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NPEAUCJIOBHE

Tloco6ue npennasHateHo AMA crjmemoa, MaryCTpoB H acnUpaHToB BCeX ta-
Ky/IbTETOB aBHAMOHHEIX BY3OB, JKEMAIOUWMX B MAKCHMANLHO cHaThie cpoxn oBna-
HeTH HABHIKAMH YCTHOTO OGIIERHA N0 CEUMATBHOCTH. »

' Crpykrypa u conepixanue nocous opneu’mposauu Ha p:eme'ilﬁe ero OCHOB-
_HO# yueGHO 3amay - (popMupoBanne u GbeKTHBHAT TPAKTHYECKAS oTpaorxa Ha-
_ BLIKOB BCEX BHJOB YCTHOTO ofimenns mo cneﬁl'aanmoc'ru Io 'remameéxbuy TipH-
3HaKy nocoGue pasneneHo Ha ABE [NaBHEIE HacTH - General Avxatxon (Ocuoasx
: " Aeuanuu) u Computer Science (Ociioss Pln(bopmamm n Bmucunmsnoﬁ Texlm-
‘kn). Bee cBenenus, uanaraemMele B 3THX OBYX 4acTAX nocoﬁux. comne'rmym oc-
"HOBHEIM HampaBiieNHAM crenuatnsagay B MITY l"A ® no cnoeuy 'rexxmqecxomy
YPOBHIO H TEMAaTHKe NOBTOPAIOT H NONONHSAIOT yqeﬁm.m Ma'repnan coc'ram!oumﬁ
ConepHanye THIOBAIX y1eGHbIX KypcoB "Bpejenne 8 cneuuanbuom

Kaxnas 3 asyx oCHOBHBIX uacTeft MocobuA 10 remamqeckouy npmﬂaxy
g pa36uTa ua pasaent, Ha3HIBAEMBIE %ﬁnm, Te. ‘reuamu AnA ycTHOro ofmenns no
_CretHanbHOCTH. YyeOHEIi TeKCT TOMHKA BBOAHTCA npenonaaareneu B BHJIE JIEKIHH,
_KaIoe npeUioKesne KOTOPO# NUMIETCA Ha JOCKE, ero conepxtaxme KOMMeHTHpyer-
cs mpernonasatenem, NOC/e 4ero B Buje nouc'rpoqnuxa crynem-aun 3anucEBaeTCH
pycckuit nepeson npennomel-mx nocae 3a8epmel-lwl BBOAA yqe6xoro 'rexcra nposo-
AHTCA aKTWBM3anKA yyeGHOro MaTepHana B Bonpocuo-memoi‘x q:opue. Amausa.
s NPOBOXMTCA B ABa 3TaNa. I.Ie:mo nepnoro 3Tana xmuercx orpasoma uamxoa

' (PABIIBHOMO MOHMMAHHA 'rexnn'-xecxoro cmxcna BOMPOCOB npenomam Tlpu
(opMUPOBaHHH OTRETOB c‘rynem MoryT nomosmca MOGEIMH BOCOGHAMM, B TOM
4YHCAe ¥ COGCTBEHHEIMH KOHCTeKTaMu. Lienkio Broporo srana aKTABH3aMuY s8nseTcs
0TpaboTka HaBbIKOB MPABIILHOTO MOCTPOSHUA OTBETOB A BONPOCH MpEMOAABATENS,
CTynesT LOMKEH HAYMMTHCA MONHOCTHIO M NPABHABHO HCMONE3OBATE 3EMEHTEI
MOACKA3KH, 3AKIOHAIOLIHECS B KAKAOM BOMPOCE NpenoRasaTess K NPH NOCTPOeHHH

OTBET2 UCXONUTE U3 TOFO, YTO €10 OTBET 3TO BCErO JHLIL CTPYKTYPHO nepecTpoeH-

Hbifi BONpOC Mpernoxasaren.’

BropiM, Gonee BEICOKHM ypOBHEM axmnmaxmn‘yqeﬁaoro ua'répnasi'a amm
10TCH suctynneﬂm CTYZACHTOB C coonennmu H xomanamn Ha aHrmHlickoM T3bIKe.
Ha nepeom atane paGoTE! Ha 3TOM yponue aKTHBH3ALUH c'rynem' nonmye'rca 3apa-
Hee COCTABMEHHEIM NUIAHOM CBOEro BEICTYILIEHHS, KOTOpAiH RomkeH OpenCTaBAATE
co6oit nepedeHs BONPOCOB, KOTOpBIE CTYHEHT COOHpaeTcs paccuorpm B CBOCM BEI- -
cTynnenyy. I'Ipenomarens oGpamm oco6oe BHHMaHHE Ha TO, robE mIa BHICTY-
[EHUR He npespanm.ncx B 3amrrmaemuﬁ rekcr. Ha a'ropou arane paGoTHl Ha ITOM
yposBHe BBOAHMTCA npanmxo "No readmg from the list". CTyzesT cocrasnser # 3apa-
Hee oficykaaeT ¢ npenonanarenem THaBHEIS NONOKeERNA (TEIACK) csoero “BRICTYTUIS-
HHA, KOTOPLIE cralotca npeno.uaaa‘remo CaMo BBICTYIUICHHE npoao.nmcx Ges onopx!
Ha Kaxo#-nu6o Texc'r " ’

Tpetsum, 3aaepmaxoumm yponﬂeM aKTHBU3AIMA BCErO y'-leﬁuoro MarepHana
TONMKA SBAAETCH YGACTHE CTYNEHTOB B YYeOHEX MUHH-CTIEKTAKIIAX, TpUMepEe
CUEHApHH KOTOPHIX NPHBOAATCA B pasneuax "Aviation Talk". Pa6ora ¢ yqe6umm
MaTepHanamMH 3TOr0 YPOBHS OpMEHTUpOBAHA HA PESBATHE ¥ c’rynemon mopqecxoro
HAXEHEPHOro MEIIUIEHHS, ymemm CNOPHATH ¥ OTCTAHBATD 'CBOIO TOMKY 3PEHHS H “H-
Tepecsl GUPMEL 110 PAITY BECHMA CNOXHEIX HAYHHO-TEXHHYECKHX BOMPOCOB, YMEHHA
BO3PAXKATE OMIOHEHTY, OMPOBEPraTh €ro MHEHHE, 3 TAIOKe YMEHHA TCPHeHBO Bhl-
CRYIWEATE ONMTOHEHTa, HIBNEKATE HYKHYIO naq:opuanmo i3 ero sucxassmamdi u
BHICKA3HIBaHUI APYIAX YIaCTHHKOB coBeceR0BaHNA HiIH COBEIRHHA. '

Taxoro pofa y4eGHsI MHHH - CIICKTAKITE MOXKET nposomm.cn Kak CTyAeHue-
ckuit RayuHO-npaKTHIecKuli CeMHHap, yqéSmiﬁ‘ CHMIIOSHYM MNH KOH(epeHIUA, 3a-
cenamue KOMMCCHH IO PACcCAESIOBaHHIO npmm-l néraoro TUpPOUCIIECTBHA HIIH KaTacT-
podst, 1 T.1. Buicokas yueGHat 3¢ PeKTHBHOCTE TAKOrO 3HATHA oﬁecnemmae‘rcx
HANAYUeM Y KaXAOro yqacmm nAnyHo#M ponesoi-‘x KapThl, onpenemuomeﬁ ero m'po-
BYO IODKHOCTS, 06/1aCTh HHTEPECOB H rio3MIMIO N0 Beeil 0BCy R aAEMEIM Bonpocau

YueSupie MaTepHAIB PasAcioB "Aviation Talk" MOTYT yCHeUHO HCTIONE30-

BATECA [N paGoOTEl CTYAEHTOB B Nape. B 3toM cnyqae Ha poMTb HHCTPYKTOpA Npeno-
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DlaBaTenb HA3HAYAET OJHOrO U3 HaHOONEE TOArOTOBNCHHBIX CTYICHTOB. |
Il,nx yenexa oﬁyqeum HaBRIKaM obiuenns IO CMICUHANBHOCTH BEChMa Gons-

woe, onpenemuomee 3uaveHue npnoﬁpmer PO MpeniojiaBaTens, a TakKe Konwye-

CTBO CTYIEHTOB B rpynme. Hau60nee TPYAOEMKHMMH SIBAAIOTCA BBORHEIC pasfenkl:

xypca TIOCTAHOBKY MPOM3HOUIEHUS, 3 TAIOKE MOC/IEYIONUe KOPPEKTHPYIOlIMe 3aHs-
™A, mmrna NpoBOAKMEIE baKynsTaTHBHO AN aauGouee OTCTAIOUIMX CTYACHTOB.
Hpu pa60're 70 fanHo# METOANKE KONUIECTBO CTY/EHTOB B FPYnfe He JOMKHO npe-
Bu:ma'rb LWECTH-CEMH YeNloBeK. Mpn noapacranun [KOJIUeCTsa CTYREHTOB B yueGHOH
rpynne fo necm HesnoBex | mamt'xe‘cxéa aq;q'gje_:mnngqb' 33RATHA  CHIKAETCA
npmepﬂosnsapasa : » C . ¢~ ‘
. ﬂPH oﬁyqemm nasum ycmoro oﬁmennn no cuelinansn;wm cymec-raen
HYIO nouomb npenonasa'remo MOTYT OKa3aTh coapemeunue TeXHUTECKHe CpeAcTsa
OGyHeHus, TakMe Kak aKyCTHHECKHE IIeepk! (Hanpma;ep,,Sony Walkman WM-2011 u
ngcnenyromue Monemx), a TaKKe BCTpaHBaeMsle BO BCe COBPEMEHHEIE KOMIBIOTEPEI
np;m"pumenn BUJCOINCKOB, CD-ROM Jlnx npourpsma'reneﬁ BH/IEOZMCKOB B NPO-
Aake AMeetcs Gom,moe KOMUECTBO oqualoumx BUINCOKYDCOB H NIONHOMETPAKHEX
aunéoq:unwon, u3 xm-opux Anst ueneﬁ oquel-uu B ﬁucnneﬁnom 3ane, a TaKxe aa
ummsunyansﬁoro o6yuenyis B JOMAIHHX ycnonnax ﬂan60nee .IOIXOMIAT ABA KypCa:..
LT, H Hrnamaa "Anmnﬁcm SAIBIK ANA oﬁmeﬂm"  Ha IBYX RACKAX; .., .
"Hnamuoamﬁ Aumuﬂcmﬁ ', Kypc amepnxamuponannoro anrnutickoro

A3BIKA HA m;yx AHCKaX. B £OCTaB KYpCa BXORUT no:mouerpammﬁ obyuatomwuit su-
neoq»mm "My Fatr Lady

v v

l'Ipu pa60’re c OGY‘(SIOH.WMH nuaeomnaun MK © nonnome'rpmsmn oby-
qaronmmu suneo(pmmm Ha IKpaH Moamopa BLIBOIUTCA ofydarommii Bumeo-
qwulsm, a na  BCTPOEHHBIE AUHAMUKH MOHUTOPS TIOKIaeTCA €ro aHrmulickoe 38yROBOE.
COMpOBOXAEHHE. Ha HUCHIOIO ¥aCTh 3Kpala MOHHTOpa TaloKe NMOASTCA B PexXHMe
sepmxa.nsuon nml ropmomam.uoﬁ 6erymeﬁ CTPOKH ("Scrolhng line") anrmuadtcxudt
] pyccimﬁ TeKCTh 3Byxonoro CONpPOBOXACHHUS. Hammax Ha COOTBETCTBYiOLIHE

Knasmuu Muum mm mxoﬁc‘mxa, oGyI!aeMuﬁ Momer oc’rauapnnsan mﬁpmeﬂﬂe
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MK TIOBTOPATH KaJp HIIH KaJph! 'rpeﬁyeyoe YUCIIO pas.

Ontako, HECMOTpSA Ha BCe BO3MOKHOCTH COBPEMEHHBIX TEXHHUECKHX CPEACTB
ofecneverns yue6HOro npouecca; OHH ABAAOTCS JHILL NOMOLIHHKAMH MpEnoaaBa-
TeNd, pacHIMPAIOMWUMY ero AUAAKTHYECKHE BO3MOXKHOCTH H NOBEINIAIOIIHME addex-
THBHOCTB ero Tpyaa. [Toxa uempan;ngﬁ ,-(pgxt_y_poﬁ yueBHoro npouecca, OpueHTHpO-
BaHHOrO Ha 0GydeHue HAaBRIKAM YCTHOrO OGIIEHHSA NO CreNHANBHOCTH, BCe me oc-

TAETCA NpernogaBaTens.
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PartX

. GENERAL AVIATION
Topic 1-
Why Airplanes Fly

Airplanes are heavier ihaﬁ aircraft. 'I’iley do m;t' féil bécause alr ;&pports them.
This supporting force of the air is called lift. Lift is developed by Qihgs of the air-
plane. Wings develop lift when they move through the air with sufficiently high
speed. This high speed is imparted to the airplane by its power plant. The power plant
consists of one or several jet engines. The jet engines develop thrust.

The amount of lift can be calculated as the difference of air pressures below the
wing and above the wing. This difference depends on air speed of the airplane and on
the angle of attack of the wing. Generally the higher is the air speed of the airplane
the higher is the developed lift.

The amount of thrust can be calculated as the preduct of the mass of air ﬂow;
ing through the jet engine by its acceleration. As a rule, thrust is created whenever
there are divergent passages which convert velocity, or kinetic energy,
energy.

into pressure

ompre ive Text-Relat: lossal

why [wal] - nosemy

airplane ["eaplein] - camoner

aircraft ["eokra:ft] - nerarensuniii anmapar Boo6ute
to fly; flew; flown [“flar; flu:; floun] - nerars
heavier than ["hevia] - Taxenee uem

to fall; fell; fallen [fo:1; fel; f:lan] - nagars

to support [sa°pa:t] - noanepxusars

supporting force ['fo:s] - noxgepxusatomas cuna
lift ["Lift] - nomsemuas cuma (Hanp., kpeina)

9
to develop [di"velap] - pa3susats (Hanp., NOABEMHYIO CHILY)
wing [WID] - kpsLto, a3ponKHaMHYeCcKas HOBEPXHOCTD
sufficiently [$a°fifontli] -nocrarouto
speed ['spi:d] - cxanapuas (He uMerolllas HanpaBjeHHA) CKOPOCTh; velocity
(v1’lasiti] - BekTOpHAas cxopocTh
to impart [1m’pa:t] - coo6wmars, nepenasaTs (YCHIHE)
powerplant; also: power plant ['paus,pla:nt] - cunosas ycraHoka (co-
CTOALLAA H3 HECKONBKUX PEAKTHBHBIX IBHTaTeNeH)
several {"sevral] - Heckonexo
thrust [*Orast] - Tsira geurarens (B H50TOHAaX HIH TOHHAX)
lift ["11ft] - monséMHan cuna xpsua
air speed ['ea’spi:d] - posmywHas cxopocTs camonéra; ground speed
['graund] - myresas ckopocTs camonéra; indicated air speed - npuGopHas
CKOpOCTH CaMonéTa '

angle of attack of the wing ['zengliav a’tak] - yron aTaku Kpsuia (yroa Me-

- XKDy XOpﬂOﬁ Kpbllla M HarpaBjleHHeM ABH)XXEHHA Kphlla OTHOCHTENIBHO BO3-

I3

AOyLIHON Macchl)

developed lift - passrBaeMas noAbEMHAs CHIIA

amount {9’ maunt] - Be4HHa (TATH, TOXBEMHOA CHIIEI)
product [*prodakt] - npoussenenue (pe3ynsTaT YMHOKEHHS)
acceleration [ak, selare1fn] - yckopenne

rule ['ru:l] - npasuino

to create [kri:"ert] - co3faBath o

whenever [wan’eva] - Bcakui pas

divergent [dar’ va:dzont] - pgcumpmonmﬁca

passage [‘pasid3] - kaHan

to convert [kan’va:t] - npeo6pasoBsisaTh

pressure ['prefs] - AaBneHue
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L.1. Questions for Argument and Discussion
. Why don't airplanes fall?
What is lift?
On what flight parameters does lift depend?
When is lift developed?

oo

What are wings for?

