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O630p rpammaTnyeckoro matepuana: CocnaratesibHoe HaKNOHEHNeE.
MpngatoyHblie NpeanoXxeHns ycnosus.

CocnaraTenbHoe HaknoHeHue (The Subjunctive Mood) *- BbipaxaeT
[ecTBMe He peanbHOe, a NpeAnonaraeMoe, YC0BHOe WM xenaemoe. Ha pycckuii
A3blK MEpeBOAWTCA COYeTaHMeM rfarona B (HOpMe MpOLUefLero BPeMeEHU C
YyacTumuen «obl».

CocnaratenbHoe Hak/0OHeHWe ynoTpe6nseTcs B NPOCTLIX NPEANOXKEHUAX W
cosnagas! ¢ opmoii Future in the Past; should, would, could, might + uHgunHnTMB
6e3 yacTmubl “t0”, ecnn BbICKa3biBaHWE OTHOCUTCA K HAcTosLeMy wan Gyayliemy
BPEMEHN

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

Bbl HE MOXXETe NPWIATK 3aBTpa. [eTp momor 6bl Bam.

W dopmoii Future Perfect in the Past; should, would, could, might +
nepdeKkTHbIR MHOUHNMTUB 6e3 yacTuubl “t0”, ecnn BbICKa3blBaHWE OTHOCWUTCA K
NPeLLLECTBYIOLLEMY NEPUOLY,

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

MoueMy Bbl He MO3BOHWAN emy BYepa? OH MoOMor 6bl BaM.

CocnaraTenbHoe Hak/IOHeHVe Takxke ynoTpebnaeTcs:

- B MPUAATOYHBIX MPEeLIOXKEHUAX-NOANeXaLLX nocne 6e3nyHbIX 060pOTOB
T'nT:H is necessary that, it is important that, it is desirable that.

e.g. Itis desirable that he should be here at five o’clock. - )XenaTenbHo,

4TO6bl OH ObIN 3M€Cb B MATb YaCOB.
Yactuua «Bbbl» Npy NepeBofie CIMBAETCA C COHO30M «YTO».

- B ONONHUTENbBHBIX MPUAATOUHbIX MPELI0KEHNAX NOC/e [11aroos,
BbIpPaXatoLLMX NpuKasaHue, COBET, XenaHue: advise, command, demand, order,
propose, recommend, request, require, suggest v gp. lNocne 3TWX rnaronos naetT
coto3 “that”.

e.g. He suggested that the question should be discussed at the next meting.-

OH npeano>Xkun, 4tobbl BONPOC 6b11 06CYXKAEH Ha CreaytoLem
cobpaHuu.
- B NPUAATOYHBIX 06CTOATENLCTBEHHbIX MPELAN0XEHUAX LieNn Moc/e CO30B:
so that - Tak uTo6bI, lest - 4TO6SI.. .He, in order that - gng Toro, 4To6bI,
e.g. The students brought the dictionaries so that they might use them at the
lesson.- CryeHTbI-NMPUHeCY C1oBapu, YT06bl OHM MOT/W NONb30BATHCA
VMW Ha YPOKe.
- 5 06CTOATENbCTBEHHBIX CPABHUTENbHBIX MPEAJIOKEHNAX MOC/e COHO30B:
as If, as though (kak 6yaTo 6bl, Kak ecnu 6bl),
e.g. He spoke as if he were a specialist on the subject. - OH rosopun, Kak
ecnu BGbl OH 6bI/T CNELMaIMCTOM M0 3TOMY BOMPOCY.
MpumeyaHwve. naron “to be” umeet dopmy “were” ana BCex 1L, B
cocnaraTenlbHOM HaK/IOHEHWM.
e.g. If I were you, Swould accept their offer. -Ha Bawem mecte 5§ 6bl NPUHAN



UX NPeaioXKeHue.
- BYCNOBHbIX npegnoxeHnsax 1! v LW tvna,

e.g. If he were here, he would help you. -Ecnu 6bl OH 6bIn 34€Cb, OH NOMOT
6bl Bam.

eYcnosHble npeanoxeHus (The Conditional Clauses)
CyLLecTBYyeT TpW TUMa YCNOBHbIX NPELIOKEHWA.
YcnoBHble npegnoxeHunsa nepsoro tuna (Conditional 1) ynotpe6nstotcs
[N BbIP@KEHWS BO3MOXHOCTW PeaibHOr0 BbINOMHEHUA AelCTBUA.

If + Present Simple, sSsallwiSI + base form of the verb

e.g. If you leave before 10.00, you’ll catch the train.- Ecnu Tbl BbiiigeLub
paHbLie 10.00, To ycreellb Ha Moess.
He won’t pass the exam if he doesn’t do any work. —OH He cpgacT
3K3aMeH, ecnu He By[ieT 3aHMMaTbCA.
3anomHuTe: 1. byayliee Bpems ynoTpebaseTcs TOMbKO B FNaBHOM NPeANOXeHNN.
If it rains, | will stay at home.
2. Tnaronsl shall/will MOryT 6bITb 3aMeHeHbI Ha MOZA/bHbIN Farof.
1can by anew car if you tend me some money.
Coto3 “if’ MOXeT OblTb 3aMeHeH coto3amu unless- ecnv He, in case - B
cnyyae, ecnu, provided, on condition - npwu ycnosuu, ecnu,
e.g. Pl take my umbrella in case it rains.

YCnoBHble MpeanoXxeHWs BToporo u TpeTbero Tunos (Conditional I,
Conditional I11) ynoTpe6nsatotcs B cocnarate/lbHOM HaK/IOHEHUM.

Conditional Il oTpaxaeT HepeabHble (MM ManOBEPOATHbLIE) YC/IOBUS,
OTHOCALLMECS K HacTosALLeMY uimn ByayLleMy BpeMeHMW.

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

e.g.If I won some money, | would travel around the world - Ecnn 6bl 5
BbIMIpan fieHbrv, A 6bl NyTeLecTBOBa/ MO CBETY.
He could run faster if he stopped smoking.- OH mor 6bI 6eraTb 6bicTpee,,
ecnu 66l 6PoOCKN KypUTb.
Conditional 111 oTpaxaeT HepeasibHble (MW ManOBEPOATHbIE) YC/OBUS,
OTHOCALLMECS K MPOLLeALLeMY BpeMeHMU.

If + Past Perfect, should/would +Perfect Infinitive

e.g. if you hadn’t told me, I would never have known about it. -Ecnn 6bl Bbl
He CKasann MHe, 5 6bl HUKOT4a He Y3Han 06 3TOM.



[f he hadn’t toid me, I might have made a mistake. - Ecim 6bl OH He
CKasan MHe, 5 BO3MOXHO cfenan 6bl OLWnoKy.
MpumeyaHusa 1. Cowo3 “if’ B YCMOBHbIX MPUAATOYHBIX MNPESIOKEHUAX MOXKET
OMyCKaTbCs, ecv CKasyemMoe BblpakeHO rnaronamun “had” wnu “were”,npuyeM 3tm
rnarofibl CTaBATCA Nepes, NoANeXaLmm.
e.g. Were you more attentive, you’d never make such a mistake.- Ecnu 6bl Tbl
6bln 60n1ee BHUMATENbHLIM, Thl 6bl He CAenan Takon OLNOKA.
Had he had enough, time he would have attended the lectures. - Bblsio
6bl y Hero fO0CTaToO4YHO BPEMEHM, OH 6bl NOCeLan 3TN NeKLUM.
. B CnoXHOM MpeanoXeHWn C NPUAATOYHBIM YCNOBUSA T
NPUAATOYHOE NPESIOXKEHNS MOTYT OTHOCUTLCA K PasnMyYHbIM Nepuofam BpeMeHu:
NpUAaTOYHOE NPESJSIOKEHNE MOXET OTHOCUTLCA K MPefLUecTBYOLEMY Nepuoay
BPEMEHMU, a [N1aBHOE - K HACTOsALLEeMY WUan ByayLeMy BpeMeHU, 1 Ha060poT.
e.g. If the railway station were nearer,-we should have got there long ago. -
Ecnu 661 BOK3an 6bIn 6511Ke, Mbl 6bl aBHO TyAa J0OpaniuCch.

1. PackpoiiTe CKOOKM 1 NOCTaBbTe rNaro/bl B MPaBusbHYO Gopmy.

11 didn’t fee! good yesterday. If 1(fee!l) better, | (come) to class yesterday. 2.1don’t
feel good today (fee!) better, | (take) a walk in the park today, 3. | have a cold today,
but 1will probably fee! better tomorrow. If | (feel) better tomorrow, 1(go) to class. 4.
I’m sorry that you didn’t coroe 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 I (be, not) tired, I (help) you. 7. Snow is predicted for
tomorrow. If it (snow) tomorrow, | (stay) at home. S. 1 may have a dollar. Let me
look in my wallet. If | (have) a dollar, I (lend) it to you. 9.1didn’t have any money
yesterday. If I (have) a dollar yesterday, | (lend) it to you. 10. I 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? Ifyou (tell) me, I (pick) you up at the
airport.

OCHOBHOW KypC
1 3anomHwuTe cnosa.

