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INEPEJIMOBA

«AHTIINCbKa MOBa: METOJIMYHI PEKOMEH AL JIJIsi ayJUTOPHUX 3aHATh
Ta CaMOCTIHHOI poOOTH 3100yBayiB BUILIOI OCBITH CTYIEHS «0OaKalaBp» BCIX
crierianbHocTed MHAY neHHoi Ta 3a04HO1 (h)OpM HaBYaHHS» IMIATOTOBJICHO
3TIHO 3 KPEAUTHO-TPAHC(HEPHOIO CHUCTEMOI HaBuaHHA. JlaHe BuAaHHS
3a0e3neuye 3700yBayiB BHUINOI OCBITM HABYAJIbHUM MaTeplajioM s
NpPaKTUYHUX 3aHSTh, 110 JIONIOMAara€e iM MOrJIMOUTH Ta CUCTEMATH3YBaTH
JIEKCUKO-TpaMaTUYHUN MaTepiaid, a TaKoX HaOyTH MNpakTU4YHI YMIHHS 1
HAaBUYKU YMUTAHHS TEKCTIB HAYKOBOI Ta 3arajJbHOKYJbTYPHOI TEMaTUKH.

MertoauuHi pekomeHalii MicTITh (axoBi TEKCTH JJII YUTAHHS IS
3100yBayviB BHUINNOI OCBITH (DaKyJIbTETy arpoTEXHOJOTIM (CHelialbHICTh
«l'eone3iss Ta 3emileyCTpii»y) Ta il 3/00yBadiB BHIINOI OCBITH BCIX
CIIEL1AJILHOCTEN 3 METOIO MIArOTOBKHU 10 €BI.

Mera naHUX METOJUYHUX PEKOMEH 1Al — PO3BUTOK HABUUOK YMTAHHS
3araJIbHOHAYKOBUX Ta COIIAJIbHO-KYJIBTYPHUX TEKCTIB, IO € OCHOBOIO
npodeciiiHO-OpIEHTOBHOTO HABYaHHA, AKTHUBI3alllsl JEKCUKO-TPAMAaTHYHOTO
Marepialy y 3100yBadiB BHUINOI OCBITM Ta IEpPEBIpKa iX 3HAHb LIJISIXOM
CaMOCTIMHOIO BUKOHAHHS PI3HOPIBHEBUX 3aBAaHb JO0 TEKCTiB. MeToauyHi
pekomeHaiii ckiagawThess 3 10 ypokiB Ta MiJCYMKOBOTO TECTYy IS
BU3HAUYCHHS P1BHS 1HO3eMHOI MOBU (A1-B2):

KinabkicThb KinbkicThb PiBeHb aHIJIilicbKOI MOBH
NYHKTIB NPaBUJIbHUX
TECTOBOI'0 BignmoBinei (A1-B2)
3aBJAaHHHA
60 0-5 (ae3agoBiIbHO, FX)
6-15 Al elementary (3agoBuibHO, DE)

16-30 A2 pre-intermediate (106pe, BC)
31-45 B1 pre-intermediate (my>xe no6pe, BC)
46-60 B2 intermediate (BigmiHHO, A)

KoxkeH ypok cCKiaJaerbcsi 3 3aBJaHb JJi TPEHYBAaHHS BHUMOBH,
AKTUBHOT'O CJIOBHUKA TEpPMIHIB, (paXxOBOr0 TEKCTy Ta 3aBIAaHb IIICIs
TeKCTy.BUKOHAaHHS 3aBOaHb MICAS TEKCTIB CHOPUSATUME 3aKPIIUICHHIO
JIEKCUKO-TPAMaTUYHOIO0 MaTtepially 3 TeM, 5Kl BIJAMNOBIIAIOTh TUIIOBUM
nporpamam 3 JaHOi AUCHUTUIIHH.

JlaHI METOIWYHI peKOMEHJallll JAONMOMOXYTh 3/100yBadyaMm BHIIO1
OCBITH JJISl TIATOTOBKU JO TECTYBAHHS 3 aHIJIINMCHKOT MOBHU JUIsl BCTYNy B
MaricTparypy.



UNIT 1
HISTORY OF GEODESY

1.1 Practise reading the following words.
[ 0 ] — the, this, that, therefore, their, logarithm,
[ 3:] —circle, early, earth, concern, were, determine
[ 1:] — Greek, east, increase, reason, believe
[ A ] — much, result, another, such, reduction, sun
Alexandria [ alig'za:ndrio], Anaximenes [ anak simini:z], Archimedes
[ a:ki'mi:di:z], Aristotle [ "aristot(o)l], Cassini [ka si:ni], Dunkirk [dan ka:k],
Eratosthenes [ ero'tosBoni:z], geodesy [d31 vdisi], Picard [ pika:d, pikar],
Plato ['plertouv], Ptolemy ['tolimi], Pythagoras [pa1 Oagoras], Rhodes
[roudz].
1.2 Translate words of the same root into Ukrainian.
To determine — determined — determination — determining — determinant —
determinate — determiner.
To observe — observed — observer — observable — observant — observation —
observatory.
To defend — defense — defendant — defensive — defender — defenseless —
defensible — defensor.
1.3 Fill in the sentences with words from exercise 1.2.
Determinate vapour pressure corresponds to ... temperature.
"That's a new dress, 1sn't it?" "Yes, you are ... !"
If you go alone into the forest, you'd better ... yourself with a knife.
Her reasons for acting are morally ... .
She is ... to finish law school.
I was invited to attend their conference as an ... .

ACTIVE VOCABULARY
Word Pronunciation Translation
accomplish, v. [o'komplif] 3/111ICHIOBaTH, BUKOHYBATH
accuracy, n. ['@&kjorasi] NPaBWIbHICTh,  BIJMOBIIHICT,

TOYHICTb; Syn.
exactness, precision

angle, n. ['engl] KYT
arc, n. [ak] nyra
cast, v. [ka.:st] kuaaTu; syn. throw

circle, n. ['s3:kl] KOJIO




circumference [so'kamf(o)r(o)ns] OKPY>XHICTh

n.

contribute, v. [kon'tribju:t], pPOOUTH BHECOK, CIIPUATH
['kontribju:t]

controversy, n.

['kontrov3:si],

nebatv, JHUCKYCIs, TOJIEMiKa,

[kon'trovasi] CylepedKa; syn.
discussion, argument, debate,
dispute
derived, ad;. [dr'rarvd] MTOX1THUH, BTOPHMHHUH,
OTPUMAHUMN, BUTSTHYTUI
elevation, n. [ eli'verf(o)n] BHCOTa HEOECHOro TUIAa HaJ

TOPU30HTOM, I1THECEHHSI,
BHCOYMHA, BUCOTA

estimate, v. ['estimert] OIliHIOBATH; syn. value

explicit, ad;. [1k'splisit] JOKJIQJTHUM, BU3HAUYCHUH,
TouHMil; syn. definite

flatten, v. ['fleet(o)n] BUPIBHIOBATH, PO3TJIAJP)KyBaTH

graze, v. [greiz] 3JIeTKa TOPKATHUCS, 3a4illaTu

promulgate, v. ['prom(o)lgert] OrOJIOIIYBaTH, MPOrOJIONTYBATH,
OIyOJIIKOBYBaTH;
ONPUIIOJIHIOBATH; syn. publish,
proclaim

rectangular, adj | [rek'tengjolo] NpsSIMOKYTHHUH, syn. right-angled

reduction, n. [rT'dak[(9)n] 3HUKEHHS, CKOPOUYCHHSI,
3MCHIIICHHS, CIIa]]

solstice, n. ['solstis] COHIIECTOSIHHSI

speculation, n.

[ spekja'lerf(o)n]

PO31IyM, IIPUMYILEHHS, TEOPis,

370ragKa; syn. reflection,
contemplation
vicinity, n. [vi'sinati] OJIN3BKICTb, CyCIJICTBO,

OKOJIMIII; Syn.
neighbourhood




1.4 Read the text and answer the following questions.

What interested man about the earth for many centuries?

What did Pythagoras and Anaximenes consider the earth to be in shape?

What measurements did Eratosthenes make and what did he observe?

What unit of measurements did Eratosthenes use in his calculations?

Whose maps influenced the cartographers of the middle ages?

What measurements did Picard and his followers perform?

What controversy was between French and English scientists?

What conclusion was made during geodetic expedition to Peru?
HISTORY OF GEODESY

Man has been concerned about the earth on which he lives for many
centuries. During very early times this concern was limited, naturally, to the
immediate vicinity of his home; later it expanded to the distance of markets
or exchange places; and finally, with the development of means of
transportation man became interested in his whole world. Much of this early
"world interest" was evidenced by speculation concerning the size, shape,
and composition of the earth.

The early Greeks, in their speculation and theorizing, ranged from the
flat disc advocated by Homer to Pythagoras' spherical figure-an idea
supported one hundred years later by Aristotle. Pythagoras was a
mathematician and to him the most perfect figure was a sphere. He reasoned
that the gods would create a perfect figure and therefore the earth was
created to be spherical in shape. Anaximenes, an early Greek scientist,
believed strongly that the earth was rectangular in shape.

Since the spherical shape was the most widely supported during the
Greek Era, efforts to determine its size followed. Plato determined the
circumference of the earth to be 40,000 miles while Archimedes estimated
30,000 miles. Plato's figure was a guess and Archimedes' a more
conservative approximation. Meanwhile, in Egypt, a Greek scholar and
philosopher, Eratosthenes, set out to make more explicit measurements. He
had observed that on the day of the summer solstice, the midday sun shone to
the bottom of a well in the town of Syene (Aswan). At the same time, he
observed the sun was not directly overhead at Alexandria; instead, it cast a
shadow with the vertical equal to 1/50th of a circle (7° 12'). The actual unit
of measure used by Eratosthenes was called the "stadia." No one knows for
sure what the stadia that he used is in today's units. The measurements given
above in miles were derived using one stadia equal to one-tenth statute mile.
It is remarkable that such accuracy was obtained in view of the fact that most
of the "known" facts and his observations were incorrect.



Another ancient measurement of the size of the earth was made by the
Greek, Posidonius. He noted that a certain star was hidden from view in most
parts of Greece but that it just grazed the horizon at Rhodes. Posidonius
measured the elevation of the same star at Alexandria and determined that
the angle was 1/48th of circle. Assuming the distance from Alexandria to
Rhodes to be 500 miles, he computed the circumference of the earth as
24,000 miles. While both his measurements were approximations when
combined, one error compensated for another and he achieved a fairly
accurate result.

Revising the figures of Posidonius, another Greek philosopher
determined

18,000 miles as the earth's circumference. This last figure was
promulgated by Ptolemy through his world maps. The maps of Ptolemy
strongly influenced the cartographers of the middle ages. It is probable that
Columbus, using such maps, was led to believe that Asia was only 3 or 4
thousand miles west of Europe. It was not until the 15th century that his
concept of the earth's size was revised. During that period the Flemish
cartographer, Mercator, made successive reductions in the size of the
Mediterranean Sea and all of Europe which had the effect of increasing the
size of the earth.

The telescope, logarithmic tables, and the method of triangulation were
contributed to the science of geodesy during the 17th century. In the course
of the century, the Frenchman, Picard, performed an arc measurement that is
modern in some respects. He measured a base line by the aid of wooden
rods, used a telescope in his angle measurements, and computed with
logarithms. Cassini later continued Picard's arc northward to Dunkirk and
southward to the Spanish boundary. Cassini divided the measured arc into
two parts, one northward from Paris, another southward. When he computed
the length of a degree from both chains, he found that the length of one
degree in the northern part of the chain was shorter than that in the southern
part. This unexpected result could have been caused only by an egg-shaped
earth or by observational errors.

The results started an intense controversy between French and English
scientists. The English claimed that the earth must be flattened, as Newton
and Huygens had shown theoretically, while the Frenchmen defended their
own measurement and were inclined to keep the earth egg-shaped.

To settle the controversy, once and for all, the French Academy of
Sciences sent a geodetic expedition to Peru in 1735 to measure the length of
a meridian degree close to the Equator and another to Lapland to make a
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similar measurement near the Arctic Circle. The measurements conclusively
proved the earth to be flattened, as Newton had forecast. Since all the
computations involved in a geodetic survey are accomplished in terms of a
mathematical surface (reference ellipsoid) resembling the shape of the earth,
the findings were very important.

1.5 Mark the following sentences True or False.

Pythagoras believed that the earth was created to be rectangular in
shape.

Archimedes determined the circumference of the earth to be
30000miles.

Measuring the distance from Alexandria to Rhodes and computing the
circumference of the earth Posidonius achieved a fairly accurate result.

Columbus was led to believe that Asia was 3 or 4 thousand miles east
of Europe.

Having computed the length of a degree from both chains Cassini
found that the length of one degree in the southern part of the chain was
longer than that in the northern part.

In 1737 a geodetic expedition was sent to Peru to measure the length of
a meridian degree close to the Equator.

1.6 Match words similar in meaning.

1. boundary a. estimate
2. method b. combine
3. backing c. limit

4. consequently d. compute
5. value €. means

6. outstanding f. accuracy
7. precision g. therefore
8. unite h. reduction
9. calculate 1. support
10. lessening j.remarkable

1.7 Match words opposite in meaning.

1. correct a. similar
2. separate b. increase
3. imprecise c.unexpected



4. decrease d. incorrect

5. outdated €. create

6. expected f. combine

7. sharpen g. modern

8. different h. perfect

destroy 1. accurate

imperfect j. flatten

1.8 Match two halves of the statements and translate them into

Ukrainian.

