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INTRODUCTION

YuyeOHOo-TTpaKTUYEeCKOE IOCOOME COCTaBJICHO B COOTBETCTBUMU C
nporpaMmaMud OOYyY€HUsSI HMHOCTPAHHOMY SI3bIKY JUISl CHEIUaJIbHOCTEH
«JlazepHasg TexHuWKa M JNa3zepHbIe TexHoJOrMm» W «HaHOTEXHOJIOTMU H
MUKPOCUCTEMHAS TEXHUKA.

[Tocobue cocTOUT U3 IBYX YaCTEH:

1. JTazepHbI€ TEXHOJIOTHH.

2. HaHoTexHoJOTHHU.

Paznensl comepkaT TeMaTUYECKUE CIUCKU CIOB [JIi aKTHBHOIO
YCBOCHHSI M YIPAXKHEHUS, KOTOPHIE MOMOTarT MPEOJO0JIETh IpaMMaTH-
YECKHUE U JICKCUUECKHE TPYJAHOCTH M 00ECIEYMBAIOT IMOJIHOE MOHUMAHHE
TekcTa. Jlimd 3akpersieHuss Marepuana MNpPUBEACHbI 3aJaHUSI KOMMYHU-
KaTUBHOM HAIIPABJICHHOCTH.

[lenb mocoOusi — pacHIMpeHue CIOBApHOTO 3amaca Mo M3y4yaeMbIM
TeMaM, pa3BUTHE HABbIKA YTCHUS aHTJIOA3BIYHON MpodeCCUOHATBLHON -
TepaTypbl, YMEHUW M HABBIKOB MEPEBOJA C AHIJIMMCKOrO S3bIKAa Ha
PYCCKHI, TOBOpPEHUSI MO TeMaM MpoheCCUOHAIIBHOTO OOIIEHHUS, a TaKXe
BbIPaOOTKA HABBIKOB aHHOTUPOBAHUS U pePepUpPOBaHUS TEKCTOB.

CocraBuTenp 0JIaroapuT PElCH3CHTOB: KaHIU1aTa MelaroruaecKux
HayK W joieHTa kadeapbl NpodhecCHOHATBHON S3BIKOBOM MOATOTOBKHU
BnagumMupckoro 1opuandeckoro nHetutyta deaepanibHon ciry>kObl UCITION-
Henus HakazaHuM C. II. ®okuHy M Kanaumata (UIOIOTUYECKUX HAYK
C. B. by3uHy, B HacTosiliee BpeMs 3aBedylollyl0 Kadeapod T'yMaHU-
TapHBIX W E€CTECTBEHHO-HAYYHBIX NUCHUIUIMH Bramumupckoro dumuana
Poccuiickoro yHuBepcuTeTa KOOIEpaluu, 3a IIEHHbIE 3aMEUaHusl, BbICKA-
3aHHBIE UMU B Mpoliecce paboThl HAJl PYKOIHUCHIO.



UNIT I

LASER TECHNOLOGY

Text 1
Laser (Light Amplification by Stimulated Emission of Radiation)

LEARN THE WORDS:

a laser — nmasep

guantum mechanics — kBaHTOBasi MEXaHHUKa
a beam of light — ny4 cBera

a photon — ¢oton

a coherent state — korepeHTHOE COCTOSIHUE
frequency — wacrora

a phase — daza

a light source — ucrounuk cera

to emit — u3yvarp

an excited state — Bo30y>KJICHHOE COCTOSHUE
optical pumping — onTrueckas Hakavka

a mirror — 3epkaiio

to amplify — ycunuBats

a hole — orBepcTue

to escape — ucuesarb

electromagnetic radiation — 3eKTpOMarHUTHOE H3ITyYCHUE
a maser — masep

Microwave — MUKpOBOJTHOBOM

a particle — vactuna

Definition: A laser is a device which is built on the principles of
guantum mechanics to create a beam of light where all of the photons
are in a coherent state — usually with the same frequency and phase
(Most light sources emit incoherent light, where the phase varies
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randomly). Among the other effects, this means that the light from a laser
Is often tightly focused and does not diverge much, resulting in the
traditional laser beam.

How a Laser Works

In simplest terms, a laser uses light to stimulate the electrons in a
"gain medium" into an excited state (called optical pumping). When the
electrons collapse into the lower-energy unexcited state, they emit photons.
These photons pass between two mirrors, so there are more and more
photons exciting the gain medium, "amplifying" the intensity of the beam.
A narrow hole in one of the mirrors allows a small amount of the light to
escape (i. e. the laser beam itself).

Other Types of Laser

The "light" of a laser does not need to be in the visible spectrum but
can be any sort of electromagnetic radiation. A maser, for example, is a
type of laser that emits microwave radiation instead of visible light (The
maser was actually developed before the more general laser. For a while,
the visible laser was actually called an optical maser, but that usage has
fallen well out of common usage). Similar methods have been used to
create devices, such as an "atomic laser,” which emit other types of
particles in coherent states.

Examples by Power

Laser application in astronomical adaptive/optics imaging.

Different applications need lasers with different output powers.
Lasers that produce a continuous beam or a series of short pulses can be
compared on the basis of their average power. Lasers that produce pulses
can also be characterized based on the peak power of each pulse. The peak
power of a pulsed laser is many orders of magnitude greater than its
average power. The average output power is always less than the power
consumed.



https://en.wikipedia.org/wiki/Adaptive_optics
https://en.wikipedia.org/wiki/Orders_of_magnitude

The continuous or average power required for some uses:

Power Use

1-5mw Laser pointers

5mwW CD-ROM drive

5-10mwW  DVD player or DVD-ROM drive
100 mW High-speed CD-RW burner

250 mW Consumer 16x DVD-R burner

Burning through a jewel case including disc within 4
400 mW seconds
DVD 24x dual-layer recording.

Green laser in current Holographic Versatile Disc
prototype development

Output of the majority of commercially available solid-
state lasers used for micromachining

30-100 W  Typical sealed CO: surgical lasers
100 — 3000 W Typical sealed CO> lasers used in industrial laser cutting

1w

1-20W

TASK: Make a summary to the text.

Text 2
Lasers and Masers

LEARN THE WORDS:

a light wave — ceeroBas BosiHa
length — nuHa

to increase — yBenuuuBaTh

a neutron — HEUTPOH

a proton — npoToH

liquid — *KuaKOCTD, KUIKUN

solid — TBep bt

a semiconductor — moJrynmpoBOTHUK


https://en.wikipedia.org/wiki/Laser_pointer
https://en.wikipedia.org/wiki/CD-ROM
https://en.wikipedia.org/wiki/DVD_player
https://en.wikipedia.org/wiki/DVD-ROM_drive
https://en.wikipedia.org/wiki/CD-RW
https://en.wikipedia.org/wiki/DVD-R
https://en.wikipedia.org/wiki/Jewel_case
https://en.wikipedia.org/wiki/Holographic_Versatile_Disc
https://en.wikipedia.org/wiki/Micromachinery
https://en.wikipedia.org/wiki/Laser_cutting

to join — coenuHATH

a drill — npenp

steel — cranb

a diamond — anma3
holography — ronorpadus

a photograph — ¢ororpadus
a molecule — monekymna

an amplifier — ycunurens

to oscillate — xonebarbes
accuracy — TOYHOCTb

A laser is a machine for making and concentrating light waves into a
very intense beam. The light made by a laser is much more intense than
ordinary light. With ordinary light, all the light waves are different lengths.
With lasers, all the light waves have the same length, and this increases
the intensity.

Atoms are made up of neutrons, electrons and protons. The
electrons circle round the protons and neutrons. In a laser, the electrons are
"excited" to a high energy level. As the electrons fall back from their
"excited" state to their normal state, they give off energy. This energy is
given off as light which can be seen. A number of materials have this
property including some gases, liquids, solids and semiconductors. Thus,
a number of different types of lasers have been developed.

Lasers are now used for many scientific, medical and industrial
purposes. The thin beam of light gives a lot of heat and it is used to join
metal when a very small joint is needed. The beam can also be used as a
drill, to make holes in steel, or even in diamonds. Because the beam is so
small, it's very important in delicate surgery and is used in eye operations.

Lasers are also used in holography. A hologram is a three-
dimensional image, a bit like a photograph. It's different from a
photograph because it looks solid. As you walk round a hologram, it
changes, as if it were real. Now holography is used for testing engineering
ideas. An engineer can use a hologram to build up and check a new
building such as a bridge. He can find out all about it before he builds it.



The word MASER is also an acronym - for Microwave
Amplification by Stimulated Emission of Radiation. The maser is operated
on the same principle as the laser except that the wavelengths generated are
much longer and therefore the energy jumps involved are smaller. The
excited bodies in a maser are molecules rather than atomic electrons and
the beam generated is a coherent beam of microwaves which is not visible
to the eye.

Masers have made revolutionary advance possible in a number of
different fields. They are up to 1 000 times more sensitive than any other
type of amplifiers. Maser amplifiers mounted on radio telescopes can
increase even their great range by a factor of 10, allowing us to reach out to
the bounds of the known universe. Because of the very constant frequency
with which masers can be made to oscillate they can be used as master
controls for atomic clocks of unbelievable accuracy: an error not
exceeding 1 second in 10 000 years has already been achieved.

The idea of using stimulated emission of radiation for amplification
of very short waves came from A. Prokhorov and N. Basov of the Lebedev
Institute in Moscow.

TASKS:

1. Say whether the following statements are true or false:

1. The light made by a laser is much more intense than ordinary light.
2. With ordinary light, all the light waves have the same length. 3. With
lasers all the light waves have different length. 4. A laser concentrates light
waves into a very intense beam.

2. Answer the following questions on paragraph 2:

1. What are atoms made up of? 2. To what level are the electrons
excited in a laser? 3. When do they give off energy? 4. In what form is this
energy given off?

3. Find the place in paragraph 3 containing the information of
the uses of lasers. Render this information to your group-
mate.



4. In paragraph 4 find the English equivalents of the following
words:
rosiorpadus, rojiorpaMMma, OOBEMHOE HW300paKEHUE, BBITIISAJIETD,
HCIBITBIBATD, IIPOBCPATD, BBISACHATD.

5. Make an abstract of the text.

Text 3
How a Laser Works

LEARN THE WORDS:

an electron — aiekTpoH

an energy level — sHepreTnyeckuit ypoBeHb
an atom — arom

a nucleus — sapo

an outer ring — BHEIIHEE KOJIBIIO

an inner ring — BHyTpeHHee KOJIbII0

a flash of light — Bcbika ceera

a wavelength — nrHa BoJTHBI

to absorb — moryomare

ruby — pyOMHOBBII

a cylinder — mumusap

a high-intensity lamp — mamna BeICOKOM MHTEHCUBHOCTHU
to spiral — Bpamarbcst BOKpyr

to trigger — MHUIMKUPOBATH, BHI3BIBATH
chromium — xpomoB&Iii

to reflect — orpaxarp

a crystal — kpucramn

to drain the energy — ciuts 3HEpTHIO
voltage — HanpsokeHne

a quartz flash — Bcrbimka kBapia

a burst of light — my4ok cera
emission — uznyuyeHue



Lasers are possible because of the way light interacts with electrons.
Electrons exist at specific energy levels or states characteristic of that
particular atom or molecule. The energy levels can be imagined as rings or
orbits around a nucleus. Electrons in outer rings are at higher energy
levels than those in inner rings. Electrons can be bumped up to higher
energy levels by the injection of energy, for example, by a flash of light.
When an electron drops from an outer to an inner level, "excess" energy is
given off as light. The wavelength or colour of the emitted light is
precisely related to the amount of energy released. Depending on the
particular lasing material being used, specific wavelengths of light are
absorbed (to energize or excite the electrons) and specific wavelengths are
emitted (when the electrons fall back to their initial level).

For a ruby laser, a crystal of ruby is formed into a cylinder. A fully
reflecting mirror is placed on one end and a partially reflecting mirror on
the other. A high-intensity lamp is spiraled around the ruby cylinder to
provide a flash of white light that triggers the laser action. The green and
blue wavelengths in the flash excite electrons in the chromium atoms to a
higher energy level. Upon returning to their normal state, the electrons
emit their characteristic ruby-red light. The mirrors reflect some of this
light back and forth inside the ruby crystal, stimulating other excited
chromium atoms to produce more red light, until the light pulse builds up
to high power and drains the energy stored in the crystal.

High-voltage electricity causes the quartz flash tube to emit an
intense burst of light, exciting some of the atoms in the ruby crystal to
higher energy levels.

At a specific energy level, some atoms emit particles of light called
photons. At first the photons are emitted in all directions. Photons from one
atom stimulate emission of photons from other atoms and the light
intensity is rapidly amplified.

Mirrors at each end reflect the photons back and forth, continuing
this process of stimulated emission and amplification.

The photons leave through the partially silvered mirror at one end.
This is laser light.
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TASKS:
1. Make up 7 — 8 questions to the text.

2. Make an abstract of the text.

Text 4
Laser Technology

LEARN THE WORDS:

application — npumeHeHue

cutting — pe3ska

welding — cBapka

machining — oopaboTka

machine tool — cranok

a CONSUMEr — noTpeouTeINb

domestic — momamrHuii, BHyTpEHHU, OTCUECTBCHHBIIH
to estimate — onpezenaTh, OllCHUBATh, OLCHKA
influence — BausHuE

complexity — c0x)HOCTh

rotary — BpamareyibHblii, pPOTATUBHBIN

dan axe — ochb

In the last decade there was outstanding progress in the development
of laser technology and its application in science, industry and commerce.
Laser cutting, welding and machining are beginning to be big business.
The market for laser systems represents around 2,5 % of the world
machine tool market. Which country is the biggest producer and
consumer of lasers? Japan, naturally: Japan produced 46 % of world's
lasers in 1989, while figures for Europe and the USA were 32 % and 22 %.
Japan is building 1200 to 2000 of carbon oxide (CO); lasers per year of
which some 95 % are over 500 W power and 80 % of them are used for
cutting operations. Europe is the second largest user and the third largest
producer. In 1990 Europe's market for lasers was $128 million, of which
Germany consumed about $51 million, and Italy — $12 million. The
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Germany met 90 % of its demands through domestic producers. Growth
rate of the European market is estimated at 10 to 15 % per year. In future
the main trend influencing the industry will be laser source prices. The
prices are dropping. There appear lasers of modular construction. The
complexity of laser machines is rising. Multi-axes systems are in more use
now. Recently 7-axis CNC laser machining center has been introduced. In
addition to X, Y and Z axes, there are two rotary axes, A and C, and two
more linear axes, U and V, to give a trepanning (mpope3aTh OoJbIue
otBepctus) motion to the laser.

TASKS:

1. Answer the following questions to the text:

1. What can you say about laser technology in the last decade?
2. What is the beginning of big business? 3. Which country is the biggest
producer and consumer of lasers? 4. What is the growth rate of laser using
and producing in the European countries? 5. What is the future of laser
technology? 6. In what spheres is the laser used mostly?

