl B NMPAaKTHKY., PacKpbITHe CeXpeTOB IIaaMbl NO3BOJIZeT yxe ceiiyac
npeABHAETHL CO3QaHKe Ha 3TOH OCHOBe MPOEKTOB HOBBIX THIIOB aBHAUMOHHBIX
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peaKTHBHBIX ABMI'aTesieil, DTO NO3BOISET I'OBOPUTh YXe O T'psayumeldl HOBOl
CTYNeHHM B Pa3BUTHH aBMALMOHHON HAyKH M TeXHHKH. .

Henbas He BHAETH TOrO, 4YTO COBPeMeHHas apHalMs BCe Gonblie NpH—
yyaeTcs K AHCTAHUMOHHOMY yNpPABIICHHIO C 3€MiIM. DTO OCOGEHHO Da3BUTO B
KOCMHMYECKHX JeTaTelIbHbIX anmnaparax. KOHeYyHO, KOCMMYeCKle feTaTeilbHble
anmapaTil - He apkalMs, HO MX TeXHMYeCKas TeHASHIHMs BIHSeT Ha aBMALMIO.

[Iporpecc aBHauUMOHHON M KOCMHYECKON TeXHMXM BCe 6Oilblie BbIABIAST
TeHASHIMIO K YBEJMYEHMIO pajuyCa AeHCTBHs Ha3eMHBIX CPENCTB CBH3H KOOp—
QMHAIMOHHO-BBIYMCIIMTE/IbHOTO LeHTpa C JleTaTellbHeIM ammapartoM. [Ipu aToM
o6HapyXMBaeTCs HapacCTalollas 3aBHCHMOCTb YCIIOBMi IONISTa OT HANeXHOCTH
CBSSH C 3eMIlei.

Hano BuaeTe B 9TOM He TONBKO MHOJIOXUTEbHYIO, HO U BO3MOXHYIO OT—
pHLIAaTeNbHYI0 CTOPOHBI BONPOCa. B 4acTHOCTM, KOCMMYECKME leTaTelbHble
anmapathl (RaXe M aBTOMATEHI) [OMKHBI GBITH T'OTOBBIMH K TOMy, YTOGBI Ca—

MOCTOATENBHO ONyCKATBECHd Ha APYyTYIo MJaHeTy, I'le HUKTO He T'OTOBHUT MM
pcTpeuy. O4eBHAHO, B OanbHeillleM DPa3BHTHM aBHALMM TOXE OO/XKeH HamMe-—
4aTHECS POCT CAMOCTOSTE/ILHOCTH GOPTOBBIX CHCTeM, O6eCIeynBAaIoIyX CaMOIeTy
BO3MOXHOCTb NpHU3eMiIgTbCs 6e3 moMomu C 3eMid. Bens “myTtu” ceaseit ¢
3emiiell MOI'YyT OKasaTbCsd YS3BHMBIM MECTOM aBHaluM; B H3BECTHBIX YCIIO—
BHAX OHM MOI'YT ObIThb HapylleHbl, HO 0e30MaCHOCTb MoJleTa OOJLKHA COX-—
paHSTHLCA NPH BCEX YCIOBHSAX,

BaxHe#UM TPHHUMIOM HCTOPUKO—-HAYYHOI'O HCCIeJOBAHUs HBIISeTCS BHH-—
MaHHe K HCTOPHYSCKOMY (OHY; TO/IBKO B MCTOPHYECKMX KOHKPETHOCTSIX MO=—
ryT OBITb PACKPBITHI MPUYMHBI OGMECTBEHHBIX INPOTHBOPEYUd.

EnuHcTBO M pasHOOOpasue Mupa ompefeliseT B3aMMO3ABHCHMOCTEL sBlle—
Huit BO BCeOoOWEeM pas3BUTHH,

Orcrona ang mporpecca XH3HH Ha 3eMile BBITEKaeT GeccriopHas HeoGX0-
AMMOCTb I'@PMOHMYECKOI'O Pa3BMTHS HAyKH, TeXHHKH, MOpPAalbHbIX KaiyeCTs
monei, COUMaIbHO-3KOHOMUYECKOr'O YCTpOIiCTBa XH3HU obwecTtsa., bBea Ta-
KO} IapMOHMM BBICOKAd HaykKa M HoBeilumlagd TeXHHMKa MOTYT oKasaTbCs Iy—
GUTenbHBIMY VI MoOed, Kak OroHb M IOPOX B pykax pebeHka,

llypoxoe paseuTHe HaykM M TEeXHMKM, KaK NPaBWIO, BlleyeT 3a CoBoif
couuanbHble nocnenc'ram.—ﬂoa'romy npu OBOCHOBaHMU TEMIIOB HAYyYHO-T&X—
HYYEeCKOr'O Nporpecca Hejlb3s He YYHTHIBATL PELIAKEH PO CouManbHO—
SKOHOMMYSCKUX YCIIOBHUIl XU3HM obecTsa.

VIMeHHO HOBBIC OOMECTBEHHO~2KOHOMHMYECKME BEdHMA B Nepuoa anoxu Boa-
POX{eHus pPaCKPbUIM TOr[a HOBbIC IIEPCIeKTHUBBI AJld PaSBHTHH BCEX HayK,
BCEeX BHAOB MCKYCCTBa M TeXHHKH.

MBIl gBIgEMCH CpUOETENIaMM TOrO, KakOif IPOCTOp ANs TBOPYECKOil MHM—
uyMaTHBb! OTKPBUICS B Haweli crpaHe nocne Bennxoit CxTabpeckoii couna—
JIMCTUYECKOH PeBOMOUMH, NOMOMUBILEH Y HAC Hayano HOBBIM COLMAIBHO—-3KO—
HOMMYECKMM OTHOWIEHUSM IIPM HOBOM OOWIECTBEHHOM CTpoe.

Mcroprko-HayyHoe HCCleaoBaHne, B 4aCTHOCTH, M BONPOCOB PA3BUTHS
ABMALMOHHOI HayKy M TeXHUKH, AO/DKHO BCKPBLITH B3aMMOCBS3b BCEX jleMeH-
TOB Hay4YHO-TEXHHUYECKOIr'O INporpecca M MX B3a¥MMO3aBHCHMOCTb, TONLKO Ye—
pes3 No3HaHMe INyTeit pasBUTHMd M YCIeXOB B CMEXHBIX OOlacTdx 3HaHUA, B
IIOCTOAHHON CBA3H C OOUIECTBEHHOH Cpefoil, B VCIOBUAX IIOHMMAaHHs OObLeK—
TUBHLIX 34KOHOB PA3BUTHH OOUIECTBA, MOXHO paCKpbhlTh NOANHHHYI0 KapTUHY
MCTOPUYCCKUX NyTell pasBUTHA M KaXAoll OTAel/bHOI O6IaCTH SHAHUS M KOHK—
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PeTHOIi TeXHIKM, TOJMBKO Ha STOM MyTH M MOXHO OGOCHOBAHHO CTPOUTHL MpPO-—
THO3bl Ha Oyayulee Kak B OGWIEM pa3BHTHM HAyYHO—-TEXHHYECKOr'O Iporpecca,
Tax, B YACTHOCTH, M B Pa3BUTHM KakKOH-IHOO KOHKpPeTHOH ¢yHOaMeHTAallbHOM!
obnacTi 3HaHMNd,

OnbIT NpoBeASHUS TaKUX HCCIENOBAHWII, B TOM YHCIe ¥ MO UCTOPMH aBH-—
AUHOHHOIl HayKM M TeXHHKM, HeONpPOBEpPXHMO CBUAETENbCTBYeT, UTO B OOHOB—
JIEHHBIX COUHAIbHO—~3KOHOMHYECKHX YCIIOBHAX >XKU3HM oOblecTBa, TapMOHHYHO
OTBEYAIUHUX BO3POCIINM TpeOOBAHUAM DPAa3BUTHA HAY4YHBIX SHAHUI H MX MpH-
JTOXeHMH, OTKDPBIBAIOTCS IMPOKHE NEepCIeKTHBbl A8 Hay4yHO-TeXHUYECKDIo
nporpecca M aJlsg Haubolee IOJHOI'O HCIOJb30BAHMS HX PEe3yibTaTOB B HHTe—
pecax BCEro 4elloBe4eCTBa.

Onpir CCCP, coBpeMeHHOe BOIUIOUIEHHE €r'0 aBHAUMOHHOI Hay4YHO-TEeX-—
HHYSCKOH MBICIIN, B YaCTHOCTH, CBEPX3BYKOBOIl ruraHT - camoner TY-144,
BeqmuKaH-BepToiieT B-12 u aopyrue ofpaausl COBETCKON aBHALMM, ASMOHCT-
pUpOBABUINECS B 3TOM I'OAy Ha MeXAyHapOoOdHOIi aBMallMOHHOH BEICTABKe B -
INapuxe, ClyxaT OOBEKTHBHBIM IIOKa3aTeIeM TOr0, 4TO HayYHO—TeXHHYSCKHH
NMpOrpecc, ONMUPAIWMHCH Ha BO3MOXHOCTH COUMAIMCTHYECKOrO CTpOs, obe—
asT YyesoBeYeCcTBy Oonbline yCIeXH.

KoHeyHO, 'IUMPOKO M3BECTHBI M 34aCiIy>KeHHO BBICOKO OLEHMBAIOTCS OOIbliie
VCrexll B CTPOUTENbCTBE apHaumy M B AHrauu, u Bo Ppanuuu, u B CUA,

1I B OPYCMX CTpaHax. )

CpoMMH OOCTHXEHMSMH BCE CTPaHBl B3aMMHO oforamaioT OpyT Apyra,
MHOXAT MHPOBOii ONBIT, O6eCHeunBaloT AanbHelui Hay4YHO-TeXHUYeCKHil
Mporpacc YelloBedyecTBa,

licTopnko-HayuHoe MCCllefOBaHME OOJDKHO OXBaThIBATBH COGOH COCTaBsIO-
LHE BCer'0 KOMINIeKCa 9TOI'0O MMPOBOI'O OIBITAa,.

llcTOpIKII HayK# CO3HAWT, YTO CYWeECTBYIOT GyHOaMEeHTalbHble 3aKOHO—
MEPHOCTII Pa3BHTHsl BCeX SBIEHMH XH3HM, YTO STH 3aKOHOMEPHOCTH oXBa—-
THIBAIOT CO6GOH M KH3HL NPUPONBI, U pasBHTHE OOIIECTBA, U B3aMMOCBS3aH—
HOe pa3BHTHE BCeX Hayk.

CoznaBasg MEeTOAHNKY HCTOPHKO-HAy4YHBIX HCCIIe[OBaHMil, OHH CTpeMaTCs
NPOHUKHYTE B TaliHbl 9THX 3aKOHOMepHOCTeH.

Ycnexu Ha 9TOM IyTH NMOMOI'YT V4eHbIM OGOCHOBAHHO NpeaBMAETb Oy-—
Aywee M B IpgaylleM Pa3BHTHM aBHalMOHHOIN HayKH M TeXHHKH.

M. Sharpe (USA)
ROCKETRY IN THE AMERICAS PRIOR TO WORLD WAR I

The earliest known rockets to be fired in the New World
appear to have been those of Captain John Smith, the English
adventurer, who on July 24, 1608, lsunched several to samuse

the Indians on the coast of the Chesapesake Bay.1For more than
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two centuries afterwards nothing more was hesrd of the rocket
in the Americaes. The development of rockets, and pyrotechnics
in general, smong the English colénies of North America and
the colonies of various European countries in South and Cen-
tral America during the 17th and 18th Centuries was practi-
cally nonexistent. There are several reasons. The primary

one is, of course, that manufacturing generally was discou-
raged. Goods for the colonies were to be bought from those
made in the mother country.

In the special case of the colonies of Greet Britain in
North America, there was zlso a geocheﬁical reason. The com-
ponents of gunpowder were often scarce or difficult to obtain
and process. In what was later to become the Unifed States of
America, this situation in particular obtained. Sulfur and
saltpeter, the latter especially, were in short supply, snd
this problem grew acute as the colonies prepared for their
revolution against England. The Continental Congress on July
28, 1775, recommended to the provincial conventions that
every effort be made to collect saltpeter, including it from

the soil beneath tobacco houses.2
The War of 1812

The revolution of the North Americaﬁ colonies of Great
Britain (1775-1783) found little use of rockets. Those that
were used were British, and they appear to have been only
aignal rockets§’4w1th the renewal of enmity in 1812 between
Great Britain and her former colony in North America, rockets
plegyed a much greater role. Again, the role was all British.

The British rocket unit of Royel Marine Artillery that
pleyed the most active role during the war was one that hsad
been trained at the Royesl Arsensl at Woolwich, under the di-

rection of Sir Williem Congreve. Its first rocket attack in

265 13
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the war took place on June 22, 1813, when the British attacked
Craney Island in the mouth of the Elizabeth River, nesar Nor-
folk, Virginia. However, the Americen defenders of the island
ignor8d the rockets and concentrated their cannon fire on the
British barges carrying marines to attack the mainland.

Following this action off Hampton Roads, the rocket unit
was sent north to Nova Scotia, largely because its ranks had
been decimated by fevers contracted in the southern waters.

Part of the unit under Lieutenant George E.Balchild saw
its first action in the north at La Colle Mille, on the Little
Colle River, in Canada, on March 30, 1814. The rockets on
this occasion were more successful and helped spoil an attack
on the mill by a much larger American force.

During the spring, the scene of fighting shifted to Up-

per Canada, and Balchild's unit saw action on several occa-
sions.

British rockets were used with more success as a navsl
weapon sagainst towns along the coast of Chesapeske Bay. The
power of the Congreve rocket so employed can be visualized
from an eye-witness account. American Commodore Joshua Bar—
ney's small fleet of armed barges was attacked by the British
on June 10. He later reported to the Secretary of the Navy:
"One of the enemy's rockets fell on board one of our barges,
and, after passing through one of the men, set the barge on
fire."5

Some of the most vicious fighting in the entire war took
place at the Battle of Lundy's Lane on July 25, 1814, near
the famed Nisgara Falls, in New York. The British rockets on
this occasion were under the command of & noncommissioned of-
ficer, a Sergeant Austin, whose 12-pounder rockets covered
a vital road over which the Americans were required to pass,
During the battle, the American Brigadier Genersl Jacob Brown
was said to have been painfully burned snd injured when one

of Austin's rockets glanced off his side.
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Sir Thomas Iiardy, the protege of Lord Nelson, used
rockets in considersble numbers as he ssiled up snd down the
Chesapeake Bay and Long Island Sound, attacking towns such
as Stonington, Connecticut on August 9, 1814. The results on
this occasion were far from satisfactory, however.

Perhaps the most memorable use of British rockets during
the War of 1812 occurred at the Battle of Bladensburg, al-
though the rockets used against Fort licHenry are better
known, having been immortelized in the United Ststes of Ame-
rica's netional anthem. On August 23, 1814, British General
Sir Alexander Ross (destined to die at the Battle of New
Orleans in the following yesr) began his attack on Washington
by thrusting through the Americen defenders st Bladensburg,
just outside the capital. In the attack, Lieutenant John Law=
rence, of the Royal Marine Artillery, commended a detachment
of rocketeers who were largely responsible for the complete
rout of the Americen troops. In a later testimony before the
American Congress, the commanding general William Winder sta-
ted: "The rockets, which for the first three or :our, passed
very high above the heads of the line, now received a more
horizontal direction and passed very close to the heads of
Schutz' and Regan's regiments... A universal flight of these
two regiments was the consequence."6

By contrast, the 32-pounder rockets fired by Lieutenant
Lawrence sgainst Fort McHenry on September 13 did little da-
mage. One of them could easily have resulted in the capture
of the fort if it had not been a dud: it landed squarely on
the roof of the fort's powder magazine, collapsing it but
causing no explosion.

The British continued using rockets throughout the wsr.
Indeed, they were used in the iast battle which was fought
after the treaty of peace had been signed. The first attempt

to capture the city of New Orleans csme on December 28, 1814,
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The rockets on this occasion were fired by Captein H.B.Lane,
who commanded a detachment from the 2nd Rocket Battery of the
Royal Artillery, which had just arrived from the lstely con-
cluded Peninsuls Wer ageinst Napoleon. American Msjor General
Andrew Jackson ran bsck and forth among his defenders shout-
ing: "Pay no attention to the rockets; boys; they are mere
toys to smuse children."” 7Four days lster, on New Yesr's Day,
the British attacked sgain, unsuccessfully, with rockets
playing a major role in the initial bombardment of the Ame-
rican lines. Several of them smashed into Jackson's head-
quarters but did not kill or wound him or his steaff. A fur-
ther asttack occurred on Januery 8, and it too was unsuccess-
ful. These attacks had cost the British the lives of their
three commanding generals and were completely unsuccessful
in capturing the city. The British retired on January 18,
leaving Captain Lane and his rocket unit to cover their re-
treat.

The British use of rockets in the War of 1812 was lar—
gely ineffective, except for the Battle of Bladensburg. How-
ever, they did prove, as they had st Copenhagen in 1807, thst
the rocket was a very effective means of setting fires to

towns and ships.

The Mexican-American War (1846-1847)

Between the War of 1812 and the Mexican war of 1846-
1847, the American Army became interested in war rockets
though not on the scale that they were generally used in
Europe at the time. The US Army Ordnance Department in 1846
became interested in the'stickless, spin-stabilized rockets
invented by Willian Hale, the English engineer at Woolwich
Arsengl, In that yeer and the following, tests were made
of Hale's two and three-inch diameter rockets; and the Ord-
nance Depsrtment for $20,000 purchased the plans to manufac-
ture them.
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When the Mexican-War erupted, the Army still was not
completely satisfied with the rocket. However, it decided to
use some of them on & field trial bssis with a newly organi-
zed Mountain Howitzer and Rocket Battery (staffed entirely
by Ordnance so;diers). Two thousand of the new Hale rockets
were sent to the battery for use in the attack on Vera Cruz,
but they were misrouted gnd remained in a magazine "and not
found till after the campaign was over." The rockets were
used, however, at the Battle of Cerro Gordo, on April 17-18,
1847, and the Battle of Contreras on August 19. In this lat-
ter battle, an anonymous Mexican historian mistook the type
of rockets being employed against the Mexican forces: "The
fire of the artillery did not cease; the enemy also generali-'
zed theirs, playing their pieces with celerity, and repeated-
ly their Congreve rockets." 8

The American rocket battery also saw action at the Bat-
tles of Chapultepec, on September 14, and st the Siege of
Pueblo, from September 24 to October 1. The Mexicens, in turn,
had Congreve-type rockets (probably sold to them by the pro-
prietors of Sir william Congreve's rocket factory at Bow, in
Essex). Whether they used them or not is difficult to deter—
mine.

At the end of the Mexican War, the Mountein Howitzer and
Rocket Battery was disbended; and no orgasnized rocket bat-
tery ever saw action in the US Army until World War II. Du-
ring the Mexican campaign, however, several officers who
would play major roles in the Civil War that was to follow

some two decades lster served briefly with the rocket bat-

tery.

The Civil War (1861-1864)

With the advent of the Civil War in 1861, neither the
United States nor the Confederate States had appreciable

stores of rockets. Neither had rocket units.
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Subsequently, both sides attempted to organize rocket
units; and both failed. The Union forces organized General
Barry's Battalion, raised in up-state New York in 1861, with
a goodly share of Canadian citizens enlisting. This unit was
placed under the command of Major Thomas W.lLion, & soldier
of fortune who had served in the British as well as the Pe-~
ruvian asrmies. He claimed to have been an expert in the de-
‘sign of rockets, a trade he learned in England. However,
this is dubious; but he obtained a commission in the US Army
on these credentials. The unit moved to Washington, where it
bivouacked at Ceamp Congreve and waited impatiently for its
rockets to be produced by Watertown Arsenal. The unit jprac—-
ticed with rockets and launchers at hand, those left over
from the Mexican Wer, with apparently good results. However,
the pressing demands of war dictated that the unit be con-
verted to conventionsl cannon artillery and committed to ac-
tion before its rockets and associated support equipment
could be menufacture. Thus, the unit was equipped with cannon,
and left for action without ever firing a rocket at the enemy.

Attempts to organize & rocket unit in the Confederate
forces were equally abortive., Shortly after the Battle of
Manassas on July 21, 1861, in which the Confederstes decisi-
vely defeated the Union forces, an impetious Lieutenant Gene-
ral Pierre G.T.Beauregard, of the Confederate Army, set about
to organize a rocket artillery unit within his army. He hsd
served briefly as the commander of the Mountain Howitzer
and Rocket Battery during the Mexican War, and he was convin-
ced of the utility of such weapons in ceftain types of cam~-
paigns and terrain.

However, he became involved in an administrative dis-
pute over recruiting procedures. On October 20, he was told
to cease all activities in orgsnizing a rocket unit by Con-
federate Secretary of War Judsh P.Benjamin. This rebuttal
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angered Beauregard; and he took the matter to President Jef-
ferson Davis, who sided with Benjamin. As a result, Beaure-
gard's career, brilliant though it was, nonetheless was cir—
cumscribed by this insistence on raising s rocket unit.

A rocket experiment during the Civil Wer slmost cost
the United States the life of its President Abrsham Lincoln.

On November 15, 1862, Lincoln, Secretary of State Sewarc
and Secretary of the Treasury Salmon P.Chase, were witnes-
ses at an attempted launching of a rocket developed b& Je
Burrows Hyde, Williem Hale's agent in America. The rocket
blew up on the lsuncher, but luckily no one was injured or
killed.9

Throughout the war, rockets were used by both combsat-
ants, but not on a systemetic and orgenized basis. Rocket
batteries were provisionally formed, opersted, and then dis-

banded. Both Congreve and Hale rockets were employed, but

the rocket never became a standsrd wespon in either the Fe-

deral or the Confederate armies.

The Rocket in South America

War rockets were used even more sparingly in South Ame-
rica during the 19th Century. The rockets so used were for
the most part bought in Turope. They were introduced in large
degree by various British army and navy officers who visited
fhe various countries or served in their armed forces. In
the mid-1840's, Brazil purchased Congreve rockets from the
proprietor of Congreve's factory in Essex. Some research in
rocketry, however, dates from the 1820's, At least two dif-
ferent groups of Spanish artillerymen in Havena, Cuba, are
known to have been experimenting with rockets during this pe-
riod. Little is known of their work, and it is not even
known for how long they continued it. Williem Hsle,Jr., is
known to have made st least one trip to Rio de Jeneiro in

1850 to sell his father's rockets,
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The first rockets used in battle in South America ap-
parently were those fired by Sir Thomes Cochrene, anan;lish—
man who became head of the navy of Chile in 1818. The rockets
were manuctured in an arsenal in Sentiago under the direc—
tion of a Mr.Goldsack, who had worked at Woolwich Arsenal
under Sir William Congreve. They were to be used in sttack
on the port of Callso, Peru. However, the rockets were manu-
factured by Spanish prisoners of war who sabotaged them; and
little dasmege was done by them when the attack took place
on October 1, 1818.10

Naval rockets were also used by Admiral Guillermo Brown,
of the Argentine navy, from 1826 until 1843. He became acqu-
ainted with them while travelling in Englend and France.

The British also used Congreve rockets in South Ame-
rica during an expedition to force a passage up the Parana
River in what is now Urugusy. On June 4, 1846, a psrty of
British Royal Msrine Artillerymen used 24-pounder rockets
against the positions of Juan Manuel de Roses,. dictator of
Argentina, in the Province of Entre Rios.

Perhaps the most extensive use of rockets in South Ame-
rice occurred between 1852 and 1870. During the Battle of
Caseros, on February 3, 1852, a rocket battery of 160 men &nd
four launchers was a pert of the Grend Army of South Americe,
commanded by General Justo José de Urquiza who headed a cos—
lition of Urugusyen, Brezilian, French, and rebel Argentine
troops asgainst the Argentine Dictator de Rosas. The rockets
used were of the Congreve type. They sppear to have done lit-~
tle damage other than cause panic smong the cavelry. Through-
out the Var ;f the Tripple Alliance (1865-1870), rockets were
used by the allies Argentina, Brszil, and Uruguay sgeinst the
Dictator Francisco Solano Lopez of Persguay. He, in turn,
used them against the sallies. Agein the rockets appeered %o

heve done little damage either to fortifications or men.
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The last appesrance of rockets in South and Central Ame-
rica during the 19th Century was in Cuba. However, they were
not actuselly fired. The insurgeant Cuban General Enrique Col-
lazo Tejad purchased in 1896 500 rockets of a new model made
by & French artillery Captein Couspierre. They were made of
sluminum and carried dynemite warheads.11

The rocket in South Americs had disappesred generally by
the end of the War of the Triple Alliance. The reason was,
of course, the same as that which caused its demise as a wesa-
pon in Europe and North America. Improvements in cannons
simply outmoded the rocket. By 1866, the agents of Alfred
Krupp had very successfully begun to introduce his improved

weapons into South America.

Nonmilitary Rockets in the Americas

Nonmilitary rockets were also used in the Americas pri-
or to World War I. However, they did not spproach the seme
degree of imagination and utility shown throughout Furope.
There were no rockets to open clogged drains such as the Kemp
Drsin Rocket in England (1880), and there were no rockets
for dispersing hsil clouds such es those used in Spain also
as early as 1880.