1. development a. error

2. spherical b. controversy

3. conservative c. table

4. to measure d. of  means of
transportation

5. logarithmic e. solstice

6. to perform f. shape

7. observational g. an arc measurement

8. summer h. the elevation of the
star

9. the bottom 1. of a well

10. intense J. approximation

UNIT 2

GEODETIC SURVEYING TECHNIQUES (partI)
2.1 Practise reading the following words.

a) [u:] — through, evolution, include, conclude
[a1] — define, line, combine, highway, satellite, wide
[ee] — latitude, angular, manner, tract, catalogue, azimuth

[K] — tract, function, exact, closely, technological
[ s] — surface, science, precise, reference, distance, accuracy

b) catalogue ['kaet(o)log], chronometer [kronomits],
equator [I'kwerto], geoid ['d3i:0id], geodetic
[ dzi:ou'detik], geometry [d3(1)'omitri], hydrographic
[haidro'grafik], perpendicular [ p3:p(o)n'dikjuls],
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triangulation

[tratangju’'let/n],

trigonometry

[ trigo'nomitri], trigonometric [ trigono'metrik], zenith

['zeni0].
ACTIVE VOCABULARY

Word Pronunciation | Translation

adjust, v. [o'dzAst] [linrandaru, MIPUCTOCOBYBATH,
pETyIIOBAaTU; BUBIPSITH, HAJIAIITOBYBATH;
syn. fit, adapt

anticipate, v. | [&n'tisipeit] OUIKyBaTH, IependayaTd, MepeauyBaTH;
syn. expect, hope, foresee

astrolabe, n. | ['@stro(u)leib] | acTponsabis

compile, v. [kom'pail] 30UpaTh, HAKONUYYBaTH, CKJIAJIATH; SYH.
pile up

contribute, v. | [ken'tribju:t], CIPUSTH, POOUTHU BHECOK

['kontribju:t]

establish, v. | [1s'taeblif] 3aCHOBYBaTH, BCTaHOBJIIOBATH; SyM. Set
up

framework, n.| ['frecmws3:k] OCHOBA, CTPYKTYpa, Oya0Ba

justify, v. ['dzastifar] I1TBEP/IKYBATH, JOBOJIUTH; syn.
confirm, prove, verify

latitude, n. ['leetit(G)u:d] upoTa

longitude, n. | ['longit(j)u:d] JIOBroTa

measure, v. | ['me39] BUMIpPIOBATH, MIpSITH, BIAMIPSITH,
BIJIDaXOBYBaTH

plumb line [plam] cxwiI( mpuiaj Jisi BUBHAYEHHS
NEePHEHIUKYISIPHOCTI YOr0-J1.)

positioning, | [pa'zif(o)niy] Opi€HTAlllsl, BHU3HAYEHHS  IOJIOKEHHSI,

n. NO3UIIIOHYBaHHS

precise, adj. | [pr1'sais] TOYHWM, BU3HAYCHMI; Synm.  exact,
punctual

rigorous, adj. | ['rig(o)ras] TOYHUM, TOCKOHAIUH, pETEIIbHUN; SYH.
careful, thorough, precise, accurate
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survey, . ['s3:ver] Orjisifl, OOCTEXEHHS, I1HCIEKTYBaHHSI,
3OMKa

traverse, n. [tro'v3:s] MOJIUTOHOMETPUS

triangle, n. ['trareengl] TPUKYTHUK

2.2 Read the text and answer the following questions.

What are traditional surveying techniques? What are they used for?
How are astronomic positions obtained?

How is astronomic latitude defined?

What is astronomic longitude? How is it measured?

. How do optical instruments astronomic observations made by work
function)?

What are the differences between the plane survey and triangulation?
What is the principle of triangulation based on?

What are four general orders of triangulation?

When is each triangulation order used?

Which accuracy should four orders of triangulation indicate?

A S A RN ol A
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GEODETIC SURVEYING TECHNIQUES (partI)

Four traditional surveying techniques (1) astronomic positioning, (2)
triangulation, (3) trilateration, and (4) traverse are in general use for
determining the exact positions of points on the earth's surface.

Horizontal positioning. Astronomic Position Determination

Astronomic positioning is the oldest positioning method. It has been
used for many years by mariners and, more recently, by airmen for
navigational purposes. Geodesists must use astronomic positions along with
other types of survey data such as triangulation and trilateration to establish
precise positions.

As the name implies, astronomic positions are obtained by measuring
the angles between the plumb line at the point and a star or series of stars and
recording the precise time at which the measurements are made. After
combining the data with information obtained from star catalogues, the
direction of the plumb line (zenith direction) is computed.

While geodesists use elaborate and very precise techniques for
determining astronomic latitude, the simplest method, in the northern
hemisphere, is to measure the elevation of Polaris above the horizon of the
observer. Astronomic latitude is defined as the angle between the
perpendicular to the geoid and the plane of the equator.
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Astronomic longitude is the angle between the plane of the meridian at
Greenwich (Prime Meridian) and the astronomic meridian of the point.
Actually, it is measured by determining the difference in time-the difference
in hours, minutes, and seconds between the time a specific star is directly
over the Greenwich meridian and the time the same star is directly over the
meridian plane of the point.

Astronomic observations are made by optical instruments-theodolite,
zenith camera, prismatic astrolabe-which all contain leveling devices. When
properly adjusted, the vertical axis of the instrument coincides with the
direction of gravity and is, therefore, perpendicular to the geoid. Thus,
astronomic positions are referenced to the geoid.

Triangulation

The most common type of geodetic survey is known as triangulation. It
differs from the plane survey in that more accurate instruments are used,
instrumental errors are either removed or predetermined. Another very
important difference is that all of the positions established by triangulation
are mathematically related to each other.

Basically, triangulation consists of the measurement of the angles of a
series of triangles. The principle of triangulation is based on simple
trigonometric procedures. If the distance along one side of a triangle and the
angles at each end of the side are accurately measured, the other two sides
and the remaining angle can be computed. Normally, all of the angles of
every triangle are measured for the minimization of error and to furnish data
for use in computing the precision of the measurements. Also, the latitude
and longitude of one end of the measured side along with the length and
direction (azimuth) of the side provide sufficient data to compute the latitude
and longitude of the other end of the side.

There are four general orders of triangulation. First-Order (Primary
Horizontal Control) is the most accurate triangulation. It is costly and time-
consuming using the best instruments and rigorous computation methods.
First-Order triangulation is usually used to provide the basic framework of
horizontal control for a large area such as for a national network. It has also
been used in preparation for metropolitan expansion and for scientific studies
requiring exact geodetic data. Its accuracy should be at least one part in
100,000. Second-Order, Class I (Secondary Horizontal Control) includes the
area networks between the First-Order arcs and detailed surveys in very high
value land areas. It should indicate an accuracy of at least one part in 50,000.
The demands for reliable horizontal control surveys in areas which are not in
a high state of development or where no such development is anticipated in

13



the near future justifies the need for a triangulation classified as Second-
Order, Class II (Supplemental Horizontal Control). This class is used to
establish control along the coastline, inland waterways and interstate
highways. The control data contributes to the National Network and is
published as part of the network. The minimum accuracy allowable in Class
IT of Second-Order is one part in 20,000. Third-Order, Class I and Class II
(Local Horizontal Control) is used to establish control for local
improvements and developments, topographic and hydrographic surveys, or
for such other projects for which they provide sufficient accuracy. Its
accuracy should be at least one part in 10,000 for Class I and one part in
5,000 for Class II. The sole accuracy requirement for Fourth-Order
triangulation is that the positions be located without any appreciable errors
on maps compiled on the basis of the control. Normally, triangulation is
carried out by parties of surveyors occupying preplanned locations (stations)
along the arc and accomplishing all the measurements as they proceed.

2.3 Match words similar in meaning.

1. purpose a. method

2. data b. surveyor
3. along with C. alm

4. imply d. establish
5. observer e.information
6. technique f. mistake

7. compute g. together

8. accurate h. measure

9. error 1. precise

10. determine J. mean

2.4 Form words opposite in meaning using the following prefixes: un-,
im-, ir-, il-.
Definite, sufficient, regular, known, different, important, accurate, relative,
measured, logical, perfect, possible.

2.5 Give English equivalents for the following word combinations.

1.  BU3HAYaTHU TOYHE MOJIOKEHHS
2. BUMIPIOBaHHS KYTIB

3. HIpoTa

4. JTOBTOTa

5.

IIpaBHUJIbHO BCTAHOBJICHUM

14



BUKJIFOYATH OMUJIKU
BUMAaraTy TOYHI B1JJOMOCTI

M1ITBEPKYBAaTU HEOOX1THICTh

. 3a0e3nedyBaTH TOYHICTb

10. rpyna JOCHiHUKIB

2.6 Give Ukrainian equivalents for the following word combinations.
surveying techniques

to measure the elevation

the Greenwich meridian

a leveling device

to be related to each other

to be costly and time-consuming

to provide the basic framework

the area networks

to establish control

to accomplish all the measurements

2.7 Match sentence halves.

© 0 N o

WX NN kWD =

[E—
<

1. The position of a point can be|a. to compute the astronomic
obtained longitude of the point.

2. The difference between the time| b. when distances between two points
at the point and the time at|are too long.
Greenwich is used

3. Astronomic positions are c. measure much longer distances
without losing accuracy.

4. The laser equipped geodimeter| d. directly by observing the stars.
can

5. Flare triangulation is a method| e. wholly independent of each other.
which is used

2.8 Ask all possible questions to the sentences from exercise 2.7.
Read the text and give a short summary.
Snel (Snellius or Snel van Royen), Willebrord

(b. Leiden, Netherlands, 1580; d. Leiden, 30 October 1626),
mathematics, optics, astronomy.

Snel was the son of Rudolph Snellius, or Snel van Royen, professor of
mathematics at the new University of Leiden, and of Machteld
Cornelisdochter. He studied law at the university but became interested in
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mathematics at an early age. Through the influence of Van Ceulen, Stevin,
and his father, he received permission in 1600 to teach mathematics at the
university. Soon afterward he left for Wiirzburg, where he met Van Roomen.
He then went to Prague to conduct observations under

Tycho. He also met Kepler, and traveled to Altdorf and Tiibingen,
where he saw

Mastlin, Kepler’s teacher. In 1602 Snel studied law in Paris. He
returned home in 1604, after having traveled to Switzerland with his father,
who was then in Kassel at the court of the learned Prince Maurice of Hesse.

After his father’s death in March 1613, Snel succeeded him at the
university, and two years later he became professor. He taught mathematics,
astronomy, and optics, using some instruments in his instruction.

Sharing the admiration of his father and of Maurice of Hesse for
Ramus, Snel published Ramus’ Arithmetica, with commentary, in 1613.
During this period Snel prepared the Latin translation of two books by Van
Ceulen. Snel’s lack of attention to this translation may have been due to
preoccupation with geodetic work. In 1615 he became deeply involved in the
determination of the length of the meridian, selecting for this work the
method of triangulation, first proposed by Gemma Frisius in 1533 and also
used by Tycho. Snel developed it to such an extent that he may rightfully be
called the father of triangulation. Starting with his house (marked by a
memorial plaque in 1960), he used the spires of town churches as points of
reference. Thus, through net of triangles, he computed the distance from
Alkmaar to Bergen-op-Zoom (around 130 kilometers). The two towns lie on
approximately the same meridian. Snel used the distance from Leiden to
Zoeterwoude (about 5 kilometers) as a baseline. His instruments were made
by Blaeu; and the huge, 210-centimeter quadrant used for his triangulations
is suspended in the hall of the Leiden astronomical observatory. The unit of
measure was the Rhineland rod (1 rod = 3.767 meters), recommended by
Stevin to the States General in 1604 (Stevin, Principal Works, IV [1964],
24); and, following Stevin, the rod was divided into tenths and hundredths.
The results were presented In Eratosthenes batavus (1617).

Dissatisfied with his geodetic work Snel began to correct it, aided by
his pupils, and extended his measurements to include the distance from
Bergen-op-Zoom to Mechelen. Unaided by logarithms, he continued this
work throughout his life. His early death in 1626 prevented him from
publishing his computations, which are preserved his own copy of
Eratosthenes batavus at the Royal Library in Brussels. They were recently
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checked by N. D. Haasbroek and were found to be conscientious and
remarkably accurate. Haasbroek could not say as much for the way in which

Musschenbroek handled these notes in his —De magnitudine terrae,l in
Physicae experimentales ... (1729).

Snel published some observations by Biiirgi and Tycho in 1618, and his
descriptions of the comets of 1585 and 1618. Although he demonstrated
from the parallax that the comet was beyond the moon and therefore could
not consist of terrestrial vapors, he still believed in the character of comets as
omina.

In 1624 Snel published his lessons on navigation in Tiphys batavus
(Tiphys was the pilot of the Argo). The last works published by Snel himself
were Canon triangulorum (1626) and Doctrina triangulorum (1627), the
latter completed by his pupil Hortensius.

Snel’s best-known discovery, the law of refraction of light rays, which
was named after him, was formulated probably in or after 1621, and was the
result of many years of experimentation and of the study of such books as
Kepler’s Ad Vitellionem paralipomena (1604) and Risner’s Optica (1606.
Snel’s manuscript, which contained his results, has disappeared, but it was
examined by Issac Vossius (1662) and by Huygens, who commented on it in
his Dioptrica (1703, 1728).

