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PREFACE
O. Ya. Pylypchuk O. H. Strelko Yu. A. Berdnychenko
Editor-in-chief Deputy Editor-in-chief Deputy Editor-in-chief

In the new issue, our scientific journal offers you nine scientific articles. As
always, we try to offer a wide variety of topics and areas and follow current trends in
the history of science and technology.

The issue of the journal opens with an article dedicated to the formation and
development of natural history museology in Europe in the 15th—19th centuries. The
development of scientific knowledge at that time affects the idea of the world order
and the place of man in it, and the combination of knowledge with practical experience
leads to the birth of true science. It is shown that one of the most important components
of the development of natural sciences, in particular biological sciences, was the
collection of naturalia (i.e. objects of natural origin), the rapid surge of interest in which
contributed to the Great Geographical Discoveries. In chronological order, the further
historical development of museum work from private collections in Italy to the
formation of a prototype of a genuine museum, which performs the main museum
functions such as amassment, storage and demonstration of collections, is considered.

The article by Leonid Griffen and co-authors considers the object and subject of
the history of science and technology, its place in the system of sciences. Today, more
and more people are turning to the factors that determine the interaction of the society
with the environment (productive forces of the society), to study which in the historical
aspect and called a special scientific discipline the history of science and technology.
The composition and development of the technosphere and noosphere are considered
in the article. It is shown that the functioning of the technosphere is based on its
interaction with the noosphere, which provides information about the environment and
controls the effectiveness of interaction with it. It is formed by combining the mental
structures of individuals through sign systems. The production process that ensures the
functioning of the society begins with the noosphere, which through individual
consciousness controls the actions of each individual, who through the means of
production (technosphere) interacts with the natural environment. However, the
gradual development of productive forces leads at some point to the fact that the
information needed by the individual to perform all necessary actions for the benefit of
the society, ceases to fit in his individual consciousness. As a result, there is a new
social phenomenon the social division of labor. The cardinal solution to the problem is
the prospect of humanity entering infinite space.

Copyright © 2022 O. Ya. Pylypchuk, O. H. Strelko, Yu. A. Berdnychenko. This is an open access article distributed under the Creative Commons
Attribution License 4.0, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
& cited.
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The article by Jun-Young Oh and Hyesook Han is devoted to the study of what
Understanding mathematical abstraction in the formularization of Galileo's law.
Galileo's revolution in science introduced an analytical method to science that typifies
the overall modern thinking of extracting, abstracting, and grasping only critical
aspects of the target phenomena and focusing on “how”, which is a quantitative
relationship between variables, instead of “why”. For example, to him, the question of
‘why does an object fall' is of no significance; instead, only the quantitative relationship
between distance from the falling object and time is important. Yet, the most
fundamental aspect of his idea is that he introduced a quantified time t. Because,
according to atomic theory, vacuum exists between an atom and an object composed
of atoms or between objects — ignoring factors that interfere with motion, such as
friction — the space for absolute time, which is a mathematical time, can be
geometrically defined. In order to justify this mathematical abstraction strategy,
thought experiments were conducted rather than laboratory experiments, which at that
time were difficult to perform.

The article by Vasyl Andriiashko and co-authors provides a thorough overview
of the evolutionary process of the emergence, establishment, and development of the
Kyiv school of artistic textiles. It reveals the influence of various factors (ideological,
political, economic, and aesthetic) on this process. The historical and factual method
allowed us to study socio-economic, as well as historical and cultural factors that
contributed to the emergence, establishment, and development of the Kyiv textile
school in a chronological sequence. It is established that the very fact of emergence of
the Kyiv school of artistic textile, as a community of style, unity of forms, preservation,
and continuity of traditions, had unbiased backgrounds since Ukrainian decorative
weaving, a part of which is Kyiv weaving, inherited the abundant artistic traditions that
were created over the centuries and most vividly manifested through the art of Kyivan
Rus.

In the next article, the authors Artemii Bernatskyi and Mykola Sokolovskyi is
devoted to the study history of military laser technology development in military
applications. For better understanding and systematization of knowledge about
development of historical applications in the military field, an analysis of publicly
known knowledge about their historical applications in the leading world countries was
conducted. The study focuses on development that was carried out by the superpowers
of the Cold War and the present era, namely the United States, the Soviet Union and
the Peoples Republic of China, and were built in metal. Multiple avenues of various
applications of laser technology in military applications were studied, namely: military
laser rangefinders; ground and aviation target designators; precision ammunition
guidance systems; non-lethal anti-personnel systems; systems, designed to disable
optoelectronics of military vehicles; as well as strategic and tactical anti-air and missile
defense systems. The issues of ethical use of laser weapons and the risks of their use
in armed conflicts, which led to an international consensus in the form of conventions
of the United Nations and the International Committee of the Red Cross, were also
considered. As a result of the analysis, a systematic approach to the classification of
applications of laser technology in military products by three main areas of
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development was proposed: ancillary applications, non-lethal direct action on the
human body and optical devices of military equipment, and anti-aircraft and anti-
missile defensive systems.

The author of the following article considered the front line transporter as the
embodiment of the USSR military doctrine in the middle of the 20th century. The paper
based on a source analysis of the history of creation, design, and production of LUAZ-
967, LUAZ-967M, against the background of the processes of implementing projects
of small tactical high mobility wheeled vehicles for the armies of European countries,
shows that the developing, testing, and commissioning a front line transporter became
a deepening of the process of motorization of the Soviet army. The designs of similar
vehicles have been analyzed. An attempt to assess the degree of uniqueness of the front
line transporter design and its place in the history of technology, as well as its potential
as a reminder of science and technology has been made. An analysis of the front line
transporter design, its systems, compared with its foreign counterparts, suggests that it
Is a Soviet refinement of the concept of a small army vehicle, a more specific means
directly for the battlefield. At the same time, it was developed taking into account
foreign developments and similar designs, imitating individual designs, adapting to the
capabilities of the USSR automotive industry.

The next article is devoted to the study, generalization and systematization of
scientific knowledge about the history of the establishment, development and operation
of the regional railway system in Bukovyna in the second half of XIX — early XX
centuries. The authors attempted to analyze the process of creation and operation of
railways in Bukovyna during the reign of the Austro-Hungarian Empire based on a
wide range of previously unpublished archival documents, periodicals, statistical
literature and memoirs. The article studies the development of organizational bases for
the construction of railways, the activity of the communication network management,
lists a whole range of requirements and tasks set for railway transport in Bukovyna, the
progress of their implementation, considers successes and difficulties in this work.

The purpose of the article by authors Sana Simou, Khadija Baba and
Abderranman Nounah is to reveal, recreate as accurately as possible the characteristics
of an archaeological site or part of it. The restoration and conservation of monuments
and archaeological sites is a delicate operation. It requires fidelity, delicacy, precision
and archaeological authenticity. Research during the last two decades has proved that
3D modeling, or the digital documentation and visualization of archaeological objects
in 3D, is valuable for archaeological research. The study has opted for the technique of
terrestrial and aerial photogrammetry by 3D surveys of architectural elements, to
develop an archetype of the deteriorated Islamic Marinid site (a dynasty between the
13th and 15th centuries), and the Roman site (25 BC), located at the Chellah
archaeological site in Rabat and Sal¢ cities. The data acquired build an architectural
database to archive and retrieve the entire existing architecture of monuments. This
study has been completed by photogrammetrists, architects, and restorers.

The issue of the journal ends with an article devoted to the analyzing the
prerequisites and conditions for the foundation of an aircraft engine enterprise in
Ukraine. Based on the retrospective analysis, the prerequisites and conditions of the
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foundation of the aircraft engine enterprise in Aleksandrovsk, Ukraine, were
considered. There was a severe gap between the Russian Empire and European
countries in the development pace of the aviation industry during World War 1. This
prompted the Russian Empire to raise foreign capital, as well as attract technologies
and specialists to develop aircraft engineering and other industries. By 1917, the plant
had gained the status of Russia’s largest engine-building enterprise in terms of building
area and one of the best in equipment. It is evident that the beginning of aircraft engine
production in Aleksandrovsk relates to the establishment of a branch of Petrograd Joint
Stock Company of Electromechanical Structures and the plant’s purchase from the
Moznaim brothers.
We hope that everyone will find interesting useful information in the new issue.
And, of course, we welcome your new submissions.
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Natural history museology: establishment and formation of its theoretical bases

Abstract. The article presents a brief historical outline of the formation and
development of natural history museology in Europe in the 15th—19th centuries. The
development of scientific knowledge at that time affects the idea of the world order and
the place of man in it, and the combination of knowledge with practical experience
leads to the birth of true science. It is shown that one of the most important components
of the development of natural sciences, in particular biological sciences, was the
collection of naturalia (i.e. objects of natural origin), the rapid surge of interest in
which contributed to the Great Geographical Discoveries. In chronological order, the
further historical development of museum work from private collections in Italy to the
formation of a prototype of a genuine museum, which performs the main museum
functions such as amassment, storage and demonstration of collections, is considered.
The role of prominent naturalists and philosophers such as F. Bacon, C. Linnaeus, and
J.-W. Goethe in the development of museum work is considered and little known facts
about their work in this area are presented. The first works of art that show the interiors
of “Kunstkameras ”, which became widespread in Europe in the 17th—18th centuries,
are briefly considered. According to the authors, it is on the portrait of the Belarusian
educator F. Skorina, which was published in Prague in 1517-1519, that the interior of
the first Renaissance “kunstkammer” collections is depicted. Separately, the
development of museology in Ukraine since the time of Yuriy Kotermak (Drohobych)
(1450-1494) is considered and the differentiation of the concept of “museum” in the
monuments of Ukrainian literature of the period of the 16th—18th centuries is studied.
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The authors considered the methodological foundations of natural history museology
and analysed the existing classifications of various branches of science. The specificity
of natural history museology in the system of museological science is shown, the issue
of singling out natural history museology as an independent discipline is discussed. It
is proved that the periodization of museology and museum work in certain territories
in historical time can be considered correct; the author's development of the
periodization of natural history museology in Europe is also given.
Keywords: history of science; Europe museology; natural history museum;
collection of naturalia; development of science museum in Ukraine

Introduction.

The possibility of consideration of natural history museology as an independent
branch of science with its own research objects is still a topic of discussion among
researchers of the history of science. Several studies on the history of formation and
establishment of science are related to this issue and such research are conducted in
many countries of the world.

In her book on natural history museology, Sotnikova (Sotnikova, 2011) partly
considered the beginnings of formation of natural history collections in Europe, also
paying attention to the largest collections of naturalia in Russia.

Among Ukrainian researchers studying methodological issues and the history of
natural history museology, works of authors (Klymyshyn, 2010; Klymyshyn &
Shydlovskyi, 2010, 2017; Chernobay, 2016; Shydlovskyi, 2012; Chervonenko,
2016, 2017a) draw particular attention. Issues of formation of natural history museums
are also considered in several works of other authors as well, such as (Biliashivskyi,
2012; Biliashivskyi & Rozora, 2004; Nesterovskyi, 2011; Nesterovskyi & Volkonska,
2012; Samoilenko, 2016; Shypulin & Doguzov, 2013; Chervonenko, 2017b).

Many researchers investigated the periodisation of museology (Zygulski, 1982;
Waidacher, 1999; van Mensch, 1992; Mauries, 2002; Grickevich & Guzhalovskij,
2003; Yureneva, 2002, 2003; Sotnikova, 2004, 2011; Kepin, 2005; Tomilov, 2012;
Ananiev, 2013; Sapanzha, 2014; Chervonenko & Kepin, 2017). Views of European as
well as American, Canadian, and Japanese scientists are generalised in V. G. Ananyev’s
monograph (Ananiev, 2014).

In the same time, questions related to the determination of “periodisation” in the
context of natural history museology have remained beyond attention and no criteria
of the term were developed. Issues related to the determination of theoretical bases of
natural history museology were not considered either.

Therefore, the aim of the present article is to survey the history of formation of
natural history museology in Europe, including Ukraine, as well as to determine the
status of natural history museology and its place in the system of science.

The establishment of natural history museology.

After the Middle Ages, in the 16™ century the flourishing of culture and spiritual
life of the west European society have started. On the background of unevenness and
asynchrony of historical development of different regions of Europe, such countries as
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Italy, France and Germany became leaders of scientific and cultural life developing
cultural tendencies that arose yet in the 13-14" centuries. The development of science
in those times largely influenced the view on the structure of the universe and the place
of humans in it, while the combination of knowledge with practical experience led to
the emergence of true science.

The Age of Discovery had largely effected the rapid surge of interest towards
collection of naturalia, i.e. items of natural origin, which allowed introducing the fauna
and flora of unknown or barely known continents such as Southeast Asia, North and
South America, and Africa to the people of Europe.

The unique geographic location of Italy, where roads from South to North and
West to East crossed, as well as the presence of a large number of ports, which served
as places of a lively exchange of goods, contributed the best to the detection of rare
specimens of unusual items. Eventually these items were included into collections and
became commercial items. Italy became one of the first European countries where
natural items had been collected along with pieces of art (Laurencich-Minelli, 2017;
Sotnikova, 2004; Yureneva, 2002). Practical interest of physicians and apothecaries
also prompted the receipt of unusual naturalia and raw materials from overseas, some
of which were used as medication allowing to explore their features and influence on
the human body. Accordingly, it demanded the improvement of methods of collecting,
storing and processing of these materials. Italian physicians and apothecaries in the
early 16™ century had amassed the best collections of naturalia. The amassment of
natural collections became such a popular and prestigious practice that people of the
middle class, secular and spiritual authorities, as well as nature explorers had started to
collect and amass naturalia in their private collections. Natural collections were also
organised at universities, academies and scientific societies. Eventually the number of
collections in Italy grew rapidly up to 250 (Olmi, 2019).

The transformation of collections into natural history museums was prompted by
the development of natural history as a branch of science. The passion for collecting
naturalia in Italy gave an enormous impulse to the renaissance of natural science. The
ways nature has developed were studied in universities of Padua, Pisa and Bologna, as
well as at judicial institutions, academies, pharmacological societies, private
laboratories etc. As a result of using collections, new approaches to exploration of
nature and research techniques, Ulisse Aldrovandi (1522-1602) and Athanasius
Kircher (1602-1680) had changed the history of natural science (Mauriés, 2002, pp. 8—
68).

Renaissance culture most clearly manifested in various forms in Italy. Universities
of Bologna and Padua had appointed the very first professors of natural philosophy.
The first botanical gardens were created as well, while natural history collections had
been used as educational instruments in studying of “materia medica” and
philosophical understanding of nature (Sotnikova, 2004, p. 21; Mauri¢s, 2002, pp. 8-
68; Aldrovandi, 1668).

Renaissance collections were generally universal and consisted of, beside
naturalia, pieces of art such as paintings, engravings, jewellery, numismatic samples,
artistic textiles etc. Items of natural origin were represented by ivory products, amber,
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minerals, gems, hunting trophies, as well as scientific instruments, globes, astrolabes,
compasses, being stored separately but treated as a single collection (Mauriés,
2002, pp. 8-68; Grickevich, 2004, pp. 21-23).

Items to such collections were gathered either randomly or systematically, often
not only considering their historical, scientific or artistic value, but also particularity.
Such selection of collection items led to an amassment of low-grade materials, which
caused a negative attitude towards the collection in general (Yureneva, 2002). Unlike
them, collections that had been created considering scientific principles gained final
recognition. Renaissance Italian “museolo naturale” became of great importance.

One of the earliest and most notable “museolo naturale” were the collections of
Ulisse Aldrovandi (1522-1602) (Fig. 1,2), the first professor of natural philosophy and
founder of the first botanical garden of the University of Bologna, Michele Mercati
(1541-1593), papal physician and curator of the botanical garden, and Francesco
Calzolari (1521-1600), apothecary of VVerona, as well as the botanical collection of the
physician Andrea Cesalpino (1519-1603). The cabinet of Ferrante Imperato, the
apothecary of Naples, which was created in 1580, had its own catalogue “Ritratto del
museo de Ferrante Imperato” and was considered as predecessor of a specialised
natural history museum (Olmi, 2019).

5 : v )
se Aldrovandi (1522—-1602). Photo engraving from the Museum
Bologna by O. Chervonenko, 2018.

Figure 1. Ulié
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Figure 2. The current view of Aldrovandi’s museum in Bologna, Italy. Photo by
O. Chervonenko, 2018.

Collections of naturalia were called “museum” only later. At first, rooms for the
storage and demonstration of unusual or valuable items had different names. In Italy,
“studiolo naturale” was the most widespread name. Italian naturalists often called their
cabinets as museums, which in those times was considered a synonym of the word
“collection”. Therefore, the word “museum” meant the rooms where collections of
specimens of natural origin were stored and studied. In 1669, Paolo Boccone first
qualified collections of naturalia as “museum” and noted the “great respect natural
history museums had earned in Italy”” (Olmi, 2019).

Collecting became a sphere of activity of the upper class — intellectual and social
elite, whose authority was risen by the presence of cabinets or botanical gardens in
their estates. Collections also became a source of scientific investigations and
instrument for education of students. Catalogues of natural history museums of Italy
until the late 16™ century alongside catalogues of libraries and observatories, as well
as descriptions of workrooms, played a leading role in coordination of scientific
activities. Therefore, naturalia became study objects losing their utilitarian
significance, which is common for museum items.
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The Kunstkamera genre.

Since the Renaissance, the first pieces of art showing the interior of
“kunstkameras™ had appeared. Kunstkameras were widespread in Europe in the 17—
18™ centuries.

The view according to which anatomical theatres of the 17" century can be
considered as museums appeared in some works (Levinson-Lessing,1986, pp. 327—
329 ; Ginzburg, 1953).

Pieces of art of the 17—18" centuries showing different images of “kunstkameras”
can be divided into two groups. To the first group belong works of art, mainly of
graphics, showing natural history and scientific collections, while the second group
includes collections of works of painting and crafts. However, on some paintings we
can see complex collections including both natural items, anatomical preparations,
“curious” items and works of painting and crafts. The images of museum collections
of ethnographic and memorial character, which can be considered as independent
groups, have reached our time.

The first paintings of “anatomical” plot appeared in the Dutch art in the early 16%
century and became widespread in the following centuries. For instance, on the
painting of the Dutch painter Rembrandt Harmenszoon van Rijn (1606—1669) “Die
anatomie des Doctor Tulp”, Signiert und datiert 1632, Den Haag Mauritshuis) we do
not see a “museum’ interior. According to art critics, the plot of the painting takes place
in June—July 1632 in Professor Nicolaes Tulp’s own house in Amsterdam, who was the
burgomaster of the city in that time (Driessen-van het Reve, 2015). Art critic
P. Bonafoux askal suggested that the painting shows a man holding a piece of paper
with a list of municipality members invited by the surgeon to an anatomy class
(Bonafoux, 2002). Another art critic E. Yu. Fekhner detected a volume of the work of
Professor Andreas Vesailius (1514-1564), the Flemish naturalist and founder of the
modern medical anatomy (Fehner, 1964). In our opinion, the painting shows the image
of one of the seven books of Vesailius’ work “Andreal Vesalii Bruxellensis, scholae
medicorum Pataui nal professoris De humani corporis fabrica libri septem, Basileae
1543”.

We suggest that the portrait, or possibly self-portrait, of the Belorussian
enlightener F. Skorina (ca. 1486—1540) printed in his Bible translation “Biblia Ruska”
(1517-1519), which was issued in Prague in 22 volumes, is the painting that shows the
interior of the first renaissance “kunstkamera” collections. On the engraving (“Kniga
Iisusa Sirakha”, that is, “Book of the All-Virtuous Wisdom of Yeshua ben Sira”) we
can see F. Skorina in a room surrounded by natural history collections, scientific
instruments and books (Fig. 3).

F. Skorina also was the founder of the botanical garden in Hrad¢any, Prague in
1535 under King Ferdinand I (Shemyakin et al., 1990).
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Figure 3. F. Skorina’s kunstkamera. Self-engraving, 1517 (Snyder, 2008, p. 21).

Yureneva (Yureneva, 2003, p. 23) sees natural history museums in a number of
engravings of the 15-18™ centuries with images of rooms full of cupboards with
bottles, flasks with labels written in Latin, and scales inside. However, we suggest that
they are images of pharmacies. For instance, the first pharmacy in Kyiv, Ukraine was
located in a house built in 1728 in Podilsk District. The pharmacy was founded by
Johann Geiter, a German apothecary. From 1750, the pharmacy was run by Georg
Friedrich Bunge (1722-1792) (Fig. 4,5) (Beziakin, Kiporenko, & Tyshchenko, 2004).
Yureneva refers to exactly that type of interior.

Based on the analysis of catalogues of collections of works of art and direct
exploration of the display of local history and art museums of Ukraine, we did not find
images of “kunstkamera” collections, particularly of natural history collections. This
may suggest that despite the widespread practice of keeping private collection amongst
the Ukrainian szlachta (hetmans, Cossack officers), Polish and Lithuanian magnates of
the 17-18™ centuries, collections in Western Europe had a more “cameral” feature. This
was manifested in the creation of art galleries, collections of paintings, pieces of
decorative and applied art and small natural history collections as well
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(Aleksandrovych, Bazhenova, Rahauskene, Kerkene, & Bumblauskac, 2012).

However, we should also consider the possible loss of paintings with images of
“kunstkamera” type of interior.

Figure 4. The building of the apothecary-museum in Podil, Kyiv. Courtesy of
D. Kepin, 2017.
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Figure 5. Part of exhibition. Courtesy of D. Kepin, 2017.

The development of natural history museology.

The first treaties on museology in Europe appeared in the 16-17" centuries —
works of S. on Kvichebergau, Munich 1565; F. Bocci, Florence 1591; C. Clement,
Lyon 1635; J. Ziebmacher, Leipzig 1658; J. D. Major, Kiel 1674; and J. Reiske,
Wolfenbiittel 1685 (Zygulski, 1982 ; Waidacher, 1999, p.368).

In these treaties, a museum is defined as “a collection of antique materials and

items which are of particular interest for learned people and heads of schools, and items
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which are collected, displayed and recorded according to scientific methods”. S. Von
Kvichebergau was the first in European museology who developed the structure of an
“ideal” museum consisting of eight sections, which would present the history of human
culture and the natural history of a certain region of a country. The display of such kind
of museum would be devoted to the achievements of the scientific thought in the study
of natural and historical disciplines. The scientist practically proposed the plan of a
thematic museum exhibition. In 1561, the first catalogue appeared in the history of
museology — the catalogues of natural and historical collections of Leiden, the
Netherlands (Kepin, 2005).

The English philosopher F. Bacon, who founded the experimental science of the
Modern era, noted in his work “Pohvala Greiy” (1599) that any scientific establishment
should have a library, a botanical garden with menagerie and a pond for fish — “a
universal model of nature created privately, a cabinet of natural and artificial items, a
chemical laboratory” (Sotnikova, 2004).

In another work, “The New Atlantis” published in 1627, the philosopher
practically described the structure of an academy of sciences in the description of
“Solomon’s House”. He proposed to display, in separate rooms, inventions and
sculptures of inventors, that is, he first proposed the idea of a museum of science and
technology (Bacon, 1977). In this works, Bacon also gave a description of orchards,
gardens, apothecaries, parks, “reserves for animals™.

In 1621, the Danish physician Ole Worm established the first scientific natural
history cabinet (Fig. 6). In 1655, he published the catalogue of his collections in
Copenhagen under the title “Museum Wormianum, seu, Historia rerum rariorum: tam
naturalium, guam artificiguae Hafniae Danorum in aedibus authoris servantur”. In this
book, he presented a description of all private collections he was familiar with in
European countries. Museum items were classified by the three kingdoms of nature
(minerals, plants, and animals) and by artificialia (artificial fabricated items). In his last
will and testament, Ole Worm presented his own collection to King Frederick III. Since
1670, the collection has been displayed in the wing of the Marine Arsenal in
Copenhagen (Yureneva, 2002; Grickevich, 2004).

The great Czech educator John Amos Comenius in his book “Orbis Sensualium
Pictus” (1658) considered the Latin word “muséum” as “...est locus, ubi
Studiosus,...secretus ab hominibus, solus sedet, studiis deditus...” (...a place, where a
man who studies sciences... sits alone far from people devoting himself to the job...)
(Komenskiy, 1957, p. 86 ).

In the 18th century, theoretic contributions in museology increased in European
countries. In 1704-1714, in Frankfurt, three volumes of “Museum Museorum...”, an
encyclopaedic edition by the German physician and collector M. B. Valentini were
published. In 1727, in Leipzig, the handbook “Muzeographia...” was published by
C. F. Neickel, in which the first classification of museums in Europe was proposed: 1.
“Schatzkammer” — collection of items made from precious metals, items of art and
natural history; 2. “Galereie”; 3. “Kunstkammer” — art cabinet consisting of items of
arts and crafts, ceramics, glass, as well as tin, ivory, medals, coins, scientific
instruments, plaster casts and graphic arts; 4. “Antiguitatenkammer” — cabinet of
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antiquities mainly of Italian origin; 5. “Studio-Museum” consisting of books,
manuscripts, papyri, small plastics; 6. “Rarittatemkammer” (or “Wunderkammer”) —
a cabinet of unique collection of rare or artistically made items; 7. “Naturalienkabinett”
— cabinet of natural history (Zygulski, 1982, p. 34-38; Waidacher 1999, pp. 137—
148).
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Figure 6. Ole Worm's cabinet of curiosities, from Museum Wormianum Historia,
1655 (Richards, 2012).

A great contribution into museology was made by C. Linnaeus (1707—-1778).
Based on his own collection he created a natural history museum in Uppsala in the
1730s. Linnaeus was one of the few scientists who devoted great attention to the
development of natural history museology terminology. In particular, in 1732 he
published his treatise “Instructio musei rerum naturalium”, in which he defined a
museum as an institute which functions include collecting, storing and scientific
investigation of material testimonies of humans and natural specimens. Linnaeus was
the first who began to prepare museum workers having disciples from several
countries, including the Russian Empire, who had defended their theses in natural
history museology (Bobrov, 1970, p. 29).

The largest figure in the German culture of the Enlightenment and Classicism
J. W. von Goethe devoted great attention to the development of theoretic bases of
museums and to methods of preservation of the natural and cultural heritage. In 1777,
he developed a project of a museum display of a silver and copper mine in Ilmenau.
Goethe proposed methodological recommendations to the conservation of natural
history and anthropology collections. From 1803 until his death, he was the head of the
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library, museum and natural history faculty at the University of Jena. In 1815, he was
appointed state minister of the Grand Duchy of Saxe-Weimar-Eisenach becoming
“head of supervision of the work of direct institutions of science and art in Weimar and
Jena”. The philosopher proposed his own classification of museums: art museums
(complexes); art galleries; cabinets-museums (Goethe, 1858).

In European museology, Goethe was one of the firsts asking the question “On
what auditorium should be exhibitions oriented?”” According to him, a museum display
should consider the interests of different age groups. Goethe distinguished the methods
of creating natural history exhibitions: by braches of knowledge or by a systematic and
comparative-typological principle.

Goethe was also concerned about the architecture and artistic decisions on the
museum display. Later in his work “Theory of Colours” (1810), he first discovered the
relations between colour impressions and the mental state of people (Goethe, 1957).

On the page of his journal “On Art and Antiquity” in 1816 Goethe proposed the
term “Museumskunde”, that is “museology” (Goethe, 1858).

The establishment of museology in Ukraine.

In Ukraine, the original antique understanding of “museum”, prevailing in the era
of the Byzantine Empire, as a “sanctuary”, “treasury”, “temple” was widespread unlike
the Renaissance understanding of “museum” in its Italian variant as a place of
amassment of systematised and described items for their preservation, investigation
and for education (with no cultic function).

The hypothesis that the term “museum” was introduced into the science in
Ukraine by Yuriy Drohobych-Kotermak (1450-1494), an outstanding figure of the
Renessaince, doctor of arts and medicine, rector of the University of Bologna, was
proposed by the Ukrainian museologist Yu. A. Omelchenko (Omelchenko, 1999;
Omelchenko & Danilova, 1999), although without referring to any original source. In
Omelchenko’s opinion, Ukrainian scientists and cultural figures used the term
“museum” in the 16-18" centuries in the same understanding as in the Italian
Renessaince (Omelchenko, 1999).

Therefore, we consider the differentiation of the term “museum” in monuments
of the Ukrainian literature of the 16—18™ centuries.

Four scientific works and two letters of Yu. Drohobych-Kotermak have reached
our days. They are written in Latin and the word “museum” is absent in them. Based
on the analysis of the scientist’s works we can assume that he could have his own
botanical collection — a herbarium (Drogobych, 2001) (Fig. 7).

In the ancient Slavonic literature, the word “treasury” in the meaning of
“museum” (in the understanding of ancient Greeks) is used in the collection of works
“Knyzhka...” [Book...] (late 16" century) by I. Vishenskiy (Vishenskiy, 1955 ).

The term “museum” in monuments of Ukrainian literature was not used before
the late 16" century and in the 17-18™ centuries the word had several meanings. For
example, in the “Latin Lexicon” created by Ye. Slavynetskyiin 1642 and widely known
in those times, the word “museum” is defined as “a place for studying” (Nimchuk;
Tsiluiko, 1973).
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Figure 7. Monumen to Yuri Drohobych-Kotermak in Drohobych (Lviv region).
Sculptor Theodosius Brugge (1999). Photo by D. Kepin, 2014.

In the “Treatise on the Soul” (1625) written in Old Polish by the rector of Kyiv
Brotherhood School (1620-1624) K. Sakovych, the Temple of Apollo in Delphi is
considered in a multifunctional meaning as both “sanctuary” and “treasury”. There is
a similar understanding of “museum” and “the Muses” in the famous philosophical
dialogues of H. Skovoroda (1722—-1794).

The spread of the Renaissance understanding of “museum” in the territory of
Ukraine we associate with F. Skorina’s educational activities.

The further development of museology in Ukraine took place in the late 18" —
early 19" centuries, which is related to the studying of antique remains in the Northern
Black Sea Region, to the organisation of higher educational establishments
(universities, scientific communities) and to differentiation of sciences, foremost of
archaeology, ethnography, geology, botany, and mineralogy. In the early 19" century,
the first historical and archaeological museums were organised in the Black Sea
Region. At the University of Kharkiv, a cabinet of rarities and a mineralogical museum
was established in 1807, while later, in 1835, also a Museum of Fine Arts. In the late
1800s, a zoological cabinet was created at the Kremenets Gymnasium of then Volyn
Governorate, which became a basis for a similar cabinet at St. Volodymyr University
of Kyiv (1834). In 1934, the cabinet became a zoological museum in the structure of
the university. By the initiative of M. A. Maksymovych, the first rector of
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St. Volodymyr University of Kyiv and an outstanding botanist and historian, an
archaeological museum was created in 1835, in which natural history collections were
also stored. At the University of Lviv, a mineralogical museum was established in 1852,
although the first collections originate from 1661. In 1919, by one of the very first
decrees of the Ukrainian Academy of Sciences a zoological museum was organised,
which since 1966 has been part of the National Museum of Natural History at the
National Academy of Sciences of Ukraine, the leading natural history museum of
Ukraine, one of the largest natural history museums of Europe.

The place of natural history museology among the branches of science.

Determination of stages in the development of natural history museology is
closely related to the history of nature science and it needs a brief overview of
classification of sciences in general. Gnoseologists divide science into three large
branches such as natural, technical and social sciences (Kedrov & Yudin, 2001). In
such sense, natural history museology should be determined as an interdisciplinary
science, which is part of museology and focuses on the axiological relation of people
to nature. The research objects of natural history museology are monuments of natural
origin (both objects of natural landscapes and specimens (naturalia) stored in
museums). The subject of natural history museology is to display the history of life on
Earth and of development of nature science (see the scheme in Figure 8).

Natural icience/ Museology Monumentology
General Applied Methods
Museology Museology
/ / Historical
Museology
Natural History )
(Natural Science) ,| Regional Study
Museology Museology
Museum Work at Museological Creation of
Natural History Sources Natural Reserves
Museums

General Methods and

4

Principal Stationary Exposition Special

Figure 8. Sheme. Structure of Natural History Museology.

The periodisation of natural history museology, in our opinion, should be based
on research of its development and specifics with the consideration of changes in the
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social and cultural life of the society. Therefore, it is obvious that periodisation of
museology can be correct only for a particular territory in a particular historical
time.

Conclusions.

Summing it all up, we can conclude that the emergence of natural history
museums was promoted by the cultural and scientific development of the society. The
first natural history museums were not successors of some pro-museums such as
princely or monasterial treasuries, cabinets of naturalia, kunstkameras but appeared as
a reaction for social needs reflecting the worldview of that particular society. We argue
that in historical studies the terms “pre-museum”, “proto-museum” collecting, “pro-
museums” are temporal characteristics, while the terms “meso-", “paleo-" and “neo-
museum” epochs need further semantic clarifications. Considering the above
arguments, we propose the following periodisation of natural history museum
development for Europe:

I. Pre-scientific stage:
I-1. Primeval era — development of world perception and formation of natural
knowledge of ancient humans
I-2. Greek-Roman era — appearance of the first written data on nature monuments of
Europe;
I-3. Middle Ages — appearance of the first natural history collections of museum
importance in the 16" century

II. Scientific stage:
II-1. Renaissance and Enlightenment — the emergence of museology as science and
formation of museums in the 15-17" centuries;
II-2. 18™ century — first half of the 19" century — the emergence of natural history
museology and formation of awareness of objects of nature as those that require
scientific research and possible preservation for future generations;
II-3. Second half of the 19" century — first half of the 20™ century — development of
scientific concepts of natural history collections display;
II-4. Second half of the 20" century — establishment of scientific schools of museology
and scientific disciplines.

The formation of natural history museology in Ukraine took place in the second
half of the 19" century to the 1920-1930s. Methodological bases for exposition,
preservation and census of natural items were developed during this very period.
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OxcaHna YepBoHeHKO
HamionaneHuii HaykoBo-nipuponanunii my3eid HAH VYkpainu, Ykpaina

JAmutpo Kemin
Harionansuuit HaykoBo-nipupoguuunii myseit HAH Vkpainu, Ykpaina

IIpuponHu4a My3eo010risi: ICTOPisi CTAHOBJICHHS TAa (POPMYBAHHA TEOPETHYHUX
3acaj

Anomauia. Y cmammi npedcmasieno KOpOMKUU — ICMOPUYHULL — HAPUC
GopmyeanHs ma po3sumky npupoonuyoi myseonocii y €sponi XV-XIX cm. Pozeumox
HAYKOBUX 3HAHb Y MOU YAC 00380JAE€ GNAUBAMU HA VAGIEHHI NpO C8imoby00s8y ma
Micye nOOUHU ) Hill, @ NOEOHAHHS 3HAHb 3 NPAKMUYHUM O00CBIOOM NPU3BOOUNDL 00
HApOOJICeHHsT CNpaegdicHboi Hayku. Ilokazano, wo O0O0HIEN 13 HAUBANCIUBIUUX
CKNIA008UX Ol PO3BUMKY NPUPOOO3HABCMBA, 30KpeMda OI0N02IYHUX HAYK, CMAlu
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KOJleKYii Hamypaniti — npeomemis npupoOHU4020 NOX0ONHCEHHs, OYPXIAUBOMY CNIECKY
inmepecy 00 saxkux cnpusiu Benuxi ceoecpagiuni eiokpumms. B Xxpouonociunuil
ROCNIO0BHOCHT PO3TISIHYMO NOOANbUULL ICMOPUYHULL PO3BUMOK MY3€UHOI Cnpasu 6i0
npusamuux Koaexkyiu 6 Imanii 0o hopmysanns npoobpasy cnpagiCHbL020 My3ero, KU
BUKOHYE OCHOBHI MY3€UHi QYHKYII:30Upants, 30epexceHHs ma O0eMOHCmpPayiro.
Poszensioaemoca ponv eudammuux Oocnionuxie npupoou ma ¢inocoghie @. bexona,
K. Jlinnes, U.-B. Feme y po3eumky my3elinoi cnpasu ma Haoaiomvcsa Manogioomi
¢axmu npo ix pobomu y yiti yapuui. Kopomxo oensanymi nepuii Xy00xi#CcHi meopu, Ha
AKUX 3000a2iceHo uHmepepu “Kyncmramep ", wo Hadynu nowupenusn y €sponi y XVII-
XVIII cm. Ha Ooymxy asmopis, caame Ha nopmpemi OLIOPYCbKO2O NPOCEAMUMENsL
@. Cropunu , wo eutiuios 3 opyky y Ilpazi y 1517—1519 pp., 306pasxiceno inmepep
NepuuUx peHecancHux KyHcmkamepHux 3iopamsb. OKpemo po32isiHymo CHAaHOGLeHHs
myzeonoeii 6 Yxpaini 6i0 uacie FOpus Komepmaxa (/[poecobuw) (1450—1494) ma
docnioxcena ougepenyiayis nonamms “myseu’” y namsamrkax yKpaiHcbKoi nucemMHocmi
nepiody XVI-XVIII cm. Aemopu po3zensinyiu memoooN02iuHI OCHO8U NPUPOOHUYOL
My3e0n02ii ma NpoaHanizyeanu IiCHyr4i y HAYKO3HABCMBI Kldcuikayii Hayx.
Ilokazana cneyughika npupoOHUHO20 MY3€E€3HABCMBA Y CUCMEMI MY3e0Jl02IUHO20
3HAHHA, OUCKYMYEMbCA NUMAHHA NPO BUOLIEHHA NPUPOOHUYOI MY3eon02ii K
camocmiunoi  oucyuniinu. Jlogedeno, W0  KOPEKMHOIO  MOJCE  BBANCAMUCD
nepioousayis My3eono2ii ma My3euHuymea Ha NesHUX Mepumopisx y OKpecleHull
icmopuynull.  4yac, HANpuxiHyi HageoeHa asmopcbka po3pooka nepioousayii
npupooHu4oi my3zeonocii 'y €eponi.

