MunmncrepctBo o0pasoBanus 1 Hayku Poccuiickoit deneparum

MoOCKOBCKHIA TOCYAapCTBEHHBI YHUBEPCUTET
Te0JIe3UH 1 KapTorpaduu

M.A. Ky3pmuna

AHIIIMUCKUN A3BIK
COOpHUK HAyYHO-TEXHHUYECKUX TEKCTOB

Mocksa
2017



PenenzenTnl:
KaHAuAAT Quitonorndeckux Hayk, qoueHt H.A. ®énopoBa
(Poccwiickast akaieM¥si HAPOJHOTO XO3SHCTBa M TOCYAapCTBEHHOM CrykObI Tipu [Ipe3unenre
Poccuiickoit deneparun);
KaHAWAAT Nefarornyeckux Hayk, npogeccop WU.II. I'epacumon
(MocKkoBCKHi TOCYIApCTBEHHBIN YHHBEPCUTET TEOIE3UH U KapTorpadum)

CocraButens: Ky3ssmuna M. A.
Anrnuiicknit s361k: COOPHUK HayYHO-TEXHUUECKHX TekcToB. —M.: MUNT'AuK. 2017,
—-106 c.

COOpHUK HAYyYHO-TEXHMYECKUX TEKCTOB MPE/IHA3HAYCH 115 00yUYEHHs YTCHHIO TEXHMYECKOM TuTepa-
TYpBI Ha aHIVINHCKOM SI3bIKE H IIEPEBOJY TEKCTOB C aHIVIMIICKOTO sI3bIKa Ha pycckuil. [Tocobue cocrasieno
C MCIOJIb30BaHHEM MATEPUAIIOB OPUTHHAIBHBIX HEAIaTHPOBAHHBIX TEKCTOB SHIMKIIONE UK Britannica, a
taroke on-line sxypuana « GEOInformatics» 3a 2015-2016rr. JlonosnHeno crpaBodHoi nH(opMarmeii mo
TrpaMMaTHIECKAM TeMaM U yIPaXKHSHHSIMH JULS NX 3aKpeIUICHNs, OTOOpaHHBIMH B COOTBETCTBHU ¢ pabodeit
nporpammoii mo guctuimaaM «IIpodeccrnoHanbHbIi HHOCTPAHHBII S3bIK» U «IHOCTPAHHBII S3BIK UL
crienuanbHOCTHY. TakKe MPUBOATCS CBEACHHS 110 POOIEMaM TEOPUM TIEPEBOJIA, PACCMATPUBACMbIM B
X0ie yu4eOHO! paboTHI COIIACHO YTBEPIKIEHHBIM IIporpaMMam. Marepralisl, IpeacTaBlIeHHbIE B IOCOOHH,
MO3BOJISIFOT CTYACHTAM PEIIUTh MOCTABICHHYIO Mepe/] HUMH 3a/1ady I10 OBJIaJCHHIO KOMIICTCHIIHSMH, 3a-
SIBJICHHBIMU B paboyeil mporpamme Kypcos.

TTocobue cHaOXEHO TOSCHEHUSIMH K Ka)KJIOMY TEKCTY C pacIIH(POBKOH COKpAIICHHUI, BCTpedaro-
IIUXCS B TEKCTaX, a TAKXKE MEPEBOIOM TEPMHUHOJIOTNYCCKHUX CAMHHUIL.

Jlnst crynenTtoB-6akanaBpoB u crienuainctos 11 u Il kypcos reopesutdeckoro GpakynsTeTa, hakyib-
TeTa KapTorpaduu U reonH(pOPMaTHKH, (HaKyJbTeTa IPUKIAJHON KOCMOHABTHKI U ()OTOIrPAMMETPHHL.

DneKTpoHHas BEPCHsl METOJMYCCKUX YKa3aHUH pa3melneHa Ha caiite 6ubnmnorekn MUNT'AuK
http://library.miigaik.ru



Text 1
GEODESY

The scientific objective of geodesy is to determine the size and shape of
the Earth. The practical role of geodesy is to provide a network of accurately
surveyed points on the Earth’s surface, the vertical elevations and geographic
positions of which are precisely known and, in turn, may be incorporated in
maps. When two geographic coordinates of a control point on the Earth’s
surface, its latitude and longitude, are known as well as its elevation above
sea level, the location of that point is known with accuracy within the limits
of error involved in the surveying processes. In mapping large areas, such as
a whole state or country, the irregularities in the curvature of the Earth must
be considered. A network of precisely surveyed control points provides a
skeleton to which other surveys may be tied to provide progressively finer
networks of more closely space points. The resulting networks of points have
many uses, including anchor points or bench marks for surveys of highways
and other civil features. A major use of control points is to provide reference
points to which the contour lines and other features of topographic maps are
tied. Most topographic maps are made using photogrammetric techniques
and aerial photographs.

The Earth’s figure is that of a surface called the geoid, which over the
Earth is the average sea level at each location; under the continents the geoid
is an imaginary continuation of sea level. The geoid is not a uniform spheroid,
however, because of the existence of irregularities in the attraction of gravity
from place to place on the Earth’s surface. These irregularities of the geoid
would bring about serious errors in the surveyed location of control points
if astronomical methods, which involve use of the local horizon, were used
solely in determining locations. Because of these irregularities, the reference
surface used in geodesy is that of a regular mathematical surface, an ellipsoid
of revolution that fits the geoid as closely as possible. This reference ellipsoid
is below the geoid in some places and above it in the others. Over the oceans,
mean sea level defines the geoid surface, but over the land areas the geoid is
an imaginary sea-level surface.

Today perturbations in the motions of artificial satellites are used to
define the global geoid and gravity pattern with a high degree of accuracy.
Geodetic satellites are positioned at a height of 700-800 kilometers above
the Earth. Simultaneous range observations from several laser stations fix the
position of a satellite, and radar altimeters measure directly its height over
the oceans. Results show that the geoid is irregular; in places its surface is
up to 100 metres higher than the ideal reference ellipsoid and elsewhere it is
as much as 100 metres below it. The most likely explanation for this height
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variation is that the gravity (and density) anomalies are related to mantle
convection and temperature differences at depth. An important observation
that confirms this interpretation is that there is a close correlation between the
gravity anomalies and the surface expression of the Earth’s plate boundaries.
This also strengthens the idea that the ultimate driving force of tectonic plate
is a large-scale circulation of the mantle.

A similar satellite ranging technique is also used to determine the drift
rates of continents. Repeated measurements of laser light travel times between
ground stations and satellites permit the relative movement of different control
blocks to be calculated.

Notes:

The curvature of the Earth — xpuBn3Ha 3emiy;

Bench mark — oropHast oTmMeTka ypoBHS;

Civil features — crpoutenapHBIE pAaOOTHI;

Reference point — 6a30Bas Touka, Ha4aJ bHAs TOYKA OTCUETA;
Perturbation — oTKJIOHEHHE;

Artificial satellite - CKyCCTBEHHBIN CITYTHUK;

High degree of accuracy — BbIcOKasi cTelieHb TOYHOCTH;
Reference ellipsoid - pedepent-ammumncons.
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Text 2
HISTORY OF SURVEYING

Surveying can be determined as a means of making relatively large-scale,
accurate measurements of the Earth’s surfaces. It includes the determination
of the measurement data, the reduction and interpretation of the data to usable
form, and, conversely, the establishment of relative position and size according
to given measurement requirements. Thus, surveying has two similar but
opposite functions: 1) the determination of existing relative horizontal and
vertical position, such as that used for the process of mapping, and 2) the
establishment of marks to control construction or to indicate land boundaries.

Surveying has been an essential element in the development of the human
environment for so many centuries that its importance is often forgotten. It is
an imperative requirement in the planning and execution of nearly every form
of construction. Surveying was essential at the dawn of history, and some of
the most significant scientific discoveries could never have been implemented
were it not for the contribution of surveying. Its principal modern uses are in the
fields of transportation, building, apportionment of land, and communications.

It is quite probable that surveying had its origin in ancient Egypt. The
Great Pyramid of Khufu at Giza was built about 2700 BC, 755 feet (230



metres) long and 481 feet (147 metres) high. Its nearly perfect squareness and
north-south orientation affirm the ancient Egyptians’ command of surveying.

Evidence of some form of boundary surveying as early as 1400 BC has
been found in the fertile valleys and plains of the Tigris, Euphrates, and Nile
rivers. Clay tablets of the Sumerians show records of land measurement and
plans of cities and nearby agricultural areas. Boundary stones marking land plots
have been preserved. There is a representation of land measurement on the wall
of a tomb at Thebes (1400 BC) showing head and rear chainmen measuring a
grainfield with what appears to be a rope with knots or marks at uniform intervals.

There is some evidence that in addition to a marked cord, wooden rods
were used by the Egyptians for distance measurement. There is no record of
any angle-measuring instruments, but there was a level consisting of a vertical
wooden A-frame with a plumb bob supported at the peak of the A so that its
cord hung past an indicator, or index, on the horizontal bar. The index could
be properly placed by standing the device on two supports at approximately
the same elevation, marking the position of the cord, reversing the A, and
making a similar mark. Halfway between the two marks would be the correct
place for the index. Thus, with their simple devices, the ancient Egyptians
were able to measure land areas, replace property corners lost when the Nile
covered the markers with silt during floods, and build the huge pyramids to
exact dimensions.

The Greeks used a form of log line for recording the distances run from
point to point along the coast while making their slow voyages from the Indus
to the Persian Gulf about 325 BC. The magnetic compass was brought to the
West by Arab traders in the 12th century AD. The astrolabe was introduced by
the Greeks in the 2nd century BC. An instrument for measuring the altitudes of
stars, or their angle of elevation above the horizon, took the form of a graduated
arc suspended from a hand-held cord. A pivoted pointer that moved over the
graduations was pointed at the star. The instrument was not used for nautical
surveying for several centuries, remaining a scientific aid only.

The Greeks also possibly originated the use of the groma, a device used
to establish right angles, but Roman surveyors made it a standard tool. It was
made of a horizontal wooden cross pivoted at the middle and supported from
above. From the end of each of the four arms hung a plumb bob. By sighting
along each pair of plumb bob cords in turn, the right angle could be established.
The device could be adjusted to a precise right angle by observing the same
angle after turning the device approximately 90°. By shifting one of the cords
to take up half the error, a perfect angle would result.

About 15 BC the Roman architect and engineer Vitruvius mounted a large
wheel of known circumference in a small frame, in much the same fashion as
the wheel is mounted on a wheelbarrow; when it was pushed along the ground
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by hand it automatically dropped a pebble into a container at each revolution;
giving a measure of the distance traveled. It was, in effect, the first odometer.

The water level consisted of either a trough or a tube turned upward at
the ends and filled with water. At each end there was a sight made of crossed
horizontal and vertical slits. When these were lined up just above the water
level, the sights determined a level line accurate enough to establish the grades
of the roman aqueducts. In laying out their great road system, the Romans are
said to have used the plane table. It consists of a drawing board mounted on
a tripod or other stable support and of a straightedge — usually with sights for
accurate aim (the alidade) to the objects to be mapped — along which lines
are drawn. It was the first device capable of recording or establishing angles.
Later adaptations of the plane table had magnetic compasses attached.

Plane tables were in use in Europe in the 16th century, and the principle
of graphic triangulation and intersection was practiced by surveyors. In 1615
Willebrord Snell, a Dutch mathematician, measured an arc of meridian by
instrumental triangulation. In 1620 the English mathematician Edmund Gunter
developed a surveying chain, which was superseded only by the steel tape
beginning in the late 19th century.

The study of astronomy resulted in the development of angle-reading
devices that were based on arcs of large radii, making such instruments too
large for field use. With the publication of logarithmic tables in 1620, portable
angle-measuring instruments came into use. They were called topographic
instruments, or theodolites. They included pivoted arms for sighting and
could be used for measuring both horizontal and vertical angles. Magnetic
compasses may have been included on some.

The vernier, an auxiliary scale permitting more accurate readings (1631),
the micrometer microscope (1638), telescopic sights (1669), and spirit levels
(about 1700) were all incorporated in theodolites by about 1720. Stadia hairs
were first applied by James Watt in 1771. The development of the circle-
dividing engine about 1775, a device for dividing a circle into degrees with
great accuracy, brought one of the greatest advances in surveying methods,
as it enabled angle measurements to be made with portable instruments far
more accurately than had previously been possible.

Modern surveying can be said to have begun by the late 18th century.
One of the most notable early feats of surveyors was the measurement in the
1790s of the meridian from Barcelona, Spain, to Dunkirk, France, by two
French engineers, Jean Delambre and Pierre Méchain, to establish the basic
unit for the metric system of measurement.

Many improvements and refinements have been incorporated in all the
basic surveying instruments. These have resulted in increased accuracy and
speed of operations and opened up possibilities for improved methods in the
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field. In addition to modification of existing instruments, two revolutionary
mapping and surveying changes were introduced: photogrammetry, or mapping
from aerial photographs (about 1920), and electronic distance measurement,
including the adoption of the laser for this purpose as well as for alignment
(in the 1960s). Important technological developments starting in the late 20th
century include the use of satellites as reference points for geodetic surveys
and electronic computers to speed the processing and recording of survey data.

Notes:

Measurement data — TaHHbIE U3MEPEHHU;
Apportionment of land — pacnipenenenue 3emens;
Boundary surveying — mexeBaHUE 3eMellb;

Land plot — 3eMenbHBIN yIacTOK;

Nautical surveying — ruaporpadpuueckas CbEMKa;
Circumference — OKpy»HOCTb;

Odometer — ofoMeTp, U3IMEPUTETHHOE KOJIECO;
Plane table — meH3ymna;

Vernier — BEpHbED;

Telescopic sight — Bu3upHas Tpy0a;

Spirit level — ciupTroBOBii ypoBeHb;

Stadia hairs — ranpHOMEpHBIC HUTH;

Alignment — BU3HpOBaHHE.
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Text 3
MODERN SURVEYING BASIC CONTROL SURVEYS

Geodetic surveys involve such extensive areas that allowance must
be made for the Earth’s curvature. Baseline measurements for classical
triangulation are therefore reduced to sea-level length to start computations,
and corrections are made for spherical excess in the angular determinations.
Geodetic operations are classified into four “orders”, according to accuracy, the
first-order surveys having the smallest permissible error. Primary triangulation
is performed under rigid specifications to assure first-order accuracy.

Efforts are now under way to extend and tie together existing continental
networks by satellite triangulation so as to facilitate the adjustment of all major
geodetic surveys into a single world datum and determine the size and shape
of the Earth spheroid with much greater accuracy than heretofore obtained.
At the same time, current national networks will be strengthened, while the
remaining amount of work to be done may be somewhat reduced. Satellite
triangulation became operational in the United States in 1963 with observations
by Rebound A-13, launched that year, and some prior work using the Echo 1



and Echo 2 passive reflecting satellites. The first satellite specifically designed
for geodetic work, Pageos 1, was launched in 1966.

Afirst requirement for topographic mapping of a given area is an adequate
pattern of horizontal and vertical control points, and an initial step is the
assembly of all such existing information. This consists of descriptions of
points for which positions (in terms of latitude and longitude) and elevations
above mean sea level have been determined. They are occasionally located
at some distance from the immediate project, in which case it is necessary to
expand from the existing work. This is usually done on second- or third-order
standards, depending upon the length of circuits involved.

The accuracy of survey measurements can be improved almost indefinitely
but only at increased cost. Accordingly, control surveys are used; these consist
of'a comparatively few accurate measurements that cover the area of the project
and from which short, less accurate measurements are made to the objects
to be located. The simplest form of horizontal control is the traverse, which
consists of a series of marked stations connected by measured courses and the
measured angles between them. When such a series of distances and angles
returns to its point of beginning or begins and ends at stations of superior
(more accurate) control, it can be checked and the small errors of measurement
adjusted for mathematical consistency. By assuming or measuring a direction
of one of the courses and rectangular coordinates of one of the stations, the
rectangular coordinates of all the stations can be computed.

Notes:

1. Spherical excess — ceprueckuii H30BITOK;

2. Primary triangulation — Tpuanrynsuus | kmacca, oOcHOBHasi TpUaH-
TYISITHS

3. Traverse - TCOZOMUTHBIN X0, OJTUTOHOMETPUYECKASL CCTb.

Text 4
MODERN SURVEYING TRIANGULATION

A system of triangles usually affords superior horizontal control. All of the
angles and at least one side (the base) of the triangulation system are measured.
Though several arrangements can be used, one of the best is the quadrangle or
a chain of quadrangles. Each quadrangle, with its four sides and two diagonals,
provides eight angles that are measured. To be geometrically consistent, the
angles must satisfy three so-called angle equations and one side equation. That
is to say the three angles of each triangle, which add to 180°, must be of such
sizes that computation through any set of adjacent triangles with the quadrangles
will give the same values for any side. Ideally, the quadrangles should be



parallelograms. If the system is connected with previously determined stations,
the new system must fit the established measurements.

When the survey encompasses an area large enough for the Earth’s
curvature to be a factor, an imaginary mathematical representation of the
Earth must be employed as a reference surface. A level surface at mean sea
level is considered to represent the Earth’s size and shape, and this is called
the geoid. Because of gravity anomalies, the geoid is irregular; however, it is
very nearly the surface generated by an ellipse rotating on its minor axis —i.e.
an ellipsoid slightly flattened at the ends, or oblate. Such a figure is called a
spheroid. Several have been computed by various authorities; the one usually
used as a reference surface by English-speaking nations is (Alexander Ross)
Clarke’s Spheroid of 1866. This oblate spheroid has a polar diameter about
27 miles (43 kilometres) less than its diameter at the Equator.

Because the directions of gravity converge toward the geoid, a length of
the Earth’s surface measured above the geoid must be reduced to its sea-level
equivalent — i.e. to that of the geoid. These lengths are assumed to be the
distances, measured on the spheroid, between the extended lines of gravity
down to the spheroid from the ends of the measured lengths on the actual
surface of the Earth. The positions of the survey stations on the Earth’s surface
are given in spherical coordinates.

Bench marks, or marked points on the Earth’s surface, connected by
precise leveling constitute the vertical controls of surveying. The elevations
of bench marks are given in terms of their heights above a selected level
surface called a datum. In large-level surveys the usual datum is the geoid. The
elevation taken as zero for the reference datum is the height of mean sea level
determined by a series of observations at various points along the seashore
taken continuously for a period of 19 years or more. Because mean sea level
is not quite the same as the geoid, probably because of ocean currents, in
adjusting the level grid for the United States and Canada all heights determined
for mean sea level have been held at zero elevation.

Because the level surfaces, determined by leveling, are distorted slightly in
the area toward the Earth’s poles (because of the reduction in centrifugal force
and the increase in the force of gravity at higher latitudes), the distances between
the surfaces and the geoid do not exactly represent the surface’s heights from
the geoid. To correct these distortions, orthometric corrections must be applied
to long lines of levels at high altitudes that have a north-south trend.

Trigonometric leveling often is necessary where accurate elevations are
not available or when the elevations of inaccessible points must be determined.
From two points of known position and elevation, the horizontal position of
the unknown point is found by triangulation, and the vertical angles from



the known points are measured. The differences in elevation from each of
the known points to the unknown point can be computed trigonometrically.

The National Ocean Service in recent years has hoped to increase the
density of horizontal control to the extent that no location in the United States
will be farther than 50 miles (80 kilometres) from a primary point, and advances
anticipated in analytic phototriangulation suggest that the envisioned density
of control may soon suffice insofar as topographic mapping is concerned.
Existing densities of control in Britain and much of western Europe are already
adequate for mapping and cadastral surveys.

Notes:

1. Adjacent triangle — mpUMBIKAIOIINI TPEYTONBHUK;

2. Oblate — cxkarblif;

3. Spherical coordinates — chepuueckre KOOpIUHATHI,

4. Marked point — ommopHas Touka;

5. Distortion — HCKa)KEHHE;

6. Orthometric corrections — OpTOMETPUYECKHE TTOTIPABKHY;

7. Trigonometric leveling — TpuroHOMeTpUYeCKOE HUBETHUPOBAHHUE;

8. National Ocean Service (NOS) — HannoHasiabHasi OKeaHUYECKast
ciyx6a CHIA;

9. Analytic phototriangulation — aHanuTH4Yeckast GOTOTPUAHTYJISILIUS.

Text 5
MODERN SURVEYING GLOBAL POSITIONING

The techniques used to establish the positions of reference points within
an area to be mapped are similar to those used in navigation. In surveying,
however, greater accuracy is required, and this is attainable because the
observer and the instrument are stationary on the ground instead of in a ship or
aircraft that is not only moving but also subject to accelerations, which make
it impossible to use a spirit level for accurate measurements of star elevations.

The technique of locating oneself by observations of celestial objects is
rapidly going out of date. In practicing it, the surveyor uses a theodolite with
a spirit level to measure accurately the elevations of the Sun at different times
of the day or of several known stars in different directions. Each observation
defines a line on the Earth’s surface on which the observer must be located;
several such lines give a fix, the accuracy of which is indicated by how closely
these lines meet in a point. For longitude it is necessary also to record the
Greenwich Mean Time of each observation. This has been obtained since 1884
by using an accurate chronometer that is checked at least once a day against
time signals transmitted telegraphically over land lines and submarine cables
or broadcast by radio.
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A more recent procedure for global positioning relies on satellites, whose
locations at any instant are known precisely because they are being continuously
observed from a series of stations in all parts of the world. The coordinates
of these stations were established by very large scale triangulation based on
a combination of radar observations of distances and measurements of the
directions of special balloons or flashing satellites, obtained by photographing
them at known instants of time against the background of the fixed stars.

The principal method of using satellites for accurate positioning is based
on an application of the Doppler effect. A radio signal is transmitted at a
steady frequency by the satellite, but a stationary observer detects a higher
frequency as the satellite approaches and a lower one as it recedes. The
speed of the frequency drop depends on the distance of the observer from
the satellite’s track, so a determination of this speed provides a measure of
that distance. At the instant of the satellite’s closest approach, the observed
frequency is the same as that transmitted, so at that time the observer must be
located somewhere along the line at right angles to the satellite’s track. Since
this track over the Earth’s surface is accurately known at all times, these data
define the observer’s position.

Notes:

1. Greenwich Mean Time — cpeanee Bpems no ['puasudy;

2. Flashing satellite — reose3uuecKuii CIyTHUK C UMITYJILCHBIM HCTOY-
HHUKOM CBETa;

3. Doppler effect — norepoBckuii 3 Qexr.

Text 6
MODERN SURVEYING ESTABLISHING THE FRAMEWORK

Most surveying frameworks are erected by measuring the angles and the
lengths of the sides of a chain of triangles connecting the points fixed by global
positioning. The locations of ground features are then determined in relation
to these triangles by less accurate and therefore cheaper methods. Establishing
the framework ensures that detail surveys conducted at different times or by
different surveyors fit together without overlaps or gaps.

For centuries the corners of these triangles have been located on hilltops,
each visible from at least two others, at which the angles between the lines
joining them are measured; this process is called triangulation. The lengths
of one or two of these lines, called bases, are measured with great care; all
the other lengths are derived by trigonometric calculations from them and
the angles. Rapid checks on the accuracy are provided by measuring all three
angles of each triangle, which must add up to 180 degrees.
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In small flat areas, working at large scales, it may be easier to measure the
lengths of all the sides, using a tape or a chain, rather than the angles between
them; this procedure, called trilateration, was impractical over large or hilly
areas until the invention of electromagnetic distance measurement (EDM) in
the mid-20th century. This procedure has made it possible to measure distances
as accurately and easily as angles, by electronically timing the passage of
radiation over the distance to be measured; microwaves, which penetrate
atmospheric haze, are used for long distances and light or infrared radiation for
short ones. In the devices used for EDM, the radiation is either light (generated
by a laser or an electric lamp) or an ultrahigh-frequency radio beam. The light
beam requires a clear line of sight; the radio beam can penetrate fog, haze,
heavy rain, dust, sandstorms, and some foliage. Both types have a transmitter-
receiver at one survey station. At the remote station the light type contains
a set of corner mirrors; the high-frequency type incorporates a retransmitter
(requiring an operator) identical to the transmitter-receiver at the original
station. A corner mirror has the shape of the inside of a corner of a cube; it
returns light toward the source from whatever angle it is received, within
reasonable limits. A retransmitter must be aimed at the transmitter-receiver.

In both types of instrument, the distance is determined by the length of
time it takes the radio or light beam to travel to the target and back. The elapsed
time is determined by the shift in phase of a modulating signal superimposed
on the carrier beam. Electronic circuitry detects this phase shift and converts
it to units of time; the use of more than one modulating frequency eliminates
ambiguities that could arise if only a single frequency had been employed.

EDM has greatly simplified an alternative technique, called traversing, for
establishing a framework. In traversing, the surveyor measures a succession
of distances and the angles between them, usually along a traveled route or a
stream. Before EDM was available, traversing was used only in flat or forested
areas where triangulation was impossible. Measuring all the distances by tape
or chain was tedious and slow, particularly if great accuracy was required, and
no check was obtainable until the traverse closed, either on itself or between
two points already fixed by triangulation or by astronomical observations.

In both triangulation and traversing, the slope of each measured line must
be allowed for so that the map can be reduced to the horizontal and referred to
sea level. A measuring tape may be stretched along the ground or suspended
between tripods; in precise work corrections must be applied for the sag, for
tension, and for temperature if these differ from the values at which the tape
was standardized. In work of the highest order, known as geodetic, the errors
must be kept to one millimetre in a kilometre, that is, one part in 1,000,000.
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Notes:

1. Framework — ceTh OIIOPHBIX ITyHKTOB;

2. Electromagnetic distance measurement (EDM) — u3mepenue pac-
CTOSIHUH pasnofaibHOMEPOM;

3. Electronic circuitry — 3IeKTPOHHAS CXEMOTEXHHKA;

4. Frequency — yacToTa;

5. Sag— nporu0.

Text 7
MODERN SURVEYING THE THEODOLITE

Though for sketch maps the compass or graphic techniques are acceptable
for measuring angles, only the theodolite can assure the accuracy required
in the framework needed for precise mapping. The theodolite consists of a
telescope pivoted around horizontal and vertical axes so that it can measure both
horizontal and vertical angles. These angles are read from circles graduated in
degrees and smaller intervals of 10 or 20 minutes. The exact position of the
index mark (showing the direction of the line of sight) between two of these
graduations is measured on both sides of the circle with the aid of a vernier
or a micrometer. The accuracy in modern first-order or geodetic instruments,
with five-inch glass circles, is approximately one second of arc. With such
an instrument a sideways movement of the target of one centimetre can be
detected at a distance of two kilometres. By repeating the measurement as
many as 16 times and averaging the results, horizontal angles can be measured
more closely; in geodetic surveying, measurements of all three angles of a
triangle are expected to give a sum of 180 degrees within one second of arc.

In the most precise long-distance work, signaling lamps or heliographs
reflecting the Sun are used as targets for the theodolite. For less demanding
work and work over shorter distances, smaller theodolites with simpler reading
systems can be used; targets are commonly striped poles or ranging rods held
vertical by an assistant.

An extensive set of these measurements establishes a network of points
both on the map, where their positions are plotted by their coordinates, and
on the ground, where they are marked by pillars, concrete ground marks,
bolts let into the pavement, or wooden pegs of varying degrees of cost and
permanence, depending on the importance and accuracy of the framework
and the maps to be based on it. Once this framework has been established, the
surveyor proceeds to the detail mapping, starting from these ground marks and
knowing that their accuracy ensures that the data obtained will fit precisely
with similar details obtained elsewhere in the framework.
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Notes:

1. Sketch map — o630pHas kapra;

2. Heliograph — paguoremuorpad;

3. Ranging rod — nansHOMepHast perka.

Text 8
MODERN SURVEYING TOTAL STATION

Total station or TST (total station theodolite) is an electronic/optical
instrument used in modern surveying and building construction. The total
station is an electronic theodolite (transit) integrated with an electronic distance
meter (EDM) to read slope distances from the instrument to a particular point.

The primary function of surveying instruments is to measure distances,
angles and heights. The total station employs the electro-optical distance
metering method, emitting laser beams to a target and detecting light reflected
off it. It takes measurements by calculating the deviation of the wavelength of
the reflected light. Total stations are able to measure distances too an accuracy
of 2-3 millimeters per kilometer, and angles to 1-second accuracy.

Surveying instruments measure angles using a built-in encoder. The
encoder is a device that measures the rotation angle and number of rotations
of a built-in motor as digital data.

To measure the angle to a target point, the system creates a radial pattern
comprising 16,200 spokes at equal distance on a glass disc and irradiates light
with an LED diode. The encoder detects the rotation angle of the motor by
reading changes in the intensity of the projected light. This way, the angle to
the target is detected with a resolution down to a one-second angle.

There are two methods of measuring distance: the prism method, which
uses a reflective prism at the target measurement point, and the non-prism, or
reflectorless, method that does not use a reflective prism.

With the prism method, a laser is beamed at a reflective prism (also called
a mirror) placed at the measurement point, and the distance is measured by
the time it takes for light to be reflected back from the prism. Though this
method is more accurate than the reflectorless method, it requires the pacing
of a reflective prism at the measurement point, making it difficult to measure
distances to high locations, diagonal surfaces, or inaccessible locations.

With the reflectorless method, it is possible to survey areas from a distant
location. Even areas of possible danger such as disaster areas (e.g. landslides)
can safely and efficiently be surveyed with this method, which has the
additional advantage of requiring less labour and time (there is no need for a
second team to handle the prism at the target point).

When surveying roads, for example, traffic restrictions need to be put into
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place if reflective prisms are used. This is not the case with the reflectorless
method. The decision to use the prism or reflectorless method is made
according to conditions at the survey site.

Notes:

1. Total station — TaxeomeTp;

2. Slope distance — paccTosiHUE 10 HAKJIOHY;
3. Reflected light — oTpaxéHHEII1 CBET;

4. Built-in encoder —BCTpOCHHBII JaTYHK;

5. Reflective prism — oTpakaresbHas pu3Ma;
6. Pacing — uaMepeHue pacCTOSHUS [IATaMH.

Text 9
MODERN SURVEYING DETAIL SURVEYING

The actual depiction of the features to be shown on the map can be
performed either on the ground or, since the invention of photography, aviation,
and rocketry, by interpretation of aerial photographs and satellite images. On
the ground the framework is dissected into even smaller areas as the surveyor
moves from one point to another, fixing further points on the features from
each position by combinations of angle and distance measurement and finally
sketching the features between them freehand. In complicated terrain this
operation can be slow and inaccurate, as can be seen by comparing maps
made on the ground with these made subsequently from aerial photographs.

Ground survey still has to be used, however, for some purposes; for
example, in areas where aerial photographs are hard to get; under the canopy of
a forest, where the shape of the ground — not that of the treetops — is required,
in very large scale work or close contouring; or if the features to be mapped are
not easily identifiable on the aerial photographs, as is the case with property
boundaries or zones of transition between different types of soil or vegetation.
One of two fundamental differences between ground and air survey is that,
as already mentioned, the ground survey interpolates, or sketches, between
fixed points, while air survey, using semiautomatic instruments, can trace
the features continuously, once the positions of the photographs are known.
One effect of this is to show features in uniform detail rather than along short
stretches between the points fixed in a ground survey.

The second difference is that in ground survey different techniques and
accuracies may be adopted for the horizontal and vertical measurements,
the latter usually being more precise. Accurate determinations of heights
are required for engineering and planning maps, for example, for railway
gradients or particularly for irrigation or drainage networks, since water in
open channels does not run uphill.
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The methods used for fixing locations within the horizontal detail
framework are similar to, but less accurate than, those used for the primary
framework. Angles may be measured with a hand-held prismatic compass or
graphically with a plane table, or they may be estimated as right angles in the
case of points that are offset by short distances from straight lines between
points already fixed. Detail points may be located by their distances from two
fixed points or by distance and bearing from only one.

The surveyor may record measurements made in the field and plot them
there on a sketch board or in the office afterward, but if the country is open
and hilly, or even mountainous, the plane table offers the best way of recording
the data. A disadvantage of plane-table work is that it cannot be checked in
the office, and so it requires greater intelligence and integrity of the surveyor.
The plane table reached its most efficient form of use in the Survey of India,
begun in 1800, in which large areas were mapped with it by dedicated Indian
surveyors. It consists of a flat board that is mounted on a tripod so that it can
be fixed or rotated around a vertical axis. It is set up over a framework point or
one end of a measured baseline with its surface (which is covered with paper or
other drawing medium) horizontal. It is turned until the line joining its location
with another framework point or the other end of the baseline is parallel to the
same line as drawn on the paper. This alignment is performed with the aid of
an alidade, or sight rule, a straightedge fitted with simple sights. The alidade
is then directed toward points on features that are to be fixed, and pencil rays
are drawn along the sight rule toward them. The procedure is repeated at the
other framework point or the other end of the baseline; the points where the
rays intersect on the table will be the map positions of the features.

In surveying for engineering projects, more sophisticated instruments are
employed to maximize accuracy. For example, distances may be measured by
EDM or by tachymetry, a geometric technique in which the vertical distance
on a graduated vertical staff, seen between two stadia hairs in the theodolite
eyepiece, is a measure of the horizontal distance between the theodolite and
the staff — usually 100 times the difference between the two readings. This
method requires at least one assistant to move the staff from place to place.
Modern surveying instruments combine a theodolite, EDM equipment, and a
computer that records all the observations and calculates the height differences
obtained by measuring vertical angles.

Notes:

1. Ground survey — Ha3eMHasi CbEMKa,

2. Railway gradient — yKkJI0H jkeTIe3HON JOPOTH;

3. Prismatic compass — koMIac ¢ ONTUYECKON Iepeayeii;
4. Plane table — meH3yna;
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5. Alidade — anmunana, yrmomep;
6. Tachymetry — TaxeomeTpuueckas ChEMKa, TAXCOMETPHSI;
7. Theodolite eyepiece — OKyIsp TCOAOTHUTA.

Text 10
MODERN SURVEYING AERIAL SURVEYING

Aviation and photography have revolutionized detailed mapping of
features visible from the air. An aerial photograph, however, is not a map.
In the case of the House of Parliament and Westminster Bridge, London,
for example, the tops of the towers would coincide with the corners of the
foundations when mapped. In an aerial photograph, however, they would not,
being displaced radially from the centre. An important property of vertical
aerial photographs is that angles are correctly represented at their centres, but
only there. Similar distortions are present in photographs of hilly ground. This
problem may be dealt with in two principal ways, depending on the relative
scales of the map and the photographs and on whether contours are required
on the map. The older method, adequate for planimetric maps at scales smaller
than the photographs, was used extensively during and after World War II to
map large areas of desert and thinly populated country; mountainous area
could be sketched in, but the relief was not accurately shown.

As in ground survey, a framework of identified points is necessary before
detailed mapping can be carried out from the air. The photographs are ordinarily
taken by a vertically aligned camera in a series of strips in which each picture
overlaps about 60 percent of the preceding one; adjacent strips overlap only
slightly. The overlaps make it possible to assemble a low-order framework or
control system based on small, recognizable features that appear in more than one
photograph. In the simplest form of this procedure each photograph is replaced
by a transparent template on which rays are drawn (or slots are cut) from the
centre of the picture to the selected features. The angles between these rays or
slots are correct, and slotted templates can be fitted together by inserting studs,
which represent the features, into the appropriate slots and sliding the templates
so that each stud engages the slots in all the pictures showing the corresponding
feature. This operation ensures that the centres of the pictures and the selected
features are in the correct relationship. The array of overlapping photographs
can be expanded or contracted by sliding them about on the work surface as long
as the studs remain engaged in the slots, so the assemblage can be positioned,
oriented, and scaled by fitting it to at least two — preferably several —ground-
control points identified on different photographs.

This technique may be extended by using two additional cameras, one
on each side, aimed at right angles to the line of flight and 30 degrees below
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the horizontal. The photographs taken by the side cameras overlap those
taken by the vertical one and also include the horizon; the effect is to widen
the strip of ground covered and thus to reduce the amount of flying required.
Points in the backgrounds of the oblique photographs can be incorporated
in the overlapping array as before to tie the adjacent flight paths together.
Photography from high-flying jet aircraft and satellites has rendered this
technique obsolete, but before those advances took place it greatly facilitated
the mapping of underdeveloped areas.

For the production of maps with accurate contours at scales five or six
times that of the photographs, a more sophisticated approach is necessary. The
ground-survey effort must be expanded to provide the heights as well as the
positions of all the features employed to establish the framework.

In this technique the details within each segment of the map are based not
on individual photographs but on the overlap between two successive ones
in the same strip, proceeding from the positions and heights of features in the
corners of each area. A three-dimensional model can be created by viewing
each pair of consecutive photographs in a stereoscope; by manipulation of a
specially designed plotting instrument, the overlapping area can be correctly
positioned, scaled, and oriented, and elevations of points within it can be
derived from those of the four corner points. These photogrammetric plotting
instruments can take several forms. In projection instruments the photographs
are projected onto a table in different colours so that, through spectacles with
lenses of complementary colours, each eye sees only one image, and the
operator visualizes a three-dimensional model of the ground. A table or platen,
with a lighted spot in the middle, can be moved around the model and raised or
lowered so that the spot appears to touch the ground while the operator scans
any feature, even if it is located on a steep hillside. A pencil directly beneath
the spot then plots the exact shape and position of the feature on the map. For
contouring the platen is fixed at the selected height (at a scale adjusted to that
of the model), and the spot is permitted to touch the model surface wherever
it will; the pencil then draws the contour.

With more complex mechanical devices, rays of the light reaching the
aircraft taking the two photographs are represented by rods meeting at a point
that represents the position of the feature of the model being viewed. With
a complicated system of prisms and lenses the operator, as with projection
instruments, sees a spot that can be moved anywhere in the overlap and up or
down to touch the model surface. A mechanical or electronic system moves
a pencil into the corresponding position on a plotting table to which the map
manuscript is fixed.

With computerized analytic instruments the mechanical operation is
limited to measuring coordinates on the two photographs, and the conversion
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to a three-dimensional model is performed entirely by the computer. It is
possible with the most precise plotting instruments of either type to draw
a map at four to six times the scale of the photographs and to plot contours
accurately at a vertical interval of about one one-thousandth of the height
from which the photographs were taken. With such analytic instruments the
record can be stored in digital as well as graphic form to be plotted later at
any convenient scale.

All these methods produce a line or drawn map; some of them also create
a data file on disk or tape, containing the coordinates of all the lines and other
features on the map. On the other hand, aerial photographs can be combined
and printed directly to form a photomap. For flat areas this operation requires
simply cutting and pasting the photographs together into a mosaic. For greater
accuracy the centres of the photographs may be aligned by the use of slotted
templates to produce a photomap called a controlled mosaic.