How do we call the device which imparts high speed to the airplane?

I

What parts does the powerplant consist of? . oL

co

. What does the jet engine do?
9. How can we calculate the amount of lift?. - .

10. Why is air pressure below the wing higher than air pressure above the
wing?

11. What'is thrust? .

12. How can we calculate the amount of thrust? L

13. What does the mass of air flowing through the engine depend on?

14. How do we call the difference between the input speed of the air and its
output speed?

15. What air passages are called divergent? , . .
16. What air passages are called convergent?

17. Why are all exhaust nozzles divergent? , R
18. Is there any connection between velocity and pressure of air in a passage?
19. How do we call devices, which convert velocity into pressure?

20. In what units do we measure lift and thryst?

1.2. Su ted ics f entations and Reports
1. General principles of lift development

2. General principles of thrust development

3. Flow of air through divergent and cohvergent passages K

4. Practical applications of Newton's third law of motion

11
5. Classical and modern Gas Dynamics
6. Aviation periodicals - "Flight", "Flying", “Aerospace America", "Interavia”,
"Interavia Air Letter" (who and what are they fo;?)

7. Home 'appliances and devices which I have repaired. '

1.3. Aviation Talk

Instructor: Peter what, in your opinion, comes first, lift or thrust?

Peter: First the airplane is on the ground, supported by its landing gear.
Instructor: And what is next?

Peter: Next the pilot switches the engines on, and they start developing thrust.
Helen: And where are the passengers? .- -

Instructor: They have already boarded the plane and are waiting for the air-

* plane to take off, -
. Peter: And what does the pilot do next?

Instructor: Next the pilot asks the flight dispatcher for permission to take off.
Helen: What is this permission for? . .

Instructor: The runway must be free, and the dispatcher knows for sure if it is
free or not.

Peter: Is the plane already moving or not?

Instructor: Not yet. But having obtained the permission, the pzlot applies the
throttles and the plane starts moving. - -

Helen: And the air hostess tells the passengers to fasten their belts.

Instructor: She had to do this much earlier, when the airplane was stationary.
Peter: And off we go?

Instructor: Yes. Having developed sufficient speed, the mrplane leaves the
ground and the pilot tells the flight dispatcher: "Route zero zero ten, airborne!"
Helen: So we understand that thrust comes first.-

Instructor: Quite so. And this has a much wider meaning. Young people must

also develop sufficient thrust to go into their life orbits.
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Topic 2
in the Ai Ian

All airplanes consist of two main parts - anrframe and pOWerplant. The zirframe
consists of cockpit, fuselage, wings, landmg gear and tail unit. The powerplant con-
sists of one or several jet engines.

The cockpit houses the pilots, instrument panel :and- forward-looking, or
weather, radar. The main structural body of all airplanes is the fuselage, which tiouses
passengers and cargo. To the fuselage are attached wings, engine mounts, tall unit
and landing gear. W

Wings are structural parts supporting the airplane in the air by developing lift.
Lift can be calculated as the difference of pressures below the' wing and above the
wing, The angle between the chord of a wing and the direction .of the flowof air is
called the angle of attack. The wing chord, or chord plane, is.the reference plané from
the tip of the leading edge to the tip of the. trailing edge of the wing. Small, nearly
vertical aerodynamic surfaces mounted at the tips of airplane wings are called win-
glets. Winglets produce large side forces even at low angles of attack, which, com-
bined with the perpendicular local flow, provide a forward thrust component. This
reduces the airplane induced drag, i.e. theé-part of the drag, induced by the lift. In-
duced drag is the resistance which would be encountered if the air had no viscosity.

Landing gear are those components of the airplane that support and provide
mobility on land, or any surface. The landing gedr consist of wheels, struts; bracing,
shock absorbers and othér associated devices. Landing gear notion also mcludes all

supporting components, such as tail wheel, nose wheel and others,

Tail unit is the combination of stabilizing and controlling ‘surfaces, situated at
the rear of the airplane. The vertical stabilizing surface is called the fin, the horizontal

stabilizing surface is called the horizontal stabilizer.

‘Comprehensive Text-Relat

airframe ['eafreuh] - IUIaHep camonéra
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power plant ["paus pla:nt] - cunosas ycTaHoBxa
cockpit ["kokpit] - xabuna nerunxon
landing gear ['leendip *g1a] - maccu camonéra
tail unit [ teil "ju:nit] - xeocTosoe oneperye
instrument panel [’ pzenal] - npuGopuan Rocka L
forward-looking radar [’ fo.wad ukip reldsl pamonommp nepeasero
of30pa A ‘
weather ["'wed9] - moroamstii, A onpeseneHHs Me‘reqycnogu_i:i IO MapIIpyTy
structural body [’straktfaral] - Hecymas KOHCTPYKIHA
cargo ['ka:gou] -rpys . .
engine mounts - MOTOpaME! ABAraTesnst
difference - pasHocTs (aasnexuii)
chord of a wing ['ko:d] - xopaa xpruna
tip of the leading edge- kpaiiHss 9acTs (3aKOHLIOBKa) NepeNHel KPOMKH Kphbi-
na v ) .
tip of the trailing edge - KpailHaq JacTs (3axoH1OBKA) meﬁ KPOMKH Kpblna
reference plane [’ refrané] - OnopHas IUI0CKOCTE
winglets - KOHIeBEIe "KPEUTHIIKA"
induced drag [’ drzg] - npucoenunéutoe noSosoe coxiponganem:e camolnera,
BEI3LIBACMOE PAIBABACMON OXBEMHO CHIOR, . |
resistance [T’ ZIStans] — ConpoTUBiieHue
to encounter [in’kaunta] - BcTpedars
viscosity [vis'kosItI] - BI3KOCTb (so3ayxa)
to provide [pra“vaid] - ofecne4uBaTh
wheels ["wi:lz] - xoneca macch
struts [strats] - cTofiKy 11accH
bracings ['breisiz] - pactaiKH [MAaccH
shock absorbers [ab’s0:b92] - aMOPTH3ATOPI, aMOPTH3ALMOHHEIE CTOHKH
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tail wheel [’ wizl] - xsoctoBoe xoneco
nose wheel - HocoBoe Koneco

fin - BepTHKANBHEIE cTabunusaTop

2.1. Questions for e) d Discussi

1. What main pars doall alrplanes consist of?

2. What are the main components of the airframe? *
3. How do we call the compartment, which houses the pllots" ) : ’
4. Where is'the forward - lookmg radar located" S e '
5. What components does thie cockpit house? " - 1
6. What components are attached to the fuselage? ‘ e :
7. How do we define wings? Why do wings develop lift?”

8. Why are air pressures below the wing and above the wmg dnﬂ‘erent" -
9. What is the angle of attack? ' 4
10. How does the angle of attack influence lift?

11. How do we define the wing chord? : l ’

12. Whiere is ttie leading edge of the wing located?

13. Where is the trailing edge of the wmg located?

14. What are winglets?

15. What are'winglets for?

16. Why do winglets deminish drag and' provxde a forward thrust component?
17. What is drag? :

18. How is the forward thrust component developed by winglets?

19. What is landing gear for? What pans does it consist of?
20. What is tail unit?

21. What controls are located on the tail unit?
22. How do we call the vertical stabilizing surface? - .
23. How do we call the horizontal stabilizing surface?

oot
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2.2. Suggested Topics for Presentations and Reports

1. Design and interior of zl modem cockpit

2. Instrument panels and big picture dlsplays in a modemn cockpnt
3. Fuselage compartments of wide-body alrplanes '

4. Cargo loading and unloading devices of modem transports

5. Criteria complexes apphcable for wmg quality evaluation

6. Tail unit control surfaces o

7. Modemn undercarriage design and controls

8. Vertically moving undercarriage designs.

2.3. Aviation Talk o

Instructor: Helen, can yon name two main parts of 811 aircraft?

Helen: These are airframe and powerplant

~ Instructor: Can you imagine an sirframe wnthout its powerplant?

Helen: I think they can not exist separately, one without the other.
Peter: But I can unagme such an sirframe very well'

' Helen But it won't fiy! ) .
" Peter: I have actually seen such a ﬂymg alrframe and itis called glider! Glxd-

ers have no powerplams, but they ﬂy!

Instructor: You are quite right; but ghders are vety special ﬂymg machines,
needing upcoming flow of air for fllght. ‘

Peter: The terms "airframe"” and "glider" mean very different things, but, un-’
fortunately, in Russian are not differentiated.

Instructor Now, Helen, are wings absolutely necessary" Can we fly thhout
them? B ’

Helen: The wings are used for developing lift. What else can support an air-
plane in the air?

Peter: I've heard about an'planes with vectored ‘thrust of their engines. The pi-
lot can make the engines blow downwards and the airplane moves vemcglly,
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or hovers in the air.
Instructor: Such airplanes are called vertical take-off and landing (VTOL)
airplanes, but they still use wings lfor level flight. It is much more economical.
Helen: I think that personal VTOL airplanes can be sited on roofs ‘or on very
small strips of land, can't they?
Instructor: They can. But the lift which is developed by thrust alone i is very

expensive. Very few people can afford VTOL airplanes on their roofs.
Topic 3

Airplane, or flight, controls are those aerodynamic ‘or mechanical devices,
which are used by the pilot to control ldirection? altitudé, and épeed of an airplane.
The most frequently used flight control is the rudder,- which 1s a hinged vertical con-
trol, used to mduce or overcome yawmg movements of the au’p[ane about i its vemcal
axis. In this way, the rudder turns the airplane to the left or to the right.

But to do its job efﬁcnently the rudder must be assns}ed by another flight con-
tr_ol, called ailerons. The ailerons are paig‘.s.o’f control sprfages,'honnally hiffged along
the wing span and designed to control the airplane in roll by their differential move-
ment. In so domg the ailerons make the alrplanes bank to the left or to the nght So,
before executing any turn, the pilot first banks the airplane and only then uses pedals
to rotate the rudder in the needed dlrectxon.

To change altitude of flight the pilot uses elevator, which is the control for
makmg the airplane climb or dive. The elevator is a hinged horizontal control surface
used to make the airplane change its altitude by raising or lowering the tail. The ele-
vator is usually electrically connected to the pilot's control wheel or side stick.

All flight controls are big and heavy aerodynamic surfaces, requiring consider-

are small auxiliary airfoils, at-
tached to the trallmg edge of a movable control surface to decrease the rotational ef-

fort and also to trim the airplane for varying condmons of power,
’

able efforts for their operation. Tabs, or trimmers,

load and air speed.
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Properly trimmed, flight controls feature very low, or near-zero, rotational efforts.
Actuators, actuating systems, or actuating motors are those electric, electro-
hydraulic, or hydraulic devices, which actually rotate flight controls of an airplane.
Actuators get their commands from autopilots, flight controllers, or from on-board

computers.

Comprehensive Text-Related Glossary

flight controls ['flait kan’troulz] - oprans! ynpasnesus noneToM, BKIOHas
aspoANHaMHYECKHe PYJIH caMoJieTa M CEKTOPHI rasa

control surfaces ['s2:fisiz] - aspoaMHaMHYeCKUE pyaH caMoneTa

altitude [’ zltitju:d] - BeicoTa nonera

frequently [’fri:kwantli] - uacto (ncnons3yemetit)

rudder ["rada] - pyns HanpasneHus v

hinged vertical control [ hind3ad] - sepTHKansHEIf OpraH ynpapieHHA

Ha IIApPHUPHOI MOABECKe

to induce [m'dju:s]' - BEI3KIBATh, HHHUUHPOBATD

to overcome [,0uva’kam] - npeononesaTs

yawing movements [ jo:n] - pr,xcx?ahse camoJieTa, He3HaUHTeIbHbIE OTKIIOHe-
HHUS BIEBO WM BOPABO OT Kypca, HMEroIHe CIy4aifHEIA XapaKrep

ailerons [ eilors:nz] - 3MepoHsl, NOABHXHEIE a9POAHHAMUHECKHE [TOBEPXHO~
CTH I CO3NAHAA NMpABOrO WIH NEBOTO KpeHa camonera. BHeluxue 37epoHSE
paBoTaIOT MPH MaBIX CKOPOCTAX, BHYTPEHHHE - NIPH BEICOKHX CKOPOCTAX

in roll ['roul] - mo xpery

to bank ["bank] - BEMOTHATE KpeH (NIeBbIH WM ApaskIif)

to execute [ eksikju:t] - BHINIOMHATS (MAHEBD, KOMaHIY)

turn [ to:n] -nosopoT (HANEBO Wi Hanpaso)

elevator [ elivelta] - pynib BEICOTBE

control wheel [ Wil] - wTypsai (ynpaBaeHus camoNeToM)

side stick ["said’stik] - 6okoBas py4Ka ynpap/ieHs (CaMOneTOM)
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tabs [*tebz] - TpummMeps! (pyneit camosnera)

g e } trimmers ["trimaz] - TpumMMeps!, BCIOMOraTeNbHbie TOBEPXHOCTH YIpasie-
.2 2 ':g:g % HHs, NpeAHasHaueHHble AN OaJaHCHPOBKH CaMONeTa M CHATHA Harpy3KH C
« :f: , §§ < phluara ynpasieHHs ’
g g /3 - auxiliary [0:g”z1ljar1] - scnoMoraTensHbii

actuator ['@ktfu, eita] - pynesas mallMHKa, PUBOAAIAA B ABHKEHHE PYJIH
camoneTa

flight controller ['flait kan’troula] - KOMAHAHO-NMIOTAXKHE NPHGOP, BEI-

PITCH CONTROL

TIONHSAIOLHMIA MOMeT 110 3aaHHOMY MapLIPYTY.

3.1. Questions for Argument and Discussion .

1.What are flight controls used for? , *
2. What flight parameters can be controlled by the bilot? ; .
3. What does the rudder do in flight? . - |
4, Why does the pilot use the rudder so often?

S. Can the rudder do its job alone2 For what reasons?.

6. What factors does efficiency of the rudder operation depend on?
7. What are ailerons? What are their functions in flight?

8. Why are ailerons called differential controls? '

9. What kind of movement is rblling?

2l

b

YAW CONTROL

vgumn; Axis—]
Frame of Reference and Flight Controi System

10. When does the pilot use pedals?

11, What does the pilot use elevator fof? ‘

12. How does altitude change during climbing?

13. How does altitude changé duriné diving?

14. What do tabs do in-flight?

15. What do tabs actually coxr;'pensate?

16. What is the aim of trimming flight controls?

17. What is the job of actuators? Where do they get their commands from?

LATERAL AXIS

LONGITUDINAL AXIS

ROLL CONTROL

18. How does the pilot control roll of the airplane?
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19. How does the pilot control yaw of the airplane?
20. What deflection of the elevator (up or down) induces diving movement?
“Why?
21. What deflection of the elevator (up or down) induces climbing movement?
Why?

" 3.2. Suggested Topics for Presentations and Reports

1. Roll, pitch and yaw control systems of moedern aircraft ‘
2. Criteria for esﬁmééi;\g efficiency of airplane controls
3. Fly-by-wire airplane controls .
4. Criteria of stability of digital control systems
5. The problem of reliability vs. redundancy in on-board control systems
6. Length of fuselage and efficiency of tail unit controls
7. Autopilot, flight-director, on-board computer. What is next?
8. Vectored thrust control systems
9. Hydraulic, electro-hydraulic and hydraulic actuators
10. Choice of sampling frequency in digital control systems.

3.3. Aviation Talk '

Instructor: Today we are going to di;'cuss sofne fundamental notions and
ideas, pertaining to airplane controls and to control theory if;g'eneral.‘..

Helen: I don't understand why should we delire into such comflex matters a
control theory. We already understand that to turn the airplane to tl::e‘ri‘ght the
pilot pushes the right pedal and the plane tums. Why should we complicate
things?

Peter: Things become complex and messy }Qhen there are too many inbe-

tweens. [ understand that between the leg of the pilot and the rudder there are

such go-betweens as autopilot, flight director, on-Bdafd computer and the rud-

der actuator.

