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Unit 1. CIVIL ENGINEERING

Civil engineering is a field of engineering that deals with the construction
and maintenance of the structures that are required for human civilization, such
as buildings, roads, and sewers. It is an umbrella field comprised of many related
specialties.

Structural engineering, of which structural design is a component, is typically the
largest part of civil engineering as a practice. Structural engineers design bridges,
buildings, offshore oil platforms, dams etc. Structural analysis is another component
of structural engineering and a key component in the structural design process. This
involves computing the stresses and forces at work within a structure. There are
some structural engineers who work in non-typical areas, designing aircraft, space-
craft and even biomedical devices.

Supporting structural engineering is the field of geotechnical engineering. The
importance of geotechnical engineering can hardly be overstated: buildings must be
connected to the ground. Geotechnical engineering is concerned with soil proper-
ties, foundations, footings and soil dynamics. Over time, researchers have derived
empirical equations that work (it is not an exact science).

Transportation engineering is concerned with queuing theory and traffic flow
planning. These are highly complex computational problems.

Environmental engineering deals with the treatment of chemical, biological, and/
or thermal waste and with hydrology.

Sanitary engineering is primarily concerned with purifying water for drinking
and with treating sewage.

Hydraulic engineering is concerned with the flow and conveyance of fluids, prin-
cipally water. This area of engineering is, of course, intimately related to the design
of bridges, dams, channels, canals, and levees, and to both Sanitary and Environ-
mental engineering.

Construction engineering involves planning and execution of the designs from
structural and geotechnical engineers.

Civil engineering also includes material science. Engineering materials include
concrete, steel and recently, polymers and ceramics with potential engineering ap-
plication.

A popular misconception is that civil engineering is far from the existing fron-
tiers in mathematics and computer science. In actuality, much of what is now com-
puter science was driven by work in civil engineering, where structural and network
analysis problems required parallel computations and development of advanced al-
gorithms.

There are also civil engineers who work in the area of safety engineering, apply-
ing probabilistic methods to structural design, safety analysis and even estimates of
insurance losses due to natural and man-made hazards [1].



Key Words

Engineering — uHxeHepHOE J1€J10, CTPO-
UTEITBCTBO

Complex — cHOXHBIT

Maintenance — cozepkaHue

Required — tpeOyemprit

Design — npoeKTupoBaHHe

Stress — naBneHue

Aircraft — camoner

Device — yCcTpoiCTBO

Supporting — nonaepxka

Soil — mouBa

Foundation — ¢yHmamenT

Equation — ypaBHeHue

To be concerned with — 3annMaTbCs yem-
oo

Traffic flow theory — Teopus Tpancmopt-
HOTO TIOTOKa

Computational — pacueTHbIit

Waste — orxoznbl

Sewage — xaHanmM3anus

Intimately — rmyGoxo

Dam — namba

Execution — peanuzanus

Queuing theory — Teopusi ouepeTHOCTH
Estimate — onenka

Loss — noreps

Exercise 1. Answer the questions
. What is structural engineering?

. What do structural engineers do?
. What is structural analysis?

O 0 1O\ DN K~ Wik —

Structural engineering — CTpyKTypHOE HH-
KEHEPHOE JIEJI0

To deal with — umeTs neno c

Construction — CTpOUTEIBCTBO

Sewer — KaHaJIU3aLUs

To design — npoekTHpoBaThH

Force — cuna

Spacecraft — kocmuueckuii kopadib

To overstate — npeyBeIMYMBaTh

Ground — 3emiist

Properties — cBoiicTBa

Footing — omopa

Exact — TouHbI1

Civil engineering — CTpOHUTEIBCTBO, HHKE-
HEpHOE JeII0

Misconception — HenpaBUILHOE TPEICTAB-
JeHue

Treatment — o6paboTka

Purifying — ouncrka

Conveyance — nepeMenieHne

Related to — cBs3aHHBII C

Levee — mioTuHA, MOJI

Concrete — OeToH

To compute — paccuuThIBaTh

Network — ceTb

Due to — u3-3a, Gnarogapst

. What does the civil engineering deal with?

. Why cannot the importance of geortechnical engineering be overstated?
. What is transportation engineering concerned with?

. What is sanitary engineering devoted to?

. What is environmental engineering concerned with?

. What does hydraulic engineering deal with?

10. What does construction engineering involve?
11. What does civil engineering also include?

Exercise 2. Find Russian equivalents

Empirical equations, over time, soil dynamics, footings, foundations, soil prop-
erties, is concerned with, the ground, geotechnical engineering, device, space-
craft, aircraft, within a structure, computing the stresses and forces, this involves,
component, dams, offshore oil platforms, design, structural engineers, a practice,
the largest part, structural design, structural engineering, insurance losses, estimates,
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probabilistic methods, network analysis problems, misconception, application, steel,
concrete, to include, execution, construction engineering, level, related to, intimate-
ly, conveyance of fluids, treating sewage, purifying water, waste, the treatment of,
environmental engineering, computational problems, complex, traffic flow planning,
queuing theory, man-made hazards.

Exercise 3. Find English equivalents

CrpouTenbCcTBO, MHKEHEPHOE J1€710, UMETh JIETIO C ..., CTPOUTEIBCTBO, MOAAEP-
KaHUE, KOHCTPYKIIUU, HEOOXOMUMBIN IS ..., JOPOTH, KaHAJIU3AIUS, COCTOSIINAN
U3 ..., CTPYKTYpPHOE WHXKEHEPHOE JIeJIO, CTPYKTYPHOE MPOEKTUPOBAHUE, OOBIYHO,
IPAKTUKA, MPOEKTUPOBATh, MOPCKHUE IMIATPOPMBI, JaMObI, KIIOUYEBOW KOMIIOHEHT,
JABJICHUE W CHJIBI, CAMOJIET, KOCMUYCCKUN KOpaliib, OMOMEIUITMHCKHE TIPHUOOPHI,
TIEPEOIICHUTD, 3eMJIs, 3aHUMAThCSl YEeM-JTHM00, CBOWCTBA TOYB, (YHIAMEHTHI, OTIO-
PBI, AMHAMUKA MIOYBBI, C TECYEHHUEM BPEMEHHU, TPAHCIIOPTHOE CTPOUTETHCTBO, TEOPHUS
ouepenield, Teopusi MOTOKA TPAHCIIOPTHBIX CPEACTB, CIOXKHBIE PACUECTHHIC 3aJauHu,
OYHCTKA OTXOJIOB, OYMCTKA BOJBI, OYMCTKA KAHAIM3AIMOHHBIX CTOKOB, TECHO CBSI-
3aHHBIN C ..., INIOTHHA (MOJ), BKJIIOUATh B Ce0sl, CTPOUTENIbHBIC MaTepHaibl, OETOH,
KeJe30, MPUMEHEHUE, OMMO0YHOE TPEICTABIICHUE, CYIIIECTBYIOIINE TPAHUIIBI, TPO-
OJIEMBI CETEBOTO aHAJIN3a, CIIOKHBIC AJITOPUTMBI, IPUMEHECHHE, BEPOSITHOCTHBIC Me-
TOJIbI, CO3/JaHHBIE YEJIOBEKOM YTPO3BbI.

Exercise 4. Say whether it is true or false

1. Construction engineering involves planning and execution of the designs from
structural and geotechnical engineers.

2. Hydraulic engineering is concerned with purifying water for drinking and
with treating sewage.

3. Sanitary engineering is primarily concerned with the flow and conveyance of
fluids, principally water.

4. Environmental engineering deals with queuing theory and traffic flow
planning.

5. Transportation engineering is concerned with the treatment of chemical, bio-
logical, and/or thermal waste and with hydrology.

6. Geotechnical engineering is concerned with computing the stresses and forces
at work within a structure.

7. Civil engineering is a field of engineering that deals with soil properties, foun-
dations, footings and soil dynamics.

8. Structural engineers design bridges, buildings, offshore oil platforms,
dams etc.

9. Construction engineering involves the flow and conveyance of fluids, princi-
pally water.

10. Hydraulic engineering is concerned with planning and execution of the de-
signs from structural and geotechnical engineers.
11. Engineering materials include concrete, steel and recently, polymers and ce-

ramics with potential engineering application.
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Exercise 5. Fill in the gaps with the words from the box

1. Hydraulic Engineering is concerned with the flow and
of fluids, principally water.
2. There are also civil engineers who work in the area of

3. Construction engineering involves planning and execution of
from structural and geotechnical engineers.
4, , researchers have
derived empirical equations that work (it is not an exact science).
5. There are some structural engineers who work in
, designing aircraft, spacecraft and even biomedical

devices.
6. This involves computing the stresses and forces at work

7. Structural analysis is another component of structural engineering and a
in the structural design process.
8. Structural engineers design bridges, buildings,

, dams etc.
offshore oil platforms within a structure over time safety engineering
a key component non-typical areas the designs conveyance

Exercise 6. Fill in the gaps with prepositions

1. There are also civil engineers who work ... the area of safety engineering.

2. This area of engineering is, of course, intimately related ... the design of
bridges, dams, channels, canals, and levees.

3. Sanitary engineering is primarily concerned with purifying water ... drinking
and with treating sewage.

4. Environmental engineering deals ... the treatment of chemical, biological, or
thermal waste.

5. Geotechnical engineering is concerned ... soil properties, foundations, foot-
ings and soil dynamics.

6. Civil engineering is a field of engineering that deals with the construction and
maintenance ... the structures.

Exercise 7. Complete the sentences with the information from the text

1. There are also civil engineers who work ...

2. A popular misconception is that ...

3. Engineering materials include ...

4. Civil engineering also includes ...

5. Hydraulic engineering is concerned with ...

6. Sanitary engineering is primarily concerned with ...
7. Environmental engineering deals with ...
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8. Transportation engineering is concerned with ...
9. The importance of geotechnical engineering ...
10. There are some structural engineers who ...
11. Structural analysis is ...
12. Structural engineers design ...
13. Civil engineering is a field of engineering ...

Exercise 8. Complete the definitions below with the words from the box

1. the process of preserving a condition.

2. the action of building something.

3. an underground conduit for carrying off
drainage water and waste matter.

4. a barrier constructed to hold back water and
raise its level.

5. a thing made or adapted for a particular
purpose, especially a piece of mechanical or electronic equipment.

6. unwanted or unusable material, substances,
or by-products.

7. a structure carrying a road, path, railway,
etc. across a river, road, or other obstacle.

8. a building material made from a mixture of

broken stone or gravel, sand, cement, and water.

Construction Sewer Dam Device
Waste Bridge Concrete Maintenance

Exercise 9. Speak about civil engineering

Unit 2. HISTORY OF ENGINEERING

The concept of engineering has existed since ancient times as humans devised
fundamental inventions such as the pulley, lever, and wheel. Each of these inventions
is consistent with the modern definition of engineering, exploiting basic mechanical
principles to develop useful tools and objects.

The term engineering itself has a much more recent etymology, deriving from
the word «engineer», which itself dates back to 1325, when an engine’er (literally,
one who operates an engine) originally referred to «a constructor of military en-
ginesy. In this context, now obsolete, an «engine» referred to a military machine, 1. €.,
a mechanical contraption used in war (for example, a catapult). Notable exceptions
of the obsolete usage which have survived to the present day are military engineer-
ing corps, e.g., the U.S. Army Corps of Engineers.

The word «engine» itself is of even older origin, ultimately deriving from the
Latin ingenium, meaning «innate quality, especially mental power, hence a clever
inventiony.



Later, as the design of civilian structures such as bridges and buildings matured
as a technical discipline, the term civil engineering entered the lexicon as a way to
distinguish between those specializing in the construction of such non-military proj-
ects and those involved in the older discipline of military engineering [2].

Key Words

Concept — mnoHsTHE

Ancient — qpeBHUI

To devise — nmpuymarhb
Pulley — 6mox

Wheel — koneco

To exploit — ucnonp30BaTh
To develop — pa3pabarsiBaTh
Term — TepMuH

Obsolete — ycTapeBmit
Contraption — XUTpOoyMHOE N300peTeHue
To survive — nepexuTh
Origin — npoucxXoxaeHne
Innate — BpOXAEHHBIN

To mature — co3peThb

To exist — cyIiecTBOBaTh
Human — yenoBexk

Invention — n3zo6perenue

Lever — ppruar

Consistent — COOTBETCTBYIOITHI
To derive from — npoucxoauTs u3
Tool — uHCTpyMEHT

To refer to — OTHOCUTBCS K
Military — BoeHHBIN

Notable — 3ameTHbII

Corps — xopnyc (MHXXEHEpHBIN)
Ultimately — B KOHIIE KOHIIOB
Hence — cnenosarenbHO

To distinguish — pa3nuuarp

Exercise 1. Answer the questions

1. How long does the concept of engineering exist?

2. Which types of devices are known since ancient times?

3. Are these inventions consistent with modern engineering?
4. Which etymology does the term «engineering» have?

5. When does the term engineer date back?

6. What did the term «engineer» originally mean?

7. What does the word «engine» mean?

8. When did the term «civil engineering» enter the lexicon?

Exercise 2. Find Russian equivalents

Obsolete, referred to, who operates an engine, literally, dates back, deriving from,
recent, useful tools, to develop, basic mechanical principles, exploiting, definition,
1s consistent with, wheel, lever, pulley, fundamental inventions, existed, devised,
humans, ancient times, since, concept, involved in, to distinguish, matured, hence,
innate quality, origin, survived, notable, exception, contraption, engineering corps.

Exercise 3. Find English equivalents

[TonsiTre, MH)KEHEPHOE UCKYCCTBO, IPEBHHUE BPEMEHA, JTFOTH, IIPUTYMBIBATh, OTIPE-
JICIIEHUE, COOTBETCTBOBATh, UCITOJB30BaTh, OCHOBHBIC MPUHITUITBI MEXaHUKH, pa3pa-
0aTIBaTh, MOJIE3HBIE MHCTPYMEHTBI, MPEIMEThI, TEPMHUH, HOBBIHA, IIPOUCXOISIIHIA OT,
JaTupyeTcs, OyKBAIbHO, OTHOCUTHCS K, KOHCTPYKTOP, YCTApEBIIHA, BOWHA, XUTPOYM-
HOe n300peTeHne, BHyTPEHHEE Ka4eCTBO, HACTOSINEE BPEMSsI, 3aMETHOE UCKITFOUCHHE,
yCTapeBIliee UCIOIb30BaHUE, JOKUTH /10, YMCTBEHHAsl CHila, YMHOE H300peTeHue,
pa3paboTKa, Co3peTh, BOWTH B JIEKCUKOH, CIIOCO0, pa3rpaHUINTh, HEBOCHHBIH.
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Exercise 4. Say whether it is true or false

1. The term «civil engineering» entered the lexicon as a way to distinguish be-
tween those specializing in the construction of such non-military projects and those
involved in the older discipline of military engineering.

2. The design of civilian structures such as bridges and buildings matured as
a humanitarian discipline.

3. The word «engine» itself is of even older origin, ultimately deriving from the
Greek.

4. The term engineering itself has a much more recent etymology.

5. The concept of engineering has never existed.

Exercise 5. Fill in the gaps with the words from the box

1. The civil engineering entered the lexicon as a way to dis-
tinguish between those specializing in the construction of such non-military projects
and those the older discipline of military engi-
neering.

2. Later, as of civilian structures such as
bridges and buildings matured as a technical discipline.

3. The word «enginey itself is of even older origin, de-

riving from the Latin ingenium, meaning «innate quality, especially mental power,
hence a clever inventiony.

4. The term engineering itself has a much more recent etymology, deriving from
the word :

5. Each of these inventions is consistent with the modern definition of engineer-

ing, basic mechanical principles to develop useful tools
and objects.
6. The concept of engineering has existed as humans de-
vised fundamental inventions such as the , lever and wheel.
pulley since ancient times exploiting engineer
ultimately the design involved in term

Exercise 6. Fill in the gaps with prepositions

1. Later, as the design of civilian structures ... bridges and buildings matured as
a technical discipline.

2. The word «engine» itself is of even older origin, ultimately deriving ... the
Latin «ingeniumy.

3. An «enginey referred ... a military machine.

4. The term engineering itself has a much more recent etymology, deriving from
the word engineer, which itself dates ... ... 1325.

5. Each of these inventions is consistent ... the modern definition of engineering.

6. The concept of engineering has existed ... ancient times.
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Exercise 7. Complete the sentences with the information from the text

1. Later, as the design of civilian structures such as ...
2. The word «enginey itself'is ...

3. Notable exceptions of the obsolete usage ...

4. The term engineering itself has ...

5. The concept of engineering has existed ...

Exercise 8. Complete the definitions below with the words from the box

1. the action of inventing something, typi-
cally a process or device.

