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PREFACE

We are delighted to welcome you to the new issue of the journal on the history of
science and technology! This issue is unique as it explores diverse aspects of the
development of science and technology in various countries and historical periods.

We invite you on an exciting journey through the pages of this issue, where you
will find works by distinguished scientists such as Maryna Gutnyk, Florian
Niirnberger, Tetiana Karmadonova, Natalya Pasichnyk, Renat Rizhniak, Hanna
Deforzh, Liudmyla Zhuravlova, and many others. Their research covers various facets
of history and technology.

The collaborative work by Maryna Gutnyk and Florian Niirnberger presents a
comprehensive exploration of the evolution of the Fe-C diagram, tracing its historical
development through the lenses of various scientific contributions over time. Their
analysis underscores the rich history behind this diagram, highlighting the foundational
studies dating back to the early 19th century, marking crucial milestones in
understanding the carbon content in steel and its implications for industrial
applications. The authors' meticulous use of comparative analysis, synthesis, and
chronological examination sheds light on the gradual refinement and evolution of the

Copyright © 2023 Oleh Pylypchuk, Oleh Strelko, Yuliia Berdnychenko. This is an open access article distributed under the Creative Commons

Attribution License 4.0, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
53 cited.
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Fe-C diagram. From the initial recognition of graphite as pure carbon to the
establishment of phase diagrams through collaborative efforts at international
congresses, the Fe-C diagram's progression intertwines with the advancements of the
industrial revolution,

Tetiana Karmadonova's work on the migration trends of Ukrainian researchers
from 1991 to 2023 provides a comprehensive analysis of the multifaceted factors
driving the migration of scientists from Ukraine to various destination countries,
particularly against the backdrop of recent events in the country. The study delves into
the intricate landscape of migration among Ukrainian researchers across different
historical periods.

Natalya Pasichnyk, Renat Rizhniak, and Hanna Deforzh's meticulous study on the
publications in the "Bulletin of Experimental Physics and Elementary Mathematics”
from 1886 to 1917 offers invaluable insights into the organization, proceedings, and
outcomes of domestic and international congresses of mathematicians and natural
scientists during that period. Their research, focused on a comprehensive and
quantitative analysis of these journal publications, sheds light on the pivotal role of
these gatherings in the scientific and pedagogical realms

Liudmyla Zhuravlova's research on the evolution of techno-nationalism and the
pivotal role of space in this phenomenon from the 1980s to the 2020s offers a
compelling exploration into the intricate dynamics of technological advancements and
their influence on international relations and national strategies. The article delves
deeply into the theoretical comprehension of techno-nationalism, particularly
examining its relationship with space policy and its relevance within the context of US-
China relations. Employing an interdisciplinary approach, drawing from historical,
economic, political sciences, and international relations theory, the research unravels
the dichotomous evolution of techno-nationalism juxtaposed against techno-globalism.
Zhuravlova's work accentuates the ongoing power struggle between the US and China
within the space industry, amplifying the techno-nationalist dimensions within
Innovation systems.

Artemii Bernatskyi and Mykola Sokolovskyi's research presents a comprehensive
review of the evolution of additive manufacturing (AM) processes within the realm of
metallurgy, spanning from the foundational theories of layer-by-layer manufacturing
to the contemporary landscape of AM technologies. This work illuminates the rapid
advancements within the AM sector, capturing the profound interest of the scientific
community. It underscores the dual significance of AM technologies - not only as an
alternative manufacturing method for existing structures but also as a gateway to
crafting new, intricately complex structures unattainable through traditional
methodologies. Through meticulous analysis and classification of prior studies
focusing on technological advancements and implementations, the research establishes
a structured approach towards comprehensively mapping the development of additive
manufacturing technologies in various trajectories. As a result, the research proposes a
systematic approach to formulate a comprehensive scheme for AM technology
development, thereby offering a framework that navigates the intricate landscape of
technological advancements in various directions.
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Mykhailo Klymenko's meticulous study offers a comprehensive evaluation of
Professor Tomasz Nikodem Scibor-Rylski's pioneering contributions to the
development of agricultural machinery testing during the latter half of the 19th century.
This research sheds new light on Rylski's scientific endeavors and their significant
impact on the evolution of agricultural equipment testing. Employing principles of
historicism, scientific rigor, and objectivity, Klymenko utilizes historical-scientific
methodologies, archival analysis, and generalization to present a nuanced
understanding of Rylski's work. For the first time, archival documents are introduced,
unveiling insights into the scientist's activities in advancing the field of agricultural
machinery testing.

Mohamad Khairul Anuar Mohd Rosli, Ahmad Kamal Ariffin Mohd Rus, and
Suffian Mansor's insightful study delves into the overlooked yet pivotal role of
electricity, specifically facilitated by the Perak River Hydro-Electric Power Company
(PRHEPC), in the tin-mining industry within Kinta Valley during the period of 1927
to 1940. The research illuminates the historical emergence of electricity as a dominant
power source in the tin-mining industry of Colonial Malaya, a topic that has received
minimal attention in Malaysian historiography.

Sana Simou, Khadija Baba, and Abderrahman Nounah's research represents a
profound call to action amidst the urgent need to safeguard Morocco's cultural heritage,
notably exemplified by the Marinid Madrasa within the Chellah archaeological site in
Rabat. This research intricately weaves advanced technologies with a profound
appreciation for the historical, social, and cultural significance of these sites. It charts
a course that not only conserves architectural brilliance but also honors the profound
stories encapsulated across epochs. Ultimately, it emerges as a blueprint for
harmonizing the past with the present, ensuring the preservation of cultural heritage
while embracing the imperatives of progress.

In his article, Oleh Strelko shows that the history of bridge construction is an
important part of historical knowledge. Developments in Dbridge construction
technology reflect not only engineering advances, but also social, economic and
cultural aspects of society. Engineers and scientists faced unique challenges when
designing and building bridges depending on the technological level of the era,
available materials and the needs of society. This process may reflect technological
progress, changes in transportation needs, and cultural and social changes. The purpose
of this article is to briefly review key moments and stages in the history of metal bridge
construction using welding technology in the 20th century.

We invite you on this exciting journey with our authors exploring the history of
science, technology, and cultural heritage. May this issue broaden your knowledge and
inspire new research endeavors!
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The Fe-C diagram — History of its evolution

Abstract. The evolution of concepts and methods of physical and chemical science
that contributed to the formation of the Fe-C diagram during the previous centuries is
considered. Despite the classical knowledge, there are still differences in the
representation of the Fe-C diagram by scientists from different countries, in particular,
the data of scientists from Germany, Poland, Ukraine, the USA, and Australia are
somewhat mismatched. The authors tried to understand the reasons for this
discrepancy. To conduct the research, general scientific methods of cognition were
used: comparative analysis and synthesis, as well as a chronological one. It is claimed
that the first studies of carbon content in steel were carried out in 1802. Further
research development began in 1827-1829 when it was established that graphite is
pure carbon. It is emphasized that further studies of carbon content in steel and cast
iron are connected with attempts to create the first graphs of dependence on content
and temperature. This, in turn, contributed to the development of the industrial
revolution. It is believed that the first complete diagram was presented in 1897 by
Roberts-Austen. Later, with the use of X-ray methods and microscopy, the Fe-C
diagram gradually took on a new form. At the beginning of the 20th century, scientists
actively proposed their phase diagrams. Studies conducted by scientists of different
countries during 1909-1911 gained a consolidation, which was produced at the 6th
Congress of the International Association for testing materials meeting into the
unification of the names of phase transformations. Further research until the beginning
of the Second World War was aimed at the creation of “pure” steel, that is, without
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harmful impurities, and clarifying the transformation temperatures. The period of the
Great Depression in the USA and the war in Europe did not contribute to scientific
research. At the same time, for the mass production of steel and cast iron, errors in
critical points of a few degrees did not have a significant impact, that is, refining the
temperatures of phase transformations were not considered appropriate. Today’s
trend in scientific research is aimed at solving environmental problems caused by the
industrial revolution.
Keywords: Fe-C diagram; unification of transformation modes in Fe-C binary
alloys; consolidation of science; material science

Introduction.

The development of a post-industrial society could not have been achieved
without the application of structural materials, the main of which remain steel and cast
iron. The dominant components of these alloys are iron and carbon. The type of alloy
that can be obtained in the final result depends on the percentage content of the
component, the temperature, as well as the emergence of carbon e.g. in the form of
graphite and in a certain morphology. While working on a joint study (Niirnberger,
Frolov, Grydin, Gutnyk, & Blank, 2022), the authors saw a discrepancy between the
diagrams in the percentage of graphite included in the composition of the steel. If
Ukrainian scientists take 2.14 % as the maximum content (Timofeeva & Komarova,
2013, p. 50; Bobrova, 2016, p. 18), Polish scientists — 2.11 % (Hucinska, 1995, p. 86;
Pawlowski, 2012, p. 2; Pawtowski, 2017, p. 146), then in Germany in general — 2.03%
or 2.06% (Eckstein, 1969, p. 53; Horstmann, 1985, p. 117; Lapple, 2022, p. 56).
Moreover, the carbon content in cast iron is the same in all countries. It turns out that
cach country has its own knowledge, of the apparently “classic” Fe-C diagram. The
most complete publication that today gives the history of iron-carbon alloy research is
the monograph of Eugeniusz Tyrkiel (Tyrkiel, 1963), although it is limited to data up
to 1955 and unfortunately does not reveal the development of research including
modern knowledge.

The purpose of the article: is to trace the origins of knowledge in materials
science, namely the creation of the main “points” on the Iron-Carbon diagram. To
reveal which knowledge preceded the study of the physical state of steel and cast iron
at different percentage ratios and different melting temperatures. To evaluate from the
point of view of modern knowledge of materials science, the development of
knowledge about the percentage ratio of iron and carbon.

Methods: general scientific methods of cognition were used: comparative
analysis and synthesis, as well as a chronological one. This made it possible to carry
out a comprehensive study of the stated topic, to present how the concept about the
percentage of carbon and iron were formed during the melting of steel and cast iron, to
follow how knowledge and discoveries in the field of physics and chemistry
contributed to the formation of the equilibrium system in the Fe-C diagram and
transformation of temperatures.
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Results and Discussions.

The first attempts to establish mass production of steel and cast iron in the 19th
century contributed to the accelerated development of research in this direction.
Among the harmful impurities in the production of the mentioned alloys, sulfur, and
phosphorus were the most difficult to eliminate. Though in laboratory conditions the
steel turned out to be of good quality, the finished castings suffered from redness due
to the industrial scale of its smelting and cold brittleness. On the one hand this is caused
by sulfur forming a chemical compound FeS with iron, which with iron in steels forms
a eutectic with a melting temperature of 985 °C. This ecutectic melts at certain
comparatively low temperatures and as a result the connection between the grains is
lost and cracks are formed. In addition, sulfur reduces the plasticity and strength of the
steel, its resistance to abrasion and its corrosion resistance. A fragility at low
temperatures on the other hand is a result by the fact that phosphorus causes strong
internal crystal liquefaction (Fedirko et al., 2017, p. 74).

Back in 1802, the Englishman David Mushet (Mushet, 1802) conducted a large-
scale study to determine the carbon content in certain types of iron-carbon alloys.
Starting with Swedish iron and varying amounts of charcoal, he prepared alloys in both
open and tightly closed melting pots. By carefully weighing the materials used to cast
the alloy and the final products (iron or steel and other carbon), he tried to determine
the amount of carbon in % corresponding to different types of alloys. And so, for
example, he obtained values from about 0.8 % (soft) to 2 % (very hard) for steel, about
4 % for white cast iron and 5 % for cast iron ingot, and for gray iron more than 6 %.
Robert Forester, David Muschet’s son, performed more than ten thousand experiments
on the influence of impurities on the quality of steel. It was he who invented a method
with the addition of manganese to avoid sulfur in the melt (Gutnyk, 2012, p. 254).
Significant discoveries and successes in chemistry in the first decades of the 19th
century greatly influenced the further development of views on iron-carbon alloys. In
particular, one of the main laws of chemistry — the law of constancy of the composition
of chemical compounds (“the law of constant ratios”) was formulated by the French
chemist Joseph Louis Proust. The German scientist Jeremias Benjamin Richter
initiated the study of the quantitative side of chemical reactions and founded a new
branch of chemistry — stoichiometry.

The Englishman John Dalton established the law of simple and multiple ratios and
created the modern atomic theory. Swedish chemist Jons Jakob Berzelius introduced
chemical symbols and formulas, and determined the atomic mass of many elements
(Mourelo, 1916; Ostwald, 1974; Rocke, 2005; Berzelius, 1841).

In 1816, the German metallurgist Carl Johann Bernhard Karsten published a
handbook on metal structures (Karsten, 1816). The scientist devoted his extensive
research to determine the form which carbon can acquire in alloys with iron. Extensive
studies of the essence of graphite conducted by the Swedish chemist Nils Gabriel
Sefstrom during 1827—-1829 (Sefstrom, 1828; Sefstrom, 1829), confirmed Karsten’s
thesis that graphite is pure carbon. Karsten’s works represent to some extent a turning
point in the development of views on iron-carbon alloys.
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The use of a scientific approach in the development of research on mass steel
production became the impetus for the presentation of the first graphs of the
dependence of the concentration of carbon and iron. For example, Reinhard
Mannesmann, was one of the 4 brothers who ran one of the first steel company in
Germany — the Mannesmann company. Most of the commercially successful projects
in the development of the company are related to him. The Mannesmann company also
produced crucible steel, which was new at the time and had good quality indicators.
Mannesmann products received the highest awards at all world exhibitions in the 19th
century. The jury of the 1867 exhibition in Paris also suggested awarding Reinhard
Mannesmann with the Legion of Honor. Emperor Napoleon Il ordered that naval
arsenals should be primarily equipped with Mannesmann products. In 1879, the
entrepreneur presented the first graph of the dependence of the concentration of carbon
and iron depending on the temperature. This graph was quite primitive and far from
modern ideas about critical points because at that time it was not possible to measure
the temperature physically accurately in the melt (Wessel, 2009).

In 1886, Floris Osmond published the publication “On the phenomena that occur
during the heating and cooling of molten steel” where he listed several critical melting
points of steel, and also in 1906 on the crystallography of iron (Osmond, 1886;
Osmond & Cartaud, 1906).

In 1897, William Chandler Roberts-Austen presented the first complete
temperature-concentration diagram (Fig. 1) for the iron-carbon system (Roberts-
Austen, 1897), which the Dutchman Hendrik Willem Bakhuis Roozeboom converted
into his phase diagram (Fig. 2) (Wisniak, 2003, p. 429). The face-centered cubic form
of iron, Austenite, is named after Roberts-Austen (Kayser & Patterson, 1998). Austenite
denotes the soft non-magnetic part of the alloy in which iron takes the form of an
allotropic gamma modification, stable at high temperatures. As for other names of
different chemical states in iron-carbon compounds, martensite should not be
overlooked. It should be noted that this name was proposed by Floris Osmond in honor
of the German metallurgist Adolf Martens (1850—-1914). This is a needle-like structure
characteristic for quench-hardened iron-carbon steels (the hard magnetic part of the
alloy). It is noteworthy that these assumptions were confirmed only after the
application of X-ray diffraction methods. A. Martens was one of the founders of
materials testing research in Germany. He was one of the pioneers in using the light
microscope as a tool for analyzing metal structures. For many years, the scientist
headed the metallographic laboratory. During 1880-1882, A. Martens determined the
three main structural components of cast iron: graphite, free iron, and bound iron and
he showed that these components (today the latter are called ferrite and secondary
cementite) are easy to recognize when etched with chemical reagents. In 1899, he
published a textbook on materials science, which was highly evaluated at the time
(Pfender, 1990).
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Figure 1. The Fe-C diagram by W. Roberts-Austen (Roberts-Austen, 1897).

To create his diagram, W. Roberts-Austen used a rhodium thermocouple
developed by Henri Louis Le Chatelier, which he connected to a self-designed device
that recorded the temperature as a function of time. Thus, this diagram is the first for
the iron-carbon system.

The work by H. Roozeboom was based on the previous studies of Josiah Willard
Gibbs and the diagram was built following the J. Gibbs’ phase rule. The diagram
already featured closed fields to which certain phases or complexes of phases
correspond; all boundary lines create a continuous grid; the solidus temperature of
eutectic aBC and the solid eutectic line PSK (eutectoid) do not depend on the carbon
content and are horizontal lines; the solidus line showing the carbon content in
austenite was presented. Since graphite is a more stable modification of carbon than
carbides, and its solubility in iron is lower than in the form of carbides, the difference
between these two Fe—C systems was also presented: stable (iron—graphite) and
unstable (iron—iron carbide) (Wisniak, 2003, p. 428).

In 1888, A. Ledebur, professor of metallurgy at the Berg-Academy in Freiberg,
Saxony, proposed to use four forms of carbon and to recognize technical iron. He
distinguished between bound carbon, free carbon, hardened carbon, and graphite
(Ledebur, 1888). This classification became generally accepted in Germany and in a
significant part of foreign special literature. It remained valid for about 20 years until
it was given a new designation.

According to the state of scientific research at that time, A. Ledebour’s views
were based on the knowledge of the formation of hardened carbon and carbon carbide
as follows: bound carbon in iron-carbon alloys at normal temperatures is usually found
in the form of iron carbide (cementite); this chemical compound with the chemical
composition FesC contains 93.33 % of iron and 6.66 % of carbon. When heated above
700 °C, iron carbide begins to partially dissolve in the iron-carbon alloy, but its state

remains solid. This so-called solid solution contains solid carbon (Ledebur, 1906).
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Figure 2. The diagram by H. Roozeboom, 1900 (Wisniak, 2003, p. 429).

As Dr.-Ing. Carl Geiger noted, carbon influenced the properties of industrial cast
iron to such an extent that cast iron types were divided into two big groups based on
the carbon content: high-carbon cast iron and low-carbon forgeable cast iron. He also
assumed that the lower limit of carbon content in cast iron is approximately 2 %. At
the same time, the professor indicated that the alloy, which contained approximately
1.5 to 2.5 % carbon in the presence of moderate amounts of other particles, was badly
forged and cast. And, “such types of cast iron” (although this content today is attributed
to steel) are used only in special cases. It is not possible to change the shape of cast
iron in a cold or heated but unmolten state by pressure or tension. This can only be
achieved by casting after melting. If cast iron (with a composition close to the eutectic
point) is heated to the melting temperature (1100-1300 °C), it suddenly changes from
a solid state to a liquid state without previously becoming pasty (Geiger, 1925, p. 1-
2).

The rapid development of metallurgy at the end of the 19th century, especially in
England and France, was based on an organized form of the scientific study of metals
and the introduction of microscopic analysis. Thus, in England in 1889, the Society of
Mechanical Engineers (Institution of Mechanical Engineers) formed the Alloys
Research Committee; soon a similar research center (Commission des Alliages) was
organized in France by the Society for the Encouragement of Domestic Industry
(Société d’Encouragement pour 1’Industrie Nationale). These centers, which had
significant material resources, began an extensive study of metals and alloys, primarily
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the study of the influence of alloying elements on the properties of metals. Among the
activities of such centers was extensive research of alloys by methods of thermal and
microscopic analysis, due to which in the last decade of the XIX century numerous
phase diagrams considering temperature and chemical composition of binary and even
ternary alloys appeared. In the following years, studies of the Fe-C diagram were
mainly concerned with clarifying the position of individual lines (peritectic part,
solubility of carbon in iron, graphite eutectoid).

At the beginning of the new century, European scientific studies of metals and
alloys spread to America. Thus, in September 1912, the 6th Congress of the
International Association for Testing Materials was held in New York, USA, which
was the first congress of this Association to be held in America. The work of the 6th
congress may be concisely summarized by the high number of publications of 153,
roughly twice as much as the preceding congress and in the results of the work of
technical committees it was at least equal to any of the previous congresses. The first
official act of the congress was to elect Acting President Henry M. Howe as the
president of the association, an act which was beyond the constitutional power of the
governing council, after the death of the regularly elected president Dr. C. B. Dudley.
The congress accepted the invitation of the Tsar of Russia to hold the next congress in
1915 at St. Petersburg and elected Dr. Nikolai Belelubskyi, St. Petersburg, president of
the association for the next three years. Professor H. M. Howe was made a life member
of the council. The secretary of the association was Ernst Reitler, Vienna, Austria (The
engineering and mining journal, 1912, p. 484).

Among the landmark reports at this congress, it is necessary to note the proposal
of the president of the association H. M. Howe, and professor of metallurgy Albert
Sauveur on the definition of the names of microscopic substances and structures of
steel (Howe & Sauveur, 1912) (Fig. 3). Thus, the names of the structures in the iron-
carbon system were defined:

“...Graphite, definite metaral (now we use the word “metal”). Definition:
the free elemental carbon which occurs in iron and steel. Composition: probably
pure carbon, identical to native graphite. Genesis: derived in large part, from the
decomposition of solid cementite. Others hold that its formation as kish may be
from solution in the molten metal, and that part of the formation of temper
graphite may be from elemental carbon dissolved in austenite. It is the stable form
of carbon in all parts of the diagram. Occurrence: 1. as kish, flakes which rise to
the surface of molten cast iron and usually escape thence; 2. as thin plates, usually
curved, e. g. in gray cast iron, representing carbon which has separated during
great mobility, i.e., near the melting range; 3. as temper graphite pulverulent
carbon which separates from cementite and austenite, especially in the annealing
process for making malleablized castings.

Austenite (up to the year 1900 often called martensite, and wrongly
sometimes still called so). The metal of variable composition. Definition: the iron-
carbon solid solution as it exists above the transformation range or as preserved
with but moderate transformation at lower temperatures, e.g., by rapid cooling, or
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by the presence of retarding elements, (Mn, Ni, etc.), as in 12 % manganese steel

and 25 % nickel steel.

Martensite, metal. Its nature is in dispute. Definition: the early stage in the
transformation of austenite characterized by needle structure and great hardness,
as in hardened high-carbon steel.

Ferrite, definite metal. Definition: free alpha-iron. Composition: nearly pure
iron. It may contain a little phosphorus and silicon, but its carbon content if any
is always small, at the most not more than 0.05 %, and perhaps never as much as
0.02 %.

Pearlite. Definition: the iron-carbon eutectoid, consisting of alternate masses
of ferrite and cementite. Constitution and Composition. A conglomerate of about
6 parts of ferrite to 1 of cementite.

Ferronite (today ferrite), hypothetical definite metal. Definition: solid
solution of about 0.27% of carbon in beta iron.

Hardenite. Definition: Collective name for austenite and martensite of
eutectoid composition.

Troostite. Definition: in the transformation of austenite, the stage following
martensite and preceding sorbite (and Osmondite if this stage is recognized).

Sorbite. Definition: in the transformation of austenite, the stage following
Troostite and Osmondite, if this stage is recognized, and preceding pearlite...”

In addition, definitions for Ferrous Sulphide, Cementite, and Osmondite...” were
given (Howe & Sauveur, 1912).

Among the reports, the analysis conducted by Professor E. Heyn was also quite
interesting. The scientist presented an iron-carbon diagram with different critical points
of states proposed by various researchers, including William Chandler Roberts-Austen,
Heinrich Hanemann, Nikolai V. Gutovskyi et al. (Fig. 4).

Thus, in the late 1910s, there was still a difference of opinion about the positions
of the critical points, and also about the use of the term “steel”. In everyday life, the
term “steel” was used for any higher-quality material, without understanding that it is
an alloy and how it differs from pure iron. Later, the following definition of the term
was given: “steel is an alloy of iron that is hardened during hardening.” But such a
definition remained vague, since there was no clear hardenability limit, and the
methods of determining hardness also differed for different alloys. The carbon content
started at 0.5 %, but it was not yet possible to calculate extraneous impurities that
affected the hardening of steel and, accordingly, its hardness at that time. At the time
in European shipbuilding, unhardened ductile iron was almost always called as steel.
The Prussian Railway Administration used tensile strength in 1889 and determined that
all materials with a strength greater than 50 kg/mm? could be described as steel.
Regarding tensile strength as a distinguishing feature, professor A. Ledebur has already
emphasized that the same wrought iron can show quite different strengths, depending
on whether it is tested on thin or thick pieces, or whether it has previously undergone
more or less intensive processing. Nevertheless, in 1905 the committee of the German
Association for the Testing of Materials in Technology (Deutscher Verbund fiir die
Materialpriifungen der Technik) proposed to define the difference between steel and
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iron as subdivisions of liquid processed iron such as by the Thomas or Bessemer
process (“Flusseisen”), on the one hand, and weld metal, on the other hand, that iron is
called steel, regardless of its composition and regardless of whether it can be hardened
and which has a hardness subsequent to the liquid state after annealing of 50 kg or more
per square millimeter, and in a pasty state after puddling of 42 kg or more per square
millimeter (Industrienormen Deutsche, 1922, p. 19).
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Figure 3. The diagram of different states in the iron-carbon system: the line PSK was
often called “A1”. The Line GOS is often called “A3”, and this name was sometimes
applied to the line SE (Howe & Sauveur, 1912).

Finally, in 1919, the German Industrial Standards proposed that in the future for
wrought iron and steel, the material obtained in the pasty state should be called “iron”
and the material produced in the liquid state — “steel”. Several participants objected to
the proposal, referring to trade. Such a renaming seemed very complicated and
questionable from a commercial point of view. Misunderstandings in the iron trade, for
example with bar iron (Stabeisen), were inevitable. After several years of negotiations,
at the end of 1923, it was agreed that the term “steel” should be defined for all
industrially produced iron except pig iron and cast iron (Roheisen und Gufeisen)
namely “mild steel” for material, obtained in a liquid state and subjected to forging
without further processing, welding, etc. “Puddling steel” — for that obtained in a pasty
state. The word “iron” itself should be reserved for the element iron. However, this
principled decision should not affect commercial names, such as bar and shaped iron,
universal iron, sheet iron, etc. (Geiger, 1925, p. 6).
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The double diagram of iron-carbon alloys.
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Figure 4. Critical points of states proposed by various researchers before 1911
(Heyn, 1912).

The names of iron processed into objects of everyday use by casting have also
been a highly controversial area for a long time. The German Industrial Standards
Committee provides the following definitions of terms:

1. Cast iron is melted and cast into molds separately or with iron scrap, steel scrap,
and other smelting additives, but is not subjected to processing for the purpose of
forging. Depending on the amount of precipitated graphite, the following are
distinguished: a) gray cast iron with abundant graphite allocation, b) semi-gray cast
iron with a small graphite allocation, c¢) white cast iron with no graphite or only traces
of graphite release, d) chilled cast iron with a white outer zone and a gray core.

2. Malleable iron is cast as cast iron, namely from white iron, and then refined or
forged by annealing with a decarbonizing agent.

3. Cast steel is made from steel produced in a crucible, Siemens-Martin, electric
furnace, or in a pear-shaped converter without further processing by forging. Therefore,
cast steel is already a finished product and the material is formed in the final form
(Geiger, 1925, p. 6).

Later, with the development of new material research methods, the location of
critical points on the Fe—C diagram gradually normalized. Thus, the first large-scale X-
ray studies of cast iron and some steels were conducted in 1921 by Swedish researchers
Arne Westgren and Axel E. Lindh (Westgren & Lindh, 1921, p. 184) according to a
slightly modified Debye—Scherrer method (Debye & Scherrer, 1916, p. 4-8). Based on
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the assumption that metals are usually a conglomerate of very large numbers of very
small crystals, these authors concluded that the Debye-Scherrer method can be applied
to non-powdery metal preparations. The experiment has confirmed this assumption, it
turned out that this method can be successfully tested on metals in the form of thin rods
or wire without the need for additional powder coating. From the X-ray pattern
obtained by scientists, it turned out that B-iron, like a-iron, has a spatially centric cubic
lattice (Fig. 5, a). Further research by Arne Westgren and Axel E. Lindh conclusively
demonstrated that y-iron (Fig. 5, b) is fundamentally different from a-iron in
crystallography, while B- is identical in this characteristic to a-iron (Authier, 2013,
p. 144). It should be noted that the y- to a-transformation is accompanied by an atomic
volume change of approximately 1%, which can lead to the generation of internal
stresses during transformation (Bhadeshia & Honeycombe, 2006, p. 4).

A/

a
Figure 5. a-iron (a) and y-iron (b) structure.

The majority of researchers who began to use X-rays for the study of metals
concluded that due to the allotropy of crystalline bodies with B-polymorphism, iron
cannot be considered as a separate allotrope. In 1922, Arne Westgren and Gosta
Phragmen (Westgren & Phragmen, 1922) conducted an X-ray diffraction study of
electrolytic iron melted in a vacuum, as a result of which they found that 5-iron, like
B-iron, crystallizes in the same order as a-iron and that it is spatially centric (today it is
called body-centered cubic or bcc). Thus, these studies showed that the transformation
of one structure into another is a reverse process. That is, at very high temperatures,
iron returns to a form with properties similar to those it had in its original form
(Westgren & Phragmen, 1922).

In the 1920s, several works devoted to X-ray studies of both carbon and alloy
steels were published. In particular, this was the work by Nikolai Seljakov, Georgii
Kurdjumov, and Nikolai Goodtzov (Seljakow, Kurdjumow & Goodtzow, 1927), which
also included the results of G. Kurdjumov’s thesis, where the crystallographic structure
of martensite was indicated, and the mechanism of martensitic transformation was
recognized. Further research conducted by G. Kurdjumov at the Institute of Metals
Research in Berlin on austenite single crystals together with Goldman Sachs led to the
creation of a scheme for the rearrangement of austenite crystal lattices into martensite
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lattices through two shifts. The mutual orientation of austenite and martensite crystals
that occurs in this case was called the Kurdjumov-Sachs orientation (Lee & Han, 2012).
The period of 1930 to the 1940s was not marked by significant discoveries in the
development of physical and chemical science that would affect the formation of the
lines of the iron-carbon diagram. This was primarily related to the economic and
political situations in the world. Repression and famine in the Soviet Union, the stock
market crash, and, of course, the Second World War. In addition, it was not considered
applicable to repeat the research to clarify the temperatures of phase transformations,
instead, the researchers switched to experiments to create alloys devoid of impurities,
that is, of much higher purity.

In 1941-1942, the American Bureau of Standards conducted an extensive study
on the properties of pure iron, and Wm. F. Roeser and H. T. Wensel (Roeser & Wensel,
1941) were concerned only with determining the melting temperature of iron, and
Harold E. Cleaves and John M. Hiegel (Cleaves & Hiegel, 1942) studied various
physical properties of iron, including the As transformation temperature, i.e., the lower
temperatures of the y-iron formation. During determining the iron melting points,
scientists critically reviewed all previous studies in this direction and came to the
conclusion that the melting point has not yet been unambiguously determined for the
following reasons: 1) the researchers were mainly interested in determining the
equilibrium diagram, rather than the exact determination of the melting point of iron;
2) the number of impurities in the studied samples were generally high and so different
that individual results cannot be considered as referring to the same material; 3) the
analysis did not take into account the content of gases that have a significant effect on
the melting temperature; 4) iron was exposed to pollution, especially by gases, during
the test; 5) the basis of marking of temperature measuring devices by individual
researchers was not identical (Roeser & Wensel, 1941, p. 275). Roeser and Wensel
used iron with a high degree of purity (total impurities below 0.01 %), obtained by
reducing pure iron oxide to sponge iron (cast iron) and then remelting it twice — one
time in an atmosphere of hydrogen, the second time in a vacuum. The tests were
performed in a helium atmosphere, and the samples were melted in a high-frequency
induction furnace in a beryllium oxide crucible. The temperature was measured using
an optical pyrometer directed on a crucible with molten cast iron. As a result of these
studies, the melting point (solidification point) of pure iron (99.99 % Fe) was
determined at 1539+1 °C. Before, the temperature of 1528 °C (determined in 1914 by
R. Ruer and R. Klesper (Ruer & Klesper, 1914, p. 260), was most often indicated on
the iron-carbon equilibrium diagrams.

In 1948, in the Metals Handbook, John B. Austin published what is now
considered the classic American diagram, where he indicated that the solubility of
carbon in y-iron in the presence of cementite is about 2 %, and not about 1.7 %, as
previously reported (Austin, 1948, p. 1182) (Fig. 6).
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Figure 6. Diagram Fe-C by Austin (Austin, 1948, p. 1182).

In the middle of the 1970s American scientists continued their experiments with
carbon steels (now known as Ultrahigh carbon steels — UHCS). That study had its
origin in the development of superplastic behavior in steels and the recognition that
increasing the carbon content was of importance in developing that property. The
scientists summarised that the maximum solubility of carbon in Austenite is 2,1% C
(Wadsworth & Sherby, 1997, p. 11). In 1978 it was determined that carbon contents
beyond UCS, containing 2.1 and 2.3 % C, show superplasticity (Wadsworth & Sherby,
1997, p. 14).

In the early 1980s, Australian researchers conducted experiments on the Fe-C
composition in the range from 1.5 to 4.42 % C. The possibility of a certain modification
of the y-solidus was also proposed, and a refined phase diagram was presented
(Chicco & Thorpe, 1982, 1983).

The subsequent period of scientific research did not bring any new data that would
significantly affect the critical points of the Fe-C diagram. At the beginning of the new
millennium, there is still a difference of opinion among scientists about the carbon
content in the steel. The authors of this research consider that this is related to
anomalies in the plasticity of iron at certain temperatures, in particular as it was
investigated in (Shakhnazarov & Pryakhin, 2016). Today’s steel making research is
concerned with environmental issues, in particular with the transformation of
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technological processes towards CO2-reduced or -free production of steels and cast iron
due to the occuring climate challenges and the global goals for a sustainable
development (Ito, Langefeld, & Gotz, 2020; Vercammen, 2022; Kueppers, Hodgson,
Levi, Vass & Lechtenbohmer, 2022). We should add, that today, the use of
hydrogen (H2) or ammonia (NHz) in metallurgy has the potential to become an
important and promising direction of development (Ma et al., 2023). Hydrogen cannot
only be used as an alternative fuel for mobility or other combustion processes to reduce
greenhouse gas emissions but to improve steel production. One of the possible
applications of hydrogen is its use in the production of iron and steel. Hydrogen can
serve as a substitute for carbon in the direct iron reduction. Instead of carbon, which is
used in traditional iron production processes, hydrogen can be used as a reducing agent
to extract iron from ore, significantly reducing CO> emissions (Ma et al., 2023); e.g.,
Thyssenkrupp as only one of the steel manufacturer in Germany produces about 2.5 %
of Germanys total CO. emissions. (Kleier & Hansmann, 2023; Leitprojekt
Dekarbonisierung, 2023, p.16-17). Currently, huge investments such as by
Thyssenkrupp and Salzgitter AG (Finanzierung des SALCOS®-Programms gesichert,
2023; Hartbrich, 2023) are startet to build new direct reduction process plants as well
as to provide new hydrogen pipelines in Europe to the participating steel mills or to
connect already existing pipeline networks.

Conclusions.

As can be seen from the iron-carbon phase diagram, since its initial presentation
in the late 19th century, it has actively evolved until the mid-20th century. Initially,
scientists tried to determine the different forms in which graphite exists when combined
with iron at different temperatures. Such research was simultaneously conducted in
England, Sweden, France, and Germany. Even the definition of what steel or iron is
undergoing lengthy discussions.

It is considered that the first representation of the Fe-C dependence in the form of
a diagram was presented by William Roberts-Austen, and then the search for names
for different states followed. It should be noted that all of these states were named after
well-known metallurgists, such as Martensite, Austenite, Ledeburite, and others. The
evolution of the iron—carbon diagram is directly related to discoveries and methods in
the field of physics and chemistry. With the gradual use of microscopes and X-ray
diffraction methods, critical points were especially intensively explored in the interwar
period.

While the maximum carbon content in cast iron of 6.67% does not raise any
objections among scientists from all countries, there are different opinions regarding
the maximum carbon content in steel. Furthermore, modern textbooks repeat the
information from the second half of the 20th century and do not enrich the
understanding of the actual maximum carbon content in steel. Even if we assume that
there was no exchange of scientific information between American and Soviet
scientists (including Ukrainian scientists for a considerable period of time), it remains
a mystery why different data exist among scientists from Germany, Poland, and
Australia.
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Despite the so-called “age of polymers” in which we live now, steel and cast iron
remain the most important basic materials in mechanical and civil engineering. The
basis for the development of materials science is the knowledge of metallurgy, and the
Fe-C diagram is the basis for the study of phase transformations occurring in alloys.
During the 1880s and 1980s, scientists from many countries in Europe and North
America, as well as Australia, actively studied phase transformations in the iron-carbon
system. Today, the direction of research has shifted due to new challenges of the 21st
century. Hence, in most countries, there is still no consistent definition of the
percentage of carbon content in the steel.
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Hiarpama Fe-C — IcTopis ii eBoromii

Anomauia. Posensoaemvcs egonoyisi Konyenyit i mMemooie QizuuHux ma
XIMIUHUX HayK, wo cnpusiu ¢opmysannio diacpamu Fe-C npomscom mumynux
cmonims. He3zsaosicarouu na kiacuymi 3HaHHA, ICHYIOMb BIOMIHHOCMI Y NPEOCMABIeHHI
Oiacpamu Fe-C yuenumu 3 pisnux xpain, 30kpema Oaui Haykoeyie 3 Himeuuuru,
Honvwi, Yrpainu, CIIIA ma Aecmpanii dewo He 30icaromvcsi. ABmopu HAMAaA2aIucs
posibpamuca 'y npuyuHax yiei pozoidxcrocmi. [l nposedenHs O0CHIOHCEHHS
BUKOPUCMOBYBANIUCS 3A2ATIbHI HAYKOBI MemoOu NI3HAHHA. NOPIGHANbHULU AHANI3 1
CUHmMe3, A MAKONC XPOHON02IYHUL NIOXIO. 3a3HAYAEMbCA, WO Nepuli 00CaI0HNCEHHS
emicmy @yeneyto y cmani oyau nposedeni ¢ 1802 poyi. Ilodanvuuii po3sumox
odocnioxcenus posnouascs y 1827—1829 poxax, koau 6yn0 6cmanosiero, wo spaghim —
ye yucmuii gyeneyv. Haconowyemocs, wo Hacmynui 00CaioOHCcents emicmy gy2neyio 8
cmani ma 4agyHi noe’sa3ami 3i cnpobamu cmeopumu nepuii pagQiKu 3an1eHCHOCmi
emicmy gyeneyio i memnepamypu. Lle, 8 ceoro uepzy, cnpusno po3eumky npoOMUCIOB0i
pesomoyii. Beasxcaecmucs, wo neputy nosmy oOiacpamy npeocmasus y 1897 poyi
Pobepmc-Aycmen. [lisniwe, i3 BUKOPUCMAHHAM PEHMEEHIBCLKUX Memooie ma
Mixkpockonii, diaepama Fe-C nocmynogo nabyna nosoco euensdy. Ha nouamxy 20-20
cmonimms y4eHi aKmueHo NPONOHY8AIU C80i hazo6i Oiacpamu. JlocniodxicenHs,
npoeeoeHi HayKo8ysmMu 3 pisHux Kpain enpooosxc 1909—1911 poxie, 6yau 06 eOnati,
ye giooynoca Ha 6-my Komuepeci Misxcnapoonoi acoyiayii 0151 6unpoOy8aHHs
mamepianie, wo npuseeio 00 YHiQixkayii Haze ¢hazosux nepemeopens. [looanvuui
oocnioxcentss 00 noyamky Jpyeoi c8imoeoi 8itiHu Oynu CnpsaAMOB8aHi HA CMBOPEHHS
«uucmoi» cmani, moomo 6e3 WKIOIUBUX OOMIULOK, MA YMOYHEHHS MmeMnepamyp
gazoeux nepemsopensv. Ilepioo Benuxoi /lenpecii ¢ CIIIA ma gitinu ¢ €eponi He
CHpUATU HAYKOBUM eKcnepumemam. Y moi camuii yac 0ns MAaco8o2o eupoOHUYmea
cmani ma 4asyHy NoXuOKu 6 KpUMUYHUX MOYKAX HA OeKiIbKa 2padycié He Manu
Cymmeeo2o Gnauey, moomo YMOUHEHHS meMnepamyp @asosux nepemeopeHb He
ssaxcanu ooyitoHum. Cyuacna meHoeHyis y HaAyKOBUX O0CIIONCEHHSX CNPAMOBAHA HA
BUDIULIEHHS eKONO2TUHUX NPOO.IeM, CHPUYUHEHUX NPOMUCTIOBO0I0 PEBOTIIOYIEI.

Kniouoei cnosa: diacpama Fe-C; ynighikayis pesicumie nepemeopentsi 8 OiHapHux
cnnaeax Fe-C; konconioayia Hayku; mamepiano3Hagcmeo
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The long way home: Migration trends of Ukrainian researchers in the modern
world (1991-2023)

Abstract. In a modern world marked by intense migration processes, the analysis
of the migration of Ukrainian scientists and their choice of destination countries,
especially in the context of recent events in Ukraine, is an important subject of scientific
research. This study examines migration trends among Ukrainian researchers in
various historical periods from the early 1990s to the present. The research is based
on the analysis of scientific literature for theoretical insights and previous studies, the
use of statistical data from the State Statistics Service of Ukraine, the analysis of
political, economic, and sociocultural contexts to understand migration factors,
methods of observing real events and processes, and historical analysis to trace the
evolution of migration processes. Factors influencing scientists' decisions regarding
migration and their motivations, as well as destination countries, were analyzed in the
article. Three key migration stages are highlighted: the post-Soviet period (1991-
2012), the post-revolutionary period (2013-2021), and the period of full-scale war
(2022 and onwards). The first stage, covering the years 1991-2012, was characterized
by the outflow of scientists in search of economic opportunities and stability.
Destination countries during this stage included the USA, Russia, Germany, Israel,
Canada, and Poland. The second stage, from 2013 to 2021, was marked by deep social
and political transformations in Ukraine following the Euromaidan Revolution and the
annexation of Crimea by Russia. Scientists chose Germany, Canada, and Poland for
academic collaboration and research funding.The third stage, which began in 2022
and continues to the present, is defined by the full-scale war in Ukraine. Scientists are
leaving the country due to a sense of danger and military conflict. The primary
migration destinations are EU countries, which offer opportunities for academic
cooperation and safety. Prospects for further scientific research lie in the analysis of
the historical roots of the migration of Ukrainian scientists, including the impact of
events and reforms in Ukraine and the world on migration processes.
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Introduction.

In recent years, the global landscape of scientific research has undergone
significant transformations, with an increasing number of researchers seeking new
opportunities and collaborations beyond their home countries. Ukraine, a country
known for its rich scientific heritage and intellectual capital, has been an active
participant in this global scientific migration. The relocation of Ukrainian researchers
to other countries in search of better resources, career prospects, and professional
growth has contributed to dynamic knowledge and experience exchange on an
international scale.

The study of the migration process of Ukrainian scientists holds important societal
and scientific significance for several reasons. The migration of scholars from Ukraine
can lead to a loss of the country’s intellectual potential. Scholars who leave for abroad
take with them knowledge and research experience. Ukraine already faces issues with
an insufficient number of scientists, especially young and talented researchers. The
migration of scientists can exacerbate this deficit and result in a loss of human
resources for future research and the country's development. The loss of scientists can
impact the advancement of science and education in Ukraine. A reduction in the
number of researchers can limit opportunities for conducting research, developing new
technologies, and fostering innovation. The migration of scientists can have economic
implications for Ukraine. The loss of highly skilled professionals can lead to economic
losses and a decrease in the country's competitiveness on the global market.

Several researchers have explored the issue of scientist migration: Romanjuk and
Smutchak (2017) analyzed the main reasons for the migration of scientists during the
years of Ukraine's independence; Oppeld and Shabardina (2013) examined trends in
intellectual migration in the context of European integration; Polishchuk and
Nagorna (2021) studied the lessons from the EU and the USA regarding scientist
migration; Svityashchuk and Stadny (2014) examined the migration of Ukrainian
scholars through two narrower issues: academic mobility and academic migration;
Vavilova, Isakova, Oliynyk, Sayenko, and Troyan (2016) identified the main goals of
Ukrainian scientists' departure abroad at the beginning of the 21st century, including
qualification enhancement, gaining experience in international projects, and improving
their and their families' well-being. A wide range of issues related to the migration of
Ukrainian scientists during the full-scale war are considered in the works of Ukrainian
researchers. In a study conducted by Lytvynchuk and Yurkivsky (2023), aspects of the
contemporary migration crisis that arose as a result of the Russian-UKkrainian war are
discussed. The scholar notes that the arrival of skilled immigrants contributes to
increased labor productivity and does not require significant costs for their education
in the host country. Furthermore, this process helps reduce the pace of population aging
thanks to new immigrants. Fiialka (2022) examines the consequences of the war for
Ukrainian researchers and explores the attitudes and motivations of Ukrainian
scientists regarding their scientific activities and the publication of their results in
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scientific journals. Suchikova, Tsybuliak, Lopatina, Shevchenko and Popov (2023)
investigate how to prevent the loss of scientific potential due to the full-scale war,
identifying the connection between the residence of Ukrainian researchers and their
ability to engage in scientific activities, as well as identifying factors that reduce
scientific efficiency during times of war. Harashchenko, Hladchenko, and
Korytnikova (2022) focused on determining the needs of Ukrainian scientists, both
those who stayed in Ukraine and those who left Ukraine due to the war. Among the
most important personal needs of Ukrainian scientists, the authors highlight financial
support, creating new social contacts, and stable access to the internet, while the most
crucial needs in their scientific work are research projects, access to scientific literature,
information, and data, and mobility programs for scientists.

The intensification of migration processes in Ukraine underscores the relevance
of this topic for scientific research. However, some critical aspects, such as the factors
behind scientists' decisions to migrate to other countries in different contemporary
periods and the directions of scientist migration, have not received enough attention
and thorough investigation, both theoretically and practically. This indicates the need
for further scientific research and consideration of these issues to better understand and
support Ukrainian scientists. The aim of this research is to analyze the dynamics of
migration among Ukrainian researchers from the early 1990s to 2023, taking into
consideration specific factors and the unique characteristics of their migration patterns.
Within the scope of this study, we will examine the determining factors that have
motivated Ukrainian scientists to seek international migration opportunities and
identify the key routes of their migration during the specified historical period.

Research Methods.

The study employs various scientific methods, including an analysis of scientific
literature to understand theoretical approaches and previous research on this issue;
statistical data, such as data from the State Statistics Service of Ukraine; an analysis of
political, economic, and sociocultural contexts to comprehend the impact of factors on
scientist migration; methods of real-time event and process observation to provide
information about scientists' migration decisions; historical analysis to trace the
evolution of migration processes, identify the most influential factors in scientists'
decisions, and understand how changes occurred over time; a chronological approach
to structure the research and highlight key events that influenced migration processes;
and a problem-oriented approach to delve deeper into the causes and consequences of
scientist migration.

Results and Discussion.

