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ECOLOGICAL URBAN PLANNING OF UKRAINIAN CITIES IN
THE LATE 19" EARLY 20" CENT.: TRAM TRAFFIC AND RESEARCH
IN THE FIELD OF ELECTRIC TRACTION
(TO THE 130" ANNIVERSARY OF THE 1 ELECTRIC TRAM IN
UKRAINE)

Exkonociuna ypoanicmuxa micm Yxkpainu nanpukinyi XIX — na nouamky XX
Cm.: MPAMBAUIHUIL PYX MA O0CIOHCEHHA Y 2a1Y31 eJIeKMPUYHOT mAzu

(00 130-piuusa nepuiozo erekmpuunozo mpamearo Ykpainu)

The urbanization of Ukrainian cities in the late 19" — early 20" cent. is highlighted. Research in
the field of electric traction, which allowed the introduction of the tram as a public transport, is analyzed.
It is claimed that this type of transport remains the most environmentally friendly. The forerunner of the
electric tram — horse-drawn — had several significant shortcomings: its introduction was limited by the
terrain and the life expectancy of the animal. Further attempts to use the steam engine were also
unsuccessful. The creation of the electric tram has expanded the use of public transport. Belgian companies
played a significant role in the introduction of tram transport in Ukraine. The popularity of electric trams
contributed to further research in the field of electric traction and the construction of tram cars, as well as
the design of cities in general. Since the development of Fedir Pirotskyi, Ukrainian scientists Hryhorii
Dubelir, Pavlo Kopniaiev, Oleksandr Pohorelko, Ivan Nekrasov, Oleksandr Potebnia, and others have
played a remarkable role in this direction. Environmental problems of large cities of modern Ukraine
require a thorough analysis of the use of public transport, including trams.

Keywords: tram, electric traction, transport technologies, history of science and technology,
Ukrainian studies.

Y cmammi ananizyemoca  ypoauizayisi  yKpaiHCbKux —Micm ma — 6UKOPUCMAHHSL
2POMAOCHKO20 MPAHCNOPMY — MPAMBAUHOI KOHKU ma elekmpuunozo mpamearo. Came mpameatl
Cb020OHI 3ANUUAEMbCSL HAUDIIbUL eKOOSIYHUM MPAHCNOPMOM AK V 8eIUKUX Micmax, max i 6
micmeuxax. Posenanymo nepedgichuk eiekmpuuno2o mpamearo — KOHKY, KOIU pyx 30iUCHIOBABCS
3a 00NOMO2010 MA2N0B0I CUNU MBAPUH, A NOMIM — Napoeo2o 0ucyHa. Cmeepoxcyemuvcs, o,
nonpu 006071 GeluKy KiLIbKICMb HAYKOB0I HA HAYKOBO-NOMYIAPHOL JNimepamypu 3 icmopii
eIeKMPUYHO20 MpPameaio, no3d yeazoio OOCHIOHUKIE 3ANUWUUIUCL OCOOIUBOCMI NOYAMKOBO20
emany ¢opmyeanus cucmemu mpameainoz2o pyxy 6 Yxpaiui. He 6yno nanexcno 8ioozepxaneHo 6
HAyKo8ill limepamypi po3paxyHoK eieKmpudHoi msaeu ma 0opoOOK HAYKOBYIS, AKI NPAY8alu 8
YbOMY HANPAMKY .



Ob61pyHMOBAHO HEOOIKU BUKOPUCMAHHS KOHKU Yepe3 TaHOUAdmHui 0CoOIUBOCII OKPEMUX
micm  Yxpainu, 30kpema Kuesa. Hasedeno ingopmayito wooo ginancosoi cmoponu
3anpoeaodcenHs Yb020 MUny MIiCbKoeo mpaucnopmy. AHAnNi3yeEmMvca  yCniwHicms  yu
HeyCniuHiCmb BUKOPUCMAHHS mpameaie y pisnux micmax. Haeedeno nepenix gipm ma
AKYIOHEpHUX MOoBAPUCME, 3AIHMEPecO8AHUX ) BUKOPUCMAHHI HOB020 MUNY MPAHCNOPMY.
VY3azanvneno sioomocmi npo nepwii mpameatini mapuipymu i 3 ACO8AHO 6NAUE GUKOPUCTAHHS
mpameais na ypoauizayiro micm. Ha ocnosi ananizy mamepianie /lepocasnozo apxigy Xapkiecokoi
obnacmi, /lepacasnoeo apxigy micma Kuesa, Incmumymy pykonucy Hayionanvnoi Oibniomexu
Ykpainu im. B. I. Bepnaocvkoco ma eueuenus eazem nouamxy XX cm. 6cmanoeneHo poib
npogecopie Kuiscoxoco nonimexuiunozo incmumymy 1. JI. ybenipa ma Xapxiecvkoeo
mexnonoeiunoco incmumymy O. K. Ilocopenka, I1. I1. Konusesa ma O. O. [lomebHi y pozeopmarti
MPAmMeatiHo2o pyxy Ha mepeHax Yxpainu.

Cmeepooicyemvcst, o HA NOYAMKY 3aNPOBAONCEHHS mpameais 6 Ykpaini ona peanizayii
NPOEKMI8 3anpoutysanu 0Oenveilicokux ¢haxieyis, oonax Oesxi micma — Xapkis, Mukonais,
Mapiynone — iomosunucs 6i0 nociye 3akopOoHHux yuenux. Ilooanvui Oocniodicenus 3
eneKmpuyHoi mseu, O0yOieHUYMEA HOBUX 6A2OHIE [ NPOEKMYBAHHA 6CIEI MICbKOI Mepexci
BUKOHYBANU GUKTIOYHO MICYEBi HAYKOBYI.

KirouoBi ciioBa: TpamBaif, enekTpuyuHa TAra, TPAHCIIOPTHI TEXHOJIOTII, ICTOPisl HAYKH i
TEXHIKH, YKPaiHO3HABCTBO.