Knrwouoei cnosa: icmopis HayKu, €8ponelcbka My3eon02is; NPUpoOOHUYIL My3ell;
KOJleKYii Hamypaaii, po36Umox HaAyKoeui myseie Yxpainu
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Some methodological issues of the history of science and technology

Abstract. Further development of the history of science and technology requires
the solution of a number of methodological problems. The article considers the object
and subject of the history of science and technology, its place in the system of sciences.
Today, more and more people are turning to the factors that determine the interaction
of the society with the environment (productive forces of the society), to study which in
the historical aspect and called a special scientific discipline — the history of science
and technology. The society as an object of knowledge is a biological organism of the
highest level of organization of “cells” — individuals. It exists and develops in the
environment due to its own entropy. The society organizes this removal through a
specialized subsystem formed on the basis of technical devices — “technosphere”. The
success of such a process is ensured (through the information field) by another
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subsystem — the “noosphere”. These subsystems include both ideal and material
objects. The composition and development of the technosphere and noosphere are
considered in the article. It is shown that the functioning of the technosphere is based
on its interaction with the noosphere, which provides information about the
environment and controls the effectiveness of interaction with it. It is formed by
combining the mental structures of individuals through sign systems. The production
process that ensures the functioning of the society begins with the noosphere, which
through individual consciousness controls the actions of each individual, who through
the means of production (technosphere) interacts with the natural environment.
However, the gradual development of productive forces leads at some point to the fact
that the information needed by the individual to perform all necessary actions for the
benefit of the society, ceases to fit in his individual consciousness. As a result, there is
a new social phenomenon — the social division of labor. On the one hand, there is a
division of technological operations between different performers (technological
division of labor), and on the other — the selection of individuals who coordinate the
efforts of performers and receive impetus to work not directly from public
consciousness, but through these persons (social division of labor). As a result, there
are special relationships between individuals and their groups (production relations),
and thus begins the class period of human existence. And it will continue until the
development of productive forces leads to the full transfer of all technological functions
to technical systems, which due to the direct interaction of the noosphere and
technosphere will put an end to the social division of labor. However, the development
of productive forces is also accompanied by the acceleration of entropy in the
environment of mankind — the geobiosphere of the planet Earth, which is gradually
making it less and less suitable for life. The cardinal solution to the problem is the
prospect of humanity entering infinite space.

Keywords: history of science and technology; technosphere; noosphere;
productive forces; social division of labor; social consciousness

Formulation of the problem.

The history of science (natural science) and technology has existed for a long
time, and recently, due to the processes taking place in the scientific and technical
spheres, it has received additional impetus to development. However, it is still
impossible to say that this science has fully formulated its methodological basis -
although a number of experts have paid considerable attention to these issues.
Philosophy, which claims the role of “metascience” (both science and technology)
solves its own problems. For example, philosophers of technology believe that
technology has a different object and subject from technology and technical science:
technology, technical activities and technical knowledge as a cultural phenomenon
(object); development of technical consciousness that reflects this object (subject).

It seems indisputable to us that the development of science and technology must be
based on a solid methodological foundation, which can be built only by going to some
extent beyond the actual science - in the field of social sciences. Attempts to limit the
empirical material to this science alone may, in our view, lead to formalistic exercises
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that are devoid of heuristic value. Therefore, the creation of such a foundation will
require joint research by experts in various fields of knowledge.

The defined facts, first of all, concern the scientific status of “history of science
and technology”. Accordingly, the question arises about the specification of the object
and subject of this science, the nature of its links with other scientific disciplines. The
question of the internal structure of the “history of science and technology” is
important, as it combines two different social phenomena — “science” and
“technology”. Each of them needs a separate study, as there are certain features of
formation and development. At the same time, they together, in a way, determine the
nature of the evolution of society. That is why an unbiased analysis of the interaction
between these social phenomena allows us to scientifically predict further social
development.

History of science and technology as a scientific discipline.

History of science and technology belongs to the field of historical sciences.
According to a stable definition, any historical study reproduces a certain process of
development. However, the level of theoretical generalization of historical material
may be different. The greatest degree of theoretical generalization is achieved, as a
rule, in the field of economics. Thus, in historical research, preference should be given
to “material communication” - economic relations as the basis of other processes in
society. This approach has become decisive in historical science over time, because ““as
a method, it has given and continues to give very fruitful results ... scientists, even those
who do not share the materialist view, have learned in part under the influence of this
trend to pay special attention to the economic history which they had despised before”
(Tarle, 1903).

However, historians primarily proceed from internal social relations; the
relationship of the society with the environment, if taken into account, then at best as
a secondary factor. However, today the historical role of those factors that determine
the interaction of the society with the environment (technological structure, scientific
and technical level, availability of natural resources, etc.) is becoming increasingly
clear. To study them in historical development, perhaps, is called a special, very
specific science, called “history of science and technology .

The specific purpose of research in the history of science and technology and its
study may be different. It seems appropriate to identify at least three goals and,
accordingly, three approaches, each of which has its value and significance —
depending on the tasks to be solved:

a) Practical — to use the positive and negative experiences of science and
technology in the processes of their current functioning. This aspect of the history of
science and technology plays a particularly important role in specific fields — in relation
to both science and technology, as well as their relationship.

b) Methodological — to understand the internal laws of science and technology as
certain social phenomena that ensure the success of their scientific analysis, and hence
the forecast.
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c¢) Worldview — mainly for the possibility of understanding the role of science and
technology in social development and their interaction with other social phenomena.
This allows us to better understand not only the processes of development of science
and technology, but also social processes in general.

In particular, systematic and comprehensive ideas about science and technology
as social phenomena, their functional structure, development and interaction allows a
specialist in a particular field of science and in a particular field of technology to clearly
define their place in the society as part of the latter, to correlate their problems and
tasks with general tasks and prospects for the development of society as a whole. The
study of this discipline, methodological and sociological problems considered in it, first
of all has a positive effect on the formation of general historical ideas by specialists in
various spheres of public life.

But, like any science, the history of science and technology will develop more
successfully, the more clearly it will define its tasks and methods of solving them. And
one of the most important is the question of the object and subject of this science.

The object and the subject of history of science and technology.

Despite its specificity and being a completely independent scientific discipline,
history of science and technology is closely related to other social sciences, especially
general history and social sciences (historical materialism, philosophy of history),
which are part of the social sciences. As for the history of science and technology itself,
today, as noted above, it is common to refer to historical sciences.

History of science and technology, as well as general history, has as its object the
society in its development, but they consider it from different angles and aspects,
according to which the subject of their research is significantly different. It is generally
accepted that the object of cognition is a set of qualitatively certain phenomena and
processes of reality, significantly different in their internal nature, basic features and
laws of functioning and development from other objects of this reality. At the same
time, the subject of knowledge is a certain holistic set of the most important in one
respect or another components, aspects, properties and characteristics of the object of
knowledge, which is directly studied by this research.

General history has as its object the formation and interaction of various social
formations as a certain objectively existing phenomenon, consisting of a series of
successive interrelated events. Not only a certain functioning, but also the very
existence of these entities directly depends on their production activities, which, in
turn, depends on their internal organization in this process. Thus, general history
actually considers historical progress as a process of changing production relations,
which for general history are self-sufficient — taking into account the superstructures
they have defined — political, legal, religious, etc.

After all, all existing processes are determined by the driving factors that ensure
the interaction of society with the environment. The success and nature of interaction
depends largely on the ability of society to influence the environment (directly related
to technology) and the level of information about the environment necessary for the
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success of such influence (which is now most fully embodied by science — especially
natural science).

Since, despite the close relationship, science (science) and technology are
different social phenomena, it seems logical at first glance that different sciences
should also study their historical evolution. Accordingly, it would seem logical to
conclude that the subject of research in the history of science is one — the study of the
development of knowledge of laws and phenomena of nature, and in the history of
technology — another: the study of the laws of development of productive forces.
Therefore, it is sometimes believed that there are two sciences, but very close in
research method.

Such a conclusion could be considered logical if the productive forces of society
were really reduced to technology. However, it is man who is armed with the technique
and the amount of knowledge necessary to create and put it into action, is the most
important component of the productive forces. Therefore, what are called productive
forces, these factors (information about the environment and the possibility of
influencing it) are only in aggregate. Accordingly, even a separate study of the history
of technology as a certain force of knowledge is transformed primarily into the history
of knowledge that is materialized, in the history of the relevant natural sciences (Kuzin,
1990). Without such interaction, science becomes pointless and technology powerless.

Thus, history of science and technology, having the same object of study as
general history (i.e. the society), its subject is not so much the historical development
of society, or even a separate development of science and technology, and he also, as
a phenomenon, of course , is of scientific interest), as a whole, the evolution of social
productive forces that determine this development.

Natural science and its branches, which study certain phenomena of objective
reality, social sciences, which are engaged in various types of processes in society, on
their own provide only some conditions for the development of productive forces of
society. Technology, as a collection of certain material objects, is, figuratively
speaking, a useless "pile of iron", and only after the “revival” of a public person, it
becomes an effective tool for connecting the society with the environment. And only
in total all these factors are subject to study both for understanding the driving forces
of history and for prognostic purposes. The latter is achieved by analyzing the
historical path of technology development — the whole set of technical devices used by
people, along with the amount of knowledge necessary for their creation and use as a
whole, and in conjunction with other social phenomena.

The society in the environment.

Thus, the object of study of the history of science and technology as a historical
science is the society in its evolutionary development. Given the relationship of the
society with the natural environment, we will assume that society is a functionally
integrated entity —an organism of the highest level of biological organization of “cells”
— individuals that function in the environment like any biological organism due to
removal into it own entropy.
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Entropy in the world we know is constantly growing in all existing material
formations. But if in inanimate matter it rises steadily as a result, then the fundamental
feature of living matter (in which entropy is also constantly “generated”) is, in the end,
its reduction due to "removal" into the environment (Kabulov, n. d.).

It should be noted, however, that today among philosophers is quite widely
represented the view that the whole universe is recognized as a self-developing system.
In such a system there is a vector of growth and complexity, ie the development of all
nature is self-organization or evolution with increasing organization of the universe
and its parts, including the terrestrial biosphere (Popkova, 2008, pp. 315-317). These
statements completely ignore even the indisputable realities, such as that the Sun — the
source of life and development on Earth — must go out in full accordance with the
second principle of thermodynamics (such realities will once befall other stars and
galaxies).

The processes defined are difficult to call development in the general sense of the
word. In fact, only systems that are truly self-organizing (living) can develop, or,
according to V. I. Vernadskij, “the evolutionary process is inherent only in living
matter” (Vernadskij, 1991, p.238; Pylypchuk, O.Ya.,, Strelko, O.H. &
Pylypchuk, O. O., 2021).). That is, “living matter” carries out its development solely
through the removal of entropy (with its corresponding growth in the environment). In
general, according to one of the creators of quantum mechanics, theoretical physicist
E. Schrddinger, a living organism remains alive, only constantly extracting negative
entropy from the environment. What is indisputable about metabolism is that the body
manages to get rid of all the entropy that it is forced to produce while alive
(Schrodinger, 2002, pp. 75-76). And the antientropic (non-entropic) nature of a living
system implies that its first and necessary property is material exchange with the
environment.

SOCIETY

Socium
(set of

l_ individuums) —1

Technosphere {1  Noosphere

Social
CONSCSOUSNess

Technology

Extro- | Intro- Mental
verted | verted |- — Sions
techn. | techn. - models

ENVIRONMENT

Figure 1. The interaction of the society with the environment.
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Obviously, the effectiveness of the system directly depends on the intensity of the
process of its interaction with the environment. The desire to increase its efficiency
inevitably leads to the complexity of the biological organism, which involves its
internal structuring, ie the specialization of its subsystems and the organization of a
certain internal relationship between them. In particular, those organs of the biological
organism that specialize in interaction with the environment are particularly susceptible
to development. However, at a certain stage to intensify this process in the living
system there is a need to introduce additional intermediate material elements that are
not directly related to the system itself, the complex of which for the society has
become technology; “Technology occurs when intermediate means are introduced to
achieve a goal” (Jaspers, 1986). For society in its interaction with the environment,
technology becomes a kind of “shell” that separates and connects them — the
technosphere, which today attracts special attention of researchers (Herrmann-Pillat).
Perhaps it is the development of this term that gives historians of science and
technology the opportunity to rethink their concept of technology, better integrate
technology history and environmental history, and replace linear temporalities with
multilevel models of historical change (Trischler, 2018).

We will try to present the multidimensionality of the existing process on the
diagram (Fig. 1). In order to reduce entropy, the society organizes its interaction with
the environment through technology. But for the successful material (material and
energy) interaction of the society with the environment requires its information
support. To this end, the society produces, processes and accumulates information
about the environment, about itself as a certain objective reality and about the nature
and features of the interaction between these objects. Accumulated information
systematized in the mind, create some information “shell” of the society — its
noosphere.

As for the technosphere, the technical devices that make up its material
“substrate”, being originally designed to interact with the environment, are no longer
limited to the directly specified task. The fact is that this interaction is ultimately carried
out by the society in its entirety, which is provided by intra-social ties: material and
energy on the one hand, and information — on the other. Initially, these connections are
made exclusively by "natural” means available to individuals. But in the process of
quantitative growth of the society and with the expansion of its range of existence of
these funds becomes insufficient. In the field of material interaction, this is the
technique of transport and communication (and later some other types of it), which
together represent the “intra-social” introvert technique — in contrast to the technique
of extrovert, directly aimed at society's interaction with the environment. In general,
they constitute (directly or indirectly) for the society its technosphere.

In the noosphere, the active material carrier of social consciousness (ideal) is the
brain of each individual, in which due to information received from the environment
and its processing, certain mental structures are created. In fact, to some extent, similar
processes occur in any biological organism with a central nervous system. But it is
characteristic of the society that the ideal processes in the mental structures of its
components — individuals with the help of external material objects (sign systems)
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merge into a certain holistic phenomenon — social consciousness, which is the
noosphere in its actual existence.

Let’s note that both the technosphere and the noosphere are not frozen. Their
formation is evolutionary. In the process of development of the social organism, they
undergo a certain evolution, which represents this development in terms of the
interaction of society with the environment — their history.

Formation and evolution of the technosphere.

Prototechnics became a kind of rudiment of the technosphere (Fig. 2). A typical
example of prototechnical devices is the cobweb, which is instinctively created by a
spider from a material secreted by its glands (prototechnics I). In nature, there are many
other cases of using your own body secretions to create a variety of “technical devices”
(bees, caterpillars, etc.). In the future, “external” materials are also used, and eventually
only they (for example, beavers for the construction of dams). These “technical
devices” are mainly aimed at interacting with the environment of a certain individual
— including his offspring (in the diagram — “prototechnics II a”).

Note that the existing realities are also characterized by biological
superorganisms, which necessarily create prototechnical devices
(“prototechnics 1l b”). All currently known to us “social” insects that form “collective
organisms” (ie bees, ants, termites) in one form or another build or use protective
devices (from the environment) and other purposes. Prototechnics differs here
primarily in that it is created by collective efforts, and different individuals play
different roles in this (polyethism) (Kipyatkov, 1985, p. 16).

LIVING:
removal

of entropy

BIOLOGICAL | FORM OF LIFE

Experience of the species Prototechnique |=— Materials of
7] (mrceofilgételso)nal I environtment 1]
Individual experience Prototechnique II "Division of labor" || |

(conditional reflexes) [ IIa b [ (polyethism)

SOCIAL |FORM OF LIFE

B Ideal component Technology f=——] Material component =
{ | )}
; i Development of
Developm.ent of public L | Technosphere fe— . p Lo
consciousness technical obdjects
ENVIRON-
MENT

Figure 2. The formation of the noosphere.

38


https://www.hst-journal.com/

https://www.hst-journal.com Icmopist Hayku | mexHiku, 2022, mom 12, gunyck 1
History of science and technology, 2022, vol. 12, issue 1

However, technology (technosphere) as a social phenomenon, developing on the
basis of prototechnics, is qualitatively different from it. Since technology, ensuring the
interaction of society with the environment, serves to meet its needs (individual and
social), its development in the process of progress of society is in accordance with
changing these needs. The eminent German scientist in the theory of mechanisms and
machines F. Reuleaux noted in the last century that with the help of technology we
force “the internal processes of the material world to act and work for our purposes”
(Reuleaux, 1885, p. 1). At the same time, the role of technology in the process of
ensuring the functioning of society and the individual (as well as associations that
historically arise within the social organism) determines its structure as some (relative)
whole. Accordingly, it becomes the basis of the primary classification of types of
technology (Griffen& Ryzheva, 2021).

First of all, it should be noted here that the objects together constitute a set of
technical devices that form the basis for direct interaction of the society (through
individuals) with the natural and social environment — consumer goods. Their man-
made nature led to the emergence of tools for the manufacture of these items (more
broadly — means of production). With the change of social conditions there was a
selection of other types of technology, which together and in the relationship form the
basis of the technosphere (Fig. 3).

At the stage of primitive society such a division did not occur. In the process of
reconstruction of the life of the Paleolithic community it was proved that life was not
separated from production activities and did not stand out as an independent
phenomenon. A fairly clear separation of the means of production from household
appliances occurs only with the transition of the society from the collection to the
production economy.
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Figure 3. The types of technology and their relationship.

As for the internal structure of the means of production, there are different ways
of grouping objects, and accordingly different classifications. In the most general form
of production equipment, usually divided into three main groups: a) gun equipment; b)
machinery; c¢) automatic equipment. Depending on the tasks solved by scientists, a
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number of other principles of structuring this type of technology are possible
(Garanina, 2020).

In the process of long-term social transformations to the technical devices
designed for interaction of society with the environment, which are directly part of the
technosphere, are added those designed for interaction between local social formations
and individuals already within the social organism included in the technosphere. As for
the social processes they provide, these types of technology can be divided into
“integrative ” and “separative ” — respectively, two (unifying and dividing) trends that
have occurred and are taking place in the development of society.

An essential condition for ensuring the integrity of any sufficiently complex
system is the interaction of its elements (subsystems) in space and time, “as a result of
which something disparate and spatially separated acquires a certain integrity and
functionality” (Smotrickij, 2010). To do this, the elements of the system (or its
subsystem) must have a developed ability to exchange matter, energy and information,
ie the ability to communicate properly between them. As a result, another type of
technical means (technical class), which has already been mentioned, arises and
develops — means of communication. It naturally breaks down into two subspecies —
technology to ensure communication in the material (ie material, and later — in the
energy) sphere —transport, and technology to ensure communication in the information
sphere — communication.

Integrative, unifying processes are leading, inherent in social development at all
its stages. Separative, ie divisive processes are characteristic only of the historically
limited period of internally disparate class society, ie are used by one or another social
entity in relations not with the natural but with the social environment.

Weapons (military equipment) are one of the types of equipment that have played
and continue to play an extremely important role in social processes. No less important
than in inter-tribal (and later in inter-state) relations, weapons were also in the
interaction within certain social formations, namely between the antagonistic social
groups that make them up. Another specific type of technology, which also has a
separatist character, are luxury items, which (regardless of their immediate functional
purpose) act as a kind of social “punctuation marks”.

Thus, technical objects are created in accordance with the needs of society at one
stage or another of its development and constitute, together, such a social phenomenon
as technology. As a phenomenon extremely complex and diverse, technology is often
considered by researchers in a variety of aspects (Wolff, 2012). However, first of all,
we can assume that technology is “a set of human activities created to carry out the
processes of production and service of non-productive needs of society” (Larin, 2018,
p. 6). However, this set is not yet the technosphere, as some philosophers think (who
present the technosphere as a self-developing object). In this case, the subject of its
development is ignored, because it is believed that the technosphere itself is an artificial
environment created by the society, i.e. the same set of technical objects that people
have surrounded themselves with (Popkova, 2018).

According to this statement, we have separate people with their “technical
activities”, and separately — the “technical sphere”, which somehow “‘self-develops” as
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the environment of this activity. In fact, the technosphere is not an environment for the
society, but its essential component, which together with the set of technical means
formed by humans as its active principle that separates and connects society with the
real environment — the biosphere of the planet Earth. Therefore, the laws of technology
development “lie outside its” own “logic”. Accordingly, “technology can be presented
as a system of self-development, only if it concerns the development of technical and
technological production systems, which are human-technical structures” (Glozman,
2008). Successful independent functioning (and even more so “self-development™) can
be carried out only by a technical system (TS) with “intelligence”, which
“independently assesses the situation in the aggregate” TS — the world around it “and
independently forms goal-oriented behavior”. And this is definitely human
intelligence. The use of what is called “artificial intelligence” solves only limited
specific tasks. According to him, “the term” behavior “means a set of interrelated
actions of the effectors of the technical system, carried out to achieve the goals set
before the human vehicle” (Karpov, 1990, p. 7). Accordingly, it is necessary to
approach technology as an aspect of human activity, and not to study technical actions
within the typology of action (Wolff, 2012). Therefore, in our opinion, it is hardly
possible to accept the correct conclusion that the technosphere (material basis of the
society) is governed not so much by the will of people as by the “internal logic of
technology development” (Rozin, 2017).

Formation and evolution of the noosphere.

The functioning in the environment of any biological organism with a central
nervous system is directed and controlled by the latter. This applies to both the
formation and application of prototechnical devices, carried out by instinct — a set of
motor acts and complex behaviors inherent in an animal of a certain species in
accordance with the program genetically laid down in its central nervous system.
However, such a predetermined rigid program can be effective only under certain
natural conditions that persist from generation to generation. In the process of their
change, individual experience (learning) acquires a significant role. And the higher the
animal on the “family tree” of the animal kingdom, the faster you can expect from it
the ability to learn, a greater role of “trial and error” and, accordingly, greater
independence from variations in environmental conditions. This ability to learn,
learning then proved to be very useful in the formation of human society.

In the social organism, the formation of the program of action of each individual
is carried out solely through the information and skills acquired by him from society in
his individual experience. The program of action of a public person together with a set
of ideas about the environment and thesociety is what is commonly called social
consciousness. For its formation and functioning, the interaction between individuals
includes systems of signs that connect the processes in their brains into a single whole,
so that the receipt, storage, processing and use of information is a social process,
creating a noosphere of the society.
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Figure 4. The “neural network™ of society.

Thus, in the noosphere, the connection between individual mental structures is
provided by external agents — sign systems that include the informational mental
process of the individual into a single social process, forming a kind of “neural
network™ of society (Fig.4). With the introduction of universal “external” codes
(regardless of the form of their expression), the human brain, remaining an individual
organ, becomes a social organ. Mental processing of information from individual (for
each individual) becomes public (for a holistic social superorganism). As a result of
such a process, what is usually called “social consciousness” arises, and on the
individual (as its concrete being) — such specifically human phenomena as thinking and
COoNnsciousness.

It should be noted that if the actualization of social consciousness is carried out in
an ideal form with the help of individual human consciousness, then social
consciousness itself includes material objects. They store information through the
“objectification” of the ideal in a variety of objects; when used, it returns to the realm
of the ideal through its “objectification” (llenkov, 2009). It is sometimes believed that
the evolution of human cognition corresponded to the technological expansion of its
space-state, increasing its degrees of freedom by tracking invariances and conjunctions
in its relations with the world, which should be described as “infosphere”
(Wilson, 2017).

Social consciousness, arising on the basis of “socialization” of conditioned
reflexes of individuals, determines the development of society. At the same time, it is
changing, significantly transforming the nature of the noosphere. However,
understanding its essence makes it possible to predict the ways of this development,
although some researchers have doubts about this (Lahoz-Beltra, 2018). The same
changes that have taken place in the noosphere so far, in particular, in relation to that
part of it that is part of the productive forces of society, are presented in the diagram
(Fig. 5).

The formation of the noosphere is based on the same animal instinct as in the
process of biological evolution, which is supplemented by conditioned reflexes. Basic
social consciousness, which appears simultaneously with the formation of the social
organism, can be defined as ordinary consciousness, which corresponds to the above—
mentioned undifferentiated, syncretic state of technology.
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Figure 5. The evolution of public consciousness.

It must be noted that at an early stage of civilizational progress, in the process of
human transition from “appropriating” to “producing” economy, from the ordinary
consciousness stands out and its part, which is aimed at direct interaction of society
with the environment. Since both objects are a certain integrity, such a separation
requires the formation in one form or another of systemic ideas about the environment
and the society. In other areas of life, everyday consciousness remains dominant, but
it is constantly evolving, because it is always made of certain adjustments from the
emerging systemic ideas.

According to the objective historical realities, the forms of social consciousness
on which society's interaction with the environment was based were constantly
evolving. At the same time, we recall that when we talk about the “history of science
and technology”, it should be borne in mind that man began to use and subordinate
substances and forces of nature long before the emergence of science. Science is the
result of the long-term development of knowledge, which has acquired various forms
in the history of mankind. For example, Auguste Comte believed that human thinking
is historically characterized by three forms. The first — theological (religious) —
explains to man all phenomena by the action of supernatural forces. The second —
metaphysical — explanation is found in the action of some “essences” and “causes”.
Thus, it destroys religious beliefs and prepares the formation of the third form. It is in
the third — positive — form that everything is explained scientifically (Kont, 1899).

As for the direct replenishment of knowledge about the world around us, at
different stages of development there was a predominance of one of three points:

— obtaining information through the operation of objects directly in the process of
life (practice);

— “remote” observation of these and other processes (contemplation);

— purposeful influence on the objects of study to obtain information about them
(experiment).
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On the basis of the information thus obtained, they were organized into a holistic
system, the nature of which was determined by the level of knowledge. Initially,
systematization was carried out by “imposing” on the natural environment in its ideal
reflection as the organizing beginning of those systemic connections that were known
(or rather, familiar) to man in the immediate area of its existence (zoomorphism), and
later — in the form of social relations. (anthropomorphism). In its most developed form,
such a system is called mythology (based on the original element — the image). The
next step was philosophy, which on the basis of seemingly a priori elements —
categories — perfectly constructed the world. The corresponding scheme in the form of
a more or less integral system of elements (categories) again “imposed” this
construction on reality — as a picture that allegedly fully reflected it, although in the
most general form. And only at the third, scientific stage with the achievement of a
fairly high level of knowledge, the world in its full diversity becomes the basis for
generalizations in systematically related concepts. In all three cases of obtaining and
organizing knowledge there is a combination of practical approaches (obtaining
knowledge directly from the outside world) and theoretical (construction based on the
acquired knowledge of a system — a generalized ideal model of the world, its elements
or aspects) (Griffen, Ryzheva, Nefodov, & Hryashchevskaya, 2021). However,
regardless of the methods of cognition, its results, in the end, formed the basis for the
functioning of social production.

Development of production and division of labor.

Active interaction of society with the natural environment is carried out in the
form of production. Accordingly, production equipment (means of production) is the
most important type of technical devices. Therefore, the study of the evolution of the
means of production, in particular, changes in their structure, is the most important task
in the history of science and technology, which studies the development of the
productive forces of the society.

The structure of the means of production in general is represented by the scheme
(Fig. 6). It follows logically from the tasks that society solves in the production process.
The ultimate goal of the production process is to obtain the necessary objects of society
from material taken from nature, through the impact on the latter.

According to the scheme, the production entity must, for this purpose, organize a
direct transformative action on the subject of labor, supply of energy required for these
transformations, and control over the process that ensures the desired result.

All three functions performed by the production entity in this process have been
constantly changing with the improvement of technology and its technical means. The
main stages in the development of all three production functions are summarized in
Table 1. In particular, to increase productivity, all three functions of the subject of
production were gradually transferred from man to technical devices and systems.

Virtually all of these changes began at an early stage of human civilization. They
took place throughout the process of transformation of production, at all stages of
technical revolutions, characterized by the transfer of technology to new production
functions, previously performed exclusively by man (Rozin, 2001, p. 121).
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Figure 6. The structure of means of production.

Table 1. The main stages of development are summarized in the table.

Specialization of the tool
Tool with holder
(manual drive)
Kinematic connections
between energy source
and tool (mechanical
drive)

Technology development
- mechanical

- thermal

- chemical, etc.

Electric drive

Combined multifunctional
tool (including non-
contact)

Accumulated solar energy
(mechanical)

- the wind

- water

Accumulated solar energy
(chemical)

- steam engine

- engine

internal

burning

Energy of chemical bonds
(fuel cells)

Nuclear energy

- disintegration

- synthesis

Working tool Energy Control and
Management
Improving the tool and Human muscular strength | Organoleptic control
skills of mastering it The power of animals Testing

Instrumental control
Remote

and non-destructive
testing

Automatic control of
individual processes
Integrated automation,
control and management
Computer control
(automated production
control systems)
“Deserted” production
management (“‘artificial
intelligence”)

With the beginning of industrialization, development in all respects accelerates
sharply. In particular, the kinematics of the working body is significantly complicated.
This process was most clearly characterized by textile production, where the product
requires a rather complex manipulation of many identical objects — textile fibers and
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threads. Advances in this field have given impetus to the spread of complex kinematic
devices in other fields. In the future, intellectual efforts were aimed at solving the
energy problem. Finally, automation issues have become paramount at the present
stage. At the same time, the priority of one of the directions does not exclude the
continuation of the development of others.

In-depth study of the issue, in our opinion, also includes a brief historical
overview of the realities associated with changing the subject of labor. The first were
natural materials — stone and wood. They were later joined by bones, leather and other
materials of animal origin. Then came the turn of artificial materials that do not exist
in nature (in the so-called “pure” form), but are obtained in some way from natural. In
this context, the first was clay (ceramics), then metals. And much later there were
synthetic materials, especially plastics of various types, obtained by molecular
rearrangement of raw materials. New opportunities were brought by the use of
composite materials, the synergistic properties of which arose due to the integrated use
of different raw materials. Finally, in our time, technical progress requires so-called
nanomaterials, the structure of which is designed in accordance with the required
properties of raw materials at the micro level.

Of course, technological progress has become possible only through the constant
development of the noosphere — increasing the level of knowledge about the properties
of natural objects and the appropriate organization of society. But the need for survival
left humanity little time for individual development of already accumulated but poorly
systematized knowledge and skills. Initially, as already mentioned, in the economics of
gathering and primitive forms of hunting (during the Upper Paleolithic), the technical
complex had a syncretic, undivided nature, which corresponded to the equally
undivided everyday social consciousness. Each member of the community could do
any work: “the simplicity and primitivism of primitive technology lead to the fact that
related actions can be performed by all members of the community, that is, all light a
fire, make bows, arrows, etc.” (Ortega y Gasset, 1993). Accordingly, there was no
social division of labor — except for the “natural” gender and age. The situation changes
significantly with the gradual transition to a “producing economy ”, which requires the
development of more information.

The complexity of technology required appropriate training of workers with
increasing costs of time, effort and money, which provide for all members of society
became impossible. The way out was found through the division of various
technological operations between individuals, i.e the social division of labor. At the
same time, due to the strengthening of cooperation in production, there was what was
later called the “separation of mental and physical labor . If before each member of
the society in the process of production under the influence of public consciousness
determined their actions and directly (more precisely, through tools) influenced the
object of labor, now there are certain individuals who act indirectly through labor,
through others, defining and coordinating them actions.

That is, in the society there is a technological (“horizontal”) division of labor,
supplemented by social (“vertical”) (Fig. 7). In other words, on the one hand these
processes lead to technological specialization of direct performers, and on the other
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there is a group of people whose social prerogative was not only the management of
general production processes but also the development of the noosphere in general and
technical consciousness of the society in particular, as productive work is preceded by
the activity of consciousness to create an ideal image of this process. Such “activity of
consciousness” had a historically definite character, and it was largely determined by
general ideas about the world (Gorokhov, 2015, p. 14).
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Figure 7. The technological and social division of labor

The role of public consciousness in technological progress.

With regard to the problems of development and functioning of technology, the
mythological “model of the world” foresaw an irrational — in our view today — a
component of almost any technology. In other words, in order to achieve this goal, man
also used magical actions arising from the aforementioned mythological “theoretical
picture” of the world around him.

For a long time, technical consciousness has developed due to the infiltration of
general worldviews, regardless of the intentions of both those who dealt with technical
problems and those who developed these ideas. Moreover, the division of mental and
physical labor caused a negative attitude of the latter to the application of their
knowledge in the field of practical activities. They, like Aristotle, were convinced:
“Science is considered to be wisdom that is chosen for its own sake and for the purpose
of knowledge, and not that which attracts because of its consequences”.

Natural philosophy, having replaced mythology, also in its systems created a
holistic picture of the world, only if it replaces unknown to its real connections with
ideal, fantastic phenomena, which, according to F. Engels, “filled gaps only in the
imagination “fiction”. However, in contrast to mythology, these “fictions”were not so
much the result of expanding the partial to the general, as an intuitive generalization of
previous experience on specific phenomena. Such general ideas created
methodological preconditions both for further research and for technical
COoNsciousness.

In the process of studying reality and “processing” existing information, humanity
receives two useful results for cognition: a system of specific knowledge about the
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surrounding reality and methodological methods of cognition, which together reflect
the isomorphism of existing laws in this reality. Later, the former were formalized in
the form of a system of sciences, the latter systematized partially in the form of certain
laws of quantitative change (mathematics), and to some extent in the form of
methodology — much less defined qualitative “laws” (such as logic, dialectics,
synergetics, etc.).

The fundamental imperfection of philosophical systems led to their frequent
change and reduction of their role in the cognitive process, and their gradual
replacement by scientific knowledge. The needs of the development of technology also
played an important role in the emergence and development of scientific knowledge,
although, as before, it was based mainly on the practical experience and intuition of its
creators. The latter was largely based on the intellectual atmosphere of the society,
which was formed due to scientific knowledge. It is in this sense that technical
knowledge follows the natural sciences and draws from it the necessary information.

However, science (natural science) has never aimed to determine the development
of technology with its achievements; she solved her own problems. The creators of
technical innovations also used their own developments. Yes, steam engines were
invented by people who had no idea about thermodynamics; theoretical electrical
engineering began to develop when many electrical devices were already successfully
used. However, further improvement of technical devices objectively required
scientific developments as a guarantee of progress. Nowadays, a number of technical
advances are generally based on them (for example, in computer science or
nanotechnology).
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Figure 8. The process of scientific cognition.

In principle, the process of scientific cognition has the form shown in the diagram
(Fig. 8). Experimental impact on the object allows you to get some information on
which to build a theoretical model of the object. Studies of the model (usually
accompanied by its refinements) allow to predict the behavior of the object, which in
subsequent studies is again compared with the results, giving rise to new refinements
of the model. The generalized results of previous scientific researches in the form of
methodological recommendations and mathematical processing play a significant role
in the whole iterative process.
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However, experimental effects on the object often lead to unexpected results — a
new, hitherto unknown effect. Provided that if the “effect” is practically useful, it goes
into the stage of technical development. By creating objects based on such “effects”,
technology uses them for utilitarian purposes (often without even fully understanding
their inner essence). Thus, since science took shape as an independent social
phenomenon, engineering and technical practice has focused on the application of
scientific discoveries, using not so much its theoretical achievements as various
phenomena that took place first in scientific experiments and then on a production
scale. The corresponding “effect” in its technical application becomes an object for
technical sciences and is important for the development of the technosphere.

Thus, at the present stage of progress of human civilization, science has taken on
the function of providing society with a system of necessary information, especially
for the development of productive forces (Melnik, 2010, p. 13). At the same time,
archaic knowledge of the world continues to play a role. In everyday consciousness,
elements of mythological ideas are quite common, which is sometimes believed to
penetrate even the technical sciences in order to reconcile with their revolutionary
dynamics and destructive influence (Zwart, 2022).

And science, despite all the contradictions of its development, continues to assert
itself as the main means of obtaining and systematizing knowledge, i.e the formation
of the part of social consciousness that is directly “responsible” for society's interaction
with the environment — despite all the problems that arise (Carrier & Gartzlaff, 2020).
In the future, it is likely to be replaced by another form of cognition, but today there is
no good reason to thoroughly discuss this issue, although such attempts are sometimes
made (Sismondo, 2017).

The material presented above concerns first of all the modern productive forces
of the society, which (to paraphrase K. Marx) can be called their prehistory. In the
cognitive plan of studying the development of productive forces (both noosphere and
technosphere) analysis of its patterns will better understand the future prospects. After
all, it will be what can truly be considered the true history of the productive forces of
all mankind. It will begin just when the true history of civilization, that is, when the
“ultimate goal” will be achieved — the transformation of all mankind into a truly single
social organism. This will create the foundations for solving the main problem that is
becoming clearer before us — space travel.

K. Tsiolkovsky's statement: “The earth is the cradle of humanity, but you can not
live forever in the cradle”, is well known. The removal of entropy from society into the
environment is a prerequisite for its existence. Limiting the range of human existence
within our planet will inevitably (and soon) will lead to unacceptable levels of
environmental entropy. Only boundless space can provide humanity with conditions
for further development. However, it should be noted that there is a point of view
according to which such an idea of “escape” from our “used” planet is a kind of “quasi-
religious form of cosmism”. It does not solve anything, but only “encourages the
disregard for earthly, environmental and even physical restrictions” (Sideris, 2017).
However, other solutions to the problem are palliative in nature, which have a short-
term perspective and do not solve the problem of a global nature.
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However, the release of humanity into space will be possible only with a
qualitatively different level of development of productive forces, ie with the successful
solution of two interrelated tasks:

— the formation of the now fragmented humanity is truly a single social organism
with the complete exclusion of social differentiation, and hence the full disclosure of
the unique personalities of the individuals who make it up, which provides a new
quality of the noosphere;

— transfer of all production processes to the self-reproducing technosphere, i.e
complete reliance on the latter direct material interaction of the society with the
environment — a kind of “delegation” to it of all technical functions of entropy removal
while maintaining only the society's goal-setting, overall control and innovation.

Conclusions.

