ПеРедмова
Навчальний посібник з англійської мови за професійним спрямуванням “Professional English. Aircraft Design and Maintenance” призначений для роботи в аудиторії та для самостійної роботи студентів авіаційних навчальних закладів, що навчаються за спеціальністю «Виробництво, технічне обслуговування і ремонт повітряних суден та авіаційних двигунів». 

Метою підручника є навчити майбутніх інженерів основам професійного спілкування англійською мовою, розвинути стійкі навички читання, перекладу, анотування, реферування спеціальної технічної літератури для отримання й використання інформації, необхідної в їх майбутній практичній діяльності. 

Навчальний посібник складається з тематичних розділів, що містять автентичні інформаційно-насичені тексти, комплекс лексико-граматичних вправ, розподілених за принципом зростання складності, передтекстові тематичні термінологічні словники, додаткові тексти для контролю розуміння і засвоєння навчального матеріалу. Наприкінці роботи наведено алфавітний англо-українсько-російський словник для полегшення самостійної роботи студентів. Тематика навчальних розділів пов’язана із основними напрямками спеціалізації студентів: конструкція, експлуатація літальних апаратів, технічне обслуговування та ремонт повітряних суден й авіаційних двигунів. Лексичні вправи передбачають пошук українсько-російсько-англійських та англо-українсько-російських термінологічних еквівалентів, підбір синонімів, антонімів; комунікативні вправи на розвиток навичок висловлювання власної думки, аргументування. 

Граматичні вправи охоплюють основні граматичні явища, характерні для англійської науково-технічної літератури. Вся система вправ дозволяє викладачам обирати завдання з урахуванням індивідуальних здібностей студентів.

 Навчальний матеріал посібника складено на основі оригінальних неадаптованих статей сучасних англомовних авіаційних журналів: “Flight”, “Aircraft and Engine Maintenance”, “Helicopter World”, «Flight Safety Training International”.

UNIT I. PRINCIPAL STRUCTURAL UNITS OF THE AIRPLANE

I.1. AIRFRAME
Exercise 1. Memorize the active vocabulary to text 1.

	aircraft
	повітряне судно (суда);

літальний апарат(и); літак(и), борт
	воздушное судно (суда); летательный аппарат(ы); самолет(ы), борт

	airplane 
	літак
	самолет

	vehicle 
	1. транспортний засіб 
2. літальний апарат
	1. транспортное средство 2. летательный аппарат

	engine-driven vehicle 
	літальний аппарат з приводом від двигуна (що приводиться в дію двигуном)
	летательный аппарат с приводом от двигателя (приводимый в действие двигателем)

	wing
	крило
	крыло


	main plane
	крило, несна площина 
	крыло, несущая плоскость

	fixed-wing aircraft
	повітряне судно з нерухомим крилом
	воздушное судно с неподвижным крылом

	airframe 
	планер/ корпус літаль-ного апарату
	планер/ корпус летательного аппарата 

	flight control surface
	поверхня керування літаком у польоті
	плоскость управления самолетом в полете

	landing gear
	шасі
	шасси

	undercarriage 
	шасі
	шасси

	propulsion system 
	силова установка
	силовая установка

	power plant
	силова установка
	силовая установка

	performance 
	характеристика; льотно-технічні характеристики; експлуатаційні дані/параметри
	характеристика; летнотехнические характеристики; эксплуатационные данные/ параметры 

	reliability 
	надійність
	надёжность

	alloy
	сплав
	сплав

	stainless steel
	неіржавіюча сталь
	нержавеющая сталь 

	strength 
	міцність
	прочность

	endurance
	тривалість
	продолжительность

	weight 
	вага
	вес

	meet requirements
	відповідати вимогам
	соответствовать требованиям 


Exercise2. Practise out the dialogue.
Dialogue
T. Look at Figure I.1.1., please. What is this? 
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Fig. I.1.1. Airplane
S. This is an airplane.
T. That’s right. This is a flying vehicle. There are some words in the English language having the same meaning. They are aircraft, aeroplane (British English), airliner and airplane (American English), plane, for short. Airplanes are technically called fixed-wing aircraft (повітряне судно з нерухомим крилом/воздушное судно с неподвижным крылом).

S. Aircraft are heavier than air, aren’t they? How can they fly?
T. First, aircraft can fly through the air supported by the action of the air against its wings and then aircraft are driven by the engines. They are called engine-driven vehicles.
S. What is the structure of a fixed-wing aircraft?

T. The mechanical structure of a fixed-wing aircraft is an airframe. The term “airframe” is translated “планер, корпус літального апарату/планер, корпус летательного аппарата”.
S. What does the airframe contain?

T. It contains the fuselage, wings, stabilizers, flight control surfaces and the landing gear. The wing means “крило / крыло”, the synonym to it is “main plane”. The flight control surface is “поверхня керування літаком у польоті/поверхность управления самолетом в полете”. The landing gear is “шасі/шасси”. The airframe doesn’t include the propulsion system.

S. What is the Ukrainian for “propulsion system”?

T. It is “силова установка / силовая установка”. The synonym to it is “power plant”. The power plant is a source of power. It provides power for flight and propels the aircraft. So, what does the airplane consist of? 

S. As far as I have understood, the airplane consists of five principal structural units: the fuselage, wings, the tail unit, the landing gear and the power plant. 
T. Quite right. The wing is the main plane of the airplane. The word “plane” has two meanings “літак / самолет та поверхня/поверхность”.The Ukrainian/Russian equivalent for “tail unit” is “хвостове оперення/хвостовое оперение”.

S. And what is the fuselage?

T. The fuselage is an aircraft main body section that houses crew and passengers or cargo, and equipment. As you can see in the picture, the wing is the largest flat part of the aircraft. Its function is to develop the major portion of the lift of a heavier-than-air aircraft for flight through the atmosphere. So the wings are lifting and supporting surfaces.

S. The tail unit is the rear part of an airplane, isn’t it?

T. It is so. The tail unit is also known as the tail assembly or empennage. All three terms may be used interchangeably. The tail unit provides stability and control of aircraft in flight.
S. What kind of structure is the landing gear?
T. The landing gear or undercarriage in aviation , is a structure that supports an aircraft on the ground and allows it to taxi, take off and land. 

Exercise 3. Say with the teacher:

a [ei] - base, came, case, make, same, plane, frame, place, shape, range, change;

a [ǽ] - fan, gas, land, taxi, cabin, hatch, panel, carry, action, canopy, factor, ladder, passenger, stabilizer;

[έə] - airline, airport, airplane, aircraft, airframe, airfield, airtight, airliner;

t, d + ed [id] - welded, divided, located, riveted, extended, operated, provided, supported, accommodated;

s [s] - parts, types, rivets, shapes, flights, elements, cockpits, frameworks, equipments, compartments, arrangements;

s [z]- heads, skins, rings, spars, cabins, members, controls, windows, stringers, airplanes, structures, longerons;

es [iz] - uses, sizes, noses, places, hatches, classes, surfaces, purposes, fuselages.
Exercise 4. Be careful to pronounce the following words and translate them:

Component, vehicle, configuration, section, fuselage, circulation, longeron, tonnage, stringer, monocoque, mechanic, parachute, chassis, machine, generator, calculation, calibration, aileron, engineer, container, pilot, centre, class, navigation.
Exercise 5. Translate derivatives built with the following word-building suffixes. Analyse their structure.
Nouns 

	Model:
	1. the noun worker – працівник/рабочий
the verb to work - (працювати/работать) + er

2. the adjective creative – творчий/творческий 

the verb to create - (створювати/создавать) + ive

3. the adverb badly – погано/плохо 

the adjective bad - (поганий/плохой) + ly


er: carrier, airliner, designer, booster, container, fighter, stabilizer, trainer, manufacturer;

or: constructor, navigator, operator, elevator, generator, indicator, regulator, collector;

ion: combustion, deflection, ignition, inspection, instruction, reflection, action, reaction;

(a)tion: adaptation, application, classification, determination, exploration, formation, identification, installation, observation;

sion: corrosion, decision, division, explosion, provision, propulsion;

(ss)ion: compression, discussion, expression, submission, transmission;

ment: arrangement, compartment, attachment, department, employment, equipment, movement, development, requirement;

ance: appearance, assistance, disturbance, guidance, performance, insurance, continuance;

ence: dependence, difference, existence, occurrence, reference, insistence;

ity: activity, equality, intensity, productivity, sensitivity, accessibility, capability, controllability, flexibility, possibility, reliability, visibility, availability.

Adjectives

able: adjustable, changeable, considerable, favourable, movable, reliable, remarkable, steerable, valuable, interchangeable;

ive: active, attractive, constructive, corrective, creative, effective, expressive, intensive;

al: global, normal, formal, frontal, orbital, accidental, centrifugal, continental, experimental, fundamental, industrial, operational, sectional, structural, mechanical.

Adverbs

ly: nearly, badly, really, simply, slowly, manually, directly, continuously, completely, experimentally, permanently, necessarily, unfortunately, aerodynamically, mechanically, physically, scientifically, symmetrically, technologically, theoretically, technically.

Exercise 6. Translate the words with prefixes having negative meanings.

anti: anti-aircraft, anti-atom, anti-gravitation, anti-icer, anti-missile, anti-rocket, anti-submarine, anticyclone, anticlockwise;

de: demagnetize, deatomize, decentralize, depressurize, deactivate;

dis: disorder, disadvantage, disarmament, disconnection, dislocation, disorganization, discontinuance;

in: inactive, invisible, incorrect, incombustible, incontrollable, incompressible, independent, ineffective, insensitive;

ir: irregular, irrespective, irresponsible, irrelevant, irreversible, irrepairable;

non: nonatomic, nonaxial, nonlinear, nonairtight, nonstationary, nonturbulent, non-stop, non-nuclear, non-standard, non-military, non-flammable;

un: unequal, unnamed, unfixed, unstable, unlimited, unreliable, uncertain, unaccelerated, unbalanced, uncontrolled, uncorrected, unpowered, unstabilized, unpressurized, unacceptable, unsymmetrical.
Exercise 7. Read, translate and give the gist of text 1.
Text 1

The airplane is a vehicle that flies in the air and has wings and one or more engines. Airplanes are technically called fixed-wing aircraft. The aircraft, engine-driven vehicle, is supported by the action of the air against its wings. Aircraft are heavier than air. Heavier-than-air aircraft must find some way to push air downwards, so that a reaction occurs (by Newton’s laws of motion) to push the aircraft upwards.

The mechanical structure of a fixed-wing aircraft is an airframe. The airframe is a structure of any aircraft without engines. It contains the fuselage, wings, stabilizers, flight control surfaces and the landing gear, but the airframe doesn’t include the propulsion system. 
The airframe design is a field of engineering that combines aerodynamics, materials technology and manufacturing methods to achieve balances of performance and reliability.

The airframe is fabricated from aluminum alloy. Stainless steel, titanium and advanced composites are used where advantageous to strength, endurance, weight or heat protection. The airframe must meet the present-day requirements. Airframe manufacturers are continuously creating innovative designs, making greater use of new lightweight materials and increasing their focus on passenger comfort.

Exercise 8. Translate word combinations with the terms: airframe, aircraft, vehicle, structure with the help of a dictionary. 

a) basic airframe, stiffened airframe, reinforced airframe, semimonocoque airframe, high-efficiency airframe, high-tech airframe, skin-stringer airframe, aerodynamically shaped airframe, fatique test airframe, static test airframe, all-metallic honey airframe;

b) civil aircraft, cargo aircraft, land aircraft, state aircraft, passenger aircraft, freight aircraft, transport aircraft, experimental aircraft, research aircraft, amphibious aircraft, basic aircraft, training aircraft, commercial aircraft, float aircraft, multipurpose aircraft;

c) airborne vehicle, lifting vehicle, freight vehicle, transport vehicle, orbital vehicle, guided vehicle, space vehicle, rocket vehicle, satellite vehicle, heavier-than-air vehicle, lighter-than-air vehicle;

d) basic structure, airframe structure, aircraft structure, innovative structure, all-metal structure, fail-safe structure, nacelle structure, stressed-skin structure, damage tolerant structure, aluminum-alloy structure, composite materials structure, heat-resistant structure, high temperature structure, load-carrying structure.

Exercise 9. Give Ukrainian / Russian equivalents of the following terminological word combinations.

Airframe design, power plant, heat protection, aircraft engine,  propulsion system, system reliability, aluminum alloy, airframe manufacturer, passenger comfort, aircraft landing gear, materials technology, airplane design, dynamic movement, advanced composites, stainless steel, aerodynamic lift, mechanical structure, flight control surface, fixed-wing aircraft, lightweight materials, engine-driven vehicle, heavier-than-air aircraft, lighter-than-air aircraft.
Exercise 10. Translate the verb combinations.

To fly in the air, to have one engine, to drive the airplane, to push air downwards, to include the propulsion system, to achieve balance of performance and reliability, to fabricate from aluminum alloy, to describe fixed-wing aircraft, to consist of the fuselage and wings, to support the aircraft in the air, to meet the present-day requirements, to create innovative designs, to contain the power plant, to make greater use of new lightweight materials.
Exercise 11. Match the synonyms. 

	1.tail unit
	a) aircraft

	2. vehicle
	b) sphere

	3. propulsion system
	c) characteristics

	4. wing
	d) undercarriage

	5. fuselage
	e) structure

	6. rear
	f) empennage

	7. design
	g) central body

	8. landing gear
	h) main plane

	9. performance
	i) power plant

	10. airplane
	j) machine

	11. field
	k) back


Exercise 12. Define by suffixes the parts of speech the following words belong to, and translate them.

Comfortable, endurance, greatly, fighter, motion, widely, controllable, usually, movement, designer, materials, aerodynamic, possibility, manufacture, reliability, continuously, mechanical, propulsion, interchangeable, constructor, requirement, constructive, manufacturer, technically, innovative, performance, structure, experimental, advantageous, stabilizer, structural, principal, combination.

Exercise 13. Find English equivalents in text 1.

Корпус літального апарату / корпус летательного аппарата; повітряне судно з нерухомим крилом / воздушное судно с неподвижным крылом; літальний апарат з приводом від двигуна/ летательный апарат с приводом от двигателя; фюзеляж / фюзеляж; силова установка / силовая установка; крило / крыло; стабілізатор / стабилизатор; шасі / шасси; транспортний засіб / транспортное средство; поверхня керування літаком у польоті/ плоскость управления самолетом в полете; неіржавіюча сталь / нержавеющая сталь; механічна конструкція/механическая конструкция; аеродинаміка / аэродинамика; сплав алюмінію / сплав алюминия; легковагий матеріал / легковесный материал; композитний матеріал/композитный материал; сучасні вимоги / современные требования; новітні технології / инновационные технологии; галузь техніки / область техники; льотно-технічні характеристики / летно-технические характеристики.
Exercise 14. Define the functions of the verbs: to be, to do,          to have, shall/will in the following sentences. Translate into Ukrainian/Russian.
a) to be:

1. Airframe production is an exacting process.

2. The airframes are strong and light in weight.

3. All the students are to deliver reports on “Principal Structural Units of an Aircraft” next week.

4. Empennage is an aviation term used to describe the tail section of an aircraft.

5. The students are busy now, they are writing their test papers.

6. There are two ways to produce dynamic upthrust: aerodynamic lift and powered lift in the form of engine thrust.

7. The function of the fuselage is to reduce shocks of landing.

8, My brother is a pilot-in-command.

9. The engine starting has been already performed.

10. The primary factors to consider in aircraft structures are strength, weight and reliability.

b) to do:

1. The students will do their work tomorrow.

2. Reliability does minimize the possibility of dangerous and unexpected failures.

3. Don’t enter the laboratory. The first-year students haven’t done all the calculations yet.

4. I did it yesterday.

5. We prepared our plans earlier than they did.

c) to have:

1. Aircraft usually have the same basic configuration.

2. I often have dinner at our University canteen.

3. The students have discussed forces and structural stresses acting on an aircraft when it is flying and when it is static.

4. This device will have to be repaired.

5. You have to attend all the lectures.

6. Airfoils have always got a distinctive cross-section shape.

7. We have a lot of highly skilled aircraft designers in Ukraine.

d) shall/will:
1. We shall have the English lesson tomorrow.

2. Powerful radar will watch for other aircraft and storms.

3. I shall be twenty tomorrow.

4. Shall I translate the text “Aircraft design”?

5. Will you clean the blackboard, please?
6. I will go to our University Museum of Aviation on Tuesday.

Exercise 15. Use the proper form of the verb “to be”.
1. The main  units of aircraft … the fuselage, wings, the tail unit, the power plant and the landing gear. 2. The fuselage … the central body of the airplane. 3. The wing … the most important lift-producing element of an aircraft. 4. The aircraft … heavier than air. 5. The function of the tail unit … to provide stability and control of an airplane in flight. 6. The landing gear … a structure that supports the aeroplane on the ground. 7. There … many forces and structural stresses acting on an aircraft in flight. 8. The function of the power plant … to supply power for flight. 9. There … different types of aircraft. 10. Terms “airplane” and “aircraft” … widely used to mean the same thing. 11. There … a helicopter and two airplanes at the parking.

Exercise 16. Write questions after the models. 
	Model 1:

general

question


	1. The airplane consists of five main units.

- Does the airplane consist of five main units?

2. The wings lift and support the airplane in the air.  
- Do the wings lift and support the airplane in the air?

3. The wings are attached to the fuselage.
- Are the wings attached to the fuselage?


1. The landing gear absorbs the forces imposed on the aircraft by take-offs and landings. 2. Airplane manufacturers operate under strict quality control and government regulations. 3. The fuselage carries wings and empennage. 4. The wing is an aluminum structure. 5. Airplanes are heavier-than-air vehicles.
	Model 2:

special

question


	1. The airplane consists of five main units.

- (a) What does the airplane consist of?

- (b) What units does the airplane consist of?

2. The wings lift and support the airplane in the air.
- What do the wings lift and support in the air?

3. The wings are attached to the fuselage.

- What are the wings attached to?


1. The tail unit includes two horizontal surfaces and a vertical surface. 2. The elevators control the climb and descent of an airplane. 
3. The airplane gets lift from the wing. 4. The wing is covered with aluminum skin panels. 5. The main undercarriage is located at the centre of gravity of an airplane.
	Model 3:

subject

question
	1. The airplane consists of five main units.

- What consists of five main units?

2. The wings lift and support the airplane in the air. 

- What lifts and supports the airplane in the air?

3. The wings are attached to the fuselage.

- What is attached to the fuselage?


1. The Be-200 multipurpose amphibious aircraft is the latest design of the Beriev Design Bureau. 2. The power plant systems provide proper engine operation. 3. The landing gear supports the aeroplane weight on the ground. 4. The fuselage is the central body of the airplane.5. High-speed and high-altitude aircraft are powered by jet engines.

	Model 4:

alternative

question
	1. The airplane consists of five main units.

- Does the airplane consist of five or seven main units?

2. The wings are attached to the fuselage.

- Are the wings attached to the fuselage or to the tail unit?
3. The power plants propel the aircraft. 

- Do the power plants or wings propel the aircraft?


1. The rear part of the fuselage is called a baggage compartment. 
2. Modern aircraft use high-performance engines. 3. The function of the power plant is to deliver thrust. 4. The airplane is a flying vehicle with wings and engines. 5. The landing gear supports the airplane on the ground.
	Model 5:

disjunctive

question
	1. The airplane consists of five main units.

- The airplane consists of five main units, doesn’t it?

- The airplane doesn’t consist of two main units, 
does it?

2. The wings lift and support the airplane in the air.

- The wings lift and support the airplane in the air,

don’t they?

3. The wings are attached to the fuselage, aren’t they?


1. The fuselage contains the cockpit (or flight deck), passenger cabins and cargo compartments. 2. The tail unit is mounted on the aft portion of the fuselage. 3.There are many aircraft systems. 4. The piston engines are used in light general aviation aircraft. 5. The wing is one of the most important elements of an aircraft. 6. There are passenger and cargo planes. 7. The wings include port and starboard main planes. 
8. The wings have movable surfaces. 9. The wings usually house the fuel tanks. 10. The power plant provides thrust.

Exercise 17.Put subject questions to the following sentences.
1. The glider is a light plane that flies without an engine. 2. The airplane wing has a distinctive shape called an airfoil. 3. On-board computers check and recheck the airplane operations in flight. 4. The flight deck of Boeing 777 incorporates colour liquid crystal displays. 5. Pilot sends commands electrically through computers and wires instead of using mechanically-connected cables to move control surfaces. 6. The giant cargo planes Ruslan and Mriya are the special pride and the company’s visiting card of the Antonov complex.
Exercise 18. Put general questions to the sentenses in the Simple Past Tense. 
	Model:
	Aircraft designers did the design of the 777 completely on computers.

Did aircraft designers do the design of the 777 completely on computers?


1. Antonov’s team developed more than a hundred types and modifications of passenger, transport and special purpose aircraft. 
2. Airline people worked side-by-side with Boeing people from the very beginning of the 777 development process. 3. The ideas of more than 200 airline pilots  went into the design of flight deck alone. 4. Engineers used computers to electronically “assemble” the entire aircraft instead of building a full-size model. 5. O.K. Antonov founded his enterprise in 1946 and headed it until 1984. 6. The first aircraft, the multipurpose biplane An-2 (marked with logo) took off in 1947.
Exercise 19. Paraphrase the sentences according to the model.

	Model:
	The airplane carries passengers and cargo.

The airplane serves for carrying passengers and cargo.

The airplane is used to carry passengers and cargo.

The function of the airplane is to carry passengers and cargo.


1. The landing gear supports aircraft weight on the ground. 2. The power plant provides power for flight. 3. The tail unit gives stability to aircraft. 4. The landing gear allows aircraft to taxi, take off and land. 
5. The fuselage houses passengers, crew, cargo and equipment. 6. The power plant propels the airplane. 7. The landing gear reduces shocks of landing. 8. The wings develop the major portion of the lift of a heavier-than-air aircraft. 9. The landing gear absorbs the shocks of landing. 
10. The fuselage structure carries the wing, the tail unit, the nose landing gear and the engine in some designs.
Exercise 20. Match the definitions in the left column with the terms in the right column.

	1. A vehicle that flies in the air, has wings and one or more engines.
	
	a) airframe

	2. A source of power that propels the airplane.
	
	b) airplane

	3. A surface used to produce lift for flight through the atmosphere.
	
	c) propulsion system

	4. A mechanical structure of a fixed-wing aircraft.
	
	d) wing

	5. A structure that supports an aircraft on the ground and allows it to taxi, take off and land.
	
	e) fuselage

	6. Aircraft main body that houses flight crew, passengers, cargo, controls and most of the accessories. 
	
	f) landing gear


Exercise 21. Answer the questions on text 1.
1. What is a vehicle that flies in the air and has wings and one or more engines? 2. Are aircraft heavier than air? 3. What is an airplane? 
4. Are airplanes technically called fixed-wing aircraft? Why? 5. What is an airframe? 6. What is the mechanical structure of a fixed-wing aircraft? 7. How are airplanes technically called? 8. What are aircraft driven by? 9. What does the airplane consist of? 10. What does the airframe contain? 11. The airframe doesn’t include the propulsion system, does it? 12. What is the airframe fabricated from? 

Exercise 22. Give definitions of the following terms:
airframe, airplane, propulsion system, wing, fuselage, landing gear.

Exercise 23. Change the following sentences into the Past and Future Simple. Add other words indicating past and future moments. Mind the forms of irregular verbs.
	Model:
	- The first-year students study the topic “Airframe 
Design”.
- The students studied the topic “Airframe Design” last year. 
- The students will study the topic “Airframe Design” 
next week.


1. The airplane flies in the air by the action of the air against its wings. 2. The airframe consists of the fuselage, wings, stabilizers, flight control system and the landing gear. 3. The main body gives space for crew, passengers and cargo. 4. The wing provides lift for flying. 
5. The propulsion system propels the airplane. 6. The wings usually house the fuel tanks. 7. Passenger compartments accommodate passengers. 8. The An-148 covers the distance from Kyiv to Simpheropol in 2 hours. 9. The crew of Boeing 737 consists of two members. 10. The present-day airframe designs combine aerodynamics, materials technology and manufacturing methods to achieve balances of performance and reliability.
Exercise 24. Choose the proper verb combinations below describing the functions of the main parts of aircraft to fill in this table.

	fuselage
	wing
	tail assembly
	power plant
	landing gear 

	
	
	
	
	


To drive the aircraft; to support in the air; to provide power for flight; to propel the aircraft; to house crew and passengers; to develop lift; to support control surfaces; to lift the aircraft; to give stability to aircraft; to taxi on the ground; to provide space for cargo, controls and most of the accessories; to keep the aircraft in the air; to support aircraft on the ground; to reduce shocks of landing; to take off; to carry loads.
Exercise 25. Translate into English.

	1. Планер – це механічна конструкція літака в цілому за винятком двигуна.
	1. Планер – это механическая конструкция самолета в целом за исключением двигателя.

	2. Літак – літальний апарат, що використовує аеродина-мічну підіймальну силу планера і тягу силової установки.
	2. Самолет – летательный аппарат, использующий аэродинамическую подъемную силу планера и тягу силовой установки.

	3. Крило літака – поверхня для створення підіймальної сили.
	3. Крыло самолета – поверхность для создания подъемной силы.

	
	

	4. Фюзеляж – корпус літального апарату. Він зв'язує між собою крила, оперення і шасі.
	4. Фюзеляж – корпус летательного аппарата. Он связывает между собой крылья, оперение и шасси.

	5. Оперення літального апарату – це аеродинамічні поверх-ні, що забезпечують його стій-кість та керованість в польоті.
	5. Оперение летательного аппарата – это аэродинамические поверхности, обеспечивающие его устойчивость и управляемость в полете.

	6. Шасі літального апарату забезпечує його пересування по аеродрому при зльоті, посадці та рулінні.
	6. Шасси летательного аппарата обеспечивает его передвижение по аэродрому при взлете, посадке и рулении.


Exercise 26. Compose dialogues on “The Airframe Design”.
Exercise 27. Memorize the active vocabulary to text 2.

	tail unit 
	хвостове оперення 
	хвостовое оперение 

	tail assembly
	хвостове оперення 
	хвостовое оперение 

	empennage 
	хвостове оперення
	хвостовое оперение

	flight crew 
	льотний екіпаж
	летный экипаж

	control
	1. керування 2. орган керування 3. керувати, регулювати
	1. управление 2. орган управления 3. управлять, регулировать 

	accessory
	допоміжний агрегат
	вспомогательный агрегат

	cockpit
	кабіна екіпажу
	кабина экипажа

	flight deck
	кабіна екіпажу
	кабина экипажа

	stick out 
	висуватися 
	выступать 

	extend
	1. тягнутися 2. випускати (шасі)
	1. простираться 2. выпус-кать (шасси)

	lift 
	підіймальна сила 
	подъемная сила

	lifting and supporting surface
	несна поверхня
	несущая плоскость

	speed
	швидкість (величина) 
	скорость (величина)

	velocity
	швидкість (векторна)
	скорость (векторная)

	rate 
	швидкість; темп 
	скорость; темп 

	
	
	

	climb
	1. набір висоти 2. набирати висоту, підніма-тися
	1. набор высоты 2. набирать высоту, подниматься

	interchangeable
	взаємозамінний
	взаимозаменяемый 

	rudder
	кермо напряму / повороту 
	руль направления / поворота

	elevator
	кермо висоти
	руль высоты

	reduce shocks  of landing
	зменшувати/поглинати удари під час приземлення
	уменьшать/поглощать удары при посадке

	take-off
	зліт 
	взлет 

	take off
	злітати
	взлетать

	land
	здійснювати приземлення
	производить посадку, садиться 

	taxi
	рулювати (аеродромом)
	рулить (по аэродрому)

	propel 
	приводити до руху
	приводить в движение


Exercise 28. Read, translate and give the gist of text 2.
Text 2. Main Units of Aircraft
Airplanes usually have the same basic configuration. Any airplane consists of five principal structural units: the fuselage, the wing, the tail unit, the landing gear and the power plant. 

The fuselage is the main structure or the central body of the aircraft and its largest element extending from the nose to the tail of the machine. It provides space for flight crew, passengers, cargo, controls and most of the accessories. 
The fuselage has a cockpit section at the front end, where the crew control the airplane and passenger and cargo compartments. The wings, stabilizers and the landing gear are attached to it, and the engine in some designs. 
The wing is one of the large flat parts that stick out from the sides of airplane and help to keep it in the air. They are the main planes. The wing extends equally on each side of the fuselage. Wings develop the major portion of the lift of a heavier-than-air aircraft. Wing structures carry some of the heavier loads found in the aircraft structure. The wings are lifting and supporting surfaces of the airplane in flight. So the aircraft uses the aerodynamic lift of the wing and the power plant thrust. The particular design of a wing depends on the size, weight, speed, rate of climb and use of the aircraft. 

The tail unit is the back part of an airplane. It is also known as the tail assembly or empennage. All three terms may be used interchangeably. The tail assembly is attached to the rear of the fuselage and consists of vertical and horizontal stabilizers, a rudder and elevators. It gives stability to aircraft and provides control in flight.
The landing gear or undercarriage in aviation, is the structure that supports an aircraft on the ground and reduces shocks of landing, that is, it absorbs the forces imposed on the aircraft by take-offs and landings, so it allows the aircraft to taxi, take off and land.

The power plant is a source of power. It provides power for flight and propels the airplane. The power plant contains an engine or engines and some systems.

Exercise 29. Translate “noun + noun” collocations.
Flight crew, aircraft structure, tail assembly, airplane stability, airframe weight, aeroplane empennage, plane configuration, vehicle units, climb rate, wing structure, cockpit section, power plant function.

Exercise 30. Form antonyms of the following adjectives using the prefixes: un -, im -, in -, dis -, ir -, il -, non-.
Equal, safe, important, practical, perfect, essential, comprehensible, possible, known, popular, similar, reliable, accessible, certain, usual, controllable, probable, standard, exact, direct, dependent, stable, satisfactory, stop, regular.
Exercise 31. Translate the verb combinations from text 2.

To have the basic configuration; to consist of five main units; 
to extend from the nose to the tail; to be attached to the fuselage; to stick out from both sides of the airplane; to depend on the size and weight; 
to give stability to aircraft; to taxi on the ground; to propel the aeroplane; to contain engines and some systems; to provide space for flight crew, passengers, cargo and controls; to be lifting and supporting surfaces of the airplane in flight; to be known as the empennage; to absorb the forces imposed on the aircraft; to create lift.
Exercise 32. Put questions to the italicized words.
1. Any airplane consists of five principal structural units. 2. The fuselage extends from the nose to the tail of the machine. 3.The wings develop the major portion of the lift. 4. The wings are lifting and supporting surfaces of the airplane in flight. 5. The tail assembly is attached to the rear of the fuselage. 6. The empennage contains vertical and horizontal stabilizers. 7. The landing gear supports an aircraft on the ground.    8. The power plant provides power for flight. 9. The fuselage has a cockpit section at the front end. 10. The flight crew control the airplane. 
Exercise 33. Make the following sentences interrogative and negative.
1. The fuselage is the central body of the airplane. 2. We divide the aeroplane into five principal structural units. 3. The power plant propels the aircraft. 4. The tail unit consists of two surfaces, vertical and horizontal. 5. The wing extends equally on each side of the fuselage. 
6. The landing gear or undercarriage, in aviation, is the structure that supports an aircraft on the ground. 7. The undercarriage allows the aircraft to taxi, take off and land. 8. The tail unit gives stability to aircraft. 
9. The fuselage has a cockpit section at the front end. 10. The power plant contains engines and some systems.
Exercise 34. Say if the following statements are true or false. Correct the false ones.

1. The airplane consists of two main units. 2. The tail unit supports the fuselage. 3. The function of the power plant is to create lift. 
4. The wings are not lifting and supporting surfaces of the airplane in flight. 5. The fuselage controls the airplane in flight. 6. The fuselage does not provide space for flight crew, passengers, cargo, controls and most of the accessories. 7. The tail assembly is attached to the rear of the fuselage. 8. The tail unit consists of vertical and horizontal stabilizers, a rudder and elevator. 9. The power plant gives stability to aircraft. 
10. The power plant, stabilizers and the landing gear are attached to wings.

Exercise 35. Make up sentences with the following terms.
Aircraft, crew, cargo, equipment, engine, flight, lift, loads, wing, stability, control, ground, power plant, tail assembly, landing gear, principal structural units, vertical and horizontal stabilizers.
Exercise 36. Choose the right terms below to describe fuselage and tail unit designs. 
	Fuselage
	Tail unit

	
	


Vertical stabilizer, horizontal stabilizer, cockpit, landing gear, engine, tail assembly, rudder, elevators, baggage compartment, nose wheel, passenger cabin, cargo hold.
Exercise37. Fill in the blanks with prepositions: from, for, of, through, on, without, by, to, in, out. Translate the sentences.

1. The airplane is a vehicle that flies … the air due … lift and thrust. 2. The aircraft, engine-driven vehicle, is supported … the action … the air against its wings. 3. The airframe is a structure … the aircraft … engines. 4. The airframe is fabricated … aluminum alloy. 5. Any airplane consists … five principal structural units. 6. The power plant, wings, stabilizers and the landing gear are attached … the fuselage. 
7. The wing is one … the large flat parts that stick … … the sides … airplane. 8. The wing extends equally … each side … the fuselage. 
9. The particular design … a wing depends … the size, weight, speed, rate … climb and use … the aircraft. 10. The landing gear or undercarriage … aviation, is the structure that supports an aircraft … the ground. 
11. The power plant provides power … flight and propels the airplane.

Exercise 38. Answer the questions on text 2. 
1. What units do we divide the aeroplane into? 2. What does the aircraft use to fly through the air? 3. What allows the aircraft to taxi on the ground, take off and land? 4. Where does the wing extend? 5. What gives stability to aircraft? 6. What does the fuselage house? 7. What propels the airplane? 8. What keeps the airplane in the air? 9. What does the particular design of the wing depend on? 10. Is the tail assembly attached to the rear or the front part of the fuselage? 11. What does the power plant contain?

Exercise 39. Translate into English.
	1. Літак складається з п'яти основних конструктивних частин: крило, фюзеляж, хвостове оперення, шасі, силова установка.
	1. Самолет состоит из пяти основных конструктивных частей: крыло, фюзеляж, хвостовое оперение, шасси, силовая установка.

	2. Фюзеляж тягнеться від носової до хвостової частини літака.
	2.Фюзеляж простирается от носовой до хвостовой части самолета.

	3. Фюзеляж містить кабіну екіпажа, пасажирські салони та багажно-вантажні відсіки.
	3. Фюзеляж вмещает кабину экипажа, пассажирские салоны и багажно-грузовые отсеки.

	4. Крила – це несні поверхні.
	4. Крылья – это несущие плоскости.

	5. Хвостове оперення включає вертикальний та горизонтальний стабілізатори, кермо напряму і керма висоти.
	5. Хвостовое оперение включает 
вертикальный и горизонтальный стабилизаторы, руль направления и рули высоты.

	6. Шасі служить для підтримки літака на землі, руління, зльоту і посадки.
	6. Шасси служит для поддержки самолета на земле, рулежки, взлета и посадки.

	7. Силова установка забезпечує потужність для польоту і рухає літак.
	7. Силовая установка обеспечивает мощность для полета и приводит в движение самолет.

	8. Силова установка містить двигуни і системи.
	8. Силовая установка содержит двигатели и системы.

	9. Літак використовує аеродинамічну підіймальну силу планера і тягу силової установки.
	9. Самолет использует аэродинамическую подъемную силу планера и тягу силовой установки.


Exercise 40. Speak on “Principal Structural Units of the Airplane”.
Exercise 41. Read and learn the recommended vocabulary to be able to speak on “Aircraft Performance”.
	Aircraft performance
	льотно-технічні характеристики літака
	летно-технические характеристики самолета
	

	seating capacity
	пасажиромісткість
	пассажировместимость
	

	length
	довжина
	длина
	

	wing span
	розмах крила
	размах крыла
	

	aspect ratio 
	відносне подовжен-

ня (крила)
	относительное уд-линение (крыла)
	

	sweepback
	стрілоподібність 
	стреловидность 
	

	height
	висота 
	высота  
	

	width
	ширина 
	ширина 
	

	cargo capacity
	вантажомісткість
	грузовместимость
	

	empty weight
	маса порожнього літака
	масса пустого самолета
	

	payload 
	корисне/ комерційне 
навантаження 
	полезная / коммерческая нагрузка 
	

	landing weight
	посадкова маса
	посадочная масса
	

	maximum take-off weight (MTOW)
	максимальна злітна 
маса
	максимальная взлетная масса
	

	cruising speed
	крейсерська 
швидкість
	крейсерская скорость 
	

	range
	дальність (польоту)
	дальность (полета)
	

	take-off distance
	довжина розбігу 
(за максимальної злітної ваги)
	длина разбега (при максимальном взлетном весе)
	

	take-off run
	розбіг під час зльоту
	разбег при взлете
	

	landing run
	пробіг під час приземлення
	пробег при посадке
	

	ground run
	пробіг під час приземлення
	пробег при посадке
	

	fuel capacity
	запас палива
	запас топлива 
	

	service ceiling
	практична стеля 
(польоту)
	практический потолок (полета)
	

	engine thrust
	тяга двигуна
	тяга двигателя
	

	wheelbase 
	база колесного шасі 
	база колесного 
шасси 
	

	wheel track
	колія шасі 
	колея шасси
	

	wing area 
	площа крила 
	площадь крыла

	ramp
	рампа; трап
	рампа; трап 

	volume
	об’єм; обсяг; місткість 
	объем; емкость

	altitude
	висота (над рівнем моря)
	высота (над уровнем моря)

	cargo bay
	вантажний відсік 
	грузовой отсек

	
	
	

	design speed
	розрахункова швидкість
	расчетная скорость 

	efficiency
	ефективність, ККД (коефіцієнт корисної дії) 
	эффективность, КПД (коэффици-ент полезного действия)

	design payload
	розрахункове корисне навантаження 
	расчетная полезная нагрузка 

	wing loading 
	навантаження на крило 
	нагрузка на крыло


Exercise 42. Read, translate and give the gist of text 3.
Text 3. Aircraft Performance

The aircraft performance includes dimensional data and the main flying characteristics.

Dimensional data are length, wing span, height and width. The main flying characteristics are maximum take-off weight, maximum landing and payload weight, seating capacity or number of seats, number of crew, cargo capacity, cruising speed, flight range, flight altitude, non-stop flying time, practical ceiling or service ceiling, engine type and thrust of each engine, number of engines, take-off and landing ground run, maximum fuel capacity, etc.

The aircraft usually takes the name of the designer or manufacturer. Here are some of aircraft designers: Antonov, Ilushin, Tupolev, Yakovlev. Manufacturer’s names are represented by: Boeing, Bristol, Canadair, Convair, Douglas, Lockheed, Vickers and others. Following the name of the designer or  manufacturer  comes a type code, known in some airlines as a class. For example: Antonov-70 (designer’s name and type code), Douglas DC-6B (manufacturer’s name and type code).

Aircraft can be supplied in some versions: Economy Class, Business Class, Tourist Class, First Class, Second Class, Third Class.
Exercise 43. Answer the questions on text 3.
1. What dimensional data does the aircraft performance include? 2. What are the main flying characteristics? 3. The aircraft usually takes the name of the designer, doesn’t it? 4. What is the type code? 5. What versions can an aircraft be supplied in?

Exercise 44. Read, translate and entitle text 4.

Text 4 
William E. Boeing was a wealthy, 34-year-old man when he had his first flying lesson in 1915. He immediately decided that he could build a better airplane. With his friend Conrad Westervelt, a Navy officer, he began working on his first biplane on the shores of Seattle’s Lake Union. A year later, on July 15, 1916, Mr. Boeing incorporated the Pacific Aero Products Company. In 1917, the name was changed to the Boeing Airplane Company. Boeing and Westervelt called it the B&W, after their initials. Boeing was the first person to fly it.
A wood, wire, and cloth seaplane, the B&W, could carry the pilot and one passenger and cruise at 67 mph (108 km/h). The first flight was on June 29, 1916, just 12 1/2 years after the Wright brothers first flew at Kitty Hawk.
Exercise 45. Speak on “Aircraft Performance”.

Exercise 46. Memorize the following abbreviations. 
	Ft (foot, pl. feet)
	фут
	фут

	ft-lb (foot-pound)
	футо-фунт
	футо-фунт

	cu ft (cubic foot)
	кубічний фут
	кубический фут 

	gal (gallon)
	галон
	галлон

	imp (imperial)
	встановлений, що відповідає британському стандарту
	установленный, соответствующий британскому стандарту

	in (inch)
	дюйм
	дюйм

	kg (kilogram)
	кілограм
	килограмм

	km/h (kilometer per hour)
	кілометр за годину
	километр в час

	kn (knot) 
	вузол (міра швидкості – 1,853 км/год)
	узел (мера скорости –1,853 км/час)

	L 1. (litre) 
    2. (length)

    3. (left)
	1. літр 
    2. довжина
    3. лівий
	1. литр 
   2. длина
   3. левый

	lb (pound)
	фунт
	фунт

	lbf (pound-foot)
	фунт-фут
	фунт-фут

	m 1. (metre) 
    2. (minute)
    3. (mass)
    4. (mile)
    5. (micro)
	1. метр 
   2. хвилина
   3. маса
   4. міля

   5. мікро
	1. метр 
    2. минута
    3. масса
    4. миля

    5. микро

	mi 1. (mile)

     2. (minute)
	1. міля
    2. хвилина
	1. миля
    2. минута

	mph (miles per
     hour)
	миль за годину
	миль в час

	nm (nautical mile)
	морська миля
	морская миля

	shp (shaft horse-

    power)
	потужність на валу
	мощность на валу 



	sq ft (square foot)
	квадратний фут
	квадратный фут

	t 1. (ton) 
   2. (temperature)
   3. (time)
	1. тона 
   2. температура
   3. час, період, термін
	1. тонна
    2. температура
    3. время, период,   срок


Exercise 47.Decode the abbreviations: t, m, ft, lb, in, mph, L, kn, sq, cu, kg, km/h, nm, mi, shp.
Exercise 48. Read, translate and memorize Boeing 737 performance terminology (Figure I.1.2).
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Fig. I.1.2. Boeing 737 
	Cockpit сrew
	two

	Seating capacity
	149 - 189 (maximum)
108 - 146 (2-class, typical)

	Length
	102–120 ft (31–37 m)

	Wing span
	94 ft 9 in (28.88 m)

	Wing area
	105.4 m2 (1,135 sq ft)

	Wing sweepback
	25 degrees

	Height
	36 ft 4 in (11.07 m)

	Maximum сabin width
	11 ft 7 in (3.53 m)

	Fuselage width
	12 ft 4 in (3.76 m)

	Cargo capacity
	822–1,373 cu ft (23.3–38.9 m3)

	Operating empty weight
	69,000–74,170 lb (31,3–33,6 kg)

	Maximum take-off weight 
	38,500–150,000 lb (62,8–68 kg)

	Cruising speed
	Mach 0.74 (485 mph, 780 km/h)

	Maximum speed
	Mach 0.82 (544 mph, 876 km/h)

	Take-off field length
	7,550–8,500 ft (2,300–2,600 m)

	Maximum range, fully loaded
	2,270–2,400 nm (4,200–4,400 km; 2,610–2,800 mi)

	Maximum fuel capacity
	5,311 US gal (20,1 L: 4,422 imp gal)

	Service ceiling
	37,000 ft (11,300 m)

	Engines (×2)
	CFM International 56-3 series

	Thrust (×2)
	14,500–17,400 lbf (64–77 kn)


Exercise 49. Compare the performance data of Boeing modifications in figure I.1.2 and figure I.1.3.
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Fig. I.1.3. Boeing 777
	Cockpit crew
	two

	Seating capacity
	365 (3-class); 451 (2-class):
550 (maximum)

	Length
	242 ft 4 in (73.9 m)

	Wing span
	212 ft 7 in (64.8 m)

	Wing sweepback
	31.64°

	Tail height
	60 ft 8 in (18.5 m)

	Cabin width
	19 ft 3 in (5.87 m)

	Fuselage width
	20 ft 4 in (6.20 m)

	Maximum cargo capacity
	7,640 cu ft (216 m3)

	Empty weight
	370,000 lb (167,800 kg)

	Maximum landing weight
	554,000 lb (251,290 kg)

	Maximum take-off weight 
	775,000 lb (351,500 kg)

	Typical cruising speed
	0.84 Mach (560 mph, 905 km/h, 490 knots) at a cruising altitude of 35,000 ft (11,000 m)

	Maximum cruising speed
	0.89 Mach (590 mph, 950 km/h, 512 knots) at a cruising altitude of 35,000 ft (11,000 m)

	Maximum range
	7,930 nm (14,690 km)

	Take-off distance at MTOW 
	10,500 ft (3,200 m)

	Maximum fuel capacity
	47,890 US gal (181,283 L)

	Service ceiling
	43,100 ft (13,140 m)

	Engines (×2)
	GE90-115B1

	Thrust (×2)
	GE: 115,540 lbf (514 kn)


Exercise 50. Comment on the Airbus A380-800 performance data (Figure I.1.4).
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Fig. I.1.4. Airbus A380-800

	Cockpit crew
	two

	Seating capacity
	525 (3-class)
644 (2-class)
853 (1-class)

	Length  
	72.73 m (238.6 ft) 

	Wing span
	79.75 m (261.6 ft) 

	Height
	24.45 m (80.2 ft) 

	Wheelbase
	33.58 m (110.2 ft) wing landing gear
36.85 m (120.9 ft) body landing gear

	Wheel track
	12.46 m (40.9 ft)

	Outside fuselage width 
	7.14 m (23.4 ft)

	Outside fuselage height 
	8.41 m (27.6 ft)

	Maximum cabin width 
	6.58 m (21.6 ft) main deck 5.92 m
(19.4 ft) upper deck (floor level)

	Cabin length 
	49.9 m (164 ft) main deck
44.93 m (147.4 ft) upper deck

	Wing area 
	845 m2 (9,100 sq ft)

	Aspect ratio 
	7.5

	Wing sweepback 
	33.5°

	Maximum taxi/ramp weight 
	571,000 kg (1,260,000 lb)

	Maximum take-off weight
	569,000 kg (1,250,000 lb)

	Maximum landing weight
	Maximum landing weight 391,000 kg (860,000 lb)

	Maximum zero fuel weight 
	366,000 kg (810,000 lb)

	Typical operating empty weight
	276,800 kg (610,000 lb)

	Maximum structural payload 
	89,200 kg (197,000 lb)

	Maximum cargo volume 
	176 m3 (6,200 cu ft)

	Maximum operating speed
at cruising altitude 
	Mach 0.89
(945 km/h, 587 mph, 510 knots)

	Maximum design speed

	Mach 0.96 (at a cruising altitude of 1020 km/h, 634 mph, 551 knots)

	Take-off run at MTOW 
	2,750 m (9,020 ft)

	Range at design load 
	15,400 km (8,300 nm, 9,500 mi)

	Service ceiling 
	13,115 m (43,028 ft)

	Maximum fuel capacity
	323,546 L (85,472 US gal)

	Engines 
	GP7270 (A380-861)
Trent 970/B (A380-841)
Trent 972/B (A380-842)

	Thrust 
	311 kn (70,000 lbf) – 355 kn 
(80,000 lbf) 


Exercise 51. Speak on the TU-334-100 performance data (Figure  I.1.5.).
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Fig. I.1. 5. TU-334-100

	Length
	31.3 m

	Wing span
	29.8 m

	Height
	8.55 m

	Wing area 
	83.2 sq. m

	Seating capacity
	102

	Crew 
	2

	Engines
	D-436T1

	Maximum take-off weight
	47 900 kg

	Operational empty weight
	28 950 kg

	Maximum payload 
	12 000 kg

	Design payload
	9 690 kg

	Service range with maximum payload
	2 040 km

	Service range with design payload
	3 150 km

	Cargo bay capacity 
	16.2 m3


Exercise 52. Give the general outline of the An-72 main structural units and its performance data (Figure I.1.6).
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Fig. I.1.6. An-72

	Cargo compartment dimensions:

- length;

- width over floor;

· height
	10.5 m

2.15 m
2.20 m

	Engines
	D-36

	Maximum take-off weight
	33 000 kg

	Engine thrust
	6 500 kg

	Best flight altitude 
	10 000 m

	Cruising speed 
	550 – 600 km/h

	Maximum range of flight (with fuel reserve for one hour of flight):
- with payload of 10 000 kg;

- with payload of 7 500 kg;

- with maximum fuel load
	860 km

2 000 km

5 000 km

	Practical ceiling:
- with two engines operating;

- with one engine operating
	10 700 m

6 300 m

	Take-off run
	800 m

	Landing run
	450 m

	Maximum payload weight
	10 000 kg


Exercise 53. Describe An–225 main specifications (Figure I.1.7.).
[image: image7.png]



Fig.I.1.7. An - 225

	Crew 
	6

	Payload
	250,000 kg (550,000 lb)

	Door dimensions
	440 x 640 cm (14.4 x 21 ft)

	Length 
	84 m (275.6 ft)

	Wingspan 
	88.4 m (290 ft 2 in)

	Height 
	18.1 m (59.3 ft)

	Wing area 
	905 m2 (9,743.7 ft2)

	Aspect ratio 
	8.6

	Cargo volume 
	1,300 m3 (46,000 cu ft)

	Empty weight 
	285,000 kg (628,315 lb)

	Maximum take-off weight 
	640,000 kg (1,323.000 lb)

	Power plant 
	6 × ZMKB Progress D-18 turbofans,
 229.5 kn (51,600 lbf) each

	Take-off run 
	3,500 m (11,500 ft) with maximum payload

	Maximum speed 
	850 km/h (460 knots, 530 mph)

	Cruise speed 
	800 km/h (430 knots, 500 mph)

	Range 
	With maximum fuel: 15,400 km (9,570 mi) 

With maximum payload: 4,000 km (2,500 mi))

	Service ceiling: 
	11,000 m (36,100 ft)

	Wing loading: 
	662.9 kg/m² (135.5 lb/ft²)

	Thrust/weight: 
	0.234


Exercise 54. Compare the performance data of An–32 (Figure I.1.8.), An-72 and An-225.
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Fig. I.1.8. An-32

	Crew
	3

	Capacity 
	42 paratroopers/50 passengers/24 casualties on stretcher with 3 medical personnel

	Length 
	23.78 m (78 ft 0¾ in)

	Wing span 
	29.20 m (95 ft 9½ in)

	Height 
	8.75m (28 ft 8½ in)

	Wing area 
	75 m² (807 ft²)

	Empty weight 
	16,800 kg (37,038 lb)

	Maximum take-off weight 
	27,000 kg (59,400 lb)

	Power plant
	2 × ZMKB Progress AI-20DM turboprop

	Maximum speed 
	530 km/h (286 knots, 329 mph)

	Cruising speed 
	470 km/h (254 knots, 292 mph) 

	Range 
	2,500 km (1,350 nmi, 1,553 mi)

	Service ceiling 
	9,500 m (31,165 ft)


Exercise 55. Translate the following passages, using a dictionary and give the key-note of each in Ukrainian/Russian and English.
1. The multipurpose biplane An-2 is the only aircraft in the world in serial production for more than 60 years. Each aircraft that followed, An-8 cargo plane, An-10 passenger plane, and An-12 military-transport plane, marked a new stage in the history of Soviet and world aviation. 1959 is the year of maiden flight of An-24, the regional passenger plane that became “work horse” of many airlines across the world. It has also became a basis for an exclusively successful An family: An-26 freighter, An-30 aerial photographer, and An-32 intended for operation from/to mountain airfields. 1965 saw the debut of the world’s first wide-body cargo plane An-22 Antaeus. 1977 started the history of An-72 and An-74. The best creations of the Antonov Design Bureau are 
An-124 Ruslan and An-225 Mriya that remain the world’s largest aircraft and holders of hundreds of world records. They are widely used as cargo carriers throughout the world.
2. An-72 cargo compartment and cargo hatch dimensions allow to carry bulky cargoes, wheeled vehicles, motor-cars of the UAZ, RAF, “Geep” type.

3. An-124-100M-150 modification differs from the basic model in the payload increased from 120t to 150t, increased take-off and landing weights and greater operating range. The important feature of An-124-100M-150 is a more simplified and accelerated loading/unloading operation for cargoes up to 150t with the structure of the front cargo ramp strengthened. An-124-100M-150 is piloted by the crew of 4 instead of usual 6 persons.
The An-124-100 Ruslan and An-225 Mriya jumbo jets perform hundreds of impressive operations, including the transportation of solid blocks of industrial equipment up to 180 tons and huge parts of space rockets that no other plane in the world could carry.
4. The An-70, the most perfect STOL (short take-off and landing) aircraft in the world, can lift cargoes up to 20 tons from 6,600 km long runway and carry them to destinations up to 3,000 km away. Its high capacity fuselage can hold 98 percent of cargoes which are normally transported by much larger planes.
5. The 52-seat turboprop plane An-140, flying along local lines in East Siberia, easily lands on unpaved and ice runways and still is as comfortable as modern planes.

6. The 80-seat An-148-100 has proven airworthy in the temperature range from – 550C to  + 450C. The basic version of the An-148 Regional Jet is designed for the transportation of 68-85 passengers on short and medium-haul routes of up to 4,600 km.

7. High comfort, low noise, safety and economy add distinguishable traits to the collective portrait of the new generation of ANTONOV passenger planes.


8. The An-32P is the fire fighting version of An-32, which is the only transport aircraft designed to operate from high-altitude airfields over 4,000 m. This plane can discharge eight tons of fire extinguishing liquid at a time and has proven its exceptional efficiency many times. The An-32P is not just a fire fighter. It is a versatile instrument of response to various emergencies: it can not only extinguish, but also deliver rescuers and urgent cargoes to accident sites, evacuate the injured, and monitor disaster areas.

9. The Be-200 is the most effective fire fighting aircraft developed today. Scooping up 12 tons of water from seas with waves up to 1.2 m high it will quickly reach (faster than any other amphibian) and repeatedly attack fires with an unprecedented intensity (an example of a typical mission: one Be-200 will drop 360 tons of water and/or foam prior to returning for refuelling, having flown 200 km from the base to the fire zone and 200 km back to the base, the fire zone is located 10 km away from a suitable water scooping area). The Be-200 is effective in its other roles, including passenger and/or cargo transportation (it is quickly changed from fire fighter to cargo version), as well as pollution control/ environmental protection, Exclusive Economic Zone (EEZ) patrol, Search And Rescue (SAR), Maritime Patrol and Ambulance.
Exercise 56. Act as a guide showing the An-140 principal structural units and describing its performance data (Figure I.l.9).
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Fig. I.l.9. An-140 three views
	Crew 
	2

	Capacity 
	52 passengers

	Length 
	22.60 m (74 ft 2 in)

	Wing span 
	24.505 m (80 ft 5 in)

	Height
	8.23 m (27 ft 0 in)

	Wing area 
	51 m² (549 ft²)

	Empty weight 
	12,810 kg (28,240 lb)

	Max take-off weight 
	19,150 kg (42,220 lb)

	Power plant
	2 × Klimov TV3-117VMA-SBM1 turboprops, 1,838 kW (2,466 shp) each

	Alternate power plant 
	Pratt & Whitney Canada PW127A turboprops, 1,900 kW (2,500) each

	Maximum speed 
	575 km/h (310 knots, 357 mph)

	Cruising speed
	460 (250 knots, 290 mi)

	Range 
	1380 km / 2420 km (745 nm, 860 mi / 1307 nm, 1504 mi) 

	Service ceiling
	7600 m (25,000 ft)

	Rate of climb
	6.83 m/s (1,345 ft/min)


Exercise 57. Answer the questions.


1. Which Antonov aircraft has the highest maximum take-off speed? 2. Which Antonov aircraft has the maximum take-off weight? 
3. Which Antonov aircraft has the longest flight range? 4. Which Antonov aircraft has the largest cargo capacity? 5. Which is the largest of Antonov aircraft? 6. Which of Antonov’s family can operate from grass strips? 7. What aircraft are used for fire fighting? 8. Which Antonov aircraft is the only aircraft in the world in serial production for more than 60 years? 9. Which Antonov aircraft can carry solid blocks of industrial equipment and huge parts of space rockets? 10. Which are Antonov military-transport aircraft?

Exercise 58. Make up an advertisement on one of the present-day aircraft and present it to your group. Decide whose presentation is the best.

Exercise 59. Put questions to the italicized words.


1. An-24, the regional passenger plane, became “work horse” of many airlines across the world. 2. An-124 Ruslan and An-225 Mriya remain the world’s largest aircraft. 3. The An-32P can extinguish fire, deliver rescuers and urgent cargoes to accident sites, evacuate the injured, and monitor disaster areas. 4. 1965 is the year of maiden flight of the world’s first wide-body cargo plane An-22 Antaeus. 5. The basic version of the An-148 Regional Jet is designed for the transportation of 68-85 passengers on short and medium-haul routes of up to 4,600 km.
Exercise 60. Speak on:

1. Principal Structural Units of Aircraft.
2. Aircraft Performance Data.
Exercise 61. Memorize the active vocabulary to text 5.

	civil airplane 
	літак цивільної авіації
	самолет гражданской авиации

	mail-carrying airplane
	поштовий літак
	почтовый самолет

	agricultural airplane
	літак для обслуговування сільсь-кого господарства 
	самолет для обслуживания сельского хозяйства 

	experimental airplane
	експериментальне повітряне судно
	экспериментальное воздушное судно 

	ambulance airplane
	санітарний літак
	санитарный самолет

	aerial photographic airplane
	літак для аерофотозйомки
	самолет для аэрофотосъемки 

	fire-fighting airplane
	пожарний літак, «пожежник» 
	пожарный самолет, «пожарник»

	sporting/sports airplane
	спортивний літак
	спортивный самолет

	transport airplane
	транспортний літак
	транспортный самолет

	instructional airplane
	навчально-трену-вальне повітряне судно 
	учебно-тренировочное воздушное судно

	research  airplane
	дослідне повітряне судно 
	исследовательское воздушное судно 

	search and rescue operations
	пошуково-рятувальнi роботи
	поисково-спасательные работы

	land airplane
	літак наземного базування
	самолет наземного базирования 

	land-based airplane
	літак наземного базування
	самолет наземного базирования 

	general aviation
	авіація загального призначення 
	авиация общего назначения

	carrier-based airplane
	літак авіаносного базування
	самолет авианосного базирования

	seaplane 
	гідролітак 
	гидросамолет

	amphibious airplane
	літак-амфібія
	самолет-амфибия

	flying boat 
	літаючий човен
	летающая лодка 

	float plane 
	літак з поплавковим шасі 
	самолет с поплавковым шасси

	twin-engine 
	дводвигуновий
	двухдвигательный

	wheeled airplane
	літак з колісним шасі
	самолет с колесным шасси

	skiplane
	літак з лижним шасі
	самолет с лыжным шасси

	conventional take-off and landing aiplane
	літак звичного зльоту і посадки 
	самолет обычного взлета и посадки

	vertical take-off and landing (VTOL) aiplane
	літак вертикального зльоту і посадки 
	самолет вертикального взлета и посадки

	subsonic airplane
	дозвуковий літак 
	дозвуковой самолет

	supersonic airplane
	надзвуковий літак
	сверхзвуковой самолет

	space shuttle 
	човночний повітряно-космічний корабель 
	челночный воздушно-космический корабль 

	military airplane
	військовий літак
	военный самолет

	fighter
	винищувач
	истребитель

	bomber 
	бомбардувальник
	бомбардировщик 

	combat airplane
	винищувач-бомбардувальник
	истребитель-бомбардировщик

	attack airplane
	штурмовик
	штурмовик

	strafing airplane
	літак-штурмовик
	самолет-штурмовик

	interceptor 
	перехоплювач 
	перехватчик 

	missile-carrier 
	ракетоносець
	ракетоносец

	reconnaissance airplane
	літак-розвідник
	самолет -разведчик

	tanker airplane 
	літак-паливозаправ-ник
	самолет–топливозап-равщик

	flying tanker
	паливозаправник (в повітрі)
	топливозаправщик (в воздухе)

	airplane carrier
	авіаносець
	авианосец 


Exercise 62. Read, translate and make a short summary of text 5.
Text 5. Types of Airplanes
There is a wide variety of airplane types. Land airplanes, carrier-based airplanes, seaplanes, amphibians, vertical take-off and landing (VTOL) airplane, short take-off and landing (STOL) airplane, and space shuttles all take advantage of the same basic technology, but their capabilities and uses make them seem only distantly related.
Land Airplanes
Land airplanes are designed to operate from a hard surface, typically a paved runway. Some land airplanes are specially equipped to operate from grass or other unfinished surfaces. A land airplane usually has wheels to taxi, take off, and land, although some specialized aircraft operating in the Arctic or Antarctic regions have skis in place of wheels. The wheels are sometimes referred to as the undercarriage, although they are often called, together with the associated brakes, the landing gear. The landing gear may be fixed, as in some general aviation airplanes, or retractable, usually into the fuselage or wings, as in more sophisticated airplanes in general and commercial aviation.

Carrier-Based Aircraft
Carrier-based airplanes are a specially modified type of the land airplane designed for take-off from and landing aboard naval aircraft carriers. Carrier airplanes have a strengthened structure, including their landing gear, to handle the stresses of catapult-assisted take-off, in which the craft is launched by a steam-driven catapult; and arrested landings, made by using a hook attached to the underside of the aircraft tail to catch one of four wires strung across the flight deck of the carrier.
Seaplanes
Seaplanes, sometimes called float planes or pontoon planes, are often ordinary land airplanes modified with floats instead of wheels so they can operate from water. A number of seaplanes have been designed from scratch1 to operate only from water bases. Such seaplanes have fuselages that resemble and perform like ship hulls. Known as flying boats, they may have small floats attached to their outer wing panels to help steady them at low speeds on the water, but the weight of the airplane is borne by the floating hull.
Amphibians
Amphibians, like their animal namesakes, operate from both water and land bases. In many cases, an amphibian is a true seaplane, with a boat hull and the addition of specially designed landing gear that can be extended to allow the airplane to taxi right out of the water onto land. Historically, some flying boats were fitted with so-called beaching gear, a system of cradles on wheels positioned under the floating aircraft, which then allowed the aircraft to be rolled onto land.
Vertical Take-off and Landing Airplanes
Vertical Take-off and Landing (VTOL) airplanes typically use the jet thrust from their engines, pointed down at the Earth, to take off and land straight up and down. After taking off, a VTOL airplane usually transitions to wing-home flight in order to cover a longer distance or carry a significant load. A helicopter is a type of VTOL aircraft, but there are very few VTOL airplanes. One unique type of VTOL aircraft is the tilt-rotor, which has large, propeller-like rotating wings or rotors driven by jet engines at the wing tips. For take-off and landing the engines and rotors are positioned vertically, much like a helicopter. After take-off however, the engine/rotor combination tilts forward, and the wing takes on the load of the craft. The most prominent example of a true VTOL airplane flying today is the AV-8B Harrier, a military attack plane that uses rotating nozzles attached to its jet engine to direct the engine exhaust in the appropriate direction. Flown in the United States by the Marine Corps, as well as in Spain, Italy, India, and United Kingdom, where it was originally developed, the Harrier can take off vertically from smaller ships, or it can be flown to operating areas near the ground troops, it supports  in its ground-attack role.
Short Take-off and Landing Airplanes
Short Take-off and Landing (STOL) airplanes are designed to be able to function on relatively short runways. Their designs usually employ wings and high-lift devices on the wings optimized for best performance during take-off and landing, as distinguished from an airplane that has a wing optimized for high-speed cruise at high altitude. STOL airplanes are usually cargo airplanes, although some serve in a passenger-carrying capacity as well.
Space Shuttle
The space shuttle, flown by the USA National Aeronautics and Space Administration (NASA), is an aircraft unlike any other because it flies as a fixed-wing airplane within the atmosphere and as a spacecraft outside the Earth's atmosphere. When the space shuttle takes off, it flies like a rocket with wings, relying on the 3,175 metric tons of thrust generated by its solid-fuel rocket boosters and liquid-fueled main engines to power its way up, through and out of the atmosphere. During landing, the shuttle becomes the world's most sophisticated glider, landing without propulsion.
Note:
1 from scratch – з самого початку/с самого начала.
Exercise 63. Copy out aviation terms from text 5.
Exercise 64. Match the definitions in the left column with the terms in the right column.

	1. A vehicle that can operate from both water and land bases.
	a) land plane 

	2. A vehicle that is designed to go into space and return to the Earth several times.
	b) seaplane

	3. An airplane that can function on relatively short runways.
	c) space shuttle

	4. An airplane that uses the jet thrust from the engines, pointed down at the Earth, to take off and land straight up and down.
	d) STOL airplane 

	5. An airplane that can take off and alight on water.
	e) VTOL airplane

	6. An airplane that can operate from a hard surface, typically a paved runway.
	f) amphibian


Exercise 65. Match the synonyms.

	1. seaplane
	a) carrier airplane

	2. land-based airplane
	b) hydroplane

	3. space shuttle
	c) amphibious vehicle

	4. carrier-based airplane
	d) spacecraft

	5. amphibian
	e) land plane


Exercise 66. Give definitions of the following terms: seaplane, space shuttle, STOL airplane, VTOL airplane, amphibian, land plane.

Exercise 67. Answer the questions on text 5.

1. What surface are land airplanes designed to operate from? 
2. What do land airplanes usually have to taxi, take off and land? 
3. Why do some specialized airplanes have skis in place of wheels? 
4. What are carrier-based aircraft? 5. What are seaplanes modified with instead of wheels? 6. Do amphibians operate from both water and land bases? 7. Vertical Take-off and Landing (VTOL) airplanes use the jet thrust from their engines, pointed down at the Earth, to take off and land straight up and down, don’t they? 8. What are Short Take-off and Landing (STOL) airplanes designed for? 9. Does the space shuttle fly as a fixed-wing airplane within the atmosphere and as a spacecraft outside the Earth’s atmosphere? 10. What does the space shuttle fly like, when it takes off?
Exercise 68. Make a written translation of text 6. 

Text 6. Classes of Airplanes
Airplanes can be grouped into a handful of major classes, such as commercial, military, and general aviation airplanes, all of which fall under different government-mandated certification and operating rules.

Commercial Airplanes
Commercial aircraft are those used for profit making, usually by carrying cargo or passengers for hire. They are strictly regulated in the United States, by the Federal Aviation Administration (FAA); in Canada, by Transport Canada; and in other countries, by other national aviation authorities.
Modern large commercial airplane manufacturers such as the Boeing Company and Airbus Industry, a consortium of European manufacturers from Britain, Germany, France, and Spain offer a wide variety of aircraft with different capabilities. Today's jet airliners carry anywhere from 100 passengers to more than 500 over short and long distances.
Since 1976 the British-French Concorde supersonic transport has carried passengers at twice the speed of sound. The Concorde flew for British Airways and Air France, flag carriers of the two nations that funded its development during the late 1960s and 1970s.
Military Airplanes
Military aircraft are usually grouped into four categories: combat, cargo, training, and observation. Combat airplanes are generally either fighters or bombers, although some airplanes have both capabilities. Fighters are designed to engage in air combat with other airplanes, in either defensive or offensive situations. Since the 1950s many fighters have been capable of Mach 2+ flight (a Mach number represents the ratio of the speed of an airplane to the speed of sound as it travels through air). Some fighters have a ground-attack role as well and are designed to carry both air-to-air weapons, such as missiles, and air-to-ground weapons, such as bombs. Fighters include aircraft such as the Panavia Tornado, the Boeing F-15 Eagle, the Lockheed-Martin F-16 Falcon, the MiG-29 Fulcrum, and the Su-27 Flanker.
Bombers are designed to carry large air-to-ground-weapon loads and either penetrate or avoid enemy air defenses in order to deliver those weapons. Some well-known bombers include the Boeing 
B-52, the Boeing B-l, and the Northrop-Grumman B-2 stealth bomber. Bombers, such as the B-52, are designed to fly fast at low altitudes, following the terrain, in order to fly under enemy radar defenses, while others, such as the B-2, may use sophisticated radar-defeating technologies to fly virtually unobserved.
Today's military cargo airplanes are capable of carrying enormous tanks, armoured personnel carriers, artillery pieces, and even smaller aircraft. Cargo planes such as the giant Lockheed C-5B and Boeing C-17 were designed for such roles. Some cargo planes can serve a dual role as aerial gas stations, refueling different types of military airplanes while in flight. Such tankers include the Boeing КС-135 and KC-10. All military pilots go through rigorous training and education programs using military training airplanes to prepare them to fly the high-performance aircraft of the armed forces. They typically begin the flight training in relatively simple, propeller airplanes and move into basic jets before specializing in a career path involving fighters, bombers, or transports. Some military trainers include the T-34 Mentor, the T-37 and T-38, and the Boeing T-45 Goshawk.
A final category of military airplanes is the observation, or reconnaissance aircraft. With the advent of the Lockheed U-2 spy plane in the 1950s, observation airplanes were developed solely for highly specialized missions. The ultimate spy plane is Lockheed SR-71, a two-seat airplane that uses specialized engines and fuel to reach altitudes greater than 25,000 m (80,000 ft) and speeds well over Mach 3.
General Aviation Aircraft
General-aviation aircraft are certified and intended primarily for noncommercial or private operations.
Pleasure aircraft range from simple single-seat, ultralight airplanes to sleek twin turboprops capable of carrying eight people.
Business aircraft transport business executives to appointments. Most business airplanes require more reliable performance and more range and all-weather capability.
Another class of general aviation airplanes are those used in agriculture. Large farms require efficient ways to spread fertilizer and insecticides over a large area. A very specialized type of airplane, crop dusters are rugged, highly maneuverable, and capable of hauling several hundred pounds of chemicals. They can be seen swooping low over farm fields. Not intended for serious cross-country navigation, crop dusters lack sophisticated navigation aids and complex systems.

Exercise 69. Write out of the text 25 words that can function both as nouns and verbs.

Exercise 70. Make up a summary of text 6 in Ukrainian/Russian and English.
Exercise 71. Memorize the vocabulary to render the information given below.

	airship 
	дирижабль
	дирижабль

	balloon
	аеростат; повітряна куля
	аэростат; воздушный шар

	aerostat
	аеростат
	аэростат

	aerodyne
	важчий за повітря літальний апарат
	летательный аппарат тяжелее воздуха

	helicopter
	гелікоптер
	вертолет

	autogiro
	автожир
	автожир

	ornithopter
	орнітоптер
	орнитоптер

	glider
	планер
	планер

	low-wing airplane
	низькоплан (літак з низькорозташованим крилом)
	низкоплан (самолет с низкорасположенным крылом) 

	mid-wing airplane
	середньоплан (літак з середньорозташованим крилом)
	среднеплан (самолет со среднерасположенным крылом)

	high-wing airplane
	високоплан (літак з високорозташованим крилом)
	высокоплан (самолет с высокорасположенным крылом)

	low-powered airplane
	легкомоторний літак
	легкомоторный самолет

	
	
	

	superlight airplane
	понадлегкий літак
	сверхлегкий самолет

	short-range airplane 
	ближньомагістральний літак
	ближнемагистральный самолет

	medium-range airplane
	середньомагістральний літак
	среднемагистральный самолет 

	long-range airplane
	дальномагістральний літак
	дальнемагистральный самолет

	monoplane 
	моноплан
	моноплан

	biplane
	біплан
	биплан

	flying wing 
	літюче крило 
	летающее крыло

	tail-off airplane
	літак «безхвістка»
	самолет «бесхвостка» 

	canard-type tail airplane
	літак типа «качка» 
	самолет типа «утка»

	double-deck airplane
	двопалубний літак 
	двухпалубный самолет

	manned 
	пілотований 
	пилотируемый

	unmanned
	безпілотний 
	беспилотный 


Exercise 72. Put questions to the italicized words.
1. Aircraft may be divided into two main groups: aircraft the lift of which is created on the base of aerostatic principle that are called lighter-than-air aircraft or aerostats and aircraft capable of creating lift on the base of aerodynamic or reactive principle, heavier-than-air aircraft. 2. Aerostats are subdivided into airships and balloons, the difference being that a balloon is an aerostat provided with the propelling system while an airship in addition has means of controlling the direction of motion. 3. Heavier-than-air aircraft may be subdivided into aeroplanes, helicopters, autogyroes, ornithopters and gliders according to the means of creation of the lift. 4. According to the flight range airplanes can be classified as long-range, medium-range and short-range. 5. According to the number of wings airplanes may be divided into monoplanes and biplanes. 6. Monoplanes are airplanes with one wing. 7. Biplanes are airplanes with two sets of wings, one above the other. 8. Monoplanes are classified as low-wing, mid-wing and high-wing.
	Exercise 73. Translate into English. 
Класифікація літаків
	Классификация самолетов

	За призначенням

Цивільні: пасажирські, поштові, 
для обслуговування сільського господарства, експеримен- тальні, санітарні, геологороз-відувальні, “пожежники”, спортивні, транспортні, навчально-тренувальні, комерційні. 

Військові: літаки, що базуються 
на  авіаносці; бомбардувальники, винищувачі, багатоцільові та спеціального призначення, перехоплювачі, ракетоносці, розвідники, паливозаправники, транспортні, штурмовики. 
	По назначению

Гражданские: пассажирские, 
почтовые, для обслуживания сельского хозяйства, экспериментальные, санитарные, геологоразведочные, “пожарники”, спортивные, транспортные, учебно-тренировочные, коммерческие.

Военные: самолеты, базирую-

щиеся на авианосце; бомбардировщики, истребители, многоцелевые и специального назначения, перехватчики, ракетоносцы, разведчики, топливозаправщики, транспортные, штурмовики.

	За злітною масою
1-го класу (75 т і більше), 2-го 
класу (від 30 до 75 т), 3-го класу (від 10 до 30 т), 4-го класу (до 10 т), легкомоторні, понадлегкі (до 495 кг). 
	По взлетной массе
1-го класса (75 т и более), 2-го 
класса (от 30 до 75 т), 3-го класса (от 10 до 30 т), 4-го класса (до 10 т), легкомоторные, сверхлегкие (до 495 кг).

	За типом і числом двигунів

За типом силової установки: 
поршневі, турбогвинтові, турбореактивні, з ракетними двигунами, з комбінованою силовою установкою. 
За числом двигунів: з одним 
двигуном, дводвигунові, тридвигунні, чотиридвигунні і так далі.
	По типу и числу двигателей
По типу силовой установки:

поршневые, турбовинтовые, турбореактивные, с ракетными двигателями, с комбинированной силовой установкой. 
По числу двигателей:

однодвигательные, двухдвигательные, трехдвигательные, четырехдвигательные и т. д.

	За числом крил:
моноплан, біплан, триплан.
	По числу крыльев:
моноплан, биплан, триплан.


	За місцем розташування крила (для монопланів):
високоплан, середньоплан, 
парасоль. 
	По расположению крыла (для монопланов):
высокоплан, среднеплан, 
парасоль. 

	За формою хвостового оперення:
нормальна аеродинамічна схема, літюче крило, типу «качка». 
	По форме хвостового оперения:
нормальная аэродинамическая схема, летающее крыло, бесхвостка, типа «утка».

	За типом фюзеляжу:
вузькофюзеляжний, 
широкофюзеляжний, 
двопалубний.
	По типу фюзеляжа:
узкофюзеляжный, 
широкофюзеляжный, 
двухпалубный. 

	За місцем базування:

літаки наземного базування, гідролітаки, літючі човни, амфібії, літаки авіаносного базування
	По месту базирования:
самолеты наземного базирования, гидросамолеты, летающие лодки, амфибии, самолеты авианосного базирования

	За типом шасі

Літаки наземного базування: з колісним шасі, з лижним шасі; гідролітаки: поплавкові, літючі човни. 
	По типу шасси

Самолеты наземного базирования: с колесным шасси, с лыжными шасси; гидросамолеты: поплавковые, летающие лодки.

	За швидкістю польоту:
дозвукові (до 0,7-0,8 М), трансзвукові (від 0,7-0,8 до 1,2 М), надзвукові (від 1,2 до 5 М), гіперзвукові (понад 5 М). 
	По скорости полета:
дозвуковые (до 0,7-0,8 М), трансзвуковые (от 0,7-0,8 до 1,2 М), сверхзвуковые (от 1,2 до 5 М), гиперзвуковые (свыше 5 М).

	За джерелом тяги:
гвинтові, реактивні.
	По типу источников тяги:
винтовые, реактивные.

	За способом управління:
пілотовані, безпілотні
	По способу управления:
пилотируемые, беспилотные.


Exercise 74. Compose dialogues on the basis of texts 5 and 6.

Exercise 75. Speak on “Airplane Classification”.
I.2. FUSELAGE
Exercise 1. Memorize the active vocabulary to text 1.
	outline
	контур, обрис; план, схема
	контур, очертание; план, схема

	streamlined
	обтічний
	обтекаемый

	drag
	лобовий опір
	лобовое сопротивление

	rigid
	жорсткий, негнучкий
	жесткий, несгибаемый 

	framework
	каркас
	каркас

	skin
	обшивка
	обшивка

	longitudinal member
	повздовжній елемент конструкції
	продольный элемент конструкции

	transversal member
	поперечний елемент конструкції
	поперечный элемент конструкции

	stringer
	стрингер (повздовжній підсилюючий елемент)
	стрингер (продольный усиливающий элемент)

	former
	шпангоут (елемент поперечного набору) 
	шпангоут (элемент поперечного набора)

	longeron
	лонжерон
	лонжерон

	bulkhead
	перегородка, суцільний шпангоут
	перегородка, сплошной шпангоут

	circular
	круглий
	круглый

	cross section
	поперечний переріз
	поперечное сечение

	bracing
	кріплення; розчалка, розтяжка 
	крепление; расчалка, растяжка  

	monocoque design
	монококова конструкція (конструкція фюзеляжу з працюючою обшивкою)
	монококовая конструкция (конструкция фюзеляжа с работающей обшивкой)

	semimonocoque design
	напівмонокок, напівмонококова конструкція
	полумонокок, полумонококовая конструкция

	reinforced monocoque design
	балочно-стрингерна конструкція (фюзеляжу)
	балочно-стрингерная конструкция (фюзеляжа)

	
	
	

	pressurized 
	герметичний, герметизований
	герметичный, герметизированный

	cockpit 
	кабіна екіпажу
	кабина экипажа

	canopy
	ліхтар кабіни екіпажу
	фонарь кабины экипажа

	hatch
	люк
	люк

	hold
	відсік (вантажний)
	отсек (грузовой)

	keel beam
	нижній лонжерон; кільова балка
	нижний лонжерон; килевая балка

	tail cone
	хвостовий конус
	хвостовой конус


Exercise 2. Practise out the dialogue. 
Dialogue 
T. Now, we will consider the fuselage construction. Look at the picture.
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Fig. 1.2.1. Semimonocoque fuselage construction 

T. This is a fuselage. It is the largest element of the airplane.  The fuselage is a rigid framework (жорсткий каркас / жесткий каркас). The rigid framework is built of tubular steel and metal rings. ‘Tubular steel’ means ‘трубчата сталь / трубчатая сталь’. So, what is the fuselage built of?

S. The fuselage is a rigid framework built of tubular steel and metal rings.

T. Quite right. The framework is covered with a skin, which should be thin-walled (тонкостінна / тонкостенная). I am sure that you know what material the skin may be made of. What material?
S. The skin may be made of fabric, metal or other material.

T. You are right. Now look at the picture (Fig.1.2.2) where you can see the internal construction of the fuselage. The framework consists of longitudinal and transversal members. The longitudinal members are longerons or beams and stringers. 
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Fig.1.2.2. Internal fuselage construction.

Stringers serve to stiffen the skin. ‘To stiffen’ means ‘надавати жорсткості / придавать жесткость’ Transversal members are formers and bulkheads. ‘ Former’ means ‘шпангоут / шпангоут’. ‘Bulkhead’ is ‘перегородка / перегородка’. Formers and bulkheads are used to maintain the circular cross section (поперечний переріз / поперечное сечение) of the fuselage. The formers serve as a support for stringers and skin. Longitudinal and transversal members make the contour of the fuselage.
Exercise 3. Translate the words from text 1 without using a dictionary.

Fuselage, central, element, nose, machine, design, structure, compartment, steel, metal, section, contour, modern, construction, type, tube.

Exercise 4. Read, translate and give the gist of text 1.

Text 1. Fuselage Construction
The fuselage is the central body of the airplane and the largest element of it. The fuselage extends from the nose to the tail of the machine. The fuselage is divided into the front fuselage, central fuselage and rear fuselage.

Fuselages of all airplanes are similar in general design, location and outline. All fuselages are round structures and have streamlined shape to reduce drag. They vary principally in size and in the arrangement of compartments. 

The fuselage is a rigid framework built of tubular steel and metal rings. The framework is covered with a thin-walled skin. The framework consists of longitudinal members (longerons and stringers) and transversal members (formers and bulkheads). Stringers serve to stiffen the skin. Formers and bulkheads are used to maintain the circular cross section of a fuselage. These longitudinal and transversal members will make the contour of the fuselage. Fuselages of modern aircraft are of all-metal construction. 

There are two main types of fuselage construction: monocoque design and semimonocoque. Monocoque is a structure made in the form of a shell. It is a hollow construction. In the monocoque design the skin provides its own structural strength, eliminating the need for internal bracings. 

The longitudinal members are held apart by bulkheads and formers. Such a construction is called the semimonocoque  type of construction. The reinforced monocoque design uses  complete metal formers, normally of welded tubular steel, covered with a metal skin.

The fuselage contains a cockpit or flight deck, passenger cabins, baggage compartments and equipment. Pressurized cabins are used in modern aircraft. Cabin windows, canopy, hatches and doors are the most vital parts of the pressurized cabin.

Exercise 5.  Translate the word combinations with the terms ‘fuselage’, ‘cabin’, ‘deck’.

a. Pressurized fuselage, unpressurized fuselage, truss fuselage, monocoque fuselage, semimonocoque fuselage, floating fuselage, slim fuselage, stringered fuselage, stub fuselage,  round fuselage, ventral fuselage, slender fuselage.

b. Coke-bottle fuselage, double-bubble fuselage, droop-nose fuselage, egg-shaped fuselage, oval-section fuselage, pod-type fuselage, rectangular-section fuselage, sharply-nosed fuselage, two-deck fuselage, beam-type fuselage, hull-type fuselage, area-ruled fuselage, welded steel-tube fuselage, slab-sided fuselage.

c. Luggage cabin, freight cabin, crew cabin, airtight cabin, baggage cabin, cargo cabin, passenger cabin, soundproof cabin, forward cabin, bubble cabin, glazed cabin, hermetic cabin, tail cabin, upper-deck cabin, two-seat cabin, two-aisle cabin.

d. Aircraft deck, cargo deck, flight deck, upper deck.