The migration of Ukrainian researchers can be traced back to the early 1990s,
following Ukraine's declaration of independence. While academic migration also
occurred during other periods in Ukraine's history, the Soviet era presented significant
challenges for researchers seeking to migrate due to the totalitarian regime and
geopolitical restrictions such as the Iron Curtain. However, the social and political
changes in combination with economic challenges and the opening of international
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borders created the foundation for increased mobility among scientists. Understanding
the historical context provides the basis for comprehending the factors influencing the
migration of Ukrainian researchers.
The contemporary migration of Ukrainian scientists can be divided into three
stages:

1. The First Stage, "Post-Soviet Period" (1991-2012): This period was
characterized by the initial dissolution of the Soviet Union and economic shocks. Many
people emigrated from Ukraine in search of better economic opportunities and stability.
It was a time of brain drain among highly skilled professionals and labor migrants. The
State Statistics Service of Ukraine also reported that the total number of scientists and
educators decreased by 74% from 1991 to 2012 (Lobova, 2022). Reasons for migration
often included political instability and limited local employment prospects. The
breakup of the Soviet Union resulted in economic problems and the restructuring of
academic institutions, prompting many scientists to seek better opportunities abroad.
During this stage, there was a noticeable trend of researchers immigrating to European
countries and the USA (Lobova, 2022). Economic factors, access to better research
facilities, and career prospects were key motivators for migration during this period.

2. The Second Stage, "Post-Revolutionary" (2013—2021): The period from 2013 to
2021 in Ukraine was marked by profound political and social transformations,
including the Euromaidan Revolution, the annexation of Crimea by Russia, and the
war in the country's eastern regions. These events significantly affected Ukraine's
political, economic, and social realities. A new stage of migration trends among
Ukrainian researchers emerged during this time. Opportunities for academic
collaboration, research funding, and participation in international research projects
drew scientists to European Union countries. Countries such as Germany, Canada, and
Poland became increasingly popular destinations for Ukrainian scientists during this
stage (State Statistics Service of Ukraine, 2013b). The desire to integrate into the
European research community and gain access to advanced academic networks played
a significant role in scientists' migration decisions.

3. The Third Stage, "Full-Scale War" (2022—Present): The full-scale war in
Ukraine has had a profound impact on migration trends among researchers. The sense
of personal danger and threats to the lives of individuals and their families, the
occupation of territories, the destruction of infrastructure, and exacerbated socio-
economic issues became the primary factors influencing the migration decisions of
many scientists. EU countries continue to be the most common destinations for
researchers (Mishchuk & Oliinyk, 2022). Researchers Mishchuk and Oliinyk (2022)
note that every seventh migrant scientist from Ukraine does not intend to continue their
professional activity, making them a lost intellectual capital for Ukraine.

These three stages reflect different characteristics, factors, and dynamics of
migration processes in contemporary Ukraine (see Table 1).
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Table 1. Three stages of researchers' migration processes in modern Ukraine
(1991-2023).

Stage | Period Main Factors Migration Countries
characteristics | influencing dynamics commonly

researcher chosen by
migration ukrainian

researchers

in this period

1 "Post-Soviet The dissolution | Economic Significant USA, Russia,
Period" (1991- | of the USSR. | crisis, political | initial outflow | Germany,
2012) Transition to a | instability, with Israel,

market economy | restructuring of | subsequent Canada,
and privatization | academic weakening. Poland.
of state-owned | institutions,
enterprises. deepening
Social financial crisis
challenges, in science due
including issues | to
of "optimization™
unemployment and the
and a high level | cessation of
of corruption. program-
targeted funding
by the
government.

2 "Post- Annexation  of | Challenging Increasing Germany,
Revolutionary” | Crimea; war in | economic emigration, USA, Russia,
(2013-2021) eastern Ukraine; | conditions  in | departure of | Canada,

security threats; | science, low | skilled Poland.
political wages, professionals
instability. unfavorable from Ukraine.

working

conditions, and

difficulties in

professional

self-realization.

3 "Full-Scale War" | Full-scale war; | Concerns  for | Ongoing Poland,

(2022—Present) | internally personal safety, | increase in | Germany,
displaced resource outflow due to | and other
persons. constraints, and | war. European
institutional countries.
instability.

First stage of the ""Post-Soviet period™ (1991-2012).

The first stage of the migration of Ukrainian scientists can be associated with
Ukraine gaining its independence. Since 1991, the Ukrainian population has been
decreasing. At the beginning of 1991, there were nearly 52 million people living in
Ukraine, by 2012, the total population had decreased to almost 45 million people
(Minfin, 2022). Although the proportion of scientists in the overall migration flows
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from Ukraine during this period (1991-2012) is relatively small, the number of
scientists in the country decreased critically. The number of scientists in Ukraine fell
from 313,079 individuals in 1990 to 82,032 individuals in 2012 — a decrease of nearly
four times (Svityashchuk & Stadny, 2014). The decrease in the number of scientists
during this period is associated not only with migration but also with the
prequalification of scientists. However, it is challenging to determine the exact number
of scientists who migrated from Ukraine during this period, as Ukraine does not keep
complete statistics regarding the emigration of scientists abroad.

The first wave of migration of Ukrainian scientists in the period from 1991 to
2012 was driven by several factors:

1. The dissolution of the Soviet Union and Ukraine's gaining independence in 1991
led to significant political changes in the country. The reforms accompanying this
transition influenced the decisions of some scientists to migrate in search of better
conditions for their work.

2. In the early years of Ukraine's independence, the country faced economic
challenges, including hyperinflation and financial difficulties. These economic
complications were one of the reasons that pushed some scientists to seek opportunities
abroad.

3. After years of isolation under the Soviet regime, Ukraine began to engage more
actively with international partners. This created new opportunities for scientists to
acquire knowledge and collaborate with foreign colleagues.

4. Reforms in the education and science systems were one of the reasons that
motivated some scientists to seek new opportunities abroad.

5. The lack of financial resources for scientific research and professional growth
was a factor that influenced scientists' decisions to migrate to countries with greater
financial opportunities.

Funding for science in Ukrainian universities during that period was meager and
represented only 0.6% of the total expenditures on higher education. Clearly, under
such conditions, Ukrainian universities were unable to finance quality scientific
research that would be of interest to the global scientific community and contribute to
the improvement of the quality of education. It is not surprising that the reduction in
funding led to a decrease in the share of research and development in the GDP. If in
1996 this indicator was 1.36%, by 2012 it had already fallen to 0.8% (Nikolaevskii &
Omelchenko, 2006).

Due to the economic crisis, the material base of science has significantly
deteriorated, and there is a threateningly insufficient level of funding for science in
Ukraine. Low wages for scientists and a low quality of life are often decisive factors in
the brain drain phenomenon. In addition, the decision to migrate was influenced by the
reduction in material and technical support for the scientific process. Ukrainian
scientists were not provided with modern scientific equipment and literature. The
average age of most measuring instruments exceeds 15 years, while in the West, such
instruments are considered outdated after only five years of use (Oppeld & Shabardina,
2013).
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Most often, Ukrainian scientists migrated to the United States during this period —
a total of 420 individuals, including 343 PhD and 77 doctoral degree holders. Russia
ranks second as a destination for Ukrainian scientists, with 388 individuals migrating,
including 292 PhD and 96 doctors of science. Germany was hospitable to Ukrainian
researchers, attracting a total of 251 individuals, including 208 PhD and 43 doctors of
science. A significant number of Ukrainian researchers also immigrated to Israel (117),
Canada (109), and Poland (52). In total, 311 scientists immigrated to other countries,
including 252 PhD and 59 doctors of science (Khmelovska, 2013). While emigration
to all of these countries began to decrease at the end of the 1990s, it remains
consistently high in the United States, primarily due to numerous scholarship programs
that attract young scientists to the USA (Svityashchuk & Stadny, 2014).

Over the first decade and a half of Ukraine's independence, 600 employees of the
National Academy of Sciences of Ukraine, particularly to the United States, according
to the U.S. National Science Foundation, 50,000 Ukrainian scientists emigrated
(Naboka & Sherstiuk, 2009). Ukraine is an important intellectual donor for the United
States, as approximately 30% of highly qualified migrants currently working in the
fields of science and technology in the USA originate from Ukraine. Therefore, it is
worth noting that in recent years, approximately 90% of scientific inventions developed
in the United States were created by highly qualified migrants, including Ukrainians
(Baranyk & Romanenko, 2014). This underscores the importance of further research
and analysis of this issue for the development of both Ukraine and the countries that
accept Ukrainian scientists.

According to State Statistics Service data, during this period (from 1990 to 2012),
representatives of the physical-mathematical, technical, biological, and medical
sciences emigrated most intensively (State Statistics Service of Ukraine, 2016).

In the second half of 2011, a group of researchers, with financial support from the
World Bank, conducted a large-scale sociological study to determine the nature of
migration from Ukraine: "brain drain" or "brain gain." A total of 6,676 individuals from
5,985 households in 63 cities in Ukraine were surveyed. The data showed that 42.8%
of migrants living abroad at the time of the survey had higher education, 1.4% were
PhDs, and 0.3% doctors of science. Although the share of researchers in the overall
migration flow from Ukraine is relatively small, the number of scientists in Ukraine
has significantly decreased (Svityashchuk & Stadny, 2014). The substantial reduction
in the number of scientists in Ukraine is also related to the transformation processes
taking place in the country. Transformation, including political and economic changes,
has affected the working conditions of scientists, access to resources, research funding,
and the overall scientific climate in the country.

The survey conducted among scientists and educators in 2012 revealed that the
main reasons for choosing destination countries during this period were better
employment opportunities and income, the presence of relatives and friends,
knowledge of the state language, and the geographical and cultural proximity of the
destination country (Kupets, 2013).
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The second stage, the ""post-revolutionary'* stage (2013-2021).

The second stage of migration from Ukraine, referred to as the "post-
revolutionary" phase, covers the period from 2013 to 2021 and is characterized by
significant events. The start of this period was marked by the Maidan and the events of
the Revolution of Dignity (2013-2014), when thousands of Ukrainians took to the
streets of Kyiv and other cities, demanding democratic reforms and fighting against
corruption. These events led to a change in government and opened a new chapter in
Ukraine's history. Russian aggression and the annexation of Crimea, as well as the 2014
conflict in eastern Ukraine, resulted in profound changes in the country. Thousands of
people became internally displaced, seeking safety in other regions of Ukraine and
abroad.

The second wave of migration of Ukrainian scientists, the "post-revolutionary"
period covering 2013 to 2021, was driven by several factors:

1. The onset of this period was defined by the Revolution of Dignity, leading to a
change in the political landscape in Ukraine and causing instability in the country's
political and economic climate.

2. Russian aggression and the conflict in eastern Ukraine brought about significant
societal changes, forcing many residents of the eastern regions to seek safety elsewhere
in Ukraine or even beyond its borders.

3. The government of Ukraine has initiated a wide range of reforms aimed at
combating corruption, improving democratic institutions, and creating a more
favorable business environment. However, these reforms were often accompanied by
challenging economic difficulties that affected the citizens' quality of life.

4. Complications for scientists and educators. The government was working to
improve conditions for scientists and educators, but numerous challenges remained,
leading many to continue their migration abroad.

A noticeable decrease in Ukraine's population was observed from 2014 to 2015,
dropping from 45.4 million to 42.9 million individuals, with a continuous decline in
subsequent years. This was due to the annexation of Crimea (2.3 million residents in
2014) and the war in the Donbas region (over 200,000 refugees and over 10,000
deceased citizens) (Kulu, Christison, Liu, & Mikolai, 2023). During this period, a
significant influx of Ukrainians to EU countries was observed, facilitated by the
introduction of visa-free travel in 2017. In 2020, Lapshyna (2022) reported that
601.2 thousand Ukrainians became the largest national group in the EU. This migration
to the EU can be explained by various factors, including economic opportunities,
seeking refuge, and the desire for better living conditions.

Official statistics show a significant decrease in the number of organizations
engaged in scientific research and development in Ukraine during this period, as well
as a corresponding reduction in the number of working scientists. If, in the initial stage
(early 1990s), the country had 1,344 organizations employing 313,079 scientists, by
2015, these figures had decreased to 978 organizations and 63,864 scientists (State
Statistics Service of Ukraine, 2016). At this time, the number of scientists per thousand
inhabitants in Ukraine became one of the lowest in Europe (Shtyfurko, 2018).
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The ongoing decrease in science funding, which in 2016 constituted only 0.48%
of the GDP, drove Ukrainian scientists towards even more active migration. According
to data from the State Statistics Service, just in 2014, 42 PhDs and 7 doctors of science
moved to other countries (State Statistics Service of Ukraine, 2013a).

Ukraine faced a significant drain of scientific personnel; only in 2015, the
National Academy of Sciences saw 2,730 scientists leave, including 95 doctors of
science and 511 PhDs. One of the primary reasons was the low salaries and limited
material-technical facilities (Five ways to escape from Ukraine, 2016). However, these
figures are just the tip of the iceberg. Determining the number of scientists who ceased
their scientific activities and emigrated is challenging. After 2015, the State Statistics
Service ceased tracking migrating scientists from Ukraine (Erman, 2018).

During this stage, scientists chose migration due to low pay, excessive
bureaucracy, low scientific prestige, a lack of research funding, and political instability
(Rasulova, 2021). There were valid reasons for this — research conducted in 2017
among NASU scientists showed that over 52% were low-income, and factors
influencing scientists' migration from Ukraine at that time included low salaries and
minimal science funding (around 90%), adverse work conditions (around 60%), and
professional fulfillment challenges (around 20-30%) (Zhabin, Kazmina, & Vasyliuk,
2018).

Despite the fact that the list of countries where Ukrainian scientists emigrated
remained largely unchanged after 2013, including the USA, Russia, and Germany,
there was an expansion in the geography of migration for Ukrainian scientists. Canada
and Poland joined this group of countries (State Statistics Service of Ukraine, 2013b).

The third wave, the **full-scale war' (2022 — present).

Due to Russia's aggression, a significant number of Ukrainian scientists were
forced to leave their scientific positions. Some decided to join the defense forces, while
many others opted to migrate abroad, contributing to approximately six million
documented departures from the country. Although it's challenging to establish precise
figures amid the ongoing conflict, reports from the Council of Young Scientists under
the Ministry of Education and Science of Ukraine as of April 4, 2022, indicated that
between four and six thousand scientists left Ukraine due to the invasion. Recent
estimates suggest this figure might reach 22,000, which accounts for approximately a
quarter of the country's researchers (The future of science in Ukraine, 2022). The
forced displacement and emigration of Ukrainian scientists have devastatingly
impacted the scientific community and the research landscape of the country. The loss
of such a significant number of talented individuals jeopardizes the continuity and
development of scientific activities in Ukraine.

The third wave of migration of Ukrainian scientists from 2022 to the present was
driven by several factors:

1. Military conflict and heightened political tension in Ukraine, particularly events
related to the war, the occupation of parts of the territory, and losses among the
population, have created feelings of danger and threat.
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2. The economic situation in Ukraine has reduced funding for science and
education, leading to constraints in the development of scientific institutions and the
field in general.

3. Decreased opportunities for professional growth and development for scientists,
and limited access to modern technologies and equipment.

4. Increased immigration policies in host countries actively seek highly qualified
scientists, making their territories more attractive for Ukrainian researchers.

5. The expansion of professional networks among Ukrainian scientists abroad
contributes to increased migration opportunities.

The highest risks of non-return are typical for, on the one hand, the most
vulnerable groups who might expect to receive support as refugees in EU countries,
and on the other hand, the most active and qualified individuals capable of quickly
finding employment and adapting to new conditions (Libanova, Pozniak, & Tsymbal,
2022). Unfortunately, there are no precise statistics on the proportion of researchers in
these specific migrant groups, as such data may depend on various factors, including
the individual circumstances of each migrant. Researchers with higher education,
candidates, or doctoral degrees may belong to both the group of active and qualified
individuals who can quickly find work in other countries and the group of individuals
who might expect support or refuge in complex circumstances.

A study conducted among Ukrainian scientists in April-May 2022 revealed that
the financial situation worsened for 84% of academic and scientific staff compared to
pre-war times. This study also showed that Ukrainian scholars more often chose
Germany (26.8%) and Poland (25.1%) for migration during the full-scale war
(Lutsenko et al., 2023). The third wave of migration of scientists from Ukraine is
characterized by greater geographical diversity among European host countries and an
increase in the number of Ukrainian scientists choosing different directions for
migration.

Based on semi-structured interviews conducted by the author of this article with
Ukrainian scientists who migrated from Ukraine during the war in September 2023,
researchers considered several key aspects when choosing their country of residence,
including the availability of job opportunities, the possibility of obtaining grants and
internships for Ukrainian scientists, personal interest, the attractiveness of the chosen
country for living, the influence of recommendations from friends and relatives who
already lived in that country, as well as the possibility of receiving social benefits from
the country. The selected countries in this case were EU member states.

The research conducted by Suchikova (2023) reveals the impact of the war on the
productivity and research outcomes of Ukrainian scientists. The conclusions indicate
that the location of researchers significantly influences scientific effectiveness.
Additionally, 33.8% of respondents reported that they couldn’t continue their research
at all. These findings underscore the destructive nature of the war against the scientific
community in Ukraine. The displacement of scientists from their initial research
environments and the challenges associated with relocating to new places are hindering
their productivity and ability to engage in scientific activities.
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Filalka (2022) investigates the effect of Russian military aggression on the
scientific activities and interests of Ukrainian researchers. The results emphasize the
significant impact of the war on the scientific landscape in Ukraine. According to
survey data, 15.5% of respondents had stopped their scientific work due to the conflict.
Moreover, half of these individuals expressed the intention not to return to scientific
work in the future. These results point to the deep despair and disillusionment
experienced by Ukrainian researchers due to the ongoing aggression. Challenges linked
to the war, such as resource constraints, institutional instability, and concerns about
personal safety, contributed to a decline in scientific activity.

The presence of numerous international grants allowing scientists to work abroad
plays a significant role in facilitating the migration of Ukrainian researchers. Although
determining the exact number of scientists who have secured positions abroad is
challenging, there are projects that exemplify such opportunities. For instance, the
Research Center for the History of Transformations — RECET (https://www.recet.at/)
offers scholarships to Ukrainian scientists under the "Ukraine and the Transformation
of Eastern Europe™ program. Claude Bernard Lyon 1 University (https://www.univ-
lyon1.fr/en) offers employment opportunities for Ukrainian researchers, their families,
and doctoral students under the PAUSE program. This program is an initiative of the
French Ministry of Higher Education, Research, and Innovation aimed at providing
financial support to Ukrainian scientists facing complex circumstances due to the war
with the Russian Federation. Moreover, the University of Duisburg-Essen
(https://www.uni-due.de/en/) offers positions for Ukrainian researchers in the fields of
organic chemistry, supramolecular chemistry, and organocatalysis.

Various countries have their own unique approaches to attracting Ukrainian
scientists. Canada implements the "Express Entry for Skilled Workers" program
(https://schindlervisa.ca/uk/immigration/express-entry/), which streamlines
immigration for skilled professionals, including scientists. Canadian universities and
research centers actively provide scholarships and grants for international researchers.
Recognizing the destructive impact of Russian aggression on Ukrainian scientific,
innovative, and intellectual potential, the Prime Minister of Canada announced the
creation of the Canada-Ukraine Science Partnership, which plans to invite up to
20 scientists from Ukraine to work and live in Canada (Prime Minister of Canada Justin
Trudeau, 2022).

Germany has launched the "EU Blue Card" program
(https://www.recht.bund.de/bgbl/1/2023/217/\VO.html), offering European Union
citizens and those from other countries the opportunity to work as scientists and
researchers. It's essential to note that Germany currently employs 800,000 scientists,
and this number is steadily increasing. One in every ten scientists in the country is a
foreign specialist, and this trend is growing. The majority of foreign scientists in
Germany are content with their work and life in the country. With additional state
funding, particularly for a series of elite universities, Germany's higher education
institutions have become even more attractive to international scholars (Kokh &
Holovko, 2013). The German Academic Exchange Service (DAAD) predicts that
German universities will eventually host around 100,000 students and researchers from
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Ukraine. In order to expand its support program, the DAAD has appealed to the
German government to allocate 80 million euros annually (Moroz, 2022). Considering
the forecasts about demographic developments in Germany, it is evident that in the
future, Germany will need even more scientists from abroad to reduce the shortage of
skilled professionals (Kokh & Holovko, 2013).

The United States of America (USA) offers numerous programs for scientists,
including the "H-1B" for skilled professionals and the "O-1" for outstanding
individuals (https://dream-visa.com/visa/viza-talantiv-o0-v-ssha/). Renowned
universities like the Massachusetts Institute of Technology (MIT) and Stanford
University attract researchers from around the world.

Israel also offers the "Blue Card" initiative, simplifying the process of obtaining
a work visa for scientists and specialists in the fields of technology and science. Israel
Is known for its high share of research and development in its gross domestic product
(GDP). As of September 2021, this share was around 4.5% of the GDP (Science and
Technology, 2023). Regarding Ukrainian scientists, they might be interested in
working in Israel due to the opportunity to gain new experiences, establish international
contacts, improve their financial status, and realize their scientific ambitions.

The outflow of scientists from Ukraine has a negative impact on the development
of the research and development sector, the country's competitiveness on the global
stage, and could limit opportunities for the development of innovative technologies and
scientific achievements in the future.

Conclusions.

In summary, the intensification of migration processes in Ukraine is a relevant
subject for scientific research. However, some important aspects, such as the factors
influencing scientists' decisions regarding migration and their choice of destination
country, require further research. This issue requires attention both theoretically and
practically. This article analyzes the impact of various factors on the migration
decisions of Ukrainian scientists from Ukraine during three main periods: the post-
Soviet era, the post-revolutionary period, and the period of full-scale war. The research
considers various aspects, including economic, sociocultural, scientific, and individual
factors influencing migration decisions. The analysis reveals that each of these stages
had its peculiarities and determining factors that influenced the decisions of scientists.
In the first stage (1991-2012), after Ukraine gained independence, the main motivators
were economic factors and the search for stability. During this stage, scientists chose
destination countries such as the USA, Russia, Germany, Israel, Canada, and Poland.
In the second stage (2013-2021), after the Revolution of Dignity and the events
associated with the annexation of Crimea, scientists more frequently selected Germany,
Canada, and Poland as migration destinations for academic collaboration and financial
support for research. In the third stage (2022— to-date), during the full-scale war, the
primary factors were the sense of danger and the reluctance to continue professional
activities in Ukraine. During this stage, the geography of migration for Ukrainian
scientists significantly expanded, with the primary migration destinations being EU
countries. It is noted that many scientists are leaving Ukraine during the war and do
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not intend to return, resulting in a loss of intellectual potential for the country. Further
research opportunities lie in examining the historical roots of migration among
Ukrainian scientists and understanding how events and reforms in Ukraine and the
world have influenced the dynamics of migration processes.
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Tersana KapmagonoBa
JepxxaBHa ycTaHoBa «IHCTUTYT HOCHIIKE€Hb HAyKOBO-TEXHIYHOI'O MOTEHIATy Ta
ictopii Hayku iM. I'. M. JloOpoBa HAH Yxkpainn», Ykpaina

JloBra gopora 1oaomy: TeHAeHUIl Mirpaunii yKpaiHCbKMX JI0CTIIHUKIB Yy
cydacHomy cBiti (1991-2023 pp.)

Anomauia. Y cyuacnomy ceimi, AKUll  8IO3HAYAEMbCA  IHMEHCUBHUMU
MiepayitiHuMU npoyecamu, BadNCIUBUM 00'EKMOM HAYKOBUX OO0CHIONCEHb € AHAI3
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Miepayii yKpaiHcbKux Haykosyie ma ix eubopy kpainu 01 nepeizody, ocobiuso 6
KOHmeKkcmi ocmanHix nodit 6 Yxpaiui. YV yvomy oocniodicenni po3ensioaromucs
menOeHYii Miepayii YKpaiHcbKux 00CIIOHUKIG Y PI3HI ICMOPUYHI nepiodu 8i0 NoYamky
1990-x pokie 00 cvocodenus. Ilpedocmasnene O0CHIONCEHHS IPYHMYEMbCA HA
BUKOPUCMAHHI AHANI3Y HAYKOBOI Nimepamypu Ons MeopemudHo20 YAGINeHHs mda
nonepeonix O00CHI0NCeHb, GUKOPUCMAHHA cmamucmudyuux oaunux i3 Jlepowcaenoi
CAYHCOU cmamucmurku YKkpainu, ananiz noaimuyHux, eKOHOMIYHUX | COYIOKYIbMYPHUX
KOHmMeKcmie Ol PO3YMIHHA (Hakmopie micpayii, Memoou CHOCMEPeXCeHHs 3a
peanvHuMu noOiAMU MAa NPOYecamu, ICIMOPUHULL AHAI3 01 BIOCMENCEHHSL eBOIIOYIL
Miepayitinux npoyecis. bByno npoananizoeano haxmopu, sKi 6nauU8ar0ms HA PilleHHs.
HAYKOo8Yi6 Wo0oo Micpayii ma ixuw Momusayio, a makoxc KpaiHu npusHadeHHs. Y
cmammi 8UOLISIIOMbCL MPU KIIOYO08I emanu miepayii: nocmpaosaucokui nepioo (1991—
2012 poku), nocmpegonoyitinuti  nepioo (2013-2021 poku) ma nepioo
nogHomacumaonoi eitinu (2022 pix i 0o menep). [lepwuii eman, axuii oxonmoe 1991—
2012 poku, xapaxmepu3y8ascsi 6i0MOKOM HAYKOBYI8 6 NOULYKAX eKOHOMIYHUX
modcausocmeti ma cmabinbHocmi. Kpainamu npusnauenHs ma ybomy emani cmanu
CIllIA, Pocisa, Himeyuuna, I3paine, Kanaoa, Ionvwa. /[pyeuu eman, 3 2013 no 2021
PIK, 8I03HAYUBCA 2MUOOKUMU COYIATILHUMU MA NOJTMUYHUMU MPAHCHopMayiamu 6
Yrpaini, nicna Peeomoyii I'ionocmi ma anexcii Kpumy Pociero, naykoeyi obupanu
Himeyuuny, Kanaoy ma llonvwy ons akademiynozo cnigpodimuuymea ma (hinancoeoi
niompumku oocnioxcensv. Tpemiti eman, sikutl po3nouascs y 2022 poyi ma mpusae 00
Cb0200EHHS, BU3HAYEHUL NnogHoMacuimabHnow eiluHolo 6 Ykpaini. Hayxosyi
3anuwiaroms  Kpaiwy uepe3 6iouymmsi HeOe3neKu ma GiliCbKOBUU  KOHQIIKM.
OcHnosnumu Hanpsamxamu miepayii € kpainu €C, aKki Hadaiomv MONCIUBOCHMI OJls
akaoemiynozo cniepobimuuymea ma 6eznexu. llepcnekmueéu nooanbuux HAYKOBUX
00CNi0JHCEHb 80AUAOMBCA 68 AHANIZI ICIMOPUYHUX KOPEHi8 Micpayii VKpaiHCbKux
HAYKOBYI6, BKIOUAOYU 6NIUE NOJill | pechopm 6 Ykpaini ma 6 ceimi Ha miepayititi
npoyecu.

Knwuosi cnosa: micpayis, yKpaiHcoKuil OOCHIOHUK, BIOMIK MI3Ki8, HAYKO8d
MOOIbHICMY, BUMYUIEHA Miepayis, OixceHyi
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Congresses of natural scientists and mathematicians in the “Bulletin of
experimental physics and elementary mathematics” (1886-1917): Analysis of
publications

Abstract. The article presents the results of a study of publications in the “Bulletin
of Experimental Physics and Elementary Mathematics”, about the organization,
conduct and results of domestic and foreign congresses of mathematicians and natural
scientists, published in Kyiv and Odesa during 1886-1917. The magazine was an
unofficial periodical printed publication of the mathematical department of the
Novorossiysk Society of Naturalists. The research was conducted with the aim of
carrying out a meaningful and quantitative analysis of the texts of journal publications,
which highlights the materials of such meetings of scientists and teachers. The authors
used scientific methods for meaningful analysis of the research subject, and in the
process of quantitative analysis — text quantification, collection of empirical data, their
generalization and mathematical and statistical processing. As a result of the research
of the magazine’s materials on congresses of mathematicians and natural researchers
during the entire period of its publication, the authors came to the following
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conclusions. The magazine’s materials on conventions and congresses for all the years
of its publication accounted for slightly more than 4% of its total area. All National
Congresses of Natural Scientists and Mathematicians, which met during the period of
publication of the journal, were covered on its pages (this is almost 2/3 of the entire
volume of information in the journal about such meetings of scientists and teachers).
At the same time, the methods of presenting information and its volume differed
significantly in different meetings, depending on the presence of motives of both
members of the editorial board. The main motives for placing information were: a) the
presence of a pedagogical component in the work of meetings; b) scientific (or
pedagogical) significance of reports and meeting participants; c) availability of quality
materials about meetings; d) availability of magazine space. International congresses
were irregularly covered by the newspaper, the motives for placing information about
such meetings in the magazine were similar. Starting in 1901, the editors of the Bulletin
introduced the scheme developed during the previous years of the magazine’s existence
Into the practice of presenting materials about scientific and pedagogical congresses:
a) announcement of the event; b) publication of the regulation (statute, program) of
the event; c) description of preparation for the event; d) overview of the features of the
event; e) presentation of the texts of important speeches. Such a scheme of presentation
of meetings was introduced for the first time in popular science and educational
periodicals of the Russian Empire. The pedagogical component was the most important
motive for both staffs of the Bulletin editorial board when deciding on the features and
scope of coverage of materials on the work of domestic and foreign congresses. The
materials of Bulletin (and other similar publications of that time) covering the work of
domestic and foreign congresses of teachers and researchers of nature and
mathematics, which reveal the content of the educational activities of famous scientists
and teachers, are an important element of the source base of biographical studies,
which conducted by historians of science.

Keywords: educational and scientific periodicals; history of meetings of
scientists; teachers; substantive analysis; quantitative analysis

Introduction.

Popular scientific and educational periodicals of the late 19th and early 20th
centuries took the first steps in mass distribution in the society of that time. It was
private publications that faced special difficulties in preparation, printing and
distribution. Only a few of them, due to various organizational irregularities, lack of
funds, censorship, weak public interest, were able to remain islands of enlightenment.
Such a publication was the “Bulletin of Experimental Physics and Elementary
Mathematics” (hereinafter referred to as the “Bulletin’), which was founded for young
people with the aim of “knowing more than is determined by the official program” and
for teachers of physics and elementary mathematics to “unite pedagogical forces”
(Editorial, 1886). During the entire period of publication of the Bulletin, in addition to
theoretical and practical and educational materials on elementary mathematics, natural
science and experimental physics, articles on didactics and biographical studies, and
the “Tasks” section, materials from the chronicle of scientific events in which domestic
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and foreign natural scientists and mathematicians participated were published here —
congresses, scientific congresses and conferences, meetings of scientific societies and
circles. The study of this direction of Bulletin’s publications can reveal the peculiarities
and results of the integration of efforts in the educational activities of natural science
and mathematics of teachers and researchers of that period.

Literature Review.

Researches of the development of Bulletin as a popular science and educational
publication, its influence on the formation of natural and mathematical knowledge
among young people, the implementation of the function of educating teachers, as well
as the study of the peculiarities of holding natural and mathematical congresses were
carried out by various scientists. Among the variety of works, various reports, diaries
of congresses, collections of speeches of participants of scientific and pedagogical
meetings, we will single out the general characteristics of the content of the Bulletin
during the entire period of its existence, which was created by S. A. Dahiya (Dahiya,
1956), software monographs by V. S. Savchuk (Savchuk, 1994), Yu. V. Pavlenko,
S. P. Ruda, S. A. Khorosheva, Yu. O. Khramov (Pavlenko, Ruda, Khorosheva, &
Khramov, 2001) and M. Yu. Karavanska (Karavanska, 2006). The authors also
participated in the development of this issue. In work (Pasichnyk, Rizhniak, & Deforzh,
2022), the peculiarities of coverage of biographical materials about famous scientists
and teachers in Bulletin were studied using descriptive and quantitative methods.

In this scientific investigation, we will use the listed developments and conduct
an analysis of the publication in the Bulletin of the content of materials about domestic
and foreign congresses of mathematicians and natural scientists.

Research Methods.

When organizing the research, the analysis of publication information and the
synthesis of logical references and conclusions, as well as the generalization of the
facts presented in the publications and the systematization of descriptions of scientific
events were used for the meaningful analysis of its subject. Quantification of text,
collection of empirical data, their generalization and mathematical and statistical
processing were used in the process of quantitative analysis (Atteslander, 2003; Friih,
2003). At the stage of text quantification, the magazine issues were used as a unit of
content, which were combined by the years of publication, and as a unit of account —
the number of pages in a specific issue, on which the features of congresses of natural
scientists and mathematicians were revealed (parts of the volume of pages were
determined from the ratio of occupied space on the page).

Results.

Bulletin was one of the most authoritative journals among teachers and teachers
of mathematics and physics in the late 19th and early 20th centuries, not only in the
territory of modern Ukraine, but also in the territory of the entire Russian Empire. Since
its foundation in 1886, the magazine was edited by E. K. Shpachinskyi (see (Pasichnyk,
Rizhniak, & Deforzh, 2022) for more details on the features of the magazine’s
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foundation). In 1891, the editorial office moved to Odesa, and the fate of the Bulletin
was connected with the members of the mathematical department of the Novorossiysk
Society of Naturalists and the teachers of the Novorossiysk (Odesa) University
(Pasichnyk, Rizhniak, & Deforzh, 2022; Dahiya, 1956). Editing of the magazine after
the retirement of E. K. Shpachinskyi since 1898 (after a short stay as the chief editor of
Professor V. Ya. Zimmerman) and until the termination of its publication, private
docent V. F. Kagan, and the publisher of the magazine during 1897-1917 (from
No. 259) was V. O. Gernet. According to the changes in the editorship, historians
divide the magazine’s existence into two periods: 18861897 and 1898-1917
(Pasichnyk, Rizhniak, & Deforzh, 2022). Active contributors and members of the
journal’s informal editorial staff were scientists from Kyiv, Kharkiv and Odesa:
S. M. Bernshtein, E. L. Bunytskyi, V. F. Kagan, D. M. Syntsov, I. Yu. Tymchenko,
I. V. Sleshinsky, S. O. Shatunovskyi, V. Ya. Zimmerman and others.

During the years 1886-1917, the editorial office published 674 issues of the
magazine in 627 books with a total volume of 16,066 units of area (further on in the
text — u.a.). The materials of the chronicle of scientific events were published in 232
books of the journal and accounted for slightly more than 8% (1.286 u.a.) of its total
volume. Materials on congresses of naturalists and mathematicians occupied more than
half of the coverage of scientific events in the magazine (in 110 books, 685.9 u.a.). The
general distribution of the volume of magazine materials with reports on congresses of
teachers and scientists by year is shown in fig. 1 (note that the journal did not publish
materials about the specified forums in 1887, 1891-1893, and 1906; in 1899, the
journal was not published).
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|IET0T:E| 19 4,5 4,6 57 58 139 17 2,2 138 4,8 159 49,3 61,1 | 40,5 7.4 154 9 79 346 | 36,1 | 162,4 | 276 | 1268 26 151

Figure 1. Distribution of volumes of Bulletin materials with information on
congresses by year (Source: compiled by the authors).

The Bulletin covered the course of preparation and holding of congresses of
teachers and scientists according to their organizational features:

A) national congresses of teachers of natural sciences and mathematics — the
I Congress of 1889, the Il Congress of 1895, the I1l Congress of 1903 of technical and
professional education workers; The | Warsaw Congress of 1902 teachers of Physics
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and Mathematics, the Ill Kyiv Congress of 1903 teachers of natural sciences, the
| Congress of 1911, the Il Congress of 1913 teachers of Mathematics; The | Congress
of 1913 of teachers of Physics, Chemistry and Cosmography.

B) national congresses of naturalists — the VIl Congress of 1890, the I)X Congress
of 1894, the X Congress of 1898, the XI Congress of 1901, the XII Congress of 1910,
the XIII Congress of 1913 of naturalists (and doctors); | Mendeleev’s in 1907,
Il Mendeleev’s in 1911 Congresses on general and applied chemistry.

C) international congresses of naturalists — LIX (1886) and LXXXVI (1916)
Congresses of the British Association, LVI (1886), LXII (1889), LXVII (1895),
LXXII (1901), LXXIV (1902), LXXV (1903) and LXXXII (1910) Congresses of
German Naturalists and Physicians, | (1902) Northern Congress of Naturalists and
Physicians in Helsingfors, V (1912) Congress of the Italian Aid Society progress of
science, Congress (1913) of naturalists in Vienna, Neperivsky (1914) Congress in
Edinburgh.

D) international congresses — I (1905) Congress on Radiology and lonization,
I (1900) Paris Physical Congress, | (1897), 11 (1900), 111 (1904), IV (1908), V (1912)
Mathematical Congresses, the Berlin (1903) Congress of Applied Chemistry, | (1914)
Congress of the Philosophy of Mathematics.

The general distribution of the volume of materials of the magazine with
publications on the holding of congresses of teachers and scientists by organizational
features is shown in fig. 2.
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Figure 2. Distribution of volumes of Bulletin materials with information on
Congresses by their organizational features (Source: compiled by the authors).

The features of submitting materials about the scientific events defined above are
detailed as follows: information submission algorithm, volumes of information,
contextual analysis of the disclosure of the content of the event. For compact placement
of part of the information, we will use Table 1.
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Table 1. Scheme of coverage by the Bulletin of Congresses of Domestic Natural
Scientists and Mathematicians and Teachers (Source: compiled by the Author’s).

nu?n%r;?'reisé\ce Announcement of Regulation Preparation Results Publication of The total
P - - (rules), No. pe reports, No. marked volume of
of departure, intentions, No. (amount in materials, No. (amount in resentations, No ublications
date of (amountinu.a.) (volume inu.a.) P | RN P
departure u.a.) u.a.) (volume inu.a.) (u.a)
1. Congresses of National Figures of Technical and Professional Education
I, St.P.
; ’ Is not - Is not .
2063;1021.118889%— Ne 79 (0,8) published Is not published published Is not published 0,8
II, Moscow, .
28.12.1895— Is not published Is not Is not published Ne 232, 233 Is not published 12,4
05.01.1896 published (12,4)
IIL, "St.P., Is not
26.12.1903- Is not published Ne 352 (2,7) Ne 352 (1,3) published Is not published 4,0
06.01.1904
2. Warsaw Congress of Physics and Mathematics Teachers
1, Warsaw, Ne 337 (6,4);
27.12.1902- Is not published ulgl?sc;:ed Is not published | 344, 345, 346 Is not published 26,1
30.12.1902 P (19,7)
3. Kyiv Congress of Eeachers of Tatural Iciences
111, Kyiv,
28.12.1904- Ne 359 (0,8) Ne 359 (1,2) Ne 381 (2,7) pu'gl?;;]te q Ne 385 (7,4) 12,1
31.12.1904
4. Congresses of National Teachers of Mathematics
Ne 555 (5,0); 556
L StP (7,3); 559 (7,2);
o Ne 537 (1,9): 543 X Ne 547 (5,0); Ne 553,554, | 563-564 (9,4); 565
arizIs (0.4) Ne 538 (1.3) 548 (0.9) 556 (160) | (9.6); 567 (5.8); 89.4
o 570, 572-573
(19,7)
11, Moscow, Ne 592 (1,4); Ne 601 (0,5);
27.12.1913- Ne 580 (1,0) Ne 580 (0,9) 595 (5,4); 604 602 (1,7); Is not published 22,1
03.01.1914 (0,3) 603 (10,9)
5. Congress of National Teachers of Physics, Chemistry and Cosmography
I StP., o000 00) | Ne 604, 605-606
27.12.1913- Ne 576 (0,6) Ne 576 (0,5) Ne 594 (3,7) ' "| (37,4); 607, 608 105,3
608, 609
06.01.1914 (33.) (29,1)
6. Congresses of National Natural Scientists and Doctors
VIII, St.P., X o Ne 85, 87, 89
28.12.1889- J;‘(-) ‘1‘? (13557)’3]{6 gg’ Ne69(28) | Isnotpublished | (5,0), No86 | Isnot published 13,6
07.01.1890 T ’ 0,79
1X, Moscow, Is not Ne 181 (0,2),
04.01.1894- Is not published published Is not published | Ne 183,188 Is not published 5,8
11.01.1894 (5,6)
X, Kylv, Ne 244 (0,1); Ne 255 | No 244 (4,5); Is not
23%%%11%%% 2.2) No 265 (15) Ne 265 (12,3) published Is not published 20,6
Ne 312 (2,0);
X, StP., Ne 291 (1,7); Ng(ilzséﬁl4
20.12.1901- Ne 291 (0,6) Ne 309 (i 9)' Ne 310 (0,9) Ne 315 (4’ 6) Ne 321 (14,4) 49,6
30.12.1901 - ' . e
Ne 317 (7);
Ne 319 (4,0)
Ne 503-504
XII, Moscow, (0,3); Ne 505,
28.12.1909- Ne 490 (1,2) Ne 499 (1,5) Ne 499 (0,5) 506 (16,9); Ne 515 (4) 38,1
06.01.1910 Ne 508
(13,9);
XII1, Tiflis, Is not
16.06.1913- Is not published published Is not published | Ne 591 (6,2) Is not published 6,2
24.06.1913
7. Mendeleev Congresses of General and Applied Chemistry
L, St.P.,
20.12.1907- Ne 445 (0,4) Ne 445 (0,8) Is not published pulgl?sot:ed Is not published 1,2
30.12-1907
IL StP,, Is not Ne 553, 555
22:;.122.19911- Ne 539 (0,8) published Ne 548 (0,7) - 23 ’3) Ne 576 (6,4) 34,2
12-1911 '
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The features of the Bulletin’s coverage of the work of the first three congresses of
national figures of technical and professional education were not characterized by
regularity and systematicity (Table 1, Item 1). Before the | Congress, the editors
published only an announcement in No. 79. Information about the Il Congress was
presented by the Bulletin in the form of “A Brief Report on the Activities of the 2nd
Section (Section of Real Schools)...” (Mai, 1896a, 1896b) (author — from Odessa
K. V. Mai). But qualitatively, the report did not look “short”, as it contained a wide
overview of both the reports at the general meetings of the congress and a detailed
analysis of sectional reports on the problems of the structure of the educational process
organization of real schools and the provision of textbooks and manuals, teacher
training, curricula and programs individual disciplines, features of current and final
assessment of students. The Bulletin’s report on the III Congress was limited to the
publication of the rules, program, features of the organization and composition of the
congress committee. It should be noted that the congress was held in St. Petersburg,
although according to the decisions of the Il Congress it was supposed to meet in
Odesa. And the congress committee consisted of St. Petersburg officials and
functionaries and did not include a single representative from educators.

The | Warsaw Congress of Teachers of Physics and Mathematics was presented
by Bulletin in the January issue of the magazine (Table 1, Item 2) with an editorial
description of the work of the congress (with detailed hourly annotations of the
speeches of the meeting participants), as well as the text of the speech by
E. K. Shpachinskyi “On the question of the basic principles of electrostatics”
(Shpachinskyi, 1903a, 1903b, 1903c).

Covering the work of the 111 Kyiv Congress of Natural Sciences Teachers was the
magazine’s first step towards using the future scheme of describing educational
meetings. In the December issue of 1903 (Table 1, Item 3), the Bulletin contained an
announcement about the congress and its program, later a description of the
preparations for the congress and a questionnaire for the participants of the meeting
(No. 381). And although a complete description of the events at the congress was not
published, the speech (welcoming speech) of Professor G. G. De-Metz (De-Metz,
1905) basically made it possible to imagine the atmosphere among the participants and
predict the main decisions of the congress. In his speech, the speaker mentioned the
success of the first two Kyiv Congresses (1861 and 1862 — the first such Congresses in
the History of the Russian Empire), which were inspired by Professor K. F. Kessler,
and expressed confidence in the effectiveness of the hard work of the participants of
the meeting regarding the creation of the secondary school reform project and the
establishment of museums and natural science offices in schools.

The announcement of the First Congress of Mathematics Teachers appeared in
Bulletin in May 1911 (No. 537, Table 1, Item 4). The draft regulation on the First
Congress was already printed in the next issue of Bulletin. The project included the
work of the congress in 8 directions: 1) psychological foundations of Mathematics
learning, 2) content of the school Mathematics Course, 3) coordination of the high
school Mathematics Program with the programs of higher and lower schools,
4) methodological issues, 5) textbooks and study materials, 6) historical and
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philosophical elements in the high school Mathematics Course, 7) aids for teaching
Mathematics, 8) teachers’ training. In the next message (October 1911, No. 547), the
contents of the preparatory work were highlighted: the definition of the organizing
committee (the organizing committee included professor D. M. Syntsov from Kharkiv,
S. . Shokhor-Trotsky, a native of Kamianets-Podilskyi, and private associate professor
V. F. Kagan) and the bureau of the congress, planning of reports and those responsible
for the preparation of short reviews on individual issues of the program, which would
establish the main motives for the “leading” reports (S. I. Shokhor-Trotsky was chosen
as the person responsible for direction “1”, “2” — V. F. Garnet and S. O. Shatunovskyi
from Odesa, “3” — D. M. Syntsov, “7” — V. F. Kagan, “8” — S. I. Shokhor-Trotsky).
Already in the January-February issues of Bulletin for 1912, a general review of
V. F. Kagan (Kagan, 1912a) features of the congress according to the following
scheme: a) organization; b) reports; c) reviews of participants; d) congress resolutions;
e) review of resolutions. The author of the post summarized that the following were
the main pedagogical ideas of the congress: the movement towards reform according
to Klein’s program, the implementation of experimental psychology trends, the
practical direction according to Perry’s English program, the logical direction
according to the program of Italian geometers. The next stage of coverage of the
congress was the publication of the most significant speeches of the congress
participants: professor K. O. Posse (Posse, 1912), professor V. B. Struve (Struve,
1912), private associate professor S. M. Bernshtein (Bernshtein, 1912), professor
D. M. Syntsov (Syntsov, 1912a), private associate professor V. F. Kagan (Kagan,
1912a,1912b, 1912c¢, 1912d, 1912¢, 1912f), I. I. Chistyakov (Chistyakov, 1912). Thus,
the scheme of the Bulletin’s coverage of the work of the First Congress of Mathematics
Teachers was as follows: a) announcement of intentions; b) publication of the
regulation (or its draft) on the convention; c) description of preparations for the
organization of the congress; d) an overview of the features of the congress;
e) publication of significant and important speeches of the congress participants
(Table 1, Item 4).

Information about the Il Congress of Mathematics teachers appeared in Bulletin
in February 1913 (Table 1, Item 4). In the same issue, the regulation on the Il Congress
was published. It should be noted that compared to the provisions of the First Congress,
the number of directions has changed — there are 5: 1) scientific questions of
elementary mathematics (new); 2) teaching methods in educational institutions of
various types, mainly secondary schools; 3) teaching of mathematical sciences (new);
4) methods of teaching mathematics and related sciences, methods of testing students’
knowledge (new); 5) training of mathematics teachers. In the summer issue of 1913,
the course of preparatory work for the organization of the congress was covered. And
the November 595th issue of Bulletin contained a thorough review by V. Kagan
(Kagan, 1913) of the problems facing the organizing committee of the congress in the
context of implementing the resolution of the previous congress and preparing for the
effective holding of the current one. The coverage of the features of the Il Congress
began with a short message by D. Syntsov (No. 601), continued with the coverage of
the resolution of the congress (No. 602), and ended with a detailed review by
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D. Syntsov of the reports of the participants of the congress according to the scheme:
a) general meetings; b) joint meetings; ¢) meeting of sections (Syntsov, 1914). It should
be noted that the scheme of the Bulletin’s coverage of the work of the II Congress of
Mathematics teachers differed from the previous congress by the lack of publication of
the most important reports.