Introduction. Today, the tram is one of the most common types of public transport.
According to the authors’ calculations trams are used in 363 cities around the world,
including 18 cities in Ukraine. Despite the obsolescence of the tram fleet and the
limited use of tram tracks for most citizens of Ukrainian towns, the tram remains the
only accessible public transport. Electric trams had their harbinger — a horse-drawn
tram. The horse-drawn tram was a city railway, the carriages of which moved on
wooden rails that protruded 15 cm above the level of the road surface and were
driven by draft animals (usually horses). This characterizes the previous stage of the
formation of public transport on the territory of Ukraine — the use of horse traction
at the end of the XVIII century and in the first half of the XIX century. This type of
public transport was sufficient for small towns.

The next stage is associated with the growth of agglomerations, and therefore
the creation of a tram system was of great importance for the development of
Ukrainian cities at the end of the XIX century — the beginning of the XX century. At
this time, the largest cities reached significant sizes and there was an urgent need for
mass transportation. The concentration of means of production and large-scale
industry had a certain influence on the local development of cities and established a

special spatial order of urban planning. That is, the development of the city is



organically connected with the technical capabilities of movement means.
Improvements of the transport network made it possible to expand urban areas.
Today, many projects for the development of the transport system also take into
account the fact that the use of trams is environmentally friendly. The tram is the
most ecological transport. Ecological problems were discussed by authors from the
State University of Infrastructure and Technologies (Pylypchuk, O. 2020;
Berdnichenko, U., Strelko, O., Slobodianiuk, G. 2021). In European countries and
in the United States, there are programs to revive the network of tram connections
in cities. This makes it possible to improve the transport system of large cities as a
whole (Childers, D., Bois, P., Hartnett, H., McPhearson, T., Metson, G., Sanchez,
Ch. 2019). The works of S. Mashkevych (Mashkevych, S. 2012, 2014) became
important for understanding the development of tram networks, where the author
justified the close relationship between the development of tram connections and the
city’s infrastructure. Based on involving a mass of archival materials, Mashkevych
systematized and clarified a lot of information about the Kyiv tramway. And today,
to create effective urban planning projects, it is necessary to take into account
various aspects, such as socio-demographic forecasts, economic growth rates of the
city, its structure, etc. Among them, an important issue is the convenient structure
of public transport and the environmental condition, which actualizes the topic of
the research and contributes to the study of the experience of creating a public
transport system on the territory of Ukraine.

So, at the end of the XIX century — the beginning of the XX century, as a
result of industry development, the urbanization of large cities in the south of the
Russian empire took place. The concentration of industrial enterprises required a
structural change in the infrastructure of cities using the gains of technical progress.
Horse-drawn carriages and steam locomotives were replaced by a new form of
transport — an electric tram. The tram appeared in Ukraine at the end of the XIX
century despite all the obstacles. The first tram connection in Eastern Europe was
opened in Kyiv in 1892. A monument to the first Ukrainian electric tram was
installed in Kyiv on Poshtova Square (Fig. 14).



The electric tram quickly spread to other cities in Ukraine. At the beginning
of the XX century tram traffic operated in 20 cities of Ukraine and was a very
popular and needed form of urban transport. The research of Ukrainian scientists
made a significant contribution to the development of theoretical and practical issues
of electric traction. This is the scientific work of Kyiv Polytechnic Institute’s
professor Hryhorii Dubelir on the improvement of electric transport, experiments in
the area of electric traction by Professor of Kharkiv Institute of Technology Pavlo
Kopniaiev, research on special issues of electric transport by Oleksandr Potebnia.

Despite the well-known facts about the existence of the tram in the late XIX
century in Ukraine (which at the time was a part of the Russian and Austro-
Hungarian empires), most European researchers of the history of science and
technology make erroneous statements or ignore the development of this type of a
transport and its impact on the urbanization. Thus, a researcher from France Yves
Bouquet (Boquet, Y. 2017) claims that a tram was opened in New York for the first
time in the world, ignoring such type as a horse-drawn tram. As for France, the
author is wrong too, she made a mistake in the year of the tram implementation in
Paris. Korean researchers (Park, R. & Kang, D. 2021) claim that the first trams in
Korea appeared in Seoul in 1899, and in 1915 in Busan. The authors state that the
first electric tram in the world was invented in 1875 by Fedor Pirotskyi in St.
Petersburg (Russian Empire) and full tests were conducted in 1879 at the World
Industrial Fair in Berlin. Then, in 1881, the test of the invention took place on a
special track (2.5 km) in Lichterfeld near Berlin. Publications on the tram by
researchers from Ukraine largely describe the creation and use of the first trams,
limited to only one city — Kyiv (Mashkevych, S. 2012; Shcherban, T. 1995) or Lviv
(Kryzhanivsky, A. 2006). Kharkiv is also left out of consideration. In the history of
science, the achievements of Ukrainian scientists in the field of electric traction have
not yet been adequately highlighted; in particular, the theoretical works by Professor
Pavlo Kopniaiev (Izyurov, V. 1952) have gone unnoticed. In generalized works on
the history of tram creation in Ukraine, there is no information about the figure of

Hryhorii Dubelir, a specialist in urban planning, Professor of Kyiv Polytechnic



Institute, and author of scientific papers on electric traction (Sklyar, V.,
Tverytnykova, E. 2011). In addition, the scientific achievements of the Ukrainian
electrician, Professor Oleksandr Potebnia have not yet been fully represented in the
historical literature (Mashkevich, S. 2014; Tarkhov, S., Kozlov, K., Olander, A.
2010). Meanwhile, he was one of the founders of the Department of Electric Traction
at the Kharkiv Institute of Technology, based on which the Ukrainian State
University of Railway Transport was later established.