	1. Exercise 6.  Match the equivalents.

2. жорсткий каркас / жесткий каркас
	a) pressurized cabin

	3. тонкостінна обшивка / тонкостенная обшивка
	b) transversal members

	4. шпангоут / шпангоут
	c) longitudinal members

	5. переборка / перегородка
	d) canopy

	6. конструкція фюзеляжа з працюючею обшивкою / конструкия фюзеляжа с работающей обшивкой 
	e) bracing

	7. повздовжні елементи / продольные элементы
	f) semimonocoque fuselage

	8. розтяжка / растяжка
	g) monocoque fuselage

	9. ліхтар (кабіни екіпажу) / фонарь кабины экипажа
	h) bulkhead

	10. балочно-стрінгерний фюзеляж / балочно-стрингерный фюзеляж 
	i) former

	11. поперечні елементи / поперечные элементы
	j) thin-walled skin

	12. герметична кабіна / герметичная кабина
	k) rigid framework


Exercise 7.  Match  the synonyms. 
	1. fuselage
	a) former

	2. cockpit
	b) single shell

	3. skin
	c) non-airtight fuselage

	4. frame
	d) cargo

	5. pressurized
	e) flight deck

	6. monocoque
	f) central body

	7. luggage
	g) aft fuselage

	8. rear fuselage
	h) airtight

	9. unpressurized fuselage
	i) baggage

	10. freight
	j) hold

	11. compartment
	k) covering


Exercise 8. Make a brief written summary of the monocoque, semimonocoque and reinforced fuselage designs.

Exercise 9. Use the following collocations in sentences of your own.

To extend from …to…; to divide into; to be divided into; to be similar in; to vary in; to be built of; to be covered with; to consist of; to be made in the form of; to be held apart by; to be called.

Exercise 10. Study the diagram and translate the following “noun+noun” structures from text 1.
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Front fuselage, cross-section, fuselage construction, fuselage monocoque design, airplane flight deck, passenger cabin, baggage compartment, eye-brow cabin windows, metal formers.

Exercise 11. Make a question for each answer below with reference to text 1 beginning with the question words in brackets.

1. The fuselage is divided into nose fuselage, central fuselage and rear fuselage  (What … into?)

2. Fuselages have streamlined shape to reduce drag (Why?)

3. Fuselages vary mainly in size and in the arrangement of compartments (What … in?)

4. The framework is covered with a thin-walled skin (What … with?) 

5. Stringers serve to stiffen the skin (What … for?)

6. The longitudinal members are held apart by bulkheads and formers (What?) (2 questions).

7. The reinforced monocoque design uses complete metal formers (What?) (2 questions).

Exercise 12. Make a list of terms from the text characterizing the structure of the fuselage.

Exercise 13. Match the following definitions and terms.

	1. The process of making a drawing, or a drawing that shows how something will be made, or what it will look like.
	a) framework

	2. A smooth shape, so that it moves easily through the air or water producing as little drag as possible.
	b) size 

	3. How big or small something is
	c) reinforce

	4. A layer that is an outside part of a vehicle, building, object etc.  
	d) drag

	5. A wall which divides the structure of a ship or aircraft into separate parts
	e) hollow

	6. Something that is used to strengthen or support something, or to make it stiff
	f) skin

	7. The main supporting parts of a building, vehicle, or object
	g) brace / bracing

	8. Having an empty space inside
	h) design

	9. To make part of a structure, building or its parts etc. stronger and more reliable
	i) streamlined

	10. The force of air that pushes against an aircraft or a vehicle that is moving forward.
	j) bulkhead


Exercise 14. Complete the following sentences with their English equivalents of the words given in brackets.

1. All fuselages are round structures and have (обтічна форма / обтекаемая форма). 2. The fuselages vary principally in size and in the arrangement of (відсіки / отсеки). 3. The fuselage is a rigid framework built of tubular steel and (металеві кільця / металлические кольца).      4. The framework is covered with (тонкостінна обшивка / тонкостенная обшивка). 5. The framework consists of longitudinal members (лонжерони та стрингери / лонжероны и стрингеры) and transversal members (перегородки та шпангоути / перегородки и шпангоуты). 6. The fuselages of modern aircraft are of (цільнометалева конструкція / цельнометаллическая конструкция). 7. There are two types of the fuselage construction: monocoque design and (напівмонококова конструкція / полумонококовая конструкция). 8. In the monocoque design the skin provides its own structural strength, eliminating the need for internal (розтяжка / растяжка). 9. The most vital parts of the pressurized cabin are the cabin windows, doors, (ліхтар кабіни екіпажу та люки / фонарь кабины экипажа и люки).

Exercise 15. Complete the following sentences.

1. The fuselage extends …. 2. All fuselages are round ….             3. Formers and bulkheads are used to …. 4. In the monocoque design the skin …. 5. The reinforced monocoque design uses …. 6. The fuselage contains …. 7. The cabin windows, doors and hatches ….
Exercise 16. Translate the following sentences.

	1. Стрингери та шпангоути складають контур фюзеляжа.
	1. Стрингеры и шпангоуты формируют контур фюзеляжа.

	2. Стрингери необхідні для підсилення обшивки.
	2. Стрингеры необходимы для усиления обшивки.

	3.Шпангоути є поперечними елементами конструкції фюзеляжу.
	3. Шпангоуты являются поперечными элементами конструкции фюзеляжа.

	4. Існують два основних типи конструкцій фюзеляжу: монококова та напівмонокова.
	4. Существует два основных типа фюзеляжа: монокок и полумонокок. 

	5. Напівмонококова конструкція фюзеляжу широко застосовується в сучасному виробництві, оскільки вона забезпечує міцність конструкції, використовуючи внутрішні силові елементи – лонжерони та шпангоути.
	5. Полумонококовая конструкция фюзеляжа широко применяется в современном производстве, так как она укрепляет прочность конструкции, используя внутренние силовые элементы – стрингеры и шпангоуты.

	6. В монококовій конструкції обшивка сама забезпечує міцність конструкції, усуваючи потребу у внутрішніх розчалках.
	6. В монококовой конструкции сама обшивка обеспечивает прочность конструкции, исключая потребность во внутренних креплениях.

	7. Основною перевагою монококової конструкції є додатковий простір, необхідний для розміщення вантажу та людей, оскільки така конструкція є пустотілою.
	7. Основным преимуществом монококовой конструкции является дополнительное пространство, необходимое для размещения груза и людей, поскольку такая конструкция пустотелая.

	8. В посиленій монококовій конструкції застосовуються суцільнометалеві шпангоути, як правило, зі звареної трубчатої сталі, вкриті металевою обшивкою.
	8. В усиленной монококовой конструкции используются цельнометаллические шпангоуты, как правило, из сварной трубчатой стали, покрытые металлической обшивкой.

	9. Всі органи керування польотом встановлюються в кабіні екіпажу.
	9. Все органы управления полетом устанавливаются в кабине экипажа.

	10. Герметичні кабіни застосовуються для забезпечення життєвих умов для екіпажу та пасажирів на великих висотах польоту.
	10. Герметичные помещения используются для обеспечения жизненных условий для экипажа и пассажиров на большой высоте полета.


Exercise 17. Memorize the active vocabulary to text 2.
	cantilever 
	консольний, вільнонесний
	консольный, свободнонесущий

	strut
	1. стійка, опора; підкіс, розпірка; пілон 2. кріпити стійками; кріпити розпірками
	1. стойка, опора; подкос, распорка; пилон 2. крепить стойками; крепить распорками  

	circumferential 
	круговий, кільцевий, периферичний 
	круговой, кольцевой, периферический

	pressure bulkhead
	гермошпангоут
	гермошпангоут

	beam
	балка, лонжерон; брус
	балка, лонжерон; брус

	alloy
	сплав
	сплав

	vessel
	1. корабель, судно      2. посудина
	1. корабль, судно       2. сосуд

	honeycomb core
	сотовий заповнювач
	сотовый заполнитель


Exercise 18. Read, translate and entitle text 2.

Text 2

The 737 is a metal low-wing monoplane with full cantilever wing and tail surfaces, semi-monocoque fuselage and fully retractable landing gear. Its two power plants are located under the wings on short struts. The fuselage is a pressurized semi-monocoque structure formed from circumferential frames, longitudinal stringers and skin with “waffle” doublers, which act as tear stoppers. Pressure bulkheads at the forward and aft ends of the fuselage form a pressure vessel.

The fuselage is divided horizontally by the floor, which is built from beams and panels. The primary materials are aluminum alloys. The floor panels are fiberglass honeycomb.

Exercise 19. Make words with opposite meanings by adding negative prefixes il-, in-, im-, ir-, un-, dis-, non-, anti-. Translate the pairs.

Loyal, correct, regular, connect, replaceable, qualify, mount, just, effective, approve, believe, legal, like, metal, bend, audible, agree, do, integral, literate, comfortable, convenient, credit, dress, standard, respect, credit, fasten, commercial, essential.

Exercise 20. Transform the following verbs into nouns by adding -er/-or suffix (person who does something, or things which do a particular job) and translate them.

Work, write, speak, supervise, operate, play, wipe, produce, act, mix, shake, deal, promote, sail, design, contain, hold, divide, direct, heat, absorb, compress, process, combust, heat.

Exercise 21. Complete the sentences with much, many, a lot of, plenty of, little, a little, few, a few. Sometimes there are two possibilities. 

1. The passenger cabin is almost empty. Only … seats are occupied so far. 2. Do you feel sad that you are leaving? Just … 3. Don’t disturb them. They’ve got … work to do before taking off. 4. We’ll easily find somewhere to stay. There are … hotels near the airport.            5. Would you like mineral water or juice? Orange juice, please. But only … and not very cold. 6. I don’t think Ann would be an excellent flight attendant. She has got … patience with people. 7. You can put your bag on the luggage rack. There is … room. 8. I enjoy my life here. Though I have … free time, I can meet … interesting people here, on board the airplane. 9. Only … students of our group like maths.  

Exercise 22. Complete the sentences using a comparative form     (-er or more).

1. Pete is (experienced) than the other members of the group.        2. You are talking too loudly. Could you speak in a (low) voice? 3. My friends arrived (early) than we expected. 4. The instructions were very complicated. They could have been (simple). 5. Your hotel is (cheap) than the one you stayed in last year. 6. The journey by air is (comfortable) than by any other means of transport. 7. The weather is too cold in the country I live in. I’d prefer to live in (warm) climate. 8. It is becoming (hard) and (hard) to find a job in this country. 9. Your suitcase is (heavy) than mine. 10. Travelling by air has become (expensive) than it used to be some years ago.

Exercise 23. Put a tag question at the end of each sentence.
	Model: 

The fuselage is the central body of the airplane, isn’t it?

The fuselage houses passengers, doesn’t it?

The weather is not bad today, is it?


1. The fuselage is a rigid framework, …? 2. Stringers serve to stiffen the skin, …? 3. In the monocoque design the skin provides its own structural strength, …? 4. There are two main types of the fuselage construction, …? 5. You can describe this principal structural unit, …? 6. Then you will mention this fact, …? 7. Let us switch on the light, …? 8. I am responsible for this piece of a job, …? 9. He cannot finish cleaning the passenger cabins for an hour, …? 10. The wind isn’t very cold today, …? 11. They will not land on time in such weather, …? 12. Not all airplanes are similar in design, …?

Exercise 24. Insert prepositions: by, with, of, in, for, from, to, up, through, during, into.

1. The fuselage extends … the nose … the tail of the machine.      2. Formers serve as a support … stringers and skin. 3. Fuselages … all airplanes are similar … general design, location and outline. 4. The fuselage is divided … nose, centre and rear fuselage. 5. The framework is covered … a thin-walled skin. 6. The longitudinal members are held apart … bulkheads and formers. 6. All fuselages vary principally … size and … the arrangement … compartments. 7. The fuselage is divided horizontally … the floor which is built … beams and panels. 8. Access … this section is … a door. 9. The safety information card is … the seat pocket … front … you. 10. The seat belts must be fastened … take off and landing. 
Exercise 25. Memorize the active vocabulary to text 3
	specific
	1. заданий, розрахунковий 2. спеціальний, визначений 3. питомий  
	1. заданый, расчетный 2. специальный, определенный 3. удельный  

	galley
	бортова кухня 
	бортовая кухня 

	soundproofing
	звукоізоляція
	звукоизоляция

	noise level
	рівень шуму (величина шуму чи перешкод)
	уровень шума (величина шума или помех)

	oxygen feeding
	постачання кисню
	подача кислорода

	artificial
	штучний
	искусственный

	gangway
	прохід між рядами крісел
	проход между рядами кресел

	abreast
	в ряд
	в ряд

	two-decked airliner
	двопалубний літак
	двухпалубный самолет

	removable
	зйомний
	съемный


Exercise 26. Read, translate and give the gist of text 3.

Text 3. Passenger Cabin

The passenger cabin must be as comfortable as possible in order that passengers would not be tired even if the flight is long.

The comfort of passenger cabin includes the following items: sufficient specific cabin volume (volume per passenger), comfortable seats, convenient arrangement and equipment of buffets, galley, wardrobes and toilets, good soundproofing, lowering the noise level of the cabin to available limit, oxygen feeding and maintaining air pressure, sufficient lighting (natural and artificial). 

Passenger’s comfort is achieved only when all above-mentioned requirements are met.

The size of the passenger cabin is determined by volume per passenger. In modern aircraft specific volume is 1.4 – 2 cu.m. The designer must provide sufficient height of a cabin, width of gangways and such a seat arrangement which gives a free access to seat structure and enough room for passenger’s legs. 

Seats may be arranged four, five and even six abreast (three seats on either side of the central gangway).

Let’s now consider the layout of interior compartments. To give passengers an impression of roominess, it is necessary to destroy any ‘tube’ effect. To meet this requirement, rectangular roof panels, long panels along the upper sidewalls and several partial bulkheads are used. The cabin can be divided into several parts: two or three passenger cabins, lobby, wardrobes, buffet or galley, toilet rooms, cargo holds.

Effective heating and ventilation, as well as oxygen feeding and maintaining normal air pressure, are usually achieved with air conditioning systems. Modern airliners are provided with hermetically sealed cabins with the normal air pressure.

Good soundproofing is achieved by using special panels and fabrics. Luggage holds are usually arranged in the fuselage nose and the rear. Two-decked airliners have under-floor cargo holds. Sometimes they have an unpressurized baggage compartments to the rear of the cabin with a large external door. In some airliners the seats in the rear compartments are made easily removable.

Exercise 27. Write out all word combinations characterizing passenger comfort on board an airplane.

Exercise 28. Answer the following questions.

1. Why must the passenger cabin be very comfortable? 2. What is meant by the term ‘specific cabin volume’? 3. What should be taken into consideration to provide comfort for passengers? 4. How is the ‘tube’ effect destroyed in the airplane compartments? 5. What is achieved due to air conditioning system? 6. Where are luggage holds usually arranged?

Exercise 29. Put questions to the italicized words.

1. All fuselages are round structures.  2. All fuselages have a streamlined shape to reduce the drag. 3. In the monocoque design the skin provides its own structural strength. 4. The longitudinal members are held apart by bulkheads and formers. 5. The fuselage serves as a support for the tail unit.

Exercise 30. Memorize the active vocabulary to text 4
	Crew
	екіпаж
	экипаж

	reclined seat
	відкидне крісло
	откидное кресло

	on a track
	на рейках
	на рельсах

	sheep-skin cover
	покриття з натуральної шкіри
	покрытие из натуральной кожи

	harness
	ремінь безпеки
	ремень безопасности

	windscreen 
	лобове скло (кабіни екіпажу)
	лобовое стекло (кабины экипажа)

	windshield
	лобове скло (кабіни екіпажу)
	лобовое стекло (кабины экипажа)

	eye-brow window
	верхнє вікно (ліхтаря кабіни екіпажу)
	верхнее окно (фонаря кабины экипажа) 

	large-scope wiper
	склоочисник великого радіусу дії
	стеклоочиститель большого радиуса действия

	vision
	1. вид, видимість       2. зображення
	1. вид, видимость        2. изображение

	ice formation
	обледеніння 
	обледенение 

	fog formation
	запотівання
	запотевание

	sliding window
	кватирка
	форточка


Exercise 31. Read, translate and give the gist of text 4.

Text 4. Cockpit

The cockpit is one of compartments of the fuselage situated in its front part. It is a working place of the crew. It accommodates crew members. Apart from crew members, the cockpit houses computers, controls, instruments, systems and some equipment.

The modern cockpit must be comfortable and spacious. It must provide forward-facing (forward-looking) seating arrangement for the crew. Seats are designed for comfort, convenience and efficiency. They must be reclined and adjusted in horizontal and vertical directions. They are usually installed on a track to provide an easy exit and entry for the crew. It is  recommended that seats for the crew should have sheep-skin covers. Each seat must be provided with a proper harness.

  A glass part of the cockpit is called a canopy. It includes two kinds of windows: front windows and side windows. Front windows consist of a windscreen (windshield) and eye-brow windows. The windshield must be very strong. It is made of a special kind of glass which has good optical and aerodynamic characteristics. It must be provided with large-scope wipers and be large enough to provide good vision (view) to the crew. It is electrically heated to prevent ice and fog formation. Side windows are divided into sliding side windows (left and right) and fixed side windows (left and right).

Exercise 32. Answer the questions on text 4.

1. What does the cockpit house? 2. Why must pilots’ seats be reclined? 3. What is a glass part of the cockpit called? 4. What provides good vision in the cockpit? 5. What provides good condition and efficient work of the crew on board an airplane? 6. What devices are essential to control an airplane?

Exercise 33. Match the terms and their definitions.
	1. The area in a plane, small boat, or racing car where the pilot or driver sits
	a) harness

	2. Large room or house having plenty of space to move around in
	b) slide

	3. The quality of being suitable or useful for a particular purpose, especially by making something easier or saving your time
	c) recline

	4. To lower the back of the seat so that you can lean back in it
	d) convenience

	5. A set of bands used to hold someone in place or to stop them from falling
	e) cockpit

	6. To move smoothly over a surface while continuing to touch it, or to make something move in this way
	f) spacious


Exercise 34. Finish the following sentences.

1. Seats in the cockpit are designed for …

2. Apart from crew members, the cockpit houses …

3. Seats are installed on a track to provide …

4. Seats are adjusted in …

5. A glass part of the cockpit includes the following kinds of windows: ... 

6. The windshield is made of …

7. The windshield is electrically heated to …

8. Side windows are divided into …

Exercise 35. Translate into English.
	1. Фюзеляж - це найбільша конструктивна частина літака.
	1. Фюзеляж - это самая большая конструктивная часть самолета.

	2. Фюзеляжі всіх літаків мають обтічну форму для зменшення лобового опору.
	2. Фюзеляжи всех самолетов имеют обтекаемую форму для уменьшения лобового сопротивления.


	3. Каркас фюзеляжу складається з повздовжніх та поперечних елементів і являє собою цільнометалеву конструкцію.
	3. Каркас фюзеляжа состоит из продольных и поперечных элементов и является цельнометаллической конструкцией.

	4. Повздовжні елементи утримуються на відстані шпангоутами та перегородками.
	4. Продольные элементы удерживаются на расстоянии шпангоутами и перегородками.

	5. Кабіна пілота, пасажирські салони, багажні відсіки та обладнання літака розміщені у фюзеляжі.
	5. Кабина пилота, пассажирские салоны, багажные отделения и оборудование самолета расположены в фюзеляже. 

	6. Конструктор літака повинен забезпечити достатню висоту пасажирських салонів і ширину проходів між рядами крісел.
	6. Конструктор самолета должен обеспечить достаточную высоту пассажирских салонов и ширину проходов между рядами кресел.

	7. Доступ до цієї секції здійснюється через двері, які розташовані ліворуч. 
	7. Доступ в эту секцию осуществляется через дверь с левой стороны.


Exercise 36. Translate the text in a written form.

Text 

   The true monocoque construction uses formers, frame assemblies, and bulkheads to give shape to the fuselage. However, the skin carries the primary stresses. Since no bracing members are present, the skin must be strong enough to keep the fuselage rigid. The biggest problem in monocoque construction is maintaining enough strength while keeping the weight within limits.
The vertical structural members are referred to as bulkheads, frames, and formers. The heavier vertical members are located at intervals to allow for concentrated loads. The stringers are smaller and lighter than longerons and serve as fill-ins. They have some rigidity but are chiefly used for giving shape and for attachment of skin. The strong, heavy longerons hold the bulkheads and formers. The bulkheads and formers hold the stringers. All of these join together to form a rigid fuselage framework. Stringers and longerons prevent tension and compression stresses from bending the fuselage.  

Exercise 37. Speak on:

1. Fuselage construction. 

2.  Fuselage layout. 

3.  What provides convenience for passengers. 

4.   Cockpit design.

I.3. WING

Exercise 1. Memorize the active vocabulary.
	airflow
	повітряний потік
	воздушный поток

	lift
	підіймальна сила 
	подъемная сила

	drag
	лобовий опір
	лобовое сопротивление

	leading edge
	передня кромка (крила) 
	передняя кромка (крыла)

	trailing edge
	задня кромка 
	задняя  кромка

	wing tip
	закінцівка крила
	законцовка крыла

	wing root
	коренева частина  крила
	корневая часть крыла

	rectangular
	прямокутний 
	прямоугольный

	triangular
	трикутний
	треугольный

	elliptic(al)
	еліптичний
	эллиптический

	sweepback angle
	кут стрілоподібнocті
	угол стреловидности

	angle of attack
	кут атаки
	угол атаки

	dihedral angle
	кут поперечного V 
	угол поперечного V

	angle of incidence
	кут установки
	угол установки

	perpendicular
	1.перпендикуляр         2. перпендикулярний
	1. перпендикуляр 2. перпендикулярный

	axis (pl.axes)
	вісь
	ось 

	longitudinal axis
	повздовжня вісь
	продольная ось

	lateral axis
	поперечна вісь
	поперечная ось

	span
	розмах (крила літака)
	размах (крыла самолета)

	chord
	хорда
	хорда

	relative wind
	відносний повітряний           потік
	относительный   воздушный поток

	steep 
	крутий, стрімкий
	крутой

	fabric
	тканина, матерія
	 ткань, материал

	composite
	сплав, композитний матеріал
	сплав, композитный материал

	aspect-ratio
	відносне подовження (крила)
	относительное удлинение (крыла)


Exercise 2. Practise out the dialogue.
Dialogue 1
T. What is a wing?  

S. It is one of the principal structural units of the airplane.
T. And what is the function of the wing?

S. Its function is to provide lift and  to support the airplane in the air. 
T. Right you are. Look at Figure I.3.1. You see, any wing has  the leading edge (1), the trailing edge (2), the tip (3) and the root (4). 
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Fig. I.3.1. Wing structure

The shape of the wing may be rectangular, triangular, elliptical and swept back. Sweep is irregular verb: sweep-swept-swept. ”To sweep” means “простягатися, тягтися/ простираться, тянуться”, so “sweepback angle” is “кут стрілоподібності/угол стреловидности”. Do you know what the amount of a sweep angle depends upon?

S. I think it  depends upon the type of the airplane and its design, doesn’t it?
T. Yes, absolutely. The sweepback angle is the angle between the wing and a per​pendicular to the longitudinal axis of the airplane (Fig.1.3.2).
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Fig. I.3.2.  Sweepback angle

And what kind of aircraft has a greater sweepback angle?

S. High-speed jet aircraft have a greater sweepback angle, I guess.
T. That’s right. Now let’s speak about the dihedral angle (кут  поперечного V/угол поперечного V). It is the angle bet​ween the wing and a horizontal plane (Fig.1.3.3). The dihedral angle may be either positive or negative. 
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Fig. I.3.3.  Dihedral  angle

S. And what is the angle of attack?

T. The angle of attack is the angle between the chord of the wing (which is the distance between the leading edge and the trai​ling edge of the wing) and the direction of the relative wind.

S. I can draw it. 
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Fig.1.3.4. The angle of attack

     Is that right?

T. Quite right. We have already mentioned that the wing creates lift. In what way can lift be increased?

S. To my mind by increasing the angle of attack.

T. Right. There is one more wing angle. It is the angle of incidence (“кут установки крила/угол установки крыла“). It is the angle between the longitudinal axis of the airplane and the wing chord. The angle of incidence is fixed. It cannot be changed by the pilot.

Now look at Figure I.3.5.  The airplane may have parasol, low-wing, mid-wing and high-wing construction. (Fig.I.3.5.)
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Fig. I.3.5. Types of wing construction 
The number of wings may vary.  I am sure you know what the airplane with one wing is called?

S. It is called a monoplane (моноплан/моноплан) and the airplane with two wings is called biplane (біплан/биплан).

T. Yes. A multiplane has many wings. The prefix "multi-" means "many". Will you translate the words "multinational, multifunctional"?

S."Багатонаціональний/многонациональный, багатофункціональний/  многофункциональный"

T. That’s correct. Depending on the design of the aircraft the wing may be made of metal, wood or fabric.

Exercise 3. Read, translate and give the gist of text 1.

Text 1. Wing Design
The wing is the principal structural unit of an airplane. It is designed to produce lift when moved rapidly through the air. So, the function of the wing is to provide lift and to support the airpla​ne in the air. The wing has a leading edge, a trailing edge, tips and a root.

The length of the wing between its tips is called the span. The chord is the distance between the leading edge and the trailing edge of the wing.

The shape of the wing may be rectangular, triangular, elliptical and swept back. The amount of the sweepback angle depends upon the type of the airplane and its design. The sweepback angle is the angle between the wing and a perpendicular to the longitudinal axis of the airplane. High-speed jet aircraft have greater sweepback angle.

The dihedral angle is the angle between the wing and a hori​zontal plane. The angle of attack is the angle between the chord of the wing and the direction of the relative wind. When an airplane’s angle of attack is so steep that the airflow over the upper surface of the wing breaks, lift is lost and drag increases. The angle of incidence is the angle between the longitudinal axis of the airplane and the wing chord. The angle of incidence is measured by the angle at which the wing is attached to the fuselage. The angle of incidence is fixed and can​not be changed by the pilot. The position of the wing may vary. The airplane may have a pa​rasol, high-wing, mid-wing and low-wing construction.
The airplanes may be divided according to the number of wings into monoplanes, biplanes and multi-planes. Monoplanes have one wing, biplanes have two wings and multi-planes have more than two wings.

The wing may be made of metal, wood, fabric or composite material which depends on the design of the airplane.

Exercise 4. Translate the following universal words without a dictionary. Mind the difference in spelling, pronunciation and meanings of such words in English and Ukrainian/Russian.

Airplane,  fuselage, helicopter, aerodynamic, reaction, lift, attack, turbulence, act, negative, positive, chord, fix, metal, distance, design, perpendicular, elliptical, composite, type, component, centre, mechanical, result, temperature, control, monoplane, limit, gravity, balance, calculation, definition.

Exercise 5. Find in text 1 fifteen words that can be used both as a noun and a verb. Give the translation of the pairs.

Model:
	Noun
	Verb

	house - будинок / дом
	to house - вміщувати / вмещать


Exercise 6. Translate word combinations with the term “wing”.

Low wing, cambered wing, delta wing, high wing, flapped wing,  flapless wing, fixed wing, port wing, starboard wing, sweptback wing, tapered wing, cantilever wing, one-piece wing, single-spar wing, multi-spar wing, low-lift wing, high-lift wing, sharp leading edge wing, zero-aspect-ratio wing, high-aspect-ratio wing.

Exercise 7. Find English equivalents in text 1. 

Форма крила / форма крыла; тип та конструкція літака / тип и конструкция самолета; високоплан / высокоплан; середньоплан / среднеплан; низькоплан / низкоплан; передня кромка / передняя кромка; задня кромка / задняя кромка; закінцівка / законцовка; коренева частина / корневая часть; кут установки / угол установки; біплан / биплан; моноплан / моноплан; горизонтальна площина / горизонтальная плоскость; кут поперечного V / угол поперечного V; повздовжня вісь / продольная ось; відстань між / расстояние между; реактивний літак / реактивный самолёт; поверхня крила / поверхность крыла; кут стрілоподібності / угол стреловидности; відносний повітряний потік / относительный воздушный поток.

Exercise 8. Give Ukrainian / Russian equivalents of the following word combinations. 

Structural unit, leading edge, trailing edge, wing tip, wing root, wing chord, shape of the wing, airfoil section, parasol type, high-wing, mid-wing, low-wing, sweepback angle, dihedral angle, steep angle of attack, longitudinal axis, horizontal plane, relative wind, angle of incidence,  airplane design, fixed angle, composite material, jet airplane.
Exercise 9. Match the terms with their definitions.
	1. angle of attack
	a) The aerodynamic force acting on an aircraft during flight in the direction opposite to  aircraft motion

	2. monoplane
	b) The point where the wing joins  the fuselage 

	3. angle of incidence          
	c) The angle between the wing chord and the direction of the relative wind  

	4. trailing edge
	d) The front edge of an airfoil 

	5. biplane
	e) The angle between the wing and a perpendicular to the longitudinal axis of the airplane

	6. dihedral angle
	f) An airplane with two main planes of uniform size that  offers good  maneuverability and short take-off run 

	7. drag
	g) The length of the wing between its tips 

	8. wing root 
	h) The angle between the wing and a horizontal plane

	9. leading edge
	i) The distance from the leading to the trailing edge of a wing

	10. wing tip
	j) An airplane with only one wing 

	11. sweepback angle
	k) The angle between the longitudinal axis of the  airplane and the chord of the wing 

	12. chord
	l) The rearmost edge of the airfoil 

	13. span
	m) The outer end of the outboard panel


Exercise 10. Answer the questions on text 1. 

1. Is the wing a principal structural unit of the airplane? 2. What is the function of the wing? 3. What does the wing consist of? 4. What  shapes can the  wing  have? 5. What is the sweepback angle? 6. What is the dihedral angle? 7. What angle  is the angle between the longitudinal axis of the airplane and the wing chord? 8. What is the angle of attack? 9. Does the position of the wing vary? 10. What types of  airplanes do we distinguish according to the number of wings? 11. What materials is the wing usually made of?

Exercise 11. Give definitions to the following terms:

monoplane, wing tip, biplane, leading edge, angle of attack, chord, span, trailing edge, dihedral angle, sweepback angle, drag, angle of incidence, wing root.

Exercise 12. Memorize the active vocabulary. 

	spar
	лонжерон
	лонжерон

	stringer
	стрингер (повздовжній підсилюючий елемент) 
	стрингер (продольный усиливающий элемент)

	stiffener
	ребро жорсткості, профіль підсилення
	ребро жесткости, профиль усиления

	bulkhead
	перегородка, суцільний шпангоут
	перегородка, сплошной шпангоут

	rib
	нервюра
	нервюра

	skin
	обшивка, покриття
	обшивка, покрытие

	covering
	обшивка
	обшивка

	camber
	кривизна, вигнутість 
	кривизна, выпуклость

	extend out  
	виходити зовні 
	выходить наружу

	main plane  
	крило, несна            площина
	крыло, несущая плоскость

	port 
	1. отвір 2. лівий (борт) 
	1. отверстие 2. левый  (борт)

	starboard
	праве (напівкрило)
	правое (полукрыло)

	aileron
	елерон
	элерон

	flap  
	закрилок
	закрылок

	box type wing  
	крило коробчаcтого/ кесонного типу
	крыло коробчатого/ кессонного типа

	wing box
	кесон крила
	кессон крыла

	multi-spar wing  
	багатолонжеронне крило
	многолонжеронное крыло

	box-beam  type wing
	крило з коробчастим лонжероном
	крыло с коробчатым лонжероном

	box-spar wing 
	крило з коробчастим лонжероном
	крыло с коробчатым лонжероном

	sandwich type  
	багатошаровий тип 
	многослойный тип

	airfoil
	аеродинамічна поверхня/профіль
	аэродинамическая поверхность/ профиль

	span-wise member
	повздовжний  елементи (конструкції)
	продольный элемент     (конструкции)

	chord-wise  member
	поперечний елемент

(конструкції)
	поперечный элемент (конструкции)

	cross-section
	поперечний переріз
	поперечное сечение

	framework
	рама, каркас 
	рама, каркас

	stress
	1. напруга; навантаження 2. піддавати     напрузі
	1. напряжение; нагрузка 2. подвергать напряжению

	stressed skin
	працююча обшивка
	работающая обшивка

	honeycomb core  
	сотовий заповнювач
	сотовый заполнитель

	fuel tank
	паливний бак
	топливный бак

	seal
	1. ущільнення, ущільнювач; ущільнюючий матеріал, ущільнювальна прокладка; ізолювальний шар; сальник, сальникове ущільнення 2. ізоляція 3. герметизація; герметик  4. ущільнювати; ізолювати    5. герметизувати
	1.уплотнение, уплотнитель; уплотняющий материал, уплотняющая прокладка; изолирующий слой; сальник, сальниковое уплотнение       2. изоляция 3. герметизация; герметик    4. уплотнять; изолировать 5.  герметизировать

	adopt
	приймати
	принимать

	incorporate
	1. включати (до складу); 2. об’єднува-ти(ся)
	1. включать (в состав); 2. объединять(ся)

	additional
	додатковий
	дополнительный


Exercise 13. Practise out the dialogue.
Dialogue 2
Т. The main structural member of the wing is a wing spar or  beam.  It is shown in Figure I.3.6.
[image: image17.emf]
Fig.I.3.6. A spar

The terms “spar” and "beam" are synonyms. They mean “лон-жерон / лонжерон”. The spar runs along the length of the wing from the fuselage to the wing tip.  The word "long" is an adjective. The correspondent noun is  "length". Will you translate the phrase “to  run along the length”, please. 

S. проходити вздовж / проходить вдоль.
T. Spars are span-wise members of the wing structure. Can you guess the meaning of the word “span-wise”?

S. I think I can. Is it “повздовжній / продольный”?

T. Yes, you are right.   Some designs have one spar and some have two. The wing with many spars is called a multi-spar wing. Can you translate the word "multi-spar”? 

S. “Багатолонжеронний / Многолонжеронный”.
T. Remember, we have come across such words as "multiplane" and "multinational". Now we have learned one more word with prefix multi - "multispar". What is the function of the spar?
S. To carry the main wing load.

T. That’s right. Another structural member of the wing is a rib “нервюра / нервюра”. (Fig.I.3.7). Ribs are attached to the spars. They are chord-wise members, forming the contour of the wing. So, what does “chord-wise” mean? 

[image: image18.emf]
Fig.I.3.7. A rib
S. “Chord-wise” means “поперечний / поперечный”, doesn’t it?

T. Yes, it does. Ribs shape the  wing cross-section (поперечний розріз / поперечное сечение). The wing is covered with the skin. Can the skin carry air loads?

S. I guess it can.
T. In case the skin carries loads it is called a stressed-skin construction (працююча обшивка / работающая обшивка). The skin is supported by stringers (Fig.I.3.8.) The Ukrainian and Russian equivalents sound  the same – “стрингер / стрингер”. 

[image: image19.emf]
Fig.I.3.8. Stringers

S. Where are stringers located?

T. They go parallel and between  the spars. The stringers reinforce the skin. “To reinforce” means “підсилювати / усиливать”.
Exercise 14. Read, translate  and give the gist of text 2. 

Text 2. Structural Members of the Wing
The internal structure of a wing is made up of spars, stringers or stiffeners, ribs. The spars and stringers run span-wise, that is along the length of the wing from the fuselage to the tip of the wing. Some designs have one sраr and some have two. In general, wing construction is based on one of three fundamental designs: monospar, multi-spar and box-spar type. Modifications of these basic designs may be adopted by various manufacturers.

The monospar wing incorporates only one main longitudinal member in its construction. Ribs supply the necessary contour or shape to the airfoil. 

The multi-spar wing incorporates more than one main longitudinal member in its construction. To give the wing its shape, ribs are often included. 

The box-spar type of wing construction uses two main longitudinal members with connecting bulkheads not only to increase strength and reduce weight but it also enables the wing to serve as a fuel tank when properly sealed. 

Spars are the principal structural members of the wing. They run parallel to the lateral axis, toward the tip of the wing, and are usually attached to the fuselage. They may be made of metal or wood depending on the construction. The function of the spar is to carry the main air load.
The ribs are attached to the spars. They extend  from the wing  leading edge to the trailing edge and make up the framework of the wing.  The ribs give the wing its cambered shape and transmit the loads from the skin and stringers to the spars. Ribs are manufactured from metal or wood.

The skin covers the wing. The skin is supported by the stringers. They go parallel and between the spars and reinforce the skin. The skin is a part of the wing structure and it carries part of the wing stresses. In case the skin carries the load, it is called a stressed skin construction. From the skin the loads are transmitted to the ribs and from the ribs to the spars.

Exercise 15. Translate the verb – noun pairs.

To unite – unit, to provide – provision, to depend – dependence, to vary – variety, to determine – determination, to design – designer, to act – action, to attach – attachment, to direct – direction, to carry – carriage, to construct – construction, to lose – loss, to transmit – transmission, to lead – leader, to measure – measurement, to divide – division, to define – definition, to move – motion, to differ – difference, to connect – connection, to cover – coverage, to reduce – reduction, to extend - extension.

Exercise 16. Translate the verb combinations.

To depend on the construction, to transmit  loads, to reinforce the skin, to carry the main load, to go parallel to the spars, to reduce weight, to be made of wood, to be sealed properly, to be made of metal, to be called a multi-spar wing, to be attached to the spar, to increase strength, to serve as a fuel tank. 

Exercise 17. Translate into English.
	1. Лонжерони та стрінгери розташовані вздовж крила від фюзеляжу до закінцівки крила.
	1. Лонжероны  и  стрингеры рас-положены вдоль  крыла от фюзеляжа до законцовки крыла.

	2. Лонжерони проходять паралельно поперечній осі і кріпляться до фюзеляжу.
	2. Лонжероны проходят параллельно поперечной оси и крепяться  к фюзеляжу.

	3. Вони можуть бути виготовлені з металу або дерева.
	3. Они могут быть изготовлены из металла или дерева.

	4. Функція лонжерона – нести  основне повітряне навантаження.
	4. Функция лонжерона – нести основную воздушную  нагрузку.

	5. Конструкція крила залежить від призначення літака.
	5. Консрукция крыла зависит от назначения самолета.

	6. Трьома основними типами конструкції крила є: однолонжеронне, багатолонжеронне крило і крило з коробчастим лонжероном.
	6. Тремя основними типами консрукции крыла являются: однолонжеронное, многолонжеронное крыло и крыло с коробчатым лонжероном.

	7. Нервюри (перегородки) кріпляться до лонжеронів і несуть навантаження.
	7. Нервюры (перегородки) крепятся к лонжеронам и несут нагрузки.

	8. Нервюри надають крилу вигнуту  форму і передають навантаження з обшивки на лонжерони.
	8. Нервюры  придают крылу выгнутую форму и передают нагрузку от обшивки на лонжероны.

	9. Стрінгери проходять паралельно  між лонжеронами і підсилюють обшивку.
	9. Стрингеры проходят параллельно  между лонжеронами и усиливают обшивку.

	10. З обшивки навантаження передаються на нервюри, а з нервюр на лонжерони.
	10. От обшивки нагрузки передаются на нервюры, а от нервюр на лонжероны.

	11. Якщо обшивка крила несе навантаження,  вона називається працюючою обшивкою.
	11. Если обшивка крыла несет нагрузку, она называется работающей обшивкой.


.
.

Exercise 18. Put subject questions after  the model.
	Model :
	The stringers reinforce the skin.

	
	What reinforces the skin?


1. The bulkheads increase strength and reduce weight  of  a  wing. 2. The ribs form the shape of the wing. 3. The spars run along the length of the wing. 4. The spars may be made of metal. 5. The stringers go parallel to the spars. 6. The wing is covered with the skin. 7. A stressed skin construction carries air loads. 8. The air loads are transmitted to the ribs.

Exercise 19. Put questions to the italicized words. 

1. The wing tip is bolted to the outboard end of the wing panel.   2. Basic wing structure consists of left, center and right wing boxes.      3. Wing boxes are built up from front spar, rear spar, stringers, ribs and top and bottom skin. 4. Damaged skin section may be repaired quickly by its replacement. 5. The ribs provide the necessary contour or shape to the wing and carry the loads. 6. The wing tip is often a removable unit. 7. A wing that uses a box-beam design gives additional strength and contour to the wing. 8. The ribs are reduced in weight by holes punched in the metal.

 Exercise20. Compose dialogues on “Wing structural members.”

Exercise 21. Memorize the active vocabulary.
	flap
	закрилок 
	закрылок 

	plain flap
	простий/безщілинний закрилок
	простой/безщелевой закрылок

	split flap
	щиток, розрізний закрилок
	щиток, разрезной закрылок

	Fowler flap
	закрилок Фаулера
	закрылок Фаулера

	slot
	щілина
	щель

	slotted flap
	щілинний  закрилок
	щелевой закрылок

	leading edge     flap
	передкрилок
	предкрылок

	extension
	1. випускання (шасі)       2. подовження
	1. выпуск (шасси)         2. yдлинение

	auxiliary
	допоміжний 
	вспомогательный

	
	
	

	hinge
	1. шарнір; 2. кріпити на шарнірах, підвішувати
	1) шарнир; 2) крепить на шарнирах, подвешивать

	aileron
	елерон
	элерон

	auxiliary
	допоміжний
	вспомогательный

	slat
	передкрилок
	предкрылок

	approach 
	1. заходження на посадку 2. наближення
	1. заход на посадку        2. приближение

	touchdown
	приземлення; торкання (землі, ЗПС)
	приземление; касание (земли, ВПП)

	layout
	розташування, компановка
	расположение, компановка

	climb
	1. набір висоти; 2. набирати висоту, підніматися 
	1. набор высоты;             2. набирать высоту, подниматься

	descent
	спуск, зниження
	спуск, снижение

	descend
	знижуватися
	снижаться

	glid​ing angle
	кут планерування
	угол планирования

	deceleration
	зменшення швидкості,    сповільнення
	уменьшение скорости, замедление

	slide
	1. ковзання; 2. ковзати
	1. скольжение; 2. скользить 

	track
	1. дорога; шлях 2. маршрут, траса 3. слід 4. колія 5. напрямний пристрій; напрямна 6. напрям; курс; лінія шляху (польоту); траєкторія   7. канал; тракт 8. прокладати маршрут, трасу 9. стежити; простежувати 
	1. дорога; путь 2. маршрут, трасса 3. след 4. колея 5. направляющее  устройство; направляющая 6. направление; курс; линия пути (полета); траектория 7. канал; тракт 8. прокладывать маршрут, трассу        9. следить; прослеживать

	dumping
	гасіння 
	гашение 

	merge
	зливати(ся), поглинати
	сливать(ся), поглощать

	trim tab
	тример
	триммер

	stall
	зрив потоку
	срыв потока

	windtunnel
	аеродинамічна труба
	аеродинамическая труба


Exercise 22. Practise out the dialogue.
Dialogue 3
T. Look at the picture (Fig.I.3.9.) These are flaps. The flaps are au​xiliary surfaces of the wing. The word "auxiliary" means “допоміжний / вспомогательный”. Where are flaps located?

[image: image55.emf] 

S. They are hinged to the trailing edge of the wing between the ailerons and the fuselage.

[image: image20.emf]
Fig.I.3.9. Flaps and ailerons

T. Now let’s consider the function of flaps. When are flaps operated?
S. The flaps are operated during take-off and landing. 

T. That’s right. In these cases it is necessary to have enough lift to support the weight of the airplane. Do the flaps provide the main lift? 

S. No, I think they provide additional lift. The main lift is provided by the wing proper. 

T. Yes, that’s right. What happens with the drag when flaps are deflected? 

S. It is increasing. 

T. Is it always useful?
S. The drag is useful only during landing.
T. Yes, quite right. For taking-off the flap angle should be small so that increased lift is obtained with little increase in drag. So, what helps to obtain little increase in drag?
S. It is a small flap angle that helps to obtain little increase in drag.      

T. Yes, in landing flaps play a very important part, as in landing the increase in drag must be con​siderable. How is this achieved?

S. Increase in drag is considerable when the flaps are well down.

T. So, we can see that the flaps permit (дозволяють / позволяют)  slower and safer flight, lower landing speeds, steeper angles of descent. The word "safe" means “безпечний / безопасный”, “steep” – “крутий / крутой”. “Descent”(зниження / снижение)  is opposite to "climb". What does the word "climb" mean? 
S. “To climb” means “набирати висоту / набирать высоту ”. 
T. Pay attention to the translation of the words with –er suffix: slower пoвільніший / более медленный, lower – нижчий / более низкий, safer –  безпечніший / более безопасный,  steeper – крутіший / более крутой. To provide slower landing speed, the flaps are fully deflected during landing. They permit landing on short fields. We may classify flaps according to their mechanical nature into: plain flap (простий закрилок / простой закрылок), split trailing edge flap (щиток / щиток), slotted flap (щілинний закрилок / щелевой закрылок) and Fowler flap (закрилок Фаулера / закрылок Фаулера)  (Fig.I.3.10). 
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Fig.I.3.10. Types of flaps

So, how are flaps classified?

S. We classify flaps according to their mechanical nature.
T. As you can see in the picture in the plain flap the wing trailing edge is deflected downward. In the split trailing edge flap the sha​pe of the upper surface of the wing is unchanged when the flap is lowered. The word "change" means “міняти(cя) / менять(ся)”. And with the prefix “un-" it has a negative meaning. Translate the word "un​changed".
S. “Незмінний / Неизменный.”

Т. Quite right. The split trailing edge flap creates more drag than the plain flap. The word "create" means "створювати / создавать". The Fowler flap moves backward on a track (рейки / рельсы), increasing the wing area, thus providing added lift without increasing drag. So, which of the three flap types is the most efficient in taking off? 

S. The Fowler flap is.
T. The slotted flap provides a slot or opening between the wing and the leading edge of the flap. I think you know the translation of  the verb  "open". And the word “opening” means “отвір / отверстие”. The word "slot" is “щілина / щель”. Where does the slotted flap provide a slot?        
S. Between the wing and the leading edge of the flap. 

T. So, what types of flaps can you name now? 

S. I know four types of flaps. They are: plain flap, split trailing edge flap, slotted flap and Fowler flap.

T. Great! Thank you.

Exercise 23. Read, translate and give the gist of text 3. 

Text 3. Flaps
The flaps are auxiliary surfaces of the wing used  to modify its lift characteristics. They are hinged to the trailing edge of the wing and are practically an extension of the wing. The flaps are located between the ailerons and the fuselage. 

The flaps are used during take off and landing. In take off and  approach to landing they supply greater lift and drag. In order to leave the ground, the airplane must have enough lift to support its weight. The lift may be increased by increasing the speed, by changing the attitude of the wing or by increasing the camber of the wing. During take-off it is necessary for the speed to be as high as possible in order to shor​ten the take-off run and get into the air as quickly as possible. It is dangerous for the airplane to increase the angle of attack too much. So, it is possible to increase lift by using flaps. When the flaps are lowered the camber of the wing is increased. It incre​ases drag. That is why during take off the flap angle should be small.
In landing flaps play a very important role. If the flap is well down, the increase in drag will be considerable and the glid​ing angle will be greater. The flaps permit slower and safer flight, lower landing speeds, steeper angles of descent. During flight and after touchdown they can increase drag for quick deceleration. The flaps permit landing on short fields.

We may classify flaps according to their mechanical nature into plain flaps, split flaps, Fowler flaps and slotted flaps. The plain flap is simply hinged to the wing and forms a part of the wing surface when raised. In the split flap the shape of the upper surface of the wing is unchang​ed when the flap is lowered. The split flap creates more drag than the plain flap. When the Fowler flap is operated, it slides backward on a track. This increases wing camber, as do the other types of flaps. The Fowler flaps also increase the wing area; thus they provide added lift without increasing drag. The slotted flap provides a slot or opening between the wing and the leading edge of the flap improving the efficiency of the flap.
Exercise 24. Match the synonyms among the following:

main,  obtain, shape,  combine, opening,  merge, assistance, type, form,  make, principal,  look like,  get,  work,  block,  finish,  do,  resemble,  operate, unchanged, slot, fast, attitude, fixed, quick, position, kind, aid,  hinder,  complete.

Exercise 25. Fill in the blanks with the terms: the leading edge, the upper surface, the trailing edge, drag, lift, the camber.

1. The flaps are hinged to … … of the wing. 2. The slotted flap provides a slot between the wing and … … of the flap. 3. The airplane must have enough … to support its weight. 4. When the flaps are lowered … of the wing is increased. 5. The split flap creates more … than the plain flap. 6. In the split flap the shape of … … of the wing is unchanged. 

Exercise 26. Translate and memorize the definitions of the terms.

	1. delta wing
	a) A design merges the wing and tail of an aircraft into one large flying surface that provides greater aerodynamic advantage in supersonic flight.

	2. empennage
	b) The complete tail unit of an aircraft that gets its name from the French  word for the feathers at the end of an arrow, which it resembles.

	3. flap
	c) An extension of the wing used  to modify its lift characteristics that is, it supplies greater lift and  drag during flight and after touchdown.

	4. aileron
	d) Movable portion of airplane wings usually located at the trailing edge near the wing tips, making banking possible. 

	5. airfoil
	e) A streamlined body, such as a wing, designed to provide lift from the air through which it moves.


Exercise 27. Give definitions to the terms: empennage, airfoil, flap, delta wing, aileron.

Exercise 28. Translate the following sentences.

	1. Закрилки – це допоміжні площини, що розташовані на задній кромці крила між елеронами та фюзеляжем.
	1. Закрылки – это вспомогате-льные плоскости, расположен-ные на задней кромке крыла между элеронами и фюзеляжем.

	2. Закрилки використовуються під час зльоту та посадки.
	2. Закрылки используются при взлете и посадке.

	3. Підіймальну силу можна збільшити, збільшуючи швидкість, змінюючи положення крила та збільшуючи кривизну крила.
	3. Подъемную силу можно увеличить, увеличивая скорость, изменяя положение крыла и увеличивая кривизну крыла.

	4. Коли закрилки опускаються,  кривизна крила збільшується.
	4. Когда закрылки опускаются,  кривизна крыла увеличивается.

	5. Ми можемо класифікувати закрилки за їх механічною природою.
	5. Мы можем классифицировать закрылки согласно их механической природе.

	6. Щиток створює більший лобовий опір, ніж простий закрилок.
	6. Щиток создает большее лобовое сопротивление, чем простой закрылок.

	7. Щілина між крилом і перед-ньою кромкою крила підвищує ефективність закрилка.
	7. Щель между крылом и передней кромкой крыла увеличивает эффективность закрылка.

	8. Закрилок Фаулера відкочується назад по напрямним рейкам, збільшуючи ефективну площу крила.
	8. Закрылок Фаулера откатыва-ется назад по направляющим, увеличивая эффективную площадь крыла.


Exercise 29. Fill in the blanks with prepositions on, of , by, in, to, for, from, with, between and translate the sentences.   

1. The flaps are located … ailerons and the fuselage. 2. The flaps permit landing … short fields. 3. The Fowler flap moves backward … a track. 4. It is dangerous … the plane … increase the angle … attack too much. 5. … changing the attitude of the wing we may increase the lift. 6. The wing tips are made … composite materials.      7. Most flaps are hinged … the lower trailing edges … the wings.       8. Leading edge flaps are also used, principally … large high-speed aircraft. 9. Trim tabs free the pilot … constantly adjusting the controls ... flight. 10.  In conventional aircraft pilots avoid too high an angle ... attack, which results … a loss of lift.

Exercise 30. Put questions to the sentences, beginning them with the given question-words. 
	1. Extension of the flaps increases the effective wing area. 
	What …? (3 questions)

	2. Take-off flap positions provide high lift and relatively low drag.
	What … ? (4 questions)



	3. Landing flaps produce high lift and high drag.
	What  …? (4 questions)

	4. When airspeed is reduced, the flaps automatically return to the fully extended position.
	When … ? How…? What ...? (2 questions)

	5. Minor damage to a flap lower surface does not require flap replacement.
	What … ? (3 questions)


Exercise 31. Match the  terms with their definitions.
	1. stall
	a) An extension of the wing used to modify its lift characteristics 

	2. slat
	b) The arching curve of an aircraft wing from the front (or “leading”) edge to the rear (or “trailing”) edge 

	3. strut
	c) A phase of flight where the altitude is increasing

	4. camber  
	d) A wing supported only where it is attached to the fuselage  

	5. cantilever    wing    
	e) A loss of lift due to slow airplane speed or attitude

	6. climb
	f) A movable part of the leading edge of the wing for increasing lift at low airplane speeds

	7. flap
	g) A brace that supports a load, for instance, the structure supporting a wing


Exercise 32.  Say whether the following sentences are true or false. Correct the false ones. 

1. When the angle of attack is so steep that the airflow over the upper  surface  of  the  wing  breaks, lift is  increased. 2. Cantilever wing is a wing supported only where it is attached to the fuselage, without other supports or braces. 3. Pilots avoid too high an angle of attack which may result in a loss of lift. 4. When the flap is in the “down” (or extended) position it decreases the wing camber and changes the airflow, providing less lift. 5. In take off and approach to landing, flaps supply greater lift and lower drag respectively. 6. We can considerably increase the drag deflecting the flap downward. 

Exercise 33. Give definitions to the terms: stall, climb, strut, camber, cantilever wing, flap, slat.

Exercise 34. Using  Figure I.3.11. and the vocabulary below describe the  wing high-lift devices.
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Fig. I.3.11. Wing high-lift devices
	Wing high-lift 
devices
	Механізація крила
	Механизация крыла

	1. vortex generators
	1. турбулізатори
	1. турбулизаторы

	2. wing leading edge extension
	2. наплив (на передній кромці)
	2. наплыв (на передней кромке)

	3. inboard slat
	3. внутрішній передкрилок 
	3. внутренний предкрылок 


	4. center slat
	4. середній передкрилок
	4. средний предкрылок

	5. outboard slat
	5. зовнішній передкрилок 
	5. внешний предкрылок  

	6. fence

	6. аеродинамічна перегородка (гребінь) 
	6. аэродинамическая перегородка (гребень) 

	7. inboard spoiler
	7. внутрішній інтерцептор 
	7. внутренний интерцептор 

	8. inboard flap
	8. внутрішній закрилок 
	8. внутренний закрылок 

	9. center spoiler
	9. середній інтерцептор 
	9. средний интерцептор 

	10. outboard spoiler
	10. зовнішній інтерцептор
	10. внешний интерцептор

	11. flight spoiler  
	11. елерон-інтерцеп-тор 
	11. элерон-интерцептор 

	12. outboard flap
	12. зовнішній закрилок 
	12. внешний закрылок 

	13. geared flap
	13. тример-флетнер
	13. триммер-флетнер

	14. aileron
	14. елерон
	14. элерон

	15. slat
	15. передкрилок
	15. предкрылок

	16. spoiler 
	16. інтерцептор; спойлер 
	16. интерцептор; спойлер 

	17. deflector 
	17. дефлектор
	17. дефлектор

	18. flap
	18. закрилок
	18. закрылок

	19. leading edge flap
	19. носок, що відхиляється 
	19. отклоняющийся  носок 

	20. flap tab: vane
	20. хвостова ланка
	20. хвостовое звено

	a) plain flap
	а) безщілинний закрилок 
	а) безщелевой закрылок

	b) extension double-slotted flap
	б) висувний двощілинний закрилок 
	б) выдвижной двухщелевой закрылок

	c) extension single-slotted flap
	в) висувний однощілинний закрилок
	в) выдвижной однощелевой закрылок

	d) extension triple-slotted flap
	г) висувний трищілинний закрилок 
	г) выдвижной трехщелевой закрылок


Exercise 35. Match the Ukrainian / Russian – English equivalents.

	1. механізація крила / механизация крыла
	a) fence

	2. аеродинамічна перегородка (гребінь) / аэродинамическая перегородка (гребень)
	b) vortex generators

	3. внутрішній закрилок / внутренний закрылок
	c) inboard slat

	4. елерон / элерон
	d) deflector 

	5. дефлектор / дефлектор
	e) slat

	6. турбулізатор / турбулизатор
	f) inboard flap

	7. безщілинний закрилок / безщелевой закрылок
	g) extension single slotted flap

	8. висувний двощілинний закрилок / выдвижной двухщелевой закрылок
	h) extension double-slotted flap

	9. висувний однощілинний закрилок / выдвижной однощелевой закрылок
	i) outboard flap

	10. висувний трищілинний закрилок / выдвижной трехщелевой закрылок
	j) wing high-lift devices

	11. зовнішній закрилок / внешний закрылок
	k) plain flap

	12. інтерцептор; спойлер / интерцептор; спойлер
	l) deflector

	13. внутрішній передкрилок / внутренний предкрылок
	m) wing leading edge extension

	14. зовнішній передкрилок / внешний предкрылок
	n) extension triple-slotted flap

	15. носок крила, що відхиляється / отклоняющийся  носок крыла 
	o) aileron

	16. передкрилок / предкрылок
	p) spoiler


Exercise 36. Translate text 4 then divide the text into logical parts and write the key–note of each part in English.

Text 4. Wing Construction
The airplane wing does not consist of one single piece from one wing tip to the other, as the manufacture and assembly of such a wing is difficult. In addition, it is a difficult and costly business to replace a damaged  part of such a wing. Usually the wing, like the fuselage, may be constructed in sections. They are: the center section (or center panel) which extends across the fuselage and projects outward at each side, and the outer main planes (or outer panels). The center panel may be an integral part of the fuselage or it may be a separate unit. When it is a separate unit it fits so snugly to the fuselage as if they are one unit. The outer panels are subdivided further into their respective components, such as main planes proper, ailerons, flaps and wing tips. The wing tips are small units bolted to the outer end of the outboard panel. This construction provides an easy method of correcting damage.

The aileron construction is similar to the wing construction. The wing flaps are large airfoils hinged to the trailing edge of the wing. There are four types of flaps: plain flaps, split trailing edge flaps, slotted flaps, and Fowler flaps.

The plain flap when in neutral position appears almost to be a part of the wing itself, but its hinge permits  it  to move downward as desired.

In the split trailing edge type, the lower half of the wing can deflect downward. The upper part of the trailing edge of the wing may deflect upward to increase the drag, without increasing the lift. With the slotted flaps the entire rear part of the airfoil can deflect downward.

The Fowler flap is an arrangement by which the lower part of the trailing edge of the wing rolls back on a track. This movement increases the effective width of the wing.

The wings may have slots. Slots are passages through the airfoil near the leading edge. These slots help to maintain proper flow of air above the wings, and this permits the aeroplane to fly at a higher angle of attack. Movable parts of the leading edge of the wing for increasing lift at low airplane speeds are called slats.

Exercise 37. Find English equivalents of the following word combinations in text 4.
Одна суцільна частина / одна цельная часть; виготовлення та монтаж / изготовление и монтаж; замінити пошкоджену частину / заменить поврежденную часть; центроплан / центроплан; простягатися через фюзеляж / простираться через фюзеляж; виступати зовні / выступать наружу; невід’ємна частина / неотъемлемая  часть; окрема частина / отдельная часть; відповідні компоненти / соответствующие компоненты; велика аеродинамічна поверхня / большая аэродинамическая поверхность; рухатися в бажаному напрямку / двигаться в необходимом направлении; нижня половина крила/нижняя половина крыла; без збільшення підіймальної сили / без увеличения подъемной силы; уся задня частина профілю / вся задняя часть профиля; пристрій / устройство; відкочуватися назад по  напрямним рейках / откатываться назад по направляющим; ефективна ширина крила / эффективная ширина крыла; щілина в передній кромці аеродинамічного профілю / щель в передней кромке аэродинамического профиля; підтримувати потік повітря / поддерживать поток воздуха; потік над крилом / поток над крылом; передкрилок / предкрылок.

Exercise 38. Fill in the gaps with the terms: separate,  flaps, one single piece, slats,  passages, an integral part, construction, tip.
1. The airplane wing does not consist of … from one wing … to the other. 2. The center panel may be … of the fuselage or it may be a …  unit. 3. The outer panels are subdivided into main planes proper, ailerons, … and wing tips. 4. The aileron construction is similar to the wing … 5. Slots are … through the airfoil near the leading edge.  6. … are movable parts of the leading edge of the wing.

Exercise 39. Answer the questions on text 4.

1. Why doesn’t the airplane  wing  consist of one  single  piece? 

2. What are three main sections of the wing? 3. What wing section extends across the fuselage? 4. What respective components are the outer panels subdivided into? 5. What are wing tips? 6. What is aileron construction similar to? 7. What are flaps hinged to? 8. What are four types of flaps mentioned in the text? 9. What are wing slats?

Exercise 40. Write out   adjectives in comparative and superlative degrees. Comment on their structure.  Translate the sentences.

A. 1. Airplanes, helicopters and glider are heavier-than-air craft. 2. The newest aircraft features a larger, thicker cross-section, virtually all-composite wing fitted with larger ailerons and flaps. 3. The new wing has a thicker, supercritical aerofoil section. 4. This section, with larger slotted flaps and ailerons, provides shorter take-off performance. 5. The advanced wing section makes it possible to design a wing of greater span for a given weight providing more internal volume for fuel. 6. It became clear that expendable launchers were the quickest and also the cheapest way of accomplishing most of the set objectives. 7. The newly developed fighter will cruise at much higher speeds without running out of fuel and will carry heavier payloads. 8. The obtained experimental results indicate that the winged missile should provide the highest manoeuvrability over a larger operating range.

B. 1. The thick section and increased area of the wing enable 50 per cent more fuel to be carried internally, giving a better radius of action without external tanks. 2. But at the same time this construction produces more considerable drag and, with higher operating weights the speed of the new models is lower than that of its predecessor. 3. The more complex control system in large turbojet aircraft is far more sophisticated than the type employed in  lighter airplanes. 4. One of the simplest yet most important devices to aid the pilot of an aircraft are trim tabs attached to the control surfaces.

Exercise 41. Form the degrees of comparison of the following adjectives.
Long, big, cheap, high, thick, good, great, low, easy, bad, little, large, clear, strong, capable, small, comfortable, important, efficient, heavy, difficult, correct, quick, far, simple, good, old, expensive, light, slow, close.

Exercise 42. Find antonyms among the words of exercise 41.

Exercise 43 .Speak on “Wing structure.”

Exercise 44. Translate text 5 in a written form. 

Text 5. How an Airplane Flies
The shape of a wing determines how it will perform in a stream of air. A flat shape fights air flow, causing drag (resistance). A curved shape allows air to flow smoothly around it. 

The upper side of the wing is curved and the lower side is straight or almost straight. The propeller pulls the airplane at high speed through the air. 

A wing that is curved on top and flatter on the bottom creates lift. The air passing over the top surface has a longer distance to travel and therefore moves more quickly creating less pressure than the slower air flowing below the wing. The air below the wing exerts pressure upward, causing lift. 

When air flowing over the top surface of a wing is faster than the air running on the bottom surface, the pressure on top is lowered. The greater pressure from below propels the wing up into the low pressure area, creating lift. 

If the wing is tilted upward (when the nose of the plane points up), lift increases. But too steep a tilt causes wing stall or a complete loss of lift.

Exercise 45. Find in text 5 adjectives in the comparative       degree (7).  
Exercise 46. Answer the key-questions on text 5. 

1. What wing shape creates lift? 2. What propels the wing up?      3. What may cause a complete loss of lift? 

Exercise 47.  Write a summary of text 5.

Exercise 48. Put the verbs in brackets into the proper form of present or past continuous tense.
1. This car (make) a very strange noise. – Do you think it is all right? 2. The plane  that  you (look) for  now    (leave)  for  London an hour ago. 3. This airplane (go) to take off or to land? 4. You (wait) for the shop to open? 5. Last year the planes (land)  and (take off) from separate runways one after another. 6. You (fix) a leading edge flap now? 7. Movable airfoils (change) the attitude and direction of flight. 8. – Where is the pilot? - He must (fill) the log book after landing. 9. The aeroplane in which the football team  (travel) made a forced landing at the alternative airfield. 10. They took  off the wheel of the  car  and  (mend) the  puncture. 11. The exam had jut begun and the candidates (write) their names at the top of their papers. 12. They said the car (travel) at 60 m.p.h when it began to skid.

Exercise 49. Match English-Ukrainian/Russian equivalents.

	1. multi-spar wing
	a) спойлер / інтерцептор крила / спойлер / итерцептор  крыла

	2. сenter  section 
	b) багатолонжеронне крило / многолонжеронное крыло

	3. integral fuel tank 
	c) механізація крила / механизация крыла

	4. wing-fuselage attachment  
	d) крило консольного типу / крыло консольного типа

	5. wing spoiler 
	e) центроплан / центроплан

	6. slat   
	f) бак-кесон / бак-кессон

	7. two-spar wing
	g) передкрилок / предкрылок

	8. variable sweep wing 
	h) дволонжеронне крило / двухлонжеронное крыло

	9. wing  high-lift devices 
	i) крило змінної стрілоподібності / крыло изменяемой стреловидности

	10. cantilever wing 
	j) поверхня крила / поверхность крыла

	11. wing surface 
	k) стиковка крила з фюзеляжем / стыковка крыла с фюзеляжем


Exercise 50. Speak on wing shapes and designs using Figure I.3.12 and the word list bellow. 
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Fig.I.3.12. Wing shapes and designs
	а) rectangular wing 
	прямокутне крило
	прямоугольное крыло

	b) tapered wing
	трапецеїдальне крило
	трапецевидное крыло

	c) delta wing
	трикутне крило
	трeугольное крыло

	d) variable sweep   delta wing
	трикутне крило з перемінною стрілоподібністю 
	трeугольное крыло с переменной  стреловидностью  

	
	
	

	e) ogival/ogee wing
	крило оживальної форми
	крыло оживальной формы

	f) variable geometry (vg) wing
	крило зі змінною геометрією/ стрілоподібністю (в польоті)
	крыло с изменяемой геометрией/ стреловидностью (в полете)

	g) sweptback wing; 
	стрілоподібне крило (з прямою стрілоподіб-ністю)
	стреловидное крыло (с прямой стреловидностью)

	h) variable sweep wing
	cтрілоподібне крило (з перемінною стрілоподібністю)
	cтреловидное крыло (с переменной стреловидностью)

	1. sweepback (angle) at leading edge 
	кут стрілоподіб- ності біля передньої кромки
	угол стреловидности возле  передней кромки

	2. sweepback (angle) at  quarter-chord line (at 25% of chord) 
	кут стрілоподібності біля лінії чвертей хорди
	угол стреловидности возле линии четвертей хорды

	3. horizontal tail sweep angle 
	кут стрілоподібності горизонталь-ного оперення
	угол стреловидности горизонтального оперения

	4. vertical tail sweep angle 
	кут стрілоподібності вертикального    оперення
	угол стреловидности вертикального    оперения

	5. quarter-chord line; 25% of chord  line 
	лінія чвертей хорди       
	линия четвертей хорды

	6. quarter-chord point
	точка чверті хорди
	точка четверти хорды

	7. airplane longitudinal axis
	повздовжня вісь літака
	продольная ось самолета

	8. leading edge (le)
	передня кромка
	передняя кромка

	9. wing center section
	центроплан
	центроплан

	10. inner wing
	середня частина крила
	средняя часть крыла

	11. outer wing (panel)
	від’ємна частина крила
	отделяемая часть крыла

	13. inboard engine
	внутрішній двигун
	внутренний двигатель

	14. outboard engine
	зовнішній двигун
	внешний двигатель


Exercise 51. Match the Ukrainian/Russian – English equivalents.

	1. трикутне крило з перемінною стрілопо-дібністю / трeугольное крыло с переменной стреловидностью
	a) delta wing
 

	2. кут стрілоподібності біля передньої кромки / угол стреловидности возле передней кромки
	b) variable sweep wing

	3. пряме крило / прямое крыло
	c) rectangular wing

	4. повздовжня вісь літака / продольная ось самолета
	d) vertical tail sweep angle

	5. трикутне крило / трeугольное крыло
	e) leading edge (LE)


	6. внутрішній двигун / внутренний двигатель
	f) wing center section

	7. кут стрілоподібності вертикального оперення / угол стреловидности вертика-льного оперения
	g) sweptback wing 

	8. крило зі змінною геометрією / стрілопо-дібністю / крыло с изменяемой геометрией / стреловидностью
	h) airplane longitudinal axis (center line)   

	9. центроплан / центроплан
	i) horizontal tail sweep angle

	10. кут стрілоподібності горизонтального оперення / угол стреловидности горизон-тального оперения
	j) outboard engine  

	11. передня кромка / передняя кромка
	k) variable sweep delta wing

	12. зовнішній двигун / внешний двигатель
	l) variable geometry (VG) wing 

	13. трапецеїдальне крило / трапецевидное крыло
	m) sweepback angle at leading edge  

	14. стрілоподібдне крило з перемінною стрілоподібністю / стреловидное крыло с переменной стреловидностью
	n) tapered wing

	15. стрілоподібне крило з прямою стріло-подібністю / стреловидное крыло с прямой стреловидностью
	o) inboard engine


Exercise 52. Translate text 6 without a dictionary and give the gist of it.
Text 6. Man's desire to fly

The desire to fly was one of the oldest desires of man. But in old times people knew little about air. They did not know that life could not exist without it.
People began to study that phenomenon. Some scientists began to ask "What is air and how can a man fly in it?"
The Greek philosopher Aristotle believed that air had weight and pressed on bodies which were in the air. Later men of science like Galileo, Roger Bacon and Pascal came to the conclusion that air was a gas and that the higher you went the less its pressure was. That human flight is possible is the fundamental idea of the  book by Leonardo da Vinci. In the book the famous Italian artist and scientist recorded the first scientific principles of human flight. He found that the faster the flow of air, the greater the lift was. As a result of these studies he designed a flying devi​ce. In his device the pilot had to operate movable wings with the help of his arms and feet. But the machine did not fly.
In the course of many centuries scientists tried to make a flying device. But the development of a practical flying device on a really scientific basis began later. The first flying ma​chine a man could control in the air appeared only in the 19th century.  

Exercise 53. Write out the comparative constructions “the… the…” from text 6.
Exercise 54. Read text 7 and put key questions to it.
Text 7. A 330 / A 340 Common Wing

The A 340 wing is virtually identical to that of the A 330. Its design represents a wing which can support either two or four engines. It meets the economic cruise requirements of both the medium-range A 330 and the long-range A 340. 

The A 340 wing is the biggest to be designed and built by British Aerospace for the Airbus family. It has the highest sweep of any Airbus wing. Although similar in overall arrangement, the layout of leading-edge slats, trailing-edge flaps, spoilers and ailerons differs in details – mainly because of the engines. The ailerons are drooped for take off and landing and deflected upwards after touchdown to increase lift dumping and breaking efficiency. 

The most obvious visual difference between the A 330 and A 340 wings is the latter’s outer engine installation. 

Two years of intense three-dimensions computer analysis, coupled with windtunnel studies, has resulted in the A 340 having less wing/engine interference drag than the two-engined A 310.

Exercise 55. Write out adjectives in the superlative degree from text 7.
Exercise 56. Translate text 8 in a written form.

Text 8. Wings
All airplanes, by definition, have wings. Some are nearly all wing with a very small cockpit. Others have minimal wings, or wings that seem to be merely extensions of a blended, aerodynamic fuselage, such as the space shuttle. A delta-wing design derived from the shape of the Greek letter delta, merges the wing and tail of an aircraft into one large flying surface. The shape of the wing resembles an isosceles  triangle1 and provides greater aerodynamic advantage in supersonic flight.

Before the 20th century, wings were made of wooden ribs and spars (or beams), covered with fabric that was sewn tightly and varnished to be extremely stiff. A conventional wing has one or more spars that run from one end of the wing to the other. Perpendicular to the spar are a series of ribs, which run from the front, or leading edge, to the rear, or trailing edge, of the wing. These are carefully constructed to shape the wing in a manner that determines its lifting properties. Wood and fabric wings often used spruce for the structure, because of that material's relatively light weight and high strength, and linen for the cloth covering.
Note:
 
 isosceles triangle- рівнобедрений трикутник/ равнобедренный треугольник

Exercise 57. Speak on:

1. Wing design. 2. Wing high-lift devices.
I.4. TAIL UNIT

Exercise 1. Memorize  the active vocabulary.

	tail cone
	хвостовий конус / обтікач
	хвостовой конус / обтекатель

	elevator
	кермо висоти
	руль высоты

	stabilizer
	стабілізатор
	стабилизатор

	fin 
	кіль
	киль

	rudder
	кермо напрямку / повороту
	руль направления / поворота

	airframe
	планер / корпус літального апарату  
	планер / корпус летательного аппарата 

	directional control
	керування                      за курсом
	управление по курсу

	longitudinal stability
	повздовжня стійкість
	продольная устойчивость

	steady  
	1. стійкий, сталий; 2. робити стійким
	1. устойчивый;      2. делать  устой-чивым

	attach
	кріпити, прикріплю-вати, приєднувати
	крепить, прикреплять, присоединять

	control
	1. керування; 2. орган керування;     3. керувати, регулювати
	1.  управление;      2. орган управления; 3. управлять, регулировать

	deflect 
	відхиляти(ся)
	отклонять(ся) 


Exercise 2. Practise out the dialogue.

Dialogue 1
T. As you already know the empennage or the tail assembly is one of the principal structural units of the aircraft (Fig.I.4.1).  What else can you tell us about it?
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Fig. I.4.1. Tail unit 

S. The tail assembly is located at the rear of any aircraft. The tail unit consists of symmetrical airfoil sections: vertical and horizontal. Each of them is divided into two parts, the front, fixed, and the rear, movable, in the form of a flap. The vertical surface is known as “fin”. The horizontal surface is called “stabilizer”. The tail unit provides directional and longitudinal stability of the aircraft in flight. 

T. You are quite right. Look at the picture (Fig. I.4.2.) Can you point at the tail unit and its sections?
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Fig. I.4.2. Tail assembly

S. Sure. Here they are.

T. O.K. But today our topic isn’t just tail assembly. We’ll be speaking about flight control surfaces (площини керування/ плоскости управления). The primary (основні/основные) flight control surfaces include ailerons (елерони/элероны), elevators and rudder. Elevators and rudder are the elements of the empennage, and ailerons are parts of the wing. 

At the rear of the airplane there is the tail assembly or empennage. It is composed of a fin which is not movable, and the rudder which is attached to the fin. Here it is in Fig. I.4.3.
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Fig. I.4.3. Rudder

The rudder is a movable part hinged to the trailing edge of the tail’s vertical fin. It is designed to control the yawing action (рискання/ рыскание) around the vertical axis of the aircraft. The rudder can be deflected to the right or to the left or lie in line with the fin. If it is necessary to turn the airplane to the left, the rudder is pushed to the left. 
So, what can you say about the rudder?

S. The rudder is movable and, if it is deflected to the right  the tail turns towards the left by the action of airflow and  the nose of the airplane turns to the right. So the plane makes a right turn.

T. Absolutely! And where should the pilot deflect the rudder to make the airplane turn to the left?

S. I think, to make a left turn the rudder must be turned to the left.

T. You are quite right. The control surfaces are actuated by means of  control mechanisms, consisting of the controls in the cockpit together with the linkage (проводка керування / проводка управления) and accessories. Do you know what the rudder is controlled by?

S. It is controlled by rudder pedals, isn’t it?

T. Yes, of course. To make a right turn the pilot presses the right pedal and to turn to the left he has to press the left pedal.

Exercise 3. Read,  translate and give the gist of  text 1.

Text 1. Tail Unit

Tail section or empennage is one of the principal structural units of the aircraft and the element of airplane airframe. Tail assembly consists of a tail cone, fixed surfaces, and movable surfaces. One is vertical and the other is horizontal. They are of symmetrical airfoil section. Each is divided into two parts, the front and the rear. The front part is fixed and helps to steady the aircraft. The rear part is a movable surface made in the form of a flap that helps to direct an aircraft’s flight. The vertical surface is called the “fin”. It provides directional stability and control of the aircraft in flight. The horizontal surface is known as the “stabilizer”.

Both the fin and the stabilizer are very similar to the wings in construction. They are usually of all-metal construction. The vertical stabilizer or fin provides directional stability of the aeroplane in flight. It also serves as the base to which the rudder is attached. The rudder is a movable surface hinged to the trailing edge of the fin. It provides directional control of the airplane in flight, being deflected to the right or left. The horizontal stabilizer provides longitudinal stability of the aeroplane in flight. It serves as a support for the elevators.

Elevators are movable airfoils, hinged to the trailing edge of the tail’s horizontal stabilizer. They can deflect downwards and upwards. The elevators control the climb and descent of the airplane, that is the motion of the aircraft about the lateral axis. To cause the aeroplane to climb it is necessary to deflect them upward. When the elevators are lowered the aircraft begins to descend.

Exercise 4. Match English - Ukrainian / Russian  equivalents.

	1. actuate
	a) подібна конструкція / подобная констру-кция

	2. climb 
	b) хвостове оперення / хвостовое оперение

	3. descend
	c) відхиляти(ся) / отклонять(ся)

	4. deflect
	d) кіль / киль

	5. tail assembly
	e) поперечний переріз аеродинамічного профілю / поперечное сечение аэродинами-ческого профиля

	6. airfoil section 
	f) кермо висоти / руль высоты

	7. control stick 
	j) кермо повороту / руль поворота

	8. all-metal construction
	h) набирати висоту / набирать высоту

	9. similar constru-  ction 
	i) приводити в дію / приводить в действие

	10. rudder 
	j) знижуватися / снижаться

	11. elevator 
	k) ручка керування / ручка управления

	12. fin 
	l) суцільно металева конструкція / цельно металлическая конструкция


Exercise 5. Translate the combinations with the words rudder, stabilizer.

Aerodynamic rudder, movable rudder, fixed rudder, split rudder, fully deflected rudder, two-section rudder, fabric-covered rudder;     adjustable stabilizer, horizontal stabili​zer, mechanical stabilizer, vertical stabilizer.

Exercise 6. Define the parts of speech the following words belong to and translate the derivative chains.

Direct, direction, director, directional;

vary, variety, variation, variability, variant, various; 

apply, application, applicant, appliance, applicable;  

extend, extension, extensive, extensively; 

define, definition, definite, indefinite, definitely;

move, motion, movement, movable, mobile; 

assemble, disassemble, assembly, assemblage, assembler; 

construct, construction, constructive, constructional;

relate, relation, relationship, relative, relatively; 

act, action, activity, active, inactive, activate, actively; 

elevate, elevation, elevated, elevator; 

coordinate, coordination, coordinator; 
deflect, deflection, deflected, deflector; 

actuate, actuation, actuator.
Exercise 7. Make word combinations using the words given in lines 1 and 2.

1) movable, tail, trailing, longitudinal, horizontal, control, vertical, lateral;

2) axis, stabilizer, stick, assembly, rudder, surface, edge, pedal, unit, mechanism.
Exercise 8. Fill in the blanks with the words and word combinations given below. 

Stabilisers, empennage, directional stability, lateral, rudder, climb and descent, movable, longitudinal stability.
1. The vertical stabilizer or fin provides … of the aeroplane in flight. 2. Both … are very similar to the wings in construction. 3. … is located at the rear of the aeroplane. 4. The elevator is a … airfoil. 5. The vertical stabilizer also serves as the base to which the … is attached.     6. The elevators control the … of the airplane. 7. The horizontal stabilizer provides … of the airplane in flight. 8. The climb and descent of the aeroplane are the motions of the aircraft about the … axis. 

Exercise 9. Say whether the following  statements are true or false. Correct the false ones.

1. The tail unit is the element of airplane frame. 2. Tail assembly consists generally of four surfaces. 3. Surfaces constituting the empennage aren’t of symmetrical airfoil section. 4. Both fin and stabilizer are divided into two parts, the front and the rear. 5. Horizontal and vertical stabilizers are very similar to the wings in construction. 6. The fixed surfaces are usually a rudder and elevators. 7. The vertical stabilizer or fin provides longitudinal stability of the aircraft in flight. 8. The rudder provides directional control of the airplane in flight, being deflected upwards or downwards. 9. Elevators are movable airfoils hinged to the trailing edge of the tail’s vertical stabilizer. 10. The elevators control the motion of the aircraft about the longitudinal axis. 11. When the elevators are lowered the aircraft begins to descend.

Exercise 10. Answer the  questions on text 1.

1. Where is the tail unit or empennage located? 2. How many surfaces does the tail assembly consist of? 3. What parts constitute the horizontal surface? 4. What parts does the vertical surface consist of? 5. What is the stabilizer similar in design to? 6. What does the vertical stabilizer or fin provide? 7. What provides longitudinal stability of the aeroplane in flight? 8. Elevators are attached to the leading edge of the tail’s horizontal stabilizer, aren’t they? 9. How can the elevators deflect? 10. Are elevators lowered or raised when the aircraft begins to descend? 11. What is hinged to the fin? 12. How can the rudder be deflected?
Exercise 11. Put questions to the italicized words.

1. In order to control the aircraft while in flight, it is necessary to equip it with movable control surfaces or airfoils. 2. The primary group includes ailerons, elevators and the rudder. 3. The axis that runs from the nose to the tail is called the longitudinal axis. 4. Rotation about the longitudinal axis is called “roll”. 5. Rotation of the aircraft about the lateral axis is called” “pitch. 6. Flying crew carry out work connected with aircraft flight. 7. The rudder serves for changing the attitude of the aeroplane about the vertical axis.
Exercise 12. Comment on the text “Tail Unit” using such constructions as:
	It is a common knowledge …
	Загально відомо, що ... / Обще-известно, что ... 

	In my opinion …
	На мою думку... / По моему мнению ...

	The point is (that) …
	Справа в тому, що ... /Дело в том, что …

	As far as I know …
	Наскільки мені відомо ... / Насколько мне известно ...

	I think ...
	Я вважаю, що.../Я полагаю, что...

	I  believe…
	Я вважаю, що.../Я полагаю, что...


Exercise 13. Memorize the active vocabulary. 
	control surface
	площина керування, кермо
	плоскость управления, руль

	primary control surface
	основна площина керування
	основная плоскость управления

	secondary control surface
	допоміжна площина керування
	вспомогательная плоскость управления

	control column 
	ручка/колонка керування
	ручка/колонка управления

	control stick
	ручка керування
	ручка управления

	control mechanism
	механізм керування
	механизм управления

	attitude 
	положення в прос-торі
	положение в прост-ранстве 

	roll
	крен (обертання відносно повздовжньої осі), “бочка” (авіаційна фігура)
	крен, (вращение вокруг продольной оси), “бочка”(авиа-ционная фигура)

	pitch 
	тангаж (обертання відносно  поперечної осі); кут тангажу
	тангаж (вращение вокруг  поперечной оси); угол тангажа

	pitchdown
	пікірування
	пикирование

	pitchup
	кабрування
	кабрирование

	pitching
	зміна кута тангажу
	изменение угла тангажа

	yaw
	рискання, відхи-лення від курсу 
	рыскание, отклоне-ние от курса 

	actuate
	приводити в дію
	приводить в действие

	
	
	

	bank 
	1) віраж, розворот, крен 2) виконувати віраж 
	1) вираж, разворот, крен  2) выполнять вираж

	rudder pedal 
	педаль руля пово-роту
	педаль руля поворота

	interconnected
	взаємопов’язаний
	взаимосвязанный

	rotate
	обертати(ся)
	вращать(ся)

	assist
	допомагати
	помогать

	push 
	1. нажим, поштовх 2. натискати, штовхати
	1. нажим толчок       2. нажимать, толкать

	cable
	1. трос 2. кабель
	1. трос 2. кабель

	linkage
	проводка керування
	проводка управления

	pulley
	блок, шків, ролик
	блок, шкив, ролик

	turnbuckle
	стяжна муфта
	стяжная муфта

	fair-lead
	вивідна трубка
	выводная трубка

	accessorу
	допоміжний агрегат
	вспомогательный агрегат

	simultaneously
	одночасно
	одновременно

	vice versa
	навпаки
	наоборот


Exercise 14. Practise out the dialogue.
Dialogue 2
T. The control stick or column and rudder pedals through the linkage actuate all control surfaces. The linkage consists of cables with turnbuckles (стяжнi муфти / стяжные муфты). The cables are guided through fair-leads (вивідні трубки / выводные трубки) and over pulleys (блоки, шківи, ролики / блоки, шкивы, ролики).