Helen: Are these devices really necessary?

" mean? . 7
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Instructor: Pilots are only humans and sometimes commit piloting -mistakes. -
The commands they issue are not always the best solutions of the given pilot-
ing problem. In flight pilots may get tired and inattentive. All these problems
are successfully solved by back-up piloting devices.
Peter: What is primary flight control system?
Instructor: The primary flight control system, or PFCS, controls the airplane -
flight attitude in relation to ‘the three basic axes:
- Longitudinal
- Lateral
- Vertical. )
-Helen: Presently we often speak about systems and systematic approach. What
is meant, for instance, by the roll control system? . '
Instructor: The roll control system in modern airplanes, such as Boeing 777,
uses the ailerons; flaperons, and spoilers to control the airplane attitude about
the longitudinal axis. During a bank of the airplane, the aileron and flaperon on
one wing move in an opposite direction from the aileron and flaperon on the
other wing. '
Peter: You have just intfoduced a new term "ﬂape}on". What does it actually -
. C
Instructor: Flaperons are differential flaps used on Boeing 777 and ‘some other
new wide-body airplanes. When one flapeton is-up, another flaperon is down.
Helen: Do spoilers assist in any way the operations of flaperons?
Instructor: They do. The spoilers move up only on the down wing and do riot
move on the up wing. ' ' ‘
Peter: In modern technical manuals we also -come across another system,
called the pitch control system. Is it in any way particular?:
Instructor: It usually refers to all devices involved in controlling movements

of the airplane about its lateral axis. The airplane may climb, dive, or it may

maintain straight and level flight.
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Helen: I understand that the words "straight and level” have some special
meaning for all pilots. What is it?
" Instructor: They simply mean that everything is in perfect order, no deviations

are taking place.

Topic4 -

High Llft Devuces D) A . -

HLD are special mechanical appliances used by the pilot for developmg addi-
tional lift at very low air speeds during take-off stage of the flight.

Flaps are big aerodynamic surfaces, located at the trailing edge of the wing and
extended,by.the pilot for developing additional lift during taking off and for braking
during landing stages of the flight. Differentially operating flaps are called flaperons.
When one flaperon is up, another flaperon is down. .

.- Slats are slotted aerodynamic surfaces located at the leading edge of the wing
and used by the pilot for developing additional lift at very low air speeds; during take-
off. As opposed to flaps, slats.are never used for braking the airplane dljll;ing landing.

Spoilers are aerodynamic devices which break up or spoil laminar flow of air
about the wing, giving an increased drag and a decreased lift, They deploy.on both
wings and act as speedbrakes in the air and on the ground. Modemn anrplanes have up
to seven spoilers on each wing.- PR S T gt

. The high lift contro} system, (HLCS) receives commands from the flight crew
and increases the wing lift so that the airplang can take off and land at lower speed
and higher weight Typically, the high lift devices operated by the HLCS are:

- Seven leading edge slats on each wing
1 ., -OneXKrueger (leading edge, inboard) flap on each wing

- One single-slotted outboard flap on each wing

- One double-slotted inboard flap on each wing.

Lo L

-
.

Operation of the HLCS also causes the .ailerons:and the ﬂaperons to move.

’I'hey droop on both wings when the high lift devices extend.,
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Comprehensive Text-Related Glossary

high lift devices [d1’vaistz] - cpencTea MexaHu3auys KpsLNa; MeXaHH3AWMS
appliances [3°plaiansiz] - ycrpoiictsa, npncﬁbcoﬁneﬂmi '
additional [2'd1fansl] - .uononﬂmenmmﬁ

take-off stage[ terk “of “sterd3] - s3neTHEIH 3Tan nonera

flaps [ flzeps] - saxpsutcu -

slats ['slaets] - MPEeAKPLUIKH

spoilers ["spoilaz] - unrepuenTops! HIH cnoﬁnepu (n.nacmﬂm Ha nonepxao-
CTH KpBUIA, OTKJIOHSEMEIe /1 CO3MAHHA CPbIBA TOTOKA BO3MyXa M yMéHbimle-
HHUS TIOXBEMHOM CUJIBI) '

trailing edge of the wing [’ tretlin]-sannss xpoMKa KpsUIa

to extend [1ks’tend] - spmyckars ‘ '

braking ["breikin] - ropmoxenue

landing stage ["12ndin] - 3tan npusemeHNs; TOCaROYHEIA ITAN NONETA
differentially operated flaps [, difa’renfalr] —murks ¢ auddepenunansubm
ynpasiieHueM (KOTAa OMH LUMTOK OIYyCKAeTCA, APYTOH MOAHHMAETCA)
flaperon [, fl&2pa’ron] - audpepenuuansHO-ynpap/IteMslil HTOK

slotted aerodynamic surface [ sa:fis] - cHabxeHHas WeNAMH a3PONVHAMHTE-
CKas TOBEPXHOCTh

leading edge of the wing ['li:dIp] - nepennsas KpoMKa Kpsina

to break up ['breik “Ap] - Hapymars, cpeiBaTs

laminar flow ['l@mins] - namunapHoe, wm -GecTypGynenTHOe obrexarue
KpELTa »
increased drag [In’kri:st “dreeg] - Bospociuee noGoBoe conpoTHBiEHNE
decreased lift [dr'Kkri:st “lift] - ymensilenHas noxseMHast chia

to deploy [dip’lo1] - BsLABHraTH )

speedbrakes [‘spi:d,breiks] - paGoTatomye B ‘3aBHCHMOCTH OT CKOPOCTH

TOpMO3a (eM Blille CKOPOCTB, TeM CHIIbHES TOPMOXKEHHE)
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High Lift Control System - CHCTEMA YNpPAaBECHHA CPeACTBaMHM MeXaHHM3alNH
kpbuna (Ha camonere Bounr 777)

high W.eight ["weit] - BEiCOKHiA B3NETHBIA BEC

Krueger flap - wmtox Kptorepa. Ha camonere Bounr 777 mmrku Kpiorepa
pacrnonaraioTcs Ha BHyTpeHHe#H nepe}iﬂeﬁ KpOMKe KpEUIa '
single-slotted outboard flap ["autbo:d] - o.uHomeneB{oﬁmzlakpw'mK Ha BHeuw-
Helt 3a/iHeil KpOMKe Kpbiia o
double-slotted inboard flap [ inb:d] - aByxwenesoit 3a1cp£mox Ha BHYTpeH-
~ Hefi 3a1IHeH KpOMKe KpbLIa ‘

1
to droop ["dru:p] - BEImycKaTeCs

4.1. Questions for Argument and Discussion

1. What are high lift devices?

2. At what stage of the flight are they used?

3. What are flaps?

4. What for are flapsused during take-off?

5. What for are flaps used during landing? ..

6. How do we call differentially operating flaps?. T
7."What are slats?

8. Where are slats located?

9. Which high lift devices are used for braking? ,
10. In what cases does lift become unnecessary? .

1¥.-What does the pilot do ta decrease lift? . . ’
12. What is the difference between laminar and turbulent flows of a1r‘7 . ‘.
13.-What does the pilot do to increase drag? When is it necessary? |

14. What number of spoilers is typical for modem wide-body a@rplmeé?

15. How many leading edge slats are normally located along the wing’span?
16. What specific types of flaps do you know?

17. What is the HLCS for? Where does it get its c_omrﬁands &ﬁm?
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18. What means can be used by the pilot to make the taking-off run as short as .
possible? -
19. Why is short taking-off run preferable? . ,
20. What is the difference between a single-siotted flap and a double-slotted
flap?

4.2. Suggested f!:opics'for Presentations and Reports’

1. P‘rimary flight control system and high lift control system

2. Cost analysis of high lift vs augmented thrust .

3. Other solutions of the shorter taking-off run problem

4. Short, very short and vertical taking-off and landing airplanes

s, HLCS, autopilot and flight director interaction

6. Criteria for estimating efficiency of high lift devices

7. High lift devices of Tu-334 and Boeing 777. -

4.3. Aviation Talk

Instructor: Glad to see you all! Today we are going to discuss high lift devices
- special aerodynamic appliances, which make wings behave the way we want.
.Helen: Do wings misbehave?

Instructor: It's common knowledge that wings are devices for developing lift.
They behave properly and develop their nominal lift, but only at their cruising
air speed, for which they were designed.

Helen: And what's bad about this?

Instructor: The airplane is big and heavy, and it takes hundreds of meters of
runway to accelerate it to its taking-off speed.

Peter: We understand here that the pilot wants to make his taking-off run as
short as possible. .
Helen: And for this he needs a lot of lift, and quickly!
Instructor: And here our high lift devices come in. They just develop a lot of

additional lift at low air speeds!
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Peter: The pilot just switches them on, and off he goes!
Instructor: A lot of additional lift means a lot of additional thrust because
overall drag of the airplane increases.
Helen: Which of the high lift devices makes the highest contribution to addi-
tional lift?
Instructor: It's flaps and flaperons on Boeing 777. They are really big and
heavy and it takes up to 4 minutes to move the flaps from the retracted position
to the 30-unit position (fully extended) ‘ '
Peter: Are flaps and slats controlled collectwely'7 ‘
Instructor: Not quite. During extension, the ﬂaps and slats extend at the same
time. During retraction, the flaps retract before the slats. When the flaps are
fully retracted, the slats retract.
Helen: How does thel pilot know the positions of flaps and slats at tl;e mo-
ment?
lnstr-uctor: On Boeing 777 and on other wide-body traﬁsporté there are three
different-displays for flaps and slats. =
* The primary mode display is black when the flaps and slats are fully retracted.
When the flaps or slats extend, a white tape fills the display frof the top down.
The secéondary mode display has separate indications for
The left wing flaps
The right wing flaps
The left wing slats
The right wing slats -

The alternate mode display is evén more informative and has tick marks
and reference detent numbers to identify the flap and slat positions separately.
Helen: What's the use of these three modes?

Instructor: The pilot must net be distracted or overloaded with data he does

not need.

Peter: We already know, that spoilers help the pilot in getting rid of the lift

—— e ma
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when it is no longer needed. What do spoilers do in flight?

Instructor: In flight, the spoilers help the ailerons and flaperons control air-

planeroll about the longitudinal akis. They also supply speedbrake control to

reduce lift and increase drag for descent and landing.

Helen: How many separate spoilers are there on each wing?

Instructor: Typically there are seven spoilers on each wing, but the numbers

may vary. The five outboard spoilers are forward of the outboard flap. The two
~ inboard spoilers are forward of the inboard flap. Each spoiler has its assigned

number.

Peter: How are spoilers commanded?. - . =iz v,

Instructor: In roll control, the pilots manually command the spoilers, and, if

engaged, the autopilot automatically commands them.
Topic S

he Jet Engine Fundamentals

The jet engine is a device for deveIOpiné thrust. All jet}engine‘s operate on the
principle of developing thrust by throwmg back large masses of hot air. The amount
of thrust can be calculated as the product of the mass of air, flowing through ‘the en-
gine, by its acceleration. To understand the pnncxple of internal reaction we must re-
member Newton's third law of motion: "For eve}‘)‘; force acﬁng upon a body, there is
an equal and opposite reaction"”. The jet engine is throwing back large masses of hot
exhaust air, the opposite reaction to which is thrust.

All modern aviation jet engines consist of the following main parts:

1. Air intake unit and the fan -

2. Low pressure stages of the axial compressor

3. Intermediate pressure stages of the axial ompressor

4. High pressure stages of the axial compressor

5. The combustion chamber

6. High pressure stages of the gas turbine



28

7. Intermediate pressure stages of the gas turbine

8. Low pressure stages of the gas turbine

9. Exhaust nozzle, afterburner or thrust. augmenter, and thrust reverser.

Low pressure stages of the gas turbine rotate the fan and low pressure stages of
the axial compressor, forming one mechanical unit, called low pressure spool. Inter-
mediate pressure stages of the gas turbine rotate intermediate pressure stages of the
axjal compressor, forming another mechanical unit, called intermediate pressure
spool. High pressure stages of the gas turbine rotate high pressure stages of the axial
compressor, forming the third mechanical unit, called high pressure spool. -

All three spools rotate at their optimal speeds. Modern triple-spool jet engines

feature very large diameter fan, minimum number of stages and very low level of

noise.

Comprehensive Text-Related Glossary

jet engine ['d3et “end3in] - peaxTuBHbIA ABUraTENE

fundamentals L fAnda mentalz] - GCHOBHEIE CBeZleHHs

throwing back [’ eroumg b&k] oﬁpacmaamxe ﬂasa,u

amount {’maunt] - Bennunna (Hanp mm)

to calculate i kaslju lelt] PACCUHTLIBATE, BEIHCIATE

product [’ prodakt] TpOH3BE/ICH e (xak pe3ynbTar nyomemm) B
acceleration [ak selo’reifn] - - ycKopeHue

PN )
internal reaction [,1n’ta:nal] - BHYTPEHHAR peakuus Macc BO3xyxa (Ha OT-
GpackiBanue Hasan Gonsmux Mace Bo3ayxa) _ ‘ .

equal and opposite [ i:kwal] - pasuas u npomsondno;xno Hanp;aﬁéaﬂax
(peaxuus) ‘

exhaust air [1g°zo:st “€3] - BEDUIONHEIE ra3sl

thrust ["Orast] - Tsara (peakTHBHOrO nsura'ré;rm)

air intake unit ["€o “mterk “ju:nit] - BO31X03360PHUK (PEAKTHBHOrO ABUIa-
Tens) .
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fan [feen] -senTunsTop
low pressure stages [lou ‘prefs ‘steid3iz] - crymenn Huskoro Aamnenms
(xomnipeccopa) ‘
axial compressor [ &ksial, kam'presa] oceBoi lcomnpeccopv
intermediate [, Inta:’mi:djat] - npomexcyroqsme
combustion chamber [,kam’bastfn ‘tfeimba] - xamepa cropaunx
gas turbine ["ges “ta:bIn] - rasosas Typ6una
exhaust nozzle [,1g°zo:st ‘nozl] - BLIXJIOITHOE COILIO
afterburner ['a:fta"barna] - ycrpoiicTso Aoxkura Tomwmsa
thrust augmenter [, :);g'menta] - iﬁdbca'xcaax Kamepa
thrust reverser [,r1°va:s5] - ycTpolicTEO peBepca TArM (C LEMBIO TOPMOKe-
mm)_- A , e
low pressure spool’ [ spu A] - = POTOp HH3KOTO JABMEHUS
mechanical unit [mur’ kaenlksl jll nit] - Mexaumecmn arpera'r
triple-spool jet engine [ trlpl] - TPeXBAIBHEIH PEaKTHBHEIH IBHraTEeNb
to feature [fi:tf: 9] - XapAKTEPH30BATHCS; HMETb 0COGeHHOCTH

low level of noise [ noiz] - Huskuit ypoBeHE m_ywios

§.1. Questions for Argg- ment and Discussion ‘

1. On what principle do all jet engines operate?

2. How can we calculate the amount of thrust?

3. What does the t.hn'd law of motion saSr?

4. What is thrust? In what units is it measured?

5. Which component of the thrust formula would you increase to obtain more
thrust from your jet engme" .

6. What parts does the modem jet engine consnst of"

7. What does the axial compressor do? )

8. How many stages does the axial compressor consist of?

9. Where is air-fuel mixture burnt?
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IT IS MUCH MORE COMPLEX

BUT WHAT IS INSIDE ?

INSIDE ¢
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Accessorles

Alr Intake unit

Exba |._|u noxzle

Aﬁerlipmer

. Combustion
chamber

unit

Fan

Gas lnibhc- .
,llaga

Axlnl_comﬁrmor
© ainges

Genéral Jet Engine Layout
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10. What does the gas turbine do?
11. How do we call the stages which the gas turbine consists of?
12; What do these stages of the gas turbine do?
13. What parts does a spool consist of?"
14, How many spools does a modern jet engine consist of? What are their
names? SR ’
15. What are the main features of a triple-spool jet engine?

