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YPOK 6
0O630p rpammartnyeckoro matepuana: CocnarateslbHOe HaK/IOHeHe
MpugatoyHble NPeaoXeHNs yCnoBus.

CocnaratensHoe HakoHeHue (The Subjunctive Mood) - BblpaxaeT aeicTeune
He peasbHOe, a MpeAnofiaraeMoe, YC/I0BHOE WM >kenaemoe. Hepycckuii s3bik
NepeBOAUTCS COYeTaHWEM rnarona B hopMe MpoLUefLiero BPEMEHN € YacTuLel
«ObI».

CocnarateflbHoe HaKMOHeHWe YMNOTPe6seTcs B MPOCTbIX MPEA/IOKEHNSX 1
coBragaeT ¢ dopmoii Future in the Past: should, would, could, might +
MH(UHMTKB 63 YacTuLbl "t0", ec/in BbiCKa3bliBaHWe OTHOCUTCA K HACTOSILLEMY WM
OyLyLLeMy BpeMeHu,

e.g. It's a pity you can't come tomorrow. Peter would help you. - >Xanb, 4To Bbl He
MOXXETe NpWiATK 3aBTpa. MeTp nomor 6kl Bam.

W copmoin  Future Perfect in the Past: should, would, could, might +
nepgeKTHbIA MHPUHUTUB 6e3 YacTuLbl "to", ecnm BbiCKasbiBaHWe OTHOCUTCS K
NpeLLIecTBYIOLLEMY NEPUOLY,

e.g; Why didn't you phone him yesterday? He would have helped you. - MNoyemy Bbl
He NO3BOHWAN eMy BUYepa? OH NOMOr 6bl BaMm.

CocnaratefibHoe HaK/IOHeHWe Takxe ynoTpebnsercs:

- B NPUAATOUHBIX NPeSSIOKEHMAX-NOANEXALLMX Nocne 6e3n1YHbIX 060pOTOB TUMa: it
is necessary that, it is important that, it is desirable that.

e.g. It is desirable that he should be here at five o'clock. - XXenaTenbHo, 4T06bI OH
6bl1 34€eCb B NATb Yacos.

UacTurua «6bl» Npy NepeBogie C/IMBAETCS C COFO30M «UTO».

- B JONOSIHWTENBbHbLIX NPUAATOYHbLIX NPEAN0KEHNSX NOCAe 1arosos,

BblpaXkatoLyX npukasaHue, coseT, xenaHue: advise, command, demand, order,
propose, recommend, request, require, suggest u gp. Mocne 3TUX rnaronos UaeT
coto3 "that".

e.g He suggested that the question should be discussed at the next meting.- OH
npeano>Xkun, 4Tobbl BONPOC ObiN 06CY>KAEH Ha CneaytoLeM cobpaHuu.

- BMpnaaToYyHbIX 06CTOATENLCTBEHHbIX npeanoXeHnax Lenn rnocse Cor30B:



so that - Tak uTo6bI, lest- 4T0o6bI...He, in order that - gns Toro, YTo6bI,

e.g. The students brought the dictionaries so that they might use them at the lesson.-
CTy[eHTbI MPUHEC/N CNloBapK, YTO6bI OHU MO/ MOJIb30BATLCA MM Ha YPOKe.

- B 06CTOATE/NLCTBEHHbIX CPABHUTE/bHBIX MPEAI0XKEHUAX MOCAE CO30B:

as if, as though (kak 6yAT0 6bl, KaK ecnu 6bl),

e.g. He spoke as if he were a specialist on the subject. - OH roBopwn, Kak ecniun 6bl
OH 6bl/1 CNEeLMa/IMCTOM N0 3TOMY BOMPOCY.

Mpumevanue: [naron "to be"™ wmeer dopmy “"were” and BCeX uy B
cocnarate/lsHOM HaKNOHEHNN.

e.g. If I were you, | would accept their offer. -Ha Bawiem mecte 5 6bl NPUHAN UX
NpesiokeHue.

- B YC/IOBHbIX npegnoxeHnsax Il v 111 Tuna,

e.g. Ifhe were here, he wotrtd help you. - Ecnu 6bl OH 6bl1 34eCb, OH NOMOT 6bl

Bam.

YcnosHble npegnoxeruns (The Conditional Clauses)
CyLLUeCTBYET TPy TWMA YCMOBHbLIX NPEANOXEHNIA.
YcnoBHble npeanoxernus nepsoro Tuna (Conditional ') ynotpebnstotes ans
BbIPXXEHWS BO3MOXHOCTMN pPeasibHOr0 BbIMOHEHUS AEACTBYA.
jIf+ Present Simple” shall/will + base form of the verb|
e.g. If you leave before 10,00, you'll catch the train.” Ecnm Tbl Bblig€ellb paHbLUe
10.00, TO ycrneeLb Ha noesa,
He won't pass the exam if he doesn't do any work. — OH He caacT 3K3aMeH, ecnu
He OyfeT 3aHMMAaTbCA.
3anomHuTe: 1. Byayliee BpeMs ynoTpe6seTcs TONbKO B [11aBHOM NPeaiokeHUM.
Ifitrains, | will stay at home.
2. Cnaronbl shall/will MoryT 6bITh 3aMeHeHbI Ha MOLA/IbHBINA Faron.
I can buy a new car ifyou lend me some money.
Coto3 "if’ MoXKeT ObITb 3aMeHeH coro3amm unless- ecnn He, in case - B C/lyyae, ecnu,
provided, on condition - npu ycnosum, ecnu,

e.g. I'll take my umbrella in case it rains.
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YCnoBHble NpeanoxeHns BToporo u Tpetbero Tunos (Conditional 11, Conditional 111)
yroTpe6asoTCsA B cOCnarate/lbHOM HaKNoHEHNW.

Conditional 11 oTpakaeT HepeasibHble (M1 MaOBEPOSTHBIE) YCMOBMS, OTHOCALLMECS
K HacToslLLEMy Unn 6y ayLiiemMy BPpeMEHH.

[If+1'ast Simple, should/would + base form of the verbl

e.g.If1 won some money, | would travel around the world.- Ecnm 6bi g

BbIMIPas AeHbIU, 5 Gbl MYTELLECTBOBA MO CBETY.

He could run faster if he stopped smoking.- OH mor 6bl 6erath 6biCTpee, ecnm Obl
6pocun KypuTb.

Conditional 11l oTpakaeT HepeasbHble (MAN  MaslOBEPOSTHbIE)  YCMOBUS,
OTHOCAILLIMECS K MPOLLIEALLIEMY BPEMEHU.

jIf + Past Perfect, should/would +Perfect infinitive)

e.g. If you hadn’t told me, | would never have known about it. Ecnin 6bl Bbl He

CKasa/i MHe, A 6bl HUKOr ja He y3Han 06 3ToM.

Ifhe hadn't told me, | might have made a mistake. - Eciv 6bl OH He CKasan MHe, 1,
BO3MOXHO, cAenan 6bl OLLNGKY.

MpumedaHna 1 Coto3 "ifl B YCNOBHbIX MPUAATOYHbLIX MPEAIOKEHUAX MOXET
OrnycKaTbCs, ecnu CKasyeMoe BblpakeHo rnaronammn "had" mnm “were”, npuyem atu
rfaronbl CTaBATCA Nepes NognexalLym.

e.g. Were you more attentive, you'd never make such a mistake.- Ecnv 6bl Tbl 661
60/1ee BHUMATENbHBIM, Tbl Obl HE CAjenan Takoi OLIMOKMN.

Had he had enough time, he would have attended the lectures. - Bbino 6bl y Hero
[OCTaTOYHO BPEMEHU, OH 6bl NOCELLAN 3TN NEKLNN.

2. B cnoxHoM npeanoXeHuy ¢ NpuAaTodHbLIM YCOBUS FNIaBHOE WM MPUAATOYHOE
NpeLIoXKeHUA MOFYT OTHOCUTLCS X Pa3IMYHbIM NepuoiaM BpeMeHu:

NpUAATOYHOE MPeL/IOKEHNE MOXET OTHOCUTLCA K MpeALLecTBYHOLLEMY Nepuoay
BPEMEHW, @ [N1aBHOE - K HaCTosLLEMY 1nn ByayLiemMy BpeMeHw, 1 Haob0opoT,

e.g. Ifthe railway station were nearer, we should have got there long ago. - Ecnu 6bl

BOK3a/1 Obln 6/ndKe, Mbl Obl AaBHO TyAa 406panCh.



1 PackpoiiTe CKOBKM 1 NOCTaBbTe raro/ibl B MPaBu/bHYHO (opMy.

1.1didn't feel good yesterday. If I (feel) better, | (come) to class yesterday. 2.1don't
feel good today (feel) better, | (take) a walk in the park today. 3.1have a cold today,
but I will probably feel better tomorrow. If | (feel) better tomorrow, | (go) to class. 4.
I’'m sorry that you didn't come to the party. If you (come), you (have) a good time. 5.1
didn't know that Bob was sick. If I (know) that he was sick, | (take) him some
chicken soup. 6. I'm tired. If | (be, not) tired, I (help) you. 7. Snow is predicted for
tomorrow. If it (snow) tomorrow, | (stay) at home. 8. | may have a dollar. Let me
look in my wallet. If I (have) a dollar, I (lend) it to you. 9. i didn't have any money
yesterday, If 1(have) a dollar yesterday, | (lend) it to you. 10. I didn't know it was
your birthday yesterday. 1 (get) you a present if I (know) it. jL Why didn't you tell
me when your plane was supposed to arrive? Ifyou (tell) me, I (pick) you up at the
airport.

OCHOBHoI Kypc
I. 3anomHuTe cnosa.
auxiliary - BcnomoratesnbHbli
propulsion - cu10Bas ycTaHOBKa, ABMXKEHME BRepes,
rate - CKOpPOCTb, TEMI, CTEeMeHb
to suppose - npegnonaratb, AymaTb
lobum - ropets, Oxuratb
0Xygen - KUC/IOpoA
to consume - NOTPe6SATb, PaCX0A0BaTh
to fit - nogxoguTb, yCTaHaBNMBATb, OCHALLATb
to convert - npespaLlaTth
to rise (rose, risen) - NoAHUMATLCS
todecend - onyckaTbCsi, MOHMKATLCA
out of - u3, BHe
main - rNaBHbIiA, 0CHOBHOA
altitude -  BbicoTa

tp occur - MMETbL MeCTOo, MPOUCXO0AUTb
6



2. MNepeBeayTe NPeANOXEHNS.

I. Auxiliary engines are often used in aircraft. 2. The main advantage of this design is
its size. 3. The rate of fuel consuming is too high in this aircraft. 4. The fuel is usually
burnt with oxygen. 5. Auxiliary installations are necessary in this case. 6. Everybody
supposes that no burning can occur under these conditions. 7.>Every engine must
consume as little fuel as possible. 8. Burning cant occur without oxygen. 9. This type
of wings doesn't fit our aim. 10. We suppose that this method completely fits them.
I1. It is necessary to convert the energy of chemical reaction into power. 12. The
airplane rises and descends at low speed. 13. Such operation rate doesn't fit our

program.