A much more precise technique is based on the use of an orthophotoscope.
With this device, overlapping photographs are employed just as in the
stereoscopic plotter, but the instrument, rather than the manual tracing of the
features and contours, scans the overlap and produces an orthophotograph
by dividing the area into small sections, each of which is correctly scaled.
This procedure is best applied to areas of low relief without tall buildings;
the resulting maps can then be substituted for line maps in rural areas where
they are practically useful in planning resettlement in agricultural projects.
Because no fair drawing is required, the final printed map can be produced
much more quickly and cheaply than would otherwise be possible.

Notes:

Planimetric map — kapra 6e3 n3o0paxxeHus penbeda;
Adjacent strip — CMEXHBII MapLIPyT;

Overlap — nepekpbiTe (JINCTOB KAPThI U a3POCHUMKOB);
Transparent template — mpo3padHbIii a0I0H;

Plotting instrument — KapTOCOCTaBUTENILCKUI TPUOOD;
Platen — mpmwKuMHOE YCTPOHCTBO;

Photomap — kapra, coctaBiieHHas 10 a3p0POTOCHEMOYHBIM JAHHBIM;
Controlled mosaic — opueHTUPOBAHHBIN (OTOIIIAH;
Orthophotoscope — oprodorockomn;

Stereoscopic plotter — crepeooOpabareIBatoIHii TPUOOP.

COoXNAINDE L=
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Text 11
MODERN SURVEYING HYDROGRAPHY

Surveying of underwater features, or hydrographic surveying, formerly
required techniques very different from ground surveying, for two reasons: the
surveyor ordinarily was moving instead of stationary, and the surface being
mapped could not be seen. The first problem, making it difficult to establish a
framework except near land or in shoal areas, was dealt with by dead reckoning
between points established by astronomical fixes. In effect a traverse would
be run with the ship’s bearing measured by compass and distances obtained
either by measuring speed and time or by a modern log that directly records
distances. These have to be checked frequently, because however accurate
the log or airspeed indicator and compass, the track of a ship or aircraft is not
the same as its course. Crosscurrents or winds continually drive the craft off
course, and those along the course affect the speed and the distance run over
the ground beneath.

The only way a hydrographer could chart the seabed before underwater
echo sounding and television became available was to cast overboard at
intervals a sounding line with a lead weight at the end and measure the
length of the line paid out when the weight hit the bottom. The line was
marked in fathoms, that is, units of one one-thousandth of a nautical mile, or
approximately six feet (1,8 metres).

Sounding by lead is obviously very slow, especially in deep waters, and
the introduction of echo sounding in the early 20th century marked a great
improvement. It was made possible by the invention of electronic devices for
the measurement of short intervals of time. Echo sounding depends on timing
the lapse between the transmission of a short loud noise or pulse and its return
from the target — in this case the bottom of the sea or lake. Sound travels
about 5,000 feet (1.500 metres) per second in water, so that an accuracy of a
few milliseconds in measurements of the time intervals gives depths within
a few feet.

The temperature and density of water affect the speed at which sound
waves travel through it, and allowances have to be made for variations in
these properties. The reflected signals are recorded several times a second on
a moving strip of paper, showing to scale the depth beneath the ship’s track.
The echoes may also show other objects, such as schools of fish, or they may
reveal the dual nature of the bottom, where a layer of soft mud may overlie
rock. Originally only the depth that was directly beneath the ship was measured,
leaving gaps between the ship’s tracks. Later inventions, which include
sideways-directed sonar and television cameras, have made it possible to fill
these gaps. While measurements of depths away from the ship’s track are not
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so accurate, the pictures reveal any dangerous objects such as rock pinnacles
or wrecks, and the survey vessel can then be diverted to survey them in detail.

Modern position-fixing techniques using radar have made the whole
process much simpler, for the ship’s location is now known continuously
with reference to fixed stations on shore or satellite tracks. Another modern
technique is the use of pictures taken from aircraft or satellites to indicate the
presence and shape of shoal areas and to aid the planning of their detailed
survey.

An alternative to the use of radar or satellite signals for continuous and
automatic recording of a ship’s position is the employment of inertial guidance
systems. These devices, developed to satisfy military requirements, detect
every acceleration involved in the motion of a craft from its known starting
point and convert them and the elapsed time into a continuous record of the
distance and direction traveled.

For studying the seabed in detail, the bottom of the sounding lead was
hollowed to hold a charge of grease to pick up a sample from the sea floor.
Today television cameras can be lowered to transmit pictures back to the survey
ship, though their range is limited by the extent to which light can penetrate
the water, which often is murky. Ordinary cameras also are used in pairs for
making stereoscopic pictures of underwater structures such as drilling rigs or
the wreckage of ancient ships.

Notes:

Hydrographic surveying — rugporpaguueckas cbEMKa;
Shoal area — meKoBOHAs 30HA;

Astronomical fix — acTpoHOMHYECKas TOUKA;

Fathom — ¢atowm;

Echo sounding — mpomep m1yOuH 3X010TOM;

Survey vessel — ruaporpaduueckoe CyaHo;

Elapsed time — mpormeammii TpoMeKyTOK BPEeMEHH;
Stereoscopic picture — cTepeoCKONNIECKOe N300paKEHHE.

Text 12
MODERN SURVEYING HEIGHT DETERMINATION

PN BE LD —

Heights of surface features above sea level are determined in four main
ways: by spirit leveling, by measuring vertical angles and distances, by
measuring differences in atmospheric pressure, and, since the late 20th century,
by using three-dimensional satellite or inertial systems. Of these the first is
the most accurate; the second is next in accuracy but faster; the third is least
accurate but can be fastest if heights are to be measured at well-separated
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points. The last two techniques require sophisticated equipment that is still
very expensive.

In spirit leveling the surveyor has for centuries used a surveying level,
which consists of a horizontal telescope fitted with cross hairs, rotating
around a vertical axis on a tripod, with a very sensitive spirit level fixed to
it; the instrument is adjusted until the bubble is exactly centred. The reading
on a graduated vertical staff is observed through the telescope. If such staffs
are placed on successive ground points, and the telescope is truly level, the
difference between the readings at the cross hairs will equal that between the
heights of the points. By moving the level and the staffs alternately along a path
or road and repeating this procedure, differences in height can be accurately
measured over long horizontal distances.

In the most precise work, over a distance of 100 kilometres the error
may be kept to less than a centimeter. To achieve this accuracy great care has
to be taken. The instrument must have a high-magnification telescope and a
very sensitive bubble, and the graduated scale on the staff must be made of
a strip of invar (an alloy with a very small coefficient of thermal expansion).
Moreover, the staffs must be placed on pegs or special heavy steel plates, and
the distance between them and the level must always be the same to cancel
the effects of aerial refraction of the light.

In less precise work a single wooden staff can be used; for detailed leveling
of a small area, the staff is moved from one point to another without moving
the level so that heights can be measured with a radius of about 100 metres.
The distances of these points from the instrument can be measured by tape or
more commonly, by recording not only the reading at the central cross hair
in the field of view of the telescope but also those at the stadia hairs, that is
by tachymetry. The bearing of each point is observed by compass or on the
horizontal circle of the level so that it can be plotted or drawn on the map.

Since the 1950s levels have been introduced in which the line of sight is
automatically leveled by passage through a system of prisms in a pendulum,
thus removing the need to check the bubble. The disadvantage of spirit leveling
is the large number of times the instrument has to be moved and realigned,
particularly on steep hills; it is used primarily along practically flat stretches
of ground.

For faster work in hilly areas, where lower accuracies usually are
acceptable, trigonometric height determination is employed using a theodolite
to measure vertical angles and measuring or calculating the distances by
triangulation. This procedure is particularly useful in obtaining heights
throughout a major framework of triangulation or traverse where most of
the points are on hilltops. To increase precision, the observations are made
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simultaneously in both directions so that aerial refraction is eliminated; this
is done preferably around noon, when the air is well mixed.

The third method of height determination depends on measurements of
atmospheric pressure differences with a sensitive aneroid barometer, which
can respond to pressure differences small enough to correspond to a foot or
two (0.3 to 0.6 metre) in height. The air pressure changes constantly, however,
and to obtain reliable results it is necessary to use at least two barometers;
one at reference point of known height is read at regular intervals while
the surveyor proceeds throughout the area, recording locations, times, and
barometer readings. Comparison of readings made at the same time then gives
the height differences.

An alternative to the barometer for pressure measurement is an apparatus
for measuring the boiling point of a liquid, because this temperature depends
on the atmospheric pressure. Early explorers determined heights in this way,
but the results were very rough; this technique was not accurate enough
for surveyors until sensitive methods for temperature measurement were
developed. The airborne profile recorder is a combination of this refined
apparatus with a radar altimeter to measure the distance to the ground below
an aircraft.

Analysis of the signals received simultaneously from several satellites
gives heights as accurately as positions. Heights determined in this way are
useful in previously unmapped areas as a check on results obtained by faster
relative methods, but they are not accurate enough for mapping developed
areas or for engineering projects. All-terrain vehicles or helicopters can carry
inertial systems accurate enough to provide approximate heights suitable for
aerial surveys of large areas within a framework of points established more
accurately by spirit leveling.

Notes:

Cross hairs — ceTka HUTEH;

Readings — mokazanusi ©3MEpUTENBHBIX TPUOOPOB;
High-magnification — GonbIioe yBenmndeHHE;
Graduated scale — maciTaOnas nuHeiiKa;

Thermal expansion — TepMaJIbHOE PacCIIUPEHUE;
Stadia hairs — ranpHOMepHBIC HUTH;

Pendulum — masTHUK;

Aneroid barometer — 6apomeTp-aHEPOUT;

Airborne profile recorder — 60pTOBOIi BEICOTOMEP C CAMOIIHCIIEM;
Radar altimeter — pamgapHbIif BEICOTOMED.

COXNAAN DB LD =
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Text 13
3D LASER SCANNING FOR CULTURAL HERITAGE

In the last years, thanks to the advances of surveying sensors and
techniques, many heritage sites could be accurately replicated in digital form
with very detailed and impressive results. The actual limits are mainly related
to hardware capabilities, computation time and low performance of personal
computer. Often, the produced models are not visible on a normal computer
and the only solution to easily visualize them is offline using rendered videos.
This kind of 3D representations is useful for digital conservation, divulgation
purposes or virtual tourism where people can visit places otherwise closed for
preservation or security reasons. But many more potentialities and possible
applications are available using a 3D model.

Almost 50 years ago, the Venice Charter (International Charter for the
Conservation and Restoration of Monuments and Sites, 1964) stated: “It is
essential that the principles guiding the preservation and restoration of ancient
buildings should be agreed and be laid down on an international basis, with
each country being responsible for applying the plan within the framework
of'its own culture and traditions”. But nowadays the need for a clear, rational,
standardized terminology and methodology, as well as an accepted professional
principle and technique for interpretation, presentation, digital documentation
and presentation is still not established. Furthermore, “...Preservation of the
digital heritage requires sustained efforts on the part of governments, creators,
publishers, relevant industries and heritage institutions. In the face of the
current digital divide, it is necessary to reinforce international cooperation and
solidarity to enable all countries to ensure creation, dissemination, preservation
and continued accessibility of their digital heritage” (UNESCO Charter on
the Preservation of the Digital Heritage 2003). Therefore, although we may
digitally record and produce models, we also require more international
collaborations and information sharing to digitally preserve and make them
accessible in all the possible forms and to all the possible users and clients.
But despite all these international statements, the constant pressure of
international heritage organizations and the recent advances of 3D recording
techniques, a systematic and targeted use of 3D surveying and modelling in
the Cultural Heritage field is still not yet employed as a default approach for
different reasons:

1) the idea of high costs for 3D models;

2) the difficulties in achieving good 3D models by everyone;

3) the thought that 3D is an optional process of interpretation and an
additional ‘aesthetic’ factor, i.e. traditional 2D documentation is enough;

4) the difficulty of integrating 3D worlds with other more standard 2D
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material;

5) the lack of powerful and reliable software to handle 3D data and produce
standard documentation material.

New technologies and new hardware are pushing to increase the quality
of 3D models with the purpose of attracting new people into the 3D world.
Many companies entered inside this market developing and employing
software and survey systems with good potentialities and often very impressive
results. Indeed the number of 3D products is huge and if one hand the cost
of these technologies is slowly reducing, on the other hand it’s difficult, in
particular for nonspecialists, to select the right product due to a lack of standard
terminology and specifications. Furthermore, new technologies can for sure
be a powerful tool to improve the classical standard of documentation and
create a new methodology, however caution must be used and they have to
be further studied and customized to be fully effective and useful, since even
the standard bi-dimensional representations are still not problem-free.

When planning a 3D surveying and modeling project, beside all the
technical parameters that should be kept in mind (e.g. location, accessibility,
geometric detail, budget), a very crucial thing to know is the final user of the
3D data and the final project’s goal, in order to clarify what is actually needed.

Nowadays there is a large number of geomatics data acquisition tools for
mapping purposes and for visual Cultural Heritage digital recording. These
include satellite imagery, digital aerial cameras, radar platforms, airborne
and terrestrial laser scanners, UAVs, panoramic linear sensors, SRL or
consumer-grade terrestrial digital cameras and GNSS/INS systems for precise
positioning. Beside data acquisition systems, today new software has been
developed and many automated data processing procedures are available.
For what concerned new functionality for 3D data management, there are
new advances in Geographic Information Systems (GIS) and 3D repositories
(e.g. BIM) while in the visualization field the rendering and animation
software are now more affordable with lower costs and higher results. The
continuous development of new sensors, data capture methodologies and
multi-resolution 3D representations are contributing significantly to the
documentation, conservation, and presentation of heritage information and
to the growth of research in the Cultural Heritage field. The generation of
reality-based 3D models of heritage sites and objects is nowadays performed
using methodologies based on passive sensors and image data, active sensors
and range data, classical surveying (e.g. total stations or GNSS), 2D maps, or
an integration of the aforementioned techniques.

The choice or integration depends on the required accuracy, object
dimensions, location constraints, instrument’s portability and usability, surface

25



characteristics, project’s budget and final goal of the 3D survey. Identify the
best approach in every situation is not an easy task but it is nowadays clear
that the combination and integration of different sensors and techniques, in
particular when surveying large and complex sites, is the ideal solution in
order to: 1) exploit the intrinsic strengths of each technique, 2) compensate
for weaknesses of individual methods, 3) derive different geometric Levels
of Detail of the scene under investigation that show only the necessary
information and 4) achieve more accurate and complete geometric surveying
for modelling, interpretation, representation and digital conservation issues.

The Stonehenge laser scan survey undertaken back in 2011 successfully
demonstrates the recording, documentation and archaeological analysis
application of laser scanning as well as its latent potential for deriving new data.
This new survey aimed to record both the world famous prehistoric monument
and ‘The Triangle’ landscape immediately surrounding it by applying a range
of laser scanning systems from Leica Geosystems and Zoller und Fruhlich
(Z+F) with varying specifications and data capture capabilities.

In December 2013 a new visitor centre was opened at Stonehenge
containing a number of displays based on the laser scan data. These included
interpretation and tactile reconstructions of the henge monument and a new
‘Stand in the Stones’ virtual display that every visitor now experiences when
entering the new centre. Such a project therefore demonstrates that laser
scanning can successfully record heritage sites and monuments and provides
a range of useable outputs encompassing traditional, modern and virtual
requirements.

The importance of Cultural Heritage documentation is well recognized
and there is an increasing pressure at international level to preserve them also
digitally with long-lasting and standard formats. Indeed 3D data are today a
critical component to permanently record the shape of important objects so
that, in digital form at least, they might be passed down to future generations.
This concept has produced firstly a large number of projects, mainly led by
research groups, which have realized very high quality and complete digital
models and secondly has alerted the creation of guidelines describing standards
for correct and complete 3D documentations and digital preservation.

Notes:

1. Geomatics — reoungopmaruka (geo+informatics);

2. Digital recording — idpoBast perucrpanus;

3. Satellite imagery — n3o0paxxeHue CIIy THUKOBBIX JaHHBIX;

4. Radar platform — pagnonokanroHHas yCTaHOBKA;

5. Panoramic sensor — maHOpaMHBII TaTYUK;

6. GNSS (Global Navigation Satellite System) — rio0anbHasi HaBUTa-
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nroHHas cytHrukoBas cuctema (ITHCC);
7. INS (Inertial Navigation System) — nHepLUHalbHass HABUTALIUOHHAST
cucrema (MHC).

Text 14
TOOLS AND PRODUCTS OF MODERN GEODESY

Today, the toolbox of geodesy comprises a number of space-geodetic
and terrestrial techniques, which together allow for detailed observations of
the «three pillars of geodesy» (Geokinematics, Earth Rotation, the Gravity
Field) on a wide range of spatial and temporal scales. With a mix of terrestrial,
airborne, and spaceborne techniques, geodesy today determines and monitors
changes in Earth's shape, gravitational field and rotation with unprecedented
accuracy, resolution (temporal as well as spatial), and long-term stability. At the
same time, geodetic observation technologies are in constant development with
new technologies extending the observation capabilities almost continuously
in terms of accuracy, spatial and temporal coverage and resolution, parameters
observed, latency and quality. Together, these observations provide the basis
to determine and monitor the ITRF and ICRF as the metrological basis for
all Earth observations. Equally important, the observaitons themselves are
directly related to mass transport and dynamics in the Earth system. Thus, the
geodetic measurements form the basis for Earth system observations in the
true meaning of these words. Beutler et al. suggested a development towards
an interdisciplinary service in support of Earth sciences for the IGS. With the
establishment of GGOS, IAG has extended this concept of an observing system
and service for Earth system sciences to the whole of geodesy.

It is obvious that there is an intimate relationship between the three pillars
of geodesy and the reference systems and frames. For geokinematics and Earth
rotation, the relationship works both ways: the reference systems are required
for positioning purposes (terrestrial and celestial) and for studying Earth
rotation, and monitoring through the space geodetic techniques is necessary to
realize the two frames and the time-dependent transformation between them.

The ICRF, the ITRF, and the EOPs are needed to derive a gravity field,
which is consistent eith the ICRF, the ITRF, and the corresponding EOPs.
Therefore, one might think at first that the gravity field is not necessary to define
and realize the geometric reference systems. However, in order to realize the
ITRF, observations made by the satellite geodetic techniques (SLR, GNSS,
DORIS) are needed. For these techniques, a gravitational reference system
and frame is required as well and cannot be separetely determined from the
geometrical frames. The problems are obviously inseparable when dealing
with the definition in the geometry and gravity domains (origin, orientation,
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scale of the geometric networks, low degree and order terms of the Earth's
gravity field).

This consistency between geometric and gravitational products is important
today, it will be of greatest relevance in the future for the understanding of the
mass transport and the exchange of angular momentum between the Earth's
constituents, in particular between solid Earth, atmosphere, and oceans. The
aspect of consistency is also of greatest importance for all studies related to
global change, sea level variation, and to the monitoring of ocean currents.

In the narrowest possible sense, geodesy has the tasks to define the
geometric and gravitational reference systems, and to establish the celestial,
terrestrial, and gravitational reference frames. Moreover geodesy has to provide
the transformation between the terrestrial and celestial reference frames.
These key tasks would be relatively simple to accomplish on a rigid Earth
without hydrosphere and atmosphere. However, in the real Earth environment
already the definition of the terrestrial and gravitational reference systems is
a challenge. The corresponding reference frames can only be established by
permanent monitoring based on a polyhedron of terrestrial geodetic observing
sites, and of space missions.

Notes:

1. Spatial scale — mpocTpaHcTBeHHBIN MacIITa0;

2. ITRF (International Terrestrial Reference Frame) — MexayHapogHast
cUCTeMa Ha3E€MHBIX KOOPIUHAT;

3. ICRF (International Celestial Reference Frame) — MexmynaponHast
HeOecHast cucTeMa KOOP/IMHAT;

4. 1GS (International GNSS Service) — MexayHapoanas ciry:x0a GNSS;

5. GNSS (Global Navigation Satellite System) — rmo6anpHas HaBHUTa-
[IMOHHAsI CITyTHUKOBAsI CUCTEMA;

6. GGOS (Global Geodetic Observing System) — ro6aibHasi cucTemMa
TeoJIe3NIEeCKUX HAOTIOCHUIA;

7. TAG (International Association of Geodesy) — MexayHapoHas ac-
cormarus reone3un (MAID);

8. EOP (Earth orientation parameters) — mapaMeTpbl OpUCHTALUH 3EMJIH;

9. SLR (Satellite Laser Ranging) — criyTHUKOBas Jia3epHast JJOKALIUs;

10. DORIS (Doppler Orbitography and Radiopositioning Integrated by

Satellite) — [loruiepoBckast opouTorpadms.
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Text 15
OBSERVING EARTH’S ROTATION SPACE-GEODETIC
TECHNIQUES

VLBI. VLBI observes radio signals emitted by quasars. These fixed points
constitute the ICRF, and variations in the orientation of the Earth are measured
with respect to the ICRF. This technique is sensitive to processes that change
the relative position of the radio telescopes with respect to the source, such as
a change in the orientation of the Earth in space or a change in the position of
the telescopes due to, for example, tidal displacements or tectonic motions. If
just two telescopes are observing the same source, then only two components
of the Earth’s rotation can be determined. A rotation of the Earth about an axis
parallel to the baseline connecting the two radio telescopes does not change
the relative position of the telescopes with respect to the source, and hence
this component of the Earth’s orientation is not determinable from VLBI
observations taken on that single baseline. Multibaseline VLBI observations
with satisfactory geometry can determine all of the components of the Earth’s
rotation including their time rates-of-change. In fact, the motion of the axis of
rotation of the Earth in space (precession and nutation) and the rotation angle
around the axis of rotation are uniquely monitored by VLBI through its direct
connection to the ICRF.

GNSS: GNSS signals observed by a network of ground stations can be
used to determine the orientation of the network of receivers as a whole. In
practice, in order to achieve higher accuracy, more sophisticated analysis
techniques are employed to determine the EOPs and other quantities such as
orbital parameters of the satellites, positions of the stations, and atmospheric
parameters such as the zenith path delay. Only polar motion and its time rate-
of-change can be independently determined from GNSS measurements. UT1
cannot be separated from the orbital elements of the satellites and hence cannot
be determined from GNSS data. The time rate-of-change of UT1, which is
related to the length of the day, can be determined from GNSS measurements.
But because of the corrupting influence of orbit error, VLBI measurements are
usually used to constrain the GNSS-derived Length of Day (LOD) estimates.

SLR and LLR: Although a number of satellites carry retro-reflectors
for tracking and navigation purposes, the LAGEOS I and II satellites were
specifically designed and launched to study geodetic properties of the Earth
including its rotation and are the satellites most commonly used to determine
EOPs. Including range measurements to the Etalon I and II satellites have
been found to strengthen the solution for the EOPs, so these satellites are now
often included in the process. The EOPs are recovered from the basic range
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measurements in the course of determining the satellite’s orbit and station
coordinates. However, because variations in UT1 cannot be separated from
variations in the orbital node of the satellite, which are caused by the effects
of unmodeled forces acting on the satellite, it is not possible to independently
determine UT1 from SRL measurements. Independent estimates of the time
rate-of-change of UT1, or equivalently, of LOD, can be determined from SLR
measurements, as can polar motion and its time rate-of-change.

In the case of LLR, the EOPs are typically determined from observations
by analyzing the residuals each station after the lunar orbit and other parameters
such as station and reflector locations have been fit to the range measurements.
From this single station technique, two linear combinations of UT1 and the
polar motion parameters can be determined, namely, UTO and the variation
of latitude at that station. A rotation of the Earth about an axis connecting the
station with the origin of the terrestrial reference frame does not change the
distance between the station and the Moon, and hence this component of the
Earth’s orientation cannot be determined form single station LLR observations.

DORIS: Processing DORIS observations allows the orbit of the satellite
to be determined along with other quantities such as station positions and
EOPs. As with other satellite techniques, UT1 cannot be determined from
DORIS measurements, but its time rate-of-change can be determined, as can
polar motion and its rate-of-change.

Notes:

1. VLBI(Very Long Baseline Interferometry) — paanounreppepomerpust
co ceepxumHHBIMA O0a3amu (PCIB);
Tectonic motion — TEKTOHUYECKOE JABHKECHUE;
Rate-of-change — ckopocTs u3mepenus;
Precession — npeneccust;
Nutation — HyTaIWMs;
Zenith path — HarrpaBeHue Ty4ya B 3€HAUTE;
Polar motion — JBMKEHME TOTIOCOB;
UT1 (Universal Time) - yauBepcaiapbHOE BpEMS - OCHOBHASI BEPCHS
BCEMHUPHOT'0 BPEMEHH;

9. LLR (Lunar Laser Ranging) - nazepnas noxanus JIyHsr;

10. UTO (Universal Time) - BceMupHOE BpeMmsi, ONpeAesieMoe ¢ Mo-

MOIIbIO HAOMIONCHUH CYTOYHOTO JBMIKCHHUS 3BE3]] MM BHETAIAKTHYECKUX
PaluONCTOYHHKOB, a Takxke JIyHbI 1 MCKyCCTBEHHBIX CITyTHUKOB 3€MIIH.

PN R WD
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Text 16
CONSISTENCY OF DATA COLLECTION AND PROCESSING:
CONVENTIONS

Since the very early days, international geodesy has always adhered to
some form of standards and conventions, the best known of which being the
Geodetic Reference System (GRS), revised appropriately on decadal scales,
the last version being GRS80. GRS consistently covered geometry, gravity and
rotation, albeit at the very top level of required constants and the most basic
formulae, with an eye towards classical techniques and approaches, which at
the time were still the main source of geodetic products. At that time however,
a new project was conceived and successfully executed with international
participation at all levels, including design, execution and evaluation; a
project that would eventually lead geodesy from the classical era to that of
the space age. The project Monitoring Earth Rotation and Inter-comparison
of Techniques (MERIT), acted as the pilot for what was later to become the
IERS. Along with it came an expanded compilation of constants and standard
formulas, mostly associated with the reference frame and Earth rotation, to
be used by the project participants. These came to be known as the MERIT
standards and with the establishment of the IERS, they became the basis for the
development of the IERS Conventions as we know them and use them today.

While, at the beginning, the Conventions mainly served as a guideline for
the purpose of data analyses and reduction for Earth orientation monitoring
only, they gradually developed as the reference for geometry and reference
frame work as well, including all aspects of the required techniques, from
geometric modeling of the observables to all of the required geometric and
dynamic corrections in order to achieve the accuracy that IERS expected
for these products. To achieve this, the Conventions slowly expanded to
encompass models and constants that were well beyond the observations
for geometry and rotation, including the gravity field and all of its temporal
variations (tides and secular changes as well as loading effects from the oceans
and atmosphere), relativistic corrections and environmental corrections (e.g.
atmospheric delays). The area where these Conventions are focused is that of
the space geodetic observations, leaving out most of the constants and practices
for ground-based geodesy. This is perhaps due to the fact that the products
that concern IERS are of global nature and none of the ground-based geodetic
techniques can contribute significantly or compete with the satellite-borne or
space-based techniques. Looking at it from a spectral view, they cover the
long-wavelength part of the spectrum of products. Geodesy however can
deliver significant information at the high-frequency end of the spectrum,
albeit in some areas only. One of these areas, the most important one, is that
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of the gravitational field of Earth. Ground and airborne surveys provide very
high quality and high-resolution local information that is used along with the
long-wavelength information obtained from spaceborne instruments (CHAMP,
GRACE, GOCE), to develop extremely high resolution global Earth gravity
models that will never be derived from space data alone. This is the area that
the Conventions need to cover in more detail, both, in the description of the
required constants and the standard formulas and practices in reducing such
data. Once this is accomplished, the foundations of all three pillars will be
ably supported by the same, unique set of Conventions and Standards.

While the expansion and enrichment of the existing Conventions and
Standards is a rather simple task, the actual enforcement in practice is by far a
more challenging task. While most institutions seek to be part of the appropriate
IAG Service in order for their products be granted the seal of approval from
that Service, it is usually very difficult to force the required changed in the
software and the procedures followed by that institution to make it conform
with the IERS rules. As most Services discovered, it took years for the various
Analysis Centers within a technique to achieve this harmonization. It will take
quite an effort to ensure that this harmonization exists also across techniques,
since the geodetic products are for the most part a combination of inputs from
several if not all of the Services.

An even more difficult and taxing effort will be required in making sure
that not only the same constants, theoretical or empirical models, and reduction
procedures are consistent, but also all of the background information used in
forward-modeling geophysical processes are also consistently derived and
applied in the various analyses and reductions of geodetic observations.

When all of the above are accomplished, there is still going to be an
issue concerning the parameterization of the same effects across techniques.
Recognizing that not all techniques are equally sensitive (or sensitive at all)
to all of the geodetic products, we will need to identify what parameters
each technique should deliver and at what frequency, in order to ensure that
this information can be easily and readily combined with inputs from other
techniques. The issue has been given enough attention for the set of parameters
that cover the geometric and rotational group, with only minor attention given
to some very long-wavelength gravity information.

To some extent this approach has been reasonable since the very short
wavelength gravitational information is well below the sensitivity of any space
technique at this point, and for many years to come. There are other areas
though where part of such information can be applied in a different form,
as a constraint to the results obtained from the global space techniques. For
example, incorporating some absolute gravity measurements at a few points
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on Earth in the development of a precise orbit from some type of tracking
data is practically meaningless. On the other hand, imposing a constraint on
the height change of a tracking station based on repeated absolute gravity
measurements at that site is a very useful piece of information independent
of the primary source of data determining the position and motion of that site.

Such synergetic use of various inputs with a common, single output
can only be done if the information from all sources adheres to one set of
conventions.

Notes:

1. Geodetic Reference System (GRS) - rmoGanbHbI 1aTym ¢ MOIEIbIO
TPaBUTAIMOHHOTO TOJIST 3eMIIH;

2. International Earth Rotation and Reference Systems Service (IERS)
- Mexxaynapoanas ciyx06a Bpamenus 3emun (MCB3);
Reference frame — cucrema koopauHar;
Secular changes — BekoBbIe H3MEHEHUS;
Relativistic corrections — pelITUBUCTCKUE ITONPABKHY;
Satellite-borne — ycTaHOBJICHHBII Ha UCKYCCTBEHHOM CITYTHHKE;
Long-wavelength — ITMHHOBOJIHOBBIN;
Forward-modeling — omepeskaroriee MOIeIHPOBAHNE;
Parameterization — mapamerepuzamusi.

VXN bW

Text 17
GEODETIC IMAGING TECHNIQUES

InSAR

The processing of Synthetic Aperture Radar (SAR) images using the
InSAR techniques has demonstrated the potential to revolutionize deformation
monitoring from spaceborne platforms. As opposed to conventional point-level
positioning techniques, INSAR gives deformation information for extended
areas (up to a few hundred km across). In this sense InSAR truly is a remote
sensing technique. It can provide spatially smooth three-dimensional maps
of surface change, including that from earthquakes, volcanoes, ice sheets,
glaciers, fluid extraction, and landslides.

InSAR for geodetic applications is a method by which radar signals are
radiated from moving platform and are reflected back to the antenna from
the surface of the Earth. The intensity and phase of the reflected signal are
measured. In order to measure topography, two antennas separated in space are
used to measure phase differences between the two antennas from a radar signal
reflected from one point on the Earth’s surface. The Shuttle Radar Topography
Mission (SRTM) is an example of a radar mission that mapped 80% of the
Earth’s topography using this technique. In order to measure surface change,
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a single radar is used, measuring the surface at two times from an exactly
repeated pass. A change in the line-of-site distance to the satellite results in a
phase change that can be used to infer surface change.

Several radar missions have used interferometric techniques for
topography and surface change. SRTM mapped 80% of the Earth’s topography
in a 10-day mission in 2000. The European ERS-1 and ERS-2 missions, the
Japanese JERS-1 and ALOS missions, and the Canadian Radarsat missions
have provided important data sets for measuring surface change. The European
and Canadian missions are C-band instruments, and the short wavelength
signal decorrelates over vegetated regions. A recently released report of the
U.S. National Research Council recommends an L-band InSAR mission with
8-day repeat to provide global coverage of Earth’s deforming regions. The
report recommends a launch in the 2010-2013-time frame, essentially the
earliest possible juncture.

Successes from radar interferometry include the SRTM topographic map,
discovery of actively inflating volcanoes that were thought to be dormant,
measurement of interseismic, coseismic, and postseismic deformation related
to earthquakes that have truly influenced physical models of Earth’s crust,
observation of incipient landslides, and subsidence due to water and oil
withdrawal. Long-term systematic measurements will also provide insight
into time dependent behavior of earthquake, volcanic, and other solid Earth
and cryosphere systems.

Solid Earth science and many applications require observations of Earth’s
surface displacements at the sub-cm level. Solid Earth processes exhibit
temporal scales from seconds (e.g., coseismic displacements) to secular with
respect to the lifetime of a mission (e.g., isostatic adjustments), and spatial
scales from local (e.g., local subsidence, volcanoes) to global (e.g., great
earthquakes, glacial isostatic adjustment). This wide range of temporal and
spatial scales poses a major challenge for the extraction of unbiased surface
displacements from InSAR observations.

The determination of surface displacements from InSAR requires at a
minimum a high-resolution Digital Elevation Model (DEM) and information
on tropospheric water vapor content. Additional data of ionospheric Total
Electron Content (TEC), for example, from GPS/GNSS is likely to improve
the correction of ionospheric path-delay based on InSAR observations alone.
If a priori deformation models are available, tropospheric water vapor content
can be estimated directly. However, the strategies for an optimal combination
of a priori information on DEM, water vapor, surface deformation, and
ionospheric TEC are still the object of research. Particular emphasis should
be on consistent treatment of errors in the a priori information.
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The «Decadal Survey» (National Research Council, 2007) states that
a stable global geodetic reference frame is indispensable for all satellite
missions, and this is also true for geodetic imaging missions. For most Earth
science applications, the surface displacements need to be given relative to
such a stable, global geodetic reference frame. Glacial isostatic adjustment is
important for the conversion of ice surface displacements into ice volume and
mass changes. The deformation of the solid Earth surface due to ice loads has
large spatial scales and need to be referred to the same reference frame as that
of the ice surface displacements. Large earthquakes have displacement fields
exceeding by far the size of several adjacent images. Likewise, postseismic
deformation, which is a key quantity for earthquake process studies, can have
spatial scales of the order of 1000 km. For all these phenomena it is crucial
to relate the displacements from different interferograms to the same unique
reference frame in order to capture the large-scale displacement pattern.
However, the present approach to the realization of the ITRS has limitations
that reduce the achievable accuracy and necessitate conceptual improvements.

In particular, for early warning and disaster damage assessments, high
temporal resolution and low latency are key requirements. Typical InSAR
missions have repeat periods of several days of longer. Hazardous volcanoes
and unstable slopes can be monitored with such repeat period, but in critical
phases, early warning may need much shorter repeat periods. In these cases,
supporting measurements with airborne LIDAR and InSAR can be used to
achieve improved temporal resolution. Ground-based GPS/GNSS can also
provide a higher temporal resolution, especially if the repeat time increases.
In cases of earthquakes, landslides, and volcanic eruptions, emergency
response rapid information on the extent of damage. Surface displacements are
indicative of damage. In order to reduce the latency, again airborne LIDAR and
InSAR can support the mapping. In all these cases the appropriate algorithms
for the combination of the spaceborne, airborne, and in situ observations need
to be developed.

Notes:

1. Synthetic Aperture Radar (SAR) — panuosnokarop ¢ CHHTE3UpOBaHHOM
aneprypoit (PJIC);

2. InSAR - PJIC c unTepdepoMeTprueckoll CHHTE3HPOBAHHOM arep-
TypOid;

3. Three-dimensional map — pensedHas kapra;

4. Line-of-site mode — Tp€XTOYCUHBIN METO]] HABEICHHSI,
5. C-band — guanason yactot C;

6. Solid Earth — 3emns xak TBEpIOE TEIO;

7. Isostatic adjustment — u3ocTaruueckast MoOMpaBKa;
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8. Digital Elevation Model (DEM) — nudposas marpuna Beicot (LIMB);
9. Total Electron Content (TEC) — onpenenenue o0miero conepxanus
3JIEKTPOHOB;
10. International Terrestrial Reference System (ITRS) — Mexnynapoauas
CHUCTEMa Ha3eMHBIX KOOPJIMHAT;
11. In situ observation — 10KaJpbHOE HAOIIOACHUE.

Text 18
THE ADVENT OF THE SPACE AGE, SATELLITE GEODESY
AND SPACE GEODESY

The space age was initiated by the launch of the first artificial satellite,
Sputnik I, on October 4 of the International Geophysical Year 1957. With
the launch of artificial satellites it became possible to use these objects either
to study the size and figure of the Earth from space or to observe them as
targets from the surface of the Earth. The use of artificial satellites for geodetic
purposes led to the development of satellite geodesy.

The second essential development in space geodesy in the second half
of the 20th century is that of the Very Long Baseline Interferometry (VLBI)
technique as a new tool to realize an extraordinarily accurate and stable
inertial (celestial) reference system. The replacement of the fundamental star
catalogues by a catalogue of Quasars for the definition of the celestial reference
frame was an epochal event. Satellite geodesy and VLBI together often are
referred to as space geodetic methods or techniques.

Today, space geodetic techniques are the primary tools to study size,
figure and deformation of the Earth, and its motion as a finite body in the
inertial reference system. Space geodetic techniques thus are fundamental for
geodesy, geodetic astronomy, and geodynamics.

The development of space geodesy took place in overlapping periods.
The last one, the GNSS period, has had (and will continue to have) a much
greater impact. It should be viewed as the replacement of classical navigation
and positioning (which, is based on the observation of astrometric positions
of natural celestial objects) by measurements of microwave signals emitted
by artificial satellites.

Periods of space geodesy:

Optical period. Optical (astrometric) observations were made of the first
generation of artificial Earth satellites, like Sputnik 2 and Explorer 1. The
balloon satellites Echo 1 and 2 and PAGEOS (passive geodetic satellite),
which could even be seen “by the naked eye”, were observed by a worldwide
dedicated tracking network. These satellites were (supposedly) spherical,
consisted of layers of aluminized mylar foil, and, thanks to their brightness,
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their tracks could easily be photographed against the star background. Even
better suited, although more difficult to track, were smaller satellites like Geos
1 (Explorer 29) and Geos 2 (Explorer 36) equipped with flash lamps.

Fascinating results came out of this first phase of satellite geodesy. The
geodetic datums on different continents could be related to the geocenter and
thus to each other with an accuracy of about 5 meters. First reliable coefficients
of the gravity field (spherical harmonic expansion up to degree and order of
about 12-15) were also derived.