5.2. Suggested Topics for Presentations and Reports

1. General principles of thrust qevel(;pglent at low s'ubsonic, high subsonic, and
supersonic air speeds o

2 Divergent and converg;:nt passages in je(t' e}lgine designs

3. Axial and centrifugal compressors '

4. Cannular and annular combustion chambers ‘
5. Basic principles of gas turbipé design '
6. Creep, corrosidﬁ, fatigue and thermal shock in gas turbine blades

7. Methods of gas turbine blades cooling
8. Multi-spool jet engines.

5.3. Aviation Talk

Instructor: Today we are going to discuss avjation jet engines, which are ac-
tually turbo-jet engines, having a compressor at the front to force the air in.
Peter: What drives the compressolr? ‘ i

Instructor: There's pler;ty of energy at the back, where the hot gases leave the

combustiofi chamber. If\you put a turbiné there and connect it to the compres-
sor by a shaft, that wouild solve the problem, wouldn't it?

Helen:-What about the other types of jet engines?
N, . - » )
Instxuctor: They're all variations on the turbo-jet principle. There's the turbo-

prop, for example, where the turbines rotate both the compressor and an ordi-

nary propeller.
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Helen: What are the advantages of this type of engine?
Instructor: At very low flying speeds propellers are more efficient form of
propulsion than jet engines. Pure jet engiges are very efficient at high subsonic
speeds, but at medium and low subsonic speeds their efficiency sharply de-
creases.
Peter: And this was the reason for development of by-pass engines.
Instructor: Right you are, this was the reason. But the development of by-pass
engines was only the ﬁrst step.
Helen: Are by-pass engmes still used" .
Instructor: They are, but in a modified form.Ina By-pési éngine only some of
the air goes straight through; the remainder is passed through dﬁcts, round the
combustion chamber and turbine, but later rejoins the main stream at the rear.
Peter: And what was the second step? ' S o
Instructor: The second step was development of fan engines. The first set of
rotor blades of the axial compressgr was enlarged to form a sort of mﬁhi-blade
propeller, known as the fan.
Helen: Modern jet engines look so bxg, and i unpresswe Is it because of their
large diameter fans? S
Instructor: The diameter of medemn high by-pass ratio jet engmes isupto
three meters, and they are pilon-mounted.
Helen: Does the term “high by-pass ratio” imply large diameter fan? -
Instructor: It does. High by-pass ratio means the ratio of outer, or cold flow of
it to inner, or hot flow of air, passing through the gas. generating part of the
engine. Typical values of practically.used by-pass ratios are 1.7 - 3.1

Peter: Some modern jet engines are described:as ducted fans. What does it
mean?

. A —
Instructor: It usually means that these engines have large diameter. fans within
an annular shroud. o o

~n
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Topic 6

Axial Compressor
Axial compressor is a mechanical device for causing a pressure rise in the air,

delivered to the combustion chamber. There is a constant relatibnship between the
voluiﬂe, the temperature, and the pressure of the air as it passes through the axial
compressor. The temperature of the air at any point of the duct is the product of the
pressure and the volume of that air. ‘

When the volume of the air is being reduced in an axial compressor, there is a
rise in both pressure and temperature. The more efficient is the design of the com-
pressor, the higher will be the rise in pressure. The efficiency '6f an axial-flow com-
pressor depends primarily upon the design of its rotor and stator blades.

- Rotor blades have airfoil crdss-secfn;ons and are made of aluminum alloy, steel
or titanium. They can operate with maximum efﬁcieﬁcy only within a limited range
of operating conditions. Qutside this range the smooth flow of air in the compressor
is usually upset by unwanted turbulence. When one stage of the compréésor is upset
by turbulence, it is said that the compressor stalls. The stalling compressor usually
develops severe vibrations or cotghing. Sometimes it may even produce shot-like
sounds. When all stages of the compressor are upset by turbulence, it'is said that the
compressor surges. The surging compressor produces powerful bangs, the tempera-
ture of the exhaust gases rapidly rises and the engine may be partially or Wholly dam-
aged. Stator blades may be attached directly to the casing of the compressor, with

connecting shrouding at the tips to give them greater stability.
omprehensive Text- ed Glo:

axial compressor [ &ks1al] - oceBoii komnpeccop
to cause t'ko:z] - CO3/1aBaTh

pressure rise [ prefa 'ralz]'- TIOBLIIEHYE OaBIeHUS
to deliver [d1’lva] - nonasaTh

constant relationship [r1'le1fanfIp] - nocTosHHoe cOOTHOWIEHHE
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volume ["volju:m) - o6bem (Bo3nyxa)
duct ["dakt] - kanan; xoHTYp
to reduce [r1"dju:s] - cokpauiars, yYMeHBIIATS
axial flow compressor [ flou] - KoMnpeccop ¢ TeueHHeM BO3AyXa BIOMb OCH,
oceBofi Kotvmpeccop (B oTnUYMe OT HEHTPOGEKHOrO koMmpeccopa ¢ nonepey-
HBIM TeYEeHHeM BO3LyXa) o
efficient [1"fi[nt] - adpdexTuBHsI, ¢ Boicokum KITJ
rise in pressure[ raiz] - noxsem nasnemm ‘
primarily [pral merili] - 8 ocaosaom, B nepnyxo oqepezm
des:gn [dr zam] KOHCTPYKIKS )

’ blades [’ blexdz] - TonaTKH (POTOpa U CTATOpPa OCEBOro KOMIIpeccopa)
ai‘l“'fo_ili g:tosé-seqﬁqn r eaf:nl]»- NpodHIPOBaHHOE NoNepeHoe cevenue (Tuna
HonepeyHOrg ceveHHs Kpbina)

aIloyL 2elol] - crnas

[ERRIN

titanium [rar’ temlam] - THTaH (Meran.n)
. range [remn3] - - Auanasox

-operating conditions, [kan’difnz],: ycnosus skcruryaraums .

RIe0

smooth:flow of air ["smu:8].- HEBO3MY1UEHHOE TeYEHHe BO3TyXa

to upset - HapymaTh; CPHIBATH NAMHHAPHELH MOTOK

unwanted turbulence ["ta:bju:lans] - Hemenal'enmaa.rypgyﬁemom '
to stall ['sto:1] - paGoTats B pexaMe cpbiBa moToka B OZHOR CTYyNeHm KoM-
fipeccopa '

severe vibrations [SI'Via] - cunsHeie snﬁpa[mn

coughing [’ kafm] W3/1aBaeMble IOXOXHE Ha Kawess 3Bylm

to produce shot-like sounds [’ _I'otlalk] H3gasath 3ayKH uoxoxcue‘ Ha. BbI-
cTpenst

to surge ['sa:d3] - paBorats B pexume nounaxca, py KOTOpOM CphIB [10TOKa
MPOMCXOAMT BO BCEX CTYHEHAX xomnpeccopa
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powerful bangs [’baenz] - MOILHBIE B3phIBONOAOOHbIE 3BYKH
rapidly [ repidli] - 6sictpo
partially or wholly ["pa:[ali] - yacTauHO WM MONHOCTHIO
to damage ["deemids] - nospexaaTts
to attach [o°tatf] - ycranannupats, 3aKperisTh
casing ["keIsip] - kopmyc; xoxcyx
shrouding [’ fraudin] - GannaxupoBatine 3aKOHUOBOK JONATOK (/A MOBEI-

HICHHA KECTKOCTH)

6.1. Questions for Argument and Discussion

1. What does the axial compressor do in a jet engine?

"2. How can we calculate the temperature of the air at any point of the duct of

the compressor?

3. What happens when the volume of the air in the compressor is reduced?
4. What does the eﬂiciéncy of the compressor depend on?

5. What material are the blades of the compressor made of?

6. What happens, when one stage of the compressor is upset by turbulence?
7. What is the axial compressor stall?

8. How does the axial compressor stall manifest itself?

9. What happens when all stages of the axial compressor are upset by turbu-
lence? -

10. What is the axial compressor surge?

11. How does the axial compressor surge manifest itself?

12. What are the results of the compressor surging?

13. What is the difference between stalling and surging conditions?

14. Where does the-axial compressor take its energy from?

15. What are stator blades (vanes) for?

16. Where are stator blades attached to?

17. What measures are taken to ensure greater stability of the stator blades?
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6.2. Suggested Topics for Presentations and Reports
1. Gasdynamic processes in a convergent duct.
2. Criteria complexes for estimating efficiency of axial compressors -
3. Comparative analysis of axial, centrifugal and hybrid compressors
4. Stall conditions in axial compressors
5. Surge conditions in axial compressors
6. Optimum rotation speeds of low pressure, intermediate pressure, and high

pressure compressor stages.

6.3. Aviation Talk

Instructor: Historically, there are three types of compressors, used in aviation
jet engines. These are centrifugal compressors, axial flow compressors and hy-
brid compressors. Each of these types has its own advantages and disadvan-
tages. . . . . o
Helen: Up to now. we have discussed only axial flow compressors. Does it
mean that they are the most efficient type?

Instructor Yes, it does Axial flow. compressors are the most efﬁcxent and the
most complex type of compressors, and they are used in most jet engines. On
the other hand, centrifugal COMPressors are very simple and robust.

Peter: Does the term “centrifugal” mean that the air in a centrifugal compres-
sor is moving radially outwards? .
Instructor: It does. A vaned disk, called the impeller, is attached to the turbine
shaft near the air intake. As the disk rotates, it spins all in contact with it. Cen-
trifugal force flings the air outwards at high velocity. '

Helen: But we need to increase the pressure of the eir, not its velocity!
Instructor: T haven't finished yet! The air is flung off the impeller into diver-
gent passages formed by diffuser vanes, attached to the outer casing.

Helen: Oh, now I see. When the air enters these passages, it slows down, and

the lost kinetic energy reappears as pressure energy. Am [ right?
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Instructor: You are absolutely right. From there, of course, the compressed air -
is ducted to the combustion chamber. '
Peter: It sounds so simple in theory! -
Instructor: In practice this type of compressor is both robust and very easy to
manufacture, but, unfortunately, its efficiency is low. It appears that instead of
driving the air outwards it would be preferable to drive it backwards, without .
any change of direction of movement.
Peter: It seems to be a more efficient arrangement!
Instructor: It is. The compressors of this type are called axial flow compres-
sors.
Helen: Are these compressors mounted on the turbine shaft t00?
Instructor: Yes. The axial compressors force the air straight backwards by
means of a series of multi-blade fans, mounted one behmd the other.
Peter: As far as [ understand, we can choose the number of these multi-blade
discs in accordance with our needs
Instructor: That's it! Between each set of rotor blades are similar sets of sta-
tionary blades, attached to the outer casing. These stationary blades redirect the
air to the correct angle for the next set of rotor bladee. Each set of rotor blades

with its set of stator blades is known as a stage.

Topic 7

The Combustion Chamber -

Combustion chambers are mechanical devices for burning air-fuel mixture.
They may be installed in the engme in a number of different ways. The multiple
combustion chamber layout is used with engines having centrifugal compressors In
this layout a number of flame tubes are disposed radially round the engine. Annular
and tubo-annular designs of combustion chambers are more often used presently.

The flame tube of annular combustion chambers is in the form of a double

ring, which in turn is fitted into an annular casing of two more rings. Tubo-annular
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combustion chambers have flame tubes grouped round the engine, as in the multiple
layout, but instead of each having a separate outer casing, they are all disposed in a
common annular casing, shaped like two broad rings, one inside the other.

Tubo-annular chambers are easier to manufacture and overhaul, while annular
chambers, besides possessing these advantages, are also more compact. Annular
chambers are more fuel-efficient and reduce many of the problems of air pollution.
All combustion chambers must be capable to withstand very high temperatures, rapid
changes of temperature and corrosive effects produced by the products of combus-

tion. . . e ST

Comprehensive Text-Related Glossa

air-fuel mlxtul‘e[ mitkstfa] - Tonnuaﬂo-nosnymuax cMech
to install [m sto: l] yctaﬂannunarb '
multlple combustion chamber layout [ mAltIpl lelaut] Kamepa cropa}mx

h Y

C OTHeNbHEIMH )Kapoabmu prSaMM
centrifugal compressor[ sentr1 “fju: gal] uearpo6e>xx£;u .xomnpeccopl

) ﬂame tube r ﬂexm tju: b] xcapoaan 'rpy6a

o layout[ lelaut] nnaanomca, pacrosioxenue

‘ annular combustion chamber ["@nju:la] - KoNbLeBast Kamepa CropaHus
double ring ["dabl ‘rip] - nBofiHOE KOJIBLIO
tubo-annular combustion cham'beh - Tpy64aro-Konsuesas KaMepa cropaHHst
separate outer casing [',kelsm] 7 OTAGTLHBI BHEMIHHI KoXyX
shaped [ feipt] - umeroie Qmpmy ,
one msnde the other [m saxd] - oMK sny'rpu Apyroro
to manufacture[ manju: fakyfa] - usrorosnsrs, nponasom
advantage [3d’va: ntid3}-npenmymectso

[

_more fuel-efficient [’ fju:al 2 flj'ant] ¢ Gonee aucoxoﬁ TOTUTHBHOH 3¢ dek-
THBHOCTLID

-to reduce [rl'dju:s] - COKpALLAT, YaCTHYHO pewaTh (NpoGneme) |
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air pollution ["€3 , ps°lu:fn] -sarpasuerue Bo3aymHo#H cpesbl
capable to withstand [w1d'stznd] - B cocTosHus BEIIEPXHBATH, MPOTHBO-
CTOATH : '
corrosive effects [ka'rousiv] - kopposuornsie Bo3neficTBHA

products of combustion [’ pradakts] - nporyxTs! cropanua

7.1. Questions for Argument and Discussion

1. What are combustion chambers for?

2. What part of the jet engine is before the combustion chamber? ‘

3. How many layouts of the combustion chambers are known?

4. With what type of compressors is the multiple combustion chamber layout
used? ]

5. What is the flame tubes disposition in the multiple combustion chamber lay-
out?

6. What designs of combustion chambers are more often used presently?

.7. What is the form of the flame tube of annular combustion chambers?

8. What is the disposition of flame tubes in tubo-annular combustion cham-
bers?

9. In what do tubo-annular combustion chambers differ from annular combus-
tion chambers?

10. How can annular combustion chambers and tubo-annular combustion
chambers be compared? ,

11. Which combustion chambers are easier to manufacture?

12. Which combustion chambers are more compact?

13. If you were interested in higher fuel efficiency and lesser air pollution,
which type of combustion chambers would you choose?

14. What are operating conditions of combustion chambers?

15. What requirements must all combustion chambers comply with?
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7.2. Suggested Topics for Presentations and Reports

1. Criteria complexes used for combustion chambers evaluation

2. EEE (Energy - Efficient Engine) and other research and development pro-
grams in the field of combustion chambers ‘

3. Two-zone combustion in modern combustion chambers

4. Combustion chamber in a fuel-efficient jet engine

5. Thrust augmentation combustors

6. Plenum combustion chambers of VTOL airplanes

7. Combustion chaglbt:rs of vectored-thrust jet engines.
7.3. Aviation Talk

Instructor: This time we are going to discuss the central part of the jet engine
- - its combustion-chambeér; This is- the place where fuel is -mixed with the air

from the compressor and ignited.

Peter: It must be quite complex!. - =7 !

Instructor: On the contrary, you'll be surprised by its simplicity! Just imagine

two tubes, one inside the other. The inside one, called the flame tube, is fitted

at the front with a perforated flare, located behind an entry snout. In the center
- of the flare there are a number of swirl vanes.

Helen: Up to now, it's quite simple.

Instructor: The air comes from the compressor at high velocity of one or two

hundred meters per second... .

Peter: It can surely blow out the flame. -

Instructor: Very definitely it can. Besides, there is more available air than is
'+ needed for combustion. And this is the reason why there are two tubes: only
the quantity of air needed for combustion goes'into the inner tube, the rest

passes outside it. =~ . y

Helen: The flare clearly helps to decrease the velocity of the air entering the
flame tube...
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‘Peter: And also to raise its temperature and pressure.
Instructor: You're both right! .
Peter: I don't see why the compressor should be made to deliver so much air
when only part of it is needed for combustion.
Instructor: The temperature of the gases leaving the combustion zone may be
as high as 2000 degrees Centigrade. This is too hot to feed into the turbine.

