ISSN 2617-1929 (print) - Studies in History and Philosophy of Science and Technology - Vol 29 - Ne 2-:2020

DOI: 10.15421/272026
UDC629.423.1(09) «1969/1991»

M. Ruban*, V. Ponomarenko**

*Unit of Historical Heritage of the Railways of Ukraine, Department of Corporate Social
Responsibility, JSC Ukrzaliznytsia, Volodymyr Dahl East Ukrainian National University,
Kyiv, Ukraine
**Production unit « Dnipro locomotive depot» of the regional operator « Prydniprovska
Zaliznytsia» JSC «Ukrzaliznytsiay, Dnipro, Ukraine

THE DEVELOPMENT AND CONSTRUCTION OF NARROW-
GAUGE LOCOMOTIVES AT THE DNIPROPETROVSK
ELECTRIC LOCOMOTIVE PLANT (1969-1991)

E-mail: nikolas.kindle@gmail.com
ORCID: https://orcid.org/0000-0002—-6396-4531
E-mail: vfordk@gmail.com
ORCID: https://orcid.org/0000-0002—-0415-5611

Abstract. The article attempts to investigate the historical circumstances of the development and serial
construction of narrow-gauge electric locomotives at the Dnepropetrovsk Electric Locomotive
Plant based on a comprehensive analysis of sources and scientific literature. It is determined
that during the 1960s and 1990s the staff of the Special Design and Technology Bureau of the
Dnipropetrovsk Plant, having a strong research and production potential, developed and created
projects of unique narrow-gauge electric locomotives of PEU 1 series (IELNG1 — industrial
narrow-gauge electric locomotive type 1) and PEU 2 (IELNG2 — industrial narrow-gauge electric
locomotive type 2) to meet the needs of the Soviet mining industry in the complex mining and
geological conditions of Central Asia with modern high-tech electric vehicles. The development
of the research and production base of the machine-building enterprise is traced, the production
nomenclature of which, originally represented exclusively by electric locomotives and traction
units for industrial purposes, was expanded to the production of main traction rolling stock and
special repair equipment. It was found that due to the economic crisis of the CIS countries in
the first half of the 1990s, the rupture of economic ties of the former Soviet republics and the
lack of need for such equipment on electrified access roads of narrow-gauge Ukrainian mining
enterprises all work on designing promising projects and serial production of narrow-gauge
electric locomotives at the Dnipropetrovsk Electric Locomotive Plant were stopped, and the
Special Design and Technology Bureau of the enterprise, having received a state order, was
reorganized into the Ukrainian Research Design Institute of Electric Locomotive Construction
and focused on the development of main wide-gauge locomotive fleet of the railway network of
Ukraine. Despite the fact that the Ukrainian Research Design Institute of Electric Locomotive
has been liquidated and the Dnipropetrovsk plant is in decline, taking into account the historical
experience of electric locomotive building in Ukraine is of fundamental importance in the general
perspective of Ukrainian transport engineering and the domestic railway industry in particular.
Further study of the history of Dnipropetrovsk Electric Locomotive Plant requires analysis of
the historical circumstances of the institutionalization of the Special Design and Technology
Bureau of the enterprise from the creation of shunting electric locomotives and traction units
for industrial purposes to the development and re-equipment of main traction rolling stock and
specialized repair equipment within the state enterprise «Ukrainian Research Design Institute
of Electric Locomotive Engineering» under the leadership of Academician Victor Bratash.

Keywords: Dnipropetrvsk electric locomotive plant, transport engineering, narrow-gauge electric
locomotives.
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PO3POBKA TA BYAIBHALITBO BY3bKOKOJIIMHUX
EJIEKTPOBO3IB HA JHIITPOIIETPOBCBKOMY
EJIEKTPOBO3OBYAIBHOMY 3ABO/I (1969-1991)

