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PREFACE
Oleh Pylypchuk Oleh Strelko Yuliia Berdnychenko
Editor-in-chief Deputy Editor-in-chief Deputy Editor-in-chief

In the new issue, our scientific journal offers you thirteen 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.

In the article by Olha Chumachenko, on the basis of a wide base of sources, the
article highlights and analyzes the development of research work of aircraft engine
companies in Zaporizhzhia during the 1970s. The existence of a single system of
functioning of the Zaporizhzhia production association “Motorobudivnyk™ (now the
Public Joint Stock Company “Motor Sich”) and the Zaporizhzhia Machine-Building
Design Bureau “Progress” (now the State Enterprise “Ivchenko — Progress”) has been
taken into account.

Leonid Griffen and Nadiia Ryzheva present their vision of the essence of
technology as a socio-historical phenomenon. The article reveals the authors' vision of
the essence of the technology as a sociohistorical phenomenon. It is based on the idea
that technology is not only a set of technical devices but a segment of the general
system — a society — located between a social medium and its natural surroundings in
the form of a peculiar social technosphere, which simultaneously separates and
connects them.

Definitely the article by Denis Kislov, which examines the period from the end of
the XVII century to the beginning of the XIX century, is also of interest, when on the
basis of deep philosophical concepts, a new vision of the development of statehood and
human values raised. At this time, a certain re-thinking of the management and
communication ideas of Antiquity and the Renaissance took place, which outlined the
main promising trends in the statehood evolution, which to one degree or another were
embodied in practice in the 19th and 20th centuries. A systematic approach and a
comparative analysis of the causes and consequences of those years’ achievements for
the present and the immediate future of the 21st century served as the methodological
basis for a comprehensive review of the studies of that period.

The article by Serhii Paliienko is devoted to an exploration of archaeological
theory issues at the Institute of archaeology AS UKrSSR in the 1960s. This period is
one of the worst studied in the history of Soviet archaeology. But it was the time when
in the USSR archaeological researches reached the summit, quantitative methods and
methods of natural sciences were applied and interest in theoretical issues had grown
in archaeology. Now there are a lot of publications dedicated to theoretical discussions
between archaeologists from Leningrad but the same researches about Kyiv scholars

are still unknown
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The legacy of St. Luke in medical science, authors from Greece - this study aims
to highlight key elements of the life of Valentyn Feliksovych Voino-Yasenetskyi and
his scientific contribution to medicine.

Among the scientists of European greatness, who at the turn of the XIX and XX
centuries showed interest to the folklore of Galicia (Halychyna) and Galician
Ukrainians, contributed to their national and cultural revival, one of the leading places
is occupied by the outstanding Ukrainian scientist lvan Verkhratskyi. He was both
naturalist and philologist, as well as folklorist and ethnographer, organizer of scientific
work, publisher and popularizer of Ukrainian literature, translator, publicist and
famous public figure. I. H. Verkhratskyi was also an outstanding researcher of plants
and animals of Eastern Galicia, a connoisseur of insects, especially butterflies, the
author of the first school textbooks on natural science written in Ukrainian.

A new emerging field that has seen the application of the drone technology is the
healthcare sector. Over the years, the health sector has increasingly relied on the device
for timely transportation of essential articles across the globe. Since its introduction in
health, scholars have attempted to address the impact of drones on healthcare across
Africa and the world at large. Among other things, it has been reported by scholars that
the device has the ability to overcome the menace of weather constraints, inadequate
personnel and inaccessible roads within the healthcare sector. This notwithstanding,
data on drones and drone application in Ghana and her healthcare sector in particular
appears to be little within the drone literature. Also, little attempt has been made by
scholars to highlight the use of drones in African countries. By using a narrative review
approach, the current study attempts to address the gap above. By this approach, a
thorough literature search was performed to locate and assess scientific materials
involving the application of drones in the military field and in the medical systems of
Africans and Ghanaians in particular.

The paper by Artemii Bernatskyi and Vladyslav Khaskin is devoted to the analysis
of the history of the laser creation as one of the greatest technical inventions of the 20th
century. This paper focuses on establishing a relation between the periodization of the
stages of creation and implementation of certain types of lasers, with their influence on
the invention of certain types of equipment and industrial technologies for processing
the materials, the development of certain branches of the economy, and scientific-
technological progress as a whole. The paper discusses the stages of: invention of the
first laser; creation of the first commercial lasers; development of the first applications
of lasers in industrial technologies for processing the materials. Special attention is
paid to the “patent wars” that accompanied different stages of the creation of lasers. A
comparative analysis of the market development for laser technology from the stage of
creation to the present has been carried out.

Nineteenth-century world exhibitions were platforms to demonstrate technical
and technological changes that witnessed the modernization and industrialization of
the world. World exhibitions have contributed to the promotion of new inventions and
the popularization of already known, as well as the emergence of art objects of world
importance. One of the most important world events at the turn of the century was the
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1900 World's Fair in Paris. Thus, the author has tried to analyze the participation of
representatives of the sugar industry in the World's Fair in 1900 and to define the role
of exhibitions as indicators of economic development, to show the importance and
influence of private entrepreneurs, especially from Ukraine, on the sugar industry and
international contacts.

The article by Viktor Verhunov highlights the life and creative path of the
outstanding domestic scientist, theorist, methodologist and practitioner of agricultural
engineering K. G. Schindler, associated with the formation of agricultural mechanics
in Ukraine. The methodological foundation of the research is the principles of
historicism, scientific nature and objectivity in reproducing the phenomena of the past
based on the complex use of general scientific, special, interdisciplinary methods. For
the first time a number of documents from Russian and Ukrainian archives, which
reflect some facts of the professional biography of the scientist, were introduced into
scientific circulation.

The authors from Kremenchuk National University named after Mykhailo
Ostrohradskyi presented a fascinating study of a bayonet fragment with severe
damages of metal found in the city Kremenchuk (Ukraine) in one of the canals on the
outskirts of the city, near the Dnipro River. Theoretical research to study blade
weapons of the World War | period and the typology of the bayonets of that period,
which made it possible to put forward an assumption about the possible identification
of the object as a modified bayonet to the Mauser rifle has been carried out. Metal
science expert examination was based on X-ray fluorescence spectrometry to
determine the concentration of elements in the sample from the cleaned part of the
blade.

In the article by Mykola Ruban and Vadym Ponomarenko on the basis of the
complex analysis of sources and scientific literature the attempt to investigate historical
circumstances of development and construction of shunting electric locomotives at the
Dnipropetrovsk electric locomotive plant has been made.

The next scientific article continues the series of publications devoted to the
assessment of activities of the heads of the Ministry of Railways of the Russian Empire.
In this article, the authors have attempted to systematize and analyze historical data on
the activities of Klavdii Semyonovych Nemeshaev as the Minister of Railways of the
Russian Empire. The article also assesses the development and construction of railway
network in the Russian Empire during Nemeshaev's office, in particular, of the Amur
Line and Moscow Encircle Railway, as well as the increase in the capacity of the Trans-
Siberian Railway. The article discusses K. S. Nemeshaev's contribution to the
development of technology and the introduction of a new type of freight steam
locomotive for state-owned railways.

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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Scientific and research work of Zaporizhzhia aircraft engine builders in the
1970°s

Abstract. On the basis of a wide base of sources, the article highlights and
analyzes the development of research work of aircraft engine companies in
Zaporizhzhia during the 1970s. The existence of a single system of functioning of the
Zaporizhzhia production association “Motorobudivayk” (now the Public Joint Stock
Company “Motor Sich”) and the Zaporizhzhia Machine-Building Design Bureau
“Progress” (now the State Enterprise “Ivchenko — Progress”) is taken into account.
The directions of research work that were peculiar to the specified period are
established. These were inventive activities, development of technological processes,
increasing the reliability and durability of gas turbine engines, automation and
mechanization of production, cooperation with industry firms in other countries, and
cooperation with research institutions. The development of a scientific-theoretical and
technical basis for the production of aircraft engines is comprehensively assessed. Its
dependence on structural subdivisions, which at the aircraft engine enterprises were
the department of scientific and technical information, the Information and Computing
Center, the department of patenting, innovation and invention of the plant, was
determined. They were engaged in the accumulation, generalization and dissemination
among specialists of their own and borrowed experience of both past and present. The
activity of the scientific and technical council, which included leading specialists of
Zaporizhia aircraft engine companies, was monitored. Factors that contributed to the
revival of research in the second half of the 1970°s were identified. Among them, the
leading place belongs to the creation and production of D-36 and D-18T aircraft
engines. The design advantages of these engines are described. Some shortcomings
and miscalculations made during their design are taken into account. Methods and
measures aimed at overcoming the difficulties associated with the design, manufacture,
operation and repair of aircraft engines are summarized. The research is based on the
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following methods: actualization, comparative-historical, problem-chronological,
multifactor analysis, principles of historicism and objectivity.

Keywords: research work; aircraft engine industry; gas turbine engine;

Zaporizhzhia Machine-Building Design Bureau; Zaporizhzhia Production Association

Introduction.

Specialists in the aviation industry have been continuously raising the
technological level of the industry for many decades, which is impossible without
research work. Ukraine is the country that has a full cycle of design, manufacture,
operation and repair of aircraft. Today, the only aircraft engine capacities in Ukraine
are “Motor Sich” Public Joint Stock Company and “Ivchenko-Progress” State
Enterprise, which compete with such well-known companies as “General Electric”,
“Pratt and Whitney” (USA), and “Rolls-Royce” (UK) and “Snecma” (France). It
should be noted that the main specificity of the preparation of aircraft engines is the
need to combine production, research and implementation of new technologies.
Zaporizhzhia aircraft engine builders have been carrying out purposeful work on
putting the latest technologies into production for several decades (Boguslaev,
Mozgovoj, Balushok, & Reuchenko, 2010, p. 9). The country, which has its own
powerful aviation scientific developments, is able to dynamically increase national
achievements, provide the market with the latest technologies and employ qualified
specialists. Thus, the study of ways to implement research and production work of
specialists in the field of aircraft engine construction in the 1970s are relevant in
today’s realities.

The subject of the study is to some extent covered in the works of the Soviet and
modern periods. They mainly concern the history of “Motor Sich”. They cover the
ways of development and serial production of aircraft engines, from the piston to
modern gas turbine engines. These are materials about aircraft on which engines were
installed in different periods of the plant’s formation. The works assess the contribution
of specialists whose work has become a decisive factor in the development of aircraft
engine company (Boguslaev & Zhemanyuk, 2000; Boguslaev, Zhemanyuk, &
Malysh 2014; Koval' & Filon, 1986). The long-term relationship of Motor Sich with
research and development bureaus and research institutes is reflected in the popular
science publication of the enterprise (Boguslaev et al., 2001). At the same time,
research activities are represented by single studies on the cooperation of Zaporizhzhia
aircraft engine companies with leading scientists of Ukraine in the field of dynamic
strength (Larin & Chumachenko, 2016). Some information about the mechanization
and automation of production at the enterprise is contained in the articles of the daily
multi-volume edition of the aircraft engine plant (Kudrya, 1972; Kry lov, 1973).

The proposed study is based on archival documents of the State Archives of
Zaporizhia region, the Central State Archive of Public Associations of Ukraine and
materials of the Museum of History “Motor Sich” (Derzhavnyi arkhiv Zaporizkoi
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oblasti; Muzej tekhniki “Motor Sich”; Tsentralnyi derzhavnyi arkhiv hromadskykh
obiednan Ukrainy).

The purpose of the study is determined in accordance with the relevance of the
chosen topic and is a comprehensive study and historical reconstruction of the
development of research activities of aircraft engine companies in Zaporizhzhia during
the 1970s.

Research methods.

The research is based on the following methods: actualization - the connection of
the subject of work with the present is established; comparative-historical - determined
the patterns of implementation of established areas of research activities in the
workplace; problem-chronological - traced qualitative and quantitative changes in the
structure of Zaporizhzhia aircraft engine companies as a result of inventive work;
multifactor analysis - identified factors that influenced the revival of scientific and
technical support of the studied enterprises; principles of historicism and objectivity -
a concrete-historical approach is formed and the cooperation of Zaporizhzhia aircraft
engine builders with foreign countries and research institutions of the USSR is
reflected. This approach made it possible to fully reveal the features of development
and interaction of research and production activities at the enterprises of the aircraft
engine industry in Zaporizhzhia.

Results and discussion.

Research work was carried out at various levels of the Zaporizhzhia aircraft
engine company, which in 1971 was reorganized into the Zaporizhzhia production
association “Motorobudivnik”. V. Omelchenko remained the director for more than a
decade (Fig. 1). In the same year, the physical laboratory of the plant, represented by a
team consisting of V. Bondarenko, G. Bondarenko and S. Masya, developed a
thickness gauge VTP-3f. He measured the thickness of the layer of cadmium,
chromium, copper and other coatings of parts (STI. Pnevmaticheskoe prisposoblenie,
1971, p. 3). In turn, the designer of the Department of Mechanization and Automation
O. Vasyliuk developed a pneumatic brand, which was used to apply the brand to
various parts by the individual impact of the device (STI. Pnevmaticheskij klejmitel”,
1971, p. 3).

Simultaneously, the chief designer of the Zaporizhzhia engine design bureau
“Progress” V. Lotarev without the defense of the dissertation was awarded the degree
of Doctor of Technical Sciences (Fig. 2). Thus, his significant contribution to the
development of the Soviet aircraft engine industry and the aviation industry, in general,
was confirmed. Under his leadership, scientific work was carried out to develop a
family of turboprop engines Al-20 and Al-24. In addition, he led the design work to
create a dual-circuit turbojet engine Al-25 (DAZO. F. R-5444.S. 1. F. 136. p. 1).
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Figure 1. General Director of the Zaporizhia Production Association
“Motorobudivnyk” (1971-1988) (a); The central checkpoint of the “Motor Sich”
enterprise, decorated with a smaller model of the Kudashev-1 biplane (b)
(Boguslaev & Zhemanyuk, 2000).

Recognized designer-scientist received the right to run as a corresponding
member of the Academy of Sciences of the USSR Department of Mathematics,
Mechanics and Cybernetics, specialty — “Mechanics” (DAZO. F. R-5444. S. 1. F. 136.

p. 2).

Figure 2. Chief Designer (1963-1968; 1968—-1981) General Designer of the
Zaporizhia Machine-Building Design Bureau “Progress” (1981-1989) (a); the
building of the central building “lvchenko-Progress” today (b) (Ivchenko, 2014, p. 9).

In 1972, public patent-inventive and public design bureaus were established on
the basis of the leading departments of the Zaporizhzhia Production Association.
Among the tasks of organizations, the main place was occupied by technical assistance
to innovators and inventors during the development and implementation of their
innovations and inventions (DAZO. F. R-171. S. 5. F. 470. p. 4). Specialists of the
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bureau developed a regulation on the examination of inventions, which was approved
by the management of the enterprise. All documentation was sent to the Committee for
Inventions and Discoveries under the Council of Ministers of the USSR. Within five
years, a research team was formed, which was engaged in inventive activities
(G. Dubrov, O.Mamay, A. Shabotenko, V. Konstantinovsky, A. Reitman,
O. Krasnikov, P. Bakshi and G. Kudrychenko) (Kudrya, 1972, p. 1).

From 1970 to 1972, specialists of the Zaporizhzhia Engine Design Bureau
“Progress” invented a method of surface hardening of parts using powerful ultrasound
and designed a device for its implementation. Since 1973, the research staff of the
bureau has cooperated with the Zaporizhzhia Production Association
“Motorobudivnyk” and the Research Institute to improve and implement the developed
technology in the industry. The main goal was to increase the strength and reliability
of the operation of parts of gas turbine engines. The technology of surface plastic
deformation developed by Zaporizhzhia scientists was introduced into the production
of enterprises of the Ministry of Aviation Industry, the Ministry of Civil Aviation and
the Ministry of Energy Turbobuilding. This innovation has increased the productivity
and quality of machining of parts by 10 times.

In 1974, the Zaporizhzhia plant began scientific and technical cooperation with
many countries (DAZO. F. R-5705. S. 2. F. 10. p. 9). Joint work was established with
enterprises in the United States, England, France, the German Democratic Republic,
the Federal Republic of Germany, the Czechoslovak Socialist Republic, the Polish
People’s Republic, Italy, and Sweden. Already in 1975, the plant introduced some
leading technologies. Cutters made of elbor-P, hexanite-P and other super hard
materials based on boron nitride were used. They began to manufacture blanks and
parts by the method of precise volumetric stamping, introduced electrochemical,
electro erosion, ultrasonic, electron beam and light dimensional processing. In addition,
the following welding processes were used: plasma, radiofrequency, electric beam,
ultrasonic, diffusion and light beam, and explosion welding (DAZO. F. R-5444. S. 1.
F. 296. p. 18).

An Information and Computing Center headed by V. Korotenko was opened at
the enterprise. Accordingly, they increased the production area, for the purchase of
which they purchased electronic equipment. For example, the new electronic computer
“Minsk-22” performed 5-6 thousand operations per second. In 1974, a more
progressive model was mastered — “Minsk-32”, which performed more than 30
thousand operations (Kry'lov, 1973, p. 1).

The exchange of scientific and technical information accelerated the work of
employees of the Department of Scientific and Technical Information, which was an
independent structural unit of the plant. (DAZO. F. R-5705. S. 2. F. 15. p. 2). In order
to gain technical experience and implement it in production in 1976, cooperation with
foreign companies has significantly intensified. An information-analytical group was
opened, the main task of which was to visit foreign companies and summarize the
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obtained information. The chief engineer of the plant V. Kramny was elected the head
(DAZO. F. R-5705. S. 2. F. 50. p. 1).

At the same time, the procedure for transferring the results of scientific research,
invented samples of new types of materials and advanced technological solutions
introduced into production to the aviation industry was regulated. Among these, the
most effective were the installation for the separation of rods of cast blades in alkaline
solution, the machine for feeding springs and the installation for splitting air to produce
inert gases, nitrogen and oxygen. Relevant documentation on the latest achievements
was systematically published in the monthly collection “Operational Information”
(DAZO. F. R-5705. S. 2. F. 148. p. 3-11).

Thus, the plant was equipped with 751 units of automatic and semi-automatic
equipment, including installations with software and numerical software control. The
first research device of the reserve peak turbocharger TKU-400, which was constructed
on the basis of an aircraft engine, was developed at the engine plant. At the same time,
the technologists designed a device for processing the air assembly of the front
crankcase of aircraft engines. Its application facilitated the process and transferred the
work to the milling machine (DAZO. F. R-5705. S. 2. F. 59. pp. 2-7). The author’s
team consisting of O. Volkov, A. Peremylovsky and P. Fuchadzhi invented a method
of restoring the compressor blades. It allowed updating the details rejected owing to
erosion wear (DAZO. F. R-5705. S. 2. F. 69. p. 4). Introduced some new technologies
that made it possible to repair the nozzle devices of the auxiliary engine Al-9. They
consisted of replacing a cast diaphragm made of sheet metal and using extrusion blanks
for precision stamping. The result of such innovations was a saving of 369 thousand
rubles (DAZO. F. R-5705. S. 2. F. 76. p. 1).

In 1976, at a meeting of the Scientific and Technical Council of the company, the
developers presented the work that was nominated for the State Prize — “Creation,
implementation in serial production, and operation of passenger aircraft An-24, its
variants and modifications”. The team of authors included Deputy Chief Designer of
the Zaporizhzhia Bureau “Progress”, Candidate of Technical Sciences V. Chuyko. As
a result of his scientific and research activities, an automatic launch system was tested
and put into serial production. It was carried out when using high voltage to power the
starting equipment. This allowed to obtain high system parameters and ensure reliable
engine start in all operating conditions (DAZO. F. R-5444. S. 1. F. 211. pp. 1-4).

The work of the department of patenting, innovation, and invention of the plant
continued. In 1979, 10 copyright certificates were issued. Thus, the proposal of
A. Zhurbin, O. Sidun, and O. Pedan was to change the design of the container for
hardening carbon molds. This significantly reduced electricity costs and increased
productivity at the plant (DAZO. F. R-5705. S. 2. F. 91. p. 6).

At the end of the 1970s, research work was revived due to the creation and
production of D-36 and D-18T aircraft engines (Fig. 3).

Thus, serial production of the D-36 engine began in 1977. At that time, its
warranty life was 300 hours, which was not enough. Specialists of the chief designer’s
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department have started research work aimed at increasing engine power. As a result,
the author’s team consisting of I. Berim, B. Kovaltsov, V. Lviv, G. Taran, F. Arslanov
and O. Rakitin managed to increase the reliability of important engine components
(compressor, turbine, combustion chamber, etc.). As a result, the warranty life of the
engine reached 9 thousand hours. A large set of design and research works was carried
out to increase the fuel efficiency of the engine, which reduced the specific fuel
consumption on takeoff - from 0.375 to 0358 kg/kgf (Boguslaev & Zhemanyuk, 2000,
p. 97).

Figure 3. Aviation turbojet engine D-36 (a);
Aviation turbojet engine D-18T (b) (Boguslaev & Zhemanyuk, 2000).

In its final form, the D-36 was a complex structure with the sixth degree of double-
circuit on takeoff mode. The engine is made of a long-term system with an annular
combustion chamber, axial 14-stage compressor, five-stage turbine and intermediate
housing. In the standard version, its takeoff mode was 6500 kgf, and the mass was
1100 kg (Muzej tekhniki “Motor Sich”. F. IX. F. 1556. p. 1). In order to increase the
reliability of the engine, the design team conducted a number of technological
measures. Among them, a significant place was occupied by the introduction of the
casting of nozzles and turbine blades on smelted models. There was no allowance for
machining of the profile. This solution made it possible to reduce the complexity of the
engine kit by 800 hours. Another invented technical measure of electron beam welding
has reduced the weight of the engine and reduced the use of metal in the manufacture
of compressor rotors for it (TSDAHOU. F. 1. S. 25. F. 710. p. 148).

Note that work on the design of the D-36 engine lasted several years. It was
necessary to eliminate all the shortcomings and miscalculations that are possible at the
stage of design and manufacture of parts of the prototype. That is why a meeting was
held with the participation of representatives of the Central Institute of Aviation Engine
Building, the All-Union Institute of Aviation Materials, and the Zaporizhzhia Machine-
Building Design Bureau “Progress”. It discussed the possible causes of the destruction
of the rotor shell of the high-pressure compressor of the D-36 engine. Thus, it was
found that the reason was a decrease in the strength and ductility of the alloy VT-9 in

those places where there was contact with the molten refractory material. In addition,
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the complication was the effect of operating voltage and temperature on the material.
As a result of the discussion, it was decided to develop technological measures that
will further prevent a similar situation (DAZO. F. R-5444. S. 1. F. 149. p. 19).

At the same time, under the leadership of O. Antonov, an operational-strategic
aircraft An-124 “Ruslan” was created, which bypassed the American competitor
Lockheed S-5A “Galaxy” (Zayarin, 1992, p. 8). The Ministry of Aviation Industry
commissioned the Zaporizhia Machine-Building Design Bureau “Progress”, headed by
V. Lotarev, to design the engine for this aircraft. The design documentation of the
components and systems of the engine, named D-18T, was mainly completed in 1977.
The first batch of D-18T was created as a result of joint work with the Production
Association “Motorobudivnyk”, which later engaged in serial production of the engine
(Muzej tekhniki “Motor Sich”. F. IX. F. 1556. p. 7)

The D-18T engine, like its predecessor D-36, was made according to a long
scheme. It was equipped with a thrust reversing device. The structure was a system of
cascades with gas-dynamic connections between them. The fan stage consisted of a
single-stage fan and a four-stage turbine. The medium pressure cascade had a seven-
stage turbine. The next stage (high pressure) is a seven-stage axial compressor and a
single-stage turbine. Each of the presented cascades was installed on only two supports.
In all respects, the D-18T engine was at the level of the best world models. Yes, it was
not inferior to the English engine RB.211 company “Rolls-Royce”. More than 40
original technical solutions used in the design of engine components and parts, made
at the level of inventions and protected by the copyright of the USSR (Boguslaev &
Zhemanyuk, 2000, p 101).

Significant assistance in resolving scientific and technological issues came from
specialists of research institutes. Thus, cooperation with the Institute of Problems of
Materials Science has solved the problem of using high-strength steel in the
construction of a new engine. The director of the institution, academician, doctor of
physical and mathematical sciences V. Trofimov formed an experimental collaboration
with the National Institute of Aviation Technologies, the Institute of Non-Metallic
Materials, the Institute of Metal Physics, and the Academy of Sciences of the USSR.
Based on the methods invented by the academician, new heat treatment technologies
were developed. As a result of their introduction, Zaporizhzhia aircraft engine builders
managed to overcome the problems that arose during the production of the D-18T
engine (DAZO. F. R-5444. S. 1. F. 261. pp. 1-15).

In general, Zaporizhzhia aircraft engine builders established cooperation with
many scientific organizations of the USSR. Among them, an important place was
occupied by Zaporizhia Machine-Building Institute, Dnipropetrovsk Institute of
Chemical Technology, Dnipropetrovsk Metallurgical Institute, Kharkiv Polytechnic
Institute, Kharkiv Aviation Institute, Ukrainian Research Institute of Special Steel,
State Research Institute of Plastics, Research Institute of Operation and Repair of Air
Force Equipment, National Institute of Aviation Technologies, Central Research
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Institute Institute of Heavy Engineering, State Research Institute of Civil Aviation, etc.
(Koval' & Filon, 1986, p. 71; Boguslaev et al., 2001, p. 221).

In 1978, at a meeting of the Scientific and Technical Council heard a report made
by M. Tsofin on the topic: “Study of the reliability of aircraft gas turbine engines in
maintenance”. The method of engine maintenance was one of the main gaps in the
1970s. Solving this problem should have significantly increased the efficiency of
aircraft engines. One of the key aspects of the method was considered in M. Tsofin’s
research. Based on the materials of the Zaporizhzhia Machine-Building Design Bureau
“Progress”, the author reflected the process of creation and mass operation in civil
aviation engines (Al-20, Al-24, Al-25). Existing methods of ensuring the reliability of
the gas turbine engine of modular design D-36 were also involved. As a result of the
study, a method was proposed for the gradual increase of the permitted operating time
of aircraft engines based on the results of their operation (DAZO. F. R-5444. S. 1.
F. 247. p. 12).

In the late 1970s, the company implemented the task of designing drawings of
blade stamps and their manufacture. To overcome the problem of end-to-end
transmission of a large amount of information on machine media developed by the
Zaporizhzhia Design Bureau to machines with numerical program control at the plant
created a system “Stamp”. In addition, Zaporizhzhia aircraft engine builders have
improved the quality of materials used for next-generation aircraft engines. The
consequence of this was the introduction of carbon fiber-reinforced fan housing for
D- 36 and D-18T engines (K novy m sversheniyam gotovy", 2008, p. 3).

In accordance with the national instructions for research, in 1979 the company set
up a commission to inspect secret cases and documentation. She considered the
achievements of the author’s team of specialists, which included P. Zima,
V. Omelchenko, A. Roitman, V. Tomila, G. Shentyabin and S. Rzhavin. Many years
of work “Development, research, and implementation of methods for diagnosing and
improving the vibration reliability of aircraft gas turbine engines” was nominated for
the State Prize, so it was considered urgent to check its effectiveness by the newly
established commission. The practical application of the invention has increased the
budget of the enterprise by 14, 6 million rubles. (DAZO. F. R-5705. S. 2. F. 115. p. 4).

The study was classified as a top-secret due to a number of issues covered in it.
The authors analyzed the defects of engines Al-24, Al-20M, TV3-117 and proved their
direct impact on the destruction of engines, which led to plane crashes. In addition, the
methods developed by the authors of vibration diagnostics of aircraft engines were
introduced at the Zaporizhzhia Production Association. At the same time, the
researchers found patterns of damage to the engine blades during operation. They
developed a method for predicting the durability of the blades of gas turbine engines
Al-20, Al-25 and AI-25TL. This significantly reduced the testing time of the blades to
establish their operational reliability. Scientists have proposed new methods for
determining the characteristics of oscillations that occur in engines. For the first time,
new construction materials and structural details were used. Based on the study,
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recommendations were formed, which were used to increase the vibration reliability of
the blades of Al-20D, Al-20M, Al-25 and AIl-25TL engines. The study submitted to
the Secret Investigation Commission was of great importance for the aviation industry
of the Soviet Union, as defects in the strength of gas turbine engines were one of the
greatest threats of malfunction during their operation (DAZO. F. R-5705. S. 2. F. 115.
pp. 10-11).

Conclusions.

Thus, the Zaporizhzhia Production Association “Motorobudivnyk™ under the
long-term leadership of V. Omelchenko and the Zaporizhzhia Machine-Building
Design Bureau “Progress”, which was headed by V. Lotarev during the period under
study, continued close cooperation. Research work at Zaporizhzhia aircraft engine
companies in the 1970 s underwent qualitative and quantitative changes. It is necessary
to highlight the main vectors to which it was directed. Thus, the inventive activity was
separated into an independent system, in which the key place was occupied by the
formed team of authors. Public patent-inventive and public design bureaus were
established, whose specialists developed regulations on the examination of inventions.
The second area of research was to develop technological processes that could improve
the level of production. The next vector is research activities aimed at improving the
reliability and durability of gas turbine engines. Some projects developed by
Zaporizhzhia scientists were implemented by the Ministry of Aviation Industry, the
Ministry of Civil Aviation, and the Ministry of Energy Turbobuilding. To ensure the
confidentiality of information at the company created a commission to verify cases and
documentation. The fourth direction was the comprehensive automation and
mechanization of enterprises. An information and computer center was opened at the
plant. For a long time there was a Department of Scientific and Technical Information,
which was a separate structural unit. The fifth vector was to establish scientific and
technical cooperation of Zaporizhzhia aircraft engine builders with other countries. An
information-analytical group was created, the main task of which was to visit foreign
companies and summarize the information obtained. Finally, the sixth direction
concerned the interaction with research institutions, collaboration with which allowed
to perform tasks, the solution of which would be impossible without the intervention
of industry scientists. At the end of the 1970s, research was revived thanks to the
creation and production of D-36 and D-18T aircraft engines, the latter of which was
not inferior to the English-made RB.211 engine from “Rolls-Royce”.

It is known that the scientific and technical potential of any field of activity is the
basis for ensuring the quality production of final products. The aviation industry is no
exception - it is an industry that is constantly improving its technological level and
gives a powerful impetus to the development of other areas of the economic sector.
Taking into account all the achievements and miscalculations of the previous decades,
during which the formation of the Ukrainian aircraft engine industry took place, it is
possible to make significant profits and become a competitive state in the current
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geopolitical situation. Such research helps to understand the existing problems and find
ways to solve them.
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Oabra YymaueHnko
HarionansHuit yHiBepcUTET “3anopi3zbka nojiTexHika”, Ykpaina

HaykoBo-nocaigna podora 3anopizbkux aBiaaiBUryHoOyaiBHUKIB y 1970-x
pokax

Anomauia. Y cmammi Ha 0CHO8I wupoxoi Oaszu o0dicepen BUCBIMIEHO Mda
NPOAHANI308AHO  PO3BUMOK  HAYKOBO-O00CNIOHOI poboma  agiadsucyHo0)Oi6HUX
nionpuemcma m. 3anopidxcoics npomsieom 1970-x pp. Bpaxoeano icHyeauHs €OuHoi
cucmemu YHKYi108aHHs 3anopizpkoeo eupobrHu1020 06 eonanns “‘Momopobyodiernux”
(huni  Ilybniune akyionepue mosapucmeo “Momop Ciu”’) ma 3anopizbkoco
MaAwuno0y0ieHo20 KoHCcmpyKkmopcovkozo owpo “Ilpoepec” (na cvocooHi [epoicasne
nionpuemcmeo  “lsuenxo-Ilpoepec”). Bcmanoeneni uanpsamu HaAyko80-00CHIOHOL
pobomu, aKi OyaU 61aCcmMU6i 3a3Ha4eHoMy nepiody. Taxumu UABUNUC BUHAXIOHUYbKA
OisIbHICMb, PO3POOJIEHHS MEXHON02IUHUX Npoyecis, NioGuujeHHs HadillHOCmi ma
MiyHOCmI 2a30MYypPOIHHUX 08USYHIB, ABMOMAMU3AYIsL Ma MexaHizayis eupooHuymaa,
CRiBNpays 3 eany3esumu Qipmamu iHWUX Kpain ma 63aemMo0is 3 HaAyKO80-00CAiOHUMU
yemanosamu.  Komnnekcno — oyiHeno  pO36UMOK — HAYKOBO-MEOpemudHo20 md
MEeXHIYH020 NIOIPYHMs GUPOOHUYMEa asiayiuHux O08u2yHie. Buznaueno 1io2o
3ANENHCHICMb 810 CMPYKMYPHUX NIOPO30inie, AKUMU HA ABIA0BUSYHOOYOIBHUX
nionpuemcmeax Oyau 8i00il HAyKoso-mexuiunoi ingopmayii, IHpopmayitino-
00YUCTIOBANbHULL  YeHmp, B8I00il  NAMeHmy8aHHs, payioHarizamopcmea ma
BUHAXiOHuUymea 3a600y. Bonu 3aumanucs HaKONUYEHHAM, Y3A2A/bHEHHAM ma
PO3NOBCIOONCEHHAM ceped Cneyianicmis 61acH020 mMda 3ano3udyeHoco 00CBi0y AK
MUHYIUX POKIB, MaK i cyuacHocmi. Biocmediceno 0isnbHiCmb HAYKOBO-MeXHIUHOI paou,
00 CcK1ady AKoi 6x00UIU NPOGIOHI cheyianicmu 3anopizbKux agiadeucyno0yoiGHUX
nionpuemcms. Busaeneno axmopu, AKi cnpusiiu noxiceasieHHio HAyK080-00CHiOHOL
disinbnocmi 6 Opyeiti nonosuni 1970-x pp. Ceped Hux nposione micye HAnNEHCUmMo
cmeopenHio  ma  eupobnuymey  asiayitunux  osueynie  J[-36 ma  J[-18T.
Oxapakmepu308ano KOHCMPYKMOPCbKI nepesazu 3a3HavyeHux 0euzyHis. Bpaxoeamno
OKpeMmi HedOoNIKU ma nPOpaxyHKu, OOnYyweHi nio 4ac ix npoekmysanus. Yzaeanvrneno
Memoou ma 3axo0u, CHPAMOBAHI HA NOOOJAHHS MPYOHOW8, NOG SA3AHUX I3
KOHCMPYIOBAHHAM, 8UPOOHUYMBOM, eKCHILyamayiclo ma pemMoHmy8anHaM A8IiayiliHux
osuzynis. Jlocniodicents 6a3yemvpcsa HA MaKux Memooax: aKkmyanizayii, NOPiGHsIbHO -
iCmopu4HOMY, NPOOIEMHO-XPOHON02TUHOMY, OA2amogdakxmopHo2o ananizy, NPUHYUNie
icmopusmy ma 06’ €eKmuHoCmi.

Knwuosi cnosa: naykoso-oocniona pobooma; 2any3v asiadsucyHoOy0y8aHHs.,
2az0mypOiHHULl  08USYH, 3anopizbke MauuHoOYOieHe KOHCMPYKMOPCbKe Opo;
3anopizvke 8upobHUYe 00 €OHANHS
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Ouabra YymaueHko
HaunoHaibHbIM YHUBEPCUTET ““3aropokKcKas MOJIUTEXHUKA , Y KpanHa

Hayuno-uccienoBarejibckasi padoTa 3al10pOKCKHX ABHA/IBUTATEJIeCTPOUTEIEH
B 1970-x rogax

Annomayun. B cmamve na ocnose wupoxou 6a3vl UCMOYHUKOE PACKPbIMbL U
NPOAHATUSUPOBAHDBI pazeumue HAYYHO-UCCNe008aMeNbCKOL pabomul
asuaosuzamenecmpoumebHovlX npeonpusmuil 2. 3anopodicosi 8 nepuod 1970-x ee.
Yumeno cywecmeosanue eounou cucmemvl QYHKYUOHUPOBAHUSA 3ANOPOAHCCKO20
npou3eo00cmeenno20  obvedunenus  ‘‘Momopocmpoumenv”  (uvine Ilyoauunoe
akyuoneproe oowecmeo “Momop Cuu’) u 3anoposrcckoco MawuHoCmpoumenbHo20
KOHCmpYKmopckoz2o 0wpo «llpoepeccy (6 nacmosiwee epemsa Iocyoapcmeennoe
npeonpuamue  “‘Ueuenxo-Ilpocpecc”). Ycmanosnemwvi  HanpasneHus  HAYYHO-
uccne008amenbCKol pabomel, npuUcywel 8 YKasauHvll nepuood. Taxumu A6nA0mcs
uz0bpemamenbckas 0esameibHoCmyb, paspadomKka MmMexHON02UYeCKUX NpoYeccos,
nogvluleHUue  HAOeHCHOCMU U NPOYHOCMU  2a30MYPOUHHBIX — Oueamellel,
asmomamuzayusl U Mexanusayusi npouseo00Ccmsed, compyoHu4ecmso ¢ Ompaciesbimu
Gdupmamu Opysux cmpan u 83aumMooelcmeue ¢ HAYYHO-UCCIe008aMeNbCKUMU
yupexcoenusmu. KomnnexcHo oyeneno pazeumue HAYYHO-MEOPEMudecKou U
mexHuueckou 0a3zvl npou3zeoo0cmea asuayuonHvlx osucameneu. OnpedeneHa e2o
3a8ucumMocms om CMPYKMYPHBIX noopa3zoenenul, KOMOopbIMU Ha
asuaosucamenecmpoumenbHulX Npeonpusmuax Ovliu Omoen HAYYHO-MEeXHUYECKOl
ungopmayuu, HngopmayuoHno-ebiuucIumenvhblli YyeHmp, omoen NameHmo8aHusl,
PAyUoOHAIU3AMOPCmMea u usoopemamenscmea 3a600a. OHu 3aHUMATUCL HAKONIEHUEM,
000OWeHuemM U pacnpocmpaneHuem cpedu  CReyuarucmos CcoOCMEEHHO20 U
3aUMCMBOBAHHO20 ONBLIMA KAK NPOULIBIX Jlem, mak u cogpemenHocmu. Omcnedxicena
0esimenbHOCMb HAYYHO-MEXHUYECK020 CO8emd, 8 COCMA8 KOMOpPo20 8X00UU 8e0yujue
CReYuanucmsl  3anOPONCCKUX — ABUAOBUSAMENECPOUMENbHLIX — NPEeONnPUAMULL
Buiasnenvl  ¢hakmopwvl,  Komopwvle  CnOCOOCMB08ANU  ONHCUBNEHUIO  HAYYHO-
uccne008amenbekol oessmenbHocmu 80 emopou nonosune 1970-x ee. Cpeou Hux
sedyujee Mecmo NPUHAONEHCUM CO30AHUIO U NPOUZBOOCMBY ABUAYUOHHBIX O8ucameJiell
I-36 u /[-18T. Oxapaxmepuzo6anvl KOHCMPYKMOPCKUE NPEUMyuecmea yKa3aHHulx
ogucamenei. Yumenvt omoenvHvle HeOOCMAMKU U NPOCUembl, OONYUjeHHblEe NPU UX
npoekmuposaruu. Ob60O6uenblt Memoovl U Mepbl, HANPAGIeHHble HA NPeoooeHUe
MpyoOHOCmell, C8A3AHHbIX C KOHCMPYUPOBAHUEM, NPOU3BOOCHBOM, IKCNAyamayuel u
DPEeMOHmMOM aBUayUoOHHbIX Oeueameneu. Hccieooeanue 6Oasupyemcs HaA MaKux
Memooax: aKkmyanuzayuu, CPABHUMENLHO-UCTNOPUHLECKOMY), npoodIeMHo-
XPOHONIO2UYECKOM,  MHO20(AKMOPHO20 — AHANU3A, NPUHYUNOE  UCMOPUSMA U
00beKMU8HOCMU.
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Technology as a socio-historical phenomenon

Abstract. The article reveals the authors' vision of the essence of the technology
as a sociohistorical phenomenon. It is based on the idea that technology is not only a
set of technical devices but a segment of the general system — a society — located
between a social medium and its natural surroundings in the form of a peculiar social
technosphere, which simultaneously separates and connects them. The main objective
purpose of the technosphere is to promote the effective rendering of society-generated
entropy outwards; it defines the features of the technosphere as a sociohistorical
phenomenon. The analogues of such material formations take place also in wildlife
(from the spider-web to the beaver dam) but are very few and arise from the
implementation of instinctive programs of the species. In a person's consciousness,
such programmes are not given by “nature”, they are formed on the basis of
“desobjectivation” of technical objects available in society. In the process of
“desobjectivation” the essence, the “logic of the subject” becomes the achievement
of a person and due to his abilities is filled with new meaning. As a result, the
technology is a materially ideal phenomenon: on the one hand, it is a set of technical
objects and on the other hand — technical thinking of a person, the highest
manifestation of which is technical sciences nowadays. Properly technical objects are
created by society to meet the individual and social needs of a person. These are
primarily consumption items; due to their manmade nature, the question of production
means development arises, which over time becomes increasingly important, especially
by virtue of their significant impact on social relations (which in time also require
certain technical devices for their implementation). The complex of these devices forms
the techno sphere of society as a compound integrity. Not only groups of different in
application technical objects become the constituent parts of the technosphere, but also
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their conglomerates designed to perform certain functions, which, similar to the
biological branch, were called techno enosis; in the latter at the account of a peculiar
“competition”, the development of these components in particular and the
technosphere integrally takes place. However, despite consistency, the technosphere is
a subsystem of a society, therefore, there is no perspective of creating certain laws of
its development and an appropriate coherent periodization. For this reason, the
scientific periodization of the development of technology as such is connected with the
purpose of the given research and is defined by it.
Keywords: technology; technosphere; technical thinking; technical devices;
technocenosis

Introduction: problem statement.

At the present stage of human civilization, the development of the general changes
in social realities occurs very quickly. One of its most important factors is the rapid
development of technology. Its study and successful interpolation will determine the
possibility of the scientific forecast of the influence of technology on the course of
iconic processes in society for the near future and will allow improving the conditions
of scientific prediction of the technology impact on future social processes. The
implementation of this task requires the definition of the essence of technology as a
social phenomenon. The researchers have studied this question for a while and still,
there are many different perspectives. This problem is studied as by Ukrainian
(Vynnyk, 2016; Melnyk, 2010; Mykhailovskyi, 2018; Muratova, 2019;
Chornomordenko & Kachak, 2016; Chursinova, 2014), so foreign (McLain, Irving-
Bell, Wooff, & Morrison-Love, 2019; Nishimura, Kanoshima, & Kono, 2019; Kahlau,
Schneider, & Souza-Lima, 2019; Oliveira, 2020; Ushakov, 2017; Jaspers, 2012)
researchers. Consider the existence of different points of view on a set of defined
Issues.

The purpose of the proposed article is to present an original vision of the specified
subject. The accents defined by us seem to be the most approximate to understanding
the profound realities of technology as a social phenomenon.

The methods of research are chosen on the basis of historical scientific reliability
of technical progress, special methods of technology development processes research.
The article is based on scientific, theoretically-critical use of the previous research
on the history of technology.

Results and discussions.

The technology is one of the most important social phenomena and as such
deserves close attention. The research of technology as a specific phenomenon
presupposes the starting of its definition, though there are lots of them nowadays.
Basically, four interpretations of this phenomenon essence are defined, in particular:
technology as a tool for work, as a system of artificial bodies of activity, as a public
material system, as organized by man substance and energy. The analysis of dozens of
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technology definitions indicates the absence of an expanded definition of the term that
would cover all the features of the phenomenon. They either do not include all its
manifestations (based mainly on the means of production), or do not sufficiently take
into consideration its social nature. It is thought that the comprehension of this social
phenomenon should begin with the analysis of society as a system (Kahlau, Schneider,
& Souza-Lima, 2019; Nishimura, Kanoshima, & Kono, 2019).

According to the generalized by us scientific and theoretical ideas, the
development of complex systems (in particular, living ones) provides for their
constant complication with carrying out entropy to the external environment. The
passage of junction points is followed by the transition to a higher structural level
of development, the highest of which is society as a specific biological
superorganism. In the process of such development, the role of the appearance of
specific material formations, which the “living system” places between itself and
the environment, is rather important. Thus, in the animal world, gradually
complicated individual material objects — a kind of “proto-technology” (from the
spider-web to the beaver dam) are observed (Frojde, 1986, p. 17; Rukovskij, 1991,
p. 41) and in the public body, they form the technology as a necessary subsystem of
the latter.

The creation of the marked objects in wildlife takes place as an external
implementation of instinctive programs with the gradual (in the process of
evolutionary development) inclusion of their correction elements on the basis of
individual experience. In the society whose constituents (separate individuals) do
not possess such a “program” from birth, it is formed in the consciousness of the
latter as a “desobjectivation” of external objects of a technology previously created
by humans. Then these programs, in their turn, are “objectificated” in human
activities, in particular by creating new technical objects that society places between
itself and the environment. A unique algorithm is formed: “the technology manifests
itself as an active capability and power inherent not only to a separate person but to
a person as a social creature and, ultimately, to humanity as a whole” (Aliyeva,
2003).

Consequently, the technology constitutes a social subsystem that forms a
technosphere between society and the environment. It is formed by society, but from
the materials and by the rules of nature, being a natural anthropogenic formation. The
technosphere is the realization of people's activities, in particular their thinking,
throughout history, and this world is objectificated — realized in the product — thinking
of mankind, a distracted thinking in general. And the individual needs to desobjectivate
it, take possession of implemented there types of activity (Rozin, 2013). Remaining a
“lifeless” subject, the technology “comes to life”, being brought into use by the society
in accordance with its purpose. As a result, based on its genesis and conditions of
functioning, the technology as a social subsystem has two significantly different, but
inseparably linked and attributable to each other “images” — ideal and material, and can
be understood only in their “duality”.
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Technical thinking is no less important and essential constituent of technology
than its material embodiment. It, in the same manner as thinking, is a specific feature
of a person. As a physiological process it occurs in each individual brain, but in
obligatory interaction with other individuals, the “connection” with which is carried
out through the re-encoding of “internal” nerve impulses into “external” generally
significant signals through the sign systems and vice versa, which makes individual
mental cogitative processes a public one. Accordingly, the result of mental processes
objectification is the creation of two different types of material formations — carriers of
the pointed signals (signs) and technical objects.

Creation of technical objects at any level of technological development requires
appropriate knowledge, which can be obtained in different ways: directly in the process
of life-activity (practice); on the basis of aloof observation (contemplation); during the
purposeful influence on the subject, its study (experiment). Considering the
systemacity of the world around us, on the one hand, and the “fragmentation” of
knowledge in different “heads” — on the other hand, they should always be conducted
to a system the character of which is determined by the level of knowledge. There are
three such systems in history: mythology, philosophy, and science. However, only in
the latter one two interrelated forms of cognition are clearly defined: experimental —
with direct research of the object and theoretical — with the study of its simplified model
created for this purpose (Gryffen, 2012).

Nowadays, scientific knowledge has taken the dominant position and covers
almost all reality. The system of sciences, the constitution of which is defined
differently, was formed. In the most “objectivistic” system (according to “the forms of
movement”) sciences are divided into natural, with appropriate subdivisions, and
social. There is no place for technical sciences in such system. However, often the
division of sciences is made according to their purpose: the study of society itself and
its habitat. Then the existence of technical sciences, the object of which is the
technosphere, which divides (and connects) the natural environment and society as a
specific phenomenon of the real world with its features, is natural.

Belonging to that kind of sciences system, the technical sciences still significantly
differ from others relative to the specifics of its objective existence (its “manmade”
nature) and their own purposes. A Nobel prize holder, a prominent American scientist
Herbert Simon emphasized that if the main purpose of natural sciences is perception
(analysis prevails), so for the technical sciences an ultimate purpose is to create a
“second nature” (synthesis dominates) (Sajmon, 2004) In an experimental research, the
main thing is not to obtain knowledge, but to improve the object. As for theoretical
research, since in each case the ultimate goal is to create a class of technical devices, a
kind of simplified model turns out to be a specific real device of this class.

The creation of technical devices is carried out by society to meet the needs of a
person, and therefore their character and “nomenclature” are largely defined by these
needs (Maslow, 1954). Among a significant number of systems emphasizing different
human needs the so-called “Maslow's hierarchy of needs” is the most wide-spread.
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However, it does not take into account the fact that the carrier of needs — the individual
— Is simultaneously an element of higher integrity (society). It is he who, by virtue of
his complexity and his own prehistory, is an integral system. It follows that two
interconnected systems of needs are peculiar for a person. Thus, the composition and
functions of the technical system should take into account both individual needs of a
person (in objects of assimilation, creating comfortable conditions, providing constant
physical and mental job), and social needs (in society as such, communication, self-
esteem).

In primitive society, a complex of things that provided material interaction of the
tribe community with the environment, was concentrated in the dwelling of that time
(including the latter) (Tolochko & Stanko, 1997). With respect to the unity of
production and consumption, the labour sharing (except sex and age distinction) did
not exist as well as the differentiation of technical objects types. At the same time, the
dwelling became an environment which confronted the external world, it was the place
of each individual person formation — both in desobjectivation of manmade objects and
in meeting social needs. Therefore, in this case, the technical system was of a syncretic
character.

The technical objects, usually called consumption items, first of all, serve to meet
the individual needs of people. Regarding assimilation problems, the consumption
items mainly play a supporting role. And the needs of comfortable conditions are
almost fully provided with their help. The appointed needs have a wide assortment —
from clothing to sports devices. In fact, these very items are the things a person really
needs.

However, the “man-made” nature of the necessary consumption items naturally
causes the appearance of other technical devices, which are not directly aimed at
meeting human needs, but provide the possibility of their creation — the production
tools (or, more broadly, means of production). One of the first to deal with the problems
of aesthetics of technical objects and industrial design was Franz Reuleaux (1829-1905
biennium), an outstanding German mechanic engineer, lecturer of the Royal Technical
School in Berlin (nowadays, Berlin Technical University). He was called “Poet of
Technology” and believed that with the help of technical devices in general, or tools in
particular, we make “the internal processes of the material world to act and work for
our purpose” (Ryolo, 1885, p.1). They provide the creation of other types of
technologies, in particular the means of production, for further technological progress.
The importance of this type of technology involves their significant influence on
industrial relations, namely, the social system, creating working conditions. In the
process of society and technology development, this type of technology progresses at
the fastest pace and becomes the most diverse. It consists of numerous classes and
subclasses, significantly expanding social opportunities in interaction with the
environment (McLain, Irving-Bell, Wooff, & Morrison-Love, 2019). Thus, it should
be logical to conclude that the means of work are not only the criterion of the human
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labour power development but also the indicator of social relations in which labour is
carried out.

However, the society in interaction with the environment faces the need to act in
the form of integrity, which with its quantitative growth and spread also involves the
use of certain technical means (in order to provide integrity). The means of
communication supposed to provide material (substantial and energetic) (transport)
and informational (linking) streams serve as unifying, integrated objects. They fulfill
this role both in reference to the elements of society — individuals and social groups,
and to their production activities. The latter comprises communication means as
belonging to the means of production.

The increasing number of social entities leads to the intensification of various
kinds of contacts between them. The growth and complicacy of each entity are also
accompanied by structural changes. They are primarily connected with the distribution
of labour and the distinguishing of separate production social groups with different
interests. In both cases, the appropriate types of technical devices (separate) are needed,
which, above all, include weapons and military technology in general. Another type of
technical devices of this kind is articles of luxury. Such articles can be used both as
special technical devices and the objects of other technology types, which obtain a
high-status character.

Accordingly, the technology is a system with a complex structure, which is due
to its transformation into a dynamic developing system. In this context, the
technosphere is compared to the biosphere. It stands to reason that there is a significant
difference between the elements of these dynamic systems — the biological personality
and the technical device (product). First of all, it is the difference between the living
and the lifeless. This specific element includes differences both in functioning
(regarding entropy) and in structure (heterogeneity of materials in the first case, and
homogeneity — in the second one). However, there is something in common between
them, as complex formations require a certain “previous plan” for their
implementation. Although there are significant differences in this case too (Libberta,
1982, p. 18).

The biological personality is self-created in accordance with the program laid in
its genotype, which is connected with each cell of the organism. Its “construction” is a
process that in ontogenesis repeats phylogenetic development — since a biological
person, regardless of the development level in ontogenesis, should successfully
function in the environment as a separate organism at each stage. The technical device
is created by a society from ready-made components, and only in a programmed form
it starts to function by itself. But it also needs some kind of genotype — external in
regard to this device. Today, such a “genotype” is a document (sometimes called a
passport), without changes in which no “phenotypic” transformations in the device is
possible. Still, in both cases, the new peculiarities of “organisms” arise in the form of
random mutations in the genotype, which are fixed in with respect to natural selection
or social practice.
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Another important similarity of technical and biological is that in both cases a
separate “organism” can only function in a particular conglomerate (Malaspina, 2019).
This refers not only to the biosphere or the technosphere as a whole but also to some
local unities, which are called "biocenosis™ in relation to living organisms. Technical
devices, by analogy, received such name as “technocenosis”. Cenosis is a kind of
system that differs from the system properly in that its whole structure is influenced
much more by the properties of separate components which are already included in it.
These communities of any kind have a common — as distinct from Gaussian — nature
of the elements distribution. It is in the composition of cenosis that specific technical
devices perform functions in the technosphere, and therefore largely determine the
dynamics of the latter.

It stands to reason that the development of technology in general and in its
structural and functioning units, as well as any material objects, is directed by certain
patterns. Therefore, the researchers seek to find the “general laws” of this development.
In our opinion, such question setting is as scientifically incorrect as attempts to find the
“general laws” of physics or biology. Regarding the technology, the attempt to use the
so-called “laws” of Hegelian dialectic cannot be recognized as legitimate. These “laws”
are designed for an ideal single object that does not arise, does not disappear, and does
not come into interaction with anything. This fundamentally distinguishes an ideal
single object from real objects. Valid “laws of technology” should concern its real
objects, even if they have different levels of generalization and idealization.

Since the development of technology is a historical process, there is a problem of
its periodization. The corresponding numerous periodizations are reduced to two basic
principles. As for the first, the periodization of the development of technology as a
social phenomenon should coincide with the periodization of society development;
according to the second, the technology in its development is self-sufficient,
subordinate to its own laws and not only independent of the development of society
but dramatically affects it. Both principles reflect the significant features of technology
and have the right to exist. However, in reality, the development of technology that
complies with two different types of consistent patterns, cannot be determined by any
of them. Therefore, the periodization of its development can be the only relative,
depending on the purpose of the research.

The main direction of the general development of technology is the gradual
transference of partial technical functions of a person to technical devices. Initially, it
concerned the tool that interacted with the subject of work and changed it directly;
subsequently — types of energy spent by a human being on this interaction (muscle
strength, then — the energy of animals, and then — the forces of nature), and finally
control and management of these processes. Today, despite the importance of all
appointed aspects, the latter gained special attention. It is associated with a significant
increase of productivity, and what is the most important, a gradual more and more
complete transference of “alive” workers’ functions to the technical systems.
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Eventually, the time when only the purposefulness and general control will be kept by
a person and everything else will be performed by technical systems will come.

Conclusions.

One of the most important social phenomena — technology, comprises a created
by mankind in relation to the environment a special sphere that separates them and
simultaneously connects with each other. Materially specified technosphere consists of
a system of technical devices designed both to meet the needs of separate individuals
and society as a whole. However, the set of technical devices inherently is not yet a
technology, because only the direct efforts of people “restores it to life” and makes it
effective. The development of technology is of spontaneous character and is
determined by the momentum of socio-historical evolution, not intrinsically but
through interaction with the relevant structural and functional changes of human
society.
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Jleonin I'pidpden
HarionansHuit icropuko-apxiTektypHuii My3eit “KuiBcbka doprens”, Ykpaina

Hanis Pu:xeBa
MukonaiBcbkuil HalloHaIbHUM yHIBepcuTeT iMeH1 B. O. CyxomauHcskoro, Ykpaina

TexHika, Ik COmiaJIbHO-ICTOPUYHE SIBHIILE

Anomauia. Y cmammi npe3eHmosaHi Ys8/1eHHs a8mopie Npo CYMHICMb MexXHIKU,
K COYIANbHO-ICMOPUYHO20 Asuwd. B tioco ochogi nesxcumv nocnsnd Ha mMexHIiKy
He NPOCmOo 5K HA CYKYNHICMb MEXHIYHUX NPUCMPOI8, ane sIK Ha NIOCUCmeMy 3a2albHoi
cucmemu — CyCnilbCmeéd, WO PO3MAULOBAHA MINC COYIYMOM i 1020 NPUPOOHUM
OMOYEHHAM ) BU2IA0L CBOEPIOHOI CYCNINbHOI mexHocGepu, wo ix 00HOYACHO
po3medicogye ti 00 ’eonye. Ochogne 006 €KmugHe NPU3HAYEHHs MeXHOchepu — Cnpusimu
epeKmueHoMy BUHECEHHIO 2eHePOBAHOI CYCNINbCMBOM eHMpONii HA308HI; BOHO
BU3HAYAE XAPAKMEPUCMUKU MEXHOChepuU AK COYIaNIbHO-ICMOpUYH020 asuwa. Ananoau
MmakKkozo pooy MamepiaibHUxX YmeopeHb Maroms micye U )y meapuHHoMy cGimi (8i0
nagymunHs 00 600po6oi epebii), 0OHAK € NOOOUHOKUMU U BUHUKAIOMb VHACTIOOK
peanizayii IHCMUHKMUBHUX NPOSPAM OCOOUH. V ceioomocmi n100uHU maxi npozspamu
He 3aK1aoaromscs “npupoooio”’, 8oHU opMyrOmubcs Ha OCHOBI “‘po3npeomeyenHs’”
HAsIBHUX V CYCRLIbCcMBI MexHiYHux o0 ’ckmis. Y npoyeci ‘“poznpeomeuenns’™
cymuicms, ‘“‘702ika npeomema’ cmaomv OOCASHEHHAM JMHOOUHU 1 3a80aKU il
30i0HOCMAM HANOBHIOIOMbC HOBUM 3MICMOM. Y makutl cnocib, mexHika cmaHo8uUms
Asuwe mamepianbHo-ideanbHe. 3 00H020 DOKY ye CYKYNHICMb MEeXHIYHUX 00 '€Kmis, a
3 [HUW020 — MEeXHIYHe MUCTIeHHS TI0OUHU, BULYUM NPOSBOM K020 CbO2OOHI € MEXHIUHI
Hayku. Brachne, mexniuni 00 ’€kmu cmeopiolomvcs CyCRilbCMBOM 05 3a0080J€HH s
iHOUgioyanvHux 1 cycnilbHux nompe6 moounu. lLle, nepw 3a 6ce, npedomemu
CHOJICUBAHHA, Y 38 A3KY 3 IX PYKOMBOPHICMIO NOCMAE NUMAHHS PO3GUMK) 3Ac00i8
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BUPOOHUYMEBA, WO 3 4acoOM Habysac 6ce OLNbUIO2O 3HAYEHHS, 0COOUBO 3ABOAKU
IXHbOMY ICMOMHOMY 8NIUBY HA 8CI CYCNIIbHI CMPYKMYPU (K 32000M OJi51 peanizayii
KOHKDEMHUX 3a60aHb MAKONC BUMA2AI0OMb NeBHUX MeXHIYHUX npucmpois). Komnnexc
yux npucmpois ¢opmye mexrHocepy cycninbcmea AK CKIAOHY YINICHICMb.
CkraoHukamu mexHocghepu cmarome He auule 2pynu pPIi3HUX 34 NPUSHAYEHHIM
MEeXHIYHUX 00 €Kmis, aie U IXHI KOHeloMepamu, NPUsHayeHi 01l GUKOHAHHS NeGHUX
@DYHKYIU, AKI, AHAIO2IYHO 00 0I0NI02TYHOL 2ay3i, OMPUMATU HA38) MEXHOYEHO3I8, 8
OCMAHHIX 34 PAXYHOK CBOEPIOHOI “KoHKypeHyii” 6i00y8acmuvcs po36UMOK YKA3aHUX
CKIAOHUKI6 30Kpema i mexHocgepu 6 yinomy. QOHAK, NONPU CUCEMHICb,
mexHocgepa € nidcucmemoro CyCcniibcmaea, omace, 2001 CHOOI8AMUCH HA BIOHALIOEHHS
OKpeMUX 3aKOHI8 il po36UMKY i CMBOpeHHs 8i0N06i0HOT YinicHoi nepiodusayii. Tomy
HAyKoea nepioousayis po36UmK) 61dcHe MexHIKU No8 s3aHa 3 Memol KOHKPEemHO20
00CN0NCEeHHS | BU3HAUEHA Helo.

Kniwouoei cnoea: mexuika; mexnocgepa, mexHiuHe MUCLEHHS, MEXHIYHI
npuUCmpoi; mexHoyeHo3u

Jleouun I'pucdpen
HanunoHalibHBIN HCTOPUKO-apXUTEKTYpHBIN My3el “KueBckas kpenocts”’, YKkpanHa

Hanexna PoikeBa
HuxonaeBckuil HallMOHaIbHbIM yHUBEpcUTET UMEeHH B. A. CyxoMiMHCKOTO, YKpanHa

Texnmca, KaK COIIMAJIBbHO-UCTOPUYIECKOC SIBJICHHE

Annomayuna. B cmamve u3nodxcenvt npeocmasieHuss agmopos O CYWHOCMU
MEeXHUKU, KAK COYUATbHO-UCMOPUYECKO20 A6NeHus. B e2o ocHose neaxcum 632150 Ha
MEeXHUKY He KaK HA COBOKYNHOCMb MEXHUYECKUX YCMpPOUucms, a KaK Ha NoOCUCeMY
obweti cucmemsl — obwecmea. Pacnonoscennas 6 6uoe ceoeobpasnoti 0ouecmeenHou
mexHocghepbl, MeAHcOY COYUYMOM U €20 NPUPOOHBIM OKPYHCEHUEM, OHA OOHOBPEMEHHO
pasepanuuueaem u obwveounsem ux. (OcHOBHOe 00bEKMUBHOe HA3HAYEHUe
mexHocgepvl  — cnocobcmeosamsv  IPHEKMUBHOMY BbIHECEHUI0 2eHepUpPyemoll
00Wecmeom IHMPONUU HAPYHCY, OHO Onpeodesien XapaxKmepucmuKku mexHocgepvi
KaK COYUAIbHO-UCMOPUYECKO20 SABNeHUs. AHanocu makoeo pooa MamepuanbHbix
00pa3o8anull uUMerom Mecmo U 8 JHCUBOMHOM Mupe (om naymuuvl 00 000po6oU
NJIOMUHBL), OOHAKO OHU eOUHUYHble U BOZHUKAIOM BCLeOCm8ue peanu3ayuu
UHCMUHKMUBHBIX Npocpamm ocobell. B co3nanuu uenosexka maxue npozpammsl He
3akaaovleaomces “npupoooi”’, oHu opmupyromces Ha ocHoge ‘pacnpeomedusarus’”’
uMerwuxcsa 6 ooujecmae mexuuieckux o0ovekmos. B npoyecce “pacnpeomeyusanus’”
CyWyHocmb, “102uKka npeomema’’ CMAHOBAMCs 00CMUICEHUEeM YelogeKa U, 0.1a200aps
€20 CnoCOOHOCMAM, HANOJIHAIOMCS HOBbIM cooepaicanuem. Takum oOpa3om, mexHuxka
npedcmasisiem AGNEHUe MAmMepualbHo-UuoeaibHoe. ¢ OOHOU CHMOPOHbl, MO
COBOKYNHOCMb MEXHU4ecKux 00beKmos, a ¢ Opyeou — mMeXHUYecKkoe MbllleHUe
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Ye08eKa, GblCUUUM NPOSBTIEHUEM KOMOPO20 Ce200Hs ABNAIOMC MeXHUYecKue HayKu.
CobcmeenHo, mexuuyeckue 00vekmuvl co30aromes 0ouecmeom 0is y0o8iemeopeHus
UHOUBUOYATLHBIX U 00UjeCB8EeHHbIX NompeOHOCmell Yeloseka. Dmo, npexjicoe 8cezo,
npeomemsl NOMpeONeHUsl;, 8 C643U C UX PYKOMBOPHOCMbIO BO3HUKAEM BONPOC
COBEPUIEHCMBOBAHUS OPYOULL NPOU3BOOCMBA, YMO CO 8peMeHeM npuobpemaem 8ce
bonvutee 3Hauenue, 0COOEHHO 01a200aps Ux CyuleCmeeHHOMY 8030eliCMBUI0 HA 6Ce
cmpykmypol 0bwecmea (Komopwvie 01 peamusayuu KOHKPEemHbIX 3a0ay Mmakice
mpeoyom OnpeoenénHbiX mexHudeckux ycmpotuicms). Komnnexc smux ycmpoticmeé
Gopmupyem mexnocgepy obujecmsa kaxk croxcHyro yerocmuocms. Cocmasuaomumu
mexHocgepvl  CMAHOBAMC He MOAbKO 2SPYNAblL  PA3IUYHBIX N0  HA3HAYEHUIO
MeXHUYeCcKUx 00bEeKmos, HO U UX KOH2IoMepamul, NpeOHA3HAYeHHble 015 8bINOIHEHUS]
onpeodenennvix ynxyui. Ilo ananoeuu c Ouon02cUUeCKolu ompacivlo OHU NOLYYULU
HA36aHUe MEeXHOYEHO0308, 8 MNOCIeOHUX 3d cyem C80e0Opa3Hou “KonKypeHyuu'
APOUCX00UM pa3zeumue YKa3aHHbIX COCMAGIAIOWUX 8 YACMHOCMU U mexHocepbl 8
yenom. OOHako, HecMomps Ha CUCMEMHOCMb, mexHochepa A61emcs NoOCUCmemMou
obwecmea, cied0osamenvbHo, He CMOUM HAOesAMbCsl HA O0OHAPY’CeHUue OMOeNbHbIX
3aKOH06 ee pa3eumus U CO30aHue COOMEemcmayouleli YeroCmHou nepuoousayul.
Iloomomy Hayunasa nepuoousayus pazeumusi cOOCMBEHHO MEXHUKU C8A3AHA C Yelblo
KOHKPEMHO20 UCCAe008AHUSL U Onpedeietd eio.

Kntouesvie cnoea: mexnuka, mexHocepa, mexHuueckoe MblldleHUE,
mexHuyecKue yCmpoucmea, mexHoyeHo3
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Management and communication ideas in the late 17" — early 19" centuries

Abstract The article examines the period from the end of the 17th century to the
beginning of the 19th century, when on the basis of deep philosophical concepts, a new
vision of the development of statehood and human values raised. At this time, a certain
re-thinking of the management and communication ideas of Antiquity and the
Renaissance took place, which outlined the main promising trends in the statehood
evolution, which to one degree or another were embodied in practice in the 19th and
20th centuries. A systematic approach and a comparative analysis of the causes and
consequences of those years achievements for the present and the immediate future of
the 21st century served as the methodological basis for a comprehensive review of the
studies of that period. The scientific novelty of this study is the demonstration of the
theoretical heritage complexity of the Enlightenment for the general history of
management and communication ideas. The article presents an analysis of the views
and concepts of the late 17th — early 18th century thinkers Thomas Hobbes and John
Locke, who defend the right to freedom of communication and liberalization of
relationships in the system: “person — SOCiety — state”, associated with their own
understanding of the government role. French enlighteners Francgois Voltaire, Denis
Diderot, Jean d'Alembert, Etienne Condillac were much smaller theorists In
management and communication issues, but their successful epistolary and
encyclopedic communication practice, starting from the third decade of the XVIII
century significantly increased the self-awareness of the masses. The influence of their
ideas on the possibility of progressive development of social relations, on improving
the national states manageability and on how of a new type scientists were able not
only to popularize knowledge, but also to practically make it an object of public
communication is shown. In this context, the author considers the importance of
political and legal communication problems in the vision of Charles Louis
Montesquieu and analyzes the republican governance ideas by Jean-Jacques Rousseau
as an outstanding figure of the Enlightenment, who attached great importance to the
forms and methods of forming of the state governance structures. At the end of the
historical period under consideration, a comparative historical analysis of the most
significant statements of such thinkers as Immanuel Kant and Georg Wilhelm Friedrich
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Hegel is presented. These founders of the scientific discourse around the problems of
power and state, war and peace, the effectiveness of government and communication
in relations with the people laid the enduring foundations of the theoretical
argumentation of two opposing views on the cardinal problem of our time — the
possibility or impossibility of achieving mutually acceptable foundations of a new
world order peacefully, excluding all types of hybrid wars. The general picture of the
scientific and technological achievements of this period, influencing the level of
understanding of the management and communication functions of the state of that
time, is given in comparison with the present.
Keywords: power; state; state administration; communications; comparative
historical analysis

Introduction.

A public discourse on the state administration principles and methods requiring a
respect for the freedom of speech in a situation of continuing hostilities, aggressions,
information wars, ideological and other confrontations between states and civilizations
is becoming more and more crucial and critical. This requires the conceptual
comprehension of the causes and consequences of these phenomena and a proper
comparison with the sources of the ideas and theories relevant to these human life
fields. From a historical perspective, a period from the late 17" century to the early 19t
century was the time of the critical rethinking of the scientific heritage of the past
epochs and the relevant worldviews. In the historical interval from the English Glorious
Revolution to the consequences of the Napoleonic wars, the Enlightenment! was the
central and essential epoch characterized by a fundamental breakthrough in the theory
and practice of scientific and public communications. A critical analysis of the
civilization project covering the latest five centuries, including the subject period, is
provided in the book by Max Horkheimer and Theodor W. Adorno titled “Dialectic of
the Enlightenment. Philosophical Fragments”, where a specific communicative
strategy was used for the author’s message of his evaluation of the positive and
negative sides in the past to the future generations (Horkheimer, Adorno, 2002, pp. 2,
95, 96). The work by Marshall McLuhan titled “The Gutenberg Galaxy. The Making
of Typographic Man” provides an analysis of a universal tool of the humankind
communicative experience, which led to negative consequences such as individualism,
nationalism, and militarism. McLuhan hoped that the new information and
communications technology would bring about significant changes in all the areas of
mankind and would gradually eliminate these defects (McLuhan, 2015, pp. 28, 29).
Changes did happen, but the aforesaid negative sides did not disappear. The practices
and theories in the mid-20™ century and the first two decades of the 215 century proved

! The Enlightenment is a key epoch in the history of European culture associated with the development of the scientific,
philosophical, and social thinking. It was based on an intellectual movement with rationalism and free thinking ideas. Its
division into periods is polemical, for example: 17151789 or the entire 18" century, or a period from the late 17" century
to the early 19" century.
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in principle Thomas Hobbes’ postulate, expressed back in the 17" century, concerning
the primacy of the speech reflection of the thinking process through any innovative
technical means (Hobbes, pp. 16, 17).