But there were rockets for driving whaling harpoons and
for carrying life-lines to wrecked ships. -

The.story of the whaling rocket begins in 17th Century
Holland. The concept also ceptured the imegination of Sir
William Congreve as early sas 1821, but these two attempts
were commercially unprofitable. It slso appealed to an Ame-
rican whaling master, Thomas Welcome Roys. Where he first
formulated the idea is unknown, although it is probable
thet he got the idea in England, or possibiy Portugal. He
patented his first whaling rocket in 1857 in Englend, but

ne did not petent it in his nsative country until 1861. In

201



the United States, he formed & partnership with Gustavus
A.Lilliendahl, a professional pyrotechnist, end menufactured

. his whaling rocket commercially. It proved moderately success-
ful during trials made in the 1865-1866 whaling season.12

The rocket Rqu and Lilliendahl ultimately developed was
1,8 meters in length and had a dismeter of 8 centimeters. It
weighed approximately 12 kilograms. With a range of some 45
meters, it was launched from an open tube, like the anti-
tank rockets of World War II. Roys later withdrew from the
partnership in 1867, and in sbout 1878 Lilliendahl sold the
rocket patent to the company of Fletcher and Suits, in San
Francisco.

However, the rocket never becesme populsr. For one rea—
son, it cost $50, a large sum in those dsys. Also, on occe-
sions the rocket would pass completely through the whale be-
fore exploding. And, too, harpooners proud of their skill
with hand-thrown harpoons, resented the technological advan-
cement in their craft. The rockets also tended to deteriorate
rapidly in the salt water and sir environment of the sea.

The 19th Century also saw the development of the life-
saving rocket that waes used in both North and South America,
though on a much smaller scale than in Europe and elsewhere
in the world., The American lifesaving rocket was pastented in
1882 by Patrick Cunningham}aof New Bedford, Massachusetts, a
town more associasted with whaling than lifesaving. Indeed,
Cunningham also invented a whaling rocket, but little is
known of it other than that it was not & commercial success.

Cunningham fared better with his lifesaving rocket. It
was used by the USA, Lifesaving Service between 1882 and 1920,
By 1888, at least 20 stations in the service were using the
rocket. The rocket'was 2,2 meters long and 8,75 centimeters
in dismeter. It weight 20 kilograms and could carry a line to

a distance of 300 to 755'meters,'depending upon the weight of

202



the line coiled into its after compartment which acted as a
stabilizer stick. He later developed asn ingenious shipping
crate for the rocket that also served as a launcher, s per—
mitting the rocket to be first from abroad ship to the shor;?
However, Cunningham's rocket never became as successful
in the Americas as competing rockets did elsewhere in the
world. The American coastlines were generally flsat; thus,
lifeboats could be used with ease. In addition, the Lyle
lifesaving gun was cheaper and hsd been developed by a mem-
ber of the US Lifesaving Service; thus it had & doubly com—-
petitive edge on Cunningham's relatively expensive rocket.
As the 19th Century drew to a close, interest by both
profeséional and amateur in rocket propulsion for balloons
and dirigibles appeared. As early as 1850, the Americsen bel=-
loonist John WiséI%uggested thet guncotton might be better
than gunpowder as a propellant for rocket motors in driving
balloons. In 1884, compressed gas for a reaction motor was

suggested by Russell Thayer, s graduate of the US Military

16
Adademy and sanitation engineer for the city of Philsdelphia.

In Mexico City, Mexico, Nicholas Petersen, in 1892, proposed
propelling dirigibles by rocket motors arrenged in a cylinder
like that of a revolverj7Sumpter B.Battey, a doctor of medi-
cine in New York, received a petent on July 25, 1893, for &
steamlined dirigible that was to be propelled by a gimbal-
mounted rocket motor firing charges of guncotton that were
electricelly detonated.‘l8

The world's first liquid propellant rocket engine may
owe its existence to a native of Peru. Pedro E.Psulet, a che-
mist snd diplomat of the nation, mede repested clsims of his
originality in this aspect of astronautical engineering until
his death in 1945, He claims to have developed & liquid pro-
pellent engine in Paris, where he was a student, and fired it

in 1897;
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According to Pasulet, his engine had s venadium steel com-
bustion chember and produced 90 kilocgrams of thrust, using s
mixture of gasolene and nitrogen peroxide. Since the motor
was ignited by e sperk plug, it was actuslly & pulse-jet en-
gine, firing at s frequency of 300 detonations per minute.
For some reason, Pzulet did not make his first clsims until
October 7, 1927, in the newspaper ElComercio (Xeru). How~
ever, no corroborating witnesses or documents have yet come
to light.

On the eve of World War I, man made his first photogra-
ovhicelly documented attempt to trzvel by rocket in the United
Steztes. It was admittedly a stunt rether than e scientific un-
derteking. On March 13, 1913, F.Rodmen Lsw, a stunt msen for
the fledgling movie industry, climbed atop & home-mede rocket
in Atlentic City, New Jersey, that wes to take him to klize-
beth, some 12 miles distant. Lew wore & psrachute with which
he was to descend to that city wnen he arrived over it. The
rocket he devised for the project wes of the Congreve type.
With en over-sll length of 13.2 meters, the motor case wes
7,2 meters long and 60 centimetere in diameter. It held s
cherge of 225 kilogresms of gunpowder, filled by Law himselfs

When the burning fuse reached the propelling charge,
there wes an instsnteneous explosion. The 150 specteators
looked in horror as the smoke cleared. Law, miraculously
enough, was found alive with only minor burns on his fsce
end hands in some bushes 10 meters from the launching ped.
After medical trestment, he clsimed that he would try sgein
and sdded that he had mede several rocket flights previously.
However, it is extremely douotful thet he hed or subsequently
did either.

Thus, as the clouds of war were getherirng in Europe,
man had attempted to fly by rocket in the United Stetes.

Only 56 years later, a much more serious attempt would place

the first men on the Moon.
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M. Subotowicz (Pcland)
DEVELOPMENT OF THE ROCKET TECHNIQUE AND SPACE
RESEARCH IN POLAND (HISTORICAL OUTLINE)

One can divide the history of the development of the ro-
cket sciences in Poland into the three periods:

1) from the earliest beginning up to the last tens years
of the XIX-th century: construction and practical applications
of the primitive_powder—rockets for the fireworks and military
aims,

2) the last yeers of the XIX-th century up to the begin-
ning of the II-nd World \iar: the primary experimented work on
the jét propulsion and the early theories of the rocket and
space flight,

3) after the II-nd .orld War: moderﬁ research and rapid

development of the rocket technigue, its peace and military

application, the problem (and its solution) of the space re-
search by use of the apparatus; human factor in space research.
Part I: From the earliest beginning up to the end of the XIX-th
century,

The first rockets were designed in China, probably not
earlier as in X-th century or even later - in the second half
of the XII-th centuryTj, after the powder was invented. Their
first known military application was realized during the fights
around Peking in 1232. In Europe the rockets could be used
for the first time by Tartars during the battle of Legnica

(Dolny Slask - Silesia) in 1241, as it can be concluded from

208



Malowidla $cienne w klaszto-
rze wystawionym na polu
bitwy pod Legnicq obrazujq
uzywane przez Tataréw glo-
wy smocze miotajqce ogn'e
i dymy na glowy walczgcych
wojsk. Byé moze, ze dla prze-
dluzenia zasiegu tych dymow
i gazow uzywano rowniez
pociskéw prochowych lub ra-
kiet. W tym klasztorze prze-
bywajqcy mnich  Seweryn
w 1380 r. czyni préby ,ru-
chomej rury przy pomocy
prochu” bedqcej prawdopo-
dobnie rakietq na paliwo stale.

(Foto T. Przypkowski)

fig.1. Fresque irom tne AVIII cent., suowing The vuttle by Leg-
nica, "lélé’l, painted in the monastery, built on the buttle-
tield (5). The oluest, irom X1V cent., picture oi the
battle can be found in ihe illustrated legend on St. Jad-
wiga, the motner ol the killed curing ithe battle Eenryk

1I rodozny, rolish prince oi 3lask (Silesiu).

the book of the Polish history writer of XV-th century, Jan
Dugosza). It follows from his description of the battle by
Legnica. The Tartars have used the poison gases coming out
of the drake heads on the long sticks. On the battle place by
Legnica was built a little church. On the inside walls of the
church were painted the fresco showing the battleB), fige 1.

'.‘.Przypkowski” has found also that a monk Seweryn (about 1380)
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fig.2. a) The titel page of "Sprawa Rycerska", of M.Bielski,

1569,

living in the same monastery has written on the application of
powder to propell the "tubes", probably - the rockets. If this
is true, it would be the first written statement on the rocket

production in Poland.
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) The page of "Sprawa Rycerska" describing the produc-

tion of tune rockets ('race'); this is probably tue ol-

dest Polish text conserning the rockets.

The first exact description in Polish of the rocket pro-
duction is given in the book of M.Bielski, 15694), fige2ae
According to his own experience and experiments the author
has given exact descriptions how to produce the powder military
rockets, fig.2b.

The following Polish author, dealing with the rocket prob-
lems, was Walenty Sebisch (1577-1657) from Raduszkowice by
Olawa (Silesia), the military architect of Wroclawe. His manus-

cripts, discovered by T.Przybkowaki”, from the time of about
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iig.5. a) Sketch, taken from the manuscript
of W.Sebisch (about 1600), of the
rockets wivh the deita type stabilizers,
b) sketcn of the rocket pattery of

W.Sebisch,
c) W.Sebisch's sxetci of the rocket

2
A
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¥ R

B3X

simiiar to the two suiuge rocket.

b

the year 1600 contains the sketches of the rockets with the
delta-type stabilizers, fig.3a, the conic nozzles in rockets,
rocket battery, fig.3b and the sketch similar to the two-stage
rocket, fige.3ce

The outatanding work is the manuscript of A.Dell'Aqua
(1584~ after 1654) "Praxis reczna dziala" (Hand production of

the guns), A.Dell'Aqua came to Poland from Venice in 1613 and
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fig.4. Sketch of Dell'Aqua {(about 1635) frowm his bcok "Praxis
reczna dziala' of the two-stage combined rocket, HG.

The second stage, H is the rocket battery.

was staying there at the service of the Polish King and the
Polish princes up to the end of his lifeS). The manuscript of
"Praxis ..." was written during 5 years, 1630-35. Dell'Aqua

has left his manuscript at least in 5 copies. In the part IIT

of the manuscript (p.389, K 187, Cz.383) is given fig.171.
The rockets G~H are the two-stage combined rocket, fige4. The

second stage H is the rocket battery containing 5 little rockets

Distinguished place in the history of the rocket tech-

nique occupies Polish General of Artillery by the King Wladys-

law IV, Kazimierz Siemienowicz, the first half of the XVII cen-
tury, the author of the well known and oustanding book: "Artis
Yagnae Artilleriaee..", published in Amsterdam, 16506) and
translated later into many European languages. The chapter
conserning the rocket technique contains the sketches of the
multistep rocket, the rocket battery, the conic rocket nozzles

and the delta~type rocket stabilizers7), fige 5a, and the mul-
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fig.5. a) K.Siemieunowicz's drawings from the "Artis Magnae Ar-—
tilleriae" (1650) of ithe thrse stage rockev, rocket
battery, delta type rocket stabilizer and conic nozzlc
0i the rocket
b) K.Siemicnowicz's drawing, marked as fig.5C, represents
tne two-stage combined rocket; the cecond stage is tne

Tocket battery, compound of two rockets.

tistage combined rocket, fige5b. It is not sure are these ro-
cket conceptions own idea of Ke.Siemienowicz. It is possible
that all these conceptions are earlier as Siemienowicz, Dell!

7)

Aqua, Schmidlap, Biringuccio or Haas ‘. Similar rocket concep-
tions were given, mainly independently, by different authors
before and after Siemienowicz. Apart of the priority problem
the book of Ke.Siemienowicz was the topr*achievement in the
history of the rocket sciences up to the beginning of the XIX
century, namely - up to the publications of Congreve, the Bri-

tish general. As far as the priority of the rocket construc-

tion ideas is conserned, it is probable that between the au-
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fig.6. Sketch of the
aircraft model T.L.
Boratyni from the
second half of the
XVII century, ac-
cording to /8/.

thors mentioned above and other unknown authors some links may
have existed, e.ge. an earlier author.

Together with the ingenious Polish constructors of the
rockets in the XVII century we should mention also an excellent
forerunner of the airoplane designers. It was Titus ILivius
Borattini (or Boratyni) (1617—1682)8), born in Italy. He came
to Poland in 1641 and was known on the Kings court from 1650.
Apart of his state activity (the tenant of the kings mint)
he was also doing the research work in science and technology:
he invented a new balance has proposed a new and general system
of units (time, length and weight). He has constructed also
the models of the flying ships, heavier than the air, figf6.
His invention was to separate in the flying apparatus two di-
fferent functions: 1ift force (now- supplied by the wing) and
thrust force (now supplied by the propeller or the jet engine).
The frame of the wings was built of fishbines and covered with
some textiles. The role of the engine slould play the human
muscles,

The rockets used in fireworks and for military purposes

were described by W.Bystrzanowski, 17499).
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Captain Jézef Bem, 1820, gives in his report?)

many tech-
nological descriptions how to prepare the raw materials, ma-
chines and apparatus to produce the military rockets. There

are also summarized the results of the field experiments car-
ried out with the rocket weapon. JeBem gives also particular
account on the bombardment of Gdahsk in 1813 by the English

fleet using fire rockets.

Part II: Last years of the XIX century up to the II-nd World

Ware
From 1895 to 1903 a young man, M.Wolfke (1883-1947), later
a professor of physics in the Warsaw Technical University,
was dealing in Warszawa with thé problem of the com-
munication with the other planets. In his youth manuscripté

"Planetostat" he proposes two possible ways of the realization

of the cosmic flighte. One of them is the use of the reaction
space ship (planetostat). The forward motion of the space ship
one can realize thanks the reaction of the solid projectiles
or gases leaving .the nozzles with great velocity, fig.7 11).
This is probably the first written statement of the Polish
author on the application of the reaction principle to the cos-
mic flights. We did not mention in this context the name of K.
Ciolkowski (1857-1935), the founder of the scientific astronau-
tice, the great Russian and Sovjet scientists of Polish-Russian
origin (his father was a Pole, the mother - a Russian women).
The idea of the space rocket using the charged particles
(namely - electrons) as the jet mass, was formulated by A.F.

Ulinski!?)

, probably for the first time in the scientific 1i-
terature. The source of the electron energy is the energy of
the radiation of the sun, converted in the thermoelectrical

batteries, that could supply the voltage of about 250 kV (?)e
A.,F.Ulinski, a Pole, living in Austria, was dealing with the

rocket problems’ from 1913.
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The principles of the rocket propulsion and the problems
of the space flight were described by F.Burdecki (1929)13) in
the first probably Polish scientific-popular book on the space
flighte.

llow we shall describe some technical and scientific pa-
pers published in the mentioned period in Poland.

W.Vorbrodt14) has published during 1931-32 some papers on
the military applications of the rockets, on the flight to
the lioon and out of the Earth gravitational field. Z.Krzywob-
locki has published in the years 1934-39 some theoretical pa-
pers on the military application of the rocket and to the pro-
pulsion of the aircrafts. Together with H.Stankiewicz and
others he has performed some tests with the rocket engines,
looking for the stable flight of the rocket with wingse. Geliokr-
zycki (1935) in his popular book15) has discussed the applica-
tion of the rocketé to the purposes of the post and communica-
tion on the Earth and - to the space flights outside the Earth.
Of special interest are the theoretical papers of T.Olpinslki,
P.Demianczuk and K.Zarankiewicz, dealing with the efficiency
cf the propulsion, dynamics and mechanics of the flight, balis-
tics of the rocket projectile and application of the rockets

6)

to the space flight. K.Zarankiewicz1 analyses the vertical
flight of the rocket in the Farth gravitational field in va-
cuum and in the atmosphere taking the empirical formulae for
the relation of the velocity on the atmosphere drag for dif-
Terent velocities., He calculates the time necessary to reach
the proper parabolic velocity as a function of the accepted
model of the atmosphere, the shape of the rocket, burnout the
velocity of the gases and the variation of the mass of the
rocket, fig. 8a,b. The paper presents the exact mathematical
solution of the problem.

The successful experimental work of Oderfeld, Sachs

14)

and Bernadzikiewicz has set in motion the model of the jet
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engine-(1936). Systematic work on the development ol the
rocket technique would be possible after setting in metion of
the rocket stand at the /arsaw Technical University that was
begun in 1938 under direction of T.Pelsztyn together with A.
Kowalczewski, Z.Paczkowski, De.Smolenski, We.Stolarek and Ze
Tulodziedwil),

We should encounter also to the schievements of the ro-
lish space research the esrly scientific activity of A.Szter-
nfeld, born in Sieradz (1905) in Poland, studying ot the Jegie-
llonian Univérsity in Crecow end leter in Nency in Frence, The
main parts of his well known book "Introduction to the cos-
monautics"17) were written in Lodz (FPoland) in 19%2=3%. This
book was presented to the Astr. Comm., thet swerded it in 1932.
A Szternfeld has moved in 1935 to Sovjet Union, where he is
continuing his successful scientific work in estronsutics.

His book!”) was published in sn extended version in USSR in
1937.

We should elso pay a tribute to the Polish underground mo-
venent during the II-nd World VWer thet hes informed the ellies
in England about the Germen work on the rocket production in
Peenenlinde on the Szczecin-Bay and on the V-2 rocket flying
tests in kiddle Foland. One fired rocket was kept by Polish per-
tisans end send without demege to Englend for cereful scientific
end technologicel investigstion. Some parts of the rocket were
2lso investigated in occupied Viarsew by Folish scientists.

Part III: From 1945 up to now

After the IT-nd World War developed the investigations in
the rocket technique and their scientific end practicel eppli-
cation in comnunicstion, meteorology, army end explorstion of
the Solar System. dMany of these investigstions were slso per-
formed in Poland.

At the beginninz we shall describe here the work end papers

on the rocket technique. The fuel to the rockets were investi-
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geted by L.Heger, W.Boldaniuk and S.Ciborowski14); the liquid
fuels - by S.Wojcicki, the bsllistic properties of the solid
fuels were investigsted by D.Smolenski, M.Zembrzuski, W.Dybek,
W.Kowelczyk, J.Jorczak. Thermodynemics end rocket internal bal-
listics were the subjects of the work of Z.Paczkowski (writing
the monograph "Rocket flight mecheamics"), D.Narchel, F.Wolnica
and R.Odolinski, the stsbility of the flight or the rockets with
stabilizers - that of Z,Paczkowski and L.Wasilewska, the mes-
surements in the rocket technique - that of K.Kowalewski, J.
Pgkleza, W.Styburski end M.Zembrzuski, the rocket guidence -
that of S.Slawinski, R.Dmowski, A.Lizon, K.Holejko, E,Olearczuk,
Z.Katlinski and S.Paszkowski, some rocket spplications in army -
that of S.Wojciechowki, A.Arciuch, ﬁ.Kozakiewicz, J.Wisniewski,
S.Zukowski, Z.Paczkowski,.S.Paszkowski, T.Burakowski, ‘A.Sala,
S.Hornung et al.14)

In the Rocket snd Setellite Research Depsrtment of the Po-
lish Hydrological-Meteorological Institute (PIHM) are perfor—
med the measurements of the direction and velocity of tﬁe wind
on different hights, temperature of the tropo- and strato-sphe-
res, there are received the pictures of the cloud fields trans-
mitted by the meteorological sstellites end the pictures in the
infrared part of the spectrum. Atmosphere sounding is performed
by use of the meteorological rockets "Meteor-1,2,3", These in-
vestigations were begun by the work of J.Walczewski, G.Pawlsk
and J.Kibinski'™),

O.Wolczek snd M.Subotowicz were working on the theory of the
nuclear ion end plesma rocket engines, on the theory of the ro-
cket flight - N,Bielecki, W.Dudonis, R.Janiczek, Z,Kotlinski, B.
Korner, K.Mskowski, E,Olearczuk; Z.Psczkowski, M.Subotowicz,
K.Zarsnkiewicz, W.Zskowski et al. In Meny papers of M.Subotowicz
were investigated
the theories of the classic and relativistic multistep rockets.
He has generelized the well known formula of Ackeret on the
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O ruchu rakiety kosmicznej
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" TABELA 7.
k41).9.81 R - R
a=-—"500 ’ ak 1) sk 1 ok 11
b=n.1000.1000; k=3; n=3; 0 03358 200 0.0724 38 0.0139
100 | o291 | 240 0039 [ 350 o.on7
To rd s th ¢ bedziemy w przedzial 150 | 0,130 300 00211 %0 0.0082
0 < t << 70 sek.

Calkq réwnania (22) przy worunkach poczqtkowych
dia t = o; o) = 1, jest furkcja

0 =e=f1 - __f e o]

Ostatecznie, odczytujqe z tej tabeli (f) dia t = 338
sek, moiemy powiedzied, e rokieto, jok wyiej, ro:
poczynajqc swdj mch z masq o cnqzorzo 9010 kg uzy-
skuje predkoié pr q. przy
ru powietrza, z mosq o ciqzorze 136 kg. box uwzglqd-
mamo oporu pow-e'vza {patrz tobela 1) uzyskaioby

Catka, wystepujqca w tym vzorz-. jest obli
pay P k  liczbowy
przedstawia w skréceniu tobela:

predi P Q z masq o ciqzorze 143 kg.

Geybyimy rokiecie nodoli poczqtkowq predkoié zo pomocq
czynnikéw zewnglrznych, np. priy pomocy ormaty elek

TABELA 6

Dio przedziatu czosowego 70 << I << 338 sek przyj-
mujemy, ze ruch rakiety odbywa si¢ w proini, fo jest
ze réwnaniem okreilajgcym funkcje f(f) nie jest (22),
lecz wzdr (14) gdzie stalq C nolezy obl»czyc pfzylmu—

1 £ P Lo |[tery| e flena] 10

| 0,0000022 0,98700 0,0000022 0,000001 1 0.000001 0,986%

5 0,0000573 093649 0.0000611 ©0,0001015 0,000095 0,9366
10 0,0002686 0.87740 0.0003061 0.0008713 0,0007644 0,8766
E 0.0010487 o.s2185 0,001276 0,0048456 0,0039823 0,8179
20 0.0013934 °'1".J 0,0018010 0,0126534 0.0097 409 0,760
5 0.0013051 0.72109 0.0018099 0.0217031 0.0156498 0,7054
30 0.0010184 0.67544 0.0015077 0.0299971 0.0202612 0,6552
0 0,0003009 0.59263 0.0005067 0.04060%0 0.0240661 0.5686
S0 0.00003%6 0.51997 0.0000761 0,0435070 0.0226223 0,4973
0 0.0000098 0.45622 0.0000214 0,0442070 0.0201681 0.4361
70 0.000001 1 0.40019 0.0000027 0.0443932 0.0177657 0.3824

gnetycznej, ktéra by np. nodala predkoic 300 m/sek. na prre-
strzen 1500 m w pioaie, o masa kodcowa rakiety powiqksryla
by siq do 157 kg. Widiimy, ie zysk na powickszenu mosy
koncowej rokiety (przy bol jost
bardzo niewielki; z drugiej sirony 20% np. koszt budowy ormaty
na wysokoi¢ 1500 m (np. pray

iqc dla réwnania (15), joko ru-
chu: dla t = 70 jest /(70) = 0,3824 (warloi¢ uzyskana
1 powyiszej tabeli).

Wéwczos wartoic:

e ™% 095375

jes! czynnikiem, przez klory nalezy pomnozyc worlosci
funkcji K1) zoworte w lobeli 1, dla + > 70 sek,
oby ofrzymaé z mich wartoscr funkeji K1) dla rakiety,
kiora przeszla przez warstwe powietrza, a dalej, jok
zokladamy, porusza si¢ w prozni.

W len sposéb, joko dalszy ciqg tabeli 4, otrzymuje
sig worlosci liczbowe (tab. 7) funkcji §(1) dlo rakiety,
kiora przeszla warstwe powietrzo stawicjgcego niezni-
kajqcy proktycznie opdr i po 70 sekundach ruchu po-
rusza sig juz ok, jok gdyby byta w proini.

b)

with main results

ERE

stromym stoku géry), bylby olbrzymi.
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velocity of the one step rclativistic rocket on the case of

the multistep relativistic rocket18)

o Different rocket para-
neters, the general characteristics of the rockets and the
space ships were investigated in the papers of M.Subotowicz,
ReSzymanski, ReVogt and S.Wojcicki.

The great deal of work on the popularization of the ro-
cket and astronautical problems was and is performed by: B.

Bialoborski, KeBoruh, Z.Brodzki, J.Gadomski, W.Geisler, A.

Marks, Je.Salabun, [l.Subotowicz, O.Wolczek, KeZarankiewicz et

al. The following people are dealing with the history of roclet

and space research in Poland: W.Geisler, E.Olszewski, T.Przyp-

kowski, T.Nowak, M.Subotowicz, JeThor et al.