1 1 BCMOMOraTe/bHblii

CWN0Bas YCTaHOBKa, ABVXEHWE
Brepes,
CKOpOCTb, TEMI, CTEMeHb

to suppose [ss'pou 21 npegnonaratb, Aymatb
ropeTb, CKUraTb
KMCNOpoA
noTpebnsTh, PaCX0A0BaTh

to. fit [fill MNOAX0AMNTb, YCTaHaABNMBAT,
OCHawartb



to convert [ k39nV-3fJ npespatiarb
to rise (rose, risen) Ipal z rouz Vizn"\ nofHMMAaTbCA

todecend (<di”encj j OMyCKaTbCA, NMOHMKATLCA
out of »v 1 13, BHe

main [mein 1 rnaBHbIi,0CHOBHOM
altitude faeitlfjuQ ; BblCOTA

tooccure I3/k'3". 3 MMEeTb MECTO, MPOUCXOANTL

2. TepeBeanTe NPeLnoXeHNs.

1. 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 fue! 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.

11. It is necessary to convert the energy of chemical reaction into power. 12. The
airplane rises and descends at iow speed. 13. Such operation rate doesn’t fit our

program.

3. A. Haiigute cnoBa-CUHOHUMbI:

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. Haiigute cnoBa-aHTOHUMBI:

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

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

4. TopbepvTe NOAX0AALLEE MO CMbIC/TY C/IOBO.

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 of the aircraft (ballistic, auxiliary, another) power plant is utilized.

5. TocTaBbTe CkasyeMOe B CTPafaTesbHblIi 385101, NepesesuTe Npes/ioKeHus.

3. 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 bum) 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 off and the landing,

6. lMepeseauTe crefyroLme NPeLOKeHNs No 06pasuy.

O6pased: | should help you. - A6bI nomor Bam.

1 The engine should develop its maximum speed in some minutes. 2. They could use
the main principle ofthe 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. MepeBeauTe NpesioxXeHns, obpaLlas BHUMaHWE Ha YCIOBHbIE MPELIOXEHNA U
crnoco6bl 1X nepeBoa.

1, If die 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 %jrcraft 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 NoAXOAALLMIA 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. lepeBeguTte NpeanoXeHUs.

i. 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 1 NepeBeanTe MHTEPHALMOHA/bHbIE CNOBA.
Rocket, control, impulse, ballistic, trajectory, atmosphere, horizontal, final,
practically, normal, initial, total.

. 11.MpoyuTnTe 1 nepeseanTe 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 bum 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 1 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 high-altitude, high-speed aircraft, it could be made to have a flight-
path as shown below. The fuel would all be burnt in about 1 minute and the aircYaft
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.

12.0TBeTbLTE Ha CrefytoLLme BOMpPOChI:

What engines is this article about?

Where were rocket engines used during the World War 11?

How can you describe the German V-2 rocket?

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

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

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

What distance would be covered in 4 minutes?

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

Rl
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13.BepHo nn yTBEPXKAEHME, YTO...

1 Rocket motors are traditionally used in ordinary aircraft. 2. Gemian 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.MepeBeauTe Ha PYCCKMIA 3bIK.

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. S. Ifthis rocket were fitted with suitable wings,
it could be converted into a high speed aircraft.

15.MocTaBbTe rNaros B HY>KHOI (hopme.

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.MepeBeauTe NpeAnoXKeHus.

1 Ecnwu 6bl 3TOT gBuraTenb MMeN MeHbLUMIA BeC, Mbl Bbl MCNOL30BaM ero. 2. Ecim
6bl cCaMONeT YxKe BepHy/cs, Mbl Obl 3HaNU 06 3ToM. 3. Ecin 6bl TAra 6bina cUnbHee,

cKopocTb annaparta 6bina 6bl 6onblie. 4, Ecnm 6bl pakeTa 6bl1a  OCHalleHa

KpbUIbAMW, OHa Obl NPeBpPaTUIach B BbICOKOCKOPOCTHOM camoneT. 5. 3T0 npoun3oLno

6bl Yepes 4 MUHYTbLI MOC/e CTapTa.



17.CocTaBbTe Mpea/ioxKeHue.

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

18,06pasyiiTe rnarofbl Mpu MOMOWM [aHHbIX CYy(h(UKCOB W MNepeBeanTe Kak
NCXOLHbIE, TaK U MOMYYEHHbIE C0BA.

O6pasel: length - to lengthen

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

- ify: simple, intense, electric, quality;

- tze: magnet, revolution, crystal, character, specia™active

19.HaiignTe ncxofHyto GopmMy rnarosa u nepesegmTe.

O6pasel;: building - to build
Undertaking, drawing, equipment, designer, accelerator, classification, orientation,
compressor, appearance, foundation, existence.

20.jornonHnTe gnanor.
A:,Could rocket engines be used as the main airplane power plant unit?
B:.....

B: 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 bccur in about 4 minutes when a horizontal distance of about 150 miles
had been covered.

21.06paTnTe BHUMaHUWe Ha NepeBos AaHHbIX CI0B. OTO MOMOXET BaM MOHATb
TekcT B.

to prevent - meLatb adoption - npuHATNE

reason - npuyuHa ratio - KO3((ULMEHT, OTHOLLEHME
unlike - B oTIMuMe in spite of- HecmoTps Ha ...
supply —sanac climb - Habop BbICOTI
hydrocarbon - ruapoyrnepoamcTbIii amount —BennMYnHa, KONYeCTBO
value - 3HaueHue in its favour - B ero nonb3y

22.MpocmoTpuTe TeKcT.MepeBeAnTe BOMPOCH! M HAMAMTE B TEKCTE OTBETHI Ha HUX.

1 UT0 MewaeT WCNonb30BaTb PakeTHbIA ABUraTeslb Kak OCHOBHYIO CWU/IOBYHO
YCTaHOBKY?

2. Kakvie npemmyLLecTBa UMeeT PakeTHbI ABUraTe/b?
3. [ins Kaknx Leneli UCcnonb3yeTcs pakeTHbIN JBUraTe/lb B HALLIW fHU,



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, Jtfut 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 fall 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.I"pocMOTpUTE TEKCT elLie pa3 1 0TBETbTE Ha BOMPOCHI.

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?

How long can rocket engines operate?

GO WD

24 MncbMeHHo nepesesmTe TekceT 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 could be reached in one minute.

Acceleration in level flight depends on the excess thrust available. The thrust
of turbojet engine falls offat 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.



O630p rpammatuyeckoro matepuana: 1. ing-form rnaronos (The Participle 1,
The Gerund)
2. [naronbl c—ed (The Participle 1)

Mpuuactue (Participle i, Participle 11) n repyHauii (Gerund) sBnstoTCA
HEMMYHBIMU (hOpMaMu, T,e. OHU HE W3MEHAKOTCA MO NMuaM U He ynoTpebnarTces
CaMOCTOATE/NbHO B PONW CKa3yeMoro.

AHrnuiickoe npuyactne (The Participle 1) cOOTBETCTBYET pyCCKUM
NpUYacTVIO N AeenpuyacTuio,

e.g. The facts illustrating his theory- *DaKTbl, UNNHOCTPUPYIOLLME EF0 TEOPUIO,
sound convincing, 3Byu4ar y6eanTensHO.
Illustrating his theory, he gave MnnocTprpys CBOKO TEOPUIO, OH MpPUBeN
a lot of historical facts. MHOI0 UCTOPUYECKUX (DaKTOPOB.

®opmbl npuyacTtua | (The Participle 1)

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

HenepdekTHas (opma npuyacTus | BblpaXaeT AeiicTBre, OAHOBPEMEHHOE C
[e/iCTBMEM, BbIPA>KEHHBIM [/1arofioM-CKa3yeMbIM.

e.g. Knowing the English language well, - 3Has XOpOLLO aHIIMACKNIA A3bIK, OH
he can translate newspaper articles MOXET NepeBOANTb raseTHbIe CTaTbu
without a dictionary. 6e3 cnosaps.

Takxke ata (popma MOXXET BblpaXKaTb ,Cl.el7|CTBI/IE, coBnagarouiee ¢ MOMEHTOM
peyn, He3aBUCUMO OT TOro, B KAKOM BPEMEHN CTOUT rnaron-cCkasyemoe.

e.g. The man sitting at the window - YenoBek, CMAALLMIA Y OKHA, Nprexan
came from Moscow yesterday. Buepa 13 MoCKBbI.
The large building being built in our - bonbLuoe 3aaHue, cTposLeecs Ha
Street is a new school- house. Halleld ynnue, HoBast LUKONa.