About half of the excess air is needed to dilute and cool these exhaust gases.
Topic 8
The Gas Turbine

The gas turbine provides the power to drive the compressor and accessories. It
does this by extracting energy from the hot gases released from the combustion
chamber and expanding them to lower pressure and tefnperature. High stresses are
involved in this process, and for efficient operation, the turbine blade tips may rotate
at speeds up to 500 meters per second. The continuous flow of gas, to which the tur-
bine is exposed may have an entry temperature of up to 1400 C° and may reach a ve-
locity up to 700 meters per second in some parts of the turbine. ' ‘

To produce the driving torque, the turbine may consist of several stages, each
employing one row of stationary nozzle guide vanes and one row of mo{ring blades.
The number of stages depends on whether the engine has one shaft or two and also on
the relation between the power required from the gas flow, the rotational speed at
which it must be produced and the diameter of turbine permitted.

The number of shafts varies with the type of engine. High compression ratio
engines usually have two shafts, driving high and low pressure compressors. On high
by-pass ratio fan engines another turbine is interposed between the high and low
pressure turbines, thus forming a triple-spool system.

. The by-pass engine enables the use of a smaller turbine than in a pure jet en-
gine for a given thrust output and it operates at a higher gas inlet temperature, thereby

obtaining improved thermal efficiency and power to weight ratio.
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The balancing of a turbine is an extremely important operation in its manufac-
ture and maintenance. In view of the high rotational speeds and the mass of materials,
any unbalance could seriously affect the rotating assembly bearings and engine op-
eration. Balancing is effected on a special balancing machine and is conducted after
each maintenance operation connected with replacements of blades, discs and bear-
ings.

Comprehensive Text-Related Glossa

power [’ paus] - MOILHOCT

to drive ["draiv] - TMPUBOAKTD BO BpalleHHe
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entry temperature ["entvrI]‘ - TeMIepaTypa Ha BXOJe TYPGHHBI
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row ["rou] - pan L
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moving blades ["bleidz] - spamasoumecs nonarxn TypGumst

one shaft or two ['[a:ft] - onus Ban mM gBa

diameter of turbine permitted [ps’mitid] - pomycrumsrit AvameTp TypGHHBI
compression ratio ['re1fiou] - xospduument cxarusa
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to interpose [, Inta:’ pouz] - scrpansars; yCTaHaBIHBaTh (MeXIy)
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triple-spool system - TpexBajbHas cHCTeMa
for a given thrust output - 114 NaHHOH pa3sBHBAaeMOil TATH
thermal efficiency ['Ga:mél] - TernoBast 3 GEeKTHBHOCTE
power/weight ratio - ylieTsHas MOLHOCTS
balancing ["baelansin] — 6anancuposka
to effect [1'fekt] - nponsBoauTs, OCYLIECTBAATS
unbalance — pasbanaHcuposka '
bearing [‘bearin] - noammnuuk

replacements [ri:’ plersmonts] - 3ameHb

8.1. Questions for Argument and Discussion

1. What is the gas turbine for?

2. Where .does the turbine obtain its energy from? '

3. At what speeds may the turbine blade tips rotate for efficient operation? k

4. What is the entry temperature of the flow of gas to which the turbine is ex-
posed? .

5. What velocity may this flow of gas reach? -

6. What number of stages may the turbine consist of?

7. What rows does each stage of the turbine consist of?

8. What is the difference between blades and vanes?

9. What factors does the number of stages depend on?

10. How many shafts do hiéh compression ratio engines have?

11. What do these shafts do? '

12. On what types of engfnes are triple-spool systems used?

13. What parts does a spool consist of? ' .

14. What are the advantages of by-pass engines?

15. What is meant by the by-pass ratio?

16. Why is balancing of a gas turbine considered as an extremely important

operation?
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17. What are the results of any unbalance of the gas turbine?

8.2. Suggested Topics for Presentations and Reports

1. Gasdynamic processes in gas turbine stages

2. Energy transfer from gas flow to turbine

3. Compressor-turbine matching 4

4. Criteria for evaluating performance of a gas turbine
5. Impulse-type turbines for cartridge and air starters
6. The problem of higher turbine entry temperatures.

8.3. Aviation Talk

Instructor: The basic principles of gas turbine design are easy to understand,
but their practical application is very complicated, to say the least, First, what
does the turbine do? |

Peter: [t drives the compressor, of course.

Instructor: Anything else?

Helen: I suppose it drives various accessories, too. Fuel pumps, electric gen-
erators, and things like that, ! .

Peter: In turbo-prop aircraft it dri\'/es the propeller shaft, in i'lelicopters it drives
the rotor shaft, both through reductien gears. h -
Instructor: You're both well in the plcture' I am very mpressed'

Helen: Don't be mlsled' We've read all this from a booklet!

Instructor: Very good. Now let's see how a turbine operates. The hot exhaust
gases from the combustion chamber first pass fixed nozzle guide vanes.

Peter: They look like stator vanes in a compressor, don't they"

Instructor: Yes, in a way. But actually they are quite drfferent Firstly, they
have complex cooling ducts inside. Secondly, t.hey are monocrystallic, that is
produced from a piece of metal, grown as a single crystal.

Helen: What substance is used as a cooling agent? - |

Instructor: As a cooling agent is used common air, bled from a compressor
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stage. Immediate'ly'behin'd the fixed nozzle guide vanes are the rotating blades
of the turbine. These are the most critical items of the whole jet engine. In
moderm jet engines they have to withstand temperatures of up to 1400 degrees
Centigrade and strains of up to three or four tons.

Peter: I think that design and manufacture of such blades must be quite a
problem! o

Instructor: This is the field known as very high technologies and top secret
know-how. Now let's see once more the principles upon which the gas turbine
operates... '

Perer: I can see on this diagram that the nozzle guide vanes form convergent
passages. Are they really convergent? |
Instructor: They are. These convergent passages cause the gases to accelerate
just before they strike the blades of the turbine. ’
Peter: The turbine blades also seem to be twisted. What is this twist for?
Instructor: Yes, their stragger angle is greater at the tip than at the root This
ensures that the gases do 'equal ‘work throughout the length of the blade, and
that they leave the turbine at a uniform axial velocity.

Helen: How many turbines may modern high by-pass ratio engines have?
Instructor: Modern high by-pass ratio jet engines'may have three gas turbines,
and three concentric shafts, running irrdependenﬂy. This forms 2 triple-spool
system.

Helen: What are the advantages of triple-spool jet engines?

Instructor: Such engines are very fuel efficient and also extremely quiet.

Topic 9

The Exhaust System

The exhaust system of a jet engine passes the turbine discharge gases to at-

mosphere at a velocity, and in the required direction, to provide the resultant thrust.

Great care must be taken in the design of the exhaust system at the rear of the engine.
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If the flow of exhaust gases is impeded by too small an exit, temperatures and pres-
sures will be built up inside the engine, while too large an exit will make them fall,
and create a loss of thrust.

When afterburning is in operation, the area of the exhaust nozzle can be in-
creased by opening two eyelids that partially obstruct the nozzle aperture when
clbsed. The pilot actuates these eyelids by pneumatic rams, which in turn are linked
to the fuel supply system. As they open the supply of fuel is increased.

By-pass engines can benefit spectacularly from the use of afterburning. Thrust
can be increased by 70% or more for short periods of time. This enables the airplanes
to reach an economical cruising height far more quickly than planes not fitted with
afterburners. | '

As arule, it can be said that forward thrust is created wherevér there are diver-
gent passages which convert velocity into pressure energy. Following tiie ‘?air as it
passes through the engine, we see that considerable thrust is developed in the com-

pressor because of the rise in pressure there.

Comprehensive Text-Related Glossary
exhaust system [1g'zo:st “sistem] - Bexnonnas cucrema
discharge gases [d1s’ fa:d3] - rasst Ha BbIXOze TypGHHET
to provide [pra’vaid] - o6ecnedusars; cosnapats '
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area { €aria] - wromasne
eyelids [a1lidz] - creopxu, 3acnosKu
partially [*pa:Jali] - yacrmuno
to obstruct [ab’strakt] - nepexpsisaTh, 3aropaXciBaTh
nozzle aperture ["®@patfua] - oTBepcTHe coma
to actuate [ zktfueit] - npusoaNTH B AeficTBHE
pneumatic rams [nju:’ maetik] - MHeBMaTHYECKHE TONKATENH
in turn {in’ta:n] - B cBotO OUepens
linked [’linkt] -cBasanm: (¢ ToNNHBAHOM CHCTEMOI)
supply of fuel [s3°plai] - monaya TorMBsa -
by-pass engines - JByXKOHTyDHEIC ABUraTeNH
to benefit ["benifit] - cymecTBeHHO yiTy41aTs (CBOH MOKA3ATENH)
to enable [in’e1bl] - naBaTh BOIMOXHOCTE
to reach [ ri:tf] - mocturats
economical cruising height ["kru:zi “hait] - eeicora sxoHOMAYHOro Kpeii-
cepckoro noneta '
not fitted - He oGopynoBaHHEie
divergent [da1’va:dgont] - pacxopaumiics (xanan)
to convert [kan’va:t] - npeoGpasopars ‘
considerable [kan’sidarabl] - sHauMTenbHEIH, CyMECTBEHHEIH

rise ['raiz] - ysenuueHue, pocT (AaBleHHA)

9.1. Questions for Arguments and Discussion

1. What does the exhaust system do to provide the resultant thrust?

2. Why must the design of the exhaust system be taken very carefully?

3. What are the consequences of choosing too small an exit for the flow of ex-
haust gases?

4. What are the consequences of choosing too large an exit for the flow of ex-

haust gases? .
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5. What can be done with the area of the exhaust nozzle when afterburning is
in operation?
6. What do two eyelids do with the nozzle aperture?
7. By what device does the pilot actuate the eyelids?
8. To what system are pneumatic rams linked?
9. When is the supply of fuel increased?

10. From what can by-pass engines benefit?

11. By what amount does the use of afterburning increase thrust?

12. Why is afterburning used only for short periods of time?

13. What does the short application.-of afterburning enable the airplanes to
reach far more quickly? i

14. In comparison with what does the short application of afterburning enable
the airplanes to reach an economical cruising height far more quickly?

15. When is forward thrust created?

- - 16. What do divergent passages do?

17. Where is considerable thrust developed?

18. For what reason is considerable thrust developed in the compressor?

9.2. Suggested Topics for Presentations and Reports
1. Criteria applicable for exhaust system evaluation

2. Design and construction of modern exhaust systems
3. Afterburners in high by-pass ratio jet engines

4. Thrust reversal systems .

5. Exhaust systems of vectored thrust jet engines

6. Environmentally clean and quiet exhaust systems
9.3. Aviation Talk

Instructor: This is our final Aviation Talk in the present series. We have dis-

cussed Airframe and Powerplant, but; for obvious considerations of space and
time, we have omitted some important items, such as:
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- Fuel, Oil, Air, and Hydraulic systems

. - Electric systems. Starting and Ignition

- Controls and Instrumentation

- Installation and Maintenance.

Peter: But we can discuss them very briefly, just to get an idea of what they
are-for! :

Instructor: This is what I have just.planned to do, but at the end of our present
sessions. But presently we have to return to our final talk on Exhaust Systems.
:And our first item for discussion will be quite obvious:

What are these systems for?

Helen: The answer is just as obvious: The exhaust systems are the devices for

- passing the turbine discharge gases to atmosphere to provide the resultant

thrust.

Instructor: What will be the results of choosing too small or too large an exit
for the flow of exhaust gases?

Peter: When the exhaust gases are flowing through too small an exit, tem-
peratures and pressures inside the engine will be gradually building up, and
disastrous results become more and more possible. i v

Helen: What do yon mean by disastrous results?

Instructor: The very first result will be the surge in the axial compressor.
Peter: But I have not completed yet! When the exhaust gases are flowing

through too large an exit, temperatures and pressures inside the turbine will be

- lower than nominal with the resultant loss of thrust.

Helen: And this is just the case for switching the afterburner on!

Instructor: Switching the afterburmer on is a very expensive operation and
must be justified by actual requirements of flight. How does the pilot switch
the afterburner on when it is really necessary?

Peter: When the plane is climbing, the pilot switches the afterburner on by

pneumatic rams, which open the eyelids and at the same time open up the sup-
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ply of fuel.
Instructor: Which jet engines can benefit most from the use of afterburners?
Helen: These are by-pass engines. Some of them can increase thrust by more
man 70% for short periods of time needed for climbing.
Instructor: Now our final question. When is forward thrust created?
Peter: Forward thrust is created in all cases when the air flows through diver-
gent passages or when the pressure of that air.increases.
Helen: But é{e have not discussed on-board systems yet!
Peter: And the first question to this effect will be about fuel systems. How
does the pilot control speed? Does he vary the flow of fuel?

- Instructor: Yes, in a way. But things are actually more complicated. An en-
gine's thrust depends upon the weight of air passing through it, and this weight
varies according to the aircraft's speed, its altitude and the temperature of the
air itself.

Helen: You mean that if any of these alter, then the speed of the plane will al-
‘ter too?

Instructor: Precisely. '

Peter: That could be dangerous! T

Instructor: Yes, but in fact every engine is fitted with an automatic control

unit that senses these variables and applies the necessary corrections.

Helen: Our next question will be connected with oil systems. How does the

pilot know oil temperature?

Instructor: Oil temperature is sensed by temperature-sensitive elements fitted
in the oil system. A change in temperature causes a change in the resistance
value and a corresponding change in the current flow at the indicator.

Peter: Now we would like to know something about air systems. Cabins and
deicing systems must be supplied with some hot air. Where does it come from?

Instructor: The hot air for different needs is usually taken from the last stage
of the compressor.
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Helen: Our next question is connected with the hydraulic system. What is this
system for?
Instructor: The hydraulic system provides a very simple and efficient method
of transmitting power by means of liquid under:pressure. Hydraulic actuators
operate all airplane confrols - rudders, elevators, and-ailerons.
Peter: Next we have the electric system, starting and ignition.
Instructor: The electric system operates on alternating current, produced by
on-board AC generators. Aviation standards of AC are: frequency of the cur-
rent - 400 cycles per second, voltage -117 volts.
Peter: But you have not said anything about starting and ignition!
Instructor: Starting and ignition come separately. Two separate systems are
required to start a jet engine: a low-voltage electrical starting system, and ig-
niting system. During engine starting the two systems must operate simultane-
ously.
Helen: Controls and instrumentation is our last but one problem.
Instructor: The controls are designed to make the handling of the engines as
simple as possible. It means that the plane flies at the right speed for a given
throttle setting, whatever the actual operating conditions.
Peter: But what does the instrumentation éystem do?
Instructor: It shows to the pilot the actual power output of the engines, tem-
perature of the gases, entering the turbines and jet pipe temperatures.
Helen: Our final item for discussion is installation and maintenance. But
clearly this item is only the last, but not the least in importance.
Instructor: Modern jet engines can be placed almost anywhere, provided they
remain accessible for maintenance and repairs. Presently almost all jet engines
are made in modular form to facilitate the rapid replacement of worn assem-
blies.
The adoption of on-board computers, modular construction, and on-condition

maintenance has stimulated the development of monitoring instruments, sen-

.
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sors, and early warning systems, improving overall reliability of air transporta-
tion.
Peter: What does modern on-condition maintenance come to?

~Instructor: For all of us modern on-condition maintenance means transition
from old, on-time types of maintenance, to new and progressive types, based
on exact information about actual conditions of all components. This informa-
tion is supplied to the on-board computer by numerous sensors, monitoring
actual operating conditions of all critical components of the airplane:
Peter, Helen: We all thank you for answering our questions and for clear pres-

entation of new and sometimes quite complex material. Thank you!
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Part 11

Computer Science Fundamentals
Topic 10
M

Electric current is traditionally defined as the ordered flow of electrons ina.
conductor. As conductors we can use all metals. Metals are good conductors because
they have free electrons. The best conductors are metals silver, gold, copper, and
aluminum. .