So, what are control surfaces actuated by?

S. By control column and rudder pedals through a special linkage, as we have just heard.

T. So, by pushing the left pedal, the pilot makes the rudder move to the left causing the airplane to turn to the left around its vertical axis. Pressure on the right pedal turns the airplane to the right. The primary purpose of the rudder is to coordinate with the ailerons the movement of the aircraft when the plane is banking.
Now, look at this picture (Fig.I.4.4). These are elevators. The elevators are
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Fig. I.4.4. Elevators

movable airfoils attached to the trailing edge of the tail's horizontal stabilizer.  They control the pitch. 
S. Is it the rotation of the aircraft around the lateral or pitch axis? 

T. Yes, it is. To cause the aeroplane to climb it is necessary to deflect them upward. When the elevators are lowered the aircraft begins to descend.

S. Do the flight control surfaces include rudder and elevators?

T. Flight control system consists of primary and secondary flight control surfaces. The primary group includes: ailerons, elevators and rudder. And the secondary group includes some types of tabs (тримери / триммеры).
Exercise 15. Read, translate and give the gist of  text 2.
Text 2. Flight Control Surfaces

In order to control the airplane while in flight, it is necessary to equip it with movable control surfaces or airfoils. The airfoils designed to be moved by the pilot in order to change the attitude of the airplane during flight are known as primary or main and secondary or auxiliary control surfaces. The primary group serves to change the attitude of the aircraft about the vertical, lateral and longitudinal axes. The primary group includes ailerons, elevators and rudder. Ailerons are movable control surfaces attached to the trailing edge of both wings. Elevators are attached to the trailing edge of the horizontal stabilizer. The rudder is hinged to the trailing edge of the vertical stabilizer. Primary control surfaces are similar in construction and vary only in size, shape and methods of attachment.

The ailerons are interconnected in the control system to operate simultaneously in opposite directions. Ailerons help to bank the airplane, that is, they control the roll, or movement around the longitudinal axis. Ailerons are so connected that when the aileron on one wing is turned up to decrease lift, the aileron on the other wing automatically goes down and increases lift. If the pilot wants to roll to the right, he moves the stick to the right or turns the wheel to the right and the right aileron goes up and at the same time the left ailerons goes down increasing the lift on the left side, thereby assisting in the roll action to the right.

The elevators are movable airfoils. They are attached to the trailing edge of the tail’s horizontal stabilizer. The elevators control the pitch, that is, the rotation about the lateral or pitch axis. They can deflect downwards and upwards. To cause the airplane to climb it is necessary to deflect elevators upwards. When the elevators are lowered the airplane begins to descend. 

The rudder is a movable part attached to the trailing edge of  the tail’s vertical fin, and is designed to control the aircraft yawing action around the vertical axis. The rudder can be deflected to the right or to the left or lie in a line with the fin. If it is necessary to turn the airplane to the left the rudder is pushed to the left and vice versa.

Exercise 16. Read these words out loud, paying attention to the stress:

а) on the first syllable: aileron, surface, rudder, tail, similar, structure, metal, system, vertical, movable, opposite;
b) on the second syllable: construction, internal, externally, direction, control, controlled, about, without, connect, descend, rotation, auxiliary.
Translate the words.

Exercise 17. Translate the following according to the model.

Model:

	to translate
	translating
	translated

	перекладати / 

переводить
	перекладаючи(й) /

переводя(щий)
	перекладений /

переведенный


To control – controlling – controlled; to protect – protecting – protected; to design – designing – designed; to instruct – instructing – instructed; to elevate – elevating – elevated; to carry – carrying – carried; to deflect – deflecting – deflected; to turn – turning – turned; to train – training – trained; to support – supporting – supported.
Exercise 18. Give English equivalent.
Виконувати віраж/выполнять вираж; набирати висоту/на-бирать высоту; штовхати/толкать; кріпити на шарнірах/крепить на шарнирах; штурвал/штурвал; аеродинамічний профіль/ аэродинамический профиль; повздовжня вісь/продольная ось; обертання відносно повздовжньої осі/вращение вокруг продольной оси; поперечна вісь/поперечная ось; обертання відносно поперечної осі/вращение вокруг поперечной оси; руль повороту/руль поворота; кіль/киль; рискання/рыскание; положення/положение; кутове положення/угловое положение; центр тяжіння/центр тяжести; ручка керування/ручка управления; знижуватися/снижаться; одночасно/одновременно; площина керування/плоскость управления.

Exercise 19. Match English – Ukrainian / Russian equivalents.

	1. сlimb
	a) приводити в дію/приводить в действие

	2. descend 
	b) рухомий аеродинамічний профіль/подви-жный аэродинамический профиль

	3. actuate 
	c) проводка керування / проводка управления

	4. control mechanism 
	d) знижати(ся) / снижать(ся)

	5. empennage
	e) поперечна вісь / поперечная ось

	6. turnbuckle
	f) набирати висоту / набирать высоту

	7. fair-lead  
	g) відхиляти(ся) / отклонять(ся)

	8. pitch axis 
	h) хвостове оперення / хвостовое оперение

	9. movable airfoil 
	i) вивідна трубка / выводная трубка

	10. deflect 
	j) стяжна муфта / стяжная муфта

	11. pulley 
	k) педаль руля повороту / педаль руля пово-рота 

	12. rudder pedal 
	l) горизонтальний політ / горизонтальный полет 

	13. yaw 
	m) руль висоти / руль высоты

	14. bank 
	n) допоміжні агрегати / вспомогательные агрегаты

	15. linkage   
	o) механізм керування / механизм управления

	16. accessories
	p) рискання, відхилення від курсу / рыскание, отклонение от курса

	17. elevator 
	q) крен, віраж / крен, вираж

	18. level flight
	r) блок, шків / блок, шкив


Exercise 20. Answer the questions on text 2.
1. Why is it necessary to equip an airplane with movable control surfaces or airfoils? 2. What is used to change the attitude of the airplane during flight? 3. What do we call the airfoils designed to change the attitude of the airplane during flight? 4. What term determines the angular position of the airplane in relation to the horizontal, vertical and lateral planes? 5. What is the longitudinal axis? 6. The rotation about longitudinal axis is called “roll”, isn’t it? 7. What is called “pitch”?      8. What axis runs vertically through the aircraft centre of gravity?        9. What surfaces help to bank the airplane, that is, to control  its  movement  around  the  longitudinal  axis? 10. What must the pilot do if he wants to roll to the right? 11. What is it necessary to do to cause the airplane to climb? 12. When the elevators  are  lowered  the  airplane  begins  to  climb, doesn’t  it? 13. What surfaces are  designed to control the aircraft yawing action around the  vertical  axis? 14. Where can  the  rudder  be  deflected?  15. What is to be done to turn the airplane to the left?

Exercisе 21. Match the terms with the definitions.

	1. longitudinal axis
	a) The angular position of the airplane in relation to the horizontal plane and the vertical plane

	2. vertical axis
	b) The axis that runs from one wing tip to the other

	3. roll
	c) The rotation of an airplane about lateral  axis

	4. lateral axis
	d) The axis that runs vertically through the fuselage in its centre of gravity  

	5. primary group
	e) The axis that runs from the nose to the tail of an airplane

	6. yaw
	f) The rotation of an airplane about longitudinal axis

	7. pitch
	g) The rotation of an airplane about vertical axis

	8. attitude
	h) The group that includes ailerons, elevators, and rudder


Exercise 22. Put questions to the italicized words. 
1. The rudder controls the  aeroplane motion about the vertical axis. 2. The control surfaces are actuated by means of a control mechanism. 3. Pressure on the  left pedal turns the  aircraft to  the left. 4. The rudder is attached to the trailing edge of the tail’s vertical  fin. 5. The rudder is designed to control yawing  action of the aircraft. 6. The secondary group of control surfaces reduces the force required to actuate the primary group. 7. During low-speed flight all control surfaces operate to provide maximum stability.
Exercise 23. Give definitions of the terms: longitudinal axis, vertical axis, lateral axis, roll, yaw, pitch, primary group, secondary group, attitude.

Exercise 24. Fill in the blanks with the following words and word combinations.
Bank, wing, horizontal stabilizer, coordinate, rotation, control stick, tail assembly, yawing action, control mechanism.
1. The elevators are attached to the  trailing  edge  оf  the … …  .
2. The elevators control the … around the pitch axis. 3. To cause the plane to turn to the right, the pilot moves the … to the right. 4. The ailerons help to … the airplane. 5. At the rear of the plane there is the … …. 6. The rudder is a movable part designed to control the … … around the vertical axis of the aircraft. 7. The control surfaces are actuated by means of … … . 8. The primary purpose of the rudder is to … with the ailerons the movement of the aircraft when the plane is banking. 9. Both stabilizers are very similar to the … in construction.

Exercise 25. Translate the sentences paying attention to the functions of  the Infinitive.

1. To change the attitude and direction of flight, aircraft use another type of airfoils, called controls that comprise the rudder, the elevator, and the ailerons. 2. In order to create the required lift, these airfoils must  move through  the  air  with  sufficiently  high  speed. 3. The rudder is used to deflect the movement of the aircraft to the left or to the right. 4. All heavier-than-air craft use aerodynamic surfaces or airfoils to develop the necessary supporting force. 5. The fin is a fixed or adjustable airfoil attached longitudinally to an aircraft to provide a stabilizing effect. 6. The ailerons are pairs of control surfaces hinged along the wing span and designed to roll the aircraft to the left or to the right by their differential movement. 7. To design means to make a drawing or plan of something that will be made or built.

	Exercise 26. Translate into English.
1. Рухомі площини керування поділяються на основні та допоміжні площини керування.
	1. Подвижные плоскости упра-вления делятся на основные и вспомогательные плоскости управления.

	2. Основними площинами ке-рування є елерони, рулі висоти та руль повороту.
	2. Основными плоскостями управления являются элероны, рули высоты и руль поворота.

	3. Руль повороту – це рухома частина, що кріпиться до задньої кромки кiля.
	3. Руль поворота – это подви-жная часть, которая крепится к задней кромке киля.

	4. Руль повороту може відхи-лятися вправо, вліво або зна-ходитися в одній площині з кiлем.
	4. Руль поворота может откло-няться вправо, влево или на-ходиться в одной плоскости с килем.

	5. Руль повороту слугує для того, щоб змінювати поло-ження літака в польоті відно-сно вертикальної осі.
	5. Руль поворота служит для изменения положения самолета в полете относительно вертикальной оси.

	6. Рулі висоти кріпляться до задньої кромки горизонталь-ного стабілізатора.
	6. Рули высоты крепятся к задней кромке горизонтального стабилизатора.

	7. Рулі висоти можуть відхи-лятися вгору або вниз.
	7. Рули высоты могут откло-няться вверх или вниз.

	8. Рулі висоти слугують для того, щоб змінювати положен-ня літака в польоті відносно осі тангажу.
	8. Рули высоты служат для изменения положения самолета в полете относительно оси тангажа.

	9. Обертання літака відносно повздовжньої осі називається “крен“.
	9. Вращение самолета вокруг продольной оси называется “крен“.

	10. Обертання літака відносно поперечної осі, що простягається від однієї закінцівки крила до іншої, називається “тангаж”.
	10. Вращение самолета вокруг поперечной оси, которая проходит от одной законцовки крыла до другой, называется “тангаж”.

	11. Усі  площини керування приводяться в дію за допомогою проводки керування.
	11. Все плоскости управления приводяться в действие при помощи проводки управления.

	12. Проводка керування скла-дається з тросів зі стяжними муфтами, прокладених через вивідні трубки і шківи.
	12. Проводка управления состоит из тросов со стяжными муфтами, проложенных через выводные трубки и шкивы.


Exercise 27. Translate text 3 in a written form.

Text 3. Elevators

The elevators are movable airfoils hinged to the horizontal stabilizer and used by the pilot to move the airplane around the lateral or pitch axis. They are used to make the aircraft climb or dive, and also to obtain sufficient lift from the wings to keep the aircraft in level flight at various speeds. The elevator can be moved either up or down. If one wants to change the attitude of the airplane and descend, he places the forward pressure on the control stick. This, due to the system of cables connecting the stick to the elevators, lowers the trailing edge of the elevators, causing the increase of lift at the tail. As a result, the tail of the airplane moves up and the nose moves downwards. Lowering the aircraft’s nose increases forward speed, and raising the nose decreases it. 

The backward pressure on the control stick raises the trailing edge of the elevators and causes the nose of the aircraft to move upwards.

Exercise 28. Memorize the active vocabulary. 
	trim
	врівноважувати, регулювати, балансувати
	уравновешивать, регулировать, балансировать

	apply
	прикладати, застосовувати
	прилагать, применять

	tab
	 1. тример 2. щиток      3. пластина
	1. триммер 2. щиток        3. пластина

	trimmer / trim tab
	тример
	триммер

	servo tab
	cервотример/ сервокомпенсатор
	cервотриммер/ сервокомпенсатор

	balance tab
	компенсатор 
	компенсатор 

	elevon
	елевон (об’єднує функціі елерона і керма висоти)
	элевон (сочетает функции элерона и руля высоты)

	crank
	кривошип, коліно; колінча(с)тий важіль
	кривошип, колено; коленчатый рычаг

	bend
	1. стрічка, полоса      2. згинати, вигинати
	1. лента, полоса 2. сгибать, выгибать

	lever
	важіль
	Рычаг

	abnormal attitude
	відхилення від правильного положення (літака в повітрі)
	отклонение от правилього положения (самолета в  воздухе)

	adjust 
	регулювати
	регулировать

	landing roll
	пробіг під час приземлення
	пробег при посадке

	opposite
	протилежний
	противоположный

	extra 
	1. додатковий  2. надлишковий 
	1. дополнительный  2. излишний 

	obstruct
	перешкоджати; затримувати
	препятствовать; задерживать

	in conjunc-tion  (with)
	 сумісно (з), разом (з)
	совместно (с), в сочетании (с)

	vary
	відрізнятися, різнитися; варіюватися, міняти(ся)
	отличаться, разниться; варьировать(ся), (из)менять(ся)

	facilitate
	сприяти
	способствовать

	trim wheel
	штурвальчик керування тримером
	штурвальчик управления триммером


Exercise 29. Practise out the dialogue.
Dialogue 3
T. As we know control surfaces are divided into primary and secon​dary surfaces. What are the primary control surfaces used for?   

S. They are used to control the motion of the airplane around the three main axes.

T. You are right. Secondary control surfaces are used to trim the airplane. Look at this picture (Fig.I.4.5.)
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Fig. I.4.5. Secondary control surfaces

These are the secondary control surfaces. The secondary control surfaces include: trim tabs, servo tabs and balance tabs. Where are the secondary control surfaces located?

S. As I can see in the picture they are relatively small airfoils attached to the trailing edges of the primary control sur​faces.

T.  Look at this picture (Fig.I.4.6.) 

[image: image28.png]



Fig. I.4.6. Elevator trim tab

This is the elevator trim tab. The elevator trim tab is usually adjustable (регулюється / регулируется) from inside the cabin in flight by turning a trim wheel or crank.
Look at this picture (Fig. I.4.7.) That is the rudder trim tab.
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Fig. I.4.7. Rudder trim tab

Trim tab permits the aircraft to fly straight ahead without application of pressure on the control wheel or rudder pedals. So, what can you say about the secondary control surfaces?

S. Secondary control surfaces are relatively small airfoils attached to the trailing edges of the primary control surfaces. They are used to assist the pilot to move large primary control surfaces and to correct any tendency of the aeroplane to abnor​mal attitude of flight without application of pressure to the control stick or the rudder pedals.

T. Good job, thank you.

Exercise 30. Read, translate and give the gist of text 4.
Text 4. Secondary Control Surfaces

The primary control surfaces are used to direct the airplane around the three main axes. Various other control surfaces are used to trim – adjust or balance the airplane and provide stabili​ty in flight. The secondary or auxiliary group of control surfaces consists of such members as trim tabs, balance tabs, servo tabs, spoilers and leading edge devices. The secondary control surfaces are relatively small airfoils attached to the trailing edges of the primary control surfaces. Their purpose is to reduce the force required to actuate the primary controls, to trim and balance the aircraft in flight, to reduce landing speed or shorten the length of the landing roll, and to change the speed of the aircraft in flight. 

All aircraft, except a few of the very light types, are equipped with tabs that can be controlled from the cockpit. A trim tab is used to correct any tendency of the aeroplane to abnormal attitude of flight without application of pressure to the control stick or the rudder pedals.

The balance tab decreases the force which must be exerted by the pilot to deflect a primary control surface. The balance tab is so connected that when the prima​ry control surface is moved in any direction, the tab rotates in the opposite direction.

A servo tab is used to assist in moving a large primary airfoil and holding it in the desired position with the help of a special servo mechanism. 

Wing flaps are used to give the aircraft extra lift. They reduce the landing speed, thereby shortening the length of the landing rollout to facilitate landing in small or obstructed areas.

Spoilers are auxiliary wing flight control surfaces mounted on the upper surface of each wing, which operate in conjunction with the ailerons to provide lateral control.

The secondary control surfaces are actuated by levers, wheels or cranks or by connection with the controls of the primary sur​faces.

The elevator trim tab is usually adjustable from inside the cockpit cabin in flight by turning a trim wheel or crank.

Trim tabs on the rudder may be either adjustable from inside the plane or they may be small sections that must be adjusted on the ground by bending the section in the proper direction. 

The rudder trim tab permits the aircraft to fly straight ahead without pressure on the control wheel or rudder pedals.

Exercise 31. Translate the following words without a dictionary. 
Aerodynamic (a), aileron (n), centre (n), class (n), vertical (a), comfortable (a), engineer (n), fuselage (n), cabin (n),  horizontal (a), moment (n), pilot (n,v), problem (a), effectiveness (n), design (n,v.), mechanism (n). 

Exercise 32. Read out aloud and translate the words with the stress on the second syllable:

a) attach, connect, control, assist, direct, adjust, correct, permit, apply, decrease, exert,  actuate, rotate, obstruction, direction, stability;

or the first syllable:

b) axis, surface, airfoil, edge, pitch, tendency, attitude, trim, force, lever, crank, balance, wheel, pressure, length, cockpit, bend,   trim tab, servo tab, balance tab, press.  

Exercise 33. Translate the following two- and three- word combinations.

Control surface, control mechanism, pitch control, pitch axis, wing area,  rudder pedal,  control wheel, landing speed, control stick; movable control surface, simple wing flap, elevator trim tab, rudder trim tab, trim control surface, primary control surface, lift decreasing devices, adjustable trim tab, leading edge flaps, high-lift devices.

Exercise 34. Define by suffixes the parts of speech, the following words belong to, and translate them.
Provision, various, relatively, stability, attachment, abnormal, application, lateral, direction, special, actuation, adjustable, usually, analyze, specific, various, pressure, widely, protective, trimmer, equal, sensitive, movement, different, conventional, continuous, extension, principally, retraction, spoiler, difference, actuate.

Exercise 35. Find synonymous expressions  among these words and write them out in pairs.
Ailerons, elevators and the rudder; purpose; pitch axis; primary control surfaces; aerodynamic surface; tail unit; lateral axis; trim tabs; aim, secondary control surfaces; airfoil; empennage. 

Exercise 36. Find  English equivalents in text 4.

Основні площини керування / основные плоскости управления; компенсатор / компенсатор; тример руля повороту / триммер руля поворота; ручка керування / ручка управления; протилежні напрямки / противоположные направления; педалі руля повороту / педали руля поворота; стійкість в польоті / устойчивость в полете; допоміжні площини керування / вспомогательные плоскости управления; сервокомпенсатор / сервокомпенсатор; пробіг під час приземлення / пробег при посадке; прикладати зусилля / прилагать усилие; неправильне положення в повітрі / неправильное положение в воздухе; штурвальна колонка / штурвальная колонка.
Exercise 37. Match the terms and  definitions.
	1. elevator
	a) The fixed vertical part of an  aircraft’s tail assembly 

	2. elevon
	b) A movable airfoil, usually attached to the tail of a plane that causes an airplane to dive or to climb 

	3. fin
	c) Small auxiliary airfoil that mechanically or electronically manipulates the rudder, elevator and ailerons to help stabilize the plane

	4. trim tab
	d) Control surface that combines the task of ailerons and elevators, aiding in lateral control and vertical movement


Exercise 38. Fill in the blanks with the  words and word combinations below.
Rudder trim tab; trim tabs; elevator trim tab; abnormal attitude; secondary control surfaces; rudder pedals.
1. … … are relatively small airfoils attached to the trailing edges of the primary control surfaces. 2. A trim tab is used to correct any tendency of the airplane to ... ... of flight without application of pressure to the control stick or… …. 3. ... ... ... is usually adjustable from inside the cabin in flight by turning a trim wheel or crank. 4. … … on the rudder may be adjustable from inside the plane. 5. … … … permits the aircraft to fly straight ahead without pressure on the control wheel or rudder pedals.

Exercise 39. Give definitions of the terms elevator, rudder, aileron, elevon, fin, trim tab, stabilizer.

Exercise 40. Say whether the following sentences are true or false. Correct the false ones.

1. Elevators are pairs of movable surfaces hinged to the trailing edge of the wing, near the wing tips. 2. Large aircraft may use all-metal ailerons, except for fiber glass trailing edges. 3. Flight control devices are hinged or movable surfaces through which the attitude of an aircraft is controlled during takeoff, flight and landing. 4. Secondary control surfaces are similar in construction and vary only in size, shape, and methods of attachment. 5. Ailerons, trim tabs permit the aircraft fly straight ahead. 6. Servotabs are so connected that when a primary surface moves in one direction the tab deflects in the opposite direction.

Exercise 41. Answer the questions on text 4.
1. What are the secondary control surfaces? 2. What do the secondary control surfaces include? 3. What are trim tabs used for? 4. Does the rudder trim tab permit the aircraft to fly straight ahead without application of pressure to  the control wheel or rudder pedals? 5. Is the balance tab so connected that when the primary control surface is moved in any direction  the  tab  rotates  in  the  opposite  direction? 
6. How does a balance tab work? 7. What are the secondary control surfaces actuated  by? 8. How is  the  elevator  trim  tab  adjusted? 9. What is  adjusted by bending the section in the proper direction? 
10. What trim tab permits the aircraft to fly straight ahead?

Exercise 42. Translate the sentences into English.
	1. Допоміжні площини керування – це відносно малі аеродинамічні поверхні,  прикріплені до задньої кромки основних площин керування.
	1. Вспомогательные плоскости управления – это относительно маленькие аэродинамические поверхности, которые крепятся к задней кромке основных плоскостей управления.

	2. Призначення допоміжних площин керування – допомагати пілоту пересувати основні площини керування.
	2. Назначение вспомогательных плоскостей управления – помогать пилоту передвигать основные плоскости управления.

	3. Допоміжні площини керу-вання – це тримери, серво-тримери та компенсатори.
	3. Вспомогательные плоскости управления – это триммеры сервотриммеры и компенсаторы.

	4. Тример використовується для виправлення будь-якої  тенденції літака до відхилення від потрібного положення в польоті.
	4. Триммер используется для исправления любой тенденции самолёта к отклонению от нужного положения в полёте. 

	5. Тример руля висоти зазви-чай приводиться в дію з кабіни пілота  поворотом штур-вальчика.
	5. Триммер руля высоты обычно управляется из кабины пилота поворотом штурвальчика.

	6 Тример руля повороту дозволяє літаку летіти прямо вперед без прикладання зусилля на штурвал або педалі руля повороту.
	6. Триммер руля поворота дает возможность самолету лететь прямо вперед без приложения усилия на штурвал или педали руля поворота.

	7. Допоміжні площини керування приводяться в дію важілями, штурвальчиками або шляхом приєднання їх до механізмів керування основними площинами.
	7. Вспомогательные плоскости управления приводятся в действие рычагами, штурвальчиками или путем присоединения их к механизмам управления основными плоскостями.


Exercise 43. Translate the following words with negative   prefixes un-, in-, im-, dis-, mis-, non-, ir-. 

	in- :
	invisible, inactive, incompressible, inadequate, in​correct, independent, incapable, indirect, ineffective, inefficient, inaccessible, insufficient, inaccuracy, instability, inoperative, incomplete, indefinite, insignificant;

	un- :
	unsymmetrical, unaccelerated, unbalanced, uncontrolled, uncertain, unload, unemployed, unconventional, unable, unguided,  unreliable, unreadable, unlimited,  unstable, unusual;

	non-:
	non-axial, non-aggressive, non-standard, non-flammable, non-stop; noncommercial, nonexpendable, nonrigid, nonresistant, nonvolatile, nontoxic, nonsimilarity, nonattendance;

	ir- :
	irregular, irrational, irreplaceable, irresistible, irrelative, irreparable, irresponsible;

	il- :
	illegal, illegible, illegitimate, illicit, illiterate, illogical;

	іm- :
	impractical, impossible, immaterial, immature, immovable, immobile;

	mis- :
	mispronounce, misapproach, misunderstand, mislead, mistrim, misalignment, mis-spell (the word); 

	dis- :
	disconnect, disadvantage, disappear, disproportion, discharge, discount, dislike, disembark, displacement.


Exercise 44. Form the opposites of the following words by adding a negative prefix. Translate the pairs.

Connect, direct, possible, significant, operative, agree, important, efficient, ascend, advantage, regular, normal, legal, definite, balance, like, mount, assemble.

Exercise 45. Translate the following words. Mind that suffix         -ward in adverbs means movement towards a particular direction or place.

	Model:  downward movement – рух донизу/движение вниз.


Northward, southward, westward, eastward, forward, homeward, upward, downward, rearward, backward, straightforward.
Exercise 46. Put the verbs in brackets in the proper Voice form (Present Active or Passive).
1. The number and type of auxiliary wing surfaces on an aircraft (vary) widely, depending on the  type  and  size  of  aircraft. 2. Aircraft requiring extra wing area to aid lift often (use) Fowler flaps. 3. Wing area (increase) when the flaps are extended. 4. Tabs on some aircraft are usually adjustable only when the aircraft (be) on the ground. 5. The rudder (operate) by foot pedals on all types of aircraft. 6. The use of flaps during take-off (reduce) the length of the take-off run. 7. The ailerons and elevators generally (operate) from the cockpit by a control stick on single-engine aircraft. 8. A tab  (mount) on or (attach) to a movable control surface and causes easier movement or better balance of the control surface.

Exercise 47. Give  definitions to the following terms.

Rudder, fin, aileron, elevator, empennage, roll, pitch, yaw, flight control system, primary control surfaces, secondary control surfaces, control stick, rudder pedals, pilot.
Exercise 48. Translate text 5 in a written form.

Text 5. Flight Controls

Unlike automobiles and ships, airplanes do not travel on a flat surface. To keep an airplane stable in the air, the pilot must be able to control movement about  three axes: pitch (pointing the nose up or down), roll (banking of the wings), and yaw (horizontal movement to the left or right). The control surfaces comprise the rudder, the elevators, and the ailerons.

Pitch is controlled by the elevators, which point the nose of the plane up or down. Elevators are usually a part of the tail assembly hinged to the horizontal stabilizer. When the control stick is moved forward, the elevators lower, and the airplane dives, and vice versa. Many newer aircraft possess a different method of controlling the pitch. This method combines the horizontal stabilizer and the elevators into a single surface known as the controllable horizontal tail.

Roll is controlled by ailerons on the trailing edge of a wing that cause one wing to rise while the other tilts downwards. Yaw is controlled by a rudder on the tail of the plane. The rudder steers the plane to the left or right. The ailerons and the rudder work together to turn and bank the plane.

Exercise 49. Translate the following sentences paying  attention to the translation of the modal verbs may and can.
1. This wing of box type can house several fuel tanks. 2. Can flight #1834 be expected to arrive in time? 3. The airplane can’t be landed in Heathrow as it is snowing there. 4. The thrust may be developed by rotating propellers or by throwing back masses of air. 5. If I had a good dictionary and a little more experience in this field, I could translate those articles. 6. All the necessary certification procedures may be started next month. 7. You may not find any errors in this wing structure. 8. The passenger you are looking for may be waiting for you at the 2nd gate. 9. That aeroplane may have already arrived in Tripoli. 10. I shall give him the Manufacturer’s instructions so that he can examine them. 11. He might know something about the flight control system.   12. If the mechanic had tried, he might have repaired the damaged ailerons in time. 13. The rudder can’t control the motion of the aeroplane about the vertical axis, can it? 14. The helicopter can take off without running along the ground.
Exercise 50. Translate the following sentences paying attention to the meaning and ways of translation of the modal verbs need, must, should, have to and  be to.
1. The airplane must be very thoroughly prepared by the ground crew. 2. The repair of the tail assembly must be completed as soon as possible. 3. The balance tab decreases the force which must be exerted by the pilot. 4. Powerplant technicians should analyze a problem in detail using special instruments. 5. You must have left the books at the University. 6. One ought to be very attentive and careful when testing the flight control system of the aircraft. 7. Flight engineer should know the specifics of the control surfaces operation. 8. In this device the pilot had to operate movable wings with the help of his arms and feet. 9. Students should be familiar with the definition of terms “pitch”, “yaw” and “roll”. 10. The cargo needn’t have been sent by airplane. 11. The crew was to finish the flight at 6.30 in the evening. 12. According to the contract, the goods are to arrive at the Lebanon airport at the end of next week. 13. Need he test the flight control and stabilizing surfaces of the aeroplane immediately? 14. Make sure that  the landing gear can move up and down as it should. 15. Rockets are vehicles which do not need air for support.

Exercise 51. Translate the following sentences into English paying attention to the translation of the modal verbs. 

	1. Механік повинен регулярно перевіряти стан системи керування літаком в польоті.
	1. Механик должен регулярно проверять состояние системы управления самолётом в полёте.

	2. Студенти мають знати, що рухомі площини керування діляться на основні та допо-міжні площини керування.
	2. Студентам следует знать, что подвижные плоскости управления делятся на основне и вспомогательные плоскости управления. 

	3. Йому не слід було говорити на екзамені, що передкрилки не належать до площин керування.
	3. Ему не следовало говорить на экзамене, что предкрылки не относятся к плоскостям управления.

	4. Щоб керувати літаком в польоті, пілоту необхідно оперувати його рухомими площинами керування.
	4. Чтобы управлять самолетом в полёте, пилот должен опери-ровать его подвижными плос-костями управления.

	5. Положення літального апа-рата відносно вертикальної, поперечної та повздовжньої осей можна змінити за допомогою елеронів, рулів висоти і руля повороту.
	5. Положение летательного аппарата относительно верти-кальной, поперечной и продо-льной осей можна изменить при помощи элеронов, рулей высоты и руля поворота.

	6. Студенти першого курсу можуть не знати принцип роботи механізму керування. 
	6. Студенты первого курса могут не знать принцип работы механизма управления.

	7. Ви повинні запам’ятати термін, що означає обертання літака відносно поперечної осі.
	7. Вы должны запомнить тер-мин, который означает враще-ние самолета относительно поперечной оси.

	8. Тримери слід відносити до допоміжних площин керуван-ня.
	8. Триммеры следует относить к дополнительным  плоскостям управления.

	9. Авіаційний спеціаліст спо-чатку повинен був пояснити стажисту, як оглядати літак.
	9. Авиационный специалист сначала должен был объяснить стажёру, как осматривать самолет. 

	10. Пілот повинен був повер-нути літак вліво та знизитись. 
	10. Пилот должен был повернуть самолет влево и снизиться. 

	11. Студент сказав, що може пояснити, як створюється підіймальна сила. 
	11. Студент сказал, що может объяснить, как создается подъемная сила. 

	12. Він зможе зробити доповідь на конференції з теми: “Допо-міжні площини керування “.
	12. Он сможет сделать доклад на конференции по теме: “Вспомогательные плоскости управления“.

	13. Він повинен був пригадати, з яких елементів складається основна система керування літаком в польоті.
	13. Он должен был вспомнить, из каких элементов состоит основная система управления  самолетом в полете.

	14. Механіки могли б оглянути аеродинамічні профілі хвос-тової частини, якби мали час.
	14. Механики могли бы осмотреть аэродинамические профили хвостовой части, если бы имели время.

	15. Пілот зрозумів, що він повинен негайно задіяти елерони.
	15. Пилот понял, что он должен незамедлительно задействовать элероны.


Exercise 52. Speak on:

1. The Tail Unit.

2. The Flight Control System. 

3. The Primary Control Surfaces.

4. The Secondary Control Surfaces. 

5. The Flight Control Mechanism.
I.5. Landing Gear

Exercise 1. Memorize the active vocabulary to text 1:
	auxiliary 
	допоміжний 
	вспомогательный 

	antiskid system
	протиюзова система
	противоюзовая система

	brake
	1. гальмо 2. гальмувати
	1. тормоз 2. тормозить

	parking brake
	паркувальне гальмо
	стояночный тормоз

	centre of gravity
	центр ваги
	центр тяжести

	disarm indicator
	індикатор автоматичного керування
	индикатор автоматического управления

	directional control
	керування за курсом
	управление по курсу

	indication light
	сигнальна лампочка, світловий сигнальний пристрій
	сигнальная лампочка, световое сигнальное устройство

	nose over
	капотування
	капотирование

	retraction 
	прибирання (шасі)
	уборка (шасси)

	selector lever
	селекторний важіль
	селекторный рычаг

	steering
	рульове керування (носовим колесом)
	рулевое управление (носовым колесом)

	steering wheel
	рульове колесо, штурвальчик
	рулевое колесо, штурвальчик

	shock strut
	амортизаційна стійка, амортстійка
	амортизационная стойка, амортстойка

	switch
	1. перемикач 2. перемикати 
	1. переключатель     2. включать 

	tricycle landing gear
	трьохопорне шасі (з носовим колесом)
	трехопорное шасси (с носовым колесом)

	visibility
	видимість
	видимость

	manoeuvring
	маневрування, виконання маневру
	маневрирование, выполнение маневра

	hydraulic power
	гідравлічна енергія
	гидравлическая энергия

	sensor
	сенсорний датчик, чуттєвий елемент
	сенсорный датчик, чувствительный элемент

	taxi
	рулювати (аеродромом)
	рулить (по аэродрому)

	mode
	режим (роботи)
	режим (работы)

	handle
	1. ручка, руків’я; важіль управління 2. управляти; обслуговувати 3. обробляти, працювати (з чимось) 
	1. ручка, рукоятка; рычаг управления 2. управлять; обслуживать 3. обрабатывать; работать (с чем-либо)

	inoperative
	недіючий
	недействующий


.

.

.

Exercise 2. Practise out the dialogue.
Dialogue 1
T. Our today’s topic is “The Landing Gear”. We discussed the function and general design of the landing gear while speaking about principal structural units of the airplane. Now answer the following questions, please. Does the landing gear support the airplane on the ground?
S. Yes, it does. It supports the airplane on the ground and on water.
T. What does it provide?

S. It provides take-off and landing.

T. What does the landing gear reduce during landing?
S. It reduces shocks of landing.
T. What are the functions of  the landing gear?
S. The functions of the landing gear are to support the airplane on the ground, to provide take-off and landing and to reduce shocks of landing.

T. Good. And what types of the landing gear do you know?

S. There are retractable and non-retractable landing gears.

T. What does the landing gear consists of ?

S. It consists of main and auxiliary units.

T. Look at figure 1.5.1. 
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Figure 1.5.1. Landing Gear. General view.

The main landing gear is attached near the centre of gravity of the machine and forms the principal support of the airplane. The auxiliary landing gear may be either at the tail as a tail wheel or at the front of the fuselage as a nose wheel. You can see the landing gear with the nose wheel in the picture. What is it called?

S. It is called the tricycle landing gear (трьохопорне шасі з носовим колесом / трехопорное шасси с носовым колесом). 
T. That’s correct. The tricycle landing gear is employed extensively, as it answers good stability of the plane during take-off  run (розбіг під час зльоту / разбег при взлете) and landing roll (пробіг під час посадки / пробег при посадке) and prevents a plane from nosing over (капотування / капотирование) in landing. 

Exercise 3. Read, translate and give the gist of text 1.

Text 1. Landing Gear

The landing gear or undercarriage is one of the main structural units of the airplane. The landing gear provides support for the airplane during static and ground manoeuvring conditions. Structurally it reacts to the airplane loads on three axes and the component forces that are generated during its motion.

The landing gear usually consists of the main and auxiliary units. The main landing gear is attached near the centre of gravity of an airplane and forms its principal support. The auxiliary landing gear forms an auxiliary support, and, as it is far away from the centre of gravity of the machine and less loaded, it is made comparatively light.

Present day airplanes have a tricycle type landing gear consisting of two main gears and a nose gear. This design has some advantages, namely: it improves visibility during taxiing, reduces the possibility of nose over, makes an airplane more stable during landing, as the centre of gravity is ahead of the main wheels.

Airplanes having a tricycle type landing gear employ air/oil shock struts. Hydraulic power is used for normal gear extension and retraction. In a large number of airplanes the gear may be extended manually. Shock strut compression is used for air / ground sensing control and utilizes solid state sensors as does the indication and warning system. Nose wheel steering is available to taxy and take off and for directional control when the airplane is on the ground. A steering wheel gives up to about 78 degrees left and right steering capability.

Brakes are installed on the main gear and may be operated in either manual or automatic mode; an antiskid system is used to increase braking effectiveness.

Landing gear control and indication components include: the landing gear selector lever and indication lights, manual extension handles, parking brake lever and indicator, nose gear steering control wheel, antiskid control switch and inoperative indicator, and the autobrake control switch and disarm indicator.

Exercise 4. Say whether the following sentences are true or false. Correct the false ones using the following expressions. 

The statement is false as …

I don’t agree with this …

As far as I know …

I am sure (that) …

To my mind …

I believe (that) …

1.The landing gear provides support for the airplane during air manoeuvring conditions. 2. The landing gear usually consists of the main and auxiliary units. 3. The auxiliary landing gear is attached near the center of gravity of an airplane. 4. The main landing gear is less loaded and is made comparatively light. 5. Present day airplanes have a tricycle type landing gear, that is consisting of two main gears and a nose gear. 6. Nose wheel steering is available for directional control when the airplane is in flight. 7. An antiskid system is used to decrease braking effectiveness. 8. A steering wheel gives up to about 78 degrees left and right steering capability.

Exercise 5. Fill in the blanks with the following words or word-combinations: shock strut, main gear, nose over, directional control, braking, manually, steering capability, hydraulic power, effectiveness.

1. The gear may be extended …. 2. A tricycle type landing gear reduces the possibility of … during landing. 3.  … is used for normal gear extension and retraction. 4. … compression is used for air or ground sensing control. 5. The antiskid system is used to increase … .  6. A steering wheel gives up to about 78 degrees left and right … .        7. Nose wheel steering is available to taxi and take off and for ….          8. Brakes are installed on the … .

Exercise 6. Choose the correct answers.
1. What is the function of the landing gear?

a) to contain the equipment;

b) to provide stability in flight;

c) to support an airplane on the ground.

2. How often is the tricycle landing gear employed now?

a) never;

b) extensively;

c) not often.

3. Why is the tricycle landing gear employed extensively now?

a) it provides good stability during take-off run;

b) it provides more clear space for the cabin;

c) it prevents a plane from nosing over in landing.

4. Why should the main landing gear be of robust design?

a) it takes up to 85 per cent of the weight of an airplane;

b) it increases visibility during take-off and landing;

c) it provides stability during take-off.

Exercise 7. Finish the following sentences.

1. The landing gear provides … 2. The landing gear usually consists of … 3. The main landing gear is attached to … 4. The auxiliary landing gear forms … 5. A tricycle type landing gear design has some advantages, namely: … 6. Hydraulic power is used for … 7. Nose wheel steering is available for … 8. Brakes are installed on … 9. An antiskid system is used to … 10. Landing gear control and indication components include …

Exercise 8. Match the English-Ukrainian/Russian equivalents.

	1. retractable landing gear
	a) капотування / капотирование

	2. steering
	b) паркувальне гальмо / стояночный тормоз

	3. shock strut
	c) протиюзова система / противоюзовая система

	4. parking brake
	d) перемикати; перемикач / переключать; переключатель

	5. directional control
	e) центр ваги / центр тяжести

	6. indication light
	f) допоміжний пристрій / вспомогательное устройство

	7. centre of gravity
	g) селекторний важіль / селекторный рычаг

	8. antiskid system
	h) амортизаційна стійка / амортизационная стойка

	9. auxiliary unit
	i) рульове керування / рулевое управление

	10. nose over
	j) трьохопорне шасі / трехопорное шасси

	11. selector lever
	k) управління за курсом / управление по курсу

	12. switch
	l) світловий сигнальний пристрій / световое сигнальное устройство


Exercise 9. Match words of the left and right columns to form as many word combinations as possible.

	1. directional

2. selector

3. nose

4. indication

5. shock

6. disarm

7. antiskid

8. auxiliary

9. steering

10. hydraulic

11. control

12. manoeuvring 

13. air / oil

14. principle

15. component
	a) support

b) components

c) conditions

d) wheel

e) lever

f) over

g) control

h) strut

i) forces

j) light

k) power 

l) system

m) unit

n) indicator

o) strut


Exercise 10. Match terms and their definitions.

	1. attach
	a) something that is able to be used or can easily be bought or found.

	2. auxiliary
	b) the force that causes something to fall to the ground or to be attracted to another planet.

	3. load
	c) something that can be regarded as a sign of something else.

	4. degree
	d) to connect or fasten one object to another.

	5. indicator
	e) providing additional help or fulfilling secondary functions.

	6. available
	f) the level or amount of something, or a unit for measuring temperature.

	7. gravity
	g) a large quantity of something that is carried by a vehicle, person etc or a force acting on something. 


	Exercise 11. Translate into English.
1.Шасі забезпечує підтримку літака під час стоянки або маневрування на землі.
	1. Шасси обеспечивает поддержку самолета во время стоянки или маневрирования на земле.

	2. Основні стійки шасі знаходяться біля центру ваги літака та є його основною опорою.
	2. Основные стойки шасси находятся возле центра тяжести самолета и являются его основной опорой.

	3. Конструкція шасі з носовим колесом має декілька переваг, а саме: вона покращує  видимість під час руління, зменшує можливість капотування та робить літак більш стійким під час приземлення.
	3. Конструкция шасси с носовым колесом имеет несколько преимуществ, а именно: она улучшает видимость при рулении, снижает возможность капотирования и делает самолет более устойчивым при посадке.

	4. У багатьох літаках шасі  може випускатися вручну.
	4. Во многих самолетах шасси может выпускаться вручную.

	5. Гальма розташовані на основному шасі і можуть управлятися автоматично або вручну.
	5. Тормоза расположены на основном шасси и могут управляться автоматически или вручную.


Exercise 12. Translate the words by adding prefix “re-“ and translate the pairs.
	Model: write – rewrite
 писати - переписувати / писать - переписывать


Read, tell, ask, make, construct, adjust, build, structure, consider, appoint, appear, animate, arm, assure, calculate, charge, fuel, direct, locate, model, move, place, phrase, plant.

Exercise 13. Derive adjectives by adding suffix “less” and  translate the pairs.

	Model: end – endless
 кінець - нескінчений / конец - бесконечный


Hope, child, care, home, speech, sense, power, cheer, wire, point, aim, bound, mercy, use, fruit, shame, wing, name, art, arm, reck, joy, fault, cloud, brain, leaf, wood, tooth, life.

Exercise 14. Derive adjectives by adding adjective-forming suffix “able” and translate the pairs.

	Model: move – movable
 рухати(ся) – рухомий / двигать(ся) – подвижный


Discuss, read, translate, bear, unbear, comfort, stretch, check, calculate, count, admire, love, hate, eat, drink, fashion, forget, unforget, divide, solve, remove, cure, predict.

Exercise 15.  Choose the correct form of the verb in brackets.

1. Any person wishing to visit England must apply / be applied for a visa. 2. A new ring road (is being built / is building) in the capital of Ukraine. 3. The number of holiday makers to the Crimea (was increased / increased) last year. 4. A lot of people (suffer / are suffering) from air sickness. 5. A new guidebook to Poland (has just published / has just been published) in Ukraine. 6. The reconstruction of the stadium (will finish / will be finished) next year. 7. It is necessary to have a certain amount of cash with you when you travel abroad because travel checks (do not often accept / are not often accepted). 8. Landing gear must (check / be checked) before every flight. 9. Air passengers (give instructions / are given instructions) what to do in case of emergency. 10. New versions of all types of aircraft (are developed / are being developed) at present.

Exercise 16. Rewrite the sentences in Passive.

1. We kindly request passengers to fasten their seat belts and keep them fastened during take-off.

Passengers _________________ .

2. A lot of aviation  companies have banned smoking on all flights according to recent regulations.

Smoking ______________________ .

3. Passengers should keep hand baggage in the compartment above the seat.

Hand baggage ____________________ .

4. Passengers can receive information about the flight from flight attendants.

Information __________________ .

5. We have trained all members of the crew to deal with emergency situations.

All members ____________________ .

6. The crew members will do everything to ensure that passengers have a pleasant trip.

Everything _________________ .

Exercise 17. Put the following sentences into the Passive Voice.

1. They ask us a lot of questions after the lecture. 2. Mechanics checked the landing gear before take-off and after landing. 3. Winners receive Nobel prizes every year. 4. They are building a new airport in this part of the country. 5. They have changed the time of taking off.     6. Passengers should keep the belts fastened during take-off and landing. 7. It is necessary to recline the seats to feel comfortable during a long flight.  8. Special services will handle the cargo in due course. 9. The flight attendant asked the passengers to take their seats.

Exercise 18. Open the brackets and put the verbs in a proper form.

1. The life vest should (take) out of its package and (slip) over your head. 2. The long straps at the back should (bring) around your waist. 3. The aircraft take-off (expect) in ten minutes. 4. Passengers kindly (ask) to remain seated and make sure that the seat belts (fasten). 5. Electronic devices (not permit) (to use) during take-off and landing. 6. Smoking and using mobile phones (prohibit) during the whole flight. 7. Each of emergency exits (mark) with a red exit sign. 8. The cabin light will (turn off) during take-off and landing. 9. The safety information card must (study) carefully. 10. Until the number of passengers (check), please, don’t leave your seats until the check (complete).

Exercise 18. Memorize the active vocabulary to text 2:

	maintenance 
	технічне обслуговування, технічна експлуатація
	техническое обслуживание, техническая эксплуатация

	tire
	шина, пневматик
	шина, пневматик

	blade seal
	обтюратор
	обтюратор

	
	
	

	cavity
	пустота, пустотілість; порожнина
	пустота, пустотелость; полость

	spare part
	запасна частина
	запасная часть

	axis (pl. axes)
	вісь
	ось

	beam hanger
	вузол кріплення лонжерону
	узел крепления лонжерона

	damper
	демпфер 
	демпфер 

	bogie
	візок (шасі)
	тележка (шасси)

	bogie beam
	балка візка (шасі)
	балка тележки (шасси)

	bracket
	кронштейн
	кронштейн

	door
	1. двері 2. стулка (ніші шасі)
	1. дверь 2. створка (ниши шасси)

	down lock
	замок висунутого положення (шасі)
	замок выпущенного положения (шасси)

	up lock
	замок прибраного положення (шасі)
	замок убранного положения (шасси)

	actuator
	привід; виконавчий механізм; силовий циліндр 
	привод; исполнительный механизм; силовой цилиндр 

	actuating cylinder
	силовий циліндр
	силовой цилиндр

	link
	1. зв'язок; з'єднання   2. куліса; передатний важіль; сережка; шатун; шарнір  3. тяга (сполучний елемент важільної системи) 4. зв'язувати; з’єднувати 
	1. связь; соединение     2. кулиса; передаточный рычаг; серьга; шатун; шарнир 
3. тяга (соединительный элемент рычажной системы) 4. связывать; соединять

	spring
	пружина
	пружина

	spring bungee
	складаний підкіс
	складывающийся покос 

	drag strut
	діагональний підкіс
	диагональный подкос

	trunnion 
	цапфа
	цапфа

	trunnion link
	кільце цапфи
	кольцо цапфы

	bearing
	підшипник
	подшипник

	jack
	домкрат
	домкрат

	jacking point
	точка встановлення на домкрат
	точка установления на домкрат

	malfunction
	несправність
	неисправность

	mechanical position indicator
	механічний індикатор положення (шасі)
	механический индикатор положения (шасси)

	(push)rod
	тяга
	тяга

	rubber 
	1. гума 2. гумовий 
	1. резина 2. резиновый 

	service life
	строк експлуатації, ресурс
	срок эксплуатации, ресурс

	piston
	поршень 
	поршень 

	side strut
	боковий підкіс
	боковой подкос

	shimmy damper
	демпфер коливань (носового колеса шасі)
	демпфер колебаний (носового колеса шасси)

	shuttle valve
	човниковий клапан
	челночный клапан

	skid detector
	детектор автомату гальмування; датчик юза
	детектор автомата торможения; датчик юза

	torsion
	кручення, скручування
	кручение, скручивание

	torsion link
	кільце шліц-шарніра
	кольцо шлиц-шарнира

	warning light
	світловий сигнальний пристрій, сигнальна лампочка
	световое сигнальное устройство, сигнальная лампочка

	wheel well
	ніша колеса (шасі)
	ниша колеса (шасси)


Exercise 19. Practise out the dialogue. 
Dialogue

T. Look at fig.1.5.2. Would you characterize the landing gear design as a simple or complicated unit?

S. I would call it a very complicated unit.

T. Why is the landing gear of a very complicated design?

S. Because this structural unit is a multifunctional element.

T. Yes, you are right. The main landing gear retracts up and inboard into the wheel well. In the up and locked position it fairs with the contour of the airplane. Why is it so essential?

S. From my point of view, it is necessary to provide streamlined surface to reduce drag in flight.

T. You are absolutely right. This is why, closure is complicated by blade seals (обтюраторами / обтюраторами) which fit around the outboard wheels when the gear is retracted. And it is necessary to mention, that components of the main landing gear are designed to provide maximum service life. 
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Fig. 1.5.2. Main Landing Gear and Doors

Exercise 20. Read, translate and give the gist of text 2. 

Text 2. 737 Main Landing Gear

The main gear is a simple, dual-wheel, conventional landing gear specifically designed to increase operation reliability and minimize maintenance.

The main gear retracts up and inboard into the wheel well. The inboard side of the outboard tire, in the up and locked position, fairs with the contour of the airplane (blade seals) to form the main gear wheel well closure. As a result, landing gear doors and associated linkages and actuators are not required. Closure is completed by blade seals which fit around the outboard wheels when the gear is retracted. The only doors  used on the main gear installation are small segmented doors attached to the shock strut and hinged to the wing. The doors enclose the spanwise wing cavity when the gear is retracted.

Components of the main landing gear are designed  to provide maximum service life and minimum spares inventory. The simplified geometry of the main gear has resulted in identical right and left gear components.

Simplified main gear design and installation offer the operator the following advantages:

1. Elimination of the main gear doors reduces parts and provides easy access to the main gear wheel well.

2. Manual gear release from the flight compartment initiates gear free fall to the down and locked position.
Exercise 21. Match the English-Ukrainian / Russian equivalents.
	1. axis

2. down lock

3. down lock actuator

4. bracket

5. drag strut

6. blade seal

7. beam hanger

8. bogie damper 

9. jacking point

10. lever

11. forward trunnion bearing

12. bogie beam
	a) вузол кріплення / узел крепления
b) вісь / ось

c) балка візка шасі / балка тележки шасси

d) передній підшипник цапфи / передний подшипник цапфы
e) демпфер візка шасі / демпфер тележки шасси

f) замок висунутого положення / замок выпущенного положения

g) важіль / рычаг

h) точка встановлення на домкрат / точка установления на домкрат

i) діагональний підкіс / диагональный подкос

j) обтюратор / обтюратор

k) кронштейн / кронштейн

l) гідроциліндр замка випущеного положення шасі / гидроцилиндр замка выпущенного положення шасси

 


Exercise 22. Make questions for each answer below, with reference to text 2, using the question word given in brackets.

1. The landing gear should be designed to increase operation reliability (How?) 2. The main gear retracts up and inboard into the wheel well (Where?) 3. Landing gear doors and associated linkages and actuators are not required (What?) 4. The only doors used on the main gear installation are small segmented doors (What kind of?) 5. Closure is completed by blade seals (What …by?) 6. Blade seals fit around the outboard wheels (What?) 7. The doors enclose the spanwise wing cavity when the gear is retracted (When?) 8. The simplified geometry of the main gear has resulted in identical right and left gear components (What …in?) 9. Elimination of the main gear doors provides easy access to the main gear wheel well (What?) 10. Manual gear release initiates gear free fall to the down and locked position (What?)

Exercise 23. Finish the following statements.

1. The main gear is a simple, dual-wheel, conventional landing gear specifically designed to … . 2. The main gear retracts up and ….            3. Closure is completed by blade seals which … 4. The only doors used on the main gear installation are … 5. Components of the main landing gear are designed to... 6. Elimination of gear doors reduces … and provides … 7. Manual gear release from the flight compartment initiates …

Exercise 24. Say whether the following statements are true or false. Correct the false ones.

1. The main landing gear is a complicated, four-wheel, conventional landing gear. 2. It is specifically designed to decrease operational reliability and maximize maintenance. 3. The main gear retracts up and outboard into the wheel well. 4. Closure is completed by blade seals which fit around the outboard wheels when the gear is retracted.

Exercise 25. Answer the following questions on text 2.

1. What is the main landing gear of Boeing 737 like? 2. Where does the main gear retract to? 3. What fairs with the contour of the airplane to form the main gear wheel closure? 4. What is closure completed by? 5. What are the only doors, used on the main gear installation, attached to? 6. What has the simplified geometry of the main gear resulted in? 7. What provides easy access to the main gear wheel well? 8. What is designed to improve passenger comfort?

Exercise 26. Look at fig. 1.5.2 and make a list of all Main Gear Components in Ukrainian / Russian. 

Exercise 27. Memorize the active vocabulary to text 3. 

	clamshell 
	двостулковий
	двухстворчатый

	torsion
	кручення, скручування
	кручение, скручивание

	
	
	

	valve
	1. клапан 2. кран, розподільний кран, вентиль 3. заслінка; затвор
	1. клапан 2. кран, распределительный кран, вентиль 3. заслонка; затвор

	towing
	буксирування
	буксировка

	override 
	1. коректувати вручну 2. блокувати автоматичну систему керування 3. переходити на ручне керування 4. відміняти 5. перевизначати
	1. корректировать вручную 2. блокировать автоматическую систему управления 3. переходить на ручное управление 4. отменять 5. переопределять 

	centering cam
	центрувальний кулачок, кулачковий диск
	центрирующий кулачок, кулачковый диск


Exercise 28. Read, translate and give the gist of text 3.  

Text 3. Nose Landing Gear

The nose gear is a conventional dual-wheel type which retracts forwards and up into the nose gear well.  

Features of the nose gear installation include:

· A single up and down lock link operated by a single actuator.

· Two clamshell doors are mechanically actuated by bellcranks and pushrods. The doors remain open any time the gear is extended.

· Integral shimmy damping by transmitting nose gear torsion loads directly into the nose gear hydraulic steering cylinders.

· Nose gear steering through the rudder pedals (7 degrees).

· Nose gear steering, using the steering wheel located on the captain’s side panel (78 degrees).

· Nose gear steering control, on the copilot’s side panel, is available.

Utilization of the steering depressurization valve allows nose gear towing throughout the full steering range with system A pressurized and without disconnecting the torsion links. 

Nose gear steering is hydraulically powered by system A through the landing gear hydraulic down line. Hydraulic System B can be used as an alternative steering pressure source.

Steering is controlled by the steering wheel on the captain’s side panel, or by the rudder pedals. Using the steering wheel, 78 degrees of steering in each direction is available. Rudder pedal steering provides 7 degrees in each direction for small directional changes during takeoff, landing and taxiing. The steering wheel overrides the rudder pedal input. Rudder pedal  steering is deactivated 10 seconds after the nose gear strut becomes extended (air/ground sensing). Centering cams inside the nose gear strut center the gear before retraction.

Exercise 29. Look at fig. 1.5.3. and make a list of the Nose Gear Components in Ukrainian / Russian.
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Fig. 1.5.3. Nose Landing Gear

Exercise 30. Answer the following questions on text 3.

1. Where  does the nose gear retract to? 2. How many actuators is an up and down lock link operated by? 3. What is actuated by two clamshell doors? 4. What is integral shimmy damping provided by? 5. What is available on the copilot’s side panel? 6. What allows nose gear towing? 7. What is steering controlled by?

Exercise 31. Fill in the blanks with proper terms:

nose gear towing, hydraulic down line, side panel, rudder pedals, nose gear strut, steering wheel, clamshell doors.

1. Nose gear steering is provided by the steering wheel located on the captain’s … 2. The … are mechanically actuated by bellcranks and pushrods.   3.Utilization of the steering depressurization valve allows … throughout the full steering range. 4. Steering is controlled by the … on the captain’s side panel, or by the rudder pedals. 5. Nose gear steering is hydraulically powered by the system through the landing gear …           6. Nose gear steering is provided through … 7. Centering cams inside the … center the gear before retraction.

Exercise 23. Translate into English.

	1. Шасі, розташоване під шпангоутом кабіни екіпажу, забезпечує опору для передньої секції фюзеляжа.
	2. Шасси, расположенное под шпангоутом кабины экипажа, обеспечивает опору для передней секции фюзеляжа.

	2. Носова стійка приводиться в дію гідравлічно для забирання коліс вперед вгору в нішу шасі.
	2. Носовая стойка приводится в действие гидравлически для подъема колес вперед вверх в нишу шасси.

	3. Гідравліка використовується  для звичайного випускання та забирання шасі.
	3. Гидравлика используется для обычного выпуска и уборки шасси.

	4. Керування носовим колесом здійснюється на землі під час руління та зльоту.
	4. Управление носовым колесом осуществляется на земле при рулении и взлете.

	5. На основному шасі встановлено гальма, що можуть керуватися вручну  або автоматично.
	5. На главном шасси установлены тормоза, которые могут управляться вручную или автоматически.


I.6. POWER PLANT 

Exercise 1. Memorize the active vocabulary to text 1.
	propel 
	приводити до руху
	приводить в движение 

	thrust
	тяга
	тяга

	piston engine
	поршневий двигун
	поршневой двигатель

	reciprocating 
engine
	поршневий двигун
	поршневой двигатель

	internal combus-

tion engine
	двигун внутрішнього 

згорання
	двигатель внутреннего 

сгорания

	jet engine
	реактивний двигун
	реактивный двигатель

	ram jet (engine)
	прямоточний повітря-

но-реактивний двигун
	прямоточный воздушно-

реактивный двигатель

	fuel system
	паливна система 
	топливная система

	oil system
	маслосистема, система змащення
	маслосистема, система смазки

	lubrication system
	система змащення
	система смазки 

	engine control system
	система керування двигуном
	система управления двигателем

	engine starting system
	система запуска двигуна 
	система запуска двигателя

	fire extinguishing system
	система пожежогасіння
	система пожаротушения 

	cooling system
	система охолодження 
	система охлаждения 

	fuel(l)ing
	заправка паливом
	заправка топливом

	defuel(l)ing
	зливання палива
	слив топлива

	fuel jettisoning
	аварійний злив палива
	аварийный слив топлива

	fuel transfer
	перекачка палива
	перекачка топлива

	friction 
	тертя
	трение


	detect fire
	виявляти пожежу
	обнаруживать пожар

	warn fire
	сигналізувати про пожежу
	сигнализировать о пожаре

	suppress fire
	гасити пожежу
	гасить пожар

	overheat 
	перегрівати 
	перегревать

	engine mount 
	моторна рама, моторама, рама кріплення двигуна 
	моторная рама, моторама, рама крепления двигателя

	engine frame 
	моторна рама 
	моторная рама

	cowl(ing) 
	капот (двигуна); обтікач
	капот (двигателя); обтекатель

	fairing 
	обтікач
	обтекатель

	engine nacelle 
	гондола двигуна, мотогондола
	гондола двигателя, мотогондола

	suction 
	всмоктування 
	всасывание 

	exhaust gas 
	відпрацьований/ вихлопний газ
	отработанный/ выхлопной газ 

	antiicing system
	система протизаледе-ніння/ протиобмерзання
	противообледенительная система

	auxiliary power unit (APU)
	допоміжна силова установка (ДСУ)
	вспомогательная силовая установка (ВСУ)


.
.

Exercise2. Practise out the dialogue.
Dialogue 

T. Look at figure I.6.1., please. What is this in your opinion? 

	Fuel 
system
	
	Oil system
	
	Engine control 
system
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	Starting system
	
	Cooling system
	
	Fire-extinguishing system


Fig I.6.1. Power plant
S. This is a scheme of a power plant, isn’t this?

T. Yes, you are right. Now, let's consider the power plant as one 
of the principal structural units of the airplane. I think you know the meaning of the term “power plant”.
S. Yes, I do. It means “силова установка / силовая установка”. 

Т. What is the function of the power plant?
S. As far as I remember it provides power for flight.

T. Does it propel the airplane in flight? 

S. Yes, of course.

T. The power plant contains an engine or engines and some systems. What is the essential part of the power plant? 

S. Let me see. The engine provides power for flight, so it is the most essential part of the power plant. 

T. Absolutely. I am sure you know there exist some types of engines. Can you name at least some of them?
S. I know two types of engines: piston and jet engines. 

T. You are right. But you should know that jet engines are divided into three groups: gas-turbines, ram jets (прямоточний повітряно-реактивний двигун / прямоточный воздушно-реактивный двигатель) and rocket engines. 

S. What about power plant systems?

T. As for the power plant systems you can see their names in the picture. Can you name them? 

S. They are the fuel system, the oil system, the engine control system, the starting system, the cooling system, the fire-extinguishing system.

Exercise 3. Read, translate and give the gist of text 1.

Text 1. Power Plant
The power plant is one of the principal structural units of the airplane. The power plant is a source of power. It provides power for flight and propels the airplane, and drives various systems that support the operation of the airplane. The power plant contains an engine or engines, a propeller or air screw (for piston and turboprop engines), the engine mount, cowlings, fairings, the engine nacelle, devices for air suction and exhausting gases and some systems. The engine is the most essential part of the power plant. Its function is to provide thrust. So all aircraft are engine-driven.
There are two main types of aviation engines, namely: piston and jet engines. The piston engine is also known as reciprocating or internal combustion engine. All three terms may be used interchangeably. 

Jet engines are divided into three main groups: gas turbines, ram jets and rocket engines.

As for the power plant systems they are the fuel system, the oil or lubrication system, the engine control system, the engine starting system, the fire-extinguishing system, the cooling system and some others.
The function of the fuel system is to provide fuelling, defuelling, fuel jettisoning and fuel transfer.
The oil system serves for supplying oil to the engine and reducing friction between moving parts.

The engine control system is used to control the engine power or thrust.  
The function of the engine starting system is to start the engine operation. The engines are started by means of an air turbine starter. The starter is actuated by the APU (auxiliary power unit) or external ground supply (a ground source).
The fire-extinguishing or fire-fighting system is used to detect fire, warn and suppress fire. 

The function of the cooling system is to protect the engine assembly and different systems from overheating.

Exercise 4. Translate “noun + noun” cоllосаtions.
Engine power, piston engine, engine thrust, ram jet, jet engine, rocket engine, starting system, fire suppression, engine nacelle, engine mount, air suction, ground source, turbine starter, engine shaft, power unit, ground supply, engine overheating, power plant.

Exercise 5. Find English-Ukrainian / Russian equivalents.
	1. source
	a) тертя / трение

	2. thrust
	b) прямоточний повітряно-реактивний двигун / прямоточный воздушно-реактивный  двигатель

	3. internal combustion engine
	c) система пожежогасіння / система пожаротушения

	4. fuel system
	d) тяга / тяга

	5. fuel jettisoning
	e) приводити до руху / приводить в движение 

	6. friction
	f) джерело / источник

	7. ram jet engine
	g) двигун внутрішнього згорання / двигатель внутреннего сгорания

	8. propel 
	h) аварійний злив палива / аварийный слив топлива

	9. fuel transfer
	i) паливна система / топливная система

	10. fire-extinguishing system
	j) перекачка палива / перекачка топлива


Exercise 6. Match the synonyms.

	1. extinguish fire
	a) alarming

	2. accommodate
	b) lubricant

	3. detect
	c) internal combustion engine

	4. piston engine
	d) supply

	5. oil
	e) find 

	6. component
	f) house

	7. several
	g) essential 

	8. provide
	h) fluid

	9. warning
	i) part 

	10. considerable
	j) supress fire

	11. liquid
	k) some


Exercise 7. Translate the antonyms.
Thrust - drag, fuelling - defuelling, movable - fixed, main - auxiliary, similar - different, cool - heat, reduce - increase, internal – external, inboard-outboard, forward-backward, front-rear, lower-raise, upperlower, up-down, liquid-solid.

Exercise 8. Translate verb combinations.
To provide power for flight, to propel an airplane, to cool an engine, to suppress fire, to start an engine, to consist of engines and systems, to produce thrust, to overheat an engine. to fuel an engine, to drive an engine and various systems, to control engines and systems, to supply air, to reduce friction, to detect fire, to warn pilots about the fire, to extinguish fire, to support the operation of an airplane, to protect the engine assembly from overheating. 

Exercise 9. Answer the questions on text 1.
1. What is the power plant? 2. What does the power plant contain? 3. What is the essential part of the power plant? 4. What provides thrust? 5. What is the function of the engine starting system? 6. What systems of the power plant can you name? 7. What is the function of the fuel system? 8. What system is used to control the engine power?          9. What system serves for cooling the engine assembly? 10. What system serves for reducing friction between moving parts? 11. What types of aviation engines are used in modern airplanes? 12. What is the function of the fire-extinguishing system? 13. What system is actuated by means of an air turbine starter?

Exercise 10. Say whether the following statements are true or false. Correct the false ones.
1. The wing is a source of power .2. The power plant contains an engine or engines and some systems. 3. Jet engines are divided into two groups. 4. The function of the fuel system is to provide aircraft take-off and landing. 5. The oil system is used for supplying oil to the fuel tanks. 6. The function of the starting system is to suppress fire. 7. The function of the cooling system is to provide thrust. 8. All the aircraft are engine-driven. 9. The engines are started by means of the APU. 10. There are three main types of aviation engines.

Exercise 11. Translate text 2 in a written form using a dictionary.

Text 2
The 737 airplanes are powered by two wing-mounted CFM 56-3 turbofan engines at several thrust ratings.
Power for aircraft and engine accessories is provided by the main gearbox side-mounted on the fan case. The gearbox is driven by the high-speed engine shaft.
The A-310 is a widebody transport powered by two turbofan engines. CFM-56-5 engines are installed under the wing.
The APU is located in the aft end of the fuselage, behind the pressure bulkhead and below the horizontal stabilizer. The APU provides an alternate source of electric power both on the ground and in flight.
Exercise 12. Copy out aviation terms from text 2. 
Exercise 13.Translate into English.

	У силову установку входять:
	В силовую установку входят:

	1. двигуни з агрегатами і системами запуску і управління;
	1. двигатели с агрегатами и системами запуска и управления;

	2. повітряний гвинт (для силових установок з поршневими і турбогвинтовими двигунами);
	2. воздушный винт (для силовых установок с поршневыми и турбовинтовыми двигателями);

	3. моторна рама і кріплення двигуна до конструкції літака;
	3. моторная рама и крепление двигателя к конструкции самолета;

	4. капоти, обтікачи, гондола двигуна;
	4. капоты, обтекатели, гондола двигателя;

	5. паливна система;
	5. топливная система;

	6. масляна система;
	6. масляная система;

	7. системи охолоджування двигуна та його агрегатів;
	7. системы охлаждения двигателя и его агрегатов;

	8. протипожежна система;
	8. противопожарная система;

	9. системи керування і контролю;
	9. системы управления и контроля;

	10. пристрої для всмоктування повітря (окрім силових установок з ракетними двигунами) і вихлопу відпрацьованих газів; 
	10. устройства для всасывания воздуха (кроме силовых установок с ракетными двигателями) и выхлопа отработанных газов;

	11. пристрої протизаледеніння.
	11. противообледенительные устройства.


Exercise 14. Speak on "Aircraft Power Plant".
UNIT II. MAJOR COMPONENTS OF THE GAS 
TURBINE ENGINE
II.1. MAIN SECTIONS OF THE ENGINE
Exercise 1. Memorize the active vocabulary.

	inlet duct  and guide vane
	вхідний направний апарат (BHA) 
	входной направляющий аппарат (BHA)

	сompress
	cтискати
	cжимать

	сompression
	cтиснення
	cжатие

	compressor 
	компресор
	компрессор

	diffuser 
	дифузор
	диффузор

	burn  
	спалювати, горіти
	cжигать, гореть

	burner
	камера згорання
	камера сгорания

	afterburner  
	форсажна камера
	форсажная камера

	bottom 
	нижня частина, низ 
	нижняя часть, низ 

	bucket 
	лопатка (турбіни)
	лопатка (турбины)

	direct 
	1. прямий, безпосередній 2. направляти
	1. прямой, непосредственный 2. направлять

	drive 
	1. привод, передача, тяга 2. приводити в дію
	1. привод, передача, тяга 2. приводить в действие

	expand 
	розширювати(ся)
	расширять(ся)

	extract 
	вилучати, відбирати
	извлекать, отбирать

	flow 
	1. потік, течія, рух 
2. текти
	1. поток, течение, движение  2. течь

	locate 
	розміщувати; встановлювати 
	размещать; устанавливать 

	need 
	1. необхідність, потреба; 2. мати потребу
	1. необходимость, потребность; 2. иметь необходимость

	strike (p.,p.p. struck)
	наштовхуватися; вдаряти 
	сталкиваться; ударять

	velocity 
	швидкість (векторна)
	скорость (векторная)

	expel
	виштовхувати
	выталкивать

	accessory   section
	відсік агрегатів, секція допоміжних агрегатів
	отсек агрегатов, секция вспомогательных агрегатов

	аir stream
	повітряний потік
	воздушный поток

	pressure ratio
	1. ступінь стискання      2. перепад тиску
	1.степень сжатия 2. перепад давления

	nozzle diaphragm 
	сопловий апарат
	сопловой аппарат

	nozzle vane 
	лопатка соплового апарата
	лопатка соплового аппарата

	jet stream
	реактивний потік
	реактивный поток

	transition
	перехід
	переход

	exhaust cone 

	конус реактивного сопла
	конус реактивного сопла


.

.

.

Exercise 2. Practise out the dialogue.

Dialogue 1
T. As you know, one of the principal structural units of the airplane is an engine. The engine is the largest and the most important part of the airplane. What does the engine provide?

S. The engine provides power and propels the airplane.

T. That’s right. What types of airplane engines do you know?

S. As far as I remember there are two types of engines: piston and jet engines.

T. Quite right. Jet engines are divided into some groups; gas-turbine engines are among them. We’ll consider the major components of the gas-turbine engine. Any gas-turbine engine consists of three main sections and some additional components. The main sections are  the compressor section, the combustion section and the turbine section. “Combustion” means “згорання”. So, what are the main sections of a gas-turbine engine?

S. Any gas-turbine engine consists of three main sections: the compressor section, the combustion section and the turbine section.

T. Absolutely. The compressor is located  after the inlet duct. The term “inlet duct” is translated as “вхідний спрмямовуючий апарат/входной направляющий аппарат.” At the front section of the engine there is an opening or a hole. The air enters the engine through this opening called “inlet”. What does the engine inlet mean?

S. “Вхідний пристрій двигуна/входное устройство двигателя”.

T. That’s quite right. The engine air inlet consists of the opening with a passage. Such passage is called “a duct” (труба, канал/труба, канал). So we may say that  air enters the engine through the inlet duct. What does the inlet duct do?

S. The inlet duct helps the air enter the engine.

T. That’s right. It’s better to say: it supplies air to the engine. The passage or the duct leads the air through the guide vanes (спрямовуючі лопатки/направляющие лопатки) that serve to direct the air to the compressor. What form does the inlet duct have?

S. It seems to me the inlet ducts may have different forms.

T. Yes, it depends upon the design of the airplane. From the inlet duct with the help of guide vanes the air flows to the compressor where it is compressed. The verb “to compress” means “стискати/сжимать”. Is the compressor that section of the engine where the air is compressed?

S. Yes, it is. The compressor is the major component of any gas-turbine engine. Its function is to compress the air.

T. Besides, the compressor provides necessary pressure ratio (ступінь стиснення/степень сжатия). From the compressor section through the diffuser the compressed air flows to the combustion section where it is burned with the fuel. What does the term “combustion” mean? 

S. The term “combustion” means “згорання/сгорание”.

T. So, the process of combustion takes place in the combustion section or to be more exact combustion chamber (камера згорання/камера cгорания) and what is the function of the diffuser located between the compressor and  the combustion chamber?

S. To my mind the function of the diffuser is to direct the air from the compressor to the combustion chamber.

T. That’s right. The other function of the diffuser is to change air pressure and velocity. The gases from the combustion chamber through the nozzle diaphragm (сопловий апарат/сопловой аппарат) go to the turbine section. The turbine section is designed to extract power from the gas stream to drive the compressor and accessories. The word “accessories” means “допоміжні агрегати/вспомогательные агрегаты”. So, what does the turbine wheel do? 

S. The turbine wheel extracts power from the jet stream and drives the compressor and accessories.

T. That’s correct. And what is the purpose of the nozzle diaphragm located between the combustion chamber and the turbine section? 

S. The purpose of the nozzle diaphragm is to increase velocity of  heated gases.

T. Right you are. But not only to increase velocity but also to direct heated gases to strike the turbine buckets at the proper angle. 

S. Is there any additional section behind the turbine wheel?

T. Yes, it is the exhaust cone (конус реактивного сопла/конус реактивного сопла). It serves to collect discharged gases from the turbine wheel and expel them at the correct velocity.
Exercise 3. Read, translate and give the gist of text 1. 
Text 1. Main Sections of the Engine
Any gas turbine engine consists of three main sections: the compressor section, the combustion section and the turbine section. The air enters the engine through the inlet duct and guide vanes.

The function of the inlet duct and guide vanes is to supply air to the engine inlet under all conditions of operation. Aircraft engine inlet ducts have various shapes. From the inlet duct the air flows to the compressor. The compressor is located after the inlet duct. The function of the compressor is to compress the air and to provide the required pressure ratio. From the compressor section through the diffuser the compressed air flows to the combustion section. There the combustion chamber is located.

The function of the combustion chamber is to expand the air by burning fuel in the air stream. The turbine section of the engine is located after the combustion chamber between two additional components: the nozzle diaphragm and exhaust cone. The turbine section is designed to extract power from the jet stream to drive the compressor and accessories.

The diffuser, the nozzle diaphragm, the exhaust cone, the afterburner and the accessory section serve to provide transition from one main section to another. The diffuser directs air from the compressor to the combustion chamber and serves to change air pressure and velocity. A typical nozzle diaphragm consists of a group of nozzle vanes. The function of the nozzle diaphragm is to increase the velocity of the heated gases and to direct them to strike the turbine buckets at the proper angle. 

The exhaust cone is located directly behind the turbine wheel and its main function is to collect burned gases from the turbine wheel and expel them at the correct velocity. In many cases the afterburner is used with turbojet engines. The afterburner serves for burning additional amount of fuel to increase power. 

.

.

.

Exercise 4. Make sure you remember the сonstruction of the gas turbine engine.
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Exercise 5. Read, translate and remember.
In front of, at the nose, before, after, between, behind, below, beyond, near, down, above, inside, outside, round, towards, under, up, with, from, through, to, at the bottom, at the top.
Exercise 6. Fill in the blanks with  proper  prepositions.
1. … the inlet duct the air flows … the compressor. 2. The compressor is located … the inlet duct. 3. … the compressor section … the diffuser the compressed air flows … the combustion section. 4. The combustion section is located … the diffuser and the nozzle diaphragm. 5. The turbine section of the engine is located … the combustion chamber … two additional components: the nozzle diaphragm and exhaust cone. 6. The exhaust cone is located … the turbine wheel. 7. The afterburner may be located … the turbine wheel to increase power.
Exercise 7. Define parts of speech and translate the derivative chains.
To compress - compression - compressor – compressed, to heat – heater – heated, to diffuse – diffuser – diffused, to collect – collection -collector – collected, to construct – construction - constructor – constructed, to extract – extraction – extractor - extracted, to ignite – ignition – ignited, to redirect – redirection – redirected, to expand – expansion – expanded.

Exercise 8. Translate the antonyms. 

To compress – to expand,  to heat – to cool, to flow – to outflow, to widen – to narrow, to increase – to reduce, to add – to extract, to expel – to collect, to construct – to destroy, to fuel - to defuel, to lower – to raise, hot – cold, inside – outside, inboard - outboard, above – below, with – without, from the bottom – to the top.

Exercise 9. Combine the following words into sentences.

Model: The inlet duct supplies air to the engine inlet.
	
	inlet duct
	to supply air to the compressor.

	
	compressor
	to compress the air.
to provide the required pressure ratio.

	
	diffuser
	to direct air from the compressor to the combustion chamber.

	
	combustion chamber
	to expand the air by burning fuel in the air stream.

	The
	nozzle diaphragm
	to increase the velocity of the heated gases.

	
	turbine section
	to extract power from the gas stream to drive the compressor and accessories.

	
	afterburner
	to burn additional amount of fuel after the turbine to increase power.

	
	exhaust cone
	to collect burned gases from the turbine wheel and expel them at the correct velocity.


Exercise 10. Complete the following sentences.

	
	
	
	supply …

	
	inlet duct
	
	direct …

	
	guide vanes
	
	compress …

	
	compressor
	
	provide …

	
	diffuser
	
	serve …

	The function of the
	combustion chamber
	is to
	change … 

	
	nozzle diaphragm
	
	expand …

	
	turbine section
	
	accelerate …

	
	exhaust cone
	
	extract …

	
	afterburner
	
	burn …

	
	accessory section
	
	drive …

	
	
	
	expel …


Exercise 11. Combine  the words from a) with the words in b) to make as many word combinations as possible.

a) major, various, additional, proper, normal, correct, perfect, auxiliary, basic, common, main, typical, principal;

b) velocity, amount, operation, part, stream, condition, shape, section, function, advantage, component, angle.

Exercise 12. Translate “noun + noun” collocations.

Inlet duct, guide vanes, compressor section, engine inlet, combustion section, pressure ratio, air stream, engine operation, turbine section, jet stream, turbine bucket, air pressure, turbine wheel, engine bottom, aircraft operation, combustion chamber, exhaust cone, operation mode, flight range, engine thrust.

Exercise 13. These words are used both as verbs and nouns. Translate the pairs.

To guide – guide, to function – function, to supply – supply, to shape – shape, to charge – charge, to extract – extract, to drive – drive, to flow – flow, to stream – stream, to heat – heat, to discharge – discharge, to increase – increase, to need – need, to fuel - fuel.

Exercise 14. Give corresponding nouns and translate the pairs.

1. To burn, to compress, to expand, to extract, to provide, to locate, to drive, to direct, to press, to transmit, to fuel, to change, to increase, to heat, to collect, to supply, to operate.
Exercise 15. Match the English – Ukrainian/Russian equivalents.

	1. turbine wheel
	a) секція допоміжних агрегатів/секция вспомогательных агрегатов

	2. combustion chamber
	b) конус реактивного сопла/конус реак-тивного сопла

	3. nozzle diaphragm
	c) напрямна лопатка/направляющая лопатка

	4. turbine bucket
	d) вхідний отвір двигуна/входное отверстие  двигателя

	5. nozzle vane
	e) ступінь стискання/степень сжатия

	6. pressure ratio
	f) лопатка соплового апарата/лопатка соплового аппарата

	7. exhaust cone
	g) колесо турбіни/колесо турбины

	8. engine inlet
	h) сопловий апарат/сопловой аппарат

	9. guide vane
	i) камера згорання/камера сгорания

	10. accessory section
	j) лопатка турбіни/лопатка турбины


Exercise 16. Give  English equivalents.

Колесо турбіни/колесо турбины; необхідний ступінь стиснення/необходимая степень сжатия; відпрацьований газ/отработанный газ; реактивний потік/реактивный поток; камера згорання/камера сгорания; секція допоміжних агрегатів/секция вспомогательных агрегатов; додаткова кількість палива/дополни-тельное количество топлива; конус реактивного сопла/конус реак-тивного сопла; вхідний отвір двигуна/входное отверстие дви-гателя; сопловий апарат/сопловой аппарат; форсажна камера/ форсажная камера.

Exercise 17. Match synonyms.

	1. bucket

2. combustion chamber

3. air inlet

4. air stream

5. afterburner

6. exhaust gas
	a) air intake
b) air flow
c) blade

d) burner
e) burned gas

f) reheat unit


Exercise 18. Make up sentences using the following verb-combinations.

To enter the engine, to supply air, to have various shapes, to expand air, to compress air, to provide the required pressure ratio, to burn fuel, to extract power, to drive the compressor, to provide transition, to increase the velocity, to strike the turbine buckets, to change air pressure, to collect burned gases.

Exercise 19. Say whether  the following statements are true or false. Correct the  false ones.

1. Any gas turbine engine consists of four main sections. 2. The air enters the engine through the compressor section. 3. The compressor is located between the inlet duct and the combustion chamber. 4. The function of the combustion chamber is to burn fuel in the air stream. 5. The turbine section of the engine is used to expel the exhaust gases into the ambient atmosphere. 6. The auxiliary sections are used to provide continuous transition of the process  from one main section to the next. 

Exercise 20. Answer the questions on text 1.
1. What main sections does any gas turbine engine consist of ? 
2. What enters  the  engine  through  the  inlet  duct  and  guide  vanes? 
3. Where is the compressor located? 4. What  is the function of the compressor? 5. What air flows through the diffuser to the combustion chamber? 6. Does the diffuser direct the air to the compressor or to the combustion chamber? 7. What is located after the combustoin chamber? 8. What section is designed to extract power from the jet stream for driving the compressor and accessories? 9. What components serve to provide transition from one main section to another? 10. What does the exhaust cone serve for? 11. What is the function of the combustion chamber? 12. What does the nozzle diaphragm serve for? 13. Where is the afterburner located?  What does it serve for? 14. Where is the nozzle diaphragm located? 

Exercise 21. Put questions to the italicized words. 

1. The air enters the engine through the inlet duct and guide vanes. 2. The function of the inlet duct and guide vanes is to supply air to the engine inlet under all conditions of operation. 3. The compressor is located after the inlet duct. 4. The compressor provides air compression of different pressure ratios. 5. The diffuser directs air from the compressor to the combustion chamber. 6. The diffuser serves to change air pressure and velocity. 7. A typical nozzle diaphragm consists of a group of nozzle vanes. 8. The nozzle diaphragm is designed to increase the velocity of the heated gases. 9. The combustion chamber provides the expansion  of  the  air by  burning  fuel  in  the air  stream. 

10. The turbine section of the engine is located after the combustion chamber. 11. The turbine section is designed to extract power from the jet stream for driving the compressor and accessories.

Exercise 22. Add question tags and answer them.

