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EXPERIMENTAL FESEARCH AND DESIGN PLANNING IN THE

FIELD OF LIQUID-PROPELIANT ROCXET ENGINES CONDUCTED BETWEEN

1934-194% B' THE FOLLOMERS OF F. A. TSANDER®

Leortd S. Dushidn (ussr)**

This repart describes Soviet research and design plamming of liquid propellant
rocket engines (hereafter termed LPREs), a field often insuff: iently elucidated in the
technical literature of the history of rocket technology. ‘The author, a pupil of
F. A. Tsander, took a direct part in fulfilling this research in a =idivision of the
Jet Propulsion Research Institute (RNII) on a GIRD team headed by Tsander. This report,
however, covers only some parts of the history of the development of Soviet LPREs ard does
not touch upon the research fulfilled in this same period by specialists in other arees
of RNII, or in other arganizations.

Before moving to the basic topic, I consider it necessary to make & few pre-
Yiminary cbservations about the principle characteristics of Tsander's practical work in
LPREs insofar as these characteristics have been overlooked in the writings devoted to
his work. ‘The name of Tsander is well known in the USSR and abroad as a follower of
K. E. Tsiolkovsky and as a great scientist in the field of interplanetary flight theory.
He is also known as one of the first research engineers to lay down the foundations for
design work on LPREs in the Soviet Union and create the methods for LPRE engineering cal-
culations, projections, and experimental elaborations. His ideas and scientific legacy
are thus highly valued in our country and have become the subject >f investigation by
specialists and historians of rocket technology.

The first conference devoted to the elabaration of Tsander's scientific legacy
and the development of his ideas was held in May 1970 in Riga; lectures given by
specialists in different sessions investigated his work a.d clearly demonstrated its
importance in the theory and construction of jet engines, in astrodynamics, in life

*Presented at the Fifth History Symposium of the Internatioral Academy of
Astronautics, Brussels, Belgium, September 1971.

i collaborator - .. A. Tsam..r and a contemparary of Sergey Korolev, Dushkin

specialized in rocket engine design and the development during the 19308 and 1940s in
GIRD, RNII, arnd other sclentific institutes.
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support systems, and also, the influence of his thoughts and ideas in solving the
contemporary scientific-technical problems related to rocket engines and cosmonautics.

Being 2 theoretician and a space flight enthusiast, Tsamder attached paramount
impartance to questions of the choice of method and the directior ard sequence of design
work-—especially as it rclated to the problems of LPRE. He imbued these questions with
a sense of technical reality and sclentific validity and perspective. We know that he
created his school ia the field of the theary and planning of jet engines on the basis of
his own theoretical ard practical work. The characteristics of this school, as related
to LPRE, appears in detailed examination of his theary of rocket englnes,’ methods of
propellant calculations, experimental research on the laboratory model "OR-1,"2 design
decisions in applied oxygen LPPEs—developed in the GRID engines "OR-2" and "0-10"3—
amd also in the studying of schematics and technical data on LPRE developed by Tsander
that farmed the tasks undertaken in GIRD.

The following points reflect the basic elements of the idea content of this
scheol of thought in LPRE:

1. Strict scientific and technical substantiation of the data for proposed englnes,

2. Introduction of experimental research on models and labcratory devices.

3. Application in the LPREs of propellants based on liquid oxygen, liquified gases,
and metals,

4. Implementing construction of LPF 5 as indeperdent hardware, especially in supply,
direction, amd reguliation of the propellant flow,

5. Development of 4 one-chambered LPRE allowing an increase in thrust regulated
over a2 wide range,

6. Creation of combination rocket engines which united in one power plant ..rious
kinds of englnes,

7. Technological efficiency, reliabilitv and power inc.case in the most advanced
designs based on subsystem arrangements for ease of dismantling and substitution,
during the development of prototype and final construction stages.