3. A Halignte cnoBa-CUHOHWUMbI:

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-aHTOHWMbI:

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

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

4. MopbepuTe NOAXOAALLEE MO CMbIC/Y C/I0BO.

1. It is necessary to use a new type of (power, altitude, propulsion) 2. This engine
consumes fuel at great (propulsion, rate, thrust). 3.1he fuel's (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. MocTaBbTe CkasyeMoe B CTpafaTe/bHblIl 3107, NePeBeAUTE MPeAIOKeHMS.

1 Sometimes rocket motors (to use) in aircraft for auxiliary purposes. 2. The energy
of fuel (to convert) into the energy of propulsion. 3 The fuel (to bum) in I minute.

4. The controls (to fit) on the unit. 5. The distance must (to cover) in 20 minutes.

6. A small turbojet engine may (to install) to ease the take offand the landing.



6. MepeBeaunTe CreaytoLLye NpeSJIoKeHNs No obpasLly.

O6paseu;: | should help you. - .4 661 mOmMor 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. S. The engine would bd repaired.

7. MepeBeanTe NpeanoXKeHNs, obpalias BHUMaHME Ha YCMOBHbIE MPEL/IOKEHNS 1

Cnoco6bl UX NepeBoja.

1. If the engine is repaired, it will work for a long time. 2. Unless the design is
adopted by our chief, it will not be realized. 3. If this engine didn't consume much

fuel, it would be one of the best engines today. 4. Provided the main propellant for

this rocket were nitrogen, it would be used for our purpose. 5. Provided the aircraft

speed could be increased, the problem would be solved quite easily. 6. Unless the

undercarriage had been installed, the landing would not have been so easy.

7. Provided this unit is removed, we shall immediately look for another one.

8. Unless the craft covered 150 miles per hour it could not arrive so quickly.

8. BblGepuTe 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. MNMepeBeauTe NPELIOXKEHUS.

1. Unless the propulsion consumes much fuel, they will take it for their project. 2. If
they didnft fit the auxiliary engine, die 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. MpouTuTe N NepeBeanTe UHTEPHALIMOHANBbHbIE C/I0BA.
Rocket, control, impulse, ballistic, trajectory, atmosphere, horizontal, final,

practically, normal, initial, total.

31 MpouTuTe H NepeBeamnTe TeKCT A.

TextA
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 I minute, but it reached a speed of
3,500 m.p.h. If this rocket were fitted with suitable wings and controls and so
converted into 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 | minute and the aircraft
would rise under the initial impulse to a-height of nearly 300,000 feet, after this it
would follow a ballistic trajectory untii 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 of the dive into a 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 o f600 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.

12,0TBeTbTE Ha CMeAyHoLLMe BOMPOChI:
1 What engines is this article about?

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



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

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

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

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

7. What distance would be covered in 4 minutes?

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

13. BepHo N1 yTBEPXEHWE, UTO...

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

14. MepeBeauTe Na PYyCCKMii A3bIK.

1. Ifthere were no vacuum in cosmos, ordinary"' aircraft could operate there.

2. Provided some disadvantages were removed, this propulsion could be utilized not
only for auxiliary purposes. 3. Unless the design could be-changed, the characteristics
would remain the same. 4. Unless they had solved the problem, they would not have
been able to complete the experiment. 5. If this rocket were fitted with suitable wings,

it could be converted into a high speed aircraft.

15. MocTaBbTe rnaron B Hy)XKHoI hopMe.

1. Ifthis 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. 4. Provided you didn't change the fuel, the rate of burning (not

to be improved).



16.MepeBeaynTe NPeLIOXKEHNS.

I. Ecnu 6bl 3TOT ABUraTeNb MMeN MeHbLUMIA BEC, Mbl Obl UCMOMb30BaM ero. 2. Ecim
6bl CaMONET Y)Ke BepHY/CsA, Mbl Obl 3HaIM 06 aToM. 3. Ecnu 6bl TAra 6blia cuibHee,
CKOpoCcTb annapata Oblna 6bl 6onblie. 4. Ecnn 6bl pakeTa 6blna OCHaLleHa
KpbInbsMU, OHa 6bl NMpeBpaTuiach B BbICOKOCKOPOCTHOM camoreT. 5. 370 NPou3OLLIIO

6bl uepes 4 MUHYTbI NOC/e cTapTa.

17.CocTaBbTe Mpe/ioXeHue.
A, converting, motor, a, is, device, rocket, the, for, energy, of, thermochemical, one,

propellants, or, into, more, exhaust, energy, jet, Kinetic.

18. O6pa3syiiTe rnarofbl MNpU MOMOWW AaHHLIX CY(PAUKCOB U MepeBeamTe Kak
NCXO[HbIE, TaK 1 MOMYYEeHHbIE CI0BA.

O6pasen: length - to lengthen

swen : strength, height, light, wide, broad, hard;

«ify: simple, intense, electric, quality;

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

19. Haiignte ncxogHyto hopmy rnarona u nepeseguTe.

O6paseL; building -to build

Undertaking, drawing, equipment, designer, accelerator, classification, orientation,
compressor, appearance, foundation, existence

20. [ononHuTe gnanor.

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

B:...

A

B: The main disadvantage ofthe rocket motor is the great rate of consuming fuel and
oxygen

A: What thrust can rocket engine develop?®



B: It would occur in about, 4 minutes when a horizontal distance of about 150 miles

had been covered.

21. OGpaTuTe BHMMaHWe Ha NepeBog AaHHbIX CI0B. TO MOMOXET BaM MOHATL TEKCT
B.

to prevent - MeLLaTb adoption - npuHATYE

reason - nNpuynHa ratio - KO3P(MLMEHT, OTHOLLEHME
unlike - BoTnume in spite of- HecMoTps Ha ...
supply - 3anac climb - Habop BbICOTbI

hydrocarbon - rugpoyrnepogucTblit amount - BeNIMYMHA, KONMYECTBO
value - 3HaveHVe in its favour - B ero nonb3y

22. TlpocmoTpuTe TekcT. MepeBeanTe BONPOCH! U HAlAMTe B TEKCTE OTBETHI Ha HIX.

1 UTo MeLlaeT MCNonb30BaTb PaKETHbIA [BWraTeslb Kak OCHOBHYKO CWMIOBYHO
yCTaHOBKY?

2. Kakvie npemmylLLiecTBa MMEET pakeTHbI apuratenb?

3. 4ns Kakux Lenei ncrnonb3yeTcs pakeTHbIA ABUraTesb B HALLW AHU.

TextB
The simplest form of jet-propulsion power units is the rocket engine, but

enormous rate at which it consumes fuel lias 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 ofengines the rocket does not
take the oxygen required to bum the fuel a*om the atmosphere, but carries its own
supply. A hydrocarbon fuel, such as petrol, requires oxygen more than its own weight
to bum it completely: so the weight of fuel that a rocket-propelled aircraft has to
carry is much more than for other air-consuming engines. Another reason for the high
fuel consumption is that the speed of the jet is much higher than that of the turbojet

engines.



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

In spite ofthe high fuel consumption ofthe 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 offthe required period of operation is short. Briefly the present duty
ofthe rocket is to provide very large thrust for short periods.

23. TpoCcMOTpUTE TEKCT eLLe pa3 U OTBETbTE Ha BOMPOCHI.

1. What is the simplest form ofjet-propulsion power units?

2. Why is it impossible to use a rocket engine as a main power plant?
3. What are the main advantages ofrocket engines?

4. For what purposes are rocket engines used today? .

5. How long can rocket engines operate?

24. TIncbMeHHO nepeBeauTe TekeT C.

TextC

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 10.000 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
0f45.000 ft could be reached in one minute.

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

aircraft operating at high altitudes.



YPOKW 7-8
O630p rpammaTnyeckoro matepuana: 1. ing-form rnaronos (The Participle |,
The Gerund)
2. naronbl ¢ -e
Mpuuactne (Participle 1, Participle L wn repyHauii (Gerund) sBnswoTCs
HEe/IMYHbIMM (JOPMaMK, T.e. OHW He M3MEHSIOTCA MO MLAM 1 He  YNOTpebstoTCs
CamOCTOATE/bHO B PO/M CKa3yeMoro. $ms
AHrnniickoe npuuactre (The Participle 1) cOOTBETCTBYET pycCKOMY NPUYacTUO U
JeenpuuacTuio.

e.g The facts illustrating his theory - ®akTbl, WAAKOCTPMPYHOLLME EFO TEOPULO,

sound convincing, 3ByyaT ybeauTesbHO.
Illustrating his theory, he gave MnnocTprpys CBOKO TEOPUIO, OH NPUBEN
a lot of historical facts. MHOIO NCTOPUYECKMX (DaKTOPOB.

dopmbl npuyactus | (The Participle 1)

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

HeneptekTHast dopma npuuacTvis | BblpakaeT [eiicTBMe, OHOBPEMEHHOE C

AGVICTBVIGM, Bblpa>KeHHbIM rnarosioM-ckasyemMmbIM.

eg. Knowing the English language well, .- 3Hast XOpoOLLIO aHr NNACXUIA A3bIK,
he can translate newspaper articles OH MOXXET MEepPeBOANTL FaseTHbIe
without a dictionary. cTaTby 6€3 coBaps.

Tatoke 3Ta (jopMa MOXET BblpaXaTb AECTBUE, COBMajatoLLee C MOMEHTOM peun,
He3aBMCKMO OT TOro, B KAKOM BPeMEHW CTOUT rarof-ckasyemoe.
e.g. The man sitting at the window - YenoBek, cnasLLmii y OKHa,
came from Moscow yesterday. npuexan Byepa 13 MockBbl.
The large building being built inour - BonbLuoe 3gaHKe, cTposLLeecs Ha

street is a new school-house. HalleR ynuue, HoBast LUKO/a.
14



MepekTHas hopMa NpuUacTust | BbIpaXKaeT AeiicTBMe, NPeALEeCcTByoLee

,D.EIZCTBVIFO, BbIpa>KeHHOMY rnaronom-cKasyembIM.

e.g. Having collected ail the material,
he was able to write a full report

on the work ofthe commission.
Having been sent to the wrong
address the letter didn't reach him.

- Cobpag Becb MaTepuan, OH cMor
HanvcaTb NoAPOGHbI OTUET 0
paboTe KoMUCCUM.

- Tak KaK nucbMOo 6bI10 NocnaHo

Mo HeBEPHOMY afpecy, OHO He

[JOLL/O [I0 HEro.

MpuyacTua oT rnaronos hear, see, notice, understand, realize, come, arrive n
HEKOTOPbIX APYTMX UMEIOT KenepteKTHY0 (hopMy, eC/im BbIpaXkaeMoe UMK JelicTBIe
HenocpeacTBEHHO Mpe/LLIecTBYET AeCTBMIO 1arona-ckasyemoro,

e.g. Hearing the news 1called him at once. - Ycnblwas 3T HOBOCTH, 5

Arriving at the station we went
straight to the booking office.