The priority of the publication of the law remains with Descartes in his
Dioptrique (1637), stated without experimental verification. Descartes has
been accused of plagiarism (for example, by Huygens), a fact made plausible
by his visits to Leiden during and after Snel’s days, but there seems to be no
evidence for it.

Snel was buried in the Pieterskerk in Leiden. The monument erected to
him and his wife, who died in 1627, is still there.

UNIT3
GEODETIC SURVEYING TECHNIQUES (part 2)

3.1 Practise reading the following words.

[a1] — island, height, upright, behind, imply, line

[d0] — old, locate, closure, coastline, pole

[e1] — navigation, calibrate, obtain, wave, remain

[d3] — agency, adjoin, change, geodetic, adjust
barometer [bo'romito], barometric [ ba:rou'metrik], bubble ['babl], interior
[In'tior1o], mountainous ['mauntinos], ) radar ['rerda:], technique [tek'ni:k],
telescope

['teliskoup], thermometer [Ba'momits], surface ['s3:fis].

3.2 Translate words of the same root into Ukrainian.
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To measure — measured — measureless — measurement — measuring —
measurable - measurer

To extend — extended — extending — extensive — extension — extensible

To compute — computer — computation — computable — computing —
computerize(d)

3.3 Fill in the sentences with words from exercise 3.2.

1.  We ... the fence to the edge of our property.

2. Final results had not yet been ... .
3. An odometer ... the number of miles your car travels.
4.  Have you ever done any ... for your research?
5. The exhibition has received ... coverage in the national press.
6.  The assistant took my ... and showed me what was available in my size.
ACTIVE VOCABULARY
Word Pronunciation | Translation
aneroid, n. ['@naroid] OapoMeTp-aHepoin
calibrate, v. ['keelibrert] rpaayroBaTH, KaliOpyBaTu
conterminous, | [kon't3:minas] CYMIKHUH, MIPUMUKAE,
adj. NPUKOPIOHHUH,
cyciaHiil; syn. adjacent, adjoining
correspond, v. | [ korr'spond] BiAIIOBiAaTH, y3roIKyBaTUCH,
CHIBBITHOCUTHCS

differential, [ dif(9)'ren(t)[(o)]]| nudepeniianbHMIA

adj.

execute, v. ['eksikju:t] 3M1MCHIOBaTH, BUKOHYBaTH, POOUTH;
syn. perform, fulfil

gauge, n. [geids] BUMIPIOBAIBHUI TIPUIIA]L

leveling, n. ['lev(o)lm] HIBEIIOBAHHSI

loop, n. [lu:p] neTs

mercurial, adj. | [m3:'kjuarial] pPTYTHHI

missile, n. ['misail] PEAKTUBHUM CHApS, paKeTa

reckoning, n. | ['rek(9)nip] OOYHCIICHHS, PO3paxyHOK,

BU3HAUYCHHS MICIIE3HAXO/KCHHS; SYH.
calculation, computation

18



reconnaissance,| [r1'konis(o)ns] PO3BIJIKA, PO3CIIAyBaHHS, 30HIyBaHHS
n.

sparsely, adj. | ['spa:sli] P1JIKO

supplementary, | [ sapli'ment(o)r1] | mogaTkoBuii; syn. additional, extra
adj.

tidal, adj. ['tard(o)1] MOB'sI3aHUHN 3 TIPUILIMBOM 1 BiJIJTUBOM,
NeP1OANYHHH, 1110 YEPTYEThCH,
nepeMixKHUN

undulation, n. | [ andjo'lerf(o)n] | xBunenoaiOHUM pyx

upright, adj. ['Aprait] BEPTUKAJILHUH, TIPSIMHUIA

yield, v. [J1:1d] JaBaTH, BUAABATH, BUPOOJIATH

3.4 Read the text and match paragraphs A-D with gaps 1-5.
GEODETIC SURVEYING TECHNIQUES (part 2)

Trilateration

Another surveying method involves the use of radar and aircraft. The
SHORAN, HIRAN and SHIRAN electronic distance measuring systems
have been applied to performing geodetic surveys by a technique known as
trilateration. Since very long lines (to 500 miles) could be measured by these
systems, geodetic triangulation networks have been extended over vast areas
in comparatively short periods of time. In addition, the surveys of islands and
even continents separated by extensive water barriers have been connected
by the techniques.

Traverse

The simplest method of extending control i1s called traverse. The
system is similar to dead reckoning navigation where distances and
directions are measured. In performing a traverse, the surveyor starts at a
known position with a known azimuth (direction) to another point and
measures angles and distances between a series of survey points.

If the traverse returns to the starting point or some other known
position, it is a closed traverse, otherwise the traverse is said to be open. The
traverse consists of a series of high-precision length, angle and astronomic

19



azimuth determinations running approximately east-west and north-south
through the conterminous states, forming somewhat rectangular loops.

Vertical positioning

Vertical surveying is the process of determining heights-elevations
above the mean sea level surface. The geoid corresponds to the mean level of
the open sea. In geodetic surveys executed primarily for mapping purposes,
there is no problem in the fact that geodetic positions are referred to an
ellipsoid and the elevations of the positions are referred to the geoid.

Precise geodetic leveling is used to establish a basic network of
vertical control points. From these, the height of other positions in the survey
can be determined by supplementary methods. The mean sea level surface
used as a reference (vertical datum) is determined by obtaining an average of
the hourly water heights for a period of several years at tidal gauges.

There are three leveling techniques-differential, trigonometric, and
barometricwhich yield information of varying accuracy. Differential leveling
is the most accurate of the three methods. With the instrument locked in
position, readings are made on two calibrated staffs held in an upright
position ahead of and behind the instrument. The difference between
readings is the difference in elevation between the points.

The exact elevation of at least one point in a leveling line must be
known and the rest computed from it. Trigonometric leveling involves
measuring a vertical angle from a known distance with a theodolite and
computing the elevation of the point.

It 1s, therefore, a somewhat more economical method but less accurate
than differential leveling. It is often the only practical method of establishing
accurate elevation control in mountainous areas. In barometric leveling,
differences in height are determined by measuring the difference in
atmospheric pressure at various elevations. Air pressure is measured by
mercurial or aneroid barometers, or a boiling point thermometer. Although
the degree of accuracy possible with this method is not as great as either of
the other two, it is a method which obtains relative heights very rapidly at
points which are fairly far apart. It is widely used in the reconnaissance and

20



exploratory surveys where more exacting measurements will be made later
or are not required.

With the angular measurements, the direction of each line of the
traverse can be computed; and with the measurements of the length of the
lines, the position of each control point computed.

A The optical instrument used for leveling contains a bubble tube to
adjust it in a position parallel to the geoid. When properly "set up" at a point,
the telescope is locked in a perfectly horizontal (level) position so that it will
rotate through a 360 arc.

B  However, geodetic data for missiles requires an adjustment in the
elevation information to compensate for the undulations of the geoid above
and below the regular mathematical surface of the ellipsoid. The adjustment
uses complex advanced geodetic techniques.

C The Canadian SHORAN network connecting the sparsely
populated northern coastal and island areas with the central part of the
country and the North Atlantic HIRAN Network tying North America to
Europe are examples of the application of the trilateration technique.
SHIRAN has been used in the interior of Brazil.

D  With this method, vertical measurements can be made at the same
time horizontal angles are measured for triangulation.

3.5 Match words with their definitions.

barrier azimuth technique loop level ellipsoid
elevation

.......... - a way of carrying out a particular task, especially the execution or
performance of an artistic work or a scientific procedure;

| - the direction of a celestial object from the observer,
expressed as the angular distance from the north or south point of the horizon
to the point at which a vertical circle passing through the object intersects the
horizon;
2. . - a three-dimensional figure symmetrical about each of three
perpendicular axes, whose plane sections normal to one axis are circles and
all the other plane sections are ellipses;
300 . - a height or distance from the ground or another stated or
understood base;
4, . - the action or fact of raising or being raised to a higher or
more important level, state, or position;

. - a circumstance or obstacle that keeps people or things apart
or prevents communication or progress;
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6. ... - a length of thread, rope, or similar material, doubled or
crossing itself, used as a fastening or handle

3.6 Mark the following sentences True or False.

1. Only distances are measured in trilateration.

2. If the traverse returns to the starting point or some other known
position, it is an open traverse.

3. Reckoning navigation methods in geodesy involve the determination of
an observer's position from observations of the moon, stars and satellites.

4.  Vertical surveying is the process of determining heights-elevations
above the mean sea level surface.

5. Trigonometric, differential and barometric leveling techniques turn in
information of varying accuracy.

6.  Differential leveling measures a vertical angle from a known distance
with a theodolite and computing the elevation of the point.

7.  In barometric leveling, differences in angles are determined by
measuring the difference in atmospheric pressure at various elevations.

3.7 Find words in the text similar in meaning.

fulfill

spacious

space

use

dot

apparatus

precision

right-angled

. vertical

10. compression

Match adjectives with suitable nouns.

A AU

1. extending a. technique
2. surveying b. length

3. rectangular c. control

4. trilateration d. instruments
5. high-precision e. method

6. vertical f. traverse

7. angular g. pressure

8. air h. loops

9. closed 1. angle
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10. optical j.measurements

UNIT 4
GEODETIC SYSTEMS

4.1 Practise reading the following words.
a)  [er] — elevation, may, nation, major, survey, base

[av] — hour, however, our, found, out

[/ — condition, accomplish, expansion, establish, initial, official

[5:] — for, order, launch, therefore, more
b) ellipsoid  [1'lipsord],  numerical [nju:'merikl],  geometric(al)
[ dsio'metrik((o)l)], basis ['beisis], coordinate [kou's:dinot], error ['ers],
gravimetric [ grevi'metrik], system ['sistom], geocentric [ d3i:ou'sentrik].
4.2 Complete the chart below with the common noun suffixes and
mark the stress. There are some spelling changes.

nouns| - ation -1ion -ness -ity -ence/ance - sion
- ment

noun verb/ adjective

. quantify

. adjust

. capable

. refer

. rotate

. commit

. require

. separate

\O| OO0 Q| O] | K| W D] —

. differ

10. expand

.3 Fill in the sentences with words from exercise 4.2.

I'm not sure how he'll make the emotional ..... to retirement.
The book 1s an ..... of a lecture series.

She made no ..... to her opponents.

He 1s considering the offer but he has not yet ..... himself.

It ..... careful consideration.

She ..... from her sister in the colour of her eyes.

R S
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ACTIVE VOCABULARY

Word Pronunciation Translation

adjustment, 7. [o'dzastmont] 3QJIaTOJIKEHHS,  BPETYJIIOBaHHS,
HaJIaroJ[XKEHHs, HaJlallITyBaHHSI

axis, n., pl. axes | ['&ksis] BiCh

coincident, adj. | [kou'msid(o)nt] CITIIBITAJAIOYMM, BiAIIOBIAHUM

concurrent, adj. | [kon'kar(o)nt] CITIBIIQJIAI0YUI; Y3TOIKEHUM

conterminous, | [kon't3:minas] CYMIKHUH, MIPUMHUKAE,

adj. NPUKOPAOHHUH, CYCI/IHIH; Syn.
adjacent, adjoining

curvature, . ['k3:vata] BUTWH, BUKPUBJICHHS, KPUBU3HA

datum, n. ['dertom] O0aza, ©Oa3zoBa Touka(  JIHis,
IJIOIIMHA) , TI0YaTOK BIJJIIKY,
TOYKa
(J1iH1s, TJTIOIIMHA) IPUBEACHHS

deflection, n. [dr'flek[(o)n] BIIXWJICHHS; syn. deviation

discrepancy, n. | [dis'’krep(o)nsi] PI3HULIS; BiAMIHHICTb,
pPO301XKHICTh, MNPOTUPIUYA; SYyN.
difference, disagreement

extend, v. [1k'stend] IPOCTSTaTHCH, TATHYTHCH,
TPUBATH

flattening, n. ['fleet(o)nin) BUPIBHIOBaHHS, CILTIOCHYTOCT,
3MJIaKEHICTD

involve, v. [In'volv] 3ally4aTH, BTATYBaTU

leveling, n. lev(o)li HIBETIOBAHHSI

& 1

overlap, v. [ suvo'lep] YaCTKOBO MOKPUBATH;
NEepPEeKPUBATH

particular, adj. | [po'tikjolo] 0COOJIUBUH, crietupIyHAM,
BUHSTKOBUH

scope, 7. [skoup] Macitad, Mexa, po3Max, cdepa,

oOyacTh mii
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stretch, n. [stref] BUTSTYBaHHS, pO3TATYBaHHS,
MOJIOBXKEHHSI, HATIPYTa;
IpoCTip, AIISHKA, BIAPI30K

survey, A. ['s3:ver] 3eMJIEMIpHa, reoe3MYHa,
TonorpagiuHa 30MKa MiCIIEBOCTI

4.4 Read the text and answer the following questions.
What is datum?
How many types of datums are there in geodesy?
What does a horizontal datum consist of?
Why do discrepancies between datums occur?
What are three methods of datum connection?
Why are elevations in vertical datums referred to the geoid?
What are discrepancies among vertical datums?
What are vertical datum problems in Europe and in Asia?
GEODETIC SYSTEMS

A datum is defined as any numerical or geometrical quantity or set of
such quantities which serve as a reference or base for other quantities. In
geodesy two types of datums must be considered: a horizontal datum which
forms the basis for the computations of horizontal control surveys in which
the curvature of the earth is considered, and a vertical datum to which
elevations are referred. In other words, the coordinates for points in specific
geodetic surveys and triangulation networks are computed from certain
initial quantities (datums).

