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

The issue of the journal opens with an article dedicated to the formation of
metrology as government regulated activity in France. The article has discussed the
historical process of development of metrological activity in France. It was revealed
that the history of metrology is considered as an auxiliary historical and ethnographic
discipline from a social and philosophical point of view as the evolution of scientific
approaches to the definition of individual units of physical quantities and branches of
metrology. However, in the scientific literature, the little attention is paid to the
process of a development of a centralized institutional metrology system that is the
organizational basis for ensuring the uniformity of measurements.

The article by Irena Grebtsova and Maryna Kovalska is devoted to the of the
development of the source criticism’s knowledge in the Imperial Novorossiya
University which was founded in the second half of the XIX century in Odesa.
Grounding on a large complex of general scientific methods, and a historical method
and source criticism, the authors identified the stages of the formation of source
criticism in the process of teaching historical disciplines at the university, what they
based on an analysis of the teaching activities of professors and associate professors
of the Faculty of History and Philology. In the article, the development of the
foundations of source criticism is considered as a complex process, which in Western
European and Russian science was the result of the development of the theory and
practice of everyday dialogue between scientists and historical sources. This process
had a great influence on the advancement of a historical education in university,
which was one of the important factors in the formation of source studies as a
scientific discipline.

The article by Tetiana Malovichko is devoted to the study of what changes the
course of the probability theory has undergone from the end of the 19th century to
our time based on the analysis of The Theory of Probabilities textbook by
Vasyl P. Ermakov published in 1878. The paper contains a comparative analysis of
The Probability Theory textbook and modern educational literature.

The birth of children after infertility treatment of married couples with the help
of assisted reproductive technologies has become a reality after many years of basic
research on the physiology of reproductive system, development of oocyte’s in vitro
fertilization methods and cultivation of embryos at pre-implantation stages. Given the
widespread use of assisted reproductive technologies in modern medical practice and
the great interest of society to this problem, the aim of the study authors from the
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Sciences of Ukraine was to trace the main stages and key events of assisted
reproductive technologies in the world and in Ukraine, as well as to highlight the
activities of outstanding scientists of domestic and world science who were at the
origins of the development of this area. As a result of the work, it has been shown
that despite certain ethical and social biases, the discovery of individual predecessor
scientists became the basis for the efforts of Robert Edwards and Patrick Steptoe to
ensure birth of the world's first child, whose conception occurred outside the mother's
body. There are also historical facts and unique photos from our own archive, which
confirm the fact of the first successful oocyte in vitro fertilization and the birth of a
child after the use of assisted reproductive technologies in Ukraine.

In the next article, the authors tried to consider and structure the stages of
development and creation of the “Yermak”™, the world's first Arctic icebreaker, and
analyzed the stages of preparation and the results of its first expeditions to explore the
Arctic. Systematic analysis of historical sources and biographical material allowed to
separate and comprehensively consider the conditions and prehistory for the
development and creation of “Yermak™ icebreaker. Also, the authors gave an
assessment to the role of Vice Admiral Stepan Osypovych Makarov in those events,
and analyzed the role of Sergei Yulyevich Witte, Dmitri Ivanovich Mendeleev and
Pyotr Petrovich Semenov-Tian-Shansky in the preparation and implementation of the
first Arctic expeditions of the “Yermak”icebreaker.

The authors of the following article considered the historical aspects of
construction and operation of train ferry routes. The article deals with the analysis
and systematization of the data on the historical development of train ferry routes and
describes the background for the construction of train ferry routes and their
advantages over other combined transport types. It also deals with the basic features
of the train ferries operating on the main international train ferry routes. The study is
concerned with both sea routes and routes across rivers and lakes. The article shows
the role of train ferry routes in the improvement of a national economy, and in the
provision of the military defense.

An analysis of numerous artefacts of the first third of the 20th century suggests
that the production of many varieties of art-and-industrial ceramics developed in
Halychyna, in particular architectural ceramic plastics, a variety of functional
ceramics, decorative tiles, ceramic tiles, facing tiles, etc. The artistic features of
Halychyna art ceramics, the richness of methods for decorating and shaping it,
stylistic features, as well as numerous art societies, scientific and professional
associations, groups, plants and factories specializing in the production of ceramics
reflect the general development of this industry in the first half of the century and
represent the prerequisites the emergence of the school of professional ceramics in
Halychyna at the beginning of the 20th century. The purpose of the next paper is to
analyze the formation and development of scientific and professional schools of art-
and-industrial ceramics of Halychyna in the late 19th — early 20th centuries.

During the environmental crisis, electric transport (e-transport) is becoming a
matter for scientific inquiry, a subject of discussion in politics and among public
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figures. In the program for developing the municipal services of Ukraine, priorities
are given to the development of the infrastructure of ecological transport:
trolleybuses, electric buses, electric cars. The increased attention to e-transport on the
part of the scientific community, politicians, and the public actualizes the study of its
history, development, features of operation, etc. The aim of the next study is to
highlight little-known facts of the history of production and operation of MAN
trolleybuses in Ukrainian cities, as well as to introduce their technical characteristics
into scientific circulation. The types, specific design solutions of the first MAN
trolleybus generation and the prerequisites for their appearance in Chernivtsi have
been determined. Particular attention has been paid to trolleybuses that were in
operation in Germany and other Western European countries from the first half of the
1930s to the early 1950s. The paper traces the stages of operation of the MAN
trolleybuses in Chernivtsi, where they worked during 1939-1944 and after the end of
the Second World War, they were transferred to Kyiv. After two years of operation in
the Ukrainian capital, the trolleybuses entered the routes in Dnipropetrovsk during
1947-1951.

The purpose of the article by authors from the State University of Infrastructure
and Technologies of Ukraine is to thoroughly analyze unpaved roads of the late 18th
— early 19th century, as well as the project of the first wooden trackway as the
forerunner of the Bukovyna railways. To achieve this purpose, the authors first
reviewed how railways were constructed in the Austrian Empire during 1830s —
1850s. Then, in contrast with the first railway networks that emerged and developed
in the Austrian Empire, the authors made an analysis of the condition and
characteristics of unpaved roads in Bukovyna. In addition, the authors considered the
first attempt to create a wooden trackway as a prototype and predecessor of the
Bukovyna railway.
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The formation of metrology as government regulated activity in France

Abstract. The article has discussed the historical process of development of
metrological activity in France. It was revealed that the history of metrology is
considered as an auxiliary historical and ethnographic discipline from a social and
philosophical point of view as the evolution of scientific approaches to the definition
of individual units of physical quantities and branches of metrology. However, in the
scientific literature, the little attention is paid to the process of a development of a
centralized institutional metrology system that is the organizational basis for
ensuring the uniformity of measurements. It was shown that traditionally there are
two periods of development of metrology based on the unification of weights and
measures: the association under Charlemagne and the introduction of the decimal
metric system during the French Revolution. Because this division has a mixed
scientific and organizational basis, a new periodization of the development of French
metrology from the position of state regulation was proposed. The highlighted stages
include the primitive period and the first city-states, the time of the domination of the
Roman Empire, the era of the coexistence of many measures, the chapters of
Charlemagne, the feudal practices of the Middle Ages, the creation of royal
standards under Henry I, the introduction and dissemination of the decimal metric
system, the emergence of metrological institutes, laboratories, centers. At the State
level the first step in organizing a centralized institutional metrology system was the
creation of a testing laboratory, the second was the creation of National Metrological
Bureau, national bodies for metrology, and the third was reorganization of the
system and appointment of the National Testing Laboratory as the governing
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metrological body of France. Thus, the French metrology system has experienced
many crises and upheavals in the process of its formation. However, France today is
one of the most experienced and respected countries in the field of metrology, and at
the international level, it was the one who laid the foundations for new metrological
agreements, as well as the social, philosophical, scientific, political and geographical
area of the new system of measures and weights.

Keywords: unification of weights and measures; metric system; metrological
chaos; system of units of physical quantities; metrological activity

Introduction.

It is common knowledge that today metrology is a fundamental element of the
development of science, industry, and society. Although the importance of metrology
in economics of resource reallocation cannot be overemphasized, the term
“metrology”, that denotes the science of measurements, was introduced only in 1780,
and earlier the metrological activity was considered a social practice (Cotteret, 2003,
p. 82). This and other aspects are encouraging to study of the historical context of
metrology, that allows to trace the occurrence, the spread, the change and
disappearance of measures systems, its individual units, and the practice of their use.
This, in turn, makes it possible to draw conclusions about the level of socio-economic
development of society, international trade intensity, foreign policy relations, and at a
less global level — to identify development trends both in the field of metrology and
science generally. According to J. Kovalevskiy, head of the French National
Metrology Bureau from 1994 to 2005, this task becomes more urgent due to the
globalization of the modern world “the metrology is subject to the development of an
unprecedented amplitude” (Kovalevsky, 2005, p. 3). There are enough known events
in the history of metrology that have global significance for science, and especially it
Is more interesting to try to understand the difficulties faced by society and what kind
of answers were found then to overcome them. From this perspective, the French
experience may be cognitive, since France was the first to reform the measures
system toward its unification and was among the first countries of the initiators of the
signing of the Metric Convention.

J.-C. Hocquet and his fundamental work “Historical metrology” (Hocquet, 1995;
Hocquet, Garnier & Woronoff, 1989) and other works made a significant contribution to
the study of the history of French metrology about the origin and spread of the metric
system, the variety of measures and weights of ancient France, measurements and
weighing over the centuries, etc. Moreover, French scientists explore the history of
measures of length and area (Reguin, 2021), water measurements (Mathieu, 2001),
teaching metrology (Cotteret, 2003), metrology practices before the French Revolution
(Guyotjeannin, 1987), the relationship between metrology and standardization (Bryden,
2012), the overall history of measurements (Jedrzejewski, 2020), the impact of
individual organizations on French metrology (Petitgirard, 2015). Studying of the works
shows their overall perception of metrology as a universal human collective activity,
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which, however, is not practiced uniformly. Moreover, these differences can be
simultaneously both the consequence and the reason for the need for change existing
principles, trends and mechanisms in science, legal systems, practices that reside within
metrology. However, the scientific literature paid very little attention to the process of
creating a centralized institutional metrology system that is the organizational basis for
ensuring the uniformity of measurements.

In this regard, the purpose of article is to study the process of the formation of
metrology as an activity, regulated by government in France as one of the countries with
global influence in this area.

Theoretical foundations.

Based on the sources mentioned above it can be argued that in the scientific
literature, there are several approaches to the study of the history of metrology: it is
treated as an auxiliary historical and ethnographic discipline; it is treated from a
social and philosophical point of view; it is treated as an evolution of scientific
approaches to the definition of individual units of physical quantities and branches of
metrology. In the aspect of the state organization of metrological activities in France
decided to allocate two periods: the association under Charlemagne and the
introduction of the decimal metric system during the French Revolution. These
aspects are based on the unification of weights and measures. In our opinion, such a
division is not correct enough, since it has a mixed scientific and organizational basis,
mainly associated with the definition of units of physical quantities. And, although
the achievements of scientific metrology are of key importance for the development
of this activity, we propose to divide the history of French metrology from the
position of state regulation into ten stages, a description of which is presented in the
section «Results and discussion»: 1) the incipience of weights and measures; 2) the
first form of legal metrology; 3) “metrological chaos; 4) chapters of Charlemagne;
5) feudal practices; 6) the creation of royal standards; 7) the introduction of the
decimal metric system; 8) the plurality of metrological organizations; 9) national
metrological organizations; 10) creation of a unified state sustainable structure.

Results and discussion.

At the first stage of the existence of human civilization, in the Paleolithic era,
hunters and gatherers, apparently, did not have metrological practice. However, the
work (Jedrzejewski, 2020) said, that at that time there were objects that looked like
graduated rulers, namely fragments of bones or stones with evenly spaced parallel
incisions, while there is no one confirmations of their use as measuring instruments.
Climate softening, the transition to a sedentary lifestyle, the rapid evolution of human
societies led to the Neolithic revolution, namely, to the transition from gathering and
hunting to agriculture and animal husbandry, on the territory of modern France this
happened about 10,000 BC. In addition, the emergence of the need to exchange
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surplus agricultural products inevitably led to the invention of the first stone
measures of weight.

The gradual development of society led to the emergence of city-states and large
trading colonies such as Massilia (by around 600 BC, modern Marseille), in which
the processes of economic exchange were significantly different from average
Neolithic villagers. New forms of economics have transformed social activities
related to the production, management, establishment, and leadership. Redistribution
of production, tax increases, exchange of surplus in the markets, trade with
neighboring cities led to the need for accounting and metrology. The fact that the
oldest weights are unmarked indicates to a time where “metrological activity was not
subordinate to authorities, but existed on trusting relationships between people and
groups” (Cotteret, 2003, p. 104).

In antiquity on the territory of modern France (2nd century BC — 5th century
CE) all types of taxes and fees in monetary or raw material form were calculated by
Roman measures. Their standards were often made of stone and kept in the Temple
of Jupiter in Rome, but also in the most visited shopping places. There was a position
of an inspector for checking weights and measures, who had the right to destroy false
measures (Hocquet, 1995). This fact as well as control of the production of coins
under the leadership of the proconsul of Gaul in Lyon could call it the first form of
legal metrology in France.

After the fall of the Western Roman Empire, the tribes of the Burgundians,
Visigoths, and Franks came to Gaul, which, in turn, brought their measuring systems.
The coexistence in the same time and space of these, as well as Roman, Arabic,
Greek, Gali measures and weights has led to what many researchers call
“metrological chaos”. The first attempt to regulate it at a national level was
performed by Charlemagne in 779. He combined measures, weights, and coins and
they still acquired a fixed value throughout the empire even if they retained the
Roman name. In addition, he increased the numerical values of the measures, which
changed the entire system, and reorganized the monetary system, basing it on a new
standard of weight, namely, the grain of wheat. Such acts showing that Charlemagne
“had an understanding of the essence of the measure and its structuring role”
(Cotteret, 2003, p.119). During his reign, (768-814) standards were stored in
churches and his palace, and inspectors, whose activities were intended to guarantee
fair trade, regularly checked all measures. It took Charlemagne almost 20 years to
introduce a unified metrological system that operated only under his rule. He was
thinking big for his time, and his empire was too large and did not have a sufficiently
developed transport infrastructure to support uniform measures throughout its
territory (Hocquet, Garnier & Woronoff, 1989).

During the Middle Ages, the unified system of measures and weights of
Charlemagne underwent more and more changes, namely, feudal Lords declared their
sovereign rights to measurements, established measures, determined their numerical
value depending on the circumstances. The standards were in the custody of feudal
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judges, the vassals focused their measures on the measures of the Lord. There was a
paid official position, which requires swearing to the Lord and consisted in tracking
fraud and punishing violations (Hocquet, 1995). Without official regulation,
collections and rule books appeared that systematized local metrological practices
and gradually replaced Charlemagne’s obsolete chapters.

In 1321, Philip V attempted to unify measures, weights, and coins. He ordered
the assembly of the Estates General to resolve this issue and work on reform, but he
met the categorical refusal of the Lords and clergy, motivated by the fact that this
unification supported only royal interests. Being the forming of state representative
institutions, which had convened at the initiative of the royal government to assist the
government. The Estates General nevertheless sought to find ways to contain it and
advance the interests of the estates. At their insistence in 1558, Henry Il proclaimed a
decree on the unification of measures in all territories falling under the jurisdiction of
the court of the Paris parliament, and “all feudal measures had to correspond to the
royal standard, placed in the Paris city hall under the supervision of the mayor or his
deputy” (Cotteret, 2003, p. 128).

Considering the flourishing royal absolutism, Estates General meetings had no
longer held until 1789 despite the accumulated contradictions in society that
demanded cardinal reforms, including and in the field of metrology activities.
Previous attempts by the Minister of Finance A. Turgot to establish the unity of
measures because of a unit of length throughout the entire territory of the state did not
find support from the last French king Louis XVI. Also, the next Minister of Finance
J. Necker expressed doubts about the success of this idea, given the changes that
would need to be made in all areas of activity (Cotteret, 2003, p. 131). Therefore,
among other requirements also were the numerous books of complaints of the
provincial assemblies, sent with deputies to the Estates General, contained various
metrological problems of that time. These books gave rise to many abuses and fraud
at the local level, and massively demanded the unification of weights and measures,
as well as their calibration and labeling.

By the beginning of the Great French bourgeois revolution, the commission of
the Academy of Sciences on the project of uniformity of weights and measures
concluded that the scientific basis for this was sufficiently developed. In 1790, the
report “Observations of the Royal Agricultural Society on the Uniformity of Weights
and Measures” was submitted to the National Assembly. This report summarized the
current scientific research in the field of metrology at that time. The result was a
decree of the National Assembly on the rationing of measures and weights,
prescribing to draw up a scientific substantiation of a new system of measures and a
table of the ratio of new and old measures, to take an inventory of local measures,
and to make temporary standards. Moreover, in 1795, the unification of measures and
weights law was adopted, which introduced the decimal metric system in France,
standards uniform for the whole country, the procedure of their manufacture, storage,
verification, and the position of an auditor of standards in each district (Hocquet,
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Garnier & Woronoff, 1989). Although in 1812 and 1816 Napoleon Bonaparte issued
decrees, leading to change the original purity of the decimal metric system, this law
remained basic and was revived in 1837 when the metric system became mandatory
for all commercial transactions in France.

The year before the law in 1795, the National Conservatory of Arts and Crafts
(Cnam) was created, designed to produce and distribute metric standards, both within
France and in other countries. In 1848, national standards were deposited at Cham from
the Provisional Bureau of Weights and Measures of the Department of Commerce. This
organization became one of the leading in the metrology field in France. In addition, this
organization became the center of all promotional activities for the decimal metric
system in the XIX century and slowly but surely spread in Europe. Back in 1797, French
Foreign Minister Charles de Talleyrand organized the first international meeting on
metrology to verify the calculations of the numerical value of the meter. However, the
World Exhibitions of 1851, 1855, and 1867 show significant differences in measures in
different countries. In this regard, the International Metrology Commission was created
in 1869, the French section of which took on the task of implementing a new standard
for the meter. The result of the commission’s activities was the signing in Paris in 1875
of the International Metric Convention and the creation of the International Bureau of
Weights and Measures (BIPM).

The next step in the development of the French metrological system was the
creation of the “National Scientific and Permanent Bureau of Weights and Measures”
in 1880 based on Cnam, which had previously met the needs of ‘“‘conventional
metrology” rather than scientific (Petitgirard, 2015, p. 22). Rapid industrialization at
the end of the 19th century and a growing need for measuring instruments and their
verification in the industry led to the creation in 1901 testing laboratory (LE) on the
initiative of the Society of Civil Engineers. The laboratory was based on Cnam and
administered by the Ministry of Foreign Trade and the Chamber of Commerce and
Industry. In addition, since 1900, several reputable organizations have been operating
in the field of metrology in France at the same time, namely, Central electrical
laboratory (LCE, from 1882), Observatory of Paris of time measurement,
Commissariat for Atomic and Alternative Energy (CEA, from 1945). The absence of
a centralized integrated system, the unclear definition of the mission and objectives of
LE, lead to the crisis of the 1930s. Apart from electricity and lighting, France was not
represented on the International Committees for Weights and Measures; metrology is
divided between LE, LCE, BIPM, and private laboratories, LE fails to maintain a
balance between measuring instruments control and scientific activities.

This generally continued until the late 1960s, when rapid economic growth at “The
Thirty Glorious” exacerbated existing metrology challenges. He showed the need for a
testing and control laboratory to serve the industry and for basic, scientific, referral
testing and research (Petitgirard, 2015). This led to the creation in 1969 of the National
Institute of Metrology (INM) for scientific research, the National Testing Laboratory
(LNE) for the verification and calibration of industrial measuring instruments, the
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National Bureau of Metrology (BNM) to coordinate the activities of metrology
organizations. This step ended several decades of debates, pioneered the 35-year
restructuring of French metrology, and created an inter-agency coordination mechanism
for the major players in metrology, facilitating the development of metrology activities,
funding and interaction with industry. Until that time, in France, unlike in other countries,
there were no single agency to manage metrological activities at the national level.

A natural consequence of this, and also following international trends, in 1982
the National Testing Network (RNE) was organized, whose purpose was to identify
and mark the conformity of testing laboratories, and in 1993 the BNM Committee for
Accreditation of Calibration Laboratories (FRETAC) was established. In 1994, the
accreditation of laboratories and certification bodies transferred to the specially
created French Accreditation Committee (COFRAC), and the BNM received the
status of a public group (GIP). Created over several years with updates, that were not
obvious, the situation at BNM proved to be completely incompatible with its
continuing responsibilities in industry, commerce, healthcare, and the environment.
For this reason, in 2005, BNM was finally taken over by LNE, a stable structure that
in this case became the National Laboratory for Metrology and Testing. Today the
LNE manages metrology in France in cooperation with Cnam, CEA, and the Paris
Observatory under the leadership of the Ministry of Economics.

Conclusions.

Today the metrology is the universal language of science and technology, but its
development throughout history has varied from a form of support for private
interests to the exchange of a universal public metrological good. The latter became
possible thanks to the state regulation of metrological activity, which organizationally
ensures and maintains the uniformity of measurements. Several historical attempts to
put it into practice have been identified. However, the first effective step in
organizing a centralized institutional metrology system was the creation of the LE,
the second was the creation of the BNM, the national metrology body, and the third
step was the reorganization of the system and the LNE assignment as the governing
metrology body in France. In addition, although we contested the traditional division
of the development of metrology in France based on the unification of weights and
measures, nevertheless, it should be noted that there is a fundamental difference in
the organization of ancient and new measures and weights. It lies not only in the
metrological principles that served as the basis for the decimal metric system but also
in the equalization of citizens’ rights in access to the public good.

Generally, the French metrological system in the process of its formation has
experienced many crises and upheavals. However, today France is one of the most
experienced and reputable countries in the field of metrology and at the international
level, it was the one who laid the foundations for a new metrological agreement and
social, philosophical, scientific, political, and geographical area of the new system of
measures and weights.
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Oasra bBykpeesa
XapKiBChKHI HaIllOHATLHUM aBTOMOOUIBHO-IOPOKHIN YHIBEpCUTET, YKpaiHa

SAna MeaBeaoBCcbKa
XapkiBChKHI HaIllOHATLHUM aBTOMOOUIBHO-IOPOKHIN YHIBEpCUTET, YKpaiHa

CTaHOBJICHHS METPOJIOTII SIK IePKABHO Peryjib0BaHol AiabHOCTI Yy @paHuil

Anomauia. Y cmammi  posensiHymo  icmopuuHuiu  npoyec  po3GUMKY
Mempono2iynoi  Oisinbnocmi vy @panyii. Busaeneno, wo icmopio mempono2ii
PO32NA0AOMb K OONOMINCHY —ICMOPUYHY mMa emHocpagiuny OuCYuniiny, 3
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coyianvHoi ma @Qinocoghcokoi Movok 30py, AK eBOOYII0 HAYKOBUX Ni0X00i8 00
BU3HAYUEHHSI OKpeMUX OOUHUYb Qi3uyHux eeruyuH i eanyzeu memponocii. OOHakK, 6
HAYKOGIll aimepamypi npuoileHo MAalo yeazu npoyecy CMEOPeHHs YeHmpAaniz08aHol
IHCMUMYYIUHOL  MempOoNIo2iUHOl  cucmemu, SAKA € OpP2aHi3ayitiHol0  OCHOBOIO
3abe3neuents €OHOCmi eumipioéansb. Bcmanosneno, wo mpaouyiiino eudingioms 08a
nepioou po3eumKy Mempoiocii, 3acCHO8aHUx Ha YHiikayii mip i 8ae. 00'conanus 3a
Kapna Benuxozo i nosisa Oecsimkogoi mempuunoi cucmemu nio yac Dpanyy3vkoi
pesontoyii. OCKiNbKU MAaKuii po3nooil Mae 3Miulany HAYKOB8O-0P2aAHI3AYIUHY OCHOBY,
3aNPONOHOBAHO HOBY NEPIoOU3aAYil0 PO3BUMKY (GPAHYY3bKOI Mempono2ii 3 no3uyii
0epaHcasrHoco pezyntosants. Budineni emanu exnrouaroms nepgicHuli nepioo i nepuli
Mmicma-oepacasu, yac nanyeants Pumcoxoi imnepii, enoxy cnigicnysanns be3nivi mip,
kanimyau Kapna Benuxoeo, ¢heooanvni npakmuku Cepeonvbogiuus, CmeopeHHs
koponiscokux emanonie 3a Ilenpixa I, esedenns i nowupenns mempuunoi
0ecsimKoB80i cucmemu, GUHUKHEHHS MempoN02iYHUX IHCmMumymis, a1aoopamopii,
yenmpis. Ha Oepoicasnomy pieni nepuioro cnpoboio opeanizyeamu yYeHmpanizoeamy
IHCMUMYYItiIHy ~— Mempoao2iuHy  cucmemy  OV10  CMBOPEHHS  BUNPOOYBAIbHOL
nabopamopii, opyeum — Hayionanvno2o memponociuno2o 610po, HAYIOHATLHOZO
Op2aHy 3 Mempoo2ii, a mpemiM — peopeaHizayia cucmemu I NPUSHAYEeHHs
Hayionanvnoi sunpobysanvroi nabopamopii KepigHUM MempOoao2iUHUM OpP2AHOM
Opanyii. Dpanyyzvka MempoaoiuHa cucmema 6 Npoyeci c6020 CMAHOGIEHHS
3asHana oOezniv xpu3 i nompscinb. Ilpome, Dpanyisi cb0200HI € O0O0HIEW 3
HauoocsidueHiwmux [ asmopumemuux KpaiH 6 cgepi Mmemponocii, a Ha
MIHCHAPOOHOMY DIGHI came 80HA 3AKAANA OCHOBU HOB020 MEMPOIOIUHO20 002080DY,
a makodic coyianvHuil, Ginocopcvkutl, HAyKOBUL, NOAIMUYHUL | 2e02paghiuHull apear
HOB0I cucmemu Mip i 8az.

Knwuosi cnosa: yuigixayis mip i 6ae; mempuuna cucmema,; mMemponociuHuil
xaoc, cucmema 0OUHUYb PIZUYHUX BEIUHUH, MEMPONO2IUHA OIIbHICMb

Ouasbra bykpeesa
XapbKOBCKUH HAIMOHAIBHBIA aBTOMOOMIIbHO-IOPOKHBIN YHUBEPCUTET, Y KpanHa

SIna MeaBeaoBckasn
XapbKOBCKUH HAIMOHAIBHBIA aBTOMOOMIIbHO-I0POKHBIN YHUBEPCUTET, Y KpanHa

CraHoBJ/IeHHE METPOJIOTHH KAK FOCYIaPCTBEHHO PeryjaupyeMoii A1esiTeIbHOCTH
B0 @paHuun

Aunomauusn. B cmamve paccmompen ucmopuueckuili npoyecc pazeumiuis
Memponocuieckol  desmenvhocmu 60 Dpanyuu. Beisieneno, umo  ucmopuio
MEMpONOcUU  PACCMAMPUBAIOM  KAK — BCNOMO2AMENbHYI0  UCTOPUYECKVIO U
IMHOSPAPUUECKYIO OUCYUNTUHY, C COYUATLHOU U PUIOCOPCKOU mOoUeK 3penus, KaK
I60TIIOYUIO HAYUHBIX NOOX0008 K ONpeoeieHuto OmoeibHblX eOUHUY @u3UYecKux
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genuuun u ompacieu memponocuu. OOHAKO, 8 HAYYHOU qumepamype y0eieHo Majo
BHUMAHUSL ~ Npoyeccy  CO30aHUsL — YEHMPAIU308AHHOU  UHCIMUMYYUOHAILHOU
MEMPONOSUYECKOU  CUCMEMbl, KOMOpAs A6Iemcs Op2aHU3AYUOHHOU OCHOBOU
obecneuenuss eOUHCMEa UsMepeHull. YCmanosieHo, Ymo mpaouyuoHHO GblOeIom
06a nepuooa pazeumus Mempoiocull, OCHOBAHHbIX HA YHUDUKAYUU MeD U 8eCO8:
obvedunenue npu Kapne Benuxkom u nosisienue 0ecamuyHol Mempuieckou Cucmembl
80 epemsa Dpanyysckoti pesonoyuu. Ilockonvky makoe OeleHue umeem cMeUuanHyo
HAY4YHO-0P2aHU3AYUOHHYIO OCHOBY, NPeOlONCEHO HOBYI0 NepUuoOU3AUUI0 pPA3E6UMUSL
@paHyy3ckou  mMemponocuu ¢ HO3UYUU  20CYOAPCMBEHHO20  Pe2yIUPOBAHUSL.
Bvioenennvie omanvl  6Ka0OYAIOM  NEp8OOLIMHBIL Nepuod U nepavie 20pooa-
eocyoapcmea, epems 2ocnoocmea Pumckoii umnepuu, snoxy cocywecmeosanus
MHOdCcecmea — mep, kanumynvl Kapna  Benuxoeo, ¢heodanvHvle  npaxmuxu
Cpeonesekosws, cosdanue koponesckux smanoros npu I'enmpuxe ||, sgedenue u
PACNpOCMpPaneHue  Mempuyeckou  O0eCAmu4Holu  CUCmeMbl,  B03HUKHOBEHUE
MEMPONOSUHECKUX UHCTMUMYmOo8, 1abopamopuil, yenmpos. Ha eocyoapcmeennom
VPOBHE NepevbiM SMANOM OpPeaHU308aMb YEHMPAIUZOBAHHYIO UHCIUMYYUOHATbHYIO
MEMpONOSUHEeCKYI0  cucmemy Obllo CO30aHue UCHbIMAMEeNIbHOU 1abopamopul,
emopvim — Hayuonanvhoco memponocuieckoeo 0wpo, HAYUOHANbHO20 Op2aHd HNO
MemponocUU, a mpemvum — peopeanuzayus cucmemsl u Haznavenue Hayuonanvrnou
UCNBIMAMENbHOU  1a00pamopuu  pyKoGOOAWUM — MEMPOJIOSULECKUM — OP2AHOM
Opanyuu.  Dpanyysckas MemponocUyecKas cucmema 8 npoyecce C80e20
CMAHOBNEHUS UCNBINMALA MHOMCECE0 KpU3ucos u nompscenutl. Tem He meHee,
Dpanyus ce200HA A619emcs OOHOU U3 CAMbIX ONbIMHBIX U ABMOPUMEMHbIX CIMPAH 8
chepe memponozuu, a Ha MeHCOYHAPOOHOM YPOBHE UMEHHO OHA 3AJI0ONCUNLA OCHOBYI
HOB020 Mempolo2u4ecko20 002080pa, d MAKH#Ce COYUANbHbIU, urocopckutl,
HAYYHbI, NOTUMUYECKU U 2e02pauuecKuil apean HO8OU CUCTEMbL MeD U 8ECO8.

Kntouesvie cnosa: ynuguxayus mep u 6ecog;, Mempuueckas cucmema,
MempOoNOSULEeCKULl XA0C;, CUCMeMa eOuHUY U3UYECKUX GeUUUH; MempPOI02UeCcKas
0esamenbHOCMb
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The development of the foundations of source criticism as a scientific
discipline at the Imperial Novorossiya University

Abstract. The article is devoted to the study of the development of the source
criticism’s knowledge in the Imperial Novorossiya University which was founded in
the second half of the XIX century in Odesa. Grounding on a large complex of
general scientific methods, and a historical method and source criticism, the authors
identified the stages of the formation of source criticism in the process of teaching
historical disciplines at the university, what they based on an analysis of the teaching
activities of professors and associate professors of the Faculty of History and
Philology. In the article, the development of the foundations of source criticism is
considered as a complex process, which in Western European and Russian science
was the result of the development of the theory and practice of everyday dialogue
between scientists and historical sources. This process had a great influence on the
advancement of a historical education in university, which was one of the important
factors in the formation of source studies as a scientific discipline. The history of
individual scientific disciplines cannot be understood outside the context of the
development of science altogether, therefore the authors paid attention to the change
of scientific paradigms in the period under the study. It is noted that reforms in the
field of education and the development of European historical knowledge have
become the main components of the formation of historians, who, with their scientific
activities at the theoretical and practical levels, contributed to the development of the
special historical disciplines. The article reveals a gradual increase in the number of
courses taught at the historical department of the Faculty of History and Philology,
in which teachers used the opportunity to teach students to work with various types
and kinds of sources. The authors examine the contribution of the historians of Odesa
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in the XIX — early XX century in the process of institutionalization of historical
disciplines, in the formation of a complex of special historical disciplines, which
resulted in the actualization of their scientific works in subsequent years. As a result
of the study, the authors came to the conclusion that the professors of the
departments of general and Russian history, with their teaching and scientific
activities, laid the foundations of source criticism as a special scientific discipline,
raising theoretical problems in their lecture courses, and at the training workshops,
teaching students how to work with sources in practical terms.

Keywords: historical sources; professors; students; special historical disciplines

Introduction.

The formation of scientific knowledge is characterized by a large number of
abrupt changes, a turnarounds that determine a methodological search. Usually, the
result of these processes is the emergence of new directions and disciplines. Science
has always developed within the framework of the opening horizons of opportunities
and prospects that were dictated by the level of socio-cultural development of society.
The search for methodological foundations in historical science is also a
characteristic for the 19th century, when the theoretical and methodological apparatus
was developed, the process of accumulating the source base of historical research was
going on, the methods of analyzing sources were tested and approved. In the first half
of the 19th century, which is commonly called The era of Romanticism, a historical
science was influenced by literary style traditions. The method of humanitarian
thinking was characterized by a direct appeal to the source, the desire to perceive the
work as a whole, perceiving and figuring out the personality of the author through it.
The enthusiasm for folklore, everyday life, and traditions, was an eminent
characteristic of this period, and had been reflected in the collection and publication
of sources covering them.

In the second half of the XIX century, the methodology of natural and social
sciences was increasingly influenced by the Positivism, whose paradigm is
characterized by the rejection of speculative schemes and arbitrary interpretations of
facts, the desire to prove the results of a scientific research. The attitude towards the
source has changed. Followers of Positivism emphasized the importance of different
types and kinds of written sources; they managed to raise a source criticism to a new
professional level, contributed to the scientific development of its theory and practice.
These processes embraced Western European science, spread to the territory of the
Russian Empire, and found their manifestation in Ukrainian universities, including
the Imperial Novorossiya University founded in Odesa in 1865.

The university science is rightfully proud of the plethora of eminent scholars
who, over the centuries, laid the foundation of modern scientific knowledge exactly
because of their sparkly activities. The history of European universities and the
scientific activities of their teachers are widely covered in the works of modern
foreign and domestic researchers. The English researcher R. Anderson in the
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monograph “The European Universities From the Enlightenment to 19147
highlighted the stages of development of university education, characterized the
emergence of three university models, their transformation and related institutional
and functional changes in European higher education, focused on the history of the
formation of leading European universities (Anderson, 2004). Such researcher as
T. Howard revealed the influence of Protestantism on the development of German
universities and the disciplines taught in them (Howard, 2006). The interest of
foreign scientists in university education in the Russian Empire and the contribution
of professors to the social and educational system is traced (Maurer, 1998). The
problem of the relationship between the Russian tsarism and the universities is
reviewed by R.Friedman (2006) in his work “Masculinity, Autocracy and the
Russian University. 1804—-1863”. The fundamental collective monograph edited by
the historian T. Sanders “Historiography of Imperial Russia: The Profession and
Writing of History in a Multinational State” (Sanders, 1999) is devoted to the
historical science of the Russian Empire.

Various aspects of the development of the university education are widely
covered in the Russian historiography. Such researcher as A. Y. Andreev examined in
his works the development of universities in the Russian Empire in the context of the
university history of Europe (Andreev, 2009). In recent years, a number of works
have appeared that analyze the teaching staff of Russian universities and their
contribution to the development of science (Faculty..., 2011), professional ethics of
university professors (Vishlenkova, Galiullina & Ilyina, 2012) and other aspects of
the problem. A methodological aspects of source criticism in historical retrospective,
the influence of the historical context and paradigms of scientific trends on their
formulations and solutions are considered in the work of the Russian researcher
Yu. A. Rusina (Rusina, 2015).

Nowadays, attention to this problem raised in the Ukrainian historical science
again. The researcher O. B. Yas devoted his innovative article to the peculiarities of
methodological searches, the “great turnpoints” in historical science, and the
transformation of scientific knowledge (Yas, 2018). Among the numerous
transformations, a prominent place belongs to the “disciplinary turn”, the features of
which are discussed in the monograph of T. M. Popova. The researcher raised the
problem of the relationship between the ‘“turnpoints” and a new disciplinary
formations. The author regards a wide range of issues related to the understanding of
a “disciplinarity” as an intellectual and sociocultural phenomenon (Popova, 2019).

The stages of development of Ukrainian source criticism were covered in the
research of E. M. Bogdashina. The author assigns a noticeable place in this process
to the role of historians of the XIX century (Bogdashina, 2005). Some aspects of the
study and use of the methods of criticism of historical sources in Odesa educational
institutions were considered by I.S. Grebtsova in the theses of the scientific
conference (Grebtsova, 2020).
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At the same time, the contribution of Odesa university historians to the
formation of source criticism knowledge has not yet found its coverage in the
research literature.

The purpose of the study is to analyze the stages of the development of
theoretical knowledge about historical sources and practical skills of working with
their various types and kinds among students-historians of the Faculty of History and
Philology of the Imperial Novorossiya University.

The chronological boundaries of the study cover the period from 1865 to 1920 —
the time of the existence of the Imperial Novorossiya University, when, at the Faculty
of History and Philology, there was a process of formation of knowledge about
sources, courses were taught that guided students to work with them, also.

The tasks of this study are:

— to identify the techniques and methods of teaching students the basics of
source criticism at the Faculty of History and Philology of the Imperial Novorossiya
University;

— to characterize the stages of the development of source knowledge at the
university.

The source base of this research was the materials published and kept in the
State Archive of the Odesa region about the teaching activities of the historians: an
office documentation of the Imperial Novorossiya University, first of all, the
curricula of the courses of the Faculty of History and Philology and reports on the
activities of the faculty and the university; ego-materials (the students’ memories
about their university professors), as well as dissertations, articles and monographs of
historians who taught at the Imperial Novorossiya University, in which their
knowledge and skills in the field of source criticism are reflected to one degree or
another.

The “Teaching Reviews at the Imperial University of Novorossiya” that
published annually allows us to trace the formation and development of courses in the
source studies, that later were taught at the Faculty of History and Philology. This
edition periodically clarified and updated the title, but its content remained the same:
a list of courses read by teachers and the literature recommended for them. The
problem of a student—teacher is revealed in an article on the basis of his published
materials — a student memories, included in the publication “The Novorossiya
University in the memories of contemporaries” (1999). The complex of
historiographical sources is represented by the scientific works of historians who
taught at The Novorossiya University: dissertations, articles and monographs, in
which their knowledge and skills in the field of source studies mainly manifested.
Significantly the source base of documents expanded on teaching and scientific
activities of historians, stored in the State Archives of Odessa region (DAOO): the
fund 44 (The Richelieu Lyceum), the fund 45 (The Novorossiya University), and
personal funds of professors — fund 153 (I. A. Linnichenko). Thus, the source base of
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the study, which is very wide in terms of types, makes it possible to reveal its goals
and objectives.

Research methods.

The article applied a set of methods: general scientific (analysis, synthesis), the
special historical methods (a historical genetic method, and historical comparative
method) and source studies (heuristic method, source analysis). The historical genetic
method involves the study of sources and facts in its transformation. Its essence lies
in the consistent disclosure of the properties and changes of the investigated sources
and facts. The historical genetic method makes it possible to identify cause-and-effect
relationships in the formation of source criticism as a special historical discipline, to
characterize sources and events in their individuality and imagery. The historical
comparative method allowed to compare the level of development of source criticism
knowledge at different departments in different periods. The heuristic method made it
possible to identify the most significant sources and facts on the problem under study,
and the source analysis — to interpret them. The problem-chronological method was
also used, which provided a representation of the problems under consideration in
chronological order. The biographical method was used to study the basics of life,
scientific and teaching activities of the scientists that had been working at the
Imperial Novorossiya University.

Results and discussion.

In the course of studying this problem, first of all, a number of factors should be
distinguished, the main positions of which are:

— the approval of Rankeanism in European and American historiography with its
critical attitude to the source;

— the Positivists’ entry into the historical arena, because their merits lie in the
comprehensive development of internal and external criticism of sources;

— the reforms undertaken by Alexander Il in the Russian Empire in the 1860s —
1870s, including the area of science and education.

The Novorossiya University in Odesa was the fourth higher education institution
in Ukraine after the universities found in Lviv, Kharkiv and Kyiv. Its activity
coincided chronologically with the time of completion of the process of
institutionalization of historical science, the formation of new branches of historical
knowledge, the formation of the new historical disciplines also. In the course of this
process, a scientific and educational work of teachers of the departments of general
and Russian history, carried on the philological faculty of the Novorossiya
University. Many of them managed to contribute to the disciplinary formation of the
two important disciplines: a historiography and a source studies.

Teachers of the Department of World History took an active part in the
formation of courses in source studies and the establishment of a source studies as a
new discipline. The Professor O. G. Brikner (1834-1896) stood at the origins of this
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process. In his youth, he graduated from the Peter and Paul School in St. Petersburg,
then attended lectures of the famous professors at the Heidelberg, Jena and Berlin
universities. In 1864, in St. Petersburg, the young scientist defended his dissertation
for a magister's degree in history, and three years later he defended his doctoral
dissertation at the University of Dorpat (nowadays Tartu). In the spring of 1867, the
defense of his doctoral dissertation allowed O. G. Brikner to become a professor at
the Department of World History of The Novorossiya University. In addition to
courses on the history of the Ancient world and the Modern times, the scientist read
several theoretical and methodological courses at The Novorossiya University. The
title of one of them was “The Encyclopedia and Methodology of History” and it was
borrowed by him from J. G. Droysen, whom he considered the best sciencifical star
of those in Berlin. O. G. Brikner's course “The Historical Criticism” became a purely
source study course, in the course of which the scientist covered one of the most
important source study problems, teaching students how to work with sources. As his
students said, all of the O. G. Brikner's lectures and workshops were characterized by
“a liveliness of presentation” and an emphasis on sources. The University graduate
O. Kolyankovsky stated: “The audience always listened eagerly to the words of their
beloved professor, and | remember how annoying it happened at the moment when
the bell rang down the corridor meaning that the interesting lecture had already
ended” (The Novorossiya University in memoirs, p. 54). However, O. G. Brikner
would not have been working at The Novorossiya University for a long time, for in
1872 he became a professor at the Dorpat University and later at the Kazan
University.

A prominent representative of this department was a graduate of the
St. Petersburg University, Professor F.I. Uspensky (1845-1928), a student of
K. N. Bestuzhev-Ryumin. He began teaching at the Novorossiya University in 1874
as an assistant professor. F. I. Uspensky in 1879 successfully defended his doctoral
dissertation “The Formation of the Second Bulgarian Kingdom” and became a
professor at the University. Reading the history of the ancient world and the Middle
Ages, the scientist conducted a training workshop “Practical exercises: reading
sources on ancient and medieval history” (The Review of Teaching, 1890, p.12). His
scientific interests gravitated towards the history of Byzantium. F. l. Uspensky
collected, systematized and published an array of valuable sources, which even
nowadays are a significant part of the main collection of sources on the history, art
and culture of Byzantium and the South Slavic nations. During his work at the
University for a twenty years, the historian studied not only sourses as a written text,
but also material sources, and had developed the methods for their analysis. On
F. l. Uspensky’s initiative, in 1895, the Russian Archaeological Institute was
established in Constantinople, which he headed until 1914,

O. S. Trachevsky (1838-1906), who taught at the Department of the World
History, was a graduate of the Moscow University and a student of S. M. Soloviev
and S. V. Eshevsky. He defended his doctoral dissertation in 1877 and was elected an
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ordinary professor of the Novorossiya University, where he had been working
successfully until 1890 (DAOO. F. 45. Inv. 4. F. 2545. P. 16). The scientist lectured
on modern and contemporary history, a special course on the history of the
Reformation in Western Europe and conducted a training workshop “The history of
Humanism as one of the elements of the Reformation”, which was a practical
exercise for the students who were read and commented the works of Erasmus of
Rotterdam (Review of Teaching, 1895, p. 6). Teaching his students how to analyze
literary and journalistic sources, O. S. Trachevsky contributed to the development of
the foundations of practical hermeneutics.

At that Department in the middle of 1890ies, the extraordinary professor
R. Yu. Vipper (1859-1954) worked. The scientist was born and studied in Moscow,
where he spent most of his life. During his student™ years at the Moscow University,
the Professor of the World History V. |. Gerje had a special influence on his scientific
outlook. In 1892, while on a scientific trip to Geneva, R. Yu. Vipper studied sources
on the history of Calvinism. The result of the journey was the successful defense of
the dissertation “The Church and State in Geneva in the 16th century” in 1894, for
which the scientist received not only a magister's degree, but also a doctor's degree.
After defending his thesis, he was invited to the Imperial Novorossiya University. In
his theoretical course “The Global Problems of Historical Science”, the historian paid
attention to the problems of working with sources (Review of Teaching, 1895, p. 15).

In the late 1890ies E. M. Schepkin (1869-1920) was elected an Extraordinary
professor of this department. A graduate of the Moscow University, a student of
V. |. Ger'e and P. G. Vinogradov, he worked at the Moscow University in 1891 The
Novorossiya University 1894 as a privat-docent of the Department of World History.
In 1893 the scientist went abroad in order to get acquainted with the teaching of
history in foreign universities and collect sources in the archives of Denmark,
Germany and Austria for further scientific work. At this time, E. M. Schepkin got
acquainted with the works of Leopold von Ranke and adopted a number of his source
criticism techniques. In 1897 he worked at the Nezhensky Institute of History and
Philology of Prince Bezborodko, but the very next year he began teaching at the
Imperial Novorossiya University in Odesa. In addition to the lectures on the history
of Western Europe, he prepared an author's course on the “Historical methodology;
theoretical and practical course”, which also included his achievements in the field of
source criticism (Review of Teaching, 1900, p. 12-13). As a textbook for this course,
E. M. Schepkin offered to the students the works of famous positivist scientists such
as E. Bernheim, C. Langlois and S. Senobos (Review of Teaching, 1900, p. 13). At
the beginning of the twentieth century, E. M. Shchepkin immersed himself into
politics, but did not retire from the research activities. His scientific and journalistic
heritage is about 300 works, among which the main place is occupied by the problem
of international relations in Europe. E. M. Schepkin devoted a number of scientific
works to the methodology of history and source criticism.
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In the process of a formation of the source study knowledge among students, an
equally noticeable role belongs to the teachers of the Department of Russian History.
For 12 years in the initial period of the university's existence, this department was
headed by M. P. Smirnov (1833-1877) who was a graduate of the Main Pedagogical
Institute in St. Petersburg, but before that he had previously taught at the Richelieu
Lyceum in Odesa. The views of the historians N. G. Ustryalov and S. M. Soloviev
had a great influence on the development of the M. P. Smirnov’s historical concept.
The M. P. Smirnov's doctoral dissertation “Yagailo — Yakov — Vladislav and the first
Polish-Lithuanian Union” was devoted to the problems of Ukrainian—Polish—
Lithuanian history. In his scientific works, the scientist studied a wide representative
source base. He taught students the history of Russia from the ancient age to the 16th
century, pursued the special course “the History of Peter The Great’s reign”.
However, the scientific interests of that scholar were much broader. He was a
specialist in the history of Central and Eastern Europe in the late Middle Ages,
therefore, after O. G. Brikner has left, in the first half of the 1870ies he taught a
course in the modern history of Prussia at the Department of The World History.

An important feature of M. P. Smirnov's activity as teacher was the desire to
acquaint students more deeply with historical sources, on the basis of which he
prepared his lectures. The scholar called the sources “the old monuments of the social
life of our ancestors” (DAOO. F. 44. Inv. 3. F. 27. P. 20). In his views upon sources
and their significance for a historian, he generally adhered to a positivist trend,
although he had not yet completely departed from the previous romantic stage of the
development of historical science. However, M. P. Smirnov did not prepared courses
on source studies. In 1871, M. P. Smirnov was elected as Dean of the Faculty of
History and Philology; in 18741-877 he was acting Vice-Rector of the University.

And then, S. M. Soloviev's student G. I. Peretyatkovich (1840-1908) was the
successor of M. P. Smirnov at the Department of Russian History. A native of
Bessarabia, he studied at the office department of the Richelieu Lyceum in Odesa,
and got his higher education at the Faculty of Law of the Moscow University and its
pedagogical courses where he studied history. After doing a degree of his magister's
thesis at Moscow University, the scientist began to work as the Associate Professor at
the Department of Russian History at the Imperial Novorossiya University,
G. |. Peretyatkovich was sent to the Moscow University in the early 1880s with the
purpose to work on his doctoral dissertation. During this period, he worked hard
drafting his dissertation, adding new sources and materials, which he began to write
while teaching in Odesa. A successful defense of his doctoral dissertation “The Volga
region in the 17th century and at the beginning of the 18th century” took place in
1882 at the Moscow University. A huge advantage of the scientist's works was the
using of an array of archival documents as a source base. After defending his doctoral
dissertation, he was elected as Professor of the Department of Russian history at the
Imperial Novorossiya University. With his arrival at the department, an interest in the
problem of the institutionalization of historical knowledge was highly raised. In
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addition to the general course on the history of Russia, G. I. Peretyatkovich taught for
a long time the courses “The Review of the most important sources and manuals for
acquaintance with Russian history”, “The Russian historiography”. He also led a
work on the seminars “Reading and Explaining Sources on Ancient Russian History”,
which was nothing more than the preparation of future historians to work with
historical sources (The Review of Teaching, 1892, p.17). In comparison to
M. P. Smirnov who theorised in his lectures the need for students to work with
sources, we may say that G. I. Peretyatkovich already taught them to do it in practice.
The scholar belonged to the big names of positivist historians and was very attentive
to the problem of facts and their intergration in sources. According to his own
theoretical positions, he used to tend to a detailed analysis of sources, avoiding broad
generalizations.