The possibility of the space research using new rocket
technique stimulated also the Polish scientists to work on
the new subject. At the beginning this work was concentrated
around the Astronautical Depariment of the Polish Academy of
Sciences (PAN), directed by K.Zarankiewicz (1955-59). In 1960
was published the monograph of M.Subotowicz" Astronautyka"18),
covering the progresses in astronautics up to the 1960. From
the 1965 was established the Committee of PAN of the Research
and Peaceful Use of the Space. There are realized the rocket
and satellite investigations of the sun under J.llergentaler
and of the interaction of the primary cosmic rays with matter
under M.liesowicz. Also there was organized the steady service
to observe the artificial satellites of the Earth.

Widely known became the investigations of J.Gadomski19)
on the ecospheres of the stars in distance of about several
light years around the sun. Ecosphere around the particular
star means the "life zone", where exist the thermal condi-
tions and the planets, that enable to develope the macro-par-
ticles of essential biological importance necessary to the
development in the evolutionary way of the living organisms.

It follows from the analysis of J.Gadomski that in radius of
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about 17 light years around the sun there exists 14 stars of
similar to the sun spectral class that possess the ecospheres.
But there are 3 stars only of astronautical interest.

An interesting project was suggested by O.Wolczekzo)

to
investigate the cosmologic processes in space exploding there
the hydrogen bombs. Different problems of the space physics
were investigated in papers of Wl.Fiszdon, J.Jatczak (cosmic
ray physics), K.Kordylewski (the matter in the libration
points of the Barth-Moon system), A.Januszajtis, l.Lunc, A.
Marks, Il.Subotowicz, O.ilolczek, J.iWalczewski. Some sugges-
tions conserning the possibility of the verification of the
general theory of relativity using astronautical methods were
presented by M.Subotowicze This same author presented some
proposals to detect the antimatter in the Moon laboratory.
The references conserning all the papers mentioned in

14) or in scienti-

this IIT part may be found partly either in
fic astronautical journals published in Polands Technika Ra-
kietowa (1957-63), Postepy Astronautyki (from 1967), Tech-
nika Lotnicza i Astronautyczna, Biuletyn Informacyjny of the
Polish Astronautical Society (1956-57), Astronautyka (from
1958). We did not discuss here the papers on the space medi-
cine directed by Kaulbersz, Bilski, Je.Walawski, S,Baranski,
Z.Jethon, Z.Kalete, as well as the papers on the spacevlow
directed by M.Lachs, Je.Machowski, J.Sztucki and others. All
these papers should be referred separately.

With all the problems conserning scientific and popular
work in astronautics are dealing in Poland: Polskie TowﬁrzystWO
Astronautyczne (Polish Astronautical Society), founded at Dec.
30,1954 and Komitet d/s Badah i Pokojowego \ykorzystania Przes-
trzeni Kosmicznej Polskiej Adademii Nauk (Committee on the
Space Research and its Peaceful Use of Polish Academy of Scien-
ces). Polish Astronautical Society (PTA), that has about 800

members, is the editor of the scientific bimonthly "Postepy
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Astronautyki" and scientific-popular bimonthly "Astronautyka".
PTA organizes every two years the Scientific Conferences of

the Rocket Technique and Astronautics, represents Poland during
the International Astronautical Federation (IAF) Congresses,

in the Commissions of IAF and in the International Astronau-
tical Academy in Paris. PTA is also the sponsor of the scien-
tific research in astronautics and popularizes the astronau-

tical achievements.
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L.S. Swenson (USA)

ON THE MIXTURE OF SCIENCE AND TECHNOLOGY
OF THE APOLLO 8 CIRCUMLUNAR AND THE APOLLO 11 LUNAR
LANDING MISSIONS

"Science" is often defined idealisticsally as the cree—
tive quest for understanding Nature coherently. "Technology",
on the other hand, is usually defined pragmatically denoting
the creative engineering of tools and techniques while con-
noting the quest for efficiency in exploiting Nature for hu-
men ends. In American langusge and culture this mixture of
idealistic science with practical technology forms an uneasy
marriage between creative types of people who compete and
cooperate among themselves to achieve social goals beyond
themselves. Insofar as history is the study of change and
continuity in human affairs over space and time, the history
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of cosmic science and technology masy well focus on the rela-
tionships between means and ends also, on how ends become
transleted into means for further ends.

During the last "space-race" decade, menned spaceflight
has been a (if not the) primary nexus of interaction between
science and technology. The Americsn team, mensged by the Na-
tional Aeronautics snd Space Administrstion (NASA), started
late in response to the Soviet challenge to creste the abi-
1lity to fly in space and to visit the moon. This project na-
med Apollo was a measns thst became an end in itself end is
now once again a means for other ends. Three central acti-
vities -- scientific research, technologicsl development and
operstional performance -- were required to accomplish meny
ancillary projects, first with automatic snd then with men-
ned spacecraft, in pursuit of the goal of Apollo. Projects
liercury, Gemini and Apollo each evolved through research, de-
velopment and operationa phases. I am asking how scientists
and engineers learned to coexist within Apollo.1

This paper outlines two cases scientific and techologi-
cal people confronted each cther within Apollo in decisions
that affected the historicel profile of the race toward
man's first two major lunar voyages. The first case deals
briefly with why Apollo 8 becsme a circumlunsr snd luner or-
biting mission, without scientific duties specificelly as-
signed to the astronauts. The second concerns the evolution
of the Apollo Lunar Surface Experiments Packsge (ALSPER),
and why it was replaced on Apollo 11 by something‘less, cal-
led "EASEP". My choice of the significant "first" of Apollo 8
and 11 introduces a natural bias toward "engineering" re-
ther than "science" as being more significant initislly in

demonstration test flights,

(8]
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Or i ins

Apollo began within NASA in 1959 and 1960 as a study
program for a circumluner flight. By the time Y.A.Gagarin
first orbited the Earth in April 1961, Apollo was more then
a plan for curcumnavigstion of the moon yet less than a
single scheme for a lunar-orbit-rendezvous approach to a lu-
nar landing. The actual implementstion of the lunar landing
goal was based on many diverse feasibility studies but re-
quired research, design, development, test and operations
engineering of the highest order to achieve, within set 1li-
mits of cost, time and quslity, the voyage choseﬁ in May 1961
by the Congress and President J.F.Kennedy.2

In the spring of 1961, NASA began institutional preps-

‘retions for integrating scientific investigation and techno-
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logical development for its first manned lunar missions.
J.E.Webb, the second NASA Administrstor, vigorously sought
to build a broad bese of support for menned space flight by
enlisting as much of the country as poséible in the Apollo
effort. His respected deputy, H.L.Dryden, had long been ac-
tive in fosterning advice and counsel to NASA from other go-
vernment agencies and universities at home and sbroad. Va-
rious conferences and symposia had laid the foundations for
8 NASA-sponsored series of summer study groups and consult-
ant panels that began in 1962 to plen in eernest for a manned
lunar landing.

Older than NASA officially by a few weeks was the Space
Science Board (SSB) of the National Academy of Sciences (NAS)
founded in June 1958. Under the guidance of L.V.Berkner,
H,Odishaw and H.H.Hess, the SSB, functioning through the
Nationsl Research Council, played an important role in help-
ing the executive and legislative branches of government to
belance the manned and sutomatic space flight programs. As

NASA grew into the decade of the sixties, the SSB served as



a scientific conscience to NASA as a whole and for Apollo in
particular, however small and weak thet voice may have appea-
red at times., The life.sciences, especially humen physiology
and biomedical hygiene, stood to gain much from the one uni-
que element, man, in manned sﬁace flight. Yet biology was not
an integral part of the Nationsl Academy's SSB, nor of NASA
until the middle of the decade., Hence the physical sxd mate-
rial sciences rather than the biologicel snd earth sciences
dominated early policy definitions. Largely becéqse of weizht
and volume constraints in the first sets of manned space-
craft, the advisory activities of the SSB and professorisl
consultants grew slowly through Mercury and Gemini’. By the
time Apollo got well under wey, however, the advice of uni-
versity-besed scientists was also sought in conjunction with
NASA-wide teams of experts. In July 1965, at Woods Hole and
Falmouth, KNassachusetts, the NAS snd NASA sponsored two mzjor
conferences in series which effectively set the course for
Apollo's main contributions to lunar exploration and science%
Other conferences, earlier and later, helped codify
the disciplines of interest, defined at Falmouth as geodesy/
cartography, geology, geophysics, bioscience, geochemistry
(mineralogy snd petrology), particles and fields, lunar (i.e.
plenetary) atmospheres, and astronomy. A list of major éci—
entific questions about the moon -- concerning its interior,
surface snd history -- began to be forged from thesé discus-
sions among 150 participants. After a year's gestation within
NASA, the National Academy's recommendations for the most
significant sciertific date to be sought by Apollo (and its
ancillary programs -- Ranger, Surveyor, and Orbiter) was
distilled from a significent list of "Fifteen Questions.”
These queséions were assigned to various working groups in
Veshington and at the field centers so that NASA coverage

could be as responsive as possible. Geophysics was the leed-
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ing discipline represented, followed closely by geochemistry
snd geology. Smeller working groups hsndled cartogrsphy, ra-
diation end fields, meteorids, atmospherics, and planetology.
Most of the "Fifteen Questions" (see Note 4) still await

more definitive answers, but preliminery deta since July

1969 end January 1970 have stirred the caldrons of these bren
ches of science at least. Among Apollo's engineering managers.
however, there were a few immense end fsr more compélling
questions. How can a manned lunsr lending be achieved safely
and repeated reliably? How shall we balence the needs for

quality, time, and cost controls?t
Case I

Long before Apollo 8 flew around the moon in December

1968, there had been many events and decisions within NASA

and Apollo indicsting that science would be supercargo on

the early missions. Every ounce of payload seemed required

to insure the success of the mission, end the engineers were
truly in charge. Apollo 8 represented a change in program

plans, not merely & change in mission plsmns. Nevertheless,
during the last half-year before the flight was launched,

there remained not only the problem of deciding to short=-cir-
cuit the latest order of mission plenning (which called for

an elliptical Earth orbital mission next) but also of sllocating
crew time and equipment for more purely scientific purposes.
Cartographic duties, selenocentric environmental sampling, and-
"mescon" measuring were considered secondary to the primary
needs for monitoring of spacecraft systems behaviour and engi-
neering performance, Among NASA engineers responsible for Apollo,
more criticel problems were obvious: how much fuel might bé
needed for overcoming gravitetional snomalies? How much redun-
ldancy (and therefore weight) would be necesssry to assure reli-
" ability.”
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The men chosen to fly this mission -- F.Borman, J.A.Lovell
and W.A.Anders -- were (like all American astronauts who have
flown to dete) primarily test pilots by background and tempe-
rament, Their supplementary training as space flight engineers
was by necessity far more intensive than their special educa-
tion as "space scientists". New classes of "scientist-astro-
nauts"™ had been introduced into the progrem, but for the first
new missions even most '"pure scientists" sagreed on the need for
experienced test pilot-astronauts. Their primary duties as path-
finders and demonstrstion pilots for the Command and Service
Module - (CSM) system came first, The basic issues in the reorga-
nized planning for Apollo 8 were what weights, time and instru-
ments ought to be allocated to insure safety and success ra-
ther than to search for snswers to scientific questions. No no-
vel queries were expected to arise from their unique expedition
as the first men so far from home.6

These issues were debated in the summer of 1968 in the con-
text of recovery from a traumatic tragedy and after the series
of three successful test flights, Apollo 4, 5 end 6 (launched
November 9, 1967, end January 22 and April 4, 1968, respec-
tively). These had graduslly proved the readiness of various
Saturn and Apollo systems, In essence, the collective NASA
consensus arose during the first half of August 1968 that
Apollo 8 might be sent to encircle the moon, if Apollo ?7 the
first menned mission of the series, should prove all Commend
Module systems spacewcrthy. After Apollo 7 (launched October
11) hed borne W.M.Schirra, D,F.Eisele snd R.W.Cunninghem
aloft for 11 deys, NASA administrators and Apollo program
menagers prepared to cepitalize on their success and to out-
flenk the failure of the Lunar Module to be fully flight
ready. Apollo 7 so well demonstrated in Earth orbit the capa-
bilities of the Commend Module and its pilots that the next
step, an extended ollipticél orbit towsrd the moon with the
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Lunar Module in tow could logically be bypessed in fesvor of
a circumlunsr, if not a lunar orbital, mission by the Com-
mand/Service Module alone.7

Thus, at the end of October 1968 (after debriefing the
Apollo 7 crew, analyzing the posfflight desta from both Apollo
6 and 7, and deciding on the readiness of the Saturn V to be
manned) NASA Headquarters and field centers concurred that
the spacecraft should be combined with the Saturn V vehicle
to send Apollo 8 all the way into lunar orbit. Years earlier,
hopes had run high thet the Lunar Module would now be ready
for its first trip into cislunar space. Largely because the
Lunar Module was behind schedule, however, Command Module
#105 was packaged alone (with & stand-in model for the Lunar
Module in the Saturn V's adapter area atop its third stage)
for the first circumlunar demonstration flight.8

No normal scientific experiments were planned for
Apollo 8 because the mission as flown was hastily conceived
as a tactical technological moneuver. After the August plan-
ning decision to exercise the built-in flexibility of the
program, NASA officials solicited recommendations from those
scientists who were "principal investigators™ or who served
on various scientific advisory committees for menned space
flight. Their advice on tacks and observstions to be assigned
within equirment and schedule constraints emerged only in
certain modifications to initial photographic plans and in-
struments. Apollo 8was to blaze the trsil to the moon and
reconnoiter its equator for the best campsites.

The photographic results were spectacualr, to say the
least. Seven 70-millimeter black snd white film magazines
were exposed, yielding more than 150 photographs of Easrth and
more than 700 of the moon. Also five 16-millimeter magazines
of color pictures were taken, covefing about 90 percent of

the photographic objectives of the mission. Taking pictures
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of targets of opportunity on the moon, as well as meking ste-
reostrip and sextant films,'Borman, Lovell and Anders greatly
amplified the knowledge gained from the pioneering Soviet
Lung III (first lunar backside pictures, October 1959), Luna
IX (first lunar soft-landing, January 1966), and Luna X
(first lunar orbit, April 1966). Apollo 8 helped to f£ill meny
geps left in selenographic charts even after the higher reso-
lution and more systematic coverage from the Amencen series
of sutomatic spacecraft:,three successes from the Ranger Pro-
gram (television to lunar impact, 1964-1965), five from Sur-
veyor (lunar soft landing, 1966-1968) and five from Lunar
Orbiter (1966-1968). Smaller features on the far side of the
moon, many of them heretofore undiscovered, were recorded at
much closer distances than had been achieved by unmanﬁed
spacecraft. For example, bright rays from the crater Giordano
Bruno were traced around the far side, and the craters Joliot-
Curie, Lomonosov, and Tsiolkovsky were brought within a 60-
mile focus and thus confirmed in detail. The photography and
visual observations from Apollo 8 were magnificent -—- a first
set of icons showing Earth as a moon when seen from the moon
and reinforcing the imegery of "Spaceship Earth'". If the sci-
entific spin-off from Apollo 8 was yet to come, its techno-

logical and inspirational spin-off was enough reward.9
Case II

In planning the first Apollo luner landing, crew safety
and mission success were always the first and second highest
priorities. Over the decade, however, as dreams hardened in-
to designs, a set of scientific .questions arose as to how
best to utilize the 15 cubic feet of space and 150 pounds of
weight reserved for the scientific instrumentation package to
be placed on the moon by men's hand. The first and most obvi-

ous scientific Justification for lunar surface activity was
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simply the collection of samples of meterisl. The return to
Earth laboratories of any pristine moon rocks, dust or soil
should prove self-satisfying in answering the age-old questior
of what is the moon made? If, in addition, short coresamples
or documented specimens photographed in situ and described in
context could be obtained, the burgeoning community of sele-
nographic specialists would be most happy; they could then
begin to answer some 'why' questions. Because Apollo had
long been sanctioned as a program for a series of lunar land-
ings, not merely a single event, the resl problem of scienti-
fic—technqlogical trade-offs was elevaeted to the economics of
overall mission planning. Rank-orders needed to be establishel
for scientific questions that ought to be asked and answered
within the framework of six or so lunar equatorisal 1andingsjo
But this need raised the issue of deciding which of the
sciences is most basic. Apollo planners faced such issues as,
"Hcw can we satisfy all the different branches of science
that want to get aboard Apollo?' and "How shall we evaluate
all these proposals for experimental apparatus?" NASA engi-
neers had learned much from their Gemini experience on how
not to treat science, but the moon seemed very far away even
yet. Through the establishment of several boards and commit~
tees, offces and institutes, NASA, its field centers and ad-
visory groups began in 1966 and 1967 to improvise a secondary
consensus on what the astronauts as scientists-by-proxy
should do on the moon.11
On January 5, 1966, NASA published the results of the
"Felmouth Conference" of the previous summer, thereby imply-
ing thst the Woods Hole recommendetions for lunar science
priorities were under serious advisement. The scientific con-
ferees had given priority first to the return of lunar sam=-
ples, second to emplacing a scientific station, and third to

traversing as much lunser territory as possible., A few weeks
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leter, official notice was made that the main experiments had
been selected for inclusion in a manusally deployed, sutoma-
tically reporting scientific station to be transported to the
moon by Apollo spacecraft. Seven experiments were chosen to
fit within a new weight alowance of 200 pounds: (1) a psessive
lunsr seismometer; (2) a trisxis magnetometer; (3) 2 medium—
energy solar wind experiment; (4) a suprathermal ion detec-
tor; (5) a lunar heat-flow meter; (6) a low-energy solar wind
experiment. end (7) an ective lunar seismometer, These and
other such measurement modules had been under study by aca-
demic scientists, industrial contractors and government
groups, particularly through the Jet Propulsion Laboratory
and Marshall Space Flight Center, since at least 1962. But
the Manned Spacecraft Center (MSC) at Houston, with cogni-
zance over the Lunar Module, was finally assigned mansgement
control of a contract for the lunar surface experiments to go
with the IM in March 1966. Both the contract and the instru-.
ments grew in size, weight and complexity thereafter, until
questions of priority, usage and cost-benefits had to be
faced all over again.12
On March 23, 1966, MSC officisls signed a contract with
the Bendix Corporation (Systems Division) for am "Apollo Lu-
nar Surfece Experiments Package" or simply "ALSEP". This
called for eight ALSEP flight systems powered by a portable
plutonium power plsnt, a government-furnished radioisotope
thermoelectric generator to provide electricity for all ATSEP
systems for a design-lifetime of one year on the moon. Bendix
was to develop and test four different ALSEP arrays, equipped
with eight experiment modules designed for flexible interchange.
Five functional design areas were specified: structure and
thermal protection, electrical power, data gathering and tele-
metry, esstronaut hand tools, and miscellaneous experiment sub-
systems, the menufacturer was also asked to subcontract other

experiment modules that had passed feasibility teats.15 23



Bendix was almost ready to deliver its first ALSEP array
when, on Jenuary 27, 1967, a flash fire atop Apollo/Saturn 204,
undergoing tests on the lsunch pad et Cape Kennedy, snuffed
out the lives of Astronsuts V.I.Grissom, E.H.White aﬁd R.Cheffee
Both scientific advisors and Apollo progrem mensgers had long
since agreed that flight planning should concentrate first on
demonstrating a relisble transportation system. Now thet every
aspect of reliability hsad Seen Jjeopardized by fhe 204 fire,
the science packages, growing in weight and complexity, should
be sacrificed first——- or at least postponed. After the death
of Cosmonaut V.M.Komarov in April 1967, another tregedy meant
another reassessment for both American and Soviet manned space
flight programs. The first ALSEP array was cut from seven to
four experiments that same April. ’

Meanwhile, unmanned experiments in space since Sputniks I
and II a decade earlier had built up such momentum that H.E.
Newell, NASA's Associate Administrator and chief spokesman for
science, could say in retrospect, "Today success is routine and
failures are rare." Achievements in space science by the end
of 1967 were so significant that NASA's Office of Space Sci-
ence and Applications asppeared to many university professors
to offer more promise than manned spaceflight for sciemntific
reterns. The proliferation of new interdisciplinary special-
ists, however, complicated the decision-making process. By
now the "Fifteen Questions™ posed in 1965 by the SSB were
being amplified to 26 or more, each assigned to principal in~
vestigators whose ALSEP modules should furnish, eventually,
answers to most of these questions.14

On November 15, 1968, NASA released plans for reducing
the ALSEP to esn "EASEP" (Early Apollo Surface Experiments
Packsge) for the first lunar landing attempt. While ALSEP
had been postponed, EASEP was envisioned asnd approved as a

compromise, easier packsge of two experiments for first use;
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it was described as providing "maximum scientific data with
1inimum astronaut risks.™ Most selenologists were agreed that
she passive seismometer (a 100-pound, self-contained station
with & year's Earth-moon communication capacity) was the
single most valuasble instrument developed for ALSEP, and so
should be the main ingredient on EASEP. The second instrument
(a 70-pound laser ranging retroreflector), although a new
addition to the packsge, was likewise hardly controversial
because of its great potential for precision measurement of
the Earth-Moon barycenter, the moon's librations, lunar car-
tography, continental drift on Earth, and many other bene-
fits. A third instrument (a one-pound "window-shade-type"

of extendable-retractable foil for a solar-wind composition
experiment) waé also euthorized to ride Apollo 11. Its propo-
sal had been too besutiful, simple, and valusble to refuse,
although technically not an intrinsic part of EASEP. J.Geiss
and P.Signer, of the University of Berne is Switzerlend hed
developed this item to get ionic data about our "solar atmos-
phere", By March 25, 1968, they learnéd of its acceptability
for Apollo. This "Swiss Flag" experiment readily sdapted to
the needs for séience with minimum astronaut distraction,
for international cooperation, and for technological service
to scientific ends.

ALSEP was therefore held in reserve until the second
landing attempt, partly because it cost so much astronaut
time to deploy but mostly because tight margins for safety
and success under unknown conditions dictated that prudence
should prove the better part of valor. As it turned out, thet
decision was fully vindicated: the ALSEP emplaced by Apollo 12
and subsequently have been well worth waiting for, and Apollo
11 did indeed need that extra fuel for finding amn acceptable
landing spot. The compromise had paved the wey for Armstrong

and Aldrin to set down safely.
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Conclusion

From the historicel considerstions presented here, al-
together too briefly, I have surveyed two cases suggesting
how science and technology were mixed inside the American
consortium that accomplished the first manned circumlunar and
lunar landing missions. A better history of the Apollo 8 de-
cision and lunar orbital flight would fill a book; my outline
here merely submits that the essentisal story fits the genre
of history of transportation technology better then the his-
tory of science. The seme may be said for the Apollo 11 mis-
sion, except that the scientific payload represented a com-
promise between scientific and engineering trade-offs that
could hardly be fully satisfying to either interest. However,
the human adventure and exploratory returns from the first
Apollo flights were so inspiring that hopes for improvement
of the bglance between science and technology in Apollo out-
ran immediate possibilities for delivery. The necessity im-
posed by engineers on scientists to wait for Apollo 12 et
sequitur anticipated the growth in payload capacity after the
transport system was demonstrated. That faith has been jus—-
tified.

As often happens with accelerating technological cheange,
social change seems paradoxically to lag behind and yet to
pace our anticipations. The revolution of rising expectations
based on scientific and technological mixtures in socio-eco-
nomic developments, frequently leads people to expect too
much too soon. If the Apollo 8 and 11 missions seemed to
short-change science, good and sufficient engineering reasons
were advanced to justify that appearasnce; in the context of
the whole Apollo program, with meny missions to follow, with
stay-time_and payload capacity expected to increase, science
could better ve served by less attention at first. Thus
Apollo's mansgers endured the myopia of their scientific cri-

238



tics and held fast to their primary goals. If they too were
nyopic in failing to apprecisté deeply enough thé differences
in motivational sets of their principal investigators, dis-
tinctions that sclentific workers inside the pi‘ogram felt
were essential to their status and identities as teammates,
then short-sightedness itself is to blame. History is a good
antidote for this malady; its study can also help us see why
we overestimate what cen be accomplished in short-term (say,
S5-~year) projects and underestimate what may be achieved in
long-range (say 10-year) programs, A shared historicsl pers-
pective can 8slso show us thet rational compromise is less a

threat to principles than a way of living promise.16
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duced magnetic field?

(4) wWhat is the average composition of the rocks st the
surface of the Moon and how does the composition vary
from place to place? Are volcanic rocks present on
+the surface of the Moon?

(5) what sre the principal processes responsible for the
present relief of the lunar surface?

(6) Whet is the present tectonic pattern on the Moon and
distribution of tectonic activity?

(7) What are the dominant processes of erosion, transport,
and deposition of material on the lunar surface?

(8) What volstile substsnces are present on or near the
surface of the Mcon or in & transitory lunsr atmo-

~ sphere?

(9) Is there evidence for organic or proto-organic mete-
rials on or near the lunar surface? Are living orge-
nisms present beneath the surface?

(10)What is the age of the Moon? What is the range of age
of the statigraphic units on the lunar surface and what
is the sge of the oldest exposed materisls? Is & pri-
mordial surface exposed?

(11) What is the history of dynsmical interaction between
the Earth and Moon?

(12) What is the thermel history of bhe moon? What has
been the distribution of tectonic end possible vol-
canic activity in time?