The study is based on a fairly representative source base. Having analyzed
the materials of the State Archives of Kharkiv Region, the State Archives of the City
of Kyiv, the archives of the Institute of Manuscripts of the National Library of
Ukraine named after V.V. Vernadskyi, and having studied newspaper periodicals of
the beginning of the XX century, the authors concluded that there is no historical
study of the creation of the electric tram in Ukraine, and the development of modern
Ukraine tram network based on it.

The purpose of the study is to reveal the peculiarities of the emergence and
formation of the tram system, as well as to outline the impact of using this type of
urban transport on the urbanization of Ukrainian cities in the late XIX — early XX
century.

The funds of the State Archives became the source base of this study. The
involvement of newspaper periodicals of the end of the XIX century — early XX
century made it possible to analyze the historical conditions of the formation and
organization of tram traffic in many cities of Ukraine. The methodology of research
Is a system of principles and basic approaches to cognition and dialectics, which
together allow for a comprehensive analysis. Methods such as content analysis,
historiographic ~ analysis,  historical-chronological,  historical-comparative,
biographical methods, and the method of critical analysis based on the principles of
objectivity and historicism have been used.

The initial stage of the tram traffic network development

The first world city horse-drawn tram was opened in Baltimore in 1828, and

later in New York, and New Orleans (1832—-1834). Traders and inventors brought



the idea of using horse-drawn to Europe. For example, one of the participants in the
organization of horse-drawn in New York, Alphonse Loubat, brought the idea to
France, in addition, he perfected the shape of the rails that could be sunk into the
road surface. In 1852 he filed a patent for a U-shaped rail. The following year, he
was allowed to build the first 2 km test line in Paris on the Cours de la Reine.

After the success in 1854, a thirty-year concession was signed for the
construction of a line between Vincennes and Pont-de-Sevres via Concord (Landru,
P. 2011). Horse-drawn trams existed for more than a century and the last of them
closed in 1954 in the Mexican city of Celaya®.

It is clear that the use of horse-drawn trams had limitations on the strength of
the animals: steep movement uphill was impossible, and the horses after a while got
tired of even flat terrain, and they had to be replaced within a few years. Soon the
initiators of the creation of trams turned to mechanical traction. Different
technologies were tried. They tried to use steam, gas, and gasoline engines, there
were also cable trams. Meanwhile, horse-drawn railways and the use of urban steam
transport no longer met the needs of society. Already in the 1870s and 1880s,
research began on the use of electricity in transport. The impetus for this was the
invention of the Gramme generator. In 1879, W. Siemens demonstrated the first
small railway at the exhibition. He later built Germany's first tram?.

The first practical steps, to transmit electricity over a distance on railway
tracks with its subsequent conversion into mechanical, were made by Fedor
Pirotskyi in 1874. A year later, i.e. in 1875, under his leadership, a test run of an
electric tram was made. In subsequent experiments the scientist aimed at finding
economic indicators of electricity transmission and finding ways to improve its
efficiency. He researched non-autonomous electric traction and used a conventional
railroad to transmit electricity. In August 1880, in St. Petersburg, Fedor Pirotskyi

began to study the movement of trams by rail tracks that supplied current to its

Morrison ~ Allen  the Indomitable  Tramways of Celaya. Available  from:
http://www.tramz.com/mx/ce/ce.ntml. [Accessed: 10.05.2021].

2 U3 ucropuu tpamBasi. ['azera 3ops. (From the history of the tram. “Zorya,, newspaper), no.12,
dated December 1, 1928, p. 20.



wheels, modernized double-decker horse-drawn trams, and on August, 22
(September, 3) an experimental tram line appeared in St. Petersburg (Rzhonsnitsky,
B. 1951, p. 21).

The transition from horse-drawn to the use of electricity in trams, and the
development of the tram system was the impetus for the development of research on
traction electrical equipment. A significant contribution to the field of electric
traction belongs to Dmytro Lachinov. The scientist studied electromagnetic
processes in electric machines and conducted research on power transmission at a
distance. His publication “Electromechanical work™ is one of the first theoretical
works on the theory of electric machines of direct current, which laid the scientific
foundations of the theory of electric drive and for the first time formulated the
provisions of the theory of power transmission.

As a result of theoretical analysis of processes in the electrical circuit, which
included a generator, transmission line, and receiver (electric motor), the scientist
discovered the basic law of power transmission, which established a quantitative
relationship between voltage and resistance of the transmission line. In 1900,
Dmytro Lachinov proposed a new scheme for powering car engines, according to
which it was carried out through an air (trolley) contact wire; the rails also retained
their purpose as inverted wires (Tverytnykova O. E. 2021, p. 102).

Several studies during this period were performed by Hryhorii Dubelir. After
graduating from the Kyiv Polytechnic Institute (KPI), he held the position of Head
of the Tram department of the Russian Electric Society «Union» and participated in
the design of the railway system Lodz-Zgierz, Lodz-Pabianice (Dubelir, H. 1903).
In 1899, in the publication “Determination of the average traction in the design of
electric trams” Hryhorii Dubelir proposed a new method for average traction
determination. This method was simpler and easier to use than existing at the time.
His research on the calculation of tram rails, full of practical examples and
calculation methods, was interesting. In the work “Rails of electric railways”,
Hryhorii Dubelir summarized all of the existing types of tram rails at that time and

for the first time offered to make the calculations of the rails. This problem has not



been previously considered by scientists from Europe and America (Dubelir, H.
1902, 1903).

Extremely relevant at that time were his works “Connection of electric
carriages-engines in a train”, and “Electric railway Faye-Chamonix and its
significance on the use of electric traction on main lines” published in 1903, where
scientist analyzed in detail the entire railway industry of Russian Empire and
provided some recommendations for its modernization?,

Hryhorii Dubelir was a supporter of the use of electric traction on the railway.
He presented his point of view, as well as his accumulated experience in the
publication “Basic principles of the plan and profile of electric traction railways
designing”. The systematization of all his developments and the created plan for
further development of the railway supply system made this work unique. There was
very little scientific literature on these issues, both foreign and domestic, and this
increased the timeliness and importance of the work by Hryhorii Dubelir (Obraztsov,
V. & Kudryavtsev, A. [ed.] 1949, p. 32).