There are two types of electric current. The first type is called direct current
(DC), the second type is called alternating current (AC). Direct current is the current,
which always flows in one direction. There are two directions of DC flow. One di-
rection is from positive potential (+) to negative potential (-), and it is called technijcal
direction of DC ﬁow. The second direction is from negative lﬁotential'(-_) to positive

potential (+) and it is called scientific direction of DC. Négative potentiél corre-

sponds to excess of electrons, positive poténtial corresponds to their deficit. The

technical direction of DC flow appeared when people started using DC for pracueal
applications without knowing anything about electrons.

Alternating current (AC) is the current, ‘which changes ifs direction many times
per second. The number of changes of direction per second is called frequency of
AC. Frequency of AC in the mains in Russia is 50 (fifty) cyclés per second, voltage is
220 (two hundred and twenty) volts-Frequency of AC in the mains in the USA is 60
(sixty) cycles per second. Frequency of AC in the mains on board of aircraft is 400
(four hundred) cycles per second, voltage is 117 (one hundred and seventeen).volts.
Frequencies of AC are different because there is a design rule, which reads: "’i‘he
higher is the frequency of AC the smaller and lighter are all power transformers on
board".

Electric current is measured in amperes (A). One ampere is defined as one

coulomb per second. One coulomb of electricity is the amount of electrons, which,
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flowing through a solution of nitrate of silver, deposits 1.118 milligrams of silver on 10.1 Questions for Argument and Discussion
the electrode. Practically used units for measuring electric current are milliamperes 1. What is electric current? :
A .
(mA) and microamperes (RA). 2. What substances can be used as conductors?
Comprehensive Text-Related Glossary ‘ 3. Why are all metals good conductors?
electric current ["karant] - onexTprueckuii Tok : 4. Which metals are the best conductors?

conductor [kan’dakts] - npoBoaHuK (NEKTPHEECKOrO TOKA) [ 5. What types of electric current do you know?

: L4 1 i ? -
silver ["stlva] - cepe6po 6. What is direct current?.

gold ['gould] - 30010 o ! ... 7. How many directions of direct current flow do we know?

copper ['kopa] - Mexs 8. In what direction does direct current actually flow?,

9. What is the meaning of positive potential?

direct current [d1’ rekt] - nocToaHubI# TOK

|
| .
R i i ive potential?
alternatmg current "2 ltanemn] nepememmm TOK “ 10. What is the meaning of negative po
1

scientific [ saron’ tfik] - Hay4Hblit 11.What is alternating current?
‘ .. 12. What is frequency of alternating current? . .
13. What is frequency of AC in the mains in Russia?
14. What is frequency of AC in the mains in the USA?
15. What is frequency of AC, in the mains on board of Civil Aviation air-

excéss [k’ ses] - uﬁGu’rox . :
deﬁclt[ defisit] - HefOCTaToK
application [,2pli’keifn] - npameueune, npmxox(enne

frequency [ fri:kwansi] - 4actora
: planes?

16. Why are frequencies of AC different? ...

17. What units are used for measuring electric current?

in the mains ['meinz] - 8 cetn (nepememl-xoro TOKa)
on board ["bo:d] - na Gopry (camonera)

design rule [d1'zain “ru:l] - npasuno npoexTHpoBaHus 18. How do we defi e?
, , . we define one amper . :
power transformer ["paus ,tra:ns’fa:ms] - cunoeoit TpaHCgopmaTop ?

, 19 _What values do we measure in coulombs?
to measure {"me32] - U3MepATHL - ,

a ¢’ 1 20. What is one coulomb of electricity?, 4
mount (3" maunt] - konuiecTBo

. 21. What units for measuring electric current are used prachcally”
solution [s2’lu:fn] - pacteop

to deposit [d1’ pozit] - oTknansiBaTS (M3 pactsopa) ) <. 10.2. Suggested Yopics for Presentitions.and Reports
units [ju:nits] - exMHULB! U3MepeHHs 1. Principles of generation of alternating current

microamperes [, maikrouam’pi:az] - Muxpoammepst " 2. Principles of generation of direct current
3. Conductors and superconductors of electric current

4. Frequéncy of alternating current ™ *
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5. Measurements of current and voltage

6. AC and DC generators on board of Civil Aviation airplanes.
10.3. Aviation Talk

Instructor: Presently we are starting Part Two of our series of topics, called
"Computer Science Fundamentals”. These topics are aimed at promoting un-
derstanding of general principles of operation of on-board, or flight, comput-
ers. Our first topic in this series is called "Electric Current".
Peter: I understand that all power supply units of computers require alternating
current for their operation. As we all know, to alternate means to change.
Instructor: By definition, alternating ctirrent is the current that changes its di-
rection of flow many times per second.

Helen: But what does alternating current have to do with computers?
Instructor: All computers take their power from the mains. And in the mains
we have alternating current, which must be converted into direct current, used
by all computers. ' o

Peter: Why do we always and everywhere have alternating current in the
mains? '
Instructor: AC is so popular because of its very important advantage -
transformability.

Helen: And what does it mean?

Instructor: It means that we can change its voltage according to our needs by
using stepping-up or stepping-down transformers.

Helen: But AC has another parameter, which can be changed - frequency.
Peter: I've never heard anything about changing frequency of AC. Up to now,
at feast.

Instructor: We do not change frequency, we choose it from the-very begin-
ning.

Helen: We've already heard that the higher if the frequency in the mains the
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smaller and lighter are all power transformers. Why not have in our mains al-
ternating current of a higher frequency?

Peter: Yes, why not have in our mains 400 cycles per second AC, as in avia-
tion? Our home TV sets would be twice as light.

Instructor: We must not forget about radiation losses involved. The higher is
the frequency in the mains, the higher are radiation losses in transmission lines.
And distances in our country are really great. The present value of 50 cycles
per second is optimum.

Helen: How do we measure AC?

Instructor: Current is measured by connecting the meter in series. That means
that we have to disrupt the circuit first, then we havé to connect me'ﬁleter so
that all current would flow.through the meter.

Helen: And in what units do we measure current?

Instructor: ‘Current is measured in amperes, milliamperes, or microamperes,
depending on stretigth of the current.

‘Peter: What kind of meters do we use for measuring current?

. Instructor: For measuring current we use meters with very low inner resis-

tance. . . : . [T 5
Helen: Sometimes we have to measure voltage. What kind of meters do we use’
in this case? l

Instructor: For measuring voltage we use meters with very high inner resis-
tance. And we must riot forget what in this case we connect the meter in paral-

- lel.

Peter: Helen: We both thank you for answering our questions. Thank you

0

Topic 11

Transformer

Transformer is an electro-mechanical device for changing the ratio between

current and voltage. All transformers operate on the principle of electromagnetic in-
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duction, which means crossing the conductor by magnetic lines of force. All trans-
formers consist of three main parts: (1) Primary winding, which is connected to the
mains; (2) Iron core, which concentrates magnetic lines of force and makes all of
them cross the secondary winding; (3) Secondary winding, which is connected to the
load of the transformer.

- There are two practically used types of electrical transformers: (1) Stepping-up
transformers, in which the number of tumns in the secondary winding is higher than
the number of turns in the primary winding of the transformer, and (2) Stepping-
down transformers, in which the number of turns in the secondary winding is lower
than the number of turns in the primary winding. Transformers are described by their
operating power, operating frequency, and transformation ratio. Operating power of a
transformer is calculated as the product of current by, voltage in its secondary wind-
ing under conditions of maximum loading. By operating frequency is usually under-
stood the frequency in the mains for which the specific transformer is designed.
Power transformers, designed for 60 cycles per second operation will not operate in
the 50 cycles per second mains because of overheating and ultimate failure. Encap-
sulated on-board transformers, designed for operation in the 400 cycles per second
mains, in the 50 cycles per second mains quickly overheat and in some cases explode.
Transformation ratio of a transformer is the ratio of the number of turns in its primary
winding to the number of tums in its secondary winding,

The operating of ideal, or lossless transformers is described by the rule of
transformation, which reads: "The product. of current,by.voltage' in-the primary
winding is always equal to the product of current by voltage in the secondary wind-
ing". All real transformers have losses and heat during operation. The common

source of losses is low-quality iron in the iron core of the transformers.

Comprehensive Text-Related Glossary
device [d1’vais] -ycTpoficTeo

ratio {'reifiou] - orHoweHNe (BeNHUKH)

59
magnetic lines of force ["fa:s] - MmaruuTHEIE CHTOBEIE AMBUK
primary winding ['praimori ‘waindin] - nepsuunan o6moTxa (Tpanchopma-
TOpA) E
the mains ['meinz] - cets (nepemenHoro Toka)
iron core ["aton 'ka:] - sxenesuslit cepaedHnk
secondary winding ["sekandari] - Bropuynas o6Motka (Tpanchopmatopa)
stepping-up transformer ['stepi) ‘Ap ,tramns’foms] - noBsunaromuit
Tpaucq;opmarép
number of turns ['ta:nz] - yucno BuTKOB
operating power ["opareitin] - pabouas (HOMHHANEHAA) MOLHOCTE o
operating frequency [ fri:kwansi] - pa6ouas yactora
transformation ratio [, tr?énsfa'inel fn] - x;aati)tbmem TpaHcopMaHK
under couditio;ns [‘ands, _ican'dl fnz] -8 Eycnoanxx ; nIpH paGoTe B pexuMe
is designed [;z di’zaind] - cnpoexTiposan
overheating ["ouva’hi:tig] — neperpes
ultimate ["Altimit] - 3aBepurarowmwi, KOl—l_eriiH:r;Iﬁ
failure {’feilja] - OTKas, aBapHs ‘
encapsulated (1n"kapsju:lertrd] - repmefﬂ;{iappmusrﬁ
to explode [lks'plou}f}s;psxsancx ‘
lossless ['loshis] - 6es f;mjepb
rhle{f@:l] ~ NpaBuno . ’ ,‘ L
which reads ['ri:dz] - xoTopoe rnacut '
product [’ pfodakt] — pou3BeeHKE
is equal [i:kwal] — paszo

to heat ["hi:t] - sarpeBaTsca

" common source ['koman 's2:5] - 06sI4Had, pacnpOCTpaHEHHAA MPHYHHA

low-quality ["lou "kwolitr] - Hu3KOKadecTBeHHOE (Kene3o).
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11.1. Questions for Argument and Discugsion

1. What do we use transformers for?

™)

On what principle do all transformers operate?”

. What does electromagnetic induction mean?

3
4. What parts do all transformers consist of?

H:S. Where is primary winding connected to?

6. Where is secondary winding connected to? .

7. What does the iron core of a transformer do?

8. How many types of transformers do we know? o

9. In what cases do we use stepping-up transformers" What are t.hey"'

10. In what cases do we use stepping-down transformers? What are they?

11. Can you think of a transformer, which is nelther steppmg—up nor steppmg
down? .,

12. What parameters are used for describing all transformers"

13. What is operating, or nominal, power ofa transformer"

14. What is openmng, or nommal ﬁ'equency ofa transfonner”

15, Wlll 60 cycles per second transformers operate in a 50 cycles per second

mains? For what reason?
16. What will be the result of connecting a 400 cycles per second aviation

transformer to the 50 cycles per second mains?
17. What is transformation ratio of a transformer?

18 What does the rule of transformatxon read?

19. To which transformers is the rule of transfonnatlon apphcable"
20. What is the most common source of losses in all transformers?

11.2. Suggested Topics for Presentations and Reports
1. 50-cycles pef second, 60-cycles per second, and universal power transform-

ers
2. 400-cycles per second aviation transformers
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3. Variable transformation ratio autotransformers
4. Low-losses power transformers

5. Special applications transformers.
11.3. Aviation Talk

Instructor: On board of modern airplanes there are up to\eigh't hundred of dif-
ferent transformers and great care is taken to reduce their weight and number
to an absolute minimum. But do we have any reserves?

Peter: What do these transformers do? Why not get rid of them altogether?
Instructor: Almost all on-board transformers are of a stepping-down type. All
on-board electronic devices and their integrated circuité retiuiré +12 volts DC
for their operation. We have to step down the AC voltage from the mains up to
this value and then to convert it into DC.
Helen: Can't we get round this problem and reduce the weight of iron? I've
heard about practically lossless toroidal magnetic circuits.

Instructor: This is a doughnut-shaped piece of magnetic material, together
with several coils of curreht-carrying wire wound about the toroid. If the per-
meability of the magnetic material is high enough, the magnetic flux is com-
pletely confined within it.

Peter: Does the word "completely” mean that there are no losses?

Instructor: It does mean exactly this. V .,

Helen: Then why not use toroidal transformers ev;ei{\,'rwhere?

Instructor: There is one snéé about toroidal transformers: they are difficult to
manufacture and very expensive.

Peter: Do we have any other devices in the primary winding circuit of é’trans-
former? .

Instructor: In the primary winding circuit of a power transformer we also find
such devices as an on-off switch and a fuse.

Helen: We know something about them. The on-off switch switches the com-
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puter on or off. I can see this switch on the front panel of my computer. [ am
not so sore about the fuse. Does it protect the computer from overloads?
Instructor: It does. It is a small device, which disrupts the primary winding
circuit when the current exceeds the nominal value. Usually you can find it on

the back panel of your computer.
' Topic12 .
ectifier

Rectifier is an electronic device for converting alternating current from the
mains into direct currerit, nécessary for céﬁﬁdtér circuits. All rectifiers éperate on the
principle of one-way conductivity of a réctifying' diode ‘ One-way condﬁcti\)ity'means
that the recnfymg diode conducts current in one dlrecuon and does not conduct cur-
rent in the opposite direction, ' ‘

All rectifiers consist of three main parts: (1) Power transformer, which is con-
nected to the mains, (2) Rectifying diode, (3) Load. There are two main types of rec-
tifiers. The ﬁrst'type is called half-wave rectiﬁer; the second type is called fall-wave
rectifier. In a half-wave rectifier the secondary winding of the power transformer
does not have any center tap and the frequency of pt'xlsations at the output is fifty cy-
cles per second. In a full-wave rectifier the secondary winding of the power trans-
former has a center tap, which is"érounded and' there are two rectifying diodes. The

pulsations frequency at the output of a full-wave rectifier is one hundred cycles per

second, which is much easier to filter out.’

During the first half-cycle of the ' AC voltage, the electro-motive force (EMF),
developed in the secondary winding of the power transformer, drives the current from
the ground to the rectifyitig diode. In this direction the diode conducts and the current
flows through the load. During the second. half-cycle the electro-motive force
changes for the opposite and drives the current from the diode tothe ground. In this
direction the diode does not conduct and no current flows through the load.

The frame of reference, used for plotting the functional dependence of current
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on time is called the rectangular frame of reference. It consists of the origin and two

axes - the axis of the variable (horizontal) and the axis of the function (vertical).

- Text-Related Glossary

rectifier ['fektlfala]-smnpxﬁmehb

necessary [ nesIssri}-Heo6X0AHMEIH, HYXHBIH '

circuits ["sa:KItS] - cxemsl, 3N1eKTPOHHEIe yCTpOicTBa

BRIDGE RECTIFIER

one-way conductivity ['wan’wer ,kondak’tiviti] - OHOCTOPOHHSAA MPOBO-

AHMMOCTBH

load [‘loud] - uarpysxat(j}c'rpoﬁcrso, MHTaeMOe OT BHINPAMHTENS)

half-wave rectifier ['hc:f'w;el‘}] — ORHOMONYEPHOAHBIH BEINPAMHUTEND
full-wave rectifier ["ful’ werv] - npyxnomynepuonusrit nf:mpmmens

center tap ['sents "t&p) - OTBOR OT UEHTPANILHO! YaCTH BTOPHYHON 0GMOTKH
TpaHcpopMaTopa |

pulsations frequency [pal’seifnz “frikwansi] — wacrora nymcaumi (na BEI-
XOA€ BEINPAMMTEINS) '

is grounded [ graundid] — sazemnen ' - 2
E

to filter out ["filto "aut] - or¢uasTPOBaTS, YRAMHTE C TOMOMEIO CrIAKUBAIO-
LIEro KOHAEHCATOpa,

electro-motive force [‘rlektrou’moutiv ‘fa:s] - $ngmommmm cuia,
anc .
to drive [draiv] - 3acTaRNATE HBUTaTHCA, 3aCTABAATE NIPOTEKaTh
ground ["graund] - sazemienue, semns (cxemsr)
rectifying diode ['rektifaiy dar’oud] - ssmnpsmasomuit anon
- frame of reference ['frerm av ‘refrans] -cucrema koopnunat
to plot ["plot] - crpouts (kpuByio)
functional dependence {"fapkfansl di’pendans] - dyskunonansyas sasu-

|
CHMOCTE !
|
I

rectangular [rek’tengjula] - npamoyronsHbrit co 4 o . o
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origin [“orid3in] - Hauano (CUCTEMBI KOOPAMHAT)

axes {"aksi:z] - ocu (pl.); axis ["&ksIs] - ocs (sing.)

