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YPOK 6

O630p rpaMmMaTmnyeckoro matepuana: CocnaraTenbHOe HaK/IOHeHWMe.
MpuaaToyHble NPeAnoXXeHNA yCNoBUA.

CocnaratenbHoe HaknoHeHue (The Subjunctive Mood) - Bblpaxaet
JeiicTBMe He peanbHOe, a MpeAnonaraemoe, yCN0BHOe UAW >enaemoe. Ha pycckuii
A3bIK MepeBOAMTCA coYeTaHWeM rnarona B (Gopme MNpPOLIEALIero BpPemMeHW C
yacTuuen «bbi».

CocnaratenbHOe HakNOHeHWe ynoTpe6nseTcs B MNPOCTbIX MPefNoXKeHUaX W
coBnagaeT ¢ popmoii Future in the Past: should, would, could, might + nHQMHUTHKB
6e3 yacTuubl “to”, ecnn BbiCKa3blBaHWE OTHOCUTCA K HacTosAwemy uau 6ygylemy
BpPEMeHU

e.g. It’s a pity you can’t come tomorrow. Peter would help you. - Xanb, uto

Bbl He MOXeTe NMpuinTK 3aBTpa. MeTp nomor 6bl Bam.

Wnn ¢opmoit Future Perfect in the Past: should, would, could, might +
nepeKTHbIN MHPUHUTUB 6e3 yacTuubl “t0”, eCnn BbiCKa3blBaHWE OTHOCUTCA K
npeawecTBYOLWEMY Nepnogy,

e.g. Why didn’t you phone him yesterday? He would have helped you. -

Moyemy Bbl He MO3BOHUAN eMy Buepa? OH nMomor 6bl Bam.

CocnaraTefibHOe HaKNOHeHUWE TaKxXe ynoTpe6nserca:

- B NPMUAATOYHBbIX MPeANoXeHUAX-nofnexawnux nocne 6e3nNMyHbIX 060pOTOB
™mnrlk is necessary that;, it is important that, it is desirable that

e.g. It is desirable that he should be here at five o’clock. - XXenaTenbHo,

4YT06bl OH ObIN 34eCh B NATb YacOB.
YacTuua «bbl» Npu nepesofie CNBAETCA C COIO30M «4TO».

- B AONOMIHNTE/bHbIX MPUAATOYHBIX NMPEAN0XEHUAX NOCNe TNaronos,
BblpaXkaloWmnx npruKasaHue, COBeT, XenaHue: advise, command, demand, order,
propose, recommend, request, require, suggest u gp. Mocne aTux rnaronos uget
cot3 “that”,

e.g. He suggested that the question should be discussed at the next meting.-
OH npefno>K nn, 4ytTobbl BONPOC 6bIN 06CYXAEH Ha CnefytoLLem
cobpaHuum.
- B NPMAATOYHbIX 06CTOATENBCTBEHHbIX MPEANOXEHUAX Lienn Nocne cOl30B:
so that - Tak 4To6bl, lest - 4T06bLI.. He, in order that - gns Toro, 4To6LI,
e.g. The students brought the dictionaries so that they might use them at the
iesson.- CTyeHTbl NPUHECNN CNOBapK, YK Obl OHW MOTM NONb30BaNcH
VMU Ha YpOKe.
- B 06CTOATENbCTBEHHBIX CPABHUTE/bHbIX MPEeANoXeHUAX NOCMe COH30B:
as if, as though (kak 6yaTo 6bl, Kak eciu 6bl),
e.g. He spoke as if he were a specialist on the subject. - OH rosopun, Kak
ecnun 6bl OH 6blN CNeyVanucTomM No 3ToOMy BOMPOCY.
MpumeyaHue: Mnaron “to be” umeet popmy “were” ana Bcex nuL, B
cocnaratefibHOM HakKNOHeHUN.
e.g. If 'were you, | would accept their offer. -Ha Bawem mecTe A 6bl NpUHAN



UX NpegnoxeHue.

- BYCNOBHbIX npegnoxeHuax Il u 1l tnna,

e.g. If he were here, he would help you. - Ecnun 6bl 0H 6bIn 34eCb, OH NOMOr
6bl BaMm.

YcnoBHble npegnoxeHusa (The Conditional Clauses)
CylecTByeT TPU TUMA YCNOBHbIX NPeAN0XEHNIA.
YcnoBHble npeanoxeHus nepsoro tuna (Conditional 1) ynotpe6naiTcs
AN BbIpaXKeHUs BO3MOXHOCTW peanbHOro BbIMOMHEHUS AeicTBUS.

If+ Present Simple, shall/wil! + base form of the verb

e.g. If you leave before 10.00, you’ll catch the train.- Ecnu Tbl BbliifeLb
paHblwe 10.00, TO ycneewb Ha Noe3f.
He won’t pass the exam if he doesn’t do any work. - OH He cgacT
3K3aMeH, ecny He ByaeT 3aHMMaTbCA.
3anomHuTe: 1 bygyuiee BpemMs ynoTpe6aseTca TONbKO B F1aBHOM MPELN0XEHUN.
If it rains, 1 will stay at home!.
2. Tnaronsl shall/wili MoryT 6bITb 3aMeHEHbl HaMOfaNbHbIA rnaron.
I can by a new car ifyou lend me some money.
Coto3 “if’ MoXeT OblITb 3amMeHeH coto3amMu unless- ecnuHe, in case - B
cnydvae, ecnu, provided, on condition - npu ycnosuu, ecnu,
e.g. I’ll take my umbrella in case it rains.

YCcnoBHble NpeanoXxeHus BTOporo u Tpetbero Tunos (Conditional W,
Conditional Ill) ynoTpebnstoTca B cocnaraTelbHOM HaK/NOHEHUN.

Conditional 1l oTpaxaeT HepeanbHble (MAN ManoBepPOATHbIE) YCNOBMSA,
OTHOCALLMECH K HACTOSILLEMY MU ByAyLLeMY BpEMEHU.

If+ Past Simple, should/would + base form of the verb

e.g.If I won some money, | would travel around the world - Ecnu 6bl 1
BbIMTPan fleHbru, A 6bl NyTewecTBOBaA NO CBETY.
He could riso faster if he stopped smoking.- OH mor 6bl 6eratb 6bICTpee,
ecnu 6bl 6pocun KypuThb.
Conditional LW oTpaxaeT HepeaNbHble (MNW ManOBEPOATHbIE) YCNOBUSA,
OTHOCALLMECH K MpOLWefjleMy BpeMeHMU.

If + Past Perfect, should/would +Perfect Infinitive

e.g. Ifyou hadn’t told me, I would never have known about it. -Ecnu 6bl Bbl
He cKasann MHe, A 6bl HUKOTAa He y3Han 06 3ToM.



If he hadn’t told me, 1 might have made a mistake. - Ecnu 6bl OK He
CKasan MHe, 1 BO3MOXHO cAenan 6bl owunobKy.
Mpumeuvanns 1. Cow3 “if’ B YCNOBHbIX MNPUAATOYHLIX MPEANTOXKEHUAX MOXET
onyckKaTbCsi, eCIN CKasdyemoe BblpaXeHo rnaronamu “had” wam “were” ,npuyeMm 3tu
rnaronbl CTaBATCA Nepef nofnexatium.

e.g. Were you more attentive, you’d never make such a mistake.- Ecin 6bl Tbl

6611 60/€e BHUMATENbHBIM, Thl 6bl He cenan Takol oWnbKu.

Had he had enough, time he would have attended the lectures. - Bbino
Obl Y HEro fOCTaTO4YHO BPEMEHU, OH Obl NoceLtan 3T NeKLuu.

2. B CNOXHOM MpeAnoXeHWW € NPUAATOYHLIM YCNOBUS [/aB
npuaaToyHoe MPeSN0XKeHUS MOFYT OTHOCUTbCA K Pas3MyHbIM Nepuojam BPeMEHW:
npuhaToyHoe MpefoXeHNEe MOXeT OTHOCUTbCA K MpeflecTBYOWeMy Mnepuogy
BPEMEHU, a FNaBHOE - K HacToAwemMy unu GyayuieMy BpeMeHU, U Ha060poT.

e.g. If the railway station were nearer, we should have got there long ago. -
Ecnun 6bl BOK3an 6bin 6/1vKe, Mbl 6bl JaBHO TyfAa 4O6Gpanuch.

1. PackpoiiTe CKOGKM 1 NOCTaBbTe rNarofbl B NpaBuibHYy0 hopmy.

1.1 didn’t feel good yesterday. If I (feel) better, | (come) to class yesterday. 2.1don’t
feel good today (feel) better, i (take) a walk in the park today. 3.1 have a cold today,
but I will probably feel better tomorrow. If | (feel) better tomorrow, | (go) to class. 4.
I’'m sorry that you didn’t come to the party. If you (come), you (have) a good time. 5.
I didn’t know that Bob was sick. If I (know) that he was sick, | (take) him some
chicken soup. 6. I'm tired. If | (be, not) tired, | (help) you. 7. Snow is predicted for
tomorrow. If it (snow) tomorrow, | (stay) at home. 8. | may have a dollar. Let me
look in my wallet. If | (have) a dollar, | (lend) it to you. 9. I didn’t have any money
yesterday. If | (have) a dollar yesterday, | (lend) it to you. 10. | didn’t know it was
your birthday yesterday. | (get) you a present if I (know) it. 11. Why didn’t you tell
me when your plane was supposed to arrive? If you (tell) me, 1(pick) you up at the
airport.

OCHOBHO®N KypcC

i. 3anoMHMUTE cnoBa.

- . I*
auxiliary I_O:Cj Tupn J1 BCMOMOTraTeNbHbl i
propulsion [prV pA ~n] cunoBas yCcTaHOBKa, ABUXKeHMNe
Bnepes
rate Ireli] CKOPOCTb, TEMT, CTEMNeHb
to suppose [sa'pouz 3 npegnonaratsb, fymaTb
to burn Ibc>:n. ropeThb, CXUraThb
oxygen I'oksicjj-an Kucnopog,
to consume \kanY|u;Ml noTpe6asTh, pacXoAoBaThb
to fit [ft N noAXoA4MTb, YCTaHaBANBATb,

ocHallatb



to convert npeepawatb

to rise (rose, nogHUMAaTbCA

to decend onycKaTbCs, MOHUXATbCA
out of 13, BHe

main rnaBHbI, OCHOBHOW
altitude BblCOTA

to occure MMEeTb MECTO, MPOUCXOAUTb

2. lepeBefnTe NPefioXeHUs.

I. Auxiliary engines are often used in aircraft. 2. The main advantage of this design is
its size. 3. The rate of fuel consuming is too high in this aircraft. 4. The fuel is usually
burnt with oxygen. 5. Auxiliary installations are necessary in this case. 6. Everybody
supposes that no burning can occur under these conditions. 7. Every engine must
consume as little fuel as possible. 8. Burning can’t occur without oxygen. 9. This type
of wings doesn’t fit our aim. 10. We suppose that this method completely fits them.
Il. It is necessary to convert the energy of chemical reaction into power. 12. The
airplane rises and descends at low speed. 13. Such operation rate doesn’t fit our
program.

3. A. HailguTe cnoBa-CUHOHUMBbI:

to convert, altitude, propulsion, main, to consume, to fit, rate, to occur

to take place, to use, speed, movement, to transform, to install, height, chief
B. HalignTe cnoBa-aHTOHUMbI:

auxiliary, descend, out of, above, start, landing

below, take off, finish, into, rise, main.

4. MopbepnTe NoAxoAALLee MO CMbICNY CNOBO.

1 It is necessary to use a new .type of (power, altitude, propulsion). 2. This engine
consumes fuel at great (propulsion, rate, thrust). 3. The fuel is (descended, risen,
burnt) in some minutes. 4. For any burning (oxygen, water, nitrogen) is necessary. 5.
The German V-2 rocket (reached, consumed, carried) 9 tons of fuel in one minute. 6.
During rising ofthe aircraft (ballistic, auxiliary, another) power plant is utilized.

5. lMocTaBbTe Ckasyemoe B CTpafjaTefbHblii 3an0r, nepesefuTe NPefa0XeHUs.

1 Sometimes rocket motors (to use) in aircraft for auxiliary purposes. 2, The energy
of fuel (to convert) into the energy of propulsion. 3. The fuel (to burn) in 1 minute. 4.
The controls (to fit) on the unit. 5. The distance must (to cover) in 20 minutes. 6. A
small turbojet engine may (to install) to ease the take offand the landing.

6. MepeBeaunTe cnegytolne nNpeanoxeHns no obpasuy.

O6pa3seu: | should help you. - A 661 nomor Bam.

1. The engine should develop its maximum speed in some minutes. 2. They could use
the main principle of the project. 3. The problem would not have been solved. 4. Such
turbine design would not be installed in our case. 5. The engine would be repaired.



7. TepeBeauTe NpeanoxeHus, obpalyas BHUMaHWe Ha yCNOBHbIe NPefNOXeHNs U
cnocobbl UX nepesofa.

1. If the engine is repaired, it will work for a long time. 2. Unless the design is
adopted by our chief, it will not be realized. 3. If this engine didn’t consume much
fuel, it would be one ofthe best engine today. 4. Provided the main propellant for this
rocket were nitrogen, it would be used for our purpose. 5. Provided the aircraft speed
could be increased, the problem would be solved quite easily. 6. Unless the
undercarriage had been installed, the landing would not have been so easy. 7.
Provided this unit is removed, we shall immediately look for another one. 8. Unless
the craft covered 150 miles per hour it could not arrive so quickly.

8. BbibepuTe NOAXOAAWMIA COHO3.

1 ... the rocket had suitable wings and controls, it would have the required trajectory.
2. ... there were enough atmosphere, the aircraft could operate in cosmos. 3. Manned
rockets could not have been launched ... the problem of returning to the Earth had
been solved. 4. ... the rocket would have suitable wings, one would be able to change
its trajectory.

9. lMepeBeaunTe NpeanoXeHus.

