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BBEJIEHUE

Janubiii npaktukym paccuutan Ha 80 — 100 wacoB ayauTop-
HOM paOOThl U MPUMEPHO TAKOE K€ KOJUYECTBO HAaCOB CaMOCTOSI-
TeIbHOU paboThl CTyAeHTOB. [IpakTukym BKiItOUaeT aBe yacTu. Ilep-
Bas 4acTh, COCTOSIIIas M3 BOCbMH pAa3/EiOB, MpEIHA3HAYCHA IS
CTYJIEHTOB, 00yYaroluxcs 1no cnennanabHocTu «IIpudbopoctpoeHuey,
BTOpasl 4acTb — U3 IATH Pa3JIeJoB — JJISI CTYAEHTOB CIEIUAIbHOCTH
«OnexkTpocHabxkeHuey. OAHaKo JaHHOE Pa3AelIeHHe U Crenuain3a-
1M BO MHOTOM SIBJISIFOTCSL BeCbMa YCIOBHbIMU. [IpakTukyM moctpo-
€H TakuM 00pa3oM, YTO MHOTHE TEKCTbl U PA3ZENIbl MOKHO UCIOJIb-
30BaTh KaK JUIs CTYJAEHTOB OJHOM, TaK U JPYroM CIELUAIbHOCTEMU.
Hanpumep, TekcTbl 0 HAHOTEXHOJIOTMU U pa3/elibl, CBSI3aHHBIE C
KOPPECIOHACHIIMEN U YCTPOMCTBOM Ha paboTy, B MEPBOM 4HaCTH U
TPETHUI pa3zell, MOCBSIIEHHbIA N3BECTHBIM YUEHBIM, a TAKKE TEKCThI
00 3nekTporpudopax B YETBEPTOM paszjiesie BTOPOM YacTH MOXKHO
UCIOJIb30BaTh KaK JJisl CTyAEHTOB crnennanbHocTu «lIpubdopoctpoe-
HUE», TaK U I CTYAEHTOB CHELUUATbHOCTH «DJIEKTPOCHAOKEHUEY.
To xe camMoe OTHOCUTCSI K YNPa)XHEHUSM 1O CIIOBOOOPA30BaHUIO U
pedepupoBaHHIO TEKCTOB.

Bce TeKCThl ayTEeHTUYHBI U POUCXOAST U3 OPUTMHAIIBHBIX HC-
TOYHMKOB, TJIABHBIM 00pa3oM u3 sHLMKIoNenuu «bpuranukay, «Bu-
KUIEAUN» U HHOCTPAHHBIX TEXHUUYECKUX KXYypHAIOB. TEKCThI J1aHbI
0e3 ajanraiuy, JIMIIb B HEKOTOPBIX CIIy4asiX aBTOPbI MO3BOJIUIIN Ce-
0e cokpallleHHe TeKCTOB M3-3a HeOOIbIIOro opMara JaHHOTO M3/a-

HHA.



[loutn Bce TEKCTHI MEPBOM YACTH, OTIMYAIOIIMECS OOJbIIEH
CJIIO’)KHOCTBIO, CHA0XEHBI NEPEBOJOM, YTO JAET BO3MOXKHOCTH MPH-
BUTh HABBIKM MEPEBOJIA CTYJACHTAM Kak NEpPBOM, TaK U BTOPOH crie-
[UAIBHOCTEH. DTOT MPUHIUI TAaKXKe AaeT Oojee riry0oKoe MOHMMa-
HUE TEKCTOB W TO3BOJISICT JIYUIE OPTaHU30BaTh U3yYCHHE Mpodec-
CHOHAJIbLHOM JICKCUKHU.

TeKCThl MBICHATCS HE TOJIBKO Kak OCHOBa ISl II€pecKaza M
Pa3BUTHUS MOHOJIOTUUECKOW peuM, OHU TAKXKE MPEHA3HAYCHBI B Ka-
yecTBe 0a3bl JJIsl pa3BUTHUSL JUATOTHMUYECKON peYd U yMEHHUSI BECTU
npodeccroHanbHyto 6eceny. C 3TOH e MENIbI0 B IPAKTUKYME JIaHbI
00pa3Ipl IMAJIOTOB, a TAKXKE YIPAKHEHUSI IO UX COCTABIICHHUIO.

ABTOpBI HAJICIOTCS, YTO paboTa C JaHHBIM MOCOOWEM OyIeT
VHTEPECHOM, TOJIE3HOU M HECJIO0KHOU KakK IS MPENOJaBaTeyeH, TaK

" 1J1s1 CTYACHTOB.



PART ONE

INSTRUMENTATION




UNIT 1

INSTRUMENTATION

1. Study the words and find the sentences with these words in the text,
translate them

1. instrumentation — NPUMEHEHHUE, UCTIOJIb30BaHUE
pudOpPOB;
—  KOHTPOJIbHO-U3MEPUTEIbHbBIE
npudopHI;
— npudOpOCTpOEHUE
instrument-making
— npudOpPOCTpOEHUE
instrument-engineering

2. precise measuring TOYHOE U3MEPUTEITHHOE
equipment o0opyaoBaHue
3. sensory organs OpraHbl 4yBCTB
4. sensitive —  BOCHPUUMYHUBBIN
5. responsive — YYBCTBUTEJIBHBIN
6. torely on — ONUPAThCH, MOJATaThCs, IOBEPSAThH
7.  monitoring — (TeKyIIuit) KOHTPOJIb, HAOJIOICHUE
8.  the armillary sphere — apMuWuUIApHas cdepa
9. skeletal celestial globe — Kapkac HebecHOU chepsl
10. astrolabe ['xstrgleib] — actponsous
11. solar —  COJIHEYHBIN
12.  lunar — JIyHHBIU
13. altitude ['xItitjHd] —  BBICOTA, YIroJI BO3BBIIICHUS (CBETHIIA)
14.  compass [ kAmpqgs] — KOMITac, MUPKYIb
15. to make reference to — CCBUIAThCSI HAa KOTro-JIM0O0, 4To-1100;
YIOMHHATh O KOM-JI100, 4eM-TTH00
16. Lippershey — Jlunnepcrei



17.
18.

19.
20.
21.
22.

23.
24.
25.
26.
217.
28.
29.

30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.

Galileo

to involve

the thermostatic furnace
rod
lever ['li:va]

a centrifugal governor

to maintain

at a predetermined rate
dimensional measurements
electrical measurements
linear precision
incandescent substances
to meet (met) standards
(requirements)
wavelength

to emit

physical properties
current

voltage

resistance

advent ['eedvent]

space exploration
to spur
transducer
photocell

thermocouple

[amuen

BKJIKOYATh, COAECPIKATH;
oApa3zyMeBaTh, IPeANoJaraTb

TEPMOCTATHUYECKAS I1€Yb
CTEp>KEHb, LITaHTa, MPYT, IITOK, TAra
pblyar, pyKosiTka, Bara

HEHTPOOCKHBIN PETYIIATOP
(CKOpoCTH)
MOJIJIEP)KUBATh, COXPAHSITh

Ha 33JJaHHOM yYpOBHE
JIMHENHBIE U YTIJIOBBIE U3MEPECHUS
AJIEKTPUYECKUE U3MEPECHUS
JIMHEWHAsA TOYHOCTh

pacCKaJIEHHbBIE BEILIECTBA
COOTBETCTBOBaTh, OTBEYATh, YIOBIIEC-
TBOPATH CTaHAApTaM (TpeOOBAHUSIM)
JUTMHA BOJIHBI

HCIYCKATh

(dbu3nYecKre CBONCTBA

TOK

HANpSKEHUE

COIPOTHUBIICHUE

NpUOBITHE,  TPUXO]I,
(31ech) HAYaJIo0
KOCMHUYECKOE UCCIIEIOBAHIE

ITOSIBJICHHE,

oOyK1aTh, TOJIKAaTh, CIIOCOOCTBOBATh
npeobpa3oBarTesb, JaTIUK
(dhoTod5IeMEHT

TepMoIapa



42. asample — o0pa3uuk, obpasel, mpoba, mopius,

BBIOOpKA
a sample of the energy — HEKOTOPOE€ KOJUYECTBO SHEPTUU
a sample of a substance — mnpoba KaKkoro-audo BEIIeCTBa
43.  capacity — (pyHKUMOHAJIbHBIE)  BO3MOXHOCTH,
MOIITHOCTh
44. information processing — 00paboTka u XxpaHeHue nHpopmauu
and storage
45. feedback system — cucTeMa 00paTHOH CBS3H