Among the teachers of Russian history of the Faculty of History and Philology,
a prominent place belongs to O. I. Markevich (1847-1903). A native of the Cossack-
elders' clan, a native of the Poltava province, a graduate of the Faculty of History and
Philology of The Imperial Novorossiya University, he formed as a scientist under the
influence of Odesa professors F. I. Leontovich and F. K. Brun. For some time he
worked in Taganrog. O. I. Markevich was transferred to Odesa in 1871 as a teacher
of Russian literature at the Odesa Commercial School. In 1879, at the Kyiv
University, he defended his magister's dissertation, and then in the fall of 1880, he
became an Assistant Professor of the Department of Russian History at the Imperial
Novorossiya University. O. I. Markevich, who had wide scientific interests, identified
and systematized historical sources for all the courses he taught. He studied carefully
the development of chronicles, he collected and studied sources on the history of the
university, and developed a coup of courses in the special historical disciplines: a
historical geography, a historiography, an ethnography.

O. I. Markevich in 1888 defended his doctoral dissertation “The History of
Parochialism in the Moscow state” at the Kyiv University, soon becoming an
Extraordinary Professor, and then an Ordinary Professor of the department of Russian
history. Using a wide range of sources, the author interprets parochialism as a relic of
the period of feudal fragmentation, which hindered the development of the state. As a
professor, O. I. Markevich led a general course on the history of Russia and prepared
about 20 special courses. He taught students how to work with sources providing a
special course “The History of the First Impostor”, part of which was a practical
lesson called “Reading and Explaining Sources on the History of an Impostor”. He
continued the matter also while teaching the course “The Polish period of the history
of South and Western Russia: acquaintance with sources and manuals for the history
of the period” (Review of Teaching, 1895, pp. 16-17). He had wrote more than 400
works, many of which are fundamental researches. The students liked
O. I. Markevich's bright lectures very much. O. Levitsky, a graduate of the Faculty of
History and Philology, wrote about O. I. Markevich: “Odesa knew him well, his
activities completely belonged to her; and there are few people who enjoyed such
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great popularity among the most diverse strata of the population of Odesa ...” (The
Novorossiya University in memoirs, p. 51).

In October 1884 1. A. Linnichenko (1857-1926), a graduate of
the Kiev Imperial University of Saint Vladimir, a student of V. B. Antonovich,
became an Assistant Professor of the Department of Russian History of the
University. In the mid 1880s, at the Faculty of History and Philology, he taught a
course on the history of Kyivan Rus™ and a course of the Russian historiography. At
the beginning of 1886 he got to do a scientific journey to collect materials for writing
his doctoral dissertation. While working on his thesis, I. A. Linnichenko taught at the
Moscow University. Then he became one of the founders of the “Slavic
Commission” as a part of the Moscow Archaeological Society. In May 1894, at the
Kyiv University, he successfully defended his doctoral dissertation “Features from
the history of the estates of Southwestern (Galician) Rus in the 14th — 15th centuries;
The Research”. The work was written in line with the tradition of famous Ukrainian
scientists such as V. B. Antonovich, F. I. Leontovich, M. F. Vladimirsky-Budanov.

In March 1896, I. A. Linnichenko returned to Odesa in a new status. The
scientist was elected a Professor of the department of Russian history at the Imperial
Novorossiya University, where he taught a general course and conducted a training
workshop called “Practical exercises in Russian history: reading, translating and
interpreting the most important historical monuments” (The Review of Teaching,
1900, p.16). I. A.Linnichenko paid special attention to the problem of
“Interpretation”, an explanation of the source, hermeneutics in all its manifestations.
He was the author of a large array of works (about 400 ones), among which the
research in special historical disciplines is of considerable interest: archeography,
source criticism, historical bibliography, historiography (DAOO. F. 153. Inv. 1.
F.88. PP. 1-3). The scholar was a corresponding member of the St. Petersburg
Academy of Sciences, and made many successful addresses at international
congresses. During the Civil War, 1. A. Linnichenko continued to teach at the
Imperial Novorossiya University; in January 1920, together with the retreating units
of the White Army, he left Odesa and moved to the Crimea. In the last years of his
life, I. A. Linnichenko worked at the Taurida University in Simferopol, continuing to
engage in scientific activities.

At the beginning of the twentieth century, E. P. Trifiliev (1867-1928) was
appointed an Extraordinary Professor of the department of Russian history at the
Imperial Novorossiya University. A graduate of the Kharkiv University, where his
historical views were formed under the influence of professors D. |. Bagaley and
P.N. Butsinsky, he worked for some time as an Assistant Professor at the university
in Kharkiv. In 1906, E. P. Trifiliev, under the leadership of P. N. Butsinsky, prepared
and defended his magister's thesis on the history of the peasantry during the reign of
the Emperor Paul 1. This defense opened the way for the scientist to the Imperial
Novorossiya University, where he began teaching in the spring of 1911.
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E. P. Trifiliev taught at the Department of Russian History a general course on
Russian history; a special course “History of serfdom in Russia”, which he paid
attention to the analysis of sources (The Review of Teaching, 1915, p. 13). His main
articles and monographs are written from a positivist standpoint. E. P. Trifiliev's
undoubted merit was the introduction into scientific circulation of a significant
complex of documentary sources from the funds of the central and local archives.
After the establishment of the Soviet power, the scientist continued his teaching
activities, participated in the reformation of higher education in Odesa, and took a
prominent place among Odesa historians.

During this period, the disciplines read by the privat-docents (later, they became
professors) A. V. Florovsky and V.E. Krusman are of considerable interest.
A. V. Florovsky, reading the course “Review of Monuments of Russian Legislation”,
focused on the features of the analysis of act materials, and V. E. Krusman developed
a methodological course “A General Theory of History”, where he paid special
attention to the issues of working with historical sources (The Review of Teaching,
1915, p. 13). It should be noted that at the beginning of the XX century the number of
courses in source studies at the Faculty of History and Philology of The Novorossiya
University had increased markedly.

Summing up, we can state that it was in the second half of the XIX — early XX
century, at The Novorossiya University, in line with the subjects taught by the
teachers of the departments of general and Russian history, the foundations of science
knowledge about sources and their use in historical research were gradually formed.

Conclusions.

Thus, at the Imperial Novorossiya University, the process of the development of
source criticism as a scientific discipline was intensively going on. A scientific
discipline develops under the influence of various factors of an intellectual and
sociocultural nature, and a real practice requires the demarcation and allocation of a
new type of cognitive activity into a separate branch of knowledge. This is a complex
and time-consuming process that proceeded in different ways at the universities of
the Russian Empire. If at the end of the XIXth century at the Kyiv and Moscow
universities, the source studies had been lectured, then at the Imperial Novorossiya
University at the beginning of the twentieth century the process of its separation has
not yet been completed. At the same time, in the practice of teaching, the need to
separate the study of source from the total mass of taught history courses into a
separate scientific discipline became more and more obvious. That process had a
solid foundation: all professors-historians, while preparing their dissertations, based
on a representative source base, introduced an array of published and archived
historical sources into scientific circulation, expanded them into further scientific
activities. The University teachers transferred their knowledge and skills in the field
of working with sources to students during the faculty classes.
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A number of stages can be traced in the formation of source criticism at the
Imperial Novorossiya University. The first stage covers the first decade of the history
of the university — 1865-1875, when teachers in their courses tried to convey to
students a general knowledge about the sources and their significance for historical
research. At the second stage (1876-1890), a system of training workshops was
established at the university, during which students got acquainted with certain types
and kinds of sources. The third stage covers the period of 1891-1920 years and it
may be characterized by an increase in the number of source criticism workshops,
where methods of working with sources were improved, and the formation of source
criticism courses.
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Ipena I'peduoBa
Opnecbkuil HalioHaNbHIN yHiBepcuTeT imMeHi . [. MeunukoBa, Ykpaina

Mapuna KoBanbcbka
Opnecpkuii HallioHaNbHIN yHIBepcuTeT imMeHi I. 1. MeunnkoBa, Ykpaina

CTaHOBJICHHSI OCHOB /I’K€PeJI03HABCTBA K HAYKOBOI IUCIHHUILIIHA B
Imnepatropebskomy HoBopociiicbkoMy yHiBepcUTeTi

Anomauisa. Cmamms NpUCEsYeHA 00CTIOIAHCEHHIO CMAHOBIIeHHS
0oKcepelo3Hasyux 3Hawb Y eiokpumomy 6 opyeiu nonosuni XIX cm. 6 QOodeci
Imunepamopcoxkomy Hoeopociticokomy ynigepcumemi. Cnuparouucy HaA KOMNIEKC
3Q2ANbHOHAYKOBUX, [CMOPUYHUX T 0JHCEPeNO3HABUUX MemoOie asmopu HaA OCHOSI
aHanizy  euxkiaoayvkoi  OisnbHocmi  npogecopie  ma  0OUeHmié  ICMOpPUKO-
Ginonociunoco axynrbmemy po3KpUIU emanu CMAHOBIEHHS 0HCePelO3HABCMBA 8
npoyeci BUKIAOAHHA ICMOPUYHUX OUCYUNTIH 8 VHieepcumemi. Y cmammi
DOPMYBAHHI OCHOB8 OHCEPENIOZHABCMBA PO32NA0AI0Mb SIK CKIAOHUU npoyec, KUl 8
3aXIOHOEBPONEUCHKIL | BIMYUBHAHIN HAYYL CMAB8 Pe3yaIbMmamom po3sUmKy meopii ma
NPAKMUKU NOBCAKOEHHO20 0Ianozy 8YeHUx 3 icmopuuHumu odxcepenamu. Lleu npoyec
Mag GenuKull 8NIU8 HA PO3BUMOK YHIGEPCUMEMCbKOI ICMOPUYHOL 0c8imu, wo, K
nokazamo 8 cmammi, OYIO0 OOHUM 3 GAMNCIUBUX UYUHHUKIE  (HOPMYBAHHS
0Jicepeslo3Hascmea K HAYKoeoi oucyuniinu. lcmopito oxpemo 83amux HAYKOGUX
OUCYUNJIIH He MOJICHA 3PO3YMIMU NO3A KOHMEKCMOM PO36UMKY HAYKU 8 YLIOMY,
MoMYy a8mMopu NPUOIIUIU YBa2y 3MIHI HAYKOBUX NApaouem 8 00CII0AHCYBAHUL Nepioo.
Biosnauaemoca, wo pegopmu 6 cghepi ocsimu i po36UmMoOK €8PONEUCLKO2O
ICMOPUYHO20 3HAHHS CIMATIU OCHOBHUMU CKAAO0BUMU (DOPMYBAHHS 6UEHUX-ICHOPUKIS,
SKI CBO€EI0 HAYKOBOI OISNIbHICIMIO HA MEOPEeMUYHOMY | NPAKMUYHOMY DIBHI CNpUsIU
CMAHOBNIEHHIO CNEeYIaNbHUX ICMOPUYHUX OUCYUNJIIH. Y cmammi 8Us61eH0 NOCMYNnoge
30IIbUIEHHS HA ICMOPUYHOMY BIOOLIeHHI ICMOpUKo-@inonociuno2o ¢axyibmemy
yucaa Kypcis, wo Yumanucs, 8 AKuxX UKIa0auamu UKOPUCMOBYBALACT MONCIUBICIb
HAgUUmMu CmMyOoeHmie npayoseamu 3 pisHUMU munamu i euoamu oxcepei. Aemopamu
posensoaemovca eHecox icmopukie Oodecu XIX — nouamxy XX cm. 6 npoyec
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iHcmumyanizayii iCmopudHux OUCYUnIiH, 6 (HOpPMYBaAHHA KOMNIEKC) CNeyidalbHUx
iCMOpUYHUX OUCYUNILIH, HACTIOKOM Y020 CMALA aKmyanizayis ix HayKo8ux npayb 8
HACMYNHI poKU. B pe3ynibmami 00CniOxceHHs asmopu Nputiuliu 00 BUCHOBKIB, WO
npogecopu raghedp 3acanvHoi ma pociicbKoi icmopii c80€i BUKIAOAULKOK Mda
HAyKOo8O0I0 OIAILHICIIO 3AKIAIU OCHOBU OHCEPENOZHABCIEA K CNeYidlbHOI HAYKOBOI
OUCYUNTIIHU, NIOHIMAIOYU 6 JAeKYIUHUX KYypcax meopemuyHi npooiemu, da Ha
NPAKMUKYMAX, HAGYAIOYU CIYOeHmi8 NPAKMuUu4Hit pobomi 3 Oxceperamu.

Kniowuosi cnosa. icmopuuni Odgicepena;, npoghecopu, cmyoewmu, CHeyiaibHi
icmopuyHi OUCYUnIiHu

Hpsua I'peduoBa
Opecckuil HanMoOHaNBHBIA yHUBEepcuTeT uMeHu U. 1. MeunukoBa, Ykpanna

Mapuna KoBanbckas
Opnecckuii HAMOHANIBHBINA yHUBEpcUTET UMeHn M. M. MeunukoBa, YkpanHa

CraHoBJ/IeHHE OCHOB HCTOYHHMKOBEICHUS KAK HAYYHOM TMCIHUIJIMHBI B
HNmneparopckom HoBopoccuiickoM yHHBepcUTETE

Annomauus. Cmamos nocssaujena UCCe008aAHUIO CMAaHOBIeHUs
UCMOYHUKOBEOUECKUX 3HAHUL 8 OMKPblmoM 60 eémopotl nonosune XIX cm. 6 Odecce
Hmnepamopckom  Hoeopoccutickom  ynugepcumeme. Onupascy HaA KOMNJLEKC
00UeHAYUHBIX, UCTOPULECKUX U UCTNOYHUKOBEOUECKUX MEeMOO08 asmopbl HA OCHOBE
aHanu3a npenooasamenbCkoll 0essimeibHOCmu npogheccopos U 00YeHmMo8 UCMOPUKO-
gunonocuiecko2o akyrbmema packpviiy 3manvl CMAHOBIEHUs. UCTOYHUKOBEOEHUS
8 npoyecce nNpenooasaHusi UCMOPUYECKUX OUCYUNIUH 8 YHusepcumeme. B cmamuve
Gopmuposarue 0CHO8 UCMOYHUKOBEOEHUS PACCMAMPUBAIOM KAK CJLONCHBIU Npoyecc,
KOMOpblll 8 3aNna0HOE8PONELCKOl U OMme4eCmeeHHOU HayKe Cmail pe3yibmamom
pazeumusi meopuu U NPaKmuKy HOBCEOHEBHO20 OUAN02a VUEeHbIX C UCTOPUYEeCKUMU
ucmounukamu. Omom  npoyecc umen  Oonvwloe  GIUAHUE HA  pa3gumue
VHUBEPCUMEMCKO20 UCMOPUYecKo20 00pa3osanus, Komopoe, KAk HOKA3AHO 8
cmamuve, A6IAN0CL OOHUM U3 BANACHBIX PAKMOPOE POPMUPOBAHUS UCTNOYHUKOBEOEHUS
KaK HayyHou Oucyuniunvl. Mlcmopuio omoenvHo 83mulX HAYUHbIX OUCYUNIUH HElb35
NOHAMb 6HEe KOHMEKCMA pa3eumusi HAYKU 6 YeloM, NOIMOMY a8mopuvl YOeaunu
BHUMAHUE CMeHe HAYUHbIX napaouem 8 ucciedyemvli nepuod. Ommeuaemcs, 4mo
pegopmbl 6 cghepe 0Opazoeanus u pazsumue e8poneLticKoeo UCMOPULecKo20 3HAHUS
CMAU OCHOBHBIMU COCMABNAIUUMU DOPMUPOBAHUS VUEHBIX-UCOPUKO8, KOMOpble
coell HAy4HOU OesimelbHOCMbI0 HA Meopemuieckom U NpaKmuyeckom YposeHe
CcnocobCcme08aIu CMAHOBNIEHUIO CREYUATIbHBIX UCHOPUYECKUX oucyuniun. B cmamuoe
8bIABNEHO HNOCMENeHHOe YeludeHue HAa UCMOPUYECKOM OmOeNleHUul UCmopuKo-
Qunonocuuecko2o  ¢haxynremema  uyucia — UUMaemvlx  Kypcoe, 8  KOMOPbIX
npenooasamensamu UCNONIb306aNACH B0ZMONCHOCb HAYYUMb CIMYOeHmMOo8 pabomanmby
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C PA3TUYHBIMU MURAMU U BUOAMU UCMOYHUKO8. ABMopamu paccmampugaemcs 6Kiao
ucmopuxkose Qodeccot XIX — nauwana XX cm. 6 mnpoyecc uHcmumyanuzayuu
ucmopuveckux — OUCyuniud, 6  opmuposanue  KOMNIEKCA  CHEYUATbHbIX
ucmopuveckux OUCYUNIUH, CAeOCBUEM Ye20 CMAld AKmyamu3ayus ux HAay4yHwlX
mpyoo8 6 nocieodyrwue 200bl. B pesyrbmame uccredosanusi asmopvl npuuiiu K
8b1600aM, umo npogheccopa Kagedp obOwel u pycckolu UCMOPUU  CBOell
npenooasamenbCkol U HAYYHOU  OeAmeNbHOCMblo  3AJI0NCUNU  OCHOBbl
UCTMOYHUKOBEOCHUSL KAK — CHeYUalbHOU HAYYHOU  OUCYUNIUHBL, NOOHUMAS 8
JIEKYUOHHBIX KYpCax meopemuyeckue npoobiemvl, a HA HPpAKMUKymMax, ooyuas
CMYO0eHmo8 NpaKmuyecKol pabome ¢ UCMOYHUKAMU.

Knrwuesvie cnoesa: ucmopudeckue UuUcCnovYHUKuU, npod)eccopa; cmydeumbl;
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Evolution of teaching the probability theory based on textbook
by V. P. Ermakov

Abstract. The paper is devoted to the study of what changes the course of the
probability theory has undergone from the end of the 19" century to our time based
on the analysis of The Theory of Probabilities textbook by Vasyl P.Ermakov
published in 1878. In order to show the competence of the author of this textbook, his
biography and creative development of V. P. Ermakov, a famous mathematician,
Corresponding Member of the St. Petersburg Academy of Sciences, have been briefly
reviewed. He worked at the Department of Pure Mathematics at Kyiv University,
where he received the title of Honored Professor, headed the Department of Higher
Mathematics at the Kyiv Polytechnic Institute, published the Journal of Elementary
Mathematics, and he was one of the founders of the Kyiv Physics and Mathematics
Society. The paper contains a comparative analysis of The Probability Theory
textbook and modern educational literature. V. P. Ermakov's textbook uses only the
classical definition of probability. It does not contain such concepts as a random
variable, distribution function, however, it uses mathematical expectation.
V. P. Ermakov insists on excluding the concept of moral expectation accepted in the
science of that time from the probability theory. The textbook consists of a preface,
five chapters, a synopsis containing the statements of the main results, and a
collection of tasks with solutions and instructions. The first chapter deals with
combinatorics, the presentation of which does not differ much from its modern one.
The second chapter introduces the concepts of event and probability. Although
operations on events have been not considered at all; the probabilities of intersecting
and combining events have been discussed. However, the above rule for calculating
the probability of combining events is generally incorrect for compatible events. The
third chapter is devoted to events during repeated tests, mathematical expectation
and contains Bernoulli's theorem, from which the law of large numbers follows. The
next chapter discusses conditional probabilities, the simplest version of the
conditional mathematical expectation, the total probability formula and the Bayesian
formula (in modern terminology). The last chapter is devoted to the Jordan method
and its applications. This method is not found in modern educational literature. From
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the above, we can conclude that the probability theory has made significant progress
since the end of the 19" century. Basic concepts are formulated more rigorously;
research methods have developed significantly; new sections have appeared.

Keywords: history of mathematics; definition of probability; axiomatic
approach; mathematical expectation

Introduction.

The Ukrainian school of the probability theory is widely known in the world. It
includes such outstanding mathematicians as I. I. Gikhman, A. V. Skorokhod,
V. S. Korolyuk. Successful research is carried out in such areas as the theory of
random processes, stochastic differential equations, queuing theory, reliability theory,
etc. But along with the development of the probability theory, its teaching could not
but change.

In the 19™ century, the probability theory began to gradually transform from a
collection of individual problems into a mathematical theory with a fairly clearly
outlined problematic. However, during this period, it was more related to applied
mathematics. In particular, Hilbert, in his speech at the International Congress of
Mathematicians in Paris (1900), referred the probability theory together with
mechanics to the physical sciences (Kolmogorov & Yushkevich, 1978, p. 240).

Let us recall how the presentation of the probability theory took place in the 19"
century in some European countries.

In Great Britain, the probability theory was one of the first to be expounded by
institutions related to insurance. In 1857, the Institute of Actuaries offered a ten-week
course “Theory of life contingencies” for two guineas (Flood, Rice, & Wilson, 2011,
p. 264).

In France, the probability theory was to be included in the course of
mathematics, which Lacroix began teaching at the Lyceum in 1786. Interest rates,
mortality tables, theory of combinations, etc. were to be considered. However, in
1787, due to a shortage of students, the classes stopped. Since that time, courses in
probability theory have repeatedly appeared and disappeared. In particular, from
1819 to 1830, Arago taught a course in social arithmetic at the Ecole Polytechnique,
which studied the general principles of defining the probability theory, the
application of probabilities to calculating payments in lotteries, the mortality table,
cumulative interest, annuities, insurance, etc.

Subsequently, the course was supplemented by Bernoulli's theorem. In
subsequent years, the economic and social components were reduced, and in the
1840s, the course was simplified. In particular, Bernoulli's theorem was excluded
from it (Meusnier, 2006).

In the Czech Republic, the probability theory was first included in a school
textbook in 1870. It was Josef Smolik's textbook. Probability theory was 10 pages
long and covered questions related to combinatorics.
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The terminology had nothing to do with modern terminology. Also, the
probability theory in the same volume was considered in the textbook by Studnichka
for the higher grades, where, in addition to tasks related to combinatorics, there were
also simple tasks for life insurance (Macak, 2005, p. 14-15).

By the beginning of the 20™ century, when interest in actuarial mathematics and
mathematical statistics grew, probability theory was taught sporadically at
universities in the Czech Republic and Austria. In some technical universities in the
middle of the 19" century, the “political arithmetic” was studied (Bilov4, Mazliak, &
Sima, 2006, pp. 3-4). It is believed that Doppler and Matzka were the first to
expound the probability theory in higher educational institutions of the Czech
Republic in the middle of the 19" century (Magak, 2005, p. 14). In the 1870s, Panek
taught a course at the Czech Polytechnic University containing absolute, relative, and
complex probability, geometric probability, Bernoulli's theorem and Poisson's
theorem, objective and subjective expectations, posterior probability, the Bayesian
formula, Laplace's theorem, insurance, the historical overview of the computation of
probabilities, and the method of least squares (Bilova, Mazliak, & Sisma, 2006,
pp. 4-5).

In Berlin between 1829 and 1850, Dirichlet gave nine courses of lectures on the
probability theory and its application to the theory of errors, in particular to the
method of least squares. In these lectures, problems related to the duration of the
game, Stirling's formula, the probability of hypotheses, Bernoulli's theorem, the
central limit theorem, estimates of the distribution of medians, geometric probability
(Fischer, 1994, pp. 40-42).

In the territory of the Russian Empire, the course of probability theory was first
taught in 1829 by Zygmund Revkovsky at Vilnius University. There was no textbook
in Russian at that time and therefore, he not only developed the course himself, but
also introduced his own terminology. In 1849, Professor Bayer began teaching the
probability theory at Kharkiv University. In 1850 V. Ya. Bunyakovsky began to give
a course in probability theory at Moscow University and in 1857, such a course
appeared at St. Petersburg University. In other Russian universities in the middle of
the 19" century, this course was not given (Kletska, 2016, p. 125).

At the Kyiv University of St. Vladimir, the probability theory was first given by
M. Ye. Vaschenko-Zakharchenko in 1863 (Kletska, 2016, p. 126).

In Russia, the first textbook on the probability theory The Foundations of the
Mathematical Probability Theory (1846) belonged to V. Ya. Bunyakovsky. This
textbook covered not only the theory, but also the history of the emergence and
development of the probability theory. It provided an explanation for problem solving
and indicated many practical applications. And the first in Ukraine a textbook on the
probability theory was published in 1878 by Prof. V. P. Ermakov, a student and
colleague of Vaschenko-Zakharchenko (Kletska, 2016, pp. 125-126).
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The purpose of this paper is to study the changes that the course of probability
theory has undergone since the publication of V. P.Ermakov's textbook The
Probability Theory (Ermakov, 1879) to the present.

Research methods.

The paper uses a comparative analysis of The Probability Theory by
V. P. Ermakov and textbooks of the second half of the 20" century and the beginning
of the 21% century on probability theory for students of higher educational
institutions.

Results and discussion.

Review of the biography of V. P. Ermakov.

Before proceeding to discuss the textbook and to compare it with other
literature, we should make sure of the competence of the author.

Vasyl Petrovych Ermakov is an outstanding mathematician, author of about 150
papers, Corresponding Member of the St. Petersburg Academy of Sciences, Professor
at Kyiv University, first Head of the Department of Higher Mathematics at Kyiv
Polytechnic Institute. He worked in areas such as the theory of series, variational
calculus, differential equations, the theory of special functions, algebra, and the
theory of numbers. In particular, he owns one of the most important results in the
theory of series —a very sensitive criterion for the convergence of series with integral
terms.

Vasyl Petrovych was born on February 27 (March 11), 1845, in the village of
Teryukha, near Gomel.

He received his primary education at the parochial school where his father
taught. He then studied at Gomel Gymnasium and then at Chernihiv Gymnasium. In
1864, he entered Kyiv University in the Mathematical Department of the Faculty of
Physics and Mathematics (Dobrovolsky, 1981, p. 6).

In 1871, Ermakov introduced a new test of the convergence of series, which
bears his name and made him known to the mathematical community. In 1873, he
defended his thesis on “The General Theory of Integration of Linear Differential
Equations of Higher Orders with Partial Derivatives and Constant Coefficients”. In
1874, Ermakov was elected Assistant Professor of the Department of Pure
Mathematics at Kyiv University. Also, from 1871, for several years, he taught at the
Kyiv Women's Gymnasium; from 1874 to 1880, he was a teacher at a military
gymnasium and also taught geometry at the Higher Women's Courses (Dobrovolsky,
1981, pp. 19, 23-25).

On September 13, 1877, V. P. Ermakov defended his thesis for a doctorate on
the topic “Integration of Differential Equations of Mechanics”. Soon he received the
title of Extraordinary Professor and in 1884, he was elected a Corresponding Member
of the St. Petersburg Academy of Sciences. In 1888, Vasyl Petrovych received the
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title of Ordinary Professor and in March 1899, he received the title of Honored
Professor and was transferred to Extraordinary Professor.

In August 1898, Ermakov was invited to the Department of Higher Mathematics
of the newly organized Kyiv Polytechnic Institute, which he headed, leaving himself
in the service at the University. In 1884-1886, he published the Journal of
Elementary Mathematics. He became one of the organizers of the Kyiv Physics and
Mathematics Society.

In 1909, due to his advanced age and deteriorating health, Ermakov completely
transferred to the Polytechnic Institute, where he continued to work until February
21, 1919 (Gratsianskaia, 1956, pp. 675-679).

On March 16, 1922, Vasyl Petrovych Ermakov died.

A. P. Psheborskyi recalled, “V. P. as a Professor enjoyed deep respect and great
love. In his relations with students, he was harsh and rude sometimes, but, at the same
time, extremely gentle and forgiving, so a lot, or rather everything, was forgiven
“Vasyl”, as the students called him among themselves in my time. Everyone knew
that he would always find warm support from V.P. in his scientific work”
(Psheborskyi, 1922).

At Kyiv University and KPI, Ermakov taught such subject matters as probability
theory, partial differential equations, ordinary differential equations, theory of vectors
in the plane, analytical geometry, spherical trigonometry, etc. Based on these courses,
he wrote a large number of textbooks, the hallmarks of which were clarity and ease of
presentation (Gratsianskaia, 1956, p. 676).

The Probability Theory (“Teopis BbpostHocTeii”) by Ermakov is considered to
be the first textbook on the probability theory in Ukraine. It was first published in
1878 in lzvestia of Kyiv University; a year later, it came out as a separate edition; and
23 years later, it was republished using lithography (Gnedenko & Gikhman, 1956,
p. 485).

Thus, V.P.Ermakov is worth a detailed study. Let us analyze, using his
example, how the teaching of this science has changed since then and up to the
present.

Using definitions of probability.

The modern probability theory is based on the axiomatic approach of
A. M. Kolmogorov and, thus, relies heavily on set theory and measure theory. In
particular, the mathematical expectation is the Lebesgue integral.

The axiomatic definition is used in educational literature of the late 20th and
early 21st century for physical and mathematical specialties (Shiryaev, 1979;
Kartashov, 2008; Gnedenko, 1988; Seno, 2007). Other textbooks limit themselves to
the use of classical, geometric, and statistical definitions of probability.

In Ermakov's book, only the classical definition is used. The axiomatic
approach, of course, cannot be mentioned, since it was formed later. No statistical
definition is used.
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The geometric definition is not mentioned in the book, although it was known
by that time. In particular, it was included in the curriculum of the course that
Dirichlet taught in 1838 (Fischer, 1994, p. 42). But does Ermakov really not consider
the problems associated with an infinite number of elementary events? He gives the
following problem, “The rod is broken at random into three parts; what is the
probability that these three pieces can make a triangle?” Vasyl Petrovych emphasizes
that in this problem both the number of all and the number of favorable elementary
events called cases are infinite, but he does not introduce additional definitions, but
solves the problem using the passage to the limit. He proposes to split the rod into 2n
equal parts and to assume that the rod can only break at the points of division.
Denoting the lengths of the formed pieces by X, y and z=2n-x-y, he obtains the
inequalities

Xx<n,
y<n,
X+y>n (1)

Analyzing the number of solutions to this system in natural numbers, he obtains
n-2

the probability 4n—2 for the discrete model, and then, using the passage to the limit,
1

finds the required probability 4 (Ermakov, 1879, pp. 29-30).

Thus, unlike modern authors, V. P. Ermakov limited himself in his textbook to
only the classical definition of probability.

The structure and subject of the textbook.

Textbooks of the late 20th and early 21st century on the probability theory differ
greatly depending on the audience for which they are intended. Thus, textbooks for
students of physics and mathematics specialties may contain sections such as
Markov's chains (for example, (Shiryaev, 1979; Kartashov, 2008; Gnedenko, 1988;
Seno, 2007), martingales (Shiryaev, 1979; Kartashov, 2008), stationary sequences
(Shiryaev, 1979), etc. However, usually the elementary probability theory (Shiryaev,
1979; Gnedenko, 1988; Seno, 2007; Gmurman, 2004), which includes the classical
and geometric definition of probability, is considered first, and then the axiomatic
definition is introduced (in the literature for students of physical and mathematical
specialties, for example, (Shiryaev, 1979; Kartashov, 2008; Gnedenko, 1988; Seno,
2007), the concept of a random variable and related concepts such as the distribution
function, distribution density, mathematical hope, characteristic function. Further, the
authors move on to more complex sections, which may include limit theorems,
elements of the theory of random processes, etc. Often textbooks, along with the
probability theory, also contain mathematical statistics (Kartashov, 2008; Gnedenko,
1988; Seno, 2007; Gmurman, 2004; Kushlyk-Dyvulska, Polishchuk, Orel, &
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Shtabaliuk, 2014; Sliusarchuk, 2005; Klesov, 2010; Yezhov, 2001; Rabyk, 2004;
Gorban & Snizhko, 1999).

V. P. Ermakov's textbook contains only the probability theory without
mathematical statistics. It consists of a preface, five chapters, a synopsis, and
problems with answers. The first chapter is devoted to combinatorics and Newton's
binomial. In the second chapter, the concept of the probability of an event is
introduced and the techniques for determining the probabilities of unification and
intersection (in modern terminology) of events have been considered. In the third
chapter, the probabilities of events in repeated tests have been examined, Bernoulli's
theorem has been proved, and the concept of mathematical expectation has been
introduced. The fourth chapter is devoted to conditional probabilities. The fifth
chapter discusses the Jordan method and its application. In the synopsis of the
probability theory, in less than six pages, the basic concepts and results of the book
have been formulated. Finally, at the end of the textbook, there are 61 self-
instructional tasks and answers or hints to each of these tasks.

Thus, in this textbook, there is not even the concept of a random variable and,
therefore, there are no distribution functions, characteristic functions, but there is a
concept of mathematical expectation.

According to the modern definition, the mathematical expectation of a random
variable is introduced as the Lebesgue integral

[, E(@)d P(w) (2)

over the probability measure. Usually, it is denoted by M& or EE.

Since students of many specialties do not study the Lebesgue integral, in their
textbooks, the authors have to avoid this concept and introduce separate definitions of
the mathematical expectation for discrete and continuous random variables
(Gmurman, 2004; Kushlyk-Dyvulska, Polishchuk, Orel, & Shtabaliuk, 2014; Klesov,
2010; Yezhov, 2001; Rabyk, 2004; Gorban & Snizhko, 1999). In particular, for a
discrete random variable, the mathematical expectation is the sum of the products of
all its values by the corresponding probabilities.

It is this approach that Ermakov uses in his book. Instead of a random variable,
he considers “a certain quantity X that can acquire different values, depending on
which of the events will occur during observation”. And the mathematical
expectation is introduced as “the sum of the products of the probability of each event
that can occur during a given observation, by the value acquired by the unknown
when this event occurs” (Ermakov, 1879, pp. 64-65).

In addition to the simplest properties of the mathematical expectation, Ermakov
considers the simplest version of the conditional mathematical expectation, although
he does not use this term. He pays great attention to examples of harmless games, that
is, those in which the mathematical expectation of the player's payoff is equal to zero.
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Ermakov also recalls the concept of moral expectation, which was used in the
probability theory of that time. It was suggested by Daniel Bernoulli to address
questions about the harmlessness of games. At the same time, Bernoulli and
subsequent researchers reasoned as follows: if the poor man and the rich one can
receive the same amount of money with the same probabilities, then, although the
mathematical expectations of their profits are equal, the moral expectations are
different, since in reality, the moral satisfaction of the poor man is much greater than
the satisfaction of the rich one. That is, when calculating the moral expectation, the
player's property is also taken into account. Ermakov insists on removing the concept
of moral expectation from the probability theory, because, firstly, it is difficult to
establish an exact measure for determining moral pleasure, and secondly, if a game,
according to the theory of moral expectation is harmless for one player, it is
disadvantageous for his opponent (Ermakov, 1879, p. 78). Indeed, the concept of
moral expectation has disappeared from the probability theory and it is not found in
modern textbooks.

Also in Ermakov's book, there are no concepts of variance and the random
variable itself.

Let's consider in more detail the contents of each chapter of the book.

As mentioned, the first chapter is about combinatorics. It deals with
permutations and combinations. At the same time, notation, results, and methods of
proof are not very different from modern ones, except that the notion of factorial is
not introduced. Some properties are proved in several ways, but the geometric
interpretation of the combinations is not used. Further, Ermakov considers Newton's
binomial. He not only gives and proves the Newton binomial formula and some
properties of binomial coefficients in two ways, but also considers a binomial series
with a negative integer exponent, proves the convergence, and finds the sum of this
series. He calls a suitable formula Newton's formula with a negative exponent. Also
in the first chapter, complex auxiliary formulas for binomial coefficients, which will
be used in other sections, have been deduced. The second chapter introduces the
concept of probability using the classical definition. In this case, the concept of an
incident is introduced intuitively, “Everything that happens in nature is called a
phenomenon. Each phenomenon leads to many occurrences; in some of these cases,
one event occurs, in others another one” (Ermakov, 1879, p. 21).

No operations on events are formally introduced, but the probability that two
events occur is being investigated. In particular, the probability of an intersection of
independent events is being investigated, “The probability of a complex event
consisting of the simultaneous occurrence of several independent events is equal to
the product of the probabilities of simple events” (Ermakov, 1879, p. 34). In this case,
the concept of independent events is introduced as follows: events are considered
independent of each other if “the probability of each event does not depend on
whether other events have occurred or not” (Ermakov, 1879, p. 40). For comparison,
in modern probability theory, two events are called independent if
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P(AnB) =P(A) - P(B). (3)

As for the probability addition theorem, the textbook by V. P. Ermakov states,
“The probability that one of several events will occur is equal to the sum of the
probabilities of these events” (Ermakov, 1879, p. 118). This statement is generally
Incorrect, as it is true in the case of incompatible events. For two compatible event A
and B , the probability that at least one of them will occur is by the formula

P(AUB)=P(A)+ P(B)—P(ANB). 4)

There are also probabilities that the event will take place for the first time in the
k trial or will not take place at all in the series. In practice, conditional probabilities
are already in use, although this term is not used either, “The probability of a
complex event, consisting of the occurrence of any events, is equal to the product of
several factors, the first factor of which expresses the probability of the first event,
the second factor — the probability of the second event calculated on the assumption
that the first event has already occurred, the third factor — the probability of the third
event calculated under the assumption that the first two events have already occurred,
etc.” (Ermakov, 1879, p. 117).

The third chapter is devoted to the events during retests and the mathematical
expectation, which was already mentioned in detail above. Both Bernoulli's scheme
and Bernoulli's theorem have been considered.

In modern textbooks, much attention is paid to limit theorems, especially to
those designed for students of physics and mathematics specialties. Boundary
theorems include various forms of the law of large numbers and the central boundary
theorem. In textbooks for students of physical and mathematical specialties, such as
(Shiryaev, 1979, p. 385), the law of the iterated logarithm has been also considered,
which occupies an intermediate position between these theorems.

Bernoulli's theorem was first proved by Jacob Bernoulli at the end of the
17" century. The textbook uses the method proposed by Chebyshov to confirm a
more general result, from which Bernoulli's theorem follows as a special case. It is to
prove this theorem that the auxiliary formulas given in the first chapter are used.
Ermakov formulates it as follows, “The probability that the ratio of the number
showing how many times an event occurred in m tests to the total number of tests
differs from the probability of the event by an amount not exceeding &, lies in the

_Pa
range from £'m 1o 1, where p is the probability of the event, and g=1-p”
(Ermakov, 1879, pp. 118-119). From this, he concludes that this ratio, with an

increase in the number of trials, coincides with the probability of an event. Thus, his
textbook contains the law of large numbers with proof.
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But the central limit theorem is not mentioned in Ermakov's book and it cannot
be mentioned, since it does not use the very concept of a random variable
distribution.

The next chapter examines the probabilities that are called conditional in
modern terminology. In fact, the formula of total probability and the Bayesian
formula have been given, and the simplest kind of conditional mathematical
expectation has been also considered.

The last fifth chapter is unusual for the modern reader. It considers such a class
of problems. “Suppose some experience leads to several events; we will specifically
choose from these events the following:

E, E, Es .. E, (5)

and show how to solve such issues:
1) How likely is it that r events (5) will appear?

2) How likely is it that there will be r or more events (5)?
3) How likely is it that none of the events (5) will occur?
4) How large is the average number of events (5) that have appeared?”

(Ermakov, 1879, p. 100).

V. P. Ermakov notes that such problems are quite diverse. Many have been
solved, but separate methods were used for all these tasks. He also gives the general
method proposed by Jordan. Based on the results of the first chapter, with formulas
for the binomial series inclusive, answers to all the above questions have been given,
namely, the probability that r events from (5) class will occur is

r+1 (r+1)(r+2)
U, = Qr_TQr+1+TQr+2 — Y (6)

where @, — the sum of the probabilities of all possible events, consisting in the fact
that r selected events from (5) class are coming (Ermakov, 1879, p. 103). The rest of
the tasks are solved in a similar way. The application of these formulas has been
demonstrated for a large number of tasks.

The textbook contains a huge number of tasks to be solved. It also ends with a
collection of tasks, to which instructions and answers are given. Interestingly, some
of these tasks have already been discussed in detail in the main part of the book.

Discussion.

The Probability Theory by V.P.Ermakov was one of the most modern
textbooks by the time of its release (Kletska, 2016, p. 126).

The situation with educational literature at the end of the 19" century in the
Russian Empire was very difficult. The course of the probability theory was just
being introduced into university programs and lecturers and students had only the
textbook by Bunyakovsky, which could not be called an elementary one. True, in

1857 The Application of the Probability Theory in Calculating Observations and
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Geodetic Measurements by A. N. Savych was published, but it pursued other goals
and it could not be a textbook on the probability theory. Therefore, the appearance of
the textbook by V. P. Ermakov was an outstanding event (Gnedenko & Gikhman,
1956, pp. 484-485).

B. V. Gnedenko and I. I. Gikhman (1956, p. 486) believed that there are many
logical and methodological mistakes in it, much was taken as obvious, although in
fact, it required detailed consideration, but it was a step forward compared to other
courses, as the author tried to acquaint the reader with the main achievements of that
time, illustrating them with many examples. They appreciate this textbook, although
they point out the following shortcomings. When defining probability as the ratio of
the number of favorable cases to the number of all possible ones, Ermakov does not
indicate that such a definition requires the requirement that all cases are equally
possible. When formulating the multiplication theorem, he does not indicate that it
comes true only for independent events and the very concept of independence
appears only 6 pages later. The addition theorem is formulated without requiring the
incompatibility of events. Also, the independence requirement is absent in the
formulation of Bernoulli's theorem.

Conclusions.

From the end of the 19" century to the beginning of the 21% century, the course
of probability theory underwent great changes and these changes have influenced
even the very concept of probability. An axiomatic approach has appeared, the
definition has become clearer and more formalized, and such insufficiently clear
concepts as moral expectation have disappeared. Using clear axiomatics, it was
possible to introduce such concepts as a random variable, a distribution function, to
implement powerful research methods, for example, the method of characteristic
functions. Due to the fact that many new sections have appeared, some of the results
and methods are no longer studied, as happened, in particular, with the Jordan
method.
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Tersina MaJsioBiuko
HanionanpHuil TeXHIYHUNA yHIBEpCUTET YKpaiHu “KHUiBCHKUIl NOTITEXHIYHHIMA
iHcTUTYT IMeHl Irops Cikopcekoro”, Ykpaina

EBousioniss BUKJIaJaHHA Teopii MIMOBIpHOCTEl HA OCHOBI MiAPYyYHHUKA
B. II. €EpmakoBa

Anomauia. Cmamms npucesdena 00CIiONCeHHIO, AKUX 3MIH 3A3HA8 Kypc meopii
umogipnocmeti 3 xinys XIX cmonimms 0o nawoeo wacy, ma npuxiadi amanizy
niopyunuxa  Bacunsa — Ilemposuua  €pmaxosa “Teopia  umosgipHocmeti”,
onyonixoeanozo 6 1878 pouyi. IlJob6 noxazamu KomnemeHmHiCMb A8MOpa Ybo2o
niOpYYHUKA, KOPOMKO po3eisanymo oiocpagiro u meopuui wnsax B. I €Epmarxosa,
8i0oM0O20 Mamemamuka, uneHa-kopecnonoenma llemepoyp3svkoi Akademii Hayk. Bin
npayroeas Ha Kageopi wucmoi mamemamuxu Kuiscbkoeo yuieepcumemy, oe 32000M
OMPUMAB 36AHHSL 3ACLYIHCEHO20 NPodecopa, 0uonn8as Kagpeopy UWOI Mamemamuxy
Kuiscokoco nonimexniunoco incmumymy, e6uoasagé ‘“Kypuan enemenmapHoi
mamemamuxu”, 6y8 oOHUM 3 opeanizamopie Kuiscvkoeo ¢hizuxo-mamemamuuroco
mosapucmea. Cmamms Micmums NOPIGHANbHUU aHaNi3 1io2o niopyunuka “‘Teopis
umogipnocmei” i cyuacHoi Hasuanvuoi aimepamypu. Illiopyunux B. Il. Epmaxosa
BUKOPUCINOBYE MINbKU KIACUYHE BU3HAYEHHS UMOSIpHOCMI. Bin He micmumb maxux
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NOHAMb, AK 6UNAOKO8A 6elUYUHA, (QYHKYIA pO3NOo0iny, npome  BUKOPUCMOBYE
mamemamuyne cnooieanns. B. Il. Epmakos uanonseac Ha BUKIIOYEHHI 3 mMeopii
ULMOGIpHOCMEN NOHAMMS MOPAIbHO20 CNOOIBAHHS, NPULHAMO20 8 HAYYL MO20 YAcC).
1liopyunux cknadaemvcs 3 nepeomosu, n'smu 2ias, KOHCHeKmy, 8 KoMy 3i0pami
GPOopMYNI08AHHA OCHOBHUX pe3yabmamis, I 30IpKu 3a60aHb 3 pPO38 SA3AHHAMU mMAa
grasiekamu. Y nepuiomy po3oini po3ensioacmovcs KOMOIHAMOpUKA, GUKIA0 AKOI He
CUNIbHO BIOPI3HAEMbCS 6I0 i1 cyuacHozo. Y Opy2omy po30ini 68005MbCsi NOHAMMNI
nooii i umosipnocmi. Xoua onepayii HaAO nNOOiAMU He PO32AA0AOMbCA 308CIM,
PO321aHYmMO UMOGIpHOCMI nepemuny U 00'eonanus nodii. Ilpome éxazane npasuno
0151 00UUCTeHHs UMOGIpHOCII 00'€0HanHA NOOIU, 83a2ani Kajxdcyuu, HegipHe O/
cymicnux nooiu. Tpems enasa npucesuena nooism npu NOGMOPHUX SUNPOOYEAHHSX,
MamemMamuyHoMy Cnooieannio ma micmums meopemy bepwynni, 3 saxoi euniugae
3aKOH BeNUKUX Yucel. Y HacmynHomy po3oini po32nia0aromscs YMOBHI UMOBIPHOCHI,
HAUNpOCMiwuil 8apiaHm yMOBHO20 MAMEMAMU4YHO20 CNOOI8AHHA, (OpMYIa NOBHOL
umosiprocmi ma ¢opmyna baeca (6 cyuachiii mepminonoeii). Ocmarnna 2nasa
npucesuena memoody XKopoana i 1020 3acmMOCy8amHAM. Y cyuacHii HasuanbHiu
nimepamypi yeu mMemoo He 3yCMPIUAEMbCA. 3 BUWEBUKIAOCHO20 MONCHA 3p0Oumu
BUCHOBOK, W0 meopis timosipHocmeti 3 kinys XIX cmonimmsa 3uauno npocynynacs
eneped. binbw cmpoeo gopmynoromscs ocHOBHI noHamms, iCMOMHO PO3GUHYIUCA
Memoou 00CNIONHCEHHS, 3 ABUNUCS HOBL PO3OINU.