The 111 Congress of Mathematics Teachers was to be held in Kharkiv in the winter
of 1917-1918. Bulletin’s editors applied the tried-and-tested scheme of its
presentation. The first message about the congress was published in May 1915
(No. 630, volume — 2.3 u.a.), the second message (beginning of 1916, No. 652,
volume — 2.5 u.a.) highlighted directions, around which discussions will be organized:
a) general basics of the mathematics course in high school; b) the structure of various
sections of mathematics in secondary school; c) teacher training; d) knowledge test;
e) the issue of teaching mathematics. In the third message (November 1916, No. 669—
670, volume — 1.4 u.a) the work plan of the organizing committee of the congress was
published. However, due to the revolutionary events of 1917, the Ill Congress of
Mathematics Teachers was not destined to take place.

The Bulletin’s coverage of the First Congress of Physics, Chemistry, and
Cosmography Teachers took place according to the scenario of the First Congress of
Mathematics Teachers (Table 1, Item 5). In the December 1912 issue of the magazine,
announcements about the congress, its provisions and program were presented. In the
October issue of 1913, there was information about the preparatory work carried out
by the organizing committee (premises for the congress, distribution of commissions,
planning of reports; invitations to participate in the congress were sent, including, to
scientists and teachers from Kyiv, Odesa, Kharkiv, Poltava and Mykolaiv).
Immediately after the end of the congress, Bulletin published two articles by I. Haber
in several issues — a short report on the congress (No. 601) and a detailed description
of all events (Gaber, 1914a, 1914b, 1914c, 1914d). In the detailed description, the
content of the work of the congress was disclosed in the following sections: a) history
of the congress; b) organization of the convention; c) general meetings;
d) questionnaire; e) practical classes of students; e) teacher training; g) exhibition and
excursions; g) final meeting and resolution of the congress; h) conclusion and wishes
adopted by the general meeting and individual sections. The Bulletin editorial office
also published some significant and important speeches of the participants of the
congress: academician P. I. Walden “On the influence of physics on the development
of Chemistry” (Walden, 1914a, 1914b) and professor M. O. Umov “Evolution of
physical sciences and their ideological significance” (Umov, 1914a, 1914b).

The VIII Congress of National Natural Scientists (and Doctors) in 1890 became
the first congress for this direction, the progress of which was covered by the Bulletin
(the first 7 Congresses took place before the journal was founded). The presentation of
the congress was preceded by an article by the editor E. K. Shpachinskyi
(Shpachinskyi, 1888), which contained a critical assessment of the previous congresses
of naturalists (lack of discussion of real problems of educational activity, exclusion of
the pedagogic section from the program at the I11 Congress in Kyiv in 1871, neglect of
serious preparations for the congress). The author expressed hope that the
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VIl Congress, which was planned to be held in Kharkov in 1888, would become an
effective platform for discussing the problems of teaching natural sciences and
mathematics. However, the author’s hopes were not fulfilled — firstly, the congress was
postponed to the end of 1889 — the beginning of 1890 to St. Petersburg; secondly, the
pedagogical section was created only in 1913 at the XIlIl Congress in Tiflis. The
Bulletin’s reports on the progress of the VIII Congress were limited only to short
abstracts of the speeches that were announced at the meetings of the physical section,
and information about the implementation of the decisions of the congress regarding
the printing of its materials and the establishment of the journal “Bulletin of Natural
Science” (Table 1, Item 6).

Reports on the progress of the IX Congress of natural scientists (and doctors)
contained an overview of the general meetings of the Congress (on January 4, 1894,
professors of Biology K. A. Timiryazev, |. M. Sechenov, S.M. Vinogradskyi and
professor-physicist M. O. Umov; on 11.01.1894, academician, physic-chemist
M. M. Beketov spoke at the general meeting), as well as brief annotations of the
speeches of the participants of the Congress at the combined sections — agronomy and
agriculture; natural sciences, anthropology and ethnography; physics, mathematics and
chemistry; agronomy, mineralogy and geology (Table 1, Item 6). By tradition, the
Bulletin presented a detailed review of the meetings of the physics section. However,
the last review of the Congress’s events contained the post “to be continued”, although
the magazine did not provide a continuation of the review.

Bulletin did not publish reports on the X Congress, which was held in Kyiv on the
basis of St. Volodymyr University (Table 1, Item 6). But we can infer the events at the
Congress from the detailed schedule of meetings and all the events prepared by the
organizers. Professor-chemist spoke at the opening of the Congress (1st meeting)
D. I. Mendeleev and professor-mathematician M. V. Bugayev, and at the 2nd general
meeting of the congress — the creator of aerodynamics M. E. Zhukovsky and
academician M. M. Beketov. Congress participants had the opportunity to attend
meetings of 14 sections — agronomy, anatomy, physiology, botany, statistics, hygiene,
zoology, mathematics, mechanics, etc. A special feature of the congress was the
continuation of the competition to receive professor Kessler’s prizes for the best essay
on the description of the Crimean Peninsula in a geographical, zoological, botanical
and medical sense, as well as the announcement of a new competition (sponsored by
the Odesa resident — Privy Councilor H. G. Marazli) to receive two prizes of 500 rubles
per problem, one of which was related to the study of the geology of Odesa and its
surroundings, and the second to the study of the impact of Zemstvo institutions on
improving the health of the population of Odesa, Mykolaiv Oblast, Kherson Oblast,
and Crimea.

The work progress of the X1 Congress was covered in sufficient detail by the
Bulletin (Table 1, Item 6). It was to cover the events of this congress in 1901 that the
Bulletin used the following scheme for the first time in its entirety: announcement —
publication of the regulations (statute) — description of preparation — overview of the
specifics of the event — publication of significant and important speeches. Among the
most important reports at the general meetings, we note the speeches of professor
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M. O. Umov “Physico-mathematical model of living matter”, |. P. Pavlov “On natural-
scientific research of mental phenomena” and professor D. O. Goldhammer “Century
of Physics” (exactly the text of the last speech was printed in No. 321 of Bulletin as
one of the landmark reports at the Congress (Goldhammer, 1902). From the materials
of the reports in the 13 sections of the congress, the Bulletin printed detailed reports on
the work of 3: sections of pure mathematics and mechanics (Kagan, 1902a, 1902b)
(author — private associate professor V. Kagan), physics section (Weinberg, 1902)
(author — private associate professor B. Weinberg) and sections of meteorology and
geophysics (Danilov, 1902) (author — private associate professor L. Danilov). In issue
319, the editors placed information on the creation and approval of the statute of the
Association of Naturalists and Doctors at the XI Congress.

The XII Congress was covered by the Bulletin using the already “developed”
editorial scheme (Table 1, Item 6). In the reports on the work of the Congress, the
magazine limited itself to a detailed coverage of the work of two sections — the physics
section (lollos, 1910a, 1910b) and the pure mathematics section (Syntsov, 1910)
(author professor D. Syntsov). As the most significant report, the Bulletin in No. 515
published the text of the speech of the historian of mathematics, private associate
professor V. Bobynin “Natural and artificial ways of restoration of ancient proofs and
conclusions by historians of mathematics (Bobynin, 1910). Another text of the speech
(S. Vinogradov “Development of the concept of number in its history and at school”)
was printed by Bulletin as a report that was read at a meeting of the Moscow
Mathematical Circle (Vinogradov, 1910).

The magazine published a report on the work of only certain sections of the XIII
Congress in Tiflis (Table 1, Item 6). The Bulletin noted the most important feature of
the meeting, which was the appearance of a section on pedagogical issues. As a result,
a detailed analysis of reports on Mathematics and the peculiarities of teaching
Mathematics and natural sciences appeared in the journal (Syntsov, 1913) (author
professor D. Syntsov). These two sections were the most numerous and active at the
congress. The new section of pedagogic issues consisted of two departments —
physical-mathematical and natural-historical. In addition, the organizers of the
Congress organized, among other events, a pedagogical exhibition for the first time. At
the Congress, it was decided to hold the next meeting in 1916 in Kharkiv. But the
XIV Congress of Naturalists and Doctors was never destined to take place.

According to a similar scheme, Bulletin revealed the features of the 11 Mendeleev
Congress on General and Applied Chemistry (Table 1, Item 7). About the First
Congress, only the announcement, regulations and a short program of the meeting were
published in the magazine. The report on the results of the work of the Il Congress was
presented in the article by M. Jacobson (Jacobson, 1912), in which the author provided
a detailed overview of all events and a summary of the reports that were presented at
the meeting. The author divided the analysis of the speeches of the speakers into two
parts: reports revealing the results of fundamental research in the field of Physics and
Chemistry; reports on teaching Physics and Chemistry. The author paid special
attention to the popularity at that time of the question of the principle of relativity
(namely, its different interpretations by Albert Einstein and Walter Ritz), which was

290


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

https://www.hst-journal.com Icmopis nayku i mexHiku, 2023, mom 13, sunyck 2

History of science and technology, 2023, vol. 13, issue 2
presented in the speeches of M. Umov, D. Goldhammer, and P. Ehrenfest. Among the
pedagogical reports, the author deleted the “Report of the Didactic Commission at the
Physical Department of the Russian Physical and Chemical Society” (Editorial, 1912),
which was later printed. The method of work of the didactic commission was the
development of a Physics course program for secondary educational institutions.
Another special feature of the presentation of material about the congress was the
placement in the journal of the abstracts of the speeches of the authors of the
pedagogical reports.

International congresses of scientists and teachers were covered by the Bulletin in
the form of messages of various volumes or by placing the texts of the most significant
reports on the pages of the magazine which are presented in Table 2.

In the Bulletin, attention is paid to only two Congresses of the British Association
of Naturalists (Table 2, Item 1). The Congress of 1886 (No. 6 of the magazine) was
marked by the speech of professor George Darwin (son of Charles Robert Darwin)
with a report on the antiquity of the earth from an astronomical point of view, as well
as the speeches of physicist professors William Thomson (Baron Kelvin) (theoretical
studies of waves in water) and A. U. Ricker (study of interference of light in soap
bubbles). And in number 652 of the magazine, the text of the speech at the 1916
Congress of the president of the British Astronomical Association, F. W. Dyson
(Editorial, 1916) with a review of recent astronomical research.

More attention of the journal was paid to the congresses of German naturalists
and doctors (Table 2, Item 2), which were held regularly. However, information about
not all congresses was published in the Bulletin. A short report on the LIX Congress
was already published in the 12th issue of the magazine with the aim of pointing out
the main difference between the domestic and German congresses — the participants of
the gatherings of German naturalists paid great attention to the discussion of the
teaching of Natural Sciences and Mathematics (the authorship of the message probably
belonged to E. K. Shpachinskyi). The report on the LXII Congress contained
information on the radical reform of congresses in the context of streamlining their
work in Germany. The author Sh. (probably E. K. Shpachinskyi again) expressed his
regret that “our congresses ... will have to wait for such an arrangement for a long
time”. Information about the LXVII Congress compared to the previous ones more
fully described the features of this meeting — the note contained short annotations of
speeches in the sections of mathematics and astronomy, physics and meteorology,
chemistry, instruments. The author V.H. of the material is noted as the most interesting
reports those prepared by the German Association of Mathematicians and the German
Botanical Society. A feature of informing about the events at the LXVII Congress was
the publication of a translation of professor Wilhelm Friedrich Ostwald’s speech
“Victory over Scientific Materialism” (Editorial, 1895a; 1895b), which caused a wave
of discussion and criticism from scientists — Marie Alfred Cornu and Louis Marcel
Brillouin from France, Ludwig Eduard Boltzmann from Austria and Max Karl Ernst
Ludwig Planck from Germany, George Francis Fitzgerald from Ireland
(Fitzgerald, 1896).
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Table 2. Scheme of coverage by the Bulletin of Congresses of International Natural
Scientists and Mathematicians (Source: compiled by the authors).

Publication of information Publication of landmark The total
Congress number, venue, about the congress, No erformances, No volume of
date of event 1gress, No. P AR publications
(volumeinu.a.) (volumeinu.a.) (ua)
1. Congresses of the British Association of Naturalists
LVI, Birmingham , 1886 Ne6(1,1) Is not published 1,1
OOV Manchester, Is not published Ne 652 (11,2) 11,2
2. Congresses of German Naturalists and Doctors
L1, Berlth, September Ne 12 (0,8) Is not published 08
LXII, Heidelberg, . .
September 1889 Ne 79 (0,4) Is not published 0,4
LXVII, Lubeck, . .
16.09.1895-21.09.1895 Ne 221 (1.4) Ne 227,228 (12,5) 139
LXXII1, Hamburg, . .
99 09.1901-28.09.1901 Ne 303 (0,3), 309 (0,1) Is not published 0,4
LXXI1V, Carlsbad, . .
22.09.1902-27.09 1902 Is not published Ne 332 (3,1) 3,1
LXXV, Kassel, 21.09.1903- . Ne 356, 357 (13,6), 370,
26.09.1903 Ne 350/(0.6) 371 (11,5) 25,17
LXXXII, Koenigsberg, . .
September 1910 Is not published Ne 534, 535 (24,6) 24,6
3. International Mathematical Congresses
I, Zurich, 1897 Is not published Is not published 0
I1, Paris, 06.08.1900- X .
12 08.1900 Ne 291 (7,4) Ne 342, 343 (13,7) 21,1
111, Heidelberg, 08.08.1904- Ne 349 (1,1); 368 (3,8); 378 .
15.08.1904 (7.0) Is not published 11,9
1V, Rome, 06.04.1908- Ne 436 (1,0); 454 (2,4); 460 .
11.04.1908 (9,0 Ne 488 (4.4) 16.8
V, Cambridge, 21.08.1912- Ne 543 (0,6); 560 (1,7); 569 Ne 570, 572-573 (19,2); 355
28.08.1912 (8,0) 581 (6,0) '
4. International Physics Congress
1, Paris, 1900 | Ne 283 (4,8); 289 (0,9) | Is not published | 5,7
5. Northern Congress of Naturalists and Doctors
I, Helsingfors, 24.06.1902- . .
29 06.1902 Ne 326 (3,7) Is not published 3,7
6. International Congress of Applied Chemistry
V, Berlin, June 1903 | Ne 303 (0,1) | Ne365,366 (155) | 15,6
7. International Congress on Radiology and lonization
I, Liege, 12.09.1905- . .
14.09 1905 Ne443-444 (10,8) Is not published 10,8
8. Congress of the Italian Society for the Advancement of Science
V, 1912 | Is not published | Me570,571(19,7) | 19,7
9. Vienna Congress of Naturalists
Vienna, 1913 | Is not published Ne 596 (3,0) | 3,0
10. Congress on the Philosophy of Mathematics
I, Paris, 06.04.1914- . .
08.04.1914 Ne 617 (7,9) Is not published 79
11. Neperiv Congress
Edinburgh, 11.07.1914- . .
14071914 Ne 614-615 (5,0) Is not published 50
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The LXXIV Congress of German nature researchers and doctors was presented
by Bulletin with a report on a topical topic at the time — electrical engineer O. V. Miller
presented the abstract “Forces of nature at the service of electrical engineering”. The
next, LXXV Congress, in addition to a brief report on the main events and speakers of
the general meeting, was presented by the Bulletin with two reports — professor William
Ramsay (Scotland) “On the periodic system of elements” (Ramsay, 1903a; 1903b) and
professor Karl Schwarzschild (Gottingen) “On celestial mechanics™ (Schwarzschild,
1904a, 1904b). And the speech of professor Jonathan Zennek “Utilization of
atmospheric nitrogen with the help of a voltaic arc” (Zennek, 1911) (the author
substantiated the solution to the practical problem of artificial production of saltpeter)
became, according to the editors of Bulletin, a landmark for the LXXXII Congress of
German natural researchers and doctors.

The first unsuccessful attempt to organize the International Mathematical
Congress was in 1893, when the World Exhibition was held in Chicago
(Syntsov, 1900). Only in 1897 in Zurich, the world mathematical community, with the
active support of the German Association of Mathematicians, managed to jointly hold
the first ever official meeting. The Bulletin did not cover the work of this Congress —
mentions of its holding are contained in regular reports of professor D. Syntsov on
subsequent congresses (see, for example, (Syntsov, 1900, 1908, 1912b). And already
the Il (Paris) Congress, which was held during the World Exhibition of 1900, the
magazine paid significant attention (Table 2, Item 3). Professor D. Syntsov’s extensive
material with a professional analysis of the speeches of the participants and the main
events of the Congress revealed in detail the course of his work. The author of the
article noted two important events at the Congress: David Hilbert’s future famous
speech “On the future problems of mathematics™ (23 important mathematical problems
were formulated here, the solution of which, according to D. Hilbert, would contribute
to the further development of mathematics) and professor Henri Poincare “The role of
Intuition and Logic in Mathematics™ (Editorial, 1903a, 1903b) (it was this speech that
was printed in the journal as the text of one of the important reports of the Congress).
The I International Mathematical Congress was organized by the German
Association of Mathematicians in Heidelberg and was announced in summer and
winter issues of the Bulletin. A detailed report (Editorial, 1904a) on the progress of the
Congress contained emphasis on 3 of its features: 1) celebration of the 100th
anniversary of the German physicist Moritz Hermann von Jacobi; 2) speech by David
Hilbert with the report “Mathematical problems”; 3) presentation of the first volume
of the “Encyclopedia of Mathematical Sciences” by professor Felix Christian Klein of
Gottingen University. We should note one more feature of the congress, namely the
participation in its work of the Ukrainian mathematician H. F. Voronoi. The
IV Congress took place in Rome and was organized by the Roman Academy of
Sciences at the University of Rome. Information about the meeting was presented by
the Bulletin editors in the form of an analytical report by professor D. Syntsov (Syntsov,
1908), as well as the text of professor John Perry’s speech “Teaching Mathematics in
connection with the teaching of natural sciences” (Perry, 1909) (the speaker proposed
to build the teaching of Mathematics according to the scheme — from natural models to
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Mathematics; the discussion of the report by the participants of the meeting was
reduced to remarks about the individuality of learning mathematical material and the
existence of another path — from Mathematics to the application of mathematical
models in natural science). Information about the V International Mathematical
Congress in Cambridge is presented by the Bulletin in the most comprehensive manner
compared to the previous ones. In the summer issue of 1911, the magazine published
an announcement about the meeting, in the spring of 1912 — an expanded schedule of
work, and in one of the first autumn issues — a detailed report by professor
D. M. Syntsov on the content of the speeches, the decisions of the congress and all
stages of the implementation of its program (Syntsov, 1912b). In addition, as the most
significant speeches, the editors published the texts of the report of professor
D. E. Smith to the International Commission for Teaching Mathematics “Intuition and
Experience in Teaching Mathematics in Secondary School” (Smith, 1912a, 1912b) and
the report of professor A. N. Whitehead “Fundamentals of mathematics and elementary
education” (Whitehead, 1913). A feature of the congress was a speech by the president
of the Cambridge Philosophical Society, George Darwin, dedicated to the memory of
the mathematician Henri Poincare. In addition to this speech, the increased attention
of the meeting participants was focused on the report of the German mathematician
and physicist Carl David Tolme Runge “Mathematical education of physicists at the
university” (the speaker’s idea was that professors of Mathematics should understand
the problems and needs of Physics).

The First International Physics Congress (as well as the Il Mathematical
Congress) was held as part of the World Exhibition in Paris in 1900. Immediately after
the end of the meeting, the Bulletin presented information about the congress with an
overview of the events of private docent B. P. Weinberg (Weinberg, 1900). The author
gave short summaries of the speeches of the Congress participants and paid special
attention to the significant events: 1) prompt publication of the Congress proceedings;
2) speech by Henri Poincare “Relation between experimental and mathematical
physics”; 3) experiments with radioactive substances by Antoine Henri Becquerel and
spouses Marie Curie and Pierre Curie. We note the participation in the work of the
congress of professors G. G. De-Metz (Kyiv), M. D. Pilchikova and F. N. Shvedova
(Odesa).

The First Northern Congress of Naturalists and Doctors in 1902, the progress of
which was covered by Bulletin in a report with brief abstracts of the speeches and
features of its organization, united scientists from Denmark, Norway, Sweden, Finland,
and Russia (Table 2, Item 5). The Congress was hosted by Alexander University in
Helsingfors.

The V Congress of Applied Chemistry, held in 1904 in Berlin (Table 2, Item 6),
was documented in the Bulletin with the text of a speech by William Crookes, a
member of the Royal Society of London, “The Modern Theory of Matter” (Editorial,
1904b; 1904c), in which the speaker attempted to substantiate the electronic nature of
matter.

The course of work of the First International Congress on Radiology and
lonization (Table 2, Item 7) is covered by Bulletin in an abstract by D. I. Fefelov
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(Fefelov, 1907), which contained an annotated overview of the congress participants’
speeches. The author classified the materials of the congress according to the specialty
of scientists who showed interest in radiology issues: Physics section — dielectric
conductivity and electrification of bodies under the influence of radioactivity, X-rays,
spectral analysis, nature of radioactivity; section of biology — methods of quantitative
and qualitative metroradiography, use of X-rays and radium in medicine, the influence
of radiation on the living organism. The author paid special attention to Antoine Henri
Becquerel’s speech “Analysis of radiation from radioactive bodies”, in which the
scientist revealed the content of the photographic method for studying radioactivity.

The V Congress of the Italian Society for the Advancement of Science was
covered by the Bulletin (Table 2, Item 8) with the speech of Augusto Righi, professor
of the universities of Palermo, Padua and Bologna, “New Physics” (Righi, 1912a,
1912b), in which the speaker provided an analysis of the latest achievements of
physicists in the field electricity and magnetism. The main idea of the speech of the
Italian physicist was the assumption that three substances — electricity, matter and ether
— can provide a basis for the general study of the phenomena of the physical world.

The Congress of Natural Researchers held in Vienna in 1913 was marked by the
publication of a summary of Albert Einstein’s speech “On the Problems of Gravitation”
(Einstein, 1913) in Bulletin (Table 2, Item 9). The preparation and announcement of
the report by a prominent scientist took place precisely during the period of his
mathematical formulation of the ideas of the theory of relativity.

Bulletin paid attention to two more congresses on its pages — the First Paris
Congress on the Philosophy of Mathematics (Raymond, 1914) (Table 2, Item 10, the
author is professor A. Raymond) and the Neperiv Congress (K. M., 1914) (Table 2,
Item 11, the author is K. M.). In both cases, the materials take the form of a detailed
annotated account of the main events at the meetings. The Congress on the Philosophy
of Mathematics was held under the patronage of the French Philosophical Society. And
the conference in Edinburgh was dedicated to the 300th anniversary of the publication
of the first logarithmic tables — “Description of a wonderful table of logarithms™ — by
the Scottish mathematician John Napier.

Discussions.

We will note in the form of comments a few special opinions regarding the
Bulletin’s coverage of national and foreign congresses and congresses of naturalists
and mathematicians.

First of all, we were interested in the time it took the Bulletin editorial office to
develop a simple (at first glance) coverage scheme for the specified events.
Considering that for the first time the magazine applied the full scheme (namely,
starting with the announcement, publication of the regulations (statute), description of
preparation, overview of the specifics of the conduct and ending with the presentation
of the texts of important speeches) in 1901 when covering the work of the X1 Congress
of Naturalists and Doctors, then it is obvious there is a 15-year period from the moment
the journal was founded, which the editors needed to develop the specified scheme.
Moreover, this scheme was fully applied at the next, XII Congress of natural scientists
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and doctors, as well as at the first congresses of teachers of physics, chemistry and
cosmography, and teachers of mathematics. An incomplete version of the scheme is
used to cover the work of the Il Kyiv Congress of Natural Sciences Teachers, the
Il Congress of Mathematics Teachers and the 1l Mendeleev Congress of General and
Applied Chemistry. However, after 1901, the Il Congress of national figures of
technical and professional education, the | Warsaw Congress of teachers of physics and
mathematics, the XIII Congress of natural scientists and doctors, and the | Mendeleev
Congress of general and applied science were covered without the use of this applied
chemistry This may indicate: a) the influence of subjective factors — lack of editorial
interest in covering the event, reluctance of Odesa, Kharkiv or Kyiv congress delegates
to share information with the editorial board, etc.; b) the influence of objective factors —
lack of editorial access to congress materials, lack of space in the magazine,
consequences of censorship. The study of this problem can be the topic of future
studies. However, the analysis of the “editor’s portfolio” of other contemporary
publications on natural and mathematical topics leads to the conclusion that the
described scheme was applied by the Bulletin for the first time for similar publications
of the Russian Empire at the beginning of the 20th century.

Secondly, we analyzed the possible reasons for the presence (or absence) of
publications about the work of conventions and congresses. Let’s name, in our opinion,
the main one. The fact is that both editorial staffs of the magazine positioned the
publication as popular science and educational, which existed for mathematics lovers,
teachers and students. And therefore, all such gatherings were covered in the magazine,
taking into account the presence of an educational (methodical) section (section,
direction) in their work schedule. This can be confirmed by the magazine’s coverage
of the VIII Congress of natural scientists and doctors in 1889, when on the eve of its
holding E. K. Shpachinskyi in (Shpachinskyi, 1888) expressed the hope of resuming
the work of the pedagogical section (as well as holding this Congress in Kharkiv). But
the congress was not held in Kharkiv and without consideration of training issues at
the relevant section. As a result, only short abstracts of the speeches of the participants
of the meeting of the physical section of the congress were published in Bulletin. On
the contrary, the journal materials of the XII1 Congress of natural scientists and doctors
in 1913 contained only information about the work of the mathematical section and the
pedagogical section, which resumed its work at this congress. In addition, the reason
for the coverage of events at separate congresses of German naturalists and doctors (for
example, the L1X Congress of 1886) was the attention that German naturalists paid to
the discussion of the issues of teaching natural sciences and mathematics. And when
the Bulletin covered the work of five foreign mathematical congresses, the peculiarities
of teaching mathematics in educational institutions of various levels were revealed both
in the reports on the progress of the congresses (see (Editorial, 1904a; Syntsov, 1900,
1908, 1908)) and in the publication of the texts of the most important speeches in the
opinion of the editors participants (Perry, 1909; Editorial, 1903a, 1903b; Smith, 1912;
Whitehead, 1913).
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Thirdly, the priorities of the Bulletin editorial office in covering the work of
conventions and congresses can be determined by analyzing the volume of information
presented (fig. 3).
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Figure 3. Volumes of submission of information about Congresses of National
Teachers and Researchers of Natural Sciences and Mathematics(Source: compiled by
the Author’s).

The Bulletin paid the most attention to the coverage of the First Congress of
Physics, Chemistry, and Cosmography Teachers and the First Congress of
Mathematics Teachers from the point of view of the editor’s use of the information
presentation scheme and the largest volume allocated. The journal publications noted
the active role of representatives of Kharkiv, Kyiv and Novorossiysk (Odesa)
universities, as well as teachers from Kharkiv, Kyiv, Odesa, Mykolaiv, and Poltava in
the work of both congresses. The broad format of the disclosure of the events of the
X1 and XI1 Congresses of natural scientists and doctors and the Il Mendeleev Congress
on general and applied chemistry can be understood based on the names of
authoritative scientists and practitioners who participated in the meetings — I. Pavlov,
M. Umov, D. Goldhammer and P. Ehrenfest.

The ratio of volumes of information about the work of foreign congresses is
shown in fig. 4.

The broad representation of the work of mathematical congresses in the materials
of the Bulletin can be explained by the readers’ interest in the content of David
Hilbert’s report, in which the scientist formulated 23 important mathematical
problems, the solution of which would contribute to the further development of
mathematics; to the speeches of professor Henri Poincare (as an unqualified world
authority among mathematicians and philosophers); to the presentation by Felix
Christian Klein, professor of the University of Gottingen, of the features of the reform
of mathematics education.
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Figure 4. Volumes of submission of information about Foreign Congresses of
Mathematicians and Natural Researchers (Source: compiled by the Author’s).

Fourthly, the Bulletin’s coverage of individual conventions and congresses was
obviously also motivated by the presence of domestic and international celebrities
among the participants. The names of D. Mendeleev, H. Voronoi, I. Pavlov, M. Umoyv,
D. Goldhammer, K. Timiryazev, |. Sechenov, M. Zhukovsky, M. Beketov, and
P. Ehrenfest at that time attracted the attention of the public, symbolizing advanced
domestic science. Even greater attention of the educated public was focused on world
scientific celebrities — George Darwin (son of Charles Robert Darwin), William
Thomson (Baron Kelvin), Ludwig Eduard Boltzmann, Max Karl Ernst Ludwig Planck,
George Francis Fitzgerald, David Hilbert, Henri Poincare, Felix Christian Klein, Carl
David Tolme Runge, Antoine Henri Becquerel, Marie Curie and Pierre Curie, Augusto
Righi, Albert Einstein — active participants in scientific meetings at that time. On the
other hand, the materials of Bulletin about Congresses of Natural Scientists and
Mathematicians described important pages of scientific biographies of prominent
researchers and teachers. Moreover, these publications revealed the content of
educational activities of scientists, which did not so often become a source for
biographical materials. And that is why it is expedient for historians of science to
consider such publications as an element of the source base of their own research.

Conclusions.

The study of Bulletin materials on the work of Domestic and Foreign Congresses
of Natural Science and Mathematics Teachers and Researchers gives us the opportunity
to formulate the following conclusions.

1. The journal’s materials on congresses for all the years of its publication
accounted for slightly more than 4% of its total area. During the more than 30 years of
its publication, the magazine provided information on exclusively All National
Congresses of Natural Scientists and Mathematicians that met during the specified
period (this accounted for almost 2/3 of the magazine’s total volume of information on
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such gatherings of scientists and teachers). At the same time, the methods of presenting
information and its volume differed significantly in different meetings, depending on
the presence of motives of both members of the editorial board. And the editorship of
E. K. Shpachinskyi, and the editorship of V. F. Kagan made decisions regarding the
amount of placement of such materials based on: a) the presence of a pedagogical
component in them; b) scientific (or pedagogical) significance of reports and meeting
participants; c) availability of quality materials about meetings; d) availability of
magazine space. In contrast to domestic international conventions and congresses,
Bulletin covered them irregularly. However, the motives for posting information about
foreign meetings in the magazine were the same as those listed above.

2. It took 15 years for the editors of the collection to work out and implement the
scheme of presenting materials about scientific and pedagogical congresses into
practice: a) announcement of the event; b) publication of the regulation (statute,
program) of the event; c) description of preparation for the event; d) overview of the
features of the event; e) presentation of the texts of important speeches. It was precisely
the second (V. F. Kagan) editorial team that managed to do this. However, such a
scheme of presentation of meetings was introduced for the first time in popular science
and educational periodicals of the Russian Empire.

3. The educational (pedagogical, methodical) component was the most important
motive for both members of the Bulletin editorial board when deciding on the features
and scope of coverage of materials on the work of domestic and foreign congresses.

4. The materials of Bulletin (and other similar publications of that time) covering
the work of domestic and foreign congresses of teachers and researchers of nature and
mathematics, which covered the educational activities of famous scientists and
teachers, are an important element of the source base of biographical studies, which
conducted by historians of science.
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Haraus IaciyHuk
[{eHTpanbHOYKpaiHCHKUI AepKaBHUW yHIBepcUTET iIMeH1 Bononumupa BunHnuenka,
VYkpaina

Penar Piskusak
[{enTpanbHOYKpaiHCHKUH Jiep>KaBHUM yHIBepcUTET iMeHi Bononmumupa Bunanuenka,
VYkpaina

I'anna Jledopx
[{eHTpanbHOYKpaiHChbKUI AepaBHUW yHIBepcUTET iIMeH1 Bononumupa Bunanuenka,
YkpaiHa

3’i31M i KOHIpecH NPUPOAO3HABLIB i MaTeMaTHKIB y “BicHuUKY 10cainHOT
¢izuku Ta e1emenTapHoi Matematukn” (1886—1917 pp.): Anani3 myoaikanii

Anomauia. Y cmammi npedcmasneHi pe3yibmamu 00CHONHCeHHA NYOaiKayii y
«Bicnuky oocnionoi ¢hisuxu ma enemenmapnoi mamemamuxuy, wo suoasascs ¢ Kuesi
ma Qoeci npomscom 1886—1917 pp., npo opeaHizayito, npogedeHHs: ma pe3yibmamu
BIMYUSHAHUX | 3AKOPOOHHUX 3 i30i8 ma KOHepecie MamemMamuKie i npupooo3HAsYis.
Kypuan 6ye neogiyivinum nepioOudHum OpPYKOBAHUM BUOAHHAM MAMEMAMUYHO20
siodinennss Hoesopociiicokoco moeapucmea 0ocnionuxie npupoou. Jlocniosicenns
npogeoeHe 3 Memor 30IUCHEeHHs 3MICMOB8HO20 MA KLILKICHO20 aHANI3Yy MEeKCMmis
nyOniKayitl HCYPHALY, 8 AKUX BUCBIMIIOIOMbCL MAmMepiaiu makux 3i0paHb HaAYKO8Yie
ma neoacocis. Asmopamu 051 3MICMOBHO20 AHANI3Y NpeoMem)y OO0CHIONHCEeHHS
BUKOPUCMOBYBANIUCA HAVKOBL Memoou, a 6 npoyeci KilbKICHO20 aHANi3y —
KeaHmuikayis mexcmy, 30UPAHHA EMRIPUYHUX OAHUX, IXHE Y3A2albHEHHS mda
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MamemMamuxo-cmamucmuiua 0opooka. Y pesynromami npoeeoenozo 00CHI0HCeH s
mamepianie HCypHay npo 3’i30u ma KoHepecu MamemMamukis i 00C1iOHUKI8 npupoou
NPOMsA2OM 8Cb020 Nepiody U020 GUOAHHA ABMOpPU OiliUIU MAKUX BUCHOBKIE.
Mamepianu sxcypuany npo 3'i30u ma Kouzpecu 3a 8ci poKu U020 6UOAHHS CIAHOBULU
mpoxu oinvute 4 % 1io2o 3a2anvHoi naowi. Yci gimuuznani 3°i30u npupoooo0ociioHuKie
ma mamemamuxie, sKi 30upanucsi npomscom nepiooy SUOAHHS JICYPHATLY, Oyiu
suUcCsimeHi Ha 1o20 cmopiHkax (ye matixce 2/3 8i0 6cvoco obcsay iHgopmayii
JHCYPHATY NPO MAKi 3I0panHs HAYKo8yie ma nedazozis). llpu ybomy cnocodou nooauHs
iHhopmayii ma ii 0b6csie cymmeso 8iOpI3HANUCS 34 PISHUMU 3IOPAHHAMU 8 3A/IeHCHOCTI
810 Has8HOCMI MOMUBI8 000X cK1adie pedaxyinoi kone2ii. Momusamu po3miweHns
iHopmayii bynu: a) Hasaeuicms 8 pobomi 3i0panb nedazo2iuHoi ckiadoeoi; 6) Haykosa
(abo neoazociuna) 3HAUUMICMb 00N0GIOell Ma Y4aCHUKI8 3I0paHHs, 8) O0CHYNHICIb
AKICHUX Mamepianié npo 3i0pants, 2) HAAGHICMb HCYPHAIbHO20 Micys. Midxchapooni
3’i30u ma KoHepecu 8UCBIMNIOBANUCI BICHUKOM Hepe2YIAPHO, MOMUBU OJisl PO3MIUYEHHS]
6 JicypHani inghopmayii npo maxi 3iopanus o6y ananocivnumu. Iovunarouu 3 1901
POKY pedakyis 30ipHUKA NPOBAOUNA 00 NPAKMUKU NPEOCMABIEeHHS Mamepianie npo
HAyKoBI Ul neoacoliuti 3’i30u ma KoHepecu GiOnpaybo8any Npomsicom NonepeoHix
POKIB [CHYBAHHA JICYPHANY CXeM). @) O020]l0WeHHs npo noodio, 6) nybnikayis
NOJIOJCEeHHs (cmamymy, npozpamu) nooii;, 8) onuc ni020moseku 00 nooii; 2) 02110y
ocobusocmeti npogedenHs nooii; 0) npeseHmayis mexcmiea gaxcaueux eucmynis. Taka
cxema npezeHmayii 3i0pans Oyna 3anpoeadicena enepuie 8 HAyKo8o-NONYIAPHIU ma
HaguanvHil nepioouyi Pociilicokoi imnepii. Iledacociuna cknadosa 6yna Haubinbu
8A2OMUM MOMUBOM OJil 000X CKIadi8 pedaxyii Bicnuka npu npuiinammi pilueHHs
wo0o ocobausocmell ma 06cs12i68 GUCBIMIIEHHS MAmMepialie npo pooomy iMmUUHAHUX
ma 3aKkopOoHHUX 3 13016 i Konepecie. Mamepianu Bicnuka (ma inuux nooiOHUX 8UOAHb
Mmo20 4acy) npo UCGimjieHHs pooomu GIMYUHAHUX MA 3aKOPOOHHUX 3’13016 1
KOHZpeci8 8UKNaoayie ma OOCHOHUKIE Npupoou i MamemMamuxu, V SAKUX
PO3KDUBAEMBCS  3MICH  NPOCBIMHUYBLKOI  OIANIbHOCMI  3HAMEHUMUX 64eHUx ma
neoazoeis, € 8ANCIUBUM eleMeHMOoM 0xcepenbHoi basu 0ioepagiunux 00CHiONHCeHb, SKI
NPOBOOSIMb ICIMOPUKU HAVKU.

Kniwouosi cnoea: nasuanvHo-naykosa nepioouka, icmopis 3i0paHb HAYKOBYIE,
BUKIAOAYI; 3MICMOBHUL AHAII3; KIIbKICHUU AHAII3
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Evolution of techno-nationalism: The role of the space factor

Abstract. Technological changes of the last four decades (1980s — 2020s)
encourage scientists of various fields to assess the impact of technologies on the
transformation of the system of international relations and national strategies of states.
In particular, the main focus of many studies is devoted to the system of relations
between countries with conflicting technological interests. Therefore, in the presented
article, let’s focus on the theoretical understanding of the evolution of the concept of
techno-nationalism. Consideration of techno-nationalism through the prism of space
policy, in particular US-China relations, is appropriate from the point of view of
determining the relevance of the obtained research results. In view of this, the research
methodology is based on an interdisciplinary approach, which made it possible to look
at the problem through the perspective of historical, economic, political sciences and
the theory of international relations. The analysis of publications on this issue shows
that the development of techno-nationalism took place in a dichotomous relationship
with techno-globalism. In the context of the end of the Cold War, techno-nationalism
was used to refer to the protectionist policies of states that opposed the free exchange
of technology. Space technology, which is an indicator of leadership and has a dual
purpose, has become an important element of interstate communication in the post-
bipolar era. Changes in this system led to an attempt by the United States to balance
the interests of national security and commercial benefits from the use of space.
However, these efforts led to a further strengthening of the export control regime from
the second half of the 1990s. These restrictions were mainly based on concerns about
the transfer of space technology to China, which was showing signs of military
modernization. Thus, the leadership challenge facing the US and China in the space
industry continued to strengthen the techno-nationalist elements of innovation systems
throughout the 2000s and 2010s. Based on the views of the studied scientists, the author
of the article provides his own definition of techno-nationalism as a state policy,
scientific approach and ideology where national factors play a key role. The results of
the study showed that the components of technological systems can be affected by the
process of globalization to varying degrees. And therefore, techno-globalism and
techno-nationalism are components of these systems and demonstrate
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interdependence. In this light, such categories as digital nationalism, digital identity,
and techno-authoritarianism need further development.
Keywords: techno-nationalism; techno-globalism; space policy; American-
Chinese relations; scientific diplomacy; techno-diplomacy; export control

Introduction.

Globalization and globalism today are almost the most used terms in assessments
of the modern world order. And techno-globalism, as its important component, became
the subject of study by many scientists in the 1990s — early 2000s (Mothe & Dufour,
1995; Montresor, 1998; Montresor, 2001; Tonelson, 1995; Tonelson, 1997). But, at the
same time, the world scientific community relentlessly continues to focus on the
opposite phenomenon of techno-globalism — techno-nationalism. Interest in which has
only been growing in recent years. Attention to this phenomenon was drawn by the
economic conflict between the administration of D. Trump and Beijing, which
intensified in 2018. These events demonstrated that the world economic space is as
much global as it is local. In particular, A. Capri, a well-known specialist in the field
of international economic relations, claims that the change in the technological
landscape has led to the emergence of a new hybrid war. This issue is particularly acute
in relation to US-China relations, which, according to Capri, are on the threshold of a
technological race similar to the space race between the USA and the USSR (Capri,
2021).

Researchers of space policy and technology naturally focus on the problem of
interaction between the so-called "members of the space club”, on the one hand, and
the relations of these countries with states that have not yet joined it, on the other
(Paikowsky, 2017). D. Krige, a brilliant historian of science and technology and space
technologies, reveals these relations through the concept of "techno-diplomacy™
(Krige, 2020).

The concept of "techno-diplomacy" was discussed in scientific circles as early as
the late 1980s (Schweitzer, 1989) and certainly became a reflection of the
transformational processes of the end of the Cold War. Therefore, the decisive place
was assigned to the military-technological competition between the two strongest
members of the space club — the USA and the USSR. With the destruction of the old
system of international relations, techno-diplomacy aimed to steer relations towards
improved cooperation (Salzman, 2017), which was indeed the case after 1991.
Cooperation in the field of space activities was considered by the USA in the post-
bipolar world as a tool of "soft power" capable of ensuring a new level of stability in
the system of international relations (Eisenhower, 2004). The example of the
International Space Station (ISS), as one of the most productive results of this
cooperation, gives reason to optimistically evaluate the possibilities of this channel for
the exchange of technologies and data (Stewart & Dittmer, 2023).

As a historiographic direction, the problem of techno-diplomacy continues to
develop in the context of the broad scientific discourse of "scientific diplomacy" — the
use of scientific cooperation between countries to solve common problems and build a
constructive international partnership (Turchetti, Adamson, Rispoli, Olsakova, &
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Robinson, 2020). The result of activities in this area was the creation in 2017 of the
Historical Commission on Science, Technology and Diplomacy. This commission was
formed on the initiative of the Department of History of Science and Technology of
the International Union of History and Philosophy of Science and Technology. Since
then, the organization's primary mission has been to promote and coordinate
interdisciplinary historical research on the relationships between science, technology,
and diplomacy (Turchetti, Adamson, Rispoli, Olsakova, & Robinson, 2020).

However, the concept of techno-diplomacy as a way of interaction does not
exclude the desire of states to ensure national interests. It connects technology and
national security, seeks to secure geo-economic interests in an integrated global market
for state-building processes (Park, 2022, p. 1). At the same time, the topic of regulating
the leakage of knowledge and technologies is definitely connected with the security
system. Thus, the problem of the functioning of the system of export control of
knowledge and the latest technologies, as the main manifestation of techno-
nationalism, is being brought up to date again by modern historians (Daniels & Krige,
2022). Under such conditions, special attention is paid to the space industry, as it is
directly related to the defense capability of states and political blocs, as well as to the
functioning of economic systems.

It is worth noting that modern Ukrainian historical science, although actively
discussing the problems of American-Chinese relations (Horodnya, 2014; Ishchuk &
Ivanytska, 2018; Levytska-Doba, 2021; Taran, 2017; Shevchuk, 2010) and the
economic effect of techno-globalism (Kozachenko, 2014; Chernyavska, 2010), but the
problem of techno-nationalism is practically unexplored. Ukrainian political scientists
(Petrenko & Oleshchuk, 2021) and economists (Koshova, Britchenko, &
Bezpartochnyi, 2022) devoted their research to the potential of Ukraine in the space
industry. However, they do not touch on the topic of techno-nationalism and its effect
on the Ukrainian space program. Therefore, the security challenges faced by Ukraine
under the conditions of Russian aggression determine the urgent need to study the role
of the scientific and technical factor in the national strategies of the countries of the
world.

The main aim of this article is to trace the evolution of the concept of techno-
nationalism in the conditions of the end of the Cold War and in the post-bipolar period.
Also, the aim of the article is to improve the understanding of the role of the space
factor in the formation of the problem of techno-nationalism in the scientific discourse.
The author tries to determine further research prospects in this direction.

Research Methods.

The research methodology is based on the principle of historicism, which made it
possible to provide an unbiased interpretation of the concept of techno-nationalism
through a critical understanding of the sources. In the article, we also used the problem-
chronological method to follow how the scientific awareness of the problem developed
at different historical stages.

The need to determine the impact of space policy on the formation of the problem
of techno-nationalism led to the use of an interdisciplinary approach. Thus, political
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and legal analysis helped to better understand the relationship and mutual influence of
security and commercial interests in the national technological strategies of states. The
work used approaches developed within the framework of the theory of international
relations, in particular, the concepts of "Cold War", post-bipolarity and unipolarity.

Where to look for sources of techno-nationalism?

The very concept of techno-nationalism is not something new today. On the
contrary, it is quite used both in scientific literature and in politics. And in a broad
sense, the desire of states to develop national technologies does not raise questions.
However, the process of formation of techno-nationalism itself and its simultaneous
theoretical understanding by scientists has its own historical stages and features.

This concept was introduced into scientific circulation in 1987 by Harvard
University professor and political activist R. Reich (Reich, 1987). He then applied this
definition to characterize American-Japanese economic relations and, in particular, the
problem of their competing values in these relations. When formulating his vision of
this phenomenon, R. Reich proceeded from the inverse concept of "techno-globalism™,
giving arguments that America was already, in the 1980s, turning towards techno-
nationalism precisely because of the realization of the impossibility of simultaneous
and balanced development of technologies in the USA and Japan and the growing
threats to American economic and political leadership (Reich, 1987).

It can be agreed that it was Japan's positive experience in combining the public
and private sectors in the development of new technologies that became the driving
force behind the paradigm shift in the US towards financing technologies for non-
military purposes. In the same 1987, the American government, together with the
private sector, founded the company "Sematech” (SEMATECH - SEmiconductor
MAnufacturing TECHnology), which became the first project in the history of the USA
financed by public-private efforts for the research and development of commercial
technologies (Yamada, 2000).

R. Reich himself gives a vivid example from the state of development of the space
industry. The researcher states that "most of the memory chips in the world, including
almost all the electronics required for the Star Wars program, were manufactured in
Japan at the time" (Reich, 1987, p. 65). Why does the author give this particular
example? After all, researchers today agree that the "Strategic Defense Initiative"” (the
official name of the program) was more of a political decision to involve the Soviet
Union in the pursuit of weapons than a real prospect. In the same 1987, the American
Physical Society (American Physical Society) concluded that if such a system were to
be created, it would not be in the coming decades (Bloembergen et al., 1987).

Obviously, R. Reich did not analyze the question of whether the creation of this
space initiative was possible and relied on the real state of affairs in the electronics
market. He cites this particular example, because space policy in the 1980s was a hotly
contested area in the Cold War, and therefore was one of the highest geostrategic tasks.
At the same time, R. Reich does not give a concrete definition of techno-nationalism
or techno-globalism. However, explaining techno-nationalism, he says that the main
features of this principle are "the national direction of the development of new
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technologies, the purpose of which is to preserve technological knowledge here"
(Reich, 1987, p. 66), that is, on the spot. In other words, the researcher talks about
limiting the leakage of technologies and knowledge that help these technologies
develop.