AmnoTanis. 3xificHeH0 crIpo0y JOCTIUTH ICTOPUYHI 00CTaBUHN PO3POOKH Ta cepiifHOro Oy/iBHUIITBA
BY3BKOKOJIIHIX eNIEKTPOBO3iB HA J{HITPONETPOBCEKOMY €IIEKTPOBO300YIiBHOMY 3aBOII Ha MiICTaBi
KOMITIEKCHOTO aHaJIi3y JUKepen 1 HayKoBoi JliTepatypu. Busnadgeno, mo npotsrom 1960—-1990-x
pp. koiekTrB CreriabHOT0 KOHCTPYKTOPCHKO-TEXHOJIOTTYHOTO 0r0po JIHIMPOIeTPOBCHKOTO
3aBOJIy, MAIOYH MTOTY)KHUI HAayKOBO-BUPOOHWYMHI TIOTEHIIIal, 31l ICHUB pO3POOKY Ta CTBOPHB
MIPOEKTH YHIKAIFHUX BY3bKOKONIHHIX eleKTpoBo3iB cepiit [IEY 1 (mpomucioBwmii e1ekTpoBo3
By3bKoKkomifiHui Tum 1) Ta IIEY2 (mpoMucnoBuii e1eKTpOBO3 By3bKOKOIIHHUHN THT 2) IS
3a0e3MeyeHH s PaITHCHKOT TIPHUYOBUI00YBHOI IPOMHUCIIOBOCTI B CKJIaAHUX TIPHAYO-T€OJIOTTUHHX
ymoBax kpain LlenTpanbHoi A3ii CydaCHMM BHCOKOTEXHOJIOTIYHHM €JIEKTPOTPaHCIOPTOM.
[IpocTekeHO pO3BUTOK HAYKOBO-BUPOOHMYOT 0a3u MAIIMHOOYAIBHOTO TiAIPUEMCTBA, BUPOOHIYA
HOMEHKJIaTypa sIKOTO, TIEPBICHO MPEJICTaBICHA BUKIIOUHO €IEKTPOBO3aMH 1 TATOBHMH arperaramu
MIPOMHCIIOBOTO TPU3HAYCHHSI, OyJia PO3IIMPEHA 10 BUPOOHHIITBA MariCTPaJIbHOTO TATOBOTO
PYXOMOTO CKJIaJly Ta CIelialbHOi pEMOHTHOT TEXHIKH. 3’sICOBaHO, 110 BHACIIIOK EKOHOMIYHOT
kpu3su kpain CHJI mepmroi momoBuaM 1990-X pp., pO3pHBY EKOHOMIUYHUX 3B’SI3KiB KOJIUITHIX
pecryoiik CPCP Ta BigcyTHOCTI MOTpeOH B OMiOHIN TEXHII HA eNeKTpu(iKOBAaHUX ITif i3HNX
HUISIXaX BY3bKOi KOJIT yKpaTHCHKUX IMiIMTPUEMCTB BUOOYBHOT IPOMHCIIOBOCTI BCi poOoTH
3 pO3pOOKH MEPCIIEKTUBHUX 3Pa3KiB Ta CEPIHHOTO BUPOOHHIITBA By3bKOKOJIITHUX €IEKTPOBO3iB
Ha /IHIMPOTIETPOBCHKOMY €IIEKTPOBO300YIIBHOMY 3aBOAi Oynu MpuIuHEeHI, a CriemiaapHe
KOHCTPYKTOPCHKO-TEXHOJIOTIYHE OFOpO MiNPUEMCTBA, OTPUMABIIIH JIepyKaBHE 3aMOBJICHHS, OyI10
peopraHizoBaHe B YKpalHChKUI HAyKOBO-IOCIIAHUI MPOEKTHO-KOHCTPYKTOPCHKUN THCTUTYT
€JIEKTPOBO300Y/yBaHHS Ta 30CEPEIMIOCH Ha PO3POOI MariCTpaJIbHUX IHPOKOKOIIHHUX
JIOKOMOTHBIB 1 cIleriaqbHOI PEMOHTHOI TEXHIKH 3 METOIO OHOBJICHHS JIOKOMOTHBHOTO TIAPKY
Mepexi 3amizaune Ykpaiau. [lonpu te, mo YH/II EnexTpoBo300yayBaHHS Ha CHOTOMHI
JIKBiTOBaHMi, a JIHINpONEeTPOBCHKUIA 3aBo/ NiepeOyBace B 3aHeNa/li, BpaxyBaHHsI iCTOPUYHOTO
JIOCBIJly CTAaHOBJICHHS €JIeKTPOBO300yayBaHHS B YKpaiHi Ma€ IPUHIMIIOBE 3HAYECHHS SIK
y 3arajbHiil MepcreKTUBI PO3BUTKY YKPATHCHKOTO TPAHCIIOPTHOTO MAIIMHOOY yBaHHSI, TaK
1 BITYM3HAHO] 3aJTI3HUYHO]I Tamy3i 30kpema. [lomganbime nocmimkeHHs ictopii J{HIIpomeTpoBCEKOTO
€JICKTPOBO300YAIBHOIO 3aBO/IY MMOTPEOye aHalli3y iICTOPUYHUX OOCTABHH IHCTUTYyaTi3alil
CrenialibHOro KOHCTPYKTOPCHKO-TEXHOJOTTYHOTO OIOpPO MiIIPUEMCTBA BiJl CTBOPEHHS
MaHEBpPOBHUX €JIEKTPOBO3iB 1 TATOBHUX arperaTiB IPOMHUCIIOBOTO MPU3HAYCHHS JJO PO3POOKH
Ta repeodiiaTHaHHA MariCTpaIbHOTO TATOBOTO PYXOMOTO CKIIay, a TAKOXK CIeIiali30BaHOl
PEMOHTHOT TEXHIKH y paMKax JEpKaBHOTO ITiIPHEMCTBA « YKPATHCHKUI HAyKOBO-AOCIIAHUI
MPOEKTHO-KOHCTPYKTOPCHKUI ITHCTUTYT €JIEKTPOBO300Y/TyBaHHSD 1111 KEPIBHULITBOM aKajieMiKa
BikTopa bparama.