The contemporary concepts of communication studies in the administration
systems were developed by prominent scientists and thinkers such as Jean Baudrillard,
Norbert Wiener, Niklas Luhmann, Claude Shannon, Roman Jakobson, and many other
specialists. Several national researchers greatly contributed to the study of this issue,
but a small number of works were dedicated directly to the history of the state
communication studies before the early 20™ century.

The issue of searching for the efficient mechanisms and means of modernization
of the administrative structures of government bodies and their communication support
makes one look, in particular, at the experience of the theoretical and practical
developments of wvarious epochs historically preceding the fundamental
transformations of society. This is the main objective of this publication.

The publication’s key goal is to analyze the opinions and ideas of the thinkers of
the late 17" century — the first decades of the 19" century associated with the
comprehension of the role of communications and administration, their ideas’ impact
on the opportunity of the progressive development of national states and humankind in
general.

Material and methods.

The methodological procedures for studying the ideas of the thinkers of the late
17" century — the early 19" century in the area of administration and communication
processes were based on a system approach and a comparative historical analysis of
political treaties written before the French Revolution as well as philosophical works
produced in the course of the industrial revolution. A comparative historical analysis
helps determine the place, role, and meaning of the scientific works of the subject
period in the evolution of the theoretical ideas about the nature and essence of
administration and communication in the civilization development of humankind. A
system analysis of research works in that period must contribute to the fresh historical
and philosophical rethinking of the importance of works written in that epoch for using
certain theoretical messages in the new concepts of the third decade of the 215 century.
The study is based on the translations of sources in an electronic and hardcopy form
and relevant literature, as well as general historical works dedicated to this historical
period.

Theory.

A contemporary intensive scientific discourse on the freedom of information and
communications with a need to preserve controllability in a situation of permanent
crises and various interstate confrontations urges to search for new solutions, including
with the help of the theoretical historical similarities and adequate ideas in the critical
judgments of the past thinkers. Their interpretations in a purposeful system statement
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adapted to the contemporary comprehension of terms may prove to be quite interesting
for forming new scientific provisions. A characteristic epoch of the critical rethinking
of the antique heritage and worldview trends was a period called in the history of
Europe the Enlightenment. The Enlightenment inherited from the Renaissance? two
contrasting views on the goals and purpose of state administration and the role of
communication in this process. In the 17" century, John Locke, a precursor and father
of this epoch, argued that the successful development of a national state and reasonable
management of society was possible in an enlightened constitutional monarchy
governed by a humanitarian paradigm of its mission based on the liberal ideology. The
opposite (Machiavellian) concept justified and encouraged any means, in particular,
the most cynical, manipulative and deceptive ones, supporting, in an uncompromising,
tough, and consistent way, the authoritarian rules, a strict hierarchical order and the
negative characteristics of the human nature in cynical rulers.

Although in the 17" century Thomas Hobbes and John Locke provided
comprehensive arguments to advocate the freedom of communications, liberalization
of relationships and relations within the human being — society — state system, the
successors to their ideas, i.e. the representatives of the Enlightenment, relied on the
triumph of the mind of the rulers and the elite. The French Enlightenment ideological
movement was theoretically much less immersed in the specific government and
communication issues. Their successful practical experience in the epistolary and
encyclopedic communications is of utmost methodical and applied importance in the
history of science. But the key achievement of their works is the impact on the
philosophy of Kant and Hegel.

The scientific innovation of this historical study consists in the evaluation of the
importance of the theoretical ideas stated by the thinkers before the early 19" century
to freshly rethink their relevance to and harmony with the statements of the specific
structures of the concept of the future general planetary (noospheric) government
within the context of the communicative component of the new world order in the 215
century.

Results and Discussion.

1. Ideas of the precursors of the Enlightenment

Treaties written by the prominent thinkers of the Antiquity® and the Renaissance
served as a fundamental basis for the successful and fruitful activities of the enthusiasts
in the Enlightenment period. In the 14™ century, Francesco Petrarca freed Plato’s and
Aristotle’s antique heritage from scholastic and dogmatic blinkers of the Middle Ages,

2 The Renaissance is an epoch of the worldwide importance in the history of European culture that followed the Middle
Ages and preceded the Enlightenment and the Modern Age. Periods and dates are conditional and polemical. In Italy, it
developed in the early 14™ century. The Renaissance decline is viewed differently as well: from the last quarter of the 16"
century to the 18" century (in Russia). In various countries across Europe: until the first decades of the 17t century.
% The Antiquity is an antique epoch of the Greek and Roman civilization of the worldwide importance with a diversity of
its forms, which had an influence on the historical and cultural development of humankind. Division into periods is
polemical. For example, the 8" century BC —the 5™ century AD or around the 7% century BC — the 4™ century AD.
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and historian Leonardo Bruni pointed in the 15" century to the methods of the
republican rule and the issue of the freedom of communication. In the 16™ century,
Jean Bodin managed to expand and deepen the comprehension of government
providing a basis for the state administration concept until the 19" century. Niccolo
Machiavelli and Hugo Grotius looked at communication between the state and the
population, the war and the peace principally from different positions and imposed this
discourse in the 15" — 17" centuries to be continued until now.

Immediately after the Glorious Revolution in England, in 1690, John Locke
(1632-1704) published his work “Two Treatises of Government” and several other
works. He stated his philosophical views on the state administration principles;
introduced for the first time the concept of separation of power; marked the limits of
the ruler’s (constitutional monarch’s) powers, full powers of the legislative and
executive authorities, a people’s possibility to revolt and topple the government. Locke
also provided a comprehensive and liberal scheme of prospective communication
between the government and the enlightened elite. In this way, he turned out to be a
transitive figure between the two bright and unique epochs: the Renaissance and the
Enlightenment, being considered the father of the latter. Opinions about their
boundaries vary, but it is clear that the Glorious Revolution and its consequences
influenced Locke’s works and became a starting point in the historical measurement of
these epochs.

According to the liberal constitutional and liberal democratic views proposed by
Locke, politics and political communication should be based on the individual —
society — state model. Man and his interests, values, and demands moved to the
foreground. And the state occupied just the third (last) position. He believed that the
constitutional monarchy was a perfect form of statehood. In his work “Two Treatises
of Government”, Locke focuses his reader again and again on his main postulate: man
is naturally free. In Locke’s view, the state represents the voluntary limitation of man’s
freedom for the sake of his own and society’s welfare. It must always develop
legislative and executive authorities by taking into account this factor (Locke, p. 106,
114, 146, 147). Pathos of these ideas is underlying the works written by Locke, a father
and oracle of social and political concepts of the 18™ century thinkers, who decided to
implement and develop the main provisions of this doctrine through their practices.

2. Practical communication of the Enlightenment representatives.

2.1. Communication practices of enlightened encyclopedists.

Starting from the third decade of the 18™ century, an entire galaxy of prominent
thinkers managed to implement their ideas through their publishing and educational
activities designed for the most influential monarchs of that period and the progressive
elite of European society. Most of the inspirers and bright figures of the French
Enlightenment such as Francois Marie Arouet Voltaire, Denis Diderot, Jean Le Rond
d’Alembert, Etienne Bonnot de Condillac were consistent followers and practitioners
of an enlightened monarchy. They engaged in active epistolary communication
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practices with Europe’s influential monarchs, including Catherine II and Frederick the
Great. Their successful communication and popularization experience played a
prominent role in the political history of many states. This makes us look at their
heritage when rethinking the contemporary theories of general government and
communication studies. Such studies are also necessary to find the starting points of
the prospective scientific areas in the information field. The philosophical and socially
important ideas of this epoch, which had an impact on the European and American
culture development, play a leading role for contemporary studies as well. Free
thinking and rationalism in evaluating the vital phenomena developed in the
Enlightenment period are necessary, in particular, in their direct implementation for an
intensive social discourse in Ukraine as well, which is suffering from a deep hybrid
crisis. Some countries of Central America and Middle East are experiencing a similar
critical situation as well. A vital crisis of administrative and communication structures
is one of the key components of these encompassing hybrid crises (Kislov, 2019, p. 76).

As scientists of a new type, the representatives of the Enlightenment not just
popularized Knowledge, but tried and managed to make it the subject matter of public
communication. The peak of these aspirations was the work “Encyclopedia, or a
Systematic Dictionary of the Sciences, Arts, and Crafts” published in France in
35 volumes in 1751-1780 on the initiative of Diderot and d’ Alembert. In Germany, the
68-volume “Great Universal Lexicon” by Johann Heinrich Zedler was published in
1731-1754. This was the largest encyclopedic publication of the 18" century, which
can be used even now for some references. In Europe and North America, other
encyclopedic publications and dictionaries appeared as well, which varied in terms of
importance but were less famous. But the authors of articles in the French Encyclopedia
were famous scientists with progressive ideas, carefully and comprehensively
preparing materials for each article, using creative approaches and discussion topics.
For this reason, the communication discourse of the Encyclopedia played both an
educational and revolutionary transformational role in the history of Europe and partly
the entire humankind. However, the principal importance of the French representatives
of the Enlightenment consisted in their influence on the philosophy of Kant and Hegel.
Republican Jean-Jacques Rousseau was one of these thinkers although his doctrine was
polemical (Dlugach, 2001, pp. 249, 250).

2.2. Jean-Jacques Rousseau’s republican rule ideas.

Being a prominent representative of the Enlightenment, Jean-Jacques Rousseau
(1712-1778) paid great attention to the forms and methods of formation of the
governing structures of the state. Yet he left no important ideas about the administration
to communication relation and their interaction. However, all of his political
journalistic activities aimed at forming public ideals in the mid-18" century serve an
example for applying a new, dynamic, contradicting, and even paradoxical form of
political communication. Advocating and opposing the existing forms of state
administration at the same time, Rousseau, following dualistic ideas, on the one hand,
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was a supporter of the Social Contract in an idealized small republic between its
citizens (or subjects of Law). But, on the other hand, he argued that there is no and can
never be a democracy in its pure form since a conflict between a right to freedom, full
government by the people, and the private interests of any ruling elite cannot be settled
in principle (Rousseau, pp. 19-21). For this reason, Rousseau actively opposed any
party systems, particularly a one-party rule. He argued that power in a republican state
may in no way be held by one association (a party, a single majority, or any similar
organizations) as, in this case, the private interests of this situational single association
will unavoidably be antagonistic to the interests of the entire people as the only
sovereign of power and all the other political forces in society representing various
group interests. Rousseau wrote that the private will (of an individual, a party leader,
or a single majority) will always seek to get advantageous (Rousseau, 1998, p. 216).
This has been the case in contemporary Ukraine. Having democratically given power
to one political force with unclear ideals and a formless worldview doctrine, the
population, as a result, received a puppet government of the representatives of the
single majority in the legislative and executive branches. Having no stable views on
the strategic objectives and methods of governing the state system of their own country,
those in power started to follow an external corporate ideological doctrine, which is
alien to the people. This is the current social and economic situation in Ukraine
exacerbated by a military conflict in the East of the country and the costs of a protracted
information war (Kislov, 2013, p. 198, 201). In this connection, one is tempted to refer
to historical analogies as Rousseau, a thinker of the Enlightenment period, pointed to
the unavoidable decline of this system. This can happen in a situation where the war
and peace issues are not dealt with based on the “common will”, but in the private
interests of only one group, i.e. an association, a party (Rousseau, 1998, p. 218).

3. Political and legal communication issues as viewed by Charles Louis
Montesquieu.

Considerable contribution to the development of the political thought, in
particular, the political and legal issues of communication was made by French
philosopher and political scientist Charles Louis Montesquieu (1689-1755). As one
of the founders of the theory of a law-governed state, he argued that the branches of
powers not just had to be separated, but there must be a guarantee that these branches
could be headed by the representatives of different political forces with independent
communications systems. And each of the branches of power should have no right to
cancel the decisions of the other branches of power, but could just suspend them in
case of emergency (a threat to the security of the state, contradictions to the law of
the country). In this way, there would be a system where each branch of power could
control the other two branches of power. According to Montesquieu, in this case all
the branches of power could be mutually controlled. Being interested in preserving a
monarchy with the growing financial power of the bourgeoisie, Montesquieu
managed to brightly balance, in legal terms, the principal interests of only two classes:
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aristocracy (nobility) and bourgeoisie, by using the delicate mechanisms of rights,
freedoms, and benefits. He believed that this balance was the basis of the stability of
the regime in his system of state power. But this would be a very delicate, thin, i.e.
fragile system of power. Montesquieu was aware of it so he insisted that the system
of balanced benefits and rights should never be cancelled as, otherwise, the levers of
power would go to the other classes of the population and this system would collapse.
In this case, there would be a threat that it would later lead to despotism or dictatorship
of the masses (crowd) and similar phenomena.

Among the principal laws regulating social life, Montesquieu considered one of
them (third in the hierarchy): communication between people and aspirations to
improve and expand it. For him, the first and dominating law was actually specific
communication with God. The need to provide food was the second law. Therefore,
the need for food and communication was considered by him in the same logical
category (Montesquieu, 1777, pp. 32, 33).

Being a representative of the geographical scientific school, Montesquieu argued
that political communications, their intensity, legal legitimacy, and the form of legal
regulations depend on the geographical location of the state. He also emphasized that,
apart from the principal and determining geographical reasons having an impact on the
communicative field of the state, other aspects have a significant influence as well:
environment, economic component, mentality, religion, demography, and so on. He
argued that the Spirit of Law must be closely related to all the other aspects of
communications in society in terms of the purpose of its successful and balance
development.

Therefore, Montesquieu proposed a clear idea that an effective and adequate legal
mechanism of the state will be efficient for the evolution only when it is carefully
corrected with respect to the nature and other components of the nation’s life under the
objective conditions of the natural and resource factors of the environment. This
fundamental principle is ignored by the doctrinal systems of various unions and blocs
with respect to the dependent or member countries and nations, which at present
unavoidably leads to the need for deploying intensive information and psychological
operations aimed at suppressing or breaking the mentality, traditions, and forms of
existence of many peoples under the modernization and civilization slogans. The
demand for freedom of political communication was one of the most important aspects
of Montesquieu’s theory (Antolohiia liberalizmu: polityko-pravnychi vchennia ta
verkhovenstvo prava, 2008, p. 420, 441-443). For this reason, Montesquieu argued
that the law-governed state theory has both historical and practical importance for
establishing the balanced regulations of information and communication law to ensure
comfortable conditions of existence of the contemporary sovereign countries. This
regulation is a basis for the national information and psychological security of peoples
when a condition of “independent dependence” is imposed on them.
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4. Political ideas of great German thinkers.

A further impact on the development of future information and communication
theories was made by the political ideas of great thinkers such as Immanuel Kant
(1724-1804) and Georg Wilhelm Friedrich Hegel (1770-1831). Their fundamental
theoretical concepts, which had and continue to have a strong influence on the
development of political ideas and ideologies in the 19" — 21 centuries, formed a basis
for the practical implementation of liberalism and communism (Marxism), socialism
and nationalism for two hundred years ahead. The works of these authors include the
conceptual aspects relevant to the communicative components both within the state
policies and at the international level.

4.1. Kant’s idea of the administrative and communicative future of
humankind.

Kant’s idea of what we presently call communication is specific to some extent,
but it corresponds to his vision of a human, people, and state in the concrete and ideal
terms and is also limited to the same conventions that are typical, in principle, of
antique authors. Man occupies a priority place in Kant’s political doctrine. However,
he considers man in two forms at the same time: firstly, as an empirical being (i.e., a
being that cannot be free due to the law of causation shown in his behavior); secondly,
as a being — thing in itself (i.e., a fully free being according to the moral laws and
supposed to act according to the main principle or rule of the “categorical imperative”).
This meant, in Kant’s opinion, the final behavior of a human being where his real
actions can correspond to the maximum extent to the principles of the all-encompassing
legislation. And true communications arise and have a right to exist only in this case.

According to Kant, man is an “absolute goal” as an abstract being. Therefore, a
specific human can logically be only a means of achieving this goal. And all the general
and individual communications of humankind must correspond to this postulate so as
to contribute to the permanent and untenable aspirations from the specific condition of
relativity to getting closer to the absolute condition of the thing in itself by following
the categorical imperative principle. Therefore, the information and communication
components of society are fully subordinated to two control functions: morality and
law with morality unconditionally prevailing (Kant, 1980, p. 189).

According to Kant, humankind is to achieve the level of a true civil society that
will follow the principle of each individual’s self-evaluation. And then the objective of
the state is to fully implement the ideas of law. Kant stated that in a law-governed state
power belongs to the sovereign people (but these are only active citizens; not women,
servants, marines, apprentices, hired workers, or other lower classes of society).
Therefore, legal communication, according to Kant, in a law-governed state can exist
only in the morality area. Legal moral information can circulate within the framework
of legal communication. Therefore, any other information will be automatically
recognized as immoral. And then, in this thinker’s opinion, any information and
communication confrontations in the future would be ruled out. In other words, Kant
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believed that the “perpetual peace” would rule out a possibility of information wars
(Kant, 1980, pp. 195, 196). But, on the contrary, humankind did not follow the path
proposed by Kant and made information confrontations a permanent and continuous
phenomenon.

In international politics, Kant’s ideal consisted in the total neutrality and
formation of a global civil society as part of a global federation of independent and free
states. He stated all of his “perpetual peace” ideas in his work bearing the same title.
These ideas and opinions proposed by Kant have their followers and supporters at
present as well, despite the entire theoretical ideality of their structure. Contemporary
Neo-Kantians believe that the globalization process can be fairly completed only in the
way viewed by Kant. In this context, obviously there were hopes to form a society of
knowledge according to the Kantian idealized model as well. However, political reality
of our days is in full conflict with the logic of Kant’s theories immersing the political
struggle into the abysm of the global information war.

4.2. Administration and communication ideas of the system proposed by
Georg Wilhelm Friedrich Hegel.

In his huge philosophical heritage, Hegel rejected both Kant’s social development
concepts and Rousseau’s natural law ideas of the social contract. He fully rejected
Kant’s idea of the “perpetual peace” in its global definition. Hegel believed that only a
war can help overcome a confrontation between the “conflicts of sovereignties” of
various states and avoid the “stagnation and decline” of strong nations. For him, wars
represented one of the aspects of a permanent and continuous struggle in all the fields
of international relations. But just as Kant, he ruled out certain peoples from the
participation in any state or creation activities. Hegel extended this approach to all the
Slavonic nations in particular.

Unlike Kant, Hegel stated that not the imperative of peace, but, on the contrary,
the imminence of wars of all types and forms was the destiny of humankind for a long
time. Anyway, he proved to be right over 200 years after him. Therefore, as prolonged
to our times, information wars are an imminent consequence of the rivalry between
states in their fight for achieving an “absolute spirit”. Hegel based his vision of state
development on the “spirit” concept that may have three forms: a subjective spirit, an
objective spirit, and an absolute spirit. The first two forms of the spirit are studied
through the absolute spirit. A state emergence is a consequence of the “popular spirit”
as an objective spirit. And a state is a way of domination over the subjective (personal)
and objective aspects (Hegel, 1978, pp. 75—77).Therefore, ideally this is the absolute
spirit implementation. Only the subjective and objective communications leading to
the formation of the absolute spirit communication are worth being studied and
analyzed while the others should be dismissed by researchers, and so should be nations
failing to form their state (Hegel, 1978, pp. 81-84).

Because of his radical ideas and predictions that came true, Hegel is considered a
precursor of totalitarian regimes and world wars in the 20" century as well as local
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wars for the global interests continuing in the 215t century. This is why Hegelianism is
criticized. But the ideas and some statements of his doctrine had a huge influence on
many thinkers of that epoch, in particular on Neo-Hegelians such as Karl Marx and
Friedrich Engels and their followers.

Hegel was one of the critics of the arising industrial society. He established a link
between the growing mechanization, labor division, and social exclusion, making
communication difficult and deforming it. Hegel was among the first philosophers to
realize the importance and need to scientifically rethink the economic development
problems and consequences.

In 1820, Hegel published his “Philosophy of Law™*, which, in principle,
completes his all-encompassing system of the development philosophy. In order to
create his system, he often used artificial (coercive) structures, which are still subject
to a discourse and criticism of his opponents. These structures serve as a basis for
building a principal, logically harmonious and holistic structure of the future. It is
necessary to penetrate deeper into the sophisticated labyrinths of the structure of his
system to detect quite a useful treasury of ideas, which are valuable even today when
a new philosophy of administrative and communication process is being developed.

4.3. Scientific and technical achievements and level of understanding of
administrative and communication functions.

In the late 18™ century, fundamental changes in the means of communication —
methods of communication (river, sea, ground transports) take place, particularly in
England (Allen, 2014, p. 12, 13). Understanding and knowledge of communication
processes gradually became necessary to organize collective labor. This stimulated the
scientific thought to explain processes developed in social life and in government in
other European countries. Good preconditions were created for analyzing and
theoretically explaining communication processes; but the notion “communication”
was conceptually formed only in the 20" century, including in its applied industry-
specific areas.

The entire described historical period from the late 17th century to the early 19th
century was characterized by inventions of new and improvement of already known
steam machines, development of more improved steam internal combustion engines,
and creation of practical samples of motor vehicles on their basis.

Creation of production and transport technical equipment developed the mass
machine industry as a basis for the first industrial revolution of the late 18" century —
the middle of the 19" century, which suddenly increased the labor output and
communication opportunities of humankind (Bernal, 1956, p. 225; Mokyr, 2008,
pp. 76, 94) This required a new state government system that would be immanent in
the production forces, territorial, military, and communication purposes and ambitions

4 Philosophy of Law by Hegel was published in 1820 although the original title of the book states 1821 as its year of
publication.
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of government. Napoleon | Bonaparte managed to practically create a system of state
administration by using certain ideas and theoretical developments of the thinkers of
the past in combination with his own vision of the functions of the tough centralization
of the imperial state system. The state system relied on bureaucratically organized
functionaries. Some elements of this structure were inherited from the old regime, from
the period of the French Revolution, and rethought from theoretical models, but they
were mainly the product of Napoleon’s administrative creativity. Under Napoleon, the
main administrative bodies were ministries created according to the principle of
undivided authority and a tough executive vertical. By the end of Napoleon I rule,
France had twelve ministries and one of the principal ministries was the ministry of
trade and industrial policy (Tarle, 2010, pp. 79-81, 223-225; Tomsinov, 2011,
pp. 119-122). After the Napoleonic wars and the Vienna Congress that determined the
further destiny of Europe, there were publications pointing to the imminence of the
industrial future of the countries of the Old Continent and America. These events ended
the period considered in this publication.

Conclusions.

The key ideas of the thinkers and philosophers of the Enlightenment preceding
the industrialization era and dedicated to the nature of administrative and
communication processes generally repeated the theoretical statements from Aristotle
to Locke. Indeed, the ideas proposed by Kant and Hegel, who philosophically
rethought the heritage of the representatives of the Enlightenment such as Montesquieu
and Rousseau, represented fundamental scientific worldview breakthroughs, leading to
the deep rebuilding of many paradigms in the history, objectives, means, and
development prospects of humankind. They had a considerable influence on the
ideology and government practices of various countries and nations on the planet. The
practice of the following centuries proved and enhanced the general meaning of the
struggle of the two opposing concepts of the global development and fundamental
approaches to the peace and war issues in global terms. For the contemporary world,
the practical requirements of settling military and political, trade and economic
conflicts and confrontations became an imperative of the humankind’s future survival
on Earth. The impact of the communication component on the development and
interaction of administrative efforts made by some states and their associations has
risen significantly over the last decades. This requires intensifying the events and
concentrations of international contractual activities aimed at developing a new all-
encompassing world order, taking into account the reality of the achieved potentials of
the information and communication, military and economic influence of the confronted
geopolitical forces. For these purposes, it is recommended to look at the sources of the
comprehension of these processes to efficiently rethink them in contemporary
conditions.
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Henuc Kicjion
BiakpuTtHii MbKHapOIHUM YHIBEPCUTET PO3BUTKY JIIOJIUHU “YKpaiHa”, YKkpaina

YnpasiiHCbKO-KOMYHIKAIIHHI NIePeKOHAHHA
kinasg XVII — mouarky XIX crojith

Anomauia. Y cmammi poszensioacmocs nepioo 6i0 kinys XVII cmopiuus 0o
nouamxy XIX cmopiuus, Koau Ha 0OCHOBI 2IUOOKUX DINOCOPCLKUX KOHYENnYiti BUHUKILO
HOo8e OayeHHs NPoYeci6 po3BUMK)Y 0epHCABHOCIE MA THOOCbKUX YIHHOCMEU, a MAKO}C
CKNAN0Ccs GIONOBIOHE NEePeoCMUCTEHH. YNPAGNIHCOKUX [ KOMYHIKAYIUHUX 10etl
mucaumenie Amwmuunocmi i BiopoooicenHs, Wo BUSHAYUIU OCHOBHI NepCHeKMUBHI
meHOeHYli 8 e8o.oYii 0epaicasHocmi, sKi 8 Mill Yy THWLIL MIPI NOZHAYUIUCL Y NPAKMUYT
XIX=XX cmonimb. Memooonociunoro 0CHOB0I0 3 KOMNWIEKCHO20 — pO32Ns0Y
00CNIOMNCEHHST MO20 YACY CMAB CUCMEMHUN NIOXIO [ NOPIBHANbHUU AHANI3 NPUYUH |
HACNIOKI8 00CsAcHeHb MO20 4acy HA CY4AcHicmb [ Ha Haubaudxcue manudymue XXI
cmopiuus. Hayxoeorwo Houznoo 0ano2o 00CHiOMCeHHs € NOoKA3 KOMNJIEKCHOCHII
HAayK08020 00podOKy nepiody llpocsimnuymea 0ns 3a2aivHill icmopii YnpaeiiHCcbKo-
KoOMyHiKayiunux ioeu. Ilpeocmasneno ananiz noanaodie Tomaca 'obbca ma J[ocona
Jlokka, sKi 6iocmorosanu npago Ha 80000y KOMYHIKayii ma Jnibepanizayiro
83AEMOBIOHOCUH Y cucmeMi “TTHOUHA — CYCRITbCmMEo — depacasa’’, ujo 0610 N0 s3aH0
3 ix 0coOMUBUM PpO3YMIHHAM NpobaeM 0epiHcasHo20 YNpaeniHHA. DpaHyy3bKi
npocsimumeni ®pancya Boromep, /leni /liopo, Kan J[’Anambep, Emven Konoinvsak
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OYIU MeHWL 3HAUYHUMU MeOPEeMUKAMU 8 YNPABTIHCLKO-KOMYHIKAYIHUX NUMAHHSAX, alle
ix ycniwna enicmonspHa U eHYUKIONneoOuyHa KOMYHIKAYIUHA NPAKmMuKa 3HAYHO
niosuwuna camocgioomicmos mac. Illokazano enaue ixXHix ioelli HA MONCIUBICb
NPO2CPeCcUBHO20 PO3BUMK) COYIANbHUX 83AEMOBIOHOCUH MA HA PO36UMOK HAYIOHATbHUX
0eparcas. 3’c08aHO K 84EeHi HOB020 MUNY CNPOMORNIUCS He MITbKU NOWUPIO8amyu ma
HONYNAPUIYBAMU 3HAHHS, ale U NPAKMU4HO 3poOUmuU 1020 NpeomMemom CyCnilbHOL
KOMYHIKAYii. ¥ yboMy KOHmMeKCmi po32isaHymo 3HAYeH s NOAIMUKO-NPABOSUX NPoD.Jiem
Komymikayii 6 6avenni Illapna JlIyi Moumeck’e ma npoananizoeamo idei w000
NPO2PECUBHO20 PO3BUMK) COYIANbHOI 83AEMOOII HA OCHOBI PecnyONIKAHCLKO20 MUNY
ynpaeninusa, axki oyau  eucynymi aw-Kakom Pycco — eudamuum Oisiuem
Ilpocsimuuymea, wo npuoinae 3Hauwy yeacy ¢opmam i memooam po30y0osu
Ynpasuincbkux cmpykmyp oepoicasu. Ha 3aeepuienns nepiody, wo pozensioaemuvcs,
npeoCcmaesiieHo NOPIGHANbHULL AHANI3 HAUOIIbW  3HAYYWUX NO2NA0I8  MAKUX
mucnumenis, sax Immanyin Kaum i I'eope Binveenom @piopix [ecenv. i ¢pynoamopu
CYUacCHO20 HAYKOBO20 OUCKYPCY HABKOJIO NpobiemM 0eparcasu Ul 61aou, GitiHU ma Mupy,
eghexkmusHoCmi  0epIHcaBHO20 YNPABIIHHA MA KOMYHIKAYIL Y 63AEMOBIOHOCUHAX 3
HAPOOOM 3AKAAIU OCHOBU MeOPEemUuyHoi apeymMeHmayii 080X NPOMUNEHCHUX MOYOK
30py HA KApPOUHANbHY NpOoOAeMYy CYYACHOCMI — MONCIUBICMb YU HEeMOMCIUBICTb
00CACHEHHS! 83AEMHOT 3200U W00 BCMAHOBIEHHS HOB020 C8IM0B020 NOPSAOKY MUPHUM
WITAXOM, WO BUKTIOYAE 8CI UOU BOEH. JlaHa 3a2anbHa KAPMUHA HAYKOBO-MEXHIUHUX
00Cs2HEeHb Yb020 Nepiody, AKI 6NIUBAIOMb HA PIBEHb PO3YMIHHA YNPABIIHCLKO-
KOMYHIKQYIUHUX PYHKYIU MO20YACHOT 0epIiHcasU Y NOPIBHAHHI 3 CYUACHICMIO.

Knrwwuoei cnoea: enaoa; oOepacasa; oOepowcasHe YNpasuiHHA, KOMYHIKAYISA;
NOPIBHANbHUL ICIMOPUYHUL AHAJLI3

Jenunc Kuciion
OTKpBITBIN MEKTyHAPOIHBI YHUBEPCUTET PA3BUTHS YellOBeKa “YKkpauHa’, YKpanHa

YnpaBieH4ecK0-KOMMYHUKALMOHHbIE U1eH
koHIa XVII — nayana XIX BexkoB

AHHOTAUMSA. B cmamve paccmampusaemcs nepuoo om konya XVII éexa 0o
Hauana XIX eexa, koe0a Ha OcCHoge 21YOOKUX GUIOCOPDCKUX KOHYEnyull 803HUKIO
HOB0€ BUOeHUe Npoyecco8 pazeumus 20CyO0apCmeeHHOCMuU U  4elo6edeCcKUx
yeHHocmeu. B omo epema  mpouzowino  onpeoenenHoe  nepeocMulCleHUe
VNPABNEeHYeCKUX U KOMMYHUKAYUOHHbIX udeti Aumuunocmu u Bo3pooicoenus,
Hamemueuiee OCHOBHblEe nepcnekmugHbie MmeHOeHyuu 8 asoOYUU
20Cy0apCmeeHHOCmU, KOMopble 8 Mo UlU UHOU Mepe BONTOUANUCH HA NPAKMUKE 8
XIX=-XX eexax. Memooonocuueckoii OCHOB0U Ol KOMNIEKCHO20 DPACCMOMPEHUs.
UCCIe00B8AHULL MO020 NEPUOOa HOCIYIHCUL CUCMEMHBIL NOO0X00 U CPAGHUMENbHDbILL
aHaIu3 NPUYUH U NOCAEOCMBUL OOCMUICEHUUl mex Jem Ol CO8PEeMEeHHOCMmU U
onudcariuezo 0yoyweeo XXI eexa. Hayunoui HO8U3HOU O0aHHO20 UCCIE008AHUS
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A6A€Mmcs NOKA3 KOMNIEKCHOCMU meopemuyeckoeo Hacneous snoxu llpoceewenus
07151 0bweti ucmopuu ynpasienyecko-KOMMYHUKayuouHolx uoeil. [lpeocmaenen ananus
6327151008 U 8033penuti mvicaumenet konya XVII — nauana XVIII eexos Tomaca ['o66ca
u Jicona Jlokka, omcmausalowux npago Ha c80O00Y KOMMYHUKAUUU U
aubepanuzayuro  83aUMOOMHOWEHU 8 cucmeme: ‘‘Uelogek — obwecmeo —
20cyoapcmeo”’, C8A3AHHbIX C UX C80€00PA3HBIM NOHUMAHUEM POIU 20CY0aAPCMEEHHO20
ynpaenenus. Opanyyzckue npoceemumenu Ppawncya Boaemep, [lenu uopo, Kan
I’Anambep, Omvenn Kounoumvsax Oviiu 20pazoo MEHbUWUMU MeopemuKamu 8
VNPABAEeHUECKO-KOMMYHUKAYUOHHBIX BONPOCAX, HO UX YCHEWHAs SNUCMOJIAPHASA U
SHYUKIONEOU4ecKas KOMMYHUKAYUOHHASA  NPAKMUKA, HAYUHASL C  MpPemvbe2o
oecsmunemusi XVIII eexa, 3nauumenvHo nogvicuia camocosHauue macc. Iloxazano
GIUSAHUE UX UOeU HA BO3MONCHOCHbL NPOCPECCUBHO20 PA3BUMUS COYUATbHBIX
83aUMOOMHOWEHUT, HA VIYYUleHUe YNPAGILeMOCmU HAYUOHAIbHLIX 20CY0apCme U Ha
Mo, KaK yYeHble HOB020 MUNA CMO2IU He MOJIbKO NONYIAPUUPOS8AMb 3HAHUE, HO U
NPAKMU4ecKu coeiams e20 NpeoMemom O0OWecmeeHHoU KOMMYHukayuu. B smom
KOHmMeKcme paccMompeHo 3HayeHue NoJUmuKo-npasosulx npodiem KOMMYHUKAYUU 8
suoenuu lllapna Jhyu Monmeckve u npoaHamu3uposamsvl uoeu pecnyoIuKaHcKo20
ynpasenenus an-Kaka Pycco kak evloarowezocsi Oeamensa Illpoceewenus,
npuoasasuieco O60bUIoe 3HaAYeHUe HopmMam U Memooam HopmMuposanus CMpyKmyp
ynpasieHus 20cyoapcmeom. B 3asepuienue paccmampueaemozo ucmopuueckozo
nepuooa npeocmasier CPAGHUMENbHbIN UCMOPUYEeCKULl AHAIU3 HAubolee 3SHaUUMbIX
evlcKaszvleaHuu maxkux mvicaumeneu, xkax Humawnyun Kaum u [eope Bunveenvm
@Dpuopux ['ecenv. Dmu OCHOBONONONCHUKU HAYUHO20 OUCKYPCA BOKpYe Hpobiem
gnacmu u 20Cyoapcmed, GOUHbl U Mupa, S@@exmueHocmu 20cy0apCmeeHH020
VNpasieHus U KOMMYHUKAUUU 60 B3AUMOOMHOWEHUAX C HAPOOOM 3ATN0NCUTU
Henpexoosuue OCHO8bl Meopemuyeckou apeyMeHmayuu 08yX NpOMUEONOJIOHNCHBIX
8033pEHUU HA KAPOUHAILHYIO NPOOAEMY COBPEMEHHOCMU — B03MONCHOCMb UIU
HEeB803MOIHCHOCIb 00CIUNCEHUS 83AUMONPUEMIEMBIX OCHOB HOB020 MUPOBO20 NOPAOKA
MUPHBIM RYMEM, UCKTIOYAIOWUM 6Ce BUObI 2UOPUOHBIX 60UH. [lana obwas KapmuHa
HAYYHO-MEXHUYECKUX OOCMUIICEHUl OAHHO20 Nepuood, GIUSIOWUX HA YPOBEHb
HOHUMAHUSL  YNPABNEHYECKO-KOMMYHUKAYUOHHBIX — (DYHKYULL  20CY0apcmea  mozo
8peMeHU 8 CONOCMABIEeHUU C COBPEMEHHOCTBIO.

Kniouegvle cnoea: esnacmv;, 20cyoapcmeo; 20CcyoapcmeeHHoe YNpAasleHue;
KOMMYHUKAYUSL, CPABHUMETbHBLU UCMOPUYECKULI AHAIU3
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The beginning of the soviet theoretical archaeology: theoretical studies
at the Institute of archaeology AS UKrSSR in the 1960s

Abstract. The article is dedicated to an exploration of archaeological theory
issues at the Institute of archaeology AS UKrSSR in the 1960s. This period is one of the
worst studied in the history of Soviet archaeology. But it was the time when in the USSR
archaeological researches reached the summit, quantitative methods and methods of
natural sciences were applied and interest in theoretical issues had grown in
archaeology. Now there are a lot of publications dedicated to theoretical discussions
between archaeologists from Leningrad but the same researches about Kyiv scholars
are still unknown. The archaeological theory includes both generalizations made on
the basis of archaeological sources and archaeological methodology. The article
emphasizes the history of methodology studies at the IA AS UkrSSR during the
mentioned period. The research is based on evidence from the annual reports on a
work of the Institute from the Scientific archive of the Institute of Archaeology NASU.
According to the documents the theory was mentioned in the early 1950s because of
publication of new J. V. Stalin’s works. However, that time as well as at the beginning
of the next decade, when works started under three volumes of “The Archaeology of
the UkrSSR”, it was written that attention to theoretical issues was focused at the
Institute, not enough. At the IA AS UkrSSR discussions on archaeological methodology
started in the 1960s when papers on theoretical issues, applying cybernetic, methods
of natural sciences and statistical methods into archaeology were regularly presented
at sessions of the Academic council. Yu. N. Zakharuk was the most active employee of
the Institute who worked in this field. In addition to presentation of papers at
conferences, and sessions of the Academic council and publications, he was an
executor of the scheduled work ‘Methodological and methodic issues of archaeological
science’ in 1968-1970. Also it was planed to publish a book on theoretical issues. In
other words, the 1A AS UkrSSR was the first archaeological establishment in the USSR
where the work on archaeological methodology was scheduled. According to
circumstances this work had not been completely finished but the Ukrainian scholar
was invited to hold the position of deputy director at the Institute of Archaeology AS
USSR in Moscow. Despite a skeptical attitude to the theory among most Soviet
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archaeologists Yu. N. Zakharuk was able to intensify the work on theoretical issues in
Soviet archaeology. A separate theoretical session, which was organized by him at the
Plenum of the IA AS USSR in Moscow in 1972, might be considered as an initialization
of theoretical archaeology as a new sub-discipline in the USSR.
Keywords: history of archaeology; archaeological theory; institutional history;
Ukrainian archaeology; Yu. N. Zakharuk; 1960s

Introduction.

The post-war period is one of the worst studied in the history of Soviet and
Ukrainian archaeology. While a lot of articles and dozens of books are dedicated to the
archaeology of the Russian Empire and the interwar Soviet archaeology, there are only
scanty publications on the history of the Soviet archaeology of the 1950s — 1980s. But
it was the time when Soviet archaeology, including its Ukrainian branch, reached the
summit. During this period hundreds of archaeological expeditions were working in
the whole country and dozens were active in the UKrSSR, quantitative methods and
methods of natural sciences were applying into practice and a lot of fundamental
publications dedicated to different periods of ancient history appeared in print. In the
early 1970s the Soviet theoretical archaeology, which was a sub discipline and unique
phenomenon had existed till the beginning of the 1990s, institutionalized in the USSR.
The author defines it as a special branch of archaeology studies archaeological
cognition (Paliienko, 2015, p. 392).

This topic has not been studied enough by historians of science. The period of the
1960s, when the Soviet theoretical archaeology engendered, is still a lacuna. There is
information about theoretical archaeologists from Leningrad and their discussions of
that time, while it is unknown what happened in Kyiv during this period and what role
Ukrainian scholars, especially Yu. N. Zakharuk, played in the formation of the new
tendency.

There have been no special monographs on the period of the 1960s yet but this
topic is overviewed within the context of the history of Soviet archaeology by Leo
Klejn in his book ‘The Phenomenon of Soviet Archaeology’ (Klejn, 1993). Later it was
updated by the author and translated into a few foreign languages including English
(Klejn, 2012). But Leo Klejn worked in Leningrad and did not know what had
happened at that time in Kiev. That’s why he paid particular attention to the work of
central archaeological establishments such as the Institute of archaeology AS USSR
(the IA AS USSR) and its Leningrad branch (the LBIA AS USSR). This book is based
on Leo Klejn and coauthors’ article published in English in one of the western journals
even in the early 1980s (Bulkin, Klejn, & Lebedev, 1982). In this publication the period
of the 1960s is outlined only in a general way and the development of archaeology in
the UKrSSR is not touched. Nevertheless, the article became the main source of
information on Soviet archaeology for western researchers. For example, B. Trigger
referred to it in his “A History of Archaeological Thought” which has a few editions
(Trigger, 1989; Trigger, 2006). Biographies of the Soviet archaeologists working in the
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post-war period were also examined in other Leo Klejn’s book (Klejn, 2014) but
Yu. N. Zakharuk is not mentioned there.

Special books dedicated to the history of the main archaeological research
establishments such as the Institute for the history of material culture RAS (former the
LBIA AS USSR) (Nosov, 2013), the Institute of Archaeology NAS of Ukraine
(Tolochko (Eds.), 2015) and the Institute of Archaeology RAS (Makarov, 2019) had
been published during the last eight years. The Ukrainian edition has an outline chapter
on a history of the Institute including its development in the 1950s and 1960s
(Abashyna & Kolesnykova, 2015, pp. 42-52). But theoretical researches of that time
are not overviewed there as well as Yu. N. Zakharuk’s biography included to the book
contains almost no information about his works on theoretical issues in the late 1960s
(Liashko & Videiko, 2015) and has factological inexactitudes.

My numerous articles are dedicated to separate aspects of the Soviet theoretical
archaeology history but they cover only the period of the 1970s and 1980s. One of
them, in particular, reveals the role of Yu. N. Zakharuk in the process of organization
of the theoretical section at the IA AS USSR Plenum dedicated to results of field
researches in 1971 (Paliienko, 2017). Another article deals with ahistory of Kiev center
of theoretical archaeology in the late 1970s and the middle 1980s (Paliienko, 2016).

Thereby, the development of theoretical researches in the 1960s at the Institute of
Archaeology AS UKrSSR and Yu. N. Zakharuk’s activity in this field are still
unexplored. And the aim of the current article is to fill this gap.

Theoretical background and sources of the research.

It has to be emphasized that notions “theory” and “theoretical knowledge” were
used in two aspects in the post-war Soviet archaeology. This problem was analyzed in
detail by Vladimir Gening who was one of the leading archeological theorists of that
period. He highlighted the concrete archaeological theoretical knowledge or the AT-
knowledge which reveals regularities of a studying object and includes a source study
and different kinds of descriptions of ancient societies history and logical and
methodological knowledge or the archaeological methodological theory (the AM-
theory) which realizes different methodological functions in the research process
(forming of logical apparatus, the rules of knowledge extraction) and provides
production of the AT-knowledge (Gening, 1989, pp. 122-128).

In the Soviet archaeology of the 1950s and the early 1970s the notion “theory”
was applied in the first aspect as historical generalizations made on the base of
archaeological sources. And later | will overview this topic separately. This article
emphasizes on the archaeological methodology which includes definition of the main
archaeological notions and issues of typology and classification because the work on
these problems initialized the process of the Soviet theoretical archaeology forming in
the 1960s.

The research is based on information from the annual reports on a work of the
IA AS UkrSSR (1946-1971) from the Scientific archive of the Institute of Archaeology
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NASU, the fund No. 62, descriptions No.No. 1 and 1-additional (SA IA NASU. F. 62.
D.1 and 1-ad.). The letter (Zakharuk, 1971, August 16) from the correspondence
between Yu. N. Zakharuk and Leo Klejn from Klejn’s personal archive is a source to
characterize Kiev archaeologists’ attitude to archaeological theory. It was allowed to
make a photocopy of it which is stored now at the author’s personal archive. “The
report on a work of the IA AS USSR in 1971 from the Archive of the Russian
Academy of science, fund No. 1909, description No. 1 (ARAS. F. 1909. D. 1) contains
information on Yu. N. Zakharuk’s activity after his transfer to the 1A AS USSR.
Information from these sources is enough to reveal the current issue.

Results of the research.

After WW2 the theory as historical generalizations made on the base of
archaeological sources was mentioned at the IA AS USSR at the turn of the 1940s and
the 1950s. It was caused by the publication of J.V. Stalin’s work “Marxism and
Problems of Linguistics” in 1950. It is particularly written in the chapter describing
shortcomings of the research establishment of the report on work of the Institute in
1950:

e Generalized topics touching upon significant theoretical issues suggested in
J. V. Stalin’s work “Marxism and Problems of Linguistics” on the basis of
archaeological sources were not elaborated.

e The Institute had not published any critique of N. Ya. Marr’s concepts in
archeology and bourgeois theories on the issues of the Slavs genesis.

e There were no discussions on important theoretical issues of archaeology and
ancient history (SA IA NASU. F. 62. D. 1-ad. C. 1950/3. S. 12).

The theory was recalled again in the early 1950s because of resolutions of the 19%
Congress of the C. P. S. U. and publication of another J. V. Stalin’s work “Economic
Problems of Socialism in the USSR”. To eliminate the flaws and to improve the
Institute work it was decided “to organize a wide discussion of a few actual theoretical
issues of archaeological science” in 1953 (SA IA NASU. F. 62. D. 1-ad. C. 1952/2.
S. 12). But any details on this event have not been found in the archival sources.

Then for a few years the theory or discussions on theoretical issues were not
mentioned in the annual reports on the work of the IA AS UkrSSR at all. This topic
was resumed only at the edge of the next decade.

In the early 1960s insufficient attention to theoretical issues was figured as one of
the main shortcomings of the establishment functioning in the reports on the IA AS
UKrSSR work and the inspection reports on its research activity, though emphasizes
might differ. So it is written in the Inspection report from 1960 that there were less
works solving significant theoretical issues in the Institute plan and its administration
did not struggle enough against descriptive approach in works of employees
(SA IANASU. F. 62. D. 1-ad. C. 1960/1. S. 38). Authors of the report on works in
1961 highlighted a lag in development of theoretical and methodical issues of
archaeology among other shortcomings which was explained by flaws of the Academic
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council work. A recommendation to it was to discuss papers on archaeological theory
and methodology on meetings, especially, in the light of making a summarizing work
“The Archaeology of the UkrSSR”. Moreover, the intensification of theoretical
researches on issues of ethnical attribution of archaeological cultures and ethnogeny
issues in general was referred to the immediate tasks of the Institute (SA IA NASU.
F. 62. D. 1-ad. C. 1961/5. S. 29-30). Apparently, the theory mentioned there means
historical generalizations made on the base of archaeological sources. The commission
of inspectors controlling the work of the IA AS UkrSSR in 1961 accepted the
conclusion on the lag in development of theoretical and methodical issues of
archaeology caused by flaws of the Academic council work. But also it noted that
recently the Institute had advanced discussing theoretical issues on meetings which had
to go on. And it was significant to provide a theoretical attainment of research fellows,
especially, young people. In addition, it was recommended to disclose reactionary and
bourgeois theories in archaeology more fearlessly (SA IA NASU. F. 62. D. 1-ad.
C. 1961/5. S. 37-41).

A small amount of theoretical paper presented on meetings of the Academic
council and insufficient attention to special theoretical elaboration of large-scale
scientific issues were figured among shortcomings of the Institute in the report of 1962
(SA IA NASU. F. 62. D. 1-ad. C. 1962/2. S. 26-27). There as well as in the next year
report it was recommended to inculcate theory liking to young research fellows which
had to be an aim of the methodological workshop of the Institute (SA IA NASU. F. 62.
D. 1-ad. C. 1963/1. S. 35).

But was it really so bad with archaeological theory at the IA AS UKrSSR during
this period? And what caused the activation of works on this topic in the early 1960s?
Apparently, it was linked with the start of works under three volumes of “The
Archaeology of the UkrSSR’ and making of ‘The Corpus of Archaeological Sites of
the UkrSSR’. As it was written in the Report, the realization of these works contributed
to deep elaboration of significant theoretical and source studying issues in the field of
archaeology (SA IA NASU. F. 62. D. 1-ad. C. 1960/1. S. 31).

However, we have to highlight a certain activation of the development of
completely methodological topics. Papers dedicated to them were regularly discussed
at meetings of the Academic Council of the IA AS UKrSSR over the period of the
1960s. For example, in 1961 Yu. N. Zakharuk presented his paper “Certain issues of
theory and methodology of archaeological research” dedicated to the category
“archaeological culture” at one of these meetings (SA IA NASU. F. 62. D. 1-ad.
C. 1961/5. S. 25). We may consider this event as a beginning of the discussion on this
topic at the Institute besides this had happened earlier than the discussion on the
definition of the note “archaeological culture” reached all-Union scope. This
Yu. N. Zakharuk’s paper underlay his article “Problems of Archaeological Culture”
(Zakharuk, 1964) which was widely debated by other discussants in the late 1960s.

The papers related to issues of theory, methodology of archaeological research
and applying methods of natural and technical sciences in archaeology were actively
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presented again at meetings of the Academic Council in 1963. Thus A. A. Beletskii’s
paper “On the Comparative-Historical Method in the Historical-Archaeological
Research” was discussed in April, 2, K. V. Shishkin’s paper “Applying of the Aerial
Photography in Archaeology” was debated in April, 11. N. V. Ryndina, a research
fellow of the department of archaeology of Moscow State University (MSU) read her
paper “Metallography in Archaeology” at the meeting in May, 10 (SA IA NASU. F. 62.
D. 1-ad. C. 1963/1. S. 29-30). In other words, all of these papers were methodical.

In the middle of the decade applying of cybernetic and mathematical statistic in
archaeology was debated at the Institute. On the 1%t of February 1965 the paper
“Cybernetic in Archaeology” was discussed at the meeting of the Academic Council
(SA IA NASU. F. 62. D. 1. C. 564. S. 28) and almost in two years, on the 18" of April
1967 D. V. Deopic, the head of the laboratory of the application of statistical method
in social sciences, an associate professor of MSU presented his paper “Techniques,
methods and experience of applying of the statistic analysis of archaeological sources™.

On the 13" of June 1967 Yu. N. Zakharuk’s paper “On the methodology of
archaeological science and its problems” was discussed at the meeting of the Academic
Council (SA 1A NASU. F. 62. D. 1. C. 626. S. 22). After this event a new topic on
archaeological methodological issues and application of new methods of natural and
technical sciences to archaeology was scheduled to the Institute plan of subjects in
1968 and it was planned to complete a monograph on this topic till the centenary of
V.l. Lenin’s birth (SA IA NASU. F. 62. D. 1. C. 626. S. 23-24). Yu. N. Zakharuk was
personally an executive of the topic “Methodological and Methodical Issues of
Archaeological Science” in the context of the issue “A History of World Culture”. The
aim of the work was a theoretical elaboration of significant methodological problems
and new tendencies in archaeology including writing the book on theoretical issues and
making experiments on application of natural sciences methods such as the spectral
analysis of metal items and the methods of geophysical survey of archaeological sites.
The staff of the laboratory of archaeological technology, which was just organized at
the Institute at that time, was responsible for the experimental part.

In future | will dedicate a single article to the applying of methods of natural
sciences at the Institute of archaeology AS UKrSSR. As to the book on methodological
issue it had to have the next structure:

oChapter “Issues of the Terminology and Conceptual Apparatus of
Archaeological Science” — 1 quire.

eChapter “Methodological Issues of Archaeological Culture” — 1,5 quire.

eChapter “Archaeology in the System of Social Sciences” — 1 quire.

eChapter “Ways of the Development of Methodology of Archaeological Science”
— 1 quire.

o“Introduction and Conclusion” — 1 quire (SA 1A NASU. F. 62. D. 1. C. 704.
S. 8-9).

But in fact, Yu. N. Zakharuk had completed only the second and the third
chapters. He planed to write the first chapter in 1969 but this work was not finished
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because of a long illness of the author (SA IA NASU. F. 62. D. 1-ad. C. 1969/1. S. 19).
In 1970 Yu. N. Zakharuk was doing the additional task to make the chapter “Tribes of
the Chalcolithic age” for the volume 1 of “The History of the Ukrainian SSR”
(2,5 quires) instead of the work on the scheduled theoretical topic. Taking into account
that the total volume of works completed by Yu. N. Zakharuk in that year was 5 quires
the Academic Council resolved to consider that the methodological topic had been
finished according to the volume and to give Yu. N. Zakharuk an opportunity to end
the rest of the chapters later (SA IA NASU. F. 62. D. 1. C. 704. S. 8-9). But in 1971
the scholar was transferred to the Institute of archaeology AS USSR in Moscow.

In addition to his participation at meetings of the Academic Council of the IA AS
UkrSSR and works under the scheduled methodological topic Yu. N. Zakharuk
presented papers at scientific conferences and published articles on issues of theory
and methodology of archaeology in the 1960s. So, he presented the paper
“Archaeological Culture (Certain Issues of Theory and Methodology of Research)” at
the 11" scientific conference of the IA AS UKrSSR dedicated to the results of
archaeological researches in Ukraine in 1960-1961 (SA IA NASU. F. 62. D. 1-ad.
C. 1962/2. S. 13) and the paper “Lenin’s Theoretical Legacy and Certain Issues of the
Development of Archaeological Science” at the Anniversary plenum of the
IA AS USSR in Leningrad in 1969 (SA IA NASU. F. 62. D. 1-ad. C. 1969/1. S. 42).
The scholar published the next articles in the journal “Arkheolohiia” [Archaeology]:
“Problems of Archaeological Culture” (Zakharuk, 1964), “Certain Methodological
Issues in Archaeological Science” (Zakharuk, 1970a) and “Towards the Development
of Theoretical Grounds of Archaeology” (Zakharuk, 1971); the next articles in the
journal “Sovetskaya arkheologiya” [Soviet Archaeology]: “On the Methodology of
Archaeological Science and its Problems” (Zakharuk, 1969) and “Lenin’s Theoretical
Legacy and Certain Issues of the Development of Archaeological Science” (Zakharuk,
1970c); as well as the article “Lenin’s Theoretical Legacy in Archaeological Science”
(this name of the article is mentioned in the Report) in the collection of papers “Lenin’s
Ideas in the Study of the History of Primitive Society, Slavery and Feudalism” where
its name is a little bit differ — “Lenin’s Theoretical Legacy and Archaeological
Heritage” (Zakharuk, 1970b).

Besides Yu. N. Zakharuk’s works, the issues of paleoeconomical modeling in
archaeology were revealed in S. N. Bibikov’s articles (Bibikov, 1967; Bibikov, 1969)
in the late 1960s.

But in general, a skeptical attitude toward the theory was spread among most of
Soviet archaeologists and the situation with this in Kyiv was not better. Working at the
IA AS UKrSSR Yu. N. Zakharuk mentioned this problem in his letter to Leo Klejn in
the early 1970s:

“Alas, unfortunately, not all share the view on the decisive role of this type of
works on the contemporary stage of development of our science. It is especially
unsightly on this point there, in Kiev the majority of archaeologists, moreover, the
overwhelming majority has an extremely skeptical or even ironic attitude to the works
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of this type. A small part, mainly, of young workers, in turn, has quite often very
simplified and “lite” idea on structure, tasks and ways of theoretical problems
elaboration” (Zakharuk, 1971, August 16).

However, the necessity to develop such topics was determined by objective
factors, in particular, a need to define the main notions of archaeology and to formalize
the procedure of primary processing of archaeological sources and the methodic of
ethno-social and socio-historical reconstructions was caused by attempts to apply
cybernetic methods into archaeology.

An academician B. A. Rybakov being the director of the IA AS USSR, which was
the main archaeological establishment of the USSR, invited Yu. N. Zakharuk to hold
the position of deputy director on science and to intensify theoretical work. The transfer
of the researcher to Moscow enabled to give an impetus to the work on theoretical
issues. In 1971 he presented the paper “Theoretical Grounds of Archaeology” at the
meeting of the Academic council of the IA AS USSR (ARAS. F. 1909. D. 1. C. 1013.
S. 24) but the most important is that Yu. N. Zakharuk exercised his authority to
organize the work of the separate theoretical session at the annual Plenum of the
IA AS USSR for the first time in the Soviet Union. Its work at the Plenum of the
IA AS USSR on results of the field season in 1971 (Moscow, 1972) might be
considered as an institualization of the new subdiscipline which is theoretical
archaeology. The discussion on the definition of the object and subject matter of
archaeology started at the same time continuing till the early 1990s.

Conclusion.

So the theory as historical generalizations made on the basis of archaeological
sources was mentioned in the IA AS Ukr.SSR in the early 1950s because of publication
ofnew J.V. Stalin’s works and the resolutions of the 19th Congress of the C. P. S. U. A.
lack of discussion on important theoretical issues of archaeology was figured in the
reports as one of the Institute’s shortcomings. This problem was recalled again at the
turn of the 1950s and the 1960s. The lack of attention to theoretical issues at the
IA AS UKrSSR was highlighted in the reports. Apparently, the actualization of this
issue was linked with the start of works under three volumes of “The Archaeology of
the UKrSSR”.

Discussions on archaeological methodology started at the IA AS UKrSSR in the
early 1960s. For the decade papers on theoretical and methodological issues, applying
cybernetic, methods of natural sciences and statistical methods into archaeology were
regularly presented at sessions of the Academic council.

Yu. N. Zakharuk was one of the Institute employees who presented his theoretical
papers. In 1968-1970 he was an executor of the scheduled work “Methodological and
Methodical Issues of Archaeological Science” a result of which had to be the
theoretical book publishing. But this work had not been completely finished according
to circumstances. Also, this scholar presented theoretical papers at conferences and
prepared a few articles in this field for the decade. In the late 1960s, the issues of
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paleoeconomical modeling in archaeology were revealed in S. N. Bibikov’s articles.
But in general, the IA AS UkrSSR staff showed a skeptical attitude toward the theory
as well as the same attitude was spread among the most of Soviet archaeologists.
Thereby, the IA AS UKkrSSR was the first archaeological establishment in the
USSR where the work on archaeological methodology was scheduled in the late 1960s.
And Yu. N. Zakharuk was invited to hold the position of deputy director at the Institute
of Archaeology AS USSR in Moscow where he was able to intensify the work on
theoretical issues in Soviet archaeology. The separate theoretical session, which was
organized by him at the Plenum of the IA AS USSR in Moscow in 1972, might be
consider as an institualization of the Soviet theoretical archaeology as a new
subdiscipline and appearance of the unique phenomenon in the USSR.
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Cepriii ITagienko
KuiBcbkuit HarioHanpHUM yHIBepcuteT imeHi Tapaca [lleBuenka, Ykpaina

Bisist BUTOKIB PasiHCHKOI TEOPETUYHOI APX€0JI0Tii: TeOPeTHYHI J0CTIIKeHHA B
IA AH YPCP B 1960-i poxnu

Anomauyia. Cmamms npucesayena 8UGUEHHI0 NUMAHb aApXeoJlo2iYHOoi meopii 6
Inemumymi apxeonocii AH YPCP 6 1960-i poku. /lanuii nepiod € 00OHuM 3 HatiMeHw
susuenux y icmopii paosaucvkoi apxeonocii. Oomax came moOoi apxeonoiuni
odocnioncennsi y  CPCP  Oocsienu  3HauHux macumaois, NnoYaiocs uwupoke
BNPOBAONCEHHSI MEMOOI8 NPUPOOHUYUX | MAMEMAMUYHUX HAVK, UHUK IHmMepec 00
meopemuynux npoonem. I axwjo npo meopemuuHi OUCKYCIi ceped apxeo.olie
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Jleninepaoa 6 yeti nepioo ysice Hanucano 6bazamo, mo npo po3pooKy nodiOHUX NUMAHb
v Kuesi nivoco ne 6ioomo. Ilio apxeonoziunoi meopi€cro 3a36udati po3ymMitomv sK
V3a2aNbHeHHsT HA OCHOBI  apXeoNlo2iYHUX Mamepianie, maxk [  apxeoo2iuHy
mMemooonozito. Y Oamiti cmammi 20108HULL aKyeHm 3poOaeHo came Ha icmopii
odocnioxcennss memooonociunux npoonem 6 IA AH YPCP y 3a3nauenuti nepioo, wjo
BUBUAEMBCS HA OCHOBL 8I0OMOCMell 3 WOPIYHUX 38imie npo pobomy Incmumymy 3
Hayxosoco apxisy IA HAH Ykpainu. /loxymenmu ceiouams, wo npo meopito 8 Kuesi
3azo6opunu we Ha nouyamxy 1950-x pp., y 383Ky 3 6UX000M HOBUX NpaAYb
HU. B. Cmanina. Ilpasoa, mooi, sx i nomim Ha NOYAmMKY HACMYNHO20 OeCAMUIimms,
ane edce y 38's13Ky 3 nowamkom pooomu Hao mpumomHor “‘Apxeonociero YPCP”,
8KA3YBANOCH, WO MEOPEeMULHUM NUMAHHAM 8 [Hcmumymi npudiniemscs Mano ysazu.
0b62060penns sic npobaem apxeonoziunoi memoooocii 6 IA AH YPCP nouanocs edce
6 1960-i poku, 30kpema, Ha 3acioaHHsax Buenoi paou peeynapHo 3acnyxo8ysanucs
00noBidi 3 NUMAHbL APXeoo2iuHOi meopii, BNPOBAOICEHHS 8 APXeon02ito Memoois
NPUPOOHUYUX HAYK, 3ACMOCY8AHHA KIOepHemuKku ma Memooie MamemamuyHoi
cmamucmuxy. Haubinow axmuseno 6 Oawili obaacmi npayioeas chnigpoOImHUK
1A AH YPCP — [O. M. 3axapyk, saxuii Kpim Oonosideti Ha Bueniii padi ma
KoH@epenyisax, nyonikayii cmameu y 1968 — 1970 pp. makooxc 0y8 euxonasyem
nianosoi memu ‘‘Memooonociuni ma memooudHi npodiemMu apxeo02iuHoi HayKu ", y
pamkax SKOi NIaHY8aNOCs HANUCAHHA MoHozpagii 3 npobaem meopii. Toomo
14 AH YPCP 6ys nepuioro apxeonoziunoro Haykosoro ycmanosoro y CPCP, de ¢ moii
nepioo poboma HA0 MemoOoa02ITUHUMU Npobaemamu Oyia exknoueHa 0o niawny. I xou
Ysi mema 8 CUly nesHux oOCcmasun NOBHICMIO 3a8epuieHa He 0y1a, ane YKpAaiHCbKull
yuenutl 0y8 zanpoutenuti Ha pobomy 0o Mockeu 6 IA AH CPCP. I, ne ousnauucey Ha
CKenmuyHe CmaeleHHs 00 meopii ceped OINbWOCMi PAOSHCOKUX aAPXeoJlols,
1O. M. 3axapyxy e0anoca axmusizysamu pooomy HAO NUMAHHAMU aAPXeONO2IUHOL
memooonocii ¢ CPCP, a opeawnizogany im OKpeMy meopemudHy CceKyilo Ha
mockoscokomy ITlnenymi 1A AH CPCP y 1972 poyi moorcna e68adxcamu
incmumyyionizayieto 6 Paosincokomy Coro3i meopemuunoi apxeonozii 8 aKkocmi HOBoI
cyoouCyuniinu.

Knwuoei cnoea: icmopis apxeonocii, apxeonociuna meopis, VKPAiHCbKa
apxeonoeisa;incmumyyionanvna icmopis, FO. M. 3axapyx; 1960-i poku

Cepreii ITanmmenko
Kuesckui HannoHabHBIM yHUBEpCUTET MMeHH Tapaca llleBuenko, Ykpanna

Y ucroxkoB CoBeTCKOM TEOPETHYECKOM apXe0JIOTHM: TeOpeTHYECKHE
uccjaenosanusa B UA AH YCCP B 1960-e roani

Annomayun. Cmambes noceiaweHa U3Y4eHUI0 BONPOCO8 aAPXeol02UYeCKOll
meopuu 6 Hncmumyme apxeonoeuu AH YCCP & 1960-e 200wl [lanmuwiii nepuoo
A6AEMCSL OOHUM U3 HAUMEHee U3YYEeHHbIX 8 UCmopuu cosemckot apxeonozuu. OOHaKo
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umenno moeoa apxeonocuueckue uccieooganus ¢ CCCP docmuenu 3nauyumenvuvix
mMacuimabos, HA4AIOCL NOBCEMECMHOe GHeOpEeHUue Memooo8 eCcmecmeeHHbIX U
MamemMamuyeckux HAayK, 803HUK UHmMepec K meopemuyeckum npoonemam. U eciu o
meopemuyeckux OUCKYCCUSIX Cpeou apxeono208 Jlenunzpaoa 6 smom nepuoo yice
Hanucamo MHoO20, mo o paspabomre nodoOHbIX onpocos 6 Kueege ne uzgecmuo HuU4ez2o.
Iloo apxeonocuueckoii meopueti 0ObIYHO NOHUMANOM KAK 0000WeHUs HA OCHO8e
apxeono2uyecKux Mamepuanos, maxK U apxeoiocudeckyro memooonozuio. B dannot
cmamve  21A8HbI  aKyeHm  cOelaH  UMEHHO HaA — UCMOpUU  UCCe008aHUs
memooonozuveckux npoonem 8 UA AH YCCP 6 ykazaumuwviti nepuoo, Komopas
U3y4uaemcst Ha OCHOB8e C8E0EHUL U3 eXHce200HbIX 0muémos o pabome Uncmumyma u3z
Hayunoco apxusea HA HAH Yxkpauwei. J[loxymenmoul ceudemenbcmeyiom, 4mo o
meopuu 8 Kuege 3aco6opunu ewé 6 nauane 1950-x, 6 ces3u ¢ 8b1x000M HOBbIX MPYOO8
U. B. Cmanuna. Ilpasda, moeoa, kax u nomom 8 Hauaje cledyoujeco 0ecamuilemus,
HO Yyoce 6 853U C Hawaiom pabom Hao mpéxmomuou ‘“‘Apxeonocuer YCCP”,
VKA3bl8ANOCh, 4mMO meopemuyeckum eonpocam 6 HMucmumyme yoensiemcs Mano
sHumanus.  ObOcyscoeHue dice NpodIeM  apxeono2udyeckol MemooolocUU 8
UA AH YCCP nauanocw yoace 6 1960-e 200b1, 8 uacmnocmu, Ha 3ace0aHusx Yuenozo
cogema pe2ynapHO 3ACIYUUBAIUCL OOKIAObL N0 BONPOCAM APXeON02UUeCKOl meopull,
BHEeOpeHUsl 8 apXeo02UI0 Memo008 eCmecmeeHHblX HaAyK, NPUMEHeHUs KUOepHemuKy
U Memooos mamemamuyeckou cmamucmuku. Haubonee akmueno 6 oannou obracmu
paboman compyonux UA AH YCCP — IO. H. 3axapyx, komopbwiti RLOMUMO 00KIA008 HA
Yuenom coseme u xongepenyusx, nyoauxayuu cmameti ¢ 1968 — 1970 ee. maxoice
ABNANCA UCNOTHUMENeM NAAHO80U membvl ‘‘Memooonocuueckue u memoouuecKue
npobeMbl ApxXeono2UYecKoll HayKu ”, 8 pamKkax Komopou niaHupo8aloCh HANUCaAHUe
MmoHnoepaguu no npooremam meopuu. To ecmv HMA AH YCCP 6vin nepgvim
apxeonoaudeckum Hayuuvim yupexcoenuem 6 CCCP, ¢ xomopom 6 mom nepuoo
paboma Hao memooojocudeckumMu npobiemamu Oviia 6Kao4eHa 8 nian. M xomov
OaHHAsL meMa 8 CUTLY ONPeOeNéHHbIX 00CMOAMENbCME NOJIHOCIbIO 3a8epuieHa He Obld,
HO YKPAUHCKUU y4éuviil OvL1 npueiauer Ha pabomy 6 Mockey ¢ UA AH CCCP. U, ne
CMOmMPs HA CKenmuyeckoe OMmHOUEeHUue K meopuu cpeou OONbUUHCINGA COBEMCKUX
apxeonozos, 0. H. 3axapyky yoanoce axmueuzuposamev pabomy HAO 60ONPOCAMU
apxeonoeuyeckoti memooonoeuu 6 CCCP, a opeaHu308amHylo um OmMOENbHYIO
meopemuyeckyro cekyuro Ha mockogckom Ilnenyme UA AH CCCP 6 1972 200y modwcHo
cuumams uncmumyyuonauzayueu 8 CCCP meopemuueckotu apxeono2uu 6 kaiecmae
HOB01U CYOOUCYUNTUHDI.

Knrouegwie cnosa: ucmopus apxeonozuu, apxeonio2uiecKas meopus,; YKpauHckas
apxeonozus,; uncmumyyuornanvras ucmopus,; F0. H. 3axapyx; 1960-e 200vl
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The legacy of Saint Luke (Valentin Felixovich Voyno-Yasenetsky) to medical
sciences

Abstract. Saint Luke, Archbishop of Simferopol and Crimea (1877-1961), was
born Valentin Felixovich Voyno-Yasenetsky in Kerch, Crimea. He served as an
outstanding physician and Academic Professor of Topographic Anatomy and
Operative Surgery at Medical School of Tashkent University. He worked extensively
on the fields of surgery, regional anesthesia, pyogenic infections, ophthalmology,
neurosurgery, oncology, orthopedics, otorhinolaryngology, gynecology, urology, and
dentistry, often under difficult circumstances. He performed a wide variety of
operations, from minor outpatient procedures to extremely complicated ones, followed
by extensive inpatient management and treatment of ailing individuals. He published
numerous research articles and books. His most acclaimed monograph entitled
“Essays on the surgery of pyogenic infections” (“Sketches of purulent surgery”),
focused on the broad field of surgery with special reference to the pyogenic infections
and served as a reference tool and guide book for the next generations of physicians.
The Stalin Prize was the highest professional honor awarded to Valentin Felixovich
Voyno-Yasenetsky by the Soviet state in recognition of his contribution to science.
Voyno-Yasenetsky was a blessed physician who had a major influence on both patients
and colleagues, due to his fundamental ethical principles and values based on
Christian beliefs. His life and scientific work have been an example of the practical
unity of scientific truth and religious faith. He was ordained to the diaconate and
priesthood, until he elevated to the ranks of Bishop and Archbishop. He was arrested
and subsequently exiled for his religious beliefs and his glorification by the Orthodox
Church as Saint Luke was held in Russia in 2000, as a recognition of God’s holiness
manifesting in his life. Saint Luke received an honorable place in the history of
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Medicine and the Eastern Orthodox Church. The present study aims to highlight key
elements of his life and his scientific contributions.
Keywords: Saint Luke; Voyno-Yasenetsky; medicine; science; Simferopol

Introduction.