1. The air enters the  engine  through  the  inlet  duct  and  guide vanes, …? 2. The function of the inlet duct and guide vanes is to supply air to the engine  inlet  under all  conditions  of  operation, …? 3. The compressor can’t   provide  high   pressure  ratio in a single stage, …?    4. The diffuser  directs  compressed air  from  the  compressor  to  the combustion chamber, …? 5. The combustion chamber expands the air by burning fuel in the air stream, …? 6. The turbine section of the engine is located after   the combustion chamber, …? 7. The turbine section is designed to extract power from the jet stream for driving the compressor and accessories, …? 

Exercise 23. Give information about the main and additional sections of the gas turbine engine.

	The name of the section
	The location
	The function

	1. The inlet duct and guide    vanes

2. The compressor

3. The diffuser

4. The combustion chamber

5. The nozzle diaphragm

6. The turbine wheel

7. The exhaust cone

8. The afterburner
	
	


Exercise 24. Use the verb in brackets in the correct tense and voice. 

1. The engine (to be) the largest and the most important part of the airplane. 2. Any gas-turbine engine (to consist) of three main sections and some additional components. 3. The air (to enter) the engine through the inlet duct. 4. Guide vanes (to serve) to direct the air to  the  compressor. 5. The  guide  vanes (to locate) in  the  inlet  duct. 6. The inlet ducts (to have) different configurations. 7. The compressor (to provide) necessary pressure ratio. 8. The combustion chamber (to burn) fuel-air mixture. 9. The turbine section (to design) to extract power from the jet stream for driving the compressor and accessories. 10. The inlet duct, the diffuser and  the nozzle diaphragm (to serve) to provide transition from one main section to another.

Exercise 25. Translate into English.

	1. Призначення повітрозабирача - подавати повітря до двигуна.
	1. Назначение воздухозаборника - подавать воздух в двигатель.

	2. Повітрозабирачі можуть мати різні форми.
	2. Воздухозаборники могут быть разной формы.

	3. Конструкція повітрозабирача доволі проста.
	3. Конструкция воздухозабор-ника довольно простая.

	4. Напрямні лопатки спрямо-вують повітря в компресор.
	4. Направляющие лопатки направляют воздух в компрессор.

	5. Конструкція повітрозабирача має багато переваг.
	5. Конструкция воздухозабор-ника имеет много преимуществ.

	6. Повітрозабирач складається із зовнішнього та внутрішнього кожухів.
	6. Воздухозаборник состоит из внешнего и внутреннего кожу-хов.

	7. Компресор – це та частина двигуна, де повітря стискається до певного ступеня.
	7. Компрессор – это та часть двигателя, где воздух сжимается до определенной степени.

	8. Камера згорання знаходиться між дифузором і сопловим апаратом.
	8. Камера сгорания находится между диффузором и сопловым аппаратом.

	9. Функція камери згорання – розширювати повітря шляхом спалювання палива в повітря-ному потоці.
	9. Функция камеры сгорания – расширять воздух путем сжигания топлива в воздушном потоке.

	10. Секція турбіни двигуна призначена для того, щоб вилучати енергію з високошвидкісних газів, що залишають камеру згорання, для приведення в дію компресора та допоміжних агрегатів.
	10. Секция турбины двигателя предназначена для того, чтобы извлекать энергию из высокоскоростных газов, покидающих камеру сгорания, для приведения в действие компрессора и вспомогательных агрегатов.


Exercise 26. Translate and entitle text 2.

Text 2
     There are many types of aviation gas-turbine engines. All of them have their advantages and disadvantages. But for the operation of any gas-turbine engine three principal functions should be provided: 1) the compression of air; 2) the expansion of the air by burning fuel; 3) the extraction of power from the jet stream of the engine to drive the comp-

ressor and accessories. Thus, we may say, that a gas-turbine engine includes three main sections: the compressor section, the combustion section, the turbine section and the accessory section. 

The accessory section is located at the nose of the engine or at the bottom of the engine. The accessory section includes the accessories needed for engine operation and also those required for the operation of the aircraft. Some gas-turbine engines have but one accessory power section, while others may have more. Accessories provide the normal operation of the engine.

Exercise 27. Write out from text 2 all the terms referring to the topic “Major Components of the Gas-turbine Engine”.

Exercise 28.  Put key-questions to text 2.

Exercise 29.  Speak on:

1. Major components of the gas-turbine engine: location and functions. 2. Additional components of the gas-turbine engine.
II.2. COMPRESSOR
Exercise 1. Memorize the active vocabulary.

	ambien air 
	навколишнє повітря
	окружающий воздух

	air intake
	повітрозабирач
	воздухозаборник

	centrifugal compressor
	відцентровий компресор
	центробежный компрессор

	axial-flow compressor
	осьовий компресор
	осевой компрессор

	split compressor
	двокаскадний / двовальний компресор
	двухкаскадный / двухвальный компрессор

	twin spool engine
	двигун з двокаскадним компресором
	двигатель с двухкас-кадным компрессо-ром

	low pressure (LP) compressor
	компресор низького тиску
	компрессор низкого давления

	turbine-driven compressor
	компресор із приводом від турбіни
	компрессор с приводом от турбины

	rotary air compressor
	ротаційний компресор
	ротационный компрессор

	durable
	довговічний, витривалий
	долговечный, прочный

	turboprop engine
	турбогвинтовий двигун (ТГД)
	турбовинтовой двигатель (ТВД)

	propeller
	повітряний гвинт
	воздушный винт

	high-speed propeller
	високообертовий  повітряний гвинт
	высокооборотный воздушный винт

	propulsive stream
	рушійний потік
	движущий поток

	discharge
	відводити, скидати, випускати
	отводить, сбрасывать, выпускать

	pressurization 
	герметизація; наддування
	герметизация; наддув

	air conditioning
	кондиціювання повітря
	кондиционирование воздуха

	fluid
	рідина
	жидкость

	spool 
	каскад
	каскад

	manufacture
	1. виробництво;          2. виготовляти
	1.производство;         2. изготавливать;

	 fan 
	вентилятор
	вентилятор

	stage
	ступінь 
	ступень

	handle 
	1. ручка, руків’я; важіль керування    2.  керувати; обслуговувати 3. обробляти; працювати (з чимось) 
	1. ручка, рукоятка; рычаг управления   2. управлять; обслуживать 3. обрабатывать; работать (с чем-л)

	specific
	1. заданий, розрахунковий 2. спецыальний, визначений        3. питомий
	1.заданный, расчетный 2. специальный, определенный         3. удельный

	specific fuel consumption
	питома витрата пального
	удельный расход топлива


Exercise 2. Practise out the dialogue.
Dialogue 
T. Аs you know the compressor is one of the major components of any gas-turbine engine. Do you remember the other two components of a gas-turbine engine?
S. They are: the combustion chamber and the turbine wheel. 

T. Yes, quite right. Three major components of any gas-turbine engine are: the compressor, the combustion chamber and the tur​bine wheel. And what is the function of the compressor? Answer​ing this question use the model - The function of ... is to ... . 

S. The function of the compressor is to compress the passing air and to provide the required pressure ratio. 

T. What does the air pass through? 

S. It passes through the engine inlet.
T. That's correct. Write down the word "to require" and its derivatives - "required” (потрібний, необхідний/нужный, необходимый) “requirement" (вимога, потреба /требование, необходимость). Along with the primary functions a compressor has a secondary ones: to supply air to the engine, to cool the internal hot section, to provide cabin pressurization (герметизація / герметизация), air conditioning (кондиціювання повітря / кондиционирование воздуха) and other functions that require compressed air delivery. And now you know more about the compressor and can give extended answer to the question: What's the function of the compressor?

S. The primary function of the compressor is to compress the air passing through the engine, to provide required pressure ratio and to perform other secondary functions. 

T. Good job. Thank you. Now we shall consider types of compressors. They are: the centrifugal type, axial single-rotor type and  axial-split compressor types.  Who can translate these terms? 
S. Відцентровий, осьовий та двовальний/центробежный, осевой и двухвальный.

T. Right you are. The centrifugal type of compressor produces a high pressure rise in a single stage (ступінь / ступень).  One row (ряд / ряд) of blades is called a stage. The centrifugal compressor type is easy to manufacture, durable (довговічний / долговечный) and low in cost and weight. Тhe word "low" is not new for you. We have come across this word in previous units. In what word combinations did you happen to use it? 

S. Lowered position – опущене положення / опущенное положение, lower half – нижня половина / нижняя половина.
Т. That’s correct. And the word combination "low in cost" is translated as "низька (собі)вартісь; дешевий/низкая (себе)стоимость; дешовый". Could you give the antonym to it? 

S. High in cost, expensive, in everyday English - dear.

T. Right you are. The axial-flow compressor is higher in cost in comparison with the centrifugal compressor because it is more complicated in construction.
Exercise 3. Read, translate and give the gist of text 1.

Text 1. Compressor Types
One of the major components of any gas-turbine engine is a compressor. The compressor provides compression of mass of air entering the engine inlet to obtain a required pressure ratio, that is it increases air pressure and decreases its volume. Pressure of the ambient air entering the engine inlet duct must be increased and the compressor causes a pressure rise in the air delivered.

Compression of the air before its expansion through the turbine is effected by one of two basic types of compressor, one giving centrifugal flow and the other axial flow. 

The axial-flow compressors are subdivided into the axial single rotor type and the axial split compressor type. The centrifugal compressor works very well in smaller turboprop and turbojet engines. It cannot provide the necessary pressure ratio for modern gas-turbine engines. But this type is easy to manufacture,  durable, low in cost and low in weight. Typical pressure ratio obtainable with a centrifugal compressor is 5 to 1. 

The axial-flow compressor is more efficient than the centrifugal compressor. It can provide pressure ratio of 12 to 1. But it is more complicated in construction and therefore higher in cost. 

The most efficient is an axial-split compressor. It  can provide the pressure ratio of 20 to 1. But it is of a very complicated design. It is not easy to manu​facture and, of course, rather high in cost. The axial split compressor provides the highest pressure ratio and is widely used in modern gas turbine engines. 

Exercise 4. Find in text 1 ten words that can be used both as а noun and a verb. Give their translation.
	Model: check 
	 to check

	перевірка / проверка
	 перевіряти / проверять


Exercise 5. Answer the questions on text 1.

1. What is a compressor? 2. What is the function of the compressor? 3. What air does the compressor compress? 4. What are the three basic types of air compressors? 5. What types are axial-flow compressors subdivided into? 6. What compression ratio does the centrifugal compres​sor produce? 7. Is the centrifugal compressor easy to manufactu​re? 8. Which compressor is more efficient – the centrifugal or the axial flow compressor? 9.  What pressure ratios are  obtainable with axial-flow compressors? 10. What compressor can provide the pressure ratio of 12 to 1? 11. What compressor is the most efficient and what compression ratio can be obtained with it?

Exercise 6. Translate the following universal words without a dictionary. 

Airplane, atmosphere, centre, classify, compressor, dif​fuse, equivalent, fact, gas, generator, mass, mechanically, normal, optimum, plan, result, system, temperature, turbine, type, limit, component, calculate, experiment, aerodynamic, total, diameter, maximum, minimum, minimal, distance, effective. 
Exercise 7. Translate the following word combinations. 

Major components, air expansion, engine inlet, high efficiency, turbojet engine, efficient compressor, delivered air, modern gas-turbine engine, axial-flow compressor, axial-split compressor, turboprop engine, engine inlet duct, low air pressure, required pressure ratio, low-pressure compressor, high-pressure compressor. 

Exercise 8. Give English equivalents.

Відцентровий компресор / центробежный компрессор; стискати повітря / сжимать воздух; необхідний ступінь стискання / необходимая степень сжатия; турбогвинтовий двигун / турбовинтовой двигатель; повітрязабирач / воздухозаборник; двовальний компресор / двухвальный компрессор; ефективний / эффективный; oсьовий компресор / осевой компрессор; складна конструкція / сложная конструкция; підвищення тиску / повышение давления; дорогий / дорогостоящий, дорогой; низька ефективність / низкая эффективность; легкий у виробництві / легкий в производстве; низька собівартість / низкая себестоимость; газотурбінний двигун / газотурбинный двигатель; вхідний пристрій / входное устройство.
Ехercise 9. Make nouns using suffixes –ion, -tion, -sion and translate the pairs.  

Compress, provide, locate, receive, construct, reduce, rotate, combine, diffuse, complete, add, apply, expand, limit, calculate, form, deflect, ignite, accelerate, transform, act, distribute, prevent, connect. 

Exercise 10. Translate the following words paying attention to the meaning of the prefixes: sub- (під-, нижче/под-, ниже); super- over- (пере-, понад, вище/пере-, сверх, выше); semi- (напів-/полу-); pre- (перед/пред); co- (разом, спів-, ко- /вместе; со-, кo-). 

sub-: subsystem, subdivide, subcommittee, subclass, subdivision, submarine, subsonic;

super-: supermarket, superman, supersonic, supervisor, superconductivity, super-hard;

over-: overproduction, overheating, overestimate, overload, overcome, overboil;

semi-: semiconductor, semifinal, semi-automatic, semicircular, semi-official;

pre-:  pre-election, preheating, prehistory, prepaid, precaution, presuppose;

co-: coauthor, cooperation, co-existence, coaxial, collaborate, coordination.

Exercise 11. Fill in the blanks with the following terms: gas-turbine, compression ratio, axial-split, 20, major components, centrifugal, axial-flow, compress.

1. There are three ... common to most turbine engines. 2. The axial-flow compressor is more efficient than the ... compressor. 3. The… … compressor produces the highest pressure ratio. 4. The function of the compressor is to ... the air and to provide the required … …..
5. Typical … obtainable with  the  axial-split  compressor  is 12:1. 
6. The centrifugal compressor cannot provide the necessary pressure ratio for modern ... engines. 7. The … … compressor can provide pressure ratio of 12:1.

Exercise 12. Put questions to the italicized words.

1. This engine works on a four-stroke cycle, consisting of induction, compression, combustion and exhaust. 2. Airplanes use thrust to propel them through air. 3. A gas turbine engine consists of two main rotating parts, a compressor and a turbine. 4. The compressor supplies air to cool its internal hot section. 5. The rocket engine does not use atmospheric air as the propulsive fluid stream. 6. The compressor discharges the air into the diffuser at correct velocity, pressure and temperature. 

Exercise13. Paraphrase the sentences according to the model.
	Model: The compressor compresses the air. 
a) The compressor serves for compressing the air.
b) The compressor is used to compress the air.
c) The function of the compressor  is to compress the air. 


1. The compressor produces a high pressure ratio. 2. The diffuser directs air from the compressor to the combustion chamber. 3. The split compressor provides the highest pressure ratio. 4. The combustion chamber expands the air by burning fuel. 5. The compressor also supplies air to cool its internal hot sections.

Exercise 14. Translate text 2 in a written form. 

Text 2. Types of Air Compressors
Three basic types of air compressors are used in gas-turbine engines: centrifugal flow, axial flow single rotor and axial-split compressor type. Centrifugal flow compressor receives air at its centre and makes it move outward at high velocity into a diffuser to increase pressure. Compressor with airflow parallel to the axis of the engine is called axial flow. It raises pressure of air but doesn’t change its direction. Each of these compressors has its advantages and disadvantages. 

A centrifugal compressor produces a high-pressure ratio in a single stage. It is easy to manufacture, durable and low in cost.

An axial-flow compressor is more efficient than the centrifu​gal-flow compressor and it will handle a larger volume of air for a given diameter. It also provides higher pressure ratios than are possible with the centrifugal compressor.

An axial-split compressor provides very high pressure ratio - 20:1. But it is of a very complicated design. It is not easy to manufacture and, of course, rather high in cost.

Exercise 15. Memorize the active vocabulary.

	impeller
	крильчатка, нагнітач
	крыльчатка, нагнетатель

	inlet pressure
	тиск на вході
	давление на входе

	exhaust pressure
	тиск на виході
	давление на выходе

	divergent
	1. що розходиться, дивергентний 2. що відхиляється 
	2. расходящийся, дивергентный 2. отклоняющийся

	stub shaft
	кореневий вал
	корневой вал

	single-entry
	одновхідний
	одновходной

	single-sided
	односторонній
	односторонний

	double-entry
	двовхідний
	двухвходной

	double-sided
	двосторонній
	двусторонний 

	ball bearing
	кульковий підшипник
	шариковый подшипник

	roller bearing
	роликовий підшипник 
	роликовый подшипник

	accelerate
	прискорювати
	Ускорять

	manifold
	1. колектор 2. патрубок
	1. коллектор 2. патрубок

	assemble 
	збирати, монтувати
	собирать, монтировать

	overall
	повний, загальний
	полный, общий

	heat-treated
	термічно оброблений
	термически обрабо-танный

	casting
	відливка
	отливка

	forging
	ковка, штамповка
	ковка, штамповка

	row
	ряд
	ряд

	build up (pressure)
	створювати / нарощувати (тиск)
	создавать / наращивать (давление)


Exercise 16. Practise out the dialogue.
Dialogue
T. And now let's consider the structure of the centrifugal compressor. The centrifugal compressor consists of the rotor and stator. The centrifugal compressor rotor, in its turn consists of the impeller, the guide vanes and two stub shafts. “Impeller” means "крильчатка, нагнітач / крыльчатка, нагнетатель", “shaft” is “вал / вал” and “the stub shaft" means "кореневий вал/корневой вал".
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Fig.II.2.1
	Look at this picture (Fig. II.2.1). This is the impeller. It is a  single-sided or the single-entry impeller. ”Entry” is ”вхід / вход”. So, ”the single-entry” or ”the single-sided impeller” means ”одновхідна / одновходная” or ”односто- роння крильчатка / односторонняя крыльчатка”. So, what impeller does Fig.II.2.1 illustrate?

	S. It illustrates the single-sided or  single-entry impeller.

T. Look at figure II.2.2. This is a double-sided or  double-entry impeller. Most gas turbine engines of the centrifugal type utilize the double-sided impeller. The verb "utilize" is the synonym to the verb "use".
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Fig.II.2.2.


S. Why does this type of engine utilize the double-sided impeller? 

T. Because using this type of impeller we reduce the overall (загальний / общий)  diameter of the engine. The rotor is mounted by means of two bearings. There are ball bearings and roller bearings. The roller bearing is “роликовий підшипник / роликовый подшипник”. Can you translate the meaning of the expression "the ball bearing"?
S. "кульковий підшипник/шариковый подшипник".

	Т. Right you are. And now look at this picture (Fig.II.2.3.) This picture shows the centrifugal compressor too. The ball bearing is mounted on the front shaft. The roller bearing supports the rear stub shaft. What type of compressor is illustrated in Fig.II.2.3? 

S. It is a centrifugal type compressor.
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Fig.II.2.3



Exercise 17. Read, translate and give the gist of  text 3.

Text 3. Centrifugal Compressor
The centrifugal compressor is  sometimes referred to as radial outflow compressor. It receives the air at its centre at a relatively low velocity and accelerates it outward by centrifugal force up to more high velocity. As the result the air is increased in both velocity and pressure.

The centrifugal compressor consists of an impeller rotor, a diffuser, and a manifold. The impeller can be either single- or double-sided. The diffuser acts as a divergent duct to slow down and increase static pressure. The compressor manifold distributes the air in a smooth flow into the compressor section. The most generally used centrifugal compressor is the single-sided type with one stage.

A centrifugal compressor may be used in combination with an axial flow compressor but all of the larger engines today use axial-flow compressors.

The rotor is mounted by means of two bearings: a ball bearing and a roller bearing. The ball bearing is mounted on the front shaft. The roller bearing supports the rear stub shaft.

Some engines use a single-sided or single-entry impeller, others use a double-sided or  double-entry impeller. Most gas-turbine engines of the centrifugal type utilize the double-sided impeller as it reduces the overall diameter of the engine.

The multistage centrifugal compressors consist of two or more single-entry compressors mounted on the same shaft.

The air compressed by the first stage is passed on to the second stage. This stage further compresses the air before passing it on to still another stage if there is one1.

Note: 

1. if there is one- якщо така існує / если такая имеется.
Exercise 18. Answer the questions on text 3.
1. What does the centrifugal compressor consist of? 2. What impeller does the centrifugal compressor utilize? 3. What acts as a divergent duct? 4. What does the compressor manifold do? 5. What type of compressor do all of  larger engines use? 6. Where is the ball bearing mounted? 7. What bearing supports the rear stub shaft? 8. Why do most gas turbines  of the  centrifugal  type  utilize  the  double-sided  impeller? 9. What does the multi-stage centrifugal compressor consist of?

Exercise 19. Translate the verb-noun pairs.

To operate – operation, to compress – compression, to enter – entry (entrance), to utilize – utilization, to reduce – reduction, to rotate – rotation, to roll – roller, to impell – impeller, to pass – passage, to develop – development, to propel – propeller, to lose – loss, to convert – conversion, to act – action, to move – motion (movement).
Exercise 20. Translate the words with prefix multi-. 
Multispar, multibladed, multiengined, multinozzle, multimode, multiplace, multistaged, multicomponent, multisection, multirotor, multi-position, multichambered, multislotted, multidimentional, multispeed, multipurpose, multiwheel.

Exercise 21. Translate “noun + noun” collocations.

Engine design, engine operation, piston engine, air flow, ball bearing, stator blades, compressor casing, compressor rotor, pressure ratio, fuel consumption, compressor stage, air speed, temperature rise, compressor manifold, combustion chamber, air intake, gas turbine, fuel-air mixture.

Exercise 22. Fill in the blanks with the following terms: the overall diameter; a diffuser, and a manifold; bearings; the double-sided; ball; the first stage; the roller bearing; the single-sided. 

1.The  centrifugal  compressor  consists  of  the  impeller  rotor, … ... . 2. The rotor is mounted by means of two ... . 3. The double-sided impeller reduces ... ... of the engine. 4. ... ... supports  the  rear  stub  shaft. 5. The ... bearing is mounted on the front stub shaft. 6. Most gas-turbine engines of the centrifugal type utilize ... ... impeller. 7. The impeller can be either ... or double-sided. 8. The air compressed by … … is passed on to the second stage.
Exercise 23. Make questions to the sentence.
The impeller of a centrifugal compressor is usually constructed of a heat-treated aluminum alloy forging.
1. Is ....................? 2. What is ...........? 3. What impeller ............?

4. What ............of ? 5. What alloy .........of ?
Exercise 24. Translate the sentences.

1. Axial flow compressor is a type of compressor used in a gas turbine engine in which air passes through the compressor in a straight flow from front to rear. 2. Centrifugal flow compressor is a type of compressor in which air is taken into the centre of the impeller and is pushed outward axially into a diffuser where it is fastened and pressure is decreased. 3. A rotating part of an engine, driven by the low pressure turbine, for air supply to the engine and to the duct around the front part of the engine is a fan. 4. The fan provides the major portion of engine thrust. 5. Compressor pressure ratio is the ratio of inlet pressure to exhaust pressure measurements. 6. The compression ratio is used as the primary parameter to set thrust on some engines. 

Exercise 25. Translate into English.
	1. Компресор забезпечує необхі-дний ступінь стискання. 
	1. Компрессор обеспечивает необходимую степень сжатия.

	2. Одновхідний компресор трохи більш ефективний, ніж двовхідний. 
	2. Одновходной компрессор немного более эффективен, чем двувходной.

	3. Ротор компресора монтується на двох підшипниках. 
	3. Ротор компрессора монти-руется на двух подшипниках.

	4. Кульковий підшипник закріп-люється на передньому  кореневому валі.
	4. Шариковый подшипник кре-пится на переднем  корневом валу.

	5. Роликовий підшипник підтримує задній кореневий вал
	5. Роликовый подшипник поддерживает задний корневой вал.

	6. Напрямні лопатки збираються разом з крильчаткою.
	6. Направляющие лопатки соби-раются вместе с крыльчаткой.

	7. У більшості газотурбінних двигунів з відцентровим компресором використовується двостороння  крильчатка. 
	7. У большинства газотурбинных двигателей с центробежным компрессором  используется двусторонняя крыльчатка.

	8. Двостороння крильчатка зменшує загальний діаметр двигуна.
	8. Двусторонняя крыльчатка уменьшает общий диаметр дви-гателя.


Exercise 26. Translate text 4 in a written form and entitle it. 

Text 4

The centrifugal compressor operates by taking in the outside air and rotating it by means of the impeller. The impeller of the centrifugal compressor is usually constructed of a heat-treated aluminum alloy forging. The stator of the centrifugal compres​sor is constructed of a heat-treated aluminum alloy casting. The impeller is assembled together with the guide vanes and the two stub shafts. The two stub shafts provide the bearing support for mounting the impeller in the engine. In the case of the centrifugal compressor, some engines use the single-sided or single-entry compressor. This type is a little more efficient than the double-sided type but its use requires a larger diameter for the same result. 
The efficiency of the single-stage centrifugal compressor is  relatively low. It is capable of building up the pressure four or five times which is known as the pressure ratio of 4 or 5 to 1.

Exercise 27. Find in text 4 eight words that can be used both as a noun and a verb. Give their translation.

Exercise 28. Give English equivalents.

Жаростійкий сплав / жаропрочный сплав; кореневий вал / корневой вал; підшипникова опора / подшипниковая опора; більш ефективний / более эффективный; відносно низька вартість / относительно низкая стоимость; більший діаметр / больший диаметр; виготовлятися зі сплаву / изготавливаться из сплава;  підвищувати тиск в 5 разів / повышать давление в 5 раз; збиратися разом / собираться вместе; термічно оброблений / термически обработанный.

Exercise 29. Memorize the active vocabulary.
	bladed disk 
	диск з лопатками 
	диск с лопатками

	coaxial
	коаксіальний, зі спільною віссю
	коаксиальный, соосный

	stationary 
	1. постійний 2.стаціонарний; нерухомий
	1. постоянный 2. стационарный; неподвижный

	casing
	кожух, корпус
	кожух, корпус

	half cylinder
	напівциліндр
	полуцилиндр

	obtain
	отримувати
	получать

	redirect
	переспрямовувати
	перенаправлять

	rim
	1. обід;бандаж (колеса)    2. край; кромка  
	1. обод; бандаж (колеса) 2. край; кромка 

	shrink (shrank,  shrunk)
	насаджувати (на вал)       в гарячому стані
	насаживать (на вал)       
в горячем состоянии

	shroud
	бандажний обід
	бандажный обод

	in series
	послідовно, в ряд
	последовательно, в ряд


Exercise 30. Practise out the dialogue.
Dialogue 

T. Let's proceed with our theme. We’ll consider the two main parts of a compressor: the rotor and the stator. What does the centrifugal compressor consist of?

S. It consists of the impeller, guide vanes and two stub shafts.
T. That's correct. The rotor of the axial-flow compressor consists of several bladed disks. The words “blade” and “vane” (лопатка / лопатка) are synonyms. The word combination “bladed disk” means “диск з лопатками / диск с лопатками”. These bladed disks are shrunk (насаджувати в нагрітому стані / насаживать в нагретом состоянии) on a shaft. The verb “to shrink” is irregular and its forms are: shrink-shrank-shrunk. Each row of blades constitutes a stage. The number of stages in the axial compressor varies with the engine design. Look at the picture (Fig. II.2.4.)
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Fig. II.2.4.
It shows  the assembly of an axial-flow compressor. How many stages are there in this compressor?
S. Let me see. There are nine rows of blades or stages.
T. Yes, this is the “9-stage” compressor because of the 9 rows of the compressor blades. As in the centrifugal compressor the rotor is mounted by two bearings: a roller bearing and a ball bearing. The axial compressor stator consists of two half cylinders. You can easily guess the meaning of the words “cylinder" and “half cylinder”. 
S. They are translated as “циліндр/цилиндр” and “напівциліндр / полуцилиндр”.
Т. Good. These two half cylinders are bolted through flanges (фланець / фланец). Can you translate: “to bolt through flange”? 

S. “Закріплювати болтами через фланець / Крепить болтами через фланц”.
T. That's correct. The stator blades are used to redirect the air from one stage to the next. You know the meaning of the word “to direct” – направляти / направлять. The prefix “re-” means “nepe-”. What is the Ukrainian / Russian for “redirect” then?
S. I think “переспрямовувати, змінювати напрям / перенап-равлять, изменять направление ”.
T. Right you are. These stator blades can be shrouded (бандажований / бандажированный) and unshrouded. Рrefix “un-” supplies the negative meaning to the word. So, what is “unshrouded”?
S. Heбандажований / Hебандажированный. 
T. That's correct.

Exercise 31. Read, translate and give the gist of text 5.

Text 5. Axial-Flow Compressor
The axial-flow compressor has two main elements: the rotor and stator. In a single-stage compressor the compressor, shaft, and turbine all rotate together as a single unit. In a multi-stage or multi-spool engine the turbine shafts are attached to their respective compressors coaxially, that is one within the other. The rotor of axial compressor consists of several bladed disks shrunk on the shaft. Each row of rotor blades constitutes a stage. The number of stages in the axial compressor varies with the engine design. The typical compressor of this type consists of 11 bladed disks shrunk on a steel shaft and is enclosed in an outer casing. It is called an “11-stage” compressor because of 11 rows of compressor blades. Modern axial-flow engines may have as many as 17 stages. As in the centrifugal compressor the rotor is mounted by two bearings: the roller bearing and the ball bearing. The axial compressor stator consists of two half cylinders bolted together through flanges along the edges. The two halves of them form the cylinder which is the compressor casing. The stator blades are used to redirect the air from one stage to the next. They are constructed in the same manner as the rotor blades and have a similar shape. They can be shrouded and unshrouded. As to disadvantages we may speak about difficulty of manufacture, high cost, relatively high weight, low pressure rise per stage. But this type of compressor has high efficiency at small frontal area and as a result low drag.

Exercise 32. Translate the adverbs. 

Continuously, completely, experimentally, manually, permanently, simply, slowly, smoothly, substantially, alternatively, badly, directly, hardly, incidentally, nec​essarily, occasionally, previously, properly, readily, nearly, really, unfortunately, aerodynamically, astronomically, geographically, mathematically, mechanically, physically, physiologically, scientifically, symmetrically, technologically, theoreti​cally.

Exercise 33. Translate the following word combinations paying attention to the italicized adjective-noun pairs.

Hot body – heat of a body, deep knowledge – depth of a river, long road – length of a road, wide river – width of a river, high ceiling – height of a ceiling, strong construction – strength of a construction.

Exercise 34. Translate the derivative chains.

To direct-director-direction; to compress-compressor-compres-sion; to rotate-rotor-rotation; to design-designer; to form-formal-formation; to use-usage-useful-useless; to operate-operator-operation, provide – provider – provision.

Exercise. 35. Answer the questions on text 5.

1. What are two main elements of the axial-flow compressor? 
2. What rotates together as a single unit? 3. What con​sists of several bladed disks shrunk on the shaft? 4. What constitutes a compressor stage? 5. What defines the  number  of  stages  in  the  axial-flow compressor? 6. What does the axial compressor stator consist of? 7. What consists of two half cylinders? 8. What is mounted by means of two bearings? 9. What are two types of bearings? 10. What do the stator blades redirect?  11. What are the advantages and disadvantages of an axial compressor?

Exercise 36. Translate the word combinations in column B.

	A
	B

	Admit- дозволяти / позволять; допускати / допускать
	admission of air -

	add – додавати / добавлять
	additional fuel -

	transmit - передавати / передавать
	pressure transmission -

	generate - створювати / создавать
	energy generation -

	eject - викидати / выбрасывать
	gas ejection -

	diffuse - розсіювати / рассеивать
	axial diffuser -

	сonsume - споживати / потреблять; витрачати / расходовать
	fuel consumption -

	heat - нагрівати / нагревать
	heated gases -

	release – вивільняти / высвобождать; виділяти / выделять  
	released heat -

	augment - підсилювати / усиливать; збільшувати / увеличивать
	thrust augmentation -

	pass - проходити / проходить
	air passage -

	require - вимагати / требовать
	required conditions - 


Exercise 37. Fill in the blanks with the following terms: bladed disks, flanges, unshrouded, the rotor, stator, bearings, half-cуlinders, сasing.

1. The axial-flow compressor consists of ... and ... . 2. The rotor of axial-flow compressor consists of several ... ... . 3. The rotor is mounted by means of two ... . 4. The axial-flow compressor stator consists of two … . 5. The two  halves are bolted together through ... . 
6. The cylinder is the compressor ... . 7. The stator blades can be shrouded and ... .

Exercise 38. Look at the picture (Fig. II.2.5) and memorize the names of the main engine components.
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Fig. II.2.5. Turbojet Engine

1. air intake – повітрозабирач / воздухозаборник
2. centrifugal flow compressor – відцентровий компресор / центробежный компрессор
3. combustion chamber – камера згорання / камера сгорания
4. gas turbine – газова турбіна / газовая турбина

5. exhaust nozzle – вихлопне сопло / выхлопное сопло

6. shaft – вал / вал
Exercise 39. Study the picture (Fig. II.2.6) and give English equivalents.
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Fig. II.2.6. Turbojet Engine

1. Повітрозабирач / воздухозаборник -

2.  Осьовий компрессор / осевой компрессор -

3.  Камера згорання / камера сгорания -

4.  Газова турбіна / газовая турбина - 

5. Форсажна камера / форсажная камера -

6. Вихлопне сопло / выхлопное сопло

Exercise 40 . Translate into English.

	1. Осьовий компресор склада-ється з ротора і статора.  
	1. Осевой компрессор состоит из ротора и статора.

	2. В одноступеневому компре-сорі всі його рухомі елементи обертаються разом як одне ціле.
	2. В одноступенчатом компрес-соре все его движущиеся эле-менты вращаются вместе как одно целое.

	3. Декілька дисків з лопатками насаджуються в гарячому стані на вал.
	3. Несколько дисков с лопатками насаживаются в горячем состоянии на вал.

	4. Ротор oсьового компресора складається з декількох дисків з лопатками. 
	4. Ротор осевого компрессора состоит из нескольких дисков с лопатками.

	5. Кожен ряд лопаток ротора складає один ступінь.
	5. Каждый ряд лопаток ротора составляет одну ступень.

	6. Ротор монтується за допо-могою двох підшипників – куль-кового та роликового.
	6. Ротор устанавливается при помощи двух подшипников – шарикового и роликового.

	7. Два напівциліндри статора утворюють кожух компресора.
	7. Два полуцилиндра статора образуют кожух компрессора.

	8. Лопатки статора переспрямовують потік повітря від одного ступеня на інший.
	8. Лопатки статора перенап-равляют поток воздуха от одной ступени к другой.

	9. За конструкцією лопатки можуть бути бандажовані та  небандажовані.
	9. По конструкции лопатки могут быть бандажированными и небандажированными.

	10. До переваг осьового компресора  відносяться його висока ефективність при невеликій фронтальній площі та низький лобовий опір.
	10. К преимуществам осевого компрессора  относятся его высокая эффективность при небольшой фронтальной площади и низкое лобовое сопротивление.


Exercise 41. Memorize the active vocabulary.
	spool
	каскад
	каскад

	two-spool compressor
	двокаскадний компресор
	двухкаскадный компрессор

	separate
	1. окремий 2. відокрем-лювати
	1. отдельный 2. отделять

	hollow
	пустотілий,порожнистий
	пустотелый, полый

	proper
	відповідний, правильний
	соответствующий, правильный

	govern
	керувати
	управлять

	alloy
	сплав
	сплав

	unsteady flow
	1. нестаціонарний потік 2. неусталена течія
	1. нестационарный поток 2. неустановившееся течение

	robust
	жорсткий; міцний (про конструкцію)
	жесткий; прочный (о конструкции)

	couple
	1. пара сил; момент пари сил 2. з’єднувати; зв’язувати 
	1. пара сил; момент пары сил 2. соединять, сцеплять; связывать 


Exercise 42. Practise out the dialogue.
Dialogue

T. And now let's proceed to the third type of the compressor – the axial-split compressor type. Look at the picture (Figure II.2.7). This is a typical two-spool compressor. Spool is каскад/каскад. It consists of two rotors: a low-pressure rotor (N1) and a high-pressure rotor (N2). How many stages are there in the low pressure compressor?
S. There are two stages .
T. Right you are. This low-pressure compressor is made up of two stages. And what about the high-pressure compressor? How many stages does it have?
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Fig.II.2.7 Two-spool compressor

S. It has 5 stages. It is a five-stage compressor.
T. That's good. Two compressor rotors in a two-spool system are mounted on  separate shafts. The shaft of the rear rotor is hollow (порожнистий / пустотелый, полый). What is the English for “порожнисті лопатки / пустотелые лопатки”?
S. “Hollow vanes”.
T.  Right. The front rotor shaft passes through the hollow shaft of the rear rotor. Between the two rotors of the two-spool compressor there are guide vanes. They give proper direction to the air flow from the low-pressure section to the high-pressure section. Will you translate "low-pressure section” and “high-pressure section”, please?

S. ”Секція низького тиску/секция низкого давления” та/и “секція високого тиску/секция высокого давления ”.
T. Great! Thank you.
Еxercise 43. Read, translate and give the gist of text 6.

Text 6. Axial-Split Compressor Type

The axial-split compressor consists of two rotors. One is a low-pressure rotor, the other is a high-pressure rotor. The high pressure rotor causes pressure rise in the air leaving the low pressure rotor. Two-spool compressors are used in both turbojet and turboprop engines. The high-pressure rotor is governed for speed, and the low-pressure rotor is free to operate at its own best speed. The two compressor rotors are mounted on separate shafts. Each rotor has the front and the rear bearings. The rear bearing for each rotor is a ball bearing. The compressor rotor is supported by the roller bearing at the front. The compressor rotor consists of steel bladed disks. The compressor blades are made of forged alloy steel and are mounted on the rim of the disks. Between the two rotors of the two-spool compressor there is a supporting structure for rotor bearings and guide vanes. The guide vanes are designed to give proper direction to the airflow from the low-pressure section to the high-pressure section. Since the two-spool engine is designed for high-power and high pressure ratios most of the parts are constructed of alloy steel instead of alluminium alloy.

Eхercise 44. Answer the key questions on text 6. 

1. What does the axial-split compressor consist of? 2. What rotor is governed for speed? 3. What rotor is free to operate at its own best speed? 4. Where are guide vanes located? 5. What are the compressor parts made of? Why? 6. What is the compressor rotor supported by? 
7. Do we mean one and the same type of a compressor speaking  about  an axial split and two spool compressor?

Exercise 45. Match the terms with their definitions. 

	1. inlet guide vanes
	a) The forward moving force produced by a propeller or a jet or rocket engine as exhaust gases are expelled through the exhaust nozzle.

	2. afterburner 
	b) An entrance or orifice for the admission of air into the compressor.

	3. air intake
	c) A duct or tube through which the gases produced in the combustion chamber are accelerated and discharged.

	4. exhaust cone
	d)The part of the gas turbine engine where combustion of air-fuel mixture takes place.

	5. turbine
	e) A device for augmenting the thrust of a jet engine by burning additional amount of fuel in the gases from the turbine.

	6. combustion chamber
	f) A rotating member for transmission of power.

	7. fan
	g) A part of an engine between the compressor and combustion chamber for reducing the airflow speed and increasing the air pressure.

	8. diffuser
	h) The element that provides the major portion of thrust in a turbofan engine.

	9. thrust 
	i) A fixed set of blades in front of an engine compressor for directing airflow to the compressor.


Exercise 46. Translate the following word combinations containing Past Participle.

Increased vibration, reduced air consumption, compressed fuel-air mixture, required air supply, acquired test data, predicted discharge coefficient, reduced airflow speed, increased air mass, needed temperature measurement, calculated ambient condition, simplified chamber design, measured exhaust pressure, eliminated pressure fluctuation, lowered noise level, modified compressor outlet, required inlet air temperature, caused by high pressure, constructed of aluminum alloy, mounted on a shaft, designed to carry loads, supported by bearings, governed for speed, made of forged alloy steel, produced by a fan, burned in the combustion chamber, expelled through the exhaust nozzle, admitted into the compressor.

Exercise 47. Give definitions of the following terms: inlet guide vanes, afterburner, air intake, exhaust cone, turbine, combustion chamber, fan, thrust, diffuser.

Exercise 48. Put questions  of different types to the italicized words.

1. Each row of blades constitutes a stage. 2. The axial-flow compressor consists of two rotors. 3. The two compressor rotors are mounted on separate shafts. 4. Most of  the parts are constructed of alloy  steel. 5. The guide vanes give a proper direction to the airflow. 6. The compressor blades are mounted on the rim of the disk.

Exercise 49. Write  a brief summary of text 6 in your own words.

Exercise 50. Read, translate  and give the gist of text 7.
Text 7. Compressor Requirements

The compressor must satisfy a number of requirements if it is to be suitable for use in a gas turbine.

It is required to raise the entry air pressure by an amount depending on the cycle being used. The pressure ratio across the compressor may be anything from 3 or 4:1 to as much as 20 or 30:1. The higher pressure ratios cannot be developed in a single unit, and a number of units in series must be used. This compression must be effected with as little loss as possible; for the greater the loss the more power must be supplied by the turbine driving the compressor. In general the losses in a compressor vary with the conditions under which it is being operated. It is clearly important therefore that the conditions under which these losses are low and the efficiency therefore is high should correspond as closely as possible to those under which the compressor will have to operate in the complete gas turbine system. In most forms of compressor there is a region of instability in which unsteady flows occur. It is most desirable and usually essential that the compressor should not be required to operate in this region.

These are the most important general aerodynamic requirements to  the compressor. There are of course special requirements in addition to many of the specific application of the gas turbine. For example, in the compressor of the aircraft turbine engine, the compressor must be as compact and light as possible and must be able to deal with as much air as possible in a given frontal area.

Exercise 51. Put 5 key questions on text 7.

Exercise 52. Read, translate and give the gist of text 8.

Text 8. Pros and Cons
There are a number of different types of compressor that could be used in a gas turbine, and each has something to be said for and against it.
The axial compressor has so far been used more than any other type and is likely to remain in favor. Its principal and overwhelming advantage is that it can develop a higher efficiency than any other type. From the aircraft point of view it has the further advantage of low frontal area for a given air flow. At the present time, however, it is comparatively expensive to make owing to its large number of blades. The pressure ratio that can be developed in a single unit axial compressor is probably fairly high – at least 12:1. But the characteristics of such a compressor would be quite unsuitable for use in a gas turbine, and starting would be impossible without motoring the unit up to a speed well over half the design speed. It is not yet known for certain what is the highest pressure ratio that can be developed in practice while still retaining a flexible engine. It is at least 8:1 and may with further knowledge be as high as 10:1. The actual value is probably only of academic interest. A design of a multi-stage axial compressor is mostly for industrial use.
The centrifugal compressor is a more robust machine than the axial and less susceptible to dirt and other foreign bodies. Although its efficiency is lower, the variation of its efficiency with air flow is less than in the axial so that matching of a number of stages in series is easier.

Exercise 53.  Discuss the  main advantages and disadvantages of the centrifugal and axial compressors types with your groupmates.

Exercise 54.  Translate text 9 in a written form and entitle it.

Text 9

The gas turbine engine consists of a rotary air compressor with an air intake, one or more combustion chambers, a turbine, and an exhaust outlet. There are two basic types of rotary air compressors, one giving a centrifugal flow and the other an axial flow. Both types are driven by the engine turbine and are coupled directly to the turbine shaft. The centrifugal flow compressor is a single or two-stage unit employing an impeller to accelerate the air and a diffuser to produce the required pressure rise. The axial flow compressor is a multi-stage unit employing alternate rows of rotating and stationary blades to accelerate and diffuse the air until the required pressure rise is obtained. The centrifugal compressor is usually more robust than the axial compressor and is also easier to manufacture. The axial compressor, however, consumes far more air than a centrifugal compressor of the same frontal area and can also be designed for high pressure ratios much more easily. Since the airflow is an important factor in determining the amount of thrust, this means that the axial compressor engine will also give more thrust for the same frontal area.

Exercise 55. Answer the questions on text 9.

1. What does the gas turbine engine consist of? 2. What is the principle of the centrifugal flow compressor operation? 3. What does the axial flow compressor look like? 4. How can pressure ratio of the axial flow compressor be increased? 5. What are the compressors driven by? 6. What are both compressor types coupled to? 7. What is an important factor in determining the amount of thrust? 8. What are the advantages and disadvantages of the centrifugal flow compressor?

Exercise 56. Speak on: 

1.The Compressor: Types and Functions.

2. The Centrifugal  Compressor.

3. The Axial-Flow Compressor. 

4. The Axial-Split Compressor.

ІІ. 3. Combustion Chamber

Exercise 1. Memorize the terms to texts 1 and 2.

	yield 
	1. виробляти; приносити, давати (плоди, наслідок) 2. піддаватися; поступатися 
	1. производить; приносить, давать (плоды, результат)       2. поддаваться; уступать 

	overall efficiency
	сумарна ефективність
	суммарная эффективность 

	produce power
	виробляти енергію
	производить энергию

	fuel combustion
	згорання палива
	сгорание топлива

	deliver 
	постачати 
	подавать 

	atomize
	розпилювати
	распылять

	ignite
	розпалювати, займатися 
	воспламенять(ся), разжигать(ся)

	ignition
	займання
	воспламенение

	thermal energy
	термічна / теплова енергія
	термическая / тепловая энергия

	derive 
	отримувати 
	извлекать 

	oxidizer (oxidant)
	окислювач
	окислитель

	convert 
	перетворювати 
	преобразовывать 

	continuous
	безперервний
	непрерывный

	conversion
	перетворення
	преобразование

	temperature distribution
	розподіл температури
	распределение температуры

	combustor outlet
	вихідний oтвір камери згорання
	выходное отверстие камеры сгорания

	release heat
	виділяти тепло
	выделять тепло

	withstand high temperatures
	витримувати високі t°
	выдерживать высокие t°

	inject
	упорскувати
	впрыскивать

	outer liner
	зовнішній кожух
	внешний кожух

	inner liner
	внутрішній кожух
	внутренний кожух

	fuel nozzle
	паливна форсунка
	топливная форсунка 

	manifold
	1. колектор 2. патрубок 
	1. коллектор 2. патрубок

	
	
	

	air-fuel mixture
	повітряно-паливна суміш 
	воздушно-топливная смесь 

	resistant
	стійкий; що чинить опір
	стойкий; сопротивляющийся 

	spray fuel
	розпилювати паливо
	распылять топливо

	accomplish 
	здійснювати; завершувати
	осуществлять; завершать

	louvre
	прорізь
	прорезь

	flame tube
	жарова труба
	жаровая труба

	primary air
	первинне повітря
	первичный воздух

	secondary air
	вторинне повітря
	вторичный воздух

	oxidation-resistant
	стійкий до окислення, антикорозійний 
	устойчивый к окислению, антикоррозионный 

	compressor discharge air
	повітря, що виходить з компресора
	воздух, поступающий из компрессора 

	
	
	


Exercise 2. Read, translate and give the gist of text 1.

Text 1. Combustion Chamber: 
Main Tasks and Purposes

Different types of engines result from choosing configurations that yield a desired high overall efficiency in various flight regimes.

As aircraft engines produce power through the combustion of fuel, it is very important to provide satisfactory combustion process. This process takes place in the combustion chamber, which is one of the major components of any gas-turbine engine. The combustion chamber is designed to expand the air passing through the engine by burning fuel in the air stream. Air is delivered from the compressor to the combustor where the fuel is sprayed (atomized) into the air and ignited, combustion takes place, and the gases pass out through the turbine.

All aircraft engines are heat engines in which thermal energy derived from the combustion of fuel with air (or an oxidizer) is converted to useful work. Combustion efficiency is of particular importance because of the great fuel consumption. A perfect combustion chamber must meet two basic requirements: first, it must provide maximum conversion of fuel chemical energy into heat energy of gas, and, second, this conversion must be accomplished with minimum pressure losses. In addition, the combustion process must proceed evenly and continuously, so that the constant temperature distribution at the combustor outlet may be provided.

The fuel burning process results in the release of heat, this is why the chamber is made of materials that can withstand high temperatures. Approximately one fourth of the air entering the combustion chamber is burned with the fuel. The rest1 of the air serves to cool the heated gases to a level which will not damage the turbine nozzle and blades. Therefore, the design of the combustion chambers must be such that adequate fuel combustion is accomplished and that proper cooling is attained.

Note:

1. the rest - залишок, решта / остаток, остальное

Exercise 3.   Match the English-Ukrainian / Russian equivalents:
	1) oxidizer / oxidant
	a) давати високу загальну ефективність / давать высокую общую эффективность

	2) fuel consumption
	b) згорання палива / сгорание топлива

	3) cool heated gases
	c) камера згорання / камера сгорания

	4) convert to useful work
	d) розширювати повітря / расширять воздух

	5) fuel combustion  
	e) подавати повітря / подавать воздух

	6) expand air
	f) розпилювати та розпалювати паливо / распылять и разжигать топливо 

	7) yield high overall efficiency
	g) тепловий двигун / тепловой двигатель

	8) damage
	h) перетворювати на корисну роботу / преобразовывать в полезную работу

	9) the rest 
	i) забезпечувати максимальне перетворення / обеспечивать максимальное превращение

	10) combustion chamber
	j)    витрата пального / расход топлива

	11) proceed evenly
	k) окислювач / окислитель 

	12) provide maximum conversion
	l)   мінімальні втрати тиску / минимальные потери давления

	13) spray and ignite fuel
	m) проходити рівно / происходить равномерно

	14) turbine blades and nozzle
	n) забезпечувати постійну температуру / обеспечивать постоянную температуру

	15) withstand high temperatures
	o) виділення тепла / выделение тепла

	16) minimum pressure losses
	p) витримувати високі температури / выдерживать высокие температуры

	17) deliver air
	q) приблизно / приблизительно

	18) heat release 
	r)    залишок, решта / остаток, остальное 

	19) provide constant temperature
	s)    охолоджувати гарячі гази / охлаждать гарячие газы

	20) heat engine
	t)   лопатки та сопло турбіни / лопатки и сопло турбины

	21) approximately
	u) пошкодження / повреждение


Exercise 4. Practise out the dialogue.
Dialogue
T. Let us consider the construction features (конструктивні особливості / конструктивные особенности) of the combustion chamber and its significance (значення / значение) for the performance (робота; характеристика / работа; характеристика) of the engine in general. Engine performance is known to depend on the performance of its components. So, does each component of the engine influence the performance of the engine in general?

S. – Yes, it does. Engine performance depends on the performance of its major components.

T. – Right. And what’s more, the shape of the components and other mechanical characteristics determine the behaviour of each component and the engine on the whole, and are taken into account in the engineering choices of the design of propulsion systems (система тяги / система тяги). Each of the three basic engine types: reciprocating, jet and rocket engines, requires a certain combustion chamber for operation. 

S. – Do you mean, that the engine type determines the choice of the combustion chamber for its proper operation?

T. – Quite right. The jet engine, for example, utilizes the burner, i.e. a straight-through type of tubular combustion chamber (прямоточна багатосекційна камера згорання / прямоточная многосекционная камера сгорания); the reciprocating engine uses the cylinder type of combustion chamber (циліндрична камера згорання / цилиндрическая камера сгорания); while the rocket engine uses a combustion chamber similar to the jet engine.

Exercise 5. Translate and memorize the following collocations.

To take place, to pass through, to pass out through, to derive from, to convert to, to be of importance, because of, to meet requirements, to be accomplished with, in addition to, to result in, to result from, that is why, to be made of, one fourth.

Exercise 6. Match terms and their definitions.

	1. Fuel
	a) The shape or arrangement of the parts of something.

	2. Conversion
	b) Chemical activity which uses oxygen  to provide the process of burning.

	3.Configuration
	c) A substance such as coal, gas, or oil that can be burnt to produce heat or energy. 

	4. Adequate
	d) To force liquid out of a container so that it comes out in a stream of very small drops and covers the area.

	5. Combustion
	e) When you change something from one form, purpose, or system to a different one. 

	6. Spray
	f) Enough in quantity, or of a good enough quality for particular purposes.


Exercise 7. Find synonyms among the entries of the list given below:

to combust, to carry out, to provide, to choose, to get, to define,  to yield, to revolve, to relate, to apply, to require, to concern, to utilize, to burn, to determine, to ensure, to select, to demand, to perform, to rotate, to produce, to derive.

Exercise 8. Complete the sentences giving English equivalents of the words in brackets.

1. The choice of the combustor size is determined by (розмір двигуна / размер двигателя). 2. (Принципова різниця / принципиальная разница) is that rockets do not use a (джерело повітря / источник воздуха) from outside the engine. 3. The driving force of the engine is derived from (реакція спалюємих газів / реакция сжигаемых газов) which are exhausted directly from the combustion chamber through the (сопло / сопло). 4. (Поршнeві двигуни / поршневые двигатели) use pistons to compress the air-fuel mixture in the combustion chamber or cylinder. 5. Fuel plus (окислювач / окислитель) to provide oxygen, are carried in the rocket and injected into the combustion chamber. 6. Engine performance (визначається / определяется) by the (характеристики / характеристики) of several major components of the engine. 7. Each engine type (вимагає / требует) a different form of (камера згорання / камера сгорания) for operation.

Exercise 9. Ask questions to the italicized parts of the sentences.

1. It is very important to provide satisfactory combustion process.

2. The combustion chamber is designed to expand the air by burning fuel. 3. In all aircraft engines, thermal energy is converted to useful work. 4. Combustion efficiency is of particular importance because of the great fuel consumption.

Exercise 10. Derive nouns from the following words using the suffixes -ance, -ence and translate the pairs.

	Model: important - importance 

важливий / важный - важливість / важность.


Resist, differ, violate, prefer, consist, reside, insist, insolent, ignore, tolerant, experiential.

Exercise 11. Construct nouns from verbs adding the suffix -ion (or its variants -tion, -sion) and translate the pairs.

	Model: to collect - collection 

збирати / собирать - збори; колекція / собрание; коллекция


To dictate, to connect, to produce, to demonstrate, to translate, to introduce, to transmit, to restrict, to isolate, to occupy, to navigate, to promote, to graduate, to decide, to divide, to convert, to expand.

Exercise 12. Derive nouns from verbs adding the suffix -ment and translate the pairs.

	Model: to develop - development 

розвивати / развивать - розвиток / развитие.


To commit, to improve, to govern, to settle, to pay, to agree, to employ, to confine, to excite, to engage, to enjoy, to enlarge, to engross, to enforce, to enroll, to accomplish.

Exercise 13. Derive nouns from adjectives adding the suffix -ness and translate the pairs.

	Model: dark - darkness 

темний / темный - темнота / темнота


Kind, weak, bitter, sick, cold, pure, full, good, happy, clever.

Exercise 14.  Translate the verbs and their derivatives, pay attention to the suffixes.

To relate – relation; to behave – behaviour; to determine – determination; to apply – application; to require – requirement; to utilize – utilization; to ignite – ignition; to mix – mixture; to compress – compression; to perform – performance; to rotate – rotation; to provide – provision, to inject – injection; to compare – comparison.

Exercise 15. Put the verbs into the correct tense form after the model.

	Model: 1. When they graduate from the university, they will become aviation engineers.

2. If I see him, I shall tell him everything.


1. When I (to see) the engineer, I (to ask) him what to do.

2. Please, (not to switch) off the light till they (to come) back.

3. As soon as you (to hear) the story, you (to be eager) to get acquainted with the people who took part in the event.

4. The combustion chamber (to become overheated) if the cooling air (not to enter) the system.   

Exercise 16. Put the verbs into the correct tense form after the model.
	Model: I would have warned you about their arrival if I had known, but I was not aware of that.


1. The engine (to become clogged) if the fuel filters (not to be cleaned) in time.

2. If they (to discuss) the problem in advance, the situation (to be changed).

3. The airplane wings (to become iced) if the warming system (to be turned off).

4. If the pilot (to receive) the instruction in time, he (to change) the direction of flight.

5. They (to miss) the flight if they (to leave) half an hour later.

Exercise 17. You are displeased with the situation. Make sentences with I wish…after the model.
	Model: You went to bed too late and now you are sleepy.

- You say: I wish I had not gone to bed too late yesterday.


1. You decided not to take an exam. Now you realize that it was a mistake. I wish I (to take) an exam then.

2. You have been smoking for several years. Now your health is bad. I wish I (to give up) smoking many years ago.

3. You went by train to visit your parents. Now you see that your visit will be very short. I wish (to go) by plane.

4. The day is foggy and airplanes cannot fly. I wish I (to listen) to the weather forecast, I could have gone by train.

5. You have got into a traffic jam and have missed the flight. I wish I (to leave) an hour earlier, I wouldn’t have missed my flight.

Exercise 18. Translate text 2 in a written form.

Text 2. Combustor design

Air flows from the compressor into the combustor between the inner and outer liners, both being provided with holes and louvers for the entry of primary and secondary air. All process of combustion takes place inside the inner liner at approximately constant pressure. In the combustor flame tube only enough primary air is mixed with the fuel to provide a correct mixture for burning. After burning is completed, secondary air joins the burning mixture to provide cooling. The fuel nozzles, designed to inject and atomize fuel, are attached to the fuel manifolds. 

The combustor is spaced around the engine between the compressor and turbine section. When the engine is operated at its maximum power, the exit temperature from a combustor is well above the level at which the oxidation-resistant super alloys can operate for long periods. For this reason, the structure of the combustor must be cooled by a portion of the compressor discharge air, which will then mix with the combustion product to become a part of the turbine flow.

Exercise 19. Fill in the blanks with appropriate terms below.

The compressor discharge air; except for; the outer and inner liners;  the fuel nozzles; a correct mixture for burning; the oxidation-resistant super alloys;  inside the inner liner.

1. In the combustor flame tube only enough primary air is mixed with the fuel to provide (правильна суміш пального з повітрям / правильная смесь топлива с воздухом) 2. Both (зовнішній і внутрішній кожухи / внешний и внутренние кожухи) are provided with holes and louvers. 3. The whole process of combustion takes place (в середині внутрішнього кожуха / внутри внутреннего кожуха) at approximately constant pressure. 4. (Паливні форсунки / топливные форсунки) are used to inject and atomize fuel. 5. The exit temperature from a combustor is well above the level at which (суперсплави, стійкі до окислювання / не подвергающиеся окислению суперсплавы) can operate for long periods. 6. The structure of the combustor must be cooled by (повітря, яке виходить з компресора / воздух, поступающий из компрессора). 7. Combustors are identical (за винятком / за исключением)  different pressures and mass flows.

Exercise 20. Translate into English.

	1. Процес згорання палива відбувається в камері згорання. 
	1. Процесс сгорания топлива происходит в камере сгорания.

	2. Функція камери згорання – розширювати повітря шляхом спалювання палива  в струмені повітря.
	2. Функция камеры сгорания - расширять воздух путем сжигания топлива в струе воздуха.

	3. Теплова енергія, яка отримується в результаті згорання повітряно-паливної суміші, перетворюється в корисну роботу.
	3. Тепловая энергия, получаемая в результате сгорания воздушно-топливной смеси, превращается в полезную работу.

	4. Процес згорання палива має проходити рівно та безперервно, забезпечуючи постійний розподіл температури на виході з камери.
	4. Процесс сгорания топлива должен проходить ровно и непрерывно, обеспечивая постоянное распределение температуры на выходе из камеры.

	5. Повітря, що поступає до камери згорання, використовується як для процесу згорання палива, так і для охолодження нагрітих газів.
	5. Воздух, поступающий в камеру сгорания, используется как для процесса сгорания топлива, так и для охлаждения нагретых газов.


Exercise 21. Give full information on the following items.

1. Combustion chamber design.

2. Satisfactory combustion process.

3. Basic requirements to a perfect combustion chamber.

4. Functions of the air entering the combustion chambers.

Exercise 22. Memorize the active vocabulary to texts 3 and 4.

	can-type combustion chamber
	трубчата / індивідуальна камера згорання 
	трубчатая / индивидуальная камера сгорания

	multiple
	1. составний, складний, багатосекцій-ний 2. багаточисель-ний 
	1. составной, складной, многосекционный 2. многочисленный 

	
	
	

	annular type combustion chamber
	кільцева камера згорання 
	кольцевая камера сгорания

	cannular type combustion chamber
	трубчато-кільцева камера згорання  
	трубчато-кольцевая камера сгорания

	flame stabilization / anchoring 
	стабілізація полум’я 
	стабилизация пламени

	complete combustion / burning
	повне згорання  
	полное сгорание

	disassembly
	демонтаж 
	демонтаж 

	circumference 
	окружність, коло; периферія 
	окружность, периферия

	
	
	

	diffuse the compressed air
	розпилювати стиснене повітря  
	распылять сжатый воздух

	flame pattern
	форма полум’я
	форма пламени

	equalization
	вирівнювання 
	выравнивание 

	swirl vane
	завихрювач  
	завихритель

	reverse flow
	зворотний потік
	обратный поток

	uniform
	однорідний
	однородный

	oxidation
	окислення
	окисление

	vaporization
	1. випаровування       2. випарювання      3. пароутворення
	1. выпаривание 2. испарение 3. парообра-зование

	turbulence
	турбулентність
	турбулентность

	propagation
	розповсюдження
	распространение

	homogeneous
	однорідний
	однородный


Exercise 23. Read, translate and give the gist of text 3.

Text 3. Types of Combustion Chambers

The following  types of combustors (can-type or individual, annular type and cannular type) are known to be mainly used for gas turbine engines. The design of individual or can-type combustion chambers seems to be rather simple, as illustrated in Fig.II.2.1.
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Fig. II.3.1. The individual or can-type combustion chamber

However, it is quite complex in operation. Its operation is characterized by the necessity of flame stabilization or anchoring, that is the smooth continuous ignition process. In order to anchor the flame and secure complete combustion, a strong reverse flow of heated air and gas must be produced. 

One of the advantages of having individual combustion chambers is that replacement of combustion chambers and liners is possible without complete engine disassembly.
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Fig. II.3.2. The annular combustion chamber

Annular combustion chamber has a variety of configurations as designed by individual engine manufacturers. Basically, an annular combustion chamber is a single chamber completely surrounding the engine. Fig. II.2.2 illustrates this type of combustion chamber. Fuel is fed through fuel nozzles, which distribute the flame around the circumference of the chamber. The chamber outer case (liner) is punched with uniform rows of holes, which diffuse the compressed air and help to maintain an efficient flame pattern.

The annular chamber has important advantages: minimized friction between the gas and the combustor surfaces, improved annular pressure equalization and reduced weight, all adding to the efficiency of this combustor type.
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Fig. II.3.3. The Cannular Combustion Chamber

The cannular (can-annular) combustion chamber is a combination of the “can” type and the “annular” type. Fig. II.2.3 illustrates a cannular combustor consisting of a number of combustion chambers or “cans” arranged evenly around the circumference of an annular chamber. Each separate chamber is in the form of a small chamber, in that there is an inner liner through which air flows to cool the inside of the chamber. Both the inner and outer liners are provided with holes for the entry of primary and secondary air. 

Each combustion chamber is supplied with fuel through fuel nozzles mounted at the head of the chamber. The nozzles are attached to the fuel manifold. Primary air for fuel combustion enters the chambers through swirl vanes, arranged around the fuel nozzles, which contributes to good mixing of air and fuel and even burning. This combustor design secures complete burning of fuel, thus making it the most efficient combustor type. 

Exercise 24.  Answer the questions on text 3. 
1. What types of combustors are known to be mainly used for gas turbine engines? 2. Is a can-type combustor as simple in operation as in design? 3. What is the main characteristic feature of its operation? 
4. What must be done to anchor the flame? 5. What advantages of the individual combustion chamber do you know? 6. Configuration of the annular combustion chamber depends on the choices of individual engine manufacturers, doesn’t it? 7. What kind of chamber is the annular combustor? 8. What is the function of fuel nozzles? 9. What do the holes, punched in the outer liner, serve for? 10. What makes the annular combustion chamber attractive for manufactures? 11. Which of the combustors is a combination of two types? 12. What is the peculiarity of its design? 13. How does the cannular combustion chamber secure complete burning of fuel and make it the most efficient combustor type?

Exercise 25. Say whether the following statements are true or false. Correct the false ones.

1. The design of the can-type or individual combustion chamber is rather complex, but it is quite simple in operation. 2. The main disadvantage of the annular combustion chamber is its very heavy weight and very high cost. 3. The annular chamber has minimized friction between the gas and the combustor surfaces. 4. Each separate chamber of the cannular combustion chamber is provided with inner liner through which heated gases flow to anchor the flame pattern. 5. The primary air for fuel combustion in the cannular combustion chamber enters the chamber through swirl vanes, arranged inside the fuel nozzles.

Exercise 26. Fill in the table.

	Type of Combustion Chamber
	Advantages
	Disadvantages

	1
	Can(multiple)-type
	L
	

	2
	Annular
	LL
	

	3
	Cannular
	Ll
	


Exercise 27. Make a written translation of text 4.  

Text 4. Combustion chamber operating cycle
Providing a proper combustion process is very important as the fuel oxidation reaction is the only source of energy in the engine. Combustion takes place in a gas turbine with a stationary type of flame at approximately constant pressure.

The process of combustion consists of four steps, namely:

a)  formation of the combustion mixture, which includes:

· atomization of fuel

· vaporization of fuel

· provision of turbulence of the air flow;

b) ignition of the mixture;

c) flame movement or combustion propagation;

d) addition of the secondary air.

Introduction of the fuel and air into all types of combustors is similar. The compressed air entering the chamber is separated into the primary and secondary streams. The primary air will take part in the process of combustion. It will be mixed with fuel to provide a combustible mixture. 
The primary or combustion air is fed into the chamber at low velocity. The turbulence of this air is provided by passing it through a series of holes. This turbulence helps in good mixing of air with fuel. The fuel is sprayed into the combustor through the fuel nozzles. The fuel nozzles are devices for injecting and atomizing the fuel. The number of them varies with the combustion chamber design. The fuel and air must be highly homogeneous. Before mixing can occur, the liquid fuel must be vaporized.

As the burning continues, secondary air is admitted to the combustor at increasing velocities to provide air for the completion of combustion and to reduce the temperature of the combustion products to a value permissible in the turbine. The completeness of combustion directly influences the heat release, and hence the fuel consumption of the engine.

.
.Exercise 28. Speak on:

1. General characteristics of combustion chambers and their types.

2. Can-type combustion chamber.

3. Annular combustion chamber.

4. Cannular combustion chamber.

II.4. TURBINE SECTION

Exercise 1.  Memorize the active vocabulary.

	kinetic
	кінетичний 
	кинетический

	thermal
	тепловий 
	тепловой

	thermal energy
	термічна/теплова енергія 
	термическая/тепловая энергия

	working fluid
	робоча рідина
	рабочая жидкость

	steam
	пара
	пар

	impulse turbine
	активна турбіна
	активная турбина

	reaction turbine
	реактивна турбіна
	реактивная турбина

	nozzle-shaped 
	у формі сопла
	в форме сопла

	multitude
	безліч, велика кількість 
	множество, большое количество

	drum
	барабан
	барабан

	marine
	морський
	морской

	nuclear power plant 
	атомна електростанція
	атомная электростанция

	drive shaft
	привідний вал, ведучий вал
	приводной вал, ведущий вал

	rotational energy  
	обертальна енергія
	вращательная энергия


Exercise 2. Practise out the dialogue.
Dialogue

T. Today we’ll speak about the third main section of any gas turbine engine, namely, the turbine. Can you remind us  its location and function? 

S. The turbine is located after the nozzle diaphragm and its function is to extract power from a gas stream.

T. And what is this power used for?

S. As far as I  remember it drives the compressor and accessories.

T. Right. It converts the kinetic (кінетична / кинетическая) or thermal (теплова / тепловая) energy of flowing fluid into useful rotational energy. By flowing fluid we mean  air, hot gas, steam (пара / пар) or water. And what flowing  fluid was used in first  developed turbines?

S. I think it’s water.

T. Yes, quite right. Then comes steam turbine designed  by British engineer. He efficiently used the energy of high-pressure steam. The construction of a steam turbine is rather simple. It consists of a rotating drum (барабан / барабан) with series of vanes mounted on it and the  stator vanes redirecting the steam in between the moving ones. Can we say that a series of vanes mounted on a rotating drum is  a prototype of a set of blades mounted on the drive shaft?

S. Yes, absolutely.

T. It’s correct. And what turbines are used in thermal and nuclear power plants ?

S. If I’m not mistaken, they are steam turbines.

T. That’s right. And as to gas turbines they are widely used in airplanes.

Exercise 3. Read and translate text 1. Tell what new information you have acquired after reading it.

Text 1. Turbine

Turbine is a rotating part of an engine which extracts energy from the combustion chamber gases, converting the kinetic and/or thermal energy of a flowing fluid into useful rotational energy. The working fluid may be air, hot gas, steam or water. This either pushes against a set of blades mounted on the drive shaft (impulse turbines) or turns the shaft by reaction when the fluid is expelled from nozzles (or nozzle-shaped vanes) around its circumference (reaction turbines). Water turbines were the first to be developed. In the 1880s Charles Algernon Parsons (1854-1931), a British engineer designed the first successful steam turbine, having realized that the efficient use of high-pressure steam demanded that its energy be extracted in a multitude of small stages. Steam turbines thus consist of a series of vanes mounted on a rotating drum with stator vanes redirecting the steam in between the moving ones. They are commonly used as marine engines and in thermal and nuclear power plants. Gas turbines are not as yet widely used except in airplanes.

Exercise 4. Give English equivalents to:
Кінетична енергія / кинетическая энергия; теплова енергія / тепловая энергия; корисна обертальна енергія / полезная вращательная энергия; парова турбіна / паровая турбина; робоча рідина / рабочая жидкость; комплект лопаток / комплект лопаток; привідний вал / приводной вал; активна турбіна / активная турбина; реактивна турбіна / реактивная турбина; сопло / сопло; соплові лопатки (турбіни) / сопловые лопатки (турбины); периферія / периферия; пара високого тиску/пар высокого давления; барабан, що обертається / вращающийся барабан; статорнi лопатки / статорные лопатки; ядерна електростанція /ядерная электростанция; відбирати енергію / извлекать энергию; 

Exercise 5. Make nouns by adding the noun-forming suffixes – er/ -or and translate the pairs.
Convert, use, steam, push, drive, develop, design, extract, move, transform, propel, divide, construct, manufacture, heat, resist, accelerate, fasten, navigate, generate, transform, inspect, indicate.
Exercise 6. Match the  words in A with the word in B to form as many word combinations as possible and translate them.

	A
	B

	1. flowing
	a) power plant

	2. impulse
	b) engineer

	3. aircraft
	с) shaft

	4. efficient
	d) drum

	5. rotating
	e) vanes

	6. nuclear 
	f) use

	7. stator
	g) steam

	8. high-pressure
	h) energy

	9. drive
	i) fluid

	10. convert
	j) turbine  


Exercise 7. Work with a partner. Answer the questions on text 1. 

1. What part of an engine is a turbine? 2. What does a turbine extract energy from? 3. What energy is converted into useful rotational energy? 4. What is the turbine used for? 5. What may be used as the working fluid for turbine operation? 6. How does the impulse turbine work? 7. What type of turbine turns the shaft by reaction when the fluid is expelled from nozzles around its circumference? 8. How does the reaction turbine work? 9. What did Ch. Algeron Parsons have to realize to design a successful steam turbine? 10. What do steam turbines consist of? 11. What do  stator  vanes  do? 12.  Where are steam turbine used? 13. What turbines are used in airplanes?
Exercise 8. Complete the following statements.

1. Turbines are used  for  converting  energy of a flowing fluid into … . 2. The working fluid may be … . 3. The first turbines  to be developed were … . 4. Ch. Algeron Parsons realized  that  the  efficient use of high-pressure steam demanded that … . 5. Steam turbines consist of … . 6. Steam turbines are used as marine engines and in … . 7. … are widely used  in airplanes.
Exercise 9. Write a summary of text 1 using the following terms: 

Convert energy, working fluid, rotational energy, a set of blades, turbine stage, drive shaft, nozzle-shaped vanes, extract energy, rotating drum, gas turbines, redirect in between the moving vanes. 

Exercise 10. Translate the text in writing and entitle it.

The turbine has the task of providing power to drive the compressor and accessories and to provide shaft power for a propeller or rotor through a coaxial shaft. It does this by extracting energy from the hot gases released from the combustion system and expanding them to a lower pressure and temperature. The turbine may consist of several stages, each employing one row of stationary guide vanes and one row of moving blades. The exhaust system passes the turbine discharge gases to atmosphere at a proper velocity, and in the required direction, to provide the resultant thrust.

.
.

Exercise 11. There are three different pronunciations of “ed” ending in the II-nd and III-rd forms of regular verbs. 

	[d]
	[t]
	[id]

	designed
	asked
	created


Distribute the following verbs  into 3 columns according to their pronunciation.

Demanded, converted, required, used, extracted, called, illustrated, redirected, expelled, accompanied, compressed, mounted, constructed, realized, moved, subjected, provided, remembered, cooled, passed, decreased, rotated, worked,  exhausted, expanded, developed.  

Exercise 12. Get acquainted with a few tips to help you make notes in English. 

1. Use recognized abbreviations: 

e.g. (exempli gratia) – for example – наприклад / например

etc – et cetera - (and so on and the rest) - і так далі, і таке інше / и так далее,  и тому подобное

hp – horsepower – кінська сила / лошадиная сила

hrs – hours – години / часы

ib, ibid – in the same place – в тому ж місці / в том же месте

i.e. (id est) – that is – тобто / то есть 
lb (librae) - pound  - фунт / фунт 
no(s) – number (s) – число, кількість, номер / число, количество, номер
v.v. (vice versa) - the opposite – навпаки / наоборот
rpm – revolutions per minute – оберти за хвилину / обороты в минуту

asap – as soon as possible – якомога швидше / как можно быстрее

( – therefore – таким чином / таким образом  

& – and – та/ и  

 –  go to / lead to – призводити до / приводить к 

( – less than / fewer than – менш ніж / меньше чем 

( – more than – більше ніж / больше чем

2) Only write the CONTENT words; omit others, especially grammar words, e.g.: The speed will achieve 6,500 rpm. – Speed 6,500 rpm.

3) You can also use your own invented abbreviations of expressions just mentioned in full versions.

Exercise 13. Rewrite  the following  in complete sentences.

+ 20 engines ( Italy last year. Total number = 200 units ( profit $ 50.000.

Exercise 14.  Decipher the abbreviations.
Etc, e.g., i.e., v.v., hp, lb, no, rpm., ib, asap, &.

Exercise 15. Memorize the active vocabulary.

	turbine rotor assembly
	робоче колесо турбіни 
	рабочее колесо турбины

	concentric 
	концентричний
	концентрический

	corrosion-resistant
	корозієстійкий  
	коррозиеустойчивый

	heat-resistant
	теплостійкий, жаростійкий
	теплостойкий, жаропрочный

	fir-tree attachment
	хвостовик типу “ялинка“
	хвостовик типа “елочка”

	weld
	зварювати
	cваривать

	fasten
	прикріпляти, скріплювати, з’єднувати 
	прикреплять, скреплять, соединять

	fastener
	елемент кріплення
	элемент крепления, крепеж

	gasket
	прокладка; сальник
	прокладка; сальник

	fitting
	1. з’єднення, монтаж; встанов-лення; кріплення 2. дороблення     3. фітинг 4. патрубок; штуцер 
	1. соединение, монтаж; установка; крепление 2. доработка 3. фитинг    4. патрубок; штуцер

	single-stage
	oдноступеневий
	oдноступенчатый

	multi-stage 
	багатоступеневий 
	многоступенчатый

	essentially
	по суті
	по сути

	coating
	покриття, захисний шар
	покрытие, защитный слой

	substantially
	значною мірою;     істотно
	в значительной степени; существенно

	shaft horsepower (shp)
	потужність на валу
	мощность на валу

	fluctuating stream
	пульсуючий потік
	пульсирующий поток

	 subjected (to)
	піддавати (дії, впливу і т.п.)
	подвергаться (воздействию, влиянию и т.п.)

	punch holes
	пробивати отвори
	пробивать отверстия

	spacer 
	прокладка, розпірка; шайба, кільце
	прокладка, распорка; шайба, кольцо

	spacer ring
	розділове кільце
	разделительное кольцо

	seal seat  
	гніздо ущільнювача
	гнездо уплотнителя

	bucket 
	лопатка (турбіни)
	лопатка (турбины)

	accompany
	cупроводжувати
	сопровождать

	convergent
	звужуваний 
	сужающийся 

	convergent-divergent exhaust nozzle
	надзвукове сопло
	сверхзвуковое сопло

	spline
	1. шліц; шліцеве з’єднання 2. кріпити за допомогою шліцевого з’єднання
	1. шлиц; шлицевое соединение 2. крепить с помощью шлицевого соединения

	concave 
	ввігнутий, впалий
	вогнутый, впалый

	vibratory stress
	вібраційна напруга
	вибрационное напряжение

	front case
	лобовий картер
	лобовой картер

	rear case
	задній картер (частина корпусу)
	задний картер (часть корпуса)

	thrust-reversal device  
	механізм реверса тяги
	механизм реверса тяги

	noise suppressor
	шумоглушник
	шумоглушитель


Exercise 16. Practise out the dialogue.
Dialogue

T. The turbine section is one of three principal sections of any gas turbine engine. It is located after the combustion chamber. In the turbine section the kinetic energy of expanded gases is extracted and converted into useful rotational energy (корисна обертальна енергія/полезная вращательная энергия). This power is used to drive the compressor and accessories in a turbojet engine. And in a turboprop engine the power is used to drive the propeller as well. Look at Fig.II.4.1, please. 

[image: image44.png]



Fig.II.4.1 Typical arrangement of the turbine assembly

You see a typical arrangement of the turbine assembly. It consists of two parts: the turbine nozzle diaphragm (“сопловий апарат/ сопловой аппарат”) and the turbine rotor assembly (“робоче колесо турбіни/ рабочее колесо турбины”). The first component consists of hollow vanes welded between two concentric rings. The second part, that is the turbine-rotor assembly, consists of a turbine wheel or rotor and a set of stationary vanes. Where is the turbine section located?
S. The turbine section is located after the combustion section. 

T. Quite right. What process takes place in the turbine section?

S. The kinetic energy of expanded gases is extracted and converted into useful rotational energy in the turbine section.

T. Thus, what is the function of the turbine assembly?

S. The function of the turbine assembly is to extract power from the jet stream for driving the compressor and accessories in turbojet engines and to drive the propeller as well in turboprop engines.

T. What does the turbine assembly consist of?


S. It consists of two parts: the turbine nozzle diaphragm and the turbine rotor assembly.

T. That’s correct. The function of the nozzle diaphragm is to accelerate and direct hot gases onto the buckets of the turbine wheel. The nozzle vanes are usually constructed of high temperature alloys.

And now look at Figure II.4.2., please.

[image: image45.emf]
Fig.II.4.2. Turbine rotor assembly

This picture shows the turbine rotor assembly. It is usually comprised of three main elements: a shaft, a turbine wheel or rotor and a set of stationary vanes. Turbine discs are constructed of corrosion-resistant high-temperature nickel alloys. Turbine buckets are usually forged from a heat-resistant nickel-chrome alloy. Turbine buckets are attached to the turbine wheel rims by the fir-tree attachment (хвостовик типу “ялинка“ / хвостовик типа “елочка”). What does the nozzle diaphragm serve for? 

S. It serves for accelerating and directing hot gases onto the buckets of the turbine wheel.

T. What does the nozzle diaphragm consist of?

S. It consists of hollow vanes welded between two concentric rings. 

T. What are nozzle vanes usually made of?

S. They are made of high-temperature alloys.

T. What does the turbine rotor assembly consist of?

S. It consists of a shaft, a turbine wheel or rotor and a set of stationary vanes.

T. What are turbine discs made of?

S. They are made of corrosion-resistant high-temperature nickel alloys.

T. And turbine buckets?

S. They are usually forged from heat resistant nickel-chrome alloy.

T. What attachment is often used to fasten turbine buckets to the wheel rims?

S. The “fir-tree attachment” is most widely used for that purpose.   

T. That’s correct. Thank you.

Exercise 17. Read, translate  and give the gist of text 2.

Text 2. Turbine Section

A turbine section of the engine is located after the combustion chamber and comprises  two parts: the turbine nozzle diaphragm and the turbine rotor assembly. The function of the nozzle diaphragm is two-fold: it increases the velocity of the heated gases and it directs the flow of gases to strike the turbine buckets at the desired angle. The blades or vanes in the nozzle diaphragm are of airfoil design.

A typical nozzle diaphragm consists of a group of nozzle vanes welded between two concentric rings. The inner and outer bands of a typical nozzle diaphragm contain punched holes to receive the ends of the nozzle vanes. The nozzle vanes are usually constructed of high-temperature alloy, and they must be highly heat-resistant.

In many engines the nozzle vanes are hollow and are formed from stainless-steel sheet.

The usual turbine-rotor assembly consists of a shaft, a wheel or disk, and the buckets fastened to the rim of the disk. The turbine shaft, also called a compressor-drive turbine shaft, is usually made of alloy steel. The method of fastening the wheel to the shaft varies with  different manufacturers. And turbine buckets can be attached to turbine-wheel rims by a variety of methods but the most widely used is the “fir-tree” attachment. 

Among the most seriously stressed components in a gas-turbine engine is the turbine wheel. The buckets of the wheel are subjected to high centrifugal stresses and to a fluctuating stream of hot gases which raise their temperature and may, at the same time, introduce vibratory stresses. The disk of the wheel is subjected to heat from the buckets and may, in some cases, be directly heated by the combustion gases. Where there is more than one turbine disk in an engine, the second- and third-stage disks do not encounter such high temperatures. Turbine disks are often cooled by means of air bled from the compressor section and directed to flow around the turbine disk. 

Exercise 18. Give Ukrainian/Russian equivalents of the following word combinations. 

Turbine nozzle diaphragm, turbine rotor assembly, flow of gases, at a  desired angle, airfoil design, nozzle vanes, concentric rings, inner and outer bands, punched holes, heat-resistant, stainless-steel sheet, fastened to the rim, compressor-drive turbine shaft, enginemanufacturer, “fir-tree” attachment, centrifugal stresses, fluctuating stream, in some cases, encounter high temperatures. 

Exercise 19. Find English equivalents in text 2.

Сопловий апарат турбіни / cопловой аппарат турбины; робоче колесо турбіни / рабочее колесо турбины; лопатки турбіни/лопатки турбины; прикріплювати до обода / прикреплять к ободу; пробивати отвори / пробивать отверстия; порожнисті лопатки / пустотелые лопатки; теплостійкий / жаропрочный; хвостовик типу “ялинка” / хвостовик типа “елочка”; нержавіюча сталь / нержавеющая сталь; відцентрові навантаження / центробежные нагрузки; диск турбіни / диск турбины; диск другої ступені / диск второй ступени; відведене від компресора повітря / отведенный от компресcора воздух.

Exercise 20. Put questions to the italicized words. 

1. The hot gas also loses some of its pressure going through the turbine. 2. Nearly three fourths of all the energy available from the products of combustion is necessary to drive the compressor. 3. A turboprop engine combines the advantages of a turbojet engine with the propulsive efficiency of a propeller. 4. The third-stage turbine nozzle serves the same purpose as the other nozzles. 5. The second-stage turbine disc has about 90 blades on the outer periphery of the disc. 6. The turbine shaft is made of alloy steel. 7. The mixed gases are introduced into the turbine inlet nozzle guide vanes.

Exercise 21. Choose the correct answer.

1. What does the turbine section include?

 a. the outer casing and the inner casing;

 b. the turbine nozzle diaphragm and the compressor;

 c. the turbine-nozzle diaphragm and the turbine rotor assembly.