MepdekTHas dopma npuuacTus | BbIpaXaeT AeiicTBUe, NpeallecTBytoLLee
LefCTBUI0, BbIDAXKEHHOMY [/1aro/ioM-CKasyeMbIM.

e.g. Having collected ai! the material, - CobpaB Becb MaTepuan, OH CMOr
he was able to write a full report HanmcaTb NOAPOGHbLIA OTYET O
on the work of the commission. paboTe KoMuccuu.
Having been sent to the wrong - Tak Kak nucbMo ObINI0 MocnaHeL,
address, the letter didn't reach him. Mo HeBEPHOMY ajjpecy, OHO He

[LOLLJIO 10 Hero.
MpuyacTus oT rnaronos hear, see, notice, understand, realize, come arrive u
HEKOTOPbIX APYTMX UMEIOT HenepgeKTHYH (hopMy, ECAN BbIpaXKaeMoe MMM JelicTBre
HenocpeCTBEHHO NPeALLIECTBYET AENCTBUIO F1arona-ckasyemoro,
e.g. Hearing the news 1called him at once. - Ycnbilwas 3T1 HOBOCTU, 5 Cpasy Xe
MO3BOHWN EMY.



Arriving at the station we went - Mprexas Ha BOK3a/, Mbl NOLLAN
straight to the booking office. NpPAMO B Kaccy.

®yHKkumm Participle |

HenepdekTHas - MepdekTHas'
(Non-Perfect) (Perfect)

OnpepfeneHue He ynoTtpebnsercs.

The rising sun was hidden B aTom cnyyae nepesoj faetcs npu-

by the clouds. - Bocxogsiee [laTOYHbIM NPeS/IoKEHNEM.

COJTHLIE BbINI0 CKPLITO TyYamu. At last they saw the man who saved

The man smoking a cigarette their son. - HakoHeL-TO OHY yBUZeNu
is my brother. - Yenosek, Kyps- MY>KYMHY, CMacLLero ux cbiHa.

LW MiA curapeTy, Mol bpar.

O6CTOATENBCTBO O6CTOATENLCTBO

(BpemeHu, NpuymnHbI, 06pasa Having lived in Moscow for many
[eliCTBUA - 4acTo C Coo3amm years he knew that city very well. -
when, while) MpoxxnB B MOCKBE MHOTO /1eT, OH 3Ha

When going home | met my 3TOT ropof 04YeHb XOPOLLIO.

brother. - Vaa gomoid, s BcTpetun

6parta.

YacTb NpOCTOro rnarosbHoro

CKa3yemoro

He is carrying out the experiment
now.- Ceilyac OH NPOBOAMT 3KCre-
PUMEHT.

The Participle 11 (The Past Participle) BbipaxkaeT AeiicTBME, 3aKOHYEHHOE MO
OTHOLLEHWNIO K [AE/CTBUIO, BbIPAXXEHHOMY CKasyeMblM W COOTBETCTBYET PYCCKUM
NpPVYacTUAM HaCTOSLLEr0 BPEMEHW HA - Mblid, -LUKMIACA W NPOLLUESLIEro BpeMeHu,
OKaHYMBaKLMMCSA Ha-HHbI, -ThIA, -BLWIHIACS.

e.g. A broken cup was lying on the - Pa3buTas vawka nexana Ha cTore,
table.
dyHKumMmM Participle A —_
DyHKUMA . Mpumep
OnpefeneHune K CyLLeCTBUTENIbHOMY She mended the torn sleeve of her
(neBoe 1 npaBoe) dress (nesoe),,-OHa noynHWNa NopeaH

HbIil pyKaB CBOEro nnarbsi.
The books taken from the library

must bejetumed next week (npasoe)
KHurun, B3aTble B GMOIMOTEKE,
[OMKHBI 6bITb BO3BPALLEHbI Ha
crnefytoLlelt Hepiene.



O6CTOATENLCTBO When treated by a good specialist,

(vacTo c cotozammn when, if, ¢ the sick man began to feel better. -

unless) Korpaa 60/1bHOro Havan neuntb
XOpOLUNIA Bpay, OH NOYYBCTBOBA/
cebs nyulue.

YacTb NpocToro rnaronbHoOro They listened to a very interesting

CKa3yemoro concert yesterday. Buepa oHuW crywanu

O4YeHb VIHTEpeCHbII7I KOHLEPT.

HesaBucrMbIA NnpuyacTHbI 060poT

HesaBncMbIM MpUYacTHbIM 060POTOM Has3blBaeTCA Takoii 060pOT, B KOTOPOM

npuyacTVe  MMeeT  CBOE  COOCTBEHHOe  MOANexallee,  BblpaXeHHOe

CYLLeCTBUTENbHbIM B 06WeM nagexe (MM MeCTOMMEHMEM B WUMEHUTE/ILHOM

nagexe). AHANOTMYHON KOHCTPYKUMM B PYCCKOM fA3blke HeT. O6opoT

NepeBOAUTCA Ha PYCCKWIA A3bIK MPUAATOYHBIMK  NPEANOXEHUAMN, KOTOpble

BBOAATCA COK3aMM TaK Kak, MOCKO/bKY, XOTS,, NOCMe TOro Kak, Koraa,

npuyem, a, ecu.

e.g. The weather being fine, they went for a walk. - Tak kak noroga 6bin1a
X0pOLUas, OHW NOLLN
rynstb.

1 3ameHuTe NpuAaTOYHbIE NPELJSIOKEHUA NPUYACTHLIMM 060pOTaMMU.

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. 1’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. 3aMeHUTe NpUYacTHble 060POTLI MPUAATOYHLIMY NPEAIOKEHUAMU.

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 die 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 of autumn. 7. Books read in childhood seem like old friends.

3. lMepeBeanTe Ha pycckuii A3blK (06paTVTe BHUMaHWe Ha MeCTO MNpuYyacTus B
aHI/INACKOM 1 PYCCKOM £3bIKe).

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. ( 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. TMepeBefuTe HE3aBMUCKMbIN NPUYACTHLIA 06OPOT.

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 wdre 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 NPeAI0oXKeHNA Ha aHT IMIACKINIA A3bIK.

1 4 cnpocun uenoBeka, YMTaBLUErO raseTy, KOTOPbIA yac. 2. 1 BYepa roBopun ¢
VIHXXeHEepOM, paboTaBLLUMM, HaZ 3TUM NPOEKTOM B MPOLLIOM rogy. 3. OH He 3ameTun
NMUCbMa, NeXaBLLUEro Ha cTone. 4. MpoynTas MHOTO MaTepuana no aToMy BOMpocy, OH
CMOT CAeNnaTb O4eHb VHTEPECHbIA JoKNad. 5. MHe cKa3anu, YT XeHLUMHa, CuaeBLUIas
B KOpWZope, Xgana anpektopa. 6. OH NMPUHEC MHe HECKO/bKO WIIMHOCTPUPOBaHHbIX
XYpHa10B. 7. Ero HeoXuaaHHbI OTBET YAMBWA Hac BeeX. 8. CKasaB 37O, OH BblLLEN
13 KOMHaTbl. 9. CTyeHTbl, OKOHUMBLUVE MEPEBOA CTaTbW, MOTYT BbIATU M3 KOMHATbI.
10. ¥Ys3HaB, 4TOo OH BCe elle B Mockse, A no3soHWI emy. W. Bonpocsl,
06CYyX/aBLUMECA Ha MPOLLIOM CobpaHMK, BbIIN 0YeHb MHTepecHbIMU. 12. MepeBofgA
CTaTblo, Mbl NOMb30BanuCb cnosapeM. 13. XKenesHas gopora, coefuHAlOLWas 3Ty
[epeBHIO C ropodoM, 6bifa NocTpoeHa B MpoLwsiom rogy. 14. § xouy npouunTath ei
KHUTY, TaK KaK MOl MpusATeNb, YATaBLUWIA ee, FOBOPUT, YTO OHa OYeHb MHTepecHas.
15. CH$B NanbTo W LWNAMY, OH NOLLE HaBePX.

lepyHauii (The Gerund) —HenunyHasa hopma rnarona, KoTopas, Kak 1 npuyactue |,
o6pasyeTcs C NOMOWbK cyhdukca -mg, [[06aBNSEMOro K OCHOBe rfarona.
epyHAWiA 06nafaeT Kak CBOMCTBaMU rfarona, Tak v CyLLeCcTBUTENBHOT0. B pycckom
A3blKe aHa/I0rMYHOM (opMbl HeT. 10 CBOEMY 3HaYeHUO repyHAnI NpubnmxaeTcs K
PYCCKVAM OTFNarofbHbIM CYLLEeCTBUTEIbHLIM, 0603HauYatoLyM NPOLLECC (XOXKEHVe,
06Cy>K eHre, YTeHne 1 T.4.)

dopMmbl repyHani

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

HeneptekTHas dopma repyHams 0603HavaeT AeiicTBUE, OLHOBPEMEHHOE C
[JeiicTBMEM rnarona-ckasyemoro waum Oyfyliee MO OTHOLIEHUIO K  riarony-
CKasyemomy.

e.g. They accuse (accused) him of - OHV 06BUHAOT (06BMHWN) €70 B TOM.



tying. YTO OH JIXET.
He dreams of becoming a doctor. - OH MeuYTaeT 0 TOM, YTO CTaHeT
[OKTOPOM.
MepcekTHas opma repyHans 0603HavaeT feiicTBue, MpeawecTBytoLLee
[ieCTBMIO FNaroa-ckasyemoro
e.g. He is proud of having won first prize. - OH ropauTcsa Tem, 4yl 3aBoeBa
nepBbIi Npu3.
OTpuuatenbHas opma 06pasyeTcs nMyTemM MOCTaHOBKM 4acTuubl not nepes
repyHavem.
e.g. Not knowing her address, we couldn’t - He 3Hasl ee agpeca, Mbl He MOTrx
go to see her. HaBecTUTb ee.