Saint Luke, Archbishop of Simferopol and Crimea (1877-1961), was born
Valentin Felixovich Voyno-Yasenetsky (Banentnn ®enukcoBuu BoiiHo-Scenerkuit
(in Russian)) in Kerch (Antonopoulos, 2017, p. 23), one of the most ancient cities of
Crimea, originated in the 6th century BC as the Greek colony of Panticapaeum
(Kubijovy¢, 1988) (Fig. 1). Valentin was the third of five children (Pavel, Olga,
Valentin, Vladimir and Victoriya) of a pious Catholic pharmacist father (Felix
Stanislavovitch Voino Yassenesco, ®enukc CranuciaBoBud Boiino-Scenenko (in
Russian)) and an Orthodox mother (Mariya Dmitriyevna, Mapust JImutpueBHa (in
Russian)). Although the Voyno-Yasenetskys were a powerful family and several
generations worked traditionally at the Polish and Lithuanian courts, his family had
adopted a simple and humble way of living (Popovsky, 1979; Baloyannis, 2015;
Begiev, Begiev, & Yakovleva, 2020).

Figure 1. Valentin Felixovich Voyno-Yasenetsky (1877-1961) (Antonopoulos,
2017, p. 68).

He began his elementary education at Kiev’s high school and University of Law,
then moved to Munich to continue his studies at the School of Fine Arts, and finally he
graduated with honors from the Great Prince St. Vladimir Medical School of the
University of Kiev (Baloyannis, 2015; Andreev & Ostroushko, 2017). After receiving
his secondary education, Voyno-Yasenetsky enhanced his knowledge and expertise in
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the art of painting, although he never completed art studies (Antonopoulos, 2017,
p. 30). Thus, during his introductory session and evaluation examination at the Saint
Petersburg Academy of Arts, he understood that his true calling was to relieve pain
from suffering people by studying the art of medicine (Kaladze, 2016).

After his graduation from the Medical School of the University of Kiev, he served
as an outstanding physician and Academic Professor of Topographic Anatomy and
Surgery (Baloyannis, 2015; Andreev & Ostroushko, 2017). As a surgeon he was the
founder of purulent surgery performing several procedures and describing key
anatomical landmarks as well (Morgoshiya & Apchel, 2018). His research interests
involved surgery and anatomy with emphasis on the development of surgical and
anesthesia methods, organ transplantation, treatment of pyogenic infections, wounds,
osteomyelitis, and several systemic abnormalities (Baloyannis, 2015; Ditkovskaia,
2017). His scientific work includes 55 research articles and books, covering the period
from 1908 to 1956, while he was awarded the State Stalin Prize in Medicine in 1946
(Baloyannis, 2015; Andreev & Ostroushko, 2017).

Voyno-Yasenetsky was married to Anna Vasilievna Lanskaya (Auna BacunbeBna
Jlanckas) and had four children (Michael, Helen, Alexios and Valentine). Anna
Lanskaya was a gentle and moral nurse who served in the Kiev Military Hospital and
in Russo-Japanese war and died from pulmonary tuberculosis (Antonopoulos, 2017,
pp. 83-85). According to the doctrines of the Orthodox Church, their children were
treated with love, decency, and respect, whereas all of them studied in Health Sciences
including Medicine, Epidemiology and Biology (Baloyannis, 2015).

Voyno-Yasenetsky was an eminent and powerful person who had a major
influence on both patients and colleagues, due to his fundamental ethical principles and
values based on Christian beliefs and philosophy (Ditkovskaia, 2017). He was ordained
to the diaconate and priesthood, until he elevated to the ranks of Bishop and
Archbishop. He was arrested and subsequently exiled for his religious beliefs twice to
the Krasnoyarsk region of Eastern Siberia and once to the shores of the White Sea
(Popovsky, 1979). His glorification by the Orthodox Church as Saint Luke was held in
Russia in 2000, as a recognition of God’s holiness manifesting in his life (Andreev &
Ostroushko, 2017).

Following the adoption of new scientific innovations, medical ethics and high
moral principles deriving from his religion, Valentin Felixovich Voyno-Yasenetsky
received an honorable place in the history of Medicine and the Eastern Orthodox
Church (Mylantyeva, Nebylitsin, & Pipipayt, 2010). His life and scientific work have
been an example of the practical unity of scientific truth and religious faith
(Kozovenko, 2015). The aim of the present study aims to highlight key elements of
Voyno-Yasenetsky’s life and scientific work and his contribution to Medical Sciences.

Theoretical Foundations.
An overview of Voyno-Yasenetsky’s life and scientific work was based on
specific historical, biographical, and scientific sources, included in relevant published
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studies. Based on this specific knowledge base, and by summarizing, aggregating,
organizing, comparing and finally evaluating and highlighting the key points of the
evidence extracted from the used literature, the results including three principal
sections (medical career and surgical contributions, research interests, and spiritual
life), the discussion and conclusions of the current study, contribute to existing
knowledge.

Results and discussion.

1. Medical career and surgical contributions.

As a medical student VVoyno-Yasenetsky received significant skills in the areas of
surgery, microbiology, ophthalmology and orthopedics during his training. Thus,
during his education he was able to identify some of the common etiological agents
responsible for causing pyogenic infections by observing microorganisms under the
light microscope, to make early and accurate diagnosis of ocular comorbidities and
executing routine orthopedic and surgical procedures following aseptic guidelines
(Shevchenko, 2011, pp. 19-38). After completing his graduation from Medical School
in 1903 and during the World War I, Voyno-Yasenetsky obtained surgical experience
as a member of the Kiev Medical Hospital of the Red Cross (Baloyannis, 2015), serving
as a surgeon and chief physician of the infirmary for the injured soldiers and also started
working as a provincial doctor in the hospitals of Simbirsk, Kursk, Saratov and
Vladimir regions (Morgoshiia, 2019; Begiev, Begiev, & Yakovleva, 2020). He also
gained considerable experience in ophthalmology, serving at Kiev’s Eye Clinic
(Kaladze, 2016).

Working alone in small hospitals of rural areas, including Ardatov, Fatezh,
Liubazh, and Pereslavl-Zalessky he performed a thousand procedures every year
(Popovsky, 1979; Kaladze, 2016) (Fig. 2). In 1917, he was appointed surgeon-in-chief
at the Tashkent General Hospital, and in 1919 he was elected Professor of
Topographical Anatomy and Operative Surgery at Medical School of the newly
established Tashkent University (Baloyannis, 2015; Morgoshiya & Apchel, 2018). He
worked as a surgeon in Bolshaya Murta, Krasnoyarsk Krai, from 1937 until 1941
(Andreev & Ostroushko, 2017), and during this period he was performing about five
to six major operations a day, under very difficult circumstances, without eating
properly or looking after himself. However, his letters from Krasnoyarsk during this
period are full of happiness, hope and faith, because nothing could be comparable with
his great scientific destination (Popovsky, 1979). At the end of his career, and after
serving in the Great Patriotic War, he was assigned to the Army Hospital and Hospital
of Veterans, in Simferopol of Crimea, as chief surgeon and consultant (Kosachev,
Gladkikh, & lakovlev, 2011; Baloyannis, 2015).

Voyno-Yasenetsky made magnificent contributions not only to the field of
surgery and pyogenic infections, but also to anesthesiology, ophthalmology,
neurosurgery, oncology, orthopedics, otorhinolaryngology, gynecology, urology and
dentistry (Mylantyeva, Nebylitsin, & Pipipayt, 2010). He performed a wide variety of
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operations, from minor outpatient procedures to extremely complicated ones, followed
by extensive inpatient management and treatment of ailing individuals (Baloyannis,
2015). Up to that time, patients usually died not because of unsuccessful surgical
interventions, but from the fact that they could not endure anesthesia. VVoyno-
Yasenetsky introduced a new method of regional anesthesia, which in terms of side
effects was a more benign technique when compared to conventional local and general
ether and chloroform anesthesia procedures (Begiev, Begiev, & Yakovleva, 2020).
After extensive research, he was the first physician who provided local anesthesia in
order to treat the trigeminal neuralgia, by injecting local anesthetic solution into the
area where the second branch of the nerve leaves the skull through the foramen
rotundum (Baloyannis, 2015).

¥ ‘,f_;t_: X : e & i
Figure 2. Valentin Felixovich Voyno-Yasenetsky (left) performing an operation

in Pereslavl-Zalessky hospital (Antonopoulos, 2017, p. 65).

Having experience in microbiology, he worked extensively on the field of
bacterial and fungal pyogenic infections, treating pyogenic infections and septic
wounds by using surgical procedures as the sole therapeutic method (Voino-
Yasenetsky, 2011) much earlier than the antibiotic era started with the first initial
observation and discovery of penicillin by Fleming in 1929 (Aminov, 2010).

He pioneered many techniques within the spectrum of surgery, including
laparotomies, neurosurgical and ophthalmological (e.g. iridectomy and lacrimal sac
removal using simplified local anesthesia) procedures, resection of the upper jaw,
gynecological and pediatric surgical operations (Baloyannis, 2015). Besides, he gained
a great reputation as a surgeon and he also received professional honor for his
contribution, after his name was linked to several innovative procedures and
topographic anatomical landmarks primarily undergone by him. Examples include the
pelvic resection by Voyno-Yasenetsky, the Voyno-Yasenetsky operation of excision
of the affected skin and fatty tissue of the axillary fossa due to multiple hidradenitis,
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the original Voyno-Yasenetsky closure method of the traumatic diaphragm injury, the
Voyno-Yasenetsky incision of the popliteal fossa, and the Voyno-Yasenetsky’s line
and point anatomical landmarks, referring to the projection and exit of the sciatic nerve
at the gluteal region, respectively (Morgoshiya & Apchel, 2018; Morgoshiia, 2019).

Vonyo-Vaseyetsky’s contribution to transplants was also significant. By the end
of 1910s, the first kidney xenotransplant experiments in humans were performed by
Jaboulay and Unger, using kidneys from domestic animals (pigs, goats) and monkey
donors respectively, but all the patients died soon, since these early human kidney
xenografts functioned just for a short-term period (Barker & Markham, 2013). Later,
as the concept of kidney transplantation was extensively established by French and
American surgeons, it was stated that renal transplantation should be more effective
using organs from nonhuman species, since the availability of kidneys from humans
was extremely limited and chronic hemodialysis had not been developed yet (Cooper,
2012). In 1924, at the Yeniseysk town hospital, Krasnoyarsk Krai, VVoyno-Yasenetsky
performed successfully the world's first kidney xenotransplantation from calf to a
peasant suffering from uremia (Popovsky, 1979), while a decade later, Yurii Voronoy
from Ukraine achieved the first human allograft renal transplantation (Matevossian et
al., 2009).

Twelve years after performing his first splenectomy in 1911, on a patient due to a
traumatic rupture who died five days later from necrosis of the large intestine, Voyno-
Yasenetsky proposed a new method of spleen removal and ligation of blood vessels,
as an addition to the existing data of described anatomical structure and the operation
established by other scientists (Kozovenko, 2015; Morgoshiya & Apchel, 2018). With
this new scientific procedure, referred as the “Voyno-Yasenetsky method”, the
outstanding surgeon aimed to lower the incidence rates of surgery-related deaths and
complications (Kozovenko, 2015). An additional innovative modification to a
generally accepted Halsted’s procedure by Voyno-Yasenetsky concerned surgery after
breast cancer accompanied by lymph node removal, by which he could identify
underlying comorbidities including metastases and tuberculous lymphadenitis
(Kozovenko, 2015). Halsted was one of the most distinguished surgeons in American
medicine, who served as a professor of surgery at the Johns Hopkins hospital in
Baltimore, in the late 19th century (Rutkow, 1987). After the war, Voyno-Yasenetsky
contributed to rural population health by covering a wide range of procedures,
including the widespread blinding trachoma (Popivanov, 2018). In such a case he
operated on a whole family where the father, mother, and five of their children were
blind since birth (Begiev, Begiev, & Yakovleva, 2020).

2. Research interests.

Author of 55 scientific papers and books on the fields of surgery and anatomy,
Professor VVoyno-Yasenetsky worked unceasingly suffering from certain underlying
medical conditions, including diabetes, heart disease, gout, relapsing fever, and
deteriorating vision (Popivanov, 2018). Numerous case reports and surgical
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interventions were provided concisely and simply in his works, as a source of creative
inspiration, accumulation of knowledge and experience (Kaladze, 2016). His research
interests focused on general surgery, regional anesthesia and surgical treatment of
pyogenic infections. In 1915, he published his first important scholarly work with his
own illustrations in Saint Petersburg, entitled “Regional anesthesia”, as part of his
dissertation thesis which he successfully defended one year later in Moscow. In his
dissertation, the results of his extensive surgical procedures, an overview of peripheral
nerve anatomy, along with the development of new skills for the regional anesthesia in
the lower limbs and performance of efficient peripheral blocks of trigeminal, sciatic
and median nerves were described thoroughly. For this work, he was awarded the
Chojnacki prize by the Warsaw University, granted to the best original scientific
research “Blazing new trails in the field of medicine”. At that time, his first clinical
cases reports entitled “Elephantiasis of the face, due to plexiform neurinoma” and
“Retrograde strangulated inguinal hernia” were also published (Baloyannis, 2015;
Popivanov, 2018).

During one of his exile periods to the Krasnoyarsk Krai, two of his original works
were published in the scientific journal “Deutsche Zeitschrift fiir Chirurgie” under the
name Lucas Bischof, entitled “On the suturing of vessels during the removal of the
spleen”, and “The necessity of increasing the operation area for operations related to
malignant breast tumors”. Publishers used “Lucas” as the first name and “Bischof” as
the surname for Bishop Luke. Due to his arrest and exile to Krasnoyarsk and
Turukhansk, Voyno-Yasenetsky could not correct the inaccuracy of the German
translation. This led to the belief in scientific societies of Western Europe that the
surgeon Lucas Bischof, was other than VVoyno-Yasenetsky. For most of the next eight
decades, these achievements remained relatively unknown within Eastern scientific
community (Kozovenko, 2015).

In 1934, he published his most acclaimed monograph entitled “Essays on the
surgery of pyogenic infections” (“‘Sketches of purulent surgery”), after at least ten years
of preparation. In its first three editions (1934, 1945, 1956), the monograph was
released in 60,000 copies. In November 2011, the 1st volume was published for the
first time in Greek by “Akritas Publications”, while in October 2014 the publication
was completed with the release of the 2nd volume by “Porphyra Publications”, both
edited by surgeon Grigorios Lakiotis and Metropolitan of Argolis Nektarios
Antonopoulos (Mylonas, Poulakou-Rebelakou, & Papadopoulou, 2017). Based on a
thorough and comprehensive analysis of his personal experience on surgical treatment
and dissection of thousand patients and corpses in the morgue, as well as on precise
knowledge of topographic anatomy and comprehensive review of the international
literature, this work focused on the broad field of surgery with special reference to the
pyogenic infections and served as a reference tool and guide book for the next
generations of physicians (Voino-Yasenetsky, 2011; Kozovenko & Bogopolsky, 2016;
Mylonas, Poulakou-Rebelakou, & Papadopoulou, 2017; Popivanov, 2018) (Table 1).
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Table 1. Surgical, and clinical issues included in “Essays on the surgery of
pyogenic infections”.

Surgical pathology

Infectious diseases

Scalp wounds

Meningitis; Encephalitis

Phlegmon and osteomyelitis of the
craniofacial skeleton

Ludwig's angina; Laryngitis;
Diptheria

Skin infections; Cellulitis; Erysipelas

Pneumonia; Bronchitis

Furuncles; Carbuncles

Tuberculosis

Ocular pyogenic granulomas

Actinomycosis

Acute parotitis; Acute otitis media

Septic arthritis; Septic pericarditis

Periostitis; Osteomyelitis

Typhoid and paratyphoid fever

Inflammatory joint and bone diseases Syphilis
Pleurisy; Lung abscess; Mastitis Hepatitis
Infection of iliac fossa and psoitis Influenza
Appendicitis; Peritonitis Measles

Liver abscess; Spleen abscess

Scarlet fever; Smallpox

Lymphangitis; Sarcoma

Relapsing fever

Retroperitoneal abscess; Perianal
abscess

Malaria; Amoebiasis;
Leishmaniasis

Prostatitis

Schistosomiasis; Coccidiosis

Microbiological issues were also included in “Essays on the surgery of pyogenic
infections” (current approved bacterial names are given in parentheses):
Staphylococcus aureus; Staphylococcus albus (epidermidis);  B-hemolytic
Streptococci; viridans Streptococci; Pneumoniococcus (Streptococcus pneumoniae);
Neisseria meningitidis; Gonococcus (Neisseria gonorrhoeae); Escherichia coli;
Friedlander's bacillus (Klebsiella pneumoniae); Proteus vulgaris; Bacillus pyocyaneus
(Pseudomonas aeruginosa); Bacillus paratyphosus C (Salmonella enterica serotype
Paratyphi C); Bacillus anthracis; Bacillus ramosus; Bacteroides fundiliformis;
Mycobacterium tuberculosis; Bacillus welchii (Clostridium perfringens); Vibrio spp.;
Spirochaetae; Entamoeba histolytica; Echinococcus spp.; Plasmodium spp.;
Schistosoma spp.

The first data for the book was taken from the time of the Russo-Japanese war,
while Voyno-Yasenetsky was serving as a head physician and surgeon at the Military
Hospital of Chita, in 1904 (Glyanzev, 2016; Antonopoulos, 2017, pp. 41-42).
Regarding the atmosphere that prevailed in Europe at the beginning of 1930s, surgeons
considered that this book could serve as an extremely necessary tool in anticipation of
a possible war. For both “Essays on the surgery of pyogenic infections” and a
monograph entitled “Late resections for infected gunshot wounds of joints”, referring
to his surgical achievements in the hospitals of the Krasnoyarsk territory in 1941-1944,
with an emphasis on patients with severe complications of purulent joint wound
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infections, he was awarded the prestigious State Stalin Prize of first degree in 1946
(Kozhevnikov, 2018; Morgoshiya & Apchel, 2018).

3. Spiritual life.

“If you try to describe my life, do not distinguish between the surgeon and the
bishop. The impression that will stand out from such a separation will be inaccurate”,
Voyno-Yasenetsky had told to his first biographer Mark Popovsky (Shevchenko, 2011,
p. 7). When performing an operation, he used to pray for a few minutes before the
beginning of each one, making the sign of the Cross on each patient's body with iodine-
impregnated gauzes (Mylonas, Poulakou-Rebelakou & Papadopoulou, 2017). During
his adolescence he was influenced by two important spiritual incentives. The former
one was the Kiev Pechersk Lavra (Kiev Monastery of the Caves), a historic Orthodox
Christian monastery, where he used to paint his sketches as an art student
(Antonopoulos, 2017, pp. 28-31). The latter was a copy of the Holy Bible which he
had received as the most valuable gift upon graduating from high school (Baloyannis,
2015). But also living in love and faith with his family, allowed Voyno-Yasenetsky to
find fulfillment in his life according to the Christian beliefs and values.

In 1921, he was ordained a deacon continuing his work at hospital, while one
week later he was ordained to the priesthood by Diocesan Bishop Innokenty of
Tashkent, in a difficult time for the Orthodox Church. During this period, an
antireligious campaign had begun in the Soviet Union, but Fr. Valentin continued
undisturbed to preach at Tashkent Cathedral (Baloyannis, 2015). In 1923 he was
tonsured a monk and consecrated a Bishop Luke in honor of the Holy Apostle and
Evangelist Saint Luke the Physician. During the period 1923-1943, he was captured,
sent to prison, and exiled numerous times due to his Christian faith, living under harsh
isolation and painful weather conditions (Kozovenko & Bogopolsky, 2016; Begiev,
Begiev, & Yakovleva, 2020). For over a decade he lived painfully in Omsk,
Novosibirsk, Krasnoyarsk, Yeniseysk, Turukhansk, Arkhangelsk and Bolshaya Murta,
all located thousands of kilometres away from his home, and although his health was
gradually worsening, he continued healing hundreds of patients, teaching the young
doctors, performing surgical operations, preaching and writing both research reports
and sermons (Popovsky, 1979; Baloyannis, 2015). People used to show appreciation
and express their gratitude to him in several ways, asking for his blessing. Interestingly,
when he moved from Turukhansk to the northernmost regions of the Arctic Ocean
region, residents managed to collect warm clothes and furs for him, saving his life
(Popovsky, 1979).

During the invasion of the Soviet Union by Germans, Bishop Luke asked the
central government to be moved to the front and serve as a surgeon. For his medical
services as a chief surgeon of the army hospital in Krasnoyarsk at the outbreak of World
War II, he was awarded the medal “For valiant labour in the Great Patriotic War 1941—
1945” (Antonopoulos, 2017, p. 367). In 1942, he was elevated to the rank of
Archbishop and in 1945, he was merited the right to wear the Diamond Cross by
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Patriarch Alexy | (Andreev & Ostroushko, 2017). In 1946 he assumed the position of
the Archbishop of Simferopol and Crimea (Fig. 3), while he was also elected to
honorary membership of the Moscow Theological Academy since his publicized

sermons were recognized as unique in ecclesiastic theology (Antonopoulos, 2017,
p. 470).

Figure 3. Saint Luke, Archbishop of Simferopol and Crimea (Antonopoulos,
2017, p. 419).

Among his written heritage as theologian, consisting of 1250 sermons published
in 12 volumes the memorable book entitled “The Spirit, the Soul and the Body”, was
characterized as a significant achievement in science, theology and philosophy
(Baloyannis, 2015; Popivanov, 2018). Based on his extensive scientific and
philosophical background, as well as his Orthodox Christian beliefs and values
(Baloyannis, 2015), Archbishop Luke used all the available literature in physics,
chemistry, psychology, psychiatry and theology in order to prove that man consists of
a nonmaterial spirit and soul as well as a body (Popovsky, 1979). To this end, he
believed that the spirit is the true essence of human, and that both the soul and body
act as mediator between him and the world, interacting at the point of the act of human
consciousness (Zaluzhna & Veremeichyk, 2020).

In 1955, he was completely blind and retired from his medical duties, but he
continued to preach and lead the diocese. In 1959, he had to deal once again with an
unprofessional behaviour of his academic colleagues due to his Christian beliefs. He
declared: “Our great physiologist Pavlov, the academician Vladimir Petrovich Filatov,
the priest-scientist and astronomer Nicolaus Copernicus, and Louis Pasteur, were able

to combine scientific work with their deep faith to God” (Antonopoulos, 2017,
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pp. 460-461). He died peacefully in 1961, and he was buried with honor in the All
Saints cemetery of Simferopol. In 1995, Archbishop Luke was canonized as locally
venerated saint of the Crimean diocese, while in 2000, he was glorified as Saint in the
Assembly of new martyrs and Confessors of Russia by the Russian Orthodox Church
(Andreev & Ostroushko, 2017; Antonopoulos, 2017, pp. 503-504; Popivanov, 2018;
Begiev, Begiev, & Yakovleva, 2020).

Conclusions.

Voyno-Yasenetsky was a pioneer surgeon and academic professor. He worked
extensively on the field of general surgery, pyogenic infections and regional anesthesia
and published numerous research articles and books. He pioneered many innovative
procedures within the spectrum of several surgical specialties. He treated the wounded
patients and taught the young doctors. Among his research works, the monograph
entitled “Essays on the surgery of pyogenic infections” served as a reference tool and
guidebook for the next generations of physicians. He received professional honor for
his contribution, after he was awarded the State Stalin Prize of first degree. As a
theologian, philosopher, and bishop, he dedicated his life not only to the medical
science and suffering people but to the Orthodox Church as well. After living a simple,
genuine, and pure life, he elevated to the rank of Archbishop and he was glorified as
Saint Luke by the Russian Orthodox Church. Following the adoption of new scientific
innovations in the field of Medicine Saint Luke (Valentin Felixovich Voyno-
Yasenetsky) received an honorable place in the history of Medical Sciences.
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XepuyJec Cakkac
VuiBepcurer Aninu, I'penis

IHanariora Cuniponoysoy
VYuiBepcuter Auninu, ['peris

Cnagmuna Cearoro Jlykn (Bajsentuna @ennikcoBuua BoiiHo-SIcenenbkoro) B
MeIUYHIH Hayli

Anomauyia. Ceamuii JIyka, apxienuckon Cimghepononvcokuii i Kpumcoxuii (1877—
1961), Barenmun @enixcosuu Bouino-Aceneyvruil, napoousecs y Kepui y Kpumy. Bin
0y8 suoamHum JiKapem, i npayreas akademivHum Hnpogecopom monocpagiuHoi
aHnamomii ma onepamuenoi Xxipypeii 6 Mmeouuniu wkoni Tawkenmcbkoeo
VHieepcumemy. Bin 6acamo npayrwsae y eanysi xipypeii, pecionapHoi anecmesii,
CHIUHUX  IHQeKyilt, ogmanvmonoeii, Heupoxipypeii, OHKON02I, opmoneoii,
OMOPUHONAPUH20N02TE, 2THEeKOI02Il, YPOoaI02ii ma cmomamonozii, 4acmo 3a CKIAOHUX
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obcmasun. Bin pobus naupiznomanimuiwi onepayii, 8i0 He3HAYHUX AMOYIAMOPHUX
npoyeoyp 00 HAO38UYAUHO CKIAOHUX, 3 NOOAILUUUM 0082OMPUBATUM CIMAYIOHAPHUM
nikyeanuam. Bin ony6nikyeas uucnenni nayxosi cmammi ma kuuau. Mozo naiigioomiua
monoepaghis nio naszeoro “Hapucu xipypeii enitinux ingpexyin” (“Hapucu eniiinoi
Xipypeii”’) 30cepeddiceHa Ha WUPOKOMY RO Xipypeii 3 ocobausocmamu Xipypeii
CHIUHUX THGQeKYIl ma nocnyscuna 008i0KOBUM THCIPYMEHMOM Md NYMIGHUKOM OJisl
HACMYNHUX HOKONIHL JNikapie. CmaniHcbka npemisi 0y1a HAuUuiow npogheciiiHow
8i03Haxoro, sAky Banenmun Denikcosuy Botino-AHceneyvkuii ompumag 8io paosiHcoKoi
0eparcasu AK GUSHAHHSA 1020 8HECKY 8 HayKy. Boiino-Aceneyvkuil 6ye manranogumum
JKapem, SKUl Mae GeUKUll 6NIUE SIK HA NAYiEHMI8, MakK i Ha Kojle2, 3a80SIKU C80iM
@pyHOAMEHMANbHUM —~ eMUYHUM — NPUHYURAM —MAd  YIHHOCMAM, 3ACHOBAHUM  HA
xpucmusHcokux sipyeaunsax. Hozo scumms ma naykoea OisnbHicmy 6Y1u nPUKIAOOM
Npakmu4Hoi €OHOCmi HAYKOB80I icmunu ma penicitinoi eipu. Bin 6ye npusnauenutl
OSIKOM I CAUJeHHUKOM, A NI3HIWe BUCBAYEHULI 00 YUHIB ENUCKONA MA ApXIENUCKONA.
Bin 6ys 3aapewmosanuii i 32000M 3aciaHull 3a C80i peniciliMi GIpYBaHHA ma
npocnasienHs npagociastoi yepxsu. B Pocii é 2000 poyi 8i06yn0cs 3a2aibHoyepKosHe
npocnasianusa ceamozo Jlyxku, ax eusnanusa ceamocmi boea, wo eusasunocsa 8 102o
orcummi. Ceamuil Jlyka ompumas nodecue micye 8 icmopii meouyunu ma CxioHoi
Ilpasocnasnoi lLlepkeu. lle Oocniodcennsi mae Ha Mmemi GUCBIMAUMU KIHOYOBL
eeMeHmuy 1020 HCUMms ma Uo20 HAYKOBUU 8HECOK.

Knirouoei cnosa: Ceamuii Jlyka; Botino-Aceneyvruii; niku, nayka; Cimgeponons

XepuyJiec Cakkac
Yuusepcurer SAuunsl, ['penus

IHanarnora Cniuponoysnoy
Yuusepcurer SAuunsl, [ penus

Hacaenue Caroro Jlyku (Banentuna @enukcoBnuya Boiino-fcenenxoro) B
MEIUIMHCKON HAyKe

Annomauusn. Ceamoti Jlyka, apxuenucxon Cumpepononvckuii u Kpwvimckutl
(1877-1961), poouncs Barenmun @enuxcosuy Boiino-Aceneyxuil 6 Kepuu, Kpvim. On
Obll  eulIOAIOWUMCS  8pavoM U paboman — akademuyeckum — npogheccopom
monozpaghuyeckoli aHamomMuy U ONepamusHoOU Xupypeuu 6 MeOUYUHCKOU WKOJe
Tawkenmckozo yHugsepcumema. OH MHO20 paboman 6 obaacmu Xupypeuu,
PECUOHAPHOU aHecme3ul, SHOUHbIX UHGeKyull, odmarbMoL02ul, Heupoxupypuu,
OHKOJIO2UU,  OPMONeOUU, OMOPUHONAPUHSOTIO2UU, — CUHEKOJO2UlU,  YPOIo2UU U
CMOMAamono2uu, Yacmo 8 ClodcHvlx obocmosmenvcmeax. OH Oenan camvle pasHvle
onepayuu, Om HE3HAYUMEIbHLIX aMOYIAMOPHbLIX Npoyedyp 00 UPe38bIUAUHO
CJLOJHCHBIX, C NOCIe0YIOUWUM OIUMETbHLIM CIMAYUOHAPHBIM JedeHuem. On onyoauKosa
MHO20UUCTIeHHblE HaYUHble cmambu U KHu2u. Eeo camasn useecmuas monospagus noo
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nazeanuem ‘‘Ouepku xupypeuu enotnvix ungexyuii” (“Ouepku enotinoi xupypeuu”)
cocpedomoyenHa HA WUPOKOM NOAe XUPYPeUu ¢ 0COOEHHOCMAMU XUPYP2UU SHOUHBIX
UHGexkyull U NOCHYIHCULA CHPABOYHBLIM UHCMPYMEHMOM U nymegooumenem O
nocnedyrowux noxojenuti epaveu. CmanuHckas npemusi Oblla CAMOU BbICOKOLUL
npogeccuonanbrol Hazpaoou, komopyio Banenmun @enuxcosuu Botino-Aceneyxuil
HOJIYYUIL OM COBEMCKO20 20CY0apCmea KaxK NpusHanue e2o0 6kiada 8 HayKy. Boiino-
Aceneyxuii ObII MATAHMAUBLIM 6DAYOM, KOMOPbIL uMen 00buloe GlusHUe KAK HA
nayuewmos, maxk u Ha Koiiez, 61aco0aps ceoum @QYHOAMEHMANbHbIM IMUYECKUM
NPUHYUNAM U YEHHOCMAM, OCHOBAHHBLIM HA XPUCTMUAHCKUX 6epoanusx. E2o ocusns u
HAY4Has 0esimeibHOCMb ObLIU NPUMEPOM NPAKMUYECKO20 eOUHCMBA HAYYHOU UCUHbL
u penucuosHot eepvl. OH OblLl HA3ZHAYEH ObAKOM U CEAUWEHHUKOM, d NO3ce
PYKONOJodCceH K uYuHam enuckona u apxuenuckona. OH Obll apecmosan u
8NOCNIE0CMBUU COCIAH 3 CE0U PENUSUO3HbIE 8EPOBANUS U NPOCIAGIEHUS NPABOCIABHOU
yepxsu. B Poccuu ¢ 2000 200y npouszowinio obweyepkogHoe npociasienue ceéamozo
JIyku, kak npuznanue ceésmocmu boea, umo okazanace 6 e2o scuznu. Ceamoii Jlyka
RONYYUTL NOYemHOe Mecmo 6 ucmopuu meduyunvl u Bocmounot Ilpasocnasroii
Llepxeu. Omo uccredoganue umeem yeavbio OCGEMUMb KIIOUEGble INEMEHMbl €20
JICUZHU U €20 HAYYHDBIU 6KILAO.

Knwueevie cnoea: Ceamou Jlyka, Bouno-fceneyxuii, nexapcmea; HayKa
Cumepeponono
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Abstract. Among the scientists of European greatness, who at the turn of the XIX
and XX centuries showed interest to the folklore of Galicia (Halychyna) and Galician
Ukrainians, contributed to their national and cultural revival, one of the leading places
is occupied by the outstanding Ukrainian scientist lvan Verkhratskyi (in some other
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and ethnographer, organizer of scientific work, publisher and popularizer of
Ukrainian literature, translator, publicist and famous public figure. 1. H. Verkhratskyi
was also an outstanding researcher of plants and animals of Eastern Galicia, a
connoisseur of insects, especially butterflies, the author of the first school textbooks on
natural science written in Ukrainian. The scientist also wrote poetry and translated
from foreign languages. The article covers the life and scientific and pedagogical
activities of 1. H. Verkhratskyi — one of the founders of Ukrainian natural science, who
made a significant contribution to the development of Ukrainian natural terminology
and nomenclature, the author of the first textbooks on botany, zoology, mineralogy.
The authors believe that I. H. Verkhratskyi can be considered one of the founders of
Ukrainian scientific terminology in Natural Science, and today his works in this area
remain relevant. These works are also valuable from the historical and cognitive points
of view as one of the sources for studying the process of formation of the Ukrainian
literary language and scientific and natural terminology. I. H. Verkhratskyi devoted
himself to the establishment of the Ukrainian literary language, its scientific and
journalistic backgrounds, and made a significant contribution to lexicography,
dialectology, and schooling. Based on the scientific publications and memoirs of his
colleagues and students, the authors have recreated the main stages of his biography
and considered his professional career. His activity in the field of formation of natural
science terminology have been considered in detail. Dialectological materials of the
scientist and researcher I. H. Verkhratskyi are still actively used to study the Galician
and Transcarpathian dialects. His achievements as a scientist, teacher and popularizer
of science has been summarized.
Keywords: natural terminology; zoology; botany; Lviv University; Taras
Shevchenko Scientific Society

Introduction.

The history of science can be covered from different standpoints and be equally
true. One of the ways to reconstruct the history of science is to study the biographies
of scientists who were at the origins of various research areas. In Ukrainian natural
science, there are quite a few bright figures, which are notable not only for outstanding
scientific achievements but also characterized by high moral and human qualities.

An example of a man who was true to himself to the end and did not sell the
scientific principles can be a prominent Ukrainian researcher of nature Ivan
Hryhorovych Verkhratskyi. His merits before Ukrainian natural science are enormous:
he introduced the concepts of “globe”, “equator”, “meridian”, for the first time he
studied the processes of creating Ukrainian natural science terminology and
nomenclature. He belongs to the constellation of prominent Ukrainian scientists of the
last quarter of the XIX — early XX centuries. His name belongs to the golden fund of
Lviv University. Thanks to his scientific and educational activities, the foundations of
Ukrainian natural science were laid (Zhelezniak, 2005; Zagorodniuk, Parkhomenko, &
Kharchuk, 2017; Kravets & Holiney, 2016). The memory about this outstanding
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natural scientist deserves to be preserved today as a guarantee of further development
of a society that knows, appreciates and continues to develop the achievements of its
predecessors. In addition, the study of the heritage of outstanding scientists of the past
has, in addition to purely historical, sometimes also of great practical importance.
Many areas that started in the XIX century receive further development today. Some
ideas started in the XIX century are still working and are implemented today in various
fields of science and technology (Holovatskyi, 2003).

Literature review.

The first attempts at an in-depth assessment of the life and work of
I. H. Verkhratskyi can be considered obituaries written immediately after his death by
prominent scientists. In the process of revived interest in life and scientific activity of
I. H. Verkhratskyi, many unknown materials from his legacy were discovered.

However, there is still no scientific work that would consider the contribution of
I. H. Verkhratskyi in the Ukrainian natural sciences in full. Writing such a work is
complicated by the fact that there is still no complete bibliography of printed works of
the scientist. To date, bibliographies present only his most basic works or works
devoted to one topic, which significantly narrows the possibilities to assess his
activities. Until 1940, such research was not conducted at all, so historians had to rely
on encyclopedic publications (Kubiyovych, 1993). In soviet times, the works of
I. H. Verkhratskyi were considered by several scientists (Shumanska, 2005;
Khomliak & Shenderovskyi, 2003; Shevchuk, 2008; Bezdrobnyi, Kozurskyi, &
Shenderovskyi, 2012; Hamaliia, 2013; Gamaliia, Ruda, & Zabuga, 2021).

The purpose of this article is to outline the life and work of Professor Verkhratskyi
as an outstanding naturalist, the founder of several fields in Ukrainian natural science.

Results and discussion.

Ivan Verkhratskyi was born on April 26, 1846 in the village of Bilche Zolote in
the Ternopil region. Here is how Vasyl Shenderovskyi writes about this region:
“Ternopil. Podillia land. This region is rightly called “golden”. Nature has endowed
this part of Ukraine with fertile soils, necessary water resources, honey supplying
meadows and, of course, talented people. It is this land that has given humanity world-
class scientists — physicists Ivan Puliui, Oleksandr Smakula and Zenon Khraplywvyi,
biochemist Ivan Horbachevskyi, outstanding singer Solomiia Krushelnytska, writer
Bohdan Lepkyi, Cardinal Yosyp Slipyi, composer Vasyl Barvinskyi ... And among the
bright stars of this galaxy the star of lvan Verkhratskyi is shining too” (Shenderovskyi,
2006, p. 42).

The family roots of I. H. Verkhratskyi were lost in time. Today, we know only a
few immediate generations, whose lives are connected with the Ternopil region.
Residents of the village of Kryvenke, now part of the Husiatyn administrative area, still
remember Ivan’s great-grandfather, Pavel Verkhratskyi, who built a church in the
village at his own expense. Later, his son Hryhorii moved to the village of Bilche
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Zolote (now Borshchiv administrative area, Ternopil region), where he began working
as a priest. In fact, on April 26, 1846, a son, lvan, was born, who was the youngest of
four children.

Vasyl Shenderovskyi writes in this regard: “The families of priests at that time
made up the real Ukrainian intelligentsia. Their families were not much different from
ordinary peasant families, but for a long time, the families of priests were the light that
prevented the idea of national self-expression in the darkness of statelessness, cultural
oppression and denationalization. Unfortunately, we still know little about them, only
from individual publications. But let us mention at least the Kulchytskyis dynasty — a
model of patriotic educational activities for several centuries. The Verkhratskyis also
belonged to such conscious clergymen” (Shenderovskyi, 2006, 42).

When Ivan was two years old, his father died. The family moved to Lviv. All
worries about the education of children fall on the shoulders of the mother. She came
from a Croatian-German family, but it is to her that children owe their upbringing in
the best Ukrainian educational traditions. At first, lvan studied in elementary school,
later in Lviv academic gymnasium. Yet in the gymnasium, the young man is interested
in natural science: gathers collections of insects, an herbarium. After leaving the
gymnasium, he entered the Faculty of Philosophy at Lviv University, where he studies
natural sciences, as well as linguistics and ethnography. In 1864 he published his first
scientific work “The beginnings to establish the nomenclature and terminology of
natural history, of folk one” (Verkhratskyi, 1864). Later, between 1869 and 1879, five
more issues of the dictionary were published one after the other.

These books were the first step in creating a Ukrainian scientific language in the
field of natural science. They contain the results of the long and systematic work of the
scientist, who collected several thousand folk names of plants, animals, birds, insects,
created a scientific nomenclature of invertebrates. O. Rozhniatovska notes in this
regard: “In addition, folk biological terminology is given, i.e. expressions that
characterize the external and internal structure and functions of plants and animals.
There is also information about the origin of the names, numerous beliefs, superstitions
about natural objects, their properties and methods of use. The researcher revealed the
enormous richness of our language. He discovered a wide range of folk names that very
accurately reflect the properties of plants and animals. “The beginnings to establish the
nomenclature...” were praised by Slavists as a remarkable achievement in the study of
the Ukrainian language and culture. This work is still of scientific interest to historians
and dialectologists of the Ukrainian language” (Rozhniatovska, 2015).

After graduating from Lviv University, |. H. Verkhratskyi failed to receive a
scholarship to continue his studies abroad. He had to work in various schools and
gymnasiums in Galicia: first in Drohobych (1868), and later in Stanislaviv, Riashev
and Lviv (in the Academic Ukrainian Gymnasium). He mainly taught Ukrainian
language and natural science. During this time, I. H. Verkhratskyi became famous as a
good teacher, scientist and public figure. The positions of the Ukrainian populists were
closest to him in spirit. The Ukrainian populists’ movement arose under the influence
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of the works of Shevchenko, Shashkevych, Kulish, Kostomarov, Fedkovych. In
general, the ideas of national liberation were close to I. H. Verkhratskyi and he did not
deviate from them during his life. It is important to note that in the Drohobych
gymnasium the young I. Verkhratskyi taught Ivan Franko, taught him the Ukrainian
language and mathematics. It is known that in a letter to M. Drahomanov Ivan Franko
wrote: “I was influenced by the development of literary taste by two teachers: lvan
Verkhratskyi and Julius Turchynskyi” (Franko, 1986, p. 242).

To obtain a qualification in zoology, Ivan Verkhratskyi entered the Jagiellonian
University in Krakow, where he studied under the guidance of the famous Galician
naturalist, Professor of Zoology M. Sila-Nowicki. After graduating in 1874, already as
a qualified zoologist, 1. H. Verkhratskyi worked as a teacher at the gymnasium in
Riashev (now Rzeszow, Poland). From 1879 he taught in Stanislaviv, and from 1892
until his retirement in 1908 he taught at the Lviv Academic Gymnasium named after
Franz Joseph, the oldest Ukrainian gymnasium in Galicia.

Pedagogical activity does not overshadow the scientific activity of a young
scientist. At first, I. Verkhratskyi's attempts in the field of etymology and to classify
Western Ukrainian dialects were of an amateurish nature. However, his descriptions of
the dialects of Galicia, Bukovina, and Transcarpathia, especially the data he collected
on their vocabulary and emphasis, had a positive effect because of the great factual
material. And all this despite the lack of scientific methods at the time. In his younger
years, he published poetry, translated and tried his hand at literary work. He publishes
several books in Ukrainian with the sole purpose of contributing to the development of
literature in the Ukrainian language.

During 50 years of creative work, I. H. Verkhratskyi had published almost 500
scientific papers, popular science articles, reviews and notations. Such his folklore
collections as “Utmost needings to the South Ruthenian Dictionary” (1877)
(Verkhratskyi, 1877), “A list of the most important expressions in Ruthenian botanical
terminology and nomenclature with a review of school science in the upper classes of
the gymnasium” (both — 1892), (1892) (Verkhratskyi, 1892), “New needings of
nomenclature and terminology of natural history, folklore, collected among the people”
(1908) (Verkhratskyi, 1908) became the golden fund of Ukrainian folklore. No wonder
the Chronicle of the Taras Shevchenko Scientific Society published wonderful words
about him: “Anyone who had been working for 50 years, like lvan Verkhratskyi, in the
development of native science and literature, who had been giving for the development
that he could and knew, who had been working when he could not hope for his work
not only material benefits but even recognition, he deserved a grateful memory of his
descendants...” (Melnyk, 1922).

Besides, I. Verkhratskyi is the author of several outstanding theoretical works on
floristics, which have not lost their significance till now. I. Verkhratskyi's voice was
also authoritative in linguistic, historical and natural science issues (Udvari & Viga,
2005; Ciwkacz, 2009; Fatowski & Hojsak, 2020; Czetyrba-Piszczako, 2020; Bury,
2020).
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He used every summer vacation for scientific trips. At various times he visited
Vienna, Budapest, Trieste, Zurich, Paris, Venice, where he worked in museums,
botanical gardens, visited scientific institutions. In 1878 he carried out an ethnographic
expedition to the north and south of Ukraine, conducting interesting linguistic research
in Kyiv, Zhytomyr, Odesa, and Kherson regions. Throughout his life, Verkhratskyi
worked hard to improve the state of the Ukrainian language in science and education.
Although in the second half of the nineteenth century our literary language, thanks to
the classics of fine writing, had already been formed in general, but the written word
of scientists, government officials, and journalists was extremely artificial and
awkward. A large part of the Galician intelligentsia was under the influence of
Muscoviteism and focused on the so-called “higher style” with a large admixture of
Church Slavonic. The unnaturalness of such a phenomenon was acutely felt by
Verkhratskyi, who put it this way: “... the word of literature, whether in fiction or
science, must grow from the basis of folklore ... In scientific works, language must be
very diligent; the deeper the terminology has its roots in the living conversation of the
people, the stronger it is and the more useful the conditions of life and duration it has”
(Verkhratskyi, 1902, p. 83). He also spoke out against excessive language borrowings:
“It 1s not at all good for us to borrow, we do not need to go all the way to Muscoviteism,;
we have enough of our good names, although for the time it is being scattered,
uncollected and disordered ... We only exist when we develop on our own, natural,
written foundations” (Verkhratskyi, 1902, p. 94-95). However, the creation of a
scientific language required a lot of philological and ethnographic work. It was
necessary to collect among the people a large number of special terms, as well as to
identify among them the most used and successful. This is what Ivan Verkhratskyi
directed his forces to.

Verkhratskyi revealed the enormous richness of our language. He discovered a
wide range of folk names that very accurately reflect the properties of plants and
animals. These are, for example, the names of plants — “samosiia” (self-seeder),
“zymozelen” (evergreens), “‘khreschate zillia” (cruciferous potion); birds — “svystulia”
(whistler), “bilohrudnyk™ (white-breasted), “tsvirkar” (crickets), “dovbalo”
(woodpeckers); insects — “serpokryl” (crescent), “dzyhotka” (twig), “odnodnevytsia”
(diurnal). The same natural object usually has several synonymous names, which
sometimes occur even in the same area. Verkhratskyi wrote: “The more names, the
richer the language; therefore, having synonyms, we do not need to feel sorry at all,
because, as we have been told it is in our favor, in that respect we are many times richer
than other Slavic brothers ...” (Verkhratskyi, 1899, p. 6).

The scientist had been persistently collecting folk names every year for many
decades. In 1908, in the “Collection of Mathematical-Natural-Medical Section of
NTSh” (NTSh means Taras Shevchenko Scientific Society) he published a voluminous
work entitled “New needings of the nomenclature and terminology of natural history,
folklore ...”, which contained a very rich natural and ethnographic material (Pantso &
Parasyn, 1996). In total, this work records about two thousand local names of plants
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and about the same number of animals, as well as a huge amount of folk information
about them. This is the largest work of its kind carried out by Ukrainian scientists. The
material is collected in about 150 settlements, and it is specified where each name
comes from. Verkhratskyi conducted these ethnographic researches mainly on those
Ukrainian lands that were part of the Austro-Hungarian Empire — Galicia, Bukovina,
Transcarpathia, but this also included the results of travel to Polissia and the Black Sea
regions. Data from other scientists were also given.

Verkhratskyi's ethnobotanical and ethno-zoological heritage is invaluable for
linguists, in particular for dialectologists. This legacy of his, along with numerous
works devoted to the study of various Ukrainian dialects, deserves further study.
However, the other side of the scientist's activity gained special importance — the
formation of the Ukrainian scientific language on a national basis — terminology and
nomenclature (systems of names of plants, animals, minerals). The terminology on
natural sciences created by Verkhratskyi is given in a number of his textbooks, as well
as in some special works, such as the terminological manual on botany for gymnasiums
(Verkhratskyi, 1905). In 1909, the scientist published an explanatory dictionary of
mineralogical terminology (Verkhratskyi, 1909). Thus, Verkhratskyi became the
creator of scientific language in many areas of science.

It should be noted that the terminology proposed by him was later not fully
accepted. It had been further improved. This is understandable, because the matter of
forming a scientific language is beyond the power of one person. Not all terms were
successful, in particular those that were not based on the folklore, but were created
artificially. Unfortunately, I. H. Verkhratskyi, a profound connoisseur of various
dialects, did not fully accept the literary language that was formed in both Eastern and
Western Ukraine at the turn of the nineteenth and twentieth centuries.

Despite this, the achievements of I. H. Verkhratskyi are invaluable. He is
considered the best specialist in terminological issues in all the natural sciences. Many
naturalists and teachers from different parts of Ukraine turned to him for oral or written
advice. Modern Ukrainian scientific botanical and zoological terminology and
nomenclature are based mainly on the works of I. H. Verkhratskyi. Of particular value
are materials relating to invertebrates, including insects, because now their folk names
are almost forgotten. In the 1920s, 1. Verkhratskyi's terminological legacy was
carefully studied by commissions that operated in each area of natural sciences at the
Institute of the Ukrainian Scientific Language of the USSR Academy of Sciences.

The end of the XIX — beginning of the XX century became the period of laying
the preconditions for the formation of the Ukrainian scientific language. At that time,
there was no diverse and systematic scientific terminology, and, consequently, the
Ukrainian scientific language. However, at the turn of the century, the activities of the
Taras Shevchenko Scientific Society in Lviv, the oldest Ukrainian scientific
association, were established and developed, in the depths of which scientific criteria
for term formation on a national basis began to form. As O. Romaniv rightly noted,
“Scientific Society named after Shevchenko (NTSh) is a unique collective
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phenomenon of Ukrainian spirituality, an important factor in the formation of the
Ukrainian nation in its long historical campaign to gain an equal place among civilized
peoples of Europe and the world” (Romaniv, 1992, p. 3). Its predecessor was the
Shevchenko Literary Society, founded in Lviv in late 1873. The idea of creating a
voluntary association for the development of the Ukrainian word in Galicia was born
in the circles of the then intelligentsia as a reaction to the legislative acts that hindered
this development. More or less free opportunities for legal publishing and other
educational activities of democratic circles of the intelligentsia lasted only for a rather
limited period: from the abolition of serfdom in 1861 to the release of a circular of
Interior Minister Valuiev in 1863. During this time, not so little was done: copies of
“Fundamentals” were published in the printing house of P. Kulish. M. Kostomarov
published the first public Ukrainian textbook of the writer and public figure O.
Konyskyi (1836-1900) “Arithmetic or dash” (1863), in which, along with rational
terminological innovations, there were also inorganic borrowings for the Ukrainian
language: “skladaniie” (adding), “otnosheniie” (relation), “dilytel” (divider), “prymir”
(example). “Zero” O. Konyskyi called “onyk™ (O-shaped), the “reverse” —
“navpakove” (oppositive, contrarious).

In 1863 a pamphlet by I. H. Verkhratskyi “Something about the world of God”,
where there appeared terms that have survived to this day: “globe”, “equator”,
“meridian”, and for the last two were given quite organic Ukrainian equivalents:
“rivnodennyk (from the equal day)” and “pivdennyk (from the south)”, created by
analogy with the Polish “rownik™ and “poludnik™ (Verkhratskyi, 1863).

In the preface to the issue “The beginnings to establish the nomenclature and
terminology of natural history. Part 2” I. Verkhratskyi explained that he collected
Ukrainian names in Galicia, questioning peasants, archers, poultry farmers and
fishermen, and took some from books published in Ukraine. This work is not easy,
especially for botanical names, which are far more numerous than zoological ones.
Therefore, the author invited everyone to participate in the work, giving them
appropriate recommendations for collecting plant names. The plant should be dried
and a card attached to it, where it should be written its popular name, place of its
growth, beliefs and superstitions associated with it. There can be several names,
depending on the place of collection of the plant, and this should not interfere: “... in
every language, namely, in the living one there is a diversity in that view, they are
synonyms. The most appropriate name is chosen for science, and others, as trivial ones,
are enclosed in parentheses ... and the more names, the richer the language; therefore,
having synonyms, we do not need to grovel before anybody, because, as it is said, it is
in our favor, and in that respect, we are often richer than other Slavic brothers:
Muscovites, Liakhs, Czechs, Serbs and others” (Verkhratskyi, 1869, p. 4). Here is one
of the typical examples of botanical nomenclature, taken from the second issue of
“Beginnings ...”: “Allium cepa, Gemeine Zweibel, Zipolle, Onion. The first year they
plant vysadky (large onions), and for a year they sow siianka (seeds from large onions),
from which there grow small onions. Those small onions are taken and hung in bags at
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both ends sewn over the stove (that's why it is called “dymky” (that means smokes))
for “wakening the onions up” and are planted for the third year to have large onions.
Not well “wakened up” onions let long bellies or columns, but has small onions. If it
turns out as it should, the green tops will be small in it, but the onion is big”
(Verkhratskyi, 1869, p. 28).

If in the first two issues the researcher contained only terminological names
written from the people “exactly as he heard and recorded, without allowing any
changes”, then later, not finding the appropriate term in the vernacular, he allowed
himself to create it artificially. In general, the third issue, according to its author,
contains much more Ukrainian names than the first two. He explains this by the fact
that he received valuable terms from his correspondents from Ukraine, and also chose
many of the two books: “On wild medicinal plants of Poltava province” by
F. M. Avhustynovych and “Travel with a zoological purpose to the northern shore of
the Black Sea and in the Crimea” by K. Kessler. There are also many synonyms of
plant names: “Triticum vulgare L., gem. Weizen, Wheat. Vusachka (from mustache) —
mustache wheat (awned wheat), Bartweizen; Stryzhachka (from shear) — bare wheat
(awnless wheat), Unbergranntner Weizen. Perevidka-vusata wheat (once sown in
winter, once in spring, alternately, in turn); Maryianka-wheat fine-grained, red, spring,
usually without awns; Holka — naked wheat, sheared” (Kessler, 1860, pp. 16-17).

In the 6th issue, in addition to the nomenclature, some folk dialects are given,
scientific terms formed by the author on foreign samples due to the lack of appropriate
Ukrainian are given: Straight root, Pfahlwurzel, radix perpendicularis; Woody root,
Holzige Wurzel, radix lignosa; Fleshy root, fleischige Wurzel, radix racemosa, etc.
The issues of “Beginnings...” are ended by |. Verkhratskyi with this tirade of the
author: “Although not all the names given here are suitable for scientific terminology,
it is worth knowing how our people call the rich natural fruits of their native land.
Knowing this we will take one step further in getting to know our people — and knowing
our people is a great and honest duty of every enlightened patriot. Only by knowing
our native, our specific good we will be able to love and appreciate it” (Verkhratskyi,
1879, p. 6).

I. Verkhratskyi's work was positively evaluated not only by his contemporaries
but also by scientists of the XX century, who studied the ways of development of
Ukrainian scientific terminology. Thus, L. Symonenko notes: “Attempts to systematize
the existing terminology and create a new one, proposed by I. H. Verkhratskyi in the
“Beginnings to establish the nomenclature and terminology of natural history” are
considered fundamental in the systematization of Ukrainian terminology...
Terminological works of I. H. Verkhratskyi even now are of considerable interest
primarily to the wealth of dialectal natural nomenclature collected in them” (Barna, &
Barna, 2013, p. 31). And M. L. Khudash believes that these works are valuable from
the historical and cognitive point of view as one of the sources for studying the process
of formation of the Ukrainian literary language and scientific and natural terminology
(Khudash, 1971).
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Over time, the situation for the deployment of legal educational activities in
Ukraine became more complicated, and then Oleksandr Konyskyi took the initiative to
organize a hotbed in order to “help the development of Ruthenian (Ukrainian)
literature”. This was done at a time when, as M. Hrushevskyi wrote, “the possibility of
Ukrainian culture was endangered when even its defenders, for the most part, did not
dare to go beyond the postulates of fiction on folk, ethnographic topics and basic
popular literature for the peasantry”.

The statute of the society was drawn up on behalf of members of the Ukrainian
Community D. Pylchykov and M. Drahomanov. On December 11, 1873, it was
approved by the Galician governorship, and on June 4, 1874, the first general meeting
was held. The Shevchenko Society (the first society in Ukraine named after the great
Kobzar) had a literary character, but in this guise, it managed to do a lot of useful
things, especially in the field of publishing after the Ems decree of 1876 banning the
printing of Ukrainian books in the Russian state or import them from abroad. Thus, in
1880 the Society published a book by its member, Professor of Ukrainian Philology at
Lviv University Omelian Ohonovskyi, who defended the independence of the
Ukrainian language, its distinctive character from Polish and Russian. In 1889 the
publication of the “History of Ruthenian Literature” by the same O. Ohonovskyi began,
where the idea of the distinctiveness of the Ukrainian people and the originality of its
writing was shown on the base of a large amount of gathered material. In 1885, the
Society took over the publishing house of the journal for Ukrainian families “Zoria”,
which soon became an all-Ukrainian literary and scientific journal, which published
works by Ukrainian writers, including Lesia Ukrainka, Mykhailo Kotsiubynskyi and
others. It was on the columns of “Zoria” in December 1894 that the philological section
of the NTSh published an appeal “To compatriots”, where it called for the collection
of folk terminology because when compiling dictionaries, it is often difficult to find a
suitable Ukrainian term.

And even against the background of all these important works, there is a great
scientific legacy left by I. H. Verkhratskyi, who began collecting folk names at the age
of seventeen, having published his materials for the zoological dictionary in the Lviv
weekly “Vechernytsi”. Later the already known “Beginnings...”, his “Utmost needings
to the South Ruthenian Dictionary” were published, as well as the fundamental work
“New Needings of Nomenclature and Natural Terminology...”, where more than 2000
local names of animals and as many folk names of plants were given, places of their
growth, as well as information on their application, were described. The material was
collected in almost 150 settlements, mainly in those lands that were part of the Austro-
Hungarian Empire — in Galicia, Transcarpathia, Bukovina, this included the results of
a trip to Polissia and the Black Sea regions. In 1909 the scientist published an
explanatory dictionary in mineralogical terminology. Using his rich terminological
material, he created a series of textbooks that supplanted the German and Polish
languages (being common in Galicia at the time) and which Galician students studied
until 1917.
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Of course, I. Verkhratskyi's terminological elaborations were not absolutely
completed. As M. Melnyk wrote, against the attempt to create the permanent
nomenclature of Ukrainian plants published by I. Verkhratskyi, “... accusations were
made more than once as if it were artificial, incomprehensible and difficult to study. |
agree that there are a lot of artificial names in it ... But apart from that, the study of all
purely folk terms is very important, because it shows the way our people create names
and how we should act when creating new terms in science. This rule was followed by
Verkhratskyi and therefore his scientific nomenclature of plants is the closest to the
folk” (Kobiv, 1992, p. 502). Mykola Melnyk, taking the scientific names of plants
introduced by I. Verkhratskyi, taking into account the work of other researchers:
M. Annenkov, A. Rohovych, V. Shukhevych, O. Yanata, etc., carried out extensive
ethnographic work, supplemented the list of phytonyms and published “Ukrainian
nomenclature of higher plants”, which contains about five thousand identified names
of plants, indicating the place of their growth, opportunities for use, etc. He hoped that
his collection would be useful not only for scientists, pupils and students but also for
practitioners: farmers will find in it a description of almost all household, urban,
meadow and forest plants with the names that are known in science and trade”. (Kobiv,
1992, p. 5). Based on a careful analysis of the popular names of plants and their
distribution, he developed a complete system of scientific binary names of more than
two thousand of the most common plants. He significantly supplemented the work of
I. H. Verkhratskyi, because the nomenclature created by the latter was quite
fragmentary and concerned only the plants mentioned in the curriculum. M. Melnyk's
collection found its reader: its Ukrainian nomenclature was considered normative on
the territory of Western Ukraine until 1939.

Thus, in the Taras Shevchenko Scientific Society, the work on the creation of
Ukrainian scientific terminology and nomenclature had acquired a real scale and depth
at the same time. In various fields of science, it was developed by scientists:
philologists, historians, naturalists. It is quite natural that discussions about the
methodology of terminological developments sometimes broke out between them.
Thus, in 1903 V. Levytskyi wrote an article in which he proposed not to take
international terms as the basis of chemical terminology, but to create their own,
corresponding to the spirit of the vernacular. I. Horbachevskyi opposed this, believing
that terminology should have an international basis, as folk terms are too specific and
will make it difficult for foreign readers to read professional literature: “I think”, he
said, “that our terminology must, above all, be as close as possible to international
terminology, and that ... the use of folk, completely original terminology, or
terminology reworked from a close Slavic language, is unprofitable and unnecessary”.
The discussion was quite heated and lasted for a long time, at least until the 1920s.
Most experts shared Horbachevskyi's opinion, while some, in particular 1. Verkhratskyi
and M. Melnyk sought consensus between the two positions. They believed that Latin
as a dead and laconic language is very suitable for the creation of artificial words and
therefore is common in the natural science nomenclature. At the same time, popular
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names do not obey the rules of binary nomenclature common in biology, because living
language calls each subject in one word, albeit very accurate, and does not pay attention
to its similarity to others. So biologists had to compromise, and in their dictionaries
cited both Latin and German plant names, as well as Ukrainian-language equivalents,
and only in their absence created their own variants.

Conclusion.

I. H. Verkhratskyi was an extremely active and hard-working man and left behind
a rich scientific, literary and journalistic heritage. Herbariums, collections of various
insects belonging to the scientist, later became the basis of the Natural History Museum
in Lviv. The researcher's dialectological materials are still actively used to study the
Galician and Transcarpathian dialects. I. H. Verkhratskyi became the founder of
Ukrainian scientific terminology in natural science, and today his work in this area
remains relevant. The colossal factual material collected in them will be useful to many
generations of researchers of the Ukrainian natural language, scientists.
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SApocaasa TonopiBcbKka
TepHONMUILCHKUN HaIIOHATBHUN TEJAroriYHUi  yHIBEpCUTET iMeHl Bomomummupa
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TepHomiNbCbKUIT HAIIOHATBHUM TEJAaroriuHui yHiBepcuteT iMmeHl Bonoaummupa
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TepHONUIbCbKUN HaLlOHAIBHUN MENArorivHuil yHiBepcUTEeT iMeHl Bomomumupa

['Hatroka, Ykpaina

I. I'. Bepxparcbkuii (1846—1919): 0isisi BUTOKIB YKPaiHCHKOI'0 IPUPOIO3HABCTBA
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Anomauia. Cepeod 6uenux esponelicbkoi eenuuunu, axi Ha mexci XIX i XX
cmonimes noyanu yikasumucs @oavkiopom lanuuunu i earuybKumu YKpainysmu,
CHpUAU iX HAYIOHANbHOMY | KVIbIMYPHOMY BiOPOONCEHHIO, OOHEe 3 Nepuiux Micyb
nocioae eudamuui ykpaincokuti euenuul lean I pueoposuu Bepxpamcokuii. Bin 6ys
npupooo3Hasyem i Qinonocom, QorbKIOpUCMOM 1 emHO2PAPOM, O0p2aHi3amopom
HAyKogoi npayi, eudasyem i HONYIAPUIAMOPOM VKPAIHCbKOI  aimepamypu,
nepexkaiaoavem, nYOLIYUCmom i 8i0OMUM 2pomMadcokum oisduem. 1. Bepxpamcvkuii €
MAKOAC BUSHAYHUM O0CTIOHUKOM pocaun i meapun CxioHoi I anuuunu, 3Hagyem Komax,
0coOIUB0 MemenuKie, asmop Nepuiux WKIIbHUX NIOPYYHUKIE YKPAIHCLKOI MOBOI0 3
NPUPOOHUYUX HAYK. Buenuti makooic nucaes ipuii i poous nepekiaou 3 iHO3eMHUX MO8.
Y cmammi euceimnroemuvcs dcummesull wWiiAX ma HAyKo80-neda2oliuna OisibHiCmb
1. I'. Bepxpamcvko2o — 00H020 i3 3ACHOBHUKIB YKPAIHCbKO20 NPUPOOO3HABCNEA, KU
3p00U8 6a20MULL BHECOK V PO3BUMOK VKPAIHCbKOI NpUpoOHUYOi mepmiHonocii ma
HOMEHKIAmypu, asmopa nepuux niopyyHukié 3 OOMAaHiku, 300J102ii, MiHepanoaii.
Asmopu egadicaroms, wo 1. I. Bepxpamcvbkoeo MmodxcHa 86axcamu OOHUM 3
OCHOBONOJIOJCHUKIB YKPAIHCLKOI HAYKOBOI MePpMIHOI02II 3 NPUPOOO3HABCMEA, T 8 HAl
yac tioeo pooomu 6 yill yapuwi 3arumaomscsa akmyaiehumu. Lli npayi yinui 1 3
iCMopuKo-nisHaganbHo20 00Ky K 00He 3 0dcepel O0as OOCHIONCEeHHs Npoyecy
Gdopmysanns  YKpaiHCbKOi  aimepamypHoi  Mo8Uu  ma  HAYKOBO-NPUPOOHUUOT
mepminonocii. 1. I'. Bepxpamcovkuti  8i00aHO  CAYHCUB  CHPABI  YMBEPONCEHHS
VKPAiHCbKOI 1imepamypHoi Mo8uU, ii HayKo8o2o ma nyOliyucCmuyHo20 mujis, 3p0oues
8a2OMUll 8HECOK ) JeKcuxkozpagir, odiarekmonozliio, wkinbHy cnpasy. Ha ocnosi
HAyKoBux nyonikayitl ma cnoz2adig 1o2o Koae2 ma YYyHié HAMU 8i0MEOPEHO OCHOBHI
emanu 1020 6iocpadii ma posensiHymo 1oco npogecitiny kap’epy. [lemanvho
DO32NAHYMO 1020  OISIbHICMb  HA  HUBL  (DOPMYBAHHA  NPUPOOHUYO-HAYKOBOT
MEePMIHONIO2IL. Jianekmonoeiuni mamepianu 8UEHO20 I 00CNIOHUKA
1. I'. Bepxpamcvkoeo U 00Ci aKMusHO GUKOPUCOBYIOMb OJIsl 8UBYEHHS 2ANUYLKUX |
3axapnamcokux oianexmis. 1liocymosaHo 11020 00cseHenHs AK HAYKO8Ysl, hedazo2d ma
NONYIAPUAMOPA HAYKU.

Kniouoei cnosa: npupoonuua mepminonocis; 300102is;, bomatika, JIbsiecokuil
yuigepcumem, Hayrxose mosapucmeo imeni T. [lleguenka

JIronmuiia Banrora
TepHONONbCKUN HATMOHATBHBIN MTEIarOrMYeCKUl YHUBEPCUTET UMEHU Brnagumupa
['Hatroka, YKkpauHa

SApocaasa Tonopusckasn
TepHONONbCKUN HATMOHATBHBIN ITEIarorM4eCKuil YHUBEPCUTET UMEHU Bragumupa
['Hatroka, YkpannHa

Oxcana I'uca
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TepHOIOIIbCKNUN HALTMOHAIBHBIN NEAArOTHYECKUM YHUBEPCUTET UMEHU Bragumupa
['Hatioka, YkpauHa

Hpuna Kapkosa
TepHOMOIIbCKNI HALTMOHAIBHBIN NTEJarOTMYECKUN YHUBEPCUTET UMEHU Biannmupa
['Hatroka, YkpannHa

Huxoaai baxkanos
TepHONONbCKUI HAMOHAIBHBIN MEIArOTMYECKU YHUBEPCUTET UMEHN Brnagumupa
I'narroka, Ykpanna

N. I'. Bepxparckuii (1846-1919): y HCTOKOB YKPAUHCKOTI'0 €CTECTBO3HAHMS

Annomauusn. Cpeou yueHvlX eBponelicKoll eludunbl, Komopwie Ha pybexce XIX
u XX eexoé Hauanu umnmepecogamuvcs oavkaopom laruyunvl U 2anUYKUMU
VKPAUHYAMU, CROCOOCMB08ANU UX HAYUOHATLHOMY U KYJIbMYPHOMY 603PONCOEHUIO,
OOHO U3 NepeviX Mecm 3anHumaem Gvl0arWUUC] YKPAuHCKull yuenvid Hean
I'pucopvesuu Bepxpamckuii. On 6bL1 HAMypaiucmom u Quiono2om, orbKiopucmom
U dMHO2PAPOM, OP2AHU3AMOPOM HAYYHOU padomvl, uzoamenem u NOnYIapu3amopom
VKPAUHCKOU — Jumepamypvl,  NepeBoOYUKOM,  NYOIUYUCMOM U U3BECTNHBIM
obuecmeenuvim  Oessmenem. M. I. Bepxpamckuii Obin  makdce BblOAIOUWUMCS
uccrnedosamenem pacmeHui u ocusomuvlx Bocmouwnou [anuyuu, 3HamMoKoOM
HACEKOMbIX, 0COOEHHO 0aboueKk U aemopoM NepevixX UWIKOJIbHbIX Y4eOHUKO8 Ha
VKPAUHCKOM S13bIKE NO eCMEeCMEEHHbIM HAYKAM. Yuenvlll maxoice nucan cmuxu u 0ena
nepegoovl ¢ UHOCMPAHHBIX A3bIKO6. B cmamwve oceewjaemcs owcusnennviti nymo u
HayuHo-neoazozauyeckas  oeamenvHocmv U I'. Bepxpamckoeo — o00Ho20 U3
ocHogameneu YKPAUHCKOU eCmecm8O3HAHUsS, KOMOpPbl 6HeC B8ecOMbli 6KIA0 8
pazeumue YKpPauHCKOU eCmeCmeeHHOU MEePMUHOI02UY U HOMEHKIAmypbl, aemopa
nepsvix yueOHUK08 no bomaHuke, 300102UU, MUHEPAIouU. ABmopvl cuumarom, Ymo
U. I'. Bepxpamckoeo MOHCHO cuumamv OOHUM U3 OCHOBONOJONCHUKOS VKPAUHCKOU
HAY4YHOU MEPMUHONO2UU NO eCMEeCmB8O3HAHUIO, U 8 Haule 8peMs e20 pabomvl 8 IMOoll
obnacmu ocmaromes  aKmyaaibHblMu. Imu  pabdomuvl YeHHvl U C UCMOPUKO-
NO3HABAMENILHOU CMOPOHbLI, KAK 00UH U3 UCOYHUKOS8 O UCCIe008aHUsl npoyecca
Gdopmuposanus YKpauHCcKo20 JIUMeEPamypHo20 SA3bIKA U HAYYHO-eCMeCcmEeHHOU
mepmunonocuu. M. I'. Bepxpamckuii npedaHHo CAydHCUul Oeny YmeepHcOeHUs.
VKPAUHCKO20 JUMEPAMYPHO20 SA3bIKA, €20 HAYYHO20 U NYOIUYUCMUYECKO20 MbLIOS,
BHeC 8eCOMblIL 8KIAO 8 JIeKCUKO2paguio, OUanekmoao2uio, wKoavHoe oeno. Ha ocrnoge
HAYYHbIX NYOIUKAYULL U 80CNOMUHAHUL €20 KOJLe2 U YYEeHUKO8 HAMU 80CNPOU3BEOeHbl
OCHOBHble Imanvl €20 buoecpaguu u paccmompeHna e2o npogheccuoHalbHas Kapvepa.
1loopobno paccmompenst e2o OesmenbHOCMb Ha HUBE (OPMUPOBAHUS eCINEeCTNEEHHO -
HAy4HOU  mepMuHonocuu.  J{uanekmonozuueckue  Mamepuaivbl — Y4eHo20 U
uccneoosamens Y. I'. Bepxpamckozo 00 cux nop akmueHo ucnoab3yiom O U3yyeHus
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2aNUYKUX U 3aKaApnamcKkux ouanekmos. Ilooumooicenvl e2o 0ocmudiceHus KaxK y4eHozo,
neoazoza u NOnYIApU3aAmopa HayKu.