2. Make an abstract of the text.

Text 5
Lasers Today and Tomorrow

LEARN THE WORDS:

to prevent — mpensATcTBOBATH

to travel — nBurarscs

narrow — y3kuu

INtense — MHTEHCUBHBIH

to spread — pacripocTpansTh(cs)

a partial mirror — moaynpo3padHoe 3epKajio
a power supply — ucTouHUK mUTaHUS

to approach — npuGnmkaThcs, 10CTUTAThH
to foresee (foresaw; foreseen) — npenBUAETH
to employ — ucrnons30BaTh

to carry — nepenasarp
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The laser has become a multipurpose tool. It has caused a real
revolution in technology. Atoms emit rays of different length which
prevents the forming of an intense beam of light. The laser forces its
atoms to emit rays having the same length and travelling in the same
direction. The result is a narrow, extremely intense beam of light that
spreads out very little and is therefore able to travel very great distances.
The most common laser is the helium-neon laser in the laser tube, there
being 10 per cent helium gas and 90 % neon gas. At the end of the tube
there is a mirror, and at the other end there is a partial mirror. The
electrons get energy from a power supply and become "excited", giving
off energy as light. This light is reflected by the mirror at one end of the
tube. It can only escape through the partial mirror at the other end of the
tube. The first laser having been built in 1960, scientists developed several
types of lasers which make use of luminescent crystals, luminescent glass,
a mixture of various gases and finally semiconductors. Having been
developed at the Lebedev Institute of Physics in 1962, semiconductor
quantum generators occupy a special place among the optical generators.
While the size of a ruby crystal laser comes to tens of centimeters and that
of a gas generator is about a meter long, a semiconductor laser is a few tens
of a millimeter long, the density of its radiation being hundreds of
thousands of times greater than that, of the best ruby lasers. But the most
interesting thing about semiconductor lasers is that they are able to
transform electric energy directly into light wave energy. They perform it
with an efficiency approaching 100 % as compared with a maximum of
about 1 % of other lasers, this property of semiconductor lasers opening up
new possibilities of producing extremely economical sources of light. But
it is in the field of communication that the laser will find its most extensive
application in future. Scientists foresee the day when a single laser beam
will be employed to carry simultaneously millions of telephone
conversations or a thousand of television programmes. It will serve for fast
communications across continents, under the sea, between the Earth and
spaceships and between men travelling in space. The potential importance
of these applications continues to stimulate new development in the laser
field.
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TASKS:

1. Answer the following questions to the text:

1. What is a laser? 2. What is a function of a laser? 3. What beam of
light does a laser produce? 4. When was the first laser built? 5. What types
of quantum generators did scientists develop after 1960? 6. What type of
laser is the most common at present? 7. Where will a laser find the most
extensive applications in future?

2. Make an abstract of the text.

Text 6
The Use of Lasers

LEARN THE WORDS:

a structure — ctpykrypa

a property — cBOMCTBO

a condition — ycnoBue

a compound — KOMIIOHEHT

to remove impurities — ygansate npuMecu
a cardboard — kapron

precision — TO4HOCTh

to vaporize — ucnapsTthb

to retool — nepeobopy0BaTH

to sharpen — TouunTh

an acetylene torch — arneruneHoBas ropenka
a warehouse — cknajn

a fabric — Tkaub

dull — Tymoii

a diode — nuon

a microchip — mukpouun

mining — pyIHHK, axTa

a shaft — Ban

approximately — mpuGIM3UTEIILHO
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optical fiber — onTryeckoe BOJIOKHO

to booster — ycuiauBaTh

to expose laser light — moxBeprarte neiicTBurO Ma3epHOTO JTyda
to strew the laser light — mocemate na3epHsIit Ty4

an interference pattern — uarepdepeHIIMOHHBIN y30p

to diffract — npenomisaTe

near-sighted condition — 6u30pyKOCTB

a tumor — onmyxosp

a tissue — TkaHb

a missile guidance system — cucrema HaBeIeHUS paKeT
a target — uenn

a satellite — cmyTaHEK

a warhead — 6oerosoBka

a turnable dye laser — moBopoTHBI Jia3ep Ha KpacUTENe
an isotope — u3oTomn

Lasers have revolutionized many fields such as science research,
manufacturing, communication, photography, medicine and military
applications.

Science Research

Lasers have transformed chemistry research. Scientists use lasers to
study the structure of atoms and molecules. They also use them to
determine how their properties change under different conditions.
Scientists can make new compounds, break down elements and remove
impurities from compounds.

Manufacturing

Manufacturers of large equipment, computer chips, plastics and
cardboard have all seen the changes that lasers have brought to their
different industries.

Manufacturers of large equipment use lasers for precision drilling
and cutting by vaporizing the unwanted material (ex. where the hole is).
This technique is used for hard materials such as steel and diamonds. There
Is less waste by-products when using lasers because it vaporizes the
material. This saves companies time and money because they do not have
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retool the machine or to have tools sharpened. It has also made it safer for
the workers because they can be in a separate room out of the danger.
These lasers can do precision welding. It does not make the metal hot like
a conventional acetylene torch therefore it does not weaken metal.

Warehouses where plastic, cardboard and heavy fabrics are
produced use lasers to cut quickly and accurately through the sheets of
materials. This cuts down on the cost of manufacturing because a laser
never gets dull.

Computer manufacturers use lasers to treat semiconductor chips.
They also use the laser to do precision welding in glass tubes such as
resistors, diodes, transistors and many other microchips. This has enabled
computer companies to decrease the size of the computer and increase the
processing speed of the computer.

Mining

Another area in industry where lasers are used is mining. They use
the laser to precision digging and drilling. Mine safety people use lasers to
test shafts in the mine for cracks. The laser shoots the beams in all
directions and from that a computer can tell the size, shape, and if there are
any cracks in the tunnel or digging area. This is a very valuable tool
because it cuts down on the chance of an accident.

Communication

The laser has revolutionized communication. Because of the high
frequency of laser light it can carry approximately 1000 times the TV
channels as carried by microwaves. This makes lasers the ideal tool for
space communication. Lasers are now being used for communication on
earth such as telephones and computer systems. This is made possible by
low-loss optical fibers also known as fiber optics. With use of fiber optics,
signals can be sent up to 100 kilometers before you need a signal booster
compared to the current system where you needed a signal booster every
1.5 kilometers.

Photography
Lasers can produce a type of three-dimensional image called
holograms. Holograms are made by exposing laser light to a piece of film.
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The object that is being holographed strews the laser light. The piece of
film being holographed is also being exposed to light coming directly from
the laser this is the reference beam. These two beams of laser light become
disharmonious with one another because they are traveling from different
paths. The film then records the interference pattern, between the two
light beams, which is the hologram. To view the hologram you simply pass
a beam of light through the film and it diffracts due to the interference
pattern on the film and reproduces the original image.

Medicine

Lasers have advanced medicine in so many different ways from eye
surgery to plastic surgery. Doctors are always finding new ways that lasers
can be used to make procedures easier to perform and to shorten the length
of the procedure and easier on the patient in terms of recovery time.

Many private companies are using lasers to correct vision problems.
Lasik (Laser-In-Situ Keratomileusis) is the most common technique for
correcting the near-sighted condition. The procedure takes about five to
ten minutes per eye depending upon how bad the eyesight of the person is.
If the surgery is successful you should not have to wear glasses again for
the treated condition.

Doctors who perform plastic surgery find the laser very helpful in
many different areas. They can now remove a tattoo by simply burning it
off with a laser. Although this procedure is relatively painful, the pain does
not last long. When doing plastic surgery the doctors will use laser to cut
into or underneath the skin. As the doctor cuts the capillaries the laser
automatically seals the blood flow preventing blood loss making for a
cleaner surgery. The benefit to using lasers in this instance is time savings.

Lasers can easily vaporize surface tumors. Surgeons also use them
for cutting many of the human organs instead of a scalpel because they can
make a more precise cut in the tissue around affected area. The laser will
not damage the tissue surrounding the cut.

Dentists use lasers to burn out diseased parts of teeth. This is a lot
quicker and less painful then drilling the tooth. It also does a much cleaner
job and is easier for the dentist to fill afterwards.
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Military

The military is main use for lasers is for their missile guidance
systems. These systems currently need someone close to the target with a
laser beam to point at the target to guide the missile to it. They have
already started the construction of satellites that will be able to do this job
from space. The United States is proposing to use lasers as an anti-missile
system. The laser would send a concentrated beam of laser light at a
missile and destroy the missile in the air. The military and the United
States government have already started testing laser beams that will be able
to destroy spy satellites.

The laser is instrumental in the making of nuclear warheads. Using
the turnable dye laser, scientists are now able to selectively excite atoms
or molecules which in return has opened up more successful ways to
separate isotopes in the construction of nuclear warheads.

TASKS:

1. Make an annotation to the text.

2. Make an abstract of the text.

Text 7
Optical Technology

LEARN THE WORDS:

optical fiber — onTuueckoe BOJIOKHO
a wire — mpoBo/I

a cable — xabenn

capacity — mpou3BOAUTEILHOCTD
performance — (3aech) padoTta
reliability — nagesxxHOCTH
virtually — baktuuecku

a conductor — mpoBOTHHUK
silicon — xpemuui

a pulse of light — ummnynsc cBera
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amplification — ycunenue

a circuit — uens

simultaneously — otHOBpeMEHHO
surface — moBepxHOCTB

versatile — MHOro(yHKIIHOHAIBHBIN

One of the most interesting developments in telecommunication is
the rapid progress of optical communication where optical fibers are
replacing conventional telephone wires and cables. Just as digital
technologies greatly improved the telephone system, optical
communication promises a considerable increase in capacity, quality,
performance and reliability of the global telecommunication network. New
technologies such as optical fibers will increase the speed of
telecommunication and provide new, specialized information service.
Voice, computer data, even video images, will be increasingly integrated
into a single digital communication network capable of processing and
transmitting virtually any kind of information.

It is a result of combining two technologies: the laser, first
demonstrated in 1960, and the fabrication 10 years later of ultra-thin
silicon fibres which can serve as lightwave conductors. With the further
development of very efficient lasers plus continually improved techniques
to produce thin silica fibres of incredible transparency, optical systems can
transmit pulses of light as far as 135 kilometers without the need for
amplification or regeneration. At present high-capacity optical
transmission systems are being installed between many major US cities at
a rapid rate. The system most widely used now operates at 147 megabits
per second and accommodates 6 000 circuits over a single pair of glass
fibres (one for each direction of transmission).

This system will soon be improved to operate at 1.7 gigabits per
second and handle 24 000 telephone channels simultaneously. A revolution
in information storage is underway with optical disk technology.

The first digital optical disks were produced in 1982 as compact
disks for music. They were further developed as a storage medium for
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computers. The disks are made of plastics coated with aluminium. The
information is recorded by using a powerful laser to imprint bubbles on the
surface of the disk. A less powerful laser reads back the pictures, sound or
information. An optical disk is almost indestructible and can store about
1000 times more information than a plastic disk of the same size. One CD-
ROM disk (650 MB) can replace 300 000 pages of text (about 500
floppies), which represents a lot of savings in databases.

The future of optical storage is called DVD (digital versatile disk).
A DVD-ROM can hold up to 17 GB, about 25 times an ordinary CD-
ROM. For this reason, it can store a large amount of multimedia software
and complete full-screen Hollywood movies in different languages.
However, DVD-ROMs are "read-only" devices. To avoid this limitation,
companies also produce DVD rewritable drives. Besides, it is reported that
an optical equivalent of a transistor has been produced and intensive
research on optical electronic computers is underway at a number of US
companies as well as in countries around the world.

It is found that optical technology is cost-effective and versatile.
It finds new applications every day — from connecting communication
equipment or computers within the same building or room to long distance
transcontinental, transoceanic and space communications.

TASKS:

1. Give English equivalents:

oObryHbIC TeNe(OHHBIE MPOBOAA U Kabenu, Hu(poBbIe TEXHOJIOTHH,
HAJCKHOCTh, OOBENMHITH B OJIHO II€JIO€, MPOBOJHUK CBETOBBIX BOJIH,
YCWJICHHE, YCTaHABJIMBATh, pPa3BUBATh, MPEICTABIATH COOOH, ONTHKO-
AJIEKTPOHHBIA KOMIIBIOTEDP, PEHTAOEIbHBIM.

2. Give Russian equivalents:

capacity, computer data, transmitting information, ultra-thin silicon
fibres, incredible transparency, regeneration, an optical disk technology,
coated, a database, multimedia software, rewritable drive, cost-effective,
application.
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3. Match up:

optical conductors

conventional bubbles

silicon medium

lightwave communication

storage software

to imprint telephone wires and cables
multimedia fibres

4. Fill in the blanks:

1.7 gigabits, digital communication network, cost-effective and
versatile, high-capacity optical transmission systems, transistor, digital
technologies, coated, information storage.

1. Just as ... greatly improved the telephone system, optical
communication promises a considerable increase in capacity, quality,
performance and reliability.

2. Voice, computer data, even video images will be increasingly
integrated into a single ... .

3. At present ... are being installed between many major US cities at
rapid rate.

4. This system will soon be improved to operate at ... per second.

. Arevolution in ... is underway with optical disk technology.

. The disks are made of plastics ... with aluminium.

. It is reported that an optical equivalent of a ... has been produced.
. It 1s found that optical technology is ... .

0 3 O Ol

5. Put in the right proposition:

1. You communicate with your computer ... the keyboard.

2. The instruction manuals ... most software applications contain a
section describing the functions ... each key.

3. The mouse works ... sliding it around (ball down) ... a flat
surface.

4. You will see the arrow ... your screen moving ... unison.
5. That's the only part the computer pays attention ... .
6. Your computer is not complete ... the monitor.
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7. The sharpness ... the picture depends ... the number and size ...
these pixels.
8. Some ... the controls ... the monitor change the size and position ...
the image.
9. Windows includes a number ... screen savers.
10. The drives can read and write ... floppy diskettes.
11. The amount and variety ... material you can access ... CD-ROM
IS amazing.
12. If a diver wants to know an accurate depth he is down, he must set
water type he is... .
13. If a diver wants to know how long he has been down, he can see
this ... the display.
14. Before he descends, the diver sets the time ... ascend.
15. Optical communication promises a considerable increase ...

capacity, quality, performance and reliability ... the global
telecommunication network.
16. The system most widely used now operates ... 147 megabits

(thousand bits) per second.
17. The first digital optical disks were produced ... 1982 as compact
disks ... music.

18. The information is recorded ... using a powerful laser to imprint
bubbles ... the surface ... the disk.

6. Put the verbs into the correct tense form:

a. In the nearest future digital communication network (to allow) to
process and transmit voice, computer data and video images.

b. Invention of the laser and thin silicon fibres (to make) it possible
to transmit pulses of light without amplification and regeneration.

c. New high-capacity optical transmission systems (to operate)
between many major US cities.

d. Another revolution (to concern) optical disk technology.

e. An optical disk (to be) capable of storing about 1000 times more
information than a plastic disk of the same size.
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7. Answer the following questions:

1. Which is one of the most interesting developments in
telecommunication nowadays?

2. What does optical communication promise?

3. What are the capabilities of optical fibers?

4. What are the perspectives of optical fibers?

5. Why is the system developing rapidly now?

6. What are the advantages of using compact discs?

7. How much information can a DVD-ROM hold?

8. Where can optical technology be used?

Text 8
Peaceful Atoms

LEARN THE WORDS:

atomic energy — aToMHasi SHEpTrus

fissioned nucleus — pacmierienHoe sapo

fuel — rormBo

a radioactive source — pagnoaKTUBHBIA HCTOYHHUK
a nuclear installation — sgepHas ycranoBka

to recharge — nepesapsxarb

thermonuclear — repmosinepHsbrit

fusion — maBnenwue, crias

an inexhaustible source — Hencuepnaemplii HCTOYHUK
annihilation — yanuroxxenue

Achievements in studying atom structure have opened up new,
practically unlimited possibilities to humanity for further mastering
nature's forces. The discovery of atomic energy provides as profound
effect for the benefit of civilization as the discovery of fire and electricity.
After having recovered from the shock of unimaginable horror of the
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explosion of the atomic bomb over Hiroshima people asked scientists how
soon they would be able to apply the immense power of fissioned nucleus
to peaceful purposes. Many problems had to be solved: the main one was
that of "braking" the released neutrons efficiently so that the chain reaction
could be controlled. The "classical" solution of this question is conducting
the heat generated by the fission process out of the reactor, making it boil
water and forcing the resulting steam to drive turbines which, in their turn,
drive electric generators. It is a way which works well although it is still
rather expensive. It is to be noted that the first power station fed by atomic
fuels which was also the world's first atomic power station started working
in Obninsk, near Moscow, in 1954. Its capacity was 5 000 kilowatts. Thirty
years later in the Soviet Union there were already 13 atomic power stations
with the total capacity of over 21 million kilowatts. At the same time with
large atomic stations smaller mobile electricity producing units have been
created based on the discovery of radioactive sources — isotopes. Mobile
nuclear installation may be carried by rail and then by transporters to the
out-of-the-way regions even in areas having no roads. Such a station
according to estimates can operate without being recharged for two years.
Today scientists are looking for new more efficient nuclear process of
producing energy. But it was only lately that the physicists understood that
the process of producing tremendous energy by stars, including our Sun,
was the very process they were looking for. Now we know that this
thermonuclear process is called fusion and it takes place at fantastically
high temperatures. It can be done only by imitating on the Earth the
process that makes the Sun shine. There are many difficult problems to
overcome before thermonuclear power station based on this process can
become a reality, but the problem of fuel supply is the least of them: the
oceans of the Earth are practically an inexhaustible source of deuterium
which plays the decisive part in the fusion process and its extraction from
sea water is neither complicated nor expensive. In short, peaceful uses of
atomic energy are vast — but we must stop using it on weapons of mass
annihilation.
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TASK:

Answer the questions:

1. What possibilities have the achievements in the study of atom
structure opened up?

2. What question did people ask scientists after the explosion of the
first atomic bomb?

3. What was the main problem in applying the immense power of
fissioned nucleus to peaceful purposes?

4. When and where did the first atomic power station start working?

5. What was its capacity?

6. Why are mobile nuclear installations convenient?

7. How long can they operate without being recharged?

8. What thermonuclear process takes place at fantastically high
temperatures?

9. What element plays the decisive part in fusion process?

10. What can this element be extracted from?

Text 9
The Electro-lonizing Laser

LEARN THE WORDS:

correct — mpaBuIIbHBIN

to list — nepeuncnsaTh

to process — oopadaTbiBaTh
tremendous — orpomHBIii

capabilities — Bo3amokHOCTH

to sound — 3By4ars

carbon dioxide — aByokuch yriepoja
to weld — cBapuBath

pulse duration — mpoI0HKUTEILHOCTD UMITYJIbCA
nearly — moutu

The 20th century was often called the age of the atom, the age of
polymers or the space age. It would be equally correct to call it the age of
the laser.
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It is impossible to list all the jobs the laser can do. It has become a
part of our life being used in various industries, medicine, biology, etc. It
should be mentioned that all the methods we know of processing materials
with the laser were suggested not long ago. Physicists knew of the
tremendous capabilities of the laser beam, but they could not be realized
until the laser of adequate capacity was developed. To make a laser device
really useful the radiation intensity had to be increased (since capacity
determines productivity) and high beam efficiency created.

Creating a highly effective laser device is still one of the main
problems of quantum electronics. In a gas laser device all one has to do
in order to increase the capacity is to increase the volume and the pressure
of gas. This sounds simple, but the doing of it is not.

The best results were achieved with electro-ionizing laser devices
(EILs) operating on carbon dioxide. They have found a wide field of ap-
plication. EILs of some 10-kilowatt capacity can weld and cut metal; pulse
ElLs with radiation energy of 10 kilojoules and a pulse duration can heat
plasma to nearly thermonuclear temperatures.

TASKS:

1. Complete the sentences according to the text.
1. The list of jobs the laser can do is...
a) limited;
b) very short;
¢) so long that it is impossible to name all of them.
2. The laser productivity is determined by...
a) radiation intensity;
b) the volume of gas in a laser tube;
c) the size.
3. One of the main problems of quantum electronics is...
a) creating a very small laser device;
b) creating a laser device which would operate in various
conditions;
c) creating a highly effective laser device.
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2. Fill in the gaps with the words from the list below:

1. One cannot ... all the jobs which the laser can do.

2. Scientists say that the ... of the laser are tremendous.

3. The laser is widely used for ... and ... metals.

4. The gas lasers operating on ... ... has found a wide field of
application.

Text 10
Laser — Technology for the Future

LEARN THE WORDS:

to pierce — mpokaabIBaTh

hard substance — TBepas marepust
a diamond — anmas

accuracy — TO4HOCTb

precisely — Touno

a skin blemish — nedexr xoxu

Lasers are devices which produce pure intense beams of light or
radiation. When they were first invented in 1960 nobody quite knew what
to do with them. At that time they were called "a solution waiting for a
problem". The beam of a laser can be focused very precisely which means
that it can be used in tasks as simple as cutting cloth and piercing leather,
and as delicate and sensitive as destroying a single cell of living tissue. The
strength of the laser is such that it can pierce very hard substances such as
diamonds and metals.

Laser's accuracy as a means of measurement has helped scientists to
calculate the speed of light more precisely than ever before, and with the
help of laser reflectors placed on the Moon by American astronauts to
determine its exact distance from the Earth.

Surgeons performing operations have found the laser to be also a
surgical knife. Skin blemishes can also be removed by means of a laser.
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There are suggestions that

laser beams may replace cables in

telecommunications. One of the most interesting uses is in the world of
newspapers. The Los Angeles "Times" is "written™" by a helium/neon laser.
Finally, a whole new area of optics is being opened by lasers.
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TASKS:

1. Find Russian equivalents:

. A device

. A beam

. A solution
. Strength

. Leather

. A diamond
. Accuracy

. Measurement
. Distance

. A knife

. Means

. A blemish

a. Pemienue

b. ITpubop

. Cuna

d. TouHnocTh
e. JIyu

f. U3smepenue
g. Koxka (3kMBOTHBIX)
h. CpenctBa

I. Anmas

J. Hox

K. PaccTosinue

|. TloBpexxenue, mATHO

2. Translate the verbs and give their three forms:
to be, to know, to mean, to write, to find.

3. Choose the correct variant:

1. The laser
a) was;
b) can;
¢) has;

d) were.

pierce even diamonds and metals.
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2. The beam of a laser can also cables in
telecommunications.
a) mean;
b) determine;
C) use;
d) replace.
3. Laser a new area of optics.
a) opens;
b) knows;
C) removes;
d) helps.
4, use the laser as a surgical knife.
a) area;
b) helium;
c) diamonds;
d) surgeons.

4. Choose the correct variant of translation:
1. Laser's accuracy as a means of measurement has helped scientists
to calculate the speed of light.
a) YuéHbIe TOYHO MOJACYUTAIIN CKOPOCTh CBETA C IIOMOIIIBIO Jla3epa.
b) Takoe cpeacTBO H3MepeHHs, Kak Jiazep, IOMOIJIO YYEHBIM
BBIYHCINTE CKOPOCTh CBCTA.
C) TouHoCTh J1a3epa Kak CpeICTBA W3MEPEHHUs MOMOTJIA YUYEHBIM
BBIYMCIIMUTL CKOPOCTDL CBETA.
2. One of the most interesting uses of the laser is in the world of
newspapers.
a) OgHuM M3 HamOoJiee MHTEPECHBIX IyTEH HCIOJIb30BAHMS Ja3epa
ABJCTCA €TI0 UCII0JIb30BAHMC B I'a3CTHOM MHPC.
b) Jlazep BbI3BaT OOJIBIIION UHTEPEC B MUPE Ta3erT.

C) Hcnons3oBaHue Jla3€pa B ra3€THOM MHUPC BECbMa MHTCPECHO.
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Text 11
Albert Einstein

LEARN THE WORDS:

age — Bo3pacr

among — cpenu

contribution — Bxaz

to equal — paBusTHCS
relativity — oTHOCHUTEIBHOCTh
an equation — ypaBHeHuHe

to establish — ycranasiuBath
to solve — pemrate (poGiemy)

Albert Einstein, a well-known German physicist and mathematician,
was born in Germany on March 14, 1879. His unusual ability to
mathematics and physics began to show itself at a technical school in
Zurich. At the age of 21, after four years of university study, Albert
Einstein got a job as a clerk in an office. But already in 1905 he made
revolutionary discoveries in science. He published three papers in the field
of physics and mathematics. In the first he explained the photoelectric
effect by means of Plank’'s quantum theory. The second paper developed a
mathematical theory of Brownian motion. He presented his third paper on
"Special Theory of Relativity" to a physical journal. Einstein expressed his
theory in the equation E = mc?, roughly that energy equals mass times the
square of the speed of light. All over the world scientists read the work
with great surprise. Few physicists understood its importance at that time.
Everybody wanted to know as much as possible about the author. In which
institute did he teach? In what laboratory did he do his research? Einstein's
fame among scientists grew slowly but surely. For a few years he lived in
Prague where he worked as a professor. When he came to Prague, he often
told his students: "I shall always try to help you. If you have a problem,
come to me with it, we shall solve it together". He liked questions and
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answered them at once, for there were no simple or foolish questions for
him. He spoke much with his students about scientific problems and his
new ideas. His advice to students was "Don't take easy problems". In 1921
Einstein got the Nobel Prize in physics not for the theory relativity but for
a logical explanation of the photoelectric effect.

After the Great October Socialist Revolution in Russia Einstein
became a true friend of the young Socialist Republic. He established
scientific contacts with his colleagues in Soviet Russia. In 1922 he became
a foreign member of the Russian Academy of Sciences for his outstanding
contributions to physics and mathematics. On March 14, 1979 by
UNESCO decision all people throughout the world celebrated the birth
centenary of the great 20th century scientist.

NOTES: Albert Einstein — Ans0ept Diinmreitn (1879 — 1955); Zurich —
Iropux (ropox B IlBeiinapun); Plank — Maxkc ITmank (1858 — 1947),
BbIIAMOINMICS HeMmenkui ¢usuk; Brownian motion — OpoyHOBcKOe
nswkenue; Brown — PobGepr bpoyn (1773 — 1858), momianackuii
ooranuk; Prague — IIpara.

TASKS:

1. Answer the questions:

1. What was Einstein? 2. When and where was he born? 3. What
discoveries did Einstein make in 1905? 4. In what equation did he express
his theory of relativity? 5. Did many scientists of that time understand the
importance of his discovery? 6. What prize did Einstein get in 1921?
7. What anniversary did people throughout the world celebrate in 1979?

2. Speak about Albert Einstein and his contribution to the
science.
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UNIT 11
NANOTECHNOLOGY

ENTRY TEST

1. Nanotechnology is...
a) a method of substance manipulation at the atomic and molecular
level;
b) a method of metal treatment;
c) a method of working with tiny objects.

2. Whom did the idea of creating ROSNANO belong to?
a) D. Medvedev;
b) V. Putin.

3. What flower gave its name to the nanopolymer?
a) a rose;
b) a lotus;
c) a camomile.

4. What is the achievement in nanomedicine?
a) nanorobots;
b) a nanocapsule;
c) a nanolaser.

5. What is measured in nanometers?
a) atoms;
b) molecules;
C) viruses.

6. One nanometer is...
a) one billionth of a meter;
b) one millionth of a meter;
c) one trillionth of a meter.

7. The first scientist who used a nanometer as a unit of
measurement was...
a) R. Feynman;
b) E. Ruska;
c) A. Einstein.
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8. The nanomaterial with the illusion effect is...
a) a grapheme;
b) a fullerene;
c) a colloid.
9. What is the useful data volume recorded from the DNA with
the help of nanotechnology?
a) 2 megabits;
b) 5,2 megabits;
C) 5,2 megabytes.
10. Which scientist was the first to introduce the notion of
nanotechnology?
a) Norio Taniguchi;
b) Richard Feynman;
c) Albert Fert.
11. What kind of machine is there in the nanotechnology world?
a) a nanoautomobile;
b) a nanorobot;
c) a nanoplane.
12. What animal uses nanotechnology to move?
a) a fly;
b) a gecko;
c) ajelly fish.
13. Which of these people is against the nanotechnology
development?
a) Papa Benedict XVI;
b) Prince Charles;
¢) Kim-Chen In.
14. What material can prevent bleeding?
a) bandage;
b) glue;
c) plaster.
15. What covering can protect the surface from getting dirty?
a) Ultra-Ever Dry;
b) AntiFog;
c) astrohim.
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Text 1
What is Nanotechnology?

LEARN THE WORDS:
nanotechnology — HaHOTEXHOJIOTHsI
atomic — aToMHBIN

molecular — monexynspHbIit

a structure — ctpykrypa

a nanometre — HaHOMETP
self-assembly — camoc6opka
application — npuMeneHue
biomaterials — GnomaTepuabl

Nanotechnology is the study of manipulating matter on an atomic
and molecular scale. Generally, nanotechnology deals with structures
sized between 1 to 100 nanometre in at least one dimension, and involves
developing materials or devices within that size.

Nanotechnology is very diverse, ranging from conventional device
physics to completely new approaches based upon molecular self-
assembly, from developing new materials with dimensions on the
nanoscale to investigating whether we can directly control matter on the
atomic scale.

There is much debate on the future implications of nanotechnology.
Nanotechnology may be able to create many new materials and devices
with a vast range of applications, such as in medicine, electronics,
biomaterials and energy production. On the other hand, nanotechnology
raises many of the same issues as any new technology, including concerns
about the toxicity and environmental impact of nanomaterials and their
potential effects on global economics, as well as speculation about various
doomsday scenarios. These concerns have led to a debate among advocacy
groups and governments on whether special regulation of nanotechnology
IS warranted.

Key features in this field are:

» combining different sciences and technologies;

 enhanced or new properties;
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* new applications;

« all at very small dimensions;

«and we now have sophisticated tools to build, characterize and
utilize structures at the nanoscale, across a breadth of disciplines;

* but we must also be aware of possible consequences.

TASKS:

Answer the questions:

What is nanotechnology?

What does nanotechnology deal with?

What are implications of nanotechnology?
What are the key features of nanotechnology?

el A e

2. Make a summary of the text.

Text 2
History of Nanotechnology

LEARN THE WORDS:

a physicist — ¢puzux

an atom — arom

a molecule — mosekyna

processing — o6paboTka

separation — paszeneHue

consolidation — 3arBepaeBanue

the scanning tunneling microscope (STM) — ckaHupyrOIMiA TYHHEIBHBIH
MHKPOCKOIT

a carbon nanotube — yrnepoaHast HaHOTpyOKa

a property — cBOMCTBO

synthesis — cunTes

a semiconductor nanocrystal — moyrynpoBoAHHKOBBI HAHOKPUCTAILT
the atomic force microscope (AFM) — aTOMHBII CHIIOBO MHKPOCKOIT
a nanoparticle — HaHoYaCTHIBI

guantum dots — kBaHTOBast TOYKa
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The first use of the concepts found in "nano-technology" (but pre-
dating use of that name) was in "There's Plenty of Room at the Bottom", a
talk given by physicist Richard Feynman at an American Physical Society
meeting at California Institute of Technology on December 29, 1959.
Feynman described a process by which the ability to manipulate individual
atoms and molecules might be developed, using one set of precise tools to
build and operate another proportionally smaller set, and so on down to the
needed scale. The term "nanotechnology" was defined by Tokyo
University of Science Professor Norio Taniguchi in a 1974 paper as
follows: "™Nano-technology' mainly consists of the processing,
separation, consolidation, and deformation of materials by one atom or
by one molecule." In the 1980s the basic idea of this definition was
explored in much more depth by Dr. K. Eric Drexler, who promoted the
technological significance of nano-scale phenomena and devices and the
term acquired its current sense. Engines of Creation is considered the first
book on the topic of nanotechnology. Nanotechnology and nanoscience got
started in the early 1980s with two major developments; the birth of cluster
science and the invention of the scanning tunneling microscope (STM).
This development led to the discovery of fullerenes in 1985 and carbon
nanotubes a few years later. In another development, the synthesis and
properties of semiconductor nanocrystals was studied; this led to a fast
increasing number of metal and metal oxide nanoparticles and quantum
dots. The atomic force microscope (AFM) was invented six years after
the STM was invented. In 2000 the United States National Nanotechnology
Initiative was founded to coordinate Federal nanotechnology research and
development and is evaluated by the President's Council of Advisors on
Science and Technology.

TASKS:

1. Say whether the following statements are true or false:

1. The term "nanotechnology" was first defined by physicist Richard
Feynman in the USA.

2. The term "nanotechnology" acquired its current sense in the 1980s.
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3. The birth of cluster science and the invention of the scanning
tunneling microscope prompted the start of nanoscience.