Knrwowuosi cnosa: JIHINpoBChKUI €EKTPOBO300YAIBHUI 3aBOJI, TPAHCIIOPTHE MAIIMHOOY/yBaHHS,
BY3bKOKOJIIHHI €JIEKTPOBO3H.

Introduction. The branch of transport engineering on the territory of Ukraine has
deep historical traditions. The first Ukrainian steam locomotives of the tandem-compound
system based on the Odesa railway workshops of the South-Western Railways were built
during 1894—1897. At the end of the XIX century leading specialized locomotive centers
were formed in Kharkiv and Luhansk. In the postwar period (1947-1961) the staff of the
Kharkiv Plant of Transport Engineering began the latest era of locomotive construction in
the USSR. Due to the low cost of infrastructure construction and the small radius of the
curves of the route on the access tracks of the sugar, logging, mining, as well as military
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field highways, a narrow track width of 600 to 1200 mm was used. Initially, narrow-gauge
traction rolling stock was represented by locomotives. In Ukraine, the beginning of the
construction of industrial locomotives of 750 mm gauge with internal combustion engines
was associated with the construction of about 1050 locomotives during 1933—1935 at the
production facilities of Smila Mechanical Engineering Plant and Odesa Plant of the January
Uprising (former railway workshops) [8, p. 48-51, 53; 13, p. 525]. Further experiments
with the introduction of alternative types of traction in the Soviet narrow-gauge locomotive
industry were implemented in the early 1950s in the development of locomotives at the
Kaluga Mechanical Engineering Plant (Kaluga, Russia) and electric locomotives at the
Demikhovo Mechanical Engineering Plant (Demikhovo, Russia).

The first known narrow-gauge industrial electric locomotives on the territory of modern
Ukraine (manufactured by the German plant Arthur Koppel) came to work on the tracks of
the quarry of the factory of refractory materials. Chasiv Yar in Donbas, it is also known for
the use of electric traction in the current process at the Mechanical Engineering, Foundry and
Cast Iron Melting Plant of the Kramatorsk Metallurgical Society [8, p. 90]. The first known
series of Soviet narrow-gauge electric locomotives were built at the Novocherkassk Electric
Locomotive Plant (Russia), which at the time was researching the introduction of electric
traction on the access tracks of industrial enterprises. Given the expansion of production
of main electric locomotives at the Novocherkassk plant since 1958, the profile enterprise
for the construction of industrial electric locomotives became the Dnipropetrovsk electric
locomotive plant. During 1969—-1990, a special design bureau of the Dnipropetrovsk plant
developed and built unique narrow-gauge electric locomotives of the PEU 1 (IELNG1)
and PEU 2 (IELNG?2) series, which were delivered to work on the tracks of Central Asian
mining plants. The use of electric traction for ore removal and transportation of waste rock
on open pits was due to the presence of large slopes, substations for power mining and
loading equipment, which reduced the cost of operation of electrified lines, as well as the
relative ease of maintenance of electric rolling stock compared to heat and steam. Quarry
electric locomotives and traction units, as a rule, had a high coupling weight and power, a
centrally located cab with two control panels, which provided a wide view during operation.

Unfortunately, for a long time the circumstances of the production activities of the
Dnipro Electric Locomotive Plant have not found their proper coverage in the domestic
historiography, the only exception is the book by O. Shatovskyi and G. Volnianskyi [19].
Some issues of the history of electric locomotive development at the Dnipropetrovsk plant
are presented in the engineering and technical surveys of employees of the Special Design
and Technology Bureau of the enterprise (later — Ukrainian Research Design Institute of
Electric Locomotive) on the pages of magazines «Electric and locomotive traction» and
«Railway transport» [1-3; 9, 10], materials of the Encyclopedia of Modern Ukraine [5; 11;
18], monographs by V. Rakov [12—-14], P. Kashin [8], academician V. Bratash [4], as well as
articles by the author [16; 17]. At the same time, most historical and technical publications do
not even mention the Dnipropetrovsk Electric Locomotive Plant [7]. Instead, the analysis of
the history of development of transport engineering enterprises of Ukraine acquires its acute
relevance against the background of the general reform of the domestic railway industry,
the need to update traction rolling stock and take into account the historical experience of
solving this issue.