[epyHAniAi MOXeT UMeTb Mepef cOBOM Mpessior, OnpefeneHune, BblpaXKeHHOe
NPUTS>KATENbHBIM MECTOUMEHVEM WM CyLIECTBUTENbHBIM B MPUTSXKATENBHOM
nageke.

e.g. On seeing his father, the boy ran - YBUW/EB CBOEro 0Tua, MajibuunK
up to him. nogo6exan K Hemy.
Do you mind our being present? - Bbl He BO3paXkaeTe NPOTUB TOTO,
4T06bI MbI NPUCYTCTBOBAN?
We were surprised at Oscar’s - Mbl 6bin yanBneHsbl Tem, 4to Ockap
coming so late. npuLen Tak nosgHo.

DYHKLUW TepyHANS B NPEAN0XKEHUN

|
DyHKLUA Mpumep
1
Mognexaluee Smoking is bad for you. KypeHue Bam BpeHo.
VIMeHHas YacTb His hobby is collecting stamps. - Ero niobumoe
COCTaBHOIO CKa3yemoro 3aHATME - KONNEKLMOHNPOBaHNE MapoK.
YacTb cocTaBHOrro She stopped reading. - OHa KOHYU/Ia YNATATb.
rnaronbHOro CKasyemoro
Mpsamoe fononHeHue Excuse my interrupting you. - V13BuHuTE, 4TO
A MpepbIBato Bac.
MpeAnoXHoe AononHeHne She insisted on our not being late. - OHa Ha-

(ynoTpebnseTcs nocne No6oro  cTamBana, YtoGbl Mbl He OMasablBay.
rnarona WM npuiaraTenbHoro,
TpebytoLLero npeasora)

OnpepeneHune | see no other way o fdoing it. - A He BUXy
(¢ npegnorom of) Jpyroro crnocoba cenatb aTo.
O6ecroaTenbCTBO At hearing his name he turned round. - ¥ cy -

(cerpga ¢ npegnorom) LwaB. cBoe MvAyOH 06epHyncs.

lepyHauiAi MOXeT NEepeBOANTHLCS HAa PYCCKUIA 3bIK CYLLECTBUTENbHBIM,
VH(UHATUWBOM, [eenpuyacTueM 1 NpuAaTOUHbIM NPELJIO>XKEHVEM.



e.g. i like his method of teaching. * MHe HpaBuTCA ero MeTof npenojasa-

HUS.

It’s no use talking to him. C HMM 6ecronesHo pasroBapuBaTh.

He left without saying a word. OH yLen, He CKa3aB HU C/0Ba.

He was suspected of keeping Ero nogo3pesasivi B TOM, YTO OH YTO-TO
something from us. OT HacC CKpbIBaeT.

lepyHAnanbHbI 060poT
IepyHAnanbHblii 060pOT COCTOUT U3 CYLLECTBUTENBHOTO (B NPUTSHXKATEIbHOM
win o6LeM nafexe) WIM MEeCTOMMeHUs (MPUTSXKATENIbHOrO WA NNYHOTO B
06BEKTHOM Mafexe) + repyHaunin. STOT 060pOT YacTo BBOAMUTCS CMOBamu: YTO; TO,
YTO; TOrO, YTOObI; YTOObI.

e.g. We were against Mr. Bond’s - Mbl BO3paka/iu NpOTUB TOrO, YTOGbI
(Mr. Bond, his, him) going to M-p BoHg (0H) exan B LLBeiiuaputo.
Switzerland.

I never heard of him behaving - 91 HMKOr Aia He CAblWwas, YTo6bl OK
like that. Ben cebs TakuM 06pasom.

6. lMepeseguTte Npeanoxenus. MNpasunbHO onpegennTe, K KoMy (K Yemy) OTHOCKTCA
[ecTBMe, BbIPXKEHHOE repyHAVeM.

I remember leaving a message for Mr. Howard. 2 . 1remember 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. Huck 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. 3ameHWTe MpuAATOYHbIE NPeSNoXeHns 060poTamMmn C repyHaveM, noctasus, rae
TpebyeTcs,CO0TBETCTBYHOLLWIA NPes/Ior.

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 I close the window? 6. The doctor insisted that | should stay at

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

8. lMepeBeguTe Ha aHINIACKNIA A3bIK.

1 MbICcnb NPOBECTU KaHWKYNbl HA Bonre npuHagneXxut moemy 6pary. 2. Bol MoxeTe
YAYULWUTb CBOE MPOM3HOLLIEHWE, YMTasn BCAYX KaXAblA AeHb. 3. A fymato noexatb
Tyfa oceHblo. 4. oAb Momellan MHe NpuATU K BaM BYepa. 5. A npegnouymtaro
XWUTb Ha ceBepe neToMm. 6. MnaHupys Bawy paboTy Ha GyLyLIWiA MecsL, Bbl AO/DKHBbI
MPUHATL 3TO BO BHWMaHWe. 7. CTOMT fiM yuTaTb 3Ty KHuUry? 8. OHa Bbiwna u3



KOMHaTbl, He nocMoTpeB Ka Hac. 9. [llepectaHbTe pasroBapusatb. 10. A He
BO3paXKato, 4Tobbl OH noexan ¢ Bamu. 1!. OH MOTYLWMN CBET Mepes TeM, KaK BbIATY
U3 KOMHaTbl. 12. A mobnarofapun ero 3a To, YTO OH KyMNW/ MHe TakKue WHTEpPecHble
KHMrn. 13, Mbl He MOrMfM He paccMeaTbCd, Korga ycnbiwanu 3to. 15, OH
OTBETCTBEH 32 NPOBEJEeHMNE 3KCMEPUMEHTA.

OCHOBHOW KypcC

1 3anomHuTe croBa.

to discharge ~ dsS~fj< BblOpacbIBaTh, paspsxarb

h.p. = horsepower 3:s,pau 3! NoLwafyHas cuna, MOLWHOCTb B
n.c.

rear Lri~1 _ 3aHAA YacTb

front [frAnt]J nepefHAs YacTb

to meet requirement jrsk wa.tatan H 0TBeYaTb Tpe6oBaHMAM

to push . ; TOMKaTb

sufq‘icient re Lﬂ‘s’1"i1j3>n|l } BOCTaTOYHbIN

consumption  kan'bnTpin! pacxof, noTpebneHvie

to create krt'.'eir] co3/laBathb, TBOPUTb

to differ 0T/INYaThLCA

efficiency  Lt'flyans.j 3hheKTMBHOCT

gasoline se-sali-n i ra3osivH, 6eH3nH

to arrange I3 petnd *1 pacnonaratb, MOHTUPOBaTb

prime mover I/preUm ‘rnuw a] OCHOBHOI NCTOYHWK ABVKEHUS,
[puraTesnb

blade lotel d ] nonartka, 1onacTb

weight [weit} BeC

stroke tAtrouk i TakKT, X04

to raise Lre » 1 noAHUMaTb

,to solve Lso!v J pelatb

lightness [yjatTn tsi NerkocTb (0 Bece)

airscrew I"Es»skru; J BO3AYLUHbI BUHT

2. TepeBefuTe NpesOXEHUSA Ha PYCCKMIA A3bIK.

1 The Russian mechanic Yagodinsky created the first four stroke gasoline engine.

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

3. The 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.

Modem turbojet engines can meet all the requirements of today’s aviation.

Engine development raises many problems which designers have to solve.

The fuel consumption must be as low as possible.

No g



3. Haiigute: 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-aHTOHVMbI:

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

to charge, front, to drop, auxiliary, to pull, insufficient

4. BbibepuTe Hy)XXHOe MO CMbIC/Y C/I0BO.

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. MepeBeauTe crefytoLLye CIOBOCOYETaHMS.
Four-bladed airscrew, high fuel consumption, four-stroke cycle principle, as
compared with, the engine couldn't meet all the requirements, low power developed,

6. MpouTtnTe 1 NepeseanTe CNeaytoLye NHTEPHALMOHAbHBIE C0BA.
Propeller, gas, temperature, plane, problem, cycle, principle, combine.

7. Haiigute B NpeanoXeHWAX [narofbl C  ing-OKOHYaHWEM, ONpedenuTe WX
(OYHKLMIO, NepeBeamnTe NPeL/IoKeHNs.

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. HaiignTe npeanoxeHus, B KOTOPbIX 06CTOATENLCTBO BbIPQXKEHO FaroioM ¢ ing-
OKOHYaHVieM, 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 for
preventing excessive temperature. 5. We have learned of his starting a scries of new
experiments on engines. 6. Before starting the engine you must carefully test it. 7. He
began conducting the experiment last year.