Thus, the object of study of the history of science and technology (as a historical
discipline) is the society, and a specific subject — the evolution of its productive forces.
Existing accents allow us to understand the driving forces of social development and
create the basis for its scientific forecast. Human society, as a complex “biological
system” is a kind of “superorganism”. In the process of its existence and development,
it creates two specific subsystems through which it communicates with the
environment. Direct material interaction of the society with the existing environment
is carried out through a certain shell — “fechnosphere”, formed on the basis of a set of
technical devices. Their species meet the requirements of society as a whole and the
needs of individual social groups. Information support of this interaction is through
another shell — the “noosphere”. It is created by uniting individual consciousness (with
the help of sign systems) into a single social consciousness, through which the analysis
of the environment and society as a whole is carried out. Together they form the
productive forces of society, ensuring its existence and development. Thanks to them,
society as a biological system carries out the entropy that is “generated” in the process
of activity in the environment. Increasing entropy makes the environment less and less
habitable. Solving the problem that arises for society itself requires its significant
rationalization. However, according to modern realities, the existing problem can be
radically solved only by entering the boundless outer space.
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Jesiki MeTO0JIOTIYHI MM TAHHSA ICTOPil HAYKH Ta TeXHIKH

Anomauia. Ilooanvwuii po3sumox icmopii Hayku 1 mexHiKu nompebdye
BUDIWEHHST HU3KU MemOO0JI02IYHUX 3A80aHb. Y cmammi posenaHymo o0'ekm i
npeomem icmopii Hayku i mexHixu, ii micye 6 cucmemi Hayk. Cb0200HI dedani uacmiuie
36epmarOmvCsi 00 YUHHUKIG, W0 BUSHAUAIOMb 83AEMOOII0 CYCRLILCMEA 3 CEPe0oBULEM
(NPOOYKMUBHI CUNU CYCRINbCMBA), BUBUAMU SKI 8 ICMOPUYHOMY ACHEeKMI U NOKIUKAHA
ocobnusa Haykoea oucyuniina — icmopis Hayku i mexuixu. Cycnitbcmeo sk 00’ €km
NIZHAHHA CMAHOBUMb OIOJIOCIYHULL OP2AHIZM 8UUL020 PIBHA opeanizayii 3 “Kiimunu’’-
iHOU6i0i6. Bin icHye ma po36UBAEMbCS Y HABKOJIUUHLOMY Cepedo8UWi 3d PAXYHOK
BUHeCceHHs 8 Hbo2o eaacHoi enmponii. Cycnitbcmeo opeanizye ye GUHECeHHA 3a
NOCEepPeOHUYMBOM CNneyianizo8anoi niocucmemu, YmeopeHoi HA OCHOBI MeXHIYHUX
npucmpoie — “‘mexnocghepu’’. Ycniwmicmo maxozo npoyecy zabesneuyemocs (wepes
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iHhopmayiiine nose) we ooHicio niocucmemoro — “noocgeporo”’. Bxazani niocucmemu
BKIIOYAIONb 00 C8020 CKIAOY SK i0eanbti, max i mamepianvHi 06 ’ekmu. B cmammi
PO32NIAHYMO  CKIa0 ma po3eumox mexHocgepu i Hoocghepu. Ilokazano, wo
@yHryionysanus mexrHocgepu onupacmscsi Ha il 83a€mMo0il0 3 Hoocgeporo, Kompa
nocmayae iHghopmayiro npo cepedosuue ma KOHMpPOIIOE eheKMUBHICMb 83AEMOOIL 3
Hum. Bona chopmyemvcs Ha ocHOBI 00 €OHAHHA MEHMAIbHUX CMPYKMYP IHOUBIOI8
yepe3z 3HAKOBI cucmemu. BupoOuuuuii npoyec, wjo 3abezneuye QyHKYIOHY8AHHSA
CYCRiIbCcMBad, NOYUHAEMbCA 3 Hoochepu, wo uepe3 IHOUBIOYAIbHY CBI0OMICHb
VIPABAAE OIAMU KONCHO20 THOUBIOA, SAKULL Yepe3 3acoou supobruymea (mexmocgepy)
83a€M00i€ 3 NpupoOHUM omoudenHam. OOHAK NOCMYNOBUL PO3BUMOK NPOOVKMUBHUX
CUJL NPU3BOOUMb 8 NEBHULL MOMEHM 00 MO020, Wo IHpopmayis, nompioHa iHOUsiody 014
BUKOHAHHS YCIX HEOOXIOHUX Oill HA KOPUCMb CYCRIIbCMEA, Nepecmae Miuy)y8amucs 8
o020 THOUBIOYANbHIU c8i0oMocmi. B pesynomami UHUKAE HOBe CYCNLIbHE A8ULE —
cycninbHuti po3nodin npayi. Ilpu yvomy 3 00Ho20 060Ky 8i00y8acmbcs po30inieHHs
MEXHOJIO2IUHUX ONnepayiil. Midc PI3HUMU BUKOHABYAMU (MEXHONO0SITUHUL PO3NOOIL
npayi), a 3 IHWO020 — BUOILIEHHS OKpeMux ocib, KOmpi KOOPOUHYIOMb 3YCUILIS
BUKOHABYIE MA OMPUMYIOMb IMAYIC 00 pOOOMU He 6e3n0cepeonbo 8i0 CYCHiNbHOT
ceidomocmi, a uepe3 6KA3AHUX 0CIO (coyianvHuil po3nodin npayi). Ax HAcCKiOoK
BUHUKAIOMb 0COOAUBI BIOHOCUHU MIdC THOUBIOAMU ma Ix 2epynamu (8UpoOHUYI
BIOHOCUHU), A OMdHCe POZNOYUHAEMBCA KIACOBULL Nepioo icHyeanHs aroocmea. 1 ein
NPO00BHCUMBCSL 00mU, OOKU PO3BUMOK BUPOOHUYUX CUTL He npusede 00 HNOBHOI
nepeoavi ycix MeXHONO02IUHUX QYHKYIUL MEXHIYHUM CUCmeMam, Wo BHACIIO0K
be3nocepeoHboi 83aemMo0ii Hoocghepu i mexHocgepu nokiade Kpail COoyianbHOMY
po3noodiny npayi. OOHaK pO36UMOK BUPOOHUYUX CUTL CYRPOBOONCYEMbCL MAKONC
NPUCKOPEHHAM UHECEHHSI eHmpPOnii 8 cepedosuuje iICHy8aHHs 100cmea — 2eobiocgepy
niawemu 3emas, WO HNOCMYNOB0 pobumsv ii 6ce MeHw npuoamuol 0
orcummeoianbHocmi. Kapounanonum piwiennusm npodiemu 8U3HAEmvcsa nepcnexmued
8UX00Y IOOCMBA 8 DE3MENCHUL KOCMIYHUL NPOCMID.

Kniwowuoei cnoea: icmopis wuayku i mexHiku, mexHocgepa;, Hoocepa,
NPOOYKMUBHI CUNU; CYCRIIbHILU PO3NOOIN Npayi; CYCRiIbHA CBIOOMICHb
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Understanding mathematical abstraction in the formularization of Galileo's law

Abstracts. Galileo's revolution in science introduced an analytical method to
science that typifies the overall modern thinking of extracting, abstracting, and
grasping only critical aspects of the target phenomena and focusing on “how”, which
IS a quantitative relationship between variables, instead of “why”. For example, to
him, the question of ‘why does an object fall' is of no significance; instead, only the
quantitative relationship between distance from the falling object and time is
important. Yet, the most fundamental aspect of his idea is that he introduced a
quantified time t. When an object is projected horizontally, the distance travelled at
some time in the horizontal direction is summed up asd «t, whereas the distance falling
at some time in the vertical direction is summed up as d o ¢>. Here, the distance, which
Is a spatial attribute, is expressed as a function of time, t. That is, time is identified as
a homogeneous amount that can be reduced to an algebraic number. It is now possible
to calculate the laws of motion of things using functions of time. In this respect,
mathematical time was a decisive variable in making mathematisation of physical
nature practical. Because, according to atomic theory, vacuum exists between an atom
and an object composed of atoms or between objects — ignoring factors that interfere
with motion, such as friction — the space for absolute time, which is a mathematical
time, can be geometrically defined. In order to justify this mathematical abstraction
strategy, thought experiments were conducted rather than laboratory experiments,
which at that time were difficult to perform.

Keywords: Galileo; quantitative relationship; atomic theory; mathematical
abstraction; thought experiment
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Introduction.

There were a number of great practitioners of science in the 17th century,
including Galileo, Descartes, Newton and Leibniz. The development of quantum
mechanics and relativity in time would be nearly impossible without the crucial role
that thought experiments play. In terms of thought experiments, Einstein and Galileo
were arguably the most influential thinkers of all time.

In “Dialogue on the Two Chief Systems”, Galileo's motion frame is a ship that
flattens the sea like glass. Galileo broke Aristotle's centuries-old concept of universe,
but his concept of motion was circular rather than linear. The reason is that Galileo
insists on continuity with Greek ideas that emphasize circular motion. Galileo was a
16th-century scientist. At the time, theology viewed the ever-continuing linear
movement as a creepy phenomenon that was difficult to accept. Galileo, according to
Koyre, would have to shift from finite space to infinite space to include the notion of
linear motion. Removing Earth from the center of the universe and allowing it to
revolve around the sun is obviously different from allowing it to wander in infinite
space (Miller, 1996, pp. 128-129).

It is a concise statement of relativity that “all determined places™ are lost due to
infinite linear motion (inertial motion) and since every point can be the center in an
infinite universe, there is no center. For this reason, it was natural for Galileo in the
Renaissance to insist on circular inertia, not straight inertia.

The idealization introduced by Galileo played a role in defining the characteristics
of modern science (McMulin, 1985). However, when Galileo tried to present a new
theory that would contribute to the development of theory of dynamics, the theory had
not yet been proven, and it was later verified by an accurate laboratory experiment. It
IS never surprising that his efforts were focused on thought experiments, analogies, and
exemplary metaphors, not on detailed laboratory experiments. A concept begins as a
vague idea, but gradually becomes clear as the theory containing it becomes more
concrete and accurate (Chalmers, 1999, p. 106). Science does not simply develop by
induction or deduction (Oh, 2021), and the creativity of scientists can be demonstrated
through abstraction and scientific thought experiments. In other words, a revolution in
thought occurs.

Our study aims to explore the strategy that Galileo used in the thought experiment
process in which a concept becomes solidified. Focusing on inertia, which is his most
important discovery, the following research questions are presented for this research’s
purpose. Taking focus on inertia, where he made his most notable discovery, we
devised the following research questions.

First, preliminarily, establish a possible relationship between thought experiment,
abstraction, and idealization.

Second, how did Galileo use abstraction and idealization to convince people of
his scientific ideas?

Third, how did these strategies contribute to scientific development?
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Thought experiment.

Mach wrote in his 1905 essay, “On Thought Experiments”, that “Our thoughts are
much more manageable than physical facts. Thought experiments are inexpensive”. In
his time and today, Mach explained clearly to people what thought experiments are: it
Is the idealization or abstraction of physical conditions that exist.

Galileo's thought experiment, in particular, is intended to prove an already
proposed hypothesis, as other scientists do later. However, Einstein's thought
experiment is different, as it was not intended for verifying the hypothesis, but for the
insight of discovery. These are the two great thought experiments from 1895 and 1907.
The thought experiment in 1895 became a special relativity theory 10 years later
through thought experiments. In the early stages, all experiments are thought
experiments. In 1905, Mach said, “Our thoughts are much more manageable than
physical facts. In other words, thought experiments are inexpensive”. Mach described
a thought experiment correctly, describing it as “an idealization or abstraction of
existing physical conditions”. Galileo's thought experiment was intended to prove the
hypothesis already proposed. Einstein's thought experiment, however, is not a test of
hypothesis, but an insight into discovery (Miller, 1996, p. 371).

Based on the above, thought experiments apparently serve several purposes: first,
verifying an already established hypothesis; second, constructing a hypothesis; and
third, destroying and constructing an existing theory. Brown contends that Plato's
thought experiments are a priori, which is both ‘constructive’ and 'destructive’, and that
Galileo's thinking experiments are the very ones that can be destructive as well as
constructive (Brown, 19914, p. 41. Brown, 1991b, p. 124. Oh, 2016).

In the author’s view, Galileo aspired to prove the law of inertia by justifying and
reconstructing the hypothesis that had already been proven. Einstein's thought
experiments on free fall, on the other hand, have the function of dismantling and
reconstructing existing theories. However, both engaged in mathematical abstraction
at first.

Abstraction and idealization.

Abstraction: To give deep thoughts to a certain aspect of the reality they study,
scholars will “abstract” the rest. This does not mean that the rest does not exist. The
scholars temporarily abandon the rest of them. It is a form of ontological thinking.
Mathematics is a study that firmly secures universal laws existing in this world and
systematically organizes rules established between them. For example, it is a study that
prepares 'the theorem of geometry', which is a rule of algebra or a law on shapes, and
allows someone to get the right answer for any purpose at any time. To achieve such
universality, “mathematics” abstract. Numbers are highly abstract representations of
what exists in reality. According to Butland Russell, the level of abstraction of the
“number concept” was heightened by expressing both a pair and two days as number
2. In asense, it is an epistemological expression, as it emphasizes only the amount that
can be expressed mathematically and omits the rest. The higher the universality, the
higher the degree of abstraction (Oh, 2016).
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The remarkable achievements of science have been made possible by human
abstraction ability and mathematics based on it. Being able to abstract is essential to
our survival as we evolve. Individuals who possess excellent qualities will have an
advantage in natural selection. The strategy of mathematical abstraction in the early
stages of theory formation is an important step that demonstrates human mental
science, that is, creativity.

In addition, it is on the basis of a specific socio-cultural and ideological phase that
mathematics, which is the first science, emerges from history and that practical
abstraction takes place. Likewise, Galileo in the modern era accepted Plato's
mathematical ideas, rather than Aristotle's biological ideas, as the socio-cultural and
ideological basis.

Idealization: Reality is more than simply abstracted - it is also “idealized”. The
concept of straight lines is created by idealizing the tight-pulled thread in our heads.
By idealizing the surface of a table or the surface of a pond without wind, the concept
of a “plane” was created, but in reality, a “straight line”” that has no width or thickness
cannot exist. The same is true for horizontal planes with no friction at all. Concepts
like these are derived from idealizing anything in the world inside the human mind.
Nevertheless, it is still meaningful since it is modeled after reality. It is not arbitrarily
imagined, but because it relies on what exists in reality, it would be considered to fall
under an ontological realm (Oh, 2016). This “thought experiment” can be best
described as “an experiment of what cannot be realized in real life based on thoughts
only under idealized conditions”; but in reality, it still takes extreme values by using a
strategy that gets smaller and smaller in value.

Though Kuhn (1970) stressed the rebuttal significance of Thinking Experiences
(TEs) and some of the current episodes do support this, in other cases, TES may serve
a corroborating function. TEs can also play a role in generating theories. Brown
(1991a) identified characteristics associated with the relationship between destructive
and constructive thought experiments. As part of this study, we intend to examine
Galileo's thought experiments in terms of their evaluative role.

Using Galileo's abstraction and idealization strategically.

Scientists believe Galileo was the first to discover a mathematical law through
abstract reasoning and devised a thought experiment or practical experimental device
under idealized conditions to justify it (Crease, 2003, p. 86).

Therefore, our study first attempted mathematical abstraction to devise a law, and
then, in steps 2 and 3, in order to justify such a law, we used thought experiments aimed
at idealization conditions.

Stage 1: Mathematical abstracts.

Scientists start with a big picture of the way the world exists, or a big picture of
how the data is revealed, while exploring a theory. These big pictures can be derived
from metaphysics, mathematics, theology, and other areas. Metaphysics, therefore, can
be incorporated into the very structure of scientific methodology by providing criteria
that guide from above (Moreland & Craig, 2003, p. 33).
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For example, Plato's metaphysical view that “The universe has a perfect
mathematical order. Also, God intervened in such a mathematical order”, becomes a
guide to modern scientists. Actually, it provides an opportunity to escape from the
metaphysical question of “why” and move toward a mathematical and abstract world.
As Galileo recognized Aristotle's biological theory has a problem with symmetry, he
impliedly stretched the meaning of Plato's knowledge to address the problematic
situation.

(Galileo) According to Plato, to a Greek astronomer the phrase “relieve the
phenomenon” or “find a mathematical model of celestial bodies that conforms to the
Greek ideal of order and beauty” means to describe a phenomenon in terms of a circle
- a perfect form of Greek geometry. Plato also said, “God is always geometrizing”. He
IS quoting from the Pythagorean school, as he praises the circle. For the Pythagorean
school, which explored the “Principle of Unity in Nature”, numbers contain the shape
of things and are both real and abstract (Gillispie, 1990, pp. 14-15). Mathematics was
not only free from the errors of our sensory senses, but we humans were able to use the
mathematical language given to us by God.

<Galileo's kinematic explanation: “how?” instead of “why?" >

While Aristotle focused on the question of “why”, Galileo saw that the question
of “how”, which has been subjected to scientific empirical tests, is more important,
asserting that it is meaningless if not verified. As such, the historical paradigm of
science has shifted from source to method (Dolnick, 2011).

There are all examples of projectile motion. Which Galileo can describe as taking
in two dimensions. Galileo first accurately described projectile motion. He showed that
it could be understood by analysis, the horizontal and vertical components of the
motion separately. This was an innovative analysis, not done in this way by anyone
prior to Galileo (Cohen, 1985, p. 117).

Mathematical abstraction in the vertical direction: Free Failing Motion.

All objects consist of homogeneous materials. <The World of Quantitative
Mathematics> Atomic theory states that all matter is made of atoms, and if the vacuum
between atoms is recognized, i.e., if air resistance is ignored, all objects falling
vertically in the air must have the same falling rate and acceleration, regardless of time.
<uniformly accelerated motion>

In addition, as space is geometricized according to mathematical time, quantified
time t (T in figure) is introduced. For instance, the horizontal distance travelled is
summarized as d (area of a triangle, or the rectangular) « t and the distance at which
an object falling in the vertical direction falls at a particular time as d o« .
<Mathematical Abstraction>
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Figure 1. Galileo's Geometry of Space through Time (Cohen, 1985, p. 104).

Mathematics abstraction in horizontal direction: inertial movement.

If vacuum is recognized according to atomic theory, the same speed can be
maintained in the celestial sphere as well as on earth, as long as there is no force
interfering with motion in the horizontal direction, such as friction. <circular inertia>

If, according to simplicity, natural celestial motion is circular (Plato's
hypothesis), all matter on earth and celestial sphere are composed of the same material,
and all forces that interfere with motion have been removed (Auxiliary hypothesis or
initial condition), what would happen?

Then, it can be said that objects have a natural property of moving in a constant
circular motion, just like in the celestial sphere. In other words, movement precedes
stopping in heliocentrism, so according to the atomic theory in which movement is
possible in a vacuum, the surrounding environment of an object has become a target
that must be removed and ignored.

And, the earth is approximately an inertial system. That is, the nature of an object
to move at a constant velocity (circular motion) even on the ground by integrating the
celestial sphere and the earth is completely reasonable. Therefore, rotational inertia is
a natural motion in the horizontal direction even on the ground.

Although Aristotle limited Plato's ideal world to the celestial sphere in reality,
Plato's ideal world was applied even to the earth in the idealized world beyond the
observed phenomenon. In this way, the teleological idea of Aristotle's natural tendency
was introduced, and hence it cannot be said that it completely deviated from Greek
philosophy. Above all, the circular orbit cannot be viewed as radically diverging from
Greek teleological ideas, since it illustrates the tendency of celestial bodies to emulate
philosophical deities.

Thus, time was abstracted and absolutized on the basis of the entire physical
phenomenon. Time has established itself as an independent variable that is vital to the
cohesion of the universe and the world.

In the end, Galileo's ideology, which characterized modern science by
mathematizing nature and seeking possibility for calculation, transforms space into an
algebraic space and sets time as the absolute criteria for all movements over such a
space. Mathematics, in this regard, created an objective world in the most original sense
from time and space, which are universal forms of the living world. The scale of time

60


https://www.hst-journal.com/

https://www.hst-journal.com Icmopist Hayku | mexHiku, 2022, mom 12, gunyck 1

History of science and technology, 2022, vol. 12, issue 1
Galileo assumed was a homogeneous and divisible way of measuring time. It was
considered that some partial time was no different from others, and that it could be
combined and multiplied.

Stage 2: Idealization process (justification of abstraction).
From the empirical world of common sense to the world of idealization where
every power is removed (Fig. 2).

The idealized world (mathematics World)

Predictive Experiment Idealization Strategy
(Actual Experiment (Thought Experiment,
or Thought Experiment, Stage 2)
Stage 3)

The empirical world

Figure 2. The process of Galileo's scientific inquiry method (Oh, 2016).

<Thought experiment to remove friction from the horizontal plane:
Justification of the abstracted hypothesis>

<Justification of New Inertial Hypothesis>

If it is correct that friction force in a plane interferes with the motion of an object
(new hypothesis which is abstracted), and if the contact surface of the horizontal plane
of an object that is freely moving at the same height is smoothed and the friction force
interrupting the motion is gradually reduced thereby changing the space over time
(Planned test), then, can we see what will happen to the motion of that object in the
end? (Thought experiment) Perhaps it is reasonable to expect that in this case, the
object's motion distance and motion time are getting longer (d o t)? (a new hypothesis
situation)

And in fact, it is reasonable to imagine that as the object's exercise distance and
exercise time become longer and longer, the motion eventually continues. (Evaluation
of a new hypothesis situation)

So what?

Therefore, it is possible to imagine that all objects have inertia that allows for
continuous motion in the idealized horizon where friction forces that interfere with
motion in the empirical world are removed. (The conclusion from the evaluation)
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To support the inertia derived from abstraction, an idealization situation in which
friction was removed actually using a hypothesis-deductive method could not be
obtained. These thought experiments were used to prove the previously proposed
hypothesis (Miller, 1996, p. 371). In addition, Aristotle's teleological and hierarchical
laws of physics (assumptions) are destroyed, and a new mathematical law
(convergence) in which the celestial sphere and the earth are integrated by reason is
constructed. <Platonic Thought Experiment>.

A scenario for an idealized world created by spatial change and scale change over
time is being implemented. It is observed that friction force was removed as the spatial
change transformed to scale change (Trickett & Trafton, 2007) spatial transformation.
Here, the scale change refers to an expansion of space where motion continues as
compared to stationary space. In addition, in the evaluation process, scenario results
are compared to the problem situation to confirm the comparison result, and the
problem situation resolution system mechanism is restated.

o, ldealization Region

Moving
Distance, &

Times

0
Friction Force

Figure 3. The relationship between the moving distance and friction force during
moving of an object.

Figure 3 illustrates how idealization plays a vital role when extrapolating from
empirical data obtained through experiments to calculate results for extreme cases.
Galileo could infer a phenomenon (objects are in perpetual motion) of an idealized
realm, a realm that cannot be obtained through data derived from everyday life or from
a narrow range of observation (experiencing how an object in motion will stop farther
when friction force is reduced). This is referred to as a limiting case analysis in thought
experiments (Nersessian, 1992; Park, Chung, Kwon, & Song, 1998).

However, Galileo did not completely deviate from Aristotle's doctrine, and was
circular inertia as a perfect circular motion in the heavens. However, it can be seen that
the infinite number of regular polygons is a circle of infinite mathematics.

62


https://www.hst-journal.com/

https://www.hst-journal.com Icmopist Hayku | mexHiku, 2022, mom 12, gunyck 1
History of science and technology, 2022, vol. 12, issue 1

Stage 3: A predictive experiment of probable real-world phenomena

From (the idealized world) to (the empirical world)

Norton stated that conclusions reached by the (successful) thought experiment
should be proved by actual experiments, not thought experiments themselves (Norton,
1991, p. 131; Norton, 1996, p. 336). In other words, in order to materialize the
abstracted theory, an experiment called practice must be accompanied.

Galileo distinguished himself from other philosophers by not only conducting
thought experiments, but also by performing real experiments. In fact, the experiments
he performed were the beginning of the type of experiment carried out by scientists
today. In the meantime, he avoided criticism by claiming that his experiment was
unpredictable and that its results could only be approximate.

Experiment in a possible empirical world on a horizontal direction (Fig. 4).

Predictive experiments: If the kinetic component is mathematically broken
down and it is observed that only the earth's surface and horizontal components are
inertial, independent of the natural tendency to move towards the center of the earth
move (mathematically abstracted hypothesis), (and) if we drop a heavy object on the
mast of a ship that travels at a constant speed when there is no air resistance that
interferes with the motion (the planned experiment in which space changes over
time), (then) the object would fall directly below the mast (prediction).

Figure 4. Possible experiments of the law of inertia (Cushing, 1998, p. 106).

Actual experimental results: And, in fact, it falls approximately just below the
mast.

(Therefore), on a horizontal plane such as the earth's surface, the hypothesis that
a moving object continues to move even when a constant force, which is responsible
for the movement, is applied is valid.
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Actual experiment and thought experiment on vertical free falling motion.
In Galileo's inclined experiment, the fact that the distance rolled down is
proportional to the square of time holds regardless of the inclined angles of the surface,
so the thought experiment that this proportional relationship holds even in the extreme
case, that is, when the inclined angle gradually increases and stands upright is very
reasonable. In a letter to his friend Baliani, Galileo describes a method for calculating
the acceleration of an object in free fall from an inclined plane experiment (Cohen,
1985, p. 98). In this process, it can be said that the actual experiment and the thought
experiment were performed simultaneously (Fig. 5).

Vertical Inclined
\
Inclined Horizontal

\\\\,

Figure 5. Thought experiment of free fall from an inclined plane (Brown, 2011, p. 3).

It is also the concept of terminal speed from a modern point of view. This thought
experiment was already thought of by Galileo (Cohen, 1985, p. 109). If an object falls
in dense air, if the object has the same volume and has the same sweeping area, the air
resistance increases as the falling speed of the object increases and becomes equal to
the weight of the object, the object will have the same speed. Also, if the density of the
air is getting smaller and smaller, we have to wait for the terminal velocity to reach a
higher falling velocity. After all, without the extreme value of air resistance, the rate of
fall of any object will continue to increase, and the increase in velocity will be the
same. In other words, taking the limit means that we have progressed to an idealized
world and a mathematical world.

Galileo's abstraction strategy.

Aristotle failed to achieve the same level of mechanics as Newton or Galileo
through imagination, and it was not because he disregarded facts as the critics claimed
in the 17th century. Rather, his desire to stick to the facts too closely is a more pertinent
reason. For example, Aristotle did not recognize (abstract) that some aspects of
common sense had to be discounted to create a complete theory of motion, and that is

why Aristotle’s physics could not be developed into modern science (Gottlieb, 2000,
p. 242).
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In other words, Aristotle strictly adhered to only common-sense observations. For
example, Aristotle, unlike Galileo, did not consider an idealized world like friction-
free motion that occurs in a vacuum, as it does according to atomic theory.

Galileo's great achievement was in detecting that in Aristotle's universe, a
systematic mathematical discussion of motion theory was impossible. In order to solve
this situation, Galileo proposes to separate <first property> from the <second
property>. The first property is appropriate as a scientific theory because it can be
described mathematically. Examples include speed and acceleration. The second
property does not allow for mathematical conversion. Examples of the second
properties, which are subjective properties, include special properties such as
propensity, scent, and smell. Through this distinction, the first property was used as a
material for mathematical theory that can be predicted over time.

Since something “beneficial” for humans is under the control of natural laws,
mankind has expanded the scope of accessible objects within the natural world, thanks
to the predictive ability of science. Aristotle's physics could not predict the trajectory
of an object’s motion because it did not contain the appropriate concept of time.
However, Galileo abstracted time so that it could also be used in equations dealing with
phenomena such as non-periodic falls. He believed that time was mathematically
equivalent to space and thus could be used as coordinates. The only way to formulate
physics predictably in time and space is in this way (Miller, 1996, pp. 144-145).

If the Earth is at the center of the universe, it consists of heavy soil, water, air, and
fire, from bottom to top. Therefore, stones with a lot of soil components must move on
their own toward increasing density to reach their target point, the ground.

However, according to the heliocentric theory, such distribution by component
becomes meaningless. The cause of Earth's movement is also attributed to universal
gravitation. Therefore, in situations where remote forces act, the surrounding
environment becomes a collateral situation where there is a vacuum state with no factor
hindering motion, so it should be removed or ignored.

Conclusion and suggestion.

Aristotle attempted to teleologically explain why objects on earth fall, while
Galileo tried to mathematically describe how they fall. Contrary to Aristotle's
argument, Galileo discovered that all objects fall at the same speed regardless of their
weight. Methodologically speaking, the way he explained motion did not take into
account the ‘why' of objects moving. He simply ignored the qualitative nature of objects
Aristotle emphasized. Galileo was instead interested in quantities, that is, the
mathematical and abstract properties of objects. By excluding the properties of objects
such as shapes, colors, and components, Galileo was able to present an abstract
mathematical explanation of the behavior of objects (Oh, 2016).

However, with regards to celestial motion, Galileo still maintained a Pythagorean-
Platonic position that asserted that nature is written with geometric symbols.

In contrast, Democritus, a descendent of lonic philosophers, approached
differently and established the following principles: every visible thing is made up of

65


https://www.hst-journal.com/

https://www.hst-journal.com Icmopist Hayku | mexHiku, 2022, mom 12, gunyck 1

History of science and technology, 2022, vol. 12, issue 1
small, non-divisible particles called atoms that are moving, especially in an infinite
empty space where these particles are in constant motion (Frank, 2011, p. 95).

This was a change in the lonian concept of theoretical knowledge in the
Pythagorean concept. Only the mechanical properties of things were primary. Numbers
and geometries were no longer independently inherent in nature. In Newton's
mechanics, the formula governing a cosmic mechanical gas is a differential equation,
not a numerical rule or a symmetry. Geometry became a theory dealing with empty
space, and hermeneutics was merged into geometry by Descartes and separated from
realms beyond experience. If Galileo brought abstract time t into nature's phenomena,
Newton laid the foundation for reducing all motion to time.

Scientists may believe that ideas resulting from abstraction during scientific
activities are impressive and revolutionary (Welling, 2007). In the author’s view, the
geometricization of space and time through mathematical abstraction that is performed
by Galileo, as well as the idealization strategy that justifies the laws subsequently
obtained should also be introduced into modern science education.

Moreover, high creativity is not the result of a single action, but the result of
utilizing several factors in the discovery process that occur over a long period of time
in the history of science (Runco, 2014).
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Xecyk XaH
[HCTUTYT HaBYANBHUX IUIAHIB Ta OCBITH, Y HiBepcUTET J[aHKYK,
Pecriy6nika Kopes

Po3yminns maTtemaTtu4Hol adcTpakuii y ¢popmy.iroBanHi 3akony I'asiest

Anomauia. Pesonmoyia [anines 6 nHayyi 68ena 6 HAYKy aHALIMUYHUL Memoo,
MUnosull 0l 3A2a1bHO20 CYYACHO20 MUCHEHHS, WO Nnojsgedac )y 000y8aHHi,
abcmpazy8anii ma pO3YMIHHI Juule KPUMUYHUX ACHEeKmi8 YLIbosUux A6UW ma
30cepeddicenti yeazu Ha momy, “SK”, wo € KibKICHUM 38'83KOM MIJC 3MIHHUMU, A He
Ha “womy”. Hanpuxnao, ona uvoco numanus ‘“yomy npeomem naoae’ HeMmae
SHAYeHHs, HAMOMICMb BANCIUBUU JULEe KILIbKICHUL 38'30K MIXC 6I0CMAHHIO 6i0
naoar4oco 06'exkma ma wacom. Tum He meHw, HAUOLILWL PYHOAMEHMATbHUL ACNEKM
toco idei nonseae 8 momy, wo 6iH 3anpoeaous KinvkicHy oyinky yacy t. Koau 06'exkm
CNPOEKMOBAHULL 20PU3OHMATILHO, BI0CMAHb, NPOUOEHA 6 AKULUCL MOMEHMm 4acy )
20PU30OHMATILHOMY HANPAMKY, niocymosyemocs sik d oct, mooi sk eiocmans, wo nadae
YV AKULCb MOMEHM Yacy y 8ePMUKANIbHOMY Hanpsimky, cymyemwcs sk d o t2 Tym
8I0CMAaHb, WO € NPOCMOPOBUM AMPUOYMOM, 8Upaicacmvcs ax gyukyis yacy t. Toomo
yac i0eHmu@ikyemocs Kk 00HOPIOHA BeIUUUHA, SK)Y MOJICHA 36eCMU 00 A12e0PaAiuHO20
yucna. Tenep ModcHa 8uU3HAYAMU 3AKOHU PYXY pedell, BUKOPUCTO8YI0OYU (DYHKYIT uacy.
Illooo yvoeco mamemamuunuii uyac 0y8 GUPIUATLHUM GAKMOPOM V NPAKMUYHILL
peanizayii mamemamuzayii @pizuunoi npupoou. OCKilbKU, 32I0HO 3 AMOMHOI
Meopiern, Midic amomom i 00'€eKmom, Wo CKIa0aemvcs 3 amomis, abo mixc 06 'ekmamu
ICHY€ 8aKyym — AKWO He bpamu 00 yacu Gaxmopu, wo 3a8axcaroms pyxy, maxi K
mepmst, — NPocmip OJis1 AOCONOMHO20 YaACy, AKUU € MAMEMAMUUHUM YACOM, MOICE
oymu eusHauenuli ceomempuuno . [lJob eunpagdamu yo cmpamezito MamemamuyHoi
abcmpakyii, npo8oOUNUCs YABHI, A He 1ADOPAMOPHI eKcnepumenmu, Ki mooi 0y10
BAIICKO BUKOHAMIL.

Knwuoei cnosa: ' anineti, KinbKiCHI CMOCYHKU, AMOMHA MEOPIs; MaAmemMamuyHa
abcmpakyis, YA6HUL eKcnepumenm
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Emergence and development of the Kyiv school of artistic textiles
in the XX century

Abstract. The article provides a thorough overview of the evolutionary process of
the emergence, establishment, and development of the Kyiv school of artistic textiles.
It reveals the influence of various factors (ideological, political, economic, and
aesthetic) on this process. The historical and factual method allowed us to study socio-
economic, as well as historical and cultural factors that contributed to the emergence,
establishment, and development of the Kyiv textile school in a chronological sequence.
Both separate Kyiv textile artists’ works and the differences of other schools were
analyzed by the comparative method. It is established that the very fact of emergence
of the Kyiv school of artistic textile, as a community of style, unity of forms,
preservation, and continuity of traditions, had unbiased backgrounds since Ukrainian
decorative weaving, a part of which is Kyiv weaving, inherited the abundant artistic
traditions that were created over the centuries and most vividly manifested through the
art of Kyivan Rus. It showed the significance of Kyiv as a major administrative and
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cultural center of Ukraine in the emergence and development of the textile school. The
status of the capital city was the reason why prominent artistic forces concentrated
there, creating several outstanding textile artworks intended for various purposes
during the 1920-1990s. The ideology of the ruling Communist Party of the Soviet
Union, which ordered the artworks for its glorification, had a stimulating impact on
the emergence of the school. Analysis of the data allowed us to periodize the stages of
emergence and development of the Kyiv school of artistic textiles as an educational
institution. Typical features of the Kyiv textile school at different stages of its
development in 1920-1990s are as follows: a) The presence of a plot theme, the epic
breadth of the depicted scene, and the scale in monumental and decorative textiles; b)
The stylization of themes, their conventional interpretation, and two-dimensional
images that suggest the absence of perspective and the illusory representation of three-
dimensional forms in decorative (non-figurative) large tapestries and decorative stage
curtains made in various techniques; c¢) The preservation of established iconographic
compositions created by predecessors, but performed in a new (stylistic and coloristic)
interpretation in traditional textiles; d) As for the industrial textiles, the presence of
two trends in the artistic design of fabrics: The first is associated with the artists’
focusing on the entire spectrum of the world (primarily European) textile fashion; The
second one involves the transformation of traditional popular graphic themes in
fundamentally new compositional developments.
Keywords: Ukraine; textiles; scientific schools; history; periodization

Introduction.

Countless works of famous Kyiv artists, who created textile items for various
purposes in the XX century, respective publications in art history literature, as well as
recognition of the artists” activities, and the importance of their work give grounds to
designate this phenomenon as the “Kyiv school of artistic textiles in the XX century”.
This study is devoted to the issues of emergence and development of the Kyiv school
of artistic textiles and scientific analysis of its artistic heritage throughout the XX
century.

For the first time, although related to the tapestry, the term “Kyiv school”
appeared in the monograph called “Monumental and decorative art in the architecture
of Ukraine” (by Veligockaya, Zhizdrinskaya, & Kolomiec, published in 1989 at the
Budivelnyk publishing house). In particular, the authors of the publication noted that
“lately, the Kyiv school, which in variety, diversity, and individuality of its creative
style develops tapestry as a type of monumental art, has powerfully asserted its worth
in the Ukrainian tapestry” (Veligockaya, Zhizdrinskaya, & Kolomiec, 1989, p. 78).

Art textile industry refers to one of the oldest crafts in the history of mankind’s
material culture. Archaeological findings, in particular, fiber spinning tools such as
spindles, spindle whorls, as well as fabric prints on the ceramic surface, suggest the
existence of textile products on the territory of the modern Kyiv region back in the
Neolithic period [VIHI-I1I millennium BC] and the Eneolithic Age [IV-IIl millennium
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BC], the Bronze Age [IV — early | millennium BC], and early Iron Age [early I
millennium BC], as well as in all subsequent stages of human history.

The fabric had a significant meaning in the daily life of all social classes. It was
widely used for clothing, home decoration, and ceremonial occasions. Back in the
princely times, Kyiv and the surrounding settlements were known for the skillful
production of decorative fabrics. The success of weaving in Kyivan Rus and the later
period was promoted by the fact that one of the major trade ways from the Northern
and Western Europe to the East (“from the Varangians to the Greeks”) ran through
Kyiv. All kinds of goods, including highly artistic fabrics, remained in Kyiv and served
as patterns for local craftsmen, in particular, weavers (Andriiashko, 2015).

Most of the surviving textile products belong to the XI1X-XX centuries, although
there is still evidence of the local carpet production in the XVII century (Peshchanskyi,
1925, p. 5). The lack of ancient fabric samples can be explained by the fragility of
organic fibers (Skrzyniecka, 2020; Gleba & Nikolova, 2009), their vulnerability to
rotting and burning processes, as well as the belated development of Ukrainian
museology. According to the scholars of popular textiles, it was in the XVIII-XIX
centuries that the traditions and system of the core types of Ukrainian artistic fabric
shaped, while their technological and creative means became fully refined (Selivachov,
2005, p. 67).

The relevance of the article is stipulated by the acute need for humanitarian study
of Ukrainian culture, in particular, such a branch as decorative-applied art, one of the
varieties of which is artistic textiles. The scientific literature lacks complex studies to
fully cover such a multifaceted artistic phenomenon as the Kyiv school of artistic
textiles.

Kyiv textile artists who worked throughout the XX century created numerous
artworks for different purposes and with different techniques. Among them, most are
highly professional creative pieces, which still grace the interiors of public buildings,
museums, cafes, and restaurants. Very few of them have been reproduced in catalogs,
periodicals, and monographs. The remaining pieces remain unknown to both art
admirers and specialists.

As a matter of fact, there is still no research in Ukrainian historical and art
literature on the emergence and development of the Kyiv school of artistic textiles as
one of the most influential artistic centers in Ukraine.