4. The study of the synthesis and properties of semiconductor
nanocrystal led to the discovery of fullerenes and carbon nanotubes.

5. The canning tunneling microscope was invented six years earlier
than the atomic force microscope.

2. Answer the questions:

1. When was the first use of the concepts found in nanotechnology?
2. What process did Richard Feynman describe?

3. When was the term "nanotechnology" defined?

4. \What does the term mean?

5. When did the term "nanotechnology" acquire its current sense?
6. When did nanotechnology and nanoscience get started?

7. What were other developments?

3. Make an abstract of the text.

Text 3
How Big?

LEARN THE WORDS:

a component — KOMIIOHEHT
a nanoscale — HaHOYpOBEHB
measurement — usmepenue
length — nuHa

comparison — cpaBHCHHE
an inch — aroitm

a property — cBOMCTBO
assembly — cOopouHsIit

Nanotechnology deals with the very smallest components of our
world — atoms and molecules. Trying to understand just how small the
nanoscale is can be very difficult for people.
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A nanometer is a unit of measurement for length just as you have
with meters and centimeters. A nanometer is one billionth of a meter,
0.000000001 or 10~° meters. For comparison, a human hair is about 60 —
80 000 nanometers wide.

The word nano comes from the Greek word for "dwarf".

The term nanoscale is used to refer to objects with dimensions on the
order of 1 — 100 nanometers (nm).

To understand how small a nanometer is, we typically compare the
nanoscale to objects that we know how big or small they are. Here are
some examples:

a human hair is about 60 000 — 80 000 nm wide;

a fingernail grows 1 nm per second;

a DNA molecule is 2 — 3 nm in wide;

a 2 meter person is 6 feet 6 inches tall or 2 billion nanometers.

Another way to help in the understanding of the minuteness of a
nanometer is to examine objects on a size scale.

Scientists have discovered that materials at small dimension have
small particles, thin films, etc. and can have significantly different
properties than the same materials at larger scale. There are thus endless
possibilities for improved devices, structures and materials if we can
understand these differences and learn how to control the assembly of
small structures.

Why is small good?

o faster;

e lighter;

e can get into small spaces;

e cheaper;

e more energy efficient;

o less waste products and uses less energy and materials to produce;

o different properties at very small scale.

TASK:

Read the following text once without a dictionary. Try to catch
the main ideas. Retell the text briefly in English.
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Text 4
What is Nanostructure?

LEARN THE WORDS:

a nanostructure — HaHOCTpYKTypa
a nanoscale — HaHOYpOBEHB

a nanotexture — HaHOTEKCTypa
thickness — mtoTHOCTH

a nanotube — HanOTpyOKa

a diameter — quamerp

spatial — mpocTpaHCTBEHHBIH
ultrafine — yneTpamucnepcHsIii

a micrometer — MUKpOMETp

A nanostructure is an object of intermediate size between
microscopic and molecular structures.

In describing nanostructures it is necessary to differentiate between
the number of dimensions on the nanoscale. Nanotextured surfaces have
one dimension on the nanoscale, i. e. only the thickness of the surface of
an object is between 0.1 and 100 nm. Nanotubes have two dimensions on
the nanoscale, i. e. the diameter of the tube is between 0.1 and 100 nm; its
length could be much greater. Finally, spherical nanoparticles have three
dimensions on the nanoscale, i. e. the particle is between 0.1 and 100 nm in
each spatial dimension. The terms nanoparticles and ultrafine particles
(UFP) often are used synonymously although UFP can reach into the
micrometre range. The term nanostructure is often used when referring to
magnetic technology.

Ordinary objects are absolutely huge measured on what scientists call
the nanoscale:

« Atom: ~0.1 nanometers.

Atoms in a molecule: ~0.15 nanometers apart.

DNA double-helix: ~2 nanometers in diameter.

Typical protein: ~10 nanometers long.

Computer transistor (switch): ~100 — 200 nanometers wide.
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« Typical bacteria: ~200 nanometers long.

« Human hair: 50 000 — 100 000 nanometers in diameter.

« One piece of paper: ~100 000 nanometers thick.

« Girl 1.2 m (4 ft) tall: ~1200 million nanometers tall.

« Man 2 m (6.5 ft) tall ~ 2000 million nanometers tall.

« Empire State Building: 381 m (1250 ft) tall: ~381 000 million
nanometers tall.

Can you figure out how tall you are in nanometers?

TASKS:

1. Answer the questions:

1. What is a nanostructure?

2. What dimension do nanotextured surfaces have?
3. What dimension do nanotubes have?

4. What dimension do nanoparticles surfaces have?

2. Make a summary to the text.

Text 5
Nanoparticles

LEARN THE WORDS:

COarse — KpynHbIn

fine — menkuii

a nanometer — HanomMeTp

dimension — uamepeHue

to exhibit size-related properties — moka3bIBaTh CBOICTBA, CBS3aHHBIC C
pazmMepom

bulk — cermyymii

a nanocluster — manokactep

dimension — uamepenue

nanopowder — HaHOTIOPOIIIOK

an agglomerate — arimomepar

a single-domain ultrafine particle — omHomomeHHast ymbTpagucTepcHas
gacTuLa
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In nanotechnology a particle is defined as a small object that behaves
as a whole unit with respect to its transport and properties. Particles are
further classified according to diameter. Coarse particles cover a range
between 10 000 and 2 500 nanometers. Fine particles are sized between
2 500 and 100 nanometers. Ultrafine particles, or nanoparticles are sized
between 1 and 100 nanometers. The reason for this double name of the
same object is that, during the 1970 — 80s, when the first thorough
fundamental studies with "nanoparticles” were underway in the USA (by
Granqvist and Buhrman) and Japan (within an ERATO Project), they were
called "ultrafine particles" (UFP). However, during the 1990s before the
National Nanotechnology Initiative was launched in the USA, the new
name ''nanoparticle™ had become fashionable. Nanoparticles may or may
not exhibit size-related properties that differ significantly from those
observed in fine particles or bulk materials. Although the size of most
molecules would fit into the above outline, individual molecules are
usually not referred to as nanoparticles.

Nanoclusters have at least one dimension between 1 and 10 nanometers
and a narrow size distribution. Nanopowders are agglomerates of
ultrafine particles, nanoparticles, or nanoclusters. Nanometer-sized single
crystals, or single-domain ultrafine particles, are often referred to as
nanocrystals.

Nanoparticle research is currently an area of intense scientific
interest due to a wide variety of potential applications in biomedical,
optical and electronic fields.

TASKS:

1. Answer the questions:

1. How is a particle in nanotechnology defined?

2. How are they classified?

3. When was the new name "nanoparticle” introduced?
4. \What is nanopowder?

2. Make an abstract of the text.
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Text 6
Nanorobots

LEARN THE WORDS:

a nanomachine — nranomammna

a Sensor — jaTyuk

approximately — mpuGIHM3UTEIILHO

a sample — oOpazen

a cancer cell — pakopas kierka
detection of toxic chemicals — oOHapykeHHEe TOKCHYECKUX XMMHUKATOB
measurement — usmepenue

a buckyball — ¢pynnepen

precision — TO4HOCTh

an apparatus — amnmapar, ”HCTPYMEHT

Nanorobotics is the emerging technology field creating machines or
robots whose components are at or close to the scale of a nanometer (10~
meters). More specifically, nanorobotics refers to the nanotechnology
engineering discipline of designing and building nanorobots, with devices
ranging in size from 0.1 — 10 micrometers and constructed of nanoscale or
molecular components.

Nanomachines are largely in the research-and-development phase,
but some primitive molecular machines have been tested. An example is a
sensor having a switch approximately 1.5 nanometers across, capable of
counting specific molecules in a chemical sample. The first useful
applications of nanomachines might be in medical technology, which could
be used to identify and destroy cancer cells. Another potential application
is the detection of toxic chemicals, and the measurement of their
concentrations, in the environment. Rice University has demonstrated a
single-molecule car developed by a chemical process and including
buckyballs for wheels. It is actuated by controlling the environmental
temperature and by positioning a scanning tunneling microscope tip.

Another definition is a robot that allows precision interactions with
nanoscale objects or can manipulate with nanoscale resolution. Such
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devices are more related to microscopy or scanning probe microscopy,
instead of the description of nanorobots as molecular machine. Following
the microscopy definition even a large apparatus such as an atomic force
microscope can be considered a nanorobotic instrument when configured
to perform nanomanipulation. For this perspective, macroscale robots or
microrobots that can move with nanoscale precision can also be considered
nanorobots.

TASKS:

1. Answer the questions:
1. What is nanorobotics?
2. Where can the first useful applications of nanomachines take

3. Where can a nanomachine potentially be applied?
4. What devices are considered to be nanorobotic?

2. Make an abstract of the text.

Text 7
Nanotechnology in Everyday Life

LEARN THE WORDS:
wrinkle-free — nemuymuics
to iron — rmaauTk

to soak up — BIUTHIBATH
inescapable — Hen30exHbII
to grab — xBaratb

to rely on — ocHOBBIBaThCS Ha

From the clothes and sunglasses you wear to computer hard drives
and even cleaning products, nanotechnology — often inspired by the natural
world — plays a big part in the manufacture of many familiar products

You're going on holiday. Off the plane and checked into your hotel,
you take the wrinkle-free shirt you packed so you wouldn't have to do any
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ironing. Poolside, you relax listening to summery tunes on your MP3
player before taking a plunge into the cool refreshing water.

As you soak up the sun, nanotechnology is probably the furthest
thing from your mind. Yet throughout every step of your trip you've
unknowingly encountered it. From the nanoparticles that coated the surface
of your plane to the way the hotel pool was cleaned, nanotechnology was
there.

Nanotechnology is an inescapable part of modern everyday life,
both on holiday and at home. "There are things we've been using for a long
time which contain nanosize components, like the lasers in DVD and CD
players,” — says Milo Shaffer, head of the London Centre for
Nanotechnology. Yet most of the time it goes unnoticed. "On the whole
people aren't very aware of the nanotechnology all around them," — Shaffer
explains.

So if you stretch out an arm you'll almost certainly be able to grab
something that employs nanotechnology.

Whether in your office, home or while sunning yourself on holiday,
it is impossible not to encounter technology based on the manipulation of
the very small. Many technologies in the modern world rely on
nanostructures, often inspired by evolution in the natural world.

TASK:

Read the text and tell the group how nanotechnology helps you in
everyday life.

Text 8
What is the Current State of Use of Nanoscience and Nanotechnology?

LEARN THE WORDS:

nanoscience — HaHOHayKa

chemistry — xumus

medicine — MmequIHa

surface friction — moBepxHOCTHOE TpeHHE
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wear resistance — mI3HOCOCTOWKOCTD
adhesion — ckiienBaHue, CUEIUIEHUE, CIalKa
a nanoscale — HaHOYpOBEHB

a drug — nexapcTBo

a fibre — BomokHo

a dye — kpacurtelnb

a storage — xpaHuWImIe

a tyre — mimHa, NOKpPHILIKA

a coating — mokpeITHe

stiffness — >xecTkocTh

to glare — cBepkath, CHATH

a pane — na=Hesnb

a cell — xneTka

Current knowledge in nanoscience comes from developments in
chemistry, physics, life sciences, medicine and engineering. Nanotechnology
Is under active development or already in practical use in several areas.

In materials science nanoparticles allow for the making of products
with new mechanical properties, including surface friction, wear
resistance and adhesion. The smallest components of a computer chip are
on a nanoscale.

In biology and medicine nanomaterials are used to improve drug
design and targeting. Others are being developed for analytical and
instrumental applications.

Consumer products such as cosmetics, sunscreens, fibres, textiles,
dyes and paints already contain nanoparticles.

In electronic engineering nanotechnologies are used for instance to
design smaller, faster and less consuming data storage devices.

Optical devices such as microscopes have also benefited from
nanotechnology.

What are the uses of nanoparticles in consumer products?

Nanoparticles can increase tyre adhesion to the road.

Nanoparticles can contribute to stronger, lighter, cleaner and
"smarter" surfaces and systems. They are already being used to produce
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scratchproof eyeglasses, crack-resistant paints, anti-graffiti coatings for
walls, transparent sunscreens etc.

They can be used to increase the safety of cars, for instance, by
increasing tyre adhesion to the road, improving the stiffness of the car
body or preventing glare or condensation on displays and panes.

They can also improve food safety and packaging.

Moreover, they are used in a wide variety of ways in biology and
medicine, for example in drugs targeting specific organs or cells.

TASKS:
1. Make up 7 — 8 questions to the text.

2. Make an abstract of the text.

Text 9
Nanotechnology: What Will It Mean

LEARN THE WORDS:

to emerge — 3apokaaThCs, BOSHUKAT, MOSBIISATHCS
a fleet — (3aecp) mapk

to eliminate — ycrpausThb

cancer — pax

to heal — ieunTp

to cure — usyieynBaTh

pollution — 3arpsi3aeHue

a pollutant — 3arpsi3auTeNH

a submicron range — cyOMUKpOHHBIH TUana3oH

Nanotechnology will make us healthy and wealthy though not
necessarily wise. In a few decades, this emerging manufacturing
technology will let us inexpensively arrange atoms and molecules in most
of the ways permitted by physical law. It will let us make supercomputers
that fit on the head of a pin and fleets of medical nanorobots smaller than a
human cell able to eliminate cancer, infections, clogged arteries and even
old age. People will look back on this era with the same feelings we have
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toward medieval times — when technology was primitive and almost
everyone lived in poverty and died young.

Besides computers billions of times more powerful than today's, and
new medical capabilities that will heal and cure in cases that are now
viewed as utterly hopeless, this new and very precise way of fabricating
products will also eliminate the pollution from current manufacturing
methods. Molecular manufacturing will make exactly what it is supposed
to make, no more and no less, and therefore won't make pollutants.

When nanotechnology pioneer Eric Drexler first dared to publish this
vision back in the early 1980s, the response was skeptical, at best. It
seemed too good to be true, and many scientists pronounced the whole
thing impossible. But the laws of physics care little for either our hopes or
our fears, and subsequent analysis kept returning the same answer: it will
take time, but it is not only possible but almost unavoidable.

The progress of technology around the world has already given us
more precise, less expensive manufacturing technologies that can make an
unprecedented diversity of new products. Nowhere is this more evident
than in computer hardware: computational power has increased
exponentially while the finest feature sizes have steadily shrunk into the
deep submicron range.

TASK:

Make a summary to the text.

Text 10
Environment and Nanotechnology

LEARN THE WORDS:

to determine — onpenensath
expediency — 1enecooopa3HoOCTh
deliberation — pa3meinieHne

to split — pacmersTh
nanopollution — nano3arpsizHeHHE
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wastes — oTxo bl

to penetrate — nmponukare

appropriate — cOOTBETCTBYIOIIHIH

a chemical reaction — xumudeckas peaxius
a catalyst — xaranauzaTop

hazardous — onacHbIi

to desalinate — onpecHsITH

fossil — okameHenbIT

to eliminate — ymenpmarts

to enhance — ycunuBathb

Science often faces with the problem of the balance of priorities.
What are the benefits of a certain research for the technical progress? What
conditions of the environment are best for people, for native vegetation and
animals and for maintaining usability of the land? How do you balance
costs, economic benefits and environmental impacts? How do you
determine acceptable levels of risk?

Human priorities are linked strongly, on the one hand, with economic
and political expediencies and, on the other hand, with ethics. All of the
above questions are difficult and their relevance is obvious.

The environmental implications of nanotechnology are the possible
effects that the use of nanotechnology and nanomaterials and devices can
have on the environment. As nanotechnology is a new field there is a great
deliberations regarding to what extent industrial and commercial use of
nanotechnology will affect ecosystems and organisms.

The matter can be split into two aspects: the contribution to
improvement of the environment (as a potential innovations), and the
possibly novel type of pollution that application of nanotechnology might
cause.

