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IpeauciaoBue

Hacrosimee yweOHOe mocoOue NpeAHa3HAYeHO Ui MarucTPaHTOB, OOYYAIONIIUXCS I10
HANpaBJICHUIO MOJATOTOBKU «PakeTHble KOMIUIEKCHl M KOCMOHABTHKAY», W3YYAIOUINX JAUCHUILUINHY
“NHocTpaHHBIi 536K B MpO(ecCHOHANBbHON JestenbHocTH” (C ydeToM  OCOOCHHOCTEH
aAMEPUKAHCKOTO aHIJIMHCKOI0) U HAMpPaBJICHO HAa COBEPIIICHCTBOBAHNE HABBIKOB MEPEBO/Ia HAYIHBIX
TEKCTOB 110 KOCMOHABTHKE B aMEPUKAHCKOW JINTEPAType C 1IeJIbI0 MOBBILIICHHS TPO(HEeCcCHOHABHOM
Y KOMMYHUKATUBHON KOMIIETEHTHOCTH OyyIlEro CHelrainucTa B 3T0il 00iacTu.

CopepxaHue y4eOHOro IMOCOOMS OXBAThIBAeT IIMPOKUN KpPYr BOIIPOCOB, B3STHIX U3
ayTeHTHYHOro ucrounuka «Space Technology: A Compendium for Space Engineering (de Gruyter
Textbook) By Thomas F Mutsch, Matthias B Kowalski» «Kocmudeckne TeXHONIOTHU: COOPHHK IO
KOCMHMUECKOU TexHuke (aBTop yueOHuka ae ['proiirep) Tomac, @. Mytu, Martuac b., KoBanbckny,
BKJIIOYAIOIIUX  OCHOBBI  TPOCKTHPOBAHUS  PAKETHBIX  KOMIUIEKCOB W KOCMOHABTHKH.
B xpoHoMOrnyeckoM mopsiike Takke MEepPEeUrcIsiFoTCs BCE MOJIEThl MEXIYHAPOIHBIX KOCMUYECKUX
CTaHIIMK 3a 3TO BpeMs. YuebHoe mocoOre 3HaKOMUT C aMEPUKAHCKON TEepPMUHOJIOTHEH yKa3aHHOU
TEMaTUKU U CIOCOOCTBYET OOECHEUEHUI0 MACHTUYHOCTH MOHMMaHUsS TepMUHOB. llenb mocoOus
3aKJIIOYAeTCsl B Pa3BUTHH Yy OOYYalOMIMXCS HAaBBIKOB M YMEHUH YCTHOTO M MHCbMEHHOTO
MHOSI3BIYHOTO 0011IeHus B cdepe nmpodeccnoHaIbHON KOMMYHUKALIUU.

Y4ebHOe mocobme MpeAcTaBisieT cOOOW MPEAMETHO-A3BIKOBOM (Gopmat, 00BeIUHSIIONIHNNA
oOy4enue 36Ky U uHPopmanuu. [locobue coctout 3 10 ypokoB, KaKIplii U3 KOTOPBIX BKIIOYAET
CIIOBaph AKTUBHOW JIEKCHUKH, AyTEHTUYHBIE TEKCTHl YKA3aHHOW TEMAaTWKH M TIOCJIE€ TEKCTOBBIC
3amanus. Pasgen Supplementary reading (Oononnumenvroe umenue) IOTONHSET Marepuan U
CHOCOOCTBYET COBEpIICHCTBOBAHUIO PEYEBBIX HABBLIKOB B  IPOILIECCE  CaAMOCTOSITEIbHOMN
UCCIIEIOBATENBCKOM pabOThI CTY/IEHTOB.
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Unit 1
Historical Background

1. TOPIC VOCABULARY [1; 3; 6]

American
British BrE AmE
1. powder ‘pavda ‘pavdor 1. mopomok, myapa, mopox
2. take off ‘tetkof ‘tetk ‘of 2. B3ueT
3. head for hed - 3. JBUTaThCs B HAIpPaBICHUH
4. undamentals fando'ment(e)l  fando'mentl 4. OCHOBBI
5. cornerstones ko:nastounz | - 5. KpaeyrosjabHbIM KaMEHb,
6. space flight speis flart - 6. KOCMHYECKH MOIET
7. rocket ‘rokit - 7. COOpyXEHHE PAKEThI
construction
8. aerospace €araspers ‘erouspers 8. KocMoHaBTHKaA
9. transportation  treenspor'terfn, - 9. mepeBo3ka
10. discovery dr'skav(o)rt 1'skavarr 10. oTKpBITHE, OOHAPYKEHUE
11. date back dert baek - 11. naTupoBarh 3aJHUM

YHUCIIOM

2. READ AND TRANSLATE THE TEXT

The earliest thoughts of flights into space dates back already to the beginning of the discovery of
black powder by ancient Chinese pyrotechnicians. In the following centuries to early modern times
most of the desires for takeoff_and heading for the Moon were written down in works of fiction.
However, the early physicists, mathematicians, and astronomers created the fundamentals for our
conception of the world. Thus, they laid the cornerstones for successful space flight. From the
fundamentals of rocket construction in the nineteenth century to modern aerospace transportation,
important milestones of space flight were set by unique people.

Most important people of space flight:

Konstantin Eduardovich Tsiolkovski (1857-1935) 1898: Fundamentals of rocket construction,
rocket equation.

Hermann Obert (1894-1989) Nineteen-twenties: Fundamentals of space technology.

Walter Hohmann (1880-1945)

Nineteen-twenties: Calculation of satellite orbits.

Robert Hutchinson Goddard (1882 — 1945)

16 March 1926: Launch of the first liquid propellant rocket (petrol and oxygen).

Sergei Pavlovich Korolev (1906 — 1966)

1933: Development of jet engines for liquid propellant rockets. Head of the Soviet space
programme.

Wernher von Braun (1912 — 1977)

3 October 1942: First launcher/combat bomb of the world (A-4/V-2). Until 1945: Director of the
Army Rocket Centre at Peenemiinde, Germany. Nineteen-sixties: Director of the U.S. Lunar
Landing Mission (Saturn V, Apollo).

HXQ E\VI http://izd-mn.com/ S
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Most important events of space flight:

4 October1957: First satellite in space (Sputnik, Soviet Union).

12 April 1961: First man in space Jurij Gagarin, Major, 1934 — 1968).

20 July 1969: First man on the Moon (Armstrong/Aldrin, USA).

24 December 1979: First launch of Ariane rocket from Kourou, French Guiana.

12 April 1981: First reusable space shuttle (Space Shuttle, USA).

28 January 1986: First shuttle crash (Challenger, USA. Seven crew members died).
1 February 2003: Second shuttle crash (Columbia, USA. Seven crew members died).
21 July 2011: Last shuttle landing, 135 flights in total.

:\‘_‘.,'ﬁ
ATV Soyuz TMA-15M undocking from the ISS on 11 June 2015

The first long-distance rocket Bumper 8 was successfully launched from Launch Complex 3 (LC-3)
of Cape Canaveral Air Force Station (CCAFS) on the east coast of Florida, USA on 24 July 1950.
The two-staged Bumper 8 employed a German V2 rocket as 1st stage and an American Without Any
Control (WAC) Corporal sounding rocket as 2nd stage.

Almost 20 years later, the most prominent event in human space flight history was probably the first
manned lunar landing. Launched by a Saturn V rocket from Kennedy Space Center in Florida, the
Apollo Lunar Module Eagle landed in the Mare Tran quillitatis on the Moon. Two Americans, Neil
A. Armstrong and Edwin E. Aldrin, stayed a total of about 21.5 h on the lunar surface while Michael
Collins piloted the Command/Service Module in the lunar orbit. All three spacemen returned to Earth
and landed in the Pacific Ocean on 24 July 1969.

HXQ K1 http://izd-mn.com/ 6
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After more than forty years of further development, space flight reached the limits of its technical and
area (astronomical) potential. Since the nineteen-eighties space flight became an established art of
engineering embedded between many other special disciplines of mechanical engineering. Led by
cost reductions and standardization, more and more commercialization and competition for market
shares replace expensive new developments [3; 4; 5].

3. ANSWER THE FOLLOWING QUESTION

Give the names of the most important space pioneers.

Give the name and year of the first successfully launched long-range rocket.
What was the name of the first satellite launched into outer space?

Which country was the first in outer space?

Who was the first man in outer space?

What was the name of the spacecraft with the first man in outer space aboard?
Who was the first man on the Moon?

Give the names and year of the major accidents in the history of space flight?
What astronauts/cosmonauts were the most famous of all time?

0. Give the name of the American theoretical physicist who was involved in the investigation of the
Space Shuttle Challenger disaster.

BoOoo~NoOR~WNE

4. TEST: MATCH THE WORDS

1. powder 1. ocHOBHI

2. take off 2. KOCMOHaBTHKA

3. head for 3. OCHOBBI

4. fundamentals 4. TOpOILIOK, MOPOX

5. cornerstones 5. HanpaBnATbCA

6. space flight 6. coopyxeHHe pakeTsl

7. rocket construction 7. KOCMUYECKHU MOJET

8. aerospace 8. B3ner

9. transportation 9. OTKpBITHE, OOHApYKEHHE
10. discovery 10. nepeBo3ka

5. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. The earliest thoughts of flights into space dates back already to the beginning of the discovery of
black powder by ancient Chinese pyrotechnicians.

2 In the following centuries to early modern times most of the desires for takeoff and heading for the
Moon were written down in works of fiction.

3. The first long-distance rocket Bumper 8 was successfully launched from Launch Complex 3 (LC-
3) of Cape Canaveral Air Force Station (CCAFS) on the east coast of Florida, USA on 24 July 1950.
4. Almost 20 years later, the most prominent event in human space flight history was probably the
first manned lunar landing.

5. After more than forty years of further development, space flight reached the limits of its technical
and area (astronomical) potential.

6. Since the nineteen-eighties space flight became an established art of engineering embedded
between many other special disciplines of mechanical engineering.

1. C 1980-x roaoB KOCMHUYCCKHE TTOJICThI CTAJIU IMPU3HAHHBIM HHXKCHCPHBIM HUCKYCCTBOM, CTOSAIIUM
MCXKAY MHOTMMHU APYTUMH CIICHHUAJIBHBIMHA JUCHUIINIMHAMH MAallIMHOCTPOCHH A

HXQ E\VI http://izd-mn.com/ 7
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2. [Tocne Gonee yeM cOpoKa JIET AATbHEUIIETO Pa3BUTHA KOCMHUECKHUE TTOJIEThI JOCTUIIIH MIPEIEIIOB
CBOWX TEXHWYECKHX H TUIOMAIHBIX (ACTPOHOMUYECKHX ) BO3ZMOYKHOCTEH.

3. [Touru 20 net cmycTsi cCaMbIM BBIIAIOMIMMCS COOBITHEM B UCTOPHH TOJETOB YEJIOBEKa B KOCMOC
cTaja, BEpOsITHO, IepBasi MUJIOTHpyeMas Bbicajika Ha JIyHy.

4. TlepBas pakera nanbHero aenctBus «bammep-8» Obula ycremmHo 3amylieHa CO CTapTOBOTO
komruiekca 3 (LC-3) 6a3s1 BBC na mpice KanaBepan (CCAFS) Ha BoctrounoM nodepexne dopusl,
CIIA, 24 urons 1950 rona.

5. B mocnenyronme Beka ¥ B Havajie HOBOTO BPEMEHH OOJIBIIMHCTBO CTPEMJICHHW K B3JIETY_H
Hanpassromuecs Ha JIyHy OblIH 3amMcaHbl B XyI0’KECTBEHHBIX MPOU3BEICHUSX.

6. CaMble paHHHE MBICIIH O TIOJETaX B KOCMOC OTHOCSTCS YK€ K Hadaly OTKDBITHS IPEBHUMHU
KUTAaHCKUMH MTUPOTEXHUKAMH YEPHOTO TOPOXa.

Tasks:
1.Write the abstract (consult phrases 56-62)
2. Play out the conference.

" http://izd-mn.com/ 8



Developing translation skills of scientific texts in cosmonautics in American literature
CoBeplIEHCTBOBaHME HABbIKOB NepeBoa Hay4HbIX TEKCTOB N0 KOCMOHaBTUKE
B aMepUKaHCKOW1 NnTepartype

0.10. UckaHpapoBa

Unit 2

Basic Principles of Solar System

1. TOPIC VOCABULARY [1; 3; 6]

British BrE American AmE
1. dimension dr'menf(o)n dar'men/n 1. u3MmepeHue, napamerp
2. astronautics @stro no:tiks .&stro na:tiks 2. KOCMOHaBTHKa
3. astronomical @stro nomik(s)l  astro'na:mikl 3. KOCMHYECKHUI
4. environment m'varronm(o)nt I 'varronm(o)nt 4. OKpyKaromas cpena,
5. feasibilities 1:z1'bilitr fi:zo bilotr 5. 000CHOBAaHHOCTD,
1eJIec000pa3HOCTh
6. solar system 'soulo ‘sistom - 6. comHeuHas cucrema
7. equation 1 kwerz(o)n 1 kwerzon 7. ypaBHEHHE
8. required 1 kwarod 11 kwarord 8. HEoOXOmUMBIA,
00s13aTebHBIN
9. calculation kaelkjo'lerfon keelkjo'lerfn 9. BBIYUCIICHUS
10. celestial mechanic st'lestiol so'lest/1 10. mexaHuKa HEOSCHBIX TEll
mi1 kanik mao 'keentk
11. cases ‘keisiz ‘kersoz 11. ucnipiTanus B
HOPMAJIbHBIX YCIIOBHUS
12. considerably kon'sid(o)roblr  kon'sidorabl 12. 3HAYHUTEIIBHO;
CYIIECTBEHHO; 3aMETHO
13. significant sig ‘nifik(o)nt sig ‘nifikont 13. 3HAYUTENBHBIH,
CYIIECTBEHHBIH,
14. restriction 11 strikf(o)n 11 strikfn 14. orpanudeHue
15. basics ‘bersiks - 15. ocHOBBI
16. lay (laid) lei ler 16. ycTaHOBJICHHBIH,
MPOJIOKEHHBIN
17. hyperbola har'p3:balo - 17. runepOona
18. geometric shape .d310 ' metrik .d31:0'metrik 18. reomerpuueckas hopma
Jeip
19. low Earth orbit 3:0 'oirbit 3:0 'oirbit 19. Hu3Kas OKOJIO3EMHas1
opbuta
20. manned International mand - 20. nutoTHpyeMBIit
Space Station MEKTYHapOIHBIN
KOCMUYECKHH MoJIeT
21. altitude ‘eltitju:d ‘eltrtu:d 21. BeICcOTA
22. approximately o' proksimatli o'pra:ksimatli 22. npuOINU3UTENBHO
23. Earth 3:0 310 23. zemis
24. equator 1 kwerto 1 kwertor 24. >xBarop
25. designed dr'zaind do’'zamnd 25. npegHa3HAYCHHBIH,
IIPOCKTHBII
26. scientific research saron tifik ,saron 'tifik 26. Hay4yHBIE UCCIEIOBAHUS
r1's3:tf
27. assembled 9'sembold 9'sembold 27. coOpaHHBIi,
CMOHTHPOBAHHBIH
/)
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28. microgravity research  r1's3:tf r1's3:rtf 28. uccnenoBanue
MUKpOTpaBUTAIIH

29. to performed po'fom por'fo:rm 29. poBOIUTH

experiments ik 'sperrment AKCIIEPUMEHT
30. influence 'influons - 30. BiMsiHKE, BO3ICHCTBHE
31. reduced gravity 1 dju:st ‘graevetl 31. moHMKEHHAs
‘grevit rpaBUTaLUs

32. to take advantage of  teik od va:ntidz d'vaentidz 32. BOCITOJIB30BaThCS
MPEUMYIIIECTBAMHA

33. measurements ‘me3omonts ‘me3ormonts 33. uzMepenue, napameTpbl

2. READ AND TRANSLATE THE TEXT

For the determination of dimensions in astronautics, the knowledge of our astronomical environment
is necessary. Limited by physical and technical feasibilities, our considerations should be restricted
to travels within the borders of our solar system or within the close periphery of the solar system. At
a distance of four light years, the next star Proxima Centauri is reached in a flight time of at least 20
000 years with the today’s technical means. Furthermore, we have to restrict our considerations to
velocities very much lower than the speed of light. Therefore, all relativistic influences are negligible.

Solar System

Our planetary system consists of eight big planets and a great number of moons, asteroids
(planetoids), plutoids, comets and other small bodies.

There are many mnemonic devices to remember the planets orbiting the Sun. Here is one among
many others. The first letter of each word gives the first letter of the planets, in the order ‘My Very
Educated Mother Just Send Us Nine’ without the dwarf planet Pluto at the end.

The following elementary physical conservation equations are required for calculations in astronomy
and astronautics.

The total amount of energy in an isolated system is constant.
The energy in an isolated system can neither be created nor destroyed. The energy in an isolated
system can only be transformed from one state to the other.

The following forms of energy are significant in space technology.

In this textbook orbit mechanics is restricted to classical orbit mechanics or celestial mechanics. It is
a special case of the more general relativistic orbit mechanics. Here, we consider for practical use
only cases with velocities that are considerably lower than the speed of light. We do not make any
significant mistake if we come to this restriction.

The basics of orbit mechanics were laid and explained for the first time by Johannes Kepler from the
village of Weil der Stadt, Germany by the Laws of Planetary Motion, named after him. Kepler
summarises the collected data of his mentor, Tycho Brahe, with three laws. These laws described the
motion of planets in a solar system with a sun in its centre. Actually, Kepler’s laws are still considered
as an accurate description of the motion of any planet and any satellite revolving around the Sun or
around the Earth.

HXQ E\V] http://izd-mn.com/ 10
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Kepler’s First Law of Planetary Motion is also called the Law of Ellipses. By means of Newton’s
Law of Gravitation Kepler’s First Law can be expressed in rather more general terms. During the
motion of a celestial body within the gravitational field of a central mass, the orbit of the celestial
body is running along a circle, an ellipse, a parabola or a hyperbola. These geometric shapes are conic
sections and, in general, the orbits of any celestial bodies follow these conic sections

The low Earth orbit (LEO) at an altitude of 250 — 1 000 km is the simplest accessible orbit. It is the
only possible orbit which is approached by manned missions (Space Shuttle or Soyuz), with the
exception of flights to the Moon between 1968 and 1972.

Our permanently manned International Space Station moved at an altitude of approximately 350 km
above Earth with an inclination of 55° relative to the equator. Also, the Russian Mir Space Station
moved on a low Earth orbit around. The photograph of the Russian Mir Space Station was taken by
an electronic still camera (ESC) from Space Shuttle Atlantis; STS-79; after undocking and separation
from the space station during flight day 9.

The Russian Mir Space Station was designed for scientific research. Owned by the Soviet Union and
later by Russia it was assembled in orbit from 1986 to 1996. The Mir was a microgravity research
laboratory, in which the crews performed experiments in biology and physics to show influences of
the reduced gravity on the experiments, and in astronomy and meteorology to take advantage of the
absence of influences of Earth’s atmosphere when taking observations and measurements.

Basic Principles present interferences from outside become greater compared with the impact of the
central body as such. It can be clearly said that if we are regarding a gravitational field around the
Earth for the GTO as mentioned, the Moon and all other celestial bodies, to have a gravitational field
(with varying ‘depth”) around.

So, this finding provides better insights when and which a celestial body must be identified as central
body. There is a number of other aspects which should not be described in detail here, including

— forces by magnetic influences,
— forces by existing residual atmosphere, and
— forces by radiation pressure [5].
3. ANSWER THE FOLLOWING QUESTION

1. Give the names of the nine big planets rotating around the Sun, sorted in ascending order by
the length of the semi-axis of their orbits.

2. Calculate the mean density of the Sun, the Earth, and the planet Saturn. Explain the main
differences.

3. How long the light is travelling from the Sun to the Earth? How long does it take to receive a
confirmation (light running time) of executing control commands from the Galileo Jupiter
probe?

4. How long a space probe is roughly travelling from Jupiter to the brightest star, Sirius (at a
distance of 8 light years)? The typical velocity of the Space Shuttle is to be assumed as
constant cruising speed!

5. Explain why does planet Mercury show phases, whilst planet Jupiter does not.
6. What are the Kepler’s Laws of Planetary Motion?
7.  What kind of geometric figures can be obtained by intersection of a plane with a circular cone
(conic sections)?
/)
HXQ E\VI http://izd-mn.com/ 11
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8.

9.

10.
11.

12.

13.

14.
15.
16.

17.
18.

19.
20.

4.

SRS ERWN -

19.
20.
21.
22,

What force attract two lorries to each other (mass: 40 t each), if their centres of mass are at a
distance of 3 m?

What planet is more interfering Moon’s orbit? Venus or Jupiter, and why?

What is an inferior planet and what is as up erior planet?

What is the weight of a person with a mass of 80 kg on the Sun, on the Earth, and on the
Moon?

How long a New Year’s Eve rocket travels unpowered after burn-out with a burn-out velocity

of 30 m - s~1 and a launch inclination angle of 45° relative to Earth’s surface? Duration of
propulsion and air drag can be ignored!

Why Russian military intermediate-range missiles stationed throughout Europe are bigger and
heavier than American or French missiles having the same range?
Whatpropertiesandpreferenceshavesun-synchronousorbitsaroundEarth?

What are the characteristics of geostationary orbits?

What methods of orbital man oeuvres of satellites do you know? Give advantages and
drawbacks.

Why our Moon is attracted stronger from the Sun than from Earth?
HowstrongourSunisattractedfromastarofthesamemasslocatedattheedge of the universe? (Mass
of the Sun: 2E+30 kg, distance from the Sun: 10E+9 light years).

Explain the term cosmic velocity. What kind of velocities do you know?

What is the fictitious point, the Sun, the Moon and the planets of our Solar System rotate
around? Where is the approximate position of this point?

TEST: MATCH THE WORDS

dimension 1. u3mepenue, napamerp
astronautics 2. HeoOXOIUMBIH, 00s3aTeIbHBII
astronomical 3. HHU3Kas OKOJO3eMHas opOuTa
environment 4. KOCMOHaBTHKa
feasibilities 5. xocmuueckuii
solar system 6. BiUsHUE, BO3EHCTBUE
equations 7. BO3MOXKHOCTH HAIPaBJICHHOH MepeIaun YHEPTUU
required 8. BhrIcOTa
calculations 9. BBIYHCICHUS
. astronautics 10. reomerpuyeckas popma
. celestial mechanics. 11. runep6ona
. cases 12. 3emns
. considerably 13. 3HAUUTENTHHO; CYIIECTBEHHO; 3aMETHO
. speed 14. 3HAaUNTENBHBIN, CYIIECTBEHHbIN, 3HAUUMBIH,
. significant 15. u3BnEYb BBHITOIY U3
. restriction 16. ucnipiTaHre B HOPMAJIbHBIX YCIOBUS
. basics 17. uccnenoBanre MUKpPOTpaBUTALIMH
. laid 18. KocMOHaBTHKa, aCTPOHABTHKA
hyperbola 19. mexaHnka HEOECHBIX TEIl
geometric shapes 20. HayyHBIE UCCIICIOBAHUS
low Earth orbit 21. orpanuyenue
manned International 22. okpykatoiasi cpea, cpena, OKpy>KeHHE

Space Station

23. altitude 23. OCHOBBI
24. approximately 24. TuI0TUPYEMBII MEXIYHAPOIHBIN KOCMUYECKUN MTOJIET
25. Earth 25. NOHMKEHHAsI TpPaBUTALIUS

2
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26. equator 26. npegHa3HAYECHHBIN, IPOEKTHBIN
27. designed 27. npuOIN3UTETHEHO
28. scientific research 28. mpOBOAMTD HKCIIEPUMEHT; IIPOU3BOIUTH OIBIT;
29. assembled 29. pazmepsl
30. microgravity research  30. ckopocTh, OBICTPOTA, YHCIIO 0OOPOTOB
31. performed 31. cobpaHHBIN, CMOHTHPOBaHHBIN
experiments
32. influences 32. conHeyHas cucrema
33. reduced gravity 33. ypaBHEeHHS

34. to take advantage of  34. ycTaHOBJICHHBIN, TPOJIOKEHHBII

35. measurements 35. sxBarop

5. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. For the determination of dimensions in astronautics, the knowledge of our astronomical
environment is necessary.

2. We have to restrict our considerations to velocities very much lower than the speed of light.

3. Limited by physical and technical feasibilities, our considerations should be restricted to travels
within the borders of our solar system

4. Our planetary system consists of eight big planets and a great number of moons, asteroids
(planetoids), plutoids, comets and other small bodies.