It is possibel to agree that the space chase was a kind of techno-nationalist policy
of the Cold War period. But if technological prowess was an indicator of power during
the Cold War, why did techno-nationalism not only retain its importance but also
intensify after it ended? But can techno-nationalism be reduced to state support of
commercial companies operating in the USA? Will techno-nationalism develop if the
same companies are involved in international cooperation? These and other questions
became even more acute in the late 1980s.

Space diplomacy in the conditions of the end of the Cold War.

One of the historical forms of techno-nationalism was the space pursuit of the
Cold War period. The technological systems of the leaders of this pursuit depended on
pendulum swings towards the cooling of international relations or their warming.
Periods of warming brought with them excellent results of technological cooperation:
the Apollo-Soyuz joint manned flight program, the international satellite search and
rescue system "Cospas-Sarsat". However, one can agree with D. Krige that
"technological leadership, which was the leitmotif of the US national strategy in the
postwar period, was embedded in the support network of "hard" power structures”
(Krige, 2016, p. 158). And therefore, the problem of non-proliferation of nuclear
weapons and space technologies, as dual-use technologies, was a key component of the
American strategy in technological policy.

However, the geopolitical and technological changes of the late 1980s and early
1990s required a serious reassessment of the goals and scope of export controls over
dual-use technologies. National security could no longer be considered only from a
military point of view. And military superiority was no longer sufficient to ensure
America's global dominance. Economic security and industrial competitiveness is
becoming a vital element of US technology policy (Daniels, Mario, & Krige, 2022,
p. 231).

One of the powerful changes that forced American politicians to reconsider the
system of export control and techno-diplomacy was the disaster of the space shuttle
"Challenger" in 1986, which completely suspended the American space program for
two years (Eisenhower, 2004, p. 34). The complete revision of the US space policy,
which followed this event, called into question the expediency of implementing one of
the most odious technological projects of the 20th century. reusable transport space
shuttles "Space-Shuttle". By the end of the 1980s, all funding and efforts were invested
in the shuttle program. And the fulfillment of obligations to launch payloads into space,
which was undertaken by NASA, had to be fulfilled. The solution could be to provide
support to the private sector. The creation of a targeted state policy on the development
of the commercial space launch industry began (Logsdon & Reed, 1999, p. 415).

If to analyze the presidential directives of the USA in the field of space from the
end of the 1980s until today (National Space Policy (NSP), 1988; NSP, 1989; NSP,
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1996; NSP, 2006; NSP, 2010; NSP, 2020) then it becomes obvious that the
commercialization was aimed at supporting, first of all, national American companies
in the field of space activities. Already in the goals of the 1989 space policy, the
following wording is indicative: "The United States will carry out international joint
space activities that are expected to provide sufficient scientific, political, economic,
or security benefits to the nation” (NSP, 1989). All subsequent directives have a similar
meaning and reiterate that the main goal is American leadership in space industry and
technology. In fact, the commercialization of space activities, which has become a key
element of the American space program since the late 1980s, contained techno-
nationalist elements. But securing the claimed technological leadership over the next
decade was not easy.

Techno-globalism and techno-nationalism — the search for a balance.

The need to construct a new system of international relations, Japan's ever-
increasing technological competition, and a severe crisis in the space industry are the
main problems faced by the administrations of G. H. W. Bush and B. Clinton. At the
same time, this is the period of the digital revolution and the emergence of the global
Internet network, which brought the use of technology to a new level.

The administration of B. Clinton began to actively push for the creation of a
comprehensive technological policy of the United States (Kyrychenko, 2011). In
Clinton-Gore's Technology Policy of 1992 (A Techn. Policy for America, 1992), it is
possible to see, at the same time, the desire to protect the American private sector from
excessive control in the field of technology, and to ensure national security with the
help of the same export controls. Proponents of techno-globalism in the US Congress
have targeted many government programs to promote the commercialization of new
technologies, "subject to the participation of foreign participants in these programs, as
well as the numerous export promotion programs that flow from these interventionist
impulses” (Tonelson, 1995, p. 31).

This has led researchers to argue that the rise of techno-nationalism during the
1980s was replaced by its decline during the 1990s. The diminishing role of military
procurement led American governments to encourage technological progress in more
direct ways. By closing their markets to imports, countries encouraged foreign firms to
open branches within their borders. Through a policy of buying nationals or supporting
only national firms, governments have listed firms by location and alliance (Ostry &
Nelson, 1995, p. 61). Therefore, it gave reason to consider techno-globalism as a policy
of internationalization of private technologies, and techno-nationalism as a
technological policy of the public sector with an orientation towards the predominance
of the national nature of technologies (Ostry & Nelson, 1995, p. 2—-10). Techno-
nationalism in this sense assumes that the initiative in directing technological progress
belongs not to the market, but to the government, which, at the same time, provides
support exclusively to national companies.

In this regard, US-Chinese relations in the space industry are indicative. Starting
with the "Agreement between the Government of the United States and the People's
Republic of China on cooperation in the field of science and technology" in 1979
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(China-US science and technology agreement, 1979), China received considerable
dividends from this cooperation (in the form of consultations and exchange of
experience). Already on January 23, 1989, China and the USA officially signed the
"Memorandum on the agreement on commercial launch services in international trade"
(China-US Agreements, 1989).

This allowed the United States to establish the rules of trade early on while it still
held the lead in the market for payload launch services. The deal also allowed American
satellite manufacturers to sell satellites to China in exchange for contracts to launch
them on Chinese launch vehicles. Despite protests from Western launch service
providers, the terms of the deal were recognized as the best approach to avoid market
destabilization by China and the expansion of the United States' markets (Reed, 1999,
pp. 165—-166). And although during the first half of the 1990s there were a number of
launches of American satellites by Chinese rockets, "from 1989 to 1993, China was
subjected to numerous sanctions regarding the export of satellites” (Reed, 1999,
p. 167). Each such launch went through a series of procedures of an individual nature,
which were considered separately in each specific case. Therefore, cooperation in the
market of launching payloads into space demonstrates the simultaneous functioning of
both techno-globalist and techno-nationalist elements.

Here it is worth noting that since the non-proliferation of nuclear weapons was an
important issue for American policy in the 1990s, the issue of exporting space
technologies was on the agenda. The interests of the powerful commercial satellite
industry were opposed by national security advocates concerned about the threat of
China's military modernization. But, as before, the latter argued that China's promotion
of civil space cooperation creates leverage for achieving the non-proliferation goals
sought by the United States (Zhang & Seely, 2019, p. 15-16). This is precisely the
dualism of the nature of techno-globalism and techno-nationalism. Finding a balance
between national security and economic benefits has always been and remains the main
strategic task of states. Depending on the international situation and the state of the
economy, technological systems respond to these circumstances by changing the
balance with the involvement of certain elements of techno-globalism and techno-
nationalism.

A shift towards techno-nationalism?

In the case of China, since the mid-1990s, techno-nationalist tendencies have
clearly begun to dominate. This was due to the fact that the US governments sought
cooperation in space primarily to achieve political goals. Techno-nationalism in this
light appears as a political tool for stimulating the development of technology and an
indicator of geostrategic power (Johnson-Freese, 2014).

In addition, in the mid-1990s, China experienced a series of fatal space launch
pad disasters (Zhang & Seely, 2019, p. 42). The investigation into the causes of the
failed rocket launches led to a review by the US government of the rules for the transfer
of sensitive technology and confidential information related to the launch of spacecraft.
As a conclusion, the "Cox Commission Report" asserted that "the PRC has stolen or
otherwise illegally obtained US missile and space technology that enhances the PRC's
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military and intelligence capabilities" (Report, 1999). Under these circumstances,
private American companies that were already integrated into the process of
development and use of space and involved in the transfer of space technology to China
suffered (Pooley, 1998).

The strengthening of export controls against China was intended to counter the
leakage of space technology through commercial international partnerships to ensure
the national security of the United States. As the US export control regime
strengthened, so did Asian technological nationalism.

However, tighter export controls from the United States were not the only reason
for China's techno-nationalist policy. This is rather an additional incentive. Which
pushed China during the 1990s — 2000s to develop its own information and
technological space, and later - its own space program. Its sources were China's
ambitions for regional leadership in Asia, and its real opportunities to achieve this
status. In the 1990s, China moved from an ally to a competitor of the US, primarily
due to rapid economic growth (Zhang & Seely, 2019).

At the same time, the 1990s was a period of extensive international cooperation
in the space industry. After all, almost all modern achievements in space technologies,
such as the ISS, the James Webb Space Telescope, etc., were created thanks to
international cooperation. It is also possible to observe the deepening of the
commercialization of space activities during the 1990s — 2000s (Zhuravliova, 2017).
This begs the question — can techno-nationalism as a government policy apply only to
selected international actors?

So, if to look more closely at the list of countries in these large international
projects, it is possibel to see that there is always cooperation with European countries
and almost never with Asian countries (the exception is Japan in the ISS project). Apart
from general bilateral agreements on cooperation in space (Embassy of India,
Washington DC, USA, 2005), the United States has a clearly protectionist technology
policy towards the East. Therefore, it can be argued that when issues of national
security prevail over pragmatism, which is undoubtedly the main motive that pushes
governments to cooperate in space, techno-nationalism relegates internationalism to
second place. J. Freese calls this phenomenon "leadership challenge” (Johnson-Freese,
2014, p. 12). That is, it is not about economic benefits, but political dividends from
space exploration. In the end, the national factor is decisive in technological space
policy as well.

However, in space activities, which contain many risks, not all countries can show
techno-nationalism. Because at a certain stage of the development of the space
program, cooperation with other countries is necessary. Those states that seek to
acquire new technologies will always insist on the exchange of experience.
Cooperation in the field of space technology was enjoyed at one time by Japan and
India, which became full members of the space club in 1970 and 1980, respectively
(Johnson-Freese, 2014). And although the efforts in the field of space exploration of
these countries are less outstanding than those of the USA and China, the very
belonging to this club has put them on the highest level in the system of world order.
And gradually they also began to move to the politics of techno-nationalism (Cheng,
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1994). In other words, the formation of techno-nationalism requires really challenging

conditions. In the process, the respective national states receive certain benefits.

Techno-nationalism can be defined as the idea that technological prowess is a
valid determinant of national power in a fiercely competitive world that shapes both
Chinese and American perceptions of China's space development. Then, "“such a
perspective elevates all space activities—manned, unmanned, military, and scientific
— to the strategic level" (Johnson-Freese & Erickson, 2006, p. 12). Thus, techno-
nationalism, and in the space sphere in particular, always includes an aspiration for
leadership. In addition, in the field of space activities, this level of leadership reaches
another level. After all, space exploration is, without exaggeration, the most risky
technological activity. Using space technology and being a space state are different
things.

Thus, after the collapse of the Soviet Union, Ukraine inherited almost a third of
its missile and space potential. "By 1992, the Ukrainian space industry produced more
than 10,000 ballistic launch vehicles, about 300 spacecraft and more than 400 artificial
satellites for military and civilian purposes" (Petrenko & Oleshchuk, 2021, p. 85). But
the erected political barriers between the republics of the former USSR with their
internal completely uncompetitive currency destroyed a complex system of economic
relations, which hit the space industry especially hard (Eisenhower, 2004). Having a
powerful potential in the field of development and use of outer space, Ukraine was
never able to turn into a strong space state. The reliance on cooperation with Russia in
space activities, the difficult economic situation and, at the same time, the high capital
intensity and long payback periods of the space industry (Koshova, Britchenko, &
Bezpartochnyi, 2022), did not create the conditions for this "leadership challenge™ for
Ukraine.

The American leadership in relations with the former Soviet republic was mainly
interested in the problem of non-proliferation. Through the implementation of the
"Nunn-Lugar" program, US President B. Clinton managed to take control of the
process of nuclear disarmament, including reducing the number of intercontinental
ballistic missiles. The Ukrainian side was also persuaded to terminate the contract with
Iran for the construction of a nuclear reactor in Bushehr. In the future, the USA never
compensated the Kharkiv plant for the damages caused as a result of this refusal
(Zaborsky, 1999). Already in 1995, Russia agreed with Iran to complete the
construction of this reactor in Iran. Therefore, at the beginning of the 1990s, the USA
was interested in Ukraine not so much in the possibility of using the potential of space
technology of the Ukrainian SSR, but rather in the presence of a significant arsenal of
nuclear weapons on Ukrainian lands (Zhuravliova, 2016a, pp. 64—65).

The administration of B. Clinton was guided by the same goal of deterrence when
initiating the joint American-Russian project "Shuttle-Mir" in the mid-1990s
(Stewart & Dittmer, 2023). The many tools of techno-diplomacy that were created
during the Cold War to counter the Soviet threat have been reimagined and
strengthened to meet the new challenges of the proliferation of ballistic missiles and
nuclear weapons among rogue states in this club, as well as the emergence of China as
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a technological rival, an economic competitor and a military threat (Krige, 2020,
p. 115).

Therefore, the exceptional position in the international arena of the countries that
are part of the space club really has its advantages. Membership in this club directly
affects the international status of the state. And technological progress is the key to
national well-being. States' perceptions of power and the means of achieving it are
shaped by international norms and conventions, as well as by specific national features,
goals, and internal needs. The domestic policy of the state modifies these ideas and
turns them into real preferences, priorities and programs that correspond to the
principles of techno-nationalism. Therefore, the very structure of national-state clubs
makes it possible to integrate international factors and domestic political discourse into
one structure (Paikowsky, 2017).

Therefore, international relations in the space industry are based on international
interaction. The starting point of this interaction is the national interests of
governments, for the benefit of which, wherever possible, international cooperation is
involved. To talk about the weakening of techno-nationalism during the 1990s based
on the development of research and industrial cooperation (Mothe & Dufour, 1995,
p. 228-229) means to ignore geopolitical factors. Therefore, the differentiation of
actors in relation to which the levers of techno-globalism or techno-nationalism act are
really necessary for state policy.

Scientific ideas about the dichotomy of techno-globalism - techno-
nationalism.

Simultaneously with the process of changes in the technological policies of the
states in the 1990s, the theoretical understanding of these categories in the scientific
environment is taking place.

L. Cheng, from the beginning, emphasizes that techno-nationalism and techno-
globalism are two different approaches to determining the role of technology in the
formation of international relations and the key factors that influence these relations.
In addition, the phenomenon of techno-nationalism is specific to East Asia and tends
to strengthen there (Cheng, 1994). In his opinion, "techno-nationalism focuses
attention on the competitiveness of national states as a result of scientific and
technological development. Technological power is seen, in this approach, as one of
the determinants of the growth or decline of state power" (Cheng, 1994, p. 2).

In general, by 2000, although there was no single accepted definition of this
concept, the concept of techno-nationalism had already crystallized among Japanese
researchers. By which they understood the state policy whose main goal is to increase
the competitiveness of national technologies through financial support, export-import
policy, public procurement system and so on (Yamada, 2000). In addition, A. Yamada
points to the transformation of "pure” techno-nationalism, where support is provided
only to national technology companies. By involving foreign organizations, in one way
or another, in the creation and distribution of new technologies, the state does so on
certain conditions for these partners. This tendency to mix national and international
can be labeled as neo-techno-nationalism (Yamada, 2000).
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Thus, a dichotomous view of the globalization choice (either free trade or
protectionism) significantly primitives the understanding of techno-globalism and
techno-nationalism. Like any large-scale trend with far-reaching and profound
consequences, globalization is very complex. This term describes an unfathomable
number of relationships and arrangements that are inevitably subject to strategic,
political, social and cultural — as well as purely economic — influences (Tonelson,
1997). A closer economic analysis shows that techno-globalism can develop to
different extents and at different speeds (Archibugi & Michie, 1997, p. 124-126).

Applying the economic and political taxonomy to these categories in the late
1990s, the Italian economist S. Montresor structured the components of the global and
local levels of development of innovation systems. "Based on the fact that the
globalization process causes tension between national, supranational and subnational
forces, he distinguishes the following dimensions of techno-globalization: techno-
territoriality, techno-sovereignty, techno-citizenship, techno-nationality” (Montresor,
1998, p.21) . Each of these four components contains both global and national
specificities to varying degrees. At the same time, the first three points actually
acquired a global specification, but without the complete loss of national or even more
local characteristics. Regarding techno-nationality, since a certain commonality of
language and culture within a country, as well as its historically shaped institutional
environment, contribute to different technological styles and outcomes, techno-
national systems of innovation thus still retain an important meaning (Montresor, 1998,
p. 1).

In further developments, S. Montresor points out that the globalization process
encompasses complex technological systems, the components of which are affected by
the process itself in different ways. Therefore, it is difficult to establish a certain general
balance between techno-nationalism and techno-globalism (Montresor, 2001, p. 400).
The researcher emphasizes that although the term "techno-nationality” is very similar
to "techno-nationalism”, it is used in a more specific sense — to indicate the
technological relevance of socio-cultural elements, which are usually national, but also
sub-national. That is, "the main question is whether common nationality or other
similar, less formal elements of cohesion between innovative agents (for example,
common knowledge, culture and ideology) retain a certain role in the formation of
technological change?" (Montresor, 2001, p. 407).

Such a multi-level system actually allows for a better understanding of the co-
existence of techno-globalism and techno-nationalism and how they relate to each
other. Isolating different components of technological systems can provide more
accurate conclusions about global processes and their consequences for national
economies.

During the 2000s, a deep understanding of techno-nationalism in historical
retrospect takes place. Thus, known for his research in the history of science,
technology and medicine, the British historian D. Edgerton in 2007 made an attempt
to define "techno-nationalism and techno-globalism as two opposite approaches,
ideologies, to the study of technology and society in their relationship “connection”
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(Edgerton, 2007, p. 1). That is, he saw these concepts from a research point of view,
and not as some specific national policy.

Taking the nation as the starting unit of analysis in the study of technology,
techno-nationalists, at the same time, resort to an innovation-centric understanding in
the study of national histories of technology, just like techno-globalists. This would
mean that there should be a direct connection between national innovations and the
economic progress of a particular country. However, D. Edgerton convincingly proves
that the connection between innovations and the use of technology is far from direct,
and national innovations were not the main source of the development of national
technology (Edgerton, 2007). That is, the main thesis that the development of
technologies had a direct impact on the economic and social well-being of nations does
not look so convincing. And therefore, the academic understanding of the categories
of techno-nationalism and techno-globalism is incomplete, just like the understanding
of its historical forms.

A new technological pursuit.

The beginning of the 2000s again brings new challenges for the global world, and
for American-Chinese relations, in particular. The terrorist acts of September 11, 2001
powerfully updated the security tools of the US foreign policy. In 2003, another tragedy
occurred — the disaster of the shuttle "Columbia” (Zhang & Seely, 2019, p. 28). In the
same year, the People's Republic of China made its first human flight into space. China
becomes the third country in the world with its own manned cosmonautics, which
effectively includes it in the elite status of the “chosen among the chosen" in the space
club. This further pushes the US government to strengthen the system of export
regulation in the field of space technologies (Zhuravliova, 2016b).

A modern researcher of international economic relations A. Capri insists that the
reason for the escalation of the new technological cold war between the USA and China
should be sought in the further development of techno-nationalism. By which the
researcher understands "a model of behavior similar to mercantilism that directly links
technological innovation and entrepreneurship to national security, economic
prosperity and social stability of the nation"” (Capri, 2020b, p. 5).

So, let’s return again to the "challenge of leadership" as one of the important
components of techno-nationalism. It manifests itself most obviously in the space
industry. After all, a leader can be clearly defined by the specific achievements of states
or private companies. And, naturally, from a geopolitical point of view, the main task
of this leader is to preserve his status. And those states that claim world, or at least
regional, leadership will always proceed from pragmatism.

The concept of techno-diplomacy does not exclude this factor in interstate
relations. However, techno-diplomacy does not limit the place of technology in
interstate relations only to the number of weapons and does not draw a sharp line
between intangible "knowledge" and material “technology" (Krige, 2020, p. 102). In
this context, technological knowledge acts as a component of techno-diplomacy and
techno-nationalism. It all depends on how to use them. They can be used selectively to
form or restrain the technological potential of another state.
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However, controlling knowledge in a global world is a very difficult task for
governments. Strict restrictions on the space industry not only did not lead to the
desired effect for the United States, but on the contrary, worsened the position of
American business in this high-tech industry. Since 2005, European aerospace
companies have begun to actively reject American-made parts for satellite
technologies. They began to build a whole market for "ITAR-free technologies” (for
U.S. International Traffic in Arms Regulations (ITAR)) (Abbey & Lane, 2009, pp. 4—
5). That is, those that would not fall under the restrictions of the International Arms
Trade Regulations, which determine the conditions for the export and temporary import
of defense products and services over which the jurisdiction of the US State
Department extends.

Naturally, the US policy of prohibiting China from launching satellites with
American components forced China to seek customers among second-tier operators in
Asia, Africa, and South America (Abbey & Lane, 2009, p. 5). As a result, by 2008
China had become the world's second largest economy, and China-USA strategic
competition between China and the USA was growing. In 2008, the administration of
G. Bush Jr. vetoed NASA's proposal to develop space cooperation with China
(Zhang & Seely, 2019, p. 29). Thus, the American government views national politics
as a confrontation between the United States (and its allies) on the one hand, and China
and russia on the other. The national space policy aims to separate competitors and
reduce their role in the development of outer space (Petrenko & Oleshchuk, 2021).

Another aspect of this policy is to encourage the commercialization of space
activities. The growing role of non-governmental actors in key state space programs
also introduces new structural elements both to the system of international relations
and to techno-nationalism as part of these relations. First, as the USA-China
technological rivalry intensifies, the largest technology firms will increasingly engage
in techno-nationalism. Second, new tensions will emerge between these public and
private actors. This tension will emerge from the opposing narratives between market-
oriented preferences on the one hand and aggressive state activism on the other (Capri,
2020Db, p. 20). And therefore, techno-nationalism includes rivalry not only at the level
of national economies, but also between governmental and non-governmental
participants in relations in the field of development and use of technology. Therefore,
the technological pursuit really leads to the formation of what S. Montresor called
techno-nationality (Montresor, 2001).

Latest research and promising directions.

Such complexity of techno-globalism and techno-nationalism continues to
generate lively discussions in the scientific discourse regarding the relationship of
various elements of these phenomena, their essence and impact on the political and
socio-economic life of mankind.

However, to reduce techno-nationalism only to political or economic benefits,
from a historical point of view, means to narrow this phenomenon to domestic political
and geopolitical tools. In particular, the Peruvian researcher P. Gayozo focuses on the
ideological aspect. Comparing techno-nationalism with digital nationalism, the author
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of the article concludes that "techno-nationalism is a type of digital nationalism that
necessarily derives from ideological nationalism that is adapted to the fourth industrial
revolution" (Gayozzo, 2022, p. 215-216). Thus, for P. Gayoso, techno-nationalism is
one of the types of classical nationalism. "Both digital nationalism and techno-
nationalism are directly related, not only because they are modern forms of
nationalism, but also because they require information technology advances to exist"
(Gayozzo, 2022, p. 214). Thus, techno-nationalism is a complex phenomenon that is
not limited solely to the superiority or geopolitical influence of one country over others
through technology companies (political techno-nationalism). "Techno-nationalism is
the construction, defense, and promotion of a nation in cyberspace based on arbitrary
values and criteria deemed typical of the nation that develops them" (Gayozzo, 2022,
p. 217).

Therefore, P. Gayozo does not agree with J. Freeze's point of view on techno-
nationalism as a geopolitical project opposed to techno-globalism. He believes that
“techno-nationalism is a digital nationalism that seeks to: 1) extend national identity to
the virtual world to build a digital identity; 2) extension of state sovereignty to the
digital sphere and its protection through the implementation of the technological
territorialization project; 3) protection of culture and interaction of citizens on the
Internet. At the same time, digital identity refers to the state's presence in cyberspace.
That is, what are the limits of its autonomy, how much it can control national resources
and how its digital platforms help in nation-building" (Gayozzo, 2022, p. 219).

Thus, based on the point of view of this researcher, techno-nationalism is the
result of the adaptation of classical nationalism to the fourth industrial revolution. But
the concept of the fourth industrial revolution was formed only in the 2010s
(Philbeck & Davis, 2019). Iti is possibel to note that tying this concept to the fourth
industrial revolution significantly narrows its content, especially in historical
retrospect.

Regarding the issue of digital nationalism, it is possible to agree with researchers
from the United Kingdom S. Miguel and S. Martinez that the current wave of
nationalism is not new. After all, "nationalism in its banal form never disappeared from
communication, but was simply "updated” to meet the specific possibilities of the
digital communication environment" (Mihelj & Jiménez-Martinez, 2020, p. 332).

The modern understanding of techno-nationalism, as a certain concept, is
increasingly moving in the direction of understanding the nature of the connections
between state national interests and the private sector's desire to increase profits. In a
review article on techno-nationalism, the Japanese researcher E. Park points out the
need to include business interests in the strategic additions of the state as a critical
criterion of techno-nationalism. In addition, techno-nationalism is a narrowly defined
concept that includes state actors dealing with national security issues and high-tech
business actors (Park, 2022). Therefore, the integration of business interests into the
strategic agenda of the state really becomes a component of the techno-nationalist
policy of today. This is how scientists are developing the concept of “democratization
of space." Which, according to them, presupposes "that commercial interests play a
leading role, or at least that the resources of governments and commercial enterprises
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must be combined to improve efficiency in this field" (Koshova, Britchenko, &
Bezpartochnyi, 2022, p. 94).

There is also a tendency to consider techno-nationalism as a geopolitical strategy.
A. Capri claims that the rapid spread of Beijing's techno-authoritarian model caused
countermeasures from liberalized world markets and democracies (Capri, 2021). That
is, techno-nationalism continues to be understood as the technological policy of states
with the aim of maintaining or aspiring to leadership on the international arena and
world market. As a result, the phenomenon of “techno-authoritarianism” is emerging
— “in which the state relies on heavy technology, digital platforms and data from
Chinese technology companies to censor, monitor and control citizens” (Capri, 2020a,
p. 13).

However, the dynamics of global competition for technological superiority and
high interdependence with the global production complex have changed the mode of
promotion and the nature of techno-nationalism. As states grapple with escalating high-
tech pursuits, they are increasingly using their high-tech capabilities for geopolitical
purposes, attracting domestic high-tech firms. Thus, the contemporary paradigm of
techno-nationalism argues that state power is derived from domestic market power in
high technology, using potential technological asymmetry to advance state power in
international politics (Park, 2023, p. 8).

Thus, the future potential of techno-nationalism research is: firstly, in the need to
use an interdisciplinary approach to develop a historical taxonomy of techno-
diplomacy and clarify the sources of Chinese techno-authoritarianism; secondly, in the
need to use new methodological methods of studying history, which are currently being
developed by the world community. Thus, in the latest magazine "New Technical and
Humanities", the American historian J. Owens tries to answer the question "what is
important today in the study of world history, how to identify places where knowledge
is produced and transmitted, how to emphasize the importance of narratives as answers
to interpretative challenges" (Owens, 2023, p. 6) He proposes to apply a new
methodology to the study of global history through its visualization on a complex
landscape model. The researcher believes that this visual metaphor will significantly
improve researchers' understanding of the processes most important for world history
(Owens, 2023, p. 13).

For Ukraine, the study of the historical forms of functioning of the International
Traffic in Arms Regulations (ITAR) remains particularly relevant. As space
technologies and artificial intelligence become increasingly involved in post-cold war
conflicts, it is worth deepening the understanding of the historical retrospective of these
phenomena.

Conclusions.

Today, there is no single understanding of the concept of techno-nationalism, just
like techno-globalism. The idea of techno-nationalism had its historical stages, which
was connected with the very technological changes and transformations of the system
of international relations.
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The formation of the problem of techno-nationalism initially took place in the
context of the American-Japanese competition in the technological sphere during the
1980s. In the conditions of the post-industrial society and the end of the Cold War,
technical innovation became the equivalent of national power in the global world.
Therefore, the understanding of the phenomenon of techno-nationalism began with the
opposition to techno-globalism. This dichotomy arose from the understanding that the
balance between international cooperation and national interests will always tip one
way or the other. Therefore, techno-nationalism is in circulation as a protectionist
model of the state's behavior to ensure its geopolitical interests by increasing the
competitiveness of national technologies.

In the conditions of the construction of a new system of international relations,
space policy became an indicator of leadership and the main component of techno-
diplomacy in the early 1990s. At the same time, the need to form a comprehensive
technological policy of the United States, which remained the undisputed leader in
space exploration at the time, led to a reassessment of the goals and the scope of export
control over dual-use technologies. Attempts by American administrations to improve
the functioning of the system of export control of knowledge and the latest technologies
have become a key tool for finding a balance between national security priorities and
global economic and political benefits.

However, this balance could not be found. This is evidenced by the strengthening
of techno-nationalist elements in the space policy of both the United States itself and
the formation of Asian technological nationalism since the mid-1990s. Despite the
comprehensive support of the United States for the commercialization of space
activities, American business in this risky area has not received the desired freedom of
action. on international markets. Thus, where the political dividends outweigh the
economic benefits, national governments will always adhere to protectionism.

At the same time, there was a theoretical understanding of the concept of techno-
globalism and techno-nationalism among the scientific community. Applying an
interdisciplinary approach to this problem, it can be argued that the dichotomous view
of techno-globalism and techno-nationalism reduced the understanding of these
concepts to components of the global and local levels of development of innovation
systems. Both of these approaches are characterized by an innovation-centric
orientation. But if for techno-nationalists, the nation acts as the initial unit of analysis
in the study of technology. Techno-globalists focus on the study of world economic
and political systems.

The application of economic and political taxonomy to these categories indicates
that the components of technological systems (techno-territoriality, techno-
sovereignty, techno-citizenship, techno-nationality) are affected by the process of
globalization to varying degrees. And therefore, techno-globalism and techno-
nationalism can develop at different speeds in each of them. Techno-nationalism will
develop faster in those areas where geopolitical interests exceed the benefits of
international cooperation.

An analysis of US space policy and its relationship with China in the 2000s
demonstrates that globalization has increased the importance of national technological
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aspects. Technologies as an indicator of geostrategic power form a leadership
challenge, which undoubtedly becomes an incentive to strengthen techno-nationalism.
This gives reason to talk about the beginning of a new technological race between the
USA and China.

At the same time, technological advances in space activities create competition,
both among participants in international relations and among private actors. In these
conditions, techno-nationalism involves rivalry not only at the level of national
economies, but also between governmental and non-governmental actors. Because
between them there will always be a conflict between national security and profit.

The author of the article herself came to the conclusion that techno-nationalism is
1) a state policy of creating a nationally oriented technological market in order to
ensure national interests, where the technological power of individual nations is a
guarantee of their geostrategic power; 2) a scientific approach to understanding the
relationship between technology development and society, where national factors play
a key role; 3) an ideology that determines that states strive to establish a connection
between national and digital identity and, in the process, technological sovereignty is
formed.

Recent studies show that the view of techno-nationalism as a geopolitical strategy
Is complemented by an ideological component. These scholarly pursuits link techno-
nationalism to digital nationalism and digital identity. Being components of techno-
nationalism, these two concepts reflect that part of the activity of the state and private
actors that ensures the maintenance of national identity through digital technologies. It
Is these components of techno-nationalism that require further study to clarify the
sources of Chinese techno-authoritarianism and how they relate to techno-diplomacy.
The methodology of research in this field also requires significant refinement through
the use of new technological methodologies, such as computational methods, data
visualization.
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JIroamuaa KypasiboBa
VYkpaiHChKUl Jiep>KaBHUM yHIBepcUTeT iMeHl Muxaiina /IparomanoBa, Ykpaina

EBouronist TexnHo-HanoHaaizmy: Pojib KOCMiYHOI0 YMHHHKA

Anomauis. Texnonoeiuni sminu ocmannix womupvox oecsimunime (1980-mi — 2020-
mi pp.) CHOHYKAIOMb HAYKOBYIE DI3HUX 2aJly3eli OYIHIO8AmU 611U MeXHOJI02il Ha
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mpaucgopmayiro cucmemu MidfCHAPOOHUX BIOHOCUH MA HAYIOHAILHUX CMpamecill
Oeporcas. 30Kkpema 20108HA Yeaza 0a2amvox O0O0CHIONCEHb NPUCEAYEHA CUCEeMI
BIOHOCUH MIXMC KpaiHamu 3 KOHQIIKMHUMU MeXHONIo2iuHuMU inmepecamu. Tomy y
npeocmaesieHitt. cmammi MU 30CepeoNCyEMOCs HA MeopemuyHoMy OCMUCTEHH]
esoIIoYii KoHyenyii mexHo-Hayionanizmy. Pozenad mexno-nayionaniamy uepes npusmy
KOCMIYHOI NONIMUKY, 30KpeMd aMEPUKAHO-KUMAUCHLKUX BIOHOCUH, € OOYINbHUM 3
MOYKU 30PY BUSHAUEHHS DeNe8aHMHOCMI OMPUMAHUX Pe3yTbmamis 00CAi0HCeHHs. 3
02180y HA ye Memooo02is O0CNIOHCeHHs T NOoOYO08AHA HA MINCOUCYUNTIHADHOMY
niOX00i, AKUU 0A8 MOJNCTUGICIb NONAHYMU HA NpOoOIeMy yepe3 NepCneKmugy
ICMOPUYHOI, eKOHOMIYHOI, NOAIMUYHOI HAVK Ma Meopii MIdHCHAPOOHUX BIOHOCUH.
Ananiz nyonixayiti 3 yb020 NUMAHHA NOKA3VE WO PO3BUMOK MEXHO-HAYIOHANIZMY
8i00Y6a6Cs Y OUXOMOMIYHOMY 38 S3KY I3 mexXHo-2100anizmom. B ymosax 3aeepuienns
XONOOHOI  BiliHU ~ MEXHO-HAYIOHANI3SM  BUKOPUCMOBY8ABCA — Ol NO3HAYEHHS
NPOMEKYIOHICMCbKOI NOJIMUKU 0epIHCas, SIKA NPOMUCMABIANLACA BLIbHOMY OOMIHY
mexnonoziu. Kocmiuni mexnonoeii, SKi € NOKA3HUKOM Jlidepcmea U Maroms noogilte
NPUBHAYEHHA  CMAIU  BAMNCTUBUM  EEMEHMOM  MIHCOEPHCABHUX —~ 3HOCUH Y
nocmoOIinosApHy enoxy. 3minu y yiu cucmemi npuzgenu 0o cnpodou CnoyueHumu
LImamamu 36anauncysamu inmepecu HAyioHAIbHOI Oe3neku ma KOMepYiuHUX 8U200
810 euxopucmanHs xocmocy. OOHaue yi HamacauHs Npuzeeru 00 NOOANLULO2O
NOCUNIEHHSL PEeXNCUM) eKCHOPMHO20 KOHmpoato 3 Opyeoi nonosunu 1990-x pp.
llepesasicno yi obmedcenHs TPYHMYBANUCA HA 3AHENOKOEHHI 3 NPUB0dy nepeoavi
KocMmiuHux mexnonoz2iu Kumaro, axuii 0emoncmpyeaes 03Haxu 8iticbKO80I MOOepHi3ayii.
Taxum yunom sukaux aioepcmea, saxuti nocmas neped CILIA ma Kumaem y xocmiunii
2anysi, NPoo0BICUE 3MIYHIOBAMU MEXHO-HAYIOHATICMUYHI eJleMeHmMU IHHOBAYILIHUX
cucmem npomseom 2000-x u 2010-x pp. Cnuparouuce Ha noaaiiou O0O0CHIONCEHUX
HAYKOBYi6, aemop cmammi HA0A€ 61ACHe BUSHAYEHHS MEXHO-HAYIOHANI3MY, SK
0epIHCABHOI NONIMUKU, HAYKOB020 NIOX00Y Ma i0e0.102ii 0e K108y po.ib 8i0icparoms
HayioHanvHi YuHHUKU. Pe3ynbmamu Oocniodcenus nokazanu wo KOMHOHEHMU
MEXHONO2TYHUX CUCIeM MOJICYMb Oymu PIi3HOK MIpO 3a4enjieHi Npoyecom
anoodanizayii. A omowce mexno-eno0anizm U MexXHO-HAYIOHANIZM € CKIAO0SUMU YUX
cucmem i 0eMOHCMPYIONb 83AEMO3ANEHCHICMb. Y yboMy c8imini nooanbuioi po3pooKu
nompebyroms maxi Kkamezopii, sIK Yu@posuil HaAyioHaizm, Yu@dpoea i0eHmuyHicme,
MexXHO-a8mMoOPUMAPUSM.

Knwuosi cnosea: mexno-nayionanizm, mexnHo-2100anizm, KOCMIYHA NOAIMUKA,
AMEPUKAHO-KUMAUCLKI  8IOHOCUHU, HAYKOBA OUNJIOMAMIs, MEXHO-OUNIOMAMIA,
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Developmental review of metal additive manufacturing processes

Abstract. This work is devoted to the study of the progress in various areas of
additive manufacturing technology usage - from the first theories of layer-by-layer
manufacturing to modern additive manufacturing technologies. Additive
manufacturing technologies are some of the most rapidly developing sectors of
manufacturing, maintaining significant interest of the scientific community due to the
their represent of both an alternative manufacturing method for existing structures, as
well as opening up opportunities for the development of new structures with structural
complexity unattainable for traditional technologies. During historical review of the
development and implementation of various technological processes in additive
manufacturing for metals, a gap in compiling a comprehensive picture of the general
development of additive manufacturing technologies in metallurgy was discovered.
For a better understanding and systematization of knowledge about additive
manufacturing, on top of answering a number of common questions about these
technologies, an analysis of publicly known knowledge about their historical
applications in the leading countries of the world was conducted. A number of additive
manufacturing technologies were considered, such as Wire-Arc Additive
Manufacturing, Selective Laser Sintering, Selective Laser Melting, Electron Beam
Melting, and Laser-Engineered Net Shaping. The study focused on the developments
carried out by various countries of the world in the 20th and 21st centuries by scientists
from such countries as the USA, the United Kingdom, France, Germany, Japan,
Canada, the USSR and others. The main documents for the initial research efforts for
each family of additive manufacturing processes and various applications of these
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technologies - from topography and stereolithography to modern medicine with the
aerospace industry — were reviewed; their main findings, breakthroughs and
challenges were discussed. An analysis and classification of previous studies that focus
on the development of various technological processes and their implementation was
carried out. As a result of the analysis, a systematized approach to the creation of a
comprehensive scheme for the development of additive technologies related to the
development of technologies in various directions was proposed.
Keywords: additive technologies; history; classification; 3D-printing; selective
laser melting; metal products

Introduction.

What is additive manufacturing?

Additive manufacturing is a type of production technology in which a three-
dimensional object is created by applying (printing, growing) successive layers of
material according to the data of a digital model. Printing in additive manufacturing is
carried out by a specialized device that ensures the creation of a physical object by
sequentially layering material on the basis of a virtual 3D model. Because of this,
additive manufacturing (AM) is often referred to as 3D-printing. Additive
manufacturing technologies have found their place in the development of many
industries and various spheres of life. They are widely used in medicine (Izonin,
Tkachenko, Gregus, Duriagina, & Shakhovska, 2022; Kim, K.-B., Kim, J.-H.,
Kim, W.-C., Kim, H.-Y., & Kim, J.-H., 2013; Murr et al., 2012; SLM Solutions, 2023),
aircraft and rocket engineering (NASA, 2017; Soller et al., 2016), for the manufacture
and repair of gas turbine industry parts (Zielinski, 2021), etc. (Shelyagin et al., 2005;
Haskin, Bernatskyi, Siora, & Nikulin, 2011; Shelyagin et al., 2021; Fatoba & Jen, 2023;
Schlett, 2023).

Additive manufacturing is one of the most rapidly developing directions of
scientific development, maintaining a significant interest of the scientific community,
while offering an alternative way of manufacturing for existing structures, and also
allowing for creation of new structures with a complexity unattainable using traditional
technologies. There are many types of additive manufacturing, but most methods
related to metalworking use lasers as a working tool (Yuan, Ding, & Wen, 2019; Dultta,
Babu, & Jared, 2019). An example of products manufactured using these technologies
are the injectors of spacecraft engines (NASA, 2017), shown in Fig. 1.

Modern reviews focus on the differences between different technologies of
additive manufacturing (Moeinfar, Khodabakhshi, Kashani-bozorg, Mohammadi, &
Gerlich, 2022) or review the history of the development of these technologies on a
comparatively surface level, focusing on specifics (Yuan et al., 2019; Pelz, Ku,
Meyers, & Vargas-Gonzalez, 2021). At the moment, practically no works that focus
on the task of creation of a complete additive manufacturing development picture for
metals.
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Nevertheless, by reviewing the history of the development and implementation of
various technological processes of additive manufacturing for metals, a general picture
of the most important achievements in the development of metal additive
manufacturing technologies can be attained. Such an analysis allows us to better define
various methods of interaction between scientific progress and the integration of new
technological achievements into industry.

‘‘‘‘‘

5
o G

Fluré 1. éT_S éystem ‘e'ng.ine injector (NASA, 2017).

The purpose of this study is the search into the various principles of the interaction
of scientific progress and its integration into industry over time through an in-depth
analysis of the development and implementation of various technological processes of
additive manufacturing for metals in the world. This analysis will be divided into
several categories, each of which will focus on the chronology of the development of
a certain technological process of additive manufacturing in industry.

However, it must be emphasized that there are many different forms of additive
technologies, so, this article will focus on the most common ones.

The problem of terminology and classification in additive manufacturing.

Before beginning the developmental review of additive manufacturing
technologies, it is necessary to answer the question of their terminology and
classification. Often, additive technologies are called 3D printing" (used mainly in the
post-Soviet space) and "Rapid Prototyping™ (Yuan et al., 2019; Moeinfar et al., 2022;
Karayel & Bozkurt, 2020). The name "3D printing" is usually applied to additive
manufacturing processes related to the layer-by-layer production of parts using
polymer wires, its extension to additive manufacturing in general is incorrect, because
there are additive manufacturing processes that are technically radically different
(Masiuchok et al., 2022). "Rapid Prototyping™ is a rather outdated name that was used
for all processes of additive manufacturing in the 1980s and 1990s, however, nowadays
this naming has shifted towards the industrial process of manufacturing a mock-up or
test sample of a part using additive technologies.

However, it should be noted that different authors have radically different
classifications of these technologies. Standardization and classification of these
technologies is one of the issues of the development of additive manufacturing that
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have not yet been resolved due to different views on these technologies. For example,
a review of additive manufacturing technologies by Yuan, Ding, and Wen separately
identified three groups of additive manufacturing technologies for metals, such as
(Yuan et al., 2019):

ePowder bed fusion (L-PBF), consisting of Selective laser sintering (SLS),
Selective laser melting (SLM) and Electron beam melting (EBM),

eDirect energy deposition (DED), Laser engineered net shaping (LENS) Ta Direct
metal deposition (DMD),

e|l_aminated object manufacturing (LOM).

In this study, the dividing line was drawn according to the form of the metal used:
L-PBF uses metal powders, the DED group uses metal wires, and the LOM technology
uses thin plates.

A review by Moeinfar et al. brings these technologies under one term
LAM/LMAM — Laser (Metal) Additive Manufacturing — Laser additive manufacturing
(of metals). (Moeinfar et al., 2022; Zhang et al., 2022).) This classification was
expanded in other works, for example, Karayel and Bozkurt divide LMAM into LAM
and WAAM (Wire-Arc Additive Manufacturing) (Karayel & Bozkurt, 2020).
However, it should be noted that this terminology is not universal, since most articles,
such as the article by Singh and others use the names of individual technologies (L-
PBF, SLS, SLM, etc.) (Singh et al., 2020).

The first technological steps towards the creation of additive technologies.

The roots of additive technologies can be found in the development of multiple
areas of industry, such as topography and photosculpture. Back in 1892, Blanther
proposed a layer-by-layer method of creating topographic relief maps, being the first
application of a layered manufacturing methodic for creation of complex shapes
(Blanther, 1892). The first application of technologies that would later become known
as additive manufacturing in metals dates back to 1920, when the American inventor
Baker used the process of electric arc welding with a metal electrode to form thin-
walled structures and decorative products (Dutta et al., 2019)

The first research, focused on describing the single-beam laser approach to
additive technologies was the work of the Japanese scientist Hideo Kodama of the
Nagoya Municipal Industrial Research Institute. His patent was accepted for
consideration in May 1980, but the application did not pass due to lack of funds. In
October of that year, Kodama published an article, detailing the construction of such a
system. The experiments were carried out with the help of ultrasound rays and
photosensitive resin. Said article also described the usage of a coordinate table and an
optical fiber for the delivery of ultrasound beams. The technology was described in
more detail in the following work, in which the three main technologies used in modern
stereolithography were described and derived (Kodama, 1981).
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Overall, Kodama's work is considered the first additive manufacturing technology
to be used on a large scale. These technologies later found use in the SOUP 530, 600,
and 850 brand machines manufactured by CMET.
The next important stepping stone in the development of additive manufacturing
Is considered to be the work of Sachs, Cima, and Cornie (1990). This work is important
for its representation of the first successful experiment in the use of additive
manufacturing using non-polymeric materials.

Development of individual additive manufacturing technologies.

Wire Arc Additive Manufacturing (WAAM, L-WAAM) is a technology that
consists in applying material supplied in the form of a fusible metal wire (Kvasnytskyi
et al., 2020; Zavdoveev et al., 2022; Schwab, Selin, & Voron, 2023). This technology
allows you to apply up to 10m/min material in one pass with a material application rate
of 1-3 kg/h using laser radiation with a power of up to 5 kW. The size of the working
part during usage of this technology is limited only by the technological limitations of
the equipment (Fig. 2).

Torch

New layer

\ Molten pool .

Component_

Substr/ate

Figure 2. WAAM process scheme (Rodrigues, Duarte, Miranda, Santos, & Oliveira,
2019).

The main features of this technology include its relative simplicity and the
possibility of various energy source usage (Zavdoveev et al., 2023). However, when
using this technology, it is necessary to control the structure of the obtained material,
as well as take into account the relatively low accuracy of the deposited part and the
quality of its surface without additional processing (Liu, Xu, Ge, Hou, & Chen, 2020).

This technology was developed in 1920 by Baker, who filed a patent for the
formation of a "superposed deposit of metal” using spiral manipulation of a fusible
electrode to create ornaments on various surfaces (Baker, 1920). Subsequently,
Shockey in 1930 described the use of cladding, in which a roll with recommended
overlap of one-third of the previously applied pass was applied to successive passes,
producing the best results (Shockey, 1930). Later, Ujiie demonstrated a technique for
forming a high-pressure vessel of circular cross-section solely by gradual deposition of
weld metal (Ujiie, 1971).

Currently, this technology is used in a variety of applications, such as the
manufacture of turbine (Fig. 3) and generator parts (Zielinski, 2021), as well as for the
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manufacture of various aerospace industry parts, such as the nozzles of spacecraft
engines shown in Fig. 4 (Optics.org, 2018).

Figure 4. NASA-produced nozzle blank (Optics.org, 2018).