Nanopollution is a genetic name for all the wastes generated by
nanodevices or during the nanomaterials manufacturing process. This kind
of wastes can float in the air and might easily penetrate into animal and
plant cells causing unknown effects. Most human-made nanoparticles do

48



not appear in nature, so living organisms may not have appropriate means
to deal with nanowaste. This is probably one of the serious challenges
nanotechnology deals with.

The term green nanotechnology is used to describe the development
of clean technologies employing to minimize potential environmental and
human health risks associated with the manufacture and use of
nanotechnology products and to encourage replacement of existing
products with new nanoproducts that are more environmentally friendly
throughout their lifecycle.

In addition to making nanomaterials and products with less impact to
the environment, green nanotechnology also means using nanotechnology
to make current manufacturing processes for non-nano materials and
products more environmentally friendly. For example, nanoscale
membranes can help separate desired chemical reaction products from
waste materials. Nanoscale catalysts can make chemical reactions more
efficient and less wasteful. Sensors at the nanoscale can form a part of
process control systems, working with nano-enabled information systems.
Using alternative energy systems, made possible by nanotechnology, is
another way to "green" manufacturing processes.

The second goal of "green" nanotechnology involves developing
products that benefit the environment either directly or indirectly.
Nanomaterials or products directly can clean hazardous waste sites,
desalinate water, treat pollutants or sense and monitor environmental
pollutants. Indirectly, lightweight nanocomposites for automobiles and
other means of transportation could save fuel and reduce materials used for
production; nanotechnology-enabled fuel cells and light-emitting diodes
(LEDSs) could reduce pollution from energy generation and help conserve
fossil fuels; self-cleaning nanoscale surface coatings could reduce or
eliminate many cleaning chemicals used in regular maintenance routines;
and enhanced battery life could lead to less material use and less waste.
"Green" nanotechnology takes a broad systems view of nanomaterials and
products, ensuring that unforeseen consequences are minimized and that
Impacts are anticipated throughout the full life cycle.

49



TASKS:

1. Find the following word combinations in the text:
HOBBIM THII 3arPSI3HEHUS

BO3JICMICTBHE HA OKPYKAIOIIYIO CPEY
CTAJIKUBATBHCSI C IPOOIEeMOM

YCIIOBUS IIPUPOTHOM CPENIbI
SKOHOMUYECKUE MPUOBLIN
MPEIONPEICIIUTD MPUEMIIEMbIE YPOBHU
NOAAEPKAHUE TPUTOTHOCTH

IPOYHO CBSI3aHbI

MOJTUTHYECKAs 11e7IeCO00pa3HOCTh
YMECTHOCTh OUY€BHU]IHA

BKJIA]] B YJIYYIICHUE CPEIIbI

MPOHUKATH B KJIETKH

IIOJIBEPTasi HEU3BECTHOMY BO3JACHCTBUIO
MOAXOASIINE CPENCTBA

CEPBbE3HBIE BHI3OBbI

0e30MacHbIC JIJIs1 OKPYKAOIIEH Cpebl
MEHEE OTXOJHBIN

YYaCTKH C OMACHBIMH OTXOJIaMU
ONIPECHSTH BOLY

AKOHOMHTbH TOILJIMBO

HeMpeACKa3yeMble MTOCISICTBUS

2. Answer the following questions according to the text.

1. What kind of questions does the science often face with?

2. What are human priorities linked strongly with?

3. What kind of deliberations is arisen concerning the environmental
impact of nanotechnology?

4. What two aspects can this matter be split into?

5. What is the effect of nanopollution?
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6. What is one of the most serious challenges nanotechnology deals
with?
7. What are the goals of "green" nanotechnology?

3. Give all possible variants and translate them into Russian:

precise (observation, measurements, values)

to consider (a problem, data, the results)

to receive (a degree, a diploma, a medal, news, education, one's
training, an award, a prize, a letter, a telegram)

to obtain (data, information, evidence, knowledge, a result)

to make (calculations, a conclusion, a contribution to, a discovery, an
experiment, an investigation, measurements, a mistake, observations, a
suggestion, a summary, analyses)

to do (experimental work, exercises, research in smth, theoretical
studies on)

to gain (knowledge, recognition, experience)

4. Match English participles with Russian equivalents:

a) released 1) BUOM3MECHEHHBIT
b) reduced 2) oToOpaHHBIH

c) selected 3) npuMeHEeHHBIN

d) developed 4) npou3BeICHHBIN
e) planted 5) BBICBOOOK ICHHBII
f) cleaned 6) HOTrJIOIICHHBIN

g) absorbed 7) mocaXKeHHBIH

h) suggested 8) ouuIeHHBIN

1) generated 9) npeI0KEHHBIH
J) applied 10) pa3BuTHIii

k) modified 11) cokparlieHHbIi
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5.In pairs, discuss the possible effects of environmental
implications of nanotechnology. Give examples for and against using
nanotechnology from environmental point of view. Make use of the
following linking words:

to start with / first of all / firstly
secondly

at first sight

apparently

the greatest advantage / disadvantage
however / yet

what is more / moreover

on the one hand / on the other hand
in my opinion / view

personally | believe

| feel strongly that

| am concerned

according to / with reference to
therefore / thus / as a result / as a consequence
in fact / actually / as a matter of fact
finally

to sum up
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SUPPLEMENTARY READING

The History of the Laser

It is one of the best examples of how technology can go from the
science of the future to everyday use in a short period of time. Faith
Lapidus and Steve Ember tell us about the history and many uses for the
laser.

Laser is short for Light Amplification by Stimulated Emission of
Radiation. The idea behind lasers is complex. Just how complex? Consider
that it took the mind of Albert Einstein to discover the physics behind the
laser.

Theodore Maiman succeeded in building the first working laser in
nineteen sixty. Mr. Maiman worked at Hughes Research Laboratories in
Malibu, California.

A laser fires a light beam. Before the laser, scientists developed a
similar device: a maser which stands for Microwave Amplification by
Stimulated Emission of Radiation. A maser is basically a microwave
version of the laser. Microwaves are a form of electromagnetic radiation
similar to, but shorter than, radio waves.

In the nineteen fifties, researchers in the United States and Russia
independently developed the technology that made both masers and lasers
possible. Charles Townes was a professor at the Massachusetts Institute of
Technology in Cambridge, Massachusetts. He and his students developed
the first maser.

Russians Nickolay Basov and Aleksandr Prokhorov did their research
in Moscow. Their work led to technology important to lasers and masers.
The three men received the Nobel Prize in Physics in nineteen sixty-four.

Industry put lasers to work almost immediately after they were
invented in nineteen sixty. But weapons were not first on the list.

The first medical operation using a laser took place the year
following its invention. Doctors Charles Campbell and Charles Koester
used a laser to remove a tumor from a patient's eye at Columbia-
Presbyterian Hospital in New York City. Since then, doctors have used
lasers to cut and remove tissue safely with little risk of infections.
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Since nineteen seventy-four, the public has had direct experience
with lasers — at the grocery store checkout line. Laser barcode scanners
have changed how stores record almost everything.

Air Scanning Tunneling Microscope

The scanning tunneling microscope (STM) has developed into an
imaging method with diverse possibilities for real-space imaging on a scale
that extends to atomic dimensions. The interaction that is monitored in
STM is the tunneling current between a metallic tip and a conducting
substrate, which are in very close proximity but not actually in physical
contact. It is quantum mechanical tunneling that permits the electrons to
tunnel through the potential barrier, which they could not surmount
according to the classical laws of physics. In this model, the probability of
tunneling is exponentially dependent upon the distance of separation
between the tip and surface: the tunneling current is therefore a very
sensitive probe of this separation. Another great advantage of a STM is
that it may allow the characterization and identification of individual atoms
and may lead to the manipulation of materials at the atomic scale. One of
the principal reasons for building this air STM is to be able to study two-
dimensional materials such as graphene and T1S2. Due to the electronic
properties of these materials it has been of great interest to explore their
use in electronic device applications such as FETS.

Because of the reactivity that many surfaces, such as Si have in
ambient conditions, the use of an ultra-high vacuum (UHV) system with
pressures < 107° torr is necessary to study those surfaces with a STM.
However, since only materials that are unreactive in ambient conditions
will be studied, it was sufficient to design and assemble an air STM in
order to characterize materials such us graphene, which do not have to be
constrained to an UHV environment. One of the principal advantages of
using an air STM rather than an UHV-STM is the significant time
reduction in transferring and preparing a sample for imaging. While it can
take up to two or three days to prepare a sample for imaging in UHV, a
sample can be prepared for imaging in ambient conditions in just a few
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minutes. Also, an air STM is relatively cheap and involves a simple design,
which ameliorates maintenance procedures.

Due to the proximity between the tip and the sample (~ 5A), main
considerations in the design for this air STM were the vibration and noise
isolation of the entire system, the coarse and fine approach of the tip probe
to the sample, and the electrical wiring connections. Electronic equipment
from RHK Technology was used to control the STM.

Nanotechnology Primer: Graphene — Properties, Uses and Applications

Existing forms of carbon basically consist of sheets of graphene,
either bonded on top of each other to form a solid material like the graphite
in your pencil or rolled up into carbon nanotubes (think of a single-walled
carbon nanotube as a graphene cylinder) or folded into fullerenes. The
reason nanotechnology researchers are so excited is that graphene and
other two-dimensional crystals — it's called 2D because it extends in only
two dimensions: length and width; as the material is only one atom thick,
the third dimension, height, is considered to be zero — open up a whole new
class of materials with novel electronic, optical and mechanical properties.
Early experiments with graphene have revealed some fascinating
phenomena that excite researchers working towards molecular electronics.
For instance, it was found that graphene remains capable of conducting
electricity even at the limit of nominally zero carrier concentration because
the electrons don't seem to slow down or localize. The electrons moving
around carbon atoms interact with the periodic potential of grapheme's
honeycomb lattice, which gives rise to new quasiparticles that have lost
their mass, or “rest mass” (so-called massless Dirac fermions). That means
that graphene never stops conducting. It was also found that they travel far
faster than electrons in other semiconductors. Graphene is undoubtedly
emerging as one of the most promising nanomaterials because of its unique
combination of superb properties, which opens a way for its exploitation in
a wide spectrum of applications ranging from electronics to optics, sensors,
and biodevices.

Graphene-based nanomaterials have many promising applications in
numerous areas.
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Energy graphene-based nanomaterials have many promising
Applications in energy-related areas. Just some recent examples: graphene
Improves both energy capacity and charge rate in rechargeable batteries;
activated graphene makes superior supercapacitors for energy storage;
graphene electrodes may lead to a promising approach for making solar
cells that are inexpensive, lightweight and flexible; and multifunctional
graphene mats are promising substrates for catalytic systems.

Sensors functionalized graphene holds exceptional promise for
biological and chemical sensors. Already researchers have shown that the
distinctive 2D structure of graphene oxide (GO), combined with its
superpermeability to water molecules, leads to sensing devices with an
unprecedented speed.

Nanoelectronics. Some of the most promising applications of
graphene are in electronics (as transistors and interconnects), detectors (as
sensor elements) and thermal management (as lateral heat spreaders). The
first graphene field-effect transistors (FETSs) — with both bottom and top
gates — have already been demonstrated. At the same time, for any
transistor to be useful for analog communication or digital applications, the
level of the electronic low-frequency noise has to be decreased to an
acceptable level (graphene transistors can work without much noise).
Transistors on the basis of graphene are considered to be potential
successors for the some silicon components currently in use. Due to the
fact that an electron can move faster through graphene than through
silicon, the material shows potential to enable terahertz computing.

Coatings. Coating objects with graphene can serve different purposes.
For instance, researchers have now shown that it is possible to use graphene
sheets to create a superhydrophobic coating material that shows stable
superhydrophobicity under both static as well as dynamic (droplet impact)
conditions, thereby forming extremely water repelling structures. Research
findings also have established graphene as the world's thinnest known
coating for protecting metals against corrosion. It was found that graphene,
whether made directly on copper or nickel or transferred onto another metal,
provides protection against corrosion. Another novel coating application is
the the fabrication of polymeric AFM probes covered by monolayer
graphene to improving AFM probe performance.
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Nanotechnology is Getting Closer to 3D-Nanoprinting

Fabrication of three-dimensional (3D) objects through direct
deposition of functional materials — also called additive manufacturing —
has been a subject of intense study in the area of macroscale manufacturing
for several decades. These 3D-printing techniques are reaching a stage
where desired products and structures can be made independent of the
complexity of their shapes — even bioprinting tissue is now in the realm of
the possible. Applying 3D-printing concepts to nanotechnology could
bring similar advantages to nanofabrication — speed, less waste, economic
viability — than it is expected to bring to manufacturing technologies. In
addition, pre-patterned micro- or nanostructures could be used as
substrates, allowing researchers to realize unprecedented manufacturing
flexibility, functionality and complexity at the nanoscale. Researchers in
Korea have now shown that nanoscale 3D-objects such as free-standing
nanowalls can be constructed by an additive manufacturing scheme. Even
without the motion of the substrate, nanojets are spontaneously laid down
and piled to yield nanowalls. The team, led by Ho-Young Kim, a professor
at Seoul National University, explain their findings.

"Electrospinning that produces polymer nanojets is a relatively
simple and inexpensive method to yield nanoscale fibers, but the fiber
streams are so chaotic that control of individual fibers has been considered
almost impossible,” — Kim explains. — "In our recent work, we have shown
that an electrospun polymer solution jet, which tends to become unstable as
traveling in the air due to Coulombic repulsion, can be stably focused onto
a thin metal electrode line". Kim and his team also elucidated the
fundamental electromechanical mechanism that enables the spontaneous
stacking of a nanofiber onto itself to provide a physical basis behind this
novel nanofabrication process. In this novel method, a thin metal line on an
insulating plate strongly focuses the electrical field, thus the whipping
instability of the electrical nanojets is suppressed.

The construction of a free-standing nanowall is the most fundamental
step to achieve 3D-nanoprinting. This process is so attractive because it
needs only a power supply and a linear stage to build free-standing
nanowalls after drawing metal microlines, all of which can be conducted
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under normal laboratory conditions. Kim points out that this technique has
a significant economic advantage as compared to conventional
nanomanufacturing processes used to build nanowalls such as DRIE (deep
reactive ion etching).

"Full 3D-control of an electrospun nanojet would possibly
revolutionize the current nanofabrication technology, which we aim to
achieve in the long run,” — says Kim. — "However, we believe that such great
achievement cannot be made with a single step. Further development for the
precise control of the nanojet could realize full 3D-nanofabrication”.

Nanomaterials with 2D-Nanostructures (Nanolayers)

2D-nanostructures are structures like layers, having large (near 1 um)
sizes on two coordinate axes and nanometer size on third axe.

Lateral AlGaAs — Superlattice

Abundant new physics was brought about by the invention of the
superlattice (SL) concept and its subsequent realization through molecular
beam epitaxy (MBE) of layered semiconductor structures with atomic
precision. The formation of minibands isolated by minigaps in the vertical
SL direction ensues from the coupling between adjacent quantum wells. In
order to reduce the dimensionality of the system, electrons are confined in
one direction to a quantum well, and a lateral periodic potential modulation
may additionally be imposed from the surface of the sample with, for
example, lithographically defined top gates. As in the conventional vertical
SL geometry, an artificial band structure derives from the reduced width of
the Brillouin zone and zone folding. Magnetotransport offers an excellent
tool for the study of the resulting band structure in these laterally
modulated two-dimensional systems (2DES), since oscillations in the
magnetoresistance provide immediate information on the area encircled by
closed electron orbits at the Fermi energy EF. Such experimental evidence
for an artificial band structure is sparse. Only very recently, using two-
dimensional modulation, unambiguous proof of two different closed
electron orbits was achieved. This lack of evidence may be related to the
inherent inadequacy of lateral modulation schemes in producing
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concurrently a high quality 2DES and a sufficiently short period and large
amplitude modulation to guarantee the occupation of only few, well-
isolated minibands.