2. a circular object that revolves on an axle
and is fixed below a vehicle or other object to enable it to move over the ground.

3. acting or done in the same way over
time.

4. make full use of and derive benefit
from.

5. no longer produced or used.

6. an apparatus using mechanical pow-

er and having several parts, each with a definite function and together performing
a particular task.

7. continue to live or exist in spite of.

8. recognize or treat (someone or some-
thing) as different.

To exploit Wheel Obsolete Consistent
To distinguish Machine To survive Invention

Exercise 9. Speak about the history of engineering

Unit 3. MAIN BRANCHES OF ENGINEERING

Engineering, much like other science, is a broad discipline which is often broken
down into several sub-disciplines. These disciplines concern themselves with differ-
ing areas of engineering work. Although initially an engineer will usually be trained
in a specific discipline, throughout an engineer’s career the engineer may become
multi-disciplined, having worked in several of the outlined areas. Engineering is
often characterized as having four main branches:

Chemical engineering — the exploitation of both engineering and chemical prin-
ciples in order to carry out large scale chemical process.

Civil engineering — the design and construction of public and private works,
such as infrastructure (airports, roads, railways, water supply and treatment etc.),
bridges, dams, and buildings.
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Electrical engineering — a very broad area that may encompass the design and
study of various electrical and electronic systems, such as electrical circuits, genera-
tors, motors, electromagnetic/electromechanical devices, electronic devices, elec-
tronic circuits, optical fibers, optoelectronic devices, computer systems, telecom-
munications and electronics.

Mechanical engineering — ehe design of physical or mechanical systems, such
as power and energy systems, aerospace/aircraft products, weapon systems, trans-
portation products engines, compressors, power trains, kinematic chains, vacuum
technology, and vibration isolation equipment.

Beyond these four, sources vary on other main branches. Historically, naval en-
gineering and mining engineering were major branches. Modern fields sometimes
included as major branches include aerospace, architectural, biomedical, industrial,
materials science and nuclear engineering.

New specialties sometimes combine with the traditional fields and form new
branches. A new or emerging area of application will commonly be defined tempo-
rarily as a permutation or subset of existing disciplines; there is often gray area as
to when a given sub-field becomes large and/or prominent enough to warrant clas-
sification as a new «branch». One key indicator of such emergence is when major
universities start establishing departments and programs in the new field.

For each of these fields there exists considerable overlap, especially in the areas
of the application of sciences to their disciplines such as physics, chemistry and
mathematics [3].

Key Words

Broad — mmpokuit To be broken down — pacnanarbcs
To concern — 3arparusarb Initially — cnauana

Throughout — Bce Bpems Outlined — BBIIENEHHBIHN, YKa3aHHBII
Exploitation — ucrnosnbp3oBaHue To carry out — BBINOIHATH

Works — coopyxenus Water supply — BomocHaOxenne

To encompass — BKJIIO4aTh B ceOs Electrical circuit — anexTpuueckas 1emnb
Optical fiber — onToBoNOKOHHBIE Kabenu Indicator — mokazarenb

Power train — Tpancmuccus Equipment — o6opynoBanue

To vary on — u3MeHTbCS Naval — mopckoit

Nuclear — snepHbiii Emerging — nosiBisromuiics
Commonly — 00br4yHO Permutation — nepectaHoBka

Subset — moaMHOXKECTBO To warrant — moaATBepaIUTH

Power and energy systems — aiexTpuye- Overlap — nacnoenue

CKHUC U DOHCPICTUYCCKUC CHUCTCMbI

Exercise 1. Answer the questions

1. Is engineering a broad or a narrow discipline?
2. Can it be broken down into sub disciplines?
3. What do these sub disciplines concern?

4. How will an engineer initially be trained?

5. What is chemical engineering?
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6. What does civil engineering deal with?
7. Is electrical engineering concerned with electrical or transportation systems?
8. What can you say about mechanical engineering?
9. Are there more branches beyond these four?
10. Which branches do modern fields include as major branches?
11. How will a new area be commonly defined?
12. What is the key indicator of the emergence of a new branch of engineering?
13. Do some fields of engineering overlap?

Exercise 2. Find Russian equivalents

Power and energy systems, optical fibers, electronic devices, electrical circuits,
encompass, railways, water supply and treatment, infrastructure, public and private
works, the design, large scale chemical process, to carry out, in order to, chemical
principles, the outlined areas, multi-disciplined, throughout, a specific discipline,
initially, concern, often broken down into, a broad discipline, science, overlap, es-
tablish, prominent, subset, permutation, commonly, application, emerging area, min-
ing engineering, naval, vary on, beyond, vibration isolation equipment, power trains,
engine, weapon systems.

Exercise 3. Find English equivalents

NnxenepHoe neio, Hayka, MHAPOKA JUCIUIUIMHA, MTOAPA3ACIAThCA HA ..., HE-
CKOJIBKO, BKJTFOUYATh B €01, XOTS, HICXOJTHO, HAa BCEM IMPOTSKEHUH, YKa3aHHbBIE CPEephI,
BETBb, UCIOJIb30BaHNE, MACIITAOHBIC XUMUYECKHE TIPOIIECCHI, BHITIOIHATD, TOCYAap-
CTBEHHBIC W YAaCTHBIC COOPYKEHUsS, MHOPACTPYKTypa, BOAOCHAOKECHUE W OYMCTKA
CTOKOB, MOCT, JaM0a, 3/1aHKe, BKIIFOUaTh B Ce0sl, MPOCKTUPOBAHNE, U3YUCHHE, JICK-
TPUYECKHE IIEMH, BOCHHBIE CUCTEMBI, AJIEKTPUUECKUE CUCTEMbI, MAlllUHBI, TPAHC-
MHUCCHH, 000PYI0BaHHUE 10 U3O0JIAIMU OT BUOPAIIUHU, MOPCKOE CTPOUTEIBCTBO, MPH-
MEHEHHE, 0OBIYHO, TIEPECTAaHOBKA, MTOJAMHOKECTBO, 3aMETHBIM, 000CHOBATh, MEpe-
CEKaThCHl.

Exercise 4. Say whether it is true or false

1. For each of new fields of engineering there isn’t overlap.

2. One key indicator of such emergence is when major universities start estab-
lishing departments and programs in the new field.

3. Mechanical engineering — the design and construction of public and private
works, such as infrastructure, bridges, dams, and buildings.

4. Civil engineering — the design of physical or mechanical systems, such as
power and energy systems.

5. Chemical engineering — the exploitation of both engineering and chemical
principles in order to carry out large scale chemical process.

6. An engineer will usually be trained in all existing specific disciplines.

7. Engineering, much like other science, is a broad discipline which is often bro-
ken down into several sub-disciplines.
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Exercise 5. Fill in the gaps with the words from the box

I. One key indicator of such emergence is when major universities start
departments and programs in the new field.
2. There is often gray area as to when a given sub-field becomes large and/or

enough classification as a new «branchy.
3. A new or area of application will commonly
be defined as a permutation or subset of existing disci-
plines.
4. New specialties sometimes the traditional fields
and form new branches.
5. Historically, and mining engineering were ma-
jor branches.
6. Engineering is often as having four main branches.
7. an engineer's career the engineer may become
, having worked in several of the outlined areas.
8. These disciplines themselves with differing
of engineering work.
establishing emerging naval engineering temporarily
to warrant combine with characterized prominent
throughout multi-disciplined concern areas

Exercise 6. Fill in the gaps with prepositions

1. For each of these fields there exists considerable overlap, especially ... the
areas of the application of sciences to their disciplines.

2. New specialties sometimes combine ... the traditional fields and form new
branches.

3. ... these four, sources vary on other main branches.

4. The exploitation of both engineering and chemical principles in order to car-
ry ... large scale chemical process.

5. Although initially an engineer will usually be trained ... a specific discipline.

6. Engineering, much like other science, is a broad discipline which is often bro-
ken ... into several sub-disciplines.

Exercise 7. Complete the sentences with the information from the text

1. A new or emerging area of application ...

2. Beyond these four ...

3. Mechanical engineering ...

4. Electrical engineering ...

5. Civil engineering. ..

6. Chemical engineering ...

7. Although initially an engineer will usually be trained in ...

8. These disciplines concern ...

9. Engineering, much like other science, is a broad discipline which ...
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Exercise 8. Complete the definitions below with the words from the box

1. activity involving mental or physical
effort done in order to achieve a result.

2. an occupation undertaken for a signifi-
cant period of a person’s life and with opportunities for progress.

3. perform a task.

4. teach (a person or animal) a particular
skill or type of behaviour through sustained practice and instruction.

5. energy that is produced by mechanical,
electrical, or other means and used to operate a device.

6. notably large in size, amount, or extent.

7. in every part of (a place or object).

8. (of a device) having or operating with

components such as microchips and transistors that control and direct electric
currents.

To carry out To train Considerably Power

Career Throughout Electronic Work
Exercise 9. Speak about main branches of engineering

Unit 4. ENGINEER

An engineer is a professional practitioner of engineering, concerned with
applying scientific knowledge, mathematics and ingenuity to develop solutions for
technical and practical problems. Engineers design materials, structures, machines and
systems while considering the limitations imposed by practicality, safety and cost. The
word engineer is derived from the Latin root «ingenerare», meaning «to createy.

Engineers are grounded in applied sciences, and their work in research and de-
velopment is distinct from the basic research focus of scientists. The work of engi-
neers forms the link between scientific discoveries and their subsequent applications
to human needs.

Engineers develop new technological solutions. During the engineering design
process, the responsibilities of the engineer may include defining problems, con-
ducting and narrowing research, analyzing criteria, finding and analyzing solutions,
and making decisions. Much of an engineer’s time is spent on researching, locating,
applying, and transferring information. Indeed, research suggests engineers spend
56 % of their time engaged in various different information behaviours, including
14 % actively searching for information.

Engineers must weigh different design choices on their merits and choose
the solution that best matches the requirements. Their crucial and unique task is to
identify, understand, and interpret the constraints on a design in order to produce
a successful result.
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Engineers apply techniques of engineering analysis in testing, production, or
maintenance. Analytical engineers may supervise production in factories and else-
where, determine the causes of a process failure, and test output to maintain quality.
They also estimate the time and cost required to complete projects. Supervisory en-
gineers are responsible for major components or entire projects. Engineering analy-
sis involves the application of scientific analytic principles and processes to reveal
the properties and state of the system, device or mechanism under study. Engineer-
ing analysis proceeds by separating the engineering design into the mechanisms of
operation or failure, analyzing or estimating each component of the operation or
failure mechanism in isolation, and re-combining the components.

Many engineers use computers to produce and analyze designs, to simulate and
test how a machine, structure, or system operates, to generate specifications for parts,
to monitor the quality of products, and to control the efficiency of processes.

Most engineers specialize in one or more engineering disciplines.

Numerous specialties are recognized by professional societies, and each of the
major branches of engineering has numerous subdivisions. Civil engineering, for
example, includes structural and transportation engineering, and materials engineer-
ing includes ceramic, metallurgical, and polymer engineering. Engineers also may
specialize in one industry, such as motor vehicles, or in one type of technology, such
as turbines or semiconductor materials [4].

Key Words

Practitioner — HCTIONHUTEND Ingenuity — n300peTaTeibHOCTh
Practicality — npaxTukoii To narrow — cyxarb

Solution — pemrenne Limitation — orpanndyeHue

To create — co3gaBaTh Distinct from — ominuaercs of...
Discovery — OTKpbITHE Subsequent — nocnenyromui
To weight — B3BecuTh Merit — 3aciyra, TOCTOMHCTBO
Output — BbIXOA To simulate — uMuTHpPOBATH
Failure — neynaua Crucial — xiroueBoit

Exercise 1. Answer the questions

. Who is an engineer?

. What is an engineer concerned with?

. What do engineers design?

. What is the word engineer derived from?

. Where do engineers work?

. What does their work form?

. What do engineers develop?

. What is much of engineer’s time spent on?
. How do the engineers take decisions?

. Where do engineers apply their techniques?
. Do many engineers use computers?

. Do most engineers specialize in different engineering disciplines?

03N DN KW
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Exercise 2. Find Russian equivalents

Engaged in, making decisions, analyzing criteria, conducting and narrowing
research, new technological solutions, human needs, subsequent applications, dis-
coveries, the link, to form, basic research focus, distinct from, applied sciences,
grounded in, practicality, imposed by, the limitations, design, to develop, ingenu-
ity, applying, concerned with, practitioner, semiconductor materials, turbines, mo-
tor vehicles, industry, numerous, to generate specifications, to simulate, isolation,
component, state, to reveal the properties, entire projects, to maintain, failure, to
determine, to supervise, the constraints, to identify, the requirements, match, merit,
to weigh.

Exercise 3. Find English equivalents

HNmeTs aeno ¢, mpoeKTUpOBaTh, peUIeHUE, IPUMEHEHUE, HAYYHOE 3HaHUE, OTpa-
HUYEHUS, TPOXOAUTH OT, OCHOBAH HAa, NMPUKIAJHBIE HAYKH, UCCIEIOBAaHUE, pa3pa-
00TKa, CBSI3b, OTKPBITUE, MOCIEAOBATEILHOE PUMEHEHHNE, TEXHUUECKOE PEIIECHNUE,
pouecc pa3padOTKU, NPUHATHE DPELIEHUH, MPOBEIECHUE MCCIEIOBaHUM, aHaIu3
KpUTEpUEB, Nepeaaya HHPOpMalMK, Ha caMoOM Jielie, CBsi3aHa B, IOUCK MH(OpMa-
L[MH, B3BECUTh, BAPUAHTHI BbIOOpA, MO 3acilyraM, BbIOpaTh pelIeHUe, COOTBETCTBO-
BaTh TPeOOBaHUAM, BAXKHOE 3a/JaHHME, MHTEPIPETHUPOBATh, TPeOOBaHUSA, IMPOEKT,
JaTh YJAUHBIA pPE3yibTaT, IPUMEHATh, TEXHUKH, COAEpPKAHUE, KOHTPOJIUPOBATH,
IIPOBEPUTH BBIXOJ, 3aKOHYMTH IIPOEKTHI, OTBETCTBEHHBIN 34, CBOWCTBA, BBIABUTH
CBOMCTBA, COCTOSIHUE CHUCTEMBI, YCTPOMCTBO, MEXAaHHU3M, OTACIICHUE, HEy[aua,
OLICHKA, U3O0JISILUS, CUMYIUPOBATh, pabOTaTh, T€HEPUPOBATH, KOHTPOJIUPOBATH Ka-
YECTBO MPOAYKIMH, MPU3HABATHCS, MaTepHUalibl, TypOUHBI, MOIYIPOBOJHUKOBBIC
MaTepHaJIbI.

Exercise 4. Say whether it is true or false

1. Supervisory engineers are responsible for major components or entire proj-
ects.

2. Engineers apply techniques of engineering analysis in theoretical elaboration
of a project.

3. The work of engineers forms the link between scientific discoveries and their
subsequent applications to human needs.

4. Engineers develop new solutions in the Arts.

5. The work of engineers in research and development is distinct from the basic
research focus of scientists.

6. Engineers are grounded in natural sciences.

7. The word engineer is derived from the Greek root «ingenerare», meaning «to
createy.

8. Engineers design furniture, fibres and textiles.

9. An engineer is a professional practitioner of engineering.
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Exercise 5. Fill in the gaps with the words from the box

1. An engineer is a professional practitioner of engineering, concerned with ap-
plying scientific knowledge, mathematics and to de-
velop solutions for technical and practical problems.

2. Engineers design materials, structures, machines and systems while consid-
ering the limitations by practicality, safety
and cost.

3. The work of engineers forms the link between scientific discoveries and their
applications to human needs.

4. During the engineering design process, of the
engineer may include defining problems, conducting and narrowing research, ana-
lyzing criteria, finding and analyzing solutions, and making decisions.

5. Engineers must weigh different design choices on their
and choose the solution that best matches the requirements.

6. Their crucial and unique task is to identify, understand, and interpret the
on a design in order to produce a successful result.

7. Analytical engineers may production
in factories and elsewhere.

8. Many engineers use computers to produce and analyze designs,
and test how a machine, structure, or system operates.

subsequent merits imposed the responsibilities
supervise ingenuity to simulate constraints

Exercise 6. Fill in the gaps with prepositions

1. Supervisory engineers are responsible ... major components or entire projects.

2. Engineering analysis proceeds ... separating the engineering design ... the
mechanisms of operation or failure, analyzing or estimating each component of the
operation or failure mechanism in isolation, and re-combining the components.

3. Most engineers specialize ... one or more engineering disciplines.

4. Numerous specialties are recognized ... professional societies, and each of the
major branches of engineering has numerous subdivisions.