12.1. Questions for Argument and Discussion

1. What are rectifiers for? Where are they used?

2. What is the principle of their operation? .V

3. What parts.docs a rectifier consist of?

4. How do we understand one-way conductivity?

5. What types of rectifiers do we know?

6. Hovu do we caﬁ the ﬁrst type of rectifiers?

7. Why are these rectifiers called half-wave? ,

8. What is the pulsation frequency at the output of these rectifiers?

9. What are advantages and drawbacks of lta']f-weve rectifiers? |

10. How do we call the second type of rectifiers? .

11. Why are these rectifiers called full-wave?

12. What parts does a full-wave rectifier consist of?

13. How many diodes does a ﬁtll-wavereotiﬁer use?

14. What is the pulsation frequency at the output of a full-wave rectifier?

15. What are advantages and drawbacks of full-wave rectifiers?

16. How can we convert pulsating current into direct current?.

17. What must we use for visual presentation of functional dependence of rec-
tified current on time? : r

18. What are the main parts of the rectangular frame of reference?

19. What do we usually plot along the horizontal axts of the rectangular frame

of reference?
12.2. Suggested Topics for Presentations and Reports

1. General principles of rectification
2. Half-wave, full-wave, and bridge rectifiers

3. Conversion of pulsating current into direct current
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4, General principles of filtering of pulsating currents
5. Criteria, applicable for evaluating quality of DC supplies

6. Sources of on-board DC power.

12.3 Aviation Talk

. Instructor: Our present discussion is devoted to rectification and rectifiers.

We know that rectrﬁcauon means convers10n of AC (Altemaung Current) into
DC (Direct current). .

Peter: Why not have DC in the mams from the very begmnmg"

Instructor: There is one trouble w1th drrect current - it is not transformable

which means that we can not step it down or step it up, accordmg to our needs.

" Peter: All car drivers know that there are dev1ces called choppers, which do

just this.

Helen: You mean that these choppers change the ratio between DC current and

DC voltage? i

Peter: They do just this. They uansform dtrect current.

Instructor: But here we must not forget that choppers ﬁrst convert DC mto
C then they change the ratio between current and voltage of the obtamed

“AC, and ﬁnally they convert AC into DC but w1th the ratio between current

" and voltage wl'uch we need

Helen: There is one snag about recnﬁers, which I do not understand Aﬁer
recnficauon we obtam pulsating current, but we need dnrect current. How do
we solve this problem"

Instructor' The solutlon is very snmple We connect a condenser across the

load The hngher the capaclty of this condenser, the more direct, more smooth

the direct current.
Peter: The operation of gettmg nd of all AC components out of our DC is

called filtering or smoothing. ls it possible to obtain DC, whtch does not con-

tain any AC components"
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Instructor: This type of DC can be obtained with the help of accumulators,
batteries, cells and other chemical sources of current.
Helen: Once you have mentioned frames of reference and said something
about the polar frame of reference. What is it for?
Instructor: The choice of the most suitable frame of reference depends on
your variable. If you have to rotate something and observe what happens after
each 10, 20, 30, and se on degrees of rotation, then your obvious choice will be
the polar frame of reference. ) |
Peter: It is very suitable for adjusting ignition momentskof reciprocating en-
gines. ' |
Instructbf: It is a very good ‘erxan.\ple. Another ekample is directivity ‘p‘attems

of on-board radar antennas.

Topic 13

Amplifier

Amplifier is an electronic device or stepping up pmlw‘v‘er of the signal All ampli-
fiers operate on the principle of controlling very large amounts of output power by
very small amounts of input power, apphed to the control electrode. Amplification
factor of an amplifier is calculated as the ratio of its output power to input power.
There are two main types of amplifiers: (1) Vacuum tube amplifier, and (2) Transis-
tor, or solid state, amplifier. ’ ‘ ‘ .

" Vacuum tube amplifier consists of plate, control grid, cathode and ﬁlaments
Plate collects electrons, flying from cathode. Control grid controls current, flowing
through the tube. Cathode emits electrons. Fxlaments heat the cathode, enablmg the
process of electronic emission. By their nature vacuum tubes are high voltage devices
because voltages are high, but currents are low.

Transistor amplifier consists of collector, base, and emitter. Base controls cur-
rent flowing through the transistor. Emitter emits electrons Collector collects elec-

trons, arriving from emitter. By their nature transistors are current devices because

69
currents are high, but voltages are low.

Mechanical, electric, and electronic devices, controlling very large amounts of
output power by means of very small amounts of input power, applied to the control
organ, are defined-as valves. In this respect common kitchen water taps are typical
valves because they control very large water ﬂows pracncally effortlessly. Vacuum
tubes and transistors do the same, but with flows of electrons.

Feedback ir'i;"ampliﬁers is defined as application of a part of output signal to the
input. Feedback is positive when the phases of input signal and of feedbai:k signal are
the same. Positive feedback turns amplifiers into generators Feedback is negative
when- the feedback signal is out of phase with the input signal. Negatlve feedback
ampllﬁers feature low distortion and high stability.

' Comprehensive Text-Related Glossa
amplifier ["mplifais) ~ ycunurens
to apply [2’plal] - npuksansisats ..., N0AABATS Ha...
amplification factor [,emplifi’ke1fn] - koapduuuent ycunenus,
-ratio ['relfIou] - oTHoWEHHe (BeNHYHH)

| output power ["autput ’pau3] - BEIXOAHAsA MOILHOCTE
input power [ Input] - MOIIHOCTL CHIHANA Ha BX0Je, BXOAHAA MONIHOCTH
vacuum tube a:i::pliﬁ‘er { 'vaekjualmr "tju:b] - YCWIMTENb HA NIEKTPOHHEIX
nlaMnax, 1aMIoBkli yCHITHTEIb
solid state [’solid ‘steIt] - (ycHnIHTe b) Ha HHTETpAIbHBIX CXeMaX, TBEPZO-
TeNbHbIH (YCHIHTENb) ‘ g7

plate ["pleit] - aHon (anteKTpOHHOM naun;s';) .

control grid {'grld] - ynpasisiowas ceTka

cathode [’ kazeoda] — KaToR

filaments ['filamants] - HuTH Hakana (kaToza)

base [’bels] - 6asa, ynpasnsIomIHi 31eKTPOA TPAH3UCTOPA

collector [ka'lekta] - xomnexTop TpaH3HCTOpa
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VALVES - BERTHIBHRIE YCTPOACTBA
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VACUUM TUBE AMPLIFIER

FLOW OF ELECTRIC CURRENT

MECANICAL MODEL
OF AMPLIFICATION
Common Kitchen Water Tap

* TRANSISTOR AMPLIFIER

AMPLIFICATION OF SIGNALS

n
emitter [1'mita] - 3MuTrep TpansUcTOpa
to flow through [’flou “Oru:] - nporexaTs uepes (anexTponHyIo Nammy)
to heat [hi:t] - narpesars (karon)
to enable [in’eibl] - nenats BozmoxHEIM ’
by their nature ['neitfs] - no coeit npupone ,
high voltage devices ["har ‘voltids. di’vaIsiz] - ricoxosonsTHEIe NTPRGODEI,
npuGOPE! C BRICOKUM BHYTpEHHAM COMPOTHRIEHHEM :
current devices {'karant] - Toxossle npHGOPE! (C HU3KHM BHYTPEHHHM CO-
TPOTHEJIEHHAEM) -
amounts [3’maunts] - senrvuuHsl
in this respect [r1s"pekt] - B 3ToM oTHOUEHUA
common kitchen water taps [*kitfon] - O6sMHEE KyXOHHEE BOXOMPOBOIHEE
KpaHsl
valves ['Veelvz] - serTim, BenTHiLHBIE MpHGOpPEL
effortlessly [’ efatlisli] - 6es sz youniii, 6e3 3aTparhi MOmMHOCTH
to do the same ["seIm] - genats T0 %e camoe
feedback ['fi:dbaek] - o6paTnas cBa3s (8 yornuTensx)
application [, 2epli’keif5n] - nonaua (cnruan'a.)
to turn into {ta:n] - npespaimats (B reHeparopsI)
to be out of pha'ée ["aut av’ferz] - 6uTs B npoTHBOda3e, H3MEANTECS B HpO-
THBOIONOMKHEBIX Haﬁpanueﬂm
to feature [’fi:tfa] - xapaxtepusoBaTECA, AEMOHCTPHPOBATE
low distortion (dis’ to:_fan] - HU3KHE HCKKeHs
high stability [sto’biliti] - Beicoxas ycTolqHBOCTS

13.1. Questions for Argument and Discussion

1. What are amplifiers used for?
2. What is the principle of their operation?
3. What does the control electrode of an amplifier do?
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4. How is the amplification factor of an amplifier defined?
5. How many types of amplifiers do we know?
6. What are the main components of a vacuum tube amplifier?
7. What does the control grid of a vacuum tube amplifier do?
8. Why is it necessary to heat the cathode?
9. Why are vacuum tubes called high voltage devices?
10. What parts does a transistor amplifier consist of?
11. Why are transistors called current devices? .
12. What does the base electrode of a transistor amplifier do?-
13. What does the emitter electrode of a transistor amplifier do?
14. What does the collector electrode of a transistor-amplifier do?
15. Is there anything in common between the base electrode of a transistor and
the control grid of a vacuum tube?
16. How do we generally call devices controlling large amounts of output
power by means of small amounts of input power? 4
17. What is feedback?
18. What types of feedback do we know? :
19. What is positive feedback? What do we use it for? |
20. What is negative feedback? -
21. What are the results of negative feedbgck application?

22. What parameters of amplifiers are considered as most critical?

13.2. Suggested Topics for Presentations and Reports .

1. General principles of amplification

2. Current and voltage amplifiers

3. Audio and video amplifiers

4. Most critical parameters of amplifiers

5. Criteria, applicable for evaluation of amplifiers

6. Negative and positive feedback in amplifiers
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7. Phase relationships in amplifiers -
8. Stability of amplifiers . o ‘ S T
13.3. Aviation Talk e ’
Instructor: Presently it is really very difficult to find an on-board devicé with-
out a built-in amplifier. This is especially true respective avionic equipment
and on-board computers.
Peter: What requirements must these amplifiers satisfy?
Instructor: They must only amplify, that is.they must step up only the ampli-

. tude of the signal, all other parameters must be left intact.

Peter: What are these parameters? ]

Instructor: They are phase and frequency charactenst:cs, or responses. All
modern amplifiers are negative feedback amplifiers, that is they use negative
feedback to improve their quality. .

Helen: Does quality mean high fidelity sound? . p

Instructor: It does, but this term is commercial and is not. suxtable for our pur-

. poses. In science sound quality is measured in percentages of distortion and in

signal-to-noise ratios., L o o R

.Helen: What is meant by distortion? ,
.Instructor: By low or zero distortion amphﬁer we understand amplifier whxch

increases only amplitude of the signal without adding or removing anything,

Peter: In other words, the amplifier must be absolutely impartial and amplify

all frequency components of the signal equally well o
Instructor: But all real amplifiers distort, that is they add some new frequen-
cies of théir own and remove or diminish some frequencies of the signal. The
summary percentage of such changes is called distortion.

Helen: Yon have also 'mentioned that signal-to-noise ratio influences. sound

. quality. What is meant by this?

Instructor: By :noise we mean low frequency hum due to bad filtering and
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high frequency hiss due to low quality. transistors of the amplifier.
Peter: How can we expose a noisy amplifier?
Instructor: It's very simple. Just turn your volume control to the maximum
and listen.
Helen: And what will we hear?
Instructor: You'll hear your amplifier at its worst.
Topic 14
Trigger
Trigger, or flip-flop, is an electronic device for storing one bit of data. Triggers
consist of two amplifiers with feedback. All triggers operate on the principle of feed-
back, maintaining one amplifier open when the other amplifier is closed. Random ac-
cess memories (RAMs) of all computers are nothing more but combinations of trig-
gers. Single-in-line memory modules (SIMMs) and double-in-line memory modules
(DIMMs) are just examples of random access memory units of modern computers.
Operation of a trigger begins with positive triggering pulse, applied to the base
of the first amplifier. The amplifier opens, and its collector voltage drops because
negatively - charged electrons arrive to it. This low collector voltage through feed-
back resistor is applied to the base of the second transistor and closes it. The collector
voltage of the second amplifier increases and through another feedback resistor
maintains the open state of the first amplifier. The first amplifier remains open after
the triggering pulse is over. If we agree that the open state of the first amplifier corre-
sponds to logical unity (1), then we say that the collector current of the first amplifier
stores the légi'cal unity, while the collector current of the second amplifier stores the
logical zero (0).
One bit of data, equivalerit to saying yes or no, is the smallest unit for measur-
ing data. One byte corresponds to eight bits of data. One megabyte corresponds to
one million bytes. One gigabyte corresponds to one thousand megabytes. Modern

computers feature random access memories of up to 10-or even 50 gigabytes.

+12V

NANNNANNNNNNNNY
™

TRIGGER (FLIP-FLOP)

STORING OF DATA
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Comprehensive Text-Related Glossary

trigger ['triga] - Tpurrep, yCcTpo#CTBO [ XpaHeHHs OIHOro GHTa HHpopMa-
LMK
to store ['st9:] - xpauuts (HHGOpMALHIO)
feedback [ fi:dbaek] - o6paTHas cBs3b (B ycrnUTENAX)
to maintain [mein’tein] - noanep:xuBaTs, coxbansrrs

random access memory ['rendom ‘zkses] - namats co cayuaiinsimM focTy-
TOM, OniepaTHBHas aMATH KOMIIbIOTEpa
single-in-line memory modules (SIMM:s) [*singl in”lain] - cummz1, Mogy s
ONEPaTHBHOM MaMATH C OXHOCTOPOHHHM PacroNokeHHeM 61I0KOB MHKpOCXeM
double-in-line memory modules (DIMMSs) ["dabl in’lain] - mummsr, Mogynu
ONepaTHBHON MaMATH ¢ nayc’robouunm pacrnonoxenueM 6rokoB MHKpocxeM
(MCMIONE3YIOTCH B COBPEMEHHEIX KOMITEIOTEPAX)

example [1g°"za:mpl] - npumep

triggering pulse ["trigorin "pals] - sanyckaoumii My nEC

to apply [2"plai] - npunarars, nonasars ‘

to drop ["drop] - napars

arrival [9"raival] - npuBriTHe, NOCTYIUIEHKE

through feedback resistor ["Oru:] - uepes peauctop obparHaii csmﬁ

remains open [r1’meInz oupn] - 0CTaeTCA OTKPHITEIM

after the triggering pulse is over ['1z "ouva] - nocie okoHyaHus 3amyckato-
Lero UMMIysbca

to agree [5”gri:] - HPUXOAATH K COJIALICHHIO; IOTOBOPHTAECA

logical unity [ ju:niti] - norugeckas eqUHALA

logical zero [ zi:rou] - noruyeckuit Hynb

data ["derta] - unpopmaums

megabyte ['megabait] - merabaiit, oaus MALIHOH GajiToB

gigabyte ["gaigabait] - ruraGaiit, onHa TeICAYa MHLTHOHOB GaifToB
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14.1. Questions for Argument and Discussion

1. What are triggers? R o A
2. What parts do triggers consist of?

3. On what principle do all triggers operate? ~

4. ' What does feedback maintain? '

5. How do we call devices, which constitute random access memories of all

computers?