Selective Laser Sintering (SLS) is an additive manufacturing process, used for the
manufacture of products of complex shapes and structures from powder materials, as
well as optional polymer applications (Trajkovic et al., 2023).). This process consists
of successive layer-by-layer sintering (or partial melting) of the powder material using
laser radiation (Fig. 5). This technology allows for application of metal, plastic or
ceramic layers with a 40—150 microns thickness utilizing a laser beam with a diameter
of up to 300 microns and a power of up to 10 kW. A feature of this technology is the
possibility of using a variety of materials in the design of the part with high accuracy
at the cost of obtaining a high porosity part (Serin et al., 2016; Yuan et al., 2019).
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Figure 5. Scheme of the SLS process (Serin et al., 2016).

The first developments in selective laser sintering (SLS) began at the University
of Texas in the early 1980s, when Deckard proposed fusing powder particles using a
directed beam of energy. Together with his professor Beaman, Deckard developed
selective laser sintering and applied for a patent for his invention in October 1986. The
first working SLS machine was named "Betsy". Initially, it was capable of producing
only small plastic cubes, which at the time was considered sufficient to demonstrate
the potential of the process (Deckard, 1986, as cited by Prinz, Atwood, & Aubin, 1997).
Selective laser sintering (SLS) equipment from DTM (now part of 3D Systems)
became available in 1992. Later, this technology became the property of the German
company EOS, which, together with the Fraunhofer Institute, developed the technology
for the use of powder metallurgy and produced the first DMLS-machine
EOSINT M 160 in 1994 (EOS, 2023)

Currently, this technology is used in various works, such as the manufacture of
medical and other high-tech parts, for example (Fig. 6), medical prostheses for teeth
(Kim et al., 2013).

Figure 6. Dental prosthesis made using SLS technology (Kim et al., 2013).

Selective Laser Melting (SLM) is one of the modern technologies of additive
manufacturing, which is used for the manufacture of products of complex shape and
structure from powder materials (Lesyk, Martinez, Mordyuk, Dzhemelinskyi, &
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Lamikiz, A., 2019; Lesyk, Martinez, Dzhemelinkyi, & Lamikiz, 2020; Duriaginaetal.,
2021). This process consists in successive layer-by-layer melting of metal powder
material with the help of powerful laser radiation. This technology makes it possible to
weld 20-200 pm thick layers of metals utilizing a laser beam with power varying from
100 W to 2-3 kW (Yuan et al., 2019).

The main difference between the SLS and SLM processes is that SLS sinters the
powder material at a temperature approximate to 85% of the melting temperature of
the deposited material; while SLM joins the powder material by classical laser melting
(Korzhyk, Khaskin, Voitenko, Sydorets, & Dolianovskaia, 2017).

expander isolator

N/Y scanner

4 fiber laser

1

F-0 lens

control
system

shielding gas
circulating system

building cvlinder powder cylinder

Figure 7. Scheme of an SLM installation (Yuan et al., 2019).

The main features of SLM technology are:

«the mechanical characteristics of products manufactured using this technology
can be compared to those manufactured via casting;

« the possibility of this technology to solve complex technological tasks related to
the manufacture of geometrically complex products;

The main limitations when using this technology are their low productivity, as
well as the impossibility of manufacturing large-sized parts due to the use of a gas
chamber, the size of which limits the size of the obtained part.

Selective laser melting, one of several 3D printing technologies, started in 1995
at the Fraunhofer Institute ILT in Aachen, Germany, with a German research project
resulting in the so-called ILT SLM Basic Patent DE 19649865, which describes the
basic tenets of SLM technology (Meiners, Wissenbach, & Gasser, 1998).

Meanwhile, the Fraunhofer Institute for Production Technology (IPT) has
developed a process for the direct production of fully dense metal parts using a laser
welding process called LGRP, which featured a cutter for trimming of the walls and
surfaces of each layer of deposited material for an improvement in accuracy and surface
finish. The process was first publicly demonstrated in December 1995 at Euromold 95
in Frankfurt, Germany (Agarwala, Bourell, Beaman, Marcus, & Barlow, 1995).

As of 1996, similar methods were being used in the United States, but lacked any
integrated processing. A review of technology trends for 1997 did not identify any
companies in Japan developing additive manufacturing processes for the direct

341


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

https://www.hst-journal.com Icmopis Hayku i mexuiku, 2023, mom 13, sunyck 2
History of science and technology, 2023, vol. 13, issue 2

fabrication of metal components, but did find significant interest in metal component

fabrication using die casting, metal spraying, and the like (Prinz et al., 1997).

Meanwhile, in 1996—-1998, the inventions of Ciraud (1972, as cited by Prinz et al.,
1997) were brought to the industrial level by scientists in the works of Jeantette et al.
(1996, as cited by Dutta et al., 2019), as well as Koch and Mazumder (1998, as cited
by Dutta et al., 2019) in them, introducing the Direct Energy Deposition (DED)
technology in its modern form (Dutta et al., 2019).

At the same time, progress in additive manufacturing of ceramic materials in the
1990s focused on improving basic technologies, optimizing processing parameters, and
modeling the process. This led to the production of dense, mechanically strong parts
and the expansion of the choice of materials (Pelz et al., 2021).

Currently, these technologies are used for a variety of tasks, including the
manufacture of jet engine injectors from Inconel 718 steels, as shown on Fig. 8 (Soller
etal., 2016), orthopedic implants from medical steels, shown on Fig. 9 (SLM Solutions,
2023), and many other types of parts.

Figure 8. Vulcain 2 jet engine injector, manufactured via usage of SLM technology
(Soller etal., 2016).

Figure 9. Orthopedic implant, manufactured using SLM technology (SLM Solutions,
2023).

Electron Beam Melting (EBM) is a technology that belongs to the family of
additive manufacturing, being used for the manufacture of products with a complex
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shape and structure (Akhonin et al., 2019). Process-wise, the process consists from
successive layer-by-layer melting of powder material utilizing powerful electron guns
in vacuum chambers (Fig. 10) (Legutko, 2018).

column of the electron gun
filament (cathode) -

equalizing coils

converging coils

deviating coils

vacuum chamber — § powder ¥ powder
container

Figure 10. EBM process schematlc (Legutko, 2018).

The features of this process include a combination of the wide selection of metal
material forms (both powder and wire) and the high quality of the manufactured parts
(Kritskiy, Pohudina, Kovalevskyi, Tsegelnyk, Kombarov, 2022). The disadvantages of
this process include its price per part, the difficulty of manufacturing large-sized parts
due to the need for a vacuum, as well as the high amount of time required for
manufacturing a single part utilizing this process.

The first applications of electron beam processes are attributed to Dr. Steigerwald,
who created the first electron beam unit in 1952. It is shown in fig. 11 (Steigerwald
StrahITechnik, 2023).

Figure 11. Left to right — Dr. Steigerwald, the ﬁrst electron beam weldlng
installations created in 1952, 1958 and 1963 respectively (Steigerwald StrahlTechnik,
2023).

Subsequently, considerable attention to these technologies was paid in the USSR,
where a considerable amount of research work focused on the electron beam melting
process was carried out. This is evidenced by a number of works and exhibitions at
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which the results of the works of Soviet scientists were presented (Arzhakova, 1984).
Of various research centers, Paton Electric Welding Institute is considered to be one
such center of development of the EBM technologies (Matviichuk, Nesterenkov, &
Berdnikova, 2022). In its walls, several types of industrial installations for the
production of high-quality, corrosion-resistant and other types of steels, as well as
titanium, was introduced (Paton et al. 1971). Later a number of electron-beam
industrial equipment, as well as created a number of equipment intended for use in
space (Strelko et al., 2019; Strelko, 2021), was introduced at various enterprises of the
USSR and post-Soviet countries in the 1984—-1993 period. (Paton & Kubasov, 1970;
Paton & Lapchinskij, 1998; Strelko, Pylypchuk, & Berdnychenko, 2019).

The first mass application of these technologies is considered to be carried out by
the Swedish “Arcam” company in 1997, which used EBM to manufacture light, strong
and dense final parts (Bahnini, Rivette, Rechia, Siadat, & Elmesbahi, 2018).

Currently, these technologies are used for various parts of mechanical engineering
and medicine, for example, the creation of prostheses (Murr et al, 2012) (Fig. 12).

Figure 12. Knee prosthesis. a) fabricated assembly of a prosthetic knee part, b) X-ray
imagery showing various knee parts that have been replaced with prosthetic ones
(Murr et al, 2012).

Direct Energy Deposition (DED), Direct Metal Deposition (DMD), Laser-
Engineered Net Shaping (LENS) (Fig. 13) are a number of additive manufacturing
technologies that are similar to SLS and SLM technologies in a certain way, but
technologically are a series hybrid technologies between these processes and Fused
Deposition Modeling (FDM) process due to the difference in layer thickness as well as
differences in the manufacturing technology (Lee et al., 2021).

Unlike in SLM, where the process is based on an availability of a pre-coated
powder layer, during LENS the powder is fed through a nozzle and irradiated with a
high energy density laser beam to melt and deposit onto the base plate of the design
layer by layer pattern. Although the technology was primarily developed for the
fabrication of complex geometric components, it is also considered to be ideally suited
for the repair and restoration of various damaged components and structures.
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Currently, these technologies are used for the manufacture of various parts, such

as the nozzles of the RS25 rocket units for NASA (Davies, 2021) (Fig. 14) and the
welding of technological nodes on various machinery parts. (Schlett, 2023) (Fig. 15).

the object under
processing

meltfng point 3D visualization of the LMD method

remelted area

Figure 13. LENS process schematic (Legutko, 2018).

Figure 14. The manufacturing process and the finished nozzle of the 2 ton RS25
rocket unit (Davies, 2021).

Figure 15. Additlvemacturlriig of a‘technological element during the
ADDIFLAP program (Schlett, 2023).

This technology was first developed at Sandia National Laboratories in 1995
under the name LENS (Laser Engineering Net Shape). It was later commercialized by
the Optomec company in United States. Due to different variables in the construction
of its energy source and end use, LENS is sometimes referred to as Direct Energy
Deposition (DED), Laser Metal Deposition (LMD), 3D laser coating, or “direct light
fabrication”.
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Diversification of the additive technology technological basis.

Currently, due to the global geopolitical situation following the end of the "Cold
War" and patent disputes, the absolute majority of the rights on core processes, as well
as various parts of SLS and SLM technologies was concentrated in Germany. Thus, all
rights to SLM technology were concentrated in the hands of the Fraunhofer Institute
for Production Technology (IPT) and the Trumpf company, while the patents for
SLS/DMLS technologies were obtained by the EOS, a German company, which
granted access to the use of these technologies to a small number of companies
worldwide. For this reason, the development of these technologies in the period of the
2000s and 2010s (until the expiration of Deckard's patent on SLS in 2014) was based
on the discoveries and iterations of the process of machinery originating from these
manufacturers. Because of this, the further development of technologies on an
industrial scale mainly focused on theoretical changes and process optimization, which
became a focus for various scientific studies of scientists from many countries, such as
PRC, India, UK, Japan, etc. (Wohler & Gornet, 2016).

Current state of additive technologies and its prospects.

At the current moment, additive technologies are an integral part of modern
industry and play a major role in its development. They are widely used in light
industry, in the development and modelling of new parts, in medicine, aircraft and
rocket engineering, as well as for the repair of labor-intensive parts.

The additive manufacturing sector of ceramic materials is actively developing, its
latest efforts are considered to be focused on structural research, multi-material
possibilities and further improvements in the production of structural and functional
parts. The commercial ceramic additive manufacturing sector focuses on the next
processes: photopolymerization in a cube, jet bonding, powder bed fusion, sheet
lamination and material extrusion (Pelz et al., 2021).

Additive manufacturing technologies are widely used in aircraft and rocket
engineering. For example, in 2013, Elon Musk has published an image of SpaceX's
regeneratively cooled SuperDraco rocket motor chamber emerging from an EOS-
manufactured SLS machine, noting that it was made of Inconel series refractory alloy.
In May 2014, SpaceX unexpectedly announced that a flight-qualified version of the
SuperDraco engine was fully printed, becoming the first fully printed rocket engine
(SpaceX, 2014).

Worthy of note is the active development of the medical additive manufacturing
sector. It is known about the use of AM technologies for the manufacture of medicines,
prostheses, and even artificial organs (Ramola, Yadav, & Jain, 2019) According to
Yuan, Ding, and Wen (2019), the US market for the medical sector of additive
manufacturing was estimated at $134 billion circa 2017 (Yuan et al., 2019).

It is necessary not to forget about the use of additive technologies in the repair of
critical components, such as, for example, blades of jet engines and gas turbines (Singh
et al., 2020).
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Overall, the common conclusion notes that the global industry is trying to expand
the list of various applications for additive technology usage, as well as coordinating
efforts to reduce the cost of additive manufacturing equipment (Berdnikova et al.,
2021; Romanova et al., 2021). However, there are also local goals for the development
of additive technologies. Thus, it is believed that the long-term goal of European
research institutes and equipment manufacturers is the development of manufacturing
equipment parts and machine of additive manufacturing, as well as deepening
knowledge about the processes of tool manufacturing (Wohler & Gornet, 2016).

In terms of reaching the goals of proliferation and decreasing costs of additive
manufacturing equipment, a simple 3D printer had a price of thousands of dollars in
2003, while now, in 2023, any small business owner can purchase a simple additive
manufacturing machine for $200-300. This fact is slowly changing the industry's view
of this equipment as a low-cost alternative for the production of mock-ups, prototypes,
low-volume products, and souvenirs. It can also be assumed that due to the recent
expiration of the patent protection of SLS technological details and the upcoming
expiration of the patent protection of SLM/DMD/DED technologies, this equipment
will become more widespread in the industry due to the widening pool of
manufacturers of equipment, created to utilise these technologies.

Discussions.

According to the authors research, the works that focused their study on the
history and development of additive manufacturing can be divided into three types:

1. General articles that ignore the historical part and focus on the differences
between different additive manufacturing technologies. Representatives of such
articles are the works of Moeinfar, Khodabakhshi, Kashani-bozorg, Mohammadi and
Gerlich (2022), Karayel and Bozkurt (2020) etc.

2. Articles that superficially covered the history of the development of these
technologies in general, focusing on one direction of additive technologies.
Representatives of such articles are works by Yuan, Ding and Wen (2019), Pelz, Ku,
Meyers and Vargas-Gonzalez (2021), Ramola, Yadav and Jain (2019) etc.

3. Articles, that focus on the commercial aspects of the development of
additive manufacturing. Representatives of such articles are the article by Wohlers and
Gornet (2016) and others.

In regards to the work of Yuan, Ding and Wen (2019), this review only touches
recent technological innovations in additive manufacturing processes, while the study
by Pelz et al. (2021) provides a better summary of the general development of additive
manufacturing, but only provides periodic data on the first uses of the main additive
technologies, without describing details, previous and subsequent important scientific
discoveries.

The work of Ramolaet al. (2019), unlike the previously mentioned works, focuses
not only on the first uses of most additive technologies, but also provides examples of
modern scientific works related to the use of additive technologies in biomedicine. In
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the work, the methodology and statistical data of the review are well presented, which
helps in data processing. However, this work skips most if not all intermediate stages
of AM technology development.

Of great interest was the article by Wohler and Gornet (2016). This article
provides a sufficient review of the technologies that created a basis for development of
additive manufacturing technologies. However, the vast majority of the article focuses
on commercial changes in production rights (lawsuits, patent purchases, etc.), and does
not focus on scientific discoveries after the first technological applications of various
additive manufacturing processes.

As aresult of this review, it can be seen that after the first commercial applications
of additive manufacturing were obtained, the focus of scientific development shifted
to techniques related to the manufacture of metal parts. In view of this, it is possible to
propose a scheme for periodizing the development of additive manufacturing that
would focus on the main material, the manufacture of parts from which required the
most scientific effort. The key events in the transition between these periods are the
combination of the discovery of SLS and SLM processes and their appearance on the
global market. The result of such an analysis of the scientific development of additive
manufacturing technologies is an open-ended diagram:

1. Photopolymer/Plastic Era — continues until about 1995-1998. In this
period, science mainly focuses on stereolithography and the production of parts from
photopolymers or plastics.

2. Metal era — began in 1995-1998 and continues to this day. In this period,
the main efforts of the scientific community are related to the deepening of knowledge
regarding the production of metal parts via additive manufacturing. However, it is
possible to notice trends that in recent years the scientific community is focusing on
the additive production of heat-resistant steel alloys, as well as titanium alloys.

This system openly shows the main focus of the scientific community's
momentum in discovering new methods of additive manufacturing and deepening
knowledge in existing technologies. At the same time, this system leaves room for
future changes in the paradigms of the scientific community regarding new materials
that will be used in the science of the future. However, with this periodization, it should
be noted that even with the shift in the main focus of development, the process of
continuous modernization and improvement of existing additive manufacturing
processes for pre-existing materials has never stopped.

An alternative is the classical development scheme, which is associated with
technology development cycles. Since most additive manufacturing technologies have
come to full maturity in a relatively short period of time, it is possible to propose a
three-epoch periodization of additive manufacturing technologies:

1. The starting period of basic discoveirs — lasts from 1892 until 1981-1984.
This era focuses on the discovery of all prerequisite technologies, that were necessary
for the discovery and implementation of additive manufacturing technologies.
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2. The era of discoveries and implementation — lasted from 1981-1984 to
1999. The beginning of this era can be associated with two discoveries: the work of
Kodama (1981) and the patent of Hull (1998), since each of two works are considered
to be some of the first successful proper additive manufacturing technological
developments. The end of this era is the year 1999, namely: the year of introduction of
the latest widely used technology of additive manufacturing (DED/DMD) developed
in modern times into production with the release of this technology to the world market.
3. The era of diversification of applications and development of developed
processes (1999—present) is associated with the transition of the efforts of the scientific
community to the diversification of possible applications of additive manufacturing,
the deepening of knowledge about additive manufacturing processes, as well as the
modernization of equipment for AM processes.
This option of periodization better shows the progress made by the scientific
community in the development of additive manufacturing technologies.

Conclusions.

In the process of analyzing the available information on the creation and
development of additive manufacturing technologies, it was proposed to define the
turning points in the development and implementation of additive manufacturing
technologies, namely: the completion of the first photopolymer stereolithography
systems (1981-1984), as well as the completion of the development of the main
technologies for the additive manufacturing of metal parts (SLS/SLM/DMD/DED),
which took place in 1995-1999. It was observed that the change in the main focus of
the development of additive technologies was mainly relegated to the technological
progress. In general, in a period of almost 50 years since the first additive technologies
were introduced, they have found their place in rapidly developing modern
technologies, for example, in medicine, aircraft and rocketry, for the manufacture and
repair of parts in the gas turbine industry, and for the manufacture of models and small-
scale products.
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Apremiii bepHaubkuii
[ncturyt enexrpo3BaproBanHs iM. €. O. [latona HarionanesHoi akagemii Hayk
VYkpainu, Ykpaina

Orusia po3BUTKY aJMTHBHUX TEXHOJIOTI MeTaJIiB

Anomauia. Jlana poboma npuceésiuena 6usuenHlo npozpecy ma cgep
BUKOPUCAHHA EXHONO02Il AOUMUBHO20 BUPOOHUYMEA — 6I0 Nepuiux meopii
nowapo8ozo UpoOOHUYmMEa 00 CYYacHux mexHoao2iu. Texnonoeii aoumuenozo
BUPOOHUYMBA — OOHI 3 HAUOLILUW CIMPIMKO PO3BUBAIOUUXCA MA 30epiealomb 3HAYHULL
iHmepec HAYKOB0I CHIIbHOMU uYepe3 me, WO B60HU NPeOCmAassAoms co00l0 K
AIbMEPHAMUBHUL  WLISIX  BUCOMOGIIEHHSI O/ ICHYIOYUX KOHCMPYKYIU, maxk 1
BIOKPUBAIOMb MOINCTUBOCMI 00 PO3POOKU HOBUX KOHCMPYKYIU 3 KOMNIEKCHICMIO
CMPYKMYPU, HEOOCANCHOW O mpaouyiunux mexnonoziu. Oenadarouu icmopiro
PO36UMKY MA 6NPOBAOICEHHS PI3ZHUX MEXHOJIO2IYHUX Npoyecie aoumugHO20
8UPOOHUYMBA 011 Memalig, OY10 3HAUOeHO, WO ICHYE NPOOIN y CKIAOAHHI KOMIJIEKCHOT
KapmuHU 3a2a1bH020 PO3BUMK) MEXHOI02I A0OUMUBHO20 UPOOHUYMEA Y Memanypeii.
s kpawoeo po3yminna ma cucmemamu3ayii 3HAHb NPO AOUMUBHO20 BUPOOHUYMEA,
a maxooc OJisl 6ION0BI0I HA P50 PO3NOBCIOONHCEHUX NUMAHb WOOO0 OAHUX MEXHOJI02Il,
010 nPoBedeHo aHaniz nyoauHO 8iI00OMUX 3HAHDL, WOOO IX ICMOPUUHUX 3ACTNOCYBAHb Y
nposioHUx Kpainax ceimy. Byno pozensinymo pso makux mexHono2iil aoumueHo20
BUPOOHUYMBA, SIK 0y208€ 3 BUKOPUCMAHHAM OpOmMy aoumueHe 6UpoOHUYMEO,
celeKmueHe JasepHe CHIKAHHA, CeleKmueHe JasepHe NIA6NeHHs, eleKMpPOHHO-
npomenege NAAGNeHHs, a4 MAKoXMC J1azepHe cimuyacme Gopmysanns. Jlocniodrcenns
@okycysanoco Ha po3pooKax, wo nposoOUIUCh PiZHUMU Kpainamu ceimy 6 20 ma 21
cmonimmsx euenumu maxux kpaiu, sik CILIA, Beauxoopumanis, @panyis, Himeuuuna,
Anonisn, Kanaoa, CPCP ma inwux. Byno pozensnymo o0cCHOBHI OOKymenmu OJis
HOYamMKOBUX OOCTIOHUYbKUX 3VCUNL Ol KOJHCHO20 CIMEUCMB8a npoyecié aoumueHo20
BUPOOHUYMBA MA PI3HUX 3ACMOCYBAHb OAHUX MEXHON02IL — 6i0 monocpagii ma
cmepeoaimozpaii, 00 Cy4acHoi MeOUyuHU 3 a8iaKkOCMIYHOW IHOYCMPIEID, 002080pPEHO
ix ocno6Hi 6ucHoeku, npopueu ma npobaemu. byno nposedeno amaniz ma
Kracughixayiio pobim, sKi po32110aroms PO36UMOK PI3HUX MEXHOI02IYHUX NPoYecie ma
ix enposadiicenns. YV pezynromami npogedeHo2o awuanizy Oyni0 3anponoHO8aHO
cucmemMamu308anuti nioxXio 00 CMeoPeHHsI KOMNIEKCHOT cXemu po36UMKY aOUMUEHUX
MexXHON021l, N08 A3AHUX 3 PO3BUMKOM MEXHONO02Il ) PI3HUX PYCaX.

Knwuosi cnosa: aoumueni mexuonocii; icmopis, kiacugikayis, 3/-0pyk;
celleKmugHe n1a3epHe NideleHHs, Memanesi upoou
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Activities of Professor Tomasz Rylski (1838—1924) in the birth and development
of tests of agricultural machines in the second half of the 19th century

Abstract. The aim of the study is a comprehensive assessment of the activity,
scientific and creative achievements of Professor Tomasz Nikodem Scibor-Rylski in the
development of the field of testing agricultural machines in the second half of the 19th
century. To achieve the aim of the study, the principles of historicism, scientificity and
objectivity of coverage of historical phenomena and events were used based on the
application of the historical-scientific method, methods of analysis and generalization.
For the first time, a number of archival documents were introduced into scientific
circulation, which shed light on the scientist's activities in the field of testing
agricultural machines. In the article, based on archival data, the available creative
work of the scientist, the main stages of his activity in the issue of the origin and
formation of tests of agricultural machines and tools are updated. The activities of
Professor T. Rylski contributed to the birth of the scientific foundations of agricultural
tests, the formation of the principles of rational use of agricultural equipment by
farmers of the Austro-Hungarian Empire. The professor's long-term participation in
various agricultural exhibitions and competitions led to the laying of the foundations
for the creation of the first agricultural testing station in Dublyany on the territory of
western Ukraine. Justifying the need to create a test station, T. Rylski relies on the
importance of the transition from the "exhibition" method of testing agricultural
machines to testing at specialized stations. The scientist believed that it is the scientific
approach to testing that will contribute to increasing the efficiency of the use of
agricultural equipment and reducing errors during its operation. The formation of the
Dublyany Higher Agricultural School, as a powerful scientific and testing center on
the territory of modern Ukraine and Poland, is connected with the scientist's name.
The creative heritage of T. Rylski indicates his invaluable contribution to the
emergence of the scientific foundations of agricultural equipment testing. Therefore, it
is precisely the absence of a special comprehensive study of scientific, creative and
organizational activity of a scientist in the historiography of science and technology
that determines the relevance of this study.

Copyright © 2023. Mykhailo Klymenko. This is an open access article distributed under the Creative Commons Attribution License 4.0, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Introduction.

The problem of testing agricultural machines has always been in the field of view
of researchers and scientists. This is especially relevant for the period of formation of
this branch of agricultural science. A prominent figure here is the professor of the
Dublyany Higher Agricultural School — Tomas Rylski (Fig. 1). The relevance of the
selected research topic is determined by the "white spots" in the historiography of
science and technology, which relate to the professor's testing activities. The need to
conduct the most complete and independent analysis of the scientist's contribution to
the origin and development of tests of agricultural machines in the second half of the
19th century.

Figure 1. Professor of the Dublyany Higher Agricultural School Tomas Nikodem
Scibor-Rylski (photo by S. Bizanskyi, 1882).

In the second half of the 19th century, quite a few researchers devoted their works
to the issue of testing agricultural machines. In particular, Yu. O. Sokolovych-Altunina
devoted her own research to determining the place of the Dublyan agricultural school
in the development and establishment of agricultural science and research in Galicia
(Sokolovych-Altunina, 2010).
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T. B. Kharyk reveals the problems of the formation of agricultural research in
Eastern Galicia in the middle of the 19th and early 20th centuries. on the example of
the Dublin Agricultural School (Kharyk, 2016).

Equally important is the work of O. O. Visyn (2021), which examines the
development of the trial case in Galicia at the turn of the 19th and 20th centuries. The
author describes in detail the stages of development of agricultural machinery tests at
the Dublyany agricultural school, partially paying attention to the contribution of
Professor T. Rylski to the process of establishing the test station in Dublyany. She notes
that “participation in agricultural machine competitions at many International
Agricultural Machinery Exhibitions gave Professor Rylski an opportunity to
familiarize himself with European achievements. That's why he was the first initiator
of the creation of the first in the region of Dublyany experimental station of agricultural
machines, where it would be possible to assess the quality and forecast the needs of
agricultural machinery".

The creative path and activities of the scientist are fragmentarily covered in the
works of Yuriy Tokarskyi "Engineering and technical studios in Dublyany”
(Tokarskyi, 2008), "Professors, associate professors and assistants of educational and
scientific institutions in Dublyany (1856-1947)" (Tokarskyi, 2004), "Dublyany:
History of Agrarian Studies (1856-1946)" (Tokarskyi, 1996). Tadeusz Woskowski
wrote about T. Rylski as the founder of the mechanics of agricultural work in Dublany
in his work "Dzieje studidow rolniczo-lasowych w osrodku lwowsko-dublanskich w
opracowaniu Tadeusza Woskowskiego" (Woskowski, 2011). Lyubov Pinda in the
work "Agroengineering research in the Dublyany Scientific Center of the end XIX —
beginning XX" (Pynda, 2020) conducted an analysis of T. Rylski's work "Podrecznik
mechaniki rolniczej dla gospodarzy praktycznych: wybrak i1 uzyce zyety 1 machin
rolniczych” (Rylski, 1877). The achievements of Professor T. Rylski in the
development of agricultural mechanics are highlighted in the work of Mykhailo
Klymenko "Contribution of Professor Tomas Rylski (1838-1924) to the development
of agricultural mechanics in the second half of the 19th century" (Klymenko, 2022).

In the modern history of science and technology, extremely little attention has
been paid to the figure of Professor T. Rylski. For the first time, the scientist's
biography was published in the 33rd volume of the "Polski Stownik Biograficzny"
(Markiewicz, 1992). It is worth noting that there are quite a lot of "white spots™ in this
work, in particular, those related to the place and date of birth of the scientist,
information about T. Rylski's parents, and his bibliography.

A small mention of the activity of the professor at the Dublyany Higher
Agricultural School is present in the work "Przeglad tygodniowy (1866-1876), teksty,
analizy, komentarze", which was published under the editorship of A. Janicka (Janicka,
2019, p. 156). In the work of F. Kucharzewski "Pismenstwo techniczne polskie" there
Is some biographical information about Professor T. Rylski, which, however, does not
give a general idea of the scientist's life and creative path. It is stated in the work that
during the preparation of the publication for printing, the publication "Assembly
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machine, its history, design and use. A guide for technicians and farmers" authors
Marczewski, Strzelecki and Pietraszek use scientific articles by T. Rylski, when
analyzing the structure of harvesters and harvesting machines (Kucharzewski, 1921,
pp. 397-398). In addition, a fragmentary bibliography of T. Rylski is mentioned in the
work "Bibliografia Polska: XIX. stélecia dopetsenia (P—Z), Volume 7" (Estreicher,
1882, pp. 105-106).

One of the contemporaries of Professor S. Surzycki in the work "Die
landwirtschaftliche Betriebsmittel in ihrem Einfluense auf den Zustand und die
Entwickelung des Grossgrundbesitzes, sowie der Bauernwirtschaften in Galizien™
presents T. Rylski's conclusions about the errors of plow operation, using the scientist's
direct language (Surzycki, 1896) .

In his own work, K. Bartoszewicz talks about T. Rylski's speech at the celebration
of the anniversary of the constitution, which gives an idea of the scientist as a person
with deeply patriotic views, who loyally respects and supports his own Motherland
(Bartoszewicz, 1891, p. 173). About T. Rylski as a popularizer of agricultural
knowledge, O. Leixner notes in his work (Leixner, 1895, p. 525). In "Rolnik:
czasopismo dla gospodarzy wiejskich", the editors of the newspaper note that at the
exhibition of agricultural machines in Przemys$l, T. Rylski gave a very simple and
accurate method of evaluating machines (Rolnik, 1870).

Analyzing the above sources, we can come to the conclusion that the contribution
of Professor T. Rylski to the practical study and research of agricultural machines is
not covered enough and needs to be revised.

The aim of research is to conduct an analysis of scientific and practical activities
and the contribution of Professor Tomasz Rylski to the testing of agricultural machines
and equipment. Determining the place and role of this figure in establishing the
practical foundations of testing agricultural machines.

Research Methods.

The methodological component of this study includes the principles of
historicism, scientificity, and objectivity in covering the events of the past, which are
based on the application of the historical-scientific method, methods of analysis, and
generalization. An important component of this research is the use of research methods:
general scientific, interdisciplinary, problem-chronological, comparative-historical.

Results and Discussions.

The beginning of the trial activity of Professor T. Rylski can be considered with
certainty on September 12, 1868, when, by the decision of the Committee of the
Economic Society (Rolnik, 1868), he was appointed to a permanent position at the
Dublin school. Since the field of scientific interests of the scientist was, in particular,
issues of mechanization of agricultural work, Tomasz Rylski begins painstaking work
on studying the mechanical features of agricultural machines.
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In July 1869, Professor T. Rylski published his own report in the newspaper
"Rolnik" (Rylski, 1869) about his visit to the technical department at the agricultural
and industrial exhibition in Krakow. The scientist writes that this exhibition cannot be
called "epochal", although it presented some novelties of agricultural machines.
Forming the report, the author divides the equipment presented at the exhibition by
types of work performed and purpose.

Evaluating the presented plows, T. Rylski pays special attention to "Camecnr-
Vereirispfliige" — a full-metal wheelless plow presented by Werner from Javornik
(Silesia), noting that in general the product is not bad, but has a serious drawback. It
consists in the fact that half of the wall is deflected from the end of the blade to the
right. This creates a shoe on the plow, which leads to the device twisting during
plowing and its jumping out of the furrow. At the same time, another reversible plow
of the same manufacturer is much better to use. Also, the professor did not ignore the
English and American models of plows, praising them highly. Regarding Polish plows,
the author was much more critical, emphasizing some of the shortcomings of their
design, in particular, regarding too short rakes, which makes it difficult to adjust the
depth and width of the furrow. Although at the same time, T. Rylski states that the price
of domestic plows is quite "democratic”, and they deserve to be distributed in the
country. At the exhibition, various types of cultivators and harrows were presented, the
author does not dwell on them in detail, while noting that he cannot properly assess
their advantages and disadvantages due to the insufficient amount of test data.

The professor presents a detailed analysis of the design features of planters. A
special place in the report was given to the analysis of the design of the "Cegielski"
planter. The author considers its system to be the best, as it is designed on telescopic
tubes. The professor considers such planters more practical than with rubber tubes or
Garetto funnels. As the author noted, other planters were equipped with the "Victoria-
Drill"* spoon system and Garetto types of funnels. "Zimmerman" planters were
distinguished by a tool for adjusting the shaft for changing the sowing rate, but
T. Rylski believes that this design will be too difficult to operate. Also, interesting is
the fact that a large number of planters were so heavily painted that even the gears are
covered with varnish. The author believes that this was done in order to hide the low
quality of the equipment. One of the novelties was a four-row beet harvester, the idea
of creating which, as the author notes, is not bad. But since this planter had as many as
twelve wheels, its operation will cause certain difficulties.

Next, the scientist gives a description of the design of the newly presented
harvesters, describing their advantages and disadvantages. The professor especially
"got" their manufacturers, because they gave the teeth an irregular shape, which, as he
believed, is a significant obstacle for the widespread use of such reapers in practice.
Criticism of manufacturers of potato diggers who did not conduct proper tests of their
equipment is presented. A description of combined steam mills, forage harvesters,
threshers was carried out. The scientist notes that domestic manufacturers are not
making progress in some issues of thresher manufacturing, especially the number of
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revolutions of the drum. In turn, when threshers of newer English, French and German
designs have from 800 to 1000 drum revolutions per minute, domestic ones barely
produce from 536 to 600 drum revolutions per minute. To T. Rylski's remark to the
producers, he was answered that when the speed of rotation increases, the grain breaks,
and in order to prevent this from happening, it is possible to change the structure of the
chains and concavities of the drum. Tomasz Rylski believes that in this case it is worth
using the Clayton-Szuttleworth drum design, which would reduce the percentage of
lost grain. From this we can conclude that the professor had deep knowledge about the
design features of agricultural equipment. During the exhibition, he gives clear
recommendations to manufacturers to improve the structure of threshers.

It will not be superfluous to say that in this report, Professor T. Rylski lays the
scientific foundations for testing agricultural machines. At the end of the report, the
scientist makes several important comments on the testing methodology. The professor
admits that the testing of agricultural machines, if carried out carefully and with
knowledge of the matter, can bring great benefits to agriculture. T. Rylski undertook
to promote the spread of high-quality agricultural tools and the exclusion of
unnecessary ones, because he believed that in this regard the farming community was
"wandering" without any guidance. The scientist constructively criticizes the tests
made at the exhibition in Krakow. The tests conducted there could not convince anyone
of the quality of this or that tool, as they were conducted with significant violations of
the procedure. It is emphasized that the exhibition committee did not test the harvesters,
which, according to the professor, will have a very negative impact on the agriculture
of Galicia. Since every year there is a growing shortage of workers during the harvest,
and the only way out of the situation is to use machines. By purchasing untested or
unusable agricultural machinery, farmers will experience a significant reduction in
productivity. Also, as the scientist notes, thresher tests were organized by
manufacturers arbitrarily and did not provide any grounds for a fair evaluation of the
equipment.

As for the tests of plows, T. Rylski does not single out anything better here. The
author notes that a clear procedure must be followed: division of plows into classes,
assessment of the performance of each specific plow, assessment of the amount of
expended forces, assessment of structural and technical performance. When
conducting testing, it is not possible to test several instruments at the same time,
because in this way the attention of the judging panel will be scattered and the
assessment will be inaccurate.

The judging panel paid no attention to any of these points, they plowed with three
plows at a time, one directly behind the other, so that the furrow of one plow was
covered by the furrow of another. When one plow stopped, others stopped, so it was
impossible to judge the quantity and quality of the work done. T. Rylski was very
disappointed by the lack of a dynamometer at the tests.

Finally, as the author points out, there should be a field specially adapted to such
tests. The field should be demarcated so that the audience does not greatly interfere
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with the use of weapons. What was shocking was that the audience did the tests
themselves. According to the methodology, the control of tools during tests should be
entrusted to experienced people, but the same ones, and by no means representatives
of manufacturers. It is emphasized that tests conducted with violations do not bring any
benefit, neither to producers, nor to farmers.

From July 2 to 5, 1870, Professor Tomasz Rylski visited an agricultural exhibition
in the city of Rzeszo6w (now the territory of Poland). One of the features of this
exhibition was the extremely low number of presented exhibits and equipment, which
Is explained by the lack of exhibition space. In the February issue of the newspaper
"Rolnik" for 1871, the professor publishes a report on this visit (Rylski, 1871). As the
author points out, the largest collection of machines was exhibited by the "Peterseim™
company from Krakow, whose products show that their production is on the rise. At
the same time, the professor criticizes the mechanical features of their products. The
scientist provides recommendations for improving the design of the equipment — when
the thresher is unfolded, the transmission of movement energy from the drive is not
carried out correctly, which leads to the fact that the rod of the horse drive makes too
few revolutions per minute. In order to get the required drum rotation speed, it was
necessary to install non-proportional pulleys so that the pulley on the horse drive rod
was larger and the pulley on the drum shaft was smaller. Also, the scientist points to a
too tight drum belt, which creates unnecessary additional resistance.

Forage harvesters of the "Peterseim” company also, from the scientist's point of
view, needed refinement, because they had a drive wheel with concave knives, which
did not ensure high-quality cutting of the tops. T. Rylski devoted part of the report to
the analysis of the design of the "Ceres™ harvester, and also provided recommendations
for its improvement. The author noted that this harvester is multifunctional. Its main
feature was the correct placement of the front headstock on the extension of the axis of
the running wheel and a good distribution of the machine's weight. According to the
report, the harvester weighed only 8.5 tons. (about 425 kg). T. Rylski expresses
significant comments regarding its design. The use of a cast-iron rudder and rake has
been criticized, as it does not provide sufficient wear resistance during long-term use.
Possible damage will entail significant difficulties in repair and costs for replacing
components. Also, the features of the milling cutter, which is significantly moved
forward, are emphasized.

In addition, the professor provided recommendations to some manufacturers in
the report. "Eliasiewicza" dyers are recommended to focus on the production of
threshers, because they are the best. Both the state and the enterprise would benefit
from this. Plows for wrapping, plows with a cylindrical blade of the company
"Jodlowa" are rated very low, the author considers them only initial attempts to create
such machines. T. Rylski considers the "Mogilanskie" plows to be good, but expresses
a desire to make small corrections to the design, for example, the screws in the cover
wall should be recessed, it is recommended to lighten the frame and pay attention to
the strength of the joints.

363


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

https://www.hst-journal.com Icmopis nayku i mexHiku, 2023, mom 13, sunyck 2
History of science and technology, 2023, vol. 13, issue 2

Paying attention to the English rake "Howarda", T. Rylski did not pass by the
criticism of the national manufacturer, believing that domestic factories produce not
enough rakes, strive only for lightness and cheapness, therefore they make them of too
low quality. The iron wheels used are the most subject to wear, and being quite thin,
they bend when the car is turned, the wrought iron teeth not being as wear-resistant as
the steel ones.

In the January issue of the newspaper "Rolnik" from 1873, a report by Professor
Tomasz Rylski on the trials of reapers, which took place between July 31 and August 2,
1872, in Gostyvice near Prague (Czech Republic) was published (Rylski, 1873a).

Covering this event, T. Rylski pointed out that there were so many farmers and
other interested persons that separate trains had to be sent to transport visitors from
Prague. 28 machines were applied for the competition, of which six were not admitted
due to late arrival, one, as the property of the ministry, was not submitted for awarding,
another six were not provided for testing at all. 9 American, 4 English and 2 German
machines were tested. Only one of them was declared exclusively for horse harness,
the others for draft horses or oxen. In the process of testing, horse teams performed
work on one-hectare plots, and with ox teams — on one and a half hectares. In addition,
the professor talks about the weather conditions, notes the high methodical level of
conducting the tests, describes in detail the method of conducting and the conditions
for determining the winners. At the same time, the professor expresses certain doubts
about some of the conditions of the event. In particular, he does not agree with the fact
that the cheapness of the car (along with other attributes) is counted as an unconditional
advantage, although this should take place only under certain conditions and have
clearly defined limits. Neglecting this important aspect can lead to abuse, since the cost
of the equipment is set exclusively by the manufacturers, and can be revised at any
time. In addition, the professor points to the absence of a dynamometer during the tests
and the haste during their conduct, since 4 cars were tested in one pass, which distracted
the jury's attention. Next, the author provides his own assessment of the presented
harvesters, analyzing their structure, identifying the disadvantages and advantages of
specific specimens. The scientist speaks positively about the "Royal™ harvesters, which
are imitations of new models of American harvesters. He is impressed with the
lubrication devices of the new design harvester, which he thinks should be very
practical to use, if they contain enough oil for 3 hours of work.

T. Rylski focuses on one more development — the harvester of the M. Hofherra
system, which is an analogue of the English harvester. The professor notes that when
he was present at the assembly of this machine, he discovered that the manufacturer
assembled it using only a wrench. The improvements that this company made to the
original design are very practical, combining the advantages of the original design and
the maximum correction of its shortcomings.

An exhibition in the city of Vienna (the capital of the then Austro-Hungarian
Empire, now Austria) became a significant milestone in the process of scientific
development of agricultural machinery testing. Professor Tomash Rylski could not
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ignore her either. Believing that progress in the field of mechanics can be used as a
scale by which it is possible to judge the general level of civilization of peoples,
T. Rylski after visiting this exhibition publishes a large-scale report in the newspaper
"Rolnik". This work appeared in two issues of the publication for November and
December 1873 (Rylski, 1873b; Rylski, 1873c).

Although the exhibition was not a trial, in the strict sense of the word, it presented
many completely new models of agricultural equipment. As the professor points out,
earlier, when machines were almost not used in agriculture, with all inventions, before
they could become widespread, it was necessary to conduct a whole series of tests. The
means for their implementation were almost exclusively exhibitions. Today, at least in
civilized countries, such problems practically do not occur, since the spread of
specialized test stations has begun. A manufacturer seeking to distribute his invention
or improvement has ways of conducting this trial much more quickly without waiting
for an exhibition. And the progressive farmer no longer waits for the exhibition, but
makes the right choice based on the evaluation of the experimental station or the results
of competitive tests. Thus, Professor T. Rylski expresses the opinion that the future of
tests of agricultural machines lies only in the plane of their proper and strictly scientific
evaluation. Conducting such an assessment should be carried out only at competitions
(for each type of machine separately) or at experimental stations.

Touching directly on the holding of the exhibition itself, Tomasz Rylski divided
his report into sections, according to the represented producing countries. The English
pavilion was characterized by a huge amount of exhibited equipment. In particular, the
professor gives a description of the design of the steam-powered plows presented there,
gives a description of the design features of steam threshers, determining the
advantages of their use. The author focuses the reader's attention on the high quality of
"Howarda" rakes, recognizing the prospects and advantages of its use, and presents the
method of its use. The author, having noticed the new harvester of the company
"Hornsby" called "Advance", was pleasantly surprised by the new approaches to its
design. A special feature is that the movable hinged rake of the harvester is placed on
fixed rods and can be used turned by 90°. The operator, using an angle lever, can move
them in any direction. With a free inclination of the rake, the teeth take a position
parallel to the table and the rake does not lower, but only tilts the grain stalks. Among
the relative advantages of this harvester, the author attributes the combination of a
crank and a knife saw. Although here it is worth noting that the professor does not
completely agree with the design of the transmission device. In particular, he notes that
the main and gear shaft of the transmission device, which are at an angle, cause
significant friction and quickly wear out the bearings. In addition, the professor
analyzes machines for planting potatoes and planters, but does not indicate anything
remarkable, writing that additional tests are needed for analysis.

T. Rylski notes the magnificence of the American pavilion, a large part of which
Is occupied by reapers. American manufacturers made a significant contribution to the
spread and improvement of agricultural machinery, although there was not a variety of
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equipment presented at the exhibition, and most of the harvesters available were
already well known. The professor pays more attention to the comparison of the
characteristics of English and American models, notes that English cars are much
heavier than American ones. In the process of writing the report, he ponders the reasons
for this phenomenon, suggesting that it has to do with the use of different materials for
the construction of the machines and the more filigree work of American
manufacturers. Although he emphasizes the fact that often reducing the weight of the
mechanism leads to a decrease in its wear resistance, which in his case can lead to
problems with breakdowns, especially with national soil characteristics. In the future,
the author notes the originality of the design of the harvesters "Aultman, Milleret
Comp." and "Locke's Harvester" and compares them with each other. In addition, the
professor conducted an in-depth analysis of the newly presented dynamometers.

The scientist was somewhat disappointed after visiting the Austro-Hungarian
pavilion. T. Rylski pointed to a deep stagnation in the production of agricultural
machines in Austria-Hungary. He emphasized the need to improve the quality of
machines to the level of foreign countries, the lack of flexibility in doing business, as
well as the failure to meet delivery deadlines. Being a sincere patriot of his country,
T. Rylski found it difficult to observe the absence of Polish manufacturers at the well-
known international exhibition. The reason for this, the professor cites the inability of
many factories to withstand competition with first-class products, for example, English
production. Nevertheless, the author singled out several products of the Austrian
manufacturers "Claytonet Shuttleworth™ and "M. Hofherr", highlighting generally
good production quality and decent test results of their machines. A collection of plows
was also presented, which immediately won the attention of farmers. T. Rylski points
out that many of them are manufactured at the proper level, and the cost is affordable
for the average Polish farmer.

A special place in the scientist's report was awarded to the German pavilion. The
author accompanied the description of the presented agricultural machines with several
drawings to better explain their design features. It is determined that the main aspiration
of German manufacturers is to maintain a level of quality in the manufacture of
machines that English products would not be able to withstand. Professor T. Rylski
notes the significant progress of German mechanical engineering since the last similar
exhibition in Paris, but the technical level of the proposed machines, in his opinion,
leaves much to be desired. The author carefully analyzes the construction of
agricultural machines, presents, in his characteristic manner, the advantages and
disadvantages. Fertilizer machines shown at the exhibition were criticized by the
professor due to the impracticality of the proposed design. The professor's attention
was drawn to the "Weil" threshers from Frankfurt, which are characterized by low cost
and lightness, but have a rather weak structural performance. T. Rylski made an
interesting remark about the threshing device. The handle system used with both these
and many other German-made threshers was specified by the manufacturers as an
entirely new development. Although in fact it was already used in Europe more than
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20 years ago and many people refuse it. The manual system does not provide any

advantages, on the contrary, it creates many inconveniences in practical use.

The scientist did not ignore the products of some other countries. "Cichocki™
plows are characterized by a good design. These plows, if well made, deserve rapid
adoption among the farming community, especially this manufacturer's double hull
plows. Other specimens presented at the exhibition, according to the professor, only
prove that in some countries, for example, Russia, Italy, agricultural mechanics is still
in its infancy.