Cpasy e Mo3BOHUI eMy.

- MprexaB Ha BOK3a/, Mbl NOLLIN

MpsAMO B Kaccy.

dyHKuun Participle |

HenepekTHas
(Non-Perfect)

OnpegeneHue

The rising sun was hidden by the
clouds. —Bocxogsuyee conHue 6110
CKPbITO Ty4Yamu.

The man smoking a cigarette is my
brother. - UenoBek, KypsLLuii

curapeTy, Mo 6part.

-MephekTHasn
(Perfect)
He ynotpebnseTcs.
B 3ToM cnyyae nepesof, faeTcs
NPUAATOYHbLIM MPEAIOKEHVEM.
At last they saw the man who saved
their son. - HakoHeL-TO OHU yBUaENU

MY>XUUMHY, CnacCllero nx CbiHa..



O6CTOATENBLCTBO O6CcTOATENLCTBO

(BpeMeHw, NpUYKHBI, 06pasa AencTems Having lived in Moscow for many

- yacTo ¢ coto3amu when, while) years he knew that city very well. -
When going home | met my brother, - MpoxxuB B MOCKBE MHOT O fIET, OH
WVas gomoit, s BCTpeTun 6pata. 3Ha/ 3TOT ropoj 04eHb XOoLLO.

YacTb NpoCTOro rnaroibHoro
CKasyemoro

He is canying out the experiment
now. —Celiyac OH NpoBOAUT

9KCMEePUMEHT.

The Participle 11 (The Past Participle) BblpaxaeT fe/iCTBME, 3aKOHYEHHOE MO
OTHOLLIEHMIO K IeACTBMIO, BbIPaXXEHHOMY CKa3yeMbIM, 1 COOTBETCTBYET PYCCKUM
MPUYACTUAM HACTOSLLErO BPEMEHW Ha - Mbli, -LLACS 1 NPOLLEALLIEr0 BPEMEHN,

OKaHYMBAIOLLIMMCS Ha -VHbIN, »TbIl, -ALLAACA.

e.g. A broken cup was lying on the - Pa3buTas yallika fexkana Ha cTone,
table.
dyHKuun Participle 11
DYHKLMA Mpumep
OnpepeneHne K CyLLeCTBUTENIbHOMY She mended the torn sleeve of her
(neBoe 1 npaBoe) dress (n1eBoe).- OHa NoYMHMNa NopBaH-

HblIii pyKaB CBOEro Mnarbsi.

The books taken from the library

must be returned next week (npaBoe)

KHurn, B3aTble B 6MGIMOTEKE,

[O/MKHBI 6bITb BO3BPALLEHbI HA

CnepaytoLLeii Heaene.
OO6CTOATENLCTBO When treated by a good specialist,
(4acTo ¢ corozamu when, if, the sick man began to feel better. -
unless) Korga 60/1bHOro Hayan fiednTb



XOpOLLMiA Bpay, OH MOYYBCTBOBA

ce6s nyuue.
YacTb MPOCTOro rnaroibHoro They listened to a very interesting
CKasyemoro concert yesterday. Buepa oHu ciywamm

VHTEPECHbI KOHLIEPT.

Hes3aBUCUMBIA NpUYaCTHbI 060poT
He3aB/CMMBIM NpUYACTHLIM 0BOPOTOM Ha3bIBAaeTCS Takoi 060pOT, B KOTOPOM
npuyacte  MMeeT CBOE  COBCTBEHHOE noanexaltiee, BbIpaXKeHHOE
CYLLeCTBUTENbHBIM B 06LleM nafexe (UM MeCTOMMEHMEM B VIMEHWUTENbHOM
nagexe). AHaNOMMYHOM KOHCTPYKLMM B PYCCKOM i3blke HeT. O6OpOT nepeBoauTCA
Ha pYCCKUiA A3bIK NPUAATOUHBIMU NPEANOXKEHNSIMU, KOTOPble BBOAATCA COMO3aMU TaK
Kak, NOCKO/bKY, XOT#, NOcne TOro Kak, Koraa, npuyem, a, ecniu,
e.g. The weather being fine, they went for a walk. - Tak kak noroga 6bi1a
XOPOLLas, OHW NOLN
rynstb.
1 3ameHUTe NPUAATOUHBIE NMPEASIOXKEHNS NPUYACTHBIMU 060pOTaMU.
1 While we were crossing the bridge, we saw D who was talking with an old man.
2. As we were very tired, we refused to go for a walk. 3. A large branch which had
been broken by the wind, lay across the road.4. At a conference of the Academy of
Sciences which is now being held in Moscow, a number of important scientific
problems are being discussed. 5. When we crossed the bridge, we saw a small village,
which was situated at the foot of a hill. 6. I'll show you the article which has been
written by my brother. 7. As he had been taught English by a good teacher, he knew
the English language weli. 8. The moon was invisible as it was hidden by a cloud.

2. 3ameHWTe NpyU4acTHbIE 060POTbI NPUAATOUHBIMY MPEANOKEHUAMMU.
1 A person bringing good news is always welcome. 2. While skating yesterday he
fell and hurt himself. 3, Having lived in that town ail his life, he knew it very well.



4. She showed the travellers into the room reserved for them. 5. When writing a
telegram we must use as few words as possible. 6. The leaves lying on the ground
reminded us of autumn 7. Books read in childhood seem like old friends.

3. MepeBeauTe Ha pYCCKWIA fi3blK (06paTUTe BHUMaHWe Ha Meeyo MpuyacTus B
aHIIMIACKOM U PYCCKOM $i3blKax),

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 .1have 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. MNepeBeuTe He3aBUCHMbI MPUYACTHBIA 060POT.

1. My sister having lost the key, | couldn't enter the house. 2. My task having been

finished, | went to bed. 3. Peter being away, Alexander had to do his work. 4. It being

very cold, they made a fire. 5. The rule explained, we started doing the exercises.

6. The preparations being completed, they began to climb up the mountain. 7. The
negotiations between the American and British representatives were conducted

behind closed doors, measures having been; taken that no correspondent should

receive any information. 8. The play being very popular, it was difficult to get tickets.

9. With the shipping strike in the United States still going on, arrivals of American
cotton in Liverpool were rather small.

5. MepeBeauTe NPe/IOKeHNs Ha aHTINACKUIA A3bIK.

1 1 cnpocun YenoBeka, YMTaBLLErO raseTy, KOTOpbIA Yac. 2. 1 BYepa roBOpwUA C
VHXXeHepoM, paboTaBLLMM Had STUM MPOEKTOM B MPOLLOM rogy. 3. OH He 3aMeTun
MUcbMa, NexaBLuero Ha Crone. 4. MpounTaB MHOFO MaTepuana o sToMy BOMpocy, OH
CMOT c/ienaTb 04YeHb UHTEPECHBIN foKNaA. 5. MHe CKasanu, UTo XeHLLMHa, CMaeBLLas
B KOpWO0pe, Xaana aupektopa. 6. OH NpUHEC MHe HECKO/MbKO W/MKOCTPUPOBAHHBIX
KYPHaNoB. 7. EFro HeOXMAaHHbI OTBET yaAMBUA Hac BCeX. 8. CKasaB 3TO, OH BbILLEN
13 KOMHaTbl. 9. CTyeHTbl, OKOHUMBLLIVE NMEPEBOA CTaTbM, MOTYT BbIATU U3 KOMHATI.
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10. ¥Y3HaB, 4TO0 OH Bce ewe B MockBe, d no3BoHUI emy. 11. Bonpochl,
06CyXaBLUMECs Ha MPOLLIOM co6paHMK, HbIIN OYeHb MHTEpeCHbIMU. 12. MepeBoas
CTaTblo, Mbl MOMb30Ba/MCb cnoBapeM. 13. XKenesHas [opora, COeAWHSIOLAs 3Ty
[IEPEBHIO C FOPOAOM, Oblna MOCTPOEHA B MPOLLIOM rogy. 14. F xody npounTaTb €W
KHUrY, TakK Kak MO NpusTenb, YUTABLUWIA ee, rOBOPUT, YTO OHA OYeHb UHTEPECHaS.
15. CHSB NafbTO U LAY, OH MOLLEN HaBepX.
FepyHaunii (The Gerund) - HennuyHas hopMa rnarona, KoTopas, Kak 1 npuyacTue |,
06pa3yeTcsi C NOMOLLbHO cyddurKea -mg, L06aBSIEMOro K OCHOBE Fnarosna.
MepyHauin 0bnafjaeT Kak CBOWCTBaMM r1arona, Tak U CyLLeCTBUTENLHOr0. B pycckom
A3bIKE aHaNOMM4HO DOpMbI HET. M0 CBOEMY 3HAUEHUIO FepyHAMIA MPUBnXKaeTcs K
PYCCKUM OTrNaro/ibHbIM CyLLECTBUTE/IbHLIM, 0603HaYatOLLMM MPOLECC (XOXKAeHUe,
06Cy>KeHre, YTeHVe 1 OT.4.)

dopmbl repyHans

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

HenepchekTHas (hopma repyHans 0603HadaeT AeiiCcTBIe, OfHOBPEMEHHOE C

[JelicTBMEM rarofia-ckasyemoro, Uiu 6yyliee no OTHOLLEHWIO K Fiarosy-

CKasyeMomy.
e.g. They accuse (accused) him of - OHU 06BMHAIOT (06BYHWN) €ro B
lying. TOM, YTO OH JDKET.

He dreams of becoming a doctor. - OH Me4TaeT 0 TOM, YTO CTaHeT
[IOKTOPOM.

MepthekTHas hopma repyHams 0603Ha4aeT AeiiCTBUE, NPEALLECTBYHOLLEE AE/CTBUIO
riarona-cKasyemoro.
e.g. He is proud of having won first prize. - OH ropauTcs Tem, 4TO 3aBOeBa/1

= nepsbIi Npu3.



OTtpuuatenbHast dhopMa 06pasyeTcsl MyTeM MOCTAHOBKWM 4acTvubl not nepep
repyHavem.
e.g. Not knowing her address, we couldn't - He 3Hasi ee agpeca, Mbl He MOr/n
go to see her. HaBEeCTUTb ee.
lepyHaMiA MOXET WMeTb Meped co6Oi npeanor, onpefeneHne, Bblpa>KeHHOe

nENTA>XKaTe/lbHbIM MECTOUMEHMEM UMK CYLWLECTBUTENBHOE B NPUTA>KATE/bHOM

nage>ke.
e.g. On seeing his father, the boy ran - YBUWEB CBOET0 0TUa, Ma/TbYMK
up to him. noa6exan K Hemy.
Do you mind onr being present? - Bbl He BO3pakaeTe MpoTvB TOrO,
YTOObI Mbl NPUCYTCTBOBA/IA?
We were surprised at Oscar’s - MbI 6111 YAMBEHbI TeM, UTo OcKap
coming so late. npuLLIeN Tak NO3g4HO.
DYHKUMN TepyHAUST B NPEASIOKEHUN
DYHKUUA Mpumep
Mognexxatlee Smoking is bad for you. KypeHue Bam BpesHo.
MMeHHas YacTb His hobby is collecting stamps. - Ero ntobrmvoe
COCTaBHOI0 CKa3yeMoro 3aHATUE - KOIEKLIOHMPOBAHWE MapOK.
YacTb cocTaBHOro She stopped reading. - OHa KOH4Wa YUTaTD.

rNaronbHOro CKasyemoro
Mpsimoe gononHeHwe Excuse my interrupting you, - I3BuHUTe, 4TO0 A
rnpepbIBato BaC.
MpennoXXHoe A0MNOSHEHNE She insisted on our not being late. -OHa Ha-
(ynoTpebnsieTcst nocne t060ro  CTamBasia, YTobbl Mbl He OrasabIBain.
rnarosia wim
npunaraTesibHoro, TpebytoLLEero
npeg/iora)
OnpegeneHve I see no other way ofdoing it.- A He BUXy

( ¢ npegnorom of) [pyroro criocoba caenatb 3To.