The study aims at providing a complex coverage of the emergence and
development of the Kyiv school of artistic textiles in the XX century.

Source base and research methodology.

The research methodology is based on the comprehensive study of the subject
matter. The historical and factual methods used in the studies (Strelko, Pylypchuk,
Berdnychenko, Hurinchuk, Gamaliia, & Sorochynska, 2019, Strelko, 2021; Strelko,
Berdnychenko, Pylypchuk, Pylypchuk, Sorochynska, & Horban, 2021) allowed us to
explore the socio-economic, historical and cultural factors that contributed to the
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emergence, establishment, and development of the Kyiv textile school in a
chronological sequence. The comparative method was applied to analyze the works of
separate Kyiv textile artists, as well as to study the differences between other schools.

Results and discussion.

No matter the historical times, Kyiv has always held a remarkable place in the
history of Ukraine as a major socio-political and cultural core. As an integrating center,
the Kyiv area asserted itself back in the period of pre-Slavic unity formation. This was
accomplished due to its favorable location along a large navigable river, on the border
of the forest-steppe and Polesie. One can find information about the Kyiv land in
chronicles, in particular, “The Kyiv-Pechersk Paterikon”, “Tale of Bygone Years”,
“The Tale of Igor’s Campaign”, European historical chronicles, and Eastern historical-
geographical writings (Shkribliak & Balukh, 2017; Shevtsova, Gorbyk, Mezhenna,
Chobitko, Kozak, & Andropova, 2020).

In his work “Archaeological past of the Kyiv area”, V. Danylevych described the
influence of the city this way: “All other days, the cultural life in the Kyiv area was
obviously concentrated around Kyiv. The advantageous geographical position of the
city of Kyiv on the border of the steppe and the forest protected it from the steppe
danger. In addition, it lies on the Dnipro River, where Desna and Pripyat join it. These
are the phenomena that gave Kyiv the greatest power and importance in the whole Kyiv
area” (Danylevych, 1925, pp. 129-130).

Kyiv as an administrative and cultural center arose with the ancient Kyivan Rus
in the IX century, one of the most powerful states of that period, with a highly
developed culture rivaling that of Western medieval Europe. Kyiv, the capital of the
state, was a large city by the standards of the time with a population of 50,000 people.
The city had well-developed craft industries, which produced a variety of highly artistic
pieces. It developed greatly during the heyday of Kyivan Rus and became the most
important waterway at that time. In the second half of the V11 century and the first half
of the X century, Kyiv was the heart of one of the economic exchange regions of
Eastern Europe, which may be regarded as “Khazar-Russian” in contrast to the
“Bulgaro-Russian” region that developed in Northern Rus (Tolochko, 2000, p. 430).

Foreign travelers spoke about the place of Kyiv as a trading center of Eastern
Europe even before Kyivan Rus emerged because they presented Rus as three states
(Kuyavia, Slavia, Artania). Thus, in the early X century, the Arabian geographer
Jaihani wrote that the city “Kuyavia trades with other nations and willingly admits
foreign merchants, including, of course, eastern merchants” (Hrekov, 1951, p. 104).

The cities of Vyshhorod, Khalep, Trepol, Vytachev, Ivan-horod, Chuchyn, and
Pereiaslav became important centers of trade and crafts along the Dnipro’s banks.
Among the imported goods, there were valuable gold and silk fabrics (brocade, velvet,
and wool), while a large volume remained in the cities. They were technically more
advanced and could serve as patterns for local weavers.
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Mykhailo Lytvyn, a Lithuanian diplomat of the mid-XVI century, in his work “On
the Customs of the Tatars, Lithuanians, and Muscovites”, assessed the importance of
Kyiv as the main center of transit trade with the Eastern countries (Kravchenko &
Yakovenko, 1990, pp. 76-77):

“Kyiv is flooded with foreign goods since there is no path that could compete in
any way with this ancient and well-known route, which leads from the Black Sea port,
that is, from the city of Caffa through the Taurida Gate to the Tavan crossing on the
Borysthenes, and from there through the steppes to Kyiv; they carry precious stones,
silk, and golden fabrics from Asia, Persia, India, Arabia, and Syria to the north, to
Moscow, Pskov, Novhorod, Sweden, and Denmark”.

Then Lytvyn continues: “...in the shabby huts of Kyiv ... there appear precious
silks, jewels, sable and other furs and spices in such quantities that | have seen silk
there sometimes cheaper than cloth in Vilno” (Kravchenko & Yakovenko, 1990, p. 7).

P. Musienko, a researcher of Ukrainian artistic textiles, when describing the place
of Kyiv in the XVIII century as a cultural center of weaving craft, noted that the city
attracted masters from different places in Ukraine. Weavers from Sumy, Poltava,
Sloboda area, Volhynia, and Galicia worked in the Kyiv Pechersk Lavra workshop at
different times (Musiienko, 1969, p. 274). M. Selivachov also noted it in the article
called “The place of Kyiv in the development of popular art” (Selivachov, 2001):
“Many masters from the Kyiv region, nearby Left Bank, and other regions were
involved in icon painting, wallpapering, ceramic, and other workshops of the Kyiv
Pechersk Lavra and city craft workshops”. Such a mutual exchange of experience
among artisan weavers favored the nationwide development of textiles in Ukraine and
had a positive backward influence on peripheral textile communities.

Kyiv, being a large cultural, educational, ecclesiastical, and economic center of
Ukraine, emerges in the composite description of Ivan Kyryllov, chief secretary of the
Russian Senate, concluded in 1727 (Melnyk, 1999).

In the XX century, Kyiv still holds the leading position as the administrative and
cultural center of Ukraine, thanks to its status as the capital city. In fact, the capital has
always been a hub for leading scientists, cultural figures, and artists, who far outnumber
other cities in these categories.

Before the Bolshevik revolution of 1917, Ukraine had not a single institution of
higher art education, and the higher qualification training of artistic specialists was
carried out mainly in the Russian Empire, in St. Petersburg and Moscow. These cities
also featured institutions for training arts and crafts specialists: The Saint Petersburg
State Art and Industry Academy, named after Baron A. Stieglitz, and the similar
college in Moscow, founded by Count G. Stroganov. Art schools in Kyiv, Odesa, and
Kharkiv remained under the auspices of the Imperial Academy of Arts, and,
accordingly, trained artists following the traditions of the Russian academic school.
Apart from these colleges, there were several artistic and artisanal schools (Myrhorod,
Kamianets-Podilskyi, Hlynsk) and some private studios in Kyiv, Odesa, and Kharkiv,
which complemented the network of provincial art education (Vrona, 1926). Some

73


https://www.hst-journal.com/

https://www.hst-journal.com Icmopist Hayku | mexHiku, 2022, mom 12, gunyck 1

History of science and technology, 2022, vol. 12, issue 1
Ukrainian artists (M. Burachek, V. Kasian, and B. Kratko) acquired their artistic
education abroad. For instance, M. Burachek — in Krakow, V. Kasian — in Prague, and
B. Kratko — in Munich.

There were no professional textile artists in Kyiv at that time since no public
demand for creative works made in textile techniques existed. In turn, popular art,
including artistic textiles, has developed over the centuries due to the domestic demand
for artistic woven products.

l. Vrona, a contemporary of that period, pointed out the quantitative and
qualitative rise of Ukrainian post-revolutionary art, its sharp deviation from the all-
Russian “flow” towards an independent path, and stressed its great diversity,
complexity, and inconsistency: “the new art of Ukraine combines the most diverse and
numerous trends, directions, and schools; it features opposing tendencies and
influences that collide and struggle”. The scholar continued that after the revolution,
“Ukrainian art if one considers its qualitative and professional level, as well as its
importance as a sum of elements in contemporary Ukrainian cultural life, can be
considered as born anew and lacking traditions (not reborn)” (\VVrona, 1928a).

In the post-revolutionary period (December 1917), the Ukrainian Academy of
Arts was founded based on the decision of the Central Council. Its first professors were
prominent Ukrainian artists: M. Boichuk, M. Burachek, M. Zhuk, V. Krychevskyi,
F. Krychevskyi, A. Manevych, O.Murashko, H. Narbut (Zemlyanaya, 2013;
Melnychuk, 2021; Boichenko, Nykyforov, & Hulei, 2020). In 1922, the Academy was
restructured into the Institute of Plastic Arts, and the teaching staff of the newly created
Institute was replenished with fresh forces (O. Bohomazov, L. Kramarenko, V. Meller,
S. Nalepynska-Boichuk). By that time, the Institute had the following workshops:
graphic arts, easel painting, theatrical and decorative, monumental painting, weaving
and carpets, textile masonry, mosaic, and stained glass. Consequently, there is a reason
to believe that it was at this time that the Kyiv school of artistic textiles was founded
as well. In 1924, the Institute of Plastic Arts merged with the Institute of Architecture
to form the only higher art education institution in Ukraine at that time known as the
Kyiv Institute of Art (Vrona, 1926).

As conceived by the leaders of the Academy at the time, the educational institution
had to follow a new path, that is, to fit art “to the real challenges of life, bringing it
closer to reality and production. Hence, the education of the new Soviet artist must be
scientifically founded, proceeding from the functional definition of artistic specialties
and the study of the processes and techniques of artistic skill and artistic technique of
various kinds, involving the study of technology, the analysis of forms, and elements
of art” (Andriiashko, 2006). The teaching staff was tasked with expanding the range of
vocational profiles, that is, training artists for the needs of industry such as ceramists,
textile workers, timber workers, etc., in addition to the traditional profiles that existed
at the Russian Academy of Arts (architecture, painting, and sculpture). Thus, the
Academy set out to train specialists of the highest qualification in organizational and
creative-synthetic artistic force for all sections of the material or, more precisely,
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spatial-material arts, “to cover all artistic and material culture, the entire thickness of
material life in whatever forms, methods, and materials this culture and life would
manifest and express itself” (Vrona, 1926).

In 1925, a textile subdivision was established in the painting department of the
Academy of Arts. Its teachers and students, inspired by the popular artistic traditions
of the region, continued to look for brand new compositional solutions in their design
works of weaving, carpet weaving, and embroidering. The initiator and founder of the
subdivision was Serhii Kolos, who studied at the Ukrainian Academy of Arts from
1918 to 1922, where his teachers were M. Boichuk, who had previously held art studios
in Italy and Germany (Andriiashko, 2017), and Vasyl Krychevskyi, who had joined the
artistic textiles back in 1913 (Lagutenko, 2019; Gryglewski, Chernyshev, Kashchenko,
Shilo, Ivashko, Dmytrenko, & Ivashko, 2021). In V. Khanenko’s carpet workshops in
Olenivka village, several rugs were designed according to his drafts. These included
the “Circle” rug and the “empire” rug with a basket of flowers (1913), which were
shown at the exhibition of professors during the inauguration of the Ukrainian
Academy of Arts on December 5, 1917 (Ruban-Kravchenko, 2004, p. 232).

Being a student of M. Boichuk and V. Krychevskyi, S. Kolos learned many
precious instructions from his teachers concerning the formal and stylistic creative
foundations of composition structure. As I. Vrona, the rector of the Academy of Arts
at that time, noted, “Boichukism” found its independent and more organic path to
national art than all other trends in contemporary Ukrainian art. Admittedly, it is a way
of manifesting itself in the art of a largely peasant element, but its natural, original, and
socio-artistic values are undoubted. The impact of “Boichukism” is manifested quite
well in painting, graphics, ceramics, sculpture, and textiles” (Vrona, 1928a).

S. Kolos was appointed chairman of the vocational subject commission of this
subdivision and taught the composition discipline and the structure and analysis of
fabrics in the department of weaving and carpet weaving at the same time (\Vrona,
1928b). Professor F. Lohanko, who taught fibrous materials technology, chemical
technology, and dyeing of fibers and fabrics, was among the members of the
commission. In 1927, the subject commission was expanded by M. Rokitskyi, the
teacher of drawing and painting, M. Khurgyn, the teacher of structure and analysis of
fabrics (theory of weaving bindings), and V. Vynohradov, the specialist in the
technology of mechanical weaving looms and technology of fiber materials. In 1928,
B. Zhuk started working in the subdivision, teaching the history of the textile industry
with practical drills (work with the material). The number of students in the subdivision
kept growing every year. So, while there were 11 students in the 1925-1926 academic
year, the next year there were 29 students, and in 1927-1928, there were now 35
students. By October 1, 1928, 43 people were studying in the textile subdivision. The
material base of the training course was improving steadily. Students had the
opportunity to work in the weaving and carpet weaving workshop, textile dyeing, and
printing laboratory.
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In 1928, the Academy formed an Art and Industry Department, which included
textile and woodworking subdivisions. It was initiated by I. VVrona, the rector, who
wanted to bring art closer to everyday life while training specialists in the industry. The
head of the subject commission was B. Kratko, and the secretary was S. Kolos. The
commission also included Professor I. Severa and S. Yanushivskyi. Unfortunately, the
fights that broke out between the teachers and representatives of different artistic
groups led both to the resignation of the Academy management and a change in the
strategy of the educational process. In the early 1930s, easel arts became ideologically
determinant, and as a result, enrollment in the Art and Industry Department was
discontinued. However, artists who graduated from other departments of the Kyiv
Academy of Art kept working in the decorative-applied arts. So, at the end of the 1920s,
the Academy trained two specialists who had engaged in art textiles and who were
among the first who stood at the origins of the Kyiv textile school. In 1927,
D. Shavykin graduated from the department of monumental painting, and in 1928,
O. Saenko was trained as a “painter in decorating buildings” (Vrona, 1928b).
Oleksandr Saenko became involved in creating themed carpets back in the 1920s,
developing a series of sketches: Bleach the canvas (“Bin0umoroTh MmoioTHO” in
Ukrainian), The Cossack and the Girl (“Ko3zak 1 mpiBunna” in Ukrainian), Ukrainian
antiquity (“Ykpainceka ctapoBuHa” in Ukrainian), Meeting of the Cossack (“3yctpiu
ko3aka” in Ukrainian) and others. These works “are distinguished by a clear delineation
of the image, generalization of forms, internal details, and deliberate decorativeness”
(Kara-Vasylieva, & Chehusova, 2005, p. 50).

Since the textile department was subordinate to the painting department, this led
to creative inter-influences, as well as mutual enrichment of the fine and plastic
resources of future artists. Thus, in our view, owing to this mutual influence, the
themed carpets created in the second half of the 1930s tend towards monumental
painting. This was encouraged not only by administrative subordination but also by the
fact that drawing and painting in the textile department were taught by the same
teachers as in the easel and monumental painting departments. It is clear that the
teachers of “Boichukism” (M. Boichuk, S. Nalepynska-Boichuk, S. Kolos,
M. Rokytskyi) had a great influence on the future textile artists.

The cultural and artistic life of Kyiv throughout the 1920-1980s was replete with
multiple art exhibitions, which regularly exhibited the works of popular, traditional,
and professional textiles. The state spared no funds in ordering story-themed tapestries,
ornamental carpets with portraits of statesmen and Soviet symbols, as these works were
ideological, glorifying the Communist Party, “the inspired labor of the Ukrainian
village toilers under the collective framework™ (Zhuk, 1973, p. 49).

The mid-1930s were favorable years to establish Kyiv textile school as during
these years, there was an active construction of recreational centers, palaces of culture,
and clubs decorated inside with artistic works, particularly carpets (Suraganov &
Suraganova, 2021). The government employed gifted artists such as M. Boichuk,
M. Deregus, V. Kasiyan, V. Ovchynnikov, I. Padalka, A. Petrytsky, M. Rokitskyi,
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M. Rokytskyi, D. Shavykin, and others to design the cartons of story-themed carpets.
Actually, all of them had no previous experience with carpet weaving, so they were
unaware of its creative style, which consisted of a conventional interpretation of
pictorial themes, their stylization, the lack of linear and aerial perspective, a limited
color palette, and two-dimensional images (Zhuk, 1973, pp. 41-43). D. Shavykin (a
monumentalist by training) created the most themed carpets, up to ten of them
(Novytska, 1948).

The next stage in the establishment of the Kyiv textile school started with the
creation of experimental popular art workshops at the Directorate of Arts under the
Council of People’s Commissars of the Ukrainian SSR. This was announced at the
meeting of popular art specialists in the spring of 1934 by D. Zatonskyi, People’s
Commissar for Education of the Ukrainian SSR. This meeting was attended by
architect V. Krychevskyi, artists P. lvanchenko, M. Rokitskyi, 1. Padalka,
M. Tsivchynskyi, D. Shavykin, and textile workers S. Kolos, O. Kulyk, T. Flora, and
others. By 1935, a workshop of carpets and tapestries had been started at the school
(Andriiashko, 2017). Masters from the leading carpet manufacturers of Ukraine
(Reshetylivka, Dihtiariv, Skoptsiv, Dobrovelychkivka, and others) were invited to
Kyiv to work on them.

A. Moroz claimed that the School of Masters of Popular Art was restructured into
experimental workshops in 1937 (Moroz, 1982). In fact, the experimental workshops
were restructured into a School of Masters of Popular Art in 1938 (TDAVOVUU, n. d.,
s. 96). Such master carpet weavers as V. Buriak, N. Vovk, M. Gluschenko, P. Ivanets,
M. Kulha, G. Malysh, M. Ponomarenko, M. Schur, and others worked in these
workshops periodically or even moved to the city for permanent residence and creative
work (Zhuk, 1973, p. 43). Throughout the existence of the school and workshops, the
carpets Return from the Field (“IloBeprenns 3 mosst” in Ukrainian) by M. Deregus,
Spring Song (“Becnsina micus” in Ukrainian) by H. Pustovit, Lenin and Children
(“Jlenin 1 mitu” in Ukrainian) by V. Kasian, Voroshilov among Collective Farmers
(“Bopomminos cepen konrocrmauki” in Ukrainian) by M. Rokytskyi, and others were
created (Andriiashko, 2006).

The strengthening of creative relations between professional easel artists and
popular masters was typical for the 1930s. These relations resulted “in the emergence
of principally new phenomena on the substrate of popular decorative art with attributes
of “easelism”, dominated by the individual author’s initiative, not so much naive as
stylistically cultivated...” (Selivachov, 2001).

In 1940 (1938 according to other sources) (Selivachov, 2005, p. 49), the Kyiv
Republican Art and Industry College was created at the School of Masters of Popular
Art. Apart from professional artists, masters of popular art also worked among the
teachers. For example, the carpet weaving teachers were the artist M. Rokytskyi and
the skilled carpet-maker N. Vovk (Butnyk-Siverskyi, 1966, p. 194).

Just after World War 11, the Kyiv Republican Art and Industry College, renamed
into the Kyiv College of Applied Arts in 1949, resumed its activity (Diachenko, 2019).
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Following a long absence, S. Kolos returned to Ukraine and began teaching at the
College (he had previously worked as a textile teacher in Uzbekistan and Leningrad)
(Krutenko, 1989).

In 1963, the Kyiv Republican Art and Industry College was restructured into the
Art and Industry Technical College. The 1960-1990s were marked by the development
of artistic textiles intended for decorating the interiors of public buildings, cafes, and
restaurants. Such works were ordered through the Art Fund of Ukraine, which had its
own creative and production plants. There was a Factory of Monumental and
Decorative Art in Kyiv, affiliated with the “Khudozhnyk” Creative and Production
Association of Kyiv. The works designed by artists were performed in the factory shop,
as well as at Ukrhudozhprom enterprises, mainly at the Reshetylivka Carpet Factory
named after Clara Zetkin. Textile works for interiors were also designed and produced
by the Experimental Workshop of Decorative Fabrics at the Zonal Scientific and
Research Design Institute of Civil Engineering (KyivZNDIIEP).

It’s worth noting that the predecessor of the Experimental Workshop of
Decorative Fabrics at the KyivZNDIIEP established the workshops on artistic textiles
and monumental art at the Research Institute of Architecture of the Academy of
Construction and Architecture at the end of the 1940s. Specialists of the workshops
were engaged in decorating typical new buildings with monumental and decorative
artworks. In 1963, the Academy of Construction and Architecture of the Ukrainian
SSR was abolished (Puchkov, 2021). In the late 1980s, the Research Center of
Monumental and Decorative Art was created out of the creative workshops of
KyivZNDIIEP. It was aimed at designing complex architectural interiors of public
buildings. As in previous decades, the center’s priorities were monumental and
decorative ceramics and artistic textiles.

Summing up, we can assert that the emergence of the Kyiv school of artistic
textiles began as an artistic phenomenon in the 1920-1930s and was finally shaped in
the 1980s. However, it emerged from the richest traditions of popular art, in particular,
weaving, carpet weaving, and woodblock printing on textiles in the Kyiv region of
previous times. Serhii Kolos, a highly educated figure and artist of a wide creative
range, an outstanding art historian, promoter and collector of popular art, author of
articles on Ukrainian decorative-applied arts, in particular, art weaving, familiar with
all artistic currents, can be fairly regarded as the founder of this school.

Ukrainian popular art (wall paintings, embroidery, weaving, carpet weaving,
woodblock printing on textiles, pysanky, etc.), with its pictorial themes serving as a
source of inspiration for the artists, had a great influence on the development of the
school (Kostiukova, 2018; Brovarets, 2021; Melnyk, Kyzymchuk, & Zubkova, 2021).

Any artistic branch or style trend is formed over a long period. Here, time acts as
a selector tracing and selecting the most essential features, the most distinctive
cumulative traits inherent to the artists’ works in a given region. The totality of these
features, signs, and stylistic differences shape the art school that differs from similar
schools in neighboring regions. A preferable (but not mandatory) condition for
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accelerating its shaping is the presence of fundamental principles or systemic tenets.
Lacking these factors, school emergence may be delayed in time because the
spontaneous and uncontrolled process makes it unmanageable.

The typical features of the Kyiv school of artistic textiles are: a) The presence of
a plot theme, the epic breadth of the depicted scene, and the scale in monumental and
decorative textiles (tapestries, panels); b) The stylization of themes, their conventional
interpretation, and two-dimensional images that suggest the absence of perspective and
the illusory representation of three-dimensional forms in decorative (non-figurative)
large tapestries and decorative stage curtains made in various techniques; ¢) The
preservation of established iconographic compositions created by predecessors, but
performed in a new (stylistic and coloristic) interpretation in traditional textiles; d) As
for the industrial textiles, the presence of two trends in the artistic design of fabrics:
The first is associated with the artists’ focusing on the entire spectrum of the world
(primarily European) textile fashion; The second one involves the transformation of
traditional popular graphic themes in fundamentally new compositional developments.

It experienced both rises and crises in the initial period of the establishment of the
Kyiv textile school. The development process was not smooth because of the lack of
clearly outlined style guidelines, as well as due to ideological pressure on artists from
the ruling party, which had usurped all spheres both of material and spiritual life of the
Ukrainian people.

The emergence of large-scale themed carpets fell in the mid-1930s when
ideological Soviet institutions promoted the development of this type of decorative art.
At the beginning of its establishment, the greatest pressure was exerted on the themed
carpets, as its pictorial plots were easier for the representatives of the ideological
censorship to contemplate and interpret. Traditional popular weaving, as much more
indifferent, never faced such a fate, although even this type of textile was imposed with
unusual pictorial themes. For example, portrait images of party leaders, generals,
political figures, and Soviet heraldry emerged in the ornamental carpets, which, as a
rule, did not fit that well into the decorative artwork structure.

As there was no higher educational institution in Kyiv after 1930 (when the textile
department of the Kyiv Academy of Art was closed) that would train specialists in
artistic textiles, such specialists for Ukrainian enterprises, including the Kyiv region,
were trained by the Lviv State Institute of Applied and Decorative Arts (Procop, 2019;
Dyachenko, 2021), as well as the Moscow Textile Institute, the Moscow State
University of Arts and Industry (formerly Stroganov University), the Leningrad
University of Art and Industry named after V. Mukhina, Kaunas State Institute of
Applied and Decorative Art, and the LSSR State Art Institute (Satavigiité-
Nataleviciene, 2021). Many graduates of the Kyiv State Academy of Art (workshop on
the monumental painting) also became involved in creating tapestries, fulfilling orders
at the Kyiv Factory of Monumental and Decorative Art of the Art Fund of Ukraine.
The Kyiv College of Applied Arts, the predecessor of the present Kyiv State Institute
of Decorative Arts and Design named after Mykhailo Boichuk, was also famous for
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training specialists in textiles. Kyiv State Institute of Decorative Arts and Design
named after Mykhailo Boichuk was established in December 1999 based on Kyiv Art
and Industry Technical College. By order of the Ministry of Education and Science of
Ukraine No. 748 as of July 11, 2018, the Institute was renamed into Mykhailo Boichuk
Kyiv State Academy of Decorative Applied Arts and Design.
Kyiv school of artistic textile of 1970-2000s is characterized by the presence of
plot, epicity, scale, and monumentality, which distinguishes it from Lviv or Baltic
schools, where formally-decorative interpretation of themes and associative figurative
thinking prevails. The school had these features since the vast majority of artists who
were creating for public institutions, enterprises, and other organizations were devoted
to monumental and decorative art. In addition to tapestry, they worked with other
materials and techniques, in particular, mosaics (flat, relief, and three-dimensional),
ceramics, stained glass, and wall paintings.
The early 1990s were marked by the USSR’s collapse and Ukraine’s
independence. Due to the change in the ideological system, the CPSU lost control over
all spheres of public life. Art, as a kind of ideology, was not given as much importance
as before, so state orders for artistic works became a rarity. Consequently, the number
of artistic textile works to decorate interiors has sharply decreased. In fact, the
monumental and decorative art workshop within the “Khudozhnyk™ Creative and
Production Association, which had been fulfilling orders for tapestries, curtains,
panels, etc., ceased operating. The textile artists produced pieces mainly for
exhibitions, hoping for possible sale to private individuals. The freedom of artistic
creativity and the absence of ideological censorship encouraged the artists to creative
pursuits in a variety of styles. Designer textiles urged for experimenting, applying new
materials, and combining different technical methods (Kostiukova, 2014; Cherniavskyi
& Us, 2020; Lukovska, & Kara-Vasylieva, 2022).
Analysis of the above data allows us to make the following periodization and
argue that as an educational institution, the Kyiv school of artistic textiles was shaped
by the following stages:
1. Art and Industry College (1920-1921); Art and Industry Technical College
(1922); Art and Industry Vocational College No. 1 (1922-1930)

2. Kyiv Institute of Plastic Arts (1922-1924);

3. Textile Subdivision of the Painting Department of the Kyiv Academy of Art
(1925-1930);

4. Experimental popular art workshops at the Directorate of Arts under the

Council of People’s Commissars of the Ukrainian SSR (1935-1938);

School of Masters of Popular Art (1938-1940);

Kyiv Republican Art and Industry College (1940-1948);

Kyiv College of Applied Arts (1949-1963);

Kyiv Art and Industry Technical College (1963-1999);

Kyiv State Institute of Decorative Arts and Design named after Mykhailo
Boichuk (1999-2018)

©oo~N»O;
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10. Mykhailo Boichuk Kyiv State Academy of Decorative Applied Arts and
Design (2018 — until now).

Conclusion.

More than anywhere else, administrative, cultural, and domestic facilities of
various subordination were built and reconstructed in Kyiv. In fact, their interiors had
to be decorated. Textile works were widely involved in such works. Since the 1930s,
pieces of fine art, in particular, themed carpets, were an instrument of ideological
propaganda of the ruling party, hence there was a state order for their production. The
need for specialists in textiles led to the establishment of the School of Masters of
Popular Art in 1938, which has repeatedly changed its name and subordination, and
until today was transformed into a higher educational institution known as Mykhailo
Boichuk Kyiv State Academy of Decorative Applied Arts and Design.

During the 1930-1980s, there was a process of improving formal and
compositional, figurative and plastic techniques, which endowed Kyiv artistic textiles
with distinctive style features (tapestries, weaving, carpet weaving, batik, and factory
fabrics).

The traditional weaving of the Kyiv region developed from popular crafts
communities, which originated earlier in Bohuslav, Pereiaslav-Khmelnytskyi, and
Ivankiv regions. The creative and production base of the Art Fund, KyivZNIIEP, and
Ukrhudozhprom allowed for making woven pieces of different sizes and techniques.
All these components contributed to the emergence of the Kyiv school of artistic
textiles, a distinctive artistic phenomenon in Ukraine.
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Bacuabs AHapisinko
KuiBchka neprkaBHa akajeMis 1EKOPaTUBHO-TIPUKIAIHOTO MUCTEITBA 1 AU3aiHy IMEHI
Muxaiinia boituyka, Ykpaina

MukoJga binuk
KwuiBchka neprkaBHa akageMist IEKOPaTUBHO-TIPUKIIATHOTO MUCTEITRA 1 AU3aiHy IMEHI
Muxaiina boituyka, Ykpaina

Banentuna KocTiokoBa
KuiBcbka fgeprkaBHa akaaeMis IeKOPaTUBHO-TIPUKIIAIHOTO MUCTEIITBA 1 TU3aiHYy IMEH1
Muxaiina boituyka, Ykpaina

CraHoBJIeHHS Ta po3BUTOK KHIBCbKOI IIKOJIH Xy/I05KHbOT0 TEKCTUJIIO
y XX croJirri

Anomauyin. Y cmammi KOMNIEKCHO pO32AAHYMO  €GOJIOYIUHUL  npoyec
G opmyeanHs, CMaHoBNeHHs: Ma PO3BUMKY KUIBCLKOI WKOIU XYOOHCHbO2O MEKCIMUIIO.
Ilokazano ponv pi3HUX YUHHUKIE (I0€0]I02IYHUX, NOJITMUYHUX, eKOHOMIYHUX,
ecmemuyHux), wo 6enaueanu Ha yet npoyec. Ilcmopuko-paxmonoziunuti memoo
003601U8 Y XPOHOJNO2IUHIU NOCTIO0BHOCMI  OOCHIOUMU  COYIANbHO -eKOHOMIYHI,
ICMOPUKO-KYIbMYPHI YUHHUKU, AKI CHPUSIU BUHUKHEHHIO, (POPMYBAHHIO MA PO3GUMKY
KUiBCbKOI meKcmuibHoi wKoau. Memoo nopisHAHHS 3aCcmMoCOBaAHO NPU AHANIZI MEOPIE8
AK  OKpeMux KUiBCbKUX XVYOOMICHUKIG-MEKCMUIbHUKIG, MmMAaK [ Npu  GUBUEHHI
BIOMIHHOCMEl THWUX WK1 Bcmanosneno, wo camuii ghakm nossu KuisCbKoi wKou
XYO0HCHBO20 MEKCMUTIO, K CRIIbHOCI CMUTII0, EOHOCMI POPMOBUPANHCATILHUX 3ACA0,
30epedcenHsi U NPOO0BIHCEHH MPpAOUYiti, Mae 00 €KMUHI nepeoymMosuU, OCKLIbKU
VKpaincbke OeKopamugHe mMKAYymeo, CKIA008010 YACMUHOIO 5KO20 € MKAYME0
Kuiswunu, ycnaokyeano bacami xyoooscHi mpaouyii, sKi cmeoprosaiuct GiKkamu i
Hausckpagiute sussuau cebe 6 mucmeymsi Kuiscoroi Pyci. [lokazano poav Kuesa sk
3HAYHO20 AOMIHICMPAMUBHO20 | KYIbMYPHO20 yeHmpy Ykpainu y gopmysanni ma
PO36UMKY mekcmunbHoi wkoau. Came 3a80aKu cmamycy CMOIUYHO20 MICma mym
CKOHYEHmMpPYBAIUC NOMYMICHI mucmeyvki cuau, axi npomseom 1920-1990-x pp.
CMBOpUNU YUl pio0 BUOAMHUX MEKCMUIbHUX MBOPI68 PI3H020 NPUSHAUEHHS.
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Cmumynowuy poav Y Gopmysanni wKoau 3iepaia  i0eonocis Npasisayoi
Komynicmuuynoi: napmii  Paosincokoeo Cow3y, sKka 051 8020 B038EIUYECHHS
BUKOPUCMOBYBANA MEOPU MUCNEYMBA, 3aMOGIAIOUU X CMEOPeHHS. AHANi3 OaHux,
0038018 3p0bUmMU nepiodizayilo emanie CMEOPeHHs. Mma PO38UMKY KUIBCbKOI WKOIU
XYOOHCHb020 MEKCMUNIO, SIK HABYANbHOI IHCmumyyii. XapakmepHumu O03HaAKamu
KUIBCLKOI MeKCMUIbHOT WKoIU Ha pi3Hux emanax it pozeumxy 6 1920-1990-x pp. €. a)
Y MOHYMEHMAIbHO-0EKOPAMUBHOMY MEKCMUNL — HAABHICMb CIOHCEMHO20 MOMUBY,
eniyna wupoma 300panicy8amHo2o, MACWMAOHICMb, MOHYMEHMAlbHicCmb, 0) y
oexopamusHux (He picypamuenux) 2o00eieHax 3HAYHUX PO3MIpI6, O0eKOpaMmuUGHUX
3agicax OJisl CYeHU, BUKOHAHUX ) PISHUX MEXHIKAX — CMUni3ayis MOmueie, ix yMogHe
MPAKmy8aHHs, 0808UMIPHICMb 300padiCceHHsl, Wo nepeddayac He auuie 8i0CYmHICMb
nepcnekmusi, a U Lio30pHoi nepedadi 06 emuux ghopm, 2) y mpaouyitHomy mexkcmuii
— 30epedceHHs NPUHYUNI8 nody008U YCMALEHUX IKOHOZPADIUHUX cXeM KOMNO3UYill,
CMBOPEHUX NONepPeOHUKAMU, ale BUKOHAHUX ) HOBIU (CMUIbo8iti ma KOJOPUCTMUYHIL)
inmepnpemayii; 0) y NPOMUCIOBOMY MEKCMUNL — HASABHICMb 080X HANPAMKIE Y
XYOO0HCHbOMY OOPMIIEHHI MKAHUH. NEPUIUL NO8 A3AHULL 3 OPIEHMAYIEI0 XYOOHNCHUKIB
HA 8eCb CHEeKMp HANPSMKIE C8ImMOB0I (nepedycim €8pOneucbKoi) meKCmuilbHOI MOOU,
opyaull — 3 MpaHc@oOpmayicio MpaouyitiHux HaApPOOHUX 300pPANCANLHUX MOMUBIE Y
SAKICHO HOBI KOMNO3UYILHI pO3POOKU.
Knrwuoesi cnosa: Ykpaina;, mexcmuiib, HAYKO8I WKOIU, ICMOPIs; nepioousayis
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History of military laser technology development in military applications

Abstract. The aim of this research is to study the development as well as the known
cases of military applications of laser technologies — from the first lasers employed in
auxiliary systems to modern complex independent laser systems. For better
understanding and systematization of knowledge about development of historical
applications in the military field, an analysis of publicly known knowledge about their
historical applications in the leading world countries was conducted. The study focuses
on development that was carried out by the superpowers of the Cold War and the
present era, namely the United States, the Soviet Union and the Peoples Republic of
China, and were built in metal. Multiple avenues of various applications of laser
technology in military applications were studied, namely: military laser rangefinders;
ground and aviation target designators; precision ammunition guidance systems; non-
lethal anti-personnel systems; systems, designed to disable optoelectronics of military
vehicles; as well as strategic and tactical anti-air and missile defense systems. To
summarize and compare the results, an analysis of a number of previous works was
considered, which considered the historical development, prospects and problems of
the laser weaponry development. The issues of ethical use of laser weapons and the
risks of their use in armed conflicts, which led to an international consensus in the form
of conventions of the United Nations and the International Committee of the Red Cross,
were also considered. As a result of the analysis, a systematic approach to the
classification of applications of laser technology in military products by three main
areas of development was proposed: ancillary applications, non-lethal direct action
on the human body and optical devices of military equipment, and anti-aircraft and
anti-missile defensive systems. Due to the constant comprehensive modernization of
laser technology systems in use, it was decided not to use the periodic classification
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model, but to indicate important and key events that indicated the main directions of
further developmental work. However, it is important to note that the main focus of
historical development of laser weapons depended not only on the technological
limitations of the time, but also on the military-geopolitical situation in the world.
Keywords: laser weaponry; laser rangefinders; target designators; non-lethal
laser weapons; anti-ballistic missile laser weaponry; historical review

Introduction.

The first mentions of focused light usage as a weapon can be traced back to
Hippocrates (not to be confused with the Hippocrates the Physician), the Greek
commander of the Syracusan forces in 212 BC. According to ancient documents, his
troops set fire to the sails of the Roman fleet, focusing sunlight with copper mirrors —
a system proposed by Archimedes, the world-famous mathematician and inventor
(Olson, 2012). Weapon systems that worked on principles, close to those of lasers, such
as “beam guns” have long been one of the staples of science fiction authors, gathering
the attention of people around the world. Various concepts of “death rays” appeared in
fiction more than a hundred years ago in Wells' 1897 novel “The War of the Worlds”,
later appearing in A. F.Ossendovsky's “Brig Horror” (1913), as “death rays” in
Dominic's “Rays of Death” novel (1921), as “purple rays” in “Erendorf Island” by
V. P. Kataev (1924), in the story of Bulgakov's “Fatal Eggs” (1924) in the form of “red
ray of life”, in O. M. Tolstoy's “Hyperboloid of Engineer Garin” (1926-1927) and
others. It should be noted that in all these literary works, directed heat or light rays
played an extremely negative role in the development of mankind and civilization. This
view has advanced along the path of modern research and discovery in the field of
science and technology: laser weapons in the world were developed as weapons of
mass destruction of the future wars. In the Soviet press, they were dubbed “the devil's
rays”. However, in the A. F. Paley “Golfstrom” (1927), an “orange ray” was shown as
a “miracle of Soviet science”, although no practical work in this area was carried out
in the USSR.

The first practical steps towards the creation of lasers were made by Albert
Einstein in 1916 (Hecht, 2010), with subsequent breakthroughs in the interwar period.
The first working laser with a ruby active element was developed in 1957 by Professors
Gould and Towns, with the start of their production in the 1960s (Hecht, 2009). They
also approved the definition of “LASER” — light amplification by stimulated emission
of radiation or “amplification of light by stimulated (forced) radiation”. Just a few years
later, in 1964, the first yttrium—aluminum grenade lasers were developed. At the same
time, the end of process of development of the first laser designs coincided with the
beginning of drastic changes in the vision of the future of armed conflict (Hecht, 2010).