1 Unless the propulsion consumes much fuel, they will take it for their project. 2. If
they didn’t fit the auxiliary engine, the operation would be impossible. 3. The process
couldn’t occur under these conditions. 4. If the rocket were fitted with wings and
controls, it would be converted into a high-speed aircraft. 5. The rocket would follow
a ballistic trajectory and descend to a height of 100,000 ft.

10.MpouTnTe U NepeBeAUTe MHTEPHALWOHANbHbLIE COBA.
Rocket, control, impulse, ballistic, trajectory’, atmosphere, horizontal, final,
practically, normal, initial, total.

11.MpoyTnTe U NepeBeamnTe TeKCT A.
Text A
Rocket Motors

At present rocket motors are used in aircraft only for the three auxiliary
purposes already mentioned; we have seen that the great difficulty about using them
for main propulsion is the enormous rate at which they burn fuel and oxygen. But it
must not be supposed that they will never be used for latter purposes. For example,
the German V-2 rocket consumed 9 tons of fuel in i minute, but it reached a speed of
3,500 m.p.h. If this rocket were fitted with suitable wings and controls and so
converted into hlgh-altitude, high-speed aircraft, it could be made to have a flight-
path as shown below. The fuel would all be burnt in about | minute and the aircraft
would rise under the initial impulse to a height of nearly 300,000 feet, after this it
would follow a ballistic trajectory until it had descended again to a height of about
100,000 ft., where there would be enough atmosphere for the controls to be used to
pull the aircraft out ofthe dive into gliding altitude.



This would occur about 4 minutes after the start, when a horizontal distance
about 150 miles had been covered. From here the craft would glide for nearly another
450 miles, making a total of 600 miles, covered in about 20 minutes. A small turbojet
engine might be installed to ease the glide and final landing, which might be made
under practically normal conditions.

12.0TBEeTbTE Ha C/iefyroLL e BONPOCHI:
1 What engines is this article about?

2. Where were rocket engines used during the World War 11?

3. Flow can you describe the German V-2 rocket?

4. Under what conditions would it be possible to utilize a rocket as a high-speed
aircraft?

5. To what height would the aircraft rise under the initial impulse?

6. At what height would there be enough atmosphere for the controls using?

7. What distance would be covered in 4 minutes?

8. What engines might be installed to ease the glide and final landing?

13.BepHo i1 yTBEPXAEHME, YTO...

1 Rocket motors are traditionally used in ordinary aircraft. 2. German V-2 rocket
consumed little fuel, but reached only low speed. 3. If this rocket were fitted with
suitable wings, it couldn’t be converted into high-altitude, high-speed aircraft. 4.
After burning the fuel the aircraft would descend to a height of 2,000 kilometres. 5.
In 4 minutes after the start only some miles of horizontal distance would be covered.

14.MepeBenTe Ha PYCCKUI f3bIK.

1 If there were no vacuum in cosmos, ordinary aircraft could operate there. 2.
Provided some disadvantages were removed, this propulsion could be utilized not
only for auxiliary purposes. 3. Unless the design could be changed, the characteristics
would remain the same. 4. Unless they had solved the problem, they would not have
been able to complete the experiment. 5. If this rocket were fitted with suitable wings,
it could be converted into a high speed aircraft.

15.MocTaBbTe rnaron B HY)XXHOW (opme.

1. If this engine (to be) of smaller sizes, it could be used for small helicopters. 2.
Unless the new airport (to be completed), the number of airplane routes would have
been lessened. 3. Provided there were not enough space in the cabin, this unit (to be
installed) in it. Provided you didn’t change the fuel the rate of burning (not to be
improved)

16.MepeBeaunTe NpefnoXxeHus.

1 Ecnmu 6bl 3TOT ABUTaTeNb UMeN MeHbLMWA Bec, Mbl 6bl MCNoOnb30Banu ero. 2. Ecnm
6bl caMonieT yxxe BepHy/ca, Mbl 6bl 3Hann 06 atom. 3. Ecnu 6bl TAra 6bina cuibHee,

cKopocTb annapata 6bina 6bl 6onblwie. 4. Ecnum 6bl paketa 6blla OCHalleHa

KpbINbSiMU, OHa Bbl MpeBpaTUNach B BbICOKOCKOPOCTHOM camoneT. 5. 3To NpoM3oLLno

6bl Yepe3 4 MUHYTbI Nocne cTapTa.



17.CocTaBbTe NpenoxXeHue.
A, converting, motor, a, is, device, rocket, the, for, energy, of, thermochemical, one,
propellants, or, into, more, exhaust, energy, jet, kinetic.

i8.06pa3yiiTe rnaronbl MNpu NOMOWM [aHHbIX Cy(h(HUKCOB W NepeBefuTe Kak
MCXOfHbIE, TaK 1 NMONYYEHHbIE CNOBA.

O6pasey: length - to lengthen

- en :strength, height, light, wide, broad, hard;

- ify: simple, intense, electric, quality;

- ize: magnet, revolution, crystal, character, special active

19.HalifnTe UCXO4HYIO (hOpMY riarona v NepeseguTe.

O6pa3sey: building - to build
Undertaking, drawing, equipment, designer, accelerator, classification, orientation,
compressor, appearance, foundation, existence.

20.[ononHnTE gunanor.

A: Could rocket engines be used as the main airplane power plant unit?

B: ..

A

13: The main disadvantage of the rocket motor is the great rate of consuming fuel and
oxygen.

A What thrust can rocket engine develop?

B

A

B It would occur in about 4 minutes when a horizontal distance of about 150 miles
had been covered.

21 .0O6paTuTe BHMMaHMe Ha MepeBoj AaHHbIX CNOB. OTO MOMOXET BaM MOHATb
TekcT B.

to prevent - mewartb adoption - npuHATUE

reason - npu4nHa ratio - K03((ULUMEHT, OTHOLWIEHNE
unlike - B oTAnumne in spite of - HecMoTpA Ha ...
supply - 3anac climb - Habop BbICOTHI
hydrocarbon ingpoyunepoancnbiv amount BeNnMYMHA, KOIMYECCBU
value - 3HauyeHue in its favour B ero nonb3y

22.MpocmoTpuTe TekcT.MepesefnTe BONPOCHI U HalinuTe B TEKCTE OTBETHI Ha HUX.

1 YTto MewaeT wWCNONb30BaTb PaKeTHbI [ABWraTenb Kak OCHOBHYI CU/I0BYIO
YCTaHOBKY?

2. Kakue npeumylyecTBa MMeeT pakeTHblli fBUraTeNnb?

3. [nA Kakux ueneil Mcnonb3yeTcs pakeTHbI ABUTaTeNb B HaWW AHU,



Text B

The simplest form of jet-propulsion power units is the rocket engine, but
enormous rate at which it consumes fuel has prevented its adoption as a power plant
for continuous operation over periods as long as one hour.

The main reason for this is that, unlike other types of engines the rocket does
not take the oxygen required to bum the fuel from the atmosphere, but carries its own
supply. A hydrocarbon fuel, such as petrol, requires oxygen more than its own weight
to bum it completely: so the weight of fuel that a rocket-propelled aircraft has to
carry is much more than for other air-consuming engines. Another reason for the high
fuel consumption is that the speed of the jet is much higher than that of the turbojet
engines.

The rocket engine is on the whole rather simpler than the turbojet, but the
outstanding points in its favour are thrust-weight and thrust-frontal area ratios and
the fact that the thrust does not fail off at heights as does that of the turbojet.

In spite of the high fuel consumption of the rocket engine, the large thrust
which it develops, makes it suitable for three applications. These applications are at
present mainly of military value, namely assisted take off, increasing the rate of climb
and increasing the speed in level flight.

The last two operations can, of course, only be performed for short periods
limited by the amount of rocket fuel that can be carried. For assisted take off the
required period of operation is short. Briefly the present duty of the rocket is to
provide very' large thrust for short periods.

23.MpocmoTpUTe TEKCT eLie pa3 1 0TBETbTE Ha BONPOCHI.

What is the simplest form ofjet-propulsion power units?

Why is it impossible to use a rocket engine as a main power plant?
What are the main advantages of rocket engines?

For what purposes are rocket engines used today?

Mow long can rocket engines operate?

g~ wN e

24.TTucbMeHHO nepeBeanTe TekcT C.
Text C

The rate of climb of military aircraft can be appreciably increased by rockets.
The rates of climb of present-day fighters have not been disclosed, but it is fairly
certain that the rate is at least 10000 ft per minute if not more. With a rocket thrust
equal to the static thrust ofjet engine at sea level it has been estimated that a height of
45000 ft couid be reached in one minute.

Acceleration in level flight depends on the excess thrust available. The thrust
of turbojet engine falls off at altitude. This may be serious for a fighter for which high
manoeuvrability, which implies rapid changes of speed, is essential. Hence rocket
engines may play an important part in the equipment of high-speed interceptor
aircraft operating at high altitudes.



YPOKW 7-8

O630p rpammaTmyeckoro matepuana: 1 ing-form rnaronos (The Participle I,
The Gerund)
2. [naronbl ¢ —ed (The Participle I1)

MpuuacTtue (Participle 1, Participle 1I) n repyHauit (Gerund) sasnstTcs
HeIMYHBIMU (OopMaMK, T.e. OHU He W3MEHATCA N0 NnMuaM W He ynoTpebnsaTCs
CaMOCTOATE/IbHO B PO/IN CKa3yemoro.

AHrnniickoe npuuyactme (The Participle 1) cooTBeTCTBYeT pyCcCKUM

npnyacTno U geenpunyacTuto.

e.g. The facts illustrating his theory - ®aKTbl, MNKOCTPUPYIOLLNE EF0 TEOPUID,
sound convincing. 3ByyaT yb6eauTencHo.
Illustrating his theory, he gave MnnwocTpupys CBOKO TeOpUIO, OH NpuBen
a lot of historical facts. MHOTO MCTOPUYECKNX (haKTOPOB.

®dopmbl npuyactua | (The Participle 1)

Participle 1 Active Passive
Non-perfeet sending being sent
Perfect having sent having been sent

HenepthekTHas dopma npuyactus | BbipaxaeT feiicTBUEe, OLHOBPEMEHHOE C
LelicTBUEM, BbIPa>XEHHbIM FNaronoM-cKasyembiM.

e.g. Knowing the English language well, - 3Has XOpOoLO aHFANIACKUIA A3bIK, OH
he can translate newspaper articles MOXET NepeBOfUTb raseTHble CTaTby
without a dictionary. 6e3 cnosaps.

Takxke 3Ta (hopMa MOXET BblpaxaTb felicTBue, coBnajalouiee C MOMEHTOM
peun, He3aBUCUMO OT TOro, B KAKOM BPEMEHW CTOUT rnarof-ckasyemoe.

e.g. The man sitting at the window - YenoBek, cuaawnii y okHa, npuexan
came from Moscow yesterday. BYepa U3 MOCKBbI.
The large building being built in our - bonblioe 34aHne, CTposALeecs Ha
Street is a new school-house. Hawemn ynuue, HoBas LUKOMa.

MepdekTHas ¢opma npuuyactTma | BblpaxkaeT fAelicTBue, MpeflliecTByloLee
LeiCTBUIO, BbIPaXKEHHOMY FNaroioM-cKasyemMbiM.

e.g. Having collected all the material, - CobpaB Becb MaTepuan, OH cMor
he was ante to write a fuli report HanucaTb NOAPOGHbLIA OTYET 0
on the work of the commission. paboTe Komuccuu.
Having been sent to the wrong - Tak Kak nucbMo 6bI10 MOCNaHo
address, the letter didn't reach him. Nno HEBEPHOMY ajipecy, OHO He

[OLWN0 A0 Hero.
Mpuyactua ot rnaronos hear, see, notice, understand, realize, come arrive u
HEKOTOPbIX APYrUX MMET HenepeKTHY hopMy, eciu Bbipaxaemoe UMU AeiicTBue
HenocpeiCTBEHHO MpeALlecTBYeT feliCTBMIO rnarona-ckasyemoro,
e.g. Hearing the news 1called him at once. - Ycnblwas 3TU HOBOCTU, A Cpasy xXe
NMO3BOHU/ eMY.



Arriving at the station we went

straight to the booking office.

- MpunexaB Ha BOK3an, Mbl NOLLUIN

npsMo B Kaccy.

dyHKUNK Participle |

MeHeptekTHas
(Non-Perfect)

OnpegeneHune

The risiag sun was hidden

by the clouds. - Bocxogsuee

COMHLLe 6bINO CKPLITO TyYamu.

The man smoking a cigarette

is my brother. - YenoBek, Kyp#s-

LiMiA curapeTy, Mot 6par.

O6CTOATENBCTBO

(BpeMeHM, NpuYnHbLI, 06pasa
[elicTBMA - 4acTo C co3amu
when, while)

When going home | met my

brother. - Npas nomoli, s BcTpeTnn

6paTa.
YacTb NpPOCTOro rnarofbHOro
cKasyemoro

He is carrying out the experiment
now.- Ceii4ac OH NPOBOAMT 3Kcne-

PUMEHT.

- MeptekTHasn
(Perfect)
He ynoTpebnsietcs.

B aTom cnydyae nepesoj faeTca npu-

AaTOYHbIM NMpeanoXxeHnem.

At last they saw the man who saved
their son. - HakoHeL-TO OHU yBUAENM

MYX4YNHY, cnacwero nux CbiHa.

O6CcTOATENBLCTBO

Having lived in Moscow for many
years he knew that city very well. -
Mpoxns B MOCKBE MHOTO /1eT, OH 3Han

3TOT ropo/ 0YeHb XOPOLLO.