5. The following elementary physical conservation equations are required for calculations in
astronomy and astronautics.

6. The total amount of energy in an isolated system is constant.
7. The energy in an isolated system can neither be created nor destroyed.
8. In this textbook orbit mechanics is restricted to classical orbit mechanics or celestial mechanics

9. The photograph of the Russian Mir Space Station was taken by an electronic still camera (ESC)
from Space Shuttle Atlantis

1. JIns ompeneneHus pa3MepoB B KOCMOHABTHKE HEOOXOIMMO 3HAHHE HAllleH acTPOHOMHUYECKOM
CpEIbL.

2. Hama naneTHass CHCTEMa COCTOMT M3 BOCHMH OOJBIIMX IIJIAHET M MHOKECTBA CITYTHUKOB,
acTCponaoB (HJ'IaHeTOI/II[OB), TUIYTOU OB, KOMET U APYTIUX MAJIbIX TCJI.

3.Ha paccrosiHuM 4eTbIpex CBETOBBIX JIET cienyromas 3Be3aa [Ipokcuma LlenTaBpa nocturaercs 3a
Bpems nosieta He MeHee 20 000 net (!) ¢ UCIoIb30BaHUEM CETOAHSIIHUX TEXHUYECKUX CPEICTB

4. OFpaHI/ILIeHHLIe (bI/ISI/I‘{CCKI/IMI/I N TCXHUYCCKHMMHU BO3MOXHOCTAMU, HallA COO6p3.)KCHI/IH JOJIXKHBI
OBITE OIrpaHUYCHBI MYTCIICCTBHUAMU B IIPEACTIAX HaIlle¥ COJIHCYHOM CHCTEMBEI

5. Cnenyromue >J1eMeHTapHble (PU3NUECKUE YPaBHEHUS COXPAaHEHHsI HEOOXOUMBI ISl pacueToOB B
aCTPOHOMHUHU U KOCMOHABTUKE
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6. DHeprus B U30JMPOBAHHON CUCTEME HE MOKET ObITh HU CO3[1aHa, HU YHUUYTOXKEHA.

7. B srom yuyeOHuKe OpOMTaNbHAs MEXaHWKAa OTPAHUYMBACTCS KIACCHUYECKOHW OpOMTaTbHON
MEXaHUKOW WM HEOECHONW MEXaHUKOM.

8. ®@ororpadus POCCHICKON KOCMHYECKOW CTaHIMU «Mwup» OblIa crejgaHa 3JICKTPOHHOU
dotokamepoii (OJKA) kocMudeckoro kopadmus «ATIaHTHC)

9. OOuiee KOJIMYECTBO FYHEPTHU B U30JIUPOBAHHOMN CHCTEME IOCTOSIHHO.
Tasks:
1.Write the abstract (consult phrases 56-62)

2. Play out the conference
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Unit 3
Propulsion Systems Thermonuclear Propulsion. Systems
HISTORICAL BACKGROUND
1. TOPIC VOCABULARY [1; 3; 6]

British BrE American AmE

1. play a special role pler 'spef(9)l ‘spefl 1. wurpart 0coOyr0 poJib
2. thrusters '‘Orastoz ‘Orastorz 2. IBUrareib

3. ammonia 9'mounio 9'mounio 3. amMmuak

4. nitrogen ‘nartrad3(o)n ‘nartrodzon 4. azor

5. hydrogen ‘hardradz(9)n hardrodzon 5. Bomopon

6. thermonuclear 03:mou njuklio,  03:rmov ' nuklior 6. TepmosAepHBIiA
7. propellant pra'pel(o)nt pra'pelont 7. pakeTHOE TOILIUBO
8. radioactive -rerdiov &ktrv -rerdiov &ktrv 8. paagmoakTUBHBIN
9. isotopes ‘arsotoups ‘arsotoups 9. u30TOIBI

10. 10.radionuclide reidiov ‘njuklaid - 10. paguonyKINL

11. 11.uranium ju'remrom ju'remrom 11. ypan

2. READ AND TRANSLATE THE TEXT

Propulsion by bipropellant systems. Today, these systems still play a special role for attitude and orbit
control of small satellites. With Ariane 5 EPS upper stage these thrusters are also used for attitude
control (SCA) after separation of the solid propellant boosters. The operation is based on the catalytic
decomposition of hydrazine. Special platinum metals (iridium, ruthenium) are used as catalysts which
are applied onto a carrier material (e. g. Al203) with a large effective surface. Ammonia (NH3),
nitrogen (N2), and hydrogen (H2) are released as combustion gases, whose composition, and
therefore the specific impulse Isp, depends on pressure and temperature. Thermonuclear propulsions
utilize the binding forces of protons and neutrons in atomic nuclei. In principle, the thermonuclear
propulsion systems can be grouped to the type of energy generation into four categories. It is an
energy source with extremely high energy densities which is basically interesting for space
applications. For propulsion purposes, similar to chemical propulsion, the propellant is heated by
these energy sources via a heat exchanger, the energy source is cooled at the same time, and
subsequently used as recoil mass by thermodynamic relaxation as with chemical propulsions.

Depending on the temperature limit of the energy source, exhaust velocities up to 10 000 m - s—1 can
be achieved with hydrogen (molecular weight 2 g - mol—1) as propellant.

Natural radioactivity

Radioactivity is a property of radionuclides, so-called isotopes, of certain chemical elements.
Unstable atomic nuclei of these isotopes decay spontaneously. During this nuclear reaction the nuclei
of the radioactive isotope decay into nuclei of a lighter chemical element emitting radiation as high-
energetic alpha or beta particles. In many cases, the fission products of the radioactive decay are in
an exited state and gamma radiation is released after further nuclear decay of these products. The
radiation released is converted to thermal energy after being absorbed by substances.

HXQ E\M http://izd-mn.com/ 15
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In the field of nuclear physics, a distinction is made between naturally produced radioisotopes and
artificially radioisotopes produced by nuclear reactions. Radioisotopes of elements after bismuth,
atomic number 83, in periodic table of the elements mostly have short half-lives. Today, they cannot
be detected if they would not continually created a new from the radioactive decay of the long- lived
uranium isotopes uranium-238 and uranium-235, and thorium-232 as intermediate product of a decay
series.

Besides the element uranium, some lighter elements are used for radioactive age determination of the
formation age of minerals, rocks, glasses, and other samples. Artificial radioisotopes are created by
human-made nuclear reactions. They are created by neutron irradiation in nuclear reactors or by
irradiation with charged particles in particle accelerators. Artificially generated radioisotopes are used
in radiotherapy with dubious success. But dramatic effects of radioactive radiation on biological
matter are verifiable. As soon as the amount of radiation exceeds a certain limit the germination
capacity of seeds is reduced. Growth and developmental retardation and malfunctions in animals
including humans are observed. Mammalian tissues are even more sensitive to radiation whenever
they divide fast, e. g. gonads and blood-forming cells. Every radioisotope has a characteristic half-
life, in which half of the number of initially existing atomic nuclei decay. Thus, long-lived isotopes
have a lower energy density as short-lived isotopes. The radioactive decay of atomic nuclei is already
being used in today’s space applications for onboard power supply of satellites by means of
radioisotope thermoelectric generators. The use for propulsion purposes failed, due to the weight of
the installations with relatively low thrust and environmental compatibility. There is a considerably
higher risk of radioactive contamination during lift-off.

Nuclear fission

The energy output can be considerably increased if nuclear fission is achieved by neutron
bombardment instead of spontaneous natural nuclear fission. This means that an atomic nucleus of

uranium-235 releases an energy of 200 MeV. This corresponds to an energy density of 22.8 - 109 Wh

- kg1 of uranium-235. A nuclear reactor is operated with a thermal output of 30 kW per kilogramme
enriched uranium. This corresponds to approximately one hundred times the energy density of a
radioisotope thermoelectric generator (RTG) with natural radioactive decay.

There are many different types of reactors and processes to ensure energy supply for the whole
mankind and future generations for the long term. Risks of application and handling (e. g. nuclear
reprocessing) are so enormous by the highrisk potential, such as toxicity, exposure to radiation as the
result of the war, terrorist attacks, and also operating errors, that nuclear energy will account only for
a part of the future energy supply in the long term. The disposal of radioactive waste and safe storage
over millennia is a long-term burdensome inheritance for future generations, which lead also to very
controversial opinions among scientists concerning the ethical responsibility of technology [5].

3. ANSWER THE FOLLOWING QUESTION

1. Give the names of different propulsion systems used in space applications.

2. What does the exhaust velocity of the combustion gases of a de Laval nozzle depends on?
3. Give advantages and drawbacks of solid propelled propulsions.

4. What does the exhaust velocity of an electrostatic thruster depends on?

5. Give advantages and drawbacks of electric propulsion systems.

6. What thermonuclear propulsion systems are available for space applications?

7. Inform yourself about nuclear rocket projects in past and present.

8. Give advantages and drawbacks of sun sailing.

9. Explain the physical principles of solar radiation pressure.

10. What is the minimal power of as potlight (egtorch) being operated to generate a thrust of?
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4. TEST: MATCH THE WORDS

1. bipropellant 1. JBYXKOMITIOHEHTHOE PaKETHOE TOTLIMBO
2. play a special role 2. azotr

3. thrusters 3. ammmak

4. ammonia 4. BOmOpOA

5. nitrogen 5. nBurarenn

6. hydrogen 6. wurparot ocoOyro poib
7. thermonuclear 7. U30TOIbI

8. propellant 8. pagmoakTHUBHEII

9. radioactive 9. paaMOHYKIUIBI

10. isotopes 10. pakeTHOE TOILIMBO
11. radionuclides 11. TepmosiiepHBIit

12. uranium 12. ypan

5. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1.Propulsion Systems still play a special role for attitude and orbit control of small satellites.

2. These thrusters are also used for attitude control after separation of the solid propellant boosters.
3 Thermonuclear propulsions utilize the binding forces of protons and neutrons in atomic nuclei.
4. Radioactivity is a property of radionuclides, so-called isotopes, of certain chemical elements.

5. The use for propulsion purposes failed, due to the weight of the installations with relatively low
thrust and environmental compatibility.

1. I[BYXKOMHOHCHTHI)IG ABUTaTCJIbHBIC YCTAHOBKHU. CCI‘OI[HFI OTHU CUCTCMBI ITO-MIPCIKHEMY UT'PAIOT
0CO0YIO POJIb B YIIPABJICHUU OPUEHTAIMEH U OPOUTON MallbIX CIyTHUKOB.

2. PaZII/IoaKTI/IBHOCTI) — CBOMCTBO PAAVOHYKIIN0B, TaK HA3bIBACMBIX M30TOIIOB HEKOTOPBIX
XUMHUYCCKUX DJICMCHTOB.

3. TepMosmepHLIe ABUTATCIIN UCIIOJIb3YIOT CHUJIBI CBA3U IIPOTOHOB U HeﬁTPOHOB B ATOMHBIX Apax.
4. D1u pa3roHHbIe OJIOKU JBUTATENS TAK)XKE UCIIOJIb3YIOTCS U1 OPUEHTALUH 110CIIE OTAETICHUS
TBCPAOTOIUIUMBHBIX YCKOPUT eJIeH.

5. Mcnionp30BaTh B IBUTATENBHBIX LIESAX HE YAAIOCh U3-3a BECA YCTAHOBOK, CPABHUTEIIBHO
HEOOBIION TATH U DKOJIOTHYHOCTH.

Tasks:
1.Write the abstract (consult phrases 56-62)
2. Play out the conference
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0.10. UckaHpapoBa

MISSIONS

Unit 4

Missions Velocity demand

1. TOPIC VOCABULARY [1; 3; 6]

American
British BrE AmE

1. celestial body st'lestral so'lest/1 1. nebecHoe TeNO
2. surround so'ravnd - 2. OKpyXarb
3. perform po'fom por forrm 3. BBINIOJIHATH, COBEPIIATH
4. torequire 1 'kwaro 11 kwaror 4. 3ampamuBarhb
5. the result of 11 zAlt 11 ZAlt 5. B pesynbrare
6. celestial bodies st'lestrol ‘'bodiz  so'lestfl 6. HeOecHbIC TeNa

‘ba:diz
7. to reach a planet rictf - 7. IOCTHUTaTh IUIAHETHI
8. aspace probe speis provb - 8. KocMmuyeckuit 30H]1
9. transition treen'zif.on treen'zifn 9. mepexon
10. hyperbolic approach ~ haipa'bolik harpor'ba:lik  10. runep6onuueckuit
11. path pa: paxb 11. TpaekTopus
12. relatively ‘relotivit - 12. oTHOCUTENBHO
13. expense 1k'spens - 13. pacxon, U3IepKKH
14. avoid o'void o'vord 14. uzberarp, YKIOHSTHCS
15. propulsion pra palf(o)n pra'palfn 15. peakTUBHOE JBUKEHHE
16. perihelia perrt hi:ljo - 16. nepurenmii

2. READ AND TRANSLATE THE TEXT

Every celestial body is surrounded by a gravitational field. To leave the gravitational field physical
work must be performed. This means that energy is required. The physical situations of our
astronomical environment are the result of the following energy states E in the gravitational field of
individual celestial bodies.

To reach a planet or moon from Earth, a space probe has to be injected at least into a parabolic orbit
around the planet or moon. The braking manoeuvre (at the pericentre, column for a transition from
the hyperbolic approach path into a parabolic orbit is shown in column. The total energy required is
shown in column. A relatively great expense is striking at Mercury. This problem (Hohmann
transfers) is avoided by the use of electrical propulsions for continuous use and spiraling to approach
Mercury’s orbit (planned mission of ESA: Bepi Colombo).

To fly from the Earth into the Sun nearly the total velocity of the inhabited spacecraft Earth must be
decelerated. During a flight time of nine weeks a perihelia of 600 000 km could thus be reached and
the total mass of the mission would evaporate by the solar heat. Such a mission is not possible with
the today’s propulsion systems. The European Space Agency (ESA) has commissioned a solar-near
mission [5].
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3. ANSWER THE FOLLOWING QUESTION

1.  What historical and current space missions do you know?

2.  Why planet Mercury is more difficult to reach to perform scientific investigations of its surface
than the dwarf planet Pluto?

3. Give the reasons why planet Pluto has been classified as a dwarf planet.

4. What is the problem of escape from a planet by a rocket?

5. Define the terms ‘apo-luneum’ and ‘peri-luneum’.

6. What is the purpose of the celestial coordinate system?

7. By which numbers a point is specified within a spherical coordinate system?

8. What measurements have been carried out to determine if and when the VVoyager 1 space probe

reached the interstellar medium?
9. Give the extend of the solar system.
10. Which objects orbit the Sundirectly and which indirectly?

4. TEST: MATCH THE WORDS

. celestial bodies
. toreach a planet
. aspace probe HeOecHBIC Tela
9. transition OKpYXarTb
10. hyperbolic approach 10. oTHOCUTENBHO

KOCMHUYECKUN 30H]]
HeOeCHOE TeJI0

1. celestial body B pe3yJbTare

2. surround BBITIOJTHATH, COBEPLIATH
3. perform runepOoIMIeCKuit

4. to require JOCTHTaTh IJIAHETHI

5. the result of 3ampaninBaTh

6

7

8

CRXRAANBERD =

11. path 11. nepexon

12. relatively 12. Tpaexropus

13. expense 13. pacxon, u3iepKKu

14. avoid 14. u3berarp, yKIOHATHCS
15. propulsions 15. peakTUBHOE JIBI>KCHHE
16. perihelia 16. nepurennit

5. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. To reach a planet or moon from Earth, a space probe has to be injected at least into a parabolic
orbit around the planet or moon.

2. A relatively great expense (Hohmann transfers) is avoided by the use of electrical propulsions for
continuous use and spiraling to approach Mercury’s orbit

3. During a flight time of nine weeks a perihelia of 600 000 km could thus be reached and the total
mass of the mission would evaporate by the solar heat.

4. Such a mission is not possible with the today’s propulsion systems.

5. The European Space Agency (ESA) has commissioned a solar-near mission.

1. Takas MuccUSI HEBO3MOXKHA C CCTOAHAITHUMU OIBUTATCIIBHBIMH YCTAHOBKAaAMMU.

2. Takum oOpa3oM, 3a IeBATh HEJEIb MoJeTa MOXHO Obu10 JocThyb nepurenus B 600 000 kM, u Bes
Macca MHUCCHH HUCITapuIaCb OBl 1101 HeﬁCTBHeM COJIHEYHOI'O TEIlJ1a.

3. HCpCMCIJ_ICHI/Iﬁ MO>KHO H30€XKaTh 3a CYET UCIHOJIH30BaHM QJICKTPUYICCKUX ,Z[BHPaTeJ'Ieﬁ P
HENpPEePBIBHOIO UCIIOJIb30BAaHUS U BPALLIEHUS 0 CIUPAIIH ISl NpuOIKeHus K opoutre Mepkypus

4. EBpornetickoe kocmuueckoe areHTcTBo (EKA) 3akazano muccuto BOau3u CounHia.
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5. qTO6BI AOCTHUYb IJIAHCTHI UJIN JIYHBI C 3CMJII/I, KOCMHUYECKUH 30HA JOJIX)KEH OBITh BBIBCICH XOTA
OBl Ha TapabOIMIECKYI0 OPOUTY BOKPYT TUTAHETHI WUJIH JIYHBI.

Tasks:
1.Write the abstract (consult phrases 56-62)
2. Play out the conference
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0.10. UckaHpapoBa

ENERGY SOURCES

Unit S

Energy Sources Thermonuclear Energy Sources

1. TOPIC VOCABULARY [1; 3; 6]

British BrE American AmE
1. energy supply ‘enord3r so'plar  ‘enord3r sa'plar 1. sHeprocHabxeHue
2. control unit kon'troul ju:nit  kon'troul ‘juinit 2. OJIOK yIpaBJICHHS
3. approximately o'proksimatli o'pra:ksimotli 3. TpuOIU3UTETHHO
4. application aeplr ' kerf(o)n apli ' kern 4. TpuUMEHEHHue, MPUIOKCHHE,
3asBKa
5. satellite ‘'setolart. konsto  ‘satolart 5. chnyTHHKOBas IpyniupoBKa
constellation ‘lerf(o)n Jka:nsta'lerfn
6. chemical fuel ‘kemik(o)l fjual  ‘kemikl "fju:al 6. XuMHYecKoe TOIUIHBO
7. thermodynamic .03:movdar na 7. TEepMOAMHAMHYECKOES
energy supply miks enord31 HHEProcHa0KeHUE
sa'plar
8. nuclear fuel ‘nju:kls fjoal ‘nu:klor ‘fju:el 8. snmepHoe roprodyee, siepHOe
TOTIJIMBO
9. fossil fuels fos(o)l "fju:al fa:sl "fju:al 9. HCKOMaemMoe TOILIUBO
10. lignite 'lignart - 10. nurHuT, Oypslid yroiab
11. crude kru:d - 11. ceipoii, HEOUHNILIEHHBIH,
CBIpBE
12. peat pi:t - 12. Topd, 6puket Topda
13. straw stro: - 13. conoma
14. source SOrs SN 14. crient. KICTOYHUK (PHEPTHH,
NUTaHUA); QU3. U3TydaTeib
15. space applications  speis .eplr'kerfn 15. xocMuueckas TEXHUKA,
epli 'kerf(o)n MPUMEHEHUE KOCMHYECKOMN
TEXHUKU
16. unmanned ,An ' mand - 16. 6ecIIIOTHBIH,
aBTOMAaTHYECKUI
17. manned mission mand mifn - 17. nunotupyemslii TOJET
18. permit por'mit - 18. pa3peuenue, MPOITYCK,
yTEeBKa, MO3BOJISTH,
pasperiarh, JOMycKaTh
19. viable deployment 'varabl - 19. xu3HecnocoOHOE
dr'ploimant pa3BepThIBaHUE
20. cogeneration unit  ‘kovdzenorern - 20. ycTaHOBKa
juintt KOMOWMHUPOBAaHHOU
BBIpa0OTKH TEIJIOBOM U
AIIEKTPUYECKOHN SHEPTHH
21. carrying electrode  ‘kermy - 21. TOKOTIOABOASIIIHI DIIEKTPOT
1'lektroovd
22. converted kon'v3:tad - 22. nepeaenaHHbIH,
nepeoOopyI0BaHHBIN
23. high efficiency har 1'fifnsr - 23. BhICOKasi  KBaMu(UKaIus;
BBICOKOA((EKTUBHBII
/)
H AQ E\VI http://izd-mn.com/ 21



Developing translation skills of scientific texts in cosmonautics in American literature
CoBeplIEHCTBOBaHME HABbIKOB NepeBoa Hay4HbIX TEKCTOB N0 KOCMOHaBTUKE 0.10. UckaHpapoBa
B aMepUKaHCKOW1 NnTepartype

24, referred ro'f3:d - 24. oTpakxeHHBIN

25. buggy ‘bagr - 25. komscka, kabpuoser

26. recharging i tfa:dzm 11 tfa:rdzm 26. nepe3apsiaka

27. specifically spa 'sifikalt spr1 sifiklt 27. KOHKpETHO, OCOOCHHO, a
UMEHHO

28. hydrogen-oxygen  ‘hardrodz(o)n’ ‘hardradzon 28. BOIOPOIOKHUCIOPOTHBII

a:ksidzon ‘a:ksidzon

29. platelet coated ‘plettlit "kout ‘plettlot kout 29. MOKPHITHIN TJIACTUHKAMHU

30. layer ‘lero ‘letor 30. croii; miacT; psi

31. saturated ‘seetforertid - 31. HaCBHIILIEHHBIH,
IIPONUTAHHBIN

2. READ AND TRANSLATE THE TEXT

In this chapter the sources for energy supply of on-board systems of spacecrafts are described. The
energy sources of propulsion systems were already described in Chapter 3. Every satellite has an
electric energy supply for instruments und control units. The board voltage is approximately 30 V
direct current. Because there are no standards, applications from 16 V (satellite constellation
Globalstar) up to more than 70 V are well-known. The potentially usable energy sources can be
roughly divided into three groups.

— Chemical fuels

— for thermodynamic energy supply (thermal combustion).
— for electrochemical energy supply (cold burning).

— Nuclear fuels

— for nuclear fusion.

— for nuclear fission.

—Solar cells

Steam power plants for energy supply

In steam power plants the steam is generated in the boiler, then relaxed in a turbine and liquefied in
the condenser. The condensing temperature is selected to be high, that the heat to be removed is being
able to be used for heating purposes, e.g. within a district heating systems (power-heat coupling). In
large-scale power plants the waste heat is removed unused by cooling towers or disposed of with the
river water.

The terrestrial output of steam power plants is more than 80 % of the worldwide electrical energy
produced. For this purpose fossil fuels (hard coal, lignite, crude oil, natural gas, peat), nuclear fuels
(uranium, plutonium), and regenerative heat sources (wood, straw, thermal solar energy) serve as a
source of heat. For space applications these facilities are eliminated because power density and
reliability is too low for a large number of mechanically moving parts.
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In space technology special energy sources are often used to ensure specific requirements concerning
high energy density and reliability which are not used in a terrestrial environment for cost efficiency
reasons. Typical examples of applications are solar cells and radioisotope thermoelectric generators
(RTGs) for unmanned missions and fuels cells for manned missions. Meanwhile, the production costs
for solar cells and fuel cells were reduced to a range which permits an economically viable
deployment for terrestrial applications, such as commercial vehicle drives or cogeneration units.

Batteries are electrochemical (galvanic) elements, in which a chemical reaction takes place spatially
separated in two separate reactions at current carrying electrodes (anode and cathode). In this
process, the energy of formation of the reactants is directly converted into electrical energy with
high efficiency.

The negative electrode is referred to as anode und the positive electrode is referred to as cathode.
Within the electrolyte the positive anions move towards the anode and the negative cations move
towards the cathode.

Galvanic elements with an unidirectional reaction process are designated to as primary systems. In
different galvanic elements chemical reactions can also be reversed by reversing the polarity of the
electrodes. This property is used for energy storage in secondary cells, so-called accumulators. The
two batteries of the moon buggy were such a secondary system (silver-zinc). They were used as
primary system without recharging.