Knwuosi cnoea: icmopiss mamemamukuy, O3HAYeHHS;, AKCIOMAMUYHULU RIOXIO;
mamemamuyHne cnooi6aHHs

Tarbsina MajI0BHUYKO
HannonanbHbIl TEXHUYECKANA YHUBEPCUTET Y KpanHbl “‘KrueBCKHI MOJIUTEXHUYECKUI
nHCcTUTYT uMeHU Uropst Cukopckoro”, Ykpanna

JBOJNOLMS NPENOJABAHNS TEOPUU BEPOATHOCTEN HA OCHOBE Y4eOHMKA
B. Il. EpmakoBa

Annomayusn. Cmamos noceésaujena uccied08anuio, KaKk UMeHUICs Kypc meopuu
seposmuocmeti ¢ konya XIX eexa 0o nawux owuetl, Ha npumepe anaiuza y4eOHuKa
Bacunus Ilemposuua Epmaxosa “Teopus eeposmuocmett”’, onyoiuxkoeanno2o 6 1878
200y. Ymobwl nokazamv KOMNEMEHMHOCMb aA8mMopa 3mo20 YYeOHUKA, KpPamKo
paccmompenwvt  b6uocpagus u meopueckuti nymo B. Il. Epmakosa, uzeecmnoco
mMamemamuka, 4ieHa-koppecnonoenma Ilemepbypeckoti Axademuu Hayk. OHn
paboman Ha xagheope uucmou mamemamuxu Kueeckoeo yHusepcumema, 20e co
8peMeHeM NOJYYUL 36aHUe 3ACTYIHCEHHO020 Npogheccopa, 80321a67IA1 Kagedpy evicuiell
mamemamuxu Kuesckoeo nonumexnuueckoeo uncmumyma, uzoagan ‘“Kypuan
IIeMeHmMapHoU mamemamuxu”, Obll 0OHUM U3 opearuzamopos Kuesckozo gu3suko-
Mamemamuyeckozco oowecmea. Cmamuvsi cOO0epHcUm CpaGHUMENbHbIU AHAIU3 €20
yueonuxa ‘“Teopus eeposmuocmeu” U CcOBpeMeHHOU YueOHOU Jumepamypol.
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Yueonux  B. Il. Epmaxosa ucnonv3yem mMOAbKO — KIACCUYECKOe  OnpeoeieHue
gepoamuocmu. OH He coldepicum maxKux HNOHAMUL, KAK CAY4auHas 6eluduud,
@QyHKYUus pacnpeoeneHus, HO meM He MeHee UCNOAb3yem MamemamuiecKoe
oorcuoanue. B. Il. Epmaxoe nacmausaem Ha UCKIIOYEHUU U3 MeOpUU 8eposimHocmel
NOHAMUS HPABCTNEEHHO20 OMNCUOAHUS, NPUHAMO20 8 HAYKe MO020 8pemMeHU. YueOHUK
cocmoum U3 Npeouciosus, NAMuU 2las, KOHCNeKmd, 6 KOMOpPOM COOpamHbl
GDOPpMYIUPOBKU OCHOBHBIX pe3yIbmamos, U COOPHUKA 3a0ay C peuleHusmMu U
yKazanusmu. B nepeoil enase paccmampugaemcsi KOMOUHAMOPUKA, U3NOHCEHUE
KOMOpOU He CUNbHO OMAuYaemcs om coepemenno2o. Bo emopou enaee 66oosmcs
nousAmus coovimus U eeposimHocmu. Xoms onepayuu HA0 COOLIMUAMU He
paccmampusaiomcsi  806ce,  pACCMOMPEHbl  GEPOSIMHOCIMU — NepeceyeHus U
00veounenus coovimuti. OOHAKo, YKA3aHHOE NPAsUIo OJisl BbIYUCTEHUST BEPOSIMHOCTIU
00beOuHeHUuss cobbimuil, 8000We 2080ps, HEBEePHO Ol COBMECMHBLIX COObIMULL.
Tpemws 2nasa nocesawena coobimuim npu NOGMOPEHUAX ONbIMA, MAMEMAMUYECKOM)
02CUOaHUIO U coOepacum meopemy Bepuynnu, us komopou credyem 3aKoH OOIbUUX
yucen. B cunedyroweli enase  paccmampugaromcs  YclogHvle  8epOSMHOCMU,
npocmetiuiull 8apuanm yCcio6H020 MaAmMemMamuiecKko2o OHCUOanus, Qopmyia noaHou
seposmuocmu u gopmyna baiieca (6 cospemennoti mepmurnonocuu). Ilocneouss
enasa noceéawena memooy Kopoana u e2o npumenenuam. B cospemennou yuebHou
aumepamype 3mom Memoo He ecmpedaemcs. M3 GblUEeU3I0HCeHHO20 MONCHO
coenamsb 661800, umo meopus eeposimuocmeti ¢ konya XIX eexa 3unauumenvho
npoosunynacey enepéo. bonee cmpozo Gopmyrupyiomcs O0cCHo8Hble NOHAMUA,
CYUIeCMBEHHO PA3BUTUCH MEMOObl UCCIe008AHUS, NOABUNUCHL HOBbLE PA30EbL.

Kniouegvie cnosa: ucmopus mamemamuku, onpeoeieHue 6eposmHOCMU,
AKCUOMAMUYECKUli N0OX00, MAMEMAMUYECKOe OHCUOAHUE
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The history of assisted reproductive technologies: from prohibition
to recognition

Abstract. The birth of children after infertility treatment of married couples with
the help of assisted reproductive technologies has become a reality after many years
of basic research on the physiology of reproductive system, development of oocyte’s in
vitro fertilization methods and cultivation of embryos at pre-implantation stages.
Given the widespread use of assisted reproductive technologies in modern medical
practice and the great interest of society to this problem, the aim of the study was to
trace the main stages and key events of assisted reproductive technologies in the
world and in Ukraine, as well as to highlight the activities of outstanding scientists of
domestic and world science who were at the origins of the development of this area.
The paper used historical methods to study and interpret the texts of primary sources
and present scientific historical events. In addition, the current trends in assisted
reproductive technologies are covered based on the results of our own, more than 30
yvears of experience in the field of reproductive biology and medicine, and the
achievements of world scientists. As a result of the work, it has been shown that
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despite certain ethical and social biases, the discovery of individual predecessor
scientists became the basis for the efforts of Robert Edwards and Patrick Steptoe to
ensure birth of the world's first child, whose conception occurred outside the mother's
body. There are also historical facts and unique photos from our own archive, which
confirm the fact of the first successful oocyte in vitro fertilization and the birth of a
child after the use of assisted reproductive technologies in Ukraine. Over the last 20
years, assisted reproductive technologies have continued to grow, addressing many
other issues of reproductive potential preservation and infertility treatment. State of
the art methods of assisted reproductive technologies include the development of
cryopreservation method of gametes and embryos by vitrification, genetic screening
of embryos in order to prevent the hereditary diseases transmission and embryo
transfer with chromosomal abnormalities, the birth of a child “from three parents” in
severe cases of mutations in the mitochondrial genome, etc.

Keywords: reproductive cells;, embryos; in vitro fertilization, first “test tube”
child; demography, infertility treatment

Introduction.

There is no other field of science as assisted reproductive technologies (ART) that
have made such an impressive progress from prohibition to recognition, from
investigation to clinical implementation. The rapid development of ART and related
methods is determined by the social and scientific environment that contributes to its
development.

Scientific knowledge was rapidly accumulated during every historical stage of
ART development, and there was a transition from empirical to practical research
methods.

The modern scientific world is aware of the widespread introduction of ART
methods in clinical practice. Unfortunately, only two scientists are well-known,
P. Steptoe (1913-1988) and embryologist R. Edwards (1925-2013), who for the first
time in the world managed to successfully fertilize an oocyte outside the mother's
body, transfer the embryo into the patient's uterine cavity and obtain pregnancy which
resulted in the birth of the world's first “test tube” child — Louise Brown.

The purpose of the study was to trace the main stages and key events of ART in
the world and in Ukraine, as well as to highlight the activities and figures of
outstanding scientists of domestic and world science who were at the origins of the
development of this area, and the current trends in ART.

Research methods.

The methodology of the research is based on the principles of historicism,
continuity of ideas and discoveries of historical knowledge, and interpretation the
texts of primary sources, present scientific historical events. The work carried out the
systematization of scientific data obtained in the scientometric databases Medline,
PubMed, Cochrane Database of Systematic Reviews.
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Results and discussion.

Delving into the historical aspect, the scientific development of ART has begun
after microscope invention by the Dutchman Antoni van Levenhuk (1632—1723) in
1677 who studied human sperm and first saw and described spermatozoa.

Artificial insemination is the first mention of an ART method, which dates back to
1783 when the Italian scientist Lazzaro Spallanzani (1729—1799) received offspring due
to the artificial insemination of dog (Ariatti & Mandrioli, 1993). Only seven years later,
the Scottish physician John Hunter (1728-1793) used this technology for infertility
treatment of married couple. He injected the man's semen into the genital tract of his
wife who became pregnant and gave birth to a healthy child (Wagoner, 2017).

We should also mention Walter Heape (1855-1929), zoologist and
embryologist, professor of Cambridge University, Great Britain. He studied the
reproductive function of mammals and first reported the case of rabbits™ birth after
embryo transfer from one animal to another (Biggers, 1991). The scientist conducted
his experiments at his home in Prestwich. He transferred two fertilized eggs obtained
from a female Angora rabbit to the upper end of the fallopian tube of a female
Belgian hare. The experimental animal gave birth to four rabbits, two of the Belgian
hare breed and two of the Angora breed.

Gregory Goodwin Pincus (1903-1967) was an American scientist who had
continued the study of his English colleague. He studied the hormonal effects on the
reproductive system of mammals. In 1934, he performed the first fertilization of a
rabbit oocyte in vitro. In 1936 he published his discoveries after experiments with
parthenogenetic activation of oocytes. The scientist retrieved the oocyte and placed it
in a mixture of saline and sex hormone. The fertilized oocyte was then transferred to
an unpaired female which soon gave birth. It is believed that this experiment was the
beginning of the development of in vitro fertilization technology (Cohen et al., 2005).

John Rock (1890-1984) was a prominent Boston gynecologist who worked at
Harvard University and made a serious attempt to achieve clinical success in fertilizing
human oocytes outside the mother's body (Thompson, 2016). In 1948 he and Miriam
Menken (1901-1992) have obtained hundreds of oocytes during operative interventions
on the female pelvic organs. Week after week Menken followed the same procedure:
obtaining oocytes from the follicles on Tuesday, adding sperm to them on Wednesday,
praying on Thursday, and looking at the microscope again the next day. Every Friday,
when she looked in the microscope, she saw only one unfertilized cell and a pile of dead
spermatozoa. She performed it 138 times, more than six years. And, what an incredible
coincidence, she managed to fertilize 138 oocytes in vitro. The results of their work were
published in the journal Science. The vagaries of fate did not allow scientists to continue
the experiment. The reproductive aim of that time was not to give birth but directed to
prevent it. The main goal of scientists was to develop simple and convenient methods of
contraception.
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In 1959 Min Chueh Chang (1908-1991), a young Chinese reproductive
researcher, received an undeniable evidence of in vitro fertilized oocyte
(Yanagimachi, 2016). He has published more than 300 scientific articles on this
research subject. Mature unfertilized oocytes were obtained from female albino
rabbits which were injected with sheep pituitary extract. Spermatozoa used for
fertilization were obtained from the uteri of albino females mated with albino males
12 hours earlier. Three to four hours after fertilization in a Carrel flask, the oocytes
were transferred to another flask containing 50% heated serum in saline and cultured
to reach the 4-cell stage. In total, 36 second day embryos were transferred to 6
surrogate females of black color, 4 of which gave birth to 15 albino rabbits.

One of Min Chueh Chang students shared an impressive story. Carrying out one
of the experiments he observed the penetration of spermatozoa into the oocyte. The
passing of spermatozoon through the Zona pellucida (ZP) of the mammalian oocyte
has never been observed before. After a while, the student brought the teacher a draft
of an article describing the experiment. After a careful reading and some remarks, the
teacher crossing out his name in the line of authors emphasized the importance and
participation of his student.

At the same time experiments on in vitro fertilization of human embryos were
continuing in a private clinic in America. The attending physician had prepared Doris
Del-Zio for embryo transfer. However, Vande Wiele, the Head of hospital, had
considered the procedure to be very contradictory and forbade it because, in his view, it
did not comply with his ethical and moral principles. He believed that ART technology
required the resolution of legal issues and adherence to scientific standards of that time.
Vande Wiele argued that the procedure violated federal regulations because it was non-
sterile. In addition, the doctor suggested that the child after ART might have
developmental disabilities which could later lead to parents lawsuits. The couple did file
a lawsuit, Dr. Vande Ville caused severe physical and mental suffering for patients due
to canceling the embryo transfer. They sued the clinic for $ 1.5 million.

However, not all clinics had such a biased attitude towards ART. Many
scientists continued working. The pregnancy after transfer of in vitro cultured embryo
was reported in 1973 by Australian scientists. Unfortunately, the pregnancy was
terminated at an early stage of embryonic development (Kretzer et al., 1973).

At the same time, English gynecologist P. Steptoe and embryologist R. Edwards
(Fig. 1) began a joint research on the in vitro fertilization of animal oocytes.
However, most scientists were skeptical about the success of the development of
human embryos outside the body. The main executor of these works was a nurse and
embryologist J. Purdy (Steptoe, 2015).

The experimental developments of these scientists have reached clinical trials.
P. Steptoe and R. Edwards tried to help infertile couples to have a child. However,
most of their colleagues believed that the use of human sperm and oocytes was
unethical and contrary to moral principles. The founders of reproductive medicine
were denied of state funding for research. Meanwhile, the problem of infertile

318



http://www.hst-journal.com Icmopis Hayku i mexHiku, 2021, mom 11, sunyck 2
History of science and technology, 2021, vol. 11, issue 2

marriage in the UK was gaining momentum. Patients hopefully participated in
experimental cycles of ART.

Figure 1. Scientists who for the firsf time performed a successful in vitro
fertilization of human oocyte: on the left side— obstetrician-gynecologist P. Steptoe
(1913 —1988), on the right side — physiologist R.Edwards (1925 — 2013) (Wade, 2010).

In 1976 the number of failed treatment attempts already exceeded 500. In those
early days of research, and in such an indifferent or even hostile environment, there
were some groups of enthusiasts around the world who shared a strong belief in
success despite the difficulties and untruths and the value of this new scientific field.

In 1977 a significant event occurred. After in vitro fertilization of the oocyte, the
P. Steptoe's research group received the first pregnancy, which unfortunately turned out
to be ectopic, and on July 25, 1978, the treatment cycle ended with the birth of the
world's first “test tube” child, a girl named Louise Joy Brown! (Steptoe & Edwards,
1976).

According to the WHO, more than 4 million children are in the world today who
were born after ART. According to current statistics it is 2% of newborns (Faddy,
Gosden M & Gosden R, 2018).

In 2010, Dr. R. Edwards was awarded the Nobel Prize in Physiology and
Medicine for his contribution to the world's scientific achievements. Gynecologist
P. Steptoe was not awarded this prize because he died on March 21, 1988.

However, scientists from Bourn Hall were not alone in their research. Several
groups of scientists worked on the same problem.

In June 1980, the world's third child conceived by ART was born in Australia.
Earlier, the Melbourne Clinic reported two early biochemical pregnancies, which
were confirmed by elevated levels of chorionic gonadotropin, thus demonstrating that
embryos fertilized in vitro can develop to the blastocyst stage in vivo and possibly
initiate implantation (Lopata, Johnston, Hoult & Speirs, 1980).

In September 1981, ART pioneers from around the world gathered at a meeting
in Bourn Hall, Cambridge. They discussed the efforts of Indian scientists to recognize
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their leadership in in vitro fertilization developing. It became known that experiments
have been conducted with primitive tools and a household refrigerator in India in
October, 1978, resulting in the birth of a “test tube” child. This piece of news was
widely reported by the media in India and abroad. However, the doctors' statement
was appealed because most of their research was not published in peer-reviewed
journals. Due to the lack of scientific evidence, India's leadership in ART is not
recognized by the international scientific community.

The path of ART development in Ukraine was also thorny. In 1974, the Ministry
of Health of the USSR granted permission for the development and implementation
of ART methods in the clinical practice of medical institutions in Moscow, Kharkiv
and Leningrad. Valentyn Ivanovych Hryshchenko, a Ukrainian scientist, prominent
obstetrician-gynecologist, cryobiologist, cryomedicist, pedagogue, Academician of
the National Academy of Sciences of Ukraine, doctor of medical sciences, professor,
became the ideological inspirer and organizer of innovative research in Ukraine. At
that time, Valentyn Ivanovych was the Head of Obstetrics and Gynecology
Department of Kharkiv State Medical University. From 1976 to 1979, he was one of
the advisers of World Health Organization (WHO) on the Special Program of Human
Reproduction, and since 1980, a WHO expert. From 1983 to 2011 he was the director
of the Institute for Problems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (IPC&C of the NAS of Ukraine). Due to his
enthusiasm and creative energy, the results of research have been successfully
implemented in clinical practice.

Several scientists who were together with Academician Valentyn Ivanovych
Hryshchenko at the origins of Ukrainian reproductive medicine: head of the laboratory
for cryobiology of human reproductive system Ph.D. Fedir Vlasovych Dakhno;
Reproductologist, Ph.D, senior researcher \Volodymyr Ivanovych Pinyaev and
embryologist-cryobiologist, Ph.D., senior researcher Natalia Nesterivna Chub (Fig. 2).

[\, s a i I’Ll. Sy
Figure 2. Scientists of IPC&C of the NAS of Ukraine who for the first time in
Ukraine carried out an oocyte in vitro fertilization (Academician V. I. Hryshchenko —
on the right, Ph.D. V. I. Piniaiev — in the middle, Ph.D. N. N. Chub — near the
microscope) (Author's photo).
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This scientific team successfully fertilized oocyte in vitro and saw embryo
development for the first time in Ukraine on November 30, 1984. It should be noted
that equipment and medical supplies were not produced in the USSR, one could only
dream of purchasing abroad. They made all consumables themselves from
improvised means. For example, they made chambers for incubation of embryos
adapting devices from chemical laboratories. The desiccator was used for embryo
culturing instead of a thermostat. Laboratory equipment for research was very scarce,
for example, inaccessible special dishes for culturing embryos were replaced by
glasses that were bought at a watch factory.

As a result of the joint work of Kharkiv scientists, the first Ukrainian “test-tube”
child Katya Kulyova was born on March 19, 1991 (Fig. 3).

Figure 3. Katya Kulyova (the first Ukrainian “test tube” child) and F. V. Dakhno

(gynecologist, head of the laboratory for cryobiology of human reproductive system
in the IPC&C NAS of Ukraine) (Author's photo).

During the analysis of archival materials and primary records of research it was
revealed that there was not only the scientific but also the emotional component of
the research, which allowed to understand the importance of this event and to assess
the efforts of scientists who tried to achieve this goal (Fig. 4).

30 years have passed since the birth of the first “test tube” child. During this
period, we have seen the development of areas related to ART. Successful oocyte in
vitro fertilization depends on many factors, one of which is the quality of the female
and male gametes. It turned out that in case of male infertility, the efficiency of using
the in vitro fertilization method existing at that time was very low. The main problem
was that the spermatozoon could not penetrate the thick ZP shell of oocyte. Thus, a
new method of in vitro fertilization has been invented. Embryologists began using
methods which increase softening of ZP (Kiessling, Loutradis, Mcshane & Jackson,
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1988), creating a hole in it with an acidic Tyrode's solution (Gordon, Grunfeld,
Garrisi, Talansky, Richards & Laufer 1988), mechanical perforation of ZP (Cohen et
al., 1988) or complete removal of ZP. Unfortunately, these methods of fertilization
led to polyspermia and increased the level of abnormal embryos.
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Figure 4. The note in the worklng Journal about the first successful pregnancy in
Ukraine after oocyte in vitro fertilization and embryo transfer into the patient’s
uterine cavity (Author's photo).

The method of subzonal insemination (SUZI) also allowed to bypass the ZP barrier
(Ng et al.,, 1988). This procedure has been successfully developed for motile
spermatozoa, however has been limited in cases of severe male infertility such as
asthenozoospermia. In this situation spermatozoon, when introduced into the
perivitelline space, does not fuse with the oocyte membrane and fertilization does not
occur.

An important milestone in ART was the emergence of technology of
intracytoplasmic sperm injection (ICSI) into the ooplasm in 1992 in Brussels
(Palermo Neri, Takeuchi & Rosenwaks, 2009). This method is used for infertility
treatment of couples with male infertility factor which drastically increases successful
ART outcomes.

After the first report about the birth of a child using ICSI, the procedure has been
steadily gaining popularity in other European countries, and then spread around the
world (Palermo et al., 2017). During the 1990s, the ICSI method proved invaluable
while using testicular and epididymal spermatozoa (Schoysman, 1993) in case of
absence of spermatozoa in ejaculate, for the fertilization of cryopreserved oocytes
(Porcu, Fabbri, Seracchioli, Ciotti, Magrini & Flamigni, 1997), and in vitro matured
oocytes (Chung et al., 2000). Consequently, advances in reproductive medicine through
the capabilities of ICSI have prompted the use of this technique not only according to
indications of male infertility (O'Neill, Chow, Rosenwaks & Palermo, 2018).

Another milestone in the ART development is associated with the invention of
protocols that allow preserving female and male fertility or excess amount of embryos
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for subsequent transfer. A breakthrough in this area was creation of oocyte
cryopreservation method by vitrification. First childbirth after using this method was
reported in 1999 (Kuleshova, Gianaroli, Magli, Ferraretti, Trounson, 1999). More
cryobiological approaches for long-term low temperature storage of reproductive cells
and preimplantation embryos was invented after that. Most of them are dedicated to
increasing survival or improving the capacity for development and further implatation
(Petrushko, Yurchuk, Piniaiev & Buderatska, 2019; Yurchuk, Petrushko, Gapon,
Piniaiev & Kuleshova, 2021). This includes the introduction of cytogenetic, molecular
genetic and molecular cytogenetic studies to determine the aneuploidy of the
chromosome set of oocytes and preimplantation embryos (Buderatska, Gontar, llyin,
Lavrinenko, Petrushko & Yurchuk, 2020). Numerous modifications of ART methods
have been made over the years, to improved culture medium for fertilization, optimized
cultivation conditions, developed new protocols for cryopreservation of spermatozoa,
oocytes and embryos (Petrushko, Yurchuk, & Piniaiev, 2020).

Finally, current research on the creation of an embryo from “three parents” was
another unique scientific achievement (Zhang et al., 2017). This incredible invention
makes it possible for couples with genetic mitochondrial DNA abnormalities to have
offspring.

Of course, many ethical issues stand in the way of developing and improving
ART methods. And various associations of the world scientific and public health
community regulate their implementation conditions. But looking back at the history
of ART development, despite the prohibitions and certain prejudices, the global goal
of preserving the humanity will always stimulate the development of technologies
and the receipt of new technologies in the field of human and animal reproduction.
Professionals in embryology, endocrinology, gynecology, genetics, and anatomy
have laid the foundations for future achievements. This is the state of the art of the
ART history which we create ourselves in laboratories and clinic cabinets, and which
we hope that our descendants will be proud of.

Conclusions.

Being familiar with the scientific achievements in the field of reproductive
medicine allows us to conclude that the discovery of ART was not accidental. The
basis of today's achievements in the field of reproductive medicine was the long-term
work of specialists from different institutions in all fields of science. Brick by brick,
experiment by experiment, hundreds of clinical cases, faith and great support from
patients have taken the field of infertility treatment to a new level and today more
than 5 million children are born who might have never seen this world, but for the
scientific achievements of ART.
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Mapuna Ilerpymko
[HcTUTYT mMpobiem kpiobGiosorii 1 KpiomeaunuHu HarioHanbHOT akamemii Hayk
VYkpainu, Ykpaina

Bogogumup IlinsieB
[HcTUTYT mMpobnem kpiobOiosorii 1 KpiomeauuuHu HamioHansHOI akazemii Hayk
Ykpainu, Ykpaina

Taicisa FOpuyk
[HcTUTYT TMpOGneM kpiobGiosorii 1 KpiomeaunuHu HamioHansHOT akamemii Hayk
VYkpainu, Ykpaina

IcTopisi 10MOMOKHUX PeNPOAYKTHBHUX TEXHOJIOTIH: Bil 3a00poHH
10 BU3HAHHS

Anomauia. Hapooowcenns oOimeil nicisi aiKy8auHs 0e3nni00s CIMeUuHux nap 3d
00NOMO20K0 OONOMINCHUX pPenpoOyKMUBHUX MEXHONO02IL CMAN0 PeaibHiCmI0o Nicis
bacamvox pokie GYHOAMEHMANbHUX OO0CNHIONCEHb WO00 (Di3iono2ii penpooyKmusHoi
cucmemu, po3pobku memoodie 3anniOHenHst IN VItrO0 ooyumie ma KyIbMuy8aHHs
eMOpioHie  nepedimnianmayitHux — cmaoditl — po3sumky.  Bpaxosyrouu  wupoke
3acmocy8anHs  OONOMINCHUX PEnpOOYKMUBHUX MEXHONO02I Y CYYACHIU MeOudHiil
npakmuyi ma GeIuKull iHmepec CyCcniibcmea 00 yiei npodbiemu Memor 00CHiOHCEHHS.
0y10 npocnioKysamu OCHOBHI emanu ma Kiovo8i NoOdii CMAHOBIEHH OONOMINCHUX
PENPOOYKMUBHUX MEXHOI02il 8 c8imi ma 6 Ykpaini, a maxoxc suceimaumu OisiibHiCMb
BUOAMHUX GUEHUX BIMYUSHAHOI MA CEIMOBOI HAYKU, AKI CMOSIU Y 6UMOKIE PO3GUMKY

326


http://embryo.asu.edu/handle/10776/11421
https://doi.org/10.1002/mrd.22749
https://doi.org/%2010.1016/j.cryobiol.2021.02.009
https://doi.org/%2010.1016/j.cryobiol.2021.02.009
https://doi.org/%2010.1016%20/j.rbmo.2017.01.013
https://doi.org/%2010.1016%20/j.rbmo.2017.01.013

http://www.hst-journal.com Icmopis Hayku i mexHiku, 2021, mom 11, sunyck 2
History of science and technology, 2021, vol. 11, issue 2

Ybo2o Hanpsamy. B pobomi euxopucmoegysanuco icmopuuni memoou O UGYEHHS. Mda
iHmepnpemayii mexcmie nepuiooxcepesl ma NpPeoCcmasieHHs. HAYKOBUX [CIMOPUYHUX
nooitl. Kpim moeo, Ha o0cHOGI pe3ynbmamis 61acHozo, Oitbul Hidc 30-mu piunoco
0ocsidy pobomu y cghepi penpodykmuenoi 0iono2ii i MeOuyuHu ma O0OCsACHEHb GYEHUX
C8IM0OBOI  HAYKU,  BUCBIMIIEHO  CYYACHI  HANPAMKU — PO3BUMK)Y  OONOMIJICHUX
PENnPOOYKMUBHUX MeXHON02it. B pe3yniemami pobomu nokazano, wjo, He OUBIAYUCH HA
NeGHI emuyHi ma COYianbHi YNepeoNHCeHH s, BIOKpUMMS OKPeMUX 84eHUX-NONepeOHUKIB
cmanu niotpynms oas moeo, wob 3sycunnamu Pobepma Eoeapoca ma Ilampuxa
Cmenmoy Hapoounacsi nepwia 6 c8imi OumuHa, 3auamms sKoi 6I00ynocs nosa
opeanizmom mamepi. Taxoxc npedcmasneno icmopuuni Gakmu ma YHIKATbHI
Gomoepaghii 3 enacrozco apxigy, AKi NiOMEepONCYIOmsb hakxm nepuioeo YCHiUHO20
3annionennss ooyuma N VItr0 ma HapoodicenHs OumuHu NicAs  3ACMOCY8AHHS
OONOMIDICHUX PenpoOyKmusHux mexuonozit 6 Yxpaini. Ocmanni 20 poxie 00nomidcHux
PENPOOYKMUBHUX EXHONO02IU NPOOOBI’CYIOMb HEGNUHHO PO3GUBAMUCS, SUPIULIOUU
bacamo iHWUX Npooiem 30epediceHHs. penpoOyKMUBHO20 NOMeEHYIany ma JiKY8aHHS.
oe3nnioos. Ceped cyuacHux memooig OONOMIJDICHUX DenpOOYKMUBHUX MEXHON02Il
MOACHA BUOLTUMU PO3POOKY CNOCOOY KPIOKOHCEPBYBAHHS 2amem ma eMOPIOHI8 ULIAXOM
simpugbikayii, npoeeoeHHss 2eHeMUYH020 CKPUHIHZY eMOPIOHI8 3 Memor 3ano0ieaHHs
nepeoayi cnaokosux xeopob, ma nepeHocy emOpioHié 3 XPOMOCOMHUMU AHOMATIAMU,
HApPOOXMCEeHHsT OUMUHU “8I0 mMpbox OamvKie’ Npu MANCKUX BUNAOKAX Mymayiu
MIMOXOHOPIAILHO20 2eHOMY ma 6a2amo IHUL020.

Knrouosi cnosa:. penpooyxmueni xnimunu;, emoOpionu, 3anaionenus in Vitro;
nepuia oumuna ‘3 npooipku”’; demozpais; 1iKyeaunHs 6e3nnioos

Mapuna Ierpymxko
NuctutyT mpobiieM KpHOOMOJNOTHMM U KpuUOMEAWIMHBI HarmoHanpHOW akageMuu
HayK YKpauHbl, YKpauHa

Baagumup IunsieB
NuctutyT mpobiieM KpHOOMONOTHM U KpuUOMEeAHWIMHBI HarnumoHanbHOW akageMuu
HayK YKpauHbl, Y KpauHa

Taucus IOpuyk
NuctutyT npobseM KpuOOMONOTMM U KpuOMeAMIMHBI HanumoHanbHOW akaaeMuu
HayK YKpauHbl, Y KpanHa

HcTopusi BCnoMorareJibHbIX penpoAyKTHBHBIX TEXHOJIOTHI: OT 3ampera
K IPU3HAHUIO

Annomauyusn. Pooicoenusi oemeti nocie jedenuss Oecnioous cemeunvix nap ¢
HOMOWBIO 8CNOMOAMENLHBIX PENnPOOYKMUBHBIX MEXHOLO2ULL CMAN0 PedlbHOCbIO
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nocjie MHoO2UX 1em yHOaAMeHMAaNbHbIX UCCAe008AHUL DUUOIOSUU PENPOOYVKMUBHOU
cucmemvl,  paspabomku  Memooog oniodomeopenusi N VItro  ooyumos u
KYIbMUBUPOBAHUE IMOPUOHO8 OOUMNIAHMAYUOHHBIX CINAOUll pa3eumus. Yyumoleas
WUPOKOe  NpUMeHeHUe  B8CHOMO2AMENbHBIX — PenpoOOYKMUBHBIX — MEXHOA0UNl 8
COBPEMEHHOU MeOUYUHCKOU Npakmuke u Oonbulol unmepec obujecmea K 9mou
npobneme yenvio UCCIe008aHUsl ObLIO NPOCIEOUMb OCHOBHblE dMANbL U KIIUesble
coObIMUsL CMAHOBIEHUSL CNOMO2AMENLHBIX PENPOOVKMUBHBIX MEXHOJI02ULL 8 MUpe U 8
Vkpaune, a marxoice oceemumv  OeamenbHOCMb  BLIOAIOWUXCA — VUEHBIX
omeuecmeenHol U MUpOBOL HAYKU, KOMOpble CMOIU ) UCOKO8 PA36UMUL IMO20
Hanpagnenus. B pabome ucnonvzosanu ucmopuueckue memoovi Ons U3VHUEHUs U
unmepnpemayuy  MeKCmo8 NepeoUCMOYHUKO8 U  NPeOCMAGNeHUs  HAYYHbIX
ucmopuveckux cobvimuil. Kpome moeco, Ha ocHO8e pe3yibmamos coOCMBEeHHO2O,
bonee wem 30-1emueco onvima pabomel 8 cghepe penpoOyKMUSHOU OuosocUU U
MEOUYUHBbL U  OOCTUINCEHUL YUEHbIX MUPOBOU HAYKU, OCBEUJeHbl COBDEMEHHbIE
HANpaeienuss pazeumus BCHOMO2AMENbHbIX PEeNnpOOYKMUBHBIX —mexHono2ull. B
pe3yiomame pabomvl NOKA3AHO, 4O, HECMOMPS HA onpedeieHHvle dMudecKue u
coyuanbivle npedyoeicoeHUs, OMKpblmue OMoOeIbHbIX YYEeHbIX — NPeOUeCMBeHHUKOB
cozoanu ¢ynoamenm moeo, umo ycunusmu Pobepma IDosapoca u Illampuxa
Cmenmoy poouncs nepeviti 6 mupe pebeHOK, 3auamue KOmopoco NPOU30OULLO GHE
opeanusma mamepu. Taxoice npeocmasnenvl ucmopuyeckue akxmel U YHUKATbHbLE
Gdomoepagpuu  u3z cobcmeenHo2o0 apxusa, noomeepacoaruwue Gakm nepeoco
ycnewno2o oniodomeopenust ooyuma N VItr0 u  poowcodenuss pebenmxa nocue
NPUMEHEHUs.  BCNOMO2AMENbHbIX  PEenpPOOYKMUBHBIX — mexHoNIo2ul 68  YKpaune.
Ilocneonue 20 nem gcnomoeamenbHulX penpoOYKMUBHLIX MEXHON02U NPOOOIHCAIOM
HEeYCMAaHHO pA36U8ambvbCs, peuids MHo2ue npooaemMbl COXPAHeHUsi PenpoOyKMUBHO20
nomenyuana  u  aevenus  becnaoous.  Cpedu  COBPEeMEHHbIX — MemoOoo8
8CNOMO2AMENbHBIX PENPOOVKMUBHLIX MEXHONI02UU MOICHO 8blOeUMb paspadomKy
cnocoba KpUOKOHCEpBUpOBaHue 2amem U 3SMOPUOHO8 nymem eumpugurayuu,
npogedeHUue 2eHemuUyecKko20 CKpUHUHea IMOPUOHO8 C Yeablo NpeoomepaujeHus
nepeoauu HAcie0CmeeHHuIX 0OOone3Hel, U NepeHoca SMOPUOHO8 C XPOMOCOMHLIMU
aHOMAuAMuU, podcoenue pebenxka “‘om mpex pooumenei’” npu MINCEIbIX CAYYASX
MYymayuii MUMoXoHOPUATbHO20 2eHOMA U MHO20€ OpPY20e.

Krrouesvie cnosa: penpoodykmushuvle kiemxu; smMOpuoHsl;, oniooomeoperue in
VItro,; nepswiii pebenox “uz npobupku”’; democpagusi; neuenue 6ecnioous
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development and creation of the “Yermak”, the world's first Arctic icebreaker, and
analyzed the stages of preparation and the results of its first expeditions to explore
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the development and creation of “Yermak” icebreaker. Also, the authors gave an
assessment to the role of Vice Admiral Stepan Osypovych Makarov in those events,
and analyzed the role of Sergei Yulyevich Witte, Dmitri lvanovich Mendeleev and
Pyotr Petrovich Semenov-Tian-Shansky in the preparation and implementation of the
first Arctic expeditions of the “Yermak’icebreaker. In addition, the authors
considered and analyzed the assessment of Vice Admiral Stepan Osypovych Makarov
and his personal contribution to the results of the first Arctic expeditions of the
“Yermak "icebreaker made by Baron Ferdinand von Wrangel. The first polar
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expeditions showed that the idea of Vice Admiral Stepan Osypovych Makarov about
the icebreaker fleet was viable and required further development. It is shown that the
results of the first Arctic expeditions made by “Yermak” allowed to significantly
develop knowledge in various scientific fields of Arctic and Earth research, namely,
topography, astronomy, meteorology, hydrology, geology, magnetism, zoology, and
botany. The use of these methods and approaches to scientific research allowed to
retrace the way of life and professional activity of Vice Admiral Stepan Osypovych
Makarov’s systematically and critically evaluate the sources used, highlight the main
points in the current state of studying the subject and the results of predecessors,
specify the most promising directions of research, give a description of the previous
works on this issue and clearly distinguish issues that have not yet been resolved.
Keywords: “Yermak ’icebreaker; Northern Sea Route; Imperial Russian
Geographical Society; Vice Admiral Makarov; Arctic research; polar expeditions

Introduction.

The name of Stepan Osypovych Makarov is inextricably linked with the idea of
conquering the polar ice with the help of an icebreaker. He wanted to free the shores
of Siberia from the ice and provide access to its powerful rivers, connecting these rich
territories with the rest of the world via a cheap sea route. Vice Admiral Stepan
Osypovych Makarov was an outstanding man of his time. He was able to brilliantly
combine naval service and research, addressing the issues of both oceanology and
oceanography. His oceanographic research is all the more significant because it was
carried out in his spare time. Being a hard-working, ambitious, active, extremely
dedicated and strong-willed, perseverant and fearless person, Stepan Makarov
succeeded in many ways. One of successes, and perhaps one of the most significant,
was the creation of the “Yermak™ icebreaker and its first expeditions (Figure 1).

Figure 1. The “Yermak” at the in 1898 at the shipyard of Armstrong Whitworth &
Co. at Low Walker on the Tyne (Tyne & Wear Archives & Museums, 2013,
November 27).
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The “Yermak™ icebreaker brought Makarov worldwide recognition and fame
and made him a national hero (Wrangel, 1913, p. 221). However, there are few
scientific researches dedicated to the very idea of using icebreakers for the
exploration of the Arctic, the creation of the “Yermak”, its tests and scientific
achievements of the first expeditions (Avkhadeev, 2018; Fyfe, 1900; Gogorev &
Samsonov, 2016; Gulston, 1901; Saunders, 2017; Sukhova & Skrydlov, 2018,
Czernyadjeva, Afonina, & Kholod, 2020; Ruksha, 2000; Skrydlov, 2019). Many of
them briefly mention the “Yermak” icebreaker as the first icebreaker of the Arctic
class, give its technical characteristics, or mention the contribution of the first
expeditions in the development of the Northern Sea Route. The authors of this work
haven’t found any fundamental study that would either consider or structure the
stages of development and creation of the “Yermak”, the world's first Arctic
icebreaker, or analyze the stages of preparation and results of its first expeditions to
explore the Arctic. Therefore, this is the purpose and the main objective of this study.

Research methods.

Systematic analysis of historical sources and biographical material allowed to
separate and comprehensively consider the conditions and prehistory for the
development and creation of “Yermak™ icebreaker. Also, the authors gave an
assessment to the role of Vice Admiral Stepan Osypovych Makarov in those events,
and analyzed the role of Sergei Yulyevich Witte, Dmitri Ivanovich Mendeleev and
Pyotr Petrovich Semenov-Tian-Shansky in the preparation and implementation of the
first Arctic expeditions of the “Yermak™ icebreaker. In addition, the authors
considered and analyzed the assessment of Vice Admiral Stepan Osypovych
Makarov and his personal contribution to the results of the first Arctic expeditions of
the “Yermak”™ icebreaker made by Baron Ferdinand von Wrangel. The first polar
expeditions showed that the idea of Vice Admiral Stepan Osypovych Makarov about
the icebreaker fleet was viable and required further development. It is shown that the
results of the first Arctic expeditions made by “Yermak™ allowed to significantly
develop knowledge in various scientific fields of Arctic and Earth research, namely,
topography, astronomy, meteorology, hydrology, geology, magnetism, zoology, and
botany. During the preparation of the article, chronological, comparative methods of
historical knowledge, classification, and systematization of historical sources and
bibliographic material were used (Gaidai & Srogosz, 2021; Gutnyk, Tverytnykova, &
Sklyar, 2019; Strelko, 2021; Strelko et al., 2021; Strelko & Pylypchuk, 2021). The
use of these methods and approaches to scientific research allowed to retrace the way
of life and professional activity of Vice Admiral Stepan Osypovych Makarov’s
systematically and critically evaluate the sources used, highlight the main points in
the current state of studying the subject and the results of predecessors, specify the
most promising directions of research, give a description of the previous works on
this issue and clearly distinguish issues that have not yet been resolved.
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Results and discussion.

The name of Stepan Osypovych Makarov is inextricably linked with the idea of
conquering the polar ice with the help of an icebreaker. He wanted to free the shores
of Siberia from the ice and provide access to its powerful rivers, connecting these rich
territories with the rest of the world via a cheap sea route. Vice Admiral Stepan
Osypovych Makarov was an outstanding man of his time. He was able to brilliantly
combine naval service and research, addressing the issues of both oceanology and
oceanography. His oceanographic research is all the more significant because it was
carried out in his spare time. Being a hard-working, ambitious, active, extremely
dedicated and strong-willed, perseverant and fearless person, Stepan Makarov
succeeded in many ways. One of successes, and perhaps one of the most significant,
was the creation of the “Yermak™ icebreaker and its first expeditions. The “Yermak”
icebreaker brought Makarov worldwide recognition and fame and made him a
national hero. However, there are few scientific researches dedicated to the very idea
of using icebreakers for the exploration of the Arctic, the creation of the “Yermak”,
its tests and scientific achievements of the first expeditions. Many of them briefly
mention the “Yermak” icebreaker as the first icebreaker of the Arctic class, give its
technical characteristics, or mention the contribution of the first expeditions in the
development of the Northern Sea Route. The authors of this work haven’t found any
fundamental study that would either consider or structure the stages of development
and creation of the “Yermak”, the world's first Arctic icebreaker, or analyze the
stages of preparation and results of its first expeditions to explore the Arctic.
Therefore, this is the purpose and the main objective of this study.

The idea of exploring the Arctic Ocean appeared in 1892, long before
F. Nansen, a Norwegian oceanographer and traveler, was sent to the Arctic Ocean
(Wrangel, 1913, p. 221). Even at that time, Makarov was convinced that the polar ice
could be conquered with the help of a strong ship that could break the ice. That is
why he collected information about the polar ice from time to time. It should be
added that before Makarov's researches, explorers could only land in the Arctic on
drifting ships that froze in the ice and were carried by ocean currents. That is why
there were special rescue expeditions equipped to save those ships and scientists on
board.

To convince the authorities of the need to develop icebreaking in the Russian
Empire, Makarov focused on the commercial advantage. In particular, he pointed out
that St. Petersburg, the principal port of the Baltic Sea, was closed for 5 months due
to ice, while Arkhangelsk, the main port of the White Sea, was unreachable for 7
months, not to mention large Russian rivers by the sea which were closed for 11 or 12
months. The problem of navigation in the Arctic Ocean remained unchanged under
adverse conditions. February 18, 1897 during the Imperial Russian Geographical
Society Council meeting P.P. Semenov-Tian-Shansky said that Vice-Admiral
S. O. Makarov “expressed to many of the Society Members his thoughts on the
navigation method in the polar seas with the steam icebreakers assistance”. It was
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finally decided to convene an emergent the Imperial Russian Geographical Society
meeting and to propose Makarov “to explain the essence more clearly” (The Imperial
Russian Geographical Society Herald, 1897, February 18).

First of all, the scientist gave a lecture on this issue among specialists and
researchers. The scientific community gave a cold reception to Makarov’s bold
proposal and did not take him seriously. Similarly, speech at the Imperial Russian
Geographical Society and the St. Petersburg Academy of Sciences did not yield
positive results. Both of these institutions did not accept this idea and did not support
it with their authority. In particular, some renowned scientists of the Geographical
Society spoke as if they themselves had visited the Arctic Ocean. They were
convinced that it was impossible to break the polar ice, that ice was subject to
metamorphosis because of large quantities, and therefore no machine could break it.

Such a critical attitude insulted Makarov, but still could not destroy his goal. He
decided to involve the ruling strata of society, people who were fascinated by new
ideas and projects. Thanks to the help of P. P. Semenov-Tian-Shansky, the Vice-
Chairman of the Imperial Russian Geographical Society, on March 30, 1897, he gave
a landmark public lecture at the Marble Palace of the Academy of Sciences for
people who had significant social weight and influence in ruling circles. That lecture
was attended by ministers, representatives of big business and even members of the
Imperial family the President of St. Petersburg Academy of Sciences, Grand Duke
Konstantin Konstantinovich and Grand Duke Alexander Mikhailovich, heading the
Naval Ministry were present (Sukhova & Skrydlov, 2018). At the beginning of the
meeting, Makarov’s colleague the hydrograph F. F. Wrangel performed a report on
the Russian polar research history. Then Makarov told about his observations results
during the voyage “on the Arctic Sea” that summer. According to Makarov: “It isn’t
the question to build an icebreakers or not to do it, but it’s the question to build them
now or wait even longer” (The Imperial Russian Geographical Society Herald, 1897,
March 30). Makarov outlined the history of the ice breaking, which originated in the
Russian Empire and was widely developed in the United States, as well as already
known data on the study of polar ice. The aim of his project was the scientific study
of the entire Arctic Ocean and the discovery of the shortest way to the Ob and the
Yenisey rivers, as well as the discovery of a way to St. Petersburg during the winter.

The ruling circles expressed their interest in this project. Emperor Nicholas Il
ordered Sergei Yulyevich Witte, the Minister of Finance, to get acquainted with
Makarov’s project. Sergei Yulyevich referred to D. l. Mendeleev, who gave a
positive response. After inviting Makarov for a personal audience, Witte was able to
see that he was dealing with a serious scientist, a man of broad scientific views and
practical reason. Therefore, he invited him to go to the Kara Sea, to the rivers Ob and
Yenisey for the necessary practical research. After arriving from the trip, Stepan
Osypovych submitted his report to the Minister of Finance, which was later included
in his scientific work called “Yermak in the Ice” (Makarov, 1898).
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Thanks to Witte’s support, Makarov began work on the first domestic
icebreaker. A commission was set up to work out the technical conditions for its
construction, headed by Makarov. The construction of the icebreaker was entrusted to
the Armstrong plant in Britain, and was thoroughly observed by the watchful eye of
Stepan Osypovych. When signing the contract with this plant, it was stated that the
vessel had to be tested for unsinkability by filling it with water.

Arriving in England immediately after signing the contract, Stepan Osypovych
agreed on all the designs and drawings, and consulted with the builders of icebreakers
from other countries to gain knowledge and practical experience.

r \
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Figure 2. The >1a11r-10hing of the 4“?:31"mak”, 1898, Walkzrﬂ; New;asfiéon-Tyne
(Lockerby, 2011).

In the summer of 1898, Vice Admiral Makarov led the Practical Squadron of the
Baltic Sea, and that is why Mikhail Petrovich Vasiliev, his devoted student, a young
captain of the 2nd rank and a talented sailor had to take control over the construction
of the icebreaker (later he became the captain of the “Yermak”, and died in 1904 on
the Petropavlovsk battleship together with Makarov). Although Makarov could not
visit the launch of the icebreaker on October 17, 1898, he was present at the ship's
tests for unsinkability. These tests were quite successful. In general, many useful
constructive improvements were applied on the “Yermak” according to Makarov’s

personal orders. Baron Ferdinand Ferdinandovich von Wrangel, his friend and
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biographer, noted in his memoirs that after the “Yermak™ was built, he met with
engineers and craftsmen who built the ship. The British highly valued Vice Admiral
Makarov's skills and talents, respected his knowledge of shipbuilding, and admired
his ability to find a way out of any difficult situation even if experienced engineers
couldn’t.

The design of ships specifically intended for breaking ice is a relatively new
branch in the field of naval architecture. Interest in the polar regions, as recorded by
the expeditions to these areas in the early 19th century, predated by many years the
development of materials and power plants required by ships to operate in these
regions. The first seagoing icebreaker, “Yermak” (Figure 2), was built for the Russian
government in 1898. The ship was built of steel, with I£ inch plating along the
waterline. “Yermak” displaced 10,000 tons and had engines of over 10,000 HP. Her
design proved successful and she is generally regarded as the prototype of seagoing
icebreakers (Hill & Coburn, 1961).

The ship, some 319 feet long and 70 abeam, was very tubby in design. Six
boilers fed either three shafts aft or one forward, allowing her to back and ram if
needed— now standard procedure for icebreakers but novel at the time. Speaking of
the bow, she had a strengthened hull of 29 mm plate steel sandwiched with oak and
cork to allow her to break sea ice at over 7 feet thick. Her twin 55-foot high stacks
and round sloping bow with a small stem and flare angles made her readily
distinguishable and came to typify early icebreaker design. Even today, her hull form
Is imitated in even the most advanced polar icebreaker design (Figure 3).

The “Yermak™ began its first voyage on February 21, 1898, leaving Newcastle
for Kronstadt. It was at this time of year that the Baltic Fleet was cut off by ice from
the whole country for 6 months. On March 4, 1898 “Yermak™ approached the city of
Kronstadt, accompanied by solemn applause and greetings from the icebreakers.
Yermak's arrival in Kronstadt was a high day for the city. All the inhabitants of the
city and its environs came out to meet the icebreaker: “Each of those present felt
proud for us, Russians, because there were people among us who were not only able
to draw theoretical conclusions, but could also prove and confirm practical ideas to
open new horizons” (Wrangel, 1913, p. 247). Emperor Nicholas Il telegraphed to
Kronstadt: “Congratulations on your arrival in Kronstadt at this time of year. |
rejoice with you in the brilliant realization of your idea” (Wrangel, 1913, p. 244).

While staying in the port of Kronstadt, the “Yermak” icebreaker freed 11
steamers with valuable cargoes that were in danger. The icebreaker returned to
St. Petersburg with a lot of tourists on board, which evidenced the unusual and
important work performed by Stepan Osypovych Makarov. After arriving in the
capital, he became a national hero (Figure 4).

Makarov’s next goal was a more difficult voyage on the “Yermak” icebreaker in
the polar ice. The Vice Admiral prepared very carefully for this trip. From the outset,
the Vice Admiral emphasized that the “Yermak” was not yet powerful enough to
fight the polar ice, and that a positive outcome, namely the Kara Sea, or even access
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to the Pacific Ocean, could only be achieved with two icebreakers. Makarov stressed
that polar ice had a great resistance and “Yermak” might not be able to cope with it.
Therefore, he chose a direction which, in case of falling into an ice trap, would let
them return the same way with the drifting ice (and the currents beneath it).

Figure 3. The icebreaker “Yermak”. Note the close arrangement of her three stern
screws (Eger, 2015).

In addition to engineering work and calculations, he decided to invite several
scientists to the voyage in order to carry out important scientific research, especially
in places where there no man has been before. For instance, the list included:
Professor Fedor Fedorovich Vitram, the famous astronomer of the Pulkovo
Observatory (his duties included determining the latitudes and longitudes of the signs
placed at different predetermined points of the icebreaker course); Lieutenant
Konstantin Fedorovich Schultz, a mine officer (he was in charge of the
cinematographic and electrical parts of the work, and participated in extracting water
from great depths); Baron Eduard Vasilyevich Toll, a famous scientist and traveler,
was invited to study geology; Lieutenant Isaac Ibrahimovich Islamov was to perform
hydrographic work; Oleksandr Hryhorovych Chernyshov, a forensic scientist, was in
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charge of zoologic questions; Boris Pavlovich Ostashchenko-Kudryavtsev,
Astronomer of the Pulkovo Observatory, was invited in order to make magnetic
observations and study the physical properties of ice; geodetic works and research of
the ice surface were carried out by cadastral engineer Konstantin Tsvetkov. In
addition to scientists, Evhen Ivanovych Stolytsia, a talented artist and a student of
Professor Kuindzhi, was invited to the ship. He was recommended by Count Tolstoy,
Vice President of the Imperial Academy of Arts, and painted a number of beautiful
still lives depicting the amazing polar nature.