2. What is the function of the nozzle daiphragm?

a. to cool mixed gases and direct them into the exhaust case;
b. to accelerate and direct hot gases onto the buckets of the            turbine wheel;

c. to expand hot gases and direct them onto the buckets of the turbine wheel.
3. What stresses are turbine discs subjected to?

a. to a fluctuating stream of hot gases;

b. to a fluctuating stream of cold water;

c. to a continuous stream of hot gas-fuel mixture.

4. What types of gas turbines do you know?

 a. impulse, reaction and reaction-impulse types;

 b. single-or multiple-stage type;

 c. centrifugal and axial-flow type.

Exercise. 22.  Put the verbs in brackets into the Present Perfect Tense.
	Model: I never (speak) to him.

I have never spoken to him.


1.  I (not finish) my report yet. 2. Someone (take) my cell phone. 3. I (work) here for ten years. 4. Why you (not repair) the door lock? – I (not have) time. 5. You ever (fly) a plane? 6. I (drive) this car once or twice. 7. He (not speak) English all his life. 8. I (see) George recently.
9. The manager already (sign)  the  letters. 10. I (know) that for a long time. 11. The engineer already (check)  the compressor blades for cracks. 12. I (read) many books on gas-turbine design. 13. They (devote) much time to studying the process of combustion. 14. The mechanic already (repair) the damaged inlet duct. 15. The flight engineer (fail) to find the cause of trouble.

Exercise. 23. Change the sentences to the Present Perfect Tense supplying proper adverbial modifiers of time.
	 Model: The train went  five minutes ago.

The train has already gone.


1. I heard about the incident  yesterday. 2. You left your report in the reading hall yesterday morning. 3. John studied very hard last term. 4. I flew the plane when I was at the university. 5. He didn’t speak German much. 6. She gave us the tickets two days ago. 7. They went to the theatre together yesterday evening. 8. They told me about your decision not long ago. 9. He started the engine before flight. 10. The  mechanic didn’t  check the brakes during  maintenance. 

Exercise. 24. Give  answers, positive or negative.

	Model:  Has Nick passed his exam? 

- Yes, he has.       -  No, he hasn’t.  He has failed.


1. Has the aeroplane already landed? 2. Have the mechanics repaired the air intake? 3. Has he checked the tank for leaks? 4. Have they calculated the pressure loss? 5. Has he failed to carry out this experiment? 6. Have you often used this method?

Exercise 25. Read, translate  and give the gist of text 3.

Text 3. Types of Turbine

A turbojet engine may have a single-stage turbine or a multi-stage arrangement. Typical turbines are illustrated in figures II.4.3, and II.4.4.
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	Fig.II.4.3. Single-stage turbine
	Fig.II.4.4. Three-stage turbine


Each turbine stage consists of one row of stationary vanes (stator vanes) and one row of moving blades (rotor blades). The turbine may consist of several stages and its number may vary depending on required power, rotational speed and the diameter of a turbine. The number of shafts and therefore turbines, varies with the type of an engine.

The function of the turbine in the turbojet engine is to extract kinetic energy from the high-velocity gases leaving the combustion section of the engine. The energy is converted into useful rotational energy for driving the compressor and accessories. Approximately three-fourths of the energy available from the burning fuel is required for the compressor. If the engine is used for driving a propeller or a power shaft, up to 90 percent of the energy of the gases will be extracted by the turbine section.
Turbines are of three types: the impulse turbine, the reaction turbine, and a combination of the two called a reaction-impulse turbine. Turbojet engines normally employ the reaction-impulse type.

The difference between an impulse turbine and a reaction turbine is illustrated in figures II.4.5, II.4.6. The pressure and speed of the gases passing through the impulse turbine remain essentially the same, the only change being in the direction of a flow. The turbine absorbs the energy required to change the direction of the high-speed gases. A reaction turbine changes the speed and pressure of the gases. As the gases pass between the turbine blades, the cross sectional area of the passage decreases and causes an increase in the gas velocity. This increase in velocity is accompanied by a decrease in pressure according to Bernoulli’s law. In this case the turbine absorbs the energy required to change the velocity of the gases. 
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	Fig.II.4.5. Impulse type turbine
	Fig. II.4.6. Reaction type turbine


Since the temperature of the burning gases in a gas-turbine engine decreases substantially as the gases pass though each turbine stage, it is usually necessary to provide special cooling for the first stage only. In some engines, the second-stage nozzle vanes and turbine blades are also air-cooled. Turbine blades are made in shrouded and unshrouded configurations. 

Exercise 26. Look at Figures II.4.5., II.4.6. and answer the questions.

1. What is the difference between changing magnitudes of inlet and discharge velocity in impulse and reaction turbines?

2. How does inter-blade cross sectional area of the passage change in an impulse and reaction turbine? 

Exercise 27. The following questions on  text 3 have been jumbled. Arrange them correctly and answer them.
	Model:
	the, function, What, is, the, of, turbine?

	
	What is the function of the turbine?


1) drive, in, Does, engines, as well, the turbine, the propeller. turboprop?

2) much, required, for, is, compressor, the, energy, driving, How?

3) turbines, What, there, of, types, are?

4) essentially, do, pressure, the, speed, type, In, and, what, turbine, remain, the, gasses, same, of?

5) change, What, a, does, turbine, reaction?

6) essential, constructed, of, temperature, be, Why, it, alloys, vanes, that, nozzle, blades, turbine, high, is, and?

7) it, usually, to, special, Why, is, cooling, necessary, provide?

Exercise 28. Find synonyms to the following words in text 3:

Riding, nearly, many, needed, amalgamation, employed, change, purpose, fixed, kind, usually, quantity, escorted, combustion, shown, picture, comprise, speed, stream, bucket, reduce,  rise, considerably, thus, air screw, result in, because.

Exercise 29. Give terms to the following definitions. 

1. The device converting kinetic energy into useful rotational energy -

2. A rotating part of a compressor -

3. The device for increasing the velocity of gases -

4. Several rings having a common centre -

5. Vanes that cannot move -

6. Vanes having a cavity within them -

Exercise 30. Give Ukrainian / Russian equivalents.

Kinetic energy, required energy, turbine stage, burner outlet, turbine buckets, hollow vanes, stationary vanes, shaft horsepower, fluctuating stream, multi-stage arrangement, turbine nozzle diaphragm, cross-sectional area, reaction-impulse turbine, fir-tree attachment, turbine rotor assembly, high-temperature alloy, heat-resistant alloy, corrosion-resistant alloy, turbine wheel rim. 

Exercise 31. Give English equivalents.

Корисна енергія / полезная энергия; кінетична енергія / кине-тическая энергия; високотемпературні сплави / високотемпера-турные сплавы; концентричні кільця / концентрические кольца; реактивна турбіна / реактивная турбина; активна турбіна / активная турбина; пульсуючий потік / пульсирующий поток; стаціонарні лопатки / стационарные лопатки; хвостовик типу “ялинка”/ хвостовик типа “елочка”; багатоступенева турбіна / многоступенчатая турбина; потужність на валу / мощность на валу; площа поперечного перерізу / площадь поперечного сечения. 

Exercise 32. Say whether the following statements are true or false.  Correct the false ones. 

1. The function of the turbine is to extract kinetic energy from the gases leaving the compressor section. 2. Approximately 75% of the energy available from the burning fuel is required for the compressor.      3. The speed and pressure of the gases in a reaction turbine remain essentially the same. 4. The increase in velocity is accompanied by an increase in pressure according to Bernoulli’s law. 5. The nozzle vanes and turbine buckets in gas-turbine engines should be constructed of high-temperature alloys.

Exercise 33. Memorize the rules of working with figures.

1. We say 10 thousand (NOT*10 thousands).

We say 10 thousand students (NOT*10 thousand of…)

But we say thousands of students, hundreds of hours, etc.

2. For figures over 100, British English (B.E.) uses “and” between the hundreds and the tens. E.g.: 345 (B.E.) - three hundred and forty-five. American English (A.E.) - three hundred forty-five. 1,000 - a thousand or one thousand.

We use “and” when there are no hundreds: 1,070 one/a thousand and seventy, but we do not use “and” before a number of hundreds: 1,634 one thousand six hundred and forty three (NOT*one thousand and six hundred…)

3. If we use a decimal we say point. Each figure is said separately.
	0.5
	UK/USA (zero) point five
	UK (nought) point five 

	0.48
	(zero) point four eight
	(nought) point four eight 


4. Fractions are expressed using ordinal numbers:

1/3 – a third, 1/4 – a quarter, 1/2 – a half, 2/3 – two thirds, 3/4 – three quarters. 

.
5. Note these mathematical terms:

15x25=375

	fifteen multiplied by twenty five

fifteen times twenty five 
	equals

makes

is
	three hundred and seventy five




8-5=3

	five from eight 

eight minus five
	equals

makes

is
	three




40÷8=5    40/8=5
	fourty divided by eight 
	equals

makes

is
	five




6. Many figures are pronounced individually:

	Boeing 757
	seven five seven

	Flight BA 818
	eight one eight

	Your reference number is 631
	six three one

	My room number is 523
	five two three

	My telephone number is 4849242
	four eight four nine two four two


7. To indicate changes in figures prepositions  from, to, and by are used.

The pressure ratio has risen by 50% from 10:1 to 15:1.

8. When speaking about money we say the currency unit after the figure:

F 65           sixty five francs

C $ 200      two hundred Canadian dollars.

Exercise 34. Choose the correct way of pronouncing the numbers in these sentences.

1. The government have announced a 1.5% reduction in interest rates.

a) “one point five”; 

b) “one comma five”

2. Have you seen the film   ’2001 – a space Odyssey’?

a) “twenty thousand and one”; 

b) “two thousand and one”
3. Give me a ring. My number is Oxford 932811

a) “nine-three two eight double one”; 

b) “ninety-three, twenty-eight, eleven”

4. The reception area in the new building will be 10m x 15m.

a) “ten metres times fifteen”;

b) “ten metres multiplied by fifteen metres”

5. He joined the company in 1947.

a) “nineteen hundred and forty-seven”;

b) “nineteen forty-seven”

6. In some countries higher earners pay out 2/3 of their salaries in tax.

a) “ two thirds”; 

b)  “two-threes”

7. Our tax year ends on March 31.

a) March the thirty-first; 

b) March thirty-first

8. Nicaragua’s GNP (Gross National Profit) is approximately $ 2.000 000 000.

a) “two billion dollars”; 

b) “ two billions dollars”

9. The optimum operating temperature for this equipment is - 8°C.

a) “below eight degrees Centigrade”; 

b) “ minus eight degrees Centigrade”

10. The world cup final ended in a O-O-draw.

a) “nil – nil”; 

b) “zero – zero”.

Exercise 35. Read these sentences out loud paying attention to pronunciation of figures.

1. The flight BA 325 has been delayed till 2.30 p.m. 2. I stay at the Kyiv hotel in room 732. 3. Could you ask him to call me? My telephone number is 5287632. 4. About 1/3 of foreign investments in the USA is in manufacturing. 5. The International Monetary Fund (IMF) was created with a fund of $ 8.8 billion.  6. The starting price of the package is Hr 1.4 million. 

.
.Exercise 36. Match the English-Ukrainian / Russian terms.

	1. bearing spacer
	a) диск І ступеня турбіни / диск 1 ступени турбины

	2. labyrinth seal
	b) заклепка / заклепка

	3. first-stage turbine disc
	c) противага / противовес

	4. first-stage turbine blade
	d) шайба вала турбіни / шайба вала турбины

	5. rivet
	e) розпірна втулка підшипника / распорная втулка подшипника

	6. counterweight
	f) лопатка І ступеня турбіни / лопатка 1 ступени турбины

	7. turbine-shaft spacer
	g) привідний вал компресора / приводной вал компресcора

	8. compressor-drive shaft
	h) лабіринтне ущільнення / лабиринтное уплотнение


Еxercise 37. Read and translate text 4. Make a list of key words.

Text 4. Turbine and Exhaust Section

The turbine section includes the turbine front case, the turbine rear case, an inner case and seal, four stages of turbine-nozzle vanes, two turbine rotors with four stages, and the coaxial drive shafts. 

The turbine front case is a comparatively short section attached to the rear of the combustion-chamber outer case. It is of decreasing diameter and extends to the first-stage turbine. The first-stage turbine vanes are mounted in the rear of the turbine front case and immediately to the rear of the nozzle vanes is the first-stage turbine. The case is constructed of corrosion- and heat-resistant steel.

The turbine nozzle vanes are mounted in the inside diameter of the turbine front case and turbine rear case. It will be remembered that the turbine blade tips form a complete ring or shroud to reduce gas losses. The outer rim of the shroud forms a knife-edge seal. 
The first-stage turbine-nozzle vanes are coated and air-cooled. In later models of the JT8D engine, the cooling air is passed inside the vanes and out through air-exit holes in the airfoil trailing edge on the concave side.

In later engines, the first-stage turbine is a separate unit bolted to the shaft flange. The turbine blades are attached to the turbine disk by means of fir-tree slots in the rim of the disk. They are held in the slots by means of rivets.

The front-compressor-drive turbine rotor includes the front-compressor-drive  turbine shaft, three turbine stages, and the spacers and airseals between the disks. 

The turbine-exhaust case, constructed of welded steel, is the most rearward section of the basic inner engine. It is bolted to the rear flange of the turbine case and decreases from front to rear in order to increase the velocity of the exhaust gases.

Exercise 38. Say whether the following statements are true or false. Correct the false ones.

1. The function of the combustion chamber is to extract kinetic energy from the expanding gases. 2. The expanded gases flow from the combustion chamber into the turbine inlet nozzle guide vanes. 3. The purpose of the turbine section is to accelerate and direct hot gases into the combustion chamber. 4. The second-stage turbine nozzle is mounted between the first stage and second-stage turbines. 5. The third-stage turbine nozzle serves the same purpose as the other nozzles. 6. The blades are secured by rivets. 7. Turbine buckets are usually forged from high-quality steel alloys. 8. In the case of multiple-stage turbines the wheels may operate independently of one another.

Exercise 39. Translate the text in writing and entitle it.

Turbine blades are made in two principal configurations: shrouded and unshrouded. The shrouded blade is provided with a shroud section at the outer end, so that when the buckets are installed, they form a continuous rim or shroud around the outer ends of the blades. With the unshrouded blades, it is necessary to provide a closely fitting shroud ring to prevent the escape of the hot gases which drive the turbine. 

Some consideration has been given to the possibility of using hollow steel or nickel-alloy blades for the turbine wheels, and some experimentation has been accomplished along this line.

Since the nozzle vanes and turbine blades in gas-turbine engines are subjected to extremely high temperatures, it is essential that they be constructed of high-temperature alloys and that some type of special cooling be provided. It must be remembered that the efficiency of an engine becomes greater as the temperature of the gases at the burner outlet becomes greater. The development of high-temperature alloys has made it possible to increase the operating temperature of gas-turbine engines, thus increasing the power available from the engines. A further development is the application of coatings to the vanes and blades to withstand heat and prevent high-temperature corrosion.
.

.

.

Exercise 40. Describe the design of the turbine section shown in Figure II.4.7., using the vocabulary notes below. 
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Fig. II.4.7. Design of the turbine section
	1. Вал ротора НТ (низького тиску)
	1. Вал ротора НД (низкого давления)
	1. LP rotor shaft

	2. Вал ротора ВТ (високого тиску)
	2. Вал ротора ВД (высокого давления)
	2. HP rotor shaft

	3. Внутрішній кожух камери згорання
	3. Внутренний кожух камеры сгорания
	3. Combustion section                                                 inner casing

	4. Сопловий апарат першого ступеня 
	4. Сопловой аппарат первой ступени
	4. First stage nozzle  vanes

	5. Турбіна  (ротора високого тиску)
	5. Турбина (ротора высокого давления)
	5. HP turbine



	6. Сопловий апарат другого ступеня
	6. Сопловой аппарат второй ступени
	6. Second   stage nozzle  vanes 

	7. Турбіна ротора низького тиску (з сопловим апаратом 3-го ступеня) 
	7. Турбина ротора низкого давления (с сопловым аппаратом 3-й ступени)
	7. LP turbine (with third- stage nozzle vanes) 

	8. Задня підшипникова опора турбіни низького тиску 
	8. Задняя подшипниковая опора турбины низкого давления 
	8. LP turbine ball  bearing


Exercise 41. Translate into English. 
	1. Призначення турбіни – вилучaти кінетичну енергію з розігрітих газів та перетворюва-ти її на механічну роботу.
	1. Назначение турбины – извлекать кинетическую энергию из разогретых газов и превращать ее в механическую работу.

	2. Секція турбіни складається з соплового апарата, робочого колеса та випускного отвору.
	2. Секция турбины состоит из соплового аппарата, рабочего колеса и выпускного отверстия.

	3. Сопловий апарат прискорює та направляє гарячі гази на лопатки колеса турбіни.
	3. Сопловой аппарат ускоряет и направляет гарячие газы на лопатки колеса турбины. 

	4. Вал, колесо  та робочі лопатки – це  три основних  елементи робочoго колеса турбіни.
	4. Вал, колесо  и рабочие лопатки – это три основных элемента рабочего колеса турбины.

	5. Диски турбіни зазнають впливу пульсуючого потоку гарячих газів.  
	5. Диски турбины подвергаются вoздействию пульсирующего потока гарячих газов.

	6. Сопловий апарат другого ступеня знаходиться між робочим колесом першого ступеня та робочим колесом другого ступеня.
	6. Сопловой аппарат второй ступени располагается между рабочим колесом первой ступени и рабочим колесом второй ступени.

	7. Сопловий апарат  третього ступеня виконує ті ж самі функції, що і всі інші соплові апарати.
	7. Сопловой аппарат третьей ступени выполняет те же функции, что и все другие сопловые аппараты.

	8. Ротор турбіни компресора низького тиску складається з вала, диска турбіни другого ступеня та задньої втулки.
	8. Ротор турбины компрессора низкого давления состоит из вала, диска турбины второй ступени и  задней втулки.

	9. Диски турбіни відокремлені один від одного розпірними кільцями.
	9. Диски турбины отделяются один от другого распорными кольцами.  

	10. Диски турбіни прикріплені до вала турбіни довгимим болтами.
	10. Диски турбины крепятся к валу турбины длинными болтами.

	11. Диск другого ступеня турбіни має майже 90 лопаток на зовнішньому колі.
	11. Диск второй ступени тур-бины имеет почти 90 лопаток на внешней окружности.

	12. Турбіна зазнає дуже високих навантажень. 
	12. Турбина подвергается воздействию очень высоких нагрузок.


Exercise 42. Put the verbs in brackets  into the correct tense form. Use 'Will' and 'The Present tense' if you think the people are talking about something which might happen. Use 'would' and “The past tense” if they are talking about something which is unlikely or impossible. Use “were” in if clauses as the Past Tense form for all persons.
	Model:
	I've got his number, so if there are any problems, I will let him know.

	
	I would phone him if I had his number, I don't know what it is.


1. If I (have) time I (read) your report and I'll let you have my comments by Tuesday. 2. I (pick) you up at the railway station myself if I (not have) any appointments on Monday. 3. If she (be) a little more experienced, she (be) good for the job, but as it is, I don't think she's the right person. 4. It's a pity Mr.Brown is not here. If he (be) here, I'm sure he (be) able to give you an answer. 5. I've got your number so if John (ring) from London this evening I (pass) it on to him. 6. I've decided not to go to the interview for a job because it (take) me more than an hour to get to the office if it (turn out) that it is located in the outskirts of the city. 7. The whole division has been performing badly ever since he was appointed the manager. Things (be) very different if you (be) still in charge. 

Exercise 43. Put the verbs into the correct  tense form.

1. Mary got to the airport in time. If she (miss) the plane she (be late) for her interview. 2. It’s good that you reminded me about the meeting. I (forget) if you (not remind) me. 3. Tom (send) you a postcard while he was in London if he (have) your address. 4. If I (have) enough money on me then I (buy) the suit. 5. If we (go) to the party last night, I (be) tired now. 6. If we (go) to the party last night, we (see) Jane who has just returned from abroad. 7. They (take) photographs when they went to Chicago if their camera (not brake down). 8. The students of our group (have) better results in the exams in winter if they (not miss) classes. 9. If the weather (be) fine yesterday, my friends (go) fishing and (take) me too. 10. If they (consider) the matter more carefully, the report they made at the conference (be) more interesting.  

Exercise 44. Memorize  the definitions of the terms.

	1. Two shafts rotating one inside the other for rotating the low and high pressure compressors by the low and high pressure engine turbine -
	a) coaxial shaft

	2. A mechanical device such as a bolt, nail, rivet or screw that is used to tie two objects together-
	b) fastener

	3. A projection on the engine for attachment of components on the engine -
	c) flange

	4. A piece of rubber or plastic that keeps air, water etc. out of something -
	d) seal

	5. A  seal between two flat surfaces -
	e) gasket

	6. A shaped device for directing flow in a duct -
	f) nozzle

	7. A specified size hole in a component for fluid flow control from or to the component -
	g) orifice

	8. A rotating section of an engine (turbine, compressor) or a generator -
	h) rotor


Exercise 45. Give definitions to the following terms: coaxial shaft, fastener, flange, seal, gasket, nozzle, orifice, rotor, turbine stage.

Exercise 46. Read, translate and give the gist of  text 5.

Text 5. Exhaust nozzle

The normal function of the exhaust nozzle or cone is to control the velocity and temperature of the exhaust gases. Although a certain amount of thrust would be produced even if there were no exhaust nozzle, the thrust would be comparatively low and the direction of flow would not be properly controlled. When a convergent nozzle is used, the velocity of the gases is increased and the flow is directed so that the  thrust is in line with the engine.

The cross-sectional area of the nozzle outlet is most critical. If the area is too large, the engine will not develop maximum thrust, and if the area is too small, the exhaust temperature will be excessive at full-power conditions and will damage the engine. On some early gas-turbine engines, the exhaust nozzle area was adjusted by means of small fittings. These were installed at the nozzle exit as required to give the correct nozzle area.

If the exhaust gases of a turbojet engine reach supersonic speed, it is necessary to employ a convergent-divergent (C-D) exhaust duct in order to obtain maximum thrust. To ensure that a constant weight or volume of a gas will flow past any given point after sonic velocity is reached, the rear part of a supersonic duct must be enlarged to accommodate the additional weight or volume that will flow at supersonic speeds. The rate of increase in area in a divergent duct is just sufficient to allow for the increase in the rate of change in volume of the gases after they become sonic.

Exhaust nozzles on modern airliners usually include thrust-reversal devices and noise suppressors.

Exercise 47. Give key-questions to text 5.

Exercise 48. Give Ukrainian / Russian equivalents for the following words:

a) assembly, airseal, leakage, passage, coat, erosion, slot, rim, rivet, pin, tip, fan, flange, vane, plate, means, stage, area, volume, duct, thrust, fitting, rate;

b) to explain, to assemble, to combust, to exit, to leak, to comprise, to pass, to attach, to drive, to prevent, to mount, to rivet, to incorporate, to obtain, to ensure, to reach, to accommodate, to allow, to hold in place;
c) convergent, divergent, excessive, supersonic, sufficient, additional, rear, certain, critical, too large, excessive, correct, constant, continuous; properly, comparatively.

.
.

Exercise 49. Read, translate and entitle text 6. Write a brief summary.
Text 6

As explained previously, the turbine section of the JT9D engine is comprised of two turbine assemblies. The first is the high-compressor drive turbine and the second is the low-compressor drive turbine. The high-compressor drive turbine consists of the first two stages of the turbine which are located immediately to the rear of the combustion section.

The first-stage turbine disc is attached to the second-stage disk by means of a bolted flange. Knife-edge airseals are provided to prevent air leakage between the turbine blades and vanes. The second-stage disk is splined to the high-compressor drive shaft.

The nozzle vanes and turbine blades are cooled by means of air which flows through interior passages. The turbine blades are coated and the vanes are chromalized to reduce gas erosion and high-temperature corrosion.

The first-stage turbine has 116 blades mounted in fir-tree slots in the rim of the disc. The blades are held in place by 29 blade-retaining plates riveted to the disc and to each other by 116 long rivet pins. The cooling airflow flows into the blades. 

In the first-stage turbine, the blades are not shrouded, which makes it possible to exit the blade-cooling air through holes in the tips of the blades.

In the second-stage turbine, there are 138 blades mounted in fir-tree slots. The low-pressure-compressor drive turbine, often termed the low-compressor drive turbine, drives the fan and three stages of the compressor. This turbine section includes the third, fourth, fifth, and sixth turbine stages.

The low-compressor drive turbine incorporates four disks to which the turbine blades are attached in fir-tree slots. The blades are held in place by rivets.
Exercise 50. Translate text 7 in a written form using a dictionary. Make a list of new words and memorize them.
Text 7. Low-pressure Turbine Section

The low-pressure turbine for the CF6 engine has two different configurations. The CF6-6 model has five stages and the CF6-50 has four stages. In either case, the low-pressure turbine utilizes a rotor supported between roller bearings mounted in the turbine midframe and the turbine rear frame. A horizontally split low-pressure turbine casing containing stator vanes is bolted to these frames to complete the structural assembly. This provides a rigid, self-contained module which can be precisely and rapidly interchanged on the engine without requiring a subsequent engine test run. The low-pressure turbine shaft engages the long fan drive shaft through a spline drive and is secured by a lock bolt. The forward flange of the turbine midframe is bolted to the aft flange of the compressor rear frame, after installation of the high-pressure turbine, to complete the engine assembly. 

Since the temperature of the exhaust gases is reduced considerably through the high-pressure turbine, the low-pressure turbine blades do not require cooling. Compressor-seal leakage air is used to cool the first two low-pressure turbine disks to reduce thermal gradients. 

The increased flow and higher wheel speed of the CF6-50 engine would result in very low stage loadings if a five-stage low-pressure turbine were used on the engine. According to engineering studies, the four-stage turbine performs more efficiently.

Exercise 51. Compose a dialogue comparing the structural features of GT9D and CF6 turbines, basing on the information of the previous two texts.
Exercise 52. Read, translate and give the gist of text 8.

Text 8. How Thrust is Developed
Thrust is the pulling or pushing force developed by an aircraft engine. Aircraft need thrust to propel them through air. The required thrust may be developed by rotating pulling or pushing propellers by means of piston or reciprocating engines, or by throwing back masses of air by means of gas turbine engines. Spacecraft need thrust to propel them through space. They develop thrust using the power of their rocket engines and do not need air for support. Spacecraft carry the required supply of fuel and oxidizer with them.

A simple piston engine works on a four-stroke cycle, consisting of induction, compression, combustion and exhaust. But air flows straight through a jet engine. Yet a jet engine has the same four stages. The simplest of all jet engines is a ram jet. It is a tapered tube, open at both ends, into which fuel can be injected. When the tube moves, air flows into the tube, and this corresponds to the induction stage in the piston engine. Once inside the tube, the air slows down because the tube widens. The kinetic energy released by this loss of velocity is converted into pressure energy and heat, and this corresponds to the compression stage in the piston engine. Then fuel is injected and ignited. As in a piston engine, this causes a big rise in temperature, but there is very little rise in pressure because the exhaust gas is free to escape through the rear of the tube. This corresponds to the combustion stage in the piston engine. Finally the exhaust gases escape into the atmosphere, driving the engine forwards, which corresponds to the exhaust stage of the piston engine.
To understand the mechanics of thrust development, we must remember Newton's third law of motion: "For every force acting upon a body, there is an equal and opposite reaction". In our case, the "body" is the volume of air that is passing through the engine. We must also understand that the forward thrust occurs inside the engine itself, it is not caused by the high-pressure exhaust gases acting on the outside atmosphere. This is well illustrated by rocket engines which propel spacecraft through empty space.
Exercise 53. Find in  text 8 English terms corresponding to the following definitions. 

1. Engines that  develop thrust by throwing back  masses  of  air. 

2. Engines that develop thrust by rotating pulling or pushing propellers. 

3. A tapered tube, open at  both  ends, into  which fuel  can be  injected. 

4. The stage during which the exhaust gases escape into the outside atmosphere. 5. The stage during which a big rise in temperature  occurs.

6. The stage during which the air slows down and its pressure and temperature increase
Exercise 54. Speak on: 

1. Turbine types.

2. Gas turbine design.

3. Turbine rotor assembly.
4. Exhaust section: design and  functions.
II.5. TYPES OF AIRCRAFT ENGINES

Exercise 1. Memorize the active vocabulary to text 1.

	piston 
	поршень
	поршень

	internal combustion engine
	двигун внутрішнього згорання
	двигатель внутренне-го сгорания

	jet
	1. реактивний стру-мінь 2. реактивний літак
	1. реактивная струя 
2. реактивный самолёт 

	turbojet engine
	турбореактивний двигун (ТРД)
	турбореактивный двигатель (ТРД)

	ramjet engine
	прямоточний повітряно-реактивний двигун (ППРД)
	прямоточный воздушно-реактивный двигатель (ПВРД)

	reciprocating engine
	поршневий двигун
	поршневой двигатель

	subdivide
	підрозділяти(ся)
	подразделять(ся) 

	turboprop engine
	турбогвинтовий двигун (ТГД)
	турбовинтовой двигатель (ТВД)

	turbofan engine
	турбовентиляторний двигун
	турбовентиляторный двигатель

	bypass engine
	двоконтурний двигун
	двухконтурный двигатель

	turboshaft engine
	турбовальний двигун
	турбовальный двигатель

	thrust
	1. тяга, сила тяги 
2. створювати тягу
	1. тяга, сила тяги 
2. создавать тягу

	exhaust cone
	конус реактивного сопла
	конус реактивного сопла

	drive
	1. привод, передача, тяга 2. приводити в дію
	1. привод, передача, тяга 2. приводить в действие

	liquid-propel-lant rocket engine
	рідинний ракетний двигун (РРД)
	жидкостный ракет-ный двигатель (ЖРД)

	solid-propellant rocket engine
	ракетний двигун на твердому паливі
	ракетный двигатель на твердом топливе

	advanced technology
	передова технологія
	передовая технология

	specific fuel consumption
	питома витрата палива
	удельный расход топлива

	reliability
	надійність
	надежность


Exercise 2. Practise out the dialogue.
Dialogue
T. We'll consider the types of aircraft engines. You know that a source of power in an airplane is the power plant. What does the power plant consist of?
S. The power plant consists of one engine or engines and different systems.
T. Right. There are two main types of aviation engines: piston or reciprocating engines and jet engines. 
S. Are jet engines divided into any groups?
T. Yes, they are. Jet engines are divided into three main groups: gas turbines, ram jets and rocket engines.
S. Gas turbine engines are widely used nowadays, aren’t they?
T. Yes, they are rather popular. Gas turbine engines are subdivided into turbojet, turboprop, turbofan or bypass and turboshaft engines. The Ukrainian equivalent of "turboprop engine" is "турбогвинтовий двигун / турбовинтовой двигатель"
S What does "bypass engine" mean?
T. "Bypass engine" means "двоконтурний двигун / двухконтурный двигатель"."Turbofan engine" (турбовентиляторний двигун / турбовентиляторный двигатель) has an axial-flow fan. I am sure you know the meaning of the word "shaft".
S. Yes, I do. "Shaft" means "вал/вал".
Т. So "turboshaft engine" is translated as "турбовальний двигун / турбовальный двигатель". Do you know where turboshaft engines are used?

S. I have heard that turboshaft engines are used in helicopters.

T. There the turbine connected to a drive shaft drives, in addition to the compressor, helicopter rotors.

S. Are rocket engines subdivided into groups?

T. Yes, they are. Rocket engines are subdivided into two basic types: liquid-propellant and solid-propellant rocket engines. “Liquid-propellant rocket engine” means "рідинний ракетний двигун/жидкий ракетный двигатель" and “solid-propellant rocket engine” is translated "ракетний двигун на твердому паливі / ракетный двигатель на твердом топливе".

S. As far as I know turbojet engines operate on the jet thrust.

T. You are quite right.
Exercise 3. Read, translate and give the gist of text 1.

Text 1. Aircraft Engines
A source of power in an airplane is the power plant. The power plant consists of one engine or engines and different systems.
There are two main types of aviation engines: the piston or internal combustion engines and jet engines. Jet engines are divided into three main groups: gas turbines, ram jets and rocket engines.
The first to be considered is a piston or reciprocating engine. The piston engines are also called internal combustion engines as combustion takes place inside the cylinder. Gas turbine engines are widely used nowadays. They are subdivided into turbojet, turboprop, turbofan or by-pass and turboshaft engines.
Turbojet engines operate on the jet thrust. If a gas turbine engine has a propeller on the same shaft as the compressor, it is called a turboprop.
A turbofan engine differs little from a turboprop. Instead of the propeller the turbofan engine has an axial-flow fan. Unlike the turboprop engine, the turbofan obtains additional energy from the gases passing through the exhaust cone. Usually all turbofan engines are called by-pass engines.
Turboshaft engines are used in helicopters where the turbine connected to a drive shaft drives, in addition to the compressor, helicopter rotors. Rocket engines are subdivided into two basic types: liquid-propellant and solid-propellant rocket engines.
The last generation of jet engines is advanced technology engines.
All aviation engines must meet the following requirements: low weight, low cost, low specific fuel consumption and higher reliability.
.
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Exercise 4. Look at this picture (Figure II.5.l). Make sure you 
remember the types of aircraft engines.













Fig. II.5.1. Aircraft engine classification.

Exercise 5. Translate word combinations with the term “engine”.

Central engine, side engine, middle engine, outboard engine, inboard engine, tail engine, tip engine, underwing engine, flat engine, underslung engine, cowled engine, feathered engine, aviation engine, two-spool engine, two-shaft engine, water-cooled engine, open-cycle engine, high-pressure engine, high-thrust engine, two-row engine.

Exercise 6. Translate “noun + noun” collocations.
Piston engine, turbine shaft, rocket engine, engine power, missile engine, helicopter rotor, aircraft weight, engine thrust, aircraft speed, drive shaft, fuel consumption.

Exercise 7. These words are used both as verbs and nouns. Translate and remember them.
To use - use, to call - call, to control - control, to drive - drive,      to fan - fan, to speed - speed, to cost - cost, to ram - ram, to thrust -thrust, to fuel - fuel, to flow - flow, to power - power, to place - place,   to advance - advance, to pass - pass.

Exercise 8. Match the English-Ukrainian / Russian equivalents. 

	1. solid-propellant rocket engine
	a) осьовий вентилятор / осевой вентилятор

	2. exhaust cone
	b) газотурбінний двигун / газотур-бинный  двигатель

	3. axial-flow fan
	c) рідинний ракетний двигун / жид-костный реактивный двигатель

	4. liquid-propellant rocket engine
	d) двигун внутрішнього згорання / двигатель внутреннего сгорания

	5. gas turbine engine
	e) конус реактивного сопла / конус реактивного сопла

	6. turbofan engine
	f) двоконтурний двигун / двухконтурный двигатель

	7. internal combustion engine
	g) турбовентиляторний двигун / турбовентиляторный двигатель

	8. reciprocating engine
	h) прямоточний повітряно-реактивний двигун / прямоточный воздушно-реактивный двигатель

	9. bypass engine
	i) ракетний двигун на твердому паливі / ракетный двигатель на твердом топливе

	10. specific fuel consumption
	j) поршневий двигун / поршневой двигатель

	11. ramjet engine
	k) питома витрата палива / удельный расход топлива


Exercise 9. Match synonymous expressions.

	1. combustion 
	
	a) last generation engines

	2. double-flow
	
	b) power plant

	3. piston engine
	
	c) bypass

	4. speed
	
	d) reciprocating engine

	5. source of power
	
	e) velocity

	6. advanced technology engines
	
	f) burning


Exercise 10. Make up sentences using the following verb-combinations.
To take place inside the cylinder; to operate on the jet thrust;        to obtain additional energy; to pass through the exhaust cone; to drive the helicopter rotor; to meet the requirements; to consider the types of aircraft engines; to subdivide into turbojet, turboprop, turbofan and turboshaft engines.
Exercise 11. Match the definitions in the left column with the terms in the right column.

	1. gas turbine engine with a propeller on the same shaft
	
	a) turboshaft engine

	2. source of power in an airplane
	
	b) advanced technology engines

	3. gas turbine engine with an axial-flow fan
	
	c) an engine used for propelling or lifting aircraft

	4. last generation engines
	
	d) turbofan engine

	5.aircraft engine
	
	e) power plant

	6. an engine used in helicopters where the turbine drives the helicopter rotor
	
	f) turboprop engine


Exercise 12. Give definitions to the following terms.
Turboprop engine, power plant, turbofan engine, turbojet engine, turboshaft engine, advanced technology engines, bypass engine, piston engine, aircraft engine.

Exercise 13. Answer the questions on text 1.
1. What does the power plant consist of? 2. What requirements must aircraft engines meet? 3. What main types of aviation engines are there? 4. What groups are jet engines divided into? 5. What engines are widely used nowadays? 6. What engines operate on the jet thrust? 
7. What does the turbofan engine have instead of the propeller? 8. What does the turbofan engine obtain from additional gases passing through the exhaust cone? 9. What engines are called bypass engines? 10. What engines are used in helicopters? 11. What basic types are rocket engines subdivided into?

Exercise 14. Put questions to the italicized words.

1. A source of power in an airplane is the power plant. 2. Turbojet engines operate on the jet thrust. 3. Usually all turbofan engines are called bypass engines. 4. Rocket engines are subdivided into two basic types. 5. A turbofan engine differs little from a turboprop.6. Gas turbine engines are subdivided into turbojet, turboprop, turbofan or bypass and turboshaft engines. 7. Piston engines are also called internal combustion engines. 8. The power plant consists of one engine or engines and different systems. 9. The last generation of jet engines is advanced technology engines. 10. Gas turbine engines are widely used nowadays.

Exercise 15. Сomplete the sentences.

1.Aircraft engines must meet the following requirements ... .2. Jet engines are divided into three main groups: … . 3. A turbofan engine differs little from ... . 4. Instead of the propeller the turbofan engine has ... . 5. Gas turbine engines are subdivided into turbojet, turboprop, turbofan or bypass and ... . 6. Turbojet engines operate on ... . 7. If a gas turbine engine has a propeller on the same shaft as the compressor, it is called ... . 8. Unlike the turboprop engine, the turbofan obtains additional energy from the gases passing through ... . 9. Usually all turbofan engines are called ... . 10. Rocket engines are subdivided into two basic types:… .
	Exercise 16. Play the role of an interpreter.
1. Газотурбінні двигуни широко використовуються в цивільній авіації?/ Газотурбинные двигатели широко используются в гражданской авиации? 
	
	1. Yes, gas turbine engines are widely used in civil aviation.

	2. На які типи діляться гaзотypбiннi двигуни? / На какие типы делятся газотурбинные двигатели? 
	
	2. Gas turbine engines are subdivided into turbojet, turboprop, turbofan and turboshaft engines.

	3. Які двигуни використовуються в гелікоптерах? / Какие двигатели используются на вертолетах?
	
	3. Turboshaft engines are used in helicopters.

	
	
	

	
	
	

	4. Які основні вимоги висуваються до авіаційних двигунів? / Какие основные требования предъявляются к авиационным двигателям?
	
	4. All aviation engines must meet the following requirements: low weight, low cost, low specific fuel consumption and higher reliability.

	5. Які двигуни зазвичай називають двоконтурними двигунами? / Какие двигатели обычно называют двухконтурными двигателями?
	
	5. All turbofan engines are usually called bypass engines.

	6. Джерелом потужності в літаках є силова установка, чи не так? / Источником мощности в самолетах является силовая установка, 
не так ли?
	
	6. Yes, a source of power in an aircraft is the power plant.

	7. На якій тязі працюють турбореактивні двигуни? / На какой тяге работают турбореактивные двигатели?
	
	7. Turbojet engines operate on the jet thrust.

	8. Що використовуєгься замість гвинта в турбовентиляторному двигуні? / Что используется вместо винта в тубовентиляторном двигателе?
	
	8. Instead of the propeller the turbofan engine has an axial-flow fan.


Exercise 17. Get acquainted with PC-90A engine performance data.

	1. Maximum continuous power 

Thrust
	Максимальна потужність / Максимальная мощность

Тяга / Тяга
	16,140 kg

	2. Take-off power

Rotational speed

Thrust

Specific fuel consumption
	Зльотна потужність / Взлетная мощность

Швидкість обертання / Скорость вращения

Тяга / Тяга 

Питома витрата палива / Удельный расход топлива
	11,820 rpm  

13,500 kg 
0.378 kg

	3. Cruising power
Thrust
Specific fuel consumption
	Крейсерська потужність
Тяга/ Тяга 
Питома витрата палива/ Удельный расход топлива
	3,500 kg
0.58 kg

	4. Dimensions and masses

Engine length 

Inlet diameter

Engine dry mass (weight)

Reverser mass
	Розміри та маси / Размеры и массы

Довжина двигуна / Длина двигателя

Диаметр впускного каналу / Диаметр впускного канала

Maca сухого двигуна / Масса сухого двигателя

Maca реверса/ Масса реверса
	5,330 mm

1,917 mm  

2,800 k g

4,500 kg

	5. Compressor

Type

Number of stages

Total compression ratio
	Компрессор/ Компрессор

Тип/ Тип

Кількість ступенів / Количество ступеней 

Загальний ступінь стиснення / Общая степень сжатия
	Axial, two-

rotor, with two pressure stages on fan shaft

16

32:1

	6. Turbine

Type

Number of high-pressure stages

Number of low-pressure stages
Nozzle
Engine starting

	Турбіна / Турбина

Тип / Тип

Кількість ступенів високого тиску / Количество ступеней высокого давления

Кількість ступенів низького

тиску/ Количество ступеней низкого давления
Сопло/ Сопло
Запуск двигуна/ Запуск двигателя
	Axial, two-

shaft
2

4
Automatic,
from pneumatic

starter, with air bled from APU or from ground air starting unit.


	7. Fuel and Oil
Fuel used and its foreign equivalents
Oil used and its foreign equivalents


	Палива та мастила (олива)/ 
Топлива и смазки (масла)

Палива, що використовуються та їх іноземні еквіваленти/ Топлива, которые используются, и их иностранные эквиваленты

Масла, що використовуються та їх іноземні еквіваленти/ Масла, которые используются, и их иностранные эквиваленты
	ТС-1, РТ, 
Т-2

GetA-1

Get-А

ИПМ – 10

ВНИИНП

50 -1 - 4 Ф

	8. Time Limits
Engine service life
Time between overhauls
	Обмеження в часі/ Ограничения по времени

Ресурс двигуна/ Ресурс двигателя 

Міжремонтний ресурс/ Межремонтный ресурс
	20,000 h

7500 h


Exercise 18. Give Ukrainian / Russian equivalents.
Take-off power, rotational speed, cruising power, engine diameter, engine length, inlet diameter, compressor type, compressor stages, turbine stages, reverser mass, turbine nozzle, engine starting, fuel used, maximum continuous power, specific fuel consumption, number of high-pressure stages, number of low-pressure stages, total compression ratio, engine service life, time between overhauls, engine dry mass, ground air starting unit.

Exercise 19. Translate text 2 in a written form.

Text 2
The A-310 CFM-56-5 engines are high bypass ratio turbofan engines with reduced fuel consumption, maintenance cost and noise level. A330s can be powered by engines from all three major manufacturers (CF6-80E1 series from General Electric, PW4000 series from Pratt & Whitney, Trent 700 series from Rolls-Royce), with high bypass ratio, low fuel burning, low noise and low emission technology. The thrust of CF6-80 is 70,000 lb/72,000 lb.
The L-1011-500 TriStar is powered by the Rolls-Royce 3RB211-524 Bs. It is a three-shaft, high bypass ratio turbofan engine. The advanced technology high bypass ratio turbofan engines offer two outstanding features: economical fuel consumption and the low-noise/low-smoke emission characteristics. The thrust is 50,000 lb.
The Dornier 328PW119B turboprop engine has two centrifugal impellers driven by independent axial turbines, a reverse flow annular combustor and a two-stage power turbine which provides the drive for the reduction gearbox. Concentric shafts connect the two-stage power turbine to the gearbox and the single stage LP and HP turbines to the impellers without the need for intershaft bearings.
The 737 airplanes are powered by two wing-mounted CFM56-3 high bypass ratio turbofan engines at several thrust ratings. The power plant consists of the inlet cowl, basic engine, thrust reverser and exhaust plug.
The AN-72 is powered by two Д-36 turbofan engines rated at up to 6500kg take-off thrust.
The AN-28 is powered by two AИ-20D turboprop engines. They enable the aircraft to operate successfully on short runways under various climates assuring in-flight reliability and safety.

Exercise 20. Put key questions to text 2.

Exercise 21. Read, translate and give the gist of text 3. Entitle the text.

Text 3
GE90: The highest thrust engine in the industry, the GE90 powers the Boeing 777. The company is currently developing the GE90-115В as an exclusive engine for the longer-range Boeing 777 aircraft scheduled to enter service in 2013.
CF6: CF6 engines lead the industry as the power plant of choice for wide-body aircraft such as the Airbus Industry A300, A310, A330, Boeing 747, 767, and MD-11 wide-body aircraft. GEAE has recently introduced higher thrust variants of the CF6-80C and CF6-80E engines for the Boeing 767-400ER and the Airbus A330-200/-300, respectively.
CFM56: The CFM56 product line includes six engine models spanning the thrust range from 18,500 to 34,000 lb thrust and power the single-aisle Airbus Industry A320 and long-range A-340 aircraft and the Boeing Classic and Next-Generation 737 aircraft. Today, CFM is the world's leading supplier of commercial transport jet engines with firm orders for nearly 14,000 engines for nearly 300 customers.
CF34: The CF34 has evolved from being a corporate jet engine in the early 1980s to helping create the fast-growing regional jet aircraft market today. The newest models, the CF34-8 and CF34-10, are the engines of choice for virtually every regional airliner within their thrust class.
CT7: The CT7 is the most widely used turboprop engine in its class, powering helicopters, regional airliners, and multipurpose aircraft worldwide. The CT7-8 turboshaft engine is scheduled for certification on S-92 helicopter.

Exercise 22. Compose a dialogue on comparative performance data of different aircraft engines basing on the information of texts 2 and 3.
Exercise 23. Make sure you remember the names of present-day aircraft engines.

PC-90A, CFM56-3, 3RB211-524Bs, LTP101, TPE331, WZ65, T58, T64, CT7, WJ5, АИ-20, D-36, PW127, CTP800, РТ6Д, PW118, BR700, RD-600, WJ6, GE90, CF6, CF34.

Exercise 24. Translate text 4 in a written form and entitle it.

Text 4
The growing demand for cheaper, larger, faster and more capable helicopters continues to drive turboshaft development at a rapid pace. Much of the search for cutting-edge turboshaft technology in the USA is conducted by the Defense Department Integrated High Performance Turbine Engine Technology program, which has goals of increasing the kilowatt/weight ratio by 120% relative to the late 1980s production standard. It also aims to cut specific fuel consumption by 40% and production and maintenance costs by 35%.
New technologies, advanced materials and maintenance procedures can enable major improvements in fleet maintainability / reliability, plus a major reduction in life cycle costs.

Exercise 25. Make a list of the new terms referring to the topic "Aircraft Engines" and memorize them.

Exercise 26. Get ready for the word dictation on "Aircraft Engines" terminology.

Exercise 27. Make up a plan of the topic "Aircraft Engines".

Exercise 28. Speak on:

1. Types of Aircraft Engines.

2. Main Engine Performance Data.
Exercise 29. Memorize the active vocabulary to text 5.
	rely (on/upon)
	покладатися (на)
	полагаться (на)

	propulsive force
	рушійна сила
	движущая сила

	suck
	усмоктувати
	всасывать

	propulsion
	1. pyx вперед; приведения до руху         2. рушійна сила; тяга
	1. движение вперед; приведение в действие 2. движущая сила; тяга

	ingestion
	засмоктування
	засасывание

	operating ceiling
	практична стеля
	практический потолок

	capability
	здатність
	способность

	availability
	наявність
	наличие

	reverse thrust
	реверсивна тяга; зворотна тяга
	реверсивная тяга; обратная тяга

	remainder
	залишок
	остаток

	shield
	1. екран 2. захищати; прикривати; екранувати
	1. экран 2. защищать; прикрывать; экранировать

	hit
	ударяти(ся), зіштовху-ватися
	ударять(ся), сталки-ваться  

	augment 
	збільшувати
	увеличивать

	booster
	прискорювач; підси-лювач
	ускоритель; усилитель


Exercise 30. Read, translate and give the gist of text 5.
Text 5. Jet Engines, Turboprops and Turbofans

The most common type of jet engines is the turbojet. The turbojet relies entirely upon the jet thrust to develop its propulsive force. The turbojet draws air into a compressor, usually consisting of several stages. This compressed air then enters a combustion chamber where fuel is added and the mixture is burned. The hot gas is then expelled, producing thrust.
Turbine blades in jet engines suck air into the engine and compress it prior to ignition, and the escaping gases drive another set of turbine blades to provide the necessary propulsion for the ingestion. When a gas turbine engine has a propeller on the same shaft with a compressor, it becomes a turboprop. A propeller provides most of the propulsive thrust. The turboprop combines features of both piston and turbojet engines. It provides better performance at lower speeds and altitudes than would be possible with a jet engine.
The operating ceilings of turboprop aircraft are somewhat lower than those of pure jets. On the other hand, the propeller can produce great amounts of thrust instantly at low altitudes resulting in shorter take-off and landing capabilities, the latter because of the availability of reverse thrust which also permits turboprop aircraft to taxi backwards.
The turbofan engine operates on the same principle as the turboprop engine. In turbofan engines, the propeller is a shrouded fan which directs part of the air around the outside of the turbines and combustion chambers to produce "cold" thrust. The remainder of the air goes through the engine and is expelled in normal fashion.
Advantages of the turbofan include good performance at low altitudes and the shielding of the exhaust gases from the engine inside a circle of cooler air, thus reducing the noise which is created by hot exhaust gases hitting a cold atmosphere abruptly.
A ramjet differs from a turbojet or turbofan in having no moving parts. A ramjet cannot operate from rest, but it is suitable for augmenting thrust on a turbojet engine, or as the main power source when rocket boosters can be provided for take-off.
In a turboshaft engine the turbine has another drive shaft, usually a rotor drive shaft of a helicopter. So turboshaft engines are widely used in helicopters.
Exercise 31. Translate the verb-noun derivation pairs.

	a)
to ignite – ignition

to ingest - ingestion

to direct - direction

    to retract - retraction
	c)
 to ignite- igniter

 to cool - cooler

to reduce - reducer

    to produce – producer

	b) to move - movement
to accomplish - accomplishment
to require - requirement
to attach - attachment

	d) to direct – director

to create - creator
to augment - augmentor
to separate – separator


Exercise 32. Read the following derivative chains, translate and define parts of speech.
Augment, augmentation, augmentor; avail, availability, available; capable, capably, capability; effect, efficient, inefficient, efficiency; ignite, ignition, igniter, ignited; exhaust, exhausting, exhaustion; shroud, shrouded, shrouding, unshrouded; familiar, unfamiliar, familiarize; control, controller, controllability, controlled; guide, guided, guidance, unguided; change, changeable, changeability, changeless, changeful.

Exercise 33. Translate the adjective-adverb pairs.
Easy - easily, separate - separately, abrupt - abruptly, great -greatly, short - shortly, instant - instantly, direct - directly, complete -completely, clear – clearly, efficient - efficiently, brief – briefly.

Exercise 34. Write out of text 5 the words that are used both as verbs and nouns. Translate them. There are more than 20 of such words.
Exercise 35 Give the initial form of the following words. Translate the pairs.
Consisting, compressed, blades, gases, combines, features, provides, shorter, resulting, permits, lower, added, speeds, burned, amounts, abruptly, enters, jets, operating, shrouded, relies, drawn, became, gone, hitting, had, driven, gave.

Exercise 36. Translate “noun + noun” collocations and give some more examples of your own.

Turbine blade, piston engine, air intake, compressor blade, engine advantage, power source, rocket booster, compressor stage, propeller thrust, cooler air, drive shaft, helicopter engine.
Exercise 37. Match the Ukrainian/Russian-English equivalents.

	1. прискорювач / ускоритель
	
	a) exhaust nozzle

	2. реверсивна тяга / реверсивная тяга
	
	b) ignition

	3. вихлопний газ / выхлопной газ
	
	c) advantage

	4. швидкісний тиск / скоростной напор
	
	d) ram

	5. практична стеля / практический потолок
	
	e) remainder of air

	6. рушійна сила / двигательная сила
	
	f) shrouded fan

	7. вихлопне сопло / выхлопное сопло
	
	g) exhaust gas

	8. стиснене повітря / сжатый воздух
	
	h) operating ceiling

	9. бандажований вентилятор / бандажированный вентилятор
	
	i) compressed air

	10. залишок повітря / остаток воздуха
	
	j) reverse thrust

	11. перевага / преимущество
	
	k) booster

	12. спалахування / зажигание
	
	l) propulsive force


	Exercise 38. Match the words having close meanings.

1. thrust
	
	a) suction 

	2. capability
	
	b) propulsion

	3. shield
	
	c) characteristics

	4. ingestion
	
	d) screen

	5. performance
	
	e) ability


Exercise 39. Translate the following antonymous pairs.
suitable - unsuitable
compressible - incompressible
shrouded - unshrouded
regular - irregular
necessary - unnecessary
reversable - irreversable
possible - impossible
advantage - disadvantage
essential - non-essential
input – output

inboard – outboard
lower - upper

Exercise 40. Make up sentences with each of the following verb-combinations.
To draw air, to enter a combustion chamber, to produce thrust,      to suck air into the engine, to provide the necessary propulsion for the ingestion, to combine features of piston and turbojet engines, to provide better performance at lower speeds, to taxi backwards, to direct a part of air, to rely upon the jet thrust, to develop propulsive force, to reduce noise, to operate on the same principle.

Exercise 41. Fill in this table using the words below.
	Piston

engine
	Gas Turbine Engine
	Ramjet

	
	turbojet
	turboprop
	turbofan
	turboshaft
	

	
	
	
	
	
	


Shrouded fan, rotor, buckets, drive shaft, compressor, cylinder, exhaust nozzle, turbine, air inlet, combustion chamber, propeller, helicopter, jet thrust, propulsive force, turbine wheel, piston, air intake, exhaust nozzle, booster, turbine and compressor blades, guide vanes.
Exercise 42. Complete the following sentences.
1. The turbojet draws air into a compressor, usually consisting of several ... . 2. The compressed air enters a combustion chamber where fuel is added and the mixture ... . 3. The hot gas is then expelled, producing ... . 4. The propeller can produce great amounts of thrust instantly at low altitudes resulting in ... . 5. A ramjet differs from a turbojet or turbofan in having no ... . 6.  The turboprop engine operates on the same principle as ... . 7. The turboprop engine provides better performance at lower speeds and altitudes than would be possible with ... . 8. In turbofan engines, the propeller is ... . 9. Advantages of the turbofan include ... . 10. The shielding of the exhaust gases from the engine inside a circle of cooler air reduces ... . 11. A ramjet cannot operate from ..., but it is suitable for augmenting thrust on ... .

Exercise 43. Put all types of questions to the following sentences.

1. Thrust is a pushing or pulling force developed by aircraft engine or propeller, making a plane move forward. 2. Propulsion is a force that drives a vehicle forward. 3. The piston is a part of an engine consisting of a short solid piece of metal inside a tube, which moves up and down to make the other parts of the engine move. 4. The blades are shrouded at their tips. 5. The shield is a protection arrangement that protects a person or thing from harm or damage. 6. The generator drive is a mechanical device that drives the generator at desired revolutions per minute. 7. The shaft has a series of cranks as an integral part and is used to transform the reciprocating motion of the engine pistons into rotary motion to drive the propeller. 8. The air inlet ducts must be protected so as to minimize the ingestion of foreign matters during take-off, landing and taxiing.

Exercise 44. Answer the questions on text 5.
1. What engine provides better performance at lower speeds and altitudes than would be possible with a jet engine? 2. What are the operating ceilings of turboprop aircraft? 3.What features does the turboprop engine combine? 4. What engine operates on the same principle as the turboprop engine? 5. What is the main difference between a ramjet and a turbofan? 6. What engines have a shrouded fan which directs a part of the air around the outside of the turbine and combustion chambers to produce “cold” thrust? 7. Can a ramjet operate from rest? 8. What are the advantages of a turboprop?

Exercise 45. Complete the questions to the subject attribute and answer them.
1. ... engine combines features of both piston and turbojet engines? 2. ... engine provides better performance at lower speeds and altitudes than would be possible with a jet engine? 3. ... engine operates on the same principle as the turboprop engine? 4. ... engine differs from a turbojet or turbofan in having no moving parts? 5. ... engine cannot operate from rest?

Exercise 46. Match the terms with their definitions.

	1. A pushing or pulling force developed by aircraft engine or propeller, making a plane move forward.
	a) generator drive

	2. A part of an engine used for drawing in air.
	b) thrust

	3. A part of an engine consisting of a short solid piece of metal inside a tube, which moves up and down to make the other parts of the engine move.
	c) shield

	4. A protection arrangement that protects a person or thing from harm or damage.
	d) air intake

	5. A mechanical device that drives the generator at desired revolutions per minute.
	e) piston


.

.
Exercise 47. Put questions to the italicized words.
1. The burnt gases are expelled through the exhaust valve. 2. The compressed air is mixed with fuel and ignited. 3. The power for flight is provided by the power plant. 4. The new era in aviation was opened by the introduction of jet engines. 5. Both jet engines and piston engines are used in aviation. 6. In turbofan engines the propulsive force is provided by fans. 7. The compressor is driven by a gas turbine. 8. Turboshaft engines are widely used in helicopters.

Exercise 48. Change the following sentences into Passive Voice after the model. 

	Model:
	The power plant provides power for flight.

The power for flight is provided by the power plant.


1. In turbofan engines the fan provides the propulsive force. 
2. The introduction of jet engines opened a new era in aviation. 3. The electric spark ignites the compressed mixture. 4. The early aircraft used gasoline as fuel. 5. The turbine takes the energy of heated gases, in the form of velocity. 6. Jet engines completely replaced piston engines. 
7. The turbofan engine obtains additional energy from the gases passing through the exhaust cone. 8. This shaft drives a propeller as well as other engine accessories. 9. Helicopters use turboshaft engines.
Exercise 49. Use the verbs in brackets in the correct tense and voice form.
1. In 1885 the first airplane (to power) by a steam engine. 2. In a short time piston engines (to replace) by jet engines. 3. A new era in aviation (to open) with the introduction of jet engines. 4 The steady progress of aviation (to connect) with the development of aircraft power plants. 5. The compressed air (to mix) with fuel. 6. Jet engines (to use) in civil aviation. 7. The energy of heated gases, in the form of velocity (to take) by a turbine. 8. This energy (to use) for driving the engine shaft. 9 All turbofan engines (to call) bypass engines. 10. A ram pressure (to create) when the airplane moves through the air at a great speed.
Exercise 50. Translate into English.

	1. Реактивні двигуни широко використовуються в цивільній aвiaцii.
	1. Реактивные двигатели широко используются в гражданской авиации.

	2. Турбореактивний двигун розвиває тягу повністю за рахунок реактивного сопла.
	2. Турбореактивный двигатель развивает тягу полностью за счет реактивного сопла.

	3. Повітряний гвинт знаходиться на одному валу з компрессором.
	3. Воздушный винт находится на одном валу с компрессором.

	4. У турбогвинтовому двигуні основна частина тяги створюється гвинтами i тільки від 10 % до 25 % за рахунок реактивного сопла.
	4. В турбовинтовом двигателе основная часть тяги создается винтами и только от 10 % до 25% за счет реактивного сопла.

	5. У турбовентиляторному двигуні замість повітряного гвинта використовується вентилятор, який обертається зі швидкістю турбіни.
	5. В турбовентиляторном двигателе вместо воздушного винта используется вентилятор, который вращается со скоростью турбины.

	6. Турбовентиляторний двигун є вapiaнтом турбогвинтового двигуна.
	6. Турбовентиляторный двигатель представляет собой вариант турбовинтового двигателя. 

	7. Турбовальні двигуни використовуються в гелікоптерах.
	7. Турбовальные двигатели используются в вертолетах.

	8. Турбовальний двигун приводить в дію привідний вал гвинта гелікоптера.
	8. Турбовальный двигатель приводит в действие приводной вал винта вертолета.

	9. Силова установка рухає літак вперед та забезпечує необхідну підіймальну силу.
	9. Силовая установка двигает самолет вперед и обеспечивает необходимую подъемную силу.

	10. Поршневі двигуни повністю замінені реактивними.
	10. Поршневые двигатели полностью заменены реактивными.


Exercise 51. Read, translate and entitle text 6.
Text 6
The ПС-90 A is a two-spool, high bypass ratio1 turbofan engine with the flow mixing, fitted with a common exhaust nozzle and thrust reverser. Structurally the engine is made of 11 modules which except for the main one can be replaced. Provision has also been made for replacement of separate parts of the modules and of the parts most likely to get damaged, such as fan blades and compressor pressure stages, flame tubes, combustion chamber jets, thrust reverser cascade vanes.
The engine is equipped with the compressor and turbine radial clearances2 control system. The engine gas flow duct is fitted with sound-absorbing components.

Notes:
1 bypass ratio – ступінь двоконтурності / степень двухконтурности
2 clearance – проміжок / зазор
Exercise 52. Read and translate text 7 in a written form. 
Text 7. Turbojets

Gas-turbine engines for aircraft come in many types and sizes, each of which has its advantages and also its limitations. The most common type is the uncomplicated turbojet. Because they have no added features such as a fan, propeller, or free turbine, turbojets are sometimes referred to as straight jets.
Most turbojets operate best at relatively high altitude, in the 25,000 to 40,000 ft range, although they are able to go very much higher, if need be. There is no simple explanation for the fact that turbojets are so well suited to high-altitude operation. The high-altitude capability of a turbojet is due to a number of reasons, some of which are rather complex. For one thing, this capability is designed into an engine at the time the plans are first laid down on a drawing board. For another, the cold temperature of the air at high altitude gives an engine extra thrust. More importantly, the rarified atmosphere at high altitude reduces airplane drag (which may be thought of as the air resistance of flight). Low drag means that the Mach number selected for cruising can be attained at a low engine thrust setting. This, in turn, results in a relatively low fuel consumption for the airspeed attained - a feature that makes for economical operation.
But, good as they are at their optimum altitude, high thrust at low airspeed is not a turbo-jet characteristic. To be at their best, turbojets need the ram-air pressure at their inlet which comes only with speed. Therefore, they require very long runways for take-off.
Turbojets are classified according to the kind of compressor they use. For years, they had only centrifugal compressors because this was the type that designers knew best how to build. Centrifugal compressors operate by taking in air near a hub at the centre and rotating it with an impeller.
As the impeller whirls the air at high speed, centrifugal force carries the air to the perimeter of the impeller at a considerable velocity. Here the air is collected in a diffuser to increase the pressure, then led to a manifold which, in turn, feeds it to the engine burners.
The early centrifugal compressor turbojets were (and still are) both reliable and simple. But the amount of thrust they can produce is relatively low because their compression ratio is not very high. Nevertheless, there are several turboprop and turboshaft engines now in current production that employ a compressor arrangement using one or more centrifugal type compressors. The improved design of these engines makes them far superior to the centrifugal compressor 
power plants of several years ago.
The majority of today's turbojets use an axial compressor. Axial compressors are used, especially in the larger engines, because they are capable of producing high compression ratios, sometimes as high as 13:1, or more. An axial compressor, as the name implies, compresses air as it flows in an axial direction through an engine. A series of rotating blades and stationary vanes work on the air as it passes through a series of stages inside the compressor. Each stage adds to the compression process.
There are two types of axial-compressor engines, those with so-called single compressors and those with dual compressors. In dual-compressor engines (sometimes called twin-spool engines), there are two compressors that are mechanically independent of one another, although they are related as to airflow. Each compressor has its own turbine. The turbine for .the forward, or low-pressure compressor, is the rear turbine. It is connected to the low-pressure compressor by a drive shaft that passes through the hollow drive shaft for the high-pressure compressor and turbine unit.

Exercise 53. Make a summary of text 7.
Exercise 54. Write out all the terms referring to the "Turbojet 
Engine Design".
Exercise 55. Make up a plan of the topic "Turbojets ".

Exercise 56. Translate text 8 in a written form.

Text 8. Rocket Engines

There are two general types of rockets: the solid-propellant rocket and the liquid- or bipropellant rocket. Rocket fuels and oxidizers are called propellants.
Solid-propellant rockets are simplest in arrangement and least susceptible to control. Liquid-propellant rockets are somewhat more complex than the solid type, but they are susceptible to a much greater range of control during operation. This control is accomplished by varying the rate of flow of the fuel and oxidizer to the combustion chamber.
The rocket engine consists of a propellant injector, combustion chamber surrounded by a cooling jacket, and a nozzle to allow the natural expansion of the combustion gases.
The rocket engines all operate on the same principle whether they are solid - fuel or liquid-fuel types.

Exercise 57. Comment on texts 5, 6, 7, 8 using the following speech patterns.
The text      is devoted to …
deals with

is about …

describes …
considers …
mentions …

reveals …

draw attention to …

focuses on …

touches upon …
Exercise 58. Read, translate and give the gist of text 9.

Text 9. Turboprops

If a gas generator (turbojet) turns an aircraft propeller through a system of gears, it becomes a turboprop. The propeller drive reduction gearing may be driven by the shaft from the same turbine that rotates the compressor, or the gearing may be driven by a shaft from a so-called free turbine that rotates independently in the exhaust gas stream of the basic gas generator. In either case, the gas generator for a turboprop might be either a single- or dual-compressor type, although there are no dual-axial compressor turboprops in production.
Although a turboprop is more complicated and heavier than a turbojet engine of equivalent size and power, it will deliver more thrust up to medium-high subsonic airspeeds. However, the advantage decreases as flight speed increases. In normal cruising-speed ranges, the propulsive efficiency1 (output divided by input) of a turboprop remains more or less constant, whereas the propulsive efficiency of a turbojet increases rapidly as airspeed increases. The spectacular performance of a turboprop during take-off and climb is the result of the ability of the propeller to accelerate a large mass of air while the aircraft is moving at relatively low ground and flight speed.
Note:
1 propulsive efficiency – тяговий ККД (коефіцієнт корисної дії) / тяговый КПД (коэффициент полезного действия)

Exercise 59. Divide text 10 into logical parts and write a topical sentence for each part.

Text 10. Turbofans
Fanjets and turbofans are one and the same thing. In principle, the turbofan (or fanjet) is the same as the turboprop except that the ratio of the secondary airflow (i.e., the airflow through the fan or propeller) to the primary airflow through the basic engine is less. Also, in the turbofan, the gear-driven propeller is replaced by a duct-enclosed, axial-flow fan whose rotating blades and stationary vanes are considerably larger but otherwise similar to the blades and vanes of an axial compressor.
There are two principal configurations for a turbofan, each of which has several variations. In one configuration, the fan is placed at the front of the engine where it is an integral part of the compressor. When the engine is a dual-compressor type, it is a part of the forward, low-pressure compressor. In the other configuration, the fan is mounted at the rear of the engine where it forms the rim, or outer perimeter, of a free turbine that rotates by itself in the exhaust gases discharged from the engine. These two turbo-fan designs are called forward-fan and aft-fan engines, respectively.
In both turbo-fan configurations, the fan makes a substantial contribution to the total thrust. Over and above the thrust produced by the basic engine, the fan accelerates the air passing through it to generate thrust of its own in the manner of the propeller of a turboprop. The fan air is exhausted without passing through the engine; it is not burned with fuel or used for internal engine cooling.
Two different duct designs are used with forward-fan engines. Either the air exhausted by the fan may be ducted overboard directly after it leaves the fan, or it may be ducted along the outer case of the basic engine to mix, or not mix (depending upon the design), with the turbine exhaust gases before the gases pass through the jet nozzle.

The fundamental difference between a turbofan and a turboprop is that the airflow through the fan is controlled by the design of the engine in such a manner that the air velocity through the fan blades is not affected very much by the speed of the aircraft. This means that the loss of operational efficiency at high air speeds that limits the airspeed capability of turboprop aircraft is eliminated in turbo-fan aircraft. Indeed, supersonic aircraft not only can, but are being powered by turbofans.
Turbofans are rapidly becoming the most widely used of all the types of jet engines, particularly in large multi-engine aircraft. The turbofan is, in effect, a compromise between the good operating efficiency and high-thrust capability of a turboprop and the high-speed, high-altitude capability of a turbojet. At cruising altitude, the engine-propeller combination of a turboprop loses efficiency rapidly at airspeeds above 400 knots. Not only does the turbofan have no such limitation but it is much simpler than a turboprop.
The complexity and weight of the propeller reduction gearing and the intricate propeller-governing feature of a turboprop are completely eliminated in a turbofan. The turbofan is therefore not only lighter than a turboprop but can never be plagued by any of the malfunctions to which a propeller and its associated systems are susceptible.
The fact that the fan air does not pass through the basic engine enables a turbofan to achieve a relatively low specific fuel consumption. In addition, because it accelerates a large mass of air to relatively low velocity, even at very low aircraft speeds, a turbofan, like a turboprop, produces much more thrust than a turbojet during take-off and the initial climb.
Another advantage of the turbofan is a lower noise level, which is an important feature at all commercial airports. The lower level of noise occurs because a turbofan engine has at least one additional turbine stage to drive the fan. Extraction of more power from the engine exhaust gases as they pass through the additional turbine (or turbines) serves to reduce the velocity of the engine exhaust. Less velocity through the jet nozzle results in less noise.

Exercise 60. Make up a brief summary of text 11.

Text 11. Ramjets and Pulsejets
The simplest jet engine of all is the ramjet, which has no moving parts. Such an engine is but little more than a pipe equipped with a fuel metering and injection system. Because a ramjet must be accelerated by some means other than the engine's own power to a very high speed before it will operate, the engines have limited use. They have principally been employed in guided missiles that must be carried aloft and launched by a conventional aircraft.
A pulsejet is a ramjet with a set of shutters, spring-loaded to remain in the closed position normally, placed across the engine air inlet. When the engine is launched at a speed sufficient to maintain operation, ram air pressure forces the shutters open. Fuel is injected and burned continuously in the combustion chamber. As soon as the combustion chamber pressure equals the ram air pressure, the shutters close. The combustion gases are ejected through the jet nozzle at the rear, generating thrust. When the pressure in the combustion chamber drops off, the shutters open again, admitting more air. The cycle repeats itself with great rapidity.

Exercise 61. Render text 12 in brief. 

Text 12. Auxiliary Power Unit (APU)
The APU is located in the aft end of the fuselage, behind the pressure bulkhead and below the horizontal stabilizer. The APU generator is mounted on the accessory drive pad and is used to furnish 60 kilovolt-ampere (KVA) of electrical power on the ground or it can be used as an alternate power source of 50 KVA in flight. Bleed air from the APU can be used to operate two air-conditioning packs or for main engine starting. Using APU bleed air for air-conditioning during take-off improves take-off performance. Airplane ground servicing, including refueling, may be accomplished with the APU operating. Exhaust noise heard by passengers and the ground crew is minimized through two factors:
- use of an acoustically treated air inlet and exhaust duct; 
 - its distance from the cabin and ground service points.
The APU is readily accessible for inspection, maintenance or removal through a large door in the fuselage directly below it. Removal is accomplished by lowering the assembly with a simple hoist and cable system.

Exercise 62. Write key questions to text 13. 

Text 13. Pratt and Whitney JTI5D Engines

Two Pratt & Whitney of Canada JT15D engines power the Cessna Citation aircraft. The JT15D is a light-weight, two-spool, medium bypass turbofan that produces between 2,200 and 2,550 lbs of static takeoff thrust.
After air enters the engine inlet, a front fan driven by the low pressure (LP) turbine accelerates air rearward toward the axial and centrifugal compressors and the full-length, annular bypass duct. Approximately 75 % to 66 % of the total air flows around the engine core through the bypass duct.
After air passes through the fan, an axial compressor, driven by the low pressure turbine, accelerates the air before passing it to the centrifugal compressor. The compressor, driven by the high-pressure (HP) turbine, slings air outward to accelerate it to a high-velocity, low-pressure flow. The diffuser converts the high-velocity flow into a low-velocity, high-pressure flow before it reaches the combustion section.
Exercise 63. Read, translate and copy out aviation terms from 
text 14.

Text 14. RB.211-22B Engine

The Rolls-Royce RB.211-22B is a three-shaft, high-bypass ratio, turbofan engine. Advantages of this compact design include great structural rigidity, fewer parts, low specific fuel consumption, reduced noise and smoke, and outstanding thrust growth potential.
Two engines are pylon-mounted on the wing; the third is located at the aft fuselage. This arrangement satisfied the design requirements for the optimum airplane balance, low structural weight, ease of access and maintainability, minimum drag.
Engines are interchangeable between wing and tail locations with some minor components changes. On-the-wing maintenance is facilitated by new design internal couplings that allow major assemblies to be separated from each other if replacement is required.

Exercise 64. Read and translate text 15 without a dictionary.

Text 15. CFM56-3 Engines

The 737 airplanes are powered by two wing-mounted, CFM56-3 high bypass-ratio turbofan engines at several thrust ratings. The engine is an axial flow turbofan with two spools and variable stator vanes. The single-stage fan and three-stage low pressure compressor are driven, via the low-speed (№1) shaft, by a four-stage low pressure turbine. The nine-stage high pressure compressor is driven, via the high speed (№2) shaft, by a single stage high pressure turbine. The fan and core airflows have separate exhaust nozzles and the fan exhaust system includes a cascade type thrust reverser. Power for aircraft and engine accessories is provided by the main gearbox side mounted on the fan case. The gearbox is driven by the high-speed (№2) engine rotor.

Exercise 65. Scan text 16 for aviation terms, make up a list of them with the help of a dictionary and make sure you know them.

Text 16. Engine Buildup

During engine buildup, the following components are installed on the basic engine: starter, constant speed drive (CSD) generator or optional variable speed constant frequency (VSCF) generator, hydraulic pump, cowling, thrust reverser, thrust reverser extension ring, fire/overheat detectors, engine instrumentation, pneumatic ducting, potable water pressurization tubing, and electrical harness. Except for the vortex control device on the fan cowl and the thrust reverser, engine buildup is identical for left or right engines.
The engine nacelle is composed of the nose cowl and fixed and hinged cowl panels to provide smooth airflow over the engines and to protect exterior engine components from damage.
Cowl panels, hinged at the top, may be opened or completely removed to provide ground level access to the engine without using ground stands. Three cone bolts secure the engine to the wing. Two front cone bolts take thrust, vertical and side loads. The one rear cone bolt takes   vertical and side loads.
Special options allow the installation of nearly any of the above engines on the -300, -400. -500 airframes because of the unique thrust-limiting system at the interface.
Exercise 66. Speak on:
1. Turbojets: operation principle and advantages.

2. Turboprop and Turbofan Engines.
3. Rocket Engines.
4. Auxiliary Power Unit.
II.6 AIR ACCIDENTS

Exercise 1. Memorize the active vocabulary to text 1.

	accident  
	катастрофа, аварія 
	катастрофа, авария 

	failure
	відмова, вихід з ладу
	отказ, выход из строя

	incident 
	випадок; пригода, інцидент 
	случай; происшествие, инцидент 

	air incident 
	авіаційна пригода
	авиационное происшествие

	crash
	1. катастрофа, аварія 2. розбиватись, зазнавати аварії
	1. катастрофа, авария 2. разбиваться, терпеть аварию

	trouble
	несправність, відмова, поломка
	неисправность, отказ, поломка

	emergency
	аварійна обстановка
	аварийная обстановка

	cause
	1. причина 2. спричиняти; викликати
	1. причина 2. причинять, вызывать

	error
	помилка
	ошибка

	improper 
	неправильний, хибний 
	неправильный, ошибочный 

	ground personnel
	наземний персонал
	наземный персонал

	air traffic control (ATC)
	керування повітряним рухом (УПР)
	управление воздушным движением (УВД)

	human factor
	людський фактор
	человеческий фактор

	foreign object
	сторонній предмет
	посторонний предмет

	engine duct
	тракт двигуна
	тракт двигателя

	
	
	

	midair collision
	зіткнення (літака) в повітрі
	столкновение (самолета) в воздухе

	aircraft mountain collision
	зіткнення літака з горою
	столкновение самолета с горой

	bird strike
	зіткнення з птахом
	столкновение с птицей

	adverse 
	несприятливий
	неблагоприятный 

	crosswind
	боковий вітер 
	боковой ветер 

	surge
	помпаж (двигуна)
	помпаж (двигателя) 

	heavy statics
	сильні електростатичні явища
	сильные электростатические явления

	precipitation statics
	обумовлена опадами імпульсна перешкода електростатичного походження 
	импульсная помеха электростатического происхождения, обусловленная осадками

	overload
	перевантаження
	перегрузка

	partial 
	неповний, частковий
	неполный, частичный

	thrust reversal
	реверс тяги
	реверс тяги

	leakage
	теча, витікання 
	течь, вытекание 

	fuel exhaustion
	повна витрата палива
	полная выработка топлива

	shutdown 
	зупинка, вимкнення (двигуна)
	останов, выключение (двигателя)

	seizure
	заклинювання (двигуна)
	заклинивание (двигателя)

	complicate
	ускладнювати
	осложнять

	alert 
	1. тривога, попередження про небезпеку; сигнал небезпеки 2. попереджати про небезпеку
	1. тревога, предупреждение об опасности; сигнал опасности 2. предупреждать об опасности


Exercise 2. Practise out the dialogue.
Dialogue

T. We’ll consider the causes of air accidents. I am sure you know what the main cause of air accidents is.

S. I think human factor affects any flight.

T. You are quite right. More flights will bring more accidents. Human errors in the cockpit and inadequate actions of the crew and ground personnel are the main cause of engine failures. Engine failures complicate flight conditions.

S. What may engine failures be caused by?

T. Engine failures may be caused by design or manufacture errors, improper engine operation, errors by the crew, ground personnel, air traffic control.

S. Do adverse weather conditions cause engine failures?

T. Yes, they do. Stormy weather, gusty crosswinds, severe icing on the aircraft skin result in engine failures.

S. What does “midair collision” mean?

T. It means aircraft-to-aircraft collision, collision with birds, aircraft-mountain collision, ground collision.
Exercise 3. Read, translate and give the gist of text 1.

Text 1. Causes of Engine Failures

Engine failures may be caused by design or manufacture errors, improper engine operation, errors by the crew, ground personnel, air traffic control. Human errors in the cockpit and inadequate actions of the crew and ground personnel (so called human factor) are the main cause of engine failures.

Foreign objects in engine ducts or midair collisions (aircraft-to-aircraft collision, collision with birds, aircraft-mountain collision, ground collision) and adverse weather conditions (stormy weather, gusty crosswinds, severe icing on the aircraft skin) also result in engine failures.

Turbulence in clouds causes vibration and unstable engine operation, i.e. engine surge. Heavy and precipitation statics lead to failure of electronic equipment. Overloading results in partial engine thrust. The asymmetrical and incomplete thrust reversal is the reason of engine failures. The fuel and oil leakage may cause minor engine failure. Fuel exhaustion leads to engine shutdown. Oil exhaustion is the reason of engine seizure and overheating. Engine failures complicate flight conditions and may lead to an emergency or crash.


Exercise 4. Find English equivalents in text 1.


Зіткнення в повітрі / столкновение в воздухе, обледеніння / обледенение, відмова двигуна / отказ двигателя, дії екіпажу/ действия экипажа, експлуатація двигуна / эксплуатация двигателя, тракт двигуна / тракт двигателя, складні (несприятливі) погодні умови / сложные (неблагоприятные) погодные условия, конструктивні дефекти / конструктивные дефекты, зіткнення з птахами / столкновение с птицами, дії наземних служб / действия наземных служб, виробничі дефекти / производственные дефекты, сторонні предмети/ посторонние предметы.

Exercise 5. Translate “noun + noun” collocations..

Engine operation, aircraft skin, midair collision, engine duct, weather conditions, engine failure, flight conditions, engine thrust, design error, manufacture error, engine surge, human error, engine shutdown, oil leakage, engine seizure, fuel exhaustion, crew actions, precipitation statics, ground personnel actions, air traffic control.

Exercise 6. Match the synonyms. 

	1. failure
	a) disaster 

	2. crash
	b) construction error

	3. midair collision 
	c) collision with birds

	4. main cause
	d) bad weather conditions

	5. manufacture error
	e) error of the flight crew

	6. human error in the cockpit
	f) major factor

	7. emergency
	g) collision in the air

	8. adverse weather conditions
	h) malfunction

	9. design error
	i) production error

	10. bird strike
	j) accident 


Exercise 7. Fill in the gaps with the prepositions: in, from, between, to, with, by, of, on.

1. Human errors … the cockpit are the main cause … engine failures. 2. Foreign objects … engine ducts, midair collisions, adverse weather conditions, icing cause engine failures. 3. Engine failures may lead … an emergency or crash. 4. Inadequate actions … the crew and ground personnel lead … improper engine operation. 5. C-5 crashed during an approach … the base, … May 10, as a result … colliding. 
6. AN-32 crashed during an approach … Kiev. 7. Airplanes may collide … birds. 8. Engine failures may be caused … design or manufacture errors. 9. Heavy icing … the tail unit was the major factor … TU-134 emergency landing. 10. During an approach … landing … bad weather the pilot went below minimum altitude. 11. The midair collision … two military aircraft taking part … Air show killed two people.
Exercise 8. Translate the following prepositional word combinations and make up sentences with them.

	a) in the area
	d)  for taking off

	in that direction
	for safe landing

	in the cockpit 
	for aircraft maintenance

	in poor visibility
	for preventing engine destruction 

	in the civil aviation 
	for defining the failure

	b) at night
	e)  in spite of the bad weather

	at each airport
	because of snow

	at both ends
	due to fuel exhaustion 

	at the beginning of
	during an approach

	at the time of the incident 
	as a result of colliding

	c) on top of the wing
	f)  except for vibration

	on that day 
	apart from bad weather

	on May, 10
	in order to escape 

	on the occasion
	in between two flights

	on either side 
	as regards engine failures


Exercise 9. Complete the sentences using the words given in brackets (vibration, emergency, conditions, failures, operation, errors, crash).

1. Engine failures may be caused by design or manufacture … .   2. Adverse weather conditions cause engine … . 3. Engine failures complicate flight … . 4. Human errors in the cockpit are the main cause of engine … . 5. Inadequate actions of the crew and ground personnel lead to improper engine … . 6. Engine failures may result in … . 7. Foreign objects in engine ducts lead to … .

Exercise 10. Give Ukrainian / Russian equivalents. Use a dictionary if need be. 

Foreseeable failure, sudden failure, initial failure, primary failure, single failure, partial failure, total failure, twin failure, passive failure, premature failure, mechanical failure, hazardous failure, complete failure, overstress failure, fatigue failure, flutter failure, structural failure; simulated engine failure, double engine failure, asymmetric engine failure, bearing-related engine failure, power-unit failure.

Exercise 11. Make up sentences with the following verb combinations.

To result in an emergency, to cause engine failure, to detect failure, to prevent failures, to alert collisions, to complicate flight conditions, to avoid collision, to board an airplane, to lead to an accident,      to collide with a mountain. 