More specifically, combustion reactions take place in fuel cells. The idea to keep on delivering
electric energy from a galvanic cells by means of electrochemically active substances for an unlimited
period of time is attributed to William Robert Grove who engineered hydrogen-oxygen fuel cells in
1839. Modern works started around 1950 and boomed as galvanic systems with high energy densities
were sought for space ap Direct conversion of solar energy into electric energy is achieved by solar
cells. In the year 1954 a method for the production of solar cells was discovered by the Bell Telephone
Laboratories in the USA. A thin silicon platelet coated with a much thinner layer of silicon saturated
with Boron converted the sunlight impinging upon it directly into electricity. A large number of
photovoltaic cells are used to build up a solar cell. Incident photons of the light cause a separation of
positive and negative charges in these cells. The voltage generated impels the so-called photon-
induced current by which the cell produces its power. This leads to an increase of the energy yield by
an increasing intensity of the solar radiation. A number of solar cells are assembled to solar batteries
or solar generators. Best solar cells are made of monocrystalline silicon or gallium arsenide with an
efficiency of over 30 %. In the past, solar cells were rigid panel components. Today, cost-effective
manufacturing of solar cells in the form of lightweight and flexible foils is possible.

Originally developed for space flight, solar cells were used at first in the field of entertainment and
consumer electronics. Today, solar cells are used mainly as power sources in the area of mobile
appliances. Traffic guidance systems and lightning systems on motorways are supplied by solar cells,
and some public street lightnings.

Throughout the world, there are a number of research projects with solar power plants, solar cars, and
solar airplanes. Currently, the construction is uneconomical because of excessively higher investment
costs. By progressive development in semiconductor technologies and decreasing production costs in
solar technologies the generation of electricity by large-scale of solar cells becomes more attractive.
The development, production, and the use of solar cell panels, associated with the related fields of
semiconductor technology and solid-state chemistry, are referred collectively to as photovoltaics [5].
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3. ANSWER THE FOLLOWING QUESTION

1. What energy sources of on-board energy supply systems of spacecrafts do you know?
2. Give advantages and drawbacks of radioisotope thermoelectric generators.
3. Why are fuel cells not used for energy supply of satellites?
4. Why are lithium batteries increasingly used for energy supply?
5. How does the thermoelectric technology work?
6. How can the Peltier effect work?

7. Name the three laws of thermoelectricity.

8. How does solar thermal energy get converted into electricity?

9. What is the meaning of thermal electricity?

10. What, in any case, does ‘thermal’ mean?

4. TEST: MATCH THE WORDS

1. energy supply 1. OecnuIOTHBINA, AaBTOMATUYECKHUI

2. control unit 2. ONOK ympaBieHHs

3. approximately 3. BOJOPOIOKHCIOPOIHBIH

4. application 4. BbICOKas IPOU3BOIUTENBHOCTh; BBICOKAs KBaJU(UKALMS;
BBICOKOA(()EKTHBHBII

5. satellite constellation 5. ’ku3HEeCmocoOHOE pa3BEPTHIBAHKE

6. chemical fuel 6. uckomaemoe TOILTUBO

7. thermodynamic energy 7. Koiscka, KaOpuoieT

supply

8. thermal combustion 8. KOHKpEeTHO, 0COOEHHO, @ UMEHHO

9. nuclear fuel 9. KOoCMHYECKast TEXHUKa, IPIMEHEHHE KOCMUYECKON TEeXHUKU

10. fossil fuels 10. nuruuT, OypsIid yroib

11. lignite 11. HaCBIIEHHBIN, TPOITUTAHHBIN

12. crude 12. oTpaxeHHBII

13. peat 13. nepenenanHplii, IEPeOOOPYIOBAHHBIN

14. straw 14. nepesapsaka

15. source 15. nunotupyemeblil oJIEeT

16. space applications 16. OKPBITHIN IIIACTUHKAMHU

17. unmanned 17. npubnu3uTenHHO

18. manned mission 18. npuMeHeHne, IpUIIOXKEHNE, 3asBKa

19. permit 19. paspemienne, OPoONmycK, IyTeBKa, IO3BOJIATh, pa3peliarh,
JIOITyCKAaTh

20. viable deployment 20. croif; mact; psag

21. cogeneration unit 21. conoma

22. carrying electrode 22. cnenl. UCTOYHUK (SHEPTHH, MUTaHU); HU3. U3TydaTesb

23. converted 23. cnyTHHMKOBAsI TPYIITUPOBKA

24. high efficiency 24. cpIpoii, HEOUHILIEHHBIH, IPYOBIi, ChIpbE

25. referred 25. TerioBOe CropaHue

26. buggy 26. TepMOAMHAMUYECKOE YHEPTOCHAOKEHHE

27. recharging 27. TOKONOJABOASAIIUI IEKTPO.T

28. specifically 28. Topd, 6puket Topda, TopdsHON

29. hydrogen-oxygen 29. ycTaHOBKAa KOMOWHUPOBAaHHOW BBIPAOOTKH TEIUIOBOM W
AIEKTPUYECKOMN SHEPTHH

30. platelet coated 30. XUMHUYECKOE TOTUTHBO

31. layer 31. sHeprocHabxeHue

32. saturated 32. sepHoe roprouee, siIepHOE TOILIUBO

/)
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5. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES
1. Every satellite has an electric energy supply for instruments und control units.

2. The potentially usable energy sources can be roughly divided into three groups. (Chemical fuels,
(thermal combustion, cold burning), Nuclear fuels (for nuclear fusion, for nuclear fission), Solar
cells).

3. In large-scale power plants the waste heat is removed unused by cooling towers or disposed of with
the river water.

4. In space technology special energy sources are often used for cost efficiency reasons.

5. Typical examples of applications are solar cells and radioisotope thermoelectric generators (RTGS)
for unmanned missions and fuels cells for manned missions.

1. Kaxzaplii COyTHUK HMEET HCTOYHUK OJJIEKTPUYECKOW HHEpruu sl MpUOOpPOB U OPraHoB
yIpaBiICHUS

2. B KOCMHYECKOW TEXHHKE YacTO WCIOJB3YIOTCS CICIHAIbHbIC WCTOYHUKH JHEPTHUH  I10
COOOPaKEHHUSIM YIKOHOMHYECKOH 3(PPEKTHBHOCTH.

3. TloTeHIMaNbHO MOJNE3HbIE MCTOYHUKH SHEPTUU MOXKHO YCIOBHO DPa3JeliuTh Ha TPU TPYIIIBL:
Xumuueckoe monauso (TEIUIOBOTO CXKHTaHHs, XOJOTHOTO CXHraHus), fAdeprnoe monauso (s
SJIEPHOTO CUHTE3a, I sinepHoro aenenus) u Conneunvie bamapeu.

4. B KoCcMUYECKHX IMPUIIOKCHUAX 3TU CPCACTBA OTCYTCTBYIOT, IOCKOJIBKY YACJIIbHAA MOIMIHOCTL U
HaACKHOCTh CIIMIIIKOM HHU3KH IJIA OOJIBIIIOT0 KOJIMYECTBA MEXaHUUCCKH ABUXKYIIUXCA qacTei.

5. TunuyHbBIMH NIpUMEpPaMU MPUMEHEHHUS SBIIOTCS COJIHEUHBIE JJIEMEHTHI U PaJAMOU30TOIHBIE
TepMmoasiekTpuueckue reaepatopsl (PTTY) ns 6ecnioTHBIX TOJIETOB M TOIUTMBHBIC AJIEMEHTHI IS
MMHJIOTUPYEMBIX I10JIETOB.

Tasks:

1. Write the abstract (consult phrases 56-62)
2. Play out the conference
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Unit 6
Energy Storages Electrochemical Storages

ENERGY STORAGES
1. TOPIC VOCABULARY [1; 3; 6]

British BrE American AmE
1. permanently ‘p3:m(a)nantl ‘p3:rmanantlt 1. mocrosiHHO, HaJ0Iro,
NEPMaHEHTHO, HEMPEPBIBHO,
HEU3MEHHO
2. available o'verlob(9)l o verlabl 2. JOCTYIHBIH,  HMMEIOIIHIC,
HaJIMII0O, HWMCIOIIUMCI B
HAJIUYUU
3. intermediate .t 'mi:drot .ntor 'mi:diot 3. MPOMEXYTOYHBIH, CpEIHHUH,
MPOMEKYTOUHOE 3BEHO
4. storage 'sto:rid3 sto:rid3 4. XxpaHcHHE, XPaHWJIHIIIE,
CKJIag, MaMsITh,
3allOMUHAIOIIEE YCTPOUCTBO,
HAKOIIJICHHE
power failure ‘paver| ‘ferljor ‘pavaer feiljor OTKJIFOYCHHE ICKTPUICCTBA
caused ka:zd - BBI3BaHHBIH, 00YCIIOBICHHBII
7. unforeseen anfo:r'si:n - 7. HenpeIBHICHHBIH, HE
MpPelyCMOTPEHHBII
8. event 1'vent - 8. coOnITHE, ciyJau,
MPOUCIIECTBUE, PE3YNbTaT,
MCXOJT
9. circuit 's3:rkit - 9. cxema, LICTb, KOHTYD,
Kpyroo0opoT, LIUKJ, CETh
10. exposure 1k 'spou3zer - 10. BeIAEpXKKA, JKCIIO3ULUA,
nmoJiBepranue, pazobaaueHue,
BBICTABKa, HE3AIUIIEHHOCTh
11. supply sa plar - 11. nmocraska, NUTaHUeE,
MOCTaBJIATh, CHAOXKAIOLIHIA,
ru0Ko
12. reliable 11 larab(9)l 11 larobl 12. HafexHbIM,  JOCTOBEPHBIH,
IIPOYHBIN, 3aCITy’KMBAOIUN
JIOBepHsl, OJIaroHaaeKHbIN
13. access ‘aekses - 13. noctyn, mTpoxom, TMOAXO,
BBIOOpKa, MIPUITAJIOK,
oOpatarbcsi, UMETh JOCTYTI
MMOAXOISAIINH,
COOTBETCTBYIOLIHIL; (TIPH)ro
ITHBIN
15. current ‘kar(o)nt ‘k3:ront 15. Texymuid, COBpPEMEHHBIH,
TENEPEeIIHUN, XOAI4nM, TOK,
TeueHHe, IOTOK, CTPYs, XOJ
16. powering ‘pavarin - 16. npuBOAUTH B JCHCTBUE WIH
JIBIKEHUE, CITY)KUTh
MIPUBOAHBIM JIBUTATEIIEM

b
o

a
4

14. suitable ‘su:tob(9)l ‘su:tobl 14

s
=

“m http://izd-mn.com/ 26



Developing translation skills of scientific texts in cosmonautics in American literature
CoBeplIEHCTBOBaHME HABbIKOB NepeBoa Hay4HbIX TEKCTOB N0 KOCMOHaBTUKE
B aMepUKaHCKOW1 NnTepartype

0.10. UckaHpapoBa

17. flywheel flarwi:l - 17. MaxoBHK, MaXOBO€ KOJIECO

18. torque tok to:rk 18. xpyTsamuii MOMEHT,
BpaILArOIIU I MOMEHT,
3aKpy4HBaTh

19. occur o'ks: o'ksrr 19. mpoucxoauTh, BCTpPEYATHCS,
UMETh MECTO

20. charging ‘tfa:dzm ‘tfa:rdzm 20. 3apska, 3apsAaHBIN,

21. propulsion pra'palf(e)n pra'pal/n 21. nBUTaTeNbHAasl YCTaHOBKA

system ‘sistom
22.energy  storage ‘enoad3r ‘storridz  densotr 22. JIOTHOCTH HAKOTUICHHSI
density ‘densitr SHEpPIruu

23. approximately o 'proksimatli o 'pra:ksimatli 23. mpuOIU3HUTEIIBHO,
MPUOIMIKEHHO, IIOYTH,
OpPUEHTUPOBOYHO

24, rotationally - - 24. BpamiarenbHo,
BpalllaTeIbHYIO

25. rechargeable 11 tfa:rdzobal - 25. nepe3apsKacMbIi

26. established 1 steblift 26. yCTaHOBIICHHBIIA,
IIPU3HAHHBIN, aBTOPUTETHBIN

27. stored sto:d ‘sto:rd 27. o0ecIeueHHbIH,
CHAOXKEHHBIN (YEM-II.)
- XpaHsmmiics (B 3amace),
HAKOIUICHHBIN, 3aITacEHHbBIN

28. sealed si:ld - 28. 3aneyaTaHHbIH,
FePMETUYHBIH,
repMETU3UPOBAHHBIIH,
repMETUYECKUM,
3aJIeJIaHHBIN

29. maintenance ‘meint(o)nans ‘meintonons 29. obcmykUBaHUE,
noJepKaHue, ColepKaHue,
PEMOHTHBIN

30. requirement 1 kwarom(o)nt  r1'kwarormont 30. TpeboBaHue, MOTPEOHOCTD,
HE00XoanuMoe yCIJIOBHE,
HYXa

31. generator ‘dzenarerto ‘dzenorertor 31. reneparop, HPOU3BOAUTEND,
TEHEPATOPHBII

32. shadow Jedov - 32. TeHb, MpU3pakK, MpaK,
MoNlyMpaK, HaMmeK, MOKpOB,
3aTEHSTH, oMpayvarsb,
OCEHSITh, IPE/IBEIIATh

33. equinox 1:kwinpoks ‘Tkwima:ks 33. paBHO/IEHCTBHUE,
paBHOJEWCTBUE

34. particularly po tikjolal por tikjolorh 34. ocoOeHHO, B YAaCTHOCTH, B
0COOEHHOCTH

35. propellant pra'pel(o)nt pro pelont 35. paketHoe TOIUINBO,
METAaTeJIbHBIN, IBUKYIIUI

36. oxidation pksrt'derf(o)n .akst'derfn 36. oxucnenue

37. hydrogen ‘hardradzon ‘hardradzon 37. Bogopon

38. methane ‘mebein 38. MeTaH, 0OIOTHEIM ra3

39. oxygen ‘a:ksidzon ‘a:ksidzon 39. KHCI0pOA, KUCIOPOTHBII

40. purpose p3:pas 'p3:rpas 40. e, Ha3HA4YCHUE,
HaMEpeHUe
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41. storage life ‘sto:ridz larf - 41. cpok TOAHOCTH npu
XpaHEHUH

42. boil-off rate boil o:f rert - 42. cKOpPOCTh BbIIApUBaHUS

43. hydrazine ‘hardrozi:n - 43. ruapazuH, TUaMH]I

3. READ AND TRANSLATE THE TEXT

In the event that sources of energy are not permanently available (e. g., the satellite passes through
the Earth’s shadow), an intermediate storage of energy is necessary during the period of power failure.
This power failure could also be caused by sudden, unforeseen events. For example, a short circuit
which may arise in connection to high radiation exposure at the time of sunspot maxima. For this
case, an emergency power supply must have reliable access to suitable energy storages.

Mechanical Fly wheels

Electric energy can be stored in the rotating mass of mechanical flywheels as rotational energy. For
charging, the polarity of the current generator is reversed and acts powering as an electric motor on
the flywheel mass. Torques occur during charging which have to be compensated by the propulsion
system.

The energy storage density is limited to approximately 10 Wh - kg—1 by the mechanical strength of
the parts. Here, numbers of revolutions of over 30 000 rpm are necessary. Residual friction of the
magnetic bearing flywheel masses and moving parts reduce reliability, and thereby the use is limited
to special applications in space flight. Flywheels are being used with increasing frequency for attitude
stabilization of rotationally symmetric satellites.

Electrochemical Storages

Electrochemical storages are rechargeable galvanic elements (accumulators and secondary elements).
To supply satellites with energy, a combination of solar cells to convert energy and storage batteries
has become established. Photovoltaic solar cells are used as energy converters to convert light energy
into electrical energy. The electrical energy is then stored in sealed and maintenance-free storage
battery systems. A long lifespan is the most important characteristic.

Storage battery systems are selected according the requirements which arise from the use of the
specific satellite. GEO satellites mostly have nickel-cadmium accumulators. They bridge downtimes
of the solar generators (maximum of 70 min) when the satellite passes through the Earth’s shadow
during the equinox in spring or autumn. Meanwhile, nickel-metal hydride accumulators with a d. c.
voltage of 1.5 V, and lithium-ion batteries with a d. c. voltage of 3.6 V-3.7 V have been developed
for environmentally friendly terrestrial applications without cadmium.

Chemical Propellants

Above all, mass and volume related energy density and storage life are particularly important for the
use of chemical propellants as energy storage. The highest energy densities occurs during oxidation
of light metals (Li, Be, B, Mg, Al) with oxygen, ozone, and fluorine. Due to difficult handling and
toxicity only systems are generally used with a lower energy density. The storage of cryogenic
propellants (hydrogen, methane, and oxygen) is suitable for this purpose. The storage life is limited
to several weeks or months due to the loss of heat insulation and the resulting boil-off rate. A long-
term storage of propellants is possible at room temperature. Hydrazine, its derivatives MMH, UDMH,
and hydrocarbons can be stored over years [5].
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4. ANSWER THE FOLLOWING QUESTION

1. What energy storage systems of space applications do you know?

2. Give advantages and drawbacks of lead-acid accumulators.

3. What form of energy is stored in a mechanical flywheel?

4. Give other important characteristics of battery systems used for satellites?

5. What is the reason for the different voltages supplied by secondary systems?
6. What is the difference between secondary cells and primary cells?
7. Give the reason for the different charge cycles of secondary systems.
8. What do the abbreviations MMH and UDMH stand for?
9. Which components the Aerozine 50 propellant consists of?
10. Give the reason for the longshelf life of hydrazine and hydrocarbons

5. TEST: MATCH THE WORDS

1. permanently 1. Bomopon

2. available 2. BpamareabHO, BpaIlaTeIbHYIO

3. intermediate 3. BBIIEPKKA, SKCIIO3UIUS, TOJIBEpraHue, pa3odIauyeHue, BHICTABKa,
HE3alUIIEHHOCTh

4. storage 4. BBI3BaHHBIN, 00YCIOBICHHBIN

5. power failure 5. reneparop, mIpOU3BOIUTEIH, TCHEPATOPHBII

6. caused 6. rugpasuH, TMaMUI

7. unforeseen 7. nBUrareiabHas yCTaHOBKA

8. event 8. nmoctym, mpoxox, MOAXON, BBIOOpKA, MPHUMANOK, OOpamiarhces,
HUMETh JI0CTYII

9. circuit 9. NOCTYIHBIM, MMEIOIIUNCSA, HAIMIO, UMEIOUINICS B HAIUYUH,
HAJIMYHbBIN

10. exposure 10. 3ameuaTaHHBIN, TEPMETHUYHBIH, repMETU3UPOBAHHBIMN,
FEPMETUYECKUI, 3aJ€TaHHbIN

11. supply 11. 3apsinka, 3apsIHBI,

12. reliable 12. kucnopos, KUCIOPOAHBII

13. access 13. kpyTALIMil MOMEHT, BpAIlAOIIANA MOMEHT, 3aKpy4UBaTh

14. suitable 14. Max0oBHK, MaxoBO€ KOJIECO

15. current 15. meTaH, OOJOTHBIH ra3

16. powering 16. HagEeKHBIM, TO0CTOBEPHBIN, IPOUYHBIHN, 3aCTYKUBAIOIIUN 10BEpHS,
OnmaroHa/1exKHbIN

17. flywheel 17. HenpeBUEHHBIN, HE TPEYyCMOTPEHHBIN

18. torque 18. obecrieueHHbIH, cCHAOKEHHBIN (UeM-I1.); XpaHsIIuiics (B 3amace),
HaAKOIUICHHBIM, 3aImacéHHBIN

19. occur 19. oGcnyxuBanue, MoaepKaHue, CoaepKaHue, PEMOHTHBIN

20. charging 20. okucieHue

21. propulsion system 21. 0ocobeHHO, B YaCTHOCTH, B OCOOCHHOCTH

22. energy storage 22. OTKIIFOUEHHE HIICKTPUUYECTBA

density

23. approximately 23. mepe3apsiKaeMblit

24. rotationally 24. IIOTHOCTh HAKOIUIEHUsI SHEPTUU

25. rechargeable 25. noaxoAsmui, COOTBETCTBYIOIINIA; (ITPH )rOAHBII

26. established 26. mocraBKa, MUTaHKE, IOCTABIIATh, CHA0XKAIOIIHMH, THOKO

27. stored 277. NOCTOSHHO, HAJ0JT0, IEPMAaHEHTHO, HENIPEPHIBHO, HEU3MEHHO

28. sealed 28. mpubIM3KUTENBEHO, TPUOIMKEHHO, TOYTH, OPUEHTUPOBOYHO

/)
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29. maintenance 29. npUBOANUTH B ACWCTBUE WIM JBUKEHHE; CIY)KUTh INPUBOAHBIM
JIBUTATEJIEM

30. requirement 30. npoucxoauTh, BCTpEUaTbcs, UMETh MECTO

31. generator 31. NpOMEKyTOUYHBIH, CpEeIHUI, MIPOMEKYTOUHOE 3BEHO,
MOCPETHUYATh, BMEIITUBATHCS

32. shadow 32. paBHOJICHCTBHE, PABHOJCHCTBUE

33. equinox 33. pakeTHOE TOITMBO, METATEIIbHBIN, ABUKYIIUN

34. particularly 34. cKOpOCTh BBITTAPUBAHUS

35. propellant 35. coOwITHE, CITydail, MPOUCIIIECTBUE, PE3YIIBTAT, UCXOT

36. oxidation 36. CPOK TOMHOCTHU NPU XPaHECHUH

37. hydrogen 37. cxema, 1iellb, KOHTYP, KPyrooOOpoT, ITUKJI, CETh

38. methane 38. Texymuii, COBpEeMEHHbIN, TENEPEITHUM, XOASYNI, TOK, TEUCHUE,
MOTOK, CTPYs, X0

39. oxygen 39. TeHp, mpuU3paK, MpaK, MOJyMpaK, HAMEK, MOKPOB, 3aTCHSTh,
oMpayarb, OCEHSTh, IPEIBEIIATh

40. purpose 40. TpeboBaHue, TOTPEOHOCTH, HEOOXOIMMOE YCIOBUE, HYXK/1a

41. storage life 41. ycTaHOBJIEHHBIH, IPU3HAHHBINA, aBTOPUTETHBIN

42. boil-off rate 42. XpaHeHHe, XpaHWIWIE, CKJIaJd, NaMsATh, 3allOMHHAIOIISE
YCTPOMCTBO, HAKOILJICHHE

43. hydrazine 43. 11enp, Ha3HAYCHUE, HAMEPECHUE

6. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. In the event that sources of energy are not permanently available, for example when the satellite
passes through the Earth’s shadow, an intermediate storage of energy is necessary.

2. During the period of power failure case an emergency power supply must have reliable access to
suitable energy storages.

3. Storage battery systems are selected according the requirements which arise from the use of the
specific satellite.

4. GEO satellites mostly have nickel-cadmium accumulators which bridge downtimes of the solar
generators (maximum of 70 min) when the satellite passes through the Earth’s shadow during the
equinox in spring or autumn.

5. The storage of cryogenic propellants (hydrogen, methane, and oxygen) is suitable for this purpose
the storage life is limited to several weeks or months due to the loss of heat insulation and the resulting
boil-off rate.

1. CucteMbl akKyMyJISTOPHBIX OaTapeil moaduparoTcsi B COOTBETCTBUH C TPeOOBaHUSIMHU, KOTOPHIE
BO3HHUKAIOT B CBSI3M C HCIIOJIb30BAHNEM KOHKPETHOTO CIIyTHHKA.

2. Conyraukn GEO B OCHOBHOM MMEIOT HHKEINb-KaJIMUEBbIE aKKyMyJIsTOpbl. OHH KOMIIEHCHPYIOT
IIPOCTOM COJTHEUHBIX T€HEPaTOPOB (MakcuMyM 70 MUH), KOT1a CIyTHUK NMPOXOJIUT Yepe3 TeHb 3eMIIn
BO BpEMSI BECEHHETO WJIM OCEHHETO PAaBHOJEHCTBHS.

3. B cnydae, ecny MCTOYHUKH SHEPIMM HEIOCTYIIHBI IIOCTOSHHO, HAIlPUMEP, CITYTHUK MPOXOIUT
yepe3 TeHb 3eMJIM, HEOOXOAMMO MPOMEKYTOUHOE XpaHEHHE PHEPIUU Ha MEPUOJ OTKIIOYECHUS
JNEKTPOSHEPTHH.
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4. Bo BpeMsi c004 B 1o1a4e 3JICKTPOIHEPTUH, B 3TOM ClIyyae aBapuiHBIA HCTOYHUK MTUTAHUS TOJKEH
MUMETh HAZIeKHBIN JOCTYII K MMOAXOAAIIUM HAKOIIUTESIM SHEPTUH.

5. Cpok XxpaHEHHS OTpaHHYeH HECKOJIbKUMU HEJEISIMH HIIM MECSILIaMU M3-3a TIOTEPH TEIION30JIALIUN
U, Kak CJIEACTBUE, CKOPOCTH BBIKUIAHUA. J[IUTENbHOE XpaHEHHUE MOPOXOB BO3MOXKHO MPHU
KOMHATHOMW TemIepaType.