A,

Figure 4. This photo shows the “Yermak” arriving at St Petersburg in 1899 (Tyne &
Wear Archives & Museums, 2013, November 27).

In his scientific activity Makarov worked closely with the famous domestic
scientist Dmitry Ivanovich Mendeleev. It was Stepan Osypovych who introduced
smokeless gunpowder invented by D. |I. Mendeleev to the fleet. Dmitry lvanovich
always spoke highly and positively of Stepan Osypovich, but the “Yermak”
icebreaker put an end to their cooperation and friendship. Stepan Osypovych invited
Mendeleev to the voyage as a researcher, but Mendeleev emphasized that the whole
expedition had to take place under the auspices of his name, reducing Makarov to the
position of the Head of the Naval Unit. Mendeleev wanted to lead the expedition, to
determine scientific tasks, to choose the direction, and to make the final decision on
every issue. In short, the famous scientist did not want to be dependent on Vice
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Admiral Makarov. Shocked to the core, the Vice Admiral disagreed. Then Mendeleev
called him “an upstart suffering from a mania for greatness”. This is when the
friendly relations of two prominent people of the late 19" century were destroyed. Of
course, the voyage started without Dmitry Ivanovich.

In our opinion, this fact is very interesting, primarily because it demonstrates
how general fame and recognition can affect and spoil a person's character.
Mendeleev had no right to demand this, because it was well known that the
“Yermak” was the brainchild of Makarov, and he himself was not only an
outstanding navigator, but also a world-renowned scientist.

The first test voyage in the polar ice began on May 29, 1899, when the
“Yermak” set sail from Newcastle for the Arctic Ocean. This expedition was
fundamentally different from the one in Baltic Sea, because the polar ice has different
properties and structure. Two weeks later, the “Yermak” returned because, according
to Stepan Osypovych, the hull was not yet strong enough to travel in the polar ice. A
month later, on July 14, 1898, the second test voyage of the icebreaker began. The
Vice Admiral's records show that the voyage was carried out quite carefully, as there
was no experience in polar voyages yet and because the ice that needed to be broken
was 1.5 to 8 m thick. Throughout the voyage, the team of sailors and scientists
worked harmoniously and amicably. In addition to scientific research, they even
recorded a film. What’s interesting, according to the Vice Admiral's records, polar
bears were killed only when food was needed. In this voyage, the “Yermak” reached
81°30' to the north, quite close to the edge of the ice frame, weakened by the warm
Gulf Stream.

Another interesting observation of Stepan Osypovych was that in the Baltic Sea,
freshwater ice crumbled into small pieces under the icebreaker and got stuck to the
ship, hindering the movement in the water. Instead, the salty polar ice broke in great
chunks, making it easier to move in the water, but touching them caused shocks that
were not felt in the Baltic Sea. The polar ice did not crumble, but crumpled.
However, despite the caution, the “Yermak™ still got a small hole at the beginning of
its journey, which did not allow to dive deeper into the northern ice. It happened near
Spitzbergen. In mid-August 1898, the “Yermak” returned to Newcastle. The news
that the “Yermak™ had returned to England due to a hole in the bow of the ship was
actively used by numerous enemies and opponents of Vice Admiral Makarov. Baron
F. F. Wrangel wrote: “l was in St. Petersburg at that time, and | could not fail to
mention the open malice of many people when they heard the sad news of the Yermak
failure” (Wrangel, 1913, p. 303).

The main problem was that the “Yermak”™ was going to fight the still unexplored
northern ice and terrain. As you know, talented people always have a lot of enemies,
so implementing daring ideas is always a huge risk. The conquest of the northern ice
was one of them. Significant funds were spent on its implementation, but the most
important was the reputation of Vice Admiral Makarov, a man who had never made a
mistake and succeeded in all his endeavors.
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This failure shook Stepan Osypovych's belief that man could conquer the polar
ice. The enemies of the Vice Admiral started to inflate a kind of sensation from this
fact. Baron F. F. Wrangel noted that the scandal would not be possible if Mendeleev
had been on board. In that situation broken relationship with Mendeleev and the
St. Petersburg Academy of Sciences exacerbated the complexity of the situation. But
human pride and a stable system of values of Vice Admiral Makarov did not allow
compromises, so he took the blow firmly with his head high.

In September 1898, a commission arrived in Newcastle to investigate the
damage to the “Yermak™. It consisted entirely of active opponents of Vice Admiral
Makarov. Later in his letter to Baron F. F. Wrangel, he wrote that his extraordinary
frankness was his biggest mistake, and that he shouldn’t have telegraphed to the
Minister immediately about the damage to the ship:

“My frankness hurt me. After arriving in Newcastle, my frankness told me to
send a telegram that the ship had a hole. My punishment for frankness was not long
in coming, because the next day | received a telegram from S. Yu. Witte: “Please stay
in Newcastle until the commission arrives”. I should have sent a telegram: "The
Yermak breaks the ice perfectly. I'll report personally”. It would be vile, but
reasonable, because with my telegram | gave my enemies a reason to arrange a
commission and now the question is how I settle with it (Wrangel, 1913, p. 318).

In any case, the only problem with this situation was that the ice turned out to be
much stronger than the engineers thought. No one appreciated the significant and
invaluable results that the Vice Admiral achieved during those two trips in the polar
ice. They only paid attention to the failure, which, unfortunately, is always inherent in
the Russian people.

Stepan Osypovych regretted that, unlike Russia, England would not look at this
problem as a failure, but on the contrary would welcome the new interesting
information and results. In contrast to his homeland, lectures on polar travel held in
Newcastle caused great excitement and admiration. Despite the complexity of the
situation, when the enemies enjoyed the failure of the Vice Admiral, in late 1898
Makarov finished the 507-page monograph “Yermak in the Ice”, emphasizing that
“all polar expeditions (including Nansen’s) failed to achieve their goal. But if we
know anything about the Arctic Ocean, it is only due to these unsuccessful
expeditions” (Wrangel, 1913, p. 322). This fact suggests that the Vice Admiral had
great strength of spirit. Under conditions when the average person step aside and
reduce efficiency, he managed to put all the data in order and complete his
fundamental scientific work. As if to the detriment of the authorities of the Russian
Geographical Society, Makarov detailed the physical properties of polar ice and its
behavior when exposed to an icebreaker. The monograph was published in 1901 in a
brilliant edition by the well-known publishing house “Blockhouse and Efron”, and
consisted of 507 pages, 152 drawings (most of them were photographs of the best
quality for that time), 5 maps of the polar seas with the routes of the “Yermak”
icebreaker, and the results of hydrological observations.
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This scientific work was divided into 2 parts. In the first part, the author spoke
about the details of the whole expedition. Namely, he described how the idea of
creating an icebreaker was born, how Makarov sought to convince the public of its
necessity, the details of design and construction, a detailed description of the vessel
and its testing on open water. In this part, the author also described the first attempts
of the icebreaker to fight the ice of the Gulf of Finland, and the work in the Gulf of
Finland to release the steamers trapped in the ice. Separate sections of the book were
dedicated to the first and second test voyages in the Northern ice, all the joys and
difficulties of these expeditions, the implemented scientific research, including the
study of the physical properties of ice. In this section, the Vice Admiral detailed the
work of the icebreaker in the Baltic Fleet campaign of 1899-1901.

The second part of this work was dedicated to reports, journals and notes on
astronomy and navigation, meteorology, ice science, observations of ice strength and
resistance to the motion of the “Yermak”, determination of the Earth's refractive
index, experiments with models, chemical analysis of water samples and magnetic
observations. Moreover, the work included the results of zoological research, reviews
of rock samples found in moraine remains on a floating iceberg, and chemical
analysis of water samples. A separate chapter was dedicated to a journal of
hydrological and meteorological observations during navigation.

Of course, the commission headed by Rear Admiral Berilyov, Makarov’s sworn
enemy and opponent, decided that the “Yermak™ icebreaker could no longer go into
the polar ice, but should work only within the Baltic Fleet. In response, Stepan
Osypovych published a rebuttal, giving a detailed description of the reasons for this
failure. In this struggle the victory remained with Makarov. S. Yu. Witte, the Minister
of Finance, was an outstanding strategic thinker, and took more complex paths on his
way to the top, just like Makarov. As a result, the final decision was to repair the
“Yermak™ and use it for the winter work in the Baltic Fleet. Then he planned to build
a new bow until spring and send the fortified “Yermak” to the Arctic Ocean, north of
Novaya Zemlya, and determine whether it is ready for sailing in the polar ice and
carry merchant ships to the mouths of Siberian rivers.

Between 1898 and 1899, the “Yermak™ icebreaker was active in the Gulf of
Finland. That winter, there was a certain resurgence and a sense of security among
the merchants in case a commercial steamer suddenly got trapped in ice. “Yermak”
escorted commercial ships across the ice to Kronstadt and rescued ships captivated in
ice. In particular, we should mention the situation with the Admiral Nakhimov, which
could not leave the Baltic Sea in time due to early frosts and unplanned appearance of
ice in the Gulf of Finland, as well as the General-Admiral Apraksin, which crashed
into the Gotland island during blizzard, and was covered in ice (Figure 5). Thus, trade
routes and connections in the Gulf of Finland were established and opened all year
round, including with Kronstadt, Revel (Tallinn) and other trade hubs. But Stepan
Osypovych himself no longer commanded the “Yermak™ because at that time he led
the Practical Squadron of the Baltic Sea, and in December 1899 he was appointed
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Governor of Kronstadt. The ship was under the command of Mikhail Petrovich
Vasiliev, a talented navigator and a close friend of Makarov.

ot
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Figure 5. Icebreaker “Yermak” while rescuing the battleship “General-Admiral
Apraksin” off the island of Gogland (Chapple, 2020).

In the summer of 1900, according to the contract, the “Yermak” went to
Newcastle for the planned reconstruction of the bow. Even by that time, the
icebreaker had brought a lot of benefits to the Russian Empire and had fully recouped
the cost of construction. People say there is a blessing in disguise, so the first failure
only prompted Stepan Osypovych to work harder, leading him to the long-awaited
victory. This trend can be observed throughout the life and work of the prominent
Vice Admiral. It is worth mentioning his fascination with mines, torpedoes and
destroyers during the Turkish War of 1877-1878.

In March 1901, Vice Admiral Makarov again raised the question about the next
voyage to the Arctic Ocean and addressed the Minister of Finance S. Yu. Witte. This
time Makarov set a goal to get as close to the North Pole as possible. S. Yu. Witte
sent Makarov’s statement to P. P. Semenov-Tian-Shansky, the Vice-Chairman of the
Imperial Russian Geographical Society, and to Admiral M. M. Chikhachov.

That time P.P.Semenov-Tian-Shansky did not support Makarov’s idea
(Sukhova & Skrydlov, 2018). In 1901, in a letter to S. Yu. Witte, after the polar
research importance discussing, P. P. Semenov firmly stated that the “Yermak™ didn’t
suit for the polar voyages and, consequently, for polar studies (Wrangel, 1913,
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p. 362-365). He might have been frightened by the public response to the Yermak's
first failure, or might have changed his mind. In any case, he gave a respectful but
negative response to Makarov’s statement. A similar conclusion can be drawn from
the response of Admiral M. M. Chikhachev, who also substantiated his thoughts on
the inexpediency of the voyage. They did not doubt that the icebreaker could break
the ice, but they were worried about whether the “Yermak™ would be able to cope
with this task. Based on these reviews, Witte withheld the “Yermak” from swimming
again in the polar ice. This refusal was a severe blow to Makarov, so he wrote Witte a
personal letter full of hope. After that, Witte approved the voyage.

The voyage was scheduled for the summer of 1901. The main purpose of the
voyage was to study and describe the route to the Ob and the Yenisey rivers through the
northern part of the Novaya Zemlya and the Kara Sea in order to determine the
possibility of summer sailing to the mouths of these Siberian rivers. For the Russian
Empire, establishing such a trade route was very important, because it could lead to
proper shipping along the entire length of these rivers. That could have a huge impact on
the development of northern Siberia with its forests, minerals and fish, and would allow
transporting a huge amount of agricultural and livestock products of the temperate zone
(products that could not be transported by rail). Before the expedition, Stepan
Osypovych emphasized that on the basis of his knowledge about the Kara Sea and the
northern ice, a powerful icebreaker could pave the way for commercial steamers in the
summer, but he did not consider the “Yermak™ powerful enough to do this.

That time he invited many scientists to join the expedition: Baron Volodymyr
Yevhenovych  Gravenitz, astronomer and fleet Lieutenant; Volodymyr
Kostiantynovych Neupokoiev, meteorologist and hydrologist, fleet Lieutenant;
Semen Petrovych Vulkov, physicist and magnetologist, chemist of the laboratory of
the Maritime Department; Valerian Mykolaiovych Weber, geologist and mining
engineer; Oleksandr Hryhorovych Chernyshov, zoologist and sea doctor; Ivan
Volodymyrovych Palibin, botanist and conservator at the St. Petersburg Botanical
Garden; Apollon Pavlovych Ravinskyi, topographer; and Anatolii Oleksandrovych
Palibin, navigator and photographer.

The “Yermak” began its second voyage in May 1901. First the expedition
reached Spitzbergen. 60 miles (96km) away from Novaya Zemlya they hit the ice
which was 23 feet (7 m) thick, so for several days they hardly moved at all. During
the stop, scientists arranged tours to collect research material and samples or study
ice and flora. The “Yermak”™ was captivated by the northern ice for almost a month,
from June 25 to July 24, 1901. After the icebreaker was set free, Makarov decided to
go to Franz Joseph Land (in particular, to Cape Flora), then to Novaya Zemlya (to
Cape Ledyanoy), and then to Spitzbergen, conducting scientific research along the
way. The team of scientists landed at Hochstetter Island to get acquainted with its
nature and collect samples from the island which was unknown until then. It was the
first time Makarov found warm water between Franz Joseph Land and Novaya
Zemlya. Passing near Novaya Zemlya, they visited Cape Nassau, Pankratiev Islands,
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Krestovaya Guba, Mashigina Bay, Cape Shantz, the Admiralty Peninsula, Cape
Borisov and Sukhoy Nos. After carrying out the necessary scientific research, on
September 1, 1901, the “Yermak” icebreaker returned to Kronstadt.

Of course, the goal of the voyage was not achieved, because the “Yermak”™ was
not strong enough to break thick ice. However, that expedition showed that
Makarov’s idea on the icebreaker fleet was viable and required further development.

Returning from the expedition, the scientific team of the “Yermak™ presented
valuable research material. In particular, it included:

1. Topographic data. O. P. Ravinskyi, topographer, took photographs and held a
coastal cypregel survey, which served as a basis for the map of the northern part of
Novaya Zemlya, between Mashigina Bay and the northern part of the Krestovyi Gulf
up to Sukhoy Nos. He also drew 4 maps of glaciers and ice fields.

2. Astronomical data. Gravenitz, astronomer, and Neupokoev, meteorologist,
calculated the astronomical position of Cape Shantz and Cape Smirnov in the
northern part of Novaya Zemlya, as determined by the noon heights of the sun and
the North Star.

3. Meteorological data. Lieutenant Neupokoiev monitored all elements of the
atmosphere every 4 hours.

4. Hydrological data. Data were collected continuously every 50 miles. A total
of 107 hydrological stations were investigated.

5. Geological data. Weber, mining engineer, collected samples of marine soils
on the landslides encountered at sea, and also conducted coastal studies of the
structure of the earth's surface and the nature of the fossil animals. Professor
Stukeberg studied corals from the deposits of Novaya Zemlya.

6. Data on terrestrial magnetism collected by S. P. Vulkov in various places on
land and sea.

7. Zoological data. Obtained during hydrological stations, mainly from the
bottom of the Barents Sea.

8. Botanical data. I. V. Palibin obtained important results in the study of marine
phytoplankton, diatoms in the polar ice and terrestrial vegetation of Spitzbergen,
Franz Josef Land, and the northern part of Novaya Zemlya in terms of its state and
history of development (Gogorev & Samsonov, 2016). The beginning of bryophyte
exploration can be attributed to L. V. Palibin, who participated the expedition on the
icebreaker “Yermak™ to the Barents Sea in 1901 (Czernyadjeva, Afonina, & Kholod,
2020). He published records of 12 moss species, collected mainly at the Flora Cape,
Northbrook Island, and also small collections in Hochstetter Island (Palibin, 1903—
1906) (Palibin, 1903a, 1903b, 1903c, 1903d, 1904, 1906a, 1906b). A .A. Yelenkin
and V. P. Savichev were responsible for the treatment of lichens, while the rest of the
spore plants (mosses, fungi, algae) brought from the expedition were studied by:
Professor Broterus, Kolkwitz, Gran, Nadson, Yachevsky.

9. Soil data. The materials collected from this area were transferred to the
Dokuchaev Soil Committee and processed by Armakovskaya.
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Despite the fact that at first glance the voyage had a negative result, the
expedition members held a completely different opinion. After all, they were all
recognized scientists who voluntarily agreed to withstand the difficult conditions in
order to replenish knowledge and information for the development of the above
branches of science.

Nonetheless, they thought differently in St. Petersburg. People who had nothing to
do with science saw only practical meaning and economic results of the voyage.
Admiral A. A. Berilyov, the enemy of S. O. Makarov, took advantage of the so-called
failure and sent a scathing letter to S. Yu. Witte: “The “Yermak” returned with nothing:
the ice remained impassable, and the ship itself was unworthy, both in design and
execution, to make polar voyages and open the pole” (Wrangel, 1913, p. 402).

No matter how hard Admiral Berilyov tried to denigrate the name of
S. O. Makarov, the Yermak's second voyage was accepted even more positively than
the first one. It was finally decided that the “Yermak” would no longer sail in the
polar part of the ocean, and would remain in the Baltic Fleet. The “Yermak” was
placed at the disposal of the Port Affairs Committee. This is how they took away
Makarov’s creation, to which he devoted so much work, attention and energy.

Until the very last moment, not obeying public opinion, Stepan Osypovych
argued that, if the “Yermak” had not been limited in time, it would have been
possible to cross the Arctic Ocean. When it was decided to equip the expedition to
help Baron Tol and his comrades, S. O. Makarov suggested to use the “Yermak”, but
the academic commission instructed to consider this proposal rejected his opinion.

At that time Vice Admiral's contemporaries, both his friends and enemies,
wondered whether Makarov's idea of icebreakers was too self-assured. Everyone had
a different opinion. At that time, there was no definitive answer to this question. Here
is how Baron F. F. Wrangel wrote about this:

“There are people who only value tangible material benefit; some place the
glory of the Motherland above all, others view the search of truth, the victory of man
over the forces of nature as the highest task of mankind. It seems to me that in the
nearest future, a renewed Russia will deploy the inexhaustible forces of its people,
use the immense treasures of its natural resources, and this is when the bold opinion
of the Russian hero Makarov will be realized. We will build icebreakers that will pass
through the ice of the Arctic Ocean as freely as the “Yermak” passes through the
waters of the Gulf of Finland. The Arctic Ocean will be studied thoroughly by
Russian sailors, on Russian icebreakers, for the benefit of science and for the glory of
Russia. No one can predict the economic benefits that Russia will eventually receive
from this human victory over the forces of nature. But the history of mankind proves
that any enrichment of science pays off a hundredfold, not to mention the moral
significance of the people's readiness and ability of their sons to give themselves to
misery and danger in the name of the idea” (Wrangel, 1913, p. 404-405).

As time has shown, Makarov’s voyage in the Arctic Ocean began a
fundamentally new stage of Arctic conquest and exploration, as he carried it out on
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the world's first powerful icebreaker. In other words, the “Yermak” icebreaker
created by Makarov made two expeditions to the Arctic in 1899 and 1901. But Vice
Admiral Makarov's contemporaries did not realize that is was a fundamentally new
stage of the conquest of the Arctic.

In 1904, reporting to the Imperial Russian Geographical Society on the tragic
Makarov’s death during the Russian-Japanese War, the Chairman of the Department
of Physical Geography, geologist F. N. Chernyshev noted that the “Yermak™ creation
“at first seemed to be a paradox” and after the first not quite successful navigation
experience provoked “criticism of the very icebreaker idea” but finally turned out to
be a world discovery (Sukhova & Skrydlov, 2018). Chernyshev, having himself
participate in the 1901 expedition to Novaya Zemlya, organized by Makarov,
believed that the “Yermak” was the most suitable vessel for fighting polar ice.
Maritime department only after the Makarov’s death realized the importance of using
icebreakers fo the Northern Sea Route development.

The most interesting thing in this whole story is that the North Pole was reached
only 5 years after the death of Stepan Osypovych, on April 6, 1909 by the American
discoverer Robert Perry. It happened as predicted by Baron F. F. Wrangel: in the 20"
century, researchers have advanced thousands of miles in the study of the Arctic
Ocean, making a huge contribution to the development of the Arctic. There are no
more white spots on the map, and all the physical, geographical, zoological and
chemical properties of this ocean have been studied.

The most important thing is that the largest ridges and plateaus of this area are
named after famous domestic scientists: Lomonosov ridge, Gakkel ridge, Mendeleev
ridge, Makarov plateau. Despite Makarov and Mendeleev had an argument and did
not find common ground in the study of the Arctic Ocean, their names will always
stay next to each other, both on the map and on the ground.

Conclusions.

The Arctic voyage of the “Yermak” icebreaker leaded by Admiral
S. O. Makarov has initiated a fundamentally new stage in the conquest and
exploration of the Arctic.

The results of the first Arctic expeditions of the “Yermak™ icebreaker allowed to
significantly develop knowledge in various scientific fields of Arctic and Earth
research, namely, topography; astronomy; meteorology; hydrology; geology;
magnetism; zoology; botany.
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I'anuna /laBuaoBchbKa
YOpTKIBCHKHI ~ HaBYaJbHO-HAYKOBUI  IHCTHUTYT MIANPUEMHULTBA 1 Oi3HECy
3ax1IHOYKpaiHChKOIO HalllOHAJBLHOTO YHIBEPCUTETY, Y KpaiHa

Ouaexciii IleTpy4yenko
Jlep>xaBHUI yHIBEepCcUTET 1HPPACTPYKTYpH Ta TEXHOJOTIH, YKpaiHa

Boaoaumup Snin
Jlep>xaBHUI yHIBEpCUTET IHPPACTPYKTYpH Ta TEXHOJOTIH, YKpaiHa

CTBOpEHHS NMEPIIOro B CBITI KPUIoJiaMy apKTHYHOIO KJjacy “€pmak” Ta anaJsi3
3HAYEeHHA pe3y/bTaTiB HOro NeplMx eKCneauii 1 JOCTIIKeHHA APKTUKH

Anomauia. Y Oanuiti cmammi, asmopamu SUpiuleHo 3a80aHHs pO32aa0y ma
nepioouzayii emanié po3poOKU mMa CMBOPEHHS Nepuioco 8 C8Imi Kpucoiamy
apkxmuunoz2o kaacy “€Epmaxk”, a makoxc awanizy emanié ni02omoeKu ma
pe3yrbmamie 1020 nepuiux excneouyiu y oocnioxcenusax Apkmuxu. Cucmemuui
AHani3 ICMopuYHUX Odicepel ma Oiocpagiunux mamepianie 00360.U8 Bi00KpeMumu
ma 8ceOiYHO PO32NAHYMU YMOBU Ma nepedicmopito noodiil, wo nepeoysaiu po3pooyi
ma cmeopenHto Kpueoaramy “Epmax”. [lama oyinxa poni giye-aomipara Cmenana
Ocunosuua Maxaposa y yux nooisx. IIpoananizosano yuyacme Cepeis FOnitioguua
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Bimme, /mumpa Isanosuua Menoencesa, Ilempa Ilemposuua Cemernosa-TsHb-
lllancokoeo y niocomosyi ma peanizayii nepuux apKmuyHux eKcneouyii Kpueoiamy
“€pmax”. Poszensnymo ma npoaunanizosano oyinky obapona Depounanoa
@Depounanoosuua Bpamneens, wooo ocobucmoeo 6Hecky 6iye-aomipara Cmenana
Ocunosuua Makapoea ma pe3yibmamie nepuiux apKmudHuUx eKcneouyiu Kpueoiamy
“€pmax” nio uoeo komanoysanuam. llepwi nonapui excneouyii noxasanu, wjo ioes
giye-aomipana Cmenana Ocunoseuua Makaposa npo Kpueoramuui @rom €
AHCUMMEIOAMHOIO [ 8UMA2ANA NOOANLUL020 po3eumk)y. [loxkazano, wo pesyromamu
nepuux apKkmuyHux excneouyiu “€pmax” 00360auUNU 3HAYHO PO3BUHYMU 3HAHHA )
PIBHUX HAYKOBUX 2any3iX O0o0cniodcenHus Apxmuxu ma 3emni: monoepaii;
ACmMpoOHOMIi;, Memeopoocii; 2i0ponoeii; 2eon02ii; MazHemuzmy, 300102ii;, OOmaHiyi.
11i0 yac niocomosxku cmammi 6UKOPUCMAHO XPOHOJLO2IYHUL, NOPIGHSIbHUN NPULOM
ICMOPUYHUX 3HAHL, KIACUIKAYII0, cucmemMamusayiro iCmopudHux odceper ma
bibnioepagiunoco mamepiany. Buxopucmarnns yux memooig i nioxooie 00 HAYKOBO2O
00CTIOIHCEHHST Q0360IUNO BIOCNENCUMU HCUMMEBUL WX | NPOogheciiny OisbHICMb
giye-aomipana Cmenana Ocunosuua Maxaposa, cucmemamuyHo ma KpUmuyHo
OYIHUMU BUKOPUCMAHI 0dicepena, SUOLIUMU OCHOBHI MOMEHMU CYYACHO20 CHMAHY
BUBYEHHS ~ npeomema  ma  pe3yibmamu  OO0CAIONCEHHS. nonepeoHuKis,
KOHKpemu3y8amu HAuoOiibl NepCneKmusHi  HANpAMKU  OOCHIONCeHb, HAO0Amu
Xapakxmepucmuky HONnepeoHix pooim 3 Ybo2o NUMAHHA MaA YIMKO Bi00KpeMumu
NUMAaHHs, AKI uje He 6YauU 00 Ybo20o YACy BUPIUIEHI.

Knwuoei cnoea: «puconam  “Cpmax”;  Ilienivnuii.  mMopcbKun  wiasx,
Imnepamopcovke Pocilicoke 2eocpagiune moeapucmeo, 6iye-aomipan Maxapos,
0ocniodcenHs ApkmuKu,; nosapHi ekcneouyii

I'anuna /laBb11oBCcKasi
YopTKOBCKUI y4yeOHO-HAy4YHBIH WHCTUTYT MpEANpUHUMATEIbCTBA HW  Ou3HEca
3anagHOYKpPauHCKOTO HAllMOHAJILHOTO YHUBEPCUTETA, Y KpanHa

Auekceii Ilerpydyenko
['ocynapcTBeHHBIN YHUBEPCUTET MHPPACTPYKTYPHI M TEXHOJIOTUH, Y KpanHa

Baagumup SAaun
['ocynapcTBeHHBI YHUBEPCUTET HHPPACTPYKTYPHI U TEXHOJIOTUH, YKpanHa

Co31aHue nmepBoro B Mupe JieIoK0Jia apKTHYECKOro Kiacca “Epmaxk” u ananu3
pe3yJIbTATOB €ro MepPBbIX IKCHEAULMH VISl HCCIeAOBAHUA APKTUKHU

Annomayusn. B oannoil cmamve agmopamu peutenvl 3a0auu paccmMompenus u
nepuoouzayuu dmManos paspadbomku U CO30aHUs Nepeoco 8 Mupe Jed0KoId
apkmuyeckozo knacca “Epmax”, a maxoice aumanuza smanos noO20mMosKU U
pe3yibmamos e2o0 nepevix IKcneouyuli 6 ucciredogarue Apxkmuxu. CucmemHblll
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aHanu3 UCMOPUYEeCKUX UCMOYHUKO8 U Ouocpaguueckux mamepuanos Hno380uUl
omoenums U BCeCMOpoOHHE PACCMOMpemsb YCI08Usl U NPeoblICMOpuro CoObLIMULL
npeoulecmeosasuiux papabomke u cozoanuio aedoxonra “Epmax”. J/lana oyenxa
ponu  euye-aomupara Cmenana Ocunosuya Makaposa 6 >mux CcoOObIMUSX.
IIpoananuzuposano yuacmue Cepees FOnvesuua Bumme, [Imumpus Heanosuua
Menoeneesa, Ilempa Ilemposuua Cemenosa-Tanv-Illanckoco 6 noozomoske u
peanuzayuu nepevix apKkmuueckux sxkcneouyuii redoxona “‘Epmax”. Paccmompena u
npoananusuposana oyeuka oapona Depounanoa Depounandosuua Bpaneens,
OMHOCUMENLHO TUYHO20 8KNaoa suye-aomupana Cmenana Ocunosuua Makaposa u
pe3yibmamos Nepevix apKmuyeckux sxcneouyut aedokoaa ‘‘Epmax” noo eco
Komanooeanuem. Ilepgvie nonspuvie dKcneouyuu NOKA3AAU, YMO UOes Guye-
aomupana Cmenana Ocunosuua Maxaposa 0 1e00KOIOMHOM ¢hrome 5615emcs
JHCU3HeCnocobnol u  mpebosana OanvHeuweco pazsumud. Ilokazamo, umo
pe3yibmamvl Nepevix apKkmuyeckux sxcneouyuti “‘Epmaka’ nozeonunu 3uavumensvHo
Pazeums 3HaHUsL 8 PA3IUUHBIX HAYYHBIX 00AACMAX UCCIe008aHUs ApKmuKy u 3emau:
monozpaguu; acmpoHOMUU, MemeopoIocUU, SUOPOTIO2UL, 2€0N02UL, MACHEeMUIMA,
300102uu; 6omanuxe. Ilpu noocomoske cmamoi UCNONBL30BAIUCH XPOHOJIOSUHLECKU,
CPABHUMEIbHBIL ~ Memoobl  UCMOPUYECK020  NO3HAHUA,  Klaccuguxayuu  u
cucmemMamu3ayuy UCMOPUYEeCcKUxX UCMOYHUKO8 U Oubauospaguuecko2o mamepuaia.
Hcnonvzosanue 0aHHbIX Memo0o08 u N00X0008 K HAYYHBbIM UCCLe008AHUAM NO3EO0JIUILO
NpOCIeOUmMd  HCUSHEHHbIL NYymb U NPODECCUOHATILHYIO  0esimeNbHOCHb  Guye-
aomupana Cmenana Ocunosuya Makapoea, cucmemamuiyecKku U KpUmudecKu
OYeHUmb  UCHONb306AHHbIE — UCMOYHUKU,  8blOEIUMb  OCHOBHblE  MOMEHMbl
COBPEMEHHO20 COCMOAHUA U3YYeHUus: npeomMema u pe3ylbmamsl UcCCie008aHUs
npeoulecmeeHHUKo8, KOHKpemu3uposams Hauboiee nepcnekmusnvle HanpasieHus
ucciedoBanull, 0ams onucaHue npeovlOywux pabom no OAHHOM) 80NPOCY U YEMKO
8b10ENUNb BONPOCHL, KOMOpble euje He OblLIU 00 IM020 BPEMEHU PEUUEHbL.

Knwuesvie cnosa: neooxkon  “Epmax”; CesepHvllli  MOPCKOU  Nymv,
Hmnepamopckoe Pycckoe eceocpaghuueckoe obwecmeso, suye-aomupan Maxapos,
uccnedosanusi Apkmuxu, noasapHsle IKCneouyuu

Received 08.05.2021
Received in revised form 16.09.2021
Accepted 01.10.2021

350



http://www.hst-journal.com Icmopis Hayku i mexHiku 2021, mom 11, sunyck 2
History of science and technology, 2021, vol. 11, issue 2

DOI: 10.32703/2415-7422-2021-11-2-351-382

UDC 656.022.8:656.66:656.613
Oleksij Fomin
State University of Infrastructure and Technologies
9, Kyrylivska Street, Kyiv, Ukraine, 04071
e-mail: fomin1985@ukr.net
https://orcid.org/0000-0003-2387-9946

Alyona Lovska

Ukrainian State University of Railway Transport
7, Feuerbakh Square, Kharkiv, Ukraine, 61050
e-mail: alyonalLovskaya.vagons@gmail.com
https://orcid.org/0000-0002-8604-1764

Anatolii Horban

State University of Infrastructure and Technologies
9, Kyrylivska Street, Kyiv, Ukraine, 04071

e-mail: Feklol5@gmail.com
https://orcid.org/0000-0002-3396-0898

Historical aspects of construction and operation of train ferry routes

Abstract. Sustainable development of the transport industry can be provided
through the introduction of combined transport systems. And one of the most
promising ones is the train ferry transport system which combines railway and
marine transport facilities. The article deals with the analysis and systematization of
the data on the historical development of train ferry routes and describes the
background for the construction of train ferry routes and their advantages over other
combined transport types. It also deals with the basic features of the train ferries
operating on the main international train ferry routes. The study is concerned with
both sea routes and routes across rivers and lakes. The article shows the role of train
ferry routes in the improvement of a national economy, and in the provision of the
military defense, as it was described by Vinogradov at the example of Saratovskaya
Pereprava (route) and by Karakashly and Shklyaruk at the example of the lighter
Ishimbay which was loaded from the side. The authors have analyzed the
development of the train ferry routes serviced by the ice-breaking train ferries Baikal
across Lake Baikal, and the ferries Sakhalin linked mainland Russia and Sakhalin
Island. The article deals with the peculiarities of transportation by trains ferries in
the USA, Japan, Azerbaijan, Dagestan, Germany, Lithuania, and some other
countries, and presents the analysis of the operational features of Ukrainian train
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ferries which connect Ukraine with Bulgaria, Georgia, and Turkey. Besides, the
article describes some peculiarities of the loading and transportation of passenger
trains by train ferries. The study deals with structural peculiarities, and processing
technology used for modern train ferries operating across the Black Sea, the Caspian
Sea and the Baltic Sea. The research is based on the analysis of works by Egorov (the
Marine Engineering Bureau, Ukraine). The research emphasizes the importance of
train ferry transportation for the sustainable development of national economies
including the economy of Ukraine.

Keywords: train ferry; combined transportation; combined transport; marine
transportation; rail ferry route

Introduction.

The rapid development of economic relations between European countries has
required reforms in the transport industry. And one of the most effective solutions in
this area is the formation of combined transport systems. The maritime countries are
integrated into the international transportation system through their train ferry routes
serviced by specially equipped vessels — train ferries — which can transfer rail cars by
sea. This type of transportation has a great number of significant advantages over the
other types of combined transport, among which are

— the shorter delivery way from consigner to consignee, which can reduce the
relative transportation cost;

— No necessity to transship the freight;

— less damage and fewer losses of the freight; and

— faster delivery from consigner to the consignee.

The map of train ferry routes has constantly expanded. Modern train ferries with
innovative structures and processing technologies have been put into operation. The
higher efficiency of this combined transportation can improve the national economy
of any maritime country.

The historical development of the most important train ferry routes were
analyzed in studies by Sotnikov (1993, p. 84-92). However, the author focused on the
geographic features of these routes. Zemlezin (1970, p. 4-12) and Shmakov (1975,
p. 87-94) considered the issue of the technical adjustment of rail cars to
transportation by train ferries, and described the dynamics of rail cars during marine
transportation. In his work Sukolenov et al. (1989, p. 25-34) studied the processing
technology for train ferries.

Tolstov studied the peculiarities of construction and operation of the train ferry
route across Lake Baikal. He also analyzed the structure and processing technology
of the train ferry Baikal. However the author did not describe the other train ferry
routes across the lake (Tolstov, 2001).

The development strategy of the railway transport system in the West African
Economic and Monetary Union (WAEMU) was studies on the basis of the
SWOT/AHP technique by Bouraima (Bouraima, Qiu, Yusupov, & Ndjegwes, 2020).
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According to the results of the research the authors suggested the strategies for the
regional integration and trade which can balance the national and regional
development. However they did not analyze the impact of the already existing train
ferry transportation routes on the development strategy of West African countries.

The prospects of development of Silk Road were studied by Gondauri &
Moistsrapishvili (2019). The authors described the background for the development
of this route and its strategic significance for Georgia, Azerbaijan, Kazakhstan, and
other countries. But the study only focused on one train ferry route.

Economic evaluation of train ferry transportation at the example of the Land
Ferry system was conducted in the study (Merrill, Paz, Molano, Shrestha,
Maheshwari, Haroon, & Hanns de la Fuente-Mella, 2016). The authors substantiated
the advantages of this combined transportation over other transport facilities. It
should be noted that the historical background for this route was not described in the
study.

The studies (Fomin & Lovska, 2020) and (Parkhomenko, Viznyak, Skurikhin, &
Eiduks, 2020) described the peculiarities of construction and operation of train ferry
routes. However the studies mostly highlighted European routes and did not analyze
the historical background of their construction.

The historical aspects and the development concept of train ferry routes across
the Baltic Sea in the increasing regional competition were described by Mankowska
(2015). However, the author researched only transportation of passenger trains by
ferries in the Baltic Sea.

The operation features of train ferry routes were presented in the study (Tanko
& Burke, 2017). The authors researched the most popular international routes.
However, they did not consider the background of their construction and
development prospects.

The development of Swedish ferry routes was studied (Tanko, Burke, &
Cheemakurthy, 2018). In their work the authors made the comparative analysis of the
prospects of development and the advantages of ferry routes in Sweden and Australia.
However the historical background for their construction was not presented.

The system analysis study into the development of transport-and-technological
systems of train ferries was made by (Kazymyrenko, Drozd, Yeholnikov, &
Morozova, 2020). In their research the authors analyzed the advantages of train ferry
transportation and its development prospects. The prospects and the advantages of
combined marine transportation were also described in (Binova, Bfezina & Mracek,
2018) at the example of the routes linking European countries and China. However
the historical aspects of the development of train ferry transportation were not given.

The analysis of the literature presented above makes it possible to conclude that
nowadays it is important to analyze and systematize the data on the historical
development of the main train ferry routes, as well as the development of train ferries
operating on these routes.
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Therefore, the purpose of the article is to describe the main tendencies of
development and operation of train ferry transportation. In order to achieve the
purpose the following tasks were set:

— to study the background for the development of train ferry transportation;

—to study the peculiarities of the development of train ferry transportation in
the world; and

— to study the features of development of train ferry transportation in Ukraine.

Research methods.

The basic method used in the research into the historical aspects of construction
and operation of train ferry transportation is the historical approach. The research
includes the analysis of periodical and historical literature which covers the issues of
construction, development and operational prospects of train ferry transportation.

Results and discussion.

The world first train ferry service was launched in 1851; it operated across the
Firth of Forth from Granton and Burntisland (Sotnikov, 1993, p. 84).

In Germany the first train ferry service was put into operation in 1882; the 25-
km route linked Stralsund and Altefahr.

In 1905 Italy started a train ferry service across the Strait of Messina. It was an
8-km route with ten ferries in operation. The distance between the ports Villa San
Giovanni and Messina was covered in 40 min.

Later on, in 1961, a train ferry route across the Tyrrhenian Sea was launched; it
connected mainland Europe and the Island of Sardinia (Sotnikov, 1993, p. 85).

In 1983 Italy built the double-deck ferry Garibaldi to link the mainland and the
Island of Sardinia. Apart from rail cars it transported wheeled equipment. It also had
some passenger rooms. Rail cars and wheeled equipment were rolled on through the
stern doors equipped with the ramp. The ferry had two elevators that could
simultaneously lift 40-ton rail cars to the upper deck or the hold in 30 seconds. The
rail cars were distributed on the hold width with a special platform moving along the
transverse axis of the ferry.

The ferry was also equipped with a 25-ton crane for elevating 24 containers to
the upper deck. The displacement length of the ferry was 137.8 m, the breadth — 18.9
m, the draft — 5.7 m, and the capacity — 80 rail cars. The ferry speed was 20.3 knots
(Sudostroenie, 1983).

In 1909 a train ferry service started between Sassnitz (Germany) and Trelleborg
(Sweden). The route was serviced by the ferries Riigen, Rostock, Trelleborg and
others (Sotnikov, 1993, p. 85).

The ferry Riigen was built in 1972; it could place 37 freight cars. The
automobile deck accommodated 12 freight cars or 73 passenger cars. The ferry speed
was 20.3 knots (Sotnikov, 1993, p. 85; Serova, 1988). The rail cars were rolled on/off
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horizontally through the stern ramp. The ferry was equipped with stabilization
devices against sea disturbance (Sudostroenie, 1973).

The ferry Rostock, built in 1977, could transport 49 freight cars located on its
five tracks. The capacity of the motorcar deck was 21 vehicles. The ferry speed was
20.5 knots (Sotnikov, 1993, p. 85; Serova, 1988).

The ferry Trelleborg was put into operation in 1982 and it had five tracks for rail
cars. The full ferry length was 170.1 m and the breadth — 22.5 m. Its speed was 19
knots. The total length of the tracks amounted to about 700 m. The ferry could
accommodate 55 rail cars. It could also transport 800 passengers. The train ferry
Gotland (Sweden) also had five rail tracks (Serova, 1988).

In 1959 the ferry Safinits was built. Its length was 137.5 m, the breadth along the
fender bar — 18.8 m. The four tracks on the deck of the total length 380 m could
accommodate 30 freight cars. The ferry speed was 12 knots (Serova, 1988).

The ferry Sea Wind (former name Saga Wind built in 1972), re-equipped by
Blohm & Voss, German shipbuilding and engineering company, was put into
operation from Stockholm (Sweden) to Turku (Finland). The ferry transported rail
cars located on the main deck, trucks and automobiles on the upper and boat decks; it
also carried passengers. The ferry was equipped with devices for rolling on wheeled
equipment. Among them were a stern hydraulic ramp and an inter-deck ramp located
on the left side, which connected the upper and boat decks, and a stem gangway on
the right side for light vehicles. The ferry length was 154 m, the breadth — 21m, and
the draft — 5 m (Sudostroenie, 1990).

In 1920 the shipbuilding company Bell began to build special ships to transport
bulky cargo, including rail cars, by sea.

Thus, the ship Bell Vu transported 22 cars for an electrified railway and two
steel barges from England to Buenos Aires. Each wagon weighed 37 tons. In order to
save space, the eight cars were located above the barges on the special wooden
platforms at a height of 12 feet thoroughly adjusted for the barges, well in advance
before they were loaded on the ship.

One of the ships, Beldjan, transported simultaneously 24 rail cars for the
underground railway, 20 locomotives, 2 small river tow-boats and engine barges with a
length of up to 27 m and mass of 100 tons each. The rail cars were located in two levels
(behind the mid-ship superstructure). The height of this construction was the same as the
height of the bridge. The upper raw of the rail cars was mounted on the special metal
frame. Besides, some types of heavy freight cargo were accommodated in the hold; that
managed to compensate the elevated center of gravity (Morskoj flot, 1943).

In 1923 in order to transfer the steam ships of the series E5" and E>" from
Sweden and Germany to Russia across the Baltic Sea, a ferry service was launched
(Lomonosov, 1923, p. 34-45).

The ferry service between Great Britain and mainland Europe has been in
operation since 1924. And the first line across the strait was from Harwich (Great
Britain) to Zeebrugge (Belgium). The ferry service with France has been in operation
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since 1936. In 1967 the second ferry service from Harwich (Great Britain) and
Dunkirk (France) was launched. It was closed due to construction of the English
Channel Tunnel (Sotnikov, 1993, p. 86).

The ferry service from Hirtshals (Denmark) to Kristiansand (Norway) was
launched in 1958 with the ferry Skagen. Its length was 80.9 m, the breadth — 13.8 m
and the speed — 18 knots. The journey time was 4 hours (Vinogradov, 1960, p. 12—
18). The ferry could carry 7 rail cars placed on a 69-m track, 40 automobiles, and 600
passengers.

Later on, Germany built the train-motor-passenger-electric ferry Teodor Heus. It
was intended for service in ice conditions. The ferry had three tracks for 30 rail cars. The
middle deck could accommodate 100 automobiles. The passenger capacity of the ferry
was 600 passengers with their luggage. The maximum length of the ferry was 135.9 m,
the breadth — 17.7 m, the hull height — 7.35 m, the draft — 4.79 m at the water
displacement 6438 tons, the traffic speed — 16.6 knots (Vinogradov, 1960, p. 18-21).

The ferry service between Travemiinde (Germany) and Hanko (Finland) was put
into operation in 1975. A three-deck ferry intended for transportation of 65 rail cars was
in the service. In 1979 the ferry length was extended, thus, its capacity was increased by
30%. And in 1984 the route was supplied with another ferry (Sotnikov, 1993, p. 86).

Ferry transportation was also introduced in America. The loaded freight cars
were transported by the tugboats Dalzell and Transfer (Vinogradov, 1960, p. 21). The
tugboats transferred rail cars from station to station along the river Hudson, and also
to New Haven. Two ferries loaded with 20 rail cars each were simultaneously towed.

An 18-km route in the Strait of Georgia was serviced by two ferries. They
transported both passengers and freight. The journey time was 55 min. One ferry was
in operation between Matane and Baie-Comeau (45 km). It transported freight cars.
The journey time was 2 hours (Serova, 1988).

In 1964 the longest ferry service in the Pacific Ocean region was introduced
between Canada and Alaska (over 2000 km). Double-deck ferries were in service on
the route.

The ports Goose Bay and Lewisport in the Atlantic Ocean were linked by a
615 km ferry service. The journey time was 30 hours. The ports Sydney and Port aux
Basque were also linked by ferry service. Its length was 164 km. The journey time
was 6 hours. The length of the ferry service from Cape Tormentine to Port Borden
was 14 km. The ferry transported passengers and freight. The journey time was 2
hours (Serova, 1988).

Japan operated ferry service between the islands Honshu, Hokkaido, Shikoku
and Kyushu. The ferry route between Hakodate (Hokkaido) and Aomori (Honshu)
was 103.7 km, between Tamano (Honshu) and Takomatsu (Shikoku) was 17 km,
between Niigata and Oarai was 34.8 km, and between Simonesi (Honshu) and Moji
(Kyushu) was 3.4 km (Vinogradov, 1960, p. 22).
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The route from Somory to Hakodate was serviced by a passenger ferry that
could accommodate 1200 passengers and 19 rail cars, and a freight/passenger ferry
that was intended for 300 passengers and 45 rail cars.

In 1962 the rolling stock units from Baku to the northern coast of the Caspian
Sea were transported in accordance with the working project on the re-equipment of
the seaborne barge Ishimbay. It was a dry-cargo one-deck non-self-propelled double-
bottom barge intended for transportation of containers, timber, cotton and grain both
in rooms and on the deck (Karakashly, Shklyaruk, 1965).

It had 16 rail tracks on the specially designed platforms for the rolling stock
units. They were located on the main deck above the hatch covers across the width
and were perpendicular to the centerline plane. The platform length was chosen
according to the largest dimension of a rolling stock unit with consideration of
rolling-on/off from the left side. The vehicles were rolled on from the head to the
stern. The rail tracks of the ferry were joined to the port tracks with pads and screws.
The first vehicle was rolled on the stem track with a diesel locomotive and a buffer
wagon. There were two variants to fasten a rolling stock unit on the barge deck. The
first one supposed the chain binders of a 17-mm chain gauge with a special spring
turnbuckle damping dynamic jerks from sea disturbance. The binders were fixed with
brackets to the special eye plates welded to the frames of rolling stock units, decks,
and hatch covers on the barge.

The second variant provided for application of the rigid buckles made of
fabricated wagon buckles intended for 30 tons. Wooden wedges were used as
supports hammered between the wheel bogie and the frame.

Due to lack of time the second variant was chosen as less labor-intensive in
production.

The deck of the barge Ishimbay turned out to be reliable and efficient for
transportation.

The shipment across the Caspian Sea was conducted by the ferry Soviet
Azerbaijan manufactured by the shipyard Krasnoye Sormovo (Figure 1).

T W
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Figure 1. Train ferry Soviet Azerbaijan (Forum rechnyh puteshestvenikov, 2009).
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The ports Baku and Krasnovodsk (160 miles) were connected by the ferries
Soviet Azerbaijan and Hamid Sultanov built from 1962 to 1968 (Kuzovkin, 1984).

The journey time was 12 hours with 3-hour stops in the destination ports
(Ershov, 1978). All rail cars were located on one deck. The ferry length was 133.8 m,
the width along the fender bar — 18.32 m, and the maximum draft — 4.4 m. The ferry
could accommodate about 30 rail cars (Rachkov, 1960).

Later on the train ferries Soviet Dagestan (see Figure 2 (Nash Baku, n. d.)),
Soviet Tajikistan (see Figure 3 (Henderson, 2020)) and Soviet Kalmykia were built in
Yugoslavia by the shipbuilding company Uljanik for servicing the route between
Baku and Krasnovodsk. The ferries had a closed rail car deck along the whole length
with tracks for rail cars and the hold for the light vehicles. The rolling-on/off was
conducted across the head water-proof doors. The lower deck had a ramp for rolling
cars into the hold.

The ferry length was 154.4 m, the fender bar width — 18.3 m, the maximum draft
— 4.5 m, and the speed — of 17 knots. The ferry could accommodate about 30 wagons
(Frik, 1985).