(13) Whet has been the flux of solid objects striking the
lunar surfsce in the past and how has it varied with
time?

((4) What has been the flux of cosmic radistion end high-

‘r energy solar radiation over the history of the Moon?

(15) What past magnetic fields may be recorded in the

rocks et the Moon's surface?
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A, Terzioglu (Tirkei)
HANDSCHRIFTEN AUS DEM GEBIET DER TECHNIK

UND AERODYNAMIK SOWIE DER ERSTEN FLUGVERSUCHE IM

IX, - XVIL JHD.

IM ISLAMISCH-TURKISCHEN KULTURBEREICH

Die Eroberung der Luft hat die Vorstellung der Menschen
immer beschaftigt. Die griechische Mythologie berichtet bereits
Uber die Flugversuche von Daedalus und Ikarus.

Archytas von Tarent (1. Halfte des 4. Jh. ve. Chr.) ist von
Aulus Gellius als Erfinder der fliegenden Taube bezeichnet wor-
den (1, S.116; 2, Se14). Archytas wird als Begrunder der wissens~
schaftlichen Mechanik angesehen. Seine fliegende Taube aus Holz
war eine Art Drachen. Es ist umstritten, ob diese fliegende
Taube mit der Bewegung beider Fligel durch die Luftstrome oder
mit Hilfe magnetischer Krafte geflogen ist.

In hellenistischer Zeit beschaftigte man sich in Alexand-
rien mit technischen Konstruktionen. Es ist bekannt, dass in
Alexandrien die Mechaniker Ktesibios (3. Jhe v. Chr.) und Heron
(1. Jh. n.Chr.) zahlreiche Maschinen konstruiert haben (3;4,
Se22-23). Aber es ist bisher nicht bekannt, obd man dort auch

fliegende mechanische Apparate gebaut hat. Erst im Mittelalter
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und in der Renaissance sind im islamisch-tirkischen Kulturbe-
reich und im Abendland fliegende mechanische sowie raketenget-
riebene Apparate konstruiert worden.

Im islamischen Kulturbereich fanden Naturwissenschaften
und Technik besondere Beachtung. Schon zur Zeit des Harun al-
Raschid baute man dort Wasseruhren. Im Jahre 807 hat Harun al-
Raschid Karl dem Grossen eine Wasseruhr geschenkt, wie sein
Biograph Einhard berichtet hat. (1, S.527.)

Zur Zeit der Abbasiden sind auf dem Gebiet der Mathema-
tik und Astronomie grosse Leistungen von islamischen Gelehrten
turkischer, persischer und arabischer Abstammung zu verzeich-
nen. Der islamische Gelehrte al Biruni (973-1048) hatte schon
500 Jahre vor Kopernikus behauptet, dass unsere Erde sich um
ihre eigene Achse drehe und mit den Planeten die Sonne’ umkreise

Kopernikus hat 1530 die islamischen Astronomen as-Sargali
(1028-87) und al-Battani (877-918) in seinem Werk "De revolu-
tionibus orbium coelestium" genannt.

Der turkisch-seldschukische Sultan Meliksah (1055-1092)
liess in Isfahan und Bagdad Observatorien errichten, wo die
Astronomen Omar Hayyam, Ebi'l Muzaffer Isfizari und Meymun-en-
Necib el-Vasiti gearbeitet haben. Fiir den Sultan ist in diesem
Observatorium ein neuer Kalender geschaffen wordenb(5, S.115,
119, 163.)

Im islamisch-tlirkischen Kulturbereich wurde aber auch die
Technik besonders gepflegt. In den Bibliotheken von Istanbul
sind zghlreiche Handschriften Uber Mechanik und automatische
Maschinenkonstrukxtionen erhalten, die von dem hohen Stand der
Entwicklung Zeugnis ablegen.

Zur Zeit der turkischen Artukiden-Dynastie sind die tech-
nischen Wissenschaften besonders gefordert worden. Auf Wunsch
des artukidischen Herrschers Emir Mghmud bin Kara Arslan hat
der islamische Ingenieur Bedi-uz Zaman el-Djazari 1205 eine
"Cemi-ul ilm ve-1 amel™ technische Schrift verfasst. Darin sind
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automatische Maschinen, Pumpen, Wasserwaagen ue.a. mit Zeichnun-
gen beschrieben, Bdi-uz Zaman behauptet, dass diese

Maschinen seine eigenen Erfindungen seien und vor ihm niemand
solche Erfindungen gemacht habe. Dieses bemerkenswerte techni-
sche Werk, das in Handschriftexemplaren in der Bidliothek des
Istanbuler Topkapi-Schlosses (Bibliothek von Ahmed III, Nr.
3472) und in der Hagia-Sophia-Bibliothek (Nr. 3606) vorliegt,
verdient von Pachleuten uberpruft zu werden.

Nicht nur die tirkischen Artukidenfursten, sondern auch
andere seldschukische fﬁrsten und tlrkische Mameliiken haben in
Syrien und Kgypten Naturwissenschaften und Technik gefgrdert.
Islamische Chemiker haben bereits im 12. Jhd. die Zusammenset-
zung des Schiesspulvers gefunden. Sie untersuchten die Brand-
und Sprengwirkung des Schiesspulvers, um sich gegen die Kreuz-
ritter zur Wehr zu setzen. Gelegentlich des 5. Kreuzzuges sind
wahrscheinlich im Jahre 1249 von islamischen Militaringenieu-
ren schon Sprenggeschosse gegen das frankische Heer und Konig
Ludwig den Heiligen eingesetzt worden (6, S.36.)

Syrien, vor allem die Stadt Damaskus, war durch die von

turkischen Seldschukenfirsten errichteten Medresen und Hespi-
taler noch im 13. Jhd. eines der wichtigesten Zentren islami-
scher Kultur., Da Syrien blutiger Schauplatz der Kreuzzige sowie
der Kriege gegen die Mongolen war, waren dort islamische Ge-
lehrte besonders on Versuchen mit Schiesspulver und dér Kon-
struktion von Waffen interessiert. Am Ende des 13. Jhd. war man
80 weit Schiesspulver als Antrieb fur Raketen zu verwenden.

Der Verfasser der "Kitab al-furusiya wal-munasab al-harbiya"
und "Nihayat al su’ 0l wal-umniye fi’ta allum a'mel al-furusiya"
genannten Abhandlungen, Hassan ar~Rammah Nadjm al-Din al-Ahdab,
berichtet von Explosivstoffen, ﬁbe: Feuerwaffen und die ersten
roketengetriebenen Torpedos. (1, S.1039-1040; T7; 8.)

Im Kriegsbuch von Hassan ar-Rammah aus dem Jahre 1285 befindet

sich auch eine Zeichnung eines sprenggel:denen, raketengetrie-
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Abb, 1. Raketengetriebene Torpedos und ein mit drei Zindern
versehenes Sprenggeschoss aus der Handschrift des Hassan

ar-Rammgh (etwa 1285 n. Chr.)

benen Torpedos und von Sprenggeschossen mit drei Zundern

Hassan ar-Rammah’ lebte zur Zeit der turkischen Mameliiken

in Syrien und starb im Jahre 1294 oder 1295 (1, S.1039). Er be-

richtet; wie man Salpeter durch einen mehrfachen Kristallisa-
tionsprozess gewinnen kann. Die islamischen Herrscher in Spa-
nien waren die ersten, die Pulvergeschitze in Europa zu Krieg-
szwecken eingesetzt haben. Diese Geschitze haben ;n der Schla-
cht bei Baza (1325 n.Chr.), in Alicante (1331 n.Chr.), in Al-
geciras (1342 n.Chr.) zum Siege verholfen und in Crécy gegen
das Ritterheer eine grosse Rolle geépielt (6, S¢37.)

Durch lateinische Ubersetzungen gelangten die technischen
und die naturwissenschaftlichen Kenntnisse der islamischen Ge-
lehrten ins Abendland. ‘

Der italienische Ingenieur Giovanni de Fontana soll der
erste Europaer-gewesén sein,der treibende Seeminen (Streuminen)
,vorgeschlagen hat..)

Er s0ll im Jahre 1420 auch einen mit Raketen getriebenen
mechanisclien Vegel fur Hohenmessung von Befestigungsanlagen
und anderen Bauten vorgeschlagen haben. Ob diese fliegenden

*) Pontana zeichnete 1420 in sein in Minchen befindliches Manus-
kript die Torpedos die in Gestalt von Tauben in der Luft flie-
gen. (9, Bl. 37.)
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machanischen Vogel jemals gebaut und benutzt worden sind, ist
nicht bekannt. Ein anderer italienischer Ingenieur Giovanni
Torriano hat um die gleiche Zeit fliegende mechanische Vogel
aus Holz gebaut. Der deutsche Astronom Regiomontanus soll eben-
falls fliegende mechanische Ilucken und Adler konstruiert haben.

Regiomontanus hat zur lateinischen Ubersetzung der astro-
nomischen Abhandlung des islamischen Gelehrten al-Battani (877-
918) einen Kommentar geschrieben und zusammen mit dem Werk des e
al-Farghani im Jahre 1537 in Nirnberg veroffentlicht. Die
zweite Auflage dieses Werkes wurde 1645 in Bologna unter dem
Titel "Mahomet Albatenis Buch von der Wissenschaft der Sterne
mit einigen Zusatzen des Johannes Regiomontanus" herausgegeben.
Leonardo da Vinci wird oft als Erfinder der Lochkamera oder
"camera obscura", der Pumpe, der Drehbank, sowie der ersten
Flugmaschine bezeichnet, war allerdings von islamischen Gelehr-
ten, nachweislich durch Alhazens Werk angeregt worden. (6,S.93).
Bs sei noch erwahnt, dass die technische Abhandlung des isla-
mischen Ingenieurs Ahmed bin Musa in einem Handschriftexemplar
in der Vatikanbibliothek vorhanden ist (10, S.172.)

Die islamische-tirkischen Wissenschaftler haben auch aero-
dynamische Studien angestellt.

' Ein tiirkischer Gelehrter aus Sayram hatte das Verhaltnis
zwischen Fliugelflache und dem Gewicht der Vogel untersucht, um
die physikalischen Grundlagen des Fliegens zu ermitteln, eine
Pionierarbeit auf dem Gebiet der Aerodynamik (11, S.368.)

In fruheren Zeiten war fur die Turken das Paradies gleich-
bedeutend mit Fliegen. Das turkische Wort Tami oder Temik be-
deutet beides (12, S.384-385.) aber auch ein uberdecktes Gebaude
. Das Fliegen wird im 13. Jhd. in der turkischen Dichtung
des Veled Celebi, Sohn des tlrkischen Mystikers Mevlana Cela-
leddin Rumi, verherrlicht (13). Fur die Turken war es ein got-
tlicher Traum. Deswegen darf man sich nicht wundern, dass der
Tirke Abu Nasr Ismail ibn Hammad al-Djawhari aus Farab in Tur-
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xistan schon Anfang des 11. Jhd. einen Flugversuch unternommen
hat, wie berichtet wirde. Djawhari war Verfaséer eines "al-Si-
hah" genannten Werkes. Er hatte in Nischabur zwei Fligel aus
Holz xonstruiert und mit einer Schnur an sich befestigt. Mit
diesen beiden Fligeln stieg er auf das Dach der Moschee von
Nischabur und rief den versammelten Zuschauern zu:
"Diese Erfindung hat bis jetzt niemand gemacht. Ich tue es
erstmals in der Geschichte. Auf der Welt ist das Fliegen das
Wichtigste. Deswegen unternehme ich diesen Versuch."
Da kamen die Leute aus Nischabur in Stromen und starrten ihn
an und in dem Augenblick fasste er die Flligel und machte einen
Sprung. Er flog.eine Weile in die Lufte. Aber seine Erfindung
liess ihn im Stich; er fiel zu Boden und kam bei diesem miss-
gliuckten Flugversuch im Jahre 1003 n. Chr. ums Leben (14, S.105;
15, S.723-T24.) Solche Flugversuche sind im islamischen Kultur-
bereich mehrfach beschrieben worden. Der islamische Gelehrte
Abbas bin Firnas hatte im Jahre 880 in Andslusien mit von ihm
entwickelten Fligeln Flugversuche unternommen und war nach
xurzem Flug ohne Korperschaden wieder gelandet (16, S.146; 17,
SeTTe)e

Es ist bemerkenswert, dass Flugversuche zur Zeit des tur~
kischosmanischen Sultans kMurad IV, in den Jahren 1630-1632 in
Intanbul unternommen worden sind. Als Augenzeuge dieser Flug-
versuche hat dartiber der turkische Weltreisende Evliya Celebi
in seiner bekannten Reisechronik berichtet. In den handschrift-
lichen Exemplaren dieses Werkes, in Istanbuler Bibliotheken
werden diese Flugversuche geschildert:
"Ingenieur (Hezarfen) Ahmed Celebi hatte zuerst neun Mal mit
Flligeln, die denen eines Adlers ahnlich sind, bei stark windi-
gem Wetter in Okmeydani bei Iatapbul, Flugversuche gemacht.
Ferner unternahm er einen Flugversuch, den Sultan Murad IV.
von dem Gebaudeteil Sinan Pasa Kiosk des Topkapi-~Schlosses aus
beobachtete. Er flog erfolgreich vom Galata-Turm (mit seinen
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Abb.2, Flugversuch des Hezarfen Ahmed @elebi im Jahre 1630
(vom turkischen Postministerium 1971 herausgegebene Briefmarke)

Abb. 3. Flugstrecke des Hezarfen Ahmed @elebi eingezeichnet
in die Istanbuler Ansicht von Grelot aus dem Jahre 1680



Fligeln) bis in den Dogancilar, einem Stadtteil von Usxudar,
wahrend eines starken Windes. Sultan Murad IV belohnte ihn mit
einem Beutel Gold. Der Sultan liess ihn jabor nach Algerien
verbannen, weil er nach seiner Ansicht ein sehr gefahrlicher
Mensch Bei, der ummogliche Ideen verwirkliche. Hezazfoi; Ahmed
Efendi starb in Algerien.™ (18, S.335.),

Noch interessanter ist der Flugversuch von Lagari Hasan
Celebi mit einer Rakete im Jahre 1632, Evliya Celebi berichtete
daruber folgendes:
nLagari Hasan Celebi hatte eine siebenarmige Rakete erfunden,
die mit 50 okka (ca. 70 kg) Pulver als Bremnstoff betrieben
wurde., Bei der Geburtstagsfeier der Tochter des Sultan Murad IV,
Kaya Sultan, ist Lagari Hasan Celebi im Sa'raybu.rnu (Tepkapi-
schloss) vor Sultan Murad IV. in diese Rakete eingestiegen.
Seine Schiller haben die Rakete angeziindet... Wahrend er betete,
stieg er mit der Rakete zum Himmel. Durch das Abbrennen des
Brennstoffes wurde sogar die Oberflache des Meeres erleuchtet.
Als der Brennstoff der Rakete erschopft war, ist Lager? Hasan
Celebi mit seinen adlerahnlichen Fliigeln geflogen und ist vor
dem Sinan Pasa Kiosk auf dem Meer gelandeteese Der Sultan hat
ihn mit einem Beutel Geld belohnt. Er wurde auch mit 70 Akce
Gehalt als Sipahi angestellt und éing spater nach der Krim,
stand im Dienst des Selamet-Giray-Khan und starb dort. Er (Has-
an.Celebi) war mein bester Preund. Gott sei seiner Seele gnE—
ligi" (18, 5.335-336).

Diese Berichte, die von den Handschriftexemplaren des
fvliya Celebis Werk ﬁbertragen wurden, zeigen, dass sogar im
7. Jhd. in der turkischen Hauptstadt Istanbul Flugversuche .
nternommen worden sind (1630-1632). Der Bischof von Chester
r. John 'ilkiﬁs hat in seinem 1638 erschienenen Werk "Wilkins
iscovery of a New World"™ diese Versuche erwahnt (19).

Uber diese Flugversuche in Istanbul sei noch folgende

rwahnung zitiert: "If it be enquired waht means there may be
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Abb. 4, Der tirkische Irgenieur Lagari Hasan Gelebi flog im
Jahre 1632 mit einer siebenarmigen Rakete, die mit Pulver als
Brennstoff betreieben wurde., (Aus dem Archiv der TArkischen

Luftfahrgesellschaft "Purk Have Kurumu"(in Ankara)

Abbe 5 Der Versuchsort des Raketenfluges wvon I.Ega.rf Hasan
celebi war Sinan Pascha-Koschke. Lage und Zustand .des Sinan
Pascha~KOachkes zeligt eine Abbildung des Topkari-Schlosses von
Grelot aus dem Jahre 1680
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conjectured for our ascending beyond the space of the earth's
Magnetical Vigor, I answer: Tis not perhaps impossible that a
Man May be able fo Fly by the application of Wings to his own
body as Angels are Pictured or as Mercury and Daedalus are
feigned and as hath been attempted by Divers, particularly by
a Turk in Constantinople as Busbequius relates". (20, Se29).

Bs ist zu bedauern, dass diese Pionierleistungen damals
nicht gefordert worden sind. Man firchtete diese Erfinder und
hat sie sogar in die Verbannung geschickt, wie Evliya Celebi
mitgeteilt hate

Als lagari Hasan Ceiebi im Jahre 1632 seine Raketenver-
suche unternahm, war das tirkische Osmanenreich eine Weltmocht.
Bei seiner Ausdehnung auf drei Kontinente hat die technische
Uberlegenheit der osmonischen Armee, besonders auf dem Gebiet
der Feuerwaffen eine grosse Rolle gespielt. Deswegen muss man
die Raketenversuche von Lagari Hasan Celebi im Jahre 1632 als
Ausdruck des technischen Entwicklungsstandes innerhalb des

islamisch-tlirkischen Kulturkreises verstehen.
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M.K,Tuxonpasos (CCCP)

POJIb K.3.LIMOJIKOBCKOTO B PA3BUTHU PAKETHOHN U
KOCMUWYECKO!M TEXHHWKH

Hmsa KoncranTtnsa Sayapaopuda LIMONKOBCKOro npro6pesio MHDPOBYIO H3—
BeCcTHOCTb, OH NpMHAUIEXHUT K KpymHeluwwuMm yuensiM 20-ro cronetus, Ero
TPyAbl B OUPOMHO}I CTeNeHH CHOCOOCTBOBAIM PA3BUTHIO PAKETHOH M KOCMM—
yecko#t TexHuku B CCCP u, mpaMO WIM KOCBeHHO, B APYrMX cTpaHax, Pa-
6orel K.3. lnonkosckoro » aroit ofnactn uepasanuch ¢ 1903 r.[1]lu B
HacTosimee BpeMsa mepeusparsl AH CCCP [ 2-101].

B ero Tpynax comepxaTCsi OCHOBBI AMHAMMKM IONeTa paKeTHHIX amnapa—
ToB, B 1903 r. uMm 6blna npeanoxeHa, C ONMCAHHEM NPUHLUMIMAILHOIO yCT-
po#iCTBa, pakeTa Ha XHAKOM TOIUIMBE Kak Haubojee pealbHOe CpeOCTBO OCy-
IECTBIEHUS MEXINIaHETHBIX MoneToB, MM ykasaHa BO3MOXHOCTb HCHONL3O-
BaHHUs SNIEKTPOPEAaKTHBHBIX ABMIaTelell; paspaboTaHa TeOpHsi COCTaBHBIX
PaKeT paaNMYHbIX THIIOB; PACCMOTPEHbl MEeAMKOGHOIOrMYeCKHe mpobGreMsl,
BOSHMKAaIOIMEe IIPM AOITOBPeMEHHBIX KOCMMYeckux monerax. OH ykasan Ha
BO3MOXHOCTb CO3[aHUS YeJOBEKOM MCKYCCTBEHHBIX CIyTHHKOB 3eMiIH M Heob-
XOAMMOCTBb OpbuTanbHbix cTaHuMil, OH NOKasal Hay4yHOe 3HAYEHHME DakKeT.
Ero ocHOBHOI Tpyn Tax 4 Ha3wBaeTcs: “Mccnenosadne MUPOBBIX IPOCTPAHCTB
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peakTuBHEIME npu6opamu”, OH 06DATH/ BHHMAHME Ha HAPOAHOXO3AHCT-
BeHHOE MCIIONb30BaHue CIyTHHKOB 3eMiM M Ha COLManbHOe 3HayeHue BooGme
BCel KOCMHYECKON NeATeIbHOCTH 4eljioBeka, LIMOJIKOBCKHIl 3aN0oXWil OCHOBBI
KOCMH3Ma KaK KOMIIIEKCHOH (MIOCOGCKOK CHCTeMBbl, OGOCHOBHIBAIOMWEH HEO6—
XOOMMOCTb pAaCCelleHMsl 4YelloOBeYecTBa B KOCMOCe.

[leiicTBUTENBHO, IOASM, OTNPABMBUIMMCS B MEXIUIAHETHOE NpPOCTPAHCTBO,
He TONBKO HYXHO NpHCHOCAGIMBATBCS K CBOMM NOTPeGHOCTSM, BosHukaer
KOCMHMYEeCKas NMPOMBIIIIEHHOCTb, CTPOMTENbCTBO M MHAyCTpMsa. Yenomek, B
CBOK OyepeAb, He u3beraeT BIMSHHS KOCMHYeCKHX ycnoeumil, Opranusauus
ye0BeYeCKoro o6wecTBa B KOCMOCE MOAHMMAET COLMOJOTHYECKMe M (HIo—
cofckue mpo6neMe! upeasblyaiioil BaxuocTy [12,13], K.3. llnmonkosckuit, kax
HHKTO M3 fesTeneli KOCMOHABTHKH, MHTEPECOBA&JICS ITHMH NpOGIeMaMu M
He OTAeNsN MX OT TeXHMYECKHX BOTIPOCOB OCBOEHMS KOCMMHYECKOrO MpOCT-—
paHCTBa.

K.3. LlHoNKOBCKOMY NpHHAMIEXAT He TONbKO TPYAHl MO TEOPETHYECKHM
OCHOBaM paKeTHOH H KOCMHyeCKol Texnuxku, B 1894 r, on Bnepsnie npeano-
XUl CXeMy camonieTa CO CBOGOJHOHECYIIMMM KPBUIbSIMK H C KpHUIOM TOJCTO-
ro npodung, paspabaThiBa TEOPHI0O CONPOTHBIICHHS BO3[AyXa NBHXYNMMCH B
HeM TejlaM H MOCTPOWI OAHYy M3 mepBhIX B Poccum asponnHamuyeckux Tpy6
(1896-1897 rr.), B KOTOpO# MOCTABMI psA MHTEPeCHbIX ombiTop [14,cTp.19-20].
B pancHeiiweM OH paspaboTan TeOpHWIO NOJIeTa PeaKkTHBHBEIX CAMOJIETOB B
cTpaTochepe M A&l CXeMbl YCTPOACTBA CAMOJISTOB AJS NMONETa CO CKOPOCTHIO
no 2000 m/cex, T.e. TOH CKOPOCTBIO, K KOTOPOH TOJLKO CeHyac MOAXORHT
apuamus [2,c1p.327-338,389-400]. Linonkoeckuii paspaboTail TEOPHIO LeNbHO-Me-
TaMYecKoro Aupmxatns opuruHanbroi konctpykumd [15LOH paBoranm Taxxe
HaJl HeKOTOPHIMH BONPOCAMH aCTpOHOMMH M Gmomormm [16].

B nactosmee BpeMs ¥3 pa6ot K.3. lluonKOBCKOro 1m0 paxeTHON TeXHM—
Ke 0COB0 HYXHO OTMETHTb OGOCHOBAHME UM HEOOGXOAMMOCTH BBIXOAA Yejo-
BeyeCTBa B KOCMMYECKOe NPOCTPAHCTBO M OBIIAAeHUS BCeii OrpOMHON 3Hep-
rueit ConHua, 3T0 KpailHe HYXHO Qg AaibHEHWE'0 PA3BUTHS HeIOBEYeCKON
UNBUIA3ALMY, .

Meican o GyaymeM yCTpPOHCTBE YellOBeYeCKOro ofecTBa COMyTCTBOBa-
m y K.3. luonkosckoro BceM ero paboraM IO paKeTHO# Texuuke, Teopueit
PeaKTHBHOI'O [BMXXEHHS OH 3aHWMalICsl paiM TOro Macana Gyaymero yennobe-—
4eCKoro ofuwecTsa, KOTOpblii OH cefe mpeAcTaBnsal, YenoBeyeckas LMBWIV-
3auMs O4eHb GLICTPO pasBHBaeTCs., B MexmnnaHeTHOM mpocTpaHCTBe Gecrno-
7Ie3HO [Uls YelOBeYyecTBA NPONaaeT INPAKTHYECKH MOuYTH BCA sHeprus ComH-
na. B HacToamee BpeMs yTWIN3UpyeTCs 4Ype3BbMANHO Majlas ee 4YacThb.
ITpocTpancTeoM, okpyxaiomum Connue, BIOMHE MOXHO OBIAAeTb, H TOraa
4eJI0BeYeCTBO IIONYyYHT HEOrPaHWYEHHBIE BO3MOMHOCTH OJIS CBOEro naibHel-
wero paspuTHd., MexmnaHeTHble myTewecTeus y llwonkoeckoro He 6vutH
CaMoLenbio, a TONbKO CPeACTBOM pacCelleHHs 4ejloBeYeCTBA IO BCEN COnl-
HeyHO# cucteMme, Ha BO3BMOXHOCTBE 3TOr0 OH yKasblBall HEOAHOKPATHO.