With the development of real laser designs, science fiction has caught on this
direction of development, constantly showing laser weapons as the basis of all weapons
systems in future intergalactic wars. Thus, in the world-famous Star Wars movies,
battles between spaceships take place with the help of “turbolasers”, imperial
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stormtroopers fight with the Jedi with the help of “laser guns”; the concept of which is
also found in the “Warhammer 40,000 world as well as other science fiction universes.
Of course, humanity is still far from developing working “laser rifles”. However, with
the constant progress in the laser development over the past 60 years, laser weapons
are slowly becoming a reality.

Research methodology and it’s description. Theoretical basis of the study.

In the early years of the “Cold War”, the vast majority of studies on the use of
lasers as weapons were extremely classified, so much so that it is quite difficult to
assess the direction of theoretical work of that era even today; most reliable sources
come from in the forms of unofficial stories and memoirs, published by the scientists.
However, this trend began to decline in the second half of the 1970s, and short articles
on the use of lasers for military purposes, such as the enrichment of military plutonium-
238, began to appear in publications such as Nature (Dickson, 1981). Another article
in Scientific American (Tsipis, 1981) described the possibility of using gas-discharge
lasers to intercept missiles from space. These and other works were directly related to
the US Strategic Defense Initiative program (SDI), which aimed to develop both laser
weapons as well as other means to destroy the relative military-technological parity
between the United States and the Soviet Union. Nevertheless, most of the available
theoretical and practical principles on the use of laser radiation as a weapon were
written after the SDI program and the Cold War itself, focusing on the development of
the concepts about the usage of the laser weapons in their modern form, as well as
specific issues, inherent to laser technological applications (Horowitz, 2014).

For example, in April 1997, the US Air Force Secretary, Mr. Widnall, said: “/t
isn’t very often an innovation comes along that revolutionizes our operational
concepts, tactics and strategies. You can probably name them on one hand - the atomic
bomb, the satellite, the jet engine, stealth, and the microchip. It’s possible the airborne
laser is in this league ” (Perram, Marciniak, & Goda, 2004).

Modern theoretical research examines possible principal laser schemes for
individual applications (Zejin, Weigiang, Kai, & Xiaojun, 2021; Yun, Song, & Pei,
2020; Cunha, Giacomelli, Kaufman, Brajer, & Pereira, 2021), while current studies
such as Nature (Extance, 2015) and the work of Danson, et al. (2021) analyze problems,
inherent to the long-distance usage of lasers.

Nevertheless, by reviewing the practical applications of lasers on military
equipment of the past, as well as test data of various prototypes of laser weapons, it is
possible to acquire a general picture of the main efforts on the technological
development of laser weaponry (Lazov, Teirumnieks, & Ghalot, 2021; Ji, Zong, &
Yang, 2020). Such an analysis can provide us an opportunity to find and understand
various principles of interaction between scientific progress and its integration into
military affairs (Jianli et al., 2022; Zhihe, Jiangiu, & Jinbao, 2021; Kombarov, Sorokin,
Tsegelnyk, Plankovskyy, Aksonov, & Fojtt, 2021; Strelko, Pylypchuk, Berdnychenko,
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Hurinchuk, Korobchenko, & Martyian, 2019; Babyak, Neduzha, & Kersys, 2020; Tao,
& Feng, 2020; Romanova et al., 2021; Bernatskyi & Khaskin, 2021).

The purpose of this work is to identify the principles of interaction of scientific
progress and its integration into military affairs over time through a multifaceted
analysis of the practical military applications of laser technology in the world. This
analysis will be divided into several categories, each of which will focus on the
chronology of a particular area of usage of the laser technology in military equipment.

Auxiliary uses of laser technology in military applications.

The first practical uses of laser technology in the military were ancillary
applications such as laser rangefinders, as well as guidance and targeting systems for
guided munitions.

The first laser rangefinders appeared in the Soviet Union between 1963 and 1964,
developed by specialists of the Vavilov’s Institute of Optics located in Leningrad,
USSR (Molebny, McManamon, Steinvall, Kobayashi, & Chen, 2016). However, the
first practical application of this technology is attributed to Sweden and Great Britain,
which between 1968 and 1970 created several models of laser rangefinders and
installed them on armored vehicles. In both cases, the rangefinders were based on a
solid-state laser with a ruby active medium, which allowed them to accurately measure
the range (Danson, et al., 2021). Of the earliest rangefinders, the British Barr and
Stroud LRF (1969) should be singled out as the first documented laser rangefinder, that
was installed onto armored vehicles as the part of their production process (Barr, 1999,
p. 257).

In the 1970s, laser rangefinders became the norm for large armored vehicles such
as tanks, completely replacing stadiometric as well as other forms of optical
rangefinders. Each country-manufacturer of military equipment has created its own
types of such laser devices, mainly based on solid-state lasers with different active
media. In the case of the Soviet Union, these were the 1G42, 1G46 and 1G46M
gunner's sights. All three systems use solid-state lasers based on quartz active medium;
however, modern Ukrainian developments based on these sights explore the possibility
of replacing such obsolete systems with diode lasers.

At the same time, lasers began to be used to “paint” targets of various munitions
dropped from aircraft. The first laser-equipped targeting pod for the aircraft, the
AN/AVQ-10 (Fig. 1), was adopted in 1969 as a part of the “Pave Knife” laser targeting
pod bomb system, later being adapted for targeting of various air-to-ground missiles
(van Geffen, 2020). The advent of these technologies has revolutionized the tactics of
using aviation in the field, as such laser-guided munitions dramatically reduce the
required amount of munitions to destroy the designated target, while also allowing such
weapons to achieve consistency, accuracy and cost-effectiveness that was impossible
to receive when using conventional weapons. NATO forces have used such munitions
during the wars in the Middle East and former Yugoslavia, resulting in a general
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increase in accuracy, as well as a relative reduction of collateral damage to civilian
structures (Flemming, Flower, Huantes, & Kennedy, 2017).

Figure 1. AN/AVQ-10 laser targeting pod “Pave Knife” (Bell, 1984, p. 34.)

Soviet developments in this area led to the development of the “Klen-PS”
targeting system in 1975, which is still heavily used on close-support aircraft of the
post-Soviet states (Rakhmanov, Paltsev, Kibovskiy, & Devisilov, 2014). It should be
noted that in contrast to solid-state lasers used in Western designs, the Soviet guidance
systems used a semiconductor heterolaser - a rarely used type of laser technology due
to its limitations and specifics. Special lasers for aiming and tracking targets are still
used today as parts of modern targeting pods such as Litening I, LANTIRN (Fig. 2)
and ATLIS Il, which use different kinds of lasers - from solid-state to diode lasers,
while the most modern systems (such as Sniper ATP) use multimode lasers with
different wavelengths to improve their guidance capabilities (Gaitanakis, Vlastaras,
Vassos, Limnaios, & Zikidis, 2019).
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Figure 2. LANTIRN targeting pod, equipped with a laser (Lockheed Martin, n. d.).

Over time, the lasers used as means of guidance for guided ammunition became
small enough to make their usage on the ground feasible. When the reduction in the
size of both laser guidance and receiving systems allowed for their use in ground
weapons, laser guidance of ground anti-tank guided missiles (or ATGMs) has become
one of the most widespread areas of the laser technology usage in weaponry. The
pioneers in this field are considered to be the Soviet guidance systems for “Kobra”,
“Agona” and “Refleks” gun-launched anti-tank guided missiles (GLATGM’s), which
were implemented in 1976 T-64B tank, and began to be widely used in all Soviet tanks
of the 1980s. This guidance principle has since been widely used in anti-tank weapons
and is still used for such anti-tank systems as the Ukrainian “Kombat” (Zaloga, 2011,
p. 42). As an example, the Ukrainian-made 1G46M “Promin’” tank sight provides the
capability for guidance of “Kombat” gun-launched anti-tank guided missiles (Fig. 3).

With the development of laser technology, laser target designators have become
compact enough to be used by individual people. Although the first individual guidance
systems were extremely cumbersome, the further development of laser technology has
allowed for the development of lasers target designators of sizes, sufficient for
comfortable use (Lamb, 2018). The first of such laser units was the AN/PEQ-1
SOFLAM, developed in 1996, using a solid-state Nd:YAG laser (Fig. 4). It saw
widespread use by US Army special forces in Irag, Afghanistan, later seeing service
with other countries (Rahmani, 2018; Pushies, 2003, pp. 98-99; Neville, 2016, p. 28).
Today, laser “pointers” (the moniker for personal laser aiming devices) have become
compact enough to be mounted directly on the assault rifles and machineguns of
regular army soldiers (Dyer, Smith, & McClure, 1995, p. 4; Gardony & Horner, 2020;
Celik, 2020) — from the US “AN/PEQ-15” (Jevti¢, 2020) to the russian “Perst-4”.
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Figure 3. General view of the “Kombat” GLATGM with it’s laser guidance system
installed (Ukroboronservice, 2018).

Figure 4. Generl view of an AN/PEQ-1C SOFLAM (Shepherd, 2007).
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Non-lethal direct application of lasers on the battlefield.

One of the first laser systems designed for direct use in combat operations as an
independent combat unit was the Soviet 1K17 “Szhatie” (Fig. 5) complex, developed
in 1982-1992 — a laser system designed to counter optoelectronic spotting devices of
enemy vehicles. Structurally, the laser complex represented a powerful solid-state
laser, with the active medium used being a 30 kg artificial ruby crystal.

Figure 5. 1K17 “Szhatie’; compléx, Mllltry Tenc Museum, Ianovskoye
(Halak, 2013).

The 1K17 complex was designed to suppress electron-optical surveillance
systems and fire control systems of armored vehicles in harsh climatic and operational
conditions. In 1992, the complex was adopted, but only a few were made, as the price
of vehicles equipped with 30-kilogram rubies was simply unaffordable for post-Soviet
Russia. Additionally, the laser required a lot of energy to work. To power it, a powerful
generator, powered by an autonomous auxiliary power plant was installed, which led
to the size of the laser system exceeding the dimensions of the main battle tanks of the
period (Rakhmanov, Paltsev, Kibovskiy, & Devisilov, 2014).

In military analytical circles, the People’s Republic of China is widely known as
being one of the first countries to create and use portable laser systems to blind
personnel and disable sensitive electro-optical sensors of vehicles. In 1987 and
subsequently, in 1995, Norinco showcased the ZM-87 Portable Laser Disturber at arms

shows in the United Arab Emirates and later, the Philippines (Roblin, 2018). The
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15 MW neodymium solid-state laser that is able to discharge five laser pulses every
second, has been specifically designed to be able to inflict permanent eye damage to
human eyes at a range of three to five kilometers, along with an additional ability to
inflict temporary blindness to a range of up to 10 km. However, due to changes in the
international law, only up to 30 weapons have been produced, with their sporadic
public appearances until the early 2000s.

Continuation of the development of such technologies in the PRC is represented
by the development of a series of laser “dazzlers” — laser systems designed to disable
enemy optics and radars, where temporary blindness is only perceived as a side effect,
leading to its use to disperse mass gatherings. Thus, the more modern WJG-2002 emits
a green laser, which is more harmful to eyesight than the lasers emitting the red spectre.
Emitting the laser emission three times per second, the system is reported to be able to
cause temporary dizziness and blindness. Manufactured using nylon injection molding
technology, WJG-2002 (Fig. 6) has a range of only fifty meters, its built-in battery
being able to sustain twenty minutes of continuous emission (Roblin, 2018).

¥ . —
Figure 6. General view of WJG-2002 laser dazzler. (Nathaniel, 2015).
Personnel Halting and Stimulation Response (PHaSR) is a rifle-sized laser
weapon system (Fig. 7), developed in 2003-2006 for use in the US military and law
enforcement agencies by ScorpWorks, a research contractor in the Laser Division of
the Laboratory's Directed Energy Department. U.S. Air Force Air Force Research in
Kirtland, New Mexico (Sirak, 2005). This system used two diode lasers that emit in
the non-lethal part of the wavelength spectrum: one in the visible wavelength in the
green part of the spectrum and one with the wavelength in the infrared part of the
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spectrum. The laser light generated by this weapon, temporarily blinds them and
reducing their ability to effectively resist (Davison, 2009).
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Figure 7. Personnel halting and stlmulatlon response dual- Iaser weapon (Kumar &

Dixit, 2019).

Usage of the laser technology in air-defense and missile defense systems:

One of the most important tasks, that laser weapon development aimed to achieve
Is to protect against missile attacks, caused by the continuous development and
improvement of missile technology. The development of high-power laser emitters has
opened up new opportunities for combating certain types of missiles, as effective
countermeasures against them became problematic to develop using traditional air
defense and anti-missile principles.

The USSR was the first country to achieve significant results in this area of
research (Shelyagin et al., 2021). The first work in this direction was carried out at the
Terra-3 facility, built-in Kazakhstan in 1966-1968. 19 solid-state ruby lasers, one gas
photodissociation and one fiber (3D-01) liquid oxygen laser were created at the site.
(Demin, 2010) Many works were carried out on the site, such as:

ea pulse laser with a power of radiation equal to 300 kJ was developed,

othe experimental laser locator LE-1 (Fig. 8) was developed and tested;

ean electro-ionization CO; laser with 500 kW power capacity was developed and
built;

e“explosive” lasers with a pulse power of up to 1 MJ were developed.

The creation of laser weapons, capable of missile defense while covering strategic
importance objects from a possible attack by various weapons, including
intercontinental ballistic missiles with nuclear warheads was the main goal of the
“Terra-3” program (Zemskov, 2012). The task was not completed successfully, as even
the construction of the prototype laser point defense system could not be completed.
For this reason, in 1978, further research works at the “Terra-3” facility were suspended
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(Demin, 2010). However, research and development, carried out in the “Terra-3”
complex significantly advanced soviet science and technology on subjects, related to
the program. A significant part of the developments on “Terra-3” subsequently found
application in other laser system projects of various purposes.

Figure 8. TG-1 telescope of the LE-1 laser locator, built for the “Terra-3” complex,
Sary-Shagan test site (Zarubin & Pol’skikh, 2011).

One such application was a complex of studies, carried out aboard the “1A” flying
laboratory (also known as A-60) (Fig. 9), built by the G. M. Beriev Design Bureau in
early 1977. Onboard this aircraft, a laser system, designed to study the specifics of laser
beams propagation in the upper atmosphere, was installed. According to available
information, the research in this direction was carried out in broad cooperation of
various design bureaus with enterprises and scientific organizations throughout the
USSR, the main of which was Central Marine Design Bureau “Almaz”, at the time
headed by B. V. Bunkin. The IL-76MD plane, chosen as the base aircraft for the
creation of the A-60 flying laboratory, underwent significant changes that altered its
appearance. Two generators with a summary power capacity of 2.1 MW were installed
onboard the aircraft, but unfortunately, the only additional information available about
the laser system is that it utilized a CO; laser (Apollonov, 2016).

98


https://www.hst-journal.com/

https://www.hst-journal.com Icmopis Hayku i mexniku, 2022, mom 12, sunyck 1
History of science and technology, 2022, vol. 12, issue 1

R

Figu re 9 BerleV A-60 1A flying Iaboratory,wl*é\éOSM (Cé‘n\c-iotti, 2016) a

It is known that during the 1984 tests, a series of test fires against air targets
ranging from balloons to old La-17 fighters was carried out (Apollonov, 2016).
However, according to some reports, the “1A” flying laboratory has burnt down in
1986, while its descendant, the “1A2” flying laboratory, has been used as a transport
aircraft for a long period of time; although it is now known that in 2012-2016 the
aircraft was refitted with a new set of lasers, with further work in this direction being
carried out under the leadership of prof. Stepanov. The possibility of using airborne
laser systems to disable satellites is also being considered.

The next project (Pascallon & Dossé, 2012) of Soviet scientists was the creation
of 17F19DM “Skif-DM” (Fig. 10) — a truly gigantic space-based CO; laser, created in
response to a statement by the US Air Force on the planned deployment of nuclear
weapons in space (Sonnichsen & Lambach, 2020). Contrary to popular belief at the
time, the statement, despite being a part of a purely hypothetical proposal, was
purposefully created to misinform the Soviet leadership for the purposes of facilitating
wasteful spending of the Soviet defense budget. According to the designers
(Merzhanov, 2016), the incredibly heavy 80-ton module designed by “Salyut” was not
able to be launched into space for political reasons, while its design solutions that allow
the laser to be stable and efficient in space still impress the minds of engineers with
their complexity.
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Figure 10. 17F19DM “Skif-DM” (Ignatiev, 2007).

Very little is known about the time-equivalent American analogue of the A-60,
the Boeing flying laboratory, based on the Boeing NKC-135A: it was used to study the
possible application of airborne use of lasers during the Cold War, utilizing a CO> laser
with a wavelength of 10.6 um in a series of undisclosed tests (Rogers, 2001).

Much more is known about its descendant — Boeing YAL-1 flying laboratory
(Fig. 11), which was revealed to the public in 2003, although its development is told to
have begun in 1996. Initially, the laser installation on board of the aircraft consisted of
six chemical oxygen-iodine lasers (Fig. 12) with a wavelength of 1.315 pm and a power
of up to 1 MW. From 2007 to 2010, a series of successful missile interception tests
were conducted, after which it was announced that the tests of this system had been
successfully completed (Ganeev, 2014). However, in 2010, due to the reduction of the
departmental budget, the project was stopped. The aircraft was finally dismantled in
2014.
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Figure 11. Boeing YAL-1 focusing unit (Rubial & Berges, 2012).

An indirect descendant of these developments is the AN/SEQ-3 LaWS: a solid-
state laser (Fig. 13) with a 30-150 kW variable power, emitting in the infrared
spectrum, designed to combat unmanned aerial vehicles and small ships such as Somali
pirate boats. This system was installed on the US Navy destroyer USS Ponce in 2014
(Strecker, 2018; Hecht, 2018), where it tested positive during the annual test, remaining
installed on the ship until its departure from the Navy registers in 2018. The 150 kW
weapon was installed onboard USS PORTLAND (LPD 27) in 2019 and has
successfully disabled a UAV during an at-sea test in 2020 (Hood, 2021, p. 38).

Perspectives of the usage of laser weapons in such applications are confirmed by
the fact that the US Army plans to test laser-only systems in the lower levels of the air
defense network with the introduction of DE M-SHORAD systems (Fig. 14), equipped
with high-energy (HEL) laser with emission power of up to 50 kW (Feickert, 2018,
p. 12), for experimental use in the US Army in the latter half of 2022 (Obering, 2019).
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Figure 12. Maintenance of the laser complex mounted abroad the Boeing YAL-1
flying laboratory (Scannell, 2007).
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Figure 13. AN/SEQ-3 LaWSs aboard USS Ponce (Zabunov & Mardiro

o |
ssian, 2020).

The Ethics of laser weaponry usage.
The use of laser weapons raises many questions not only among scientists, but

also in international legal entities, because, according to theoretical estimates, gathered
from data about the conflict in Afghanistan (1979-1989), as well as the first Gulf War
(1991), widespread use of laser weapons would result in 25 to 50 percent of all human
casualties being blinded (Stylianou & Talias, 2014). On the one hand, blindness is
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considered a “lesser evil” compared to death, however, such permanent trauma changes
a person's life forever, severely hampering its capabilities and freedoms.

i | 4”" {‘.{, &?&Lga"'l b " o (O UE S }
Figure 14, Raytheon DE M-SHORAD air-defense system on trials (Smts 2021).

The unconfirmed rumors about the usage of experimental laser weapons by the
British Navy during the 1982 Falklands conflict (McCall Jr, 1997; Lazov, Kondratieva,
& Dolchinkov, 2019), as well as breakthroughs in laser weapons technology, have led
to a number of UN conventions on conventional weapons being held in 1985 and 1995
(Doswald-Beck, 1996). The effectiveness of these resolutions was surprising, as the
adoption of these conventions stopped the development and production of several
models of laser weapons, the most striking example of which was the Chinese ZM-87,
stopping its production entirely, as well as tightening standards for legally acceptable
laser weaponry. These moves shifted further developments in this type of weaponry to
systems that only temporarily blind enemies, while some other systems were redefined,
finding a new application against unmanned aerial vehicles and anti-tank missiles.

Discussion.

In general, all reviews positively consider the prospects for the use of laser
weaponry. The Perram, Marciniak, Goda (2004) review stated: “High energy laser
(HEL) weapons are ready for some of today’s most challenging military applications.
For example, the Airborne Laser (ABL) program is designed to defend against Theater
Ballistic Missiles in a tactical war scenario. Similarly, the Tactical High Energy Laser
(THEL) program is currently testing a laser to defend against rockets and other
tactical weapons. The Space Based Laser (SBL), Advanced Tactical Laser (ATL) and
Large Aircraft Infrared Countermeasures (LAIRCM) programs promise even greater
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applications for laser weapons.” The view of this review is supported by the more
recent work of Ahmed, Mohsin and Zubar Ali (2021), who believes that: “Laser
weapons have many advantages over traditional weapons. First, the transmission at
the speed of light allows laser-based weapons to engage distant targets immediately
after detection. Second, the directed laser energy provides less collateral damage and
low-profile and covert operations capabilities... Today many types of lasers are
available having different power ranges, wavelengths, operating efficacies, spectral
bandwidths, and other features. The increase in the maturity of compact optical and
laser devices have improved their abilities for military purposes. Consequently, laser
technologies have changed the paradigm of modern warfare, by serving in diverse
roles, such as indicators & target designators, sensing devices, data relays, active
lighting, rangefinders, weather regulators, and directed energy weapons”. However,
judging by the experience of recent research, such as the closure of the YAL-1
program, as well as publicly known recent developments, we can say that these
estimates were quite optimistic. This can be attributed to many economic and scientific
factors, as well as shifting the focus of work towards the use of laser weapons from
strategic to more operational and tactical goals. It is also necessary to mention a large
number of problems in the development and production of lasers that need to be
addressed, as well as the problems of cooperation between civil and military industries.
This is the need for deep cooperation between the civilian and military development
process in the Brazilian work by Roso, Moreira and Oliveira, (2014), which stated:
“...according to the evidence of operational applications with laser weapons systems
in many conflict situations, a new age in military and civilian cooperation is
possible...”. Hecht (2009) wrote about these same issues: “Big challenges remain in
making high-energy lasers that can fire reliably on the battlefield, with key issues
including keeping the optics clean, avoiding optical damage, building durable cooling
systems, and making the lasers reliable and affordable. But the task is also vastly easier
than SDI’s (Ronald Reagan’s 1980s program — auth.) goal of building orbiting battle
stations capable of blocking a massive Soviet nuclear attack (using lasers — auth.) ... ".
However, broadly speaking, there has been significant progress in laser technology, as
well as progress in its use as weaponry.

The review shows how laser technology first was used for ancillary purposes
(distance measurement and targeting) in the 1960s and 1970s, later the work shifted to
a strategic dimension: heavy air defense and anti-missile systems on both sides (USSR
and USA) due to military-political opposition to the Cold War period (Terra-3, Skif-
DM and SDI), flying laboratories (ALL and A-60) to intercept enemy aircraft and
missiles. And only at the end of the Cold War, as well as in the modern era, the focus
shifted to improving ergonomics, autonomy and ease of individual use with a
comprehensive expansion of laser weapons in search of opportunities for partial
replacement of lethal weapons. This makes it possible to point out a few certain key
events in the history of laser weapons development, which set the main trends in the
development of laser weapons for further development:
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1. The first successful installation of a laser rangefinder on a military vehicle
(1965) — laser technology is used for auxiliary purposes: range finding, target
designation and munition guidance. Solid-state lasers with ruby and glass
active media were the main types of lasers used;

2. First successful experiments at the “Terra-3” facility and start of studies that
led to the creation of “1A” flying laser laboratory (1973-1975) — laser
technology started to be seen as a possible way to form a “missile shield” of
the world's superpowers to protect them against the possible nuclear exchange.
The overall dimensions of laser complexes used in these applications rose
substantially, with a more widespread usage of CO. and chemical lasers;

3. The demonstration of ZM—87 at the arms expo in Abu Dhabi (1987) shows that
the laser weapons development has shifted to promote its more low-level
tactical usage; more and more states have started local developments of laser
weaponry for various purposes, including as non-lethal weapons. Various
newer laser designs — both diode and fiber — are seeing more widespread
adoption.

This method of periodization is considered optimal, because it is difficult to show
separate developmental periods of individual areas of technology, because, even as the
main developmental focuses shift, the process of continuous modernization and
improvement of existing laser systems has never stopped.

Conclusions.

In 55 years, the use of laser technology for military purposes has radically changed
the methods of combat operations, becoming an integral part of military affairs. In the
process of analysis of the available information on the development of laser weapons,
a proposed system to identify turning points in the development of laser technological
applications in military equipment, namely — the first installations of lasers in military
applications through the installation of auxiliary laser units into military vehicles,
studies on the practical possibilities of using lasers as parts of anti-ballistic missile
defense systems of superpowers, as well as shift of the focus of development of laser
technology towards the small unit tactics and individual use of lasers. It was noted that
the changes in the main focus of the laser weapon development are caused not only by
the technological progress, but also the changes in the attitude to the possibility of
usage of lasers as a possible weapon, as well as the military and geopolitical situation
in the world.
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Apremiii Bepranbkuii
[acturyt enektpo3BaproBanHs iM. €. O. [larona HarmjonaneHoi akajgeMii Hayk
VYkpainu, YkpaiHa

Mukosa CokoJ10BCbKH M
IactutyT enexkrposBaproBanHsa im. €. O. [latona HarionansHoi akagemii Hayk
VYkpainu, Ykpaina

IcTopist po3BUTKY J1a3epHUX TEXHOJIOTIH y BiliCbKOBOMY 3aCTOCYBaHHI

Anomauin. J/lana poboma nocesuena BUBUEHHIO Npozpecy ma Bi0OMUX
BUKOPUCMAHb NA3EPHUX MEXHON02IU VY BIUCLKOSIL NpoOyKYyii — 810 nepuiux cnpobd 8
OONOMINCHUX 3ACMOCYBAHHAX 00 CYYACHUX KOMNAEKCHUX cucmem. [[ns Kpawozo
PO3YMIHHA ma cucmemamu3ayii 3HaHb NPO PO3BUMOK 3ACMOCY8AHb 1A3€pie Y
BIUCLKOGIU 2any3i OVI0 Npo8edeHO aHali3 NYONUYHO BIOOMUX 3HAHL WO0O0 iX
iCMOpUYHUX 3ACMOCY8AHb Y NPOBIOHUX KpaiHax ceimy. /JocnioxcenHs (oKycy8anocs
Ha po3pooKax, wo HnpoeoOUNUCH cynepoepaicasamu epu ‘Xonoowoi e6itinu” ma
cyuachocmi, a came CILIA, CPCP ma KHP ma 6ymu nobyoosani ¢ memani. byno
PO32NAHYMO 06a2amo HAanpaylo8ansb 3 pPISHUX 3ACMOCYBAHL JA3EPHUX MEXHON02IU Y
BIUICLKOGIU NPOOYKYii, a came: BIliICbKOBI A3EPHI OAeKOMIPU, HA3EMHI MA AGIayilHi
YIeBKA3I6HUKU, CUCTEeMU HABEOEHHS KePOBAHUX OOENPUNACI8; HelemabHi cucmemu
NPUOYULEHHSL BOPONCOT IHCUBOI CUMU, CUCEMU, NPUSHAYEHI O] BUBCOEHHs 3 A0y
ONMUKO-EIeKMPOHHUX — NPUNAOi8  BIlICbKOBOI MEXHIKU, a MaKoMC Cucmemu
NPOMUNOGIMPAHOI MA NPOMUPAKEMHOI 0O00POHU CMpame2iuHo20 ma MaKmuyHO20
pisHs. [ niogedeHHs 8UCHOBKI8 Ma NOPIBHAHHS Pe3yibmamis 0)10 NPO8eOeHO AHAI3
pA0Y NONnepeonix npays, AKi po32NsA0aiu iCMOPUYHULL PO3BUMOK, NEePCHeKmusu ma
npobnemu npogpecy aaszepHo2o 030pocHHA. [lpu yvomy Oyn0 po32NAHYMO NUMAHHSA
emu4YHO20 BUKOPUCMAHHA 1A3€PHO20 030POEHHA MA PUSUKU U020 BUKOPUCIAHHI Y
30pOUHUX NPOMUCMOSAHHAX, WO NPU3BENU 00 MINCHAPOOHO20 KOHCEHCYCY V BUIAOL
koneenyiu OOH ma Mixcnapoonozo Komimemy Yepsonoco Xpecma. Y pezynomami
npoeeoeHo20 aumanizy Oy10 3anponoHOBAHO  CUCMEMAMU308AHUL NIOXI0 00
Kaacugikayii 3acmocy8ans Ia3epHUX mexHoa02itl y 8IcbKosili NpoOYKYii 3a mpboma
OCHOBHUMU HANPAMKAMU PO3POOKU. OONOMINCHI 3ACMOCYBAHHS, HElemAalbHAd NpAmMa
0is HA Opeamizm AOOUHU MA ONMUYHI NPUCMPOL BIlICbKOBOI MEXHIKU, A MAKOMC
NPOMUNOBIMPAHI Ma NPOMUPAKEMHI 1a3epHi Komniekcu. Yepez nocmitny 8cebiuny
MOOepHi3ayilo cucmem, 0e BUKOPUCIOBYIOMbC NA3ePHI MeXHO02li, 8UPIUEeHO He
BUKOPUCMOBYBAMU NEPIOOUYHY MOOelb Klacuikayii, a 3a3Havyumu 8axciusi ma
KAI04081 NOOIi, AKI 6KA3AIU HA HANPSAMOK N00AIbUI020 po36umky. Ilpu yvomy easciueo
3a3HA4UUMU, WO HANPAMOK PO3BUMKY JIA3EPHO20 030POEHHS 3AN1eHCA8 He MINbKU 610
MEXHOJI02IUHUX 0OMEHCEHb MO20 Hacy, ane U 8i0 BillCbKOBO-2e0NONIMUYHOL cumyayii y
ceimi.
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The front line transporter as the embodiment of the USSR military doctrine in
the middle of the 20th century

Abstract. The paper based on a source analysis of the history of creation, design,
and production of LUAZ-967, LUAZ-967M, against the background of the processes of
implementing projects of small tactical high mobility wheeled vehicles for the armies
of European countries, shows that the developing, testing, and commissioning a front
line transporter became a deepening of the process of motorization of the Soviet army.
The designs of similar vehicles have been analyzed. An attempt to assess the degree of
uniqueness of the front line transporter design and its place in the history of
technology, as well as its potential as a reminder of science and technology has been
made. The experience of using various civilian and military vehicles in the army
required the creation of a special small transporter. In each of the countries,
developing their designs, embodying new original or time-tested ideas, ones developed
vehicles both for the army and for separate armed forced formations. Features of the
automotive industry of the countries were reflected in the design of army vehicles. The
works and operation Volkswagen Type 82, Volkswagen Schwimmer Type 166,
DKW Munga, Volkswagen Type 181 in the armed forced formations in Germany had
a significant impact on the spread of the concept of an army small transporter. In
France, production of a licensed sample of Willys and the original Citroén Méhari was
launched. The Steyr-Daimler-Puch vehicle (Austria) has become one of the most
original, successful developments of a small transporter for difficult operating
conditions. The development of a front line transporter in the USSR fully corresponded
to the challenges of the time and it was carried out through similar stages. The first
transporter projects developed by the Scientific Automotive Institute used heavy
motorcycle engines mastered in production. It was the lack of the necessary engine for
the vehicle that was the main reason for the long proof of the project. Only after the
involvement of the designers of the automobile plant in Zaporizhzhia and the
installation of units of the mass-produced ZAZ vehicle in the transporter made it
possible to prove the design and to master small-scale production. The use of the most
powerful engine of a production vehicle, which would correspond to the concept of a
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small army vehicle, had enabled to master mass production for the army and the
development of vehicles for the civilian market. An analysis of the front line transporter
design, its systems, compared with its foreign counterparts, suggests that it is a Soviet
refinement of the concept of a small army vehicle, a more specific means directly for
the battlefield. At the same time, it was developed taking into account foreign
developments and similar designs, imitating individual designs, adapting to the
capabilities of the USSR automotive industry.
Keywords: history; museology; vehicle; transporter; design; Lutsk Automobile
Plant

Introduction.

Since the end of the 19" century, a wide variety of vehicle models have been
created: high-speed, all-terrain, comfortable, and ascetic ones. But among them, there
are not many vehicles that will remain in history, known not for popularity, but for
their unique concept and its execution — those who amaze with their simplicity and
refined pragmatism. A front line transporter (FLT) — LUAZ-967 — just such a vehicle.
The idea of its creation appeared in the 50s of the 20" century.

Analysis of recent research and publications.

To date, there are practically no scientific works on an objective, thorough study
of the history of a front line transporter creation. Unfortunately, only in recent years
there has been an increase in interest in objective coverage of the automotive
technology history. The number of works is growing, which not only highlights the
history of creation, the activities of engineers, but determines the significance of a
particular vehicle in the history of the world automotive industry.

When researching the history of the creation of a vehicle, researchers often resort
to simplification, arguing that this vehicle was not an independent development, but it
was developed under the influence of some foreign vehicle, choosing the subject of
copying at their own discretion (Bathory, 2016; Akppwiki, 2018). There are works
where the FLT is called a completely Soviet original machine created independently,
without taking into account foreign developments, based only on the needs of the
Soviet army or, in particular, the airborne troops (Ryabinin, 2020). In most works of
modern researchers, the issues of originality or copying of the design of a vehicle and
its components are not the subject of research (Kharuk, 2019). More often, researchers
pay attention to certain aspects of the FLT design, its original features, and compare it
with Soviet cars (Homutinkin & Trigub, 1989; Kochnev, 2017; Kuts, 2018). Today,
the research of technology from the standpoint of its museumification and the
presentation of the history of the technology development are being updated. The topic
is studied both by professional museum workers and monument historians
(Griffen, 2014; Karpov, 2014; Honcharova& Pustovalov, 2019) and by collectors and
restorers on the pages of periodicals, mainly electronic ones. In such works, questions
of research, restoration, storage of equipment as museum artifacts are raised
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systematically, but at the level of generalizations. The works of collectors, restorers,
and researchers of the history of vehicles, on the contrary, are characterized by in-depth
detailing, a narrow subject focus.

Research methods.

In the proposed work based on the experience of operating the LUAZ vehicle,
analysis of the FLT design, its visual study, reports from open sources and a
retrospective review of the development of military vehicles in European countries, an
attempt to objectively determine the share of original ideas and borrowings has been
made. Directions for further scientific research have been outlined in order to clarify
the facts and to eliminate inaccuracies and lies. The main stages of the evolution of its
design and introduction into serial production have been specified and systematized.
Certain important aspects of the restoration and preservation of the FLT have been
updated. The history of the development and modernization of a front line transporter,
a description of the unique elements and components of the design will help researchers
and collectors to restore and to store quite rare vehicles in museums and collections.

It should be noted that in the USSR, considerable attention was paid to the
operational familiarization with the latest engineering developments in the field of
automotive industry abroad. This was not in doubt and was constantly confirmed in the
industry abstract journals, in specialized literature, and popular science publications.
The publication was reported primarily to specialists about the latest developments. If
it was necessary to study the development in depth, which had prospects for military
use, they tried to purchase it directly from the manufacturer. In cases where it was
impossible to do this, to purchase through third countries or to steal. A comparative
analysis of the design, performance characteristics of the front line transporter and the
same type of light vehicles from other countries will eliminate the errors of individual
researchers who limited themselves to comparing purely external design features,
design elements, finishes, and the vehicle configuration. The comparison of the process
of implementation and use of light military vehicles in Europe and the USSR will
reveal the features of domestic experience and the degree of compliance with the
development of the global automotive industry. Comparison of the stages of the
process of developing the concept of a light army vehicle of individual European
countries and the Soviet FLT should take place only taking into account the specifics
of the development of the automotive industry, engineering activities, taking into
account the peculiarities of the historical development of countries.

Results and discussion.

By the beginning of the 30s, a special vehicle for the army (an army vehicle) was
not created in the USSR, in accordance with the specific conditions of military
operation. Unfortunately, army vehicles were not given due attention even in the
second half of the 30s of the 20" century, during the years of the so-called “industrial
mobilization”. The country tried to adapt civilian GAZ and ZiS vehicles for military
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needs. However, in terms of cross-country ability, carrying capacity, maintainability in
the field, simplicity, reliability, they were far from full-fledged military vehicles. That
is why, during the Second World War, the Red Army moved in Studebakers, Willys,
Dodges, Fords, transferred under Lend-Lease, and in captured vehicles.

The operation of such a variety of equipment has enriched the engineers with
invaluable experience based on which, after the War, the development of systems for
the motorization of the army was intensified. Developing the idea of motorization of
different types of troops and armed forced formations, original ideas were embodied,
in particular, those that did not pass the test of long-term operation. It was at that time,
the end of the 40s — the beginning of the 50s, that the auxiliary-propelled gun SD-44,
SD-57 appeared (Skomorokhov, 2018). A motorcycle engine was mounted on the gun
carriage with a drive to the wheels of the gun. The engine with a gearbox was supposed
to allow the artillery crew to simplify the movement from the tractor to the combat
position and its change. The extreme simplification of the design, asceticism,
reliability, efficiency, the power of the artillery system — these criteria were difficult to
combine in one vehicle.

In general, by the beginning of the 50s, the designs of various army vehicles were
well known in the USSR, in particular, simple, ascetic, cheap and technologically
sophisticated, powerful, original, floating, military vehicles. Moreover, the Red Army
had experience in operating such vehicles (Aleksandrov, 2020). For example, military
variants of the Volkswagen Type 82 (Fig. 1) and Schwimmer Type 166 (Fig. 2), which
were not as massive as the Willys or Dodge %, were used as long as ones could be
repaired and spare parts were available.

Lan

Figure 1, Volkswagen Type 82 (Volkswagen Kﬁelage, n. d.).

These small vehicles could go where it was difficult to go and, in some places, it
was impossible. Schwimmer 166 (German “float) was the most massive amphibian of
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its time (Volkswagen Kiibelwagen, n.d.). These vehicles, due to their unique
capabilities, were widely used by Wehrmacht intelligence.

Figure 2. Volkswagen Schwimmer Type 166 (Volkswagen Schwimmwagen, n. d.).

Despite the post-war devastation in Europe, the trend towards increased mobility
of armed forced formations has continued. Motorization had to be done with limited
finances and resources. For this, there were two ways of implementation: the adaptation
of serial civilian vehicles and the development of new original army vehicles. Each
country chose its own path. Some countries have tried to go both ways.