© 6. What are SIMMs and where aré they used?”

8. What type of computer memory is called random dccess memory?

9. What type of data does read-only memory (ROM) contain?

~ 10. How'is one bit of data stored by a trigger? What is the result of application

of a positive triggering pulse to the base of the first transistor? What is the rea-

son for closing the sécond transistor? Why does the first transistor of the trig-

ger remiain open after the positive triggering pulse is over? -
11. To what state of the transistor does storing of a logical unity correspond?

“12. To what state of the transistor does stormg of a logical zero correspond"
* *13. What amount of data do you use when you sayyes or no?
" 14. How many bits of data does one byte contain?

15. How many bytes of data doés one megabyte contain?
16. How many bytes of data“i{oes one gigabyte contain?

142. edT lc fr res andRe orts

_Y

1. ngh-speed tnggers for computers With 500-700 megacycles per second

i clock frequencies .

2. Volatile and non-volatile memories of modem computers

3. Sub-molecular triggers in parallel artificial intelligence computers
4, Molecular triggers and the problem of infinite memory

5. Education of parallel ("Occam”) computers.
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14.3. Aviation Talk

Instructor: In our present topic we are going to discuss triggers - electronic
devices for storing one bit of data. Triggers are the most frequently used and
also the cheapest elements of all integrated circuits. Electronic designers know,
that the cost of manufacturing one resistor of the medium high denomination,
say 47Kk, is equivalent to the cost of manufacturing five transistors.

Peter: We already know that triggers are electronic devices with two stable
states. The open state of the first transistor corresponds to storing a logical
unity in its collector circuit. But what if we want to store a logical zero?
Instructor: There is a number of ways to do this. The most obvious way is to
apply a negative triggering pulse to the base of the first transistor, or-to apply
positive triggering pulse to the base of the second transistor, or to reset the
computer. ‘

Helen: What does feedback do in all these processes?

Instructor: Feedback insures the open state of one transistor when the otter
transistor is closed, and vice versa.

Peter: This device, I mean the trigger, has two stable states. The first stable
state corresponds to the first transistor being open while the second transistor is
closed; the second stable state corresponds to the first transistor being closed
while the second transistor is open. It is not clear, for how loﬁg the trigger will
remain in the first or in the second stable state?

Instructor: The trigger will remain in one of these stable states for as long as
the power is on. When' you switch off the power, all data is lost. This type of
power-dependent memory is called volatile memory.

Helen: Does all this mean that we must save the results of our work as often as
we can?

Instructor: You must not forget to save the results of your work every ten-
fifteen minutes, to be on the safe side. Some operating system can do this

automatically.
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Helen: And where are the results saved, if the end user is so absent-minded?
Instructor: The results are saved on your current floppy disc, or on your hard

disc, if your floppy disc is write-protected.

Topic 15 -

Number Systems

npaQler 2or, “'j,, bz un i QU
Number systems are defined as the ways of presenting numerical values as
N QY L urs ACefe [ 2 Po (Cperfateten ML (T e
powers of a certain base number, specific for each number system. For historical rea-
£ et '/, °
sons humans used decimal number system because thexr ten fingers were suitable for
M,q«bkﬁ{uétfx
counting. Computers use binary aumber system because their triggers have two stable

is too long notation of num- <
et O 2008 (G (R g

bers, which means that too many triggers are requmed”for their presentation. Much

states. The main drawback of the binary number sY

more economical are octal number system, the base number of which is eight, and
hexadecimal number system, the base number of which is sixteen. , .
tn, fagx . MLUb s

stem is the most economical
N (3{;}{1" number systems, the hexadecimal number sy omical v

and qulres the least number of digits and the least number of triggers. To reargieﬁ
numerical values, this system uses Arabic digits 0, 1,2, 3,4, 5, 6,7, 8, 9, and also the
upper-case letters of the Latin alphabet A, B, C, D, E, F. Her'ée& two hexadecunal digits
can be used to speclfy a byte of data, _ .

Special conversion tables can be used to convert numb:‘l:bs rgrcL 3 one number
system into another. For example, using Binary to Decimal Conversxon Table, we can
see that the Welght of a binary umty 12 Qa‘gﬂa:y number depends on its posmon and
may be 1,2, 4,8, 16 32, 64, and so on. Exammmg Bmary to Decx Bmary to
Octal, and Binary to Hexadecimal Conversion Tables, we come to the coregfzsxon that
the most economical number system is hexadecunal ’

Comprehensive !'_g_;;-Bglagd'G!m' ary

number systems ['namba] - cucremst c*mcnel-ma

numerical values [nju:’ merikal *valju:z] - uncneHHEIe Be/IHHEL
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power [ paus] - crenenb, pe3ybTaT BO3BEACHHMS A CTENEHb
base number {"beis ‘'namba] - ocHoBaHKe CHCTEMEI CHHCCHHA
suitable ["sju:tabl] - noaxonAm#, ynoGHs
counting ["kauntin] - cuer, moacueTsi
binary number system ["bainari] - gsouysas cucreMa cuucienHs (CCHOBa-
HHe - ABa)
stable states ["ste1bl] - yctoiiuuesle cocroauus (Tpurrepa)
drawback ["dra:beek] - Henocratok
notation [nou’terfn] - sanuce (4ucen)
presentation [, prezen’teifn] - ipeacrasnexue (ucen)
octal number system ["oktal] - BocemepuuHas cucTeMa cuucnenns (ocHoBa-
HHE - BOCEMb) '
hexadecimal number system [ hekss’desimal] - wectnamuarepuvmas cac-
TeMa CUMCIeHHs (OCHOBaHKe - MEeCTHAALATE) '
the least number of triggers [’li:st} - nanmensmee qKcio TpUITEpOB
Arabic digits ["didzits] - apaGckne undprt
upper-case letters ['letaz] - sarnasHsie GyKsbI
to specify [ speslfal] - 3a/aBaTh, KOHKPETH3HPOBATH
conversion tables [kan’va:/n] -ra6mus! npeoGpasoBaHms; Ta6HUL mepeso-
na '
in comparison [kam’pzrisn] - 10 cpasHeHnIo
equivalent [1'kwivalont] - sxsuBaiieHT (KBUBANEHTHAS 3aMKCh B apyrol cuc-

TeMe CUUCIIeHHs)

15.1. Questions f rgument and Discussion

1. What are number systems?

2. How do we define base numbers of different number systems?

3. What number system is used by humans? What were the reasons for using

this number system?

’ 15.2. Sugguestedl"l'on' ics for Pré.;zé.htaﬁg‘ nsﬁa;ng‘ ‘Reports

8y
4. What number system is used by computers? What were the réasons for using

" this number system? S T

5. Why is binary number system considered as inefficient from"the point of
view of the required number of triggers? .

6. What is octal number system? What is its base number?

7. Why is hexadecimal number system considered as the most economical
from the point of view of the required number of triggers? R '
8. What is meant by oné digit?" - |

9. What are conversion tables used for? - =~ = ¢

- 10, What does the weight of the stored logical unity depend on?

‘11. 'When do we have to convert numbers from one number system into an-
other?

12. What does the choi&e of a specific number system depend on?

1

N . . . B ‘ RN ot
1.>Criteria for evaluation and choice of number systems
2. Advantages and drawbacks of binary number systém
3. Decimal number system in computers

4. Hexadecimal number system in office and on-board computers
5. Number systems data converters

15.3. Aviation Talk
Instructor: Number Systems is the concluding installment in our present series
of Aviation Talks. We are going to discuss the most important and generally

used systems.

Peter: As far as we know, there are only two systems, which can be considered
as such. One of them is used by humans, another is used by computers.

Helen: The system, which is used by humans, is called decimal number sys-
tem. And the reason for its appearance is very simple - our ancestors used their

ten fingers for counting.
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Instructor: Can you think of any drawback of this system? .-
Helen: The first drawback is obvious - it needs special converters to be run on
binary computers.
Peter: [ can think of the second - it is not as economical on space and numbers
of triggers as, say, hexadecimal system.
Helen: The second generally used number system -is, of course, binary. Its
main drawback is also generally known - it's too long-notation of numbers,
and, consequently, too many triggers needed for storing data.
Instructor: Which number system is free from all these drawbacks?
Helen: Oh, it's common knowledge! It is, of course, hexadecimal number sys-
tem. It is used nowadays practically on all home, office, and on-board comput-
ers.
Peter: Which computers are most promising for the, future? _
Instructor: These are high-speed parallel computers. But the arrival of sub-
molecular and molecula:: level merflé?ies‘is going to change the whole com-
puter scene. And this concludes our present installment on Computer Science
Fundamentals. '
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NPHAJIOXKEHHE

ITpaBnJa uTeHHs 3HAKOB Mexmyuapoauoii ®onerunueckoii Tpanckpun-
UHH, NPUHATBIX IPA /INTERNATIONAL PHONETIC ASSOCIATION GR.
BRITAIN/

el . « A RASPRE S

[IpuBoauMBIe HUWXKe OOuIHe npaBrja YTeHHA 3HAKOB Memyﬂappguoitboue-
THYecKoH TPaHCKPUIILMK TOMOrYT HEAOCTATOUHO 3HAKOMOMY C Q)OHe'rp!lgqﬁ aHTJTH-
CKOrO A3bIKa CTYAEHTY, NPOrPaMMHCTY WIH HHXEHEpy NpaBHIEHO MPOUSHOCHTE
npnsommme B TOJNKOBBIX MPHTEKCTOBBIX cnoaapax TPRHCKPHMILMH CIIOB, TEpPMHHOB
M MHOH JNeKCHKH, HCMONB3yeMoil B yueBHEIX MaTepHaiaX AaHHOrO rxoco6wx Ipu
YTEHHH TPAHCKDHIILMM KEKCHKH Chemyer oSpama‘rs ocoﬁoe BHHMaHMe Ha JOirxe
ssyku [ic], [a:], [0:], [u:], [:], [2]. O6uee MpeficTaBNeHHe O pasHHLE doreTHHECKO-
ro crpos ABYX A3bIKOB NAIOT H3BECTHBIE rpéq)uqecxne MOJIe/IH anropaTMOB A3bIKA
JOVIAL: -jogging (6er Tpycuoi) - AUIS PyCCKOTO A3BIK2 H skiing (Ger na NEDKax) -
A aafhﬁﬁc_:xoré;“ - R N S

R

Rusﬁiah speakei' eeveesesssneee j oggmg model of speech

English speaker ..._......_..._. skiing model of speech

tIep'romf B Mouemx 6era Ha nsmcax coorse*rcrsyxbrdnonfau 3ByKaM, a TOYKH -
KOpOTKUM 3BYKaM H ym;poqem-xbm mrrepaanam Mexcny mmu, aecma XApaKTepHEIM
ans q)one'mxu cospemeﬂnoro aurnuucxoro A3bIKA. :

Hpousaocm'enbnme nopmsx m{mnﬁcxoro A3bIKA He ABIAIOTCH KECTKO Q)nxcn-
POBaHHBIMK ¥ MOTYT Mex-xmcx, HaanM€p, oT yausepcm-era X YHUBEPCHTETY, HIK
Zake OT NeKTopa K nexcropy Tax, 0CTaBAfACh B PAMKAX MPOH3HOCHTENBHBIX HOPM,
xotopsiM crenyer JluHraoHubid MHCTHTYT BenukoGpHTaHUH H RUKTOPE! BBC
CNN, MOXHO OTMETHTB, 4TO B HEKOTOPBIX CITyHasX TaKue 3BYKH, KaK 3], [d], [t] mMo-

ryT 6bITh aKyNBTaTHBHBIMY, T.C. HeoBA3aTeNBHBIMH Ul POM3HOLIEHHS, H HHOTAA
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BhIACNATHCA B COBPEMEHHBIX CIIOBapAX C [NOMOILUBIO KypCcHBa nubo Kpyraeix CKOOOK.

, (2) LAIACHBIE 3BYKM
B pasnene npuBoasATcA pycckue aHAMOrH AHMMIACKHX 3BYKOB U [IOCTIE TOYKK C
3anATOR - aHIVIHHACKHE [IpUMeEDBI. '
' (it] - momruii 3ByK u; tree
(1] - KpaTKuit, OTKPBLTHIA 3BYK U; bit
{e] - kak 3 B cOBAX 3TOT, IKHii; get '
[®] - Gonee orlcp;ﬁbm 3BYK, geM 3 (3aHnMaer ripoMexcy*rouaoe TIoNoXKeHHe
MeXKIIY PYCCKUMH a A4 5); 1ap a
[a:] - nonrwuit, rayGoxuii 3ByK a; car
[o] - KpaTKuH, OTKPBITHIH 3BYK O; pot
[o: ]- JIONTHi 3BYK d, walk
[o] - 3aKpeITHIA, KOPOTKHit 3ByK 0, GONBIIEH 4acTIO sc'rpeqa:oumnca B Jm-
¢ToHrax, 3aHHMaeT [POMEIKYTOYHOE MOJIOKEHHE MEXAY PYCCKHMH O H Y} low
{u] - xopoTknit 3Byk y B MHTOHrax, MPOHM3IHOCHTCS €O CIabhIM OKpYyTAEHHEM
ry6; tone . ' ‘ o '
[u:] - monruit 38yk y; move
[A] - kpaTkwii rnacHbI# 3BYK, anGnumaK;umﬁca k pycckomy a B croBax Ba-
pm'b, Gpanuthb. ITOT aHrMIACKUH 3BYK BCErIa CTOHT ITOA ynape}mem, cut
[:] - nonrnit rnacusiii 3ByK, Hanouunmomnﬁ zxonmﬁ 35}’!( 3; work
(2] - GesynapHslii riacHs 3BYK, npumepﬂo coorne'rcrsylomﬂﬁ Ge3ynapHoii

ITIacHOIA B cJioBax HY»eH, KOMHarta, worker

(6) JIBYLJIACHBIE 3BYKH - THOTOHTH

[NpuBonATcs pycckue aHAIOrH, M MOC/E TOYKH C 3aNATOH - aHIIKHACKUe NpH-
Mepbl: '
[er] - ai; take

[ou] - oy; phone
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[a1] - aif; write
[au] ~ ay; round
[o1] - oit; boy 3
(18] - ua; here
[e3] - 2a; there
(ua] - ya; poor

(8) COTIACHBIE 3BYKH
ITpusonarcs pycckue aHajiors, ¥ NOcie TOYKU C 3aMATOH - aHTMAHCKHE OpH-
MepEI: '
{p] - n; poor
[b] - 6; bit
[m]- M; map
(W] - 38yK 3anMMatOLIHIT TPOMEXYTOUHOE NONOXKEHHE MEXTY YH B B; wind
(] - §; five
{v] - B; vector
[6], [3] - 06a sTux 3BYKa 0GpasyioTcs npocTEM MPOAyBaHHEM BO3YXA MEXIY
nepeHHMH 3y6aMu MPH MPIXKATOM K HHM KOHYHKe S35IKA, IPHYEM IePBBI
3ByK BOCTIpOU3BOAMTCA Ge3 ronoca, BTopoii — ¢ romocowm; think, that
{s] - c; sell
(2] - 3; zero
[t] - T, npou3HeceHHoe He y 3y60B, a y eceH; take
[d] - 1, npousnecenHoe He y 3y60B, a y secen; dot
[n] - B, mpoH3HECeHHOE HE Y 3y60B, a y fIeCeH; now
(1] - m; load
(r] - p, npousHecenHoe Ge3 BUOpaLU KOHYHK] A3EIKa; Wrong
(/] - w, npousnecenHoe mArxo, push
[d3] - mx; job
{tf] - u; child
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[K] - k; keep
fg] - r; gold
[D] - ®(r), npou3HeceHHOe 3aARei YaCTELIO A3BIKA; WIONG
[h] - apocroit Beizox; hot

0] - &; year
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