5. Engineers also may specialize in one industry, ... ... motor vehicles, or in one
type of technology, such as turbines or semiconductor materials.

6. The work of engineers forms the link ...scientific discoveries and their subse-
quent applications ... human needs.

Exercise 7. Complete the sentences with the information from the text

1. An engineer is a professional practitioner of ...
2. Engineers design ...

3. Engineers are grounded in ...

4. Engineers develop ...

5. Much of an engineer's time is spent on ...
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6. Engineers must weigh ...

7. Their crucial and unique task is to ...
8. Engineers apply ...

9. Analytical engineers may ...

Exercise 8. Complete the definitions below with the words from the box

1. the quality of being clever, origi-
nal, and inventive.

2. the condition of being protected
from or unlikely to cause danger, risk, or injury.

3. recognizably different in nature
from something else of a similar type.

4. grow or cause to grow and be-
come more mature, advanced, or elaborate.

5. a thing that is needed or wanted.

6. decisive or critical, especially in
the success or failure of something.

7. imitate the appearance or character of.

8. make (previously unknown or

secret information) known to others.

To develop Crucial Ingenuity Requirement
Safety Simulate To reveal Distinct

Exercise 9. Speak about the profession of the engineer

Unit 5. DESIGN

Design as a noun informally refers to a plan or convention for the construction
of an object or a system (as in architectural blueprints, engineering drawing, busi-
ness process, circuit diagrams and sewing patterns) while «to design» (verb) refers
to making this plan. No generally-accepted definition of «design» exists, and the
term has different connotations in different fields. However, one can also design by
directly constructing an object.

The person designing is called a designer, which is also a term used for people
who work professionally in one of the various design areas, usually also specifying
which area is being dealt with (such as a fashion designer, concept designer or web
designer). A designer’s sequence of activities is called a design process. The scien-
tific study of design is called design science.

Designing often necessitates considering the aesthetic, functional, economic
and sociopolitical dimensions of both the design object and design process. It may
involve considerable research, thought, modeling, interactive adjustment, and re-
design. Meanwhile, diverse kinds of objects may be designed, including clothing,
graphical user interfaces, skyscrapers, corporate identities, business processes and
even methods of designing.
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Typical stages consistent with The Rational Model include the following.

1. Pre-production design.

Design brief or Parti — an early (often the beginning) statement of design goals.

Analysis — analysis of current design goals.

Research — investigating similar design solutions in the field or related topics.

Specification — specifying requirements of a design solution for a product (prod-
uct design specification) or service.

Problem solving — conceptualizing and documenting design solutions.

Presentation — presenting design solutions.

2. Design during production.

Development — continuation and improvement of a designed solution.

Testing — in situ testing a designed solution.

3. Post-production design feedback for future designs.

Implementation — introducing the designed solution into the environment.

Evaluation and conclusion — summary of process and results, including con-
structive criticism and suggestions for future improvements.

4. Redesign — any or all stages in the design process repeated (with corrections
made) at any time before, during, or after production.

Each stage has many associated best practices [5].

Key Words

Noun — cyniecTBUTENIBHOE Convention — JOTOBOPEHHOCTb
Blueprint — npoext Circuit diagram — cxema coeTuHEeHUN
Sewing pattern — BBIKpoOiiKa Accept — npuHUMAaTh

Connotation — moATEKCT Term — TepMuH

Sequence — mocie0BaTEIIEHOCTh Aesthetic — acreTndeckuit
Dimension — pacmipeHue Summary — BbIBOJ

Evaluation — onenka Stage — cragus

Current — TeKyImii Goal — uenn

Continuation — npooKeHne Improvement — ynmyuiieHue

Exercise 1. Answer the questions

1. What does the design informally refer to?

2. Is there a generally accepted definition of «design»?

3. Who is a designer?

4. What is a design process?

5. What does designing often necessitate?

6. What else can designing also involve?

7. What are the typical stages of the Rational Model of Design?

Exercise 2. Find Russian equivalents

Design, informally, refers to, convention, blueprint, engineering drawing, circuit
diagrams, sewing patterns, generally-accepted definition, exist, directly, design ar-
eas, sequence of activities, to necessitate, dimensions, to involve, research, thought,
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meanwhile, interface, corporate identities, skyscrapers, consistent with, brief, state-
ment, current, goal, similar, related topics, a design solution, continuation, improve-
ment, environment, suggestions, future improvements, redesign, best practices.

Exercise 3. Find English equivalents

[IpoexkTupoBaHue, CyLIECTBUTEIBHOE, OTHOCUTHCS, JTOTOBOPEHHOCTb, OOBEKT,
CUCTEMa, ApXUTEKTYPHBIN MMPOEKT, MH)KCHEPHBIN YePTEXkK, KPyroBas AMarpamMma, BbI-
KpOiKa JUIsl IIUTHS, ONpe/ieNieHne, CyIeCTBOBATh, TEPMUH, JIOMOJIHUTEILHOE 3HA-
YeHHe, TEM HE MEHee, HEMOCPEACTBEHHO, KOHCTPYUPYsI OOBEKT, UEIOBEK, POCKTH-
POBIIMK, Pa3IN4HbINA, 0OBIYHO, YTOUHSS, chepa, Au3alHep OJeXkAbl, BeO-au3aiHep,
TpeOyeT, BKJIIOYaTh B ce0s, 3HAUUTEIbHOE UCCIIeIOBaHNE, OOAYMbIBAHUE, MOJIEIH-
pOBaHUE, UHTEPAKTUBHAs KOPPEKTHUPOBKA, MOBTOpHasi pa3paboTKa, B TO K€ Bpe-
Msl, pa3u4yHbIe BUbI, OJIek1a, HHTEpdeiic, HeOoCckpeO, AeT0BOM Mpolece, METOI,
yTBEPKJICHUE, 1IeJI1, aHAIN3, KCCIIEIOBAaHUE, YTOUYHEHHE, YCIIyTra, pelieHue npooie-
MBI, IOKyMEHTalUs, peICTaBIeHUEe, pa3paboTKa, ylydlleHHe, TECTUPOBAHHE, BbI-
MIOJTHEHHE, 3aKII0OYEHNE, TOBTOPHBIN JU3AMH.

Exercise 4. Say whether it is true or false

1. Design as a verb informally refers to a plan or convention for the construction
of an object or a system.
2. No generally-accepted definition of «designy» exists.
3. One can also design by inventing an object.
4. The person designing is called an engineer.
5. Analysis — investigating similar design solutions in the field or related topics.
6. Research — analysis of current design goals.
7. Specification — conceptualizing and documenting design solutions.
8. Problem solving — specifying requirements of a design solution for a product
(product design specification) or service.
9. Presentation — continuation and improvement of a designed solution.
10. Development — presenting design solutions.
11. Testing — 1n situ testing a designed solution.

Exercise 5. Fill in the gaps with the words from the box

1. No generally-accepted of «designy» exists,
and the term has different connotations in different fields.

2. , one can also design by directly constructing an object.

3. A designer’s of activities is called a design
process.

4. The study of design is called design science.

5. Designing often considering the aesthetic, func-
tional, economic and sociopolitical of both the design ob-

ject and design process.
6. It may involve considerable research, thought, modeling, interactive
, and re-design.
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7. , diverse kinds of objects may be de-
signed, including clothing, graphical user 1nterfaces skyscrapers, corporate identi-
ties, business processes and even methods of designing.

scientific adjustment sequence necessitates
however meanwhile dimensions definition

Exercise 6. Fill in the gaps with prepositions

1. Design brief — an early (often the beginning) statement ... design goals.

2. Analysis — analysis ... current design goals.

3. Research — investigating similar design solutions ... the field or related topics.

4. Specification — specifying requirements of a design solution ... a product
(product design specification) or service.

5. Implementation — introducing the designed solution ... the environment.

6. Evaluation and conclusion — summary of process and results, including con-
structive criticism and suggestions ... future improvements.

7. Redesign — any or all stages in the design process repeated (with corrections
made) at any time ..., during, or ... production.

Exercise 7. Complete the sentences with the information from the text

. Design as a noun informally refers to ...
. However, one can also design by ...

. The person designing is called ...

. A designer’s sequence of activities is called ...
. The scientific study of design is called ...
. Designing often necessitates ...

. Diverse kinds of objects may be ...

. Analysis is ...

. Research is ...

. Specification is ...

. Development is ...
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Exercise 8. Complete the definitions below with the words from the box

1. the action of building something,
typically a large structure.

2. have objective reality or being.

3. a particular order in which related
things follow each other.

4. the systematic investigation into and
study of materials and sources in order to establish facts and reach new conclusions.

5. find an answer to, explanation for,
or means of effectively dealing with.

6. a brief statement or account of the

main points of something.
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7. the making of a judgment about
the amount, number, or value of something; assessment.

8. carry out a systematic or formal
inquiry to discover and examine the facts of (an incident, allegation, etc.) so as to
establish the truth.

Sequence To solve Research To exist
Summary Construction Evaluation To investigate

Exercise 9. Speak about the process of the design

Unit 6. ENVIRONMENTAL ENGINEERING

Environmental engineering is the application of science and engineering prin-
ciples to minimize the adverse effects of human activities on the environment (pollu-
tion of air, water, and/or land resources). Although it is widely considered impossible
to eliminate all negative impacts, it i1s thought human effects can be decreased and
controlled through public education, conservation, regulations, and the application
of good engineering practices (set up of processes, and facilities).

Development of environmental engineering.

Two of the principal environmental problems are:

1. The increasing number of humans on Earth. Along this line, one of the first ap-
plications of environmental engineering is the removal of sewage from cities, which
became increasingly important as population grew. There were (and still is in many
countries) initially no treatment: wastes are for example simply brought to the near-
est stream. However, since sewage disposal eventually cause damages to natural
waters, methods of treating wastewaters prior to discharge were developed. This has
evolved into a large industry.

2. The second major factor is the rising standard of living in many nations, such
as in Europe and Australia. A higher living standard generate more consumption of
natural resources and more wastes. The standard of living of developed nations is
due in part to development of synthetic chemical industry in the XX century and
to the exploitation of fossil fuels for energy production. These industries produced
toxic and hazardous chemicals in great quantities long before they were known to be
dangerous. Unlike sewage, even small amounts of these molecules may be harmful,
but the technology to detect them at low levels did not existed when the new indus-
tries appeared. It was then impossible to detect and identify them as factors in human
health or environmental problems. There were initially no attempts to control their
production, use and disposal.

«Pollutants» may be chemical, biological, thermal, radioactive, or even mechani-
cal. Environmental engineering emphasizes several areas: process engineering, envi-
ronmental chemistry, water and wastewater treatment (sanitary engineering), waste
reduction, and pollution prevention. It is a branch of civil engineering, chemical engi-
neering and sometimes a branch of public health and mechanical engineering [6].
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Key Words

Application — npumeHeHUE

To minimize — MMUHUMU3UPOBAThH
Adverse — oOpaTHbIit

Facilities — oGopynoBanue
Sewage — cTouHBIE BO/IBI
Treatment — oOpaboTka

To cause — BbI3BaTH

Prior — pasnbIire

To generate — noyry4uTh
Hazardous — onachslit
Harmful — Bpennbiit
Prevention — npenymnpexaeHue

To eliminate — ycTpaHuUTh
Pollution — 3arpsizHeHue

To decrease — ymeHbIIaTH
Increasing — yBenMYMBarOIIEECS
Initially — ucxomgHo

Stream — peka

Eventually — cnyuyaiino

To discharge — BbLIMBATH

Fossil — mone3nble uckonaemsbie
To detect — ompenensTs
Reduction — cHmxeHue

Health — 310opoBbe

Exercise 1. Answer the questions

1. What is environmental engineering?

2. What are two of the principal environmental problems?

3. Why is the increasing number of humans important?

4. What does a higher living standard in many nations imply?
5. What does environmental engineering emphasize?

Exercise 2. Find Russian equivalents

Environmental chemistry, environmental problems, human health, to detect,
great quantities, hazardous chemicals, fossil fuels, to discharge, wastewaters, dam-
ages, to cause, population, removal, the Earth, increasing number, regulations, con-
servation, controlled through public education, all negative impacts, to eliminate,
adverse effects, engineering, application.

Exercise 3. Find English equivalents

DKOJIOTUYECKOE CTPOUTENbCTBO, MPUMEHEHHWE, MHUHUMHU3UPOBATh, OOPATHBIM,
OKpy>Karoliasi Cpeia, yCTPaHUTh, BIUSIHUE, XOTsI, CHU3UTh, PETYIUPOBAHUE, PA3BU-
THE, OTIBIT, COBOKYITHOCTb, BCIOMOTaTe€JIbHbBIE CPEJICTBA, OTPACIH IPOMBIIIIEHHOCTH,
YEJI0BEK, IPUMEHEHHE, YCTPAHEHHUE, CTOYHBIE BOJIbI, HACEJICHUE, UICXOAHO, OYUCTKA,
BBIOPACKIBATh, MOJYYHIIACh, TTIaBHBIN (DaKkTOp, reHepUpOBaTh, NOTpeOICHUE, pecyp-
Chl, OTXOJIbl, OTYACTH, PA3BUTHE, IKCILTyaTallMsl, OMIACHbINA, CTOYHbIE BO/bI, ITOIBITKA,
WCIIOJIb30BAaHUE, CTABUTDH AKIIEHT, CHH)KEHUE, OTPACIIb.

Exercise 4. Say whether it is true or false

1. Mechanical engineering is the application of science and engineering prin-
ciples to minimize the adverse effects of human activities on the environment.

2. Human effects cannot be decreased and controlled through public education,
conservation, regulations, and the application of good engineering practices.

3. There are four main environmental problems.

4. Since sewage disposal eventually cause damages to natural waters, methods
of treating wastewaters prior to discharge were developed.
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5. The standard of living of developed nations is due in part to development of
the car building industry in the XX century.

6. There were attempts to control their production, use and disposal.

7. «Pollutants» may be chemical, biological, thermal, radioactive, or even me-
chanical.

8. Environmental engineering is a branch of civil chemistry and sometimes
a branch of public health and mechanical engineering.

Exercise 5. Fill in the gaps with the words from the box

1. Environmental engineering is the application of science and engineering prin-

ciples the adverse effects of human activi-
ties on the environment.

2. It is widely considered impossible all negative im-
pacts.

3. It is thought human effects can be decreased and controlled through public
education, , regulations, and the application of

good engineering practices.
4. One of the first applications of environmental engineering is the
of sewage from cities, which became increas-

ingly important as population grew.
5. There were (and still is in many countries) initially no treatment: wastes are
for example simply brought to the nearest .
6. However, since sewage disposal eventually cause damages to natural waters,

methods of treating wastewaters to discharge were
developed.

7. These industries produced toxic and chemicals in
great quantities long before they were known to be dangerous.

8. sewage, even small amounts of these mol-

ecules may be harmful, but the technology to detect them at low levels did not ex-
isted when the new industries appeared.

to minimize removal prior conservation
hazardous unlike to eliminate stream

Exercise 6. Fill in the gaps with prepositions

1. Along this line, one of the first applications ... environmental engineering is
the removal of sewage from cities, which became increasingly important as popula-
tion grew.

2. ... sewage, even small amounts of these molecules may be harmful, but the
technology to detect them at low levels did not existed when the new industries
appeared.

3. ... sewage disposal eventually cause damages to natural waters, methods of
treating wastewaters prior to discharge were developed.
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4. It was then impossible to detect and identify them as factors ... human health
or environmental problems.

5. It is a branch ... civil engineering, chemical engineering and sometimes
a branch of public health and mechanical engineering.

6. This has evolved ... a large industry.

7. Environmental engineering is the application of science and engineering prin-
ciples to minimize the adverse effects of human activities ... the environment.

Exercise 7. Complete the sentences with the information from the text

1. Environmental engineering is the application of science and engineering prin-
ciples to minimize the adverse effects of human activities ...

2. Although it is widely considered impossible ...

3. It is thought human effects can be decreased and controlled through public
education, conservation, regulations, and the ...

4. A higher living standard generate more consumption of ...

5. The standard of living of developed nations is due in part to development of
synthetic chemical industry ...

6. These industries produced toxic and hazardous chemicals in great quantities
long before ....

7. Unlike sewage, even small amounts of these molecules may be harmful, but
the technology to ....

8. It was then impossible to detect and identify them as factors in human health
or ....

Exercise 8. Complete the definitions below with the words from the box

l. a change which is a result or conse-
quence of an action or other cause.

2. practical use or relevance.

3. produce or create.

4. waste water and excrement con-
veyed in sewers.

5. make (something, especially some-
thing bad) happen.

6. the application of scientific knowl-
edge for practical purposes, especially in industry.