Kniouegvle cnosa: mepmuHonocus ecmecmeosHauus, 300J702us; OOMAHUKA,
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Historicizing medical drones in Africa: a focus on Ghana

Abstract. While the genesis of the drone technology is not clear, one thing is ideal:
it emerged as a military apparatus and gained much attention during major wars,
including the two world wars. Aside being used in combats and to deliver humanitarian
services, drones have also been used extensively to kill both troops and civilians.
Revolutionized in the 19th century, the drone technology was improved to be controlled
as an unmanned aerial devices to mainly target troops. A new emerging field that has
seen the application of the drone technology is the healthcare sector. Over the years,
the health sector has increasingly relied on the device for timely transportation of
essential articles across the globe. Since its introduction in health, scholars have
attempted to address the impact of drones on healthcare across Africa and the world
at large. Among other things, it has been reported by scholars that the device has the
ability to overcome the menace of weather constraints, inadequate personnel and
inaccessible roads within the healthcare sector. This notwithstanding, data on drones
and drone application in Ghana and her healthcare sector in particular appears to be
little within the drone literature. Also, few attempts have been made by scholars to
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highlight the use of drones in African countries. By using a narrative review approach,
the current study attempts to address the gap above. Using this approach, a thorough
literature search was performed to locate and assess scientific materials that focus on
the application of drones in the military field and in the medical systems of Africa and
Ghana in particular. With its sole responsibility to deliver items, stakeholders of health
across several parts of the world have relied on drones to transport vital articles to
health centers. Countries like Senegal, Madagascar, Rwanda and Malawi encouraged
Ghana to consider the application of drones in her mainstream healthcare delivery.
Findings from the study have revealed that Ghana’s adoption of the drone policy has
enhanced the timely delivery of products such as test samples, blood and Personal
Protective Equipment to various health centres and rural areas in particular. Drones
have contributed to the delivery of equity in healthcare delivery in Ghana. We conclude
that with the drone policy, the continent has the potential to record additional
successes concerning the over-widened gap in healthcare between rural and urban
populations.
Keywords: drones; medical drones; Africa; Ghana; Unmanned Aerial Vehicles
(UAVs); Unmanned Aerial System (UAS)

Introduction.

Drones, or Unmanned Aerial Vehicles (UAVS), are smaller aircrafts controlled by
computers and pilots (Coeckelbergh, 2013; Scot and Scot, 2017). They are short-range
technology that can fly twenty (20) minutes or more before batteries are replaced or
charged (Lin, Karishma, Cherie, & Sachin, 2018). In contemporary times, drones have
been applied to various sections of human endeavor. The major application of this
technological device is its usage as a delivery mechanism for the transportation of items
in timely manner (Scott & Scott, 2017). Also, areas such as photography, security,
racing, architecture and consumer goods delivery have witnessed the application of
innovative drones (Lin, Karishma, Cherie, & Sachin, 2018).

Recently, advancement in medicine and the application of technology to medicine
have given rise to the use of medical drones to carry medical equipment to service the
needs of people in emergency situations (Bamburry, 2015). Their ability to bypass road
closures and fly over terrains with no risks made them ideal for such purposes
(Balasingam, 2017).

Africa, and Ghana in particular, is consistently ranked at the bottom in the area of
health and healthcare indicators (Mazibuko, 2019). Over the years, there has been a
wide gap between rural and urban dwellers in Africa concerning healthcare delivery
(Adindu, 2010). The hope to stem the growing wider disparity between rural and urban
areas in the area of health has informed governments to implement relevant policies.
Currently, one of such policies has been the introduction of medical drones. At their
inception, it was anticipated that they will serve as mediums through which medical
deliveries would be expedited to meet the growing needs of the population in
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impassable areas. Evidence from earlier sources indicate that they have been used to

transport equipment, pharmaceuticals and vaccines to -and fro- the rural areas.

Since its introduction, scholars have attempted to provide data on the impact of
drones on healthcare across Africa and the world at large. For example, the studies of
Balasingam (2017), Washington (2018), Ackerman & Strickland (2018) and
Knoblauch et al. (2019) among many others have made important contributions to the
discourse on drones. Indeed, drones have been introduced to support the healthcare
systems of some countries in Africa south of the Sahara. These studies have reviewed
the nature and state of the application of drones with emphasis on healthcare in Malawi
and Rwanda (Balasingam, 2017; Lin, Karishma, Cherie, & Sachin, 2018), Madagascar
and Senegal (Knoblauch et al., 2019; Nouvet et al., 2019) and some selected countries
in East Africa (Ackerman & Strickland, 2018). The debates of these studies revolve
around the strengths, opportunities and weaknesses of the technology in Africa’s
healthcare.

The above notwithstanding, data on Ghana appears to be limited within the drone
literature. Thus, little is known about the extent to which the application and
contribution of drones affect the health systems in Ghana. The nature of drone
application in Ghana in relation to other African settings are not well understood. The
current paper uses a narrative review approach to investigate the application of drones
in African medical systems with particular reference to Ghana. Also, we have paid
attention to how drones were applied to the fight against the COVID-19 pandemic in
Ghana. Drawing on a narrative review approach, we seek to obtain a broader
perspective on the theme in Africa. This would help us to establish clarity from the
literature for our analysis and inferences based on existing evidence.

Method.

The current study uses a narrative review approach. The main rationale
underpinning our reliance on the narrative review approach was basically to obtain a
broader perspective on medical drones in Ghana and Africa in general. We were
interested in establishing clarity in gleaning literature for our analysis and inferences
based on existing evidence.

We have used both academic and non-academic literature sources to piece this
manuscript. Concerning the academic, we conducted a systematic search in databases
related to the development of drones in the world, Africa and Ghana in particular to
locate information that were in line with the focus of the discourse. Data collected from
government briefs, reports and opinion posts formed the non-academic sources of the
discourse. The nonacademic sources were utilized in our hope to capture the latest
information concerning drones and its application in Ghana.

Again, the scanty nature of published resources on the theme in Ghana partially
influenced our idea of incorporating non-academic sources in the study. Both the
academic and non-academic literature sources have been pieced together and grouped
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thematically to reflect the object of the study. Significantly, the two different sources
have been used to corroborate each other.

Literature search.

A thorough literature search was performed to locate and assess scientific
materials concerning the application of drones in the medical systems in Africa.
Databases such as google scholar, Science Direct, Wiley and Emerald Insight were
used as search engines to locate scientific materials. The searches were done to identify
materials that contained the following keywords or phrases: “drones”, “history of
drones”, “drones in Africa”, “application of drones”, UAVS, and “drones in health and
medicine”. The titles and abstracts were screened for relevance and selection, to
ascertain whether they were applicable to the discourse.

The criteria for selecting a material depended on the requirement that the material
was published in English and possesses relevant data on any of the themes under
review. In the course of selection, all materials that presented biased findings were
ignored. All duplicate search results were exempted. Also, we did a thorough review
of the references or the bibliography of the selected materials to further review and
identify other studies worthy of contact. Concerning this, there was emphasis on
materials that discuss the application of drones and medical drones in Africa and Ghana
in particular.

Results.

Information from Table 1 below enumerates our search results from the various
databases. Initially, our search in google scholar presented 11,200 journal articles. Out
of this, 200 were finally contacted after a filter. Also, our initial search in the Science
Direct database yielded 14,094 results, out of which 203 were contacted after filtering
inapplicable materials. Similarly, a search in the Wiley database presented the
researchers with 91, 963 sources. Only 94 of these were consulted after filtering.
Concerning Emerald Insight, our initial search endowed us with 1002 journal articles;
nine (9) were contacted. From the articles consulted, we further filtered after reading
titles and abstracts. Through this process, irrelevant materials were forfeited for
applicable ones.

Table 1. Search results from databases.

Database Initial search results Results after filter
Google Scholar 11,200 200
Science Direct 14,094 203

Wiley 91,963 54
Emerald Insight 1002 9
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Discussions.

The drone.

Scholars are still contesting the conception of the drone across time and space.
Existing literature argues that the term drone, was coined because of the similarity
between the sound and loudness of old military unmanned target aircraft and that of a
male bee (Rosser, Vignesh, Terwilliger, & Parker, 2018). Over the years, several terms
have been coined to describe the activities of drones. These include Unmanned Aerial
Vehicle, Unmanned Aerial Systems and unmanned aircraft. Concerning unmanned
aerial vehicle (UAV), the term was first coined in the 1980s to describe autonomous or
remotely controlled and multiuse aerial vehicles that are driven by aerodynamic forces
and are capable of carrying a payload (Rosser, Vignesh, Terwilliger, & Parker, 2018).
Among other things, scholars adopted UAVs to draw a distinction between same and
other aerial systems including ballistic vehicles, gliders, balloons and cruise missiles.
It has been argued that a more accepted term is Unmanned Aerial System (UAS)
(Rosser, Vignesh, Terwilliger, & Parker, 2018).

The properties of drones differ depending on the kind of drone and its purpose.
However, every drone has an air frame, propulsion system and navigation system.
Rosser et al (2018) have argued that the most common configurations of drones include
fixed-wing, rotary-wing, multi-rotor and hybrid designs. Most of the drones that exist
today have remote sensing equipment, cameras, ground-penetrating radar, direct
measurement sensors, communication equipment and cargoes (Rosser, Vignesh,
Terwilliger, & Parker, 2018).

Drones exist in different sizes, shapes and sophistications. There is the hand-
thrown Ravens and the forces’ Global Hawk; which can reach altitudes of sixty
thousand feet. Irrespective of the size, drones provide intelligence, surveillance and
reconnaissance to war managers (Shaw, 2013, 2014). The MQ-1 Predator is the most
widely recognized military drone in contemporary times. Its wingspan is 55feet with a
length of 27 feet and can reach a speed of 135 miles per hour (mph). Many operators
use remote technologies to control. It has been reported that more than 2,900 people
have been killed in 442 strikes in Pakistan with drones playing a major role (Shaw,
2014; Rosser, Vignesh, Terwilliger, & Parker, 2018). An average drone flight involve
dozens of human operators, analysts, observers and lawyers. In fact, the drone such as
the MQ-1 Predator requires between 90 and 200 personnel (Elish, 2017). Today, drones
appear much smaller than they were in the past.

History of drones.

The debate surrounding the history and emergence of drones in the world is
complicated and unresolved. While some scholars associate the first application of
drones to the 1800s (Balasingam, 2017; Attuquayefio, 2014), others like
McDougal (2013) believes that drones first emerged during the First World War for
military purposes. To those who support the former, one of the earliest recorded history
in drone application happened in July 1849 when Austrians, after launching pilotless
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balloons mounted with bombs, directed same against the city of Venice (Shaw, 2013).
During the nationalist revolutions of 1848 in Europe, Austrians were struggling to hold
onto their empire and had to deploy drones in their actions. Subsequently, they
deployed about 200 war balloons against the Venetian Republic. While balloons had
been used widely for reconnaissance missions, especially during the Napoleonic era,
Austrian balloons assumed a new dimension: instead of human, they were loaded with
33 pounds of explosives (Packer & Reeves, 2013).

Table 2. Evolution and historical development of drones.!

Phase Development Time Frame
Phase | The Target Drone Early 20th Century
Phase Il The Flying Bomb Drone Interwar Period

Phase 111 The Surveillance Drone Cold War

Phase IV The Hunter-Killer Drone | Post-September 11, 2001
Phase V The Police Drone Post-September 11, 2001
Phase VI Medical Drone 2015 till date

In contrast to the Austrian development, McDougal (2013) asserts that drone
technology first emerged during World War | when the U. S. Navy hired Elmer
Ambrose Sperry to develop a fleet of unmanned air torpedoes that could be directed by
catapult to a specific target. However, it has been reported that during the United States
Civil war, Confederate and Union forces had flown balloons for reconnaissance
missions. Also, aerial surveillance later emerged in the 1898 Spanish-American War
when the U.S military fitted a camera to a kite and became very extensive during World
War | (Shaw, 2014).

The drone technology was revolutionized in the 19" century. Specifically, in
1896, Samuel Pierpont Langley, an American astronomer, developed a steam-powered
aerodromes (Figure 1), unpiloted aircraft that were flown successfully along the
Potomac River near Washington (Shaw, 2014). On May 6, 1986, Langley’s discovery
successfully flew for 3,300 feet (Kindy, 2021). As a result of his success, he obtained
a substantial amount of $50,000 from the U.S government to build powered aircraft
that can be controlled by pilots (Taylor, 1990). Considering the weight of a full-sized
steam engine, Langley called on his assistant, Charles Manly, an engineer to build a
gasoline engine (Wood, 1985; Pelsser, 2003). This resulted in a tandem-winged design
with a cruciform tail that could be launched from the top of a houseboat using a new
mechanism (Pelsser, 2003; Kindy, 2021).

During World War 1l, a remote controlled unmanned aerial devices were
improved to target German troops. Furthermore, during the cold war, the technology
of drone led to a new discovery called the rocket technology. Afterwards, many

1 From Phase | to Phase V, drones were used as a military devices from the early 20th till date. However, in contemporary
times, a new dimension has been added to drones technology, making it possible to be used within the healthcare sphere.
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developed nations employed military drones on surveillance and reconnaissance
missions (Shaw, 2014).

Militarily, drones have been used in combats and to deliver humanitarian services
(Scott & Scott, 2017). Coeckelbergh (2013) reports that drones were used by countries
like Afghanistan, Pakistan, Yemen and Somalia to battle both civilians and armed men.
The September 11" event of 2001 prompted the CIA and Air Force to use drones for
surveillance and missiles mission. This form of drones were called Predator Drones
with Hellfire Missiles (McDougal, 2013). The Predator drone, first used in 1995 was
only operated remotely in 2001 (Bowden, 2013; Elish, 2017).

= g e, ; ‘11‘—’ s : '\~
Figure 1. Langley’s Aerodrome (National Air and Space Museum Archives,
Smithsonian Institution).

e

Figure 2. Langley’s Aerodrome (National Air and Space Museum Archives,
Smithsonian Institution).
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Figure 3. SDI Surveillance drone (invented in England in 1962)? (Imperial War
Museums).

Figure 4. Predator drone 3 (Bowden, 2013).

In 2002, six alleged Al-Qaeda operatives were killed by drone fire (Attuquayefio,
2014). An outstanding advantage of using drone for military purposes has been its
proclivity to limit the number of personnel used to inflict more strategic pain on one’s
enemy (Coeckelbergh, 2013). They have been very useful in the areas of surveillance
and for destruction of people and properties on the ground (Coeckelbergh, 2013).

2 The SDI Surveillance drone was the first of a family of new drones that was acquired by the Royal Artillery in the 1960s
to extend their observations over the battlefield and to locate targets for new long range weapons.
% The Predator drone has been used in times of war since the era of WWII. This was revolutionized in 1995.
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In post September 11, scholars have termed drones as game changer of
development and security across the globe and Africa in particular. Concerning the
history of drones in Africa, the drone was first developed in the 1970s for surveillance
purposes. According to Sandvik (2015), this innovation serves as a legacy of
technological imperialism and colonial airpower. Within the apartheid era, South
Africa witnessed the deployment and development of drone in their politics for about
forty years. The first known type, the Champion, was developed by the South African
Council for Scientific and Industrial Research in 1977 and handed over to the South
African Air Force a year later (Sandvik, 2015).

The innovation and application of drones in Africa rose out of a growing concern
and perception about Africa as an area in need of external drone intervention (Sandvik,
2015). This has caused major drone industries to identify and promote the use of drones
in new areas including health and healthcare.

The essence of drone technology.

Since its inception, drone bombing became the most ultimate distancing
technology in the military (Coeckelbergh, 2013). Since the reign of President Barrack
Obama, the United States has relied on the use of drone’s intervention in the growing
conflicts across Africa and Sub-Saharan Africa in particular (Attuquayefio, 2014). As
a pilotless aircrafts, the UAVs, popularly known as drones, give trackers easier and
faster access to the often difficult terrain (Goodyer, 2013; Balasingam, 2017).

Aside developed countries, developing countries use drones to intervene in times
of disasters, fire and during the outbreak of war (Scott & Scott, 2017). As a technology,
the drone has been regarded as a disruptive force in the field of transportation (Scott &
Scott, 2017). Following the military unrests that engulf sub-Saharan Africa, and Africa
in general, the US and other stakeholders such as the United Nations (UN) have been
deploying UAVs to convey military hardware such as missiles and cameras as well as
network mediums for reconnaissance, surveillance and target engagement missions
(Attuquayefio, 2014). In the Hawaii International Conference on System Sciences held
in 2017, Scott and Scott argued that drones have also been used to fuel crimes including
the delivery of contrabands to inmates. It also delivers firing weapons and encourages
terrorism and hacking.

Aside the military, there is a growing body of literature that addresses the
application of drones in several arenas of development and human endeavor across
Africa and the world. The first non-military drone use occurred in an outbreak of a
major disaster. Its ability to provide extreme human need in unfavorable geographical
and transport networks made them ideal for such tasks. Among the major disasters that
witnessed the application of drones include the 2010 Haiti Earthquake, the 2012
Hurricane in North-East U.S, Canada and the Caribbean, the 2015 Category 5 Cyclone
in the Island of Vanuata and the 2015 Nepal Earthquake among others (Balasingam,
2017).
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Over the years, the application of drones in various human endeavours have aided
developments across the African region and the world at large as it reduces time, cost
and improves delivery efficiency (Bamburry, 2015). Scientifically, drones have also
been applied to the area of research and exploration for monitoring events such as fire
outbreak and riots (Scott & Scott, 2017). They have been tried in data collection from
remote areas (Bamburry, 2015). In sports and entertainment, drones have been used for
live event coverages. In contemporary times, spraying of crops has been among the
known roles played by drones in the world (Scott & Scott, 2017). In addition, drones
have been given a centrality in the fight against poachers; they have been adopted to
be used as an aerial surveillance mechanism to stem poaching in some parts of East
Africa (Goodyer, 2013).

While drone usage has been projected by both Bamburry (2015) and Scott and
Scott (2017) to be persistent in all states in the foreseeable future, it appears the future
is closer than anticipated. Significantly, one notable application that has gained
recognition among stakeholders is the adoption of drones in the area of medicine. Used
for emergency services, the application of drones in medicine includes provision of
disaster assessments when other means are restricted; delivering aid packages,
medicines, blood, and vaccines to remote areas and for transporting disease test
samples. In the era of COVID-19, drones proved very effective. It facilitated the
delivery of medical supplies to mountainous and geographically challenging locations.
It has been contended that, the congestion of cities and extreme weather conditions can
be obstacles to emergency medical deliveries (Scott & Scott, 2017). The rest of the
sections that follow address the application of drones in the African medical context.

Drones in African healthcare systems.

Africa has been noted as a continent with a myriad of systemic failures in several
areas of development. In healthcare, the continent has been defined as the region with
health system fragility (Adindu, 2010; Mazibuko, 2019). The incidence of health
system fragility and the inadequacy of healthcare managerial skills have continually
raised questions during the peak of major infections or epidemics in Africa (Adindu,
2010; Mazibuko, 2019). To lessen some of these burdens, several policies, including
the use of drones in healthcare, have been adopted and implemented by African elites.
Since its inception, medical drones have contributed immensely toward the delivery of
healthcare in Africa and elsewhere.

Drones have been used for surveillance of disaster sites, areas with biological and
chemical hazards and tracking the spread of diseases. Evidence suggests that in the
Western countries, drones are used to gather information about the number of patients
in need of care (George, 2017; Rosser, Vignesh, Terwilliger, & Parker, 2018). Serving
as a means of improving efficiency, response teams of the National Health Service in
England investigated the use of drones in assessing injuries related to chemical,
biological and nuclear materials (Rosser, Vignesh, Terwilliger, & Parker, 2018).
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Figure 5. Drone Transporting Medical Items in Switzerland* (Peck, 2019).

Also, the application of drones in medicine has improved the concept and practice
of telemedicine. The technological literature provides evidence to suggest that drones
have been extensively used for telemedicine. This includes the use of remote diagnosis
treatment of patients by means of telecommunication technology (Rosser, Vignesh,
Terwilliger, & Parker, 2018; Bhatt, Pourmand, & Sikka, 2018; Wulfovich, Rivas, &
Matabuena, 2018). In several instances, the concept of tele-monitoring (the provision
of remote guidance by an experienced surgeon to a less experienced colleague) using
computers and telecommunication in healthcare has also been enhanced using medical
drones (Rosser, Vignesh, Terwilliger, & Parker, 2018).

The successes elsewhere and within African countries such as Senegal,
Madagascar, Rwanda and Malawi encouraged a country like Ghana to consider the
application of drones in her mainstream health delivery (Washington, 2018). In
Rwanda, her drone project commenced in 2016 (Lin, Karishma, Cherie, & Sachin,
2018). The purpose was to transport sachets of blood to peripheral health centers
(Knoblauch et al., 2019). In this project, the implementation focused on regions where
health facilities are isolated by Island geography (Knoblauch et al., 2019). Like
elsewhere, the Rwandan drone technology extended services towards the
transportation of lab samples, delivery of medical treatments for emergencies and
delivery of medicines and medical supplies (Knoblauch et al., 2019). With evidence
from advanced economies, drones have shown the proclivity of being used to ensure
the extension of medical services to underserved areas. In the U.S, drones, since their
inception, have continually supplied medication and other needed healthcare items to
rural areas (Lin, Karishma, Cherie, & Sachin, 2018).

4 The Swiss drone was manufactured by a California-based company known as Matternet. According to Peck (2019), the
drone flew toward the opposite side of Lake Zurich to transport clinical laboratory samples between hospitals in urban
areas.
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In Rwanda, a California-based company known as Zipline is the primary inventor
of the drone that delivers blood to remote areas in the East African country (Glauser,
2018). Zipline’s goal is to be a primary distributor for most rural hospitals (Ackerman
& Strickland, 2018). The Zip drones are able to make emergency deliveries at night
through heavy rains, high winds, and darkness (Ackerman & Strickland, 2018). Drones
have been used to transport blood products and medicines to hospitals with critical
and/or severe cases as well as remote areas (Balasingam, 2017). Hospitals order blood
and medicines via text messages and interactive platforms such as WhatsApps and
receive them within 30minutes (Balasingam, 2017).

Aside the functions discussed above, Malawi’s application has taken a different
dimension. The literature reports on the application of drones concerning the fight
against HIV/AIDs. It has been reported that the UN Children’s Fund (UNICEF),
continually use drones to deliver HIV test Kits to the country. This reduces the time
required to test infants within rural areas (Balasingam, 2017). In a similar manner,
Google has partnered with UN Children’s Fund (UNICEF) to use Matternet for the
transportation of blood samples in Malawi. The various samples are transported from
rural communities in Malawi and other African countries to large hospitals to test
HIV/AIDs and other disease (Lin, Karishma, Cherie, & Sachin, 2018). Also,
Washington (2018) adds that Malawi’s drones are used to identify cholera hotspots in
Lilongwe — the capital of Malawi. Again, Washington hints that, aside Malawi,
countries like Ghana and Madagascar have been reported to apply drones to deliver
vital articles such as HIV and TB test kits, birth control, condoms and medical supplies
to and from rural areas (Washington, 2018).

Evidence from country studies indicate that the application of drones in medicine
have contributed immensely toward rural health care (See for example studies like;
Lin, Karishma, Cherie, & Sachin, 2018; Scott & Scott, 2017; Ackerman & Strickland,
2018; Nouvet et al., 2019). Inadequate communication and inaccessible roads in rural
areas have been notable barriers to healthcare delivery across Africa. The introduction
of drones have partly served as panacea to the ailing healthcare delivery system in
Africa. With the introduction of drones in medicine, inaccessible roads are no longer
barriers to the delivery and transportation of drugs, blood and other useful healthcare
items (Scott & Scott, 2017). It has been noted by Nouvet et al. (2019) that in rural and
remote areas in Madagascar, drones are used to control the surge in tuberculosis cases.

Evidence and the qualities of the technological device suggest that drones have
the potency of slashing delivery time from days to minutes (Ackerman & Strickland,
2018). Also, it has been argued that prior to its introduction, blood often expired in
shelves and banks across many countries in Africa (Glauser, 2018). While curbing
blood expiration, drones help to address emergency situations which sometimes lead
to loss of lives.

Aside healthcare, the application of drones in Africa has been successful in
population and wildlife monitoring, agriculture, archaeology and prevention of
genocide (Washington, 2018). Evidence deduced from the South African and
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Namibian Defence Forces indicates that eco-drones that use satellites, cameras and
predictive analysis are flown over game reserves to control poaching of endangered
rhinos and elephants. Concerning the South African rangers, their technological drone
device is specifically geared towards the prevention of wild-life extinction
(Washington, 2018). Evidence from Morocco also indicates that UAVs are used to
track illegal maritime activities and oil spills (Washington, 2018). Drones in Ethiopia
release sterile insects (tsetsefly) into certain regions on a weekly basis
(Washington, 2018).

Since the implementation of the drone programme became a success, many health
stakeholders around the world considered the idea of incorporating same into
mainstream health care. Examples include Senegal, Ghana and Canada among others
(Glauser, 2018). It is reported that in Senegal, since 2017, the government is assessing
the usefulness, health impact and cost-effectiveness of applying drones within the
health supply chain (Knoblauch et al., 2019). While information on the Ghanaian
government and drone is scant and still remains at its infant state, we have tried to draw
some nuggets from various reports on the viability of drones in the mainstream of
Ghana’s healthcare delivery in the section that follows.

Over the past decades, as a result of its numerous applications, UAVs have
become a growing market. It has been reported that within a year, and at the end of
April 2016, the purchase of drones among major stakeholders increased exponentially
(Lin, Karishma, Cherie, & Sachin, 2018). In a 2016 study, Lin and his contemporaries
argued that future application, adoption and use of drones have the potential of
reducing waiting time in hospitals. They are of the view that drugs can be delivered at
the doorstep of patients for emergency services within few hours (Lin, Karishma,
Cherie, & Sachin, 2018). Concerning delivery, it is argued that there is the launch of
more than fifty (50) drones daily on the delivery mission of African countries (Glauser,
2018). The capability of drones to navigate using the Global Positioning System
(G.P.S.) can enable doorstep delivery (Balasingam, 2017). In a similar manner,
Balasingam (2017) proposes robot-like drones to be aided to deliver medication to
elderly people in homes (Balasingam, 2017).

It is not a mistake to conclude that in Africa, there are inadequate health centers
(Adindu, 2010). The inadequacy of health centres coupled with unpleasant living
condition breed pressure on the existing health facilities. Issues surrounding inadequate
medical personnel, lack of essential equipment and bed spaces burden almost all
medical facilities in the region causing daily traffic among patients who are seeking
healthcare. We argue based on the analysis that considering the use of drones for
doorstep delivery of essential medical apparatuses including drugs, would contribute
to the decrease of traffic in the fragile western-oriented healthcare systems across
Africa.

Specific drones for delivery have their varied and specified amount of time and
distance they could cover. A renowned drone referred to as the Parcelcopter (3.0) has
been reported to have the ability to travel for only Smiles (Lin, Karishma, Cherie, &
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Sachin, 2018). This type of drone which is a ‘compact flying toolbox can contain life-
saving supplies such as automated external defibrillator, medication and/or
cardiopulmonary resuscitation aids (Lin, Karishma, Cherie, & Sachin, 2018).

The Ghanaian case.

The Ghanaian drone policy was implemented by the government of the New
Patriotic Party (NPP) to contribute to addressing Ghana’s healthcare fragility.
Commencing in April 2019, the vice president of the country launched the world
largest medical drone delivery network in the Eastern Region of Ghana (Adu-Gyamfi
et al., 2019; Ministry of Health, 2019). Similar to the Rwandan case, the drone service
in Ghana was designed and installed —and is currently being controlled- by a US-based
Zipline International Inc. in partnership with the Ghana Health Service (Ghana Health
Service, 2017).

“Ghana’s drone makes on-demand emergency deliveries of 148 different
vaccines, blood products and life-saving medications to health facilities in the country,
24 hours a day” (VOA, 2019). Evidence suggests that the New Tafo hospital in the
Eastern Region of Ghana was the first health facility to receive the services of the
drone. Within this hospital, a 7year old boy was admitted and needed a blood
transfusion of O-negative. Within some few minutes the item was delivered by drone
(VOA, 2019).

At inception, the government reported that the sole aim for introducing the drones
in Ghana’s healthcare system was to leverage technology to advance the supply chain
of critical medical supplies. Earlier information suggests that the delivery of these
critical and vital supplies by the drone has the tendency to reduce time-wasting and
save lives (GHS, 2017). The project, entitled ‘fly-to-save-a-life’, has been a 24-hour
health delivery system which is expected to make on-demand delivery of medical needs
to about 2000 health facilities —including those in rural areas (Ministry of Health,
2019). Importantly, the introduction of medical drone is motivated by government’s
goal to bridge the over-stretched gap in medicine or healthcare between urban and rural
areas. The above was envisaged to enhance the achievement of a Universal Health Care
delivery system among Ghanaians (Ministry of Health, 2019). To that extent,
government has sought to make healthcare equitably distributed to both rural and urban
populace.

Over the years, Ghana has been burdened with maternal mortality. While the
partial improvement of healthcare logistics and the introduction of healthcare
programmes have eased the burden of maternal mortality, the pace appears to be slow
as the country still faces the burden (Apanga & Awoonor-Williams, 2018). Statistics
indicate that Ghana’s maternal mortality ratio has declined from 760 per 100,000 live
births in 1990 to 319 per 100,000 in 2015 (Apanga & Awoonor-Williams, 2018). This
has shown a growing pace towards the achievement of the aspects of Millenium
Development Goals (MDGs) that focus on maternal health.
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Figure 6. A Medical Drone Making delivery in Ghana® (Rayner, 2019).

To hasten governments aim to yield the expected results of 70 per 100,000 live
births by 2030, the government of Ghana thought that it is expedient to apply drones
to maternal health. In a presidential address to the nation, the Vice President retorted
that the drone project would help reduce maternal mortality. The application of drones
include, to transport blood within few minutes or hours to labour wards (Ministry of
Health, 2019). Also, the United Nations Population Fund (UNPF) and the Dutch
government hoped to address access to women’s health clinics in Ghana with drones.
Their activities included using drones to deliver contraceptives and other
gynaecological supplies to women in rural areas within Ghana (Rosser, Vignesh,
Terwilliger, & Parker, 2018). Aside maternal health, the implementation of the drone
policy has yielded positive results in addressing complications such as snake bites,
accidents and other life threatening emergencies (Ministry of Health, 2019).

The Medical Drone during the Era of COVID-19.

As a result of Africa’s healthcare fragility (Adindu, 2010), many stakeholders of
health became concerned about the impact COVID-19 could wreak on the continent.
Concerning Ghana, a country with less than one hundred ventilators, at the inception
of the virus, the projection of fatality rate was beyond measure. Any success story
achieved by Ghana during the COVID-19 outbreak could be partly attributed to the use
of medical drones. Due to the use of medical drones, other essential services to meet

® The Drone above is known as Zips and was invented by a US robotics company, Zipline. Among other things, the device
can transport up to 1.5 kg of blood over 150 km (Rayner, 2019). It has been suggested by Rayner that, “the drones will
be able to ferry 150 different medicines and vaccines, as well as blood, to more than Ghanaian clinicians, covering 12
million people.”
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other pressing health needs were not curtailed. The fight against COVID-19 should be
explored by countries in future epidemics and pandemics.

As a delivery device, Ghana’s medical drones have been used to transport and
expedite COVID-19 test swabs to -and fro- research centers (Konert, Smereka &
Szarpak, 2019; Baker, 2020). Initially, the country relied on ambulatory services to
deliver test samples, test tubes and important articles such as Personal Protective
Equipment (PPES) to health facilities and health workers. The reliance on ambulatory
services, although useful, witnessed a myriad of challenges. This included barriers to
transportation due to inaccessible roads and time factor. Originally, it could take up to
five (5)n days to get results for test samples.

Baker (2020) is of the view that Ghana’s application of medical drones was
reported as the first time of applying such device drones to the fight against COVID-
19. Concerning its application, it was reported that:

...As the Municipal Director of Health Services for a rural district of Ghana,
Sarkodie had ordered an entire camp of 244 construction workers into quarantine
when three of them tested positive for the novel coronavirus...on April 17, instead of
driving the test swabs two hours to the capital, Accra, for analysis, he had them
dropped off at a health facility one district over. Within a few minutes, they were
winging their way to a testing facility via autonomous drone... Two days later, the
results came back via SMS: negative. The workers could be let out of quarantine
(Baker, 2020).

The reliance on drone for the fight against the pandemic proved very effective and
worthy. Significantly, Ghana was able to save hours and days from the time it took to
get COVID-19 test from suspected rural victims to the urban areas (Baker, 2020). On
average, Zipline’s fleet in Ghana was tasked to transport up to 15,000 tests a day in
300 flights (Baker, 2020). The drones also transported vital supplies such as PPEs to
health workers across the country. Subsequently, Zipline considered applying same
technological advancement in America (Baker, 2020). The use of the drone for delivery
mission can equally be applied to several arenas of development as time unfolds.

Conclusion.

Access to healthcare has been a major challenge to Africa and Ghana in particular.
The discourses on the history of medicine and healthcare in general have highlighted
the threats and challenges of extending scientific medical services and healthcare in
general to rural and remote areas in certain parts of the African continent. Inaccessible
roads, time factor and lack of essential materials in rural healthcare centers have
generated grave concerns among stakeholders.

Drawing on a compendium of internet and journal articles, we have discussed the
application of drones in the mainstream of the medical systems in Africa in general and
Ghana in particular. Findings from the current study indicate that drones, otherwise
known as, Unmanned Aerial Vehicles (UAVS) have become a growing market over
the years. First, it was used by states as a military weapon, the device has been applied
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to different sectors of the economy including health. With its sole responsibility to
deliver items, stakeholders of health across several parts of the world have relied on
the device to transport vital articles among health centers. Concerning Africa, countries
like Senegal, Madagascar, Rwanda and Malawi encouraged Ghana to consider the
application of drones in her mainstream healthcare delivery system.

Since its inception in Ghana’s medical care, important medical/health kits such as
test samples, blood and PPEs to be distributed to various health centres with rural areas
being the prime concern. The contribution also paid attention to the application of
medical drones to the fight against the current Coronavirus burden in Ghana. The
country under study has deployed the medical drone to deliver COVID-19 test samples
and PPEs to health workers across the country.

We argue that the introduction of medical drones in Africa and Ghana in particular
can create the opportunity to bridge the over-widened gap in healthcare between the
rural and urban population. The introduction of the drone has demonstrated potential
resilience against several barriers. It has demonstrated that it has the ability to be used
within several aspects of human endeavours. To this end, future research needs to
explore similar areas where the device can be applied; in particular, the concentration
should be based on empirical data.
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Camyin Any-T'smpi
VYHiBepcuter Hayku 1 TexHiku iM. KBame Hkpymu, ["ana

Pazak Moxammen /[Ibsci
AdpukaHCHKHI LIEHTP TOCIIIKEHHS HAaCEeJIEHHS Ta OXOPOHU 3710poB’st, KeHis

benmxxamin Jlomnpex lapksa
AnrbepTcrkuii yHiBepeuteT, Kanana

Icropizanisst MexuuHuX ApoHiB B AQpuui: B ueHTpi yBaru I'ana

Anomauia. Xoua noxo0xcenHs mexnonozii pooomu OpoHie 00 KiHYs He BUBUEHO,
3D03YMINO OOHe: BOHU BUHUKIU K GIUCLKOBUL anapam i NpUSepHyIU 6eIuKy yeazy nio
yac 8enIUKUX B0€H, BKIOUAOYU 081 c8imosai 8itinu. Kpiv sukopucmanus 6 60U08ux 0isix
[ 0151 HAOAHHS 2YMAHIMAPHUX NOCTY2, OPOHU MAKOHC UUPOKO BUKOPUCTOBYBAIUCS Ol
SHUWEHHSL SIK col0am, max i MupHux scumenis. Pesonoyiiino mexnonoeisa oponie 6yna
goockoHanena 6 XIX cmonimmi, 3'a6unacsi ModiCIUGICMb HUMU YNPABIAMU SAK
Oe3niNoOmHUMU  JTIMATLHUMU  aANapamamu, NPUSHAYEHUMU 20J08HUM HUHOM OJid
Hayimosanus Ha eilicoka. Hoea cgepa sacmocysanms 6Oe3nitomuux nimanibHux
anapamis — ye cexmop 0XOpPOHU 300p08's. 3 pokamu ceKmop 0XopoHu 300po8's ace
OinbUe NOKIA0AEMbCA HA NPUCMPOI OISl CBOEUACHO20 MPAHCNOPMYBAHHI NPEOMemia
nepuioi’ HeoOXiOHoCmi no 8CcboMy c8imy. 3 MOMeHmY 1020 Nosieu 8 cghepi 0XOpoHU
300p08's 6UeHi HAMA2AIUCS PO32TAHYMU BNIUE OPOHI8 HA OXOPOHY 300p08's 6 A¢hpuyi
i ceimi 6 yinomy. Ceped iHwoz2o, 8ueHi 3'acysanu, wo NpUcmpit 30amHuti 001amu
NnO200HI 0OMedHCeHHs, OpaK NepcoHany 6 HeOOCMYNHUX MICYSAX 8 CEeKmOopi OXOpOHU
300pos's. Hezsaosicarouu Ha ye, 0anux npo OpoHu i ix 3acmocysanti 6 I ani, 6 cekmopi
O0XOpPOHU 300p08's, 30Kpema, Maio npeocmaeieni 6 nimepamypi. Kpim moeo, eyeHi ne
poounu ocoousux cnpod BUCBIMIUMU BUKOPUCIAHHA OPOHI8 8 APUKAHCHKUX
Kpainax. ¥ ybomy 0ocniodcenni pobumscs cnpoba 3ano8HUmMu 6KA3aHUlL suuge npooin,
BUKOPUCMOBYIOUU NIOXIO onucosozo o2ia0y. Ilpu maxomy nioxodi 6y10 npoeedeHo
pemenbHUll NOWyK Jimepamypu 0J1s1 NOWYKY | OYIHKU HAYKOBUX Mamepianie, wo
CMOCYIOMbCsL 3ACMOCYB8AHHSL OPOHIB Yy BILICLKOBIU obaacmi i, 30Kpema, 6 MeOUYHUX
cucmemax Acppuxu i I'anu. Hecyuu oomoociony eionosioanvHicms 3a 00CMABKY
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npeomemie, 3ayiKasieHi CmopoHU 6 0OAACMI OXOPOHU 300085, 8 OEKIIbKOX YACIMUHAX
ceimy noknadanucsi Ha 0e3nilomui NimanvHi anapamu O MpAHCHOPMYBAHHS
HCUMIMEBO  BANCIUBUX NpeoMemis Yy meouuni yewmpu. Taxi kpainu, sk Ceneear,
Maoaeackap, Pyanmoa i Manasi, 3akmukanu Ilany pozenaHymu numaHHus npo
3acmocysants OpoHi6 8 il OCHOBHUX MeOudHux nocayeax. Pesynomamu docnioscenns
nokazanu, wo nputinamms I aHoro noaimuxku 6UKOPUCMAHHA Oe3NINOMHUX JIMATbHUX
anapamiea, NOANWUIO0 C80EYACHY 00CMABKY MAKUX NPOOYKMIB, AK 3pA3Ku OJisl AHAI3Y,
KpOoBI i 3acobu iHOUBIOYANbHO20 3AXUCMY, 8 PI3HI MeOUYHi yeHmpu i, 30Kpemd, 8
CInbCbKI pationu. /[poHu 6Hecau c8ill 6K1a0 6 3abe3neyenns MeouuHoi donomozu 6 1 ami.
Mu nputiuiiu 00 6UCHOBKY, WO 3a80SAKU NOJIMUYL OE3NIIOMHUX TIMATbHUX ANApamie
KOHMUHEHM MAE MeHOeHYilo 00cseamu  YCnixie woo0o 3MEHUEeHHS HAOMIPHO
30IIbUWUBULO20CSL PO3PUBY 8 Cqhepi OXOPOHU 300p08's MIdC CITbCbKUM [ MICbKUM
HACENeHHAM.

Kniouoei cnosa: oponu, meouuni 6esninomuuxu, Agpuxa; Iana, 6e3ninomui
JIManvhi anapamu, 6e3nilomHa noGimpsHa cucmema

Camyauas Any-I'esamdu
VYHuBepcuter Hayku U TexHUKH uM. KBame Hkpywmel, ["ana

Pa3zak Moxammen I'nsicun
AdpUKaHCKUN LIEHTP UCCISIOBAHUM B 00JIACTH HApOJOHACEICHUS U 3710pOBhs, Kenus

benm:kamun {lomnpe lapksa
Yuusepcurer Anb0epThl, Kanana

Hcropusanns MeIUIIUHCKUX JPOHOB B Apuke: B neHTpe BHUMaHudA ['ana

Annomauyusn. Xoms npoucxoxrcoerue mexHoaiocuu pabomsl OpoHo8 00 KOHYA He
U3YYEHO, NOHAMHO OOHO. OHU BO3ZHUKIU KAK 80EHHbIU annapam u npusiekiu 601vuioe
BHUMAHUE 60 8peMs KPYNHbIX 60UH, 6KII0UYAs 08e Muposvie GotliHvl. Illomumo
UCNONIL306AHUSA 8 D0EBbIX OeUCMBUSIX U 051 OKA3AHUSL SYMAHUMAPHBIX YCye, OPOHbL
Maxaice WUPOKO UCNONL308AIUCH OJIsl YHUYMONCEHUSI KAK CON0am, MaxK u MUpPHbIX
orcumenei. Pesontoyuonnas mexuonozusi Oponog 6wina ycogepuiencmeosana 6 XIX
8eKe, NOABUNACL BO3MONCHOCMb UMU YAPABIAMb KAK OeCNUIOMHbIMU TemamelbHbIMU
annapamamu, NpeoHA3HAYeHHbIMU 2NAGHbIM 00pA30M OISl HAYETUBAHUS HA BOUCKA.
Hosas paszsusaiowascs obracms  npumenenus OeCNUIOMHLIX — 1eMAMETbHbIX
annapamos — 3mo cekmop 30pagooxparerus. C 200amu cekmop 30pagooxpaneHus ece
bonbule nonazaemcs Ha YCmMpoucmea OJisl C80EBPEMEHHOU MPAHCNOPMUPOBKU
npeomemos nepeou Heobxooumocmu no ecemy mupy. C MomMeHma e20 noseieHus 8
chepe 30pasooxpaneHus yuewvie NbIMAIUCH PACCMOMPEmdb GlUAHUE OPOHO8 Ha
30pasooxpanenue 8 Agppuxe u mupe 6 yenom. Cpeou npoue2o, yuenvie GblACHUIU, YMO
YCmMpOUCmE0 CnocoOOHO Npeoooesams H0200HblE 0ZPAHUYEHUS, HEXBAMK) NEPCOHAA

123



https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

8 HeOOCMYNHBIX MECMax 6 cekmope 30pagooxpanenus. Hecmomps na amo, 0aHHbIX 0
OpoHax u ux npumenenuu 6 I ane, 8 cekmope 30pasooXpaHenus, 8 YaCMHOCMU, MAl0
npedcmasienvl 6 aumepamype. Kpome moeo, yuenvle He NpeonpuHUMAIU 0COObIX
HONBIMOK 0C8EMUMb UCNONb308AHUE OPOHO8 8 APPUKAHCKUX cmpanax. B nacmosiwem
UCCe008aHUU 0elaemcsi NONbIMKA 60CNOJIHUMb YKA3AHHbIU 8blule Npodel, UCNONIb3Y5
no0xo0 onucamenvHo2o 063opa. Ilpu maxom nooxooe Ovil nposeder MujamenbHblil
nOUCK umepamypuvl Ol NOUCKA U OYEHKU HAVYHBIX MAmepuanos, Kacaroujuxcs
npUMeHeHUs OPOHO8 8 B0EHHOU 0OaACU U, 8 YACIMHOCU, 8 MEOUYUHCKUX CUCTNeMax
Agpuxu u I'anvl. Hecsi eOunonuuHyo omeemcmeeHHoCmy 3a 00CMABKY npeomemos,
3aUHMEPECcoB8aHHble CMOPOHLL 8 001ACU 30PAB0OXPAHEHUS 8 HECKOIbKUX YACHAX
MUPA NOIA2ATUCH HA DecnulomHble 1emamelibHble Annapamol 0151 MpaHCnopmupo8Ku
JICUBHEHHO BAJICHBIX NPeoMemo8 6 MeOuyuHckue yeHmpol. Takue cmpaHvl, Kax
Ceneean, Maoaeackap, Pyanoa u Manasu, npuzeanu I any paccmompems 80npoc o
NpUMEHeHUU OpPOHO8 8 ee OCHOBHbIX MeOUYUHCKUX ycayeax. Pezynomamoi
UCCTe008AHUS  NOKA3AAU, YmMO npuHamue 1auot ROIUMUKU — UCNOJIb30BAHUS
OeCnUIOMHbBIX J1eMamenbHblX Annapamos, Yayuuuio C80e6PeMeHHYI0 00CMABKY
MaxKux npooyKmos, Kax oopasyvl 08 AHAIU3A, KPOBb U CPEOCMBA UHOUBUOYAILHOU
3awumol, 8 paziuuHbvle MEOUYUHCKUE YEHMPbL U, 8 YACMHOCMU, 8 CelbCKUEe PALOHDL.
lponwl Hecnu ceoul 6x1a0 8 obecneuenue meouyuHckou nomowu 8 I ane. Mol npuuiiu
K 6bl800y, umo 01a200aps Noaumuke OeCnUIOMHLIX JeMAamenlbHblX annapamos
KOHMUHEHmM umMeem MeHOeHYUuo 000U8AmbCs YCNexo8 6 OMHOWEHUU YPEe3MEPHO
VBeUUUBULE20CSL pa3pblea 8 cqhepe 30PABOOXPAHEHUS MEeHCOY CeNbCKUM U 20POOCKUM
HaceleHuem.

Knwouesvie cnosa: oponvi;, meduyurnckue oOecnuromuuku, Adpuxa; [ana;
becnuiomHule 1emamesibHble annapamsl;, OECnUIOMHAA 8030VIUIHASL CUCEMA
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The history of the creation of lasers and analysis of the impact of their
application in the material processing on the development of certain industries

Abstract. The paper is devoted to the analysis of the history of the creation of the
laser as one of the greatest technical inventions of the 20th century. This paper focuses
on establishing a relation between the periodization of the stages of creation and
implementation of certain types of lasers, with their influence on the invention of
certain types of equipment and industrial technologies for processing the materials,
the development of certain branches of the economy, and scientific-technological
progress as a whole. In preparing the paper, the generally accepted methods, which
are widely used in the preparation of historical research works, have been applied: the
historical method — for the study and interpretation of the texts of primary sources and
the search for other evidence used for research, as well as for the presentation of
historical events associated with the development of laser technology; the historical-
genetic method — for studying the genesis of specific historical phenomena and
analyzing the causality of changes in the development of laser technology; the
historical-critical method - for displaying cause-and-effect relationships,
reconstructing events that influenced the development of laser technology; the method
of historical periodization. The variety of different possible options for the use of lasers
did not allow placing all the collected materials within the framework of one paper,
and therefore, the authors have decided to dwell on the facts, which, in the opinion of
the paper’s authors, are the most interesting, significant, poorly studied, and little
known. The paper discusses the stages of: invention of the first laser; creation of the
first commercial lasers; development of the first applications of lasers in industrial
technologies for processing the materials. Special attention is paid to the “patent
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wars” that accompanied different stages of the creation of lasers. A comparative
analysis of the market development for laser technology from the stage of creation to
the present has been carried out. It has been shown that the modern market for laser
technology continues to develop actively, as evidenced by the continued stable growth
of laser sales over the past 10 years. This indicates that the demand for laser
technology is inextricably linked with the development of high technology production
and scientific-technological progress. The analysis has shown that recently, the trends
in the use of laser technology have changed; in particular, their industrial and medical
applications are decreasing, while there is an increase in their use in the fields of
sensor production and communication.
Keywords: laser; history of lasers; Theodore Maiman; National Museum of
American History; laser market; laser applications

Introduction.

The 20th century was rich in great inventions, one of which, undoubtedly, was the
laser. At the same time, a laser is just a device or a so-called “tool” whereby it became
possible to carry out various actions, which ultimately led to the desired result. The
creation of some types of lasers has contributed to the invention of not only new types
of apparatuses, devices, but also the emergence of new technological processes and
even entire branches of science and industry (Belforte, 2010; Hecht, 2010; Hess, 2013;
lon, 2005; Rigby, 2010). This paper is devoted to this direction, namely, the analysis
of the influence of the invention and the stages of the subsequent introduction of certain
types of lasers on the stages of development of certain processes, types of technology
and industries.

The purpose of the paper is to establish a relation between the periodization of the
stages of creation and implementation of certain types of lasers, with their influence on
the invention of certain types of equipment and technologies, the development of
certain branches of the economy, and scientific-technological progress as a whole.

Research methods.

The authors of this paper have many years of experience in operating various
types of lasers, which they acquired by developing various technologies for laser
processing of materials (Bernatskyi, Berdnikova, Klochkov, Sydorets, & Chinakhov,
2019; Bernatskyi, Sydorets, Berdnikova, Krivtsun, & Chinakhov, 2020; Khaskin,
Bernatskyi, Siora, & Nikulin, 2011; Markashova, Berdnikova, Bernatskyi, Sydorets, &
Bushma, 2019; Shelyagin et al., 2005a; Shelyagin et al., 2005b; Shelyagin et al., 2018;
Siora & Bernatskyi, 2011). Interest in the history of the stages of creation and
implementation of certain types of lasers was the impetus for writing this work. In
preparing the paper, the generally accepted methods, which are widely used in the
preparation of historical research works, have been applied (Choudhury Kaul,
Sandhu & Alam, 2019; Storozum et al., 2019; Strelko et al., 2019a; Strelko et al.,
2019b; Van Lent & Durepos, 2019; Zhang & Liu, 2019): the historical method — for
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the study and interpretation of the texts of primary sources and the search for other
evidence used for research, as well as for the presentation of historical events
associated with the development of laser technology; the historical-genetic method —
for studying the genesis of specific historical phenomena and analyzing the causality
of changes in the development of laser technology; the historical-critical method — for
displaying cause-and-effect relationships, reconstructing events that influenced the
development of laser technology; the method of historical periodization. The variety
of different possible options for the use of lasers did not allow placing all the collected
materials within the framework of one paper, and therefore, the authors have decided
to dwell on the facts, which, in the opinion of the paper’s authors, are the most
interesting, significant, poorly studied, and little known.

Results and discussion.

The beginning. First generation of laser radiation. Press conference by
Theodore Maiman. Finding the first laser applications.

It is a well-known fact that the first generation of laser radiation on a ruby crystal
was obtained on May 16, 1960, by Theodore Harold Maiman, who was then at Hughes
Research Laboratories, the research arm of the Hughes Aircraft Company (Figure 1).
However, the facts that preceded and took place immediately after this event are little
known.

Above all, while fighting to fund his research, Theodore Maiman faced serious
competition for the primacy of his discovery (Rigby, 2010). When he submitted his
paper to Physical Review Letters, it was rejected as “just another maser paper”.
Maiman quickly wrote a shorter 300-word version of his paper and submitted it to
Nature, where it was accepted (Maiman, 1960). As a scholar, Maiman wanted to
publish his paper first, but Hughes Labs executives were nervous as the Bell Labs team
could be very close to a similar result. Therefore, before Maiman's Nature paper was
published, Hughes Labs decided to hold a press conference that was scheduled for July
7, 1960. The photographer hired to shoot the first laser was not impressed — it was too
small (see Figure 1.a).

After inspecting the lab, the photographer picked up a later prototype with a
medium-sized flashtube and a 5 cm long ruby rod (Figure 2) (Rigby, 2010). The
photographer told Maiman, “Hold this in front of your face and I know this will be
picked up by every news outlet, but if we print this, this first laser, it won’t go
anywhere”. The photographer was right. The day after the press conference, all major
newspapers published this photo. The headlines of papers about the laser invention
were calculated to be a big sensation, for example, the Los Angeles Herald published
an article with the headline “L.A. man discovers science-fiction death ray”, and
Newsweek published an article with the headline “This might very well be the of the
death ray”.
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WORLD'S FIRST LASER
MAY 16, 1960
MALIBU, CALIFORNIA
By THEODORE H. MAIMAN

b
Figure 1. Theodore Maiman (a) (Rigby, 2010) with the first laser prototype (b)
(Theodore Maiman — Wikipedia).

Figure 2. The photograph issued at the 7 Jul 1960 I:Iughes press conference
showing Maiman with a later prototype laser — not the first one (Rigby, 2010).

The further fate of the first sample of the ruby laser created by Theodore Maiman
Is interesting. The National Museum of American History has photographs of one of
the possible versions of Theodore Maiman’s first ruby laser (Figure 3) (National
Museum of American History).
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Figure 3. Photographs of one of the possible versions of Theodore Maiman’s
first ruby laser (National Museum of American History).

By May 1960, Theodore Maiman and Irni D'Haenens at the Hughes Aircraft
Company had constructed several small metal cylinders (National Museum of
American History). Each of them contained a spiral-shaped xenon flashtube that
surrounded a small cylindrical crystal of synthetic ruby. When they lit the flashtube, a
flash of light caused the ruby crystal to emit a precisely focused pulse of light — the
first emitting laser. Hughes Aircraft donated this and several other Maiman devices to
the National Museum of American History Smithsonian Institution in 1970. The crystal
inside this device is from the 1961 experiment. Although donation records indicate that
this is the first laser, Maiman wrote that he received the first laser as a gift when he left
the company in April 1961. During the research, several experimental models were
made, which is common practice. Thus, we may never know which device actually
generated the first laser beam.

Shortly after Maiman built the first laser, his assistant Irni D'Haenens joked that
the laser was ““a solution looking for a problem” (Hecht, 2010). As with any good joke,
there was an element of truth in this phrase. The laser was not a device invented for
specific applications. It was more of a discovery than an invention, using the method
for generating coherent light that laser designers expected to find applications in a wide
range of fields.

Interesting is the vision of Theodore Maiman himself about the promising areas
of application of the laser he created. At the aforementioned press conference on July
7, 1960, Maiman noted the following directions (Shakir & Patel, 2017):

1. The first true amplification of light;

2.A tool to probe matter for basic research;

3. High-power beams for space communications;

4. Increasing the number of available communication channels;

5. Concentrating light for industry, chemistry and medicine (Shakir & Patel,

2017).
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It is known that at the press conference, Maiman deliberately tried to avoid
discussion about the possible use of lasers as weapons. But after all, he admitted that
he could not rule out this option. Maiman's success has inspired other developers and
convinced everyone that it was indeed possible to generate laser radiation. This event
has filled the laser research community with new energy and new funding. In fact, the
concept and design of the Maiman laser was so simple that a few weeks later, its results
were replicated by several other researchers, most notably Bell Labs, who
demonstrated their version of the ruby laser on August 1, 1960.

Soon after the first demonstration of the laser operation, the search for directions
of their practical application began. In 1960-1962, a large number of new laser
development companies: Sylvania, Martin Marietta, RCA, Perkin-Elmer, as well as
companies that previously produced masers, such as Hughes Aircraft, American
Optical, Technical Research Group (TRG), AT&T, Bell Labs, Raytheon, Quantatron,
Korad Inc., etc., were engaged in the production of lasers.

Hecht (Hecht, 2010) briefly describes the first attempts to apply lasers in various
industries:

...Bell Labs management saw coherent light as a technology that increase
the capacity of the Bell System’s backbone telephone network, which in 1960
consisted of chains of microwave relay towers. Plans were already in the works
to upgrade the long-distance network to buried millimeter waveguides carrying
signals at 60 GHz, but Bell had long-term plans to upgrade the telephone system
from voice to video, which would require much more bandwidth. Optical
frequencies were more than a thousand times higher, so they promised the needed
bandwidth.

The Pentagon wanted a new generation of weapons. Deeply unsettled by the
1957 Sputnik launch, the Eisenhower administration created the Advanced
Research Projects Agency (ARPA, now DARPA) to invest in high-risk, high-
payoff research that other military research agencies had been unwilling to
support. Soon after ARPA opened its doors, its first director, Roy Johnson, told
Congress he would fund anything that might reduce the threat of nuclear attack,
even “death rays.” When TRG asked for 3300,000 to try to build a laser using
Gould’s ideas, ARPA instead gave them $999,000, hoping for applications in
target designation and communications, as well as in missile defense.

Physicians began testing lasers to see if they could treat ailments better than
other light sources, particularly in dermatology and ophthalmology, where light
was already widely used. The first important laser success was in ruby-laser
treatment of detached retinas. Previously, ophthalmologists had focused light
from 1000 W arc lamps into the eye for 1-s intervals to form scars attaching the
retina to the eyeball. The procedure had to be re-engineered to use millisecond
laser pulses, but it worked in rabbits, and ophthalmologist Charles J. Campbell
treated the first human patient at the Harkness Eye Institute of Columbia
University on November 22, 1961. About a week later, Christian Zweng
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performed a similar operation in Palo Alto, California. Both operations were
successful.

Physicists focused laser beams to high intensity to study laser-matter
interactions. In 1961, Peter Franken focused 3 J ruby pulses into quartz and
generated the 347.2 nm second harmonic, which appeared as a faint spot on a
photo recorded after passing the light through a spectrometer. He and three
University of Michigan colleagues called the faint spot an ‘“‘unambiguous
indication of second harmonic,” but that didn’t stop someone at Physical Review
Letters from thinking the spot was a flaw in the photo and editing it out. The
Lawrence Livermore National Laboratory wondered about prospects for laser-
induced nuclear fusion, and in 1962 formed a group to study the prospects
seriously (Hecht, 2010).

First problems. Commercialization of the laser development. “Patent Wars”.

Manufacturers and companies that tried to apply lasers in different industries had
faced the problem of measuring the power of laser radiation. The first ruby lasers
produced very powerful pulses —too powerful to be measured with most optical sensors
of the time (Mueller, 2010). Researchers placed razor blades in front of the lasers and
counted how many blades the laser could drill. This unofficial unit of measurement is
called Gillette. The first Maiman’s laser produced 1 Gillette pulse. Within a few
months, his competitors were assembling a laser with a power capable of burning
through 4 Gillette. Today, spot laser welding of stainless steel blades and spring-loaded
support rods has become the gold standard for shaving sticks, with laser welding
productivity reaches 120,000 single-spot welds per hour (Laser spot welding).

Already in 1961, a new global industrial market — the laser market — has emerged.
Initially, the companies produced one-off and small-scale products, and because of this,
the cost of the first lasers was relatively high. According to (Hess, 2013), the first
commercial laser was manufactured by Raytheon and sold for $ 5,850 at a meeting of
the Institute of Radio Engineers in New York in March 1961. This LH-1 pulsed ruby
laser (Figure 4) had a housing designed for easy rod and lamp replacement and it
operated at room temperature.

The evidence that the first commercial laser was manufactured and sold by
Raytheon in 1961 is corroborated in the paper by George J. O'Neill (O'Neill, 1983).

However, Klauminzer (Klauminzer, 1984) claims that a 1 mW helium-neon laser
(He-Ne) was the first to be sold by Spectra-Physics in 1962 for $ 7,500.

The authors are interested in facts about the development of laser production by
its discoverers — Theodore Maiman and Hughes Aircraft Company.
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Figure 4. 1961 Raytheon LH-1 pulsed ruby laser system, the first laser model sold
commercially (Hess, 2013).

Theodore Maiman was one of the first, initially setting up a laser group at a short-
lived company called Quantatron in Santa Monica, California, then taking his laser
group to form the core of Korad Inc., also in Santa Monica, with funding from Union
Carbide (Hecht, 2010). Korad soon began making ruby lasers based on Maiman’s

design, as shown in Figure 5.

Figure 5. Korad’s first commercial ruby laser, serial #001 of model RL-4KCS. The

box at the right is a liquid Q switch. Comparison with that Maiman’s original design

has been modified byusing a longer flashlamp with with more coils and a longer rod
(Hecht, 2010).
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The Hughes Aircraft Company introduced its first commercial laser only in May

1962, despite having built the first laser two years earlier (Anonymus, 1962). This

Model 200 pulsed ruby laser was a commercial version of Maiman’s first device, but

with a longer rod, at the ends of which dielectric mirrors were applied (Figure 6) (Hess,
2013).

Figure 6. 1962 Hughes Aircraft Company model 200 ruby laser system, fully
operational with all original components (Hess, 2013).

In general, in the history of the laser technology development, it is rather difficult
to track the primacy of an invention or application in a particular industry. This is due
to the fact that manufacturing companies were in no hurry to reveal all the secrets and
ideas behind their laser designs. Moreover, a large amount of work was carried out by
order of the military departments, which in itself implied a regime of increased secrecy.

In this regard, in the field of the laser technology invention and the use of laser
technologies, there have always been a fairly large number of disputes, which have
repeatedly escalated into legal proceedings that dragged on for many years.

The most famous is the opposition (or the “Thirty Years Patent War”) of Gordon
Gould with the United States Patent and Trademark Office for obtaining patents for
laser and related technologies. He also fought laser manufacturers in lawsuits to protect
the patents he later received. Gordon Gould is the author of the acronym LASER (Light
Amplification by Stimulated Emission of Radiation) (Taylor, 2000, pp. 66—70). The
thirty-year patent war that it took for Gould to win the rights to his inventions has
become known as one of the most important patent battles in history. On October 11,
1977, after nearly 30 years of the “patent war”, Gordon Gould obtained a patent for
optical pumping, which was later used in about 80% of lasers. As a result, Gould was
granted 48 patents, the most important of which were patents for optical pumping,
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collisional pumping, and application patents (Taylor, 2000, p. 70). However, these
technologies covered most of the lasers that were in use at the time. For example, the
first operating laser, a ruby one, was optically pumped; the helium-neon laser is
pumped by a gas discharge.

Even the inventor of the first ruby laser, Theodore Maiman, was able to obtain a
patent for his laser only in 1967, having bought it for $ 300 from the Hughes Aircraft
Company (Maiman, 2018, p. 191).

In this regard, the work of Dutta Majumdar and Manna (Dutta Majumdar &
Manna, 2003), in which they tried to systematize and to compare the invention and
commercialization of the idea (or application) of different types of lasers, is interesting.

Probably the most heated argument among researchers of the history of lasers is
about the fact of the first industrial application of lasers.

Laser Processing of Engineering Materials (lon, 2005, p. 20) states that the first
laser welds were made around 1963, and involved butt and edge joints in 0.25 mm
stainless steel foils, processed with a pulsed ruby laser (Platte and Smith, 1963). Welds
were also made between gold connecting leads and aluminium-coated silicon surfaces
in microelectronic devices. The laser beam was merely being used to fuse material,
albeit very accurately, in a conduction-limited mode. Other reports of research into
conduction-limited welding in metals were published (Fairbanks & Adams, 1964) and
applied to joining wires, sheets and circuit boards shortly afterwards (Anderson &
Jackson, 1965; Cohen, Mainwaring, & Melone, 1969; Conti, 1969), when 0.5 mm was
considered to be an upper limit of penetration. The first industrial application appeared
around 1965, when a pulsed Nd:YAG laser was used to repair broken connectors inside
assembled television tubes (Belforte, 1993, p. 5 as cited in lon, 2005). Ruby laser
welding was used in fabrication of the first Apollo lunar sample return containers in
1969 (Moorhead, 1971). Various laser-based conduction joining techniques have been
developed, including soldering and brazing, partly in response to the needs of the
microelectronics industries. The first CNC laser soldering machine, based on a 50 W
CO: laser was produced commercially in 1976 (Loeffer, 1977).

However, as we have shown earlier, there is a lot of information that is difficult
to systematize and subject to thorough analysis in the history of the development and
application of laser technology. Perhaps for this reason, some literature sources provide
data that does not match the above data and the data of Dutta Majumdar and Manna
(Dutta Majumdar and Manna, 2003). For example, George J. O'Neill (O'Neill, 1983)
mokaspiBaeT, 9To B 1962 in a vivid demonstration of the laser's intensity, Professor
Louis Smullin, a physicist at the Massachusetts Institute of Technology, used a system
developed by the Raytheon Corporation to bounce a powerful ruby laser beam off the
moon, 400,000 kilometres (250,000 miles) away. The size of the spot that hit the
moon's surface was an estimated 64 kilometres (40 miles) in diameter. By contrast, the
beam of a searchlight powerful enough to reach the lunar surface would be spread over
thousands of miles.
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Table 1. Commercially available lasers and their industrial applications (Dutta
Majumdar & Manna, 2003).

Year of Commercialised .
Laser di . Application
iscovery since
Metrology, medical
Ruby 1960 1963 applications, inorganic
material processing
Nd-Glass 1961 1968 Length and velocity
measurement
Semiconductor
Diode 1962 1965 processing, biomedical
applications, welding
Light-pointers,
He_Ne 1962 length/velocity
measurement,
alignment devices
Material processing-
Carbon dioxide 1964 1966 cutting/joining, atomic
fusion
Material processing,
Nd-YAG 1964 1966 joining, analytical
technique
Argon ion 1964 1966 Pc_)werful I_|gh'g,
medical applications
Pollution detection,
Dye 1966 1969 isotope separation
Copper 1966 1989 Isotope separation
Medical application,
Excimer 1975 1976 material processing,
colouring

For example, the paper by Melinda Rose and Hank Hogan (Rose & Hogan, 2019)
argues that in 1962, a laser was first used to weld watch springs. This could be
considered one of the first (if not the first) applications of lasers for metal processing
in the industry, but in other sources, this information does not find enough convincing
evidence.

Belforte (Belforte, 2010), argues that the first practical, value-added industrial
application for the ruby laser invented by Ted Maiman was the drilling of cooling holes
in aircraft engine turbine blades. As the operating temperature of these engines
increased it was necessary to find a way to cool the blades to prevent thermal damage.
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Laser market. Its formation, development, and modern stage.

Anyway, the laser market has been rapidly developing since the early 1960s. In
1980, it was already $ 500 million, according to the authoritative edition of Laser Focus
World cited in George J. O'Neill (O'Neill, 1983).

The current market for laser technology is already a completely different amount
and sales volume.

Figure 7 (Holton, Overton, Nogee and Belforte, 2016; Holton & Nogee, 2021)
presents data from the authoritative Laser Focus World, which shows how the laser
market has changed in recent years.

As seen in Figure 7, laser manufacturers have earned about $ 16 billion in 2020.

$18.48B «Total

16.01B
$14.94B $14.72B 3

s10078 $10498  $13.77B

$9.568 /4.8 < Non-Diode

$8.73B

<4 Diode

2014 2015 2016 2017 2018 2019 2020 2021
a b
Figure 7. Laser market in 2012-2015 (a) (Holton, Overton, Nogee & Belforte, 2016)
and in 2017-2020 and forecast for 2021 (b) (Holton and Nogee, 2021).

2012 2013

As can be seen from the data in Figure 7, the market for lasers themselves
(excluding technological and auxiliary systems, manipulators, and similar equipment)
almost doubled and grew practically all the time (except for 2019) constantly and
steadily, despite the consequences of global trade conflicts, weak business investments,
and COVID-2019, which certainly put pressure on the global economy and increase
the risk of long-term stagnation.

In his publication, Andreas Thoss explains this phenomenon in this way (Thoss,
2021):

...2020 was a difficult year for the global economy, but laser markets did
surprisingly well. Allen Nogee, President of Laser Markets Research, said that
there are at least two different reasons for this resilience in laser markets, as
noted in his annual review and forecast of the worldwide laser market. First,
lasers are often built into capital goods, and such investments are not made or
canceled on short notice. The second reason was the relatively fast recovery of
the most important market for lasers and laser systems — China. This logic has
been reflected by global and national statistics. The GDP of the U.S. fell 3.6% in
2020; in Europe, it went down 7.4%; while in China, it grew 2.3%. At the same
time, the global laser market grew at a remarkable pace of 8% to $16 billion (see
figure 3). While the uncertainty of the pandemic remains, Nogee presented an
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optimistic outlook for 2021. On the macro-economic side, he expects above-

average growth in the U.S. (3.5%), Europe (3.6%), and China (7.9%). In fact,

2021 could show the highest growth rate in these regions in more than three years.

Similarly, the laser market would expand by 10.4% to $18 billion in 2021 (Thoss,
2021).

Medical & Aesthetic Entertainment,

$0.9B Displays, & Printing
$0.6B

Instruments

& Sensors Materials

$2.0B Processing &

Lithograph

Scientific isgz

Research

& Military Communications

$2.2B & Optical Storage

$3.9B

-5.6% Macro-materials
processing (kW) 10.6% Communications

-3.0% Micro-
materials
processing

14.2%
Optical
storage

5.6%
Marking

15.2%
Displays

19.0%

Lithograph
ey 37.6% Sensors

-13.5% Printing

-25.0%
Medical 16.7% Military

b
Figure 8. The chart showing the distribution of laser sales in 2020 by the most
demanded industries (a) (Holton & Nogee, 2021) and the percentage distribution of
laser sales in 2020 (b) (Thoss, 2021).

9.9% R&D

Figure 8.a (Holton & Nogee, 2021) is a chart that shows the distribution of these
laser sales by the most demanded industries. Figure 8.b (Thoss, 2021) has a chart that
shows the percentage distribution of laser sales in 2020. A “minus” sign for various
applications indicates a decline in sales relative to 2019 results.

Historical milestones in the creation and improvement of certain types of
lasers and laser technologies for industrial processing of materials.

The charts above show pallid statistics. They in no way convey all the drama of
the creation, development, and improvement of the aforementioned laser technology.
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The authors believe that the areas of laser application shown in Figure 8 are worthy of
special mention in the context of their invention and improvement of both laser design
and technological applications. Limited to the maximum possible volume of
publication, the authors have decided to focus on the consideration of little-known
historical facts related to the production and operation of lasers for industrial
processing of materials.

Mikro-materials processing.

Laser precision drilling.