We use a new concept to fabricate lateral SLs based on the cleaved
edge overgrowth technique, that overcomes the limitations of previous
geometries by periodically modulating the material composition directly
adjacent to the 2DES. In this way, both the period and the modulation
strength can be tailored with unprecedented precision by MBE growth. In a
first MBE step, an undoped SL with lattice constant d = 100 nm of 30
periods of 50 nm GaAs and 50 nm Al0.32Ga0.68As is grown between two
n-GaAs contacts, that act as source and drain. In a second MBE step, the
sample is cleaved in situ and immediately thereafter overgrown by a 30 nm
undoped GaAs layer, a 100 nm AlAs barrier, and an n-GaAs gate applying
a positive gate voltage with respect to source and drain a 2DES is induced
at the GaAs/AlAs heterointerface. The finite overlap of the electron wave
function with the SL causes a modulation of the electron density ns in x
direction with a strength that depends on the GaAs layer thickness. For our
sample this variation of the density, integrated over the z direction, exceeds
10 %, as determined by a self-consistent 2D-Poisson/Schrodinger
calculation.

How Do You Make a Nanomachine?

A machine is something with moving wheels, gears and levers that
can do useful jobs for us, but how do you make moving parts from
something as tiny as a molecule? Just imagine trying to build a clock from
gears that are millions of times smaller than usual!

It turns out there is a way to do it. Some molecules are regularly
shaped and symmetrical so they have no overall positive or negative
charges. Other molecules are not symmetrical, which means they have
slightly more positive charge at one end and slightly more negative charge
at the other. These are called polar molecules and water is the best known
example. Water sticks to a lot of things and cleans them well because it has
a positive pole at one end and a negative pole at the other. We can use this
idea to make a molecular machine.

59


http://www.explainthatstuff.com/water.html

Suppose you take a molecule made from a ring of atoms that has a
slightly positive charge in one place. Now thread it over another molecule
made from a rod of atoms, which has slightly negative charges at its two
ends. The positive ring will pull toward one of the negative charges so the
ring will lift upward. Now add some energy and you can make the ring
move back down, toward the other negative charge. In this way, you can
make the ring shunt back and forth or up and down, a bit like a nanoscopic
elevator! By extending this idea, we can gradually make more complex
machines with parts that shuffle back and forth, move around one another,
or even rotate like tiny electric motors.

Ingenious ideas like this were developed by three brilliant scientists
who won the Nobel Prize in Chemistry in 2016.

Nanotechnology Products:
Real World Applications of Nanotechnology

The consumer world is exploding with "nanotechnology enhanced”
products. Consumer products is an area where the experts are saying the
most immediate nanotechnology impacts will be made and recognized by
the majority of people in the world. Currently there are numerous products
on the market that are the result of nanotechnology.

For the sporting enthusiast we have tennis balls that last longer,
tennis rackets that are stronger, golf balls that fly straighter, nano ski wax
that is easier to apply and more effective than standard wax, and bowling
balls that are harder; and these products are just scratching the surface.
These products all use nanostructured materials to give them enhanced
performance.

Speaking of scratching the surface, we also have nano car wax that
fills in those tiny cracks more effectively and gives you a shinier vehicle.
There are also nanoproducts available to keep your eyewear and other
optical devices cleaner, dryer, and more durable.

In the clothing world, we have pants that repel water and won't stain
shirts and shoe inserts that keep you cool in the summer and warm in the
winter, and nanosocks that don't "stink™ due to the inclusion of nanotech
materials (nanosized sliver particles). Nanoceramic coatings are being
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utilized on photo quality picture paper to deliver sharper, higher quality
"homemade" digital photo reproductions on your ink jet printer. How about
that DVD you watched last night? Any idea how big the features on that
now ubiquitous product are? DVD "bumps" to store information are 320
nanometers wide.

The world of electronics has been using many of the key methods
shared by other nanotechnology disciplines for many years. As an
example, think of the evolution of the video game. Nanotechnology has
enabled arcade size video games of yesteryear like Pong, Frogger, and
PacMan to be replaced with very sophisticated home Playstations,
X-Boxes and Game Cubes that play "life like" Madden 2005, Grand Theft
Auto and Halo 2 video games.

There are also a tremendous amount of other electronic applications
out there that are affecting our everyday lives. Just take a trip to your local
electronics mega-store and you will see a multitude of these including:
faster and more powerful computers, palm pilots (blackberries), flash
drives, digital cameras and displays cell phones, LCDs, LEDs, MP3s,
electronic ink displays, thin film batteries and flexible electronics to name
a few. All of these applications are possible and affordable due to the
ability to work effectively and efficiently at the nanoscale.

The biotech world also has many real world applications currently in
use or under development that are, or will be, affecting our quality of life.
Bandages embedded with silver nanoparticles are coming of age in the
wound healing arena. And we now have drug delivery via a patch.
A variety of time release thin films are now utilized on implantations into
the human body (for example screws, joints, and stents) and these films
are affecting the long term effectiveness of these devices. Respiration
monitors utilizing nanomaterials have been developed that are many times
more sensitive than previous state of the art technology. Man-made skin is
a nanofabricated network and is presently in use for skin graft applications.
Some other nanotechnology applications which are currently under
development in the biotech world are diabetic insulin biocapsules,
pharmaceuticals utilizing "bucky ball" technology to selectively deliver
drugs and cancer therapies using targeted radioactive biocapsules.
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The world around us is filled with applications that nanotechnology
makes possible. Don't believe it? Look around! You won't have to look far
before these applications become evident to you. Nanotechnology is
influencing the development of a wide variety of very diverse fields;
among these are electronics, biotechnology, and consumer applications.
From tennis balls to bandages to palm pilots, nanotechnology is making a
significant impact on the jobs we work at and the products that we enjoy.

The Future of Nanotechnology: Nanodream or Nano-Nightmare?

Engineers the world over are raving about nanotechnology. This is
what scientists at one of America's premier research institutions, the Los
Alamos National Laboratory, have to say: "The new concepts of
nanotechnology are so broad and pervasive, that they will influence every
area of technology and science, in ways that are surely unpredictable....
The total societal impact of nanotechnology is expected to be greater than
the combined influences that the silicon integrated circuit, medical
imaging, computer-aided engineering and man-made polymers have had in
this century." That's a pretty amazing claim: 21st-century nanotechnology
will be more important than all the greatest technologies of the 20th
century put together!

Nanotechnology sounds like a world of great promise, but there are
controversial issues too that must be considered and resolved. Some people
have raised concerns that nanoscale organisms or machines could harm
human life or the environment. One problem is that tiny particles can be
extremely toxic to the human body. No one really knows what harmful
effect new nanomaterials or substances could have. Chemical pesticides
were not considered harmful when they were first used in the early decades
of the 20th century; it wasn't until the 1960s and 1970s that their
potentially harmful effects were properly understood. Could the same
happen with nanotechnology?

The ultimate nanonightmare, the problem of "gray goo", was first
highlighted by Eric Drexler. What happens if well-meaning humans create
nanobots that run riot through the biosphere, gobbling up all living things
and leaving behind nothing but a chewed-up mass of "gray goo"? Drexler
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later backed away from that claim. But critics of nanotechnology still argue
humans shouldn't meddle with worlds they don't understand, but if we took
that argument to its logical conclusion, we'd have no inventions at all — no
medicines, no transportation, no agriculture and no education — and we'd
still be living in the Stone Age. The real question is whether the promise of
nanotechnology is greater than any potential risks that go with it. And that
will determine whether our nanofuture becomes dream or nightmare.

Solid-State Lasers

Solid-state lasers use a crystalline or glass rod which is "doped" with
ions that provide the required energy states. For example, the first working
laser was a ruby laser, made from ruby (chromium-doped corundum). The
population inversion is actually maintained in the dopant. These materials
are pumped optically using a shorter wavelength than the lasing
wavelength, often from a flashtube or from another laser. The usage of the
term "solid-state” in laser physics is narrower than in typical use.
Semiconductor lasers (laser diodes) are typically not referred to as solid-
state lasers.

Neodymium is a common dopant in various solid-state laser crystals,
including yttrium orthovanadate (Nd:YVOQO.), yttrium lithium fluoride
(Nd:YLF) and yttrium aluminium garnet (Nd:YAG). All these lasers can
produce high powers in the infrared spectrum at 1064 nm. They are used
for cutting, welding and marking of metals and other materials, and also in
spectroscopy and for pumping dye lasers. These lasers are also commonly
frequency doubled, tripled or quadrupled to produce 532 nm (green,
visible), 355 nm and 266 nm (UV) beams, respectively. Frequency-
doubled diode-pumped solid-state (DPSS) lasers are used to make bright
green laser pointers.

Ytterbium, holmium, thulium, and erbium are other common
"dopants" in solid-state lasers. Ytterbium is used in crystals such as
Yb:YAG, Yb:KGW, Yb:KYW, Yb:SYS, Yb:BOYS, Ybh:CaF., typically
operating around 1020 — 1050 nm. They are potentially very efficient and
high powered due to a small quantum defect. Extremely high powers in
ultrashort pulses can be achieved with Yb:YAG. Holmium-doped YAG
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crystals emit at 2097 nm and form an efficient laser operating at infrared
wavelengths strongly absorbed by water-bearing tissues. The Ho-YAG is
usually operated in a pulsed mode, and passed through optical fiber
surgical devices to resurface joints, remove rot from teeth, vaporize
cancers, and pulverize kidney and gall stones.

Titanium-doped sapphire (Ti:sapphire) produces a highly tunable
infrared laser, commonly used for spectroscopy. It is also notable for use as
a mode-locked laser producing ultrashort pulses of extremely high peak
power.

Thermal limitations in solid-state lasers arise from unconverted
pump power that heats the medium. This heat, when coupled with a high
thermo-optic coefficient (dn/dT) can cause thermal lensing and reduce the
quantum efficiency. Diode-pumped thin disk lasers overcome these issues
by having a gain medium that is much thinner than the diameter of the
pump beam. This allows for a more uniform temperature in the material.
Thin disk lasers have been shown to produce beams of up to one kilowatt.

Fiber Laser

Solid-state lasers or laser amplifiers where the light is guided due to
the total internal reflection in a single mode optical fiber are instead called
fiber lasers. Guiding of light allows extremely long gain regions providing
good cooling conditions; fibers have high surface area to volume ratio
which allows efficient cooling. In addition, the fiber's waveguiding
properties tend to reduce thermal distortion of the beam. Erbium and
ytterbium ions are common active species in such lasers.

Quite often, the fiber laser is designed as a double-clad fiber. This
type of fiber consists of a fiber core, an inner cladding and an outer
cladding. The index of the three concentric layers is chosen so that the
fiber core acts as a single-mode fiber for the laser emission while the outer
cladding acts as a highly multimode core for the pump laser. This lets the
pump propagate a large amount of power into and through the active inner
core region, while still having a high numerical aperture (NA) to have easy
launching conditions.
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Pump light can be used more efficiently by creating a fiber disk laser
or a stack of such lasers.

Fiber lasers have a fundamental limit in that the intensity of the light
in the fiber cannot be so high that optical nonlinearities induced by the
local electric field strength can become dominant and prevent laser
operation and/or lead to the material destruction of the fiber. This effect is
called photodarkening. In bulk laser materials, the cooling is not so
efficient, and it is difficult to separate the effects of photodarkening from
the thermal effects, but the experiments in fibers show that the
photodarkening can be attributed to the formation of long-living color
centers.

Lasers As Weapons

Lasers of all but the lowest powers can potentially be used as
Incapacitating weapons, through their ability to produce temporary or
permanent vision loss in varying degrees when aimed at the eyes. The
degree, character, and duration of vision impairment caused by eye
exposure to laser light varies with the power of the laser, the
wavelength(s), the collimation of the beam, the exact orientation of the
beam, and the duration of exposure. Lasers of even a fraction of a watt in
power can produce immediate, permanent vision loss under certain
conditions, making such lasers potential non-lethal but incapacitating
weapons. The extreme handicap that laser-induced blindness represents
makes the use of lasers even as non-lethal weapons morally controversial,
and weapons designed to cause blindness have been banned by the
Protocol on Blinding Laser Weapons. Incidents of pilots being exposed to
lasers while flying have prompted aviation authorities to implement special
procedures to deal with such hazards.

Laser weapons capable of directly damaging or destroying a target in
combat are still in the experimental stage. The general idea of laser-beam
weaponry is to hit a target with a train of brief pulses of light. The rapid
evaporation and expansion of the surface causes shockwaves that damage
the target. The power needed to project a high-powered laser beam of this
kind is beyond the limit of current mobile power technology, thus favoring
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chemically powered gas dynamic lasers. Example experimental systems
include MIRACL and the Tactical High Energy Laser.

Throughout the 2000s, the United States Air Force worked on the
Boeing YAL-1, an airborne laser mounted in a Boeing 747. It was intended
to be used to shoot down incoming ballistic missiles over enemy territory.
In March 2009 Northrop Grumman claimed that its engineers in Redondo
Beach had successfully built and tested an electrically powered solid state
laser capable of producing a 100-kilowatt beam, powerful enough to
destroy an airplane. According to Brian Strickland, manager for the United
States Army's Joint High Power Solid State Laser program, an electrically
powered laser is capable of being mounted in an aircraft, ship or other
vehicle because it requires much less space for its supporting equipment
than a chemical laser. However, the source of such a large electrical power
in a mobile application remained unclear. Ultimately, the project was
deemed to be infeasible, and was cancelled in December 2011, with the
Boeing YAL-1 prototype being stored and eventually dismantled.

The United States Navy is developing a laser weapon referred to as
the Laser Weapon System or LaWSs.

Laser Safety

Even the first laser was recognized as being potentially dangerous.
Theodore Maiman characterized the first laser as having a power of one
"Gillette" as it could burn through one Gillette razor blade. Today, it is
accepted that even low-power lasers with only a few milliwatts of output
power can be hazardous to human eyesight when the beam hits the eye
directly or after reflection from a shiny surface. At wavelengths which the
cornea and the lens can focus well, the coherence and low divergence of
laser light means that it can be focused by the eye into an extremely small
spot on the retina, resulting in localized burning and permanent damage in
seconds or even less time.

Lasers are usually labeled with a safety class number, which
identifies how dangerous the laser is:

. Class 1 is inherently safe, usually because the light is contained in an
enclosure, for example in CD players.
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. Class 2 is safe during normal use; the blink reflex of the eye will
prevent damage. Usually up to 1 mW power, for example laser
pointers.

« Class 3R (formerly Illa) lasers are usually up to 5 mW and involve a
small risk of eye damage within the time of the blink reflex. Staring
Into such a beam for several seconds is likely to cause damage to a
spot on the retina.

« Class 3B can cause immediate eye damage upon exposure.

. Class 4 lasers can burn skin, and in some cases, even scattered light
can cause eye and/or skin damage. Many industrial and scientific
lasers are in this class.

The indicated powers are for visible-light, continuous-wave lasers.
For pulsed lasers and invisible wavelengths, other power limits apply.
People working with class 3B and class 4 lasers can protect their eyes with
safety goggles which are designed to absorb light of a particular
wavelength.

Infrared lasers with wavelengths longer than about 1.4 micrometers
are often referred to as "eye-safe", because the cornea tends to absorb light
at these wavelengths, protecting the retina from damage. The label "eye-
safe" can be misleading, however, as it applies only to relatively low power
continuous wave beams; a high power or Q-switched laser at these
wavelengths can burn the cornea, causing severe eye damage, and even
moderate power lasers can injure the eye.

Medical Laser Use

Lasers in medicine have a variety of uses. The real attraction in this
industry (and it's not the only attraction, or the only industry!) is the
delivery of light energy with incredible precision to almost anywhere in the
human body. By directing focussed laser beams onto tissue you can
efficiently but gently coagulate tumours, activate medicines and make non-
contact incisions.