7. causing or likely to cause harm.

8. the action of stopping something
from happening or arising.

Sewage Application Generate To cause
Technology Harmful Prevention Effect

Exercise 9. Speak about environmental engineering
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Unit 7. ELECTRICAL ENGINEERING

Electrical engineering is an engineering discipline that deals with the study and
application of electricity and electromagnetism. Its practitioners are called electrical
engineers.

In the subfield of electronics, electrical engineers construct models of electrical
components (such as resistors, capacitors, inductors, transistors, diodes, semicon-
ductors) for simulation purposes. They combine these components into larger elec-
trical networks.

The subfield of power engineering deals not only with electricity genera-
tion, electric power transmission and electricity distribution but also with elec-
trical circuits and materials (e.g. insulators) that need to resist high voltages
and currents.

Another subfield is accurate measurement of electrical properties. Measuring an
electrical circuit inevitably changes the voltages and currents in it. The objective is
to minimize the influence of the measuring circuit or even compensate for it. The
field also includes sensors that use a material’s electrical properties or electrome-
chanical means of measurement. Examples of the former are piezoelectricity for
measuring pressure and temperature-dependent resistors for measuring temperature.
These sensors can be used in control engineering.

Other major subfields of electrical engineering are telecommunication and elec-
tromagnetism. Transmitting information from one place to another requires a trans-
port channel such as a coax cable, optical fiber or free space. These channels can
be accurately described using the laws of electromagnetism, particularly Maxwell’s
equations.

Some other examples of how electromagnetism is put to every day use are anten-
na design for use in mobile phones, and controlling the form of the electromagnetic
field in an MRI scanner by the exact placement and alignment of its electromagnets.
Another technology made possible by electromagnetism is the microwave oven. The
field of high-power radio-frequency (RF) engineering was once feared to be a lost
art. Because of the trend for low-power, miniaturized circuitry, there is a perception
that the need for high-power radio engineering and engineers is diminishing. On
the contrary, the need for engineers and technicians in this particular field has never
been greater, and the need will only increase in the foreseeable future.

The tools and theories an electrical engineer can consult include mathematics
and physics in general, the theory of electromagnetism, the theory of quantum me-
chanics, the mathematics of digital signal processing, control theory, the teachings
of computer science.

Electronics that deal with both electrons (electricity) and photons (light) are also
called optoelectronics. The related field of fibre optics has led to the development of
fast telecommunication systems and the expansion of the Internet [7].
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Key Words

Practitioner — HCTIONHUTEND
Components — KOMIIOHEHTbI
Capacitor — KoHAEHCaTOp
Transistor — TpaH3uCTOp
Semiconductor — nmoaynpoBOIHUK
Electric power — anekTposHeprus
Distribution — pacnpezenenue
Insulator — nuanexkTpuk

Voltage — HampspkeHue

Accurate — TOYHBIN

Inevitably — nenz0exHo
Influence — BaustHEE

Former — nocnennuii

To require — TpeboBaTh

Coaxial cable — koakcuanbHbIi Kabenb
Optical fibre — onToBONIOKHO
Alignment — BbIpaBHUBaHUE
Frequency — uacrorta
High-power — MomubIit

Trend — TeHneHIUI

Perception — nonnmanue
Foreseeable — npornosupyemsiit
Digital — mudpoBoii

Exercise 1. Answer the questions

1. What is electrical engineering?
2. Who are electrical engineers?

Subfield — moxpaznen

Resistor — pe3uctop

Inductor — npoBoaHuK

Diode — nmumoxn

Simulation — MoaenupoBanue, UMUTAIHS
Transmission — nepenaua

Circuit — uemnp

To resist — COMPOTUBIATHCS

Current — TOK (2JIEKTpUUECKUI)
Measurement — u3mMepeHue

Objective — 11enb

To compensate — KOMIIEHCUPOBATH
Pressure — naBnenue

To transmit — nepenaBarb

Equation — ypaBHeHue

Placement — opueHTHpOBKa
Microwave oven — MHKPOBOJIHOBAs MeYb
Circuitry — cxema

Was feared to be a lost art — GosIHCh,
9TO OBUT yTePSHHBIM HUCKYCCTBOM

To diminish — omacarbcs

To include — BxiIOYaTH

To lead to — mpuBecTH K

3. What does electrical engineering deal with?
4. Is accurate measurement of electrical properties another subfield of power

engineering?

5. Does measuring an electric circuit change the voltages and currents in it?

6. What are other major fields of electrical engineering?

7. What does transmitting information from one place to another require?

8. Is antenna design for mobile phones an other example of electromagnetism?
9. Which tools and theories can an electric engineer use?

Exercise 2. Find Russian equivalents

That deals with, practitioner, construct, electrical components, resistor, capacitor,
inductor, transistor, diode, semiconductor, simulation purposes, network, transmis-
sion, distribution, electrical circuits, insulator, voltage, current, accurate, measure-
ment, inevitably, compensate, former, pressure, objective, influence, means, coax
cable, optical fiber, free space, accurately, particularly, every day use, design, exact
placement and alignment, microwave oven, high-power radio-frequency, a lost art,
the trend for, low-power, miniaturized circuitry, perception, diminish, on the con-
trary, the foreseeable future, tools, development.



Exercise 3. Find English equivalents

Nmerts neno ¢, uzydeHue, MpUMEHEHUEe, UCIIOJIHUTENb, KOMIIOHEHT, PEe3UCTOp,
MIPOBOJHUK, KOHJACHCATOP, WO, AUDIEKTPUK, MOITYNPOBOIHUK, MOICIHPOBAHUE,
KOMOMHHMPOBATh, CETh, JIEKTPUUECKAs 1IeTb, paclpeiesieHue AIEKTPOIHEPTHH, BbI-
COKO€ HaIpsDKEHUE, TOK, TOYHOE U3MEpEHUe, HeU30€KHO, 11e]1b, MUHUMU3UPOBATD,
BJIMSIHUE, KOMIICHCUPOBATh, MIOCJIEIHUN, TIepe1ada nHpopMaluu, gaBieHue, Tpedo-
BaTh, ONTOBOJIOKHO, KOAKCHAJIbHBIM KalOeah, TOUHOE pa3MelleHre, BhIpaBHUBAHUE,
MarHuThbl, MUKPOBOJIHOBAS M€UYb, MOITHBIN, MUHUATIOPHBIE CXEMBbI, BOCTIPUATHE, Ha-
MIPOTUB, TEXHUKH, PACIIPOCTpaHEeHHUE, [IUPPOBOIA, ITepeada CUTHAIIA, TPUBECTH K.

Exercise 4. Say whether it is true or false

1. Electrical engineering is an engineering discipline that deals with the study
and application of chemistry.

2. Electric engineering practitioners are called mechanical engineers.

3. Electrical engineers construct models of electrical components for simulation
purposes.

4. They combine these components into larger electrical networks.

5. Measuring an electrical circuit doesn’t change the voltages and currents in it.

6. The objective is to maximize the influence of the measuring circuit or even
compensate for it.

7. Other major subfields of electrical engineering are civil engineering and me-
chanical engineering.

8. Transmitting information from one place to another requires a vehicle and
wind.

9. Some other examples of how electromagnetism is put to every day use are
clothes design.

10. There is a perception that the need for high-power radio engineering and
engineers 1s diminishing.

11. The need for engineers and technicians in electrical engineering has never
been greater, and the need will only increase in the foreseeable future.

Exercise 5. Fill in the gaps with the words from the box

1. In the subfield of electronics, electrical engineers construct models of electri-
cal components for purposes.

2. They these components into
larger electrical networks.

3. The subfield of power engineering deals not only with
, electric power transmission and electricity distribu-
tion but also with electrical circuits and materials (e.g. insulators) that need to resist
high voltages and currents.

4. The field also includes sensors that use a material's electrical properties or
electromechanical
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5. Other major subfields of electrical engineering are telecommunication and

6. These can be accurately de-
scribed using the laws of electromagnetism.
7. Another technology made possible by electromagnetism is the

8. The field of high-power radio-frequency engineering was
feared to be a lost art.

means of measurement electricity generation simulation electromagnetism

channels combine once microwave oven

Exercise 6. Fill in the gaps with prepositions

1. Electrical engineering is an engineering discipline that deals ... the study and
application of electricity and electromagnetism.

2. They combine these components ... larger electrical networks.

3. These sensors can be used ... control engineering.

4. Another technology made possible ... electromagnetism is the microwave
oven.

5. The objective is to minimize the influence of the measuring circuit or even
compensate ... it.

6. On the contrary, the need ... engineers and technicians ... this particular field
has never been greater, and the need will only increase ... the foreseeable future.

7. The related field ... fibre optics has led .. the development of fast telecommu-
nication systems and the expansion ... the Internet.

Exercise 7. Complete the sentences with the information from the text

1. Electrical engineering is an engineering discipline that deals with ...
2. In the subfield of electronics, electrical engineers construct models of electri-
cal components for ...
3. The subfield of power engineering deals not only with ...
. Measuring an electrical circuit inevitably changes ...
. The objective is to minimize the influence of ...
. Other major subfields of electrical engineering are ...
. Transmitting information from one place to another requires ...
. The field of high-power radio-frequency (RF) engineering was ...
. Electronics that deal with both ...
. The related field of fibre optics has led to the development ...

S O 03N D A

1

Exercise 8. Complete the definitions below with the words from the box

1. a device having resistance to
the passage of an electric current.

2. a device used to store an elec-
tric charge, consisting of one or more pairs of conductors separated by an insulator.
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3. a solid substance that has a
conductivity between that of an insulator and that of most metals, either due to the
addition of an impurity or because of temperature effects.

4, an electromotive force or po-
tential difference expressed in volts.

5. providing a faithful represen-
tation of someone or something.

6. arrangement in a straight
line or in correct relative positions.

7. give a detailed account in
words of.

8. not approximated in any

way precise.

Semiconductor Accurate Capacitor Alignment
To describe Resistor Exact Voltage

Exercise 9. Speak about electric engineering

Unit 8. MECHANICAL ENGINEERING

Mechanical engineering is the application of physical principles to the creation
of useful devices, objects and machines. Mechanical engineers use principles such
as heat, force, and the conservation of mass and energy to analyze static and dy-
namic physical systems, in contributing to the design of things such as automobiles,
aircraft, and other vehicles, heating and cooling systems, household appliances, in-
dustrial equipment and machinery, weapons systems, etc.

Mechanical engineers often create simulations of the operation of objects, as
well as the manufacturing processes to be used, in order to optimize performance,
cost effectiveness, and energy efficiencies, before settling on a particular design.

Engineering drawings of the objects to be fabricated are typically created. Prior
to the late 20th Century most engineering drawings were drawn by hand with the
aid of mechanical drafting boards. The advent of the digital computer with graphi-
cal user interface made the creation of models and drawings using Computer Aid-
ed Design (CAD) programs possible. Most CAD programs now permit creation of
three-dimensional models which may be viewed from any angle. Such models may
be used as the basis for Finite Element Analysis (FEA) of the design. Through the
application of Computer Aided Manufacture (CAM), the models may also be used
directly by software to create «instructions» for the manufacture of objects repre-
sented by the models, through computer numerically-controlled (CNC) machining
or other automated processes, without the need for intermediate drawings.

Fundamental subjects of mechanical engineering include: heat transfer, fluid me-
chanics, solid mechanics, pneumatics, hydraulics and applied thermodynamics.
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Related disciplines include: electrical engineering, industrial engineering, sys-
tems engineering, civil engineering, acrospace engineering, and other engineering
disciplines [8].

Key Words

Mechanical engineering — MalIMHOCTpOCHHE Device — aneKTpuuecKoe yCTpoicTBO
Heat — remo Force — cuna

Energy — sneprus Aircraft — camoser

Vehicle — TpaHcOpTHOE CPEACTBO Household — nomaninnii
Appliance — TeXHUYECKOE YCTPOMCTBO Machinery — oGopynoBanue
Weapons system — BOCHHasi CCcTeMa Performance — xapakTepucTuka
Efficiency — s dexTuBHOCTD Settle on — ocTaHOBUTHCS Ha
Drawing — geptexu Advent — npeaBeCTHUK

Aid — momorp Angle — yron

Software — nporpammuoe obecrieueHue Permit — mo3BossieT

Three dimensional — TpexmepHbIii Intermediate — HemocpeaCTBEHHBIH
Fluid — xunxuii Solid — TBepbIit

Exercise 1. Answer the questions

1. What is mechanical engineering?

2. Which principles do mechanical engineers use?

3. What do mechanical engineers often create?

4. Are engineering drawings typically created?

5. How were drawings drawn prior to the late XX century?

6. What do CAD programs permit?

7. What do fundamental subjects of mechanical engineering include?

Exercise 2. Find Russian equivalents

Vehicle, heating, cooling systems, household appliances, industrial equipment,
machinery, weapons systems, to create, simulation, the manufacturing processes, to
optimize performance, energy efficiencies, a particular design, prior to, drawings
were drawn, by hand, with the aid of, mechanical drafting boards, the advent of,
permit, the digital computer, permit, creation, three-dimensional models, may be
viewed from any angle, possible, directly, intermediate drawings, heat transfer, fluid
mechanics, solid mechanics, pneumatics, hydraulics, applied thermodynamics.

Exercise 3. Find English equivalents

MamuHocTpoeHue, NpUMeHEeHHEe, PU3NYECKUE MPUHIUIIBI, CO3/1aHHE, TI0JIE3HbIE
YCTPOMCTBA, OOBEKTHl M MAIIUHBI, TEIJIO, CUJa, MAcca, SHEPIHsl, aHAIU3UPOBATh,
COJICHICTBUE, MPOEKTUPOBAHUE, CAMOJIET, JOMAIIHUE YCTPOMCTBA, BOEHHBIE CHUCTE-
MbI, ONITUMHU3UPOBATH XapaKTEPUCTUKH, 3aTpaThl, S3HEProd(hHEKTUBHOCTD, MPOEKT,
BPYYHYIO, NPU MOMOIIM, MEXaHUYECKUE YEPTEKHbIE JIOCKH, YepTexk, MHTEpdENic,
TPEXMEPHBIN, Yrojl, OCHOBA, HEMOCPEACTBEHHO, TOCPEACTBOM, IEpeiadya Teria, Me-
XaHUKA )KUJIKOCTH, MEXAHUKA TBEPJBIX TEN, MTHEBMATHKA, THIPABIINKA, TPUKJIIAIHAS
TEPMOAMHAMUKA, YHEPrOOOECIIEUeHHE, CTPOUTENILCTBO.

32



Exercise 4. Say whether it is true or false

1. Mechanical engineering is the application of chemical principles to the cre-
ation of useful devices, objects and machines.

2. Electrical engineers use principles such as heat, force, and the conservation of
mass and energy to analyze static and dynamic physical systems.

3. Civil engineers often create simulations of the operation of objects.

4. Engineering drawings of the objects to be fabricated are typically created.

5. Most CAD programs now permit creation of four-dimensional models which
may be viewed from any angle.

6. Fundamental subjects of mechanical engineering include: heat transfer, fluid
mechanics, solid mechanics, pneumatics, hydraulics and applied thermodynamics.

Exercise 5. Fill in the gaps with the words from the box

Mechanical engineers use principles such as heat, force, and the conser-
vation of and energy to analyze static and
physical  systems,
the design of such as automobiles,
, and other vehicles, heating and cooling systems,

, and machinery,
, etc.

household appliances mass in contributing to weapons systems
industrial equipment dynamic aircraft things

Exercise 6. Fill in the gaps with prepositions

1. Prior ... the late 20th century most engineering drawings were drawn ... hand
... the aid of mechanical drafting boards.

2. The advent ... the digital computer ... graphical user interface made the cre-
ation of models and drawings using Computer Aided Design (CAD) programs pos-
sible.

3. Most CAD programs now permit creation of three-dimensional models which
may be viewed ... any angle.

4. Such models may be used ... the basis for Finite Element Analysis (FEA) of
the design.

5. Through the application ... Computer Aided Manufacture (CAM), the models
may also be used directly ... software to create «instructionsy ... the manufacture
of objects represented by the models, ... computer numerically-controlled (CNC)
machining or other automated processes, ... the need for intermediate drawings.

Exercise 7. Complete the sentences with the information from the text

1. Mechanical engineering is the application of physical principles to ...
2. Mechanical engineers use principles such as heat, force, and the conservation
of mass and energy to ...
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3. Mechanical engineers often create simulations of the operation of objects, as
well as ...

4. Such models may be used as the basis for ...

5. Fundamental subjects of mechanical engineering include ...

6. Related disciplines include ...

Exercise 8. Complete the definitions below with the words from the box

l. a set of things working together as
parts of a mechanism or an interconnecting network; a complex whole.