O6CTOATENLCTBO At hearing his name he turned round. —

(Bcerga c npea/iorom) YenblLwaB CBOe UMS, OH 06epHYcs.

CepyHANIA MOXKET MepeBOANTLCS Ha PYCCKUIA S13bIK CyLLLEC T BT €/bHbIM,
VH(OMHATVBOM, feenpuyacTyeM 1 NpuaaTOYHbIM NPEATO>KEHNEM.
e.g. | like his method of teaching. MHe HpaBMTCS ero MeTog NpenogasaHus.
It's no use talking to him. C H¥M 6ecro/1e3HO pPasroBapuBaTh.
He left without saying a word. OH yLLen, He CKa3as HU C/10Ba.
He was suspected of keeping Ero nogospeBanu B TOM, Y4TO OH YTO-TO

something from us. OT Hac CKpbIBaET.

epyHAnaNbHbIR 060pOT
"epyHAVa/IbHbIA 060POT COCTOMT U3 CYLLECTBUTE/ILHOMO (B MPUTSDKATE/TLHOM W
06LLEeM MafeXKe) WM MeCTOMMEHNS (MPUTSKATEIbHOTO WM JINHHOTO B 06bEKTHOM
nagexe) + repyHauiA. 3TOT 060POT YaCTO BBOAUTCS CI0BaMU:

YyTO; TO, YTO; TOrO0, YTOObI; YTOObI.

e.g. We were against Mr. Bond's - MbI BO3pa>Kasv MPOTYB TOr0, YTOObI
(Mr. Bond, his, him) going to M-p BoHa (oH) exan B LLBeliLaputo,
Switzerland.

I never heard of him behaving - 1 HMKOr Aa He Criblwar, YTobbl OH
like that. Be/1 ce6s1 TaKm 06pasom.

6. MMepeBeauTe NpeanoxeHus. MpaBUIBHO ONPefennTe, K KoMy (K YeMy) OTHOCUTCA
[eCTBYe, BbIpaXXEHHOE FrepyHIVEM.

1 | remember leaving a message for Mr. Howard. 2. 1. remember his leaving |

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. Wc



didn't mind cooperating with that organization. 6. We dont mind your 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 MpPUAATOYHbIE NPEANOXeHNs 060pOTaMu C repyHAMeM, NOCTaBuB, rae
TpebyeTcsi, COOTBETCTBYHOLLMIA MPesIor.

1 When | received the telegram, 1 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 i should stay at

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

8. MepeBeauTe Ha aHTNIACKNIA A3bIK.

1 Melcnb NPOBECTU KaHUKY bl Ha Bosre npuHaaneXxuT Moemy 6paty. 2. Bbl MoxeTe
YAYULIUTb CBOE MPOW3HOLLIEHWE, YUTast BCAYX KaXAbIA AeHb. 3. A fymato noexatb
Tyfa oceHblo. 4. [loXab nomellan MHe NPUATU K BaM BYepa. 5. A npegnouyuTtaio
XWTb Ha cesepe fIeToM. 6. MnaHypys BuLy paboTy Ha ByayLumin MecsiLl, Bbl JO/MKHbI
NPUHATL 3TO BO BHUMaHue. 7. CTOUT i uutaTb 3Ty KHWUry? 8. OHa Bbiwia u3
KOMHaTbl, He MOCMOTpeB Ha Hac. 9. [lepecTaHbTe pasrosapuBarb. 10. A He
BO3paXXato, YTOObI OH noexan ¢ Bavu. 11. OH NOTYLIMA CBET, Nepes TeM Kak BbIATU
13 KoMHaTbl. 12. {1 nobnarogapun ero 3a To, YTO OH KyMnuia MHe TakKue WHTEepecHble
KHUrK. 13. Mbl He MO/ He paccMesTbCs, Korga ycnbiwanu 37o. 15. OH OTBETCTBEH

3a NnpoBeAeHne aKCneprumMeHTa.



OcHOBHON KypcC
1 3anomHuTe CfoBa.
to discharge - BblbpacblBaTh, paspshkaTb
h.p. —horsepower - folwaanHas cuna, MOLHOCTb B /1.C.
rear -3agHsad4acTb
front - nepeHsAs YacTb
to meet requirements - 0 TBe4aTb TPe6OBAHUAM
to push - Tonkatb
sifficient - gocTaTouHbIi
consumption - pacxog, noTpebneHne
to create - co3gaBaTb, TBOPUTb
to differ - oTMuaTbeA
efficiency - aghpekTMBHOCTD
gasoline - ra3onvH, 6eH3nH
to arrange - pacnonaraTtb, MOHTMPOBATb
prime mover - 0CHOBHOI MCTOUYHUK ABVXKEHWA, [BUraTeNb
blade - nonatka, nonacTb
weight - Bec
stroke- TakT, Xoq,
to raise - nogHUMaTbL
to solve - peluatb
lightness - nerkocTb (0 Bece)

airscrew - BO3AYLUHbIA BUHT

2. TlepeBefuTe NPeAnOXKeHNUS Ha PYCCKUA 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 ofthe engine.



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

5. Modem turbojet engines can meet all the requirements oftoday's aviation.

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

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

3. HaiignTe: a) cnoBa-CMHOHWUMbI:

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

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

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

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

4. BblbepuTe Hy)XXHOE MO CMbIC/TY C/OBO.

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. MepeBeaunTe CNefyoLLMe COBOCOYETAHUS.
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. MpouTnTe 1 NepeBeaunTe CNEAyHOLLME UHTEPHALIMOHA/bHBIE C/IOBA.

Propeller, gas, temperature, plane, problem, cycle, principle, combine.

7. HaiiguTe B NPeANOXEHNSX Farofbl ¢ ing-OKOHYaHMeM, orpeaennTe nx yHKUMIO,
nepeBeauTe NPeLSIOKEHNS.

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. HaiiguTe npeanoxeHus, a KOTOPbIX 06CTOATENbCTBO BbIPaXKEHO F1arosiom ¢ ing-
OKOHYaHWEM, 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 series of new

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

began conducting the experiment last year.

9. BbigenvTe rnaronbl ¢ OKOHYaHWeM -ed, onpefenunte ux gyHkumto. MepeseauTe
3Ta NPeA/IoXKeHNs.

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 Tor many purposes disei engines have certain disadvantages.

6. When used, a jet engine produced high-pressure, high-temperature gas. 7. If
required, the pressure Will be increased. 8. As proved by engineers the devices must

be changed. 9. Though finished, the work was not a success. 10. The power plant

supplied much energy. 11. The air accelerated passed through the fan.

HO.BblgcnuTe npesoXeHus, obpallas BHMaHWe Ha NepeBof He3aBMCUMOro
MpWYacTHOro 060poTa B 3aBUCMMOCTM OT ero MecTa B NPeAIoXKeHWIA:

a) Tak Kak; MoCKO/bKy, XOrfia; ecu; nocse Toro Kak...

Mogenb: Everything being ready, we can start making experiments. - Tak Kak (ecnu,

Kor,qa) BCe r0T0BO, Mbl MOXXeM NPUCTYNUTL K 3KCMepuMeHTam. &



1. The mechanic repairing the engine, | went to the chief engineer instead of him.
2. The engine being repaired, we shall be able to use it in our work. 3. The mechanic
having repaired the engine, the engineer examined it. 4. The engine having been
repaired, we could use it in our work.

6) a, 1, HO, NpPUYeM, 1N GECCOO3HO.

Mogenb: We have three lectures today, the last being on physics. - ¥ Hac cerogHs
TPW Nekuumn, npuyem (1, a) NOCNEAHSAN MO PU3NKe.
I. New engines were brought to the plant, all of them being in good order. 2. The
professor entered the lecture hall, the assistant following him. 3. The plan was
discussed in detail, many workers taking part in the discussion. 4. The lecturer spoke

on the problem of space research, his lecture being illustrated by diagrams.
I1. MpouTnTe TekcT A.

Text A
Aircraft Power Plant

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

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

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

One ofthe 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.
26/



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 the engine

weight.

12. MpouTKTe TEKCT elLe pas. HaliauTe NpeAnoXeHws, B KOTOPbIX YNoTpe6AsoTes
CeflytoLLMe CoBa:

1) camoneT, UCMbITLIBATb, CHABXEHHbII, NapoBbIe ABUraTeNN.

2) NpVBOAUTL B ABMXKEHWUE CAMOSIET, HEAOCTATOUHO JIErKUIA Y MOLLHBI;

3) nepBblil 6EH3MHOBbIN ABUraTeNb, MPUHLMM YETbIPEXTAKTHOTO LIMK/A.

13. OTBeTLTE Ha BOMPOCHI M0 COAEPXKaHUIO TEKCTA.

1 What is the main characteristic ofa turbojet enginel? < ft***
2. How does a turbojet engine create a forward thrust?

3. How many engines were installed in the Mozhaisky aircraft?

4. What kind of engines were installed in the Mozhaisky aircraft?

5. What are the disadvantages of steam engines? *

6. What engine was designed by Yagodzinsky?

7. On what principle did this engine work?

14.3anonHnTe Mponycku cnoBamMy M3 akTUBHOTO C/10BapSI.

1. A turbojet engine ... backward ajet ofair and gases.

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

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

weigh, solve, front, sufficiently, to raise.

15. JononHWTeE Ananor rno CoLepXXaHUio TeKCTa.

A: What are the disadvantages o f steam engines?

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

AL?

B: The gasoline engine attracted the attention o fmany designers.

A: What important problems remain unsolved?

B:....

ALL?

B: All well-known types Ofengines derive their energy from fuel combined with

oxygen.

16. MepeBeanTe NPELNIOKEHVS C HE3aBUCKIMbIM MPUYACTHLIM 060POTOM.

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

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

3. Several servo systems are required, the signal 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 the nozzle can be calculated.