Exercise 12. Match the pairs of:
a) synonyms: ground, icing, accident, cockpit, cause, fault, speed, work, velocity, operation, collision, flight deck, security, failure, ice formation, land, reason, strike, crash, safety;
b) antonyms: large, advantage, complicate, reduce, possible, proper, difficult, impossible, increase, disadvantage, small, easy, simplify, inadequate.

Exercise 13. Translate the verb – noun pairs. Give other examples of noun formation and noun – building suffixes.
a) to act – action, to move – motion, to operate – operation, to collide – collision, to complicate – complication, to indicate – indication,   to reduce – reduction, to provide – provision, to direct - direction;

b) to move – movement, to equip – equipment, to develop - development, to improve – improvement, to require - requirement;

c) to assist – assistance, to depend – dependence, to differ - difference, to maintain – maintenance, to clear - clearance;

d) to operate – operator, to instruct – instructor, to design - designer, to lead – leader, to manufacture - manufacturer.

.
.

.

Exercise 14. Match the attributes and the nouns to form as many nominative word combinations as possible.

	Failure 
	main, engine, design, manufacture,

	error
	human, midair, weather, flight, 

	operation
	production, crew, mechanical, 

	cause
	structural, sudden, critical, adverse,

	collision
	automatic, landing, instrumental,

	condition
	relative, external, ground, personnel,

	action
	vibration, improper, bird


Exercise 15. Make up all possible verb – object collocations and translate them.
	To cause
	damage, failure, collision,

	to alert
	condition, emergency, crash,

	to complicate
	overheating, engine seizure,

	to result in
	hazard, vibration, malfunction,

	to detect
	incident, icing, accident, operation,

	to prevent
	engine surge, shutdown, leakage, 

	to lead to
	oil exhaustion, icing, accident, error


Exercise 16. Put the verbs in brackets in the correct tense and voice form.

1. It is common knowledge that flight conditions (complicate) by engine failures. 2. Yesterday adverse weather conditions (cause) the engine failure. 3. Inadequate actions of the crew and ground personnel    (to result) in improper engine operation. 4. Engine failure may (lead)     to emergency or crash. 5. Human errors in the cockpit (to be) often the cause of engine failures. 6. Engine failure may (cause) by design or manufacture errors. 7. It was clear that foreign objects in engine ducts (lead) to vibration and fairing damage during take-off.  8. If the temperature is well below 0o C, wing edges and tail unit icing (result) in engine failure.

Exercise 17. Answer the questions on text 1.

1. Do engine failures complicate flight conditions? How? 2. What may engine failures be caused by? 3. What may engine failures result in? 4. Do adverse weather conditions cause engine failures? Which?     5. What does “midair collision” mean? 6. Are human errors in the cockpit the main cause of engine failures? Why?

Exercise 18. Translate the sentences. 

	1. За останнє десятиріччя в СНД сталося багато авіакатастроф з різних причин.
	1. За последнее десятилетие в СНГ случилось много авиака- тастроф по разным причинам.

	2. 5% авіаційних пригод сталося з вини розробників та виробників, а 4% - результат хибних дій персоналу керування повітряним рухом.
	2. 5% авиационных происшествий случились по вине разработчиков и производителей, а 4% - результат неправильных действий персонала управления воздушным движением.

	3. Хибні дії наземного персоналу завдали 9% авіаційних пригод.
	3. Ошибочные действия наземного персонала привели к 9% авиационных происшествий.

	4. Хибні дії екіпажів минулого року спричинили 82% авіаційних пригод у СНД
	4. Ошибочные действия экипажей в прошлом году привели к 82% авиационных происшествий.


Exercise 19. Play the role of an interpreter.
	1. Які основні причини авіаційних пригод?/ Какие основные причины авиационных происшествий?
	1. As far as I know human errors are the main cause of air accidents.

	2. А відмова двигуна може призвести до аварії?/ А отказ двигателя может привести к аварии?
	2. Yes, certainly. Engine failures complicate flight conditions considerably.

	3. Що спричиняє відмови двигунів?/ Что приводит к отказу двигателей?
	3. Engine failures may be caused by design or manufacture errors, midair collisions, errors of the crew, ground personnel, air traffic control as well as adverse weather conditions.

	4. Яким чином погодні умови впливають на роботу двигунів?/ Каким образом погодные условия влияют на работу двигателей? 
	4. Wing edges and tail unit icing as well as strong crosswinds may result in engine failures.

	5. Що відбувається, якщо в тракт двигуна потрапляють сторонні предмети?/ Что происходит, если в тракт двигателя попадают посторонние предметы?
	5. Foreign objects in engine ducts lead to vibration and fairing breaking.


Exercise 20. Translate into Ukrainian/ Russian.

1. Stormy weather and gusty crosswinds appeared to be a major factor in Douglas DC-10 crash at Faro, Portugal. 2. Boeing 727-200 crashed during an approach to Tripoli International airport, Libya, as a result of colliding. 3. Inadequate actions of the crew and ground personnel might be a major factor in TU-134 crash at Ivanovo, Russia. 
4. Yak-40 crashed during an approach to Khorog (Tadjikistan). It was caused by overloading. 5. Heavy icing of the wing leading edge resulted in TU-134 emergency landing at Kiev, Ukraine. 6. An-32 crashed during an approach to Kiev, Ukraine, due to errors of the flight deck’s crew. 7. The air crash near Islamabad (Pakistan aircraft) that left 152 people dead took place due to a communication gap between the cockpit and the control tower. 8. A midair collision between two light aircraft taking part in a competition in Britain killed two people. One of the planes crashed into a dense woodland near Ryde. 9. Seven pilots were killed in 19 crashes involving MiG-21 planes of the Indian Air Force (IAF) since 2005. 10. An investigation into the four month old Mangalore air crash that involved death of 158 lives, has revealed that the mishap occurred due to pilot's error.

Exercise 21. Read and reproduce in Ukrainian / Russian.

1. On approach to landing the crew of a three-engine airliner noticed a defective landing gear warning. While all the members of the cockpit crew were busy attending to the problem, the unmonitored plane flew on autopilot into the swamps of Florida killing one hundred people.

2. A flight engineer inadvertently cut off the flow of fuel to all the engines but then managed to restart them. He was worried about his critically ill wife and was totally absent mentally at the time of the incident.

3. The captain of a regional aircraft was known to be a difficult manager. He paid no attention to his staff. During an approach to landing in bad weather he went below minimum altitude. Out of fear for his position the copilot did not intervene. The aircraft was destroyed when it crashed into a wood. The flight captain lost his life.

Exercise 22. Rewrite the passages of exercise 20 using the following expressions: appear to be a major factor of, result in, as a result of, be caused by, due to, lead to.
Exercise 23. Translate text 2 in a written form and entitle it.

Text 2

Before take-off the crew of a short-haul flight received instructions to proceed to flight level 170. During the climb at a speed of 270 knots, air traffic control instructed the crew “go to 300”. The crew understood this to mean the altitude and a corresponding message back to ground control was not corrected. Only when the aircraft appeared on radar at an altitude of more than flight level 180, misunderstanding was discovered. Air traffic control had not meant altitude but speed when it said “300”. The incident was passed on to all interested bodies and has assisted other crews and air controllers in recalling the importance of correct radio procedure.

Exercise 24. Make up a short summary of text 3.

Text 3. Polish Air Force Tu-154 Crash

The 2010 Polish Air Force Tu-154M crash occurred in April, 2010, when the Tupolev Tu-154M aircraft of the Polish Air Force crashed near the city of Smolensk, Russia, killing all 96 people on board. These included the Polish president Lech Kaczyński and his wife, the chief of the Polish General Staff and other senior Polish military officers, the president of the National Bank of Poland, Poland's deputy foreign minister, Polish government officials, 15 members of the Polish parliament, senior members of the Polish clergy, and relatives of victims of the Katyn massacre. They were en route from Warsaw to attend an event marking the 70th anniversary of the massacre; the site is approximately 19 kilometers (12 mi) West of Smolensk.

The pilots attempted to land at Smolensk North Airport, a former military airbase, in thick fog that reduced visibility to about 500 m (1,600 ft). The aircraft was too low as it approached the runway. Striking trees in the fog, it rolled upside down, impacted the ground, broke apart, and eventually came to rest 200 m (660 ft) short of the runway in a wooded area.

International Civil Aviation Organization (ICAO) annex 13, the responsibility for investigating the accident fell to Russia as the accident occurred on Russian soil. Both countries, Poland and Russia, agreed that annex 13 would be used in this case even though the flight was flown by a military aircraft and Smolensk Northern is a joint civil-military airport not certified by ICAO. Russian President Dmitry Medvedev appointed a special state commission to investigate the accident and placed Russian Prime Minister Vladimir Putin in charge. Additional parties involved in the investigation were the Interstate Aviation Committee (IAC- МАК), accredited representatives and advisors from the Republic of Poland, the USA's National Transportation Safety Board, and the USA's Federal Aviation Administration. Poland has set up its own committee to investigate the crash of the flight and (in separate cases not bounded by MAK or Polish commission conclusion) prosecutors of both countries also investigate criminal responsibility in the case.

The final accident report, created by MAK, was published in January, 2011, and placed the majority of the blame for the accident on the pilots. 

According to the Polish report the main cause of accident was trial approach and the descent below the allowed altitude at an excessive rate of descent in bad weather conditions, in conjunction with too late execution of the go-around procedure. Circumstances that led to this are incorrect training of Polish Pilots but also wrong work of Russian Air Traffic Controllers who gave bad information to crew of Tu-154M.

Exercise 25. Discuss with your groupmates “Causes of Engine Failures” using the expressions:

The point is (that) …, the trouble is (that) …, I think …, 
I believe …, I guess …, I feel …, I should say …, I would say …,
I wonder …, You mean …, It is beyond comparison …, It goes without saying … .

Exercise 26. Write out of text 3 all the new terms referring to “Causes of Engine Failures”.

Exercise 27. Make a report on “Engine Failures”.
UNIT III. AIRCRAFT AND ENGINE MAINTENANCE

III.1. AIRCRAFT MAINTENANCE
Exercise 1. Memorize the active vocabulary to text 1.
	Airworthy 
	придатний до експлуатації
	годный к эксплуатации

	accordance


	узгодженість, відповідність
	cогласованность, соответствие

	sound
	1. звук 2. якісний, надійний
	1. звук 2. качественный, надежный

	maintenance practice
	технологія (установлений порядок обслуговування)
	технология (установленный порядок обслуживания)

	Federal Aviation Administration (FAA)
	Федеральна авіаційна адміністрація
	Федеральная авиационная администрация

	Federal Aviation Regulations (FARs)
	Федеральні авіаційні правила
	Федеральные авиационные правила

	specific
	1. заданий, розрахунковий 2. спеціальний, визначений 3. питомий
	1. заданный, расчетный 2. специальный, определенный 3. удельный

	equal
	1. рівний, однаковий 2. рівнятися
	1. равный, одинаковый 2. равняться 

	alter
	змінюватися, переробляти
	изменяться, переделывать

	casual
	випадковий, нерегулярний; тимчасовий 
	случайный, нерегулярный; временный

	establish 
	встановлювати; засновувати
	устанавливать; создавать; учреждать

	environment
	довкілля, оточуюче середовище
	окружающая среда

	annual
	річний, щорічний
	годовой, ежегодный

	turbine-powered
	що приводиться в дію турбіною; бустерний
	приводимый в движение турбиной; бустерный

	multi-engine
	багатомоторний, з декількома двигунами (про літак)
	многомоторный,        с несколькими двигателями (о самолете)

	jurisdiction
	1. юрисдикція 2. сфе-ра повноважень
	1. юрисдикция 2. сфе-ра полномочий

	aid
	1. засіб, забезпечення 2. прилад, апарат
	1. средство, обеспечение 2. устройство, аппарат

	inspection
	огляд, контроль, перевірка 
	осмотр, контроль, проверка

	progressive inspections
	поетапний огляд
	поэтапный осмотр


Exercise 2. Practise out the dialogue.
Dialogue
T: What is the first responsibility of a crew to their passengers?

S: To provide safety for passengers, their luggage and baggage, the airplane itself and to get to the destination safe and on time. 

T: Absolutely. And to guarantee that an airplane must remain airworthy and safe to operate. To provide that, the airplane should be operated in accordance with the recommendations of the manufacturer. What, do you think, may be recommendations of the manufacturer?

S: I suppose, that airplanes should be inspected regularly, and the inspection must be carried out according to the approved regulations. 

T: You are right. The regulations are developed by highly specialized institutions and civil aviation organizations and are approved at the Administration level, in the USA, for example, it is the Federal Aviation Administration. Our purpose is to discuss aircraft inspection and maintenance requirements and practices.

.
.

.
Exercise 3. Read, translate and give the gist of text 1.

Text 1. Aircraft Inspection 
and Servicing Requirements
Airplanes are designed and built to provide many years of service. For an airplane to remain airworthy and safe to operate, it should be operated in accordance with the recommendations of the manufacturer and cared for with sound inspection and maintenance practices. The Federal Aviation Regulations (FARs) require the inspection of all civil aircraft at specific intervals to make sure that the aircraft condition is equal to its original or properly altered condition with regard to aerodynamic function, structural strength, and resistance to vibration.

Aircraft inspection may range from a casual “walk around” to a detailed inspection involving complete disassembly and the use of complex inspection aids. Our purpose is to discuss aircraft inspection and maintenance requirements and practices as well as review activities, such as servicing and lubrication, that generally accompany inspections.

In establishing aircraft inspection requirements, it is necessary to consider the aircraft size and type as well as the purpose for which it is used and its operating environment.

Some aircraft must be inspected each 100 hours of time in service, while others must be inspected only once every 12 calendar months. 

The inspection requirements for aircraft in various types of operation are stated in FAR 91.409. Small aircraft usually fall under the requirements of annual, 100-h, and progressive inspections. Large aircraft (over 12 500 lb) and turbine-powered multiengine airplanes (turbojet and turboprop) fall under the jurisdiction of a different set of inspection programs.

Exercise 4. Give Ukrainian / Russian equivalents.

To remain airworthy, safe to operate, in accordance with, to care for, inspection and maintenance practices, Federal Aviation Regulations (FARs), to make sure, to be equal to, with regard to, operating environment, to fall under, a set of programs.

.

.

.

Exercise 5.  Match the English-Ukrainian / Russian equivalents.

	1) make sure
	a) надійний в роботі / надежный в работе

	2) fall under

    jurisdiction
	b) стосовно чого-небудь / относительно чего-либо

	3) inspection and

   maintenance practices
	c) підпадати під юрисдикцію / подпадать под юрисдикцию 

	4) safe to operate
	d) ряд програм / ряд программ 

	5) in accordance with
	e) федеральні авіаційні правила / федеральные авиационные правила 

	6) the Federal 

    Aviation Regulations (FARs)
	f) дорівнювати(ся) / равняться

	7) with regard to
	g) технологія огляду та обслуговування /

     технология осмотра и обслуживания 

	8) care for
	h) упевнитися / убедиться 

	9) set of programs
	i) придатний для польотів / годный к летной эксплуатации 

	10) remain airworthy
	j) умови експлуатації / условия эксплуатации

	11) be equal to
	k) турбуватися про, опікуватися чимось / заботиться, беспокоиться о чем-то 

	12) operational environment
	l) відповідно до / в соответствии с чем-либо 


Exercise 6. Work in pairs. Make a question for each answer below with reference to text 1.

1. In accordance with the recommendations of the manufacturer. 2. The Federal Aviation Regulations (FARs) does. 3. From a casual “walk around” to a detailed inspection involving complete disassembly. 4. To discuss aircraft inspection requirements and practices. 5. The aircraft size and type. 6. Each 100 hours of time in service. 7. In FAR 91.409. 8. Large aircraft and turbine-powered multi-engine airplanes. 

Exercise 7. Give definitions to the following terms:

aircraft, turbojet, airworthy, turboprop, manufacturer, jurisdiction, aerodynamic, function, multi-engine, specific, maintenance, disassembly, operational environment, service life, progressive inspections.

Exercise 8. Give antonyms. There may be more than one word.

Safe, sound, civil, properly, complete, disassembly, complex, various, progressive, sure, casual, complete, necessary.

Exercise 9. Insert prepositions wherever necessary.

1. Airplanes are designed and built to provide many years … service. 2. An airplane should be operated … accordance … the recommendations. 3. The aircraft condition should be inspected … specific intervals, to be sure it is equal … its original or properly altered condition. 4. Aircraft inspection may range … a casual “walk around” … a detailed inspection. 5. Our purpose is to discuss … aircraft inspection requirements. 6. It is necessary to consider the aircraft size and type as well as the purpose … which it is used. 7. Some aircraft must be inspected every 100 hours … time … service. 8. Others must be inspected only once … every 12 calendar months.

Exercise 10. Join words from the left and right column to make compound words. Translate them.

	1) air 

2) book 

3) some 

4) duty 

5) store 

6) whole 

7) inter 

8) super 

9) sales 

10) auto 

11) stressed 

12) frame 

13) metal 

14) out 

15) sweep 

16) light 

17) stream 

18) stand 

19) sound 

20) mono  
	a) back

b) craft

c) person

d) covered

e) by 

f) sonic

g) sale

h) room

i) free

j) times

k) stall

l) view

m) board

n) weight

o) biography

p) work

q) proof

r) skin

s) plane

t) lined


Exercise 11. Write a summary of text 1.

Exercise 12. Memorize the active vocabulary to texts 2 and 3.
	operational maintenance
	оперативне технічне обслуговування
	оперативное техническое обслуживание

	on-line maintenance
	 оперативне / поточне технічне обслуговування
	 оперативное / текущее техническое обслуживание

	periodic maintenance
	періодичне обслуговування
	периодическое обслуживание

	sheduled maintenance 
	регламентне обслуговування
	регламентное обслуживание

	maintenance in sto-rage
	технічне обслугову-вання під час зберігання (консервації)
	техническое обслуживание при хранении (консервации)

	seasonal maintenance
	сезонне технічне обслуговування
	сезонное техническое обслуживание

	special maintenance
	спеціальне обслуговування
	специальное обслуживание

	on-condition (OC) maintenance
	обслуговування за станом
	обслуживание по состоянию

	visual inspection
	візуальний огляд
	визуальный осмотр

	fitting for departure
	підготовка до вильоту
	подготовка к вылету

	short-time parking


	короткочасна стоянка
	кратковременная стоянка

	with the view of
	з наміром, з метою
	в целях

	door lock


	двірний замок / запор
	дверной замок / запор

	check (for) 
	перевіряти (на наявність) 
	проверять (на наличие) 

	serviceability
	придатність до експлуатації; працездатність
	годность к эксплуатации; работоспособность

	control surface
	площина керування, кермо 
	плоскость управления, руль 

	exhaust pipe
	вихлопна труба
	выхлопная труба

	attachment fitting
	вузол кріплення
	крепёжный узел

	wear
	зношення
	износ

	refuel
	дозаправляти
	дозаправлять

	landing light
	посадковий вогонь (аеродромний)
	посадочный огонь (аэродромный)

	navigation lights
	аеронавігаційні вогні (освітлення)
	аэронавигационные огни (освещение)

	pump
	1. насос 2. нагнітати, подавати насосом 
	1. насос 2. нагнетать, подавать насосом

	clean 
	чистити, прочищати 
	чистить, прочищать 

	condensate
	конденсат
	конденсат

	drain
	1. злив, відвід, дренаж 2. зливати; осушувати
	1. слив, отвод, дренаж 2. сливать, осушать 

	wire
	дріт
	провод, проволока 

	scope
	сфера (дії), діапазон
	сфера (действия), диапазон

	authorized
	1. дозволений, санкціонований 2. уповноважений 
	1. разрешенный, санкционированный 2. уполномоченный 

	inspection authorization
	дозвіл, санкція на огляд
	разрешение, санкция на осмотр

	certificated
	сертифікований; той, що має сертифікат
	сертифицированный; имеющий сертификат

	checklist
	технологічна карта, карта технічного обслуговування
	технологическая карта, карта технического обслуживания

	аppendix 
	додаток 
	приложение 

	maintenance manual
	довідник, посібник з технічної експлуатації
	руководство, справочник по технической эксплуатации

	overhaul
	повне перебирання (двигуна), капітальний ремонт
	полная переборка (двигателя), капитальный ремонт

	replacement
	заміна (деталей)
	замена (деталей)

	form
	форма, бланк
	форма, бланк

	the Continuous Airworthiness Program
	програма збереження льотної придатності
	программа сохранения летной годности

	routine
	що відповідає заведеному порядку, рутинний
	соответствующий заведенному порядку, рутинный

	thorough
	ретельний, повний, ґрунтовний 
	тщательный, основательный, полный

	procedure
	технологія, порядок роботи, методика проведення, процедура
	технология, порядок работы, методика проведения, процедура


Exercise 13. Read, translate and give the gist of text 2.

Text 2. Aircraft Maintenance
In order to keep the aircraft airworthy, it must be properly maintained. Aircraft maintenance includes:

- operational maintenance (called “trip check”)

- periodic maintenance (called  “service check”)

- scheduled maintenance

- maintenance of aircraft in storage

- seasonal maintenance

- special maintenance

- on-condition (OC) maintenance.

  Operational maintenance or on-line maintenance consists of:

- visual inspection of aircraft

- fitting an aircraft for departure

- maintenance at short-time parking.

Visual inspection of an aircraft is performed just prior to every take-off and after landing with the view of inspection of the fuselage skin, wings, tail unit, landing gear, locks and door locks.

Fitting an aircraft for departure includes checking systems and separate units for condition and serviceability and also checking the quantity of fuel, oil, hydraulic fluid and water, operation of control surfaces, electrical, radio and special equipment.

Maintenance operations at short-time parking are performed with the view of preparing an aircraft for further flight. It is necessary to refuel the aircraft, inspect the engine intakes, exhaust pipes, fuselage skin, doors, landing lights and navigation lights.

During periodic maintenance, that is “Check A”, “Check B”, “Check C”, and “Check D”, a mechanic should inspect thoroughly the pipelines of the fuel, oil and hydraulic systems, the attachment fittings of the engine and fire-extinguishing equipment. He must check the operation of pumps, clean filters. It is also necessary to check if there is any condensate in the fuselage and drain it. 

During maintenance of aircraft in storage, the mechanic should examine all systems and units for condition and serviceability, clean the skin, drain fuel and water, check the fuel system for leakage, control cables for wear, corrosion and broken wires.

Seasonal maintenance involves operations on an aircraft to adjust them to seasonal changes.

Special maintenance is performed following any accident.

Exercise 14. Answer the questions on text 2.

1. What procedures does aircraft maintenance include? 2. What does operational maintenance consist of? 3. What operations are performed at short-time parking? 4. What should a mechanic inspect during periodic maintenance? 5. What should a mechanic examine during maintenance of an aircraft in storage? 6. What is meant by seasonal maintenance? 7. When is special maintenance performed?

Exercise 15. Translate the following words and word combinations.

Operational maintenance, visual inspection of an aircraft, maintenance of an aircraft in storage, fitting an aircraft for departure, maintenance at short-time parking, readiness for flight, attachment fittings of the engine, control cables, broken wires, to inspect thoroughly the pipelines, to clean filters, to drain condensate, to check the operation of pumps, to check for condition and serviceability, to refuel an aircraft. 

Exercise 16. Find in text 2 English equivalents of the following terms.

Технічне обслуговування / техобслуживание, поточне технічне обслуговування / текущее техобслуживание, технічне обслуговування під час короткочасної стоянки / техобслуживание во время кратковременной стоянки, технічне обслуговування під час зберігання літака / техобслуживание при хранении самолёта, сезонне технічне обслуговування / сезонное техобслуживание, спеціальне технічне обслуговування / специальное техобслуживание, підготовка літака до вильоту / подготовка самолёта к вылету, оперативне технічне обслуговування / оперативное техническое обслуживание, періодичне технічне обслуговування / периодическое техническое обслуживание, регламентне обслуговування / регламентное обслуживание, обслуговування за станом / обслуживание по состоянию.

Exercise 17. Complete the sentences translating the words in brackets into English.

1.  Operational maintenance consists of visual inspection of an aircraft, fitting the aircraft for departure and (технічне обслуговування під час короткочасної стоянки / техобслуживание при кратковременной стоянке).

2.  Aircraft maintenance includes (поточне технічне обслуговування / оперативное техобслуживание, регламентне техобслуговування / регламентное техобслуживание, технічне обслуговування під час зберігання / техобслуживание при хранении самолёта, сезонне технічне обслуговування / сезонное техобслуживание та спеціальне техобслуговування / специальное техобслуживание).

3.  It is necessary (дозаправити літак паливом / дозаправить самолёт топливом).

4.  During periodic maintenance, a mechanic should inspect thoroughly pipelines of the fuel, oil and hydraulic systems, attachment fittings of the engine and (протипожежне обладнання / противопожарное оборудование).

5.  During maintenance of an aircraft in storage, the mechanic should examine all systems and units for condition and (придатність до експлуатації / годность к эксплуатации).

Exercise 18. Ask questions to which the given sentences may be answers.

1. Operational maintenance consists of visual inspection of an aircraft, fitting an aircraft for departure and maintenance at short-time parking. 2. Special maintenance is performed following any accident. 3. Visual inspection of aircraft is performed just prior to every take-off and after landing. 4. During periodic maintenance, a mechanic should inspect thoroughly the pipelines of the fuel, oil and hydraulic systems. 5. Seasonal maintenance involves operations on an aircraft to adjust it to seasonal changes. 

Exercise 19. Learn definitions.

Check. The term “check” shall mean the procedure necessary to determine the operating conditions of a mechanism, component or part of an aircraft, engine, propeller, or appliance by measurement, or operation, or both.

Inspection. The term “inspection” shall mean a visual examination to determine the condition of an aircraft, engine propeller, or appliance of any component, or part thereof.

Terminal Check. “Terminal” checks may be performed at stations where equipment and personnel are available.

Routine Check. “Routine” checks covering specified items are made at the end of a trip or at completion of several trips.

Station Check. “Station” checks cover all items reported on a pilot’s airplane and engine performance report. The station check is to be performed at stations where trips originate and maintenance personnel are based.

Exercise 20. Fill in the blanks using the terms given in brackets below.

(condensate, seasonal maintenance, periodic maintenance, short-time parking, regular intervals).
1. In order to keep the aircraft in airworthy condition, it should be inspected at … … 2. Maintenance operations at … … … are performed with the view of preparing an aircraft for further flight. 3. During … … the mechanic should inspect thoroughly pipelines of fuel, oil and hydraulic systems, the attachment fittings of the engine and fire-extinguishing equipment. 4. Aircraft maintenance includes operational maintenance, periodic maintenance, maintenance of an aircraft in storage, … … and special maintenance. 5. It is also necessary to check if there is any … in the fuselage and drain it.

Exercise 21. Translate into English.

	1. Аби тримати літак в робочому стані, його необхідно регулярно оглядати.
	1.Чтобы содержать самолёт в рабочем состоянии, его необходимо регулярно осматривать.

	2.Технічне обслуговування літаків включає поточне технічне обслуговування, періодичне та регламентне технічне обслуговування, обслуговування під час зберігання літака, сезонне обслуговування, технічне обслуговування за станом та спеціальне технічне обслуговування.
	2. Техническое обслуживание самолётов включает текущее техобслуживание, периодическое и регламентное техобслуживание, техобслуживание при хранении самолёта, сезонное техобслуживание, техническое обслуживание по состоянию и специальное техобслуживание.

	3.Поточне (оперативне) технічне обслуговування складається з огляду літака перед кожним вильотом та після посадки, робіт, пов’язаних з підготовкою літака до вильоту і обслуговування під час короткочасної стоянки.
	3.Текущее (оперативное) техническое обслуживание состоит из осмотра самолёта перед каждым полетом и после посадки, работ по подготовке самолёта к вылету и технического обслуживания при кратковременной стоянке.

	4.Під час регламентного технічного обслуговування механік повинен уважно оглянути паливні трубопроводи, маслопровід, протипожежне обладнання, вузли кріплення двигуна та ін.
	4. Во время регламентного технического обслуживания механик должен тщательно осмотреть топливные трубопроводы, маслопровод, противопожарное оборудование, крепежные узлы двигателя и др.

	5. Для технічного обслуговування під час зберігання літака механік повинен злити паливо та масло, перевірити паливну систему на витікання, троси проводки керування на зношення, корозію та розриви.
	5. Во время технического обслуживания при хранении самолёта механик должен слить топливо и масло, проверить топливную систему на утечку, тросы проводки управления - на износ, коррозию и обрывы.

	6. Під час сезоннного технічного обслуговування проводиться підготовка літака до експлуатації в різні часи року (весняно-літня навігація і осінньо-зимова навігація).
	6.При сезонном техническом обслуживании производится подготовка самолёта к эксплуатации в различное время года (весенне-летняя навигация и осенне-зимняя навигация).


Exercise 22. Match the English-Ukrainian / Russian equivalents.
	1) to provide a complete

inspection

2) at specified intervals

3) acceptable condition

of airworthiness
4) to be due for 

inspection

5) to set forth

6) to follow in detail 

7) to hold an inspection authorization

8) to perform an annual

inspection

9) to substitute for

10) to exceed (by)

11) an aircraft make and 

model


	a) підлягати огляду / подлежать осмотру 
b) мати право (повноваження) на огляд /
иметь право (полномочия) на осмотр

c) забезпечувати повний огляд /

обеспечивать полный осмотр

d) допустимий стан льотної придатності /

допустимое состояние летной годности

e) виконувати все до дрібниць / исполнять все до мелочей

f) з визначеними інтервалами / с

установленными интервалами

g) викладати, видавати, формулювати /

излагать, издавать, формулировать

h) тип і модифікація літака / тип и 

модификация самолета

i) проводити щорічний огляд / проводить

ежегодный осмотр

j) заміняти чимось / заменять чем-то 

k) перебільшити термін (на), прострочити

(на) / превысить срок (на), просрочить (на) 


Exercise 23. Read, translate and give the gist of text 3.

Text 3. Annual and 100-hour Inspections
The annual and 100-hour (h) inspections are designed to provide a complete inspection of aircraft at specified intervals. These inspections determine the condition of an aircraft and the maintenance required to return the aircraft to an acceptable condition of airworthiness.

For aircraft operating under FAR Part 91, the maximum interval between annual inspections is 12 calendar months, meaning the aircraft will again become due for inspection on the last day of the same month, 12 months later. In addition to an annual inspection, aircraft operated commercially are also required to have a 100-h inspection. The procedures and scope of these inspections are set forth in Appendix D of FAR Part 43 and should be followed in detail. The regulations speak of 100-h and annual inspection as being of identical scope; the only difference between the two is the persons authorized to perform them. A certificated airframe and power plant maintenance technician, holding an inspection authorization (IA) issued by the FAA, may perform the annual inspection.

 An annual inspection may be substituted for a 100-h inspection. The 100-h time limitation may be exceeded by not more than 10 h, if necessary, to reach a place where the inspection can be performed. The excess time, however, is included in computing the next 100 h of time in service. As an example, an aircraft that flew 105 h between inspections would have only 95 h until the next inspection is due. However, the reverse does not apply. For example, an aircraft that has been inspected after only 90 h does not have 110 h before the next inspection. There is no provision for exceeding an annual inspection. To move an aircraft that is “out of annual” requires a special flight permit from the local FAA flight standards district office (FSDO).

FAR 43.15 provides a list of rules for persons performing inspections. One of the rules is that a checklist must be used by a person performing an inspection. The technician may use the checklist in FAR 43 Appendix D, the manufacturer’s inspection checklist, or a checklist designed by the technician that includes the items listed in Appendix D to check the condition of the entire aircraft. In most instances, it is preferable to use the manufacturer’s checklist, since it was written specifically to include the procedures and details necessary to adequately inspect that particular make and model of aircraft. The checklist will usually be found in the aircraft maintenance manual.

Exercise 24. Decode the following abbreviations:

FAA, FAR, IA, FSDO, ICAO, IATA, OC maintenance, h.

Exercise 25. Translate the “noun + noun” collocations. 

Aircraft condition; flight permit; airframe maintenance; power plant maintenance; airframe and power plant maintenance; an airframe and power plant maintenance technician; 100-hour inspection; 100-h time limitation; excess time; flight standards district office; manufacturer’s inspection checklist; aircraft maintenance manual.

Exercise 26. Find the words or phrases from text 3 having the following meanings. (They are given in the same order as in the text).
1) thorough investigation; 2) in proper condition for flight; 3) taking place once every year; 4) methods and range; 5) to be formulated;   6) a page of additional information; 7) to give the right to… 8) some extra time; 9) people providing technical maintenance; 10) a list of necessary operations; 11) aircraft producing factory; 12) type and code of aircraft.

Exercise 27. Complete the sentences choosing the variant which fits best, in your opinion. Begin with one of the following: 

I think, I guess, I suppose, to my mind, I am sure etc.
1. The annular and 100-h inspections are designed …

a) to make an airplane fit to take off;

b) to provide a complete inspection of aircraft; 

c) to provide personnel training.

2. The interval of 12 calendar months between annual inspections means that…

a)  the airplane is not in airworthy condition;

b) the airplane will again become due for inspection in 12 months;

c) the airplane can fly for 12 months without being inspected at all.

3. The only difference between 100-h and annual inspections is…

a) the character of inspections;

b) the methods used to perform inspections;

c) the persons authorized to perform inspections. 

4. An aircraft that flew 105 h between inspections would have…

a) only 95 h until the next inspection is due;

b) the same 100 hours until the next inspection is due;

c) 105 h until the next inspection is due.

5. FAR 43.15 provides…

a) a list of instruments used to perform inspections;

b) a list of persons authorized to perform inspections;

c) a list of rules for persons performing inspections.

6. To check the condition of the entire aircraft, it is preferable…

a) to use the manufacturer’s checklist;

b) to use the first pilot’s checklist;

c) to use the checklist recommended by the air carrier.

Exercise 28. Work in pairs. Make a question for each answer below with reference to text 3. Use the question word given in brackets.

1. To provide a complete inspection of aircraft at special intervals.
(What…for?) 2. The condition of the aircraft. (What?) 3. 12 calendar months. (What?) 4. In Appendix D of FAR Part 43. (Where?)      5. Certified airframe and power plant maintenance technicians. (Who?) 6. A list of rules for persons performing inspections. (What?) 7. By a person performing an inspection. (Who... by?) 8. The manufacturer’s checklist. (What?) 9. In the aircraft maintenance manual. (Where?)

Exercise 29. Look at the phrases expressing opinions below and decide how strongly the speaker is asserting his or her views. Put them in the appropriate box.

	Weak
	Medium
	Strong

	It seems to me that…
	I think…
	I’m sure that…


I don’t think…, I am quite certain that…, I would have thought…, I don’t doubt that…, I believe…, I feel sure that…, As I see it…, It strikes me that…, My impression is that… , If I’m not mistaken, As far as I remember …, As far as I know… . 

Exercise 30. Now answer the questions on text 3 beginning with one of the previous phrases depending on how strongly you are asserting your opinion.

1. The annual and 100-h inspections are designed to provide a partial inspection of aircraft, aren’t they? 2. What do these inspections determine? 3. What is the maximum interval between annual inspections for aircraft operating under FAR Part 91? 4.  How should the procedures and scope of the inspections be followed? 5. What can you tell about the regulations of 100-h and annual inspections if compared? 6.Who is authorized to perform a 100-h inspection? 7. What may an annual inspection be substituted for? 8. What checklist is preferable to use and why? 

Exercise 31. Write a summary of text 3 in no more than 7 sentences using the following terms.

Annual and 100-h inspection; condition of airworthiness; become due for inspection; certified technicians; 100-h time limitation and FAA flight standards; Federal Aviation Regulations (FARs); excess time; inspection checklist.

Exercise 32. Read text 4 and translate it in a written form. 

Text 4. Manufacturer’s Recommended 
Inspection Programs

One of the more popular ways to satisfy the inspection requirements of FAR is by the adoption of an aircraft manufacturer’s inspection program. Under this arrangement, the aircraft manufacturer’s program, including its methods, techniques, practices, standards of accomplishment, and inspection intervals, is adopted in its entirety. 

The aircraft manufacturer’s program in most cases contains the frequency and the extent of maintenance necessary for the aircraft, engine, propeller, and rotors. It may also include the frequency of overhauls and the life limit of the components requiring replacement.

A manufacturer’s inspection program is a comprehensive program that will include all the necessary forms and manuals required to conduct the program. Manufacturers often assign names to these programs, such as The Continuous Airworthiness Program or The Continuous Inspection Program. These names should not be confused with the FAA use of the term “continuous inspection program”.

Exercise 33. Tell what you know now about the Aircraft Manufacturer’s Inspection Programs.

Exercise 34. Translate the sentences paying attention to passive constructions. Comment on the passive tense forms.

1. A more careful approach is needed. 2. Information on the volume of the tank is required. 3. A large disparity between various published data is being discussed now. 4. Numerous classifications have been used. 5. At these frequencies vibration can be prevented. 6. Students are given every opportunity to acquire knowledge in different branches of science. 7. Any conclusion is usually preceded by a number of experiments and observations. 8. They were promised every support in their work. 9. The explosive mixtures should be avoided. 10. It was shown by Reynolds that the affect of the flow was negligible. 11. The identity of these materials has been established by careful studies. 
12. Some urgent problems will be discussed at the symposium.

Exercise 35. Read, translate and give the gist to text 5.

Text 5. Operator-Developed Inspection Programs

An operator-developed inspection program is developed and published by the operator. It must include the methods, techniques, practices, and standards necessary for proper accomplishment of the program. These programs are usually not developed from scratch but instead are manufacturer’s programs that have been modified to suit the operator’s particular needs. If the program is, in effect, a manufacturer’s maintenance program  with variations (such as a higher engine overhaul period), those variations categorize it as an operator-developed program, not an adoption of a manufacturer’s program. An operator-developed program bears no prior FAA approval.

Significant variations from the manufacturer’s recommendations have to be fully substantiated by the applicant, and the program being approved must provide alternative actions which will ensure an equivalent level of safety. These actions include such things as manufacturer-recommended special inspections and special structural inspections.

Exercise 36. Copy out the sentences from text 5 in which predicates (присудок, / сказуемое) are in the Passive Voice (there are 6 sentences). Translate them. Then close your book and translate the sentences back into English.

Exercise 37. Change the sentences into the Passive Voice. 

	Model: We can fix the shelf. – The shelf can be fixed.


1. They postponed the meeting last week. The meeting… 2. An electrical fault has caused the fire. The fire… 3. The operator developed and published the inspection program. The inspection program …          4. The manufacturer’s inspection program will include forms and manuals to conduct the program. Forms and manuals to conduct the program … 5. FAA authorized certificated maintenance technicians to perform annual inspections. Certificated maintenance technicians … 6. The customs officer always checks our luggage when we go through the customs. Our luggage…7. Authorized technicians should follow the procedures and scope of the inspections. The procedures and scope of the inspections should … .

Exercise 38. Translate into English, using passive constructions.

1. На ці дані можна покластися (rely on). / На эти данные можно  положиться. 2. Термін прибуття було узгоджено (agree upon) тиждень тому. / Срок прибытия был согласован неделю тому назад. 3. Про нове відкриття (discovery) говорять дуже багато. / О новом открытии много говорят. 4. До рішення ще не прийшли (arrive at). / К решению еще не пришли. 5. Нелегко відмовитись (refuse) від старих традицій. / От старых традиций трудно отказаться. 6. Зміни, які відбуваються зараз, нелегко врахувати (account for). / Изменения, происходящие в настоящее время, трудно учесть.       7. За необхідними інструментами було послано годину тому. / За необходимыми инструментами послали час тому назад. 8. В цій главі (chapter) йдеться про деякі властивості металів. / В этой главе речь идет о некоторых свойствах металлов. 9. Сертифікованому технічному персоналу дозволено проводити огляд літака. / Сертифицированному техническому персоналу позволено проводить осмотр самолета. 10. Літак пройшов огляд після 100 годин нальоту / Самолет прошел осмотр после 100 часов налета. 11. АН-225 був створений конструкторським бюро ім. О.К. Антонова у Києві (the Antonov Designing Bureau). / АН-225 был создан конструкторским бюро им. О.К. Антонова в Киеве.
Exercise 39. Memorize the active vocabulary to text 6.
	approve 
	затверджувати, схвалювати
	утверждать, одобрять

	available
	що є в розпорядженні; доступний 
	имеющийся в распоряжении; доступный

	supervise
	спостерігати; завіду-вати, керувати
	наблюдать; заведовать, руководить

	applicant
	1. позивач 2. кандидат
	1. заявитель 2. кандидат

	applicable
	придатний; уживаний 
	пригодный; применимый

	issue
	випускати, видавати
	выпускать, издавать

	stem (from)
	походити (з), виходити (з)
	происходить (из)


Exercise 40. Match the English-Ukrainian / Russian equivalents.

	1. progressive inspection
	a) вимоги щодо огляду / требования к осмотру

	2. on a predetermined basis
	b) підтримувати постійну льотну придатність / поддерживать постоянную летную годность

	3. inspection costs
	c) на раніше встановленій основі / на заранее установленной основе

	4. maintain continuous airworthiness
	d) витрати на огляд / расходы на проверку

	5. inspection requirements 
	e) узгоджуватися з / согласовываться с

	6. inspection procedures manual
	f) поточний огляд / поточный осмотр

	7. be consistent with
	g) інструкції з проведення огляду / инструкции по проведению осмотра


Exercise 41. Match English-Ukrainian / Russian equivalents.

	1. Type Certificate Data Sheet
	a) візуальний огляд /визуальный осмотр

	2. airworthiness directives


	b) бюлетень на доробку; експлуатаційний бюлетень / бюллетень на  доработку; эксплуатационный бюллетень

	3. service bulletin
	c) перелік даних відповідно до сертифікату типу ЛА / перечень данных в соответствии сертификатам типа ЛА

	4. service letter
	d) огляд раніше обумовлених вузлів (агрегатів) /осмотр заранее намеченных узлов (агрегатов)

	5. predetermined location inspections
	e) звичайний огляд/ обычный осмотр

	6. routine inspection
	f) виходити з того, що / исходить из того, что

	7. visual examination
	g) розпорядження про проведення обслуговування / распоряжение о проведении обслуживания

	8. be beneficial
	h) витрати на технічне обслуговування / расходы на техническое обслуживание

	9. maintenance costs
	i) відповідати (чомусь), узгоджуватись / соответствовать, согласовываться (с)

	10. stem from the fact
	j) директиви щодо льотної придатності / директивы относительно летной годности

	11. field-service experience
	k) графік проведення поетапного огляду / график проведения поэтапного осмотра

	12. progressive inspecttion schedule
	l) досвід обслуговування в аеропорту / опыт обслуживания в аэропорту

	13. conform (to)
	m) бути вигідним, доцільним /быть выгодным, целесообразным


Exercise 42. Red, translate and give the gist of  text 6.

Text 6. Progressive Inspections 

The progressive inspection system has been designed to schedule inspections of aircraft on a predetermined basis. The purpose of the program is to allow maximum use of the aircraft, to reduce inspection costs, and to maintain the maximum standard of continuous airworthiness. This system is particularly adaptable to larger multiengine aircraft and aircraft operated by companies and corporations where high use is demanded. A progressive inspection satisfies the complete airplane inspection requirements of both the 100-h and annual inspections. The instructions and schedule for a progressive inspection must be approved by a representative of the local district office of the FAA having jurisdiction over the area in which the applicant for the progressive inspection is located. Approval for such an inspection system requires that a person holding an inspection authorization supervises the inspection program and that an inspection procedures manual be available and readily understandable to the pilot and the maintenance personnel.

The frequency and detail of the progressive inspection must provide for the complete inspection of the aircraft within each 12 calendar months and be consistent with the manufacturer’s recommendations, field-service experience, and the kind of operation in which the aircraft is engaged. The progressive inspection schedule must insure that the aircraft at all times is airworthy and conforms to all applicable Aircraft Specification, Type Certificate Data Sheets, Airworthiness Directives, and other approved data such as service bulletins and service letters issued by the manufacturer. 

A typical progressive inspection schedule is the program,  according to which the airplane is inspected and maintained in four operations, called events, scheduled at 50-h intervals. The events are arranged so that a 200-h flying cycle results in a complete aircraft inspection.

An event inspection is a group of several predetermined location inspections, both routine and detailed. A routine inspection consists of a visual examination or check of the aircraft and its components and systems insofar as1 is practicable without disassembly. A detailed inspection consists of a thorough examination of the aircraft and its components and systems with such disassembly as is necessary. It would not be beneficial to place an aircraft on a progressive inspection unless it is operated a minimum of 200 h a year, since one of the requirements of a progressive schedule is that it be completed at least every 12 calendar months. The decreased maintenance costs and increased use stem from the fact that the inspection is divided up into smaller segments than a 100-h inspection and also that some parts of the airplane, such as the fuselage, wings, and empennage receive a detailed inspection only every 200 h.

Note:
1insofar as – до такої міри, настільки / до такой степени, настолько.

Exercise 43. Work in pairs. Make a question for each answer below with reference to text 5. Use the question word given in brackets.

1. The progressive inspection system has been designed to schedule inspections of aircraft. (What … for?) 2. The purpose of the program is to allow maximum use of the aircraft. (What?) 3. The instructions and schedule for a progressive inspection must be approved by a representative of the local district office of the FAA. (Who?) 4. The complete inspection of the aircraft must be consistent with manufacturer’s recommendations. (What…with?) 5. A typical progressive inspection schedule is the program according to which the airplane is inspected and maintained in four operations. (What kind of…?) 6. The events are arranged so that a 100-h flying cycle results in a complete aircraft inspection. (How? What … in?) 7. A detailed inspection consists of a thorough examination of the aircraft and its components. (What … of?) 8. The decreased maintenance costs stem from …. (What … from?)

Exercise 44. Say whether the following statements are true or false. Correct the false ones. 
1. The progressive inspection system has been designed to sche-dule inspections of aircraft on a seasonal basis. 2. The purpose of the program is to allow maximum use of the aircraft to increase the price of tickets and profitability of the aircraft. 3. This system is particularly adaptable to small one-engine aircraft for short-haul routes. 4. The instructions and schedule for a progressive inspection must be approved by a representative of the local district office of the FAA. 5. The frequency and detail of the progressive inspection must provide for minor inspection of the aircraft within each 12 calendar months. 6. An event inspection is a group of several predetermined location inspections both routine and detailed. 

Exercise 45. Retell text 6 focusing on the main points below.

1. The progressive inspection system has been designed to schedule inspections of aircraft on a predetermined basis. 

2. The instructions and schedule for a progressive inspection must be approved. 

3. The frequency and detail of the progressive inspection must be consistent with the manufacturer’s recommendations. 

4. An event inspection is a group of several predetermined location inspections. 

5. A routine inspection consists of a visual examination or check of the aircraft without disassembly.

Exercise 46. Translate text 7 in a written form.

Text 7. Special Inspections
In addition to the regularly scheduled inspections, many manufacturers provide for special inspections that are to be performed in the event that an aircraft is subjected to stresses outside of its normal operating environment. These inspections may be for such events as lightning strikes, sudden engine stoppages, severe wind-gust loads, or extremely hard landings. Since these inspections tend to be very specific in nature, it is necessary to refer to the manufacturer’s maintenance manual for performance details.

Exercise 47. Make a list of key words and then give the gist of  text 7 in Ukrainian / Russian and English.

Exercise 48. Get acquainted with the specifics of English modal verbs. 

Modal Verbs
We use can, can’t, may, should, shouldn’t and needn’t, must, mustn’t to express different meanings.
	Ability 
	We can speak English. They can’t read. (They are too young.)

	Permission 
	You may leave now. You can’t sit here. (It is my seat.)

	Advice
	You should ask at the airline office. She shouldn’t stay out so late.

	Possibility
	You can send a wire in the post-office on the second floor.

	Necessity 
	She needn’t check in her hand luggage.

	Obligation 
	You must be there at 10 o’clock. They mustn’t smoke here.


· “Can, “may”, “must” and “should” are followed by an infinitive without “to”. There is no “s” with “he” or “she”: Can you help me? She must go through a security check.

· We do not use an auxiliary verb to form questions with “can”, “may”, “must” and “should”: Should I buy some traveler’s cheques?

· The positive form of needn’t is “need to”. “Need to” is a full verb, not a modal. It also has a negative form, “don’t need to” (an alternative form to “needn’t”) and a question form: Do you need to leave now?

· We often use “have to” instead of “must” in questions: Do I have to check in over there?

· “Can’t” is common in spoken English. “Cannot” is used in formal writing.

Exercise 49. Translate the sentences with modal verbs.

1. You should tell me the truth. 2. You needn’t go into details. 
3. I need hardly to say that I agree with you. 4. I don’t see any reason why they shouldn’t be happy. 5. Her English is very poor, she must study very hard. 6. My cousin can’t walk much, you know, but he can ride perfectly. 7. The Manufacturers informed the buyers that they could deliver the equipment within a month. 8. Why should you do it for her? 9. He may appear any moment. 10. I might be mistaken.

Exercise 50. Complete the sentences with can, can’t, may, should, shouldn’t or needn’t, must, mustn’t.

1. You look tired. You … overwork yourself. 2. You … take your textbook to the class because I’m taking mine. You … sit next to me and we’ll share one book. 3. I’m very thirsty. … I have a glass of water. 
4. You don’t feel very well. You … go to a doctor. 5. How many languages … you speak. 6. I’m sorry, I … speak to you now because I’m in a hurry. What about tomorrow? 7. Why … I cross the street when the red light is on? Because it’s dangerous. 8. In England you … drive on the left of the road. 9. … I go out?

Exercise 51. Translate the following sentences. Then close your book and translate them back into English.

1. Could you translate this text without a dictionary? Yes, I could. 
2. Can you translate this text for 10 minutes? No, I can’t. It’s too long. 3. Do you have to go to the university 7 days a week? No, I don’t. 
4. You needn’t do this exercise in writing. 5. We mustn’t forget about it. 6. You should get up earlier tomorrow, otherwise you will be late.

Exercise 52. Translate into English.

1. Я не можу закінчити роботу сьогодні. Залишилось обмаль часу. / Я не могу закончить работу сегодня. Осталось мало времени. 2. Коли вони прибули до Лондону, він зміг вести переговори (carry on negotiations), не користуючись послугами перекладача  / Когда они прибыли в Лондон, он смог вести переговоры без переводчика. 3. Графік регламентного огляду має бути затвердженим представником місцевої адміністрації ФАА. / График регламентного обслуживания должен быть утвержден представителем местной администрации ФАА. 4. Слід бути дуже уважним до зміни температури під час роботи цього пристрою. / Следует быть очень внимательным к изменению температуры во время роботы этого механизма. 5. Немає потреби в огляді шасі зараз. Це було зроблено перед вильотом. / Нет необходимости осматривать шасси сейчас. Это было сделано перед вылетом.

Exercise 53. Memorize the active vocabulary to text 8.
	compilation 
	компіляція, компілювання, складання (довідників)
	компиляция, компилирование, составление (справочников)

	specification
	1. специфікація, деталізація 2. перелік; інструкція
	1. спецификация, детализация 2. перечень; инструкция

	prescribe
	приписувати, прописувати; пропонувати
	предписывать, прописывать; рекомендовать

	supplement
	доповнення, додаток
	дополнение, добавление

	manual
	1. ручний 2. посібник, довідник
	1. ручной 2. пособие, справочник

	reference
	довідка, посилання, згадка; рекомендація
	справка, ссылка, упоминание; рекомендация

	comprise
	містити в собі; охоплювати
	заключать в себе; охватывать

	assign
	1. призначати 2. встановлювати
	1. предназначать 2. устанавливать

	arrangement
	1. розміщення, розташування 2. пристрій, механізм
	1. размещение, расположение 2. устройство, механизм

	сoncern
	торкатися, стосуватися, зачіпати
	касаться, затрагивать, иметь отношение

	concurrently
	одночасно, сумісно
	одновременно, совместно

	accomplish
	здійснювати; завершувати
	осуществлять, завершать

	sign
	1. знак 2. підписувати, ставити підпис
	1. знак 2. подписывать, ставить подпись

	logbook
	бортовий журнал; формуляр
	бортовой журнал; формуляр

	in conjunction (with)
	сумісно (з), разом (з)
	совместно (с), в сочетании (с)

	procedural manual
	довідник (з проведення ч.-н.)
	руководство (по проведению ч.-л.)

	discrepancy
	розбіжність; відхилення (від норми)
	расхождение; отклонение (от нормы)

	work form
	бланк-замовлення на виконання робіт
	бланк-заказ на выполнение работ

	job card
	1.карта-наряд, робоча картка, табель 2. кошторис, рахунок
	1. карта-наряд, рабочая карточка, табель 2. смета, счет

	records
	облікові документи; данні; записи
	учетные документы; данные; записи

	account for
	1. відповідати (за щось) 2. звітувати (в чомусь) 3. пояснювати (щось) 
4. складати (якусь частину чого небудь)
	1. отвечать (за что-л.)     2. отчитываться (в чем-л.) 3. объяснять (что-л.) 4. составлять (какую-то часть чего-л.)

	X-ray check
	перевірка за допомогою рентгеновипромінювання 
	проверка с помощью рентгеноизлучения 

	
	
	

	operator
	1. авіатранспортна компанія; експлуатаційне підприємство 2. оператор
	1. авиатранспортная компания; эксплуатационное предприятие 2. оператор 


Exercise 54. Read, translate and give the gist of text 8.

Text 8. Continuous Airworthiness 
Maintenance Programs
Air carriers operating under FAR Part 121 are required to have a continuous airworthiness maintenance program. The continuous airworthiness maintenance program is a compilation of the individual maintenance and inspection functions used by operators to fulfil their total maintenance needs. 
Continuous airworthiness maintenance programs are included in the maintenance section of an air carrier’s operations specifications approved by the Federal Aviation Administration. These specifications prescribe the scope of the program, including its limitations, and the reference manuals and other technical data to be used as supplements to the specifications. The following are the basic elements of continuous airworthiness maintenance programs. 

1. Aircraft inspection. This element deals with the routine inspections, servicing, and tests performed on the aircraft at prescribed intervals. It includes detailed instructions and standards (of related references) by work forms, job cards, and other records which also serve to control the activity and to record and account for the tasks that comprise this element. 
Each airline is free to develop its own terminology which is assigned to the different parts that comprise the inspection program. The use of terms such as A-Check and D-Check is common in a continuous inspection program.

2. Scheduled maintenance. The element concerns maintenance tasks performed at prescribed intervals. Some are accomplished concurrently with the inspection tasks that are part of the inspection element and may be included on the same form. Other tasks are accomplished independently. The scheduled tasks include: the replacement of life-limited items and components requiring replacement for periodic overhaul, special inspection such as X-rays checks or tests for on-condition items, lubrication and so on. 
Special work forms can be provided for accomplishing these tasks, or they can be specified by a work order or some other document. In any case, instructions and standards for accomplishing each task should be provided to ensure that it is properly accomplished and that it is recorded and signed for.

Exercise 55. Answer the questions on text 8.
1. What is a continuous airworthiness program? 2. In what section are continuous airworthiness programs included? 3. What organization must approve this program? 4. What are the basic elements of the continuous airworthiness maintenance program? 5. What does the element “Aircraft inspection” deal with? 6. What does it include? 7. What does the element “Scheduled maintenance” concern? 8. What should be provided to ensure that scheduled maintenance is properly accomplished? 
Exercise 56. Give definitions to the following terms; the text will help you with some of them.

1. Aircraft inspection. 2. Inspection program. 3. Reference manual. 4. Prescribed interval. 5. Life-limited items. 6. Instruction. 7. Failure analysis. 8. Hard landing. 9. Aircraft logbook. 10. Continuous airworthiness maintenance. 

.

.Exercise 57. Match the English-Ukrainian / Russian equivalents.

	1. air carrier

2. airworthiness main-

tenance program

3. fulfil maintenance

needs

4. Federal Aviation
Administration

5. the scope of the 

program 

6. reference manual

7. routine inspection

8. prescribed interval

9. work form 

10. job card

11. be free to 

develop

12. comprise the 

nspection program

13. scheduled

maintenance

14) be accomplished concurrently
	a) форма (бланк) виконання робіт / форма (бланк) выполнения работ
b) довідник, посібник / справочник, 
руководство
c) Федеральне авіаційне управління/

Федеральное авиационное управление
d) мати право на розробку /

иметь право на разработку
e) звичайний огляд /обычный осмотр
f) карта-наряд / карта-наряд 
g) встановлений інтервал / установленный

интервал
h) виконувати вимоги техобслуговування / выполнять требования техобслуживания
i) складати програму огляду / составлять

программу осмотра
j) авіакомпанія / авиакомпания
k) рамки програми /рамки программы

l) проводитися одночасно /

проводиться одновременно 
m) програма огляду для визначення льотної придатності / программа осмотра для определения летной годности
n) регламентне обслуговування /

регламентное обслуживание


Exercise 58. Say whether the following statements are true or false. Correct the false ones.

1. The continuous airworthiness maintenance program is a compilation of the individual maintenance and inspection functions used by operators to fulfil their total maintenance needs. 2. Continuous airworthiness maintenance programs must be approved by ICAO. 3. Aircraft inspection deals with inspections, servicing and tests performed on the aircraft at any convenient time. 4. Scheduled maintenance is performed at prescribed intervals. 5. Special work forms are not provided for accomplishing scheduled maintenance. 6. Procedures for reporting, recording, and processing inspection findings are an essential part of scheduled maintenance. 7. Inspection discrepancy forms are usually used for processing unscheduled maintenance tasks in conjunction with scheduled inspections.

Exercise 59. Match the English-Ukrainian/Russian equivalents.

	1. life-limited items

2. periodic overhaul

3. on-condition

4. lubrication

5. accomplish a task

6. work order

7. ensure

8. unscheduled 

maintenance

9. failure analysis 

10. processing inspec- 

tion findings

11. hard landing

12. aircraft log book

13. discrepancy form

14. pilot’s report
	a) виконувати завдання /выполнять задание
b) замовлення на виконання робіт/ заказ на

выполнение работ
c) форма реєстрації відхилень від норми /

форма регистрации отклонений от нормы

d) аналіз відмов / анализ отказов
e) обслуговування поза графіком /обслужи-

вание вне графика
f) обробка даних (результатів) стосовно огляду / обработка данных (результатов) осмотра
g) важка посадка / тяжелая посадка
h) забезпечувати, гарантувати / обеспечивать, гарантировать 

i) змащування / смазка
j) частини, які мають обмежений ресурс /

части, имеющие ограниченный ресурс

(срок службы)

k) бортовий журнал, формуляр / бортовой

журнал, формуляр
l) рапорт пілота / рапорт пилота
m) капремонт за графіком / капремонт по
графику
n) за станом / по состоянию 


Exercise 60. Speak on:

1. The essence of the Continuous Airworthiness Maintenance Program.

2. Aircraft Inspection.

3. Scheduled Maintenance.

4. Unscheduled Maintenance.

Exercise 61. Translate into English.
	1.Відповідно до статті 121 ФАК (Федеральний авіаційний кодекс) всі авіаперевізники повинні мати програму обслуговування для забезпечення постійної льотної придатності літаків.
	1. Согласно статьи 121 ФАК (Федеральный авиационный кодекс) все авиаперевозчики должны иметь программу обслуживания для обеспечения постоянной летной годности самолетов.

	2. Програму обслуговування для забезпечення постійної льотної придатності літаків включено до посібника з технічної експлуатації літаків.
	2. Программа обслуживания для обеспечения постоянной летной годности самолета включена в руководство по технической эксплуатации самолетов.

	3. Звичайний огляд, обслуговування та випробування, які проводяться на літаку за регламентом, мають назву   “технічне обслуговування літака”.
	3. Обычный осмотр, обслуживание и испытания, проводимые на самолете по регламенту, называются “техническое обслуживание самолета”.

	4.Заміна пристроїв з обмеженим  ресурсом, перевірка за допомогою рентгенівського випромінювання, змащування та ін. є складовою планового технічного обслуговування.
	4. Замена частей самолета с ограниченным ресурсом, проверка с использованием рентгеновских лучей, смазка и др. являются частью планового техобслуживания.

	5. Для виконання всіх видів обслуговування технічному  персоналу необхідно видавати спеціальні форми, які мають бути заповнені та підписані по закінченню роботи.
	5. Для выполнения всех видов обслуживания техническому персоналу необходимо выдавать специальные формы, которые необходимо заполнять и подписывать по завершению работы.

	6. Обслуговування поза графіком базується на збиранні інформації за поданнями та повідомленнями пілотів, аналізі несправностей чи незвичайних ситуацій, таких як важке приземлення та ін.
	6. Обслуживание вне графика производится на основе сбора информации из рапортов и сообщений пилотов, анализа неисправностей, или внештатных ситуаций, таких как тяжелая посадка и др.


Exercise 62. Read, translate and entitle the text and be ready to back-translate it.

Text 
Large aircraft (over 12500 lb.) and turbine-powered multi-engine aircraft are excluded from using 100-h or annual and progressive inspections. Due to their complexity, the inspection programs for these aircraft tend to be more specific than the 100-h or annual inspections. FAR Section 91.409 provides four options to the owner or operator in the selection of an inspection program: 

Option 1. A continuous airworthiness inspection program currently in use by a person holding a certificate issued under FAR Part 121.

Option 2. An approved aircraft inspection program currently in use by a person holding an air-taxi certificate under FAR Part 135.

Option 3. A current inspection program recommended by the manufacturer.

Option 4. Any other inspection program established by the registered owner or operator of the airplane and approved by the FAA Administrator.

In the first three options listed, the provision “current” is mentioned. This requirement is intended to prevent the use of obsolete programs.

Exercise 63. Read text 9 and make up 5 key questions to it. 

Text 9. Approved Aircraft Inspection Programs

The Approved Aircraft Inspection Program (AAIP) concept was first developed for the benefit of FAR Part 135 air-taxi operators who requested the regulatory authority to develop and use inspection programs more suitable to aircraft in their operating environments than the environments suitable to conventional 100-h annual inspections required by Part 91.

The AAIP allows each operator to develop a program which is tailored to meet his or her particular needs in satisfying aircraft inspection requirements. It provides for the operator to adjust the intervals between individual inspection tasks in accordance with the needs of the aircraft rather than repeat all tasks at each 100-h increment. It also allows the operator to develop procedures and standards for the accomplishment of those tasks. Along with these benefits there is the responsibility to achieve an acceptable level of equivalent safety to the conventional Part 91 inspection requirements. The AAIP serves as the operator’s specification for each segment of the program. This is in contrast to the 100-h or annual inspection, where the performing technician or repair station determines, in accordance with Appendix D of Part 43, what work is required. Under the AAIP, the operator is responsible for the program content and standards, and the performing mechanic or repair station is responsible for the accomplishment of the inspection as specified by word sheets and other criteria designated by the program.

An approved aircraft inspection program should encompass the total aircraft, including all installed equipment such as communications and navigational gear, cargo provisions, and so forth. It should include a schedule of the individual tasks or groups of tasks that comprise the program and their frequency of accomplishment.
Exercise 64. Translate text 9 in a written form.

Exercise 65. Get acquainted with the Infinitive forms and functions. 

The Infinitive

As you can see in the table, the Infinitive may have various forms:

	Tense
	Active
	Passive

	Simple

Continuous

Perfect

Perfect Continuous
	to read

to be reading

to have read

to have been reading
	to be read

-

to have been read

-


Compare:

Hi, I’m so glad to see you. – Привіт, я такий радий тебе бачити./ Привет! Я так рад тебя видеть.

It was so good to have met with you all. – Так добре, що я зустрівся з вами всіма. / Так хорошо, что я встретился с вами всеми.

Where is Mike? He must be playing football in the yard. – Де Михайло? Він, певно, грає в футбол у дворі. / Где Михаил? Он, должно быть, играет в футбол во дворе.

He seems to have been playing since 9 a.m. – Здається, що він грає з 9 ранку. / Он, кажется, играет с 9 утра.

 The Negative Infinitive is formed with “not” before it. 

The doctor told the patient not to go out for some time.  – Лікар наказав пацієнтові не виходити деякий час. / Врач рекомендовал пациенту не выходить некоторое время.

Exercise 66. Translate the sentences focusing on the translation of the Infinitive.
1. It is too early yet to properly appreciate the significance of this method. 2. The intention of the author has been to show some newly developed methods. 3. Care is to be taken not to overheat the engine. 4. If fuels are to be burned efficiently, it is necessary to mix air with fuel before it is burned. 5. The explosion must have occurred long ago. 
6. There are many problems to be solved. 7. These methods are to be described in the new chapter. 8. The method to be chosen in any particular case depends on many factors. 9. To begin with, one can say that an electric current is the result of a flow of electrons. 10. The effect is too small to be detected.

Exercise 67. Insert the Infinitive in the correct form.

1. I would like…a new coat (buy). 2. Pete was the first…a question (answer). 3. I can’t…a word? Though he seems…something very important (hear, say). 4. We didn’t expect the technician…the damage so soon (find). 5. I’m sorry…that you have missed so many classes (find out). 6. He was very sorry…so many classes before the exams. (miss) 7. He was the only one…this case (mention). 8. They would never allow the inspection…carelessly (do). 9. …this simple fact is not so very easy (explain). 10. A larger motor takes a long time…speed …very widely nowadays (get up, use).

Exercise 68. Read text 10, find nine Infinitives in it, state their functions and translate the text. After that, try to translate it back into English sentence by sentence without looking into the text. 

Text 10. Walk-Around Inspections 

To keep an aircraft in proper operating condition and to locate defects that arise between major inspections, manufacturers recommend various types of walk-around and preflight inspections. Frequent minor inspections of airliners are to be conducted by flight engineers or maintenance personnel. The inspections must usually be conducted at every stop at which time permits. For example, the inspector might carry a flashlight and check the interior of the tailpipe for the condition of the turbines and thrust reversers. The inspector further should check the tires, look for fluid leaks, and examine the fuselage and control surfaces for wrinkles and any other condition that indicates deterioration or damage.

Exercise 69. Memorize the active vocabulary to text 11.

	check (for)
	перевіряти (на наявність)
	проверять (на наличие)

	remove
	видаляти; усувати; знімати
	удалять; убирать, устранять; снимать

	cap
	кришка, ковпак
	крышка, колпачок

	dip-stick
	вимірювальна рейка (для вимірювання рівня рідини)
	мерная рейка (для измерения уровня жидкости)

	sight gauge
	вимірювальне скло, трубка виміру рівня (рідини в баці)
	мерное стекло, трубка измерения уровня (жидкости в баке)

	strainer
	прямоточний паливний фільтр
	прямоточный топливный фильтр

	sediment
	відстій
	отстой

	inflate
	накачувати
	накачивать

	tire inflation
	тиск у шинах
	давление в шинах

	loose
	незакріплений, що хитається
	незакрепленный, болтающийся, шатающийся

	nick
	тріщина, щілина, зазубень
	трещина, щель, зазубрина

	stand clear (of)
	стояти на відстані (від)
	стоять на расстоянии (от)

	cowl(ing)
	капот (двигуна); обтікач
	капот (двигателя); обтекатель

	carbon deposit
	наліт сажі
	налет сажи 

	contamination
	забруднення
	загрязнение

	nickel-cadmium electrolyte
	нікель-кадмієвий електроліт
	никель-кадмиевый электролит

	potassium hydroxide
	гідроокис калію
	гидроокись калия

	spark-plug
	запальна свіча, свіча запалення
	запальная свеча, свеча зажигания

	nut
	гайка
	гайка

	tolerance
	допуск, зазор; допустиме відхилення
	допуск, зазор; допустимое отклонение

	fatigue
	втомленість
	усталость


Exercise 70. Read, translate and give the gist of text 11.

Text 11. Daily and Preflight Inspections
Before the first flight of an airplane each day, a daily inspection should by performed. This inspection will usually involve the following instructions.

1. Check the fuel tanks for quantity by removing the fuel caps and observing the level of fuel in the tanks. A dip-stick is sometimes necessary.

2. Check the quantity of oil in the oil tank by means of a dip-stick or sight gauge.

3. Drain a small amount of fuel from each of the fuel drains and strainers. This is to ensure that sediment and water are removed from the tanks.

4. Check the inflation of all tires.

5. Check the extension of the shock struts to ensure that they are properly inflated.

6. Check the engine compartment for loose wires and fittings. Visually inspect spark-plug leads, nuts, air ducts, exhaust pipes, controls, and accessories. Check for oil leaks. 

7. Examine the propeller blades for nicks, cuts, and evidence of any other damage.

8. With the ignition switched off, turn the propeller by hand at least two revolutions and note any unusual noises or other indications of malfunction. Stand clear of the propeller’s plane of rotation.

9. Examine the cowling and the inspection plates for proper fastening.

10. Inspect the hinges and the control attachments of all control surfaces. Test each control for freedom of movement.

11. Visually inspect the exterior of the aircraft for damage, loose parts, or any other unsatisfactory condition. Check for fluid leaks.

12. Inspect the windshield, windows, and doors for damage. Check the door or doors for proper latching and locking.

13. Inspect the interior of the cabin and cockpit, including the seat belts, the seats, and any loose parts on the floor.

14. Test the operation of all controls from within the cockpit, including the operation of brakes. 

15. After starting the engine, check the operation of all instruments, the radio, and the propeller (if the propeller is a constant-speed type). See that the engine-oil pressure is indicated within 30s after the engine starts.

16. Test the operation of the landing, navigation, cabin, and instrument lights.

If the aircraft is flown several times during the day, it is not necessary to make all the inspections just listed; however, a general check of the aircraft, including the quantity of fuel and oil, should be made before each flight.

Exercise 71. Read the list of instructions again. Name the principle structural units of the airplane and major components of the airplane engine to which all the mentioned items in text 11 belong and define their principal functions.

	Model: Fuel tanks – engine fuel system. 

The function of fuel tanks is to store fuel, or: Fuel tanks are used for fuel storage.


Exercise 72. Role-play.

You have been working for Ukraine International Airlines for 5 years as a mechanic. Explain to a new member of the staff how to make  daily and preflight inspections. Explain why it has to be done in a particular way. Speaking about the sequence of operations use:

First (-ly) → Then → Next → After that → Finally.

Exercise 73. Study carefully a typical inspection format for a continuous airworthiness inspection program.

	Type
	When
	Who
	What

	No. 1 service “walk – around”
	Before each flight
	Mechanic and pilot
	Exterior check of aircraft and engines for damage and leakage; includes specific checks such as brake and tire wear

	No. 2 service
	During overnight layovers at maintenance locations; at least every 45 hours of domestic flying or 65 hours of international flying
	Mechanics 
	Same as No. 1 service plus specific checks including oils, hydraulics, oxygen, and unique needs by aircraft type

	A-check 
	Approximately every 200 flying hours, or about every 15 to 20 days – depending on type of aircraft
	3-5 mechanics
	More detailed check of aircraft and engine interior including specific checks, services, and lubrication of systems such as:

Ignition

Generators

Cabins

Air conditioning

Hydraulics

Structure

Landing gear

	B-/ M-/ L-checks
	Heaviest level of routine line maintenance; approximately every 550 flying hours or every 40-50 days; work performed overnight
	12-80 mechanics
	Similar to  A-Check but in greater detail, with specific aircraft and engine needs such as torque tests, internal checks, and flight controls

	C-check
	Every 12-15 months, depending on aircraft type; airplane out of service for 3-5 days
	150-200 mechanics and inspectors – depending on aircraft type
	Detailed inspection and repair of aircraft, engines, components, systems and cabin, including operating mechanisms, flight controls, and structural tolerances


	D-check
	Most intensive inspection; every 4-5 years, depending on aircraft type; airplane out of service up to 30 days
	150-300 mechanics and inspectors – depending on aircraft type 
	Major structural inspections for detailed needs which include attention to fatigue corrosion; aircraft is dismantled, repaired and rebuilt as required; systems and parts are tested, repaired or replaced


Exercise 74. Answer the questions on inspection format.

1. What is considered to be the heaviest level of routine line maintenance?

2. What type of check requires the greatest number of mechanics and inspectors and why?

3. What is the most frequent service and what does it consist in?

4. During what type check should the greatest number of operations be carried out?

Exercise 75. Memorize the active vocabulary to texts 12 and 13.

	commence 
	починати (ся)
	начинать (ся)

	itemize
	1. складати перелік, перерахувати по пунктах 2. уточнювати, деталізувати
	1. составлять перечень, перечислить по пунктам 2. уточнять, детализировать

	compliance

	1. відповідність 2. піддатливість, поступливість
	1. соответствие 2. уступчивость, податливость

	complete
	закінчувати, завершувати
	заканчивать, завершать

	research
	1. дослідження, вивчення, науково-дослідна праця 2. досліджувати
	1. исследование, изучение, научно-исследовательская работа 2. исследовать

	alert
	1. тривога, попередження про небезпеку; сигнал небезпеки 2. попереджати про небезпеку
	1. тревога, предупреждение об опасности; сигнал опасности       2. предупреждать об опасности

	make sense
	мати сенс
	иметь смысл

	crack
	1. тріщина 2. давати тріщину, тріскатися
	1. трещина 2. давать трещину, трескаться

	problem area
	ділянка / зона, де може виникнути проблема або ускладнення
	участок / зона, где может возникнуть проблема или осложнение

	discrepancy form
	форма / бланк невідповідності
	форма / бланк несоответствия 

	flashlight
	електричний ліхтар
	электрический фонарь

	compression tester
	прилад для випробування тиску / компресії
	прибор для определения давления / компрессии

	jack
	домкрат
	домкрат


Exercise 76. Match English-Ukrainian / Russian equivalents.

	1. along with
	a) кишеньковий ліхтар / карманный фонарь

	2. discrepancy form
	b) пристрій для перевірки компресії / прибор для проверки компрессии

	3. Type Certificate Data Sheet
	c) перелік даних відповідно до сертифікату типу /перечень данных в соответствии с сертификатом типа

	4. pocket-sized magnifying glass
	d) бланк розбіжностей / бланк несоответствий

	5. flashlight
	e) домкрат / домкрат

	6. compression tester
	f) разом з / вместе с

	7. jack
	g) кишенькове збільшуване скло / карманное увеличительное стекло


Exercise 77. Match English-Ukrainian / Russian equivalents.  

	1. to commence with the owner’s request
	а) звіти про обслуговування 

літака / отчеты об обслуживании самолета

	2. to fill out (in) a work order
	b) відомість технічного контролю / ведомость технического контроля

	3. to itemize the work
	c) вартість огляду / стоимость осмотра

	4. to reach firm understanding
	d) починатися зі звертання власника / начинаться с обращения владельца

	5. the cost of inspection
	e) складати облік робіт / составлять перечень работ 

	6. airplane maintenance records
	f) заповнювати бланк замовлення на виконання роботи / заполнять бланк заказа на выполнение работ

	7. researching airworthiness directives
	g) до початку огляду / до начала осмотра

	8. to bring into compliance with
	h) досягти повного взаєморозуміння / достигать полного взаимопонимания

	9. it makes no sense
	i) привести у відповідність до / привести в соответствие с 

	10. prior to beginning the    inspection
	j) вивчення інструкцій щодо визначення льотної придатності / изучение инструкций по определению летной годности

	11. checklist 
	k) це не має сенсу / это не имеет смысла


Exercise 78. Read, translate and give the gist of text 12.

Text 12. Inspection Preparation
Although specific inspection practices and procedures will vary, depending on the size of the aircraft and the type of inspection being conducted, the basic fundamentals followed in conducting an inspection do not change.

The inspection process commences with the owner or operator  requesting that an inspection be performed on the airplane. At this point a work order should be filled out itemizing the work that is to be accomplished. A firm understanding should be reached about the cost of the inspection, what is included in this cost (e.g., servicing, lubrication, airworthiness directive compliance, and so on), and the approximate time period planned for completing the inspection. In order to gain a better understanding of the history and the present condition of the aircraft, it is necessary to obtain the airplane maintenance records for thorough study and review.

An important part of the preinspection process is researching airworthiness directives (ADs) and service bulletins. The technician must determine whether all applicable airworthiness directives on the aircraft, power plant, propeller, instruments, and appliances have actually been accomplished.

If the maintenance records indicate compliance with an AD, the technician should make a reasonable attempt to verify this. The reason for this verification is that it is not uncommon for a component, that was brought into compliance with an AD and properly recorded, to then be replaced by another component, which had not yet been brought into compliance with the AD.

The FAA general aviation airworthiness alerts (AC43-15) are also an important source of service experience. These alerts are selected service difficulties reported to the FAA on malfunction or defect reports. It makes sense to use the experiences other persons have had on similar products. These publications help ensure that a problem area is not overlooked.

Prior to beginning the inspection, the checklist to be used should be located, along with discrepancy forms, the appropriate maintenance manual, and the Type Certificate Data Sheet.

The tools needed to perform the inspection should then be readied. Inspection tools can be many and various, ranging from a pocket-sized magnifying glass to a complete X-ray machine. The principal tools for most inspectors are a flashlight and an inspection mirror; however, additional items such as a magneto-timing light, compression tester, and jacks are among the other tools usually required.

.
.Exercise 79. Match the words with the definitions given below.

(Verify, fundamentals, malfunction, bulletin, record, inspection, make sense, airworthy, bring into compliance, research, owner).

1. The person who owns something. -

2. An official looking closely into, examining officially to make sure that everything is being done correctly. -  

3. Serving as a base or foundation, essential, primary, original from which others are derived. -

4. Adequate, appropriate, good condition of an airplane when it is permitted to fly. -

5. Action in accordance with request, command, directive, order etc. -

6. Official report of proceedings, piece of evidence or information, account of facts preserved in permanent form. -

7. Short official statement of public event or news. - 

8. Establishing the truth of, examining smth. for this purpose, e.g. statement, figures, references etc. -    
9. Actual observation of or practical acquaintance with facts or events, knowledge resulting from this. - 
10. Something wrong with a machine, caused by a mistake in the way it was made or designed.- 
11. The ability to behave in an intelligent and sensible way and to avoid doing anything stupid. -

Exercise 80. Answer the questions on text 12.

1. What changes and what does not change in the process of aircraft inspection? 2. What does the inspection process start with?   3.What is an important part of the preinspection process? 4. What should be carefully verified by a technician and why is it obligatory?    5. What else is an important source of service experience? 6. What should be done prior to  beginning an inspection? 7. What tools are needed to perform an inspection?

Exercise 81. Insert prepositions: in, out, with, on, of, from, into, to, for, by.
1. Specific inspection practices and procedures vary depending … the size of the aircraft. 2. The process of inspecting commences … the request … the owner to perform an inspection … the airplane. 3. A work order should be filled …, itemizing the work that is to be accomplished. 4. It is important to reach a firm understanding … the cost of the inspection and what is included … this cost. 5. … order to gain a better understanding of the present condition … an aircraft, it is necessary to obtain the airplane maintenance records. 6. All airworthiness directives … the aircraft must be accomplished. 7. The technician should verify if the maintenance records indicate compliance … an AD. 8. The reason … this verification is that any component that was brought … compliance with the AD and properly recorded, may then be replaced … another one. 9. The alerts are selected service difficulties reported …  the FAA … malfunction or defect reports. 10. The checklist to be used should be located prior … beginning the inspection. 11. There are various inspection tools ranging … a pocket-sized magnifying glass … a complete X-ray machine. 12. The principal tools … most inspectors are a flashlight and an inspection mirror.

Exercise 82. Role-play. 
You are an experienced mechanic who has to conduct an inspection of an airplane. Number the procedures in the correct order.

     Ready the tools needed to perform the inspection. 

Make an attempt to verify if the maintenance records indicate compliance with ADs. 

Fill out a work order itemizing the work that is to be accomplished. 

Find out if there is the owner’s request for performing inspection on the airplane. 

Read through all publications concerning the FAA general aviation airworthiness alerts. 

Locate the checklist to be used along with discrepancy forms, the appropriate maintenance manual and the Type Certificate Data sheet. 

Reach a firm understanding about the cost of the inspection and what is included in this cost. 

Obtain the airplane maintenance records for thorough study and review. 

.
.

.
Exercise 83. Read and translate text 12; study the inspection-panel diagram (Fig. III.1). After studying it: 1) translate the names of all inspection panels shown in the figure; 2) tell what parts and units of the airplane each inspection-panel gives access to.

Text 13. Opening and Cleaning
Each person performing an annual or 100-h inspection shall, before that inspection, remove or open all necessary inspection plates, access doors, fairings and cowlings. He shall thoroughly clean the aircraft and the aircraft engine.

New technicians often have difficulty in knowing which inspection plates and panels must be removed. Many manufacturers provide assistance in the form of an inspection-panel diagram, such as the one illustrated in Figure III.1. When opening inspection plates and cowlings, the technician should take notes of any oil or other foreign-material accumulation, which may offer evidence of fluid leakage, or some other abnormal condition that should be corrected. 
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Supplementary reading

Exercise 84. Read text 14, translate it and then make back translation of it.

Text 14. Servicing Brake and Hydraulic Systems

Brake and hydraulic systems must be serviced in accordance with the manufacturers’ instructions. As long as these systems operate satisfactorily, service is not normally required at intervals of less than 100 h of operation. When it is necessary to add fluid, it is most important that the correct fluid be added. If the wrong fluid is used, it will be necessary to drain and flush1 the system and probably change all the seals in the components of the system. Petroleum solvents2 can be used to flush a system that uses petroleum fluids. Many large aircraft use a synthetic, fire-resistant hydraulic fluid. If these fluids or any of a similar type are put into a system designed for petroleum fluid, considerable  damage can result. 

Notes:

1. flush – промивати струменем рідини / промывать струей жидкости.

2. solvent – розчинник / растворитель.

Exercise 85. Read and translate text 15, then make a list of instructions for tire servicing.

Text 15. Tires
Maintaining proper tire inflation will minimize tread wears1 and help prevent tire ruptures2 caused from running over sharp stones and ruts3. When inflating tires, visually inspect them for cracks and breaks. Reverse the tires on the wheels, if necessary, to produce even wear. All tires and wheels are balanced before installation and the relationship of tire, tube, and wheel should be maintained upon reinstallation. Out-of-balance wheels can cause extreme vibration in the landing gear during takeoff and landing. When landing, tires grow slightly due to the shock load. Normally, this growth is balanced by tread wear so there is no increase in the tire diameter.

Notes:

1. tread wear – зношення протектору покришки / износ протектора покрышки.

2. rupture – розрив, руйнування, ушкодження / разрыв, разрушение, повреждение.

3. rut – вибоїна / выбоина.
Exercise 86. Read, translate text 16 and entitle it.

Text 16
A most important factor in the maintenance of an aircraft is cleanliness. Although cleaning is not actually a part of the inspection process, it is an important step in preparing an aircraft for redelivery to the owner as well as being a good preventive1-maintenance practice. A film2 of dirt on the surface of a metal or a painted aircraft will attract moisture3 and chemical pollutants4 with the surface of the aircraft. The result is oxidation5, corrosion, and general deterioration6 of the surface. Cleanliness is particularly important in areas near the ocean, where the air is salty, or in areas where air pollution is comparatively severe. Regular cleaning and waxing7 of the exterior surfaces of an aircraft will effectively reduce corrosion and other forms of deterioration. It is desirable to keep an airplane hangered when possible. Since this cannot always be done, the owner or operator of an aircraft should try to keep it as clean as possible.

This section is not intended to describe all the methods for cleaning aircraft and their parts; however, some general principles will be discussed, with particular emphasis on the dangers involved in the use of improper cleaning methods and unsuitable cleaning materials.