2. Find the English equivalents of the following both in the vocabulary
and in the text
Tounoe m3mepurensHOe 000pyI0BaHKE; 00pabOTKa M XpaHeHHe MHGPOPMAIINH;

MOSIBJICHUE KOMITBIOTEPU3AIlMU; COOTBETCTBOBATh CTaHIAPTaM; HEKOTOpOE KO-
JMYECTBO SHEPTUH; TUHEHHBIC U YTIOBBIC U3MEPEHUS; CChUIATHCA HA YTO-THOO0;
TOYHOE U3MEPUTENIbHOE 000PYI0BAHNE; KapKac HEOECHOU Chepbl; KOCMUYECKOE
WCCIIEJIOBaHNE; OpraHbl YyBCTB YEJIOBEKAa; Ha 3aJlaHHOM YPOBHE; yTOJ BO3BbI-
menust Conuna uiu JIlyHsl; Beaaroleecs JOCTHKEHNE B IPUOOPOCTPOCHUH; KaK
U3MepuUTeNbHbIe (YHKINU, TaK ¥ (QYHKIUH YTPaBJIEHUS; MPOU3BOACTBEHHBIC
IPOLIECCHI; LEHTPOOEKHBIN PEerynarop; TepMOCTaTHUECKas Meub; Mpeodpaszo-
BaTh OJIHY (OPMY BHEPruu B JPYryr0; ObICTPHIMU TEMIIAaMU; MPOMBIIIICHHOE

IMPUMCHCHHC JJICKTPHUYICCTBA, CUCTCMbI O6paTHOﬁ CBsA3H; BBCIACHHUC, BHCAPCHHC.

3. Word-building

l.-tion V+ tion = N, relate + tion = relation. Give the verbs from which the
words below were formed and your own examples of the words thus formed
instrumentation, navigation, functions, application, composition, introduction,
computerization, exploration, information, operation.

2. -ment V + ment = N (result or means of an action), govern + ment = govern-
ment. Give the verbs from which the words below were formed, give your
own examples of the words thus formed.

equipment, development, measurement, judgment, movement .

8



4. Read the text and study its translation, think the title of its first part
INSTRUMENTATION

Instrumentation, in technology, is the
development and the use of precise
measuring equipment. Although the
sensory organs of the human body can
be extremely sensitive and responsive,
modern science and technology rely on
the development of much more precise
measuring and analytical tools for
studying, monitoring, or controlling all
kinds of phenomena. Some of the ear-
liest instruments of measurement were
used in astronomy and navigation. The
armillary sphere, the oldest known as-
tronomical instrument, consisted es-
sentially of a skeletal celestial globe
whose rings represent the great circles
of the heavens. The armillary sphere
was known in ancient China, the an-
cient Greeks were also familiar with it
and modified it to produce the astro-
labe, which could tell the time or
length of day or night as well as meas-
ure solar and lunar altitudes. The com-
pass, the earliest instrument for di-
rection finding that did not make refer-

ence to the stars, was a striking ad-

I

[IpubopocTpoeHue B TEXHOJOTHH —
TO pa3pabOTKa W HCIOJIh30BAHUE
TOYHOTO M3MEPUTEILHOTO 000pyI0Ba-
HUsA. XOTS OpPraHbl YyBCTB YEIOBEKA
MOTYT OBITh OY€Hb BOCHPUMMYKBBHIMU
U YyBCTBUTEIHHBIMHU, TIPH H3yUCHUH,
HAOJIOJICHUN W YMPaBICHUH BCEMHU
BUJAMH SIBJICHHI COBpPEMEHHAs Hayka
Y TEXHHUKa I0JararoTcs Ha pa3padoTKy
0oJiee TOYHBIX MU3MEPHUTEIBHBIX M aHa-
JUTUYECKUX WHCTPYMEHTOB. Hekoro-
pble U3 CaMbIX PAHHUX H3MEPUTEIh-
HBIX NpHOOPOB KCIIOJIB30BAIKCH B ac-
TPOHOMUU W HaBUTAIMH. APMUILIAP-
Hasg cdepa, JPEBHEUIIHMI H3BECTHBIN
ACTPOHOMHUYECKUH TIPHOOpP, COCTOSLI
TJIaBHBIM 00pa3oM W3 Kapkaca Hebec-
HOW cdephl, KOJbIla KOTOPOTO MpE-
CTaBsUTM HeOecHbIEe cdepbl. ApMui-
nsipHas cdepa Oblia U3BECTHA B JAPEB-
HeM Kurae, n1peBHHE TPEKU TaKkxke Obl-
JU 3HAKOMBI ¢ HEW W BUIAOU3MEHUIIH
e€, co3/maB acTpoIsIONI0, KOTOpas II0-
Ka3plBaJIa BPEMS WIIH TIPOJOJIKUTEIb-
HOCTh JIHS WJIM HOYHM, a TaKXKe YyToJ

Bo3BbllieHUsT ConHua wunu  JlyHsI.



vance in instrumentation made about
the 11th century. The telescope, the
primary astronomical instrument, was
invented about 1608 by the Dutch op-
tician Hans Lippershey and first used

extensively by Galileo.

Chinese armillary sphere

involves both mea-
An

early instrumental control system was

Instrumentation

surement and control functions.

the thermostatic furnace developed by
the Dutch inventor Cornelius Drebbel
(1572 — 1634), in which a thermometer
controlled the temperature of a furnace
by a system of rods and levels. Devices
to measure and regulate steam pressure
inside a boiler appeared at about the
same time. In [788 the Scotsman James
Watt invented a centrifugal governor to
maintain the speed of a steam engine at

a predetermined rate. Instrumentation

10

Kommac, npeBueiimuii npubop, ykasbl-

BAaIOUIMM  HampaBjieHue OE30THOCHU-
TEIIbHO 3BE3]I, OBLI BRIAAIOIIAMCS IOC-
THKEHUEM B TPUOOPOCTPOCHUH, CO-
BEPIICHHBIM TPHUOIU3UTENHHO B 11-M
Beke. Teneckomn, TIaBHbIA aCTPOHOMH-
yeckuii mpubop, ObLT M300peTEH MpH-
MepHo B 1608 r. I'ancom Jlunmepcre-
€M, U BIEpPBbIC MIUPOKO UCIOJIb30BAII-
ca lamuneem. Hcnonb3oBanue usMme-
PUTENBbHBIX TPUOOPOB BKIIIOYAET B Ce-
0s1 KaK W3MepUTeSbHbIE (DYHKIMH, TaK
u (yskuuu ynpasneHus. OmgHOU w3
MIEPBBIX CHCTEM YTMPABICHUS C MOMO-
b0 TPUOOpPOB ObLTa pa3paboTaHHAS
rojutaHickuM uzoOpetatenem Kopae-
muycoM Jlpe66mom (1572 — 1634 1r.)
TepMOCTaTUYECKasl TIe4b, B KOTOPOM
TEPMOMETP PETYJIUPOBAI TEMIIEPATYPY
B M€Y C TOMOUIBIO CHCTEMBI TSI H
pBIYaroB. Y CTPOMCTBO ISl U3MEPEHHUS
W PperyJupoBaHUS [aBJICHUS Tapa B
KOTJIC TOSBUJIIOCH MPHUOIU3UTEIHHO B
TO e camoe Bpems. B 1788 r. mor-
naugen Jxelimc Yart u3o0pén 1eH-
TPOOCKHBI PETYJSITOP ISl TOAMEP-
YKaHUSI CKOPOCTH MApOBOTO JBUTATEIIS

Ha 3aJlaHHOM ypoBHe. [IpuGopocTpoe-

HHC pPa3sBHUBAJIOCH 6BICTpBIMI/I TCMIIaMH



developed at a rapid pace in the Indus-
trial Revolution of the 18" and 19"
centuries, particularly in the areas of
dimensional measurement, electrical
measurement, and physical analysis.
Manufacturing processes of the time
of

achieving new standards of linear pre-

required instruments capable
cision. The industrial application of

electricity required instruments to
measure current, voltage, and resis-
tance. Analytical methods, using such
instruments as the microscope and the
spectroscope, became increasingly im-
portant; the latter instrument, which
analyzes by wave length the light rad-
iation given off by incandescent sub-
stances, began to be used to identify
the composition of chemical sub-
stances and stars.