In the conditions of the late 1960s and early 1970s, one of the urgent tasks of this
area was a radical increase in productivity in the manufacture of a number of miniature
products from crystalline materials on an industrial scale. These, in particular,
included: jewel bearings and sliding bearings of special precision instruments, which
are made of ruby and sapphire; wire-drawing dies made of natural diamond, necessary
for drawing thin wire with a diameter of 10 um; wire-drawing dies made of artificial
diamonds, in which it was necessary to drill and to form shaped holes with a diameter
of up to 80-100 um with a tolerance of only a few microns.

In 1965, the first production laser cutting machine was used to drill holes in
diamond dies. This machine was made by the Western Electric Engineering Research
Center (Bromberg, 1991, p. 202). This event is mentioned in Raytheon News
(Anonymus, 1966, January as cited in Earls & Edwards, 2005, p. 86) (Figure 9).

Raytheon New

Education Activities First LEM Computer Hobby, Levine Win
Delivered on Schedule  PRSA Accreditation

Transferred int ;
ransferred into By People of Space Div

Commercial Group

Western Electric Uses Raytheon Laser | o [
In Forming Special Dies from Diamonds L > =
AY . .’

Candlepin Tournament
To Roll Feb. 6-Mar. 6

Figure 9. Raytheon News. 15(1) (1966). p. 2 (Earls & Edwards, 2005, p. 86).

In 1970, by order of the Boeing Corporation, drilling of numerous fans in turbine
blades and parts of the “hot zone” of an aircraft gas turbine engine (GTE) was
performed using a pulsed ruby laser for the first time at the plant of the American
company General Electric, which significantly increased its resource (Vaks,
Milen'kij & Saprykin, 2017, p. 27). By 1974, more than ten advanced Raytheon
systems with Nd:YAG-lasers were successfully operating at the production plants of
General Electric Ind., the largest manufacturer of aircraft engines for civil and military
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aircrafts and for rocket and space equipment at that time. In 1965, Watch Stones Corp.,
the Swiss manufacturer of ruby stones for watches, signed a contract with the Institute
of Applied Physics at the University of Bern to investigate the possibility of laser
drilling of holes in ruby boules, thus opening the “laser era” in Switzerland. At the
beginning of 1972, ASUAG (since 1983 — SWATCH Group SA), the leading Swiss
watch manufacturer, opened a special laser center for the technological study of the
problem. In 1974, the center was transformed into LASAG Corp. with the mission of
developing laser equipment and laser drilling technology for watch ruby stones for the
Swiss and European watch industry.

Drilling holes in heat-resistant and difficult-to-cut materials.

By the mid-70s of the last century, with the rapid development of turbojet
aviation, the task of improving the resource and increasing the calibration interval for
aircraft engines became particularly acute. Dozens of laser systems from Raytheon
(SS-500 and SS-550), Lumonics (JK MS-830), and later — Convergent Energy (Gemini
with Aurora P50) have already operated at GE Aircraft Engines, Rolls-Royce, and Pratt
& Whitney, etc., for drilling fans in turbine blades of the hot zone and in parts of the
combustion chamber of aircraft engines (Vaks, Milen'kij & Saprykin, 2017, pp. 31—
32). The number of fans with a diameter of 250 um to 900 um and a depth of 3 mm to
10 mm in chrome-nickel heat-resistant and difficult-to-machine alloys reached several
hundred per blade and the demand for blades was estimated at hundreds of thousands.
With such a mass production, the high speed and productivity of laser drilling
superseded the competing processes of electrochemical and electroerosion machining
in many factories in a short time. The aerodynamics of the cooling flow of the blade
and the complex external and branched internal profile require the arrangement of the
fans, according to an individual scheme and at different (including “sharp”, up to 15°)
angles to the surface. Therefore, processing is carried out on special high-speed 5-axis
laser machines with precision kinematics. One of the most modern European factories,
MTU Aero Engines, is located in Munich and produces modern aircraft engines,
assemblies and sets of blades both for the Airbus S.A.S. (for the A-320 and A-380
aircraft family) and other aircraft manufacturers. Blades and parts are machined in
three shifts on six LaserTec 80 PowerDrill machines from Deckel-Macho Group
(DMG). The machines are equipped with lasers from Lasag and Rofin-Baasel.

The current stage in the development of laser drilling technologies is closely
related to progress in the development and production of industrial-grade diode-
pumped solid-state lasers generating nano- and picosecond pulses at high repetition
rates.

Laser mikro-cutting of stents.

The fine focusability of laser beams is attractive in mikro-materials processing.
An outstanding example -and one that revolutionized an industry so much so that it
became the process of choice as world demand increased — is laser cutting of stents,
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which started in 1992 (Belforte, 2010). In 1993-1994 a Lumonics low divergence
Nd:YAG laser produced limited success cutting stents and was later replaced by a
Lasag unit, which became a commonly used laser for this application. Stent cutting,
now a major application in the medical devices industry, has been a driver in the
introduction of quality, reliable industrial lasers and motion control systems. Flashlamp
pumped Nd:YAG lasers were succeeded by diode-pumped units, then disc and fiber
lasers, the latter currently the choice for this application. Advanced laser technology in
the form of picosecond and femtosecond lasers are being considered for use with the
new bioabsorbable stents. Today tens of thousands of stents have been produced
worldwide.

Makro-materials processing.

Laser welding.

One of the first laser industrial applications was in welding. The manufacture of
mechanical wristwatches has always required maximum precision. It is therefore not
surprising that the watch industry relies on laser instruments for almost every node.
Haas, a Schramberg-based watchmaker in the German Black Forest region, has
pioneered laser welding of wristwatch springs back in 1964 (Quentin, 2017). Welding
the watch springs required only low laser power, since the steel springs to be welded
were less than one millimeter in size. Shortly thereafter, Haas has begun developing its
own laser radiation sources. In 1971, Haas introduced its first proprietary solid-state
laser: rod laser on Nd:YAG (neodymium-doped yttrium-aluminum garnet). Beginning
in 1992, TRUMPF has begun investing in Haas Laser GmbH to expand its own range
of beam sources, which at the time consisted mainly of CO; lasers. Since then, Haas
Laser has grown into TRUMPF’s Schramberg site, where solid-state lasers are
developed and manufactured.

High-power CO; lasers with good beam quality and reliable output power were
the laser of choice for the joining of sheets of steel that are used in automotive body
manufacturing (Belforte, 2010). Although the first laser blank weld was done
experimentally for British Leyland in 1981 it was the 1983 application for German auto
manufacturer Audi who had need for sheets of metal large enough to be stamped into
a limousine underbody that lays rightful claim as the first production laser welded
blank. No required sheet sizes were available from German steel mills so Thyssen Steel
using a Rofin Sinar 1.5 kW CO: laser welded two pieces of available size sheet to make
the needed size for stamping. Thus was born the laser tailored blank welding business,
which today finds laser tailored blank components used by auto manufacturers
worldwide. In 1984 Toyota stunned the rest of the global auto industry with the
introduction of a laser welded five-piece body side ring for the Camry, which allowed
a choice of metal thicknesses to reduce weight and consequently improve fuel
economy. As the auto industry’s annual demands for tailored blank components
increased an increasing number of new blank supplying subcontractors appeared and
they asked for and received units with higher power (to 8 kW) CO; lasers. The
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contribution of laser welded blanks to the design and production of lighter weight and
more energy efficient vehicles is immense. The ability to mix steel materials and
thicknesses has allowed designers to greatly improve body design and to minimize the
number of components needed to meet strict crash standards.

Laser cutting.

The first experiment in laser processing of materials, which later developed into
an important industrial process for gas laser cutting of metals, was conducted in May
1967 by Peter Houldcroft, who was then Deputy Scientific Director at The Welding
Institute (TWI) in Cambridge, and Arthur Sullivan, who was a laser operator at the
Services Electronic Research Laboratory (SERL) in Harlow Houldcroft and Sullivan,
using oxygen gas to cut 1 mm steel sheet with a focused CO; laser beam. Paul Hilton
describes this event in (Hilton, 1997) as follows:

...In early 1967 Houldcroft designed a 'laser cutting nozzle', its important
feature being the oxygen pressure chamber which would provide the co-axial
reactive assist gas stream in the region of the laser beam focus. This nozzle
arrangement can be seen in the photograph in Figure 10, which was taken during
the first series of cutting trials made during May 1967. The oxygen gas was kept
in the chamber by a flat «pressure windowy, and the beam focusing lens was
positioned above the pressure chamber. The design of the nozzle tip itself, which
had a circular orifice 2.5mm diameter and used a stand off distance of 1.5mm, is
remarkably close to commercial nozzles in use today. The horizontal laser beam
was diverted onto the focusing lens by an aluminised steel mirror. The lens (of
focal length about 300mm) and pressure window were made from sodium
chloride. It was sometime later that potassium chloride was used. The rectangular
block at the top right of the photograph was attached to a rotating handle. This
in fact formed the laser shutter and beam stop. The results of this work were soon
published in the article (A.B.J. Sullivan, P.T. Houldcroft. (1967). Gas-jet laser
cutting. British Welding Journal. pp. 443—445) (Hilton, 1997).

Figure 10. The first oxygen a55|st gas Iaser cuttlng performed in May 1967 (Hilton,
1997).
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The American company Boeing is the first one to integrate laser-cutting on its
production lines. In August 1969, three employees from the Boeing Company
produced a paper on the CO; laser cutting off “hard” materials — titanium, Hastelloy
and ceramic — using the assist gas technique. They concluded that the laser “could be
an effective and economical cutting tool, but a great deal of research and development
may be required before such a machine could be put on the production line”. In the
1970’s, Boeing patented the multi-beams laser-cutting and was among the pioneering
companies cutting titanium with a laser. (Bensoussan, 2016, October 5).

Power).

In 1979, the Italian company Prima Industrie has invented the first 3D laser
cutting process (History Prima Power). Now, this technology is widely used when
cutting cavities and holes with a complex contour in various volumetric parts and
structural units using advanced laser cutting machines (Figure 11) (3D fiber laser
machine Rapido Prima Power).

One of the major contributions from Japan resulted from developments at Amada
in 1985 that led to a “Clean Cut” finish that produced a non-oxidized cut in 3mm
stainless steel on a system shipped in 1986 (Belforte, 2010, January 1). Subsequently
TRUMPF developed inert gas (fusion) cutting with its RF-excited CO; laser in
Germany later in that decade. These processes and others opened the door for high-
quality metal cutting, without secondary operations, a major industry advance.

The use of laser cutting at the present stage.

For more than 50 years after the appearance of the first commercial laser cutting
machines, technical and technological development in this segment has moved along
the path of a slow evolutionary increase in the radiation power of all known types of
industrial lasers and, as a result, an equally smooth increase in the speed and
productivity of the equipment. The quality, accuracy, service, “friendliness” of the
software interface, and the thickness of the workpieces to be processed grew smoothly.
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In the last decade, the development of practical applications of laser cutting has
accelerated significantly. This was mainly determined by the industrial development
and the appearance of new types of high-power diode-pumped lasers with
incomparably higher power density, reliability, service life, and efficiency in the
market. One of the signs of the current stage of development is that the undisputed
leaders of the 1990s in the field of mass cutting of sheet material — CO- lasers — have
been ubiquitously replaced by powerful fiber-optics and disk lasers in recent years,
which have captured more than 70% of the segment of precision cutting of metals with
a thickness up to 20 mm over the past few years. Another feature of the modern
development of laser cutting technologies is associated with the creation of industrial
models of pulsed lasers with nano-, pico-, and femtosecond duration of radiation
pulses.

Conclusions.

1. The modern laser technology market continues to develop actively, as
evidenced by the steady growth in sales since the early 1980s. This indicates that the
demand for laser technology is inextricably linked with the development of high
technology production and scientific-technological progress.

2. The progress of industrial laser technology is expressed in reaching the first
places in sales of fiber-optics and disk lasers, actively displacing CO: lasers, as well as
in an increase in the share of diode lasers, including for pumping fiber-optics, disk, and
Nd:YAG lasers.

3. Recently, the trends in the use of laser technology have changed, in particular,
their industrial and medical applications are decreasing, while there is an increase in
their use in the fields of sensor production and communication.

4. Due to the emergence and development of laser engineering and technologies,
it was possible to bring the aerospace industry (for example, by modernizing the design
of turbine blades), high-precision mechanics (for example, drilling jewel bearings,
laser-based correction of the accuracy of clockwork), liaison and communication (for
example, creation of fiber optic communication) to a qualitatively new level, to create
unique cutting technologies (for example, medical stents), and much more.

Funding.
This research received no external funding.

Conflicts of Interest.
The authors declare no conflict of interest.

References

Anderson, J. E., & Jackson, J. E. (1965). Theory and application of pulsed laser
welding. Welding Journal, 44(12), 1018-1026.

143



https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

Anonymus. (1962, May 1). Hughes Aircraft adding new line. New York Times, 49.

Anonymus. (1966, January). Western Electric uses Raytheon laser in forming special
dies from diamonds. Raytheon News, 15(1), 2.

Belforte, D. (1993). Laser welding: a technology in transition. In Industrial Laser
Review Buyers Guide. Nashua: PennWell.

Belforte, D. (2010, January 1). Milestones in industrial laser materials processing.
Industrial Laser Solutions. Retrieved from  https://www.industrial-
lasers.com/cutting/article/16485102/milestones-in-industrial-laser-materials-

processing.
Bensoussan, H. (2016, October 5). The history of laser cutting: from MASERs to CO>
laser cutting. Sculpteo. Retrieved from

https://www.sculpteo.com/blog/2016/10/05/the-history-of-laser-cutting-from-
masers-to-co2-laser-cutting/.

Bernatskyi, A. V., Berdnikova, O. M., Klochkov, I. M., Sydorets, V. M., & Chinakhov,
D. A. (2019). Laser welding in different spatial positions of T-joints of austenitic
steel. IOP Conference Series: Materials Science and Engineering, 582(1),
012048. https://doi.org/10.1088/1757-899X/582/1/012048.

Bernatskyi, A., Sydorets, V., Berdnikova, O., Krivtsun, 1., & Chinakhov, D. (2020).
Pore formation during laser welding in different spatial positions. Solid State
Phenomena, 303, 47-58. https://doi.org/10.4028/www.scientific.net/SSP.303.47.

Bromberg, J, (1991). The Laser in America, 1950-1970. Cambridge: MIT Press.

Choudhury Kaul, S., Sandhu, M. S., & Alam, Q. (2019). Researching the history of
marginalized issues in management research: A proposed interpretive framework.
Journal of Management History, 25(2), 237-256. https://doi.org/10.1108/JMH-
06-2018-0030.

Cohen, M. I., Mainwaring, F. J. & Melone, T. G. (1969). Laser interconnection of
wires. Welding Journal, 48(3), 191-197.

Conti, R. J. (1969). Carbon dioxide laser welding. Welding Journal, 48(10), 800-806.

Dutta Majumdar, J., Manna, I. (2003). Laser processing of materials. Sadhana, 28(3—
4), 495-562. https://doi.org/10.1007/BF02706446.

Earls, A.R., & Edwards, R. E. (2005). Raytheon Company: The First Sixty Years.
Massachusetts: Arcadia Publishing Library Editions.

Fairbanks, R. H., & Adams, C. M. (1964). Laser beam fusion welding. Welding
Journal, 43(3), 97-102.

Hecht, J. (2010). A short history of laser development. Applied optics, 49(25), F99-
F122. https://doi.org/10.1364/a0.49.000199.

Hess, R. A. (2013). A survey of lasers at the birth of holography. Journal of Physics:
Conference  Series,  415(1), 012027. https://doi.org/10.1088/1742-
6596/415/1/012027.

Hilton, P. A. (1997, August 18). Early days of laser cutting. In L. H. J. F. Beckmann
(Ed.), Lasers in Material Processing, 3097, (pp. 10-16). Munich: Society of
Photo-Optical Instrumentation Engineers https://doi.org/10.1117/12.281076.

144


https://www.industrial-lasers.com/cutting/article/16485102/milestones-in-industrial-laser-materials-processing
https://www.industrial-lasers.com/cutting/article/16485102/milestones-in-industrial-laser-materials-processing
https://www.industrial-lasers.com/cutting/article/16485102/milestones-in-industrial-laser-materials-processing
https://www.sculpteo.com/blog/2016/10/05/the-history-of-laser-cutting-from-masers-to-co2-laser-cutting/
https://www.sculpteo.com/blog/2016/10/05/the-history-of-laser-cutting-from-masers-to-co2-laser-cutting/
https://doi.org/10.1088/1757-899X/582/1/012048
https://doi.org/10.4028/www.scientific.net/SSP.303.47
https://doi.org/10.1108/JMH-06-2018-0030
https://doi.org/10.1108/JMH-06-2018-0030
https://doi.org/10.1007/BF02706446
https://doi.org/10.1364/ao.49.000f99
https://doi.org/10.1088/1742-6596/415/1/012027
https://doi.org/10.1088/1742-6596/415/1/012027
https://doi.org/10.1117/12.281076

https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

Holton, C., Overton, G., Nogee, A., & Belforte, D. (2016, February 1). Annual laser
market review & forecast can laser markets trump a global slowdown. Retrieved
from https://www.laserfocusworld.com/lasers-sources/article/16546938/annual-
laser-market-review-forecast-can-laser-markets-trump-a-global-slowdown.

Holton, C., & Nogee, A. (2021, February 24). Amid crises and challenges, laser
markets stay the course. Retrieved from https://www.laserfocusworld.com/lasers-
sources/article/14196044/covid19-had-a-major-impact-on-global-laser-markets-
yet-revenue-remained-generally-healthy.

lon, J. C. (2005). Evolution of laser material processing. In J. C. lon, Laser Processing
of Engineering Materials. Principles, Procedure and Industrial Application, (pp.
12-40). Oxford: Butterworth-Heinemann.  https://doi.org/10.1016/B978-
075066079-2/50005-2.

Khaskin, V. Yu., Bernatskyi, A. V., Siora, O. V., & Nikulin, O. T. (2011). Study of
influence of conditions of process of laser superficial processing of the loaded
steel articles on structure and properties of obtained layers. Metallofizika i
Noveishie Tekhnologii, 33(SPEC. ISS.), 561-567.

Klauminzer, G. K. (1984). Twenty years of commercial lasers: a capsule history. Laser
Focus/Electro-Optics, 20(12), 54-79.

Loeffer, J. R. (1977). Numerically controlled laser soldering — fast, low cost, no rejects.
Assembly Engineering, 20(3), 32—-34.

LukeSova, H., Andersen, H. L., Kolinova, M., & Holst, B. (2019). Is it hop? Identifying
hop fibres in a european historical context. Archaeometry, 61(2), 494-505.
https://doi.org/10.1111/arcm.12437.

Maiman, T. (1960). Stimulated optical radiation in Ruby. Nature, 186(4736), 493-494.
https://doi.org/10.1038/187493a0.

Maiman, T. H. (2018). Hughes Patent Blunders. In: The Laser Inventor. Springer
Biographies, (pp 191-200). Cham: Springer. https://doi.org/10.1007/978-3-319-
61940-8 22.

Markashova, L., Berdnikova, O., Bernatskyi, A., Sydorets, V., & Bushma, O. (2019).
Crack resistance of 14KhGN2MDAFB high-strength steel joints manufactured by
laser welding. IOP Conference Series: Earth and Environmental Science, 224(1),
012013. https://doi.org/10.1088/1755-1315/224/1/012013.

Moorhead, A.J. (1971). Laser welding and drilling applications. Welding Journal,
50(2), 97-106.

Mueller, R. (2010, April 6). Going mainstream. Retrieved from
https://www.canadianmetalworking.com/canadianmetalworking/news/metalwor
king/going-mainstream.

National Museum of American History. (n. d.) Head Piece from Maiman Laser.
Retrieved from
https://americanhistory.si.edu/collections/search/object/nmah_712855.

O'Neill, G. J. (1983). Laser: the space age tool. The Rotarian, 142(6), 18-21.

145


https://www.laserfocusworld.com/lasers-sources/article/16546938/annual-laser-market-review-forecast-can-laser-markets-trump-a-global-slowdown
https://www.laserfocusworld.com/lasers-sources/article/16546938/annual-laser-market-review-forecast-can-laser-markets-trump-a-global-slowdown
https://www.laserfocusworld.com/lasers-sources/article/14196044/covid19-had-a-major-impact-on-global-laser-markets-yet-revenue-remained-generally-healthy
https://www.laserfocusworld.com/lasers-sources/article/14196044/covid19-had-a-major-impact-on-global-laser-markets-yet-revenue-remained-generally-healthy
https://www.laserfocusworld.com/lasers-sources/article/14196044/covid19-had-a-major-impact-on-global-laser-markets-yet-revenue-remained-generally-healthy
https://doi.org/10.1016/B978-075066079-2/50005-2
https://doi.org/10.1016/B978-075066079-2/50005-2
https://doi.org/10.1111/arcm.12437
https://doi.org/10.1038/187493a0
https://doi.org/10.1007/978-3-319-61940-8_22
https://doi.org/10.1007/978-3-319-61940-8_22
https://doi.org/10.1088/1755-1315/224/1/012013
https://www.canadianmetalworking.com/canadianmetalworking/news/metalworking/going-mainstream
https://www.canadianmetalworking.com/canadianmetalworking/news/metalworking/going-mainstream
https://americanhistory.si.edu/collections/search/object/nmah_712855

https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

Platte, W. N. & Smith, J. E (1963). Laser techniques for metals joining. Welding
Journal, 42(11), 481-4809.

Prima  Power. (n. d.). History Prima Power. Retrieved from
https://www.primapower.com/our-history/.

Prima Power (n. d.). 3D fiber laser machine Rapido Prima Power. Retrieved from
https://www.primapower.com/rapido-3d-laser-machine/.

Quentin, U. (2017, October 8). Time and Light. TRUMPF. Retrieved from
https://www.trumpf.com/ru_RU/presse/onlain-zhurnal/time-and-light/.

Rigby, P. (2010, May 01). And then there was light. Retrieved from
https://physicsworld.com/a/and-then-there-was-light/.

Rose, M. & Hogan, H. A. (2019 June). History of the Laser: 1960 — 2019. Retrieved
from https://www.photonics.com/Article.aspx?AlD=42279.

Shakir, Q. J., & Patel A. R. (2017). Use of lasers in periodontics. International Journal
of Current Research, 9(01), 44806-44809.

Shelyagin, V. D., Krivtsun, I. V., Borisov, Yu. S., Khaskin, V. Yu., Nabok, T. N.,
Siora, A. V., ... Nedej, T. N. (2005a). Laser-arc and laser-plasma welding and
coating technologies. Avtomaticheskaya Svarka, (8), 49-54.

Shelyagin, V. D., Khaskin, V. Yu., Shitova, L. G., Nabok, T.N., Siora, A.V.,
Bernatskyi, A.V., & Chizhskaya, T. G. (2005b). Multi-pass welding of heavy
steel sections using laser radiation. Avtomaticheskaya Svarka, (10), 46—49.

Shelyagin, V., Zaitsev, |., Bernatskyi, A., Sydorets, V., Dubko, A., & Bondarenko, O.
(2018). Contactless monitoring of welding processes with computer processing of
acoustic emission signals. In Proceeding’s 14th International Conference on
Advanced Trends in Radioelectronics, Telecommunications and Computer
Engineering, TCSET 2018. (pp. 706-710). Lviv: IEEE.
https://doi.org/10.1109/TCSET.2018.8336298.

Siora, O. V., & Bernatskyi, A. V. (2011). Development of basic processing methods of
laser welding of joints of dissimilar metals. Metallofizika i Noveishie Tekhnologii,
33(SPEC. ISS.), 569-576.

Storozum, M.J., Zhang, J., Wang, H., Ren, X., Qin, Z.,, & Li, L. (2019).
Geoarchaeology in China: Historical trends and future prospects. Journal of
Archaeological Research, 27(1), 91-129. https://doi.org/10.1007/s10814-018-
9119-5.

Strelko, O., Pylypchuk, O., Berdnychenko, Yu., Hurinchuk, S., Korobchenko, A., &
Martyian, Y. (2019). Historical milestones of creation of computers technology
automated system for passenger transportations management ‘express' on the
railway transport in the USSR. In Proceeding’s 2019 IEEE 2nd Ukraine
Conference on Electrical and Computer Engineering, UKRCON 2019, (pp. 1214—
1219). Lviv: IEEE. https://doi.org/10.1109/UKRCON.2019.8879892.

Strelko, O., Pylypchuk, O., Berdnychenko, Yu., Hurinchuk, S., Gamaliia, V., &
Sorochynska, O. (2019). Historical milestones of electrotechnical equipment
creation for active experiments in the near-earth space by ukrainian scientists. In

146


https://www.primapower.com/our-history/
https://www.primapower.com/rapido-3d-laser-machine/
https://physicsworld.com/a/and-then-there-was-light/
https://doi.org/10.1109/TCSET.2018.8336298
https://doi.org/10.1007/s10814-018-9119-5
https://doi.org/10.1007/s10814-018-9119-5
https://doi.org/10.1109/UKRCON.2019.8879892

https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

Proceeding’s 2019 IEEE 2nd Ukraine Conference on Electrical and Computer
Engineering, UKRCON 2019, (pp. 1229-1234). Lviv: IEEE.
https://doi.org/10.1109/UKRCON.2019.8879983.

Sullivan, A. B. J., & Houldcroft, P. T. (1967). Gas-jet laser cutting. British Welding
Journal, 14(8), 443-445.

Taylor, N. (2000). LASER: The inventor, the Nobel laureate, and the thirty-year patent
war. New York: Simon & Schuster.

The Welding Institute. (n. d.). Laser spot welding. Retrieved from https://www.twi-
global.com/media-and-events/insights/laser-spot-welding.

Thoss, A. (2021, May 20). Global laser markets in the time of COVID-19. Retrieved
from https://www.laserfocusworld.com/photonics-business/article/14200786/
global-laser-markets-in-the-time-of-covid19.

Vaks, E., Milen'kij, M., & Saprykin, L. (2017). Praktika precizionnoj lazernoj
obrabotki [The practice of precision laser processing]. Moscow: Technosphere.

Van Lent, W., & Durepos, G. (2019). Nurturing the historic turn: “history as theory”
versus “history as method”. Journal of Management History, 25(4), 429-443.
https://doi.org/10.1108/JMH-03-2019-0017.

Wikipedia. (n. d.). Theodore Maiman. Retrieved from
https://en.wikipedia.org/wiki/Theodore Maiman

Zhang, B., & Liu, Y. (2019). An overview on the studies of the history of machinery
in China. In: Zhang B., Ceccarelli M. (Eds.), Explorations in the History and
Heritage of Machines and Mechanisms. History of Mechanism and Machine
Science, 37. (pp. 64-73). Cham: Springer. https://doi.org/10.1007/978-3-030-
03538-9 6

Apremiii Bepaanbkuii
[ncturyt enextpo3BaproBanHs iM. €. O. [larona HarionaneHoi akameMii Hayk
Ykpainu, YKpaina

Baaguciaas XackiH
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IcTopisi cTBOpeHHs J1a3epiB i aHAJI3 BIVIMBY IX 32CTOCYBAaHHS IPH 00pooO1i
MaTepiajiB Ha PO3BUTOK NMEBHUX rajgy3eil NPoOMMCJI0BOCTI
Anomauia. Cmamms npuceaueHa ananisy icmopii CmeopenHs 1asepa, K 00H020
3 HQUOINbW ZHAYYWUX MEXHIYHUX 8uHax00i8 20 cmonimms. La cmamms npuceauena
BCMAHOBIEHHIO 38'SI3KY MIJNC Nepioou3ayiclo emanié SUHAX00y Ma 6NPO8AOINCEHHS.
OKpemux 6udig Jazepis, 3 iX GNIUBOM HA CMBOPEHHS OKpeMux 6uUoi8 MexXHIiKu i
NPOMUCTOBUX MEXHONO2I 00pOoOKU Mamepianie, pO3GUMKOM HNEGHUX 2dally3ell
EeKOHOMIKU ma HAYKOBO-MeXHIuHo20 npozpecy 6 yinomy. Ilpu nideomosyi cmammi
BUKOPUCTNOBYBANUCA 3A2ATbHONPULHAMI MemOoOu, AKI WUPOKO GUKOPUCMOBYIOMbCS
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npu ni02omosyi ICMOPUYHUX OOCHIOHUYbKUX poOim. ICMOpUdHuLl Memoo, — OJi
BUBUEHHSl ma iHmepnpemayii mekcmis nepuioodicepesl i NOWYKY THUUX 00KA3is, sKi
BUKOPUCMOBYIOMbCSL OISl OOCTIONCEHHS, d MAKONC BUKIAOY ICMOPUYHUX NOOIlL
NO8'13aHUX 3 PO36UMKOM NA3EPHOI MEXHIKU, ICMOPUKO-2eHeMUYHUL Memoo, — OJis
BUBUEHHSI 2€HE3UCY KOHKDEMHUX ICMOPUYHUX ABUW 1 AHANI3Y NPUYUHHOCMI 3MIH Y
PO36UMKY JIA3EPHOI MEXHIKU, ICMOPUKO-KPUMUYHULL Memo0d, OJisi 8i000pa*CeHHS
NPUYUHHO-HACTIOKOBUX 38 sI3K18, 8I0MEOPEHHsI NOOIU, WO GNIUHYIU HA DPO3GUMOK
JIA3epHOi  MexHIKU;, Memoo icmopuunoi nepioousayii. Pisnomanimms piznux
MOJCTUBUX BAPIAHMIB 3ACMOCYBAHHSA 1A3epie N030A8UNO0 3MO2U POIMICIUMU 6CI
3i0pani mamepiaiu 8 pamkax OOHIEl cmammi i MoMy a8mopu SUPIUUIU 3YNUHUMUCS
Ha ¢haxkmax, AKi Ha ix OYMKY € HAUOLIbW YIKaguMu, 3HAYYWUMU, CIADOBUBUEHUMU 1
manogioomumu. Y cmammi po3enAHYmMi emanu: GUHAX00Y Nepuio20 1a3zepa,
CMBOPEHHS NePULUX KOMEPYIUHUX A3epis; po3poOKU nepuiux 3acmocy8ans 1a3epis 8
NPOMUCTOBUX ~MEXHON02IAX 0b0pobku mamepianie. Oxpemo npudileHo yseazy
«NAMeHMHUM GIUHAMY, AKI CYNPOBOOXNCY8ANU PI3HI emanu CMEOPEHHS .Ja3epis.
llposedeno nopigHanbHULl aHANI3 PO3BUMKY DUHKY JA3€PHOI MeXHIKU 6i0 emany
cmeopenns 0o cydyacrhocmi. Ilokazamo, wo cy4acnuti puHOK 1A3€PHOI MEeXHIKU
NPOO0BHCYE AKMUBHO PO3BUBAMUCS, NPO WO 2080pUmMb CMAOLIbHE 3POCMAHHS
npooaxxcis nazepis, wo mpusac ocmanti 10 poxis. Lle cgiouums npo me, wjo nonum Ha
JIa3epHy MeXHIKY HepO3PUBHO NOG'SA3AHUL 3 PO3ZGUMKOM HAYKOEMHO20 8UPOOHUYMSA 1
HAYKO80-MeXHIYHUM npozpecom. Ilposedenuii ananiz noxkasas, wjo 6 OCMAHHIU 4ac
S3MIHUIUCA MEHOeHYli BUKOPUCMAHHS JA3ePHOI MEXHIKU, 30Kpema 6i00)8acmucsl
CKOPDOYEHHSI  IX NpPOMUCIO8020 [ MEOUYHO20  3ACMOCY8AHHA, NPU  YbOMY
CcnocmepicacmvCs 3pOCMANHL iX 3ACMOCYBAHHS 8 00AACMAX 8UPOOHUYMBA CEHCOPIB |
KOMYHIKayYIl.

Knrwuoesi cnoesa: nazep; icmopis nazepis; Teooop Maiiman, Hayionanenui Myseu
Amepukancvkoi lcmopii; puHok n1asepie; 3acmocy8anHsl 1a3epis

Apremuii bepHaukui
HNuctutyT 3nekrpocBapku uM. E. O. ITatona HaunonanbsHOM akageMun HayK
YkpauHnsl, YKpanHa

BaaauciaaB XacKuH
['yanayHckuit MHCTUTYT cBapku (KuTalicko-yKpaunHCKUN HHCTUTYT CBapKHU
uM. E. O. Ilatona), Kutait

HcrTopus co3gaHus Jia3epoB U AHAJIN3 BJIMSHUSA UX IPUMEHEHH s IPpU 00padoTKe
MaTepHaJiOB HA Pa3BUTHE OTPeleIeHHBIX 0TPacjeil NPOMbIILIEHHOCTH

Annomayus. Cmamvsi nocesiweHa aHAIU3y UCMOPUU CO30AHUS 1a3epd, KaK
00H020 U3 Geruyaruux mexvuueckux uzoopemenuii 20 eexa. Hacmosawas cmamos
NOCBAUEHA VCMAHOGIEHUIO CBA3U MedHcoy Nnepuoousayueli 3manos Cco30auus u
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BHEOpeHUsl OMOENbHLIX BUO08 11A3eP08, C UX BIUAHUEM HA U300pemenHue 0moenrbHblx
8UO08 MEXHUKU U NPOMBIULIEHHbIX MEXHON02ULL 00pabdomKu Mamepuanos, pazeumuem
ONnpeoesieHHbIX OMmpaciell IKOHOMUKY U HAYYHO-MEXHUYECKO20 npocpecca 6 YeloM.
Ilpu noocomoexe cmamvbu NPUMEHATUCL OOWENpUHAmMblEe Memoobl, UWUPOKO
UCnoab3yemMvle Npu  NOO20MOBKE UCMOPUYECKUX UCCTIe008AMEeNbCKUX — pabom.
ucmopuyeckuii  mMemoo, - O U3VYEHUs U UHmMepnpemayuu - mexKcmos
Nep8OUCMOYHUKOB U NOUCKA UHBIX 00KA3AMeNbCME, UCNOIb3YeMbIX 018 UCCIe008aHUS,
a makce U3N0HCeHUs. UCOPULECKUX COObIMULL C8A3AHHLIX C PA3BUMUEM A3ePHOU
MEeXHUKU, UCMOPUKO-2eHEeMUYeCKULl Memoo, - OJisl U3YUeHUs 2eHe3UCa KOHKPEmHbIX
UCMOPUYECKUX S8NeHUll U AHAIU3 NPUYUHHOCMU USMEHEeHUl 6 pa3sumuu jla3epHou
MEeXHUKU,  UCMOPUKO-KPUMUYECKUL MemoOd, O1id OmOOpaMdCeHus: NpUYUHHO-
CIe0CMBEHHBIX CBA3€ll, 80CCO30AHUs COOBIMULL NOGIUABUUX HA PA3GUMUE NA3EPHOLL
MeXHUKUu, Memoo ucmopudeckou nepuoousayuu. Mnoecoobpaszue pa3nuunsix
BO3MOJMCHBIX 6APUAHMOE NPUMEHEHUsl J1A3ep08 He NO360IUN0 PAZMECMUMb BCe
coOpaHHble Mamepuaibl 6 pPAMKAX OOHOU CMamvli U NOIMOMY ABMOPbI PEeUlunu
OCMAHOBUMbBCS HA (akmax, KOmopvle Nno UX MHEHUIO ABIAI0mMcs Hauboee
UHMEPECHbIMU, 3HAYUMBIMU, CAAOOU3VUEHHLIMU U MAIoU3secmHuiMu. B cmamue
paccMompenvl  dmanvl:  U300pemeHus nepeoco  jaazepa, CO30aHUs  Nepevix
KOMMEPYECKUX 1a3epo8; pa3pabomKu nepevix NpUMeHeHuUll 1d3epo8 8 NPOMbIULTIEHHBIX
mexHoao2uax oopabomku mamepuanos. OmoenvHo yoeneHo HUMaHue «NameHmHbIM
BOUHAMY», KOMOpblE CONPOBONHCOANU PA3HbIE dMANbl CO30anus aazepos. Ilposeden
CPABHUMENbHYIL AHAIU3 PA3BUMUSL PbIHKA NA3EPHOL MEXHUKU OM d9MAna co30aHusi 00
cogpemennocmu. llokazamo, uymo co8peMeHHbl pPBLIHOK J1A3€PHOU  MeXHUKU
npooondcaem  aKmuGHO  pa3eUEAmMbCs, O YeM  2080puUm  NPOOOIACAIOUSULICSL
CMaobUIbHBIU POCH NPOOAdLC 1a3epos 3a nociednue 10 nem. Imo ceudemenbcmayem o
MOM, YMO CHpPOC HA JA3EPHYI0 MEXHUKY HEPA3PLIBHO CEA3AH C pa3eumuem
HAYKOeMKO20 NpOoU3600Cmed U HAYYHO-MexXHuyeckum npozpeccom. IlIpoeeodennuiil
aHanu3 NoKa3ajl, Ymo 8 NOoCleOHee 8pPeMsl USMEHUIUCh MEeHOCHYUU UCNOIb3068aAHUs
JIa3epHOU MeXHUKU, 8 YACMHOCMU NPOUCXOOUM COKPAUeHUe UX NPOMbIUIEHHO20 U
MEOUYUHCKO20 NPUMEHEHUs, NpU IMOM HAOI00aemcsi pocm ux HNPUMEHEHUS 8
00.1aCcmAX NPOU3B00CMBA CEHCOPO8 U KOMMYHUKAYUU.

Knrwueswie cnosa: nazep;, ucmopus nazepos; Teodop Maiiman, Hayuonanvnoiu
Myzeii Amepuxanckou Mcmopuu,; pblHOK 1a3epo8;, npuMeHeHUs 1d3epo8
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Representatives of the sugar industry of the Russian Empire at the World's Fair
in Paris in 1900

Abstract. Nineteenth-century world exhibitions were platforms to demonstrate
technical and technological changes that witnessed the modernization and
industrialization of the world. World exhibitions have contributed to the promotion of
new inventions and the popularization of already known, as well as the emergence of
art objects of world importance. One of the most important world events at the turn of
the century was the 1900 World's Fair in Paris. Participation in the World's Fair was
not the first experience of this kind of activity for sugar growers in the Russian Empire.
Most of them were members of the Kyiv branch of the Russian Technical Society, which
in turn took the most active part in the work of blighty and international industrial
exhibitions, receiving high awards. The main sugar enterprises were concentrated on
the territory of modern Ukraine in the possession of several large companies owned
by Tereshchenko, Kharitonenko, Khanenko, Brodskyi, Simirenko, Yakhnenko and
others. The Russian sugar industry occupied a prominent place at the World's Fair in
Paris in 1900, as its share in world sugar production was 17%, and the area of beet
crops, it was ahead of all other countries (in 1900 sugar beets were sown 548,796
hectares). The exposition testified to this powerful development of the industry. At the
World's Fair in 1900, Russia's sugar industry was housed in the Palace of Agriculture
and was represented in the pavilions by well-known sugar firms, such as the
Department of Land (Timashiv Beet Sugar and Refinery), I. H. Kharitonenko and his
son; brothers Lazar and Lev lzrailevich Brodskyi; O. N. Tereshchenko, heirs of
F. A. Tereshchenko; the Tereshchenko brothers, the Botkin brothers (Novo-
Tavolzhanskyi sugar factory); joint-stock companies of sugar and refineries:
“Constance”, “Germanov”, “Gmina Lyshowiche”; E. A.Balasheva (Mariinskyi
Sugar Plant of Kyiv Province), H. H. Balakhovski (Mariinskyi beet-sugar and
refineries of the Kursk province). A characteristic feature of the sugar industry was
that they mainly represented family businesses based on strong family ties, ethno-
cultural and religious values. In addition, they intertwined the functions of owners and
managers. Thus, the author tries to analyze the participation of representatives of the
sugar industry in the World's Fair in 1900 and define the role of exhibitions as
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indicators of economic development, to show the importance and influence of private
entrepreneurs, especially from Ukraine, on the sugar industry and international
contacts.
Keywords: World exhibition; sugar industry; economic cooperation; private
entrepreneurs

Introduction.

The sugar industry of the Russian Empire was one of the leading branches of
agriculture, the level of development of which largely determined the economy of the
state as a whole in the mid-19th — early 20th century. The relevance of the study is
determined by the importance of the appearance of world exhibitions as platforms for
demonstrating technical and technological changes that have become evidence of the
modernization and industrialization of the world. World exhibitions have contributed
to the promotion of new inventions and the popularization of already known, as well
as the emergence of art objects of world importance.

In addition, world exhibitions are the historical context in which we can assess
the economic condition of the country. With the development of capitalism, especially
after the reforms of 1860-1870's in Russia, the nature of the organization, scale and
specialization of exhibitions were begun to change. Their role and significance has
increased. Economic, scientific and technical societies and unions became more and
more often organizers of industrial exhibitions, which testified to the growth of new
tendencies in society. Entrepreneurs from all over the Russian Empire actively
participated in such events and tried to demonstrate their achievements in various fields
of science, technology, agriculture, railway construction and the sugar industry in
particular. World exhibitions of the early twentieth century served to develop
international trade, strengthen and expand economic cooperation between states.
Exhibiting innovations in various fields of science, technology and production was of
great cognitive importance for many areas of human activity. The rate of economic
growth in Russia in the active phase of capitalist industrialization at the turn of the 19th
and 20th centuries was comparable to the rate of growth of the leading countries of the
Western world at that time.

It was a market economy integrated into the world economy. Undoubtedly, the
economic potential of tsarist Russia was concentrated in the agricultural sector. The
sugar industry is a branch of the food industry that specializes in the production of
white granulated sugar from sugar beets or sugar cane. Also, the sugar industry
includes enterprises for the production of refined sugar from granulated sugar. In 1914,
Russia ranked 2nd in the world for the production of beet sugar (after Germany). Of
the 241 sugar factories then operating in the Russian Empire, 203 were located in
modern Ukraine. The main enterprises were concentrated in the ownership of several
large companies owned by Tereshchenko, Kharitonenko, Khanenko and Brodskyi.
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Research methods.

Analysis of publications on the problem shows the existence of different areas of
its study. Investigation concerning the architecture of exhibition complexes by
B. Kuperstein (Kupershtejn, 1899a), (Kupershtejn, 1899b), E. Zeidler (Tsaidler, 1988)
should be noted. The history of Russia's participation in world exhibitions is covered
by V. Kokorev and I. Inozemtseva. Some data on the formation of the agricultural
market, the sugar industry, the penetration of foreign capital into Ukraine, are
contained in the works of S. L. Ronin (Ronin, 1926), K. H. Voblyi (Voblij, 1928).

Among the researchers who study the history of pre — Soviet sugar refining
entrepreneurship in Ukraine and consider some aspects of this problem, we should
mention V. Olyanich (Olyanich, 2000), T. Lazanska (Lazanska, 1996), Yu. Belikov
(Bielikov, 2003), M. Moskaliuk (Moskaliuk, 2008). The works of P. Vinokurov
(Vinokurov, 2001), M. Lachaeva (Lachaeva, 1991), N. Ovchinnikova
(Ovchinnikova,1990), E. Rakov ( Rakov, 2000) are devoted to Russia’s participation
in the World Exhibition in Paris in 1900. Publications by O. Benoit (Benua, 1900a;
Benua, 1900b), P. Ge (Ge, 1900), S. Diaghilev (Diagilev, 1900) are devoted to artistic
life at the Paris Exhibition of 1900. In Polish historiography, the research topic is
covered in the monograph of Eleonora Jedlinska (Jedlinska, 2015).

The author dedicated her work to one of the most important world exhibitions of
the late nineteenth century. According to E. Edlin, the exhibition of the nineteenth
century is a kind of phenomenon of European civilization, and was used mainly to
demonstrate the achievements of science and its application in industry. An important
element of world exhibitions were works of art, considered by the author as an
expression of the synthesis of matter and spirit of modern times.

The main content of her monograph is artistic issues, which is accompanied by
historical, sociological, political and philosophical problems that shape the social
attitudes of the late X1X century. Large fragments relate to the presence of Polish artists
at the 1900 World's Fair — their work and role in shaping the consciousness of Poland's
existence.

The publications of A. Basirov (Basyrov, 1985) and D. Kogan (Kogan, 1964),
I. Shudryk (Shudryk, 2003) and D. Hryhoriev (Grigorev, 2003) are devoted to the
activities of the artist Konstantin Korovin, his participation in the design of Russian
pavilions at the Paris Exhibition in 1900. O. Gaidai (Gaidai, 2013) wrote directly about
the participation of the Kharitonenko trading house in the World Exhibition in Paris.
The activity of sugar magnates of merchant origin and their influence on the economic
development of Ukraine became the subject of O. Donik's (Donik, 2006) research.
T. Vodotyka wrote about outstanding Ukrainian entrepreneurs of the new generation
who made themselves (\Vodotyka, 2019). An interesting group of sources is represented
by the reports of various committees and persons sent to the exhibition (Ministerstvo
finansov, 1901, 117), (Shvarts, 1900). Another group of works of the pre-revolutionary
period is intelligence on the history of the sugar industry. The vast majority of such
publications contain economic and statistical analysis of the development of the sugar
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industry of the Russian Empire in the late nineteenth — early twentieth century. First of
all, these are the works of L. Brokl (Brokl, 1885), L. Volokhov (Volokhov, 1913),
M. Tsekhanovsky (Tsekhanovskii, 1904; Tsekhanovskii, 1911), Y. Janson (lanson,
1869). The technical intellectuals was an advanced detachment of Russian scientific
thought. In the mid-1960s, it founded the Russian Technical Society, an organization
that, from its founding in 1866 until 1917, not only engaged in research in industry,
applied science, and technology, but also concentrated the cultural initiative in its hands
(educational initiatives). 9 branches of this society, which operated in Ukraine, namely
in Kyiv, Mykolayiv, Odesa, Kharkiv, Katerynoslav, Sevastopol, Zhytomyr,
Kremenchuk and Poltava, made a significant contribution to the development of
educational and exhibition work. The most effective of them were Kyiv (Otchet o
dvadtsatipyatiletney deyatelnosti Kievskogo otdeleniya Imperatorskogo russkogo
tehnicheskogo obschestva (1871-1896), 1896), Odessa (Otchet o deyatelnosti
Odesskogo otdeleniya Imperatorskogo russkogo tehnicheskogo obschestva za 1895 g.,
1896), Kharkiv (Otchet o deyatelnosti Harkovskogo otdeleniya Imperatorskogo
russkogo tehnicheskogo obschestva za 1880-1881 g., 1881) and Mykolayiv(Otchet o
deyatelnosti Nikolaevskogo otdeleniya Imperatorskogo russkogo tehnicheskogo
obschestva za 1898 ¢.,1899) branches. O. Pylypchuk wrote a monograph on the
contribution of the Kyiv branch of the Russian Technical Society to the development
of the sugar industry in 2019 (Pylypchuk, 2019).

Information about the life and work of prominent figures of various branches of
the society can be found in obituaries written by the head of the Kyiv branch M. Bunge
in memory of L. Brodskyi (Bunge, 1904, p. 567) and N. Tereshchenko (Bunge, 1903,
p. 18). O. Donik (Donik, 2001) dedicated his dissertation to the activities of the
Tereshchenko family. A thorough article by Arthur Chandler, published in World's
Fair, Volume VII, Number 3, in 1987 (Chandler, 1987), is devoted to the activities of
the World's Fair in Paris in 1900.

The purpose of this article is to analyze the participation of representatives of the
sugar industry of the Russian Empire in the World Exhibition of 1900 and to determine
the role of exhibitions as indicators of the achievements of economic development of
society. It is necessary to show the importance and influence of private entrepreneurs,
especially from Ukraine, on the development of the sugar industry and the
establishment of international contacts.

The research is based on the fundamental principles of scientific knowledge of
objectivity and historicism. The principle of objectivity obliges to consider historical
phenomena and events in all their complexity, versatility and contradiction. The
historical approach places the object of our study in the context of certain socio-
political and economic conditions. Important in the process of working on the topic
was the observance of the dialectical principle, which requires considering the
phenomena in the relationship and interdependence. The principle of historicism
involves the analysis of historical facts in a particular historical environment, in the
dynamics. Adherence to these principles is necessary, given that the theme of business,
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exhibition activities today has not only scientific but also socio-cultural and economic
significance.

The study is based on universal general scientific methods — analytical, synthetic,
logical and special historical methods. The structure of the work is due to the problem-
chronological approach, which made it possible to study the entrepreneurial activity of
sugar producers in the historical dynamics. The chronological method helped to
penetrate deeper into the essence of the problem and consider it in chronological order
of historical facts. Of particular importance in this article is the comparative-historical
(comparative) method, which involves the analysis of events and facts, which are
determined in terms of common and different between them, which becomes the basis
for further interpretations, considerations, explanations and conclusions. After all, in
the process of comparison there is an opportunity for a new, deeper and unbiased view
of the issue. The comparison allows us to show the degree of effectiveness of
management and organizational actions aimed at creating conditions for exhibition
activities.

The structural-system method is necessary because it provides a view of
exhibition activity as a complex system with various socio-economic ties. This method
helped to clarify the nature and features of the interactions of government structures on
business.

The method of social psychology allowed to determine which elements of
consciousness played a major role in the formation of socio-psychological phenomena
inherent in individual entrepreneurs, which played a major role in the development of
the sugar industry. Each study of a problem is based on the general theory of scientific
knowledge, as well as on specific methodological tools.

Ukrainian and foreign historical science are in search of new conceptual
guidelines and approaches that could be used to recreate the multidimensional history
of mankind. Modern historians A. Bolebrukh, J. Kalakura, S. Kulchytskyi, O. Reyent,
V. Smolii, and others work fruitfully in this direction.

Leading for this article is a multidisciplinary (interdisciplinary) approach, which
is reflected in the conceptual apparatus.

The conceptual apparatus of the work is characterized by the use of terms and
categories of both traditional historical and borrowed from other related sciences.

Results and discussions.

For sugar growers in the Russian Empire, participation in the World's Fair was
not the first experience of this kind of activity.

Most of them were members of the Kyiv branch of the Russian Technical Society,
which in turn took the most active part in the work of blighty and international
industrial exhibitions, receiving high awards. For example, in 1873 at the Vienna
World's Fair for a specific collection of items typical of the sugar industry presented
by the Kyiv branch of the Russian Technical Society, including a model of the diffuse
apparatus of the member of the Volyn Beet and Sugar Plant Friedrich Henrikhovich
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(Gavrilovich) Annie system and a model for Oleksii Bobrynskyi — The international
jury of the exhibition awarded the Kyiv branch a bronze medal with a diploma.

In the same year, 1873, members of the society presented sugar products at the
Third London Annual International Exhibition. In particular, on behalf of the Queen of
Great Britain, the sugar in the tiles was awarded a special medal, presented at the
exhibition and first obtained by the method of the director of the Smilyanskyi refinery
— engineer-technologist and inventor Mykola Cherykovskyi. It was the only enterprise
in the Russian Empire that produced such a product. The Smilyanski Sugar Plant,
which belonged to Counts Bobrynskyi, was a model of scientific and technological
progress at that time. Smilyanskyi and Balakliivskyi plants became the basis for the
development of the sugar industry in Ukraine and a practical school of sugar production
for the factories of the Russian Empire (Yelesina, 2012, XXXIl, p. 135).

In addition, two more Gold medals were awarded to exhibits presented by the
Yakhnenko-Simirenko firm, organized by the brothers Terentii, Kondrat and Stepan
Mykhailovych Yakhnenko and Vasyl Fedorovych Simirenko. In 1849, “Kievskie
gubernskie vedomosti” noted: “In terms of the perfection of building construction,
excellent instruments and apparatus used here, the size of spacious premises and
production, the Yakhnenko and Simirenko plant not only ranks first among the beet
sugar and refinery plants in Russia, but has few rivals even abroad”. In July 1876, in
Philadelphia, the International Industrial and Art Exhibition was held, timed to
coincide with the 100th anniversary of the United States, in which almost all European
countries took part. Samples of sugar from 9 Ukrainian factories were exhibited from
the Russian Empire, presented by a separate group “Collection of the Kyiv branch of
the Russian Technical Society”. The examination recognized all sugar samples as
products of the highest grade and presented them to the awards of the 1st and 2nd
classes, and the Exhibition Commission awarded the Kyiv branch of the Russian
Technical Society a large Gold Medal. In 1878, at the Paris World Exhibition, the sugar
industry of the Russian Empire was represented by more than ten sugar factories of
Ukraine (Kaganov, 2016).

Unfortunately, to date, there are no comprehensive, thorough works on the study
of the participation of representatives of the sugar industry of the Russian Empire in
the 1900 World's Fair in Paris.

The World's Fair is a historic event, a chance for each country to demonstrate its
achievements in a variety of fields and an opportunity to improve its trade, cultural and
political reputation in the world. World exhibitions are a kind of tool used by
governments for dialogue with the public, demonstration of the achievements of
national industry, the use of the latest technologies. From another point of view,
according to Arthur Chandler the 1900 exhibition demonstrated in every respect the
feeling that profit and entertainment should come first in the minds of all participants.
In a sense, this is a return to the late medieval spirit of the annual fair, where saints are
honored and decorum, but the motive for profit worried the minds more than the main
task that gave rise to the event. However, this does not mean that the authors or
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exhibitors have lost faith in progress or become cynical about the prospects for

achieving “the greatest good for the greatest number of people” (Chandler, 1987).

Historian Richard Mandell, in his book “Paris 1900: The Great World's Fair”,
wrote:

...As much as France saw its power and fame slip away in other areas, there
was one cultural manifestation in which French supremacy was not contested —
the organization of multipurpose exhibitions. For the French by this time, the
thought of exhibitions evoked emotions surprisingly similar to those that evoked
the thought of the French colonial empire. In the face of political embarrassment,
humiliation in diplomacy, and economic stagnation, the exposition and empire
made up for another defeat to some extent. Although it is unlikely that the creation
of a republic by itself (the empire was promoted by free-planting adventurers,
expositions of autonomous bureaucrats) simultaneously showed (or seemed to be
in this important aspect) a dynamic, resourceful French republic for the whole
world (Mandell, 1967, p. 30).

The World's Fair in Paris opened on April 14, although many pavilions had not
been completed and equipped yet. It lasted until November 12, 1900. Russia was an
exception: the opening of its branch took place on April 17. Due to the special relations
of France with Russia, the government was the first to allocate the largest area for the
Russian exposition — 24 thousand square meters (Rakov, 2000). The symbol of the
exhibition was the meeting of the new century. To participate in it, the empire spent
5,226,895 rubles (of which the government allocated 2,226,895 rubles, and institutions
and exhibitors another 3 million rubles). The commission for the preparation of the
Russian department was headed by the director of the Department of Trade and
Manufactures V. Kovalevskyi. V. Tenishev was appointed General Commissioner of
the Russian department, and R. Meltzer was appointed chief architect (Ovchinnikova,
1990, p. 27). The main pavilion was built in the medieval Russian style, with many
towers, tent roofs, jagged walls, patterned windows, reminiscent of the Moscow
Kremlin. The exhibition focused on the ethnography of the so-called suburbs — Siberia,
the Far North, Central Asia, the Caucasus. Several halls and an exposition in the Palace
of Civil Engineering were dedicated to the construction of the Great Siberian Way, the
Russian oil industry, and a rubber manufacturing company (Zdaniya i sooruzheniya
Vsemirnoy vyistavki v Parizhe 1900 g., 1899).

The Russian sugar industry occupied a prominent place at the World's Fair in Paris
in 1900, as its share in world sugar production was 17%, and the area of beet crops, it
was ahead of all other countries (in 1900 sugar beets were sown 548,796 hectares). The
exposition testified to this powerful development of the industry (Otzyiv “Journal des
Fabricants de Sucre” o nashey saharnoy promyishlennosti na Parizhskoy vsemirnoy
vyistavke, 1900, 1-39, p. 1034).

Special exhibitions such as the Sugar Industry Exhibition had two main
objectives. The first one was to acquaint visitors with the history of the sugar industry,
the technique and technology for processing beets into sugar, with the final product
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intended for consumption. And the second task was to acquaint specialists with the
latest machines, technical improvements and devices. And if the first task was easy
enough to implement at exhibitions, then with the second, certain problems arose. First
of all, it was the reluctance of factories supplying new machines for sugar processing
to exhibit them at world exhibitions, since progress in mechanical engineering was
visible only in the way of work, and it was impossible to show it at the exhibition.
Therefore, the exhibitions mainly demonstrated equipment and devices related to
scientific and chemical research, chemical and technical control of production, and the
fight against pests of sugar beet. There was no direct benefit to the owners of sugar
factories from exhibitions. Sugar, as an item of trade, which has the same composition
and appearance, cannot be subject to competition on external grounds, as in other areas
of industry. Sugar markets at the end of the 19th century were already defined, and it
was not realistic to find new buyers through exhibitions. Therefore, many sugar
refineries did not see the point in serious participation in world exhibitions. The sugar
department at the 1900 Paris World's Fair confirmed this position (Vestnik saharnoy
promyishlennosti, 1900, p. 753). Among the countries participating in the exhibition,
the most successful was the exposition of the Society of Austrian Sugar Makers. In a
small pavilion, the Sugar Industrial Museum of the Czech Polytechnic exhibited
models of 39 shells and apparatus used in sugar production and developed mainly by
Czechs. A collection of different types of sugar and a collection of production waste
were presented. On live specimens, diseases of the beet tops and roots were
demonstrated. As a result of scientific research, changes in sucrose under the influence
of high temperatures, all kinds of chemical compounds of sugar, a collection of bacteria
developing on beetroot were presented. In addition, there were presented bagasse,
fodder for oxen and horses, made from peat and molasses, from bagasse and molasses,
a systematic collection of molasses de-sugar products. For chemists, the latest
instruments used in laboratories at sugar factories were exhibited, such as the Strohmer
revolving polarimetric device with 18 polarimetric tubes, the Strohmer beet respiration
monitor, the newest Fritsch polarimeter with glass rocks (Vestnik saharnoy
promyshlennosti, 1900, p. 754). There was no collective exhibition in the Russian
department. At the World Exhibition, the Russian sugar industry was housed in the
Palace of Agriculture and was represented in the pavilions by well-known sugar firms,
such as the Administration of Lots (Timashevskyi Beet Sugar and Refinery),
I. H. Kharitonenko with his son; brothers Lazar and Lev lzrailevich Brodskyi;
O. N. Tereshchenko, the heirs of F. A. Tereshchenko; brothers Tereshchenko, brothers
Botkin (Novo-Tavolzhansk sugar plant); joint stock companies of sugar beet and
refinery factories: “Constance”, ‘“Hermanov”, “Lyszkowice”; E. A. Balasheva
(Mariinski sugar factory, Kyiv province) H. H. Balakhovski (Maryinskyi sugar beet
and refinery of Kursk province) (Sliaskii, 1900, p. 755). The government of the Russian
Empire sought to collect as many original exhibits as possible, therefore, for the
exhibitors, it approved a number of benefits: free provision of premises at the
exhibition, acceptance, at the expense of the treasury, costs of shipping exhibits, their
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insurance, arrangement and finishing of the Russian department. Another characteristic
feature of the representatives of the sugar industry was that they mainly represented
family enterprises based on strong family ties, ethno-cultural and religious common
values. In addition, they intertwined the functions of owners and managers. The
success of the family business was determined by the ability to accept and use foreign
experience, the willingness to cooperate with representatives of different national and
religious groups. The World's Fair provided such an opportunity. It was only necessary
to use it wisely.

The largest exposition was at the Trading House “I. H. Kharitonenko and his son”,
whose products were of high quality. Its enterprises actively implemented the latest
achievements in the field of sugar beet production. At the family's sugar factories there
were quite powerful experimental fields at that time (Zhukov, 1898). P. Kharitonenko
attracted talented engineers and designers to work at his sugar enterprises, which had
a positive effect on production. Kharitonenko's sugar warehouses were not only in
many cities of the Russian Empire (Sumy, Moscow, St. Petersburg, Kharkiv, Tomsk,
Vladivostok, Novosibirsk), but also in France, Scotland, and Persia (Derzhavnyi arkhiv
Sumskoi oblasti, f. 235, op. 1, spr. 93).

P. Kharitonenko's showcases were designed by the famous architect F. Shekhtel
(Berton, 1991, p.265). At one time he designed the neo-Gothic mansion of S. Morozov,
the house of Ryabushynskyi (now the museum-apartment of O. Gorkyi), the house of
Derozhynska (now the Australian Embassy in Moscow) and the mansion of
P. Kharitonenko in Moscow (now the residence of the British ambassador) (Berton,
1991, p. 15). On fairly spacious scaffolding were installed on three sides of oak
cabinets, distinguished by elegant carvings. On the fourth side was an entrance
protected by two lions made of wood. In the middle was a table on which are albums
with photographs of factories and outbuildings. In addition, awards of previous
exhibitions, portraits of lvan Herasimovych and Pavel Ivanovych Kharitonenko,
photos of the main savings, horse breeding, cattle breeding, a group of employees led
by the owner. The cabinets housed the massecuite (a thick, viscous mass formed after
evaporation from sugar syrup water, which consists of sugar crystals and
intercrystalline liquid, containing 92-93% dry matter), sugar | crystallization and
yellow Il crystallization, refined main and sawn. According to the list of items intended
for the World's Fair in Paris in 1900, refined sugar was prepared in pieces, tiles, in
ordinary wrappers, mixed and thin 5 poods of each type; split in height and width — 3
poods. Samples of sugar and yellow sand were taken from 8 plants in the usual form
for sale (3 poods each). In addition, samples of bread, corn and beet seeds (4 varieties)
produced on the estates were placed in the showcases. Bread in grain was presented in
a variety of varieties, 2 varieties of winter wheat, spring, rye, oats, barley, millet
(Derzhavnyi arkhiv Sumskoi oblasti, f. 235, op. 1, spr. 57).

Brochures were compiled especially for the exhibition, from which visitors could
learn basic information about the participants. In particular, it was reported that the
Trading House “I.H. Kharitonenko with his son” owned in Kharkiv, Kursk, Chernihiv
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and Poltava provinces own arable land and meadows (35, 535 acres), leased land
(17,193 acres), forests (10,842 acres), a total of 63,570 acres of land (Sliaskii, 1900,
p. 755). In addition, the Trading House owned 1 sugar refinery and 7 sand and sugar
factories (one leased). Among them were the Pavlovsk refinery in Sumy and sand and
sugar factories: Natalivskyi, Parkhomovskyi, Yankovo-Rogskyi, Ugroyedskyi,
Chervono-Yaruzskyi, Rzhavskyi and Parafievskyi. They processed beets produced
mainly on their own estates. For sowing beets, 11,700 tithes and 2,000 tithes were
leased annually, and the average beet harvest was 1.4 million and 1.75 thousand
berkivtsi. Beet processing and annual sugar production were expressed in the following
figures: Pavlovsk refinery produced up to 2.2 million poods of refined, and sand and
sugar factories processed about 1.575 million beets and produced 2.065 million poods
of crystalline sand, using 1758 horsepower and 3124 workers. The average sugar yield
was 52.5 pounds (Sliaskii, 1900, p. 756). It should be noted that all factories had
schools for the children of workers, hospitals, pharmacies and free medical care for
both sick workers and the local population. In addition to the factory hospitals, the
Kharitonenko family also maintained a 30-bed central hospital in Sumy.

The exhibition of sugar factories and factories of N. A. Tereshchenko and the
heirs of F. A. Tereshchenko was placed in cupboards around the stage. The jars
exhibited: white sugar I crystallization, yellow sugar II crystallization, massecuite,
molasses with an indication of chemical analysis, several copies of beetroot and cutting
samples. Chemical engineer, Mr. Kohlen, gave explanations to the visitors of the
Tereshchenko pavilion. The average annual production of sugar at their factories was
2,257,772 poods, with 1,698,166 berkovts of beet processed. N. A. Tereshchenko
owned Tetkinskyi, Andrushevskyi, Staro-Osotyanskyi sugar factories. The heirs of
F. A. Tereshchenko owned the Chervonskyi, Korovinetskyi, Martynovskyi sugar
factories. The partnership of the Tereshchenko brothers owned the Voronezh and
Krupetskyi factories (Vestnik saharnoy promyshlennosti, 1900, p. 757). The estates
Andrushevskoe, Golovkovskoe, Volfinskoe and Manukhovskoe, owned by
N. A. Tereshchenko, consisted of 23,619 tithes of arable land and 13,788 dessiatines
of forests. Every year, 417,000 berkovts were collected on N.A. Tereshchenko's own
plantations. Tula and Mykhailovskyi refineries exhibited head refined, sawn and
chopped, refined massecuite. Numerous photographs were exhibited depicting
factories, schools, hospitals, outbuildings. The average annual processing of sugar at
these factories was 900 poods at Tula, 800 pounds at Mykhailovskyi (Vestnik saharnoy
promyshlennosti, 1900, p. 757).

The estates of the heirs of F. A. Tereshchenko: Chervonske, Korovinetske,
Martynovske, Hlushetske, Privitovske, Miastkovske and Olshanske had a total of
58,857 dessiatines of land. Of these, the arable land was 33,199 dessiatines, and the
forestry 18,171 dessiatines. An average of 490,000 berkovites were collected from
these lands. In total, the amount of arable land and forests of the Tereshchenko family
reached 101,639 dessiatines with an annual beet production on their own plantations
of 907,000 berkovts (Vestnik saharnoy promyishlennosti, 1900, p. 758).
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The pavilion of brothers Lazar and Lev Izrailevich Brodskyi was presented in the
Russian style with high towers. In cabinets with glass walls on all sides, jars with
samples of massecuite I, Il, 11l crystallization, white sugar | crystallization, yellow
sugar Il crystallization and molasses were exhibited. In addition, refineries presented
samples intended for processing, crystalline sand, syrups, sawn and crushed refined
sugar of various sizes. All items on display were accompanied by chemical analysis. A
large number of photographs told about the internal structure of factories, factory and
economic structures, schools and hospitals. The Brodskyi’s issued a brochure that
could serve as a model for the exhibitors, in which they reported that they owned 16
sugar factories. Of these, 3 are sand refineries and 13 are sugar refineries (Vestnik
saharnoy promyshlennosti, 1900, p. 789). The average annual productivity of three
refineries in Odessa (2,500,000), Lebedinskyi (1,000,000) and Koryukovskyi
(1,500,000) was 5,000,000 poods of sugar. The equivalent value of 5,000,000 poods of
refined sugar was 27,500,000 rubles (Vestnik saharnoy promyshlennosti, 1900,
p. 790). The Brodskyis owned 34,796 tithe of their own land, including 17,842 tithes
of forests and 31,615 tithes of leased land. The area of their own and leased land for
sowing beets was 30,900 tithes. The wages of workers and employees of the plant a
year amounted to 1,517,490 rubles. The excellent technical equipment of the plant and
the efficient management allowed Brodskyi to reduce the cost of producing one pound
of sugar. Its cost was: for technical expenses — 50.05 kopecks, for management costs
20.37 kopecks, a total of 70.02 kopecks. The cost of producing one pound of refined
sugar was 41.25 kopecks. At the Brodsky factories there were 10 savings banks with a
capital of 226,000 rubles, 16 hospitals for 160 beds with pharmacies and constant
medical care, 2 two-grade schools for 400 children, 2 one-class schools for 200
children. In addition, there were 10 libraries, 2 reading rooms, 2 own orchestras of
workers and artisans, 4 cheap teahouses and 20 barracks for 8000 workers (Vestnik
saharnoy promyshlennosti, 1900, p. 791).

Kharytonenky, Tereshchenky and Brodskyis represented the world's largest
sugar-processing firms. The owners of these firms were called sugar kings. Later, less
significant firms were presented at the exhibition and, accordingly, their showcases
were more modest.

A fairly systematic collection of sugar products was exhibited in the window of
the Mariinskyi sugar factory, which was located in the Kyiv province, in the Moshno-
Horodishchenskyi estate of E. A. Balasheva. Visitors were exposed to: beet cutting,
diffusion juice, massecuite I and II crystallization, white sugar I crystallization and
yellow Il crystallization, samples of lime, molasses, separation waste sugar, beet seeds.
An informational description of the estate was attached to the display case. It indicated
that the estate occupies 43,481 tithes, of which 20,640 tithes of land, and 22,841 tithes
of forests. The farm was operated on 20 farms, of which 12 were beet farms. Own beets
were grown on an area of 1,700 acres of land. The plant had a savings and loan, a two-
year school, a 12-bed hospital and a meteorological station. The description showed
graphical data on production. The next in the exposition was a cabinet with products
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produced by the Maryinskyi sugar beet and refinery of the Kursk province owned by
H. H. Balakhovskyi. He presented several samples of head and sawn refined sugar,
white sugar of I crystallization and samples of beets. How the plant worked, how it was
equipped, one could learn from the collection of photographs of the sand and refinery
departments. No explanatory note was provided on the size of the production.

Novo-Tavolzhanskyi beet sugar plant, which belonged to the Botkin brothers,
placed its exposition on the table. There were presented two small barrels with sugar
of I crystallization, samples of beet seeds and breads produced in the estates.

At the World Exhibition in Paris, joint stock companies of sugar beet and
refineries were presented. These were "Constance" (Warsaw province, Kutnovskyi
district, commune Kutno, village Constance. Joint-stock company of Kutnovskyi
sugar-beet refinery. Steam engines were used, the number of workers was 561 people),
“Hermanov” (Joint-stock company of beet-sugar and refinery plant, Sokhachevskyi
county, commune and the village of Szymanow (Spisok fabrik i zavodov Rossiyskoy
Imperii. 1912 g., 1912, p. 136). Steam engines were used, the number of forces was
450, the number of workers was 652 people) and “Lyszkowice” (Joint-stock company
of Lovici district, commune and village of Lyszkowice. Steam engines were used
number of forces 258, number of workers 392 people), which jointly exhibited a
collection of refined sugar samples. In the Russian sugar department, the well-known
machine-building plant “Borman, Shvede and Co” was presented, which exhibited an
apparatus for boiling refined sugar (Spisok fabrik i zavodov Rossijskoj Imperii, 1912,
p. 134-136).