Thus, the subject of the proposed study is the production activity of the Dnipropetrovsk
Electric Locomotive Plant. The chronological boundaries of the study cover the period from
the time of formation of the construction of industrial narrow-gauge electric locomotives at
the Dnipropetrovsk plant to the time of its actual collapse in 1991.

The purpose of the article is to reproduce a holistic picture of the development and
construction of industrial main narrow-gauge electric locomotives at the Dnipropetrovsk
Electric Locomotive Plant 1969-1991 based on a comprehensive analysis of historical
sources, periodicals and scientific literature, which involves solving the following research
tasks: first, to find out the historical circumstances of the development of the Dnipropetrovsk
Electric Locomotive Plant; secondly, to consider the preconditions of serial construction and
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technical features of narrow-gauge electric locomotives of the Dnipropetrovsk plant; third,
to find out the reasons for the decline of further development and construction of industrial
narrow-gauge electric locomotives in Ukraine.

Electric locomotive PEU 1
(IELNG 1 — industrial electric locomotive narrow-gauge type 1)

Resolution of the Council of Ministers of the Ukrainian SSR Ne 1040 of August 7,
1958 approved the organization of production of industrial electric locomotives at the
Dnipropetrovsk Locomotive Repair Plant, and by Order of the Dnipropetrovsk Council
of National Economy Ne 862-R of November 13, 1958 the company was reorganized into
«Dnepropetrovsk Electric Locomotives Plant (hereinafter —- DELP). According to the order,
it was planned to organize, starting from 1959, the production of electric locomotives and
spare parts for them with the subsequent increase of capacity by 1965-200 locomotives per
year. The nomenclature of production consisted of contact four-axle electric locomotives with
a coupling weight of 100 tons and a six-axle — coupling weight of 150 tons [19, p. 88—89].
The plant specialized in the production of electric locomotives for the mining industry and
had a powerful special design and technology bureau (hereinafter — SDTB), which was
institutionally separated in 1970 [6].

Figure 1. Electric locomotive D 100-001, Dnipropetrovsk Electric Locomotive Plant 1961

In 1959, the Dnipropetrovsk plant began designing and organizing the production of
the first industrial electric locomotives of single-phase high-voltage industrial frequency
in the USSR. At the end of 1961, the first two experimental electric locomotives were
manufactured, which were designated the D 100 series [12, p. 401-402], and at the end of
1964 — the experimental electric locomotive series D94 [12, p. 407]. At the end of 1967,
Dnipropetrovsk SDTB designed the first in the USSR experimental traction unit PE2,
designed to work on open-pit mines with a slope of up to 60 % electrified at DC voltage of
3000 V, which became the basic model for future units of DELP. The unit, which for the
first time in the domestic electric locomotive was used magnetic rail brake, could also be
used on quarry tracks with a catenary voltage of 1500 V. In total during 1968—-1969 were
built 20 PE 2 units, which came for operation on the track of the largest in Soviet Union
of Sokolov-Sarabai Mining and Processing Plant (Rudnyi, Kazakhstan) [12, p. 425]. In
1972 based on PE2 the industrial unit of alternating current OPE 2 was developed, and in
1973 — the diesel-electric unit OPE 1A. Small-series experimental diesel-electric units of
high power PE3T and OPE 1B were also created. In 1977, for the creation, development of
serial production and operation of traction units in opencast mining Leonid Kuzmenko and
Chief Engineer Victor Bratash received the USSR State Prize in Science and Technology,
and some electric locomotives received the State Quality Mark [18].
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Carrying out work on improving the design of traction units, the staff of SDTB
Dnipropetrovsk Electric Locomotive Plant to fulfill the state order began to develop an
industrial narrow-gauge electric locomotive to work in difficult mining and geological
conditions of Kazakhstan. In 1950, for the needs of the industrial narrow-gauge railway of
the Tekeli lead-zinc plant, the Novocherkassk Electric Locomotive Plant produced 6 electric
locomotives of series [I-KP2A (II-CI2A — the II weight category, «CI» — contact industrial)
[8, p. 182], however, increasing the production performance of the enterprise required the
use of more modern and powerful locomotives