In the 20th century the growth of
modern industry, the introduction of
computerization, and the advent of
space exploration spurred still greater
development of instrumentation, par-
ticularly of electronic devices. Often a
transducer, an instrument that changes
energy from one form into another

(such as the photocell, thermocouple,

BO Bpems IIpOMBIIIIIEHHON PpPEBOIIIO-
muu 18 — 19-ro BB., 0cOOEHHO B 00-
JACTAX JUHEUHBIX U YTJIOBBIX, U DJIEK-
TPUUYECKUX HU3MEPEHUM, U PU3NUECKO-
ro aHanuza. [[ns mpou3BOJICTBEHHBIX
MPOIIECCOB TOTO BPEMEHHU TPEOOBAINCH
npuoOOpPHI, CIOCOOHBIE JTOCTUYL HOBBIX
CTaHIApPTOB  JIMHEMHOW  TOYHOCTH.
[IpoMbllIUIEeHHOE TPUMEHEHUE DJIEK-
TpuuecTBa TpeOOBaJI0 MPUOOPOB IS
U3MEPEHUsl TOKAa, HANpPSKEHUS U CO-
MPOTUBJICHUS. AHAIUTUYECKUE METO-
Il C WCTOJIB30BAHMEM TaKUX MPHOO-
pPOB, KaKk MHUKPOCKON U CHEKTPOCKOII
CTAaHOBWJINCH BCE 00JIee BAXKHBIMH; T1O-
CIEOHUN, AHAJTU3UPYIOWIHUN 10 JJIMHE
BOJIHBI U3JIyY€HUE, HCIyCKAaeMOe pac-
KaJICHHBIMU BeIlleCTBAMH, Hayall HC-
MOJI30BAThCSl NIl OMNpPEACNICHUs XH-
MHUYECKOT'O COCTaBa BEUIECTB U 3BE3.

B 20-M Beke pocT COBpPEMEHHOU Mpo-
MBIIIUICHHOCTH, BHEAPEHHE KOMIIbIO-
TEepU3aIuU U TOSIBIICHUE KOCMUYECKHUX
UCCIeIOBaHUM B eié OonblIel crerne-
HU CTUMYJIMPOBAIHM Pa3BUTHE MPUOO-
pPOCTpPOEHHS, B OCOOEHHOCTU DJICK-
TPOHHBIX cpeAcTB. YacTo mpeoOpaszo-

Baresb, pubop (Takoil kak ¢oTode-

MEHT, TepMoIiapa HWId MHUKPOQOH),

11



or microphone) is used to transform a
sample of the energy to be measured
into electrical impulses that are more
easily processed and stored. The intro-
duction of the electronic computer in
the 1950s, with its great capacity for
information processing and storage,
virtually revolutionized methods of in-
strumentation, for it allowed the simul-
taneous comparison and analysis of
large amounts of information. At much
the same time, feedback systems were
perfected in which data from instru-
ments monitoring stages of a process
are instantaneously evaluated and used
to adjust parameters affecting the
process. Feedback systems are crucial
the of

Processes.

to operation automated

npeobpazyronuii ogHy Gopmy 3HeEp-
TUH B APYTYIO, UCTIOJIB3YETCS IS TIpe-
BpalllEHUsI HEKOTOPOro KOJIUYECTBa
SHEPIruM, KOTOPOE HAJ0 H3MEPUTH, B
AIEKTPUUECKUE HMITYJIbChI, KOTOPBIE
ropazio Jjerde obOpaboTaTh M cOXpa-
HUTh. B 1950-€ IT. nosiBiieHHE KOMIIb-
IoTepa ¢ ero OodbIUMHU  (YHKIHO-
HaJIbHBIMM BO3MOXHOCTSIMU  JUIsL 00-
pabOTKM W XpaHeHus HUHGOPMALIH
MPAKTUYECKHA PEBOJIIOIMOHU3UPOBAIIO
NpUOOPOCTPOCHUE, TTOCKOIBKY IMO3BO-
auno (crenano BO3MOXKHBIM) OJTHO-
BPEMEHHOE CpaBHEHHWE U  aHaIu3
0OJBIIIOr0 KONMMYECTBA HWH(MOPMAIIHH.
B TO ke camoe Bpemsi COBEpIIEHCTBO-
BaJIUCh CHUCTEMBI OOpaTHON CBSI3H, B
KOTOPBIX JaHHBIE OT MPUOOPOB, KOH-
TPOJUPYIOIIMX  ATambl  Mpollecca,
MTHOBEHHO OLIEHHUBAIOTCS W HCIOJb-
3YIOTCS JIJIsl PEryJIUPOBKU MapaMeTpOB,
BIUSIOIIKX Ha nporecc. Cucremsl 00-
paTHOM CBSI3U BaXKHBI JJisi pabOTHI aB-

TOMAaTU3UPOBAHHBIX MTPOIIECCOB.

5. Answer the questions given below

1. What is the text about?

2. What is instrumentation?
12
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10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.

24.
25.

. Do modern science and technology rely on the sensory organs of the human

body for studying, monitoring, or controlling all kinds of phenomena?

What fields of human activities were the earliest instruments of measurement
used in?

What is the oldest known astronomical instrument?

How did the ancient Greeks modify it?

When was the compass invented?

Who was the telescope invented and first used by?

What functions does instrumentation involve?

What was an early instrumental control system?

What other control systems appeared at about the same time?

What did James Watt invent in 1788?

When and where did instrumentation developed at a rapid pace?

What instruments did manufacturing processes of the time require?

What instruments were these requirements in part met by?

What precision could special models of this instrument attain?

What did the industrial application of electricity require?

What methods became increasingly important at that time?

What is the spectroscope and where is it used?

What processes spurred still greater development of instrumentation in the
20th century?

What devices were particularly developed?

What is a transducer and what is it used for?

In what way did the introduction of the electronic computer in the 1950s
change methods of instrumentation?

How were feedback systems perfected?

In what area are feedback systems crucial?

13



6. Translate this short annotation to the text without a dictionary. Pay

attention to the inverted order of words and passive constructions characteris-

tic of annotations
This text is about instrumentation, its history and current conditions. Considered
is the role and functions of instrumentation in technology. Compared are differ-
ent stages of instrumentation development. Analyzed is the instrumentation
progress as well as its advantages and drawbacks.

7. Make the plan of the retelling and retell the first part of the text about

instrumentation

second part of the text, translate them
1.

2.

11.
12.
13.
14.
15.

14
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8. Study the words and find the sentences with these words in the

instruments monitoring
stages of a process
to adjust

to affect

chemical, physical, and
environmental properties
the performance

of production lines
refractometer

infrared analyzer
chromatograph
pH sensor

the bending of a beam
of light
solution

catsup (catchup) [ 'Keetsop]
acidity [a"siditi]

alkalinity ["alko"liniti]
turbidity [to:"biditi]

npuOOpbl, KOHTPOJIMPYIOIIME  3Tarbl
IIPOU3BOJICTBEHHOTO ITPOLECCa
peryJinpoBaTh, HACTPAUBATH

BO3/CMCTBOBATh, BIUSATH
XUMUYECKUE, GPU3NUECKHUE

Y DKOJIOTUYECKHUE CBOMCTBA
paboTa mpor3BOJACTBEHHBIX JTMHUMI
pedpakTomMeTp

uH(ppaKpacHbIil aHAIU3ATOP
xpomatorpad

natauk pH

OTKJIOHCHHC JIy4da CBCTA

pacTBop
KETUYII

KHUCJIOTHOCTh
EJT0YHOCTh

MYTHOCTb, IOMYTHCHHUC



16.
17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.

31.
32.

33.

34.
35.
36.

37.
38.
39.