K.3. Lnonkosckuit B cBoux paborax pHCOBaN I'PAHAMO3HYI0 KApTHHY NOCT-
POMKM TOCE/IeHM! ¥ IOpPOAOB B MEXIUIAHETHOM INPOCTPAHCTBE C SHEpreTHKOI,
OCHOBaHHO# Ha WCIIOJIb30BAHHH COJIHEYHOH SHEPrMH U MpH XKHIHeAeATelIbHOC—
TY HaCelIeHWs B OTCYTCTBME CWI TSDKECTH MIIM NpM HeGOonblO# HCKyCCTBEH=
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HOil CuNle TSXeCTH, B moano6HbIX MOCesleHHsiX JMOAM TMOJy4aT, MO MBICIH
LionkoBCKOro, HHYeM He Or'DaHMYEHHBIH MPOCTOP A AaNbHEeMero paspy-
Tns xuaHu (8], LInonkosckoMy GBUIM 4yX/ABl NECCHMHCTHYECKHMe BIrVIsaabl Ha
6yayuiee 4esloBeyecTBa, K COXAaleHMmIO AOBOJLHO DPACNPOCTPAHEHHBIE Cpeau
HEeKOTOpBIX YYeHbIX, OCO6eHHO Ha 3anane, ACKIAPHPYIONHMX CpaBHATE/LHO
Hepanekylo, a IjlaBHoe 06s3aTellbHylo I'HGeilb 3eMHON UMBHIIA3ALNH,

B 1926 r. llnonkoBCkuil COCTaBWI IJIAaH OCBOSHHS MeXIUIAHeTHBIX MpOCT-
pancts [2,c1p.259-260 ]. Bor ar0T niaH B O6mMMX 4YepTax:

1. Opranusanus noceiieHusi BGMH3M 3eMITH M OCBOSHHME XH3HM B HEM,

B TOM 4HC/Ie MCINOJbL30BaHWe paCTeHMil /I NMONydeHMs TMIIM M KMCIopopa,

2. lMocTenenHoe pa3BUTHE 3THX MOCENIEHHH [0 HYXHOI'O COCTOSHHS.

8. Ynpaneuue or Conuna u ot 3emmu B obnactb actepounos. Coapanne
TaM 6a3spl Ans NepBOHAYalbHBIX paboT.

4, Opranusanus Nepebix MOCe/eHMH B O6IaCTH aCTEpPOMAOB NpPH YCIIOBMM
NOCTOSIHHOM CBSIGH C 3eMiel, KOTopas NMOCTaBlsgeT JmoAel, MAalMHEL ¥ MpPO-
[OBONECTBHE, :

5. PasBuTHe NpOMBINIEHHOCTH B NOfACe aCTepOMOOB, KOTOpOE OOJIXHO
MATHM TApa/UIeNlbHO YBENMYEeHMIO TaM uucnia mnoceneHwuit, [1pu cospanmm pas-
JIMYHBIX COOPYXXEHMH HCIONb3yeTCs MaTrepHall aCTepOMAOB, XOTOphie pasbu-
paloTCH TOMHOCTBLIO OO LEHTpa.

6. U3 coopyxeHHBIX TakuM 0O6Gpa3oM MOCENeHHH COCTaBlIgeTCs -KOJbLO
Bokpyr ConHua, cocTosiiee M3 NOABWXHBIX dacTeil,

7. C TeueHHMeM BpeMeHM M. C yBelMueHMeM HaCelleHHs CTPOHTCS elle
psii Kojlell, KOTOpEIE paclojiaralnTcs Mexay opGuramu miaHeT lOmutepa u
Mapca unu 6nnxe k ConHuy.

8. HacTynaeT rpaHaMosHoe pa3BHTHE TEeXHMKH B MEXINIAHETHOM NpPOCT-
paHcTee. -

9. U toabko Torpa, xorpa uyenoeek OydeT NOCTATOYHO MOIyWIECTBEHHBIM
obutaTeneM MeXIUIaHEeTHOr'O NMPOCTPAHCTBA, MPMAET OYepeAb HCNONbL3OBATh
u Golblipe NAHETH B KAYeCTBEe MaTepHala Ul KoCMudecKmx nocenerui [8].
[Mocewmenyue NIaHeT C HAYYHOM! LEJIbIO, MOHATHO, AOJDKHO NPOM3ONHTH 3HAYM—
TeNbHO paHee, .

10. OTkpelBaeTCH MyTh K 3Be3[aM M K NOCEIMEHMIO MHBIX COIHEYHBIX
(3Beannbx) cucrTem.

11. HaxoHen HeusbexHO paccCelleHue yenopeyecTea Mo BCeMy MieyHOMY
MyTtu, no sceit lanakrtuke.

K.3. llnonkopckuit B CBOMX paboTax IaHMMANCS NPeMMYLIECTBEHHO Nep-
BbIMM 3TanamMu 9Toro minasa. OH COCTaBisyl NPOEKTHl X INPOU3BOAMI pacyeTs!
KOCMHUYECKHX YCTPOHCTB, HYXHBIX IS OCyWeCTBIIeHMS 3THX 3TranoB., KoHeu-
HO, TOAPOGHO# paspaGoTKM TaKOro I'PaHAMO3HOrO MNlaHa Hesib3s ObUIO XAAThH
OT OMIHOT'O 4elloBeKa.

[IpakTHyeckoe OCylleCTBIeHHe uAel, Brepeble BbicKasauHbix K.3. lmon-
KOBCKHM, 65110 HaYaTO ero nocinenoparensmu 8 CCCP non pykosBoacTBOM
C.I1. Koponeea.,

4 oktabps 1957 r, B CCCP 6bu1 nmpouapefeH 3amyCK NepBoro B MHpe
MCKYCCTBEHHOT'O CIyTHHKA 3eMJIM M TOJIOXEeHO Hayalo KOCMHYECKOH 9phl ye-
nopeyecTra, 12 anpens 1961 r. cosetckuit rpaxnasun 10.A.[arapui Ha xo-
pabne “BocTok” coBepumun mepsblit B MHpe KocMuyeckuit momet. A.A.Jleo-
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HOB B 1965 r. momoxun Hayano BbIXOO8M KOCMOHABTOB B OTKPHITBI KOCMOC,
[locne psfa NpenBapHTenbHBEIX SKCNEPUMEHTOB B MEXINIAHeTHOM NPOCTPaHCT-
Be Ha kopabme "Coios” B 1971 r. 6bula ocymecTsieHa neppas Opb6UTaIbHAS
craHuus "Camot”, obecrneunBlias BO3MOXHOCTb MIMTENbHON paboOTHl 4eno-
BEKa B KOCMoce, '

INapannensro mno uccnenosanue JlyHel u mnaneT ConHewHOM CHCTEMSI,

B HacTosimee BpeMs NPOM3BOAATCS MCCleAoBaHMd JIyHEI COBETCKHUMM ABTO-
MaTHYeCKNMM anmapaTaMi ¥ aMepHKaHCKMMM NWIOTHPYEeMEBIMM KOpabIsaMHu.
Amepukarckue acTpoHaBTel H.ApmcTponr u 3.Onapus 6bIM NepBEIMY JIOAb—
MH, KoTopele B 1969 r. BeICaaMmuch Ha NOBEpPXHOCTb JIyHEL

K nnanere BeHepe 6blI0 MOCNIAHO HECKONBKO ABTOMATHYECKMX ANIapaToB.
B 1967 r. craiuus “BeHepa—4” BnepBble Npouasena M3MEpEeHHS HENOCPEACT-
BeHHO B atMoc¢epe Beneprl. Cranuus "Benepa-7" B 1970 r. cmycrunace
Ha IUIaHeTy M NepefaBana C NOBEPXHOCTH €€ HAYYHylo MHpopMammo., Mapc
TaKXe NCCIelyeTCs aBTOMATHYECKHMM KOCMHYeCKMMM amnapaTami. B mepc-
NeKTHBE MOXeT ObIThb HA4YaTO ONBITHOE H3y4eHMe Nosca acTepOMAOB, KOTO-
poe sBnsgeTca Omuxaimeid safayell C TOYKM 3PEHMS M3MOXESHHOI'O Bbille IIa—
Ha.

K.3. llnonkoeckuil npopen Gonbuyio paboTy MO HponaraHfe CBOUX Hael.
OH 6BUT XOPOWHM MOMygpuaaTopoM, CBOMME KHIDKKAMH, M31aBaeMbIMH B
Kanyre, B koTOpo#i OH mpoxun Gonee 40 neT U B KOTOpPO#M CylecTByeT
FocynapCTBeHHBI Myaell MCTOPMM KOCMOHaBTHKH €r0 MMEHM, OH 3aMHTepe-
COBall MOJIOALIX MHXEeHEepOB 3aMAaHYHBOM NpO6GIeMON MeXINTaHeTHBIX IIyTe—
wecTBHH,

Pacnpoctpanenue uaeit K.3. LlHONKOBCKOrO mepBOHaYAILHO GBUIO CBA3a-
HO, TVIaBHBIM O6pas3oM, c uMeHamy ¢usuka fA.U.Tlepennmana (1882 -1942)

n mpogpeccopa H,A.Pumnna (1877-1942), TNepensMan wanoxmn ugeu Lluom—
KOBCKOr'O B CBOed KHure "MexnnaHeTHele IyTewecTBHs”, BhIASpXaBLIeH

c 1915 no 1985 r, 10 uspanuit, PriHuH cospan Tpyd "“MexXIniaHeTHbIe
coobmerua” B OeBATHM BBIUIyCKax,depea KOTOphIi uaen LlMonkoBckoro mpo-
XOMAT KpaCHO# HHUTHLIO, KpOME TOro ero pafoTaM NOCBSIUEH OTAENbHbIH Bbl-
OyCK 3TOro TpyAa.

HapecTus o paborax K.3.llMONKOBCKOrO TIPOHMKIM 3a I'paHMly, MO-BH—
muMomy, B 1921 r. [17] Ho paHee HeKOTOpbIe yueHsie M MHXEHEPHI, NpHe3Xas—
mne B Poccmo, OCOGEHHO B CBs3M C HAYABWMMCH DPa3BUTHEM aBMalWM, MOI'—
JIX JIerKO NMO3HAKOMHTBLCH C MAeaMM K.3. [IHOIKOBCKOrO M0 €ro ypHalbHBIM
crarbaM., B 1924 r, pa6ora K.3,lluonkosckoro ”Hccrenoeanne MHMpPOBEIX
NPOCTPAHCTB peaKTHBHLIMM IpuGopamu” Gblila NMepeMsnaHa NMOA Ha3BaHUEM
“PakeTa B KDCMHYECKOe NpocTpaHcTBo” u mocnaHa I.O6epry, P.l'onnapny u
OPYTEM aupecaTaM; B lepmanyy B 1926-1927 rr, Ha CTpaHMIAaX TeXHHIeC—
KHX XypHalop my6mukopanuch ctatbd o patortax K.3.llmonxoeckoro. B1929r.
I.O6epr npucnan K.3,llHoiKOBCKOMY MHCHLMO, B KOTOPOM nucan: * {1, pasymeercs,
caMblit nocnefnuit, KOTOpHIK ocnapuBan G6bl Bawe nepeeHcTBO M Bamm saciy-
IM O [Oefly pakeT, M s TONBKO COXalewo, 4yTo s He panbme 1925 r, ycne-
wan o Bac, f 6bu1 6b1, HaBepHOE, B MOMX COGCTBEHHBIX paboTax ceropHs
ropasno panblue ¥ obouwenca 6bpl 63 MHO'MX HaNpacHBIX TPYAOB, 3Has
pasbwe Bamy npesocxommeie paGoter” [18].
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Bo ¢pasunmu uMma K.3.lnonkosckoro, kak 6yATO, CTalo M3BECTHO C
1928 r. Brnocmenctsun (B 1952 r,) K.3.lluonkosckoMy 6bl1a MpuCykasHa
Mepanb OpaHUy3CKOro a3pPOHABTHYECKOrO OGMEeCTBa.

B CIHIA uspecTHblt KOHCTpykTOp paker K.3Opuke mucam: "Ilepeoe ucuep-
NbiBaOLee MCCIIeNOBAHNE BCeil COBOKYMHOCTHM Npo6ieM, CBS3aHHBIX C acTpo-
HaBTHKOM, 6bu10 BhMONEEeHO B 1895 r. ¥ Benmukum pycckuMm yuensiM Koncran-
TuHOM Onyapnopmiem llmonkosckmm” [19,c1p.29].

B Axrmun penakuus “2Kypuana BpuTaHCKOro MexniaHeTHOro o6uwecrtsa”
B 1948 r, oTMeTHia, 4TO NepBOll Cepbe3HOH TeXHHYECKO# paboToit mo xoc—
MOHaBTHKe sBisgeTcs pabora K.3.lluonkosckoro, koTopeni eme B 1895 r,
yBUEN BO3MOXHOCTb HCIOIbL3OBAHMSA PAKeT Ha XHAKOM TOINIMBE A ABM—
MEHUS KOCMHYECKOro Kopabid.

Ilocne sanycka IepBOr'O B MHpe COBETCKOI'O MCKYCCTBEHHOI'O CITyTHHKA
3eMiIn 3a rpaHuneil SHAYMTENLHO BO3pOC MHTepec kK TpyaaM K.3.luomkosc-
koro, C 1957 r. Tpyast K.3.llHonKOBCKOrO M CTaTb¥ O ero paborax meya—
TaoTca B page ctpadH, B 1965 r. B CLUA Bemwio B nepeBOAe Ha aHIVIMiC—
kuit ssblk "Cobpanye couunenuit K.3.lnonkosckoro”. B onnux crpanax,
KaK, Hanpumep, B Asctpun u llpemmn, paborsl K.3.luonkosckoro 6pun ua-
BeCTHBI elle OO0 BTOPOil MMpPOBOH BOWHEI, B APYrMXx — B Bomrapuu, Benrpmn,
Yexocnopaku#, lOrocnasuu — nocne BORHEBI (17]. Taxum obpa3oM, paGoThI
K.3.1lMonKOBCKOT'0 B HACTOsee BpeMs MOIyYWIM BCEMHPHYI HU3BECTHOCTb.

BronHe ecTecTBeHHO, YTO MOYTH B KaxAOW CTpaHe, B KOTOpOil crana
pasBMBATLCH paKeTHasg TeXHWKa, HAIUIMCh y4YeHble, 3aHUMAaBLIMECs Teopuel
peakTHBHOrO ABMx(eHMsd, OHM npHuwiM, BOOGWE IOBOPH, K OOMHAKOBBIM pe-—
synstataM, OnHM paHblle, Npyrue, He 3Has O NpeABIAYWHX paboTax B ITOH
obrnactu, noaxe. Bce oHM mpensunenu 6yaymee NMpUMeHeHHe pakeT Ans
[IOJIETOB B MeXIJIaHETHOM npocTpaHcTee. OCHOBOIO/IOXHHKOM 3THX paboT
cuuraetca K.3.llnonkoeckuii, B 'epManuu HCClienOBaHMAMHE B 9TOH 06nacTH
sanumanca I.O6epr, B CUIA P.Tonnapn u apyrue. CCCP, kaxercs, nep-
pas CTpana, rae Tpyaw [.O6epra, P.l'onnapna, P.Scro-IlenbTpu, B.I'oMan-
Ha M [OpYyTHMX Y4eHBIX, paboTaplwiux B O6GI&CTH TEOPHM KOCMHYECKOI'O IOjie—
Ta, GBHUIM MepeBeneHBl ¥ M3JaHBl NOCTATOYHO NONHO, B HAaM AHM yYeHBIX,
MHTEPECYIOIMXCH NpobleMaMy KOCMOHABTHKM, HeM3MepuMmo Gonblue, yeM B
Hayajle peka, Bo MHOrHX CTpaHax NOSBWINCH KpPYTHbIe KOHCTPYKTODBI M 6OIb-
mue OOBe[MHEeHMs MHXeHepop, PaGOTAIOWMX Hal CO3[aHHeM KOCMHYECKHX
JleTaTeNbHBIX AalllapaToB.

AHanuaupys COCTOSIHHE KOCMOHABTHKM B HACTOsIee BpeMs M OIyGIHKO-
BaHHBIE IJIaHEI ee GyOyWero pasBUTHS, MOXHO BHAETb, YTO YCIEXH KOCMO—
HABTHKM 3HAYMTENBHBI M B OyaylieM OO/IKHBL yBeIWYHTHCH.

MoOXHO yxasaTb TPH HalpaBlieHMs, B KOTODBIX Da3BUBAETCH COBpPeMEHHas
KOCMOHABTHKA:

1. TIpuMeHeHMe KOCMMYECKMX I[IeTATENbHLIX anlaparoB A HapOOHOrO
XO3sHCTBa, HaNpuUMep, ANS CBA3H, ANs NPOrHO3MPOBAaHMS NOronbl, A Ue—

* [Ipo6neMamMu 1mosieTa B KOCMUYECKOM HpoCTpaHcTBe LlMonkoeckuit Ha-
yan 3aHMMareCs B KoHue 70-x ropnos XIX B., a x 1896 r. oTHOCHMTCH Ha-
4ay0 ero pafoT MO CO3NAHMIO TEOPUM KOCMOHABTHKH,
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nell HaBHraUMM, WIS M3yYeHMsS 3eMiM M T.O. STO CPABHHUTEIBHO Y3KO2, XO—
TS ¥ OYeHb HyXHOe, NMPHMeHeHHe KOCMHWYECKMX anlapaToB.

2, VccnenoBaHyue MUpPOBEIX NPOCTPAHCTB PEAKTHMBHLIME JIeTATENILHBIMHA
annapatamy, Ciofla BXOOMT M3yYeHHe OKOJIO3EMHOI'O NPOCTPAHCTBAa, H3yye—
HHE MEXIJIaHeTHOro mpocTpaHcTea, ConHua, Jlymer ¥ nnamet. Ciopa xe
OTHOCATCS ¥ MEXIJIaHeTHble NMyTeWleCTBHSA C MX POMaHTHKOi, OuepuaHo,
4TO Hay4YHO-HCCIIeIOBATe/IbCKHE PaBoThl B KOCMWYECKOM MNpPOCTPAHCTBE MpO—
10/KaTCd BeYHO,

3. OcBoeHre C MOMONEK MWIOTHPYEMBIX aNnaparoB KOCMMYECKOr'O Mpo-—
ctpancTsa, Ilon oCBOeHHMEM KOCMOCAa HMOHHMAIOTCS AeiiCTBUS, HalpaplleHHbe
Ha TO, WYTOOBl HAYYHTBECH XMTb U paboTaTh B MEXIIAHETHOM NPOCTPAHCTBE.
[pyruMH CloBaMH, GBITE TaM He BPEMEHHBIM I'OCTEM MM IIyTelleCTBEeHHH—
KOM, a BOCTOSHHBIM XHTejleM, JTO HampaBleHHe KOCMOHABTHMKH CBSI3aHO C
BBINOJIHEHMEM M3JIOXEeHHOro Bbiwe nnaHa K.3.lluonkoeckoro. B mepsom
NMyHKTe 9TOr0 IlaHa CTOMT OpraHuaanus mocenenuii okono 3emmnu, B CCCP
B 1971 r. 6BIIO OCYymEeCTBISHO NEpBOE B MMpe SKCIEPHMEHTAJIbHOE IOoCe-—
neHme - opburanbHas HayyHas ctaHmus “Camor”. Takue crasmum Moryrt
BBLUIOJIHATE TaKXe 3aJayd, CBOMCTBEHHble IEepBBIM ABYM HAalpAaBICHUSM H
naxe 6olee IMPOKHE,

TakuMm obpasoM, paspuTHe KOCMOHaBTHMKM y Hac B CCCP u za py6exom,
B OCHOBHOM, ClleAyeT NHO NyTH, ykasaHHOMy K.3,llmonkoBCKHM, H eCTb
BCe OCHOBAHUS CYMTATb, YTO BIMSHME Er0 HAeH COXPAHUTCSH B AalbHeHeM.
To, 4TO yxe ChaenaHo, ¥ TeHASHLUMHM COBPEMEHHOI'O pPAa3BUTHS KOCMOHABTH—
K¥ CBMASTENBECTBYIOT B IOJIb3Y NpPOrDaMMBEl OCBOEHHS KOCMOCA, HaMeyeH—
Hoi K.3.llmomkoBCckuM, WIH IO MeHbIUeli Mepe B NONb3y GONBUIMHCTBA ee
IIYHKTOB,
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K.Il.deokTucror (CCCP)

PA3BUTHE COBETCKUX IUIOTUPYEMBIX KOCMUHECKHUX
KOPABIJIE 1

12 ampess 1961 r. monerom lOpua larapusa 6buI0 MOMOXKEHO Hayano Mpo-
IIeCCy HeNnoCpenCTBEHHOr'o NPOHHMKHOBEHHMS Ye/loBeKa B KOCMHYeCKOe MpOoCT-
PaHCTBO.

STOT NepBHIK MONET YeloBeKa B KOCMOC M IOCI/IEAyIOUHXe I0NeThl COBeT—
CKMX M aMepHKaHCKMX KOCMOHABTOB [OKa3allM, YTO YelOBEeK MOXeT yClell-
HO XHUTb ¥ paboraTb B yCIOBHAX KOCMHYECKOro Iojieta., B Buae munotupye-
MBIX KOCMHYECKHUX Kopabieil 4elloBe4eCTBO IOMIYYWiIO CPeACTBO MJIf yBeauye-
HUS COepnl XU3HA M Chepbl MCCIlIeOOBAHHIA.

K 1958 r. coBeTckas pakeTHas TeXHMKA Npuua C GONbLMMH [OCTHXE—
HHSMH — ObLIM SalylleHbl NepBhle MCKYCCTBEHHBIE CIYTHHKH 3eMIM M cosfa-
Ha IepBasg pakeTa-HoCHTelb. K aTOMy e BpeMeHH Oblil HAKOIIEH OIBIT
PaKeTHBIX MONETOB allapaToB C XHBOTHHIMU Ha Buicoty 100-200 xM, ¢ moc-
nenyomyM Bo3ppaweHueM Ha 3emmo. K aToMy xe BpeMenu Gbuia BHISBIICHA
BO3MOXHOCTb CO3[aHUsl TPEeXCTYNEeHYaThIX pakeT, CIOCOOHBLIX BHIBOAMTB Ha
opbuTy cnyTHuKa 3eMnu anmapaTil BecoM 4-4,5 T.

OTH MOCTHMXEHHS CO30alM NPeANOCHLUIKK AN [HOACOTOBKM M OCYIECTBIICHHS
NepBOr'o NloNleTa YelloBeKa B KOCMHYeCKoe MPOCTPaHCTBO. Bhuio peueHo Ha-
yaThb paspaboTKy amnnapaTa Mg JloJIeTa 4YeloBexa B KOCMOC.

[IpoexTanThl STOr'c anmapaTta CleayilomuM ofpasoM $opMyaupoBank dSapna-
yy: annapaT OO/KeH OBITH Tak¥M, YTOOBI B MEpBLIX Xe [o/leTax uyesopBexa
MOXHO OBIIO GBI MPOBEPUTH M HCCIIEAOBATH €0 CaMOYyBCTBHE H paboTocrnob-
HOCTb B YCIJIOBHSIX KOCMMYECKOrO Mojera.

[TepBr1it BONPOC, xoTOPBLIK HAQO OBUIO pelMTh, — CO3AaBATL M BHauame
annapaT Ong JIoNeTa YelOBeKa Ha pakeTe IO GalIMCTHYeCKOH TpaeKTOpHH,

a 3aTeM coafaBaTb CIYTHMK 3eMiM C YeloBeKOM Ha 6opTy (mo sromy myTH
nownn umxenepsr CUIA), uam cpasy NPHCTYNMTL K COSAAHMIO: CITyTHHKA 3€\-
MM C 4yeloBeKoM Ha 6opry.

262



Yuarmor Burbedenus

o
J00 cex

676 cex

Puc. 1. Cxema nonera xopabna “Boctok-1“,

Brin BriGpan Haubomnee KOPOTKHH IyTh — IyTb CO3[aHHS KOpabmg—CITy THH—
Ka. 3To 6bIIO CHENaHO MO CJEOYIOWMM COOBpaXeHHSIM.

[naBHOe HeusBecTHOoe (TOrma) B KOCMHYECKOM [O/leTe — BIMSHHE HEBECO—
MOCTHM Ha OpraHu3M yelioBeKka. [I0 CpaBHeHHIO C NONeTaMH Ha HeBeCOMOCTb
ra camonerax (0,5 MuH) noneT Ha pakeTe MO GalNMCTHYECKOH TPaeK TOPHH
(2-4 MuH) He MoXeT mATb CKONMb-RMOGYOb CyMECTBEHHBIH HOBBLA pe3yibTaT.
CnuukoM Mano Bpems moneTa IO Ga/UIMCTHYECKOW TPASKTOPHM B yCIIOBMSX
KocMoca., MiHMMamLHOe xe BpeMs nonerta no opburte crmyTHuka 3emmu (no- .
7eT Ha OOMH BMTOK) B YCJIOBMSIX HeBeCOMOCTH coctaBiseT 80-85 MuHYT.