9. HaiiguTe rnaronbl ¢ OKOH4YaHWeM ed, onpefenuTe nx GyHKUMIO. [NepeBeauTe aTn
NpeLIOKeHMs.

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

produced increasing of general temperature. 3. The propeller mentioned converted



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, ajet engine produced high-pressure, high-temperature
gas. ?. 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. TMepeBeauTe MpeafioKeHWs, o6pallas BHWMAaHWE Ha MepeBOj HEe3aBWCUMMOro
np1yacTHOro 060poTa B 3aBUCHMOCTM OT ero MecTa B Mpea/IoKeHNn:
a) TaK Kak; NOCKO/bKY, KOTfa; ecnui; nocne Toro, Kak.
Mogenb: Everything being ready, we can start making experiments. - Tak Kak (ecnu,
KOrja) Bce rotoBo, Mbl MOXEM NPUCTYMUTb K IKCNIEPUMEHTaM.
1. The mechanic repairing the engine, 1went 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, NpUYeM, UNKn 6eCco3HO.
Mogenb: We have three lectures today, the last being on physics. - ¥ Hac cerogHs
TpY nekuuu, npuyem (U, a) NocneHsAs no usmnke.
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 takifig part in the discussion. 4. The lecturer spoke
on the problem of space research, his lecture (being) illustrated by diagrams.

1! .MpoyTtuTe 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-
bladed airsrews provided thrust, the main one being installed in the nose part. It was
ofa 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 for
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



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.

i2.MpoutnTe TekcT elle pas. HaiiguTe npeanoXeHus, B KOTOPbIX YNoTpeGnstoTces
cnefytoLLe cloBa:

1) camoneT, UCMbITbIBATb, CHAGXEHHbII, NapOBble JBUrATENN;

2) NpWBOAMUTL B BVXKEHUE CAMOSIET, HEOCTATOUHO NETKMIA N MOLLHBI;

3) nepBblii GEH3MHOBLIN ABUTaTE/Nb, NPUHLMM YETHIPEXTAKTHOTO LK.

13.0TBeTLTE Ha BOMPOCHI MO COAEPXAHUIO TEKCTA.

What is the main characteristic ofa turbojet engine?

How does a turbojet engine create a forward thrust?

How many engines were installed in the Mozhaisky aircraft?
What kind of engines were installed in the Mozhaisky aircraft?
What are the disadvantages of steam engines?

What engine was designed by Yagidzinsky?

On what principle did this engine work?

N, WD

14.3anonHUTe NPONYCKM CNOBaMMU U3 aKTUBHOIO CoBaps.

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

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

3. One airscrew oftractor 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 ofthe problems was to increase the engine ....

h.p., rear, requirements, consumption, efficiency, to discharge, to arrange, weight, to

solve, front, sufficiently, to raise.

15.  [ononHuTe Ananor no cofepXaHuto TeKcTa.
A: What are the disadvantages of steam engines?
B:.......

B: The designers were to lighten the weight of the engine.

A: What kind ofengines was designed by Russian mechanic Yagodzinsky?
B:....

A ?

B: The gasoline engine attracted the attention of many designers.

A: What important problems remain unsolved?

Bi.....

A ?

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



16.MepeBeauTe NPeLoXKEHNS C HE3aBUCUMbIM MPUYACTHLIM 060POTOM.

L 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.

1?,MepeBeauTe NpeanoxeHns, 06pallas BHAMaHNE Ha CNOXHbIA repyHANaNbHbINA
06opoT.

1. Tstoikovsky’s having led the foundation of a new science-theory 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.MepeBesunTe,MMCbMEHHO TEKCT B. .
Text B
Jet Engines

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

When used, a jet 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 tire rear! Thejet is produced by combustion
of die 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 bum a fuel.
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0630p rpaMmaTyeckoro matepuana: IHQUHUTUB U UHOUHUTUBHbIE 06OPOTHI



WMHpmHnTMB  (The Infinitive) (HeonpegeneHHas ¢opma  rnarona)
npeAcTaBnseT Cco6O/ HENMYHYI0 rNarofbHylo (opMy, KOTOpas TOMbKO HasblBaeT
[ieicTBUe, He yKa3blBas HU 1L@, HW Yncha.

DopManbHbIM MPU3HAKOM MHDUHUTMBA SABNSETCA YacTuua to. OfHako B
HEKOTOPbIX CyYasX vacTuLa OMycKaeTcs.

®opMbl UHDUHNTUBA

Infinitive Active Passive

Indefinite to ask be asked
Continuous to be asking

Perfect to have asked to have been asked j
Perfect Continuous to have been asking *

WHduHnTB B dopme Indefinite ynoTpebnsercs, korga peicTBue™
BbIPOKEHHOE UM, OJHOBPEMEHHO AEACTBUIO, BbIPAXXEHHOMY [/1ar0/IOM-CKa3yeMbiM
WM OTHOCWTCS K ByayLuemy BpeMeHU (MH(UHMTMB B 3TUX Cly4vasx yrnoTpebnsercs
nocne mofanbHbIX rnaronos may, must, should, ought n nocne rnaronos to
expect - oxupatb, to intend - HamepeBaTbcsl, to hope - HagesTbcs, to want -
XOTETb M HEKOTOPbIX APYTHX).

e.g. I am glad to see you. - 1 paf, BaC BMAETb.
It was pleasant to speak to him. - BbIN0 NPMATHO NOroOBOPUTL C HUM.
He may come tomorrow. - OH, MOXeT 6bITb, MPUAET 3aBTpa.
I hope to see him at the concert. - f1 HafetoCb YBUETL €ro Ha KoHLepTe.
He has a great desire to be - OH X0Y4eT, YTo6bl ero NPUrNacUIN Ha
invited to the party. Beuep.

VHpuHuTMB B hopme Continuous ynoTpebnseTcs, 4TOObl BbIPa3uTb
[eicTBue, ansileecs B TO Bpems, KOrfa NpoOMCX0AnT AeCTBMe rnarona-ckasyemoro
e.g. The weather seems to be improving. - Floroga, Kaxercs, yny4LiaeTcs.

It was pleasant to be driving the car - Bbl10 NPUATHO CHOBA BECTY aBTOMOGW/Ib,
again.

WHpuHnTB B hopme Perfect ynoTpebnsetcs ans BblpakeHWs AeRCTBUS,
NpejWwecTBYOWEro eACTBUIO,  BbIP@KEHHOMY  [flarofioM-ckasyembiM.  [locne
MOAanbHbIX FNarofioB must U may ANA BblPaXXeHUS NPeAnonod>KeHUs 0 TOM, YTO
[ieicTBMe yxKe coBepLumnock. Mocne moganbHbix rnaronos should, would, could,
might, ought n was (were) ans 0603Ha4YeHNs AeACTBUSA, KOTOPOE AOMKHO UK MOTNO
COBEPLUMTLCSA, HO B ieACTBUTENBHOCTM He COBEPLUMIOCS,

e.g. I’'mglad to have spoken to him. - 1 paga, 4TO NOroBOPMU/IA C HUM.
There was no light in the windows. - B okHax He 6b1510 cBeTa. BeposTHO, Bce
Everybody must have gone to bed.  nernu cnartb.
I’m glad to have been invited. - 91 paga, UTO MeHs npurnacunu.

WHduHuTKB B thopme Perfect Continuous NokasbIBaeT, YTO BbIPaXXEHHOE UM
[ieicTBME HaYanoch [0 AeCTBIS rnarona-ckasyeMoro 1 BCe eLLe NpoAonKaeTcs.
e.g. He is known to have been working - 3BecTHoO, YTO OH paboTaeT Haf 3Toi

on this problem for many years. npo671emMoii B TeYeHWEe MHOTVX NieT



DYHKUMU MHDUHNUTUBA

DyHKUNA Mpumep

Mopanexallee To skate is pleasant. - KaTaTbca Ha KOHbKax
NPUWATHO. ,

YacTb COCTaBHOrO Your duty was to inform me about it

MMEHHOI0 CKasyemoro immediately. - Bavueli 06513aHHOCTbtO 66110
CO06LUNTL MHe 06 3TOM HEMEeZ/IEHHO.

Yaerb cOCTaBHOI0O We decided to spend the summer in the

rnaroNbHOro CKasyemoro Crimea.- Mbl pelumnu nposecTv neTo B Kpbimy

B coueTaHumM ¢ MOAaNbHLIMU

rnarosamm u Ux 3KBUBaseHTaMK:

to be sure (HecomHeHHO), to be He must know her address. - OH, A0/KHO
certain (6e3ycnoBHo), to be iikely 6bITb 3HaeT ee agpec.

(BeposTHO), to be unlikely (Bepost She is unlikely to come. - OHa Bpag /v npu-
HO He, BPSA ). [eT.

Itis likely to rain. - BeposiTHO, NoAaeT fOXab

JononHeHune I asked him to help me. A nonpocun ero
MOMOUYb MHe.
OnpegeneHue He expressed a desire to heip me. - OH BbIpa-
31N XenaHue NOMOYb MHE.
YacTto nocne cnos.: the first, They are always thefirstto come. - OHu
the second, the third. BCerja npuxoaat nepebIMy.
O6CTOATENBCTBO:
uenu: I went to the station to see off my friend.-
£l nowen Ha CTaHUMI, YTOBbI NPOBOAUTL
apyra.
CNeAcTBUSA: He is too young to understand it.- OH

C/INLLIKOM MonoA, YTOObI NOHATH 3TO.