Tasks:

1. Write the abstract (consult phrases 56-62)
2. Play out the conference
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Unit 7
Materials and Lubricants Materials Used in Space

MATERIALS AND LUBRICANTS

1. TOPIC VOCABULARY [1; 3; 6]

British BrE American AmE
1. specified ‘spesrfaid ‘speso, faid 1. 00ycnoBIEHHBIH, TOYHO
ONPE/ICIICHHBII
2. requirement 1’ kwarom(o)nt 1 kwarormont 2. TtpeboBaHmue,
MOTPEeOHOCTb,
HEOOXOMMOE yCIIOBHE
3. property ‘pra:partr - 3. COOCTBEHHOCTb,
CBOWCTBO, UMYILIECTBO
4. therefore ‘derfo:r - 4. 10ATOMY,
CJIEIOBATEIIBHO, TIOTOMY
5. remaining 11 meiniy - 5. ocraBarhbcs,
IPOJEPKATHCS, OCTATOK,
OCTallbHOE
6. fatigue strength fo'ti:g strenk® - 6. ycramoctHas IPOYHOCTH
7. endurance strength 1m'djuor(o)ns - 7. mpenen BBIHOCIUBOCTH
strenk®
8. heat capacity hi:t ko 'paesotr - 8. TemnoeMKoCTh
9. vapour pressure ‘verpo ' 'prefo ‘verpor ‘prefor 9. namieHHE Mapa
10. melt point melt pont - 10. Touka rIaBIEHUA
11. boil point boil point - 11. Touka KuNEHUS
12. triple point ‘trip(o)l point ‘tripl point 12. TpoiiHas Touka
13. adiabatic -erdaro’batik koor'f  erdaro'batik 13. aguabaTuveckuii
coefficient 1fent, koot fifent KO3 GUIEHT
14. heat of fusion hi:t ‘fju:zen hi:it ‘fju;zn 14. Teriota TEPMOSIEPHOTO
CHHTE33; ynenabHas
TETUIOTa TUTABJICHHUS,
TEIUIOTa TastHUS
15. heat of evaporation hi:t 1, vepa rei/n - 15. ckpoiTas TEIIoTa
napooOpa3oBaHus;
CKpBITast TEIUIoTa
HCTIapEeHUS
16. light emission lart 1 mifn - 16. ko3P PurrieHt
coefficient koot fifnt. CBETOU3IIyYEHUS
17. reflection 1 flekfn koor'fifnt - 17. ko3 PunrienT o6paTHOrO
coefficient paccesiHus;
K03 PUIEHT
OTpaKeHHS
18. resistivity T1ZT StIvitt - 18. ynensHOE
COIIPOTHUBIICHHE
19. ionization energy .arond ' zerfon - 19. 3Hepruss  aUccoUMAINY;
‘enord31 JHEPTHUsl HMOHU3AINH
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20. transition
temperature

21.
22,

sputtering rate
lubrication
properties

23. tribology

24, alloys

25. 25.spacecraft
vehicles
simultaneously

diffusion

26.
27.

28. welded

29. cryogenic

30. high-pressure

31. pumping

32. space shuttle

33. 33.launch

34.
3s.

spacecraft
multi-purpose
crew vehicle

36. versatile

37. processed
38. granules
39. pressing

40. folding

41. machining

42. solid material

43. micro-constituen

treen'zifn
tempratfor

'spato rertt
lu:brr 'kerf(o)n

trar bolod3r

‘eloiz

‘sperskra: ft
siml'temnioslr

dr' fju:z(o)n

‘weldad
kraro(u)'dzenik

‘har'prefa

‘pAMpIN

spets '[atl

lo:ntf

speiskra:ft

‘maltr ‘p3:rpas kru:

'viokl
'v3:sotail

‘prousest

‘grenjulz

‘presiy

‘fouldm

ma ' [i:nin

‘splidma "trortal

‘markroukon stitju
ant

‘spator rert
Ju:brr 'kerfn
‘pra:parti

&'loiz

‘sperskraeft 'vi:okl

‘sarml temniaslr
dr' fju:zn

kraro'dzenik

har'prefor

speiskreeft

'v3:rsatl

‘prasest
‘grenjolz

mI [i:n1m
‘'sa:lid mo tirral

‘markroukon 'stfv
ant

20. remmeparypa  (a3oBoro
nepexona;
HeCTaIlMOHaApHAas
TeMIieparypa

21. ckopoCTh pacbUICHUs
22. cMa304HbBIE CBOMCTBA

23. Tpubosorusi, Hayka O
TPEHUU

24. cIU1aBUTh,  JIETUPOBATb,
CILJIaB, Jaurarypa,

IPUMECH, JIETUPOBAHHBIH
25. KocMUYeCKuUe anmnaparbl

26. OTHOBPEMEHHO

27. muddy3us,
pacnpocTpaHeHue,
paccerBaHMe

28. cBapHoii,
3aBapEHHBIN

29. KpUOTECHHBIH,
HU3KOTEMIIepaTypPHBI

30. ¢ BBICOKHMM JaBJICHHEM,
UCTIOJIB3YIOIIUNA BBICOKOE
JIaBJICHHE

31. Hakauka, OTKa4YMBaHHE,
HaKaYMBaHUE

32. KOCMUYECKHUI
MHOT'OpPa30BOTro
UCIIOJI30BaHUs,
YEITHOK

33. 3amyckars,
BBIITYCKAaTh

34. xocMHuueckuil Kopadib

35. MHOTOLIENEBOE
TPAHCIIOPTHOE CPEACTBO
JUTS DKUTIAXKa

36. pa3sHOCTOPOHHMIA,
THOKHIA,
MHOT'OCTOPOHHHUHN

37. nposiBIEHHBIN

38. rpanHyibl

39. mpeccoBaHue, MPECCHUHT,
ITAaMITOBK

40. ckagHOM, pAacKIIaIHOM,
OTKHUJIHOU

41. mexaHn4ecKast
obOpaboTka

42. TBEpABIN Marepuail,
MIPOYHBIN MaTepuan

43. MUKpPOCOCTaBISIOIIAS

CIIAsTHHBIM,

amnmapar
IaTTI,

Ha4YMWHAaThb,

/7
MU P-
HAS KW
(L7
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44. insoluble m'sa:ljobl - 44. HEpaCTBOPUMBIIA,
HEpa3peImMbIi
45. reinforced rizin'fo:st 11 1’ fo:rst 45. yCUJICHHBIH,
apMUPOBAHHbBIN
46. vinyl-coated ‘'vain(o) 'kout 'vainl koot 46.c  aHTUKOPPO3UOHHBIM
BUHHIIOBBIM CJIOEM
47. high impact har ‘tmpaekt - 477. BbICOKAs
resistance 11'ZIstons yAapOIPOYHOCTh
48. high damage har 'demidz - 48. BBICOKAsI yCTOWYUBOCTH K
tolerance "ta:larons MOBPEXKICHUSIM
49. commodity ko 'modit ko 'ma:dotr 49. ToBap, MPOAYKT, IPEIMET
noTpeOIeHus, Y100CTBO
50. isotopes ‘arsotoups - 50. u3oTombl
51. gross cost grous kost o'kavnt  grous ko:st 51. yuer BajoBBIX 3aTpar
accounting o'kaunt
52. payload ‘peilovd - 52. none3nas Harpyska
53. mass-specific cost mees spa’'sifik knst mas spa'sifik 53. ynenbHBIE 3arTparhl 110
ko:st macce
54. precious metal ‘prefos  ‘'met(o)l ‘prefos ‘metl 54. nparoneHHBII MeTAILT

2.READ AND TRANSLATE THE TEXT

To meet the specified requirements of the environmental conditions for different space products, the
materials used must have properties which are only of minor importance to some extent in earth-
based applications. Therefore, the number of the types of materials is very large and a more detailed
description would exceed the scope of this book.

The universe consists to 75 % of hydrogen and to 24 % of helium. The remaining portion consists of
about 100 different chemical elements which exist in increased concentrations on Earth. Three
quarters of the elements are metals, the remaining part being noble gases (He, Ne, Ar, Kr, Xe, Rn),
halogens (F, Cl, Br, J, At), elements of living nature (C, H, O, N, S, P), and seven semi-metals (B, Si,
Ge, As, Sbh, Se, Te). For space applications the following properties are application-specific mattered.

Materials and Lubricants

To meet the specified requirements of the environmental conditions for different space products, the
materials used must have properties which are only of minor importance to some extent in earth-
based applications. Therefore, the number of the types of materials is very large and a more detailed
description would exceed the scope of this book.

The universe consists to 75 % of hydrogen and to 24 % of helium. The remaining portion consists of
about 100 different chemical elements which exist in increased concentrations on Earth. Three
quarters of the elements are metals, the remaining part being noble gases (He, Ne, Ar, Kr, Xe, Rn),
halogens (F, Cl, Br, J, At), elements of living nature (C, H, O, N, S, P), and seven semi-metals (B, Si,
Ge, As, Sbh, Se, Te). For space applications the following properties are application-specific mattered.

Mechanical properties
In general, light metals with high strength (light metal alloys of titanium, aluminum, and magnesium)

and composites (GRP, CFRP, C/SiC, etc.) are used for stressed mechanical components. The strength
can be further increased by design using special honeycomb structures to save even more weight [5].
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3. TOPIC VOCABULARY [1; 3; 6]
Material characteristics:

Density

Tensile strength
Yield strength
Compressive strength
Fatique strength

Cycling strength
High-temperature strength
Endurance strength
Torsional strength
Modulus of elasticity
Modulus of shearing
Poisson’s ratio

Hardness ratio

Dynamic viscosity
Kinematic viscosity
Porosity

Chemical properties
Stoichiometric valency
Corrosion behavior
Enthalpy of formation (combustion energy)
Thermal conductivity
Thermal expansion coefficient
Heat capacity

Vapour pressure

Melting point

Boiling point

Triple point

Critical point.

Adiabatic coefficient

Heat of fusion.

Heat of evaporisation

Light emission coefficient

Reflection coefficient

Resistivity

lonisation energy

Transition temperature (for superconductors)

Critical current density (for superconductors)
Debye temperature (for superconductors)
Magnetic susceptibility

Thermoelectric voltage

Electrochemical voltage

Atomic or molecular weight

Half-life (with radio isotopes)

Radiation energy (with radio isotopes)

Cross section (e.g. for neutrons)

IUIOTHOCTh
pacTshKeHHe
mpeest TeKy4ecTH
COBOKYITHAs CHJIa
CHJIa YCTAJIOCTH

MUKIUPYIOIas POYHOCTH
BBICOKOTEMIIEpATypHask IPOYHOCTh
MIPOYHOCTDH Ha PACTSIKCHUE
MIPOYHOCTH HA CHITY KPYUEHHUS
MOJTyJTb YIPYTOCTH

MOJYJIb CIIBUTA

koadunment Ilyaccona
Ko3(ppUIIMEeHT TBEPAOCTH
JTMHAMUYECKask BA3KOCTh
KHHEMaTu4ecKas BI3KOCTb
MOPUCTOCTD

XUMHYECKHE CBONCTBA
CTEXHOMETPUYECKast BAJICHTHOCTh
KOPPO3HWOHHBIE CBOMCTBA
SHTAJIbIINS 00pa30BaHUS
TEIUIONPOBOAUMOCTh
KOX(PHUIHMEHT TEIIOBOTO PACHIMPEHUS
TETIOEMKOCTb

JIaBIICHHE Tapa

TOYKA IJIaBICHUS

TOYKA KUTICHUS

TOuKa cpabaThIBaHUS
KpUTHYECKast TOUKa
aanabatudeckuit kodduireHt
TETUIOTA TUIABJICHUS

TEIUIOTa UCTIApEHUS

K03 (HULIMEHT YMHUCCUU CBETA

ko3¢ dunueHT pedaeKuuu

YI€IbHOE CONPOTHUBIICHUE

SHEPTrusi HOHU3ALNU

TEMIEpaTypa Iepexoja Ul ONpeAciIeHus
CBEPXITPOBOANMOCTH

KpUTHYECKasl MJIOTHOCTh TOKa

temneparypa Jlebast mpu cBepXIpoBOIUMOCTH
MarHuTHasi BOCIPUUMYHBOCTh
TEPMOAJIEKTPUYECKUAMN BOJIbTaXK
AJIEKTPOXUMUYECKHI BOJIBTAX

ATOMHBIM WJIM MOJIEKYJIIPHBIN BEC
noJrypacraj IpH pajnou30Tornax
paaMoOaKTUBHAS SHEPTUs C PaAHOU30TONAMU
MIOTIEPEYHOE CEUECHUE
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Sputtering rate (e.g. with lattices for CKOPOCTh PaCIbIICHUS TS
electrostatic engines) AJIEKTPOCTATUYECKHX JIBUTATEIICH
Biological properties OMOJIOTMYECKUE CBOMCTBA

4. READ AND TRANSLATE THE TEXT
Lubrication properties

The properties of lubricants under space conditions are of particular importance. The term tribology
is used for an own branch of science which concerns itself with the investigation of friction processes.
Many of the known lubricants are not suitable for use under space conditions. Soft metals (lead, silver,
gold, etc.) are often used or chemical compounds with high vapour pressure (MoS2, Teflon (PTFE)).

Materials Used in Space Titanium

Titanium and titanium alloys offer the highest potential of weight savings for spacecraft vehicles.
Therefore, titanium alloys had already been applied earlier in Apollo and Mercury capsules. Classical
areas of application of titanium alloys are sheet metals for propellant tanks of rockets and satellite
tanks. Titanium sheet metals are formed superplastically to hemispheres and simultaneously diffusion
welded. Low weight, high strength and chemical long-term tolerance against the propellants are of
great importance. The special titanium alloy Ti-3Al-2.5V was developed for low temperature
applications. Due to its good toughness and ductility down to cryogenic temperatures, this alloy was
used for high-pressure tubes of the hydrogen pumping system of the Space Shulttle.

Aluminum

Since the early days of space flight aluminum has been used for all types of space structures. Chosen
for its light weight and the ability to withstand stresses during launch and operation in outer space,
aluminum has been used for the Apollo spacecraft, the space laboratory Skylab, the Space Shuttle
and the International Space Station. Due to its high volumetric energy density and the difficulty to
ignite accidentally, aluminum was used as the primary propellant for the SRB motors of the Space
Transportation System. The primary structures of NASA’s Orion Multi- Purpose Crew Vehicle are
made from aluminum-lithium alloy and will be covered by an improved version of thermal protection
tiles used on the Space Shuttle.

Magnesium

Magnesium and magnesium alloys are the lightest structural metal or alloys used in aerospace.

Magnesium has a density of 1.8 g - cm™3. By volume magnesium is 30 % lighter than aluminium and
75 % lighter than steel. Magnesium alloys are flexible and versatile materials which can be shaped
into sheet, plated by rolling, casted using sand, extruded into both solid and hollow profiles, and
processed as powder and granules. These different material states can be further shaped using forging,
pressing, folding, and machining from the solid material.

Composites

A composite material is defined as a material system which consists of a mixture or combination of
two or more micro-constituents which are mutually insoluble and differing in form and/or material
composition. Examples of composite materials are fiber reinforced plastics (ceramics plus polymers),
vinyl-coated steel (metals plus polymers), and steel reinforced concrete (metals plus ceramics).
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Composites are versatile used for both structural applications and components to achieve weight
reduction, thermal stability, high impact resistance, and high damage tolerance.

Commodity Prices

The commodity costs for the materials used are often only of minor importance, so that even more
expensive precious metals (gold, platinum, rhodium, iridium, rhenium, etc.) or artificially generated
radioactive isotopes are widely used.

It must be mentioned for gross cost accounting that the today’s transportation costs of 1 kg of payload
into Earth’s orbit are between 10 000 and 100 000 euros. In general, the mass-specific costs for actual
payloads are even more expensive. Today, a big surveillance satellite costs one billion euros or 50
000 euros per kilogramme. Thus, the mass-specific costs are therefore higher than the commodity
prices of the most expensive precious metals [5].

5. ANSWER THE FOLLOWING QUESTION

1. What is the principal difference between the environmental conditions of outer space and those
on Earth?

2. What is the influence of those environmental conditions on the selection of suitable materials?

3. What properties play a role for selecting materials?

4. Explain the term tribology in more detail.

5. What are composites in general?

6. What are ceramic matrix composites in particular?

7. What do the abbreviations GRP and CFRP stand for?

8. Name the differences between C/SiC and C/C-SiC composites?

9. Where is Teflon used in aerospace technology?

10. What is the coefficient of friction?

6. TEST: MATCH THE WORDS

1. specified 1. agmabGarmueckuil Ko3pUIUEHT

2. requirement 2. BBICOKas yIaponpoyHOCThb

3. property 3. BBICOKasl yCTOWYUBOCTD K MOBPEKICHUSIM

4. therefore 4. TpaHyibl

5. remaining S. nasnenwme mapa

6. fatigue strength 6. muddys3us, pacnpocTpaHeHue, pacCenBaHue

7. endurance strength 7. nparoleHHBIA METaJlT

8. torsional strength 8. 3amyckarb, HaUMHATh, BHITYCKATh

9. heat capacity 9. u30TOIBI

10. vapour pressure 10. xocMHuUecKue anmnaparbl

11. melting point 11. kocMUYeCKHUH amnmapar MHOTOpPa3oBOr0 MCIOJIb30BaHMS,
IIATTI; YEITHOK

12. boiling point 12. kocmMuueckuii kopalib

13. triple point 13. xoaddunuenT obpaTHOro paccesHus; KodPPHUIHUEHT
OTpaKEHHUSI

14. adiabatic coefficient 14. x03¢hGUIHEHT CBETOU3ITYYSHHS

15. heat of fusion 15. KprOTeHHBIH, HU3KOTEMIIEPATYPHBIN

16. heat of evaporation 16. mexannueckast 0opaboTka

17. light emission coefficient ~ 17. Mukpococrasistoas

18. reflection coefficient 18. MHOTrOIIENIEBOE TPAHCIIOPTHOE CPEJCTBO JUISI SKUIIAXKA

19. resistivity 19. Hakauka, OTKauMBaHWE, HAKAYNBAHNE

20. ionization energy 20. HEpaCTBOPUMBI, HEPA3PELINMBIN
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21.
22,
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.
35.
36.

37.
. processed
39.

38

40.

41.

42.
43.

44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
5sS.

transition temperature
sputtering rate
lubrication properties
tribology

alloys

spacecraft vehicles
simultaneously
diffusion

welded

cryogenic
high-pressure
pumping

space shuttle
launch
spacecraft
multi-purpose
vehicle
versatile

granules

pressing

folding

machining
solid material

micro-constituent
insoluble

reinforced
vinyl-coated

high impact resistance
high damage tolerance
commodity

isotopes

gross cost accounting
payload

mass-specific cost
precious metal

Crew

21.
22,
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.
35.
36.

37.
38.
39.

40.

41.

42.
43.

44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
5S.

00YCIIOBIIEHHBIH, TOYHO OIPEeICHHBII
OJTHOBPEMEHHO

OCTaBaTbCs, IPOEPHKATHCS, OCTATOK, OCTAIBHOE
MI0JIE3HAsl Harpy3Ka

II03TOMY, CJIEI0BATEIbHO, IOTOMY

IIpeiel BBIHOCIMBOCTH

npeaes IPOYHOCTH MPU KPYUSHUH
IIPECCOBAHUE, IPECCUHT, IITAMIIOBKA
IIPOSIBJICHHBIN

Pa3HOCTOPOHHUM, THOKUH, MHOTOCTOPOHHUI

C aHTUKOPPO3MOHHBIM BUHUJIOBBIM CIIOEM

C BBICOKMM JaBJICHUEM, HCIOIb3YIOLIUN
JIaBJICHUE

CBApHOM, CITasHHBIN, 3aBaPEHHbIN

CKJIQIHOM, pacKJIagHOM, OTKUIHOM

CKOpPOCTb PacHblUICHUS

CKpBITasl TEIJIOTa MapooOpa3oBaHMs; CKpbITas TEILIOTa
UCIapeHus

CMa304HbIEC CBOMCTBA

COOCTBEHHOCTb, CBOICTBO, UMYII[ECTBO

BBICOKOC

CIUIaBUTh, JIETUPOBaTh, CILIAB, JINTarypa, IPHUMECH,
JIETUPOBAHHBIN

TBEPAbI MaTepuall, MIPOYHbIIM Marepuan

Temneparypa (a3oBOro Imepexoja; HecTaloOHapHas
TeMIieparypa

TEIIOEMKOCTb

TEIUIOTa TEPMOSIIEPHOTO CHHTE3a;
IUIaBJICHHUS; TETJIOTA TassHUS

TOBap, MPOJYKT, IpeIMET NOTpedIeHMs, yI00CTBO
TOYKA KMITEHUS

TOYKA TUTABJICHHUS

TpeboBaHue, MOTPeOHOCTh, HEOOXOAMMOE YCIOBHE
TpUOOJIOTHs, HayKa O TPEHUH

TpOMHAas TOYKa

yAETHHOE CONPOTHBIICHHE

yZAeIbHbIE 3aTpaThl IO Macce

YCUJICHHBIA, apMUPOBAaHHBIN

yCTaJ0CTHAs MPOYHOCTh

y4eT BaJIOBBIX 3aTpar

SHEPrus AMCCOLMAINH; SHEPT Ul HOHU3ALUT

yacibHas TCEIJIOTa

7. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. The universe consists to 75 % of hydrogen and to 24 % of helium.

2. To meet the specified requirements of the environmental conditions for different space products,
the materials used must have properties which are only of minor importance to some extent in earth-
based applications.
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3. To meet the specified requirements of the environmental conditions for different space products,
the materials used must have properties which are only of minor importance to some extent in earth-
based applications.

4. The universe consists to 75 % of hydrogen and to 24 % of helium, and the remaining portion
consists of about 100 different chemical elements which exist in increased concentrations on Earth.

5. In general, light metals with high strength (light metal alloys of titanium, aluminum, and
magnesium) and composites are used for stressed mechanical components and the strength can be
further increased by design using special honeycomb structures to save even more weight.

1. YtoOBl COOTBETCTBOBATh YCTAHOBJIEHHBIM TPEOOBAHUSM YCIOBUH OKpYKAIOMIEH Cpeabl IS
Pa3IUYHBIX KOCMUYECKUX H3AEIHH, MCIOJIb3yeMble MaTepuaibl JOJKHBI 00JalaTh CBOWCTBAMH,
KOTOpBIE B HEKOTOPOM CTENIEHU UMEIOT BTOPOCTENEHHOE 3HAYEHHE ITPH UCIIOJIb30BaHUM Ha 3eMJIE.

2. YtoOBl COOTBETCTBOBATh YCTAaHOBJCHHBIM TPEOOBAHMSAM YCIOBHH OKPYKAIOLICH Cpeabl s
pa3IUYHBIX KOCMUYECKUX H3AEIHH, HCIOIb3yeMble MaTepuanbl JOJKHBI 00JalaTh CBOWCTBaMH,
KOTOpBIE B HEKOTOPOM CTENEHN UMEIOT BTOPOCTENIEHHOE 3HAaYEHHE ITPU IPUMEHEHUH Ha 3eMJI€.

3. Bcenennas cocrout Ha 75% u3 Bogopoa u Ha 24% u3 renus.

4. Kak npaBuiio, Ui Harpy>kKeHHbIX MEXaHUYECKHX KOMIIOHEHTOB HCIOJIb3YIOTCS JIETKHE METaJIbI C
BBICOKOM NMPOYHOCTHIO (JIETKME METAITINYECKHE CIJIaBbl TATAHA, AIFOMUHUS U MarHus) 1 KOMIIO3UTHI,
a MPOYHOCTh MOXKHO ele OoJibllle YBEIMYUTh 3a CUET MCIOJb30BaHMs CIHELHATbHBIX COTOBBIX
KOHCTPYKIMH JUIA e 0oJblel SKOHOMUH Beca.

5. Becenennast coctout Ha 75% u3 Bogopoaa u Ha 24% W3 renusi, a OCTaBIIAsACA YacTh COCTOUT U3
okosio 100 pa3nUYHBIX XUMHUYECKUX SJIEMEHTOB, KOTOPBIE CYLIECTBYIOT Ha 3eMiie B MOBBIIICHHBIX
KOHIOCHTpAHAX.