2. a thing designed or used for inflicting
bodily harm or physical damage.

3. strength or energy as an attribute of
physical action or movement.

4. bring (something) into existence.

5. the arrival of a notable person or thing.

6. (of signals or data) expressed as series

of the digits 0 and 1, typically represented by values of a physical quantity such as
voltage or magnetic polarization.

7. a point where two systems, subjects,
organizations, etc. meet and interact.
8. in the absence of.
To create System Force Interface
Advent Digital Without Weapon

Exercise 9. Speak about mechanical engineering

Unit 9. ENGINEERING ECONOMICS

Engineering economics, previously known as engineering economy, is a subset
of economics for application to engineering projects. Engineers seek solutions to
problems, and the economic viability of each potential solution is normally consid-
ered along with the technical aspects.

In the U.S. undergraduate engineering curricula, engineering economics is often
arequired course. It is a topic on the Fundamentals of Engineering examination, and
questions might also be asked on the Principles and Practice of Engineering exami-
nation; both are part of the Professional Engineering registration process.

Considering the time value of money is central to most engineering economic
analyses. Cash flows are discounted using an interest rate, except in the most basic
economic studies.

For each problem, there are usually many possible alternatives. One option that
must be considered in each analysis, and is often the choice, is the do nothing alter-
native. The opportunity cost of making one choice over another must also be consid-
ered. There are also noneconomic factors to be considered, like color, style, public
image, etc.; such factors are termed attributes.
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Costs as well as revenues are considered, for each alternative, for an analysis
period that is either a fixed number of years or the estimated life of the project. The
salvage value is often forgotten, but is important, and is either the net cost or revenue
for decommissioning the project.

Some other topics that may be addressed in engineering economics are infla-
tion, uncertainty, replacements, depreciation, resource depletion, taxes, tax credits,
accounting, cost estimations, or capital financing. All these topics are primary skills
and knowledge areas in the field of cost engineering.

Since engineering is an important part of the manufacturing sector of the econ-
omy, engineering industrial economics is an important part of industrial or business
economics. Major topics in engineering industrial economics are:

the economics of the management, operation, and growth and profitability of
engineering firms;

macro-level engineering economic trends and issues;

engineering product markets and demand influences; and

the development, marketing, and financing of new engineering technologies and
products [9].

Key Words

Economics — skoHOMHKa Subset — MoAMHOKECTBO

To seek — uckarp Viability — >xu3HecnocoOHOCTh
Curriculum — y4deOHas nmporpamma Examination — uccnenoBanue
Estimate — onieHuBaTh Salvage value — nukBHIAIIMOHHAS CTOUMOCTH
To term — Ha3bIBaTh Attribute — cBOHCTBO

Cost — CTOMMOCTE Revenue — moxon

To discount — ymeHbIIaTh LIEHY Interest rate — mpoLEeHTHas CTaBKa
Inflation — unATTS Replacement — 3amemenue
Depreciation — amopTu3anus Depletion — ymenbIIeHnE

Net cost — yncTast CTOUMOCTb Uncertainty — HEOIIPECICHHOCTh
To decommission — cruchIBaTh Accounting — yuer

Tax — Hazor Tax credit — HanoroBast CKujka
Primary — nepBuYHBIN Profitability — moxogHOCTB

Trend — TeHneHIMA Issue — npobnema

Exercise 1. Answer the questions

1. What is engineering economics?

2. What do engineers seek?

3. Is engineering economics a required course in the U.S. undergraduate engi-
neering curricula?

4. Considering the time value of money is central to most engineering economic
analyses, isn’t it?

5. Are cash flows discounted using an interest rate?

6. Are there possible alternatives for each problem?

7. Must the opportunity cost be considered?
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8. Are there noneconomic factors to be considered?

9. Are costs usually considered?
10. Is engineering an important part of the manufacturing sector of the economy?
11. What are major topics in engineering industrial economics?

Exercise 2. Find Russian equivalents

Previously, known as, engineering economy, a subset, application, solutions to
problems, viability, normally, undergraduate engineering curricula, a required course,
the time value of money, cash flows, interest rate, except, option, are termed attri-
butes, revenue, the net cost, replacement, depreciation, resource depletion, taxes, tax
credits, accounting, cost estimations, capital financing, primary skills, knowledge
areas, cost engineering, the manufacturing sector, management, operation, growth,
profitability.

Exercise 3. Find English equivalents

WNnxenepHas 5KOHOMUKA, TPUMEHEHUE, WH)KEHEPHBIE TTPOCKTHI, UCKaTh, Pellie-
HUE MPOoOIEM, KU3HECITOCOOHOCTh, TOTEHIIMALHOE peIeHue, 00bIYHO, Tpelye-
MBI KypC, TeMa, CTOMMOCTb JICHET BO BPEMEHH, aMOPTHU3AIIMOHHAs CTaBKa, BEIOOD,
aNbTEPHATUBA, ATBTEPHATUBHAS CTOMMOCTD, OOIIIECTBEHHBI UMUK, OIICHUBaeMast
KU3Hb MMPOEKTA, JIUKBUIAIMOHHAS CTOUMOCTD, YACTAsi CTOMMOCTD, MPUOBLIb, CIH-
canue, HHQIISIIS, HEONPEACICeHHOCTh, 3aMEeHa, aMOPTHU3AIUsl, YMEHBIIICHUE PECYP-
COB, HAJIOTH, HAJIOTOBBIC CKUIKH, YYET, OIIEHKA 3aTpaT, KamuTaabHOe (PUHAHCUPO-
BaHUE, TICPBUYHBIC HABBIKH, cepa 3HAHUH, MPOMBIIIICHHBIH CEKTOP, OCHOBHBIC
cdepsl, yrpaBieHHe, pPOCT, JOXOIHOCTh, MPOOIEMbI, TCHICHIIUN, TOBAPHBIC PHIHKH,
BIIMSTHUE CIIPOCA, Pa3BUTHE, PUHAHCUPOBAHHUE.

Exercise 4. Say whether it is true or false

1. Engineering economics, previously known as engineering economy, is a sub-
set of economics for application to engineering projects.

2. Engineers do not seek solutions to problems.

3. In the U.S. undergraduate engineering curricula, engineering economics is not
often a required course.

4. Considering the time value of money is not central to most engineering eco-
nomic analyses.

5. Cash flows are discounted using a fixed sum, except in the most basic eco-
nomic studies.

6. For each problem, there are no possible alternatives.

7. The opportunity cost of making one choice over another must also be
considered.

8. Engineering is not an important part of the manufacturing sector of the
economy.
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Exercise 5. Fill in the gaps with the words from the box

1. Costs as well as are considered, for each al-
ternative, for an analysis period that is either a of
years or the estimated life of the project.

2. The is often forgotten, but is important, and is
either the net cost or revenue for the project.

3. Some other topics that may be addressed in engineering economics are infla-
tion, , replacements, ,
resource , taxes,

, accounting, cost estimations, or capital financing.

salvage value decommissioning depreciation revenues

uncertainty fixed number tax credits depletion

Exercise 6. Fill in the gaps with prepositions

1. Engineers seek solutions to problems, and the economic viability ... each po-
tential solution is normally considered along ... the technical aspects.

2. Itis a topic ... the Fundamentals of Engineering examination.

3. ... each problem, there are usually many possible alternatives.

4. Costs ... well as revenues are considered, ... each alternative, for an analysis
period that is either a fixed number ... years or the estimated life ... the project.

5. All these topics are primary skills and knowledge areas ... the field ... cost
engineering.

Exercise 7. Complete the sentences with the information from the text

. Engineering economics, previously known as engineering economy, is ...
. Engineers seek solutions to problems, and the economic viability ...

. Considering the time value of money is central ...

. Cash flows are discounted using an interest rate, except in ...

. One option that must be considered in each analysis ...

. The opportunity cost of making one choice over another ...

. There are also noneconomic factors to be considered, like ...

. Costs as well as revenues are considered, for ...

. The salvage value is often forgotten, but is important, and is ...

0O 1NN DN AW —

Exercise 8. Complete the definitions below with the words from the box

1. the process of dealing with or con-
trolling things or people.

2. a general direction in which some-
thing is developing or changing.

3. an important topic or problem for
debate or discussion.
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4. reduction in the number or quantity
of something.

5. available as another possibility or
choice.

6. a reduction in the value of an asset
over time, due in particular to wear and tear.

7. income, especially when of an orga-
nization and of a substantial nature.

8. a compulsory contribution to state

revenue, levied by the government on workers' income and business profits, or added
to the cost of some goods, services, and transactions.

Issue Alternative Trend Depletion
Depreciation Management Revenue Tax

Exercise 9. Speak about engineering economics

Unit 10. INDUSTRIAL DESIGN

Industrial design is the use of a combination of applied art and applied science
to improve the aesthetics, ergonomics, and usability of a product, but it may also be
used to improve the product’s marketability and production. The role of an industrial
designer is to create and execute design solutions for problems of form, usability,
physical ergonomics, marketing, brand development, and sales.

The objective of this area is to study both function and form, and the connec-
tion between product, the user and the environment — product as it happens in any
other architecture area, being the only difference, that here the professionals that
participate in the process are all specialized in small scale design, rather than in other
massive colossal equipments like buildings or ships. Industrial designers do not de-
sign the gears or motors that make machines move, or the circuits that control the
movement (that task is usually attributed to engineers), but they can affect technical
aspects through usability design and form relationships. And usually, they partner a
whole of other professionals like marketers, to identify and fulfill needs, wants and
expectations.

Industrial design is the professional service of creating and developing concepts
and specifications that optimize the function, value and appearance of products and
systems for the mutual benefit of both user and manufacturer.

Although the process of design may be considered «creative», many analytical
processes also take place. In fact, many industrial designers often use various design
methodologies in their creative process. Some of the processes that are commonly
used are user research, sketching, comparative product research, model making, pro-
totyping and testing. These processes are best defined by the designers and/or other
team members. Industrial designers often utilize 3D software, computer-aided in-
dustrial design and CAD programs to move from concept to production [10].
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Key Words

Design — npoekTupoBaHue, TU3aitH Combination — koMOMHHpOBaHWE
Applied art — npukiagHOE UCKYCCTBO Aesthetics — screTnka

Usability — mpakTu9HOCTH Execute — BBIMOIHUTH

Brand — ToproBas mapka Participate — yuacTBoOBaTh
Environment — okpy>katomias cpena Scale — macmirad

To design — mpoeKkTUpoBaTh Gear — kopoOka nepenad

Circuit — nernb Marketer — mapxkeTonor

Concept — MOHSATHE, KOHIICTIT Mutual — B3aumHbIIH

Benefit — nonb3a Research — uccnenosanue
Sketching — co3ganue rcku3a Prototype — onbITHBIN 00pasert

Exercise 1. Answer the questions

1. What is the industrial design?

2. How can you define the role of an industrial designer?

3. What is the object of industrial design?

4. Do industrial designers design gears or motors?

5. Industrial design is the professional service of creating developing concepts
and specifications that optimize the function, isn’t it?

6. Is the process of design creative?

7. Which processes are commonly used by industrial designers?

8. What type of software do industrial designers often use?

Exercise 2. Find Russian equivalents

Industrial design, combination, applied art, applied science, to improve, usabil-
ity of a product, marketability, industrial designer, to execute, physical ergonomics,
brand development, the environment, the user, the gear, the circuits, to affect, to
identify, to fulfill, to optimize the function, value, appearance, the mutual benefit, to
take place, sketching, prototyping, model making, comparative product research.

Exercise 3. Find English equivalents

[IpoMBIIINIEHHBIN TU3alH, MPUKIAJIHOE UCKYCCTBO, NMPUKJIAIHAS HAayKa, YIIyd-
11aTh, MO0JIb3a OT MPOAYKTA, CO3/1aBaTh, BBIIOIHATH, OKPYXKaKOIIas Cpeaa, y4acTBoO-
BaTh B TIpoliecce, o0OpyaoBaHUE, 3/1aHue, Kopabiu, KopoOka mepemad, MOTOPHI,
LEIb, OTAABATh WHXKEHEPAM, BIIUATH, CBSI3U, ONPEIEIISAThH, BBIIOJHATH, ONTUMU3H-
pOBaTh, ONTUMHU3UPOBATh (DYHKIIMIO, B3aMMHAsl BBITOJ]A, MCCIIEIOBAHUE, CO3/IaHUE
ACKM3a, CPABHUTEIHHOE HCCIICIOBAHUE, CO3/IaHUE OIBITHOTO 00pasiia, TECTUPOBa-
HUE, ONPENIEIIETCS, NCIIOJIb30BAaTh.

Exercise 4. Say whether it is true or false

1. Industrial design is not the use of a combination of applied art and applied sci-
ence to improve the aesthetics, ergonomics, and usability of a product.

2. The role of an industrial designer is to create and execute design solutions for
problems of form, usability, physical ergonomics, marketing, brand development,
and sales.
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3. The objective of this area is to study the connection between product,
the user and the environment.

4. Industrial designers do design the gears or motors that make machines move.

5. Industrial design is the professional service of creating and develop-
ing concepts and specifications that optimize the function, value and appearance
of products.

6. The process of design may not be considered «creativey, many analytical pro-
cesses also take place.

7. Industrial designers do not use design methodologies in their creative
process.

8. Some of the processes that are commonly used are user research, sketching,
comparative product research, model making, prototyping and testing.

Exercise 5. Fill in the gaps with the words from the box

1. Industrial design is the use of a combination of and applied
science the aesthetics, ergonomics, and usability of a product, but it
may also be used to improve the product's marketability and production.

2. The role of an industrial designer is to create and —
design solutions for problems of form, usability, physical ergonomics, marketing,

and sales.
3. Industrial design is the professional of
creating and developing concepts and specifications that
the function, value and of products
and systems for the mutual of both user
and manufacturer.
execute brand development to improve appearance
service applied art optimize benefit

Exercise 6. Fill in the gaps with prepositions

1. Industrial design is the professional service ... creating and developing con-
cepts and specifications that optimize the function, value and appearance of products
and systems ... the mutual benefit of both user and manufacturer.

2. ... fact, many industrial designers often use various design methodologies ...
their creative process.

3. These processes are best defined ... the designers and/or other team
members.

4. Industrial designers often utilize 3D software, computer-aided industrial de-
sign and CAD programs to move ... concept ... production.

Exercise 7. Complete the sentences with the information from the text

1. The objective of this area is to study both function and form, and ...
2. Industrial designers do not design the gears or motors that ...
3. And usually, they partner a whole of other professionals like ...
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4. Although the process of design may be considered ...

5. In fact, many industrial designers often use various design methodologies ...
6. Some of the processes that are commonly used are ...

7. These processes are best defined by ...

Exercise 8. Complete the definitions below with the words from the box

l. a first or preliminary version of a de-
vice or vehicle from which other forms are developed.

2. a rough or unfinished drawing or
painting, often made to assist in making a more finished picture.

3. state or describe exactly the nature,
scope, or meaning of.

4. the surroundings or conditions in
which a person, animal, or plant lives or operates.

5. be involved; take part.

6. make the best or most effective use of
(a situation or resource).

7. all of; entire.

8. a person who uses or operates some-
thing.

Sketch To optimize To define Prototype
To participate Environment User Whole

Exercise 9. Speak about the industrial design

Unit 11. INFRASTRUCTURE

Infrastructure is basic physical and organizational structures needed for the op-
eration of a society or enterprise, or the services and facilities necessary for an econ-
omy to function. It can be generally defined as the set of interconnected structural
elements that provide framework supporting framework supporting an entire struc-
ture of development

The term typically refers to the technical structures that support a society, such
as roads, water supply, sewers, electrical grids, telecommunications, and so forth,
and can be defined as «the physical components of interrelated systems providing
commodities and services essential to enable, sustain, or enhance societal living
conditionsy.

Viewed functionally, infrastructure facilitates the production of goods and ser-
vices, and also the distribution of finished products to markets, as well as basic social
services such as schools and hospitals; for example, roads enable the transport of
raw materials to a factory. In military parlance, the term refers to the buildings and
permanent installations necessary for the support, redeployment, and operation of
military forces.
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The following list of hard infrastructure is limited to capital assets that serve the
function of conveyance or channeling of people, vehicles, fluids, energy, or infor-
mation, and which take the form either of a network or of a critical node used by
vehicles, or used for the transmission of electro-magnetic waves.

Infrastructure systems include both the fixed assets, and the control systems and
software required to operate, manage and monitor the systems, as well as any ac-
cessory buildings, plants, or vehicles that are an essential part of the system. Also
included are fleets of vehicles operating according to schedules such as public transit
buses and garbage collection, as well as basic energy or communications facilities
that are not usually part of a physical network, such as oil refineries, radio, and tele-
vision broadcasting facilities.