40.

water purification
petroleum refining

turbidimeter ["tWbi"dimitq]

density

hydrometer [hai*drOomitq]
buoyancy [*b0Oignsi]

an object of known volume
to immerse

the flow rate

turbine flowmeter
revolutions

the viscosity of a fluid

by a number of techniques
to dampen

the oscillations of a steel
blade
blood pressure

sphygmomanometer
["sfigmgmqg*nOmitq]
lung capacity

spirometer [Spaiq rOmitq]
X-ray machine

computerized axial tomo-

graphy
nuclear magnetic resonance

tomographic scanner

to visualize

sophisticated

OYHCTKA BO/IBI
OUYHUCTKA (TIeperonka) Hetu

HedenomMeTp (ONTHYECKUN MpUOOp AJIs
WU3MEPCHHsI CTCTICHH MYTHOCTH >KHIKO-
CTH Y Ta30B)

MJIOTHOCTh

apeoMeTp, TIOTHOMED
MJIaBY4YeCTh, TOABEMHAS CHJIA

00BEKT, 00BEM KOTOPOTO U3BECTEH
MOTPYXaTh

pacxoj1, CKOpOCTh MOTOKa

TYpOHHHBIN pacxoziomep, Typdopacxoomep
000pOTHI

BSI3KOCTB KHUJIKOCTH

IOCPEACTBOM HECKOJIBKUX IMPUEMOB
TacHTh

KOJICOAHUS CTAJILHOM JIONATKHU

KpPOBAHOC JIaBJICHUC

churMmomeTp

€MKOCTD JIETKUX

CIIUPOMETD
PEHTIEHOBCKUH aIapar

KOMITBIOTEpHAs 0ceBasi ToMorpadust

AJIepHbIA MarHUTHBIN pe3oHaHc (SIMP)
ToMorpad

JieJ1aTh BUJAUMBIM, 3pUMBIM, HaIJIsA(HbIM
(HarasAHO MPECTAaBIIATh)
CJI0’KHBIH, YCIOKHEHHBIN
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9. Read the text and study its translation, think the title of the second part

II

Most manufacturing processes rely on
instrumentation for monitoring chemi-
cal, physical, and environmental prop-
erties, as well as the performance of
production lines. Instruments to moni-
tor chemical properties include the re-
fractometers, infrared analyzers, chro-
matographs, and pH sensors. A refrac-
tometer measures the bending of a
beam of light as it passes from one ma-
terial to another, such instruments are
used, for instance, to determine the
composition of sugar solutions or the
concentration of tomato paste in cat-
sup. Infrared analyzers can identify
substances by the wavelength and
amount of infrared radiation that they
emit or reflect. Chromatography, a sen-
sitive and swift method of chemical
analysis used on extremely tiny sam-
ples of a substance, relies on the dif-
ferent rates at which a material will ad-
sorb different types of molecules. The
acidity or alkalinity of a solution can

be measured by pH sensors.

16

BonbmmHaCcTBO IPOU3BOICTBEHHBIX
MPOIIECCOB 3aBUCAT OT MPUOOPOB IS
KOHTPOJISI XMMHYECKHX, (U3HUECKUX
U DKOJIOTUYECKUX CBOMCTB, a TaKXKe
paboThl MPOM3BOJCTBEHHBIX JIMHUM.
[TpubGopsl AJisi KOHTPOJISI XUMHYECKUX
CBOICTB BKJIIOYAIOT B ce0s pedpakTo-
MeTpbl, WH(pPAKpACHBIE aHAIU3ATOPHI,
xpomatorpadel u natuvkd pH. Ped-
PaKTOMETpP HU3MEpSIET OTKJIOHEHUE JIy-
Yya CBETa MO Mepe TOro Kak OH MPOoXo-
JIUT U3 OJHOTO0 Marepuajia B APYroi,
Takue TPUOOPHI MCHOIB3YIOTCS, Ha-
npuMep, JUisl OIpEAeNieHUs COCTaBa
CaxapHOI0 pacTBOpa WJIM KOHLEHTpa-
UM TOMATHOM Iactel B Keruyne. WH-
dbpakpacHble aHAIU3aTOPbl MOTYT OIl-
peIeNsaTh BEMIECTBA MO IJIMHE BOJHbBI U
KOJIMYECTBY HMH(PaKpacHOro Hu3JIyye-
HUS, KOTOPOE OHU MCIYCKAIOT WJIU OT-
paxkaroT. Xpomarorpadusi, YyBCTBU-
TEIbHBIA U OBICTPBHIM METOJ XHUMUYE-
CKOr0 aHaJIN3a, MCIOJb3YEMbId Ha
OYeHb HEOOJBbIIMX Mpodax Kakoro-

Jr00 BEIIECTBA, OCHOBBIBAETCI Ha



Nuclear magnetic resonance scanner

Instruments are also used to measure
physical properties of a substance,
such as its turbidity, or amount of par-
ticulate matter in a solution. Water pu-
rification and  petroleum-refining
processes are monitored by a turbid
meter, which measures how much light
of one particular wavelength is ab-
sorbed by a solution. The density of a
liquid substance is determined by a
hydrometer, which measures the
buoyancy of an object of known vo-
lume immersed in the fluid to be
measured. The flow rate of a substance
i1s measured by a turbine flowmeter, in
which the revolutions of a freely spin-
ning turbine immersed in a fluid are
measured, while the viscosity of a fluid
is measured by a number of tech-
niques, including how much it dam-

pens the oscillations of a steel blade.

pa3HHUIIe B CKOPOCTH, C KOTOPOH MaTe-
puang TOTrJOMIaeT pPAa3IUYHbIE THUIIBI
Mousiekysl. KucnotHocts wnm miénou-
HOCTh KaKOTO-HHOYIbh pPacTBOpa MOXK-
HO U3MEPHUTH C IOMOILIbIO AaTunka pH.
[Ipubopsl Takke HCMONIB3YIOTCA IS
u3MepeHus (PU3NYECKUX CBOWCTB Be-
IIECTBa, TAKUX KaK €ro MyTHOCTb WJIH
KOJMYECTBO OIMpPENEIEHHOTO BEIIECTBA
B pactBope. IIporiecchl OUMCTKH BOIBI
U nepepadoTKM HEPTH KOHTPOJIHPY-
I0TCT  TypOugumerpoM (HedemomeT-
pOM), KOTOPBIM H3MEpsiET, Kakoe KO-
JIMYECTBO CBETA ONPEACIEHHON JUTMHBI
BOJIHBI MOTJIONIAETCA  PacTBOPOM.
[170THOCTH KHUIKOTO BEIIeCTBa OIpe-
JIESIeTCA TUAPOMETPOM, U3MEPSIIOLIUM
MJ1aBy4eCcTh 00BEKTa M3BECTHOTO O0B-
€Ma, TMOrpy>KEHHOTO B KHUIKOCTb,
IJIOTHOCTh KOTOPOM MPEACTOUT H3MeE-
puth. Pacxon BemiecTBa u3MepseTcs
TypOOpacxoa0METPOM, B KOTOPOM H3-
MEpSIOTCS  000pPOTHI CBOOOJHO Bpa-
LIAKOLIENCS TOTPYKEHHOM B KUIKOCTD
TypOUHBI, B TO BpEeMs KaK BS3KOCTb

KHUIAKOCTU H3MCPACTCA IMOCPCACTBOM

pAaaa METOoA0B, BKIIHOYas TO, HACKOJBbKO
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Instruments used in medicine and bio-
medical research are just as varied as
those in industry. Relatively simple
medical instruments measure tempera-
ture, blood pressure (sphygmomano-
meter), or lung capacity (spirometer).
More complex instruments include the
familiar X-ray machines and elec-
troencephalographs and electrocardio-
graphs, which detect electrical signals
generated by the brain and heart, re-
spectively. Two of the most complex
medical instruments now in use are the
CAT (computerized axial tomography)
and NMR (nuclear magnetic reson-
ance) scanners, which can visualize
body parts in three dimensions. The
analysis of tissue samples using highly
sophisticated methods of chemical
analysis is also important in biomedi-

cal research.