The Participle Il (The Past Participle) BblpaxaeT feiicTBMe, 3aKOHYEHHOe NO

OTHOWEHWIO K [AefCTBUIO, BbIPAXEHHOMY CKasyemMbiM W COOTBETCTBYET PYCCKUM
MpUyacTUsM HaCTOSILLEro BPEMEHW Ha - Mblid, -Wniics W NpoleALero BpeMeHH,

OKaHYMBAKOWMMCS Ha -HHbI W, -Tbl i, -BLWINIACA.

e.g. A broken cup was lying on the

table.
r ________ —
hyHKLMA

- Pa3bu Tas vallka nexana Ha cTone,

®yHkyuu-Participle 11

Mpumep

OnpegeneHne K CyLecTBUTEIbHOMY

(nesoe v npasoe)

10

She mended the torn sleeve of her

|
j

dress (nesoe).- OHa MOYMHMANA NOPBaH j

Hblli PyKaB CBO€ro nnatba.

The books taken from the library

]

must be returned next week (npasoe)]

KHuru, B3sTble B 6ubnnoTeke,
[JOMKHbI 6bITb BO3BpaLLEHbl Ha
cnepytoleii Hegene.



O6cTOATENBLCTBO When treated by a good specialist,

(vacTo ¢ coto3amu when, if, the sick man began to feel better. -
unless) Korga 601bHOr0 Kayan ne4ynTb
XOPOLUIA Bpay, OH MOYYBCTBOBAN
cebs nyuuwe.
YacTb NpoCcTOro rnarosibHoOro They listened to a very interesting
cKasyemoro concert yesterday. Buepa oHu cnywanu

0YeHb UHTEPECHbI/ KOHLEpT. _
He3aBMCUMbI MpUYacTHbIN 060poT

He3aBMCUMbIM NpPUYACTHLIM 0GOPOTOM Ha3biBaeTCA TaKoi 0GOPOT, B KOTOPOM

npuyacTtue numeeT cBoe cOGCTBEHHOE noanexalyee, BblpaXeHHOe

CyU,ecTBUTENbHbBIM B 06lWeM nafexe (MAM MeCTOMMEHWEM B WMEHWUTENbHOM

nagexe). AHaNOrMYHON KOHCTPYKLWM B PYCCKOM N3blke HeT. OG6GopoT

nepeBOANTCH HA PYCCKMI A3bIK NPUAATOYHBIMU  NPeSNOXKEeHUAMU, KOTOpble

BBOAATCA COlO3aMM TaK Kak, MOCKO/bKY, XOTS, Mocine TOro Kak, KoOrpa,

npuyem, a, ecnu,

e.g. The weather being fme, they went for a walk. - Tak kak noroga 6bina
XopoLlas, OHW NoLK
rynatb.

1. 3ameHuUTe NpuUAaToYHbIe NPefoXeHNs NPUYacTHbIMKU obopoTamu.

1 While we were crossing the bridge, we saw D who was talking with an old man. 2.
As we were very tired, we refused to go for a walk. 3. A large branch which had been
broken by the wind, lay across the road.4. At a conference of the Academy of
Sciences which is now being held in Moscow, a number of important scientific
problems are being discussed. 5. When we crossed the bridge, we saw a small village,
which was situated at the foot of a hill. 6. I’ll show you the article which has been
written by my brother. 7. As he had been taught English by a good teacher, he knew
the English language well. 8. The moon was invisible as it was hidden by a cloud.

2. 3aMeHMTe npuyacTHble 060pOTbI NPUAATOUYHBIMU MPEASTONKEHNAMMN.

1 A person bringing good news is always welcome. 2. While skating yesterday he
fell and hurt himself. 3. Having lived in that town all his life, he knew it very well. 4.
She showed the travellers into the room reserved for them. 5. When writing a
telegram we must use as few words as possible. The leaves lying on the ground
reminded us or autumn. 7. Books read in childhood seem hke old triends.

3. MepeBefnTe Ha pyccKuil fA3blk (06paTuTe BHUMaHWe Ha MeCTO MpuyacTua B
aHrNMMACKOM U PYCCKOM f3biKe).

1 The English spoken by most educated people in Britain is known as the Queen's

English or Standard English. It is the English taught in universities and schools and

the kind heard on the BBC. 2. i have looked through the list of prices sent. 3.

Payment for the goods brought was made in Moscow. 4. Explained again, the rule

became quite clear to everybody. 5. The man saved was a Norwegian sailor.



4. TepeBeAnTe HE3aBUCUMbIA NpUYacTHbIA 060pOT.

1 My sister having lost the key, | couldn’t enter the house. 2. My task having been
finished, | went to bed. 3. Peter being away, Alexander had to do his work. 4. It being
very cold, they made a fire. 5. The rule explained, we started doing the exercises. 6.
The preparations being completed, they began to climb up the mountain. 7. The
negotiations between the American and British representatives were conducted
behind closed doors, measures having been taken that no correspondent should
receive any information. 8. The play being very popular, it was difficult to get tickets.
9. With the shipping strike in the United States still going on, arrivals of American
cotton in Liverpool were rather small.

5. MepeBeAnTe NPefN0XEHUA HA aHTNMIACKNIA A3bIK.

1 A cnpocun YenoBeka, YMTaBLUEro rasety, KOTOpblA 4ac. 2. H BYepa roeopun ¢
WUHXeHepoM, paboTaBlWKM, HaZ 3TUM MPOEKTOM B npowaom rogy. 3. OH He 3aMeTun
nucbMa, nexkaslwero Ha ctosie. 4. NpoynTaB MHOro mMartepuana no aTOMy BOMpoOCy, OH
CMOT cAenatb 04eHb UHTePeCHbIV fOoKNag. 5. MHe cka3anu, YTo XeHLW W Ha, CuieBLas
B KOpupope, xjana aunpekrtopa. 6. OH NPUHEC MHE HEeCKOJIbKO W0 CTPUPOBAHHbIX
XYpHanoB. 7. Ero HeoXwujaHHblii 0TBET yAMBMA Hac BCeX. 8. Cka3aB 3TO, OH BbilleN
13 KOMHaTbl. 9. CTyeHTbl, OKOHYMBLUWE MepeBOS CTaTbl, MOTYT BbIATW U3 KOMHAaTBI.
10. ¥Y3HaB, 4yTO OH BCe euwe B MOCKBe, A MNo3BoHUN emy. 11. Bonpocsl,
06CyxjaBlinecs Ha Npowiom cobpaHnmn, 6bIAN 0YeHb MHTepecHbIMW. 12. MepeBoas
CTaTblo, Mbl MONb30BanuCb cnosapem. 13. XKenesHad fgopora, coefuHalowas 3Ty
[lepeBHI0 C ropoAoM, 6bina MOCTpPOEHa B NMPOLWAOM rogy. 14. 1 xouy mpoumTaTh el
KHWUTY, TaK KaKk MOV mpuATenb, YnTaBLIWi ee, FOBOPUT, YTO OHa OYeHb WHTepecHas.
15. CHdAB nanbTo M WAANY, OH MOLUEN HaBepx.

FepyHauii (The Gerund) - HennuHas opma rnarona, KoTopas, kak u npuyactue |,
o6pasyetca ¢ nomouwbl cydpdukca —mg, pf[ob6aBAsemMOro K OCHOBE rfiarona.
lepyHAamit obnafaeT Kak CBOWCTBAMMW rnarona, Tak u CyLecTBUTeNbHOro. B pycckom
A3blKe aHanornyHoi Gopmbl HeT. [0 CBOEMY 3HAYEHWIO TEPYHAMIA NpubnmxaeTcs K
PYCCKMUM OTrNaronbHbIM CyLecTBUTeNbHbIM, 0603HavYaloW M npoLecc (XOXK[AeHue,
006CYy>KeHNe, YTEeHNe N T.4)

dopMbl repyHani

Active Passive
Non-perfect writing being written
Perfect having written having been written

HeneptekTHas dopma repyHans o6o3HauaeT fAelicTBMEe, OQHOBPEMEHHOE C
geiicTBuem rnarona-ckasyemoro unu  6yjyuiee no OTHOLWEHMIO K [narony-
CKazyemomy.

e.g. They accuse (accused) him of - OHV 06BUHAT (06BUHUAN) €0 B TOM,



lying.

He dreams of becoming a doctor.

MepthekTHas d¢opma repyHaus ob6o3HauvaeT AelicTeue,
LeACTBMIO rnarofa-ckasyemoro.

e.g. He is proud of having won first prize.

YTO OH J/IXKeT.
- OH MeuTaeT 0 TOM, YTO CTaHeT
AOKTOpPOM.

npejlwecTByoLLee

- OH ropauTcs Tem, 4To 3aBoeBa
nepBbIil Npus.

OTpuuaTenbHas opma o6pasyeTcs NMyTeM NOCTAHOBKM 4acTWLbl not mepej

repyHguem.

e.g. Not knowing her address, we couldn’t

go to see her.

- He 3Haq ee agpeca, Mbl He MOrnu
HaBECTUTHL ee.

FepyHAnit MOXeT umeTb nepen co6oii nNpeanor, onpefeneHue, Bblpa>kKeHHOE
NPUTAXKATENbHbIM MECTOMMEHNEM WUNU CYLWECTBUTENbHBIM B NPUTAXKATENbHOM

nage<e.

e.g. On seeing his father, the boy ran

up to him.

Do you mind our being present?

We were surprised at Oscar’s

coming so late.

- YBUAeB CBOEro oTua, Manbyunk
nogbexan K Hemy.

- Bbl He BO3paxKaeTe NpoTuUB TOTO,
4TO06bI Mbl MPUCYTCTBOBANN?

- Mbl 66111 yanBAeHsbl TeM, 4To Ockap
npuiien Tak NO3gHO.

®YHKUUN TepyHANS B NPeaoXeHUn

PyHKUNA

Mognexatwee
MMeHHasa 4yactb
COCTaBHOr0 CKasyemoro
YacTb cocTaBHOro
rnarosibHOro cKkasyemoro
Mpsamoe fononHeHue

MpegnoXxHoe JoNoNHeHUe
(ynoTpebnserca nocne noboro
rnarona UaW npunaraTesbHoro,

| Tpebytouiero npegnora)
; OnpepeneHune
(c npegnorom of)

O6CcTOATENBCTBO

i(Bcerga c npeaaorom)
1

Mpumep

Smoking is bad for you. KypeHue Bam BpefHO.
His hobby is collecting stamps. - Ero nto6umoe
3aHATME - KONNEKLMOHNPOBaHME MapoK.

She stopped reading. - OHa KOHYMNa YnTaTb. |

Excuse my interrupting you. —/13BuHuTE, 4TO
S NpepbIBal0 Bac.

She insisted on our not being late. - OHa Ha-
cTamBana, 4Tobbl Mbl He onasfbiBany.

1see no other way of doing it. - 5 He BUXy
apyroro cnocoba cgenatb 370.

At hearing his name he turned round. - ¥Ycnbl-
LaB cBoe UMA?0H 06epHYnCS.

CepyHANA MOXeT MepeBoAUTLCA HAa PYCCKUA A3blK- CYyL,eCTBUTENbHbIM,
VH(OUHUTUBOM, AeenpuyacTMeM U NPUAATOYHBIM NPeSNo>KEHNEM.
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e.g. ! like his method of teaching. MHe HpaBuUTCA ero MeTof npenojasa-

HuS.
it’s no use talking to him. C HuM 6ecrnone3Ho pasroeapuBaTh.
He left without saying a word. OH yuien, He CKa3aB HW C/OBa.
He was suspected of keeping Ero nogo3peBanu B TOM, YTO OH 4YTO-TO
something from us. OT Hac CKpbIBaerT.

CepyHAnanbHblli 060poT
[epyHAnanbHbli 060pOT COCTOUT M3 CYLLECTBUTENBHOTO (B MPUTAXATENbHOM
unn obuiem nafexe) wuAM  MeCcTOUMeHUs (NPUTAXATeNbHOro WAM NINYHOTO B
06bEKTHOM Najexe) + repyHAunin. 3ToT 060poT 4YacTo BBOAWUTCA CMOBaMW: 4TO; TO,
4yTO; TOro, YTO6LI; YTOGbI.

e.g. We were against Mr. Bond’s - Mbl BO3paXkanu nNpoTuB TOro, 4To6bl
(Mr. Bond, his, him) going to M-p BoHa (oH) exan B LU Belinapuio.
Switzerland.

I never heard of him behaving - A HUKOrga He cnblwan, 4Tobbl OH
like that. Ben ce6s Takum ob6pas3om.

6. MepeBeguTe npeanoxeHns. MNpaBunbHO onpegenuTe, K KOMy (K Yemy) oTHocKUTCA
felicTBUE, BbIpaXEHHOE TepyHANEM.

lremember leaving a message for Mr. Howard. 2. | remember his leaving a message
for Mr. Howard. 3. Mrs. Blank apologized for having caused trouble. 4. Mrs. Blank
apologized for her children having caused so much trouble. 5. We didn’t mind
cooperating with that organization. 6. We don’t mind you cooperating with that
organization. 7. Muck Finn couldn’t get used to being treated so kindly. 8. Huck Finn
couldn’t get used to the old woman treating him so kindly. 9. Jean doesn’t like being
spoken about. 10. Jean doesn’t like anybody speaking about her. 11. He apologized
for the question having been discussed in my absence. 12. He apologized for their
having discussed the question in my absence. 13. He apologized for having discussed
the question in my absence.

7. 3amMeHWTe NpuMAaTOYHble MPeANoXeHUs o06opoTaMu C repyHauem, NOcCTaBWB, rAe
TpebyeTcs,CO0TBETCTBYOLWMIA Npeanor.

1 When | received the telegram? | started home at once. 2. When he entered the

room, he greeted everybody. 3. He is proud that he has never been beaten at chess by

his fellow students. 4. You can improve your knowledge of English if you read more.

5. Do you mind if | close the window? 6. The doctor insisted that I should stay at

home. 7. You will excuse me if | ask you again.

8. lMepeBefnTe Ha aHTIMIACKUIA A3bIK.