The astrometric technique, when applied to artificial satellites in the
1960s and 1970s, had serious disadvantages. The observation was day time-
and weather-dependent; the star catalogues were not of sufficiently high
quality and the processing time (time between observation and availability of
results) was of the order of a few weeks in the best case. The optical technique
therefore no longer played a significant role in space geodesy after about 1975.
Remote sensing satellites, like LANDSAT and SPOT, producing images of
the Earth’s surface, might also be mentioned in this category. These satellites
were, however, only of marginal benefit for the determination of the Earth’s
gravity field or of a highly accurate global terrestrial reference frame.

Doppler period. The U.S. Navy Navigation Satellite System (NNSS),
also called the TRANSIT system, had a significant impact on the development
of space geodesy. It proved that a system based on the measurement of the
Doppler shift of signals generated by stable oscillators on board the satellites
could be used for positioning with a remarkable accuracy (0.1-0.5 m relative,
about 1 m absolute). The satellites transmitted information on two carrier
frequencies (400 MHz and 150 MHz) near the microwave band. The two
frequencies allowed for a compensation of ionospheric refraction. Rather
small receivers connected to omni-directional antennas made the technique
well suited to establish regional and global geodetic networks. Observation
periods of a few days were required to obtain the above stated accuracy. The
NNSS satellites were in polar, almost circular, orbits about 1100 km above the
Earth's surface. The Doppler technique is weather-independent. The Transit
system was shut down as a positioning system in December 1996.

SLR and LLR period. SLR stands for Satellite Laser Ranging, LLR for
Lunar Laser Ranging. The laser technique, developed in the 1950s, may be
used to generate high energetic short light pulses. These pulses are sent out
by a conventional astronomical telescope, travel to the satellite (or Moon),
are reflected by special corner cubes on the satellite (or Moon) back to the
telescope. The travel time of the laser pulse from the telescope to the satellite
(or Moon) and back to the telescope is measured and corresponds (after
multiplication with the speed of light) to twice the distance between satellite
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and telescope at the time the light pulse is reflected by the satellite. Today's
SLR technique is capable of determining the distance between observatories
and satellites with an accuracy of few millimeters and with a high repetition
rate (up to a few Hz). SLR techniques may be used for every satellite equipped
with corner cubes. The unique and most valuable contributions of SLR lie in
the determination of the Earth's (variable) gravity field, in the determination
of the geocenter, and in calibrating geodetic microwave techniques. LLR
measures distances between an observatory and the reflectors deployed on
the Moon by the Apollo space missions and the Russian Lunokhod missions.
The technique is, e.g., capable of measuring directly the secular increase
of the Earth-Moon distance (3.8 cm per year). Also, LLR is well suited for
evaluating gravitational theories.

VLBI period. Very Long Baseline Interferometry (VLBI) is the only
non-satellite geodetic technique contributing to the International Earth
Rotation Service (IERS). Its unique and fundamental contribution to geodesy
and astronomy is the realization of the celestial reference system and the
maintenance of the long-term stability of the transformation between the
celestial and terrestrial reference frames. The ICRS (International Celestial
Reference System) is defined and maintained by the (recently renamed)
International Earth Rotation and Reference Systems Service (IERS). It was
adopted by the IAU and the IUGG as the primary celestial reference system,
replacing its optical predecessors based on fundamental star catalogues.
The observation and analysis aspects are today coordinated by the IVS, the
International VLBI Service for Astrometry and Geodesy.

Altimetry missions. Altimetry missions, based on the radar technique,
significantly improved our knowledge of the sea surface topography, of ocean
currents, of tidal motions of the oceans, etc. There is a long list of altimetry
missions including, e.g., GEOS-3, SEASAT, ERS-1 and -2, Envisat, etc. The
TOPEX/Poseidon (TOPography EXperiment for ocean circulation) mission
was the first mission which was specially designed to study the ocean currents.
For space geodesy the TOPEX/Poseidon mission was a kind of rosetta stone
mission, because its orbit was determined using three independent systems (the
French DORIS system, SLR tracking, and the GPS). TOPEX/Poseidon was
neither the first, nor will it be the last altimetry mission (actually, its successor
Jason is already in orbit). Missions like CRYOSAT (a planned three-year ESA
radar altimetry mission to determine variations in the thickness of the Earth’s
continental ice sheets) and ICESAT (NASA’s mission for measuring the ice
sheet mass balance, cloud, and aerosol heights, etc.) will significantly improve
our knowledge of the Earth’s ice sheets.

SAR and InSAR missions. Satellite missions based on the Synthetic
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Aperture Radar technique and interferometric SAR (InSAR) have the proven
potential to revolutionize deformation monitoring and measurements. As
opposed to the conventional positioning techniques, SAR and InSAR give
deformation information for extended areas (up to a few hundred km). In this
sense the SAR techniques and photogrammetry are closely related.

Gravity space missions. For geodesy and geodynamics the CHAMP
(Challenging Mini-Satellite Payload for Geophysical Research and Application)
mission, the GRACE (Gravity Recovery and Climate Experiment) mission, and
the upcoming European GOCE (Gravity field and Ocean Current Explorer)
mission are particularly fascinating. It is expected that our knowledge of
the Earth’s gravity field (thanks to the use of spaceborne GPS receivers,
accelerometers, and gradiometers) will significantly grow. Gravity missions
are of central importance for altimetry, because a precise geoid is required to
refer the sea surface topography to an equipotential surface.

GNSS period. GNSS stands for Global Navigation Satellite System. The
current generation of GNSS may be viewed as the successor of the Doppler
systems. The systems are based on coherent microwave signals (in the L-band)
emitted by the satellites in (at least) two carrier frequencies. Simultaneity of
measurement of the signals emitted by several satellites and recorded by a
receiver allow for instantaneous positioning. The GPS (Global Positioning
System) is the best known GNSS and, on top of that, the best known space
geodetic technique today. The system has an impact on science and society as
a whole, reaching far beyond space geodesy. GPS revolutionized surveying,
timing, pedestrian, car, marine and aircraft navigation. Many millions of
receivers are in use today. Spaceborne applications of the GPS have a deep
impact on geodesy and atmospheric sciences. Other systems, like the Russion
GLONASS and the planned European Galileo system (when/if fully deployed)
will have a similar impact in future.

Notes:
1. Inertial reference system (IRS) — nHeprmanibpHas cuctemMa KOOPIUHAT;
2. VLBI (Very Long Baseline Interferometry) — paanounaTepdepoMeTpus
co cBepxumHHEBIMU 0a3amu (PCJIB);
Geodetic astronomy — reoyie3nyeckasi aCTpOHOMUS;
Geodynamics — reogMHaMUKa;
Aluminized mylar — a;TFOMUHU3UPOBAHHBIN Maiiap;
Carrier frequency range — quara3oH HECYIIUX YacTOT;
Ionospheric refraction - nonocgepnas pedpaxums;
Repetition rate — yacToTa MOBTOPEHUS UMITYJIHCOB;
International Earth Rotation Service (IERS) — Mexnaynaponnas
cnyn(6a HaOJTFO/ICHMSI 32 BpaIllEHUEM 3eMIIH;

VXN L AW
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10. International Astronomical Union (IAU) — MexmyHapOIHEII acTpo-
Homuueckuit coro3 (MAC);

11. International Union of Geodesy and Geophysics (IUGG) —
MesxayHapoasslii coto3 reoaesun u reopusuku (MI'TC);

12. Simultaneity — CHHXpPOHHOCTb.

Text 19
SATELLITES AS NAVIGATION AIDS

Artificial satellites can be equipped to transmit electromagnetic radiation
at precisely controlled times and frequencies. The frequencies are chosen to
avoid interference with other services, to minimize attenuation or delay as
the signals penetrate the ionosphere, and to minimize the power needed by
the satellite for broadcasting the signals. The principal range of frequencies
corresponds to wavelengths between 10 and 200 cm.

During the early 1960s a series of satellites named Transit was launched
by the U.S. Navy to provide a worldwide navigation system. These satellites
circled the Earth about every 90 minutes, moving in polar orbits about 600
miles (1,000 km) above the Earth’s surface. They broadcast continuous
electromagnetic signals carefully modulated to indicate departures from the
nominal frequencies and orbits. A receiver on the surface or in a submarine
near the surface could compare the frequency received with that known to be
transmitted and identify its own location by measuring both the magnitude and
the rate of change of the Doppler shift. The calculations, which were performed
by a small digital computer, were accurate to about 180 yards (165 metres).

Any sudden and unexpected change in the user’s velocity during the
navigation interval modifies the Doppler shift trace, which in turn introduces
positioning errors. An uncertainty of two knots (one metre per second) in the
user’s velocity can cause an uncertainty of one-half nautical mile (about one
kilometer) in the deduced position. Such an error is inconsequential for ships
at sea, but it disqualifies the Transit system for the navigation of aircraft.

The global positioning system (GPS), which is suitable for aircraft and
spacecraft navigation, was initiated by the U.S. Department of Defense in
1973. In 1978 the first two Navstar GPS satellites were launched into orbit.
The latest versions of these radio-navigation satellites move in circular orbits
inclined 55° to the equatorial plane at an altitude of about 12,500 miles (20,000
km). Their orbital period is 12 hours. More than 24 of these satellites (the
number has varied) provide continuous worldwide coverage adequate for
providing simply equipped users with their longitude, latitude, and altitude
within about 30 feet (10 metres). Millions of users benefit from the use of
the GPS satellite signals, including airplanes, ships, tanks, backpackers, and

40



ordinary private cars.

The Navstar GPS does not depend on Doppler shift to fix the position
of the user. It does, however, use instantaneous Doppler-shift measurements
from multiple satellites to obtain accurate velocities.

The satellites transmit their pulses on a time schedule precisely controlled
by atomic clocks. A GPS receiver automatically selects four or more favourably
situated satellites. It then measures the signal travel time associated with each
of these satellites and feeds this information into its processing circuits, which
calculate the current position of the receiver by solving a set of algebraic
equations. The variables in these equations are the desired position coordinates
ofthe user and the exact time. A similar, but more complicated, set of equations
provides the three mutually orthogonal velocity components and the drift
rate of the receiver’s clock. Some specially designed GPS receivers can
also determine attitude angles. Modern computer chips can provide updated
position, velocity, and time as often as 40 times per second, if desired. Almost
all GPS receivers provide at least one solution per second using signals from
as many as a dozen satellites.

Notes:

1. Attenuation — 3aTyxaHue;

2. Range of frequencies — Auana3oH 4acTor;

3. Nominal frequency — HOMHHaJIBHAS YaCTOTA;

4. Processing circuit — 1ienb 00OpabOTKH TaHHBIX;

5. Drift rate — ckopocTh CHOCA;

6. Attitude angle — yrom mpocTpaHCTBEHHOW OpUEHTAIINN.

Text 20
SATELLITE COMMUNICATION

Satellite communication, in telecommunications, is the use of artificial
satellites to provide communication links between various points on Earth.
Satellite communications play a vital role in the global telecommunications
system. Approximately 2,000 artificial satellites orbiting Earth relay analog
and digital signals carrying voice, video, and data to and from one or many
locations worldwide.

Satellite communication has two main components: the ground segment,
which consists of fixed or mobile transmission, reception, and ancillary
equipment, and the space segment, which primarily is the satellite itself. A
typical satellite link involves the transmission or uplinking of a signal from an
Earth station to a satellite. The satellite then receives and amplifies the signal
and retransmits it back to Earth, where it is received and reamplified by Earth
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stations and terminals. Satellite receivers on the ground include direct-to-home
(DTH) satellite equipment, mobile reception equipment in aircraft, satellite
telephones, and handheld devices.

The idea of communicating through a satellite first appeared in the short
story titled “The Brick Moon,” written by the American clergyman and author
Edward Everett Hale and published in The Atlantic Monthly in 1869-70.
The story describes the construction and launch into Earth orbit of a satellite
200 feet (60 metres) in diameter and made of bricks. The brick moon aided
mariners in navigation, as people sent Morse code signals back to Earth by
jumping up and down on the satellite’s surface.

The first practical concept of satellite communication was proposed by
27-year-old Royal Air Force officer Arthur C. Clarke in a paper titled “Extra-
Terrestrial Relays: Can Rocket Stations Give World-wide Radio Coverage?”’
published in the October 1945 issue of Wireless World. Clarke, who would
later become an accomplished science fiction writer, proposed that a satellite
at an altitude of 35,786 km (22,236 miles) above Earth’s surface would be
moving at the same speed as Earth’s rotation. At this altitude the satellite
would remain in a fixed position relative to a point on Earth. This orbit, now
called a “geostationary orbit,” is ideal for satellite communications, since an
antenna on the ground can be pointed to a satellite 24 hours a day without
having to track its position. Clarke calculated in his paper that three satellites
spaced equidistantly in geostationary orbit would be able to provide radio
coverage that would be almost worldwide with the sole exception of some
of the polar regions.

The first artificial satellite, Sputnik 1, was launched successfully by the
Soviet Union on October 4, 1957. Sputnik 1 was only 58 cm (23 inches) in
diameter with four antennas sending low-frequency radio signals at regular
intervals. It orbited Earth in a elliptical orbit, taking 96,2 minutes to complete
one revolution. It transmitted signals for only 22 days until its battery ran out
and was in orbit for only three months, but its launch sparked the beginning
of the space race between the United States and the Soviet Union.

The first satellite to relay voice signals was launched by the U.S.
government’s Project SCORE (Signal Communication by Orbiting Relay
Equipment) from Cape Canaveral, Florida, on December 19, 1958. It
broadcast a taped message conveying “peace on earth and goodwill toward
men everywhere” from U.S. Pres. Dwight D. Eisenhower.

American engineers John Pierce of American Telephone and Telegraph
Company’s Bell Laboratories and Harold Rosen of Hughes Aircraft Company
developed key technologies in the 1950s and ‘60s that made commercial
communication satellites possible. Pierce outlined the principles of satellite
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communications in an article titled “Orbital Radio Relays” published in the
April 1955 issue of Jet Propulsion. In it he calculated the precise power
requirements to transmit signals to satellites in various Earth orbits. Pierce’s
main contribution to satellite technology was the development of the traveling
wave tube amplifier, which enabled a satellite to receive, amplify, and transmit
radio signals. Rosen developed spin-stabilization technology that provided
stability to satellites orbiting in space.

When the U.S. National Aeronautics and Space Administration (NASA)
was established in 1958, it embarked on a program to develop satellite
technology. NASA’s first project was the Echo 1 satellite that was developed
in coordination with AT&T’s Bell Labs. Pierce led a team at Bell Labs that
developed the Echo 1 satellite, which was launched on August 12, 1960. Echo
1 was a 30,5-metre (100-foot) aluminum-coated balloon that contained no
instruments but was able to reflect signals from the ground. Since Echo 1 only
reflected signals, it was considered a passive satellite. Echo 2, managed by
NASA’s Goddard Space Flight Center in Beltsville, Maryland, was launched
on January 25, 1964. After Echo 2, NASA abandoned passive communication
systems in favour of active satellites. The Echol and Echo 2 satellites were
credited with improving the satellite tracking and ground station technology
that was to prove indispensable later in the development of active satellite
systems.

Pierce’s team at Bell Labs also developed Telstar 1, the first active
communications satellite capable of two-way communications. Telstar 1 was
launched into low Earth orbit on July 10, 1962, by a Delta rocket. NASA
provided the launch services and some tracking and telemetry support. Telstar
1 was the first satellite to transmit live television images between Europe and
North America. Telstar 1 also transmitted the first phone call via satellite — a
brief call from AT&T chairman Frederick Kappel transmitted from the ground
station in Andover, Maine, to U.S. Pres. Lyndon Johnson in Washington, D.C.

Rosen’s team at Hughes Aircraft attempted to place the first satellite in
geostationary orbit, Syncom 1, on February 14, 1963. However, Syncom 1
was lost shortly after launch. Syncom 1 was followed by the successful launch
of Syncom 2, the first satellite in a geosynchronous orbit (an orbit that has
a period of 24 hours but is inclined to the Equator), on July 26, 1963, and
Syncom 3, the first satellite in geostationary orbit, on August 19, 1964, Syncom
3 broadcast the 1964 Olympic Games from Tokyo, Japan, to the United States,
the first major sporting event broadcast via satellite.

The successful development of satellite technology paved the way for a
global communications satellite industry. The United States spearheaded the
development of the satellite communications industry with the passing of the
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Communications Satellite Act in 1962. The act authorized the formation of
the Communications Satellite Corporation (Comsat), a private company that
would represent the United States in an international satellite communications
consortium called Intelsat.

Intelsat was formed on August 20, 1964, with 11 signatories to the Intelsat
Interim Agreement. The original 11 signatories were Austria, Canada, Japan,
the Netherlands, Norway, Spain, Switzerland, The United Kingdom, the United
States the Vatican and West Germany.

On April 6, 1965, the first Intelsat satellite, Early Bird (also called Intelsat
1), was launched; it was designed and built by Rosen’s team at Hughes
Aircraft Company. Early Bird was the first operational commercial satellite
providing regular telecommunications and broadcasting services between
North America and Europe. Early Bird was followed by Intelsat 2B and 2D,
launched in 1967 and covering the Pacific Ocean region, and Intelsat 3 F-3,
launched in 1969 and covering the Indian Ocean region. Intelsat’s satellites
in geostationary orbit provided nearly global coverage, as Arthur C. Clarke
had envisioned 24 years earlier. Nineteen days after Intelsat 3 F-3 was placed
over the Indian Ocean, the landing of the first human on the Moon on July
20, 1969, was broadcast live through the global network of Intelsat satellites
to over 600 million television viewers.

The Soviet Union continued its development of satellite technology with
the Molniya series of satellites, which were launched in a highly elliptical
orbit to enable them to reach the far northern regions of the country. The first
satellite in this series, Molniya 1, was launched on April 23, 1965. By 1967 six
Molniya satellites provided coverage throughout the Soviet Union. During the
50th anniversary of the Soviet Union on October 1, 1967, the annual parade
in Red Square was broadcast nationwide via the Molniya satellite network. In
1971 the Intersputnik Internatoinal Organization of Space Communications
was formed by several communist countries, led by the Soviet Union.

The potential application of satellites for development and their ability
to reach remote regions led other countries to build and operate their own
national satellite systems. Canada was the first country after the Soviet Union
and the United States to launch its own communications satellite, Anik 1, on
November 9, 1972. This was followed by the launch of Indonesia’a Palapa
1 satellite on July 8, 1976. Many other countries followed suit and launched
their own satellites.

Notes:

1. Relay a signal — perpanciaupoBars curHa;

2. Ancillary equipment — BcomorareiabHOe 000pyIOBaHUE;
3. Geostationary orbit — reocraunonapnas opoura (I'CO);
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4. Radio coverage — 30Ha oxXBaTa paguoCpPEICTBAMHU;

5. Signal Communication by Orbiting Relay Equipment (SCORE) —
IKCIIEPUMEHT IO CITyTHHKOBOH CBSI3U C OPOUTAIBHBIMU PETPAHCIISITOPAMH;

6. Traveling wave tube amplifier — ycunureins Ha amrie OeryIieil BOJIHBI;

7. Tracking — orciexxuBaHue;

8. Telemetry — Tenemerpuyueckas CBS3b.

Text 21
HOW SATELLITES WORK

A satellite is basically a self-contained communications system with
the ability to receive signals from Earth and to retransmit those signals back
with the use of a transponder — an integrated receiver and transmitter of radio
signals. A satellite has to withstand the shock of being accelerated during
launch up to the orbital velocity of 28,100 km (17,500 miles) an hour and a
hostile space environment where it can be subject to radiation and extreme
temperatures for its projected operational life, which can last up to 20 years. In
addition, satellites have to be light, as the cost of launching a satellite is quite
expensive and based on weight. To meet these challenges, satellites must be
small and made of lightweight and durable materials. They must operate at a
very high reliability of more than 99,9 percent in the vacuum of space with
no prospect of maintenance of repair.

The main components of a satellite consist of the communications system,
which includes the antennas and transponders that receive and retransmit
signals, the power system, which includes the solar panels that provide power,
and the propulsion system, which includes the rockets that propel the satellite.
A satellite needs its own propulsion system to get itself to the right orbital
location and to make occasional corrections to that position. A satellite in
geostationary orbit can deviate up to a degree every year from north to south
or east to west of its location because of the gravitational pull of the Moon and
Sun. A satellite has thrusters that are fired occasionally to make adjustments in
its position. The maintenance of a satellite’s orbital position is called «station
keeping,» and the corrections made by using the satellite’s thrusters are called
«attitude control». A satellite’s life span is determined by the amount of fuel
it has to power these thrusters. Once the fuel runs out, the satellite eventually
drifts into space and out of operation, becoming space debris.

A satellite in orbit has to operate continuously over its entire life span.
It needs internal power to be able to operate its electronic systems and
communications payload. The main source of power is sunlight, which is
harnessed by the satellite’s solar panels. A satellite also has batteries on board
to provide power when the Sun is blocked by Earth. The batteries are recharged
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by the excess current generated by the solar panels when there is sunlight.

Satellites operate in extreme temperatures from -150 © C (- 238 ° F) to 150
°C (300 ° F) and may be subject to radiation in space. Satellite components that
can be exposed to radiation are shielded with aluminium and other radiation-
resistant material. A satellite’s thermal system protects its sensitive electronic
and mechanical components and maintains it in its optimum functioning
temperature to ensure its continuous operation. A satellite’s thermal system
also protects sensitive satellite components from the extreme changes in
temperature by activation of cooling mechanisms when it gets too hot or
heating systems when it gets too cold.

The tracking telemetry and control (TT&C) system of a satellite is a two-
way communication link between the satellite and TT&C on the ground. This
allows a ground station to track a satellite’s position and control the satellite’s
propulsion, thermal, and other systems. It can also monitor the temperature,
electrical voltages, and other important parameters of a satellite.

Communication satellites range from microsatellites weighing less than
1 kg (2.2 pounds) to large satellites weighing over 6,500 kg (14,000 pounds).
Advances in miniaturization and digitalization have substantially increased
the capacity of satellites over the years. Early Bird had just one transponder
capable of sending just one TV channel. The Boeing 702 series of satellites,
in contrast, can have more than 100 transponders, and with the use of digital
compression technology each transponder can have up to 16 channels,
providing more than 1,600 TV channels through one satellite.

Satellites operate in three different orbits: low Earth orbit (LEO), medium
Earth orbit (MEO), and geostationary or geosynchronous orbit (GEO). LEO
satellites are positioned at an altitude between 160 km and 1,600 km (100 and
1,000 miles) above Earth. MEO satellites operate from 10,000 to 20,000 km
(6,300 to 12,500 miles) from Earth. Satellites do not operate between LEO and
MEO because of the inhospitable environment for electronic components in
that area, which is caused by the Van Allen radiation belt. GEO satellites are
positioned 35,786 km (22,236 miles) above Earth, where they complete one
orbit in 24 hours and thus remain fixed over one spot. As mentioned above, it
only takes three GEO satellites to provide global coverage, while it takes 20
or more satellites to cover the entire Earth from LEO and 10 or more in MEO.
In addition, communicating with satellites in LEO and MEO requires tracking
antennas on the ground to ensure seamless connection between satellites.

A signal that is bounced off a GEO satellite takes approximately 0,22
second to travel at the speed of light from Earth to the satellite and back. This
delay poses some problems for applications such as voice services and mobile
telephony. Therefore, most mobile and voice services usually use LEO and
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MEDO satellites to avoid the signal delays resulting from the inherent latency
in GEO satellites. GEO satellites are usually used for broadcasting and data
applications because of the larger area on the ground that they can cover.

Launching a satellite into space requires a very powerful multistage rocket
to propel it into the right orbit. Satellite launch providers use proprietary
rockets to launch satellites from sites such as the Kennedy Space Center at
Cape Canaveral, Florida, the Baikonour Cosmodrome in Kazakhstan, Kourou
in French Guiana, Vandenberg Air Force Base in California, Xichang in China,
and Tanegashima Island in Japan. The U.S. space shuttle also has the ability
to launch satellites.

The International Telecommunication Union (ITU), a specialized agency
of the United Nations, regulates satellite communications. The ITU, which
is based in Geneva, Switzerland, receives and approves applications for use
of orbital slots for satellites. Every two to four years the ITU convenes the
World Radiocommunication Conference, which is responsible for assigning
frequencies to various applications in various regions of the world. Each
country’s telecommunications regulatory agency enforces these regulations
and awards licenses to users of various frequencies. In the United States the
regulatory body that governs frequency allocation and licensing is the Federal
Communications Commission.

Notes:

1. Transponder — TpaHCIIOH/IED; TIEPEAATUYHK-OTBETUHK;

2. Power system — cucteMa 3HeprocHaOKeHUS;

3. Propulsion system — qBurarTensHas cucTeMa;

4. Gravitational pull — cuna nputsxeHus;

5. Thruster — nBUTaTENH CUCTEMBI YIIPABICHUS TTOJIETOM;

6. Communications payload — neneBoe cBsi3HOE 000PYyIOBaHUE;

7. Tracking telemetry and control (TT&C) system — cuctema ciiexeHus,

TEJIEMETPUH U YIIPABJICHUS;
8. Electrical voltage — ayiekTpuueckoe HanpsHKEHUE,
9. International Telecommunication Union (ITU) —MexmyHapoxHbIit
coro3 anekTpocsszu (MCDI);
10. Orbital slot — opOuTanbHast MO3MULKs (BBIACICHHAS IS Pa3MEIICHHS
NC3 na reocranmonapHoit opoure);
11. Telecommunications regulatory agency — ciry»0a 110 HaJ130py B cepe
CBSI3U, HHPOPMAITMOHHBIX TEXHOJIOTHI U MACCOBBIX KOMMYHUKAIIHH.
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Text 22
SATELLITE APPLICATIONS

Advances in satellite technology have given rise to a healthy satellite
services sector that provides various services to broadcasters, Internet service
providers (ISPs), government, the military, and other sectors. There are three
types of communication services that satellites provide: telecommunications,
broadcasting, and data communications. Telecommunication services include
telephone calls and services provided to telephone companies, as well as
wireless, mobile, and cellular network providers.

Broadcasting services include radio and television delivered directly to
the consumer and mobile broadcasting services. DTH, or satellite television,
services are received directly by households. Cable and network programming
is delivered to local stations and affiliates largely via satellites. Satellites also
play an important role in delivering programming to cell phones and other
mobile devices, such as personal digital assistants and laptops.

Data communications involve the transfer of data from one point to
another. Corporations and organizations that require financial and other
information to be exchanged between their various locations use satellites to
facilitate the transfer of data through the use of very small-aperture terminals
(VSAT) networks. With the growth of the Internet, a significant amount of
Internet traffic goes through satellites, making ISPs one of the largest customers
for satellite services.

Satellite communications technology is often used during natural disasters
and emergencies when land-based communication services are down. Mobile
satellite equipment can be deployed to disaster areas to provide emergency
communication.

One major technical disadvantage of satellites, particularly those in
geostationary orbit, is an inherent delay in transmission. While there are
ways to compensate for this delay, it makes some applications that require
real-time transmission and feedback, such as voice communications, not ideal
for satellites.

Satellites face competition from other media such as fibre optics, cable,
and other land-based delivery systems such as microwaves and even power
lines. The main advantage of satellites is that they can distribute signals from
one point to many locations. As such, satellite technology is ideal for “point-
to-multipoint” communications such as broadcasting. Satellite communication
does not require massive investments on the ground — making it ideal for
underserved and isolated areas with dispersed populations.

Satellites and other delivery mechanisms such as fibre optics, cable,
and other terrestrial networks are not mutually exclusive. A combination
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of various delivery mechanisms may be needed, which has given rise to
various hybrid solutions where satellites can be one of the links in the chain
in combination with other media. Ground service providers called “teleports”
have the capability to receive and transmit signals from satellites and also
provide connectivity with other terrestrial networks.

In a relatively short span of time, satellite technology has developed from
the experimental (Sputnik in 1957) to the sophisticated and powerful. Future
communication satellites will have more onboard processing capabilities, more
power, and larger-aperture antennas that will enable satellites to handle more
bandwidth. Further improvements in satellites’ propulsion and power systems
will increase their service life to 20-30 years from the current 10-15 years. In
addition, other technical innovations such as low-cost reusable launch vehicles
are in development. With increasing video, voice, and data traffic requiring
larger amounts of bandwidth, there is no dearth of emerging applications that
will drive demand for the satellite services in the years to come. The demand
for more bandwidth, coupled with the continuing innovation and development
of satellite technology, will ensure the long-term viability of the commercial
satellite industry well into the 21st century.

Notes:

1. Broadcasting service - ciyx0a BeIaHus;

2. DTH (Direct To Home) - cuctema npuéma crryTHHKOBOTO TB;

3. Very small-aperture terminal (VSAT) - TepMuHan ¢ o4eHb Mayoi

aneprypo;
4. Bandwidth - nnama3oH 4acTor.

Text 23
SPACE EXPLORATION ISSUES FOR THE FUTURE

Space development, the practical application of the capabilities of
spacecraft and of the data collected from space, has evolved in parallel with
space exploration. There are two general categories of space applications.
One provides benefits that are considered public goods — i.e., that cannot
easily be marketed to individual purchasers — and thus are usually provided by
governments, using public funds. Examples of public-good space applications
include meteorology; navigation, position location, and timing; and military
and national security uses. The other category of applications provides goods
or services that can be sold to purchasers at profit. These applications are
the basis for the commercial development of space by the private sector.
Examples of existing commercial space applications include various forms
of telecommunications and data transmission via satellites, remote sensing of

49



Earth’s surface, and commercial space transportation. Other applications, such
as space tourism, space-based power generation, the manufacture of high-value
materials in a microgravity environment, and the commercial development of
extraterrestrial resources, may appear in the future.

May space applications have both civilian and military uses, and thus
similar systems have been developed by both sectors. How to manage and use
these dual-purpose systems effectively is a continuing policy issue.

Space exploration and development have been stimulated by a complex
mixture of motivations, including scientific inquiry, intense competition
between national governments and ideologies, and commercial profit.
Underlying them has been a vision of the outward movement of humans
from Earth, ultimately leading to permanent settlements in space or on other
celestial bodies. In reality, however, as of the start of the 21st century, only 27
people have traveled beyond Earth orbit, all of them Apollo astronauts during
the primarily politically inspired race to the Moon. Whether, and under what
conditions, human exploration and settlement of the solar system will resume
is a major issue for the future.

Scientists will continue to seek answers to leading questions about the
physical and biological universe through the deployment of increasingly
advanced instruments on orbiting satellites and space probes. The principal
space-faring countries appear willing to continue their substantial support
for space science. The availability of government funding will set the pace
of scientific progress.

The various applications of space capability hold the greatest promise for
significant change. If other commercial ventures equal or surpass the success
of the Satellite communications sector, space could become a major centre
of business activity. If governments decide to expand the activity in space
of their armed forces, space could become another major military theatre —
like the land, the sea, and the Air or Earth — for waging war and deploying
weapons. If observing Earth from space becomes crucial for effective
planetary management, an assortment of increasingly varied and specialized
observations satellites could be launched. Thus, outer space could become a
much busier area of human activity in the 21st century than in the first four
decades of endeavor there. At some point, it even may become necessary to
establish a space traffic-control system analogous to traffic-control systems
on Earth. Already, debris from exploring upper rocket stages, dead satellites,
accidental collisions of space objects, and at least one test of an antisatellite
weapon are threats to the use of the space environment, and governments and
private operators are taking steps to avoid creating additional space debris.

The development of space as an arena for multiple government and
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private activities will pose significant policy and legal challenges. The legal
framework for space activities is based on the 1967 Outer Space Treaty and
four subsequent United Nations treaties implementing its provisions. These
agreements were negotiating at a time when governments were the principal
players in space and commercial space activities were in their infancy. Whether
they form an adequate and appropriate framework for current and future space
activities requires review. One suggestion is to create a voluntary code of
conduct setting out the principles for responsible use of space.

The Outer Space Treaty prohibits the deployment of weapons of mass
destruction in outer space and on celestial bodies. Other treaties have limited
some military activities in space, but there is no general framework regulating
the military uses of space. The wisdom of developing space weapons — or,
alternatively, of limiting their development and keeping space a weapons-free
environment — is an issue for discussion and debate.

To date, the benefits of space exploration and development have accrued
mainly to those countries that have financed space activities. The contributions
of space to the economic and social development of large regions of Earth
have been limited. The Outer Space Treaty identifies space as “the common
heritage of mankind.” How to ensure that the benefits of this common heritage
are more equitably distributed will be a continuing challenge.

Notes:

1. Space probe - anmapar 1151 HcCIeA0BaHUS KOCMHYECKOTO MPOCTPaH-
CTBA;

2. Space debris - KOCMUYECKHI MyCOD;

3. Outer Space Treaty - JloroBop 0 kocMoce.

Text 24
EVOLUTION OF IAG IN THE SPACE AGE

In geodesy, as in other branches of science, one has to distinguish between
the scientific questions asked and the tools used to answer them. Many
questions asked today in geodesy are still the same as, or closely related to,
those asked in the 19th century.

The technical developments related to the space age, the development
of powerful computers, and the development of communication allow it to
tackle many more questions of, and to find much more detailed answers
to classical problems. One aspect, however, will never change in geodesy:
Geodetic problems only can be successfully addressed through international
collaboration. The discussion of the development of the IERS will underscore
this statement. The Bureau Gravimetrique International (BGI), systematically
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collecting and archiving gravity(-related) information in a worldwide basis is
another excellent example of international collaboration in geodesy.

It is a noble duty of an international association to focus the interests of
its community on the relevant scientific questions using the state-of-the-art
techniques. The IAG has made the attempt to cope with this challenge ever
since its creation in 1864. This is true in particular in the space age — no trivial
problem in view of the dramatic evolution of the geodetic tools in the second
half of the 20th century.

The example nicely demonstrates how the IAG works. There are quite a
few topics in geodesy which only can be explored successfully, if a particular
effect is regularly monitored. Sea level variations (on all time scales) and
Earth rotation are two excellent examples. In such cases IAG tends to hand
over the «routine work» to a scientific service in order to ensure the long-term
availability of the raw measurements and the derived products.

An IAG service is created, if measurements and products are well defined,
regularly generated, and of importance for a large user community. The [ERS,
e.g., is the IAG service dealing with all aspects of Earth rotation, the definition
and maintenance of the global terrestrial and the celestial reference frames,
and with monitoring the transformation between the two reference systems.
The IERS is a multi-technique service.

The roots of the IERS go back to the year 1899 when the ILS, the
International Latitude Service, was founded by the IAG. Polar motion was
derived from latitude observations performed at (initially) six observatories
(Mizusawa (Japan), Tschardjui (former USSR), Cagliari (Italy), Gaithersburg
(USA), Cincinnati (USA), Ukiah (USA)). The Central Bureau of the ILS was
initially located at the Geodetic Institute of Potsdam, then moved to Japan
(Mizusawa) in 1922, then to Italy in 1935, to go back to Japan in 1962.

With the reorganization of the international scientific associations after the
first world war, in particular with the creation of the IAU and the IUGG, the ILS
became a service working under the auspices of these two large international
unions. The IAG, now an Association of [IUGG, was de facto responsible for
the ILS - together with the IAU. A fundamental review of the polar motion
work took place in the 1950s and it was decided to considerably expand this
work. The IPMS, the International Polar Motion Service, was to succeed the
ILS with a broader mandate. The IPMS became a service which would

» advance the study of all problems related to the motion of the pole,

* collect the observations, which can be utilized for the determination
of this motion,

» calculate the coordinates of the pole, and

» distribute the data required, and publish the initial data and obtained
results.
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This mandate is close to the mandate of the IERS. It is interesting to
note, however, that the celestial and terrestrial reference frames, implicitly
needed for the work of the IPMS, were not explicitly mentioned in the above
list, because the celestial frame could be taken from astronomy (fundamental
catalogues) and the terrestrial frame from geodesy with sufficient accuracy.

It was not the IPMS first embracing the new space techniques. This
mandate was then given to an TAU/IUGG joint working group in 1978.
This working group initiated and conducted the project MERIT (Monitoring
Earth Rotation and Intercomparison of Techniques of observation and
analysis). All candidate techniques, in particular optical astrometry, Doppler
tracking, SLR, LLR, and VLBI, were invited to demonstrate their capabilities
for Earth rotation monitoring. Based on the MERIT experiences and on
recommendations made by the project team, the IAU and IUGG decided to
set up the [ERS (International Earth Rotation and Reference Systems Service),
which started operations on January 1, 1988. The mandate of the IERS is to

* define and maintain the International Celestial Reference Frame
(ICRF),

» define and maintain the International Terrestrial Reference Frame
(ITRF),

* monitor the Earth rotation parameters, and

» define the standards, constants, models, etc., required for Earth
rotation work.

Notes:

1. TAG (International Association of Geodesy) — MexayHapoHas ac-
coumanus reoge3un (MAI);

2. International Gravimetric Bureau (Bureau Gravimetrique International,
BGI) — MexxayHapoaHoe rpaBUMETpUUYECKOE 0I0PO;

3. State-of-the-art techniques — HOBe#iIInE METOIBL;

4. International Earth Rotation Service (IERS) — Mexmynapoanas
ciry>k0a HaOMIOACHHUS 32 BpallleHHEeM 3eMIIu;

5. International Astronomical Union (IAU) — MexayHapOIHBIN acTpo-
HoMHUeckuii coro3 (MAC);

6. International Union of Geodesy and Geophysics (IUGG) —
MesxmyHapoaHbIi coto3 reoae3un u reopusuku (MI'TC).

Text 25
GIS

GIS, in full geographic information system, computer system for
performing geographical analysis. GIS has four interactive components: an

53



input subsystem for converting into digital form (digitizing) maps and other
spatial data; a storage and retrieval subsystem; an analysis subsystem; and
an output subsystem for producing maps, tables and answers to geographic
queries. GIS is frequently used by environmental and urban planners,
marketing researchers, retail site analysts, water resource specialists, and other
professionals whose work relies on maps.

GIS evolved in part from the work of cartographers, who produce two
types of maps: general-purpose maps, which contain many different themes,
and thematic maps, which focus on a single theme such as soil, vegetation,
zoning, population density, or roads. These thematic maps are the backbone
of the GIS because they provide a method of storing large quantities of fairly
specific thematic content that can later be compared. In 1950, for example,
British urban planner Jacqueline Tyrwhitt combined four such thematic maps
(elevation, geology, hydrology, and farmland) in one map through the use of
transparent overlays placed one on top of another. This relatively simple yet
versatile technique allowed cartographers to create and simultaneously view
several thematic maps of a single geographical area. In his landmark book,
Design with nature (1967), the American landscape architect lan McHarg
described the use of map overlays as a tool for urban and environmental
planning. This system of overlays is a crucial element of GIS, which uses
digital map layers rather than the transparent plastic sheets of McHarg’s day.