The experience realized In the work at GIRD between 1932-1933 strengthened the
belief in the validity of the Tsarder school, and in the necessity of developing its
methods for application to further activity. After Tsander's death in 1933, his school
continued to develop and exerted a significant infiuence on the work in the LPRE field in
RNII—created at the end of 1933-~in which his students, followers, and supporters
elaborated upon the theoretical, experimental, and design directions pioneered by Tsander.
In RNII between 1934-1744, reflecting this stage of Soviet rocket engine development, his
followers carried out a widespread LPRE research and development program.
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In order to give you an idea of the main directions of this work amd the
results obtained, I rave provided below the basic technical data, construction designs,
photographs of some of the devices taken from their ariginal sources (preserved in the
archives), in the chronological arder of their campletion.l~16

ALCOHOL-OXYGEN LPRE, SINGLE-FIRING "12-K" ENGINE WITH A THRUST OF 300 kg

This engine, designed, constructed, and tested on a stard in 1935-1936, was
earmarieed far use in wingless and winged rockets. The distinctive features of the "12-K"
engine in camparison with other engines created in GIRD were: a higher level of thrust,
and pressure in the canbustion chamber, as well as a design canstruction characterized by
vortex mixing of prope.lants, and the use of ceramic flre-proofed materials of alumirss
oxide and magnesium oxide for thermal protection of the chamber and nozzle, without the
use of external cooling. The "12-K" engine design is presented in Figure 1. The englne's
performance parameters were:“

1o THRUSE & & v 4ttt e b e e b e e mee e et e e e e ee e 300 kg.
2. Pressure inside the chamber . .. . ... .. e e s e e s s w s s 15 atm.
3. SPeCific IMPULSE « v v v o = v o v o s e s m e e e e e 210 sec.
4, Pressure of fuel feed . . . . ¢ ¢ ¢ ¢ ¢ 4 4 4 b 4 v 4 e b e 25 atm.
5. Diameter of sections of thenozzle . . v « v ¢ o o « o ¢ o o = & . 42/82 mm.
6. Volume of tnecombustion chamber . . . . + « v « o o &+ ¢ o ¢ o « &« 2 L.
7. Overzll dimensions . . . . . . . e s o s o 8 s s s s s s s e e e 450 x 220 mm.
B. Welght «» v v v v v o v v v a u e e e e e e e e e 13.5 kg.
9. Durationof asingle firing . . . . . . . . . « . e e e e e e e 60 sec.

While testing the "12-K" engine, data was obtained close to ariginal cal-
culations. The engine demonstrated a high stability of burning without pulsation of pres-
sure inside the chamber. Therefore, in 1937 the "12-K" engine was placed in the
stratosphere rocket sonde "Aviavnito." The first launching took place on April 6, 1936,
and was described in Pravda (April 8, 1936); the second and more successful launching on
August 15, 1937, employed a 48-meter launching mast.” The "Aviawnito® had a starting
welght of 100 kg, a diameter of 300 mm, and a length of 3,000 mm, With a load of 32 kg
of propellants, the rocket's calculated peak altitude was estimated at 10,800 meters. An
overall view of the rocket, installed on the launch stand for the second flight, appears

n Figure 2.

+See Mikhail M. Tikhoiravov and V. P. Zaytsev, "On the History of the
Stratospheric Rocket Somde in the USSR, 1933-1946,"™ in this volume-Ed.
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Flg. 1
Schematic of the 12-K Alcotol-Kerosene LPRE

In 1937-1938 research began with the aim of improving the scientific basis of
the LPRE engine designs before final consiruction, to increase the reliability, and to
improve the characteristics of recently created models of LPRE workdng orn nitric acid ard
kerosene. The base for conducting the research was the LPRE Engine Laboratory (at this
time part RNI1), which was called upon to conduct rescarch on oxygen‘3 and nitric acid
LPRE, permitted testing of these laboratory models, and propellant combustion tests.6s7

Because this research had an applied character, the goal involved studying the
more "eritical” problems encountered in creating nitric acid LPREs, related to assuring
the reliability of the ignition, the stable and complete combustion of propellants during
the burning process, amd the efficient cooling of the cnamber, etc. The iaitial input wd
the test results of this research were as follows:

Researching the Processes of Igniting Propellants

The installation consisted of a combustion chamber with a constant volume, with
a nozzle and a system for pressure impulse feeding of propellants through atc'zecs in an
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of the propellants into the chamber, etc. Also, the period of ignition dela, was
established as well as the duration of propellant cambustion. The resultant recommenda-
tions for starting the nitric acid LPREs provided for the dosage of fuel at the mament
of ignition, of the expenditure and mixture ratio of propellant components, and the
implementation of ignition and the burning process by controlling propellant flow, made
possible in future effarts to increase the reliability of operation of the LPRE.