Engineers generally limit the use of the term «infrastructure» to describe fixed
assets that are in the form of a large network, in other words, «hard» infrastructure.
Recent efforts to devise more generic definitions of infrastructure have typically
referred to the network aspects of most of the structures, and to the accumulated
value of investments in the networks as assets. One such effort defines infrastructure
as the network of assets, where the system as a whole is intended to be maintained
indefinitely at a specified standard of service by the continuing replacement and re-
furbishment of its components [11].

Key Words
Accumulated value — cymmapHoe Accessory buildings — BcromorarenbHbIe
3HAYCHHE COOPYIKECHUSI

To monitor — cnenuTsb

Fixed assets — oCHOBHEIE cpe/icTBa
Conveyance — TpaHCIIOPTHPOBKA
Redeployment — nepeaucnokanus
Facilitate — crocoOcTBOBATH

Sustain — noaaepxuBaTh

Commodities — ToBapbI

Support — noanepxarb

Provide — obGecrieunTs

Facilities — npucnocob6nenus

Enterprise — npenmnpusitue

Operation — neiicTBue

Continuing replacement — mocTOsSTHHOE
MIOTIOTHEHUE

Investments — uHBeCTHIIUU

To devise — pa3pabarsiBaTh

Oil refineries — HedTenepepabdaThiBarO-
1 TPEATPHUSITUS

Schedules — pacnincanue

Exercise 1. Answer the questions
1. What is the infrastructure?

2. What does the term typically refer to?

3. What does infrastructure facilitate?
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Software — nporpammuoe obecreuenue
Critical node — xpuTn4eckwuii y3en

Capital assets — OCHOBHO KamuTas

Raw materials — cbipbe

Living conditions — >KW3HEHHBIE YCIOBUS
To enable — obecrneunthb

Development — pa3Butue

Framework — ocHOBBI

Set — komiekc

Services — BcrioMoraTenbHbIC CITYKOBI
Society — o6miecTBo

Refurbishment — pexoHcTpykums
Specified standard of service — omnpeneneH-
HBII CTaHAApT 00CITY)KUBAHUS
Infrastructure — unppacTpykTypa

Efforts — ycunus

Communications facilities — cpeacTsa
CBSI3H

Fleets of vehicles — TpancnoptHblil mapk



4. What does infrastructure refer to in military practice?

5. What function do capital assets serve?

6. What does infrastructure include?

7. How do engineers limit the use of the term «infrastructure»?
8. What are the most recent definitions of infrastructure?

Exercise 2. Find Russian equivalents

Infrastructure, operation, society, enterprise, facilities, to provide, support, de-
velopment-commodities, to enable, to sustain, facilitate, raw materials, redeploy-
ment, capital assets, conveyance, critical node, fixed assets, software, to monitor,
communications facilities, efforts, to devise, investments, specified standard of ser-
vice, continuing replacement, refurbishment.

Exercise 3. Find English equivalents

Nudpacrpykrypa, neficteue, o0IeCTBO, BCIOMOTaTeIbHbIE CITY>KOBI TPUCTIOCO-
OJIeHUs, KOMILJIEKC, OCHOBBI, MTOJIJIEPKATh, PA3BUTHE, TOBAPHI, 00ECIICUUTh, MOAIEP-
YKUBATh )KU3HEHHBIC YCIIOBUS, CIIOCOOCTBOBATD, CHIPhE, MEPEAUCIOKAIINS, OCHOBHON
KaruTal, TPAaHCTIOPTUPOBKA, KPUTUUECKUM Y3€ll, OCHOBHBIE CPE/ICTBA, MPOTPAMM-
HOE obecrieueHune, CleanTh, BCIIOMOTaTeIbHbIE COOPYKEHHSI, TPAHCTIOPTHBIN TapK,
pacnucaHue, CpeicTBa CBs3M, HedTemnepepadaTbiBalOMIUE MPEANPUSTHS, YCUITHS,
pa3pabarbiBaTh, CyMMapHO€ 3HAYEHUE, UHBECTHUIIMH, ONIPEICIICHHbIN CTaHIapT 00-
CITy’KUBaHUs, TOCTOSTHHOE MOTIOJTHEHUE, PEKOHCTPYKITHS.

Exercise 4. Say whether it is true or false

1. Infrastructure is basic physical structures.

2. Infrastructure can be generally defined as the set of separate structural ele-
ments.

3. The term typically refers to the technical structures that support a society, such
as roads, water supply, sewers, electrical grids, telecommunications.

4. Infrastructure is not connected with the production of goods and services, and
also the distribution of finished products to markets.

5. In military parlance, the term refers to the buildings and permanent installa-
tions necessary for the support, redeployment, and operation of military forces.

6. Hard infrastructure takes the form either of a network or of a critical node used
by vehicles, or used for the transmission of electro-magnetic waves.

7. Infrastructure systems don’t include the control systems and software.

8. Infrastructure systems include fleets of vehicles operating according
to schedules.

9. Engineers generally limit the use of the term «infrastructure» to describe fixed
assets that are in the form of a large network.

10. Infrastructure can be defined as the system as a whole which is intended to be

maintained indefinitely at a specified standard of service by the continuing replace-
ment and refurbishment of its components.
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Exercise 5. Fill in the gaps with the words from the text

1. Infrastructure is the set of interconnected structural elements that
framework supporting an entire structure of development.
2. The term typically refers to the technical structures that support
, such as roads, water supply, sewers, electrical grids,

telecommunications.
3. Infrastructure the production of goods and services.
4. In military parlance, the term refers to the buildings and permanent installa-
tions necessary for support, , and operation of military forces.
5. serve the function of conveyance or
channeling of people, vehicles, fluids, energy, or information.
6. Infrastructure systems both fixed assets and

required to operate, manage and monitor the systems.
7. Engineers generally limit the use of the term «infrastructure» to describe
that are in the form of a large network, in other

words, «hard» infrastructure.

include the control systems fixed assets facilitates
redeployment a society provide capital assets

Exercise 6. Fill in the gaps with prepositions

1. Infrastructure is basic physical and organizational structures needed ... the
operation of a society or enterprise.

2. It can be generally defined ... the set of interconnected structural elements.

3. The term typically refers ... the technical structures.

4. Infrastructure facilitates the production ... goods and services.

5. A network or of a critical node used ... vehicles, or used ... the transmission
of electro-magnetic waves.

6. Fleets of vehicles operating according ...

7. The system as a whole is intended to be maintained indefinitely ... a specified
standard of service.

Exercise 7. Complete the sentences with the information from the text

1. Infrastructure is basic physical and organizational structures needed for ...

2. It can be generally defined as the set of interconnected structural elements that
provide ...

3. The term typically refers to the technical structures that support ...

4. Basic social services such as ...

5. Capital assets that serve the function of conveyance or channeling of ...

6. Software required to operate, manage and monitor ...

7. Communications facilities that are not usually part of a physical network,
such as ...

44



Exercise 8. Complete the definitions below with the words from the box

1. basic systems and services
that are needed for a country or organization to run smoothly.

2. buildings, services, equipment
that are provided for a particular purpose

3. to give smth to smb or make it
available for them to use.

4. to help or encourage.

5. wealth or property that is
owned by a person or a business.

6. the process of taking smb/smth
from one place to another.

7. to watch and check smth over
a period of time in order to see how it develops.

8. the process of cleaning and

decorating a room or a building in order to make it more attractive, more useful.

refurbishment capital assets to monitor conveyance

to provide facilities to support infrastructure
Exercise 9. Speak about the infrastructure

Unit 12. STRUCTURAL ENGINEERING

Structural Engineering is largely the application of Mechanics, and can some-
times be generalized as a subfield of mechanical engineering. Traditionally it used
careful placement of coordinate axis to simplify complex equations associated with
tensor quantities such as stress and resulting displacements of beams or structural
elements. This simplification was essential to being able to solve problems. The
successful engineer must know that a structure could meet the loads specified to be
placed upon it. As long as the design loads were not exceeded the structure must
spring back when the load was lifted or hold steady indefinitely.

Modern use of advanced powerful desktop computers begs the question of when
it will become economically advantageous to actually solve many of the structural
problems via iterative methods rather than use knowledgeable human time to sim-
plify the problem sufficient for accurate approximation as described above.

A typical task of a beginning structural engineer might consist of performing the
analysis to size the beams necessary to support a chemical vat on the second or third
floor of an operational manufacturing plant.

Structural engineers are responsible for engineering design and analysis. Entry-
level structural engineers may design the individual structural elements of a struc-
ture, for example the beams, columns, and floors of a building. More experienced
engineers would be responsible for the structural design and integrity of an entire
system, such as a building.
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Structural engineers often specialize in particular fields, such as bridge engi-
neering, building engineering, pipeline engineering, industrial structures, or special
mechanical structures such as vehicles or aircraft.

The role of a structural engineer today involves a significant understanding of
both static and dynamic loading, and the structures that are available to resist them.
The complexity of modern structures often requires a great deal of creativity from
the engineer in order to ensure the structures support and resist the loads they are
subjected to. A structural engineer will typically have a four or five year undergradu-
ate degree, followed by a minimum of three years of professional practice before
being considered fully qualified.

Structural engineers are licensed or accredited by different learned societies and
regulatory bodies around the world. Depending on the degree course they have stud-
ied and/or the jurisdiction they are seeking licensure in, they may be accredited (or
licensed) as just structural engineers, or as civil engineers, or as both civil and struc-
tural engineers [12].

Key Words

Coordinate axis — 0Cb KOOpJHHAT
Complex equations — CJIO’)KHbIE YpaBHEHUS
To simplify — ympocTuth

Tensor quantities — TEH30pHbIE BETMYUHBI
Experienced — omnbITHBIH

Beams — 6anku

Loads — Harpy3ku

To exceed — mpeBBICUTH

To spring back — oTnpsiHyTh, BEpHYTbCS
B ICXOJTHOE TTOJIOKEHHUE

Displacement — cmerenue

Iterative — moBTOpstOLITUIICS

Sufficient — nocrtarouHslii

Approximation — npuOIMKEHHOE 3HAYCHUE
To specialize in — cHenMaIM3UPOBATHCS
Ha...

Vat — 0ak, nucrepHa

Structural engineers — CTpyKTypHBIE HHXKe-
HEPHI

Column — kononHa

Floors — mousr

To hold steady — monnep>xuBarh Ha MOCTO-
STHHOM YpPOBHE

Exercise 1. Answer the questions

1. What is structural engineering?

Responsible for — oTBeTcTBEHHBII 32

To be licensed — nony4uTs JTUIIEH3UIO
Integrity — 11€10CTHOCTH

Entire system — 1enas cucrema

Civil — rpaxnanckue

To involve — BkitouaTh B cebds
Significant — 3HaUNUTENBHBIN

Static loading — craruyeckas Harpy3ka
Dynamic loading — aunamuueckasi Ha-
rpy3Ka

Available — npuroaHs! 1ist

To ensure — obecneunTh

Subject to — moaBepruyThH

Learned societies — Hay4HbIE COOOIIECTBA
Structural design — mnpoekTupoBaHue
3JaHUN U COOPYKEHUU

To size — To4HO 10 pazmMepy

Regulatory bodies — oTBeTCTBEHHBIE Op-
TaHBI

Seek — cTpemuThCs

Entry-level — HauanbHBIN YPOBECHB

To be accredited — monmyuuTh akkpenu-
TaIHIO

2. What was placement of coordinate axis used for?

3. What must a successful engineer know?

4. What happens to a structure when the load is lifted?
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5. How can modern computers help solve structural engineering problems?
6. What is a typical task of a beginning structural engineer?
7. What are structural engineers responsible for?
8. What fields do structural engineers specialize in?
9. What does a role of a structural engineer involve?
10. When is an engineer considered fully qualified?

Exercise 2. Find Russian equivalents

Coordinate axis, complex equations, tensor quantities, beams, loads, to exceed, suf-
ficient, approximation, column, floors, structural design, entire system, involve, static
loading, dynamic loading, available, ensure, structural engineers, civil engineers.

Exercise 3. Find English equivalents

CnoxxHble ypaBHEHUS, TCH30PHBIE BEITUYUHBI, CMELIEHUE, YIIPOCTUTD, CTPYKTYP-
HBIE DJIEMEHTBI, PEIIaTh MPOOJIEMBbI, IPEBBICUTD, BEPHYTHCS B HCXOAHOE TIOJIOKEHUE,
IIO/IIEP’KUBATh HA MOCTOSIHHOM YPOBHE, IMOBTOPSIOLIUNCS, T0CTaTOYHbINA, KOJIOHHA,
TI0JIbI, OTBETCTBEHHBIH 32, IIEJIOCTHOCTD, BKJIFOUATh B C€0s1, 3HAUUTEIbHBIN, TPUTO/I-
HBIH, [TIOABEPTrHYTh, CTPEMUTHCHI.

Exercise 4. Say whether it is true or false

1. Structural Engineering is largely the application of civil engineering.

2. Traditionally it used careful placement of coordinate axis to solve complex
equations.

3. Complex equations are associated with load quantities such as stress and re-
sulting displacements of beams or structural elements.

4. The successful engineer must know that a structure could meet the stresses
specified to be placed upon it.

5. Structural engineers are responsible for engineering design and construction.

6. Structural engineers often specialize in particular fields, such as beams, col-
umns, and floors of a building.

7. The role of a structural engineer today involves a significant improvement of
both static and dynamic loading.

8. The complexity of modern structures often requires a great deal of learning
from the engineer in order to ensure the structures support and resist the loads they
are subjected to.

Exercise 5. Fill in the gaps with the words from the text

1. Structural Engineering is largely the application of mechanics, and can some-
times be generalized as a subfield of

2. The successful engineer must know that a structure could meet the
specified to be placed upon it.

3. As long as the design loads were not the structure
must spring back when the load was lifted or hold steady indefinitely.
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4. Modern use of advanced powerful desktop computers begs the question of
when it will become :

5. A typical task of a beginning structural engineer might consist of performing
the analysis the beams necessary to support a chemical vat on
the second or third floor of an operational manufacturing plant.

6. More experienced engineers would be responsible for the structural design
and of an entire system, such as a building.

7. The role of a structural engineer today involves a significant understanding of
both static and :

8. Structural engineers are or accredited
by different learned societies and regulatory bodies around the world.

loads to size integrity exceeded
. ) . economicall mechanical
licensed dynamic loading Y . .
advantageous engineering

Exercise 6. Fill in the gaps with prepositions

1. Traditionally it used careful placement of coordinate axis to simplify complex
equations associated ... tensor quantities.

2. The successful engineer must know that a structure could meet the loads spec-
ified to be placed ... it.

3. As long as the design loads were not exceeded the structure must spring ...
when the load was lifted or hold steady indefinitely.

4. Modern use of advanced powerful desktop computers begs the question of
when it will become economically advantageous to actually solve many of the struc-
tural problems via iterative methods rather than use knowledgeable human time to
simplify the problem sufficient ... accurate approximation as described above.

5. A typical task of a beginning structural engineer might consist ... performing
the analysis.

6. Structural engineers often specialize ... particular fields.

7. The structures support and resist the loads they are subjected ...

8. Structural engineers are licensed or accredited ... different learned societies
and regulatory bodies around the world.

9. Depending ... the degree course they have studied and/or the jurisdiction they
are seeking licensure in.

Exercise 7. Complete the sentences with the information from the text

1. Traditionally it (structural engineering) used careful placement of coordinate
axis to ...

2. The successful engineer must know that ...

3. As long as the design loads were not exceeded the structure must spring back
when ...
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4. A typical task of a beginning structural engineer might consist of performing
the analysis to ...

5. Entry-level structural engineers may design the individual structural elements
of a structure, for example ...

6. More experienced engineers would be responsible for the structural design
and ...

7. Structural engineers often specialize in particular fields, such as ...

8. The role of a structural engineer today involves a significant understanding
of ...

9. The complexity of modern structures often requires a great deal of ...

10. A structural engineer will typically have a ...

Exercise 8. Complete the definitions below with the words from the box

l. the science of movement and force.

2. to make sure that smth happens or is
definite.

3. the process of making smth easier to
do or understand.

4. to move suddenly and with a quick
movement in a certain direction.

5. the amount of weight that is pressing
down.

6. the art or process of deciding how
smth will look, work by drawing plans, making models, etc.

7. good or useful in a particular situation.

8. large or important enough to have ef-

fect or be noticed.