O6beKTHbI UHPUHUTKBHLIN 060poT (Complex Object)
OO6BEKTHBIA  VH(UHUTUBHLIA 060POT COCTOUT W3 CYLLECTBUTENLHOTO B
o6LLemM nagexe WM IMYHOrO MECTOMMEHUSA B 06LEKTHOM nagexe (me, him, her, you,
- them, us) M WHMHWTMBA. Ha pycCKWIA N3bIK NEpeBOAWTCS [LOMOMHUTENbHbIM
MPUAATOYHbLIM NPEeSJIOKEHEM, BBOAMMbIM COHO3aMMN «UTO», «4TOObI»,
e.g. We know this scientist to have made Mbl 3HaeM, YTO 3TOT Y4YeHbIiA caenan
an important discovery in electronics.  BaXHO€ OTKPbITWE B 3/1EKTPOHMKE.
They want us to stay. OHU XOTAT, YTOObI MbI OCTA/IUCH.
OO6BEKTHBIN MHDUHUTUBHBI 060POT ynoTpebnseTcs:
nocne rnaronos: wish, want, would like. (Mepes WHPUHUTMBOM CTaBUTCH
yacTuua to):
e.g. Do you really want him to come? Tbl Ha caMoM fiefie Xo4elllb, YTOObI OH
npuwen?



nocne rnaronos, Bblpaxarowmx npeanonoxeHue: expect, think, consider, believe,
suppose, find (cuntats). (MHHUHUTUB C YacTMLEN to):

e.g. We expect him to arrive tomorrow. MbI OXXungaem, YTO OH MpueseT 3aBTpa.
noc/fie rNarofioB CO 3HauyeHneM «U3NYeCKOro BOCMPUATUSA»: see, watch, notice,
hear, observe. (MHuHMTMB 6Ge3 uacTuubl to). lMocnie 3TWX [1aroioB MOXeT
ynoTpebnATbCA Kak MHAOMHWTWB (eCnv AeiiCTBMEe 3aBepLUeHO), Tak U npuyacTtve |
(ecnwu feiicTBMe NPoAO/HKaeTCA):

e.g. He saw me approach the gate. OH Bungen, Kak A NOAOLLEN K Ka/ITKe.

He saw me approaching the gate.  OH BuAen, Kak A NOAXOANN K KAUTKE.
nocne rnarono., BbIPXAOLWMX MNPOCbOY, COBET, paspelleHue W MobyxaeHve K
pelictuto: ask, allow, tell, order, make, let have.

e.g. They asked me to check the facts. OHM NONpocuIN MeHs NPOBEPUTL (DaKTbI.

Mocne rnaronos make, let have MHPUHUTKB ynoTpebnsieTcs 6e3 yacTuubl to.
e.g. What made him give up his hobby? YTo 3actasuno ero 6pocuts cBOE

no6mmoe 3aHATne?

I’ll have her come whether she 1 3aCTaB/O ee MPUIATK, XOUET OHa 3TOr0

wants to or not. W HeT.

Mocne rnarona to have B kauecTBe BTOPOrO 3/1EMEHTA C/I0XKHOM0 AOMOMHEHWSA
yacTo ynotpebnsetcs npuyactue |l gns 0603HaueHUs LelACTBUA, BbINOMHAEMOrO He
NOANeXallyM, a ApyrviM ULOM, NpyUYeM B pa3roBOPHON peuun rnaron to have yacto
onyckaeTcs.

CpasHure:
e.g. She made a dress. OHa (cama) cumna nnatbe.

She had a dress made. OwHa clumna (ei cLumnm, OHa OTAaBana LUTb) NnaTbe.

I’ve just had my car MHe TONbKO YTO OTPEMOHTMPOBA/IN MaLLIMHY,

repaired.

BonpocutenbHas v oTpuuatenbHas (opMbl  06pasyloTca npyu  NomoLy
rnarona do: When did you have your car repaired? He didn’t have his car repaired
last year.

CyO6beKTHbIi MHPUHUTUBHBIA 060poT (Complex Subject)

CyObeKTHbIA UHOWUHUTUBHBI 060POT COCTOMT W3 CYLLECTBUTENbHOMO B
obuem nagexe (MM MECTOMMEHWS B 00LEM Mafexe) u MHduHUTMBA (Bcerga c
yacTuuein to). MepeBod NpeAsoXeHWd cnedyeT HauMHaTb CO CKAa3yemoro u, ecnu
TpebyeTcs No CMbIC/Y, BBOAUTCA COKO3 YTO.

Mexgy KOMMOHEHTaMM CMIOXHOTO MOZAJIEXALLero MoXeT CTOATb CKasyeMoe,
BbIP&XKEHHOE:

-rnaronom B popme cTpagaTensHoro 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 n gp.
e.g. She is known to speak three 13BeCTHO, YTO OHAa rOBOPUT Ha Tpex
languages. A3bIKaX.

rnaronom B hopme [eiCTBUTENbHOrO 3anora: to seem (kKasaTbcsl), to appear, to
prove (oKa3blBaTbCs), to happen (cny4yaTbCsi, 0Ka3aTbCs),
e.g. This substance seems to possess  KaxeTcs, 370 BelLecTBO 06najaeT

useful properties. NoNe3HbIMU CBONCTBAMM.



B coyeTaHmax: to be likely, to be unlikely, to be sure, to be certain.
e.g. This is unlikely to be achieved. ManoBeposTHO, 4TO 3TO BYAET OCTUTHYTO.

VIHPUHUTKBHBIN 060poT ¢ npegnoromfor
For + cyLuecTBMTeNbHOE B OOLLEM NafeXe Uin MeCToMeHMe B 06bEKTHOM nagexe +
VHOUHUTYB. Ha pyccKuii f3bIK Yalle NepeBoguTCa NPUAATOUHbIM NPeaIoXeHneMm,
e.g. For the decision to be correct, UTo6bI peLleHue 6b110 NPaBubHbLIM,
ail facts must be considered. CNneayeT yyecTb BCe (aKThbl.
It is necessary for her to be patient.  Eii Hy)XHO 6bITb TEPME/IMBONA.

i. NepeBeamTe Ha PYCCKMiA A3bIK.

1 1called 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 tgriris 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 ofthe tree, waiting for our friends to come. 18.1don’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 himselfsooner or later.

2. MNepeBefunTe Ha aHTIMIACKUIA S3bIK.

1 9§ xoTen 6bl, UTOObI Bbl 06BACHUAM MHE 3TO NPaBUJIO eLle pa3. 2. UTo Bbl XOTUTE,
yTobbl A caenan Ana Bac? 3. Bbl chblwanu Korga-Hnbygp, kak OH noet? 4. A

C/blLWan, Yto oH npuexan B Mocksy. 5. OHV He BUAENW, KakK OH Bowen. 6. HUKTO He

OXMAan, 4YTO OHW yedyT TaK CKOpo. 7. Ero cumratoT 4YecTHbIM 4enosekom, 8. A

yBUAEN, Kak MallMHa 3aBepHy/na 3a yron v ucyesna. 9. A cuutaio, 4TO OH

0TBeTCTBEHeH 3a 3T0. 10. Bpsg /m oH 310 caenaeT. 11 Xo4eT A OH, 4TO6bI Mbl

nomoram emy? 12. Bbl Cribillanv, Kak OH BbICTynan (roBopw) Buepa Ha cobpaHmmn?

13. 4 Bugena, Kak OHa nofgoLuna K nMcbMeHHOMY CTO/y Y B3sifa NUCbMO, Nexatlee
Tam. 14. Cnbiwa, YTo ero fo4b NayYeT, OH BCTas U BOLLES B COCEfHIOK KOMHaTy. 15.

# nonarato, YTO OH OMbITHLIA AokTOp. 16. A cuMTalo ero Ny4WwmnM MHXXEHEPOM Ha

HalemM 3aBoge. 17. OH He X04YeT, 4TOGbl ero fJouyb exana B Mocksy. 18.

MpeanonaraeTcs, 4TO B 3TOM paiioHe 6yAeT MOCTPOEH HOBLINA ropoa. 19. A xoTen 6bl,

yTo6bl Bbl MpuUrnacunu ero Ha sedep. 20. Mbl CTOAM Y BOPOT, OXuias, Korpa

npubyaet mawmHa. 21. Mbl Oxugaem, 4YTo ToBapbl OyAyT AOCTaB/eHbl Yepe3 Tpu



Hefenn. 22. Ham TpyaHo caenatb paboTy B Takol KOPOTKWIA CPOK. 23. TekcT 6bin
CULLIKOM TPYAHbIA, 4TO6GbI OH MOr mMepeBecT ero 6e3 cnosaps. 24. Ceiivac
C/INLLKOM MO3AHO, YTOBbI AeTK WM rynsaTb. 25. He cmewwmnte mMeHs. (He 3actasnsiite
MeHsi CMesTbcsl). He paspeluaiiTe AeTAM UrpaTb Ha OTKPbITOM BO3dyxe. CerogHs
0YeHb XO/OAHO W BETpeHo. 26. VpeKTop Befien CeKpeTapro HaneyartaTb [JOKYMEHT B
Tpex ak3emnnsapax. 27. BepoaTHO noigeT aoxab. 28. VI3BECTHO, UTO YepHbIN LBET
MOrNOLLAeT CBETOBbIE Nly4Yn Hanbonee MHTEHCUBHO. 29. KaxeTcs, Uré mMyxuyuHa He
y3Han Bac. 30. MHe mouncTunM KocTioM. (A oTgasan ero B yucTky). 3l. A otgam
MaLLVHY B PeMOHT (MHe OTPEMOHTUPYIOT MaLLVHY) B OyAyLEM MecALe.