Researching Combustion and Cooling Processes in the LPRE Unit

This research was conducted on a labaratory model of the nitric acid LPRE unit
with a thrust range between 30 and 80 kg and a corresponding nressure in the chamber
between 7- and 25 atmospheres. The water-cooled model had sets of interchangeable
nozzles, cylindrical parts of the cambustion unit, ard of centrifuge atorizers for the
fuel ard oxidizer. Modification of these elements allowed for "modeling" the various
cycles of firing and for detemining the influence of the different elements on the dur-
ation of the firing and its perfarmance characteristics.

The data received from this research provided a clear picture of the phenomena
ac.umpanying the firing of nitric acid LPREs, ard allowed the forrulation of a serles of
recommendations for future planning. Among the most important were the following
propositions:

1. To obtain steady burning an? a high completion of combustion, it was necessary to
feed the propellants through suitable injectors that assurred the formation of a
stable tront of flame in a cross-section of the chamber.

2. To obtain reliable external cooling of the cambustion chamber and of the nozzle
using propellant camponents, it was necessary to provide variation of the flow
in the cooling channels around the surfaces according to the changes in the
thermal conditions of the walls of the combustion chamber and the rozzle.

These findings made possible the construction of nitric acid LFREs of a more
advanced design, with a corresponding improvement in the reliability of their firing.

THE NITRIC ACID LPRE, MULTIPLE-FIRING "RDA-1-150," FOR THE ROCKET GLIDER "RP-318"

The "RDA-1-150" engine w_.. conceived and developed during 1938-1939 using the
basic results of the scientific research described above and the experience accunulated
in work on the nitric acid LPRE at RNII earlier. It was designated for use in the rocket
glider "RP-318." The design of the "RDA-1-150" engins is presented in Figure 3. Engire
performance was characterized by the following dm:a:R

1. Prorellants . « + v ¢ v ¢ ¢ v o o ¢« o v o s o s o« » . nitric acld and kerosene
2. Thrust regulated intherange of . . . . . . . . . . . 50/150 kg.
3. Pressure Inthe chamber . . . + v ¢ « ¢ v s « o o o & « £/18 atms.
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Fig.
of the RDA-1-150 Nitric Acid and Kerosene Engine
forr the Rocket Glider “RP-31E"

4. Specific tmpulse .. . .. - .o oo oo 150/198 sec.
S5: Pressureof fuel feed . . . ., . .0 . i, G 13/35 atms,

6. Dismeter of sections of the NOZ2le . . . . v v v o v s s v 4 s 25.5/50 mm.
- Yolume of thechamber , . . . . . . . ., oo s 2.2 L.
B, Omvall dtmenstons. . . . . . . ., ... . ... . . 420 x 200 m.
9. Weight of the chamber {or undt) . . . . v . . v v v v s v o .. 10.5 ke.
40, Durationof anuninterrupted firing . . . . . ¢ . v v v v o 200 sec.
11, Operating Mfetime . . . . . . . . - Lo L 28 min.

The features of the <DA-1-150" design that distingulshed it from earlier RNII
nitric acid LPREs were the following:?

1. Mixing of propellants in the combustion chamber by means of injectors.

2. Engine cooling with two propellant components: the nozzle with kerosene and the
cyilindrical combustion chamber with nitric acid, with their circulation along
spiral canals at changing rates of flow,

3. Thermal protection of the Injectar plate of the chamber by internal cooling,

4, Dual-stage imition with the applicatlio. of an electrical spark ard propellant
flow controls,

85



5. A xular design composed of three principal components: the head, the chamber,

aryd the nozzle.

During final tests, the englne performed close to the pre-test caleulations,
The siwine denonstrated stability ard relispility during burming which puaranteed its
admittance to filght testing in the "RE-318" rocket glider, On Pebruary 28, 1940, this
rocket glider, with test pliot V. F. Fedorov at the controls, was {lowm suacessfully.m
This was the first flight of 3 Soviet pilot in & rocket-propelied alroraft,

A view of the rocket glider gppears in Flpire 4, The desien of t.e "RDE-1-150"
engine became & prototype for other, more powerful models of nitric acid LPREs that we
bullt later.

ALCOHOL-OXYGEN LPRE, MULTIPLE FIRING "RDK-1-150," WITH A
REGULATFD THRUST OF 70-160 kg

This engine and 1ts test stamd flring procedures were developed in 1936-1680.
This alechol-oxypen LPRE was likewlse desipgnated for use in a rocket glider with the goal
of complling tests for comparison of its technical data ard qualities with the nitrie
acid englne. It was therefore caleulated that this engine would perform with character-
istics similar to those of the nitrie acid LPRE "RDA-1-150" in the rocket glider "RP-31EY,
The design schematic of the "RIK-1-150" engine 15 presented in Flpure 5.