Baxno 6bi10 nanee BpifpaTh TaKylo CxeMy annapaToB, KOTOpas O3BOIHIA
6Bl NepBelil MONMET YelOBeKa COBEPLWHTbL HA OMMH BHTOK, & HA CIIEOyIOWeM Xe
No/leTe yBENMYUTL ero NPOAO/KHTENILHOCTh, €C/IM NepBbli NMONeT He BLISBUT
KaKux-/mMbo HenpedBHAEHHBIX ONaCHOCTeH, CBASAHHBIX C MJMTEeNBbHBIM Mpebbi—
BaHMEM YeloBeKa B YC/IOBHSX HEBECOMOCTH, B YCIIOBHSX KOCMHYECKOro MojeTa.

JTo 03Hauano, YTo CxeMa nonera kopabng Ao/mkHA Gbla BKIOYATH STaMbI:

BBIBE[IEHHS Ha OpouTy,

noneTa 50 opbuTe B TeueHHWe AOCTATOYHO MIMTENBHOI'O BpeMeHH (xe-—
TATeIbHO HeCKOMbKO CYTOK),

nepeBofa Kopabng Ha TPaeKTOpHIO CIycka (IpH NPUHATHM pelleHHs o
cnycke),

BO3BpalleHks B aTMochepy 3eMiM M JIOCAAKH.
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Bonpoc o cnocobe BbiBeOeHHs Ha OpOUTY pelliaZiCsd OAHO3HAYHO TeM, YTO
CyliecTBOBa/la peallbHas BO3MOXHOCTb CO3[AHHS PaKeTBI-HOCHTeld, obecrne-
yyBalomel BHIBEEHHE HA OKOIO3eMHylo opbuTy BhICOTOM Okono 200 xM ko-
pabns BecoM okono 4,5 T.

Bompoc o nepeBope kopabns Ha TPaeKTOpHIO CIyCKa TakK e MOr GbITb
pelueH OOCTATOYHO IPOCTO — Hy)XXHO ObIJIO B 3adaHHBII MOMEHT 3a CuYeT pa—
60THl pAKeTHON ABUTaATE/ILHOH YCTaHOBKM KOpablls M3MEHUTb BEKTOD €ero CKo-
pocTH TakuM oBpasoMm, 4YTOGHI NepeBeCTH Kopabib C OpOHTHI CIyTHHMKa 3eM-—
M Ha TPaeKTOpHIO, [epeceKalouyio IJIOTHbIE CIIOM aTMOoChepnl. A Oaiblie mpu
NBMXEHHHM Kopabnsg B aTMochpepe 3a CYeT CHJI adpoOMHAMHYECKOI'O COMNpPOTHB-
7leHus] CKOPOCTb Kopabns MoxeT OBIThb NorauleHa 0O OO3BYKOBOH, M Kopabib
CMOXET NepeiTu B pexuM “npusemieHus”.

Heckonbko Gonee CHOXHBIM NPEACTABIANICH BONPOC O BhIGOPE CXEMBI
cnycka B aTMocdepe. MoxHO 6b1o 6Bl BRIOpATE CXeMy C HCHOIBL3OBAaHWEM
asponuHaMM4yeCKol MOObeMHOH CHIIBI (Tak HasbBaeTCs CXeMa CIIyCKa C Ka-
YyeCTBOM), MH60 GAITUCTHYECKYIO CXeMy CIlyCKa — C HCIOIb30BAHHEM TONBLKO
CHJIBI JIOGOBOT'O CONPOTHBIICHHS.

[ns nepeoro kopabng-cnyTHHKa Oblla NMpuHATa OannucTuyeckas cxema
CIycka, Nno3poiuBluasg Gollee NpoCTO M Golee HAOEXHO DElIUTb 3ajady ABH-
XeHHs M TOPMOXKeHHsd Kopabnsg B NIOTHBEIX CIIOSX aTMOCHepsbl.

Heo6xopuMocTs co3nmaHusg KAaGMHBI ANg MHIOTA M OTCYTCTBHE OOCTATOY—
HOrO ONbITa 9KCIUTyaTauu¥ NpuOOpOB B BakyyMe BBIABHHyIIH TpeboBaHHE rep-
MeTHYHOCTH OTCEeKOB Kopabis.

[TockonmbKy BeC TeIIOBO# 3aulUTHI amnapara, CIyCKaloulerocs B aTMoche-
pe, onpepenseTcd ero pasMepaMy, a CJIEA0BaTe/IbHO, H KOIMYECTBOM I[IpH—
60poB U OOOpynoOBahMs, pa3MelmlaeMslX B HeM, ObLIO peleHo Kopabib nenaTk
U3 ABYX OCHOBHBIX HACTe:

CIlyCKaeMor'o amnnaparta, B KOTOPOM MO/DKHBI pa3MellaTbCsd KOCMOHaBT H
obopynoBaHue, obecrneynpamliee XH3HENESTENHLHOCTE €ro OpraHu3Ma B I[Ofe
Te, MpuOOpPOB yNpAaB/eHus, CBI3H, KOHTPONIS U CHCTEeMb!, obecleuynBamomme mpu
3eMIleHue;

npuboOpHOro oTceka, B KOTOPOM AOJDKHBI padMemaTbCs npubopsl, obecrne—
yMBaloWKe ynpaejeHHe kopableM NpH ero monete Ha opbute, CBg3b, Tele—
MeTpHUYeCKHe H3MepeHHsd, KOHTPO/Ib OpOuUTbI, SHEepronuTaHue AamiapaTypsl I
T.n. (T.e. BCe TO, YTO HYXKHO TOILKO NPH OpPOUTANIBLHOM MOMETC).

EcTecTBenHo, nmocne nepexopa Kopabig Ha TPAaeKTODHIO ClyCKa, OTCEKH
OO/DKHBI OBIMM Pas3nensaTbCd M CIyCKaeMelil anfnapaT OAWH MPOXOTUT CKBO3b
MIIOTHEIE CllIoM aTtMoctepsl. [IpuGOpHBIE OoTCeKk ¢ oTpaboTaBuieil OBUraTe/lb—
HOM yCTaHaBKOW NpHM 3TOM OBUraeTCd Ha ydacTKe CIyCKa OTAeILHO ¥ Cro-—
paeT B IIOTHBIX CJIOSX ATMOCHephbl.

OnpepensomuM A58 KOMIIOHOBKH CITyCKaeMoOIr'o amnfapaTta 4 Oias Kopao:id
B LleJIOM s37geTcd BbIGOp (OPMbI CIIyCKAeMOro amnnapaTta. Dbeuio paccMoT-—
PEHO HECKOJIbKO BO3MOXHBIX (OPM CIlyCKaeMoro anmnapara Ons OammicTiiiec
KOI'o Ccrycka:

KOHY CBI,

3OHTIfMHAS cXxeMa (C HCKyCCTBEHHBIM yBeJHYeHHeM IIIomAany Muaens CIyc-
KaeMoro affapara C Lellbi0 CHIDKeHHS HArPy3KM Ha MUAe/b U yMEeHbIIeHUS
TeMIepaTyp Ha MOBEPXHOCTH anmnapara),
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Puc. 2. Cxema kopabna “"BocTok”:

1 - 40T B KaTamy/lIbTHOM Kpecie; 2 — AHTEeHHBI KOMAaHAHON papvONuHuA;
3 - pykogTKa yNpapBleHHs opHeHTauuell; 4 - npubopHad nocKa; 5 — crmycka-—
emblil anmapat; 6 - anmapaTrypa obecliedyeHHs XH3HeAesdTelnbHOCTH; T — Te-
NeBU3MOHHAY KaMepa; 8 — GAlIOHBI CHCTEMbl OpMEHTAUMH X CHUCTEMbl BEHTU—
nauuu ckadanppa; 9 — cucTema onruyeckoi opuentaumn “Baop”; 10 - an-
TEHHa IeperoBopHON papuonuHzn; 11 - antenHel cuctemel “Curaat”; 12 -
TOPMO3HAadA ABUraTelbHas YCTaHOBKA; 13 - aHTEHHBI TeleMeTPUYECKHX CHC-—
TeM; 14 - Xamo3d CHCTEMBI TepMOperynHpoBaHHd; 15 — gaT4YHK OpMEeHTalMu
no ComHuy.

KOHMYeCKHe (OpMbl, B KOTOPHIX JI00OBOH YacTbio SBISETCH OCHOBAHHE KO-
Hyca,

ciepa.

Brin BeiBpaH cryckaemsiii annapaT Cpepuyeckoil gopMmel. DTo 6o che-
7AHO MO CIeyIOWUM COOBpaxeHuaM:

a) asponuMHAMHMYECKHE XapaKTepHCTHKH Chepbl, KOIPOUIUEHT CONMPOTHBIIE—
HUS, TONOXKEHHE UEHTpa AaBieHns (BCEerna HaXOAMTCH B LEHTpe CPepel) Xo-
pOwWO M3BECTHBI BO BCeM MMAaNO30HEe CKOPOCTel, KOTOphId MPOXOAUT ammapar
(oT mepBoit KoCMHYECKOit 0O MO3BYKOBOH CKOPOCTH);

6) OueHL MPOCTO M HAMNEXHO MOXHO OBECNeYHTbH YCTOHYMBOCTL MBMXEHNS
chepuyecKoro ammnapata B atMocdepe. [l 9TOro NOCTAaTOYHO CMECTUTb
UGHTP TSKECTH annaparta OT ueHTpa cepel. To obecneyuBaeT M CTaTHYEC—
Kyl0 yCTOYUMBOCTb 4, KaK NOKa3blBallM PACUeThl, XOPOUIYI0 AMHAMHKY ABMXE-—
HAA annapaTa BOKPYI LEHTPa MacC faxe IpH NMPOM3BOJILHOH OpHeHTaLMH CITyC-
KaeMoro anmnaparta Jiepefl BXOOOM B aTMochepy M NpH OTCYTCTBHH ympaBisio-—
UIMX OpraHoB Ha ydacTKe CNyCKa.

Heno B ToM, 4TO Takoe CHMMETPHYHOE M CTATHYECKM YCTOHYMBOe Telo,
kaKk chepa (co cMemenweM u3 neHTpa Chephl LEHTPOM TSKECTH) NPH BXOAe
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Puc. 3. Cxema papuocBa3u kopabns “Boctok” ¢ 3emuneii:

1 - nepepaya onepaTuBHON TeleMeTpHyecKoil uHPopMauun ¢ Gopra 06b—
exta (”Cursan”); 2 - mpHeM uMpOKOBewATeNbHbIX papuoctadumii (LUBP);
3 - nmepepfaya TeleMeTPHYECKOoH HHPOpMAauuud M TENeBH3HOHHOIO H30Jpaxe-
Hug Cc GopTa oObeKTa; 4 — PANHOKOHTPOIbL OpPGHTHI oBbekTa; B - nBYXCTO-
ponHas TenebonHas u TenerpabnHas KB cBsdb; 6 — mpueM KoMasp ymupasne-—
mus obbextoM (KPJT); 7 - gByxcTopoHHas tenebonnas YKB ceasp; 8 - mne-
pepaya ONepaTHBHON TeleMeTpHYecKoit M TenerpadHol uHbopmaummit Ha ywact-
ke cnycka (”Curnan”).

B INIOTHBEIE CJIOM aTMOC(ephl aBTOMATHYECKH CTaGWIH3MpYeTCH, a ero yrio-
Bele KojebaHHd BOKPYT LEHTpa TEXECTH neMndpEpylOTCH 3a CYeT pocTa aspo-
OMHAMHYECKOr'0 CKOPOCTHOI'O Hamopa 1o Mepe CHuxeHus, ONBIT SKCIIyaTa-
MM KOCMHYECKHX Kopabneii “BocTOk” MOMHOCTBIO MOOTBEPAMI 3TH pacyeTsl;

B) chepuueckas ¢opMa 6mu3ka K Haubomee ONTHMANBHON C TOYKH 3pEHHS
BeCa TeMIOBOM 3alMThl CIyCKAEMOT'O annapaTa NMpH [aHHOM MuAelne.

Bce mpoekTHble pelleHHs, OMpeae/uBlLIE HampapleHHe paboT # OGIMK Nep-
KO0 KOCMHYeCKoro kopabng, 6bumu npuaarel B 1958 r. Koneuso, npenBapu-
TelbHbBle NMPOEeKTHEIE NMPOPabOTKH IO KOCMHYECKOMYy Kopabio, KOTOphe M03-
BO/MIM OGOCHOBAHHO NPHHATHL STH pPelleHMsi, BKMOYaiM B cebg M aHamua mOT-
PeOHBIX XapaKTepHCTHK M cocTapa GOpTOBOH ammapaTypbl B CHCTEM.

Ha cnenmywomem srtane B 1959 r. 6bumm BoifpaHsl cocTaBp U OCHOBHBIE Ia—
paMeTpsl CHCTEM H annapaTypsl kKopabis, oCymecTBleHsl paboThl 10 MpOeK-
THPOBAHMIO CHCTEM, OTAEeNBHBIX arperatoB ¥ Kopabng B ueiioM, pa3paboTaHbl
4YepTexH, CXeMbl M Apyras TeXHHYecKas NOKyMeHTauus Ha kopabmu ans 6ec-

[HIOTHEIX NOETOB.
B 1960 r. 6pur OoCymecCTBIeHB! NepBble GECMUNIOTHBIE MONETH! Kopabnei—
cnyTHuKOB. [lo pesynbTaTaM STHX noneToB B ceHTabpe-Hosbpe 1960 r. mpo-
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Puc. 4. Cxema cmycka kopabna “Boctok”:

1 - orcTpen moka K KaralylbTHpOBaHHE IWIOTa B Kpecie; 2 - BBefeHAe
TOPMOSHOT'O NapaunoTa; 3 — CTaGWIM3auMs M CIYCK Ha TOPMOSHOM Iapauio-—
Te; 4 - OTCTpeN /IoKa U BBE[eHHe BHITSDKHOIO Iapaumiora; 5 — BBegeH#e oc-—
HOBHOT'O TapaloTa NMWIoTa; 6 — BBefleHHe TOPMO3HOro Mapawiora; 7 — OT-
AeleHue xpecna; 8 — CIHyCKk Ha TOPMO3HOM MHapauroTe; 9 — BBEfeHHE OCHOB—
HOro napaumnora (ckopocTh npuaemieHus 10 m/cex); 10 - ornenenne HA3a
4BTOMATHYECKOE HaIlOJHeHHe JIOAKH (CKOpOCTh NpusemiieHus 6 m/cek)

eKT Kopabns 6bU1 CymecTBeHHO AopaboTaH, yTOHYHEH COCTaB U OCHOBHEHIE Ma-
paMeTphl CHCTeM, yCOBEpLIEHCTBOBAHA KOHCTPYKLMS.

pu BLIGOpe mapamMeTpoB CHCTEM H alNapaTyphl, MPH NPUHATHU PelueHW
II0 OTAENBLHEIM BOMPOCAM YUYMTHIBAINCH CEAylmue BaXHeHume yCIOBUS: He-
06XonMMOCTh ofecrneueHHs BBICOKOH HaAexHOCTH, Ge3omacHOCTH noneTa
¥ Haubonee CXATbIX CPOKOB CO3HAHMS CHCTEM, HNpHUOOPOB M arperaToB M MX
oTpaboTKu.
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[ToMnMO paspaboTKHM M CO3NaHMs CaMOro Kopablis M ero pakeTbl-HOCH—
Tellg HeoOXOooMMOe BHHMaHUe ObIIO yAeNeHO Ha3eMHBIM CpeacTBaM obecne-
YeHHs1 NojieTa NMWIOTHPYEMbIX Kopabnei. ’

[ns xouTpons paborel 6OpTOBO! ammapaTypel Xopabis B noneTe, KOHTPO-
NI COCTOSIHMS KOCMOHABTa, KOHTPOIIS NapaMeTpPOB ero opbuTel, ANld CBA3U
C KOCMOHaBTOM M A/ ynpaBieHus nometoM ¢ 3emmn 6wl paspaboTaH u mpo-
BepeH NpH GECMHUIOTHHIX NoOJeTax Kopabned—CIly THUKOB Ha3eMHbI# KOMaHOHO-
H3MEepUTENbHBIH KoMilekc. B cocTap xommiekca BXOAMI PSA HA3EMHbIX MyHK-
TOB, OOOPYOOBaHHLIX papguoannapaTypoid NIpueMa TeleMeTPHYIeCKOH M Tele-
BH3HOHHON HHbopMaunu Cc GopTa kopabnd, ammapaTypod pPaaMOKOHTPOJIS
op6uThl, Nepepaud ¢ 3emnu Ha GOpPT KOMaHA YIPABIEHHS M annapaTypoi
panuocBssd. Kpome HaSeMHBIX NMyHKTOB MCIO/BL3OBATNMCH ClelHalbHble MOp-
ckue Kopabnu, ofopynoBaHHble papuoannapaTypoi ANd NpHeMa TeleMeTpH-—
yecko# uHpopMauwu. Brino OpraHM30BaHO LEHTPA/M3OBAHHOE yNpaBieHHe
BCEMH Ha3eMHBIMH CpeACTBaMH, y4aCTBYOmMMH B paboTe BO Bpems Ionerta.
KoopArHauMOHHO-BBIYMCIINTEMLHEIH EHTP MOMyYal CO BCEX Ha3eMHBIX MyHK-
TOB pe3y/bLTAaThl pafMoOU3MepeHn#t NnapaMeTpOB ABMMEHHSA Kopabns, C mo-
MOIIBIO 2JIEKTPOHHBIX BBHIYMCIIHTE/ILHBIX MalliH obpabaThiBall 3TH pe3yIbTa Thl,
BBIYUCIIAN NapaMeTphl OpOUTHI M BbIAaBall LelleyKa3aHWs Ha3eMHBIM ITyHK-—
TaM yNpaBlleHHS ¥ CBH3U (maHHBIE O BpeMeHHM HOABIIeHHS kopabng B 30HaX
pPAOMOBUAMMOCTH HA3EMHBIX IIYHKTOB, NPOrPaMMbl [ABHXEHHS Ha3eMHBIX aH-
TEeHH ¥ T.0.).

[Touck® KOCMOHABTa M CIyCKaeMOr'o alnapaTa NOC/ie BO3BpAalleHud Ha
3eM0 OCYIIECTBIIANUCH C IIOMOLIBIO LEHTPAIM30BaHHON CIyxObl IIOMCKa X
2BaKyallH, B COCTAB KOTOPOH BXOOWIM CaMOJeThl M BEPTO/leThl, o6opyno-
BaHHbIE CpeACTBaAMH paauoNesleHralyy, OTPSAbrl AeCAHTHHKOB-JIapallOTHCTOB,
IPYINEl TEXHHYECKOrO NepCOoHaila, MOCTaBlIgeMble K MEeCTy NpH3eMIeHHud ca-
MoOJleTaMH M BEPTOJIETaMH.

Bomeuoe MecTto B paBoTax HO OCymEeCTBIIEHHIO [EpPBbLIX NOIETOB Yell OBe—
Ka B KOCMOC 3aHMMAal¥ MeOUKO-OHONIOriYecKye HCCIIeNOBAHUS HA KHBOTHBIX
npi OeCHMIIOTHBEIX NONeTaxX Ha KOpabnsx—CIyTHHKAX ¥ HOArOTOBKA KOCMOHAB—
TOB K IONeTy. OKCNEPUMEHTb! HA XUBOTHBIX IIOATBEPAMIIM BO3MOXHOCTL IS
XUBOI'O OpraHu3Ma lepeHeceHMsa (AaKTOPOB KOCMUYECKOT'O IojleTa.

KoueyHo, yClex B OCymeCTBIEHHM IIEPBBIX [OIETOB YejloBeKa B KOCMOC
OOBACHSETCH HE TONBKO YAAYHBIMH M I'DAMOTHLIMHM TEXHHYECKUMH pelleHHd—
MM, NpPHHATBIME [P [POEKTUPOBAHMM Kopabng, [poMapfHOe 3HayeHne mMelna
paboTa IO TwaTeJbHO! paspaboTKe TeXHHYECKOH MNOKYMEHTAUMM Ha KOHCT—
pyxuuio Kopabnsg, ero mpufopHOe M arperaTHoe OBOpyAOBaHHe, Ha CXEMbl
ynpaelicHHd, Ha COOpKy M IOCTHPOBKY HMpHOOpOB, arperaTos u xopabng B ue-
JI0M, HA MOArOTOBKY M HMCHBITAHHS KOpabig B yCIIOBHSX 3aBoda, Ha KOCMOMA-
poMme U Ha crapre. CosnaHmio H IoleTaM Kopabnell NpeauecTsBopana OeicT—
BHTEILHO OrpOMHas paboTa IO Ha3eMHO# O0TpaboTKe OCHOBHBIX CHCTEM H
arperaToB Kopabns, IO NOANOTOBKE KOCMOHABTOB.

Texnuueckas moKyMeHTauUMs Ha OeCIMIOTHbIE KOPaGIH M HA COOTBETCT—
BylOmMe 9KCNEepPHMEeHTallbHele YCTAHOBKM Obllla B OCHOBHOM padpaboTaHa le—
ToM 1939 r. (ueprexu kKopmyca orcekos KOpabig Obli BhITyLWIEHb! PaHblie —
BeCHOH H B Havame neta) u k ocenu 1959 r, yxe HauaTa Gputa cOopxa aKC—
NMEepHMEeHTAallbHbIX = yCTAHOBOK [/l HA3eMHOM OTPaBOTKM OTAENBHBIX MEeXalilis—
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Puc. 5. Coopka 6ecmunorsoro xopabng—crmyThuka Ha kocMoppome (1960r.).
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MOB, arperaToB, ABUIaTeLHOH YCTAHOBKM, KOHCTPYKUMH M KOMIOHOBKM KO-
pabng, Tennopodl 3amMThi, A/ CAMOJETHBIX HCIBITAHMH CHCTEMBI NpU3EM-
neHus, Mg oTpaboTKH BCex GOPTOBBIX NPUOGOPOB M CHCTEM Ha KOMINIEKCHOM
SNeKTPHYECKOM CTeHae kopabisd, ang oTpabGoTKM TENIOBOT'O pexuMa M T.m.

OcHoBHOlt 06beM Ha3eMHOW 3KCIIEpHMEHTaJILHOH OTPabGOTKH Obll BbINOI-
HeH B xouue 1959 r. - B nepsoit nomnosuse 1960 r.

OpHOBpeMEeHHO Beuch pabGoThl IO CO3[AHHMIO PaKeTbl-HOCHTeNs M Koc—
MHYecKoro kopabns, oTpaboTka ee CHCTeM M ABUraTelledi Ha CTeHOax M, Ha—
KoHel, oTpaboTka pakeTsl B IONeTax.

YcnewHso nmpoxoauple HadeMHas oTpaboTka xopabns u oTpaboTka paxe-
THI-HOCHTENS B MOJleTax IO3BOMUIM NepefiT¥ K BBINONHEHWIO 3allyCKOB Kopad-
neit 6e3 skunaxa. B mMae 1960 r, 6ni1 3anymeH nepBblif KOpabb—CIy THHK
(6ea Temnopoil samMTH CMyCKaeMoro amnapata, He NpeflHA3HAYEHHBIA M1s
nocanku Ha 3emmio), a 19 aBrycTa 6bu1 yCHEIHO 3amylleH KOpabinb C xu-
BOTHLIMK Ha GOpTy, KOTOpbii Obll GraromonyyHo BosspameH Ha 3emmo 20 ap-
rycra 1960 ropa.

ITocne BHeCeHHMS H3MeHEHHMH B IPOEKT Kopabis MO pe3yibTaTaM 3THX
3amyCKOB TeXHHYeCKad NOKyMeHTauus Ha Kopabnp B ceHTsabpe-nekabpe
1960 r. 6pula NpaKTHYECKH BBITylIeHa 3aHOBO, ObUIM NMPOBeNeHB! MONOIHH—
TelbHbIE HA3EeMHBIE SKCIepHMEeHTalbHble paboThl, HeoOXOomMMble AN Nepe-
XOma X NMMIOTMPYyeMbIM moleTaM (B TOM uncie oTpaboTka CHCTeM obecre-
YeHMS MU3HEAEeAT2MLHOCTH, CKahaHOpOB, KaTalylIbTHPYEeMLIX Kpecelq, napa-
LIOTHEIX CHCTEM KOCMOHABTOB, CHCTEMSI OpHeHTaunH, ABMraTellbHOH ycTa-
HOBKH, [ONONIHUTE/LHbIE 3alyCK¥ PAKeTHI-HOCHTeNs X T.A.).

B xoune 1960 - nauane 1961 rr. mo yTOYHEHHOM TEXHHYECKOH MOKYMeH-
Tauuy ObIIM HSrOTOB/IEHb! KOpabnu, OHM MPOIUIM LUKJ OTPabOTKH H 37eKT-
PMYECKMX HCHBITAHMI Ha 3aBOAe MW Ha KOCMOOpOME.