The Department of Districts placed the products of the Timashevsk sugar beet
plant on Trocadero Square, in the Kremlin, next to other industrial products.
Everything at this exposition was thought out to the smallest detail. Numerous
statistical and graphic tables showed production data, photographs made it possible to
see the technical equipment of factories, houses and hospitals. Detailed brochures have
been compiled to guide the display. Timashevsk plant displayed samples of beets,
massecuite, white sugar I crystallization, yellow II crystallization, heads of refined
sugar of various sizes. From the description, visitors to the exhibition could learn that
the Timashevsk sugar beet and refinery was located in the Samara province. It owes its
origin to the English company “Johnson Montgomery Woker & Co”, which first
introduced the sugar beet culture in the Samara province. The daily processing of beets
at the plant was 1500 berkovts. The plant processed beets exclusively from the
plantations of specific estates, calculated for it according to the sugar content of the
beets. The refining department processed granulated sugar, which was purchased from
other factories and produced about 650,000 poods of refined sugar per year. There was
a hospital at the plant, medical assistance was provided, there was a school for 130
workers' children and a meteorological station. A distinctive feature of the sand and
refinery was the presence of electric motors driven by turbines, which were located on
the Kineli River, at a distance of 300 fathoms from the plant.
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The French “Journal des Fabricants de Sucre” published a review of the
participation of the Russian sugar industry in the Paris World's Fair. The article noted
that the Russian sugar industry had developed quite rapidly over the past ten years.
However, the author noted that the intensive means of production, typical of France,
Germany, Belgium, and the Netherlands, were rarely used in Russian farms, as a result,
their yields were extremely low. As an example, the following figures were given:
1899-1900 in Germany, 399 plants produced 1.791 million tons of sugar with 428,142
hectares of crops, that is, an average of 1,073 hectares per plant. In Russia, at the same
time, 269 plants produced, for 510,568 hectares of crops (that is, an average of 1,892
hectares per plant), only 925 thousand tons of sugar. On the other hand, from 1 hectare
of crops in Germany received 4180 kg of sugar, and in Russia only 1813 kg. Thus, the
author came to the conclusion that Russia was dominated by extensive farming. In
terms of sugar consumption, Russia also occupied a rather modest place among other
countries, which was due to the high tax on sugar and, consequently, its high cost.
Thus, the consumption of sugar in 1898—-1899 in Russia was about 5.86 kg per person,
while in Sweden or Norway — 15.76; The Netherlands — 13.13; Germany — 14 kg
(Otzyiv “Journal des Fabricants de Sucre” o nashey saharnoy promyshlennosti na
Parizhskoy vsemirnoy vystavke, 1900, 1-39). Although in the early twentieth century,
Russia was forced to sell surplus sugar production abroad.

In addition, the author of the article in the “Journal des Fabricants de Sucre” drew
attention to the exhibits of the Trading House “I. H. Kharitonenko with his son”, the
companies of the brothers Lazar and Lev Brodski, the Society of the Tereshchenko
Brothers, noting that all the high awards they received deservedly won. However, the
greatest reward during the World's Fair for P. Kharitonenko was the news that the
definition of the Department of Heraldry of the Government Senate of October 26,
1900, his wife, daughters Elena, Natalia and son Ivan recognized in the hereditary
nobility, with the right to enter the first part of the noble genealogical book
(P. Kharitonenko himself was raised in the hereditary Russian Empire Noble Dignity
on April 18, 1899, for particularly useful activities in the field of blighty industry)
(Derzhavnyi arkhiv Sumskoi oblasti, f. P-2362, op. 1, spr. 4.)

The World Paris Exhibition of 1900 demonstrated not only the success of sugar
production in the Russian Empire, but also the fruitful work of industrialists and
entrepreneurs. During the exhibition, the Russian exposition received 1,589 awards:
212 higher, 370 gold medals, 436 silver, 347 bronze and 224 honorary awards
(Tsvetkov, 2018).

By the end of the exhibition, France could congratulate itself on the most
successful exhibition ever organized. While the attendance figures fell short of
expectations — 60 million visitors was the figure expected by the panelists — the results
(51 million) made it by far the highest attendance of any exhibition. More than 83,000
exhibitors took part in the exhibition, more than 42,790 prizes of various degrees were
awarded. The 127 congresses brought together over 80,000 participants and renewed
Paris' reputation as a meeting place for the world. Paris showed the world that the city
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was at the forefront of technological innovation. Yet for all the statistical triumphs, the
1900 exhibition marked the end of an era. The industrial exhibitions, architecture, and
art of 1900 symbolized a summary of the nineteenth century rather than an omen of the
twentieth, except that technology promised to be a major force in the entertainment
industry.

Conclusion.

Turning to the history of participation in the World's Fair, which had become a
colossal common cause, a real manifestation of a public initiative that brought together
thousands of people from different walks of life, is important in both historical and
practical contexts. An exhibition or international fair is a platform where a country can
share its achievements with the rest of the world. At the beginning of globalization,
these events were organized in the form of pavilions from different countries of the
world, providing information about their citizens and culture. It was also popular to
present new inventions from all over the world at the exhibitions.

However, such events were sometimes held for propaganda purposes, since
politics and money were of great importance in this area.

A comprehensive study of the participation of sugar producers in the Russian
Empire in the exhibition business of the early twentieth century will help not only to
analyze their contribution to improving the quality of industrial development, to
characterize the interaction of industrial cultures of Russia, Western Europe and the
world, but also to consider it as part of the Russian Empire as part of the modernization
process. Becoming one of the recognized leaders of the world community in the sugar
industry, sugar growers at the World's Fair in Paris in 1900 significantly contributed to
strengthening the prestige of the Russian Empire abroad. The exhibition gave a
powerful impetus to the further spread of the industrial revolution and the development
of advanced industries in the sugar industry.

Thus, the experience of exhibition activities at the turn of the XIX—XX centuries
can be taken into account in terms of studying the development of the global economy
and culture. To date, the world has accumulated vast experience in organizing and
conducting exhibition and fair activities. The Exhibition today enables a particular
enterprise to carry out simultaneously communicative, pricing, sales and product
policies. An appeal to the history of the preparation and holding of exhibitions in the
pre-reform period, and especially in the post-reform period, when they became a
colossal common cause, a real manifestation of public initiative, bringing together
hundreds and thousands of people from different social strata, is useful both in
historical and practical terms.
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Ouasbra I'alipai
YopHOMOpChKUi HalllOHaNbHUN yHIBepcuTeT iMeH1 [lerpa Morunu, Ykpaina

IIpencraBHUKH HYKPOBOI pomMuciaoBocTi Pocilicbkoi imnepii Ha BeecBiTHii
pucrasui y Ilapuxki 1900 poxy

Anomauyia. Bceceimui sucmasxku  Oes’smuaoysmoeo cmonimms Oy
MAtoauuukamu OJisi OeMOHCMPAayii MexHIiYHUX i MeXHOJNO2IYHUX 3MIH, Wo cmaiu
c8i0ueHHAM MoOepHizayii ma inoycmpianizayii ceimy. Bceceimmui eucmasxu cnpusiiu
NPOCYBAHHIO HOBUX BUHAXOOI8 | NONYIAPUAYIL 8HCE BIOOMUX, A MAKONC NOSGI apm-
00'exmis c8imosoeo 3uauents. OOHIEN 3 HAUBANCIUBIUUX CEIMOBUX NOOIU HA PYOexCi
cmonimb cmana Bceceimus Bucmaska 6 Ilapuoci 1900 poxy. [[ns yykpo3zasoouuxis
Pociiicokoi imnepii yuacms y Beecgimmuiti ucmasyi ne 6yna nepuium 00c8i0om markozo
6uoy oisnvbrHocmi. binvwicms 3 Hux 6ynu urenamu Kuiscorxoeo 6iodinenns Pociticbkoeo
MEeXHIYHO20 MOBAPUCMBA, SIKe 8 C8010 Yepay OPalo HAUAKMUBHIULY Y4aCcmb ) pobomi
BIMYUSHAHUX MA MIHCHAPOOHUX NPOMUCTIOBUX BUCABOK, OMPUMYIOYU HA HUX BUCOKI
Hacopoou. OCHOBHI YYKpos8i nionpuemcmea OyiU CKOHYEHMPOBAHI HA Mepumopii
cyuacnoi Vkpainu y 60J00IHHAX KIIbKOX GEIUKUX KOMNAHIU, WO HALedcaiu
Tepewenkam, Xapumonenxkam, Xanenxam, bpoocexum, Cumupenkam, HAxuenxam ma
inwum. Pociticoka yykposa npomuciogicme 3aumana nomimue micye Ha Bceceimmniu
sucmasyi 6 Ilapuxci 1900 p., adoce ii yuacms y c8imo8oMy GUPOOHUYMET YYKDPY
cknaoana 17%, a 3a niowero OYpAKosux nocieie 60Ha UNepeddIcald 6Ci iHui Kpainu
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(na 1900 p. yykposumu dypaxamu 6yno 3acisno 548796 ea). Excnosuyisn 3aceiouuna
yeu NOMyH#CHUU po3suUmox 2anysi npomuciosocmi. Ha Bececeimniu sucmasyi 1900 poky
yykposa npomuciosicme Pocii posmiwysanaca 6 Ilanayi 3emnepobocmea i Oyna
npeocmaeneHa 6 NAGLIbUOHAX BI0OMUMU YYKPOBUMU (hipmamu, mMaKumu sK
Ynpaeninna yoinie (Tumawisckouti Oypaxoyykposuil i pagiHaouuii 3a800),
L I'. Xapumonenxo 3 cunom;, opamu Jlazap i Jlee I3painesuui Bpoocovki;
H. A. Tepewenko, cnaokoemyi ®@. A. Tepewenxo, opamu Tepewenxu, bpamu bomxinu
(Hoso-Tasgonxcancokuti yykKposuii 3a600), aKYIiOHEepHI MmMOo8apucmea YyKposux I
paginaonux  3aeoodis:  “Koncmanyis”, “I'epmanos”, “Imina Jluwuxoeiye”;
E. A. banawesa  (Mapiincoxkuti  yykposuii — 3a600  Kuiscvkoi  2ybepHii),
I'. I banaxoscvxuti (Map incokutl Oypsaxoso-yykposuti i paginadnuil 3a600u Kypcoxoi
2ybepHii). XapakmepHoio 0coOIUBICMI0 NPeOCMA8HUKIE YYKPOBOI NPOMUCIOB0CHI
0y110 me, Wo 80HU 8 OCHOBHOMY NPeOCMABIAIU PaMibHI NIONPUEMCMBA, 3ACHOBAHI HA
MIYHUX POOUHHUX 38'S3KAX, eMHOKVILbMYPHUX I peiciUHUX CRITbHUX YiHHocmsax. Kpiv
Mo20 8 HUX nepeniimanucs QyHKyii e1acuuxie i ynpasninyis. Taxum yuHom agmopka
6 cmammi 3pobums cnpoby npoaHanizy8amu yiacmes npedCcmasHUKi8 YyKpoeoi 2any3i
v Bceceimuinu eucmasyi 1900 p. ma euznauumu poab BUCMABOK K HNOKA3HUKIG
00CsACHEHb EeKOHOMIYH020 PO3BUMKY CYCRIIbCMBA, NOKA3AMU 3HAYEHHS Mda 6Niue
NPUBAMHUX NIONPUEMYIB, 0COOIUBO 3 VKpaiHu, Ha pO36UMOK YYKPOBOI NPOMUCTIOBOCHE
ma 6CMAHOBNIEHHs MIHCHAPOOHUX KOHMAKMIG.

Knwuosi cnoea: escecsimusa 6ucmaska; yykKpo8a HNPOMUCTIOBICMb; CLIbCbKe
20Cn00apcmeo0’; eKOHOMIYHe CNiBpOOIMHUYMEBO ; NPUBAMHI NIONPUEMYT

Ouasbra I'aiipai
YepHOMOpPCKMI HAIMOHAJIBHBIA YHUBEPCUTET UMEHM 1leTpa Moruiel, Ykpanna

IIpencraBurenu caxapHoil MPOMBbILLJIEHHOCTH Poccuiickoil uMmnepun Ha
Bcemupnoii BoictaBke B [Tapu:ke 1900 roga

Annomauusn. BcemupHvle 8bicmagKku 0emHaoyamo2o 6exa ovLiu niouaoKamu
011 OeMOHCMpAyuu  MEeXHUYecKUx U MeXHOJI0SUYeCKUX U3MEHeHUl, Cmauu
CBUOEMENbCMBOM MOOEPHUIAYUY U UHOYCMPpUAIU3ayuu mupa. Bcemupnvie ebicmagxu
Ccnocobcmeosanu NpoOBUMCEHUIO HOBbIX U300pemeHull U NONYIAPUIAYUU Ve
U3BECMHbIX, A MAKH#CEe NOAGIEHUI0 apm-00beKmos mMupogoco 3Hauenus. OOHUM u3
BAJCHEUUX MUPOBBIX coObImUll Ha pybedxce ekoé cmana Bcemupnas Bvicmaska 6
Hapuoce 1900 ecooa. /lna caxapozasoouuxos Poccuiickou umnepuu yuacmue 60
Bcemupnoii evicmaske ne 0bL10 nepeviM ONBIMOM MAKO20 6UOA OessMeNbHOCHU.
bonvuwuncmeo uz nux 6w unenamu Kueeckoeo omoenenus Pyccko2o mexuuyeckoeo
obwecmea, Komopoe 6 c801 ouepedb NPUHUMANO AKMUEHOe yuacmue 8 pabome
OmMeuecmeeHHbIX U MeHCOYHAPOOHBIX NPOMBIUIEHHBIX 8bICINABOK, NOJYYAS HA HUX
gvicokue Hazpaovl. OcHoBHbIEe caxapHble NPeonpusmus ObliU CKOHYEHMPUPOBAHbL HA
meppumopuu co8pemMeHHol YKpaunvl 60 61a0eHUU HeCKOAbKUX KPYNHbIX KOMNAHUL,
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npunaonexcaswux Tepewenko, Xapumomnenxo, Xamemrxo, bpoockum, Cumupenko,
Axnenxo u opyeum. Poccuiickas caxapnas npomMbluUIeHHOCMb 3AHUMANA 3AMEMHOe
mecmo Ha Bcemuproii evicmaske 6 Ilapuoice ¢ 1900 2., 6edw ee yuacmue 6 Mupo8om
npouseoocmee caxapa cocmaensina 17%, a no niowaou c8eKio8UUHbIX NOCEBO8 OHA
onepedicana ece ocmaivhvle cmparwl (8 1900 caxapHoti ceexnoti 6bL10 3acesino 548
796 2a). Dkcnosuyus noomeepounda maxoe MOWHOe pa3eumue 3Mou OMmpaciu
npomviunennocmu. Ha Bcemupnoti evicmasxke 1900 2oda excnosuyus caxapHou
npomwiuiennocmu  Poccuu  paszmewanace 6o /[léopye 3emnedenus u Owviia
npeocmasieHa 8 NABUNbOHAX U38ECMHLIMU CAXAPHLIMU QUPMaMU, MAKUMU KAk
Vnpasenenue yoenos (Tumawiesckuil ceexknocaxapHvili U paguHAOHbIL 3A600),
U. I'. Xapumonenko c¢ coimom, opams Jlazapo u Jles Hspaunesuuu bpoockue;
H. A. Tepewenko, nacneonuxu @. A. Tepewenxo, opamvs Tepewenko, oOpamus
bomkunwr  (Hoso-Tasonxcanckuii  caxapuwiii  3a800); aKYUOHepHvle 00Ujecmsa
CBEKNOCAxXapHuvlX U paguHaoHvlx  3a60008:  “Kowcmamyua”, “I'epmanos”,
“Joruxosuye”; E. A. banawesa (Mapuunckuii caxapuwiii 3a600 Kuesckoii eybepruu)
I'. I'. banaxosckuii (Mapvunckuti C8eKOIbHO-CAXaApHbLl U PAPGUHAOHBIU 3AB800bL
Kypckoii  2ybepnuu). Xapaxmepnou ocobenHocmbvlo npeocmasumeneli CaxapHou
NPOMbBIULIEHHOCMUY ObIIO MO, 4MO OHU 8 OCHOBHOM NpPeoCmAasisanu QamuibHvle
npeonpusamusl, OCHO8AHHblE HA NPOYHBIX POOCHBEHHBIX CEA35X, IMHOKYIbMYPHBIX U
penucuosHvlx obwux yennocmsax. Kpome moeo, 6 mux nepennemanuco yukyuu
enaodenvyes u ynpasienyes. Taxum obpazom aemop 6 cmamve NONLIMAEMCS
NPOAHATUSUPOBAMb YUacmue npedcmasumeneli caxapHou ompaciu 6o Bcemuphot
svicmaske 1900 200a u onpedenums poJib 8bICMABOK KAK NOKA3ameell 00CMUNCEHULL
IKOHOMUYECKO20 pa3sumusi obujecmsed, noxKazamev 3HAYEHUE U GIUSAHUE YACTNHBIX
npeonpunumamenel, 0cobeHHo U3  Vkpauwei, Ha  pazeumue  caxapHou
NPOMBIULIEHHOCMU U YCIMAHOBIEHUS MENCOYHAPOOHBIX KOHMAKMOB.

Kniouegvie cnosa: Bcemupuas 6vicmasKka; caxapHas NpOMbIULIEHHOCYb;,
cenbcKoe X03A1CmMB0; 9IKOHOMUYECKOe compyOHUYecmaeo, yacmHule
npeonpunumameny
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Contribution of Professor K. G. Schindler (1869-1940) in formation of
agricultural mechanics, theory and practice of testing of the agricultural
machines and tools in Ukraine

Abstract. The article highlights the life and creative path of the outstanding
domestic scientist, theorist, methodologist and practitioner of agricultural engineering
K. G. Schindler, associated with the formation of agricultural mechanics in Ukraine.
The methodological foundation of the research is the principles of historicism,
scientific nature and objectivity in reproducing the phenomena of the past based on the
complex use of general scientific, special, interdisciplinary methods. For the first time
a number of documents from Russian and Ukrainian archives, which reflect some facts
of the professional biography of the scientist, were introduced into scientific
circulation. The main directions of fruitful pedagogical and scientific activities of
K. G. Schindler, key segments of his creative search, which determined the further
development of agricultural engineering, his leadership in the scientific community
were described. It was proved that Professor K. G. Schindler has the primacy in
founding the Station of Testing for Agricultural Machines and Tools at the Kiev
Polytechnic Institute, which provided students of agronomic and mechanical faculties
with the opportunity to get acquainted with the existing types and designs of tillage
machines, systematically test its research methods. In addition, the station carried out
scientific work on the study of certain issues of agricultural mechanization,
development of methods and devices for research of agricultural machinery and
implements. The seven functions of the agronomic-type research station developed by
scientists for the first time in Europe at the beginning of the last century have become
a reference point for many generations of researchers of agricultural machinery.
K. G. Schindler was the first in the world to theoretically substantiate the need to
improve the design of tillage equipment depending on soil and climatic conditions,
made a significant contribution to the theory of soil deformation with the shelf of the
plow body. In addition, he improved the Sakka dynamometer, developed a control
dynamometer to check traction dynamometers and other devices, improved existing
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and developed new designs of tillage machines. K. G. Schindler was the first in
Ukraine to teach a course in agricultural engineering.
Keywords: K. G. Schindler; agricultural industry; research station of
agricultural machines and implements; Kiev Polytechnic Institute

Introduction.

One of the basic directions of the modern history of agricultural science in
Ukraine is the study of the intellectual biographies of its prominent representatives,
which express domestic priorities in the modern information space, contribute to the
formation of ideas about the integral process of organizing agricultural research and
the dissemination of industry education. The study of their creative heritage will help
to revive the national idea in Ukraine, to ensure the unity and continuity of generations
of agricultural scientists. Considering this, agricultural biography should become the
fundamental segment of research on the history of domestic agricultural science. The
development of this direction is especially important in conditions when the biography
of the humanities is becoming more active, the scientists of which have suffered more
from political actions than the researchers of natural disciplines.

At the same time, a new surge in the development of biography studies and the
reconstruction of biographies of agricultural scientists is associated with a rethinking
of previous historical knowledge, a shift in research emphasis from the “history of
elites” to “second plan” personalities, a turn to historical anthropology, micro-level
research, and an appeal to interdisciplinary methods in the study biographical
information. A striking figure in the history of agricultural science in Ukraine is
Professor K. G. Schindler — a talented scientist in the field of agricultural mechanics,
teacher and organizer of the educational process. Generating approaches laid down by
K. G. Schindler have not lost its relevance and are a roadmap for posterity.

The purpose of this work is to reconstruct the contribution of Professor
K. G. Schindler in the formation of agricultural mechanics, theory and practice of
testing the agricultural machines and tools, to show his role in the organization of
higher branch education in Ukraine.

Research methods.

The methodological basis of the research is formed by the principles of
historicism, scientific nature and objectivity in converging the phenomena of the past
based on the complex use of general scientific, special, interdisciplinary methods. The
general scientific methods such as synthesis, analysis, induction and deduction were
used to determine the object and subject, goals and objectives, scientific novelty of the
article, formulation of conclusions and generalizations. The article uses a modern
categorical-conceptual apparatus applied by historians, biographers and specialists in
other branches of science, taking into account the interdisciplinary nature of this
research. The complex application of various means of search, analysis and synthesis
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provided the possibility of optimal use of archival documents and materials, published
sources, scientific works.

Results and discussion.

The special role of K. G. Schindler in the development of domestic mechanical
engineering was noted in a number of publications by his contemporaries, colleagues
and students. First of all, it should be noted the publication of A. Beretti about the
article by the scientist on American threshers (Beretti, 1898). The articles of
M. M. Kagan, V. I. Nagibin, S. N. Bogoiavlensky about the Station for Testing of
Agricultural Machines and Tools at the KPI (Kagan, 1902; Nagibin, 1909;
Bogoiavlensky, 1913). After the emigration of K. G. Schindler in 1919, the situation
with regard to the results of his work changed radically and moved, at best, into the
format of statements of some facts of his biography and activities. In the early 1920's,
the compilers of a joint collection dedicated to the 25" anniversary of the Kiev
Polytechnic and Kiev Agricultural Institutes (Kiev Polytechnic and Kiev Agricultural
Institute, 1923) first spoke about the role of K. G. Schindler in creating the Station of
Testing for Agricultural Machines and Tools at the KPI, as well as the Cathedra of
Mechanical Engineering created by him, where a new scientific school was born; in a
stated form, his pedagogical activity is revealed, and especially as the Dean of the
Mechanical and Agricultural departments of the Kiev Polytechnic Institute of Emperor
Alexander Il. In the future, all references to K. G. Schindler pass into the
fragmentariness of practically the same direction.

Some information about the life and work of K. G. Schindler is reconstructed in
publications on the Russian emigration by S. Narizhnyi, Z. Sladek, L. Ye. Kovalevsky
(Narizhnyi, 1942; Sladek, 1991; Kovalevsky, 1991). In the essay on history, prepared
for the 100" anniversary of the KPI, its authors named K. G. Schindler in the galaxy of
“... outstanding scientists ...” who, together with E. F. Votchal and P. R. Slezkin taught
at the agronomic department, as well as with V. L. Kirpichev, S. P. Timoshenko,
E. O. Paton, G. G. Metz, S.P. Sheinterg, etc. formed his own scientific school
“...agricultural engineering” and it became “... leading in training for agricultural
engineering” ( Bieliakov, et al., 1995, 20-21).

Academicians of the Russian Agricultural Academy and the Ukrainian Academy
of Agricultural Sciences P. M. Vasilenko and L.V. Poghorily have addressed some
achievements in the field of agricultural engineering of this famous scientist
(Vasylenko & Voitiuk, 1998; Poghorily, Mudruk & Shkvyra, 2003). A number of
publications about K. G. Schindler have prepared by the author of this article
(Verhunov, 2019; Verhunov, Mudruk, 2001; Verhunov, Mudruk, & Shkvyra, 2019).
However, all the listed works do not give a complete picture of the scientist's
personality and only fragmentarily coverage certain aspects of his life and work.

K. G. Schindler occupies an honorable place in domestic and world agricultural
science. Despite the high assessment given by Academician V. I. Vernadsky in 1911,
an ordinary professor of the KPI of Emperor Alexander Il K. G. Schindler, as an
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outstanding scientist and teacher, other luminaries regarding his creative research, first
of all, in the field of testing agricultural machines and tools (Vernadsky, 2002, p. 197),
fundamental discoveries in the field of plow construction, and historians regarding the
organization of educational process in the KPI, as well as inventions presented at all
kinds of competitions, however, due to the solely ascertaining of individual facts of the
biography, numerous inconsistencies continue to remain and even the pages of his good
deeds that have not been fully investigated in the name of the further development of
domestic and world science.

Two editions, prepared on the basis of materials from Ukrainian and Russian
archives, to some extent reveal in some detail some of them, especially regarding the
stay and work of K. G. Schindler during the period of emigration (1919-1940)
(Verhunov & Mudruk, 2001, p. 6; Verhunov, Mudruk, & Shkvyra, 2019, p. 12-15).
The new documents that became available not so long ago made it possible to reveal
more contextually the activities of K. G. Schindler during his work at the KPI of
Emperor Alexander Il and especially fill the years of stay in KPI with theoretical,
methodological and practical meaning in the field of testing agricultural machines and
tools. The same applies to expanding the understanding of his creative activity to create
new types of plows, seeders and other agricultural implements.

Thanks to familiarization with previously unavailable archival documents,
unknown facts about the biography of the scientist were revealed. He was born on June
15, 1869, in Tver in a family of Swiss citizens — Gabriel Schindler and Emilia Miiller,
who had a residence permit in the Russian Empire (SA Tver region. F. 848. D. 1. C.
228. P. 25). In 1887, he graduated from the additional class of the Tver real school,
receiving secondary education. Demonstrating a penchant for the exact sciences, from
September 1 of the year he entered the Mechanical Engineering Department of the
Imperial Moscow Technical School (SAK. F. 18. D. 2. C. 289. P. 102). After
completing a full course of study, in 1893, he was awarded the title of mechanical
engineer, as well as personal honorary citizenship, provided for in paragraph 2 of § 23
of the “Charter” of the school. During studies, he first got acquainted with the
competition for testing agricultural tools, held on September 12, 1892 at the
educational and practical Butyrsk farm of the Agricultural School of the Imperial
Moscow Society of Agriculture, already then noted the absence of specially trained
specialists for expert assessment of the economic suitability of agricultural machines
and tools in some soil and climatic conditions of the country (Perepelkin, 1896, p. 11).

K. G. Schindler began a career as a mechanic at the Borinsk sugar plant of
brothers S. and N. Gardenin, located near Lipetsk, Tambov province, where he worked
until 1895. In the same year he went to Germany, Austria, Switzerland for study the
agricultural machines and tools. For some time he performed private work on the
installation of equipment at the factories of the Central Industrial Region, in the
summer of 1896 he taught and supervised practical classes for students on the study of
agricultural machines at the Moscow Agricultural Institute, where K. G. Schindler got
to know the future Honorary Academician of the USSR Academy of Sciences
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V. P. Goriachkin (1868-1935). Together with him, he organized the Second
Competition-Exhibition of Agricultural Machines from July 10 to August 12, 1896
under the auspices of the Imperial Moscow Society of Agriculture at Butyrsk Farm.

K. G. Schindler prepared two fundamental “Reports” for the sections of the
exhibition: 1) reapers and reapers-binder; 2) complex threshers and locomotives
(Perepelkin, 1897, pp. 6-89). The level of professionally prepared reports testified to
the emergence of a talented specialist in this field. In his opening remarks,
K. G. Schindler and V.I. Grinevetsky first proposed to organize the special stations for
the theoretical and practical study of agricultural machines and implements (Kagan,
1902, p. 8). They proved the need for state transfer of agricultural engineering issues
to the specialized scientific institutes.

As one of the best specialists in the field of agricultural machinery, the Ministry
of Agriculture and State Property sent K. G. Schindler to Germany, France, England
and North America to study industrial mechanical engineering. In Paris, he got
acquainted with the activities of the Station for Testing Machines and Tools headed by
Professor Ringelmann. The scientist displayed the results of what he saw in the United
States in a series of articles on the pages of the magazine “Boss” published in 1897—
1898. These publications not only brought him well-deserved fame and authority, but
also became the impetus for the beginning of a professional discussion among
specialists. An example was the presentation of K. G. Schindler features grain storage
at American elevators (Beretti, 1898, p. 1184). In the end, the discussion contributed
to the introduction of the American approach in the Russian Empire.

In 1897, K. G. Schindler published an original brochure with 48 figures in the text
— “From Practice for Practice. Agricultural tools and machines. I. Plow”, which was
recognized as a helpful manual for both farmers and students of agricultural
educational institutions of the Ministry of Agriculture and State Property
(Bibliografiya, 1898, p. 388). According to the proposal of the Governor of the
Kharkov Educational District of September 25, 1898 No. 79042, K. G. Schindler was
appointed a lecturer for the hire of the Kharkov Technology Institute of Emperor
Alexander Il (KhTI), which opened in July 1885, with the instruction to lead the
drawing lessons in one of the first-year groups for six annual hours with a reward for
each annual hour of 120 rubles (SAK. F. 18. D. 2. C. 289. P. 71).

There are several reasons for K. G. Schindler's move to Kharkov. In the first place
was the government's decision to start systematic training of specialists for agricultural
engineering. To this end, on the basis of the recommendation of the ministers of public
education and finance, KhTI was proposed to open an appropriate cathedra, as well as
a Station for Testing of Agricultural Machines and Tools. At a meeting of the Scientific
Committee of the KhTI on May 14, 1895, this recommendation was unanimously
supported (SA Kharkov region. F. R-1682. D. 2. C. 370. pp. 13-16). The new cathedra
was headed by Adjunct Professor G.A. Latyshev (1857-1922), who also performed the
duties of equipping a Station for Testing of Agricultural Machines and Tools similar
to a station at the University of Halle (Germany) (SA Kharkov region. F. R-1682. D. 2.
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C. 370. P. 134). After moving to Kharkov, K. G. Schindler and G. A. Latyshev took an
active part in an attempt to reorganize the educational process at the institute.

K. G. Schindler in the presence of the director and the clerk of the institute signed
the “Sworn List”, in which he made an oath to serve faithfully and obey His Imperial
Majesty in everything (SA Kharkov region. F. R-1682. D. 2. C. 370. P. 3). A little later,
on October 8, 1898, a new proposal was received from the trustee of the Kharkov
Educational District under No. 7444 —to work as a laboratory assistant created in 1895
at the KhTI and in fact the first in the Russian Empire specialized station for testing
agricultural machines and tools with retaining the right to conduct drawing classes for
first year students (SAK. F. 18. R-1682. D. 2. C. 289. P. 71).

By letter No. 91 of December 19, 1898, classified as “secret”, the director of the
KhTI turned to the Moscow chief police officer with a request to provide information
about “... police reliability ... of mechanical engineer K. G. Schindler”. Already on
December 25, 1898, he allowed K. Schindler to be a teacher at the Kharkov
Technology Institute of Emperor Alexander Il (SA Kharkov region. F. R-1682. D. 2.
C. 370. P. 10). In turn, the director of the institute notified “His Excellency Mr. Trustee
of the Kharkov Educational District “About receiving a document on the reliability of
K. G. Schindler”. At that time, obtaining such a document was more important than the
professional qualities of the applicant for the position. In his letter of consent, the chief
police officer asserted that K. G. Schindler, while living in Moscow, had “... approving
behavior and moral qualities, he was not involved in political matters” (SA Kharkov
region. F. R-1682. D. 2. C. 370. P. 15). Almost immediately, K. G. Schindler became
involved in all the components of the organization of the scientific and educational
process at the institute. He was appointed a temporary member of the economic
committee for summer time instead of Professor Gemilian, who was on leave (SA
Kharkov region. F. R-1682. D. 2. C. 370. P. 27). In fact, he was considered at the
institute as deputy members of the economic committee during their vacations.

K. G. Schindler was invited to participate in competitions for testing agricultural
machines and tools produced, first of all, in the European part of the Russian Empire.
So, according to the petition of the Kursk Provincial Zemstvo Board of June 28, 1899,
which followed the recommendation of Professor G.A. Latyshev, K. G. Schindler was
invited to take part in the corresponding competition on August 25-31 in Kursk and
September 15-17, 1899, in Korochi, Kursk province. The zemstvo asked
K. G. Schindler to prepare general characteristics of the known tools before the start of
the competition, as well as to inform what devices were needed for expert assessment,
including the Burg's dynomometer. The director of the KhTI asked the Trustee of the
Kharkov Educational District to send K. G. Schindler to these competitions, as a result
of which he received consent and an advance payment of 75 rubles “... from the
amounts to strengthen the funds of the Kharkov Technology Institute” (SA Kharkov
region. F. R-1682. D. 2. C. 370. pp. 28, 29).

At that time, the director of the KhTI — a well-known scientist in the field of
mechanics and strength of materials, Professor V. L. Kirpichev (1845-1913) drew
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attention to a young, gifted, hardworking employee. After his appointment in 1898 as
director of the newly established Kiev Polytechnic Institute of Emperor Alexander I,
he, by letter dated May 16, 1899, invited K. G. Schindler to the position of
Extraordinary Professor of the Cathedra of Applied Mechanics (SAK. F. 18. D. 2.
C. 289. P. 103). It was agreed that K. G. Schindler, starting from September 1, 1899,
would officially teach mechanics at the agricultural department and a special course in
agricultural engineering at the Mechanical Department (SAK. F. 18. D. 2. C. 289.
P. 18). Nevertheless, the process of official admission to the KPI, unfortunately, was
delayed for various reasons. There was a possibility that K. G. Schindler would take
the position of acting Extraordinary Professor in the Cathedra of Mechanics at the
Warsaw Polytechnic Institute of Emperor Nicholas Il (SAK. F. 18. D. 2. C. 289. P. 14),
as evidenced by a letter dated November 3, 1899, from the Vice-Director of the
Department of Trade and Manufactures of the Ministry of Finance to the director of
this institute. K. G. Schindler became a full-fledged full-time teacher only from
December 31, 1899, according to the transferring and permission of ... His Excellency
Mr. Minister of Finance” (SAK. F. 18. D. 2. C. 289. P. 72), but not beginning of 1900,
as D. Zhurilo writes in monograph (Zhurilo, 2016, p. 88).

There is reason to assert that the choice of Kiev for the implementation of creative
plans for K. G. Schindler was no accident. As it was possible to establish, the stories
and letters of his cousin, R.F. Schindler, who completed a full course of sciences at the
Faculty of Medicine of the Imperial University of St. Vladimir and from December 16,
1881, was approved as a Doctor with honors, served as a positive perception of this
possibility (SAK. F. 16. D. 465. C. 4761. P. 168). However, the main argument in favor
of Kiev and its polytechnic institute was, of course, a personal Professor
V. L. Kirpichev's invitation for K. G. Schindler with the prospects of conducting
research in the field of testing of the agricultural machines and tools (SAK. F. 18. D. 2.
C. 289. P. 103). Before starting teaching at KPI, with the permission of the Minister of
Finance, he went on an overseas leave to Germany for a month to inspect the factories
of the agricultural machines (SAK. F. 16. D. 465. C. 4761. P. 71).

At a joint meeting of the agricultural and chemical faculties on March 18, 1900,
K. G. Schindler substantiated the need to open a Station for the Testing of Agricultural
Machines and Tools at the KPI (Kramarenko, 1924, p. 188; Nagibin, 1909, pp. 38-53).
Director of the institute K.A. Zvorykin, recommending K. G. Schindler for the position
of acting Dean of the Agricultural Department, wrote that he not only possesses “...
excellent lecturer qualities ...”, but also outstanding ... organizational and
administrative skills” (SAK. F. 18. D. 2. C. 289. P. 30). These qualities, in his opinion,
K. G. Schindler demonstrated by creating a machine testing station at the KPI, without
adequate budgetary funding. Thanks to the researches of the scientist, it was possible
to prove “... a great importance of the mechanical tillage, contributing to both a more
perfect way of using existing soil constituents, and saving moisture, depending on its
type and condition” (SAK. F. 18. D. 2. C. 289. P. 31).
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By constantly experimenting, the station made it possible to expand the design
possibilities of using agricultural machines and tools obtained under strict scientific
conditions. In addition to considering exclusively the technical side of the issue,
K. G. Schindler structurally filled the Station for Testing Agricultural Machines and
Tools of the KPI, which he was creating, not only with a special laboratory, but also
with an experimental field. The scientist argued that in the study of agricultural
machines and tools, as much attention as possible should be paid to the final result of
all agricultural operations, namely, the level of the yield of cultivated plants. In
addition, the station provided an opportunity for students of the agronomic and
mechanical faculties of the KPI to get acquainted with the existing types and designs
of agricultural machines and tools directly in operation, as well as study the methods
of its research. Besides, scientific work was carried out on the study of some issues of
agricultural mechanization, as well as the development of techniques and instruments
for testing of the agricultural machines.

Among the devices which almost until the end of the 30s of 20th century used in
the country when testing agricultural implements should, in the first place, put the
redesigned K. G. Schindler traction Sakka dynamometer. There was a serious flaw in
its primary design, namely the absence of a device giving a zero line on the diagram
and the use of a simple wooden pencil, reinforced with a clamping screw. As a
consequence, the control measurements gave a significant error in the measurement
values. Practically from the first days of its activity, the Kiev Station of Testing for
Agricultural Machines and Tools faced this shortcoming. As a consequence,
K. G. Schindler developed and proposed some design improvements. The wooden
drum was replaced with an aluminum one, in which two spring plates were fixed.
Instead of millimeter steel, use specially lined and cut paper into separate sheets. A
small sharp-toothed roller was adapted to draw a constant line, which was pressed by
a spiral spring. They started using a specially designed metal pencil. In addition, they
completely abandoned the hinges, redesigning the dynamometer by replacing the
conical buffer spring with a cylindrical one. Moreover, another type of self-recording
dynamometers ‘... with a flat spring” was made. By the way, all dynamometers
designed by K. G. Schindler were manufactured by the KPI Mechanical Workshop,
whose products in 1903 ... at the exhibition of professional schools ... from the
organizing committee took second place after the Imperial Moscow Technical School.’
On the basis of about 5000 annual measurement diagrams obtained, the corresponding
measurement procedures for both new structures based on the Sakka dynamometer
were developed, and two basic principles of their use were proposed: stress gets tired
and deformed; 2) conclusions with the existing theory of agricultural machines and
implements should be based on a large number of repeated observations or on mass
experiments. As a consequence, K. G. Schindler proposed a method for dynamometric
accounting when plowing simultaneously with measuring the width and depth of the
furrow. According to it, the assessment was carried out on eight furrows (4 in one and
the other direction). However, the general conclusion was taken for six furrows. As for
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the self-regulating device redesigned by K. G. Schindler, for a long time in the Russian
Empire he was considered a control (reference) and all institutions that had traction
dynamometers annually sent them to the Station for testing agricultural machines and
tools of the KPI for verification. Among them is the Imperial Agricultural Museum in
St. Petersburg, where “... a dynamometer for horse drives designed by
Prof. K. G. Schindler ... “was used for... inspection of plow dumps and their correction’
(Bogoiavlensky, 1913, pp. 290-292).

K. G. Schindler was directly related to the opening of the Station for Testing of
Agricultural Machines and Tools of the Elisavetgrad Agricultural Society in 1907. He
developed principles and an estimate, chose the location of the station and the director-
learner — V. I. Nagibin. All the proposals were accepted by the society during
K. G. Schindler's visit to Elisavetgrad on February 10-13, 1907 (SAK. F. 18. D. 2.
C. 289. P. 52). Subsequently, on its basis, according to the decision of the Kherson
provincial zemstvo of April 20, 1911, the famous Ajam Experimental Station was
created, headed by M. I. Irlikov (now the Institute of Agriculture of the Steppe of
NAAS). A little later, in 1912, the Yakimovsk Test Station was opened under the
leadership of D. D. Artsybashev, and then — in Orel, Samara, Tashkent,
Blagoveshchensk, Vyatka and at the Plotyansk Experimental Station.

K. G. Schindler was one of the first in Europe to develop the seven functions of
the agronomic-type test station, which have been a reference point for many
generations of agricultural technicians (Verhunov, & Mudruk, 2001, p. 21; The tasks,
1907, p. 6). Today, only the number of tests have changed, and the equipment has
become more energy-intensive, automated and using a space navigation system.
However, the generating approaches laid down by K. G. Schindler have not lost its
relevance. In accordance with its, only in Ukraine, Leonid Poghorily's Ukrainian
Research Institute for Forecasting and Testing of Equipment and Technologies for
Agricultural Production, Cathedra of Mechanization of Tillage and Sowing of
Agricultural Crops of the NSC “Institute of Mechanization and Electrification of
NAAS”, Academician P. M. Vasilenko's Department of Agricultural Machines and
Systems Engineering of Faculty of Mechanics and Technology of National University
of Life and Environmental Sciences of Ukraine are functioning.

The first in world practice, the scientist prepared and published in 1902 a
fundamental work — the atlas of agricultural machines “Polytypes, sketches and
drawings of machines-tools of modern agriculture” in the series “The doctrine of
agricultural machines and tools” (Polytypes, 1902). In 1904, based on the “Atlas”,
K. G. Schindler publishes no less, as they say, the requested special monographs:
“Machinery-tools of modern agriculture” (The machines — implements, 1904) and
“Theory and design of arable tools” (Schindler, 1904). These publications revealed the
evolution of the design and manufacturing technology of plows, and K. G. Schindler
established himself as an outstanding historian of science and technology.

The competitions for testing agricultural machines and tools brought
K. G. Schindler deserved fame as a leading specialist in his field in the country and the
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world. The first official of these was the competition for testing sugar beet seeders
(from six manufacturing plants) held in the summer of 1902 in the “Sukhoi Yar” estate
of the Countess M. E. Branitska's countryseat near Bila Tserkva. The initiator of the
event was the Kiev Society for Mutual Assistance of Farmers and Foresters with
Higher and Secondary Education, in which K. G. Schindler was one of ten honorary
members. He became the developer of the “Test Program” published prior to the
competition. After this competition, dozens of similar ones took place. Suffice it to
recall: 1) the test of self-feeders for steam threshers in the Zhukovsk economy of Prince
V. S. Kochubei in the Poltava region in July 1904; 2) in the estate “Pady”
V. L. Naryshkina (Saratov province) in the summer of 1905; 3) in the Sharov economy
of L. Ye. Kening (Kharkov province) in September 10-22, 1905; 4) in the economy
“Sukhoi Yar” in the estate of Countess M. E. Branitska near Bila Tserkva — beet cutters
in May 24, 1907; 5) in the spring of 1908, organized by the Elisavetgrad Society of
Agriculture — plows and seeders; 6) testing of combined seeders under the auspices of
the Kiev Mutual Aid Society of Farmers and Foresters with Higher and Secondary
Education in the summer of 1908; 7) threshers under the auspices of the Ekaterinoslav
Provincial Zemstvo on June 3, 1908; 8) plows, organized by the Benderov District
Zemstvo Council (Bessarabian province) on May 26, 1909; 9) agricultural machines
and implements on the Freidenberg estate, organized by the Finnish Central
Agricultural Society on August 25, 1909; 10) tools for surface tillage, the organizer of
the competition of which was the Poltava Provincial Zemstvo on June 25-26, 1910,
and others. And these are only those for which, under the editorship of K. G. Schindler,
large-circulation available official “Reports” were published. There is documentary
evidence the competitions were held in other regions of the Russian Empire, for
example, in the Caucasus and Crimea (SAK. F. 18. D. 2. C. 289. P. 60).

On November 14, 1905, in the main physical auditorium of the Kiev Polytechnic
Institute, K. G. Schindler, after six years of promises, publicly defended his
dissertation presented at the Mechanical Department entitled “Theory and design of
arable tools” for the title of Adjunct Professor of the Institute (SAK. F. 18. D. 2. C. 289.
P. 40). The level of the prepared dissertation, the depth of the results examined in
questions of theory and methodology, as well as the brilliant defense almost
immediately brought K. G. Schindler into the ranks of the leading scientists in the field
of applied mechanics not only in the country, but also in the world. After successfully
defending his dissertation, by orders of the Minister of Trade and Industry of December
13, 1905, K. G. Schindler was appointed an Extraordinary Professor in the Cathedra of
Mechanics, and on January 19, 1907, an Ordinary Professor in the same cathedra. The
desire to be approved as an Ordinary Professor in the Cathedra of Mechanics of the
KPI prompted him on May 4, 1906 to officially resign from the post of Dean of the
Agricultural Department (SAK. F. 18. D. 2. C. 289. P. 71, 49).

Since 1907 K. G. Schindler was among the first 14 members of the Bureau of
Agricultural Mechanics of the Scientific Committee of the Main Directorate of Land
Management and Agriculture, created by the Tsar's Decree in 1894 (Erk, 2004, pp. 40—
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41). The scientist took part in almost all official events organized by the Bureau in the
capital, as well as machine competitions throughout the country: Yekaterinoslavl,
Bezenchuk, Vitebsk, Odessa, held in 1910-1911. During its visit, he prepared expert
opinions and assessments. K. G. Schindler received an invitation to become a member
of the editorial board of the well-known 12-volume edition “Complete Encyclopedia
of Russian Agriculture and Related Sciences”. He not only reviewed, but also wrote
articles for it, for example “Steam Plows” to Volume VI (Schindler, 1912). He was
among the members of the editorial committee of the agricultural and economic journal
of the South Russian Society for the Promotion of Agriculture and Agricultural
Industry, better known as the Kiev Agricultural Syndicate — “Economy” (1906).

The outstanding authority of K. G. Schindler in the professional environment of
scientists and teachers is evidenced by the fact of his election as Chairman of the Board
of a specialized creative branch scientific association — the Kiev Agronomic Society,
which the author of this publication considers as one of the forerunners of the modern
National Academy of Agrarian Sciences of Ukraine. The date of its formation should
be considered February 12, 1909, when the Kiev City Administration approved the
“Statute”. Already on February 17, 1909, the first general meeting of 39 founders took
place, at which the election was held under the comrade (deputy) of the Chairman of
the Management Board — S.L. Frankfurt (lost, Skuratov & Skvortsov, 1910, p. 9).
K. G. Schindler held this position until March 1911.

In 1911, K. G. Schindler, as the Dean of the Mechanical Department, together
with seven leading professors and three teachers, by “... order of His Excellency Mr.
Minister of Trade and Industry ...” (SAK. F. 18. D. 2. C. 289. P. 66), was relieved of
his post at the KP1 for political reasons: for defending the rights of students in the well-
known case of Kasso on violation of the restrictive 5% rule and admitting an additional
twenty Jewish students to the institute (Los', Plygunov, & Chernenko, 1961). As for
the Station for Testing of Agricultural Machines and Tools at the KPI, after
K. G. Schindler's dismissal, it practically lost its significance and, most importantly, its
authority. The same fate befell the cathedra headed by him. The authority of the
scientist was evidenced by the fact that even after his release from official posts, he
was invited to participate in the All-Russian conference on the organization and tasks
of stations in relation to agricultural engineering, convened on January 28-30, 1912
(Erk, 2004, p. 54).

In mid-April 1915, the cultural plow of the SFP, designed by K. G. Schindler
during 1911-1915, were tested in the presence of representatives of the Society of
Western Zemstvos, the “Worker” partnership and farmers, on two plots of land with
an area of 100 sq. fathoms of the peasant Matvey Yursky in the village Demeevka of
the Kiev district of the Kiev province. According to some criteria, it turned out to be
preferable in comparison with the existing analogs “... Sakka plows and Russian copies
.7 (P.P., 1915, p. 346).

At the competition organized in 1912 by the Moscow provincial zemstvo for the
construction of a rational peasant plow, the one created by K. G. Schindler plow OK 7
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manufactured by the Bryansk plant. The standard of construction K. G. Schindler
plows was confirmed by the All-Russian Agricultural Exhibition held on May 29 —
October 15, 1913 in Kiev. This was confirmed by the exhibit made by the Kolomensky
plant with an original front end of a scooter and a parset dump of a special shape
(Yaroshevich, 1914, p. 236). In addition, the improved cultivator designed by
K. G. Schindler, who united the possible harrows, represented by the partnership
“Worker”. The organizing committee of the exhibition also noted the reaper-loader,
improved by the scientist. High agrotechnical qualities were shown during tests at the
Omsk machine-building station at the end of the summer of 1913 by the colonist plow
of the Kolomensky plant of the K2 brand with a blade designed by K. G. Schindler.
High competitive capabilities of plows designed by K. G. Schindler was confirmed by
the corresponding competitive tests from 10 plants carried out in two stages (June 3—4
and September 4-9, 1915) by the Kiev Association of Western Zemstvos. In terms of
plow lightness and productivity (0.55-0.77 dessiatines per day), he peremptorily took
first place and outstripped the widely advertised foreign model of the Sakka type.

K. G. Schindler justly achieved his triumph as a designer at the First All-Russian
Exhibition of Agricultural Machines of Domestic Production, which opened in
Moscow on October 11, 1915, where the “Schindler's” plow of the “Worker”
partnership No. 35 was noticed. At the exhibition, the scientist presented a whole a
series of his inventions. So, among a large group of plows of the Sakka type, he
presented some plows from the “Worker” partnership. It could be designated as an
attempt to create an original self-propelled front plow. The designer managed to
achieve a hinged connection of the rack with the beam of the plow body.

This, among other things, made it easier to carry out the correct assembly of the
plow at the factory. Although, at the same time, the front of the plow was a complex
device, not very convenient for machine. A very detailed assessment of the single-body
plows created by K. G. Schindler under the auspices of the “Worker” partnership was
given by V.D.Koval in a special publication “On the plow of the “Worker”
partnership on the pages of “Agricultural Gazette” No. 44, 1915. He emphasizes that
its appeared not only “... in a difficult time for the Russian agricultural engineering
industry ...”, but also “... its had a number of original features in constructive part”
thereby refuting the well-established idea that there was no better Sakka plow for
tillage (Koval, 1915, p. 1202). K. G. Schindler's new plow, with its appearance and
design solutions, gave grounds for its further improvement.

The February bourgeois-democratic revolution of 1917 in tsarist Russia made
changes in the life of the scientist. There is every reason to believe that K. G. Schindler
accepted it and even planned to return to Kiev to teach at the KPI. On March 21, 1917,
an emergency meeting of the Council of Professors of the KPI took place, at which a
corresponding Commission was created from representatives of the professors and
students. The participants also made a decision “... on the return of the professors
dismissed in 1911 during the period of student unrest” (At Polytechnic, 1917, p. 3). A
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corresponding petition was also sent to K. G. Schindler, but his move to Kiev became
actually impossible due to rapidly developing events.

Until 1919, the scientist worked in various private institutions in Russia that were
engaged in the import, sale and manufacture of agricultural machinery. In 1919, he
emigrated to England, where he acted as an authorized representative of “Agryunion”,
as well as director of the British company “Agryunion Limited”. In August 1921, he
moved to Czechoslovakia, where he became a member of the council of the
authoritative emigrant body — the Russian Academic Group, and from October 1921 —
of the Council of Russian Professors under the Committee for the Education of Russian
Students in Czechoslovakia under the Ministry of Foreign Affairs. He headed the
Department of Natural and Agronomic Sciences of the Academic College. In 1921
1922, he lectured at Czech agricultural courses, and also headed the Russian
Agricultural Club in Prague. In 1922-1928, he headed the Agricultural Department,
the Cathedra of Mechanical Engineering of the Russian Institute of Agricultural
Cooperation in Prague. Concurrently, he was a Professor at the Cathedra of
Agricultural Engineering Science of the Agronomy and Forestry Department of the
Ukrainian Economic Academy in Podebrady, where he created the Cathedra of
Agricultural Engineering Science, and in 1924 — a cabinet for practical training. For
various reasons, he was forced to leave his job at both universities. He received an
invitation to teach in several leading educational institutions in Europe and America,
but refused for various reasons. Until the end of life, he worked on the improvement
and development of new designs of tillage machines. K. G. Schindler died in 1940 and
was buried in Prague.

The conducted research allowed the creative heritage of K. G. Schindler for the
formation of agricultural mechanics, theory and practice of testing of the agricultural
machines and tools, conditionally divided into periods:

the first (1887-1898) — the formation of scientific interests under the guidance of
a corresponding member of the Imperial St. Petersburg Academy of Sciences
N. Ye. Zhukovsky at the Imperial Moscow Technical School. Consolidation of the
acquired knowledge by the mechanic of the Gardenin brothers' sugar factory (1893—
1895); during a seven-month trip to Germany, Austria and Switzerland (1895); private
work on the installation of equipment in factories of the Central Industrial Region
(1896); business trips from the Department of Agriculture to Germany, France,
England, North America (1897-1898). The experience of competitive examinations at
the Butyrsky Khutor of the Moscow Agricultural Institute (1896-1897) for testing
agricultural machines and tools;

the second (1889-1911) — theoretical and methodological, practical, research and
educational activities on the formation and development of agricultural mechanics for
the needs of testing agricultural machines and tools of agronomic orientation with work
at the corresponding station at the KhTI of Emperor Alexander I11 (1898-1899) and
organizations, as well as the leadership of the specialized KPI (1900-1911).
Organization of carrying out and instrumental and methodological support of
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competitions-tests of agricultural machines and implements throughout the European
part of the Russian Empire and, first of all, the Ukrainian provinces (1902—-1910). The
beginning of theoretical and design developments regarding the plow blade, which was
realized in a dissertation defended in 1905 and a series of fundamental monographs.
Outstanding scientific and educational activities for the training of specialists for the
needs of agriculture and especially — testing of agricultural machines and implements;
the third (1911-1919) — commissioning activities in the trade of agricultural
machines of the “Rabotnik™ partnership in St. Petersburg and consulting of their
production at supplier factories. Systematic design work on the creation of various
types of plows, seeders, reaping machines and cultivators, which was recognized at
various regional competitions and all-Russian exhibitions. Bryansk and Kolomna
plants began their mass production;

the fourth (1919-1940) — an attempt to organize the export of agricultural
machines and implements from England to Soviet Russia. Teaching, scientific and
design activities for the training of emigrant Russian and Ukrainian youth in
Czechoslovakia. Preparation of a series of publications, which, first of all, summed up
many Yyears of research on the foundations of mechanical engineering and the guiding
principles of the rational use of agricultural machines and tools (unfortunately, they
remained in manuscripts). Continues to develop new designs of tillage machines
(1930-1940). The most famous of them is the moto-cultivating plow — “steel shaft”,
which was patented in Czechoslovakia and Poland.

In the aggregate of the above, it can be argued that, based on his discoveries in
the field of agricultural mechanics and especially agricultural engineering, he has the
right to claim personalities — “historical elites”, and not as perceived for a long time by
secondary personalities. He achieved his greatest scientific achievements while
working in the Ukrainian lands at the KhTI and KPI (1898-1911).

Conclusions.

On the basis of the conducted research a conditional periodization of
K. G. Schindler's contribution to the theory and practice of testing the agricultural
machines and tools, as well as the formation of agricultural mechanics in Ukraine, is
proposed for the first time. It made it possible to assert that the most fruitful scientist
in this field was represented, working on the Ukrainian lands in the KhTI (1898-1899)
and especially in the KPI (1899-1911). These results became the basis for further
research into the period of emigration in Czechoslovakia (1921-1940). It should be
noted that, since 1902, K. G. Schindler was directly involved in the design, first for the
needs of the testing agricultural machines and tools in the form of improving and
creating a series of appropriate instruments, as well as methods for their use. From the
second half of 1911 to 1918 he actively designed the agricultural tools, primarily
plows. While in exile, he did not continue inventing so successfully, from 1928 until
his death.
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BikTop Beprynos
HamionanpHa HaykoBa cClIbChKOTOCHOAAapchka Oi0mioTeka HarioHanbHOI akamemii
arpapHMX HayK YKpaiHu, YKpaiHa

Buecok npodecopa K. I'. Illunmiiepa (1869-1940) B cranoBJIeHHS
CLJIbCHKOI0CIOJAPCHKOI MEXaHIKHU, TEOPIii Ta NPAKTHKH BUIIPOOYBAHb
3eMJIepO0CHLKHUX MAIIIMH i 3HAPSAAb B YKpaiHi

Anomauia. B cmammi euceimieno dcummesull i meopuuil WX BUOAMHO20
BIMYUSHAHO20 84€H020, meopemuxa, Memoooioza i NPAKMUKA
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cinbcbko2ocnooapcokoco  mawunooyoyeanns K. I [llunonepa, noe'sizanuii  3i
CMAHOBAEHHAM CLIbCLKO20CNOOAPCbKOi Mexauiku ¢ Ykpaini. Memooonoziuny ocnogy
00CNIONCEHHSL CKAAMU NPUHYUNU  ICIOPUMY, HAYKOBOCMI [ 00 €KmusHocmi y
BUCGIMIEHH]  ABUW, ~ MUHYI020  HA  0a3i  KOMHIEKCHO20  BUKOPUCMAHHSL
3a2a1bHOHAYKOBUX, CReYIAIbHUX, MIHCOUCYUNTIHAPHUX Memo0is. Bnepuie 6sedeno 0o
HAYK0B8020 00i2y HU3KY OOKYMEHMI8 3 POCIUCOKUX [ VYKPAIHCOKUX apXisis, SKi
gidobpasicaromsb okpemi hakmu npogpecitinoi bioepagii uenoco. Oxapakmepuzo8aHo
OCHOBHI Hanpsamu naioHoi nedazoziunoi i Haykoeoi Odianvrocmi K. I'. [llunonepa,
KAIOYO08I CcecMeHmu 1020 MEOpUUX NOWLYKIG, AKI BUSHAYUIU NOOATbUWUL PO3BUMOK
CIIbCbKO2OCNO00APCbKO20  MAUWUHOOYOY8AHHS, U020 Ji0epCmeo 8  HAYKOBOMY
cnismogapucmei. /losederno, wo npoghecopy K. I. [llunonepy nanexcums nepwicms 8
3acHysanni Cmanyii 6unpobysaHv 3eMaepoOCbKUX MAWUHI | 3HAPSAOb ACPOHOMIYHOL
cnpamosarnocmi npu Kuigcobkomy nonimexuiuHomy iHcmumymi, aKa 3a0es3neqund
MOACTUBICMb CMYOEHMAM CLIbCbKO20CHOOAPCLKO20 | MEXAHIYH020 (haKyibmemie
O3HAUOMUMUCS 3 ICHYIOUUMU MUNAMU [ KOHCIMPYKYIAMU IPYHIMOOOPOOHUX MEXAHIZMIS,
cucmemHo gionpayvosysamu memoou ix oocniodxcenus. OKpiM mo2o, CMauyicio
30IUCHIOBANACS HAYKOBA pOOOMA 3 GUBUEHHS OKPEMUX NUMAHb MeXAHI3ayii Cillb CbKO20
2ocnoodapcmaea, po3pooKu Memooux i npunadie OJisi NpPo8eOeHHs BUNPOOYEaHb
3emMaepobCcbKkux mMawun i 3Hapsads. Bionpayvosamni euenum enepuie 6 €sponi Ha
NOYAMK)Y MUHYI020 CIOJIMMSL CiM (DYHKYIU O0CTIOHOI CMAHYTI A2POHOMIYHO20 MUNY
cmanu opieHmupom 0. 6azamvoxX NOKOAIHb OO0CHIOHUKI CLIbCbKO20CNOOAPCHKOL
mexuiku. K. I'" [llunonep nepwum y ceimi meopemuyHo oOIpYHMY8a8 HeOOXIOHICMb
VOOCKOHAJIEHHST KOHCMPYKYIL IPYHMOOOPOOHOI MeXHIKU 3ANIeHCHO 8i0 IPYHMOBO-
KAIMAMUYHUX YMO8, 3p00UE 8A2OMULL BHECOK 8 meopiio dedhopmayii pyHmMY noauyero
kopnycy nayea. Okpim moeo, yoockouamse ounamomemp Cakka, po3pooug
KOHMPOJbHUU OUHAMOMEmMD OJisl NPOBIPKU MAL0BUX OUHAMOMEMPI& ma IHWui npuiaou,
VOOCKOHANUG ICHYIOUI [ po3poou8 HOBI KOHCMPYKYIL IPYHMOOOPOOHUX MAULUH.
K. I'. lllunonep nepwum 6 Ykpaini nouas euxiadamu Kypc CilbCbKO20CN00APCbKO2O
Mawuno0y0y8aHHsI.

Knwuosi cnoea: K. I Illunonep; cintbcbko2oCnooapcoka NpoOMUCIOBICMY;
cmanyis eunpodyeansb 3emiepooCcoKux mMawur i 3Hapsaoe; Kuiscokuil nonimexuiunui
ITHCmMuUmym

BukTtop Beprynos
HarmmonansHast Hay4Has CeIbCKOXO3SWCTBeHHas OubOnmoreka HarmmonansHOM
aKaJICMUU arpapHbIX HAyK Y KpauHbl, Y KpauHa

Bxkuaang npogeccopa K. I'. HInnanepa (1869-1940) B cranoBieHHe

CeJIbCKOXO0351iICTBEHHON MEXAaHUKH, TEOPUU M NPAKTUKHU UCIIBITAHUH
3eMJIeleIbYECKUX MAIIMH M OPYIMil B YKpauHe
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Annomayun. B cmamve npedcmagnen OJ#CUSHEHHBI U MEOPUECKUU NYMb
8b10aI0UE20CSI OMEUeCmEEeHHO20 YUeH020, MeopemuKa, Memooono2d U NpaKmuxa
cenbckoxosalcmeenno2o  mawunocmpoenuss K. I [llunonepa,  ceazamnvlii  co
CMAHOBIEHUEM CENbCKOXO3AUCMBEHHOU Mexanuku 6 Ykpaune. Memooonocuueckyro
OCHOB8Y  UCCNEe008aHUsL  COCMABUIU  NPUHYUNBLL  UCMOPUZMA,  HAYYHOCU U
00BEeKMUBHOCMU 8 OCBCWEHUU SABNEHULl NpOoulio20 Ha 0aze KOMNIEKCHO20
UCNONL306AHUSL  OOUJEHAYUHBIX, CHEYUATIbHLIX, MEHCOUCYUNTUHAPHBIX MEmMOO008.
Bnepeuvie 66edeno 6 nayumwiti 06opom psio 00KyMeHmo8 u3 poCcCUiCKUX U YKPAUHCKUX
apxueos, ompasxcawue omoeavhbvle Gakmsl npogheccuorarvHol oOuospagpuu
VUeHO020. Oxapaxmepu3o6aHvl OCHOBHblE HanpaseieHus Nn1000MBOPHOT
neoazozuyeckoti u Hayunou oeamenvhocmu K. I'. [llunonepa, knrouegvle cecmenmbl €20
MBOPUECKUX  NOUCKO8,  KOMOpvle  onpedelunyu  OdalbHeluiee  pazeumue
CeNbCKOXO3AUCMBEHH020 MAUUHOCMPOEHUS, €20 TU0ePCMB0 8 HAYUHOM COoOuecmae.
Hoxkaszano, umo npogheccopy K. I'. LLlunonepy npunaonexcum nepeencmeo 8 co30aHuu
CmaHyuu ucnolmanuil 3em1e0elb4ecKux MAuwurn U opyoull aspoOHOMUYECKoU
HanpaenenHocmu npu  Kueeckom  noaumexnHuweckom uHCmumyme, KOmMOpasi
obecnequna 603MONCHOCMb CMYOEHMAM CelbCKOXO03AUCMEEHHO20 U MEeXAHUYECKO20
Gakynememos O3HAKOMUMBCA C CYUWECMBYIOWUMU MUNAMU U KOHCMPYKYUAMU
no48000padamvl8aOWUx MexaHuzMos, CUCMEMHO ompadamvléams Memoobl UX
uccnedosanusi. Kpome moezo, cmamyueti ocywecmensanacoe Hayunas paboma no
U3YUEHUIO OMOENbHbIX BONPOCO8 MEXAHU3AYUU CeNbCKO20 XO3UCMBd, pa3padomiru
MemoOuK u npubopos OJisi NpoeedeHUsi UCNLIMAHUL 3eMae0elbyecKux MAuuH U
opyouu. OmpabomanHvle yueHnviM 6nepavie 8 Eepone 6 Hauanie npouino2o 6eka cemb
@YHKYUL ONBIMHOU CMAHYUU A2POHOMUYECKO20 MUNA CMAU OPUEHMUPOM Ol MHOSUX
NOKOJeHUtl  uccieoogameneil cenvckoxossiicmeennou mexuuxku. K. I'. [llunonep
nepeviM 6 Mupe meopemuyecku 000CHO8AN He0OXO0OUMOCMb YCOBEPUIEHCNBOBAHUS
KOHCMPYKYUU noye000pabamviéarowell MmexHuKu 6 3aeUCUMOCMU OMm HNOY8EHHO-
KAUMAMUYECKUX YCI08UL, BHEC 8eCOMbILL BKAAO 8 MeOopulo 0ehopmayuu no4evl NOJIKOU
kopnyca nayea. Kpome mozo, ycosepuwencmeogan ounamomemp Cakka, paspaboman
KOHMPOJIbHBIU OUHAMOMEMDP OJis NPOGUPKU MA208bIX OUHAMOMEMPO8 U opyeue
npubopbl, YCOBEPUIEHCMBOBAIL Cyujecmaylowue u paspabomas HO8ble KOHCMPYKYUU
noysooopabamviearowux mawun. K. I [[lunonep nepsvim 6 Ykpaune wnauan
npenooasams Kypc celbCKOX03AUCMEEHHO20 MAUUHOCPOEHUS.

Knioueswie cnosa: K. I'. [llunonep; cenvbckoxo3saucmeeHHas npoMbluLIeHHOCHb,
CManyusi  UCNLIMAHUU  3emaedenvyeckux  mawun u  opyouu,  Kuesckuti
NOJIUMEXHUYECKUL UHCTMUIYM
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Theoretical and practical aspects of the identification of the bladed weapon on
the example of the SG 98/05 bayonet to the Mauser rifle based on metal science
research

Abstract. The article examines the studies of the bayonet fragment with severe
damages of metal found in the city Kremenchuk (Ukraine) in one of the canals on the
outskirts of the city, near the Dnipro River. Theoretical research to study blade
weapons of the World War | period and the typology of the bayonets of that period,
which made it possible to put forward an assumption about the possible identification
of the object as a modified bayonet to the Mauser rifle has been carried out. Metal
science expert examination was based on X-ray fluorescence spectrometry to
determine the concentration of elements in the sample from the cleaned part of the
blade. Analysis of the chemical composition showed that the blade was made of
hardened carbon steel alloyed with silicon, chromium, manganese, nickel and copper.
Measure results of the chemical composition of the object correspond to steel for
castings of grade 55L with an average blade hardness of 42 HRC. Manufacturing
technology of the casting corresponds to the end of the XIX — the beginning of the XX
century with the use of converter production. The bayonet blade was subjected to
strengthening heat treatment in the form of hardening and medium tempering.
Metallographic analysis showed that the research object of blade fragment suffered
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corrosion cracking between crystals or along the body of grains, indicating a long stay
in silty deposits. The identification of the research object has been carried out using
applied technologies based on visual inspection with a description of the state of
conservation and comparison with the results reflected in scientific periodicals; metal
science expertise; determination of weight and size characteristics and their
compliance with the original, including experimental reconstruction, which identifies
the preserved fragment with the original drawing at the control points. A comparison
of the chemical composition of the blade steel and the “Haenel” steel, differing in
concentration and additional alloying elements has been made. The remains of the
royal monogram imprint of the stamp and the absence of the regimental stamp have
become the basis for searching through catalogs of registered bayonets. This allowed
the identification of the object under study as part of the German imperial modified
bayonet model 1898/1905 for the Mauser rifle, which was manufactured in the period
from 1915 to 1918. Prospects for further research are seen in an increase in the number
of metal science examinations for more accurate identification of discovered
specimens.
Keywords: expert examination; age determination; archaeometallurgy;
experimental reconstruction; stamp; “Butcher”

Introduction.

The current state and prospects for the study of blade weapons of the World War |
period have not been sufficiently reflected in scientific periodicals. While highlighting
this issue, attention should be paid to the publication (Bennett, 2019a), which describes
the two main types of bayonets that were used in the Imperial German Army. The
author focuses on setting out the origins of this type of weapon and explaining their
current use, that is, the article is more overview in nature. The basic research on this
topic is the work of Anthony Carter (Carter, 1984), summarizing the known
information about the SG 98/05 bayonet and its prototype SG 98/02, which have much
in common in the design of the main elements. The works (Liibbe, 2000; Riidiger,
1994/2000) contain close-ups of manufacturer's stamps, markings and individual parts,
which can help in identifying each specific bayonet. Presented albums and catalogs are
valuable reference books for collectors of bayonets at the same time metal science
examination would enhance the subject of the article under consideration. Nowadays,
scientific interest in the bayonet is very limited in the context of the rapid and
sustainable development of weapons, which has been such a noticeable sign of war
since the mid-19th century, and its impact on the nature of the battle is barely noticeable
(Stone, 2016).

Publications (Ballard & Bennett, 2017; Ballard, 2018) are devoted to an overview
of the weight characteristics of the British Army bayonets, which are based on a
statistical analysis of data on the compliance with the required minimum and maximum
weight range of the finished product. Such an approach does not allow the
identification of specimens that are in a poor state of conservation or which integrity
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has been disintegrated. The article (Bennett, 2019b) shows the history and
characteristics of the Ottoman bayonets of the American Peabody-Martini rifle. These
three bayonets provide a classic illustration of the bayonets’ typology of this period,
without thoroughly examining the metal they were made of.

It should be noted on the metallographic analysis of two knives found in Kobili¢
(Republic of Croatia), presented under the authorship of (Thiele, HoSek, Antoni¢, &
Racz, 2017). However, there is no data on the chemical composition of these knives,
which is important from the point of view of a precise study of products. The paper
(Hosek, Barta, & Smerda, 2017) shows the application of metallographic analysis to
the study of a sword from Kyjov (Czech Republic). Experimental reconstruction made
it possible to obtain technological information in the production of this type of weapon,
but questions arise on the compliance with the manufacturing time.

The prospects of researches in the field of archaesometallurgy using various
methods of spectroscopic analysis are discussed in some scientific publications
(Pearce, 2016). The author notes the importance of greater use of analytical data by
archaeologists and, therefore, ultimately to better identification of samples. In
particular, the article (Welton, 2016) overestimates the functional properties of 52 early
Anglo-Saxon spearheads and 118 knives, also rethinking their technological properties
based on the determination of the carbon and phosphorus content in wrought iron.
Practical achievements, except local thematic studies, have not yet been spread in the
scientific community (Charlton, 2015), that actualizes work in this direction. There is
a need for a thorough study of objects using applied technologies.

The aim of the paper is to identify the object of research as part of a modified
bayonet (cleaver bayonet, knife bayonet) of 1898/1905 (SG 98/05) to the 1898 Mauser
rifle.

Achieving this goal necessitated the following tasks:

— historical investigation and identification of a probable bayonet fragment;

— determination of chemical composition; metallographic analysis and
reproduction of the technological scheme of manufacture.

Research methods.

A fragment of blade weapon with significant damage was provided for the study
(Fig. 1). The handle and part of the blade are preserved. There are wood particles, two
metal screws, and the remains of a button on the handle. The sample was found in
Kremenchuk (Ukraine) in one of the canals on the outskirts of the city, near the Dnipro
River.