In the period of the 70s of the 19th century in the Dubliany Higher Agricultural
School, serious scientific research and testing of agricultural machines began, although
fully adapted to practical requirements from the point of view of theory (Surzycki,
1928). This was largely made possible thanks to the activities of Professor T. Rylski,
his experience and the newest approach to the issue of studying construction, practical
features of the use of agricultural machines and tools.

The establishment of a test experimental station of agricultural machines was a
kind of turning point in the activity of the Dublyany research center. The first mention
of this station dates back to July 1874, when the newspaper "Rolnik" published an
announcement about the start of its operations (Rolnik, 1874). It can be assumed that
this was one of the first such testing stations in Ukraine. Professor T. Rylski took the
most active part in its creation and activity. In September 1874, the professor submitted
his own article to the newspaper "Rolnik™" with reasons for the need to create and
operate such a station (Rylski, 1874). T. Rylski believed that agriculture is changing,
as opposed to manual peasant labor, machines are coming that are driven by the power
of animals, steam, etc. In this connection, there is an urgent need to form a strictly
scientific approach to the issue of choosing agricultural machines and tools. More than
once, the professor, with his works, draws the attention of farmers to the fact that the
useful use of agricultural machinery depends on the appropriate reasoned choice and
correct use. T. Rylski points out that currently in Poland, farmers who need to buy
agricultural machinery rely either on their own knowledge and experience when
choosing, or try to find out the advantages and disadvantages of using one or another
technique by trial and error. Or, in the best case, use the test protocols conducted by
the manufacturers themselves for selection. These considerations, which are guided by
the choice of machines, very often become the cause of painful disappointments and
material losses, which, in turn, slow down the development of agriculture. And
therefore it is easy to understand that the choice made on this basis is at least risky. The
same applies to the option when tools are chosen on the recommendation of friends,
colleagues. After all, according to the professor, in such a situation it is necessary to
remember — "what is good for one person is not always good for another". Also, in the
article, the scientist talks about the existing methods of testing agricultural machines at
agricultural exhibitions, competitions and research stations.

Without rejecting the advantages of any of the test models, T. Rylski was
convinced that the tests conducted by research stations are the best and most
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informative. It is not enough for a farmer to know that this tool or machine is the best
among a number of others. For practical use, the farmer must know the value of each
machine, each design separately, and that this design is professionally evaluated from
a technical and agricultural point of view. He must be absolutely sure of the advantages
of using the technique in his own natural conditions. In addition to the above purpose,
the testing station is important for detecting errors in the manufacture, design and use
of machinery, both mechanically and agriculturally, taking into account the national
needs in the broadest sense, so as to draw the attention of the producers to the needs of
the peasants. The aim of the experimental test station is to create a kind of intermediary
body between producers and farmers, which could provide expert advice to both
parties.

The station operated successfully until at least 1879, having conducted many
experimental tests of the equipment. During this period, ten reports on its activities
were issued (Rylski, 1879), three of them were issued by T. Rylski, which indicates his
direct participation in its functioning. Although this does not negate the fact that the
station later collapsed due to low subsidies (Markiewicz, 1992).

In 1882, the scientist wrote a paper on plow tests in Lundenburg (London, Great
Britain) (Rylski, 1882). In his work, T. Rylski expresses the opinion that the test as a
whole passed at a decent level. But at the same time, the professor expresses serious
reservations about the methodology of the tests, which, as he believed, led to the
distortion of the results. There were mainly two mistakes: there was not enough time
to test such a large number of agricultural tools and machines, and the division of plots
for cultivation was not done correctly. The test field was divided into plots of 30 acres
each, then the plots were divided between the tested plows with very different types of
soil, some with heavy clay soil, others with light sandy soil. This circumstance clearly
affected not only the accuracy of the results of the tests themselves, but also to a large
extent the amount of mechanical work performed. Also, an equally important role was
played by the fact that the tests were conducted not only during the day, but also at
night under artificial lighting. In addition, the scientist, in his characteristic manner,
described changes in the design of plows, worked out possible features of their practical
application.

In the same year, T. Rylski presented an oral report on the exhibition in Przemysl
(Rolnik, 1882) at the meeting of the Galician Economic Society. To the remarks of
some participants of the meeting about certain inaccuracies, Tomasz Rylski replied that
during the entire exhibition he was also busy with the work of the panel of judges. This
once again confirms the high professionalism of the scientist and the demand for his
professional assessments.

The year 1886 in terms of testing activities was marked for the scientist by visiting
an exhibition in Chernivtsi, where both already known models of agricultural machines
and new fans for grain cleaning were presented (Rylski, 1886). In his report based on
the results of this event, T. Rylski provides a professional analysis of the structure of
horse-powered threshers and rakes. The professor was particularly interested in the
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design of a single-horse chain drive, presented by K. Drossier (manufacturer from
Novy Jichyn, Czech Republic). The scientist considers it not efficient enough, because
the number of revolutions (about 600) of the drive disk is too small for the thresher.
However, T. Rylski notes the extremely low cost of the specified structure — only 600
zlotys. In addition, the scientist touches the newly presented steam plows, evaluates
changes in their design, determines the expediency and effectiveness of the changes
made.

Another, no less important, stage in Tomasz Rylski's testing activity was his many
years of work as a judge at exhibitions and competitions of agricultural machines. In
1876, Professor T. Rylski was appointed a member of the commission for checking
and testing the device for knitting sheaves, which was presented by Erasm Zablotskyi
(Rolnik, 1876). 1888 — T. Rylski was the head of the panel of judges for the assessment
of agricultural machines and tools, which took place within the framework of the fifth
general meeting of members of agricultural circles (Rolnik, 1888). 1894 — the scientist
received a written thank you from the committee of the Galician Economic Society for
participating in the national agricultural exhibition in Lviv (Rolnik, 1894). In 1900,
thanks to the efforts of the professor, a competition of harvesters was organized on July
25-26, here T. Rylski was the secretary of the panel of judges (Rolnik, 1900). 1901 —
panel judge at an exhibition-trial of agricultural machinery and tools for growing sugar
beets in Przewodsk (Poland) (Rolnik, 1901).

A detailed analysis of the testing activities of Professor Tomasz Rylski makes it
possible to assess his contribution to the development of agricultural mechanical
engineering. We have established that the historiography of T. Rylski's work in the
context of the development of agricultural equipment testing is represented by a
number of publications. However, these works illuminate the professor's activities
superficially and fragmentarily, thereby leveling the role of the scientist in the birth
and development of agricultural research.

Summarizing the above, we can say with confidence that T. Rylski made an
invaluable contribution to the problem of testing agricultural machines. His judging
activity at many competitions, exhibitions and tests contributed to the improvement of
the quality of manufactured agricultural machines and tools. Hard work and lobbying
of the scientist led to the creation of the first agricultural research station in the region,
which became a signpost for farmers and manufacturers of agricultural equipment.
T. Rylski's visit to many national and international exhibitions contributed to the
formation of a powerful scientific, research and mechanization center in Dublyany.
Publication of reports by scientists on attended events helped popularize the
mechanization of field work, spread new inventions and achievements of rural
engineering.

Conclusions.
In this review article, based on the principle of historicism, objectivity, and
scientificity, we attempted to conduct a comprehensive analysis of the contribution of
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Tomasz Rylski, professor of the Dublyany Higher Agricultural School, to the issue of
the origin and development of testing agricultural machines in the second half of the
19th century. This made it possible to determine the place and role of the figure of
T. Rylski in establishing the foundations of the practical use of agricultural machines
and equipment. In addition, the article analyzes the professor's contribution to the
creation of the first agricultural machinery and equipment testing station in Dublyany
on the territory of modern Ukraine. Taking into account the fact that the vast majority
of researchers ignore the scientific and creative heritage of T. Rylski, the results of this
study "shed light" on the activities of the scientist, who played one of the leading roles
in the formation of scientifically based use of technical means for agricultural
production. The conducted analysis confirms the significance of the creative
achievements of Professor T. Rylski, as one of the founders of agricultural mechanics
in Ukraine and Poland, which had a significant impact on the understanding of the
stages of development of agricultural research in general and agricultural mechanics in
particular.
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Muxaiisio Kiimmenko
HamionaneHa HaykoBa cuIbChKOTOCHOAapchka O10mioTeka HarioHansHOI akamemii
arpapHuX HaykK YKpaiHu, YKpaiHa

HisabHicTh npogecopa Tomama Punbcbkoro (1838—1924) y 3apoaxenHi Ta
PO3BUTKY BUIIPOOYBaHb 3eMJIepOo0CbKMX MaluuH Apyroi nojaosunn XIX cr.

Anomauia. Memoro 00CniONHCeHHs € KOMNIEKCHA OYIHKA OISNbHOCMI, HAYKOBUX
ma meopyux 3eumse npogecopa Tomawa Cyibopa-Punbcbrozo (nonbcbkoro Moo
Tomasz Nikodem Scibor-Rylski) y poseumky cnpasu eunpoGysanb 3eMaepobCbKUX
mawun 'y opyeit nonosuni XIX cmonimms. J[na 0ocsecHeHHs nocmasieHoi memu
00CNIONHCEHHSI BUKOPUCTNAHO NPUHYUNU ICIMOPUSMY, HAYKOBOCHMI mMa 00 €KMUBHOCHII
BUCBIMICHHS ICTMOPUYHUX A68UW, MA NOOIU HA OCHOBI 3ACMOCY8AHHA ICMOPUKO-
HAYK08020 Memoody, Memooié ananizy ma y3azanvienus. [[o naykoeoeo obicy ynepuie
66€0€HO P50 APXIBHUX OOKYMEHmMI8, KOMpI NPOIUBAIOMb CEIMJIO0 HA OISIbHICIb
84€H020 Y 2any3i uUnpo6y8aHb 3eMaepoOCbKUX MAWUH. Y cmammi Ha OCHOBI apXIGHUX
OaHUX, HASIBHO20 MBOPHU020 OOPOOKY 84EHO20 AKMYANi3086aHO OCHOBHI emanu uUo2o
OISANLHOCMI Y NUMAHHI 3aPOOAHCEHHS. MA CMAHOBNEHHS 6UNPOOYBAHbL 3eMIEPOOCHKUX
Mawun i 3Hapaos. [ianeHicme npogecopa T. Punbcbkozo cnpusna 3apoosicenHio
HAYKOBUX ~ OCHO8  3eMIepoOCLKUX  8UNpo0Y8anvb,  (HOpMY8AHHIO — NPUHYUNIG
PAYIOHAILHO20 BUKOPUCMAHHS CLIbCLKO2OCHOO0APCbKO20 YCMAMKYBAHHS (hepmepamu
Ascmpo-Yeopcokoi imnepii. bacamopiuna yuacme npogecopa y pi3HOMAHIMHUX
CIIbCbKO2OCNOOAPCHKUX BUCMABKAX MA KOHKYPCAX NPpU36ena 00 3aK1a0eHHsl 0CHO8 OJis
CMBOpeHHs. nepuwioi Ha mepumopii 3axioHoi VKpainu CcitbcbKo20CnooapcvKoi
sunpobysanvnoi cmanyii 'y [lyonanax. OOrpyHmogyrouu HeoOXiOHICmb CMEOpPeHHs
sunpobysanvroi cmanyii T. PunbcoKuil cnupaemscs Ha 8ajciugicmos nepexooy 8io
«BUCMABKOB020» CNOCODY BUNPODYBAHHS 3eMAEPOOCLKUX MAWUH 00 8UNPOOYBAHHA HA
cneyianizoeanux cmanyisax. Buenuti esaxcas, wo came HAYKOBUll NiOXi0 00
8UNPOOYBAHD cnpusmume  NiOBULYEHHIO epekmusHocmi BUKOPUCTNAHHS
3eMaepoOCbKO20 YCMAmMKY8aHHs, 3MEHUWEHHIO NOMUNIOK HpU 1020 eKcnayamayii. 3
iMeHeM HAYKOBYs N0 sa3aHe CmanoeleHHs Buwoi pinonuuoi wxonu y yoaauax, sax
HOMYIHCHO2O HAYKOBO20 MA BUNPOOYBANIbHO20 0CEpeoKy HA Mepumopii Cy4acHux
Ykpainu ma Honvwi. Teopua cnaowuna T. Punbcbko2o 6Ka3ye Ha 1i020 HEOYIHeHHUT
BHECOK ) 3APOONCEHHS HAYKOBUX OCHOB BUNPOOYBAHHSL 3eMAePOOCHbK020 00IAOHAHHSL.
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Tomy, came 8IOCYmHICMb CHEYIAILHO20 KOMNIEKCHO20 OO0CTIONCEHHS HAYKOBOI,
MBoOpUOi ma 0p2aHi3ayiuHol JiANbHOCMI 84eH020 8 icmopiocpagii HaAYKU [ MmexHIKU
3YMOBAIOE AKMYAIbHICMb OAHO20 O0CTIONCEHHSL.

Knwuosi cnosa: Tomaw Punvcokuil, eunpoOysanms 3eM1epoOCbKUX MAWUH,
BUNPOOYBAILHA CMAHYISL 3eMAEePOOCLKUX MAWUH | 3HApsA0b;, auauniz 0y008u
CIIbCLKO20CNOOAPCLKUX 3HAPSOb, CLIbCLKO20CNO0APCbKA NPOMUCTOBICINb, BUCNABKU
CIIbCbKO20CN00APCOKUX MAWUH
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The electrification of the tin mining in Kinta Valley: Role of Perak River
Hydroelectric Power Company (1927-1940)

Abstract. Electricity, first introduced in Colonial Malaya as early as the 1890s,
and by the 1920s became the major source of power in the tin-mining industry.
Surprisingly, despite its vital role in the economy, electricity has received little
attention in Malaysian historiography. In the country’s main tin-mining center, Kinta
Valley, Perak, the Perak River Hydro-Electric Power Company with its head-office in
London, played a significant role in supplying electricity for mine operator. Since early
1920s, British Government aimed to develop hydroelectric power by building dams on
the Perak River. They viewed the Perak River as an important source of hydroelectric
power for electrifying Colonial Malaya especially for tin mining-industry. Financial
constraints forced the British Government, however, to hand over responsibilities to
the PRHEPC. This article aims to identify how PRHEPC managed the development of
electricity supply facilities and its significance to the tin miners in the Kinta Valley
before 1940. The PRHEPC diversified its energy facilities development strategies to
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guarantee electricity supply to mine operators covering a wide area. Their ability to
exploit the Perak River through the construction of a large-capacity hydroelectric
station and the strategy to combine steam generation and grid supply systems allowed
the PRHEPC to effectively supply electricity to a large number of mine operators in
the Kinta Valley. The development was financially beneficial to the power companies
because this capital-saving approach allowed them to generate electricity at a far
lower price than the fossil fuel power stations for their consumers. Cheap energy
allowed mine operators to minimize the cost of the tin mining operation, particularly
the sector shifted from labour-intensive to a capital-intensive business strategy. To
dominate the tin mining sector, the operators greatly invested in modernizing mining
methods through utilization of machinery such as the high-cost dredges. It was
therefore imperative for mine operators to obtain cheap energy to offset the cost of
investments. This case study clearly displayed the development of the tin mining sector
in Kinta Valley was not merely influenced by electricity use, but also its economical
generation through hydroelectric.
Keywords: tin mining; Perak River; hydroelectric; mining method; capital
intensive

Introduction.

Electricity was first developed as a basic public utility in Malaya in the 1890s a
few years after its commercial use in Europe. British control over Malaya was the
catalyst to the spread of Western science and technology, such as electrical
engineering, incorporated into the development of basic public utility. Through their
administration, the British made its obligation the provision of basic public utility. It
was the practice of the Colonial Office in London to introduce any new technology in
its colonies as a projection of its sense of power and prestige. These efforts were carried
out through the shaping of British institutions and administrative policies that
prioritised providing basic facilities. Aside from streamlining administration, the
British viewed basic public utility as important in creating a conducive environment to
attract foreign financiers to invest in the commercial economic sector. This viewpoint
was articulated by Frank Swettenham (1906), “The Government cannot do the mining
and the agriculture, but it can make it profitable for others to embark in such
speculations by giving them every reasonable facility, and that we have tried to do”.
Therefore, immediately following his appointment as the first Resident-General of the
Federated Malay States (FMS), which placed the four states of Perak, Selangor,
Pahang, and Negeri Sembilan under one central administration in 1895, Swettenham
stressed that his main role was, “to open up the country by great works: roads, railways,
telegraphs, wharves” (Drake, 1979). In fact, William Hood Treacher, who replaced
Swettenham in 1901 also underscored the same policy by stating that, “The general
policy of the British Adviser...to assist the development...of the States by making
roads whenever the necessity of them was apparent, by constructing railways, by works
of drainage and irrigation” (Chan, 1967). The development of basic facilities was fully
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carried out by the government through the establishment of specific departments such
as Works, Railways, Irrigation and Drainage, and Post and Telegraph.

British colonial policies in Malaya prioritised the economic sector, especially tin
mining that contributed largely to government coffers. To develop this sector, the
government initially encouraged the influx of mainly Chinese labour. The emergence
of electricity as a more efficient energy source meant efforts to develop it became
important in basic facilities development policy to provide new energy source to mine
operators. With this in mind, the government established the Electricity Board in 1921
before it was restructured and renamed the Electrical Department in 1927 to manage
electricity supplies in the FMS. The establishment of these departments functioned as
a development agent for the government, playing a key role in spurring economic
growth. This situation illustrated that the British was responsible for creating modern
infrastructure to develop the commercial economic sector, as acknowledged by a
number of scholars. For instance, P. J. Drake (1979) states that the British government
provided facilities for foreign investors to encourage the growth of private industry.
P. P. Courtney (1972) stressed that the change in tin mining patterns was due to British
policy and encouragement of foreign financiers. J. S. Sidhu (1980) opined that the
British economic policy to modernise the tin mining sector included providing modern
facilities to mine operators. Undoubtedly, the British played an important role in
encouraging the growth of the tin mining sector as the backbone of FMS economy. In
Kuala Lumpur, the main tin mining centre after Perak, the Electrical Department took
the initiative and built a sub-station near the mining areas to facilitate electricity supply
to the operators. In Perak, although the government did set up an electrical department,
supply of electricity was managed by a private company, the Perak River Hydro-
Electric Power Company (PRHEPC). The services of the PRHEPC challenged the
earlier perception that the British government was fully responsible for the provision
of basic facilities for economic development. The PRHEPC was responsible in
ensuring the Kinta Valley, which functioned as the largest tin mining centre in Perak
specifically and in Malaya generally, received ample supply of electricity. Although
the British administration worked to develop electricity supply facilities, the
cooperation with PRHEPC was necessary to guarantee the success of a high-impact
project for the government.

The establishment of the PRHEPC was historically significant in the electricity
industry of this country, especially in the framework of the colonial period. The
services provided set a benchmark for the development of electricity supply, as it
became the leader in hydro-based electricity industry. The PRHEPC was successful in
managing the construction of the largest hydro-electric power station, specifically in
Perak and generally in Malaya, with the capacity of generating up to 27,000 kW.
Undeniably, a number of private companies had utilised the hydro method to generate
electricity before PRHEPC. However, their generating capacity were low, and much
generated electricity was limited to private use. For instance, the Raub Australian Gold
Mining Company was the first company to apply the hydro method through the
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building of a hydro-electric power station in Sempam River in the 1890s to facilitate
gold-mining operation in Raub, Pahang (Richardson, 1939; Warnford-Lock, 1907).
The Societe des Etains de Kinta, the French capitalist-owned tin-mining company also
used electricity generated by the Rawang River in 1906 for prospecting work in
Kampar (Ingham & Bradford, 1960). However, compared to its two precursors, the
PRHEPC developed hydroelectricity to benefit consumers, especially tin mine
operators in Kinta Valley. The role played by PRHEPC was significant, as the tin
mining sector was the fundamental economic activity in Perak and in Malaya.
Furthermore, the Kinta Valley served as the main tin mining centre that contributed a
large amount of tin for the international market. Therefore, efficient energy supply such
as electricity guaranteed the continuation and strengthening of the tin mining activity.
This situation highlighted the significant role the PRHEPC played to drive forward the
growth of the tin mining sector in Kinta Valley.

Although electricity as supplied by PRHEPC contributed to the development of
the tin mining sector, no exists to specific topic on it. In fact, studies on the
development of electricity facilities are still lacking in Malaysian historiography.
Muzaffar Tate is arguably one of the few researchers that produced a study on the
development of electricity facilities in Peninsular Malaysia from its introduction in the
1890s to 1990 (Muzaffar, 1989; Muzaffar, 1991). His discussion focuses on the role of
the government and its impact on governing the development of basic facilities during
nationalisation. Although his discussion also focused on the setting up of the PRHEPC
and the implemented development projects, a more detailed study is needed to fully
comprehend the role, significance, and relationship between the services provided and
the consumer aspect, especially the tin mining sector. Furthermore, Hellstrom (1935)
and Rennie (1935), who also discussed PRHEPC, only focused on its main project, the
construction of the hydro-electric power station. As their study was published a few
years after the PRHEPC launched its electricity-generating power station operation,
there was no information on the impact of its development on the consumer aspect.
Clearly, existing literature do not comprehensively cover the issue, although providing
electricity for the tin mining sector, centred in Kinta Valley, was the responsibility of
the PRHEPC. In addition, electricity became the main source of energy used by mine
operators by the 1920s.

As studies on the production of new energy technology such as electricity
received little attention in Malaysian historiography, its impact on economic growth
has not been analysed as much. This present article seeks to overcome one limitation
of the economic literature by drawing attention not only to the evolution of energy
development and electricity system, but, crucially, also to the adoption of electricity as
a new energy source in tin mining sector, focusing on the role of the PRHEPC. This is
in line with N. R. Jackson’s (1963) recommendation to further research on the topic of
change in the tin mining sector, as it was the core of economic history in Malaysia.
According to Arthur W. King (1940), the transition from wood-fuel to coal and oil, to
electricity, was among the largest change to occur in the tin mining sector. Therefore,
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this article analyses how PRHEPC managed the development of electricity supply
facilities to fulfil the demands of mine operators within a large area, and identifying its
significance. This study uses the case study approach, in line with the structure of the
electricity industry in the FMS prior to the 1940s, managed separately by the Electrical
Department of each state. Interestingly, the situation in Perak differed from the others,
as electricity supply services was led by the PRHEPC, responsible for supplying
electricity to tin mining operators centred around Kinta Valley. Generally, more than
90 per cent of electricity use in Malaya focused around the tin mining sector (Kinloch,
1966). Perak, specifically the Kinta Valley, rapidly grew with tin mining, influencing
electricity use. In 1938, 151,000 tonnes of tin were produced internationally, and
43,247 tonnes came from Malaya (Fermor, 1940). A large number of Malayan tin
production was contributed by Perak, with 24,958 tonnes (Report on the
Administration of the Mines Department and on the Mining Industries for the year
1939). Therefore, this case study approach, focusing on the Kinta Valley, allows for a
more detailed analysis to identify the significance of electricity towards the growth of
the tin mining sector, as well as measure the role of the PRHEPC as a private company
within the framework of development of basic facilities, which was basically the
responsibility of the government. The first part of this article looks at the theoretical
relationship between electricity and economic growth. Next, the second part of the
article identifies the establishment and background of the PRHEPC as the party
responsible for managing the supply of electricity in Perak. Then the third part of the
article focuses on the strategies employed by the PRHEPC to develop and manage
generator infrastructure to ensure the effectiveness of supplying electricity to a large
number of mine operators centred in Kinta Valley. The final part of this article will
analyse the significant of electricity to mine operators. This article provides two
important contributions to Malaysian historiography. Firstly, it provides further detail
on the history of electricity services from the perspective of private ventures, such as
PRHEPC which emerged as the main player in the electricity industry. Secondly, it
fills in the gap in our history, on the relationship between electricity supply facilities
with the tin mining sector, and the significance of PRHEPC services to the mine
operators across Kinta Valley.

Methodology.

This study uses the historical method and qualitative research to reconstruct past
events. Accordingly, this study requires the use of archival materials obtained from
National Archives of Malaysia, which is located in Kuala Lumpur. The type of primary
sources, we collected including the Annual Report and Account of the Electrical
Department (1927-1938); Annual Report on The Social and Economic Progress of The
People of Perak; Report on The Administration of The Mines Department and on The
Mining Industries. In additional, we also use secondary sources, including
dissertations, books, and journal. All information gathered was analysis using a
narrative approach.
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Results and Discussions.

The emergence of electricity as a more efficient, productive, and flexible source
of energy had a tremendous impact on economic growth. The use of electricity as the
driving power for motor and engines was proven to be more flexible than steam engines
and allowed the reorganisation of work in factories and workshop. Work hitherto
difficult or almost impossible for humans could be easily handled by electricity-
generated machinery, and electricity was widely used to replace manpower and
polluting traditional fuels. A few economic historians such as Wilkinson (1973),
Wrigley (1988), and Allen (2009) viewed that energy-related innovation and
improvement in energy supply and quality played a significant role in ensuring
economic growth. They also viewed energy as a key component in explaining the
Industrial Revolution. Furthermore, David I. Stern (1997) argued that energy is an
essential factor of production and continuous supplies of energy are needed to maintain
existing levels of economic activity as well as to grow and develop the economy. In
general, these ideas originated from the theory forwarded by Robert Solow and Trevor
Swan in 1956. This theory, known as the Solow Growth Model, states that economic
growth is caused by three factors: labour, capital, and technology. Of the three factors,
technology was seen as the most dominant. Although labour and capital were limited
economic resources, the contribution from technology to growth is boundless.
According to this Solow Growth Model, technological transformation has a significant
influence on the economy, and growth could not effectively happen without
advancements in technology (Solow, 1956; Solow, 1957).

Electricity was an example how technological advancement became the trigger
for economic growth. One way to evaluate the role of electricity in economic growth
is by studying historical success stories. Using the Solow Growth Model, from the lens
of technology, this article reviews empirical evidence by analysing the link between
electricity as supplied by the PRHEPC with the tin mining sector in Kinta Valley in a
colonial setting. The formation of the PRHEPC was identified as bringing development
in electricity supply, thus contributing to the growth of the tin mining sector. The
effectiveness on electricity system-building by prioritising the hydro method and
combining with steam, and implementing the grid supply, ensured the continuous rapid
growth in mining in the Kinta Valley, even as they faced lack of labour and capital,
especially among Chinese businessmen. The effects on infrastructure and supply
quality were an essential factor of production and maintaining existing levels of mining
activity, as well as growing and developing the economy.

The Establishment of the Perak River Hydro-Electric Power Company.

The PRHEPC involvement, until it emerged as the main plater of the electricity
industry in Perak, began with the government’s plan to implement a high-impact
project through developing hydroelectricity. By the second decade of the 20" century,
the British government took the initiative to improve electricity supply in Malaya.
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Therefore, Frederick Bolton, an experienced hydro-electric engineer involved in
multiple projects in Britain and South Africa, was appointed as Electrical Adviser to
formulate a comprehensive development plan (High Commissioner Office, 1919). As
an expert in this field, Bolton identified the potential of the Perak River as a source for
hydro-electricity generation. With this in mind, a proposal was submitted to the
government to implement the Perak River Hydro-Electric Scheme (PRHES) and
exploit the Perak River (The Public Supply of Electricity Power and Light in Malaya:
Interim Report, 1921). This implementation was able to meet the energy demands in
the ever-growing tin mining sector in the Kinta Valley. However, financial troubles
prevented the government from implementing the PRHES. In 1921, the FMS merely
earned around $73,450,779, while its expenditure reached $101,426,220. In the
following year, the FMS finances saw a further deficit, with an expenditure of
$67,151,142 to an income of $59,818,670 (Rus, 2006). This problem emerged as a
consequence of large-scale spending on development of basic facilities to boost growth
in the export economy.

This financial crisis hindered the government’ plan to implement large-scale
projects such as the PRHES, which required a lot of capital. At the same time, however,
the development of the PRHES needed to be expedited to provide electricity supply to
tin mine operators. To overcome this problem, the government worked to attract
investment from private companies. After lobbying a number of investors in London,
Bolton managed to capture the interest of Armstrong Whitworth to invest in PRHES.
This joint venture with Armstrong was not really new, as his company was previously
responsible for the building of the battleship H. M. S. Malaya for the FMS, launched
on 18 March 1915 (Yusof, 2019). Armstrong Whitworth & Company was among the
leading companies in engineering, providing their services in shipbuilding,
locomotives, and airplanes. In addition, the company was also involved in a number of
hydroelectric projects such as in Deer Lake, Newfoundland and Nymboida, New South
Wales in the 1920s. This rich experience, as well as the guarantee by the company to
complete the PRHES without FMS financial aid, convinced the government to grant a
concession Muzaffar, 1989). With that, an agreement was signed between the Sultan
of Perak, Sultan Iskandar Shah and Sir W.G. Armstrong Whitworth & Company on
December 1925 (Perak River Hydro Electric Company: Title to Land, 1929).
The PRHEPC was formed in 1926 as a developer for PRHES, responsible for
managing the generation, transmission, and supply of electricity to consumers,
especially tin mine operators in the Kinta Valley for 80 years. For domestic use, the
PRHEPC was granted a concession to supply electricity in Kuala Kangsar District, the
mukims of Durian Pipit, Temelong, and Lenggor in Upper Perak; Kinta District; the
mukims of Chenderiang, Batang Padang, and Bidor in Batang Padang District; the
mukims of Pulau Tiga, Kampung Gajah, and Panjang Ulu in Lower Perak (Perak River
Hydro Electric Company: Title to Land, 1929).

Taking this vast responsibility, the PRHEPC took steps to strengthen
administrative and implementation through network-building with a number of parties.
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The formation of this organisational structure allowed the company to manage
administrative affairs and development projects more efficiently and effectively. On
administrative, the appointed company board members were experienced individuals,
directly involved in the electricity industry. Among them were Lord Meston of Agra
and Dunottar, the Manager of Calcutta Electric Supply Corporation Limited, while
Col. B. C. Lockhart-Jarvis was the Director of Kensington and Notting Hill Electric
Light Corporation Limited. For implementation, the PRHEPC appointed the Rendel,
Palmer & Tritton Company as Consultant Engineers, with Preece, Cardew & Rider
Company as Technical Advisors to help manage the development project (Perak
Hydro-electric Scheme, 1927). Furthermore, the PRHEPC also cooperated with a
consultant company from Sweden, the Vattenbyggnadsbyrdn, among the pioneers in
hydro-electric engineering in Europe. Through this cooperation, the PRHEPC
benefited from access to the latest technology in building electricity supply, thus
ensuring its efficiency. In addition, Armstrong also brought his skilled and experienced
staff in hydroelectricity to be seconded in Perak to help implement the PRHES. For
instance, Edwin Charles Steer, who worked with Armstrong Whitworth & Company
since 1925 and involved in drawing up hydro-electric schemes in a number of areas in
Great Britain, and the construction of a dam in Newfoundland, was appointed as Chief
Assistant Engineer, later Resident Engineer, to manage PRHES in 1928 (Anonymous,
1958). Gordon Mabor Walker, who served as Assistant Engineer of Hydro-Electric
Department, Manchester was appointed Assistant Engineer and Mechanical Engineer
in PRHEPC (B. C. L .- J., 1957).

The Implementation of the Perak River Hydro-Electric Scheme.

Developing the river for hydro-electricity generation proved to be more
economical, as it was fully dependent on natural water flows. In contrast, the use of
fossil fuels such as coal, natural gas, or oil, could manipulate the electricity supply
process, due to their limited availability and unrenewable nature. This situation made
their price unstable, influencing costs of generating electricity and affecting both
operators and consumers. Furthermore, other consumer sectors already compete for
access to fuel supply. In the FMS, aside from the electricity industry, coal supply was
largely allocated to railway transportation. Therefore, the energy industry players
tirelessly worked to diversify their electricity generation methods, depending on
renewable energy sources such as water. However, the suitability of water source
should also be identified before exploitation, as providing hydroelectricity should not
only focus on present needs, but also future interests, and its impact on the ecosystem.
The Perak River was discovered to possess suitable characteristics to be developed as
a main source of hydro-electricity generation, with a height of 105 feet from sea-level,
which flowed as far as 170 miles (Perak Administration Report for the year 1931, 1932;
Winstedt, 1927). In addition, the rapid water flow was able to produce high kinetic
energy, thus usable to generate electricity in large quantities.
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When the PRHEPC took over the PRHES scheme, the company began monitoring
to identify strategies areas along the Perak River as the site for a hydro-electric power
station. This step was important to ensure company operation, and the process of
generating and supplying electricity remain smooth. According to Robert J. Michaels
(2006), “Electricity can be produced and delivered economically only if highly
specialized assets are in place...some generators must be close to
consumer...Investment in generation and transmission is a long and costly process and
once in place, the equipment cannot be cheaply redeployed to some other location or
use”. Through the monitoring, Chenderoh was selected as the site for a hydro-electric
power station. Undeniably, other sites such as Kenering, Bersia and Temenggor could
also be potentially exploited as a source of hydro-electricity generation. These areas
were later developed by the National Electricity Board in the 1970s to generate
hydroelectricity. However, the selection of Chenderoh by PRHEPC was due to its close
geographic location to tin mines in Kinta Valley compared to the aforementioned sites,
located far into Upper Perak. The distance between the hydro-electric power station
and the consumers was the main factor considered, as it minimised expenditure on
transmission lines, and reduced loss of electricity during supplying. Furthermore,
Chenderoh also has a natural lake that could function as a catchment to prevent river
overflow when the dam was finally complete.
Construction work on the hydro-electric power station began in 1927, involving
a number of contractors such as Topham, Jones & Railton Limited (construction
engineering), Glenfield & Kennedy Limited (water gates), Ransomes & Rapier Limited
(sector & intake gates), The English Steel Corporation Limited (water turbine), and
The English Electric Limited (alternators) (Hellstrom, 1935). The dam structure was
built with the length of 231 feet on the right side of the riverbank, fortified with
concrete and steel piles 60-feet deep. On the left side of the riverbank, dam construction
covered a length of 120 feet, fortified with concrete and steel piles 30-feet deep. The
dam wall, to stop water flow from the right side of the river, was built with a length of
245 feet, with a height of 193 feet, while on the left side of the river covered an area of
434 feet with a height of 193 feet. The sector gate section, located at the mid-part of
the river, was built at a height of 177 feet (Hellstrom, 1935). Aside from the dam, other
main sections of the hydro-electric power station include the powerhouse. The
building had reinforced concrete, divided into three sections that placed the water-
turbine to generate electricity via kinetic energy, produced through streamflow. Its
height was between 145 and 174 feet, and also equipped with apparatuses such as
turbine scroll-cases, generators, governors, travelling cranes, and so on (Hellstrom,
1935). The height of the dam and building was key to preventing river overflow during
a flood. The station, with a generating capacity of 27,000kW was completed, and began
its electricity supply operations to consumers on 27 July 1930 (Report on The
Administration of The Mines Department and on The Mining Industries for the year
1930). The construction of the Chenderoh Hydro-Electric Power Station made it the
largest station, specifically in Perak and generally in Malaya.
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Merging Methods of Generation.

The challenge to supply electricity to a large area with long-term guarantees to
customers propelled the PRHEPC to take the initiative to diversify and merge methods
of generation. Although the Chenderoh Hydro-Electric Power Station could generate
large quantities of electricity, the generating process itself was unpredictable and
dependent on the weather. Erratic rainfall distribution and droughts affected river-flow
and quantity. The decision to merge methods of generation was the best approach to
this challenge. The construction of a separate and alternatively operated power station
gave the advantage to PRHEPC to reduce risk in electricity generation. This was
supported by Matsunaga Yasuzeamon, “when you can’t produce enough power
because the volume of river is too low, you have to secure other means to augment the
supply and compensate for the shortage” (Kikkawa, 2006). In October 1927, PRHEPC
built a power station in Malim Nawar as a back-up to the Chenderoh Hydro-Electric
Power Station, especially during the drought season (Annual Report and Accounts of
the Electrical Department for the year 1927, 1928). In the event of disruption in
transmission between Chenderoh Hydro-Electric Power Station and consumers in
Kinta Valley, the Malim Nawar Power Station served to ensure electricity supply
remained undisrupted (Report on The Administration of The Mines Department and
on The Mining Industries for the year 1930). In addition, the Malim Nawar Power
Station also expedited electricity supply to mine operators. This was because steam-
type power stations took a relatively shorter time to complete compared to a hydro-
electric one.

In October 1927, construction work on the Malim Nawar Power Station began,
with the cooperation of a number of contractor companies such as the International
Combustion Limited (boiler-plant and building), The English Electric Company
Limited (turbo alternators), James Howden & Company (air-preheaters), Ledward &
Beckett Limited, and S. Bullock Company (spray-pumps and piping) (Hellstrom,
1935). At the early stage, generation capacity was set at 5,000kW before the PRHEPC
decided to increase capacity to 18,000 kW (Annual Report and Accounts of the
Electrical Department for the year 1927, 1928.; Muzaffar, 1989). Construction took
almost a year to complete, before official operations began in November 1928.
Through the Malim Nawar Power Station, around 1,690,833 units of electricity were
generated, and it increased to 5,927,728 units as soon as it merged with the Chenderoh
Hydro-Electric Power Station (Perak River Hydro-Electric Power Company, 1931).
The PRHEPC identified a strategic location to build a power station, southern Kinta
Valley. The Chenderoh Hydro-Electric Power Station was located to the north. This
location allowed the company to connect all tin mining areas located between the two
stations. In other words, PRHEPC could supply electricity to all mine operators across
Kinta Valley through connecting transmission lines along the area between the two
stations.

385


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

https://www.hst-journal.com Icmopis nayku i mexHiku, 2023, mom 13, sunyck 2
History of science and technology, 2023, vol. 13, issue 2

Transmission Line Network.

The two high-capacity power stations were built in Chenderoh (27,000 kW) and
Malim Nawar (18,000 kW) allowed PRHEPC to supply electricity to a large number
of tin mining operators across the Kinta Valley. In other words, the operation of two
stations was capable of producing electricity in large quantities, in line with the needs
of the tin mining sector. For instance, the Chenderoh Hydro-electric Power Station was
capable of generating around 26,399,230 units since operation began in 1930. Through
the merging with the Malim Nawar Power Station, around 53,231,172 units of
electricity was generated and supplied to tin mine operators (Report on The
Administration of The Mines Department and on The Mining Industries for the year
1930). Therefore, the PRHEPC must manage the supply system efficiently so
generated electricity can be fully utilised while preventing waste, as electricity could
not be stored and must be directly supplied to consumers. To ensure the process of
supplying electricity to consumers ran smoothly, the PRHEPC developed a supply
network and grid distribution system, which connected the two power stations with the
consumers. According to Robert J. Michaels, “Distribution lines must physically reach
users, and transmission lines must cover the distance between distribution lines and
generation” (Michaels, 2006). A transmission line of 66 kV was built, connecting the
Chenderoh Hydro-Electric Power Station and the Malim Nawar Power Station. There
were eight 22 kV sub-stations built along the line, in Temoh, Kampar, Petaling,
Tanjong Toh Alang, Tronoh, Batu Gajah, Papan, and Menglembu, while two 66 kV
sub-stations were built in Talang Pamaya and Selibin, connected to the 22 kV
transmission lines. This distribution network allowed PRHEPC to supply electricity to
every tin mine along the line.

Electrification on Kinta Valley.

In 1889, Kinta Valley emerged as the main tin mining centre in Perak, and
generally in Malaya, replacing Latur. Since then, the Kinta Valley became the largest
producer of tin. Between 1919 and 1923, Kinta Valley produced 398,478 piculs of tin
from the total production in Perak of 492,961 piculs (Fermor, 1940). This followed the
mass opening of tin-rich mines in Kinta Valley. Kinta Valley emerged as the district
with vast areas of tin mines compared to the other six districts in Perak. By January
1939, there were 3,820 tin mines covering an area of 125,215 acres in Perak, and 2,811
mines in an area of 85,530 acres in Kinta Valley alone (Annual Report on the Social
and Economic Progress of the People of Perak for the year 1938, 1939). This growth
was further supported by supply of alternative energy and utilisation of more modern
equipment such as dredges and gravel pumps. In general, use of alternative energy such
as steam, hydraulics, and electricity, made tin extraction easier and more effective
compared to human labour. One horsepower (h.p.) of alternative energy used to
activate machinery could do the work of eight human labour (Ken, 1965). This meant
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use of alternative energy such as electricity became more popular among tin miners to
carry out their prospecting.

The introduction of electricity as a more effective energy source received
encouraging demands from mine operators. In Kinta Valley, electricity supply by
PRHEPC allowed a large number of tin mine operators to turn to them. According to
Figure 1 below, it is clear that electricity became the energy source of choice for tin
mine operators since 1930. This increasing trend was influenced by PRHEPC’s success
to manage the construction of a high-capacity power generator asset. As soon as the
Malim Nawar Power Station began operation in 1928, the use of electricity continued
to increase before it overtook alternative energy sources when the Chenderoh Hydro-
Electric Power Station in 1930. From 47,963 h.p. of electricity used in 1934, around
39,622 h.p. was supplied by PRHEPC (Report on The Administration of The Mines
Department and on The Mining Industries for the year 1934). By 1936, PRHEPC
supplied 59,331 h.p. out of 80,828 h.p. electricity used in tin mines in Perak (Report
on The Administration of The Mines Department and on The Mining Industries for the
year 1936). The statistics proved the capability of PRHEPC to manage electricity
supply to meet the demands of mine operators covering a large area, and its
contributions in further developing the tin mining sector.
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Figure 1. Energy Usage in the Tin Mining Sector in Perak, 1921-1938 (Source:
Compiled from Federated Malay States: Report on The Administration of The Mines
Department and on the Mining Industries, 1921-1938).
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Supply of electricity as provided by PRHEPC was significant, as it was in line
with conditions in the tin mining sector, which required a more stable and guaranteed
source of energy. This was in line with Perak’s, and Kinta Valley by extension, role as
the largest producer of tin in Malaya for the international market. Between 1898 and
1938, no less than 27 per cent of the world’s tin production came out of Malaya
(Fermor, 1940). In the Malayan context, Perak contributed more than half of the total
tin production. For instance, from the 63,974 tonnes of tin produced in Malaya in 1930,
39,825 tonnes were produced in Perak (Fermor, 1940). Therefore, it was important for
mine operators to get a more consistent and suitable energy source for tin exploitation
work to run smoothly. Before the introduction of electricity, mine operators turned to
various energy sources. However, dependence of these energy sources was seen as
risky and no longer suitable as the main power source to spur the export economic
development, such as the rapidly growing tin mining sector.

Up to the early days of the 20" century, tin mining was still labour-intensive,
especially Chinese labour. Throughout this period, mine operators had no problem
obtaining labour, as the offers were high and sufficient for each demand. A large
number of Chinese labours brought into Malaya worked in the tin mining sector.
However, by the early decades of the 20" century, problems in supplying labour
became more serious, as emigrants outpaced newly brought in labour. In addition,
current and new labour diversified their services into other sectors, such as road
construction, railway construction, and rickshaw-pulling, and this also affected labour
supplies in the tin mining sector (Ken, 1965). At the same time, the growth of the rubber
industry forced European businessmen to use Chinese labour as extra labour to support
Indian labour in the plantations (Ken, 1965). Furthermore, health problems such as the
spread of beriberi, of which labourers were especially vulnerable, and the low quality
of life due to exposure to vices such as opium, meant labour was unstable and
detrimental to mining operations. To overcome the problem of labour shortage, mine
operators took the initiative to turn to alternative energy sources such as steam and
hydraulics, produced through combustion. Undeniably, these energy sources did not
require many labourers, as operators turned to labour-saving devices such as gravel
pumps to excavate tin. However, even these energy sources proved unstable because
of limited and unstable fuel availability, as they were also needed in other sectors such
as trains and export commodities. Only two main coal mines supplied fuel to
consumers, which were the Malayan Collieries Limited in Arang Batu, Selangor and
Enggor Coal Syndicate in Enggor, Perak. However, the closure of the mine in Enggor
in 1928 affected coal supplies (Report on The Administration of The Mines
Department and on The Mining Industries for the year 1928). Meanwhile, mine
operators such as in Tanjong Toh Alang, hitherto dependent on wood-fuel for energy
production, also faced fuel shortage (Perak Administration Report for the year 1923,
1924).

Clearly, use of electricity as supplied by PRHEPC proved best for mine operators,
as they were capable of supplying a stabler energy source. The diverse generating
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methods operating through renewable and unrenewable energy sources allowed
PRHEPC to reduce problems in supplying electricity to consumers. Although the
Malim Nawar Power Station operated with coal, fuel shortage was no problem for the
PRHEPC, as the majority of energy was generated by the Chenderoh Hydro-Electric
Power Station. Electricity generation through renewable sources such as water from
the Perak River and the high generating asset capacity guaranteed a stabler energy
supply to fulfil current and long-term needs. PRHEPC’s ability was unquestioned with
the supply of electricity to its ever-increasing consumers. In 1932, around 35,778,199
units of electricity was provided by PRHEPC to mine operators in Kinta Valley
(Annual Report on The Social and Economic Progress of The People of Perak for the
year 1933, 1934). Supplied electricity units increased to 89,403,198 units in the
following two years (Annual Report on The Social and Economic Progress of The
People of Perak for the year 1934, 1935). By 1936, electricity use reached 202,099,958
units, further increasing to 247,097,397 units in the following year (Annual Report on
The Social and Economic Progress of The People of Perak for the year 1937, 1938).
The ability to generate electricity in large quantities also caused the government to shut
down operations of power stations in Ipoh and Batu Gajah, and purchased electricity
from PRHEPC to supply to the locals (Annual Report and Account of the Electrical
Department for the year 1930, 1931; Annual Report and Account of the Electrical
Department for the year 1932, 1933). Since 1929, purchase of electricity from
PRHEPC continued to increase from 2,833,883 units to 4,794,694 units by 1939
(Annual Report and Account of the Electrical Department for the year 1929, 1930;
Annual Report and Account of the Electrical Department for the year 1939, 1940). This
indirectly explained the company’s capability of ensuring continued energy supplies
for consumer demands. Undeniably, electricity usage for the tin mining sector in Perak
showed a decline between 1930 and 1933. However, this was not due to problems in
supplying electricity, but a result of the economic recession and the collapse of tin
prices, which forced mine operators to limit operations. Tin dumping led to the
implementation of the International Tin Agreement in 1931 to restore market price by
Imposing tin production quotas among producing countries (Hoong, 1969). Later, as
the tin market recuperated, tin production quotas were liberalised through the
International Tin Agreement, renewed in 1933 (Hoong, 1969). Almost immediately,
mine operators re-started their tin mining activities, thus increased electricity usage.
The transition to electricity as used by PRHEPC allowed mine operators to
minimise expenditure on energy supply. According to the report by J. Laird, Senior
Warden of Mines, the use of engines to generate energy- and labour-saving devices
proved to reduce the operation costs borne by operators (Report on the Administration
of the Mines Department and on the Mining Industries for the year 1930). In this regard,
the implementation of the PRHES by PRHEPC could potentially supply electricity at
a cheaper rate to mine operators (Perak Administration Report for the year 1925, 1926).
Through services provided, operators no longer have to bear the costs on construction,
generation, and maintenance of power stations, as they could directly receive electricity
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from PRHEPC. In addition, hydro-based electricity generation via natural water flow
from the Perak River allowed the company to reduce operating costs, thus provide
electricity to all consumers at a lower rate. For instance, in 1935, the PRHEPC only
spent around £26,878 to generate electricity (Perak River Hydro-Electric Power Co.,
“Directors’ Report and Statement of Accounts for the year ended 315t July 1935, 1936).
In that year, around 124,810,523 units were generated and supplied to tin mine
operators in Kinta Valley, while a further 3,348,090 units were sold to the government
to be supplied to consumers in Ipoh and Batu Gajah (Annual Report on The Social and
Economic Progress of The People of Perak for the year 1935, 1936). In contrast, the
government, through the Electricity Department, spent £38,734 to purchase fuel such
as coal and oil to generate 53,297,401 units of electricity (Annual Report and Account
of the Electrical Department for the year 1935, 1936).