The arrival of the computer in the 1950s brought another essential
component of GIS. By 1959 the American geographer Waldo Tobler had
developed a simple model to harness the computer for cartography. His MIMO
“map in-map out” system made it possible to convert maps into a computer-
usable form, manipulate the files, and produce a new map as the output. This
innovation and its earliest descendants are generally classified as computerized
cartography, but they set the stage for GIS.

In 1963 the English-born Canadian geographer Roger Tomlinson began
developing what would eventually become the first true GIS in order to assist
the Canadian government with monitoring and managing the country’s natural
resources. Because of the importance of his contribution, Tomlinson became
known as the «Father of GIS». Tomlinson built on the work of Tobler and
others who had produced the first cartographic digital input device (digitizer)
and the computer code necessary to perform data retrieval and analysis; they
had also developed the concept of explicitly linking geographic data (entities)
and descriptions (attributes).

The two most common computer graphic formats are vector and raster,
both of which are used to store graphic map elements. Vector-based GIS
represents the locations of point entities as coordinate pairs in geographic
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space, lines as multiple points, and areas as multiple lines. Topographic surfaces
are frequently represented in vector format as a series of nonoverlapping
triangles, each representing a uniform slope. This representation is known as
Triangulated Irregular Network (TIN). Map descriptions are stored as tabular
data with pointers back to the entities. This allows the GIS to store more than
one set of descriptions for each graphic map object.

Raster-based GIS represents points as individual, uniform chunks of the
Earth, usually squares, called grid cells. Collections of grid cells represent lines
and areas. Surfaces are stored in raster format as a matrix of point elevation
values, one for each grid cell, in a format known as a digital elevation model
(DEM). DEM data can be converted to TIN models if needed. Whether raster or
vector, the data are stored as a collection of thematic maps, variously referred
to as layers, themes, or coverages.

Computer algorithms enable the GIS operator to manipulate data within
a single thematic map. The GIS user may also compare and overlay data from
multiple thematic maps, just as planners used to do by hand in the mid-1900s. A
GIS can also find optimal routes, locate the best sites for businesses, establish
service areas, create line-of-sight maps called viewsheds, and perform a wide
range of other statistical and cartographic manipulations. GIS operators often
combine analytical operations into map-based models through a process called
cartographic modeling. Experienced GIS users devise highly sophisticated
models to simulate a wide range of geographic problem-solving tasks. Some
of the most complex models represent flows, such as rush-hour traffic or
moving water, that include a temporal element.

Notes:

1. Storage and retrieval subsystem — nH(pOpPMAITIOHHO-TIONCKOBAS ITO]T-
CHCTEMa;

2. Thematic maps — TeMaTHYECKHE KAPThI;

3. Digital map — mudposas kapra;

4. Digitizer — ycTpoHcTBO Ipeodpa3oBanus B HH(OPOBYIO GOpMY;

5. Vector-based GIS — Bexropnas ['IC;

6. Triangulated Irregular Network (TIN) — TpuanrynsquoHHas Hepe-
TYJISpHAS CETh;

7. Raster-based GIS — pacrposas ['1C;

8. Digital elevation model (DEM) — nudpoBast Moziesib BEICOTHBIX OT-
METOK penbeda;

9. GIS layers — Temaruueckue cinou HanomHeHus ['MC.
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Text 26
LIDAR

Lidar, technique for determining the distance to an object by transmitting
a laser beam, usually from an airplane, at the object and measuring the time
the light takes to return to the transmitter. The word lidar is derived from light
detection and ranging.

The first attempts to measure distance by light beams were made in
the 1930s with searchlights that were used to study the structure of the
atmosphere. In 1938, light pulses were used to determine the heights of clouds.
After the invention of the laser in 1960, lidar was first done using airplanes
as the platform for the laser beam. However, it was not until the arrival of
commercially available Global Positioning System (GPS) equipment and
inertial measurement units (IMUSs) in the late 1980s that accurate lidar data
were possible.

In a typical lidar system, a laser points downward from the bottom of
an airplane and flashes as many as 400,000 pulses per second at the ground.
Usually a laser that emits in the near-infrared is used. The pulse is then
reflected to a receiver on the airplane. Pulses are received either as single
returns, in which all the transmitted light is reflected from a uniform surface
such as the ground, or as multiple returns, in which, for example, the pulse
hits a forested area and returns multiple reflections from treetops, branches,
and ground. The distance from the airplane to the object beneath it is equal to
one half of the time between transmission and receipt of the pulse multiplied
by the speed of light.

The position and orientation of the aircraft must be known exactly. GPS
determines the position of the airplane over the ground, and an IMU with
three gyroscopes is used to determine its orientation in flight. Lidar systems
are typically accurate to less than 15 cm (6 inches) in vertical elevation.

Lidar has also been used in satellite- and ground-based systems. Those
systems operate in mush the same fashion as those on airplanes. Space-based
systems use powerful lasers because of the greater distance that the laser
pulse must travel. In ground-based systems the laser pulses do net need to be
transmitted as frequently as those on airplanes.

Because of its accuracy in mapping surface features, lidar is useful in
creating topographic maps. Its ability to map the ground in tree-covered areas
like the Central American rainforest has proven particularly effective for
archaeologists, who have discovered thousands of Mayan buildings covered
by vegetation. Forests can be studied with lidar and the profile of the multiple
returns can be used to determine what kinds of trees are present. Lidar can
also be used to determine ocean depths in shallow areas near land by using
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two lasers, one that transmits at near-infrared wavelengths that reflect off the
water’s surface and the other at optical wavelengths that reflect off the ocean
bottom.

Notes:

1. Light detection and ranging — akTHBHBIN JaJbHOMEDP OMTUYECKOTO
JMana3oHa;

2. Inertial measurement unit (IMU) — 6510k HHEpITHATHHBIX U3MEPHUTE-
JICH;

3. Global Positioning System (GPS) — rmo6anbsHast cucTeMa Mmo3uiro-
HUPOBAHUSI,

4. Speed of light — ckopocTh cBeTa;

5. Gyroscope — THPOCKOTI.

Text 27
GPS

GPS, in full Global Positioning System, space-based radio-navigation
system that broadcasts highly accurate navigation pulses to users on or near
Earth. In the United States’ Navstar GPS, 24 main satellites in 6 orbits circle
Earth every 12 hours. In addition, Russia maintains a constellation called
GLONASS (Global Navigation Satellite System), and in 2007 the European
Union approved financing for the launch of 30 satellites to form its own
version of GPS, known as Galileo, which is projected to be fully operational
by 2020. China launched two satellites in 2000 and another in 2003 as part
of a local navigation system first known as BeiDou (“Big Dipper”). In 2006
China, which had a limited participation in Galileo, announced plans to
expand BeiDou to a full GPS service as the BeiDou Navigation System. In
2007 China began launching a series of second-generation satellites, known
as BeiDou-2, or Compass. The constellation of 35 satellites is scheduled for
completion in 2020.

A GPS receiver operated by a user on Earth measures the time it takes
radio signals to travel from four or more satellites to its location, calculates
the distance to each satellite, and from this calculation determines the user’s
longitude, latitude, and altitude. The U.S. Department of Defense originally
developed the Navstar constellation for military use, but a less precise form of
the service is available free of charge to civilian users around the globe. The
basic civilian service will locate a receiver within 10 metres (33 feet) of its true
location, though various augmentation techniques can be used to pinpoint the
location within less than 1 cm (0.4 inch). With such accuracy and the ubiquity
of the service, GPS has evolved far beyond its original military purpose and
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has created a revolution in personal and commercial navigation. Battlefield
missiles and artillery projectiles use GPS signals to determine their positions
and velocities, but so do the U.S. space shuttle and the International Space
Station as well as commercial jetliners and private airplanes. Ambulance fleets,
family automobiles, and railroad locomotives benefit from GPS positioning,
which also serves farm tractors, ocean liners, hikers, and even golfers. Many
GPS receivers are no larger than a pocket calculator and are powered by
disposable batteries, while GPS computer chips the size of a baby’s fingernail
have been installed in wristwatches, cellular telephones, and personal digital
assistants.

The principle behind the unprecedented navigational capabilities of GPS
is triangulation. To triangulate, a GPS receiver precisely measures the time
it takes for a satellite signal to make its brief journey to Earth — less than a
tenth of a second. Then it multiplies that time by the speed of a radio wave —
300,000 km (186,000 miles) per second — to obtain the corresponding distance
between it and the satellite. This puts the receiver somewhere on the surface of
an imaginary sphere with a radius equal to its distance from the satellite. When
signals from three other satellites are similarly processed, the receiver’s built-in
computer calculates the point at which all four spheres intersect, effectively
determining the user’s current longitude, latitude, and altitude. (In theory, three
satellites would normally provide an unambiguous three-dimensioned fix, but
in practice at least four are used to offset inaccuracy in the receiver’s clock.)
In addition, the receiver calculates current velocity (speed and direction) by
measuring the instantaneous Doppler effect shifts created by the combined
motion of the same four satellites.

Although the travel time of a satellite signal to Earth is only a fraction
of a second, much can happen to it in that interval. For example, electrically
charged particles in the ionosphere and density variations in the troposphere
may act to slow and distort satellite signals. These influences can translate
into positional errors for GPS users — a problem that can be compounded
by timing errors in GPS receiver clocks. Further errors may be introduced
by relativistic time dilations, a phenomenon in which a satellite’s clock and
a receiver’s clock, located in different gravitational fields and traveling at
different velocities, tick at different rates.

When positional information is required with pinpoint precision, users can
take advantage of different GPS techniques. Differential navigation employs
a stationary «base station» that sits at a known position on the ground and
continuously monitors the signals being broadcast by GPS satellites in its
view. It then computes and broadcasts real-time navigation corrections to
nearby roving receivers. Each roving receiver, in effect, subtracts its position
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solution from the base station’s solution, thus eliminating any statistical errors
common to the two. The U.S. Coast Guard maintains a network of such base
stations and transmits corrections over radio beacons covering most of the
United States. Other differential corrections are encoded within the normal
broadcasts of commercial radio stations. Farmers receiving these broadcasts
have been able to direct their field equipment with great accuracy, making
precision farming a common term in agriculture.

Another GPS augmentation technique uses the carrier waves that convey
the satellites’ navigation pulses to Earth. Because the length of the carrier
wave is more than 1,000 times shorter than the basic navigation pulses, this
“carrier-aided” approach, under the right circumstances, can reduce navigation
errors to less than 1 cm (0.4 inch). The dramatically improved accuracy stems
primarily from the shorter length and much greater numbers of carrier waves
impinging on the receiver’s antenna each second.

Yet another augmentation technique is known as geosynchronous
overlays. Geosynchronous overlays employ GPS payloads “piggybacked”
aboard commercial communication satellites that are placed in geostationary
orbit some 35,000 km (22,000 miles) above Earth. These relatively small
payloads broadcast civilian C/A-code pulse trains to ground-based users. The
U.S. government is enlarging the Navstar constellation with geosynchronous
overlays to achieve improved coverage, accuracy, and survivability. Both the
European Union and Japan are installing their own geosynchronous overlays.

Notes:

Satellite constellation — crmyTHUKOBas TPYIIITUPOBKA;

U.S. Department of Defense — MunucrepctBo o6opons! CIIA;
Roving receiver — nepeaBIKHON MPUEMHIK;

Carrier wave — HeCyIIMi CHTHAII;

Geosynchronous — reoCHHXpOHHBIH

Geostationary orbit — reocranmonapHasi opouTa.

SN hA LD -

Text 28
THE NAVSTAR GPS SYSTEM

The Navstar GPS system consists of three major segments: the space
segment, the control segment, and the user segment. The space component is
made up of the Navstar constellation in orbit around Earth. The first satellite
was an experimental Block I model launched in 1978. Nine more of these
developmental satellites followed over the next decade, and 23 heavier and
more-capable Block II production models were sent into space from 1989 to
1993. The launch of the 24th Block II satellite in 1994 completed the GPS
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constellation, which now consists of two dozens Block I satellites (plus three
spares orbiting in reserve) marching in single file in six circular orbits around
Earth. The orbits are arranged so that at least five satellites are in view from
most points on Earth at all times. Since 1994, newer versions of Block II
satellites have been launched to replace older models.

A typical Block II satellite weighs approximately 900 kg (2,000 pounds)
and, with its solar panels extended, is about 17 metres (56 feet) across. Its
key elements are the winglike solar arrays that generate electrical power from
sunlight, the 12 helical antennas that transmit navigation pulses to users on the
ground, and its long, spearlike radio antenna that picks up instructions from
control engineers. As a satellite coasts through its 12-hour orbit, its main body
pivots continuously and the solar arrays swivel, keeping its navigation antennas
pointing toward Earth’s centre and its solar arrays aligned perpendicular to
the Sun’s rays.

The control segment consists of one Master Control Station at a U.S. Air
Force base in Colorado and four additional unmanned monitoring stations
positioned around the world — Hawaii and Kwajalein Atoll in the Pacific Ocean,
Diego Garcia in the Indian Ocean, and Ascension Island in the Atlantic Ocean.
Each monitoring station tracks all of the GPS satellites in its view to check for
orbital changes. Variations in satellite orbits are caused by gravitational pulls
from the Moon and Sun, the nonspherical shape of Earth, and the pressure of
solar radiation. This information is processed at the Master Control Station,
and corrected orbital information is quickly relayed back to the satellites via
large ground antennas. Every 18 months on average, the satellites within a
given ring drift too far from their original configuration and must be nudged
back with onboard thrusters fired by ground control.

The user segment consists of the millions of GPS receivers that pick up and
decode the satellite signals. Hundreds of different types of GPS receivers are
in use; some are designed for installation in automobiles, trucks, submarines,
ships, aircraft, and orbiting satellites, whereas smaller models have been
developed for personal navigation.

Notes:
1. Helical antenna — renMkongaabLHast aHTEHHA;
2. Master Control Station — r1aBHas CTaHIHS YIPABICHUS.

Text 29
GLONASS SYSTEM

GLONASS is an acronym, which stands for Globalnaya Navigatsionnaya
Sputnikovaya Sistema, or Global Navigation Satellite System.
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The first proposal to use satellites for navigation was made by
V.S.Shebashevich in 1957. This idea was born during the investigation of
the possible application of radio-astronomy technologies for acronavigation.
Further investigations were conducted in a number of the Soviet institutions
to increase the accuracy of navigation definitions, global support, daily
application and independence from weather conditions. The research results
were used in 1963 for R&D project on the first Soviet low-orbit «Cicada»
system. In 1967 the first navigation Soviet satellite «Cosmos-192» was
launched. The navigation satellite provided continuous radio navigation signal
transmission on 150 and 400 MHz during its active lifetime.

The «Cicada» system of four satellites was commissioned in 1979. The
navigation satellites were placed into circular orbits 1,000 km high with an
inclination of 83° and equal distribution of orbital planes to the equator. It
allowed users to acquire one of the satellites every hour and a half or two
and fix the position within 5-6 min of a navigation session. The navigation
system «Cicada» used one-way user-to-satellite range measurements. Along
with improvement of the satellite onboard systems and navigation equipment
much attention was given to enhancing accuracy of determining and predicting
parameters of the navigation satellite orbits.

Later, receiving measuring equipment was disposed on the «Cicada»
satellites to detect distress radiobeacons. The satellites received these signals
and rebroadcast them to special ground stations where the computation of the
exact coordinates of the emergency objects (ships, aircraft, etc.) was held. The
«Cicaday satellites tracking distress radiobecons formed «Cospas» system that
together with the US-French-Canadian «Sarsat» system built an integrated
search and rescue service that saved several thousands of lives. The «Cicada»
space navigation system (and its «Cicada-M» modernization) was designed
for navigation support of military users and had been in use since 1976. In
2008 «Cicada» and «Cicada-M» users started to use GLONASS system and
the operation of those systems was halted. It was impossible for the low-orbit
systems to meet requirements of a great number of users.

Successful operation of the low-orbit satellite navigation systems by the
marine users attracted widespread attention to satellite navigation. A general-
purpose navigation system was needed to meet the requirements of the great
majority of prospective users.

Based on the all-round research it was decided to choose the orbital
constellation consisting of 24 satellites equally distributed in three orbital
planes inclined at 64.8° to the equator. The GLONASS satellites are placed
in roughly circular orbits with the nominal orbit altitude 19,100 km and an
orbital period of 11 hours, 15 minutes, 44 seconds. Due to the period value

61



it became possible to create a sustainable orbital system that unlike GPS
does not require supporting correcting pulses during its active lifetime. The
nominal inclination ensures global availability on the territory of the Russian
Federation even when several SVs are not operational.

Two challenges have been faced for designing a high-orbit navigation
system. The first one dealt with mutual synchronized satellite timescales
with the accuracy of billionths of a second (nanoseconds). It became possible
because of high-orbit onboard caesium frequency standards. The second
challenge addressed high-precision determination and prediction of navigation
satellite orbit parameters. This issue was solved with scientific research on
second order factors of infinitesimals, such as light pressure, irregularities of
the Earth rotation and polar motions and etc.

Flight tests of the Russian high orbit satellite navigation system, called
GLONASS, were started in October, 1982 with the launch of “Kosmos-1413”
satellite. The GLONASS system was formally declared operational in 1993.
In 1995 it was brought to a fully operational constellation (24 GLONASS
satellites of the first generation).

Reduction in funding for space industry in 1990 led to degradation of the
GLONASS constellation. In 2002 the GLONASS constellation consisted of 7
satellites that was insufficient for navigation support of the Russian territory
even with limited availability. GLONASS was behind GPS in accuracy
characteristics, SVs active lifetime comprised 3-4 years.

Things improved when the federal program "Global Navigation System
for 2002-2011" was adopted and launched in 2002.

Throughout this federal program the following results were achieved:

1. The GLONASS system was preserved, modernized and became
operational consisting of “GLONASS-K” satellites. Nowadays there are two
existing operational global navigation satellite systems: GPS and GLONASS

2. Ground control segment was modernized that together with the orbital
constellation ensures the accuracy characteristics at a level commensurate
with those of GPS

3. The State Standard of time and frequency facilities and the Earth
rotation parameters definition facilities were modernized

4. GNSS augmentation prototypes, great amount of patterns of core
receiving and measuring modules, PNT equipment for civil and special use
and related systems were designed.

Nowadays there is an increasingly broad range of GNSS technologies
applications. To meet user requirements it’s necessary to keep on improving
the GLONASS system as well as user navigation equipment. In the first
place it applies for high precision GLONASS applications where real-time
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accuracy at a level of a decimeter and a centimeter is necessary. It also
relates to applications dealing with safety and security by air, sea and ground
transport operation. Greater operational efficiency of navigation solutions and
GLONASS interference resistance are needed. There are a significant number
of special and civil applications where the small size and high sensitivity of
navigation receiving equipment is crucial.

Starting from 2012 the GLONASS system has been moving in the
direction of efficient PNT task solving for the benefit of defense, security and
social and economic development of the country in the near and distant future.

Notes:

1. R&D project (research and development project) — OnbITHO-KOH-
CTPYKTOpPCKas pabora;
Orbital plane — maockocTh OPOUTEI;
Distress — aBapuitHBIN;
Radiobeacon — pagnomasik;
SV (space vehicle) — kocMudeckuii anmnapar;
Caesium frequency standard — 1ie3ueBbIil cTaHIAPT YaCTOTHI;
Infinitesimal — 6ecKOHEYHO MaJIblii; CTPEMSILIUICS K HYJIIO;
Light pressure — naBienue cBera,
Commensurate — copa3MepHBIii;

10. PNT (Positioning, Navigation, and Timing) — mO3WIIMOHKUPOBAHHE,

HABUTAIMSI U CHHXPOHH3AIIHUS.

A e R
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TEOPUS IIEPEBO/IA
IlepeBoa B cOBpeMEHHOM MUpe

WHTerpanmoHHble MPOIECCH B Pa3IUYHBIX 00JACTAX AEATEITHHOCTH
YeNIOBeKa, HEPa3phIBHO CBSI3aHHBIC ¢ OOIICH TEHACHIUEH K I100an3aiuu,
Habmromaemoit B XXI Beke, HeM30€KHO BeAyT K YBEIWUCHHUIO UHCIIA
MYJBTHSA3BIYHBIX KOHTAKTOB. J|BIkeHne nH(GOPMAITMOHHBIX TOTOKOB HE IMEET
MPOCTPAHCTBEHHO-BPEMEHHBIX TPAHMIT U OXBATHIBAET CAMBIC Pa3HbIC CEphI
nestenbHOCTH. [lpn aTOM BCE Ooslee BaKHOE MECTO 3aHHMAIOT ITEPEBOIBI
TEKCTOB CIEIUAILHOTO XapakTepa, MO3TOMY CIEAYET BBIICIUTh 0co0oe
3Ha4YEHHUE U POJTb TEXHUUECKOTO MTEPEBO/IA, TTOCKOJIBKY OJiaroiapst 5TOMy BHILY
MIEPEBOTYECKOM JIEATEIILHOCTH MPOUCXOIUT 0OMEH 3HAHHSMH M TEXHOIOT USTMHE
MEXJy CHEIHMATUCTAMH Pa3HbIX CTPaH M O0ECICYMBACTCS BO3MOXKHOCTH
X paboOThl HaJ COBMECTHBIMH TMpoekTamMu. [IpaBunbHOE odopmiileHne u
MPEJICTABIICHUE TEXHUYESCKOTO MPOJIyKTa HA MUPOBOM PBIHKE TAK¥Ke TPeOyeT
y4acTHsl CIIENNAINCTa, BIAJCIOIIEr0 HaBBIKAMH TIEPEBOIA.

HepeBon U CMEKHBIC HAYKHU

Hayka o nepeBoae u3yudaeT Hpolecc INEpPeBOAa — MEXKbI3bIKOBbIE
peoOpa3oBaHus, TPAHCHOPMALIUIO TEKCTA HAa OHOM SI3bIKE B TEKCT Ha JPYTOM
s3bIke. [Iporiece nepeBoga — 3T0 Npoliecc KOMMYHHMKALIMH C HCIIOIBb30BaHUEM
JIByX SI3BIKOB. DTO BCETZa JEATEIHbHOCTh YeJOBEKa (aHTPOIOIEHTPHU3M),
rJe aKKyMyIHpyIOTcsl poOiemsl (unocoduu, NCUX0IOTUH, (pU3HOIOTUH,
COLIMOJIOTUH, U JIP.

Ilepe6ood u nunesucmuxa.

COnmxeHre nepeBojia U JTMHIBUCTUKH:

CXOZICTBO MHTEPECOB U MPUHLIUIIOB;

NepEBOJI — MPUBJICKATEIbHBIH OOBEKT JIs IUHTBUCTHKH;

HEOOXOIMMOCTH pelIeHus IPoOIeM MAIIMHHOTO IEPEBO/IA;

CyOBeKTUBHBIE (DAKTOPHI.

DYHKYUOHAIUZM MeopUU hepesooa.

Henb3s craBUTh 3HAK paBEHCTBA MEXAY HPOLECCOM IIEPEBOAA U
a3bIkoM. [lepeBon — 3T0 peueBas JesTenbHOCTH. [lepeBoapl — IeHHBIN
MCTOYHHUK MH(OPMAIINH O SI3BIKAX, YHaCTBYIOIINX B Mpoliecce rnepesosa. B xome
MIEPEBOIUCCKON ACSTEIBHOCTH MPOUCXOIUT JIMHIBUCTUYECKUH SKCIIEPUMEHT I10
KOMMYHHKaTHBHOMY ITPUPABHUBAHUIO BBICKa3bIBAHMI 1 TEKCTOB Ha IBYX SI3bIKAX.

BrIsiBIeHHBIM TUHTBUCTUKOW yHUBEPCAJbHBIA 00IIeYeoBeueCKIi
XapakTep s3blKa M MBIIUICHUS SBJISETCS OCHOBOW JJi IMEPEBOAYECKOTO
nporecca:

BCE SI3BIKH COCTOST U3 IByCTOPOHHMX EIMHMLL, 00JIaIal0INX 3By YaHUEM
Y 3HAYCHHEM;
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BCE OHH 00JIAAIOT CJIOBAPHBIM COCTABOM M I'PAMMATHYCCKHM CTPOEM,
CIIy)aT CpelcTBOM (POPMUPOBAHMS MBICICH M MEpeIadd UX B IpoIecce
0OIIeHNs ¢ IPYTUMH JTFONEMH;

BCE SI3BIKH MCIIONIB3YIOTCS IS TOCTPOCHHS COOOIIEHHUH O BHES3BIKOBOH
peanbHOCTU: CTIOCOOHBI PA3IMYHBIMU CIIOCOOAMH BBIPAXKATh MOHSTUHHEIE
KaTeropuy BPeMEHU, MECTa, YMCIIa, MOIaJIbHOCTH U JIp., 0003HAYATh KIIACCHI
MPEMETOB U OTJICJIbHBIC O0BEKTHI, MX MPU3HAKH, TIPOIIECCHI K COCTOSHUSL.

DTa yHUBEPCAITBHOCTD OTPAXKAET CIUHCTBO YEIOBEUCCKOTO MBIIIICHHUS
U OKpyXXarouiero wmupa. I UMEHHO OHO OmpezelnseT, B KOHEYHOM CuéTe,
BO3MOYKHOCTB TIEPEBOIA.

B co3nanue Teopernueckoit 6a3bl COBpEMEHHOW TEOPHUH TIEPEBO/Ia BHECITH
CBOW BKJIaJl MHOTHE HAyKH I'yMaHUTAPHOTO KA, CPEIU HUX 0C000E MECTO
3aHMMAOT COLIMOJIMHIBUCTHKA, IICUXOJIMHIBUCTHKA, CEMUOTHKA.

Coyuonunegucmuxa — HayKa, U3ydyarollas pa3JHu4YHbIC aCMEKThI
COOTHOIIIEHHS W B3aMMOJEHCTBHUS s3bIKa W o0ImecTBa. Kak mokassIBaroT
COBpPEMEHHbIE HCCIISIOBAHUS NIEPEBOJl M PE3YNIBTAT MEPEBO/Ia TOABEPIKEHBI
BJIUSHUIO PA3JIMUHBIX COLUAIBHBIX (PAKTOPOB, T.C. SIBJISIOTCS COLMAIBHO
neTepMuUHUpOBaHHBIMHA. OTpakeHHue COIMaTbHOTO MHpa B Tpollecce
MEXBI3bIKOBON KOMMYHHUKAIMU SBISIETCS OJHUM U3 CYIIECTBEHHBIX
COITMOTMHTBUCTHYECKUX ACIIEKTOB IEPEBOIA. B COMMOIMHTBUCTHUCCKUE
3a/1a4y IepeBOa BXOAUT: TIepeiaua COLMANBHBIX PeaTuil HCXOMHON KYIbTYPBI,
OTpakKEHHUE COlMabHON AuddepeHIanun 00IIecTBa Yepe3 COLHAIbHYIO
muddepeHnnanuio A3blKa, 3a7a4a COOTHONIEHUS S3bIKa W KYIbTYPHI —
MOKUCK (PYHKITMOHATIBHBIX aHAJIOTOB. 3ajia4a TEM CIIOKHEE, YeM OUYCBUJHEE
THUCTAHITUS KYJIBTYpP, BCTYMAaIOIINX BO B3aWMOJCHCTBUE NPHU TEPEBOIE,
OTPaKCHUE COIMAJILHON BapUAaTUBHOCTH SI3bIKA, BBIPAOOTKA COIMAIBLHOM
HOPMEI TIEPEBOIA, CBOJIA HOPM M TIPABHJI, TOCPEICTBOM KOTOPHIX OOIIECTBO
JIETEPMUHHUPYET ITOBE/ICHUE TIEPEBOIUNKA.

Tcuxonunesucmuka — 3T0 HayKa, 00BEKTOM HCCIICIOBAHUS KOTOPOW
SBIISIETCS pedeBast AeaTelbHOCTh. OOBEKTOM MCCIIeIOBAHMSI TIEPEBOIOBEACHUS
BBICTYIACT MEPEBOJ KaK OCOOBIH BUJ PEUCBON JESITCIBHOCTH B paMKax
KOMMYHUKAITMH C UCITOJIb30BAHUEM JIBYX SI3BIKOB. BIIM30CTH M IepecevcHme
00beKTa HCCIEOBAHUS MPENONpeaesieT OJM30CTh 3aa4, pelaeMbIX
HayKaMH, a TAKKe MTPUII0KIMOCTh 3HAHUN, HAKOTUICHHBIX IICHXOTMHTBUCTHKOM
K Teopuu repeBoa. OCHOBHBIMHU HAIIPABIEHUSMH IICHXOIUHTBUCTUYECKOTO
a”Haju3a B TCOPUH IEPEBOJA SIBIAIOTCS: MOJACIUPOBAHHUE MpoOIEcca
mepeBoia, U3YUYCHUE MCUXOJTOTHISCKUX MEXaHU3MOB pPa3HBIX BHIOB
MepeBo/ia, NepeBO{YeCKasl KOMIIETEHIIUS KaK CIIOCOOHOCTh MEPEBOAUTH.
Bormpocs! co3nanus mcuxoaorudecKoi MOJISIH TIEPEBO/Ia BOCXOIAT K TpyAaM
amepukaHckoro nepeogosena IOmxuna Haitnpl. B ocHOBY npensioxeHHOM
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UM MOJIENH TIOJIOKEHO BHJIEHHE MEPEeBOMYECKOTO MpoIecca Kak mporiecca
TICHXOJIOTHYECKOTO, COCTOSIIIETO U3 CTAIUI: BOCTIPUSTHS M aHAIN3a HCXOTHOTO
COO00IIeHNS, TIepeHOca MOJBEPTHYTOTO aHAIIN3Y MaTepHrasia Ha sI3bIK ITepeBo/ia
(mepexoMpoOBaHue), CTAIUIO TIOPOXKIACHUS COOOIICHHSI Ha SI3bIKE ITEPEBOJIA.

B 3aBucuMoCTH OT BUA MepeBoja B JEHCTBUE BCTYMAIOT TE€ WIHU
WHBIE TICHXOJOTUYECKUE MEXaHU3MBI: B YCTHOM II€pPEBOJIE OCOOEHHO
BeJMKa Harpy3ka Ha maMsTh. YMCTBEHHBIC MEXaHU3MBbl pPaboOTaioOT B
cTpeccoBoil cutyaruu. CI0KHBIE YCIOBHUS BBIIBUTAIOT Ha IMEPBBIM IUIaH
JOBEAEHHBIE IO COBEPIICHCTBA HABBIKM U YMEHUS; B TUCBMEHHOM MIEPEBOEC
(YHKIIMOHMPOBAHUE YMCTBEHHBIX MEXaHH3MOB MPOHCXOJHUT B CIIOKOMHBIX
ycioBusix. B okyce BHUMaHUSA — CTaaus MOPOXKICHHUS KaueCTBEHHOTO
MEPEBOJHOTO TEKCTa; B CHHXPOHHOM IEPEBOJIE CTAJHH BOCIPUATHS U
TTOPOYK/ICHUSI BBICKA3bIBAHUS HA SI3bIKE MEPEBOA MPOTEKAIOT MPAKTHIECKH
OJJHOBPEMEHHO. BkiTtouaeTcsi MeXaHn3M BEpOSTHOCTHOTO TPOTHO3UPOBAHHS.
CyTbh MeXaHU3Ma BepOSITHOCTHOTO IPOTHO3UPOBAHHUS B TOM, UTO B ITpoIiecce
BOCHIPUSTHS HCXOAHOTO COOOIIIEHHS IEPEBOTYHK BBIJIBUTACT ITPEIIOIOKEHHS
0 TOM HMJI MHOM CMBICIIOBOM 3aBEPILIIEHIH aBTOPCKOTO BHICKa3bIBAHUSI.

B xpyr NCHXONMMHTBUCTHYECKHX MPOOJIEM TMEepeBo/ia BXOAUT ITOTBITKA
MCHUXOJIOTHYECKOTO 0OOCHOBAHUS NepesoouecKol KoMnemenyul.
IlepeBomueckass KOMIIETEHITUST PACCMaTPUBAETCS KaK COBOKYITHOCTh psiaa
KOMITOHEHTOB: PELENTUBHOIO (CIOCOOHOCTh K MOHMMAHHUIO MCXOJHOTO
COOOIICHHMST) U PEIPOLYKTUBHOTO (CIIOCOOHOCTD K CO3/IaHUIO TEKCTA Ha S3bIKE
MIEPEBO/IA); SI3BIKOBOTO (HEOOXOMMMBIN YPOBEHB BIIAICHUS sI3bIKAMH OpUTHUHATIA
U TIepeBOJla) M BHESA3BIKOBOTO (BJaJICHUE AJIEMEHTaMU COTOCTAaBIISIEMbIX
KYIBTYD).

Cemuomuxa — Hayka, u3ydaromas oOlmue 3aKOHOMEPHOCTHU
(YHKIIMOHUPOBAHUS 3HAKOBBIX CHCTEM, B TOM YHCJIC U €CTECTBEHHOTO
s3bIKa KaKk 0c000# cuctembl 3HaKoB. CEMHOTHKA BOOPYXAET TEOPHUIO
nepeBojia CHenualbHbIM MOHATHHHBIM almapaToM U cOOCTBEHHBIMH
aHATMTUYECKUMH TIporieypamu. [loinokeHne o ceMHOTHIECKOH (3HAKOBOH)
NPUPOJIE A3bIKA MOCTYKUIO KOHLENTYaIbHOH OCHOBOM ISl M3y4EHHSI TAKHX
CTOPOH TEPEBOMYECKOM JCATETHHOCTH, KaK JIMHIBUCTUYECKUH MEXaHU3M U
KOMMYHHUKaTUBHAs poiib repeBoja. C Mo3uuy CEMUOTHKH SI3bIKOBBIC 3HAKH
XapaKTepU3yITCsl BYCTOPOHHOCTBIO, MPOU3BOIBHOCTHIO M 3HAYUMOCTBIO.
JIByCTOPOHHOCTD SI3BIKOBOTO 3HAKa IPENIOoNiaraeT HaJM4Hhe JIByX CTOPOH:
MaTepHualbHON (3ByKoBas U rpaduueckas GopMbl) U UAcaTbHOW (TIaH
comepxkaHusa). Mexay MaTeprualbHONH (GOpMON M 3HAYCHUEM S3BIKOBOU
€IMHULBI B OOJIBIIMHCTBE CIy4aeB HET HUKAKOH €CTeCTBEHHOW JTOTMYeCKOM
cBsi3u. OJTHA U Ta )Ke peainsi COBPEMEHHOM KHU3HU MOXKET HOCHTB COBEPILICHHO
oTIHYHYIO hopMy (Cp. «Imoe3m» — «trainy).
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Buabl nepeBoaa: nocjieoBare/ibHbII MepeBO, CAHXPOHHbIH
nepeBoa M €ro Pa3HOBUIHOCTH

TlocnedosamenvHblii nepesod — yCTHBIIA TIEPEBO/I, BBITIOIHIEMBIH JTHO0
MOCJIe TIPOM3HECEHUS BCEr0 PeueBOro MPOU3BEACHNUA-OpUTHHATIA OPATOPOM,
00 B may3ax pedn oparopa. OOBIIHO TaKWe IMay3bl opaTop MejacT MOocie
NPOM3HECEHUS OTHOTO MJIM HECKOJIBKUX MPEATI0KESHHH.

CunxpoHmwiii nepesod — yCTHBIN TIEPEBO]I, BHITIOTHIEMBIH IIEPEBOTIHKOM
OJTHOBPEMEHHO C MPOM3HECEHUEM IPOU3BEACHUS-OPUTHHAIA OPATOPOM.
Takum oOpazom, MpU MepeBojie MPOUCXOAUT CUHXPOHHOE BOCHPHSITHE
YCIIBIIIAHHOTO ¥ IOPOXKIeHHe TepeBoaa. CHHXpOHHBIH IIepeBOJ] MOXKET JTHO0
HEMHOTO OTCTaBaTh OT PEYH OpaTropa, YTO HOCUT Ha3BaHHE CUH(A3ZHOCTH
nepeBofa (wir (a3oBoOro CABUTA), JTMOO HEMHOTO OTIEpEKaTh pedb Oparopa,
Onarozmaps crelnaJbHONH TEXHUKE BEPOSITHOCTHOTO IPOTHO3UPOBAHUSI.

Ocobennocmu cuHXpOHH020 nepeooa. CUHXPOHHBIN MEPEBOJ HaYAJ
MacCcOBO HMCIIOJIB30BaThCS BO BTOPOW TPeTH mpouuioro Beka. J[o aToro
MOMEHTa BO BPEMS Pa3IMYHBIX MEXKIYHAPOIHBIX BCTPEY HMCIOIB30BAICS
HCKITFOUNTEILHO TTOCTIeA0BaTeIbHEIN epeBoa. OH ObLT HEYIOOCH O TOU
NPUYHMHE, YTO NPUBOMI K 3aTATMBAHUIO POLIECCa U TNI0XOMY B3aUMOICHCTBUIO
oparopa ¢ myonukoii. KoHnieHTpanys BHUMaHUS CIIyIaTesieil Ha peun CIiKepa
CYIIECTBEHHO CHWXAJach, TaK KaK TOMY MPUXOAMIOCH MOCIE KaX0TO
NPEATIOKEHHSI OCTAaHABIMBATHCS H JKAATh, IIOKA HECKOIBKO MEPEBOAYMKOB MO
o4epeu ePEeBEYT TEKCT Ha HYKHBIE SI3BIKH.

C BBezieHHEM B [TPAKTUKY CHHXPOHHOTO MEPEBO/IA MPOLIECC KOMMYHHUKAIIUH
oparopa cO CIylaTelsM{ 3HAUYUTeIhbHO cokpartmics. Ho opranmsaropam
KOH(EepeHUNH Ha MEeXIyHapOIHOM YPOBHE MOHAJAO0MINCH, BO-TIEPBBIX,
YCTAHOBKA CIHENUAIbHOTO TEXHUYECKOTO 00OPYIOBaHMS U, BO-BTOPHIX,
KBaJTU(UITPOBAHHBIE TIEPEBOJYUKH CHHXPOHHCTHI C 0€3yPEYHBIM 3HAHHUEM
MHOCTPaHHOTO SI3bIKa, CIIOCOOHBIE B OBICTPOM TEMIIE OTHOBPEMEHHO C PEYbI0
CIIUKepa NepeBOTUTh OOBEMHBIE TEKCTHI.