R TR N TV

BP 126/70 mmHg as result
on electronic sphygmomanometer
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OHA TJIYHIUT KOJEOaHHUs CTaJbHOM JIO-
nactu. [Ipubopsl, ucnoib3yemble B
MEJUIMHE U OMOMEIUIIMHCKOM HCCIIe-
JIOBaHUM, CTOJb JKE€ pPa3HOOOpPa3HBbI,
KaK U B IpOMbINIIEHHOCTU. OTHOCH-
TENHHO TPOCTHIC MEIUIIMHCKUE TpH-
OOpbl U3MEPSIOT TEMIIepaTypy, JlaBje-
HUE KpOBH (C(UTMOMETP) WJIH  €M-
KoCcTh JNErkux (crnupometrp). boree
CJIO’KHBIE TPUOOPBI — U3BECTHBIE PEHT-
TCHOBCKHE ammapaThl M JJIEKTPOIHIIE-
danorpadpl, u 37eKTpOKapAHOrpadsI,
KOTOpBbIE PETHCTPUPYIOT  dBJIEKTpUYe-
CKHE CHTHAJbI, BIpabaThIBaeMble MO3-
rOM M CEpJILEM COOTBETCTBEHHO. [[BY-
Msl CaMbIMH CJIOKHBIMU W3 HbBIHE HC-
MOJIB3YIOLIUXCA METUIIMHCKUX MPUOO-
POB SABJISIOTCA KOMIIBIOTEPHBIN OCEBOU
TomMorpad W aHaIM3aTOp SAJEPHOIrO
MarHMTHOTO PE30HaHCa, KOTOPHIE MO-
I'yT JaBaTh TPEXMEPHOE M300pakeHUE
opraHoB Tena. AHanu3 oOpa3loB TKa-
HEll ¢ MCIOJB30BaHUEM CIIOKHBIX Me-
TOJIOB XMMHUYECKOTO aHalu3a TaKKe

BaXXCH AJId 6HOMGHHHHHCKOFO HCCJIIC-

JOBaHHA.
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PH meter

10. Answer the questions given below
What do most manufacturing processes rely on instrumentation for?
What instruments are used to monitor chemical properties?
What is a refractometer used for?
What can infrared analyzers do?
What kind of process is chromatography and what is it based on?
How can the acidity or alkalinity of a solution be measured?
What physical properties can be measured by instruments?
What is a turbidimeter and where is it used?
What instrument is used to determine density and how is it done?

What instrument is used to measure the flow rate and how?

. What are the functions of relatively simple medical instruments?

. What instruments are used to measure temperature, blood pressure, and lung

capacity?

What do electroencephalographs and electrocardiographs do?
What are the most complex medical instruments now in use?
What are the CAT and NMR scanners used for?

What is important in biomedical research?

11. Give the summary of the previous text in 10 sentences

12. Insert the missing words and translate the text

A pH meter is an electronic ... used to measure the pH (...or | 1. displays

alkalinity) of a liquid (though special probes are sometimes
used to measure the pH of semi-solid substances, such as
cheese). A typical pH ... consists of a special measuring probe
(a glass electrode) connected to an ... meter that measures and
...the pH reading.

The pH probe ... pH as the ... of hydrogen ions surrounding a
thin-walled glass bulb at its tip. The probe produces a small

. variation
. electronic
. entered

. inputs

. acidity

. Instrument

0 N N D bW

. applications
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voltage (about 0.06 volt per pH unit) that is measured and dis- | 9. available
played as pH units by the meter. 10. PH meters

. range from simple and inexpensive pen-like devices to | 11. interfaces
complex and expensive laboratory instruments with computer | 12. meter

. and several ... for indicator, reference electrodes, and tem- | 13. specialty
perature sensors such as thermoresistors or ... . Cheaper mod- | 14. thermocou-
els sometimes require that temperature measurements be ... to | ples
adjust for the slight ... in pH caused by temperature. ... meters | 15. measures

and probes are ... for use in special ..., harsh environments, etc | 16. concentration

13. Read the beginning of the dialogue and finish it using the texts and
questions to the texts as well as the expressions below
Commentator: Good morning, ladies and gentlemen. This is Bill Smith with

the programme “Science and technology”. Today we are going to speak about
instruments and instrumentation. Our guest is Mr. Black, an expert on every-
thing connected with instruments and instrumentation.

Mr. Black: Good morning, thank you for inviting me to say a few words on
such an important question as instruments and instrumentation...

Expressions to be used in the dialogue

Buaute nu. .. Well...

Jlemo B ToM, 4TO... Well, the thing is...
OTKpPOBEHHO TOBODAL... Frankly speaking...

XKemnaro Bam Bcero xoporiero My best wishes / All the best

Bcero no6poro / Bcero mamryumero/ (I wish you) good luck / I wish you

cYacThs / ycrexoB / ynauu every success!

He Mormm 661 Bel ckazars... Could you tell me (us)...
MoxHO 00paTUTHCS /CIIPOCUTH? May I (we) ask?
Ckaxu(Te), moxxanymcra... Tell me, please...

Urto Be1 00 aTOM gymaete? What do you think about it?
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A Kak 3TO IMOHUMATh? And what does it mean?

Teneps NOHATHO? Is it clear now?

A norom? And after that? /And then?

Na, a mouemy? Yes, but why?

Hy, n...? Well, and...?

OObsicHH, TOXKATYHCTA. Please, explain it.

[IpocTute, HE TIOHST(Q). Sorry, I didn't quite catch it.
Urto THI HMeeIIb B BUTY? What do you mean?

[TonsiTHO. It's clear.

A Te6s (Bac) xopolo noHumaro, I follow you, go on.
npoaosnKai(Te).

Ha, ¢ yaoBoabscTBUEM! Yes, with pleasure.

Ha, a mouemy ObI 1 HET? Yes, why not?

Pazymeercs! Sure!

Koneuno! Certainly!

BepositHo. Probably.

Bo3MoxHo. Possibly.

Bnosine BO3MOXHO. Quite possible.

S ceituac He TOTOB(a) TOBOPUTH Ha I'm not ready to speak on this subject
ATy TEMY. just now.

Jlaiite nogymars. Let me see.

Teneps sCHO. Now I see.

S Bce moHsIL. I understand everything./I get it.
A ve mory Bac noHsTb. I can't understand/get you.
['oBopuTE, MOXaMylicTa, MEJICHHEE. Could you speak slower, please?
K coxxaneHuro, He MOTy CKa3aTh. Sorry, I can't tell you anything.
MHe Hajo moayMarh. I must think it over.
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UNIT 2

INSTRUMENTATION AND RELATED PROFESSIONS

1. Study the words and find the sentences with these words in the text,
translate them

1. SCADA (supervisory control and — pgucmeTdepckoe ympaBiieHHE U cOOp
data acquisition) JTAHHBIX
2. control system — CHCTeMa YIpaBleHUs
3. Programmable Logic Controller — mnporpaMmupyemsblii KOHTpOIIEP
(PLC)
4. Remote Terminal Unit (RTU) — YJAnéHHbIM TEPMUHAN, JIUCTAHLHU-
OHHBIM TEPMHUHAI
5. Distributed Control System (DCS) — pacnpenenénnas cucrema
yIpaBIeHUS
6. radar gun — pagap-AeTeKTop
7. Doppler Effect — oa¢dekr omuepa, IOMICPOBCKUN
ekt
8. Peltier-Seebeck effect — addexr [lenpThe — 3eeOeka
9. the counterpart — a”aJor, DKBUBAJIICHT
10. control engineering — TEXHUKAa aBTOMaTUYECKOro
yIpaBIeHUS
11. troubleshoot — 0OHapy’>XEHHE HEUCIIPABHOCTEH
12. instrumentation engineering — mpubOpOCTpOCHUE
13. instrumentation systems — HW3MEPUTEIbHBIE CUCTEMBI

2. Word-building
Give the initial words from which the words below were formed and your
own examples of the words thus formed
-er, -or, V+-er, -or = N (person or device carrying out the action of the verb)
run + -er = runner, elevate + -or = elevator.
sensor, divider, processor, scanner, analyzer, reflector, emitter, governor, reader,

speaker, controller, translator, writer, pointer, watcher.
22



3. Read the text and study its translation

INSTRUMENTATION AND RELATED PROFESSIONS

1. Instrumentation is defined as "the art
and science of measurement and con-
trol". Instrumentation can be used to
refer to the field in which instrument
technicians and engineers work, or it
can refer to the available methods of
measurement and control and the in-
struments which facilitate this. Instru-
ments are devices which are used to
measure attributes of physical systems.
The variable measured can include
practically any measurable variable re-
lated to the physical sciences. These
variables commonly include: pressure,
flow, temperature, level, density, vis-
cosity, radiation, current, voltage, in-
ductance, capacitance, frequency,

chemical composition, chemical prop-

erties, various physical properties, etc.