X-ray fluorescence spectrometry (RFS, XRF) GOST 28033-89, which is used to
determine the concentrations of elements in the range from 0.001% to 100% in various
substances has been used.

Quantitative X-ray fluorescence analysis has high accuracy and reproducibility of
results, provided that the requirements for representativeness of the sample are met.
High accuracy with low analysis costs is guaranteed by the stability of modern
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instruments, which eliminates the need for repeated measurements or frequent
recalibrations. The quantitative analysis is based on the dependence of the intensity (1)
of characteristic X-ray radiation on waves of various wavelengths. The nature of the
dependence is experimentally established by calibration, that is, by measuring the
intensity of characteristic fluorescence in several reference (standard) samples with a
precisely known concentration (C) of the element that is being determined. The
recalculation of the measured intensities of the elements of the investigated object in
the unit of concentration is based on the performed calibration and is described
mathematically using the calibration function in the form 1 =aC + b. The result of
quantitative analysis is the exact value of the concentration of the element in the test
object, which is expressed in %, ppm (g/t), g/kg and mg/I.

i 4
1 2 4 ‘. T 6 B

Figure 1. General view of the research object (photo taken by the authors in 2021).

The qualitative analysis is based on the presence or absence of lines of
characteristic radiation of the element in the sample spectrum. An element is
considered available in the investigated object if less than two lines of characteristic
radiation are detected in the spectrum. The identification of these lines of elements is
carried out by setting the wavelengths of the spectrum peaks and searching for the
found values in the database of X-ray lines. This operation is carried out by computer
means. The analysis result is presented as a list of available elements in the sample and
the elements presented in the sample in very small quantities (traces).

The identification of a substance is carried out to establish the correspondence
between the composition and certain physical properties of the investigated and
reference samples. This type of analysis is important when looking for any difference
in the composition of the two samples. X-ray fluorescence spectrometry allows a
detailed comparison of samples by the characteristic spectra of the elements, as well as
by the intensity of the background (bremsstrahlung) radiation and by the shape of the
Compton scattering bands. This is important if the chemical composition of two
samples is identical according to the results of quantitative analysis, but the samples
differ in other properties, in particular, grain size, crystallite size, surface roughness,
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porosity, moisture, the presence of crystallization water, polishing quality, spray
thickness, etc. Identification is performed on the basis of careful comparison of spectra,
without the need to know the chemical composition of the sample. Any difference in
the compared spectra certainly indicates a difference between the research object and
the standard. The result of such research is an accurate confirmation or disproof of the
identity of the two samples.

For carrying out experimental researches, serial and special laboratory equipment
such as a forensic line for photography and a built-in digital camera; angle grinder with
modified stable for it; stationary Rockwell hardness tester NOVOTEST TC-P;
electronic Vernier caliper Miol Premium 150 mm (15-241) Digital Microscope USB
500X Black as well as X-ray fluorescent spectral analyzer ElvaX Plus were used. The
ElvaX Plus device is designed for rapid, quantitative and qualitative analysis of the
composition of metal alloys, powders, liquids, bioassays for the content of chemical
elements from sodium (Z=11) to uranium (Z=92) in a wide range of concentrations.

Portable X-ray fluorescence analyzer ElvaX Plus is a new generation of analytical
equipment for high-precision analysis of the elemental composition of various
substances. ElvaX Plus is a benchtop energy dispersive X-ray fluorescence
spectrometer that does not require liquid nitrogen for operation and storage. The
spectrometer allows carrying out a quick-look non-destructive elemental analysis of a
substance at all stages of the production cycle or laboratory research without
preliminary sample preparation. The device is contained in the State Register of
Measuring Instruments approved for use in Ukraine under the number U1411-01. The
device is contained in the State Register of Measuring Instruments approved for use in
Ukraine under the number U1411-01. Certificate of Conformity to the Approved Type
of Equipment and Measuring Instruments is No. UA-MI/1-971-2001. The results
obtained by X-ray fluorescence spectrometry (XRF, RFA) fully meet the requirements
for the accuracy of the analysis according to category 111 (OST 41-08-205-99).

Historical investigation and analytical comparison of the typology of a
probable bayonet part.

Since September 16, 1915, by order of the Military Department of the German
Empire, the 1898/1905 model bayonet has been modified by introducing a combat
bayonet with double edged blade, first in foot troops and jaeger troops, and then in the
entire army (Fig. 2).

Since 1915, the bayonet has been produced with a small recess for the gun barrel
at the top of the guard and a protective plate on the handle (Bennett, 2019a). Since
1916, the mass production of the model began. This model was the most widely used
German bayonet during the World War I. The people called the bayonet “Butcher”,
which means “butcher”, since the blade of this bayonet resembled a butcher’s knife in
its shape.

During World War |, bayonets of this model were supplied to Turkey along with
1898 Mauser rifles (Bennett, 2019b). After World War I, the 1898/1905 model bayonet
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continued to be used in the Reichswehr and the police, remaining in service with
individual units until World War Il, despite the fact that already from 1923 it was
ordered to replace all bayonets of this model in the army with model bayonets
1884/1898 (new type). In addition to Germany, bayonets of this model were also used
in Yugoslavia, Turkey, Belgium, Poland, Czechoslovakia, and other countries.
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Flgu re 2. Phdto of sold“_ie‘r-'s, WI'[ ba‘g/c;neté;mmfidel 6ft er 1898/1905
(Flickr, 2011).

The materials of Anthony Carter (Carter, 1984) were used to highlighting and
fixing the elements necessary for the identification of the discovered specimens and
their general condition.

At the beginning of the World War 1, one significant defect was discovered in the
bayonets. While mounting these bayonets on a carbine 98 (Kar 98) and shot, the flame,
and gas pressure led to the handle cheeks damage in the form of charring and chipping
off pieces of wood. Therefore, it was decided to protect the handle of the bayonets from
the flame of shots with a steel plate. Wooden pads were ground off 0.6 mm over the
entire inner surface and from the side of the handle spine. The gun barrel half-ring
(“ears™) was ground off on the crosspiece, the holes for cleaning the ramrod channel in
the linings, and the protective plate was aligned (Fig. 3).
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gotavapen

Figure 3. SG 98/05 bayonet of old (a.A. — alter Art) and new (n.A. — neuer Art) type
(Gotavapen, n. d.).

One can also distinguish transitional and noncombat (ceremonial) bayonets.
Transitional SG 98/05 n.A. have a modified crosspiece, but they are not equipped with
protective plates. Transitional SG 98/05 a.A. have fire protection plates, but the
crosspiece has remained unchanged. The noncombat bayonets of rather low quality are
nickel-plated copies of the service ones, in which the blade and the handle are one
whole, which gave the finished product considerable strength, since in the ceremonial
ones they were fastened separately with a single rivet.

The use of bayonets with a saw on the spine by German troops led to widespread
condemnation of Germany by its opponents and the fear of German soldiers to be
caught with such a bayonet, which inevitably meant extrajudicial reprisals. In the novel
“All Quiet on the Western Front” by E. M. Remark such an episode was described. The
final order to remove the saws was issued in early 1918 (Bennett, 2019b). The removal
process was organized in repair shops at military units, as well as at arsenals.
Comparison of bayonets with a saw, with a ground-off saw and without a saw is shown
in Figure 4.

The blade of the bayonet is single-edged, with fuller on both sides and an
extension in the lower third. The combat tip contains a sharpening not only from the
side of the cutting edge but also to a length of 4 cm from the blade edge on the reverse
side. All bayonets were made from a sharpened false blade. The handle is formed by
two wooden cheeks, fastened to the shank with two screws. The hole for cleaning the
groove in the handle is rectangular, located in the grip cheeks, next to the crosspiece.
The head of the handle has a T-shaped groove with a cylindrical expansion and a spring
latch with an internal spiral spring. The crosspiece is with the end bent back. Iron
sheaths are with a hook and a ball at the end.

Visual inspection revealed that the discovered specimens are a new type of
bayonet without a saw. This is evidenced by the presence of remnants of the protective
plate and the shape of the gun barrel half-ring. The remainder of the 73 mm blade
rejects the possible options for bayonets with a saw and with a ground-off saw since
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there is no bevel of the spine of the blade, which began at a distance of 25 mm from
the crosspiece.

https://www.hst-journal.com

Figure 4. SG 98/05 bayonet with a saw (m.S. — mit Siage) with a ground-off saw
(abg. — sdgeabgeschliffen, which means “saw removed”) and without a saw (0.S. —
ohne Sdge) (Gotavapen, n. d.).

A drawing of a fragment of a bayonet is shown in Figure 5. The main dimensions
by which the object under study can be identified are indicated. Control points are
determined in the form of two metal screws and the remainder of a button. The blade
thickness at the heel is 6.6 mm, the thickness of the handle cannot be accurately
determined due to significant damage to the wooden cheeks and the protective plate.

The weight is 315 g.
204,8

126 5.8

rs |

26,1

s
&
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Figure 5. Drawing of the research object.
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Experimental bayonet reconstruction based on the identification of the preserved
fragment with the original drawing (Fig. 6).

501 |
B 126 _ 6
= e — ——
o - >
h 25
_ 1o -
| o
a
501 |
126 I
: -

b
Figure 6. Identification of the research object: (a) — original drawing; (b) — alignment
on a photo scale of the discovered specimens with the original drawings and their
coincidence in size and at control points.

It is worth noting the coincidence of the dimensions of the surviving handle, its
shape, and the position on it of two metal screws and the remainder of the button,
together with a part of the blade, corresponds to the original drawing of the bayonet
and confirms the identification of the research object.

Metal science expert examination.

To study the object received for examination, samples were taken from the cleared
out part of the blade. The results of the chemical composition measurements of the
sample by the XPS (X-ray photoelectron spectroscopy) method are presented in
Table 1.

Analysis of the chemical composition showed that the bayonet blade was made of
hardened carbon steel alloyed with silicon, chromium, manganese, nickel and copper.
Excessive phosphorus content results from strange contamination. A more detailed
method using the results of metallographic studies and hardness measurements to
estimate the phosphorus content in iron artifacts is presented in (Thiele & Hosek,
2015). Despite certain limitations, the method proposed by the authors can be used to
estimate the phosphorus content in archaeological iron studied at the present time or in
the past. The article (Thiele, Hosek, Kucypera, & Dévényi, 2015) discusses the
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phosphorus content in phosphorus iron, which was used as a special material for
welding samples.

Table 1. Results of measuring chemical composition.

Atomic Concentration S5L
Element Series | Intensity ' | GOST
number % 977
13 Al Aluminium Aluminum K 2575 0.4227+0.0247 —
14 | si silicium Silicon K 7123 | 0.4808+0.0154 062502_
15 P Phosphorus Phosphorus K 2418 0.0804+0.0073 8%2%
16 | s Sulfur Sulfur K 3741 | 0.0442+0.0032 5’%2‘;
22 Ti Titanium Titanium K 0 <0.0070 —
23 V Vanadium Vanadium K 963 0.0310+0.0156 -
24 Cr Chromium Chrome K 23477 0.4808+0.0158 %p;g
25 Mn Manganum Manganese K 19473 0.6186+0.0161 OdA:c)Oo_
26 Fe Ferrum Ferrum K 3805691 | 97.3462+0.0279 -
27 Co Cobaltum Cobalt K 0 <0.0486 —
28 | Ni Niccolum Nickel K 3223 | 0.221140.0123 %pstg
20 | cu|  cuprum Cuprum | K | 4919 | 02384100089 | W
33 As Arsenicum Arsenic K 1296 0.0236+0.0026 —
41 Nb Niobium Niobium K 0 <0.0027 —
42 Mo | Molybdaenum | Molybdenous| K 319 0.0035+0.0029 -
45 Rh Rhodium Rhodium K 11587 <0.0001 —
74 W Wolframium Tungsten K 130 0.00860.0086 —

The chemical composition of the object approximately corresponds to steel for
castings grade 55L with an average blade hardness of 42 HRC. The hardness measured
at the heel of the blade averaged 17 HRC. Such a difference in hardness may indicate
that during quenching the blade was not completely immersed in the quenching
medium and structural transformations took place only in the blade part and in the blade
tip. The hardness is measured by the Rockwell method — by pressing a diamond cone
into the sample under a load of 150 kg. The German analogue of steel 55L according
to DIN (Ilron and steel: Quality standards 1, 2018) is 1.0554 with the following
mechanical properties:

— yield point: 205-412 MPa;

— tensile strength: 450-687 MPa;

— percentage elongation: 12—-22%.
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The structure contains non-metallic impurity sulfur inclusions. Sulfur is a
detrimental impurity that gets into steel from cast iron. When interacting with iron, it
forms a chemical compound — ferrous sulphide FeS, which, in turn, forms with iron —
a low-melting eutectic with a melting point of 988°C.

In the process of repeated heating for rolling, forging, and heat treatment, the
surface of the bayonet is subject to decarburization. Decarburized layer is a ferrite layer
in the surface parts of parts, formed by the interaction (burnout) of the metal of the
parts from the oxidizer, gases (H2, H2O, CO3, Oy, air) at elevated temperatures. The
decarburized layer is formed during heat treatment in air and leads to a decrease in
hardness, fatigue ratio and hardening limits, and to the formation of hardening cracks.
The depth of the decarburized layer is determined mainly by microstructural analysis
methods and microhardness. After the final mechanical metal-working, the
decarburized layer is removed and can be identified only in a few places on the bayonet.

The steel production technology of the object corresponds to the period of the late
19th — early 20th centuries with the use of converter production. The simplified
technological scheme is: rolling — stamping — machining — heat treatment — final
mechanical metal-working.

From the point of view of metal science, it is possible to draw unambiguous
conclusions only about such production stages as rolling and heat treatment. Such
production stages as stamping and mechanical metal-working are provided on the basis
of existing equipment at the time of production and the lowest costs for mass
production.

During rolling, the rod passes through the rolls that are at a certain distance from
each other. After rolling, the desired cross-sectional profile is obtained. After rolling
metal becomes a fibrous structure and has a high flexural strength, which is important
for blade weapons. Then a blank of the required length is cut, which enters the stamp.

During stamping, a blank of the desired length and cross-section is placed in a
stamping mold, which is attached to the hammer frame. Then the hammer with the
second half of the stamp hits the blank heated to 1000—-1200°C the required number of
times to create the shape of a bayonet blade. At this stage, fullers and descents are
formed.

Probably, after stamping, the blank still did not have the necessary geometric
parameters and required refinement on grinding machines. The need for mechanical
processing before heat treatment arises due to the fact that after hardening the steel
becomes harder and less amenable to turning and grinding. Thus, in order to reduce
costs in the production of any part, manufacturers try to give the most accurate shape
of the blank before heat treatment, so that the allowances removed by the final
mechanical metal-working are minimal.

The heat treatment process consists of heating by quenching temperature, pouring
into a quenching medium tank, cooling in the quenching, and tempering. After
guenching, the blades were placed back in the furnace and medium tempered.
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During heat treatment, a scale (iron oxide) and a decarburized layer are formed
on the surface of the blade. Final mechanical metal-working removes the scale and
partially decarburized layer of steel from the surface of the blade, giving it its final
shape. Then the bayonet is collected and sharpened.

Metallographic analysis of the blade showed that the research object suffered
corrosion of metals in soils and, partially, liquid corrosion when fully immersed.
According to the mechanism, the process is electrochemical corrosion, in which the
ionization of metal atoms and the reduction of the oxidizing component of the corrosive
medium occurs in more than one act and their rates depend on the electrode potential
of the metal. By the nature of corrosion destruction, it is continuous or general uniform
corrosion, which occurs at the same rate over the entire surface of the metal. Stress
corrosion cracking which is characterized by a relatively uniform distribution of
multiple cracks over large areas of the surface has been observed. At each stage of the
development of this type of corrosion, cracks arise almost simultaneously from many
sources, the connection of which with internal or working stresses is not necessary.
Under an optical microscope, it can be seen that cracks propagate between crystals or
along the body of grains (Fig. 7).

Figure 7. Metallographic analysis of the object: (a) — on the left; (b) — on the right.

As a result, there is irreversible corrosion destruction, which makes it difficult to
study the microstructure of the metal in order to identify the phase structure.
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Hardness 42 HRC and tempered troostite are typical of medium carbon steel after
qguenching and medium tempering. Tempered troostite has the form of a needle-like
finely dispersed mixture of cementite and ferrite. The result of hardening at 850°C is
guenched martensite and a small amount of residual austenite. Such a structure has
maximum hardness and strength, but relatively low toughness. As a result of such heat
treatment conditions the properties of the blade steel will certainly not correspond to
the properties of the blade steel under study. After medium tempering at 350-400°C
quenched martensite and retained austenite are transformed into tempering troostite.
Steel with such a structure has increased toughness and reduced hardness compared to
hardened martensite, but sufficient for bladed weapons.

The hardness of the blade steel at the heel was 17 HRC on average, and the
structural components are ferrite and pearlite. This indicates that this part of the blade
was not hardened and during the cooling process it was not immersed in a hardening
medium. Inhomogeneity in the hardness of steel and a large number of metal inclusions
indicate the low quality (by modern standards) of steel. On the other hand, the reduced
hardness of the middle part of the blade could be the result of an increased tempering
temperature precisely in this part of the blade to increase the toughness of the middle
part of the blade.

Results and discussions.
As a comparison of the chemical composition of the blade the data of the company
“Haenel”, which produced such bayonets (Riidiger, 1994/2000) are shown in Table 2.

Table 2. Comparison of the chemical composition of the steel of the research
object and the control sample steel.

Element _Concentration
The research object Control sample

C 0.52-0.6 0.70-0.9
Mn 0.6186+0.0161 0.55

Si 0.4808+0.0154 0.4

Cr 0.4808+0.0158 —

Cu 0.2384+0.0089 0.12

Ni 0.2211+0.0123 —

S 0.0442+0.0032 0.03

P 0.0804+0.0073 0.03

Analyzing the data in the table, it is worth noting the difference in the steel
chemical composition of the research object and the steel having been used in the
blades of the “Haenel” bayonets.

An important means for more accurate identification of bayonets is their
stamping, which at the same time becomes the initial place for the corrosion
propagation. Despite the poor state of the object the marks in the places of their possible
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location (on the blade heel — the stamp of the manufacturer; on the crosspiece — the
regimental stamp, on the spine of the blade — a stamp with the ruler monogram and the
year of being entered the bayonet into military service) have not survived (Table 3).

Table 3. Research results of stamping places.
Stamping place Photo after cleaning and pickling the surface

Blade heel

(manufacturer’s
stamp)
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Crosspiece (the
regimental stamp)

The spine of the
blade (a stamp of
the royal
monogram / the
year of being
entered the
bayonet into
military service
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Based on the research results, it can be concluded that there are remnants of the
stamping imprints on the spine of the blade and that there is no regimental stamp on
the crosspiece at all, since the depth of corrosion penetration in this place is small.
There are 40 known bayonet manufacturers, 4 royal monograms (Prussia,
Wiirttemberg, Bavaria, Saxony), years of the issue (1904-1918), which made it
possible to catalog bayonets (Carter, 1984). According to the research results and
search in catalogs, old-style bayonets were excluded; transitional; noncombatant
(ceremonial) with saws, and with ground-off saws. Correspondingly, registered
bayonets that have the stamps of the manufacturer and the royal monogram, but which
do not have the regimental stamp have been sorted (Table 4).

Table 4. Catalog of registered bayonets.

Bayonet | Type The ?gfrl Q?C??S?Jgeram / Manufacturer

SG 98/05 | n.A. W/15 Erfurt

SG98/05 | n.A. W/15 Alex. Coppel
SG98/05 | n.A. W/15 L.O.Dietrich * Gebr.Hartkopf
SG98/05 | n.A. W/15 Ferd.Esser * Rich.A.Herder
SG 98/05 | n.A. W/15 Ferd.Esser

SG 98/05 | n.A. W/15 F.W.Holler
SG98/05 | n.A. W/15 P.D. Luneschloss
SG98/05 | n.A. WI/15 Weyersbherg & Co
SG98/05 | n.A. W/16 Gottlieb Hammesfahr
SG98/05 | n.A. WI/16 Demag

SG 98/05 | n.A. W/16 F.W.Holler

SG 98/05 | n.A. W/17 Gottlieb Hammesfahr

SG 98/05 | n.A. W/17 WK. &C
SG98/05 | n.A. W/17 E.&F.Horster
SG98/05 | n.A. W/17 Demag

SG98/05 | n.A. W/17 F.Koeller & Co
SG98/05 | n.A. W/17 Pack Ohliger & Co
SG98/05 | n.A. W/17 Walter & Co * Gebr.Hartkopf
SG98/05 | n.A. W/17 Walter & Co
SG98/05 | n.A. W/17 Walter & Co * Carl Galle
SG 98/05 | n.A. W/18 H.Mundlos & Co * Rich.A.Herder
SG98/05| n.A W/18 F.W.Holler

SG 98/05 | n.A. W/18 Alex. Coppel

SG 98/05 | n.A. W/18 Walter & Co

* — blanks manufacturer and finishing treatment manufacturer
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As a result, this made it possible to identify 24 possible coincidences for the

selected features. All bayonets were manufactured between 1915 and 1918 exclusively
in Prussia by specified manufacturers.

Conclusions.

As a result of the carried out complex research, it became possible to identify the
bayonet SG 98/05 n.A. (year of production — 1915-1918) for the Mauser 98 (Kar 98)
rifle, known as “Butcher”. A completed historical investigation, visual inspection, and
also determined the weight and size characteristics that made it possible to establish
the key criteria by which the identification of the research object have been carried out.
The performed X-ray fluorescence spectrometry made it possible to determine the
chemical composition of the metal, which makes it possible to recreate the production
technology of that time and to establish the steel grade for comparison with the data of
the company “Haenel”. Metallographic analysis of the blade showed the propagation
of corrosion cracks caused by prolonged exposure to an aggressive environment, which
led to a poor state of conservation, and, as a result, a lack of a clear stamp imprint.
Catalog searching of registered bayonets on the basis of the selected characteristics
made it possible to highlight possible options for more perfect identification.
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Boaoaumup Maciaak
KpeMeHuynpkuii HalliloHaIbHUN yHIBEpCUTET IMeH1 Muxaiina OcTporpaicbkoro,
VYkpaina

€sreniii Jlamko
Kpemenuy1ipkuii HallioHaIbHUN yHIBEpCUTET iMeH1 Muxaiina OcTporpaicbkoro,
VYkpaina

Ouabra Yenuyesa
KpeMeHnuynpkuii HallioHaIbHUN yHIBEpCUTET iIMeH1 Muxaiina OcTporpaicbkoro,
VYkpaina

TeopernuHi Ta NPaKTUYHI acCeKTH iIeHTUPiKail KIMHKOBOI 30P0i Ha
npuxJjani 6aramera SG 98/05 no reunTiBKM May3epa Ha 0CHOBI MeTaJ103HABYOI0
JOCJIITKeHH A

AHnomauyia. Y cmammi po3ensiHymo O0O0CHiOdcenHs ¢hpasmenma 6OacHema 3
CUTIbHUM NOWKOONCEHHAM Memany, eusasneno2o 8 M. Kpemenuyx (Vkpaina) 6 oonomy
i3 Kauanie Ha oxoquyi micma, Henooanik piuxu /[Hinpo. byno eukonano meopemuuni
00CNiONCeHHs Ol 8UBYEHHs. XO0JI00HOI 30poi uacie Illepwioi ceimoeoi 6itinu ma
munosnoeii bacnemie 0ano2o nepiooy, wjo O0aio 3mM02y SUCYHYMU NPUNYUEHHS U000
UMOBIpHOI i0enmugbixayii 06 ’ckma aK MoOupikosanoco bazHema 00 28UHMIBKU
Maysepa. Memanosnasua excnepmusa IPYHMYBANACY Ha OCHO8I
penmeeHopnyopecyenmuoi  cnekmpomempii - 01 6U3HAYEHHS  KOHYEeHmpayill
enemMenmie y npooi 3 OYUWEHOT YACMUHU KIUHKA. AHANI3 XIMIYHO20 CKIAdy NOKa3as,
Wo KIUHOK BU2COMOBJIEHO 3 3a2apmOBaHOl 8yereyesol cmalli, Je208aHOl KPEeMHIEM,
XPOMOM, Mapeanyem, Hikenem i Mioow. Pe3yibmamu 8umMipio8aHb XiMiuHO20 CKIAOY
006 ’exma sionogioaroms cmani O 8i0Au6oK mapxku 55J1 3 cepedHiM 3HAUEHHAM
meepoocmi kaunka 42 HRC. Texuonozisa eueomosieHHs 8i0IUBKY 8i0n06i0ae KiHYO
XIX — nouamky XX cmopivus i3 3acmOCYBAHHAM KOHBEPMEPHO20 GUPOOHUYMBA.
Knunox bacnema 6y6 niooanutl 3smMiyH0O8AIbHIUL MepMO0OpoOYI Y 6uisdi 2apmy8aHHs.
ma cepednbo2o ionycky. Memanoepagiunuii ananiz nokasas, wo 00CaiONCYBAHULL
@pasmenm KIUHKA 3A3HAE KOPO3IHO20 PO3MPICKY8AHHA MIdC Kpucmaiamu abo no
MiNy 3epeH, Wo Ccei0uums npo mpuedane nepedy8aHHs 6 MYIUCUX BIOKIAOEeHHSX.
loenmugpixayiss  docniodcysanozo 00 ’ekma 30MICHIO8ANACA 13 3ACMOCYBAHHAM
NPUKIAOHUX MEXHONO02I HA OCHOBI 8I3YANIbHO20 02180y 3 ONUCOM CMAHY 30eperHCceHH s
ma NoOpiGHAHHI 3 pe3yibmamamiu, Gi000padiCeHUMU 68 HAYKOSI nepioouyi,
MEemano3Haguoi eKxcnepmusu, UHAYEHHI MACo2abapumHux Xapaxkmepucmuk 1 ix
8I0NOGIOHOCMI OpUSIHATLY, V MOMY YUCTHL eKCNePUMEHMAIbHOI PeKOHCMPYKYIL, wo
OMOMONCHIOE 30epednceHUtl (hpazmeHm 3 OPUSIHANbHUM KPECIEeHUKOM V) KOHMPOIbHUX
moukax. byno euxonano nopieHsaHHs XiMiuH020 CKIA0Y CMAli KIUHKA ma cmani pipmu
“Haenel ”, sxi eiopisnsiombcs konyenmpayicio ma 000AMKOBUMU  Ne2VIOUUMU
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eleMenmamu. 3anuuKu 6i00UMKY Kieuma KOpoi8CbKoi MOHOSpAMU ma 8i0CYMHICb
NOJIKOBO20 KJIeUMa CMmAlu OCHOBOK NOWYKY 34 Kamano2camu 3apeccmposanux
bacnemis. lle 0o3zsonuno idenmugikysamu 00CiONHCYBAHUL 00 €EKM K UYACMUHY
HIMeYbKo20 IMNnepcbko2o mooughikosanozo bacnema 3pasxa 1898/1905 oo eeéunmisku
cucmemu Mayzepa, axuu 0y eucomoeénenuti y nepioo 3 1915 no 1918 pp.
Ilepcnexmusu nooanvuwiux 0ocnioxceHb 60auarOMvcsi 6 30LIbWEHHI KIIbKOCmI
Memano3Hasuux excnepmus 0Jisi OLibud MoyHoi i0enmugikayii 3Haxioox.

Knwuosi cnoea: excnepmuza,  6uU3HaAueHHs  GIKY,  aApXeoMemanyplis;
eKCnepuMeHmanbHa peKoHCmpyKyis, kietumo, “byuep”

Baagumup Macaak
KpeMeHuyrckuii HallMOHAIbHBIN YHUBEPCUTET UMEeHH Muxanna OCTporpaackoro,
Ykpauna

EBrennii Jlamko
KpeMeHuyrckuii HallMOHAIbHBIN YHUBEPCUTET UMEeHU Muxania OCcTporpaackoro,
Ykpauna

Ouabra Yenuesas
Kpemenuyrckuii HAaMOHATBHBIA YHUBEPCUTET MMeHN Muxania OcTporpaackoro,
Ykpanna

Teopernyeckne U NpaKTHYecKHe ACMEKTHI MACHTH(PUKATMU KJIMHKOBOTO
opy:kus Ha npuMepe WThIKA SG 98/05 k BUHTOBKE May3epa Ha 0CHOBe
METAJLJIOBEIYECKOr0 UCCIeI0BAHUS

Annomauusn. B cmamve paccmompenvl ucciedos8anus pazmeHma wmvika
CUTIbHBIM NOBPedCOeHUeM Memasid, ooOHapyxcenHo2o 6 2. Kpemenuye (Vipauna) 6
O0OHOM U3 KAHANI08 HA OKpAuHe 20pooa, Heddaseko om pexu /[Henp. Bblio evinoiHeHo
meopemuyeckue UCcied08anus 01 U3yueHus X0a00H020 opyicus epemer Ilepeot
MUPOBOUL BOUHBL U MUNOLOSUU UUMBIKOE OAHHO20 NEPUOOd, YMO NO3B0JIULO 8bLOBUHY b
NPeOnoNIONCEHUE O BOIMONCHOU UOeHMUPUKAYUU 00beKmMa KaK MOOUBUYUPOBAHHO20
wmulka K eunmoske Mayszepa. Memannogedueckas sKcnepmu3a OCHOBbIBANACH HA
OCHOBe  peHmeeHOpIyopecyeHmHol  cnekmpomempuu  OJisi  ONpeoeneHus.
KOHYeHmpayuii 371eMeHmos 6 npode ¢ OUUWEeHHOU Yacmu KIUHKA. AHAIU3 XUMUYECKO20
coCmasa NoKasajl, 4mo KIUHOK U320MOGHEH U3 3aKAJICHHOU Yenepooucmoi cmaJi,
JIe2UPOBAHHOU KPeMHUEeM, XPOMOM, Mapeanyem, Hukeiem u meovio. Pezyrbmamol
UBMepeHUll XUMUYECK020 COCMABA 00beKma cOOmeEemcmayom cmaiu OJisi OMaUBOK
mapku 55J1 co cpeonum 3nawenuem meepoocmu xaunka 42 HRC. Texnonozcus
U320MOGNeHUsT OMaUBKU coomeemcemeyem Kouwyy XIX — nauana XX eexa c
npuMeHeHueM KOH8epmMepHo2o npou3soocmea. Knunox wmeika Obl1 no08epeHym
VKpenusioulel. - mepmooopabomke 6 6ude 3aKAIKU U  CPeoOHe20  OMNYCKA.
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Memannocpaghuueckuii ananuz noxaszai, ymo uccieoyemvli pazmenm KiIuHKA
nocmpaoan om KOppo3UOHHO20 PACMPECKUBAHUS MeHCOY KPUCMATIAMU UTU NO ey
3epeH, Umo ceudemebCmayem 0 ONUMeNbHOM NPeObIBAHUU 6 UIUCTIBIX OMIONCEHUSIX.
Hoenmugurxayusa ucciredyemozo o006veKma oCyujeCmeisiiacye ¢ HpUMeHeHUuem
NPUKTAOHBIX MEXHOI02ULL HA OCHOBE 8U3YATbHO20 OCMOMPA C ONUCAHUEM COCMOSHUSL
COXPAHHOCMU U CPABHEHUU C PEe3YTbMamamu, OMpPANCeHHbIMU 8 HAYYHOU NepUoouKe;
Memannoe0ueckol IKCNepmu3sl, OnpeoeseHuu Macco2adapumubix XapaKmepucmux
U UX COOMEEMCMBUS OPUSUHAITLY, 8 MOM YUCTe IKCNEPUMEHMATLHOU PEKOHCMPYKYULU,
YMmo OmoHCOeCmesien COXPAHEHHbI (PPazMeHm ¢ OPUSUHANLHLIM YEePMeNCoOM 6
KOHMPOJbHBIX MOYKax. bvlio 6blnoIHeHO cpasHeHue XUMUYECKo20 COCmasa Cmanu
kaunka u cman gupmer “‘Haenel”, komopwie omauuaromes xonyenmpayuetl u
O0ONnOIHUMeNbHbIMU Jecupyrowumu dnemenmamu. Ocmamku omnedamxa Kieuma
KOPONIe8CKOU MOHOSPAMMbL U OMCYNCMEUE NOJKOB020 KIeUMda Cmaiu 0CHOB0U NOUCKA
nO KAMano2am 3ape2ucmpupo8antbiX WMvlK08. Imo no3601Ul0 UOeHMUDUYUposamy
uccnedyemulii. 00beKm KAk 4acmv HeMeyxKo2o UMNEPCKO20 MOOUPUYUPOBAHHO20
wmuika oopaszya 1898/1905 k eunmoske cucmemvl Mayzepa, u3eo0moenieHHo20 6
nepuod c¢ 1915 no 1918 2. Ilepcnexmugvl OanbHeUMUx UCCIe008AHUL BUOSMCS 8
VBeIUYeHUU KOIUYecmea Memanlogedieckux sKkcnepmuz Oasi 0Oolee MOYHOLU
uoeHmuukayuu HaxoooKx.

Kniouegvie cnosa: sxcnepmusa, onpedeneHue 803pacma; aApxeoMemannypusl,
IKCHEPUMEHMATIbHASL PEKOHCMPYKYUs,; Kieumo, “byuep”
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Development and construction of shunting electric locomotives at
Dnipropetrovsk electric locomotives plant (1960's — 1970's)

Abstract. In the article on the basis of the complex analysis of sources and
scientific literature the attempt to investigate historical circumstances of development
and construction of shunting electric locomotives at the Dnipropetrovsk electric
locomotive plant has been made. It was found that during the 1960s and 1970s, the
team of designers of the Dnipropetrovsk plant, having strong research and production
potential, at the request of the Ministry of Railways of the USSR developed and built
unique samples of shunting electric locomotives of the VL41 and VL26 series to meet
the needs of Soviet main-line railways with modern high-tech electric vehicles. It is
proved that in the absence of thorough experience and, accordingly, the possibility of
a rapid technological breakthrough in the development of main-line locomotives,
during the experimental operation of shunting electric locomotives VL41 and VL26,
several design shortcomings were identified, which led to their further use exclusively
on the house tracks of enterprises, and designers of Dnipropetrovsk plant later focused
on the development and construction of traction units for industrial application
commissioned by the Ministry of Ferrous Metallurgy of the USSR. At the same time,
the construction of the main-line railway equipment to the order of the Ministry of
Railways allowed the staff of the enterprise to gain valuable experience, which was
later used in the implementation of the renewal program of rolling stock of
Ukrzaliznytsia. Although today the Dnipropetrovsk plant is in decline, the analysis of
historical circumstances of formation and design and technological heritage of electric
locomotive construction in Ukraine is of fundamental importance both in the general
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perspective of the development of domestic transport engineering, and the railway
industry in particular. Further study of the history of Dnipropetrovsk electric
locomotive plant requires clarification of the historical circumstances of
institutionalization of the Special Design and Technology Bureau of the enterprise
from the creation of industrial electric locomotives and traction units to the
development and re-equipment of main traction rolling stock and specialized repair
equipment within the state enterprise “Ukrainian Research Design Institute of Electric
Locomotive Engineering .
Keywords: Dnipropetrovsk electric locomotives plant; railway engineering;
Switcher; main-line electric locomotives engineering; Soviet railways

Introduction.

The search for technical solutions aimed at minimizing operating costs and
environmental pollution during shunting work is an urgent task of the domestic
locomotive industry. Despite numerous theoretical researches of ways of
modernization of the locomotives of the ChME3 series most involved in shunting work
on the railways of Ukraine and attempts of involvement of the main electric
locomotives for shunting work (Ryabov, 2015, p. 69), indicators of their operational
efficiency remain unsatisfactory, in addition, the economic disadvantage of using
shunting locomotives on electrified sections of railways is the need to maintain for
equipment and repair of additional locomotive facilities along with the existing electric
locomotive one, which creates additional costs (Krasnobaev & Vanag, 1970, p. 53).
During the 1960's and 1980's, the Dnipropetrovsk Electric Locomotive Plant
specialized in the production of rail electric vehicles for industrial purposes and had a
powerful special design and technology bureau (hereinafter — SDTB), whose team
designed semi-autonomous locomotives with combined types of traction and had
specific experience in the development of industrial production of VL41 and VL26
shunting electric locomotives of own development, created by order of the Ministry of
Railways of the USSR. Since, today in Ukraine the issue of import of hybrid semi-
autonomous locomotives manufactured by the Japanese corporation Toshiba (Vasyl,
2019) is relevant, and given the prospect of unification of production activities of the
locomotive industry of JSC “Ukrzaliznytsia” by introducing electric shunting traction,
reducing the cost of current maintenance of rolling stock and the possibility of using
electricity recovery during locomotives braking at train operation, there is a need for a
comprehensive analysis of the historical experience of the domestic design school of
electrical engineering in dealing with this issue.

Unfortunately, for a long time, the circumstances of the production activity of the
Dnipropetrovsk electric locomotives plant did not find their proper coverage in the
domestic historiography, the only exception is the book by O. Shatovsky and
H. Volneansky (Shatovsky & Volneansky, 1998), as well as articles by the authors
(Ruban & Baka, 2020; Ruban, 2020; Ruban & Ponomarenko, 2020). Some issues of
the history of electric locomotive construction at the Dnipropetrovsk plant are
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presented in engineering surveys of designers of the enterprise (Kuzmenko &
Matusevich, 1964; Bichuch & Kuzmenko, 1969; Savysko, 2009), monographs of
V. Rakov (Rakov, 1990; 1999), of academician V. Bratash (Bratash et al., 1977). At
the same time, most popular scientific and technical publications do not even mention
the Dnipropetrovsk electric locomotives plant (Shternov, 1967; Haruk, 2019). Instead,
we believe that the analysis of production activities of domestic enterprises of railway
engineering is updated because of the need to identify conceptual ways to reconcile
their historical design and technological potential with modern needs in the renewal
and development of the fleet of traction rolling stock of transport operators of Ukraine.
Thus, the subject of the proposed study is the production activity of the
Dnipropetrovsk electric locomotives plant. The chronological boundaries of the study
cover the period from the beginning of the development of projects of wide-track
shunting electric locomotives with combined types of traction to the actual curtailment
of this activity after the modernization of the last shunting electric locomotive VL26
in 1972.

The aim of the article is that on the basis of a comprehensive analysis of sources
and scientific literature to reproduce a holistic picture of the preconditions for the
development and circumstances of construction of shunting electric locomotives in
Ukraine in 1963-1972, which involves solving the following research tasks: first, to
clarify the historical circumstances of the Dnipropetrovsk electric locomotives plant
development; secondly, to consider preconditions of construction and technical
features of domestic shunting electric locomotives; thirdly, to find out the impact of
the experience of development and construction of shunting locomotives of the
Dnipropetrovsk plant on the design and technology school of main electric locomotive
construction in Ukraine.

Research Methods.

The proposed research used general scientific methods and principles of historical
research, in particular, historicism, objectivity, continuity, multifactoriality,
complexity, and comprehensive knowledge (Fullerton, 2011), which provided a
detailed analysis of the historical circumstances of the construction of shunting
locomotives at Dnipropetrovsk electric locomotives plant in a clear chronological
sequence.

Results and discussion.

The construction of the Dnipropetrovsk locomotive repair plant “Promparovoz”,
which was to serve as a repair base for locomotives of domestic transport of
metallurgical plants of Ukraine, began in 1933, and in the spring of 1937 the company,
designed for annual repairs of 300 locomotives and spare parts, was officially
introduced. into operation (Shatovsky & Volneansky, 1998, p. 26). Resolution of the
Council of Ministers of the Ukrainian SSR No. 1040 of August 7, 1958, approved the
organization of production of industrial electric locomotives at the Dnipropetrovsk
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locomotive repair plant, and on November 13, 1958, by order of the Dnipropetrovsk
Council of National Economy No. 862-R the enterprise was reorganized into
“Dnipropetrovsk electric locomotives plant”. According to the order, starting from
1959 it was planned to organize the production of electric locomotives and spare parts
for them with the subsequent bringing of the enterprise's capacities to 200 locomotives
per year till 1965. The production range consisted of contact four-axle electric
locomotives with an adhesive weight of 100 tons and six-axle electric locomotives with
an adhesive weight of 150 tons (The State Archive of Dnipropetrovsk Oblast, f. 4593,
op. 1, spr. 2, ark. 153-154). In addition to the main activity of development and
construction of locomotives, the Dnipropetrovsk plant had orders for the manufacture
of electric arc steel furnaces, vibrating screens, as well as traction engines for walking
excavators (Shatovsky & Volneansky, 1998, p. 79-81, 96).

Dnipropetrovsk electric locomotive plant (DELP) specialized in the production of
electric locomotives for access tracks of mining enterprises and had a powerful special
design and technology bureau (hereinafter — SDTB). In 1959, the company began
designing and organizing the production of the first in the USSR industrial single-phase
electric locomotives with a frequency of 50 Hz high voltage industrial frequency of
10 kKW. Along with the repair of the last locomotives, the company built the bodies of
the first electric locomotives, and at the end of 1961, the first two four-axle research
locomotives of the company's own design were manufactured, which were designated
the D100 series. (Rakov, 1999, p. 401-402). At present, the procedure for assigning
the types of the first electric locomotives of the Dnipropetrovsk plant has not been
precisely documented, however, apparently the digital designation was carried out
taking into account the adhesive weight of the locomotive. The electric locomotive had
an adhesive weight of 100 tons, a traction force of 16,3 tf, and a speed of 29,9 km/h in
hourly mode, and in long-term mode — 10,9 tf and 35 km/h, respectively. The double-
pitch body of the locomotive, which became the basis for the future electric
locomotives of the plant, provided a good overview during the loading of cars at the
location of the side current collectors, and access for maintenance of the power and
auxiliary equipment.

After testing the first two electric locomotives of the D100 series on the
experimental branch of the Dnipropetrovsk Institute of Railway Engineers, under the
leadership of the chief designer of DELP V. Bezruchenko the locomotive design was
significantly redesigned, in particular, the shape of the body was simplified (the size of
the side bevels was reduced to improve the visibility of the track from the driver's cab),
the bogie frame was strengthened and the location of the traction motors was changed
to increase the utilization of the adhesive weight. Traction electric motors and drive of
auxiliary mechanisms were also replaced on the experimental electric locomotive
D100M (Bezruchenko, Grigor'yev, & Matusevich, 1961, p. 7, 10). In total, during
1962-1963, 51 locomotives were built under the renewed project, which received the
serial designation D100M (modernized), although the numbering continued from the
first two experimental electric locomotives D100. D100M electric locomotives
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(Figure 1) were delivered to work on the access tracks of coal mining enterprises, in
particular, “Vakhrushevvuhilya” and “Korkinovuhilya” (Rakov, 1999, p. 403-404).
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Figure 1. Electrlc Iocomotlve D100M 006 Dnlpropetrovsk Electric Locomotlve
Plant (1962) (D100M-006, 1962).

AC electric locomotive VLA41

Since the reorganization, the Dnipropetrovsk plant has been constantly
considering the possibility of building main electric locomaotives. In particular, back in
July 1959, a group of Dnipropetrovsk designers headed by the first head of SDB
B. Kolyushnyk (The State Archive of Dnipropetrovsk Oblast, f. 4593, op. 1, spr. 28,
ark. 28) was sent to the Novocherkassk electric locomotive plant to “ study the design
of the ignitron installation and control panel of the H-60 electric locomotive ”, also at
the enterprise it was planned to organize “production of freight eight-axle double-
powered electric locomotives with a capacity of 4800-5200 kW of VL82 type” (The
State Archive of Dnipropetrovsk Oblast, f. 4593, op. 1, spr. 227, ark. 23-24), the
construction of which was later deployed at the Novocherkassk plant (Rakov, 1999,
p. 130). In the early 1960s, Dnipropetrovsk designers developed projects for four-axle
and six-axle shunting electric locomotives equipped with small diesel generator sets to
work at stations with non-electrified low-efficiency tracks. The plan to produce new
equipment in 1961 provided for the construction of a four-axle electric locomotive
weighing 100 — 120 tons with ignitron rectifiers and an autonomous power plant
(Shatovsky & Volneansky, 1998, p. 106). A project of a six-axle shunting electric
locomotive with a capacity of 2500 kW with a design speed of 80 km/h, equipped with
a diesel generator set with a capacity of 440-588 kW, was also developed (Rakov,
1999, p. 404).

Since DELP during 1962 — 1963 produced a sufficient number of electric
locomotives D100M series electrified by a single-phase current system with a voltage
of 10 kw, at the suggestion of the head of the Main Department of Locomotive
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Industry of the Ministry of Railways of the USSR A. Tyshchenko a decision was made
to begin construction at the Dnipropetrovsk plant of shunting electric locomotives of
single-phase current of 25 kW for the main railways of the Soviet Union. In order not
to stop the construction of electric locomotives at the plant and to make its initial
reconstruction minimal, a modified version of a four-axle shunting locomotive, based
on an industrial electric locomotive D100M with an ignitron rectifier was proposed as
a temporary intermediate type. The first electric locomotive of the new series,
designated D92 (later — VVL41), was built in 1963. Compared to the prototype of the
new locomotive, the traction force was increased (at an hourly mode by 1,1 tfand 2,2 tf
— at a long time mode) and the speed was increased by 3,7 km/h and 3,8 km/h,
respectively. The power of traction motors increased: at an hourly mode from 355 to
425 kW and from 290 to 380 kW — at a long-time mode, design speed was increased
by 30 km/h as well (Rakov, 1999, p. 403, 406). The weight of the electric locomotive
D92 (VL41 (Figure 2)) was 92 tons. In the hour mode, it developed a traction force of
17,5 tf and a speed of 34,7 km/h, in the long-time mode — 14,9 tf and 36,5 km/h,
respectively. The initial design speed was 100 km/h, and the traction force at this speed
was 2,5 tf (Kuzmenko & Matusevich, 1964, p. 22).

)

£
S

Figure 2. Electric locomotive VL4i-001, 'Dn'iprpetrovsk Electric Lomotive Plant
(1963) (VL41-001, 1963).

N K .

The mechanical part of the electric locomotive consisted of a body and two two-
axle carts. The all-metal body of a welded design from rolled and bent profiles and
steel sheets consisted of a frame, a driver's cab, and also two bevels. On each of the
carts the body leaned with a flat central and two side supports. Traction and braking
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forces were transmitted to the body through the central supports. Four lateral elastic
sliding supports transmitted vertical impulse to the trolleys and gave the body
transverse stability. The control cabin, as on D100 electric locomotives, was located in
the center of the locomotive. The frame of the trolley consisted of boxlike section side
frames (340x200 mm), welded from sheet steel 12 mm thick, as well as cast parts made
of special steel with a carbon capacity of not more than 0,25%. All parts and
components were connected together by welding and subjected to burning. Wheelsets
(wheel diameter 1200 mm), driving gear (gear ratio 3,905), and traction motors (NB-
406B) were similar to electric locomotives of the VL8 series. Traction gear was helical,
double-sided, rigid. The normal diametral pitch is 10 mm, the angle of its inclination
is 24° 37> 12°. The gears were made of solid rolled steel and subjected to three-
dimensional hardening. The gears were made of 40CrNi steel forgings. The teeth of
the gearwheel were subjected to surface hardening. Truck axle boxes are non-pedestal,
two-linking with bearings, as at VL60 electric locomotives, bearings are with
cylindrical rollers (Kuzmenko & Matusevich, 1964, p. 22). The spring suspension of
both carts was the same balanced in the longitudinal direction and consisted of cellar
leaf springs connected by longitudinal balancers and end cylindrical springs. The
locomotives were equipped with standard devices for controlling the brake system and
air distributors No. 270.002. The lever brake system was made with one-sided pressure
of the hobs on each wheel. The suspension of the traction engine was of the axial type.
To make better use of the electric locomotive's adhesive weight, its engines were
mounted on carts so that their spouts were directed towards the middle of the body
(Bezruchenko, Grigor'yev & Matusevich, 1961, p. 7).

Electrical and pneumatic equipment was located in two bevels, the driver's cab,
on removable bevel hatches, cab roof and under the body. The high-voltage chamber,
which housed the rectifier and the engine room, was located in the bevel No. 1. The
power transformer, smoothing reactor, and control equipment were located in the bevel
No. 2. Two control panels were installed in the driver's cab, the main switch was placed
on the detachable hatches and the roof of the driver's cab, two current collectors with
disconnector were located. The electric locomotive was equipped with two Ts-13-50
No. 5 fans, one in each bevel, and one axial SVM-5M fan for cooling silicon rectifiers,
transient resistors, and a smoothing reactor. Heat removal from ignetrons was carried
out by a cooling system with a capacity of 200 liters. The main temperature control
equipment and several units were used from serial AC electric locomotives
(temperature regulator TSR-48, temperature relay TR-4P, current relay RSE, induction
heater IN-1, radiators and main pump). Asymmetric pantograph PN-2 was a single-
bow collector weighing 200 kg, designed for a long current of 1000 A and a maximum
speed of 110 km/h (Kuzmenko & Matusevich, 1964, p. 23).

The main switch EKG-41 (designed for low-voltage step voltage control on
traction motors), which had 29 fixed positions and was similar in design to the main
switch ECG-60/20 electric locomotives series VL60, housed 12 contactors with arc
suppression and 12 contactors without arc suppression, (Rakov, 1999, p. 405). The
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nominal insulation voltage of the cam elements was 3350 V. The single-phase oil
transformer OCR-2800/25 had a nominal power of the primary winding of 2260 kW,
the no-load voltage of the traction windings was 2 x 1515 V, the voltage of the
windings for own needs — 404 and 227 V. The traction winding consisted of two half-
phases, each of which was divided into three parts: adjustable, unregulated and
boosting, as in the transformer OCR-2200/10. The adjustable part had four pins (three
sections). Six rectifiers IVS-300/5, connected in two groups of three connected in
parallel in each were used to rectify the current, which was carried out according to the
zero-output circuit. (Kuzmenko & Matusevich, 1964, p. 23-24).

In the circuit of traction engines in the absence of transient reactors was included
smoothing reactor REDR-2500. Traction motors NB-406B operated at pulsating
current, as a result of which their nominal voltage on the terminals, as well as on
electric locomotives D100M, was reduced from 1500 to 1200 V, a constant excitation
attenuation (92% of maximum) was introduced to pass the alternating current
component. The NB-406B electric motor had in an hour mode: power 425 kW, current
strength 380 A, armature speed 600 rpm; in long-time mode: power 380 kW, current
340 A, armature rotation 630 rpm. The main switch VOV-25U, phase splitter NB-453,
compressors E-500, their electric motors AC-81-6 and electric motors AP-81-4 fan
drives were similar to the electric locomotives of VL60 series, the release of 1962
(Rakov, 1999, p. 406). The connection scheme of the traction motors allowed to obtain
29 stages, in addition, the supply winding made it possible to do this with a small
number of terminals in the adjustable part of the traction winding. All 29 stages were
running, except for full arousal, it was possible to get two stages of attenuation — 75
and 55%. Schemes of control circuits of traction motors, protection of power circuits
from excessive loads, short circuits, reverse ignitions in ignitrons and atmospheric
overvoltages, and also the scheme of control cabinets of ignitrons were similar to the
VL60 electric locomotive (Kuzmenko & Matusevich, 1964, p. 24). The driver's
controller had a reversible handle with five positions (“Back”, “0”, “Forward 1st full
field”, “Forward 2nd weakened field”) and the main one with seven positions (“0”,
“Automatic shutdown”, “Manual shutdown”,”Lock-off”, “Lock start”, “Manual start”
and “Automatic start). The power supply of control and lighting circuits, charging of
the accumulator battery was carried out by a constant voltage of 50 V from the statically
charging unit consisting of the single-phase transformer and silicon rectifiers. To
ensure the charge of the battery, which consisted of 38 elements of KN-100, during the
period of the highest load in the control circuits, a scheme developed by engineer
Yu. Marchenko was adopted (Kuzmenko & Matusevich, 1964, p. 25).

In January — February 1964 the electric locomotive VL41-001 together with the
electric locomotive VL80-007 was tested by the All-Union Research Institute of
Railway Transport of the USSR Ministry of Railways (Vsesoyuznyy naukovo-
doslidnyy proektno-konstruktors’kyy instytut zaliznychnoho transport; hereinafter —
VNIIZhT). The test results showed that at a speed of 70 km/h the electric locomotive
VL41 had a worse effect on the track than the electric locomotives of the VL80 series,
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and the course of the electric locomotive was uneasy. Given the results of tests,
VNIIZhT recommended setting the maximum speed of the electric locomotive VL41
70 km/h. In order to improve the dynamic characteristics of the electric locomotive
VL41-065, DELP designers decided to install friction spring shock-absorbers between
cross bars of carts and a buffer bar of a body — two and two shock-absorbers with their
arrangement on a longitudinal axis of the locomotive. When testing the electric
locomotive VL41-066 it was noted that when driving on straight sections, its course
was restless due to “friction failure” in the shock absorbers, and when driving curves
due to the damping moment the impact of the locomotive on the track increased. In the
end, it was decided to abandon the shock absorbers and limit the maximum speed of
the locomotive to 70 km/h. In 1963, the Dnipropetrovsk plant produced 28 electric
locomotives of the VL41 series (No. 001-028), and in 1964 — 50 (No. 029-078), in
total, the company built 78 electric locomotives of the VL41 series (Rakov, 1999,
p. 406).

In 1966, one electric locomotive of the VVL41 series was converted into a contact-
battery locomotive. A two-axle tender with a 648-TNZh-400 battery was attached to
the electric locomotive. In the same tender, a part of the electric equipment of the
electric locomotive was mounted, which allowed to reduce the load of the wheel pairs
of the electric locomotive on the tracks from 23 to 21,5 tons, as well as to facilitate the
pass conditions of the locomotive by station tracks with a weak upper structure. The
battery was placed in a tender in 12 compartments of 54 cells in the compartment and
closed with a metal roof that had hatches for adding water. After re-equipment, the
electric locomotive could receive train and shunting modes when receiving energy
from the catenary. In train mode, traction motors were powered by a transformer
winding with a nominal voltage of 1524 V, and in shunting mode — by a winding with
a nominal voltage of 514 V. The battery could be charged from the catenary both in
the lay-out and while driving. When powered by traction motors from the battery, the
electric locomotive could only operate in shunting mode. Start-up was carried out using
rheostats and switching of electric motors from serial-parallel to parallel connection.
During 1975-1977 according to the project of the Design Bureau of the Main
Department of Locomotive Economy of the USSR Ministry of Railways, 13 electric
locomotives of the VL41 series were re-equipped with the replacement of ignetronic
rectifiers to silicon ones and received the designation VL41K. (Rakov, 1999, p. 406).

Electric locomotives of the VL41 series (Figure 3) were delivered for shunting
work on the East Siberian, Gorky, West Siberian, Moscow, Odessa-Chisinau, North
Caucasus, and South-Eastern railways. However, the locomotives were poorly adapted
for shunting work: they had insufficient traction weight, high track load, low traction,
and speed, as well as in the absence of a contact wire over the individual spare tracks
of stations, were limited to use in shunting and export work. VVL41 electric locomotives
began to be transferred to industrial enterprises of the coal mining industry and the
tracks of power plants (with the replacement of transformer windings with voltages
from 25 to 10 kV). Most of these locomotives were transferred to the access tracks of
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mining and power plants between 1970 and 1975. As of January 1, 1976, there were
24 electric locomotives of the VL41 and VL41K series left on the railways of the USSR
Ministry of Railways, of which 18 in the North Caucasus, 4 in the West Siberian, and
2 in the East Siberian. (Rakov, 1999, p. 407).
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Figure 3. Electric Iocomotlve VL41 004 Dnlpropetrovsk Electric Locomotive Plant
(1963) (VL41-004, 1963).

Due to the complexity of operation of shunting electric locomotives VL41 on the
main railways of the USSR, Dnipropetrovsk plant returned to the production of
industrial electric locomotives AC with a nominal voltage of 10 kW, creating at the
end of 1964 as part of the continuation of the series (D100, D100M, D92/VL41)
experimental electric locomotive D94-001, which differed from VL41 by increasing
the total length, the location of the equipment in the body, the voltage of the primary
winding of the transformer and the presence of side current collectors (Bratash et al.,
1977, p. 23). According to V. Rakov, the transition of the Dnipropetrovsk plant to the
construction of six-axle electric locomotives equipped with diesel generators with
internal combustion engines with a capacity of about 552 — 736 kW, which would
allow the shunting locomotive to operate freely on non-electrified tracks, would solve
the main number of problems that arose during the experimental operation of electric
locomotives VL41, however, the further development of the project was stopped due
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to the beginning of construction of shunting electric locomotives of a direct current
with rechargeable batteries of the VL26 series (Rakov, 1999, p. 407).

DC battery electric locomotive VL26.

In order to replace shunting locomotives with electric locomotives at the stations
of electrified sections of railways and at the same time not to incur unreasonable costs
for electrification of inactive sections, Baltic Railway engineers initiated the creation
of a contact-battery electric locomotive. The great advantage of such locomotives over
diesel locomotives was also the absence of noise and smoke, which is especially
important when carrying out shunting work within cities. The actual precedent that
prompted the beginning of work on the development of contact-battery locomotive was
the successful experience of operation of the converted for operation on the battery of
an industrial electric locomotive IVKP at the Magnitogorsk Metallurgical Plant
(Krasnobaev & Vanag, 1970, p. 54). In 1964, the public design bureau of the Scientific
and Technical Society of the Baltic Railway developed a preliminary design of a
contact-accumulator shunting electric locomotive with a voltage of 3000 V, which was
approved by the commission of the Scientific and Technical Council of the USSR
Ministry of Railways. The design and construction of experimental contact-battery
electric locomotives were carried out by the Dnipropetrovsk plant. In 1966, the first
experimental electric locomotive was built, which received the serial designation VL26
(Figure 4, Figure 5), and during 1966 — 1967 which came into operation on the
Dnieper, Sverdlovsk, and Baltic railways, as well as a number of industrial enterprises.
(Krasnobaev & Vanag, 1970, p. 54).

Figure 4. Electric locomotive VL26-001, Dnipropetrovsk Electric Locomotive Plant
(1966) (Electric locomotive VL26-001,1966).
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When designing a new contact-battery electric locomotive, the designers of the
Dnipropetrovsk plant developed a fundamentally new scheme of the locomotive,
decided on the location of the battery, ventilation system, and equipment layout.
Among the main developers of the electric locomotive was the head of the design and
installation department of SDTB L. Kuzmenko, group leaders M. Bichuch, V. Frolov,
F. Raslin, designers M. Kogai, A. Gurevich, artist-designer V. Zhilko, specialists of
the electric machines department V. Zakatov, E. Arshinov, V. Artyukh, . Matusevych,
I. Karlenko, head of the group of electrical appliances department V. Savysko, as well
as its designers V. Denisenko, G. Svetlov, V.Chmykhalov, A. Nazarenko,
V. Przhepyurko, I. Ryzhenko, group Ileaders E. Moskvichov, V. Volodarsky,
I. Handelman and L. Guzik (Shatovsky & Volneansky, 1998, p. 116). It should be
noted that in 1967 one of the electric locomotives VL26-005 was built over time by
Komsomol youth brigades to the 50th anniversary of the All-Union Leninist Young
Communist League. Enthusiasts of electric machines, wheeled, electric locomotive,
blacksmith and foundry shops were especially noted, in particular, only the crews of
masters V. Chernega and V. Kurochkin worked in the fund of overtime locomotive for
more than 220 standard hours (Shatovsky & Volneansky, 1998, p. 118).

o

Figure. Electric Iocomotie VL26-001, Dipropetrovsk Elctri Locomotive Plant
(1966) (VL26-001, 1966).

The VL26 electric locomotive had an all-metal body, in the middle of which there
was the driver's cab (Figure 6). In the side compartments of the lower part of the body
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there were sections of the battery, which were charged when working from the
catenary. The length of the electric locomotive along the axles of the auto-couplings
was 19900 mm, the distance between the pins of the carts was 10000 mm, the
wheelbase of the cart was 3900 mm, and the total wheelbase was 13900 mm. The three-
axle carts of the electric locomotive had sheet cellar springs and cylindrical springs.
The diameter of the wheels was 1050 mm. Transmission from traction engines was
one-way, rigid, its gear ratio was 79:16=4,9375. Six DT-7A traction electric motors
were installed on the electric locomotive, developed with the participation of the head
of the sector of the department of chief technologist Yu. Bereznyak, the head of the
SDTB group V. Frolov and the head of the electric machine shop A. Mironov on the
basis of electric motors RT-113 of electric trains series ER22 (Shatovsky &
Volneansky, 1998, p. 115). At a voltage of 750 V, the DT-7A motors had in an hourly
mode: power 235 kW, current 350 A, armature speed 525 rpm; in long-time mode:
power 180 kW, current 265 A, armature rotation 570 rpm (Rakov, 1999, p. 396).
Initially, electric locomotives used TNZh-550 rechargeable batteries, which consisted
of 672 series-connected elements placed in 16 boxes. The nominal voltage of the
batteries was 840 V, the capacity was 550 A, weight — 25 tons. Traction motors could
be connected in series and series-parallel; the battery, which was charged during the
operation of the electric locomotive from the contact drive, was connected in series
with them. It was not possible to connect the three motors connected in series directly
to the contact wire (without the battery), as this would create unacceptable voltages on
the machine collectors.
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Figure 6. Electric locomotive VL26-005, Dnipropetrovsk Electric Locomotive Plant
(1967) (VL26-005, 1967).
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The start was carried out using the starting resistors. In the lay-out, the battery
was charged through starting resistors, in which about 2/3 of the energy consumed from
the catenary was lost. Electric motors of DK-258A fans were connected to the ballast
resistor, which also caused energy losses when powering the electric locomotive from
the catenary. At a voltage in the catenary of 3000 V and a series-parallel connection of
traction electric motors, the electric locomotive developed a traction force of 24 tf and
a speed of 17 km/h in an hourly mode. The design speed was 80 km/h, weight —
126 tons (Krasnobaev & Vanag, 1970, p. 53).

Operation of prototypes of electric locomotives of the VL26 series at the Riga
junction of the Baltic Railway confirmed the feasibility of using a locomotive with an
autonomous electric power supply in shunting and export work on electrified sections
and non-electrified tracks of shunting parks and adjacent depots. However, operational
experience also showed that the design of the contact-battery electric locomotive VL26
had several significant shortcomings caused by a number of unsuccessful design
decisions (Krasnobaev & Vanag, 1970, p. 55). In particular, during the operation of the
electric locomotive in contact mode on heavy shunting work on a shunting hill with
trains weighing up to 4000 tons, there were large energy losses, as the train was pushed
on the slide at rheostatic positions, in addition, when shifting from the place there were
significant pushes due to lack of starting positions. The accepted method of charging
the battery led to its overheating during operation of the electric locomotive with high
currents, and the lack of control over its charge led to cases of the electric locomotive
on non-electrified tracks with an uncharged battery or, conversely, to recharging and
boiling of the electrolyte.

The system of auxiliary machines and their mode of operation were also
unsuccessful. The voltage of the auxiliary machines was inconsistent with the voltage
of the traction motors, which led to the complication of the electrical circuits of the
auxiliary machines and caused their unstable operation and the need for duplication.
The mode of operation of the fans was inconsistent with the mode of operation of the
traction motors and the traction battery, as a result of which they overheated. The power
supply circuit of the fan motors from ballast resistance caused significant energy losses.

In 1967, the electric locomotive VL26-005 passed traction and energy tests at the
station Sverdlovsk-Sortuvalny (maneuvers, moving the train on the hill) and at the
section Sverdlovsk — Pidvoloshna (work with export trains), as a result of which it was
found that the existing designs of motor fans, battery boxes and air ducts did not
provide effective ventilation of the traction battery (Krasnobaev & Vanag, 1970, p. 55).
In general, the following shortcomings of the new locomotive were revealed: a small
number of starting positions, which led to large slams during acceleration; when
working on batteries and current mode, the speed was only 1,2 km/h, which was much
lower than the design speed; due to the large internal resistance of the battery, the
voltage at its terminals at an hourly current reduced to 360 — 400 V; when using an
electric locomotive to move the train on the hill it was necessary to work on rheostatic
positions, which led to additional energy losses; Based on the tests carried out by
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VNIIZhT a conclusion was made about the inexpediency of further construction of
electric locomotives VL26 with the existing design (Rakov, 1999, p. 397).

In order to eliminate the above shortcomings, the public design bureau of the
Scientific and Technical Society of the Baltic Railway has developed a project to
modernize electric locomotives VL26. The development of the project was carried out
taking into account that modernization should not affect the mechanical part and
traction engines of the electric locomotive (Krasnobaev & Vanag, 1970, p. 55). It was
envisaged: replacement of starting resistors in the circuits of traction motors with
thyristor pulse-width converters with a frequency of 400 Hz in order to eliminate
energy losses, application of regenerative-rheostatic braking, increasing the voltage of
the battery to 1500 V with the possibility of charging it through the converter
(operating frequency 400 Hz) regardless of the current in the circuit of traction motors,
as well as replacing the battery TNZh-550 with a more powerful one. It was assumed
that the modernized electric locomotive could also be used to service export, transfer,
and pickup trains. The locomotive was to provide shunting operation with trains
weighing up to 4,000 tons and to drive pickup trains weighing up to 2600 tons on
electrified sections (Krasnobaev & Vanag, 1970, p. 55). In 1972, the Dnipropetrovsk
plant modernized the electric locomotive VL26-002, which was designated VL26M-
002. The locomotive was equipped with an MT-8 rechargeable battery from SAFT
(France), which had 1,096 cells. The battery was also modernized on a number of other
locomotives of this series, which operated on the Baltic Railway (a TNZh-400 battery
with 840 cells was installed). In addition, a series connection of four traction motors
was used to increase the speed (Rakov, 1999, p. 397).

The experience of development, construction, and experimental operation of
VL26 electric locomotives allowed to outline the prospects for the development of
shunting contact-battery locomotives for driving pickup trains with a design speed of
80-90 km/h. In particular, given the then maximum weight of trains of 4000 tons, the
leadership of the Baltic Railway, led by Honored Scientist and Engineer of the Latvian
SSR Neil Krasnobaev considered as a perspective for the main type was considered a
six-axle electric locomotive with an adhesive weight of 126 tons, an hourly power of
1400-1500 KW in contact mode and 300-500 kW — in stand-alone mode. The
increased capacity of the contact mode was to provide an opportunity to service export
and pickup trains. Two options were considered for heavy rolling work with trains
weighing 6000-7000 tons. The first option involved the creation of an eight-axle
electric locomotive with an adhesive weight of 176-184 tons, the capacity of 1800—
2000 kW in contact mode and 400-550 kW in a stand-alone mode based on a four-axle
locomotive and a four-axle booster trailer, which was important not only due to the
increase in traction, but also to facilitate the placement of additional equipment. In the
long run, the possibility of creating a powerful ten-axle shunting locomotive based on
the design of a six-axle locomotive and a four-axle booster trailer was considered. Also
promising was the project of a four-axle electric locomotive with an adhesive weight
of 72 tons, an hourly capacity of 500600 kW in contact mode, and 150-250 kW in
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stand-alone mode for facilitated shunting and economic work (Krasnobaev & Vanag,
1970, p. 57).

However, due to the imperfection of the new locomotives in the absence of
technology for the construction of small batteries, further work on the development and
improvement of shunting locomotives at the Dnipropetrovsk plant was deemed
inexpedient, and the company focused on the production of traction units for access
tracks to the Soviet industry. In the mid-1980s, to ensure shunting and export work on
electrified sections of railways and non-electrified station tracks, the main department
of locomotive economy of the USSR Ministry of Railways updated the development
of projects of semi-autonomous eight-axle DC and AC electric locomotives. The power
of electric locomotives in contact mode was to be 4000 kW (1200-1500 kW in stand-
alone mode), traction force 32.4 tons, speed 47 km/h, and design speed 100 km/h.
Rheostatic and pneumatic braking was provided. When the locomotive was under the
contact wire, the batteries had to work in charge mode (Rakov, 1990, p. 211). However,
with the onset of the economic crisis of the 1990s and the need to prioritize the
production of passenger electric locomotives alongside restrictions on imports of
equipment in the absence of convertible currency, the project was not implemented.

Conclusions.

Thus, during the 1960s and 1990s, the staff of the Special Design and Technology
Bureau of the Dnipropetrovsk Electric Locomotive Plant, having a strong research and
production potential, created unique projects of shunting electric locomotives VL41
and VL26 to meet the needs of the USSR railways with innovative high-tech electric
vehicles. Despite the possible perception of the exclusively negative nature of operation
of electric locomotives produced by Dnipropetrovsk plant on the main railway
transport, it should be noted that the experience of designers confirmed the accuracy
of initial technical decisions on the feasibility of creating a shunting locomotive with
combined traction on the basis of the first industrial electric locomotives D100. The
continuation of this direction of design activity was a joint project with engineers of
the Baltic Railway to create contact-battery electric locomotives VL26 of direct
current. Despite the fact that due to the technological imperfection of the locomotives
of the experimental batch and their components, in particular batteries, electric
locomotives VL26 were not widespread on other railways of the USSR, instead, their
creation laid the foundations for a promising direction of domestic locomotive
construction, updated only in the mid-1980s. Finally, the study of the historical
experience of formation and achievements of the design and technological heritage of
the Dnipropetrovsk plant is of exceptional importance both in the general perspective
of Ukrainian transport engineering, finding ways out of the crisis of the historic
enterprise and modernization of the locomotive fleet of the domestic railway industry.
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Po3poOka Ta Oy1iBHMIITBO MaHEBPOBUX €JIEKTPOBO3iB Ha /[HINPONeTPOBCHLKOMY
eJIeKTPOB0300yaiBHOMY 3aBoai (1960 — 1970-x pp.)