Texnuueckue ocobenHHOCMU CUHXPOHHO20 nepesoda. Bo Bpems
MEpPOTPHUITHI C MCIOJIb30BAHUEM CHHXPOHHOTO NEepeBOJa KaxKJbIi
M3 YYaCTHHKOB MEXJYHapOJHOW BCTPEYH C MOMOIIBIO HAYITHUKOB
Y YCUJIUTEIBHOHN ammaparypbl MOACOEIUHEH K MEpPEeBOAYECKON KaOWHKe
C HYKHBIM S3BIKOM. Tak OH MOIy4aeT BO3SMOKHOCTH CITBIIIATH PEYh OpaTopa
OJTHOBPEMEHHO C TIPOLIECCOM MPOTOBAPUBAHUS PEUH.

CymiecTByeT Ba BapraHTa CHHXPOHHOTO IepeBona. [Ipu mepBoit ero
Pa3HOBUAHOCTH MEPEBOAYMK 3apaHee IOoJydaeT TEeKCT OynyIied peuu.
B MOMEHT BBICTYIIJICHHSI €My OCTaéTCsi CHHXPOHHO C BBICTYHAONUM
MepeBoIUTh ero (pa3sl. Ho 1 B TakoM citydae 3a/1aHue MepeBOAYNKA HEIb3S
Ha3BaTh JIETKUM, TaK KaKk B PeYd oparopa 00sf3aTelbHO MPHUCYTCTBYIOT
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peMapKu, OTCTYIUIEHHUS OT 3aIJIaHUPOBAHHOI'O BBICTYIUICHHUSL. J]a 1 cam TeKCT
MePEeBOAYMK IOJTy4aeT HEPEJIKO JIMIIb 32 HECKOJIBKO MUHYT JI0 Havyajia BCTPEUH.

BTopoii BapnaHT CHHXPOHHOTO TIepeBoa e 0oee CI0KEeH, TaK Kak B
JTAHHOM CJIy4ae NepeBOIUMK BBIHYKICH Ha CIIyX BOCIPUHUMATD PEUb OpaTopa
Y C OTCTaBaHHUEM B HECKOJBKO CEKYH]T €€ MePEBOIUTE. DTOT IIPOIecC TpeOyeT
OT TIepEeBOTYMKA HE TOIHKO MPEKPACHOTO 3HAHUS S3bIKA U CTIEIN(UKH TEMBI,
HO U OTPOMHOH 3MOLMOHABHOH BBIACPKKU. OOBIYHON PAKTUKON CUUTACTCS
nmapHas paboTa MmepeBOAYNKOB-CHHXPOHUCTOB, 3aMEHSIOMINX JIPYT Apyra
nocye 20-30 MUHYT paOOTHI.

Lles» mepeBoaa u ero ocyuiecTBJIeHHE

Ilenb nepeBojia peasizyeTcs Yepes CTPaTEruto NEPEeBOAUECKUX JIEHCTBUM.
XapakTep crosiied nepes NepeBOAYMKOM LETH B 3HAYMTEIBHOW CTENEHU
ONPEIEISIETCS XapaKTEPOM KOMMYHUKAaTUBHOM CUTyal1H.

Brionue o4eBHIHO, UTO MOHATHE LIETH MEPEBO/IA HEPA3PBIBHO CBA3AHO
C MOHATHUEM ajpecara. B KOMMyHUKAaTHBHOW CUTyamuu I000ro TUma
NEPEeBOAYMK B OJJMHAKOBOW CTENCHH IPUHUMAET BO BHUMaHHE OCOOCHHOCTH
NMOTCHIUAJILHOTO MMOJIydareisd MEpeBOAHOTO TCKCTA. HonyaneneM MOXKET
OBITh YEJIOBEK WJIH ayAUTOPHUs, SBJIAIOIIASACA 00ObEKTOM BO3ACHCTBUS CO
CTOPOHBI aBTOpPAa OPUTMHAJIA U C TOYKH 3PEHUSI CBOMX HHTEPECOB M OKHJaHUH
MaJjo OTIUYAIOIMAACS OT ayIUTOPHH MCXOAHOTO TEKCTa (€CIHM He CUMTATh
S3BIKOBBIX M KYJIBTYPHBIX pa3nuuuii). B 3ToMm ciydae ecth Bce OCHOBaHMS
HacTauBaThb HA HpI/I6JH/I3I/ITCJ'H>HOM CXOACTBEC KOMMYHHKAaTHBHBIX S(p(bCKTOB co
CTOPOHBI OPUTHHAJIA U IEPEBOJIA, U IIEIIBIO ITEPEBO/IA MO-TIPEKHEMY OCTAETCS
obecrieueHrne CXOJHOTO KOMMYHHUKAaTHBHOTO 3¢ ¢ekra. B npyrom ciyuae
I0JIy4aTeIH IEPEBO/Ia OTHOCATCS HE TOJBKO K MHOH SI3bIKOBOM I'pyMIIE, HO U
K MHOM 3110xe. X BocnpusiTre Tekcta OyAeT MPUHLIHUINUAIBHO OTINYAThCS OT
BOCHIpUATHA HonyaneneI‘/'I opurvHaJa. bomee TOT'O0, IEPCBOIYUK, BBICTYIIAs B
KaueCcTBE MHUIIMATOPA EPEBOAA, MOXKET IIPECIICAOBATH HEKYIO 0COOYO L1Eb,
He COBIA/IAIONIYIO € LIEJIbI0 aBTOPA UCXOHOTO TeKcTa. OH MOXKET, Halpumep,
HCIIOJIb30BaTh 11E€PEBOJ, YTOOB! IO3HAKOMUTH YUTATENSI C OCOOCHHOCTIMU
HCTOPUYECKON CHTYyallMM JaHHOTO MEPHOa, THOO pacKpbeITh 0COOCHHOCTH
MOJUTHYCCKON MO3UITUUA aBTOpa, TUOO MPOAEMOHCTPUPOBATH KAKHUE-TO
0COOCHHOCTH TEKCTa KaK JIOKyMEHTa ONpeIeTICHHON HCTOPUIECKOM 3MOXH U T. 1.
B nporiecce nepeBoia nepeBoAYNK YUUTHIBAET 0COOEHHOCTH OTEHIIUAILHOTO
MOJIy4aressi MepeBOAHOTO TEKCTa, TaK YTO MParMaTHYE€CKUE OTHOIICHHUS
MEX]ly IEpEeBOAUYMKOM M M0JTydaTesIeM HECOMHEHHO NPUCYTCTBYIOT.

COOTBETCTBEHHO, OIIEHMBAs KauyeCTBO MEpPEeBOMa, CIEAyeT o0pamarh
BHUMaHMeE NIPEXKJIE BCETO HA TO, HACKOJIBKO YJa4yHO NEPEBOTUMK OIPAB/IBIBAET
OXHUJaHUA PA3HBIX I'PYIIT nonyanenef/'I B KOMMYHUKATHUBHBIX CHUTyallUAX
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pa3HBIX THUIOB: JTHOO OH OOJee MW MEHEE YCICHIHO 00CCIICUMBAET TO
BO3JIeiiCTBUE Ha TOJTyyareneil, Ha KOTOpOe PacCUUTHIBAI aBTOP OPUTHHAJA,
100 OH AA&T MoTydaTessiM BOBMOXKHOCTD HCIIOJIh30BaTh TEKCT TIEPEBOJIa B
COOTBETCTBHU C 3apaHee onpenenéHHoN Leibio. M B ToM, U B ApYroM ciydae
MEPEBOJ MOXKET CUYUTATHCS aJIEKBATHBIM.

Ilepesooueckue mpaucopmayuu. IIpeodpazoBanusi, ¢ MOMOIIBIO
KOTOPBIX MOYHO OCYIIECTBHTH NEPEX0J OT €AUHUIl OpUTHHAla K
eIMHHULIAM TIepeBO/ia B YKAa3aHHOM CMBICIIE, HAa3bIBAIOTCS IIEPEBOAYECKUMHU
(MEXbS3BIKOBBIMH ) TPAHC(HOPMALIHSIMU.

B pamkax onmcanust poiiecca rnepeBojia rnepeBoadeckue TpaHcopmarmu
paccMaTpyUBaIOTCs HE B CTaTUUECKOM IIJIaHe KaK CPEICTBO aHAIN3a OTHOLIEHHUH
MEK/Ty STMHUIIAMHA HHOCTPAHHOTO SI3bIKa U MX CIIOBAPHBIMU COOTBETCTBHUSIMY, &
B IJIAHE JMHAMHUYECKOM KaK CIIOCOObI IEPEBOIA, KOTOPBIE MOXKET UCTIOIb30BaTh
NePEeBOAYMK TP MEPEBOJIE PA3IMYHBIX OPUTHHAJIOB B TEX CIIydyasx, KOTna
CJIOBAPHOE COOTBETCTBUE OTCYTCTBYET MIIM HE MOXKET OBITh HCITOIH30BAHO TI0
YCIIOBUSIM KOHTEKCTa. B 3aBUCMMOCTH OT XapakTepa eJUHUL HHOCTPaHHOTO
S3bIKA, KOTOPBIE PACCMATPUBAIOTCSI KAK HCXO/HBIC B OTIEPAIHH TPE0Opa30BaHus,
nepeBoguYecKkue TpaHcHopMaLuy MOAPA3ACISIOTCS HA JIEKCHYECKHE U
rpammarnyeckue. Kpome Toro, cymecTByrOT TaKKe KOMITJICKCHBIE JIEKCHKO-
rpaMMaTideckue Tpanchopmanmm, Te mMpeodpa3oBaHus TUO0 3aTParuBarOT
OJTHOBPEMEHHO JIEKCHUECKUE ¥ TPAMMaTHUECKHE eANHHIIBI OPUTHHANA, TU00
SIBJSIFOTCS. MEKYPOBHEBBIMH, T.€. OCYIIECTBISIIOT MEPEXOJ OT JIEKCHUECKUX
€IMHHI K TPAaMMAaTHYECKHM U HAa00OPOT.

Jlekcnueckue TpaHchopMaIUU: 3aMeHbI, TeHepaIu3alus,
KOHKPeTH3aIHsl, CMbICJIOBOE COIJIACOBAHNE

Jlexcuko-cemanmuueckue 3amMeHbl — 3TO CI0C00 MepeBo/Ia JICKCHUSCKUX
eIMHUII OPUTHHANA MYyTEM HCIIOIB30BAHUS B TICPEBOJIC CAMHHUII, 3HAUCHHE
KOTOpI)IX HE COBIIaZAa€T CO 3HAYCHHUAMU HMCXOIHBIX C€CAHWHHUI], HO MOXCT
OBITh BBIBEJICHO M3 HHUX C MOMOIIBIO OMPENCIEHHOrO THUIA JIOTHYECKUX
npeoOpa3zoBanmii. K KOHTEKCTyaJIbHOUM 3aMEHE TPHU MEPEBOJIC MPUXOAUTCS
npuberarb BO BCEX CIIydasX, KOTja yCJIOBHUsS KOHTEKCTa HE IO3BOJISIOT
WCIIOJIh30BaTh B MEPEBOJIC CIOBApHBIE COOTBETCTBHUS. OCHOBHBIMH BHJAMH
HOI[O6HLIX 3aMCH SBJISAIOTCS KOHerTI/ISaHI/ISI, reHepaJImaum[ n MO):[y.II;IHI/ISI
(CMBICTIOBOE PA3BUTHE) 3HAUCHUST UCXOTHOMN €IIMHUIIBI.

Konxpemuzayueti Ha3pIBaeTCs 3aMEHA CII0BA MU CIIOBOCOYETAHUS C Ooree
HIMPOKUM IPEAMETHO-IOTMUECKUM 3HAYCHUEM, CJIOBOM M CIIOBOCOUCTAHHUEM
¢ OoJiee Y3KUM 3HAYCHHEM.

B psne ciydyaeB npuMeHEHHME KOHKPETH3ALMK CBSI3aHO C TEM, YTO B
SI3BIKE OTCYTCTBYET CJIOBO CO CTOJIb NIMPOKUM 3HadeHueM. Tak, aHTHiickoe
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CYIIECTBHUTENBHOE «thing» nMeeT OueHb a0CTpaKTHOE 3HaueHHe («an entity of
any kind») 1 Ha pyCCKHUii SI3bIK BCET/Ia MIEPEBOAUTCS ITyTeM KOHKPETHU3AIUH
«BEIIbY, KIPEIAMETY, «JIEJI0», «(HAKT», «CIydai», «CyIecTBO» U T.11. MHoTna
POZOBOE Ha3BaHUE HA S3bIKE NIEPEBOAA HE MOXKET OBITh MCIONB30BaHO M3-32
PacxoIeHHsI KOHHOTATUBHBIX KOMITOHEHTOB 3HAYCHUS. AHIIMHCKOE «mealy
HIMPOKO MPUMEHSIETCS B PA3IMYHBIX CTHIISIX PEUH, & PYCCKOE KITPUEM MTUIIN
HE YIMoTpeOUTENbHO 3a MpefeliaMH CliequalbHON JeKcuku. [losTomy, Kak
TIpaBWIIO, TIPH TepeBoe “meal” 3aMeHseTcs 0ojiee KOHKPETHBIM «3aBTPaK»,
«00emy, «y>KUH» U JAp.:

At seven o'clock an excellent meal was served in the dining-room. — B
CEMb YacOB B CTOJIOBOH ObLJT MMOJIaH OTIUYHBIN 00€]I.

Br160op Goniee KOHKPETHOTO HAMMEHOBAHHUSI OTIPEJIEIISICTCSI KOHTEKCTOM,
B CEMb YacoB (Be4epa) MOT OBITh MOJIaH U y>KUH.

Tenepanuzayueii Ha3pIBaeTCA 3aMEHA €IUHMIBI HHOCTPAHHOTO SI3bIKA,
UMeoIIeH Ooiee y3Koe 3HaUeHHe, SIMHUICH ¢ 0oliee MIMPOKUM 3HAYCHUEM,
T.€. mpeoOpazoBaHue, 00paTHOE KOHKPETU3ALIUH.

He visits me practically every week-end. — OH e3IUT KO MHE MOYTH
KaX/IYI0 HEJIEITIO.

Cmuicnogvlm coenacosanuem Ha3bIBAeTCs 3aMEHa CIOBAa MU
CIIOBOCOYCTAHUS WHOCTPAHHOTO S3bIKa CAMHUIICH, 3HAUCHHE KOTOPOU
JIOTUYECKH BBIBOJUTCS M3 3HAYCHHS MCXOJHOW enuHuUIbl. Hanbonee yacto
3HAUCHHE CJIOBa B MOJJIMHHUKE U B IIEPEBOJIC OBIBAIOT CBS3aHBI MPHYUHHO-
CJIC/ICTBEHHBIMU OTHOIICHUSIMH. [Ipu 3TOM 3aMeHa MPUYHHBI SBJICHUS €r0
ciencTereM (WM HA00OPOT) HE HAPYIIAST TOYHOCTH TIEPEBO/IA.

Liquid crystal technology can scale a microdisplay device to almost any
size.

Imaron «scale» umeer ciieayrolue 3HAYCHUST «ONPEICISATh MaciTao,
yCTaHaBIWBATh MPOMOPIHUU, PETYIUPOBATH». B KOHTEKCTE JaHHOTO
MPETIOKEHUSI [71aroJl IMEET 3HaUCHHE «CO3/1aBaTh.

TexXHONMOTHS KUIKOKPUCTATITHYECKAX MOHHTOPOB MO3BOJISIET CO3/1aBATh
MUKPOIUCIIIICH TIPAKTHYECKH JTF000T0 pazMepa.

AHTOHMMUYECKHUI MepeBo/, aAaNTANUA

AHmoHumuueckuii nepegod — 3TO JIEKCHKO-TpaMMaTHYECKas
TpaHchopMaIHs, IPU KOTOPOH 3aMEHa YTBEPAUTEIHHOHN POpMBI B OpUTHHAIE
Ha OTpHIATEeNbHYI0 (GopMy B mepeBoje WM, HA00OPOT, OTPHULATEIHHON
Ha YTBEPAUTEIBHYIO COTPOBOXKIACTCS 3aMEHOM JIGKCHUECKOH CIUHUIIBI
MHOCTPAHHOTO S3bIKa HA €IMHMUILY C IPOTHBOIIOJIOKHBIM 3HAYCHUEM.

Authorised personnel only. — [1ocTOpOHHIM BXOJ] BOCHPEILEH.

Adanmayus nipencTaBIseT coOOM MPHUCIIOCOOICHUE TEKCTa K YPOBHIO
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KOMIICTEHTHOCTH PELIUIIMEHTA, T.€. CO3JaHUE TAKOTO TEKCTA, KOTOPBIN YUTATEIIb
CMOKET BOCHPUHSTH, HE MpHulerasg K NOCTOPOHHEH MOMOIIHM. AJanTanus
NpeXkJie BCETO 3aKIIF0UaeTCs B YIPOICHHN TEKCTa, Kak (hOpMabHOM, TaK U
cozieprkareIbHOM. B yacTHOCTH, criennanbHast JIeKCHKa (TEpPMHUHBI, CIIOKHAs
TeMaTu4ecKasl JIEKCHKa) 3aMEHSeTCS IIPU MepeBOAe Ha OOIIEA3bIKOBYIO,
HOPMAaTHBHYO, HJIH, TI0 KpaiiHel Mepe, 0OBSICHACTCS IEPEBOAUYMKOM BHYTPH
TEKCTa MW B MPUMEUYAHUSAX. YNPOIIAIOTCS CIOXKHBbIE CHHTAKCHUECKHE
CTPYKTYPBl, YMEHBIIAETCSI 00bEM NPEIIIOKEHHU.

Hobasnenus, onywenus. /[obasnenus. ITOT MEPEeBOTICCKUN MPUEM
npeanoiaraeT HeoOXOAUMOCTh JOOaBIEHHS JICKCHYSCKUX CJIIMHUIL B
COOTBETCTBMHM C HOpMaMH s3blKa nmepeBoga. Paramount Pictures —
knHokoMmnanus [TapamayHr ITukuepc

Onywenus. llpu nepeBojie OMyIICHUIO Yallle BCETO IOABEPratoTCs CJI0Ba,
SBJISIFOILIECS] CEMAaHTHYECKH H30BITOYHBIMH, & UX YIOTpeOIeHUE B IEPEBOIC
IpEICTaBISACT COO0H HApyIICHNE HOPM SI3bIKA.

He leaned forward to take the volumetric flask. — On HaknoHMICS, YTOOBI
B35ITh MEPHYIO KOJIOY. (MOHSATHO, YTO OH HAKJIOHWJICS BIEPEN, IIOATOMY 3TO
CJIOBO OITyCKAeTCs B IIEPEBOJIE).

Onnum n3 Haubomee SPKUX MPUMEPOB H3OBITOUHOCTH SBISCTCS
CBONCTBEHHOE aHIIMHCKOMY SI3bIKY yIOTpEOJIeHHE NapHbIX CUHOHMMOB —
napajiebHO YIOTPEOIsIeMBbIX CIIOB OAMHAKOBOIO MM OJIM3KOTO 3HAYCHHMS.
B omnune 0T aHITIMICKOIO pyCCKOMY SI3bIKY 3TO SIBJIEHUE HE CBOWCTBEHHO,
MO3TOMY IIpU MEPEeBOAE B MOJOOHBIX CIIydasx HEOOXOIMMO MPUOETHYTHh K
OITYILICHHUSIM.

Air pollution results in acid rain which ruins buildings by corroding
metal and dissolving stone. — 3arpsi3HeHHE BO3/yXa SIBISIETCS MPUYMHON
KHCIIOTHOTO JIOX/ISI, KOTOPBIH pa3pylIaeT 3aHusl, pa3be/ias MeTall i KAMCHb.

doHOBBIE 3HAHUSA

Donosvie 3HaHUsL MOKHO OTIPENICIUTH KaK OOIYIO JIJIsI KOMMYHHKAaHTOB
nHpopMaIro, KoTopas 00ecreunBaeT B3aNMOIIOHUMAaHUE TIPH OOIICHUM.
KommyHMKaHTBI Bceraa BCTYIAIOT B KT KOMMYHHUKAIIMK C OTIPEACIEHHBIMU
MpUEMJIEMBIMH B TaHHOM OOIIIECTBE CXE€MaMH MOBEIECHHS, YCBOCHHBIMHU
B IIPOLIECCE COLMATU3ALMU. DTU CXEMbl BKJIIOYAIOT: 3HAHUS O MpaBUiIax
MOBEJICHUSI B CTAHJAPTHBIX CUTYalUSX MOBCEJHEBHOIO OOLICHUS, B TOM
Yyyclie 3HaHUS O MpaBuiax MOBEACHUS C JIFOJbMHU Pa3IndHOIO Bo3pacra
U cTaryca; MOHHUMaHHEe KOMMYHHKAaTHBHOTO HAaMEpEHHsI cOOeceqHUKa;
OKUJaHWE ONIPeNeIEHHBIX TeUCTBUN OT cCOOeCeTHNUKA (PUBETCTBHUE, YIILIOKA,
nokaTue pykd u T.1.) Kak mokaspiBaeT mpakTHka NepeBoja, HeIOCTaTOK
(hOHOBBIX 3HaHHWI B OOJBUIMHCTBE CIydaeB BEAET K KOMMYHHKATHBHOU
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HeyJiade, TO €CTh K TaKoMy cOOI0 B OOIIEHHH, IIPH KOTOPOM OTIpe/IeIEHHbIE
peueBble MPOU3BEICHHS HE BBIIOIHIIOT CBOEro NpeaHa3HaueHus. GoHOBbIE
3HAHUS, SABIAIONIMECS HEOTHEMIIEMOW YaCThIO KyIbTYPHOW KapTHHBI
MHpa, NPEACTABISAIOT OJHOBPEMEHHO U BaXXHEHUIIYIO COCTABISIONIYIO
npodeccroHaIbHON KOMITIETEHIINY TiepeBoaurKa. OHU BKIIIOYAIOT HE TOJIBKO
3HaHME KYJIBTYPBI HICXOTHOTO U TIEPEBOISIIIETO SI3BIKOB, HO M OOIIYTO SPYIHUIIHIO
B CHHXPOHUYECKOM U JUAXPOHUYECKOM acIeKTaX.

®dakTopsl, BIAUAIOIIHE HA MPOIIECC EPeBoIa

BaxHyl CTOpOHY TEOPETHYECKOro M3y4eHHUs IMpolecca mepeBoja
COCTaBIISIET ONMCaHUe (PAKTOPOB, TIOJ] BO3JCHCTBUEM KOTOPBIX OCYIIICCTBISCTCS
3TOT Tporiecc. IMEHHO OHU OMPENeNsioT, B KaKOH CTENeHH B KaKIOM
KOHKPETHOM Cjlydyae HEOOXOJMMO M BO3MOXKHO YCTAaHOBHTH MEXKIY
OpUIMHAJIOM U TEPEBOIOM OTHOIICHUSA SKBUBAJICHTHOCTH, KOTOPBIC JOJIXKHBI
CYIIIECTBOBATh B HJIEaJIE.

Ocobennocmu u xapaKmep nepesooumMozo mexkcma

@DYHKYUOHANbHAA HANPABIEHHOCHb MeKcma.: TTIOMAMO COOCTBEHHO
KOMMYHHKaTUBHOH (DYHKLIMH SI3bIK 00J1a1aeT SKCIIPECCUBHOM U Xy/I0)KECTBEHHO-
ACTETUIECKON (PYHKIHEH. B COOTBETCTBUYU ¢ HUMH PEUEBbIC TTPOU3BEIACHHS
MOTYT IMETh Pa3JINYHY0 HATIPABICHHOCTb, T.€. BO3/ICHCTBOBATh HA MBIIIIJICHUC
WJIM SMOIMHU WX HAa SCTETUYCCKOC YyBCTBO pCUCIITOPA. Taxke TEKCT MOXKET
OBITh TpeIHa3HAuCH /I pean3anuu BceX TpEX (yHKIWN. Bce TekcTh
MoJpa3/ielsiloTcs Ha MHPOPMATUBHBIE U XylOKecTBeHHbIe. OTciona aBa
BHJIa TIEPEeBOA — HHPOPMATHBHBIA U XyT0KECTBEHHBINA. B Xyn0KeCTBEHHOM
nepeBojic HauOoOJiee BEJIUKO Pa3juuMe MEXAY dKBUBAJICHTHOCTHIO U
LIEHHOCTHIO TIepeBo/ia. Ha nepBblii 11aH Npu OlIEHKE [1epeBO/ia BHICTYIAET HE
TOYHOE BOCITPOM3BE/ICHHE COJIEPKaHUSI OPUTHHAJA, 2 00€CTIEYeHIE BRICOKHX
JIMTEPATYPHBIX JOCTOMHCTB TEKCTA IEPEBO/A, 60Hee WJIN MECHEEC PaBHOLICHHBIX
JTOCTOMHCTBAM TEKCTa OpUTHHAIA. TeKCTHI XyI0KEeCTBEHHBIX TIEPEBOIOB OYIyT
0071a/1aTh PsAZIOM O0COOCHHOCTEH, BBI3BAHHBIX HEOOXOAMMOCTBIO IEpeIaTh
WHANBHYaJHHO aBTOPCKOE HCITOIB30BAHNE S3BIKOBBIX CPEACTB B OpPUTHHAIE.

BPEMEHHbIE U NPOCMPAHCNBEHHbLIE ONMHOULEHUA MleCay OpUcUHAIOM U
nepegooom. IIporiecc mopokIeHHs TEKCTa MEPEBO/Ia MOXKET OCYIIECTBISATHCS
OJIHOBPEMEHHO C MPOIECCOM MOPOXKACHHUS TEKCTa OpPUTHHAJA, KaK 3TO
IIPOUCXOAUT IPU CUHXPOHHOM mepeBoje. Ilpu apyrux Bugax BpeMms U
MECTO TIOSIBJICHHUS TIEPEBOJIa MOXKET CHIIbHO OTJINYATHCS OT BPEMEHU B MeCTa
co3nanus opuruHaia. [lepeBogunk MoOXKeT UMETh JIEII0 ¢ TEKCTOM, CO3/IaHHBIM
B MHYIO HCTOPHUYCCKYIO 3I10XY, B TOM YHUCJIIC U Ha €0 POAHOM SA3BIKE,
CWJIBHO M3MEHHUBIIUMCS 32 ATOT MEPUOI, YTO CTABHUT TEepe/ NMEPEBOIIHNKOM
JIOoMoIHUTENbHbIe TTpobdnembl. [IpocTpancTBenHas (reorpadudeckas)
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OTAaJIEHHOCTh IIEPEeBO/Ia OT OPUIMHAJa UMEET 3HaUCHHUEe He cama 110 cele, a
B CBSI3U CO CXOJCTBOM UJIU PA3IU4MEM yCIIOBUN )KM3HU HCTOPUU U KYJIBTYPBI
COOTBETCTBYIOLIUX HAPOJOB.

HCANPOBASL NPUHAOLEHCHOCb Opueunana. [ToMUMO JIeTIeHHs TePeBOANMBIX
TEKCTOB Ha MH(OPMATUBHBIC M XyAO)KECTBEHHBIE CIIEAYET YUYUTHIBATH H
CYLIECTBOBAaHME BHYTPH KaKJIOTO M3 HUX Oojiee MEIKUX MOAPA3CIICHUMH,
KOTOPBIE MOJKHO YCJIOBHO Ha3BaTh XKaHpaMU pedd. B 3a1auy nepeBogoBecHUs
BXOJIUT ONMCAaHKE BO3ACHCTBUS IPUHAMIICKHOCTH TEKCTa K OIPENEIIEHHOMY
JKaHPY Ha IIpoLece nepeBoa.

OMHOUeHUe OPULUHANA K 00WeHAPOOHOU HOPME UHOCTNPAHHO20 A3bIKA.
S13bIK onpeienIEHHOr0 HapoAa He MPEeACTaBIIseT cOO0M OHOPOAHOTO LEIOTO.
Hapsiny ¢ ero oOIieHapoHO! 4acThi0, YIIOTPEOIsieMON BCEMU HOCHTEIISIMU
A3bIKa B HEM CYIIIECTBYIOT OT/JEJIBHBIE ITOJCUCTEMBI, XapaKTEPHBIE U peUd
JKHUTEIEH ONPeAETIEHHOTO TeorpaduuecKoro paiioHa Ui CONUaTbHOM TPYTIIIBL.
[TosiBneHne 311eMeHTOB OT00HBIX ITOJICKCTEM B TEKCTE OpUTHHAIIA TIOPOJKIAET
0co0ble MEPEeBOIUECCKUE 3a7adl M OTPa)KaeTcsl Ha CTENEHH JO0CTHUIraeMon
SKBUBAJICHTHOCTH.

Ycnoeus ocywiecmenenun nepesodueckozo npoyecca

BoszaeiicTBre pasiauyHbIX YCIOBUH HA IIPOLIECC NEPEBOAA HACTOJIBKO
BEJIMKO, YTO IEPEBOTUNK HEPEAKO CIIENUATU3UPYETCs HA BBINIOJIHEHUH CBOUX
(YHKUIUH JUIIb B CTPOTO ONpeeIEHHBIX YCIOBUAX. B 3Toi cBsi3u crnemyer
OTMETUTH JBa BMJIa MIEPEBOAA: YCTHBIH M NMUCbMEHHBIN. Pasinuue Mexay
HUMH 3aKJII0YaeTCsl, MPEXJIe BCEro, B OMHOKPATHOCTH YCTHOTO MEPEBOAA
Y MHOTOKPAaTHOCTH NMUCbMEHHOTO. HeCOMHEHHBI MPaKTUYECKU UHTEpEC
MIPEJCTABIIIET U3yYECHUE BO3ACHCTBUS HA XOJ U PE3YNBTAT IEPEBOIIECKOTO
npouecca Takux (paxTOpoB Kak HEOOXOAMMOCTH BBIMOJHHUTH NEPEBOJ B
CKaTble CPOKH, OTCYTCTBHE JIOTIOIHUTENIEHOM MH(POPMAaIIH, BEIHYKIAI0IIee
NepeBOAYMKa JeIaTh BBIOOD JIMIIb HauOosIee BEpOsSTHOIO BapUaHTa.

Xapakmep yuacmHukoe npoyecca nepeeooa

Lenblit psig ocobeHHOCTEH OpUrHHaNa 3aBUCUT OT MHIMBUAYaJIbHBIX
KaueCTB UCTOYHHKA. DTO U CrieHU(UKA TPOU3HOILICHHS, U NHIUBHyaTbHbIN
XapakTep CTHJISL, U OCOOCHHOCTH M3JI0KEHUS, CBA3aHHBIE C TEM, 4TO
WHOCTPAHHBIH A3bIK HE ABJISIETCS POAHBIM JUIS JAHHOTO UCTOUHMKA. Ha nepBbiii
TUTaH BBICTYIIAET IIEHHOCTh MEPEBO/AA, B MHTEPECAX KOTOPOH MOXKET OBITH
OIpaB/aH OTXOJ OT NEPEBOTUECKON IKBUBAIIEHTHOCTH. M3yuenue BAMSHUA
JIMYHOCTH IEPEBOIUMKA HA PE3YJIBTAT IEPEBO/IA TPOBOAWIOCH IO CUX IIOP 10
OTHOLLEHUIO K XyA0XKECTBEHHOMY I1epeBoy. H3BeCTHBI (haKThl, 4TO HAMITYULIUX
Ppe3yNbTaToB 10OMBATUCH IEPEBOAYMKH OJIM3KHUE IO B3MISaM M TBOPUYECKOH
MaHepe K aBTopy NepeBoIuMoro Tekcta. OHaKo, MepeBOAYHK YacTO JIUIIEH
BO3MOKHOCTH BBIOMpaTh MaTepuall, KOTOpbli OH OyaeT nepeBoautb. OT Hero

73



TpeOyeTcsi yMeHUe KBaTU(pUIMPOBAHHO EPEBOIUTH TEKCTHI CAMBIX Pa3IMIHBIX
aBTOPOB M HampasieHuil. [lepeBoqunKy, mogOOHO IpaMaTH4ecKoMy akTeépy,
Heo0XonMa CTIOCOOHOCTH CBOETO PO/Ia TIEPEBOTUIONICHHS, YMEHUE TPUHSTH
TOYKY 3pPECHHUSI aBTOpa TEKCTa M BOCHPOHM3BECTH OCOOCHHOCTH €r0 CTHIISL.
bonbioe TeopeTHueckoe U MPAKTUUECKOE 3HAUYCHUE MMEET HCCIIeIOBAaHNe
BIIMSTHUSL Ha XOJ1 ¥ PE3yIIbTarT IpoIiecca IMepeBo/ia XapakTepa MpeinoaaraeMoro
peuenropa.

Tpu rpynnsl nepeMeHHbIX (PAaKTOPOB

[Ipu mepeBoze B MepByro oUepelb CIEAyeT IOMHUTh, YTO OCOOEHHOCTH
pPa3IUYHBIX YPOBHEH SI3bIKA OpHUTHHANA U SI3BIKA MEPEBOJAa MPUBOIAT K
CyIIECTBOBAHHIO MOCTOSHHBIX (PaKTOPOB, KOTOPHIE BIUAIOT Ha MPOIECC
nepeBoza. [lpu sTom Ha mepeBoxa Takxke BiIUSET psil (HaKTOPOB, KOTOPHIS
MMOCTOSHHO M3MEHSIOTCS B 3aBUCHMOCTH OT TOTO, B KaKUX YCIOBHUSIX
ocyulecTBisieTcs nepeBol. IMeHHO OHM BIUSIIOT Ha yCTAHOBJICHUE OTHOLCHHMA
SKBUBAJICHTHOCTU MEXIY OPUTHHAIOM U TIEPEBOIOM.

Bce mepemenHbIe (haKTOPBI, KOTOPHIE BIUSIOT HA TIEPEBOI, PA3CISIOT
Ha Mpu OCHOGHbLE 2PYNNbL:

1) ocobeHHOCTH M XapaKTep TeKCTa I mepeBoaa ((pyHKIIHMOHATbHAS
HaNpPaBICHHOCTh, BPEMS 1 MECTO BOSHUKHOBEHUS, JKaHPOBBIC OCOOCHHOCTH
U T.J.);

2) yCIIOBHS, B KOTOPBIX MPOUCXOIUT CaM TpoIiecc mepeBosa (YCTHBIN
ME€pPEBO] WIM NUCbMEHHbBIN MEPEeBOJl, CHHXPOHHbIN, OCIEA0BATENbHBIN I
yIaaEHHBIA BO BPEMEHHU MEPEBOJ, CPOKU HUCIIOIHEHHUSI, HATMYUE JTONOJIHU-
TesbHON MH(OpMALIUK U T.11.);

3) XapaKTepUCTHKH JIHII, 33JICHICTBOBAHHBIX B IMepeBoje (MCTOUYHHK,
MIEPEBOTYHK, ITOJTydaTellb TIEPEBO/IA).

Bce TekcThl MOTYT UMETh Pa3IHYHYI0 HAIPABICHHOCTh U BIUSTH HA
MBITIUIEHUE ¥ OMOIIUH JTHOO K€ Ha ACTETHYECKYI0 cepy perurnueHTa.
NMeHHO mo3TOMY B 3aBUCHUMOCTH OT (PYHKIHMI TEKCTHI pa3feisioT Ha
nHpOpMaTHBHBIE U XyA0KeCcTBeHHBIE. COOTBETCTBEHHO BBIIEIIIOT /1BA
BHJIa TiepeBojia — WHGOPMATUBHBIN U XyI0KECTBeHHBIN. Kak mpaBuio, k
XyI0KeCTBEHHOMY TIEPEBOY OTHOCST IMEPEBOJI XYI0KECTBEHHOM TUTEPATyPHI,
a K HHQOpPMATHBHOMY — TEPEBOJ] HAYYHO-TEXHUYECKUX U OQHUIIHAIBHO-
JIEJIOBBIX MaTepPUATIOB.

T'oBops 00 ycioOBHSAX, B KOTOPBIX MPOUCXOANT MEPEBO, HAO, MPEXKIE
BCET0, YIIOMSIHYTh YCTHBIA M MUCHMEHHBIN MepeBoll. [1aBHOE UX pazauuue
— YCTHBIA TIEPEBO OAHOPA30BEIH, a TUCEMEHHBIN — KaK ObI MHOTOPA30BOTO
ucnonb3oBanus. [luceMeHHbI nepeBoa 1aéT BO3MOKHOCTb MOCTOSIHHOTO
COTIOCTABICHUS] C OPUTHHAJIOM, MOA00OPOM NYUIINX BAPHAHTOB H Yy
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HEePEBOUNKA TOCTOSTHHO €CTh BO3MOXKHOCTH BEPHYTBHCS K IEPEBEAEHHOMY
BapUaHTy 1 BHECTH TpeOyeMble M3MeHeHus. B mporiecce e ycTHOTo nnepeBoaa
Yy nepeBOAYMKAa HET BO3MOXHOCTU BEPHYTHCIA K OpUTUHAY WU HalTH
JIOTIOJTHUTEIIBHY IO HH()OPMALHIO.

Ha pe3ynbrarsl 1epeBoAYECKOr0 MPOLecca TAKXKE BIUACT HEOOXOMUMOCTb
OCYIIECTBIICHUS TIEPEBO/IAa B CXKATBIE CPOKH, OTCYTCTBHE JIOTIOJTHUTEIBHON
uH(pOpMalMK, Ba)KHOCTh Marepuana U T.»a. Camoe BaKHOE BIMSHUE Ha
IpoLeCC TEePEeBO/Ia OKA3hIBAIOT (hAKTOPHI TPETHEH IPYIIHI, @ IMEHHO JIFOIEH,
KOTOpBIE 331HCTBOBAaHbI B IPOLIECCE NIEPEBO/IA: MEPEBOTUNKA U ITOTyYaTesis
nepeBoAa. 37ech 0coOyI0 posib MrpaeT crenuduka IpOU3HOIIeHU (IIpH
YCTHOM IIEPEBOJIE), CTUIIb PEUH, JIOTUUECKas ITOCIIEI0BATEIbBHOCTD N3JI0KEHHUS
marepuala. Nmenno IMO3TOMY NEPEBOAYUK JOJIZKEH YMETDH IICPCBOIIOIATHCA,
BOCIIPUHHAMATh TOUKY 3PEHHS aBTOPA TEKCTA M yMETh OTOOpaskaTh 0COOCHHOCTH
CTHIISL.