Notes:

1. preventive – профілактичний / профилактический
2. a film – шар / слой 

3. moisture – волога / влага

4. pollutant – забруднювач / загрязнитель

5. oxidation – окислення / окисление

6. deterioration – псування, ушкодження, зношення / порча, повреждение, износ

7. wax – воскувати / вощить
Exercise 87. Make a summary of text 16.

Exercise 88. Read and translate text 17 in a written form.

Text 17. Exterior Painted Surfaces
When an airplane is covered with dust, sand, or other types of dirt, no attempt should be made to wipe the surface clean with a dry cloth, no matter how soft the material is. Wiping a dirty surface with a dry material will scratch the metal or paint on the surface because of the abrasiveness1 of the fine particles2 of sand or dust. Scratching the surface will destroy the smooth finish3 and will increase the rate of deterioration, particularly if the pure-aluminum coating on clad4 material is scratched through to the base metal.

Generally, the painted surfaces can be kept bright by washing them with water and mild soap, rinsing5 with water, and drying with cloths or a chamois6. Harsh or abrasive soaps or detergents7, which cause corrosion or scratches, should never be used. Remove stubborn oil and grease with a cloth moistened with special solvent. Many of the new-type paints being used on aircraft, such as urethane8, do not require waxing to keep them bright. However, if desired, the airplane may be waxed with a good automotive wax. Soft cleaning cloths or a chamois should be used to prevent scratches when cleaning or polishing. A heavier coating of wax on the leading surfaces will reduce the abrasion problems in these areas.

Notes:

1. abrasiveness – абразивна твердість / абразивная твердость.

2. fine particle – дрібна частка / мелкая частичка.

3. finish – поліровка / полировка.

4. clad – плакірований / плакированный.

5. rinse – споліскувати / споласкивать.

6. chamois – замша / замша.

7. detergent – миючий засіб / моющее средство.

8. urethane – уретан / уретан.

Exercise 89. Make a list of instructions for cleaning exterior painted surfaces.

Exercise 90. Read, translate and entitle text 18.

Text 18

The most important part of any inspection is the visual examination given to the airplane to determine its airworthiness. All the related steps in the inspection process, such as service and repair, are dependent on a thorough visual examination. On a 100-h or annual inspection, this step cannot be supervised but instead must be performed by the appropriately certificated person who is returning the aircraft to service. As required by FAR 43.15, a checklist must be used and should be carefully followed. While performing the visual inspection, the inspector should avoid getting sidetracked1 on related service and repair problems but instead should make a written list of all discrepancies found on the aircraft. A discrepancy report should provide a location for the discrepancy write-up2, the corrective action taken, the technician making the repair, and the inspector returning the aircraft to service. 

The principal purpose in performing an inspection is to determine if the aircraft is airworthy. In order for an airplane to be declared airworthy, it must meet two criteria: (1) it must be in condition for safe operation, and (2) it must conform to its Type Certificate Data Sheet. Safe operation refers to the condition of the aircraft with relation to wear and deterioration. Some general inspection guidelines that may be followed in making this determination are inspection of:

1) metal parts for security of attachment, cracks, metal distortion3, broken spotwelds4, corrosion, condition of paint, and any other apparent damage;

2) movable parts for lubrication, servicing, security5 of attachment, binding, excessive wear, safetying6, proper operation, proper adjustment, correct travel, cracked fittings, security of hinges, defective bearings, cleanliness, corrosion, deformation, sealing, and tension7;

3) bolts in critical areas for proper installation, correct safetying, and correct torque8 values when visual inspection indicates the need for a torque check;

4) wiring9 for security, chafing10, burning, defective insulation11, loose or broken terminals12, heat deterioration, and corroded terminals;

5) fluid lines and hoses13 for leaks, cracks, dents14, kinks15, chafing, proper radius, security, corrosion, deterioration, obstruction, and foreign matter;

6) filters, screens, and hoses for cleanliness, contamination, and replacement at specified intervals.

The manufacturer’s checklist and maintenance manual will explain what needs to be checked during the inspection.

An airplane’s conformity to its Type Certificate Data Sheet is considered attained when the required and proper components are installed and they are consistent with16 the drawings, specifications, and other data that are a part of the type certificate. In addition to providing for required equipment, the data sheet provides such information as static rpm, control-surface travel limits, and whether or not a flight manual considers required equipment. It also identifies limitations, which must be displayed on the aircraft in the form of markings and placards. Any deviation from the aircraft’s certificated type design is considered a major alteration and should be provided for in an FAA Form 337. An aircraft that does not conform to its Type Certificate Data Sheet is considered to be unairworthy.

An additional item included on most checklists is a review of the aircraft paperwork. The aircraft registration and airworthiness certificate should be located on board the aircraft. If these certificates are not available, the aircraft should be reported as unairworthy; the owner should be informed that the documents must be in the aircraft, with the airworthiness certificate displayed as required in FAR 91.203, when the aircraft is operated.

Other documents often needed, but not a part of the airworthiness requirements might be the state registration, FCC17 radio-station licenses, and similar papers. The owner or operator is responsible for the proper display of these documents. However, the technician will be performing an appreciated service by informing the operator of any deficiencies in the display and carriage of these documents.

At the conclusion of the visual inspection, a meeting with the airplane’s owner is usually held in order to discuss the discrepancies located during the inspection. Discrepancies need to be divided into two categories: those that affect the airworthiness of the airplane and those that may be cosmetic in nature and do not affect the aircraft airworthiness. Those items not affecting the airworthiness of the airplane may have corrective action delayed to a later date. For those discrepancies that affect airworthiness, the owner has the option of having them repaired by the maintenance technician performing the inspection or using the procedures specified in FAR 43.11 and having the aircraft declared unairworthy. This will permit an owner to assume responsibility18 for having the discrepancies corrected prior to operating the aircraft. The discrepancies can be cleared by a technician unless they are major repairs or major alterations. If repairs are preventive maintenance, they can be cleared by the owner or pilot.

There is no stigma19 attached to the aircraft because it is reported to be unairworthy. In effect, the report says that the aircraft is airworthy with the exception of the items on the discrepancy list. When those listed items are corrected, the aircraft is eligible20 to be operated. The owner may want the aircraft flown to another location to have repairs completed, in which case the owner should be advised that a Special Airworthiness Certificate, FAA Form 8130-7 (formerly referred to as a ferry21 permit), is necessary. A special airworthiness certificate may be obtained at the local FAA district office.

Notes:

1. side track – відволікати від цілі, відвертати вбік / отвлекать от цели, уводить в сторону

2. write up – детальний виклад або опис / подробное изложение или описание.

3. distortion – викривлення / искривление.

4. spotweld – місце точкового зварювання / место точечной сварки.

5. security (of attachment) – надійність (кріплення) / надежность  (крепления)

6. safetying – контрування / контровка

7. tension – 1. напруження, напруга 2. розтягнення 3. натяг / 1. напряженное состояние 2. растяжение 3. натяжение  

8. torque – 1. момент крутіння 2. затягувати гайку / 1. крутящий момент 2. затягивать гайку

9. wiring – проводка, електричний провід / проводка, электропровод.

10. chafing – тертя, зношення / потёртость, износ.

11. insulation – ізоляція, ізоляційний матеріал / изоляция, изоляционный материал.

12. terminal – клема / клемма.

13. hose – шланг, рукав / шланг, рукав.

14. dent – вибоїна, западина, ум’ятина / выбоина, впадина, вмятина.

15. kink – дефект, несправність / дефект, неисправность.

16. be consistent with – бути сумісним з, узгоджуватися / соответствовать, согласовываться.

17. FCC (Federal Communication Commission) – Федеральна комісія зі зв’язку / Федеральная комиссия по связи

18. assume responsibility – брати на себе відповідальність / брать на себя ответственность.

19. stigma – тавро ганьби / клеймо позора

20. be eligible (to) – бути допущеним (до); мати право (на) / быть допущенным (к), иметь право (на)

21. ferry – перегонка, перебазування; перегоняти перебазовувати / перегонка, перебазирование; перегонять, перебазировать.

Exercise 91. Make up key questions on text 18.

Exercise 92. Divide text 18 into logical parts and write a topical sentence for each part. 

Exercise 93. Make a report on “Aircraft Inspection and Maintenance”.

Exercise 94. Read, translate and give the gist of each of the paragraphs of text 19.

Text 19. Maintenance Manuals

The maintenance manual provides information which enables a technician to perform servicing functions, to locate and identify faults, to repair all systems and subsystems, and to replace any unit normally requiring such action on the flight line or in the hangar.

Illustrated Parts Catalogue (IPC)

The IPC, customized for each airline, presents information for provisioning and requisitioning replacement parts and assemblies. The IPC identifies current and superseded parts. It also identifies small replaceable parts such as filters, seals, bearings, and connectors which are components of a line replaceable unit (LRU).

Wiring Diagram Manual

The wiring diagram manual contains four types of information: maintenance instructions on electrical connectors, customized wiring diagrams, various lists and charts of electrical data produced by the automated wiring data system, and electrical equipment location illustrations. These lists and illustrations, which reflect such data as equipment and wire numbers, wiring and connector locations by zone and station, and hook-up information, are organized according to ATA (Air Transport Associaton) numbering format and chapters.

Structural Repair Manual

 The structural repair manual contains descriptive information and repair procedures for primary and secondary structure of aircraft. The manual also includes damage classification, fastener substitution, and other information to facilitate repair operations.

Overhaul Manual

Most manufacturers provide separate and self-supporting overhaul instructions and illustrated parts lists for each repairable unit. The instructions provide complete information for repair, replacement, and bench testing1.

Note:

1 brench testing – стендове випробування / стендовое испытание

Tool and Equipment List

 The tool and equipment lists present tools and equipment recommended for servicing, line maintenance, and overhaul of the systems, subsystems, and components.

Weight and Balance Manual

The weight and balance manual presents data in sufficient depth for the airline to analyze and establish operating weights, centre of gravity positions, and balance criteria. The manual contains all weight and balance material required by government regulations for commercial aircraft.

Nondestructive Testing Manual

The nondestructive testing manual contains all pertinent data on the inspection and testing of structure by nondestructive means. Such methods as dye-penetrant, magnetic particle, eddy current, ultrasonic, and radiographic are discussed. Specific conditions are detailed for the inspection of particular structural areas and components.

Service Bulletins

These are issued to affect modifications to the aircraft, engine, or accessories, authorize critical or urgent parts substitution, and transmit special instructions to maintain the aircraft.

Airworthiness Directives (AD Notes)

Airworthiness Directives are issued by the Federal Aviation Administration (FAA) for an aircraft, engine, or part thereof when an unsafe condition exists with regard to the operation of the aircraft. ADs are also issued if the unsafe condition is likely to exist or develop in other products of the same type design. An aircraft may not be operated if an airworthiness directive applies to it, except in accordance with the requirements of the AD. Generally, an AD will require inspection of the aircraft with the necessary repair or replacement of aircraft components.

ATA Specification 100 

Most transport aircraft manuals use the Air Transport Association of America Specification Number 100, “Specification for Manufactures’ Technical Data”. The subject matter is divided into chapters and groups of chapters to facilitate the location of information. This chapterization provides a functional breakdown of the entire airplane. Information on all units comprising a system will be found in the chapter identified by the name of that system, or by a general name indicative of the several systems which may be covered in that chapter. Thus, all units relating to the generation and distribution of electrical power are covered in Chapter 24, ELECTRICAL POWER, while electrically driven pumps and valves serving the fuel system are covered in Chapter 28, FUEL. Also, all units of the elevator control system, hydraulic, mechanical and electrical units, are included in Chapter 27, FLIGHT CONTROLS. Each chapter begins with a chapter Table of Contents which shows the chapter divided into sections and the assigned subject numbers within that chapter.

Exercise 95. Decode the following abbreviations: AD, IPC, LRU, FCC, AAIP, IA, FSDO.

Exercise 96. Copy out aviation terms which refer to the topic “Inspecting the Aircraft” from the supplementory texts.

Exercise 97. Speak on:

1.  Aircraft Maintenance Practice. 

2.  Progressive Inspections.

3.  Special Inspections.

4.  Aircraft Inspection and Servicing Requirements.

5.  Daily and Preflight Inspections.

6. Manufacturer’s Recommended Inspection Programs.

7. Operator-Developed Inspection Programs.

8. Continuous Airworthiness Maintenance Programs.
III.2. ENGINE MAINTENANCE 

Exercise 1. Memorize the active vocabulary to text 1.

	operating life 
	строк/термін служби 
	срок службы

	endanger
	загрожувати 
	угрожать

	familiar 
	ознайомлений 
	ознакомленный

	troubleshooting
	виявлення та усунення 

несправностей 
	выявление и устране-

ние неисправностей

	repair
	1. ремонт 2. ремонту-

вати 
	1. ремонт 2. ремонти-

ровать

	repairable
	що піддається ремонту, ремонтоздатний 
	поддающийся ремон-

ту, ремонтопригодный 

	chart 
	карта; схема 
	карта; схема  

	concept
	поняття, концепція 
	понятие, концепция

	probability 
	вірогідність
	вероятность

	reveal 
	виявляти
	обнаруживать

	minor inspec-

tion
	легка форма регламентних робіт
	легкая форма регламентных работ

	major inspec-

tion
	трудомістка форма регламентних робіт
	трудоёмкая форма регламентных работ

	overhaul 
	повне перебирання (двигуна), капітальний ремонт
	полная переборка (двигателя), капи- тальный ремонт


Exercise 2. Practise out the dialogue.
Dialogue

T. We’ll consider the general principles and practices utilized in the engine maintenance. Engines are intended for continuous reliable service; so they are to be kept in the working condition.

S. I have heard that engines should be operated in accordance with the recommendations of the manufacturer.

T. Yes, you are right. The manufacturer works out the engine maintenance and troubleshooting technology which is presented in the Engine Maintenance Manual.

S. What is troubleshooting?

T. The troubleshooting is detecting and correcting faults. In order to detect and correct faults the engine must be inspected at regular intervals.

S. What does the term “inspection” mean?

T. The term “inspection” means a visual examination to determine the condition of the engine.

S. What is maintenance repair?

T. Maintenance repair involves inspection of some parts of the engine which are found to be repairable. 

S. What should be performed when the engine compiles a predetermined number of operational hours?

T. The engine overhaul should be performed.

Exercise 3. Read, translate and give the gist of text 1.

Text 1. Engine Inspection and Servicing Requirements

Engines are intended for continuous reliable service. Particularly during take-off and landing they must deliver full performance. Engines are to be kept in the working condition so that the high level of safety and reliability is maintained throughout operating life at minimum cost. If the engines are fully functional, safety will not be endangered. “Safety first” is the motto of the civil aviation. 

In order to meet safety requiments and to provide efficient operation of aviation engines, aircraft maintenance engineers should be familiar with the engine design, operation, inspection, troubleshooting, repair, maintenance and overhaul procedures. In establishing the engine inspection requirements it is necessary to consider the engine design, size, type, and airplane applied. Engines should be operated in accordance with the recommendations of the manufacturer. The manufacturer works out the engine maintenance and troubleshooting technology which is presented in the Engine Maintenance Manual. The engine design, the principles of the engine operation, its systems, units and assemblies are also given in the Engine Maintenance Manual (Engine Maintenance Guide) and in the charts.

The maintenance inspection concept is based on failure development probability and capability to identify, localize and eliminate failures, that’s to reveal failures and correct them. 

Engines must be inspected at regular intervals. The term “inspection” means a visual examination to determine the condition of the engine. Visual inspection of aviation engines can give more reliable assurance of the engine condition. Typical inspections are performed daily or before flight on every turbine engine installation. Periodic checks of engine installations are performed each 100 hours of time in service. Minor inspections include many items not inspected during daily or preflight inspections. Major inspection includes partial disassembly of the engine.

Maintenance repair involves inspection of some parts of the engine which are found to be repairable. 

The engine overhaul is performed when the engine compiles a predetermined number of operational hours. 

Exercise 4. Translate verb – noun pairs and continue with your own examples.

To operate – operation, to intend – intention, to recommend – 
recommendation, to inspect – inspection, to eliminate – elimination, 
to accumulate – accumulation, to identify – identification, to localize – localization, to determine – determination, to install – installation, 
to examine – examination, to prevent – prevention, to destruct – destruction, to consider – consideration, to present – presentation.

Exercise 5. Define the parts of speech and translate the derivation word chains.

1. Service, serviceable, serviceability, serviceably, serviceman, serviced, servicing.

2. Operate, operation, operational, operator, operative, operated, operating.

3. Inspect, inspection, inspector, inspective, inspected, inspecting.

4. Check, checker, checkable, checkoff, checkout, checklist, checked, checking. 

5. Troubleshoot, troubleshooter, troubleshooted, troubleshooting.

6. Eliminate, elimination, eliminator, eliminative, eliminated, eliminating. 

7. Maintain, maintenance, maintainability, maintained, maintaining, maintenance-free. 

8. Repair, repairable, repairability, repairer, repairman, repaired, repairing. 

9. Test, tester, testable, testee, tested, testing.

10. Overhaul, overhaulability, overhauled, overhauling. 

11. Assemble, assembly, assembled, assembling. 

12. Disassemble, disassembly, disassembled, disassembling.

Exercise 6. Translate the following “noun + noun” collocations.

a) engine design, engine operation, engine section, engine inspection, engine check, engine repair, engine troubleshooting, engine maintenance, engine removal, engine unpackaging, engine depreservation, engine test, engine run-up, engine surge, engine parameters, engine storage, engine control, engine manufacturer, engine trouble, engine module;

b) repair process, inspection procedure, flight cycle, maintenance manual, fuel flow, oil pressure, fault indicator, take-off power, overhaul hangar, service experience, test stand, repair method, performance measurement, trend analysis, flight check, maintenance program, flight incident, standard parameter, maintenance personnel, oil leakage, overhaul tools, safety wire, troubleshooting technology, damage level, maintenance sector, operation test, fatigue test;

c) line maintenance check, oil temperature gauge, engine trimming operation, exhaust gas temperature, engine maintenance technology, aircraft maintenance schedule, engine trend monitoring, fuel control operation, ground safety rules, engine assembly procedure, compressor rotor blade, engine condition parameters, engine rotation speed, foreign matter damage, computerized information system;

d) rotor blade damage level, oil pressure indication data, aviation engine thrust reversal, engine overheat warning indicator, engine ground performance check, engine electronic equipment failure, engine driven fuel pump, flight idle speed chart.

Exercise 7. Translate terminological word combinations related to engine maintenance.

a) ground maintenance, enroute maintenance, line maintenance, corrective maintenance, on-condition maintenance, operation(al) maintenance, preflight maintenance, preventive maintenance, routine maintenance, turnaround maintenance, scheduled maintenance; 

b) visual inspection, internal inspection, external inspection, ground inspection, technical inspection, thorough inspection, airborne inspection, preventive inspection, maintenance inspection, daily inspection, periodic inspection, annual inspection, routine inspection, preflight inspection, postflight inspection, reliability inspection, scheduled inspection;

c) visual check, ground check, flight check, idle check, preflight check, prestart check, functional check, landing check, post-flight check;

d) current repair, major repair, minor repair, preventive repair, routine repair, restoring repair, thorough repair, regular repair, emergency repair;

e) ground test, operational test, preflight test, airworthiness test, flight test, reliability test, failure test, tunnel test, turbulence test, fatigue test;

f) engine overhaul, major overhaul, scheduled overhaul, regular overhaul, preventive overhaul,  preventive-maintenance overhaul.    

Exercise 8. Insert prepositions: of, with, at, for, throughout, in. 

1. Engines are intended … continuous reliable service. 2. Engines are to be kept … working condition so that the high level … safety and reliability is maintained … operating life … minimum cost. 3. Engines must be inspected … regular intervals. 4. The visual inspection … the engine can give more reliable assurance … engine condition. 5. Aircraft maintenance engineers should be familiar … the engine design, operation, inspection, troubleshooting, repair, maintenance and overhaul procedures. 6. Engines should be operated … accordance … the recommendations … the manufacturer.

Exercise 9. Answer the questions on text 1.

1. What are engines intended for? 2. When is it critical that engines deliver full performance? 3. What is presented in the Engine Maintenance Manual? 4. What is the maintenance inspection concept based on? 5. What is the motto of the civil aviation? 6. What does the term “inspection” mean? 7. When are periodic checks of the engine installation performed? 8. When is the engine overhaul carried out? 
9. Visual inspection of aviation engines can give more reliable assurance of the engine condition, can’t it? 10. Why is it important for engines to be operated in accordance with the recommendations of the manufacturer?

Exercise 10. Give English equivalents of these word combinations: 

виявлення та усунення несправностей / выявление и устранение неисправностей; повне перебирання двигуна / полная переборка двигателя; неполадки в роботі двигуна / неполадки в работе двигателя; вимоги завода-виробника / требования завода-изготовителя; візуальний огляд / визуальный осмотр; термін служби / срок службы; надійне обслуговування / надежное обслуживание; мінімальні витрати / минимальные расходы; посібник з технічного обслуговування та ремонту двигуна / руководство по техническому обслуживанию и ремонту двигателя.

Exercise 11. Write a summary of text 1.

Exercise 12. Memorize the active vocabulary to text 2.

	safetying
	контрування (деталей)
	контровка (деталей)

	crack
	тріщина
	трещина 

	cracking
	утворення тріщин
	образование трещин

	terminal
	клема; затискувач
	клемма; зажим

	thermocouple
	термоелемент, термопара
	термоэлемент, термопара

	spark plug
	запальна свіча, свіча запалювання
	запальная свеча, свеча зажигания

	security
	міцність кріплення
	прочность крепления

	nut
	гайка
	гайка

	bolt
	болт
	болт

	deterioration
	зношування, зтирання; пошкодження 
	износ, истирание; повреждение 

	drain valve


	зливний кран, кран для зливу
	сливной кран, кран слива

	warping
	викривлення, короблення 
	искривление, коробление 

	buckling
	короблення, випинання
	коробление, выпучивание


Exercise 13. Read, translate and make up a plan of text 2.

Text 2. Types of Engine Inspection 

Daily or Preflight Inspection. The following items indicate typical inspections which should be performed daily or before flight on every turbine-engine installation. In any case, the manufacturer’s inspection procedures must be followed.

The engine compartment or nacelle should be inspected for cleanliness and security of all lines and fittings. It should also be inspected for fuel and oil leaks, loose parts and any other undesirable condition.

Accessory mountings should be inspected for oil leakage, the security of any attachment, safetying, etc.

A complete external inspection of the engine should be accomplished to discover any loose or missing safety wire; loose nuts, bolts, and attachments.

The engine and inlet ducts should be inspected for any loose parts, materials, tools, or other material.

The tail pipe or afterburner should be inspected for heat damage, loose parts, cracking and any other undesirable condition. The turbine wheel should be inspected with a strong flashlight so that any damage may be observed.

Minor Inspections. Minor inspections include many items not inspected during daily or preflight inspections but do not include those items which require the engine disassembly.

During minor inspections, the following items should be checked in addition to those covered under preflight inspections.

The electrical system should be inspected for condition of wiring terminals, thermocouples, spark plugs, and ignition units.

The fuel system units should be removed, cleaned, and reinstalled. Any metal particles should be checked to determine whether excessive wear or other damage has occurred within the engine.

The engine controls should be operated to see that they are free and operate in the proper manner.

The air inlet area should be inspected for damage caused by any foreign matter. The area should be clean and all attachments secure.

The compressor area should be inspected for cracks, the security of nuts and bolts, the security of air-bleed units, and the security of all case-mounted accessories. Combustion chambers should be visually inspected for any damage or deterioration. Drain valves should be checked for proper operation. The rear turbine and nozzle guide vanes should be inspected to the extent possible without disassembly. A strong flashlight will aid in this operation. The exhaust cone, the afterburner tail pipe, and similar units should be checked for warping, buckling, burning, and cracks. 
Major Inspections. Major inspections include partial disassembly of the engine to see parts inaccessible during lesser inspections. A complete major inspection includes the previously described operations. 
A major inspection requires an examination of the compressor blades and stator vanes, combustion chambers and liners, turbine blades, nozzles, fuel manifolds and fuel system and units, and operating parts of the afterburner.
Exercise 14. Write out sentences with modal verbs from texts 1 and 2 and translate them.

Exercise 15. Write out predicates in the Passive Voice from texts 1 and 2 and comment on their structure.

Exercise 16. Compress the information of text 2 to 5 sentences.

Exercise 17. Tell what you have learned about: 

1. Engine Maintenance Inspection Concept. 

2. Types of Engine Inspection. 

3. Engine Servicing Requirements.

Exercise 18. Memorize the active vocabulary to text 3.

	remove 
	знімати 
	снимать

	recurring
	періодичний; повторюваний
	периодический; повторяющийся

	scheduled maintenance
	регламентне обслуговування 
	регламентное обслуживание 

	cowl
	капот (двигуна), обтікач
	капот (двигателя), обтекатель

	flying hours
	години нальоту, наліт годин
	часы налета, налет часов 

	cranking
	прокрутка (двигуна)
	прокрутка (двигателя)

	depreservation
	розконсервація 
	расконсервация 

	false start 
	помилковий запуск 
	ложный запуск

	engine run-up
	випробування двигуна
	опробование двигателя

	fuel metering 
	замір витрати палива
	замер расхода топлива

	engine surge 
	помпаж двигуна 
	помпаж двигателя 

	sensor 
	сенсорний датчик; чуттєвий елемент 
	сенсорный датчик; чувствительный элемент 


Exercise 19. Read, translate and give the gist of text 3.

Text 3. Engine Maintenance Technology 
The engine maintenance covers both the work that is required to maintain an engine and its systems in the airworthy condition while it is installed in an aircraft and the work that is required to return an engine to the airworthy condition once¹ it has been removed from an aircraft.

So there exist two major methods of the engine maintenance: preventive or scheduled and corrective or unscheduled maintenance. The scheduled maintenance attempts to prevent failures during operation by using preventive measures. The scheduled maintenance includes periodic and recurring inspections that must be made in accordance with the engine section of the aircraft maintenance schedule.

These checks range from inspections which do not entail opening of cowls to more elaborate checks within specified time limits, usually calculated in aircraft flying hours or cycles. A flight cycle is normally defined as one take-off and landing.

The unscheduled maintenance covers work necessitated by occurrences that are not normally related to time limits – e.g., a bird ingestion, a strike by lightning, or any heavy landing.

It is essential that all inspection and maintenance practices should be done in accordance with the manufacturer’s and engineer’s  maintenance manuals and guides.

The engine maintenance manual presents the engine maintenance technology which consists of:

A. Maintenance

B. Removal and Installation

C. Test

D. Inspection and Check

E. Cleaning and Painting

F. Routine Repair

A. Engine maintenance procedures illustrated in charts, as a rule, include the manual cranking of the fan rotor, the low pressure rotor and the high pressure rotor, air discharge from the engine fuel system.

B. The engine removal and installation technology involves the engine unpackaging, the external and internal depreservation of the engine.

C. During the engine operation, the following engine tests are usually performed: the false start, cold cranking, engine run-up, fuel metering.

D. The engine inspection and checks are performed after a heavy landing or severe turbulence, engine surge, collision with birds.

The inspection of the compressor and turbine nozzle blades, the flame tube, the turbine nozzle diaphragm and the fan turbine is carried out by means of optical instruments. It is very important to determine the damage level of compressor rotor blades.

E. Cleaning and painting follow removing corrosion.

F. The routine repair involves the change of units, assemblies, sensors, pipelines.
Note:
1 once … – у випадку, якщо … - в случае, если … 

Exercise 20. Give Ukrainian/Russian equivalents.
Airworthy condition, scheduled maintenance, unscheduled maintenance, preventive measures, flying hours, time limits, bird ingestion, heavy landing, routine repair, manual cranking, air discharge, engine removal, engine depreservation, cold cranking, engine run-up, engine surge, damage level, engine installation, engine replacement.

Exercise 21. Give English equivalents of the following  word combinations.
Придатний до польоту або експлуатації / пригодный к полету или эксплуатации; регламентне технічне обслуговування / регламентное техническое обслуживание; холодна прокрутка двигуна / холодная прокрутка двигателя; розконсервація двигуна / расконсервация двигателя; хибний запуск / ложный запуск; випробування двигуна / опробование двигателя; помпаж двигуна / помпаж двигателя; періодичний огляд / периодический осмотр; позапланове технічне обслуговування / внеплановое техническое обслуживание

Exercise 22. Complete the sentences.

1. There exist two major methods of the engine maintenance: ….

2. A flight cycle is normally defined as one take-off and … . 3. It is essential that all inspection and maintenance practices should be done in accordance with … . 4. Engine maintenance procedures include the manual cranking of the fan rotor, the low pressure rotor and … . 5. The engine removal and installation technology involves … . 6. During the engine operation, the following engine tests are usually performed: … . 7. The engine inspection and checks are performed after a heavy landing or … . 8. The inspection of the compressor and turbine nozzle blades, the flame tube, the turbine nozzle diaphragm and the fan turbine is carried out by means of … . 9. Cleaning and painting follow … .10. The routine repair involves the change of … .

Exercise 23. Match the synonyms.

	1) engine cranking

2) flame tube

3) discharge

4) rough landing

5) cleaning

6) routine repair

7) chart

8) manual

9) engine operation

10) malfunction
	a) engine running

b) defect

c) heavy landing

d) hand-operated

e) map

f) purification

g) exhaust

h) current repair

i) engine motoring

j) combustion liner


Exercise 24. Translate the following verb combinations and use them in sentences of your own.

To localize failures, to eliminate errors, to inspect for cleanliness, to check for cracks, to watch for evidence,  to install in place, to keep in the working condition, to perform scheduled maintenance, to indicate internal failures, to determine engine airworthiness, to guarantee safety and reliability, to reveal the foreign object damage, to be familiar with inspection procedures, to identify the progressive hot section deterioration, to carry out periodic engine checks, to conduct the engine power check, to ensure consistency of engine check parameters.

Exercise 25. Answer the questions on text 3.

1. What are major methods of engine maintenance? 2. What does scheduled maintenance include? 3. What work does unscheduled maintenance cover? 4. What is a flight cycle? 5. What is the engine maintenance technology? 6. What does the engine maintenance technology consist of? 7. What engine tests are usually performed? 8. What is carried out by means of optical instruments? 9. What does routine repair involve? 10. What is “Engine Maintenance Manual”?

Exercise 26. Match the synonyms.

	1) fault 

2) parameter

3) breakdown

4) improper engine operation

5) inspection

6) adjust

7) disassembly

8) indicate

9) unit

10) troubleshooting
	a) dismantling

b) display

c) characteristic

d) detecting and correcting faults

e) engine failure

f) examination

g) regulate
h) module

i) trouble

j) damage


Exercise 27. Make up sentences using the following word combinations.

To replace damaged parts of the engine, to monitor operating characteristics of the engine, to take necessary urgent measures, to conduct the engine-icing test, to be out of service, to transmit to the central computer, to stabilize engine parameters, to identify and solve technical problems, to include special sensors, to indicate developing problems, to cause engine failures, to troubleshoot engine problems, to increase engine service reliability, to provide the optimum engine performance, to require the major repair, to accumulate know-how in technical services.

Exercise 28. Memorize the following definitions.

1. Engine repair is making engine parts suitable for further service. 2. The engine maintenance is keeping it in good repair or working order. 3. Troubleshooting is detecting and correcting faults. 4. The engine inspection is checking it for condition and serviceability. 5. Cleaning the engine and its parts is using chemical cleaners (organic solvents or paint-stripping solutions) for washing, degreasing, for removing corrosion, heat scale and carbon from certain components. 6. Engine overhaul is removing the engine from the aircraft and sending to an overhaul base to disassemble, clean, inspect, repair and reassemble the complete engine and its accessories. 7. Engine test is ensuring its correct performance.

Exercise 29. Give definitions of the following terms: engine maintenance, engine overhaul, engine repair, engine cleaning, engine test, engine inspection, troubleshooting.

Exercise 30. Put special questions to all parts of these sentences.

1. Many present-day airlines have been accumulating know-how in technical services. 2. The computerized Reliability On Demand (ROD) program records all technical faults occurring in our fleet. 3. Engines have to be maintained according to a cost-efficient formula that guarantees safety and reliability, and is approved by the airworthiness authorities. 4. The oil pressure, temperatures, vibrations, possible leaks, and revolutions at all power settings up to full take-off power are all checked on the engine test stand. 5. The engine design, the principles of the engine operation, its systems, units and assemblies, the engine parameters control, the engine maintenance and the troubleshooting technology are presented in the Engine Maintenance Manual (Engine Maintenance Guide) and in the charts. 6. The main objectives of civil aviation enterprises are maximum safety, high level of reliability and high profitability. 

Exercise 31. Change the sentences into the Active Voice adding subjects wherever necessary.

1. Engines are checked continually, using Engine Condition Monitoring. 2. Defects are revealed, localized and eliminated. 3. The preventive engine maintenance is performed according to the Engine Maintenance Manual. 4. The material fatigue and corrosion should be identified and classified at the earliest possible stage. 5. Final inspection results are recorded on a special chart. 6. The restauration of all damages occurred are ensured with regular intermediate checks during the entire repair process. 7. Repairable parts are processed and then they are given a rigid inspection. 8. The ultrasonic scanning is employed to detect irregularities in bonded joints and reinforcements. 9. The magnetic particle inspection is performed for checking high tensile steel for cracks. 10. X-rays are used to inspect areas that are otherwise not accessible. 11. The final check of an engine after its overhaul is performed on the engine test stand. 12. All maintenance and overhaul work is aimed at ensuring maximum efficiency as well as reliability. 13. The overhaul of the engine is accomplished by the manufacturer or at approved overhaul stations.

Exercise 32. Comment on the following statements.

1. “Safety first” is the motto of the civil aviation. 2. Engines are to be kept in the working condition so that the high level of safety and reliability is maintained throughout operating life at minimum cost. 3. The major task of the maintenance sector lies in developing the aircraft and engine maintenance program. 4. The maintenance concept is based on failure development probability and capability to identify, localize and eliminate failures. 5. The possibility of any failure is to be kept at the minimum. 6. There are two basic methods of engine maintenance: the preventive or scheduled maintenance and corrective maintenance. 7. In civil aviation there exists an international computerised information system which allows airlines and aircraft manufacturers to take necessary urgent measures in serious flight incidents. 8. All maintenance operations should be performed strictly according to established procedures. 9. A measuring device installed in the engine monitors such operating characteristics as temperature, pressure, engine speed, etc. and outputs the collected data through on-board printer. 10. The flight being completed, the data printouts are fed into the ground-based computer system and then these data are transmitted to the central computer. 11. The computer compares the data obtained with the standard parameters and produces engine condition parameters, then an engine condition preliminary assessment (diagnostics) is printed out to be analysed for further thorough checks and, if needed, an engine replacement follows. 
12. For operation purposes, the maintenance system combining preventive and corrective maintenance measures should be put into practice.

Exercise 33. Translate into English.

	1. “Безпека в першу чергу”– девіз цивільної авіації.
	1. “Безопасность в первую очередь” – девиз гражданской авиации.

	2. Основною метою підприємств цивільної авіації є: максимально висока безпека, високий рівень надійності і висока рентабельність.
	2. Основными целями предприятий гражданской авиации являются: максимально высокая безопасность, высокий уровень надежности и высокая рентабельность.

	3. Необхідно утримувати двигуни працездатними, аби зберігати високий рівень безпеки і надійності протягом усього часу експлуатації, при мінімальних витратах.
	3. Необходимо содержать двигатели в исправности, чтобы высокий уровень безопасности и надежности сохранялся на протяжении всего времени эксплуатации, при минимальных расходах.

	4. Головне завдання технічного сектора полягає у складанні програм технічного обслуговування і ремонту літаків і двигунів.
	4. Главная задача технического 

сектора состоит в составлении программ технического обслуживания и ремонта самолетов и двигателей.

	5. Концепція технічного обслуговування базується на вірогідністі виникнення дефектів і можливості їх виявлення, локалізації та усунення.
	5. Концепция технического об-

служивания базируется на вероятности возникновения дефектов и возможности их обнаружения, локализации и устранения.

	6. Вірогідність виникнення дефекту має бути мінімальною.
	6. Вероятность возникновения дефекта должна быть минимальной.

	
	

	7. Існують два основних методи технічного обслуговування двигуна: профілактичне (превентивне) або планове і корективне.
	7. Существуют два основных метода технического обслуживания двигателя: профилактическое (превентивное) или плановое и коррективное.

	8. Завданням планового технічного обслуговування двигуна є запобігання виникненню дефектів під час експлуатації за допомогою профілактичних засобів.
	8. Задачей планового технического обслуживания двигателя является предотвращение возникновения дефектов во время эксплуатации с помощью профилактических мер.

	9. Основні питання програми технічного обслуговування: а) які дефекти можуть виникнути; б) який вплив цих дефектів; в) які приховані дефекти можуть виникнути та який їхній вплив у поєднанні з іншими дефектами.
	9. Основные вопросы програм-мы технического обслуживания: а) какие дефекты могут возникнуть; б) каково влияние этих дефектов; в) какие скрытые дефекты могут возникнуть и каково их влияние в сочетании с другими дефектами.

	10. У цивільній авіації існує міжнародна автоматизована інформаційна система, яка дозволяє авіакомпаніям та літакобудівельним підприємствам вживати необхідних заходів при виникненні серйозних інцидентів під час польотів, при великих пошкодженнях або аваріях.
	10. В гражданской авиации существует международная автоматизированная информационная система, которая позволяет авиакомпаниям и самолетостроительным предприятиям принимать необходимые меры при возникновении серьезных инцидентов во время полетов, при больших повреждениях или авариях.

	11. Усі технічні операції необхідно виконувати за чітко встановленими приписами.
	11. Все технические операции должны выполняться в соответствии с четко установленными предписаниями.

	12. Встановлені на двигуні датчики слідкують за такими параметрами, як температура, тиск, кількість обертів, тощо і виводять зібрану інформацію за допомогою бортового друкувального пристрою.
	12. Установленные на двигателе датчики следят за такими параметрами, как температура, давление, число оборотов и т.д. и выдают собранную информацию с помощью бортового печатного устройства.

	13. Роздруковані дані після польоту надходять до наземної комп’ютерної системи, а потім передаються у центральний комп’ютер.
	13. Данные распечатки после полета вводятся в наземную компьютерную систему и затем передаются в центральный компьютер.

	14. Комп’ютер порівнює отримані дані зі стандартними параметрами і видає характеристику стану двигуна, внаслідок чого проводяться ґрунтовні перевірки, а в разі необхідності – заміна двигуна.
	14. Компьютер производит сравнение полученных данных со стандартными параметрами и выдает характеристики состояния двигателя, вследствие чего проводятся обстоятельные проверки, а в случае необходимости – замена двигателя.

	15. З метою забезпечення надійної експлуатації двигуна має бути створена система технічного обслуговування, яка б об’єднувала в собі профілактичні та корегувальні заходи.
	15. Для обеспечения надежной эксплуатации двигателя должна быть создана система технического обслуживания, объединяющая в себе профилактические и корректировочные меры.


Exercise 34. Put 7 key questions to text 3.

Exercise 35. Write a short summary of text 3. 

Exercise 36. Speak on:
1. Engine Maintenance Technology.

2. Major Methods of Engine Maintenance.
Exercise 37. Get acquainted with the types, forms and functions of the Participle.
There are two Participles in English – Participle I and Participle II, traditionally called the Present Participle and the Past Participle. 

As you can see in the table, the Present Participle (Participle I) may have various forms.

	Present Participle

	Active Voice
	Passive Voice

	Simple (Indefinite) Tenses

	inspecting
writing
	being inspected

being written

	Perfect Tenses

	having inspected

having written
	having been inspected

having been written


Compare:

· Repairing engine parts you make them suitable for further service. Ремонтуючи частини двигуна, ви робите їх придатними до подальшої експлуатації. / Ремонтируя части двигателя, вы делаете их пригодными к дальнейшей эксплуатации.

· Having inspected the compressor blades, the technician determined the damage level. – Оглянувши лопатки компресора, технік встановив рівень пошкоджень. / Осмотрев лопатки компрессора, техник опеределил уровень повреждений.

· All necessary measures being taken by the crew, the destruction of the engine may be prevented. – Коли екіпажем вживаються всі необхідні заходи, можна запобігти руйнування двигуна. / Когда экипажем принимаются все необходимые меры, можна предотвратить разрушение двигателя.

· All necessary measures having been taken by the crew, the destruction of the engine was prevented. – Оскільки екіпажем було вжито всі необхідні заходи, руйнування двигуна було попереджено. / Так как экипажем были приняты все необходимые меры, разрушение двигателя было предотвращено .  

The Past Participle (Participle II) has only one form for all tenses. The Past Participle of regular verbs ends in -ed. The Past Participles of  irregular verbs do not have distinctive endings, e.g.: swum, gone, drunk.

Exercise 38. Form the Present Participles of the verbs and translate the pairs.

	Model:
	to operate – operating
працювати – працюючий / работать – работающий


To maintain, to inspect, to check, to troubleshoot, to eliminate, to repair, to test, to assemble, to disassemble, to reassemble, to identify, to localize, to correct.

Exercise 39. Translate the “Present Participle + Noun” combinations.
Operating equipment, warning indicator, transmitting apparatus, illustrating procedures, recording device, scanning device, magnifying glass, measuring equipment, metering pin, approving data, following statements, inspecting team, recurring inspections.

Exercise 40. Replace the attributive clauses by Participial constructions.
	Model:
	The device which provides indication of the oil pressure is new. – The device providing indication of the oil pressure is new.


1. The onboard computer which records the engine operation data is of great importance. 2. The centralized computer which presents information on its own display is widely used. 3. This device which indicates the vibration of the engine casing is of a new design. 4. Warning devices which give all necessary information to the crew in flight are located in the cockpit. 5. The troubles which result in the “low oil pressure warning indicator” response are dangerous.

Exercise 41. Complete the sentences making Participial constructions from the words in brackets and translate them.
	Model:
	We discuss the problem (deal with flight safety).

We discuss the problem dealing with flight safety.


1. The engineer installed a device (determine the quantity of fuel).

2. The teacher explains material (to have a great significance for further investigation of the problem).

3. The computerized system produces a cassette (record engine parameters).

4. The explosion resulted from the substance (be volatile).

5. We recognized the engineer (sign the engine maintenance chart).

.
.

.
Exercise 42. Give the Past Participle forms of the following verbs and translate the pairs.
	Model:
	to check

перевіряти/проверять
to write 
писати/писать
	—
—
	checked
перевірений/проверенный
written 

написаний/написанный


To test, to give, to maintain, to detect, to rise, to indicate, to correct, to hold, to centralize, to drive, to perform, to get, to repair, 
to break, to accumulate, to bring, to examine, to install, to shut, to prevent, to begin, to present, to think, to determine.

Exercise 43. Translate the Past Participles of the verbs.

Broken, corroded, damaged, cracked, worn, injured, bent, dented, chipped, weakened, scratched, buckled, displaced, warped, patched, repacked, retouched, replaced, recoated, renewed, safetied, secured, accumulated, adjusted, lubricated, tightened, attached, hinged, disassembled, depressurized, driven, broken.

Exercise 44. Translate the “Past Participle + Noun” combinations.

Maintained engine, established requirements, broken device, manufactured engine, identified failure, eliminated defect, revealed cracks, corrected failure, troubleshooted engine, repaired indicator, accumulated water, installed computer, classified fatigue, damaged bucket, removed engine, carried out checks, collected data.

Exercise 45. Write out sentences with the Present and Past Participles from texts 1, 2, 3 and translate them.

Exercise 46. Replace the attributive clauses by Participial constructions.

	 Model:
	Warning devices which are installed on board an aircraft give all necessary information to the crew in flight. – Warning devices installed on board an aircraft give all necessary information to the crew in flight.


1. The airplane which is operated on the grass strip is small. 
2. The data which were submitted for consideration were of great importance. 3. The chips which were detected in the oil system caused oil filter choking. 4. The fire which was detected in APU caused engine drive damage. 5. The fuel which is used for jet engines must be clean.
Exercise 47. Translate the sentences in the way shown.

	Model:
	The device used is a fire-detector. – Використовуваний пристрій – датчик пожежі./Используемое приспособление – пожарный датчик.


1. The control system used is reliable. 2. The method employed is progressive. 3. The article mentioned is very interesting. 4. The warning device used is an engine failure warning indicator. 5. The defects detected are hazardous. 6. The experts concerned are informed.

Exercise 48. Translate the sentences into your mother tongue. 

1. Testing new engines, the engineer sets them to low revolutions. 2. Nickel is a hard metal resembling silver in colour. 3. We have some aviation plants producing engines of various types. 4. Any vibrating object produces a sound. 5. Being covered with a thick layer of grease, the engines were delivered in good condition. 6. Having put the engine on its foundation, we fastened it with bolts and nuts. 7. Removing the engine from its box, we carefully hoisted it with chains and winches. 
8. Having been cleaned and oiled, the bearings were packed in the boxes. 9. We heard an airplane flying somewhere not from the island. 10. The carbon combines chemically with oxygen, forming the carbon dioxide. 

Exercise 49. Get acquainted with the forms and functions of the Gerund.
The Gerund is formed by adding the suffix -ing to the stem of the verb, and coincides in form with the Participle I.

The forms of the Gerund in English are as follows.

	Gerund

	Active Voice
	Passive Voice

	Simple (Indefinite) Tenses

	inspecting
writing
	being inspected

being written

	Perfect Tenses

	having inspected

having written
	having been inspected

having been written


Compare:

· A lot depends on engineer’s following the procedures specified by the manufacturer. – Багато залежить від того, чи виконують інженери інструкції завода-виробника. / Многое зависит от того, выполняют ли инженеры инструкции завода-изготовителя. 
· They were blamed for not having taken into account the corrosion of the surface. – Їх звинуватили в тому, що вони не звернули уваги на корозію поверхні. / Их обвинили в том, что они не обратили внимание на коррозию поверхности. 

· The engineers do this work without being reminded. – Інженери виконують цю роботу без нагадувань. / Инженеры выполняют эту работу без напоминаний.

· The technician was to blame for these cracks not having been revealed. – Технік винен у тому, що тріщини не було виявлено. / Техник виноват в том, что трещины не были обнаружены.

The Gerund may fulfill the following syntactic functions:

	Subject 
	Filling up the engine maintenance log book is important. – Заповнення бортового журналу – важливе. / Заполнение бортового журнала – важно. 

	Predicative 
	Its function is fuelling the aircraft. – Його призначення – заправляти літак./ Его назначение – заправлять самолет. 

	Direct object 
	He likes reading books. – Він любить читати книги./ Он любит читать книги. 

	Indirect object 
	They insisted on changing this unit. – Вони наполягали на заміні цього блоку./ Они настояли на замене этого блока. 

	Attribute 
	a) I don’t like his manner of speaking. – Мені не подобається його манера говорити./ Мне не нравится его манера разговаривать.

b) There are many ways of translating Gerund into Ukrainian. – Існує багато способів перекладу герундія українською мовою./ Существует много способов перевода герундия на украинский язык.  


	Adverbial modifier of:
a) time
	After reading the book, he returned it to me. – Прочитавши книгу, він повернув її мені./ Когда он прочитал книгу, он вернул ее мне. 

	b) manner
	Air is expanded by burning fuel. - Повітря розширяється шляхом спалювання палива. / Воздух расширяется путем сжигания топлива.


Exercise 50. Write out sentences with the Gerund from texts 1, 2 and 3. Name their functions and translate. 

Exercise 51. Name the functions of the non-finite forms of the verbs and translate the sentences.

1. Reading English books is necessary to master the language. 
2. Speaking foreign languages is of great importance for all people throughout the world. 3. Travelling into the space has always been one of the greatest dreams of men. 4. The flight engineer participates in checking all systems and units. 5. I like translating technical articles from English into Ukrainian. 6. For ages mankind has dreamed of flying to the Moon. 7. He was afraid of connecting this device to the circuit. 
8. His task was to use these materials for constructing the device. 9. On studying theory we can begin experimenting. 10. An instrument measuring current is called an ammeter, and that for measuring voltage is known as a voltmeter. 11. Compass is known to be a device for determining the direction of flight.
Exercise 52. Replace the subordinate clauses of time by the “in+Gerund” construction. 
	Model:
	Much skill is needed when you repair an engine.

Much skill is needed in repairing an engine.


1. Great care is necessary when we secure and balance cargo.
2. Deep concentration of attention is required when you carry out the visual inspection.

3. We don’t find any difficulty when we solve such problems.
4. The maintenance engineer feels satisfaction when he eliminates  failures.

.
.

Exercise 53. Answer the questions using the “for+Gerund” construction. 
	Model:
	What is the computer used for?
For controlling engine performance.


1. What does the Engine Maintenance Manual serve for? 2. What does the flight engineer prepare postflight reports for? 3. What does the log book serve for? 4. What should the samples be taken for? 5. What are fire-extinguishers used for? 6. What is the routine repair carried out for? 7. What is the cargo secured for?
Exercise 54. Join the sentences, to make a single on using the “of+Gerund” construction after the model. 

	Model:
	We should use this fire detector.
Its advantage is beyond any doubt. 

- The advantage of using this fire detector is beyond any doubt.


1. It is necessary to check this system. 

The procedure is described below.
2. The flight engineer should determine the actual fuel level, the total weight and the centre of gravity.
He knows these methods.
3. He must inform the crew about the fuel level. 

This task is rather important.
4. We can measure the fuel quantity in the fuel tank. 

This method is accurate enough.

5. We must inspect turbine nozzle blades. 

The procedure is illustrated in this chart.

Exercise 55. Join the sentences to make a single on using the “by+Gerund” construction after the model.

	Model:
	This device was tested. We increased the load. 

- The device was tested by increasing the load. 


1. We eliminated the overloading. We reduced the weight. 

2. The defects were eliminated. We replaced the damaged parts.
3. The danger of fire was reduced. They added this inhibitor to jet fuels.
4. The possibility of damage has been eliminated. We installed this device.
5. The samples were drawn for a visual check. We used the method of direct sampling.

Exercise 56. Say whether the following statements are true or false. Correct the false ones. 

1. Specialists’ training requires special equipment. 2. Speaking English isn’t great importance for every educated person. 3. Studying theory leads to experimenting. 4. Defuelling is supplying additional fuel to aircraft tanks. 5. Checking the quantity of the remaining fuel is very important. 6. Inspecting all the components critical to the mechanical operation of the engine is a flight operator’s duty. 7. Observing aircraft maintenance rules is a vital factor of providing flight safety. 8. Repairing aircraft turbojet engines of present-day generation is an easy job. 
9. Troubleshooting is defined as the detection of fault indications. 
10. Inspecting parts after they have been repaired consists mainly of magnetic inspection. 11. Reading English technical articles on aviation can’t help you learn English better.
Exercise 57. Complete the sentences and translate them, paying attention to prepositions.

1. On revealing the failures … . 2.  For understanding the operating principles ... . 3.  Before finishing the experiment ... . 4.  After studying the engine design ... . 5.  Without increasing the speed ... . 6.  In replacing the engine … . 7. Instead of including additional sensors … . 
8. In spite of taking necessary measurers … . 
Exercise 58. Read, translate and define non-finite forms of the verbs.

1. Training is an important element of preparing for any flight. 
2. Having been subjected to all necessary tests, the device was accepted to serial production. 3. Learn to speak English by speaking English. 
4. By introducing new educational means students are enabled to master the subjects quicker. 5. Aluminium has a melting point of 658.7° C. 
6. Mankind is interested in atomic energy being used only for peaceful purposes. 7. We know of Newton’s having developed the principles of mechanics. 8. Loading a motor always results in reduction of speed. 
9. In establishing the engine inspection requirements, it is necessary to consider the engine design, size, type and airplane applied. 
10. Removing and installing the engine involve engine unpackaging, external and internal depreservation of the engine.

Exercise 59. Translate the sentences focusing on the functions of the non-finite forms of the verb.

1. New technologies occupy one of the leading places among the greatest achievements of modern engineering. 2. Speaking about the new maintenance technology the engineer told us much interesting. 
3. The surface of the inlet ducts being tested should be free from any loose parts or other materials. 4. When inspecting the compressor and turbine nozzle blades, turbine nozzle diaphragm, the maintenance engineer uses optical instruments. 5. Being heated a magnet loses some of its magnetism. 6. Having revealed cracks, warping, buckling, burning, the engineer must eliminate them in accordance with manufacturer’s instructions. 7. Having completed the research, the scientist made a thorough analysis of the collected data. 8. Metals being used in industry in the form of alloys have better properties than pure metals. 9. Having been carefully tested, the device was put into  operation. 10. Having been measured with inaccurate instruments, the data were incorrect.

Exercise 60. Translate text 4 in a written form.

Text 4. Gas-Turbine Engine Troubleshooting

The troubleshooting of turbine engines follows, in general, the procedures traditionally employed for any engine; however, new and improved techniques have been developed which aid considerably in identifying and solving technical problems. Troubleshooting may be defined as the detection of fault indications and the isolation of the fault or faults causing the indications. When the fault is isolated or identified, the correction of the fault is simply a matter of applying the correct procedures.

Manufacturers and operators of gas-turbine engines work together to develop information and techniques regarding the operation of the engines and to establish techniques for troubleshooting. Numerous systems have been developed by which faults are detected, analyzed, and corrected. 
Exercise 61. Read and translate text 5 using the vocabulary at the end of the manual. 

Text 5. Inspection Procedures
After the components have been cleaned, they are visually and, when necessary, dimensionally inspected to establish their general condition and then further inspected for cracks. The inspection for cracks includes magnification, magnetic, or penetrant inspection techniques, used either alone or consecutively, depending on the components being inspected and the degree of inspection necessary.

The dimensional inspection consists of measuring specific components to ensure that they are within the limits and tolerances given in the Table of Limits. Some of the components are measured at each overhaul because only a small amount of wear or distortion is permissible. Other components are measured only when the condition found during visual inspection requires dimensional verification. The tolerances laid down for overhaul, supported by service experience, are often wider than those used during original manufacture.

Exercise 62. Make up questions on text 5.

Exercise 63. Learn the terms referring to “Engine Cleaning”.

	cleaning agent
	рідина для очищення 


	жидкость для очист-

ки 

	cleaning solution
	розчин для очищення
	раствор для очистки

	organic solvent
	органічний розчинник
	органический раст-

воритель 

	degrease
	знежирювати; 

розчиняти мастило
	обезжиривать; 
растворять смазку

	paint-stripping 
solution
	розчин для видалення 

фарби
	раствор для 

удаления краски

	acid
	кислота
	кислота

	scale
	накип
	накипь

	carbon
	вуглець
	углерод

	
	
	


Exercise 64. Read, translate and give the gist of text 6.
Text 6. Cleaning

The cleaning agents used during any engine overhaul range from organic solvents to acids, and other chemical cleaners, and extend to electrolytic cleaning solutions. Organic solvents include kerosene for washing, trichloroethane for degreasing, and paint-stripping solutions which can generally be used on the majority of components for carbon and paint removal. The more restricted and sometimes rigidly controlled acids and other chemical cleaners are used for removing corrosion, heat scale, and carbon from certain components. To achieve the highest degree of cleanliness needed to perform the detailed inspection that is considered necessary for certain major rotating parts, such as turbine disks, electrolytic cleaning solutions are often used.

Exercise 65. Answer the questions on text 6.

1. What cleaning agents are used during any engine overhaul? 
2. What are organic solvents? 3. What are acids used for? 4. When are electrolytic cleaning solutions used? 

Exercise 66. Memorize the active vocabulary to text 7.

	weld 
	зварювати
	сваривать

	welding
	1. зварка 2. зварю-вальний
	1. сварка 2. свароч-ный

	machine
	піддавати механіч-ній обробці
	подвергать механи-ческой обработке

	plate
	покривати, наносити (металеве) покриття
	покрывать, наносить (металлическое) покрытие

	electroplate
	гальванізувати, покривати металом за допомогою електролізу
	гальванизировать, покрывать металлом с помощью электролиза

	electroplating
	гальванопокриття, гальваностегія
	гальванопокрытие, гальваностегия

	chromium plating
	хромування
	хромирование

	stress
	1. напруга; наванта-ження 2. піддавати напрузі
	1. напряжение; нагрузка  2. подвергать напряжению

	hardness
	твердість
	твердость

	heat-treatment
	термічна обробка
	термическая 
обработка

	fixture
	затисний пристрій;
хомут; арматура
	зажимное приспо-

собление; хомут;

арматура

	undersize
	зменшувати розмір
	уменьшать размер

	bore
	1. отвір; канал 2. діаметр отвору або каналу 3. бур 
4. сверлити; розто-чувати
	1. отверстие; канал 2. диаметр отверстия или канала 
3. бур 4. сверлить; растачивать

	shim
	прокладка
	прокладка

	grind
	1. роздрібнювати 
2. шліфувати 
3. заточувати 
4. притирати(ся)
	1. измельчать 
2. шлифовать 
3. затачивать 
4. притирать(ся)


Exercise 67. Read, translate and give the gist of text 7.

Text 7. Engine Repair

To ensure that costs are maintained at the lowest possible level, a wide variety of techniques are used to repair engine parts to make them suitable for further service. Welding, machining, and electroplating are some of the techniques employed during any repair of engine parts.

Some repair methods, such as welding, may affect the properties of the materials, and, to restore the materials to a satisfactory condition, it may be necessary to heat-treat parts to remove the stresses, reduce the hardness of the weld area, or restore the strength of the material in the heat-affected area. Heat-treatment techniques are also used for removing distortions after welding. The parts are heated to a temperature sufficient to remove the stresses, and, during the heat-treatment process, fixtures are often used to ensure that the parts maintain their correct configurations.

Electroplating methods are also widely used for repair purposes. These methods range from chromium plating, which can be used to provide a very hard surface, to application of thin coatings of copper or silver plating, which can be applied to such areas as bearing locations on a shaft to restore a fitting diameter that is only slightly worn.

Many repairs are effected by machining diameters and/or faces to undersize dimensions or boring to oversize dimensions and then fitting shims, liners, or metal spray coatings of wear-resistant material. The affected surfaces of engine parts are then restored to their original dimensions by machining or grinding.

The inspection of parts after they have been repaired consists mainly of penetrant or magnetic inspection. However, further inspection may be required for parts that have been extensively repaired; this inspection may involve pressure testing or x-ray inspection of welded areas. 

Exercise 68. Answer the questions on text 7.

1. What techniques are used to repair engine parts? 2. What is welding? 3. What is machining? 4. What are heat-treatment techniques used for? 5. What electroplating methods are used for repair purposes? 6. What methods are used to restore the affected surfaces of engine parts to their original dimensions? 7. What are the methods for inspection of extensively repaired parts?

Exercise 69. Divide text 7 into logical parts and write a topical sentence for each part.

Exercise 70. Read, translate text 8 and copy out special terms referring to the topic “Engine Overhaul” from the text.

Text 8. Engine Overhaul

Requirements for the engine overhaul. The overhaul of a gas-turbine engine is as exacting as any other mechanical operation involving precision equipment. For this reason, it is necessary that the proper tools, equipment, and facilities be available before starting an overhaul. Overhaul of jet engines is accomplished in large civilian shops. In these shops, the manufacturer’s instructions are carried out in detail. 

Overhaul Procedures. Briefly, the overhaul of a typical engine may utilize the following procedures:

1. Mounting the engine on the proper type of the overhaul stand.

2. Removing all dirt, grease, and foreign matters.

3. Following manufacturer’s instructions, removing the electrical harness, ignition units, case-mounted accessories, air-bleed units, fuel lines and units, control rods and mechanisms, and all other externally mounted parts.

4. Removing all parts to the rear of the turbine wheels. Placing parts in suitable racks or stands.

5. Removing turbine wheels and nozzles in accordance with manufacturer’s instructions. This procedure usually includes the removal of the turbine shaft.

6. Removing the outer combustion-chamber case and liners.

7. Disassembling the compressor section. Methods for accomplishing this operation will vary considerably, depending upon the type of the casing which encloses the compressor. Great care must be taken in handling the compressor parts, because the compressor rotor and stator blades are easily damaged. Besides, the sharp edges of the blades can cause serious personal injury.

8. After the complete engine disassembly, all parts should be cleaned as specified and prepared for the inspection.

9. The inspection should include the magnetic inspection of steel parts. Some alloy-steel cannot be magnetized and these must be inspected by penetrant techniques, X-ray. All fits and clearances must be checked with precision gauges to see that they are within the limits set in the manufacturer’s table of limits.

10. Obtaining all new gaskets and seals for the assembly. It is usually not advisable to reuse any gasket or seal, because the resilience of such materials is destroyed by pressure and heat.

Exercise 71. Answer the questions on text 8.

1. What are the requirements to the engine overhaul? 2. What are the major procedures of the engine overhaul? 3. What are the main methods for accomplishing the engine dissassembly? 4. Where is the engine assembly performed after the complete engine disassembly? 
5. What are the methods of disassembling the compressor section?

.
.

.

.

Exercise 72. Read, translate and entitle text 9.

Text 9 
The state enterprise the “Motor” plant is a leading enterprise of Ukraine in the field of repairing aviation turbojet engines of the third and fourth generations.

At present “Motor” plant is providing the following services:

- overhaul of AL-21FZ aviation engines and all their components;

- guarantee and post-guarantee maintenance of the equipment repaired;

- technical assistance in operating this equipment;

- theoretical and practical training of aviation engine repair and overhaul experts.

High quality of aviation engine repair, its reliability and reasonable prices are ensured due to the availability of highly skilled personnel, unique production base and equipment, many-year repair experience. In 2000 the enterprise received the International Quality System Certificate. 

All the above as well as strict observance of contract terms secures high competitiveness and successful long-term cooperation with national and foreign partners. The enterprise has mastered and applied the most progressive methods of aviation engine repair and restoration..

Modern procedures of overhaul and control combined with different types of tests following the repair make it possible to considerably extend the engine service life and enhance reliability of repaired parts.

Exercise 73. Compress the information of text 9 to no more than 5 sentences. 

Exercise 74. Memorize the names of engine failure warning indicators.
	maximum vibra-

tion limit warning indicator
	аварійний сигналіза-

тор максимально допустимого 

рівня вібрації
	аварийный сигнали-

затор максимально допустимого уровня вибрации

	low oil pressure

warning indicator 
	аварійний сигналіза-

тор мінімального тиску масла
	аварийный сигнали-

затор минимального давления масла

	low oil level 
warning 

indicator 
	аварійний cигна-

лізатор мінімаль-

ного залишку

масла
	аварийный сигна-

лизатор минимального остатка масла

	emergency oil 
remaining warning 
indicator 
	сигналізатор аварій-

ного залишку 

масла
	сигнализатор 
аварийного остатка масла

	chips-in-oil 
warning 

indicator 
	аварійний сигналі-

затор появи мета-

левої стружки в

маслі
	аварийный сигнали-
затор появления металлической стружки в масле

	oil overheating 
warning 
indicator
	аварійний сигналі-

затор перегріву

масла 
	аварийный сигнали-

затор перегрева

масла

	emergency gas 
temperature 
warning indicator
	аварійний сигналі-

затор небезпечної

температури газу
	аварийный сигнали-

затор опасной

температуры газа

	low fuel pressure

warning 
indicator
	аварійний сигналі-

затор мінімального тиску палива
	аварийный сигнали-

затор минимального давления топлива

	engine overheat 
warning 
indicator 
	аварійний сигналі-

затор перегріву

двигуна
	аварийный сигнали-

затор перегрева

двигателя

	fire warning 
indicator
	аварійний сигналі-

затор пожежі (все-

редині двигуна)
	аварийный сигнали-

затор пожара (внутри 
двигателя)


Exercise 75. Read and translate text 10 in a written form.
Text 10. Engine Failure Warning Indicators
Engine flaws and defects are detected with the aid of warning devices installed on board an aircraft. Warning devices give all necessary information to the crew in flight. The crew take measures required to prevent any destruction of the engine. There are following engine failure warning indicators: maximum vibration limit warning indicator, low oil pressure warning indicator, low oil level warning indicator, emergency oil remaining warning indicator, chips-in-oil warning indicator, oil overheating warning indicator, emergency gas temperature warning indicator, low fuel pressure warning indicator, engine overheat warning indicator, fire warning indicator.

Exercise 76. Match the Ukrainian / Russian-English equivalents.

	1. аварійний сигналізатор пожежі / 

аварийный сигнализатор пожара 
	a) destruction of the engine

	2. аварійний сигналізатор мініма-

льного залишку масла/ аварийный сигнализатор минимального остатка масла
	b) emergency gas tempera-

ture

	3. аварійний сигналізатор перегрі-

ву двигуна/ аварийный сигнализатор перегрева двигателя
	c) low fuel pressure

	4. руйнування двигуна/ разруше-

ние двигателя
	d) chips in oil

	5. небезпечна температура газу/ 

опасная температура газа
	e) engine overheat warning

indicator

	6. мінімальний тиск палива/

минимальное давление топлива
	f) low oil level warning

indicator

	7. металева стружка в маслі/

металлическая стружка в масле
	g) fire warning indicator


Exercise 77. Find synonyms of the following words in text 10.

Fault, break-up, malfunction, help, mount, lubricant, warning light. 
Exercise 78. Divide the words into groups according to the parts of speech (nouns, adjectives, adverbs, prepositions and verb forms). 

Information, indicator, limited, overheating, device, vibration, prior to, down, without, installed, remaining, equipment, preventive, destruction, manually, warning, prevention, human, during, low, predetermined, necessary, required, with, immediately, throughout, failure, measure.
Exercise 79. Complete the sentences using the words given in brackets. Translate the sentences.
engine failures, warning devices, flight deck, crew, engine
1. Engine flaws and defects are detected with the aid of … . 
2. Warning devices are installed in the... . 3. Warning devices give all necessary information to the... . 4. The crew take measures required to prevent destruction of the... 5. Engine warning indicators indicate ... .
Exercise 80. Answer the questions on text 10. 

1. What is used to detect engine defects? 2. What devices are engine flaws and defects detected by? 3. What information do warning devices give to the crew? 4. Who takes measures to prevent destruction of the engine in flight? 5. What measures must the crew take in case of any engine failure? 6. What warning indicators are installed on board an aircraft? 7. Where are warning devices installed?

Exercise 81. Put questions to the italicizes words.

1. Engine defects are detected with the aid of warning devices. 
2. Warning devices give all necessary information to the crew in flight. 3. Warning devices are installed on board an aircraft. 4. The crew take measures required to prevent destruction of the engine in flight. 5. Engine failure warning indicators detect engine defects.
Exercise 82. Give the terms to the definitions.

1. A device indicating that the pressure in the oil system is below the predetermined level -... .
2. A device indicating that engine overheating takes place -... .
3. A device indicating that the pressure in the fuel system is below the predetermined level that is dangerous for the engine operation - … .
4. A device indicating that the amount of oil in the oil system is below the predetermined level - ... .
5. A device indicating that there are chips in the oil system -... .
6. A device indicating that the vibration of the engine casing is above the predetermined level -... .
Exercise 83. Give definitions of the following terms.

Fire warning indicator, low oil pressure warning indicator, engine overheat warning indicator, low fuel pressure warning indicator, low oil level warning indicator, chips-in-oil warning indicator, maximum vibration limit warning indicator.

Exercise 84. Nаmе emergency situation that need warning and indication to the crew.

Exercise 85. Compress the information of text 10 to 1complex sentence.

Exercise 86. Divide text 11 into logical parts and write a topical sentence for each part.

Text 11. Warning Indicators Response
The mechanical deformation or damage of gas turbine engine rotating parts leads as a rule to increasing vibration of the engine casing. The maximum vibration limit warning indicator is on in case of:
- compressor, turbine or nozzle diaphragm blades detaching;
- turbine disk damage;
- compressor damage;
- bearing damage;
- compressor rotor jamming;
- accessory drive assembly breakdown.
Troubles in the oil system operation may cause the engine shaft bearing damage with the consequent oil leakage and oil jets clogging.
The following troubles result in the “low oil pressure warning indicator” response:
- loss of sealing in oil lines;
- pipelines damage;

- loss of sealing in oil cooler;
- internal engine damage;
- reduction valve failure;
- bearings damage.
The low oil level warning indicator is on in case of the following troubles:
- oil pump drive breakdown;
- turbine bearing damage;
- labyrinth packing defect.
The chips-in-oil warning indicator is illuminated when there is:
- bearing seat damage;
- transmission internal damage;
- rotor breakdown;
- accessory drive shaft damage;
- coking.
The engine overheat and fire warning indicators are illuminated in case of:
- engine rotor bearing damage;
- labyrinth packing breakdown;
- engine drive damage; 

- fuel or oil system failure;
- compressor blades and turbine buckets damage; 

- turbine disks breakdown;
- combustion chamber components breakdown.
To prevent the engine from further destruction it should be immediately shut down in the event of any warning indicator illuminating.
Exercise 87. Make use of the suggested terminological vocabulary below in order to present the topic “Warning indicators response”.

	detaching 
	обрив, від’єднання
	обрыв, разъединение

	jamming 
	заклинювання
	заклинивание

	oil jet
	масляна форсунка
	масляная форсунка

	clogging
	засмічення, забиття
	засорение, забивание

	response 
	спрацювання 
	срабатывание

	sealing 
	1. ущільнення 2. ізоляція 3. герметизація, усунення негерметичності
	1. уплотнение 2. изоляция 3. герметизация, устранение негерметичности 

	oil cooler
	маслорадіатор
	маслорадиатор

	labyrinth packing 
	лабіринтне 
ущільнення
	лабиринтное 

уплотнение

	coking
	нагароутворення
	нагарообразование

	shut down
	вимикати, зупиняти

(двигун)
	выключать, останав-

ливать (двигатель)

	shutdown
	зупинка, вимкнення

(двигуна)
	останов, выключе-

ние (двигателя) 

	choking
	засмічення, забиття
	засорение, забивание

	reduction valve
	редукційний клапан
	редукционный 

клапан


Exercise 88. Match the equivalents.

	1. choking
	a) packing 

	2. breakdown
	b) malfunction 

	3. sealing
	c) clogging 

	4. trouble
	d) damage

	5. switch on
	e) signal 

	6. activate
	f) be on 

	7. illuminate
	g) actuate

	8. warn 
	h) turn on


Exercise 89. Translate universal words. Mind the difference in their pronunciation, spelling in English and Ukrainian/Russian. 
Deformation, rotation, maximum, vibration, limit, component, indicator, compressor, diaphragm, assembly, operation, labyrinth, transmission, rotor, construction, functional, system, element, process, phase, activities.

Exercise 90. Give derivatives of these words with reference to 
text 11.
Operate, proper, adequate, collide, warn, vibrate, coke, pack, lose, seal, respond, remain, heat, form, rotate, increase, case, detach, break, clog, press, indicate, follow, transmit, fail, far.

Exercise 91. Find English equivalents of the following terms in text 11. 
Пошкодження двигуна/ повреждение двигателя; максимально допустимий рівень вібрації/ максимально допустимый уровень вибрации; аварійний залишок масла/ аварийный остаток масла; небезпечна температура газу/ опасная температура газа, мінімальний тиск палива/ минимальное давление топлива; обрив лопатки/ обрыв лопатки; поява металевої стружки в маслі/ появление металлической стружки в масле; псування диска турбіни/ повреждение диска турбины; заклинювання ротора компресора/ заклинивание ротора компрессора; витік масла/ утечка масла; засмічення форсунок/ засорение форсунок; порушення герметичності в магістралях системи змащення/ нарушение герметичности в магистралях системы смазки; пошкодження ущільнень/ повреждение уплотнений; руйнування підшипника/ разрушение підшипника; коксування масла/ коксование масла; руйнування привода двигуна/ разрушение привода двигателя; зупинення двигуна/ останов двигателя; пожежа в двигуні/ пожар в двигателе.
Exercise 92. Give Ukrainian/Russian equivalents.

Engine overheat, mechanical deformation, engine casing, fire indication, loss of sealing, oil lines, bearing damage, reduction valve failure, labyrinth packing defect, fire warning, engine drive damage, fuel system failure, turbine disks breakdown.
Exercise 93. Translate the terms using a dictionary if necessary.

Pipe breakdown, engine destruction, autopilot imperfection, drive shaft damage, tank rupture, engine stopping, surface crack, pressurization problem, fuel exhaustion, fuel spill, engine disintegration, engine tearway, oil leakage, compressor stall, oil starvation, oil exhaustion, engine surge, asymmetrical thrust reversal.
Exercise 94. Match attributes (b) and nouns (a) to make as many nominative word combinations as possible.

a) defect, failure, device, deformation, damage, cooler, overheat, breakdown, indicator; 
b) engine, oil, bearing, mechanical, warning, rotor, system, packing.

Exercise 95. Complete the sentences with reference to text 11.

1. The mechanical deformation or damage of gas turbine engine rotating parts leads as a rule to ... . 2. Troubles in oil system operation may cause ... . 3. The engine overheat warning indicator is illuminated in case of... . 4. The maximum vibration limit warning indicator is on in the event of… . 5. To prevent the engine from further destruction it should be ...  .
Exercise 96. Make up sentences using the following verbs.

To be equipped (with), to depend (on), to be designed (for), to serve (for), to lead (to), to be caused (by), to result (in), to result (from), to prevent (from), to be on, to be illuminated (in case of).
.
.

Exercuse 97. Play the role of an interpreter.

	- Як виявити відмови
двигунів?/ Как обнаружить

отказы двигателя?
	- Engine failures are detected with the aid of warning devices. 

	- В якому випадку необхідне 
вимкнення двигуна в
польоті?/ В каком случае необходимо выключить двигатель в  полете?
	- In the event of any warning

indicator illuminating the

engine should be immediately

shut down to prevent it from

further destruction.

	- Що може спричинити
підсилення вібрації 

корпусу двигуна?/ Что может вызвать усиление вибрации корпуса двигателя?
	- As a rule, increasing vibration

of the engine casing results

from mechanical deforma-

tion or damage of gas

turbineengine rotating parts.

	- Чим небезпечні дефекти в
системі змащення двигуна?/ Чем опасны дефекты в

системе смазки двигателя?
	- Troubles in oil system operation

may lead to engine shaft bearing

 damage and oil jets clogging.

	- Коли спрацьовує аварійний 

сигналізатор “Мінімальний

тиск масла”?/ Когда срабатывает аварийный сигнализатор “Минимальное давление масла”?
	- The “low oil pressure warning

indicator” response is caused by .

the loss of sealing in oil lines

and pipelines damage. 



	- Мабуть, найнебезпечнішою
є пожежа в двигуні, чи не

так?/ Наверное, самое

опасное – это пожар в

двигателе, не так ли?
	- Exactly. When the engine is

on fire this may even lead to

engine detaching.


Exercise 98. Change the sentences into the Passive Voice.

1. They are carrying out the visual examination of fire detectors. 2. We may detect engine defects with the aid of engine failure warning indicators. 3. This device indicates the vibration of the engine casing. 
4. Human errors in the cockpit have caused the engine failure. 5. Foreign objects in engine ducts may cause vibration and fairing breakdown. 6. The flight engineer must test the chips-in-oil warning indicator.7. The crew could have taken measures to prevent the engine destruction.
Exercise 99. Change the sentences into the Past and Future 
Indefinite Passive.
	Model:
	Engine defects are detected with the aid of warning devices. 

Engine defects were detected with the aid of warning devices.
Engine defects will be detected with the aid of warning devices.


1. Engine failure warning indicators are installed on board an   aircraft. 2. The engine overheat and fire warning indicators are illuminated in case of the fuel or oil system failure. 3. The left engine is cut off. 4. The fire is extinguished. 5. The visual inspection of the fire-extinguishing equipment is carried out each month. 6. The cause of coking is investigated. 7. This device is used for indicating pressure in the oil system. 8. Flight conditions are complicated by engine failures.
Exercise 100. Use the verbs in brackets’ an appropriate tense and voice form.

1. Engine defects (to detect) with the aid of warning devices. 
2. Engine failure warning indicators (to install) on board an aircraft last month. 3. The engine overheat warning indicator (to illuminate) in case of the engine rotor bearing damage. 4. The pipelines damage (to result) in the “low oil pressure warning indicator” response. 5. The fire warning indicator (to illuminate) in case of drive damage.

Exercise 101. Answer the questions on text 11.

1. What may the mechanical deformation or damage of gas turbine engine rotating parts lead to? 2. What does oil leakage or oil jets clogging result in? 3. What will cause engine overheat and warning indicators illuminating? 4. What indicator must be on in case of oil coking? 5. What may lead to engine shaft bearing damage? 6. What may compressor rotor jamming be caused by?

Exercise 102. Translate into English.
	1. З руйнуванням обертових 

елементів газотурбінного двигуна збільшується рівень вібрації корпусу двигуна.
	1. При разрушении вращающих-

ся элементов газотурбинного двигателя, увеличивается уровень вибрации корпуса двигателя.

	2. Порушення роботи маслосистеми призводить до руйнування опор двигуна, течі масла та засмічення форсунок.
	2. Нарушения в работе маслоси-

стемы приводят к разрушению опор двигателя, утечке масла и засорению форсунок.

	3. У разі спрацьовування одного 

із аварійних сигналізаторів, необхідно вимкнути двигун, аби запобігти його подальшому руйнуванню.
	3. Для предотвращения даль-

нейшего разрушения двигателя в случае срабатывания одного из аварийных сигна-лизаторов, необходимо вык-лючить двигатель.

	4. У разі руйнування опор рото-

ра двигуна спрацьовує сигналізація “Пожежа всередині двигуна”.
	4. В случае разрушения опор 
ротора двигателя срабатывает сигнализация “Пожар внутри двигателя”.

	5. Порушення в роботі системи 

змащення можуть призвести до руйнування турбопроводу та підшипників.
	5. Нарушение работы системы 
смазки может привести к повреждению трубопровода и подшипников.

	6. Двигун слід вимкнути також у

випадку витікання масла.
	6. Двигатель следует выключить 

и в случае утечки масла.

	7. Через пожежу в двигуні мож-

ливий його обрив.
	7. Из-за пожара в двигателе воз-

можен его обрыв.

	8. Витікання палива в лівому

двигуні.
	8. Утечка топлива в левом 

двигателе.

	9. Для виявлення відмов двигу-

на на борту встановлюється аварійна сигналізація.
	9. Для обнаружения отказов 

двигателя на борту устанавливается аварийная сигнализация.

	10. Аварійні сигналізатори, 

встановлені на борту літака, надають інформацію екіпажу.
	10. Аварийные сигнализаторы, 

установленные на борту самолета, выдают информацию экипажу.

	11. Екіпаж вживає заходів, аби 

запобігти руйнуванню 

двигуна.
	11. Экипаж принимает меры для 
предотвращения разрушения двигателя.


.
.Exercise 103. Translate text 12 in a written form.

Text 12. Engine Shutdown
Engine shutdown occurs either manually by moving the auxiliary power unit (APU) switch to “off”, or automatically in the event of overheat, low oil pressure, high oil temperature or APU fire warning. The low oil pressure warning provides indication of unsafe oil pressure during engine operation. A “fault light” for each reverser is located in the engine module on the overheat panel. When this fault light is illuminated, the Master Caution is triggered after 15 seconds to indicate that a subsequent failure in the reverser system may cause uncommanded reverser motion.

Exercise 104. Read, translate and give the gist of text 13.

Text 13. Fault Indicators

Fault indicators include any instruments or devices on an aircraft which can give a member of the crew information about a problem developing in the operation of the engine. These indicators may be divided into two groups: the standard engine instruments used to monitor the operation of the engines, and special devices designed to detect indications of trouble which may not be revealed by the engine instruments. Typical engine instruments for a gas-turbine engine are oil-temperature gauges, oil-pressure gauges, and fuel gauges. When turboprop engines are installed, torque-indicating gauges are often included. These instruments are all effective in detecting faults. In addition to the standard instruments, built-in troubleshooting equipment (BITE) systems are often installed. These systems include special sensors and transducers which produce signals of vibration and other indications that are indicative problems. By comparing the tendency of engine parameters to change up or down, the technician can troubleshoot engine problems. 

Exercise 105. Write key questions to text 13.
Exercise 106. Decode the following abbreviations: APU, EGT, BITE, OC maintenance, ROD program, FAA, FAR, IA, FSDO, ICAO, IATA, AAIP, AD, FCC, IPC, LRU.