17. MepeBeauTe NpeanoXeHWs, 06paLLas BHUMaHKE Ha CIOXHbIA repyHANanbHbIiA
060poT.
1 Tsiolkovsky’s having led the foundation ofa new science-theory of rocket
flying is a well-known fact.
2. These turbofan engines couldn't be used in this design because oftfieir being
too heavy.
3. Due to the coolant being pumped through the reactor excessive temperatures
are prevented.
4. Successful travelling ofa satellite depends on their having been set on a proper
orbit.
5. Their heating the gas changed the results o ftheir experiments.
6. He insisted on his machine being tested at once.

18. MNepeBeanTe NUCbMEHHO TEKCT B.

TextB
Jet Engines

Jetengines use the 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 ofa fuel.

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

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



YPOKW 9-10

O630p rpamMmmaTUUYeckoro matepuana: VIHGUHUTUB U MHUHUTUBHBIE 060POThI.

WHpuHnTMB (The Infinitive) (HeonpegeneHHas opma rnarona)npeacrasnser
cO60li HeNMUHYI rnaro/fibHyt0 (opMy, KOTOpas TO/MbKO HasblBaeT [AelibTeue, He
yKasbIBas HU LA, HU Ym1cha.

dopmasbHbIM NPU3HAKOM UHMHUTIBA AB/SETCS YacTumLa to. OfHaKo B HEKOTOPbIX
CNyyYasx YacTuLa OnycKaeTcs.

®opMbl UHPUHUTUBA

Infinitive Active Passive

Indefinite to ask be asked
Continuous to be asking

Perfect to have asked to have been asked
Perfect Continuous to have been asking

ViHduHuTuB B thopme Indefinite ynoTpebnsieTcs, Koraa AeicTBuUe, BbIpaXXEHHOE UM,
OfHOBPEMEHHO [EMCTBMIO, BbIPXKEHHOMY [/1ar0/IOM-CKa3yeMbIM WM OTHOCUTCA K
OyayLiemy BpeMeHU (MHUHUTMB B 3TUX Cy4asx ynoTpebnseTcs nocne MoaaibHbIX
rnaronos may, must, should, ought n nocne rnaronoe to expect - oxugatb, to
intend - HamepeBaTbCsi, t0 hope - HameaTbcsi, to want - XOTeTb M HEKOTOPbIX
APYTUX).

e.g. | am glad to see you. - #pag Bac BULETD.

It was pleasant to speak to him. - Bblf0 NPUATHO NOFOBOPUTBL C HUM.

He may come tomorrow. - OH, MOXeT 6bITb, MPUAET 3aBTpA.

I hope to see him at the concert. - { HaferOCb YBMAETb €r0 Ha KOHLEepTe

He has a great desire to be - OH 04eHb XOYeT, 4TOObI €ro NPUrNacUMn Ha
invited to the party. Beyep.

WHmH1TUB B hopme Continuous ynoTpebseTcs, 4ToObl BblpasuTh AelAiCTBIE,
[/siLLeecs B TO BPEMSI, KOTAa NPOVUCXOAUT AeiiCTBME Fnarona-ckasyemoro,

e.g. The weather seems to be improving. - Moroga, KaXeTcs, yny4LlaeTcs.
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It was pleasant to be driving the car - bbifl0 NPUATHO CHOBa BECTH

again. aBTOMOGW/Ib.
WHuHnTB B hopme Perfect ynotpebnsetca a1 BblpaXeHUs AeincTBums
MPeALIeCTBYOLEr0  Ae/iCTBUIO,  BbIP@XKEHHOMY  [/1arofloM-CKasyeMbIM, — Mocne
MOJ&/bHbIX F1aronoB must 1 may [HS BbIpaXXeHUs! NPeanoao>KeHuns rro AeicTeme
y>Ke COBepLUMIOCh, Mocne modanbHbix rnaronos should, would, might, ought n was
(were) a5 0603Ha4EHMA AENCTBMSA, KOTOPOE AOMKHO UM MO0 COBEPLUMTLCS, HO B
[eliCTBUTENbHOCTY He COBEPLUMIOC.
e.g. I'm glad to have spoken to him. “ $ paga, 4To norosopusa ¢ HUM.

There was no light in the windows. - B okHax He 6b1/10 cBeTa. BeposTHO,

Everybody must have gone to bed. Bce nernu cnatb.

I'm glad to have been invited. U A paga, YTo MeHs MPUriacuIn.
WHmHnTMB B hopme Perfect Continuous nokasbiBaeT, YTO BbIpaXXEHHOE UM
[eficTBYE HAYaNOCh [0 AEeMCTBUS FN1arofa-CKkasyemoro 1 BCe eLlle NPOLoMKaeTCA.
e.g. He is known to have been working - /3BecTHO, 4T0 OH paboTaeT Hag
on this problem for many years, Npo6n1emMoii B Te4eHNe MHOTUX fIET.

DYHKLUMN UHUHUTUBA

DyHKUUN Mpumep

Mopnexatlee To skate is pleasant. - KataTbcsl Ha KOHbKax
MPUATHO.

YacTb COCTaBHOro Your duty was to inform me about it

MMEHHOr0 CKa3yemoro immediately. - Balueli 06513aHHOCTbtO 6b110
CO06LUMTL MHE 06 3TOM HEMEZ/IEHHO.

YacTb cocTaBHOro We decided to spend the summer in the

rNaroNbHOro CKa3yeMoro Crimea.- Mbl peLunnun nposecTy neto B KpbiMy

B couetaHuu ¢ MoganbHbIMU

rnaronaMmm U nx sKBMBaJIeHTaMu:



to be sure (HecomHeHHO), to be  He must know her address. - OH, JOMKHO
certain (6e3ycnoBHo), to be 6bITb, 3HAET ee agpec.
likely (BeposiTHO), to be unlikely ~ She is unlikely to come. - OHa Bpsig
(BEPOATHO He, BPsA ). npuget..

Itis likely to rain, - BeposiTHO, NOMAET A0OXApb.

[JononHeHne | asked him to help me. A nonpocwun ero
NMOMOYb MHE.

OnpepeneHne He expressed a desire to help me. - OH
BbIpa3u/ XKenaHne NOMoYb MHe.

YacTo nocse cnos: the first, They are always thefirst to come. —OHu

the second, the third. BCErfa npuxoasT nepebIMM.

O6CTOATENBCTBO: I went to the station to see my friend off.-

uenm: 1 moLuen Ha cTaHUMIo, YTO6bI NPOBOAUTH
apyra.

CNneacTBusA: He is too young to understand it.- OH

C/IMLLIKOM MO/10A4, YTOObI MOHSATH 3TO.



O6bEKTHBIN UHPUHUTUBHBIA 060poT (Complex Object)

OO6BEKTHbIA MH(UHUTUBHLIA 060POT COCTOMT W3 CYLLECTBUTENLHOIO B O6LLEM
nagexe nim NMYHOro MECTOMMEHUSA B 06BEKTHOM Nagexxe (me, him, her, you, them, us) n
WHOMHWTMBA. Ha pycckuil £i3blK  MepeBoauTCS  AOMOMHWUTENbHBIA  NPUAATOUHBIM
npea/oXXeHVEM, BBOAMMBIM COK3aMU «4TO», «UTOBbI»;

e.g We know this scientist to have made Mbl 3HaeM, 4TO 3TOT YUeHbIii caenan

an important discovery in electronics. BaXKHOE OTKPbITWE B 3/IEKTPOHMKE.

They want us to stay. OHM XOTAT, YTOObI Mbl OCTA/INCh.

O6BEKTHBIN MHPUHUTYBHBIA 060POT ynoTpebnseTcs; '

nocne rnaronos: wish, want, would like (Mepeg MHOUHUTVBOM CTaBUTCS
yactuua to):

e.g. Do you really want him to come?  Tbl Ha CaMoM fiefie X0oueLLlb, YTOOb! OH

npvwen?

rocne rnaronos, Bblpaxarowmx npegnonoxeHune: expect think, consider, believe,
suppose, find (cumTatb). IHQUHX TUB € YacTuLieli t:

e.g. We expect him to arrive tomorrow. Mbl 0Xu1gaem, 4To OH NpUeAET 3aBTpa.

nocne rnarofioB CO 3HaYeHMEM «(M3MYECKOro BOCNpuATUs»: see, watch, notice, hear,
observe (MIHpmHWUTVB 6e3 YacTuubl to). Mocne sTUX rnaroioB MOXET YNOTPe61saThCs Kak
MHQUHUTUB (ecnn  [eiicTBMe 3aBeplLUeHo), Tak W npuyactme | (ecnm peiicTeue
npoaomkaeTcs):

e.g. He saw me approach die gate. ~ OH Bugen, Kak i IOA0LIEN K Ka/INTKe.

He saw me approaching the gate. OH BMAen, Kak s NOAXOAUN K KalUTKe.

MOC/e rNaro/oB, BbIpaXXatoLLMX NPOCLOY, COBET, pas3peLLeHne N NobyXaeHue K
penctemto: ask, allow, tell, order, make, let, have.

e.g. They asked me to check the facts. OHu nonpocuny MeHst NPOBEPUTL PaKTbI.

Mocne rnaronos make, let have MHOMHUTMB ynoTpebnseTca 6e3 vacTuupl to.

e.g. What made him give up his hobby?  Uto 3acTaBuno ero 6pocuts CBOE

Ntobumoe 3aHsTne?



I’ll have her come whether she A 3aCTaB/IO ee NPUIATK, XOUET OHa 3TOro

wants to or not. W/IN HeT.

Mocne rnarona to have B KauyeCcTBe BTOPOr0 3/IEMEHTA C/I0XKHOIO AOMOSHEHWS YacTo

ynoTpebnsetca npudactve 1l ana  0603HaYeHWss [elCTBUS, BbIMOSHAEMOrO He

nognexawmm, a apyruM sMLoM; nNpuyeM B pasroBOpPHONM peun rnaron to have vacto

onyckaeTcs. CpaBHUTE:

e.g. She made a dress.  OHa (cama) CLUMNA NNaTbe.

She had a dress made. OHa clumna (eit cumaK, oHa oTAaBana LWnTb) NnaTbe.

I'Vejust had my car MHe TO/IbKO Y4TO OTPEMOHTUPOBA/IA MaLLIMHY,

repaired.

BonpocuTenbHas 1 oTpuLaTeNbHas hopMbl 06pasyoTcst Npy noMoLLy rnarona do:

When did you have your car repaired? He didn't have his car repaired last year.
Cy6beKTHbIN MHGMHUTUBHBIN 060poT (Complex Subject)

Cy6beKTHbIi UHPMHUTUBHBIA 060POT COCTOWUT M3 CYLLECTBUTENBHOIO B OOLLUEM Nagexe

(Mnn MecToMMeHMst B 0OLLEM Nagexe) u MHADMHUTMBA (BCerga ¢ YacTuuein to). Mepesog

npesioXeHuiA crieflyeT HauMHaTb CO CKa3yemMoro U, ecim TpebyeTcsi Mo CMbIChy,

BBOAWTCA COHO3 YTO.