IlepeBoa peasuii, COOCTBEHHbIX UMEH, MPO3BUII U UX
(poneTnueckoe opopmiieHuEe B nepeBoe

Oco0oe BHUMaHHE cielyeT 00paTuTh Ha MEPeBON OE39KBHBAICHTHON
JICKCUKH (TEPMHUHOB | peaiuii). B ommyre oT 00IbIIMHCTBA OOBIYHBIX CJIOB,
TEPMUHBI 0003HAYAIOT TOYHO OIIPE/IEEHHBIE TOHATHS, TPEIMETHI, SIBICHUS;
OOBIYHO 3TO OIHO3HAYHBIE, JINIIEHHBIE CAHOHUMOB CJIOBA, HEPEIKO BXOSIIHNE
B COCTaB MEXyHapOJHOH JIEKCUKU. B oTiinune OT TEpMUHOB-CJIOB HAy4YHOU
JIEKCHUKH, Pea il MOXKHO OTIPEAEITUTh KaK CJIOBa, 0003HAYAIOIINE MECTHBIN
npeIMET WK criel(pUUeCcKH MECTHOE TIOHSITHE, KOTOPOMY HET COOTBETCTBHS
B OBITY M TIOHATHSX JAPYTHX HAPOAOB. B MpakTHKe BCTpEeYaroTCs CIEAYIONIHEe
crnocoObl iepenauu peanuii: 1. Tpanckpunyus unu mpanciumepayus (peaius
MEXaHHYEeCKH BBOJMTCS B TEKCT MEPEBOA MPHU MOMOIU rpaduyecKux
CPEJCTB MEePEBOMSIIETO SA3bIKa). 1panKckpunyusi OCHOBaHa Ha (DOHETHYECKOM
OpUHIMKIIE, T.€. Ha Nepefade PyCCKUMHU OyKBamMH 3BYKOB aHTIIMKHCKOTO
andasuTta. «Poster» — «rmoctepy; «design» — «Iu3aitH»; «invoice» — KAHBOHCY,
«computern — KKOMITBIOTepy, «electrolytey — «anexkrponut». Tpanciumepayus
OCHOBaHa Ha Tiepenaue rpadudaeckoro o0pasa: «triggen — «Tpurrepy, «adapter
— «amanTepy»; «smart card» — «cMapT-KapTay, «electron» — «3IEKTPOHY.
2. KanvkupoeaHnue, T.e. CO3JaHHE HOBOTO CJIOBA, CIOBOCOYCTAHUS HIIU
CJIO’KHOTO CIIOBa 71 0003HA4YEHUSI COOTBETCTBYIOIIETO IMPEIMETa Ha OCHOBE
9NIEMEHTOB U MOP(OIOTHYECKUX COOTHOILICHHUH, YK€ peaibHO CYIIECTBYIOIINX
B si3bIKE: «certificate of originy — «cepTudukar mpoucxoxaeHus; «cold boot»
— «XOJIO/THAS TIepe3arpy3kay (IyTéM HaxkaThsi KHOIKH Reset), «electromagnetic
induction» — «dIEKTpOMarHUTHAS HHITYKITHD), «Sky-scrapery — «HeO0CKpED»,
«House of Commons» — «Ilanara O0mmn»; 3. Onucamenvubiii nepesoo.
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«Monorail» — «omHOpETbCOBAs TOBECHAS YKeTle3Has Toporay; «auto kerning
— «aBTOMAaTMYeCKas yCTaHOBKA MEK3HAKOBOTO MHTepBania»; «hovercrafty —
«TPaAHCMOPTHOE CPEICTBO Ha BO3AYIIHOM MOMYIITKe», «tracker — «mrporpamma
UIst 00pabOTKU ayno-TPEKOB», «demo» — «JIeMOHCTPALMOHHAS BEPCUS
MIPOrpaMMBbD».

W3BecTHYIO aHAJIOTHIO C MIEPEBOJOM CJIOB, 0003HAYAIOLINX HAMOHAIBHO
cnenn(UUecKrue peaanuu, NPeCcTaBisieT Mepeaada TeX COOCTBEHHBIX UMEH
n3 00acTu UCTOpHH, reorpaduu, KyJabTypbl, a TaKkKe Ha3BaHUH MECTHOCTEH,
TMPO3BHILL, KOTOPbIE UIMEIOT CBOIO CEMAHTHKY, TaK YTO B OTHOIIEHUH NX BO3MOYKHBI
Y TpaHCIHUTEpaIys, ¥ IepeBol. 31eCh MOKHO YIIOBUTH H3BECTHYIO TCHACHIIUIO,
BBIP)KCHHYIO B TOM, 4TO K 00J1e€ M3BECTHBIM IeorpadiecKUM UMEHaM, TAKUM,
KaK Ha3BaHHs TOPHBIX BEPILHH MPUMEHSICTCS TPaHCIIUTePaIns, a K IMeHaM Ooliee
Y3KOI'0 MECTHOTO 3Ha4eHUsI (KaK Ha3BaHMs YIIML] C YETKO BHIPAXKEHHBIM 00Pa3HbIM
3Ha4Y€HUEM, MECTHOCTEH, 3MaHui) TPUMEHSIETCS U IEPEBOI.

[Ipo3BuIa HCTOPUIECKUX NI, NICKOHHO HE BXOJSIINE B COCTaB HMEHHU
coOCTBEHHOTO, TepeBoasATcs. Ha3BaHusi COBpEMEHHBIX Ta3eT, HApOTHB,
TPaHCIUTEPUPYIOTCS, HECMOTPS Ha HAJIMYKE B HUX OTYETIIMBON CEMaHTHKH,
U 3TUM NOAYEPKUBAETCS UX CBA3b C ONPENEIEHHON CTPaHOM.

B 1ienom M0HO KOHCTaTUPOBATh, YTO BBIOOP TOM MITM HHON BO3MOYKHOCTH
nepenayy coOCTBEHHbBIX UMEH, COXPAHUBILIMX ONPEACIEHHYIO CEMAaHTHKY, T.C.
BBIOOpP TpaHCIUTEPALMK WU NIEPEeBOa, 00yCIaBIUBACTCS TPaIULHCH.

[lo oTHOMIEHNIO K MHOCTPAHHBIM MMEHaM COOCTBEHHBIM — OyIb TO
MMeHa WK (paMUINK peallbHBIX WM BBIMBILUICHHBIX JIML, reorpadudeckue
Ha3BaHMSA U T. 1. — OOJBIIYIO B&KHOCTh MPEJICTABISET BOIPOC O 3BYKOBOM
0(OpMIIEHNH HX NIPH NIEPEBOJE U, COOTBETCTBEHHO. 00 MX HanucaHuu. Yem
OonblIe pacxoXKACHUH B (POHETHMYECKOM CTPOE JABYX SI3bIKOB, B COCTaBE U
cucTteme ux (poHem, TeM OCTpee ITOT BOIPOC.

Korna neno xacaeTcs IUPOKO pacrpoCTpaHEHHBIX Ha3BaHUN (OOIBIIMX
TOPOZIOB, PEK, H3BECTHBIX HCTOPUYECKUX TMYHOCTEH) HITH YIOTPEOUTETbHBIX
UMEH, EPEBOAYNK PYKOBOACTBYETCA Tpaguuuei. Mbl Hanumem «['amOypry,
a He «XamOypr», «Jlednuury, a He «Jlainuury, «[lapux», a ve «Ilapm».

B HexoTOpBIX ciydasx Tpaguuus IOoTpeOyeT Uil Pa3HbIX TEKCTOB pa3HOI
Mepeadn OJJHOTO M TOTO K€ UMEHH, OHOTO U TOT'0 )K€ S3bIKa: TaK, aHIJIUICKOe
«Georgey, Kak TpaBUIIo, TpaHCKpuOHupyetcs B hopme «Jkopmx», HO Korna
3TO — MM$I KOPOJIs, OHO TpaHcauTepupyercs B hopme «l eopr». Mnunuarusa
MepeBOIUNKA MOXKET PacHpoCTpaHsAThCs JUIIb Ha mepenady GpaMuini
BBIMBIIICHHBIX JIMI WK HA UMEHA, BCTPEYAIOIINECS BIIEPBBIE WM PENKO
ynoTpeonsemMble.
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JloskHbIE IPY3bs EPeBOIYMKA

K takuMm ciioBaM ciiemyeT OTHECTH CIIOBA, 3aMMCTBOBaHHBIE U3 JAPYTHUX
S3BIKOB (MHTEpHAIMOHAJIBHBIE CIIOBA), HAIIPUMEp, TPEYECcKOro U JIATHHCKOTO,
a Tak)Ke M3 COBPEMEHHBIX S3BIKOB (B OCHOBHOM — 3TO TEPMHHOJIOTHS).
WHTepHauMOHAIBHOE CIOBO MOXKET MOSBUTHCS B SI3bIKE MO0 MyTEM
3aMMCTBOBAHHS €r0 OIHUM SI3BIKOM y JIPYyTOro, JHOO BCJIEACTBHE TOTO, YTO
00a 3TH s3bIKa 3aMMCTBOBAJTM JAHHOE CIIOBO M3 KAKOTO-TIOO0 TPETHETO SI3BIKA.
Takue crmoBa CXOMHBI 110 3BYYaHHUIO, HAMMCAHUIO M 3HAYEHUIO: «managern) —
«MeHemkepy, «inflation» — «wHIAIHY, «contrasty — «koHTpacT». MHOTIa
JUIL OJTHOTO M TOTO K€ SIBICHHS CYIIECTBYIOT JIBa CJIOBA, OJHO MX KOTOPBIX
MCKOHHO PYCCKO€, a APYTOe HHTePHAMOHAIbHOE. B 3TOM citydae MexXty HUMH
MOTYT CYIIECTBOBaTh pa3iinyus B ynorpednenun. Hampumep, aHrmiickoMmy
cIoBy «industry» COOTBETCTBYIOT CJIOBA «HH/TyCTPHSD H «IIPOMBIIIIICHHOCTE.
Bropoe u3 Hux mMeer Hamboinee oOriee 3HAYEHHE, B TO BpeMsi KaK CIOBO
CUMHAYCTPUS» NPUMEHSETCS B PYCCKOM SI3bIKE, KaK MPaBUIIO, K KPYIHOM
COBpEMEHHOH MPOMBIIIITICHHOCTH (HEJb3S CKa3aTh «KyCcTapHas HHAYCTPHSD)
T.1.). C Apyroii CTOpoHbl, aHIIMHCKOE «industry» MOXKET 03Ha4aTh ¥ OTPacib
SKOHOMUKH, ¥ TAKOE COUETaHNE, KaK «farming industry» TOHKHO IEPEBOAUTHCS
KaK «CEIIbCKOE X03UCTBO». B OOOHBIX ciTydasx OMMOKH B MIEPEBOAE MOTYT
CITY’KUTh PUYNHON UCKAKEHUS CTUJISL OPUTHHAIBHOTO TEKCTA.

WuTepHamoHamsHbIe CI0Ba, TOIHOCTHIO COBITAIAIONINE TT0 3HAYEHHTO, HE
BBI3BIBAIOT 3aTPyIHEHUI ITpH niepeBosie. OHAKO, B psizie CIy4aeB IPH MEPEBO/IE
MIPUXOINTCS CTAJIKUBATHCA C aHTIIMHCKUMU U PyCCKUMU CIIOBAMH, OTM3KIMH
1o (opme, HO Pa3IUYHBIMHU 110 3Ha4eHUIO. Tak, HanpuUMep, CIOBO «resiny
03HAYyaeT B aHIIIUHCKOM SI3bIKE «CMOJIa», @ HE MOYTH OIHO3BYYHOE €MY CIIOBO
«pe3nHay» B pycCcKoM si3bike. CIoBO «clay» o3HauaeT «IirHay», a He «KIIei».
Taxue coBa BEICTYNAIOT B POJIH «JIOXKHBIX JIpy3eil EpeBOTUNKa», MIIN HHAUe
WX Ha3bIBAIOT TICEBIOMHTEPHAIIMOHAIHHBIMU CIOBaMU. DTH CIIOBA MMEIOT
CXO7HY!0 (hOpMY HAIMCAHUS C UHTEPHAIMOHAIBHBIMU CIIOBaMU. [IpudnHbI
CYIIECTBOBAaHUS CXOMHBIX (POPM MOTYT OBITH PE3yIbTaTOM B3aHMMOBIUSHHUS
SI3BIKOB WJIM CIYYaiHBIME COBIQICHUSMHU.

CaMbpIM BaXHBIM CJIydYaeM pacXOoXJE€HHUS 3HAUEHHUH Yy
TICEBIOMHTEPHAIIMOHAIBHBIX CJIOB SIBIISIETCS HECOBITAJCHHUE UX MPEIMETHO-
JIOTUYECKOTO cofep:kaHus. [Ipu 3TOM MOXHO BBIACIUTH TPU THUMA TAKUX
pacxoxaeHu .

1. AHDMICKOE CII0BO ropasao MWHpe 1Mo 00bEMY 3HAYCHHUH, YeM CXOIHOE
no ¢opMe pycckoe cloBo. Pycckoe cloBO COBMaaaeT ¢ aHIIMICKAM HE BO
BCEX 3HAUEHUSX, a JINIIb B OJJHOM WK ABYX. OOBIYHO ATO MPOUCXOIHUT B TOM
cllydae, KOI/ia aHIJIHHCKOE CJIOBO OBUIO 3aMMCTBOBAHO B PYCCKOM SI3BIKE JIUIIb
B YaCTH CBOMX 3HAYEHHUN. JTa TPYIITNIa OXBATHIBAET OOJIBIIIOE KOIIMIECTBO CIIOB
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U NIPEICTaBIIsIeT 3HAYUTENbHbIE TPYAHOCTH NIPH IiepeBoae. Tak, Harpumep,
HepelleAlIee B PyCCKUH SI3bIK U3 aHIVIMHCKOTO S3bIKa CJIOBO «MUTHHI» YIIO-
TpeOIsieTCs JINIIb B OAHOM 3HAUYEHUH, @ COOTBETCTBYIOLIEE aHITIHCKOE CII0BO
«meeting» MOXXET TAK)Ke O3HAyaTh «COOpaHUE», «3aCEAAHUE), «BCTPEUAY,
«y7b» U T. 1. AHIIHUICKOE CIIOBO «record» NOMHMO 3HAYEHUS «PEKOpI»
MOXET 03HAYaTh: «3aIKChY», «PEIyTaLUs», «IPOTOKOD» U T. .

2. Y pyccKOro cloBa €CTh 3HAYEHHUsI, OTCYTCTBYIOIIHE Y €0 aHITIUACKOTO
COOTBETCTBHUS, T.€. PYCCKO€ CJIOBO IIUPE MO 3HAUYEHHIO, YEM CXOJHOE C HUM
aHmmiickoe ciioBo. OgHAKO, ATOT CIIy4ald JTOBOJIBHO PENKHil. DTO OBIBaeT
0OBIYHO TOT[A, KOIZa CJIOBO 3aMMCTBOBAHO B 000X SI3bIKAaX U3 KAKOr0-1100
TPEThero s3bIka. Tak, aHTMiCcKoe CI0BO «auditoriumy — «ayauTopus» yIo-
TpeOsieTcs IMb Ui 0003HAUCHHS TOMEILCHHS, a He JIFOJeH, CIIyIIaroInX
KaKoe-JIM00 BBICTYIUICHHE U T.I. DTOT TUI IICEBJOMHTEPHALMOHAIBHBIX CJIOB
OOBIYHO HE MPHUBOIUT K CEPhE3HBIM HApPYLICHUSIM NPH IEPEBOIE, HO BasKHO
CJICINTH 3a T€M, YTOOBI MHOTO3HAYHOCTh PYCCKOTI'O CJI0Ba HE ClIeJIaa epeBoz
HEJIOCTATOYHO SICHBIM WJIN JIBYCMBICIICHHBIM.

3. Pycckoe u aHmmmiickoe cioBa, CXOAHBIE 1O (hopMe, IMEIOT COBEp-
LIEHHO pa3jIM4Hble 3HAUCHMA. VIcronb30BaHME TAKOTO MICEBAOMHTEPHALNO-
HAJIBHOT'O CJIOBA B IIEPEBOJIC MPUBOAUT OOBIYHO K CEPHE3HOMY CMBICIIOBOMY
UCKaKeHHIO TekcTa. [1oaToMy mone3Ho Obuio Obl 3HATH TAaKHUE CIIOBA U MX
3HAUCHMS B QHIIMACKOM U PYCCKOM SI3bIKaX.

accurate — TOYHBIH, a HE aKKypaTHBII:

actual — NefCTBUTENBHBIN, a HE aKTyalbHBIN;

aspirant — NPETEHCHT, a He aCIIMPAaHT;

clay — 1nvHa, a He KIIeH;

complexion — 1BeT 1A, a HE KOMIUICKIINS;

compositor — HaOOPIMK, & HE KOMIIO3UTOD;

data — naHHble, a HE /1aTa;

Dutch — ronnaHICKHH, a He JaTCKUM;

fabric — TkaHb, a He pabpuka;

familiar — u3BeCTHBIN, 3HAKOMBIH, a He (paMuIIHst UM (PaMUITBAPHBIA;

magazine — >KypHall, a He MarasuH;

physician — TeparnesT, a He (DHU3HK;

principal — OCHOBHOH, a HE IPUHIMITHAJIEHBIN;

prospect — NEPCIIEKTHBA, a HE HPOCIIEKT;

receipt — KBUTAHLUS, YeK (M3 Mara3uHa), a He peLellT,

replica — TO4YHasl KONMS, a HE PEIIUKa;

resin — cMoJ1a, a He pe3uHa U T.II.

Takum 06pa3om, /Ui TMPaBUIBHOTO MEpeBoja BaXHO TOYHOE 3HaHHE
0COOEHHOCTEH 3HaUEHUsSI U yNOTPEeOJICHHUSI COOTBETCTBYIOIINX CJIOB B SI3bIKE
nepeBosa.
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I'paMmmaTnyeckue TPYIHOCTH NepeBoOAa: HeJJn4YHbIe GOopMbI
J1aroJioB, ux komiuiekcoi: Complex Subject, Complex Object,
0eccolo3Hble onpeaeuTe/bHbIe NPUIATOYHbIE MPeI1J10KeHHUs

Ilepe6oo ungpunumuea u ungpunumuenvix 060ponos

CyIecTBYIOT CIIEAYIOIINE OCHOBHBIC CIIOCOOBI NIepeBo/ia MHOUHUTHBA
B Pa3IMYHbBIX QYHKIMIX:

1. Hngunumue ¢ pynkyuu noonexcaujezo nepeBoAUTCS PyCCKUM
UHQHUHUTHBOM (HeonpeIeIEHHON (POPMOi I1aroa) iti CyIeCTBUTEIbHBIM:

To reduce energy loss is very important for the enterprise. — COKpaTHTb
MOTEPU DHEPTUH OYEHb BaKHO Ui npeanpustus. // CokpalieHue NoTephb
SHEPTUH OYCHb BAKHO ISl IPEIIPUATHSL.

2. Hugpunumue 6 gpynkyuu uacmu cocmaenozo ckazyemozo:

a) B KOHCTPYKIHHU «be + WHPUHUTHBY» (B TOM YHUCIE C MOJATHHBIM
3HAaUYEHHEM) [IEPEBOAUTCS HHOUHUTHBOM (PE’KE — CYILECTBUTEIBLHBIM):

1t is to be noted that quality assurance and quality control are two
interrelated aspects of quality management. — HeoO0XoquMO OTMETHTB,
YTO TapaHTHsl U KOHTPOJIb KauecTBa SIBISIOTCS IBYMs B3aMMOCBSI3aHHBIMU
acIeKTaMH yNpaBJICHUS Ka4eCTBOM.

0) mocie MOAAJIbHBIX IJIAr0J0B MEPEBOAUTCS IIAroJbHBIM CKa3yeMbIM
WA NHOUHUTHBOM:

The position of fixed collectors may be adjusted on a seasonal basis.—
[TonoxxeHUe HEMOJIBUIKHBIX KOJJIEKTOPOB MOXET OBITH YCTaHOBJICHO
B 3aBUCHMOCTHU OT BPEMEHH Trofia.

3. Ungunumue ¢ pynkyuu oo6cmosamenbcmea TAKXKeE MEPeBOTUTCS C
MTOMOIIIHIO PYCCKOTO HH(DMHUTHBA WITH CYITIECTBUTEIBHOTO B (DYHKITHH 00CTO-
ATEJILCTBA, PEXKE — C IIOMOILBIO TJIaroja 1 JIeenpruyacTus:

a) 00CTOSATEIHCTBA IICIIN:

The air must be compressed to several atmospheres pressure before
combustion to obtain high efficiencies. — Bo31yX IOJDKeH OBITH CXar J10
JTaBJICHUS HECKOJIBKUX aTMOchep Tepe T CropaHueM IS TOCTHYKECHHS (ATOOBI
J0CTUYb) OonblIei 3PPEeKTUBHOCTH.

0) 00CTOATEIILCTBA CIICACTBUSA (TIOCIE CIIOB enough, too, so/such as).

This method is good enough to achieve reliable results. — 10T MeTOR
JOCTAaTOYHO XOPOIILl, YTOOBI JOCTHYb HAJICKHBIX PE3YBTATOB.

The workshop was arranged in such a way as to give everybody an
opportunity to equally participate in it. — CeMuHap ObLI OPraHU30BaH TAKHM
00pa3oM, 4TO NPEeJOCTABIISI BCEM PABHBIE BOBMOXKHOCTH AJIS1 y4aCTHsI B HEM.

B) 00CTOSITENLCTBA COIYTCTBYIOIIUX YCIIOBHIMA:

Hydrogen and oxygen unite to form water. — Bonopoa u Kuciopon
COEAMHSIOTCS, 00pa3ys BOAY.
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4. Hugpunumue ¢ yynxyuu onpeoenenus nepeBoauTcss MHOUHUTHBOM,
CYLIECTBUTEIbHBIM WX IPUAATOUYHBIM ONPEIEINTENbHBIM IIPEIIOKEHUEM:

Every moving object has the capacity to do work. — Kaxnp1ii nBrKyImmiics
00BEKT CITIOCOOCH COBepIIaTh padoTy.

5. Hngunumue é hynkuuu 0ononnenus NepeBoauTCsS HHOHHATHBOM,
7100 CyIIEeCTBUTEIbHbBIM:

Jet or nozzle is used to expand the hot gases. — ®opcyHKa UCTIONB3yeTCS
JUISL PACIIUPEHUs] TOPSUHX Ta30B.

Waves flowing in and out of the gully cause water in the column to move up
and down, what compresses the air. — Bomnbl, Oerymime B oBpar u 00paTHo,
3aCTaBJISIOT BOJY B KOJIOHHE ABMIAaThCSl BBEPX U BHU3, UTO CKUMAET BO3AYX.

6. Hngunumue ¢ kauecmee 6600H020 U1€HA NPEONOHCEHUA TIEPEBO-
JUTCS BBOOHBIMU CJIOBaMHM U CIIOBOCOYETAHUSMHU, IPUYACTHBIMU U I€CTIPH-
YaCTHBIMH 000pOTaMH, HAPEUHSIMU:

To begin with, I enclose preliminary information on our complete range
of boilers. — Ilpexne Bcero, s MpUyaraio MpeaBapuTeNbHy0 HHPOPMAIIHIO
10 HallleMy MOJTHOMY aCCOPTHMEHTY KOTJIOB.

7. B obopome «umenumenvuwlit naoedxc ¢ ungunumueom» (Complex
Subject) THOUHUTHB SIBISETCS YaCTHIO COCTABHOTO IT1ar0OIBHOTO CKa3yeMOoro
1 MOXET CTOSITh I1OCJIC IVIArojIoB B ABYX (hopMax (IIaCCHBHOW U aKTUBHOIL).
WHpuHNTHB B TakoM 000pOTE MEPEBOAUTCS IIIATOJIBHBIM CKA3yEeMbIM MPH-
JATOYHOTO NPEITIOKEHHS:

Contractors are meant to employ and coordinate the work of craftsmen,
who assemble building products and systems on the building site. —
[Ipennonaraercs, 9YTO MOAPSIAYMKH HAHUMAIOT U KOOPAMHHUPYIOT padboTy
MacTepoB, KOTOPble COOMPAIOT CTPOUTENIbHBIC MaTepuaibl U CUCTEMBl Ha
CTPOUTEJILHOMN IJIOLIAJIKE.

The experiment is unlikely to be completed this week. — ManoBeposiTHO,
YTO SKCIEPUMEHT OyZeT 3aBEpIIEH Ha ITOH HeJele.

[lepeBox Bceil KOHCTPYKLUMK OOBIYHO HAUYMHAETCS CO CKAa3yeMoro,
KOTOpOE MEPEBOAMUTCS HEOIPeneIEHHO-INYHBIM MPEATIOKEHUEM, JTU00 ¢
HCIIO0JIb30BAHUEM BBOJHOTO ciioBa. CaM 000pOT NEpEeBOAUTCS MIPUIATOUHBIM
JOMOJIHUTEIbHBIM NPEIIIOKEHHEM, TPUYEM UHPUHUTUB IEPEBOAUTCS
IJIaroJIoM CKa3yeMbIM B COOTBETCTBYIOLIEM BPEMEHH.

A policy of «total quality» and «zero defectsy is likely to allow companies
to achieve the best possible quality at every stage of production. — BeposiTHO,
MOJIUTHKA «BCEOOLIET0 KaueCcTBa» U «HYJIEBOI0 OpaKa MO3BOINUT KOMIIAHUAM
JOCTHYb IO BO3MOKHOCTH HaWJIy4IIEro KauyecTBa Ha KaKAOW CTaguu
MIPOM3BOACTBA.

They are known to have been working on this invention for a year. —
N3BecTHO, 4TO OHU pabOTAIOT HAJl ATHUM H300PETECHUEM YXKE TOJI.

80



8. Ungunumuenviii o6opom «cnoxcuoe oononnenuern (Complex
Object) nepeBoIUTCS TIIATOJIBHBIM CKa3yeMbIM MPUAATOYHOTO MPEIOKECHUS
(TakuM 00pa3oM, aHIIIMHCKOE MPOCTOE MPETIOKEHUE CO CIIOKHBIM JIOTIONTHE-
HHUEM TPH MEPEBOJIC CTAHOBUTCS PYCCKUM CIIOKHOTOTYUHEHHBIM).

Tests showed the use of additional generating facilities to be justified.
— MHccenenoBanusi MoKa3aiy, 4TO UCIOJIb30BAHUE JOMOTHUTEIHLHOTO
000py/I0BaHUsl, BEIPa0aTHIBAIOILETO SHEPTHUIO, OMIPABIAHO.

NHGUHUTHB CIIOXKHOTO JIOTIOJIHEHHUSI B CTPaJaTeNIbHOM 3aliore Tocie
1aroJioB allow, permit, enable nepeBoaUTCsI HTHGUHUTHBOM ICHCTBUTEILHOTO
3ajora.

Many laboratory tests enabled the problem to be solved. — Bonbioe
KOJIMYECTBO J1a00PaTOPHBIX UCCICAOBAHUN TTO3BOIMIIO PELIUTE MPOOIIEMY.

NHpuHUTHB f0 be B CIIOKHOM JIOTIONTHEHUU MIPU MEPEBOJIC Yallle BCEro
OITyCKAEeTCsl, TaK KaK B PYCCKOM SI3bIKE HET IJIarojia-cBsi3Ku. B aTom ciydae
PYCCKOE MPEeTIOKEHUE TOXKE OYJIET MPOCTHIM MO COCTABY.

We considered this decision to be the best one. — MbI cunuTaim 310
pellIeHNEe HAMTYIIHAM.

9. Hugunumuenwviit 060pom c npednozom for — NpHU NEpPeBOJE Ha
PYCCKHI1 SI3bIK MIPEIJIOT fOr OMYCKAeTCsl, IPH ATOM MH()UHUTHB TIEPEBOAUTCS
CKa3yeMbIM MPHIATOYHOTO MPEIUIOKEHHUS, & CTOSIIIEE TIepe]l HUM CYIIECTBH-
TeJIbHOE (MECTOMMEHNE) — MOAJICIKAIINM (MHOTAA JOTIOJIHEHUEM ).

Two basic principles of elecromagnetic attraction and of electomagnetic
induction must be used for an electromechanical relay to be made. — Heo0xomumo
NPUMEHUTH JIBa OCHOBHBIX MPHHIUIA SJICKTPOMATHUTHOTO MPHUTSDKEHHUS U
ANEKTPOMArHUTHOM UHJTYKIIMH, YTOOBI CO3/1aTh IICKTPOMEXaHUIECKOE perie.

HepeBozl NMpU4acTuda 1 NpuIaCcTHbIX 060pOTOB

1. B 3aBucHMOCTH OT (OPMBI HpUYACHUE TIEPEBOTUTCS HA PYCCKUH S3bIK
PUYACTHEM, ICCTIPUYACTHEM HITH CKa3yEeMbIM IIPUAATOYHOTO IPEITIOKCHHUS.
[Ipuyactue, KOTOpoe CTOUT MEPEA MU MOCIE OMPEAEISIEMOro CJI0Ba U BbI-
HOJHAET (PYHKLHUIO OIIPEAEIIeHNs, IEPEBOJUTCS IPUIACTHEM.

All moving parts of machines wear. — Bce qBIKyIIHECS 1€TaIl MalllHHbI
W3HAITUBAIOTCSI.

2. Ilpuuacmue ¢ hynkuyuu od6cmosamenpcmea CTOUT B Hayaje Npea-
JIOKCHUS WJIK TIOCJIE CKa3yeMoro, OJrke K KOHIy HpeiokeHus. Yacto
ymoTpebisieTcs ¢ coto3aMu when, while. TlepeBomnUTCsI Ha PyCCKHHA S3BIK
JeerpuyacTUeM WIN PUIATOYHBIM OOCTOSITEIbCTBEHHBIM NPEATI0KEHHEM.

(When) repeating his experiment he noticed the polymer crystal. —
[ToBTOPSIS CBOM 3KCIIEPUMEHT (KOTZIAa OH HOBTOPSUT SKCIIEPUMEHT), OH 3aMETHIT
KPUCTAJUTMYECKOE COCTOSIHUE TOJIMMeEpa.
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3. Hepgexkmmuovie popmvl npuuacmus BBHIOIHIIOT B MPEIIOKESHUN
(GYHKIMIO 00CTOATENBCTBA (BPEMEHHU WIIM MPUYMHBI) U O3HAYAIOT, YTO Jeii-
CTBUE, BBIPAKEHHOE MPUYACTHEM, MPOUCXOAMIIO paHbIle, YeM JIeHCTBHE,
BEIpaXCHHOE T1arojioM. Ha pycckuii s3Ik IEPEeBOIUTCS CKa3yeMbIM TTPH/Ia-
TOYHOTO TPEITIOKEHHS B TIPOLIE/IIIEM BPEMEHH HIIH JeePUIACTHEM.

Having been warmed to 0° (zero), ice began to melt. — Ilocne Toro, Kak
nén marpenu a0 0°, OH HAYaN TasATh.

4. Ilpu nepesoode an2nuiickozo npuiacmus Ha PyCCKUN S3BIK MOTYT
BO3HUKHYTb HEKOTOpbIe TpyaHocTH. K mpumepy, popma Participle I npaBuiib-
HBIX IJIaroJIoB coBnajaet ¢ Past Simple («closed» — «3aKpbul v 3aKPBITHINY ).
[IpuuacTrie B QyHKIIUN OIMpPEIEIICHUs] B aHIIIMHCKOM TPEIJIOKESHHH MOXKET
CTOSITH TIOCJIC OTPENEISIEMOTO CIIOBA, YTO MOXKET CO3/1aBaTh TPYJHOCTH €T0
y3HABaHMUSL.

The issues touched upon in the report are of great importance. —
3aTpoHyThIe B JOKJIAJIe BOIPOCHI UMEIOT OOJIBIIOE 3HAUCHHE.

5. Ilpuuacmue, komopoe cmoum Ha nePEOM MecHie B TIPEIOKEHUH
U SIBIISIETCS YacThIO CKa3yeMoro (B MPEIUIOKEHUSX ¢ MHBEPCHEH), CliemyeT
TIEPEBOINTh, HAYMHAS C OOCTOSTENHCTBA MITH JIOTIOTHEHHS, CTOSIIIETO TTOCe
MPUYACTHSL, TIOCIIE YETO MEPEBOJUTCS CKa3yeMOoe U B KOHLIE — MOJIeKalIee:

Attached to the article are tables and graphs. — K cratbe npumararotcs
TabIMLBI U rpaduKy.

6. Ilpuuacmue, Komopoe A6134emcs 6600HbIM U1EHOM RPEOTIOHCCHUS,
MOYKET MEePEBOAUTHCS TO-Pa3HOMY: ACETPUYACTHBIM 000POTOM; HEOIpeie-
n€HHOM (OPMOIi TIarosia ¢ CO30M «ECIU»; OTIACIBHBIM MPEIOKECHUEM
CO CKa3yeMbIM, BBIPYKEHHBIM IJIaroJIoM B 1-M JIHMIle MH.4. TIOBEIUTEIHHOTO
HaKJIOHEHHUS:

Summing up, we must point out the following issues. — IlogBoms utoru,
HEOOXOMMO BBIJICIIUTH CIIEAYIONINEe MOMEHTHI.

7. Anenuiickue o6cmosmenbcmeeHHble NPUUACTHHbBLE 000POMBbL TICPE-
BOJISATCS] HA PYCCKHH SI3BIK HECKOJIIBKUMHU CIIOCOOAMH: JIEETPUIACTHBIM 000-
POTOM, OOCTOSITENLCTBEHHBIM MTPUAATOYHBIM MPETIOKEHUEM U OTTJIarOJIbHBIM
CYIIECTBUTEIHHBIM C TPEIJIOTOM TIPH:

Working on this project we found out a lot of interesting things. —
Pa6oras (Korna Ml paboTanm) HaJy STUM IPOEKTOM, MBI OOHAPYKHIJIK MHOTO
WHTEPECHOTO.

Considered in isolation the example does not seem to be that convincing.—
[Ipu uzomupoBanHoM paccmoTpenun (Ecnu paccMaTpuBaTh H30JIMPOBAHHO),
9TOT NPUMEP HE TPEICTABISACTCSA TAKUM YOS TUTEIbHBIM.

8. Ilepesod npuuacmmnozo obopoma «cioxicHoe 0ONOTHEHUE» MOKET
OCYIIECTBIISATHCS MPH TOMOIIY CKAa3yeMOTO MPUIATOYHOTO MPEIIOKEHUS, a
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IJIaBHOE W MPHUIATOYHOE MPEIIOKEHHS COSAMHSIOTCS TPU MTOMOIIN COI030B
4TO, KaK.

We consider each hydrogen atom having a positive charge unit. — Mpl
CUMTaeM, YTO KaXKJIbIil aTOM BOJIOPO/Ia UMEET €IUHUILY TOJIO0KHUTEIHbHOTO
3apsiza.

9. Ilpuuacmuutii 060pom «caoIHcHOe nodaeHcauee) NEPEBOIUTCS IPU
MOMOLIH CKa3yeMOT0 MPUIATOYHOTO JOMOIHUTENBFHOTO TPEIIOKEHHS C CO-
F030M KaK MJIH 9TO, B KOTOPOM IPUYaCTHE CTAHOBUTCS CKa3yeMbIM, a TIIABHOE
MIPEJUIOKEHUE SBIISICTCS HEOTPEACIEHHO-IMYHBIM MPEITIOKCHUEM.

Pure germanium is considered being a poor conductor. — CauTalort, 4To
YUCTHIN TePMaHUH SBISETCS IFIOXUM TTPOBOTHHKOM.

10. Ilepesood nezagucumozo npuuacmuozo ooopoma

a) Ecim He3aBUCHMEBII PUYACTHBIN 000POT CTOUT B HAYaJIE ITPEITOKCHHIS,
TIOCIIE HETO BCETJIa CTOUT 3arstas. Ero nepeBoj] HAUMHASTCS CJIOBAMU TaK Kak,
MOCKOJIbKY, KOT/Ia, KaK TOJBKO, €CITH, & IPUIACTHE IEPEBOJIUTCS CKa3yeMbIM
MPHUIATOYHOTO TIPETIOKCHHUS:

The gas being compressed, the number of molecules in each cubic
centimeter is increased. — Ecny ra3 ckarb, KOJIMYECTBO MOJIEKYII B KaXKIOM
KyOMUEeCKOM CaHTHMETPE YBEINYUBACTCA.

0) Ecni He3aBUCHMBII TPUYACTHBIN 000POT CTOUT B KOHIIE MPEIIIOKEHUS,
Triepe]] HUM BCeT/Ia CTOUT 3arsitast. Ero mepeBoji HAUMHAETCS CO CIIOB IPH YeM,
IIPY 9TOM, H, a; CaMO K€ TIPUIACTHE IEPEBOIUTCS CKa3yeMbIM ITPHIATOYHOTO
npemioxeHus. CTosmuil nepea He3aBUCUMBIM IMPUYACTHBIM 000pPOTOM
npeanor with He mepeBoauTCSI.

All gases and liquids expand when heated, with their density being
reduced. — [1pu HarpeBaHUU BCe ra3bl ¥ )KUIKOCTH PACIIUPSIIOTCS, IPH 3TOM
WX TUIOTHOCTH YMCHBIIIACTCSL.

IlepeBon repynausi U repyHAnaIbHOIO 000poTa

CyliecTBYIOT CIEAYIONINE OCHOBHBIE CIIOCOOBI MEpeBoJa TepyHIMs U
repyH/IMATBHOTO 000POTa HA PYCCKHIA S3bIK:

1. cywecmeumenvuuim:

There are two common methods for measuring angular velocity. — Jns
U3MEpEHHS YITIOBOW CKOPOCTHU CYIECTBYET JIBa OOBIYHBIX METO/IA.

2. HeonpedenénHoil hopmoil 2nazona:

We have succeeded in maintaining productivity level over the whole
period. — Ham ynanock yaepxarb ypOBEHb IPOU3BOJAUTEIIBHOCTH B TCUCHUE
BCETO Meproa.

3. Oeenpuuacmuem:

Heat may be produced by burning coal, gas or any other fuel. — Temo
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MOYKHO MTOJYYHTh, CXKHTasl yroJib, Ta3 UK JIF000e Pyroe TOILIHBO.

4. 2nazonom-cKkazyemvim 6 RPUOAHOYHOM RPEOI0IHCEHUU:

During the test I need recording temperature immediately. — B iponiecce
OMbITa MHE HEOOXOAUMO, YTOOBI TEMIIEPATYPy PErUCTPUPOBATH HEMEIJICHHO.