1. MbICNb NPOBECTU KaHWKY/bl Ha Bonre npuHagnexut moemy 6paty. 2. Bbl moxeTe
YyNyylWnTb CBOE NPOW3HOLWEHMWE, YNTas BCAYyX KaxAblih AeHb. 3. A gymatr noexaTb
Tyfa oceHblo. 4. [loXAb Momelwlan MHe nNpuaTM K Bam BYepa. 5. A npegnoyuraio
XWUTb Ha ceBepe netom. 6. MnaHupys Bawy paboTy Ha 6yayLW Ui MecaL, Bbl JOMKHbI
NPUHATL 3TO BO BHUMaHue. 7, CTOUT Nn uuTaTb 3Ty KHuUry? 8. OHa Bbllwia u3
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KOMHaThbl,

KHUTU. 13, Mbl He MOIM He paccMmeaTbes,

OTBETCTBEH 32 MPOBEAEHME IKCNEepUMEHTA.
OCHOBHOM

1. 3anomHuTe cnosa.

to discharge

He MocmMoTpeB Ha Hac. 9.

(A\s i q:

h.p. = horsepower ["hois, pau 3!

rear [F I~ 1 3afHAs YacTb

front [fraM1 nepeAHAs 4acTb

to meet requirement  rik'wai 0>Tanil oTBeyaTb TpeboBaHNAM

to push TO/IKaTb

sufF;icient tehVn t] [0CTaTOUHbI i

consumption pacxog, notpe6neHune

to create tte nrfnl co3/aBaTh, TBOPUTH

to differ oTnnyaTbes

efficiency ra!ﬂfess i |1 3((heKTUBHOCTD

gasoline aseSblifen i rasofinH, 6eH3unH

to arrange I'rTeT o pacnonaraTb, MOHTUPOBaTb

prime mover t'praim OCHOBHOI WCTOYHUK ABUXEHUS,

aBuratenb

blade hSeld] nonaTtka, nonacTb

weight rweill BEC

stroke [btfouk 1 TaKT, X0f

to raise e(z NOAHUMATb

to solve Stlv ] pewaTb

lightness 1 jaiTnisj nerkocTb (0 Bece)

airscrew frejielr BO3AYLUHBIA BUHT

2. TlepeBeau Te Npes0oXeHNA Ha PYCCKUNA A3bIK.

1 The Russian mechanic Yagodmsky created the first lour stroke gasoline engine.

2. The designers must combine efficiency and lightness in an engine

3. fhe engine is to have reduced weight per horsepower of the engine.

4. In the turbojet engines the jet of air and gases is discharged at high velocity and
temperature.

5. Modern turbojet engines can meet all the requirements of today’s aviation. -

6. Hngine development raises many problems which designers have to solve.

7. The fuel consumption must be as low as possible.

MepecTaHbTe pa3roBapuBaTh.
BO3paXar, 4To6bl OH noexan ¢ Bamu. 11. OH NOTYLWMWA CBET Mepej Tem, Kak BblATU
M3 KOMHaTbl. 12. 1 mo6narogapwn ero 3a To, YTO OH KYMNUA MHe TaKuWe MHTepecHble
15. OH

Korga Yycnbiwann 23T0.

Kypc

BblOpacbiBaTh, paspsxartb
nowagnHas cuna, MoLWHOCTb B
n.c.

10. A He



3. HaliguTe: a) cnoBa-CUHOHUMbI:

to discharge , rear, efficiency, mover, to create, to meet requirements, propeller

effectiveness, engine, to satisfy requirements, to develop, airscrew, back, exhaust
6) cnoBa-aHTOHUMbI:

to discharge, rear, to push, prime, sufficient, to raise

to charge, front, to drop, auxiliary, to puli, insufficient

4. BblbepuTe HYXKHOE MO CMbICY CNOBO.

1. One of the problems is to lighten the weight and to increase the (size, area,
efficiency) of the engine. 2. Steam engine can produce only low (weight, fuel,
power). 3. All types of engines receive their energy from chemical compounds which
are called (power, fuel, efficiency). 4. Fuel (invention, increase, consumption) of
steam engines was very high. 5. Turbojet engine has no (propeller, turbine, body).

5. lMepeBeauTe cnegytolyie cIOBOCOYETAHUS.
Four-bladed airscrew, high fuel consumption, four-stroke cycle principle, as
compared with, the engine couldn't meet all the requirements, low7power developed,

6. lMpouTnuTe N NepeBeanTe CNefyrOlLMe NMHTEPHALWOHAbHbIE C/I0BA.
Propeller, gas, temperature, plane, problem, cycle, principle, combine.

7. Haiigute B MNpeanoXeHWAX rnaronbl C ing-OKOHYaHWeM, onpefenute WuXx
(hyHKLMI0, NepeBefnTe NpeanoXeHuns.

1 The fan accelerates the air passing through it. 2. The turboprop engine is very
similar to the turbojet engine differing only in the use of a propeller. 3. The air is
heated in passing through the compressor. 4. Landing on a planet and getting home
again is a problem which scientists and designers had to solve. 5. The rocket needs no
air for flying. 6. The idea of creating a multi-stage rocket belongs to Tsiolkovsky. 7.
The engineer goes on pumping coolant through the installation. 8. There are two
types of chemical rocket engines: those using liquid propellants and those using solid
propellants.

8. Halignte npeanoXxeHus, B KOTOPbIX 06CTOATENLCTBO BbIPaXeHO rNaronom ¢ ing-
OKOHYaHueM, nepeBeauTe UX.

1 The hot gases generated by any heating process can be applied for propelling a
body in a fluid. 2. The engine is used in moving aircraft. 3. The principle of the work

consists in increasing the air pressure in the engine. 4. A coolant is used tor

preventing excessive temperature. 5. We have learned of his starting a series of new

experiments on engines. 6. Before starting the engine you must carefully Lestit. 7. He

began conducting the experiment last year.

9. HaiiguTe rnaronbl ¢ oKOH4YaHueMm ed, onpegenuTte ux QyHKyuto. MepeseguTe 3T
npeAnoXeHns.

1 The technique described received general approval. 2. The hot gases generated

produced increasing of genera! temperature. 3. The propeller mentioned converted

16



the energy of the engine into thrust. 4. A force required propelled an airplane through
the air. 5. Although applied for many purposes disel engines have certain
disadvantages. 6. When used, a jet engine produced high-pressure, high-temperature
gas. 7. If required, the pressure will be increased. 8. As proved by engineers the
devices must be changed. 9. Though finished, the work was not a success. 10. The
power plant supplied much energy. 11. The air accelerated passed through the fan.

10. MepeBeguTe npeanoxeHus, obpawas BHWMaHWe Ha MNepeBOj He3aBMCUMOrO
npyvyacTHOro 060poTa B 3aBUCUMOCTU OT €ro MecTa B NMPeA0XEHUN:
a) TaK Kak; NOCKO/IbKY, KOrfja; ecfin; nocne Toro, Kak.
Mogenb: Everything being ready, we can start making experiments. - Tak Kak (ecnu,
Korga) Bce roToBO, Mbl MOXEM MPUCTYNUTb K IKCNEpPUMeHTaMm.
1. The mechanic repairing the engine, | went to the chief engineer instead of him. 2.
The engine being repaired, we shall be able to use it in our work. 3. The mechanic
having repaired the engine, the engineer examined it. 4. The engine having been
repaired, we could use it in our work.
6) a, 1, HO, MpuUYeM, UM 6eCcCo3HO.
Mogenb: We have three lectures today, the last being on physics. - ¥ Hac cerogHs
TPy nekuum, npuyem (1, a) nocnefHAs No GuUsnke.
1 New engines were brought to the plant, all of them being in good order. 2. The
professor entered the lecture hall, the assistant following him. 3. The plan was
discussed in detail? Many workers taking part in the discussion. 4. The lecturer spoke
on the problem of space research, his lecture (being) illustrated by diagrams.

11.MpouTnTe TeKCT A.
Text A
Aircraft Power Plant

A radically different power plant is a turbojet engine. This has no propeller,
but instead discharges backward a jet of air and gases at high velocity and
temperature, thus creating the forward thrust.

Today’s engines developing several thousand h.p. greatly differ from those
used 50 years ago. Thus the plane tested by Mozhaisky in 1884 was a monoplane
provided with two engines developing 50 h.p., those being steam engines. Three four-
bladcd airsrews provided thrust, the main one being installed in the nose part. It was
of a tractor type, the two others arranged in the rear being a pusher type.

Although tried as a prime mover, the steam engine could not meet all the
requirements. The steam engine was not sufficiently light and powerful tor
propelling an airplane. Its heavy weight, high fuel consumption and low power
developed raised many problems the designer had to solve.

One of the problems worked at by the designers was lightening the weight of
the engine and increasing its efficiency. In 1880 the Russian mechanic Yagodzinsky
designed and constructed a new engine type. The engine designed by him was the
first gasoline engine working on the four-stroke cycle principle.

The engine attracted the attention of many designers as it was lighter and
more powerful as compared with the steam engine. Still there remained an important
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but unsolved problem: combining efficiency and lightness in an engine. Even
nowadays aircraft engine designers are striving for more horsepower output and less
engine weight.

12.11pouTuTe TEKCT euwie pa3. HalijuTe npeanoXxeHns, B KOTOPbIX ynoTpe6nswTcs
cnefytouine cnosa:

1) camoneT, UcnbITbiBaTb, CHAGXEHHbI, NapoBble ABUTATENN;

2) NpUBOAWNTL B ABUXXEHME CAMOET, HEJOCTATOUYHO NIETKNIA N MOLLHBI;

3) nepBblii 6€H3MHOBBIA ABUTaTeNb, MPUHLWM YeTbIPEXTAKTHOTO LMKNa.

13.0TBeTbTe Ha BONPOCHI N0 COAEPXaHUI0 TeKcTa.

1. What is the main characteristic of a turbojet engine?

2. How does aturbojet engine create a forward thrust?

3. How many engines were installed in the Mozhaisky aircraft?
4. What kind ofengines were installed in the Mozhaisky aircraft?
5. What are the disadvantages of steam engines?

6. What engine was designed by Yagidzinsky?

7. On what principle did this engine work?

14.3anonHNTe NPONYCKKU CNOBaAMU U3 aKTUBHOTO CnoBaps.

1. A turbojet engine ... backward ajet of air and gases.

2. A monoplane was provided with two engines developing 50 ... .

3. One airscrew of tractor type was installed inthe ... part, the two others were ... in
the ... .

4. The steam engine could not meet all the ... .
5. The engine was not... light and powerful.
6. Its heavy ..., high fuel ... and low power developed ... many problems the

designer had to ... .
7. One of the problems was to increase the engine ....
h.p., rear, requirements, consumption, efficiency, to discharge/to arrange, weight, to
solve, front, sufficiently, to raise.

15.lonofHNTe AManor no CofepXaHnto TekcTa.
A: What are the disadvantages of steam engines?

B: The designers were to lighten the weight of the engine.
A: What kind of engines was designed by Russian mechanic Yagodzinsky?

A ?
B: All well known types of engines derive their energy from fuel combined with
oxygen.

18



16.MepeBeguTe NpeAnoXXeHNA C HE3aBUCUMbIM NPUYACTHBIM 060POTOM.

1 Other things being equal, the higher the temperature of a heat engine, the more
efficient the machine.

2. A combustion chamber of a given size containing only a certain weight of a
propellant, the thrust may be made large for a short time by providing a large
burning surface.

3. Several servo systems are required, the signals being fed electrically to the control
systems.

4. Certain other conditions affect the operation of the engine, the principal condition
being air density.

5. All four variables being known, the gross thrust at nozzle can be calculated.

17.MepeBeanTe NpefnoxeHuns, obpalyas BHUMaHWE Ha CIOXHbIV FepyHANaNbHbIN
obopor.

1 Tsiolkovsky’s having led the foundation of a new science-theorv of rocket flying
is a well-known fact.

2. These turbofan engines couldn’t be used in this design because of their being too
heavy.

3. Due to the coolant being pumped through the reactor excessive temperatures are
prevented.

4. Successful travelling of satellite depends on their having been set on a proper
orbit.

5. Their heating the gas changed the results of their experiments.

6. He insisted on his machine being tested at once.

18.MepeBefnTe NUCbMEHHO TEKCT B.
Text B
Jet Engines

Jet engines use the reaction force. It is worth mentioning that the jet engine is
not a modern development. It utilizes air from the atmosphere together with the
combustion of a fuel.

When used, ajet engine produces high-pressure, high-temperature gas which
is ejected rearwards with great force named thrust. The thrust is the reaction of the
stream or the jet of hot gases ejected from the rear. The jet is produced by combustion
of the fuel in the compressed air which is supplied by the atmospheric air that enters
through the front opening.

For getting the required air into the combustion chamber a compressor is
mounted in the front opening. Air is sucked, compressed and then used to burn a fuel.

YPOKW 9-10

O630p rpammaTnyeckoro matepuana: NHOUHNTUB U UHPUHUTUBHbBbIE 060POTHI
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Siii(jiiiiiiiiilii -~ (The  Infinitive)  (HeonpegeneHHaa ¢opma rnarona)
npegcTaBnseTr Cco60OM HeNUYHYIO [NarofibHyt0 (opMmy, KOTopas TO/bKO HasblBaeM
[eliCTBMe. He yKaTblBasg HU N1La, HW Yucna.

dopmanbHbIM MPU3HAKOM WH(pUHWTUBA ABASeTCA 4acTuua to. Opuako B
HEKOTOPbIX CAyYasx yacTulia onyckKaeTcs.

DopMbl MHQUHWT MBa

Infinitive Active Passive

i | 1

lIndefinite to ask ’ be asked
IContinuous to be asking j i
1Perfect to have asked to have heen asked j
1Perfect Continuous 1 to have been asking j !

WHpuHuTMB B opme Indefinite ynoTpebnsetcs, Korga AelicTsue,
BbIpaXEHHOE WM, OJHOBPEMEHHO [EelCTBMIO, BblpaXEHHOMY tjal 010M-CKa3XxeMbbM
WM OTHOCUTCS K 6yayuieMy BpeMeHu (MHGMHUTUB B 3TUX CAydvasx ynoTpebnsercs
nocne MojAanbHbIX rfaronoB may, must, should, ought n nocne rnaronos to
expect - oxwugatb, to intend - HamepeBaTbcsA, to hope - HageATbcd, to want -
XO0TeTb U HEKOTOPbIX APYTuX).

e.g. | am glad to see you. - A1 pag Bac BuAeThb.
It was pleasant to speak to him. - BblNo NPUATHO MOFOBOPUTbL C HUM.
Me may come tomorrow. - OH. MOXeT 6bITb, NPUAET 3aBTpa.
I hope to see him at the concert. - 1 HageCcb YBUAETb €ro Ha KoHLepTe.
He has a great desire to be - OH X04eT, YTO6bI €ro Npuraacuan Ha
invited to the party. Beyep.