The primary uses of lasers in medicine begin with the obvious: as a
cutting tool — a laser scalpel — with minute precision in cutting.
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Optical Coherence Tomography is another medical use of lasers:
mapping below the surface of human tissue by penetrating the material and
bouncing back when the laser hits a sub-surface element, creating a clearer
and safer image than x-rays. This can be used to see changes in the bone
protein chemistry that couldn't be detected through other, more traditional
techniques (like x-rays).

Lasers can be used to activate medicines too. For the treatment of
skin cancers, photodynamic therapy is used, combined with a light-
sensitive drug. The laser activates the medicine injected into the cancer
cells and destroys them.

LASIK (Laser Assisted Stromal In-situ Keratomileusis) is another
use for lasers in medicine: a pulsed laser beam gently reshapes the surface
of the cornea to correct vision impairments. Lasers can also be used to
remove cataracts and remove unwanted scars, tattoos, pigmentation of the
skin and excessive hair through precision surgery.

As well as cutting, medical lasers can weld too. Used to reattach
retinas and close incisions by fusing the skin together, lasers really are a
multipurpose tool in the medical industry!

Computing, Printing and Communications with Lasers

Because lasers travel so fast (at the speed of light!), they make an
ideal method of communication and information processing and retrieval.
Combined with fibre optic cables, laser communication is almost
instantaneous and large chunks of data can be transported quickly and with
minimal space usage.

Printers increasingly use laser technology. Standard, on-paper
printers and copiers use laser technology, but more impressively, so do 3D
printers. 3D printers work by creating a 3D solid object from a digital file,
layer by layer. Two methods for completing this technologically
impressive feat are Selective Laser Sintering, where material is melted to
form layers, and curing a photo-reactive resin with a UV laser one layer at
a time. Both of these utilise lasers.

Quantum Information Processing is another method of laser use in
computing and technology, using the quantum properties of light to send
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information that is "quantum encrypted" and guaranteed to be secure by the
laws of physics. The method of doing this is quite incredible, and was
thought up in the 1980s.

Packets of light (photons) are sent through an optical fibre with the
information encoded in the light packet's polarization. The receiver
measures the polarization of this light to retrieve the message encoded
within. Because of the properties of quantum mechanics, it would be
impossible for anyone to have heard or read the information within the
light packet. This technology, already incredible, will only get better as
further advancements are made in the construction of quantum computers
and fibre optic cable systems, utilising the properties of quantum
mechanics in computer processing.

The barcode scanner was another technological advancement in the
use of lasers. Back in 1974, the first publicly introduced laser was the
barcode scanner in supermarkets. Barcode scanners use a laser beam that
scans back and forth so quickly that it appears to the naked eye as a line.
Within the scanner a photodiode measures the intensity of the light being
reflected back from the black and white pattern and generates a signal that
measures the widths of the black bars and white spaces.

An Encyclopedia of a Tiny Crystal

Scientists have discovered that a laser beam can be effectively used
to record alphanumeric data and sound on crystals. According Russian
researchers a method for recording information on crystals by means of a
laser has already been developed, but advanced technologies are needed to
make it commercially applicable.

At present researchers are looking for the most suitable chemical
compounds to be used as data storages and trying to determine optimum
recording conditions. Theoretically, the entire "Great Soviet Encyclopedia”
can be recorded on a single tiny crystal.

As far back as 1845 Michael Faradey discovered that a light beam
reverses its polarization as it passes through a magnetized crystal Scientists

69



of our day have used this phenomenon to identify crystalline materials
capable of storing information. Lasers have been successfully employed to
record information on and read it off.

No ideal data storage crystal has yet been found, but it is obvious
now that the future of computer engineering lies in lasers and
optoelectronics. As paper gave way to magnetic tape, so the latter is to be
replaced by tiny crystals.

The Future of Lasers

When it comes to the future of science and technology we can never
say for certain what will happen. But lasers show every sign of continuing
its unique, creative and important role. Nicholas Bigelow, Lee A.
DuBridge Professor of Physics and Optics at the University of Rochester
coined it well when he said "The laser is so special because it allows us to
harness light in a unique way", "Light is the carrier of the fundamental
force that shapes the world as we know it". Being of such importance, the
laser will continue to be at the forefront of technological advancements in
all fields. We're certainly looking forward to those relating to our
specialism. The fibre laser being the first of many!

Judging by the technological advancements already made in the last
55 years, laser research will continue and open the fields of medicine,
manufacturing and technology to further new and exciting uses of lasers.

On one hand, the continuously higher requirements for technology
and material processing and the emergency of new applications for the
laser motivate the development of new systems, but on the other, advanced
lasers like the "paser" and "LASIK" are paving the way to new
applications for lasers. The only conclusion for certain is that lasers will
continue to play a significant role in our daily lives, becoming more
prevalent as future applications for this technology emerge. Take, for
instance, our F1. The technology utilised here was originally designed for
fast communications, but now can be used to cut through solid sheets of
steel!
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GRAMMAR SUPPLY

NHOUHUTUB (The Infinitive)

(Imarou + cymecTBUTENHHOR)

Categories Active Passive
Simple to print to be printed
Progressive to be printing -
Perfect to have printed to have been printed
Perfect Progressive to have been printing -

Ynompebnenue ungpunumusa

Nudpunntueel rpymmn Simple u Progressive BeipakaroT JeicTBHE,
OJIHOBPEMEHHOE C JIeWCTBMEM TJIaBHOTO IJaroja, npudeM (opma
Progressive BeipakaeT mporecc.

Jane was sad to learn the truth.

He must be working now.

WudpunutuBel rpynnsl  Perfect BeipaxaroT 1r000e mporiesiiee
JIECTBUE HE3ABUCUMO OT €T0 XapakTepa.

Kate regretted to have told it.

Perfect Progressive moka3bIBaer,

Ha4aJIO0Ch paHbIIC JICUCTBUS TJIABHOI'O rjiaroJja, OJIUTCA IapaljiCJIbHO C

Nudpunutun YTO JEUCTBUE
HUM H, BO3MOYKHO, OYyJIET ITTUTHCS JaJiee.
They seem to have been walking the whole day.

Dyuxkyuu uHuHuMUBA

1. ITonnexaree: To live is to learn.
2.Yacth coctaBHOTO MMeHHOTo ckasyemoro: His task was to help
them.
3. lomonuenue: He promised to come in time.
4. Onpenenenne: 1've got much work to do.
5. O0CTOATENBCTBRO:
e e She took a taxi to be in time.
e ciencrTBus. Your tea is too hot to drink it now.
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Hngunumue 6e3 uvacmuyvr 10’

Vnompebnsemces nocne:

1) mopanbHBIX ItarosioB. We must be in time;

2) riaroyioB 4yBCcTBeHHOTr0 Bocnpustus (to see, to feel, to touch, to
hear u 1p.): We saw him come.

NB: ecnmu riaroner to see u to feel ymorpeGistoTcss B KOCBEHHOM
3HaYeHuH, yacTtuia to ynorpeodnsercs: | feel it to be true;

3) rnaronoB npuHyxkacHus. to make, to have. | had him take the
money;

4) rnaro:ia to let: Let me go;

5) mocine crpykryp (had better, would rather, would sooner, nothing
but, cannot but): She does nothing but sleep;

6) B Bompocax, HaunHarormxcs ¢ Why: Why not ask him about it;

7) mocine raaroyia to help nHOUHUTUB MOXKET yHOTPEOIAThCS KakK C
‘to’, Tak u 6e3: Help me (to) do it.

NB: nanHoe npaBuio AEMUCTBYET TOJIBKO JIJIsi aKTUBHOTO 3aJ10Ta!

Ob6vexmublll nadexic ¢ UHPOUHUMUBOM

(Complex Object)

Ynompe@memcg nociie 2jiaconoe.

1) uyscrBennoro Bocnpusrtus: We heard him speak about it;

2) ymctBenHo#t nestenbHoctH (t0 think, to believe, to suppose, to
consider u ap.): We believed him to be honest.

NB: mocne raarosioB to think, to consider, to find rmaron to be
MoxkeT onyckatbes: She finds him handsome;

3) sxenanus u HamepeHus (to want, to wish, to desire): | want you to
be careful;

4) smorwmii (to like, to love, to hate): She hates him to shout at her;

5) npunyxnenus: | can’t make him obey us;

6) npoosriameHus (to announce, to declare, to report): He was
reported to be missing.
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Cybovexmuas KOHCMpPYKYusi ¢ UHQGUHUMUBOM
(Complex Subject)

B naccuBHOM 3aii0re ynotpedseTcs mocie Ii1aroyios:

1) uyBcTBeHHOro BocmpusaTusa. He was seen to take the money;

2) yMmcTBeHHO# nesrensHocTH: He is thought to be kind;

3) to make, to say, to report, to find, to prove, to turn out: He is said
to be in town.

B akTuBHOM 3aore mociie riarojios to seem, to appear, to happen, to
chance: He seems to have forgotten about it.

[Tocne Beipaxkenuit to be (un)likely, to be sure: He is likely to come.

Exercises

. Translate from Russian into English:

1

1. Nick preferred to do anything but work.

2. You must do it at once.

3. Heis likely to know her address.

4. Nina seems to know English well.

5. They were asked to come earlier.

6. The text is easy enough for you to understand.
7. I'msorry to have interrupted you.

8. We didn't expect their team to win the game.
9. She was absent yesterday. She may have been ill.
10. Mr. Walter went to see who was there.

. Insert "to" where required:

2

1. We should allow him ... come next week.
2. Most people supposed him ... be a liar.

3. Don'tlet us ... waste time.

4. You ought not ... sit up alone.

5. I'd rather ... see the cases myself.

6. There are hundred things ... be done.
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I like to hear her ... sing.
Why not ... make him a doctor, like his father.

© o N

He was seen ... leave the house.
10. She heard her name call.

3. Change clauses for infinitive constructions:

Example: He is so old that he cannot skate. — He is too old to skate.

The problem is so difficult that it is impossible to solve it.
The box is so heavy that nobody can carry it.

The baby is so little that it cannot walk.

He is so weak that he cannot lift this weight.

She is so busy that she cannot talk with you.

She was so inattentive that she did not notice the mistake.
The rule was so difficult that they did not understand it.

He was so stupid that he did not see the joke.

She has got so fat that she cannot wear this dress now.

. The accident was so terrible that | don't want to talk about it.
. They were so empty-headed that they could not learn asingle
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thing.
12. The window was so dirty that they could not see through it.
13. She was so foolish that she could not understand my explanation.
14. I have very little wool: it won't make a sweater.

T'EPYHJIUM (the Gerund)
(I'marout + cymecTBUTEIHHOR)

Reading is useful

YuTaThk MOJIE3HO. YTteHue moJIe3HO.
Categories Active Passive
Simple reading being read
Perfect having read having been read
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Xapakmepucmuku zepyH()wz KakK cyuwecmeumeilbHozco

1. BrInonHseT Te ke QyHKIUU:

e nomnexairee: Smoking is harmful;

e nonoyiHeHue: | remember (uro?) seeing you somewhere;

® YyacTh COCTaBHOro ckaszyemoro:. Peter’s hobby (uro menats?) is
seeing all new films;

e onpenencaue: There is a chance (kakoii?) of catching the train;

e oOcrosTenbcTBO: After reading the letter | put it into the drawer.
(B (hyHKIIMH OOCTOSATEIILCTBA COUYCTACTCS C MPEAJIOTaMHu).

2. Kak ¥ CylecTBUTENbHOE, MOXKET:
e coueraTthes ¢ peaioramu. On coming in | recognized him;
® OIIPCACIATLCA NPUTAKATCIbHBIM MCCTOMMCHHCM! Excuse my
interrupting you;
® OIIPCACIATLCA CYICCTBUTCIIbHBIM B IIPUTAXKATCIIbHOM ITaJICKE:
| insist on John's staying with us.

Xapaxkmepucmuxu eepyHOUsi KaxK 21a201d

1. MoxeT umeTh npsiMoe pononaenue: His hobby is writing letters.
2. Moxer ObITh onpesienieH HapeuneM: She went on walking fast.

Ynompebnenue cepynous

1. IIpocroii repynmuii (Simple) BeIpakaeT aelcCTBHE, OJHOBpE-
MCHHOC C I[GI\/’ICTBI/IGM TJIaBHOTI'O rJjiaroJjia.
will become
He becomes rich by working hard.
became
2. I[Tepdexrupiii Tepynnuii (Perfect) BepaxkaeT nmelicTBue, NpOU30-
meaIiee 10 JISUCTBUSA IJIaBHOIO TJiaroja.
will regret
I regret after having said these words.
regretted
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NB: ¢ rmaromamu Tumna to remember, to forget, to excuse, to forgive,
to thank, ¢ npemoramu on, after, without Mmoxer ynorpe0dasaTbess mpocToi
TEPYHIHM.

Peuesvie obpazyvl ¢ cepynouem

1. To be worth doing smth. — Crour uro-Tto cmemars. The book is
worth reading. — Kaury crout mounrars.

2. There is no stopping him. — Ero He 0CTaHOBHTb.

3. Would you mind + Gerund — Bsl He BoO3pakaere, €CIH...
Would you mind my leaving? — Bl He Bo3paxkaeTe, eciu s yuy?

4. Can't help doing smth — He mory He... | can't help thinking about
it. — 51 He Mory He TymMaTh 00 ATOM.

5. Need + Gerund. The grass needs cutting. — TpaBy Hy>KHO CKOCUTb.

I pammamuueckoe 3navenue npedno2os ¢ cepyHouem

In — oqHOBpeMenHnocTh = When, while + Participle |

In leaving my room he paused at my desk. — ITokumas kOMHaTy, OH
3aJIepKAIICS y MOETO CTOJIA.

On — cpa3y mocre.

On entering the room he saw a lot of people. — Boiias B komHary, oH
YBUJIEII MHOTO JIFOJIEH.

After — gyepe3 HekOTOpOE BpeMs MocIIe.

After leaving school he became a student of VSU. — OxoHuus
HIKOJIy, OH CTaJ ctyneHToM Bal'y.

Before — o, mepen.

Before saying think of what you are going to say. — Jlymait nepen
TEM KaK CKa3aThb.

Without — 6e3, He.

Without working you can't live. — be3 paGoThI He IPOKHUBETIIb.

By — oTBeuaeT Ha BOMPOCHI: KakK? IIPU MOMOIIH 4ero?

He earned money by writing novels. — On 3apabaTbiBayl JCHBIH
HAaITMCaHHUEM KHHT .

Through — nocpeacrtBom, Oiarogaps.

Through reading we can learn much. — Bmaromapss uTeHHIO MBI
MOKXCM MHOTI'OC Y3HATh.
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Besides — kpome Toro, 4To (IOMOJHSIOIIeE 3HAUCHHE ).

Besides being a good specialist she is also a good housewife. —
SBngsach XOpOoImHM CIICHUAaJIMCTOM, OHA TAKXKC XOpOoIIast I[OMOXOBHﬁKa.

Except — kpome (MCKITIOHaroIee 3HAYEHHUE).

She can do everything except cooking. — Ona ymeer nenatb Bce,
KpOMC IIPUTI'OTOBJICHUA ITUIIIH.

In spite of — necmotps Ha (despite).

In spite of being lazy he is one of the best students in the group. —
HecmoTps Ha TO, UTO OH JIEHTSAN, OH OJIMH U3 JIYYILLIHUX CTYJIEHTOB B IPYIIIIE.

Instead of — BMecTO TOTO, YTOOEI.

Instead of working you sit with your arms folded. — Bmecto Toro
4TOOBI pa00TaTh, THI CHAMIIL CI0KA PYKH.

For — mi1st Toro 4TOoOLL.

For being respected you should respect others. — Inst Toro uToObI
Te0s yBaXkayu, yBaxkail Ipyrux.