Horizontal Geodetic Datums

A horizontal geodetic datum may consist of the longitude and latitude
of an initial point (origin); an azimuth of a line (direction) to some other
triangulation station; the parameters (radius and flattening) of the ellipsoid
selected for the computations; and the geoid separation at the origin. A
change in any of these quantities affects every point on the datum.

In areas of overlapping geodetic triangulation networks, each computed
on a different datum, the coordinates of the points given with respect to one
datum will differ from those given with respect to the other. The differences
occur because of the different ellipsoids used and the probability that the
centers of each datum's ellipsoid is oriented differently with respect to the
earth's center. In addition, deflection errors in azimuth cause a relative

e AN U
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rotation between the systems. Finally, a difference in the scale of horizontal
control may result in a stretch in the corresponding lines of the geodetic nets.

Datum Connection

There are three general methods by which horizontal datums can be
connected. The first method is restricted to surveys of a limited scope and
consists of systematic elimination of discrepancies between adjoining or
overlapping triangulation networks. The second one is the gravimetric
method of Physical Geodesy and the third — the methods of Satellite
Geodesy. These methods are used to relate large geodetic systems to each
other and/or to a world system. Both the gravimetric and satellite methods
produce necessary "connecting" parameters from reduction of their particular
observational data.

Vertical Datums

Just as horizontal surveys are referred to specific original conditions
(datums), vertical surveys are also related to an initial quantity or datum.
Elevations are referred to the geoid because the instruments used either for
differential or trigonometric leveling are adjusted with the vertical axis
coincident to the local vertical. As with horizontal datums, there are many
discrepancies among vertical datums. There is never more than 2 meters
variance between leveling nets based on different mean sea level datums;
however, elevations in some areas are related to surfaces other than the
geoid; and barometrically determined heights are usually relative.

In the European area, there are fewer vertical datum problems than in
Asia and Africa. Extensive leveling work has been done in Europe and
practically all of it has been referred to the same mean sea level surface.
However, in Asia and Africa the situation has been different. In places there
is precise leveling information available based on mean sea level. In other
areas the zero elevation is an assumed elevation which sometimes has no
connection to any sea level surface. China has been an extreme example of
this situation where nearly all of the provinces have had an independent zero
reference. There is very little reliable, recent, vertical data available for much
of the area of Africa and Asia including China.

The mean sea level surface in the United States was determined using
21 tidal stations in this country and five in Canada. This vertical datum has
been extended over most of the continent by first-order differential leveling.
Concurrent with the new adjustment of the horizontal network, mentioned
previously, is the readjustment of the vertical network. Countries of North
and Central America are involved. In the conterminous United States
110,000 kilometers of the basic network are being releveled.
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4.5 Mark the following sentences True or False.

1. A horizontal datum is a datum to which elevations are referred and
vertical one is a datum in which the curvature of the earth is considered.

2. There are some quantities which may affect every point on the datum.

3. The survey of the limited scope, the gravimetric method of Physical
Geodesy and the methods of Satellite Geodesy are methods of horizontal
datum.

4.  There are no differences among vertical datums.

5. There are more vertical datum problems in Europe than in Asia.

6.  China i1s an example of zero elevation which has no connection to the
sea level surface.

7.  The mean sea level surface in Canada was determined by 31 tidal
stations.

4.6. Match words similar in meaning.

1. kind a. error

2. suppose b. initial

3.  primary C. restrict

4.  chose d. deflection
5. deviation e. type

6.  adjust f. determine
7. mistake g. consider
8.  limit h. instrument
9. tool 1. orient

10. resolve j. select

4.7 Match words opposite in meaning.

1 ruin a. differ

2 lower b. connect
3.  bealike c. unify

4 shrink d. form

5.  enlarge e. reduce
6. separate f.accurate
7. unreliable g. stretch
8. following h.previous
9. inaccurate 1. elevate
10. diversify j. reliable
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4.8 Match two halves of the statements and translate them into
UKrainian.

1.  neighboring a. advanced nation

2. military interests of b. existing local surveys

3. different surveys c. countries

4.  various weapon d. requirement

5. technically e. each country

6.  economic f. international nature

7. surveys of g. varying size

8.  military h. distance requirements

9.  the size and 1. systems

10. the expansion and unification of j. shape of the earth
UNITS

PHYSICAL GEODESY (part1)
5.1 Practise reading the following words.

a) [o1] — spoilt, enjoy, point, employ, joint [19] —near, clear, period,
convenient, here
[w] — with, between, which, network, swing, were [tf]] — change,

structure, such, each, achieve, mutual b) underline the stressed syllable
acceleration, airplane, although, characteristic, consequently, gravimeter,
interval, successive, technique.

5.2 Translate words of the same root into Ukrainian.

To compare — comparison — comparative — comparable — comparatively —
comparability

To distribute — distributed — distributor — distributing — distributive —
distribution

To occupy — occupied — occupational — occupancy — occupant — occupier —
occupation.

5.3 Fill in the sentences with words from exercise 5.2

1. A steady stream of clients kept her ... until the middle of the afternoon.
2. The remake was OK but it cannot ... with the original.

3. It 1s clear that a reorganization is necessary on the ... side of this
industry.

4. The new homes will be ready for ... in August.

5. Isat out in the open air in ... comfort.

6.  The books will be ... free to local schools.
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ACTIVE VOCABULARY

Word Pronunciation Translation
approximately,| [9'proksimotli] npuOIn3HO, OJIU3BKO, MalKe
adv.

associate, v.

[o'sousiert],

[-[1ett]

acoIlll0OBaTH, MOB'A3yBaTu 3 (KUM-J. /
YUM-]1.)

attraction, #.

[o'treek[(o)n]

[TputsxiHHs,
gravitation, gravity

TSDKIHHS; syn.

consideration, | [kon sid(a)'re1f(o)n]| po3aymu, oOrOBOpEHHS, PO3IIISIA

n.

deduce, v. [di'dju:s] OPUXOJUTA JIO BHUCHOBKY, POOUTHU
BHCHOBOK

drift, n. [drift] 3pyILIEHHS, HANPSAMOK, TCHICHITIS

flip, v. [flip] NEpEBEPTATH; IEPEKUIATH

instability, .

[ msta'biloti]

HECTINKICTh, MIHJIMBICTh

invar, n. [In'va:] [HBap (cruiaB 3aji3a 3 HIKEJIEM)

pendulum, n. | ['pendj(o)lom] MasiTHUK

pivot, n. ['prvat] mTHp, 00T, IITUDT

relative, adj. | ['relotiv] BiHOCHMH, MOPIBHSIBHUM,
pPEIATUBHBIN

reversible, adj.| [r1'v3:sabl] 3 TepeaHIM 1  3aJHIM  XOJOM,

PEBEPCUBHUMN

solution, 7.

[so'lu:f(o)n]

pIIIEHHS, T03B1J1, PO3'ICHEHHS

sufficient, adj.

[so'fif(o)nt]

JOCTAaTHIM; OOIPYHTOBAaHUIA

supersede, v.

[ s()u:pa'si:d]

3aMIHIOBaTH, 3aMilllaTd, 3MIIIYyBaTH;
syn. displace, dislocate

swing
(swung,
swung), V.

[swin]

roaTucs, KOJIUBATHUCS, TT1JIBIIITYBATH
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tie, v. [ta1] 3'€eIHYBaTH, CKPIIUIIOBATH, 3B'A3yBaTH;
syn. connect, join

value, n. ['velju:] BEJIMYMHA, 3HAYCHHS
virtually, adv. | ['v3:fusali] (aKTU4YHO, TNPAKTUYHO, TIO CYTI;
BOICTUHY

5.4 Read the text and answer the following questions.
1.  What does Physical Geodesy study?
2. What types of gravity measurements exist?
3. What did scientists use to measure the gravity until the middle of the
20 century?
4. Why was the pendulum method superseded by the ballistic method?
5 What instruments were used for relative gravity measurements?
6.  When was the first gravimeter developed?
7. What is drift?
8.  What points are called base stations?
PHYSICAL GEODESY (part 1)

Physical geodesy utilizes measurements and characteristics of the
earth's gravity field as well as theories regarding this field to deduce the
shape of the geoid and in combination with arc measurements, the earth's
size. With sufficient information regarding the earth's gravity field, it is
possible to determine geoid undulations, gravimetric deflections, and the
earth's flattening.

In using the earth's gravity field to determine the shape of the geoid,
the acceleration of gravity is measured at or near the surface of the earth. It
might be interesting to compare the acceleration measured by the
gravimetrist and the acceleration experienced in an airplane. In an airplane,
the acceleration is simply called a G force and 1s measured by a G meter. A
G factor of one is used to indicate the acceleration due to the attraction of the
earth and is considered a neutral condition. The gravity unit used and
measured in geodesy is much smaller. A G factor of one is approximately
equal to one thousand gals, a unit named after Galileo. The still smaller unit
used in geodesy is the milligal (mgal) or one-thousandth part of a gal. Thus,
in geodesy we are dealing with variations in acceleration equal to one
millionth of one G aircraft acceleration. The most accurate modern
instruments permit measurement of acceleration changes of one hundred
millionth part of the well known G factor or better.

Gravity Measurements
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Two distinctly different types of gravity measurements are made:
absolute gravity measurements and relative gravity measurements. If the
value of acceleration of gravity can be determined at the point of
measurement directly from the data observed at that point, the gravity
measurement is absolute. If only the differences in the value of the
acceleration of gravity are measured between two or more points, the
measurements are relative. Absolute measurement of gravity

Until the middle of the 20th century, virtually all absolute
measurements of gravity were made using some type of pendulum apparatus.
The most usual type of apparatus contained a number of pendulums that
were swung in a vacuum. By measuring the peroid of the pendulums, the
acceleration of gravity could be computed. In 1818, Kater developed the so-
called reversible pendulum that had knife edge pivots at both ends. These
pendulums were flipped over (reversed) during the measurements and, using
this procedure, a number of important error sources were eliminated. Still,
there were numerous other problems and error sources associated with
pendulum measurements of absolute gravity, and the results obtained were
not sufficiently accurate to meet the needs of geodetic gravimetry.
Consequently, in recent years, the pendulum method has been superseded by
the ballistic method which i1s based on timing freely falling bodies. The
acceleration of gravity can be determined by measuring the time taken by a
body to fall over a known distance.

Relative measurement of gravity

Solution of some of the problems of gravimetric geodesy requires
knowledge of the acceleration of gravity at very many points distributed
uniformly over the entire surface of the earth. Since absolute gravity
measurements have been too complicated and time consuming and, until
recently, could not be obtained with sufficient accuracy, relative gravity
measurements have been used to establish the dense network of gravity
measurements needed. The earliest relative gravity measurements were made
with reversible pendulums. The most accurate relative pendulums to be
developed were the Gulf quartz pendulum and the Cambridge invar
pendulum. These two instruments were used as late as 1969.

Modern relative gravity measurements are made with small, very
portable, and easily used instruments known as gravimeters (gravity meters).
Using gravimeters, highly accurate relative measurements can be made at a
given site, known as a gravity station, in half-an-hour or less. Modern
gravimeter-type instruments were first developed in the 1930's. There are
two other important considerations when relative gravity measurements are
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made: drift and base station connections. Gravimeter drift is a phenomenon
related to certain instrumental instabilities that cause the dial reading to
change slowly with time even when the acceleration of gravity remains
constant. Since relative gravity surveys can determine only differences in
gravity from point to point, every relative gravity survey must include
measurements at one or more reoccupiable points where acceleration of
gravity is known. Such points are called base stations. Then all gravity
difference measurements are computed with respect to the known gravity
value at the base station. Hence, tying a relative gravity survey to a base
station establishes the "gravity datum" of that survey. The earliest "gravity
datum" was the so-called Potsdam System. The Potsdam system, however,
was found to be in error and, in 1971, was replaced by the International
Gravity Standardization Net 1971 (IGSN71).

5.5 Mark the following sentences True or False.

1.  Having information about the earth’s gravity field, you can determine
geoid undulations, gravimetric deflections and the earth’s flattening.

2. In geodesy it is dealt with variations in acceleration equal to one
thousandth of one G aircraft acceleration.

3. Kater developed a pendulum but measurements and results were not
rather accurate.

4.  Absolute gravity measurements were simple but time consuming,.

5. Reversible pendulums are small, portable and easily used instruments.
6.  Gravimeter-type instruments were first developed at the beginning of
the 20" century.

7.  Base stations are reoccupiable points where acceleration of gravity is
known.

8.  The Potsdam System was replaced by the IGSN in 1977.

Ask questions to the underlined words and phrases.

Match words with their definitions.

point geoid instability gravity apparatus pivot instrument
acceleration

.......... - a hypothetical solid figure whose surface corresponds to mean
sea level and its imagined extension under (or over) land areas;

| - the force that attracts a body towards the centre of the earth,
or towards any other physical body having mass;

2. . - the rate of change of velocity per unit of time;

300 . - a tool or implement, especially one for precision work;

4, - tendency to unpredictable behaviour or erratic changes of
mood;

32



- the technical equipment or machinery needed for a particular
activity or purpose;

6. - the central point, pin, or shaft on which a mechanism turns or
oscillates; 8. .......... - a particular spot, place, or position in an area or on a
map, object, or surface.