2. Instruments can often be viewed in
terms of a simple input-output device.

For example, if we "input" some tem-

1. I3mepenue omnpenensercss Kak TEXHO-
JOTWsl U HayKa U3MEPEHHs U yIpaBlie-
HUS. OTOT TEPMUH MOXKET MCIIONIB30-
BaTbCsS B OTHOIICHUM 00JacTH PabOTHI
VH)KEHEPOB U TEXHUKOB WJIM OH MOYKET
UCIIOJIB30BaThCsl B OTHOLIEHUH HMEIO-
IIMXCS. METOJIOB U3MEPEHUSI U yIpaBIIe-
HUSL U TpUOOpPOB, KOTOPBIE JISi ATOrO
ucnonb3ytotes. [Ipubopsr — 310 cpenct-
B4, KOTOpBIE HCIIOJIB3YIOTCA IJISI U3Me-
PEHUSI XapaKTEPUCTUK (PU3HMUYECKUX CHC-
TeM. M3MepseMas mnepeMEeHHasT MOXKET
OBbITh MPAKTHYECKU 000N M3MepsSeMOit
MIEPEMEHHOM, UMEIOLIEN OTHOIIECHHE K
¢u3ryeckuM Haykam. OTU NEpEeMEHHbIE
OOBIYHO TIPEJICTABIISIOT COOOM: BA3KOCTD,
TEKy4YeCTb, TEMIIEpPAaTypy, YpPOBEHb, W3-
JIy4€HUE, TOK, HAPSHKCHUE, UHIYKLUIO,
€MKOCTb, YacTOTy, XUMUYECKUI COCTaB,
XMMHUYECKHE CBOICTBa, pa3avyHble (u-
3U4YeCKHe CBOMCTBA U T. 1.

2. IIpubopbl MOTYT paccMaTpHUBATHCS
KaK IPOCTBIE YCTPOMCTBA C IPUCIO-

coOJieHUsIMU BbIBOJIa U BBOJa. Hampu-
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perature into a thermocouple, it "out-
puts" some sort of signal. (This can
later be translated into data.) In the
case of this thermocouple, it will "out-
put" a signal in millivoltage. SCADA
is the term used to denote large-scale,
distributed measurement systems. In-
struments communicate with some sort
of signal, often adhering to a standard.
This signal may be defined by stan-
dards associations, or it may be a pro-
prietary standard. Some standards in-
clude analog and digital signals. These
devices are generally connected to
some sort of control system which re-
sponds to the instrument's measure-
ment. The response programmed into
the control system manipulates control
devices attached to the process. This
cycle of changing of manipulated va-
riables, measurement of controlled va-
riables and proper response is the basic
concept behind process control. The
control systems used are often consi-
dered part of the field of instrumenta-
tion, and can include simple Program-

mable Logic Controllers (PLCs) or

24

Mep, €CITM Mbl BBOJHM KaKHE-TO TEM-
nepaTypHbie JaHHBIE B TEpPMOIapy,
OHa Ja€T Ha BBIXOJIE KAKOW-TO CHUTHAI.
(Ot0 MoxHO mganee mpeoOpa3oBaTh B
JIaHHble.) B ciyuae ¢ atoii Tepmomna-
pOM OHa JAacT Ha BBIXOAE CHUTHAJ B
muwuuBosibTax. SCADA (aucneruep-
CKO€ ymIpaBjeHHe W cOOp JaHHBIX) —
ATO TIOHATHE WCIIONB3YETCS IS OIpe-
JIEJICHHs] KPyIMHOMACIITaOHOM pacripe-
JeJIEHHON cucTemsl yrpasieHus. [Ipu-
OOpBI TOJYYaIOT OMpPEACIEHHBIN CHUT-
HaJ, 4aCcTO COOTBETCTBYIOIIUN KaKo-
MY-TO CTaHJAPTY. DTOT CHUTHAJI MOKHO
OTIPEJICIUTh TIOCPEJICTBOM COOTHOIIIE-
HUSL C KaKUM-TO CTaHJIAPTOM WJIU 3TO
MOXXET OBITh CTaHAAPT MPEATPUITHS.
Hekoropble cTaHmapThl NpeCTaBISIOT
co0Oll aHaJoroBble U LUU(POBBIE CHUT-
HaJlbl. ODTH yCTPOMCTBA OOBIYHO CO-
EAMHSIOTCA C KaKOW-HUOYAb CUCTEMOM
YOpPaBJICHHS, KOTOpas pearupyeTr Ha
u3MepeHue npudbopa. ITo0 pearupona-
HUE, 3aJI0)KCHHOE B IPOrpPaMMy CHC-
TEMbl  yOPABJICHHS, MaHUITYJIAPYET

YCTPOMCTBAMHM YTIPaBIEHUS, BKIIOUYEH-

HBIMU B IIpouecc. Takou LMKI U3Me-



Remote Terminal Units (RTUs), to
more advanced Distributed Control
Systems (DCSs). Inputs can vary from
a few measured variables, to thousands

of measured variables.

Radar guns use the Doppler Effect
to measure the speed
of oncoming vehicles

3. Instrumentation engineering deals
with the design of devices to measure
physical quantities such as pressure,
flow and temperature. The design of
such instrumentation requires a good
understanding of physics that often ex-
tends beyond electromagnetic theory.
For example, radar guns use the Dopp-
ler Effect to measure the speed of on-
coming vehicles. Similarly, thermo-

couples use the Peltier-Seebeck effect

HeHUs1 00pabaThIBAEMbIX MEPEMEHHBIX,
U3MEPEHHE KOHTPOJIUPYEMBIX NEpe-
MEHHBIX M COOTBETCTBYMOIIEE cpada-
THIBAHUE SIBJIIETCSI OCHOBHBIM IPUH-
LUIIOM [pouecca ympasiaeHus. Hc-

MOJIb3yeMble CUCTEMbl  YNPaBIICHUS
4acTO CYMTAKOTCA 4YacTblO H3MEpPHU-
TEJIBHOTO OO0OpYJOBaHHUS U MOTYT
BKJIFOYATh B C€0S MPOCTON Mporpam-
MHUPYEMBI KOHTPOJUIEP, YAAIEHHBIN
TEpMUHAJ, BIUIOTh 0 pacHpeiesEH-
HBIX CHCTEM YyIpaBieHus. BBojaumbie
NEepeMEHHBIE MOTYT OBITh CaMBIMU
Pa3HOOOpa3HBIMH OT HECKOJIBKUX [0
HECKOJIbKMX ThICAY H3MEPEHHBIX IIe-
PEMEHHBIX.

3. IIpubGopocTpoeHue CBA3aHO C IpPO-
€KTUPOBAaHUEM YCTPOMCTB I H3Me-
peHuss (GUBUYECKUX BEIUYMH, TaKUX
KaK JaBJ€HHUE, TEKy4eCTb M TeMIepa-
Typa. 1 npoeKTUpoBaHUSA HaHHBIX
IpuOOPOB HEOOXOJUMO XOpollee Io-
HUMaHue (PU3NYECKUX SBICHUMU, YACTO
BBIXOJSIIIMX 3@ pPaMKH DJIEKTpoMar-
HUTHOW Teopu. Hampumep, B panmap-
JETEKTOpE MJIsI M3MEPEHUs  CKOpo-

CTH TNPUONIKAIOMIMXCA aBTOMOOMIIEH
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to measure the temperature difference

between two points.

4. Often instrumentation is not used by
itself, but instead as the sensors of
larger electrical systems. For example,
a thermocouple might be used to help
ensure a furnace's temperature remains
constant. For this reason, engineering
is often viewed as the counterpart of

control engineering.

5. Instrumentation engineers largely
design control and measurement sys-
tems primarily for industrial processes,
although instruments are present in al-
most any modern technology today in-
vehicles,

cluding computers,

ap-

pliances etc.
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UCIIOJIB3YETCS TOTUICPOBCKUI 3P hEKT.
[Togo6HBIM 00pa3zomM B TepmoImapax
JUTSE U3MEPEHUsS Pa3HUIIBI TeMIIepaTyp
MEXIYy JABYMS TOYKAMHU HCIOJb3YyeTCS
s dext [lenprhe — 3eecbOeka.

4. Yacto mpuOOpPHI UCHOJIB3YIOTCS HE
camMu 10 cebe, a Kak JaT4uKu Oosee
KPYIHBIX 3JIEKTPUYECKuX cucreM. Ha-
puMep, TepMoTIapa MOXKET UCIOJIB30-
BaTbCs 711 00€CTeueHns MOCTOSTHHOM
TeMIlepaTypsl B Iieud. B aTom  ciydae
CO3JaHNEe H3MEPUTEIBHOTO 000pyI0-
BaHUsl pacCMaTpHUBAETCA KaK aHajor
CO3aHMS CUCTEMBI YIIPaBJICHHUS.