Although tin mining areas in the Kinta Valley were vast and with many mining
companies, the generation asset capability owned by PRHEPC provided operators with
the opportunity to obtain electricity. For instance, the number of mine operators that
engaged the services of PRHEPC showed an upward trend. In 1933, 39,663,579 units
of electricity were supplied to PRHEPC to 66 consumers (Annual Report on the Social
and Economic Progress of the People of Perak for the year 1933, 1934). This number
increased to 110 consumers in the following year, with the sale of 89,403,198 units of
electricity (Annual Report on the Social and Economic Progress of the People of Perak
for the year 1934, 1935). By 1937, PRHEPC had 223 consumers, with a total
247,097,397 units of electricity sold (Annual Report on the Social and Economic
Progress of the People of Perak for the year 1937, 1938). A large amount of mine
operators in Kinta Valley that operated with dredges, such as the Jelapang Tin
Dredging Limited, Kramat Tin Dredging Limited, Lower Perak Tin Dredging Limited,
Malayan Tin Dredging Limited, and Southern Kinta Consolidated Limited, also
depended on electricity supplied by PRHEPC (Ingham & Bradford, 1960).

Aside from new consumers, the capability of PRHEPC also drove a number of
mine operators that initially managed their own electricity generation to switch to the
company’s services. This decision could further reduce to expenditure costs of these
operators. For example, the Societe des Etains de Kinta ceased operations of their
power station and signed a power purchase agreement with PRHEPC (Perak Hydro-
Electric Company, 1929). Other large companies operating with dredges such as
Anglo-Oriental and Osborne & Chappel also obtained electricity from PRHEPC (Perak
Hydro-Electric Company, 1929). Dredges were more suitable for mine operators doing
more effective tin excavation work. As tin ore yield from the surface up to a depth of
less than 30 feet progressively decreases, operators were forced to dig deeper. The
traditional mining method of using labour and equipment such as hoes and rattan
baskets became more exhausting as they reached a depth of 30-50 feet. Although
operators could turn to engine-generated power, it necessitated huge capital to purchase
extra equipment such as pumping machineries, with the sodden mine surface (Hoong,
1969). Therefore, operators must improve their mining methods by using modern
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machinery such as dredges, that could be used in watery mines. Although they invested
heavily in dredges, mine operators could bear the cost by obtaining cheap electricity
from PRHEPC.

At the same time, opencast mine operators, most of them Chinese, which operated
with steam- and diesel engine-driven gravel pumps also transitioned to electricity and
electric motors obtained from PRHEPC (Annual Report on the Social and Economic
Progress of the People of Perak for the year 1933, 1934), as energy generated from
steam, hydraulics, gas or oil methods require mine operators to manage their own
power station. The fuel needed such as oil, coal, and wood were not always available,
as other sectors such as the railways also compete for these resources. In addition, fuel
prices were also unstable due to fickle market prices. This made it difficult for operators
to ensure fuel supplies could meet the demands, not to mention to effects on
expenditure. For Chinese operators, operation cost-reduction by turning to electricity
and labour-saving devices such as gravel pumps and electric motors were in step with
the changes in the mining sector. Up to the early 20" century, Chinese operators still
possessed strong financial resources through sale of opium and gambling activities in
the mines. According to Wong Li Ken, the revenue allowed Chinese operators to
finance mining operations even as tin market price declined (Ken, 1965). However, the
dissolution of opium monopolies by the government in November 1910 and gambling
activities in December 1912 deprived them of a source of revenue (Voules, 1921; Ken,
1965). This made it difficult for operators to continue recruiting labour in large
quantities. Furthermore, limited number of labourers led to a rise in wages. Lack of
capital to manage energy supply themselves also led to increase in demands for cheaper
electricity among these Chinese operators (Perak Administration Report for the year
1923, 1924). By using electricity also allowed Chinese operators to continue with their
tin prospecting ventures (Perak Administration Report for the year 1926, 1927).
Therefore, as soon as PRHEPC began their operations, a number of Chinese-owned
mines such as Chan Tat Cho (Kampar & Chenderiang), Wong Peng Sam (Kampar),
Choo Hoy (Temoh & Chenderiang) Wong Seong (Kampar), Loke Man Choke
(Kampar), Leong Mong Chew (Kampar), Wan Fook (Kampar), Hah Liew Yee
(Selibin), Chen Yoong Seong (Kampar), Leow Yee Thong (Kampar), Lai Weng Huin
(Papan), Chong Foong (Pusing), Keat Hock Tong Mining Kongsi (Pusing), Yap Chin
(Batu Gajah), Lim Boon Haw (Malim Nawar), and Tai Chee Show (Kampar), which
operated opencast mines signed power purchase agreements with PRHEPC (Perak
Hydro-Electric Company, 1929). For mine operators in Tanjong Toh Alang, fuel
shortage such as wood could be overcome with the building of a sub-station in that area
by PRHEPC, which provided electricity. Clearly, the facilities provided by PRHEPC
helped Chinese operators to minimise their operation costs and at the same time
ensured their survival in the tin mining sector.
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Electricity and the Rise of Western Mining Company.

PRHEPC participation in the electricity industry indirectly changed the pattern of
development in the tin mining sector. Through supplying of stable and cheap energy,
PRHEPC helped European entrepreneurs to take control of the tin mining sector from the
Chinese operators. Since the 19" century, both European and Chinese operators were
involved in tin mining activities, specifically in Perak, and generally in Malaya. However,
the influence of European operators, especially in tin production, were minimal compared
to their Chinese counterparts. The period between 1820 and the early 20" century
witnessed the domination of Chinese operators in the tin mining industry. Throughout this
period, Chinese operators managed to contribute between 60 and 80 per cent of the annual
tin production. This dominance was supported by their full control over manpower, i.e.,
Chinese labourers. In other words, the failure of European operators to control labour
limited their involvement in the sector. Prior to the 20" century, Chinese labour was
synonymous to tin mining, as tin ores located on the surface could be extracted with labour
work and simple tools, such as hoes, rattan baskets, pans, and so on.

However, changes in the tin mining sector, from a labour-intensive to a capital-
intensive model, opened the gates for European operators to take control of the sector from
the Chinese. The dearth of tin on the surface up to a depth of 30 feet required the operators
to dig deeper to extract tin. In this situation, manpower was no longer suitable, and
operators turned to modern equipment and machinery such as dredges. For Chinese
operators, the lack of capital hindered them from purchasing cost-prohibitive dredges. As
for the Europeans, their financial strength allowed them to utilise dredges and other
labour-saving devices, thus monopolising tin production (Annual Report on the Social and
Economic Progress of the People of Perak for the year 1935, 1936). The initiatives taken
by these Europeans were further streamlined with the supply of far cheaper and more
efficient electricity by PRHEPC. With that, the problem of labour shortage among
European entrepreneurs were countered by cheap electricity from the company.
Compared to labour, which was fully controlled by Chinese operators, electricity was not
monopolised by any one operator. PRHEPC, as the body responsible for supplying
electricity facilities, provided it to all consumers, without privilege to any one group. In
addition, the huge generation capacity did not hamper any operator from obtaining
electricity. Since 1929, no less than 60 per cent of tin produce were contributed by
European operators, overtaking the Chinese. A large part of tin production as recorded by
European operators were done through dredges. As mentioned earlier, most European-
owned and dredge-operated tin mines obtained their electricity from PRHEPC. In 1936,
through dredges, the Europeans could produce over 291,670 piculs of tin, and another
145,183 piculs through other means, compared to the Chinese that produced 286,141
piculs of tin (Annual Report on the Social and Economic Progress of the People of Perak
for the year 1936, 1937). Although tin production saw an overall decline in 1938,
European operators using dredges still dominated production. Through dredges, around
220,465 piculs of tin were produced, with another 116,338 piculs through other methods.
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Meanwhile, the Chinese operators only managed to be produced 38 per cent of tin output,
or 202,336 piculs (Annual Report on the Social and Economic Progress of the People of
Perak for the year 1938, 1939).

Conclusions.

The establishment of the PRHEPC aimed to implement the PRHES, had a
significant impact not only in its role to supply electricity to mine operators in Kinta
Valley, but also ensured the continuation and development of the tin mining sector,
through their supply of a more stable, consistent, and cheaper energy source. As a new
company established to take over the scheme drawn up by the government, the
PRHEPC proved their capability to realise this highOimpact project. They did not
merely focus on hydro-electricity development in the Perak River, but also took the
Initiative to diversify their generation methods to ensure the effectiveness in supplying
electricity to their consumers. Clearly, their infrastructure development strategy,
merging both hydro and steam generation, and the grid system, was suited to Kinta
Valley’s location as the main mining centre, with a large area, involving many
prospecting companies. In other words, these constructed assets allowed the PRHEPC
to supply electricity to a large number of mine operators to meet current and long-term
demands effectively. This situation guaranteed each mine operator sufficient electricity
supply, turning it into the main energy source for tin mining. Since its inception, the
PRHEPC was responsible for driving the tin mining sector in Kinta Valley. The effort
to develop electricity facilities was not limited to providing a newer and more efficient
energy source, but also adapt to the changes in the sector. Labour and alternative energy
sources such as steam were unreliable, involved a high cost, and were a constant
problem for mine operators. Dependence of these energy sources also made mining
methods limited and impractical. Therefore, the PRHEPC provided the best solution to
mine operators to overcome these challenges. Their ability to supply electricity
consistently and cheaply turned mine operators to their services. This was very
beneficial to European entrepreneurs that used dredges to strengthen their operations,
thus dominate the tin mining sector. Meanwhile, the transition to electricity among
Chinese businessmen ensured their survival in the mining sector. Although faced with
lack of labour and financial losses, electricity supply as provided by PRHEPC allowed
Chinese businessmen to participate in tin mining activities, and to innovate mining
methods. Evidently, the role played by PRHEPC through supplying electricity has a
significant impact on ensuring the growth of the tin mining sector in Kinta Valley.
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Enexktpudikauiss maxroBoi npoMuc/oBocTi B 10uHiI KinTa: Poab komnanii
"TinpoenexTpoeHepreTuyHa kommnanis ''Piuka IMepak" (1927-1940)

Anomauin. Enexmpuky nouanu enposaddicyéamu 6 xoaoHiamvHiu Manau3ii edce 3
1890-x poxis, a 0o 1920-x e6oHa cmana OCHOBHUM OCEPENOM eHepeii 6 2IpHUHIll
NPOMUCTOBOCMI 3 6UOOOYMKY 0/1064. [[U6HO, W0, He36axMCalouy HA il 8aAXCIUBY DOb Y
EKOHOMIYL, eNeKmpoeHepeemuKka ompumala mMaio yeazu 8 icmopioepagii Manausii. ¥
20JI0GHOMY yYenmpi 2ipruymea on06a Kpaitu, y oomuni Kinma 6 Ilepaky, xomnawis
"T'iopoenexkmpoenepeemuuna komnauisi "Piuxa Ilepax” 3i wmab-xéapmuporo 6 JIoHOOHI
8I0i2pasana 3HaYHy poib Y NOCMAYAHHI eleKMpPOEHeP2li IPHUYUM ONepamopam. 3 noUamky
1920-x poxkie bpumancvruil yps0 niamyeas po3eueamu ciopoeHepeemuxy, 6yoyiouu speoni
Ha piuyi Ilepax. Bonu esaxcamu piuxy Ilepax eadciusum Odcepenom 2iopoenepeii 0is
enexmpughikayii konouianroi Manatizii, ocobueo 0na sipuudoi npomuciosocmi. inancosi
00MedICeHHsl, OOHAK, 3MYCUTIU OPUMAHCLKULL VP50 nepedamu Gi0N08i0anIbHICMb KOMNAHIT
"T'iopoenekmpoenepeemuuna komnawisa "Piuka [lepax"”. Ila cmamms cnpsvosana Ha
susHauennsi moeo, sk "l'iopoenexkmpoenepeemuuna xomnanisa "Piuxa Ilepax” xepyeana
PO3BUMKOM eJLeKMPONOCMA4anHsl ma to2o 3Ha4eH s OlA 2ipHuKia y donuHi Kinma oo 1940
poky. "T'iopoenexkmpoenepeemuyna komnanis "Piuxa Ilepax” ousepcughixyeana cmpamezii
DO3BUMKY €eHepeemUYHUX 00'€Kmis, wWoO 2apaHmyeamu NOCMA4aAHHs e/leKMpOeHepaii
2IDHUMUM ONepamopam Ha eenuKiti mepumopii. Ix s0amuicmu excnyamysamu piuxy Ilepax
uepe3 6YOiBHUYMBO 2i0poeneKmpoCmMaHyii 8e/IUKOI NOMYHCHOCME Ma CMpamezisi NOEOHAHHS
cucmem eenepayii napu i mepedxcesux cucmem 0o3eomunu "l iopoenexmpoenepeemuyna
xkomnanisn "Piuka Ilepax"” eghexmusno 3abe3neqysami e1ekmpoeHepeieto enuKy KilbKicnb
cipHuyux onepamopie y oonuni Kinma. Pozeumox 06ye inancoeo 6ucionum 0
EHEPeeMUYHUX KOMNAHIN, OCKIIbKU yell Kanimanosoepicaiouull nioxio 003601uU8 im
2eHepy8amu e1eKmpoeHep2iio 3a 3HAYHO HUNHCUOIO YIHOK, HIDIC CIMAHYIL HA Kam SHOMY 8yl
o5 ixHix cnooicusauis. /lewiesa enepeisi 00360/U1A 2IPHUYUM ONEPamopam MiHIMIZyeamu
sumMpamu Ha 8UO0OYMOK 0J108a, 0COOIUBO KOJIU CEKMOP Nepeliuios 8i0 npaye-iHmeHcUeHoT
00 Kanimanomicmkoi cmpameeii 0izHecy. J[1a OOMIHY8AHHA 8 CIPHUHOMY CeKmopi
onepamopu 6KIA0AMU 3HAYHI ITHEeCMUYii 8 MOOEpHI3ayilo Memoodis BUOOOYMKY 3d
00NOMO2010 BUKOPUCIMANHS MALWUH, MAKUX SIK 8UCOKOBAPMICHI exckasamopu. Tomy Oyno
HAO36UYALIHO BANCIUBO OJIsL 2IPDHUYUX ONEPamopie ompumysamu oOeulesy eHepeito Ol
Komnexcayii eumpam Ha ineecmuyii. Lleil ketic noxazas, wo po36Umox SiPHUYO20 CEKMOPY
6 oonuHi Kinma 0ys easicnusum He auuie UKOPUCIAHHAM eIeKMPUKU, ajle U il eKOHOMIYHUM
BUPOOHUYMBOM 3a OONOMO20I0 2IOPOETIeKMPUKLL.

Knwuosi cnoea: euoobymok onosa; piuxka Ilepax; ciopoenexmpuka, memoou
2IPHUY020 BUOOOYMKY, KANIMAIOMICIKI
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Synergizing multi-criteria diagnosis for safeguarding cultural heritage and the
restoration of vanished legacy: A historical exploration in science, technology,
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Abstract. The urgent need to preserve cultural heritage is starkly evident in
contemporary society, particularly poignant in Morocco where its rich cultural legacy
faces unprecedented threats. The rapid forces of urbanization and relentless economic
development have converged, resulting in the alarming devaluation and irreversible
degradation of a substantial portion of this invaluable heritage. Within this
disconcerting backdrop, certain remarkable vestiges have managed to endure the
ravages of time. One such exemplar is the Marinid Madrasa, an architectural marvel
from the 4th century, nestled within the Chellah archaeological site in Rabat, Morocco.
Beyond its physical grandeur, the Madrasa plays a pivotal role as a conduit between
the past and the future, facilitating the transmission of cultural heritage to generations
yet unborn. This paper embarks on a multidisciplinary journey, employing advanced
techniques such as terrestrial photogrammetry, numerical modeling, and specialized
archaeological characterization, to undertake comprehensive diagnostic study
processes. The convergence of these diverse methodologies lays a robust foundation
for a holistic diagnostic study. This endeavor serves not only academic curiosity but
becomes the cornerstone upon which strategies for compatible conservation and
restoration interventions are erected. In the intricate interplay between historical
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preservation and the imperatives of progress, these methodologies form a bridge. This
bridge links the architectural magnificence of the Madrasa with the imperatives of
safeguarding it in a rapidly changing world. The ultimate aspiration of this
multidisciplinary approach is twofold: to ensure the enduring protection of the Marinid
Madrasa and other archaeological remnants against the erosive forces of time and
urban development, and to forge a narrative that sensitively navigates the challenges
posed by preserving cultural heritage in the face of modernity. In this endeavor,
advanced technologies are interwoven with a profound recognition of the historical,
social, and cultural significance of these sites, ultimately charting a course that not
only conserves architectural brilliance but also honors the profound stories they
encapsulate across the epochs.
Keywords: cultural assets; material analysis; restoration; antiquities;
archaeology; 3D technology

Introduction.

The preservation of archaeological and destroyed heritage holds significant
Importance in safeguarding tangible cultural artifacts, while also carrying long-term
implications by fostering the implementation of sustainable development policies that
effectively conserve the past for the benefit of future generations (Mekonnen, Bires, &
Berhanu, 2022). Additionally, it is conserved and managed with the aim of benefiting
tourists and actively contributing to the utilization of cultural heritage and tourism as
powerful tools in fostering a more respectful, inclusive society, and promoting a
sustainable future (Almasri & Ababneh, 2021; Jeong, Karimov, Sobirov,
Saidmamatov, & Marty, 2023). These considerations are particularly valuable if
integrated into the ongoing debates on the future of tourism after Covid-19, specifically
regarding how archaeological heritage is managed and the value of cultural tourism to
society (Hag, Yasin, & Nair, 2023). The preservation of inherited tangible and
intangible assets necessitates the collaboration of various professions, presenting
additional challenges in effectively organizing collective conservation efforts in a
holistic approach (Nilson & Thorell, 2018). Significant requirements for the choice of
materials for the conservation of heritage remains have been gathered from the
literature and through consultation with experts working on the preservation of cultural
heritage (Choriyev, Shaydullaeva, & Raxmonkulova, 2023).

The protection and valorization of archaeological heritage are mainly promoted
through multidisciplinary approaches and the development of new technologies (Di
Benedetto et al., 2020). These technologies are available to produce and visualize high-
quality 3D models in real-time, considering geometric resolution, textural detail, and
large dimensions (Shanoer & Abed, 2018). Several authors have proposed the use of
terrestrial and aerial photogrammetry as potential tools for surveying archaeological
heritage (Adamopoulos & Rinaudo, 2021; Salagean-Mohora, Anghel, & Frigura-Iliasa,
2023). These techniques have made a significant contribution to the digital
conservation and dissemination of these artifacts (Chen, Wu, Sun, Ali, & Zhou, 2023;
Simou, Baba, & Nounah, 2022). In this study, the application of 3D laser scanning
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technology is used for data collection, data processing, and model construction.
Surveys have gained significant favor within the scientific community, particularly in
the documentation of cultural heritage, as they play a crucial role in capturing and
documenting the diverse range of building materials utilized in these contexts (Lu,
Wang, Q., Wang, S., & Zhang, 2015; Maté-Gonzalez, Di Pietra, & Piras, 2022). Survey
methods are developed and integrated, providing a textured 3D model (Tsilimantou,
Delegou, Nikitakos, loannidis, & Moropoulou, 2020). On the other hand, the
characterization of building materials is important for the protection of monuments.
Many materials such as rammed earth, clay, and stone are used as major building
materials in the construction of historical and archaeological buildings in Morocco and
worldwide (Sanchez-Calvillo et al., 2021). The purpose of this study is to investigate a
multidisciplinary approach by studying architectural, historical, geometric, and
documentation data on building materials and their interaction for archaeological
building structures. This contributes to the assessment of the current condition of the
structure using 3D technology, particularly terrestrial photogrammetry and laser
scanning, to provide numerical data for various conservatory analyses and thematic
maps, incorporating both qualitative and quantitative information. Furthermore, this
approach facilitates the planning and implementation of compatible conservation
interventions (Tsilimantou et al.,, 2020). The selected historical site for the
implementation of this procedure is the preserved remnants of the Marinid Madrasa of
Abu Al-Hassan, which dates back to the 14th century. This significant historical
structure is situated within the Chellah archaeological site in Rabat, Morocco.
Originally, it served as a Quranic school designed to fulfill the dual purpose of a college
and a student residence, commissioned by the Marinid dynasty.

Materials and Methods.

When it comes to archaeological buildings, ensuring structural safety and
durability are paramount considerations, with a primary focus on respecting their
cultural, historical, and architectural values, thus safeguarding their distinctive
characteristics during preservation efforts (Spennemann, 2023). In this paper, we
describe the multi-criteria approach aimed at assessing the remains of the Marinid
Madrasa (Figure 1), using geometric data from a 3D model generated by terrestrial
photogrammetry, which provides important information for physical characterization
and numerical analysis.

Presentation of case study.

The presented research was conducted as collaboration between High School of
Technology-Sal¢, Mohammed V University, LAMEREN laboratory, and Region of
Rabat-Salé-Kénitra. Through a series of activities, workshops, and conferences, an
endeavor was undertaken to promote and disseminate knowledge about the Chellah
archaeological site by employing innovative techniques for documenting and
conserving its rich cultural heritage.
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Rabat/ Morocco

Figu r . Location of study area, (a): the map of Rabat city (Google Earth Pro),
(b): Chellah archeological site (Google maps), (c): Marinid Madrasa site (UAV- DJI
Phantom 4 Pro, taken by Authors).

The site encompasses remnants left by diverse civilizations, including the
Phoenicians, Carthaginians, Romans, and Islamic peoples. Specifically, the focus was
on the Marinid Madrasa (Figure 2), a remarkable architectural gem constructed by the
Marinid dynasty, which held dominion over Morocco and the entire Maghreb region
for nearly two centuries, spanning from the mid-13th century to the mid-15th century
(Terrisse, 2011).

a

Figure 2. Documentation of excavations at the Medersa site in 1912 (a),
Photographic documentation of the Medersa in 1920 (b) (source: Archive of the
Ministry of Culture (Rabat, Morocco)).
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In-situ investigations.

Typology of construction.

Many archaeological building monuments have suffered severe damage due to
natural weathering processes, pollution influences, insufficient maintenance,
utilization, and use of sensitive materials or inappropriate conservation
(Theodoridou & Torok, 2019). The current archaeological site (Marinid Madrasa)
(Figure 3) has suffered these damages, and also the impact of groundwater due to rising
aquifers. In (Table 1), the material type is presented as the entry, while the
corresponding damage type/state is reported.

Table 1. The material building of Madrasa and the damage type.

Material type Damage/state

Wood Mold and fungi growth, gilding degradation,
polychrome deterioration, cracks, displacement,
deformation, delamination, water stains, and moisture
marks.

Stone Damage caused by water and moisture, moss and lichen
growth, cracks, alterations in polychromy, erosion,
attrition, and delamination (for limestone).

Rammed earthen Erosion, stain loss, cracking

Marble Alteration of gilding, adhesive repairs, staining, chipped
paint, changes to polychromy, watermarks, missing
fragments, and faded inscriptions.

Zellige Gaps, tears, soiling, cracks, chips, mold, holes, changes
in the pictorial layer, color fading, alterations in the
coating, localized dirt accumulation, and delamination
of the pictorial layer.

e 2Py
ations of archaeological assets of
Madrasa (Author’s figure).
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The Ishikawa diagram, Figure 4 interprets the causes of damage of Marinid
Madrasa, which is regrouped in three main sections; first the building constitution
reason, which is related to the type of materials. Then, People intervention which
represents a bad choice of conservation method, and people degradations. Lastly, an
environment that encompasses biological aggression, physics-induced issues, and
mechanical degradation.

Conservation People

Bad choice of material The inhabitants

of conservation

Visitors
Meglect

Damage of the
Marinid Madrasa

>

Biologics
Ancient construction

materials Physics

Mechanics

Material Environnement

Figure 4. [shikawa diagram of archaeological assets damage of Marinid Madrasa
(Author’s figure).

Building materials characterization.

The optimization of diagnostic procedures is an important scientific objective,
representing the basis for sustainable monument preservation. The specific objectives
of scientific diagnosis include the characterization of stone materials, quantification of
stone alterations, and characterization and quantification of weathering characteristics
(Theodoridou & Torok, 2019). For the documentation and experimental analysis of the
building materials of the Marinid Madrasa, a series of mechanical tests were applied to
the adobe material extracted from the site. The methodology employed in this study
demonstrates encouraging outcomes in enhancing the prediction of mechanical
properties for the mix utilized in the construction and restoration of historic
monuments, thereby minimizing the need for expensive experimental endeavors. To
examine the morphology of a selected surface and provide a preliminary
characterization of the construction materials as well as an evaluation of degradation,
a scanning electron microscope was used. Specifically, a mini-Scanning Electron
Microscope (mini-SEM) HIROX SH 4000M, equipped with SE (Secondary Electron)
and BSE (Backscattered Electron) detectors, was employed.
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Data acquisition.

The difficulty in surveying the deformation of archaeological buildings lies in
finding a measurement method that is reliable, accurate, repeatable, inexpensive, and
easy to implement (van Dijk, Gamstedt, & Bjurhager, 2015). Terrestrial laser scanning
(TLS) may prove to be a good alternative and supplement for surveying many complex
heritage constructions in a fast and safe manner, with high accuracy (Tobiasz et al.,
2019). TLS has become increasingly popular for the documentation of cultural heritage
due to its availability and the ability to provide dense surface models quickly, with
improving accuracy and reliability (Shanoer & Abed, 2018).

In this study, data of the Marinid Madrasa were obtained through TLS, using the
Leica ScanStation 2 Laser Scanner (Figure 5), provided by the research team at the
Laboratory of Applied Mechanics and Energy Recovery of Materials (LAMERN),
Mohammed V University, Rabat. Multiple overlapping scans were acquired from
selected positions to capture the surface details of the archaeological site, By achieving
an average spatial resolution of 5-6 mm, the dense 3D point cloud acquired enables the
generation of a meticulous digital model showcasing the enduring components found
within the site, including the Mihrab and the North wall. This detailed representation
significantly aids in the documentation of the archaeological assets present.

Figure 5. Laser data setting and capturing using Leica scan (Author’s figure).

Results and Discussions.

Data exploration and visualization of numerical models.

The data obtained using TLS allows the creation of orthoimages of many durable
types of construction elements in Madrasa site. The accuracy obtained after the
correction of the point cloud, and then a 3D models ware produced for Mihrab and
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north wall of Madrasa site (Figure 6) however, these objects (Figure 7) are used as data
for various conservatory analyses for damage and thematic mapping including not only
qualitative information but also quantitative data. It is a very useful tool that allows
saving the model in the form of virtual copy (Tsilimantou et al., 2020). The acquired
models represent the sole available information regarding this archaeological site,
serving as an invaluable resource for future research endeavors.

Figure 6. The process involved capturing camera positions for alignment (a),
generating a dense point cloud of the Mihrab (b), and creating a 3D mesh to represent
its intricate structure (c) (Author’s figure).

Figure 7. Orthoimages of (a) the North wall (b) the Mihrab (Author’s figure).

The 2D plans corresponding to the Mihrab and the North wall are extracted from
the digital models provided by the cloud points using AutoCAD. Each element of the
drawing has been classified according to architectural detail, distribution of building
material and type of degradation.

Building materials.

The Madrasa is located in the northeastern part of the Chellah archaeological site
and comprises a prayer room, an open-air courtyard, a Minaret, and several cells for
students. The damaged remains consist of a central courtyard with a beautiful basin at
its center, surrounded by a scroll adorned with small columns and marble columns. On
the East and West sides, there are a series of rooms. Towards the south, there is a small
rectangular prayer hall with two parallel naves along the Qibla wall. In the center, there
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Is a pentagonal Mihrab decorated with stuccoes featuring various motifs. On the
opposite side, in the northern area, stands a slender Minaret (Fig. 8.d) that still retains
its architectural characteristics from that period. The Minaret is square-shaped and
consists of two floors. The first floor is constructed with adobe bricks, embellished
with geometric motifs formed by intersecting stone lozenges. The smaller second floor
is covered on all four sides with ceramic tiles of different colors.

During the in situ survey, the variations in the building materials for each type of
masonry were recorded and analyzed qualitatively and quantitatively. The structural
system of each architectural element was documented using thematic maps, thereby
validating the architectural and historical research conducted on these elements. On the
walls (Fig.8.a), it is evident that there is a higher percentage of Rammed earthen
material and a lower percentage of blocks compared to the Mihrab section (Fig.8.c)
and the cells (Fig.8.b), indicating the implementation of a rigid partitioned system
during their construction.

A comprehensive attribute database was created, encompassing physico-
mechanical characteristics data of adobe (Rammed earthen). The investigation revealed
that mechanical properties, including tensile strength and modulus of elasticity, can be
accurately assessed through bending tensile tests. The adobe material showcased
commendable resilience against compression and tensile stress, evident in a bending
strength to compressive strength ratio of 40. Furthermore, an SEM test was conducted
on the fractured surfaces of the adobe material, revealing a heterogeneous microscopy
with the presence of cracks and large pores (Figure 9). The significance of these
findings lies in their ability to characterize the adobe material employed in constructing
the walls of the Madrasa, providing essential reference values that should be taken into
account when undertaking the restoration and rehabilitation of the site's buildings.

Due to the advanced state of degradation of the monument, non-destructive testing
(NDT) techniques were employed in the study conducted by S. Belhaj and colleagues
(Belhaj, El Ghazali, Bahi, Akhssas, 2019),s to assess the Medersa Marinid site located
in Chellah. The objective was to determine the primary cause of these deteriorations
by examining the internal and external faces, adobe material within the walls, as well
as the chaining stones and bricks. A comprehensive sampling approach was undertaken
to cover all the existing structures within the Chellah enclosure, which, combined with
the diagnostic process, enabled the identification and characterization of degraded
areas within the overall Chellah monument and specifically the Medersa Marinid.

The representation and distribution of building materials at the surface level,
particularly on the Mihrab and the minaret, were illustrated using visual inspection,
NDT evaluation, and digital models generated through terrestrial photogrammetry. The
integration of NDT and visual inspection facilitated the identification of construction
materials on the Mihrab's fagade, which consists of red bricks interspersed with clay,
adobe in the upper part of the Mihrab, and remnants of lime. The minaret's facades
feature adobe bricks and persisting zellige patterns.
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Figure 8. Different archaeological parts of Marinid Madrasa (Author's figure): North
wall (a), Remains of chambers (b), The Mihrab (c), The Minaret (d).

For a qualitative and quantitative survey, the distribution of various types of
masonry was analyzed, as shown in Figure 10. The wall exhibits a higher percentage
of adobe (Rammed earthen) and a smaller proportion of adobe bricks compared to the
remaining preserved sections, as it represents the thickest wall within the Medersa
building. Conversely, the fagades of the Mihrab predominantly consist of adobe brick
materials, while the Minaret exhibits a high percentage of red bricks.
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Figure 9. SEM image of fracture surface (50um) (Author's figure).

In the Marinid stone (Figure 11.a), the percentage of calcium oxide is excessively
high, reaching 51%, while clay minerals account for 17%. The loss on ignition is
estimated at 30,5%, indicating significant alteration. The rock's alteration is confirmed
by both the loss on ignition and observations under the optical microscope. The
predominant elements in the rock are carbon, oxygen, and calcium. The Marinid brick
(Figure 11.b) is found in the domes of the towers and the Mihrab. The study conducted
under the optical microscope revealed that it is a sandstone clay with a low carbonate
content and large sandy grains, likely derived from sea sand or Oued Bouregreg. The
dispersion of grains indicates a poor element composition and therefore low quality.
The composition consists of 10 to 15% of quartz grains measuring 50 to 100pum in
diameter, which are sub-rounded in shape, and 5% of joined quartz with a diameter of
0.5 to 1 mm. The matrix is predominantly clayey with occasional patches of calcite.
The archaeological monument Madrasa of Chellah includes building materials such as;
brick, stone, clay, mud, wood, plaster, zellige, steel and as a method of construction
adobe masonry.
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Figure 10. Diagram of the percentage of building materials in North wall, Mihrab,
and Minaret (Author's figure).

2.

d (B) }:Fhe Marinid brick, under white light and
polarized under 4X objective. (Author's figure).
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The development of lichens (Marked with blue circle) on the wall causes physic-

chemical damage because of their metabolic activity (production of oxalic acids) and

an aesthetic inconvenience Figure 12-a. The development of lichens causes physic-
chemical alterations and aesthetic inconvenience (Minaret of Chellah) Figure 12-b.

Figure 12. (a) North wall and (b) Minaret of Madrasa with the evolution of lichens
(Author’s figure).

Also, the roots of plants (Marked with the red circle) in addition to the former
exert mechanical thrusts causing fractures. The excrements of birds (oxpeckers and
storks) also cause chemical degradation (Chellah lichen). The issues encountered on
this site are related to humidity, the presence of water, atmospheric pollution,
vegetation growth, lack of sanitation inside and outside the site, the primary
construction technique and the previous rehabilitation and conservation processes.

Elaboration of thematic maps of decay and building material distribution.

Thematic maps depicting the distribution of building materials in the Madrasa
were developed (Figure 13).

The selection of the Mihrab and the North wall was based on their representation
of the various building materials and construction phases found throughout the
Madrasa. The data pertaining to building materials and decomposition schemes consist
of attribute data sets that comprehensively depict the characteristics of the registered
spatial features found within the site. To create the thematic maps, GIS tools were
utilized, making use of the results obtained from the degradation diagnostics. GIS is
capable of recording, aggregating, analyzing and managing large volumes of spatially
referenced data and associated attributes. These results form the basis of a database
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that facilitates the analysis and preservation of the state of the archaeological assets at
the Medersa site. Figure 14 represents the thematic map showcasing the decay of
building materials in the Mihrab, based on visual inspection, macroscopic tests, and
digital models generated by terrestrial photogrammetry.

The decay in the Mihrab is significant, with a noticeable detachment of building
materials on the upper part and facade. This detachment indicates rising humidity,
although significant structural cracks are not observed. The lime coating has
disappeared, revealing the building bricks, which exhibit flaking and material loss. The
wood is completely degraded, and a large portion of the plaster decoration has
vanished. The most dominant building material observed is red brick (12 cm long and
3 cm wide), intercalated with a layer of clay, with remnants of rammed earth visible in
the upper part.

Building materials:

54 Rammed earth

Marinid bricks
- Stone blocks

|:| Wood
- Steel

2 Renovation mortar

T

Py

Figure 13. Thematic map of building material distribution on (A-A) the Mihrab and
(B-B) North wall (Author’s figure).
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Figure 14. Thematic map of decay on the archaeological Mihrab (Author’s figure).

Conclusions.

The multi-criteria approach presented in this paper aims to establish correlations
between different data in order to create multidisciplinary thematic maps (Figure 15).
This approach relies on in-situ investigations, numerical documentation, and the
characterization of building materials in archaeological assets. The first step involves
collecting and processing data and information in a careful, balanced, and thoughtful
manner to develop a comprehensive action plan. Conservation practices for an
archaeological site require a thorough understanding of the structure's characteristics
and materials. It is crucial to gather information about the asset in its original and early
state, the construction techniques employed, the endured alterations and their effects,
the occurred phenomena, and its present condition. The chosen site contains
archaeological remains, which poses specific challenges as stabilization must be
carried out simultaneously with the excavations while information is still incomplete.
A diagnosis was conducted using qualitative and quantitative methods, with historical
research relying on structural damage and material decay observations, as well as
historical and archaeological investigations. The quantitative aspect involved testing
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building materials, non-destructive testing (NDT), and geometric data generated
through photogrammetry. Based on the obtained data, thematic maps were created,
serving as a foundation for restoration efforts and the management of disciplinary
information. These maps contribute to the planning and decision-making processes
regarding interventions on the site's remains.
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Figure 15. Diagram of the synthesis and accumulation of interdisciplinary results
incorporating various data (Author’s figure).
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Cana Cimoy
VYuiBepcuter Myxammena V, Mapokko

Xanginka baoa
VYuiBepcuter Myxammena V, Mapokko

AoOneppaxmvan Hyna
VYuiBepcuter Myxammena V, Mapokko

CuHeprisi 0araToKpuTepiajbHOI JiarHOCTUKHU JJIS 30epeKeHHs KYJIbTYPHOIL
CIAIIUHU TA BIIHOBJIEHHS 3HUKJIOL ciagmuHu: IcTopuyHe 10CaiIKeHHA B
Hayli, TeXHili Ta apxeoJiorii

Anomauin. Haeanvna nompeba 36epedicenHs KyibmypHOi CnaowjuHu Ha
CYYACHOMY emani po36UMKY CYCRIIbCMBA CMAE HAO38UYALIHO BANCIUBOI0, 0COONUBO
eocmpo 6 Mapokko, Oe 1020 6acama KyibmypHa CHAOWUHA CMUKAEMbCA 3
Henepeobauyeanumu 3azposamu. Llleuoki cunu ypbauizayii ma HeCKIHYeHHO20
EKOHOMIUHO20 PO3BUMK) 3IMKHYIUCA, WO NPU3BENO 00 MPUBOICHOI Oenpeyiayii ma
Heob0pOMHO20 NO2IPULeHH CMAHY 3HAYHOI yacmuuu yiei oe3yinHoi cnaowunu. Y
YbOMY KOHMEKCMI 0esaKUM SUOAMHUM NAM SIMKAM 80AJI0CS GUMPUMAMU NIUE YAC).
Oonum 3 maxux 3paskie € Mapuniocbka medpece, apximexmyphe ougo 4 cmonimms,
po3mauiosane Ha mepumopii apxeonociunozo 06'exkmy lllenna y Pabami, Mapoxko.
llo3a ceoero @isuunoto enuuuro, meopece 8idiepac KuOY08Y PONb 5K KAHAL MIdiC
MUHYIUM MA MAUOYMHIM, CRPUSIOYU nepeodayi KyibmypHoi CNAOWUHU HAWAOKAM, SIKI
we Hapoosamoca. ILla poboma pos3nouunac 6azamooUCYuniiHapHy nooopoI;cC,
BUKOPUCTNOBYIOUU Neped0si MeXHIKU, maki K 3emelbHA (omozspamempis, Yuciose
MOO€eN08an s Ma CReyianiz3oeand apxeono2iuna Xapakmepusayis, 075 Npo8eoeHH s
KOMNIEKCHO20 OlA2HOCMUYHO20 00CTIONCEHHA. 3MUMMS YUX PISHOMAHIMHUX MEMOOUK
CMBOPIOE MIYHY OCHOBY OJIsl 8CEOIUH020 OIACHOCMUYHO20 00CHiONceHHs. L[i 3ycunns
0yO0yme ciuy2ysamu He juuie aKa0eMiyHill yikagocmi, ane U CMaHyms Kymosum
KameHeMm, Ha AKOMY O0yOVIOmbcsa cmpameeii CYMICHUX KOHCep8ayitiHux ma
pecmaspayitiHux 6mpyians. Y ck1aoHii 83aEmMO0Tl Midc 30eperHceHHAM ICMOPULHO20
CnaoKky ma imnepamueamu npozpecy yi memoouxu ymeopioiomv micm. Lleti micm
38'3y€  apximekmypHy eeauu meopece 3 HeEOOXIOHicmio 30epedicenHs il 8
weuoKo3smMinHomy ceimi. Ocmamoynolo Memorw Yvbo2o 06a2amooucCyuniiHapHo2o
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nioxody €. sabesneuumu dogzompueganruti 3axucm Mapuniocbkoi medpece ma iHUWUX
APXeO0NI02IUHUX 3AMUUIKIE 810 PYUHIGHUX CUTL YACY MA MICbKO20 PO3BUMKY, A MAKOMC
cghopmysamu Hapamus, wjo 4ymiueo peazye Ha BUKIUKU 30epedceHHs KYIbMYPHOI
cnaowunu  nepeo  cyyacHicmwo. Y yvbomy 3ycuini  nepeoosi  mMexHoa02il
nepenaimarmoscs 3 2IUOOKUM USHAHHAM ICIMOPUYHO20, COYIAIbHO20 MA KYIbMYPHO20
3HAYeHHA Yux Micyb, Hapewimi, NpPOKIA0aYU WIIAX, AKUU He Jauue 30epicae
apximexkmypHutl OJUCK, ajle U 8UAHOBYE 2IUOOKI iCcmopii, SKI 60HU 8MIWYIOMb Yepe3
enoxu.

Knwuosi cnosa: xynemypui yiHHOCmi, MamepiaibHUll aHais, pecmaspayis;
anmu4Hicmo, apxeonocisa, 3D-mexnonozis
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On the history of the construction of metal bridges in the 20th century using
welding technology

Abstract. The history of bridge construction is an important part of historical
knowledge. Developments in bridge construction technology reflect not only
engineering advances, but also social, economic and cultural aspects of society.
Engineers and scientists faced unique challenges when designing and building bridges
depending on the technological level of the era, available materials and the needs of
society. This process may reflect technological progress, changes in transportation
needs, and cultural and social changes. The purpose of this article is to briefly review
key moments and stages in the history of metal bridge construction using welding
technology in the 20th century. The history of the development of the construction of
metal bridges using welding goes back a little over 100 years. The short period from
the construction of the first welded bridges to their first disasters led to the need to
analyze the possible causes of these destructions. As the analysis performed showed,
catastrophic destruction most often occurred under the influence of several factors, as
well as a combination of external adverse influences and the internal
“unpreparedness” of the structure for them. The above examples indicate that an
irrational choice of steel could be both an independent cause causing brittle failure of
structures, and an aggravating factor in the presence of structural violations, thermal
stresses and welding defects. Over the years, bridge manufacturing technologies have
been improved in different countries, and new steels and materials for their welding
have been developed. Thanks to the use of carbon, low-alloy and alloy steel, designers
abandoned the brutal “‘railroad-type” beam trusses and today metal bridges with
graceful and beautiful silhouettes powerfully stride across the water surface,
mountains and valleys. They became real attractions of megacities and country
landscapes, and builders were able to successfully solve numerous technical and
economic problems. An important contribution to the development of global bridge
construction using welding technologies was made by the team of the Institute of
Electric Welding of the Academy of Sciences of the Ukrainian SSR under the leadership
of Academician Evgeny Oskarovych Paton. The team of the Institute of Electric
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Welding of the Academy of Sciences of the Ukrainian SSR, introducing welding into
bridge construction, carefully checked the results and monitored the behavior of
structures. A new grade of steel was created that was resistant to the formation of
brittle and fatigue cracks, its welding technology was developed, a technology for
installation welding of vertical sheets with forced formation of a seam was developed,
and suitable welding materials were selected. At the time of construction in 1953, the
Kyiv Evgeny Paton Bridge across the Dnipro River was the largest all-welded bridge
in Europe, all seams of which, including assembly ones, were made for the first time
using automatic and semi-automatic welding. In addition, the presence of large similar
blocks in the design of the Evgeny Paton Bridge made it possible to mechanize
assembly and welding operations and organize an in-line method for their production
at the factory and installation, which improved the quality of welding work and reduced
its labor intensity.
Keywords: history of bridge construction; history of metal bridges; welding
history; Evgeny Paton Kyiv Bridge; Historical Welded Structure Award; Institute of
Electric Welding of the Academy of Sciences of the Ukrainian SSR

Introduction.

One of the main goals of history as a science is to study the past on the basis of
documentary evidence, archaeological finds and other sources. Historians strive to
reconstruct the events, trends, and cultural characteristics of different time periods
based on available information. It is important to note that historians adhere to certain
methodologies and standards of evidence to ensure the integrity of their research.
Comparison and analysis of various sources help historians build a more complete and
objective understanding of the past. Historical facts and dates are subject to
reinterpretation and debate in the light of new research and discoveries, and historians
often revise their interpretations and conclusions based on new evidence. This process
makes history a dynamic and constantly evolving field.

The history of bridge construction is also an important part of historical
knowledge. Developments in bridge construction technology reflect not only
engineering advances, but also social, economic and cultural aspects of society.
Engineers and scientists faced unique challenges when designing and building bridges
depending on the technological level of the era, available materials and the needs of
society. This process may reflect technological progress, changes in transportation
needs, and cultural and social changes.

Studying the history of bridge construction allows to understand how different
civilizations dealt with technical problems, what engineering solutions they created,
and how these solutions influenced the development of society. It also highlights the
Importance of engineering and construction achievements in human history.

The history of the construction of metal bridges is an exciting period in the
development of engineering and construction art. An analysis of scientific research
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devoted to the history of the construction of metal bridges allows to identify several
main areas of this work:

1. Evolution of metal bridge construction technology (Pescatore & Borgeot, 2008;
Armisén, 2019). This direction is devoted to the study of the history of the development
of technologies and methods for constructing metal bridges from their initial
introduction to modern trends.

2. The role of metal bridges in infrastructure development (Liegner, Kormos, &
Papp, 2015; Statyvka, Kyrychenko, Strelko, & Berdnychenko, 2021; Vjtéch,
Ryjacek, & Matos, 2023). This direction is devoted to the analysis of the impact of the
construction of metal bridges on the development of transport infrastructure, urban
planning and economics in different regions and eras.

3. Architectural and engineering solutions for metal bridges (Bartlett, Graham, &
Camiletti, 2009; Arwade, Schafer, B. W., Schafer, D. F., & Schafer, S. T., 2015;
Schueremans, Porcher, Rossi, Wouters, & Verstrynge, 2018). This direction is devoted
to the study of the history of the various styles, designs and technical solutions used in
the construction of metal bridges, and their impact on the overall landscape.

4. Historical metal bridges as cultural heritage (Bernabeu-Larena, Martin-Caro,
Hernandez-Lamas, & Plana, 2023).). This direction is devoted to assessing the role and
significance of historical metal bridges as part of the cultural heritage and architectural
monuments.

5. Problems of maintenance and restoration (Rymsza, Mistewicz, & Tucholski,
2017). This direction is devoted to the study of the challenges and technical aspects
associated with the maintenance and restoration of ancient metal bridges, taking into
account their preservation for many years.

This work belongs to the first direction. Its purpose is to briefly review key
moments and stages in the history of metal bridge construction using welding
technology in the 20th century.

Idea, Methodology and Sources of Research.

The author of this article became interested in the topic of constructing metal
bridges using welding in connection with well-known information about the 70th
anniversary of the Evgeny Oskarovych Paton Bridge in Kyiv in Ukraine. The Paton
Bridge was put into operation on November 5, 1953 (Lobanov, Kyrian, & Shumitsky,
2003).