OTH Kopabmu cTamM BIOCIEACTBHM H3BECTHHI Kak kopabmu “Bocrok”.

B Mapre 1961 r. GbimM oCymecTBlIeHb! AB@ 3almycka GeCHUIOTHBIX Kopab-
neit mo mporpamMMe, HONHOCTBIO COBlapamlle#l C NporpamMMmoil MONroTaB/IMBaB-—
IIerocs IepBOr'o IWIOTHPYeMOro noneTa. 3anayeidl aTUX OeCHHIOTHBIX MONe—
ToB OblNa NONHAA NMpPOBepKa BCeX OGOPTOBBIX CUCTEM ¥ KOHCTPYKUMH Kopabnd.
O6a nonera mpown ycrnewHo 6e3 CKOMb-HUOGYOb CYIECTBEHHBIX 3aMevaHHil.
CnyckaeMple annapaThl 4 MaHeKeHo! (KOTOpble yCTaHABIMBAIMCH HA MeCTe
nunora) 61arONOTYYHO NPU3EMIMIKCH IOCNe BOSBpAWEHHS U3 NONeTa.

Bce aT0 mosBomino nmepeiiTH K peluajomeMy STally - BBLIIOIHEHHIO EPBOrO
noneTa YelloBeKa B KOCMHYECKOE IPOCTPAHCTBO.

12 anpens 1961 r. pakeroli-HocuTeneM 6bI BEIBENSH Ha OpPGUTY KOCMHYEC—
xu#t kopabnb “Bocrok-1” ¢ nepbiM KocMoHaBTOM - 0 preM AnexceesyueM Iara-
pusbm. [Toner 10.A Larapusa 6bu1 samnanuposan Ha 1 060poT BOXpYT 3emis -
T.e, H8 MUHMMAJILHOE BpeMsl [oNleTa MpH yCIOBUM BOSBPAIICHUS HA TEPPHTOPUIO
Coserckoro Coiosa. Bo pema nonera 10.A.Tarapun usyBcTeOBan cebs HOp-
ManmbHO. Bee cmcreMsr kopabns paGoranu npaktuuecku 6ea3 samedaHuil. Ko-
pabmb C KOCMOHaBTOM MPU3EMIMIICH B PACYETHOM paioHe.

EcTecTBeHHO BCTal BONPOC O NMOArOTOBKE ClEAYIOWEO llara B OCYWe—
CTBIIEHUH NUWIOTHPYEMbIX MOJIETOB.

HekoToprle Menuky, oTBeuaBlINe 3a MeAMKO-OHONIONMYECKYIO CTOPOHY Moa-
TOTOBKH NU/IOTUPYEMBIX NOJETOB, NMpeMarand OCyWEeCTBUTL Cllefyiomuil no-
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Puc. 6. Kopabnp “Bocrok”.
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Puc. 8. [loproToBka Kopabis M pakeTbl-HOCHTENs Ha KocMoppoMe (opfHa
U3 3aK/IOYHTENbHBIX ONEepalHil — OfeBaHMe I'OIOBHOTO OobTeKaTels).

Puc. 9. CnyckaeMelilt amnapar kopabns “BocTok” nocne posppamexnus u3
nonera (Kpecio KOCMOHABTA OTCYTCTBYET).
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net Ha 3-4 ob6opoTa BOKPYr 3eMIIH C TeM, YTOOBI [NOCTENEeHHO YBeINYMBAThL
speMsi MpeCLIBAHMA YellOBeKa B YCIOBHSX HeBeCOMOCTH. OmHako 6ombunH-
crBo crneunmamuctos (B ToM, wucrne u I'.C.Tutos, KOTOpHBIX OB Ha3HauYeH

THIOTOM CJIedyIOmero Kopabns), spickasamich 3a NMONeT Ha OfHH CYTKH -
> TeM, YTOOBl CHeNaTh CYIIECTBEHHbI! WA B yBe/lHYeHHH BPeMEeHH KOCMU-—
4eCKOro foleTa.

6 asrycra 1961 r. 6bl1 BHIBeNEeH Ha OpOMTY BTOPON COBETCKHiM KOCMH—
yeckuit Kopabme “BocTok-2” ¢ kocmonaBToM [epmanom Crenmanosmuem Tu—
TOBbIM, DTOT MONET MPOAO/XANCH OAHM CyTKHM. Bo Bpems nonera I.C.Tutos
4qyBCTBOBall Ce6s HOPMANBLHO, COXPAHWII XOpOUYH paboTOCHOCOBHOCTL, IMPO—
BOOM/I SKCIIEPHMEHTBI, ME[MIMHCKME TeCThl, [ONAEpXKHBAll CBS3b C HA3EMHBI—
MH IMyHKTaMH yNpaplleHHs, yHpaBisai GOPTOBOH anmapaTypoil. STOT MONeT
TaKxe 3aKOH4MICs ycmewHo. OOuwmpHag uHbOpManMs, NpUBe3eHHAS U3 HONe—
Ta [epmanoM THTOBBIM, OKa3alaCh BeCbMa BaxHON i IOATOTOBKH KOCMO—
HaBTOB K ClIe[yIONMM KOCMHYECKMM IIOJIeTaM, OCOGEHHO B YaCTH YIyYIUeHUS
TREeHUPOBKH BECTHOYIISPHOIO annapata KOCMOHABTOB.

B aerycre 1962 r. 6bu1 yCmewHo OCYWIECTBIEH NEPBLIM [O7IeT OAHOBpe-—
MEHHO [BYX KOCMHYECKHX Kopabieif ¢ xocMoHaBTamu A.l.HukonaesoiM u
I.P.ITonopugeM, a B uioHe 1963 r, — moneT mBYX KOCMHHYECKHX Kopabreit,
manotupyemuix B.d.Brkosckum u B.B.Tepeukonoii.

Cosnanne xopabneit “BocTok” ¥ yCleuwHOe BHIMOJIHEHHE NEPBHIX [MOJETOB
B KOCMHYeCKOe NPOCTPaHCTBO CO3AaiH HeobxomuMmylo 6a3y s manbHelle—
I'o pa3BHTHS TEXHHKH NMMIOTHPYEeMBIX KOCMHYeckux Kopabneii B CoBeTCkoM
Coroze.

CrenyomuM 1IaroM B Pas3BUTHH MHIOTHPYEMEIX [IOeTOB OBIIO OCyWECTB—
NleHWe MONeTOB Kopabneil ¢ aKuMmaxeM, COCTOSMIIMM K3 HECKOIBbKHX 4YellOBEK,
OCymeCTB/ICHHe IIOleTa C BLIXOAOM 4YelloBeKa M3 Kopabig BO BpeMs mojeTa.
[na storo Ha 6ase KOHCTPYKLUMH H CHCTeM Kopabns “BocrTok” 6bim co3pax
MHOrOMecCTHbIH kopabms “Bocxon”. PaspaborTka NMpoeKTa M TeXHHYECKOH A0—
KyMeHTalU¥uk Ha xopabib "Bocxon” 6uumm npoeepmeHel B 1964 r. B sToM xe
roay 6bln BBIIONHEH GoNbLIOK O6beM SKCIepHMeHTalbHeIX pafoT mo orpabor-
Ke ABHraTeneif, CHCTeMbl NPUSEMIIEHHS, CHCTEM OOeCNeyeHHs XHSHeNesTellb—
HOCTH, CKadaHOpOB /g Kopabias “Bocxom-2”, CHCTeMsl LIT030BaHUs, GopTo-
BOM ammapaTypbl ¥ arperaToe Kopabus.

[ToneraMm nunoTupyemeix Kopabneit “Bocxon” mpenuwecTBoBanu ABa 3amyC-—
ka GecnumoTHeIX Kopabnieif, BO BpeMs KOTOpLIX OBLIM NMPOBEpeHB! KOHCTPYK-—
uus u obopynoBaHue kopabis.

B okrabpe 1964 r. Geum ocymecTsneH noneT kopabas “Bocxon-1” c sku-
naxeM #3 3-x uenoBek. B mapre 1965 r. 6pu1 ocywecTBIeH monieT Kopa6bns
“Bocxon-2” ¢ skunaxem B cocrase II.U. Bensera u A.A,Jleornosa.B sToMm nonere
BlepBrle GBI OCymeCTB/IeH BHIXOA 4Ye/ioBeKa M3 Kopabns B KOCMHYECKOe Ipo-—
CTPaHCTBO.

B 1962 r. 6pimn HauaThl MPOEKTHBIE PAGOTEI MO HOBOMY KOCMHYECKOMY KO-
pabimo, KOTOpbI# BIOCNENCTBHM CTAll M3BECTEH Kak Kopabib “Co103”. droT
Kopabie pomxeH Gl NMpeaCTaBUTL Gollee WMPOKHE BO3MOXHOCTH [UIS NMPO—
BEAeHUS Hay4HbIX M TEXHMYeCKHX MCClIlefOBaHMii B MNojleTax o opbure CiyT-
Huka 3emmu. OH Takxe npenHasHayalCsd IS OTPAabOTKH psifa HOBBIX TEXHHM-—
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Puc. 10. Cxema npu3emnerusd xopabns “"Bocxop”:

1 - oTcTpen KpbluuKM NapawioTHOro Jjoka Ha sbicore 5000 * 500 M; 2 -
KphIlIKa NapailoTHOIO J0Ka M 4YeXO/l BHITSDKHOI'O IapauoTa; 3 — BbITSKHOM
napamioT; 4 - TopMo3HOH mapaunoT; 5 - Beicora 3100+ 500 M. Yepes 18
CeK. Toc/ie OTCTpella KpPBHILKA [apauloTHOTO JIoKa IPOU3BOAMTCS OTUENKa
TOPMO3HOI'O NapaunoTa ¥ BBOA OCHOBHBIX NAapauloTOB. 6 — TOPMO3HOH peak—
THBHBI# ABHIraTenb TBEepAoOro TommsBa; 7 — yepe3 12 £ 0,5 cex mnocne or-—
CTpena TOPMO3HOr'O NapauoTa NPOM3BOAUTCS PACKDPHITHE IyNa [MCTAaHIUAOH—
HOro KoHTakTHoro ycrpoiictea ([KY). Uepes 5t 0,5 cek mocne Beopa my—
na nopaerca mitanne Ha [KY. BeprukanbHas CKOpoCTb CHuxeHus V. =
=7,4% 03 m/c (y 3emnn). 8 - myn OKY; 9 - cpabarmisanne [KY nyaanycx
peurarens. Pa36iokupoBka ueNeil OTCTpena CTEHI OCHOBHBIX IlapallioToB.
CxopocTe npuseminenus 0= 2 Mm/cex. 10 - npasemnenue. Orcrpen mo op-
HOH CTEHre OCHOBHEBIX NapauroToB. 11 — BBOA aHTeHHEl; 12 - oTCcTpen BCEX
yeTbIpeX CTEHI OCHOBHBIX NapauwnoToB. [locagka Ha Bomy.
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L4 L4
abnem “Bocxop”.
11. Crapr pakeTbI-HOCHTENII C KOCMHYECKAM KOp.
Puc. . Cr
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Puc. 12. ILU, Benser u A.A. lecor B xabune Kopabng.

YEeCKMX CpefCTB, KOTOpble HeoOXOmMMbl M/ AalbHeMIero pasSBHTHS KOCMH—
YeCKOH TEeXHHKH,

CraBunack sapaya cosnasus M oTpabOTKM Ha 9TOM Kopabiie cpeacTs Ha-
MepeHHsl NapaMeTpPOB MBMXEHHs NBYX Kopabllell OTHOCHTeNLHO APYr Apyra,
yIpap/leHHsl MPOLUECCOM COMXeHHs ¥ NpHYa/MBaHHWS, MEXaHHYeCKOA H 3a/IeKT-
PHUYECKON CTBIKOBKHM [OBYX Kopabneif, MaplWleBrIX X xoopuﬂﬂa'mmx aBHraTenei,
obecneynBaOMMX NTPOUECCH COMMKEHUs M NPUYa/MBAHMY, HOBBIX CHCTEM OpH-
eHTaUW¥ ¥ YNpaBlleHHd, CPefCTB CIiycka Kopabisg Ha 3emmo C HCIOML30Ba-
HHEM aspoAMHaMMWYECKOH NMOABEeMHON CHIIBI NIDH [OBMXXEHHH CHyCKaeMOro amia-—
pata B aTMochepe, HOBOH CHCTEMbl NpU3eMIIeHHs, C pe3epBHpOBaHHEM Napa-
LUIOTHOK CHCTEeMBI M T.O. )

OTH 3apayu M ONpefe/MM KOHCTPYKIMIO Kopablig, COoCTaB M KOHCTPYKLHIO
OCHOBHBIX CHCTEM H arperatoB Kopabund.

IMeperiit munoTupyeMei#t monet kopabns "Cowos-1” B anpene 1967 r. aa-
KOHYMJ/ICS Tparuyeckd — Npu Nocapxe kopabis moru6 mumor kopabing KocMo-
HapT B.M.Komapoe. [lpuunHolt aToli apapum 9BHIOCH HapyuweHue B paGoTe
napallioTHO! CHCTEeMEl Npu3eMileHnsd. HemocTaTok B KOHCTPYKUMH CHCTEMbI
MpH3eMIIeHNs, NpUBEMIINA K aBaphH, NPOSBHICH MMEHHO B STOM IoJeTe, XO—
T4 noneraM xopabias “Coos-1” npealleCTBOBAIM ¥ YCIEIHO 3AKOHYUBIIKECS Ca—
MOJIETHEIE MCIILITAHHS CHCTEeMEI IpH3eMIeHHd B GeCNUWIOTHLIe 3allyCKH Kopabisd.
B 1967=1968 ir. 6pu1H BHeCEHEl H3MEHEHHS B KOHCTPYKLMIO Kopa6iis, npoBeAeH
60NBLIOK 06beM OONOMHATE/LHEIX CAMOIETHBIX HCIBITAHKY CHCTEeMbI IPU3e MIICHHS .
B nomonHuTensHeiX 6eCNUIOTHBIX MOeTax GbUTH NPOBEPEHbl BHOBL BCE CHC TEMBI
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xopabng u, B TOM YHCIe, CHCTeMa npu3emieHus. 26-31 okrtabps 1968 r.
Gbisl OCyWeCTB/IEH NofeT kKopabas “Cowoa-3" ¢ xocmosabToM I'.T.BeperoesiM.
3a omHM CYyTKH OO cTapra Kopabna “"Coos3-3" Ha opbutry Obin BhiBEneH Gec—
IHIOTHELA Kopabims "Cowoa-2", B sajauu noneta kopabne# “Cowos-2” u “Co-
103-3" BXOOMMH: OTPabOTKA aBTOMATHYECKHX PEXHUMOB PabOTBl CHCTEM H
obopynoBaHus Kopabmel, oTpaGoTka psaaa OCHOBHBLIX PEXHMOD PYYHOI'O yi—
paBneHns KopabneM, a Takxe IpoBelleHMe HAYUYHEHIX ¥ TEXHHYECKHX SKCIepH-—
MEHTOB.

14-18 auBaps 1969 r. 6but coBepwen nepewlit 3amyck kxopabneit “Cowosz—4"
n "Cowo3-5", Ha KOTOpHIX COBEpUIMIM TofleT kKocMoHaBTh B.A.lllatanos, ]
B.A.Bomisos, A.C.Emacees, E.B.Xpysos. Bo BpeMs aToro nosmera 6bu1 Mpo-
BefeH NpoLecC aBTOMATHYeCKOro cOmmwxeHMs Kopabelft N0 pacCTOSHHSI OKO—
10 200 M, npuyanuBaHKWe Kopabnell NpM pyYHOM YNpaBleHHHM, CTBIKOBKA X
nepexon A.C.Emmceepa m E.B,XpyHoa ua kopabna “Cowos-5” B xopabib
"Coioa-4" uyepe3 OTKpHITOE NPOCTPaAHCTBO.

STOT NojeT NPOOeMOHCTPHMPOBA/, YTO CO3[aHLl U NPOBEpEeHH B IlOJleTe
cpeacTBa COMMXEHHH M CTHIKOBKH KOCMHYECKHX Kopabiei. )

11-18 Hosibpsa aTOro xe rona Obll OCYWECTBIEH CIIOXHBIX I'PYHNOBOH 10—
net Tpex kopabneir “Cows” ‘¢ skumaxamm B cocraBe: B.A.lllatanos, .
A.C.Enucees, I''U.lllosun, B.H.Ky6acos, A.B.bumunuenko, B.H.Bomkoe u
B.B.I'opbaTko.

1-19 wmons 1970, GbT OCYIECTBIIEH VIHTENbLHBIN MoseT xopabns "Coios-9”
c skunaxeMm B coctase A.l.Hukonaesa u B.W.CeBacTbsiHoBa. 3TOT nomet
HMeJl BaXKHOe 3HAYEHMe KaK Hayajlo HOBOIO 9Tala B PelleHHH 3afaud JoC—
TENEHHOT'0 YBEMYeHHs [NMTELHOCTH KOCMUYECKHX IONETOB, PaspaboTKH H
MPOBEPKH B NIONIeTe CPeCTB, nO3BO/SIOMMX OCYWECTBISTh OIUTE/ILHBIE KOC—
MHYeCKHe IoNIeThl 6e3 MCKYCCTBEHHOH TaxeCTH.

C samyckoM kocmudeckux xopabneit “Cowos-10” u “Cowos-11" u opbu-
TalmbHOH HayuyHo#l cranuuu “CamoT” HayallCs HOBBIX STam B OCBOEHHH KOC-—
moca. Cpenal BaxHbA War' X CO3NAHMIO AOMTOBPEMEHHBIX OpPOMTABHBIX Ha-
YYHBIX NabopaTopuif, OTKPHIBAIOMUX BO3MOXHOCTH NPOBENCHHMsS HCCIIeNOBaHHH
¥ 9KCIIepMMeHTOB B Gonee WHMpOKOM Macltabe,

locne 3aBepueHus: mporpaMMsl foleTa Ha opGuTameHO# cranmun “Camor”,
KOoTOpas Ipopoipkanach 24 nus, U3-3a Npex<deBpeMEeHHOH pasrepMeTH3aluH
annmapaTa Ha yyacTKe CIyCKa MOrMOMHM wieHsl akunaxa kopabas “Coios-11"
I'.T.0obpoeonbckuit, B.H.Bomxos, B.U.[lanaes. Mel YTHM NaMSTb MyXeCT-—
BEHHBIX COBETCKMX KOCMOHABTOB, BbLIIONHHBIIMX BA&XHYI0O M OTBETCTBEHHYIO
paboTty Ha NepBoO# AOAIOBPEMEHHON OpOHTANBLHOM CTaHUHH.

[Tonetr cranumu “Camor” mo3BONMI OPraHU30BATH lEJLIA KOMIUIEKC Me-
QMK O- GHOMIOrUYeCKUX UCCIIENOBAHUHA MO ONpEeNeNleHHIO ONTHMAJLHOIO PexuMa
KU3HE IeATEILHOCTH KOCMOHABTOB B YCIIOBHSX [UIMTENLHOrO NpebbiBaHHS B
HEBECOMOCTH; Obl/IM MOMyYeHBl MHTEpEeCHble pe3dy/bTaThl MPH H3ydyeHHH Quau-
YECKHX [IpOLecCOB B aTMochepe M B-KocMMyecKoM mpocTpancTse. Ocoboe
3HAYeHHe UMEIOT BpUIIHEHHble paGOThHI [UId HAPOAHOI'O XO34iCTBa, B 4acT-—
HOCTH, Hab/OneHHs 3a reolloro-reorpaguyeckuMn o6beKTaMH 3eMHOH IoBepX-—
HOCTH, aTMOChEepHBIMH OOpa3oBaHMAMM M [Ap.

Briepeny - HoBble 3apauu no oTpaboTke TeXHHYECKMX CPEACTB OCBOEHHs
KOCMI4YeCKOro NpoCTpaHCTBa.
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E.C.llleTunkos, 10.C.Bopoukos (CCCP) _
$.A. HAHOEP, ETO POJIb B PA3BUTHUN PAKE TOCTPOEHUA

®.AllaHnep sBNSETCS ONHMM M3 OCHOBOMONIOXXHMKOB COBETCKOH paKeTHO-
KOCMHYECKOH HAyKM M TeXHHKH M NPHUHAMIEKUT K YUCIY MHOHEPOB MHPOBO-
o pakeToCTpoeHud, DTO MOYETHOE MEeCTO — pe3y/bLTaT MHOrONeTHe#H Teope-
THYECKOM M NpakTHyeCKoi paboTsl B 06IacTM KOCMOHaBTHKM, pe3ylbTaT 6ec
KOPBICTHOT'O M JIOCIIE[IOBATE/ILHOIO CIIyXXEHHMsl OAHOM LenM — pa3paboTke upei:
B OGNIAaCTH KOCMOHABTHKM M TEM CAMBIM NPHOIMXEHMIO SPbI MEXIIaHe THBIX
TIOJIeTOB.

dpumpux Aprypopuu llannep pomuncs 23 (11) aerycra 1887 r. B cemne
noktopa Memuuudsl ¥ o 1915 r. xun B Pure. Bocnurarue, okpyxamomas
cpena, MoMyuyeHHoe obpa3oBaHHe — BCe 3TH YC/IOBHS CIOCOGCTBOBANH HOPMI-
POBAHMIO €r'0 U KaK MOJIONOr0 MCCIeAoBaTeNld M KaK HPOIDEeCCHBHO HACTpO-
eHHOI'O yesloBeKa.

Yxe ¢ merckux et y llaHmepa €pko BBIPa3MIOCH €I'0 IpH3BaHHe, YeMY
B HeMaioli ctenenu cnocobécTeoBan oren. “Pacckaasl mpo nonets! [.JInnuen—
Tansg B ['epMaHMK M IyWEHHblE OTIOM BBLICOKO BO3MOYLIHBIE 3MeH BO36ynuiu
BO MHe paHO BOIPOC O TOM, Helb3g /M OyneT MHe caMOMy pno6GMBATLCH Me-
pelleTa Ha [Opyrue IaHeThl. DTa MbICIL MeHd Oonblie He ocraBngana”, —
nmucan ®.A.llaupep B 1925 r. [1, ctp. 56 ). OtoMy npushanuio P.A.llaxnep
ObIT BEpeH BCIO KM3Hb.

[TepBrie HayuHble uabickanus ®.A.llaHnepa B 061aCTH MeXXIIaHETHBIX O-
netoB orHocstcs K 1907-1908 rr. [1, ctp. 8].B 1909 r. llaunep Bmepsble
BBICKa3all MBICIL O LeNleCOOOpa3HOCTH HCIOMHL3OBAHUA SJIE€MEHTOB KOHCTPYK-—
UMM ME@XMIAHEeTHOro xopabisi B KadecTee ropwouero [2]. C 1917 r, ®.A.
lanpep MpUCTYNMI K CHCTEMAaTHUYECKUM YTNIyGIEHHBIM HCCNenoBaHUsSM ”BOM—
poca O mepeqlete Ha apyrue miaameTts” [ 1, ctp. 571

Ecau moneitathcs npenctaBuTh cebe TBopyecTBo ®.A.llannepa KPYHTHBIM
IIaHOM, a MMEHHO TaKylo 3afjady Mbl M CTPEMHMCH PeUdTbL B OaHHOH pabo-
Te, TO IepBOe, YTO HEOOXOAMMO OTMETHUTb — 9TO KOMIIJIEKCHBIH XapakTep
Bceit peqarensHocTH d.A.llanmepa B 061aCTH KOCMOHABTHKHY.

[lns oueHKM 3HaYyeHHsI STOI'O KPYMHOI'O YYEHOro M H3oOperaTels B €ro
[1eATEeNbHOCTH YCIOBHO MOTYT OBITb BbIOENIeHb! CIIEAYIOMHE AaCMNeKThl:

1) HayuHO-TeOpeTHYEeCKMIl;

2) NPOEKTHO-TeXHUYECKHIl;

3) OpraHM3aUMOHHLIH;

4) npomnaraHpa¥CTCKHi.

KomMmnekcroctey noaxopa ®.A.llaHnepa Belpa)ianacb KAk B WHPOKOM OX-—
BaTe BHAOB JESTeILHOCTH, TaK U B pa3paGoTKe COBOKYIHOCTH Npo6IeM BHYTPH
KaXAoro HanpaplleHMs. DTO NPOrpecCHBHOe OGCTOSATENLCTBO O0YCIIOBIIEHO,
Ha Hall B3rjsf, ABYMs NpuuuHamu. [lepeas — obvekTuBHasg. ®.A.llannep Ha-
XOAMNICH B Hayalle pa3BUTHS KOCMOHaBTHKH. OH Oblll ONHMM H3 NEpBbIX, KTO
HaYMHAll MHXEHEPHYIO [eSTelIbHOCTb B 9ToH obnacTu. A cramms paspaboTKu
KaKoro-mib6o HOBOI'O HalpaBlleHHs Hen36exHO CBa3aHa C HeOGXOAMMOCTBIO
ero LelbHOro NpencTaBleHus, XOTd Obl B nepBoM npubmvmxenud. [loaTonty
B Teoperuyeckux paborax P.A.llaHnepa HawmM OTpaXeHHe MHOIOYMCIICHHBIE
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nmpobnieMel, CBA3aHHbIE C peanu3auyeil KOCMHYECKOro olleTa: SHEPreTHKH,
KOHCTDPYKLMH JIeTAaTELHOIO amnapaTta, aCTPOAMHAMHUKY, CHCTEM XH3HeoGecne—~
YyeHMS M PO APYTHX.