5. UHxeHepwI-puOOPOCTPOUTENH B
OCHOBHOM TIPOEKTHUPYIOT KOHTPOJIBHO-
U3MEPUTEITLHBIE CHUCTEMBI TJIABHBIM
o0pa3oM [JIsi TPOMBIIUICHHBIX MPO-
IIECCOB,  XOTS MPUOOPHI MPUCYTCTBY-
IOT TOYTH BO BCEX OO0JACTAX COBpeE-
MEHHOW TEXHUKH, BKIIOYasi TpaHC-

MOPTHBIE CPEJICTBA, KOMIBIOTEPHI, ObI-

TOBYIO TCXHHKY U T. I.



11.
12.
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6. Instrumentation technologists, tech-
nicians and mechanics largely trouble-
shoot, repair, and install instruments
and instrumentation systems. This
trade is so intertwined with electri-
cians, pipe fitters, power engineers,
and engineering companies, that one
can find him in extremely diverse

working situations.

6. TexHOJIOrH, TEXHUKH U MEXaHUKH B
objacTi TPUOOPOCTPOCHUS B OCHOB-
HOM 3aHMMAIOTCS OOHApY)KCHHUEM He-
UCIIPABHOCTEH, PEMOHTOM W yCTaHOB-
KOU MpUOOPOB M U3MEPHUTEIBHBIX CHC-
teM. Ux mpodeccrnonanbHas nesTeib-
HOCTh HACTOJIBKO TIEpeIuIeNiach ¢ Ipo-
(dhecCHOHANTBHON JIEITEIIbHOCTBIO JJICK-
TPUKOB, cjecapeil TpyOOyKIaauuKoB,
DHEPIeTUKOB M  KOHCTPYKTOPCKHX
KOMITaHUM, YTO MOXHO OOHApYyKHTh

uX paboTaloIMMH B CaMbIX Pa3HO00-

Pa3HbIX 00acTsX.

4. Answer the questions given below

How 1s instrumentation defined?

Where can instrumentation be used?

What kind of devices are instruments?

What do the variables measured include?

How can instruments often be viewed? What is their input and output?

What is SCADA? How does it work?

What is the basic concept behind process control?

What can they include?

What does instrumentation deal with?

What does the design of such instrumentation require?

What do instrumentation engineers do?

What is the duty of instrumentation technologists, technicians and mechanics?
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5. Arrange the sentences below in the way they appear in the text. Use
them in your summary of the text (10 sentences)
1. Instrumentation technologists, technicians and mechanics largely troubleshoot,

repair, and install instruments and instrumentation systems. 2. Instrumentation is
defined as "the art and science of measurement and control". 3. Instruments are de-
vices which are used to measure attributes of physical systems. 4. Instrumentation
engineers largely design control and measurement systems primarily for industrial
processes. 5. Instruments can often be viewed in terms of a simple input-output de-
vice. 6. Often instrumentation is not used by itself, but instead as the sensors of
larger electrical systems. 7. These devices are generally connected to some sort of

control system which responds to the instrument's measurement.

6. Read and translate one student’s story about his future profession,
prepare your questions to him and tell about your profession

MY PROFESSION IS INSTRUMENTATION
I study at the Faculty of Radio physics, Electronics and Medical Equipment of

the Vladimir State University. It is one of the ten faculties of the University and
trains engineers in various fields: radio engineers, engineers in computerized
measurements, in protection systems and devices, in medical equipment, as well
as engineers in electronics. I am going to specialize (major) in instrumentation.
Instrumentation, in technology, is the development and the use of precise mea-
suring equipment. Although the sensory organs of the human body can be ex-
tremely sensitive and responsive, modern science and technology rely on the de-
velopment of much more precise measuring and analytical tools for studying,
monitoring, or controlling all kinds of phenomena.

Measurements are the main source of information about the world, on their basis
scientists make discoveries and formulate laws. Data gathered by means of vari-

ous instruments help to control production processes. So we have to deal with
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measurements and various measuring instruments in science, production and
everyday life. In our everyday life we use meters to learn how much we are to
pay for electricity, gas and water. Different timepieces tell us the right time. In-
struments on the car panel show the speed we travel at, the exact car mileage,
the quantity of fuel in the fuel tank, and so on. Instruments used in medicine and
biomedical research are just as varied as those in industry. Instruments are prac-
tically used everywhere. There are gauges, meters, counters, timers, Sensors,
transducers, controllers, etc. All of them employ different principles of work.
Some are based on transistors, integral circuits (ICs) and microprocessors; oth-
ers use semiconductors, ultrasonic, magnetic and piezoelectric properties. In ad-
dition there are also optical and mechanical devices.

An engineer specializing in instruments and measurement should know every-
thing about their design, work principle and application. He should be well in-
formed about the latest achievements and developments in the world of instru-
ments. And, what’s more, it is also necessary to be a good specialist in comput-
ers and computer-aided measuring systems. To become good specialists students
study various subjects: mathematics, physics, electrical engineering, electronics,
computer science, etc. They specialize in designing and manufacturing high-
accuracy instruments and electronic-mechanical systems as well as microproces-
sor-based instruments and computer-aided measuring and information systems.
Instrumentation engineers largely design control and measurement systems pri-
marily for industrial processes, although instruments are present in almost any
modern technology today including vehicles, computers, appliances etc.
Measurements are performed everywhere, it is impossible to do without them,
that's why specialists in measuring will always be necessary and the graduates
are sure to find a job at different industrial enterprises, research institutions, state

technical-supervision laboratories, transport and many other places.
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7. Read classified advertisements and translate it, answer the questions

below

CLASSIFIED ADS
Vocabulary
1. classified ads TeMATHHIECKHE OOBSIBIICHHS (3716Ch TPEOYFOTCS)
2. commitment 00513aTEIBCTBO
3. to create an exciting opportunity CO3/1aTh MPUBJIEKATEITLHYIO BO3MOXKHOCTh
4. a degreed engineer JUTIIIOMUPOBAHHBIN HHXKEHEP
5. BS degree CTerneHb OakagaBpa
6. 5 years instrumentation experience  5-JICTHHI ONBIT B MPUOOPOCTPOCHUH
7. HVAC (heating, ventilation and air ~ oTomIeHHE, BEHTUJISALHS U KOHIUAIIHO-

conditioning)

HHUPOBAaHUE BO3/lyXa

8. startup 3aIyCK, BBOJ B IEUCTBUE
9. to provide counsel in MPEAOCTABISATh KOHCYJIBTAIIMH TIO. ..
10. a challenging position MEePCIIEKTUBHAS JOJIKHOCTh
11. a competitive salary KOHKYpPEHTHas 3apruiata
12. salary history CBEJICHMSI O 3apIuiaTe
13. Equal Opportunity Employer M/F KOMITAHUSI, HAHUMAIOII[asi Ha paboTy Kak

MY>KYHMH, TaK 1 KSHIIMH Ha PABHOI OCHOBE

INSTRUMENT ENGINEER

New plans, new commitments at Mallinckrodt, a highly successful and broadly diversified chemical
and manufacturing company, create an exciting opportunity for a degreed Engineer.

An outstanding position exists for an Instrument Engineer with the following:
e BS degree in Electrical Engineering preferred. Other Engineering disciplines considered.
e 5 years instrumentation experience in chemical, petroleum or related field.
e HVAC system experience.

Additionally, the selected candidate will design project instrumentation, supervise instrument startups,
troubleshoot instrument control problems, provide counsel in instrument selection and review instrument
efficiency.

We offer a challenging position, a competitive salary and comprehensive benefits. For prompt considera-
tion, please send your resume (no agencies please) and salary history to: Jonathan K. Hate; Manager. Hu-
man Resources; MALLINCKRODT. INC.; P.O. Box 5439; St. Louis. MO63147. An Equal Opportunity Em-

ployer M/F.
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Questions on the ad

. What vacancy is advertised?

. What is the name of the company placing the ad?

. How is the company characterized in the ad?

. What does the company specialize in?

. What requirements should the candidate meet?

. What will his future duties and responsibilities be?

. What remunerations (omata) does the company promise?

O 00 3 O D W N —

. What documents are necessary to apply for the position?

p—
S

. What is the name and position of the contact person?

[—
[—

. What is the company mail address?

p—
[\

. What do the words An Equal Opportunity Employer M/F mean?