Anomauia. Y cmammi na niocmaesi KOMNIEKCHO20 AHANI3) Odicepel | HAYKOBOi
Jaimepamypu 30ilCHeHO cnpoby O0CHioumu iCmopudHi 0OCmMagunu po3pooKu ma
0yOieHuUYymMea MAHesposuUx e1eKmpo603ia Ha JIuinponemposecokomy
eeKmpo80306y0i6HOMY 3a600i. 3’acosano, wo npomsecom 1960 — 1970-x pp.
KOJIeKMU8 KOHCMpPYKmopie J[Hinponempoecvoko2o 3a600y, Maroyu NOMYHICHUU
HAYKOB0-8UPOOHUYULL NOMEHYIaN, Ha 3amMoenenHs Minicmepcmea wiisaxie cnoyyyents
CPCP 30itichué po3pobky i no0y0yeas YHIKanIbHi 3pa3Ku MAHEeBPOsUX eleKmpo803i6
cepiti BJI4]1 ma BJI26 onsa 3abe3neuenHs nomped paosSHCbKUX MALICMPATbHUX
3aMI3HUYbL CYUACHUM BUCOKOMEXHOI02IYHUM eleKMpPOompancnopmom. /loeedeno, wo 3a
8I0CYMHOCMI IPYHMOBHO20 00CEI0Y U BIONOBIOHO MONCIUBOCHE 30IICHEHHS CMPIMKO20
MEXHOJI02IYHO20 NPOPUB)Y 8 PO3POOYI MAICMPATbHUX TOKOMOMUBIE, NI YaAC O0CAIOHOT
excniyamayii Manedposux enekmpososie BJI4] ma BJI26 6yno eussieno pso
KOHCMPYKMUBHUX HEOOIKI8, SIKI 00YMOBUNU iX NOOAbULE BUKOPUCMAHHS BUKTIIOYHO HA
ni0'I3HUX KONIAX NIONpUEMcms, a KoHcmpykmopu J[[Hinponempoecvkoeo 3a800y 6
HOOANLUOMY 30CepeOUuUcy Ha po3pooyi ma O0YOIGHUYMEI MA208UX dazpe2amie
NPOMUCTOB8020 NPUSHAYEHHS Ha 3amoenenHs Minicmepcmea uopuoi memanypeii
CPCP. V moti oice uac 0yO0ieHUYmM80 Ma2iCmpanbHOi 3aNi3HUYHOI MEXHIKU Ha
samosnentss MIIIC 00360auno Koiekmugy niOonpuemMcmea ompumamu YyiHuuil 0oceio,
AKU 32000M 0)8 GUKOPUCMAHUL NpU peanizayii npoecpamu OHOGIEHHS PYXOMO20
cknaody Yxpszaniznuyi. Ilonpu me, wo Humi /[Hinponemposcvkuti 3a600 nepedysac 8
3auHenadi, aHaniz ICMOPUYHUX OOCMABUH CMAHOBNEHHA U KOHCMPYKIMOPCLKO-
MEeXHON02IYHOI CnadwuHu enleKmpo8o300y0yeanHs 6 YKpaini mae npuHyunoge
3HAYeHHsl AK 6 3A2allbHill NepCNneKmu8i po3eUMKY BIMUUSHAHOZO0 MPAHCHOPMHO20
MaAwuHo0y0y8aunHs, max i 3ani3HuuHoi eany3i 3oxpema. I[lodanvuie Oocniosicenns
icmopii J[Hinponempo8cvKo2o enekmpo8o300y0i6H020 3a600y NOMpedye 3 'ACY8AHHSA
icmopuunux  obcmasun  incmumyanizayii  CneyianbHo20 — KOHCMPYKMOPCbKO-
MEXHOJI02IYHO20 OIOPO NIONPUEMCIEA 8I0 CMBOPEHHS. NPOMUCTIOBUX eTIeKMPOBO3i6 i
MsA208UX azpe2amis 00 po3pOoOKU ma NepeodNAOHAHH MA2ICMPAIbHO20 MA208020
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PYXOMO20 CKIAody, a mMaKoMC Cneyianizo8aHoi pPEeMOHMHOI MEeXHIKU ) pPaMKax
Odeporcagno2o  nionpuemcmea — “VKpaincoKuil  HAYKOB0-O00CHIOHUU — NPOEKMHO-
KOHCMPYKMOPCOKUL IHCIMUMYm eJleKmpo80300y0y6anHs” .

Knrwouosi cnoea: /[nHinponempogcvkuil enekmpogo300y0ieHuli 3a600, 3A1i3HUYHE
MauwuHo0y0y8aHH s, MaHesposull JIOKOMOMUB, mazicmpanvHe
eneKmpo80300Y0V8aAHHS, PAOAHCHLKI 3AI3HUY]

Huxonaii Pyoan
AO “Ykp3anussbilg”’, YKpanHa

Bagum Ilonomapenko
Pervonanenpiii punuan AO “Ykpzanussbitg” “IlpugHenpoBckas keae3Has qopora’”,
Ykpauna

Pa3padoTka U CTPOUTEIHCTBO MAHEBPOBBIX )JIEKTPOBO30B HA
J{HenponeTpoBCKOM 3J1eKTPOBO30cTpouTeILHOM 3aBoje (1960 — 1970-x rr.)

Annomauun. B cmamve Ha OCHOBAHUU KOMNIEKCHO20 AHAIU3A UCMOYHUKOS U
HAYYHOU JUMepamypvl NpPeoOnpuHama NONLIMKA UCCLe008amb  UCMOPUYECKUe
obcmoamenvcmea  paspabomku U - CEPULHO20  CMPOUMENbCmed MAaHe8POBbIX
9N1eKmMp0o80306 HA  J{HenponemposcKuil  31eKmMpOo8030CMPOUMENbHOM — 3AB800e.
Yemanoeneno, umo 6 mevenue 1960 — 1970-x ce. konnexkmue CneyuaibHo2o
KOHCMPYKMOPCKO-MEXHOI02uuecko2o 0wpo [[nenponemposckoeo 3aso0a, umes
MOWHBIU HAYYHO-NPOU3BOOCMBEHHBIN NOMeHYUal, no 3akazy Munucmepcmea nymeu
cooowernuss CCCP ocywecmeun pazpabomky u u320moeusl YHUKAIbHble MAHEe8PO8ble
anekmpogosvl ceputi BJI41 u BJI26 ons obecneuenuss nompebHocmell COBEmMCKUX
JHCENe3HbIX 00PO2 COBPEMEHHLIM BbICOKOMEXHONOSUYHBIM JIEKMPOMPAHCNOPIOM.
oxazano, umo npu omcymcmeuu OCHOBAMENbHO20 ONbIMA U COOMEENCMBEHHO
B03MOJICHOCMU OCYWECMBACHUSA CMPEMUMENIbHO20 MEXHONI02UYECKO20 Npopblea 6
paspabomke  MA2UCMpAlbHbIX — JIOKOMOMUBO8, NPU  ONBIMHOU  IKCHLYamayuu
MaHedposulx 3ekmpoeo306 BJI4] u BJI26 6vin 6vissleHn psd KOHCMPYKMUBHBIX
HeodoCmamxkos, Komopbwie 00yCi108UnlU Ux OdabHeliuiee UCHOIb308AHUE UCKIOYUMETbHO
Ha N0O0be30HbIX NYMAX NpeOnpuamutl, d KOHCMpYKmopbwl [{Henponemposckozo 3a600a
8 OanbHeluem coCpedoOmoYUIUCy, HA papabomke U CMpPOUmMenIbCmee ms208blxX
azpe2amog NPOMbIUIEHHO20 HA3HAYeHUus no 3axkazy Munucmepcmea uepHou
memannypeuu CCCP. B mo oice 6pems cmpoumenbcmeo MacucmpaibHOU
JHCEeNe3HO00POJNHCHOU ~— mexHuku  Ha  3aka3 MIIC  nossonuno  KoaieKmugy
Jlnenponempoeckoeo 3a600a noyuums YeHuwlli ONbIN, KOMOPbIll 6NOCIe0CmEUU O bl
UCNONL306AH NPU Pearu3ayuu npocpammsvl O0OHOGIEHUS NOOBUNCHO20 COCMABA
Ykpzanusuoiyu. Hecmomps na mo, umo 6 Hacmosiwee epems [[Henponemposckuul
3a600 Haxooumcs 6 ynaoke, aHaIU3 UCMOPUYECKUX 0OCMOAMENbCME CIAHOBNEeHUSL U
KOHCMPYKMOPCKO-MEXHOJI02UUeCKO20 HAcieousi 31eKmpo8o30CmpoeHus 6 Ykpauue
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uMeem NPUHYUNUATbHOE 3HAYEHUe Kak 6 obuell nepcnekmuge  pa3eumus
omeuecmeeHH020 MpPAHCNOPMHO20 MAUUHOCMPOCHUS, MAK U JHCELE3HOOOPONCHOLL
ompacau 6 uacmuocmu. Jlanvhetiuee ucciedosanue ucmopuu J[Henponemposckoco
INEKMPOBO30CMPOUMENLHO20 — 3A800a4  mpebyem  BblACHEHUS  UCMOPUYECKUX
obcmosimenvcma UHCIUMYATU3AYUU CneyuanvHoeo KOHCIMPYKMOPCKO -
MEXHONI02UYECKO20 OPO NPEONPUIMUSL OM CO30AHUS NPOMBIULIEHHBIX 1eKMPOBO308
U mMsA206bIX azpe2amos K paszpabomxe u nepeobopyooaHue MacucmpaibHO20
Ms208020 NOOBUINHCHO20 COCMABA, A MAK}Ce CReYualu3UpoOBaHHoU pPeMOHMHOU
MEXHUKU 6 paMKax 2ocyoapcmeenno20 npeonpusmus ‘‘Ykpauuckuii HayuHo-
uccneo0o8amenbCKuil NPOEKMHO-KOHCMPYKMOPCKULL UHCIMUmMym
9NIeKMPOBO30CMPOEHUS .

Knroueesvie cnoea: J[nenponemposckuii 21eKmMpo8030CMpPOUmMenbHblil 3d6800,
JHCENIeZHOOOPOINHCHOE MAUUHOCPOCHUE, MAHEBPOBbLL JTOKOMOMUB, MASUCTPATIbHOE
NEKMPOBO30CMPOEHUE; COBEMCKUE Jicele3Hble 00PO2U
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Analysis of Klavdii Semyonovich Nemeshaev’s activities as the Minister of
Railways of the Russian Empire

Abstract. The article continues the series of publications devoted to the
assessment of activities of the heads of the Ministry of Railways of the Russian Empire.
In this article, the authors attempt to systematize and analyze historical data on the
activities of Klavdii Semyonovich Nemeshaev as the Minister of Railways of the
Russian Empire. There are numerous biographical studies devoted to
K. S. Nemeshaev, but little is known about his activities as a minister, and to date the
data are scattered and not systematized. The analysis of archival materials, scientific
publications, memoirs of Nemeshaev's contemporaries and colleagues allowed us to
conduct a detailed assessment of his activities and ministerial policy. It has been found
that despite his short term of office, Nemeshaev's consistent policy and extensive
managerial experience allowed himto carry out two significant reforms in a short time.
The first one involved redistribution of the state-owned railway lines between separate
local administrations and merging them into larger groups, which was important in
terms of improving their operations and facilitating the cost efficiency, as well as
speeding up freight traffic. In opinion of the authors of this article, another important
achievement of Nemeshaev as the Minister of Railways was the establishment in 1906
of the central, local and district committees regulating mass transportation of goods.
This was the first centralized measure aimed at managing the rolling stock.
Nemeshaev's extensive managerial experience, high erudition and energy also led to
prominent outcomes in some other areas of the Ministry operation. Attempts were
made to create syndicates of shipowners in river transport. Modernization of river and
sea vessels was carried out. Works on projects for the development of the Northern Sea
Route has begun. The article also assesses the development and construction of railway
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network in the Russian Empire during Nemeshaev's office, in particular, of the Amur
Line and Moscow Encircle Railway, as well as the increase in the capacity of the
Trans-Siberian Railway. It has been found out that K.S. Nemeshaev paid great
attention to various social aspects of railway employees’ activities. The article also
highlights the legislative policy of the Ministry of Railways of that period. Nemeshaev's
participation in the preparation of the French scientist’s Paul Pelliot and the Russian
officer’s Carl Gustaf Mannerheim joint trip to China has been analyzed. Due to the
mass replacement of light and worn-out rails on state-owned railways with heavier
ones and the need to discharge a significant number of steam locomotives built in the
1850s and 1860s, an introduction of more powerful steam locomotives was expedient.
The article discusses K. S. Nemeshaev's contribution to the development of technology
and the introduction of a new type of freight steam locomotive for state-owned
railways. Nemeshaev's political views have also been assessed.
Keywords: transport of the Russian Empire; railway; reforms; Sergey Yulievich
Witte; Council of Ministers; SHCH class steam locomotive

Introduction.

In 1905, the Russian Empire was on the verge of a political, economic, and social
crisis. The industrial downturn, deterioration of money circulation, poor harvest, and
huge national debt that had grown since the Russian-Turkish War, led to the urgent
need to reform activities and authorities. The period characterized by significant
importance of the natural economy has ended, and the intensive form of industrial
methods’ development that became widespread in the XIX century demanded radical
innovations in administration and law. Following the abolition of serfdom and farms’
transformation into industrial enterprises, an introduction of a new institution of
legislative power was required. Dissatisfaction with the government police was
exacerbated by military failures (the Russo-Japanese War of 1904—-1905), low standard
of living suffered by the majority of the population, poverty, as well as by discontent
with the existing level of civil liberties; no freedom of speech and the press, equality
before the law, or personal inviolability was allowed by the state.

The global economic crisis that worsened at the turn of the century contributed
the most to the development of a pessimistic public opinion towards the state economy.
The quality of life of the Russian Empire population rapidly deteriorated due to falling
prices of grains, the main exported commodity. Finding the way out of the crisis
required rapid growth of the industry, which entailed huge costs. This led to the
impoverishment of a large peasant class. Population growth and advanced
industrialization have deprived a significant portion of the population of any
landholdings. 12—14 working hours a day, low wages and a strong influx of people to
the cities caused a deterioration of public mood. The ever-growing level of corruption,
bureaucracy, officials’ negligence and inaction of the state bodies further contributed
to the loss of faith in the existing tsarist regime. In addition, the defeat in the Russo-
Japanese War of 1904-1905 undermined the international authority of the Russian

234



https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

Empire and the people’s confidence in the viability of the government. The
aforementioned factors led to the 1905 revolution and mass protests breaking out from
time to time until 1907.

At the beginning of 1905, Sergei Yulievich Witte held a position as the chairman
of the Committee of Ministers. The position he held since 1903 was in fact an honorary
retirement as the Committee of Ministers had no real significance before the 1905
revolution. He was transferred there from the influential post of the Minister of Finance
under the pressure of the gentry-landowner members of the government (mainly
V. K. Plehve). The Committee of Ministers authorities had little in common with the
modern concept of the Cabinet of Ministers and its range of functions. All the ministers
(and the heads of separate units) were acting independently of each other, held personal
responsibility for the operation of their departments, and reported directly to the
emperor. The Committee of Ministers was not responsible for the activities of separate
ministries, nor for the coherence of their policies. Its authority has developed
historically and covered various issues, most of which were trivial and unimportant.
The detailed list of the matters within the Committee's power was changed
continuously, with their total number gradually increasing. The most important area
under the Committee's jurisdiction was railway affairs. Decisions on granting
concessions for the construction of railways, establishment of railway companies,
provision of state guarantees for their shares and bonds, state purchase of railways, etc.,
were of the highest state and economic importance.

In the summer of 1905, the emperor sent S. Yu. Witte to the United States to
conclude the Peace Treaty of Portsmouth with Japan. For the successful conclusion of
the peace treaty, he was granted the title of a count. Witte understood the gravity of the
situation that occurred in the Russian Empire by the autumn of 1905. Therefore,
reporting on the negotiations for the conclusion of the peace treaty with Japan, he took
the opportunity to present a note describing the urgent need for political reforms to the
emperor Nicholas Il. Witte was the initiator of preparing the October Manifesto
granting basic civil liberties and introducing the State Duma, the institution for the
representation of the people (Figure 1).

By the emperor’s decree On Measures to Strengthen Unity in the Activities of
Ministries and Main Departments of October 19, 1905 (Witte, 2003, p. 314.) a new
government of the Russian Empire was established, namely the Council of Ministers.
It was a single authority that united all ministers (as was mentioned above, before that
each minister reported on the matters of his department directly to the emperor). Thus,
all ministries and main departments now constituted parts of a single state
administration. The Decree also stipulated clear separation of government power from
the legislative power: “The Council of Ministers is not to decide on matters that are
subject to the jurisdiction of the State Duma and the State Council” (Witte, 1924,
pp. 513-514.). The Council comprised the Ministers of the Internal Affairs, Finance,
Justice, Trade and Industry, Railways, Public Education, Military Affairs, Naval
Affairs, Imperial Court, Foreign Affairs, the Head of the Chief Administration of Land
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Organization and Agriculture, the State Controller and the Chief Prosecutor of the
Synod. The heads of other departments only participated in the Council meetings
regarding matters directly related to authority of their departments. The chairman of
the Council of Ministers was not the emperor himself, as was the case before, but a
person appointed by him from among the ministers. S. Yu. Witte was the first person
to be appointed as the chairman of the Council of Ministers. He had previously held
the honorary but still in-name-only position of the chairman of the Committee of
Ministers.
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Figure 1. The October Manifesto |ssued by Nicholas Il of Russia in 1905
(Romanov, 1905).

On October 20, 1905, all major newspapers published His Imperial Majesty’s
Rescript on the appointment of Count S. Yu. Witte as the Chairman of the Council of
Ministers (llyin, 2012, p. 343). Witte started selecting the candidates for governmental
positions even before the publication. All the reactionaries were dismissed. According
to the plan of the Chairman of the Council of Ministers, which was approved by the
emperor, the “enlightened” bureaucrats in the government were to be diluted with
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liberal public figures. Klavdii Semyonovich Nemeshaev, a railway administrator with
considerable experience, was appointed as the Minister of Railways, coming to the post
from the position of manager of the state-owned Southwestern Railways (S. V. llyin,
2012, p. 350). There is quite a lot of information available about K. S. Nemeshaev,
mostly regarding his service as a Southwestern Railways manager. However, the short
but important period during which he was in charge of the Ministry of Railways,
remains insufficiently explored. Scattered facts on the topic have never been properly
systematized and analyzed.
The purpose of this article is to systematize and analyze historical data on the
activities of Klavdii Semyonovich Nemeshaev as the Minister of Railways of the
Russian Empire.

Research methods.

The article continues the series of publications devoted to the assessment of
activities of the heads of the Ministry of Railways of the Russian Empire (Pylypchuk,
& Strelko, 2016, 2017a, 2017b, 2018a, 2018b, 2019, 2020). In this article, the authors
attempt to systematize and analyze historical data on the activities of Klavdii
Semyonovich Nemeshaev as the Minister of Railways of the Russian Empire. There
are numerous biographical studies devoted to K. S. Nemeshaev, but little is known
about his activities as a minister, and to date the data are scattered and not systematized.
The analysis of archival materials, scientific publications, memoirs of Nemeshaev's
contemporaries and colleagues allowed us to conduct a detailed assessment of his
activities and ministerial policy.

Results and discussion.

Position of the Minister of Railways in S. Yu. Witte’s government was the peak
of Klavdii Semyonovich Nemeshaev’s railway career (Figure 2). He was officially
appointed on October 28, 1905. Recalling the appointment, S. Yu. Witte wrote (Witte,
1924, pp. 859-860): “Even before moving to the palace house, | parted with the
Minister of Railways, Duke Khilkov, a decent man, an excellent railway worker, but
not really a minister of railways. He was a technician practitioner, a nice person, but
not a manager at all. Instead, | offered the post of the Minister of Railways to the head
of the Southwestern Roads Nemeshaev. I didn't know him much personally, but he had
a good reputation as a railway engineer and as an experienced railway manager. The
Southwestern Roads were known as Russia’s best railways in terms of personnel and
commercial profitability, as a remunerative enterprise, and finally, as an example of
perfect order. They were mostly created by myself during my service and management
there, thus the results of appraisal of local managers were conveyed to me by my former
subordinates when I had to meet them, and, consequently, | knew Nemeshaev very well
just by those appraisals. Furthermore, | chose Nemeshaev because | knew that he would
be pleasant to the emperor. In the old days, when the emperor took his trips along the
Southwesterrn roads, he always praised them and spoke well of Nemeshaev. His
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Majesty immediately agreed to the dismissal of Duke Khilkov (with whom we had
been friends for decades and remained friends until his death) and to the Nemeshaev’s
appointment to the post of the Minister of Railways. All the strikes and disturbances
on the railways occurred during Duke Khilkov’s time at the office, and Nemeshaev had
to restore order on the railways, as well as restore traffic, which was managed quickly
after October 17.”

In his analysis of the activities of Witte’s Council of Ministers, the famous
statesman of the Russian Empire Vladimir losifovich Gurko, divided the new
government into three groups (llyin, 2006, pp. 352-353). According to him, the first
group consisted of the Prime minister's henchmen who did not dare to object to him.
In his opinion, this group comprised I. P. Shylov, N. N. Kutler, and K. S. Nemeshaev.
The second group tried to show independence in managing their departments but in the
Council of Ministers they invariably sided with the Prime minister. V. I. Gurko claims
that I. I. Tolstoy, V. I. Timiryazev, D. A. Filosofov and V. N. Lamsdorff belonged to
this category. The third group was constituted by ministers who were only pro forma
members of the Council, namely A. F. Roediger, A. A. Birilyov and V. B. Fredericks.
They were direct subordinates to the tsar, but tried not to break the unity of the Council
of Ministers and attended its meetings regularly. Gurko concludes: “It is clear from the
aforementioned that in the meetings of the Council, Witte was the complete master of
the situation and had a well-secured majority on every issue.” (Sidelnikov, 1980,
pp. 69-70,).

Figure 2. Klavdii Semyonovich Nemeshaev, the Minister of the Ministry of Railways
of the Russian Empire from October 28, 1905 to April 28, 1906 (Ministry of
Transport of the Russian Federation).

238



https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1

The meetings of the united government were held in the dining room at the state
apartment of S. Yu. Witte at 30, Dvortsovaja Naberezhnaja street near the Hermitage
(llyin, 2012, p. 353). In the middle of the room there was a long table covered with
green cloth. The ministers sat down at it. They were seated without rank, randomly,
with the exception of two members of the cabinet — the Minister of the Highest Court
and Foreign Affairs. The Prime Minister personally invited them to take a seat on his
right hand. Duke Obolensky always sat after Lambsdorff, then Filosofov, Kutler,
Timiryazev, Durnovo, Vuich, Manukhin, Tolstoy, Rediger, Nemeshaev, and Birilyov.
When Kutler, Timiryazev, and Manukhin were made to leave the government, their
successors, Nikolsky and Fedorov, took their places, and Manukhin's successor,
Akimov, was seated between Birilyov and Shipov.

The first “official” meeting of the Government headed by Count S. Yu. Witte was
held on October 29, and the last one was held on April 18 (llyin, 2012, p. 359-360).
By months, they were distributed as follows: 2 meetings in October, 15 meetings in
November, 8 meetings in December, 9 meetings in January, 7 meetings in February,
12 meetings in March, and 4 meetings in April. And this is not counting the three
meetings in Tsarskoye Selo in December, February and April, which were dedicated
to the electoral law, the establishment of the State Duma and the Council, as well as
the basic laws of the Russian Empire. The main final government document was the
memoria, or aide-memoire. It contained a summary of the issue and a summary of its
discussion. At first, after the discussion that had already taken place, a rough draft of
the memoria was drawn up. It was then agreed upon, typed out on a typewriter or in a
printing office, signed by the ministers, and presented to the emperor. For the whole
time of the office of the Government of S. Yu. Witte, 92 memorials were compiled.
They were different in content and volume. Most often, they were accompanying
documents to draft legislative acts.

The Council of Ministers was responsible for the legislative work and preliminary
consideration of the proposals of ministries, departments, special meetings, committees
and commissions on legislative issues submitted to the State Duma and the State
Council; discussion of the proposals of ministers on the general ministerial structure
and on the replacement of the main posts of higher and local management;
consideration of state defense and foreign policy affairs, as well as the affairs of the
Ministry of the Imperial Court and the principalities. In addition, the Council of
Ministers had significant rights in the field of the state budget and credit. No
management measure of general importance could be adopted by the heads of
departments other than the Council of Ministers, but the affairs of State defense and
foreign policy, as well as the affairs of the Ministry of the Imperial Court and Estates,
were actually removed from the Council's jurisdiction. They were submitted to the
Council of Ministers only by special orders of the emperor or by the heads of these
departments. The audit activities of the National Audit Office, His Imperial Majesty's
Own Chancellery, and His Imperial Majesty's Own Chancellery for the Institutions of
Empress Maria were also outside the competence of the Council of Ministers.
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For the six months of work, the government under S. Yu. Witte has done a lot
both in terms of temporary legislation and in the long term for the introduction of the
State Duma for discussion. On January 24, 1906, at a meeting of the Council of
Ministers, it was decided to draw up a general government program for submitting it
to the State Duma for discussion (llyin, 2006, p. 378). Each minister (excluding the
ministers of the Imperial court and Foreign Affairs) was assigned the task of drawing
up a program of legislative initiatives for their department. In March, they were
discussed at the general meeting of the Council of Ministers. They reported in the
following order: on March 7 the Minister of Finance reported, the Minister of Justice
on March 8, the Minister of War on April 10, the Minister of Railways on April 14, the
General Manager of Land Management and Agriculture on April 18.

The last Minister of Railways of the Russian Empire, Eduard Bronislavovich
Krieger-Voynovsky served as the manager of the Operational Department of the
Railways Administration of the Ministry of Railways from 1906, which at that time
was then headed by K. S. Nemeshaev. Krieger-Voynovsky describes this period and
his impressions of the service under Nemeshaev as follows: “I returned to my duties at
the end of October, and two months later | received an urgent summon to
St. Petersburg, where | was appointed to the post of manager of the Operational
department of the Railway Administration. Besides purely technical, material, and
legal issues, it was the most extensive and the most difficult department of the Ministry
of Railways, and it was in charge, in fact, of all aspects of railway affairs on the entire
network. It was especially difficult to organize the transportation of goods after the
former strike, which affected employees and their discipline long after its end, and with
the disorder that still continued throughout the Siberian railway due to the return of
troops after the Japanese War. But | had excellent assistants in the person of
D. N. Durnovo and A. A. Shebunevich and a number of skilled employees, with whom
it was relatively easy to cope with the work. However, the work required our physical
strength literally all day and night long, holidays and weekdays. During the first few
months of my service in the Railway Administration, | was able to develop, bring
through a number of interdepartmental meetings, and then, thanks to Nemeshaev's
energy, legislate a very important measure to improve freight transportation, namely,
the establishment of so-called District Committees to regulate mass cargo
transportation. Until that time, no persons outside the Ministry of Railways had taken
any part in these shipments, except for the transportation of mining goods in the
Donetsk basin, where the distribution of wagons between the senders was carried out
with the participation of industry representatives. The considerable estrangement of the
Ministry of Railways and its local authorities, on the one hand, and the commercial and
industrial organizations, on the other; almost complete ignorance of our merchants and
industrialists of the railway apparatus, and the railway representatives of the main
needs of the economic life of the country, the lack of transportation facilities during
the period of increased grain exports and the lack of proper regulation of freight flows
by the railways became the reason of constant complaints and misunderstandings
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creating, in general, an unfavorable environment both for the work and development
of our railway transport and ports, as well as for domestic industry and trade. It became
absolutely necessary to bring together, mutually coordinate, and link the activities of
railway institutions with the life of all those organizations and enterprises that were the
main senders and recipients of transported goods. Since 1906 this general mutual work
took place in the District Committees, where representatives of the railways, all local
trade and industrial organizations, agricultural societies, zemstvos, cities and exchange
committees participated. Since then, the district committees have played a very
prominent role not only in the proper use of vehicles and the regulation of
transportation, but also in the correct resolution of issues about the direction of new
lines, the expedient strengthening and equipping existing roads, drawing up and
changing various rules related to the transport of goods, tariff and other issues common
to both railway transport and the interests of the economic life of the population. The
first steps in the activities of this new institution required a lot of meetings, congresses,
new correspondence, etc., but then this business was established quite quickly thanks
to the efforts and concerns not only of my assistants mentioned above, but also of most
of the committee chairmen, especially thanks to V. A. Gaevskii, M. A. Strizhevskii,
A. G. Henrikhsen, I. N. Borisov, and A. V. Lukashevich.” (Krieger-Voynovsky &
Sproge, 1999, p. 22-24.)

The department entrusted to Nemeshaev was one of the fastest-growing in the
Russian Empire at that time (Reichman, 1983). As of 1905, the number of employees
of the railways of the Russian Empire reached 750,000 people. It should be mentioned
that Nemeshaev was the Minister of Railways for a very short time (from October 28,
1905 to April 28, 1906). And very little information is available about his activities as
the Minister.

On the website of the Ministry of Transport of the Russian Federation (Ministry
of Transport of the Russian Federation), it is reported that during Nemeshaev's
management of the Ministry of Railways, the Main Committee for the Protection of
Railways was created and the Minister of Railways received the right to create local
committees for the distribution of rolling stock for the transportation of bulk cargo of
state-owned and private railways. Attempts were made to create syndicates of
shipowners in river transport. There was a modernization of river and sea vessels. The
development of projects for the development of the Northern Sea Route has begun.

Krieger-Voynovskii (Krieger-Voynovsky & Sproge, 1999, p. 53-54.) wrote the
following about the K. S. Nemeshaev’s activities as the Minister of Railways: “...Duke
Khilkov at the end of 1905 was replaced by the Head of the Southwestern Railways,
engineer Nemeshaev, who accepted a very heavy legacy since the railways were in
poor condition because of the general discord that the 1905 revolution brought to the
life of Russia, and the disorderly return of military units after the war with Japan.
Despite this and the short period of his management of the department (for only 6
months), Nemeshaev without doubts significantly changed this somewhat stationary
department and managed to carry out two significant reforms. The first was regrouping
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state-owned railway lines between individual local administrations and merging them
into larger groups, which was important in terms of improving the cost efficacy of their
operations and speeding up freight traffic. The second was, as it was called, a kind of
“constitution” in the regulation of freight traffic. According to it, District committees
for the management of mass cargo transportation throughout the road network were
organized with the involvement of a broad public. The regulation on these committees,
requiring legislative sanction was carried out by Nemeshaev in a few days through the
old State Council in its last session before the opening of the new legislative chambers;
if this had not been done like this, it is likely that these committees would appear only
in a few years.”

Other scholars agree with Krieger-Voynovskii's conclusions. So, regarding the
first conclusion, we find information that in 1905 the Law On Measures to Attract
Private Capital to the Railway Construction in Russia was adopted (Pogrebinskii,
p. 105). It provided new benefits for railway companies. In particular, the government's
share of the profits of private companies was limited. They received the right to
reimburse the treasury for the costs of improving the track facilities, building railway
stations, various station buildings, etc. Among other benefits, railway companies were
provided with government guarantees for the use of preferential tariffs for five years
from the beginning of their activities, with monetary compensation for additional
expenses. For example, this right was used by the Olonets Railway Company, which
received compensation from the treasury for losses associated with the introduction of
fixed tariffs, the difference between the ordinary commercial and preferential tariff
(RSHA, F. 417. Op. 1. D. 33. L. 17). The government encouraged the formation of new
private societies, but mainly in areas where large railway monopolies did not operate
or new construction was not of interest to them. From 1905 to 1913, 23 new railway
societies emerged (Pivovar, p. 151).

To understand the significance of the reform described by Krieger-Voynovskii in
the second conclusion, it is necessary to consider the situation with the regulation of
railway wagon fleets in the early 20th century in the Russian Empire. The need to
regulate railway wagon fleets arose immediately with the commissioning of the first
public railways and increased with the growth of traffic. The need for regulation was
caused by the fact that as a result of the transportation of goods in some areas served
by the railroad, an excess of wagons was formed, and in others, where loading was
mainly carried out, their shortage was severe. Initially, the so-called closed regulation
was used, which was carried out within the limits of the railroad, which had its own
fleet of cars. At the junction points with other roads or waterways, the cargo was
transshipped, and the empty wagons were sent to the place of the next loading. Wagons
for loading were allocated by the station chief at the request of shippers. If there was a
shortage of empty cars at this station, the applications were satisfied by the road traffic
service according to the system of regulation of the car fleet. The constant requests of
shippers served as the basis for planning and regulating transportation in the future. In
case of a shortage of wagons on the road, the volume of loading was reduced or other
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measures were taken in agreement with the committee of shippers. With the increase
in the size of long-distance transportation, the shortcomings of the closed transport
system became increasingly apparent, causing an excessive increase in wagon delays
and the cost of transfer of goods at the junction points. These shortcomings were
eliminated after the introduction of a direct non-unloading method of transportation
under the condition of the urgent return of wagons to the owner road after unloading
them. Violation of this condition caused huge penalties. The elimination of the
overloading of goods at the junction points had a positive impact on the activities of
the railways. However, an urgent return, usually of empty wagons, led to the fact that
the following cargo was sent in other wagons.

Summing up this significant reform in the functioning of the system of cargo
transportation by rail, sea and types of transport in the Russian Empire, Krieger-
Voynovskii (Krieger-Voynovsky & Sproge, 1999, p. 35-36.) wrote the following
lines: “Since the establishment of the District Committees for the Regulation of mass
transportation in 1906, the situation with car fleets has only improved; significant
mutual awareness and common work has been done to prepare and conduct “grain
campaign” between grain merchants and railways, loading in different directions and
to all ports was carried out systematically, depending on the carrying capacity of
railway lines and the receiving capacity of ports, which eliminated the so-called traffic
jams and delays in the way. But radical measures to improve this matter, namely, the
arrangement of receiving elevators, the change of the General Charter of the Russian
Railways, the law on the depersonalization of grain, the improvement of the equipment
of ports, etc., were introduced shortly before the war, and this work is not over yet.”

In 1906, the third edition of the fundamental General Charter of the Russian
Railways was prepared, which was first approved on June 12, 1885 by Emperor
Alexander Il in the status of the law of the Russian Empire (Verblovskii, 1886, p. 5).
Employees of the Ministry of Railways, headed by K. S. Nemeshaev participated in
the work on the provisions of this document. It was approved in the form of the basic
railway law establishing unified legal norms for the economic operation of Russian
railway transport, which met the requirements of the developing capitalist economy of
the country. The General Charter of the Russian Railways, which regulated the
relationship between the owners of private railways, society, and the state, was in force
until October 1917, and its main provisions on transportation activities until 1928 were
in the railway charters of 1922 and 1927 (Testov, 2009). The influence of its norms on
railway law-making is still felt today.

Regarding the development and construction of the railway network in the
Russian Empire, the short period of management of the Ministry of Railways by
K. S. Nemeshaev was difficult. The defeat of Russia in the 1905 war with Japan led to
the isolation of most of the Chinese-Eastern Railway, as a result of which the remaining
part of this road was in danger of being lost. There was a need to return to the idea of
building the Amur Line. Continuous exploration of the route began under the
K. S. Nemeshaev management of the Ministry of Railways in 1906 (Kraskovskiy &
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Uyezdin, 1994a, p. 160). Geological exploration and mapping work allowed them to
find the most rational and reliable option for the direction of the line.
There is also information that under the leadership of the Ministry of Railways by
K. S. Nemeshaev, the exploration of ways to increase the capacity of the Trans-
Siberian Railway continued (Kraskovskiy & Uyezdin, 1994Db, p. 163). As of January
1, 1906, there were 12,480 km of double-track lines in Russia, 20% of the total length
of the rail network across the country. At the same time, in most developed countries,
the share of railways that had two or more tracks was much greater. For instance, in
England it was 55%, 36.5% in France, and more than 35% in Germany. And only ltaly
and the United States had just over 15% of the multi-track lines. Second tracks in
Russia were built only on those lines where the capacity exceeded 2025 trains per day
(in the first decade of the XX century it was the limit for single-track railways), as well
as on lines where for some reason the construction of passing tracks was difficult. At
that time, the increase in railway capacity was mainly due to their reconstruction by
softening the longitudinal profile of the track, unifying and reducing the maximum
gradients along individual sections, as well as the construction of additional passing
tracks on the longest stretches. However, for intensive cargo lines, especially in the
central regions of the country, these reconstruction measures were not always sufficient
to accommodate the growing traffic, and then it was necessary to build the second main
track without any changes to the route of the existing line. At the same time, the second
track was laid on the same level as the first, repeating its geometric outlines in the plan.
This did not cause difficulties, because during the construction on a single-track line,
a double-track bed was laid. This approach to reconstruction became a tradition and
was used until the beginning of the XX century until the issue of the construction of
second tracks on the Trans-Siberian Railway raised. The situation there was different
due to less favorable terrain features and mountainous areas. In addition, transportation
has increased dramatically due to the intensive development of Siberia. It was
necessary to shift from the traditional to the most radical ways to increase the capacity
of the lines. The search for these methods attracted the attention of scientists and
engineers. The issue of improving tracks, as the core of the railway, became urgent.
But changing tracks is associated with great difficulties and requires deep feasibility
studies since even a small reconstruction affects the entire complex of structures and
devices of the railway and causes significant costs. In this regard, the construction of
the second track on the Trans-Siberian Railway was preceded by a thorough
engineering, economic and technical study of many issues, including field
explorations. In contrast to the existing practice, the design and construction of the
second tracks on the Trans-Siberian Railway were carried out simultaneously with the
radical reconstruction of the existing lines, which was due to the rapid growth in traffic.
This was the main peculiarity of the reconstruction activities on the Trans-Siberian
Railway. In the studies carried out by N. P.Petrov, the economic feasibility of
rebuilding the existing line simultaneously with the construction of the second track
was determined based on the generally accepted principle at that time: the equality of
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losses associated with the operation of the road along the existing route and the
percentage of the invested capital for its correction (Kraskovskiy & Uyezdin, 1994c,
pp. 166-169). Calculations were made for three levels of capacity: 16, 34 and 48 pairs
of trains per day. At the same time, it was planned to increase the radii of the curves in
order to increase the speed of trains. As a result, it was proved that even with the
movement of 16 pairs of trains per day, it would be better to reconstruct the route, plan,
and profile. Based on the calculations, it was considered necessary to reconstruct the
existing line simultaneously with the construction of the second track on the Middle-
Siberian Line. It was taken into account that of the 1240 km of the line to be
reconstructed, 835 km were built in mountainous landscape and had a limiting grade
of 17.4% on straight lines and 15% on curves with a radius of 320 m (Achinsk —
Nizhneudinsk, Zima — Polovina); 355 km were built across foothills with a limiting
grade of 11% on straight lines. Due to the fact that a successful location of the route
was chosen for construction, it became possible to change the slopes without
significantly lengthening the route by tracing individual sections with a significant
degree of straightness. Of the 36 sections where the track was moved to a new location,
17 moves either did not have an extension or were shorter than the original ones.
During the construction of the second track with the removal of the route of the existing
railway track on the sections that require significant costs, they did not stop before re-
routing and on the adjacent sections with a lighter and “quite profitable” profile in
terms of operation. In addition, to remove the speed limits, the radii of the steep curves
were increased from 256 m to 320 m and 426 m.

By that time Moscow had already been a major railway junction with high
intensity of traffic flows. It was necessary to develop bypass and adjacent lines to
Moscow with the arrangement of interchanges at different levels. In 1905-1906, work
continued on the construction of the Moscow Belt Railway (Kraskovskiy & Uyezdin,
1994d, p. 190). The entire route was divided between contractors into 10 sections. The
line was being built from 1903 to 1908 as a double-track line, with the intersection of
adjacent railway lines at different levels. In addition to the overpass interchanges, four
bridges were built across the Moskva River. The construction of the road cost
42 million rubles. The Moscow Encircle Railway with a length of 54 km was put into
operation in 1908. It had exits to all 9 directions adjacent to Moscow, and, in addition,
24 access roads to enterprises and warehouses located on the periphery of the city.

The increased demand for freight transportation in 1905, particularly as a result
of the Russian-Japanese war, required the introduction of more powerful steam
locomotives than the “normal type” locomotives of the OV series on the state-owned
railway network (Figure 3).

Due to the mass replacement of light and worn-out rails by heavier ones on state-
owned railways and the need to discharge a significant number of 0-3-0 steam
locomotives built in the 1850s and 1860s, it was reasonable to introduce more powerful
steam locomotives (Proparovoz.ru). Therefore, in 1905, Minister of Railways
K. S. Nemeshaev instructed Professor N. L. Shchukin to prepare a design of a new type
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of freight locomotive for state-owned railways. At this time, steam locomotives of the
0-5-0 type were already operating on some railways in Europe, but Professor
N. L. Shchukin decided to stick only with the 1-4-0 type, taking the SH class steam

locomotive of the Chinese-Eastern and Vladikavkaz Railways as the basis for the
project.
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Flgure 3 Ov Series steam Iocomotlve (Omsk steam Iocomotlves) (M|b55 —
Livejournal, 2013).
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Figure 4. SHCH cIass steam Iocomotlve Steam Iocomotlve series SHCH2067
(1931). Photo from the archive of A. A. Vasilyev-52. (TrainPix, 2017).
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To gain experience of operating these locomotives on state-owned railways, 10
SH class locomotives of the were sent to Ekaterininsk Railways, and one to the South
— Western Railways. However, this was done with a delay. After the work of various
commissions, the technical bureau of the Kharkov Steam Locomotive Plant under the
guidance of engineer A. S. Rayevsky in 1906 designed a freight steam locomotive with
a two-cylinder machine compound type 1-4-0. In the technical documentation, the new
locomotive was known as the “Chinese-Eastern Railway modified type 1-4-0” or
“normal type 1905”. In the same 1906 Kharkiv plant built the first steam locomotive
of the “normal type of 1905”, which received the designation Yuh3501 and was sent
to the Ekaterinisk Railway. In 1912, such locomotives were designated as the SHCH
class after the name of Professor N.L.Shchukin. Compared with the SH class
locomotives, the SHCH class locomotives were heavier, had higher steam pressure (14
kgf/cm? instead of 13 kgf/cm?); block cylinders were replaced with stop cylinders, and
piston spool valves were flat; the steam distribution mechanism, as in the OV class
locomotives, had a Gounod loop. In the draft design of the locomotive, the thickness
of the steel sheets of the boiler drums was increased (from 17 to 17.5 mm) and the
walls of the firebox were also slightly increased, as well as the frame and its mounting.
The main dimensions of the machine, the diameter of the driving wheels and the grate
area of the SHCH class steam locomotives (Figure 4) remained the same as those of
the SH class steam locomotives. The maximum speed of the locomotive was set at
65 km/h. The SHCH class locomotives were produced by all the plants of the Russian
Locomotive Building Society, and in 1911 by the Nikolaev Shipbuilding Plant. In total,
1910 locomotives of this series were built from private railways, and only the South-
Eastern, Ryazan-Ural, and the North-Donetsk Railway, which was being built at that
time (for the direction of Lgov — Osnova — Liman — Rodakovo — Likhaya), were
ordered.

In 1906 while serving as the Minister of Railways, Nemeshaev took part in the
preparation of the trip of the French scientist Paul Pelliot and the Russian officer Carl
Gustav Mannerheim to China (Smirnov, 2012).

This trip is also known as the “Mannerheim's Asian Expedition”. It was a
reconnaissance expedition to the north and west of the Qing Empire, organized by the
Russian General Staff and carried out by the Colonel of the Russian army, Baron Carl
Gustav Mannerheim (Lobycin, 2006), between March 29, 1906 and December 21,
1908. The purpose of the expedition of Baron Mannerheim was directly related to the
failures of Russia in the recent war with Japan. After traveling through the Chinese
provinces, Colonel Mannerheim had to get acquainted with the Chinese preparation of
the defense, the training of troops, find out how much the reforms of the central
government of China affected its northern provinces, what is the intensity of their
colonization by the Chinese, attitudes of the indigenous population of these places
towards Russia and how much Japanese influence is noticeable in these places. He was
also instructed to explore the route to the cities of Kashgar, Lanzhou, and then to
Beijing “to study the conditions of movement for our cavalry”. The military and
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geographical objectives of the expedition were to describe the route from Kashgar to
Uch-Turfan, as well as a military-statistical description of the Aksu oasis and the route
to Kulja from there. It was also necessary to explore the valley of the Yulduza River.
The last item of the extensive expedition task was “reconnaissance of the preparation
of Lanzhou in terms of military”. In addition, by the Finno-Ugric Society Mannerheim
was commissioned to collect, if possible, archaeological and ethnographic collections
for the National Museum of Finland, which was being created in Helsingfors. All these
tasks were not set for all the participants of the expedition, which Colonel Mannerheim
led, but actually for him solely, since the expedition, in addition to its chief, included
two escort cossacks and several “hired people” from local residents, including an
interpreter.

According to Smirnov (Smirnov, 2012, p. 28-36), P. Pellio was a very practical
person and for his cooperation, he negotiated a whole set of benefits. To begin with, he
demanded to supply him with a military convoy. This was promised to him on the
condition that he would command the Cossacks only through the Russian officer
Mannerheim, who was included in the expedition. In addition, P. Pellio demanded
duty-free transportation of all the baggage of the expedition, which was approved by
the Ministry of Finance (Foreign Policy Archive of the Russian Empire (FPARE),
F. 148, op. 487, d. 190, 1. 23). He also insisted on providing free 1st class travel to all
members of the expedition across the Russian territory. This issue was agreed with the
Minister of Railways K. S. Nemeshaev, who, in turn, was forced to turn to the emperor.
Regarding the results of the meeting with the Emperor, the Minister informed
V. N. Lamsdorff that “according to my [i.e., Nemeshaev's] most sincere report, on the
17th day of March this year, most graciously deigned to agree to the issuance of free
tickets for the travel of members of the French expedition, ... as well as for the free
transportation of their belongings weighing no more than 2500 kg from Libava to
Andijan” (FPARE. F. 148, Op. 487, D. 190, L. 27).

Various social aspects related to the activities of employees and workers of
railways were also important for K. S. Nemeshaev. This is evidenced by the following
lines from the Order (Anonymous, 1906, February 20, p. 3): “The work of the railways
is the achievement of the whole state and its population, as the continuous and correct
movement of the rail network is the main factor in the economic and cultural life of the
country”. The words of the minister, which have not lost their significance even now,
show that the Ministry of Railways, local road administrations and their leaders should
strive to ensure, first of all, the solution of business problems, so the formation of
corporate culture should be based on a system of relations between employees and
workers regarding the conduct of official activities — first of all, ensuring the safety of
locomotive traffic.

As the Minister, Nemeshaev did not forget about his trusteeship towards railway
workers and their families. He tried his best to contribute to their development and the
improvement of their life. The railway department reasonably believed that the
development of the socio-cultural sphere affects the success of the implemented
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activities. The war and the turbulent political events in the country in 1904-1906 had
a negative impact on all educational institutions related to the railways. Since 1906, a
period of stabilization of their work began. On January 13, 1906, K. S. Nemeshaev, the
Minister of Railways, approved the new “Rules on Committees and Local Trustees for
the Management of Educational Institutions on State-owned Railways” (Gordienko,
2013). This document expanded the authority of the higher agency for educational
institutions in the field and led to the organization of the entire system, assigning the
management to a special Committee under the management of each road and to local
guardianship (Serdyuk, 2014, p. 97). On February 7, 1906 K. S. Nemeshaev approved
Order No. 16 (State Archives of the Tomsk Region (SATR), F. 215. Op. 5. D. 11.
L. 665, 666). In accordance with this Order, the Committee chaired by the head of the
road, was entrusted with the welfare, material support, arrangement, proper
development and improvement of the activities of the educational institutions of the
road: general education and vocational schools, vocational courses for workers and
technical and general education courses for other employees, libraries, museums,
student dormitories, kindergartens, and other similar institutions. The local trustees,
under the chairmanship of the trustee (“Honorary Guardian), were charged with:
supervision of educational institutions, expenses within the approved budget, the care
of material support, the appointment and dismissal of employees, the permission to
give them leave, etc. The heads of railway sections were usually appointed as Honorary
guardians, who, in addition to their main duties, had to take care of all educational
institutions located within the boundaries of their subordinate sections.

Another illustrative example of the social orientation of actions under the
management of the Ministry by Nemeshaev is the establishment of the institute of
sanitary doctors in railway transport. Due to the growing level of morbidity and
mortality of the population in the medical railway environment, it was concluded that
in order to successfully combat the spread of diseases, it is necessary to pay close
attention to the problems of sanitation. In 1897, the post of inspector for the sanitary
condition of railways of the Ministry of Railways was introduced (At’kov & Cfasman,
pp. 127-128). Since the scope of the doctor's responsibilities for monitoring the
implementation and compliance with sanitary standards was quite wide, in order to
achieve these goals, doctors were required to create a separate category of medical
personnel. At the Third Consultative Congress of Railway Doctors, the doctors came
to a unanimous decision “to have sanitary doctors on the railways” (Mezavtsev, 1903,
p. 212). This proposal was approved by the Ministry of Railways, which was headed
by K. S. Nemeshaev, and in 1906, the Ministry of Transport of the Russian Federation.
The Russian Railways Management Committee established the Institute of Sanitary
Doctors (RSIA. F. 273. Op. 8. D. 123. L. 25). For their more effective work in the field,
sanitary and hygienic laboratories were organized, and staff of paramedics-
disinfectants was introduced. The introduction of the post of sanitary doctors and a
special staff of lower medical workers, as well as the formation of a specialized sanitary
and hygienic infrastructure, became the beginning of the formation of a system of
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sanitary and epidemiological control on the railways. The sanitary doctor was
appointed by the head of the road, the candidates for which were provided to him by
the senior doctor. According to the objects, the control of the sanitary doctor extended
to 1 — medical infrastructure, which included hospitals and emergency rooms;
2 —schools and dormitories; 3 — station and train buffets; 4 — rolling stock; 5 — a system
for cleaning soil and water sources along the railway line; 6—-apartments of workers and
employees of the railway. All these institutions and buildings were in the area of
attention of the sanitary doctor and were subject to regular inspections in order to
identify and eliminate violations. When constructing new public buildings erected in
the railway exclusion zone, it was necessary to obtain a doctor's opinion on the sanitary
well-being of the structure (Shupikova, 2014).

At the turn of the XIX—XX centuries, two main approaches to the creation of a
transit trade route from Siberia to Europe were identified: the supporters of the first
approach proposed various options for connecting the Siberian river basins with the
river systems of the Pechora, Northern Dvina, Volkhov, Ladoga and Neva by means
of channels and/or rail tracks, in order to ensure the delivery of Siberian goods to the
Baltic ports; the supporters of the second approach proposed to establish a connection
between these rivers through the Kara Sea (Agapov, 2018). In 1898, the regime of duty-
free trade on the Northern Sea Route was curtailed (only some goods were allowed to
be carried at reduced rates) (Dolidovich, Fedorova, & Zhulaeva, 2019). Goods traffic
with Europe via the Northern Sea Route has virtually ceased to exist. Until 1905, the
government's policy towards Porto Franco at the mouth of the Siberian rivers did not
change, which could not but affect the growth of political opposition to the local
bourgeoisie. Among the Siberian merchants, there were people directly accusing the
central government of one-sided economic policy, and ignoring the economic interests
of the regions. S. V. Vostrotin, through the press, did not hesitate to blame the
authorities for all the troubles of the Siberians: “Siberia owes its backwardness and the
slow development of its cultural and economic life entirely to the Russian bureaucracy.
Every initiative and attempt to raise the slow pace of Siberian life in any way, was
ruined by the bureaucracy” (Vostrotin, 1906, p. 190). It is no accident that during the
First Russian Revolution of 1905-1907, most of the Siberian bourgeoisie found
themselves in the ranks of the Cadet Party, putting forward through its program the
idea of liberalizing economic policy in regions, including Siberia. However, the events
of the Russian-Japanese War became a much stronger factor that influenced the change
in the position of the authorities on the issue of the Northern Sea Route. They showed
that it is wrong to rely only on the Trans-Siberian Railway, without developing
alternative logistics directions, because due to the increased flows of military purposes,
a transport crisis has arisen. Under the pressure of the Ministry of Railways, in 1905
the government restored the port-franco regime in the mouths of the Siberian rivers,
and also allocated 3 million rubles for the purchase of river vessels for organizing
transportation along the Yenisei (Shilovskii, 2005). The rapid development of the
colonization of Siberia, the growth of the Siberian efficient farming, and, not least, the
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experience of the Russian-Japanese War required the early overcoming of the Siberian
isolation (Agapov, 2018). At a Special meeting on the ways of communication in
Siberia held in 1906 in Irkutsk, the old project of a single Siberian water highway from
the Urals to the Pacific Ocean with a subsequent connection to the river network of
European Russia was put forward. It was assumed that such a line could be built by
1920. At the same time, local entrepreneurs advocated the restoration of regular
merchant shipping from Siberia to Europe via the Kara Sea (Baikalov, 1913, p. 2).
Contemporaries noticed the transnational importance of all trans-Siberian transport
routes, but first and foremost it was connected with the Northern Sea Route (Agapov,
2018). At the same time, after the Russo-Japanese War of 1904-1905, the Russian
ruling circles increasingly saw it as a national communication system that had not only
economic, but also military-strategic importance. Before the First World War, the idea
of the Northern Sea Route as an international line, which was typical for the end of the
XIX century, was replaced by the idea of it being a kind of “natural monopoly” of the
Russian state.

It should be mentioned that the revolutionary events of 1905 and the tense political
situation in the Russian Empire of those years did not allow a statesman of such
magnitude as the Minister of Railways to remain politically neutral for a long time.
Nemeshaev's political views were rather liberal. Gurko in his book (Gurko, 2000,
p. 469.) describes it this way: “...at the beginning of November, the state Comptroller
D. A. Filosofov and the Minister of Railways K. S. Nemeshaev spoke in favor of the
introduction of common suffrage. It was only thanks to Witte's intervention that these
heads of departments abandoned such radical demands.” The data on Nemeshaev's
loyalty is confirmed by his telegram to all railways of December 5, 1905, forbidding
employees to join communities for the purpose of organizing strikes (State Archives
of the Tomsk Region (SATR). F. 215. Op. 1. D. 257. L. 126).

However, the very position of the Minister of Railways obliged to act defending
the interests of the state first and above all. Defending the need for firm and decisive
measures to end the strike on the railways (up to the dismissal of civil servants involved
in the protest actions), the Minister of Railways K. S. Nemeshaev believed that without
such measures it was “impossible to fully implement the principles of the manifesto of
October 17” (Novoselsky, 2020, p. 338.). Thus, at the turn of 1905-1906 the “reaction
first, reform next” became the leading principle in the government policy, and the
leading role in its implementation was played by P. N. Durnovo. On December 16,
1905, the Minister of Internal Affairs appealed to all governors and mayors to dismiss
zemstvo and city employees (especially doctors, teachers, and statisticians) without
waiting for cases to be brought against them, if they were engaged in illegal agitation.”

Confirmation of Nemeshaev's consistency in his attitude to the strike movement
is a note in The Railroader journal (Anonymous, 1906, April 13). It says that “...when
the railway voters were ready to leave the house to go to the place where the elections
were held, they were stopped. Dispatch No. 497 “To Protect the Kursk-Kharkiv-
Sevastopol Railway in court” of March 6 signed by Schaufus with Nemeshaev's order
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was received. It said that “the law does not give employees the right to interrupt the
performance of their duties to participate in elections and they can participate in
elections only in their free time.”

K. S. Nemeshaev believed that the main reason for the strike movement on the
railways of the Russian Empire in 1905 had been the low level of culture of relations
between managers and subordinates on the railway lines. In his Order of February 9,
1906, he wrote (Anonymous, 1906, February 20, p. 3): “After going there and getting
acquainted with the conditions under which these strikes of 1905 arose and took place
and having ascertained the reasons why on some roads external propaganda was
completely ineffective, and on others, it was easily spread, | came to the conclusion
that this must be largely explained by the mutual relations that existed between the
junior and senior railway employees and, undoubtedly, depended on the views and
beliefs of the higher rank employees on the road and on the degree of moral authority
that the immediate superiors had in the eyes of the lower railway agents. Where the
superiors were conscious of their official duty and were close to their subordinates,
knew their needs and, along with strict demands for the performance of their official
duties, showed reasonable care for the possible improvement of their working and
living conditions, these relations were normal and were based on mutual trust and
respect. If correct relations were built and existed for a long time, they have become
traditions. Most employees clearly understood their duties to the people and the state,
and external factors and agitation did not succeed at all, or the strike movement,
breaking out in individual points, was immediately stopped. As it was personally
evidenced, on the roads where the strikes were particularly widespread, either a strictly
utilitarian attitude towards lower-level employees or a formalism that excluded the
possibility of live communication prevailed. On these roads, the junior employees were
left to themselves, easily succumbed to any outside influence; the superiors, not having
the authority and trust among their subordinates, could not exert any influence on them
[...]. At the same time, there are numerous examples when, at certain railway stations
that went on strike in December, the lower employees, thanks to the reasonable and
sobering influence of their immediate supervisor, refused to join the strikes and
continued their work. It proves the importance of the moral authority of individuals
and the possibility of strengthening a clear understanding of the lower railway
personnel’s official duty.

Witte and his government were dismissed on April 22, 1906. Witte wrote about
his own resignation and the resignation of his Council of Ministers (Witte, 2010,
pp. 922-924): “I heard almost every day from people who were to some extend loyal
to me or sympathizing with me that the emperor was constantly being served, mostly
through General Trepov, with denunciations and various notes, and, as the calm went
on and cowardice decreased, these notes had more and more weight at the court. In
January, the Minister of Railways made an inspection trip across the railways, and
when he returned to St. Petersburg, he told me that there was a note circulating across
Russia for the signature by large landowners. It made charges against Kutler, the
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Minister of Finance Shipov (who was absolutely right in his convictions, but certainly
not a black-hundredist), Putilov (his deputy, the manager of a Noble and Peasant Bank)
with revolutionary designs, and a demand for a change of my ministry. At this time,
my relations with His Majesty were already strained to the extreme, and | remained in
my post only out of loyalty to the monarchical principle; all this will be clearer if |
manage to finish these sketches. But what my relations really were, is evident from the
following letter, which I have saved as a copy of what I wrote to the emperor: “I have
the honor to present to your Imperial Majesty a petition (which can be found in my
archives), which goes through the hands of landowners to collect signatures. It is
printed in Kyiv, although the initiative for its appearance, definitely, comes from
St. Petersburg. | had been informed of the intentions of this petition a few weeks ago,
and now it was handed to me by K. S. Nemeshaev, who had come from the south. Of
course, | could find out about its authors and its initiators, but | consider it as a waste
of time matter, especially since I, like everyone living in public, know that the initiative
of this case comes from the so-called “Black Hundred of the State Council”. And then
the fruitful thought of such a petition belongs to Count A. P. Ignatiev, Stishinsky, or
Sturmer, or Goremykin, or Abaza, which I do not care at all. However, I think that this
respectable company does not seek to become in power, because they do not want to
put their own persons in the game, and therefore they prefer to act and spread all sorts
of lies from behind the bushes in St. Petersburg drawing rooms and through the press
devoted to them.”

Conclusions.

The systematization and analysis of historical data made it possible to recreate the
historical picture of the activities of Klavdii Semyonovich Nemeshaev as Minister of
Railways of the Russian Empire.

We consider the establishment in 1906 of central, local and district committees
for the regulation of mass transportation of goods to be one of the most important
achievements of Nemeshaev as Minister of Railways. These committees were given
the right to send wagons from the railways that had a surplus of them to the railways
that needed them. This was the first centralized measure to regulate the car fleet, but it
was mandatory for state-owned roads, and as a recommendation for private ones.

The legislative policy of the Ministry of Railways, under the leadership of
K. S. Nemeshaev has been considered.

The article dwells on K. S. Nemeshaev's contribution in the development and
creation of a new type of freight locomotive for state-owned railways.

The social policy of the Ministry of Railways, during the leadership of
K. S. Nemeshaev, has been analyzed. The successes in streamlining and establishing
the work of railway educational institutions and sanitary railway inspectors have been
noted.
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Ananiz gissibHocTi Knapais CemenoBnua Hemimaesa Ha nmocaai MinicTpa
HJIAXIB cmoJiyyeHHs Pocilicbkoi iMmmepii

Anomayia. Cmamms npo0o8iHCye YUK cmamel asmopis, NPUceayeHuti oyinyi
disnbHocmi kepienukie Minicmepcmea winsaxieé cnonyyenns Pociticokoi imnepii. 'V
oawit cmammi asmopu 3poounu cnpoby cucmemamuzyéamu ma npoamanizyeamu
icmopuuni Oaui npo Oianvuicme Knaeodis Cemenosuya Hemiwaesa na nocaoi
Minicmpa wnsxie cnonyuennsi Pociticokoi imnepii. Ha 6iOmiHy 6i0 uucieHHux
bioepagiunux docnioxcensv, npuceauenux K. C. Hemiwaesy, npo iioco OisanbHicms Ha
nocaoi Minicmpa 6idomocmeti Mauo, i 60HU 00 CUX NP HOCUIU PO3PI3HEHUl i He
cucmemamuzo8anuil xapaxkmep. Auaniz apxieHux mamepianie, HAyKosux nyoniKayii,
Memyapie cyyachuxis i konee Hemiwaesa, 0o3sonunu nposecmu 0emaibH)y OYiHK) 1020
OisIbHOCMI | NOATMUKU YNpasainH minicmepemeom. Tlokasarno, wo Heszsasxicaouu Ha
KOPOMKUU MePMIH KEPIGHUYMBOM BI00OMCMBOM, NOCNi0osHa nonrimuxa Hemiwacsa i
BeNUKUU 00C8I0 pOOOMU HA KEPIBHUX NOCadax, 00360JUNU UOMY 8 CMUCTL MepMiHU
npogecmu 060 3HauyHi pegopmu. Ilepwia nonseana 6 nepespyny8amHi KA3eHHUX
3QNI3HUYHUX TTHIU MIJHC OKPpeMUMU MICYe8UMU YRPABLIHHAMU Ma 00'€OHanHI iX 8 Olblu
BENUKI 2pynu, Wo Malo 6aXdciuge 3HAYEHHS AK O/ NOJINUuIeHHs | 30eue6NeHHs ix
excnyyamayii, max i 071 NPUCKOpeHHs. mosapHo2o pyxy. Llle oOnum 3 natigasxciusiuiux
docsienenv Hemiwaesa na nocadi Minicmpa wiisixie cnojiyuenHs, asmopu Oauoi
cmammi egadicaloms cmeopenns 6 1906 poyi yenmpanbrux, micyesux ma nopauoOHHUX
KOMimemie 3 pe2yllo8aHHs Maco8ux nepeseseHb eanmadicie. lLle Oyra nepua
YeHmpanizoeana mipa 3 pe2ynio8anHs 6a20HHO20 NapKy. Benuxuil ynpaeénincokuu
00cei0, sucoxka epyodosaricms i eHepeilinicmby Hemiwaesa, obymosnrosanu maxoic
OKpeMi YCNixXu Ha THWUX HanpsamMKax pooomu 88ipeHo2o tiomy eidomcmaa. bynu cnpobu
CMBOPEHHs. CUHOUKAMIB CYOHOBIACHUKIE HA piuKosoMy mpaucnopmi. Biobysanacs
MOOepHI3ayisn piukosux i mMopcokux cyoie. [louanacs po3pobka npoekmie 0C80EHHS
Ilisniunoeo mopcokoco wiisaxy. Jlawa oyinka po3eumky [ 0yOi6HUYMEA Mepedici
3anizHuyb 8 Pociticbkiul imnepii, nio uac xepysauHs minicmepcmeom Hemiwaesa,
30Kkpema Amypcokoi ninii i Mocko8cbKoi OKpYHCHOT 3ani3HUYI, 301bUIEHHS NPONYCKHOT
30amnocmi  Tpanccuby. Iloxazano, wo oOaneko He HA OCMAHHLOMY Micyi O
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K. C. Hemiwaecsa Oynu pisHi coyianvhi acnekmu, wo CMOCYIOMbCs OisIbHOCHI
cnyorcbo6yie sanisHuysb. Takoxc 6 cmammi po32IAHYMA 3AKOHOMEOpYA NOJIMUKA
Minicmepcmea winsaxie cnoayuenuss mux pokie. Posensanymo yuacmo Hemiwacge 6
niodeomosyi nodopodici gpanyyzvkozo euenozo llona Ilenni i pociticokozo ogiyepa
Kapna I'vemasa Maunepeeiima 6 Kumau. YV 36'sa3xy 3 macoeoro 3amiHo0 Ha KA3eHHUX
BANIBHUYAX JNeSKUX [ 3HOWEHUX pPelioK BadCHuMu, i HeOoOXIOHICMIO CHUCAHHA 3
iHBeHmMAapIo 3HAYHOI KinbKkocmi napoeosie cnopyou 1850-x i 1860-x poxkis, doyinvbHo
0y10 86ecmu napososu 6inous nomyacrno2o muny. Ioxasanuii énecoxk K. C. Hemiwaesa
8 PO36UMOK MEXHIKU [ CIMBOPEHHS HO8020 MUNY MOBAPHO20 NAPO603ad Ol KA3EHHUX
3ani3HuYb. /lana oyinka noaimuynumu noensoamu Hemiwaesa.

Knrwouoei cnosa: mpancnopm Pociticokoi imnepii; 3aniznuys, pegpopmu,; Cepeiii
[Onitioeuy Bimme; Paoa minicmpis, napoeos cepii I1]
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Ouer IInanmuyk
["ocynapcTBeHHBIN YHUBEPCUTET MH(PACTPYKTYPhI U TEXHOJIOTUH, Y KpanHa

Anayms aesreabHocT Knapausa Cemenosnya Hememaesa na noctry Munucrpa
nyrei coodmenust Poccuiickoii umnepuun

Annomayus. Cmamovsi npoooJicaem Yuki cmameil asmopos, NOCEAUEHHbL
oyenke OesmenbHOoCmu pykogooumeneu Munucmepcmea nymeu coobujeHus
Poccuiickoti  umnepuu. B Oaumnoul cmamve asmopvl  coenanu  NONbIMKY
cucmemMamu3upo8anms U NPOAHAIUIUPOBAMb UCOPUYECKUE OAHHblE O 0esIMENbHOCMU
Knaeous Cemenosuua Hemewaesa wna nocmy Munucmpa nymeil coodujenus
Poccuiickoti  umnepuu. B omauuue om  MHO20HUCTEHHbIX  Ouospaguueckux
uccneooganuu, noceawennvix K. C. Hemewaesy, o e2o oOesmenvHocmu Ha nocmy
MUHUCMPA Cc8e0eHUll Mano, U OHU 00 CUX HOP HOCUNU PA3PO3HEHHLIU U He
cucmemMamusupo8anHvlll  xapakmep. AHanu3 apxXuBHuIX Mamepuanos, HAYYHbIX
nYOIUKAYUL, MemMyapos coepemMeHHUKo8 u Koanee Hemewaesa, nozeonunu nposecmu
0emanbHyl0 OYeHKy e20 O0esImelbHOCMU U NOJUMUKY YNPAGIeHUs MUHUCTEPCMBOM.
lloxazano, umo Hecmompsi Ha KOPOMKUU CPOK PYKOBOOCMBOM Be00MCMEOM,
nocnedogamenvras noaumuxa Hemewaesa u 6onvuion onvim pykogoosiuei pabomel,
NO3B0IUNU eMy 8 cocamvle CPOKU Nposecmu 08e 3HauumesnvHvle pegopmul. llepsas
3aKII0UANACy 8 NEePecPYNNUPOBKE KAZCHHBIX JHCENIe3HOOOPONCHBIX JUHULL MeHCOY
OMOENbHLIMU MECHHBIMU YAPABGIEHUAMU U 00beOUHeHUU Ux 6 O0oJiee KpynHble epYnnbl,
YUMo UMeno 8adiCHOe 3HadeHue KaxK 05 YIVHULeHUs U YOeueleHUs: UX IKCIILYamayuu,
mak u Ol YCKOpeHus. moeapHo20 oeudxceHus. Ewe o00num u3 eadscHetiuiux
docmudcenuut Hemewaesa na nocmy Munucmpa nymeii coobujenusi, agmopvlt 0aGHHOU
cmamwu cuumaiom yupesxcoerue 6 1906 200y yeHmpanbHblX, MECMHBIX U NOPAUOHHBIX
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KOMUMEMmo8 No pecyiupo8anuio MAaccosvlx Nepego3oK 2py308. Imo Ovlia nepeas
YEHMPANU3068aHHas, Mepa No  pe2yIuposaHulo  8a2oHHo2o napka. boavuiou
VIPAaBNeHYeCKUll ONnbvlm, 6blCOKAs 3PYOUPOBAHHOCMb U dHepeuyHocmb Hemewaesa,
obycnasnueany maxdce OmMOENbHble YCNexu Ha Opy2ux HAnpasieHusx pabomol
86epenHo20 emy eeoomcmea. llpednpunumanucy nonvimKU co30aHUsl CUHOUKAMOS
cyooenadenvyes Ha peuHom mpaucnopme. [Ipoucxoouna mooepuusayus pedHsvix u
Mmopckux cyoos. Hauanacy pazpabomka npoexkmos ocgoenus CegepHo20 MOpPCKO20
nymu. /lana oyemka pazeumus U CMpOUmMenNbCmea Cemu MHCele3HblX 00po2 8
Poccuiickoii umnepuu, 6o epems ynpaenenus munucmepcmeom Hemewaesa, 6
yacmuocmu Amypckou unuu U MOCKOBCKOU OKPYICHOU JiCeNe3HOl 0opo2u,
yeenuueHus: nponyckHou cnocoonocmu ITpanccuba. Iloxazano, umo oanexo He Ha
nocneonem mecme ona K. C. Hemewaesa Oviiu pasiuyHvle coyuaibHble ACHeKmbl,
Kacarowuecs 0eamerbHOCmU CLyHcauux dicenesHvlx oopoe. Taxoce 6 cmamve
paccmompena 3akoHomeopueckas noaumuxa Munucmepcmea nymeti coooujenusi mex
nem. Paccmompeno  yuacmue Hemewaesa 6 nodcomoske nymeuiecmeus
@panyysckozo yuenoeo Ilons Ilennuo u poccutickoeo oguyepa Kapna [ycmasa
Mannepeeiima ¢ Kumau. B ceasu ¢ maccosou 3ameHOU HA KA3EHHbIX HCENEe3HbIX
00po2ax NecKUx U USHOCUBUIUXCS PelbCo8 Dojiee MANCENbIMU U He0OX0OUMOCbIO
CNUCAHUSL C UHBEHMAPSL 3HAYUMENbHO20 KOIUuYecmsea napoeo3o8 nocmpouxu 1850-x u
1860-x 20006 yenecoobpasno bviLIO 86eCMU NAPOBO3bI DONCe MOWHO20 muna. [lokazan
eknao K. C. Hemewaesa 6 pazgumue mexHuku u co30aHue HO8020 Muna mosapHoco
napoeo3a Ol KA3E€HHbIX JHCele3HblX 00opoe. /lana oyeHKka NnoaumudyecKum 632110am
Hemewaesa.

Kniwuesvie cnosa: mpancnopm Poccuiickoii umnepuu, dcene3nas 00pocd;
pepopmui; Cepeeti FOnvesuu Bumme,; Cosem munucmpos, napogos cepuu 1]
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