Thus, by the beginning of the XX century, there were quite successful projects
of a new form of public transport. However, the new type of transport that was
supposed to replace the horse-drawn has required significant investment.

In Ukraine, which in the early XX century was a part of two empires, the first
electric tram was introduced in Kyiv. Topographic conditions of the city, with steep
ascents, and descents became an obstacle to the introduction of a horse-drawn tram.
In the 1870s and 1880s, several projects for the construction of a horse-drawn city
railway in Kyiv were considered, but none were implemented. Later, a detailed
analysis showed that neither traction on horseback nor traction with steam will allow
overcoming the steep ascent from Podil Street to Khreshchatyk.

In 1886, among others, the project was proposed by Engineer-Major General
Amand Yehorovych Struve. For three years, in June 1889, he signed a contract with

the Kyiv City Duma, and six months later in December 1890, a statute of the joint-

3 Personal file of H. D. Dubelir // State Archives of Kyiv. F. 18. Desc. 2. Case. 81.



stock company “Kyiv City Railway” was approved, which was engaged in the
construction of the tram line®.

The construction of the tram line began in June 1891, and on July 20, 1891,
the first horse-drawn carriages roamed the streets of Kyiv. The horse-drawn was
opened on two lines 13 miles long — from Zhandarmska Street (Saksaganskoho) to
Demiivka, and a little later — to Tsar’s (European) Square. However, after several
months of operation, it became clear that the use of horse-drawn carriages was
unprofitable due to the difficult urban terrain.

The first test of the steam tram took place on February 7, 1892 (Fig. 1). Soon,
in addition to horse-drawn, at Khreshchatyk and Velyka Vasylkivska began to run
loco-mobiles. Kyivans accepted the innovation with great enthusiasm. However, the
terrain of Kyiv was difficult not only for horses but also for loco-mobiles. Therefore,
guided by the developments of engineer Fyodor Pirotskyi, relating to the
transmission of electricity by rails, the joint-stock company “Kyiv City Railway
Company” decided to build a tram line with electric traction. The test trip took place
on May 8, 1892, on one of the steepest slopes of Kyiv — Oleksander's Descent (Fig.
2). On June 13, 1892, in the presence of hundreds of citizens, the first electric tram
in the Russian Empire passed from Tsar’s Square (at Khreshchatyk) to
Oleksandrivska Square.

The road was single-track (with a siding on Oleksandrivsky Descent), 1.5 km
long. In 1893 there were already two tram lines in Kyiv with a total length of 150
versts (160.02 km). The tram service connected the suburbs (Sviatoshyn, Demiivka,
Pushcha-Vodytsia) with the center. Kyivans were proud of their tram. It was given
a prominent role in many celebrations. It should be mentioned that at the opening of
the All-Russian Agricultural and Industrial Exhibition in 1897, Kyiv Metropolitan
lonykii (Rudnev) arrived by tram (Oleynyk, V. 2005).

+Kyiv province. Projects of the Kyiv city railway: 1890-1910 // Russian State Historical Archives.
F. 1293, Desc. 166. Case. 118. 60 p.



Fig. 1 Tsar’s Square, 1892 | Fig. 2 Oleksandr’s Descent, 1892
(https://inftaran.info/%D1%84%D0%BE%D1%82%D0%BE-
%D0%BA%D0%B8%D0%B5%D0%B2%D0%B0-
%D1%81%D1%82%D0%B0%D1%80%D1%8B%D0%B5-
%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%
D0%B8%D0%B8-%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%B0-
%D0%BA/)

The development of tram traffic in Kyiv was quite rapid. At the initiative of
the teaching staff of KPI, the city railway industry underwent significant
restructuring; in particular, Hryhorii Dubelir created a project to improve the source
network of the tram (Dubelir, H. 1910).

However, during this period, all tram transport was subordinated to the
Belgian corporation, which hampered the further development of the transport
system. In 1912, the City Council decided to buy the tram from Belgian owners.
Nevertheless, this issue was resolved very slowly and the final decision was made
in 1918, and tram traffic was resumed only in 1922. Despite the emergence in
subsequent years of the Kyiv subway, trolleybus, bus, and tram remained a popular
vehicles in Kyiv®,

At the same time, in the west of Ukraine, the construction of a tram service
has also started in Lviv. In 1878, the Lviv City Council announced a competition,
which was won by the Belgian society “Societa Triestina Tramway”. This company
undertook the construction and operation of public transport, which in 25 years was

to be transferred to city ownership. On November 25, 1879, a test drive took place

5 KuiBchkwmii TpamBai BinzHauae cBoe 50-piqus (1832—1942). Hose ykpainceke cioBo. (The
Kyiv tram celebrates its 50th anniversary (1832-1942). The new Ukrainian word), no.112 from
17.05.1942, p. 4.


https://inftaran.info/%D1%84%D0%BE%D1%82%D0%BE-%D0%BA%D0%B8%D0%B5%D0%B2%D0%B0-%D1%81%D1%82%D0%B0%D1%80%D1%8B%D0%B5-%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8-%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%B0-%D0%BA/
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https://inftaran.info/%D1%84%D0%BE%D1%82%D0%BE-%D0%BA%D0%B8%D0%B5%D0%B2%D0%B0-%D1%81%D1%82%D0%B0%D1%80%D1%8B%D0%B5-%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8-%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%B0-%D0%BA/
https://inftaran.info/%D1%84%D0%BE%D1%82%D0%BE-%D0%BA%D0%B8%D0%B5%D0%B2%D0%B0-%D1%81%D1%82%D0%B0%D1%80%D1%8B%D0%B5-%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8-%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%B0-%D0%BA/
https://inftaran.info/%D1%84%D0%BE%D1%82%D0%BE-%D0%BA%D0%B8%D0%B5%D0%B2%D0%B0-%D1%81%D1%82%D0%B0%D1%80%D1%8B%D0%B5-%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%B8-%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%B0-%D0%BA/

of three carriages through Customs Square, and on May 3, 1880, the tram was put
on the city route. It should be noted that it was in Lviv that the horse-drawn was first
operated in modern Ukraine. By 1889, the Lviv tram fleet consisted of 105 horses
and 37 passenger and 3 freight carriages, which carried an average of 1,867,000
passengers a year®,