OCHOBHOW KypcC

1. 3anoMHWTE CefytoLLME CMOBA 1 BbIPaXKEHUS.

mtobypass L*ba.ipa:b] 06X01Tb 06XOAHLIM NyTEM

bypass turbojet engine [BYXKOHTYPHbIIi Typ6o-
| .en”3n-J1  PeaKkTuBHbIA ABuraresb

to operate lapareM paboTatb

subsonic Mo LW ki [103BYKOBOIA

toseam f 1 KasaTbca

to be well suited LW nwn:f.d 3 X0pOLUO NOAX0ANTb,

COOTBETCTBOBATb

to utilize Cju :111it 21 1Cnosb30BaTh

tailpipe  f'fetipAipl BbIX/I0MHas Tpy6a

reheat LtVhi:TJ . nogorpes

augmentor [ 3:4 'rnenT”aJ (hopcaxkHas Kamepa

propulsion £pr 3 p/ti*n 3 JBurartesb, CUI0Bas ycTaHOBKa

excess [ik'seb] M36bITOK, N3NNLLEK

2. MepeBeaunTe NpeLiOXeHNS.

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

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

3. The length ofthe 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. TpouTuTte 1 NepeBeaUTe MHTEPHALMOHANTbHBIE C/I0BA.
Diagram, type, propeller, characteristic, effective, modem, principle, concentrate.

4. HaiignTe cnoBa C 041HAKOBbIM 3HAYEHWEM:
operate, utilize, propulsion, propellant, force, significant, aim, attain
power plant, fuel, power, important, use, get, work, task.



5. HaiignTe cnosa ¢ NPOTUBOMOIOXHbIM 3HAYEHNEM:
subsonic, soiid, civil, excess, various, initiate, accelerate
military, lack, the same, liquid, finish, slow-down, supersonic.

6. lMepeBeguTe nNpeanoXeHws, 06paTuTe BHUMAHME Ha MeCTO W  MepeBog
MH(UHUTKBA B (DYHKLMM 06CTOATENLCTBA.

O6pasey: To find more information about the flow in the compressor we must
determine its angle velocity. - [ns Toro, 4to6bl NOAYYUTbL AOMOHU-
TeNbHbIE CBELleHMA 0 NOTOKE B KOMMNPECCOPe, Mbl JO/HKHbI U3MEPUTb ero
YFNOBYIO 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.

g N

7. MepeBeanTe NpeanoxeHus, 06pallas BHUMaHWE Ha MECTO 1 NepeBos, MHOUHNTMBA

B (DYHKLMM MOANEXALLErO.

O6pasel;: To utilize bypass engines for civii and military aircraft is desirable. »
YKenatenbHO UCMOMbL30BaTb BYXKOHTYPHbIN TypOOpeaKTVBHbIN
[Buratenb ANs rpaXAaHCKMX U BOEHHbIX CaMOJIETOB.

1 To knowjet propulsion principle is necessary for every pilot.

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

3. To ensure high propulsion efficiency is our aim.

8. lNepeBeanTe npeanoxeHws, obpalias BHWMaHWE Ha MepeBOf WMHAMHWTMBA B

(hyHKUMW onpeseneHms.

O6pasew;: The engines to be used in space are very powerful. - [lBuratenu, kotopble

[OMKHBI NPUMEHATBCS B KOCMOCE, O04YeHb 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. lMepeBeauTe MpeasioXeHns, 06palias BHMMaHWe Ha NepeBOj WHQUHUTVBA B

COCTaBHOM VIMEHHOM CKa3yeMOM.

O6pasel: The main function ofthe turbine is to provide power for the mechanical
compressor. -OCHOBHasA (hyHKLMSA TYPOUHbI —aBaTb SHEPTUIO ANs
MEeXaHU4YeCcKoro KoMrpeccopa.

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 ofthe igniter is to initiate combustion.



10. MMepeBeauTe nNpeanoxeHus, o6pallas BHUMaHWe Ha MNepeBoj WH(WMHUTVBA B

(hyHKLMM 4aCTW COCTABHOTIO F/1aro/lbHOr0 CKasyemoro 1 A0MOMHEHNS.

O6pasel;: The weight of the propulsion system is to be divided between fuel and
engine. - Bec CMM0BOI YCTaHOBKM JO/MKeEH ObITb NOAENEH MeXay Ton-
NVBOM W ABUTaTEeNEeM.

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

system and payload.

The engineer wanted to ensure the successful operation of bypass turbojet engine.

3. We should like to utilize the subsonic engines'for civil aircraft.

N

11. MepeBeanTe NPeANOXEHNs, ONpesenvs PYHKLMUIO NHPUHUTUBA.
To build a new engine in time is essentiai.

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.

[SUE S S

O6beKTHbIN MHDMHNTUBHBLIA O60poT

12. TlepeBefuTe NpeAnoXeHws, 06palias BHMMaHWe Ha MepeBOf OOLEKTHOro

WNH(UHUTMBHOIO 0bopoTa.

Oo6pasey; We know him to be an aircraft engine designer. —Mbl 3HaeM, 4TO OH
KOHCTPYKTOP aBMaLMOHHbIX ABUraTesnei.

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

2. 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.

.Cy6bekTHbIi NHQUHUTUBHLIA O60poT

13. MepeBeauTe NPeAsIONKeHUs € CYObEKTHLIM UHPUHUTUBOM.

O6pasew;: This machine is known to operate with great speed. - 13BecTHO, 4TO 3Ta
MallHa paboTaeT ¢ 60MbLLOIA CKOPOCTbIO.

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 for 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 wONE

14. MpouTnTe ¥ NepeseanTe TeKCT A.
Text A
The Bypass Turbojet Engines



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 airplanes 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, ft means to bum extra fuel to increase
the thrust to a greater extent. Usually the propeller becomes less efficient” speeds
higher than 450-500 m.p.h. But the bypass is considered to approach theTavourable
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. OTBeTbLTE Ha BOMPOCHI MO COLAEPXKAHUIO 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. 3anosHUTE NPOMNYCKM CA0BAaMMU 3 aKTUBHOIO CNoBaps.

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 tire air at high altitude gives an engine extra ....

4. A large amountof... air in the ... is used for reheat.

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

17. Haingute B TeKcTe ABa cnyyast ynoTpebieHus cnosa “means”. O6bACHWUTE, Kakoi
4aCTb0 PEYN OHO ABNSETCA B TOM U PYTOM Clyyae.

18. O6paTnTe BHUMaHWe Ha MepeBof CedytoLmx CoB. TO NOMOXET BaM MOHATL ¢
TEKCT.

fluid - >XmakocTb

acquire - nony4arb

heat exchanger - TenI006MeHHMK
impulse turbine - akTuBHas Typ6uHa
reaction turbine - peakTuBHas TypbuHa
shaft - Ban

smooth - pOBHBbINA, FnagKuii
streamlined - o06Tekaemblii
consideration - coo6paxeHue

19. MpouTtunTe N NepeseanTe TEKCT B.
Text B
The Turbine Nozzle
The turbine nozzle performs two functions:
1 It transforms a jxtffferPof the energy of the fluid, acquired in the heat exchanger,
into kinetic energy.



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 yalls must be
smooth, streamlined and so proportioned as to satisfy the changing conditions of the
stream of gas flowing through the nozzie.

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 nozzie 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. MpocmoTpUTe TEKCT, NPaBUIbHO NepeBeauTe U 06bACHNUTE YNOTpebneHwe:
a) c/ioBa “against” Bo 2-0M ab3aLie TeKCTa;
6) pasnuuue B nepesoge cnosa “for” Bo 2-om 1 3-m ab3aLax TekcTa.

21 HaiiguTte B TekcTe:

a) CUHOHUMbI K C/l0BaM:

to convert, part, to get, speed, movement, flow, chief, necessary, main;
6) aHTOHWMbI K C/10BaMm:

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

22. Haiigute B TeKcTe BCE Cyyau ynoTpebneHus MHPUHUTMBA. OnpefesvuTe ero
(DYHKLMM 1 NPaBUIbHO NEPEBEAUTE MPELJSIOKEHNS C HUM.

23. HainguTe B TEKCTe NPeANOXeHNs, B KOTOPbIX FOBOPUTCSA O TOM:
1) KaKoBa PYHKLMS IONATOK B aKTUBHOIN TYPOUHE;

2) KakoBa (hyHKLMSA conna B peakKTUBHOMN TYpOUHE;

3) aKUMU JOMKHbI 6bITb CTEHKM COMNa B aKTUBHOW TypbuHe.