Exercise 107. Speak on:

1. Engine Inspection and Servicing Requirements.

2. Types of Engine Inspection.

3. Engine Overhaul.

4. Engine Maintenance. 

5. Engine Failure Warning Indicators. 

6. Warning Indicators Response. 

7. Engine Shutdown.
	VOCABULARY

A

	abnormal attitude
	неправильне положення (літака в повітрі)
	неправильное положение (самолета в воздухе)

	aboard an airplane 
	на борту літака 
	на борту самолета 

	abreast
	у ряд
	в ряд

	absorb 
	поглинати
	поглощать

	accelerate
	прискорювати
	ускорять

	accessory
	допоміжний агрегат
	вспомогательный агрегат

	accessory section
	відсік агрегатів, секція допоміжних агрегатів
	отсек агрегатов, секция вспомогательных агрегатов

	accident 
	катастрофа, аварія 
	катастрофа, авария 

	accompany
	cупроводжувати
	сопровождать

	accomplish 
	здійснювати; завершувати
	осуществлять; завершать

	accordance
	узгодженість, відповідність
	cогласованность, соответствие

	account for
	1. відповідати (за щось) 2. звітувати (в чомусь) 
3. пояснювати (щось) 
4. складати (якусь частину чого небудь)
	1. отвечать (за что-л.)     2. отчитываться (в чем-л.) 3. объяснять (что-л.) 4. составлять (какую-то часть чего-л.)

	acid
	кислота
	кислота

	actuate
	приводити в дію
	приводить в действие

	actuating cylinder
	силовий циліндр
	силовой цилиндр

	actuator
	привід; виконавчий механізм; силовий циліндр 
	привод; исполнительный механизм; силовой цилиндр 

	additional
	додатковий
	дополнительный

	adjust 
	регулювати
	регулировать

	adopt
	приймати
	принимать

	advanced technology
	передова технологія
	передовая технология

	adverse 
	несприятливий
	неблагоприятный 

	aerial photography
	аерофотозйомка
	аэрофотосъемка

	aerodrome
	аеродром
	аэродром 

	aerodyne
	важчий за повітря літальний апарат 
	летательный аппарат тяжелее воздуха

	aeroplane 
	літак
	самолет

	aerostat
	аеростат
	аэростат

	afterburner
	форсажна камера
	форсажная камера

	agricultural 

airplane
	літак для обслугвування сільського господарства 
	самолет для обслуживания сельского хозяйства 

	aid
	1. засіб, забезпечення 
2. прилад, апарат
	1. средство, обеспечение 
2. устройство, аппарат

	aileron
	елерон
	элерон

	air conditioning
	кондиціювання повітря
	кондиционирование воздуха

	air incident 
	авіаційна пригода
	авиационное происшествие

	air intake
	повітрязабирач
	воздухозаборник

	air screw 
	повітряний гвинт 
	воздушный винт 

	air stream
	повітряний потік
	воздушный поток

	air traffic 
	повітряний рух 
	воздушное движение

	air traffic control (ATC)
	керування повітряним рухом (УПР)
	управление воздушным движением (УВД)

	Air Transport Association
	Авіатранспортна асоціація
	Авиатранспортная ассоциация 

	aircraft 
	повітряне судно (судна); літальний апарат(и); літак(и), борт
	воздушное судно (суда); летательный аппарат(ы); самолет(ы), борт

	aircraft 

performance
	льотно-технічні харак-теристики літака
	летно-технические характеристики самолета

	aircraft moun-

tain collision
	зіткнення літака з горою
	столкновение самолета с 

горой

	airfield 
	1. льотне поле(аеродрому) 2. грунтовий аеродром
	1. летное поле (аэродрома) 2. грунтовой аэродром

	airflow
	повітряний потік
	воздушный поток

	airfoil
	аеродинамічна поверх-ня/ профіль
	аэродинамическая поверхность/ профиль

	airframe 
	планер/ корпус літального 
апарату
	планер/ корпус летательного аппарата

	air-fuel mixture
	повітряно-паливна суміш 
	воздушно-топливная смесь 

	airplane 
	літак
	самолет

	airplane carrier
	авіаносець
	авианосец 

	airport
	аеропорт
	аэропорт

	airship
	дирижабль
	дирижабль

	airworthiness
	льотна придатність, придатність до льотної екс-плуатації
	летная годность, годность к летной эксплуатации

	airworthiness directive (AD)
	директива/ інструкція щодо забезпечення льотної придатності
	директива/ инструкция по обеспечению летной годности

	airworthy
	придатний до експлуатації
	годный к эксплуатации

	alert 
	1. тривога, попередження про небезпеку; сигнал небезпеки 2. попереджати про небезпеку
	1. тревога, предупреждение об опасности; сигнал опасности 2. предупреждать об опасности

	alloy
	сплав
	сплав

	alter
	змінювати(ся), переробляти
	изменять(ся), переделывать

	altitude
	висота (над рівнем моря) 
	высота (над уровнем моря)

	ambient air 
	навколишнє повітря 
	окружающий воздух

	ambulance airplane
	санітарний літак
	санитарный самолет

	amphibious airplane
	літак-амфібія
	самолет-амфибия

	angle of attack
	кут атаки
	угол атаки

	angle of incidence
	кут установки
	угол установки

	annual
	річний, щорічний
	годовой, ежегодный

	annular (type) combustion chamber
	кільцева камера згорання
	кольцевая камера сгорания

	antiicing system
	система протизаледеніння / протиобмерзання
	противообледенительная система

	antiskid system
	протиюзова система
	противоюзовая система

	appendix
	додаток 
	приложение 

	applicable
	придатний; уживаний 
	пригодный; применимый

	applicant
	1. позивач 2. кандидат
	1. заявитель 2. кандидат

	apply
	прикладати; застосовувати
	прилагать; применять 

	approach 
	1. заходження на посадку 2. наближення 
	1. заход на посадку 2. приближение 

	approve
	затверджувати, схвалювати
	утверждать, одобрять

	apron
	перон
	перрон 

	area
	1. площа; простір 2. ділянка; сфера; зона; район 3. поверхня


	1. площадь; пространство 
2. область; сфера; зона; район 3. поверхность 

	arrangement
	1. розміщення, розташування 2. пристрій, механізм
	1. размещение, расположение 2. устройство, механизм

	artificial
	штучний
	искусственный

	aspect ratio
	відносне подовження (крила)
	относительное удлинение (крыла)

	assemble 
	збирати, монтувати
	собирать, монтировать

	assign
	1. призначати 2. встановлювати
	1. предназначать 2. устанавливать

	assist
	допомагати
	помогать

	atomize
	розпилювати
	распылять

	attach
	кріпити, прикріплювати, приєднувати
	крепить, прикреплять, присоединять

	attachment fitting
	вузол кріплення
	крепёжный узел

	attack airplane
	штурмовик
	штурмовик

	attitude 
	положенняв просторі
	положение в пространстве

	augment
	збільшувати
	увеличивать

	authorization 
	санкціонування; дозвіл
	санкционирование; разрешение

	authorized
	1. дозволений, санкціонований 2. уповноважений
	1. разрешенный, санкционированный 2. уполномоченный

	autogiro
	автожир
	автожир

	auxiliary
	допоміжний
	вспомогательный

	auxiliary power unit (APU)
	допоміжна силова установка (ДСУ)
	вспомогательная силовая установка (ВСУ)

	availability
	1. наявність 2. доступність 3. придатність
	1. наличие 2. доступность 
3. (при)годность

	available
	що є в розпорядженні; доступний
	имеющийся в распоряжении; доступный

	axial-flow compressor
	осьовий компресор
	осевой компрессор

	axis (pl. axes)
	вісь
	ось


B

	baggage
	багаж
	багаж

	balance
	1. рівновага; балансировка 2. противага     3. зрівноважувати; балансувати
	1. равновесие; балансировка 2. противовес       3. уравновешивать; балансировать

	balance tab
	компенсатор 
	компенсатор 

	ball bearing
	кульковий підшипник
	шариковый подшипник

	balloon
	аеростат; повітряна куля
	аэростат; воздушный шар

	band
	стрічка; полоса
	лента; полоса

	bank 
	1. віраж, розворот, крен 2. виконувати віраж 
	1. вираж, разворот, крен 
2. выполнять вираж

	beam
	балка, лонжерон; брус
	балка, лонжерон; брус

	bearing
	підшипник
	подшипник

	bend (bent, bent)
	згинати, вигинати
	сгибать, выгибать

	biplane
	біплан
	биплан

	bird strike
	зіткнення з птахом
	столкновение с птицей

	blade
	лопатка (компресора)
	лопатка (компрессора)

	blade seal
	обтюратор
	обтюратор

	bladed disk 
	диск з лопатками 
	диск с лопатками

	bogie
	візок (шасі)
	тележка (шасси)

	bogie beam
	балка візка (шасі)
	балка тележки (шасси)

	bolt
	1. болт 2. кріпити болтами
	1. болт 2. крепить болтами

	bomber 
	бомбардувальник
	бомбардировщик 

	booster
	прискорювач; підсилю-вач
	ускоритель; усилитель

	bore
	1. отвір; канал 2. діаметр отвору або каналу 3. бур 4. сверлити; розточу-вати
	1. отверстие; канал 2. диаметр отверстия или канала 3. бур 4. сверлить; растачивать 

	bottom 
	нижня частина, низ 
	нижняя часть, низ 

	box type wing 
	крило коробчаcтого/ кесонного типу
	крыло коробчатого/ кесcон-ного типа

	box-beam type wing
	крило з коробчастим лонжероном
	крыло с коробчатым лонжероном

	box-spar wing
	крило з коробчастим лонжероном
	крыло с коробчатым лонжероном

	bracing
	кріплення; розчалка, розтяжка 
	крепление; расчалка, растяжка 

	bracket
	кронштейн
	кронштейн

	brake
	1. гальмо 2. гальмувати
	1. тормоз 2. тормозить 

	breakdown 
	поломка, несправність, вихід з ладу
	поломка, неисправность, выход из строя

	bucket 
	лопатка (турбіни)
	лопатка (турбины)

	buckling
	короблення, випинання
	коробление, выпучивание

	build up (pressure)
	створювати/ нарощу-вати (тиск)
	создавать/ наращивать (давление)

	bulkhead
	перегородка, суцільний шпангоут
	перегородка, сплошной шпангоут

	burn
	спалювати, горіти
	cжигать, гореть

	burner
	камера згорання
	камера сгорания

	bypass
	1. обхід; перепуск (повітря, рідини) 2. обхідний (про трубопровід); перепускний (про клапан) 3. двоконтурний (про двигун) 4. перепускати (повітря, рідину)
	1. обход; перепуск (воздуха, жидкости) 2. обходной (о трубопроводе); перепускной (о клапане) 3. двухконтурный (о двигателе) 4. перепускать (воздух, жидкость)

	bypass engine
	двоконтурний двигун
	двухконтурный двигатель

	bypass ratio
	ступінь/ коефіцієнт двоконтурності
	степень/ коэффициент двухконтурности


C

	cable
	1.трос 2. кабель
	1. трос 2. кабель

	cam
	кулачок, ексцентрик 
	кулачок, эксцентрик

	camber
	кривизна, вигнутість 
	кривизна, выпуклость

	canard-type-tail 

airplane
	літак типа «качка» 
	самолет типа «утка»

	cannular type combustion chamber
	трубчато-кільцева камера згорання 
	трубчато-кольцевая камера сгорания

	canopy
	ліхтар кабіни екіпажу
	фонарь кабины экипажа

	cantilever 
	консольний, вільнонесний
	консольный, свободнонесущий

	can-type combustion chamber
	трубчата / індивідуальна камера згорання  
	трубчатая / индивидуальная камера сгорания

	cap
	кришка, ковпак
	крышка, колпачок

	capability
	здатність
	способность

	capacity
	1. здатність 2. продуктивність; потужність 
3. вантажопідйом-ність 4. місткість, ємність; літраж;об’єм 
	1. способность 2. производительность; мощность 3. грузоподъем-ность 4. вместимость, емкость; литраж; объем 

	carbon
	вуглець
	углерод

	carbon deposit
	наліт сажі
	налет сажи 

	cargo
	вантаж
	груз

	cargo bay
	вантажний відсік 
	грузовой отсек

	cargo capacity
	вантажомісткість
	грузовместимость

	carrier-based 

airplane
	літак авіаносного базу-вання
	самолет авианосного базирования

	cargo hold 
	вантажний відсік
	грузовой отсек 

	casing
	кожух, корпус
	кожух, корпус

	casting
	відливка
	отливка

	casual
	випадковий, нерегулярний; тимчасовий 
	случайный, нерегулярный; временный

	cause
	1. причина 2. спричиняти; викликати
	1. причина 2. причинять; 
вызывать

	cavity
	пустота, пустотілість; порожнина
	пустота, пустотелость; полость

	centre 
	центр
	центр

	centre section
	1. центральна частина, центральний відсік 
2. центроплан
	1. центральная часть, центральный отсек 2. центроплан

	centering
	1. центрування 2. обробка центрових отворів
	1. центрирование 2. обработка центровых отверстий

	centering cam
	центрувальний кулачок, кулачковий диск
	центрирующий кулачок, кулачковый диск

	centre of gravity
	центр ваги
	центр тяжести

	centrifugal compressor
	відцентровий компресор
	центробежный компрессор

	certificate
	1. сертифікат 2. сертифікувати
	1. сертификат 2. сертифицировать

	chart 
	карта; схема 
	карта; схема  

	chamber
	1. камера; відсік, відді-лення 2. поміщати в камеру
	1. камера; отсек; отделение 2. помещать в камеру

	check (for) 
	перевіряти (на наявність) 
	проверять (на наличие) 

	checklist
	технологічна карта, карта технічного обслуговування
	технологическая карта, карта технического обслуживания

	chips-in-oil warning indicator
	аварійний сигналізатор появи металевої стружки в маслі
	аварийный сигнализатор появления металлической стружки в масле

	choking
	засмічення, забиття
	засорение, забивание

	chord
	хорда
	хорда

	chord-wise member
	поперечний елемент (конструкції)
	поперечный элемент (конструкции)

	chromium plating
	хромування
	хромирование

	circular
	круглий
	круглый

	circumference 
	окружність, коло; перифе-рія
	окружность, периферия

	circumferential 
	круговий, кільцевий; периферичний 
	круговой, кольцевой; периферический

	civil airplane 
	літак цивільної авіації
	самолет гражданской авиации

	clean 
	чистити, прочищати 
	чистить, прочищать

	cleaning solution
	розчин для очищення
	раствор для очистки

	cleaning agent
	рідина для очищення 
	жидкость для очистки 

	clear (of)
	на відстані (від)
	на расстоянии (от) 

	clearance
	1. проміжок; просвіт 
2. люфт 3. запас висоти, кліренс 4. дозвіл (на дії в польоті)
	1. зазор; промежуток; просвет 2. люфт 3. запас высоты, клиренс 4. разрешение (на действия в полете)

	climb
	1. набір висоти 2. набирати висоту, підніматися
	1. набор высоты 2. набирать высоту, подниматься

	clogging
	засмічення, забиття
	засорение, забивание

	coating
	покриття, захисний шар
	покрытие, защитный слой

	coaxial
	коаксіальний, зі спільною віссю
	коаксиальный, соосный

	cockpit 
	кабіна екіпажу
	кабина экипажа

	coking
	нагароутворення
	нагарообразование

	combat airplane
	винищувач-бомбарду-вальник
	истребитель-бомбар-дировщик

	combustion 
	згорання
	сгорание

	combustion chamber
	камера згорання 
	камера сгорания

	combustor
	камера згорання
	камера сгорания

	compartment
	відсік, відділення 
	отсек, отделение

	commence 
	починати (ся)
	начинать (ся)

	compilation
	компіляція, компілювання, складання (довідників)
	компиляция, компилирование, составление (справочников)

	complete
	закінчувати, завершувати
	заканчивать, завершать

	complete combustion 
	повне згорання 
	полное сгорание

	compliance


	1. відповідність 2. піддатливість, поступливість
	1. соответствие 2. уступчивость, податливость

	complicate
	ускладнювати
	осложнять

	composite
	сплав, композитний мате-ріал
	сплав, композитный материал

	compress
	стискати
	сжимать

	compression
	стиснення
	сжатие

	compression ratio
	1. ступінь стиснення 
2. перепад тиску
	1. степень сжатия 2. перепад давления

	compression tester
	прилад для випробування тиску/ компресії
	прибор для определения давления/ компрессии

	compressor 
	компресор
	компрессор

	compressor discharge air
	повітря, що виходить з компресора
	воздух, поступающий от компрессора 

	comprise
	містити в собі; охоплю-вати
	заключать в себе; охватывать

	concave 
	ввігнутий, впалий
	вогнутый, впалый

	concentric 
	концентричний
	концентрический

	concept
	поняття, концепція 
	понятие, концепция

	concurrent 
	одночасний;сумісний
	одновременный; совместный 

	concurrently 
	одночасно; сумісно
	одновременно; совместно

	condensate
	конденсат
	конденсат

	conditioning 
	кондиціювання
	кондиционирование

	consecutively
	послідовно
	последовательно

	consumption
	витрата, споживання 
	расход, потребление

	contamination
	забруднення
	загрязнение

	continuous
	безперервний
	непрерывный

	continuous airworthiness 
	збереження льотної придатності
	сохранение летной годности

	control
	1. керування 2. орган керування 3.керувати, регулювати
	1. управление 2. орган уп-равления 3.управлять, регулировать

	control column
	ручка/колонка керування
	ручка/колонка управления

	control mechanism
	механізм керування
	механизм управления

	control stick
	ручка керування
	ручка управления

	control surface
	площина керування, кермо
	плоскость управления, руль

	control system
	система керування 
	система управления 

	conventional 
	звичайний 
	обычный 

	convergent
	звужуваний 
	сужающийся 

	convergent-divergent exhaust nozzle
	надзвукове сопло
	сверхзвуковое сопло

	conversion
	перетворення
	преобразование

	convert 
	перетворювати 
	преобразовывать 

	cooling system
	система охолодження 
	система охлаждения 

	corrosion-resis-tant
	корозієстійкий  
	коррозиоустойчивый

	couple
	1. пара сил; момент пари сил 2. з’єднувати; зв’язувати 
	1. пара сил; момент пары сил 2. соединять, сцеплять; связывать 

	covering
	обшивка, покриття 
	обшивка, покрытие 

	cowl(ing)
	капот (двигуна); обтікач
	капот (двигателя); обтекатель

	crack
	1. тріщина 2. давати тріщину, тріскатися
	1. трещина 2. давать трещину, трескаться

	cracking
	утворення тріщин
	образование трещин

	crank
	кривошип, коліно, колінчатий важіль
	кривошип, колено, коленчатый рычаг

	cranking
	прокрутка (двигуна)
	прокрутка (двигателя)

	crash
	1. катастрофа, аварія 
2. розбиватись, зазнавати аварії
	1. катастрофа, авария     
 2. разбиваться, терпеть аварию

	crew
	екіпаж
	экипаж

	cross section
	поперечний переріз
	поперечное сечение

	crosswind
	боковий вітер 
	боковой ветер 

	cruising speed
	крейсерська швидкість
	крейсерская скорость 

	cu ft (cubic foot)
	кубічний фут
	кубический фут 


D

	damp
	демпфірувати, гасити коливання
	демпфировать, гасить колебания

	damper
	демпфер 
	демпфер 

	deceleration
	зменшення швидкості, сповільнення
	уменьшение скорости, замедление

	deflect 
	відхиляти(ся)
	отклонять(ся) 

	defuel(l)ing
	зливання палива
	слив топлива

	degrease
	знежирювати; розчиняти мастило
	обезжиривать; растворять смазку

	deliver 
	постачати 
	подавать 

	deposit
	1. відкладення 2. осадок, відстій 3. нагар; накип 4. відкладатися 5. осаджуватися
	1. отложение 2. осадок, отстой 3. нагар; накипь 
4. отлагаться 5. осаждаться 

	depreservation
	розконсервація
	расконсервация

	derive 
	отримувати 
	извлекать 

	descend
	знижуватися
	снижаться

	descent
	спуск, зниження
	спуск, снижение

	design
	1. проек 2. конструкція 
3. схема; креслення; план 4. проектувати; розробляти; конструювати
	1. проект 2. конструкция 
3. схема; чертеж; план 
4. проектировать; разрабатывать; конструировать

	design speed
	розрахункова швидкість
	расчетная скорость 

	detaching 
	відрив, від’єднання
	обрыв, разъединение

	detect 
	виявляти 
	обнаруживать 

	deterioration
	зношування, зтирання; пошкодження 
	износ, истирание; повреждение 

	development
	1. розвиток 2. розробка
	1. развитие 2. разработка

	device
	пристрій
	устройство

	diffuse
	розпилювати 
	распылять 

	diffuser 
	дифузор
	диффузор

	dihedral angle
	кут поперечного V 
	угол поперечного V

	dip-stick
	вимірювальна рейка (для вимірювання рівня рідини)
	мерная рейка (для измерения уровня жидкости)

	direct 
	1. прямий; безпосередній 2. направляти
	1. прямой; непосредственный 2. направлять

	direction
	спрямування
	направление

	directional control
	керування за курсом
	управление по курсу

	disassembly
	демонтаж 
	демонтаж 

	discharge
	відводити, скидати, випускати
	отводить, сбрасывать, выпускать

	discrepancy
	розбіжність; відхилення (від норми)
	расхождение; отклонение (от нормы)

	discrepancy form
	форма/бланк невідповідності
	форма/бланк несоответствия 

	disk 
	диск
	диск

	distortion
	деформація, скривлення, короблення
	деформация; искривление, коробление

	distribution
	розподіл
	распределение

	divergent
	1. що розходиться, дивергентний 2. що відхиляється
	1. расходящийся, дивергентный 2. отклоняющийся

	door
	1. двері 2. стулка (ніші шасі)
	1. двери 2. створка (ниши шасси)

	door lock
	двірний замок /запор
	дверной замок /запор

	double-deck 
	двопалубний 
	двухпалубный

	double-entry
	двовхідний
	двухвходной

	double-sided
	двосторонній
	двусторонний

	down lock
	замок висунутого положення (шасі)
	замок выпущенного положения (шасси)

	drag
	лобовий опір
	лобовое сопротивление

	drag strut
	діагональний підкіс (шасі)
	диагональный подкос (шасси)

	drain
	1. злив, відвід, дренаж 
2. зливати; осушувати
	1. слив, отвод, дренаж 
2. сливать, осушать 

	drain valve


	зливний кран, кран для зливу
	сливной кран, кран слива

	drive
	1. привод, передача, тяга 2. приводити в дію
	1. привод, передача, тяга 
2. приводить в действие

	drive shaft
	привідний вал, ведучий вал
	приводной вал, ведущий вал

	drum
	барабан
	барабан

	duct
	1. канал; тунель           2. тракт 3. труба, трубопровід; патрубок
	1. канал; тунель 2. тракт 
3. труба, трубопровод; патрубок

	dumping
	гасіння 
	гашение 

	durability
	1. довговічність; термін дії 2. міцність; витривалість
	1. долговечность; срок службы 2. прочность; выносливость

	durable
	довговічний, витривалий
	долговечный, прочный


E

	efficiency
	ефективність, ККД (коефіцієнт корисної дії)
	эффективность, КПД (коэффициент полезного действия)

	electric power
	електроенергія 
	электроэнергия

	electroplate
	гальванізувати, покривати металом за допомогою електролізу
	гальванизировать, покрывать металлом с помощью электролиза

	electroplating
	гальванопокриття, гальва-ностегія
	гальванопокрытие, гальва-ностегия

	elevator
	кермо висоти
	руль высоты

	elevon
	елевон (об’єднує функції елерона і руля висоти)
	элевон (сочетает функции элерона и руля высоты)

	elliptic(al)
	еліптичний
	эллиптический

	emergency
	аварійна обстановка
	аварийная обстановка

	emergency gas temperature warning indicator
	аварійний сигналізатор небезпечної температури газу
	аварийный сигнализатор опасной температуры газа

	emergency oil remaining warning indicator 
	сигналізатор аварійного залишку масла
	сигнализатор аварийного 
остатка масла

	empennage 
	хвостове оперення
	хвостовое оперение

	empty weight
	маса порожнього літака
	масса пустого самолета

	endanger
	загрожувати 
	угрожать

	endurance
	тривалість
	продолжительность

	engine 
	двигун
	двигатель

	engine control system
	система керування двигуном
	система управления двигателем

	engine drive shaft
	головний вал двигуна
	главный вал двигателя

	engine-driven 
vehicle 
	літальний аппарат з приводом від двигуна (що приводиться в дію двигуном)
	летательный аппарат с приводом от двигателя (приводимый в действие двигателем)

	engine duct
	тракт двигуна
	тракт двигателя

	engine mount 
	моторна рама, моторама, рама кріплення двигуна 
	моторная рама, моторама, рама крепления двигателя

	engine nacelle 
	гондола двигуна, мотогондола
	гондола двигателя, мотогондола

	engine overheat warning indicator 
	аварійний сигналізатор перегріву двигуна
	аварийный сигнализатор перегрева двигателя

	engine run-up
	випробування двигуна
	опробование двигателя

	engine starting system
	система запуска двигуна 
	система запуска двигателя

	engine surge 
	помпаж двигуна 
	помпаж двигателя 

	engine thrust
	тяга двигуна
	тяга двигателя

	environment
	довкілля, оточуюче середовище
	окружающая среда

	equal

	1. рівний, однаковий 
2. рівнятися
	1. равный, одинаковый 2.равняться 

	equalization
	вирівнювання 
	выравнивание 

	equipment
	обладнання
	оборудование

	error
	помилка
	ошибка

	essentially
	по суті
	по сути

	establish 
	встановлювати; засновувати
	устанавливать; создавать; учреждать

	exhaust
	1. вихлоп, випуск(газів) 
2. вихлопний, випускний 3. випускати
	1. выхлоп, выпуск (газов) 
2. выхлопной, выпускной 3. выпускать 

	exhaust cone 
	конус реактивного сопла
	конус реактивного сопла

	exhaust gas 
	відпрацьований/ вихлопний газ
	отработанный/ выхлопной газ 

	exhaust pipe
	вихлопна труба
	выхлопная труба

	exhaust pressure
	тиск на виході
	давление на выходе

	expand 
	розширювати(ся)
	расширять(ся)

	expel
	виштовхувати
	выталкивать

	experimental 
	експериментальний, дослідний 
	экспериментальный, опытный

	extend
	1. тягнутися 2. випускати (шасі)
	1. простираться 2. выпускать (шасси)

	extend out  
	виходити зовні 
	выходить наружу

	extension
	1. випускання (шасі) 
2. подовження
	1. выпуск (шасси) 2. удлинение

	extinguish
	гасити, тушити (пожежу)
	гасить, тушить (пожар)

	extra 
	1. додатковий 2. надлишковий 
	1. дополнительный 2. излишний 

	extract 
	вилучати, відбирати
	извлекать, отбирать

	eyebrow window
	верхнє вікно (ліхтаря кабіни екіпажу)
	верхнее окно (фонаря кабины экипажа) 


F

	fabric
	тканина, матерія
	 ткань, материал

	facilitate
	cприяти
	способствовать

	failure
	відмова, вихід з ладу
	отказ, выход из строя

	fairing 
	обтікач
	обтекатель

	fair-lead
	вивідна трубка
	выводная трубка

	false start 
	помилковий запуск 
	ложный запуск

	familiar
	ознайомлений 
	ознакомленный

	fan 
	вентилятор
	вентилятор

	fasten
	прикріпляти, скріплювати, з’єднувати 
	прикреплять, скреплять, соединять

	fastener
	елемент кріплення
	крепеж, элемент крепления

	fatigue
	втомленість
	усталость

	fault indicator
	індикатор несправності
	индикатор неисправности

	Federal Aviation Administration (FAA)
	Федеральна авіаційна адміністрація


	Федеральная авиационная администрация



	Federal Aviation Regulations (FARs)
	Федеральні авіаційні правила
	Федеральные авиационные правила

	Federal Communication Commission (FCC)
	Федеральна комісія зв’язку 
	Федеральная комиссия связи

	feeding
	живлення, подання, під-ведення
	питание, подача, подвод

	fighter
	винищувач
	истребитель

	filter
	1. фільтр 2. фільтру-вати
	1. фильтр 2. фильтровать

	fin 
	кіль
	киль

	fire
	1. вогонь 2. пожежа 
3. спалахувати, займатися; запалювати 
4. запускати(ся) (про двигун)
	1. огонь 2. пожар 3. загораться, воспламеняться; зажигать 4. запускать(ся) 
(о двигателе) 

	fire extinguishing system
	система пожежогасіння
	система пожаротушения 

	fire warning
indicator
	аварійний сигналізатор пожежі (всередині двигуна)
	аварийный сигнализатор пожара (внутри двигателя)

	fire-fighting 

airplane
	пожежний літак, «пожежник»
	пожарный самолет, «пожарник»

	fir-tree attachment
	хвостовик типу «ялинка»
	хвостовик типа «елочка»

	fitting
	1.з’єднання; монтаж; встановлення; кріплення 2. дороблення 3. фітинг 4. патрубок; штуцер
	1. соединение, монтаж; установка; крепление    2. доработка 3. фитинг    4. патрубок; штуцер

	fitting for departure
	підготовка до вильоту
	подготовка к вылету

	fixed-wing aircraft
	повітряне судно з нерухомим крилом
	воздушное судно с непод-вижным крылом

	fixture
	затисний пристрій; хомут; арматура
	зажимное приспособление; хомут; арматура

	flame pattern
	форма полум’я  
	форма пламени

	flame stabilization 
	стабілізація полум’я
	стабилизация пламени

	flame tube
	жарова труба
	жаровая труба

	flap
	закрилок 
	закрылок 

	flashlight
	1. кишеньковий ліхтар 
2. проблисковий маяк 
3. сигнальний вогонь
	1. карманный фонарь        2. проблесковый маяк    3. сигнальный огонь 

	flight control surface
	поверхня керування літаком у польоті, кермо
	плоскость управления самолетом в полете, руль

	flight crew 
	льотний екіпаж
	летный экипаж

	flight deck
	кабіна екіпажу
	кабина экипажа

	float
	1. поплавець, буй             2. утримування (літа-ка перед приземленням)    3. гасіння надлишку швидкості (перед торканням) 4. спливати; триматися на воді
	1. поплавок, буй 2. выдерживание (самолета перед приземлением)          3. гашение избытка скорости (перед касанием) 4. всплывать; держаться на воде 

	float plane 
	літак з поплавковим 

шасі 
	самолет с поплавковым 

шасси

	flow 
	1. потік, течія, рух 
2. текти
	1. поток, течение, движение 2. течь

	fluctuating stream
	пульсуючий потік
	пульсирующий поток

	fluid
	рідина
	жидкость

	flying boat 
	літаючий човен
	летающая лодка 

	flying hours
	години нальоту, наліт 

годин
	часы налета, налет часов 

	flying tanker
	паливозаправник (в повітрі)
	топливозаправщик (в воздухе)

	flying wing 
	літюче крило 
	летающее крыло

	fog formation 
	запотівання
	запотевание

	foreign object
	сторонній предмет
	посторонний предмет

	forging
	ковка, штамповка
	ковка, штамповка

	form
	1. форма; вид; бланк 
2. контур 3. формувати, надавати форми або виду 4. утворювати; складати
	1. форма; вид; бланк         2. контур, очертание      3. формировать, придавать форму или вид       4. образовывать; составлять

	former
	шпангоут (елемент поперечного набору) 
	шпангоут (элемент поперечного набора) 

	Fowler flap
	закрилок Фаулера
	закрылок Фаулера

	frame
	1. рама; корпус; каркас; остов; ферма 2. шпангоут 3. планер (літа-ка) 4. брати в раму; споруджувати  каркас
	1. рама; корпус; каркас; остов; ферма 2. шпангоут 3. планер (самолета) 4. заключать в раму; сооружать каркас

	framework
	рама, каркас 
	рама, каркас

	freight
	вантаж
	груз

	friction 
	тертя
	трение

	front case
	лобовий картер
	лобовой картер

	ft (foot, pl. feet)
	фут
	фут

	ft-lb (foot-pound)
	футо-фунт
	футо-фунт

	fuel
	паливо
	топливо

	fuel capacity
	запас палива
	запас топлива 

	fuel combustion
	згорання палива
	сгорание топлива

	fuel exhaustion
	повна витрата палива
	полная выработка топлива

	fuel gauge
	паливомір
	топливомер

	fuel jettisoning
	аварійний злив палива
	аварийный слив топлива

	fuel metering 
	замір витрати палива
	замер расхода топлива

	fuel nozzle
	паливна форсунка
	топливная форсунка 

	fuel system
	паливна система 
	топливная система

	fuel tank
	паливний бак
	топливный бак

	fuel transfer
	перекачка палива
	перекачка топлива

	fuel(l)ing
	заправка паливом
	заправка топливом

	fuselage
	фюзеляж
	фюзеляж


G

	gal (gallon)
	галон
	галлон

	galley
	бортова кухня 
	бортовая кухня 

	gangway
	прохід між рядами крісел
	проход между рядами кресел

	gasket
	прокладка; сальник
	прокладка; сальник

	gas-turbine engine (GTE)
	газотурбінний двигун (ГТД)
	газотурбинный двигатель (ГТД)

	ga(u)ge
	вимірювальний прилад
	измерительный прибор

	general aviation
	авіація загального призначення 
	авиация общего назначения

	glider
	планер
	планер

	gliding angle
	кут планерування
	угол планирования

	govern
	керувати
	управлять

	grind 
(ground)
	1. роздрібнювати         2. шліфувати 3. заточувати 4. притирати(ся)
	1. измельчать 2. шлифовать 3. затачивать          4. притирать(ся)

	ground personnel
	наземний персонал
	наземный персонал

	ground run
	пробіг під час приземлення
	пробег при посадке 

	guide vane 
	напрямна лопатка
	направляющая  лопатка


H

	half cylinder
	напівциліндр
	полуцилиндр

	handle
	1. ручка, руків'я; важіль управління 2. управляти; обслуговувати 3. обробляти; працювати (з чимось.)
	1. ручка, рукоятка; рычаг управления 2. управлять; обслуживать 3. обрабатывать; работать (с чем-л.)

	hangar
	ангар
	ангар

	hanger
	1. крюк; серга 2. підвіска; хомут 3. підвісний кронштейн; підвісна тяга; підвісний затискач; затискач для підвіски
	1. крюк; серьга 2. подвеска; хомут 3. подвесной кронштейн; подвесная тяга; подвесной зажим; зажим для подвески

	hardness
	твердість
	твердость

	harness
	ремінь безпеки
	ремень безопасности

	hatch
	люк
	люк

	heat-resistant
	теплостійкий, жаростійкий
	теплостойкий, жаропрочный

	heat-treated
	термічно оброблений
	термически обработанный

	heat treatment
	термічна обробка
	термическая обработка

	heavy statics
	сильні електростатичні 

явища
	сильные электростатические явления

	height
	висота 
	высота 

	helicopter
	гелікоптер
	вертолет

	high-speed propeller
	високообертовий повітряний гвинт
	высокооборотный воздушный винт

	high-wing airplane
	високоплан (літак з високорозташованим крилом) 
	высокоплан (самолет с высокорасположенным крылом)

	hinge 
	1. шарнір 2. кріпити на шарнірах,підвішувати
	1. шарнир 2. крепить на шарнирах, подвешивать

	hit (p.,p.p. hit)
	ударяти(ся), зіштовхуватися
	ударять(ся), сталкиваться 

	hold
	відсік (вантажний) 
	отсек (грузовой) 

	hollow
	пустотілий, порожнистий
	пустотелый, полый

	homogeneous
	однорідний
	однородный

	honeyсomb core
	сотовий заповнювач
	сотовый заполнитель

	human factor
	людський фактор
	человеческий фактор

	hydraulic power
	гідравлічна енергія
	гидравлическая энергия


I

	ice formation
	обмерзання, обледеніння
	обледенение

	icing
	1. обмерзання, обледеніння 2. утворення ожеледиці
	1. обледенение 2. гололедообразование

	ignite
	розпалювати(ся), займатися 
	воспламенять(ся), разжигать(ся)

	ignition
	займання
	воспламенение

	Illustrated Parts Catalogue (IPC)
	ілюстрований каталог запчастин
	иллюстрированный каталог запчастей

	imp (imperial)
	встановлений, що відповідає британському стандарту
	установленный, соответствующий британскому стандарту

	impeller
	крильчатка, нагнітач
	крыльчатка, нагнетатель

	improper
	неправильний, хибний 
	неправильный, ошибочный 

	impulse turbine
	активна турбіна
	активная турбина

	in (inch)
	дюйм
	дюйм

	in conjunction (with)
	сумісно (з), разом (з)
	совместно (с), в сочетании(с)

	in series
	послідовно 
	последовательно 

	incident 
	випадок; пригода, інцидент 
	случай; происшествие, инцидент 

	incorporate
	1. включати (до складу)
2. об’єднувати(ся)
	1. включать (в состав) 
2. объединять(ся)

	indication light
	сигнальна лампочка, світловий сигнальний пристрій
	сигнальная лампочка, световое сигнальное устройство

	indicator
	1. покажчик, індикатор 
2. сигналізатор           3. стрілка (прибору)
	1. указатель, индикатор 
2. сигнализатор             3. стрелка (прибора) 

	inflate
	накачувати
	накачивать

	ingestion
	засмоктування
	засасывание

	inject
	упорскувати
	впрыскивать

	inlet duct and guide vanes 
	вхідний направний апарат (ВНА) 
	входной направляющий аппарат (ВНА)

	inlet pressure
	тиск на вході
	давление на входе

	inner liner
	внутрішній кожух
	внутренний кожух

	inoperative
	недіючий
	недействующий

	inspection
	огляд, контроль, перевірка 
	осмотр, контроль, проверка

	inspection authorization
	дозвіл, санкція на огляд
	разрешение, санкция на осмотр

	instructional airplane
	навчально-тренувальне повітряне судно 
	учебно-тренировочное воздушное судно

	interceptor 
	перехоплювач 
	перехватчик 

	interchangeable
	взаємозамінний
	взаимозаменяемый 

	interconnected
	взаємопов’язаний
	взаимосвязанный

	internal combustion engine
	двигун внутрішнього згорання
	двигатель внутреннего сгорания

	issue
	випускати, видавати
	выпускать, издавать

	itemize
	1. складати перелік, перерахувати по пунктах 2. уточнювати, деталізувати
	1. составлять перечень, перечислить по пунктам 
2. уточнять, детализировать


J

	jack
	домкрат
	домкрат

	jacking point
	точка встановлення на домкрат
	точка установления на домкрат

	jamming 
	заклинювання
	заклинивание

	jet
	1. реактивний струмінь 
2. реактивний літак
	1. реактивная струя 2. реактивный самолет

	jet engine
	реактивний двигун
	реактивный двигатель

	jet stream
	реактивний потік
	реактивный поток

	job card
	1.карта-наряд, робоча картка, табель 2. кошторис, рахунок
	1. карта-наряд, рабочая карточка, табель 2. смета, счет

	jurisdiction
	1. юрисдикція 2. сфера повноважень
	1. юрисдикция 2. сфера полномочий


K

	keel beam
	нижній лонжерон; кільова балка
	нижний лонжерон; килевая балка

	kg (kilogram)
	кілограм
	килограмм

	kinetic
	кінетичний 
	кинетический

	km/h (kilometer per hour)
	кілометр за годину
	километр в час

	kn (knot) 
	вузол (міра швидкості – 1,853 км/год)
	узел (мера скорости – 
1,853 км/час)


L

	L 1. (litre) 

    2. (length)

    3. (left)
	1. літр 

    2. довжина

    3. лівий
	1. литр 

   2. длина

   3. левый

	labyrinth packing 
	лабіринтне ущільнення
	лабиринтное уплотнение

	land
	здійснювати приземлювання, приземлюватися 
	производить посадку, садиться 

	land (-based) 

airplane
	літак наземного базування
	самолет наземного базирования 

	landing
	приземлення (повітряного судна)
	посадка, приземление (воздушного судна)

	landing gear
	шасі
	шасси

	landing light
	посадковий вогонь (аеродромний)
	посадочный огонь (аэродромный)

	landing roll
	пробіг під час приземлення
	пробег при посадке

	landing run
	пробіг під час приземлення 
	пробег при посадке

	landing weight
	посадкова маса
	посадочная масса

	large-scope wiper
	склоочисник великого радіусу дії
	стеклоочиститель большого радиуса действия

	lateral axis
	поперечна вісь
	поперечная ось

	layout
	розташування, компановка
	расположение, компановка

	lb (pound)
	фунт
	фунт

	lbf (pound-foot)
	фунт-фут
	фунт-фут

	leading edge
	передня кромка (крила)
	передняя кромка (крыла)

	leakage
	теча, витікання 
	течь, вытекание 

	leg
	нога/стойка (шасі)
	нога/стойка (шасси)

	level flight
	горизонтальний політ
	горизонтальный полёт

	length
	довжина
	длина

	lever
	важіль
	рычаг

	lift 
	підіймальна сила 
	подъемная сила

	lifting and supporting surface
	несна поверхня
	несущая плоскость

	line replaceable unit (LRU)
	швидкозйомний блок
	быстросъемный блок

	link
	1. зв'язок; з'єднання      2. куліса; передатний важіль; сережка; шатун; шарнір 3. тяга (сполучний елемент важільної системи)   4. зв'язувати; з’єднувати 
	1. связь; соединение        2. кулиса; передаточный рычаг; серьга; шатун; шарнир 3. тяга (соединительный элемент рычажной системы)         4. связывать; соединять

	linkage
	проводка керування
	проводка управления

	liquid-propellant rocket engine
	рідинний ракетний двигун (РРД)
	жидкостный ракетний двигатель (ЖРД)

	locate 
	розміщувати; встановлювати 
	размещать; устанавливать 

	lock
	1. замок; запор; затвор 
2. фіксатор; стопор; засувка 3. замикати; зачиняти 4. фіксувати; стопорити; защипувати
	1. замок; запор; затвор 
2. фиксатор; стопор; защелка 3. замыкать; затворять; запирать           4. фиксировать; стопорить; защелкивать

	logbook
	бортовий журнал; формуляр
	бортовой журнал; формуляр

	longeron
	лонжерон
	лонжерон

	longitudinal axis
	повздовжня вісь
	продольная ось

	longitudinal member
	повздовжній елемент конструкції
	продольный элемент конструкции

	longitudinal stability
	повздовжня стійкість
	продольная устойчивость

	long-range airplane
	дальномагістральний літак
	дальнемагистральный самолет

	loose
	незакріплений, що хитається
	незакрепленный, болтающийся, шатающийся

	louvre
	прорізь
	прорезь

	low fuel pressure

warning indicator
	аварійний сигналізатор мінімального тиску палива
	аварийный сигнализатор 
минимального давления топлива

	low oil level warning indicator 
	аварійний cигналізатор мінімального залишку масла
	аварийный сигнализатор минимального остатка масла

	low oil pressure

warning indicator 
	аварійний сигналізатор

мінімального тиску масла
	аварийный сигнализатор 
минимального давления масла

	low pressure (LP) compressor
	компресор низького тиску
	компрессор низкого давления

	low-powered 

airplane
	легкомоторний літак
	легкомоторный самолет

	low-wing airplane
	низькоплан (літак з низькорозташованим крилом)
	низкоплан (самолет с низкорасположенным крылом) 

	lubrication system
	система змащення
	система смазки 

	luggage
	багаж
	багаж


M

	m 1. (metre) 

  2. (minute)

  3. (mass)

  4. (mile)

  5. (micro)
	1. метр 

   2. хвилина

   3. маса

   4. міля

   5. мікро
	1. метр 

   2. минута

   3. масса

   4. миля

   5. микро

	machine
	піддавати механічній обробці
	подвергать механической обработке

	magnification
	збільшення
	увеличение

	mail-carrying 

airplane
	поштовий літак
	почтовый самолет

	main plane 
	крило, несна площина
	крыло, несущая плоскость

	maintenance
	технічне обслуговування, технічна експлуатація
	техническое обслуживание, техническая эксплуатация

	maintenance in storage
	технічне обслуговування під час зберігання (консервації)
	техническое обслуживание при хранении (консервации)

	maintenance practice
	технологія (установлений порядок) обслуговування
	технология (установленный порядок) обслуживания

	major inspection
	трудомістка форма регламентних робіт
	трудоемкая форма регламентных работ 

	malfunction
	несправність
	неисправность

	manifold
	1. колектор 2.патрубок
	1. коллектор 2. патрубок

	manned 
	пілотований 
	пилотируемый

	manoeuvring
	маневрування, виконання 
маневру
	маневрирование, выполнение маневра

	manual
	1. ручний 2. посібник, довідник
	1. ручной 2. пособие, справочник, руководство

	manually
	вручну
	вручную

	manufacture
	1. виробництво 2. виготовляти
	1.производство 2. изготавливать

	marine
	морський
	морской

	maximum vibration limit warning indicator
	аварійний сигналізатор максимально допустимого рівня вібрації
	аварийный сигнализатор максимально допустимого уровня вибрации

	maximum take-
off weight (MTOW)
	максимальна злітна маса
	максимальная взлетная масса

	mechanical position indicator
	механічний індикатор положення (шасі)
	механический индикатор положения (шасси)

	medium-range airplane
	середньомагістральний літак
	среднемагистральный самолет 

	meet require-ments
	відповідати вимогам
	соответствовать требованиям 

	merge
	зливати(ся), поглинати
	сливать(ся), поглощать

	mi 1. (mile)

      2. (minute)
	1. міля 2. хвилина
	1. миля 2. минута

	midair collision
	зіткнення (ЛА) в повітрі
	столкновение (ЛА) в воздухе

	mid-wing air-plane
	середньоплан (літак з 

середньорозташованим крилом)
	среднеплан (самолет со среднерасположенным крылом)

	military airplane
	військовий літак
	военный самолет

	minor inspection
	легка форма регламентних робіт
	легкая форма регламентных работ

	missile-carrier 
	ракетоносець
	ракетоносец

	mode
	режим (роботи)
	режим (работы)

	monocoque design
	монококова конструкція (конструкція фюзеляжу з працюючою обшивкою)
	монококовая конструкция (конструкция фюзеляжа с работающей обшивкой)

	monoplane 
	моноплан
	моноплан

	mounting
	1. кріплення; встановлення; монтаж; складання 2. опора; основа; рама 3. розташування, розміщення, компонування 
4. монтажне пристосування
	1. крепление; установка; монтаж; сборка 2. опора; основание; рама 3. расположение, размещение, компоновка 4. монтажное приспособление

	mph (miles per hour)
	миль за годину
	миль в час

	multi-engine
	багатомоторний, з декількома двигунами (про літак)
	многомоторный, с несколькими двигателями (о самолете)

	multiple
	1. составний, складний, багатосекційний         2. багаточисельний 
	1. составной, складной, многосекционный         2. многочисленный 

	multi-spar wing 
	багатолонжеронне крило
	многолонжеронное крыло

	multi-stage 
	багатоступеневий 
	многоступенчатый

	multitude
	безліч, велика кількість 
	множество, большое количество


N
	navigation light
	аеронавігаційний вогонь (освітлення)
	аэронавигационный огонь (освещения)

	need
	1. необхідність, потреба 2. мати потребу
	1. необходимость, потребность 2. иметь необходимость

	nick
	тріщина, щілина, зазубень
	трещина, щель, зазубрина

	nickel-cadmium electrolyte
	нікель-кадмієвий електроліт
	никель-кадмиевый электролит

	nm (nautical mile)
	морська миля
	морская миля

	noise level
	рівень шуму (величина шуму чи перешкод)
	уровень шуму (величина шума или помех)

	noise suppressor
	шумоглушник
	шумоглушитель

	nose over
	капотування
	капотирование

	nose leg
	передня стійка шасі 
	передняя стойка шасси 

	nozzle diaphragm 
	сопловий апарат
	сопловой аппарат

	nozzle vane 
	лопатка соплового апарата
	лопатка соплового аппарата

	nozzle-shaped 
	у формі сопла
	в форме сопла

	nuclear power plant 
	атомна електростанція
	атомная электростанция

	nut
	гайка
	гайка


O

	obstruct
	перешкоджати; затримувати
	препятствовать; задерживать

	obtain
	отримувати
	получать

	oil
	1. масло 2. гідросуміш 
3. нафта 4. змащувати
	1. масло 2. гидросмесь 
3. нефть 4. смазывать

	oil cooler
	маслорадіатор
	маслорадиатор

	oil jet
	масляна форсунка
	масляная форсунка

	oil overheating warning indicator
	аварійний сигналізатор перегріву масла 
	аварийный сигнализатор перегрева масла

	oil system
	маслосистема, система змащення
	маслосистема, система смазки

	oil-pressure gauge
	масломанометр, пока-зник тиску масла
	масломанометр, указатель давления масла

	oil-temperature gauge
	показник температури масла
	указатель температуры масла

	on a track
	на рейках
	на рельсах

	on-condition (OC) maintenance
	обслуговування за станом
	обслуживание по состоянию

	on-line maintenance
	оперативне/поточне технічне обслуговування
	оперативное/ текущее техническое обслуживание

	operating ceiling
	практична стеля
	практический потолок

	operating life 
	строк/термін служби 
	срок службы

	operation
	1. робота 2. дія; операція 3. експлуатація     4. режим (роботи)
	1. работа 2. действие; операция 3. эксплуатация 
4. режим (работы) 

	operational maintenance
	оперативне технічне обслуговування
	оперативное техническое обслуживание

	operator
	1. авіатранспортна компанія; експлуатаційне підприємство    2. оператор
	1. авиатранспортная компания; эксплуатационное предприятие 2. оператор 

	opposite
	протилежний
	противоположный

	organic solvent
	органічний розчинник
	органический растворитель 

	orifice
	отвір
	отверстие

	ornithopter
	орнітоптер
	орнитоптер

	outer liner
	зовнішній кожух
	внешний кожух

	outlet
	1. випуск; вихід 2. випускний отвір 3. вихідний канал
	1. выпуск; выход 2. выпускное отверстие 3. выходной канал

	outline
	контур, обрис; план, схема
	контур, очертание; план, схема

	overall
	повний, загальний
	полный, общий

	overall efficiency
	сумарна ефективність
	суммарная эффективность

	overhaul
	повне перебирання (двигуна), капітальний ремонт
	полная переборка (двигателя), капитальный ремонт

	overheat
	перегрівати
	перегревать

	overheating 
	перегрівання 
	перегрев, перегревание

	overload
	перевантаження
	перегрузка

	override 
	1. коректувати вручну 
2. блокувати автоматичну систему керування
3. переходити на ручне керування 4. відміняти 5. перевизначати
	1. корректировать вручную 2. блокировать автоматическую систему управления 3. переходить на ручное управление 4. отменять 
5. переопределять 

	oxidant
	окислювач
	окислитель

	oxidation
	окислення
	окисление

	oxidation-resis-tant
	стійкий до окислення, антикорозійний 
	устойчивый к окислению, антикоррозионный 

	oxidizer 
	окислювач
	окислитель

	oxygen feeding
	постачання кисню
	подача кислорода


P

	packing
	1. упаковка 2. пакувальний матеріал          3. ущільнення; прокладка
	1. упаковка 2. упаковочный материал 3. уплотнение; прокладка

	
	
	

	paint-stripping solution
	розчин для видалення фарби
	раствор для удаления краски

	panel 
	1. панель 2. пульт керу-вання; дошка приладів 
	1. панель 2. пульт управления; приборная доска

	parking brake
	паркувальне гальмо
	стояночный тормоз

	partial 
	неповний, частковий
	неполный, частичный

	passenger
	пасажир
	пассажир

	pattern
	1. зразок; модель; шаблон 2. маршрут (польоту) 3. форма    4. структура; будова 5. діаграма; схема      6. характеристика
	1. образец; модель; шаблон 2. маршрут (полета) 3. форма 4. структура; строение 5. диаграмма; схема 6. характеристика 

	payload 
	корисне/ комерційне навантаження 
	полезная/ коммерческая нагрузка 

	penetrant
	проникний
	проникающий

	performance 
	характеристика; льотно-технічні характеристики; експлуатаційні дані/параметри
	характеристика; летнотехнические характеристики; эксплуатационные данные/ параметры 

	periodic main-tenance
	періодичне обслуговування
	периодическое обслуживание

	perpendicular
	1. перпендикуляр 
2. перпендикулярний 
	1. перпендикуляр 2. перпендикулярный

	piston
	поршень
	поршень

	piston engine
	поршневий двигун
	поршневой двигатель

	pitch 
	тангаж (обертання відно-сно поперечної осі); кут тангажу
	тангаж (вращение вокруг поперечной оси); угол тангажа

	pitchdown
	пікірування 
	пикирование

	pitchup
	кабрування
	кабрирование

	pitching
	зміна кута тангажу
	изменение угла тангажа

	plain flap
	простий/ безщілинний 
закрилок
	простой/ бесщелевой закрылок

	plane
	1. площина 2. літак 
3. крило(літака)
	1. плоскость 2. самолет 
3. крыло (самолета)

	plate
	покривати, наносити 
(металеве) покриття
	покрывать, наносить (металлическое) покрытие

	port 
	1. отвір 2. лівий (борт)
	1. отверстие 2. левый (борт)

	potassium hydroxide
	гідроокис калію
	гидроокись калия

	power plant
	силова установка
	силовая установка

	precipitation 
statics
	обумовлена опадами імпульсна перешкода електростатичного походження 
	импульсная помеха электростатического происхождения, обусловленная осадками

	prescribe
	приписувати, прописувати; пропонувати
	предписывать, прописывать; рекомендовать

	preservation
	консервація (двигуна); збереження; оберігання
	консервация (двигателя); сохранение; предохранение

	pressure
	тиск, стиснення, пресування
	давление, сжатие, прессование

	pressure bulkhead
	гермошпангоут
	гермошпангоут

	pressure ratio
	1. ступінь стиснення 
2. перепад тиску
	1. степень сжатия 2. перепад давления

	pressurization 
	герметизація; наддування
	герметизация; наддув

	pressurized 
	герметичний, герметизований
	герметичный, герметизированный

	primary air
	первинне повітря
	первичный воздух

	primary control surface
	основна площина керування
	основная плоскость управления

	probability 
	вірогідність
	вероятность

	problem area
	ділянка / зона, де може виникнути проблема або ускладнення
	участок / зона, где может возникнуть проблема или осложнение

	procedural manual
	довідник (з проведення
ч.-н.)
	руководство (по проведению ч.-л.)

	procedure
	технологія, порядок роботи, методика проведення, процедура
	технология, порядок работы, методика проведения, процедура

	produce power
	виробляти енергію
	производить энергию

	progressive inspection
	поетапний огляд
	поэтапный осмотр

	propagation
	розповсюдження
	распространение

	propel 
	приводити до руху
	приводить в движение 

	propellant
	ракетне паливо; реактивне паливо
	ракетное топливо; реактивное топливо

	propeller
	повітряний гвинт
	воздушный винт

	proper
	відповідний, правильний
	соответствующий, правильный

	propulsion
	1. рух вперед; приведення до руху           2. рушійна сила; тяга 
	1. движение вперед; приведение в движение      2. движущая сила; тяга 

	propulsion system 
	силова установка
	силовая установка

	propulsive efficiency
	тяговий ККД (коефіцієнт корисної дії)
	тяговый КПД (коэффициент полезного действия)

	propulsive force
	рушійна сила
	движущая сила

	propulsive stream
	рушійний потік
	движущий поток

	provide
	забезпечувати
	обеспечивать

	pulley
	блок, шків, ролик
	блок, шкив, ролик

	pump
	1. насос 2. нагнітати, подавати насосом 
	1. насос 2. нагнетать, подавать насосом

	punch holes
	пробивати отвори
	пробивать отверстия

	push 
	штовхати
	толкать

	pushrod
	тяга
	тяга

	pylon
	пілон
	пилон


R

	ram
	швидкісний натиск
	скоростной напор

	ramjet engine
	прямоточний повітряно-реактивний двигун (ППРД)
	прямоточный воздушно-реактивный двигатель (ПВРД)

	ramp
	1. рампа; трап 2. створка (грузового люка) 
	1. рампа; трап 2. створка (грузового люка) 

	range
	1. дальність (польоту); дистанція 2. межі      3. діапазон; радіус дії 
4. визначати відстань (до мети)
	1. дальность (полета); дистанция 2. пределы    3. диапазон; радиус действия 4. определять расстояние (до цели)

	rate 
	швидкість; темп 
	скорость; темп

	ratio
	1. відношення; співвідношення; пропор-ція 2. коефіцієнт; ступінь
	1. отношение; соотношение; пропорция 2. коэффициент; степень

	reaction turbine
	реактивна турбіна
	реактивная турбина

	rear case
	задній картер (частина корпусу)
	задний картер (часть корпуса)

	reciprocating engine
	поршневий двигун
	поршневой двигатель

	reclined seat
	відкидне крісло
	откидное кресло

	reconnaissance airplane
	літак-розвідник
	самолет -разведчик

	records
	облікові документи; данні; записи
	учетные документы; данные; записи

	rectangular
	прямокутний 
	прямоугольный

	recurring
	періодичний; повторюваний 
	периодический; повторяющийся

	redirect
	переспрямовувати
	перенаправлять

	reduce
	зменшувати/редуциру-вати 
	уменьшать/редуцировать

	reduction valve
	редукційний клапан
	редукционный клапан

	reference
	1. довідка; посилання, згадка 2. рекомендація
	1. справка; ссылка, упоминание 2. рекомендация

	refuel
	дозаправляти
	дозаправлять

	reinforce
	посилювати
	усиливать

	reinforced monocoque design
	балочно-стрингерна конструкція (фюзеляжа)
	балочно-стрингерная конструкция (фюзеляжа)

	relative wind
	набігний повітряний потік 
	набегающий воздушный поток

	release heat
	виділяти тепло
	выделять тепло

	reliability 
	надійність
	надёжность

	rely (on)
	покладатися (на)
	полагаться (на)

	remainder
	залишок
	остаток

	removable
	зйомний
	съемный

	remove
	видаляти; усувати; знімати
	удалять; убирать, устранять; снимать

	repair
	1. ремонт 2. ремонтувати 
	1. ремонт 2. ремонтировать

	repairable
	що піддається ремонту, ремонтоздатний 
	поддающийся ремонту, ремонтопригодный 

	replacement
	заміна (деталей)
	замена (деталей)

	research
	1. дослідження, вивчення, науково-дослідна праця 2. досліджувати
	1. исследование, изучение, научно-исследова-тельская работа 2. исследовать

	research airplane
	дослідне повітряне судно 
	исследовательское воздушное судно 

	resilience
	пружність, еластичність
	упругость, эластичность

	resistance
	опір; опірність; стійкість (до чогось)
	сопротивление; сопротивляемость; устойчивость (к чему-то)

	resistant
	стійкий, що чинить опір 
	стойкий, сопротивляющийся

	response 
	спрацювання 
	срабатывание

	retraction 
	прибирання (шасі)
	уборка (шасси)

	reveal 
	виявляти
	обнаруживать

	reverse flow
	зворотний потік
	обратный поток

	reverse thrust
	реверсивна тяга; зворотна тяга
	реверсивная тяга; обратная тяга

	rib
	нервюра
	нервюра

	rigid
	жорсткий, негнучкий
	жесткий, несгибаемый 

	rim
	1. обід; бандаж (колеса) 
2. край; кромка
	1. обод; бандаж (колеса) 
2. край; кромка

	ring
	1. кільце 2. обід; обруч 3. фланець 4. хомут 
5. шпангоут
	1. кольцо 2. обод; обруч 
3. фланец 4. хомут 
5. шпангоут

	robust
	жорсткий; міцний (про конструкцію)
	жесткий; прочный (о конструкции)

	roll
	крен (обертання відносно повздовж-ньої осі), “бочка” (авіаційна фігура)
	крен (вращение вокруг продольной оси), “бочка”(авиационная фигура)

	roller bearing
	роликовий підшипник 
	роликовый подшипник

	rotary air compressor
	ротаційний компресор
	ротационный компрессор

	rotate
	обертати(ся)
	вращать(ся)

	rotational energy
	обертальна енергія
	вращательная энергия

	routine
	що відповідає заведеному порядку, рутиний 
	соответствующий заведенному порядку, рутинный

	row
	ряд
	ряд

	rubber 
	1. гума 2. гумовий 
	1. резина 2. резиновый 

	rudder
	кермо напряму / повороту
	руль направления / поворота

	rudder pedal 
	педаль руля повороту
	педаль руля поворота

	runway (RW)
	злітно-посадкова смуга (ЗПС)
	взлетно-посадочная полоса (ВПП)


S

	safetying 
	контрування (деталей)
	контровка (деталей)

	sandwich type 
	багатошаровий тип 
	многослойный тип

	scale
	1. накип, окалина         2. рівень, масштаб
	1. накипь, окалина 2. уровень, масштаб

	schedule
	графік; регламент
	график; регламент 

	scheduled maintenance 
	регламентне обслуговування
	регламентное обслуживание

	scope
	сфера (дії), діапазон
	сфера (действия), диапазон

	seal
	1. ущільнення, ущільнювач; ущільнюючий ма-теріал, ущільнювальна прокладка; ізолювальний шар; сальник, сальникове ущільнення 2. ізоляція 3. герметизація; герметик   4. ущільнювати; ізолювати 
5. герметизувати
	1. уплотнение, уплотнитель; уплотняющий материал, уплотняющая прокладка; изолирующий слой; сальник, сальниковое уплотнение 2. изоляция 3. герметизация; герметик            4. уплотнять; изо-лировать 5. герметизировать 

	seal seat 
	гніздо ущільнювача
	гнездо уплотнителя

	sealing 
	1. ущільнення 2. ізоляція 3. герметизація, усунення негерметичності
	1. уплотнение 2. изоляция 3.герметизация, устранение негерметичности

	seaplane 
	гідролітак 
	гидросамолет

	search and rescue operations
	пошуково-рятувальнi роботи
	поисково-спасательные работы

	seasonal maintenance
	сезонне технічне обслуговування
	сезонное техническое обслуживание

	seating capacity
	пасажиромісткість
	пассажировместимость

	secondary air
	вторинне повітря
	вторичный воздух

	secondary cont-rol surface
	допоміжна площина керування
	вспомогательная плоскость управления

	section
	1. переріз, розріз; профіль 2. секція; відсік; частина 3. відрізок
	1. сечение, разрез; профиль 2. секция; отсек; часть 3. отрезок

	security
	1. міцність кріплення 
2. безпека 
	1. прочность крепления 
2. безопасность 

	sediment
	відстій
	отстой

	seizure
	заклинювання (двигуна)
	заклинивание (двигателя)

	selector lever
	селекторний важіль
	селекторный рычаг

	semimonocoque design
	напівмонокок, напівмонококова конструкція
	полумонокок, полумонококовая конструкция

	sensor
	сенсорний датчик; чуттєвий елемент
	сенсорный датчик; чувствительный элемент

	separate
	1. окремий 2. відок-ремлювати
	1. отдельный 2. отделять

	service ceiling
	практична стеля (по- льоту)
	практический потолок (полета)

	service life
	строк експлуатації, ресурс
	срок эксплуатации, ресурс

	serviceability
	придатність до експлуатації; працездатність
	годность к эксплуатации; работоспособность

	servo tab
	сервотример/ сервокомпенсатор
	сервотриммер/ сервокомпенсатор

	shaft
	1. вал 2. вісь 3. ресора
	1. вал 2. ось 3. рессора

	shaft horsepower (shp)
	потужність на валу
	мощность на валу

	shape
	1. форма 2. надавати форми
	1. форма 2. придавать форму

	sheep-skin cover
	покриття з натуральної шкіри
	покрытие из натуральной кожи

	shield
	1. екран 2. захищати; прикривати; екранувати
	1. экран 2. защищать; прикрывать; экранировать

	shim
	1. прокладка; прошарок 
2. регулювальна шайба
	1. прокладка; прослойка 
2. регулировочная шайба

	shimmy damper
	демпфер коливань (носового колеса шасі)
	демпфер колебаний (носового колеса шасси)

	shock strut
	амортизаційна стійка, 
амортстійка
	амортизационная стойка, амортстойка

	shocks of landing
	удари під час приземлення
	удары при посадке

	short-range airplane 
	ближньомагістральний 

літак
	ближнемагистральный самолет

	short-time parking
	короткочасна стоянка
	кратковременная стоянка

	shrink (shrank, shrunk)
	насаджувати (на вал) в гарячому стані
	насаживать (на вал) в горячем состоянии

	shroud
	1. бандажний обід        2. кожух
	1. бандажный обод 2. кожух

	shrouded blade
	бандажована лопатка
	бандажированная лопатка

	shut down
	вимикати, зупиняти (двигун)
	выключать, останавливать (двигатель)

	shutdown
	зупинка, вимкнення (двигуна)
	останов, выключение (двигателя) 

	shuttle valve
	човниковий клапан
	челночный клапан

	side strut
	боковий підкіс
	боковой подкос

	sight gauge
	вимірювальне скло, трубка виміру рівня (рідини в баці)
	мерное стекло, трубка измерения уровня (жидкости в баке)

	sign
	1. знак 2. підписувати, ставити підпис
	1. знак 2. подписывать, ставить подпись

	simultaneously
	одночасно
	одновременно

	single-entry
	одновхідний
	одновходной

	single-sided
	односторонній
	односторонний

	single-stage 
	oдноступеневий
	oдноступенчатый

	skid detector
	детектор автомату гальмування; датчик юза 
	детектор автомата торможения; датчик юза

	skin
	обшивка
	обшивка

	skiplane
	літак з лижним шасі
	самолет с лыжным шасси

	slat
	передкрилок
	предкрылок

	slide
	1. ковзання 2. ковзати
	1. скольжение 2. скользить 

	sliding window
	кватирка
	форточка

	slot
	щілина
	щель

	slotted flap
	щілинний закрилок
	щелевой закрылок

	solid propellant rocket engine
	ракетний двигун на твердому паливі
	ракетный двигатель на твердом топливе

	solution
	1. розчин 2. розчинення 3. електроліт 4. рішен-ня, вирішення (проблеми)
	1. раствор 2. растворение 
3. электролит 4. решение (проблемы)

	solvent
	розчинник
	растворитель

	sound
	1. звук 2. якісний, надійний
	1. звук 2. качественный, надежный

	soundproofing
	звукоізоляція
	звукоизоляция

	space
	1. простір 2. космос      3. залишати проміжки, розставляти з проміжками
	1. пространство 2. космос 
3. оставлять промежутки, расставлять с промежутками

	space shuttle 
	човночний повітряно-

космічний корабель 
	челночный воздушно-космический корабль 

	spacer 
	прокладка, розпірка; шайба, кільце
	прокладка, распорка; шайба, кольцо

	spacer ring
	розділове кільце
	разделительное кольцо

	span
	розмах (крила літака)
	размах (крыла самолета)

	span-wise member
	повздовжній елемент (конструкції)
	продольный элемент (конструкции)

	spar
	лонжерон
	лонжерон

	spare part
	запасна частина
	запасная часть

	spark plug
	запальна свіча, свіча запалення
	запальная свеча, свеча зажигания

	special maintenance
	спеціальне обслуговування
	специальное обслуживание

	specific


	1. заданий, розрахунковий 2. спеціальний, визначений 3. питомий
	1. заданный, расчетный 
2. специальный, определенный 3. удельный

	specific fuel consumption
	питома витрата палива
	удельный расход топлива

	specification
	1. специфікация, деталізація 2. перелік; інструкція
	1. спецификация, детализация 2. перечень; инструкция 

	speed
	1. швидкість (величина); число обертів; частота обертання       2. рухатися з великою швидкістю
	1. скорость (величина); число оборотов; частота вращения 2. двигаться с большой скоростью 

	spline
	1. шліц; шліцеве з’єднання 2. кріпити за допомогою шліцевого з’єднання
	1. шлиц; шлицевое соединение 2. крепить с помощью шлицевого соединения

	split compressor
	двокаскадний/дво-вальний компресор
	двухкаскадный/двух-вальный компрессор

	split flap
	щиток; розрізний закрилок
	щиток; разрезной закрылок

	spool 
	каскад
	каскад

	sporting/sports airplane
	спортивний літак
	спортивный самолет

	spray 
	розпилювати (паливо)
	распылять (топливо)

	spring
	пружина
	пружина

	spring bungee
	складаний підкіс
	складывающийся подкос 

	sq ft (square foot)
	квадратний фут
	квадратный фут

	stabilization
	стабілізація
	стабилизация

	stabilizer
	стабілізатор
	стабилизатор

	stage
	ступінь 
	ступень

	stability 
	стійкість
	устойчивость

	stabilize
	стабілізувати
	стабилизировать

	stainless steel
	неіржавіюча сталь
	нержавеющая сталь 

	stall
	зрив потоку
	срыв потока

	starboard
	правий (борт)
	правый (борт)

	starting
	1. початок 2. запуск, пуск; включення
	1. начало 2. запуск, пуск; включение

	stationary 
	1. постійний 2. стаціо-нарний; нерухомий
	1. постоянный 2. стационарный; неподвижный

	steady 
	1. стійкий, сталий         2. робити стійким
	1. устойчивый 2. делать устойчивым

	steam
	пара
	пар

	steep 
	крутий
	крутой

	steering
	рульове керування 
(носовим колесом)
	рулевое управление 
(носовым колесом)

	steering wheel
	1. рульове колесо          2. штурвальчик керування носовим колесом
	1. рулевое колесо 2. штурвальчик управления 
носовым колесом

	stem (from)
	походити (з)
	происходить (из)

	stick out 
	висуватися
	выступать

	stiffener
	ребро жорсткості; профіль підсилення
	ребро жесткости; профиль усиления 

	strafing airplane
	літак-штурмовик
	самолёт-штурмовик

	strainer
	прямоточний паливний фільтр
	прямоточный топливный фильтр

	streamlined
	обтічний
	обтекаемый

	strength 
	міцність
	прочность

	stress
	1. напруга; наванта-ження 2. піддавати напрузі
	1. напряжение; нагрузка    2. подвергать напряже-нию

	stressed skin
	працююча обшивка
	работающая обшивка

	strike (struck)
	1. зштовхуватися; стикатися 2. вдаряти 
	1. сталкиваться  2. ударять

	stringer
	стрингер (повздовжній підсилюючий елемент)
	стрингер (продольный усиливающий элемент)

	strut
	1. стійка, опора; підкіс, розпірка; пілон 2. кріпити стійками; кріпити розпірками
	1. стойка, опора; подкос, распорка; пилон 2. крепить стойками; крепить распорками

	stub shaft
	кореневий вал
	корневой вал

	subdivide
	підрозділяти(ся)
	подразделять(ся) 

	subject (to)
	піддавати (дії, впливу 
і т. п.) 
	подвергать (воздействию, влиянию и т.п.)

	subsonic 
	дозвуковий 
	дозвуковой 

	substantially
	значною мірою; істотно
	в значительной степени; существенно

	suck
	усмоктувати
	всасывать

	suction 
	усмоктування 
	всасывание 

	superlight 
	понадлегкий 
	сверхлегкий 

	supersonic 
	надзвуковий 
	сверхзвуковой 

	supervise
	спостерігати; завідувати, керувати
	наблюдать; заведовать, руководить

	supplement
	доповнення, додаток
	дополнение, добавление

	support
	1. опора 2. забезпечення
	1. опора 2. обеспечение

	suppress fire
	гасити пожежу
	гасить пожар

	surface
	поверхня 
	поверхность

	surge
	помпаж (двигуна)
	помпаж (двигателя) 

	sweepback
	стрілоподібність 
	стреловидность 

	sweepback angle
	кут стрілоподібнocті
	угол стреловидности

	swirl vane
	завихрювач 
	завихритель

	switch
	1. перемикач 2. перемикати 
	1. переключатель 2. переключать 

	system
	1. система; комплекс 
2. установка; пристрій 
3. порядок; класифіка-

ція 4. метод; спосіб
	1. система; комплекс 
2. установка; устройство 
3. порядок; классификация 
4. метод; способ


T
	t 1. (ton) 
 2.(temperature)      3. (time)
	1. тона 2. температура 
3. час, період, термін
	1. тонна 2. температура 
3. время, период, срок

	tab
	триммер, щиток, пластина
	триммер, щиток, пластина

	tail cone
	хвостовий конус / обтікач
	хвостовой конус / обтекатель

	tail assembly
	хвостове оперення 
	хвостовое оперение 

	tail cone
	хвостовий конус
	хвостовой конус

	tail-off airplane
	літак «безхвістка»
	самолет «бесхвостка» 

	tail unit
	хвостове оперення 
	хвостовое оперение 

	take-off
	зліт
	взлет

	take off
	злітати
	взлетать

	take-off distance
	довжина розбігу (за максимальної злітної ваги)
	длина разбега (при максимальном взлетном весе)

	take-off run
	розбіг під час зльоту
	разбег при взлете

	tank
	бак; резервуар; цистерна
	бак; резервуар; цистерна

	tanker airplane 
	літак-паливозаправник
	самолет-топливозап-равщик

	tapered 
	трапецієподібний 
	трапециевидный

	taxi
	рулювати (аеродромом) 
	рулить (по аэродрому)

	technique
	техніка; методика
	техника; методика

	temperature 
	температура
	температура

	terminal
	1. клема; затискувач 
2. термінал
	1. клемма; зажим 2. терминал

	tester
	1. випробувальний прилад; контрольно-вимірювальний прилад 2. установка для випробувань; випробувальний стенд         3. тестер 4. пробник; щуп; зонд 5. випробувач
	1. испытательный прибор; контрольно-измеритель-ный прибор 2. установка для испытаний; испытательный стенд 3. тестер 
4. пробник; щуп; зонд 
5. испытатель 

	thermal
	тепловий 
	тепловой

	thermal energy
	термічна/ теплова енергія
	термическая/ тепловая энергия

	thermocouple
	термоелемент, термопара
	термоэлемент, термопара

	thorough
	ретельний, повний, ґрунтовний 
	тщательный, основательный, полный

	thrust
	1. тяга; сила тяги 
2. створювати тягу
	1. тяга; сила тяги 2. создавать тягу

	thrust reversal
	реверс тяги
	реверс тяги

	thrust-reversal device 
	механізм реверса тяги
	механизм реверса тяги

	thrust reverser
	механізм реверса тяги
	механизм реверса тяги

	tire
	шина, пневматик
	шина, пневматик

	tire inflation
	тиск у шинах
	давление в шинах

	tip
	закінцівка (крила)
	законцовка (крыла)

	tolerance
	допуск, зазор; допустиме відхилення
	допуск, зазор; допустимое отклонение

	torque
	крутний/ обертальний момент
	крутящий/ вращающий момент

	torsion
	кручення, скручування
	кручение, скручивание

	torsion link
	кільце шліц-шарніра
	кольцо шлиц-шарнира

	touchdown
	приземлення, торкання (землі, ЗПС)
	приземление, касание (земли, ВПП)

	towing
	буксирування
	буксировка

	track
	1. дорога; шлях 2. маршрут; траса 3. слід    4. колія 5. напрямний пристрій; напрямна   6. напрям; курс; лінія шляху (польоту); траєкторія 
7. канал; тракт          8. прокладати маршрут, трасу 9. стежити; простежувати
	1. дорога; путь 2. маршрут; трасса 3. след 4. колея 
5. направляющее устройство; направляющая 6. направление; курс; линия пути (полета); траектория 
7. канал; тракт 8. прокладывать маршрут, трассу 9. следить; прослеживать

	trailing edge
	задня кромка 
	задняя  кромка

	transducer
	датчик
	датчик

	transition
	перехід
	переход

	transport airplane
	транспортний літак
	транспортный самолет

	transversal member
	поперечний елемент конструкції
	поперечный элемент конструкции

	triangular
	трикутний
	треугольный

	tricycle landing gear
	трьохопорне шасі 
(з носовим колесом)
	трехопорное шасси 
(с носовым колесом)

	trim
	врівноважувати, регулювати, балансувати
	уравновешивать, регулировать, балансировать

	trim tab
	тример
	триммер

	trim wheel
	штурвальчик керування тримером
	штурвальчик управления триммером

	trimmer 
	тример
	триммер

	trouble


	несправність, відмова, поломка
	неисправность, отказ, поломка

	troubleshooting
	виявлення та усунення несправностей 
	выявление и устранение неисправностей

	trunnion 
	цапфа
	цапфа

	trunnion link
	кільце цапфи
	кольцо цапфы

	tube
	1. труба; трубка 2. патрубок 3. магістраль (гідро або пневмосистеми) 4. камера (шини)
	1. труба; трубка 2. патрубок 3. магистраль (гидро или пневмосистемы)     4. камера (шины)

	turbine rotor assembly
	робоче колесо турбіни 
	рабочее колесо турбины

	turbine-driven compressor
	компресор із приводом від турбіни
	компрессор с приводом от турбины

	
	
	

	turbine-powered
	що приводиться в дію турбіною; бустерний
	приводимый в движение турбиной; бустерный

	turbofan engine
	турбовентиляторний двигун
	турбовентиляторный двигатель

	turbojet engine
	турбореактивний двигун (ТРД)
	турбореактивный двигатель (ТРД)

	turboprop engine
	турбогвинтовий двигун (ТГД)
	турбовинтовой двигатель (ТВД)

	turboshaft engine
	турбовальний двигун
	турбовальный двигатель

	turbulence
	турбулентність
	турбулентность

	turnbuckle
	стяжна муфта
	стяжная муфта

	twin-spool engine
	двигун з двокаскадним компресором
	двигатель с двухкаскадным компрессором

	twin-engine 
	дводвигуновий 
	двухдвигательный 

	two-decked airliner
	двопалубний літак
	двухпалубный самолет

	two-spool compressor
	двокаскадний компресор
	двухкаскадный компрессор


U
	undercarriage 
	шасі
	шасси

	undersize
	зменшувати розмір
	уменьшать размер

	uniform
	однорідний
	однородный

	unit
	1.одиниця (фізичної) величини 2. компонент; елемент; вузол; блок; секція; частина; модуль 3. агрегат; установка; пристрій; прилад
	1.единица (физической) величины 2, компонент; элемент; узел; блок; секция; часть; модуль 3. агрегат; установка; устройство; прибор 

	unmanned
	безпілотний 
	беспилотный 

	unsteady flow
	1. нестаціонарний потік 2. неусталена течія
	1. нестационарный поток 2. неустановившееся течение

	up lock
	замок прибраного положення (шасі)
	замок убранного положения (шасси)


V
	valve
	1. клапан 2. кран, розподільний кран, вентиль 3. заслінка; затвор
	1. клапан 2. кран, распределительный кран, вентиль 3. заслонка; затвор

	vane
	лопатка (напрямна)
	лопатка (направляющая)

	vaporization
	1. випаровування         2. випарювання          3. пароутворення
	1. выпаривание 2. испарение 

3. парообразование

	vary
	відрізнятися, різни-тися; варіюватися, міняти(ся)
	отличаться, разниться; варьировать(ся), (из)менять(ся)

	vehicle 
	1. транспортний засіб 
2. літальний апарат
	1. транспортное средство 
2. летательный аппарат

	velocity
	швидкість (векторна)
	скорость (векторная)

	verification
	1. перевірка 2. підтвердження 
	1. проверка 2. подтверждение

	vertical take-off and landing (VTOL) aiplane
	літак вертикального зльоту і посадки 
	самолет вертикального взлета и посадки

	vessel
	1. корабель, судно        2. посудина
	1. корабль, судно 2. сосуд

	vibratory stress
	вібраційна напруга
	вибрационное напряжение

	vice versa
	навпаки
	наоборот

	visibility
	видимість
	видимость

	vision
	1. вид, видимість 2. зображення 

	1. вид, видимость 2. изображение

	visual inspection
	візуальний огляд
	визуальный осмотр

	volume
	об’єм; обсяг; місткість 
	объем; емкость


W

	warn fire
	сигналізувати про 

пожежу
	сигнализировать о пожаре

	
	
	

	warning
	1. попередження, спові-щення, сигналізація 
2. застережливий сигнал
	1. предупреждение, оповещение, сигнализация 
2. предупреждающий сигнал

	warning light
	світловий сигнальний пристрій, сигнальна лампочка
	световое сигнальное устройство, сигнальная лампочка

	warping
	викривлення, короблення 
	искривление, коробление 

	wear
	зношення
	износ

	weight 
	1. вага; маса 2. вантаж; навантаження
	1. вес; масса 2. груз; нагрузка

	weld
	зварювати
	сваривать

	welding
	1. зварка 2. зварю-вальний
	1. сварка 2. сварочный

	wheel track
	колія шасі 
	колея шасси

	wheel well
	ніша колеса (шасі)
	ниша колеса (шасси)

	wheelbase 
	база колесного шасі 
	база колесного шасси 

	wheeled airplane
	літак з колісним шасі
	самолет с колесным шасси

	width
	ширина 
	ширина 

	window wiper
	склоочищувач
	стеклочиститель

	windscreen 
	лобове скло (кабіни екіпажу)
	лобовое стекло (кабины экипажа)

	windshield
	лобове скло (кабіни екіпажу)
	лобовое стекло (кабины экипажа)

	windtunnel
	аеродинамічна труба
	аеродинамическая труба

	wing
	крило
	крыло

	wing area 
	площа крила 
	площадь крыла

	wing box
	кесон крила
	кессон крыла

	wing loading 
	навантаження на крило 
	нагрузка на крыло

	wing root
	коренева частина  крила
	корневая часть крыла

	wing span
	розмах крила
	размах крыла

	wing tip
	закінцівка крила
	законцовка крыла

	wiper
	очисник, щітка
	очиститель, щетка

	wire
	дріт
	провод, проволока 

	withstand 
	витримувати (навантаження)
	выдерживать (нагрузки)

	work form
	бланк-замовлення на виконання робіт
	бланк-заказ на выполнение работ

	working fluid
	робоча рідина
	рабочая энергия


X
	x-ray
	рентген
	рентген

	x-ray check
	перевірка за допомогою рентгеновипромінювання 
	проверка с помощью рентгеноизлучения 


Y

	yaw
	рискання, відхилення від курсу 
	рыскание, отклонение от курса 

	yield 
	1. виробляти; приносити, давати (плоди, наслідок) 2. піддаватися; поступатися 
	1. производить; приносить, давать (плоды, результат) 2. поддаваться; уступать 


LITERATURE
1. Aircraft and Engine Design / Акмалдінова О.М., Будко Л.В., Карпенко М.В., Кравчук О.Ю., Ткаченко С.І.– К.: НАУ, 2002. - 204 с.

2. English For Aviation / Акмалдінова О.М., Будко Л.В., Карпенко М.В., Кравчук О.Ю., Ткаченко С.І.– К.: НАУ, 2004. – 216 с.

3. Aircraft Systems / Акмалдінова О.М., Будко Л.В. – К.: НАУ, 2004. – 60 с.

4. Professional English. Aircraft Systems / Акмалдінова О.М., Будко Л.В., Кравчук О.Ю. – К.: НАУ, 2011. – 252 с.

5. Engine Failures / Акмалдінова О.М., Будко Л.В. – К.: НАУ, 2002. – 62 с.
6. Aircraft and Engine Maintenance / Акмалдінова О.М., Будко Л.В., Карпенко М.В.– К.: НАУ, 2007. – 112 с.

7. Helicopter Design / Акмалдінова О.М., Будко Л.В., Кравчук О.Ю.– К.: НАУ, 2008. – 96 с.

8. Airframe Structural Design. Practical Design Information and Data on Aircraft Structures / Michael Chun-Yung Niu – Los Angeles, California: Technical Book Company, 1989. – 612 c. 

9. English Grammar Practice / A.N. Akmaidinova, L.V. Budko, S.P. Fateyeva.– К.: НАУ, 2006. –148 с.
10. Phaidon Concise Encyclopedia of Science and Technology / John-David Jule. – Oxford: Elsevier Publishing Projects, 1978. – 590 p.

11. English-Ukrainian Dictionary. – Vol. I, II. – Київ: Освіта, 1996. – Vol. I. – 752 с.
12. Longman Dictionary of English Language and Culture. – Edinburgh: Pearson Education, 2003. – 1568 p.

13. Новый англо-русский, русско-английский авиационный словарь / Е.Н. Девнина. – М.: Живой язык, 2008. – 248 с. 

14. Англо-русский словарь по гражданской авиации / В.П. Марасанов . – М.: Издательство «Скорпион-Россия», 1996. – 560 с.
15. Русско-английский политехнический словарь / Б.В. Кузнецов. – М.: «РУССО», 2007. – 723 с.
16. Большой англо-русский политехнический словарь: В 2 т. Около 200 000 терминов / С.М. Баринов, А.Б. Борковский, В.А. Владимиров и др. – Т. I: A-L. – М.: РУССО, 2007. – 704 с.
17. Большой англо-русский политехнический словарь: В 2 т. Около 200 000 терминов / С.М. Баринов, А.Б. Борковский, В.А. Владимиров и др. – Т. II: M-Z. – М.: РУССО, 2007. – 720 с.
18. http://www.britannica.com
CONTENTS
	Передмова
	3

	Unit I. Principal Structural Units of the Airplane
	4

	        I.1. Airframe
	4

	        I.2. Fuselage
	49

	        I.3. Wing
	65

	       I.4. Tail Unit
	98

	       I.5. Landing Gear
	124

	       I.6. Power Plant 
	141

	Unit II. Major Components of the Gas Turbine Engine
	148

	       II.1. Main Sections of the engine
	148

	      II.2. Compressor
	160

	      II.3. Combustion Chamber
	185

	      II.4. Turbine Section
	199

	      II.5. Types of Aircraft Engines
	227

	      II.6 Air Accidents
	255

	Unit III. Aircraft and Engine Maintenance
	267

	      III.1. Aircraft Maintenance
	266

	      III.2. Engine Maintenance 
	322

	Vocabulary
	366

	Literature 
	416


[image: image51.emf] 

[image: image52.emf] 


Liquid-


propellant





Turbfans





Solid-


propellant





Turbojets





Turboprops





Tuboshafts





Rockets





Ram jets





Gas-turbines





Piston engines





Jet engines





Алгоритмізація та програмування





 aileron





 flap





N + N + N


liquid-propellant rocket


                      �


                         що?  


                       �


яка?�     ракета  


             �


на рідкому паливі     


Термін: ракета, працююча на рідкому паливі.





    





N + N + N


aircraft control system  


                                 �


                                  що?  


                                            �


                     яка?    � система 


                       �  


чого?  � керування 


літака


Термін: система керування літака
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