T —

Figure 2. Traction machine PE2-001, Dnipropetrovsk Electric Locomotive Plant 1969

In addition, the railway route had an extremely difficult profile (slope up to 45 %).
Execution of the order for the development and construction of a new industrial narrow-
gauge electric locomotive was entrusted to the Dnipropetrovsk Electric Locomotive Plant.
In order to get acquainted with the working conditions for the development of the technical
task of the future narrow-gauge electric locomotive in the city of Tekeli on a business trip
personally went the head of SDTB Dnipropetrovsk plant Leonid Kuzmenko together with
the head of the design and installation department Mikhail Bichuch [19, p. 133]. The design
of the electric locomotive of a direct current of the PEU 1 type was completed in 1969. It
was intended for work on the industrial railways of 750 mm, electrified on a direct current
of 550 V. The locomotive had a car body type and could work reliably at voltage fluctuations
in a contact network from 400 to 700 V and temperatures from —50 to +40 degrees. Its
design provided for the possibility of working on guide lifts (over 40 %o), which is primarily
characteristic of opencast mining and mountainous terrain. Axial characteristic — 20-2o0.
Voltage — 550 V. Coupling weight — 30 t. Hourly power — 252 kW. Design speed — 45 km/h.
The first 8 electric locomotives PEU 1 Ne 001-008 arrived at the Tekeli lead-zinc plant [8, p.
205]. The locomotives were used with double traction to drive trains consisting of 14 wagons
with lead-zinc ore. The introduction of electric locomotives PEU 1 allowed increasing the
extraction of non-ferrous metal ores by 20 % [19, p. 133].

The electric circuit of the electric locomotive provided four modes of operation: traction
with series or series-parallel connection of traction motors and electric rheostat braking with a
power supply of auxiliary machines from traction motors or the catenary [4, p. 10]. The drive
of wheel pairs is made individually and was carried out through gear transmission by four
traction motors with sequential excitation DT-11 with support-axial suspension, developed
by the department of electric machines of Dnipropetrovsk SDTB, whose designers took an
active part in making prototypes. The design and installation department of SDTB developed
the electrical circuit of the electric locomotive, performed the layout of the equipment, the
rest of the units developed trolleys, electrical equipment and other components [19, p. 133].

Ventilation of electric motors — forced from the centrifugal fan Ts8—19 Ne 7,6, with
the drive from the DK-258A1 electric motor. The electric locomotive was started by means
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of starting rheostats with a serial connection of all four electric locomotive engines, which
were regrouped on a series-parallel connection by the bridge method. In total, there were
20 regulatory positions, of which 11th and 20th were running. In addition, field attenuation
was applied by shunting the excitation windings of traction motors with a resistance factor
of 0.54. Electric locomotive control system — short-circuit, with the driver’s controller and
push-button switches of the control post.

The body of the electric locomotive is an all-metal welded construction, made of rolled
bent profiles and sheets of carbon steel. The welded frame of the body, consisting of two sides
made of sheet and superimposed channels, served to transmit traction from the driving axles, as
well as to accommodate the power and auxiliary equipment. The channels were connected by
two buffer and two pivot beams, as well as a number of transverse beams. In the first electric
locomotives Ne 001-008 in buffer bars narrow-gauge auto couplings of the AU-5 type were
installed, in the rest — standard shock-traction devices. On the lower sheet of the buffer beam
there were height-adjustable track cleaners, the entrance stairs were welded to the sides of
the frame, the upper steps of which were mounted directly in the sides of the frame. All high-
voltage electrical equipment is concentrated in a high-voltage chamber and assembled into
separate blocks and panels. The high-voltage chamber is enclosed by mesh curtains, which are
interlocked and prevent personnel from accessing the equipment in the presence of high voltage.
Outside the high-voltage chamber, directly in the body of the locomotive are installed: motor-
fan Ts8—19 Ne 7.6 for cooling of traction motors and the block of starting-braking resistors, two
compressors BB-0,7/8 and the auxiliary compressor KB-1V for raising the current collector
from powered by a rechargeable battery. Above the compressors there is a 38KN-125 battery
and an air distributor. On the roof of the electric locomotive are installed: one current collector
TL-14M or two semi-pantographs on the first locomotive, an interference suppression choke,
a discharge arrester and bushings. There are three mounting hatches on the roof and sockets
for the inter-electric connection on the end wall. The body rested on unarticulated carts with
two central rigid supports, which simultaneously transmitted traction and braking forces, as
well as four lateral spring supports.