WNHpuHuTMB B opme Continuous ynoTpebnseTcs, 4TO6bl BbIpasUTb
JelicTBue, ansuijeeca B TO Bpems, KOrgja NpoMcxXoAnT AelicTBUe rnarona-ckasyemoro,
e.g. The weather seems to be improving. - loroga, KaxeTcs, yny4LlaeTcs.

It was pleasant to be driving the car - Bblno NpuATHO CHOBA BECTM aBTOMOGUIIb,
again.

WHpnHnTe B hopme Perfect ynoTpebnsetcs [n9 BblpaXeHWs [eiAcTBuS,
npefWwecTBYOWero [AeiACTBUIO, BbIpaXXEHHOMY  rnaronoM-ckasyembiM. [locne
MOZanbHbIX TNaronoB must U may Ans BblpaXeHWs MNPesnoNodKeHUs o TOM, 4TO
feicTBue yxe cosepwwunocb. Mocne moganbHbix rnaronos should, would, could,
might, ought n was (were) gna 0603Ha4yeHVs AelCTBMA, KOTOPOE LOMKHO NAu MOrno
COBEPLINTHCA, HO B A€/AICTBUTENILHOCTU He COBEPLUMOCD,

e.g. I’'m glad to have spoken to him. - ¢ pagsa, 4TO NOroBopuna C HUM.
There was no light in the windows. - B okHax He 6bif10 cBeTa. BeposaTHo, BCe
Everybody must have gone to bed.  nernu cnartb.
I’'m glad to have been invited. - A paga, YTo MeHa nMpurnacunun.

WMHpuHuTUB B hopme Perfect Continuous nokasbiBaeT, YTO BblpaXeHHOe UM
JeiicTBMe Hayanoch 0 AeiiCTBUA rnarona-ckasyemoro u Bce elie npogon>kaeTcs.
e.g. He is known to have been working - /3BecTHO, 4TO OH paboTaeT Haf 3TON

on this problem for many years. npo6nemoii B Te4eHMe MHOTUX NeT.
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®YHKUNU UHDUHNUTUBA

hyHKUMSA Mpumep
Ho. exaluee jl'o skate is pleasant. - KaTaTbCA Ha KOHbKax |
l[npvaHo.

I4acTb cocTaBHOIO [Your duty was to inform me about it !
'|ELLI ewTro cKkasyemoro (immediately. - Baweit 0643aHHOe !bl0 6bI10
! (coobWnTb MHe 06 3TOM HEMEAIEHHO. |
|YacTb cocTaBHOrO jWe decided to spend me summer m me
IrnaronbHOro ckasyemoro [Crimea.- Mbl pelwnnun nposecTn neto B Kpbimy

IR coyeTaHun ¢ MoAanbHbIMU

|rnaronamm n nx sKBMBaneHTaMu:

|to be sure (HeCOMHeEHHO), to be Me must know her address. - OH, JO/IXHO
certain (6e3ycnoBHo), to be likely 16blI Tb 3HaeT ee agpec. |
(BepoATHO), to be unlikely (Bepost§ She is unlikely to come. - OHa Bpag M npu- j
HO He, BPAJ ). ner. ,

It is likely to rain. - BeposTHO, NoigeT fOXAb.

[fononHeHne | asked him to help me. A nonpocun ero
NoOMOYb MHe.
OnpegeneHune He expressed a desire to heip me. - OH Bblpa-
31N XXenaHue NOMOYb MHe.
YacTo nocne cnos: the first, They are always thefirst to come. - OHun j
the second, the third. BCerfa npuxoaaT nepebIMu. i
O6CTOATEN LCTBO:
uenu: I went to the station to see off my friend.-
A nowen Ha cTaHUMI0, 4TO6bLI NPOBOAUTH
apyra.
CNefCcTBUA: He is too young to understand it.- OH

C/INWIKOM mMonog, YTOObI MOHATH 3TO.

O6beKT Hbli MHOUHUTUBHBIW 060poT (Complex Object)

OO6bEKTHbIA WHQWHWUTUBHBLIA 060POT COCTOMT U3 CYLLECTBUTENbHOIO B
obuiem majexe WAM TMYHOTO MeCTOMMeHUs B 06beKTHOM nagexe (me, him, her, you,
them, us) U uWHGUHMTMBA. Ha pycckuii £3bIK NepeBOAUTCA AOMONHUTENbHBIM
NPMAATOYHbIM MpPefN0XeHNeM, BBOAUMbIM COKO3aMU «4TO», «4TOObLI»,

e.g. We know this scientist to have made Mol 3HaeM, 4T0 3TOT yUeHbIin cgenan
an important discovery in electronics.  BaXXHOe OTKPbITWUE B 3/IEKTPOHUKE.
They want us to stay. OHW XOTAT, Y4TOObI Mbl OCTANNCh.

O6BEKTHbIN MHMHUTUBHBIA 060pOT ynoTpebnseTca:
nocne rnaronos: wish, want, would like. (Mepes WHGWHUTMBOM CTaBUTCA
yacTtuua to):

e.g. Do you really want him to come? Tbl Ha caMOM fAefe Xo4ellb, YTO6bl OH
npuwen?
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nocne rnarosioB, Bblpaxarwuwmnx npegnonoxexHune: expect, think, consider, believe,
suppose, find (cuutatb). (MHPUHUTUB C YacTuLel to):

e.g. We expect him to arrive tomorrow. Mbl 0Xungaem, 4To OH NpuUeseT 3aBTpa.
nocfe rnaronoB CO 3HauyeHMeM «PU3NYeCKOro BOCMPUATUA»: see, watch, notice,
hear, observe. (WHGUHUTMB 6e3 uacTuubl to). [llocne 3TWX rnNaronoB MOXeT
ynoTpebnaTbCa Kak MHPUHMUTMB (ecnu AeiCTBMEe 3aBepllieH0), Tak U nmpuyacTtue |
(ecnu geiicTBue npofoskaeTca):

e.g. He saw me approach the gate. OH BMAen, Kak A NofJoOLeN K KanuTke.

He saw me approaching the gate.  OH BuAen, Kak s NOAXOANN K KanuTke.
nocne rnarofos, BblpaxawlLlnWx npocbOy, COBeT, paspewweHue W NobyxpaeHuWe K
peiicteuio: ask, allow, tell, order, make. Set have.

e.g. They asked me to check the facts. OHW NONpoCcUAN MeHA NPOBepUTbL (haKTbl.

Mocne rnaronos make, let have MHQUHUTUB ynoTpebngeTcs 6e3 yacTuubl to.
e.g. What made him give up his hobby? UYto 3acTtaBuno ero 6pocutb csoe

nobumoe 3aHATME?

M have her come whether she f 3acTaBNO ee NPUIATK, XOUYET OHA 3TOrO

wants to or not. WUIn HeT.

Mocne rnarona to have B KauecTBe BTOPOro 3/1eMeHTa C/I0OXKHOT0 AONOMHEHUA
yacto ynotpebnseTrca npuyactue Il gna 0603HauyeHna AeiCTBUA, BbIMOMHAEMOIO He
nognexawmm, a Apyrum nuLom, npuyem B pasroBOpHON peyn rnaron to have yacto
onyckaeTcs.

CpaBHuTE:
e.g. She made a dress. OHa (cama) cwuna nnatbe.

She had a dress made. OwHa clwuna (eii clumnm, oHa oTfaBana WUTb) NnaThe.

I’ve just had my car MHe TONbKO Y4TO OTPEMOHTMPOBANN MalluHY,

repaired.

BonpocuTenbHaa u oTpuuaTenbHas ¢opmbl o6pasyloTca npu  MomoLu
rnarona do: When did you have your car repaired? He didn’t have his car repaired
last year.

Cy6beKTHbI MHOUHUTUBHBIN 060poT (Complex Subject)

Cy6beKTHbIN WMHMUHUTWUBHBIA 060POT COCTOMT U3 CYLLECTBUTENbHOTO B
obuiem nagexe (WA MecToMmeHus B 0o6WeM najexe) U WHPUHMTMBA (BCerfpa C
yacTuuei to). MNepeBoA NpeAnoXeHwii cnefyeT HayMHaTb CO CKasyemoro u, ecnu
TpebyeTcs NO CMbICNY, BBOAUTCA COHO3 YTO.

Mexfy KOMMOHEeHTaMM C/I0XHOr0 MOAMEeXallero MoXeT CTOATb CKasyemoe,
BbIpa)KEHHOE:
rnarosiom B (hopMe cTpajatenbHOro 3anora: to be said, to be reported, to be known,
to be stated, to be supposed, to be considered, to be seen, to be expected, to be
believed un ap.

e.g. She is known to speak three M3BECTHO, YTO OHa FOBOPUT Ha Tpex
languages. A3blKax.
rnaronom B (opme AeiicTBUTENbHOro 3anora: to seem (kasaTbcs), to appear, to
prove (oka3biBaTbCA), to happen (cnyyaTtbcs, okasaTbes),
e.g. This substance seems to possess KaxeTcs, 3T0 Bew,ecTBO obnagaet
useful properties. NoNe3HbIMKU CBOWCTBAMMU.
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B coveTaHmsax: to be likely, to be unlikely, to be sure, to be certain,
e.g. This is unlikely to be achieved. ManoBeposaTHO, YTO 3TO 6yfeT AOCTUTHYTO.

MHOUHNTUBHBIN 060poT ¢ npegnoromfor
For + cyuwiecTBnuTenbHoOe B 06LieM Nagexe UAM MeCToMMeHWe B 06beKTHOM nafexe +
UHOUHNTMB. Ha pycCcKnii A3bIK Yalie nepeBOAUTCS NPUAATOYHLIM NPEANOXKEHNEM,
e.g. For the decision to be correct, YT06bI peLieHne 66110 NPaBUIbHbBIM,
all facts must be considered. cneflyeT yyecTb BCe (haKThbl.
It is necessary' for her to be patient.  Eli Hy)HO 6bITb TEepMNennBOiA.

1. TlepeBefuTe Ha PyCCKUii A3bIK.

1. | called every morning to see if there was any news. 2. We stopped to have a
smoke. 3. He came here to speak to me, not to you. 4. The car was waiting at the door
to take them to the station. 5. This doesn’t seem to be the right key. 6. To meet the
increased demand for industrial goods, a great number of new shops have been
opened in the town. 7. He was the first to raise the question.8. There is no need for
the steamer to call at Tuapse. 9. it was necessary for him to return immediately. 10.
There is no reason for us to change the terms of payment. 11. There was no time for
them to examine the goods that day. 12. It’s too late for you to go there. 13. Tell me
what would you like me to do. 14. Seeing her enter the room he rose to greet her. 15.
Hearing the bell ring he went to see who was at the door. 16. Did you feel the bridge
shake? 17. We lay in the shade of the tree, waiting for our friends to come. 18. |1 don’t
like you to say such words. 19. His childhood is said to have been very difficult.
20.We knew him to be very brave. 21. He asked for a telegram to be sent to his son.
22. They are expected to send a reply today. 23. I’ll have the secretary call up the
embassy. 24. She is unlikely to forget it. 25. What makes you think so? 26. We
watched the plane take off 27. Why don’t you have your assistant do the job? You
said you could rely on him. 28. Steve was believed to be very good at this sort of
thing. 29. He is sure to expose himseif sooner or later.

2. MNepeBefnTe Ha aHTINACKNIA A3bIK.

1 4 xoTen 6bl. YTOOLI Bbl 06BACHWAM MHE 3TO MPaBWAO ewe pa3 2. YTo Bbl XOTuUTE,
ytobbl A caenan fAna Bac? 3. Bbl cnbiwanu Korga-HMbyAb, kKak OH noet? 4. 4
CAbllWan, YTo OH npuexan B MockBy. 5. OHM He BUAenn, Kak OH Bowen. 6. HUKTO He
0XMnpan, 4To OHU yeAyT TakK CKOpo. 7. Ero cuymTaloT YeCTHbIM 4enosekom. 8. 4
yBUAEN, KaKk MalluHa 3aBepHyfia 3a yron u ucyesna. 9. A cuuTalo, 4TO OH
oTBeTCTBEHEH 3a 3T0. 10. Bpsag nu oH aro cgenaet. 11. XouyeT M OH, 4TOGbI Mbl
nomornm emy? 12. Bbl cAbllwanu, Kak OH BbicTynan (rosopuna) Buyepa Ha cobpaHum?
13. 4 Bugena, Kak OHa nojoLsia K NMCbMEHHOMY CTO/NY Y B3fAa NUCbMO, fexaliee
Tam. 14. Cnblwa, 4TO €ro [oYb NnaayveT, OH BCTan W BOLUEN B COCEAHIOIO KOMHaty. 15.
fA1 nonarat, 4YTO OH OMbITHbIA AOKTOp. 16. A cumMTalo ero Ny4ywmM WHXEHEPOM Ha
Hawem 3aBoge. 17. OH He xouyeT, 4T0o6bI €ro pAo4yb exana B Mocksy. 18
MpeanonaraeTcs, YTO B 3TOM palioHe 6yfeT NOCTPOEH HOBbIA ropoa. 19. A xoTen 6bl,
4yTo6bl Bbl Npurnacunu ero Ha Beyep. 20. Mbl CTOAAM Yy BOPOT, 0XMAas, Korga
npnbyaeT mawunHa. 21. Mbl 0Xxupgaem, 4To ToBapbl 6yAyT AOCTaBNEHbl Yepe3 Tpu

23



Hegenu. 22. Ham TpygHo cpenaTb paboTy B Takol KOPOTKWUIA cpok. 23. TekcT 6bin
CAUIIKOM TPYAHbIA, 4TO6bI OH MOr nepeBecTu ero 6e3 cnosaps. 24. Celivac
CANWKOM NO3A4HO, YTOObLI AeTw Wnn rynatb. 25. He cmewmnTe meHA. (He 3acTasBnaiite
MeHs cMmeATbcA). He paspelwaiTe f[eTam wrpaTb Ha OTKPbITOM BO3fyXxe. CerogHs
0YeHb XO/I0[JHO W BeTpeHo. 26. [IMPeKTOp Benen cekpetapro HaneyataTb JOKYMEHT B
Tpex ak3emnaspax. 27. BepoATHO noiigeT foxAb. 28. VI3BECTHO, YTO YepHbliA LBeT
noraouwiaeT CBeTOBble Ny4n Hambosee MHTEHCMBHO. 29. KaxeTcs, 4TO MYyXUMHA He
y3Han Bac. 30. MHe noumctmnm KocTioM. (A oTgaBan ero B uucTky). 31. A oTgam
MalnHy B peMOHT (MHe OTPEMOHTUPYIOT MallnHy) B ByaylieMm Mecsue.