UNIT 6
PHYSICAL GEODESY (part 2)

6.1 Practise reading the following words.

a)  [0] — earth, both, method, month, thought, theory
[n] — being, along, emerging, wing, single, length
[e] — dense, net, level, density, regular, effect

b) submarine [ sabm(o)riin], compensate ['kompensert], anomaly
[o'nomoli], uniform
[Junifo.m], satellite ['sat(o)lait], apparatus [ @p(o)rertos], inertial

[1'na:f(9)l], equivalent [1I'kwiv(9)lont], ellipsoidal [ elip'sord(o)l], topography
[to'pografi], Vening
Meinesz [ venin ‘'maines].

6.2 Cross out the word with a different sound.

A |reduction  crust assume publish
structure

& |average value gravity after various

k |aircraft surface success  consider
accuracy

90 | motion component  prominent  ocean
know

w |[wave whole forward would where

ACTIVE VOCABULARY
Word Pronunciation Translation
airborne, adj. ['eabo:n] MEPEHOCUTHCS a00 TEPEBO3UTHCS

0 TIOBITPIO

altitude, n.

['eltit(j)u:d]

BHUCOTa

application, n.

[ @pli'ke1f(o)n]

3aCTOCYBaHHS, JOIaTOK

correlation, 7.

[ koro'le1f(o)n]

B3a€MO3B'SI30K, CITIBB1HOIIICHHS
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crust, n. [krast] 3eMHa Kopa

data, n. ['derto] naHi, pakTH, BIJIOMOCTI

eliminate, v. [1'liminert] yCYBAaTH, BUKJTIOYATH,
aHyJIIOBaTH; Syn. remove, expel

encounter, V. [1n'kaunts] HaTpaliATd  Ha  (TPyJHOI1),
31ITKHYTHUCS 3

justify ['dzastifai] M1ITBEPIKYBaTH, TOBOJUTH,
MOSICHIOBATH,  OOTPYHTOBYBATH;
syn.
confirm, prove, verify

lack, n. [lek] HEOJIIK, TOTpeda, BIICYTHICTh

magnitude, 7. ['maegnit(j)u:d] BEJIMUMHA, BAKJIUBICTh, 3HAUYCHHS,
MarHiTyjia

mantle, 7. ['maentl] (3eMHa) MaHTIs

oscillatory, adj. | ['osilot(o)ri] KOJIMBAJIbHUM

purpose, n. ['p3:pas] MeTa, HaMmip; 3aJyM, IparHeHHS;
syn. aim, goal, objective

shore, n. [Jo:] oeper, y30epexxks;, syn. bank,
beach, coast

sparse, adj. [spa:s] PO3KHUJIaHUH, PIAKICHUN

spurious, adj.

['spjuarios]

1Ipo0JICHUH, ITOMMJIKOBUH,
(aTbIIMBHIA;

syn. faked, counterfeit

velocity, n.

[vi'losati]

MIBUJKICTh, IPYJKICTh

6.3 Read the text and answer the following questions.

NSk LW =

When did first gravimeters on ships appear?

What instruments were used on surface ships?

What is a problem with ocean surface measurements?

What systems are used near the shore and in the deep ocean?
What problems are there with gravity measurements in the air?
What is gravity anomaly?
What is the most common type of gravity anomaly?




8.  Who developed formulas for computing the gravimetric deflection of
the vertical?
9.  What does the effectiveness of the gravimetric method depend on?
10. What geophysical data are correlated with each othe
PHYSICAL GEODESY (part 2)

Gravity measurement at sea

The earliest measurements at sea were made by F.A. Vening Meinesz
who, in 1927, installed a pendulum apparatus in a submarine. The submarine
pendulum gravity measurements of Vening Meinesz are mainly of historical
interest today. The first gravimeters installed in surface ships appeared
during the 1950's. These early ocean surface gravity measurements were
only of modest accuracy and, again, now are mainly of historical value.
Reasonably accurate measurements from gravimeters on surface ships date
only from the late 1960's. Instruments used include LaCosteRomberg S
Meter, Askania Meter, Bell Meter, and the Vibrating String Gravimeter. All
of these meters are compensated to minimize the effects of oscillatory
motion of the ship due to ocean surface waves. The effects are also
eliminated or averaged out by computational techniques. A big problem with
ocean surface measurements is that the forward motion of the ship adds a
centrifugal reaction component to measured gravity which must be
eliminated by the so-called Eotvos correction. Therefore, the ship's velocity
and heading, as well as the ship's position, must be known accurately. Near
shore, shore based electronic positioning/navigation systems (such as
LORAN) are used. In the deep ocean, satellite navigation and inertial
systems must be used.

Gravity measurement in the air

Problems in airborne gravity measurements are similar to those
encountered for surface ships. The position, velocity, and heading of the
aircraft must be known accurately. Because of the higher aircraft speeds, the
Eotvos correction 1s much larger for airborne measurements than for surface
ship measurements. It also is very difficult to compensate for spurious
aircraft accelerations. In addition, reduction of the gravity value from aircraft
altitude to an equivalent surface value is a problem that has not yet been
solved satisfactorily.

Gravity Anomalies

Gravity measurements provide values for the acceleration of gravity at
points located on the physical surface of the earth. Before these
measurements can be used for most geodetic purposes, they must be
converted into gravity anomalies.
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A gravity anomaly is the difference between a gravity measurement
that has been reduced to sea level and normal gravity. Normal gravity, used
to compute gravity anomalies, is a theoretical value representing the
acceleration of gravity that would be generated by a uniform ellipsoidal
earth. By assuming the earth to be a regular surface without mountains or
oceans, having no variations in rock densities or in the thickness of the crust,
a theoretical value of gravity can be computed for any point by a simple
mathematical formula. The most common type of gravity anomaly used for
geodetic applications is the so-called free-air gravity anomaly.

Undulation and Deflections by the Gravimetric Method

The method providing the basis from which the undulations of the
geoid may be determined from gravity data was published in 1849 by a
British scientist, Sir George Gabriel Stokes. However, the lack of observed
gravity data prevented its application until recent years. In 1928, the Dutch
scientist, Vening Meinesz, developed the formulas by which the gravimetric
deflection of the vertical can be computed. The computation of the
undulations of the geoid and the deflections of the vertical require extensive
gravity observations. The areas immediately surrounding the computation
point require a dense coverage of gravity observations and detailed data must
be obtained out to distances of about 500 miles. A less dense network is
required for the remaining portion of the earth. While the observational
requirements for these computations appear enormous, the results well
justify the necessary survey work. Effective use of the gravimetric method is
dependent only on the availability of anomalies in sufficient quantity to
achieve the accuracy desired. Successful use of Stoke's integral and Vening-
Meinesz formulas depends on a good knowledge of gravity anomalies in the
immediate vicinity of the point under consideration and a general knowledge
of anomalies for the entire earth.

There are many large regions on the continents where gravity
measurements are lacking or available only in small quantities. Gravity data
for ocean areas has always been sparse, however, Satellite Altimetry has
overcome this deficiency. In regions where an insufficient number of gravity
measurements exists, some other approach must be used to obtain or predict
the mean gravity anomalies for the areas.

Correlations exist between variations in the gravity anomaly field and
corresponding variations in geological, crustal, and upper mantle structure,
regional and local topography and various other types of related geophysical
data. In many areas where gravity information is sparse or missing,
geological and geophysical data is available. Therefore, the various
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prediction methods take into account the actual geological and geophysical
cause of gravity anomalies to predict the magnitude of the anomalies.

6.4 Mark the following sentences True or False.

1. V. Meinesz used submarines for marine gravity surveys.

2. Early ocean surface gravity measurements were of precise accuracy.

3. Problems with gravity measurements in the air and in the sea are
different.

4.  The problem of reduction of gravity value from aircraft altitude to an
equivalent surface is not solved.

5.  Before being used for geodetic purposes, gravity measurements are
converted into gravity anomalies.

6. In 1939 a British scientist published his method of determining the
undulations of the geoid from gravity data.

7.  Extensive gravity observations are necessary for computing the
undulations of the geoid and the deflection of the vertical.

8.  Geological and geophysical data is not available in areas where gravity
information is sparse or missing.

6.5 Match words similar in meaning.

1.  precise a. recent

2. expel b. heading
3. speed C. accurate
4,  route d. dense

5. resolve e. eliminate
6. normal f. variation
7. variety g. velocity
8.  modern h. extensive

9.  vast 1. regular

10. thick j. solve

6.6 Give English equivalents for the following word combinations.
KOJINBAJIbHUN PYX

o0UYKCITIOBaIbHA TEXHIKA

IIBUJIKICTD 1 KypC KopaOJis

Cucrema HaBirari

TOBIIMHA / IOTY>KHICTh 36MHO1 KOPH

HEIOCTATHS KUIBKICTh JJAHUX

B JIOCTATHI1M KUJILKOCTI

NPUKAHATH JI0 YBaru

6 7 Give Ukrainian equivalents for the following word combinations.
1.  gravity measurements

© N LR
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forward motion of the ship

the acceleration of gravity

to compute gravity anomaly
undulation of the geoid

to require extensive observations

to justify the necessary survey work
other types of related geophysical data

6 8 Match sentence halves.

1. The word, anomaly, as
used in geodesy refers to
a deviation from the
normal

a. suitable for use aboard a fixed wing KC-135
aircraft.

2. To make use of the
anomalies,

b. and a Del Norte transponder electronic
navigation system to establish aircraft position,

3. The axis of rotation
for the ellipsoid passes

c. geoid undulations cannot be computed
directly but must be determined point by point.

4. The theoretical value
of gravity at a point on

d. and can be used either for a single point or
to describe a regional or area effect.

the ellipsoid's surface
depends both
5. The distance between| e. the observed gravity must be reduced to a

the mathematical
ellipsoid and the actual
geoid

common frame of reference, the geoid-mean
sea level.

6. In 1959, the US Air
Force was instrumental
in developing a
gravimeter

f. through the earth's center of gravity.
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7. The gravity| g. on the size and shape of the ellipsoid and on

measurement system| a value, computed from observational data.
aboard the

helicopter uses a

LaCosteRomberg S

Meter to sense

gravity

8. Since the geoid is so | h. is called the undulation of the geoid.
irregular,

6.9. Ask all possible questions to the sentences from exercise 6.8.

UNIT 7
GEODESY AND SATELLITE NAVIGATION

7.1 Practise reading the following words.
a) [ed] — there, where, careful, their, pair, bare [p ] - electronic,
concept, long, horizontal, adoption

[ i ] — limit, initial, signal, position, critical, continuous

[ f ] — enough, phase, octanographer, off, field, laugh
b) astronomer [9'stronomo], dynamics [dar'namiks], interferometry
[ mtofo'romitri] methodology [ me0o'dolodsi], reservoir ['rezovwa:],
technical ['teknik(9)1], technology [tek'nolodz1], tectonics [tek'toniks]
7.2 Put the words in the correct column.

Thought heavy ask set couple awful theft half law
blood horse some arm son head heart

a: A e J:
ACTIVE VOCABULARY
Word Pronunciation Translation
advance, 7. [od'va:ns] yCIIX, IPOTPEC, TOCITHEHHS; SYH.

improvement, progress

baseline, 7. ['berslain] CTaHJapT, KpUTepii, 6aza

carrier, n. ['keerio] HOC1H, TprMay, KPOHILITEWH
cumbersome, ['kambasom] rpoMI3IKHi, 00'eMHuuid; syn. bulky
adj.

curvature, . ['k3:vata] BUKPUBJICHHS, KPUBU3HA

39



drawback, n.

['dro:baek]

MEPEeIKo/Ia, HEMOMIK; SYH.
obstacle, disadvantage

frequency, n.

['fri:kwonsi]

qacToTa

ingenuity, #.

[ mdzr'nju:oti]

BUHAX1JINBICTb, BUHAX1JINBICTE

instantaneous, [ m(t)ston'temnios] MUTTEBUI; HETAaHUI; SYA.
adj.
momentary, immediate
obscure, v. [ab'skjua] 3aropoIKyBaTH, 3aBaykaTH,
3aThMapIOBaTH
offshore, adj. [ of'fo:] 3HAXOAUTHCA Ha ACSAKIM BIJICTaHI
BiJ1 Oepera, y BIIKPUTOMY MOpi
pipeline, n. ['parplain] TpyOONnpoBia, HATONPOBI, KaHAT
plate, n. [plett] IJIUTA, JJUCT, CMyTa
receiver, n. [r1's1:va] paaionpuitmay
scaling, n. [skeilig] MaciTadyBaHHsI, IKaTIOBAHHS
strengthen, v. ['strenB(o)n] MOCHJIFOBATH, 3MIITHIOBATH
substantial, adj. | [sob'sten/(9)]] 3HAYHUU, CYTTEBUH, BaXIUBUII;

syn. essential, important

supplement, v.

['sapliment]

J0/IaBaTH, JIOTIOBHIOBATH,
nonoBHIOBaTHU,syn. add

suspension

[so'spenf(o)n]

1BIIIYBAHHS, 3aBUCAHHS

terrestrial, adj.

[to'restrial]

3eMHUU

tool, n.