The electric locomotive trolley consisted of a frame, wheelsets with traction motors,
gears, axle boxes, spring suspension and a brake system. The frame of the trolley consists
of two sides connected by a pivot and two end beams. In the upper part of the frame in the
middle of the pivot beam there is a plate with a landing hole for mounting the thrust of the
central support, and at the ends of the side there are plates for side supports. Brackets for
axle guides, suspension of traction motors and brake system were welded to the lower part
of the sidewalls and crossbeams. Wheels — steel, all-rolled; axle boxes — jaw, with two roller
bearings. The spring suspension on each side of the truck consists of two coil springs and a
leaf spring connected by two balancers.

At the ends of the body are the driver’s cab, each of which is separated from the engine
room by a transverse wall with an entrance door. The location of the equipment is the same
in both cabins. On the driver’s side there is a control panel, which has built-in pushbutton
switches, panels of measuring instruments, signal lamps and toggle switches. Close to the
panel the controller of the driver KME-6D is established, on the right on a side wall the brake
crane of the driver (conditional number 394), the crane of an auxiliary brake (conditional
number 254) and standard signaling devices are located. On the side of the driver’s assistant
in the cab there is a table-box for food, a fire extinguisher, a register speedometer SL-2M and
a household socket. On the rear wall of the cab are graphic images of electrical and pneumatic
circuits, handbrake. The pneumatic system consisted of two BB-0.7/8 compressors to maintain
the pressure in the pneumatic system 6.5—-8 kgf/cm3, the main tank with a capacity of 340
liters, supply and brake lines, typical sound signals. The electric locomotive was equipped
with pneumatic locomotive and train, manual and electric rheostatic brakes. The driver’s
cabins, engine room, and locomotive control panels were equipped with electric lighting.
At each end, the electric locomotive was equipped with one upper searchlight, two white
and two red buffer lights.
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Figure 3. Electric locomotive PEU 1-001, Dnipropetrovsk Electric Locomotive Plant 1970

After assembling the first experimental electric locomotive PEU 1 in order to ensure its
tests on the territory of Dnipropetrovsk plant, a third rail was laid on the experimental site
where tests of wide-gauge electric locomotives were carried out in order to form a track width
of 750 mm. Also, since the electric locomotive had a low height, a special superstructure was
built on its roof, on which the current collector was placed. Therefore, there was no need to
significantly re-equip the catenary of the enterprise site to carry out running-in factory tests.

During the production of the first batch of electric locomotives, a significant number of
design and technological improvements were introduced. In the process of modernization,
the electrical circuit was improved, unified boxes for connecting traction motor cables were
installed, and the insulation of resistor blocks was improved. Terminal connectors in power
circuits and control circuits have been introduced to simplify the installation and dismantling
of equipment, to improve the conditions of its maintenance and repair. Two semi-pantographs
installed on the first locomotives were later replaced by one pantograph, the main air tank
was moved from under the frame to the roof, which increased reliability and maintainability.
Operating time between failures increased from 250000 tkm to 300 000. Resource for small
periodic repairs increased from 175000 to 250000 tkm, for large periodic repairs from 525000
to 650000, for lifting repairs from 3 000 000 to 4 000 000 [8, p. 205]. By the decision of the
state attestation commission, the narrow-gauge DC electric locomotive of the PEU 1 type
in 1972 was awarded the state Quality Mark.

In the early 1970’s it was decided to electrify the narrow-gauge access tracks of the
Proletarian loading and transport department «Sredazugol» on the line Proletarsk (Tajikistan) —
Tovarnaya (Suliukta, Kyrgyzstan), and in 1973 the first electrified area [8, p. 95]. Electric
locomotives PEU 1 Ne 009-012 were sent to work on the access tracks of the ore management
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«Suluktavugol» of the Osh region of Kyrgyzstan, the rest of the electric locomotives Ne 013—
027, manufactured in two batches, were sent to work on the tracks of the Proletarian loading
and unloading department. In total, from 1970 to 1984, 27 electric locomotives of this series
were built [8, p. 206].

Electric locomotive PEU2
(IELNG 2 — industrial electric locomotive narrow-gauge type 2)

In 1988 DELP was named Production Association «Dnipropetrovsk Electric Locomotive
Plant» [19, p. 220]. In the second half of 1988, a new industry standard for the type of
industrial electric locomotives was introduced, which provided for the creation of an eight-
axle two-section electric locomotive to operate on railways with a track width of 750 mm at
a voltage of 550 V DC. Obviously, in the future it was planned to standardize narrow-gauge
electric locomotives in accordance with development plans and needs of various sectors of
the economy. Thus, it was planned to develop a new two-section locomotive to replace the
locomotive fleets of the Tekeli lead-zinc plant and the Proletarian loading and unloading
department of single-section electric locomotives PEU 1, which had low power (252 kW),
step-by-step and only voltage-regulated units. A feature of the access tracks of this company
was the use of rails not lighter than the R-43, which are heavy for a track of 750 mm. This
led to the creation of a locomotive with a body that maximized the size of the TU [3, p. 36].