OCHOBHON KypcC

1. 3anomMHUTe cnegytoLwne cnosa U BblpaXKeHuUs.

to bypass [ batpa:Sp 06X0ANTb 06XOHBIM NyTeM

bypass turbojet engine 't  ba cl5”1 OBYXKOHTYpPHbI Typ60-
to .encl3inl  PeakTWUBHbIA ABUTaTENb

to operate iap~re IT.i paboTaTb

subsonic  [-V\fc/son tk J [03BYKOBOWA

to seam f&i;m1 Kasatbca

to be well suited [sju; fid ] XOpOLWO NOAXOANTD,

COOTBETCTBOBATb

to utilize [jut ft latz 1 NCcnonbL30BaTh

tailpipe ['Vet! patpi BbIX/I0MHas TpyGa

reheat Lrlhi:T] noaorpes

augmentor o.g men f/] thopcaxHas Kamepa

propulsion pra'pAKn 3 ABuraTenb, CWN0Bas yCcTaHOBKaA

excess run 136bITOK, N3NNI EK

2. TepeBegunTe NpefnoXeHUs.

1 The bypass turbojet engines are utilized for subsonic speed airplanes.

2. The subsonic engines are well suited for civil aircraft.

3. The length of the tailpipe varies with each airplane.

4. Any aircraft propulsion system must meet certain requirements.

5. The excess air enters the tailpipe.

6. Augmentor is an installation increasing thrust.

3. MpouTuTe 1 NepeBeAnTe MHTEPHALMOHANIbHbIE C/IOBA.
Diagram, type, propeller, characteristic, effective, modern, principle, concentrate.

4. HaiignTe cnoBa ¢ OANHAKOBbIM 3HAYEHWNEM:

operate, utilize, propulsion, propellant, force, significant, aim, attain
power plant, fuel, power, important, use, get. work, task.
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5. HaliguTe cnoBa ¢ NPpOTUBOMONOXHbLIM 3HAYEHNEM:
subsonic, solid, civil, excess, various, initiate, accelerate
military, lack, the same, liquid, finish, slow-down, supersonic.

6. MepeBefnTe nNpegfnoXeHus, o6paTuTe BHWMaHMe Ha MeCTO W NepeBoj
WH(PUHUTUBA B YHKL MUK 06CTOATENbCTBA.

O6pasey: To find more information about the flow in the compressor we must
determine its angle velocity. - Ansa Toro, 4yto6bl NOAYYUTb AOMNONHN-
TeflbHble CBEAEHMWSA O MOTOKE B KOMMPeccope, Mbl AO/KHbI N3MEPUTH €ro
YII0BY0 CKOPOCTb.

To propel an airplane through the air a certain force is required.

Both solid and liquid fuel rockets are used to attain a highly concentrated power.

To drive the fan a turbofan has additional turbine stages.

In the turbojet engine the turbine is designed to drive the compressor.

In order to generate thrust of its own the fan accelerates the air passing through it.

O r wWDN

7. MepeBegnTe nNpeanoxeHns, obpalias BHUMaHMe Ha MeCTO W NepeBoj MHAOUHMTUBA

B PYHKLMMN nojnexalyero.

Oobpasey: To utilize bypass engines for civil and military aircraft is desirable. -
XenaTenbHO MCNONb30BaTb ABYXKOHTYPHbIA TypbopeaKkTUBHbIN
fBUraTenb Ana rpaxfaHCKUX U BOEHHbIX CAMOMETOB.

1 To know jet propulsion principle is necessary for every pilot.

To predict the behaviour of the engine is significant for our future work.

3. To ensure high propulsion efficiency is our aim.

N

8. lMepeBeauTte npeanoXxeHus, obpawias BHMMaHWE Ha MNepeBOj WMHPUHUTMBA B

(hYHKLUN onpefenexHuns.

O6pasey: The engines to be used in space are very powerful. - [lBuratenu, kotopblie

OOMKHbBI MPUMEHATLCA B KOCMOCE, 04eHb MOLLHBbIE.

1 Tests to determine properties of propellants are currently in preparation at the
laboratory'.

2. Propellant properties are the main factors to be considered..

3. The reciprocating engine probably will be retained for many years to come for use
in low-speed airplanes.

9. MMepeBeauTe nNpeanoxeHus, obpalwias BHUMaHUe Ha NepeBOf WHGPUHWUTMBA B

COCTaBHOM WMEHHOM CKa3yemoM.

O6pasey: The main function of the turbine is to provide power for the mechanical
compressor. -OCHOBHas (yHKLWA TYpOUHbI - faBaTb 3HEPTUO ANS
MeXaHW4YecKoro Kommnpeccopa.

1 The function of a diffuser is to convert the kinetic energy of the entering air into a

pressure rise.

2. The function of the injector is to receive the liquid propellants and direct them in

the liquid streams.

3. The aim of the igniter is to initiate combustion.



10. MepeBefuTe NpeanoXeHus, obpawias BHMMaHWe Ha MepeBOj WHPUHUTMBA B

(hYHKL MK YacTW COCTABHOTO rNarofibHOro CKasyemoro v JOMNONHeHWUs.

Oo6pasey: The weight of the propulsion system is to be divided between fuel and
engine. —Bec cU0BOV YCTAaHOBKMW [J0/KeH 6GblTb MOAENeH MexXay Ton-
NUBOM W BUTaTenem.

1 The total weight of the airplane can be divided among the airplane, the propulsion

system and payload.
2. The engineer wanted to ensure the successful operation of bypass turbojet engine.
3. We should like to utilize the subsonic engines for civil aircraft.

11. MepeBefgnTe NpefNoXeHNs, Onpeaenns MYHKUNIO MHPUHUTKBA.
To build a new engine in time is essential.

To build a new engine it is necessary to make various calculations.
The engine to be built is of great importance.

Our aim is to built a new engine.

The engine has to be built as soon as possible.

a P wN

O6beKTHbIN WHOMHNTUBHBIN O6opoT

12. MepeBeauTe npeanoxeHus, obpawas BHWMaHWe Ha nepeBof 06bLEKTHOrO

WH(OUHUTUBHOTO ob6opoTa.

Oo6pasey: We know him to be an aircraft engine designer. - Mbl 3Haem, 4TO OH
KOHCTPYKTOP aBMaLMOHHbIX ABUraTeNnei.

1 We know the bypass engine to operate at high subsonic speeds.

The scientists consider engines to be well suited for aircraft.

3. The designers suppose the bypass engines to approach the favourable jet

characteristics of the propeller.
4. We suppose this engine to be a thrust-augmentor.

N

Cy6beKTHbI# MHGWHKW TUBHBIN O6opoT

13. MepeBefnTe NPEefNOXKEHUA C CYOBLEKTHBIM UHQUHNTNBOM.

Oo6pasey: This machine is known to operate with great speed. - W3BecTHO, 4TO 3Ta
MallnHa paboTaeT ¢ 60MbLIONA CKOPOCTLIO.

Bypass engines are known to operate at high subsonic speeds.

Such engines are certain to be well suited for civil aircraft.

The subsonic engines seem to be well suited tor civil aircraft.

Bypass engines are also supposed to be utilized for military aircraft.

The bypass engine is considered to approach the favourable jet characteristics of

the propeller.

6. Such engine is regarded to be a thrust-augmentor.

g W

14. TpoyTnTe N NepeBefnTe TEKCT A.
Text A
The Bypass Turbojet Engines
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Bypass turbojet engines are designed to operate at high subsonic speeds.
Therefore the subsonic engines seem to be well suited for civil aircraft. Sometimes
these engines may be utilized for military aircraft, particularly for aiiplanes intended
to operate at these speeds. To enable them to achieve higher speed, the large amount
of excess air in the tailpipe is used for reheat. It means to burn extra fuel to increase
the thrust to a greater extent. Usually the propeller becomes less efficient at speeds
higher than 450-500 m.p.h. But the bypass is considered to approach the favourable
jet characteristics of the propeller. Therefore we suppose the bypass engine to be a
thrust augmentor and effective means for propulsion of modem aircraft vehicles.

15. OTBeTbTE Ha BONPOCHI MO COAEPXaHUIO TEKCTa.

1 What do you know of bypass turbojet engines?

2. What advantages have the bypass engines over the other types of turbojets?
3. Why are they well suited for civil aircraft?

16. 3an0NHNTE NPONYCKW CNOBAMMN U3 aKTUBHOTO CloOBaps.

1 Most turbojets ... best at relatively high altitude. There is no simple explanation
for the fact that they are so ... to high-altitude ....

2. Bypass engines may be ... both for civil and military aircraft.

3. The cold temperature of the air at high altitude gives an engine extra ....

4. A large amount o f... air in the ... is used for reheat.

5. The bypass engine is supposed to be a ... .

17. HaiignTe B TeKCTe fBa cnyyas ynoTpebneHns cnoea “means”. O6bACHUTE, KaKoW
4acTblO peyn OHO SBMSETCS B TOM W APYrOM ciydae.

18. ObpaTuTe BHMMaHWE Ha MepeBO CMeAYHLWUX CA0B. DTO NMOMOXET BaM MOHATb
TeKCT.
fluid - wngkocTb

acquire - nony4yatb

heat exchanger - Tennoo6MeHHUK
impulse turbine - akTuBHasa TypbuHa
reaction turbine - peakTuBHas TypbuHa
shaft - Ban

smooth - poOBHbIN, rnagkuni
streamlined - o6Tekaemblii
consideration - coobpaxeHue

19. MpouTuTe 1 NnepeseamnTe TeKCT B.
Text B
The Turbine Nozzle
The turbine nozzle performs two functions:
1 It transforms a portion of the energy of the fluid, acquired in the heat exchanger,
into Kinetic energy.
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2. a) in the impulse turbine it directs the high-velocity fluid jet against blades which
are free to move in order to convert the kinetic energy into shaft work;
b) in the reaction turbine the nozzles, which are free to move, discharge high-
velocity fluid. The reaction force of the fluid against the nozzles produces motion,
and the work is done.

For the first function to be performed efficiently, the nozzle walls must be
smooth, streamlined and so proportioned as to satisfy the changing conditions of the
stream of gas flowing through the nozzle.

For the second function the nozzle should discharge the fluid at the correct
angle with the direction of blade motion to allow a maximum conversion of kinetic
energy into work.

The main consideration in nozzle design is expected to provide a nozzle of
proper wall contour. For nozzle design the engineer is sure to have at his disposal
four fundamental tools or relations: 1) the first law of thermodynamics; 2) the
equation of continuity of flow; 3) the characteristic equation of state of the fluid; 4)
the equation of process.

20. MpocMoTpuMTe TEKCT, MPaBUNbHO MepeBeanTe U 06bACHUTE ynoTpebneHune:
a) cnosa “against” Bo 2-om ab63aLe TeKCTa;
6) pasnuuue B nepesoge cnosa “for” Bo 2-om 1 3-m ab3auax TekcTa.

21. HaiiguTe B TekcTe:

a) CUHOHMMbI K C/I0BaM:

to convert, part, to get, speed, movement, flow, chief, necessary, main;
6) aHTOHUMbI K CNOBaM:

give, low, occupied, minimum, rough, constant, to forbid.

22. Haiijute B TeKCTe BCe cNlyvyaum ynoTpeGneHus WUHQUHUTUBA. OmnpefenuTte ero
(YHKLMM U NPaBUbHO NepeBesuTe NPefsoXeHUs C HUM.

23. HaliguTe B TeKCTe MpeAnoXeHUs, B KOTOPbIX FOBOPUTCS O TOM:
1) kakoBa (hyHKLMA NOMNaTOK B aKTUBHON TypbuHe;

2) KakoBa (PYHKLMS confia B peakKTUBHON TypOUHE;

3) KakvMun JO/MKHbI 6bITb CTEHKW COMMa B aKTUBHOW TypbuHe.

24. NMncbMeHHO nepeBeauTe NocneaHuii absay Tekcta B.

25.MepeBeagnte TekcT C 6e3 cnoBaps.
Text C
The Ramjet

The ramjet engine is an air-breathing, engine which operates on the same
principle as the turbojet engine, its basic operating cycle is similar to that of the
turbojet. It compresses the incoming air by ram pressure, adds heat energy at a high
pressure, converts the heat energy to velocity, and produces thrust. By converting the
kinetic energy of incoming air into pressure, the ramjet is able to operate without a



mechanical compressor. Therefore, the engine requires no moving parts and is
mechanically the simplest type ofjet engine which has been devised. Since it depends
on the velocity of the incoming air for the needed compressor the ramjet will not
operate statically, that is when it is not moving. For this reason, it requires a turbojet
or rocket assist to accelerate it to operating speed.