Fle; 4
View of the "EP=318'" stk the HDA1-190 BErgtee before the First Flicht
on Februapy 28, 1990




Flp.,

5
Schematic of the Alechol-Kerosene, Multiple-Firing RIK-150 LPRE

Thizs engine featured the same design decisions successfully realized in the
"RDA-1~150" nitric acid engine, ViZ., an injection, cylindrical combustion chamber, dual-
propellant ecbernal cooling—the nozzle with aleohol, the cylirdrical combustion charmber
with lould oxyeen—nndd A staped ipnition system with electrieal spark ard modular cone
struction. The following technical data characterized the performance of the
"RDK-1-150" engine:

1. Thrust . . . L., L L, 704160 ke,
2.  Pressure in the chanber 5/11 atma.
3. Bpecific lmpulse . . . . 150/210 zec.,
4,  Prespure of fuel feed . . . . .. 8720 atms.
5. Dlameter of sections of the rozile 37 5/ 6k,
&, Volume of the corbustion chamber . 1.8 L.
1o Overall dimensions 340 % 720 mm,
8 Welght . ... .... ’ R.5 ke
9.  Duetion of an uninterrupted firing . 180 gzer.
10, Operating MTebime o, o o v s 0 v v s v v i e e 20 min,

Test stand firirgs produced data close to the pre<test ecaleulations. o

tests of the "RDE~-1-150" englne in a model of the glider "G-14," staged to t2 pred | smed




as a rocket glider, were conducted in 1940. Flight tests of the englne proved
unsuccessful. The value of the "ROK~1-150" engine development resided in utilizing
designs similar to those of the nitric acid LPRE, aid sliowed the possibility ard advis-
ability of an oxygen L°RE that could be ignited repeatedly.

A COMBINED SOLID- AND LIQUID-PROPELLANT ROCKET ENGINE,
THE "KRD-604," WITH A STEP-UP THRUST OF 1,100-T0-5,000 kg

The "KRU-640" engine was developed in 1939-19U40 on the basis of cambining in
a single design, both solid and liquid-propellants. This conoination of two types of
engines was accomplished in a mammer allowing th. engine to be fired at first as a solid
propellant engine with a high thrust; after the solid propellant supply in the chamber had
burned away, it switched automaticzlly to burning, liquid propellants with a lesser thrust,
but with an increase in duration.

The first ignition guaranteed a high starting acceleration and, naturally, the
accuracy of the flight; the secord ignition ensured the length of the flight. Nitro-
glycerine-based powder, nitric acid and kerosene were employed as prcpellants, the latter
fed Into the chamber by means of « solld-reactant gas generator. A device that switched
the engine automatically from solid- to liquid-propellants and triggered the gas gener-
ator, was the chief design feature. The peculiarity of this design involved unifying
within the body of the rocket propellant tanks and a propellant feed system without
piping and intermediate compartments.

The schematic of this "KRD-60L" engine, and that of the “RDD-203" rocket. in
which it was utilized, are shown in Figure 6.13 The "KRD-604" engine produced the
following data:12

B b 4o P ) 2 4,500/1,030 kg.
2, Pressuce inthechamber . . . . v v ¢ v v ¢ v ¢ o o 0 o o & 220/48 atms.
3. Specificimpulse . « & v ¢ v ¢ ¢ ¢ b b s e e e e e e s 200/220 sec.
h, Pressure of dquid fuel feed . « « + + v v v v ¢ o « « ¢ o & 75 atms.
5. Diamet.r of sections of the mozzle . . ¢« v « 4« ¢ v o « » & 39/132 mm.
6. Duration of fIrIng . o v v v v ¢ 4 4 b e b e e e e e e e 0.7/9 sec.
7 Total impulse of thrust « v o & v ¢« 4 v 0 v o v o ¢ ¢ o o 12,300 kg./sec.
8. Volume of combustion chamber . « . . « =« « ¢ ¢« ¢« o « « o « & i8 L.
9. Overall dimensions of the chamber . . . . . .« ¢« ¢« v & & & 950 x 203 mm,
10, Welght of the assembly . .+ « ¢« v o ¢ ¢ ¢ o s o o o ¢ o« o o & 46 kg.
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Fig. €
Schematic of the Installation and Components in the Rocket with the
Combined Solid- armd Liquid-Prc:» llant KPD-60L Engine