Tasks:

1. Write the abstract (consult phrases 56-62)
2. Play out the conference
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Unit 8
Processes Testing Processes

PROCESSES

1. TOPIC VOCABULARY [1; 3; 6]

British BrE AmE American
1. suitable space ‘su:tobl speis ‘su:tobl spers 1. moaxonsmue
products prodakt ‘pra:dakt KOCMHYECKHE MPOTYKTHI
2. product ‘prodakt pra:dakt 2. pa3paboTKa U3aeIus
development dr'velopm(a)nt'. dr'velopmont
3. project- ‘prodzekt ‘pravses ‘pra:dzekt pra:ses 3. MNPOEKTHUPOBKA CUCTEM
processing
4. fueling fju:aliy - 4. 3ampaBKa TOIUIMBOM
5. ignition 1g nif(e)n 1g'nifn 5. 3axwuranue
6. controlling kon trovlin - 6. KOHTPOJBHBII
7. adjusting o'dzastin 9'dzostiy 7. peryIupyroumi,
YCTaHOBOYHBIH,
cOOpOUHBII
8. evaluation 1,veljuerf(o)n 1 velju'ern 8. omenka, omnpeneneHue
KauecTBa, ONpEACIICHHE
KOJIMYECTBA
9. production pro'dakf(o)n - 9. TpOU3BOACTBEHHAS
activities JIeATEITbHOCTD
10. manufacturing  menjo faektform - 10. mpousBoOACTBO, qarie
MOTOYHO-MaCCOBOE
11. assembly o'semblr - 11. cbopka, cobpanue,
MOHTAaX
12. system ‘sistom Int1 greifn - 12. mporteccbl  CUCTEMHOM
integration ‘pra:ses MHTETpalu
processes
13. verification verrfi kerfn ‘pra:ses - 13. mpouiecc  Bepuduxanmu
processes (mpoBepkH)
14. humidity hjo 'miditr hju: ‘'midotr 14. Bna>xHOCTB, CHIPOCTH
15. vibration var breif(o)n - 15. nemndupoBanue
damping KoJ1e0aHMi WIH
BHOpaIuu
16. ectromagnetic 1 lektro(v)meeg netik - 16. >rieKTpoMarHuTHas
COBMECTHMOCTh
17. dust-free dast fri: kon'difn - 17. ycnoBus 6e3 nbliu
conditions
18. acceptance ok 'sept(o)ns ok 'septons 18. mpuémo-caTounbie
tests test HACTIBITAHUS
19. damaging ‘demidz ‘'impeekt - 19. noBpexaaronee
impact BO3EHCTBUE
/)
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20. specified ‘spesrfar - 20. ycTaHOBIICHHEIC
requirements 1 kwarormont TpeOOBaHUS; 3aJaHHBIC
TpeboBaHUS

The materials used have to be subjected to a variety of procedures and processes for manufacturing
suitable space products. In the following only MAIT processes (Manufacturing, Assembly,
Integration and Test) should be considered. The processes for product development and project-
processing as well as business processes are not discussed. Moreover, no operational processes are
addressed in this chapter (e. g. fuelling, ignition, launch, controlling, adjusting, evaluation, etc.).
After a thorough and critical design review the production activities begin with manufacturing and
assembly. All production activities include assembly processes, system integration processes, and
verification processes. Thus, the processes of manufacturing, assembly, integration and testing can
be divided into

— production processes,

— verification processes, and

— testing processes.

Integration takes place in a special room with defined conditions such as temperature and air
humidity, vibration damping, electromagnetic compatibility, dust-free conditions, etc. The system
integration process is closely associated with the system verification. Among others, the objectives
of the system verification of space products are

— design qualification,

— proof and confirmation of the design qualification,

— accuracy of manufacturing,

— proof of the performance parameters,

— confirmation of the qualification of the mission staff.

A wide range of space products are manufactured by the processes listed above. Further processes
are not listed here. The products to be processed can be divided into the following main groups,
depending on extent and complexity with increasing functionality.

Loads of a space product can be

— proof pressures,

— operating loads,

— operating time, and

— environmental loads (vibration, shock, etc.).
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Before delivery to the customers, flight models (FM) are subjected to acceptance tests which neither
have any damaging impact nor reducing the lifetime of the product. In general, pre-flight models
encounter higher loads while still remain flight worthy.

The

necessary justification for the specified requirements concerning the space product is

demonstrated on qualification models with higher loads. These models are not flight worthy anymore
at the end of testing and no longer used in space missions [5].

2. ANSWER THE FOLLOWING QUESTION

SouhkwdE

O

Describe the way of doing tests and verifications in the acceptance of space products.

What are the typical loads which space products are exposed?

What are the minimum requirements for electrical connectors used in any space environment?
Which properties have to be considered in material selection for a space station?

Which conditions could contribute to the deterioration of hardware?

Which metal should not be used in crew environments of a space station at temperatures above
100 °C?

Which particular influences materials are exposed in low Earth orbit?

Explain the technology of rapid prototyping as integral part of the development process.

Give the advantages of the rapid prototyping technology.

Which techniques are used in rapid prototyping

3. TEST: MATCH THE WORDS

CANANE ol o Al

13.
14.
15.
16.

17.
18.
19.
20.

suitable space products 1. BIAXHOCTH, CHIPOCTH
product development 2. pemndupoBaHUE KoJeOaHUHN WM BHOpaIuu
project-processing 3. 3axwuraHue
fueling 4. 3ampaBKa TOIUIMBOM
ignition 5. KOHTpPOJIbHBII
controlling 6. omeHka, ompeae’IeHHWE ~ KauecTBa,  OIpeJesieHHe
KOJIUECTBA
adjusting 7. TOBpEXIarollee BO3IeHCTBHE
evaluation 8. moaxopsmye KOCMUYECKHUE TPOAYKTHI
production activities 9. npuéMo-cAaTOYHBIE UCIIBITAHUS
. manufacturing 10. mpoeKTUpOBKa CUCTEM
. assembly 11. npou3BOACTBEHHAs AESATEIBLHOCTh
. system integration 12. mpou3BOACTBO, YaIlle MOTOYHO-MACCOBOE
processes
verification processes 13. mpouiecc Bepudukauu (IpoBepKu)
humidity 14. mpouiecchl CUCTEMHOW MHTETpaliui
vibration damping 15. pa3zpaboTka uzaenus
electromagnetic 16. perynupyromuii, ycTaHOBOUHBIH, COOPOYHBII
compatibility
dust-free conditions 17. cbopka, cobpaHue, MOHTaX
acceptance tests 18. ycioBus 6e3 mbuH
damaging impact 19. ycTaHOBJI€HHBIE TPeOOBAHUS; 3a/laHHbIE TPEOOBAHUS
specified requirements 20. >rIeKTpOMarHUuTHas COBMECTUMOCTD

4. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. The materials used have to be subjected to a variety of procedures and processes for manufacturing
suitable space products.
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2. In the following only MAIT processes (Manufacturing, Assembly, Integration and Test) should be
considered.

3. All production activities include assembly processes, system integration processes, and verification
processes.

4. Thus, the processes of manufacturing, assembly, integration and testing can be divided into
production processes, verification processes, and testing processes.

5. A wide range of space products are manufactured by the processes listed above. Further processes
are not listed here.

1. TIpomecchl pa3pabOTKH MPOAYKTa U OOpPaOOTKH IMPOCKTOB, a TaKXKe OWU3HEC-TMPOIECChl HE
00CyKIaroTCsl.

2. Takum o00pa3oM, IpoLEeCcChl U3TOTOBJIEHMS, COOPKM, HMHTErpall M TECTUPOBAHUS MOXKHO
pa3enuTh Ha IPOU3BOACTBEHHBIC IIPOLECCHI, IPOLIECCHI IPOBEPKU U IIPOLIECCH TECTUPOBAHMUS.

3. HUcnonb3yembie MaTEpHaIbl IOJDKHBI OBITh MOABEPTHYTHI Pa3IUYHBIM MPOLIEIypaM U MpoleccaM
JUISl IPOU3BO/ICTBA MOAXOAAIIEH KOCMUYECKON MTPOIYKLIIUH

4. Jlanee cnemyer paccMaTpuBaTh TolbKo npouecckl MAIT (mpou3BoacTBo, cOopka, UHTErpanus U
HCTIBITAHUSA).

5. C nomol1Ipk0 MPOIECCOB, IEPEUNCIEHHBIX BbIIIE, IPOU3BOAUTCS IIUPOKUM CIEKTP KOCMHUYECKON
MIPOYKLIUH.

Tasks:

1. Write the abstract (consult phrases 56-62)
2. Play out the conference
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PRODUCTS
1. TOPIC VOCABULARY [1; 3; 6]

Unit 9

Products Launch Vehicles

British BrE American AmE
1. depending dr'pendin do'pendin 1. 3aBucCeTh, MOJATaThCH,
2. field of fi:ld plr'’kerf(e)n fi:ld eapli'kern 2. 00nacTh MpUMEHEHUS
application
3. highly reliable ‘hailr ‘hailr r1'larobl 3. BBICOKOHAJICXKHBIH, OYCHb
11’ larab(o)l HaJIeKHBIH,
4. required r1 ' kwarad r1 ' kwarard 4. HaIeXKHBIH, TOCTOBEPHBIH,
5. performing pa'fomiy ta:sks  par'forrmin taesks 5. dgactoTa BBITIOJIHSIEMOCTH
tasks 3a1aHus
6. defined dr' famnd do'fand 6. ompeneneHsl
7. conveys kon'veiz - 7. TepeBO3UTH,
TPaHCTIOPTHPOBATH
8. abundance o'band(o)ns 9'bandons 8. u300mIHMe, MHOXXECTBO
9. reliability 11, lara "bilitr - 9. HanAEXKHOCTh, TIOCTOBEPHOCTb,
MIPOYHOCTh
10. failure ‘ferljo ‘ferljor 10. otkas, HEJ0CTaTOYHOCTb,
Heyaaya
11. contrary ‘kontrart 'ka:ntrert 11. Bonpeku, MpoTUB,
12. requirements 11 kwaromonts 1 kwarrmonts 12. tpeboBanue,  HeoOXomMMOE
yCIIOBHE
13. hindered 'hindad 'hindord 13. memars, MPEMNSITCTBOBATD,
OBITH IIOMEXOM, 3aTHHI
14. supplying s plam - 14. nocraBka, nuTaHue,
15. global market  "gloub(9)l ‘gloubl ‘'ma:rkit 15. MUPOBOI PHIHOK
‘ma:kit
16. trade barrier trerd ‘baerro trerd "baerior 16. ToproBbie OTpaHUYEHUS
/Gapbepbl/
17. exemplified 19 zemplifaid - 17. cayXuTh IpUMEPOM
below
18. predecessors  pri:disesoz ‘predo sesorz 18. npenmecTBeHHUK
19. rocket ‘rokit ‘ra:kit 19. pakera
20. payloads ‘peilovdz - 20. moyie3Hast Harpy3Ka
21. transfer orbit  traens 3:(r) ‘treensf3:r ‘oirtbit 21, mpomexyrounas opoura
‘o:brt
22. loss of crew los of kru: lo:s kru: 22. HapyuieHue yCIOBUI
KHUHEACITSILHOCTH
23. run smoothly  ran’smu:dli - 23. paboTaeT CrOKOHHO
24, experienced 1k ‘sprorionst 1k 'spirions st vir 24, UCTIBITHIBAJ CUJIbHBIE
severe pogo sI'VId psilerfn  a:stlerfn KonebaHus
oscillations
25. reference ‘ref(o)r(o)ns ‘refrons 25. cchliKa, CIIpaBKa,
YIIOMUHAHUE
26. bouncing ‘baunsiy - 26. OTCKOK, MPBIKOK
/)
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27. pogo stick pog stik - 27. XOIyNsl «IOTO», «KY3HEUUK,
MOp. OTTaJIKHUBaTEIb

28. liquid Tikwid - 28. KHAKOCTb

29. arise o'raiz - 29. BO3HUKATh, ITOSBIIATHC,

30. fluctuations flaktfv erfonz - 30. xonebGanus

31. engines ‘end3inz - 31. nqBurarenb, MOTOP,

32. pressure ‘prefo ‘prefor tfeinds 32. u3MeHEeHNE JaBICHUS
changes ‘tfemdziz

33. cause ko:z ko:z verr'erfn 33. npuunHa U3MEHYUBOCTH
variations vearr e1f(9)n

34. flow rate flov rert - 34. pacxon )KUIKOCTH

35. resonant rez(o)naont ‘rezonont 35. 3BYYHBIN, PE3OHUPYIOIIHHA

36. self- destruct ~ self dr'strakt self do'strokt 36. caMOJTMKBUIATOP

37. spacecraft ‘sperskra:ft ‘speiskraft 37. kocMUYeCKHil Kopaoiib

do'strokt
38. fuel tank fjual tenk ‘fju:al teegk 38. TormBHBIN 6ak
39. ramjet ‘ramd3zet ‘ram jet 39. nIpsSIMOTOYHBII BO3/IYIITHO-
PCaKTUBHBIN TBUTATEIh

40. bell-nozzle bel 'noz(o)l bel 'na:zl 40. como [Tpanaris

41. successor sok 'seso sok 'sesor 41. mporpamma-npeeMHHUK
programme ‘provgrem ‘provgrem

2.READ AND TRANSLATE THE TEXT

Depending on the field of application, highly reliable components and systems are required for
performing tasks during space flight. Requirements for these products are defined by specifications
and proved by extensive tests. The following list of typical components and subsystems conveys an
impression of the abundance of the components. There is a small number of reliable manufactures
for each product worldwide. The reliability of the complex overall system depends on the reliability
of all individual components and related criticality in case of individual components’ failure, contrary
to specification requirements. To some extent, manufactures are partly hindered from supplying
sensitive technology to customers of the global market by trade barriers such as export controls and
the like. Some systems applied are exemplified below.

Launch Vehicles

Each space mission starts with launch preparations of the payload launcher system. Exemplarily, four
systems are presented.

Saturn V (lunar rocket of the 1960s and 1970s)

— Ariane 5 (manufactured by Airbus DS and operated by Arianespace)

Space Shuttle (re-usable manned launcher system, in service until 2011)

— Space Launch System (launch planned before November 2018)

Saturn V

The Saturn V rocket was developed at Marshall Flight Center in Huntsville, Alabama, USA. Two

smaller rockets, the Saturn | and Saturn IB, were used as predecessors. These smaller rockets were
used to launch humans into Earth’s orbit. The first Saturn V was launched in 1967. The mission was
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called Apollo 4 followed by Apollo 6 in 1968. These two rockets were launched without crews and
tested the rocket. On Apollo 8 mission a crew was launched into space for the first time.

The Saturn V lunar rocket was a three-staged launcher system for transporting payloads into transfer
orbit to reach the Moon. The first stage of this rocket was the most high-thrust and most powerful
reliable propulsion system ever built, hence enabling flights to the Moon. The Saturn V rocket was a
three-stage liquid-fueled launch vehicle which was developed to support the Apollo programme for
exploration of the Moon. The Apollo programme was the third United States human space flight
program carried out by the National Aeronautics and Space Administration (NASA). Later the vehicle
was used to launch the American Skylab space station. The Saturn V launch vehicle was launched 13
times from Kennedy Space Center (KSC) with no losses of crew or payloads. Only the final test flight
of an unmanned Apollo 6 Saturn V rocket did not run smoothly because the rocket experienced severe
pogo oscillations.

The term ‘pogo’ is a reference to the bouncing of a pogo stick, which is a device for jumping off the
ground in a standing position through the aid of a spring. Pogo oscillations in liquid fuel rocket
engines arise from thrust fluctuations in the engines. These oscillations of the engine performance
occur during flight, as a result of pressure changes in the engine, and cause variations of acceleration
on the structure of the rocket, giving variations in fuel pressure and flow rate. If this oscillation meet
the resonant frequency of the overall system or the propellant system, the oscillations may increase
to an extent that the vehicle structure is self- destructed.

Soyuz landing capsule

The Soyuz landing capsule is a ballistic re-entry body and part of the Soyuz spacecraft launched on
top of a Soyuz rocket. The first flight of a Soyuz rocket was on 28 November 1966. The first manned
flight into space was on 12 April 1961. The spacecraft was first used to carry cosmonauts to and from
the Soviet space stations, Salyut and Mir. Today it is used to carry three crew members and supplies
to and from the ISS. One spacecraft is always docked to the ISS in case of emergency.

The spacecraft is built of three modules. An orbital module is the upper part of the spacecraft. It
carries the equipment necessary to dock with the ISS. A service module is the lower part of the
spacecraft. It transports the telecommunications and attitude control equipment and the coupling of
the solar panels. The descent or re- entry module is in the middle of the spacecraft. This section re-
enters Earth’s atmosphere and uses parachutes and small rocket engines to slow down [5].
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3. ANSWER THE FOLLOWING QUESTION

1. What space vehicles do you know?

2. How many propulsion stages were used for the Saturn V / Apollo system for Moon flights during
the 1960s and 1970s? What for they were mainly used?

3. Are there any objects the Moon has captured in orbit?

4. What happend with ascent stage of the Apollo lunar module after ascending from the Moon and
docking to the command and service module?

5. What had been done to solve Saturn V pogo oscillation problems?

6. Why the first and second stage of the Saturn V rocket were susceptible to pogo oscillations?

7. What is the purpose of the black-and-white pattern of some rockets?

8. What are the reasons to put the oxygen tank above or below the fuel tank for a given stage?

9. Why are there such differences in the number of engines on launchers?

10. What are turbo ramje tengines?

11. Explain the similarities and differences between a ramjet and a scramjet.

12. What are the differences between a normal bell-nozzle rocket engine and a linear Aerospike
engine?

13. What is the purpose of the flame trench below the launch platform of the Space Shuttle?

14. What measures reduce the velocity of the Space Shuttle or biter during landing approach?

15. What is the name of the first successor programme for the American Space Transportation
System (STS)?

4. TEST: MATCH THE WORDS

1. depending 1. BO3HUKATh, MOSBIATHCS,

2. field of application 2. BOIIPEKH, MPOTHUB,

3. highly reliable 3. BBICOKOHAJICXKHBII, OUEHb HA/IEKHBIH,
v
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4. required

5. performing tasks
6. are defined
7
8

. conveys
. abundance
9. reliability
10. failure

11. contrary

12. requirements
13. hindered

14. supplying

15. global market
16. trade barriers
17. exemplified below
18. predecessors.
19. rocket

20. payloads

21. transfer orbit
22. losses of crew
23. payload

24. run smoothly

25. experienced severe pogo

oscillations
26. reference
27. bouncing
28. pogo stick
29. liquid
30. arise
31. fluctuations
32. engines
33. pressure changes
34. cause variations
35. flow rate
36. resonant
37. self- destruct
38. spacecraft
39. fuel tank
40. ramjet
41. bell-nozzle
42. successor programme

26.
27.
28.
29.
30.
31.
32.
33.
34.
3s.
36.
37.
38.
39.
40.

41

42.

JIBUTaTellb, MOTOP,
KHUJIKOCTh

3aBUCETh, M10JIaraThCs,
3BYUYHbIN, PE3OHUPYIOIINI
M3MEHEHUE JIaBJICHUS
n300uIIMe, MHOXKECTBO

. ICTIBITHIBAJI CUJIbHBIE KOJICOaHHS
. Kosie6aHus

. KOCMUYECKHI KopabJb
. MEIIaTh, IPENATCTBOBATh, ObITh IOMEXOMH, 3aAHUI
. MUPOBOH PBIHOK
. HaIeXKHOCTbh, IOCTOBEPHOCTh, IPOYHOCTD
. HAZIE)KHBIH, JOCTOBEPHBII,
. HapyIlleHHEe YCIOBUN )KU3HEACATEIbHOCTH
. 00J1aCTh IPUMEHEHUS
. OTIpeJIeTICHBI

. OTKa3, HEI0CTAaTOYHOCTb, HEYy/aua
. OTCKOK, IPBIKOK
. IEPEBO3UTH, TPAHCIIOPTUPOBATH
. [I0JIe3Has Harpy3Ka
. TI0JIE3HAs Harpy3ka
. I0OCTaBKa, MUTaHUE,

IpeIIIeCTBEHHUK
IpuiruHa UBMCHYHNBOCTH
porpamMma-TIpeeMHHK

IIPOMEXYTOUHas: OpOuTa

MPBITAOIINNA, TPUIEPKUBATHCS

IIPSIMOTOYHBINA BO3IYIIHO-PEAKTUBHBIN JBUTATEIIb

paboTaeT CroKoiHO
pakera

pacxop KUAKOCTH
CaMOJIMKBHJIATOP
CILY’)KMTb IPUMEPOM
coruto IIpanaris

CCBbLIKa, CIIpaBKa, YIIOMUHAHHUC

TOIUTABHBII 0aK

TOProBBIE OrpaHUUYCHHUS /Oapbepbl/
. TpeboBaHuE, HEOOXOIMMOE YCIIOBHE
4aCTOTa BBHINOIHIAEMOCTH 3aJaHHs

5. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. Depending on the field of application, highly reliable components and systems are required for
performing tasks during space flight.

2. Requirements for these products are defined by specifications and proved by extensive tests.

3. Each space mission starts with launch preparations of the payload launcher system.

4. The Soyuz landing capsule is a ballistic re-entry body and part of the Soyuz spacecraft launched
on top of a Soyuz rocket. The first flight of a Soyuz rocket was on 28 November 1966.
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5. The first manned flight into space was on 12 April 1961.

6. The spacecraft was first used to carry cosmonauts to and from the Soviet space stations, Salyut
and Mir.

7. Today it is used to carry three crew members and supplies to and from the ISS. One spacecraft is
always docked to the ISS in case of emergency.

1. TpeboBaHus K TUM MPOAYKTAM OIpeieeHbl CHeHU(PUKATUIMU U TOATBEPKICHBI OOIIUPHBIMU
UCIIBITAHUSIMU.

2. B 3aBucumMoctu oT 00J1acTh MPUMCHCHUA IJI BBIIIOJHCHHAA 3a/1a4 BO BPpEMA KOCMHUYCCKOTI'O ITOJICTAa
Tpe6y10Tc;1 BBICOKOHAACKHBIC Y3JIbl U CUCTEMBI.

3. [Nocagounas kancysna «Cor3» NpeacTaBiIsieT cO00i 0ATMCTUYECKH BO3BpaIlaeMblid KOPIYC U
4acTh KOCMUYECKOTO Kopabisi «Coro3y, 3alyckaemMoro Ha BepiinHe pakeTsl «Coto3». [lepBriii monet
paketsl «Coro3» coctosuics 28 HostOps 1966 rona.

4. Kaxxsiasi KOCMUYECKasi MUCCHSI HAYMHAETCS ¢ TOATOTOBKH K 3aITYCKY ITYCKOBOM CHCTEMBI MTOJIE3HOM
Harpy3KHu.

5. IlepBbIit OJIET YENIOBEKA B KOCMOC cocTosiica 12 ampens 1961 rona.

6. CeroJiHsi OH UCHIONIB3YETCS ISl IEPEBO3KU TPEX WICHOB dKunaxa u rpy3oB Ha MKC u obpatno. K
MKC Bceraa npucThIKOBBIBAETCSI OJIMH KOCMUUECKHUH KOpaliIb Ha Clydail Ype3BbIUaliHOM CUTYaIUH.

7. Kocmuueckuii kopabnp BIEpBBbIE HCIOIB30BANCA JUISl JOCTaBKM KOCMOHABTOB HAa COBETCKHE
KocMudeckue craniuu «Camom» u «Mup» u 00paTHO.