Meanwhile, in 1893, the Lviv magistrate announced a tender for the
construction of electric tram lines and a power plant, which was won by the Austrian
firm “Siemens & Halske”. The company’s representative office invited its specialist
Yosyf (Yuzef) Tomytskyi to Lviv. This event was facilitated by the work of a Polish
electrical engineer, professor of Lviv Polytechnic R. Dzeslevskyi, who together with
his compatriot, the famous architect J. Gokhberger on behalf of the Lviv magistrate
during 1891-1892 conducted research related to the possibility of building electrical
tram in the city (Gutnyk, M. & Tverytnykova, E. & Chrzan, K. 2021).

The results of research on existing tram traffic systems in Europe and America
were summarized by scientists in the 1892 edition of the "Report on the electric track
in the city of Lviv” (Kshinyanovskiy, A.). The authors substantiate the advantage of
using the actual electric tram “Siemens & Halske company pledged to sell the tram
to the city after two years of operation at the request of the city council, if so. The
construction of the electric tram line began in September 1893, and on the night of
May 15, 1894, a two-carriage test drive took place. These first carriages were made
in Austria (Graz). In 1893, Yosyf Tomytskyi moved to Lviv, where he supervised
the construction of the first DC power plant and tram infrastructure (Fig. 3).

On May 31, 1894, the second electric tram in Ukraine was opened to the
Galician Regional Exhibition in Lviv, which operated on three routes from the
modern Svobody Avenue to Stryj Park, Lychakiv, and the railway station. In 1896
the city bought an electric tram network and a power plant for 1 million 680 thousand

crowns (koronas).

¢ 50-piuus JIbBiBchKOTO Michkoro TpamBasi. Pimuuii kpaii. (50th anniversary of the Lviv city
tram. Native land), no. 12 dated 06.06.1944, p. 2.



Fig. 3 Lviv 1894, tram line “Station — Exhibition” (left),
modern I. Franko Street (right)
(https://tvoemisto.tv/exclusive/lvivskyy gromadskyy transport istoriya u_fotog
rafiyah_93007.html?fbclid=IwAR0iMo1KL2N42-KwAJ40jn646LYVvXIgjKI-

KEySELujznRXbQeouL V39DUO)

In the early XX century, the modernization of both the energy sector and the
transport network was carried out under the leadership of Yosyf Tomytskyi. He
developed routes for new tram connections. The system of tram traffic in Lviv in
1914 was quite extensive. At that time, Lviv trams carried more than 31 million
passengers.

The third (after Kyiv and Lviv) Ukrainian city where the electric tram
appeared was Katerynoslav (now Dnipro) (June 26, 1897), Chernivtsi (July 18,
1897), Kirovohrad, Zhytomyr, and Kremenchuk (Table 1).

Rolling stock for the first tram lines came from Germany, Belgium, and
Austria (Rudakevich, I. & Sochuvka, A. 2019).

Table 1 — The development of tram service in Ukraine in the late XIX — early
XX century (Rudakevich, I. & Sochuvka, A. 2019; Dubelir, G. 1902 Nalivayko, V.
S., Hohorenko, O. A. 2021; Tverytnykova O. E., Posvyatenko N. I., Melnyk T. V.
2015).

Year City Year City
1892 | Kyiv 1914| Mykolayiv

1894 | Lviv 1928| Donetsk

1897 Dnipro (June 26), Chernivtsi 1931| Kostiantynivska

(July 18), Kirovohrad (July 26)
1899 Zhytomyr (September 3), 1932 Yenakiievo (May 24), Zaporizhzhia

Kremenchuk (December 11) (July 17), Horlivka (November 7)
1906 | Kharkiv 1933| Mariupol




1910| Odesa 1934| Luhansk

Kryvyi Rih (August 2), Kryvyi Rih
1913 | Vinnitsa 1935 |(August 2),

Kamianske (November 27)

The construction of a narrow-gauge electric tram in Katerynoslav, led by the
Franco-Belgian Joint Stock Company, was completed in 1897. However, the
Belgians bought the project from the French in full, so Katerynoslav’'s tram was

named the “Belgian Tram” (Fig. 4).

B\7) i - v o
Fig. 4 'B_eintram on Yekaterininsky Avenue, Katerinoslav
(https://mvww.056.ua/news/2552211/istoria-obsestvennogo-transporta-v-dnepre-
cast-pervaa-foto)

On June 26 this year, traffic began from the railway station to Soborna Square
and along the routes “Prystan-Yuazarna”, and “VVokzal-Yordanska”. The “Belgian
tram” was designed by Oleksander Kohan, a talented engineer, and energy specialist.
Then the management of the tramway of Katerinoslav passed to Gaston Cambier.

The new type of public transport gradually gained popularity in Katerinoslav
and in 1901 the City Duma decided to build a city tram. Already under the patronage
of the City Duma, two more routes were launched in 1906. Two types of tram:
Belgian and city ones operated until 1917. The resumption of tram traffic, after the
revolutionary events, took place only in 1920. Both tram fleets were repaired and
merged into a single trust. This made it possible to significantly increase the number

of tram routes. In 1932 a wide-gauge line was built (Naumenko, I. 1997).