[tu:l]

IHCTPYMEHT, 00JIaHAHHS

7.3 Read the text and fill it with sentences A-F.

GEODESY AND SATELLITE NAVIGATION
There has always been a love-hate relationship between geodesy and
satellite navigation. 1 ........ . When the first satellite, Sputnik 1, started
orbiting the Earth in 1957, geodesists in several countries realised that
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satellites offered substantial potential as a geodetic positioning and
navigation tool.

The basic technologies of terrestrial geodesy of the day, notably
triangulation, traversing, and precise leveling, were slow and cumbersome,
mainly because of the effect of the curvature of the surface of the Earth,
which limited the range of measurements to theodolite observations between
points situated on hilltops, observation towers, and triangulation masts. The
advent of EDM (electronic distance measurement) in the 1960s helped
terrestrial geodesy, but it, too, was affected by the same limitation, namely
the shortness of observable EDM ranges due to the Earth’s curvature.

Earth orbiting satellites did not suffer from this drawback. They could
be viewed simultaneously from several points on Earth, and therefore
direction and range measurements made, provided that the space vehicles
were not obscured by high natural features or tall man-made structures. 2
The first of these was satellite triangulation, which was used initially
to supplement and strengthen terrestrial triangulation networks. This
situation changed significantly when geodesists realized that they could use
the Doppler shift on the signal broadcast from a satellite to obtain differential
range measurements that, together with the known Keplerian orbit of the
satellite, could lead to a relatively fast positioning, or navigation, method.
R . Transit-Doppler was used in the late 1970s and early 1980s not
only for the positioning of naval ships and of submarines surfacing in the
polar regions, but also for the strengthening and scaling of national and
continental terrestrial triangulation networks.

Enter GPS

These were the early days of a new global satellite positioning,
navigation, and timing system, first called the NAVSTAR Global
Positioning System, a name later shortened to just GPS. The close
relationship between the early GPS and geodesy was further demonstrated by
the adoption of WGS84, the World Geodetic System 1984, as the basis of the
3-D coordinate system of GPS.

As always, human ingenuity did not disappoint, and two new
differential techniques were developed. The first was the differential GPS
(DGPS) technique, which improved relative positioning accuracies of GPS
by at one order of magnitude, down to a few meters. 4 ........ . The next
advance in improving the accuracy of satellite positioning was made on the
advice of radio-astronomers, who proposed replacing the standard GPS
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pseudo-range measurements, which are based on timing the modulated signal
from satellite to receiver.

Instead, they suggested making measurements on the basic carrier
frequencies of these signals, just as they did with extra-galactic signals
arriving at, say, two widely spaced radio telescopes in so-called very long
baseline interferometry (VLBI), leading as a by-product to the Cartesian
coordinate differences between the two telescopes. 5 ........ :

GPS had now become the universal high precision quasi-instantaneous
positioning and navigation tool, creating the basis for hundreds of new
applications. 6 ........ . These included surveying and mapping, positioning
in offshore engineering, the monitoring of local crustal dynamics and plate
tectonics, the relative vertical movements of tide gauges, and the continuous
3-D movements of critical engineering structures, such as tall buildings,
dams, reservoirs, and long suspension bridges.

A. As a result, DGPS soon became the standard methodology for the
offshore positioning of oil platforms, pipelines, etc.

B. Indeed, satellite positioning started life as an extension of terrestrial
geodesy.

C. Again, geodesists led the way, concentrating on high precision
scientific and engineering applications.

D. This technical advance gave birth to Transit-Doppler, the first satellite
navigation technology.

E. This was the beginning of centimetric positioning by the carrier phase
GPS method, which was later developed further by geodesists into kinematic
GPS and centimetric navigation.

F. This led to several new satellite geodesy positioning methodologies.

7.4 Read the text again and answer the following questions.

1.  What limited the range of measurements to theodolite observations?

2. What was the advantage of satellite observations?

3. What was satellite triangulation used for?

4. What technology was used for strengthening and scaling of national
and continental terrestrial triangulation networks?

5. What was the basis of the 3D coordinate system of GPS?

6.  What is the difference between DGPS and VLBI?

7. What applications did GPS serve for?

7.5 Mark the following sentences True or False.

1.  Geodesy and satellite navigation has always got a good relationship.
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2. The curvature of the surface of the Earth was the main obstacle to
theodolite observations.

3. Transit-Doppler was the first satellite navigation technology.

4.  Transit-Doppler technology was used to supplement and strengthen
terrestrial triangulation networks.

5. The adoption of WGS84 was the result of the close relationship
between GPS and geodesy.

6.  VLBI technique is used for the offshore positioning of oil platform,
pipelines, etc.

7. The monitoring of local crustal dynamics and plate tectonics was one
of the applications based on GPS.

7.6 Match words with their definitions.

receiver  navigation  network  vehicle  broadcast tectonics
magnitude

| - a thing used for transporting people or goods, especially on land,
such as a car, lorry, or cart;

20 - a group or system of interconnected people or things;

R S - transmit (a programme or some information) by radio or
television;

4 ... - the process or activity of accurately ascertaining one’s position
and planning and following a route;

5. e - the degree of brightness of a star, as represented by a number
on a logarithmic scale;

6. ... - a piece of radio or television apparatus that detects broadcast
signals and converts them into visible or audible;

T i, - large-scale processes affecting the structure of the earth’s
crust.

Match adjectives with suitable nouns.

1.  substantial a. leveling

2.  precise b. signal

3. terrestrial C. engineering structures

4,  global d. potential

5. human €. movement

6. modulated f. geodesy

7. local g. crustal dynamics

8.  differential h. satellite positioning

9. critical 1. range measurements

10.  vertical J. iIngenuity
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UNITS
CREATION OF GEODETIC SATELLITE NETWORK (part 1)

8.1 Practise reading the following words.
a) [a1] — widely, satellite, pipeline, provide, high  [u:] —prove, solution,
include, move, true

[a:] — apart, advantage, transport, large, radar

[d3] — imagery, geodetic, object, range, voltage
b) agriculture ['®grikalfs],  automobile ['0:toma(u)bi:1],

cadastre [ko'dasto], exploitation [ eksplor'teif(o)n], laser ['leiza],

marine [ma'ri:n], mechanical [m1'kaenik(o)l], reservoir ['rezovwa:].
8.2 Translate words of the same root into Ukrainian.
To manage — management — manager — managing — manageable.
To apply — application — applicable — applied — applicant — appliance.
To recognize — recognition — recognized — recognizable — recognizing —
recognizer.
Fill in the sentences with words from exercise 8.2.

1.  The shareholders demanded a change in ..... .
2. There’s plenty of space for all the usual kitchen ..... :
3.  He was ..... for having saved many lives.
4,  How do you ..... to stay so slim?
5.  He has achieved ..... and respect as a scientist.
6. He was one of 30 ..... for the manager’s job.
ACTIVE VOCABULARY
Word Pronunciation Translation
ability, n. [o'bilati] 31aTHICTh, MOXJIUBICTh
acquire, v. [o'kwais] OTPUMYBATH, 3100yBaTH,
OMaHOBYBATHU
aerial, adj. ['ear1al] HaJI3EMHUM, MOBITPSIHUIN
asset, n. ['eset] MaiHO
canopy, A. ['keenapi] YKPUTTS, TPUKPUTTA, MPUTYJIIOK,
IPUTYJIOK
comprise, V. [kom'praiz] BKJIIOYATH, yKJIaJatd B  CcoOI,
MICTUTH
emergency, 7. [1'm3:d3(o)nsI] Herepen0ayeHui BUMAJO0K, KpaHs
HEOOX1AHICTh, HaJA3BUYAlHE
TIOJIOKEHHS
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emission, 7. [1'mi1f(9)n] BHI1JICHHS, MTOIITUPEHHS,
BUIPOMIHIOBAHHS

exterior, adj. [1k'stror19] 30BHIIIHIMH, MTOBEPXHEBUH,
30BHIIIHIM

feature, n. ['fi:f9] 0COOJIUBICTh,  XapaKTEepHa  puca,
JeTanb, 0O3HaKa, BIACTUBICTD; SYH.
characteristic, quality, form, shape

image, n. ['Tmid3] 00pa3, 300paKeHHs

imagery, n. ['Tmidz(o)r1] psl, TpyIa 300paxeHb,
300pakeHHs, TPOEKILIs

imply, v. [1m'plai] OpunycKkati, MaTh Ha  yBas3i,
yKJagaTh B C€OO0l, O3HA4YaTH; SyH.
suggest, involve

inventory, #. ['mv(o)nt(o)ri] OMUC, IHBEHTApU3allis

mapping, . ['maepiy] Kaprorpadisi, KapTyBaHHS

oblique, adj. [o'bli:k] MOXUJINM, TOXWINN, CKOLICHUM, SyH.
inclined

resolution, x. [ rez(9)'lu:f(o)n] | mo3BiI

spatial, adj. ['sperf(a)l] POCTOPOBUI

spotting, 7. [spotiy] MIOCTaBJICHHS

terrain, n. [ta'rein] MICIIEBICTb, TEPUTOPIs, paiiOH

8.4 Read the text and answer the following questions.

1.  What are methods and technologies of geodetic satellite survey used

for?

2. What i1s the most efficient method in the modern geodetic base

network?

© N kW

What tasks does satellite geodetic network solve?
What systems are used to perform digital aerial survey?
What can be used for creation of spectrozonal colour-infrared images?
What does oblique aerial survey allow to do?
What are the tasks of digital aerial survey?
What does aerial laser scanning imply?
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9.  What allows acquiring a high-density cloud of laser reflection points?
10. What is aerial laser scanning used for?

CREATION OF GEODETIC SATELLITE NETWORK (part 1)

Methods and technologies of geodetic satellite survey based on GNSS
methods are widely used for creation of reference geodetic networks, field
aerial survey control point referencing , on-board positioning of aerial
imagery photos  perspective centres, field topographic survey, land
management and cadastre works, monitoring of critical objects.

In the modern world geodetic base network is usually created with the
use of global navigation satellite systems (GNSS) GLONASS/GPS
principally by application of a differential method. The differential method is
the most efficient where there is a network of reference (base) stations with
specified geodetic coordinates. Application of the differential method
provides for spatial objects’ coordinate setting of +/-2 cm accuracy in real
time and +/-5 cm in post-processing.

Satellite geodetic network consisting of reference stations can be used
for solution of the following tasks: geodesy, cartography, cadastre; planning,
construction, exploitation of automobile and railroads; navigation and
security control of automobile, railway, air, river and marine transport;
planning, construction and exploitation of buildings and engineering
constructions, complex engineering objects: bridges, tunnels, oil and gas
pipelines, etc.; real-time monitoring of critical objects.

Digital aerial survey

Digital aerial survey is performed with the use of modern topographic
mapping aerial survey systems of high productivity, geometric accuracy,
spatial resolution and photometric radiometric image quality.

Aerial survey data obtained with the use of full large-format digital
aerial cameras is presented in a set of colour and multispectral images in four
spectral ranges (red, green, blue, near infrared). Imagery in spectral channels
can be used for creation of spectrozonal color-infrared images which possess
high decoding interpretation features ability.

Digital aerial survey is performed with the use of on-board positioning
and orientation systems which allow direct in-flight determination of
imagery horizontalization exterior orientation parameters and thus cutting of
expenses on field aerial ground control points referencing survey and the
timing of work performance.

Apart from field aerial survey performed at the vertical position of a
visual optical axis, oblique aerial survey (tilted visual optical axis) can be
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performed as well, which allows more efficient spotting recognition of
objects and analyzing of their relative spatial position.

Digital aerial survey is efficiently applied for solution of the following
tasks:

creation and updating of topographic and special plans maps; creation
of the mapping base for real estate cadastre; ecology and nature management
(agriculture and forestry); monitoring of various objects; creation of 3D
models of objects and territories; reaction to emergencies; creation of visual
information systems.

Aerial laser scanning

Aerial laser scanning (lidar aerial survey) implies optic-mechanical
scanning of an area by high-frequency pulse laser emission_(for instance, 150
kHz), receiving and registration of a signal (pulse) reflected from the object’s
surface, determination of the distance from the reflection point and
coordinates setting computation of the reflection point laser scanning points.

In order to ensure compute coordinates of laser scanning points (LSP)
the aerial laser scanning system (aerial survey lidar) comprises equipped
with a positioning and orientation system providing on the base of GNSS and
inertial measurements for location position and orientation of a laser
scanning system at the moment of pulse emission. This allows acquiring a
high-density cloud of laser reflection points with set spatial coordinates.

Aerial laser scanning data is used for: topographic terrain survey and
creation of high-accuracy detailed 3D terrain models; lidar survey has
unquestionable advantages in solution of this task as this technology
provides for high-accuracy survey and point density and allows coordinate
setting to get laser reflection scanning points even in forest areas under the
canopy; creation of 3D network models of territories and objects (surface
models); 3D modelling of buildings and constructions, built-up territories;
inspection of electric-technical objects (highvoltage power transmission
lines, electric substations, etc.); inspection of transport infrastructure objects;
bathymetry of inland water-storage bodies reservoirs and the shelf (with use
special kind of laser scanning system); inventory and monitoring of forests;
inventory of the land and asset complex; monitoring of big engineering
objects, for instance, open mines of natural resources.