YPOK 11
O630p NPONAEHHOr0 rpamMMaTUYecKoro MaTepuana
. 3anomHuTe cregyloLine CnoBa ¥ BbIpaXeHus.

n3-3a, BCNeACTBME, 0BYCNOBMEHHbIN
no cyuiecTBy

XPaHUTb

6ak

npevMyLLecTBo
KpaiiHe, 4pe3BblYainHo
BblCOTA

06LWMPHbIA, 60/bLLOWA
yCcKopuTenb
ynpaBnsemblii
BCMOMOTaTe/bHbI A
faBaTb BO3MOXHOCTb

2. TMepeBefuTe NpefnoXxeHus.

1 Its great velocity is due to high power.

2. Arocket engine is essentially a tube.

3. Oxygen is stored in a separate tank.

4. The rocket engine can be used at extremely high altitudes.
5. Rockets find extensive use.

6. They are used as boosters for missiles.

3.HalignTte cnoBa c 0MHAKOBbIM 3HAYEHUNEM:
motion, essentially, rapidly, velocity, extensive, primary, auxiliary
secondary, quickly, great, main, movement, mainly speed.

4. HaliguTe cnoBa C NPOTMBOMOMOXHbBIM 3HaYeHUeM:
forward, auxiliary, primary, solid, rapid, high, separate

secondary’, liquid, slow, low, mutual, main, backward.

5. 11pocmoTpuTe TeKCT A 1 06bACHUTE:
1) Kak nmepeBoAMTCA C/IOBO “means” B 4-om ab3ale TeKCTa;
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2) Kak nepesecTu BblpaKeHue “a rocket driven vehicle” (4 aba.)- K yemy oTHocuTCS
cnoso “driven” B 3TOM BbIPaXXeHWUMN?

6. HaiignTe B TeKCTe U nepeBefuTe:

a) NPeANoXeHnsa B CTpajaTe/lbHOM 3aore;

6) 2 NpeanoXxeHna ¢ MHHUHUTUBOM B PYHKLUM 06CTOATENBCTBA;
B) 1 npefnoxeHne ¢ NHOUHUTUBOM B YHKL MK ONpefeneHus.

7. TepeBeaute TekcT A.
Text A
The Rocket Engine

A rocket is ajet-propelled vehicle. Its motion forward is due to the reaction of
the motion ofthe gases backward.

A rocket engine is essentially a tube in which propellants are burnt rapidly at
great pressure. The propellants give large amounts of heat energy, so that the
resulting gases are directed rearward at great velocities to produce the reactive force
of propulsion.

In order to bum, fuel requires oxygen. The rocket carries its own oxygen
supply. It is stored in a separate tank or combined with the fuel itself. This fact is an
advantage. The rocket engine can be used at extremely high altitudes where there is
no oxygen.

Rockets find extensive use. They are used as boosters for missiles and
research rockets, and as main power plants of guided missiles. A rocket propulsion
system may be used as a primary or as an auxiliary power plant of an airplane. The
rocket engine provides a possible means of propulsion for interplanetary vehicles. In
1903 K.Tsiolkovsky described a rocket driven vehicle for space travel. Today his
dream has become a reality. The rocket develops high velocity. The stem principle
enables them much higher velocities to be achieved.

There are two basic types of rocket engines: the solid propellant and the liquid
propellant types.

MepeBeanTe BONPOCHl HAa aHTNMIACKNIA A3bIK U OTBETbTE Ha HUX.

YTo npegcrasnset coboin paketa?

C yem cBfA3aHO ee [iBMXXeHue Bnepes?

Kak co3fjaeTca peakTUBHas Cuna IBUXEHUS B pakeTHOM fABurartene?
[Mouemy pakeTHbI fBUraTenb MoxeT paboTaTb 6e3 aTmocdepbl?

B KayecTBe Yero MOryT UCMOAb30BATLCA PaKeThl'?

CKONbKO TUMOB paKeTHbIX fiBUTaTeneil Bbi3HaeTe?

Sk wN R ©

©

MepeBeanTe AaHHbIe NPEANOXEHNA HA aHTINACKUI A3bIK.

1 PakeTHbIi gBuUraTenb npepactaBnseT coboil Tpy6Ky, B KOTOPOI 6GbiCTpO cropaeT
TON/NBO NPU BbICOKOM [aBNEHUN.

2. [nsa cropaHusa TONAUBA HYXeH KUC/OpOS,.

Kuncnopopg xpaHutcs B 0TAeNbHOM 6ake uan BMecTe C TON/MBOM.

4. PakeTbl HaxofAT WMPOKOe MPUMEHEHME.

w
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5. B 1903 roay K.LlnonkoBcKkuii onvcan pakeTHbI netaTtenbHbI annapar.
6. B HacToAlee BpemMAa MeyTa ero ocyLecTBunach.

lO.MepeBegnTe nNpeanoxeHus, obpalias BHUMaHMe Ha nepesog cnosa for”
Mpegnor ‘for” nepeBogAT cnoBaMu: And, pagu, 3a, no, B Te4eHue.
Cot3 “for” mepeBofAT: Tak Kak, N0OTOMYy 4To, n60.

I. All the necessities of life for the crew must be considered in the design of a
spacecraft. 2. Space engines of definite types should operate for periods up to three
years. 3. The pilot-static system is very important for it drives primary flight
instruments. 4. Liquid propellant types of engines are also used for this purpose. 5.
The controllable flight by air is really possible only by means of heavier-than-air
crafts,for without engines it is rather difficult to control the flight.

1. MepeBeanTe NpefnoxeHus, obpalias BHUMaHWe Ha nepeBoj cnosa “both ™

I. Both types of engines are used on training aircraft. 2. Both piston and turbine
engines are internal combustion engines. 3. The Moon is the major objective of both
unmanned and manned astronomical exploration. 4. Both compressors have been
used in turbojet engines.

12.MepeBeguTe NpeanoxeHns, obpalias BHMMaHne Ha nepesog cnosa “after”.

a) 1 After take off, we should attempt to follow the extended centerline of the
runway. 2. After several hours of manoeuvring in orbit, the two spacecraft docked. 3.
The temperature of the gases after combustion must not be too high.

b) 1. After the spacecraft is placed into orbit the astronauts start carrying out the flight
programme. 2. After the air enters the intake of the compressor it is heated in passing
through compressor and expands into the combustion chamber.

13.11epeBeanTe NpefnoXeHUs, obpalias BHUMaHWe Ha cnoBo “before”™

Mpegnor “before” nepeBofgAaT cnoBamu: Ao, nepes, Npexage 4Yem.

Coto3 “before” nepeBogdAT: npexae 4em, 40 TOTO Kak.

a) 1 Before the landing of a spacecraft the landing retro-rockets are switched on. 2.
Before the invention of radio flying was only a dream of inventors.

b) Before we activate the stator we must be absolutely sure that no person is within
the range of the propeller. 2. Be/ore the designers thoroughly check the project the
engine can’t be constructed

14, MepeBeaunTe NpeanoxeHus, obpalias BHUMaHMe Ha nepesBoj cnosa “because”.
Mpepnor “because o f’nepeBoasaT cnoBamu: nU3-3a, BCAeACTBME.

Coto3 “became” nepeBoAUTCA: NOTOMY UTO, TaK Kak.

1 The burning of fuel is really a chemical process because it changes the fuel into
heat, light, gases. 2. The temperature is greatly increased because ofthe burning of
the fuel. 3. Because all the valves are ciosed, the air charge cannot escape. 4. Because
of the many types of turbine engines, it is not possible to list all the major
components.
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]15. 3apaiiTe BONpoChbl K NOAYEPKHYTbIM CNOBaM.

1 The rocket engine can be used at extremely high altitudes where there is no
oxygen. 2, The rocket engine provides a possible means of propulsion for
interplanetary vehicles. 3. A rocket engine is essentially a tube in which propellants
are burned rapidly at great pressures. 4. In 1903 K.Tsiolkovsky described a rocket
driven vehicle for space travel.

16. Cneaylollime cnosa NOMOryT BaM YroHATb TEKCT B.

to drive nonyyatb, U3BNEKaTb

pulse jet ['pals ~"3e NynbCUPYIOLWMA BO3LYLLIHO-PEAKTNB-
Hblli geuratens (MyBPA)

\n nf vwuril BBUAY TOrO, YTO; B CBA3N; M3-3a
npeojonesaTb

LOCTaTOYHbIN

pacxopawmniica BXOGHON KaHan
[0 HEKOTOPOI CTeneHn
OCTaTOYHbIN

nocpeAcTBOM Yero
pacwmpeHue

CKOPOCTb Ha BbIX0fe

17. TMpocmoTpuTe TekcT B. Haligute npeanoXxeHus, B KOTOPbIX TFOBOPUTCH

cnegytoulee:

1. Kak HasbiBaeTca aBuaLWoOHHas cuna B pPeakTUBHOM U1 TypbGOBWHTOBOM
gsuratenax. 2. Kypa HanpaBfneH BO34yX B peakTWBHOM fBuratene. 3. Kakyto
npobnemy npeofoneno BeeAeHne TypbopeakTUBHOIO ABUTraTeNs.

Text B

The Turbo-Prop Engine

Jet engines with which most modern high-speed aircraft are equipped develop
thrust on the same principle as the propellers of conventional aero-engines. In both,
the propulsive force is derived from the reaction produced by a stream o{ air driven
rearwards at high velocity. However in jet-propulsion the air is directed rearwards in
a jet from the engine itself. The earliest forms of jet-propulsion such as pulse jet
utilized in the Flying Bomb, were incapable of functioning at rest, in view of the
absence of any means of air-compression. But the introduction of the turbo-jet
overcame this problem, since then the turbine developed sufficient power to drive a
compressor.

Air enters the engine through a divergent inlet duct in which its pressure is
raised to some extent. It then passes to a compressor, where it is compressed, and
from which it is delivered to the combustion chambers. A proportion of the power
developed by these gases is utilized by the turbine to drive the air compressor, and
the residual energy provides the thrust whereby the aircraft is propelled. Due to the
expansion of the exhaust gases in the jet pipe behind the turbine, their exit velocity is
very high.
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18. OTBETLTE Ha BOMPOCHI.

On what principle do jet engines develop their thrust?

What does this principle consist in?

Where is the air directed in jet propulsion?

Why were the earliest forms ofjet propulsion uncapable of functioning at rest?
How does air enter the engine?

How are the combustion chambers arranged?

Why is the exit velocity very high?

N OR WD

19.MepeBefuTe TekcT C C NOMOLLbIO CNOBapA.
Text C
Characteristics of Liquid-Cooled Engines

Liquid-cooled engines offer many decided advantages over the air-cooled
type. They have been developed extensively through the Allison division of the
General Motors Coiporation and are being used with great success as a leading
engine among fast pursuit and fighter group of aircraft.

The use of liquid-cooled engines of the Allison type permits a great reduction
in frontal area and a resultant reduction in drug, which in turn permits a considerable
increase in speed without necessarily increasing the power output.

By using liquid-cooled engines, in addition to the reduction in drag as
indicated, the visibility of the pilot is considerably improved and a much more
compact arrangement ofthe fuselage is possible.

The use of a liquid cooling system permits a more uniform cooling of the
cylinders and makes possible the use of higher compression ratios.

The use of liquid to cool an engine also permits the use of smaller tolerances
in the cylinder and piston assemblies and reduces considerably the tendency of an
engine to foul the spark plugs at lower operating and idling speeds through over-
oiling. Use of this type ofengine also permits smoother operation.

A few disadvantages of this engine as compared to air-cooled are minor when
compared to the over-all advantages gained.

SUPPLEMENTARY READING
Types of Jet Engines

Before World War 11, all existing aircraft were powered with a conventional
piston or reciprocating type of engine. This engine, after years of engineering and
refinementl has attained a developmental stage whereby it is capable of rotating a
shaft with a considerable amount of torque. A propeller is mounted on this shaft to
absorb the torque. When the rotating propeller attains its rated speed, huge masses of
air are hurled rearward at a fairly slow velocity, thereby creating thrust and pulling
the airplane forward. Essentially, “jet engines” do the same thing. Air is taken
inboard, heated and expanded, released rearward at a relatively high velocity, thereby
creating thrust. However, in this new form of propulsion, all the inherent



disadvantages associated with propellers at high forward speeds and high altitudes are
done away with2by eliminating the propeller.

The term “jet engine” in itself means very little. Many different types of jet
engines are being developed and produced. In order to avoid confusion, the following
classification of the different types is presented:

1 Aviation Gas Turbine (turbo jets):
a) Centrifugal-flow, b) Axial-flow, c) Turbo-prop (generally an axial-flow type
Equipped with a propeller) d) Turbo-fan.
2. Athodyds (Aero-Thermo-Dynamic-Ducts):
a) Pulse Jet, b) Ram Jet.
3. Rockets:
a) Solid fuel, b) Liquid fuel.

lafter years of engineering and refinement - nocne psga net TeXHUYECKUX
yCOBEPLUEHCTBOBAHMIA.
2disadvantages - are done away with - ¢ HegocTaTkamMu NOKOHYEHO.

How a Jet Engine Works

The principle of jet propulsion was demonstrated by Hero of Alexandria as
long ago as the first century AD in the earliest “steam engine” on record.

However, the jet engine did not become a practical possibility until 1930
when Sir Frank Whittle patented the design of his first reaction motor suitable for
aircraft propulsion.

The early jet engines were rather crude by today’s standards, but development
was rapid, and, though the gas turbine is traditionally associated with aircraft
propulsion, it now has an ever-widening sphere of application, including ships, boats,
trains, hovercraft, road vehicles, power stations and pumping equipment - all
benefiting from the gas turbine’s inherent qualities of high power, small size and low
weight.

The gas turbine engine, commonly referred to as the “jet” engine, is an
internal combustion engine which produces power by the controlled burning of fuel.

In both the gas turbine and the motor car engine air is compressed, fuel is
mixed with it and the mixture is burnt. The heat which results produces a rapid
expansion of the gas and this is used to do work.

In the car engine the burning is intermittent and the expanding gas moves a
piston and crank to produce rotary or shaft power which drives the car wheels.