The wagons were fastened on the decks with the chain binders through the deck
eye plates and the wagon frame, and by means of the tension mechanical device
Speed Lash with a link length of about 2.5 m and the operating tension 80 kN.
Similar devices were used for automobiles and trailers. The automobiles were
fastened with soft lashing ropes and deck eye plates with braking strength of 12 kN.
The stem part of the lower deck was equipped with four end buffers with a SA-3
automatic coupler. The cars were maintained on the brake by the compressed air
system connected to them (Kirsanov, 1985). The impact of the sea disturbance was
moderated with the active disturbance control system equipped with the side steering
wheels. The system decreased the disturbance amplitude from 19° to 4° at the speed
17 knots and sea disturbance of 7 points (Kuzovkin, 1984).

Such ferries operated on the ferry route from Baku to Aktau and were
introduced in 1985 (Kargin, 1986).

......

Figure 2. Train ferry Soviet Dagestan (Nash 5@: n. d.).
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Figure 3. Train ferry Soviet Tajikistan (Henderson, 2020).

The ferries Soviet Kazakhstan and Soviet Turkmenistan were built to link
Krasnovodsk and Bekdash (Kargin, 1988). The journey time was 9 hours.

With time the number of ferries across the Caspian Sea totaled thirteen (Zorin,
1988). Among them were Soviet Nakhchivan, Soviet Kirgizia, Soviet Uzbekistan and
others.

Besides, the ferry Mercuri-2 operated across the Caspian Sea (see Figure 4
(Korabli vsekh vremen i narodov, 2016, January 26)). But in 2002, due to the loss of
stability of the tank cars on its deck, it sank. It carried 16 tank cars with petroleum
products, one car with consumer goods, 8 passengers and 42 crew members. The tank
wagons fetched away from the fasteners due to the wave impact and slipped to the
slope side; thus, it capsized (Kasumova, 2002).

In 2008 the train ferry Akademik Zarifa Aliyeva was put into operation (Figure 5
(Korabli vsekh vremen i narodov, 2017)). It was built by the shipbuilding company
Uljanik (Croatia). The ferry length was 154.5 m, the breadth — 17.5 m, the capacity —
52 wagons (Korabli vsekh vremen i narodov, 2017).

Figure 4. Train ferry Mercuri-2 (Korabli vsekh vremen i narodov, 2016, January 26).
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Figure 5. Train ferry Academic Zarifa Alieva (Korabli vsekh vremen i narodov,
2017).

The innovative technologies of that time were used to allocate rail cars on the
ferry. The ferry was equipped with special devices and elevators (Korabli vsekh
vremen i narodov, 2017).

The shipbuilding company Uljanik also built the train ferries Makhachkala-4 for
operation across the Caspian Sea from Makhachkala to Aktau or Turkmenbashi (see
Figure 6 (Korabli vsekh vremen i narodov, 2017)). The ferry length was 154.5 m, the
breadth — 18.3 m, the draft — 4.67 m, and the capacity — 52 rail cars. The ferry speed
was 14 knots (Informacionnoe agentstvo REGNUM, 2005). It could transport up to
52 rail cars (Gadzhiev, 2005).

- N _}§§l‘:. === ,
Figure 6. Train ferry Makhachkala-4 (Korabli vsekh vremen i narodov, 2017).

The Vanino—Kholmsk train ferry service connected mainland Russia and
Sakhalin Island. It was launched in 1973. The rail cars were carried by the ferry
icebreaker Sakhalin (Figure 7 (Starinova & Shcherbakov, 2018)). The ferry length
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was 127 m, the breadth — 19.8 m, the draft — 6.2 m, and the speed — 18 knots. The
ferry had a rail car (main) deck with four rail tracks for rolling stock vehicles. The
cars were located by batch on two middle and two side tracks.

N e **"""‘l!'""m

Figure 7. Train ferry Sakhalin (Starinova & Shcherbakov, 2018).

The loading/unloading operations were conducted across the ramp rested on the
stern step of the deck. The rail cars were loaded with locomotives on two tracks
simultaneously, and automobiles were rolled on with their own power (Rachkov,
Bubnov, Evstifeev, 1972). At present there exist a great number of such ferries.

Port Borden (Prince Edward Island) and Cape Tormentine (New Brunswick) in
Canada were connected with an ice-breaking train ferry. The ferry length was 106 m,
the breadth — 18.6 m, the draft — 5.8, and the speed — 16.5 knots. The ferry could
accommodate 19 freight cars, 60 automobiles, and 900 passengers (Kilesso, 1945).

The diesel ferry Malmohus connected Copenhagen and Malmo. The ferry length
was 94.1 m, the breadth — 16 m, the draft — 4.1 m, and the speed — 17 knots. It was
intended for simultaneous transportation of 3100 passengers and freight cars (Kilesso,
1945).

Poland also began to develop ferry transportation. Thus, after WWII the train
ferry service was launched between Swinoujécie and Sweden with only one ferry. In
1953 the ferry service suspended for some period. And in the mid-1960s it was
resumed with passenger-automobile ferries.

The ferry route from Swinoujécie to Ystad was serviced by the ferries Nikolaus
Copernicus and Johannes Hevelius manufactured in Norway in 1973 and 1975,
respectively. The train ferries transported rail cars and trucks. They make several runs
per day by necessity (Wojewodka, 1979).

In October 1986 the ferry service between Klaipeda (USSR) and Mukran (GDR)
was introduced. The 540-km route was serviced by the train ferries Klaipeda and
Mukran (Figure 8 (Korabli vsekh vremen i narodov, 2016, February 02)). The ferry
length was 190 m and the breadth — 28 m. The ferry speed was 16 knots (Morskoj
flot, 1987).
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They were double-deckers and could transport 103 rail cars. For the first time,
the revolutionary loading/unloading technology of that period was used for the route.
With its two decks, the ferry joined a 45-m suspension double-deck ramp.

Figure 8. Trai er Mukran (rabllvsek remei v, 2016, February 02).

The ramp was the front part of a 175-m platform. Each level had five rail tracks
similar to those on the decks. Two decks cannot be loaded simultaneously as it could
cause loss of stability.

The speed of the locomotive used for loading/unloading operations was 1 m/sec.

An automated anti-tilting system was used for maintaining stability within a
range of 3° during freight operations (Shishin, 1986).

In 1989 the new Ro-Ro/Rail/Passenger ferry Kaunas was put into operation
(Figure 9 (Informacionnoe agentstvo QIRIM HABER AJANSI, 2017)). The vessel
was supervised by the Lloyd’s shipping registry. The full length of the ferry was over
190 m and the breadth — 28 m. Two freight decks could simultaneously accommodate
49 universal rail cars and 50 heavyweight trucks TIR (Informacionnoe agentstvo
QIRIM HABER AJANSI, 2017).

KAUNAS

Figure 9. Train ferry Kaunas (Informacionnoe agentstvo QIRIM HABER AJANSI,
2017).
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In 2006 the ferry service between Ust-Luga and Baltiysk was put into operation.
It was serviced by the train ferry Baltijsk (Figure 10 (Korabli vsekh vremen i
narodov, 2015). The ferry length was 187.36 m and the breadth — 22 m. The total
length of the rail tracks was 1943 m. The capacity of the ferry was 135 rail cars (the
length of couplers’ axles was 12,020 m) or 92 rail cars (the length of couplers’ axles
was 16,970 m). Besides, the ferry could carry 76 automobiles on the open upper
deck. The ferry speed was 18.5 knots.

The ferry had three freight decks with five rail tracks each. The loading of the
middle deck was conducted through the stern doors. Rail cars and wheeled equipment
were lifted up and put on the upper and bottom decks with a double-deck elevator
with a freight capacity of 94 tons. The upper and lower elevator’s platforms had
freight areas of the length 28 m with clamping grips for the car wheels and holes to
fix lashing ropes.

The cars were transferred on the decks with rotating hands installed in the stem
part of the upper and bottom decks. The ferry was also equipped with seven
shipboard trailers.

Figure 10. Train ferry Baltijsk (Korabli vsekh vremen i narodov, 2015).

The rolling-on/off of the freight in ports without dock ramps was conducted with
special removable ramps mounted on the stern area with special holes for lashing
ropes of hydraulic winches on the middle deck on the left and on the right. A set of
removable ramps could be stored in ports or on ferries (Egorov, Kuzmin, & llnitskij,
2006; Kuzmin & Egorov, 2006).

Later on the ferries Ambal (Figure 11 (Sudostroenie.info, 2020) and Petersburg
(Figure 12 (Novyj Kaliningrad, 2017)) were put into operation on the route.
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Figure 11. Train ferry Ambal (Sudostroenie.info, 2020).

Figure 12. Train ferry Peterburg (Novyj Kaliningrad, 2017).

The ferry services from Romania to Turkey and from Romania to Georgia,
which shortened the distance by 340 km and 1075 km respectively, used the three-
deck ferries Mangalia and Eforie belonging to the state-owned freight railway
business of Romania CFR Marfa. These ferries could carry 85 — 100 rail cars located
on the deck’s rail tracks with a distance of 1435 mm between the running edges of
rail heads; the total length was 1680 m.

The ferries had a lift for transferring rail cars from the middle deck to the upper
or bottom decks, and a deck crane of five rail tracks for fitting with the on-land rail
track infrastructure. To transfer rail cars from one track to another the ferry decks
were equipped with one movable platform on each deck. Besides, the ferry had a
switching device for shunting operations.

The ferry service was launched across the Black Sea in the middle of the 20"
century. In 1958 the European and Asian shores of Turkey across the Bosporus Strait
were connected between the ports Sirkeli and Haydar (Egorov, llnitskij, &
Chernikov, 2014).
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In March 1955 the ferry service connected Ukrainian and Russian Republics of
the former Soviet Union.

Two train ferry complexes between the stations Crimea and Caucasus were built
to shorten a journey time of mass freight transportation between the republics. That
train ferry service shortened the distance up to 1000 km, and relieved the Rostov
railway junction.

Due to a short distance of about four kilometers, the ferry service across the
Taman Bay was considered to be rather safe for the rolling stock units, despite the
harsh climatic conditions in that region.

As far as Kerch has always been a cross-road of great merchant routes from
Europe to Asia, from the Varangians to the Greeks and one of the Great Silk road, the
Crimea-Caucasus train ferry service has always been an important link in the
transport corridor connecting Ukraine with Russia, Kazakhstan, countries of
Caucasus and Central Asia by means of the sea rail ferry routes in the Caspian Sea:
from Makhachkala to Aktau and from Makhachkala to Turkmenbashi (Chikanovskij,
2004).

At first the route was serviced by four train diesel electric ferries: Yuzhny
(Figure 13), Eastern (Chulym and Nadym, respectively (Proekt 723
(zheleznodorozhnye paromy, n. d.)), Northern and Zapoliarny. These ferries were
intended for transportation of 16 freight cars.

Figure 13. Diesel Iectric train ferry Yuzhny (Proekt 723 (zheleznodorozhnye
paromy, n. d.)).

After the collapse of the Soviet Union in 1986, the volume of transportation via
the route considerably decreased and later on it was closed. It was not until October
2004 that the ferry service was resumed due to the combined efforts of Ukraine and
Russia (Egorov, 2007; Sudostroenie i sudoremont, 2004).

And now the ferry service is in operation with the one-deck ferries Petrovsk and
Annenkov (Figure 14) with combined capacity of 25 rail cars.
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Figure 14. Train ferries on the Crimea — Caucasus route
a) Annenkov; b) Petrovsk (author's photo).

The ferry decks have four rail tracks for location of rail cars. The ferry length is
110.5 m, the breadth — 16.0 m and the draft — 3.2 m. The speed of the train ferry is
10.0 knots (Nastavlenie po krepleniyu gruza, 2005).

Due to a constant increase in the freight turnover during the recent years, there
has been a need to increase the throughput capacity of ferry transportation. In 2007
the one-deck ferries SMAT and FERUZ (Figure 15 (Morskoe Inzhenernoe Byuro,
Proekt CNF03.01, n.d.)) with the capacity 50 tank cars 1-T with five tracks on the
ferry deck were built for the ferry routes Caucasus (Russia) — Samsun (Turkey) and
Caucasus (Russia) — Poti (Georgia) (Egorov, Chistjakov, & Avtutov, 2007; Efremov
& Egorov, 2007).

The special feature of the train ferry is rail tracks of the narrow and broad
gauges on its deck.

Figure 15. Train ferry SMAT
a) loaded with open cars (Morskoe Inzhenernoe Byuro, Proekt CNF03.01, n.d.); b)
loaded with tractive rolling stock vehicles (Morskoe Inzhenernoe Byuro, Proekt
CNF03.01, n.d.).
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The ferry length is 150.32 m, the breadth — 22 m, and the draft — 3.8 m. The
ferry speed is 10.0 knots (Efremov & Egorov, 2007).

On the basis of the analysis of positive results of the existing train ferry routes
and due to the strategic targets, on the 23 April 1975 the Soviet Union and Bulgaria
signed a Treaty on organization of ferry service between the ports Illichivsk and
Varna to be put into operation in 1978 (Nejding & Korotkij, 1978; Jovchev, 1984).

The port infrastructure for the ferry routes was built by the construction
company Chernomorhydrostroy, and the rail infrastructure facilities were built by the
construction company Odessatransstroy. One of the major features of the port
Illichivsk was its advantageous position on the cross-road of main transport routes
between Europe and Asia, North and South, Central and Eastern Europe, industrial
regions of Russia and Ukraine, and naval communications via the Mediterranean Sea
to the Atlantic and Indian Oceans (Fomin, Lovska, Pist¢k, & Kucera, 2019), (Fomin,
Lovska, Pistek, & Kucera, 2020).

The following international transport corridors run via the port Illichivsk:

— TRACECA (the transport Corridor Europe — Caucasus — Asia);

— Crete corridor IX; and

— Baltic — the Black Sea transport corridor.

The ferry route was serviced by four train ferries: Geroi Shipki and Geroi Plevny
from the Soviet Union and Geroi Odessy (author's photo) and Geroi Sevastopolia
from Bulgaria, each could accommodate up to 108 cars 1-T, 0-T and 01-T (Figure
16 (Informacionnoe agentstvo Odessa media, 2017)). These ferries had 13 tracks for
rail cars (five tracks on the upper and main decks each, and three tracks on the hold
deck) (Vasil'ev, 1976).

a) b)
Figure 16. Rail cars on the upper decks of the ferries
a) Geroi Shipki (author's photo); b) Geroi Odessy (Informacionnoe agentstvo Odessa
media, 2017).
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The ferry length is 184.5 m, the breadth — 26.49 m, and the draft — 6.5 m. The
speed of the train ferry is 19.5 knots (Nastavlenie po krepleniju generalnyh gruzov pri
morskoj perevozke dlja teplohoda “Geroi Plevny”, 1997).

The ferry routes Illichivsk — Poti (opened in 1994) and Illichivsk — Batumi
(opened in 1996) are serviced by the Ro-Ro/passenger ferry Greifswald (Figure 17)
supervised by the Lloyd’s shipping registry.

The ferry was built by VEB Mathias Thesen Werft in Wismar (Germany) in
1988 and it serviced the route Rostok (Germany) — Klaipeda (Lithuania).

The ferry length was 190.8 m, the breadth — 26.0 m, and the draft — 6.0 m. The
speed of the train ferry was 16 knots (Cargo securing manual Transocean Line a/s ms
“Greifswald”, 2001).

Figure 17. Train ferry Greifswald
a) side view (author's photo); b) main deck (author's photo).

In 1996 the ferry was re-equipped and a passenger complex was added. The
ferry had two freight decks that could accommodate 103 rail cars, but due to the
structural features of the loading complexes in Illichivsk and Poti/Batumi, only 50
cars could be placed on the main deck. Besides, it could accommodate 50
heavyweight trailers on the deck, which was an advantage regarding bimodal
transport, contrailer transport and other combined transport systems.

It should be noted that potentially the ferry could accommodate 103 rail cars, but
as far as they could be accommodated only on the upper deck (due to the structural
peculiarities of the loading complexes in Illichivsk and Poti), only 50 cars could
virtually be loaded.

Since 2001 the ferry route Illichivsk (Ukraine) — Derince (Turkey) has been in
operation with the ferries Geroi Shipki and Geroi Plevny.

Since 2013 the train ferry route between Ukraine and Georgia has been serviced
by the ferry Vilnius Seaways (Figure 18), early operated across the Baltic Sea
(Informacionnoe agentstvo Odessa media, 2017). Two freight decks could
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simultaneously accommodate 50 universal rail cars and 50 heavyweight trucks. The
ferry had rooms for 110 and seats for 24 passengers.

The ferry had the certificate of the Guinness World Records on being the biggest
world passenger/Ro-Ro/railway ferry (Mihajlova, 2013).
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Figure 18. Train ferry Vilnius Seaways (Informacionnoe agentstvo Odessa media,
2017).

In 2009 the group of companies AnRussTrans built the train ferries Avangard
for 45 rail cars (Figure 19 (Klimenko, 2012)) and Slavianin for 50 rail cars (Figure 20
(Klimenko, 2012)) with accordance to the project of the Marine Engineering Bureau.

e g

igre9. Train ferry Aagrd( imenko, 2).

The train ferry Avangard was intended for operation on the route Caucuses
(Russia) — Varna (Bulgaria) — Samsun (Turkey) — Poti (Georgia). The ferry length
was 133.67 m, the breadth —22 m, and the draft — 4.8 m. The ferry speed was 12
knots.
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n (menko, 2012).

Figure 20. Tainr Slav

The train ferries were intended for operation on the route Caucuses (Russia) —
Varna (Bulgaria) — Samsun (Turkey) — Poti (Georgia).

The length of the train ferry Avangard was 133.67 m, the breadth — 22 m, and
the draft — 4.8 m. The ferry speed was 12 knots.

The length of the train ferry Slavyanin was 149.95, the breadth — 22 m, and the
draft — 4.5 m. The ferry speed was 12 knots.

In 2010 the train ferry Ulfat was built (Figure 21 (Korabli vsekh vremen i
narodov, 2012)). The ferry could transport 45 rail cars and was intended for the
Caucuses — Varna — Samsun — Poti route. The ferry length was 133.82 m, the breadth
—22 m, and the draft — 5.0 m. The speed of the train ferry was 12.0 knots (Egorov,
IInitskij, & Chernikov, 2014).

Train ferries transported not only freight, but also passenger cars, thus they could
offer seamless transportation for passengers which were accommodated in passenger
rooms. And today this type of transportation is very popular. For example, the train
ferries operating across the Baltic Sea can offer this service (Klochenko, 1988).

Figure 21. Train ferry Ulfat (Korabli vsekh vremen i narodov, 2012).

Formerly, passenger cars were placed on the deck by means of hoisting devices
from the tracks of the ferry complex to the ferry’s tracks. And now the cars are rolled
through the ramp, which has considerably shortened the loading/unloading time.
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Besides, train ferries became popular for river transportation. From 1896 to 1935
there was a ferry service across the Volga River near the town Saratov of the Ryazan-
Ural Railway (lvanchenko, & Platonov, 1943, p.20) with the ferry Saratovskaya
Pereprava (Figure 22 (Smorodin, 2013)). The ferry was built by the British
manufacturing company Sir W. G. Armstrong Mitchel in 1896 (Volkov, 1977). The
ferry had a hydraulic elevating mechanism for delivering cars from the ramp to the deck.
During navigation seasons the ferry transported 160 cars per day, they were rolled on its
deck. In winter seasons it transported 120 cars at shuttle service (28 cars per run).

Figure 22. Train ferry Saratovska Pereprava (Smorodin, 2013).

Later on the ferry Pereprava Vtoraya (Second) built in 1909 was put into service
on the route (Figure 23 (Smorodin, 2013)). It was built at the Nizhny Novgorod Machine
Factory. At the most advantageous navigation period the route traffic capacity was 200
rail cars. In 1926 the ferry Stalin was put into operation on the route.
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Figure 23. Trafﬁferry' Pereprava Vtoraya (Secdnd)' (Smorddin, 2013).

The route was also serviced by the ferry Saratovsky Ledokol to break ice and
transport passengers and freight (Smorodin, 2013).
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From 1903 to 1915 between the harbors Baikal and Tankhoy there was a ferry
service across Lake Baikal on the Trans-Siberian route. The icebreaker ferry Baikal
transported 27 rail cars. Its average speed was 18 km/h in summer and less than 11
km/h in winter. The ferry design was similar to that of the American icebreaker
operating on Lake Michigan.

It was built in 1896 and had the biggest water displacement among the existing
icebreakers at that time (Kilesso, 1945).

The year 1918 saw the last voyage of the icebreaker Baikal (Figure 24
(Shoemaker, 1903, p. 99). By its decision the Irkutsk Rada organized the Red Baikal
Fleet to fight against the counter-revolutionary movement. It was damaged by field
artillery fire, burnt and sank during a battle (Tolstov, 2001).

* Figure 24. Icebreaker ferry Baikal (Shoemaker, 1903, p. 99).

In the period from 1926 to 1936 there was a ferry service between the towns
Gorky and Kotelnich. The ferry had a reinforced concrete body intended for breaking
ice (Volkov, 1977).

Later, on the Komsomolsk—Pivan section across the Amur River a 7-km ferry
service was put into operation with the train ferries Volga and Don (both built in
1951), and Amur and Komsomolsk (both built in 1951). They were river ferries with
an open deck and a wagon hoist in the head section. The wagons were located in four
lines and lifted with an 80-ton device with a hoist height of up to 5 m. The wagons
were transferred on the deck with trailer bogies, ropes and winch generators installed
at the end of each track (VVolkov, 1977).
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In 1939 across the Danube River the cities Ruse and Giurgiu were connected
with the ferry service for automobiles and rail cars. This route is now operable though
it is not used (Telov, 2006, p. 10).

In 1941 during World War |l there was a ferry route across the River Volga. A
twin-hulled ferry transported rail cars. The wagons were rolled on simultaneously
from two port tracks with a gradual transfer of the ferry along the dockside with two
5-ton wrenches installed in the dock at a distance of 100 m. The train ferry had 18
tracks and each could accommodate three double-axle or two four-axle rail cars, or a
steam locomotive with a tender. The cars were rolled on through two suspension
linkspans installed on the pier (Kupenskij, 1988).

In 1909 Norway had a train ferry across Lake Tinshe between Tinnuset and
Mel. Its length was 28 km. The journey time was 1 hour 20 minutes.

Since 1964 Turkey has operated a train ferry between the ports Tatvan and
Van. Its length was 90 km with two train ferries in service.

A train ferry operated between the ports Thunder Bay (Canada) and Superior
(US) across Lake Superior. The route length was 285 km. The journey time was 14
hours (Serova, 1988).

There were two train ferry routes across Lake Michigan (US): Ludington —
Kewaunee (105 km) and Ludington — Manitowoc (104 km). Each line operated one
ferry; the journey time of each was 4 hours.

Since 1971 South American countries Peru and Bolivia have been connected
with a ferry service across Lake Titicaca (Serova, 1988).

Since 1983 a ferry service has been in operation across Lake Victoria between
Uganda and Tanzania in Africa. Its length was 400 km. In 1985 the line was supplied
with two ferries. Their length was 92.13 m and the breadth — 16.5 m each. Each
carried 22 freight cars and 5 containers. They could also carry passengers and freight.

Apart from Uganda, ferry transportation across Lake Victoria was carried by
Tanzania and Kenya (Serova, 1988).

The research allowed systematizing the historical aspects regarding the
construction of the biggest and most important train ferry routes. Unlike the studies
by Sotnikov the authors conducted not only systematization and analysis of the
geographical allocation of train ferry routes, but also investigation into the technical
peculiarities of train ferries which serviced these routes (Sotnikov, 1993, p. 83-90).
The authors considered both European train ferry routes and international ones
(Fomin & Lovska, 2020) and (Parkhomenko, Viznyak, Skurikhin, & Eiduks, 2020),
and defined the background of their construction. This was not covered in earlier
publications, such as (Tanko & Burke, 2017), (Merrill, Paz, Molano, Shrestha,
Maheshwari, Haroon, & Hanns de la Fuente-Mella, 2016). The authors studied both
freight transportation and passenger transportation, which was not presented in the
study (Mankowska, 2015). Therefore, this research presents the analysis of the
historical background and efficient operation of train ferry routes (for transportation
of freight and passengers) and proves the unique nature and importance of this type
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of combined transportation for development of national economies of the maritime
countries.

Conclusions.

The research deals with the background for the development of train ferry
transportation. It was found that train ferry transportation is advantageous over other
types of combined transportation. The first successful train ferry routes encouraged
engineers to develop much longer seaways, and at present, there are train ferry routes
that connect countries.

The authors studied the peculiarities of the development of train ferry
transportation in different countries. Successful transportation across the Baltic Sea
(at the example of one of the first train ferry routes between Stralsund and Alterfahr)
encouraged the specialists to develop and expand the geography of such routes to
other seas: the Caspian Sea, the Black Sea, the Azov Sea, the Japan Sea, the
Mediterranean Sea, and some others. Besides, such type of combined transportation
was used across lakes and rivers.

The study is concerned with the development of train ferry transportation in
Ukraine. It deals with the historical background for the construction of the first train
ferry route, and the development of train ferry routes between Ukraine and other
countries of the Black Sea. The authors analyzed the technical peculiarities of train
ferries and their processing technology.

The research proves the importance of train ferry transportation for the
development of national economies (including Ukraine) in the modern world.
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Ounekciit @omiH
Jlep>xaBHMI YHIBEpCUTET IHPPACTPYKTYpH Ta TEXHOJIOTIH, YKpaiHa

AuaboHa JloBcbKka
VYkpaiHCbKuil AepKaBHUM YHIBEPCUTET 3aJI3HUYHOTO TPAaHCTIOPTY, YKpaiHa

Amnarouiii I'opoannb
Jlep>xaBHUI1 YHIBEpCUTET 1IHPPACTPYKTYpH Ta TEXHOJOTIH, YKpaiHa

IcropuuHi aciekTH cCTBOPeHHs Ta GQYHKIIOHYBAHHSA 3aJIi3HUYHO-TIOPOMHUX
NepeBe3eHb

Anomauia. Iliosuwenns egexmusHocmi po3eumxy MpAHCNOPMHOL  2any3i
BUKIUKAE BNPOBAONCEHHS 8 eKCNlyamayii KoMOiHosanux cucmem mparncnopmy. OOouicro
3 HAUOLbUW NEPCNEeKMUBHUX KOMOIHAYI 8 YbOMY HANPAMKY SUCHIYNAIOMb 3ANI3HUYHO-
NOPOMHI nepeseseHHs, KL € pe3yIbmamom 83AeEMO0Il 3aN3HUUHO20 MA B00HO20 BUJI8
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mpancnopmy. Y cmammi npogedeHo aHAN3 ma CUCMeMamu3ayilo OaHux uj00o
iCMopu4H020 pPO3BUMKY 3ANIZHUYHO-NOPOMHUX Mapuipymis. Buceimneno nepedymosu
CMBOPEHHS 3ANI3HUYHO-NOPOMHUX Nepese3eHb ma ix nepesazu nepeo HuWUMU 8UOaMu
KOMOIHOBaH020 mpaHcnopmy. Posensanymo ocno6ni ocobaueocmi 3ani3HUYHUX NOPOMIS,
SAKI  00CNy208yI0mb  HAUBIOOMIW  3ANIIBHUYHO-NOPOMHI  Mapupymu.  Jlocniodicents
npoBeoeHi He MiJIbKU CIMOCOBHO MOPCbKUX AK8AMOPILL, 4 MAKONC BIOHOCHO PIYKOBUX mda
O3epHUX  3ANIZHUYHO-NOPOMHUX nepenpas. Posenanymo ponv  3ami3HUYHO-NOPOMHUX
Mapuwpymis y nio8uujeHHi eKOHOMIKU KPAiH, A MAKOMC IX BUKOPUCMAHHA Y BIlICbKOBO-
cmpame2iyHux yYinax, wo 8idoopadiceno 6 npaysx Bunoepadosa Ha npuriadi
Capamiscvroi nepenpasu, a maxoxc Kapaxawnu ma Llxknapyka — eionocno nixmepa
“luumbari” 3 nonepeyHuM 3A6AHMANCEHHAM pPYXoMo20 cK1ady. Ilpoananizosano
0COOIUBOCMI PO3BUMKY 3ATIZHUYHO-NOPOMHUX MAPWIPYMIE 3 BUKOPUCTAHHAM NOPOMIG-
Jboooxonis, 30kpema “bBatikan”, skuil excniyamysascs wepez ozepo ‘‘baiikan”, a
maxooc muny “Caxanin”, wo cnonyuas mamepukogy uyacmuny Pocii 3 ocmposom
“Caxanin”. BuzHnaueno ocobnugocmi nepese3eHv 6a2OHI8 3ANISHUYHUMU NOPOMAMU
3axopoonom, a came: CILIIA, Anonis, Azepbaiiodncan, acecman, Himewuuna, Jlumea ma
in. Ilpoananizosamno ocoorueocmi excniyamayii YKpaiHCoKux 3ai3HUYHUX NOPOMIB, SIKI
cnonyuaroms Ykpainy 3 boneapicro, I pysieto ma Typeuyunoro. Bucgimnerno ocobnugocmi
3a68AHMAICEHHs. MA NEPese3eHb NACANCUPCLKUX BA20HI8 HA 3ANIZHUYHUX NOPOMAX.
Busnaueno koncmpykyitini ocobnusocmi ma mexHono2iro 00poOKU CyyacHUX 3a1I3HUYHUX
nopomie onsi Yoproeo, Kacniticokoco ma banmiticokoeo mopis. /locniodcenus npogeoeHti
Ha niocmaei ananizy npayb €2oposal’. B. (Mopcvke indicenepne 6Owopo, Yrpaina).
lIposedeni OocnioxcenHss 008005mMb  8ANCIUBICIL  ICHYBAHHA  3ANIIZHUYHO-NOPOMHUX
nepegezenv 0/l PO3GUMKY €KOHOMIKU 0azamvbox C8Iimoeux 0epicas, y momy Yucii i
Ykpainu.

Knwuogi chosa: 3aniznuunuti nopom, KomM0OIHOBAHI nepese3eH s, KOMOIHOBAHU
MPAHCROPM,; MOPCHbKI Nepese3eHH s, 3aNI3HUYHO-600He CNONYYeHH s

Ajiexkceid PDomuH
['ocynapcTBeHHBI YHUBEPCUTET HHPPACTPYKTYPHI U TEXHOJIOTUHM, YKpanHa

Auiena JloBckast
YKpanHCKHUM TOCYIapCTBEHHBIN YHUBEPCUTET KEJIE3HOAOPOKHOTO TPAHCIIOPTA,
YkpanHa

Anarosmnii I'opb6anb
['ocynapcTBeHHBI YHUBEPCUTET MHPPACTPYKTYPHI M TEXHOJIOTHH, YKpanHa

HcTopuyeckue acneKThl CO31aHUsS U (PYHKIMOHUPOBAHUS KeJ1e3HOI0POKHO-
NAPOMHBIX NE€PEeBO30K

Aunnomauusn. Ilosviwenue 3¢pghekmusnocmu paszsumus mMpaHcHOPMHOLU
ompaciu 8vi3vleaem 6HeOpeHue 6 IKCNIAYAMmAyurd KOMOUHUPOBAHHBIX CUCMEM
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mpancnopma. QOOHOU U3 Haubonee NEPCHeKMUBHbIX KOMOUHAYUU 6 OMOM
HanpasieHuu BbICMYNAOM JHCEeNe3HOOOPOICHO-NAPOMHbIE NEePeBO3KU, KOMOopble
ABNAIOMBCSL PE3VIbMAMOM 83AUMOOCUCMBUSL HCETLESHOOOPONCHO20 U 80OHO20 U008
mpancnopma. B cmamve npoeeden amanuz u cucmemamusayusi OAHHBIX NO
UCMOPUYECKOMY PA3BUMUIO HCELE3HOOOPOHCHO-NAPOMHBIX Mapupymos. Oceeujenrsbl
NPeonoCulIKU — CO30AHUS  HCENe3HOOOPONCHO-NAPDOMHBIX  NEpego30K U UX
npeumywecmea nepeo  OpyeuMu  6UOAMU  KOMOUHUPOBAHHO20 — MPAHCHOPMA.
Paccmompenvr  ocnosnvie  ocobennocmu  JHCENe3HOOOPOIUCHBIX — NAPOMOS,
00CIYHCUBAIOWUX CAMBIE USBECMHbIE JHCENEZHOOOPONCHO-NAPOMHBIE MAPUIDYMbL.
Hccneoosanus npogedennvl He moabKo 8 OMHOWEHUU MOPCKUX AK8AMOPUL, d MaKice
OMHOCUMENbHO PEUYHbIX U  03EPHBIX  IHCENe3HOOOPONHCHO-NAPOMHBIX ~NEPenpas.
Paccmompena  ponv  orcene3Ho00posCHO-NAPOMHBIX  MAPUWPYMOE 8 HNOBbIULeHUU
9KOHOMUKU CMPAH, A MAKH#Ce UX UCNOTb30BAHUE 8 B0CHHO-CMPAMeSUYeCKUX Yelsx,
ymo ompadiceHo 8 mpyoax Bunozcpaoosa na npumepe Capamo8ckoli nepenpaswi, a
maxkodce Kapakawnviu Illkiapyka— omuocumenvro auxmepa “Hwumbai” ¢
nonepeuHviM No2py3Kol noosudcHoco cocmasa. Ilpoananusuposanvt ocobeHHocmu
PAa3sUmMuUsL Hcene3H000POHCHO-NAPOMHBIX MAPUPYIMOE C UCHOIb308AHUEM NAPOMOB-
J1e00KoN108, 6 uacmuocmu ‘“‘bavixan’”, Komopwiil IKCNIAYAMUPOBANCS Uepe3 03epo
“Bbatikan”, a maxace muna “Caxanun”, coeounssuuil mamepuxosyro yacmos Poccuu
¢ ocmpoeom “Caxanun”. Onpedenenvt 0COOEHHOCMU NEPEBO30K  B8A2OHOB
HCENEZHOOOPONCHLIMU — napomamu  3apyoesxcom, a umenno: CIIA, Hnonus,
Azepbauioxncan, [acecman, I'epmanus, Jlumea u Op. Ilpoananruzuposansi
0CODEHHOCMU IKCHamayuy YKPAUHCKUX HCENe3HOOOPOICHBIX NAPOMOS, KOMOopbvle
coeounsiiom Yxpauwny ¢ boneapueti, Ipysuei u Typyueu. Ocsewjenvl ocobennocmu
Nnocpy3KU U Nepe8o30K NACCANCUPCKUX BA20HO8 HA IHCENe3HOOOPOI’CHBIX NAPOMAX.
OnpedenieHbl  KOHCMPYKYUOHHbIE ~ OCOOEHHOCMU U MEXHONo2Us  00pabomku
COBPEMEHHBIX ~ HCENIe3HOOOPONCHBIX napomoe oaa  Yepuoco, Kacnuiickoco u
banmuiickoeo mopeu. Hccneoosanus npogedeHvl HaA OCHOBAHUU aHAIU3A pabom
Ez2oposa I'. B. (Mopckoe unsicenepnoe o61wpo, Ykpauna). Ilposedennvie ucciedosanus
00KA3bl8AIOM BAINCHOCMb CYWECMBOBAHUSL HCETIE3HOOOPOICHO-NAPOMHBIX NEPEBO3OK
OJ15 pa38UmMuUsi IKOHOMUKU MHOUX MUPOBLIX 20CY0apCme, 8 mom uucie u YkpauHul.

Knroueswie cnosa: scene3nooopoxcuviii napom,; KOMOUHUPOBAHHbIE NEPEBO3KU,
KOMOUHUPOBAHHBIN MPAHCHOPM, MOPCKUE NePeBo3KU, HCEeNe3HOOOPOHCHO-800HOE
coobueHue
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Abstract. An analysis of numerous artefacts of the first third of the 20th century
suggests that the production of many varieties of art-and-industrial ceramics
developed in Halychyna, in particular architectural ceramic plastics, a variety of
functional ceramics, decorative tiles, ceramic tiles, facing tiles, etc. The artistic
features of Halychyna art ceramics, the richness of methods for decorating and
shaping it, stylistic features, as well as numerous art societies, scientific and
professional associations, groups, plants and factories specializing in the production
of ceramics reflect the general development of this industry in the first half of the
century and represent the prerequisites the emergence of the school of professional
ceramics in Halychyna at the beginning of the 20th century. The purpose of the paper
Is to analyze the formation and development of scientific and professional schools of
art-and-industrial ceramics of Halychyna in the late 19th — early 20th centuries. The
research methodology was chosen, in accordance with the specific factual material,
the goals and objectives set in the work, developed on the basis of a systematic
approach and the principle of historicism, using the method of complex art analysis,
synthesizing the research capabilities of comparative historical, functional,
typological research methods. The principle of consistency assumed the
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consideration of certain issues, in accordance with the sequence of processes that
took place in such a popular variety of professional decorative applied art as art
ceramics. Due to this approach, the authors tried to focus on a detailed elucidation of
the ways of building professional creativity in an inextricable relationship, taking
into account the characteristics of a certain material, the needs of appropriate
material support, and the establishment of technological processes. Furthermore,
such a presentation of the paper material has provided a clearer indication of the
possibilities and prospects for the development of the artistic ceramics art. In the
process of work, the authors were aware that all the problems related to the art of the
first half of the 20th century, including the development in the production of art
ceramics in Halychyna, are only at a certain stage of thorough study. That is why this
work is one of the stages on this path. In this regard, this study was interpreted by the
authors not as one that should finally exhaust the chosen topic, but on the contrary —
the work should create an opportunity for further more detailed study of individual
phenomena, the work of artists, or the analysis of groups of specific pieces of art.

Keywords: decorative applied art; art-and-industrial ceramics; manufacturing
technology; peculiarities; Ukrainian style; Lviv museums

Introduction.

An analysis of numerous artefacts of the first third of the 20th century suggests
that the production of many varieties of art-and-industrial ceramics developed in
Halychyna, in particular architectural ceramic plastics, a variety of functional
ceramics, decorative tiles, ceramic tiles, facing tiles, etc. The artistic features of
Halychyna art ceramics, the richness of methods for decorating and shaping it,
stylistic features, as well as numerous art societies, scientific and professional
associations, groups, plants and factories specializing in the production of ceramics
reflect the general development of this industry in the first half of the century and
represent the prerequisites the emergence of the school of professional ceramics in
Halychyna at the beginning of the 20th century.

Regarding the general dynamics of the development of art-and-industrial
ceramics, it should be noted a certain peripheral weakness of economic relations in
Halychyna at the beginning of the 20th century and the lack of infrastructure
necessary for the development of the industry. Such conditions forced local
entrepreneurs to start active activities in those industries that had deep roots in folk
culture (Kara-Vasylieva, 2005, p. 257). The process of improving the art qualities of
the ceramics of Halychyna of this period was slow, but progressive (Zakharchuk-
Chuhai, 1979, p. 105). It was at the beginning of the 20th century that this area of
decorative art was recognized as a special sphere of art activity, subject to its own
laws, which had its own means of art and emotional impact. At the same time,
professional artists, graduates of art schools began to work in the field of ceramic art.

In the decorative arts at the beginning of the 20th century, qualitative changes
took place. This also applies to the introduction of new forms of folk culture into the
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cultural-and-art space and the development of new stylistic features of decorative art.
At this time, we are witnessing a process of serious interest of the creative
community in folk art. An active collection and formation of museum collections, a
theoretical substantiation of the very concepts of “folk art” and “decorative art”
began. Consequently, an important role in the creation of individual ceramic
workshops, factories, and plants, educational institutions is played by figures of
Ukrainian art and science, such as Prof. Volodymyr Shukhevych, Prof. Julian
Zakharievych, Prof. Ivan Levynsky, and many others.

The three named personalities were directly involved in the formation of a kind
of art style that spread in Halychyna at the beginning of the 20th century. It should
also be noted the support and indirect assistance to this movement of Metropolitan
Andrey Sheptytsky. Moreover, such well-known figures of Ukrainian culture as
I. Franko, M. Hrushevsky, K. Trylovsky, and others had a certain influence on the
formation of art-and-industrial ceramics of Halychyna.

At that time, there was also an active search and development of the Ukrainian
national style. The processes of shaping the latest art movements, active and fruitful
cooperation of leading avant-gardists with folk craftsmen and their appeal to the
symbolic language of folk art are taking place. These mutual influences lead to
profound structural changes associated with the emergence of a new stylistic trend in
Ukrainian modern art. The process of creating a national style was, first of all, a
progressive manifestation of the patriotic feelings of the intelligentsia, the awareness
of oneself as a nation.

Many researchers turned to the problems of the development of professional
decorative applied art at the beginning of the 20th century and in particular — to art
ceramics in Halychyna. However, only some of their works contain elements of
theoretical generalization of rich factual material, as well as also cover all the
traditional varieties and trends in the development of the art of ceramics. The vast
majority of publications are dedicated to individual artists, art events, exhibition
reviews, etc. There is also insufficient coverage of the use of expressive means taken
in the visual arts — painting, sculpture, graphics — in art ceramics.

The purpose of the paper is to analyze the formation and development of
scientific and professional schools of art-and-industrial ceramics of Halychyna in the
late 19th — early 20th centuries.

Research methods.

The methodological basis of the work is the principles of consistency and
historicism. The peculiarity of the work was to identify and to correctly understand
the specifics of the period subject to thorough study. The main thing in this was the
realization that the studied creative environment, as well as the creative destinies of
individual artists, were subjected to an unprecedented influence of external factors, a
certain ideological pressure that limited the creative freedom. That is why the
principle of historicism was important in the methodological basis of the work. It is
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the principle of historicism, the consistent study and systematization of the material
under study with its subsequent presentation, in accordance with a certain, pre-
adopted periodization, allows us to consistently trace the processes taking place in the
art environment and the development of the scientific component in the manufacture
of ceramics.

The principle of consistency, which was used by the authors in preparing the
materials of the paper, assumed the consideration of certain issues, in accordance
with the sequence of processes that took place in such a popular variety of
professional decorative applied art as art ceramics. Due to this approach, it was
possible to focus on a detailed clarification of the ways of forming professional
creativity in an inextricable connection, taking into account the characteristics of a
certain material, the needs of appropriate material support, and the establishment of
technological processes. Moreover, such a presentation of the material provided a
clearer indication of the possibilities and prospects for the development of the
mastery of art ceramics.

The processes taking place in art in general and the art of ceramics, in particular,
were projected at the famous art center in Europe — Halychyna. When presenting
factual material, the authors periodically carried out a comparative analysis and
comparison of the local situation with individual historical events that took place
during the beginning of the 20th century, difficult for the European world.

The foundation of the source base of the study is factual material collected
during the meetings of the authors with lecturers and graduates of the departments of
art ceramics of Lviv Academy of Arts, familiarization with museum collections, as
well as relevant literary sources in Ukraine.

The main sources of acquaintance with the creative achievements of Lviv
ceramic artists were the fund collections of Lviv museums: the Museum of
Ethnography and Arts and Crafts of the Institute of Ethnology of the National
Academy of Sciences of Ukraine, the Andrey Sheptytsky National Museum in Lviv,
the Lviv Art Gallery. Some exhibits were found in the funds of the Lviv Historical
Museum, the Museum of Folk Architecture and Life, the Lviv Museum of the History
of Religion.

Results and discussion.

During 1900-1914, we observe the formation of the Galician version of the
Ukrainian national style within the walls of the well-known design and production
company of I. Levynsky in Lviv. It brought together the most prominent artists of the
time: architects J. Zakharievych, K. Moklovsky, O. Lushpynsky, T. Obminsky, artists
I. Trush, O. Novakivsky, M. Sosenko, sculptors P. Herasymovych, M. Havrylko, and
decorative artists M. Lukyanovych, O. Biloskursky, P. Hlynchak, O. Kulchytska, and
others (Radomska, 2019; Noha, 1997, p.215). I. Levynsky's huge and powerful
factory of construction and art industry united like-minded artists who designed and
implemented numerous projects of architectural structures throughout Halychyna,
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created samples of architectural and household ceramics, ceramics in the field of
sacred art (lvashkiv, 2020), tiles, varieties of facing tiles, etc.

In Halychyna, a group of artists, technologists who are constantly working in the
field of art-and-industrial ceramics: A. Verner, J. Zakharievych, V. Krytsinsky,
S. Dachynsky, L. Koshka, L. Marconi, Ye. Dubrava, I. Slovitsky, M. Lukiyanovych,
H. Becher, and others, is gradually taking shape (Mateiko, 1959, p. 25).

Growing rapidly, the ceramic industry subsequently took one of the first places
in the industry of Halychyna at the beginning of the 20th century. Ceramic enterprises
were at a fairly high level of mechanization, the use of modern equipment. Halychyna
was home to about ten highly efficient factories that were trying to compete with their
products in the international market. However, in the first decades of the 20th
century, only three ceramic firms had real international recognition in the field of art
ceramics: the I. Levynsky’s factory, the Kolomyia Pottery School, and the Regional
Ceramic Research Station in Lviv. An important role in this was played by a kind of
artistic style of decorating products, in which an attempt to use the motives of folk
ceramics, the folk ornament is manifested (Shmahalo, 1994b, p. 29).

The early 20th century in the development of art ceramics was marked by the
rapid development of the corresponding infrastructures. Art-and-industrial schools
and production establishments, which constituted significant technical and artistic
potential, were opened and operated. The range of ceramic products met international
requirements. Facing tiles, ceramic sculpture, painting ceramic panels, decorative
applied utensils, building and decorative bricks and tiles, a variety of tile products
were of high art and technological quality. They were made in almost all possible
ceramic materials — chamotte, maiolica, faience, porcelain, stone mass (Holubets,
1991b, pp. 13-14).

There were pottery centers that effectively “fed” professional ceramics in a
number of towns and villages, including Belz, Halych, Hlynsk, Zolochiv, Zhovkva,
Liubech Korolivska, Lviv, Potelych, Plisnesk, Staryi Sambir, Sokal, Stryi. The
growth in the number of pottery workshops and craftsmen, starting from the 16th —
17th centuries, in many settlements of the region led to the emergence of separate
guild organizations, expanding the market for products. Thus, separate potters’
workshops were organized then in Lviv, Sokal, Sambir, Liubech Korolivska,
Potelych, Yavoriv.

Products from each area of pottery had their own art features, which depended
on the natural properties of raw materials, technological level of production, the
stability of local traditions. All famous centers were famous for leading masters,
bright creative personalities.

At the end of the 19th — beginning of the 20th century in the territory of
Halychyna, the most famous folk pottery centers were: Lviv, Kolomyia, Kosiv,
Pistyn, Horodok, Stryi, Oleyov, Sudova Vyshnya, Bilyi Kamin, Brody, Komarno,
Kopychyntsi, Sniatyn, Sokal, Ivano-Frankivsk, Tysmenytsia, Zolochiv, Zhuravno,
Zhyvtsi, Hlynske, Mykolaiv, Halych, Yavoriv, Potelych, Shpykolosy,
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Havarechchyna, etc. The main centers for rethinking folk style trends were Horodok,
Kolomyia, Kosiv, Sokal, Potelych, Halych. They had their own original examples of
interpretation, both in terms of shape and decoration of products. The ceramic
products of these cells impress with an infinite variety of forms created on the basis
of a fine understanding of the specific properties of the ceramic material. Ways of
creating generations of expressive decorative image masters in folk ceramics, which
has mostly utilitarian purpose, were constant role models for professional artists of
Halychyna in the early 20th century (Holubets, 1991b, p. 10).

Folk masters had many techniques for decorating and shaping the ceramics.
Smoking and polishing are one of the oldest techniques typical of many pottery
centers in Ukraine. It gives a unique decorative effect and contributes to the
maximum detection of plastic, silhouette lines of pottery. From time immemorial,
folk masters of Halychyna used the method of partial coating of products with glaze.
The combination of an ocher or grayish-brown surface of the shard with shiny glaze
streaks, most often light green, dark green, or yellow, created a kind of decorative
effect. Free design, not repeating on every piece, emphasized its man-made nature.
They also skillfully used such a widespread technique as flyandrovka (Mateiko, 1959,
p. 77). The use of technological methods that allow to obtain an unusual color,
special decorative effects, an interesting shape and texture, brought to high perfection
by many years of experience, is observed in the art-and-industrial centers of Lviv,
Potelych, Halych, Kosiv, Kolomyia, and other centers of ceramic production
(Mateiko, 1959, pp. 80-81). A characteristic feature of the decor of Ukrainian folk
ceramics is the use of not one, but simultaneously several methods of decorating it,
for example, engraving and painting with engobes, engraving and painting with
ocher, engraving and painting with a horn, engraving and polishing, engraving and
glazing, etc.

In addition to the simplest, exquisite in silhouette and proportions of products —
jugs, makitras, bowls, which were shaped as a single volume during the rotation of
the potter’s wheel, folk craftsmen created a variety of figured vessels — kumanetses,
pleskanky, water bottles, small barrels, candlesticks, as well as vessels treated in the
form of animals (so-called lembics) or anthropomorphic volumes in the form of
humans. They were mounted from several turned forms, they were distinguished by
the tectonic unity of the main volume and details, expressiveness of silhouette lines.
They are characterized by generalization and emphasized decorative forms, witty
adaptation to utilitarian needs, vivid imagery. The ability to convey the pictorial motif
with the help of minimal means is clearly manifested in the ceramic sculpture of
small forms, in particular in the toy.