Inazonwi, nocine komopwvix ynompebiisiemcs moabkKo 2epyHoull

To enjoy To thank for

To finish To prevent from
To dislike To look forward to
To goon To be fond of

To give up To be sure of

To depend on To be surprised at
Torely on To be interested in
To insist on To be afraid of

To object to Can't stand

To hear of Don't mind

To think of

C HexomopbiMU 21aA201aMu Ynompeoasaemcs Kak UHQUHUMUS,
Mak u 2epyHoull 6e3 pasHuybl 8 3HAYeHUU.:

To begin/to start to hate
To like to prefer
To love to continue
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H€K0m0pbl€ 2J1azcojibl 6 couemarnuu ¢ uH@MHLlWlM@OM umiu 2epdeueM
umerom pas3nvle SHaA4€eHUA

CpaBHure:

Nudunutun ["epyHanii

To remember/to forget

| remember to post the letter | remember posting the letter.
51 MOMHIO, 4TO MHE HYXHO Sl moOMHIO, KaK s OTITPABJISLI
OTHpaBI/ITB IINCBMO. IITNUCBMO.

To like, to hate, to prefer

I like to swim. 4 mro6iro | like swimming. 5 nro6r0
TUTaBaTh (BpEeMsi OT BPEMCHH). iaBanue (BooOie).

To stop
| stopped to buy a newspaper. | stopped_buying newspapers.
S ocranoBuiiCs, YTOOBI KYIIUTh 51 mpexpaTuil oKynarh
ra3cry. ra3€ThlI.

Togoon
On graduating from school he He went on working though
went on to work. his father objected to it.
OKOHYMB UIKOJY OH MOIIET On mpoomkan paboTarts,
paborarts. HECMOTPS Ha TO YTO €ro

OTCII BO3paKaJl.

To be afraid
| am afraid to ask such ques- | am afraid of being asked
tions. such questions.
SI 6oroch 3a1aBaTb TAKUC BOIIPOCHI A 60IOCB, 4TO MHC 3aJaAyT
(HE UMEIO CMEJIOCTH ). Takue BOMpPOChl (OOKOCH, YTO

YTO-TO MOXKET CIIYYUTHCH).
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Exercises

. State the syntactic function of the gerund:

Repairing cars is his business.

Have you finished writing?

Taking a cold shower in the morning is very healthy.
| am fond of skiing, but my sister prefers skating.
The teacher said, "Go on translating, George".

He gave up smoking when he was 30.

He doesn't mind his staying with his friend's family.
The new film is worth seeing.

She prefers living alone.

They stopped chattering when she entered.

. Use the gerund or the infinitive:

| started (write) my letter this afternoon.

She promised (go) to the doctor.

(Travel) by air is interesting.

She enjoys (cook) Indian meals.

Would you mind (open) the window?

I'm looking forward to (see) my parents again.

Peter gave up (learn) Chinese.

Sasha stopped (read) the advertisement.

Alison likes (sit) at home and (read) the books in the evening.
She kept on (tell) lies.

3. Use the required form of the gerund:

1.

She tried to avoid (to speak) to.

a) having spoken;

b) being spoken;

C) speaking.

The doctor insisted on (to send) the sick man to hospital.
a) sending;

b) being sent;

C) having sent.
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10.
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He is good at (to repair) cars.

a) being repaired;

b) repairing;

c) having been repaired.

The problem is not worth (to discuss).
a) having discussed;

b) being discussed;

c) discussing.

Do you mind him (to examine) by a heart specialist?
a) being examined;

b) having examined;

C) examining.

. Translate into English:

OH aymaeT ogHaX bl MOoeXaTh B AMEPUKY.

Omna mro0uia TaHIeBaTh, KOraa ObljIa MOJIOJIOM.

On noGnaro1apuia MEHs 32 3BOHOK.

OHa cornacunace IMOroCTUTh Y HUX JIETOM.

Ona yiuBMIIaCh, MOJYYUB OT HETO MUCHMO.

OH OBLT 3aMHTEPECOBAH B COTPYIHUYECTBE C ATON (HUPMOH.
Omna xmana ¢ HeTepreHueM, KOoraa MOJydnuT BHU3Y.

Sl HacTamBaro Ha TOM, YTOOBI IOMOYb €H.

Omna mpocTHiia ero 3a To, 9TO OH HE MHCaI eH.

OH HE MOXKET HE paccKa3aTh 3Ty HCTOPHIO.

IMMPUYACTHE (The Participle)
(I'maron + npuiarateiabHOe)

Participle |
Categories Active Passive
Simple using being used
Perfect having used having been used
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Dyuxyuu npuvacmus 1

1. Onpenenenue: The boy riding a bike is my friends' son. —
MaibuuK, KaTaroIUiCs Ha BEJIOCUIIEE, — CbIH MOUX APY3€Hl.

2. O6crostenscTBo: Having parked the car he went home. —
[IpurnapkoBaB MallIMHy, OH HOWIEI JTOMOM.

Ynompebnenue npocmozo npuuacmus

[Tpocroe mpuuactre (Simple) BelpakaeT AeHCTBUE, OJHOBPEMEHHOE
¢ AciictBueM rinaBHoro riaroja. Example: Reading a newspaper she fell
asleep.

[lepdexTHbIl repyHIUN BbIpakaeT JEWCTBHE, MPOU3OLIEAIIEE 0
nericTBHs TiIaBHOro riaroia. Example: Having bought the flat he began to
do repairs.

Obvexmublil nadedic ¢ npuuacmuem 1

(Complex Object with PI)

Ynotpebisercs nmocie riaroyioB tuna to feel, to see, to hear, to watch.
Example: | heard them discussing the problem.

Participle 11
V3 uu V (ed): taken, proved.

Dyuxyuu npuvacmus 2

1. Omnpenenenue: The mail delivered this morning is very important. —
KOppGCHOHI{CHHI/I}I, AOCTaBJICHHAA CCIOAHA YTPOM, OUCHb BAa’KHA.

2. OocrostenscTBo: Offered this job he was very happy. — Korna
eMy TIPEIIOKUIIN 3Ty paboTy, OH ObLT OYCHBb CYACTIIUB.

Obvexmublil nadedxic ¢ npudacmuem 2
(Complex object with PII)

OsHayaer, 4TO JCHCTBHE COBEPIIACTCS HE JIMIIOM, BBIPAYKCHHBIM
nojjaeKammM, a kem-to apyrum. Example: He wants to have his car
washed. On xoueT, yToOBI ero MamuHy nomsir. Ho: He wants to wash his
car (t. e. cam).
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Exercises

. Translate into English:

She had her hair done yesterday.

| must get my TV repaired.

The sun having risen, we continued our way.
| saw him running.

| remembered him locking the door.

She was heard singing in the corridor.

He wanted this work done quickly.

. Find out if the sentences are correct or wrong:

The man walked slowly as if hiding from somebody.

Be careful when cross the street.

While walking our dog we found a wallet full of money.
When come home I ran into my old school friend.

| like to fall asleep listening to classical music.

My brother watching TV when doing his homework.
Playing the guitar well he joined a rock band.

When looking through my family photos I often feel happy.

Correct the errors:

She heard her name call.

| was kept to wait in the hall for an hour.
They were seen crossed the street.

We want to have our piano to tune.
We'll have the house to paint.

| saw the girl to dance in the hall.
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CONCLUSION

Otpaxas cneuuduky crnenuanbHoctet 12.03.05 «JlazepHas TexHuka
u sazepuble TexHonorum» u 28.03.01 «HanorexHonormm u MUKpOCHCTEM-
Hasi TEXHHUKa», ydeOHOe mocodue OyaeT crmocoOCTBOBATH MOBBIIICHUIO 00-
1iero npoecCUOHAILHOTO YPOBHS CTYJACHTOB, a TaKXKE MOMOXKET PUOOP-
€CTH HAaBBIKM, HEOOXOJMMBbIC JIJIi M3YYECHHS AHIJIOSI3bIYHOM mpodeccuo-
HAJIbHOM JIUTEPATYPBI, UTO NOMOXKET Y4YalIMMCSI OPUEHTHPOBATLCA B 3HA-
YUTEIBHBIX TOTOKAX TEXHUYECKON nHpOpMaILu.

Marepuan u ynpaxHeHuUs1 MOCOOUs MOCTPOCHBI HA MaTepuaie, KoTo-
pBIil oOygaromuMces OJM30K U MHTEPECEH B CUIIy BHIOPAHHOTO HaIpaBlie-
HUSI, YTO CIIOCOOCTBYET OOJIbIlIeH 3aMHTEPECOBAHHOCTH B U3yUYEHUU HaAy4-
HOM JIEKCHKM Ha aHTJIMMCKOM si3bike. PaboTa ¢ mocoOuem MO3BOJUT HE
TOJBKO YCOBEPIIEHCTBOBATh 3HAHUE AHTIIMMCKOIrO A3bIKA, HO U IMO3BOJIUT
YaCTUYHO MOBTOPUTH U Y3HATH HOBOE MO BHIOpAaHHOMY HalpaBJIECHUIO 00Y-
YEHUSI.

Kpome sToro nocobue npusBaHo:

® CIOCOOCTBOBATh YIiIyOJEHUIO U 3aKPEIUICHUIO 3HAHUM, MOJTy4YeH-
HBIX CTYJICHTaMU Ha JICKIUSAX U B XOJI€ CAMOIIO/ITOTOBKH,;

® pa3BHUBATH y CTYJEHTOB CIIOCOOHOCTh K TBOPYECKOMY, CAMOCTOSI-
TEJIbHOMY aHalIu3y y4eOHOW M HOPMATHBHOM JUTEPATYyphl HA aH-
TJIMICKOM SI3BIKE;

® BhIpabaThIBaTh YMEHHE CHUCTEMATHU3UPOBATh U 000OIIATh YCBOCH-
HBIN aHTJIOSI3bIYHBIN MaTepuall, KpUTHYECKH OLICHUBAThH €T0;

e (GopMHpOBaTh M YKPEIUISTH HABBIKA MPAKTUYECKOTO MPUMECHEHUS
CBOMX 3HAHMM, APTYMEHTUPOBAHHOIO, JIOTUYECKOTO U TPAMOTHOTO
W3JI05KEHUSI CBOUX MBICJIEN HA AHTJIMMCKOM SI3BIKE.

Marepuaiibl MocoOus Tar0T BO3MOXKHOCTh YaCTUYHO HCIIOJIb30BaTh

€ro M B MPOILIECCE MPENOJIaBaHUs CTYICHTaM JPYTUX CIEIUATbHOCTEN TEX -
HAYECKOTO MPODHIIA.
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APPENDIXES
Appendix 1

AnHHoTamusa (Summary) — 3To KpaTKoe H3JI0KEHHE COJCPIKaHHUs
CTaThu (JIOKJIaJ1a, 3aMETKHU) C LEIbIO JaTh BO3MOKHOCTb MOHSATh YUTATENIO,
CTOWT JIK 3HAKOMUTBLCA C TEKCTOM OoJiee moApoOHO. AHHOTAIIUS OTPaXKaET
TEMaTUKy TEKCTa M OCHOBHYIO MBICIbL aBTOpa. OObIUHBIA 00BEM aHHO-
TallMU COCTABJISAET S — 6 CTPOK.

CrpyKTypa aHHOTaIUK:

1) nHa3zBaHue paboOTHI (CTaThu, MOKJIANAa), GamMuaus U WHULHAIBI
aBTOpA, BBIXOJHBIC JaHHBbIE OpUTHHANA, (T. €. Ha3BaHUE >XXypHala WU
MoHoTrpaduu, rojl U3AaHus, TOM, HOMEp U T. 11.);

2) popmynHpoBKa TeMBI pabOTHI (TEKCTa, CTAThH, JIOKJIA/1a);

3) KkpaTKoe CcojepKaHWE CTaThd (JOKJIaja), COCTAaBJICHHOE U3
IIPOCTHIX TPEIJIOKECHHM, CBSI3aHHBIX TI0 ONPEICICHHBIM ITpaBUjIaM.

Ecnm anHOTAmms cocTaBiseTCs Ha AHTJIMHCKOM SI3BIKE, TO JIO-
MyCKAIOTCS TOJBKO OC3JIMYHBIC MPEAJIOKEHUS CO CKa3yeMbIM B CTpaja-
TEJIBHOM 3aJIore, Kak mnpaBuio, B hopme Present miu Past Simple, nrorma B
Present Perfect Passive Voice.

Yariie Bcero uCnoyib3yoTcs CIEAYIONINE KITUIIIE:

...1s/are discussed (described, ...00CYy)KIaroTcst (OMHMCHIBAIOTCS,
mentioned)... YIOMUHAIOTCS). ..

...1s/are considered (outlined)... ...paccMaTpUBarOTCA. ..

...1s/are presented (shown)... ... IPEJICTAaBJICHBI, TOKA3aHHI. ..
...1s/are studied (investigated, ...HCCJICTYIOTCA. ..
examined)...

...1s/are obtained (found, ...TI0Jy4eHbI (0OHAPYIKEHBI,
established)... YCTaHOBJICHBI). . .

A (short) description is given to ...  KpaTko omucassl. ..

A (thorough) study is made of ... TiarenbHO UCCIEIOBaHBI. . .
Particular (special) attention is Oco0oe BHEMaHHUE

given (paid) to ... YACJEHO ...

MHorma ucmonb3yroTess KOHKPETH3UPYIOIIHE HAPEYUsl U COYCTAHMS,
TaKHe KakK:

accurately (carefully) — TirarensHO, BHUMaTEIHHO

thoroughly, in detail — moapo6HoO, HeTanpHO

clearly — getko, sicHo

fully — Bo Bceii monHOTE U T. 1.

Jis  popmMyTUpOBKH TeMbl PabOThl (CTaTbH) MOXKHO HCHOJIb30BaTh
ckazyemoe B Present Active Voice. Harmpumep: The text deals with (studies) ...
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Janee mpuaaTouHble TPEII0KEHUS JTOIKHBI ObITh ITPe00pa3oBaHbl B
NpUYACTHBICE WM WH(PUHUTHBHBIE KOHCTPYKIIMH, a TIpUMEpPhl |
WJUTFOCTPALIMH JIFOOOTO BH/1a UCKITFOUYCHBI.

Appendix 2

Pedepart (Abstract) — 370 KOHCIIEKTHBHOE ONTUCAHUE OPUTHHAIBHO-
ro mpou3BeAcHUs (TEKCTa, CTaThbU, JOKJIaJa WIM MoOHorpadum),
nepejarolnee ero OCHOBHOM cMbIci. B pedepare kparko u 4eTko u3ia-
raloTcsi BCE OCHOBHBIC TMOJOKEHUs opuruHana. Kak mpaBmio, oObem
pedepara cocrasisier 1/3 opurunana.

Pedepar He mpenmonaraeT BHIBOJOB MIM KOMMEHTApHUEB COCTaBUTEIIS,
JIOITYCKAIOTCS TOJIKO BBIBOJIBI aBTOPA OPUTHHANA, €CIIH TAKOBBIE €CTh.

[To cTpykType pedepar HamoOMUHAET Pa3BEPHYTYIO AHHOTAIUIO C
yHOTPEOJICHUEM PEUYEBBIX KIIHIIIE:

The title of the article is... — Ha3Banue cratbu...

The article is about... — Drta crares o...

The article is devoted to... — Ctarbs nocBsiieHa. ..

The text tells of... — B Texcre paccka3piBaeTcs o...

At the beginning of the text... — B Hauase Tekcra. ..

The article begins with the description of... — Crarbst HaunHaeTcs
C ONHCAHMUS. ..

The author describes — onmceiBaer
(aBTOD) touches upon — 3aTparuBaet
explains — o0bsICcHSICT
enumerates — nepequciser
characterizes — xapakrepusyer
mentions — ymomuHaet
points out — yka3pIBaeT Ha
analyses — ananusupyer
shows — mokasbiBaeT
defines — onpenensier
underlines — moguepkuBaet
notes — ormeuvaer
passes on to — rnepexoaur K
states — koHcratupyer
Then (next, after that, further) — 3arem, nanee
In conclusion the author... — B 3akiro4eHun aBTop...
At the end of the text the author sums it all up by saying... — B xoHIe
TEKCTa aBTOP CYMMHPYET BCE BBIIIECKa3aHHOE, TOBOPSL. ..
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