Tasks:

1. Write the abstract (consult phrases 56-62)
2. Play out the conference
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COBepLIJeHCTBOBaHVIe HaBblKOB NepeBoa Hay4YHbIX TEKCTOB NO KOCMOHAaBTUKe

B aMEepPUKaHCKOW nuTepatype

0.10. UckaHpapoBa

Unit 10

Projects and Payloads Scientific Projects

PROJECTS AND PAYLOADS
1.TOPIC VOCABULARY [1; 3; 6]

American
British BrE AmE
1. fall into fo:l ‘mto - 1. npuHMMATHCS 3a, IPUHATHCS 32
2. scientific saron tifik ,saron "trfik 2. HayuHbIE IPOEKTHI
projects ‘prodzekt ‘pra:dzekt
3. space agencie Spies ‘erdgonst  spers ‘erd3onst 3. ympaBicHHE KOCMHYECKHUX
HUCCIeq0BaHUI
4. mentioned ‘menfond - 4. YIOMSHYTBIN
5. considerable  kon'sid(e)rob(a)l kon'sidorabl 5. 3HaYUTENBbHBIN, OOJIBIION,
6. opportunity DPa ' tjuinit ,apar'tuinatr 6. BO3MOXXHOCTH, YIOOHBIN ciTydait
7. supplier so'plaror so 'plaror 7. TOCTaBIIUK
8. capacities ko' paesitiz - 8. eéMKOCTh, BMECTHMOCTh, 00BEM
9. contribute kon tribju:t - 9. cmoco0cTBOBaTh, COAECHCTBOBATD,
10. visible 'vizib(9)l 'vizobl 10. BHIUMBIH, 3pUMBIIA, O4EBUIHBIN
11. storm tom sto:rm 11. HabGmroneHKE 3a ITOPMOM
surveillance  so'verl(o)ns s3:r'verlons
12. prediction 1 dik[(e)n pr1 dikfn 12. npenckaszaHue; MporHo3
13. forestry foristrr forristri 13. necHoe X034iiCTBO
14. launching lomntfig fo'silitiz  "lontfiy 14. crarmoHapHbIf CTapTOBBIN
facilities fo's1lotiz KOMILJIEKC
15. dismantled dis ' mentald .dr'smantold 15. 1eMOHTHPOBAHHBIH
16. destroyed dr'stroid do stroid 16. aHHYTUPOBAHHBIH
17. victorious vik 'to:r1os - 17. noGenuBIIHiA, TOOSTOHOCHBIN
18. multifaceted  maltr fesrtid maltr fesitid ~ 18. MHOTOTpaHHBIH,
MHOT'OCTOPOHHHU
19. resolution rezd'lu:f(e)n rezo'lufn 19. pazpelienue, pe3onronus
20. low-flying 'lov ' flamy - 20. seTsAmuil Ha MaJoi BBICOTE
21. hindered ‘hindad ‘hindord 21. npensTcTBOBATH, OBITH TOMEXOH
22. supplemented 'saplimentid ‘'saplo, mentod  22. gomosHEHUE, MPUITIOKEHUE,
23. infrared mnfro'red .1nfro'red 23. unpaxpacHslit
24. occurred o'ksd o'ksrd 24. IpOUCXOAUTbD,
25. random ‘rendom - 25. ciry4daliHbli, TPOU3BOJIbHBIN,
26. incalculable  m 'kaelkjulob(o)l  m kaelkjolabl 26. HEeNCYNCIIUMBINA, HECUCTHBIN
27. crash kraef - 27. aBapus, Kpax,
28. designated ‘dezignertid ‘dezig netod 28. 0603HauaTh, OTIPEJIEIISTH,
YKa3bIBaTh
29. available o'verlob(o)l o vetlobl 29. TOCTYITHBIN, HMEIONITUHCS
30. civilian st vilj(o)n so'vilion 30. rpakIaHCKUH, IITATCKUI
/)
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2.READ AND TRANSLATE THE TEXT

In general, space technology is carried out in project phases. Usually, there are six distinct project
phases:

— Phase A: Conception;

Phase B: Definition;

— Phase C: Development;

Phase D: Production;

Phase E: Operation;

— Phase F: Final use

Projects roughly fall into three groups concerning their contractors:

— Commercial projects, funded by private parties or industry;

— Scientific projects, funded by space agencies (with taxes);

— NASA (United States);

— ESA (Europe);

— CNES (France);

— NASDA (Japan);

— ISRO (India);

— Military projects, funded by governments (with taxes);

— Ministries of Defence;

— Procurement Offices for Army, Air Force, and Navy

For the sake of completeness, it must be mentioned here that in the university sector and in the
amateur radio sector also small satellite projects are carried out to a considerable extent. These non-
revenue ‘companions’ use the opportunity to fly with as second payload during larger missions once
a supplier offers free lift capacities. The International Space Station (I1SS) is currently the largest and
most expensive project of space applications with a planned investment budget of approximately 100
billion euros.

The European space industry and others contribute to the ISS with the Columbus space laboratory
and the Automated Transfer Vehicle (ATV). Until 2011 the Space Shuttle and the Russian Soyuz

capsule transport crew members to the ISS and back to Earth. The ISS remains in operation until
2024. At the beginning of 2014, NASA confirmed that the U. S. Government communicated the
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extension of funding by 2024. In technical terms, the ISS is actually fully operational by the year
2028.

Commercial Projects

Since the beginning of space flight several branches of engineering meanwhile developed to
economic independence by commercialization. The applications included are listed below.

Telecommunications:

— Radio and television;

— Fixed-network or mobile telephony worldwide;

— Electronic mail;

— Customers are Intelsat, Eutelsat, Astra SES, GE Americom etc.;

— Symphonie (Germany / France, 1974), TV-SAT (Germany, 1987) and many others;
— Weather observation in the visible, infrared and radar wavelength range;

— Local meteorological observation;

— Thunder storm surveillance;

— Worldwide climate prediction;

— Customers are Meteosat and many others

— Navigation:

— Localization by land, sea, and air;

— Cartography

— Earth observation:

— Environmental monitoring;

— Marine observation (oceanic currents, temperatures, marine industry);

— Agriculture and forestry;

— High-resolution image recording

— Launch vehicles:

— Delta, Atlas, Ariane, Zenit, Long March, GSLV, Proton, Soyuz, Vega etc.;

— Customers are Arianespace, Boeing, Sea-Launch and others
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— Tourism
Military Projects

Military requirements for more and more effective weapons were the driving force behind extensive
funding of aerospace technology. In Nazi Germany, these requirements were taken into account by
the construction of production plants at Nordhausen in the Harz mountains and at Peenemiinde on
the Usedom island. On the island of Usedom large launching facilities were operated, which were
almost completely dismantled or destroyed after the Second World War. Today, remains of the
pioneering days of space flight can be visited in a museum. After the end of the war, technicians
and engineers were brought to the countries of the victorious allies in order to participate essentially
in the development of space technology. Military aerospace have become an integral part of the
strategies of world powers and emerging nuclear powers. The fields of application are very
multifaceted.

Navigation

Specific navigation systems are used for fire control of different types of weapons. The American
Global Positioning System (GPS), officially designated as is a system which is available for civilian
use to some extent, with restricted accuracy. But when needed, it is exclusively used by military.
Originally, the system used 24 satellites and became fully operational in 1995 [5].

4. ANSWER THE FOLLOWING QUESTION

Explain the six phases of completion of a space project.

What does space projects can be grouped to? Give examples!

What does OSCAR and AMSAT stand for?

Give the names of the Russian and European equivalent to the American Global Positioning

System (GPS).

What are the reasons to establish space-based satellite navigation systems?

6. What is the name and the task of the first orbiter of the American Space Transportation System

program?

What is the purpose of the International Space Station?

8. Find out the names of the operational orbiters which were used to serve the International Space
Station in the past.

9. How the International Space Station will be maintained in future after the decommissioning of
the orbiters of the American Space Transportation System?

10. What is an Automated Transfer Vehicle?

o PowbdE

~

5. TEST: MATCH THE WORDS

1. fall into 1. aBapus, Kpax,
2. Scientific projects 2. aHHYTUPOBaHHBIN
3. space agencies 3. BUIUMBIIA, 3pUMBII, OYEBUIHBII
4. mentioned 4. BO3MOXHOCTbH, YIOOHBIH ciydai
5. considerable 5. rpaxaaHCKUH, IITAaTCKUN
6. opportunity 6. eMOHTHPOBAHHBIN
7. supplier 7. NOTMONHEHHE, MPUIIOKEHHE,
8. capacities 8. nocrynHBbIHA, UMeoIHiics
9. contribute 9. 3HAYHUTEILHBIA, OOJBIION
10. visible 10. undpakpacHsbIii
11. storm surveillance 11. necHoe x034icTBO
/)
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12. prediction 12. nerqmuii Ha MajoN BBICOTE

13. forestry 13. MHOTOTpaHHbIA, MHOTOCTOPOHHHI
14. launching facilities 14. naGmonenue 3a MTOPMOM

15. dismantled 15. Hay4HBIE TIPOSKTHI

16. destroyed 16. HencUMCAMMBINA, HECUSTHBIN

17. victorious 17. o603Ha4aTk, ONpeaeIsITh, YKa3bIBaTh
18. multifaceted 18. noOenuBIINiA, TOOCTOHOCHBIHM

19. resolution 19. cniocoOCTBOBATh, COACHCTBOBAT,

20. low-flying 20. mocTaBIIUK

21. hindered 21. mpencka3aHue; MPOTrHO3

22. supplemented 22. mpensTCTBOBATh, OBITH TOMEXOM

23. infrared 23. mpuHUMAThCH 3a; IPUHATHCSA 34;

24. occurred 24. MpouCXOaUTb,

25. random 25. paspelieHue, pe3oatonus

26. incalculable 26. ciry4aiHBINA, TPOU3BOJIBHBIM,

27. crash 27. cTaluoHapHbINA CTAPTOBBIN KOMILJIEKC
28. designated 28. ynomsiHyTBII

29. available 29. ynpaBrneHue KOCMUYECKUX HCCIe0BaHUN
30. civilian 30. éMKOCTb, BMECTUMOCTD, 00BEM

6. MATCH THE TRANSLATION OF ENGLISH AND RUSSIAN SENTENCES

1. Until 2011 the Space Shuttle and the Russian Soyuz capsule transport crew members to the ISS
and back to Earth

2. Since the beginning of space flight several branches of engineering meanwhile developed to
economic independence by commercialization. The applications included are listed below:
Telecommunications, Navigation, Earth observation, Launch vehicles, Tourism.

3. The American Global Positioning System (GPS), officially designated as is a system which is
available for civilian use to some extent, with restricted accuracy.

4. Military requirements for more and more effective weapons were the driving force behind
extensive funding of aerospace technology.

5. Originally, the system used 24 satellites and became fully operational in 1995.

1. Amepukanckas cucreMa riodaibHOro mosunnoHupoBanus (GPS), opunmansHOo 0003HaUECHHAS
KaK CUCTeMa, B HEKOTOPOU CTENEHU JOCTYIHA JIJIs TPa)XJIaHCKOTO HCIIONIb30BAHUS C OTPAHUYEHHON
TOYHOCTBIO.

2. Boennble mnorpeOHOCTH BO Bce Oosiee 3(PPEKTUBHOM OPYXKHH ObUIM JBHXKYIIEH CHIION
MacmTaOHOTO (PMHAHCUPOBAHUS aDPOKOCMHUECKUX TEXHOJIOTH.

3. 1o 2011 rona «Crneiic [latTn» u poccuiickas karncyia «Coro3» J0CTABISIN YICHOB YKHUMaXa Ha
MKC u o6paTtHO Ha 3emIto.

4. C MoMmeHTa Hayajla KOCMHMYECKHX IIOJIETOB HECKOJIBKO OTpacieil TEeXHUKH TEM BpEMEHEM
MOJYYWJIM HDKOHOMHYECKYID HE3aBHCHMOCTh 32 CUET KOMMeEpIMaau3aluu. BKiroyeHHbIe
MPUIOKEHUs Tiepedyuciiensl: TenekommyHukanuu, Hapuramus, HaGmronenue 3emmm, Pakersi-
Hocutenu, Typusm.

/1
HX E\V] http://izd-mn.com/ 54

CX



Developing translation skills of scientific texts in cosmonautics in American literature
CoBeplIEHCTBOBaHME HABbIKOB NepeBoa Hay4HbIX TEKCTOB N0 KOCMOHaBTUKE 0.10. UckaHpapoBa
B aMepUKaHCKOW1 NnTepartype

5. TlepBoHavaibHO CHCTEMA UCIOIb30Baja 24 CIyTHHKA U TIOJTHOCTHIO 3apaboTana B 1995 rony.

Tasks:

1. Write the abstract (consult phrases 56-62)
2. Play out the conference
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Kparkuii rpaMMaTu4ecKuii CIPAaBOYHUK AHIIMHCKOTO SI3bIKA

PA3JINYUS AMEPUKAHCKOI'O U BPUTAHCKOI'O BAPUAHTOB B TPAMMATHUKE
AHTJIMACKOI'O SI3bIKA

ATpuOyTHBHOE cylleCTBHTeJbHOe B (yHKuMu omnpeneneHus. B amepuxkaHckuil HayyHOU
JUTEepaType NPUHATO YINOTPeOJATh aTPUOYTHBHBIC CYIIECTBUTEIbHBIC, KOTOPHIE BBI3BIBAIOT
olpezieJIeHHbIE TPYJHOCTHU JUIsl IOHUMaHUs U NEePEBOJIA. JTO LENOYKU ONPEECIICHNUMN, BEIPAXKEHHBIX
CYILIECTBUTEIbHBIMU B 0011eM najexe. [locneqHee B rpymnie CynecTBUTENBHOE SBISETCS TJIaBHBIM,
a CTOsILME Iepe]] HUM CYIIECTBUTEIbHBIE SBISAIOTCA OIpeneieHusMU K Hemy. OHU MOryT
IIEPEBOJUTHCS HA PYCCKUU SI3BIK IPUIIATaTeIIbHBIMU, CYIECTBUTEIBHBIMU B POJUTEIIBHOM MAJEXKE,
MPEUIOKHBIMA  000pOTaMH, MPHYACTHBIMH O0OpOTaMH, NMPUYACTHBIMH O0OpPOTaMHU C TPYHION
MOSICHSIOUINX CJIOB U T.[1.:

- energy supply — cHaG>eHue SHEPIUeii;

- control unit — 6ok ympaBieHus;

- satellite constellation — criyTHHKOBast TPyNITUPOBKA;

- chemical fuel — uckomnaemoe XMMUYECKOE TOIIIIUBO;

- thermodynamic energy supply — TepMoarHaMHUYECKOE SHEPrOCHAOKEHUE,

- thermal combustion — cropanue Tomnusa;

- nuclear fuel — spepHoe TOIMBO;

- fossil fuels — uckomaemoe TormKBO.

- Traffic guidance systems and lightning systems on motorways are supplied by solar cells, and
some public street lightnings. — Cuctemsl yrpaBiieHus TPaHCIIOPTOM U CHCTEMa OCBEILICHHUS Ha
aBTOJIOPOrax 00ECIIeYMBACTCS COIHEYHBIMH OaTapesMH M YaCTUYHO  OCBEINECHHEM YIIHIL.

Ampubymuenoe  cywecmeumenbnoe TEPEBOAUTCS KaK  ONpeJelieHue K JApyromy
CYIIECTBUTEIBRHOMY. B 3TOM ciiydae aHTTHMHCKOE CYyIIECTBUTENbHOE 001a7aeT CIOCOOHOCTHIO
cO3/1aBaTh CBS3U B CJIOBOCOYETAaHUM 0€3 MPEII0roB, B KOTOPOM CYUIECTBUTEIbHOE 3aMEHSIET
npuiaraTenbHoe.

- history background — ucropuyeckwuii ¢oH;

- energy density — IUIOTHOCTH 3HEPTHUH;

- energy supply — sHeprocHabxeHue;

- future generations — OyyIire MOKOJICHHUS;

- terrorist attacks — araku TeppopucTos;

- burdensome inheritance — o6pemeHHTEIBHOE HACIIEACTBO;

- satellite constellation — ciyTHHKOBasi TPYIIIUPOBKA;

- energy storages — xpaHeHUE SHEPTUH;

- energy Sources — KCTOYHHUKHU SHEPTHUH;

- basic principles of solar system — ocHOBHBIE IPUHIIUITBI COTHECUHOMW CHCTEMBI;
- propulsion systems — cuiioBasi yCTaHOBKa;

- thermonuclear propulsion systems — TepmosiiepHast JBUraTeiIbHas CUCTEMA;

- mission velocity demand — moTpeOHOCTh KCTIETUIIMK B BEKTOPHON CKOPOCTH;
- products launch vehicles — 3amyck neratoriero ycTpoicTaa,;

- payloads project — mHUJIOTHBIM TIPOCKT.

OT0 ele pa3 XapakTepHu3yeT, 4YTO aTpUOYTUBHOE CYIIECTBUTEIbHOE — 3TO CYIIECTBUTEIBHOE,
KOTOpO€ B CIOBOCOYETAHUH WIIU NMPEIITOKEHUH UCIOJIb3YEeTCs KaK ONpe/lelIeHHe K APYyroMy
CylleCTBUTEIbHOMY. B 3TOM ciyuae cienyeT He MeHATH ¢opMmy. Ilockonbky aTpuOyTUBHBIE

/1
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CYIJ_ICCTBI/ITGJIBHBIC HC HU3MCHAIOTCA, KOrJa CTAHOBATCA OHpe,Z[eJICHI/ISIMI/I. K HHUM HC Hy)KHO
n00aBIsITh anocmpod W OKOHYAHHWE S, JBa CIIOBa OOBEIMHSIOTCS B ciloBocodyeTtaHue. He
Tpe6YIOTCSI JOITOJIHUTCIBbHBIC OKOHYUAHHUA HUIIHN HpeI[JIOFOB. Mexc;[y CyH_IeCTBI/ITeJIbHBIMI/I HC
HY>KHO CTaBHUTH Jiepuc. B aHIITUHCKOM CYIECTBUTEIBHOE CTABUTHCS B €IMHCTBEHHOM YHCIIC, JTAXKE
€CIIK B PYCCKOM SI3bIKE OHO BO MHO>KECTBEHHOM:

- fossil fuels — uckomaemoe TOIMBO;

- Space applications — npumMeHeHHE B KOCMOCE;

- hydrogen-oxygen on-board systems — KKcI0poIHO-BOJOPOIHASE OOPTOBAsk CUCTEMA;
- large-scale power plant — kpymHast 371€eKTpOCTaHIIHS;

Crnenyer rpynmupoBaTh CJIOBa 10 JIOTHKE MEPEBOJIa HA PYCCKUU s3bIK: worldwide electrical energy
production — MUPOBOE TPOU3BOACTBO DJICKTPOIHEPTHH, €CIM B CIOBOCOYETAHUHU HECKOIBKO
aTpUOYTUBHBIX CYHIECTBUTEIBHBIX CJIEAYET MX T'PYNIHPOBATh B IMPABUIBHOM MOPSIKE I1O0
JIOTHKE IepeBo/a.

[IpaBuia npuMEHEHUs CyIIECTBUTENBHBIX B POJIU ONPEIACIICHUN

1.He menamo chopmy: light emission coefficient — k03 HULIHUEHT CBETOU3TYUYCHHUS.

2.Cmasums 6 eouncmeennom uyucie. Yucio aTpuOyTUBHOIO CYIIECTBUTEIBHOTO HE HYKHO
MEHSATh. B aHruiCKOM si3bIK€ HY)KHO OCTAaBUTH CJIIOBO B €JUHCTBEHHOM YHCIIE.

3.1 pynnuposams 6 npasuibhom nopsoke. B cioBocoueTaHUU ¢ HECKOIbKMUMH aTPUOYTHBHBIMH
CYIIECTBUTEIbHBIMU HEOOX0JUMO MPABUIBHO UX PYIIHUPOBATH: EPBBIA BapUAHT — KOT/1a
HECKOJIbKO CYIIECTBUTEIbHBIX BHICTYNAIOT B KAY€CTBE ONMPEACICHUI I OJTHOTO TJIaBHOTO
CJIOBa, KOTOPBIC PACCTABIISIIOTCS, KAK OMPEACICHHUE JJIS CYI[ECTBUTEIbHBIX

- battery systems — cucrema Gatapeii;

- fatigue strength — mpouHoCTHas ycTaIOCTD;

- Vapour pressure — mapoBoe JaBJICHHUE;

- torsional strength — npenen MPOYHOCTH MPH KPYUCHHH.

4.06pawams sHumaHnue Ha c1060 u konmekcm. C TOUKU 3pEHUS TPAMMATHUKH JIFO00€ aHTJINHCKOE
CYIIECTBUTEIHHOE MOXKET CTaTh aTPUOYTHBHBIM. B HEKOTOPBIX CIIOBApSX CYLIECTBUTEIbHbBIE,
KOTOPBIE 4aCTO UCIOJIb3YIOTCS B KaUueCTBE ONpeeICHUI, MMEIOT ToMeTKy Ooften attrib. (wacto
aTpuOYTHUBHOE) B JOMOJHEHUE K TOMETKE N. (noun, TO €CTh CYIECTBUTEIBHOE).

BECCOIO3HBIE ONPEAEJIUMTE/JIBHBIE IPUJATOYHBIE ITPEJJIOKEHUSA

Beccoro3Hoe omnpeaenuTeabHOE MPUIATOYHOE MPEUIOKEHNE BCETJa CTOUT IOCIIE OTPEAeIsIEeMOTO
CYIIECTBUTENHHOTO. [IpU3HAKOM Takol CHHTAKCHUYECKOW CBSI3U SIBISETCS HAJIUM4YME IBYX MOAPSI
CTOSIIIUX CYIIECTBUTEIBHBIX HIIA CYIIECTBUTEIIBHOTO U MECTOUMEHUS, HE CBA3aHHBIX MEXIY Co00i
npenjoroM. BTopoe cloBO W3 TakoW Mapel  SABJSIETCS TOJUISKAIINM  OMPEACTUTEIBHOTO
npugaTouHoro npennoxkenus. Hanpumep: The fuel they have just delivered is of great importance. —
Tonnugo, komopoe oHU MOALKO YUMo 00CMABUU, umeem OoIbuoe 3HaUeHuUe.

OHpC,Z[C.HI/ITC.HBHOC OpHUAATOYHOC IMMPECAIOKCHUC C ITPECAJIOTOM ITOCIIC CKAa3yeMOro CJICAYCT HAYMHATb
MNEPEBOJUTH C OTOTO IMpeajiora:

" http://izd-mn.com/ 57



Developing translation skills of scientific texts in cosmonautics in American literature
CoBeplIEHCTBOBaHME HABbIKOB NepeBoa Hay4HbIX TEKCTOB N0 KOCMOHaBTUKE 0.10. UckaHpapoBa
B aMepUKaHCKOW1 NnTepartype

1) The Russian Mir Space Station was assembled in orbit from 1986 to 1996 as at was designed for.
— Pycckas kocMmuueckasi ctaHius Obuia coOpaHa Ha opoute ¢ 1986 mo 1996, kak m ObuLIO
3allJITaHUPOBAHO.

2) The Mir was a microgravity research laboratory, in which the crews performed experiments in
biology and physics as they were intended for. — Cranmus «Mup» mpeacraBisuia coOoi
MUKpPOTPaBUTALIMOHHYIO HCCJIEOBATEIbCKYIO JIa0OpaTOPUIO, B KOTOPOM SKMIIAKU BbIIOJIHSIIN
OKCIICPUMCHTHI I10 OMOJIOTHH U (bHSI/IKe B COOTBETCTBUHN C UX HA3BHAYCHUEM.

3) There is a number of other aspects which should not be described in detail here, as it was intended
for. — CymecTByeT W psii JApYrMX acleKTOB, KOTOPbIE HE CTOHMT IOJPOOHO OIUCHIBATH 3/ECh,
IMOCKOJIbKY IJIs1 9TOI'O0 OHU U IIPCAHA3HAYCHBI.

4) Spacecraft vehicles our lecturer was speaking of — KocMuueckue anmaparsl, 0 KOTOPbIX TOBOPHII
HAIII JIEKTOP

5) Multi-purpose crew vehicle — MHoro1IEI€EBOE TPAHCIIOPTHOE CPEACTBO IS DKUIIAKA,

6) The permanently manned International Space Station, our lecturer was speaking of, moved at an
altitude of approximately 350 km above Earth with an inclination of 55° relative to the equator. —
[TocTossHHO TMIOTHpYeMas MexayHapoaHash KOCMHYECKas CTaHIMs, O KOTOPOW TOBOPHJI Hall
JIEKTOP, ABUranack Ha BeicoTe 0koio 350 kM Hajx 3emJieil ¢ HaKIIOHOM 55° OTHOCHTENFHO IKBATOPA.

Pazimuusi B mnpousHomeHuu Amepukanckoro (AmE) Bpuranckoro (BrE) Bapmanton
AHTJIMICKOro A3LIKA

Paznuuus B MpOM3HOIIEHUH 3aKIOYAIOTCA B TOM, 4TO pazHuua Mexay AmME u BrE Bapuantamu
uMeeTcsl BHyTpH Kakaoi ctpanbl. FOxubiit quanekt AmE CIIA otimnuaercst ot Heto-Mopkckoro, a
B OauHOypre (ILloTnanaus) nuMmeroTcss cBou 0COOEHHOCTH, HE XapaKTepHble s skuteneit JIonoHa.