Mexay KOMMOHEHTaMU CIOXKHOO NMOZ/IEXALLEr0 MOXET CTOAThL CKasyeMoe,

BbIPXXEHHOE:

rnarosiom B hopme CTpagaTenbHOro 3asora: 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

nap.

e.g. She is known to speak three  13BeCTHO, 4TO OHa FOBOPUT Ha TPEX

languages. A3bIKaxX.

rnaronom B hopme AeicTBUTENBHOIO 3an0ra: to seem (Kasatbcs), to appear, to prove

(okasbiBaTbCA), to happen (cnyyartbces, OKasaTbCs).

e.g. This substance seems to possess - KaxxeTcs, 370 BellecTBo 061agaet

useful properties. None3HbIMY CBOMCTBAMM.

B coveTaHmsx: to be likely, to be unlikely, to be sure, to be certain.



MNHOMHUTUBHLIN 060p0oT ¢ npegioromfor
For + cyllecTBATeNbHOE B OOLLEM MajeXe WM MeCTOMMEHWE B 0OBEKTHOM Mafiexe +
VHMHUTYB. Ha pycckuii A3biK Yalle NepeBOAUTCS MPUAATOYHBIM MPEeSJIOKEHNEM, e.g.
For the decision to be correct. UT06bl peLLeHmne ObIN0 NpaBUbHbIM,
ail facts must be considered. cnefyeT yyecTb BCe aKTbl.

It is necessary for her to be patient. Ei1 Hy>XHO ObITb TEPMENVBOIA.

I, MepeBeguTe Ha PyCCKMit A3bIK.

1 I called every morning to see if there was any news. 2. We stopped to have a smoke.
3. He came here to speak to me, not to you. 4. The car was waiting at the door to take
them to the station..!. This doesn't seem to be the right key. 6. To meet the increased
demand for industrial goods, a great number of new shops have been opened in the town.
7. He was the first to raise the question. 8. There is no need for the steamer to call at
Tuapse. 9. It was necessary for him to return immediately. 10. There is no reason for us to
change the terms of payment. 11. There was no time for them to examine the goods that
day. 12. It's too late for you to go there. 13. Tell me what would you like me to do.
14. Seeing her enter the room he rose to greet her. 15. Hearing the bell ring he went to see
who was at the door. 16. Did you feel the bridge shake? 17. We lay in the shade of the
tree, waiting for our friends to come. 18.1 don't like you to say such words. 19. His
childhood is said to have been very difficult 20. We knew him to be very brave. 21. He
asked for a telegram to be sent to his son. 22. They are expected to send a reply today.
23. I'll have the secretary call up the embassy 24. She is unlikely to forget it. 25. What
makes you think so? 26. We watched the plane take off. 27. Why don't you have your
assistant do the job? You said you could rely on him. 28. Steve was believed to be very
good at this sort ofthing. 29. He is sure to expose himselfsooner or later.

2. MepeBeamnTe Ha aHTNNIACKNI S3bIK.
1 4 xoTen 6bl, YTOObI Bbl OOBACHWNM MHE 3TO MPaBWIO elle pa3. 2. UTO Bbl XOTUTE,

uToGbI 51 caenan ans Bac? 3. Bbl CAbILLANM KOFAa-HUGYb, Kak OH MoeT? 4. A cbilan, uTo
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OH npuexan B Mockay, 5. OHU He BUAENW, Kak OH Bowen. 6. HUKTO He oxxugas, YTo OHM
yeoyT Tak CKOpo. 7. Ero cuMtatoT YecTHbIM 4enoBekoM. 8. A yBuMAen, Kak maluvHa
3aBepHy/ia 3a yron v ncuesna. 9. A cunTaro, UTo OH OTBETCTBEHEH 3a 3T0. 10. BpsAg v oH
3To cgenaeT. 11. Xo4eT M OH, 4TOObI Mbl MOMOryM emy? 12. BbiAbllWanm, Kak OH
BbicTynan (roBopwn) BYepa Ha cobpaHun? 13. { Bufena, kak OHa nofowna K
MUCbMEHHOMY CTONY W B3ffa NUCbMO, Nexxatlee Tam, 14. Cnblwa, YTO ero AoYb Miayer,
OH BCTan 1 30LLeN B COCEAHIOK KOMHaTy. 15. A nonarato, YTO OH OMbITHbLIA LOKTOP.
16. A cunTalo ero NyylMM MHXEHEPOM Ha Hallem 3aBofe. 37. OH He XOYeT, YT06bl ero
Joub exana B Mocksy. 18. Mpeanonaraetcs, YTo B 3TOM paiioHe 6yAeT MOCTPOEH HOBIl
ropoa. 19. A xoten 6bl, 4TO6bI Bbl MpUrAacKIM ero Ha eyep. 20. Mbl CTOSM Y BOPOT,
oXunpas, Korga npubyaeTr MawuHa. 21. Mbl 0Xufaem, YTO TOBapbl 6yayT 4OCTaBfeHbI
yepes TpU Hedenw. 22. Ham TpyAHO chenatb paboTy B Takol KOPOTKMIA CPOK. 23. TekcT
6bl1 CMWKOM TPYAHbIA, 4YTO6GbI OH MOr nepeBecTM ero 6e3 cnoeapsi. 24. Ceiivac
CIULLIKOM NO34HO, 4TO6bI AeTn Wwan rynatb. 25. He cmewuTte meHs. (He 3acTaBngsiiTte
MeHsl cMesATbCs). He paspeluaiiTe AeTsM UrpaTb Ha OTKPbITOM BO3gyxe. CerofHs ouveHb
XOM0AHO W BeTpeHo. 26. [IMpeKTop Benesl CEKpeTapio Hareyararb [AOKYMEHT B Tpex
ak3emnnspax. 27. BeposTHO, noingeT Aoxab. 28. 3BECTHO, YTO YepHbIN LiBET NOr/oLaeT
CBETOBblE flyuyn Haubonee WMHTEHCMBHO. 29. KaxeTcs, YTO MyX4MHa He Yy3Han Bac.
30. MHe nounctnnm KocTioM. (A oTAaBan ero B UucTky). 31. A oTgam MalluHy B PEMOHT

(MHe OTpeMOHTUPYIOT MaLLKHY) B ByayLiieM MecsiLie.

OCHOBHOI1 KypC

1 3anomHuUTE creaytoLime CNoBa 1 BbipakeH s,

to bypass - 06X0AnTb 06X0AHBLIM MyTEM

bypass turbojet engine - [IBYXKOHTYPHbIN Typ6opeakTVBHbI ABUraTb
to operate - paboTtaTb

subsonic - [l03BYKOBOWA

to seem - KasaTbCs

to be well suited - XOpOLUO NoAX0AUTL, COOTBETCTBOBATb



to utilize MCMoMb30BaTb

tailpipe BbIX/0MHas Tpy6a

reheat nojorpes

augmentor thopcaxkHas Kamepa
propulsion [Burartenb, CU0Bas yCTaHOBKA
excess M3ObITOK, N3NNLLIEK

2. [MepeBefuTte NpeanoXeHms.

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. An augmentor is an installation increasing thrust.

3. MpouTnTe 1 NepeBeanTe VHTEPHALMOHANLHBIE C/I0BA.

Diagram, type, propeller, characteristic, effective, modem, principle, concentrate.

4. HaliguTe cnoBa c OAMHAKOBLIM 3HAYEHVEM:
operate, utilize, propulsion, propellant force, significant aim, attain

power plant, fuel, power, important, us®, get, work, task.

5. HaiignTe cnoBa ¢ NPOTVUBOMO/MOXKHbIM 3HAYEHWEM:
subsonic, solid, civil, excess, various, initiate, accelerate
military, lack, the same, liquid, finish, slow-down, supersonic.

6. MepeBeauTe NpeaIoXkKeHUsl, 06paTUTE BHAMAaHUE Ha MECTO M NEpeBO MHPUHUTKBA B
(hYHKLMM 0BCTOATENLCTBA.

O6pasel; To find more information about the flow in the compressor we must determine
its angle velocity. - a5 TOro 4to6bl NOAYYMTL JONONHUTENLHBIE CBEAEHNS O MOTOKE B

KOMIMPEccope, Mbl JO/HKHbI M3MEPUTL Er0 YTI0BYIO CKOPOCTb.



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

2. Both solid and liquid fuel rockets are used to attain a highly concentrated power.
3. To drive the fan a turbofan engine has additional turbine stages.

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

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

7. MepeBeanTe NPeanoXeHus, 0bpaLlas BHUMaHKEe Ha MECTO M NepeBof UHAUHWUTVBA B
(hYHKLMU NOANeXaLLEro.

O6paseu;: To utilize bypass engines for civil and military aircraft is desirable.

YKenaTenbHO  MCMOMb30BaTh  ABYXKOHTYPHbI/i  TypOOpeaKTUBHbIA — fABuratens  Ans

rPaXJaHCKMX U BOEHHbIX CAMO/IETOB.

1To know jet 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. MepeBeuTe NPeaIoXKeHUs, 06paLLas BHUMaHWe Ha NepeBof MHDUHUTMBA B (DYHKLWN
onpegeneHus.
O6pasel; The engines to be used in space are very powerful. - [iBuratenu, Kotopble
[OMKHBI MPUMEHSITLCA B KOCMOCE, 04eHb MOLLHbIE.

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. MNepeBeanTe NPeASIOXKEHNS, 06paLlas BHAMaHWe Ha NepeBof MHDMHUTIBA B COCTaBHOM
MMEHHOM CKa3yemoM.

O6paszeu; The main function ofthe turbine is to provide power for the mechanical

compressor. —OCHOBHas (hYHKLUMS TypOMHbI - JaBaTb SHEPrU0 ANs MeXaHW4YecKoro

KOMMpeccopa.



1, The function of a diffuser is to convert the Kinetic energy of the entering air into a
pressure rise.

2, The function ofthe injector is to receive the liquid propellants and direct them in
the liquid streams.

3, The aim ofthe igniter is to initiate combustion.

10. MepeBeanTe NpeanoXeHus, 06paLlas BHUMaHVe Ha NepeBOA MHDVHUTIMBA B (yHKLMM
4acTM COCTABHOIO FN1aro/IbHOr0 CKasyemMoro v A0MNo/IHEHWS.
O6pasew; Hie weight ofthe propulsion system is to be divided between fuel and engine. -
Bec c1n0BO yCTaHOBKU [JOMMKEH ObITb MOAENEH MEXAY TOMIVBOM U BUraTe/eM.
1 The total weight of the airplane can be divided among the airplane, the propulsion
system and payload.
2. The engineer wanted to ensure the successful operation of bypass turbojet engine.
3. We should like to utilize the subsonic engines for civil aircraft.

11. MepeBeauTe NPeAI0XKEHMS, ONPeaennB OYHKLMI MHPUHATUBA.
1. To build a new engine in time is essential.

2. To build a new engine it is necessary to make various calculations.
3. The engine to be built is ofgreat importance.

4. Our aim is to built a new engine

5. The engine has to be built as soon as possible.

OO6BEKTHbI 060poT

12. MepeBeauTe NPeANOXeEHUS, 06paLLas BHUMaHVe Ha NepeBoj 06LEKTHOMO
VH(UHUTBHOrO 06opoTa.

O6pasew;; We know him to be an aircraft engine designer. - Mbl 3HaeM, 4TO OH
KOHCTPYKTOp aBMaLMOHHbIX ABUraTeNei.