5. repyHIMAaNbHBI 000POT MOKET MEPEBOAUTHCS CYULECHEUMETbHBIM,
UHOUHUMUBOM WU 271A20]10M-CKAZYEMBIM 6 RPUOAMOYHOM RPEON0NCEHUU.
Yacrto mepesn repyHIueM CTOMT MPUTIKATEIbHOE MECTOMMEHHUE HIIH
CYIIECTBUTENLHOE B MPUTIKATEIHLHOM MaJexkKe, KOTOPhIE MEePEBOISITCS
JIUYHBIM MECTOMMEHHUEM WIIH CYIIECTBUTEILHBIM B HMEHUTEIILHOM MAJCKE U
BBITTOJTHSIOT (DYHKIIMIO TIOJIEKAIIETO PYCCKOTO MPHUJIATOYHOTO IPE/TI0KEHHS.

Einstein s being awarded the Nobel prize in physics soon became widely
known. — To, uto DiiHmTeitH Obl HarpaxaeH HoOeneBckoil mpemueli B
007acTH (PU3NKH, BCKOPE CTAJIO IIUPOKO U3BECTHBIM (DAKTOM.

B Hay4yHO-TEXHMUYECKOH JIUTEpaType 4acTo ynoTpeonsieTcs repyHani ¢
oboportom there is (are). B aTux ciry4asx repyHIui IepeBoUTCS Ha PyCCKHI
SI3BIK CYIIECCTBUTEIBHBIM UK JTUYHOU (OPMOIA Timaroa.

There was no gases’ absorbing on the surfaces of solids. — Ha
MOBEPXHOCTH TBEPIBIX BEIIECTB ra3bl He aOCOPOUPOBATUCH.

Oco0y0 TPYTHOCTB IPH IIEPEBOJIE COCTABIISIOT OECCOIO3HBIC ITPHIATOUHBIC
NpeMIOKEeHNS. beccOr3HO MOTYT NMPUCOCTUHATHCS CIEIYIONIUE THITHI
MPUAATOYHBIX TPETOKCHUN: 0ONnoaHUmMeNbHble, OnpedeiumeibHble U
obcmoamenvcmeennvie ycaogus. B NOMOTHUTENbHBIX MPHIATOYHBIX
MPE/JIOKEHUST OMyINeH coto3 that, KOTOPBIH JIErko BOCCTAaHABIHBAETCS MO
KOHTEKCTY:

We could say man's urge to travel forms the basis of aviation. — Mp1
MOrIU OBl CKa3aTh, YTO CTPEMJICHHE YEJIOBEKa MyTELIeCTBOBATh CO3MaET
OCHOBY aBHAIIHH.

B onpenenutenbHBIX IPUIATOYHBIX OMyIIeHbI cOr03bl Which, that, where,
how u np. BHemH#ii npu3Hak 0eCcCO3HOTO ONPEICTUTENLHOTO PEUIOKECHHS
— CKOIUICHHE JIBYX MOJPS CYIICCTBUTEIBHBIX UM CYIICCTBUTEIBHOTO
Y MECTOMMEHHUSI, HE pa3/CiCHHBIX 3aISITOM M HE CBS3aHHBIX COIO30M WIIH
npeanoroM. Mex iy HUIMH ¥ ITPOXOIUT MPaHMIIA TPEIIOKEHNH.

The plan covers all the aspects of the job the new aircraft was designed
to do. — TlnaH BKIIOYAeT BCe aCMEKThI 3a7a9K, KOTOPYIO MpelHa3HaueH
BBIMOJTHSITH HOBBIA CAMOJIET.

Ecnun Geccoro3znoe npesioyKeH e SBISIETCs ONpe/IeTICHHEM K ITOJIeKAIIEMY
TJIABHOTO MPEJUIOKECHHS, TO BCE MPEIIIOKEHUE MOCTPOCHO MO CXEMe:
noaseskaiee (mojasesKailee — CkazyeMoe) cKazyeMoe.

The number of times both computers were out of service were recorded.—
Yucno ciyyaes, Korjia 00a KOMITbIOTEpa He paboTaltd, ObLIIO 3apEruCTPUPOBAHO.
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Eciiu B KOHIIE OMPEACIUTEIBHOTO MPEAT0KEHUS CTOUT MPEIJIOT, 3a
KOTOPBIM HE CIEAYET CYIIeCTBUTEILHOE, TO B TIEPEBO/IE ITOT MPEIOT (eCiu
OH TIEPEBOMUTCS) HAJ0 MOMECTUTH MEPE/ COIO3HBIM CIIOBOM «KOMOPBII,
«4mo», U3MEHHB, COOTBETCTBCHHO, €0 MaJIeK.

These are the relationships the theory of aircraft is based on.

BoT 3aBHCHMOCTH, Ha KOTOPBIX OCHOBaHA TEOPHsI CAMOJIETOB.

Tunsl pacxo:xknenus 151 u US

[Ipo6Gaembl mepeBoga B yCHOBUSIX IPaMMaTHYECKOTO CXOACTBa
U PAcXOXKJCHUS MEXIY S3bIKOM TO/JIMHHHUKA W S3BIKOM II€peBOJla Ha
ypoBHE MOP(GOIOTHYECKOW OpraHM3alHuu S3BIKOB U B CHHTaKCHCE:
(1) maauyre B MOMIMHHUKE 3JIEMEHTA, KOTOPOMY HET (popMaiabHO-
rpaMMaTHYECKOTO COOTBETCTBUS B SI3BIKE IepeBoja (apTUKIIb, KATErOpHs
«BpEMEHHON OTHEeCEHHOCTH» (mepdexTHhle U He-iepPeKTHBIE (OpPMBI),
TepyHIHMA, MPEAUKATHBHBIC KOHCTPYKIIMH C WH(OUHUTHUBOM, TIPUYACTUEM,
repyHauem); (2) Haau4due B SI3BIKE TEPEBOJA DIIEMEHTOB, KOTOPBHIM HET
COOTBETCTBHS B SI3bIKE OpUTHHAA (KaTeropys BUa, KATETOPHS POIa, CHCTEMa
[JIarojbHBIX BpEeMEH, OTCYTCTBHE coriacoBaHUsi BpeMéEH); (3) dhopmanbHOE
COOTBETCTBHE TPaMMaTHYECKHX DJIEMEHTOB OpPUTHHANA U MepeBoia MpH
pa3iuuuu BBIMOJNHSEMBIX UMU (QyHKOHH (POPMBI €TUHCTBEHHOTO U
MHOYKECTBEHHOTO YHCJIa CyIIECTBUTEIBHBIX, BPEMEHHBIE (POPMBI IJIarona,
(hopMBI cOCIIaraTeIbHOTO HAKJIOHEHUS).

Crnenudguxa Bpi0opa U NpUMeHeHUs TPAMMATHYECKHX
BAPHAHTOB NPHU NepeBo/ie

TpynHOCTH, CBI3aHHBIE C PACXOXKICHHEM rpammarnueckux cucrem VS u
[151 00ycnosneno nupopManyei, BbIpakaeMoid B OAHOM SI3bIKE IPAMMATHYECKUM
crocoOoM, a B IpyroM JiekcnieckuM. B mporiecce nepeBosia, OObIYHOI SIBISETCS
CHUTyalHusl, Korja 3HauyeHue BolpaxkaeTcsa B M rpammaruuecku, a B 115
JIEKCMYECKH 1 Ha000poT. Tak, TOBOPsI O KAaTErOpHY BPEMEHHOW OTHECEHHOCTH
CBOMCTBEHHOM aHIIMMCKOMY SI3BIKY M UYXIOW PYyCCKOMY, CJIEyET OTMETHUTh,
YTO INepejaya BhIPaKaeMbIX 3HAYEHHH Ha PYCCKUM A3BIK HE CONpsKEHA C
TPYAHOCTSMH, T.K. B PyCCKOM $I3bIKE COOTBETCTBYIOIIEE 3HAYEHHUE MOTYT OBITh
0e3 Tpyza BbIpaKEHbI JIEKCHUECKUM ITyTEM.

T'oBopst 0 BEIOOpE TOI MITH MHOM rpaMMaTHIecKoi (POPMBI (B YaCTHOCTH,
TOT'O WJIX MHOTO CHHTAKCHYECKOTO OCTPOCHHMS), Mbl UIMEEM B BUY HAIUIHE
JOPYTHX FPaMMaTHYECKUX BAPHAHTOB, M3 YHCIIa KOTOPBIX BEIOMpaeM JaHHYIO
tdhopmy. Tak, HampuUMep, B PyCCKOM SI3bIKE TPaMMAaTHYECKUM BapHaHTOM
(CHHOHHUMOM) OTIPEAETUTEILHOTO PUIATOYHOTO NPEITIOKEHHUS (HACTOSIILIETO
U TPOILEAIIEr0 BPEMEHH) SIBISIETCS NMPUYACTHBIM 000pOT (Cp.: «4eIOBEK,
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KOTOPBIH BBITOIHHI 3Ty PabOTY» U «4EJIOBEK, BBIMOIHUBIIHNH 3Ty PaboTy»);
BapUAHTOM JEENPHUYACTHOTO 000pOTa BBICTyHaeT 0OCTOSTEIbCTBEHHOE
MIPUIATOYHOE TIPEIJIOKCHIE BpeMeHHN WiH oOpasza meictBus (cp.: «llpums
JIOMOH, OH cKa3all...» u «Korja oH npuiiesn J0MO, OH CKa3aJl...»); BApPUAHTOM
YCIOBHOTO MPHUIATOYHOTO MPEJIOKEHUSI C COI030M MOMKET BBICTYIATh
npuarodHoe Oeccoro3Hoe (cp.: «Eciu Ob1 OH OBLT 3I0POB, OH IPUTIET OB
«Byznpb oH 310pOB, OH IPHUILEN ObI»), 8 BAPHAHTOM YCIOBHOTO (COIO3HOTO JIH00
0ECCOT03HOTO) MPHUIATOTHOTO MPEIIIOKEHUS SIBIIIETCS 00CTOSATEIHLCTBEHHOE
codeTaHue ¢ npemioroM (cp.: «Eciu Obl HMeNnHCh OIaronpusTHBIE yCIOBUS»
u «[Ipu OnaronpusiTHEIX ycloBusIX», «[Ipu Hamuyuu OIArONpPUSTHBIX
YCIIOBHI).

rpaMMaTI/I‘-IeCKI/IC BapvaHTbl CUHOHUMHWYHBI IO OTHOIICHUIO JPYT K
JIPYTY TOJBKO B [IEJIOM, T.€. MOTYT 3aMEHSTb JIPYT JPyTra TOJILKO KaK IIeJIbHbIC
CHUHTaKCHUUECKUE CTPYKTYPBI; OTAENbHBIC e UX IEMEHTHI, T.€. CJI0Ba, XOTs
OBl 1 UMCIOUIME OJIHY OCHOBY, HC ABJIAIOTCA CHUHOHUMAMMU.

I'pamMmaTryecKkre BApHAHTBI, CITyKaIIHe 7 BBIPKEHHUS O0Jiee WITH MeHee
OIHOPOIHOTO COZIEPYKaHMS, ObIBAIOT CTHIIMCTHYECKH HEPABHOLICHHBI, T.€. IAJIEKO
HE BCEr/a, He B JIIOOOM KOHTEKCTE MOTYT CITYXHTh 3aMEHOU JIPYT JPYTY.

Bri6op rpaMMaTndecKkoro BapuaHTa 3aBUCHT KaK OT y3KOTO, TaK U OT
NIMPOKO KOHTEKCTA.

Tak, mpumaTouHOE ONMpPECTUTENBFHOE MPEIOKEHNE YMECTHEE B TOM
ClIydaec, Korjga ropopsmemMy Wik MUImymeMy BaXHO IMOAYCPKHYTh 3HaYCHUC
JIEHCTBUS, BhIpaXkaeMoe crpsraeMoii Gpopmoii riarona («4eaoBeK, KOTOPbIi
371eCh padoTa») - B OTIIMYME OT MPUYACTHOrO 000poTa, TAe ATO 3HAUCHHE
HECKOJIBKO 3aTyIIEBaHO, 0CIabIeHO («UeI0BEK, pabOTaBIINN 3/IECHY ).

Crnenuduka BIOOpa U NPUMEHEHHs] TPaMMaTHUECKUX BapUAHTOB MPH
MEPEBOJIC - OTIIMYMUEC OT MX HUCIIOJIB30BaHHA B OPUTMHAJIBHOM TBOPYCCTBEC -
OTPE/ICTISIETCS] COOTHOIICHUEM M B3aUMOICHCTBUEM IPAMMATHUYCCKUX CHCTEM
JABYX S3BIKOB. HpI/I 3TOM BO BSaHMOI[ei/’ICTBHe BCTYNAarOT TAaKHE€ SABJICHUA,
KOTOPBIE B IJIOCKOCTH OJTHOTO s3bIKA JAPYT C IPYTOM HE CBA3aHbBI (HApUMep,
JUTsL Tiepeiadyl PyHKIMY apTHKJIIS TPUMEHSIETCS TOT I MHOW MOPSIJIOK CJIOB).
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I'PAMMATHUKA

Hesmunsbie ¢popMsbI Ii1aroJia: UHGPUHUTUB, IPUYACTHE,
repyuauii. [lpuyacrue I u Il (cnoco6b1 00pa3zoBanusi, GyHKIUN
B npeasioxkennn). Hezapucumblii NpuyacTHbIN 000pOT.
Oo0pa3oBanne popm repyHaus, ero cBoiicTea U PyHKUMHU
B NPeIJIOKEHNH, IIePeBO/

K HenuunbsiM (popmam rimarojia otHocstcs npuyactus (Participle I,
Participle II), repynauii (Gerund), naduautus (Infinitive).

Hernmunbie opMbl I71arojia COBMEIIAIOT B ce0e MPU3HAKH JIBYX YacTel peun:

MPUYACTHE — MPHIATaTeIbHOTO U [J1aroia;

TepYHIUI — CYIIECTBUTEIHLHOTO U IJIAroia;

WHPUHATHB — CYIIECTBUTEIBHOTO U IJ1aroa.

NudunuTtuB (Heonpenenénnas ¢opma riaroja) — ucxonHas dopma,
Ha3bIBAIOIAS JICHCTBHE U OTBEYAIOIast HAa BOIIPOC YTO JeNiaTh?, 4TO CienaTh?

Hanpumep: to measure — u3MepsiTh, U3MEPUTb.

dopmabHBIM PU3HAKOM WH(UHUTHBA SBJISICTCS YacTUIa to.

! Ungpunumue ynompebasemcs 6e3 uacmuysvl t0 nocie mMoOaibHblX
U BCNOMO2AMENbHBIX 21A20N08, A MAKICEe 8 00BEeKMHOM UHDUHUNMUSHOM
0bopome nocie 2nazonos, GbIPANCAIOWUX YYECMEEHHOE BOCIPUIINUE.

®opmbl HHPUHUTHBA

Indefinite Infinitive
Continuous Infinitive

Perfect Infinitive

Active Voice

Passive Voice

to write
to be writing

to have written

to be written

to have been written

®opmel nHGUHUTHBA Indefinite m Continuous BeIpakaroT IEHCTBHE,
OJTHOBPEMEHHOE C ACWCTBHEM CKazyeMoro, mpu 3ToM ¢opma Continuous
MTOKA3bIBACT [IUTENbHOE neticTBrue. @opma nHpuHUTHBA Perfect mokaswiBaer,
YTO JIeHCTBUE MIPEAILIECTBYET ICHCTBUIO CKa3yeMoro.

Hampumep:

The professor is glad to see his former students. — lIpodeccop paa BUIeTh
CBOUX OBIBIINX CTYJCHTOB.

He is proud to be working with this famous scientist. — OH TOpIHATCS
TEM, 4TO PabOTaET C STUM U3BECTHBIM YUEHBIM.

The professor is glad to have seen his former students. — Ilpodheccop
paj, 9To TOBHJIAT CBOMX OBIBIIHX CTYJCHTOB.

Wnpunutus B Gopme AeHCTBUTEIBHOTO 3a5i0Ta BHIpaKaeT JIEHCTBHE,
COBepIIIaeMOe JTUIIOM HITH TIPEAMETOM, K KOTOPOMY OHO OTHOCHTCH.
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Hanpuwmep:

I want to help you. — 51 xouy Bam momousb.

NnaduautHB B popMe MacCHBHOTO 3ayoTa BBHIpa)kaeT AEHCTBHE,
COBEpIIACMOE HaJl JIULOM HJIH MIPEAMETOM, K KOTOPOMY OHO OTHOCHTCHL.

Hampumep:

I want to be helped. — 51 xoay, 4TOOBI MHE TIOMOTJIH.

Dyukyuu ungunumusa

noonexcawee. llepeBomurcst ”HQUHUTHBOM WU CYIIECTBUTEIHHBIM.

1o read is his hobby. — Utenue — ero arodumoe 3anstue. // Uurath —
ero JIOUMOE 3aHsITHE.

uyacmo ckazyemozo. llepeBoautcsi MHOUHUTHBOM WU CYIIECTBUTEIILHBIM.,

Our aim is to master English. — Hamra niens — oBnaieTs / oBIaieHUE
AHIJIUACKUM.

oononnenue. IlepeBonutcs HHOUHATHBOM.

She likes to dance. — Oua n100UT TaHIIEBATE.

onpeodenenue. IlepeBonuTcst:

a) THQUHUTHBOM:

The desire to find the solution was very strong. — JKenanue HaiiTu
peleHne ObII0 OYeHb CHIIBHBIM.

0) CYIIECTBUTEILHBIM WX TIPUJIAraTeIbHbIM:

1t will be done in the years to come. — 10 OyIeT cAeTaHO B OMMKaiIIIme
TOJIBI.

B) MPUIATOYHBIM OIPEJICIUTEIILHBIM MTPEIOKECHUCM

He was the first to prove it. — OH OBLI IEPBBIM, KTO JOKa3aJj 3TO.

Infinitive Passive niepeBOAUTCS MPUJATOYHBIM ONpPEACIUTEIbHBIM
MIPEIIOKECHUEM CO CIIOBAMH «OY0emy, KOONNCEH:

The method to be used is quite new. — MeTtoJ, KOTOPBIX OyJIeT / TOKEH
HCIIOJIb30BAThCS, COBEPIICHHO HOBBIM.

oocmoamenwvcmeo. llepeBogurcs:

a) MPUIATOYHBIM IPEIOKEHUEM C COFO30M «JIJIsl TOTO, YTOOBI»:

To read this English article you must use a dictionary. — 17151 TOT0, 9TOOBI
MPOYUTATH ATY AaHIJIUHCKYIO CTAaThIO, BAM HYXKHO BOCIIOJIB30BaThCs CIIOBAPEM.

0) MHQUHUTHBOM:

He went there to study physics. — OH moexan TyJa u3y4arb QU3uKy.

B) JIeeNpUYaCTHEM:

Hydrogen combines with oxygen to form water. — Bogopon coemuHsieTcs
C KHCIIOPOZIOM, 00pasysi BOLy.

NudrHNTHB B QYHKIIMU OOCTOSTETHCTBA YaCTO BBOAMTCS COIO30M «in
order to» — «IJIs1 TOrO, YTOOBI»:

A number of devices were developed in order to detect cosmic rays. —
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B0 paspaboraHo HECKOIBEKO MPHOOPOB ISl TOTO, YTOOBI OOHAPYKHBAThH
KOCMHYECKHUE JIYYH.

3aoanue. llepeseoume credyrouue npedrodceHuUs::

1. Conductors and insulators are the main two factors to be considered
when studying electricity.

2. To take correct measurements it is necessary to use accurate
instruments.

3. Much experimental work is needed for these phenomena to be
explained.

4. He is said to have tested a circuit.

5. We know the electrons to flow from the negative terminal of the
battery to the positive one.

6. The knowledge of Faraday’s Law is known to be of great significance
for every electrical engineer.

7. To remove electrons from any surface requires a certain amount of
energy.

8. The electric circuit is the subject to be dealt with in the present article.

9. To understand the nature of electricity is not an easy thing to do.

10. Nowadays semiconductors are believed to be increasingly used in TV

sets, radio sets and computers.

Ilpuuacmue (Participle) — nenudnas ¢opma Taroiia, B KOTOpOH
COYETAIOTCS TPU3HAKH [IPUJIATaTeIIbHOTO WIIM HAPEUHsl C IPU3HAKAMHU [V1aroJa.
Pasnumuaror nBa Buma npuvactuii: Participle I u Participle II. [puvacTus,
Kak M IpujaratelbHble, 0003Ha4al0T NMPU3HAK NpeaMera. B ominume ot
NpHUIaraTelbHOro, MpU3HaK, 0003HaYaeMblil IPUYACTHEM, YKa3bIBaeT Ha
JeificTBUe MM cocTosHuE npeamera (a revolving part — Bpalaromascs
nerains, the invented engine — n300peTEHHBIH ABUTATENb), 8 HE Ha €ro KaYeCTBO

(a big part — xpymHas 1eTans).
®opMbI NPUYACTHA

Participle I
Active voice Passive
Indefinite writing being written
Perfect having written having been written

Participle II — written

B mpennoxkeHnu mpuyYacTUs MOTYT BBINOJHATH TPH (YHKLIHUHU:
OIlpeJesICHUs, 00CTOATENbCTBA U YACTH CKAa3yeMOro.

1. B QyHKImum onpeneneHus NpuyacTusi 0OTBEYAOT Ha BOIIPOC «KAKOU 7 »
Y MOTYT HaXOAUTBCS KakK MEepPe, TaK U MOCJe ONpPEeAeIsieMOro ClIoBa.
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Participle I B ¢pyHKITMEU ONIpeaenieHus IEPEBOTUTCS:

npuyacmuem 0elcmeumenbHo20 341024, OKAHIMBAIOILUMCS Ha —10ujull,
—6uiull.

RPUYACMHBIM 000POMOM UIU ONPEOETUMETbHBIM RPUOAMOUHBIM
nPeOIoIHCeHUEM.

Hanpuwmep:

The man delivering a lecture is our professor. — YenaoBek, YNTAIOMIHAN
JIEKIIHIO, Hat Tipodeccop.

Participle Il B pyHKIINME OTpeaeneHusI TEPEBOAUTCS:

npuuacmuem cmpaoamenbHo20 3aa1024 COBEPLICHHOTO HJIHU
HECOBEPIIEHHOTO BHJIa C OKOHYAHUEM —HbIN, -MbIH, -~ThIMH.

RPUYACMHBIM 000POMOM UIU ONPEOETUMETbHBIM RPUOAMOUHBIM
npeoloIceHUEM.

The lecture delivered by our professor was very interesting. — Jlekuus,
MIpOYNTaHHAs HAIIUM MPOQeCccopoM, OblTa OUeHb HHTEPECHOM.

2. B QyHKImmm o6cToATeNbCTBA MPUYACTHS OTBEUAIOT Ha BOIIPOC KKAK? »
«Ko20a?» W Yallle BCEro HaXOAATCs B Hauasle IPeIOKeHHUS.

B ¢yskumm obcrosTenseTBa nepen Participle I MoryT cTosTh coro3bl
when, while, a nepen Participle Il — coro3sr when, if.

B ¢ynkuumn obcTosiTenbeTBa MpUYacTUsl IEPEBOISATCS:

deenpuyacmuamu ¢ cyppuxcamu —1, —as, —u6 WM JeelpUIacTHbIM
obopoToM.

00CmoAmMen,CmeeHHbIM RPUOAMOUHBIM RPEONONHCEHUEM NITH
CYUeCmeUmMenbHbIM ¢ BPEQI0ZOM.

Hampumep:

While working in the laboratory we make experiments. — PaboTtas B
na0opaTopuy, Mbl TPOBOAUM 3KCIICPUMEHTHI.

When tested that device showed good results. — Bo BpeMs HCIIBITaHUH
3TOT npubOp NoKazan xopouwue pe3yiasrarsl. (Korma stor mpudop mpoxomun
UCIIBITaHUS], OH MIOKAa3ajl XOPOIINE PE3yIbTaThl. )

Ecnu Participle 11 mepeBoauTcst 00CTOATENHCTBEHHBIM MTPHIATOYHBIM
MPEAJIOKEHUEM, €0 MOAJIEKAIIUM CTaHOBUTCS IOAJIeXkKallee ITTaBHOIO
NPEJIOKEHHS, @ B INIABHOM HPEJIOKEHUH OHO 3aMEHSETCS JIMYHBIM
MECTOMMEHHEM COOTBETCTBYIOLIETO POJa U YUCIIa.

Hampumep:

When asked the student answered well. — Korna crynenra cupocui,
OH OTBETHJI XOPOLLIO.

If used this method will help us to increase the output. — Ecmu 310T
croco0 OyzeT mpuMEeHEH, OH TIOMOXKET HaM ITOBBICUTD BBIITYCK ITPOIYKIIHH.

3. IlpuvacTus Takke MOTYT OBITh YacThIO ckasyemoro. Participle I
obpasyeT Bpemena rpymmsl Continuous.
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Hanpuwmep:

He has been translating this article since 12 o’clock. — On nepeBogut
cTarbio ¢ 12 gacos.

Participle Il oopazyem:

KOHCTPYKIIMHU TTACCUBHOTO 3aJI0Ta

BpeMmeHa rpymnmsl Perfect.

Hampumep:

The problem is being solved. — I1pobnema perraercs.

A group of engineers has designed a new device. — ['pynna nHxeHepoB
CKOHCTPYHPOBaJia HOBBIH PUOOP.

Participle I u Participle Il B pyHKIIME YacTn cka3zyeMoro mepeBOasITCS
[JIarojioM B JINYHOU (opme.

Cnoarcnvie ghpopmur. K cnoxusim popmam Participle [ otHocsaTcst popmbl TrIa:
being used, having used, having been used.

1. ®opma Tuna being used Moka3bIBAECT, YTO ACHCTBHIE, BRIPAKSHHOE MTPHU-
4acTUeM, TPOUCXOJUT OTHOBPEMEHHO C JCHCTBHEM, BBIPaKEHHBIM IJ1ar0JIOM
B ytmuHOU opme; popmel Tumia having used, having been used IOKa3bIBAIOT,
4TO JIeficTBUE, BBIPAKEHHOE MPUYACTHEM, IPEALICCTBYET ACHCTBHIO, BhIpa-
YKCHHOMY TJIaroJioM-CcaKa3yeMbIM.

Hampumep:

The devices being used in our work are up-to-date. — IlpuGopsi,
NpUMEHsIEMbIC B Halllel paboTe, COBPEMEHHBI.

Having finished his experiments he compared the results. — 3axoH4uB
CBOU 3KCIIEPUMEHTBI, OH CPaBHUJI PE3YJBTATHI.

2. TlepeBox cI0KHBIX (POPM MPUYACTHUS 3aBHCHUT OT BBIIOIHIAEMOI HMU
byHKINN.

B ¢yHKIMU omnpesesieHUs NPUYACTHE TIEPEBOJAUTCS HPUYACHIUEM
HACMOAWE20 6PEMEHU CIPAOAMEIbHO20 341024 VI ONPEOeTUmMenbHbIM
RPUOAMOYHBIM RPEONIOHCEHUEM:

The method being used by this engineer is very effective. — Meton,
HCITONIb3YEMBIH 3TUM WHXESHEPOM, OU9eHb d(h(DEeKTHBEH.

B ¢yHkumm obcrosiTenbcTBa mpuuacTue OOBIYHO MEPEBOAUTCS
00CTOSITEIbCTBEHHBIM TPUIATOYHBIM MPEJIOKESHUEM HITH JICCTIPUIaCTHEM
COBEPIICHHOTO BUJIA.

Having finished the series of experiments they published the results. —
3aKOHYHB CEPHUIO IKCIICPUMEHTOB, OHU OMYOIMKOBAIH PE3YJIbTaThI.

Having been translated into many languages the book became very
popular. — Tlocie Toro, KaK KHUTa ObLIa epeBe/icHa Ha MHOTHE SI3bIKH, OHA
cTaJsia OueHb MOMYNISAPHOI.
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Ilpuuacmnuvie o6opomvl. Hezaeucumovlit npuuacmuslii 060pom
B aHmmiickoM si3bIKe pa3inyaroT 3aBUCUMbIC U HE3aBUCHMBbIE TIPUYACTHBIC
000pOTHI. 3aBUCUMBIN TPUYACTHBIN 000POT HE UMEET CBOETO ACHCTBYIONIETO
yuia (IMOJIeKAIIeT0) U AKBUBAJICHTEH PYCCKOMY OIPENETUTEIbHOMY HITU
00CTOATENICTBEHHOMY MTPHUIATOUHOMY TPEAIOKEHUIO.

Hampumep: The engineer testing the engine is a good specialist. —
WHxeHep, UCHBITHIBAIOIINN JBUTATENb, XOPOLINK CIIELUATIUCT.

B He3aBHCHUMBIX MPUYACTHBIX 000pOTaxX MMeEEeTCsl COOCTBEHHOE, He
3aBHCHMOE OT IMIaBHOTO MPEAJIOAKEHHS MOIEXkKaIlee.

He3zaeucumbtii npuyacmuulit 060pom, B OTIUYHE OT 3aBUCUMOTO,
omoensemcs 3anamoi. llepeBos HE3aBHCUMOTO MPUYACTHOTO 000poTa
3aBHCHUT OT €ro MeCTa 110 OTHOLIEHMIO K IJIaBHOMY IPeJI0KEHUIO:

eciu He3a8UCcUMbLIL RPUYACMHBLIL 000POMm nPeduiecnayen TIIaBHOMY
MPEUIOKEHHIO, CIIETyeT IEPEBOIUTD €r0 00CTOSTEIbCTBEHHBIM MTPUAATOYHBIM
MIPEUIOKEHUEM C OJHUM M3 MOJYMHUTENBHBIX CJIOB: TaK KakK; MOCKOJBKY;
KOT/Ia; TIOCJI€ TOTO, KaK; ECIIH.

eciiu He3a8UCUMBLIL RPUYACHHBLIL 000POM HAX00UMCA HOCIIe 2NA6HO20
npeosiocenus, CIenyeT UCIOIb30BaTh MPH IMEPEBOE COIO3bI: a; U; HO, WU
CJI0BA PUYEM; IIPU ITOM.

Steel being a very strong material, we find wide application of it in
engineering. — Tak Kak cTaib SBISIETCS OYEHb IPOYHBIM MaTepUaIoM, OHA
HaXOJIUT IIHUPOKOE NPUMEHEHHUE B TEXHHKE.

In highly developed countries 9 out of 10 robots are produced in Japan,
half of them being made by robots themselves. — B BBICOKOPa3BUTBIX CTPaHAX
kaxaeie 9 n3 10 po6OTOB IPOU3BOAATCS B SIMOHNUH, TPUIEM ITOJIOBHHA U3 HUX
W3rOTaBIMBACTCS CAMUMHU pOOOTaMH.

3aoanue. llepeseoume credyoujue npeonodAiceHus.

1. All electrical conductors dissipate heat when carrying current.

2. The substance affecting a magnetic field was metallic.

3. The techniques applied increased the rate of production.

4. The device tested demonstrated good performance.

5. The experiment having been finished, the scientist published the
results.

6. The temperature of the liquid obtained remained constant.

7. The energy sources of the world decreasing, the scientists have to
look for new sources of energy.

8. Theresults being really important in the business world, it is necessary
to establish realistic goals.

9. Molecules are constantly in rapid motion, the motion becoming more
rapid with an increase of temperature.
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10. Having brought the dictionaries from the library the student began
to translate the article.

TI'epynouii — nenuuHas gopma rarosa, odnanaromnas OqHOBPEMEHHO
CBOWCTBAaMH CYILECTBUTENILHOTO U rarona. [epynanii BeIpaxaeT mporecc,
neiicteue. I'epyHauii 00pasyeTcsi OT TJ1aroJibHOH OCHOBBI IIPH TIOMOIIH
cybhdukca —ing (write — writing)

DopMbI repyHaust

Active Voice Passive Voice
Indefinite Gerund writing being written
Perfect Gerund having written having been written

Indefinite Gerund BbipaxkaeT nelicTBHE, OAHOBPEMEHHOE C ACHCTBUEM
IJ1aroJia-cKa3yeMoro, Win AeHCTBHE, OTHOCSIIEEeCs K OyayIiemy.

She disliked being interrupted. — Ona He TIOOHUT, KOT7Ia €€ MPEPHIBAIOT.

Perfect Gerund Bbipaxkaet JeCTBUE, MPEIICCTBYIOIICE ACHCTBUIO
IJ1aroJia-cKa3yeMoro.

1 don t remember having read this book. — 51 He TOMHIO, 9TOOBI 5T UUTANA
3Ty KHUTY PaHbIIIE.

XapaKkTepHBIM HpU3HAKOM TEPYHIUS SBISETCS HAIMYHE Tepel] HUM:
npeonoza; NPUMINCAMeIbHO20 MEeCMOUMEHUS, CYUeCmEUmMenbHo20 6
APUMAHCATNENLHOM UU 00UeM naoedice.

Dyuxkyuu 2epynous

B npeyioskeHun repyHIUNA MOKET BbICTYIATh KaK MOJJICKAIISE, YaCTh
CKa3yeMoro, JIOMIOJTHEHHE, OTIpeIeIeHne, 00CTOSITEIhCTRO.

Toonexcauyee : IEPEBOIAUTCS CYULECIEUMETbHBIM WA HEONPEOCTIEHH O
dopmoit cnazona.

Studying is the way to knowledge. — Yu€ba — 3T0 Iy Th K 3HaHUIO.

Yacmu ckazyemozo:

a) IMEHHAsl 4YaCTh CKa3yeMOTO0; IEPEBOUTCS CYU4eCH UMb HbIM I
Heonpeoenénnoii popmoii 2nazona.

The only way to know the distance is measuring it. — EQMHCTBEHHBIN
Croco0 ONpeACTUTh PACCTOSIHUE — 3TO H3MEPUTH €TO.

0) 9acTb TJIAroJbHOTO CKa3yeMOTo; MEPEeBOIUTCS HEOnPedenEéHHO
dopmoi 2nazona.

They began building houses. — OHM HaYaIH CTPOUTH JTIOMA.

Jononnenue TIEPEeBOAUTCS Cyu{eCmeumebHblM, HEONPeOenEéHHOIL
dhopmoit 2nazona van NONOTHUTEIHHBIM HPUOAMOYHBIM RPEOSIOHCCHUEM.

He likes reading. — On moOUT IUTATh.

Thank you for having come. — bnarogapro Bac 3a 10, uto BbI npuiiim.
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Onpeoenenue:

a) MpellecTBYIOIIee; NEPEBOAUTCS HpUAAZAMETbHBIM NN
CYuecmeumenbHuiM.

boiling point — TOUKa KUIICHUS;

0) mocnemyroee; IEPEBOAUTCS CYIICCTBUTEIHHBIM.

There are different ways of obtaining this substance. — CyliecTByOT
pa3In4HbIe CIIOCOOBI MOTyUSHHS ATOTO BEIIECTBA.

Obcmosmenvcmeo (¢ IPENIIOTOM — in, on, upon, before, after, by, without,
etc.); mepeBOAUTCS:

a) deenpuuacmuem; 0) cyujecmeumenabHolM ¢ NPEON02OM; B)
RPUOAMOYHBIM RPEOTOIHCECHUEM.

After having obtained good results they stopped experiments. — [1ony4us
XOPOIIHE Pe3yNbTaThl, OHHU MPEKPATHUIH SKCTIepruMeHTHI. // [Tociie momyueHus
XOPOIIUX PE3yIBTATOB OHU MPEKPATUIH SKCIICPUMEHTHI.

I'epynouanvuotit o6opom. IlputsxaresibHOE MECTOUMEHHUE WU
CYIIECTBUTEIbHOE B MPUTSHKATEILHOM HIM OOLIEeM Majexe, CTOsILIUE
nepes repyHimeM, 00pa3ytoT BMECTE ¢ TepyHIUEM TepyHIUALHBINA 000POT.
lepynauanpHbiii 000pOT MEPEBOAUTCS MPUIAATOUYHBIM IMPEIIIOKEHUEM,
BBOJMMOM COIO30M «TO, uTO». CyIIeCcTBUTENbHOE (MJIM MECTOUMEHUE),
cTosilee mepej TepyHAHEeM, CTAaHOBHUTCS B PYCCKOM NpEAJIOKESHUU
MOJUIEeXkKAINM, a TePYHIUM — CKa3yeMbIM.

Hampumep:

1 heard of our head engineer's being sent abroad. — 51 cnpiain o Tom,
YTO HAIIETO ITIaBHOTO MH)KEHepa MOChUIAIOT 3a TPAHHUILY.

! epynouii omauuaemes om npuvacmus HACMOAUe20 8PeMeHU
(Participle 1):

a) 1o QYHKUUH 6 Npedodicenul;

0) 1Mo HAHYHUIO npednoaa,;

B) 10 HAJIHYHIO NPUMSAHCAMETLHO20 MECHOUMEHUSL AU CY Uy eCIMBUMETTbHOZO
6 NpUMSLICAMenTbHOM WIH 001eM nadeoice.

CpaBHeHHE TepYHIMS U IPUYACTHSA:
a) TepyHANN MOXKET OBITh JTIOOBIM WICHOM MPEJIOKCHUS; TPUIACTHE —
TOJIBKO ONpeeTIeHuEeM, 00CTOATEILCTBOM MIIM YaCThIO CKa3yeMOro.

! Eciu npeodnoscenue HauuHaemcs Clo60M ¢ OKOHYAHUEM —ing, mo
MO CIOBO ABGNSEMCS 2ePYHOUEM 6 (PYHKYUU NOONeNCauye2o, ecau 3a HUM
credyem 2nazon-ckazyemoe; Uil OHO SAGIAemcs npudacmuem 6 QyHKyuu
0bcmosmenbcmea, eciu 3a Hum ciedyem nooaedicauyee.
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T'epynamii nepes rjiaroJioM-cKkasyeMbIM IIpuuactue I nepen noasexamum
Testing the motor is necessary. Testing the motor he saw many defects.
HcnbiTath MOTOP HEOOXOAUMO. VctibIThIBast MOTOP, OH OOHAPYKUI MHOTO

HEJIOCTATKOB.

0) nepen repyHIueM B (DYHKIIMH OIIPE/ICIICHUS WK 00CTOSTEIbCTBA, KAK
NPaBUIIO, CTOMT MPEJUIOT; Mepel] MPUYacTHeM B (QYHKIIMUA 00CTOSTENIHCTBA
MOTYT CTOSITh COIO3BI «Wheny i «whiley.

T'epynnumii B pyHKIUHU 06CTOATEIHLCTBA Mpuyacrue I
After testing the motor they put down the While testing the motor they put down the
results. results.
[locne ucnplTaHus ABUraTelist OHU 3amKca- VcnbIThIBast ABUTATENb, OHU 3aIIUCHIBAIN
JIA PE3YIBTATHI. pe3yJIbTaThI.