JITUHHBIE CJIOBA C OKOHUYAHMSIMH «-€Iy», «-ary», «-ory». B OpUTaHCKOM aHTJIMIICKOM OJIMH 3BYK U3
3TUX OKOHYAHWU BBINIAJAET, B TO BpeMs KaK B aMEPUKAHCKOM OHH TOJYyYaIOTCS HA OJWH CIIOT
nnuHHee. Hampumep:

- secretary — BrE ['sekrotr 1] vs. AmE ['sekro'ter i];

- monastery — BrE [ 'mpnaostri] vs. AmE [ 'ma:nasteri];

- inventory — BrE ['mv o ntri] vs. AmE ['mv 2 nto:ri].

Pazauuusi B ymapenusx Amepukanckoro (AmME) u bpuranckoro (BrE) BapuanTOB
AHTJIMHCKOIO A3bIKA

AME nenaroT TOMOTHUTEIHHOE YAapeHUe B CIIOBaX, B KOTOPBIX 2 U 0oJjiee CIIOTOB, OBIBACT HA OJVH
cior Oonbire. B croe Ssecretary B Bapuante BrE ymapenune cTaBUTCS TOJNBKO Ha MEPBBIN
cior ['sekratri], B AME nomorHUTENBHOE yIapeHrue Ha BTOpoi OykBe «e»: ['sekra'teri].

Kpome Toro, HeKOTOpBIE CITIOBa MOTYT UMETh a0COJIFOTHO pa3Hoe ynapenue. Hampumep:
- ballet — BrE ['baler] vs. AmE [bzl er]
- debris — BrE [ 'debri:] vs. AmE [da’bri:]
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Paziuuuss B mnpaBonucanud Amepukanckoro (AmME) u Bpuranckoro (BrE) Bapmanton
AHTJIMIICKOI0 A3bIKA:

BrE British AmE American

colour, humour, neighbour, behaviour, color, humor, neighbor, behavior, labor, favorite,
labour, favourite, honour honor

centre, litre, theatre, spectre, metre center, liter, theater, specter, meter

pretence, defence, offence pretense, defense, offense

skilful, fulfil, instalment, appal, enrol skillful, fulfill, installment, appall, enroll
aluminium aluminum

analyse (BrE) analyze (AmE)

catalogue (BrE)
cheque (BrE
jewellery (BrE

catalog (AmE)
check
jewelry (AmE)

pyjamas (BrE) pajamas
programme (BrE) program

tyre (BrE) tire

traveller (BrE) traveler (AmE)
whisky (BrE) whiskey
Limited — Ltd Ltd.

Mister — Mr Mr.

Doctor — Doc Doc.

B amepukaHCKOM M OpMTAHCKOM BapHaHTaX AHTJIMHCKOrO CYIIECTBYIOT pas3lIMuMsi B HAIlMCaHUN
HEKOTOPBIX CIIOB, KOTOPBIE IPEACTABISIOT TPYIHOCTH [T H3yIalONIMX S3BIK. IMEIOTCS pasiudus B
okoHuaHusnx «-our» (BrE) u «-or» (AME).

BpuTaHIbl HCHONB3YIOT IIAroJ «practise» (IMPaKkTUKOBATh) € «s», B AME ucnonb3yeTcs u riaroi, u
CYIIECTBUTENBHOE «practice» yepes «c». Bo MHOTHX ciioBax, r/ie OpUTaHIIBI HCIIOIB3YIOT BCETO OJHY
coryacHyto «1», B aMepuKaHCKOM BapHaHTE OHa JIBOMHAs.

CPABHUTEJIbBHASA XAPAKTEPUCTHUKA B I'PAMMATHUKE
AMEPUKAHCKOI'O (AmE) U BPUTAHCKOI'O (BrE) BAPUAHTOB AHI'VIMUCKOI'O
A3BIKA

Present Perfect. B Opurtanckom si3pike Hcnonb3yroTcs Bpems Present Perfect, kornma peus uuer o
JEWCTBUSX B TIPOIILIOM, PE3YJIbTAT KOTOPBIX BHJIEH B HACTOSIIIEM. B 3THX cilydasix B aMepHUKaHCKOM
A3BIKE IIPUMEHSIETCA kak Present Perfect, TaK u Past Simple. Hampuwmep:
I have lost my keys (BrE) vs. I lost my keys (AmE) - A nomepsi cou KIIOYU.
He has gone home (BrE) vs. He went home (AmE) — Ow ywen domoii.

I'naroa «havey. BpI/ITaHI_[LI JJI BBIPpAKCHUA 06J'IaIlaHI/I$I yeM-1100 0OBIYHO HUCTIOJIB3YIOT TJIaroj
«have got», B TO BpeMsi Kak aMepHKaHI[bl MOTYT cKa3aTb IpocTo «havey. Jta pazHuua Haubosee
3aMeTHa B Bompocax. Hampumep: Have you got a car? (BrE) vs. Do you have a car? (AmE) — V
mebs ecmov Mmawuna?

OtpunareibHasi popma riaroja «need». B ameprkaHCKOM aHTITUICKOM yIMOTPEOJISIOT BapUaHT
«don't need to». B OpuTaHCKOM aHIJIMHCKOM CYIIECTBYIOT JIB€ OTpUIATENbHBIE (OPMBI TJaroia
«need»: «needn'ty u «don’t need toy. Hanpumep: You needn't reserve a table (BrE) vs. You don't
need to reserve a table (AmE) — Tebe ne nysicno 6ponuposams cmonux.
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BcenomMorarenbHblii ri1aroa «do». B amepukaHCcKoM aHIHMiickoM omyckaioT «do» B orBere. B
OpUTAaHCKOM aHTJIMICKOM HCIIOJIB3YIOT KOHCTPYKIIMIO C UCIOJb30BaHUEM «do» TOCTE TIaroyios,
Takux Kak «havey, «may» u apyrux. Hanpumep, B opMaibHOM pa3roBope Mpu OTBETE HA BOMPOC
«May | borrow your pen?» (Moey s e3samb y mebs pyuxy?) OpuUTaHEl CKOpee BCEr0 OTBETUT
«You may doy, a BOT amepukanen — « You mayy.

As if / like. B ameprkaHCKOM aHTIIMHCKOM Yalle UCIOJIb3yeTcs ¢oBo «like» BMecTo cor030B «as if»
W «as though». Hanmpumep:
She looks as if she won the prize (BrE) vs. She looks like she won the prize (AmE) — Owna sviensoum
mak, 6yomo evlucpana npus.

Hapeuus B npenjioxkenuu. Ecnu B OpUTaHCKOM aHTIIMHCKOM HapedHs B CEpeMHE MPEATIOKCHUS
y1'IOTp66J'IHIOTC${ IIOCJIE BCIIOMOIaTCJIbHBIX TIJIarojoOB, TO B aMCPUKAHCKOM BapHAaHTC OHHU MOI'YT
CTaBUTHCA nepen HHUMH. Hanpuwmep:
He has probably arrived by now (BrE) vs. He probably has arrived by now (AmE) — Haeepnoe, on
yorce npuexai.

IIpenyior «on». B amMepUKaHCKOM aHIVIMMCKOM 3TOT IPEIIOr 4acTO OIYyCKAETCs Iepel ITHIMHU
Henenu. Hampumep, mnpemnoxenue «I'm seeing her Sunday morning» (A ecmpeuaroco ¢ neii 6
gockpeceHvbe ympom) — 5T0 BapuanT AME. Bputanumbl Bcerma CKakyT 3TO MPEUIOKEHHUE C
OPEATIOroM: «...on Sunday morning» (...6 6ockpecenve ympom,).

Me;my BrE u AmE CYHIICCTBYCT pa3JIMYUC U B HUCIIOJB30BAHUHN HCKOTOPBIX APYIUX HNPCHJIOrOB B
ycrosiBiuimxcst Beipaxenusix. [Ipumepsr: Different from/to (BrE) vs. Different from/than (AmE) —
Omauunvii om. Do something again (BrE) vs. Do something over/again (AmE) — Coeramb umo-
aubo  cnosa  Livein..street (BrE) vs. Live on...street (AmE) —  JKumv  na  yauye...
At the weekend (BrE) vs. On the weekend (AmE) — Ha évixoonuwix.

Hcnonws3zoBanue r000T0 M3 ATUX MPEIOTOB HE OYyIEeT SIBIAThCA TpyOod OmMOKON, HO BCE XKe
NpEANOYTUTCIIBHO 3HATh 3TU pa3JINYUs. TanKe, B aMCPHUKAHCKOM BAPHUAHTEC, KOI'Id HY?>KHO CKa3aTb O
IMPOMEIKYTKE BPEMCHHU OT KaKOro-to MOMCHTa B MPONLJIOM JO MOMCHTAa B HACTOAIIEM, MOXKCT
HUCITIOJIB30BAaTHCA npeaior «in» BMECTO KJIaCCHUYECCKOI'O 6pI/ITaHCK01"O «fory. HaHpHMep:
I haven't seen her for months (BrE) vs. | haven 't seen her in months (AmME) — 4 ne suden ee muoeo
mecsuyes.

KOHG‘IHO, 9TO MAJICKO HE BCC pa3jiniusad B I'PaAMMATHUKEC MCKAY AMCPHUKAHCKHUM U 6pI/ITaHCKI/IM
aHFHHﬁCKHM, HO OJHU M3 CaMbIX 3aMCTHBIX 1 YaCTO BCINIBIBAIOIINX B pa3roBOpC HUJIN MEPCIHUCKE.

OCOBEHHOCTHU AHIJIMMCKOM BEXJIUBOCTH

CrnenyeT OTMETUTH, YTO CTUJIb AHTJIO-CAKCOHCKOT'O O0IIIEHUs, BKJIIOUas aMEpUKAHCKHM, 3HAUUTEIbHO
OTIMYAETCA OT PYCCKOsA3bIYHOro. CHepKaHHOCTb M HEMHOIOCIIOBUE B PYCCKOM  SI3BIKE
KOHTPACTUPYET ¢ MHOT'OCJIOBHBIMHU BEKJIMBBIMU (hpazaMu, U3JIULIIHUMHU C Hallel TOYKHU 3pEHHs], HO
HEOOXOJUMBIMU Y HUX M CMSTYalOIIUMH MPECTOSIINE BbICKa3blBaHUs. Takas TaKTHUKa OOIIeHHUs
O0COOCHHO yMECTHa TMpU COOOIIEHMM HEeraTUBHOM HHpopManmuu. A Takxke i H30eKaHus
NPSIMOJINHEHHOCTH BBICKA3bIBAHUS, WM JJIS TIOJUIEP)KaHUs CBETCKOM Oecenbl, B KOTOPOW ciexyeT
n30erarh nay3. J{is mMOATOTOBKM KpaTKUX COOOIIEHUN Ha HAy4YHBIX BCTpeyax CjeayeT 3allOMHUTH
creaytomue (paspl, KOTOpoe caenaeT ooueHre 0ojiee yMECTHBIM U YYTHBBIM B aHTJIO-CAKCOHCKOM
MUpe, 0COOEHHO B O(hUIIMaIbHBIX BCTpeyax U KoH(epeHusX, rae Tpedyercs 0630p nudpopmanuu u
TAaKTUYHOCTb CYXJIEHUH B Mpoliecce 0OMeHa MHEHUSIMHU U aHaJIu3a, BKJIOYasl TMHChMEHHBIN aHau3
cTated u Apyroit nHpopmanuu:

/1
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- Oma cmamows (paboma, knuea u m.n.) paccmampusaem — The article (paper, book, etc.) deals
with...;

- Co2nacHo Ha38aHwio, 6 CMamve ONUCHIBACMCS (6 COOMBEMCMBUU C HA36AHUEM, CIAMbSL
onucwieaem...) — As the title implies, the article describes...;

- Ocobenno ommeuaemces — That it is specially noted...;

- Vnomunaemes — A mention should be made that...;

- [loopobno obcyscoaemes — Is discussed in detail that...;

- Ynomunaiomes — Are noted that...;

- Coobwaemcs — It is reported that...;

- Texcm oaem yennyro ungpopmayuro o — The text gives a valuable information on...;

- borwvuwoe snumanue yoensiemes — Much attention is given to...;

- Dma cmamus okaxcem donvuyio nomoub mem — The article is of great help to...;

- Dma cmamus npedcmasnsiem unmepec 051 — The article is of interest to...;

- Ona (cmamows) oaem oemanvuwiii (noopobnwii) ananus — It (the article) gives a detailed analysis
of...;

- Oma ungopmayus npuerexaem nawe snumanue k — It draws our attention to...

OCOBEHHOCTH AHT JIHFICKOPI BEXJ/IMBOCTHU U AEJOBOI'O 3TUKETA IIPH
HOATI'OTOBKE BBICTYIIVIEHUU U ITPESEHTALIUU UX HA HAYYHBIX BCTPEYAX
N KOH®EPEHIUAX

[Ipu BeneHuu 3acefaHuil MPU YYAaCTHH B HAYYHBIX BCTpEUax HEOOXOAUMO HE TOJBKO COOOIIATh
HY)XKHYI0 HMH(OpMallMi0, HO U YYTHBO M BEXIUBO oOHIaThCs APYr ¢ JIpyroM. OcoOEHHOCTHIO
BEKJIMBOM peud NP BEACHUM 3aCEJaHUM, IEPETOBOPOB SIBJIECTCS BEXKIMBOCTbD, 3aKIFOUAIOIIEECS B
YKJIOHEHUHU OT IPSIMOJIMHEWHOCTH BBICKa3bIBaHMs. [ paMMaTHYECKU 3TO MPUBOAUT K YKIIOHEHHUIO OT
ucnonp3oBanus Present Simple tens. Bmecro atoro npumensiercs Present continuous u 3amena ero
Ha, Past Simple Future Indefinite wiu Conditional mood.

- Ladies and Gentlemen! Dear Colleagues!

- [Ipowy sawezo snumanus — May | have your attention, please?

- Jlna mens 6onvuias yecmo 6vimo npedceoamenem smoeo 3acedanus — It is a great honor for me to
chair this meeting.

- [lozsonbme mne omxpwvims ouckyccuro — Let me open this discussion.

- Tema naweti ouckyccuu — The topic of our discussion will be...

- Hasaiime cnauana o6¢cyoum ooxnao ookmopa J{xconcona — Let's first discuss Dr. Johnson's paper
- Ecmb sonpocul, 3ameuanus? —\Who is going to ask a question?

- [lozsonbme mue aopecosams amom eonpoc doxkmopy I puny — Dr. Brown, please Let me direct
that question to Dr. Green

- A npeoocmasnsiio cnoso — | Il give the floor to ...

- [lepsvim evicmynum — The first speaker is...

- F'osopume, noxcanyticma — Please speak — ¢ muxpoghon — into the microphone — nemnozco epomue
— a little leader.

- A nonpocun 6v1 sbicmynarowux 2osopums kpamx0 — 1'd ask the speakers to be brief.

- [Ipouty ne omknousimocsi om npeomema paszeoeopa — Keep to the point, please.

- Dmom eonpoc 6ydem obcyxcoamocs 3aempa — This point will be discussed tomorrow.

- borocw, umo mul donxcuvl npepsams ouckyccuro — I'm afraid we must break off the discussion.

- ucxyccus 6ydem npooondicena 3asmpa ympom — The discussion will be continued tomorrow
morning.

- Ha smom u 3akpuisaro oucxyccuio — With this | close the discussion.
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Bomnpocs! k nokinaauuky:

- ['-n npedcedamens, nozsonome 3adams sonpoc — Mr. Chairman, may | ask a question to the
speaker?

- A xomen(a) 6wt 3a0amwv sonpoc — | would like to ask .. a question.

- ¥V mens eonpoc x — | have a question for ...

- ¥V mens— | have ...

- 00un sonpoc — 0ne question

- 08a sonpoca — twWo questions

- HeckonbKko sonpocos — several questions

- A xomen (a) 6v1 3a0ames... sonpoc — | would like to ask a ... question

- npocmoii — simple

- mpyonwui — difficult

- kopomxuii — brief

- V mens ecmv 0oun 6onpoc. — | have another question.

- [lo36016me 3a0amo motui sonpoc no-opyeomy. — Let me put my question in a different way.

- V mens nem 6onpocos, u s xomen Ovl n0O1A200APUMb OOKIAOUUKA 3A O4EeHb UHMEPEeCHOe
svicmynienue. — | have no questions, and | would like to thank the speaker for the most interesting
presentation.

OTBeThI Ha BONPOCHI:
- Bui 3a0anu uckirouumenvro éadicuviii sonpoc. — You have raised an extremely important question.
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Keys
TEST: MATCH THE WORDS:

Unit Nel: 1/4; 2/8; 3/5; 4/1; 5/3; 6/7; 7/6; 8/2; 9/10; 10/9; 11/11.

Unit No2: 1/1; 2 /4; 3/5; 4 /22; 5/7;6/32;7/33;8/32;9/9; 10/5; 11/19; 12 /16; 13 /13; 14 /30;
15/14; 16 /21; 17 /23; 18 /134; 19 /11; 20 /10; 21 /3; 22 /24; 23 /8; 24 [27; 25 /12; 26 /35; 27 /26; 28
120; 29 /31; 30 /17; 31 /28; 32 /6; 33 /25; 34 /15; 35 /29.

Unit Ne3: 1/1;216;3/5;4/3;5/2;6/4;7/1;8/10;9/8; 10 /7; 11/9; 12 /12.

Unit Ned: 1/7;2/9;3/2;4/5;5/1;6/8;7/4;8/6;9/11; 10/3; 11/12; 12 /10; 13 /13; 14 /14; 15
/15; 16 /16.

Unit No5: 1/31; 2 /2;3/17;4/18;5/23; 6 /30; 7 /26; 8 /25; 9/32; 10 /6; 11 /10; 12 /24; 13 /28; 14
121; 15 /22; 16 /9; 17 /1; 18 /15; 19 /19; 20 /5; 21 /29; 22 /27; 23 /13; 24 /4; 25 /12; 26 [7; 27 [14;
28/8; 29 /3; 30/16; 31 /20; 32 /11.

Unit Ne6: 1 /27;, 2 19; 3/31; 4 /42;5/22; 6 /4; 7 /17; 8 /35; 9 /37; 10 /3; 11 /26; 12 /16; 13 /8; 14
125; 15 /38; 16 /29; 17 /14; 18 /13; 19 /30; 20 /11; 21 /7; 22 [24; 23 /28; 24 [2; 25 /23; 26 /41; 27
/18; 28 /10; 29 /19; 30 /40; 31/5; 32 /39; 33 /32; 34 /21; 35 /33; 36 /20; 37 /1; 38 /15; 39 /12; 40
/43; 41 /36; 42 /34; 43 /6.

Unit No7: 1 /21; 2 /A7; 3 /38; 4 /25; 5 /23; 6 /53); 7 126; 8 /127; 9 /42; 10 /5; 11 /46; 12 /45; 13 /49;
14 /1; 15 /43; 16 /36; 17 /14; 18 /13; 19 /50; 20 /55; 21 /41; 22 /35; 23 /37; 24 /48; 25 /39; 26 /10;
27 122; 28 16; 29 /33; 30 /15; 31 /32; 32 /19; 33 /11; 34 /8; 35 /12; 36 /18; 37 /30; 38 /29; 39 /4; 40
128; 41 /34; 42 /16; 43 /40; 44 /17; 45 [20; 46 /52; 47 /31; 48 /2; 49 /3; 50 /44; 51 /9; 52 /54; 53 /24;
54 /51; 55 /7.

Unit Ne8: 1 /8; 2 /15; 3/10; 4 /4;5/3;6/5;7/16; 8/6; 9/11; 10/12; 11 /17; 12 /14; 13 /13; 14 /1;
15/2; 16 /20; 17 /18; 18 /9; 19 /7; 20 /19.

Unit Ne9: 1/6; 2 /18; 3/3; 4/16; 5 /42; 6 /19; 7 /22; 8 /9; 9 /15; 10 /20; 11 /2; 12 /41; 13 /13; 14
125; 15 /14; 16 /40; 17 /36; 18 /26; 19 /33; 20 /23; 21 /29; 22 /17; 23 [24; 24 /32; 25 /10; 26 /38; 27
121; 28 /30; 29 /5; 30 /1; 31 /11; 32 /4; 33 /8; 34 /27; 35 /34; 36 /7; 37 /35; 38 /12; 39 /39; 40 /31;
41 /37; 42 /28.

Unit Nol10: 1 /23; 2 /15; 3/29; 4/28;5/9; 6 /4; 7 /20; 8/30; 9/19; 10/3; 11 /14; 12 /21; 13 /11; 14
127; 15/6; 16 /2; 17 /18; 18 /13; 19 /25; 20 /12; 21 /22; 22 /7; 23 /10; 24 /24; 25 /26; 26 /16; 27 /1;
28 /17; 29 /8; 30 /5.

MATCH THE TRANSLATION OF ENGLISH AND RUSSION SENTENCIS:

Unit Nel: 1/6; 2/5; 3/4; 4/3; 5/2; 6/1

Unit Ne2: 1/1; 2/4; 3/3; 4/2; 5/5; 6/9; 7/6; 8/7; 9/8
Unit Ne3: 1/1; 2/4; 3/3; 4/2; 5/5

Unit Ned: 1/5; 2/3; 3/2; 2/3; 4/5

Unit NeS: 1/2; 2/3; 3/4; 4/2; 5/5

Unit Ne6: 1/3; 2/4; 3/1; 4/2; 5/5

Unit Ne7: 1/3; 2/1; 3/2; 4/5; 5/4

Unit Ne8: 1/3; 2/4; 3/1; 4/2; 5/5

Unit Ne9: 1/2; 2/1; 3/4; 4/3; 5/5; 6/7; 7/6

Unit Nel0: 1/3; 2/4; 3/1; 4/2; 5/5

AHTI'JIO-PYCCKHUI CJIOBAPD [1; 3; 6]

a space probe spels praub KOCMHYECKHUH 30H]
abundance 2'band(a)ns H3001IIHe, MHOKECTBO
acceptance tests ok 'septans test MIPUEMO-CIaTOYHBIE UCIIBITAHUS
3
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access

adiabatic
coefficient
adjusting
aerospace
alloys

altitude
Ammonia
application
approximately

are defined
arise
assembled
assembly
astronautics
astronomical
available

avoid

basics
bell-nozzle
bipropellant
boil-off rate
boiling point
bouncing
buggy
calculations
capacities
carrying electrode
cases

cause variations
caused

celestial body
celestial
mechanics.
charging
chemical fuel
circuit

civilian
cogeneration unit

considerable
considerably

‘ekses

-erdara'batik
koor ' fifnt
o'dzostiy
earaspers
‘&'lo1z

‘eltitju:d
9'mounio
.epli 'kerfn

o 'pra:ksimatli

dr'faind

d'raiz
9'semboald
9'semblr
&stro'no:tiks
a@stro nomik(a)l
o 'veilabl

a'vord

'bersiks
bel 'npz(o)l

boil o:f rert

boil pont

‘bavnsiy

‘bagr
kaelkjo'lerfonz

ko' paesitiz

‘kaernm 1'lektrovd
‘kersiz

ko:z veort erf(o)n
'ka:zd

,selestri,al
st'lestrol m1 kaniks

‘tfa:dzm

‘kemikl fjuel
‘s3:rkat

st vilj(o)n
‘koudzenarerfn
‘jumnit
kon'sid(a)rab(9)l
kon'sid(9)rabl

JOCTYTI, IPOXO/I, MOJIX0J, BEIOOPKA, MPHUIAIOK,
oOparmaTbcs, UMETh JOCTYII
angnabarnyeckuii KodpduumeHt

PETYIUPYIOIINN, YCTAHOBOYHBINA, COOPOUHBIN
KOCMOHABTHKA

CIUIaBUTb, JIETUPOBATh, CILJIAB, JIUraTypa,
MIPUMECH, JIETUPOBAHHBII

BBICOTA

aMMHUaK

MIPUMEHEHUE, PUIIOKEHUE, 3asBKa
NPUOIU3UTENBHO, TPUOINKEHHO, TTOYTH,
OPUEHTUPOBOYHO

OIpEIETIEHBI

BO3HUKATh, MOSIBIISATHCS,

coOpaHHbBIN, CMOHTUPOBAHHBIH

cbopka, coOpaHue, MOHTaX
KOCMOHABTHKA, aCTPOHABTHUKA
KOCMUYECKUI

JOCTYIHBINA, UMEIOUIUIICS, HATUI0, UMEIOLIUIACS

B HaJIMYUH, HAJIMIHBIN

n30erarb, yKJIOHSATHCS

OCHOBBI

coruio [Ipanarns
JIBYXKOMIIOHEHTHOE PAKETHOE TOTUIMBO
CKOpPOCTb BBIIIaPUBAHUS

TOYKA KUTICHUS

OTCKOK, ITPBIKOK

KOJIsICKa, KaOpUoeT

BBIYHMCJICHHS

E€MKOCTh, BMECTUMOCTE, 00BEM
TOKOIOABOISIIIAN 3JIEKTPOJT
WCIIBITAHUE B HOPMAJIBHBIX YCIIOBUS
MpUYMHA U3MEHYUBOCTHU
BbI3BaHHbIH, 00YCIIOBICHHBIN
HeOEeCHOE TeJIo