The design of the new electric locomotive was attended by the head of SDB L. Kuzmenko,
chief engineer V. Bratash, heads of design and installation department M. Bichuch, department
of electric machines and devices V. Savisko, department of mechanical part E. Moskvichov,
department of circuits E. Benenson, A. Gurevich, Department of Cooling and Ventilation
Systems, J. Handelman, Department of Traction Calculations. In 1989, the design was
completed at the Dnipropetrovsk plant, and in 1990 the first electric locomotive PEU 2—-001
was manufactured. Voltage — 550 V. Traction force — 2x61.5 kN (torque 61,500 nm) Power
consumption — 2x410 kW. Design speed — 45 km/h. Weight — 2x35 tons. According to
experts, the economic effect of the introduction of one electric locomotive PEU 2 to the
national economy was 46 600 rubles. in 1990 prices [3, p. 38].
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Figure 4. Electric locomotive PEU2-001 Dnipropetrovsk Electric Locomotive Plant 1990

The sections of the locomotive are completely identical to each other and, if necessary,
are able to work as independent traction units. Four DT-11M traction engines with a capacity
of 103 kW each are installed on each four-axle section of PEU2. The body of the section
rests on two two-axle carts. Axle drive — individual, each equipped with its traction motor.
Gear — cylindrical, one-sided, straight-toothed with a gear ratio of 5.54. Each section is
equipped with a thyristor frequency-pulse converter for smooth voltage regulation on
traction motors. The abandonment of the contactor circuit and the use of thermistor-pulse
control, some elements of which were previously tested on the traction unit PE 3T, allowed
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to reduce heat loss and increase efficiency, which increased the economic effect of using
electric locomotive PEU 2, increased adhesion and smoothness at shear.

The frequency-pulse converter consisted of two six-phase regulators, each of which
operated on two traction motors connected in parallel. The phases of the regulators were
switched on with a time shift of 1/12 of the period, which reduced the ripple of voltage
and current consumed from the catenary to acceptable limits. The voltage on the traction
motors was regulated manually, using the driver’s controller. The angle of rotation of the
main handle of the controller sets the frequency of the thyristors and, accordingly, the
voltage on the motors. The converter is made of block-modular design, with cooling of its
elements and traction motors from one fan-air cleaner. Each phase of the frequency-pulse
generator consisted of two main circuits: switching and loading. Structurally, every two
phases consisted of a choke unit, in which two switching chokes are located on the load
choke. Switching capacitors were located in the immediate vicinity of this unit, and a panel
of two-phase semiconductors was located above the unit.

The body of the sections is of the wagon type, with one end cab of the driver, separated
from the engine room by a vestibule. Unlike PEU 1, high-voltage equipment and fan-cleaner
are located in the center of the section, which provided ease of maintenance. One pantograph
current collector TL-14M was installed on the roof of each section. The control panel and
converter control units are installed in the driver’s cab. To ensure the microclimate of the
locomotive crew when working in Central Asia, air conditioning was provided. According to
available information, electric locomotives PEU 2 were equipped with auto-couplings SA-3,
which is not typical for narrow-gauge rolling stock. The electric locomotive was provided
with electric rheostatic braking, in which the braking force and speed were regulated by a
smooth change of the excitation current of traction motors, as well as pneumatic and manual
brakes [3, p. 38].

In 1990, an electric locomotive PEU 2-001 was built and the frames of locomotives
Ne 002 and 003 were laid with the plan for 1991, provided, according to the plant, for the
locomotive fleet of the Proletarian loading and unloading department «Sredazugol» [8, p. 210].
However, the collapse of the USSR interrupted the serial production of electric locomotives
PEU 2, which, according to some researchers, is «the pinnacle of narrow-gauge locomotive
construction in post-Soviet countriesy [8, p. 210]. In January 1991, the Dnipropetrovsk plant
was headed by Valerii Chumak, whose name is associated with the era of the formation of the
main electric locomotive industry in independent Ukraine. On June 26, 1993, the Cabinet of
Ministers of Ukraine adopted Resolution Ne 480 «On the development and production of main
freight and passenger electric locomotives» [15]. On October 22, 1992, by the decree of the
Ministry of Mechanical Engineering, Military-Industrial Complex and Conversion of Ukraine,
the Ukrainian Research, Design and Technological Institute of Electric Locomotive Building
was established based on SDTB, which became a part of the newly formed [19, p. 219-220].