In 1940-1941, test launches of the combined "KRD-694" engine in the "RDD-203"
rocket—which had an initial weight on the order of 180 kg--achieved distances of about
20 k- (against a calculated distance of 22.5 km).m A view of the "RDD-203" rocket un
the launch stand for single and group launches is shown in Flure 7,

THE NITRIC ACID LPRE "D-1-A~1100" WITH A CONTROLLABLE
THRUST OF 350-1, 400 kg, FOR ROCKET AIRCRAFT

The "D-1-A-1100" engine was d.signed in 1941 and assigned as a basic engine
for application n rocket aircraft interceptor. Nitric acid and kerosene, fed into the
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Fleg. 7
View of the Muoile Launcher for Multiple Firing of RDD-203 Rockets
With Cambined Focket Engines in Firing Position, Sentember 1940,

chamber oy a pressure~fed system, corvea as propellants., ‘The desiygn schematic of this
engine is shown in Figure 8. The englre desipgr basleally corresponds t° the 150 keg-thris..
"RDA~1~150" engine described earlier,

The "D-1-A-1100" engine possessed the follcwing basic technical ata:”

I, Twust .. .o . ... : <« 1,400/350 vz,
2.  Pressure in the chamber - 19/5.8 atms,
3. Speelficdmpelse (il o i DT ey e e e 2u3/15. sec.
U, Pressureof fuel Teed . . . . UL G e e 48/17 atms.
5. Diameter of sectionz of thenowzle . . « v iiv v s o v i W 39/132 mm.
6. Voiume of the cugbustion chamber . . v v .+ . v v v o win 19 L.
T Owevallidosenslons o o, L JE D o LT R e e i E 730%310 mm.
8, Welght of the chamber with valv s« v o0 0. e @ 0y 48 kg.
i Duration of an wnintermipted Oiving . o . 0 L VS L 180 see.
10, Opemgting WPetime o .0 &0 00 Fii s v e 20 min.

Durdre the creation of the "D=1-A«1130", proit e'fort was expended In o9l fdng
technical and prduction problems (prinarily In cormection with the nozzle an "t
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Fig. 8
Sehematic of a DI-A-1100 Rltrie Acid and
Kerosene LPRE for the Rocket Plare "BIL."

cooling) of this "scaled-up” engine that produced ten times more thrust (in a single cham-
ber design) than had its prototype. In the course of the work, research was corsiucted to
establish the true guantitles of heat flow and 1ts distribution along the length of the
chamber ard nozzle. Special metallopraphlic studies based on the evaluation of the criti-
cal pointz during phase transformation of the metals were made of the nozzie after firing
the englne,

Tesbing of this engire was successfully completed in Aprll 1942, and 1t was
ready for Irstallation in the "BI" alreraft, designed under the direction of V. F.
Bolkhovitinov. The Tirst teat flight took place on May 15, 1942, with G, Ya.
Bakhchivarxizhi as the pllot, and was recorded as the first Soviet manned flight of a
rocket interceptor alreraft. A pleture of the "BIY plane before takeoff appears In

Flpure 9,




Fig. 9
A View of the Rocket Plare "BI~1" ard of the D=I-A-1100
Engine Before its First Flight, May 15, 1942.

SELF-CONTAINED AIRCRAFT LPRES OPERATING ON NITRIC ACID AND KEROSENE
WITH A PUMP-FED PROPELLANT SYSTEM: THE SINGIE-CHAMBER "RD-2M"
AND DUEL~CHAMBER "RD-2M3V"

We began work on the creation of self-contained LPREs with a pump-fed propellant
system in 1940, and it became the subject of intensive work after 1942, when the limita-
tion in the "BI" aircraft of a pressure-fed propellant system became apparent. As a
result of the extensive design study carried out in 1942-1943 and experimental work per-
formed in 1944, two models of automatic LPREs burning nitric acid and kerosene with a
pump-fed propellant system were developed, built, and stand-tested under laboratory con-
ditions: the single-chamber "RD-2M" with a variable thrust in the range of 350-1,400 kg,
arnd the dual-chamber "RD-2M3V" with a thrust o 100-1,500 kg, each identical in construc-
tion and deslgn of the basic models, but distinguished from each other by the range of
the varlable thrust. Both worked according to the same principle. The design of the
& l-chamber "RD-2M3V" engine is shown in Figure 10.