In Chernivtsi, at the time of the start of the tram traffic, the entire tram system,
as well as the power plant, was owned by “Schuckert & Co”. Instead, the creation
of a joint-stock company, where the city would act as one of the shareholders, was
postponed. It should be noted that the Chernivtsi treasury did not have enough funds
to buy trams and power plants, so the citizens insisted on the creation of a joint stock
company. The Statute of this society was approved by the magistrate in August 1897,
but approval in Vienna (the capital of Austria-Hungary, part of which at that time
was the city) was obtained only in June 1898. At the first meeting of shareholders
(July 30, 1898) it was decided to transfer the trams and power plant in favor of the
city, which took place already the next day.

It should be emphasized that the Chernivtsi tram did not become a financially
successful investment. Although the first financial reports were quite encouraging
and even planned to build another tramway, the following years became more
expensive. Due to the landscape of the city, most of which is complex (has steep
climbs), divided by ravines with landslides, the available power of electric motors
allowed to bring into the tram network no more than 6 units. In 1899, attempts were
made to solve this problem, so 4 more tram cars with more powerful electric motors
were ordered at the plant in Prague (Fig. 5) (Tarkhov, S. 1997; Selezinka, V. 2006).

Fig. 5 The two-track tram line near the new Chernivtsi railway station, 1910
(https://vitaliy7.livejournal.com/68181.html)

New technical solutions in the expansion of tram traffic



The history of the appearance of the tram service in Kharkiv deserves special
attention. Just like in Kyiv, there was a horse-drawn tram at that time, which had the
support of the Belgian Society of Urban Equestrian Railways (Societe Anonyme des
Tramways de Kharkoff (Russie). Businessmen Petr Cleman Bonnet and Eduard
Otley had a 42-year contract to build more than 19 km of equestrian railway. This
contract had a negative impact on the distribution of electric trams in Kharkiv city.
In addition, foreign corporations were not interested in the promotion of domestic
specialists, although the professors of both Kyiv Polytechnic Institute and Kharkiv
Institute of Technology were certified specialists who had theoretical skills and
practical experience. Considering the growing industry and trade in the city, the
problem of the creation of the first tram line got paramount importance for the city
government. The peculiarity of the creation of the Kharkiv tram was the involvement
of domestic specialists and the rejection of foreign offers (Radoguz, S. & Gutnyk,
M. & Zaitsev, R. & Tverytnykova, O. 2019).

Oleksandr Pohorelko is known to the scientific community as a theoretical
physicist, who put an important place for the use of applied achievements in
electrical engineering, especially for the development of the city’s economy. Having
attracted attention as an experienced specialist in a new field — electrical engineering,
Oleksandr Pohorelko was appointed as a Head of the commission for the
construction of a tram line in Kharkiv’. An important transport project for the city,
which was developed intensively in the early XX century, was the appearance of the
first tram line, which started from the Center to the factory districts (Gutnyk, M. &
Tverytnykova, E. & Sklyar, V. 2019). So, the City Duma, on the initiative of
Professor Oleksandr Pohorelko, considered the issue of buying a horse-drawn tram,
and at the suggestion of the scientist the construction of a tram in Kharkiv was given

to domestic specialists®.

7 Personal file O.K. Pohorelko // State Archives of Kharkiv Region. F. 770. Desc. 3. Case. 1533.
22 p.

¢ Personal file O.K. Pohorelko // State Archives of Kharkiv Region. F. 1682. Desc. 2. Case. 242.
173 p.



On July 16, 1906, tram traffic from Pavlovska Square to Petinska Street near
Balashovsky Station was opened in Kharkiv (Fig. 6). Oleksandr Pohorelko defended

the need for further development of the tram network in the city.

L4
Fig. 6 Oleksandr Pohorelko F-ig. 7 héfkiv tram, 1910
(left) on the construction of (https://kharkovgo.com/articles/interesnye-
a tram line, 1906 (funds of istorii-harkovskij-tramvaj/)

the historical museum of
NTU “KhPI”)

TremkainEhin

In a short time, during 1909-1912, six tram routes were opened in Kharkiv:
June 3, 1906 — Petinska line; December 17, 1909 — Klochkivska line; December 23,
1909 — Panasivska line; December 20, 1910 — Pushkinska line; July 17, 1911 —
Grekovsko-Zaikovskaya line; February 2, 1912 — Cemetery line (Fig. 7)°.

To the implementation of this project, Oleksandr Pohorelko invited Professor
Pavlo Kopniaiev, who started research in this area at the Kharkiv Institute of
Technology®.

It should be added that Professor Pavlo Kopniaiev made a significant
contribution to the development of electric traction in Ukraine. He is an author of
works on tram traction (Fig. 8). He also implemented his theoretical developments

in his area directly in practice. He participated in the design of switching schemes

°Tazera «HOxub1it kpaii» (Newspaper “Yuzhnyi Krai””) from July 17, 1906, p.2.
10 About the reconstruction of the Kharkiv tram. Bulletin of the All-Ukrainian Central Executive
Committee no. 254 dated November 6, 1925, p. 3.



for tram substations in St. Petersburg and the Lubyankaya substation in Moscow, in
the reconstruction of the Kharkiv tram network (Fig. 9). He worked in the joint-stock
company «Westinghouse», which was engaged in the design of electric trams, where

he became one of the developers of the project of the St. Petersburg tram.

Fig. 8 Professor Pavlo Fig. 9 Kharkiv tram, 1910
Kopniaiev
(funds of the historical
museum of NTU
“KhPI”)

He worked in the joint-stock company “Westinghouse”, which was engaged

(https://kharkovgo.com/articles/interesnye-
istorii-harkovskij-tramvaj/)

in the design of electric trams, where he became one of the developers of the project
of the St. Petersburg tram. The scientist also created the technical design of the city
electric tram in Mariupol**.