However, in the jet engine the burning is continuous and the expanding gas is
simply forced out through a pipe or nozzle at the back of the engine - and confusion
often arises, mot so much regarding how the jet engine works, but why it works. It is
often thought that it works by “pushing” the exhaust gas against the atmosphere - but
in that case how would a rocket engine work in the vacuum of space?
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m The answer is that the jet engine, like the rocket, works by reaction, on the
principle expounded by the 17-th century scientist Sir Isaac Newton - to every action
there is an equal and opposite reaction.

Reaction can be demonstrated very simply by biowing up a balloon and
releasing it. The “power” which drives the balloon forward is the reaction to the
compressed air being forced out of the neck of the balloon. When the balloon is
inflated and the neck is closed, the balloon is in a state of equilibrium - the air inside
is pressing equally all round the inside of the balloon; when the neck is released, the
air inside, under the pressure produced by the tension of the rubber envelope, is
forced out. The air flowing through the neck of the balloon is now in action,
producing a reaction on the front inner surface of the balloon which drives it forward.

The “hot end” of the jet engine can be regarded as the balloon. The reaction to
the expanded gas being forced out of the nozzle acts on those parts of the engine
opposite the nozzle, mainly the “nose” of the combustion chamber and on the tail
cone. The reaction - the “power” of the engine - is transmitted from the engine
casing to the airframe through the engine moimtings, and is usually measured in
pounds force (Ibf), kilogrammes force (kgf) or the international unit, the Newton (N).

The jet engine is basically a machine for generating a large volume of gas
which is forced out of the rear of the engine to produce a reaction in the form of
forward thrust. The engine is therefore designed to collect a large volume of air,
compress it, mix fuel with it and bum the mixture to produce the expansion which
forces the gas out of the nozzle.

The engine has three main components - a compressor, a combustion
chamber and a turbine.

The compressor

The compressor, situated at the front of the engine, performs two functions -
it draws air into the engine and it compresses it before delivering it into the
combustion chamber. Jet engine combustion will, in fact, work at atmospheric
pressure, but efficiency and fuel consumption improve considerably when the
pressure of the air is increased.

Compressors may be centrifugal and/or axial, the latter consisting of a
number of stages of alternate rotating and stationary' aerofoil-section blades which
force the air through a convergent annular duct.

Many modern engines have more than one compressor because a high degree
of compression requires a large number of compressor rows or stages. Each stage has
an optimum speed for best efficiency - the smaller the blades the higher the speed. If
all the stages are on the same shaft, only a few of them will be operating at their
optimum speed - the majority will be running either too fast or too slow. This
problem is overcome by dividing the compressor into two or three parts, each driven
by its own turbine and each rotating at its optimum speed. By this means,
compression ratios up to 30:1 can be achieved, resulting in extremely high efficiency
and very low specific fuel consumption.

The combustion chamber

The air from the compressor section, at anything up to 450 Ib/sqg in, passes
into the combustion chamber. This is an annular steel “flame tube” or ring of tubes
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designed to achieve the most efficient combustion of the fuel/air mixture so that the
maximum possible heat energy is extracted from the fuel in order to give the greatest
rise in temperature and hence expansion ofthe gas.

The combustion chamber has a number of burners to vaporise the fuel before
mixing it with the compressed air. Igniters are provided to initiate combustion.
Unlike the motor car engine, combustion is continuous.

The turbme

As a result of the burning of the air/fuel mixture, the velocity and the
temperature in the combustion chamber increase rapidly and the gas is forced out of
the rear of the engine, through the turbine. The turbine consists of one or more stages
of alternate stationary and rotating aerofoil-section blades. It is attached by a shaft to
the compressor, and its function is to absorb enough energy from the gas stream to
keep the compressor rotating at its optimum speed.

The complete rotating assembly - compressor, shaft and turbine - is carried
on bearings and is known as a "spool”. In a multi-spool engine, each compressor is
driven by one or more turbine stages.

In the turbojet and turbofan, the turbine is designed to extract just sufficient
energy from the gas stream to drive the compressors, leaving ihe remainder to
provide the thrust. The turboprop and turboshaft, however, have an additional turbine
which is designed to absorb as much energy as possible from the gas stream in order
to drive the propeller or power output shaft..

The main types of gas turbines

There are four main types of gas turbine engine - the first two, the turbojet
and turbofan, are “reaction” engines, deriving their power from the reaction to the jet.
The second two, the turboprop and turboshaft, operate on a different principle, where
the energy in the gas is used to drive a separate turbine which is connected to a
propeller or power output shaft.

The turbojet, the simplest and earliest form of gas turbine, is used principally
in high-speed aircraft where its relatively low frontal area and high jet velocity are
advantages.

The turbofan is probably the most common derivative of the gas turbine, for
aircraft propulsion. It is a “bypass” engine, where part of the air is compressed fully
and passes into the combustion chamber, while the remainder is compressed to a
lesser extent and ducted around the hot section. This bypass flow either rejoins the
hot flow downstream of the turbine, or is exhausted to atmosphere through an
annulus surrounding the hot exhaust. In both cases the result is reduced overall jet
velocity, giving better propulsive efficiency at lower aircraft speeds, lower noise
levels and improved specific fuel consumption, features which make the turbofan
ideal for both civil and military aircraft.

The turboprop is a turbojet with an extra turbine which is designed to absorb
most of the energy remaining in the gas stream after sufficient has been removed to
drive the compressor; in practice there is always a small amount of “residual” thrust
in the exhaust gases. The power-turbine drives the propeller through a reduction gear,
usually at the front of the'engine.
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The turboprop is a very efficient power unit for relatively low-speed, low-
altitude aircraft (eg 400 mph/30000 ft) though recent strides in propeller technology,
in the pursuit of quietness and economy, have demonstrated the feasibility of a new
generation of high-speed propeller-driven shaft. The power of this type of engine is
measured in total equivalent horsepower (tehp) or kilowatts (kWO - the shaft
horsepower (shp) plus the residual thrust.

The turboshaft is virtually a turboprop without a propeller, the power turbine
being coupled to a reduction gearbox or directly to an output shaft. As with the
turboprop, the power turbine absorbs as much of the remaining gas energy as possible
and the residual thrust is very low. The power of this type of engine is normally
measured in shaft horsepower (shp) or kilowatts (kW).

The most obvious application of the turboshaft is the helicopter, where the
engine drives both the main and tail rotor, though turboshafts are widely used in
industrial and marine applications, including power and pumping stations, hovercraft
and ships.

Vectored thrust

Thrust-vectoring is a means of changing the direction of the jet and hence the
reaction or thrust in order to meet the requirements of V/STOL (vertical or short take-
off and landing) aircraft. An example is the PEGASUS turbofan, which powers the
Harrier, where the engine has four linked swivelling nozzles which direct the jet
vertically downward for VTOL, through an arc to horizontally rearward for forward
flight. In the Pegasus the fan or bypass air is discharged through the front two nozzles
and the hot exhaust gas through the rear two.

Liftjets are very compact turbojets which are installed vertically in an aircraft
to provide purely vertical thrust for take-off, hovering and landing. Liftjets are shut
down during forward flight.

A ramjet is a virtually a turbojet from which the compressor and turbine have
been removed. Compression is achieved by the “ram” pressure in the intake and for
this reason the engine can operate efficiently above about Mach 1- the speed of
sound. The ramjet has no moving parts and is the simplest of all air-breathing
engines.

Reheat

Afterburning or reheat provides a means of increasing thrust without
increasing the engine’s frontal area. Unlike a piston engine, the fuel in ajet engine in
burned in an excess of air, so there is still a certain amount of oxygen present in the
exhaust. These gases will therefore support combustion and it is possible to bum
additional fuel in the jet pipe to increase the exhaust velocity' and consequently
increase the thrust of the engine. In a turbofan, where the bypass air provides even
more oxygen, thrust increases up to 100% are possible by this method; it is normally
applied to military engines for short-duration boost, eg for take-off or combat.

Reverse thrust

Thrust reversal is simply a method of altering the direction of the jet reaction,
like thrust-vectoring, to meet an aircraft’s operational requirement, in this case
slowing the aircraft after landing. The jet deflection is achieved by three main
methods; one uses clamshell-type deflector doors to reverse the exhaust gas stream;
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the second uses a retractable ejector to do the same thing; the third, used on high
bypass ratio turbotans, uses blocker doors to reverse the cold stream airflow, which
provides the majority of the thrust.

Some Fuel Problems

The new era of fast high-flying jets brought with it many problems. The high
fuel consumption is problem number one.

The jets suffer from high fuel consumption. A 10,000-pound thrust engine
consumes a lot of fuel. For example, the largest jets have fuel tanks in the wings
capable of storing in excess of 21,000 gallons of fuel. Twenty-one thousand gallons is
the equivalent capacity of five or six of the refueling trucks one sees normally around
an airport.

There were experts who said that jet airliners could never come into general
use because it was uneconomical.

But note the fuel consumption was exceptionally high only relative to
duration in the air, not to distance covered. High fuel consumption is a relative
matter; it can be low relative to kilometers covered; yet high relative to time in the
air. They cover long distances in short period oftime.

Still, fuel makes up a big part of the total gross weight of the airplane. Whole
power-to-weight ratio or specific weight has always been a critical factor in prime
movers for aircraft.

Besides there exists a problem of the fuel choice. Power for aerial propulsion
is known to be produced by using the oxygen of atmospheric air as a chemical
reactant in combustion with some fuel, e.g. a hydrocarbon such as gasoline or
kerosene. Regular jet engines can definitely be used for speeds up to two or three
times that of sound. But at two thousand mph hydrocarbon fuel will begin to boil.
Also at altitudes of 100,000 feet or more, there is very “little” air for the jet to
“swallow”.

There is a great future in nuclear energy. However, there appear many
problems of utilizing atomic energy. It is well-known fact that the radiation from
atomic pile is dangerous, and the power plant must be properly shielded. The
shielding for the plane will weigh about the same as the engine, fuel load and tanks of
our present big planes. Eventually the research performed in this field will give
satisfactory solution.

There exists one more problem. This is the problem of fueling and refueling
the jet planes. Jet airplanes have been designed so that they are capable of being
fueled at the rate of one to two thousand gallons per minute from four hoses through
underwing pressure-fueling points. At some airports there are installed large
underground hydrant-type fueling systems. With such an installation fuel is pumped
underground from a remotely located fuel-tank system to the airplane location and
from there directly into the airplane fuel tanks. The problem of refueling the plane is
solved by pl'ane-to-piane or in-ihe-air refueling.
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There is still a lot to be done in the field of jets and rockets with improved
fuels and less complex engines. Scientists seem to be able to handle such problem.

Frozen Propellant

With few exceptions, propellant containers have been the most weight and
bulky elements of large rocket vehicles. Propellant tanks have often been referred to
as “dead weight” and correctly so because ofthe penalties they impose on payload. If
the tanks were made for reuse, these penalties would be compounded by the
additional weight requirements for their recovery, and the entire vehicle design would
be centered around the bulky tanks.

The ideal solution would be to eliminate the tanks entirely. But how the
propellants be contained and supported?

Freeze them!

Most substances can be frozen, and propellants are no exception. We know
that oxygen freezes at liquid-hydrogen temperatures and hydrocarbon fuels can be
frozen with liquid nitrogen. The densities of frozen cryogenic propellants run 10 to
25% greater than at boiling point, and the lower enthalpy state would increase their
storability. They could also be transported more easily and safely frozen. Even
airbreathing vehicles might utilize frozen fuel to reinforce structure.

Why not, then, use frozen propellants as structural members, supporting
themselves? So used they might greatly reduce tankage requirements and thus
increase payload or performance markedly.

Ram Jet

The fastest flights within the atmosphere have been made by a rocket craft
that carried fuel for only a few short minutes of powered flight (nonet c
paboTatowum geuratenem). For short experimental flights, for longer trips and higher
payloads within the atmosphere, other forms of propulsion, such as the ramjet, are
necessary.

The ramjet lies somewhere between the jet and the rocket and is technical!)
known as the “Aero-Thermo-Dynamic-Duct” (athodyd). It is probably the simplest
airstream jet propulsion device built since it has no moving parts. In appearance, the
ram jet looks like a tube which is opened at both ends. The forward part of the main
chamber is the diffuser section; the mid-portion is the combustion section; and the aft
portion is the nozzle section. Fuel is fed through a distributing ring in the diffuser
section to a series of small nozzles. [o start, combustion, a conventional type spark
Plug (3ananbHasa cseua) is located within the combustion chamber. When started, the
combustion process is continuous and self-supporting.

Operation. This engine is dependent upon the forward speed of the unit to
introduce sufficient mass flow of air for operation. Thus, to start this engine, it is
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necessary to provide a launching mechanism capable of accelerating the unit to at
least 300 m.p.h.

The air from the atmosphere enters the diffuser section by ram action
(ckopocTHoli Hanop). After passing through the diffuser, the cross-sectional area of
the tube increases and the velocity of flow of the air decreases. This causes the
pressure of the air to increase somewhat. Fuel, injected into the airstream at the
diffuser, mixes with the air and the combustion process is started by an electric spark.
This causes the air to increase in temperature and pressure. After the unit is in
operation, combustion takes place at approximately constant pressure. The heat added
to the air causes the air to be ejected from the nozzle at a velocity which is greater
than the velocity at the entrance to the diffuser. The reaction to this accelerating force
is the thrust force. It acts against the forward internal walls of the diffuser section.
There can be no thrust unless the velocity of the jet is greater than the entering air
velocity.

With constant combustion chamber pressure, the exhaust velocity (ckopocTb
ncteveHus) of the jet increases with temperature. The greater the difference between
the velocity of the jet, the greater the thrust. The thrust of a ram jet also varies
considerably with flight speed. The efficiency with which the fuel energy is
converted into jet energy depends upon the compression ratio which, in turn, depends
upon the flight speed. Finally, the thrust depends on the increase in momentum which
is proportional to the difference between jet velocity and the flight velocity.
However, its overall efficiency is low as a result of poor conversion of the fuel
energy, particularly at low speeds.
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