Conclusions. Thus, during the 1960s and 1990s, the teams of the Special Design and
Technology Bureau and the Dnipropetrovsk Electric Locomotive Plant, having a strong
research and production potential, developed and designed unique narrow-gauge electric
locomotives of the PEU 1 (IELNG1) and PEU2 (IELNG?2) series to meet the needs of Soviet
high-tech mining industry. by electric transport. Unfortunately, due to the economic crisis
of the CIS countries in the early 1990s, the rupture of economic ties of the former Soviet
republics and the lack of need for such equipment on the electrified access roads of narrow
gauge Ukrainian mining enterprises all work on the design and serial production of narrow
gauge electric locomotives at the Dnipropetrovsk plant were discontinued, and the company
itself focused on the development of main wide-gauge locomotives for the needs of the
railway network of Ukraine. However, it is clear that the historical experience of becoming
a domestic scientific-production base of the electrical locomotive production needs its proper
understanding in the context of current tendencies of import of traction rolling stock with
an attempt to localize its production in Ukraine. Finally, taking into account the historical
experience of the formation and technological development of electric locomotive construction
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in Ukraine is of fundamental importance both in the general perspective of the development
of Ukrainian transport engineering, and the domestic railway industry in particular.
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AHoTanis. Po3mistHyTO HaAyKOBO-IOCTITHY TisSUTEHICTH aCTPOHOMITHOT 00cepBaTopii XapKiBCHKOTO

YHIBEpCUTETY Tif 9ac Ykpaincekoi pesodrortii 1917-1921 pp. IIpoananizoBano myOmikarii
XapKIBCHKUX aCTPOHOMIB 3a3Ha4€HOTO MePiofy, IPUCBSIYCH] (DOTOMETPHYHUM CIIOCTEPEKEHHSIM
3ip, TONIMHAHHIO CBITJIA Ta HOTO BiIOWTTS Bi/l MATOBUX MOBEPXOHB, BUBYEHHIO OJIM3BKOMOIIOCHHX
3ip Ta 3ip TUIY OeTH ]_[eq)esl nmocimkeraro HoBoi Oprna 1918 Ta CIIOCTEPEKCHHAM ILIAHET.
ABTOPOM 3aCTOCOBAHO CIIELaTbHI METOH, BUKOPUCTAHHS SKHX T03BOMIIO BUIUIHTH OCHOBHI
eTanu PO3BUTKY aCTPOHOMII y IOCIIKYBaHOMY IepiOJli, PO3KPHTH 3MiCTOBHICTh HayKOBOTO
MOTEHII ATy XapKiBChKUX acCTPOHOMIB. 3’sicoBaHO OiorpadivyHi BiJOMOCTI ITpe/ICTaBHHUKIB
XapKiBCHKOi aCTPOHOMIi Ta BUCBITICHO 1X Y9aCTh Y MOISX TPOMAISTHCHKOT BifftHH. BHCBiTIIEHO
MMATaHHS TpaHC(popMaui’l' XapkiBChbKOI acTpOHOMIUHOT 0OcepBaTopii Ha Tii TIePETBOPCHb
XapKiBCbKOTO yHuaepcmeTy y 1920-1921 pp. Hepen6aqaeTLcsl o MaTeplaJm ICTOpI/IKO-
HayKOBOTO JIOCJIIKEHHS Oy/lyTh BUKOPUCTaHI B HAYKOBO-IOCIIHIH poOOTi 3 icTopii acTpoHOMIi
y XapxkoBi nepmroi mooBuHA XX CT.

Knirouogi cnosa: Xapkiscbka actpoHomiuna odcepsaropist (XAO), rpomasiHChKa BiliHa, YKpaiHChbKa

peBoutoList, Kadeapa acTpoHOMIi, aCTPOHOMIYHUH I'YPTOK, XapKiBChKHH YHIBEpCHTET
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ASTRONOMY IN KHARKIV DURING THE CIVIL WAR

PERIOD OF THE UKRAINIAN REVOLUTION (1917-1921)

Abstract. As a result of the historiographical analysis, it was discovered that no separate publications

were devoted to the study of the development of astronomical science in Kharkiv during the
Ukrainian Revolution of 1917-1921. Therefore, the general purpose of the work is to study and
synthesis facts of the history of Kharkiv astronomy in a certain period. The research activities
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