Sokal was an outstanding center, which has long been famous for painting on
ceramics. In terms of technology, the products of the Sokal potters are very close to
the Hutsul ones: an engraved drawing was applied on a white background (an
engobe-covered crock), according to which the painting was done mainly in three
colors — brown, green, and yellow. The finished product was covered with a
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transparent glaze. Real masterpieces of folk art, which are kept in many museums,
were created by the famous master from the city of Sokal Vasyl Shostopalets
(Pokotiuk, 2017). Unusual in shape (pear-shaped banyaks and twins) and decor
(engraving, engobe painting, and green glaze floods) products of this master deserve
attention. In addition to traditional items turned on a potter’s wheel, he decorated
original anthropomorphic vessels with characteristic paintings (Figure 1). The
dominant grotesque intonations determine the emotional sound of the decorative
images of his authorship (Holubets, 1991b, p. 11).

Figure 1. A jug made in the form of a noble lord. By Vasyl Shostopalets
(Pokotiuk, 2017).

One of the traditional forms of pottery is zoomorphic utensils, so-called lembics.
The boundless imagination of their performers, the ability to convey the
characteristics of animals in constructions of simple geometric volumes, turned on a
potter’s wheel, complemented by sculpted details and paintings is impressive.

Along with a variety of forms and purposes of dishes, folk artists created
sculptural sculptures, ceramic toys. One of the famous centers in Lviv Region, where
ceramic toys have long been made, was the village of Stara Sil. Cute tin whistles and
rattles were made in the form of hollow clay balls, figurines of birds, animals, and
people. The image of a rider on a horse was very popular. The maximum
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generalization of forms, the simplification and schematic nature of the plastic solution
did not interfere with the expressiveness of movements, the reproduction of the
characteristic features inherent in the prototype of the depicted. In some cases,
terracotta items were decorated with engobe painting formed by parallel or concentric
stripes, sometimes covered with colored glaze.

A significant influence on the ceramics of Halychyna, and in particular — on
Lviv ceramics, was exerted by the very popular Hutsul folk ceramics in the western
regions of Ukraine, where, in the system of polychrome decor, along with floral
ornaments, animal drawings, there were images of human figures and, sometimes,
complex plot scenes. The peculiar figurative language of the primitive allowed for a
conditional interpretation of the depicted, deformations and violation of real
proportions. It is characterized by bright grotesque characteristics, expression of
movement, narrative composition, which allows one to compare events of different
times. Filling the entire surface of ceramic products with colorful decor, the Hutsul
craftsmen, as it were, turned it into a living space for plants, animals, people, merging
into a harmonious whole in a single decorative structure (Holubets, 1991b, p. 12).

As you can see, Galician ceramics of the first third of the 20th century rests on a
solid foundation created by folk clay masters, who have a subtle understanding of the
nature of the material, its specific capabilities, master ability to use technological
methods of shaping and decoration. At the same time, a certain decline in the
development of folk cells of ceramic production, which occurred during the
expansion of the infrastructure of art-and-industrial ceramics, under the influence of
socioeconomic factors of the time, should be noted.

The art-and-industrial societies, workshops, plants, and factories, as well as art-
and-industrial schools created at the end of the 19th century were of great importance
for creating new principles of art ceramics of Halychyna in particular and the nature
of the national art of the early 20th century. But it was under them that the first
ceramic associations were subsequently founded.

The largest center for the training of art specialists in Halychyna was the Art-
and-Industrial School in Lviv. Established in 1876 as a School for Drawing and
Modeling at the City Art-and-Industrial Museum, it initially did not have its own
premises. In 1909, the School received a large, specially erected house at 47
Snopkivska Street. Pupils and graduates actively participate in exhibitions “organized
annually within the walls of the institution itself and in exhibitions of national
importance in Vienna (1880, 1889), the Regional Exhibition in Lviv (1894), in the
exhibition of metal art products in Prague (1912), and other events” (Maksysko,
1974, p. 115). The educational institution was constantly increasing, “In the 1911—
1912 academic year, the number of teachers in the School increased to 38 and the
total number of pupils — up to 600. At that time, the School employed such well-
known artists of Halychyna as A. Auhustynovych, J. Nalborchyk, S. Batovsky,
O. Beltovsky, P. Herasymovych, Z. Horholevsky, T.Rybkovsky, Z. Rozvadovsky,
V. Krytsinsky, S. Reichmann” (Shmahalo, 2005, pp. 9-11). Among other
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specializations, the Department of Art Ceramics occupied a prominent place, “It was
founded in 1892 with a specialization: building ceramics, art of creating tiles, pottery
functional ceramics. The laboratory, ceramic shops, and kilns of 1. Levynsky’s
factory were used in the training process (Figure 2), although there were shops and
equipment. Training programs were provided by high-class specialists of the
enterprises of the whole region” (Levkiv, 2002, p. 56).

;’“_\‘ 1 | . <2
Figure 2. Electromechanical department of I. Levynsky factory
(Klimashevskyi, 2020, p. 84).

It should be noted that the mentioned art institution functioned during the
Second World War. Then, with the direct initiative and support of the Ukrainian
Central Committee, the first Ukrainian-language art school — the State Art-and-
Industrial School — was established in Lviv. Under the leadership of M. Osinchuk and
later — E. Nahirny, it existed in 1941-1943 under one roof with a similar Polish
educational institution, the director of which was J. Stazhynsky. Experienced artists
and teachers taught at the school: M. Butovych, V. Balyas, M. Vnuk, M. Kmit,
A. Malyutsa, M. Osinchuk, M. Fedyuk, M. Mukhin, O. Povstenko, and others. The
composition of the student body was indicative for that time, “Many were driven to
Lviv by the war. Some fled east of the Germans, others west of the Soviets. One and
the other were united by Lviv, a city between two forces” (Zvirynskyi, 1997, p. 68).
During the years of German occupation, the School’s students were well-known
future artists and cultural figures: M. Batih, J. Zakharchyshyn, K. Zvirynskyi,
L. Krushelnytska, S. Koropchak, V. Patyk, V. Yarema, and others.

By the end of World War 11, the State Art-and-Industrial School was redesigned
into a construction school, “...Most of the students refused to continue their studies at
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the new school and when, in October 1943, a recruitment was announced for the
newly created Higher Art Studio headed by Vasyl Krychevsky, a significant number
of students moved there” (Zvirynskyi, 1997, p. 68). The founders interpreted the new
institution as the continuer of the traditions of the Ukrainian Academy of Arts in
Kyiv. With the advent of Soviet power, in 1946, on the site of the former art-and-
industrial school, the Lviv Art School was created with a total of about 100 students.

Returning to the situation at the beginning of the 20th century, let us first of all
note the facts that members of newly created societies and art-and-industrial
workshops organized numerous competitions, exhibitions of the best examples of
ceramics, etc. So, in 1907, under the leadership of I. Levynsky, the “Russian Ceramic
Circle” was founded. This Circle brought together Ukrainian engineers, technicians,
artists who worked in ceramics not only in the territory of Halychyna, but also
beyond. It was the first all-Ukrainian technical artistic organization. Subsequently,
other associations of artisans and industrialists appeared — the “Meshchanske
brotherhood” (1909), “Lviv Rus” (1909). In 1918, an important event in the life of
Western Ukraine was the founding of a new organization — the Labor. Already at the
beginning of its activity, it undertook the revival of a ceramic factory in Lviv (Noha,
2001, p. 45).

It is worth noting that the search for “Ukrainian style” continued at the turn of
the 19th and 20th centuries at enterprises that produced porcelain and earthenware, in
particular, in Volyn. Flattened forms of teapots borrowed from the 18th century,
Korets and Zhovkovsko-Hlynsky production, decorated with a weaving of ornament
from a golden runner with a thin truncated chain, “survived” at the Baranivka
Porcelain Factory until the beginning of the 20th century. At the turn of the century,
the Baranivka production facility made fruit vases on an elongated stem using the
cutting technique, which were decorated with iridescent paints applied using an
airbrush (Shkolna, 2008, p. 121).

However, the largest center for the production and use of decorative ceramics
was the architectural firm of 1. Levynsky. The beginning of the 20th century was the
period of its highest prosperity. At the heart of the creative method of the artists who
worked at the enterprise, the age-related achievements of folk art were effectively
used and rethought. The building and art ceramics factory of I. Levinsky began work
in 1888. A distinctive feature of the products produced was an orientation towards
local folk art, a bold interpretation of borrowed motives, “The forms, ornament, and
color (brown, yellow, green colors), traditional for Western Ukrainian ceramics, were
preserved, but, at the same time, the decorative sound of the entire product as a whole
was dramatically sharpened. The color was enriched with different shades of tones,
especially previously unconventional — purple, blue, gold. The decor was intricately
thickened, stylized folk motifs were combined with typical Art Nouveau patterns. In
the art and plastic form of decorative applied ceramics, there is the interpretation of
the plastic solution, color decor and technology of Hutsul ceramics and ceramics of
the Sokal pottery center” (Kolupaieva, 2004, p.245]. The decor system was
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dominated by strict calculation, constructive clarity, and geometric accuracy, as well
as crafted rhythms. The basis of the ornament was the intersection of straight or
concentric lines that formed a graphic grid, each element of which was filled with a
certain color. The dominant light background gave the products a characteristic
lightness and its combination with polychrome painting — solemn sublime
intonations. An important contribution in this area was the activity of O. Biloskursky.
The compositions of his ceramic friezes and panels are based on elements of
Ukrainian ornaments — rhombuses, crosses, stylized ears of wheat, sunflowers, motifs
of Hutsul embroidery patterns. The facing tile of O. Biloskursky made according to
folk models, was used in construction throughout Halychyna.

Yu. Lebishchak, who was one of the first to use the national color in the
ornamentation of facing tiles, also worked at the factory. He opened his own ceramic
workshop, which made thematic and ornamental tiles based on the traditions of
Ukrainian folk painting. O. Lushpynsky worked in the same direction at
I. Levynsky’s factory. According to his drawings, ceramic decorations were created
for the house of the Dyakivska Bursa at St. George’s Cathedral in 1903 (Figure 3.a).
These were window-sill ceramic inserts and above-window “towels”, the rich color
and expressive drawing of which became the main accent in the composition of the
building (Figure 3.b).

Figure 3. The house of the Dyakivska Bursa at St. George’s Cathedral: a —
photo of 1904 (Lehin, 2019); b — fragment of the facade decor in the photo of 2010
(Pleshakov, 2010).
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The 1. Levynsky factory has undertaken an important mission of reviving the
art of tiles. The folk art of creating tiles fell into decay at the beginning of the 20th
century. It is being revived at the industrial level due to the efforts of the tile
department of the I. Levynsky factory under the leadership of Dzbansky, who took as
a basis the plot-thematic solution and technological methods of Hutsul tiles. This is,
first of all, the work of famous folk artists — I. Baranyuk and O. Bakhmatyuk. The
first attempts in this direction received approving reviews at exhibitions in Paris
(1900), Krakow (1905), Kolomyia (1911). One of the most interesting examples of
I. Levynsky’s Lviv factory was a kiln made in the folk style designed by E. Kovach
for the Galician pavilion at the 1900 World’s Fair in Paris.

A separate direction in the creation of tiles is their ornamentation, which is
based on the decoration of the traditional motif of the “tree of life”, the characteristic
patterns of folk embroidery. Such a tile kiln was demonstrated at the Krakow
Exhibition in 1905. Elements of folk ornamentation in relief ceramic tiles in
Halychyna were also used in factories in Hlynsk, Kolomyia, Halych, Lviv.

Factory artists were looking for new forms of ornament, somewhat abstracted
from a particular variety of decorative applied art. That is why you can see the motifs
of embroidery, weaving, beadwork, wood carving, or engraving on metal, patterns of
Easter eggs in their ornaments. There are interesting improvisations in the
combination of form and painting, but there is always a certain pattern: the ornament
Is mainly concentrated in places of greatest plastic stress — on the convex walls of
vessels, near the edges of the neck, unfolds in dynamic concentric motion on plates.

The activity of ceramists O. Biloskursky and M. Lukyanovych is indicative in
this respect. They developed ornamental versions of compositions based on the art
stylization of pottery of Hutsulshchyna, Boikivshchyna, folk centers of Lviv,
Ternopil, the best examples of ceramics from Opishnia. These artists used
embroidery ornaments, wood carvings, transforming them into ornamental subjects
for replicated ceramics.

Analyzing the processes that took place at the beginning of the 20th century, it is
worth mentioning the pottery school in the village of Vikno, which was organized in
1880-1886 by V. Fedorovych. Its works have been successfully exhibited at many
exhibitions. The head of the school was a local priest M. Tchaikovsky, who made
many efforts to revive the traditions of pottery, while providing local craftsmen with
samples of ornaments with Christian symbols.

At the beginning of the 20th century, Halychyna pursued a policy of
Ukrainization of the church and hence church art, which was used in the decoration
of temples. This movement was led by Metropolitan Andrey Sheptytsky. Through the
efforts of such artists as O. Lushpynsky, E. Kovach, T. Obminsky, L. Levytsky, in
particular, the production of ceramic Easter eggs was organized. They were made of
ceramic mass by casting in gypsum molds. After firing, they were painted with
ceramic paints and fired again. The ornament was of a vegetable nature. The color
scheme usually involved a combination of black, brown, and yellow colors.
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At the beginning of the 20th century in Lviv, Kolomyia, Kosiv began active
production of ceramic icons. O. Lushpynsky also undertakes their creation (Figure 4)
(Kolupaieva, 2012).

Figure 4. Oleksander Lushpynsky. Icon. Clay, ngobes, glaze, molding,
painting. I. Levynsky’s factory. Beginning of the 20th century. 56x45x4cm. National
Museum in Lviv. Andrey Sheptytsky (Kolupaieva, 2012).

At the same time, in the architectural production workshops of the firm of
I. Levynsky, they were developing projects for ceramic icon cases. In particular, the
icon case, which combines wood and glazed ceramics, was designed by
O. Lushpynsky. The icon case was ornamented with Hutsul carvings, with an image —
a triptych of the image of Christ and two angels executed in majolica. The art image
was based on the successful combination of ebony and brightly glazed ceramics. The
icon case was presented in Lviv at the 1909 exhibition of religious products. At the
factory of I. Levynsky, projects for other items of church furnishings were also
developed, in particular, terracotta and glazed church crosses, in the decoration of
which ones used the ornamentation of woodcarving, characteristic of Hutsulshchyna
and Boikivshchyna (Baran, 1993 ).

Appreciating the ceramic art-and-industrial production of Halychyna from the
1910s — early 1940s from an art criticism point of view, several form-making style
trends can be distinguished. Most of these directions do not have a specific time
reference, because they were created not only according to the art preferences of
artists, but also according to certain laws of the market environment, in accordance
with changes in the sociopolitical situation, which included the factor of a certain
provincial distance of Halychyna from the main European centers. Furthermore, the
difficulty of defining certain stylistic trends in a holistic system of art-and-industrial
ceramics of Halychyna is due to the absence in ninety percent of cases of a specific
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temporary attribution of ceramic products. The printed materials of that time often
give conflicting conclusions. So, experts distinguish: 1) an eclectic style (60s of the
19th century — 20s of the 20th century) with a focus on: a) the antique art; b) the art
of Japan, China, and other countries of the East; ¢) school of styles of European art of
the 6th — 19th centuries; d) Ukrainian folk art; 2) the style of secession (late 90s of
the 19th century — 10s of the 20th century); 3) avant-garde searches (1905-1940s)
(Noha, 2001, pp. 215-216).

Many of the most prominent artists of the time contributed to the formation of
the above-mentioned style of ceramics: architects V. and Ye. Nagirny,
J.and A. Zakharievych,  O. Lushpynsky, L. Levynsky, T.Obminsky, and
Ye. Chervinsky; painters I. Boychuk, I. Trush, O. Novakivsky, M. Sosenko; sculptors
L. Marconi, P. Herasymovych, M. Havrylyuk, P. Paraschuk; applied artists
M. Lukiyanovych, O. Biloskursky, Yu. Lebishchak, and others. All these artists were
to some extent related to ceramic centers (Noha, 2001, p. 237).

On the numerous samples of art-and-industrial ceramics created in the 1910s, it
Is possible to determine the typical techniques and methods of decoration that
characterize the Galician version of Art Nouveau in ceramics based on the Ukrainian
folk style, including the construction of forms on the folk Hutsul and Boykiv
ceramics, a kind of flavor inherent in local potters, borrowing motives from the works
of Ukrainian folk arts and crafts, etc. Regarding the use of elements of folk ornament
and its stylistic transformation in tiles, art of creating tiles, etc., during this period, all
the largest institutions of Halychyna in Lviv, Kolomyia, Halych, Tovsty, Hlynsk
manufactured products of this type. From the point of view of art history, these were
the tendencies of combining the stylistics of modernism with the traditions of folk art.
In the art of creating tiles, the artists of Lviv Region showed themselves the most
(among them it is worth mentioning first of all Edward Kovach). Their work became
the basis for the creative development of artists who worked in the 20-40s of the 20th
century.

At the beginning of the 20th century, I. Levynsky’s ceramic factories created
ornamental ceramics for decorating buildings, which determined the future search in
this direction for artists from all over Halychyna. First of all, we mean facing tiles for
Dyakivska Bursa (1903-1904), for the house of the Dniester Society (1904-1905) in
Lviv, the People’s House in Kitsman, and for a number of other houses of national
societies and “Prosvita” in Halychyna (Holubets, 1991a).

The introduction of Ukrainian folk motifs into building structures and architecture,
characteristic of Art Nouveau, in Halychyna influenced plastic decor and sculpture. Such
manifestations can be seen in the decorative plastic design of the exteriors of houses.
Such attempts are recorded in the sculptural design of a number of facades, where
attempts to plastic transfer of structural elements of the log-house Hutsul houses are
palpable. These are, in particular, houses on 44 Shota Rustaveli Street and 103 General
Chuprynka Street in Lviv. Sometimes sculptors borrow ornaments from folk decorative
applied art for their projects (houses on 11 General Chuprynka and 20 Rus’ka Street in
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Lviv). This is the transformation of embroidery elements in the stucco molding of
balconies. As a whole, floral ornamental motifs were used in the plastic decor, in
particular images of sunflower and wheat, symbolic for Ukraine.

A separate area for searching ceramic artists is the art of creating tiles. The
beginning of its industrial development falls on the late 1880s — early 1890s, when
we can talk about the presence of about 50 enterprises for the production of tiles.
According to materials from that time, one of them produced 5,000 kilns annually;
four enterprises — 1,000 pcs. each; six ones — 500 pcs. each; the rest ones produced
less. However, only a few firms were of primary importance for the development of
Galician art of creating tiles. These are, first of all, the Lviv factory of I. Levynsky
(Figure 5), the factory of J. Zakharievych and L. Verner in Hlinsk, and the Kubin,
Brekh: Korzheniovsky company in Lviv. It was these enterprises that produced not
only the largest number of products, but also carefully monitored its quality, which
was evidenced by the numerous awards of their products at international exhibitions
in Lviv, Odesa, Krakow, Paris, and other European cities (Noha, 2001, p. 105).

Figure 5. Press for the manufacture of tiles at the factory of I. Levynsky.
Archival photo (Klimashevskyi, 2020, p. 165).

At the turn of the 19th and 20th centuries, Galician tile makers produced mostly
dark plastic kilns (red, green, or brown) decorated with convex ornaments in an
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eclectic style. Ceramic tiles for such kilns were produced in plaster molds and the
molds themselves were cast made from models by local sculptors. In the absence of
local samples, kilns molds were imported from abroad, mainly from Germany
(Dresden and Berlin), where there were factories for their production.

As for the introduction of a kind of stylistics in the art of tile focused on
Ukrainian folk motifs, the ‘“fashion queen” has always been the factory of
I. Levynsky. Factory artists O. Biloskursky, O. Lushpynsky, M. Lukiyanovych,
Ye. Kova developed samples of kilns, which were very successful both at exhibitions
and among ordinary buyers. The original compositions of the kilns produced here
were of high quality and they were presented at exhibitions in Lviv in 1892 and 1894.
At these exhibitions, local and foreign exhibits preferred kilns of two other factories:
J. Zakharievych and A. Verner, as well as Kubin, Brekh: Korzheniovsky. At this
time, the quality of their products has increased so much that they have successfully
competed with Western companies not only in Lviv, but also in the provinces (Noha,
2001, p. 109-110).

Interesting decoration of ceramic tiles based on folk motifs was shown at the
mentioned exhibitions by Levynsky from Lviv and Hlynsk — painted ceramic tiles on a
colorful background. Their production took place in the following sequence: ceramic
tiles with relief ornaments baked for the first time were painted with pre-glaze paints,
after which they were covered with transparent glaze and baked again. The play of
chiaroscuro relief and color painting created an additional aesthetic impression. This
decoration method, together with the usual glaze, marbling and dripping techniques, has
since found widespread use in Halychyna (Noha, 2001, p. 110).

At the beginning of the 20th century, the process of development of Galician art
of creating tiles took place through constant artistic and technical improvement of
products and technological equipment (Figure 6). During these years, a new method
of making ceramic tiles “porcelain imitation” was invented. It consisted in
“whitewashing” of ceramic tiles — a thin layering of white clay on a baked product,
followed by glaze coating. After baking, a milky white color, reminiscent of the
products from Berlin, which were supplied to Halychyna in large quantities, was
obtained. After many years of searching at the factory of I. Levynsky, the glaze of the
desired color was created and since then Halychyna has begun to produce white kilns.

The use of elements of folk ornament in relief and painted ceramic tiles of the
first half of the 20th century in Halychyna is found in factories in Hlynsk (near Lviv),
Kolomyia, Halych, and Lviv. Mostly these were traditional modern schemes with the
use of folk ornaments, made in gray, green, cherry colors.

At the turn of the century, art-and-industrial ceramics of Halychyna spread in the
field of mass production of ceramic plastics. By this name, we mean busts, statuettes,
vases, products with embossed decoration, sculptural embossed tiles, embossed
facade panels, and much more. Such products were made in a wide range in Eastern
Halychyna, mostly in several firms: at the enterprises of I. Levynsky in Lviv (1889—
1914), the Regional Station of Ceramic Experiments (1894-1914), the Patsykiv

398



http://www.hst-journal.com Icmopis Hayku i mexHiku, 2021, mom 11, sunyck 2
History of science and technology, 2021, vol. 11, issue 2

Faience Products Factory of Oleksander Levytsky (1912-1941) (Shmahalo, 2005,
p. 171). It should also be mentioned that such works in the late 19th — in the first half
of the 20th century were periodically created by sculptors of the Lviv Art-and-
Industrial School (Shmahalo, 2005, pp. 174-175) and the pottery school in Kolomyia.

Figure 6. — I. Levynsky’s factory: a — kiln for baking a tile (Klimashevskyi,
2020, p. 166); b — press in the tile department of I. Levynsky’s factory
(Klimashevskyi, 2020, p. 168).

There were three main lines of sculpture production at the enterprises of
I. Levynsky. The first one presented works of ceramics, such as figurines, busts, relief
tiles, friezes, funerary monuments, terracotta and majolica plaques, relief plates, etc.
The second one was associated with sculpture, which was made as an element of the
interior or souvenir products — busts, plaques, sculpture toys. The third direction —
sculptures made of chamotte or artificial stone, mainly bas-reliefs and high-reliefs,
less often — round sculptures, as a rule, for exteriors and interiors (Holubets, 1991a).

The sculptural products of I. Levynsky factory gained considerable popularity.
The sculptors of the factory developed and launched into production, along with
decorative applied art and ceramic tiles, things of a purely pictorial direction: plaques,
portrait busts and figurative images, funerary monuments, sculptural reliefs made in
terracotta or majolica. Elements of architectural and decorative finishing have found
wide application not only in Western Ukraine, but throughout Poland, and objects of
fine art were highly appreciated at sculpture exhibitions (Shmahalo, 1995, pp. 50—
54). Among the plaques popular at that time, we have note the plots “Meeting of the

399



http://www.hst-journal.com Icmopis Hayku i mexHiku, 2021, mom 11, sunyck 2
History of science and technology, 2021, vol. 11, issue 2

Hutsuls”, “Peasants and the Jew”. The original ceramic tiles-plaques were created by
the sculptor O. Dzhulynska: “Lyre Player and Peasant in the Field”, “Peasant in the
Field Eats His Lunch”, etc.

It should be noted that the production of sculptures and small plastics was typical of
many centers of ceramic production in Halychyna. In particular, the sculpture was made
in Liubech Korolivska, Potelych, and others. The same products were made in various
centers of folk pottery. Thus, small figurines, plastic, children's toys were made in the
Stara Sil. This was mainly done by women of potters.

Kolomyia Pottery School, being at the same time a production institution, also
turned to the production of ceramic tiles, plaques, relief tiles, which were used in
construction (Shmahalo, 2005, pp.172-173; Shmahalo, 1991, pp.57-58). The
additional art potential of the School in Kolomyia, in addition to teachers and
students, were numerous artists from Lviv, who often worked here, especially in the
first years of the 20th century.

Before the First World War, the Faience Factory in the village of Patsykiv (now
the village of Pidlissia, lvano-Frankivsk Region) founded by Oleksander Levytsky
enters the arena of ceramic factories in Halychyna. During the period of its existence
(1912-1942), the factory produced faience and majolica products designed by Lviv
sculptors, such as L. Drexler, A. Popel, O. Levytsky, Yu. Khmelinsky, S. Chapek,
and others.

In the period from the beginning to the 40's of the 20th century, Halychyna
enterprises mastered the production of a wide range of products in the field of
ceramic plastics — anthropomorphic and animalistic statuettes, small sculptural
compositions (busts, portrait sculptures, figures, reliefs, bas-reliefs, funerary
monuments, plaques); products of architectural and construction purpose (columns,
vases, compositions, tops to architectural details, relief tiles, relief tile panels);
household products with embossed decor (vases, bottles, plates, jugs); children's toys
(“little horses”, “lambs”™, piggy banks, animalistics) in different materials (terracotta,
majolica, faience, stone, porcelain, etc.) (Shmahalo, 1995, pp. 50-51).

As we can see, ceramic plastics, which were made in the art-and-industrial
institutions of Halychyna in the early 19th — first half of the 20th century, was
characterized by a variety of range and stylistic concepts.

As already mentioned, at the beginning of the 20th century, O. Lushpynsky
turned to the creation of ceramic icons (Noha, 1993, p. 73). Works of this nature
clearly testify to the involvement of ceramics in the field of contemporary searches
for new formative means in the national religious art (Shmahalo, 1994b, p. 78). In
particular, the majolica icon of I. Levynsky’s factory from the funds of the National
Museum in Lviv The Coronation of the Blessed Virgin Mary represents attempts to
create ceramic images on the basis of Byzantium with the formal language of
modernism.

The creative search also continued in line with the combination of traditional
iconography and aesthetics of folk ornamental art, taking into account the peculiarities of
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materials, industrial production, and modern spiritual needs. Sacred ceramics in the first
decades of the 20th century were made in other institutions of professional ceramics, for
example, in Kolomyia Pottery School (Shmahalo, 19944, p. 45).

In folk ceramics of the early 20th century, the production of ritual and
ceremonial utensils, which were used in family and calendar ceremonialism, was
widespread. The availability of products directly intended for the arrangement of
temples and the celebration of liturgy is due to religious requirements and regional
features of pottery. In such products, which are characteristic first of all of the
ceramics of Prykarpattia, the connections with the sacred Christian art were more
clearly revealed (Kolupaieva, 2004, p. 248). The use of utensils in traditional rituals,
apparently, dates back to ancient times and contained features of traditional folk
pottery. The typology of products covered all the main groups and types of utensils
known in traditional pottery. They had a specific function and local names.

Everywhere there were “lean pots”, “lean dishes” — dishes in which ritual meals
were cooked three times a year. For holy water, ones made jugs, konovochky
(Hutsulshchyna) (Shukhevych, 1904, p. 203); in the Easter rite, bowls were used for
“bringing” to the church, “bowls for the consecrated”. Ones also produced polished
supplies or vases for kutia and cheese, reminiscent of deep bowls with tires,
paskivnyky — baking dishes for paskas (traditional sugar-topped Easter cakes),
painted ceramic baskets, etc. Ritual utensils have always been distinguished by their
thoroughness of shaping and ornate décor (Kolupaieva, 2004, p. 249).

Ritual items similar to censers are unique. These are closed bowl-shaped vessels
with lugs, through slits of various configurations (in the form of an arch, a cross, a
circle, or a triangle), topped with a malleable cross. Such products are especially
common at Hutsulshchyna — in Kolomyia and Kosiv. Kolomyia “chagans” are not
covered with glaze, mostly smoked, decorated with plastic-figure techniques
(engraving, polishing), cord ornaments, figured slits. They were used as candle
lanterns. Such lanterns were made by masters from the well-known Kahnikevychi
family in Kolomyia (Baran, 1993). There were also candlesticks with a decor of more
difficult construction: rosettes, circles, flowers, sinusoids-runners, zigzags, dentels of
a lambrequin, planes of “fir-tree writing” (in the form of a fine lattice with oblique
intersecting lines) (Lashchuk, 1956, p.20). Characteristic of candlesticks of
Halychyna was the alternation and combination of floral and geometric ornaments.
High invariance of grouping of graphic, color solution of elements on the basis of
contrasting comparisons of yellow, green, brown colors on a white background
(Kolupaieva, 2004, p. 253).

In the 1930s, Kosiv potters M. Sovizdranyuk, H. Kuryliuk, and P. Tsvilyk made
ceramic painted aspergilliums with a bas-relief image of the Crucifixion (Kolupaieva,
2004, p. 255).

On Halychyna, ceramic aspergilliums, created only for Catholic and Greek
Catholic churches, are noted for their originality. They demonstrate the diversity of
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the general forms of these small pottery products, the connection with Christian
iconography and its popular understanding.

The development of the art of ceramics in Halychyna is inextricably linked with
certain personalities. We have already mentioned I. Levynsky, many architects and
artists who worked with him. Let us also mention the well-known figures in the
development of ceramic production of Halychyna — Casymir, his sons — Oleksander
and Joseph (Jacob) Levytsky. The beginnings of their activity date back to the middle
of the 19th century. In 1900, C. Levytsky opened the so-called “Porcelain and Glass
Painter” in his shop in Lviv. C. Levytsky’s workers painted dinnerware sets and
individual products, according to the projects of well-known Galician artists
(E. Kovach and others). From the first years of the 20th century until 1939, they
gained considerable popularity. Using the professional artistic potential of Lviv, its
owner managed to overtake in the artistic sense of two larger similar institutions — in
Brody and Krakéw (Shmahalo, 2005, p. 171). Somewhat later, in the 1910s, by the
activities of the Levytsky brothers, a faience factory was founded in Patsykiv, which
produced utensils, sculptures, etc. A characteristic feature of this ceramic enterprise
was a marked simplification of the form of both functional and decorative items. The
company's products were mostly focused on meeting the needs of the general public.

Also worth mentioning is the pottery workshop of functional ceramics in
Halych, which was headed by one of the future leaders of ceramic production in
Ukraine Yuriy Lebishchak. The workshop designed and manufactured bowls, vases,
jugs, bottles, etc.

Technological discoveries make up a significant part of the achievements of
professional ceramics of the first half of the 20th century. So, for example, from 1906
to 1914, production of high-quality color mass (similar to modern technical
porcelain) was introduced at the enterprise of I. Levynsky. Small painted bottles,
vases with embossed subjects, boxes, and other small things were created from this
material by casting. In 1914, the factory made products from almost all ceramic
materials (Holubets, 1991a). The wide technological range gave an impressive
breadth of the range: vases (decorative for plants), pot holders, ashtrays, bowls of
different sizes, makitras, plates of different sizes, strainers, flacons, pots, jugs,
hladushchiky, “babnyky”, paskivnyky, tea sets, coffee sets, plates, trays, “twins”,
“triplets”, “quadruplets”, milk jugs with a handle-holder (on three or four legs),
“pampushnytsi”’, kumanetses, pleskanky, water bottles, banyaks, small barrels, flasks,
bottles, cups, glasses, figured dishes (roosters, rams, lions, anthropomorphic
crockery), toys for children as a crockery (bowls, plates, cups, twins, etc.), or plastics
(“fuzzballs”, “cones”, “balls”, etc.), technical utensils.

At the beginning of the second decade of the 20th century, the development of
professional ceramic art of Halychyna was actively influenced by the establishment
of cultural contacts with Eastern Ukraine (Shmahalo, 1999, pp. 155-157). The
exchange of information about the creative achievements of Eastern and Western
Ukraine takes place both through participation in joint exhibitions and through the
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practical exchange of technological and art experience in connection with migration
processes. A large number of specialists from Halychyna worked in the leading
ceramic centers of the Eastern Ukrainian lands and, on the contrary, artists from
Eastern Ukraine worked at the ceramic enterprises of Halychyna. This resulted in the
effective use and mutual enrichment of traditional decorative forms of different
regions of Ukraine. It is important to note that the representatives of the Galician
centers of art-and-industrial ceramics actively disseminated in practice the
technological heritage of the western regions of Ukraine in the east of our country.

In addition to mutual enrichment at the technological level, the migration of
artists and sculptors between the ceramic centers of Eastern and Western Ukraine,
which were divided by the State border, led to the identification of a nationwide art
style based on well-known local art manifestations that received various names:
“Hutsul”, “Galician”, “Poltava”, “Little Russian”, “Kolomyia”, “Lviv”, etc.

An example of Galician introduction of art stylistics and technological
knowledge to the eastern territories was the activity of ceramists
M. and O. Biloskursky, Yu. Lebishchak, S. Patkovsky, H. Berezovsky, who worked
in the ceramic centers of Eastern Ukraine and Russia (Noha, 2001, pp. 254-255). It
should be noted that the active work of these and many other Western Ukrainian
artists has led to the fact that some products of the centers of ceramic art of Eastern
Ukraine are marked by features of borrowing from Hutsulshchyna.

Talking about the effectiveness of relations between Western and Eastern
Ukraine, we note that, on the other hand, the general situation in Halychyna 1900s —
1940s is characterized by a significant presence in many processes of Polish experts.
The Polish-Ukrainian and Ukrainian-Polish relations at that time were obviously
difficult, but they were marked by an organic and inseparable unity in many cases of
the representatives of both nations. Their joint work is felt in the activities of many
organizational structures.

A typical example is the Regional Ceramic Research Station created at Lviv
Polytechnic (1886) (Shmahalo, 1999, p.151). Under its professional guidance,
production was organized in pottery schools in Kolomyia (1886), Tovsty (1886),
Porembije (1880s), Podzuje (1889), and in the ceramic enterprises of Halychyna.
Many high-ranking officials took part in the processes of its creation (1890s) and
activities. This fact puts the organization in first place among similar institutions in
the region. Significant merit in the activities of the Station lay in the titanic tireless
work of Edmund Krzhen and Professor Julian Zakharievych. Ceramic engineer
E. Krzhen, leading scientific research from the very beginning, raised them to the
highest level. He and his colleagues and students developed various technological
recipes for ceramic masses, which have long been a secret for Galician companies,
created a number of original colored ceramic paints, glazes, enamels (Shmahalo,
2005, p. 171). Important in the activities of the Station was that students and listeners
of Lviv Polytechnic had the opportunity to study here directly, on specific examples.
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One of the greatest achievements of the research team under the leadership of
E. Krzhen was the invention of white glaze, products from which provided a
competitive advantage for Galician art of creating tiles over products of foreign
companies that produced white porcelain kilns. A valuable achievement of the Station
was the invention and use of glazes and paints, which, after baking, produced specific
effects characteristic of Japanese ceramics. Such glazes are widely used in many
Western Ukrainian enterprises, in particular, in the decoration of vases, glasses,
ceramic tiles. The technology of counterfeiting the “Japanese glaze” was so high
quality that only the hallmark of the Galician company testified to the truth of the
product (Shmahalo, 1999, p. 152). The Lviv Station played a significant role in the
life of the Galician clay industry, the formation of the main centers of art-and-
industrial production and education.

Note, however, that in the postwar years 19141920, the production of ceramics
in Halychyna is in decline. It was only in the 1930s that attempts were made to
restore it in Lviv. A porcelain workshop appears. In these years, sculptor
S. Lytvynenko founded the sculpture and ceramic workshop “Eye” (Shmahalo, 2005,
p. 175). In its place, already under Soviet rule, in 1946, the Lviv Experimental
Ceramic and Sculpture Factory was opened. Since 1949, a specialized ceramic shop
has been operating here. Since 1956, the Lviv Ceramic Plant of the Republican
Production Association “Ukrbudkeramika” begins to produce products, where, along
with construction and sanitary ceramics, artists work on the manufacture of
souvenirs, as well as perform monumental and decorative compositions for the
architectural environment. These enterprises have become the main base for the
development of professional ceramics. However, there was an obvious need for
specialists of the appropriate level.

Since 1946, the Lviv State Institute of Applied and Decorative Arts (now the
Lviv National Academy of Arts) has been training highly qualified specialists. It is
the only educational art institution of this kind in Ukraine. Since its inception, a
specialized Department of Art Ceramics has been established. Moreover, Lviv School
of Applied Arts (which will later be named after I. Trush) will start operating in Lviv
on the site of the former Art-and-Industrial School. Since its opening, the
methodology and quality of training of masters of art ceramics have been constantly
improved. Subsequent achievements of Lviv professional decorative ceramics were
the result of creative work of several generations of students of the local art school —
graduates of these educational institutions.

Conclusions.

The art features of Halychyna ceramics were formed in the context of Western
Ukrainian and European art of the 19th — first half of the 20th century. At the
beginning of the 20th century in art-and-industrial ceramics, stylistic signs of modern,
which received a fairly wide range of local names: “Rus’ style”, “East-Galician
style”, “Kolomyia style”, “Hutsul secession”, were clearly identified. Ultimately, the
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most famous name is “Ukrainian modern”, which brings out expressive counterparts
in Eastern Ukraine. One of the main features of the Galician art-and-industrial
ceramics of this time is the active involvement of folk traditions as a source of
creative inspiration for the art of professional artists. In art-and-industrial ceramics of
Halychyna, along with the eclectic manifestations, the local style of ceramics, which
has gained recognition in Europe, has been formed.

At the turn of the 19th and 20th centuries in Halychyna, a corresponding
infrastructure in the field of art-and-industrial ceramics, which covered educational
institutions of lower, secondary, and higher qualifications; technical and
technological services, small workshops, and large enterprises, highly qualified
specialists — technologists and artists, was formed.
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iMeH1 Muxaiina boituyka, Ykpaina

MuxkoJua Jlamneka
HarnionanpHu#t TpaHCTIOPTHUM YHIBEPCUTET, Y KpaiHa

Baunepii Crpineunb
HanioHnansHui TpaHCIOPTHUI YHIBEPCUTET, Y KpaiHa

Kepamika I'anmnunnn Hanpukingi XIX - moyarky XX croJirrs.
Hayxkosi Ta npogeciitni mixosu. TexnoJiorii. Ilepconauii.

Anomauia. Ananiz yucienux nam ’smox nepuioi mpemunu XX cmoaimms oae
niocmasu cmeepoxcygamu, wo Ha I anuuuni po3eusanocs eupoOHUYMEo 06azamvox
PI3HOBUOIB XYO0IHCHbO-NPOMUCTOBOT KEPAMIKU, 30KPEeMA, apXimeKmypHoi KepamiuHoi
NAACMUKY, DISHOMAHIMHUX 8UPOOIE YIHCUMKOBOI KepamiKu, 0eKOpamueHoi OaxieKu,
Kaxaig, o0OIUY08anbHoi naumku moujo. Mucmeyvki ocobausocmi  Xy00HCHbOL
kepamiku [ anuuunu, 6acamcmeo cnocobie ii Oexopy8aHHs ma GopMOmMEopeHHs,
CMUNLICMUYHI 0COOIUBOCMI, A MAKONC YUCTIeHHI MUCMEYbKI MOBAPUCMEBA, HAYKOG ma
npogpeciini 06 ’€OHanHs, 2pynu, 3a600u ma Gadpuxuy, AKi CReyianizy8anucs Ha
BUCOMOBICHHI KEPAMIKU, 8I000PA€CAOMb 3A2albHULL PO3BUMOK YIEL 2any3i 8 neputill
nonosuni XX cmonimmsa ma CMAHOBIAMb NEPeOyMOBU GUHUKHEHHS UWIKOJIU
npogeciunoi kepamiku y I'anuuuni na nouamxy XX cmonimms. Memow cmammi €
AHaNi3 CMAHOBIIEHHS MA PO3BUMKY HAYKOBUX Ma NPOGECitiHuX WKl XYOOHCHbO-
npomucnosoi kepamixku I anuuunu 6 xinyi XIX - nouamxy XX cmonimms. Memoouka
oocnioxcennss Oyna obpana 6iOnoGiOHO 00 KOHKPEMHO20  (HAKMOLO2IUHO20
mamepiany, nocmaeieHux y pobomi memu U 3a80aHb, pPO320PMANACA HA OCHOSI
CUCTNeMHO20 NiOX00y U HNPUHYUny IiCMOpUsMy, 13 3ACMOCYBAHHAM Memooy
KOMNJIEKCHO20 — MUCMEYMBO3HABY020 — AHANIZY, AKUU  CUHME3VE  O0O0CAIOHUYbKI
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MOJCIUBOCE  NOPIBHANLHO-ICMOPUYHO20,  (DYHKYIOHANbHO20,  MUNOJI02IYHO20
Memooie 0Qocniodxcenns. Buxopucmosysanuii npunyun cucmemuocmi nepedbauas
PO3271510 NeBHUX NUMAHb 8IONOBIOHO 00 NOCII008HOCMI Npoyecis, AKi 8i100Y8anUCs 8
MaKkomy NONYIAPHOMY  PIZHOGUOI  Npogeciinoz0  0eKOPAMUBHO-YHCUMKOBO20
Mucmeymaea K Xy00HCHs Kepamixka. 3a80aKu maxkomy nioxo008i agmopu Hamaauucs
30cepeoumu y8acy Ha OOKIAOHOMY 3 ’SCY8AHHI WLIAXI8 GopmyeanHs npoecitiHoi
MBOPHUOCMI 8 HEPO3IPUBHOMY 38 A3KY 13 BDPAXYBAHHAM OCOOIUBOCMEL NEGHO20
mamepiany, nompeoamu  8iONOGIOHO2O0 — MAMepPIAIbHO20  3abe3nedeHHs  ma
HAIA2004CeHHsT mexHono2iuHux npoyecie. Kpim moeco, maxuil 8uxiad mamepiany
cmammi 3a6e3neyus yimKiuie OKpeCIeHHs MONCIUBOCMeEU | NepCneKmue po36UmKy
mucmeymea xy0odchvboi Kepamiku. Y npoyeci pobomu agmopu yceioomMao8aniu, uo
6ci npobaemu, AKi cmocylomvbcs mucmeymea nepuioi nonogunu XX cmoaimms, y
MOMY HUCH U PO3BUMKY V GUPOOHUYMBI XY00dICHbOl Kepamiku Ha I anuuquHi,
nepebysaroms 1uule Ha NeeHiti cmaoii IpyHmMosHo2o eusuenus. Came momy oOana
poboma € nuwe OOHUM 3 emanié Ha yvbomy wiaaxy. Y 368°sa3Ky 3 yum, Oaue
O0CNIONCEHHST MPAKMYBANOCA ABMOPAMU He AK make, Wwo MAe oCmamoiHo
suyepnamu 00pawy memy, a HABNAKU — pOOOMA MAE CMBOPUMU MONCIUBICND
HACMYNHO20  OeMAalbHIUO020 BUBYUEHHS OKpeMUX s6uly, mMeopuo20 OO0POOKY
XYOOHCHUKIB YU AHANLIZY 2PYN KOHKPEMHUX MUCTEeYbKUX Meopis.

Kniouosi  cnosa:.  OexopamueHno-yycumrkoge — MUCMEYMBO;  XYOOHCHbO-
NPOMUCTIO8A KEPAMIKA, MEeXHON02li BUCOMOBIEHHA; O0COOIUBOCMI, VKDAIHCbKULL
cmunw, myzei Jlbeosa

Baagumup XuKuHCKUAR
KueBckas rocynapcTBeHHas akaeMusl I€KOPATUBHO-TIPUKIIATHOTO UCKYCCTBA U
nu3ariHa uMeHu Muxanna boruyka, YKkpanHa

Mbikoaa Jlamneka
HanmoHanbHbIM TPaHCIIOPTHBINM YHUBEPCUTET, Y KpauHa

Banepuii Ctpwnub
HanmoHnanbHbI TpaHCIIOPTHBIM YHUBEPCUTET, Y KpauHa

Kepamuxka I'asimunnbl B koHle XIX - navase XX Bexa. Hayunble
U npogeccuoHaIbHbIe KOJbI. TexHosoruu. Ilepconanumn.

Annomayun. Auanu3 MHO20UUCTEHHBIX OOCMONPEMUYAMENbHOCEN NepPBoll
mpemu XX 6exa Oaem OCHO8aHUsL ymeéepacoamv, umo 8 Ianuuune paszeusanocs
NpOU3800CMB0  MHO2UX  PA3HOBUOHOCMEU  XYO00HCECMBEHHO-NPOMBIULLIEHHOL
Kepamuxku, 8  4aCMHOCMU,  APXUMEKMYPHOU  KepaMUueckou  Niacmuxu,
PA3HOO0OPA3HBIX — U30eqUll  Kepamuky,  OeKOpPAMUBHOU  Kpbluil,  U3PA3YO8,
00IUYOBOYHOU NAUMKU U M.O. XYO0dHceCmBeHHble 0COOEHHOCMU X)YO00HCECMBEHHOU
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kepamuxu  Tanuuunel,  Oocamcmeo  cnocob6o8  ee  0eKOpPUpPOBAHUs U
Gdopmoobpazosanus, cmuiucmuyeckue 0CoOeHHOCmU, d MAKICe MHO2OUUCTIeHHbIE
Xy0odiceCmeeHHble 00wecmea, HAyuHvle U NPOhecCuoHalbHble 00beOUHEeHUs,
2pynnwl, 3a600bl U PAOPUKU, CREYUATUSUPOBABUIUECS HA U320MOBIEHUU KEePAMUKLU,
ompasicaiom odwee pazsumue Mol oOmpaciu 8 nepeoll noiosurne X cmoiemus u
COCMAsasiom NPeonoCbLIKU B03HUKHOBCHUS UKOJIbL NPOHECCUOHATIbHOU KePAMUKU 6
Tanuuune 6 nauane XX eexa. Llenvio cmamvu s61semcs aHaiu3 CMAHOBNEHUS U
pazeumusi HAyYHbIX U NPOPECCUOHANbHBIX WKOJL X)O0HCECMBEHHO-NPOMBIULLIEHHOU
kepamuxu I anuuunst 6 konye XIX — nauane XX sexa. Memoouka uccnedosanus oviia
8bIOPAHA 8 COOMBEMCMBUU C KOHKPEMHbIM (DAKMOLOSUYECKUM MAMEPUAiIoM,
NOCMABIEHHbIM 8 pabome yeau U 3a0a4am, pazeepmvlédidcb Ha OCHO8E CUCMEMHO20
nooxooa U NPUHYUNA UCMOPUSMA, C HNPUMEHEHUeM Memooa KOMNAEeKCHO2O0
UCKYCCMBOBEOUECKO20 ananusa, cuUHmesupyoue2o uccneo0o8amenbeKue
B03MONCHOCTNU CPABHUMETILHO-UCTNOPUYECKO2O, @DyHKYUOHATBHORO,
MUNONO2UYECKO20 MEeMOO08 UCCAe008aHUs. Hcnonb3yemblil NPUHYUn CucmemMHoCmu
npeononaeanl  paccmMompenue OnpeoeieHHblX B0NPOCO8 8 COOMBEMCMEUU  C
noCie008ameNbHOCbIO  NPOUECCO8,  NPOUCXOOUBWUX 6  MAKOU  NONYJIAPHOL
PA3HOBUOHOCMU NPOPECCUOHATLHO20 OEKOPAMUBHO-NPUKIAOHO20 UCKYCCMBA KAK
Xyooorcecmeennas Kepamuka. bnazooaps makomy nooxooy, asmopvl NblMAIUCH
cocpedomouums GHUMAHUE HA NOOPOOHOM BbIACHEHUU Nymel @GOopMUposaHus
npogheccuoHabHO20 MEOPUECMB8a 8 HePAa3pPbIBHOU C8A3U C YYemoM 0CODeHHOCmel
ONpeoesieHHo20 Mamepuaa, nompeoHOCMAMU COOMBEMCMBYIOWe20 MamepuaibHO20
obecneuenuss U HALANCUBAHUS MeXHOoNocudecKux npoyeccos. Kpome moeo, maxoe
U3oJICeHUe Mamepuaia cmamvu odecneuuno Oojee uemkoe 0003HAYEHUE
B03MOJICHOCIEU U NEPCNEKMUB PA3BUMUS UCKYCCMBA XY 00N CECMBEHHOU Kepamuru. B
npoyecce pabomvl aemopvl 0moasaiu cebe omuem, umMo 6ce NpooaIEMbL,
Kacarowuecs UcKyccmea nepeou noiosunvl XX eexa, 6 mom uucie u pazsumus 8
npouU3B00CmeEe Xy0oHceCmeeHHOU Kepamuku 6 Ianuuune, HaAxo0amcs MOJIbKO HA
ONpeoeNeHHoU Ccmaoull OCHOBAMENbHO20 U3yueHus. HmenHo nosmomy OauHas
paboma s615emca 0OHUM U3 IMAN08 HA dmom nymu. B ceasu c smum, oannoe
uccneoosanue Mpakmosailocb dABMoOpaMu He KAk umewujee OKOHUAMENbHO
ucuepnames U30pAHHYIO mMeMy, a Haobopom — paboma OO0NHCHA CO30aMb
B03MOJNCHOCMb  OdIbHelwe20 6Oonee 0emaibHo20 U3Y4eHUss OMOEeIbHbIX SGIeHUl,
MeopUecmead XyO0NCHUKOE UIU AHAIU3A 2PYNN  KOHKPEMHBIX X)YO0HCECMBEHHbIX
npou3eeoenull.