Laser scanning data processing is performed by a software complex
Terra Scan H and TerraModeler based on MicroStation.
8.5 Mark the following sentences True or False.
1.  Methods and technologies based on GNSS methods are used for many
geodetic works.
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2. GLONASS and GPS were used to create geodetic base network.

3.  Planning, construction and exploitation of building and engineering
constructions are the tasks that satellite geodetic network solve.

4.  Aerial survey data is presented in a set of colour and multispectral
images in six spectral ranges.

5. The use of on-board positioning and orientation systems rise the
expenses on field aerial ground control points referencing survey.

6.  Aerial laser scanning can be used for creation of 3D network models
territories and objects.

8.6 According to the text find words opposite in meaning.

destroy

inaccuracy

out of date

give away

coding

interior

inefficient

absorption

questionable

forbid
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8.7 Match adjectives with suitable nouns.

1.  modern a. applications

2. unencrypted civil b. incentives
3. intentional c. signals

4.  essential d. broadcast

5. spoofing e. element

6.  strong f. businesses

7.  myriad g. advantage

8.  1illegitimate h. attacks

8.8 Fill in the text with the statements from exercise 8.7.

During the past two decades, the Global Positioning System, together
with other

GNSSes, has become an 1 ... of the global information infrastructure,
with 2 ... i almost every facets of 3 ... and lifestyles, including
communication, energy distribution, finance and insurance, and
transportation. Ever-growing dependence on GNSS creates 4 ... to attack
civil GNSS, for either an 5 ... or a terrorism purpose. Unfortunately, security

48



is not a built-in feature of GNSS open service. It has been known that low-
received-power, 6 ... are vulnerable to jamming and 7 ... . Jamming is the 8

. of a high-power —blockingl signal at the GNSS frequency. Hence,
jamming is disruptive but usually detected by the receiver whenever it stops
tracking satellites.

8.9 Complete the text using the words in CAPITALS in the correct
form. So far, a variety of methods have been proposed to 1) HARD civil
GNSS receivers against spoofing attacks. These defensive methods can be 2)
GENERAL categorized into three groups: external 3) ASSIST, signal
statistics, and cryptographic authentication. The first group performs
consistency checks against metrics external to the GNSS 4) SYSTEM, such
as the information from inertial sensors, odometers, cellular networks, and
high-stability clocks. The second group performs statistical tests on features
inherent in GNSS signals, 5) INCLUDE angle of arrival, signal quality,
signal power, and multipath. The third group relies on cryptographic, 6)
PREDICT information carried by GNSS signals. Unlike the first group of
methods, cryptographic methods need no 7) ADDITION hardware. In
comparison to the second group, cryptographic methods enable users to 8)
DIFFERENT authentic signals from counterfeit signals with higher 9)
CONFIDENT, especially in a complex environment where the statistics of
authentic signals can be highly 10) STABLE.
Make a brief report on one of the following topics:
a. A Reference station;
b.  On-board positioning and orientation systems;
Lidar survey
UNIT 9

CREATION OF GEODETIC SATELLITE NETWORK (part 2)
9.1 Practise reading the following words.
a) [i:] — heat, even, feature, freeze, beam lead

[du] — remote, location, process, zone, locator, over

[av] — allow, without, amount, however, boundary, down

[ A ] — result, fluctuation, destruct, construction, pulse, underground
¢) analysis [o'n@losis], anthropogenic [ anOropo 'dzenik], characteristic
[ kerokto'ristik], hydrology [har'drolodsi], instrument ['mstromont],
localization [ louk(o)lar'zeif(o)n], micrometer [mar'kromito], thermal
['03:m(9)]], thermogram
[ @a:mogram].
9.2 Cross out the word with a different sound.
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i | visible forest freeze detect window

ar |type device slide very apply

0 |with their though without thermal
h | heat hour high humidity
hydrographic
19 |creation area engineer aerial theory
ACTIVE VOCABULARY
Word Pronunciation Translation

acquisition, 7.

[ @ekwr'zif(o)n]

npuaOaHHS

anthropogenic, |[ a&n0Ora(u)po(u)'dzenik]| anTponoreHHUM, BUKIMKAaHUN

adj. TISUIBHICTIO JIFOIUHHU

ballast, . ['beaelost] Oanact

bed, n. [bed] IJ1aCT, 1ap

boundary, n. ['baund(o)r1] KOpJIOH, Mexa; syn. border,
frontier

cavity, n. ['keevati] MOPOKHUHA, 3alauHa

contour, 7. ['kontus] OO6puc(ouepranue), KOHTYD,
dbopma

detect, v. [dr'tekt] BIIKpUBATH, BUSBJIATH
po3kpuaty; syn. find

display, n. [dis'pler] MoKa3, JEMOHCTpallisl, JUCIUICH,
300paKeHHSs

distinctive, adj. | [di'stinktiv] BIIMITHUM, XapakTEpHUU; Sym.
distinguishing

distortion, #. [dr'sto:f(o)n] CIIOTBOPEHHS, BUKPUBJICHHS

flooring, n. ['flo:rig] HACTWUJI, mijjiora

infiltration, . [ mfil'trerf(o)n] MPOCOYYBAHHA, MPOHUKHCHHS

infringement, n. | [In'frindgmant] NOPYLICHHS

layer, n. ['lera] miap, Mjaact, piB€Hb

moisturize, v. ['moistf(o)raiz] MOYMTH, 3MOYyBaTH,
3BOJIOKYBATH
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pillar, n. ['p1lo] CTOBII, KOJIOHa, OIMoOpa, CTiiKa;
syn.
pole, column, post

reduction, n. [rT'dak[(9)n] 3HIDKCHHS, CKOpPOYEHHSI,
3MCHIIICHHS

reveal, v. [r1'vi:l] B1IKpUBATH, BUSBJIATH,
MIOKa3yBaTH

soil, n. [so1l] TPYHT, 3€MJIs, [PYHT

volumetric, adj. | [ volju'metrik] 00'eMHUM
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9.3 Read the text and answer the following questions.

What is thermal aerial survey?

What devices are used to detect thermal emission?

What is a peculiarity of the thermal observation device?

What areas is thermal aerial survey used?

What does georadiolocation imply?

What geophysical instruments are used to get large amounts of data during a
short period of time?

Where is georadar survey used?

What does exploitation of a shelf zone require?

What method analyses pulses reflected from boundaries of spheres with
different electrophysical characteristics?

How is georadiolocation survey performed?

CREATION OF GEODETIC SATELLITE NETWORK (part 2)

Thermal aerial survey

Thermal aerial survey i1s registration of electromagnetic objects’
emission in thermal infrared spectrum range and its reflection in an image
and representation of its result like an image.

Thermal emission, whose intensity depends on temperature, can be
detected by thermal detectors and transformed into a visible image showing
differences in objects’ temperature. Thermal survey can be performed both
in day and at night time.

At thermal-range Earth remote sensing transmission windows are used
with a 3-5, 8-

14 micrometer wave length. This range shows own emission of earth
surface objects.
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Thermal vision observation is a type of thermal control for which a
thermal observation device is used as measuring equipment. The thermal
observation device allows —seeing the heatl and detecting a thermal image
on the display. The main distinctive feature of this method is that the thermal
observation device allows seeing what cannot be seen with an unaided eye.
Man’s eye cannot detect objects’ temperature, but the thermal observation
device is capable of showing its display a

+/-1 °C accuracy thermogram of an object.

Thermal survey application areas are engineering applications, ecology,
forest resources management, agriculture, engineering geology and
hydrology.

Georadar sensing

Georadar sensing is performed with the use of georadars operating at
depths up to 5 m and a 20 cm resolution and providing for detection of
density fluctuations of the surveyed surface at creation of georadiolocation
profile, thus enabling this method to reveal underground communications
including those without a temperature contrast.

Georadiolocation or georadar survey is a modern non-destructing
method of soil and construction base inspection which implies analysis of
pulses reflected from boundaries of spheres with different electrophysical
characteristics.

Modern georadars are a powerful geophysical instrument whose
application provides for acquisition of large amounts of detailed data during
a relatively short time period. Application of a georadar for survey allows
creation of a high-reliability volumetric picture during analysis of different
spheres at varied depths.

Georadar survey is used for inspection of: soil, which allows detecting
the composition and width of layers, presence of frozen or over-moisturized
areas, land slide processes and tectonic distortions, cavities, deconsolidation
areas, underground communications, boundaries of soil and anthropogenic
waters, etc.; automobile roads, which allows assessing the width of road
surface construction layers, types, humidity and density of soil and under-
surface base; location of soil water levels, location of a sliding curve at land
slide areas, spatial contour of geologic horizon base under a back of ballast
bed, locations of deconsolidated soil, cavities and infiltration of underground
waters; bases and industrial floorings; constructions of buildings (beams,
floors, pillars, etc.), which allows detection of inner cracks, uneven
settlement, presence of iron reinforcement and its deformation, infringement
of construction regulations and project requirements, assess the density and
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toughness of materials; ice situation, which allows performing control of the
width and condition of ice both during freeze-up and flood water periods.

In automobile roads planning the economic effect of application of 3D
models acquired with the use of georadars is reached due to reduction of
drilling operations with a several-times’ enhancement of reliability of the
engineering-geologic data, choosing of efficient reconstruction and overhaul
types differentiated by automobile road areas.

Exploitation of a shelf zone requires acquisition of data on sea bottom
condition, underwater and on-surface constructions. A modern method of sea
bottom, underwater and on-surface construction inspection implies analysis
of pulses reflected from boundaries of spheres with different electrophysical
characteristics.

The georadiolocation method allows observation of ice for assessment
of its width, monitoring in the areas of automobile ice passages, winter trails,
detection and localization of uneven areas inside ice massives.

Georadiolocation survey can be performed by contact - shifting a
georadar antenna on the ice surface, and non-contact - placing a georadar on
board an aerial survey aircraft with the use of a side-looking locator.

9.4 Mark the following sentences True or False.

. Thermal survey can be performed only in day time.
. Thermal observation device is used to detect a thermal image on the display.
. Georadar sensing reveals underground communication including those with a

temperature contrast.

It is possible to get a high-reliability volumetric picture with a help of

georadars.

. Using georadar survey one can detect the inner cracks of the building,

composition and width of soil layers.

. The economic effect of application of 3D models 1s reached due to

increasing of drilling operations.

. The georadiolocation method allows detection and localization of even areas

inside ice massives.

9.5 According to the text find words similar in meaning.
evident

to discover

to convert

a machine

to work

to supply
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7. an instability
8. to contain
9. a border
10. a distortion
9.6 Match words with their definitions.
application data survey transmission radar equipment layer

emission

L......... - examine and record the area and features of (an area of land) so
as to construct a map, plan, or description;

2 - a programme or signal that is broadcast or sent out;

3, - the production and discharge of something, especially gas or
radiation;

7 S - the necessary items for a particular purpose;

Seviiiiii, - the action of putting something into operation;

6..cuvn.. .. - a system for detecting the presence, direction, distance, and speed

of aircraft, ships, and other objects, by sending out pulses of radio waves
which are reflected off the object back to the source;

T - a sheet, quantity, or thickness of material, typically one of
several, covering a surface or body;
8. - facts and statistics collected together for reference or analysis.

9.7 Match sentence halves.
1.GPR (ground penetrating radar) cana. to locate buried objects.
search for objects

2. GPR can be detected both metalb. GPR is used to define landfills,
and non-metallic objects, contaminant plumes.

3. GPR uses the principle of/c. through the thickness of the ice
scattering of electromagnetic waves jand water, sand, earth and stone.

4. The fundamental principle ofld. and buried evidence.
operation is the same as that used to
detect aircraft overhead,

5. The depth range of GPR is limitede. as well as empty under a layer of

by
the electrical conductivity of the Earth, @ masonry  walls, and
ground, foundations.
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6.0ptimal depth  penetration isf. can achieve several hundred
achieved in ice where the depth ofmetres.

enetration
7.In environmental remediation, g, but with GPR that antennas are
moved over the surface rather than
rotating about a fixed point.

8. GPR is used in law enforcementh. the transmitted center frequency
for locating clandestine graves and the radiated power.

9.8 Ask all possible questions to the sentences from exercise 9.7.
9.9 Reorder the words to make a sentence.

1. into GPR been the near developed a sophisticated detailed that can provide
technique images of has surface.

2.the research on for has GPR been environmental conducted and of
engineering Most applications.

3. depths GPR few provides a pseudo-image three that can that converted easily
be to are to accurate down dimensional a centimeters.

4. GPR responds to both metallic and non-metallic objects.

5.1s an tool in homogenity for mapping any in the that subsurface is excellent
GPR characterized by a density nearly small porosity difference in or.

6. Thermal monochrome is data in to full retain resolution recorded.

7. Conversion purposes analysis to useful for presentation is colour specific
and.
9.10 Make a brief report on the following topic:
a. Ground penetrating radar (GPR)

UNIT 10
CREATION OF GEODETIC SATELLITE NETWORK (part 3)
10.1 Practise reading the following words.
a) [e] — analysis, plan, overlap, cavity, crack, fact
[ 3:] — research, survey, purpose, determine, surface, work
[ [ ] — special, shall, portion, issue, emission, location
[ 0 ] — both, method, depth, width, earth, length
b) characteristic [ kerokta'ristik], consequently ['konsikwantli], hydrography
[har'drogrofi], hydrologic [haidra'lod3ik], hydrosphere ['haidrousfia],
percentage  [po'sentids], oceanographic [ oufono grafik],  visualize
['vizuolaiz].