In France, after World War Il, licensed Willys were manufactured for the army
(Varfolomeev, 2021). The same path was followed in Japan, South Korea, and India.
Moreover, France also had original developments. The Citroén Méhari (1968-1987)
(Fig. 3) vehicle is based on the Citroén Dyane 6 with maximum simplicity and
manufacturability (Citroén Origins, n. d.). The vehicle had a troughing plastic body
with plastic hinged panels and a soft top (Citroén Origins, n. d.). It was driven by a 26-
29hp two-stroke engine. In general, the vehicle was designed for recreation and had
only front-wheel drive, but the farmers liked it, it was also used by the police and
hunting services. In this regard, since the 70s, its all-wheel drive version has been
produced (Voenteh , n. d.).

In the Federal Republic of Germany, invaluable experience in the production and
operation of “pelvis” - or “float” -type vehicles (Volkswagen Type 82,
Schwimmer Type 166) has led to the continuation of work on the development and
implementation of a new army light vehicle. In 1956, the new all-wheel drive
DKW MUNGA began to enter the army. Mehrzweck Universal Gelendewagen
Allradantrieb is a multi-purpose, universal, off-road, all-wheel drive vehicle (Fig. 4)
(Kanunnikov, 2013). Unlike its predecessors, which had a rear-engined layout
(Volkswagen Type 82, Schwimmer Type 166), (Fig. 4) the engine in MUNGA was
placed in its front part. The engine is a three-cylinder two-stroke one with a power of
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38hp. It has four-speed gearbox with transfer case and center differential. This is a
vehicle with a simple, angular body with corrugated stiffeners, a soft top, a folding
windshield, and a canvas door on a tubular frame.
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Figure 4. DKW MUNGA (Kanunnikov, 2013).

The vehicle DKW MUNGA had a mass of 1,085kg and could carry a load of
385kg, overcome a ford of 0.5m without preparation, and reach a maximum speed of
98km/h. The engine power has been constantly increased and the latest models already
had 44hp. In small quantities, a modification was made with an extended base, which
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could already carry up to 690kg of a cargo. A total of 46,750 such vehicles were
manufactured, about 31,000 units of which were sent to the army (Kanunnikov, 2013).
The vehicle has been sold in the civilian market since 1957. Since 1958, the vehicle
has been produced in Brazil for the local market (Kanunnikov, 2013). By the mid-60s,
the vehicle no longer met the requirements of the military, primarily in terms of power,
carrying capacity, and spaciousness.

In the mid-50s of the 20" century, NATO member countries, according to the
adopted military concept, had to optimize the military-industrial complex and to solve
the problems of military, defense doctrine to the maximum unify weapons and military
equipment or to develop such models that would satisfy the armies of all members of
the Alliance. Similar work was carried out in the direction of the development of small
arms, aircraft, tanks, light armored vehicles, vehicles.

In the 1960s, France, West Germany, and Italy were building the Europa Jeep, a
light all-wheel drive amphibian. Work on the project required a lot of time, so in
Germany, ones decided to create a temporary replacement for the DKW MUNGA. The
Volkswagen Type 181 (Niedermeyer, 2010) continued the concept of the “pelvis”
(Kubelwagen) in the layout of the main components (Fig. 5).

ok

Figure 5. Volkwagen Type 18(dermeyer, 27010).

It was rear-wheel drive and rear-engined. The vehicle was developed with a wide
use in the design of components, mechanisms, and parts mastered in mass production
of vehicles. The design was based on the components of serial models: the Beetle’s
engine, the Karmann Ghia’s bottom and the body part, the Transporter’s rear
suspension. Wheel reduction gears have been introduced into the transmission to
increase ground clearance. The vehicle retained the concept of a simple body with
longitudinal punching to strengthen the panels. The roof is soft, but the door is already
a metal one. The vehicle has been produced in Mexico and Indonesia since the early
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70s. The Volkswagen Type 181 was purchased and used by the armies of Austria,
Belgium, Denmark, France, Morocco, the Netherlands, Greece, and Turkey
(Niedermeyer, 2010).

In 1979, the Europa Jeep project was closed and the Bundeswehr began to
purchase new military light four-wheel drive vehicles Volkswagen Type 183 lltis (Kutz,
2018).

In Austria, the Steyr-Daimler-Puch Company in the second half of the 50s created
an army light vehicle called the AP 700 Haflinger, which, after testing, was put into
service (Fig. 6) (Fedorov, 2020a). The vehicle embodied the concept of a cheap,
reliable, simple army all-terrain vehicle for mountainous terrain.

| Flgure 6 AP 700 Haflmger (Fedorov 2020a)

An open vehicle had a mass of 500kg and could carry 4 people or a cargo with a
total mass of 500kg. The all-wheel drive vehicle was driven by a two-cylinder four-
stroke air-cooled engine with a power of 27hp; its layout was rear-engined. The engine
was located under the cargo platform. Under the platform, there are two throwback
seats in niches. The front seats also throwback. As a whole, the design is more than
ascetic in nature. The open vehicle provided for the installation of a canvas top and
tubular doors covered with canvas — to improve the conditions of the movement. The
windshield swung forward. The minimum comfort and heating of the windshield was
provided by an autonomous gasoline heating system (All Oldschool, 2020). Despite
the low engine power, the vehicle, due to independent wheel suspension and a 4- and
later — 5-speed gearbox, had a high cross-country ability. Its maximum speed on the
highway was 75km/h. However, due to the low placement of the engine, the maximum
ford without preparation was 0.4m. The latter completely satisfied the military, because
the vehicle was primarily intended for mountain infantry units. Its low center of mass
increased durability. The vehicle overcame a slope of 65%. A large-caliber machine
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gun or a 57mm open chamber gun, or a Bantam anti-tank missile system, was installed
on the vehicle. Some samples were equipped with a winch with a force of 1.5 tons or
a power take-off shaft to drive tools: a mechanical saw, a snow plow (Goll, 2003).
During 1959-1974, 16,647 vehicles were manufactured. The equipment was used by
the armed forces of Austria, Switzerland, Sweden, the Netherlands, Britain, and
Australia.

The concept of the Haflinger developed in two directions. In the direction of
increased power and all-terrain capability, the concept was embodied in the Pinzgauer
all-wheel drive all-terrain vehicle, which has been mass-produced since 1971, in the
direction of simplification, weight reduction — in cargo platforms and vehicles Military
M274 Truck Platform Utility (USA), FAUN Kraka-640 (Germany).

So, the creation of a light vehicle in Europe after the Second World War can be
divided into stages. The first one is the development of a light military vehicle based
on motorcycle components for maximum simplicity and low cost. The second one is
the creation of an army vehicle using systems and components of serial civilian
vehicles. With the development of military equipment and weapons, the requirements
for army light vehicles have changed. However, the developed automotive industry
made it possible to quickly develop and to mass-produce a new vehicle, in accordance
with the requirements. The highly developed automotive industry allows to quickly
adapt the design of a military vehicle to the needs of the civilian market. Conversely,
a purely civilian vehicle that interested the military quickly received an army version.

The conflicts in China (1946-1949) and Korea (1950-1953) and the participation
of the USSR in them revealed the need for small, simple, cheap high mobility wheeled
vehicles that could both drive to advanced positions and take personnel and cargo out
of them. For covert movement, the vehicle had to have a low silhouette; for cross-
country capabilities on the battlefield, it had to be light, reliable, and, therefore, simple
and effective. In order to increase mobility, the ability to swim was considered
desirable. The probable theater of military operations for which the Soviet army was
preparing included, first of all, Europe with a developed network of small lowland
rivers. So, the ability of the vehicle to overcome the river on the move was incorporated
into its concept.

A new light army vehicle began to be developed at the Scientific Automotive
Institute (Moscow) in the second half of the 50s of the 20™ century. After experimental
work, the prototype was completed by Chief Designer Boris Futterman in 1957
(Fedorov, 2020a). According to other sources, the prototype was demonstrated to the
military in 1958 (Kharuk, 2019, pp. 68-69).

A two-cylinder engine of a heavy motorcycle with a capacity of 22hp was
installed on a low flat body in front and all-wheel drive was equipped. The concept of
installing a motorcycle engine was known in Europe for creating the same type of
vehicles and allowed to accelerate the development of a special vehicle, as well as the
development of small-scale production, making it economically feasible. However,
low engine power did not provide an opportunity to realize the constructive potential
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of the vehicle and complicated its operation. In 1959, the development of the model
was transferred to the Zaporizhzhia Automobile Plant. The vehicle has received its
completed form due to the Zaporizhzhia designers and was first manufactured under
the name ZAZ-967 (Fig. 7) (Fedorov, 2020a) since 1961.

Figure 7. ZAZ-967 (Fedorov, 2020a).

Without changing the general concept of the vehicle, the main components of the
ZAZ-965 mastered in production were introduced into its design. So, the vehicle
received a Melitopol air-cooled engine (MeMZ) that meets the specified criteria of
simplicity and reliability. By the way, most military vehicles of this class were
equipped exclusively with air-cooled engines by that time (see above). Such an engine
has significant advantages in simplicity, reliability, and weight. A ZAZ gearbox was
installed on the FLT, but its secondary shaft was lengthened to equip the drive to the
rear wheels. The vehicle received its final form until December 1967, when its
production was transferred to the Lutsk Automobile Plant (Fedorov, 2020b). Since
1968, a small-scale production of the vehicle has begun in Lutsk under the name LUAZ -
967.

In 1969, LUAZ-967 was put into service. In 1972, the vehicle received a more
powerful 37hp engine and under the name LUAZ-967M it was introduced into mass
production in 1975 (Fig. 8 and Fig. 9) (Akppwiki, 2018; Dvorzhak, 2020).

In addition to the engine, the braking system and individual body elements
underwent minor changes. A step-down gearbox is attached to the gearbox by a
separate unit, thus the cross-country ability of the vehicle at a “belly” speed has been
increased. The reduced (“belly”) speed allowed moving only forward. Since, according
to the concept, the engine was placed in front of one block with a gearbox, therefore,
wheel reducers were introduced into the design. The engine and gearbox from the ZAZ
vehicle have rear-engined layout. If these nodes were placed in the front-engine layout
without modification, the vehicle would have 4 rear speeds and 1 front one. The
introduction of wheel reducers is a forced measure in order to change the direction of
the wheel rotation, but this is what has strengthened the all-terrain capability. Wheel
reducers allowed to increase the ground clearance to 285mm, to improve cross-country
ability and a torque transmission. At that time, army GAZ and later UAZ were made
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with wheel reducers, but of a different design. The LUAZ torsion bar suspension is
somewhat more difficult to manufacture, but it is extremely reliable, it is not for
nothing that this type of suspension is used on most Soviet tanks, tracked armored
vehicles, and armored personnel carriers.

Figure 8. LUAZ-969M, front view. (Author's photo).

An interesting solution was the rear-wheel drive in the LUAZ-967. The drive shaft
rotated in the pipe “to create a rigid connection system — the power unit — the gearbox
of the rear axle” (Homutinkin & Trigub, 1989, p. 135). The shaft in the pipe was placed
on three bearings. The pipe was fixed rigidly through a threaded connection on four
studs on the side of the rear axle and on the side of the gearbox. Grease is poured into
the pipe to lubricate the bearings. The shaft transmits torque from the toothed shank
through a compensating coupling with internal teeth. The design allows to place the
power unit, the gearbox clutch, and the rear axle on only three supports, gives
additional rigidity to the body. The design somewhat resembles the invention of Hans
Ledwinka — a vertebral frame, which is used in the transmission of vehicles Tatra and
Pinzgauer (Long, 2016, pp. 22-23). However, on the LUAZ, the body elements are not
attached to the pipe. The pipe connects the gearbox engine and the bridge into one unit
and reduces the load on the body. The system is implemented to facilitate maintenance
and to repair, to reduce the number of cardan connections, and to improve reliability.
The units are easy enough to replace even in the field. It is interesting that the
introduction of the rear axle differential lock not only improved the vehicle’s cross-
country ability, but also increased its reliability. In the event of a breakage of three
cardan connections with gearboxes, the FLT could move on 1 surviving rear one with
a locked differential.
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Figure LAZ-99M, rear view. (Author's photo).

Separately, it is worth noting the design of the body of the neoclassical automobile
type. The FLT driver was placed in the middle — a tribute to amphibiousness. Behind
him, on the sides of throwback seats, which could be folded to free up space for cargo
or install stretchers with the wounded along the sides. Such placement did not worsen
the buoyancy of the low-sided body. In order to reduce the silhouette on the car, the
windshield was thrown forward — this is often used on army equipment. The steering
column could be folded, and the driver could drive the vehicle lying on his stomach —
it was for the first time. The dashboard is located in such a way that even lying down,
the driver can see the instruments. A searchlight was attached next to the steering
column. The body liner for strengthening is corrugated with longitudinal blankings —
at that time, very common for such vehicles. The body is waterproof. The output of the
drive shafts is made through rubber cuffs. A water pump is installed to pump out water
when it enters the body. After leaving the water, it was necessary to unscrew the body
plugs and to drain the water. The same would have to be done with the wheel gears —
to drain the water until the oil starts to flow out. An entrenching tool (an axe, a shovel)
was fixed on the vehicle. Small ladders were attached to the sides of the body for the
vehicle to leave the water or to move through funnels, trenches, etc. The ladders could
serve as an additional container for 20 liters of fuel. A winch with a cable of 100 meters
and a pulling force of 150kgf is mounted ahead. Quite often in the world, military
vehicles were equipped with winches, which are designed to increase the cross-country
ability of vehicles, to pull them out of the mud, to clear rubble, etc. To do this, the
winches developed a significant traction force, for example, individual modifications
of the Haflinger-700-AP. In LUAZ, this device was supposed to help pull up the
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wounded on a stretcher, that is, it helped to do the work of an ambulance orderly.
Consequently, it did not have the necessary effort for self-pulling. Additional
equipment included a radio direction finder and radio beacons, through which the
orderlies on the battlefield could quickly find the wounded. Radio beacons were
distributed to the wounded during the first visit of the FLT for the wounded (Fedorov,
2020Db). Thus, the vehicle could perform the widest range of work on the battlefield,
fully consistent with the name of the front line transporter. It is interesting that the
vehicle versatility was manifested even in the fact that the plates with a red cross on
the sides were removable and fixed in special grooves.

Thus, the front line transporter concept evolved from a light motorcycle-powered
vehicle to a machine using production vehicle components. With the improvement of
the FLT design, its capabilities have improved, the equipment has improved
quantitatively and qualitatively, and the range of its applications has expanded. The
external elements of the body as blanking, the placement of auxiliary equipment was
natural in terms of maximum simplicity, manufacturability, and strength of the
structure and the specifics of use.

The FLT production began at the Lutsk Automobile Plant in 1961. Since 1967,
the FLT has been completed (Fedorov, 2020b; Kochnev, 2017). On the basis of FLT
1965, a civilian version of the vehicle was developed under the name ZAZ-969V. In
December 1966, a pilot batch of 50 pieces was made (Homutinkin & Trigub,
1989, p. 3). For about a year, the vehicle was produced under the name ZAZ-969V. On
December 11, 1967, by order of the USSR Ministry of Automobile Industry, the Lutsk
Machine-Building Plant was renamed into the Lutsk Automobile Plant (Homutinkin &
Trigub, 1989, p. 4). Accordingly, the vehicles manufactured by the plant were called
LUAZ instead of ZAZ while maintaining the model number.

The civilian vehicle developed on the front line transporter basis inherited the
main systems and components from its military “brother”, but with the features
inherent in a civilian vehicle (Fig. 10) (Polazhynets, 2019). Autonomous gasoline
heating made it possible to warm up the engine for starting in the cold season, which
was not the case on other civilian vehicles. There was no winch in the civilian LUAZ.
The refusal of buoyancy made has led to equip the body with three doors (two on the
sides and cargo one — at the rear part of the body). Cheapness in production is embodied
in the angular outlines of the body. The body had a canvas top. Behind passenger seats
could fold along the sides, turning the vehicle into a small truck.

The vehicle was offered for residents of the countryside and sold in the market in
1985 at a price of 5,100 rubles USSR (Polazhynets, 2019). Such a price is almost 1,000
rubles USSR more expensive than ZAZ 968M. By the way, the ZAZ-969V is the first
domestic (within the former USSR) front-wheel drive vehicle. Index “V” meant
“temporary” (Polazhynets, 2019). Due to difficulties with the manufacture of the rear
axle, temporarily, during 1966-1968, the LUAZ-969V was produced with a drive to the
front wheels only (Homutinkin & Trigub, 1989, pp. 3-4). After solving problems with
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debugging the production of the required number of rear axles, the plant has launched
the LUAZ-969 into mass production.
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Figure 10. ZAZ-969 vehicle, since 1967 — LUAZ-969 (Polazhynets, 2019).

Thus, due to an attempt to organize mass production of the front line transporter,
Ukraine has received another automotive plant in Lutsk.

LUAZ-969V and LUAZ-969V corresponded to the world trends of that time in the
automotive industry — the production of military and civilian models in parallel. For
example, at the Volkswagen plant, along with the production of a passenger vehicle for
the military, the Volkswagen Type 181, its adapted civilian version was produced. Even
outside the LUAZ-969 body was very similar to the Volkswagen Type 181, which was
produced since 1968 — similar blankings on sides to enhance the rigidity of the body,
the same ascetic, angular shapes, and extreme simplicity.

Since 1979, the civilian, updated LUAZ-969M has been put into serial production
(Homutinkin & Trigub, 1989, p.5). Basically, the body has undergone changes,
namely, the front part, and the brakes were upgraded. With the development at the
Tavria mass production at ZAZ, the Lutsk Automobile Plant has started the production
of LUAZ-1302 with a water cooling engine and the corresponding reproduction of the
underhood space and the passenger compartment.

The LUAZ-967 FLT was produced until 1991 and its civilian version — until 2002
(Kharuk, 2019, pp.59-60). The FLT was used not only in the troops. After the
withdrawal of the Soviet troops from Germany, a significant number of these
transporters were sold to the market from warehouses and storage bases. After the
collapse of the USSR and the reduction of the army in the former Republics, the FLT
also went in the market as excess property. Adventure travellers, hunters liked them
very much and over time, they began to replenish private vehicle collections. With the
development of the vehicle design, with the growth of military and civilian
requirements for them, with the improvement in the vehicle qualities in terms of
comfort, power, speed, an acute discrepancy between the LUAZ-967M and the new
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requirements has appeared. The FLT has moved into the category of “curiosities”, later
— “rarities”, “exhibits”.

The LUAZ-967 FLT has exhibited in many museums of technology, both in
Ukraine and abroad. The LUAZ army version can be seen more often than a civil one at
various exhibitions and festivals of vintage cars, where they cause the interest of
visitors.

The LUAZ was filmed in a feature movies: Citizen Nikanorova is Waiting for You
(1978, Mosfilm, directed by Leonid Maryagin), Men’s Company (1992, Intercom,
Tonis, directed by Andrey Rostoksky), Okhlamon (1993, Turkmenfilm, directed by
Eduard Rejepov), Nuclear Zone Ranger (1999, Kinomost Film Company, directed by
Vyacheslav Nikiforov), Birthday of the Bourgeois 2 (2001, NTV-Profit Film Company
and “1+1” Studio, directed by Anatoly Mateshko), Love as an Accident (2012, Media
Trade Union, directed by Alexander Kananovych) — civilian version of LuAZ;
Resident’s Return (1982, Gorky Film Studio, directed by Veniamin Dorman), Oracle
Reception (1992, TO “Eurasia”, directed by Georgy Kuznetsov), The 9" Company
(2005, PC “Slovo”, Art Pictures Group, CTC Channel, directed by Fedor Bondarchuk)
— the FLT version.

Today, individual examples of the FLT are in military service. In 2014, one
refurbished FLT was transferred to the battalion of the Patrol Service of the Ministry
of Internal Affairs “Peacemaker” (Channel 5, 2014). In 2018, the 93 Kholodnyi Yar
SMBr operated the FLT with ATMS launchers installed (Censor, 2018), that is,
mobility, cross-country ability, reliability, stealth movement of the FLT finds its scope
today.

Conclusions.

Thus, the idea of creating a front line transporter is a practical embodiment of the
military concept of the Soviet Army in the mid-50s and 60s, according to the probable
theater of operations. The FLT development was carried out taking into account the
development of the light army vehicle design in Europe, but without its copying. The
FLT history includes the main stages of the development of a light army vehicle,
characteristic of Western European countries. However, the development of the light
army vehicle concept in Europe was embodied in different vehicles of several
manufacturers for three decades. In national history, all this is embodied in one FLT.
LuAZ-967 and LUAZ-967M have no analogues in terms of performance characteristics.
The front line transporter is the original USSR embodiment of a light army vehicle.
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I'puropiii JIynapenko
HepxaBauit nomitexuiynui myseit mpu HTYVY “KIII im. Iropst Cikopcbkoro”, Ykpaina

TpancnopTep nepegHbOro Kpaw ik BTUIeHHS Bilicbk0oBOi 1okTpuHu CPCP
cepenrau XX CT.

Anomauia. B cmammi na 0CcHOGI 0dtcepenio3Hagu020 anaisy iCmopii cmeopeHns,
KoHcmpykyii ma eupoonuymea ‘“JIyA3-9677, “JIyA3-967M”, na ¢oni npoyecis
peanizayii npoexmie Mamx apmillCbKux agmomooinie niosuujenoi npoxionocmi 0ns
apmiti kpain €6ponu noxazawo, wo po3podKa, GUNPOOYBAHHL MA 6NPOBAONCEHHS Y
BUPOOHUYMBO MPAHCNOPpMEPA NEPEeOHbO2O Kpar Cmano No2IUOIeHHAM Npoyecy
momopuszayii  padsaucekoi apmii. Ilpoananizoéano KOHCMPYKYIi  aAHANOIYHUX
asmomooinie. 30ilicHeHo cnpoby oyiHumu CmyniHb YHIKAAbHOCMI KOHCMPYKYIQ
MpanHcnopmepa nepeonbo2o Kpaio i tio2o Micye 8 icmopii mexniku, ma nomeHyial K
nam’smku Hayku i mexHixu. /[[ocei0 uKopucmaHHs pi3HOMAHIMHUX YUBLIbHUX MdA
BIUICLKOBUX ABMOMOOLNIB ) BIICLKAX BUKIUKAB NOMpPedy Y CMBOPEHHI CneyiarbHO20
asmomo0iian Manoi 8aHmaxiconiouomHocmi. B kooicHitl 3 Kpain po3pobisaouu ceoi
KOHCMPYKYIi 8MIN0I0YU HOBI OPUIHANbHI YU BUNPOOYAHi yacom idei po3pobisiu
asmomo0ini 01 apmii max i O OKpemux apmitcbkux nioposoinie. Ocobausocmi
asmomo0inedy0ysants Kpain 8i000paNCAIUCy Y KOHCMPYKYIL apMIUCLKUX aABMO.

131


https://www.hst-journal.com/
https://www.kolesa.ru/article/voennye-korni-evropjskaya-sborka-i-perednij-privod-mify-i-fakty-pro-luaz-969m
https://www.kolesa.ru/article/voennye-korni-evropjskaya-sborka-i-perednij-privod-mify-i-fakty-pro-luaz-969m
http://offroadclub.ru/faq/history/91913.html
https://topwar.ru/144123-rasskazy-ob-oruzhii-samodvizhuschayasya-pushka-sd-44.html
https://topwar.ru/144123-rasskazy-ob-oruzhii-samodvizhuschayasya-pushka-sd-44.html
https://4x4.media/59703-dalnie-rodstvenniki-evropejskie-nasledniki-jeep.html
http://voenteh.com/boevye-mashiny/legkie-mashiny/legkaya-mashina-sitroen-meari-arms.html
http://voenteh.com/boevye-mashiny/legkie-mashiny/legkaya-mashina-sitroen-meari-arms.html
https://en.wikipedia.org/wiki/Volkswagen_K%C3%BCbelwagen
https://en.wikipedia.org/wiki/Volkswagen_Schwimmwagen

https://www.hst-journal.com Icmopist Hayku | mexHiku, 2022, mom 12, gunyck 1
History of science and technology, 2022, vol. 12, issue 1

3HauHull 6nAU6 HA NOWUPEHHS. KOHYenyii apMmilcbKoco asmomooins manoi
sanmasiconiouomuocmi manu pooomu 6 Himeuuuni ma excniayamayis 6 apmiticbKux
niopozoinax “Volkswagen Type 827, “Volkswagen Schwimmer type 166", “DKW
Munga”, “Volkswagen Typ 181”. V ®panyii 6ynro nanacoozxiceno supooHuymeo
niyensitinoeo 3paszka “Willys” ma opueinanvnozco “Citroén Méhari”. Asmomobine
@ipmu “Steyr-Daimler-Puch” (4decmpis) cmaeé oomuicro 3 matibinous opulinaibHux,
80aNUX pPO3POOOK ABMOMOOINSL MANOI BAHMANCONIOUOMHOCHI Ol BANCKUX YMOB
excnayamayii. Pospooka mpancnopmepa nepednvozo kparo 6 CPCP  yinkom
gionosioana BUKIUKaM 4acy i npoxoouna auanoeiunwi emanu. Illepwi npoexmu
mpancnopmepa  po3pobnerni  Hayxoseum A8MOMOMOPHUM IHCMUMYmom
BUKOPUCTNOBYBATU OCBOEHI Y GUPOOHUYMBI O08USYHU GadcKux momoyukiie. Came
8i0CymHicmb HeoOXiOH020 O0B8USYHA O A8MOMOOILNL CMANA OCHOBHOK HPUUUHONO
mpugano2o 00800%ceHHsi npoekmy. Tinbku nicia 3anyyeHHsi KOHCMPYKMOPIG
aBmMoMoOIiNbHO20 3a800Y 6 3anopidcoci ma 6CMAHOBIEHHS 8 MPAHCNOpMepI 8)31i8
macogoz2o asmomobina ‘343”7 0o3zeonuno Odogecmu KOHCMPYKYil0 ma oceoimu
manocepitine 8upooHuymeo. BnposadowcenHs Oinbul NOMYHCHO20 08USYHA CEPIUHO2O
asmomooina AKutl 6i0no8idas KOHYyenyii mano2o apmilicbko2o asmo 003801UN0
ocgoimu cepitine 8UPOOHUYMBO 01 ApMii ma po3poOKY aémo OJisl YUBLILHO20 PUHK).
Ananiz xoncmpyKkyii mpancnopmepa nepeonbo2o Kparo, U020 CUCMeM NOPIGHAHO 3
U020 THO3EMHUMU AHANLO2AMU O003B0JIAE CMBEPONCYBAmMU, WO BIH € PAOAHCHbKUM
000NPayIoBaAHHAM KOHYENYii Maio2o apmilicbKo2o asmomooiis, 0iivid cneyudhiuium
3acobom 6e3nocepednvo 051 nosi 6orw. Boonouac 6in po3poonascs 3 02n100M HA
IHO3eMHI pO3POOKU MA AHANO2TYHI KOHCMPYKYIT 3 NepelMaAHHAM OKpeMUX KOHCMPYKYii,
3 A0anmayi€er nid MONCIUBOCMI PAOSHCLKO20 ABMONDPOMY.

Knwuosi cnoea: icmopia, my3zeonocisi;,  agmomodOinL,  mpaHcnopmep;
KOHCmpYKYis, JIyybkuil aemomo06inbHull 34600
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Study of development of regional railway system in Bukovyna

Abstract. The article is devoted to the study, generalization and systematization
of scientific knowledge about the history of the establishment, development and
operation of the regional railway system in Bukovyna in the second half of XIX — early
XX centuries. The authors attempted to analyze the process of creation and operation
of railways in Bukovyna during the reign of the Austro-Hungarian Empire based on a
wide range of previously unpublished archival documents, periodicals, statistical
literature and memoirs. The article studies the development of organizational bases for
the construction of railways, the activity of the communication network management,
lists a whole range of requirements and tasks set for railway transport in Bukovyna,
the progress of their implementation, considers successes and difficulties in this work.
It is determined that private railways, as important transport arteries of Bukovyna,
were of national importance and played a significant role in the transport system of
Austria-Hungarian Empire. They served the leading economic districts of Bukovyna,
acting as an integral part of production in each of them. In other words, they were used
for development of local, intersectoral and interregional relations. Regional railways,
first of all, played an important role in the social and economic life of Bukovyna region.
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In most cases, they did not carry the strategic cargo, but made it possible to connect
the most remote corners of separate areas of the region into a single whole. In practice,
local railways were a significant addition to the main central line, providing the latter
with a greater intensity of cargo and passenger turnover and thus increasing their
profitability. At the same time, the trade volume between the outskirts and the center
of the Austro-Hungarian Empire was increased. It contributed to the intensification of
economic development of certain districts of Bukovyna region.
Keywords: Austro-Hungarian Empire; Bukovyna; Chernivtsi; railway transport;
regional railway; development history

Introduction.

The history of various aspects of the life of the Austro-Hungarian Empire was and
remains, for many researchers, the object of special attention and the source of constant
scientific discussions and disputes (Bulutgil, 2017; Soroka, 2018; Choliy, 2020).
Among the complex problems of the historical past of Austro-Hungarian Empire, the
matter of development and function of its railroad system is of great interest to
historians (Kun, 2019; Fesovets, 2020; Bali, 2014). And it is not an odd thing, as the
thorough study of the work of railway transport allows us to identify the fundamental
laws of internal development processes of any country, to comprehensively
characterize its socio-economic, military, and, in many ways, political state, etc
(Hurinchuk, 2019; Strelko & Pylypchuk, 2021a; Strelko & Pylypchuk, 2021b; Strelko,
Berdnychenko, & Pylypchuk, 2021). The same can be said about the history of railway
transport in the vast expanses of Austro-Hungarian Empire as a whole and its separate
regions, Bukovyna, for example. It is explained by the fact that railway
communications have always played a crucial role in the implementation of mass
transportation of people and cargo, organically combining the interests of people and
the economics (Li, Wen & Jiang, 2017; Paun, 2017; Voicilas, 2017).

For Bukovyna, the period from the second half of the X1X — beginning of the XX
century was marked by a significant development of domestic and foreign trade, the
growth of the rural and urban population, the strengthening of ties between the city and
the village, and the growth of productive power. All the above-mentioned processes
indicated a gradual transition from the feudal mode of production to the capitalist one
(Dobrzhanskyi, 2017; Lipelt, 2018; Purici, 2017).

In Bukovyna, the communication routes were developed and improved within the
frame of the system of progressive capitalism. And this is understandable. After all, it
is impossible for the capitalism with its commodity nature of production, the search for
profitable sales markets and sources of raw materials to function normally without a
good communication network. The state of this network has huge influence on the level
of development of transport, which makes up the fourth sphere of material production
along with the extractive industry, agriculture and processing industry. In the end, all
this is reflected in the overall social, economic and cultural development of the country
or any of its separate region. This fully applies to such a wonderful land as Bukovyna.
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We are convinced that a comprehensive study of the history of Bukovyna railways will
allow us to better understand the state and level of development of the railways of
Eastern Europe as a whole, to understand their significance in the economic and
cultural development of Bukovyna region. Such a study will make it possible to
determine the specifics of the development of railway transport in Bukovyna, its
general and distinctive features in comparison with other regions. This will also make
it possible to determine the phenomenon of the construction of a railway system in
Bukovyna region, which was almost fully developed at the beginning of the twentieth
century. The railways remained mostly unchanged with its general features preserved
to this day.
Goal of study is to research, generalize and systematize scientific knowledge
about the history of the establishment, development and functioning of the regional
railway system in Bukovyna in the second half of the XIX — early XX centuries.

Research methods.

Until now, historical science practically ignored the questions of the system of
communication routes, in particular railway transport in Bukovyna. The existing
scientific researches devoted to the railways of Bukovyna highlight only some aspects
of the operation of railways without an organic combination of economic and strategic
functions (Soroka, 2018; Kun, 2019; Bali, 2014; Cioanca, 2019). Therefore, under
these circumstances, there is an objective need for a thorough study of the railway
transport system of Bukovyna during the Austro-Hungarian period. Such an approach
gives the opportunity to eliminate a number of unresolved issues that are insufficiently
covered by historians and organically associated with the development and functioning
of Bukovyna regional railway system in 1866—-1918.

Results and discussions.

The study of the history of regional railways in Bukovyna in the late XIX — early
XX century is of particular interest for understanding the processes of improvement of
transport links in Bukovyna, the economics and the formation of financial capital in
Austria-Hungary. The specifics of the construction of regional railways, which
required attracting large long-term investments, dictated the need to seek help from
banks. Hence the close and strong connection of railway enterprises with banks. That
Is why, on the example of private railway transport, one can more clearly follow the
process of how “banks grow from a modest role of intermediaries to all-powerful
monopolists”, see the emergence and development of financial capital and methods of
its management.

The problem of transport construction and the role of regional railways in the
economy of Bukovyna in the 80s of the XIX century in particular as well as its
operational subordination were to some extent the subject of research of I. V. Zhaloba
(Zhaloba, 1991, p. 17). Having introduced into scientific circulation the materials of
various funds from the archives of Chernivtsi, Vienna, Lviv, Zhaloba came to the
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conclusion that “the initial prerequisite for the development of railways in Austrian
Empire, including Bukovyna, was the intensive development of capitalism
immediately after the revolutionary events of 1848-1849. Besides this starting point
there were other factors that led to the construction of railways in the region. Among
them there are the desire of Vienna government to ensure its own military, political,
commercial and economic interests of the Austrian bourgeoisie in Eastern Europe, and
the need to draw Bukovyna more closely into the state and economic system of Austria-
Hungary” (Zhaloba, 1991, p. 15).

It is known that Lviv — Chernivtsi railway was opened on September 1, 1866
(Kaim, Taczanowski, Szwagrzyk, & Ostafin, 2020) and its extension to Suceava was
opened on October 28, 1869. The construction of the first Bukovyna railways was
carried out by various foreign construction companies after lengthy negotiations on the
construction of tracks, railway stations, access roads, etc. “Local and foreign capitalists
were interested in the improvement of Bukovyna's transport links, they sought to
facilitate the pumping of raw materials from this rich Bukovyna region and the import
of industrial goods from the parent state and developed European countries”
(Nussbaum, 1950, p. 114). It is clear that transport system construction in Bukovyna
accelerated the development of capitalist relations in the regional economy and at the
same time became the basis for strengthening of the colonial and imperialist
exploitation of the region's working population.

The period of rapid construction of tracks, bridges, railway stations, stations,
various technical structures, etc. lasted in Bukovyna for more than three decades — from
1865 to 1898. During this time, the main agricultural areas, timber and rafting points
of Bukovyna received access to seaports and the railway system of neighboring states
— Romania and the Russian Empire. In addition to the first railway Lviv — Chernivtsi —
[asi, whose length was 144 km and which met all the above mentioned needs, this was
further facilitated by the construction of a regional railway system, which began its
development in the 80s of the XIX century.

If we scratch just the surface of the question of development of the railway system
in Bukovyna in the second half of the XIX century, then we’ll get the following picture.
The first railway Lviv — Chernivtsi — lasi provided an opportunity for Bukovyna's
agricultural and local products to reach Romania, Galicia and the central regions of the
Austro-Hungarian Empire. Chernivtsi — Novoselytsia railway was built in 18831884,
its length reached 131 km (Zhaloba, 1990). It connected Bukovyna with the Russian
Empire and facilitated the export of Bukovyna forest to the Russian Empire and the
import of Russian grain to Bukovyna’s mills, as well as carried out transit
transportation of Russian bread to Europe through Bukovyna. Hlyboka — Beregomet
(on Seret) railway with a length of 53 km with a side line — Karapchev — Chudey
(19 km) was constructed in 1886. This railway connected the main line Lviv —
Chernivtsi — Iasi with the deep timber and livestock areas of Northern Bukovyna. At
the same time, the railways were built that connected Chernivtsi with Vashkivtsi,
Vyzhnytsia (Nepolokivtsi — VVyzhnytsia line), Luzhany and Zalishchyky (Chernivtsi —
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Zalishchyky line). These railways provided Chernivtsi with agricultural products of the
agricultural regions of Northern Bukovyna. They were also used to transport timber for
further transportation to the Russian Empire.

The critically important stage in the development of transport links between
Bukovyna and neighboring states was the connection of the region's railway system
with the railways of the Russian Empire and Romania. This connection became
possible in 1893 due to the construction of tracks between Novoselytsia and Balti, Balti
and Odesa. In addition, traffic was opened in the direction of Novoselytsia — Mohyliv-
Podilskyi — Zhmerynka — Kyiv. After Chernivtsi railway was connected to one of
Novoselytsia, and then with the Russian south-western railway, this railway was
removed from under the management of Bukovyna Railways Joint-Stock Company
and became a state-owned railway. The following data indicate the cargo turnover of
Bukovyna railways: the railways of the Bukovyna region transported 6 million tons of
various cargo and 1.35 million passengers in 1895 (Zhaloba, 1990). These railways
used 120 railcars.

However, the increase of railway construction did not last long. Following a
thirty-year period of relatively revived railway construction in Bukovyna in the last
quarter of the XIX century, a period of complete inactivity in this area came. New
tracks were no longer built, and many areas of the region, especially mountainous ones,
were not covered by the railway system. In general, the direction of railways pursued
purely imperialist goals of foreign capital in Bukovyna. As a rule, the tracks were lied
out from the center of Bukovyna — Chernivtsi city — to areas that produced agricultural
and forest products for export. Due to these circumstances Chernivtsi, which itself also
had a favorable geographical position in the south-west of the Austro-Hungarian lands,
turned into an important shopping center that carried out export operations not only in
Bukovyna, but also in Bessarabia and Moldova.

Nevertheless, the pace of railway construction in Northern Bukovyna lagged far
behind the pace of railway construction in other states, for example, in the Russian
Empire, Germany, Austria-Hungarian Empire itself, etc. Thus, the railway system of
Bukovyna grew from 114 km to 400 km in the period from 1865 to the end of the XIX
century, that is it became 3.5 times longer. During the same time, the length of the
railways of the Russian Empire increased more than 7 times, Germany — 12 times (in
the period from 1845 to 1875), England — 6 times (in the period from 1845 to 1875)
(State Archives of Chernivtsi region. Fund 3, Inventory 2, Case 194, Sheets 198; State
Archives of Chernivtsi region. Fund 3, Inventory 1, Case 5392, Sheets 1-2).