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

Cy6beKTHbI 060poT
13. MNepeBeanTe NPEANIOKEHNS C CYObEKTHLIM UHPUHUTVBHBIM 060POTOM.

Obpasew;: This machine is known to operate with great speed. - 113BecTHO, 4TO 3ra

MaLLHa paboTaeT ¢ 60/1bLLION CKOPOCTbHO.

1. Bypass engines are known to operate at high subsonic speeds.

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

3. The subsonic engines seem to be well suited for civil aircraft

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

5. The bypass engine is considered to approach the favourable jet characteristics the
propeller.

6. Such engine is regarded to be a thrust-augmentor.
14. IpoyTnTe U NepeBeanTe TEKCT A

TextA
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 feu reheat. It means to bum extra fuel to increase she thrust to a greater
extent Usually the propeller becomes less efficient at speeds higher than 450-500 m. p.h..
Bit the bypass is considered to approach the favourable jet characteristics o fthe propeller.
Therefore we suppose the bypass engine to be a thrust augmentor and effective means for

propulsion of modem aircraft vehicles.



15. OTBeTLTE Ha BOMPOCHI MO COAEPXaHMIO TeKCTa.
1. What do you know o fbypass turbojet engines?

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

16. 3anonHUTE NPOMYCKX CI0BaMu 13 aKTUBHOTO C/10Bapsi.
1. Mostturbojets... best at relatively high altitude. There is no simple explanation
for the fact that they are so ... to high-altitude....
. Bypass engines may be... both for civil and military aircraft
The cold temperature ofthe air at high altitude gives an engine extra....

A large amount of... air in the... is used for reheat.

a oA w N

. The bypass engine is supposed tobe a___

17. Haligute B TeKcTe fBa criydast ynotpebneHns cnosa ''means’”. O6GbsCHWTE, Kakoi

YaCTbH PeYN OHO ABJIAETCA B TOM U APYTroM c/iy4yae.

18. O6paTVTe BH/MaHWe Ha NepeBos, CNeayoLLmMX C/0B. 3TO NOMOXKET BaM MOHATL TEKCT,
fluid - Xxngkoctb

acquire - rnosy4yatb

heat exchanger - TeN1006MeHHNK

impulse turbine - akTBHasA TypoyHa

reaction turbine - peakTBHasi Typ6mHa

shaft-san

smooth - poBHbIiA, rNagKunii

streamlined - 06TekaemblIii

consideration - coobpakeHue



19. MpouTuTe 1 NepesesuTe TEKCT B.
Text B

The Turbine Nozzle
The turbine nozzle performs two functions:

1 It transforms a portion of the energy of the fluid, acquired in the heat exchanger,

into kinetic energy.

2. a) in the impulse turbine it directs the high-velocity fluid jet against blades which

are free to move in order to convert the kinetic energy, into shaft work;

b) in the reaction turbine the nozzles, which are free to move, discharge high-
velocity fluid. The reaction force of the fluid against the nozzles produces
motion and the work is done.

For the first function to be performed efficiently, the nozzle walls must be smooth,
streamlined and so proportioned as to satisfy the changing conditions of the stream of gas
flowing through the nozzle. For the second function the nozzle should discharge the fluid
at angle with the direction of a blade motion to allow a maximum conversion of kinetic
energy into work.

The main consideration in nozzle design is expected to provide a nozzle of proper
wall contour. For nozzle design the engineer is sure to have at his disposal four
fundamental tools or relations: 1) the first iaw 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, NPaBUILHO MEPEBEANTE U 00BSCHUTE YOTPe6IeHme:
a) cnosa “against” Bo 2-m ab3alle TEKCTa;

6) pasnnuue B nepeBoge cnosa “for” Bo 2-m 1 3-M ab3auax TekcTa.

21. Haingute B TekcTe:
a) CUHOHMMbI K CNIOBaM:;
to convert, part, to get, speed, movement, flow, chief, necessary, main;

6) aHTOHMMbI K C/I0BaM:



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

22. HaiignTe B TeKcTe BCe CMlydaun ynoTpe6ieHns UHMHUTMBA. OnpeaenuTe QyHKUAN 1

npaBUNbHO NnepeseanTe NPensI0XKEHNA C HAM.

23. Hailgute B TeKCTe NPeLIOKeHUs, B KOTOPbIX FOBOPUTCS O TOM:
1) kaKoBa (DYHKLMS NONATOK B aKTUBHOWN TYpOMHE;

2) KakoBa (PyHKLMS COMNNa B peakTUBHOMN TYpOUHE;

3) KaKUMU JO/MKHbI ObITb CTEHKM COMJia B aKTUBHOW Typ6OuHe.

24. TIncbMeHHO nepeBeAmMTe NOCNeAHWIA ab3al, TekcTa B.
25. MepeseguTe TekcT C 6e3 cnosapsi.

TextC
The Ramjet

The ramjet engine is an air-breathing engine which operates on the same principle as
the turbojet engine. Its basic operating cycle is similar to that of the turbojet. It
compresses the incoming air by ram pressure, adds heat energy at a high pressure,
converts the heat energy to velocity, and produces thrust. By converting the kinetic energy
of incoming air into pressure, the ramjet is able to operate without a mechanical
compressor. Therefore, the engine requires no moving parts and is mechanically the
simplest type ofjet engine which has been devised. Since it depends on the velocity of the
incoming air for the needed compressor the ramjet will not operate statically, that is when
it is not moving. For this reason, it requires a turbojet or rocket assist to accelerate it to

operating speed.



YPOK n

0630p NPOAEHHOr0 rpaMMaTUUeCKoOro matepumana

1 3anomMHuTe cefytoLme CioBa U BbIPaKEHUS.

due to - 13-3a, BCNeACTBYE, 06YCNOBMEHHbIN
essentially - Mo CYLLEeCTBY

to store - XpaHUTb

tank - 6aK

advantage - MpenMyLLEecTBO
extremely * KpaiHe, Ype3Bbl4ainHo
altitude - BbICOTA

extensive - 06LUMPHBbIIA, 60MBLLON
booster - YCKOpUTE/b

guided - ynpaBnseMbii
auxiliary W, BCMOMOTaTe/bHbIi

to enable - [laBaTb BO3MOXHOCTb

2. TlepeBeauTe NPeaIOXKEHNS.

1. Its great velocity is due to high power.

N

. Arocket engine is essentially a tube.
. Oxygen is stored in a separate tank.

3
4. The rocket engine can be used at extremely high altitudes.
5. Rockets find extensive use.

6

They are used as boosters for missiles.

w

HaiigmTe cnoBa ¢ 0AMHAKOBbIM 3HAYEHUEM:
motion, essentially, rapidly, velocity, extensive, primary, auxiliary

secondary, quickly, great, main, movement, mainly, speed.



4. HaiiguTe cnioBa ¢ MPOTUBOMONOXKHBIM 3HAYEHVEM:
forward, auxiliary, primary, solid, rapid, high, separate

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

5.MpocmoTprTe TEKCT A 1 06bSICHUTE:
1) KaK nepeBOAUTCSA CNOBO “Means” B 4-M ab3aLlie TeKcTa.
2) KaK nepeBecTy BbipaxxeHue ""a rocket driven vehicle” (4 a63.) K yemy 0THOCKTCA CI0BO

"'driven’” B 3TOM BbIpaXKeHUn?

6. HaliguTe B TeKCTe 1 NepeBeauTe:
a) MPeL/IoXeHNS B CTPafaTeIbHOM 3as10re;
6) 2 Npeg/IOKeHNsi C MHOMHUTMBOM B OYHKLMM 06CTOSTENLCTBA;

B) 1 NpennoxeHne ¢ MHPUHUTMBOM B (yHKLM ONpPeaeNeHuns.
6. [lepeBeaunTe TEKCT A.

Text A
The Rocket Engine

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

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

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 missives 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 o fpropulsion for interplanetary vehicle. 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.

8. MepeBeuTe BONPOCH! HA aHMMACKMIA A3bIK M OTBETbTE Ha HUX.

1. Yto npeAcTaBnseT coboii pakeTa?

2. C yeM CBS3aHO ee ABMXKeHWe Brepes?

3. Kak co3gaeTca peakTvBHas cuia ABUXEHNUS B PakeTHOM ABurartesne?
4. MoyeMy paKeTHbIi ABMUTaTENb MOXET paboTaTb 6e3 aTMochepbI?

5. B Ka4ecTBe Yero MOryT UCMo/b30BaThCs pakeThbl?

6. CKO/MbKO TUMOB pakeTHbIX ABUraTenei Bbl 3HaeTe?

9. MepeBeaunTe AaHHbIE NPEAIOXKEHNS Ha aHTTIMIACKMIA SI3bIK.

1 PakeTHbIi gBuratenb NpeAcTaBnsieT cOG0M TPyOKy, B KOTOPOW ObICTPO cropaert
TOM/IMBO NPY BbICOKOM [aB/IEHNM.

2. ins cropaHus TOM/IMBA HY>XEH KUCNOPOS,

3. Kucnopog xpaHuTcs B 0TAeNbHOM 6ake 1u BMeCTe C TOM/IMBOM.

4. PakeTbl HaX04AT LLUMPOKOE MPUMEHEHMe.

5. B 1903 roagy K.LInonkoBckuiA onucan pakeTHbIli neTaTenbHbIiA annapar.

6. B HacTosiLLiee BpeMsi MeuTa ero OCyLLEeCTBMNACh.

10. MepeBeauTe NpeLIOXeHNs, 0bpaLlas BHUMaHWe Ha nepeBof cnosa o rk
Mpegnor “for’” nepeBoasT cnoBamu: 4nsi, pagu, 3a, no, B TeYEHKe.

Coto3 ‘fo ”’ nepeBOAAT TaK Kak, MOTOMY 4To, MGO.

L AIS lhe necessities of lifefor the crew must be considered in the design o
spacecraft. 2. Space engines of definite types should operatefor periods up to three years.
3 The pilot-stark system is very important for it drives primary flight instruments. 4
Liquid propellant types of engines are also used or this purpose. 5. The controllable flight



by air is really possible only by means of heavier-than-air crafts, without engines it is
rather difficult to control the flight.

11.MepeBeanTe NpeasioXeHns, obpallas BHUMaHUE Ha nepeBog cnosa “botA*”

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 ofboth unmanned
and manned astronomical exploration. 4. Both compressors have been used in turbojet

engines.

12. MepeBeauTe Npea/IoXKeHUs, obpalas BHUMaHWe Ha nepeBog crnosa “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 the compressor and expands into the combustion chamber.