55



AN DN A~ W N

10.2 Translate words of the same root into Ukrainian.
To change — changing — changed — changer — changeover
To create — creative — creation — creature — creativity — creator

To represent — representative — representation — represented — representing —

representational — representable
10.3 Fill in the sentences with words from exercise 10.2

. All organisations need to adapt to ... circumstances.

. Minority groups need more effective parliamentary ... .

. This job is so boring. I wish I could do something more ... .

. The pollsters asked a ... sample of New York residents for their opinions.
. The question is, will the president ... his tune on taxes?

. The software makes it easy to ... colourful graphs.

ACTIVE VOCABULARY

Word

Pronunciation

Translation

anchor, 7.

['®nko]

CTaBUTH HA SIKIP

assessment, 7.

[9'sesmont]

OILIIHKa, BU3HAYCHHS

attribution, n. | [ etrr'bju.f(o)n] BU3HAUCHHS

bottom, 7. ['botom] JTHO

capture, n. ['keept9] 300py

carrier, n. ['keerio] HOCI, TpuUMad, KPOHIITEHH, IO
niaTpuMye ab0 Hece MPUCTOCYBAHHS

duly, adv. ['dju:ln] HaJICKHUM YUHOM, TIPABUIIBHO

entail, v. [n'terl] TATTU 3a CO0010, BUKJIUKATH( 1110-J1.)

implementation,| [ 1mplimen'te1f(o)n]| BukoHaHHs, 31MCHEHHS, peani3allis;

n. syn.
realization, accomplishment

monitor, . ['monita] HACTaBJISATH, PEKOMEHTyBaTH,
panTH, BIJICTEKYBATH,
KOHTPOJIIOBATH; Syn. observe,
supervise

mounted, adj. | ['mauntid] 3MOHTOBAaHUM, BCTaHOBJICHWUH; Syn.
established, fixed

overlap, n. ['suvalap] YaCTKOBE HAaKJIAJEHHS, MEPEKPUTTS,
CyMIIIICHHS

specify, v. ['spesifai] TOYHO BU3HAYATH, BCTAHOBJIFOBATH
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submersible, [sob'm3:sabl] 3aTHUN 3aHYPIOBATUCS Y BOY,
adj. 3IaTHUM MPAIFOBATH 1111 BOJIOIO
substantiation, | [sob stenfi'e1lf(o)n] | nokas; syn. proof, evidence
n.
vessel, n. ['ves(a)l] Kopalenb, CyaHO
viable, adj. ['vaiobl] KUTTE3TATHUM

10.4 Read the text and answer the following questions.
1. What is hydrographic research?
2. How 1s hydrographic work considered regarding topographic and geodetic

works?
3. What devices are used for hydrographic operations?
4. How is the hydrographic survey performed?
5. What 1s the purpose of the hydrographic survey and how to achieve it?
6. What are the main elements of the modern hydrographic survey?
7. What is a digital orthophoto?
8. What files are necessary to create a digital orthophoto?
9. What are digital orthophotos used for?

CREATION OF GEODETIC SATELLITE NETWORK (part 3)

Hydrographic research

Hydrographic research is a survey process of separate hydrosphere
areas which includes scientific design, performance of hydrographic works,
processing and analysis of their results. The contents of a hydrographic
survey are determined by the composition and amount of the data the
Orderer Customer requires.

Similar to assessment of altitude determination of large numbers of
points in an area during topographic earth terrain survey, in hydrography for
survey of underwater terrain depths are measured in all surveyed area. In
fact, hydrographic works are a continuation of topographic and geodetic
works in the areas of the World Ocean and inland waters.

But qualities of every geographic sphere and specific purposes lead to
important features both in operational methods and applied means. What are
these features? First of all, the necessity of special carriers for measuring
equipment. When in shore survey geodetic and topographic devices can be
placed directly in any point of the surveyed area, for performance of
underwater terrain survey as well as other types of hydrographic operations
special platforms shall be used and duly equipped to be kept on water surface
or under water. Surface vessels and deep-sea submersibles are used as such
platforms. Only at complete freezing of a water zone survey can be
performed directly from the ice surface.
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Further, the platform with the mounted equipment will move in order to
perform survey of all water zone of the surveyed area. Consequently, its
position is changing non-stop. Even if the vessel is anchored, its shift must
be taken into consideration. It is evident that for attribution of measurement
results to any fixed point the measurements will be performed very fast. The
said circumstance entails the following important feature of hydrographic
works: they will be accompanied with frequent and precise coordinate setting
of a point in which the measurements were carried out. Ideally, it should be
determined non-stop so that measurements at any moment would be linked
with the real place.

The purpose of the survey is not only to reliably determine mutual
location of different objects at sea, but also to specify the precise location of
surveyed objects on the Earth surface. To achieve this, their planned fixing
shall be made to a uniform coordinate system of the earth ellipsoid. In on-
surface survey planned fixing is made with the use of geodetic networks. At
sea there are no such networks, which lead to significant features of plan
substantiation of hydrographic works.

The modern hydrographic survey complex includes survey of the
following main elements: underwater terrain; sea shores; sea bottom soil;
geophysical fields; oceanographic and hydrologic characteristics.

Measurements and observations carried out in water zones and in the
process of hydrographic survey are called hydrographic works.

TrueOrtho

A digital orthophoto is simply a photographic map that can be used to
measure true distances. It is an accurate representation of the earth's surface.
To create a digital orthophoto, several key input files are necessary: aerial
photos with a highpercentage overlap, scanned imagery, aerotriangulation
(A.T.) results, and a digital elevation model (DEM). Scanned imagery can be
obtained from scanning aerial photo diapositives or negatives on an image-
quality scanner. The A.T. results include a camera calibration report and the
ground control. At a minimum, the DEM can be a regularly spaced grid of
masspoints, each containing an x, y, and z value. A more robust digital
terrain model (DTM) can also be used because it includes strategically
placed masspoints, dense breaklines, and ridgelines.

Digital orthophotography is a resource being utilized by a significant
portion of GIS users. It has become a popular base layer in modern GIS.
With the price of disk space dropping and the speed of computers increasing,
digital orthophotos are a viable option for building a fully developed GIS.
Digital orthophotos can be used for technically specific needs such as
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planimetric or cadastral mapping; utility data capture and quality control; and
accurate project analysis and design implementations.

Digital orthophotos can also be used to explain projects and issues to
the general public because real-world pictures are easier for the untrained
eye to understand. They contain landmarks and recognizable places. For
example, digital imagery can help an audience visualize the new light rail
corridor by showing existing conditions. Proposed changes can be overlaid
as vector information. The world is constantly changing, and digital
orthophotography can help monitor change.

10.5 Mark the following sentences True or False.

. Composition and amount of the data is the basis of hydrographic survey.
. Geodetic and topographic devices should be placed in special point of the

surveyed area.

. Geodetic networks are used for underwater survey.
. Hydrographic works are measurements and observations carried out in water

Zones.

. Aerial photo diapositives or negatives are necessary to obtain a scanned

imagery.

. The DEM includes a camera calibration report and the ground control.
. Digital orthophotography is an option for building a fully developed GIS.

10.6 According to the text find words similar in meaning.

. gist

. region

. particular
. coast

. ship

. connect

. site

. constant

10.7 According to the text find words opposite in meaning.

.exclude

. foreign

. strip

. shallow

. individual
. trivial

. false

.die
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10.8 Match two halves of the statements and translate them into
UKkrainian.

the assignment of a. methods
standardization of b. photograph
ground c. X & Y coordinate values
optical d. improvements
came into e. features
the radiometric or f. displacement
removing the relief g. use
vertical aerial h. software algorithms
sophisticated computer 1. tonal adjustments

. technological J. scale

10.9 Fill in the sentences with the statements from exercise 10.8.
Orthophotography first ... in the 1960's.

By the early 1970's, ... brought this data source into affordable commercial
applications and its use has continued to expand.

The first orthophotography was produced by computer driven ... and
equipment.

Today, these pieces of equipment have been replaced by the computer
workstation and ... .

The orthophoto is able to display actual ... , not cartographic representations
of those features.

Regardless of the method of construction, four basic operations or
corrections must be applied to the standard ... to produce the orthophoto.
The first correction is the ... across the image.

The second correction involves ... to position the terrain in its true location.
The third operation entails ... to the image.

. The final task involves ... to allow the image to blend with neighboring

images.
10.10 Make a brief report on the following topic:
a. Geodetic satellite network
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JEKCUKO-TPAMATUYHUU TECT
([t BU3HAaYEHHS pI1BHS aHIUIIMCHKOI MOBH piBeHb A1-B2)
1 She’s ... university teacher.
Aa B an C the D one
2 I'like ... small animals.
A theB —(= nothing)C everyD all
3 Is this coat ... ?
A yoursB yourC the yours
4 Is Diana ... ?
A a friend of yoursB a your friendC your friend
5 Who are ... people over there?
A thatB theC theseD those
6 ... 1s your phone number?
A WhichB WhatC How
7 Could I have ... drink?
A otherB an otherC another
8 There aren’t ... for everybody.
A chairs enoughB enough chairsC enough of chairs
9 They’re ... young to get married.
A too muchB tooC very too
10 Most ... like travelling.
A of peopleB of the peopleC people
11 Ann and Peter phone ... every day.
A themB themselfC themselvesD each other
12 1t’s ... weather.
A terribleB a terribleC the terrible
13 The plural of car is cars. Which of these are correct plurals?
A journeysB ladysC minutsD sandwichsE babies
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14 Which of these 1s/are correct?
A happierB more happierC unhappierD beautifuller
15 This is ... winter for 20 years.
A the more badB worseC the worseD worstE the worst

16 She’s much taller ... me.

A thanB asC that
17 He lives in the same street ... me.

A thatB likeC asD than
18 Her eyes ... a very light blue.

A areB haveC has
19 ... help me?

A Can you toB Do you canC Can you
20 You ... worry about it.

A not mustB don’t mustC must notD mustn’t
21 It ... again. It ... all the time here in the winter.
A ‘s raining, ‘s rainingB rains, rains

C rains, ‘s rainingD ‘s raining, rains
221...she... you.

A think, likesB am thinking, is likingC think, is liking
D am thinking, likes
23 Who ... the window?

A openB openedC did opened
24 Why ... ?

A those men are laughingB are laughing those men

C are those men laughing
25 What ... ?

A does she wantB does she wantsC she wants
26 I didn’t ... he was at home.

A to thinkB thinkC thinkingD thought
27 ... ahole in my sock.
A There’sB There 1sC It’sD It isE Is
28 I'll see you ... Tuesday afternoon.
A atB onC in
29 What time did you arrive ... the station?
A atB toC —
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30 We’re going ... the opera tomorrow night.
A atB—C inD to

311 went out without ... money.
A some B any
32 He’s got ... money.
A much B many C a lot of D lots of
33 ‘Who’s there’ ‘... .
A It’s me BltisI C Me DI
34 Although he felt very ..., he smiled ... .
A angrily, friendly B angry, friendly C angry, in a friendly way
351... to America.
A have often beenB often have beenC have been often
36 My mother ... my birthday.
A always forgetsB always is forgettingC forgets always
37 You look ... a teacher.
A likeB asC the same like
38 How many brothers and sisters ... ?
A have you gotB do you haveC are you having
39 Good. I ... work tomorrow.
A mustn’tB don’thave toC haven’t got to
401 ... smoke.
A — (= nothing)B use toC used to
41 Andrew ... to see us this evening.
A will comeB comesC is coming
42 Alice ... have a baby.
A willB shallC is going to
43 I knew that he ... waiting for somebody.
A 1sB wasC would
44 ... Gloria last week?
A Have you seenB Did you seeC Were you seeing
45 She’s an old friend —1 ... her ... years.
A 've known, forB know, forC ‘ve known, sinceD know, since
46 We met when we ... in France.
A studiedB were studyingC had studied
47 As soon as she came in I knew I ... her before.
A have seenB sawC had seen
48 This picture ... by a friend of my mother’s.
A 1s paintingB is paintedC was paintingD was painted
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49Can you ... ?
A make me some tea B make some tea for me  C make for me some
tea
50 Try ... be late.
A not to B to not
51 I'went to London ... clothes.
A for buy B for to buyC for buying D to buy
52 You can’t live very long without ... .
A to eatB eatC eatingD you eat
53 Ienjoy ..., but I wouldn’t like ... it all my life.
A to teach, to do B teaching, doing C to teach, doing D teaching, to
do
54 Her parent’s don’t want ... married.
A her to getB her getC that she getD that she gets
55 I’'m not sure what ...
A do they want?B do they want.C they want.
56 The policeman ... me not to park there.
A askedB saidC toldD advised
571... youifyou ... that again.
A hit, sayB ‘Il hit, ‘1l sayC hit, ‘1l sayD ’ll hit, say
58 It would be nice if we ... a bit more room.
A would haveB hadC have
59 1If ... me, I ... in real trouble last year.
A didn’t help, would have been

B hadn’t helped, would have been
C hadn’t helped, would be
D didn’t help, would be

60 There’s she man ... took your coat.
A whichB whoC thatD —
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HaBuanbHe BUgaHHA

AHTJIIMCBKA MOBA

MertoauuHi peKkoMeHaaIli

VYknagaui: MapkoBcbka AHTOHIHA B’sueciiaBiBHa
Canamarina Omnbra OnekcanapiBHa
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