Evgeny Paton Bridge is truly unique. This is an undeniable fact and was
specifically recognized in 1995 by the American Welding Society (AWS) with the
Extraordinary Welding Awards in the Historical Welded Structure Award category
(see Figure 1) (American Welding Society, 2023, p. 52). The AWS website states that
(American Welding Society, n.d.): “Nominations for the Historical Welded Structure
Award may be submitted by any AWS member for consideration by the Committee of
Past Presidents. Nominations for historical recognition are valid for two years, and
structures must be at least 35 years old.”
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American Welding Society
Historical Welded Structure
Award

MICT imeni EVGENY PATON
€BI'EHA ITATOHA BRIDGE
1953 1953

ded 1540 m long bridge erecte
as shop fabricated Using 30

ecognized by the American Welding Society
April 6, 1995

e ————— i
e S —_

Figure 1. Memorial sign about the Evgeny Paton Bridge Extraordinary Welding
Awards in 1995 (Lobanov, Kyrian, & Shumitsky, 2003).

It is worth noting that the Extraordinary Welding Awards were created to
recognize and promote the science, technology and applications of welding (American
Welding Society, n.d.). The Extraordinary Welding Awards was intended to encourage
members of the welding community to recognize their heritage in metal joining; and
to convey to the public the fact that the combination of metals has played and continues
to play an important role in everyday life. The purpose of the Extraordinary Welding
Awards is to recognize the excellence of welding in construction, fabrication and
manufacturing, and to recognize those welded structures whose purpose is significant
in or influences the history of the world.

As of this writing in 2023, only 42 objects or inventions have been awarded the
Extraordinary Welding Awards in two categories: The Historical Welded Structure
Award and the Outstanding Development in Welded Fabrication Award (American
Welding Society, 2023, p. 52-53). Among them: Tokyo Tower (1997); U.S. Pentagon
(2000); Pratt & Whitney F119 Engine (2001); Hoover Dam Penstock Power Plant
System (2002); One World Trade Center (2015); Mars Curiosity Rover (2016);
Panama Canal (2019).

Evgeny Paton Bridge was awarded the Extraordinary Welding Awards when the
award was first presented in 1995, along with three other winners Sludwia River
Bridge, Mr. Charlie (Morgan City, LA) and Soviet Combat Tank (American Welding
Society, 2023, p. 52). This once again emphasizes the importance of the achievements
of welding technologies in the manufacture of the Evgeny Paton Bridge structure.

As can be seen in Figure 1, the AWS award was awarded to the Evgeny Paton
Bridge, as the first all-welded bridge, 1540 m long, built in 1953, using new welding
processes in the manufacture of vertical butt welds, later called "Electrogas” and

422


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

https://www.hst-journal.com Icmopis nayku i mexHiku, 2023, mom 13, sunyck 2

History of science and technology, 2023, vol. 13, issue 2
"Electroslag" welding And also for the use of less than 30% mechanical connections
in the manufacture of bridge structural elements in factory workshops (Lobanov,
Kyrian, & Shumitsky, 2003).

It was in this part of the study that the author had the largest number of questions
that required answers supported by documentary evidence of historical documents.

First of all, this concerned terminology. Namely, the use of the term “first”. When
the Evgeny Paton Bridge was discussed in the Extraordinary Welding Awards, it
referred to the “First All-Welded Bridge.” First in the world? The first in Europe? The
first one this long? The first all-welded one of this length? The first one at the time of
construction (put into operation) in 1953?

Finding answers to these questions turned out to be not so simple. The more the
author delved into the history of the research question, the more inconsistencies and
points there were that required a thorough and verified analysis, as well as a search for
verified and reliable information.

For example. In various sources you can find information about Evgeny Paton
Bridge, which differs in the degree of “primacy”.

The article (Mezenin, 1977) claims that Evgeny Paton Bridge is “the largest all-
welded bridge in Europe”.

Evgeny Paton Bridge is presented as “the world's first all-welded bridge” in
articles (Shumitsky, 1997, p. 240; Korsun, Buyak, & Matsyuk, 2019).

The well-known scientist in the field of bridge construction, Anatoly Viktorovich
Perel’muter, proposed an option (Perel’muter, 2012): “The largest all-welded bridge in
Europe at the time of construction, for the first time all seams, including assembly ones,
were made using automatic welding”.

The article (Lobanov, 2014) claims that Evgeny Paton Bridge is “the largest all-
welded transport structure in the world at that time”.

In articles (Poznyakov, Dyadin, Davydov, & Dmitrienko, 2021; Lobanov,
Dyadin, Davydov, & Lytvynenko, 2021) about the Evgeny Paton Bridge, the bridge is
shown as “the world’s first all-welded road bridge”.

Shymanovskyi, Shalinskyi, and Baran (2021), claim that the Evgeny Paton Bridge
IS “the world's first all-welded bridge with the girder system of such a length”.

So, many sources contain the statement that at the time of its construction, Evgeny
Paton Bridge was one of the largest all-welded bridges in the world, which for the first
time had all seams, including installation ones, made using automatic welding. Today,
a large number of overwater bridges are built using this technology, which combines
welding and bridge construction. However, in those days, electric welding was still
rarely used in bridge construction. And numerous sources reported from time to time
that welded bridges were destroyed and fell in different places on the planet. But what
could have caused this destruction? What allowed Ukrainian welders to erect such a
complex structure without avoiding the mistakes of their predecessors? What does the
term “all-welded bridge” mean, and how does it differ from simply a “welded bridge”
or “a bridge built using welding technology”? How is welding used in bridge
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construction? What kind of materials were used at different times in the construction
of metal bridges? How relevant is welding technology to modern bridge construction?
The search for answers to these and many other questions formed the basis of this
study. During its preparation, a historical and chronological analysis of numerous
engineering and scientific studies in the field of bridge construction, construction
technologies, materials science and architecture was carried out. This made it possible
to offer our own version of the stages in the history of the construction of metal bridges
using welding technology in the 20th century.

Results and Discussion.

What materials were used at different times in the construction of metal
bridges?

Metal bridges were not known in ancient times. There are only indications that in
ancient China and India, around the 1st century AD, iron chains were used for
suspension bridges (Bender, 1872; Sedmak, Kovi¢, & Kirin, 2022;).

Any bridge, as we know, consists of one or more spans covered in one way or
another. If the spanning parts are suspended from the abutments using a rope or chains,
then such a bridge is called a suspension bridge. If the span is covered with wooden
beams or wooden trusses (lattice structures of various shapes), or stone slabs, then the
bridge is called a beam bridge. Finally, an arched bridge is a bridge in which an arch is
thrown across each span, that is, a vault resting on the abutments with its heels. Of
course, there are many transitional forms between these main types of bridges. Arch
bridges were the highest achievements of ancient bridge construction. Suspension and
beam bridges usually had wooden spanning parts. The stone slab could not be
suspended, and it was inconvenient to use it as a beam, since it could only cover a very
narrow span. The vault retains its strength even with a large span.

Metal bridges could not be developed in ancient times because metallurgy was
still at a very low level. Iron was extracted directly from the ore in small pieces in so-
called raw furnaces and forged by hand. This took a lot of time and labor. In those days
they did not yet know how to cast iron. Therefore, all castings were made of bronze,
and large castings could not be made then. After the collapse of the Roman Empire,
bridge construction was in decline.

In the 15th century, metallurgy began to develop significantly. In addition to the
great successes of bronze foundry, which already produced complex castings (bells,
cannons), the production and use of cast iron was mastered. Cast iron was smelted in
special high furnaces with increased blast, called blast furnaces. Iron began to be
extracted mainly from cast iron in the so-called limit (fresh) forges. These forges were
much more productive than cheese forges. Bellows blowers, large forging hammers,
drilling machines, etc. began to be driven by water wheels. That is why advanced
designers of that period were able not only to improve the types of stone and wooden
bridges in every possible way, but also to raise the question of metal bridges.
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This idea was first put forward by the Venetian Fausto Veranzio (or Verantius),
who lived in the first quarter of the 17th century (Gazzola, 2015, p. 2; Blazevi¢, 2017).
At that time, Venice was still a powerful trading republic, although its period of greatest
prosperity had passed. Various complex arts and crafts were developed in Venice and
the lands under its control. In his work “Machinae Novae” (1615 or 1616) (Veranzio,
1968), Veranzio devotes a lot of space to the construction of bridges (Flgure 2-4).

T ; RN N Y L T
a4 flnl):(‘ '()'. ,!;P_" t.r i UBW{({"\“)‘“ \};‘?‘“;‘“ \‘
i AN SV H AL R AL T LTINS RY AN 1)
i \, \ -’{?, 1: { ,;J?y)')’; ! ”’}3 "!"l,"g)lj'; )/fl’gigfkr// ‘l;ﬂ \ ¢ \
9 Tl 11! (1 i : y | P \
/ ’i ,I-"i-.‘{.."\' i1]7 H }’{t" f )'!t,vm?‘f ;¢ f} 3 ‘1\‘\
| gl | ] Ot 'u';"'f"x‘? > q
/ b ' N BPEA S HE o UR C ) a4 \ \
g | Wl SRR Bt | EN
! A ‘AT G ) } U %)
f 3 r M it I ! N
) 1‘ h 3 o ¥ { \ | | . 1N
g N O DHE T ETD | {1 A \
X i i I (HiCHEA ;
TN |’. .' H \{ k \\ ‘{ v —
> k ;‘: 5 I‘ JJE s) ! f ", \ ‘:'J O
Ly N7 \} ‘ kY N
- = SS8m gy || I 2=
I/.\_d‘\\ } P ),*, ¢ -

Figure 2. Picture of the Pons Canabeus by Fausto Veranzio (Gazzola, 2015, p. 3).

He puts forward the idea of building a bronze bridge (Pons Arevs) of an interesting
design see Figure 3.

Figure 3. Picture of the Pons Arevs by Fauétd Verahzio (Radi¢, Puz, & Savor,
(2013).
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Each of the arches has the appearance of a “bow with a string” or, in geometric
language, an arc with a chord, and consists of two bronze, flat arches connected to each
other (Figure 3). By its type, such a bridge is transitional from arch to beam. In fact,
here the arch is pulled together by a lower, as they say, “belt” and acts on the support
in almost the same way as an ordinary truss. Veranzio's main mistake was that he chose
bronze as a building material. He not only could not imagine steel castings, but even,
apparently, was little familiar with iron foundry, which had already reached a
significant level in some countries. Veranzio believed that the bridge's trusses should
be cast in bronze, and argued that such a bridge would be cheaper than a stone bridge
of equal size. However, bronze, due to its fragility, could not fulfill the tasks that
Veranzio assigned to it. A bronze bridge of significant size would collapse on its own.
Veranzio's project had only the significance that it prompted later architects to seek
materials for bridges.

Even more interesting is another bridge project, which in the text of Veranzio’s
book is called “Ferrevs” (“lron”) (Veranzio, 1968). “We call this bridge,” writes
Veranzio, “iron, because it is suspended on many iron chains on two towers built along
the banks of the river”. The bridge deck, i.e. the part along which the path is laid
consists of links, apparently of metal (not specified in Veranzio), covered with
transverse boards. The links of the canvas are doubly suspended: firstly, to the
supporting chains by iron pendants; secondly, additional chains to the towers
(Figure 4). Both of Veranzio's projects remained unrealized.

34. Pons FErRREVs

Figure 4. Picture of the Pons Ferreus by Fausto Veranzio (Gazzola, 2015, p. 3).

The first real metal bridge was built in the central industrial region of England, in
the county of Shropshire across the river. River Severn (Sedmak, Kovié¢, & Kirin,
2022). On one side of the river was the famous Coalbrookdale works of Abraham
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Darby Il and Reynolds. On the other are the factories of John Wilkinson. All these
names have glorified themselves in the history of technology. Abraham Darby I
converted blast furnace smelting to coke in 1709, thereby opening a new chapter in
iron foundry (Johnson, n.d.). Reynolds was the first to build a horse track with cast iron
rails. John Wilkinson was the largest English metallurgist of that time. The most
advanced machines and production methods were introduced at his factories. In
particular, Wilkinson was the first to use steam engines for blowers, drilling machines,
etc.

As industry grew around the gorge, so did the need for a strong, durable bridge to
transport goods across the river. In 1773, Thomas Farnolls Pritchard, an architect from
Shrewsbury, came up with a bold idea (English Heritage, n.d.). Combining
engineering expertise with new iron casting techniques, he proposed the world's first
iron bridge, which would link the parishes of Madley and Benthall across one of the
busiest rivers in the country. Pritchard's designs were approved by Act of Parliament
and construction began in 1777. Abraham Darby Il with Reynolds and Wilkinson
jointly created the first metal bridge, which was built from 1777 to 1779 (Siviero &
Martini, 2020). The bridge was in the form of a semicircular arch of five parallel cast-
iron chords and a 100-feet cross-braced span to support a level mainline 14 feet wide,
located 55 feet above the water. Each edge was cast in halves, 70 feet long and
weighing 38 tons (Figure 5). They were brought from a nearby foundry on barges,
placed in place using a pulley system and connected in the middle with cast iron bolts.

Figure 5. The Cast Iron Bridge near Coalbrookdale (Williams, 1780).
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At the same time, the cast iron frames from which the bridge arch was made had
a tapering wedge-shaped shape, in imitation of the shape of the stones from which the
arched stone bridge arches were erected (Figure 6). Subsequently, the shore supports
leaned forward slightly and raised the arch in the central part, but this in no way
affected its strength. The coastal abutments of the Coalbrookdale Bridge and the
approaches to it were made of brick. Soon a new city grew up near the bridge, called
Iron Bridge. The radical new structure, which officially opened on New Year's Day
1781, used a total of 384 tons of iron, costing around 6,000 GBP — significantly more
than the original estimate of 3,200 GBP. But if Abraham Darby had wanted to build
such a bridge today, he would have to raise in the region of £1.5 million (The
Ironbridge Gorge Museum Trust, n. d.). The bridge stands to this day as a monument
to the skill of the builders and the efficiency of cast iron. It became a UNESCO World
Heritage Site in 1986 and remains an iconic element of Britain's industrial past .

Figure 6. Ironbridge. “Birthplace of the dustrial Rvution” and UNESCO World
Heritage Site. (Johnson, n. d.).

Bridge design in the mid-19th century was largely limited to trusses, and wood
gradually gave way to iron. The Bavarian Karl Friedrich von Wiebeking (1762-1842)
built flat-arch bridges from bolted planks so effectively that his peers credited him with
the system's origins, but trusses and iron still dominated (Kahlow, 1995; Booth, 2017;
Holzer & Knobling, 2020). Wrought iron's tensile strength, fire resistance, and other
beneficial features made the metal the best material for building bridges, especially
railroad bridges. While laying the Stockton—Darlington railway, George Stephenson
experimented with a small iron bridge in County Durham in 1825 (Kozak-Holland &
Procter, 2020; Groote, Ciccarelli, & Giuntini, 2021). The 50-feet long bridge had four
lens-shaped spans in a combination of arches and suspended forms, convex at both the
top and bottom. There were vertical posts, but no diagonal braces. In 1859, Isambard
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Kingdom Brunel built a unique the Royal Albert Bridge over the Tamar River in
Saltash (Fougeéres, 2022). He followed the same principles, but his bridge was much
larger and improved by adding diagonal braces. Ten years later, another lenticular
bridge was built over the Elbe River in Hamburg, Germany (Mehrtens, 1900a)
(Figure 7). However, most builders relied on diagonals to take advantage of the
stability inherent in triangles, the only polygons that do not change shape under stress.
All designers, whether they realized it or not, acted in accordance with the principles
that Simon Stevin formulated back in 1586, defining the “triangle of forces” (Van
Dyck, 2020).

Figure 7. Railway-bridge over Elbe in Hamburg, built 1868—1872 (Mchrtens,
1900D).

Among the large steel bridges built with the rise of railroads in the second half of
the 19th century, three were truly outstanding. All three bridges were different in
concept and design. James B. Eads chose an arch design for his Mississippi Bridge,
opened in the St. Louis area in 1874 (Grimes & Castro, 2020). For the famous Brooklyn
Bridge, engineers John A. Roebling and his brother Washington A. Roebling chose a
suspension structure that they had succeeded in Niagara (Witcher, 2022). John Fowler
and Benjamin Baker, who built the bridge over the Firth of Forth in Scotland, preferred
a cantilever design (Rosie, 2018). All builders had experience in underwater work. All
three bridges are still in use.

Beginning of the use of welding in bridge construction.

In russian-language Internet sources, the primacy in the use of welding in bridge
construction is often mistakenly attributed to Viktor Petrovich VVologdin. His 25-meter
bridge was built in Vladivostok in 1928 (Perel’muter, 2012). Various Russian-speaking

authors from time to time attribute primacy to this bridge, either in the USSR, then in
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Europe, or in the world (Ban'kovskij, 1988; Turmov, 2004; Shevchenko, 2004;
Chigarev, Litvinov, 2011; Perel’muter, 2012).

In fact, in 1928, Vologdin built the first all-welded viaduct in the USSR
(PrimaMedia.ru, 2023). Four factory welders welded its 25-meter span in 20 days,
saving 25% of metal compared to a riveted structure. Later, an urban myth arose in
Vladivostok, as if the Kazan Bridge on the Egersheld, thrown across the last meters of
the Trans-Siberian Railway, was the very brainchild of Vologdin. In fact, welders
under his leadership produced an openwork metal structure of a completely different
type and purpose; it has not survived to this day. “The bridge was intended for
conveyors and pedestrians between two warehouses on Egerschold, separated by a
road,” recalled one of the first graduates of the Far Eastern Politechnical Institute
Welding Department, Candidate of Technical Sciences Ivan Dmitriev.

In the 1920s, bridge designers began preliminary research into the specifics of
welding technology and its advantages and disadvantages (Fraser & Roberts, 1994).
However, they were in no hurry to fully introduce welding into bridge construction
(Figure 8). And instead of building new all-welded spans, they experimented with
strengthening existing bridges. The first structure to be reinforced in this manner by
welding was the Chicago Great Western Railroad’s swing bridge over the Missouri
River at Leavenworth, Kansas. Considered too light for modern locomotives of the
time. The bridge was reinforced at critical points over a two-month period in 1927.

Electric Welding Reduces Cost of
Strengthening Bridge

Chicago Great Western Avoids Much Drilling and Riveting in Applying
i s to Leavenworth Structure

Reinforcing Plate

Figure 8. The article “Electric welding reduces cost of strengthening bridge” in the
journak “Railway Engineering and Maintenance” (Railway Engineering and
Maintenance, 1927).
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The first welded bridge ever built was a pedestrian bridge, erected in 1921
between two buildings of the General Electric plant in Schenectady, New York
(McKibben, 1929). In 1921, the Williams Bridge Company of Syracuse, New York,
constructed a footbridge over the Delaware & Hudson Railroad tracks at the General
Electric plant in Schenectady (Spivey, 2001). This single 35' span, the first all-welded
bridge in the U.S. and , began a decade of experimentation with electric arc welding
for bridge repair and construction. Until the advent of shielded welding electrodes,
which reduced inclusions of slag and therefore improved the ductility of welds, bridge
engineers avoided butt welds. They therefore initially kept to the truss form, using fillet
welds to join members to the same splice and gusset plates found on those of riveted
construction. Footbridges were a more fertile ground for experimentation with welding
because they carried lighter loads and were subject to less stringent requirements.

However, the first of any significance was a 53-feet double-girder railroad a
bridge constructed using arc welding by the Westinghouse Electric and Manufacturing
Company over Thompson Run in Turtle Creek, Pennsylvania (Bissell, 1928). Opened
for service on November 5, 1927, the bridge carried railroad traffic between the
company's Linhart Works and East Pittsburgh Works (Hess & Hybben, 1989).
Interested in promoting virtually any new technology related to electricity,
Westinghouse was a leading proponent of electric arc welding. The Turtle Creek
Bridge demonstrated what Westinghouse engineer A. G. Bissell called the company's
"confidence in arc-welded structures” (Bissell, 1928).

In 1928, Westinghouse also sponsored the construction of the nation's second all-
welded railroad bridge as a means of providing access to its plant in Chicopee Falls,
Massachusetts (Hess & Hybben, 1989). This, too, was arc welding. To obtain
comparative data on welding and riveting costs, Westinghouse based the 134-feet
single-span structure directly on the Warren riveted truss originally intended for the
site, "the only impediment to a true comparison was the replacement of rolled sections
with the precast sections shown in riveted construction". The welded bridge even used
regular gussets to connect the panels (Figure 9). Upon completion, Westinghouse
claimed "substantial" cost savings: "The welded structure used about two-thirds the
amount of steel required for its riveted counterpart, saving most of the joint materials
and eliminating holes in tension members and floor stringer continuity" (Fish, 1933).

Highway engineers soon followed the railroads' lead: in 1929, the first all-welded
steel highway bridge was built (Fraser & Roberts, 1994). Designed by professor of the
Lwow Technical University Stefan Bryla in 1927, the 88-feet truss spans the Studwia
River near Lowicz, Poland (Bryla, 1930). According to design engineer Stefan Bryla,
arc welding saved about 21 percent in materials, although the total cost of the project
was roughly equivalent to riveted construction — as a result of the need to include the
cost of welding equipment in the final accounting.

The construction of a number of welded road bridges followed in the 1930s.
Although American civil engineers were reluctant to experiment with the new
technology, their European colleagues did not hesitate. “The arc welding process,”
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wrote Kansas engineer LaMotte Grover in 1934, “has been used quite extensively for
the construction of new steel bridges in foreign countries, but it appears to have been
indifferent to most American civil engineers” Grover, L. (1934). However, several
welded bridges were built in this country during the second half of the decade,
including the 397-feet Rancocos River Bridge in New Jersey (Davis, 1935).
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Figure 9. Details of arc-welded Through-Truss Railway Bridge, Chicopee Falls,
Massachusetts (Fish, 1933).
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In the 1930s, other welded bridges were also built. Thus, in 1934, the first all-
welded drawbridge was built in the UK in Middlesbrough (Figure 10).
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Figure 10. Dorman Long and Newport Bridge. (Tees Valley Museums, n. d.).

The Tees Newport Bridge was the first large vertical lift bridge in Europe, and
opened by Prince Albert (later King George V1) on 28 February, 1934 (Figure 10). The
bridge connects Middlesbrough to the borough of Stockton-on-Tees and was designed
to lift up to 37 m to allow ships to pass under. The bridge was built by the
Middlesbrough-based Dorman Long and Co Ltd. (Co-Curate, n. d.). Newport Bridge
was a vertical lift bridge, the first of its kind to be built in the UK (Tees Valley
Museums, n. d.). It was built specifically so that the main part of the bridge could be
lifted to allow ships to pass under it, and then lowered again for people and vehicles to
cross. Total length 4,920 feet (1499 m). Weight 8,000 tons. The bridge was fitted with
two electric motors and a petrol engine in the event of a power failure. It only took a
minute and a half for the bridge to be raised or lowered (Figure 11). It was possible for
the bridge to be raised and lowered manually with a winch system, but this would have
taken eight hours to do. During its working lifetime between 1934 and 1990, Newport
Bridge was raised and lowered twice a day. On average 800 ships a year would pass
under it. Gradually the number of ships sailing up the River Tees declined and the
bridge was lifted a final time on 18th November 1990.
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Figure 11. Tees Bridge, Newport. Middlesbrough. (Crombie, 2019).

In the late 40s in the USA, Professor Edward Ashton, who began work on creating
an all-welded bridge even before the war, designed an all-welded bridge across the
lowa River (Figure 12). This bridge, called the Benton Street Bridge, had a five-span
continuous girder span with a total length of approximately 175 m (Figure 13). The
bridge project was completed in 1947, it began operation in 1949 and served well until
1989 — until it was replaced by a wider new bridge (Kallee, n. d.).

Figure 12. View showing welders at work on both the north and south girders, with
the old bridge in the background, looking northwest , around 10 May 1949 (Kallee,
n. d.).
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Figure 13. View of the bridge from the west bank of the lowa River (Kallee, n. d.).

Crossing the lowa River in the south-central section of lowa City, the Benton
Street Bridge is an all-welded, continuous, five-span, deck, plate-girder highway
bridge. Although all-welded bridges appeared in the United States as early as the
1920s, welding was not widely advocated for new bridge construction until
immediately after World War Il, when a number of state highway departments began
preparing all-welded, deck, plate-girder plans. Designed in 1947 and erected in 1949,
the Benton Street Bridge introduced all-welded bridge construction to the State of
lowa, and was nationally recognized as one of the most notable examples of the new
genre. An early champion of welding, the bridge's designer, Edward (Ned) L. Ashton,
had previously engineered several major Mississippi River crossings, and would
subsequently be responsible for the world's first welded aluminum highway bridge,
completed in Des Moines, lowa in 1958. Ashton has justifiably been called "the most
distinguished bridge engineer in the history of lowa" (Kallee, n. d.).

So, it can be said that by the beginning of World War I, traffic was carried out
on more than a thousand bridges built using arc welding around the world. But this
rapid adoption of welding in steel structures came with many challenges that were
probably overlooked in the euphoria surrounding bridge construction. Welded bridges
in different countries have begun to collapse (Alencar, de Jesus, da Silva, & Calgada,
2019).
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What were the main reasons for the destruction of metal welded bridges in
the first half of the 20th century?
In March 1938, the Hasselt Bridge suffered a catastrophic f; fallure (Flgure 14)
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Figure 14. Photographs of the Hasselt Bridge over the Albert Canal before
destruction (a) and after the disaster (b) on March 14, 1938 (Schuermans, 2018).
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This is generally considered the first brittle failure of a large all-welded structure
(Espion, 2012) and received much attention at the time. The article by Espion (2012)
analyzed the main causes of cracks and failures in welded bridges. Between 1932 and
1937, about 50 welded road bridges of the frame construction type invented by
Vierendeel truss were built in Belgium to cross the Albert Canal or the Campine canals.
These were the first significant applications of electric arc welding in Belgium, and
they account for the majority of large welded bridges built in Belgium at that time. Of
the 50 typical Vierendeel road bridges with a parabolic top belt: 25 over the Albert
Canal, 23 over the Campine canals. and two in Dudzeel (near Bruges). Five of them
were partially welded, and the remaining 45 were fully welded. Twelve steel
fabrication contractors and three electrode suppliers were involved in the project:
Arcos, Esab and Thermarc. A total of 70 welded bridges were built in Belgium in the
late 1930s, of which 60 were considered "large”, including 50 Vierendelle spans. By
comparison, Germany had about 100 welded railway bridges built by 1935, and an
impressive list of 800 welded road bridges and 300 welded railway bridges built by
1939 has been published.

An article by Petrova (2022) shows that in the winter of 1940, cracking problems
were reported on at least eight other large welded bridges of the same design. The most
notorious cases are damage to bridges in the city of Herental and in the city of Kaulil
(Figure 15). These bridges were not completely destroyed, but, as in the case of the
Hasselt Bridge, they received cracks in the lower truss: in both cases the air temperature
was about -14°C.
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Figure 15. Photographs of bridges in Belgium with cracks: (a) Cracks in Herenthals-
Oolen Bridge, 1940; (b) Cracks in Kaulille Bridge, 1940 (Espion, 2012).

A generalized analysis of available sources based on the results of the
investigation of these cases showed that for all these bridges, non-deoxidized
“Thomas” steel of the St-42 grade was used, which contains an increased amount of
phosphorus compared to open hearth steel (up to 0.079% P). Independent experts from
Germany concluded (Busch & Reuleke, 1946) that the sensitivity of steel to cracks,
caused, among other things, by welding defects, could be one of the reasons that
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provoked or aggravated the destruction. They called for eliminating the use of
undeoxidized steel for welded structures greater than 1.5 inches thick.

Disasters of welded bridges have occurred not only in Europe. The collapse of the
Duplessis Bridge (1951, Canada) is a typical example of the action of metallurgical
factors, namely, the increased content of carbon, oxygen and sulfur in the destroyed
steel. The all-welded bridge across the Saint-Maurice River in Quebec collapsed three
years after construction. Figure 16 shows a photo of the Duplessis Bridge collapse
taken by Milt Loomis (Lambie, 2021).

Figure 16. Duplessis bridge collapse (a'fnbie, 2021).

On the frosty night of January 31, 1951 (at an air temperature of -34°C, four long
spans of the bridge collapsed into the river (Figure 17) (South Clark, 2013). As a result
of the disaster, 4 people died in their cars, which fell through the ice.

The local newspaper, The Lethbridge Herald, dated August 29, 1951, wrote
(Lethbridge Herald, 1951): “defective and inferior steel blamed for the collapse of the
3,500,000 USD Duplessis Bridge.” A construction company spokesman told the
newspaper that low quality boiling steel was used. These claims were made against
steel plates used to strengthen cracked bridge beams a year before the accident. The
plates fastening the damaged areas were ordered from boiling steel CSA S40 (ASTM
A7), which, according to technical regulations, was only suitable for thin sheets. The
thick plates (2.5 inches) had to be made of calm, deoxidized grade C steel. It was the
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cold brittleness of the plates reinforcing the truss that led to the collapse of the bridge.
Analysis of the destroyed plates showed high local concentrations of carbon (up to
0.4% C) and sulfur (up to 0.116% S), and discovered many string slag inclusions. In
his book Fractures and Life, Brian Cotterell concludes (Cotterell, 2010, pp. 205-206):
“Obviously, boiling steel was too brittle and almost guaranteed that the bridge would
collapse.” He explains: “Molten steel contains dissolved oxygen and other gases that
must be controlled during solidification. In boiling steel, the reaction of dissolved
oxygen with carbon is accompanied by the formation of gaseous carbon monoxide,
which leads to the formation of an ingot with gas bubbles... Boiling steels are the
cheapest, but have a high brittle transition temperature... The Charpy impact load for
the broken beams of the Duplessis Bridge was only 4-8 J at 38°C. Obviously, the steel
rimmed was too fragile and almost guaranteed that the bridge would collapse.” Thus,
the stresses were too great for a notch-sensitive material: in such a brittle material, any
minor defect, combined with permanent stresses, could lead to catastrophic failure at
low temperatures.

Figufe 17. Two remaining pn of the Duplessis bridge in the foreground and four
collapsed spans (South Clark, 2013).

As the analysis performed showed, catastrophic destruction most often occurred
under the influence of several factors, as well as a combination of external adverse
influences and the internal “unpreparedness” of the structure for them. The examples
given indicate that an irrational choice of steel could be both an independent cause
causing brittle failure of structures, and an aggravating factor in the presence of
structural violations, thermal stresses and welding defects.
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To the 70th anniversary of the history of the creation of the Evgeny Paton
Bridge.

In the Electric Welding Laboratory at the All-Ukrainian Academy of Sciences
(Kyiv, Ukraine), transformed in 1934 into the Electric Welding Institute of the
Academy of Sciences of the Ukrainian Soviet Socialist Republic (Electric Welding
Institute AS USSR), they began to purposefully study the load-bearing capacity of
welded joints and structures (Malishevskij, 2003; Strelko, 2021). In this laboratory,
organized and headed by academician Evgeny Oskarovych Paton, experimental studies
were initially carried out by comparing the test results of identical welded and riveted
joints of samples, beams and entire structures under static, variable and impact loading.
The tests carried out made it possible to obtain the most visual and convincing evidence
of the strength of welded joints and the advantages of welding technology. In these and
other comparative tests, welded joints failed from fatigue not in the weld metal, but in
the base metal in the joint zone. It became obvious that the main reason for their
destruction is the concentration of stresses created by the shape of the joint and seams
or technological welding defects.

It was also assumed that the insufficient strength and toughness of the weld metal,
its lower homogeneity than the base metal, would reduce the resistance of structures to
fatigue failure. In the late 1930s — early 1940s, work was carried out at the Electric
Welding Institute AS USSR to find rational design and technological solutions that
ensure the specified cyclic durability of welded joints and assemblies. The studies
mainly concerned bridges, carriages and cranes. They convincingly showed that
welded joints and assemblies can be reasonably used in critical structures that can
withstand the effects of alternating stresses. The equal strength of butt joints with the
“seam reinforcement” removed and the base metal under variable loads was proven.

The question of the construction of a road bridge across the river in Kyiv the
Dnipro was raised before the World War II. At the same time, a technical design of a
bridge with a ride on top and split through main trusses spanning spans 58 m long (in
the floodplain part) and 87 m long (in the navigable part) was drawn up and approved.
Since during this period the Electric Welding Institute AS USSR developed a method
of automatic submerged arc welding, which made it possible to obtain high-quality
seams, its director, Evgeny Oskarovych Paton, proposed manufacturing bridge spans
using welding. The bridge design was based on large blocks and the maximum use of
automatic and semi-automatic welding in the manufacture of bridge beams at the
factory and during their direct installation.

The construction of this bridge is the result of a collaboration between designers,
scientists and builders from Ukrproektstalkonstruktsiya, the Kyiv Bridge Construction
Trust of the Ministry of Transport, the Electric Welding Institute AS USSR and Metal
Structures Plant named after Babushkin (Dnipro, Ukraine).

The team of the Electric Welding Institute AS USSR, introducing welding into
bridge construction, carefully checked the results and monitored the behavior of
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structures. A new grade of steel was created that was resistant to the formation of brittle
and fatigue cracks, its welding technology was developed, a technology for installation
welding of vertical sheets with forced formation of a seam was developed, and suitable
welding materials were selected.

On November 4, 1953, the Government Commission inspected in situ the
constructed road bridge across the river Dnipro in Kyiv, got acquainted with the
technical documentation and decided to accept the bridge into permanent operation
from November 5, 1953 with the passage of all types of loads provided for by the
project, without speed restrictions. The Government Commission gave the main work
on the construction of the bridge an “excellent” rating.

On November 5, 1953, the Council of Ministers of the Ukrainian SSR, by its
Resolution No. 2348, approved the act of the Government Commission on the
acceptance into permanent operation of an all-welded road bridge across the river. The
Dnipro in Kyiv and the opening of traffic on the bridge was scheduled for November
5,1953 (Figure 18). Thus, ended the crucial and most difficult stage in the development
of welded bridge construction.

Figure 18. Rally on the Patan Bridge on the day of its opening, view from the right
bank of the Dnipro, November 5, 1953 (Central State Audiovisual and Electronic
Archive, n. d.).

On December 18, 1953, by Decree of the Council of Ministers of the Ukrainian
SSR No. 2644, the newly built bridge was named after Evgeny Paton.

441


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

https://www.hst-journal.com Icmopis Hayku i mexuiku, 2023, mom 13, sunyck 2
History of science and technology, 2023, vol. 13, issue 2

In 1995, the American Welding Association built an all-welded bridge in Kyiv
across the river the Dnipro is included in the list of outstanding engineering structures.

After 70 years of operation, the Evgeny Paton Bridge continues to operate reliably
with the design load N-10 and a significantly increased traffic intensity (80 thousand
vehicles per day with a design value of 10 thousand).

An analysis of numerous documents devoted to the design and construction of this
bridge allowed to establish the following. The Kyiv welded road bridge named after
Evgeny Paton is unique in a number of its characteristic features not only in Ukraine,
but throughout the world (Figure 19).

Figure 19. View of t Evgeny Paton Brid from the right ankof the Dnipro from
the place where the monumental sculpture “Motherland” now stands. (Central State
Audiovisual and Electronic Archive, 1956).

Its uniqueness lies in the fact that all connections in the bridge spans are made at
the factory and installed by welding, i.e. the bridge is all-welded. If we take into
account that it has a total length of 1,543 m and that about 10 thousand tons of steel
were used for the spans, and the total length of the welds is 10,668 m, then we can say
that it is still the largest all-welded bridge in the world (Kornienko & Litvinov, 2008).
When manufacturing mounting elements at the factory and making assembly joints,
they were carried out mainly using automatic and semi-automatic welding (Lobanov &
Kyrian, 2013). Manual welding was used to perform less critical elements of the bridge
(braces, transverse beams, etc.). When designing the bridge, the large-block principle
was used, which allowed 97% of all factory seams of the main trusses and 88% of all
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installation seams of the main trusses to be performed using automatic and semi-
automatic welding. In addition, the presence of large blocks of the same type made it
possible to mechanize assembly and welding operations and organize an in-line
manufacturing method at the factory and installation, which improved the quality of
welding work and reduced its labor intensity.

The bridge is rightly named after Evgeny Paton (Figure 20), and can be presented
as the largest all-welded bridge in Europe at the time of construction, in which for
the first time all seams, including assembly ones, were made using automatic and
semi-automatic welding.

.
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Figure 20. Evgeny Pon Bridge with night architectural illumination and panorama
of the Left Bank (Naumov, 2017).

The Evgeny Paton Bridge has never been closed for major repairs. To improve
traffic safety, a semi-rigid decorative and artistic fence was installed on the Paton
Bridge in 1968 (for the first time in the USSR) (Figure 21). It was carried out by a
company from Donetsk, Remkommunelektrotrans.

In 2019, the bridge was declared unsafe; two outer lanes were closed to traffic due
to danger. Design work is currently ongoing on the bridge, after which the first
reconstruction in 70 years should begin.
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Figure 21. EvgenPaton Brie across the Dnipro in Kyiv, 196 Centraltate
Audiovisual and Electronic Archive, n.d.).

How relevant is welding technology to modern bridge construction?

Touran and Ladick (1989) examined the financial aspects of welded bridge
construction. Their research found that welding, including consumables, accounted for
an average of 14% of the total module manufacturing cost, 38% for material costs, and
48% for additional labor costs.

The construction of metal bridges using welding continues in our time
(Markashova, Berdnikova, Bernatskyi, Sydorets, & Bushma, 2019; Poznyakov,
Markashova, Shelyagin, Zhdanov, Bernatskyi, Berdnikova, & Sydorets, 2019;
Chandramohan, Roy, Taheri, Karpenko, Fang, & Lim, 2022). Welded bridges play an
important role in modern infrastructure, ensuring safe and efficient transportation
systems. The largest bridge in the world today (Guinness World Records, n.d.), the
Danyang-Kunshan Viaduct (Figure 22), was also built in 2011 using welding
technologies (iXBT.com, n.d.).

Nowadays, the undisputed favorite of all bridge builders in the world is steel,
which has good mechanical properties under various operating conditions under load
and is perfectly amenable to processing. It is carbon and low-alloy steels that are the
most popular and cost-effective materials, widely used for the construction of small,
medium and simply gigantic bridge structures of our time (Bazaras, Cesnavicius,
Ilgakojyte-Bazariene, & Kersys, 2017; Lenner, Ryjacek, & Sykora, 2020; Tkachenko,
Tsegelnyk, Myntiuk, & Myntiuk, 2022).
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Magee..,

Figure 22. Daang—Kunshan Viaduct (iXBT.com, n.d.).

The use of high-strength and high-strength steels and the use of welded structures
helps reduce metal consumption, so a steel bridge is often a cheaper and more practical
alternative to other options.

Conclusions.

The history of the development of the construction of metal bridges using welding
goes back a little over 100 years. The short period from the construction of the first
welded bridges to their first disasters led to the need to analyze the possible causes of
these destructions. As the analysis performed showed, catastrophic destruction most
often occurred under the influence of several factors, as well as a combination of
external adverse influences and the internal “unpreparedness” of the structure for them.
The examples given indicate that an irrational choice of steel could be both an
independent cause causing brittle failure of structures, and an aggravating factor in the
presence of structural violations, thermal stresses and welding defects. Over the years,
bridge manufacturing technologies have been improved in different countries, and new
steels and materials for their welding have been developed.

Thanks to the use of carbon, low-alloy and alloy steel, designers abandoned the
brutal “railroad-type” beam trusses and today metal bridges with graceful and beautiful
silhouettes powerfully stride across the water surface, mountains and valleys. They
became real attractions of megacities and country landscapes, and builders were able
to successfully solve numerous technical and economic problems.

An important contribution to the development of global bridge construction using
welding technologies was made by the team of the Institute of Electric Welding of the
Academy of Sciences of the Ukrainian SSR under the leadership of Academician
Evgeny Oskarovych Paton. The team of the Institute of Electric Welding of the
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Academy of Sciences of the Ukrainian SSR, introducing welding into bridge
construction, carefully checked the results and monitored the behavior of structures. A
new grade of steel was created that was resistant to the formation of brittle and fatigue
cracks, its welding technology was developed, a technology for installation welding of
vertical sheets with forced formation of a seam was developed, and suitable welding
materials were selected.

At the time of construction in 1953, the Kyiv Evgeny Paton Bridge across the
Dnipro River was the largest all-welded bridge in Europe, all seams of which, including
assembly ones, were made for the first time using automatic and semi-automatic
welding. In addition, the presence of large similar blocks in the design of the Paton
Bridge made it possible to mechanize assembly and welding operations and organize
an in-line method for their production at the factory and installation, which increased
the quality of welding work and reduced its labor intensity.
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Ouer Crpenko
Jlep>kaBHUI YHIBEpPCUTET IHPPACTPYKTYpPHU Ta TEXHOJIOTIH, YKpaiHa

Jlo nuTaHHs icTopii OyaiBHMITBA MeTaJleBUX MOCTIB Y 20 cTOJIITTI 3
BHKOPHUCTAHHAM TEXHOJIOTil 3BaPIOBAHHA

Anomauia. Icmopis 6y0igHuYMBa MOCMIB € BANCIUBOIO YACMUHOIW ICHOPUYHOZO
sHauHa. Pozeumox mexnonocii 6yodisHuymea mocmie 8i006UBAE K IHICEHEPHI
00CSIcHeHHsl, MAaK U COYIA/bHI, eKOHOMIYHI ma KYJIbMYPHI aCneKmu CyCRilbCmaa.
Inoicenepu ma ueni, npoexkmyrouu ma 06y0ylOuU MOCMU, CIMUKAAUCS 3 VHIKAIbHUMU
BUKIUKAMU 3ANEHCHO BI0 MEXHON02IUHO20 PIBHS enoxu, OOCMYNHUX mamepianie ma
nompeb cycninocmea. Lleii npoyec mooice 6ymu i000pANCEHHAM MEXHOJLO2IUHO20
npozpecy, 3MiH Y MpPaAHCNOPMHUX NOMPeOax, a MaxKoH#c KyIbMypHUX ma COYianbHUxX
3min. Memoro yiei cmammi € KopomKuti 0271510 KI0408UX MOMEHMI8 ma emanis icmopii
0y0igHUYMEA Memanesux MOCmie 3 GUKOPUCMAHHAM MeXHON02ii 38aprosanus y 20
cmonimmi. Iecmopis po3sumxy 0y0igHUYMBEA Memaiesux MOCmie i3 3aCmoCy8aAHHIM
38aproganns Haniyye mpoxu oinbwe 100 pokie. Hegenuxuti nepioo 8io 0yoigHuymea
nepuiux 36apHUX MOCmis, 00 nepuux Kamacmpogh, npuseié 00 HeoOXiOHOCMI AHANi3)
MONCTUBUX NPUYUH YUX PYUHYBAHL. K NOKA3A68 UKOHAHUL AHANL3, KAMACMPOQDIiuHi
PYUHYBaHHA Hauyacmiwe 8i00ysanucs nio 0i€l KilbKOX (hakmopie, a makoxic npu
NOEOHAHHI 308HIUHIX HECNPUAMAUBUX BNIUBIE MA SHYMPIUHBOL «HE20MOBHOCTI»
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KoHcmpykyii 0o Hux. Hasedeni npuxnaou ceiouame npo me, wo HepayioHaibHuil 6UOIp
cmani moodice Oymu K CaAMOCMIUHOI0 NPUYUHOIO, WO BUKIUKAE KPUXKE DYVUHYE8AHHS
KOHCMPYKYIU, MaxK i No2ipuyrodum (Gakxmopom 3a HAA8HOCMI KOHCMPYKMUBHUX
NOpYUEHb, MEPMIYHUX HANPYAHCEHb | Oeghekmis 36aploGanHsA. 3a yi poKu y pi3HUX
Kpainax 0y10 800CKOHANEHO MEeXHOJI02I BU2OMOBIEHHS MOCMIB, pO3POONIEHO HO8I
cmani ma mamepianu Oas iX 36aplo6aHHsA. 3a60AKU GUKOPUCMAHHIO G)2lleyesoi,
HU3bKOJIe208AHOI MA 1e208aHOI CMAli NPOEKmMy8albHUKU 8I0MOBUTUCS 810 OPYMATbHUX
0ankosux epm «3ani3HUYHO20 MUNY» | CbOCOOHI Memaiesi MOCmuU 3 GUMOHYEHUMU
ma KpacusumMu CUILyemamiy NOmyHCHO KpOKYIOmMb 4epe3 600HY 21a0b, 0pU ma OOUHU.
Bouu cmanu cnpasocnivmu  u3HauUHUMU NAM'AMKAMU Me2anonicie ma 3amiCbKux
nanowagpmis, a 0y0igeIbHUKU 3MO2AU YCNIWHO BUPIUUMU YUCTIeHHI MEeXHIYHI ma
eKOHOMIYHI 3a80aHHA. Basxcnusuii enecox y po36umok cimo6o2o Mocmoo6y0y8auHs i3
3aCmMoOCY8aHHAM — MEXHONO02IU  36aplo6anHs  3pobué  Kojnekmue  Incmumymy
enekmpo3zeaproeants Axaodemii nayk YPCP nio kepienuymeom axademixa €ezcena
Ockaposuua Ilamona. Konexmue Incmumymy enexmpo3ssaprosanns Axaoemii Hayk
YPCP, enpogaocyiouu 36apio6aHHs y MOCMOOYOV8AHHA, BUKOHYBAE DEemeIbHy
nepesipKy pe3yibmamie ma 8i8 CNOCMepedCeH s 3a N0BeJIHKOW KOHCmpYKYil. byno
CMBOPEHO HOBY MAPKY CMAli, CMIUKY 00 YMBOPEHHs KPUXKUX | 6MOMHUX MPIUUH,
8I0NpaYbOBYBANACL — MEXHONO02Is il 36apl0GAHHA,  pO3POOIANACA  MEXHON02IA
MOHMANACHO20 36aPI0BAHHS 6EPMUKATLHUX TUCNIE 13 NPUMYCOBUM (DOPMYBAHHAM WEA,
niooupanucs 8ionosiowi 36apiosaivii mamepianu. Ha momenm nooyoosu y 1953 pouyi,
kuigcokuit Micm imeni €seena Ilamona uepes piuxy /[ninpo 6ye natibineuwum y €sponi
YINbHO36APHUM MOCMOM, YCI WBU K020, BKIOYAIOYU MOHMAICHI, 8Nepule 6UKOHAIU 30
00NOMO2010 ABMOMAMUYHO20 MA HANIBABMOMAMUYHO20 36aprosanHs. Kpim moeo,
HAABHICMb 8EIUKUX OOHOMUNHUX 010KI8 Y KoHcmpykyii Mocma imeni €seena Ilamona
003807UN0  MeXaHizysamu CKIA0ATbHO-36APIOBANIbHI  Onepayii ma op2anizysamu
NOMOKOBULL MemOoO iX 8U20MOGIEHHS HA 3A8001 Ma MOHMAICI, W0 NIOSUUUTIO SAKICIb
36apr0BAIbHUX POOIM MA 3HUZUJIO IX MPYOOMICIMKICIb.

Kniouoei cnosa: icmopis 0yoienuymea mocmis, icmopis Memanesux Mocmie,
icmopia 3eaproeanns,; Kuiecokuu Micm imeni €ecena Ilamona, Hacopooa 3a
Icmopuuni 3e6apni Koncmpykyii, Incmumym enexmpo3seapiosannus AH YPCP
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