MeXaHHNKa HEOSCHBIX Tell

3apsaKa, 3apsaHbIi,

XUMHUYECKOE TOTIIIUBO

cXema, IeMb, KOHTYP, KPyrooOopoT, IIUKJII, CETh
rpaXkKJaHCKUH, IITaTCKUI

YCTaHOBKAa KOMOMHUPOBAHHOM BBHIPAOOTKHI
TEIJIOBOM U 3JIEKTPUUYECKON IHEPTUU
3HAYUTEIbHBIN, OOJIBIIION,

3HAUUTEINIbHO; CYILIECTBEHHO; 3aMETHO

contrary ‘kontrart BOIIPEKH, ITPOTHUB,
contribute kon tribju:t CIocoOCTBOBATh, COJICHCTBOBATD,
control unit kon'trovul ‘ju:ntt OJIOK yIpaBJIeHHsI
controlling kon'troulm KOHTPOJIbHBIHN
converted kon'v3:tad nepeieIaHHbli, epeo0opy10BaHHBIN
conveys kon'verz NEPEeBO3UTh, TPAHCIIOPTUPOBATD
/)
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cornerstones
crash

crude
cryogenic
current

damaging impact
date back
depending
designated
designed
destroyed
diffusion
dimension
discovery
dismantled
dust-free
conditions
Earth
electromagnetic
compatibility
endurance strength
energy storage
density

energy supply
engine
environment
equations
equator
equinox
established
evaluation

event

exemplified below
expense
experienced severe
pogo oscillations
exposure

failure

fall into

fatigue strength
feasibilities

field of application
flow rate
fluctuations

ko:nastovnz
krae[

kru:d
kraro'dzenik
'k3:ront

‘demidz ‘'impeekt
dert baek
dr'pendy
‘dezignertid
dr'zaind
dr'stroid

dr' fju:zn
di'menf(o)n
dr'skav(o)rt

dis 'mentald
dast fri: kon'difn

3.0

1, lektrovmaeg netik
kom paeto bilotr
m'durans strenkd
‘enad31 'sto:rid3
"densitr

‘enord31 so plar
‘end3in

' varronm(o)nt

1 kwerzonz

1 kwertto
‘t.kwima:ks
1'staeblift
1,velju'eln

1'vent

1g’ zemplifaid

1k ‘spens

1k 'sprorionst  s1'vIio
,ost'letfn

1k’ spav3or

‘ferljo

fo:l 'mto

fo'ti:g strenkd
1:z1 bilrtr

fi:ld pli'kerf(o)n
flou rert

flaktfv erfonz

KpaeyrojbHbIil KAMEHb, YIJIOBOM KaMEHb
aBapusl, Kpax,

CBIPOH, HEOUHILIEHHBIH, TPYOBIii, CHIPbE
KPHOTECHHBIN, HU3KOTEMIIEPaTyPHbIH
TEKYIUHA, COBPEMEHHBIN, TEIEPEIIHUM,
XOIIYMi, TOK, TEUEHHUE, ITIOTOK, CTPYS, X0
IIOBPEXKIAIOIIIEE BO3ACUCTBIE

JATUPOBATh 3aJHUM YUCIIOM

3aBUCETH, I10JIaraThCs,

0003HauaTh, ONPENEIATh, YKa3bIBaTh
IIpEAHA3HAYEHHBIN, IPOCKTHBIN
AQHHYJIMPOBAaHHBIN

muddy3us, pacipocTpaHeHUE, paCCEUBaHUE
U3MEpEeHHe, apameTp

OTKpBITHE, OOHApYKEHUE
JEMOHTHPOBAHHBIN

ycioBus 06€3 mbUTn

3emig
3JICKTPOMAarHuTHasi COBMECTUMOCTD

npeacii BBIHOCIIMBOCTH
IJIOTHOCTH HAKOIIJICHUA DOHCPIUr

SHEProcHa0KEHUE

JBUTATEIb, MOTOP,

OKpYXKaroIas cpena, Cpela, OKpyKeHue
YPaBHEHHUS

JKBATOP

PaBHOICHCTBUE

YCTaHOBJICHHBIW, IPU3HAHHBINA, AaBTOPUTETHBIN
OLICHKA, OIPEIEICHUE KAaYECTBA, ONPEAEICHUE
KOJIM4eCTBa

coObITHE, Cilydal, IPOUCIIECTBHE, PE3YJIbTaT,
HCXO0J

CILY’KMTb IPUMEPOM

pacxoll, U3IEpPKKU

UCTIBITHIBAJI CUJIbHBIE KOJICOaHUs

BBIIEP)KKA, SKCIIO3UIINSA, TIOJIBEPTaHue,
pa3obaveHne, BRICTaBKA, HE3ANTUIIICHHOCTh
0TKa3, HEIOCTATOYHOCTh, HeyAaua

MIPUHUMATHCS 3a; IPUHATHCS 34,

yCTaloCTHAS TPOYHOCTh

BO3MOXKHOCTH HAIPaBJICHHOH Tepeadn YSHSPTHH
00nacTh MPUMEHEHUS

pacxo/1 KUJIKOCTH

KoJIeOaHus

flywheel flarwi:l MaXOBHK, MaXxOBO€ KOJIECO
folding ‘fouldiy CKJIaTHOU, pacKJIaJHON, OTKUIHOM
forestry ‘foristrr JIECHOE XO3SIHCTBO
fossil fuels fa:sl ‘fjual HCKOIIaeMO€ TOILUIUBO
/)
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fuel tank
fueling
fundamentals
generator
geometric shapes
global market
granules
gross cost
accounting
heading for
heat capacity

heat of evaporation

heat of fusion

high damage
tolerance
high efficiency

high impact
resistance
high-pressure

highly reliable
hindered
humidity
hydrazine
hydrogen
hydrogen-oxygen

hyperbola
hyperbolic
approach
ignition
incalculable
influences
infrared
insoluble
intermediate

ionization energy

fjual tenk
fju:olim
fando'ment(a)l
‘dzenarertor

,dz10 ' metrik ferp
‘gloub(o)l ‘'ma:kit
‘grenjalz

grous ko:st o 'kavnt

‘hedm
hi:t ko paesatr
hi:t 1 vaepo rerfn

hi:t "fju:zn

har ‘deemid3

‘ta:lorans
har 1’ fifnsr

har ‘tmpeekt

11'ZIstons
‘har'prefs

‘hailr r1'lareb(a)1
"hindad

hju: ‘'midatr
‘hardrazi:n
‘hardradzon
‘hardradzon
‘a:ksidzon

har p3:balo
har'p3:.bal.i

1g nifn

m kelkjolab(9)l
‘'infloonsiz
mfra'red
m'sa:ljobl

.Intor 'mi:diot

,a1ono 'zerfon

TOILUIMBHBIN OaK

3arpaBKa TOILTUBOM

KpaeyroJbHBIC MOJIOKCHHUS

reHepaTop, NPOU3BOAUTENb, FT€HEPATOPHBIi
reoMmerpuueckas popma

MHPOBOU PHIHOK

TPaHYJIbI

yueT BaJOBbIX 3aTpaT

HEeMUHyeMas karactpoda

TEIJIOEMKOCTh

CKpBITasl TEIUIOTa Mapo0Opa30BaHuUs; CKPhITAs
TEIJIOTa UCTIAPEHUS

TEIIOTa TEPMOSIIEPHOTO CUHTE3a; yIeabHast
TEIJIOTA IUIABJICHUS; TETUIOTA TastHUS
BBICOKAsl YCTOWYMBOCTD K MOBPEKICHUSIM

BBICOKAsl IPOU3BOIUTEILHOCTD; BBICOKAs
KBaJTM(HUKAIHS; BEICOKO3()()EKTHBHBIN
BBICOKAsl yJIapOIIPOYHOCTb

C BBICOKUM JIaBJICHUEM, UCIIOJIb3YIOIIUI
BBICOKOE JIaBJICHUE

BBICOKOHA/ICKHBIN, OUE€Hb HAJIEKHBII
IPENSITCTBOBATh, ObITH IOMEXOH
BJIQXKHOCTb, CHIPOCTh

THAPA3uH, TUaAMUT

BOJIOPOJ

BOJIOPOIOKUCIOPOTHBIN

rumnepbosa
TUIEepOOTUYECKHIA

3a)KUraHue

HEUCYHMCIIMMBIN, HECUCTHRIN

BIIUSIHUE, BO3/ICHCTBUE

nH(ppaKpacHbI

HEPaCTBOPUMBIN, HEPA3PEIINMBIN
IIPOMEKYTOUHBIN, CPETHUM, TIPOMEKYTOUHOE
3BEHO, I0CPEIHNYATH, BMEIINBATHCS
SHEPIHUsl TUCCOLUALNN; SHEPTHSI HOHU3ALUU

‘enard31
isotopes ‘arsatoups HU30TOIIBI
laid lexd YCTAHOBJICHHBIH, MTPOJIOKEHHBIN
launch lo:ntf 3amycKaTh, HAYMHATb, BBITYCKATh
launching facilities lomntfin fo'silitiz CTallMOHAPHBIN CTAPTOBBIN KOMILJIEKC
layer 'letor CIIOH; TIIIACT; PAA
light emission lart 1'mifn  KO3(QQHUIUEHT CBETOU3TYyYCHUS
coefficient koot fifnt
lignite ‘lignart JIMTHUT, OYpBIi yroib
/)
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liquid

losses of crew
low Earth orbit
low-flying
lubrication
properties
machining
maintenance

manned
International Space
Station

manned mission
manufacturing
mass-specific cost
measurements
melting point
mentioned
methane
micro-constituent

microgravity
research
multi-purpose crew
vehicle
multifaceted
nitrogen
nuclear fuel
occur
opportunity
oxidation
oxygen
particularly
path

payload
payloads
peat

perform
performed
experiments
performing tasks
perihelia
permanently

permit

platelet coated
play a special role
pogo stick
powder

power failure

Tikwid

los of kru:
3:0 'o:brt
'lov 'flamm
Ju:brr 'kerfn
‘pra:partr
mi1 [i:ni
‘meintonans

maend

meand mifn
manjo’ fekt/orm
maes spa sifik ko:st
‘mezomants

melt point
‘menfond

‘mefemn

‘maikrou
kon'stfvont

‘maltr ‘p3:rpas kru:

'vi:okl

maltr faestid
nartradz(o)n
‘nuklor ‘fju:el
o'ksr

DPa tju:nit
a:ks1'derfn
‘a:ksidzon

par ‘tikjolorl
pa:0

‘peilovd
‘petlovdz

pi:t

po'fom
po'fom
k'speriment

po forminy ta:sks
pert hi:ljo
‘p3:rmanantlr

por 'mit

‘plertlat| kouvtid
pler ‘spef(9)l
pog stik

praub

‘paver| ferljor

JKHUIKOCTD
HapyIIeHNEe YCIOBUM KU3HEACATEIHHOCTH
HU3Kas OKOJIO3eMHas OpOuTa

JIETSAIIUN Ha MaJIOH BEICOTE

CMa304HbBIC CBOMCTBA

MexaHndeckas 0opaboTka
oOCITy’)KMBaHUE, TOJIEPIKAHHE,
PEMOHTHBIN

MUJIOTUPYEMBIA MEXIYHAPOJIHBIA KOCMHYECKUN

IOJIET

MUAJIOTUPYEMBIN I1OJIET

IIPOU3BOJICTBO, Yallle TOTOYHO-MACCOBOE
yZeJIbHBIE 3aTpaThl 110 Macce

pa3Mepbl

TOYKa IJIaBJICHUS

YIOMSIHYTBIN

MeTaH, OOJIOTHBIH Ta3
MHUKPOCOCTaBJISIOIIAS

HCCIICAOBAHUE MUKPOI'PpaBUTALIMU

MHOTOIIEJIEBOE TPAHCIIOPTHOE CPEACTBO
SKHUMaXKa

MHOTOT'PaHHBIN, MHOTOCTOPOHHUM

a3oT

AJIEPHOE TOpPIOYEe, SIEPHOE TOILIUBO
IIPOUCXOJUTh, BCTPEUAThCS, UMETh MECTO
BO3MOYKHOCTb, YJIOOHBIN ClTyyaii

OKHCJIEHUE

KHCIIOPOJI, KUCIIOPOAHBIN

0COOEHHO, B YaCTHOCTH, B OCOOCHHOCTH
TpacKTOpus

0JIe3Has Harpyska

I0JIE3HAs Harpys3Ka

Top(, Opuker Topda, TopPsHOM

BBITOJIHATH, COBEPIIATH

IIPOBOAMTD IKCIIEPUMEHT; IPOU3BOIUTH OIIBIT;

YaCTOTAa BBHIMOTHIEMOCTH 3aJaHuUs
MepUreInun

MTOCTOSTHHO, HAJI0JITO, TIEPMAHEHTHO,
HEIMPEPBHIBHO, HEU3MEHHO

paspernieHue, mpoIycK, MyTeBKa, MO3BOJIATh,
paspeniaTh, I0MyCKaTh

MOKPBITHIN TIIACTHHKAMHU

UTPAIOT 0COOYIO POJIh

MIPBITAIOIINN, TTPUACPIKUBATHCS

MOPOUIOK, MyIpa, MOPOX

OTKJIFOUEHHE AJIEKTPUUECTBA

COZCPIKAHUE,

JUTSL
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powering

precious metal
predecessors
prediction
pressing
pressure changes

processed

product
development
production
activities
project-processing
propellant
propellant
propertie
propulsion system
propulsions
pumping

purpose
radioactive
radionuclides
ramjet

random
rechargeable
recharging
reduced gravity
reference
referred
reflection
coefficient
reinforced
relatively
reliability
reliable

remaining
required
requirement

resistivity
resolution

resonant

restriction

rocket

rocket construction
rotational

run smoothly
satellite
constellation

‘pavarin

‘prefos ‘'metl
pri:disesoz

1 dik[(e)n

‘presiy

‘prefo

‘tfemdziz

‘prasest

‘pra:dakt
dr'velospmont
pro'dakfn &k trvotr

‘pra:dzekt ‘pra:ses
pra'pel(e)nt
pra'pelont

‘pra:partr
pra'palf(e)n ‘sistom
pra'pal.fon

‘pAmpiy

'p3:rpas

-rerdiou’ &ktrv

‘ramd3zet

‘rendom

11 tfa:rdzobal

11 tfa:rdziy

1 dju:st ‘grevitr
‘ref(o)r(o)ns

ro'f3:d

11 flekfn koor fifnt

11,1 ' forrst
‘relat

11, laro " bilrt
11 latobl

1 meinin
r1 ' kwarad
r1 kwarrmont

T1ZI StIVItT
reza'lu;f(o)n
rez(o)nant

11 strik[(9)n
‘rokit

‘rokit

rov 'terfnal
ran ' smu:dl
‘saetolart
Jka:nsta'ler/n

MPUBOJIUTH B JEUCTBUE WU JBUKECHUE; CIYKUTh
MPUBOJIHBIM JIBUTATEIEM

JIparoleHHbIA METAILIT

MPEIIIECTBEHHUK

MpEACKa3aHUE; IMIPOTHO3

MPECCOBAHUE, TPECCUHT, IITAMITIOBKA
N3MEHEHHE JaBICHUS

MPOSIBIICHHBIN
pa3paboTKa u3aenus

IMPONU3BOACTBCHHAA ACATCIBHOCTD

IIPOEKTUPOBKA CUCTEM

paKeTHOE TOIINBO

paKeTHOE TOILIMBO, METATENbHBIM, IBUKYIIUN
COOCTBEHHOCTb, CBOMCTBO, UMYIIECTBO
JIBUTATEIbHAsl yCTaHOBKA

PEaKTUBHOE JIBUKECHHE

HaKayKa, OTKauMBaHUE, HAKAYUBAHNE
11€J1b, HA3HaYCHNE, HAMEPEHNE
pasvoOaKTUBHBII

pasOHYKIINbI

IIPSIMOTOYHBIN BO31YIIHO-PEAKTUBHbBIN
JIBUTATEIb

CIy4alHbIN, IPOU3BOJIbHBIN
repe3apsaKaeMblid

nepesapska

MOHMKEHHAs TPaBUTALUS

CCBIJIKA, CIIpaBKa, YIIOMUHAHUE
OTpaXE€HHBIN

K03 PHUIIHEHT 00paTHOTO paccesHus;

KO3 (HULUEHT OTpaskeHUs

YCUJICHHBIH, apMUPOBAHHBIN
OTHOCHUTEIIBHO

HaJIe)KHOCTb, JOCTOBEPHOCTH, IPOYHOCTH
HAJICKHbIW, TOCTOBEPHBIN, IPOYHBIH,
3aCITy>KMBAIOLINH OBEepHsl, OJ1aroHa eKHbIN
0CTaBaThCA, IPOAEPKATHCS, OCTATOK, OCTATIHHOE
HEOOXOIMMBIH, 00I3aTeIIbHBIH
TpeboBaHue, MOTPEOHOCTh, HEOOXOIUMOE
YCIIOBUE, HYXK/1a

yII€IbHOE COMPOTHUBIICHNE

pa3pelleHue, pe30Irous

3BYYHBIH, PE30HUPYIOITUI

OTrpaHUUYEHUE

pakera

COOPYKEHHE PAKETBI

BpaIllaTeJIbHBIN

paboTaeT CrIoKOWHO

CIyTHUKOBAs IPYNIHPOBKA
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saturated
scientific project

scientific research
sealed

self- destruct
shadow

significant
simultaneously
solar system
solid material

source

space agency
space applications

space flight
space shuttle

spacecraft
spacecraft vehicles
specifically
specified

specified
requirements
speed

sputtering rate
storage

storage life
stored

storm surveillance

seetforertid

saron tifik
‘prodzekt

saron 'tifik r1's3:tf
'si:ld

self di'strakt
feedov

sig nifik(o)nt
~sarml ternioslr
‘'soulo 'sistom
‘'sa:lid ma tirral

SJ1S

‘erdzonsiz
spets ,@plr'kerfn

speis
spers '[atl

sperskreeft
‘speiskraeft ‘vi:okl
spr ' stfiklr

‘speso fard
‘spesifar

1 kwarormont
spi.d

‘spator rert
‘storridz

‘sto:ridz larf
‘sto:rd

torm so'verl(o)ns

HACBILLEHHBIN, IPOIMUTAHHBIN
Hay4YHbIE TPOCKTHI

HAY4HBIC UCCIICAOBaHUA

3are4aTaHHblIi, IFEepPMETUYHBIN,
repMETHU3UPOBAHHBIN, repMETUYECKU,
3a/1eJIaHHbIN

CaMOJIMKBHIATOP

TE€Hb, IPU3PAK, MPaK, MOJTyMpPaK, HAMEK, IOKPOB,
3aTEHATh, OMPayYaTh, OCEHITh, IPEABEIATh
3HAYUTEJIbHBIN, CYILIECTBEHHBIN, 3HAYNMBbI,
OJHOBPEMEHHO

COJIHGYHAs CHCTEMa

TBEPABIA MaTepHal, MPOYHbIA MaTepHal

CHell. UICTOYHUK (PHEPTruH,
¢bu3. uznmyyarens
YIPaBJICHHUE KOCMUYECKUX UCCIICIOBAHUM
KOCMUYECKasi TEXHUKA, IPUMEHEHUE
KOCMUYECKOU TEXHUKU

KOCMHYECKHUH MOJIET

KOCMHMYECKH arnmapaTr MHOTOPa30BOTro
MCIOJIb30BaHUs, IIATTII; YEITHOK
KOCMUYECKHI Kopaldib

KOCMHUYECKHE arlapaThbl

KOHKPETHO, 0COOCHHO, 2 UMEHHO
00yCIIOBJICHHBIH, TOYHO OIpe/IeTICHHbIN
YCTaHOBJICHHBIC TpeOOBaHUS; 3a/IaHHbBIC
TpeOoBaHUS

CKOPOCTb, OBICTPOTA, YUCIIO 00OPOTOB
CKOPOCTh pacCIbLICHUS

XpaHEHHUE, XPaHUJIHIIE, CKIIAJ, TaMsITh,
3alOMUHAIOIIee YCTPOMCTBO, HAKOTIIICHUE
CPOK TOJTHOCTH TP XPaHECHUN
oOecrnevyeHHbIH, CHa0XKEHHBIH (4eM-11.),
XpaHsmmiics (B 3amace), HaKOIIJICHHBIH,
3anac€HHbBIN

HaOJII0JIEHUE 33 ITOPMOM

MIUTaHUA);

straw stro: coJioMa
successor sok 'seso IIporpaMMa-TIpeeMHUK
programme ‘prouvgraem
suitable ‘su:tabl MOIXOASAIINM, COOTBETCTBYIOLIH; (ITPU)rOAHBIHI
suitable space ‘su:tobl Spels  TOAXOSIIINEe KOCMUYECKUE MPOTYKThI
products ‘pra:dakt
supplemented ‘saplimentrd JIOTIOJTHEHHE, TIPUITOKEHHE,
supplier so'plaror MOCTaBIIUK
supply so'plar MOCTaBKa, MUTAHKUE, TOCTABJIAThH, CHAOXKAFOIITHH,
ruOKo
supplying so'plarm MIOCTaBKa, MUTAHUE,
surround Sa’raund OKpY’KaThb
/)
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0.10. UckaHpapoBa

system integration
processes

take off

the result of
therefore

thermal
combustion
thermodynamic
energy supply
thermonuclear
thrusters

to reach a planet
to require

to take advantage
of

torque

torsional strength
trade barriers
transfer orbit
transition
transition
temperature
transportation
tribology

triple point
unforeseen
unmanned
uranium

vapour pressure
verification
processes
versatile

viable deployment
vibration damping

‘sistom | Int1 greifn

‘pra:ses

11 zAlt
‘Oerforr
'03:rml
kom'bastfon

_03:moudar nemiks

‘enord31 so plar
03:mou nju:klio
‘Orastoz

rictf

1 kwaro

tetk od'va:ntids

to:rrk

trerd 'baerioz
treens ' f3:(r) "o:bit
treen' zif.on

treen 'zifn
temprotfor
treenspo: ‘terf(o)n
trar bolad3r

‘tripl point
Anfor'sin
.An'mand

Jo remiom
‘verpar ‘prefor
.vertfl kerfn
‘pra:ses

'v3:rsotl

‘varobl di 'plormant
var brei/n demp

MPOLECCH CUCTEMHON MHTErpaluu

B3JIET
B pe3yJbTaTe

MMO3TOMY, CJIICAOBATCIIBLHO, IOTOMY

TEIIJIOBOC CropaHue

TEPMOANHAMHNYCCKOE 3H€pFOCHa6)KeHI/Ie

TEPMOSICPHBIN
JIBUTATEIh
JIOCTUTATh TJIAHETHI
3anpaliuBaTh
U3BJICYb BBITOTY U3

KPYTAILIUH MOMEHT, BpallaroIfii MOMEHT,

3aKpy4UBaTh

npeieN NPOYHOCTH TPU KPYIESHUH
TOPTOBBIC OTpaHUYEHUS /Oapbepbl/
IPOMEXKYTOUHast opouTa

epexo/t

TemriepaTypa Gpa3oBoro nepexoma;
HeCTallMOHApHAs TeMIIepaTypa

HepeBO3Ka, TPAHCIIOPTUPOBAHUE; TPAHCIIOPT
TpuOOJIOrHsl, HayKa O TPEHUHU

TpOMHas TOUKa

HEIPEABUICHHBIN, HE IPEAYCMOTPEHHBIN
OEeCIMUIOTHBINA, aBTOMAaTHYECKUM

YpaH
JAaBJICHUC T1apa

nporuecc Bepuduxanuu (poBepKku)

Pa3HOCTOPOHHUM, THOKUH, MHOTOCTOPOHHUH
JKU3HECTIOCOOHOE pa3BEePTHIBAHUE
nemrupoBanne KojieObaHUN WM BUOpalUn

victorious vik 'to:r108 MOOEUBIIHI, T00€TOHOCHBIN
vinyl-coated 'vaml 'kout C aHTUKOPPO3HOHHBIM BUHUJIOBBIM CIIOEM
visible 'vizib(9)l BUJIMMBIi, 3pUMBIi, OUEBUTHBIH
welded ‘weldad CBapHOM, CIasiHHBIH, 3aBapEHHBIH
/7
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