As a result of the railway construction in Bukovyna, the development of capitalist
relations in the regional economy accelerated. At the end of the XIX century, a more
rapid development of industrial production began, a number of enterprises processing
agricultural raw materials were built, and the forestry and woodworking industry was
developing. Most of the products of these industries were exported. At the same time,
the improvement of transport links with more developed countries led to increased
competition of industrial goods of these countries with products that were produced in
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Bukovyna. Under these conditions, home production almost completely disappeared.
At the end of the XIX century, a period of decline in crafts began. In general, this was
the picture of the social and economic life of Bukovyna in the late XIX — early XX
century, outlined by the development of the railway system of the region. Lviv —
Chernivtsi — Iasi railway, which crossed Bukovyna from Northwest to Southeast,
significantly increased trade in the Bukovyna region, but more so did the construction
of regional railways. Here is what I. V. Zhaloba says about this: “Local railways have
played the important role in the social and economic life of the region. In most cases,
they did not carry the strategic cargo, but made it possible to connect the most remote
corners of separate districts of the region into a single whole. Such railway tracks were
a significant addition to the main railway line, providing the latter with a greater
intensity of cargo and passenger turnover and thus increasing its profitability. At the
same time, increased trade between the outskirts and the center was achieved, since
existing transport obstacles were largely eliminated. Even such goods, which were not
even transported previously due to the difficulty of transportation on unpaved roads
and significant horse-drawn tariffs, are started to be delivered. This applies to the
direction of both from the center to the outskirts, and vice versa. In addition, there was
another winning point for the outskirts: they could transport low-value cargo and goods
that were not previously exported due to their low profitability. With the emergence of
railways, it was more profitable for their boards to transport cargo of even insignificant
profitability than to drive empty cars. This has had a positive impact on the economic
intensification of regional districts. Of course, the construction of railway tracks did
not automatically lead to the development of the local economy — favorable local
conditions were needed that could enhance the impact of the new transport means and
give a positive result. The cultural and political consequences of the construction of
regional railways should also be mentioned. The railways, as a complex type of
economic activity, were equipped with modern means of communication — telephone,
telegraph. With their help, remote areas gained access to operational information, not
to mention the delivery of periodicals and the like” (Zhaloba, 1996).

In the early 70s of the XIX century, one of the most acute and exigent issues in
the government circles of Austria-Hungary and military circles, among the commercial
and industrial bourgeoisie and landlords, in public publications was the question of
immediate measures for the fast development and construction of regional railways in
Bukovyna region. The motivation to build these railways arose due to two reasons. On
the one hand, it was due to the economic state crisis of 1873, which put an end to the
participation of private capital in large-scale railway construction. On the other hand,
it was the fact that the main railway lines had already been built and therefore the issue
of building of regional railways was on the agenda in government circles. That is why
the Ministry of Commerce approved the law on the status of regional railways on May
25, 1880 and the order of the on the status of regional railways was issued on May 29,
1880. According to this law, the decision-making process for the construction of
regional railways was simplified, and the measures on facilitation of its operation were
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determined. This law has been repeatedly supplemented by various legislative acts, as
evidenced by the literature data (Strelko & Pylypchuk, 2021a; Strelko &
Pylypchuk, 2021b; Strelko, Berdnychenko, & Pylypchuk, 2021). It is clear that these
legislative provisions prepared the legal basis, within the frame of which the
construction of regional railways in Bukovyna began in the future. In general, the
system development plan is based on the priority requirements of the region's economic
development. The system of these railways was supposed to connect the agricultural
inner districts of Bukovyna with Chernivtsi and with the central railway line thought
the shortest route.

The experienced Austrian engineers believed that the network of regional
railways should meet the following conditions:

1) to open the shortest ways for agriculture, cattle breeding, forestry, etc.
enterprises to sell their products, with access to the central railway line of Bukovyna;

2) to build the shortest connection between the forest districts of Southern
Bukovyna and ones of Northern Bukovyna, so the former ones could receive food
transported with these railways;

3) to connect some settlement centers of Bukovyna to Chernivtsi and among
themselves;

4) to provide the entire railway system with fuel, mainly firewood, and also carry
this fuel at affordable prices for use in Eastern Galicia.

The local railways had to meet military and strategic tasks — “the possibility to
quickly move and concentrate troops on the borders of the Empire, especially in the
south-eastern direction (with Romania and the Russian Empire)” (Russian State
Historical Archive, Fund 207, Inventory 3, Case 162, Sheets 138-143; Russian State
Historical Archive, Fund 1272, Inventory 1, Case 19, Sheet 3).

The first regional railway in Bukovyna was Chernivtsi — Novoselytsia railway. It
was one of the largest regional railways. It connected Chernivtsi with the city located
on the border of the land that then belonged to Russian Empire, it crossed the rich and
densely populated area of Northern Bukovyna and through Novoselytsia connected
with the Russian fertile lands — Bessarabia and Podillia. The construction of Chernivtsi
— Novoselytsia railway made it possible to export Bukovyna forest to the southern
regions of the Russian Empire, and Bukovyna imported agricultural products from
those regions.

The construction of this railway was preceded by almost a decade of struggle
between supporters and opponents of the construction of such a long and expensive
local line to the border with the Russian Empire. The most far-sighted statesmen and
representatives of the Austrian bourgeoisie advocated the construction of this railway,
which would facilitate access to the Russian Empire and would benefit the military and
political as well as economic interests of Austria-Hungarian Empire. In its turn,
Bukovyna Chamber of Commerce and Industry also repeatedly appealed to the
Ministry of trade of Austria-Hungarian Empire with a proposal to quickly connect
Chernivtsi-Suceava line with Russian railways, as well as with Hungarian railways (via

139


https://www.hst-journal.com/

https://www.hst-journal.com Icmopist Hayku | mexHiku, 2022, mom 12, gunyck 1

History of science and technology, 2022, vol. 12, issue 1
Maramures — Sziget). According to the Chamber, this would make it possible to speed
up transportation of goods from Bukovyna, Podillia, Bessarabia and north-eastern
Romania and reduce its cost. In addition, the opinion of I. V. Zhaloba deserves special
attention. I. V. Zaloba claims that “despite the significant progress made by Lviv-
Chernivtsi-Suceava railway in the transport industry, its financial situation was initially
very shaky, and it had an unstable financial balance. Under these conditions, the
Railway Board was actively looking for a way out of the current situation. In his
opinion, one of the main reasons for this situation was the lack of free access to the
Russian Empire through Novoselytsia and Tomaszow” (Zhaloba, 1996). However, it
was only on June 5, 1883 that Bukovyna entrepreneurs and landowners A. von Petrino,
N. von Mustatsia, G. Popper, S. Stepanovych and J. von Zottia received permission for
the construction of Chernivtsi — Novoselytsia railway. The first meeting of the founders
of Local Railway Chernivtsi — Novoselytsia Joint-Stock Company - the first local joint-
stock railway company in Bukovyna was held as soon as on July 15, 1883 (State
Archives of Chernivtsi region, Fund 300, Inventory 1588, Sheet 1-3).

The state and Lviv — Chernivtsi — lasi Railways Joint-Stock Company participated
in the creation of the share capital through purchase of shares.

The construction of Chernivtsi — Novoselytsia railway was carried out by the
Austrian company “V. Knauer and E. Gross”, which was considered to be very
competitive and professional as it also simultaneously built railways in Eastern Galicia.
The supervision of the quality of construction was carried out by Lviv — Chernivtsi —
[asi Railways.

The construction of Chernivtsi — Novoselytsia railway was completed fairly
quickly. Several factors contributed to this: weather, favorable geographical location
and enthusiasm of builders. The largest part of work was done only on the one segment
- near Boiany village, where it was necessary to carry out large — scale earthworks
related to Prut River. There an impressive earth embankment was raised and protective
structures were constructed. According to the plan of the builders, this segment of the
railway was also supposed to prevent the spread of flooding at Prut river and stop soil
erosion. The rails were supplied from Teschen enterprises, oak sleepers and crushed
stone for the railway track were supplied by Bukovyna enterprises.

The first test locomotive raced from Chernivtsi to Sadhora along the 7.5 km
segment on May 11, 1884 (Eigenverlag der Bank, 1914, p. 35). However, the entire
line from Chernivtsi to Novoselytsia was put into operation on July 12, 1884. This
31 km long railway was built in just a month. The stations were opened at Zhuchka,
Sadhora, Boiany and Novoselytsia. The railway was designed for a speed of 25 km per
hour, two three-axle tender locomotives were constantly operating on this railway
(Ziffer, 1908, p. 47).

Lviv — Chernivtsi — lasi Railways Joint-Stock Company took the management
over Chernivtsi — Novoselytsia railway after it was put into operation. According to the
Treaty dated July 27, 1883 and its annex dated June 5, 1884, this railway was given in
the management of the Joint-Stock Company for 20 years. However, the state began to
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carry out the management of its operation and operation of the central lines in favor of
the owners, as early as 1889. And yet the last railway with all its property was bought
by the state in 1894. Thus, since January 1 of this year, it has fallen into the category
of state-owned railways — the railways that were owned and operated by the state at its
own expense (State Archives of Chernivtsi region, Fund 300, Inventory 2, Case 41,
Sheet 2; Fund 300, Inventory 2, Case 41, Sheets 4; Fund 300, Inventory 3, Case 111,
Sheets 10-18, Sheets 54-55).

The connection of Austrian and Russian railways in Novoselytsia was the
important milestone in the development of the local railway Chernivtsi-Novoselytsia
and the event that has long been sought by Bukovyna business circles. Back in the late
80s of the XIX century Russian newspapers in Bukovyna made it known that the
Russian government intended to build Novoselytsia-Lipcani-Kruty railway (to connect
it with the railway line to Odesa) and Novoselytsia — Mohyliv-Podilskyi — Zhmerynka
railway (to connect it with the railway line to Kyiv). On May 24, 1889, the Presidium
of the regional administration of Bukovyna wrote in this regard to the Ministry of
Commerce: “The railway connection with the Russian Empire through Novoselytsia
will be of the major significance for Bukovyna, especially in matters of trade” (State
Archives of Chernivtsi region, Fund 3, Inventory 1, Case 5392, Sheets 1-2).

The importance of such a connection was also noted by Russian travelers, who
visited Bukovyna at that time. In Particular, V. Krestovskij wrote about this: “...this
railway will gain commercial and industrial significance only when it connects with
the line of the Russian railway, which is currently under construction, as it will connect
Chernivtsi with Odesa. As a result, the Austrian Bukovyna will gravitate even more
towards Russia and receive the main benefits of transit that is now going exclusively
through Romania to Galati. Then most of the cargo will be sent to Odesa after this route
will free them of the overhead costs of double loading in Galati and Sulinsky road, as
it is often, if necessary, practiced at the present time” (Krestovskij, 1891, p. 93). Both
Lviv — Chernivtsi — Iasi Railways Joint-Stock Company and Bukovyna Regional
Railways Joint — Stock Company (Local Railway Chernivtsi — Novoselytsia Joint —
Stock Company was renamed into Bukovyna Regional Railways Joint — Stock
Company at the Extraordinary General Meeting on October 5, 1885 in connection with
the adoption of a concession for the construction of a number of other railways) were
interested in such a connection and expected to significantly improve their financial
situation due to an increase in cargo and passenger turnover. This connection was also
a major point in the plans of the Russian side. The products from Podilsk, Bessarabia
and Kherson enjoyed wide sales in the Austrian provinces of Western Europe, and
Russian South-Western Railways enjoyed the profit from their transportation and from
the transit of Austrian goods, primarily Galician and Bukovyna forests to the Black Sea
coast. The first consultations concerning this matter were held in the early 90s of the
XIX century. They ended in holding of international conference in Kyiv in January
1893. At this conference Bukovyna Regional Railways Joint — Stock Company was
represented by E. A. Ziffer, who at that time held the position of Vice-President. The
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connection of railways in Novoselytsia district in June 1893 was the result of the
reached agreements (State Archives of Chernivtsi region, Fund 297, Inventory 4, Case
4, Sheets 2-3). However, the construction of Russian railway lines, which were
supposed to provide access from Novoselytsia to Odesa and Kyiv, were not completed.
They were put into operation in stages, as construction was completed: August 30,
1892 — Zhmerynka — Mohyliv; December 5, 1892 — Slobodka — Ribnita; November 12,
1893 — Balti — Ocnita, Mohyliv — Ocnita and Ocnita — Lipcani; December 3, 1893 —
Lipkany — Novoselytsia and, at the end, August 21, 1894 — Ribnita — Balti (Statistik
der in dem im Reichsrathe vertretenen Konigreichen und Landern im Betriebe
gestannen Locomotiv-Eisenbahnen, 1902, pp. 70-71). The only 1,225 km long double
— track segment in Bukovyna was built here: one with a width of 1,435 m and the
second — of 1,532 m. The first was used exclusively for the passage of Austrian trains,
and the second one — for the passage of Russian trains in the direction of the Austrian
Novoselytsia and back (Statistik der in dem im Reichsrathe vertretenen Konigreichen
und Landern im Betriebe gestannen Locomotiv-Eisenbahnen, 1902, pp. 70-71).
Chernivtsi — Novoselytsia railway produced the largest profit among the railways of
Bukovyna after connection with Russian railway lines (State Archives of Chernivtsi
region, Fund 297, Inventory 1, Case 1042, Sheets 1-7).

The construction of Lviv — Chernivtsi — Iasi and Chernivtsi-Novoselytsia railways
was only the first step in establishing of a railway system in Bukovyna. Naturally, the
region's needs for a reliable communication network in the context of improving trade
relations were much broader. Lviv — Chernivtsi — lasi railway crossed the Eastern part
of Bukovyna that was the most densely populated and flat terrain of the region.
However, it, as well as Chernivtsi — Novoselytsia Railway, did not touch the forest
storeroom of the region — its main wealth, which gave the main revenues to the regional
budget. Of course, this state of affairs caused complaints from Bukovyna business
community, primarily entrepreneurs of timber industry. The lack of own capital did not
allow to undertake independent significant railway construction projects. At the same
time, if the western part of the region could use convenient waterways and the eastern
part could use unpaved roads for transporting forest (due to the proximity of Lviv —
Chernivtsi — Iasi railway), the middle part of the region felt an acute need for a railway
to be built there (Bodnarchuk, 2018; Hrytsenko, 1959). This also had corresponding
consequences in forestry. The reports of “The forest section of the Agricultural
Association of the Dukedom of Bukovyna” showed that in the early 80s of the XIX
century only 30-40% of the annually cut forest was sold; only 20—-30% of tree trunks
went to the production of shingles and sawn timber, and the remaining 70-80%
remained to rot. Such valuable forest varieties as, for example, beech were sold as
firewood. Such material could be successfully used in other sectors of the economy, in
particular, for the production of railway sleepers.

There was also another task that was no less important: to lay railways deep into
the region and thus to improve economical use of the region, to strengthen the
entrepreneurial spirit there. This would simultaneously facilitate provision of residents
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of mountainous areas with grain and, in the opposite direction, facilitate the export of
livestock and products of the local handicraft industry. In order to resolve this situation,
the Austrian government issued a concession for the construction and operation of
regional railways on August 29, 1885. It included the following regional railways:
Gatna — Campulung, Hlyboka — Beregomet with a line of Karapchiv — Chudey and
Halikfalfa — Radivtsi with a total projected length of 150 km.

At the extraordinary general meeting of Local Railway Chernivtsi- Novoselytsia
Joint — Stock Company that was held on October 5, 1885, it was decided to accept this
concession and simultaneously rename the company (as indicated above) (State
Archives of Chernivtsi region, Fund 297, Inventory 1, Case 1041, Sheets 2-3). The
capital required to build these lines was estimated at 13.3 million guldens. Along with
other interested parties, Lviv — Chernivtsi — Iasi Railway, the Orthodox Religious
Foundation and the regional administration of Bukovyna took part in its creation. The
construction was carried out by Karl Meger & K company (State Archives of Chernivtsi
region, Fund 297, Inventory 1, Case 1041, Sheets 2-3).

The construction of these railways was performed at a fairly rapid pace. Just
almost a year later, on November 30, 1886, 53 km of the Hlyboka — Beregomet railway
with Karapchiv — Chudey line (19 km) was put into operation. The following stations
were opened on the line from HIlyboka to Beregomet: Hlyboka, Karapchiv,
Storozhynets, Sloboda-Komarivtsi, Zhadova, Lukavets and Beregomet, as well as
stops in Ropcha and Pantsi (now Kalinivka village of Storozhynetskyi district). Two
stations were built in Petrivtsi and Chudey and a stop in Kuptsi on the Karapchiv —
Chudey branch (Ziffer, 1891, p. 96).

After the construction of Hlyboka — Beregomet railway line began, a concession
was granted for the construction and operation of 9 km of wood-transport line from
Beregomet railway station to the steam sawmill in Mezhybrody. Its construction was
carried out simultaneously with Hlyboka — Beregomet railway line and was completed
on December 21, 1886 (Studnytskyi, 2017, pp. 72-82).

At the end of the 80s of the XIX century, the local railways of Southern Bukovyna
were also put into operation: 67-kilometer long Gatna — Campulung line — on May 1,
1888; 8-kilometer long Halikfalfa — Radivtsi line — on November 17, 1889; as well as
20-kilometer wood-transport Vama-Rus-Moldavytsa line — on August 15, 1889
(Worobkewicz, 1893, p. 116).

Under the relevant agreements Lviv — Chernivtsi — lasi Railway Company carried
out the operation of Hlyboka — Beregomet — Mezhybrody and Gatna — Campulung
railway lines. After the company was subordinated to the state administration in June
1889, all the above-mentioned railways, as well as those, whose construction was
completed after the specified period, were transferred to state management. From that
time until the beginning of XX century, they were in the category of private railways,
the operation of which was carried out by the state at the expense of the owners (State
Archives of Chernivtsi region, Fund 300, Inventory 1, Case 279, Sheets 1-2).
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Thus, at the beginning of 1890, the total length of the railways of Bukovyna

Regional Railways Joint — Stock Company was 208 km. The amount of 14.7 million

guldens was invested in them (Denkschrift anlasslich des 25-jahrigen Bestandes der
Aktiengesellschaft “Bukowinaer Lokalbahnen”, 1908, p. 8).

Conclusions.

The period of rapid construction of tracks, bridges, railway stations, stations, and
various technical structures, etc. lasted in Bukovyna for more than three decades —from
1865 to 1898. During this time, the main agricultural areas, timber and rafting points
of Bukovyna received access to the seaports and railway systems of neighboring states
— Romania and the Russian Empire. But this goal was achieved not only due the
construction of the first railway Lviv — Chernivtsi — lasi that was 144 km long and met
all of the above mentioned requirements, but also due to the construction of a regional
railway system of the region, which began to develop in the 80s of the XIX century.

It is determined that private railways, as important transport arteries of Bukovyna,
were of national importance and played a significant role in the transport system of
Austria-Hungarian Empire. They served the leading economic districts of Bukovyna,
acting as an integral part of production in each of them. In other words, they were used
for development of local, intersectoral and interregional relations.

Regional railways, first of all, played an important role in the social and economic
life of Bukovyna region. In most cases, they did not carry the strategic cargo, but made
it possible to connect the most remote corners of separate areas of the region into a
single whole. In practice, local railways were a significant addition to the main central
line, providing the latter with a greater intensity of cargo and passenger turnover and
thus increasing their profitability. At the same time, the trade volume between the
outskirts and the center of the Austro-Hungarian Empire was increased. It contributed
to the intensification of economic development of certain districts of Bukovyna region.
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Oxkcana IInanmuyk
Jlep>kaBHUI YHIBEpPCUTET IHPPACTPYKTYpPHU Ta TEXHOJIOTIH, YKpaiHa

JocuixxeHHs icropii popMyBaHHSI MepeKi perioHaJIbHUX 3aJi3HULb HA
BykoBuHi

Anomauia. Cmamms npucesuena 6U84eHHIO, Y3a2aibHeHHI0 ma cucmemamu3ayii
HAYKOBUX 3HAHbL NPO ICMOPI0 CMAHOBNEHHA, (QOPMYBAHHA mMa (OYHKYIOHYBAHHS
mepexci peioHanbHuX 3a1isHuyb Ha bykosuni y opyeaiii nonosuni XIX — na nouamxy XX
cmonims. Ha ocro6i wupokoeo kona pariuie He onyoaiKO8AHUX APXIBHUX OOKYMeEHMI8,
nepiooudHUX 8UOAHb, CIAMUCTNUYHOL Iimepamypu ma memyapie, agmopu 30iiCHUIU
cnpoby npoaHanizyeamu npoyec CMEOPEeHHs ma (OYHKYIOHYBAHHA 3ANI3HUYb HA
byxoeuni nepiody npasninns Ascmpo-Yeopcvkoi imnepii. Y cmammi 0ocnioceno
CMAHOBIIEHHSl OP2AHIZAYIUHUX OCHO8 CNOPYOIHCEHHSL 3ANI3HUYb, OIIbHICb MEXAHIZMY
VIPABAIHHA KOMYHIKAYIUHOIO Mepedicelo, nepeniueHo Yiiut KOMNIEKC NOCMABIeHUX
nepeo 3ani3HUYHUM mpancnopmom bykoseunu eumoe i 3a60amv, Xxi0 iX GUKOHAHHA,
PO32TIAHYMO Yenixu i mpyoHowi y yiti pobomi. Bcmanoeneno, wo npusamui 3a1i3Huyi,
AK eaxcnuel mparncnopmui apmepii Bykoeunu, manu 3a2anbHooepicashe 3HAYEHHs |
gidicpasanu 3HAYHY pPOJIb 8 MPAHCNOpMHIU cucmemi Aecmpo-Yeopwunu. Bonu
006cy208y8anu nPoGioHi eKOHOMIUHI pationu ByKkogunu, ucmynaiouu 8 KOXHCHOMY 3 HUX
CKI1A006010  4aCmMuHoOl 6upobHuymea. Inwumu cnosamu, 3 ix 00nomo2o00
30ILCHIOBANUCS MiCYesl, Midc2any3e6l | pecioHaNbHi 36 3Kku. Pecionanvhi 3aniznuyi, 6
neputy uepey, 8i0iepasaiu 8adiciugy poib 8 COYIAIbHO-eKOHOMIYHOMY JHCUMMI
OYKOBUHCLKO20 Kpato. B Oinvuiocmi eunaokié 60HU He HeCIu HA COOI 8AHMANCY
cmpameziuHo20 NPU3HAYEHHs, ale 0a8anu MONCIUBICMb 3 '€OHamu 6 €OuHe yine
Haugsiooaneniuli Kymouxku oxpemux oobaacmeu. Illpaxmuyno micyesi (10KabHI)
3ani3HUYi OYIU 3HAYHUM OONOBGHEHHAM OO0 OCHOBHOI MPAHCMAICMPAIbHOL JNiHii,
3abe3neuyroyu 0OCMAaHHil OLbUly IHMEeHCUBHICMb 8AHMANICO- | nAcaM cupo obopomy i
RIOBUWLYIOYU MAKUM YUHOM IXHIO penmabenvHicmy. [lpu ybomy oocseanocs nocunenns
MoBapooOMIHYy Midc OKpaiHow i yenmpom Ascmpo-Yeopcvroi imnepii. Pazom 3 yum
giobysanacs  inmencugikayis  eKOHOMIYHO20  PO3BUMKY  OKpeMUx  patloHie
0YKOBUHCLKO20 Kpalo.

Knwuosi cnosa: Ascmpo-Yeopwuna, bykosuna; Uepnisyi; 3anizHuuHUl
MpaxHcnopm, pe2ioHAIbHI 3aII3HUYL, ICMOpPIsl CMEOPEHHs
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The integration of 3D technology for the conservation and restoration of ruined
archaeological artifacts

Abstract. The restoration and conservation of monuments and archaeological
sites is a delicate operation. It requires fidelity, delicacy, precision and archaeological
authenticity. The aim is to reveal, recreate as accurately as possible the characteristics
of an archaeological site or part of it. Research during the last two decades has proved
that 3D modeling, or the digital documentation and visualization of archaeological
objects in 3D, is valuable for archaeological research. As well, as for conservation
and presentation to a wide audience, as it allows the creation of realistic and accurate
digital copies of archaeological objects. In the past, 3D modeling technologies were
prohibitively expensive and too technologically specialized to be integrated into most
historical heritage projects. However, advancements in computing and digital
photography over the past decade have resulted in several low-cost, user-friendly
options for 3D modeling, using photogrammetry. The latter has been used successfully
for documentation of historic cultural. In recent years, this technology has become
increasingly more popular for archiving, which provide the 3D model and digital
ortho-image using high accuracy dense 3D points. The study has opted for the
technique of terrestrial and aerial photogrammetry by 3D surveys of architectural
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elements, to develop an archetype of the deteriorated Islamic Marinid site (a dynasty
between the 13" and 15 centuries), and the Roman site (25 BC), located at the Chellah
archaeological site in Rabat and Salé cities. However, the recognition of the
importance of these Islamic sites, in terms of the evolution of Moroccan Islamic art,
requires the combination of large-scale scanning capability of unmanned terrestrial,
aerial photogrammetry and the photorealistic rendering of 3D, as well as exhaustive
research on the history of this cultural site. The data acquired build an architectural
database to archive and retrieve the entire existing architecture of monuments. This
study has been completed by photogrammetrists, architects, and restorers.
Keywords: cultural heritage; photogrammetry; survey; architectural archiving;
3D reconstruction ; museology

Introduction and research aims.

Unfortunately, Moroccan cultural heritage, despite its high potentials, such as
many monuments, archaeological sites and valuable scientific data, has hardly
benefited from the use of digital and new technologies. Therefore, the implementation
of Photogrammetry for documentation, analysis and dissemination of archaeological
findings to archaeologists is essential to make cultural heritage in Morocco accessible
to the human community more easily and scientifically through these techniques. It
enables us to produce accurate information on objects. Providing a 3D model of these
monuments and sites can be a good way to document and record these works as they
provide geometric measurements and extract quantitative information with good
accuracy, which can be used to prepare restoration plans.

These methods are able to provide digital documentation and 3D modelling of
historic monuments (Martin, Meynard, Pierrot-Deseilligny, Souchon, & Thom, 2017).
Also, to generate 3D and 2D models, and, tips for virtual recovery of cultural heritage.
Nowadays the world loses its heritage identity faster than they can be documented
(Thomas, 2017). There is a particular need for technical guidance on recommended
workflows, from data capture through to archiving based, if possible, on free software.
This will greatly reduce the cost in terms of research and expense in the commercial
sector and will ultimately lead to an enhanced record and understanding of our
archaeological heritage (McCarthy, 2014).

In the last years, Photogrammetry was used for aerial and terrestrial applications
largely motivated for the conservation of cultural heritage monuments (Hill, 2019).
Terrestrial laser scanning technology allows fast and efficient collection of 3D
coordinates of cultural heritage object automatically (Yastikli, 2007). The terrestrial
Photogrammetry by camera photo is generally the most used technologies to virtually
reconstruct the entity geometry of the monuments (Thomas, 2017). Using low-cost
equipment like digital camera proved to be adequate to promote cultural heritage over
the web such as virtual reality (Koutsoudis, Arnaoutoglou, & Chamzas, 2007).

Historical documentation using UAV-based images a significant time-saving
compared with traditional measurement techniques (Colomina & Molina, 2014). The
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cost of UAV systems is major factors that determine the budgets of cultural heritage
documentation projects (Bakirman et al., 2020). Loaiza Carvajal and al. (Loaiza
Carvajal, Morita, & Bilmes, 2020) recommended that close range objects reconstructed
by digital Photogrammetry allow an exact reconstruction, with micrometric resolution
and a high-quality texture, used in the case of institutions that require the digitization
of objects of heritage value. Also, Himasari Hanan and al. recommended that close
range Photogrammetry techniques provide flexibility in data acquisition as the non-
metric camera can be operated by almost anyone and more affordable (Hanan,
Suwardhi, Nurhasanah, & Bukit, 2015). Compared to other 3D modelling techniques,
they deliver a variety of data, from 2D images of photographs, dense point clouds, the
geometry of the object and solid 3D model.

The choice of the appropriate method for 3D modelling is very important in the
documentation, because the product model must also have the desired detail, in
addition to being accurate(Alby & Grussenmeyer, 2012). This paper presents, an
approach combining digital camera, UAV and image data, to model and reconstruct
architectural features; in order to provide sufficient and comprehensive data regarding
the documentation and evaluation of Abu AlHassan’s Madrasa, and the Roman remains
located at the archaeological site of Chellah. Also, the Madrasa Al-Marinia in sale city
(13" century). This will allow us, through the documentation and archiving of these
historical data, to determine the physical damage in order to provide the necessary
intervention and conservation methods.

Study sites.

Our chosen study sites (Figure 1) located in Salé city (Morocco) and, on the
Chellah archaeological site in Rabat city (capital of Morocco); this site offers
conditions conducive to human occupation from the earliest antiquity (7th-6th c. BC)
(Terrisse, 2011). In 2012 it was added to the United Nations Educational, Scientific,
and Cultural Organization (UNESCO) world heritage list
(https://whc.unesco.org/fr/list/1401) (Salih & Amrani, 2012). The first site is the
Marinid Madrasa of Abu Al-Hassan which is a Quranic school serving as a college and
a student residence (Boukous, 2011; Shatzmiller, 2011). The second site is Madrasa
Al-Marinia; it was built in the first half of the 14th century under the reign of the
Marinid Sultan Abu al-Hassan ben Uthman, in the city of Sale near of the city of Rabat
(Pennell, 2003). These Madrasas served a cultural, educational and political role
(Belhaj, Bahi, & Akhssas, 2017), they were erected to deserve the favors of Allah, to
do religious and God-pleasing work, to restore religious teaching and science, and to
strengthen the political power of the rulers (Belhaj et al., 2017; Daniotti, Gianinetto, &
Della Torre, 2020). The Marinid dynasty that ruled Morocco and the whole of the
Maghreb for nearly two centuries, from the second half of the 13th century to the first
half of the 15th century (Nagy, 2020; Shatzmiller, 2011).

The third site is the Romain settlements (in 25 B.C.). According to the excavations
and the archaeological studies we can establish the portrait of Sala during the period of
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reign of Juba Il. The city was laid out in terraces like some other great centers of the
Hellenic East. On these narrow terraces were discovered many pre-Roman buildings,
some of which were later integrated into the buildings of the Roman period and thus
survived the stratification of the successive periods. It is to this Hellenic period that
belong three temples and public buildings with isodomic wall structure or Moretan
style with alternating blocks, warehouses built with mud bricks and paving of the
streets in local sandstone (Boube, 1999).

Rabat -Salé/ Morocco

Figure 1. Study area, a) Madrasa of Abu-Al-Hassan, b) The Roman site, c)
AlMadrasa Al-Marinia. (Source: Google earth pro).

Material features and methodology.

Photogrammetry as any measurement technique that allows the generation of 2D
or 3D digital models of the object as an end product (Daniotti et al., 2020; Obradovi¢
et al., 2020). Of course, this is the case when using photographic images, but it is still
the case when any other type of 2D acquisition is used, for example, radar, or a
scanning device: the photogrammetry process is basically independent of the type of
image (Alberti, Ferretti, Leoni, Margottini, & Spizzichino, 2017; EI-Din Fawzy, 2019).
In this case, we used a digital camera that allows measurement of a large number of
points placed on the object monitored without the need for them to be accessible but
only visible (Cucci, Picollo, & Vervat, 2012). And a series of overlapped images were
collected using UAS based digital and multispectral cameras Table 1.

a. Digital Camera.
Many architectural features (the columns, door arches, Fountain, and Mihrab)
were photographed using a digital camera: Canon EOS 700D.
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Table 1. Camera specifications

Camera specifications

Brand of camera
Camera model
Type

I1SO sensitivity
Focal length
Total pixels
Sensor cleaning

Canon

Canon EOS 700D

22.3 x 14.9mm CMOS
ISO-160

F/4

Approx. 18.5 megapixels

EOS integrated cleaning system

Table 2. Technical specifications of devices used

Camera specifications

Brand of camera
Camera model
Type

I1SO sensitivity
Focal length
Total pixels
Sensor cleaning

Canon

Canon EOS 700D

22.3 x 14.9mm CMOS
ISO-160

F/4

Approx. 18.5 megapixels

EOS integrated cleaning system

b. UAV-drone.

In recent years, UAVs or drones have been used in various archaeological areas,
including site identification, mapping, and site modelling (Liang, Li, , Lai, Zhu, Jiang,
& Zhang, 2018; Rocheleau, 2005). Given the limitations of drone availability for
photography, cloud cover and satellite orbital characteristics that do not allow us to
capture a specific location at a given time, UAVs have advantages such as cost
reduction, low-level shooting capacity, high resolution images and high time flexibility
(Rocheleau, 2005; Singhal, Bansod, & Mathew, 2018). For images acquisition, a 1-
inch camera sensor camera is mounted on the DJI Phantom 4 Pro. This camera offers
a multi-format sensor, which leads to a 20megapixel resolution. The Phantom 4 Pro
also features DJI’s Flight Autonomy system, providing you with five directions of
obstacle sensing. The camera specifications are listed in Table 2.
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Figure 2. Example of 75% recovery on two consecutive images (source: Authors).

The different architectural structures have established that the measurement must
be carried out at different angles (Obradovi¢ et al., 2020). In order to have sufficient
quality and accuracy, we will strive to achieve a minimum image to the image recovery
rate of 75% (Figure 2) (Lee, 2018, Bedford, 2017). For the image in the Figure 3
representing a length of 1m, the digitized surface of 25% of this length, or 0.25m, is

shifted parallel to the digitized surface to produce the following image (Ginzler &
Hobi, 2015).

Figure 3. A series of corresponding images to digitize a surface (source: Authors).
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Figure 4. Positions of the device for angle scanning (source: Authors).

In the Figure 4, the grey triangle represents the location of the camera at the time
of acquisition. Particular care must be taken to ensure that the edges of the object are
present in several images so that only the central elements are covered (Bedford, 2017).
To do this, the images were made beyond the desired object to have a recovery in the
corners and edges of the object. For that, a point of the object must be visible at least
on two images in order to be reconstructed (Pollefeys, 2000).

In the image (Figure 4), the surface to be digitized has an angle, so a movement
around the angle has been initiated to connect the two surfaces, as shown in the
diagram. This movement must always respect a minimum overlapping of 75%, and
generally includes at least six photographs on an angle (New Jersey Department of
Transportation, 2009; Bedford, 2017). For the columns, we need a 360° scanning
around the object, to obtain the desired recovery (Rosin et al., 2018), since the object
is highly textured; we have made 36 steps of 10° each.

a9re

:
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Figure 5. Pretreatment of a point cloud: undesirable points in the scene (source:
Authors).
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A total of 385 were taken using a DJI Phantom 4 Pro (DJI). Its price range is
around 0.2% that of professional UAVSs. The altitude was 5-30 m. The side lap and
along-track overlapping were 85%.

Agisoft Metashape software was used for photogrammetric processing of digital
images and 3D spatial data generation. This software based on structure from motion
(SfM) method (Shervais, Dietrich, & Lauer, 2019), which is a photogrammetric
method for creating three-dimensional models of a feature or topography from
overlapping two-dimensional photographs taken from many locations and orientations
to reconstruct the photographed scene (Bedford, 2017; Shervais, Dietrich, & Lauer,
2019). And has been implemented in many applications such as archeology
(Chiabrando, Donadio, & Rinaudo, 2015), DEM creation (Agisoft Metashape, 2019),
geodesy (Cook & DeSanto, 2019), geomorphology (Micheletti, Chandler, & Lane,
2015), and structural geology (Saputra, Rahardianto, & Gomez, 2017). It uses Scale
Invariant feature transform (SIFT) algorithm (Napolitano & Glisic, 2018), which
included four steps; scale—space extrema detection, key point localisation, orientation
assignment, and key point descriptor (Bakirman et al., 2020; Pefia-Villasenin, Gil-
Docampo, & Ortiz-Sanz, 2019). In the first stage, it uses the difference of Gaussian
function (1) to identify potential points of interest; naturally according to the algorithm
these points are invariant to scale and orientation (Bakirman et al., 2020; Lee, 2018):

L(x,y,0) = G(x,y,0) *I(x, y) 1)

Where * is the convolution operator, G(x, y, 6) is a variable-scale Gaussian and
I(x, y) is the input image.

To determine the key-point localisation in the scale-space, difference of Gaussians
is one such technique, locating scale-space extrema, D(X, Y, ) by computing the
difference between two images, one with scale k times the other. D(x, y, o) is then given
by (Bakirman et al., 2020) (2).

D(x,y, 0)=L(x,y, ko) - L(x, y, 6) (2)
The key-point descriptor (3), described below, can then be represented relative to

this orientation, achieving invariance to rotation. The approach taken to find an
orientation is (Bakirman et al., 2020):

=\/(L(x +1,9) - Lx—1,y)° + L@y +1) - L(x,y — 1))?

1 Lxy+1)-L(xy—1)
(L(x+ 1,y)-L(x- 1,y))

M(x, y) (3)

P(x,y)= tan’
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Where L (X, y) is an image sample, m (X, y) is the gradient magnitude, and (X, y)
Is orientation. Finally, unique descriptors for each key point are computed to conclude
the SIFT process.

Photogrametric results and disscussion.

The Photogrammetry process used in this study is less expensive compared to
other techniques such as laser scanning. Digital Photogrammetry applied to historical
heritage has great potential as a mechanism and a tool for documentation,
dissemination and enhancement, and even restoration and monitoring (Calin, 2015;
Wei et al., 2019).

Figure 6. 3D modelling of architectural features, a-c) Mihrab Al-Marinia, b) Mihrab
remain of Madrasa of Abu Al-Hassan, d) The Romain Fountain €) door of Madrasa
Al-Marinia, €) The Marinid Fountain, g) The Marinid column, h) The Romain statue,
(source: Authors).