The theoretical developments of Professor Pavlo Kopniaiev on electric
traction deserve special attention. These works were published in 1914-1915 in the
periodical “Electricity”: “Analytical calculation of tram traction” and “Graphic
calculation of tram traction”. Based on the works on traction mechanics by
A. |. Lipets and D. M. Lebedev, the Kharkiv scientist proposed a graphical method
for determining of energy consumption depending on the track profile and the

analytical equation of tram car motion.

1 Scientific report on the topic “The value of the work and activities of Professor P.P. Kopniaiev
for the development of domestic electrical engineering” for 1953 // Archives of the Institute of
Archival Studies of the National Library of Ukraine named after V. I. Vernadsky. F. 263. Desc. 2.
Case. 171. 94 p.



In contradistinction to his predecessors, Pavlo Kopniaiev’'s graphical
method, based on mathematical calculations, determined the characteristics of
speed, current, time, and energy consumption (i.e., the necessary diagrams were
built). Thus, there was a complete set of characteristics of the movement of the tram,
which determined the speed, travel time, the amount of current, and the amount of
electrical energy consumed by the tram depending on the profile of the road*?.

In 1880, in Odessa, with the support of the city government, in particular
Hryhorii Maralizi, the Belgian Society of Equestrian Railways opened the first route
of the horse-drawn tram on Richelieu Street. Later, among the new routes, two more
were built using steam trams*3. And already on September 24, 1910, the project of a
tram with electric traction was realized. The first electric tram was named
“Vystavkovyi” (“Exhibition”)!* (Fig. 10). The appearance of tram routes
significantly expanded the transport system of the city, made it easier to get to the
beaches, and to the Center of the city, and contributed to the development of Lustdorf
township (Fig. 11) (Terent’va, N. 2006).

SR
Mook et S

Fig. 10 Odesa tram Fig. 11 Tram, Odesa — Lustdorf,
(https://www.tic.in.ua/?page_id=3972 1910
&lang=ru) (https://traffic.od.ua/news/eltransua
/1196014)

12 Report of the Kharkiv Institute of Technology for 1916 // State Archives of Kharkiv Region.

F. R-1682. Desc. 1. Case. 1. 106 p.

13 Enextpuunwnii TpamBaii B Ojeci. 'azeta «Pama» (Electric tram in Odessa. Rada newspaper),
no. 101 from 05.05.1911, p. 3.

14 From the history of the Odessa tram. Available from: https://odessitua.com/photo/471-iz-istorii-
odesskogo-tramvaya.html [Accessed: 22.06.2021].



The need to create a tram service in the city of Vinnytsia was considered in
1898, but the implementation took place only in 1913. In October, with the support
of the Kyiv branch of the Russian company “General Electricity Company” was
built a city railway, 8.6 km long and 1 m wide®®.

In October, with the support of the Kyiv branch of the Russian company
“General Electricity Company” was built a city railway, 8.6 km long and 1 m wide?®.

The first attempt to open tram traffic in Poltava also took place in the early
XX century. The complete absence of public transport in the city contributed to the
creation of a project involving Belgian engineers. However, this proposal was not
implemented?’.

The opening of tram traffic in Mykolayiv took place on December 21, 1914.
The city commission was headed by a graduate of the Kharkiv Institute of
Technology, a member of the Mykolayiv branch of the Russian Technical Society,
Professor Ivan Nekrasov (Nalyvayko, V. & Hohorenko O. 2021). The electric tram
replaced the equestrian transport of the Belgian Equestrian Railway Corporation.
The economic inexpediency of further development of the horse-drawn tram
required the introduction of a new type of transport. In 1912, it was decided to build
an electric tram, relying on city specialists and funds, without the involvement of
Belgian corporations. A “tram” commission was organized and taking into account
engineering experience and organizational skills Ivan Nekrasov was offered to head
it. He prepared a project for an open electric tram car, which included 46 seats for

passengers?e,

15 Centuries on rails: from the city railway to the modern “VinWay” — the history of the Vinnytsia
tram. Available from: https://vezha.ua/stolittya-na-rejkah-vid-miskoyi-zaliznytsi-do-suchasnogo-
vinway-istoriya-vinnytskogo-tramvayu-infografika. [Accessed: 03.06.2021].

16 Centuries on rails: from the city railway to the modern “VinWay” — the history of the Vinnytsia
tram. Available from: https://vezha.ua/stolittya-na-rejkah-vid-miskoyi-zaliznytsi-do-suchasnogo-
vinway-istoriya-vinnytskogo-tramvayu-infografika. [Accessed: 03.06.2021].

7 Enextpuunuii TpamBaii y [Tonrasi. ['azera «Pana». (Electric tram in Poltava. Rada newspaper),
no. 59 from March 13, 1911, p. 3.

8 History of the first electric tram in  Mykolayiv. Available from:
https://mkrada.gov.ua/content/istoriya-pershogo-elektrotramvaya-v-mikolaevi.htmlI?Pri.
[Accessed: 16.05.2021].
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https://mkrada.gov.ua/content/istoriya-pershogo-elektrotramvaya-v-mikolaevi.html?Pri

In Zaporizhzhia, as well as in Vinnytsia, the need to build a tram in the city
was announced in 1898. Then, in 1913, Belgian experts studied the possibility of
building an electric tram in the city. But the realization took place only on June 17,
1932. The impetus for this was the industrial development of the region, the
construction of “Dnipro Hydroelectric Power Station”, and industrial enterprises.
The tram became a convenient public transport that carried a large number of
people’®.

The first issue of building a tram in Mariupol became relevant in 1904. The
City Duma negotiated with a Belgian company. However, these plans were never
implemented. Only in 1923, Mariupol returned to the issue of building a tram line
to connect the residential quarters with the factory ones. The city administration
addressed a request to develop a technical project for the Mariupol tram to the
professor of Kharkiv Institute of Technology Pavlo Kopniaiev. And he designed
such a project. The cost of construction, according to the “Preliminary design of the
electric tram for Mariupol”, which was developed in 1923, was calculated in a
relatively significant amount at that time — 1 million 372 thousand rubles. The main
construction work began in the spring of 1932, and on May 1, 1933, the first tram
passed along the line of Schmidt Harbor — Franko Street (Fig. 12)%.