To ensure Simplification To spring Design
Significant Advantageous Mechanics Load

Exercise 9. Speak about the Structural Engineering

Unit 13. MECHANICAL ENGINEERING

Mechanical engineering is a discipline of engineering that applies the principles
of physics and materials science for analysis, design, manufacturing, and mainte-
nance of mechanical systems. It is the branch of engineering that involves the pro-
duction and usage of heat and mechanical power for the design, production, and
operation of machines and tools. It is one of the oldest and broadest engineering
disciplines.

The engineering field requires an understanding of core concepts including me-
chanics, kinematics, thermodynamics, materials science, and structural analysis.
Mechanical engineers use these core principles along with tools like computer-aided
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engineering and product lifecycle management to design and analyze manufacturing
plants, industrial equipment and machinery, heating and cooling systems, transport
systems, aircraft, watercraft, robotics, medical devices and more.

Mechanical engineering emerged as a field during the industrial revolution in
Europe in the 18th century; however, its development can be traced back several
thousand years around the world. Mechanical engineering science emerged in the
19th century as a result of developments in the field of physics. The field has contin-
ually evolved to incorporate advancements in technology, and mechanical engineers
today are pursuing developments in such fields as composites, mechatronics, and
nanotechnology. Mechanical engineering overlaps with aerospace engineering, civil
engineering, electrical engineering, petroleum engineering, and chemical engineer-

ing to varying amounts [13].

Key Words

Maintenance — dKCIUTyaTanus

Heat — remo

Operation — HUCTIOTB30BaHUE

Tool — uHCTpyMEHT

Materials science — MaTtepuanoBecHIE
Equipment — o6opynoBanue

Aircraft — BO3IyIIHBIN TpaHCTIOPT
Robotics — pobGoToTexHHKa

Emerge — nosiBuThCA

Trace back — nmpocneauts 10
Advancement — q0CTH)XEHHUE
Composites — KOMITO3UThI
Along with — Hapsiy ¢

Branch — orpacib

Mechanical power — Mexanuueckas cuia
Machine — cranok

Core concepts — KJIIOUYEBbIC TIOHITHUS
Medical devices — MeaUITMHCKHE TPUOOPHI
Machinery — crankocTpoeHue

Watercraft — BojHBIN TpaHCIIOPT
Lifecycle — >xM3HEHHBIHN UK
Development — pa3Butue

To incorporate — BKJItO4aTh B ce0s
Pursue — npuMeHsTh, UCTIONB30BaTh
Overlap — nepecekarbcs

Mechatronics — mexaTpoHHKa

Exercise 1. Answer the questions

. What is mechanical engineering?

. What does mechanical engineering involve?

. What core concepts does the engineering field require?

. What tools do mechanical engineers use along with core concepts?
. What do mechanical engineers design and analyze?

. When did mechanical engineering emerge?

. What developments are mechanical engineers pursuing today?

. What does mechanical engineering overlap with?

03N KW

Exercise 2. Find Russian equivalents

Maintenance, heat, operation, materials science, mechanics, kinematics, thermo-
dynamics, structural analysis, core concepts, industrial equipment, heating and cool-
ing systems, medical devices, robotics, nanotechnology, aerospace engineering, civil
engineering, electrical engineering, petroleum engineering, chemical engineering.
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Exercise 3. Find English equivalents

WNnxenepHas Hayka, IPUMEHSATh NMPUHLIUIBI PU3UKHU, MaTepUAIOBEACHHUE, TTPO-
EKTUPOBAHHE, ITPOU3BOACTBO U IKCILTyaTalus, OTPACib UH)KEHEPHON HAyKH, IIPO-
W3BOJICTBO Y MCIOJIb30BAHUE, CTAHKA U HHCTPYMEHTBI, KIIFOUEBBIC ITOHITUSA, HAPSIAY
C ..., YIIPaBJIEHUE )KM3HEHHBIM IIUKJIOM MPOAYKTa, TPOMBIIIIIEHHOE 000pyI0BaHHUE,
MIPOU3BOJICTBEHHBIC 1I€XU, CUCTEMBI 000TPEeBa M OXJIAXKJICHUS, IPOMBIIICHHAS pe-
BOJIIOIIMS, IPOCIIEANTh Ha HECKOJIBKO ThICSYENIETUN Ha3ajl, B TAKMX 00JACTIX Kak,
MEXaTpOHUKA, a’pPOKOCMHYECKOE CTPOUTENBCTBO, TPaKJAHCKOE CTPOUTEIBCTBO,
B Pa3JIMYHOM CTETICHH.

Exercise 4. Say whether it is true or false

1. Mechanical engineering is a discipline of engineering that applies the prin-
ciples of building and materials science.

2. It is the branch of engineering that involves the production and usage of me-
chanical power for the design, production, and operation of machines and tools.

3. The engineering field requires an understanding of core concepts including
mechanics, kinematics, thermodynamics, materials science, and structural analysis.

4. Mechanical engineers use these core principles along with tools like structural
analysis to design and analyze manufacturing plants, industrial equipment and ma-
chinery, heating and cooling systems, transport systems, aircraft, watercraft, robot-
ics, medical devices and more.

5. Mechanical engineering science emerged in the 19th century.

6. Mechanical engineers today are pursuing developments in such fields as com-
posites, mechatronics, and nanotechnology.

7. Mechanical engineering incorporates aerospace engineering, civil engineer-
ing, electrical engineering, petroleum engineering, and chemical engineering to
varying amounts.

Exercise 5. Fill in the gaps with the words from the text

1. Mechanical engineering is a of engineering.

2. It is the of engineering that involves
the production and usage of heat and mechanical power for the design, production,
and operation of machines and tools.

3. The engineering field requires an understanding of
including mechanics, kinematics, thermodynamics, materials science, and structural
analysis.

4. Mechanical engineers use these core principles along with tools like
and product lifecycle management.

5. Mechanical engineers use these core principles to
manufacturing plants, industrial equipment and machinery, heating and cooling sys-
tems, transport systems, aircraft, watercraft, robotics, medical devices and more.

6. Mechanical engineering emerged as a field during the
in Europe in the 18th century.
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7. Mechanical engineering emerged in the 19™ century.
8. Mechanical  engineering  overlaps  with  aerospace  engineering,
, electrical engineering, petroleum engineering, and
chemical engineering to varying amounts.

civil engineering science industrial revolution | computer-aided engineering
design and analyze | core concepts branch discipline

Exercise 6. Fill in the gaps with prepositions

1. Mechanical engineers use these core principles ... tools like computer-aided
engineering and product lifecycle management

2. Mechanical engineering emerged as a field during the industrial revolution in
Europe ... the 18th century.

3. Its development can be traced back several thousand years ... the world.

4. The field has continually evolved to incorporate advancements ... technology.

5. Mechanical engineering overlaps ... erospace engineering.

Exercise 7. Complete the sentences with the information from the text

. Mechanical engineering is ...

. It 1s the branch of engineering that involves ...

. It is one of the ... disciplines.

. The engineering field requires an understanding of core concepts including ...
. Mechanical engineers use these core principles along with tools like ...

. Mechanical engineers use these core principles to design and analyze...

. Mechanical engineers today are pursuing developments in such fields as ...

. Mechanical engineering overlaps ...

03N N bW

Exercise 8. Complete the definitions below with the words from the box

1. the practical study of machinery.
2. machines as a group.
3. the act of keeping smth in good
condition by checking or repairing it regularly.
4 connected with industry.
5. the progress that is made.
6. an instrument that you hold
in your hand and use for making things.
7. to try to achieve smth over a period of time.
8. to start to exist to become known.
To pursue Advancement Industrial Machinery
To emerge Mechanics Tool Maintenance

Exercise 9. Speak about the Mechanical engineering
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Unit 14. TRANSPORT ENGINEERING

Transport engineering (or Transportation engineering) is a branch of Civil engi-
neering dealing with the planning, design, operation, and management of transporta-
tion facilities.

The planning aspects of transportation engineering relate to urban planning, and
involve technical forecasting decisions and more difficult political factors. Techni-
cal forecasting or urban passenger travel presently involves what is called the four-
step urban transportation planning model, requiring the estimation of trip genera-
tion (how many trips for what purpose), trip distribution (destination choice, where
are you going), mode choice (what mode is being taken), and route choice (which
streets, transit routes are being used).

The design aspects of transportation engineering include the sizing of transporta-
tion facilities (how many lanes or how much capacity the facility has), determining
the materials and thickness used in pavement, designing the geometry (vertical and
horizontal alignment) of the roadway (or track).

Operations and management involve traffic engineering, so that vehicles move
smoothly on the road or track. Older techniques include signs, signals, and markings.
Newer technologies involve Intelligent Transportation Systems, including Advanced
Traveler Information Systems, such as variable message signs, and Advanced Traf-
fic Control Systems, such as ramp meters. Human factors are an important aspect
of transport engineering, particularly concerning driver-vehicle interface and user
interface of road signs, signals, and markings [14].

Key Words

Relate to — oTHOCHTBCS K Facilities — Bo3MoXxHOCTH

Capacity — MOIIHOCTb, MPOIYCKHAsI CIO- Forecasting — mnpensuaeHue, npeaBapu-
COOHOCTB TEJbHBIN pacyeT

Presently — B HacTosiiee Bpemst Estimation — orenka

Mode — pexum paboTsI Route — mapupyr

Alignment — BbIpaBHUBaHHE Pavement — mocToBas

Concern — Kacarbcsi, IMETh OTHOIIICHHE K Particularly — oco6enno

Smoothly — naBHo, maako Vehicles — TpaHcopTHBIE CpeCTBa
Signs — 3HaKku Variable — Bapbupyemble

Ramp meters — paTyuku yKioHa Advanced — ycoBepIIeHCTBOBaHHBII
User interface — moyib30BaTeNbCKUA HH- Urban planning — ropojickoe IiaHupo-
Tepdeiic BaHUE

Determine — omnpenenutsb Markings — mapkupoBka

Exercise 1. Answer the questions

1. What is transport engineering dealing with?
2. What do aspects of transportation relate to?
3. What does technical forecasting involve?

4. What do the design aspects include?

5. What does traffic engineering involve?

6. What do older techniques include?

7. What do newer techniques include?

8. What can be said about human factors?
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Exercise 2. Find Russian equivalents

Transportation engineering, civil engineering, planning, design, operation, man-
agement, transportation facilities, urban passenger travel, four-step model, trip gen-
eration, trip distribution, mode choice, route choice, the sizing, vertical and horizon-
tal alignment, Advanced Traveler Information Systems, Advanced Traffic Control
Systems, driver-vehicle interface.

Exercise 3. Find English equivalents

ABTOIOPO)KHOE CTPOUTENBCTBO, IPAXKIAHCKOE CTPOUTENBCTBO, AaBTOIOPOKHbBIE
CpPEeJICTBA, MACCAKUPOTIIOTOK, YEThIPEXCTyIEHYaTast MOJIENb, OLICHKA, (HOPMHUpPOBaHKE
JBUKEHUS, paclpeeieHre ABWKEHHs, BbIOOp pekuMa paboThl, OIpeaesieHue
pasMepa, YCOBEpIICHCTBOBAaHHBIE CHCTEMbl HWH(OpPMAIMU MYyTEUIECTBYIOLIUX,
B3aUMOJICMICTBHE BOJUTENSI U TPAHCIIOPTHOTO CPENICTBA.

Exercise 4. Fill in the gaps with the words from the text

1. Transport engineering (or Transportation engineering) is a branch of
dealing with the planning, design,
operation, and management of transportation facilities.

2. The planning aspects of transportation engineering relate to

3. or urban passenger travel presently in-
volves what is called the four-step urban transportation planning model, requiring
the estimation of trip generation (how many trips for what purpose), trip distribution
(destination choice, where are you going), mode choice (what mode is being taken),
and route choice (which streets, transit routes are being used).

4. The design aspects of transportation engineering include
of transportation facilities (how many lanes or how much

capacity the facility has).

5. Operations and management involve , SO
that vehicles move smoothly on the road or track.

6. Older techniques include , signals, and
markings.

7. Newer technologies involve , In-
cluding Advanced Traveler Information Systems, such as variable message signs,
and Advanced Traffic Control Systems, such as ramp meters.

8. Human factors are an important aspect of transport engineering, particularly
concerning driver-vehicle interface and of road
signs, signals, and markings.

civil engineering the sizing urban planning traffic engineering
intelligent transportation
systems

signs technical forecasting user interface

54



Exercise 5. Fill in the gaps with prepositions

1. Transport engineering (or Transportation engineering) is a branch of Civil
engineering dealing the planning, design, opera-
tion, and management of transportation facilities.

2. The planning aspects of transportation engineering relate
urban planning.

3. The design aspects of transportation engineering include determining the ma-

terials and thickness used pavement.
4. Vehicles move smoothly the road or track.
5. User interface road signs, signals, and markings.

Exercise 6. Complete the sentences with the information from the text

1. Transport engineering (or Transportation engineering) is a branch of Civil
engineering dealing with ...

2. The planning aspects of transportation engineering relate to urban planning,
and involve ...

3. Technical forecasting or urban passenger travel presently involves what is
called the four-step urban transportation planning model, requiring ...

4. The design aspects of transportation engineering include ...

5. Operations and management involve traffic engineering, so that ...

6. Older techniques include ...

7. Newer technologies involve ...

Exercise 7. Complete the definitions below with the words from the box

1. to make smth part of smth.

2. to calculate smth exactly.

3. connected with
a town or a city.

4. often changing.

5. the movement of vehicles
along a particular route.

6. the system of buses, trains,
etc. provided for people to travel.

7. a fixed way along which a
car, a bus, etc., regularly travels.

8 a statement about what will

happen in the future.

Traffic Forecasting Transportation Route
To include To determine Urban Variable

Exercise 8. Speak about the transportation engineering
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Unit 15. SAFETY ENGINEERING

Safety engineering is an applied science strongly related to systems engineering
and the subset System Safety Engineering. Safety engineering assures that a life-
critical system behaves as needed even when components fail.

Ideally, safety-engineers take an early design of a system, analyze it to find what
faults can occur, and then propose safety requirements in design specifications up
front and changes to existing systems to make the system safer. In an early design
stage, often a fail-safe system can be made acceptably safe with a few sensors and
some software to read them. Probabilistic fault-tolerant systems can often be made
by using more, but smaller and less-expensive pieces of equipment.

Far too often, rather than actually influencing the design, safety engineers are
assigned to prove that an existing, completed design is safe. If a safety engineer
then discovers significant safety problems late in the design process, correcting
them can be very expensive. This type of error has the potential to waste large sums
of money.

The exception to this conventional approach is the way some large government
agencies approach safety engineering from a more proactive and proven process per-
spective, known as «system safety». The system safety philosophy is to be applied
to complex and critical systems, such as commercial airliners, complex weapon sys-
tems, spacecraft, rail and transportation systems, air traffic control system and other
complex and safety-critical industrial systems. The proven system safety methods
and techniques are to prevent, eliminate and control hazards and risks through de-
signed influences by a collaboration of key engineering disciplines and product
teams. Software safety is a fast growing field since modern systems functionality
are increasingly being put under control of software. The whole concept of system
safety and software safety, as a subset of systems engineering, is to influence safety-
critical systems designs by conducting several types of hazard analyses to identify
risks and to specify design safety features and procedures to strategically mitigate
risk to acceptable levels before the system is certified.

Additionally, failure mitigation can go beyond design recommendations, particu-
larly in the area of maintenance. There is an entire realm of safety and reliability en-
gineering known as Reliability Centered Maintenance (RCM), which is a discipline
that is a direct result of analyzing potential failures within a system and determining
maintenance actions that can mitigate the risk of failure. This methodology is used
extensively on aircraft and involves understanding the failure modes of the service-
able replaceable assemblies in addition to the means to detect or predict an impend-
ing failure. Every automobile owner is familiar with this concept when they take in
their car to have the oil changed or brakes checked. Even filling up one's car with
fuel is a simple example of a failure mode (failure due to fuel exhaustion), a means
of detection (fuel gauge), and a maintenance action (filling the car's fuel tank).

For large scale complex systems, hundreds if not thousands of maintenance ac-
tions can result from the failure analysis. These maintenance actions are based on
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conditions (e. g., gauge reading or leaky valve), hard conditions (e. g., a component
1s known to fail after 100 hrs of operation with 95 % certainty), or require inspec-
tion to determine the maintenance action (e. g., metal fatigue). The RCM concept
then analyzes each individual maintenance item for its risk contribution to safety,
mission, operational readiness, or cost to repair if a failure does occur. Then the sum
total of all the maintenance actions are bundled into maintenance intervals so that
maintenance is not occurring around the clock, but rather, at regular intervals. This
bundling process introduces further complexity, as it might stretch some mainte-
nance cycles, thereby increasing risk, but reduce others, thereby potentially reducing
risk, with the end result being a comprehensive maintenance schedule, purpose built
to reduce operational risk and ensure acceptable levels of operational readiness and
availability [15].