13. TMepeseanTe MpeanoXxeHns, obpawas BHMMaHWe Ha cnoBobefore” [Mpegnor
“before” nepeBogaT cnosamu: o, neped, npexae vem. Coto3 “before nepeBogsT:
npexge YeM, 0 TOro Kak.

a) L 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 swe that no person is within the

range of the propeller. 2. Be/ore the designers thoroughly check the project the engine

can't be constructed.
14. MNepeBeguTe NpeanoXeHUs, obpallas BHUMaHWe Ha NepeBog cnosa’because™,
Mpegnor, “because’ nepeBogsAT cnoBamm: U3-3a, BCMEACTBYE.

Cot03 «because™ nepeBoaMTCA: MOTOMY 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 became of the burning of fuel.
3. Because all the valves are closed, the air charge cannot escape. 4. Because of different

types ofturbine engines, it is not possible to list all the major.

15. 3agaiiTe BONPOChI K NOAYEPKHYTHIM C/IOBaM.

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

16. CnepytoLume cioBa MOMOIYT BaM MOHATL TeKCT B.

to drive - nosiyyathb, U3BNeKaTb

pulse jet - Ny/NbCUPYIOLLMIA BO3AYLLHBIA ABuratens (MyBP/A)
inview of - BBUAY TOrO, YTO; B CBA3W, U3

to overcome - NpeoAonesarb

sufficient - [OCTaTOuHbIN

divergent inlet duct-  pacxofALmiics BXOAHON KaHan

to some extent - [l0 HEKOTOPOW CTeneHu
residual - 0CTaTOYHbIN

whereby - NoOCPeACTBOM Yero
expansion - pacLumpeHve

exit velocity - CKOPOCTb Ha BbIX0fe

17. MpocmMoTpuTe TeKCT B. Haligute npeanoXeHns, B KOTOPbIX CleAyHoLLee:
1. Kak Ha3bIBaeTCs aBMaLiOHHasA Cuia B PeaKTUBHOM U TYpOUHHOM ABUraTensx?
2.#Ky,qa Harpas/ieH BO34yX B PeaKkTVBHOM fBurarene?

3. Kakyto npo6nemy npeofoneno BeefeHne TypbopeakTUBHOMO ABMTaTeNs?



TextB

The Turbo-Prop Engine

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

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

18. OTBeTLTE Ha BOMPOCHI.

On what principle dojet engines develop their thrust?

What does this principle consist in?

Where isthe air directed injet propulsion?

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

How are the combustion chambers arranged?

N o gk 0D R

Why is the exit velocity very high?
19. MNepeeguTe TekcT C C MOMOLLHO CoBaps.

TextC
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

49



Corporation and are being used with great success as a leading engine among fast pursuit
and fighter group ofaircraft.

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

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

The use of a liquid cooling system pemiits a more uniform cooling of the cylinders
and makes possible the use ofhigher 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 pities plugs at lower operating and Idling speeds through over-oiling. Use of this
type ofengine also permits smoother operation.

A few disadvantages of this engine as compared to air-cooled are minor when

compared to the over-alt advantages gained.

SUPPLEMENTARY READING
Types of Jet Engines

Before World War |1, all existing aircraft were powered with a conventional piston or
reciprocating type of engine. This engine, after years of engineering and refinement 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 airplane forward. Essentially,
‘jet engines” do the same thing. Air is taken inboard heated and expanded, released
rearward at a relatively high velocity, thereby burst. However, m 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 itseif means very little. Many different types of jet engines
are being developed and produced. In order to avoid confusion, the following
classification of the different types is presented:

1 Auviation Gas Turbine (turbojets)

a) Centrifegal-flow, b) Axial-flow, c) Turbo-prop (generally an axial-flow type Equipped
with a propeller) d) Turbo-fen

2. Athodyds (Aero-Thermo-Dynamic-Ducts):

a) Pulse jet, b) Ram Jet,

3. Rockets:

a) Solid fuel, b) Liquid feel

Notes:

MNpumeyaHua:

1 after years of engineering and refinement - nocne psga neT TeXHWYECKMX
YCOBEPLUEHCTBOBAHMIA.

2disadvantages - are done away with - ¢ HegocTaTkamy MOKOHYEHO.

How a Jet Engine Works

The principle ofjet propulsion was demonstrated by Hero of Alexandriar 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, ii
now has an ever-widening sphere of application, including ships, boat, trains, hovercraft,
road vehicles, power stations and pumping equipment - a 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 a internal
combustion engine which produces power by the controlled burning o f fuel.

In both the gas turbine and die 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 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 simply
forced out through a pipe or nozzle at the back of the engine - and confusion often arises,
not so much regarding how the jet engine works, but why It works it s often thought that it
works by "pushing’ the exhaust gas against the atmosphere - bi in that case how would a
rocket engine work in the vacuum o f space.

The answer is that the jet engine, like the rocket works by reaction, on the principle
expounded by die 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 ofdie neck ofthe balloon. When the balloon is inflated and the neck is closed,
the balloon is in a slate of equilibrium - the air inside is posing equally all round the inside
ofthe balloon when die neck is released, the air inside, under the pressure produced by the
tension o f the rubber envelope, is Forced The air flowing through the neck of the balloon
is now in action, producing a reaction the front inner surface o fthe balloon which drives it
forward.

The “hot end” of die 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” o fthe combustion chamber and on the tail cone. The reaction -
“the”” power” of the engine - is transmitted from the engine casing to the airframe through
th(—l engine mountings, and is usually measured in pounds force (Ib), kilogrammes force
(kgf) or the international unit, the Newton.



The jet engine is basically a machine for generating a large volume of gas which is
forced out o f the rear of the engine to produce a reaction in the form o f forward trust The
engine is therefore designed lo 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 o fthe nozzle.

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

The compressor

The compressor, situated at the front o f 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 ofthe air is increased.

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

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

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

expansion o fthe gas.



The combustion chamber has a number of burners to vaporise the fuel 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/foel mixture, the velocity and temperature in the
combustion chamber increase rapidly and the gas is forced the rear of the engine, through
the turbine. The turbine consists of one or more of alternate stationary and rotating
aerofoil-section blades. It is attached by a shaft of the compressor, and its function is to
absorb enough energy from the gas stream 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 extractjust sufficient energy
from the gas stream to drive the compressors, leaving the remainder 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 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 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 and passes into the
combustion chamber, while the remainder is compressed to 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 annulus surrounding the hot exhaust. in
both cases the result is reduced overall jet velocity, giving better propulsive effgjjency LL,
lower ailcraft speeds, lower noise levels and improved specific fuel consumptiorgjeatures
which make the turbofan ideal for both civil and military aircraft.
The turboprop is a turbojet with an extra turbine which is designed to al most of the
energy remaining LUl the gas stream after sufficient has been removed to drive the
compreSsorgSn plBLLEe there is always VILLLLIA amount of “residual” t in the exhdHt
gases. The "OLLM turbine drives the propeller through a redulBon ifasMly at the fronfSIf
the enginfj , <e "o

The turbopigg) is a vipgy efficient power unit w, relativ|p;jlow-speed, low-alfjiiude
~praft;#.9. 400 mph/f?)O0QK]i tho”pt recent strides in propeller ;SfiNenilfogy, in the
pursujjbfquietne||i andilf*\jnomy have demonstrated the feasibility of a new generation of
high-speed propeller-driven shaft. The power of this type of engine is measured in tota$
equivalent beS8eplINer (ehp) or kilowatts (kw|%the shaft horsepower (shp) plus the
residual thrust.
The turboshaft ||*girtuallg| a turboprop Without a propeller, the power LWL being
coupled tp$ reduction gearbox or dirjpnmo an output shaft. As with the turboprop, the
power turbine absorbs as much of the remaining gas energy as possible and the residual
thrust ip very Lipp 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 wideli“used in industrial and mfpffl
appiication”jncludlijg power and pumpinj&illtions, hovercraft and ships»
Vectored thrust
Thru~f«yectoring is a means of changing the dire|fbn ofthe jet and hence the reaction ijji
thrust in :;i*dgp to meel the reqturmengpgp "WNSTOL (vertical or short take-"®f-jpi|
landirtj|jp8|craft. An example is the PEGASUS turbofan, which powers the Harrier, where
the engine has four linked swivelling mgppgg”biiRI diriJCt the * p -vertically downward for
VTOU, 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.

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

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

Reheat

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

Some Fuel Problems

The new era of fast high-flying Jets brought with many problems. The high fuel

consumption is a problem number one.



Thejets suffer from high fuel consumption. A 10.000-pound thrust consumes a lot of
fuel. For example, the largestjets have fuel tanks in the wings capable of storing in excess
0f 21.000 gallons of fuel. Twenty-one thousand gallons in the equivalent capacity of five
or six ofthe refueling trucks one sees normally in an airport.

There were experts who said that jet airliners could never come into 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 air. They cover long distances in
air short period of time.

Still, fuel makes up a big part of the total gros™weight of the airplane. Wall 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 proposal 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 o times that of sound. But at two
thousand mph hydrocarbon fuel will begin t Also at altitudes of 100,000 feet or more,
there is very "little" air for the "swallow".

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

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 fgyigp'dead
freight" and correctly so because of the penalties they impose on payload. If the tanks
were made for reuse, these penalties&vould be compounded by the additional weight
requirements for their recovery, and the entire vehicle design wo$|d be centcjfed around
lie bulky tanks.

The ideal sBjution would be to eliminate the landpaalll(ly. But hop the pppfilyg)f
be contained and supported?

Pfieeze them!":’

*MoSt substances can be frozen, and propellants are no exception. We kppw that
oxygen freezes at iiquid-hydrogen temperatures and hydrocarbon fuels can be frozen
liquid nitrogen. The densities of frozen cryogenic propellants run 10 to 25% greater than
at boiling point, and the lower enthalpy state wouldlMipiaifc their storability. They couli
also be transported more easily and safely frozen. Ei'en airbreathing vehicles might utilize
frozen fuel to reinforce structure.

Whp not, then, use frozen propellants g structural members, supporting
themselves? So used they might greatly reduce tankage requirements anijthus increase
payload or performance markedly.

Ram Jet

The fastest flights within atmosphere have been made by a rocket craft that carried
fuel for only a few short minutes of powered flight (nonet ¢ pa6oTtatowum gsurarenem”
Fdif shoft experimental flights, for longer trijpfland higher [LL, 1B LJ within the atmosphUfej
other forms of population, 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 simpleS$ airstream jet
propu]lion devlte built sinC'#t has no moving parts. In appearance, the ramjet looks like a



tube which is opened at both ends. The forward part of the main chamber is the diffuser
section; the mid-portion is the combustion section; and the aft portion is the nozzle
section. Fuel is fed through a distributing ring in the diffuser sectiongo 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 of accelerating the unit to at least 300 m.p.h.

The air from the atmosphere enters the diffuser section by ram action (cxopocthoi
Hariop).

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 airstrem 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
thejet is greater than the entering air velocity.

With constant combustion chamber pressure, the exhaust velocity (ckopocTb
ncteueHmns) 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 efficiently is low as a
result of poor conversion ofthe fuel energy, particularly at low speeds.