Further work was aimed at improving the methodology for the calculations of

tram traction without graphical constructions. The result was the

v Tram Nel Zaporizhzhia. Available from: https://uahistory.com/topics/events/12988. [Accessed:
11.07.2021].

20 Report of the Kharkiv Institute of Technology for 1922 // State Archives of Kharkiv Region. F.
R-1682. Desc. 1. Case. 120. 118 p.


https://uahistory.com/topics/events/12988

development of an analytical method that did not depend on the graphic. This

method, proposed by Pavlo
Kopniaiev, had to be used with
combination of two methods to
obtain accurate calculation results.
The technical advantage of
methods of tram  traction

calculations proposed by the

Fig. 12. Opening of the first tram scientist received full confirmation
line in Mariupol, 1933 when carrying out tests on
(https://www.0629.com.ua/news/1547402/v- _
mariupole-poobesali-sohranit-vse- operating trams.
tramvajnye-marsruty-foto) The publication of these

works has attracted the attention of scientists and students. Pavlo Kopniaiev’s
calculations became the basis of diploma projects for students of KhIT, such as
“Tram installation of alternating current with substations”, which contributed to the
creation of a new specialization, which was supported and continued by a student of

the scientist — Oleksandr Potebnia?!.

21 Personal file of O.O. Potebnia // State Archives of Kharkiv Region. F. 1682. Desc. 2. Case. 260.
13 p.



Oleksandr Potebnia (Fig. 13), a graduate of the Faculty of Physics and
Mathematics of Kharkiv University, gained practical
experience as an assistant to the head of the Moscow
section of the traction service of the Moscow—Kursk
Railway. In 1900 he graduated from the mechanical
department of Kharkiv Institute of Technology, under
the guidance of P. Kopniaiev completed a diploma
project on theoretical issues of electric traction, and

was one of the first graduates of the institute to receive

the title of engineer-technologist specializing in

electrical engineering (electric transport)?. Fig. 13 Professor
Oleksandr Potebnia

(funds of the historical

internship abroad, gaining practical experience in museum of NTU

“KhPI”)

During the next two years, he underwent an

electrical laboratories in Europe. In February 1907,
after defending his dissertation: “On the theory of parallel operation of alternators”,
he first worked as an ordinary professor at the Tomsk Institute of Technology. In
1923 he was appointed as the Head of the Department of Electric Traction at the
Faculty of Electrical Engineering of KhIT. In 1930, the Department of Electric
Traction KhIT became the basis for the mechanical faculty of the newly created
Kharkiv Operational and Traction Institute of Railway Transport,

Professor Oleksandr Potebnia is the author of a number of valuable scientific
papers on electric traction. In particular, the following: “Nomogram of the regime
of urban and suburban railways” (1926), “Electric traction on the track” (1920),
“Electric formulas for the characteristics of traction motors” (1932), “Nomogram for
calculating the heating of traction motors™ (1934), “About rationalization design of
electric railways” (1934), as well as textbooks for students: “Energy recovery”,
“Task book on electric traction”, “Features of the traction motors calculation”.

22 Personal file O.O. Potebnia // State Archives of Kharkiv Region. F. 770, Desc. 3. Case. 2423.
21 p.

2 Protocols of the meetings of the commission of the electrical engineering faculty, 1924 //State
Archives of Kharkiv Region. F. 1682. Desc. 1. Case. 151. 17 p.



Conclusion. So, at the end of the XIX century — the beginning of the XX
century as a result of industry development, the urban agglomeration in the south of
Russian empire took place. Cities acquired a new functional purpose. The
concentration of industrial enterprises required a structural change in the
infrastructure of cities using the gains of technical progress. Horse-drawn carriages
and steam locomotives were replaced by a new form of transport — the electric tram,
which in turn created the conditions for the growth of cities, population growth,
building density and contributed to the creation of new ways and forms of using
urban space, and urbanization.

Despite all obstacles the tram appeared in Ukraine at the end of the XIX
century. The first tram service in Eastern Europe was opened in Kyiv in 1892. A
monument to the first Ukrainian electric tram was placed in Kyiv on Post Square
(Fig. 14).

Very quickly, the electric tram
spread to other cities in Ukraine. At the
beginning of the XX century tram traffic
operated in 20 cities of Ukraine and was
a very popular and demanded type of

public transport.

The construction of tram

connections was a significant and

. . Fig. 14 The monument to the first
important event for the cities because Ukrainian electric tram (photo by

the first tram routes were directed to authors, 2021)

railway stations. Despite the fact that at first the tram was a rather expensive means
of transport, a network of new routes was built very quickly. In particular, in Kharkiv
there were six routes directed to the working suburbs, connecting them with the
industrial zones of the city. Considering the growing industry and trade in Kharkiv
at the beginning of the 20" century, the problem of transport was of primary

importance.



Although attempts to introduce public transport in Ukrainian cities date back
to the middle of the 19" century and related to the use of horse, cable traction or the
creation of steam tram routes, but this type of transport became widespread with the
creation of the electric tram project. This is due to the complex topography of many
cities. In particular, for Kyiv (“the city on seven hills™), Chernivtsi, Lviv, and etc. A
characteristic of the formation of the tram system was the involvement of domestic
specialists in the projects. It should be noted that research by Ukrainian scientists
has made a significant contribution to the world experience of the theoretical and
practical issues of electric traction development. This is the scientific work of KPI
Professor Hryhorii Dubelir on the improvement of electric transport, work in the
field of electric traction of KhTI Professor Pavlo Kopniaiev, and research on special

aspects of electric transport by Oleksandr Potebnia.
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