Key Words

Applied science — npukiagHas Hayka
Assure — rapaHTHpOBaTh

Fault — nedexr

Availability — npuronHocts

Up front — aBancowm, Briepen
Probabilistic — BeposSTHOCTHBII

To assign — mopyyarb

Significant — 3HAYUTENHHBIHA
Exception — uckiroueHue
Conventional — oOmenpuHATHII
System safety — Ge30macHOCTb CUCTEMBI
Safety — critical

To eliminate — JIMKBUIUPOBATH
Means of detection — cpeacta oOHapyxe-
HUS

To specify — ykazarhb

Acceptable — mpuemiembIii
Maintenance — dKCIuTyaranus
Reliability — nagexxHocTb

To determine — onpenenutsb
Replaceable — 3amensemprit

To predict — npenckasarb

To fill up — 3anonHUTH

Due to — Gmaronaps ( uemy-To)
Collaboration — coTpyIHHYECTBO
Condition — ycnoBue

Fatigue — u3HOC

Contribution — BKI1afg

To bundle — cBsi3aTh BoennHO

Comprehensive — KOMIUICKCHBIH, J1€Talb-
HBIN

Safety requirements — TpeOGoBanusi 6e30-
MacHOCTHU
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Subset — nmoapazaen

Fail — c6oii

To occur — ciyuarbes

To propose — npeIoKUThL
Fault-tolerant — oTka30yCcTONYMBBIN
Influence — BausiHUE

To prove — noka3zarb

To waste — TpaTuTh HaIPacHoO
Approach — noaxox, metoz
Proactive — akTUBHBIN

Complex — cnoxHbIN

To prevent — npenoTBpaTuTh
Hazards — omacnoctu

Software safety — nporpammHoe obecrie-
yeHue 0e30MacHOCTH

To mitigate — yMeHbIIATH

Beyond — cBbItiie

Realm — cepa

Direct — npsimoit

Extensively — mmpoko

Assembly — MexaHu3m

Impending — rpo3suuii

Failure mode — xapaxrep oTkaza
Exhaustion — ucromienue

Fuel gauge — natuuk Torumaa
Leaky valve — HemoTHBIN Ki1anaH
Item — nyHKT

Mission — 3aja4a

Around the clock — kpyrmocyTouHo
Operational readiness — 3KcIuTyaTaloH-
Hasi TOTOBHOCTh

Schedule — pacnucanue



Exercise 1. Answer the questions

. What is safety engineering?

. What is safety engineering related to?

. What does safety engineering assure?

. What do safety-engineers ideally do?

. How can fault-tolerant systems be done?

. What are safety engineers usually assigned to?

. What is the exception to this conventional approach?
. Where is the system safety to be applied?

. What are the proven system safety methods and techniques to do?
10. What is a software safety?

11. What is Reliability Centered Maintenance?

12. Where is Reliability Centered Maintenance applied?

0 3O D KW —

O

Exercise 2. Find Russian equivalents

Safety engineering, applied science, life-critical system, an early design of a sys-
tem, safety requirements, existing systems, fail-safe system, acceptably safe, fault-
tolerant systems, less-expensive pieces of equipment, significant safety problems,
complex weapon systems, air traffic control system, safety-critical industrial sys-
tems, key engineering disciplines, a fast growing field, hazard analyses, mitigate
risk, go beyond design recommendations, determining maintenance actions, fail-
ure modes, serviceable replaceable assemblies, an impending failure, metal fatigue,
a comprehensive maintenance schedule.

Exercise 3. Find English equivalents

TexHuka 06€30MacCHOCTH, MPUKIAAHAS HAyKa, MOJpa3iel, TapaHTUPOBATh, KU3-
HEHHO Ba)kHasl cUcTeMa, TpeOOBaHMS 0€30MacHOCTH, OTKA30yCTONYMBAs CUCTEMA,
npuemMieMo 6e30mnacHasi, MeHee JIOPOTHe YacTh 000py0BaHNS, 3HAYUTEIbHbBIC TTPO-
O71eMbl 0€30MaCHOCTH, CJIOKHBIE CUCTEMbI OPY>KHUSI, CHCTEMbI KOHTPOJISI BO3AYIITHOTO
JIBUKECHUS, )KU3HEHHO BAXKHBIE MIPOMBIIIJICHHBIE CUCTEMbI, BEAYIIIME UHKECHEPHBIC
JUCUUIUIUHBI, OBICTPO pacTylias 00JIacTh, YMEHBIIUTh PUCKHU, OMPEICIUTh JICH-
CTBHUSI DKCILTyaTalluu, XapakTep 0TKa3a, 00CITyKMBAaHUE CMEHHBIX y3JI0B, TPO3SIIUN
c0oi1, U3HOC MeTaslIa, IeTATbHOE paCIUCAHUE IKCIUTYaTallMOHHBIX JICHCTBUIM.

Exercise 4. Say whether it is true or false

1. Safety engineering assures that a life-critical system behaves as needed even
when components work normally.

2. Ideally, safety-engineers take an early design of a system, analyze it to find
what faults can occur, and then write a report.

3. Probabilistic fault-tolerant systems can often be made by using more, but
smaller and less-expensive pieces of equipment.

4. If a safety engineer then discovers significant safety problems late in the de-
sign process, correcting them can be very cheap.

5. The system safety philosophy is to be applied to simple and critical systems.
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6. The whole concept of system safety and software safety, as a subset of systems
engineering, is to influence safety-critical systems designs by conducting several types
of hazard analyses to identify risks and to specify design safety features and proce-
dures to strategically mitigate risk to acceptable levels before the system is certified.

7. Reliability Centered Maintenance is used only on aircraft.

8. These maintenance actions are based on conditions, hard conditions, or re-
quire inspection to determine the maintenance action.

9. Then the sum total of all the maintenance actions are bundled into mainte-
nance intervals with the end result being a comprehensive maintenance schedule.

Exercise 5. Fill in the gaps with the words from the text

1. Safety engineering assures that a be-
haves as needed even when components fail.

2. Ideally, safety-engineers take an early design of a system, analyze it to find
what faults can occur, and then propose :

3. Probabilistic can often be

made by using more, but smaller and less-expensive pieces of equipment.

4. If a safety engineer then discovers late in
the design process, correcting them can be very expensive.

5. This type of error has the potential large

sums of money.
6. The proven system safety methods and techniques are to prevent, eliminate
and control :
7. Additionally, can go beyond
design recommendations, particularly in the area of maintenance.
8. The sum total of all the maintenance actions
into maintenance intervals.

significant safety
problems
to waste life-critical system hazards and risks are bundled

safety requirements fault-tolerant systems | failure mitigation

Exercise 6. Fill in the gaps with prepositions

1. Safety engineering is an applied science strongly related ... systems engineer-
ing and the subset System Safety Engineering.

2. Probabilistic fault-tolerant systems can often be made ... using more, but
smaller and less-expensive pieces of equipment.

3. If a safety engineer then discovers significant safety problems late ... the de-
sign process, correcting them can be very expensive.

4. The exception to this conventional approach is the way some large govern-
ment agencies approach safety engineering ... a more proactive and proven process
perspective, known as «system safety».

5. Additionally, failure mitigation can go ... design recommendations, particu-
larly in the area of maintenance.
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6. Every automobile owner is familiar ... this concept when they take in their car
to have the oil changed or brakes checked.

7. Even filling up one’s car ... fuel is a simple example ... a failure mode (failure
due to fuel exhaustion), a means of detection (fuel gauge), and a maintenance action
(filling the car’s fuel tank).

8. Then the sum total of all the maintenance actions are bundled ... maintenance
intervals so that maintenance is not occurring around the clock, but rather, at regular
intervals.

Exercise 7. Complete the sentences with the information from the text

1. Safety engineering assures that a life-critical system behaves as needed even
when ...

2. In an early design stage, often a ... — ... can be made acceptably safe with
a few sensors and some software to read them.

3. Far too often, rather than actually influencing the design, safety engineers are
assigned ...

4. The exception to this conventional approach is the way some large govern-
ment agencies approach safety engineering from a more proactive and proven pro-
cess perspective, known as ...

5. The proven system safety methods and techniques are to ..., ... and ... hazards
and risks.

6. There is an entire realm of safety and reliability engineering known as ...

7. This methodology is used extensively on aircraft and involves understanding
the ... of the ... assemblies in addition to the means to detect or predict an impend-
ing failure.

8. Then the sum total of all the maintenance actions are bundled into ... with the
end result being a ...

Exercise 8. Complete the definitions below with the words from the box

1. designed to stop working if anything goes wrong.
2. the state of being safe and protected from danger or harm.
3. a thing that can be dangerous or cause damage.
4. the act of keeping smith in good condition by
checking or repairing it regularly.

5. to make smith certain to happen.

6. to stop smth from happening.
7. to state smth by giving exact instructions.

8. to make smth less harmful, serious.

Safety Fail-Safe Maintenance Hazard
To mitigate To prevent To specify To assure

Exercise 9. Speak about the Safety engineering
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TEKCTbI JJISI CAMOCTOATEJBHOI'O YTEHUA
Design

When applied to fine and applied arts, engineering, and other such creative ef-
forts, design is both a noun and a verb. The verb is the process of originating and
developing a plan for an artistic or engineered object, which may require countless
hours of thought, modeling, iterative adjustment, and re-design. The noun is either
the finalized plan of action, or the result of following that plan of action.

In philosophy, the abstract noun design refers to purpose/purposefulness, or tele-
ology. Design is thus contrasted with purposelessness, randomness, or lack of com-
plexity.

The traditional view is that design can only arise thanks to a sentient designer.
Thus in the teleological argument, also known as the argument from design, the ob-
vious presence of design in the world is thought to prove the existence of a designer,
namely God.

In the past few decades, some at the intersection of philosophy and Neo-Darwin-
ian evolutionary theory have proposed an alternative, in which it is meaningful to
speak of design without always speaking of a sentient designer. It is seen as insight-
ful to see humans, gods, and certain impersonal forces, especially natural selection,
as equally capable of giving rise to one unified phenomenon: design. Daniel C. Den-
nett (1995) offers perhaps the most comprehensive framework along these lines.

Note that others at the intersection of philosophy and evolutionary theory argue
that the term design should still be reserved for cases involving a sentient designer.
This implies that followers of the standard, biological, materialistic account of the
origin of the species should not use design or designed in discussions of organisms
or parts thereof; since these have no designer, they were not designed in the proper
sense of the word. Proponents of this view include Richard Dawkins.

Industrial and manufacturing engineering

In industrial and manufacturing engineering, engineering principles are utilized
to produce an end product. This end product can be a chemical compound or mixture
such as soap, gasoline or petrol, or and assembly of products from different manu-
facturing processes to produce some as complex as an automobile or an airplane.

There are a number of things engineers do to make products more manufactur-
able.

Value engineering

One is called «value engineering». Value engineering is based on the proposi-
tion that in any complex product, 80 % of the customers need 20 % of the features.
By focusing product development, one can produce a superior product at a lower
cost for the major part of a market. When a customer needs more features, sell them
as options. This approach is valuable in complex electromagnetic products such as
computer printers, in which the engineering is a major product cost.
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To reduce a project’s engineering and design costs, it is frequently «factored» into
subassemblies that are designed and developed once and reused in many slightly dif-
ferent products. For example, a typical tape-player has a precision injection-molded
tape-deck produced, assembled and tested by a small factory, and sold to numerous
larger companies as a subassembly. The tooling and design expense for the tape deck
1s shared over many products that can look quite different. All that the other products
need to have are the necessary mounting boles and electrical interface.

It’s a truism that «quality is free». Very often, it costs no more to produce
a product that always works, every time it comes off the assembly line. It requires
a conscious effort during engineering, but it reduces the cost of waste and rework
quite a bit.

Commercial quality efforts have two foci. First, to reduce the mechanical preci-
sion needed to get good performance. Second, to control all manufacturing opera-
tions to assure that every part and assembly are within tolerance.

Statistical process controls on manufacturing usually proceed by randomly sam-
pling and testing a fraction of the output. Variances of critical tolerances are continu-
ously tracked, and manufacturing processes are corrected before bad parts can be
produced.

A valuable process to perform on a whole consumer product is called the «shake
and bake». Every so often, a whole product is mounted on a shake table in an envi-
ronmental oven, and operated under increasing vibration, temperatures and humidity
until it fails. This finds many unanticipated weaknesses in a product. Another related
technique is to operate samples of products till they fail. Generally the data is used
to drive engineering and manufacturing process improvements. Often quite simple
changes can dramatically improve product service, such as changing to mold-re-
sistant paint, or adding lock-washed placement to the training for new assembly
personnel.

Many organizations use statistical process control to bring the organization to
Six Sigma levels of quality. In a six sigma organization, every item that creates
customer value or disasstisfaction is controlled to assure that the total number of
failures are beyond the sixth sigma of likelithood in a normal distribution of cus-
tomers-setting a standard for failure of fewer than four parts in one million. Items
controlled often include clerical tasks such as order-entry, as well as conventional
manufacturing tasks.

Another engineering discipline i1s «producibility». Quite frequently, manufac-
tured products have unnecessary precision, production operations or parts. Simple
redesign can eliminate these, lowering costs and increasing manufacturability, reli-
ability and profits.

For example, Russian liquid-fuel rocket motors are intentionally designed to
permit ugly (though leak-free) welding, to eliminate grinding and finishing opera-
tions that do not help the motor function better.

62



Some Japanese disk brakes have parts toleranced to three millimeters, an easy-
to-meet precision. When combined with crude statistical process controls, this as-
sures that less than one in a million parts will fail to fit.

Many vehicle manufacturers have active programs to reduce the numbers and
types of fasteners in their product, to reduce inventory, tooling and assembly costs.

Another producibility technique is «near net shape» forming. Often a premium
forming process can eliminate hundreds of low-precision machining or drilling steps.
Precision transfer stamping can quickly produce hundreds of high quality parts from
generic rolls of steel and aluminum. Die casting is used to produce metal parts from
aluminum or sturdy tin alloys (they’re often about as strong as mild steels). Plastic
injection molding is a powerful technique, especially if the part’s special properties
are supplemented with inserts of brass or steel.

When a product incorporates a computer, it replaces many parts with software that
fits into a single light-weight, low-power memory part or microcontroller. As com-
puters grow faster, digital signal processing software is beginning to replace many
analog electronic circuits for audio and sometimes radio frequency processing.

On some printed circuit boards (itself a producibility technique), the conduc-
tors are intentionally sized to act as delay lines, resistors and inductors to reduce the
parts count. An important recent innovation was to eliminate the leads of «surface
mounted» components. At one stroke, this eliminated the need to drill most holes in
a printed circuit board, as well as clip off the leads after soldering.

In Japan (the land where manufacturing engineers are most valued), it is a stan-
dard process to design printed circuit boards of inexpensive phenolic resin and pa-
per, and reduce the number of copper layers to one or two to lower costs without
harming specifications.

Mining engineering

Mining Engineering is an umbrella field that involves many of the other engi-
neering disciplines as applied to extracting and processing minerals from a naturally
occurring environment.

The need for mineral extraction and production is an essential activity of any
technically proficient society. As minerals are produced from within a natural-
ly occurring environment, disturbance of the environment as a result of mineral
production is a given. Modern mining engineers must therefore be concerned not
only with the production and processing of mineral commodities, but also with the
mitigation of damage or changes to an environment as a result of that production
and processing.

Engineering disciplines that are closely related to mining engineering are: Civil
engineering, Environmental engineering, Geotechnical engineering, Hydraulic engi-
neering, and Electrical engineering.

Specialized areas of mining engineering involve extraction of minerals from un-
derground and open pit mines, underwater mines, seawater, in-situ retorting of rock,
and underground gasification.
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Petroleum engineering

Petroleum engineering is involved in the exploration and production activities
of petroleum at the upstream end of the energy sector. The diverse topics covered by
petroleum engineering are closely related to the earth sciences. Petroleum engineer-
ing topics include geology, geochemistry, geophysics, oil drilling, well logging, well
completion, oil and gas production, reservoir development, and pipelining.

The Society of Petroleum Engineers is the largest professional society for petro-
leum engineers and is a good source of information. Petroleum engineering education
is available at dozens of universities in the United States; primarily in oil producing
states. A growing number of international programs offer petroleum engineering.

Petroleum engineers have historically been one of the highest paid engineering
disciplines; this is offset by a tendency for mass layoffs when oil prices decline.
Petroleum engineering offers a challenging blend of geology, operations, advanced
mathematics and the opportunity to risk massive amounts of money. The rewards
for successful engineers range from high paying jobs to the opportunities to start oil
companies.
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