EcrecTBeHHO, 4TO palbHelillee PA3BHUTHE PElKO MOMHOCTHIO ONpPABALIBAET
neppeie MpedCTaBlieHus, MO0 OCHOBEIBAETCH yxu€ Ha OPYrOM ypOBHE 3HAHUM
u Bo3MOXHOCTej. C 9TO} TOYKH 3peHHs, paCCMATPHBAs NIEPHO/ NIepPBbIX IpaK—
THYeCKHX paboT B OGIACTH KOCMOHABTHKH, HAM KaXeTcd He CjleAyeT OLeHHBAThL
unen ¥ npennoxenusa llangepa TONBKO C nosunui CerogHsWHero OHd, T.e.
YTO KOHKPETHO yXe OCyWeCTBJISHO M YTO NpeACTaBlgeTCH NepCHeKTUBHBLIM.
Bonee nenecoofpa3Ho oueHuBaTb paapaborku Llanmepa B “xoHTexcTe” TOro
MCTOpHYECKOro nepuona (He 3abrBas, eCTECTBEHHO, O COBPEMEHHOM YypPOBHE
pasBHTHA KOCMOHABTHKM), BBHIICHAS HACKOIBKO PAUMOHANLHLI M OpPUTMHATLHEI
OHM OB B CPABHEHHMH C OPYTHMMH HpPeAIOXEeHUSMH,

Ecnn o6bexTHBHBIE yCIOBMS Npeioiiaraly BO3MOXHOCTL WIMPOKOrO OXBa~
Ta npobneM 3apoxnammeics KOCMOHABTHMKHM, TO crnocobHocTu llanpepa xax
yYeHOr'o, HHXeHepa, OpraHu3aTopa BBIABMHY/IM €rO B PO IHOHEPOB pakeTHO-
KOCMHYECKONH HayKu U TEeXHHKH,

PaccmaTpuBasi HayyHO-TEOPETHYECKHUH ACIEKT ero O0eaTelbHOCTH ¥ yuH-
ThlBAg OOWMH XON pa3BUTHS MHPOBOH DPAaKeTHO-KOCMHMYECKON HAyKH M TeXHH-
KM, K Haubojlee CymeCTBeHHBIM mpobieMaM, KoTopbiMu 3aHumancg $.A.lau-
nep, HeOSXONMMO OTHECTH TeOpeTHYecKoe OGOCHOBaHME DSNa OPUIHHAILHBIX
unel u paspaboTky MeTopnoOB pacyeTa B 06GIacTH aCTPOAMHAMUKH ¥ pEaKTHB—
HHIX OBHT'aTe/lelf, B YACTHOCTH, UCIONBL30BAHHE T'DABHTAUMOHHBIX MOMeH [1a-—
HeT ¥ MX aTMoCdep, HCIONL30BAHME KMCIIOpOAa aTMoCthephl, paspaboTka HO-
BBIX LVKJIOB ABMraTelelf, HCIOIL30BAHHE METAaNIMYECKOr'O I'OpHOYero, MeTOo—
Obl pacyeTa MOBHraTelnel, pakeT ¥ Op.

[Ipu paspaboTke TeopeTHueckux npobnem actponaTukn P.A.llanmep x
cepemude 20-X rogoB yxe AOBONBHO MOAPOGHO HCCiIeAOBAal Takue, NMpencTaB—
Nq0lie CYIeCTBEeHHbIM HAy4HBIH MHTEpeC W ceiiyac BOUPOCH!, KaK ABMXEHUE
KOCMHYECKOI'O KOpabng B rpabuTaumuoHHoM mone ConHua, NimaHeT M MX CIOyT-
HUKOB, ONpe[e/leHHe ONTHUMANLHBIX TPASKTOPHH M NMPOAOC/XHTENIBHOCTH MONe—
TOB [IPY PAS/MYHBLIX YCIOBMSX ¥ pfA OPYT'HX.

laHnep obocHoBan BOSMOXHOCTb yMEHBUIEHHS pacxofa paboyero Tena 3a
CYeT HMCNONBL3OBAHUS CIOXHOM CTPYKTYpPhb! M'pPaBUTALMOHHOIO [ONd NinaHeT. Llan-
nepoM Oblla MOKa3aHa Takxe peanu3oBaHHas Cceifyac Ha NpakTHKe Lenecoob-
Pa3HOCTL HCIO/bL3OBAHUS aSpOAMHAMUYECKOr'O KayeCTBa KOCMHYECKHX Kopab-
Nleli Ipu nocapxe.

Onxo u3 Bemymmx M ray6oko paspabOTaHHBIX MECT CPenM Hay4HbIX HHTe-
pecos ®,A,llanpepa npuHannexuT npoblieMe OBMraTens LIS MEXIUIAHETHOr O
7leTaTeNbHOTO aNnnapaTa H,lIoXaiyit, Haubonee CymecTBeHHas uaed Llannepa
B DPelleHHH 9TOH NpobreMsl — uaed HCIONL30BAHMA aTMOC(PEpHOro BO3ayXa
B KayeCTBe OKHC/IMTels B [OBUraTe/IbHbIX YCTAHOBKAX ANl 3HAYUTENIBHOIO
YITyHlIEeHUs X SKOHOMUYHOCTH JI0 CPaBHEHMIO C YHCTO paKeTHBIMU CHCTeMaMu.

B HacToswee Bpems paanuuiple CXeMbl KOMOHHHPOBAHHEIX DEaKTHBHBIX
OBYraTese#l WHPOKO NMPUMEHHIOTCHS B PAKeTHOH TeXHMKe, & uaes HCHONb30-
BaHMg BO3MYWHO-pEeaKTUBHLIX ABUraTellel B KayeCTBe CHIIOBOH yCTaHOBKH
NEpEOH CTyNeHM KOCMMYECKHX pakeT 3alloxeHa BO MHOI'ME IpOEeKThl.
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OxpaTeiBasi MexIVIaHeTHEI! noneT uenukoM, Llanmep npeaBupern, YTO mpu-
MeHeHHe OOLIYHBIX "XMMHMYeCKHX” THIIOB ABHraTellell Ha ydacTKax MeXay op-
6uTaMH INaHeT HepalMOHA/ILHO, NIO9TOMYy B ero paboTax COAepXaTCs MLICIH
0 BO3MOXHOCTH HCIONBL30BAHMA B KayeCTBe MOBMXYyWEe# CHIILI CBETOBOTO NAaB-
NeHNs, sOepHO# SHeprMM M HekoTopwle mpyrue L1, crp. 54-55].

Ona ®.A.llannepa kak y4yeHOro XapaKTepeH KOHKPEeTHhIH MOOXOA X pac-
CMaTpUeBBIM NpobGieMaM C yCTaHOBJIEHHEM NOCTATOYHO CTPOTMX KayeCTBeH-
HEIX ¥ KONMYECTBEHHHIX cooTHowenu#t. Tak, Hampumep, B paborax “Temo-
BOM pacyeT pakeTHOro MBHTaTens Ha xuasom Tommuee” [3, crp. 360-403],
"PeaKkTHBHbBIE [OBUraTeiH, paborammue MaTepHalaMy, AAIOMHMU HE TOIBKO
neTyune, HO M TBEpAbe MpomyKThl ropemus” [ 3, cTp. 482-498], Lannep pe-
wana Takde BONPOCH], KaKk Onpene/ieHHe TeMIepaTyphl MPOAYKTOB CrOpaHus C
YYeTOM MepeMeHHOH TEeNIOEMKOCTH ¥ ANCCOLMALMK IIPH BBICOKMX TeMrepa-—
Typax, yUHTBIBA/l TakHe yCIOBMsl KaK NOTepH B COMIe, dMeMeHTax T.d.

$.A.llanoep obnapan yOMBHTE/ILHBIM AApPOM BHAETH NpPobleMy B CaMbIX
PasHEIX aCleKTax: ¥ B YHCTO TEOPETHYECKOM M KOHCTPYKUHMOHHOM H [daxe
B NIPOU3BOACTBEHHOM M TEXHHKO-3KOHOMHYECKOM. [loaToMy HayuHO-TeopeTH-
yeckas pesrenbHoCTh d.A.llaHmepa caMbIM TeCHEIM 06pa3oM CBs3aHa C ero
POEKTHO-TEXHUYECKUMHU pPas3paboTkaMu, KOTOPble COGCTBEHHO SBIISIOTCS Mps-
MbIM NMPOAOIXEHHEM MepBhIX. [IpUMEpOM 3TOroO IONIOMEHUS MOXET CIyXHUThb
MPOeKT MexmnaneTHoro xopabns Llamnepa [4], noruuno exmoumBmi MHO-
THE OpHMIMHA/BHBIE HOEH YYeHOro, B YaCTHOCTH, HCIONb30BaHHE aspOARHAMM-
4eCKOT'0o KayecTBa [pH IOAbeMe U CIyCKe B aTMochepe; HCHOIL3OBaHME B
KayeCTBe I'OPIOYEr0 TBEPAOrO CTPOHTEILHOI'O MaTepualla pakeThl, CTaBLIErO
HEeHYXHbIM W1s fAalbHefiulero monera; NpUMeHeHHe KOMOHMHHPOBAHHON CHIIO—
BO#f yCTaHOBKM M -fp. [lokasaTenbHO, YTO NPH PACCMOTPEHHMH BO3MOXHOCTH
peanusaudu CBoero mnpoekTa llaHaep HOCTOSIHHO YYHTBIBAA ONBIT PA3BUTHS
apuauuonHo#t Texmuxu [5 ]

C 1928 r. llaHnep HEMOCPEACTBEHHO 3aHMMAICH PACYEeTHOM ¥ KOHCTPYK—
TOPCKO# NeATENbHOCTBIO JI0 NPaKTHYECKOMY BOIUIOMEHHIO CBOMX 3aMBICIIOB,
rfiaBHBIM o6pasoM B obnacTh pakeTHbix ABurartenei. B 1929-1930 rr. um
GBI TOCTPOEH M B [albHeiilleM MHOIOKPATHO MCHBITAH MEepPBBIH ero pakeT-
ueiit pBuratens OP-1, paboraBumuii Ha rasoofpasHoM OKHCIHTENe.

OmelT aTuX McnelTaswi B 1932-1933 rr. nosBonun eMy cosmaTb BO BTO-
poit monosuse 1932 r. npoexTt P OP-2, npenHasHaYaBUIMACS IS YCTAHOB-
KH B KayeCTBe OCHOBHOI'O [BHTaTelss Ha paxkeTHeli mnanep PII-1 koHCTpyk-—
muu B.U1, Yeparosckoro,

Cmepre nomemana ¢.A.llannepy yeuners OP-2 B pa6oTe Tax xe, Kak
33aKOHYMTbL UpOeKTHpoBaHHe Gonee Mmomubix XPI ¢ taroit 600 xr u 5 T
U 3aBeplIMTL [Opyr'He pas3paboTKH.

Ilpr uccnenopanuu Xu3HM U nearemsHocTd ®.A.llangepa He BEISBBaeT
COMHeHHSl TOT $aKT, YTO OH He GBI yYeHBIM—OOMHOYKOI, GoNee TOro, OH
MPeKpPacHO IIOHMMAJ, YTO Pa3BUTHE KOCMOHABTUKM [OA CWIYy JMWE GOMbLIKMM
KONeKTHBaM CIelHaliCTOB—9HTYy3HacToB. [10aToMy Hapamy ¢ paboroil yue-
Horo u mHxeHepa llaHpep Ben Gonbuyio M CHOXHYI0 paboTy OpraHMsaTopa,
negarora, NpoNaraHAXMCTa M MOMyIsSpH3aTopa PaKeTHO~KOCMUYECKOH HayKH M
rexsukd, P.A.llannep wnran nexunn B MOCKOBCKOM aBHAIIMOHHOM HHCTHTY—
Te, Y4aCTBOBaJ B NYGNMHYHEIX BEHICTYIVICHHSX B PA3IMYHBIX IOPOJAX CTPAHbI
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JToit Xe IeNH - MOMy/IApH3aluH HAeH KOCMOHABTHKM M MPHUBIICYSHHS WIH-
pOKOi#l MacChl SHTY3HACTOB ANs pabGoTel B 3TOH 061aCTH — BO MAOCOM CITy-—
wum: ¥ neyaTHele paborel Lanpepa, Hauunas c meppoit ero Hayuuoit my6-
mikawy B 1924 r. [ 6], C aToit xe nemsio $.A,llaHpep npuMHMMAaN aKTHBHOE
y4acTHe B [EATE/ILHOCTH Pa3/MYHbIX “KocMuyeckux” obmecTB — MOJIA, uasy-
YeHHS MeXIIAHeTHBIX coofumeHui ¥ T.0O.

STan NpaKTHYeCKO# peamm3auun 3aMmeicios $.A.llanpepa 6bi1 cBasaH C
HeoOXONMMOCTBIO CO3MaHHS KOJUIEKTHBA MCCllefoBaTeleli C HeOGXOOUMOH Ha—
yalbHOX MaTepuaibHO# Gasof. llaHnep BBICTYNHI OOHMM M3 MHHIKATOPOB H
oprasusaTopop Taxoro komnektusa — [MP]la, B xoTopom mpopa6oran ¢ 1932 r.
00 KOHIA XWU3HH.

OuenuBas pestempHOCTE P.A.llaHnepa, HanpaBleHHYI0 HA OCYWECTBIICHHE
MEXIIJIAHe THEIX [10JIETOB, SHTY3HACTEl PAKETHO! TeXHMKH, B ToM uucie K.9. lu-
omxosckuit, C.[1.Kopones, 10.AJlo6enonocues, mucanu s 1933 r~.: “Ha oc-
HOBe 3THX TeOpeTHYeCKHX M NpakTHyeckux pabor ®.A.llanpep coaspman cBoiwo
LKOMy B OO/IACTH TEOPHMH M KOHCTPYKUMM DEaKTHBHBLIX [ABHraTeineil” W panee
“Tlepy ®.A. (LlaHaepa)npuHafneXUT PA TEOPETHYECKUX TPYMOB, AAIOMMX €MMH—
CTBeHHblE B MHpe pacyeTsl B obnacTu peakTuBHoro pena” [7],

Wayuenne xu3nu u TBopyecTBa P,A.llaHnepa naneko Ha 3aKOHYEHO.
VMeeTrca Gobwoi HayudHBI apXMB y4YeHOr'o, aHANM3 ero I103BOJIMT paclik—
PUTH HAWM NpefACTaBICHHS O XPOHOJIOTHMH M cofepxanuu pabor ¢.A.llaHne-
pa. Ho maxe To, 4TO yXe H3BeCTHO M ONyGIMKOBAHO, AAeT OCHOBaHHME MpPH-—
wcmuts d.A.llanRepa K OCHOBONONOXHUKAM paxkeTHO! TexHuk#, [legrens—
HOCTbH CO3[QHHOM MM UIKOJEI JIOC/enoBaTeslell ¥ yYeHHKOB MOMET CIyXHTb
[0Ka3aTelbCTBOM INIONOTBOPHOCTH ero uaeil.
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FH Winter (USA)

WILLIAM HALE'S ROCKETS

No history of the development of the solid propellant
rocket should fail to mention two neames: the Englishmen Sir
William Congreve and William Hale. Yet while Congreve and
his early 19th century rockets are well known to students of
rocket history, Hale snd his projectiles of the mid to late
19th century sre more obscure and should be studied further.

It was the civil engineer William Hale who invented the
first successful spin-stabilized or rotary rocket in 1844,
thereby eliminating the cumbersome guldesticks of the older
Congreve rockets, Hale also developed the hydrostatic method
of loading rockets. These achievements were the demsrcetion
line between the first crude, hand~made stick stebilized
rockets of the Congreve era and the first machine-made, s&ll~
metsl stickless rockets of the height of the industrial Re-
volution. For apart from dispensing with the thoussend year
old wooden guidesticks and improving accurscy end stsbility
of rockets through spinning, Hale adapted new discoverles
and inventions in metallurgy and machining to rocket tech-
nology &and crested his own revolution in the stsaste of the
art.

Williesm Hale was not the first to propose stickless
rbckets, though his were the first succesaful ones, In the

United States, in about 1815, attempts were made by asn un-

known inventor to rotate a rocket by drilling helical exhsust
orifices around the base. the 18th century French pyrotech-
nist Frezler, ﬁrobably borrowing from earlier pyrotechniats,
suggested counter balence weights in lieu of sticks. Fins or
wings can be traced back even further and are fully described
by the 17th century Polish artillerist Kagimierz Siemienowicz
Fins were the most logical means of both dispensing with the
traditionally long guide sticks and with achieving stability.
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However, fin-stabilized rockets were not populasr and seem to
have been confined to use in firework displays. Their lack
of success may have been due to their inferior construction
(generally of pasteboard and glue), their relative difficulty
of menufacture and their low efficiency compared to those
stabilized by sticks. The low impulse and velocity of rock-
ets as well as a lack of knowledge of serodynamics in this
early period were also factors.1

Hale's first consideration for developing stickless
rockets seems to have been the reduction of the awkward
length of the sticks of Congreve rockets for easse in hand-
ling and facility of transportation rather than the achieve-
ment of better stability. However, it soon becsme apparent
that these problems were interrelatgd. In fact, the stsbi-
lity snd therefore the accuracy of the Congreve rockets had
never fully been satisfactory, the fastening end balancing
of sticks being especisally critical. Militasry men were the-
refore interested in the elimination of the stick as well
as improved stability.2

The development of Hale"s rockets took more than
twenty years and encompassed four major design changes,
many refinements and several "intermediate" chenges. The
first design, patented in 4844 (British Patent No.10,008 of
Jeanuary 11), entitled "Improvements in Rockets", actually
was composed of five separste desigms. A1l were "to dispense
with the necessity of using sticks, or rods, or wings." Four
of these designs employed some form of fin stabiiization
while in the other, Hale simply replaced the stick with a
weight in the aft end of the rocket. A longitudinal hole wes
bored through the weight to permit escape of the exhaust
gases. The pattern may in fact have represented Hale's ori-
ginal scheme to dispemse with the stick.’
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The second design described in the patent introduced
spin stebilization. The rocket consisted of an iron tube
with a central, longitudinal exhaust cavity or opening at
the base (de Lavel nozzles were not to be invented and adap~-
ted to rockets until roughly half a century later). Around
the circumference of the base, which was of heavy cast irom,
were drilled four or five equidistant and obligue holes
which interested the main exhaust hole. Most of the exhaust
gas would thus pass through the centrasl exhaust hole out of
the resr of the rocket and drive it forward ("rectilinear
motion", as Hale termed it). The remainder of the gas would
escape through the oblique holes, causing rotational motion
sbout the rocket's longitudinal axis. This simple but sig-
nificant principle formed the basis of all Hale rotating
rockets which were to follow and provided the basis for
Hale's future work.q'

The three remaining ideas described in Hale's patent
were variations upon this principle. For example, in one
of the designs, the oblique openings were transferred from
the tail section to the area just beneath the warhead. Appe-
rently only the first spin design was built and tested. This
1844 pattern was sold to the Americans who used them in limi-
ted numbers during the Mexican-American War of 1847-9 and the
rocket was also demonstrated to the Swiss, the Russians and
the French, though the latter two nations d;l.d not purchase
then.5

Hale's early rockets exhibited some undesirable charac-
teristics. They were expensive by the standards of the day,
and they often did not have the range of the stick-stabilized
types. In addition, the projgctiie sometimes had a tendency
to oscillate rather violently at the tail end, once the com-
position had been expended. Hale called this phenbnenon the
"after end orbit". It was behavior which negated what accu-
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racy and stability the inventor was trying to achieve. Later—
gl deviations were markedly wider when fired in comparative
trails with other rockets. Cthared to standard Russien ro-
ckets made at the St.Petersburg Rocket Institute which had
devistions of 30 paces (in a trisl at St.Petersburg, held in
August, 1850), Hale rockets deviated 220 paces. Ranges in
this case were 162-590 sagenes (378-1377 yards) for Hale
rockets and 72-382 sagenes (168-891)yards) for the Russian
rockets. Here it must be emphasized that range wes the most
important criterion of the performance of 19th century mili-
tary rockets and that other parameters, particularly of in-
terior ballistics, were largely ignored (Hale did, in 1863,

write a treatise on the exterior ballistic motions of his

rockets). In sny event, standardization of manufscture and
reliability of performance were consequently difficult to

achievé.6 ‘

Considering that little neéns of testing other than em=—
pirical observation existed, it is no wonder thet Hale did
not find a solution to the "after end orbit" of his rockets
until 1855, During this time he was also busy promoting his
rockets and selling them around the world as well as being
involved with other inventions. However, by 1855, Ha;eAhad
discovered that as the propellant was expanded, the rocket's
center of gravity shifted toward the base of the rocket tube,
causing the "after end orbit"™, The rate of gas escape through
the tangential toles snd the raste of the rocket's spin du-
ring the flight (as well as other factors) determined the de-
gree to which the rocket vobbled.7

Hele eliminated this problem by boring his oblique holes
at the rocket's natural center of gravity, slightly beneath
the warhead (actuslly a slight revision of an idea given in
his 1844 patent). The center of gravity would therefore re-
mein stationary. In 1858 Hale received a patent for this



change (British Patent No,2497 of November 8). At the same
time he designed a tandem arrangement whereby a seperate pro-
pellant section in the rocket's forepart weas to operate the
spinning section and a seperate lower cavity only the onward
or driving motion. This system also served to strengthen the
rocket's case. The latter modification was taken up by the
Austrisns, who, nontheless, .considered it a wholly Austrian
innovation. Hale also reduced the number of tengential vents
from four to three. This was to insure a more concentrated
escapage of gas for greater rotation rates, and for ease in
manufacture.8

The 1855-1858 rocket may have seen experimental service
by the British Army at the close of the Crimean War, but was
ceftainly bein made by both Union and Confederate arsensls
during the American Civil War a few years lster. The Prussian
also purchased these models, in 1860, and the Austrisns simi-
larly adopted and modified them.9

The final and what may be called the "classical" de-
sign of Hale rockets was patented in 1862 snd wass refined to
its final form in 1865 (British Patent No.1,183 of April 20).
The latter rocket utilized the propellant gas fully for both
propulsion and stability by a special cast iron tail piece
threaded to the base. Hale called this piece a “rotator".
It consisted of three curved and slightly inclined metal
vanes (or ®half tubes"), so that the exhaust gas itself csau-
sed the rotation directly through the axis by impinging upon
the vanes as soon as it left the exhaust cavity. The exhaust
thus provided equally both rotary amd rectilinesr motion,
with the rocket maintaining its stability throughout its
flight. Though it is conjecture, Hale's earlier studies
and patents on steam propulsion for veséels -- particularly
the behaviour of the vessels whirling propellers through
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a fluid, water —-- may well have contributed to the eventusl
development of this rocket.10

With his 1865 rocket pstent, Hale's development of the
rotating rocket was complete. It was this projectile that was
officially purchased by the British Government in 1867 and
which entirely superseded Congreve type rpckets in that coun=-
try. British Hale rockets were not officially withdrawn un-
til as late as 1919, end they were used in numerous colonisal
wars from the Abyssinian War of 1868 until at least 1899.
Other nations also bought this model, including Portugsl,
China, Siam and the Transvaal Republic (South Africa).’

Concurrently with the development of his rockets, Hale
also introduced his hydraulic rocket press for compressing
the black powder into rocket tubes, end the increased use of
new machining techniques for constructing .and finishing his
rocket cases. Hale's rockets were to become far more relisble
and safer than the largely heand-made, metsl, wood, and can-
vaslrockets of the Congreve era. Coincidentslly, Hale also
took out patents on methods of rolling iron and steel, and
he is also known to have visited Johamnn Conrad Fischer's
famous iron and steel foundry in Switzerland, in 1850. Tole-
rances of plus or minus .025 inches were obtainable in later
Hale rockets and powder was rammed at pressures as high as
40,000 pounds per square ‘inch. Th:l..s mede for far greater im-
pulse and oversll perdtoi-nance.12

Hele did not invent the hydraulic rocket press but he
did use it &clusiveh end can thus be credited with intro-
ducing it to those nations which adopted his ;-ockets. Prior
to Hale's hydraulic press, muscle-opersted weight and pulley
"pile~drivers™ ar "monkey rams" were used which were both dif-
ficult end deangerous to operate. The French art'ille‘rg; Cap~
tain L.C.H, Le Chavallier constructed a hydraaulic press as
eerly as 1834 in Vincennes, ten years before Hale's first
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patent, but it was only considered experimental. Hale himself
never took out a patent an a press, though his Americen
sgent, Joshua Burrows Hyde, did (Americen Patent No.40,042
of September 22, 1863), 17

Thus, when on March 30, 1870 William Hale died at the
sge of seventy-three, he had left an importent technologicel
legacy. He had brought the gunpowder rocket almost to the
spex of its development, lengthened the life span of the mi-
litsry rocket by forty or fifty years and thereby had heit
alive its associated technology and possibilities for further
application.14
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