Knroueevle cnosa: oexopamuHo-npukiaoHoe UCKYCCMBO, X)YO0HCECMBEHHO-
NPOMBIULIEHHAS KePAMUKA, MeXHOJI02UU U320MOBIeHUsl, 0COOEHHOCU, VKDAUHCKULL
cmunv, myseu JIb6osa
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Abstract. The growth of the vehicle assets and bus services in Ukrainian cities
increases the level of environmental pollution. During the environmental crisis,
electric transport (e-transport) is becoming a matter for scientific inquiry, a subject
of discussion in politics and among public figures. In the program for developing the
municipal services of Ukraine, priorities are given to the development of the
infrastructure of ecological transport: trolleybuses, electric buses, electric cars. The
increased attention to e-transport on the part of the scientific community, politicians,
and the public actualizes the study of its history, development, features of operation,
etc. The historiographic analysis carried out by the authors allows us to say about
insufficient coverage by Ukrainian researchers of a number of aspects and periods in
the history of e-transport. A small number of special works on the history of the
operation of foreign-made trolleybuses in Ukrainian cities in the first half of the 20"
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century and an analysis of their technical characteristics determine the relevance and
scientific novelty of this study. When writing the work, Ukrainian and foreign
scientific reference publications, monographs, papers, mainly from foreign electronic
resources, have been used. The authors have used both general scientific (analysis,
synthesis, deduction, induction) and historical research methods, in particular,
problem-chronological, comparative-historical, retrospective methods, etc. The aim
of the study is to highlight little-known facts of the history of production and
operation of MAN trolleybuses in Ukrainian cities, as well as to introduce their
technical characteristics into scientific circulation. The etymology of the model
names of German trolleybuses, which usually consisted of the names of the
manufacturers of chassis, body, and electrical equipment, has been clarified. The
types, specific design solutions of the first MAN trolleybus generation and the
prerequisites for their appearance in Chernivtsi have been determined. Particular
attention has been paid to trolleybuses that were in operation in Germany and other
Western European countries from the first half of the 1930s to the early 1950s. In the
mid-1930s, the MAN plant in Nuremberg began production of trolleybuses; its
models had the most modern constructive solutions at that time, a characteristic
design and a state-of-the-art heating system. Depending on the length, German
manufacturers divided the trolleybus models into four types. As a result of problems
with the operation of the bus fleet in Chernivtsi, the city authorities have decided to
build a trolleybus line in the city; four trolleybuses manufactured by the MAN plant
were purchased. The paper traces the stages of operation of the MAN trolleybuses in
Chernivtsi, where they worked during 1939-1944 and after the end of the Second
World War, they were transferred to Kyiv. After two years of operation in the
Ukrainian capital, the trolleybuses entered the routes in Dnipropetrovsk during
1947-1951. The technical characteristics of the first MAN trolleybus generation,
which were operated in Ukrainian cities, have been presented and analyzed. It was
determined that in all the main indicators and operational parameters, they were as
close as possible to similar models of German trolleybuses. The proposed
methodology and the structure of the study can later be used to write papers on the
history of science and technology, in particular, of an e-transport.

Keywords: electric transport; trolleybus; operation; machine; Chernivtsi;
Germany

Introduction.

Public transport and municipal transport-and-road infrastructure play an
extremely important role in the development of modern cities. Public transport
significantly improves the quality of life in urban agglomerations, provides reliable,
efficient, and cost-effective passenger service. It serves the interests of both
individual citizens and the entire population of the city, expands individual
opportunities and provides personal mobility.

412



http://www.hst-journal.com Icmopis Hayku i mexHiku, 2021, mom 11, sunyck 2
History of science and technology, 2021, vol. 11, issue 2

In the context of the environmental crisis accompanied by the deterioration of
the health of the world’s population, the priority direction of the UN Environment
Program is the development of an environmentally friendly transport. The critical
state of the technological infrastructure in Ukraine threatens the socioeconomic
development of the State, deepens environmental problems, and creates a negative
Image in the eyes of Western investors. In order to improve the situation under the
National Transport Strategy by 2030, Ukraine plans to completely replace all urban
public transport with an electric one and to create the appropriate infrastructure for
this. So, in November 2020, V. Kryklii, Minister of Infrastructure, stressed that the
government will continue to support the use of ecological modes of transport in
cities, in particular an urban electric one and electric cars (Kabmin planuie..., 2020).

As of 2021, 42 trolleybus systems, by the number of which the State ranks
second in the world, operate in Ukraine. The environmental friendliness and economy
of this type of transport make it attractive for the transformation of an urban transport
infrastructure. At the same time, problems that hinder the intensive development of
trolleybus services are the obsolescence of rolling stock in most Ukrainian cities and
competition with trams and subway in metropolises. In this regard, the study of the
history of the trolleybus transport functioning in the cities of Ukraine and the
technical features of its individual models is an urgent scientific problem.

Analysis of the latest research, which laid the foundation for solving the
problem.

Modern historiography of e-transport can be divided into such components as
studios on the general and Ukrainian history of e-transport, regional and local studies,
In  particular “Istoriia  lvivskoho tramvaia” (Tarkhov, 1994), “Istoriia
miskelektrotransportu Chernivtsiv” (Tarkhov, 1997a), “Pervyj v Krymu: Istoriya
tramvaya i trolleybusa v Sevastopole” (Tarkhov, 1998), “Kyivskyi troleibus” (Kozlov
& Mashkevych, 2009), etc. In addition to historical and regional studies, the problem
of e-transport is present in works on economics, municipal management, papers in
technical sciences, etc.

Among the editions of an encyclopedic nature, the encyclopedic guide, which
became the first comprehensive study of the history of urban electric transport — a
tram, a trolleybus, a subway, a funicular railroad — for the entire period of its
existence in the cities of Ukraine, deserves attention (Tarkhov, Kozlov, & Olander,
2010). We should also mention the encyclopedia on the history of the trolleybus
system in Germany — the trilogy “Obusse in Deutschland” (Kenning & Schindler,
2009), the materials of which were used in writing the work.

Ukrainian scientists S. S. Hutyria, D. M. Bordeniuk, and A. M. Chanchyn
(2011) investigated and analyzed the technical evolution of trolleybuses produced by
leading world and Ukrainian companies, identified trends in their technical level.

Much of the research at the local level is devoted to the history of the Kyiv
trolleybus network, which became the first in the Ukrainian SSR. In particular,
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K. Kozlov and S. Mashkevych (2009) highlighted the history of the development of
the trolleybus facilities in Kyiv, revealed the features of the creation and development
of the trolleybus network, traced the evolution of the types of trolleybuses that in
different years run the streets of the capital of Ukraine. On the 75" anniversary of the
launch of the trolleybus network, K. A. Bramskyi (2011, pp. 64-69) published a
paper on the formation and development of the trolleybus network in Kyiv.

I. V. Kryvoviaziuk and S. O. Kraichuk (2016) analyzed the dynamics and
structure of the sectoral passenger turnover in Ukraine, revealed the factors
influencing the dynamics of the market situation in the bus and trolleybus
construction market, characterized the bus and trolleybus construction market in
Ukraine, identified the features of its functioning and further development.

Prospects and directions of development of the urban e-transport market in
Ukraine, the state of its rolling stock was studied by O. M. Polinkevych (2019,
pp. 120-124). The researcher identified the main manufacturers of e-transport in
Ukraine, proposed the formation of a single carrier along urban routes, and
substantiated the need to search for investments in order to finance programs for the
development of e-transport in the context of a “smart city”.

However, to date, no special studies on the history of operation of foreign-made
trolleybuses in Ukraine with a description of their technical characteristics have been
revealed.

For seventy years, more than twenty models of rolling stock of Ukrainian (for
example, MTBES trolleybuses, various models of Kyiv and LAZ, machines of the
Production Association Yuzhny Mashinbuilding Plant named after A. M. Makarov,
State Enterprise, nowadays also Bogdan and Etalon), Russian (for example, MTB-82,
ZiU trolleybuses), as well as foreign production (mainly Skoda trolleybuses) were in
operation of the trolleybus facilities of Ukraine, in some cities, in particular Kharkiv
— Rocar DAC). It should be noted that the MAN MPE I/MAN model went almost
unnoticed. These are trolleybuses produced by the German machine-building
enterprise Maschinenfabrik Augsburg & Niirnberg (MAN) in a small series of four
cars, which became famous due to their operation in the cities of modern Ukraine—
Chernivtsi, Kyiv, and Dnipro. All four vehicles were manufactured in the spring-
autumn of 1938. Until the mid-2010s, these were the only MAN trolleybuses
operating in Ukrainian cities. At the beginning of winter 2015, 29-year-old
MAN SL 172 HO M12 vehicles were brought to Mariupol from Solingen (Germany).

For a long time, these trolleybuses remained one of the least known models of
rolling stock operating on the roads of Ukraine, mainly due to a critical lack of
information about their components and design features. Due to the efforts of
historians, transport workers, and enthusiasts who have found their reflection in
works such as “Kyivskyi troleibus” (Kozlov & Mashkevych, 2009), the history of
these trolleybuses has been partially investigated, but information about the features
of the MAN models is still lacking, and all technical details contain only specialized
foreign literature.
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The goal and objectives of the study.

The goal of the study is to highlight little-known facts of the history of
production and operation of MAN trolleybuses in Ukrainian cities, as well as to
introduce their technical characteristics into scientific circulation.

Achieving this goal requires solving the following research tasks:

— to find out the etymology of the model names of German trolleybuses;

— to determine the types, specific design solutions of the first MAN trolleybus
generation and the prerequisites for their appearance in Chernivtsi;

— to trace the stages of operation of MAN trolleybuses in Chernivtsi, Kyiv, and
Dnipropetrovsk during 1939-1951;

— to analyze the technical characteristics of the first MAN trolleybus generation,
which were operated in Ukrainian cities.

Results and discussion.

Models of the rolling stock traditionally contain the name of the manufacturing
plant (for example, Neoplan, lIkarus, LAZ, etc.), a specialized code (for example,
MTB — for the Tushino Machine-Building Plant, AKSM — for the Belkommunmash
Plant), or a numerical designation (for example, Kyiv-6, Skoda 8Tr, Henschel HS
6500). Many trolleybus models of German manufacturers had a similar designation;
however, small-scale models were often not assigned numerical indexes or they were
lost over time, and only the chassis index remained known. In this case, the name of
the trolleybus consisted of three parts: 1) the name of the chassis manufacturer and its
index, if it existed; 2) the name of the body manufacturer; 3) the name of the
electrical equipment manufacturer.

This scheme is explained by the fact that, firstly, a trolleybus chassis was
produced in Germany, which, in addition to the supporting frame, included a
complete transmission, a suspension, axles, a braking system, a steering, a
compressor with receivers and a drive motor for it; the set also, as a rule, included
traction motors and a dynamotor (dynamo) (Figure 1).

Most of the trolleybus chassis was equipped with a massive fixing rack for the
trailer (due to the insufficient passenger capacity of small-sized trolleybuses, many
cities in Germany tested their operation with trailers), which was attached to the
supporting frame in the rear overhang. The MAN and Henschel trolleybuses of the
1930-1940s had a similar chassis layout (Kenning & Schindler, 2009, p. 10; Kiebler,
2000). Secondly, such a chassis could be adapted to the body of another
manufacturer, which became widespread in Germany. Trolleybus bodies were
manufactured by more than 15 companies, in particular Schumann (Werdau),
Bussing, Vetter (Fellbach), Kassbohrer (modern Setra), Rathgeber, etc. A similar
situation has developed with electrical equipment mounted at the request of the
customer. It should be noted that the trolleybus facilities in Germany used electronic
equipment of such brands as Brown, Boveri & Cie, Siemens-Schuckertwerke, AEG,
later — Secheron, VVossloh.
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Figure 1. MAN MPE | standard trolleybus chassis, the 1940s model. The wheelbase
Is 4.25m, which is 1m less than in the early cars of the 1938 model. Also, early
trolleybuses (Chernivtsi, Zwickau) had a rear axle single-tire wheel (in the photo — a
classic double-tire wheel) (Kiebler, Ronald, 2000a).

Consequently, the name of the trolleybus consisted of three parts, which was
often reflected in the technical documentation, even if there was a more accurate
designation of the model (Kenning & Schindler, 2009, pp. 43-45).

As for the MAN trolleybuses, the manufacturing plant did not assign them an
official numerical index, so there is no established name for the vehicles in the
documented sources. Thus, such researchers as S. Tarkhov, K.Kozlov, and
A. Olander (2010, pp. 156—-157) operate with the word “trolleybuses”, noting only
manufacturers of bodies, assemblies, and electrical equipment. K. Kozlov and
S. Mashkevych (2009) use the names “MAN-SSW” and “MAN-BBC”. However, in
view of the data contained in the Obusse in Deutschland, it can be argued that the
trolleybus from Zwickau had the same chassis, called “MAN MPE I” (we are talking
about its early version, since the wheelbase was one meter longer than its classic
version) (Kenning & Schindler, 2009, pp.208-209). So, in our opinion, it is
advisable to call it MAN MPE I/MAN/BBC, MAN MPE I/MAN/SSW.

It is also possible to suggest that the names of trolleybuses with similar body,
chassis, and electrical equipment manufacturers and without existing numerical
indexes should be supplemented with the designation of the city, in which the
trolleybuses were operated, such as MAN MPE 1/Schumann/BBC (Zwickau). It
should be noted that, according to German standards, Chernivtsi trolleybuses belong
to dimension 1.

History of appearance, production, and operation. The positive experience of
operating the first-generation trolleybuses in the early and mid-1930s aroused
significant interest among automobile operating companies in Europe. It is worth
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recalling that the trolleybus motor, unlike the bus diesel one, did not pollute the
atmosphere and did not need a gearbox. Moreover, according to statistics,
trolleybuses had a significantly longer amortization period (approximately 12—
15 years (Tarkhov, Kozlov, & Olander, 2010, p. 151)), according to other data that
related to German-made trolleybuses, incl. “MAN”, — 20-30 years (Lochte et al.,
1991, pp. 394-399).

The MAN plant in Nuremberg, like several other German engineering
companies, attempted to produce electric vehicles, producing a series of four
trolleybuses in 1934-1935. Three-axle trolleybuses with a box-shaped body shape
characteristic of that time were named MAN 8E2 after the chassis index and the
nickname “Elbus” (Kenning & Schindler, 2009, pp. 43-45). The design solutions
embodied in these vehicles, in particular the motor-in-wheel, porcelain insulating
materials for electrical equipment and the water boiler heating system, were
progressive, although the bow heads remained roller ones (Jurziczek, 2004). In
addition, the MAN 8E2 transmission included two Siemens DG344A single-
commutator motors with a capacity of 44 kW-h (Kenning & Schindler, 2009)
(according to other sources, Siemens DW 602A with a capacity of 45kWh)
(Jurziczek, 2004)), which were fixed on the side members of the bearing frame from
the outside and transmitted the torque directly to each traction wheel (a middle pair)
through differentials with a conical final drive. Thus, the trolleybus did not have a
classic axle.

One of these trolleybuses was presented at the Internationalen
Automobilausstellung — 1935 Exhibition (Frankfurt am Main). Such vehicles have
been in service on German roads for over 20 years. So, the first attempt to produce
electric vehicles for the MAN plant was successful.

At the beginning of 1937, the magazine “Verkehrstechnik™ proposed to use a
parameter called NormgroBe (in English “normalized size), which consisted in the
need to systematize the dimensions of trolleybuses, according to 4 types of
dimensions:

| — length up to 9 m (according to other sources, up to 10 m);

Il — length from 9 m to 10 m;

Il — length from 10 m to 11 m;

IV — length from 11 m to 12 m (at that time — three-axle vehicles) (Kenning &
Schindler, 2009, pp. 10-11).

It should be added that in the 1950s, the Austrian Graf & Stift company
supplemented this classification by including the V, VI, and VII types of dimensions
to designate their articulated vehicles, but such designations were not widely used.

Note that these designations are rather arbitrary. They might not coincide with the
real length of the trolleybus, however, for differentiation of vehicles with a length of
8.6 m and 10.1 m (the dimensions of the Henschel machine-building enterprise — I and
I1) were considered quite satisfactory (Kozlov & Mashkevych, 2009, p. 484). It should
be borne in mind that it is difficult to determine the standardized size if the vehicle body
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length is, for example, 9m, as in the MAN MPE 4500 with the Schumann Werdau body.
In this case, the manufacturer’s designation should be followed.

The need to standardize trolleybuses was considered by the German Commercial
Vehicle Manufacturers’ Union (Verband deutscher Kraftverkehrgesellschaft) in
Dortmund. The result of the meeting was the Order dated September 9, 1937, for the
enterprises: Daimler-Benz, Kassbohrer, Schumann, DUWAG, AEG, BBC, and SSW
to develop a concept. In March 1938, the Union drew up plans for the production of
Type | and Type Il vehicles (Kenning & Schindler, 2009, pp. 10-11). Considering the
above, we can conclude that the Chernivtsi MAN vehicle belongs to type I
dimensions, since its body length is 8.7 m (Kozlov & Mashkevych, 2009, p. 484).

At the beginning of 1937, due to the ineffective operation of buses, the
Bukovyna Joint Regional Transport Company (BJRTC), which included the tramway
facilities of Chernivtsi, began to study the experience of European countries in the
use of trolleybuses. Inquiries on this issue were sent to a number of European
countries. Positive foreign experience has contributed to the rapid introduction of the
trolleybus service in Chernivtsi (Tarkhov, 1997b, pp. 23-24). The auction for the
purchase of trolleybuses was held on April 22, 1937. BJRTC has decided to buy
vehicles abroad. Initially, it was planned to purchase five trolleybuses, but the
mayor's office has allocated 6 million lei for the purchase of only four units. It should
be added that the costs of building a trolleybus facility in the city totaled 12.4 million
lei (Tarkhov, 1997, p. 23; Tarhov, Kozlov, & Olander, 2010, p. 152). According to
German prices, one MAN trolleybus of this model cost 38,300 Reichsmarks
(Tarkhov, Kozlov, & Olander, 2010, p. 152).

It is difficult to name the foundations of BJRTC for ordering small-batch
trolleybuses with electrical equipment from two different manufacturers, the
operating experience of which did not go beyond Germany, Austria, and Switzerland
by the end of the 1930s. Moreover, Ukrainian sources contain some inaccuracies. So,
some of them provide information that trolleybuses were manufactured in Augsburg
(Tarkhov, 1997, pp. 23-24; Kozlov & Mashkevych, 2009, pp. 54-58), while others
indicate the Nuremberg plant (Lochte et al., 1991, pp. 394-402). According to the
MAN commercial vehicle guide, the first-generation trolleybuses were manufactured
only at the plant in Nuremberg (Kenning & Schindler, 2009, p. 46), which contradicts
the data of Ukrainian sources.

It cannot be argued that these MAN trolleybuses (and not other MAN vehicles,
which since 1938, there have been a large number) were ordered for the city of
Chernivtsi (Tarkhov, Kozlov, & Olander, 2010, p.156), as the trolleybuses
mentioned above were originally intended for the Berliner Verkerhrsbetriebe
transport company (BVG). They were assembled in the autumn of 1938, and one of
them repeated the success of its predecessor (MAN 8E2), since the MAN trolleybus
entered the exhibition for the second time. This time it was called Wagenschau
Diisseldorf and took place on November 17-19, 1938. All modern models of
transport were presented at the exhibition, including tramways and trolleybuses, in
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particular a trolleybus with electrical equipment manufactured by SSW (Kenning &
Schindler, 2009, p. 46). Another model of MAN trolleybuses also aroused interest
among specialists (Tarkhov, 1997, p. 24; Tarkhov, Kozlov, & Olander, 2010, p. 156;
Kenning & Schindler, 2009, pp. 42-46).

The exact date of manufacture of the vehicles has not been defined, although it
Is known that the assembly of trolleybus bodies began in the spring of 1938, and the
assembly ended in November (Tarkhov, Kozlov, & Olander, 2010, p. 153). It is
doubtful that MAN, with its significant production capacity, has been assembling for
half a year. It can be assumed that the use of electrical equipment from two
manufacturers on a small series of four trolleybuses is a consequence of the refusal of
the BVG transport company from such vehicles. It cannot be ruled out that existing
electrical equipment was installed on them.

The transportation of MAN trolleybuses to Chernivtsi was carried out by
Compas, the Romanian company, together with the German West & Bachmayer
(with a representative office in Bucharest). The first two trolleybuses arrived on
January 11, 1939, the last two — on January 14 (Tarkhov, Kozlov, & Olander, 2010,
p. 153; Tarkhov, 1997, p. 24). The newspaper “Glasul Bukovinei” highlighted the
arrival of electric transport in Chernivtsi and called the trolleybuses very comfortable.
The first test drive took place on the night of January 12-13 and on January 21 at
22:00 all four MAN trolleybuses went for a run-in. The trolleybus service opened on
February 1, 1939, three trolleybuses operated on the line, the fourth vehicle remained
in reserve. Trolleybuses received inventory numbers 1-4 (Tarkhov, Kozlov, &
Olander, 2010, p.153-156; Kozlov & Mashkevych, 2009, p.56). The MAN
trolleybus with inventory number 3 is shown in Figure 2.

Images from Cernauti.

Figure 2. The MAN trolleybus with inventory number 3 in Chernivtsi in 1939
(Gorodskoj elektrotransport, 2002—2021b).
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In June 1940, the city of Chernivtsi was joined to the Ukrainian SSR, after
which the Soviet YaTB-4 began operating along with the MAN trolleybuses.
Certainly, imported trolleybuses with an all-metal welded body and more powerful
traction electric motors (TEMSs) were more up-to-date in nature, but in other respects
(air-brake systems, sliding heads of bow), they were similar.

MAN trolleybuses operated in Chernivtsi until March 1944. The Army of the
Third Reich, retreating, evacuated all rolling stock deep into Romania — the
trolleybuses ended up at the Astra Brasov Automobile Plant (Kozlov & Mashkevych,
2009, pp.56-57). According to some indications, the plant came under rocket
bombardment, but the trolleybuses remained unharmed.

In the spring of 1945, after the resumption of the movement of electric transport
in Kyiv, the MAN trolleybuses were taken from Brasov to Kyiv. The Kyiv trolleybus
facilities experienced a shortage of rolling stock, since the weak repair base did not
ensure timely restoration. In the 1940s, mostly pre-war YaTB-1 trolleybuses
remained in operation, for which there were not enough spare parts and assemblies
(Kozlov & Mashkevych, 2009, pp. 56-57). The operation has made adjustments:
some units were replaced with Ukrainian counterparts, and plush seats in the
passenger compartment were replaced with simple wooden benches (Kozlov &
Mashkevych, 2009, pp. 56-57). It should be noted that German public transport
manufacturers even installed plush or leatherette seats on vehicles of the 1930s. A
complete set of MAN MPE (I) 4500 “luxury” trolleybuses in Salzburg in 1940
provided for soft seats. The benches were installed in the most difficult times
(approximately 1942-1946) in a simplified design of KEO military-type trolleybuses
to make the vehicles as cheap as possible. Most of them were made by the Henschel
Machine-Building Enterprise (Kenning & Schindler, 2009).

At the end of 1947, it was decided to transfer all four MAN trolleybuses delivered
to Kyiv free of charge to Dnipropetrovsk, where trolleybus service was opened in
November (Kozlov, 2011). The trolleybuses were accompanied by Kyiv drivers, who
briefed their Dnipropetrovsk colleagues for some time. The MAN vehicles opened the
trolleybus service in Dnipropetrovsk on November 7, 1947 (Figure 3). They received
inventory numbers 1-4 and operated until 1951 (Kozlov, 2011).

Technical description. The MAN MPE I/MAN/... trolleybus belongs to the
models of Nuremberg trolleybuses manufactured on a special trolleybus chassis MPE
I, which used unified units from different manufacturers. This design is based on a
supporting frame, consisting of two side members and several crossbars, on which
the body and all the necessary units are mounted. An early prototype of the MPE |
trolleybus chassis was used by MAN trolleybuses in Zwickau (No. 21-22) (Kenning
& Schindler, 2009, p.208). Their main feature was single-rod current transfer
through one massive two-pole rod as an experiment of the Brown, Boveri & Cie Plant
(Kenning & Schindler, 2009, pp. 198-208; Spole¢nost pro vefejnou dopravu, 2011).
The wheelbase of the MAN MPE | chassis, as mentioned above, was 5.25 m
(Drehscheibe Online...), while the classic chassis was 4.25 m, that is, one meter less
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(Kiebler, 2000; Lochte et al., 1991, pp. 394-401). It was this chassis that the MAN
MPE | 4500 series, known for its work in Esslingen (Kiebler, 2000), Eberswalde, and
other cities of Germany, had. By the way, several 8.6-meter vehicles appeared even
in Sofia (Bulgaria). They differed only in the body manufacturer, at the same time,
the body length was 8.65-9.25m (Drehscheibe Online...). These include the
Bratislava vehicle MAN MPE I/Sodomka/Siemens, which is very similar in body
layout to the trolleybus in Zwickau (with a single door for entry and exit with a width
of 1.15 m) (Kenning & Schindler, 2009, pp. 208; Popis typu vozidla..., n.d.). The
body frame, mounted on the frame, consisted of rectangular tubes made of nickel-
plated steel. This material ensured the proper rigidity of the structure and a relatively
light container — the trolleybus curb weight was only 8.5 tons (Tarkhov, 1997,
pp. 23-24). The cladding consisted of solid-drawn steel sheets welded to the frame.

Figure 3. The MAN MPE I/MAN/BBC trolleybus opens trolleybus service in
Dnipropetrovsk on November 7, 1947 (Kozlov, 2011).

Since 1938, the MAN plant in Nuremberg has been producing trolleybus chassis
on which bodies from different manufacturers could be mounted. In Esslingen,
trolleybuses on the MAN MPE | 4500 chassis were operating with bodies from three
different manufacturers: Schumann Werdau GmbH, Kassbohrer Ulm (modern bus
manufacturer Setra), and Vetter Fellbach (Kiebler, 2000). The resource of the body of
these trolleybuses is not indicated in the sources, however, taking into account the
documentation on the operation of similar models of trolleybuses, it can be argued
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that with proper maintenance, the vehicles are capable of operating from 20 to 27-31
years.

MAN MPE I/MAN/... trolleybuses in Chernivtsi had a body length of only
8.7 m, which makes it possible to classify them as type | (Kozlov & Mashkevych,
2009, p.484; Kenning & Schindler, 2009, p.11). German manufacturers of
trolleybus chassis and body shown a flexible approach, as 11-meter (and longer)
trolleybuses were not in high demand on routes and in cities with low passenger
traffic. Moreover, small-sized trolleybuses have shown themselves to be
maneuverable on narrow streets, where large-scale equipment is not able to work.
The MAN trolleybuses considered in the study are as close as possible to the MAN
vehicles in Eberswalde (in appearance) and Zwickau (base — 5.25 m) (Drehscheibe
Online...). MAN trolleybuses related to Chernivtsi models are shown in Figures 4—6.

Figure 4. MAN MPE I/Schumann/BBC trolleybus produced in 1938 with a single-
rod current collector in Zwickau (the two-pole rod was later replaced by two
conventional collectors) (Gorodskoj elektrotransport, 2002—2021a).

In those days, the box-shaped body of the trolleybus became widespread due to
the relative ease of manufacture. The streamlined forms of the MAN vehicles from
Zwickau really looked futuristic, but the Chernivtsi trolleybuses had a strict design,
very close to their successors — the single-pole trolleybuses from Eberswalde. The
half windshield was framed by thin aluminum profiles, the front end was tapered to a
certain extent, starting from the front overhang, and the lighting technology is
traditionally represented by single rounded headlights. The route indicator of the
trolleybus had a peculiarity: the signs with the directions of movement could be
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replaced at the final stop with a lever from the driver's cab using a tape (Tarkhov,
Kozlov, & Olander, 2010, p. 157). The bumper with bottom-mounted “MAN.” logo
blocked access to the contactor panel, the air absorber of which is visible in the

photographs (Figures 4-6), so it had to be removed to service the electrical
equipment.

Figure 5. MAN MPE 4500 I/Sodomka/SSW trolleybus produced in 1940 with
current collectors mounted on one axle in Bratislava (then Czechoslovakia) (Popis
typu vozidla..., n. d.).

Figure 6. MAN MPE 4500 I/Kassbohrer/BBC trolleybus produced in 1944 with
standard current collectors and camouflaged headlights in Esslingen (pictured late
model on MAN MPE | chassis) (Kiebler, Ronald, 2000b).
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The electrical equipment of Chernivtsi vehicles was produced by two firms —
Siemens-Schuckertwerke and Brown, Boveri Cie (Tarkhov, Kozlov, & Olander,
2010, pp. 156-157). Traditionally, in the first generation of German trolleybuses
(Kiebler, 2000), it was placed under the floor of the passenger compartment and
mounted on a frame. The traction motor was located in the wheelbase closer to the
rear axle. A two-commutator 90kWh motor was installed on trolleybuses with
Siemens-Schuckertwerke electrical equipment (Kenning & Schindler, 2009, pp. 42—
46) and with Brown, Boveri & Cie electrical equipment — 85kWh motor. The
transmission included a cardan drive and a single-stage left-offset gearbox
(differential) that transmitted torque to the rear traction wheels. Both driven and
driving axles were manufactured by MAN. The sources do not contain information
about the type of rear-axle drive and the gear ratio of the rear axle. It can be assumed
that it was equal to 1:9.94, as in vehicles in Zwickau and Esslingen (Kiebler, 2000;
Spole¢nost pro vetejnou dopravu, 2011). It is impossible to determine the type of the
main gear, since the MAN trolleybuses were equipped with different types of gears:
for example, the MAN 8E2 vehicles were equipped with a conical rear-axle drive
(Jurziczek, 2004), while the vehicles in Zwickau had a worm-gear (gear-screw) one
(Spolecnost pro vetejnou dopravu, 2011), and later MKE series (1, 2, 3, 590 HEC 1)
had a conical one (M.A.N., 1956).

Chernivtsi vehicles had dependent spring suspension of driven and driving axles
and diskless single wheels with tires measuring 12.00-20.00 (later the tire size on
MAN trolleybuses became much smaller — 9.75 or 10.00-20.00) (Kenning &
Schindler, 2009, p. 10; Lochte et al., 1991, pp. 397-399). MAN trolleybuses had tires
of the Swiss production: GF, Trilex (Lochte et al., 1991, pp. 396-398). As for the
type of braking system, since the vehicles in Zwickau had a two-circuit one, it can be
assumed that there is a braking system of the same type for Chernivtsi trolleybuses.

Like other models of MAN vehicles, they were equipped with three types of
brakes — electrodynamic, pneumatic, and parking. The advantage of the detail is the
spare wheel, in the original version, placed on a stand, which was fixed on the rear
panel. Spare wheels were provided for vehicles in Bratislava (Popis typu vozidla...,
n. d.) and Zwickau (Kenning & Schindler, 2009, pp. 198-209). They are absent on
trolleybuses of the MPE 4500 and MKE series. As the photos of Kyiv and Chernivtsi
vehicles show, spare wheels were not transported on the rear panel.

The vehicles in Chernivtsi were equipped with standard slip collectors, in
contrast to the MAN 8E2, where American-made Dickinson Electric roller heads
were installed (Jurziczek, 2004). On the basis of the poles, special headlights were
mounted for lighting at night, which German manufacturers had practiced before. The
electrical kits, as indicated above, were mounted on a supporting frame.

MAN trolleybuses had a rheostatic-contactor control system (RCCS) of the
traction motor, which was carried out in two versions. The first version from SSW
was automatic. The switching of the groups of starting and brake rheostats was
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carried out using a group rheostatic controller (GRC), the shaft of which was driven by a
service electric motor powered by a high-voltage network (Kenning & Schindler, 2009,
pp. 42-46). It should be noted that the servo motors from GRC in future generations of
trolleybuses (for example, in the Soviet ZiU-5 trolleybus) were powered from a low-
voltage network (12V or 24V). The clutch pins mounted on the electric motor, during
the rotation of the GRC shaft, closed and opened the contacts, sequentially removing
certain rheostats from the motor circuit, thereby increasing the TEM current. A drawing
of the MAN MPE I/MAN/SSW trolleybus is shown in Figure 7.

This option was more expensive and less common than the manual option. The
developer of the latter was the Brown, Boveri & Cie in 1930 (Electric drive..., 2008).
The non-automatic RCCS was tested on two experimental trolleybuses, one of which
was manufactured jointly by Daimler-Benz and the BBC and was used for 8 years on
a special line in Mannheim and, from November 1938, it worked in Zwickau at
No. 20. Its total service life was 29 years (Kenning & Schindler, 2009, pp. 208-209).
There is no data on the second vehicle.

The non-automatic version of the RCCS by BBC provided for the actuation of the
driver controller from the accelerator pedal or the brake pedal (Kiebler, 2000), which
closed the contact clutch pins with the help of rods, accordingly, the contactor coil
circuit was closed, and it, magnetizing, pulled the movable contact, which removed the
rheostats from the traction motor circuit (Kiebler, 2000; Popis typu vozidla..., n.d.). A
non-automatic RCCS was installed on most German trolleybus models; it was
discontinued in the mid to late 1950s. Low-voltage electricity consumers, in particular
passenger compartment lighting, sound signals, trolleybus dashboard equipment, were
powered by a generator (a dynamotor) and, in case of current collectors falling from the
contact network or no current in it — from one battery. Its exact characteristics have not
been established, however, given the average performance of the MAN and Henschel
trolleybuses, the capacity of such a battery should be approximately 0.7-1.2 kwW-h and
its capacity should be 150-162 A-h.

The generator was mounted on a base frame and powered by the TEM. The
generator and the battery were manufactured by Bosch. The compressor, which
ensured the functioning of the vehicle door opening mechanism and the operation of
the braking system, was driven by a high-voltage electric motor and filled with
compressed air two receivers with a capacity of 40 liters (Kiebler, 2000; Drehscheibe
Online...).

The MAN MPE I/MAN/ trolleybuses had a doorway layout unusual for the first-
generation German trolleybuses — in the front overhang and in the base. In 1940, their
location changed, according to the principle: “front overhang — rear overhang” or
“base (offset to the front axle) — rear overhang”. Certainly, there were vehicles with
four-wing doors in the base, to which the MAN trolleybuses in Zwickau and
Bratislava belonged (Kenning & Schindler, 2009, pp. 208-209; Popis typu vozidla...,
n. d.), as well as an unusual design later model of the second half of the 1940s, the
most common in Munich — Kraus-Maffei KME 130 (with the Rathgeber body, since
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the Kassbohrer body assumed two doors located in the wheelbase). The following
models, including one of the most common trolleybuses in Germany UHIIIs by
Henschel & Uerdingen, had a classic three-door layout.
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Figure 7. A drawing of the MAN MPE I/MAN/SSW trolleybus
(Kozlov & Mashkevych, 2009).

In the original configuration, the MAN trolleybuses had 30 seats, the upholstery
of which was made of plush (Tarkhov, Kozlov, & Olander, 2010, pp. 151-152),
however, after refurbishment in Kyiv, they were replaced with simple wooden
benches — eight doubles on the left side, two doubles in the rear overhang, and five
single ones further. At the back was a five-seat sofa, also typical of vehicles in
Zwickau. It should be noted that the layout of the trolleybus passenger compartment
could differ significantly, depending on the customer’s wishes. The windows
provided two hinged vents for each one (for safety). The trolleybuses were not
equipped with roof hatches (this type of ventilation was not widely used on German
vehicles). Forced ventilation with electric fans was not provided, although a scrap
from the newspaper “Glasul Bukovinei” dated January 12, 1939, given in the
encyclopedic guide by S. Tarkhov, K. Kozlov, and A. Olander, convinces that “...the
lighting is electric, and the ventilation is automatic...” (2010, p. 157). In our opinion,
this is a technical mistake, since it is known that German manufacturers, including
MAN, were already experimenting with forced ventilation. It could be tested at the
presentation of the MAN MPE | 4500 with an improved configuration (with
Schumann body and BBC electrical equipment) in Salzburg during the opening of the
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trolleybus service in 1940. Heating of the passenger compartment in the cold season
was carried out with the electric furnaces (Tarkhov, Kozlov, & Olander, 2010,
p. 157). German-made vehicles were equipped with them by default, with the
exception of the period for which manufacturers had to save on picking
(approximately 1942-1946). In addition to Germany, simplified trolleybuses also
operated in Gdynia (both German and local assembly — on the Henschel chassis with
the body by the Gdansk Carriage Works).

Table 1 shows the technical characteristics of the MAN MPE I/MAN/SSW and
MAN MPE I/MAN/BBC trolleybuses.

Table 1. Technical characteristics of MAN trolleybuses

Parameter Value Source or clarification
General information
Chassis manufacturer MAN Tarkhov, Kozlov, & Olander,
(Nuremberg) 2010, p. 157
Bodv manufacturer MAN Tarkhov, Kozlov, & Olander,
y (Nuremberg) 2010, p. 157
Brown & Boveri, Tarkhov, Kozlov, & Olander,
Electrical equipment Cie, 2010, p. 157; Kenning &
manufacturer Siemens- Schindler, 2009, pp. 42-43,;
Schuckertwerke Kozlov, 2011
Body

with frame base,
welded, all-metal;
frame sheathing
and tubes are
made of nickel-
plated steel

Kozlov & Mashkevych, 2009,
p. 56; Kiebler, 2000; Drehscheibe
Online...

Body

documentation
Chassis MAN MPE | Kenning & Schindler, 2009;
Biillov, 1997

Overall dimensions

Kozlov & Mashkevych, 2009,
Body length, mm 8700 p. 484; Kenning & Schindler,
2009, pp. 42-43
Kozlov & Mashkevych, 2009,

Width, mm 2500
p. 484
Body height, mm 2800 Kozlov & '\/;3528ka)/0*1, 2009,
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Kozlov & Mashkevych, 2009,

Wheelbase, mm 5250
p. 484
Front overhang, mm 1800 Kozlov & I\/I!)asﬁlskfvych, 2009,
Rear overhang, mm 1650 Kozlov & Ng)aTBKA?VyCh’ 2009,
Interior floor height Kozlov & Mashkevych, 2009,
above surface level, 740 p. 484
mm
Motor and electrical equipment
Siemens DV602a,
four-pole, two-
commutator, Kenning & Schindler, 2009,
Type series-wound pp. 42—46; Spolec¢nost pro
BBC GLM 1273 ..
DK, four-pole, vefejnou dopravu, 2011
two-commutator,
series-wound
90 Kenning & Schindler, 2009,
Power, kWh 85 pp. 42—46; Spolec¢nost pro
vefejnou dopravu, 2011
Nominal armature 1500 Kenning & Schindler, 2009,
speed, rpm pp. 42-47
Voltage of high- documentation
voltage electrical 550
equipment, V
Voltage of low- documentation
voltage electrical 12
equipment, V
rheostatic-
contactor

TEM management

automatic (SSW)

Kozlov & Mashkevych, 2009,

TEM placement

non-automatic p. 484
(BBC)
wheelbase documentation

(moderately
offset to the rear

axle)
Low voltage electrical documentation
equipment Bosch
manufacturer
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Transmission and braking system

single-stage, with
Gear system differential offset Tarkhov, Kozlov, & Olander,
: 2010, p. 157
on the port side
Drive axle MAN (rear axle) Kiebler, 2000
Rear-axle ratio 1:9.94 Kiebler, 2000
tapered or worm-
gear Drehscheibe Online...; Spole¢nost
] : (it is not precisely pro vetejnou dopravu,
Rear-axle drive established by | 2011; M.A.N., 1956: Kenning &
sources and Schindler, 2009, pp. 42-46
documentation)
. pneumatic Kenning & Schindler, 2009, p.
Braking system double-circuit 208-209
Dynamo Bosch documentation
Compressor unit Bosch documentation

Passenger compartment

Number of doors for Kenning & Schindler, 2009,
ASSENTETS 2 pp. 42-47; Kozlov & Mashkevych,
passeng 2009, p. 484
four-wing, platen-
type, W't.h Kozlov & Mashkevych, 2009,
Doors, type pneumatic
: p. 484
opening
mechanism
Front door width, mm 700 Kozlov & I\/Fl)as;Skjvych, 2009,
Second door width, Kozlov & Mashkevych, 2009,
920
mm p. 484
Single seat width, mm 545 Kozlov & I\/ILaTSkfvych, 2009,
Double seat width, Kozlov & Mashkevych, 2009,
930
mm p. 484
Seat clearance, mm 740 Kozlov & I\/Fl)as;\kavych, 2009,
Aisle width between 815 Kozlov & Mashkevych, 2009,
rows, mm 430 (rear verhang) p. 484
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Number of seats in Kozlov & Mashkevych, 2009,
the passenger 30 p. 56
compartment, pcs.

Kozlov & Mashkevych, 2009,

Total capacity, pass. 50 p. 56

Additional information
Kozlov & Mashkevych, 2009,

Tire size 12.00-20.00

p. 484
single-tire (front
Putting on a tire _ ax_le) Kozlov & Mashkevych, 2009,
single-tire (rear p. 56
axle)
) GF, Trilex
Tire manufacturer (Switzerland) Lochte et al., 1991, pp. 395-398
Maximum speed, 58 Kenning & Schindler, 2009,
km/h pp. 42-46

Conclusions.

Urgent environmental problems of our time are increasingly forcing the
governments of States, including Ukraine, to pay attention to the expansion of the
infrastructure of e-transport. Its most developed component in Ukraine is trackless e-
transport, the first trolleybus line of which celebrated its 85" anniversary in 2020.
Despite the interest of researchers in the history of e-transport, its technical
characteristics, and role in the socioeconomic development of local communities,
many different aspects remain without their attention. One of the little-known pages
in the history of e-transport in Ukraine is the operation of MAN trolleybuses in
Chernivtsi, Kyiv, and Dnipropetrovsk during 1939-1951.

MAN trolleybuses have appeared on the roads of Ukraine in the mid-2010s after
more than sixty-year hiatus. The Ukrainian and German practice of naming trolleybus
models has common features: the name consists of the abbreviation of the
manufacturing plant, to which a digital or alphabetic index is attached.

In the early 1930s, European motor transport concerns are interested in the
production of trolleybuses, which had a number of advantages over buses:
environmental friendliness, simpler transmission, and longer service life. It was the
unsatisfactory condition of buses in the urban transport sector that forced the
municipal authorities of Chernivtsi to introduce a trolleybus network. The opening of
the trolleybus service on February 1, 1939, was an outstanding event in the life of
Chernivtsi, which became the second Ukrainian city after Kyiv, where this type of
transport began to be used. Operation of MAN trolleybuses in Chernivtsi has
continued both after joining Bukovyna to the Ukrainian SSR and during the Second

430



http://www.hst-journal.com Icmopis Hayku i mexHiku, 2021, mom 11, sunyck 2
History of science and technology, 2021, vol. 11, issue 2

World War until June 1944. In the postwar period, Chernivtsi MAN trolleybuses
worked on the lines of Kyiv and in 1947-1951 — in Dnipropetrovsk.

In appearance, equipment, and technical characteristics, the MAN trolleybuses,
which entered the line in Chernivtsi in 1939, can be attributed to the first generation
of German trolleybuses. They did not differ much from similar models operating at
that time in Germany or Poland, but they had more powerful electric motors and
comfortable interiors than Soviet trolleybuses.