24. TIncbMeHHO nepeBeauTe NocnefHWIA ab3al, TekcTa B.

25.MepeBegute TekcT C 6e3 crosaps.
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. 1t 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 abie 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 1
OG30p NPOIAEHHOr0 rpaMMaTUYecKoro MaTepuasna

1 3anomHuTe creaytoLLme CNoBa 1 BbIPaKEHNS.

due to [dju‘l 13-3a, BCNEACTBYE, 06YCNOBIEHHbIN
essentially 'sgo v, No CyLLecTBY

to store XpaHUTb

tank raenk 1 6aK

advantage .ad Vainhds ] NpenMmyLL,ecTBo.
extremely tks'rn:mlil KpaiiHe, Ype3sBblyaiiHo
altitude aeihfjuld I. BbICOTa

extensive (k" Yenby/ 1 06LIVPHBIA, 60M1bLLION
booster /buishil YCKOpUTENb

guided qaidia J ynpaBnsemblit
auxiliary' oig'z-iH 1 BCMOMOTaTe/bHbili

to enable | ner [laBaTb BO3MOXXHOCTb

2. TlepesefunTe NpeasioXeHus.

1 Its greatvelocity is due to high power.

2. A rocket 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.HaliguTe cnoBa C 0AMHaKOBbLIM 3Ha4YEHNEM:
motion, essentially, rapidly, velocity, extensive, primary, auxiliary
secondary, quickly, great, main, movement, mainly speed.

4. Haiignte cnoea ¢ NPOTUBOMOMOXHbIM 3HAYEHNEM:
forward, auxiliary, primary, solid, rapid, high, separate
secondary, liquid, slow, low, mutual, main, backward.

5. MpocmoTpunTe TeKCT A 1 06bACHUTE:
1) Kak nepeBOAWTCS CMOBO “means” B 4-0M ab3aLle TeKCTa;



2) Kak nepeBecTu BbipaXeHue “a rocket driven vehicle” (4 a63.). K uemy oTHocuTCA
cNoBo “driven” B 3TOM BbIpaXXEHUN?

6. HaiiguTe B TeKCTe 1 nepeBeauTe:

a) Npef/IoXeHNs B CTpagaTeslbHOM 3a/10re;

6) 2 NpeanoXeHns ¢ MHPUHUTIBOM B PYHKLMMN 06CTOATENLCTBA;
B) 1npeanoXxxeHue ¢ MHOUHUTUBOM B (DYHKLIMK ONpeaeneHus.

7. TMepeBegnte TekcT A,
Text A
The Rocket Engine

Arocket is ajet-propeiled 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.

MepeBefMTe BONPOCHI HA aHTIMACKWIA A3bIK U OTBETLTE HA HUX.

Uto npeacTaBnseT co6oii pakeTa?

C YeM CBsi3aHO ee fIBUXEHWE Bnepes?

Kak co3fjaeTcsi peakTMBHas cuna ABMKEHNA B PaKETHOM ABUraTene?
MoueMy pakeTHbIV ABMraTeslb MOXET paboTaTb 6e3 aTmocthepbl?

B kauyecTBe Yero MoryT 1CMO/b30BaTLCA PaKeTbI?

CKOMbKO TUMOB PaKETHbIX ABUraTeneii Bbl 3HaeTe?

Ok WN e ©

©

MepeBeanTe faHHbIE NPEANOXKEHUS HA aHTIMACKMIA S3bIK.

1. PakeTHbIii ABUraTenb NpPeAcTaBsieT coGoi TPy6Ky, B KOTOPOlA GbICTPO cropaet
TOMIMBO NPU BbICOKOM JaBNIEHUM.

2. [ns cropaHns TOMAMBA HY)XKEH KMCOPOa.

Kucnopog XpaHuTcs B 0TAeNbHOM 6aKe Un BMECTE C TOM/MBOM.

4. PakeTbl HAXOAAT LUMPOKOE NPUMEHEHME.

w



5. B 1903 rogy K.LLMONKOBCKWMiA onuncan pakeTHbI neTaTenbHbIA annapar.
6. B HacToslLLee BpemMs MeuTa ero oCyLecTBMaCh.

10.MepeBeauTe NpesAnoXeHUs, obpallas BHUMaHKe Ha nepesog cnosa for”.
Mpeanor ‘fo r” nepeBofAT cnoBamu: Ans, pagu, 3a, No, B TeYEHNE.
Coto3 “for”’ nepeBogaT: Tak Kak, NOTOMY 4TO, 160.

1. 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.

11.MepeBeanTe NpeanoxeHns, obpalas BHUMaHVe Ha nepesog cnosa “both”

1 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.MepeBeanTe NpeanoxeHuns, obpallas BHUMaHUe Ha NepeBog cosa “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. MNepeBefuTe NpesIoXeHUs, obpallas BHUMaHue Ha cnoso “before™

Mpegnor “before” nepeBogaT cnoBamu: o, Nepes, Npexzae Yem.

Coto3 “before’ nepeBogar: npexae Yem, 40 TOrO 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/bre the designers thoroughly check the project the
engine can’t be constructed.

14. MepeBeauTe NpeAnoXeHNs, obpallias BHMUMaHWe Ha nepeBof cnosa “because”.
Mpeanor “because o ff NnepeBoAAT cnoBamu: 13-3a, BCNeACTBUE.

Coto3 “because” nepeBogMTCSA: NOTOMY YTO, 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 o fthe burning of
the fuel. 3. Because all the valves are closed, the air charge cannot escape. 4. Because
of the many types of turbine engines, it is not possible to list all the major
components.



15. 3apaiiTe BONPOChI K MOAYEPKHYTHIM CI0BaM.

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 propuision for
interplanetary vehicles. 3. A rocket engine is essentially a tube in which propellants
are burned rapidly at great pressures. 4. In 1903 K.Tsiolkovskv described a rocket
driven vehicle for space travel.

16. CnepytoLlyve cnosa NOMOryT BaM NOHATL TEKCT B.

to drive Ldpa-itr! | nony4arb, U3B/EKaTb

pulsejet  ['pmglld «3 nynbCUPYOLLNIA BO3AYLLHO-PEAKTUB-
Hblli guratens (MyBP/)

inview of ¢ abil 1 BBWAY TOrO, YTO; B CBA3U; U3-3a

to overcome klav=> rowms npeogosnesarb

sufficient . [0CTaTOYHbIN

divergent inlet duct j pacxoAsLmniics BXOLHON KaHan

to some extent [ tkVienil [0 HEKOTOPOIA CTeneHn

residual tfi 'zicfjLi3 >1 OCTaTOYHbII

whereby fwfc~/ba.td nocpeacTBOM Yero

expansion fiks'paan”n i pacLumpeHme

exitvelocity | #£ kSifl CKOPOCTb Ha BbIX04e

17. TMpocmoTpute TekcT B. Haiigute npep/ioxkeHWs, B KOTOPbIX FOBOPUTCS

crnefytolee:

1 Kak Ha3blBaeTCA aBMaLMOHHAA cuna B PeakTUBHOM W TypOGOBMHTOBOM
fsuratensax. 2. Kyga HanpasneH BO3fyX B peakTMBHOM fsuratene. 3.-Kakyto
npo6nemy Npeooneno BeefeHNe TYp6opeakTUBHOIO ABUraTens.

Text B

The Turbo-Prop Engine

Jet engines with which most modem 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 of 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.



18. OTBeTbLTE 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?

NOOUTEWN

19.MepeBeuTe TeKCT C C MOMOLLHHO CNOBAPS.
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 Corporation 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 Ofthe 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 of the 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 iower operating and idling speeds through over-
oiling. Use of this type of engine also permits smoother operation.

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

SUPPLEMENTARY READING
Types of Jet Engines

Before World War I, 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 ofthe different types is presented:

1 Auviation Gas Turbine (turbo jets):
a) Centrifugal-flow, b) Axial-flow, ¢) 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 paga net TeXHNYECKNX
YCOBEPLLEHCTBOBAHWIA.
2disadvantages —are done away with - ¢ HeocTaTkamy MOKOHYEHO.

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 nozzie 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?



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 blowing 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 mountings, 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 modem 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. Tfti&
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/sq in, passes
into the combustion chamber. This is an annular steel “flame tube” or ring of tubes



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 of the 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 turbine

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 the 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.



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 ofthe 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 a jet 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;



the second uses a retractable ejector to do the same thing; the third, used on high
bypass ratio turbofans, uses blocker doors to reverse the cold stream airflow, which
provides the majority ofthe 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 0f 21,000 gallons of fuel. Twenty-one thousand gallons is
the equivalent capacity of five or six ofthe 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 of time.

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 vety “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 !6ad 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 plane-to-plane or in-the-air refueling.



There is still a tot 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 of the 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
paboTatowmm asuratenem). 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 technically
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 diffHser
section to a series of small nozzles. To start combustion, a conventional type spark
plug (3ananbHas ceeya) 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



necessary to provide a launching mechanism capable o faccelerating the unit to at
least 300 m.p.h.

The air from the atmosphere enters the diffuser section by ram action
(ckopocTHoln 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 ~jrstream 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
ncteyeHus) 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.