In order to obtain consistent data (Figure 6), the pretreatment phase (Figure 5) is
necessary to reduce undesired scenes and noise in the point cloud, and to keep that the
points of interest for the model. The digital models resulting from the point cloud
modelling are simple models, made from data from the field. These products can be
used for video and animation creation. And also, can create measurement supports
(Loaiza Carvajal et al., 2020) (Figure 7), as well as generate 2D plans, and cross-
sections (Figure 9), and create profiles (Yilmaz, Yakar, Gulec, & Dulgerler, 2007;
Galantucci & Fatiguso, 2019).
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Figure 8. Aerial view of the current state of the study area (DJI Phantom pro4)
(source: Authors)
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Figure 9. The Medersa Marinid, (a) 2D plan, and (b) 3D model (non-textured view)
(source: Authors).
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The acquired images by drone are used to generate and integrate 3D models,
generate orthophotographs, with precision, and perform visual inspections of the site
in its current state (Figure 8).

These models can serve as a reference for future studies and even for public
diffusion based on better production proposals that produce more accurate
documentation, dissemination and interpretation (Grussenmeyer, 2003; Martin,
Meynard, Pierrot-Deseilligny, Souchon, & Thom, 2017). Despite the advantages of the
method and sub-processes, it also faces practical complications that are generally
related to climatic conditions (wind, rain, other), as well as the availability of disparate
technological means, such as the current situation itself, or the environmental sphere,
lighting conditions, solar radiation and others (Aparicio, Espinoza-Figueroa, Aguirre,
Mejia, & Matovelle, 2018).

The 2D data and models generated from terrestrial photogrammetry are exported
to the 3Ds Max platform which allows, through the use of advanced modelling
techniques, the construction of a three-dimensional digital model that can be
visualized, manipulated and modified at any time, being able to develop different
versions of the same model (Figure 10).

Figure 10. Multiple view of 3D photorealistic model of Marinid architectural
features, (source: Authors).

A question was posed during the modelling of the Medersa that was not very clear
in the books on the history of the site: how many floors did this site have? Some
hypotheses take into consideration, due to the traces of the stairs that are still visible.
The first hypothesis is that the site is constituted by the ground floor and two floors, it
is based on similar Medersa built in the same period and by the same Marinid dynasty,
and especially that of Abu Al-Hassan located in the Sale city, and El Attarine in Fez.
The second hypothesis, it has been proposed that the site consists of the ground floor
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and a single floor, based on a comparison between the supporting structures; the square
and circular columns of the Medersa Marinid in Chellah and other similar sites. The
square columns of the study site are (50%50) cm, and the circular columns (25%25) cm
in size, while those of Medersa Abu Al-Hassan and El Attarine are twice as large.
Indeed, the first hypothesis was eliminated and the second was used as a model (Simou,
Baba, Nounah, & Aarab, 2020).

Conclusions.

Betting on technologies applied in everyday life shows the improvement of
heritage conservation processes, also shown by this study, through the effective
restoration, for example, of the damaged Mihrab of Madrasa Marinid, whose
immediate value has slowed the loss of individual value of the object and of course of
the architectural complex. In general, the demand for 3D technologies to digitize
heritage is increasing rapidly and efficiently (Alshawabkeh, EI-Khalili, Almasri,
Bala’awi, & Al-Massarweh 2020; Xie & Matusiak, 2016). This is a promising option
for the future, and current efforts are focused on cost-effectiveness, speed, efficiency
and accessibility to capture and compute large-scale 3D virtual models from
archaeological discoveries (Erenoglu, R. C., Akcay, & Erenoglu, O., 2017). Although
photogrammetry helps to digitally record historical remains with a high level of detail
(Yang et al., 2020), this will facilitate the rehabilitation and effective analysis of
cultural sites by cultural centers. This study provides a three-dimensional
documentation of the Medersa Marinid site located at the Chellah Archaeological Site,
combining different methods after their examination, starting with aerial
photogrammetry by drone which allowed us to carry out a survey of the site in order to
have an overview of the current state of the site, and terrestrial photogrammetry with a
digital camera, which is one of the most economical and rapid ways to digitize
archaeological objects, this methods has allowed us to generate three-dimensional
models of some architectural models that are still durable in the site, with high quality
and with the ability to display all parts of these objects as a 3D file and
orthophotographs, which have been a valuable addition to this documentation. Then,
to use the data retained by photogrammetry methods to modelling software, to
reconstruct and record the studies of the Medersa Marinid Monument through graphic
documentation. The selected 3D virtual models are reactive and allow to quickly
analyzing the construction elements and associated data. These technologies open up
new opportunities for the management and conservation of this cultural heritage, and
even for the tourism and educational processes that attempt to bring this heritage closer
to the new generations.

Unfortunately, Moroccan archaeology, despite its high potential, such as many
archaeological sites and valuable scientific data, has hardly benefited from the use of
digitization and new technologies. Therefore, the introduction of digital methods of
documentation, analysis and dissemination of archaeological findings to archaeologists
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is essential to make archaeology in Morocco accessible to the human community more
easily and scientifically through these techniques.
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Cana Cimoy

JlaGopartopis IUBUILHOTO OYMIBHUIITBA Ta HABKOJHUIIHBOTO cepenoBuina, LleHTp
IIUBUIBHOTO OYyMIBHUIITBA, BOJHUX PECypCiB, HABKOJMIIHBOIO CEPEIOBHINA Ta
reoHayk, [mxenepHa mkona Moxammanii, YHiBepcuter Myxammena V, Mapokko

Xagigxka baoa
JlabopaTopist OymiBHUIITBA Ta HABKOJHUIITHROTO CEepeaoBHUINA, Buima TexHOIOTIYHA
mikona, Cane, YHiBepcutrer Myxammena V, Mapokko

Adaeppaxman Hyna
JlaGoparopis OyaiBHUIITBA Ta HABKOJHWIIHBOTO Cepe/loBHINA, Buima TexHoIOriYHA
mkona, Cane, YHiBepcurer Myxammena V, Mapokko

InTerpauis 3D-TexHoJ10riii 1y KOHCepBallii Ta pecTaBpailii 3pyiiHOBaHUX
apxeoJIoTiYHUX apTedaKTiB

Anomauia. Pecmaspayis ma KoHcep8ayisi nam'smHUKI8@ mMa apxeono2iuHux
00'exmis — cnpasa mouka. Bona sumazae denikamuocmi, MOYHOCMI MA APXeol02IUHOT
oocmosipnocmi. Lline nonseac 6 momy, wod MAKCUMAILHO MOYHO BUABUMU,
8I0MBOPUMU  XAPAKMEPUCMUKU  APXEON02IYHO20 NaAM'SMHUKA aO0 1020 YACMUHU.
Jlocniooicennss ocmanuix 080x Oecamunimv odosenu, wo 3D-mooenosanns, abo
yugposa doxymenmayis ma 6izyanizayis apxeonociunux o6'exmie y 3D yinni ons
apxeono2iuHUX 00CII0NHCEHb, a MAK0#C OJIsl KOHCEPB8ayii ma npeodcmaegiieHHs: WupoKii
ayoumopii, oCKiIbKU 00380JI51€ CIMBEOPIOBAMU PeaniCmU4Hi ma moyHi yu@dposi Konii
apxeono2iuHux 06'exmis. Y munynomy mexuonocii 3D-mooenoeanus 6yau HaOMipHo
00pocuUMU mMa HAOMO MEXHONO02IMHO CHeyiani308anumMu, woob ix ModxcHa 0Y1o
iHmezpysamu y Oinvuiicms npoekmis icmopuyroi cnaowunu. OOHAK O0O0CACHEHHS 8
PO36UMKY 00YUCTIOBANIbHOI meXxHIKU ma yugposoi ¢omoepadii 3a ocmauHe
decamunimms npuseeiu 00 Nos8U KiIbKOX Hedopoeux ma 3pyuHux eapianmis 3D-
MOOEN08aH s 3 GUKOPUCMAHHAM omozpammempii. Ocmanniti 0y8 YCniwHO
BUKOpUCMAHULL OISl OOKYMEHMYBAHHS ICMOPUKO-KYIbMYPHOI cnadwunu. B ocmanni
POKU Y51 MEXHON02Isl cmae éce Oilbw nonyasapHolo 01 apxieayii. Bona 3abesneuye
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ompumanns 3D-moo0eni ma yugposoco opmosobpasgcenns 3 BUKOPUCMAHHAM
sucokomounux winbnux 3D-kpanok. V docnidscenni 6ys obpanuti memoo HA3eMHOIL
ma aepogomozpammempii 3a OONOMO20H0 MPUBUMIDHUX 3UOMOK APXIMEKmMYPHUX
enemenmis, wob po3pooumu apxemun 3aHenady NOCENeHHs ICAAMCbKUX MAPUHIOIE
(Ounacmia mixc 13 i 15 cmonimmsamu) i pumcvkoeo noceneuwHs (25 p. 0o H. e.),
PO3Mauio8ano20 Ha apxeonoliuHux poskonkax Yennax y micmax Pabam ma Cane.
Illpome eusnanmsa eadxcauBOCMI YUX ICAAMCLKUX HAM'SMOK 3 NO2NA0Y e80oyil
MAPOKKAHCbKO20 ICIamMcbKo20 mucmeymea nompebye NOEOHAHHS]
BEIUKOMACUMAOHO20 ~ CKAHYB8AHMA  OE3NIIOMHUMU — HA3EMHUMU  3aco0amu,
aepogpomocpammempii  ma pomopeanicmuunoco 3D-pendepuncy, a maxodic
BUYUEPNHUX O0CAI0NCeHb 3 ICMOopii Yboco KynbmypHoz2o 00'ckmy. Ompumani Oai
CMBOpIIOMb apXimeKmypHy 0a3y 0aHux O/ apXi8y8aHHs ma GIOHOGIEHHS ICHYIOYOI
apximexkmypu nam'asmuukie. Lle OocniodxcenHs 6UKOHAHO omozpamempucmami,
apximexmopamu ma pecmaspamopamu.

Kniwwuoei cnoea: rynemypna cnaowuna; omozspammempisn; 00CMeMCeHHs.,
apximexmypHe apxigysanns, 3D pexoncmpykyis, myzeonocis
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aviation of the Russian Empire included 91 air squadrons and 5 units of heavy multi-
engine aircraft known as Ilya Muromets. Several enterprises, including the town of
Aleksandrovsk, were manufacturing engines for these planes. The origin of engine
production in Aleksandrovsk was associated with the establishment of a branch of
Petrograd Joint Stock Company of Electromechanical Structures called Deka. The
article aims at analyzing the prerequisites and conditions for the foundation of an
aircraft engine enterprise in Ukraine. While drafting the article, the authors relied on
chronological, historiographical, and other historical methods of research, which have
been widely used both in considering the contribution and influence of certain
individuals and reviewing the stages of creation and development of separate
enterprises, as well as specific industries. Based on the retrospective analysis, the
prerequisites and conditions of the foundation of the aircraft engine enterprise in
Aleksandrovsk, Ukraine, were considered. There was a severe gap between the Russian
Empire and European countries in the development pace of the aviation industry
during World War I. This prompted the Russian Empire to raise foreign capital, as
well as attract technologies and specialists to develop aircraft engineering and other
industries. By 1917, the plant had gained the status of Russia’s largest engine-building
enterprise in terms of building area and one of the best in equipment. It is evident that
the beginning of aircraft engine production in Aleksandrovsk relates to the
establishment of a branch of Petrograd Joint Stock Company of Electromechanical
Structures and the plant’s purchase from the Moznaim brothers.
Keywords: Russian Empire; history of technology; aircraft engineering; llya
Muromets aircraft; first aircraft engine; bomber

Introduction.

Aircraft engine production in the city of Zaporizhzhia (Ukraine) has already been
existing for over 100 years. This legendary history started with making an engine for
the famous aircraft, the world’s first mass-produced multi-engine bomber named after
Ilya Muromets (see Fig. 1), the Russian hero of epic poetry. This aircraft, which gained
wide fame during World War |, became a symbol of the emergence of the aviation and
aircraft industry in the Russian Empire (Kemaloglu, 2014; Vasilev, K. K. & Vasilev,
Yu. K., 2017; Bogdanov, 2021; Vasigh & Azadian 2022). Zaporizhzhia engine-
building plant runs along with this industry from its starting point. Its activity
influenced not only the industry of the Russian Empire but also the world aviation
industry.

The article aims at analyzing the prerequisites and conditions for the foundation
of an aircraft engine enterprise in Ukraine.

Research methodology.

While drafting the article, the authors relied on chronological, historiographical,
and other historical methods of research (Li, Kuhn, Bar-Yosef, Chen, Peng, & Gao,
2019; Li, Kuhn, Bar-Yosef, Chen, Peng, & Gao, 2019; Michel & Smadja, 2021;
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Sulistyo, Khakim, Jauhari, & Anggraeni, 2021; Lenc, Martinek, Kral, Nicolao, &
Christlein, 2021), which have been widely used both in considering the contribution
and influence of certain individuals (Baig, Al-Ma'adeed, Bouridane, & Cheriet, 2018;
Pylypchuk & Strelko, 2020; Strelko & Pylypchuk, 2021) and reviewing the stages of
creation and development of separate enterprises, as well as specific industries (Lee,
Lee, Kim, & Shin, 2018; Sizov, 2019; Lamberg, Lubinaité, Ojala, & Tikkanen, 2021;
Manioudis & Milonakis, 2021; Wang, Chang, Xu, Wang, & Kadirkamanathan, 2021).

B e T _
e R SR ;
Figure 1. The largest pre-WW1 plane — S-22 llya Muromets (Lazko, 2020).

Results and discussion.

The Russian Empire’s failure to develop aircraft engine production was a weak
spot for the emerging aviation industry, so the Main Military-Technical Administration
and the Air Fleet Directorate had to perforce rely on foreign manufacturers of aircraft
engines. Shortly before World War I, the Military Ministry acquired licenses to build
Gnome rotary engines in the Russian Empire from components manufactured in
France. The engines were assembled at the plant of the Society of Gnome & Rhone
Engines, founded in Moscow in 1912 (Popov, 2019). It’s worth noting that French
people prevailed among the employees of these Moscow assembly workshops.

The Russo-Baltic Wagon Factory in Riga, which in addition to railway cars also
constructed vehicles, started mastering aviation production several years before the
outbreak of the First World War.

In 1911, the board of the Russo-Baltic Wagon Factory invited Igor lvanovich
Sikorsky, a young designer, who became the head of the aviation department of the
St. Petersburg plant. Such aviation designers as K. K. Ergant, M. F. Klimikseev,
A. A. Serebrennikov, A. S. Kudashev, G.P. Adler worked in the department of
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I. I. Sikorsky. The same year, the Russo-Baltic Wagon Factory designed and built the
four-engine aircraft known as Russian Vityaz, which was tested on May 13, 1913
(Zhurilo, Gutnyk, & Zhurilo, 2022). The next multi-motor aircraft, built at the Russo-
Baltic Wagon Factory, was the llya Muromets aircraft. The upper wingspan made up
34.5 m, with a bearing surface area of 182 m? and a distance between upper and lower
wings of 2.5 m (Beggs & Sikorsky, 2014). llya Muromets featured a pilot’s cabin, a
living room, a bedroom, and a toilet. Basically, it was a complete airborne house. The
plane had electric lighting. It weighed 3,500 kilograms unloaded. When designing llya
Muromets, a solid fuselage was used for the first time, enclosing the cabin in a single
streamlined body. The main materials were pine, plywood, and canvas fastened with
metal parts. The designers of llya Muromets supposed not only military but also purely
civil use of the machine, so G. V. Alekhnovich, test pilot, proposed sending the llya
Muromets aircraft with an expedition to the North Pole.

Ilya Muromets’s first flight failed. After climbing to less than eighty meters, the
aircraft suddenly lost speed, collapsed on the left wing, and fell to the ground.
Fortunately, the pilot sustained only minor injuries. The accident was caused by the
installation of an additional wing, which disrupted the proper alignment of the aircraft.
The aircraft was repaired within five days, the wing was removed, and llya Muromets
successfully passed flight tests. In February 1914, the aircraft set a record, lasting five
hours in the air with sixteen passengers on board (Fortier, 1996, p. 4).

This masterpiece of the aviation industry of the Russian Empire was demonstrated
at Tsarskoye Selo to Emperor Nicholas Il (Jones, 2013). On December 10 (23), 1914,
the Emperor approved the decision of the Military Council to create a squadron of llya
Muromets bombers, headed by M. V. Shidlovsky. Today, he is considered to be the
founder of the strategic aviation of the Russian Empire.

World War | proved air forces to be a critical driver for warfare outcomes
(Schwonek, 2014; Karataev, Adinyaev, Artemova, & Volkov, 2019; Degtyarev,
Gerasymov, Gut, & Polyakova, 2021; Rance & Snape, 2021). Mastery of the latest
technology appeared to be crucial to the battle’s success. The combat capabilities of
airplanes improved manifold due to the increased power of aircraft engines, thus
initiating a new era in aeronautics of the Russian Empire.

Before World War I, the Russian Empire was already training aircrew at several
specialized aviation schools. However, there were not enough graduates to meet the
staff shortage in the booming aviation industry. Some Russian pilots were trained
abroad, particularly in England and France, where they mastered a course that included
flights with an instructor, independent flights, motor training, aerobatics, and bombing.
By July 1917, the aviation of the Russian Empire included 91 air squadrons and 5 units
of heavy multi-engine llya Muromets aircraft (Shunkov, 2022, p. 57). Naval aviation
consisted of 32 air detachments. By June 1, 1917, there were 645 pilots in the front
detachments of the Russian Empire, 53 pilots in the rear detachments, 26 pilots in the
divisions, and 15 members in the air-front departments and air groups. About half of
all aircrew died in the air battles of World War I.
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There was a severe gap between the Russian Empire and European countries in
the development pace of the aviation industry during World War 1. Over the war period,
the Russian Empire built 5012 aircraft, while England produced 55,000 pieces, France
— 51,100, and Germany — 46,000 (Sinikov, 2014). The Russian Empire built 1,511
engines, England — 41,000, France — 93,000, and Germany — 40,200.

Ilya Muromets was equipped with seven machine guns to assist in combat
operations (Chaney & Greenwood, 2019). This aircraft proved to be a perfect frontline
machine, performing over 400 combat sorties and dropping almost 65 tons of bombs
(Sikorsky, 2007, p. 10). For the first time in the world practice, the bombs weighing 25
poods were designed specifically for the Illya Muromets aircraft. The Russian plane
was the sole one in the world, capable of carrying such bombs. Named after the Russian
epic hero, the aircraft inflicted heavy damage on the enemy. For example, on June 14,
1915, Bashko, a pilot of the llya Muromets bomber, dropped some bombs at
Prazharovsk station, destroying an enemy train full of shells (Jones, 2019). Three
German Brandenburgs attacked the Russian aircraft. Despite being wounded and
having its fuel tanks breached, Bashko managed to fly over the frontline on this aircraft.

In the summer of 1915, the Russo-Baltic Wagon Factory launched mass
production of the RBZ-6 engine with 150 HP capacity based on the German single-
row six-cylinder engine called Argus, and by 1915, this engine began to be installed
on the llya Muromets aircraft (Shavrov, 1974, p. 49). For a while, this used to be the
main engine for this type of plane. After the aircraft was adopted by the army of the
Russian Empire, more powerful 220 HP Renault engines, which were produced in
Petrograd at the Russian Renault plant (later this enterprise was renamed Red October,
Klimov Plant, now it is known as JSC UEC-KIlimov), were installed to improve its
flight and technical performance (Sikorsky, 2007, p. 10). Petrograd plant capacity was
up to ten engines per month and, except for llya Muromets, 220 HP engines produced
by Russian Renault were supplied to several types of experimental aircraft of the
Russian Empire (Kulikov, 2001).

German and Austrian planes and, among others, two-seat Albatros reconnaissance
aircraft with Mercedes engines of 100 HP were taken as “trophies” by Russian troops
during World War I. Then, copies of these engines were manufactured in the Russian
Empire. In the second half of 1916, the production of Mercedes engines was
established in the Russian Empire (Kulikov, 2001).

In September 9, 1915, the Technical Department of the Main Military-Technical
Administration signed a contract No. 23500 with the Duflon, Konstantinovich & Co.
in St. Petersburg to manufacture one 25 Mercedes engines rated at 100-105 HP, and
one hundred Benz-type rated at 150 HP (Boguslaev, 2011, p.51). Engineer
B. N. Vorobyev headed the group to develop detailed drawings of the M-100 Mercedes
engine. Vladimir Yakovlevich Klimov, the future Chief Designer, whose name is borne
by the famous St. Petersburg aircraft engine enterprise, did an internship at the Deka
plant in Aleksandrovsk during his studies at the Imperial Higher Technical College at
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the recommendation of N. R. Brilling, one of the pillars of the Russian aircraft engine
building, where took part in developing the M-100 engine.

The aircraft engine enterprise in Aleksandrovsk was founded at the junction of
the eras of two plants (the agricultural machinery plant of the Moznaim brothers and
the St. Petersburg electromechanical enterprise Deka), which, although having
completely different specifics, were located side by side in Taras Shevchenko Square,
which prompted their merger (SAZR, Fund 24,Inventory 1, Case 956, Sheet 16).

The emergence of engine production in Aleksandrovsk was associated with the
establishment of a branch of Petrograd Joint Stock Company of Electromechanical
Structures called Deka. By the outbreak of World War I, the St. Petersburg enterprise
founded by L.-E. Duflon was pretty famous among the business circles of the Russian
Empire (Nemkov, 2009; Sashnikova, 2016, p. 38; Pestrikov, Yermolov, & Slyozkin,
2021; Erdogan, 2021, p. 398).

A Swiss citizen of French ancestry, Louis-Edouard Duflon graduated from the
Faculty of Physics and Mathematics of the Zurich Polytechnic Institute and then
worked at the Breguet Electromechanical Plant in Paris (Boguslaev, 2011, p. 49-50).
In the early 1890s, the ambitious Frenchman arrived in St. Petersburg, where he got a
job as an electrical engineer at the electrical plant of Prince Tenishev & Co. However,
being rather daring, Louis-Edouard Duflon came to the Russian Empire with other
goals than to remain a hired worker. First, he managed to become a representative of
two Parisian companies, Sotter, Harlez & Co., a manufacturer of electric machines, and
E. Gabriel & H. Angenolt, a manufacturer of incandescent lamps. Duflon’s career in
the Russian Empire was made possible by the approximation between the Russian
Empire and the French Republic. The share of the French capital in the economy of the
Russian Empire increased sharply, and during 1869-1887, 17 foreign enterprises
emerged in the Russian Empire, 9 of which were French.

In 1892, Duflon founded an electrical workshop in St. Petersburg, employing 15
people (Alekseev, 2012). The workshop was engaged in the installation of electrical
equipment. Later, Duflon found a companion, Apollon Vasilievich Konstantinovich,
an owner of a small technical bureau in Moscow on Maroseyka Street.
Konstantinovich, as much as Duflon, represented the French firm Sotter, Harlez & Co.
As a result of their partnership, Duflon & Konstantinovich (Deka) emerged. It was a
Moscow-Petersburg enterprise, but very soon A. V. Konstantinovich, who was doing
much better than the St. Petersburg branch, began to play first fiddle in their duet.
Basically, Konstantinovich was the main reason why the Deka enterprise acquired such
respectable clients as the Aleksandrovsk Mechanical Plant in the capital, the Goujon
plant in Moscow, and the Nikolayevska Railway Company. Still, even those clients
were not enough to boost the enterprise of Duflon and Konstantinovich. The
companions were supported by Sotter, Harlez & Co. At their recommendations, Duflon
and Konstantinovich received government orders from the Military and Naval
ministries of the Russian Empire for the supply and installation of electromechanical
equipment for the ships of the Russian fleet.
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On December 20, 1895, Duflon and Konstantinovich bought a land plot on
Lopukhinskaya Street in St. Petersburg (now Academician Pavlov Street), where they
began building the plant. The plant’s buildings (a forge, a mechanical workshop, a
room for a steam engine) were built quite promptly, and on December 14, 1896, the
enterprise commenced operations. In 1897, Deka got an order to supply and install
electrical equipment for the naval artillery. Deka specialists and workers installed
electrical equipment on the ships of the Baltic and Black Sea Fleets, and the Port Arthur
Squadron. In particular, they worked on the coastal defense battleship General-Admiral
Apraksin, the squadron battleships Peresvet, Oslyabya, Petropavlovsk, Prince Suvorov,
etc. These ships were involved in the tragic Battle of Tsushima. Besides orders from
the defense ministries, Deka fulfilled contracts for lighting in the imperial theaters. As
the workload increased, the number of plant staff reached three hundred employees.

It is worth mentioning that in this pre-war period, Deka already contributed to
aeronautics in the Russian Empire. In 1910, an aeronautics department was opened at
the plant.

In 1912, the airship called Kobchik (2,150 cubic meters shell volume, 45 m length,
8 m diameter, and 50 km/h maximum speed), designed by S. N. Nemchenko and
A. E. Garuta, was developed and successfully tested at Deka (Lashkov & Golotyuk,
2015).

At the beginning of World War |, when the Russian Empire was rushing to catch
up with the Western countries in aircraft production, the Deka enterprise started
working hard on aircraft engine construction. Although Deka had a large and well-
equipped production base with enterprises in Petrograd, Moscow, Kharkiv, and
Yekaterinburg, all its departments were already loaded with military production. Extra
production facilities were needed to fulfill the new contract. It was originally planned
to open a branch in the city of Sevastopol to build, and the negotiations had already
begun to buy land and factory buildings (Boguslayev, 2011, p. 52). However, there was
an objection from the Engineering Department. Then the Deka board turned to the
factory of Hatskel and Rafael Moznaim in Aleksandrovsk (now the city of
Zaporizhzhia in Ukraine). Yet there were difficulties as well. To overcome them, they
had to contact the August Chief Petty Officer of the Air Fleet, the Grand Duke
Alexander Mikhailovich Romanov. After Grand Duke Alexander Romanov stepped in,
the acquisition of the Aleksandrovsk plant proceeded apace.

On November 23, 1915, the Duflon, Konstantinovich & Co. applied to the City
Council of Aleksandrovsk with the request to allocate a land plot on Shevchenko
Square next to the agricultural machinery plant of the Moznaim brothers (Kozlova,
2010, p. 33).

It was about creating a branch of the capital’s enterprise in the city of
Aleksandrovsk. Negotiations with the City Council were conducted by the managing
director of the joint-stock company, Pyotr Pavlovich Azbelev (Boguslaev, 2011, p. 49),
retired Navy Major General, who informed that the enterprise intended to establish the
production of internal combustion engines and, in particular, aircraft engines in
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Aleksandrovsk, promptly employing about a thousand employees from the local
people. In addition, when the war would be over, the enterprise intended to focus on
electromechanical production, namely, the production of electric engines, dynamos,
and electric drives for mine and mill devices. This issue was considered at the meeting
of the City Council on November 25, 1915. The City Council ruled to sell the land plot
on Shevchenko Square next to the plant of the Moznaim brothers with a total area of
5.469 hectares, setting a price of 4 rubles per square fathom. Ten the Council allowed
the enterprise to run a railroad track to the plant. The rent for using the land under the
railroad track was set at 30 kopecks per square fathom.

On December 24, 1915, P. P. Azbelev, the managing director, informed the
Aleksandrovsk City Council that the Joint Stock Company of Electromechanical
Structures had purchased the plant of the Moznaim brothers along with the manor.
Therefore, Deka displaced its unfortunate neighbor and finally acquired their fading
production (Boguslaev, 2011, p. 52). Its owners failed to secure military orders and the
demand for civilian products was steadily decreasing. Things were getting worse for
the Moznaim brothers, so the Deka board managed to agree with them, and soon the
plant changed its owner (SAZR, Fund 24, Inventory 1, Case 2014, Sheet 20). Having
decided to avoid litigation, the administrator on the Moznaim brother’s case sold the
land plot on Shevchenko Square of 3,648 square fathoms to the Joint-Stock Company
of Electromechanical Structures on February 16, 1916, “with all the buildings,
facilities, and agricultural equipment not yielding any income, as well as machinery
and tools, which were not operating...” for 300 thousand rubles (SAZR, Fund
24,Inventory 1, Case 956, Sheet 16).

In December 1915, the bill of sale was signed, and in April 1916, new production
buildings were built and equipped with modern machinery purchased in America and
delivered via Arkhangelsk and Vladivostok at a total cost of 500 thousand rubles
(Boguslaev, 2011, p.52). Then other workshops were built, as well as facilities
specializing in the future business activity of the enterprise. The main new building
was the 419 m? test station, a large spacious building with a stand, the necessary
utilities, electric lighting, and ventilation. After the plant expansion, it became the
largest engine-building enterprise in Russia in terms of building area and one of the
best in equipment. The factory had the following technical equipment: a single-cylinder
steam engine of 22 HP, a Cornish steam boiler with a heating surface of 40 m?, a Sulzer
steam engine of 350 HP, and two steam boilers with a heating surface of 90 m? each.
Moreover, there were 86 units of metal and woodworking machines in the Deka plant
(Fig. 2). The annual income of the enterprise totaled 150 thousand rubles.

Construction and installation works were usually carried out in-house by
specialized hired labor crews. As of May 1, 1916, there were 263 workers at the Deka
plant, and more than half (146 men and 30 women) of them were employed in
construction (lvanov, 2010). Prisoners of war (Croats, Slovaks, Czechs, Poles,
Romanians, and Germans) were involved in the construction work. As of October
1917, there were 70 of them. The construction of the two-story brick building of the
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steel foundry (total area of 1,344 m?) with metal truss roofing and lantern glazing along
the whole length of the building, as well as premises for casting molds and blowers
was started at the Deka plant. In 1915-1916, 4,520 m? of premises were built at the
plant in addition to the production areas of the former Mozaim brothers plant.

Figure 2. The Deka plant in 1916 ((Boguslaev, 2011, p. 52).

The first five single-row six-cylinder Deka M-100 engines with spare parts and
one extra set had to be delivered by the end of August 1916 (see Fig. 3). It turned out
to be extremely challenging. The German design “did not fit” neither with the
technology and the system of limits and fits adopted in the Russian Empire nor with
the capabilities of Russian and American machines. They had to figure out the
materials used by the German designers and select a local replacement, bearing in mind
the need for strength, heat and wear resistance, as well as friction properties. The work
on the “adaptation” of the Mercedes engine to our production was led by engineer
Vorobyev, and the development of the more powerful Benz was handled by engineer
Kireev (Boguslaev, 2011, p. 57).

In August 1916, the first vertical single-row six-cylinder 100 HP water-cooled
Mercedes engine named Deka M-100 was produced at the Deka plant in Aleksandrovsk
and submitted for testing (Fig. 4). Major General Pnevsky reported to St. Petersburg:
“...the first 100 HP engine, made entirely of Russian materials, was put into operation
and yielded quite satisfactory results” (Boguslayev, 2011, p. 53). The plant proceeded
to execute the contract in full. Soon the managing director of the company,
P. P. Azbelev signed contract No. 23500 of September 9, 1915, with the Technical
Department of the Main Military-Technical Administration to supply aircraft engines.
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According to the contract, the Deka plant was committed to supplying the army with
25 aircraft engines of the Mercedes 100-105 HP type and another 100 aircraft engines
of Benz 150 HP type. The contract amounted to 2 million 473 thousand rubles
(Boguslaev, 2011, p. 51).

Figure 4. 6-hour testing of the DEKA M-100 engine. Controls the operation of the
engine B. N. Vorobyov. Aleksandrovsk, 1916 (Boguslaev, 2011, p. 51).
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Having developed the detailed drawings of 100 and 129 HP engines,
B. N. Vorobyev proceeded to the development of the technical project of a 160 HP
aircraft engine, which was completed in August 1916. In October, the project was
approved by the Technical Committee of the Military Air Fleet Department and
recommended for implementation. The Technical Committee advised B.N. Vorobyev
to increase the engine capacity and modify its design so that parts of the 175 HP
Mercedes aircraft engine could be used. Upon refinement of the project, the design of
the new M-168 engine rated at 168 HP was obtained. Then the Military Air Fleet
Department and the Joint Stock Company of Electromechanical Structures signed
Amendments No. 35835 and No. 35836 dated April 5, 1917, which, instead of
producing and supplying 180 units of M-129 engines, provided for producing and
supplying 180 units of M-168 engines (Boguslaev, 2011, p.55). They started
manufacturing parts for this engine. In 1917, the Deka plant in Aleksandrovsk, in
addition to the Mercedes engines rated at 129 HP, mastered the production of the same
type of engine rated at 170 HP.

Apart from the production of aircraft engines, the Deka plant also took other
orders from the Military Department. For example, on November 25, 1916, the plant
received order No. 39814/17202 for the manufacture of 400,000 projectiles intended
for throwing from airplanes, for 19 kopecks apiece, amounting to 76,000 rubles
(Boguslaev, 2011, p. 56).

By the end of World War |, the administrative building with an area of 721,2 m?,
a brick two-story mechanical workshop with an area of 1947 m? with the adjacent
storehouses, and household premises for tool equipment were constructed at the plant.
The plant commissioned an outbuilding to the steel foundry to accommodate non-
ferrous castings, a plant garage, and an expanded boiler house with a machine hall.

There were several aircraft-engine plants in the Russian Empire during World
War I: Gnome and Rhone plant and Salmson plant in Moscow, the aviation department
of the Russo-Baltic Wagon Factory in Petersburg, the Motor plant in Riga, the Russian
Renault plant in Rybinsk, the Deka plant in Aleksandrovsk. The year 1917 began with
the February Revolution. However, by the outbreak of the Civil War in the Russian
Empire (1917-1921), all these enterprises collapsed, engine production was
terminated, and it seemed that the Russian Empire would cease to be an aviation power
once and forever.

It was these force majeure circumstances that prevented the intensification of
aircraft engine building in the Russian Empire. During 1917, the board and staff of the
Deka plant in Aleksandrovsk did their best to continue producing engines and to
preserve the enterprise from embezzlement, but the enterprise could no longer exist in
its former state and was dissolved on December 24, 1917 (lvanov, 2010). However,
the Deka plant was nationalized by the Decree of the Council of People’s Commissars
of January 20, 1918, just less than a month later. Under such circumstances, it could
not operate and went out of business for a long time. Thus the Vorobyev and Kireev
engines never had a significant impact on the development of aviation in the Russian
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Empire, but they were the starting point of aircraft engine production in the
Zaporizhzhia region.

Conclusions.

Based on the retrospective analysis, the prerequisites and conditions of the
foundation of the aircraft engine enterprise in Aleksandrovsk (Zaporizhzhia), Ukraine,
were considered. There was a severe gap between the Russian Empire and European
countries in the development pace of the aviation industry during World War 1. This
prompted the Russian Empire to raise foreign capital, as well as attract technologies
and specialists to develop aircraft engineering and other industries. It is evident that the
beginning of aircraft engine production in Aleksandrovsk relates to the establishment
of a branch of Petrograd Joint Stock Company of Electromechanical Structures and the
plant’s purchase from the Moznaim brothers.
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AHaJIi3 nepeAyMoOB Ta YMOB CTBOPCHHS B YKPpaiHi aBIaMOTOPHOI0
MiANPUEMCTBA

Anomauia. Illepwa ceimosa giuna noxasana, wo asiayisi cmaila CepuosHUM
YUHHUKOM YCRIXY Y 00tiosux 0iax. /s ycniuHo2o 6e0enHs GiliHu menep 0coOuU80
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HeoOXIOHUM Ccmano 60J00IHHA HOBIMHLOIO MmexHiKoo. boiiogi moxciusocmi nimakie
bazamopazo8o NoKpawjanu uyepe3 Ni0BUWEHH NOMYA*CHOCMI A8IAYIHUX MOMOPIS,
3A80AKU YOMY NOUUHANACS HOBA epa 8 nosimponiasanti. Y qunui 1917 poxy 6 asiayii
Pocivicvkoi imnepii naniuysaecs 91 asiazacin ma 5 3a20Hi6 8axcKux 6acamomomopHux
aimaxkig “Iust Mypomeys . Jleueynu 0ns yux aimaxie 6upoOnsiu Kilbka nionpuemMcma,
v momy uucni 6 micmi Onexcaunopiscok. Ilouamox MomopHo2o 6upobHUYmMea 6
Onekcanopiscbky nosg'asanuti i3 cmeopewHsam mym @inii  Ilempoepaocvrkoco
axkyionepHo2o mosapucmea erekmpomexaniunux cnopyo “/[EKA”. Memoro cmammi €
aHaniz nepeoymo8 ma ymMo8 CmeopeHHs 6 YKpaiHi asiamomopHo20 nioOnpuemcmea.
Ilpu niocomosyi mamepianie cmammi, a8MoOpU BUKOPUCIOBYBATU XPOHOJIOSIYHULL
icmopioepagiunutl, ma iHwi iCMOPUYHi MemooU 00CIIONHCEHb, SKI SHAUWIU WUPOKE
3acmocy8anis, K npu po3ensaoi HECKy ma 8NIAUBY SIK OKpeMUX ocodoucmocmetl, max i
02140y emanié CmMeoOpeHHs Mma PO3BUMK) SIK OKpPeMUX NiONpUEMCmE, max i OKpemux
eanyzei npomuciogocmi. Ha ocnoel pempocnekmuenoco ananizy po3euiaHymo
nepeoymosu ma yYyMO8U CMBOpeHHs 6 YKpaini agiamomopnozo nionpuemcmeda 8
Onexcanopiscoky. V poxu Ilepuioi c6imogoi ilinu mMano micye cepuo3ne i0Cmasants
Pociuicvkoi imnepii 6i0 e€poneiicbkux Kpain y memnax po3sumky asiaeanysi. Lle
cmumynosano Pociticoky imnepito 00 3anyuenHs iHO3eMHO20 Kanimaiy, mMexHoJ02ill
ma ¢haxisyie O po3sumKy asiaby0y8aumHs mMa IHWUX 2aly3el NPOMUCTIOBOCHII.
3asosku yvomy 0o 1917 3a600 cmae HatibinbWUM MOMOPOOYOIGHUM NIONPUEMCIBOM
Pocii 3a nnowero kanimanvnux 06yoigens i 00HUM 3 Kpawux no ochawennio. llokazawo,
Wo Nno4amox agiamomopHo20 eupoonuymea 6 OneKcaHopiecbKy Nno8sa3anull i3
cmeopennsam — mym  @inii  Ilempoepadcbkoco — aKkyionepHo2co — MOApUCMSa
eIeKMPOMEXAHIYHUX CROPYO MA NOKYNKOIO 34800y Y bpamie Mo3snaim.

Knwuosi cnoea: Pocilicoka imnepis, icmopis mexHiku, asiabyoye8anHs, nimax
“Lnia Mypomeys ”’; nepuuii agiaosueyn; 6omoapoysaibHUK
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