Four basic subsystems characterized these engines: the comhustion chamber,
steam-gas generator, turbine pump unit, and the {miltion-resulating subsystem, rutually
interconnected by a single pneumtic-hydraulic system which puaranteed their automatic
functioning and control of Ignition, engine operation, and the cessation of burning by
means of controls located in the cabin of the alreralt. The combustion chambers were
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Fig, 10
Schematic of a Double~Chamrer Flight Engine AD-2M3B, Using
Nitric Acid and Kerosene With a Pump-Fed Propellant System

similar in design to the "D-1-A-1100" engine, but were different in the design of the
start-stop propeilant control valves for multiple firirg in flight.

The vaporizing generator (PGG) worked on the basic propellant components, with
water or an alcohol solution injected in the burner for cooling purposes which automati-
cally regulated the temperature of the vaper. 'The PGC was developed taking into account
previous design experience at RNII.

The turbine-pump unit (TNA), developed with the participation of the National
Institute of Hydromechanical Construction, consisted of two single-stage centrifugal pumps
for feeding fuel and oxidizer into the chamber, and a separate pump for feeding the aico-
hol sclution into the PGG. The supply to the pumps used a two step turbine fed directly
from the PGG.

The start-regulating system {PRB) for these engines fulfilled a dual role.
First, 1t served as a device for ensuring multiple fiving of the engine, and possessed
a mierosystem of the pressure-fed system used for starting the PGG. Second, it served as
a regulating device in the engine to control the thrust, and also supported the stability
of a glven pattern and flow return of the propellants into the tanks during periodic
shutdowns .




The basic subsssembliles of the cnpines Just srumerated and other related come
porents were combined inte two modulest the charber and the purps, thus permitting their

distribution together or separately in different conpartments of the alreraft.

A photon

graph of the chamber system of the "RD-2M3V" is shown in Fleure 11 and the pumping module

in Fipure 12.

e, 11
View of the Chamber Nodule of the Punp=Fed R-200V Eyvbe

The baslc performance data for these enclnes appenrs below:
L
Thruet oL 1,950A000 W,

Preseurse in the
chamber o 0. DTSSR T at

Specific Impulue . s . PO e
Presgaure of Feed LRSI atee

MED-2M
1,500/100ke.

SO0/ atna,
SOU/1EE seo,
w0 A,




Ergine

RD-2M3V

Pump-Fed

3124

View of the Pumping Module of the

Fleg.
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"RD-2M" DMV
5. DMameter of sections

cfthenogzle . .. i, . .. Bosle m 8071463 35/90 mm.
6, Volume of the

chamber . . . .. . . 0.0, 1BLL 18/4.5 L.
7. DOverall dimensions of

the chamber block « . . . « . .+ . 925x225 mm. 925x540x220 mm.
8, |Welght assembled . . . . . . . . 200 kg. 223 ke.
g, Turblre power amd RPM . . . . . . 75 HP/12,500rpm 80 HP./12,000rpm.
10. Operating lifetime . . .. . . . 40 min. 1 hr.

The "RD-2M" and the "RD-2M3V" engines were successfully tested from January
through April 1945 in test-stand experiments under govermment control and provided reveal-
ing data; they became the flrst models of Soviet automatic surcraft LPREs that featured
purp-ed propellant systems with muitiple start. During tests in flight and when assen-
bled in the experimental rocket alrveraft "I-270", the engines proved reliable. A photo-
graph of the "I-2707 is shown in Figure 13.

Fig. 13
A View of the Rocket Plane With the RD-2113V Engine
Before its First Flight In September 1947,
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In concluding my paper I think it is necessary to stress that this survey of
LPREs is only a small part of the sclentific and technical work undertaken in this field
in the USSR between 1934-1944. Moreover, these experiments demonstrated the independent
and self-reliant paths adopted in the Soviet Union for mastering the LPRE and for intro-
ducing new technology, as well as the ariginality in solving the major scientific and
technical problems connected with LPRE designs of different types and requirements.

We recognize the impartance of F. A. Tsander's role in this work, but it is
impossible not to mention the exceptionally fruitful, collective 'wirk of many englneers,
designers, ard experimenters, a large amount of whom were followers of his school. Their
energy, persistence, and capacity were shown at different times in achieving positive
results during the testing and design development in the field of LPRE.
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