B ()yHKIMM onpe/eIeHust

There are several ways of producing The plant producing electricity is very
electricity. powerful.
Hmeercst HECKONIBKO CIIOCOOOB MPOU3BOA- | ITa CTaHLUS, BbIpaOaThIBaIOIIas 3IEKTPU-
CTBa 3JIEKTPUYECTBA. YeCTBO, O4EHb MOIIIHAS.

B) MepeJi FrepyHAMEM MOXKET CTOSITh MPUTSKATEILHOE MECTOMMEHHUE UITH
CYIIECTBUTEIIBHOE.

The professor approved of my solving the problem. — Ilpodeccop
0100pHIT MOE pelIeHne 3aa4H.

We know of copper being the best conductor. — Mpl 3HaeM, 4TO MeJb —
JYYIITHA TPOBOIHUK.

3aoanue. [lepeseoume cnedyroujue npeodnodiceHusl.

1. Science requires experimenting.

2. Most plastic resins are not capable of handling the loads of structural
applications.

3. Studying nature without making observation is useless.

4. Computers are widely used for controlling industrial processes.

5. A barometer is an instrument for measuring the pressure of the
atmosphere.

6. Heating the gas increases the speed of molecules.

7. Everybody hates being interrupted.

8. Inrotating the magnet, we also rotate its magnetic field.

9. He doesn’t like being treated like this.

10. The computer will assist the process planner in preparing the process

plans, time studies and cost estimates.
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YeniaureabHasi KOHCTPYKUMs it is ... that

WHorna B mipeiokeHre BHOCSTCS CITy>)KeOHBIE CIJIOBA JIJISl TOTO, YTOOBI
YCHJIMTH TOT WIIM HHOW WIeH MPEATIOKeHUs. DTy (PyHKIUIO MOXKET BBIITUTHSATD
YCUIHUTENbHAs KOHCTPYKIHNSA it is... that.

Ota ycunuTeabHas KOHCTPYKLUS CIIY KUT AJIs BBIACICHUS JIF0OOT0 YieHa
NpeNIoKeHHsI (KpoMe ckazyemoro). J[Ba JOTIONHUTENBHBIX JIIEMEHTA if is 1
that kak ObI 0OPaMIIAIOT BBIZIETISIEMOE CTIOBO (€€ MHOT/Ia HA3hIBAIOT ""paMOYHOM "
KOHCTpyKLKeH). PaccMoTpuM npejiokeHue, B KOTOPOM TPU TTOMOIIH 3TOMH
KOHCTPYKIIMH MOKHO BBIJISJIUTH BCE €TO WIEHBI (KPOME CKa3yeMoro):

My brother translated this article yesterday.

CpaBHure:

1t was my brother that translated this article yesterday — Vimenno moii
Opar...

1t was this article that my brother translated yesterday — Crartbio, a He
YTO-TO JIPYTOE...

It was yesterday that my brother translated this article — VImenHO BUepa...

B Takoii koHCTpYKIMH (BMECTO that) MOTYT HCIIONIB30BaThCs clioBa which,
who, when, HaripuMep:

1t was he who helped me. — VIMeHHO OH ITOMOT MHE.

Crnenyer Takke HOMHUTb, YTO MIEPBbIH AIEMEHT 3TON KOHCTPYKIUU — It iS
— CTOUT B HayvaJje MpeIOKEHUs, a BTOpoil — that, who, which, when - MoxeT
HAaXOJUTHCSI JAJIEKO OT TIEPBOTO (€CIIM BBIACTSACMBII WICH MPEATIOKCHUS UMEET
OTIpeNIeIeHNs, MHOTA 1a)Ke BRIPAKCHHBIE TPUIaTOYHBIMH MTPEUIOKEHISIMHA),
YTO 3aTpyAHsET OOHApYKEeHNE KOHCTPYKIMH. [ 1aro to be B 3Tl KOHCTPYKLMN
MOKET HMETh pa3Hble (HOPMBI BPEMEHH.

MOKHO TIPEIJIOKUTH JIBa CIIOCcO0a MepeBo/ia MPEIOKESHUI C TaKoh
KOHCTPYKLUEH:

a) HaimsI BTOpoit aneMeHT (that, which, who, when), BCI0 KOHCTPYKITHIO
(Bce Tpu Cily:)K€OHBIX CJIOBA) 3aMEHHUTH CIOBaMU TUIIA UMEHHO, TOJIBKO,
3TO, KaK pa3 U MPOJ0IDKAThH TIEPEBOJI, COXPAHsIsl MOPSIIOK CIIOB aHTIIMHCKOTO
MIPEUIOKEHMSI, HATIPUMED:

It was he who informed us about the results of their work. - 910 OH
COOOIIMII HAaM O pe3ylbTaTtax ux paboThl.

WHorna B caMOM aHTIIMHCKOM TPEIOKEHHH KPOME YCHIHTEIbHON
KOHCTPYKINH Ja€TCsl yCHIIMBAIOIIEE CIOBO, YTO IPH TIEPEeBOJIE N30aBIAET OT
MOWCKA MOJXOAALIETO CJI0BA, HAPUMEP:

1t is precisely this method that he followed. - Kak pa3 3T0T METO/ OH U
WCTIOJIH30BAI.

It was not only this value that counted. - He ToibK0 3Ta BeTMUMHA UMETA
3HaYEHHE.
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0) BeIIEIIsIeMOE CJIOBO WIIM TPYIINA CIIOB BBIHOCSATCS B KOHEIT ITPE/TOKEHUS
(6e3 ucronb30BaHUs TOTIOTHUTEIBHBIX JIEKCHYECKHX JIEMEHTOB), TaK KaK B
PYCCKOM TIPEIIOKESHUH CMBICIIOBAsI HArPYy3Ka Ma/1aeT Ha KOHEIl PEJIOKECHUS,
Hanpumep:

1twas Prof. N., who was elected chairman of the session.— lpencenarenem
coOpanus O6bL1 30pan mpodeccop H.

CrnenyeT OMHUTB, YTO CTPYKTypa it is... that npenctaBisieT co0oi
YCUINTEIhHYI0 KOHCTPYKIIHIO TOJIBKO B TOM CITydae, €ClIM MEeXAy dTUMHU
JBYMSI SJIEMEHTaMHU UMEETCSl UM CYLIECTBUTEIBHOE WM MecTonMeHue. Ecin
JKE MEXJLy HUIMHU CTOWT IPUJIaraTesibHOe, TO 3TO Oe3MHYHasi KOHCTPYKIIHS C
(hopMabHBIM TMOJUISKAIINM it, CDAaBHUTE:

It is this question that we are interested in. — VIMEHHO 3TOT BOIIPOC
WHTEpeCcyeT Hac. (YCHIHTETbHAs KOHCTPYKITHS )

Ho: It is possible that the problem will be solved - Bo3amoxHO, 4TO 3Ta
npoOiema OyzeT pemieHa. (0e3mnaHas KOHCTPYKITHS ).

B mpennoxxeHnn, UMEIONEM B CBOEM COCTaBe KOHCTPYKIIUIO if Is...
that, cnoBo that MOXeT WCIOJIL30BaThCS M B Ipyrux (QyHknusx. [lostomy
OYEeHb BaKHO OIPEENNTh, KOTOPOE M3 BCEX MMEIOIINXCS B MPEIOKEHUH
that (ae 00s13aTenbHO epBoe!) SABISETCS BTOPBIM DJIEMEHTOM YCHIIUTEIbHON
koHCcTpyKuuu. Hanpumep:

1t is a word that has been said that sounds. — Tonbko TO cIOBO, KOTOPOE
OBLIIO CKa3aHO, 3BYYNT.

B sTom mpumepe niepBoe that BBOAHUT OIPENENUTENBHOE MMPUIATOTHOE
NPE/TIOKEHHE K CIIOBY d WOrd, ¥ TOJILKO BTOPOE SBJISIETCS] BTOPBIM 3JIEMEHTOM
YCHIIUTEIEHON KOHCTPYKIIHH.

Ynorpeobaenue used to u would
17151 BbIPAsKEeHH sl TOBTOPSIIOIIMXCS JeHCTBUI B MPONILIOM

UroOb!I onKcaTh MOBTOPSBIIUECS B MPOILIOM JEHCTBUS, Mbl MOXKEM
ucnoip3oBark Past Simple. OxgHako, cymecTByrOT emé aBe KOHCTPYKIIWH,
MO3BOJISIIONINE CIIENIATh TO JKe camoe. DTo used to u would. Hanpumep:

When he was a child he played football. — SIcHo, 9T0 3TO HE €TUHUIHBIN
ciydail, u oH peOEHKOM yacTo urpai B (GyTooI.

CymiecTByer elie /iBe KOHCTPYKIHH, YaCTO BCTPEYAIONINECS B aHTIUICKOM
SI3bIKE, KOTOPBIE TTO3BOJISIOT BBIPA3UTh TO XKe camoe — used to M would.

When he was a child he used to play football.

Hcrionp30oBanue used to TIO3BOISET BBIPA3UTh MOBTOPSIEMOCTh COOBITHI
B TIPOLIJIOM, U, KPOME TOTO, MOAYEPKUBAET, UTO Ceyac 3T COOBITUS YKe HE
npoucxoast. To ects ceifuac denoBek B ¢pyToO01 He urpaet. C TeXHUIECKOH
TOYKH 3peHust, 370 00bruHbIN Past Simple. To ecTh, 0 aHaIOTHH C OOBIYHBIM
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Past Simple mMbI MOXeM 00pa3oBaTh BOIPOCHTEIBHBIC M OTPHIIATCIIHHBIC
MPEATIOKEHHSL.

Hampumep:

He used to play football.

Did he use to play football?

He didn't use to play football.

When he was a child he would play football.

CuTtyanuio Jiydiie BCero mepeaaeT TaKOW MEepeBOA: KOrja OH ObLI
peOCHKOM, OH, Oblgano, Urpai B (hyTOON. ITa KOHCTPYKIHUS TOXKE TIepeiacT
MOBTOPSIEMOCTh COOBITHH, TO €CTh €€ Helb3si MPUMEHUTh B Clydae
oJtHOKpaTHOTO coObITHs. [Ipu 3ToM Would - OOBIUHBIN BCIIOMOTATEIILHBIHI
[J1aroii, TO €CTh BOMPOCKHI U OTPUIIAHUS 00Pa3yIOTCsI CIECAYIOIIAM 00pa3oM:

He would play football.

Would he play football?

He wouldn't play football.

CruiincTuyeckne 0COOEHHOCTH pedn

Cmub peuu — 3T0 COUETaHHE IBYX (PAKTOPOB: «UTO TOBOPUTCS» U KKAK
TOBOPUTCSI», T.€. 3TO LIEJCHANPABICHHAS COBOKYITHOCTD SI3bIKOBBIX CPEICTB.
[Ton cTunem s3bIKa TOHUMAETCS SI3BIKOBAsI TIOJICUCTEMA CO CBOCOOPA3HBIM
cioBapeM, (hpazeoIornIeCKIMHU COYETaHUSIME, 000POTaMHU U KOHCTPYKITHSIMHU.

T'azemno-»cypnanvustit mexcm. OCHOBHAS 1IeTTh — COOOIIUTH HOBBIC
cBenieHns1. Pa3HOBHIHOCTEN TAKMX TEKCTOB MHOTO: KpaTkre HH()OPMAaITHOHHbIE
cooOmeHus (3aMETKH), TeMaTUIECKHUE CTAThU, OOBSIBICHUS, HHTEPBBIO.
JpyruMm pacipocTpaHEeHHBIM BUOM I'a3eTHO-KYPHAIBHOTO TEKCTA SBIISETCS
3cce, T7Ie OCHOBHYIO POJIb UTPAIOT HE CaMH CBEIEHUS, a CYXKACHUSI O HUX U
(dopma ux momayu.

[Ipu nepeBoie ra3eTHO-KYPHAIBHOTO TEKCTa HEOOXOAUMO TIOMHHUTH!

1) dwucnoBble JaHHBIC, UMEHA COOCTBEHHBIC, Ha3BaHUS (hUPM, OpTaHu3a-
U 1 yYIpeKIeHHUH TIePEIaroTCsl OTHO3HAYHBIMHU SKBUBAJIIEHTAMH;

2) kiaumIe U ppazeosoTu3Mbl — MEPEBOA AHAIOTAMHU WIIM BapUaHTHBIMHU
COOTBETCTBHSIMH;

3) uurTarel — MEPEeBOJ C TTOMOIIBIO BAPUAHTHBIX COOTBETCTBUI WIIU
TpaHchopmanmii, Mpu HEOOXOAUMOCTH ¢ KOMMEHTHPOBAHUEM;

4) HEOJIOTHU3MBI — MEPEBOJ C IMMOMOIIBI0 TPAHCKPUOMPOBAHUS, TPAHC-
JTUTEpaIy, KaJIbKUPOBAHHS WM OMTUCATEIHHOTO IEPEBOAA;

5) KOHTPACT KOPOTKHX M JUTMHHBIX MPEIOKEHUN — ITEPEBO/T C TIOMOIIIBIO
(YHKIIMOHAIIBHO MTOIO0OHBIX CTPYKTYP;

6) WpOHHS — TepenaeTcs Mo MPHUHIUIY KOHTpacTa (GyHKIIMOHAIBHO
MOJJIOOHBIX CPEJICTB.
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Pexnamusiit mexcm. Ilpu nepeBosie peKIIaMHOTO TEKCTa HEOOXOIUMO
MIOMHUTb:

[IpuoputeTHOE MONIOKEHNE B PEKIAMHBIX TEKCTaX 3aHUMAET JIEKCHKA,
niepearolas 3HaYuMyro nHpopmanuto. Jlanee oOpaTuTh BHUMaHHE CIICAYET
Ha JIOTIOJIHUTENbHbIE CPEICTBA BBIACTICHHS 3HAYMMbIX KOMITOHEHTOB:

1) »MOIMOHANBFHO-OIIEHOYHAS JIEKCHKA MePeaeTCcsi BAPHAHTHBIMU CO-
OTBETCTBUSIMU;

2) cpencTBa BEIPaKEHUS TUTIEPOOITHI TTOJIOKUTEIHFHOM OIEHKH: TIPEBOC-
XOJTHAs CTETICHb MPIJIAraTeIbHBIX M HAPEUW i, HApeuus ¥ YacTHUIIbI C PyHKIHEH
ycunurenel, MopheMbl ¢ CEeMaHTHKOW YCUIICHUS Ka9eCTBa, OIICHOYHBIE BbI-
CKa3bIBaHMS C IPOCTOPEYHOHN OKPACKOH, JIEKCHUKA, OJTN3Kas K BLICOKOMY CTHITIO,
KOJIMUECTBEHHBIE THIIEPOOIIb PA3rOBOPHOM PEUH - [TEPENAOTCS COOTBETCTRBY-
IOIIMMH TPAMMATHIECKIMH U JIEKCHYECKUMH BapUAHTHBIMU COOTBETCTBUSIMH,

3) MOAHBIE CIIOBa M HEOJIOTH3MBI - MIEPEBOJ] C TOMOLIBIO TPAaHCKPHOU-
pOBaHUs, TPAHCIUTEPAIINH, KATBKUPOBAHUS HIIH OIMCATEIHLHOTO TEPEBO/IA;

4) WHOCTpaHHBIE CJIOBA — YaCTO MIEPEHOCATCS B TEKCT 0€3 N3MEHEHHUIA,

5) JAuanekTHbIE CIIOBa U 0OOPOTHI - KOMIICHCUPYIOTCS MTPOCTOPEUHEM
WA HEUTPaTH3yIOTCS;

6) crneuuQuKa CHHTaKCUCa: WHBEPCHsI, HE3aKOHUEHHBIC MTPEJIOKEHUS,
PUTOpHYECKHE BOIPOCH U BOCKIIUIIAHUS - MPEAAIOTCA TPaMMaTHIECKUMHU
COOTBETCTBUSAMH;

7) NOBTOPHI BCEX YpOBHEH: (poHETHYECCKHI, MOP(HEMHBIH, ICKCHUECKHUH,
CUHTaKCUYECKUH - TEPeIatoTCs BCeT/ia C COXpaHeHHEM MPUHIIUIIA [IOBTOPA, HO
NPU HEBO3MOXXHOCTH COXPAHHUTh COOTBETCTBYIOIIYIO (POHEMY HITH COOTBET-
CTBYIOIIIEE 3HAYCHHE JIEKCEMBI OHH 3aMEHSIOTCSI Ha IPYTHE; €CIIH HET BO3MOXK-
HOCTH COXPAaHUTh KOJIMYECTBO KOMIIOHEHTOB MIOBTOPA, YUCIIO HX YMEHBIIAIOT.

/enosoe nucemo. Ilpu nepesone AEIOBOTO MUChMa HEOOXOIUMO
MOMHHTB!

['maBHOE mpu mepeBoJe TEKCTa AEIOBOrO MUChMa MPABHIBHO
UCIIOJIb30BAaTh SI3BIKOBEIE CPENICTBA, XaPAKTEPHBIC [T O(UIIUATBHOTO CTHIIS:
(hopMyIIBI BEXKIIMBOCTH, TEPMUHBIL, HU(PBL, COKpALLIEHHS, IMEHA COOCTBEHHBIE,
TUTYJIbI, 3BaHUS, JOJDKHOCTH.

Hayuno-mexnuueckuii cmuap. HaydHO-TEXHUYECKUU CTHUIB
OpPMEHTHPOBAH Ha IPYNIIOBOTO, a HE HAa MHAMBUIYaJIbHOIO ajapecara.
OcHOBHBIE KayeCTBa 3TOr0 CTUISI — OOBEKTHBHOCTH, JOTHYHOCTD,
JIOCTYITHOCTB, 0000IIIEHHOCTh, OTBICUEHHBIN XapaKTep.

B ocHoBe cTuiisl COBpeMEHHOM aHIMMICKOW HAyYHOW M TEXHUYECKOU
JIUTEpaTypblJIeKaT HOPMbI aHIJIMHCKOTO MMCbMEHHOT 0 S13bIKa C ONPe/IeNIEHHBIMU
creun(pUUecKUMH XapaKTePUCTUKAMH, 2 IMEHHO:
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1. Jlexcuxa. YrotpeOsercst 60IbIIOe KOJTUISCTBO CIEITHATBHBIX TEP-
MUHOB. Ci10Ba OTOMPAIOTCS C OOJBIION TIIATENBHOCTBIO AJIS1 MAKCHMAJIBHO
TOYHOM Mepeiau MbICIIH.

Bonpmroe 3HaueHne MMEIOT CiryeOHbIe ciioBa (MPEIIoTH U COIO3bI).
@DopManbHbIE CPEICTBA CBSI3AHHOCTU TEKCTa — 3TO COEINHUTENbHBIE CIIOBA
(Yka3arenbHbIe MECTOUMEHHS this, that 1 MECTOMMEHHE Such, COIO3bI U T.II.
THUIIa UTAK, 10O, TEM CaAMBIM, KPOME TOTO, BIIPOYEM, AajIee U MHOTHE APYTHE),
KOTOPbIE MOAJICPKHUBAIOT JIOTUYHOCTh TEKCTA.

KoHcTpyKkTHBHAs CBA3HOCTh HAYYHOI'O TEKCTAa U €& JIMHEHHBIN
XapakTep AOCTUTalOTCs MOCPEICTBOM IOCTOSIHHOTO MCIIOJb30BAaHUS B
HavyaJie MPEAJIOKECHUH LeNIoro psiia Hapeduit: thus, now, again, also, yet,
still, meanwhile, besides, however, first, second, finally, consequently,
further, in fact n T.n. OOBIYHO OHM CTOSIT B Hadaje MPEIJIOKEHUS M OUYeHb
YacTO OTHEJSIIOTCS OT HETO 3amsATOW. DTH CJIOBA HE SBISIOTCS YJICHAMHU
MPEAJIOKEHHUS] U HE BBIITOJIHSIIOT (QYHKIHIO COI030B. OHN HCHONB3YIOTCS HE
IUISl TPAMMAaTHYECKON CBSI3H, a U151 KOHCTPYKTUBHOM CBSI3U TEKCTA, COCMHSIOT
KyCKH TEKCTa B OTHO CTPOWHOE LIEJIOE.

B Hay4HOM TeKCTe YacTO MCIOJIB3YIOTCS Pa3HOTO POJa COKPAIICHUS:
crrenranbHbie (IEC — MOK, ISO — UCO) u o6mies3sikoBEIe (i.€. — T.€.).
BonbIIMHCTBY TEPMHHOJIOTHYECKUX COKPALIEHUH JAeTCs COOTBETCTBHE
B CJIOBapsIX.

2. Ipammamuxa. VIcnonb3yroTcsl TOJBKO TBEPAO YCTaHOBUBILHUECS
B IIMCBMEHHOW pe4yd rpaMmarnieckue Hopmbl. lIupoko pacnpocrpaHeHsb!
[aCCUBHbBIE, OC3JIMUHBIC ¥ HEONPEAEIEHHO-INYHbBIE KOHCTPYKLMH. bonbiiei
YaCThIO YIOTPEOISIOTCS CI0KHOCOUMHEHHBIE U CIIOKHOIIOTUNHEHHBIE ITPE-
JIO)KEHUSI, B KOTOPBIX MPeo0J1aialoT CyIeCTBUTEIbHbIE, IPUJIarareibHble 1
HeJIM4HbIe (POPMBI IT1aroa.

Changes in voltages and currents on a power system are sensed by
protective relays. — VI3MeHEeHUs1 B HaNpsDKEHUM U TOKE B SHEProcHCTEME
00HapYKHMBAIOTCSI 3ALIUTHBIMU pelle.

MopnanbHble I1arojbl B HAyYHBIX U TEXHUYECKHX TEKCTAaX 4acTo
ynoTpeonsrorcs 6e3 oruéTuBo quddepeHnmanyu ux 3HadeHuil. Hanpuwmep,
rnaroysl must, should, ought ynorpeOnsoTcs ¢ oOMIUM 3HAYECHUEM
1eJ1eco00Pa3HOCTH COBEPIICHUS ACHCTBYSL, a TIIAroJIbl can, may — ¢ OOLUM
3HAUCHHEM BBITIOJIHUMOCTH JCHCTBHSL.

Flat-plate collectors may be used for water heating and most space-
heating applications. — I110cKue KONIEKTOPHI MOTYT HCIIOJIB30BAThCS IS
Harpesa BOJbI U OTONMTENIbHBIX YCTAHOBOK 31aHHH.

Cnoco6 u3noxenus marepuana. OcHOBHas 3ajada HayyHOMU
Y TEXHUUECKOH JINTEPATyPbl — IPEAETBHO SICHO U TOYHO JOBECTH ONPEACIEHHY IO
MHPOPMALMIO 10 YUTaTeNe. DTO JOCTUraeTcs JIOTHUECKH 000CHOBaHHBIM
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M3NIOKeHNEeM (PaKTUYEeCKOro Marepuana 0e3 MpUMEHEHHUS SMOIIMOHAIBHO
OKpAILICHHBIX CJIOB, BBIPAXXCHUN U rpaMMaTHUYECKUX KOHCTPYKUUU. Takoid
Croco0 M3I0KEHUsI MOKHO Ha3BaTh (opMaIbHO-TOTHYeCKUM. HaydHbiM
¥ TEXHHYECKHM TEKCTaM CBOMCTBEHEH HEUTPAaJbHBINA CIIOCO0 M3I0KECHUS
(hakroB. JlanHOIi TuTEpaType MpucyIie GopMabHOE, TIOYTH MaTeMaTHIECKH
CTpOroe, TOYHOE W YETKOE HM3JIOKEHWE, ONMHMCAaHue W O00bACHEeHue (DaKToB.
ABTOp CTPEMHUTCS WCKITIOYUTH BO3MOXHOCTBH MPOU3BOIBHOTO TOJKOBAHUS
cyuiecTBa npeaMeta. I1o3ToMy B HaydyHOM M TEXHHMYECKOW JUTEparype
TOYTH HE WCIOJB3YIOTCA TaKWe BBIPAa3WTEIbHBIE CPEACTBa, Kak MeTradopa,
METOHUMUS U T. I1., ¥ U3JI0KEHUE HOCUT HECKOIBKO CYyXOBATHIi, (HOpMaTbHBIH
xapakTep. B qanHoM cirydae (hopManbHO-JIOTHIECKIH CTHIIb HAanOO0IIee TIOTHO
1 3¢ hEeKTHBHO 00eCTIeYNBACT YUTATEIS HHPOPMAITUEH.

JIOTIOTHUTENPHBIM CPEACTBOM JIOTHYECKON OpraHW3aIliid HaydYHOTO
TEKCTa SBISAIOTCS TpaUUecKue CPeacTBa, MPEeXxae BCEro - MpU(TOBEIE.
BennunHa 1 )KUPHOCTH MIPUQTa B 3aTOIOBKAX M MOA3Ar0JI0OBKAX, Pa3ps/Ika,
KypCHUB — KOMIIPECCUBHBIE CPENICTBA BBIJIEICHUS 3HAYUMON U MTOMIMHEHHON
nHopmanuu. [Ipu odopmieHnn nepeBoma Hy)KHO CUTHAJIU3UPOBATH O
XapakTepe BbleJIeHns HHPOPMAINHA CBOUMHA CPEICTBAMHU.

B mucbMeHHO-MOHONOTHYECKOW (hOpME CYIIECTBYIOT CIIEIYIOIINe
THITBI TEKCTA: COOCTBEHHO-HAYYHBIH, HaydHO-pepepaTUBHBIN, HAyIHO-
CIIPAaBOYHBIN, yu4eOHO-HAYUHBIN, HAYyYHO-MeTonndeckuii. OHM OmpenesstoT
TG GepeHIannio HayYHO-TEXHUIEeCKOTO (DYHKIIMOHAIBFHOTO CTHIIS. OCHOBY
Takoi MudepeHITuaIi COCTaBIIET CTENIeHb 0000IICHNS HaYYHBIX CBEICHHIA.

PaccmoTpenre BompocoB niepeBoia HayqdHON U TEXHIIECKOM TUTEePaTyphl
C SI3PIKOBEAYECKHUX TO3WIIUNA YacTO BBI3BIBAET BO3PAXKEHHUS CO CTOPOHBI
CIIENMATINCTOB Pa3HBIX 00JacTel HAyKW W TEXHUKH, CPEAU KOTOPHIX
IIMPOKO PACIpPOCTPAHEHO MHEHHWE, 4TO IS TepeBOia JOCTATOYHO MMETh
AIIeMEHTapHBIC 3HAHHSI MHOCTPAHHOTO SI3bIKa, BAXKHO JIUIIIb XOPOIIIO BIAJIETh
COOTBETCTBYIOIIEH CIIeIMaNbHOCTRIO. TeM He MeHee, He BEI3bIBAeT COMHEHHS
HEOOXOIMMOCTh IITyOOKOTO N3yYEHUS TEOPHUH U TTPAKTUKH ITEPEBOJIa HAyIHOM
U TeXHUYEeCKOH nureparypbl. OQHAKO ¥ B TaHHOM CIIydae BCE BOIPOCHI
TepeBo/ia HeNb3sl OOBSICHUTh HEMOCPEJICTBEHHO JIMHTBHCTUYECKUM IIYTEM,
WX HAJIO peliaTh B COTPYIHUYECTBE CO CIIEUATMCTaAMH JaHHON OTpaciH
HayKd U TeXHUKU. [lodTOMY, IepeBoi HAyYHOH M TEXHHYECKOW JTUTEepaTyphl
HaJ/I0 pacCMaTPHUBAaTh KaK C SI3BIKOBEYECKHX, TaK M CO CIEIIHAIbHO HAYYHBIX
U TEXHUYCCKUX MO3UIIUHU.

A00peBHATYPBI

Ab6pesuamypa — coxpaiieHre, KOTopoe Iporu3HocUuTes 1mo oykam: PC
— personal computer (IepCOHaTBHBINA KOMITBIOTED).

[Tpumepsr o011y TOTPEOUTENBHBIX a00peBUaTyp.

*  Crpansr: CIS — CHI, EU (European Union) — EC.

101



*  Mexnaynapoausie opranusanun: UN mmun UNO — OOH, UNSC —
Coser bezonacnoctit OOH, OSCE — OBCE, WHO — Beemuphas opranuzanus
3npaBooxpanenus, IMF — MB®, WTO — BTO, ISO — NCO, UNESCO -
FOHECKO.

Oxonomuka: VAT (value—added tax) — HJIC, GNP (gross national
product) — BHII (BanoBoit HanmoHanbHEI ipoaykT), GDP (gross domestic
product) — BBII (BanoBoii BHyTpennuii nponykr), Fed (Federal Reserve Bank)
— (henmepanbHEII pe3epBHBIN OaHK.

* Hazganus Bamtor: USD — nomnap CIIA, Eu — eBpo.

e Menuuna: HIV (human immunodeficiency virus) — BUY, AIDS
(Acquired Immuno—Deficiency Syndrome) — CITU/I.

* Boennoe geno: POW (prisoner-of-war) — BoeHHOIUICHHBIH; MIA
(missing in action) — npomasmuii 6e3 Bectn; HQ (Headquarters) — mra6—
kBaptupa; MP (Military Police) — BoenHast moauuusi.

*  Kpynnasie pupmer: GM (General Motors), IBM (International Business
Machines), BBC (British Broadcasting Corporation), CNN (Cable News
Network) u np.

*  Hcropuueckue cobbrrus: WWI (IlepBas mupoBas BoitHa), WWII
(Bropas muposast Boitna), CW (Xonognas BoiiHa).

HNuorna ab06peBHaTypy JIETKO pacmo3HaTh (HalMCaHa MPOMHCHBIMA
OyKBaMH) U JIETKO TIEPEBECTH, €CITM COKPAILICHHUS CJIOB POU3O0LILTH 10 TEPBHIM
OyKBaMm CIIOB.

CEO (Chief Executive Officer) — reHepaJIbHBII TUPEKTOP; TPE3U/ICHT;

COO (Chief Operating Officer) — pykoBOAUTENb TEKYIIEH ACITCIBHOCTH
KOMITaHHU;

CFO (Chief Financial Officer) — raBHbIi (fMHAHCOBBII TUPEKTOP.

JL1s1 coxpatieHmi 4acTo HCIOIB3YIOTCS COTMIACHbIE (TIepBast ¥ MOCIEAHSAA,
WIN TIepBas, CPEAMHHAS U MOCIEIHSA) A KPaTKOCTU 3aIlMCH CIIOBa: Ctr
(centre); fwd (forward); ppd (prepaid).

OCo0eHHO YacTO COKpAIICHHsI HCIIONIB3YIOTCS B JIETIOBOW IMEpENHCKe,
OHU MMEIOT MOCTOSIHHOE (PMKCHpPOBaHHOE 3HAaueHWe, He olnagaromiee
MHOTO3Ha9HOCTBIO.

c.c. (carbon copy) — Konus;

p-p. (per pro) — Mo AOBEPEHHOCTH (KOT/A MOAMKCH CTABUTCS BMECTO
KOT0-TO);

enc/encl (enclosed) — BIOXEHHBII, IPUITOKESHHBIN;

Ltd (limited liability) — ¢ orpaHu4eHHON OTBETCTBEHHOCTHIO;

Inc. (Incorporated) — 3aperucTprupoBaHHbBII KaK KOPIIOPALHS;

Co (company) — KOMITaHUS;

JV (joint venture) — coBMECTHOE IPEANIPUSATHE;
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C.0.D. (cash on delivery) — yrurata mpu 1ocTaBke;

CIF (cost, insurance, freight) — cug; croumocts, cTpaxoBaHue U Qppaxr;
D/P (documents against payment) — TOKyMEHTHI IIPOTHB TUIATEXA;

1/c (letter of credit) — akkpenuTus;

B/L (bill of lading) — TpancriopTHast HakJIaaHAS, KOHOCAMEHT.

OcHoBHBIE JIEKCHYECKHe Pa3In4is OPUTAHCKOIO
¥ AMEPHKAHCKOI0 BAPDMAHTOB AHIVIMIICKOTIO SI3bIKA

[IpuBenem cBOMHYIO TaOIHIy HEKOTOPBIX PA3IMYUMA B JIEKCUKOHE ITHX
BapUAHTOB sI3BIKOB (MCcTOUHUK - EBmokumoB M. C., lllneeB I. M. Kparkmii
CIIPaBOYHUK aMEePUKaHO-OPUTAHCKUX COOTBETCTBHIA).

Jlekcuyeckue pa3auyHs MeK1y aMePUKAHCKHM H OPHTAHCKUM Pa3HOBHIHOCTSMH
AHIVIMICKOro SI3bIKA

American variant British variant
1st floor HEPBBIH 3TaX ground floor
2d floor BTOPOIf 3Tax 1st floor

Administration MIPaBUTEITHCTBO government
Apartment KBapTupa flat
Appetizer 3aKycKa starter
Assignment JIOMaIHee 3a/1aHie homework
Auditorium AKTOBBIH 3all assembly hall

Baggage Garax luggage
Basement TIofIBa cellar
Bill 0OaHKHOTA bank note
Billion MUWLIHAP/L milliard
Can KOHCepBHast OaHKa tin
Checkers IIAIIKN draughts
Class Kypc 00ydeHus course
Closet raprepod wardrobe
Cookie HeYeHbe biscuit
Corn KyKypy3a maize
Couch JTMBaH sofa
Druggist anTeKkapb chemist
Elevator TUPT lift
Eraser JIaCTHK rubber
Fall OCCHb autumn
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Fix
Freeway
Game
Gasoline
Grade
Insure
Intersection, junction
Kerosene
Last name
Line
Loan
Located
Magician
Mail
Metro/subway
Movies
Napkin
Oatmeal
Package
Pantry
Pants
Pavement
Pool
President
Quiz
Raisin
Reserve
Schedule
Sewer/soil pipe
Shop
Shorts
Shot
Sidewalk

Soccer

PEMOHTUPOBATH
mocce
Mar4
OeH3uH
OTMETKa
rapaHTUPOBATh
MIEPEKPECTOK
KEPOCHH
bamuus
ouepenb
JlaBaTh B3alMbl
pacnoI0KEeHHBIN
(oKycHHK
moyra
METpo
KUHOTEaTp
cangeTka
OBCSIHasI Kalia
IAKeT, MTOChLIKA
KJ1a/10Bast
Oproku
MOCTOBas
OMITBSPA
npescearTenb
KOHTpPOJIbHAS, TECT
U3I0M
3aKa3arh
pacmcanue
cTOuHas TpyOa
MarasuH
LIOPTHI
HUHBEKIHS
TpOTyap
¢byToon

repair
motorway
match
petrol
mark
ensure
cross-roads
paraffin
surname
queue
lend
situated
conjurer
post
tube/underground
cinema
serviette
porridge
parcel
larder
trousers
road
billiards
chairman
test, exam
sultana
book
timetable
drain
store
briefs
jab
pavement
football
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Streetcar TpaMmBait tram
Tag ITHKETKA label
Taxes HaJIOTH rates
Term paper KypcoBas pabora essay/project
Truck TPy30BUK lorry
Two weeks JIBE HEIEIN fortnight
Underpass TIO/I3EMHBI TTePexo]] subway
Vacation KaHUKYJIBI holiday
Vacuum cleaner IIBLIECOC hoover
Wharf npuyan quay
Wire TenerpaMma telegram
Wrench racyHbli K04 spanner
Zee OykBa Z zed
Zip code MTOYTOBBI HHIICKC postal code

Takxe crout oOpaTUTh
cioB B CLIIA u B bpuranumu.
Hampumep:

BHUMAHUC HA pa3HULly B HAIIMCAHUHW MHOI'UX

American variant British variant
apologize apologise
center centre
defense defence
honor honour
jail gaol
plow plough
thru through
traveler traveller

I'pammamuueckue paznuuus mexicoy amepuKkaHcKum u OpumancKum
eapuanmamu anziuicKozo A3vika. CymecTByeT onpeaeiEHHas pa3Hula B
ynotpeOiieHuu BpeMeH raroja. Tak, BMecTo Present Perfect amepukaner
MOXKET UCTIOIB30BaTh Past Simple.

Past participle riarosa got 3By4uT Kak gotten.

Bwmecto BcmomorarenpHOTO T1arosna shall B AMepuke ucmonbiytor will,
KOTOPBIH, B CBOIO OYepellb, BBITECHsIETCS (POPMON gonna — pa3roBOPHBIN
BapHaHT going to. DTo sBisgeTcs 0O0Iel TeHASHIINEeNW aHTIINHCKOTO SI3bIKA.

Takke B aMepHKaHCKOM pa3rOBOPHOM BapHAHTE aHTIMICKOTO SI3bIKA SIPKO
BBIpKEHA TaKasi TeHJICHIINS aHTJIMICKOTO riarona to do, Kak MoCTeneHHOe
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BBITeCHEHHE PopMBI TpeThero Juia does (hopMoii MepBOTO U BTOPOTO JIHIIA
do. DTo OTHOCHTCS U K OTpULATENILHON (OpME ITOTO IJIaroa.

B amepukaHckoM BapuaHTe s3bIKa He Hcmoib3yercs should mocie
m1arojoB demand, insist, require u ap. mogoOHbIX, HanpuMep: «I demanded that
he apologize» Bmecto «I demanded that he should apologise» B 6puranckom
BapHaHTE.

MHorue HemnpaBWJIbHBIE IMAaroibl (Hampumep, to burn, to spoil) B
aMepHUKaHCKOM BapHaHTE S3bIKA SBISIOTCS MPaBHIbHBIMH.

[To-paznomy ynorpebisitorest aprukin. Hampumep, «to/in THE hospital»
B aMEpHUKaHCKOM BapHaHTe, B TO BpeMs Kak B OpUTaHCKOM «to/in hospitaly
0e3 apTHKIIA.

YacTo B OIHOM U TOM K€ BBIPQXXEHHUH BMECTO OJHOTO Mpeliiora
HCITONIB3YyeTCs Apyroi, Hampumep, «on the weekend/on weekend» BmecTo
«at the weekend/at weekend» B OpuTanckom BapuaHTe; «on a street» BMecTo
«in a streety».

MHorue ycToiH4nBbIe BBIPOKCHHS B aMEPUKAHCKOM BapHaHTE s3bIKa
NoMTy4aroT n3MeHenue. HanprmMep, B ameprukaHcKoM BapuanTe «take a shower/a
bath» BmecTo «have a shower/a bath». Bmecro «needn'ty ucmonsiyercs
cnoxHas popma «don't need toy.

Brympusysosckoe usoarue

[Mopnucano B neyats 01.12. 2017. TapuuTypa Taiimc
Dopmar 60x90/16 Bymara opcernas
O6bem 6,8 ycr. mmed. 11
Tupax 25 sk3. 3akas Ne 157 IIpopake He IOJIEKUT

Ortneuarano B YIIII «Penporpadma» MUNTAuK
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