The existing source base did not allow to determine the exact dates of the
vehicle production and the reasons for the purchase of this particular model of
trolleybuses by the Chernivtsi municipality from the MAN Concern. Some of their
technical characteristics also remain unclear. The attraction of new sources can reveal
the above aspects and describe in more detail the period of operation of Chernivtsi
trolleybuses in Kyiv and Dnipropetrovsk before their decommissioning in 1951. The
characteristics of the MAN trolleybuses given in the work can be used both in
historical works and in studies of a technical nature. In the future, the methodology
and the structure of the research proposed by the authors can be used in the studying
the history of e-transport at the local and regional levels.
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AHaToJ1ii JINTBHHEHKO

Banriiickka MixkHapoaHa akajaemis, JIaTBis

JIbBIBCHKMIA HalllOHAIBLHUM YHIBEpPCUTET IMEHI IBana @Ppanka, YkpaiHa
VuiBepcurer Pobepra ['opaona, BenukoOpuranis

BikTop Capanua
Kpemenuyipkuii HaIloHaAIBHUN yHIBEpcUTET iMeHi Muxaitna OcTporpaachbkoro,
VYkpaina

BikTopisa [Ila0yHina
Kpemenuyipkuii HaIloHaIBHUN yHIBEpcUTET iMeHi Muxaitna OcTporpaichbkoro,
VYkpaina

Tpoaeiitoycu “MAN” B Ykpaini (1939-1951): icTopisi, TexHiuni
XapaKTePUCTUKH, 0COOJTUBOCTI eKCILIyaTamil

Anomauia. 3pocmanns agmomooOiIbHO20 NApPKy U A8MOOYCHUX Nepese3eHb )
micmax Yxpainu nioguugye pisensb 3a0pyOHeHOCMI HABKOIUWHBbO2O cepedosuiyd. B
VYMOBAX — €KOJO2IYHOI Kpu3u eleKmpompaHcnopm cmae o0 €Kmom HAYKOBUX
00CNi0MHCeHb, npeOMemoM OUCKYCIll y cepedo8uwyi NOJIMUKIB | 2pOMAOCLKUX Jiauis. V
npocpami po36UmMKY MYHIYUNAIbHO20 20CN00apcmea YKpainu npiopumemu HAOAHO
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po30y0osi  iHgpacmpykmypu — eKON02IYHO20  MPAHCNoOpmy.  MpoJeudycis,
enekmpooycie, enrekmpomoodinie. lliosuwena ysaza 0o erekmpompancnopmy 3 00Ky
HAyKo8020  CHiBmMoapucmeda, nonmuKymy ma 2epoMaoCcbKOCmi — aKmyanizye
00CniOJCeHHsT 1020 icmopii, po3sumky, o0cooausocmell eKCniyamayii mowo.
lIposedenuii asmopamu icmopioepagiunutl ananiz 0ae niOCMAU 2080pUMU NPO
HeOOCMAMHE BUCBIMIEHHS YKPAIHCOKUMU OOCAIOHUKAMU HU3KU ACNeKmi8 i nepiodie 8
icmopii enekmpompancnopmy. Heznauna xinokicmo cneyianvhux pobdim 3 icmopii
excniyamayii mponeubycie IiHO3eMHO20 BUPOOHUYMBA 6 YKPAIHCbKUX Micmax y
nepwit nonosuni XX cm. ma aumanizy ix mexHiuHUx Xapakmepucmuk 3YMO8II0I0Mb
AKMYanbHicms i HAYKO8Y HOBUZHY Yb020o docnioxcenHs. Ilpu nanucanni pooomu 6ynu
BUKOPUCMAHI  YKPAIHCOLKI Ul 3apyOIidcHI HAYKOB0-008I0K06I GUOAHHS, MOoHo2padii,
cmammi, 30e0i1buo20 13 3aKOPOOHHUX eleKMPOHHUX pecypcie. Asmopamu 6ynu
3ACMOCOBAHI SIK 3A2AIbHOHAYKOBI (AHani3, cunmes, 0edyKyis, iHOYKYis), max i elacue
ICMOpUYHi ~ Memoou  OOCNIONCEHHS,  30KpeMa  NpPOoOIeMHO-XPOHONO2IYHULL
NOPIBHANIbHO-ICMOPUYHULL, PeMPOCNeKMUBHUL Memoou moujo. Memoro 0ocnioxHceHHs
€ BUCBIMJICHHS MA0BI0OMUX (hakmie 3 icmopii eupobHuymea ma excniyamayii 8
yrpaincoxux micmax mponeuoycie “MAN”, a makooic ysedenus 00 Haykosoeo obizy
iX mexHiyHUX Xxapakmepucmux. 3’ACO8AHO emUMON02il0 HA38 Mooeiell HiMeybKux
mponeidycis, AKa 3a36uUdail CK1a0aildacs 3 HAa38 3a600i6-6UPOOHUKIE WACI, K)308) U
enekmpoobnaoHanus. Buznaueno munu, cneyu@iuni KOHCMPYKMUGBHI DIlUEHHS.
mponeuodycie “MAN” nepwioco nokoninns ma nepedymosu ix nossu ¢ Yepmuisysx.
Ocobnuea ysaea 3o0cepeddcena Ha mpogeudycax, AKi Oyiu 6 exkcniyamayii 8
Himeyuuni ma inwux 3axionoesponeticokux kpainax iz nepuioi nonogunu 1930-x pp. i
0o nouamxky 1950-x pp. V cepeouni 1930-x pp. eunyck mpoeiibycie po3nouas 3a600
“MAN "y Hiopubep3i, 11020 mooeni manu HAUCYYACHIUWI HA MOU 4ac KOHCMPYKMUBHI
pilienHs, XapakmepHuti OU3auH [ HOBIMHIO cucmem)y ONALeHHS. 3aNedHCHO 6i0
008ICUHU HIMEYbKI BUPOOHUKU NOOLIAIU MOOeNl Mpoeldycié HA Yomupu muniu.
Buacnioox npobnem i3 excniyamauicto asmobycnoeo napky 6 UYephisysx micoka
61a0a NPULHALA PIieHHs w000 nobyo0osu 6 micmi mpoaeubycHoi niuii; 0y10
3aKynieHo yomupu mpoaetioycu eupoonuymea 3asody “MAN”. 'V cmammi
npocmedgiceno emanu excnayamayii mponetioycie “MAN” y UYepuisysx, oe 60oHU
npayrosanu npomseom 1939-1944 pp., a nicisa 3axinuenusn /[pyeoi c6imogoi GitiHu
oynu nepesederi 0o Kuesa. Illicnsa osopiunoi excnayamayii 6 cmoauyi mposeuoycu
npomsicom 1947—1951 pp. euxoounu na mapwpymu 6 /[Hinponemposcvky. Hageoeno
U npoauanizosanHo mexuiuHi xapaxmepucmuxu mponetioycie “MAN” nepwoco
NOKONIHHA, SIKI eKCNLyamy8anucsi 8 YKpaiHcbKux micmax. Busnaueno, wo 3a écima
OCHOBHUMU  NOKA3HUKAMU U  eKCHIyamayiuHumMu napamempamu 60HU  OyIu
MAKCUMANbHO HAOAUJICEHI 00 AHANOIYHUX MOoOeell HIMeybKux mpoJetoycis.
3anpononosana memooono2isi ma cmpykmypa OOCHIONCEHH 68 NOOANbULOMY MOdHCe
Oymu eukopucmaua OJisl HANUCAHHA cmameli 3 ICmopii HayKu U MexHiKu, 30Kpema
eNeKMpOmpancnopmy.
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Knrwowuoei cnosa: enexmpompancnopm, mponeubdyc; excniyamayis, MAuuHa,
Yepuieyi, Himeuuuna

AHaTtoJmni JINTBHHEHKO

banTtuiickas MexxayHapoaHas akaaeMus, JlatBus

JIbBOBCKHI HAlIMOHAJIBHBIN YHUBEPCUTET UMEHU VIBana ®paHko, YKpauHa
Yuusepcuret Pobepta ['opnona, Benukobpuranus

Bukrop Capanua
KpeMmeHuyrckuii HalMOHANIbHBIA YHUBEpCUTET MMEHM Mmuxanna OcTporpajackoro,
Ykpauna

Bukropus llIadynnna
KpemeHuyrckuii HallMoHaNbHBIM yHUBEpCUTET UMEHM Muxauna OcTporpajackoro,
YkpanHa

Tpoaneiioycot “MAN” B Ykpaune (1939-1951): ucropusi, TeXHu4ecKue
XapaKTePUCTUKHN, 0COOEHHOCTH IKCILIyaTALMHU

Aunomauyun. Pocm aémomooOunvHo2o napka u asmoOYCHbIX NepeBo30K 8
eopodax YKkpaumvl nosviuiaem yposeHb 3ApSA3HEHHOCMU OKpydcarowel cpeovl. B
VCI0BUAX IKOJIO2UYECKO20 KPUSUCA DJIeKMPOMPAHCNOPM CMAHOBUMCS 00bEKMoM
HAYYHBIX  UCCNe008AHUL, NPeoMemomM OUCKYCCUlL 8 cpede NOIUMUKO8 U
obujecmeennbvix Oeamenell. B npocpamme pazeumus MyHUYUNAIbHO2O XO3AUCMEA
Ykpauner npuopumemmnvim  sA6nsA€mMcs  CO8EPUIEHCMBO8AHUE  UHDPACMPYKMYDbL
9KOJIO2UHECK020 MPAHCHOpPMA: MpOJLIetdyCco8, 31eKmpo0ycos, NeKmpomMoounel.
llosviwennoe 6HuMaHue K  IIEKMPOMPAHCHOPMY €O  CHOPOHbL  HAYYHO20
coobwecmea, noaumudeckux oesmeneu U O0OWECMEEHHOCMU AKMYAIU3UpYem
Uccne0o8anusi €20 UCMopuu, pazeumusi, 0COODEHHOCmeU OdKCHIyamayuu u m.n.
IIpogedenuwiii asmopamu ucmopuozpaguueckuti anais oaem OCHOBAHUSL 2080PUMb
0 HEeOOCMAMOYHOM OCBEUEHUU VKPAUHCKUMU UCCIe008ameNaMU psaoa AcneKkmos u
nepuooos 6 ucmopuu darekmpompaucnopma. Hesnauumenvnoe Konuuecmeo
CNeyuanbHulX  padbom, NOCEAUEHHBIX UCMOPUU  IKCHIYamayuu  mpoaneudycos
UHOCIMPAHHO20 NPOU3BOOCNBA 8 VKPAUHCKUX 20p00ax 8 nepeotl nonosuve XX 6. u
AHANU3Y UX MEeXHU4YeCKUx Xapaxkmepucmuk, o00yCclasiusaom axmyaibHoCms U
HAYYHYIO HOBU3HY OaHHO20 ucciedosanus. Illpu Hanucanuu pabomoer Ovliu
UCNONIL306AHBL  VKPAUHCKUe U 3apyOedcHble  HAYYHO-CNPABOUHble  U30AHUS,
MoHocpaghuu, cmamovl, 8 OCHOBHOM U3 3APYOEHCHBIX DIIEKMPOHHBIX PeCcypCos.
Aemopamu 6w NpuUMEHeHbl KaK o0OuwjeHayyHvle (AHAIu3, CcuHme3, O0eOyKyus,
UHOYKYUS), MAK U COOCMBEHHO UCMOPUYECKUe MemOoOobl UCCIe008aHUS, 8 YACMHOCMU
NPOONEMHO-XPOHONOSUYECKUL, CPABHUMENbHO-UCOPUYECKUL, PempOCHeKMUEHbLU
Memoowl u 0p. Llenvio uccnedosanus asuiemcs oceeujeHue Maiou38eCmublx Qakmos,
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Kacarowuxcs ucmopuu npouzeoocmea U 3IKCHAYamayuu 6 YKPAUHCKUX 20p0ooax
mpoanetioycoe “MAN”, a maxoice 6sedenue 6 Hayunvlii 0OOPOM UX MEXHUYECKUX
Xapakmepucmuk. YcmaHogneHo 3mumonocur0  HA36aHUti  Mooenelti  HeMeykux
mpoinetibycos. Hazsanue o6biuHo cocmosno u3 Hazéanull 3a860006-npou3eooumenetl
waccu, Ky3oea u 31ekmpooboopyoosanus. Onpedenenvl munvl, cneyuguieckue
KOHCmpykmueHvle peuwtenus mpoaneiioycos “‘MAN”  nepsoco noxonenus u
npeonocvliku ux nosenenus 6 Yepnosyax. Ocodoe eHumaHue cocpedomoveno Ha
mpoaneubycax, Komopvle Ovuiu 8 dKcnayamayuu 6 Ilepmanuu u  Opyeux
3anaoH0e8pONeuUcKUx cmpanax ¢ nepgou noaosunsvl 1930-x 2e. 0o nauana 1950-x 2e.
B cepeoune 1930-x ee. svinyck mponneiibycos nauan 3aso0 “MAN” ¢ Hiopnoepee,
€20 Mooenu UMenu camvle COBPEMEHHble HA MO 8peMsl KOHCMPYKMUGHbIE peuleHUs,
XapakxmepHuli OU3AatH U HOBYIO cUcmemy OmonleHus. B 3asucumocmu om OauHbl
HeMeyKue npouzeooumeny pazoensiiu Mooelu mpoJieidycoé Ha uemsvlpe MUund.
Bcneocmeue npobnem ¢ oxcnayamayueti asmobOycHozo napka 6 YepHnosyax,
20pOOCKUe 8lacmu NPUHAIU peuleHue 0 CMpoumebCcmee 8 20pooe mpoJlieldyCcHOl
JUHUU, ObLIO 3aKYNIeHO yembvlpe mpoinetibyca npouzsoocmea 3asooa “MAN”. B
cmamve npocaexcugaiomcs omanvl IKcnayamayuu mpoanetioycoe  “MAN” 6
Yepnosyax, 20e onu pabomanu 6 meuenue 1939-1944 co., a nocine OKoHuaHUs.
Bmopoti  muposoti  eouinel  Oviiu  nepesedenvt 6 Kues. [locne osyxiemmueii
IKCHIyamayuu 8 cmoauye mpoaneidycol 6 meuenue 1947-1951 ece. evixoounu Ha
mapwipymsl 8 [[nenponemposcke. Ilpusedenvl u npoananuzupo8anvl mexHuiecKue
xapakmepucmuxku  mpoanetioycoe  “MAN”  nepsoco  nokonenus, Komopwie
IKCNIYAMUPOBANIUCL 8 YKPAUHCKUX 2opoodax. OnpedeneHo, Ymo no 6cem OCHOBHBIM
noxkazamensamM U IKCHIYAMAYUOHHLIM NApamempam OHU Obliu MAKCUMATbHO
NPUONUINCEHBL K AHATIO2UYHBIM MOOENSIM HeMeyKkux mpoaneudycos. Ilpeonoowcennas
Memooono2usi U CMPYKmMypa UCCAe008anusi 6 OdlbHeleM Modcem Ovblmb
UCNONIL3068aHA OJIsl HANUCAHUS CIMamell N0 UCMOPUYU HAYKU U MEXHUKU, 8 YACTMHOCU
NEeKMPOMPAHCNOPMA.

Kntouesvie cnoea: snekmpompancnopm,  mpoaneudyc,  IKCHIYaAmayus,
mawuna; Yeprnosywl, ['epmanus
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Characteristics of unpaved roads in the late 18" century — early 19" century,
and the design of the first wooden trackway as a forerunner to the Bukovyna
railways

Abstract. In the history of Bukovinian social life in the 1840-1850s, an
important role is played by the fierce struggle for the introduction of rail transport.
This struggle took place in the deepening crisis of the feudal system and the
development of capitalism in the Austrian Empire. Primitive medieval methods of
transporting goods and passengers by waterways and unpaved roads, which for
centuries met the needs of feudal Bukovyna, became a brake on the economic, social
and political progress of the Bukovyna region. The beginning of the transport
revolution in England had a huge public response in Austria-Hungary. The rapidly
developing relationship between scientists and engineers from Austria, Western
Europe and America in this period made a large contribution to the process, as the
newest means of transportation were spreading in the early 19" century, first of all,
in the industrialized regions of Europe. These regions had enough funds for the
construction of roads because they could develop different methods of production.
Today we are mostly interested in the projects of construction of typical means of
transportation on agricultural lands with practically no industry. In the early 19"
century, Bukovyna was one of them. The purpose of this article is to thoroughly
analyze unpaved roads of the late 18" — early 19" century, as well as the project of
the first wooden trackway as the forerunner of the Bukovyna railways. To achieve
this purpose, the authors first reviewed how railways were constructed in the
Austrian Empire during 1830s — 1850s. Then, in contrast with the first railway
networks that emerged and developed in the Austrian Empire, the authors made an
analysis of the condition and characteristics of unpaved roads in Bukovyna. The
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government's attention to Bukovyna's roads was explained by their military,
economic and political significance for the Austrian Empire by the end of the 18" —
early 19™ century. There was a number of state trackways built on the territory of
Bukovyna which crossed the region and ensured the military interconnection of two
Austrian provinces named — Galicia and Transylvania, as well as approached the
borders of the Russian Empire and the Danube principalities. At the same time, they
helped to restore the suspended trade flow in Bukovyna. In addition, the authors
considered the first attempt to create a wooden trackway as a prototype and
predecessor of the Bukovyna railway. It is evident that such an idea played a
significant role in shaping the development strategy of the region in the minds of
Austrian and Bukovinian officials, and became a forerunner for main and regional
railways in Bukovyna.

Keywords: Austrian Empire; transport; construction of railways; periodization;
ways of communication of Bukovina

Introduction.

The development of railway construction in the Austrian Empire in the 19" —
early 20" century can be divided into 4 related chronological periods:

1) the first period of private railways (from the beginning of construction till 1841);

2) the first period of state railways (1841-1854);

3) the second period of private railways (from 1854 till the economic crisis in 1873);

4) the second period of state railways (from 1873 till the collapse of the Austro-
Hungarian Monarchy in 1918).

Of course, each period had its own differences, although they were all
characterized by fluctuations between the two systems of railway construction and
operation, namely, private and public. In general, the history of railway construction
on the territory of modern Austria is quite interesting and educative (Strelko,
Berdnychenko, & Pylypchuk, 2021). It is thoroughly described in the publication
“The Development of Railways In the Austrian Empire: From the Beginning of
Construction to 1854” by I. V. Zhaloba (1995) (Zhaloba, 1995). As it turned out,
wooden trackways were first mentioned in the Austrian chronicles in the late 16th
century. Such trackways were used to take coal and ore out of the mines. For
reference, it took 50 years before this system appeared in England in the early 18"
century. However, England was the first to replace wooden tracks with iron in the
early 18™ century and combine them with steam in the early 19" century. The
opening of the Liverpool-Manchester Steam Railway on August 15, 1830, and its
positive operating experience had revolutionary consequences for the European
communications routes in the 19" century (Georgievskiy, 1893).

It is believed that Austria understood the importance of new types of trackways
quite early. The process was initiated by Franz von Gernster, the Principal of the
Prague Polytechnic University. On December 31, 1807, he addressed the Bohemian
Hydraulic Society with a proposal to build a railway between the rivers Danube and
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Moldova (Verhovskiy, 1892, p. 18). However, he was actively defending artificial
rail roads after Napoleon’s invasion in 1813 (Promyishlennost i tehnika, w.y., p. 87).
It was his son, Franz Anton von Gernster, Professor at the Vienna Polytechnic, who
obtained permission to build a wooden horse-drawn railroad between Mauthausen
and Budweiss on September 7, 1824. The road was designed to transport salt from
Bohemia. A year later, the First Austrian Railway Company began to build its first
railway. The Budweis Railway was launched on September 7, 1827, with only 7
miles of track, and was completed on April 1, 1833. It was the first railway (although
horse-drawn) built on the European continent.

It should be noted that the slow construction of the first railways in Austria was
grounded by the lack of experience in track construction. Yes, it was believed that the
railways should only be built on a flat surface, because train wheels would slide on
the slopes. Other engineers believed that one earth mound could not be enough for
safe movement. Therefore, they first installed the stone foundation, and then covered
it with earth. That is why the construction of railways was expensive and, moreover,
very slow.

The purpose of this article is to thoroughly analyze unpaved roads of the late
18" early 19™ century, as well as the project of the first wooden trackway as the
forerunner of the Bukovyna railways.

Research methods.

To achieve this purpose, the authors first reviewed how railways were
constructed in the Austrian Empire during 1830s — 1850s. Then, in contrast with the
first railway networks that emerged and developed in the Austrian Empire, the
authors made an analysis of the condition and characteristics of unpaved roads in
Bukovyna. The government's attention to Bukovyna's roads was explained by their
military, economic and political significance for the Austrian Empire by the end of
the 18" — early 19" century. There was a number of state trackways built on the
territory of Bukovyna which crossed the region and ensured the military
interconnection of two Austrian provinces named Galicia and Transylvania, as well
as approached the borders of the Russian Empire and the Danube principalities. At
the same time, they helped to restore the suspended trade flow in Bukovyna.

In addition, the authors considered the first attempt to create a wooden trackway
as a prototype and predecessor of the Bukovyna railway. It is evident that such an
idea played a significant role in shaping the development strategy of the region in the
minds of Austrian and Bukovinian officials, and became a forerunner for main and
regional railways in Bukovyna.

Results and discussion.
How Railways Were Constructed in the Austrian Empire in the early 1830 s —
late 1850 s.
Somewhere in the mid-1830s, right before the construction of railways for steam
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locomotives in England, Austria built about 250 km of horse-drawn railways. Noting

this fact, I. V. Zhaloba asked: “How did it happen that the Habsburg Monarchy could
get proper support from the public, private capitalists and the government, and build
the first railway on the European continent?” The answer is: “Let’s consider an aspect
emphasized by K. Gudechek. Unlike England, which had sea routes due to its insular
position, and Germany, which had an extensive network of river routes, Austria, due
to its predominantly mountainous terrain in the pre-railway era, was deprived of these
convenient and cheap means of transportation ... According to P. I. Georgievskiy, the
export goods from Austria and Hungary was impossible at the end of the 18" century
due to the poor condition of the roads: the cost of transporting goods to the border
exceeded their value. Modern Austrian historians also believe that it was due to the
high level of technical education” (Zhaloba, 1995, p. 48).

Of course, another important factor was the hope of large private capitalists to
receive significant revenues from railway transportation. The positive experience of
the Liverpool and Manchester Railway had shown the advantage of rail transport and
its financial benefits. Austrian engineers went to England to study the experience of
using steam locomotives. They did not passively learn from others but made their
best contribution to the improvement of railway trains immediately upon return. It
was decided to build a steam railway that would connect Vienna with the salt
companies in Bochnia (Galicia) (Wandruszka & Urbanitsch, 1973, p. 278).

The construction of railways in the Austrian Empire had been delayed for a long
period of time. The reason was that the first railways, whether horse-driven or
carrying steam locomotives, were mainly built with private initiative and funded from
private companies on the basis of concessions issued by the government.
I. V. Zhaloba noted: “Such concessions contained great privileges for entrepreneurs,
providing an unlimited scope of business activities. In 1838, the government made its
first attempt to create a background for the legislative regulation of the railway
business. According to the governmental decrees, private companies could decide
upon the direction and sequence of railroads, based on their previous profitability
calculations. The state could intervene only when the net profit exceeded 15% of
deposits. In general, although the decrees contained certain restrictions (for example,
the Vienna-Raab Railway was built on the basis of these decrees, and the concession
granted to Simon Sini was different from the one granted to Rothschild), they did not
have any radical impact neither on railway construction nor on the tariff
form” (Zhaloba, 1995, p. 50).

Between 1845 and 1849, Austrian railways made their first attempts to unify
with the German railways (Wandruszka & Urbanitsch, 1973, p. 280). The so-called
Northern Railway was the most successful example. Unlike other private railways, it
has successfully overcome the first difficult period thanks to state loans, private
capital and the necessary administrative measures. In the mid-1840s, this railway
demonstrated high profits (for example, 6.79% in 1846) (Praschinger, 1989, p. 102,
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104). It should be added that the Northern Railway had the highest wages among
private railways in Austria. Moreover, this railway had the lowest fare, and the
highest accuracy of trains.

In general, railway construction in Austria in the 1840s did not stop. However,
despite the fact that the Habsburg Monarchy was not the last European state to build a
railway, it definitely could not overcome the necessary pace of large-scale
development of the railway network. The main reason for this was the economic
crisis caused by the conservative political system. Moreover, it was at that time,
namely until 1845, that the share price fell sharply. This led to the collapse of most
private railways. The construction of the railway network stopped, as did the empire's
credit system, so the state was forced to take decisive measures. On July 10, 1845, a
law was issued to ban the issuance of concessions to private enterprises for the
construction of railways (except for coal railroads). This ban lasted until 1850. In
addition, in November 1846, the state created an Extraordinary Credit Fund at the
State Debt Fund, and began to purchase shares of railway companies at prices that
corresponded to their true value. This was a successful measure. The state used the
previous reduction in the share price, which is why they were quickly bought out. The
money received was directed to the construction of railways. As a result of this
measure, there was a new artificial increase in the price of railway shares, but the
state quickly suspended the purchase for a while to balance the price of shares. At the
end of 1847, the state bought more than half of the issued shares. In general, the sum
of state expenditures on these measures at the end of 1848 amounted to about 26
million guilders (Tsehanovetskiy, 1869, p. 162).

This measure caused the first actual nationalization of the railway network in
Austria. The state became a co-owner of 50-60% of the shares, and consolidated its
dominant position, which led to the expansion of a comprehensive state railway
system. Thus, in 1850 the state started to create a number of administrative
institutions: state railway directorates and administration (powiat) centers. It switched
to the state operation of railways, because previously, even state-built railways had
been put into operation by private companies. At that time, the state started to
actively purchase private railways that were in a difficult financial situation. Also,
one of the predominant factors for the purchase of railways was the financial state of
some railway companies.

Along with the purchase of existing railways, the state continued to construct
new ones in the 1850s. The construction continued even after 1854, when a new
course was announced for the privatization of the railways. The outstanding
achievements of the Austrian state at that time included the construction of a railway
between Vienna and Trieste, the most significant achievement in the history of
Austrian railways. Moreover, between 1854 and 1856 the state built a number of
railways in Italy, Hungary and part of Galicia (now the territory of Poland). At the
same time, the Oderberg, Dzidzice and Auschwitz section completed the construction
of private Kaiser Ferdinand's Northern Railway, thus establishing the direct
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connection between Vienna and Galicia planned 20 before that (Wandruszka &
Urbanitsch, 1973, p. 282).

The intense activity of the state has been paid off: by 1854, when the private
companies were allowed to construct railways again, the Habsburg Monarchy built
the major part of state railways (1,852 km with a total length of 2,617 km). Compared
to other European countries, this was a huge achievement. Thus, of the 371 million
guilders spent on railways at the end of 1856, 291 million guilders came from the
state (Wandruszka & Urbanitsch, 1973, p. 282).

From the review of railway development in the Austrian Empire from the
beginning of construction to the late 1850s, we can conclude the following. During
this period, the Austrian Empire managed to form a significant railway network,
mostly in the central and western parts of the empire. Only after that, all the thoughts
of the state turned to other subordinate territories, including Bukovyna.

Unpaved Roads in the Late 18" Century — Early 19" Century as a Forerunner

to the Bukovyna Railways.

The social and economic development of Bukovyna can be characterized by the
fact that this region was annexed to the Austrian Empire much later than other
Ukrainian lands (Transcarpathia and Galicia). That is why the processes of
colonization, development of agrarian relations, etc. took place in a very peculiar
way. Its colonization was possible only after accumulating enough information not
only about natural resources, but also about the means of communication, which were
vital primarily due to changes in government.

By the time Bukovyna became part of the Habsburg Monarchy, the state of
communication routes in the region had been very poor. Historical sources indicate
that important international dirt roads and waterways (along the Dnieper) ran through
Bukovyna since Middle Ages. However, at the end of the 18" century, there were
only mentions of these routes, since all the trade flows had stopped. I. V. Zhaloba
noted: “Politics was the determining factor of this phenomena” (Zhaloba &
Yatsentyuk, 1997). The progressive decline of the Ottoman Empire that dominated in
Bukovyna and the Moldavian principality since 1538 did not contribute to the revived
economic and trade life. On top of that, the political instability of Bukovyna, and the
frequent military clashes in Europe which affected Bukovyna one way or another,
also complemented the disappointing state of the region's development. Poor
economic development led to the fact that at the end of the 18" century, there were
only unpaved roads in Bukovyna which became unpassable during the rains,
especially in the mountains and swamps. There were few bridges, since the rivers
usually turned into fords, and the existing bridges were kept in poor condition. The
above factors slowed down the caravans during rains and spring floods, and they had
to wait for the water to drop to cross the river (Krushevan, 1903, pp. 12-14).
Historical sources also evidence that there was no regular trade and transport traffic
on the waterways of Bukovyna. Only after Bukovyna became part of the Habsburg
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Empire there was a change in political domination and peace in Bukovyna, and the
region was included in the European civilization process. This process gradually
contributed to a significant increase in domestic and foreign trade. This is when it
became obvious that the road network in Bukovyna did not meet the requirements of
the evolving economy. The network was forced to develop rapidly. The Austrian
authorities understood that only by improving the means of communication they
could create better conditions for the development of trade and economic activity in
the Bukovyna region. By creating a network of good unpaved roads, Austria hoped to
get the most out of the newly acquired Bukovyna territory. To that end, the
authorities sought to include Bukovyna in their imperial economic complex as soon
as possible and as strongly as possible (Georgievskiy, 1893, pp. 157-158). In general,
at that time the course of the Austrian government towards the construction of roads
in Bukovyna was very tangible and important (Kovalchak, 1988).

It is known that, unlike England and Germany, which could use cheap and
convenient sea and river routes thanks to their geographical location, Austria did not
have such an opportunity due to being a predominantly mountainous country. That is
why at the end of the 18™ century Austria found itself in a very difficult trade and
economic situation: the poor condition of the roads made the export of goods almost
impossible, since the cost of transporting goods to the border far exceeded their
value. That is why the Habsburg Monarchy started to pay more and more attention to
improving the network of unpaved roads (Kovalchak, 1988, p. 2; Hudeczek, 1918,
pp. 19-20). Here is what I. V. Zhaloba says about this period: “Initially, the strategic
aspect was the most important in relation to Bukovyna. The region provided a direct
link between two Austrian provinces: Galicia and Transylvania. This circumstance
was pointed out by the monarch Joseph II, who wrote in his letter of June 19, 1773 to
Maria Theresa: “This acquisition (of Bukovyna) will not only facilitate trade and
communications, but will also create an exit from one province to another for our
troops, who are now forced to make a terrible detour.” In addition, the very location
of the region in relation to the Russian Empire and the Danube principalities made it
strategically important” (Zhaloba, & Yatsentiuk, 1997, p. 728). Thus, the military,
political and economic reasons determined the active improvement of communication
routes in Bukovyna in the 18" century.

Gathering information about Bukovyna communication routes began long before
the occupation of the region. Thus, in 1773, Colonel Baron von Enzerberg began
gathering information, assisted by one officer and two non-commissioned officers. In
general, they collected all sorts of information, but were forced to give
comprehensive answers to 5 main questions. One of them was whether it was
possible to build a good road from Transylvania to Galicia. This aspect, as it turned
out later, was one of the main ones, as it outlined broad plans for road construction
(Kaindl, 18944, p. 10). Subsequently, information about the roads of Bukovyna was
confirmed by various Austrian military topographic expeditions.
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Bukovyna's occupation was prepared in advance and was complete in 1774. The
military administration of the region was headed by General Spleny. During his rule
between 1774 and 1778, 70 bridges were built in Bukovyna. This provided the
Austrian troops with the possibility for maneuvering. In 1778, General Spleny was
replaced by Baron von Enzenberg. Under his leadership, the military administration
worked closely on laying the first unpaved roads in Bukovyna. For example, between
1778 and 1779 and in 1783 two roads were built on the territory of Southern
Bukovyna, from Dorna to Rodna and from Poiana Stampei to Borgo (Kaindl, 1898,
p. 69). At the same time, in Zastavna, Kuchimmar (now the village of Velykyi
Kuchuriv, Storozhynets raion), Styrche, Granicesti, Vami and Poiana-Stampei, inns
and trade traffic was established across Bukovyna, as well as several shelters for the
troops (Polek, 1900).

If we analyze the contribution of the Austrian Empire to the development of the
road network in Bukovyna, we can conclude that it has been impressive. During the
Austrian reign (1774-1918) a network of state-wide, county-wide and local unpaved
roads was created in the region. Among these roads, special attention was paid to
state-wide roads, because they were of large trade, political and strategic importance
for the state. Actually, these roads were constructed and maintained at the expense of
the state treasury (Zhaloba, 1991).

In general, the Austrian government has consistently allocated significant funds
for the construction and maintenance of state-wide roads in Bukovyna. Government’s
attention can be explained by the military, economic and political significance of
these roads for the Austrian Empire. In the conflicts that arose in South-Eastern
Europe, the Austrian government found a way to quickly deploy large number troops
to the borders of the Russian Empire and the Danube principalities, and could put
pressure on them if necessary. This was evidenced by the Russo-Turkish Wars
(1806-1812, 1828-1829), and the Crimean War (1854-1858).

In 1849, Russian troops moved to Novoselytsia through the so-called
Transylvanian and Military routes, as they were sent to help the Habsburgs in
suppressing the Hungarian revolution (Kaindl, 1894b, pp. 48-51). That is why, under
any circumstances, the state-wide roads ensured the movement of all types of troops
and freight convoys. I. V. Zhaloba notes: “At the same time, starting from the late
18™ century, the Austrian authorities began to use Bukovinian roads for economic
purposes in order to ensure the fastest return from the newly acquired territory. Both
the measures of the Austrian court and the peace established on Bukovinian land
contributed to this process” (Zhaloba, & Yatsentiuk, 1997, p. 731).

Thus, a number of state-wide tracts were built in the late 18" — early 19"
century, crossing the region and ensuring the interconnection between Galicia and
Transylvania, approaching the borders of the Russian Empire and the Danube
principalities. At the same time, they contributed to the restoration of long suspended
trade flow in Bukovyna.
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On the other hand, state-wide tracts, which remained major routes until the late
1900s, ensured a political and economic connection between Bukovyna and the center of
the empire, serving as means of communication between Austria and Hungary and the
East. The construction of non-state roads, which were of mostly regional importance,
intensified the above processes. By the beginning of the 19th century, they existed as dirt
roads and were mostly in poor condition. The gradual establishment or separation of
economic and trade ties led to the emergence of roads and settlements through which
both international and domestic traffic took place. In turn, paved roads in these areas,
according to the rules of road art, created the conditions for the development of existing
trade. Without any doubt, at the end of the 18th century — early 19th century, there was
the basis for a permanent network of trackways, the predecessors of railways in
Bukovyna. Later this network has improved both quantitatively and qualitatively,
especially after the appearance of railways.

History of the First Wooden Trackway of Bukovyna.

In the history of Bukovinian social life in the 1840-1850s, an important role is
played by the fierce struggle for the introduction of rail transport. This struggle took
place in the deepening crisis of the feudal system and the development of capitalism
in the Austrian Empire. Primitive medieval methods of transporting goods and
passengers by waterways and unpaved roads, which for centuries met the needs of
feudal Bukovyna, became a brake on the economic, social and political progress of
the Bukovyna region. The beginning of the transport revolution in England had a
huge public response in Austria-Hungary. The rapidly developing relationship
between scientists and engineers from Austria, Russia, Western Europe and America
in this period made a large contribution to the process (Voronin, 1974), as the newest
means of transportation were spreading in the early 19" century, first of all, in the
industrialized regions of Europe. These regions had enough funds for the construction
of roads because they could develop different methods of production. Today we are
mostly interested in the projects of construction of typical means of transportation on
agricultural lands with practically no industry. In the early 19" century, Bukovyna
was one of them.

One of the first questions about the need to build a wooden horse-driven
trackway in Bukovyna was raised by Karl Wittek, the Secretary of the Court
Chamber in 1841. He pointed that the construction of a trackway was of paramount
importance for the economic development of Bukovyna, especially for large-scale
forest exports (especially due to lack of human resources in mountainous areas).
K. Wittek criticized the process of rafting the forest by the Bukovinian rivers and
proved the dependence of river transport from nature. He stressed that Bukovinian
forests could provide enormous volumes of wood and fantastic profits. K. Wittek
hoped to sell the forest to Egypt and other parts of the Ottoman Empire without much
difficulty. The brave entrepreneur proposed to solve this problem only by building a
wooden horse-driven trackway. The trackways were not supposed to be made of iron,
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but of wood. The thing is that at that time, the so-called American type trackways
(wooden laths, lined with tin, longitudinal beams) were rather popular. Therefore, it was
not a surprise that K. Wittek proposed this for Bukovyna. After all, iron trackways for
this region were still very expensive. K. Wittek convinced everyone that wooden
trackways could be built cheaper and faster than unpaved roads even 10 years later, in
the early 1850s. The prospect of building wooden horse-drawn trackways was seriously
considered to improve the routes in the eastern provinces of the Austrian Empire
(Galicia and Bukovyna). The cost of a conventional railway was 3 times bigger than the
cost of a wooden trackway. In addition, the transportation of goods via trackways was 3—
4 times faster than via unpaved roads (Zhaloba, 1999). Appealing to the best
international practices in the construction of the first wooden horse-driven trackways, K.
Wittek made concrete proposals for the construction of two important branches — from
Chernivtsi to Suceava as the main transshipment point on the Moldovan border, and
from Poiana Stampei to Suceava through Transylvanian region near Solka to connect the
forests of Bukovyna and Chernivtsi. These roads were to cross the forests and connect
them with Transylvania and Moldavia. The second trackway was to become a hub for
Bukovyna, since it connected Chernivtsi, the capital of Bukovyna, with forest
reservations. K. Wittek proposed to start the construction from the second trackway,
since in that case, all the wood required for the first trackway could be delivered from
the state forests. This was extremely important, because the first trackway was to be laid
in private areas with the withdrawal of land. It was believed that this withdrawal was not
expensive, as the price of land in Bukovyna at that time was low (Botushanskyi, 2000).
The second trackway was to be established mainly on state lands, so it could be finished
at a lower cost.

K. Wittek believed that the construction of wooden horse-drawn trackways
could be funded both from private and public sources. Still, he preferred state
construction because the state had everything at its disposal to build a wooden
trackway, and that made things much easier. Nevertheless, the project proposed by
K. Wittek was not destined to come true. As we know, at that time Bukovyna was
part of the Galician governorate. Therefore, the petition initiated by K. Wittek was
sent to the Governor-General of Galicia, who had to present the conclusions of local
institutions in this regard. On September 16, 1845, that is, two years after K. Wittek's
petition, the President of the Court Chamber of Kiibeck received a negative response
from Archduke Ferdinand, the Galician military and civilian Governor-General. The
answer stated that the project of K. Wittek “lacked the necessary knowledge of local
conditions” and that his good intentions were not suitable for practical
implementation. The relevant institutions that prepared this verdict pointed out two
main statements: 1) there was no surplus wood in Bukovyna, since the area between
Chernivtsi and Suceava was mostly forestless; 2) to deliver wood from remote places,
they had to construct an additional 60-mile wooden trackway. Therefore, the
trackway proposed by K. Wittek was unprofitable. In addition, the sale of wood in the
Galati market, even under favorable conditions, could not give much benefit (Galati
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IS a port town in eastern Romania), because mast timber was much more valuable.
For this reason, there was no sense in building a separate road. The Galician
construction director stressed that there was not enough timber for shipbuilding in
Bukovyna, and little firewood and building wood could be sold abroad.

Eisenbeck, an Austrian agent in lasi, also made a conclusion about K. Wittek's
project. On March 10, 1844, he announced that the Moldavian government did not
expect the wooden trackway or railway to be extended through Moldova. Therefore,
K. Wittek's project was also rejected. In addition, all the officials of the Austrian
Empire agreed that Bukovyna had mountain rivers and streams that flew into the Siret
and Prut, and that they would transport wood to both Moldova and Galati. Because of
this, Dubeck wrote an official letter dated October 17, 1845, informing Archduke
Ferdinand that he was terminating the case.

I. V. Zhaloba drew the following conclusion about the first wooden horse-drawn
trackway in Bukovyna: “What’s interesting, a year later, on January 17, 1845,
Eisenbeck wrote about the lively interest aroused by the decision of the Austrian
government dated December 18, 1844 to rebuild the Galician railway from Bochnia
through Lviv to Chernivtsi at the expense of the state. Moreover, the position of the
Moldavian noblemen was very active. They immediately started to form consortia
that would be able to build a counter line from Galati through lasi to the Austro-
Moldavian border. Influential representatives of Moldovan landowners addressed
both questions and suggestions to Eisenbeck about the state of the Galician railway,
about the possible participation of Austria in the construction of the Moldovan
railway, and so on. The above-mentioned agent stated this in his report to Kiibeck on
January 17, 1845. Kiibeck's response was swift and categorical: Eisenbeck was
strictly ordered to refrain from any statements or explanations that could give rise to
any hopes or conjectures on the part of Moldova. To one degree or another, all this
was done with the construction of the railway from Lviv through Chernivtsi to lasi in
1860s, and with the construction of Bukovinian local and timber railways in the late
1980s — early 20™ century. However, K. Wittek’s project is of exceptional interest as
a model of state thinking of that time, a way of bringing something fresh to the old
soil. On the one hand, there is colonization and homesteads as a tribute to the old
regulations of the obsolete era. On the other hand, there is a belief in the need to
spread a new means of transport, thereby raising the price of land and livelihoods,
and the desire to take advantage of the current favorable situation for a painless land
expropriation to avoid unnecessary costs in the future. The fact that the local
authorities did not even want to design this trackway is also a good example of the
inertial Austrian bureaucracy at that time” (Zhaloba, 1999).

This was the first attempt to build a wooden trackway in Bukovyna. This very
idea, of course, played a role in shaping the development strategy of the region in the
minds of Austrian and Bukovinian officials, and became a forerunner for main and
regional railways in Bukovyna.
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Conclusions.

In the late 18" century — early 19" century, a developed network of unpaved
roads was laid in Bukovyna as the basis of a permanent road network, the
predecessors of railways. Later this network has improved both quantitatively and
qualitatively, especially after the appearance of railways.

The construction of the first horse-drawn trackway in Bukovyna would not be of
great importance for the region, but the experience of its construction and operation
would not only prove the possibility of uninterrupted operation in all seasons, but also
the relevance of railway construction. The commercial operation of this road could
also show the feasibility and profitability of new means of transport. At the same
time, this trackway would become the first step in the organization of the railway
business in Bukovyna, and could serve as an impulse for the development of the
railway industry in the Bukovyna region.
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Ouaer Crpesiko
Jlep>xaBHUI yHIBEpCUTET IHPPACTPYKTYpH Ta TEXHOJOTH, YKpaiHa

Oxcana IInanmayk
Jlep>xaBHMI YHIBEpCUTET 1H(PPACTPYKTYPH Ta TEXHOJIOTIH, YKpaiHa

Xapakrepuctuka rpyHroBux aopir Kinusg XVIII — mouarky XIX cT. Ta IPOEKT
NepLIol AepeB’AHOI KOJIHOI J0POr K NONEePeIHUKIB 3aJi3HUYHUX HIAXIB
bykoBuHu

Anomauia. B icmopii 6ykosurncbkoco cycninbroco scumms 40-50-x poxie XIX
cm. eaxciuse micye 3aumana 2ocmpa 60pomvOa 3a 8NPOBAONCEHHS 3ANIZHUUHO2O
mpancnopmy. Lla 6opomvba npomixana 6 ymosax no2nubieHHus Kpusu eooaibHo-
KPINOCHUYbKOI cucmemu 1 po36umky Kanimanizmy 6 AecmpiicobKiil imnepil.
Ilpumimusna cepeonbosiuna mexHiKka nepese3enHs AHMAMCi8 i NaAcaNCupie 60OHUMU
WAXamu i IPYHMOSUMU O00pO2aMU, SAKA CMOPIYYAMU 3A0080JbHALA NOmMpeou
@eoodanvro-KpinocHuyvkoi bykosunu, na nouamxy XIX cm. ece Oinvuwe i Oinbuue
CmMasana 2aibMOM HA WIAXY €eKOHOMIYHO20 1 COYIalbHO-NOAIMUYHO20 Npocpecy
oykosuncovrkozo kparo. llouamox mpancnopmuoi pesonroyii 6 Anenii mas eenuue3Hul
cycninoHull pe3onanc 6 Ascmpo-Yeopwuni. L{oomy cnpusina HaseHicmv 8 OAHOMY
nepiodi HAYKOBUX 36 A3KI8, WO AKMUBHO PO3GUBANUCS, MIJNC ABCMPIUCOKUMU,
3aXIOHOEBPONEUCLKUMU | AMEPUKAHCOKUMU BYEHUMU, [HICeHepamu i mexHikamu. bo
HOBIMHI 3aCO0U MPAHCNOPMYBAHHS NOWUPIO8anucs 6 nepwit nonosuti XIX cm., 6
neputy yepey, 8 NPOMUCIO80 pO38UHYmux pecionax €sponu. B yux pationax oOynu
Kowmu 0 OYOI6HUYMBA WALIAXIE CNOJIYYEHHS, aA0dCe 3AB0AKU OCMAHHIM MO2]0
po3susamucs pizne upooruymeo. Cb0200Hi 0151 HAC MAOMb BANCIUBUL ICIMOPUYHULL
iHmepec mi NpoeKmMu, AKI CMOCY8AIUC OVOIBHUYMBA XAPAKMEPHUX Ha my Nopy
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3acobié Mpancnopmy8anHs Ha A2papHux 3emsx, 0e NPOMUCIO80CMI Maiidce He 6Yio.
I 00 makux acpapnux 3emenv 6 nepwiiti nonosuri XIX cm. 6 agcmpiticoKill Oepicasi
Hanexcana bykosuna. Memoio oanoi cmammi € IpyHmMOBHUL AHANI3 XAPAKMEPUCMUK
epynmosux oopie xinys XVIII — nouamxy XIX cm. ma npoexmy nepuioi 0epeg sHoi
KONIUHOI 00poeu  5IK NONepeOHUKI8 3ani3HUuyHuXx wnaxie byxkosunu. [[nsa oocsaenenms
NOCMAasIeHoi Memu, asmopamu Cnouyamky GUKOHAHO 02140 npoyecy 0y0ieHUYM8a
Mepedxci 3ani3Huyb 6 Ascmpiticokiu imnepii, 3a nepiod nepuioi nonosunu 1830-x —
opyeoi nonosunu 1850-x pokie. V nopiensnni 3 0ocgioom nossu ma po36yoosu
nepuiux mepexc 3ani3Huysb Yy AecmpilicovKiil iMnepii 3a2aiom, Ha8e0eHO aHAali3 CIMAaHy
ma Xapaxmepucmux IpyHmosux oopie bykoeunu. Yeaea ypsoy 0o po3sumky winisxie
byxoseunu noscuiosanacsa 6ilcbKo8oO-cmpameiyunumM ma mop20680-eKOHOMIYHUM |
NOJLIMUYHUM 3HAYeHHAM iX 0na Aecmpiticokoi imnepii. YV kinyi XVIII — nepwii
nonosuni XIX cm. ma mepumopii Byxosunu 6yno cnopyodiceno pso 0epicagHux
Mpaxkmis, sKi, nepemuHaryy Kpai, 3a6e3nedysanu BiticbKOBUL 83AEMO38 30K 080X
ascmpiucbkux nposinyiu — Ilanmuyunu ma Tpancunveawii, a makoxic 6npumyi
nioxoounu 0o Kopoowis Pociticbkoi imnepii ma /[yHaticbkux KHA3iecme. Y motul ce
yac 60HU CNPUSIU BIOHOBIEHHIO 3HAYHO NPU3VNUHEHO20 MOpP208020 pyXy Bykosumnoro.
Poszensnymo neputy cnpoby cmeopumu oepes’siny KOMUHY 00po2y, K Npomomun ma
nonepeonux 3anizHuyi Ha byxosuncoxux semnsax. Ilokazamo, wo cama maxa ioes,
Oe3yMo6HO, 8idiepana ceoio pob y (hopmyeanHi cmpamezii po36UmMKY Kparo 6 207108ax
aBcmpilicoKux i OYKOBUHCbKUX YUHOBHUKIG, MA CmMana nepeodgiCHUKOM NOOAIbUIO20
0y 0iBHUYMBA MALICMPATILHUX MA Pe2lOHAIbHUX 3aMi3HUYb Ha ByKosuHi.

Knwuoei cnoea: Ascmpiiicoka imnepisn; mpancnopm, 0y0iBHUYMBO 3ANI3HUYL,
nepioousayis, wiisaxu cnouyyents bykosunu

Ouaer Crpesiko
['ocynapcTBeHHBI YHUBEPCUTET MHPPACTPYKTYPHI M TEXHOJIOTHH, YKpanHa

Oxkcana IInanmayk
['ocynapcTBeHHBI YHUBEPCUTET HHPPACTPYKTYPHI U TEXHOJIOTUH, Y KpanHa

XapakrepucTuka rpyHToBbIX J0por koHna XVIII — nayana XIX B. u npoekTt
NepBOM AepeBAHHOM KOJICHHOM 10POrd KaK NpeAlecTBeHHUKOB
7KeJIe3HOAOPOKHBIX IMyTell ByKOBHHBI

Annomayusn. B ucmopuu o6yxosurckou obwecmesenuou sncusztu 40-50-x 20006
XIX cm. eadcnoe mecmo 3aHumala —ocmpas — Oopvba 3a  6HeOpeHue
JHCENIeIHOOOPOINCHO20 MPAHCNOpmMA. dma 60pbba NpomeKania 8 Yciosusx yenyoieHus
Kpuzuca @eooanbHo-KpenoCmHU4ecKoU Ccucmemsvl U pazeumus Kanumaiusma 8
Aecmpuiickou umnepuu. IIpumumuenas cpeoHe8eKk08as mexHuKa nepeeo3Ku epy308 u
naccax)cupo8 no BOOHLIM NYMAM U SPYHMOBLIM 00pO2aM, KOmMopas CMoNemusimu
yoosenremeopsna nompebHocmu GeodanrvHo-Kpenocmuuyeckou bykosunvl, 6 nauane
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XIX 6. 6ce bonvute u 6oavue CMAHOBUIACL MOPMO3OM HA NYMU IKOHOMUUECKO20 U
COYUATILHO-NONUMULECKO20 npozpecca OYKOBUHCKo2o Kpas. Hauano mpancnopmuou
pesonoyuu 6 Auenuu umeno 02pPOMHBIU O00WeCmBeHHbll pe30HaHC 6 Ascmpo-
Benepuu. Omomy cnocobcmeosano Hanuyue 8 OAHHOM nepuoode aKmMueHo
PA36UBAIOWUXCSL HAYYHBIX CBA3EU MeH Oy ABCMPUICKUMU, 3aNAOHOE8PONeUCKUMU U
AMEPUKAHCKUMU YYeHbIMU, UHICeHepamu u mexHukamu. Mbo noseuwue cpedcmsa
MPAHCNOPMUPOBKY  PACNPOCMPAHAIucy 6 nepsou nonosune XIX 6., 6 nepsyro
ouepedb, 8 NPOMBIUIEHHO pa3zeumulx pecuonax Eeponvi. B smux pationax Oviiu
cpeocmea OJisl Cmpoumenbecmea nymei cooowenus, 8edb 01a200apsi NOCIeOHUM
MO2T0 passueamuvcsl pastoe npouseoocmeo. (Ce2o00Hs 0N HAC UMEIOM BANCHbIL
ucmopuyeckull ummepec me NPOEKMbul, KOMOpble KACAIUCL CHMPOUMENbCmed
XapakmepHuIX HA MO 8peMs CPeoCcms MpaHCNOPMUPOBKU HA ASPAPHBIX 3eMIISX, 20e
NPOMbLULTIEHHOCMU noumu He Oblno. M K maxum azpapHulM 3eMisaM 6 Nepeoli
nonosurne XIX 6. 6 ascmpuiickom eocyoapcmee npunaonedxcara byxosuna. I]envio
OAHHOU Ccmamovu AGNIAEMCs OCHOBAMENbHbIUL AHANU3 XAPAKMEPUCIUK 2PYHMOBbIX
oopoe konya XVIII — nauana XIX cm. u npoexma nepeoti 0epesiHHOU KOAEUHOl
oopozu 8 Kawecmeae npeouecmeeHHUKO8 HCele3H000POdiCHbIX nymell Bykosunsl. /s
00CMUMCEHUsI NOCMABIEHHbIX Yenell asmopamu NepeoHAUdlIbHO BbINOJIHEH 0030p
npoyecca CmpoumenbCmea Cemu XHcelesHvlX 00po2 8 ABCMPUICKOU umnepuu, 3d
nepuod nepsoil nonosunwvl 1830-x — emopou nonosunvt 1850-x 20008. Ilo cpasnenuio
C ONbIMOM NOSABNEHUS U PA36UMUSL NEPBLIX Cemell JHcele3Hblx 00po2 8 Ascmputickou
uMnepuu 8 Yeiom, NpueeoeH AHAIU3 COCIMOAHUSL U XAPAKMEPUCMUK 2PYHMOBLIX 00PO2
bykosunvl. Bnumanue npasumenvscmea K pazsumuio nymei bykosunvl 00vscHaIOCh
80EHHO-CIMPaAmMe2u4ecKuM U mopeo80-IKOHOMUYECKUM U NOJUMUYECKUM 3HAYeHuUeM
onsi Aecmputickoti umnepuu. B xonye XV — nepsoit nonosune XIX 6. Ha
meppumopuu BykoeuHuvl 6611 nocmpoeH pao 20cy0apcmeeHHblx mpakmos, Komopule,
nepecexas Kpati, 06ecnedusan 60eHHYI0 83aUMOCEA3b 08YX A8CMPUICKUX NPOBUHYUT
— Tamyuu u Tpaucunveanuu, a maxdce 6NJIOMHYIO NOOXOOUMU K 2SPAHUUAM
Poccuiickoti  umnepuu u  [lynauckux Kusaxcecme. B mo oice 6pems  OHU
Ccnocobcmeo8anu  80300HOGNEHUIO 3HAYUMENTbHO HNPUOCMAHOBNIEHHO20 MOP208020
osudicenus no bykoeune. Paccmompena nepeas nonvimka co3oamv OepeGaHHbIlL
nyms, KaK HpoOmMomun u npeouecmeeHHUK dicele3Hol oopoeu Ha bykosunckux
semaax. lloxkazamo, umo cama makas uoes, 0e3YCl08HO, Cblepald €600 pOJib 8
Gpopmuposanuu cmpame2uy pazgumusi Kpds 6 20108ax AGCMPUUCKUX U OYKOBUHCKUX
YUHOBHUKOB U CMaid  Npeo8eCMHUKOM  OalbHeluleco  CmpoumenbCmed
MA2UCmMpanbHbIX U PeSUOHATbHBIX Jicele3HblX 0opoe 6 bykosuHne.

Kniouegvie cnosa: Ascmpuiickasi umnepus; mMpaHCnopm, CMpOUmMeLIbCmE0
JHceNiesHblX 00poe; nepuoousayus; nymu coooujenus bykxoeumwi
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