8. Read and translate the résumé and letter of application, write your
own résumé and letter of application
Letter of Application

1010 Payne Drive

Smith Village, NY 10344
Jonathan K. Hate
Human Resources Manager June §, 2008
MALLINCKRODT. INC.
P.O. Box 5439
St. Louis. MO63147
Dear Mr. Williams:
I would like to apply for the position of Instrument Engineer that you advertised in Instru-
ments and Control Systems journal.
As you can see from the enclosed resume, I have both a BS degree in electrical engineering
and HVAC system experience. I am very eager to advance into this position you have availa-
ble. I feel that, given a chance, I will be an asset to your company.
I would like to meet with you to discuss my qualifications for this job. You can contact me at
914-555-1865.

Sincerely,

Al Berman
Alexander Berman
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. Name / Surname

. Address

. Contact telephone

. Qualifications

. Work experience

. Education

. Salary history

. Personal

. References

Notes

32

Résumé

Alexander Berman

376 West 186" Street,
Apartment # 6-J
New-York, NY 100033
(212) 973-6792

6 years instrumentation experience in chemical
field, HVAC system experience, project instru-
mentation design and instrument startups super-
vision, deep knowledge of engineering technol-
ogies and industrial instrumentation operation,
an advanced computer user: MS Office, Auto-
CAD

2003 — 2008 Weksler Instruments Corp.,
Freeport, NY

2000 — 2003 Vladimir Chemical Plant,
Vladimir, Russia

1995 — 2000 Vladimir State University,
Russia, Diploma of Engineer
in Instrumentation

$ 3000 + lunch and transportation

Arrived in the USA in August 2003, USA citi-
zen, married, two children
Supplied on the request

There are different kinds and forms of résumé. Some companies have their

own résumé forms. Mind that your résumé should contain the most impor-

tant information to your advantage, it must not be very long and begin

with the personal information: name, address, contact telephone, age, na-

tionality, if required, etc.



UNIT 3

MEASUREMENT

1. Study the words and find the sentences with these words in the text,

translate them

1. associating numbers with — cooTHeceHue 4ucen ¢ (PU3NUECKUMU Be-
physical quantities and phe- JUYUHAMU U SIBJICHUAMU
nomena
2. technical matters — TEXHUYECKHE BOMPOCHI
3. to be fundamental to — OBITh B OCHOBE 4ero-inoo
4. estimate — OIICHKA
5. rule — JMHeWKa, MacITad, IpaBuiIo
6. measurand — u3MepsieMas BelInYMHa
7. accessible — JIOCTYHIHBIN, JOCTHKUMBIN
8. interaction — B3aUMOJEICTBUE
9. everyday — OOBIYHBIHN, YACTO BCTPEUAIOIITUICS,
10. applications — TPUMEHEHUE, IPUIOKEHHE
11. negligible ['negliGbl] — HHWYTOXXHBIM, HE IPUHUMACMBIN B pacyér,
MEJIKWM, HE3HAYUTEIIbHbBIN
12.  considerable [kgn'sidqrgbl] — 3HaumTenbHBIN, OONBIION, BaYKHBIHA
13.  to limit accuracy — OTPaHUYUTh TOYHOCTH

14.  to discriminate the measurand — BBIIETATH U3MEPAEMYIO BETHUNHY

15. to sense its dimensions — paclo3HaBaTh, CYUTHIBATH Pa3MEpPhI

16. to transmit throughout the — mnepenaBarh, nochlIaTH MO BCEH cUCTEME
system

17.  frequency — gacToTa

18.  to power the signal — CcHaOXXaTh SHEPTHEH CUTHAT

19.  to trigger the signal — BKJIKOYATh CUTHAJ
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20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42.

43.

44.
45.

34

an energetic probe

a light source

an X-ray tube

a carrier signal

a reference signal
calibration

an analogue process
continuous dimension

to be brought to equality
quantization by counting
dividing

adding up

to facilitate
amplification

to ensure

to reduce

degradation ["degrqg*deiSn]
magnification

output

mput

to match

the readout meter

the discerning power of the
eye

a calibrated chart and a poin-

ter
harmonic analysis

visual display

AIEKTPOJT
UCTOYHUK CBETA

PEHTreHOBCKas TpyOKa

CUTHAJI HOCUTEJIS

OITOPHBIN CUTHAI

NOBEpPKa, rpagyupoBKa, KAIMOPOBKa
AQHAJIOTOBBIN MPOLECC

HETPEPHIBHOE U3MEPEHUE

YPaBHATD

KBaHTOBAaHHE MOCPEJICTBOM CUETA
JIETICHUE

CJI0’KEHHE

obJier4aTh, IOMOTaTh, CIOCOOCTBOBAThH
yCUJICHUE

o0ecrieuynBaTh, TapaHTUPOBATh
COKpAIllaTh

Jerpajiaius, yMeHblleHue, ocaadieHue
yBEIIMYEHHUE, YCUIICHUE

BBIXOJIHOM CHUTHAJI, BBIXO/I, BIBOJI

BXOJl, BBOJI, BXOJIHOM CHTHaJI, BXOJHBIE
JAaHHBIE
COOTBETCTBOBATb, MOJOUPATH

W3MEPHUTEINh C YCTPOMCTBOM CUUTHIBAHUSA
pa3nuYUTeNbHAs CIIOCOOHOCTD I1a3a
rpaJyupoBaHHasl TaOJWIlAa W YyKa3aTelb

npubopa (cTpernka)
FapMOHHUYECKHUM aHAJIN3

BUJICOTEPMUHAJI, YCTPOMCTBO OTOOpaxke-



HUS, TUCILICH

46. an integrated display — KOMOWHUPOBaHHBIN (MHOTO(YHKIIMO-
HaJIbHBIN) UHIUKATOP

47. adigital readout — 1u@poBoi 0TCUET, TM(PPOBOM UHAUKATOP

48. a writing stylus — 1epo (caMorcIa Win rpad)onoCTPOUTENS)

49. achart — cxema, rpaduk, Tabnuia

50. noise and interference — IIyM U UHTEpPEepeHIIns

51. to mask — MAacCKHUpOBAaTh, MPATATH, ByaIUPOBAThH, IIC-
PEKPBIBATH

52. to distort — nedopmMupoBathb(csi), HCKaKaTh(Csl)

53. linearity — JMHEWHOCTb, OTKJIIOHEHHUE OT MPSMOU

54. resolution — paspelieHue

55. precision — TOYHOCTb, IPELIU3UOHHOCTb, MOTPELI-
HOCTbh, CXOJIUMOCTb, BOCITPOU3BOIMMOCTD

56. accuracy — TOYHOCTb, IOTPEITHOCTD, IPABUIILHOCTD

57. dynamic response — JWMHaAMHYHOE CpabaThIBaHHE

58. drift — CJIBUT, CMEILIEHHE; TTOTPEIIHOCTh

59. hysteresis ["histq"rJsis] — THCTEpE3HC, 3ara3/bIBaHue

2. Match the English words and expressions with their Russian equiva-
lents below the line

Unaided human senses; beyond the capabilities of senses; analogous instrument
signal; to complete the measurement; in order; visual display systems; feedback
reading devices; associating numbers with physical quantities and phenomena; an
energetic probe; a definition of the measurand; quantization by counting; an ener-
getic probe; method of displaying the signal to an observer.

CooTtHecenue uncen ¢ GU3NIECKUMH BETUYUHAMH U SBJICHHUSIMU; TIPU TIOMOIIIH
OpraHoB 4yBCTB (0€3 moMoIIH MpruOOPOB); YTOOBI; CYUTHIBAIOIINE YCTPOHCTBA 00-
paTHOM CBsI3H; 3a MpeaesiaMi BO3MOKHOCTEH OpraHOB YYBCTB; 3aBEPIIUThH U3Me-
pEHHE; CUCTEMBI BHICOTEPMUHAIIOB; OTIPEICIICHUE N3MEPSIeMON BEJTMUNHBI,

MCTOA ACMOHCTpPAIMU CUT'HAaJIa H3.6HIOI[&TCJIIO; AQHAJIOTMYHBIM CUTHAN HU3MCpPU-
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TEJIBHOTI0 NpUOOpa; KBAHTOBAHUE ITOCPEICTBOM CUETA.

3. Word-building

Give the initial words from which the words below were formed and your own

examples of the words thus formed

-al, N+-al = Adj, magic + -al = magical; verb + al =

verbal

-ally, N + -ally = Adv, magic +-ally = magically

magical +-1y = magically
physical, fundamental, technical, usually, mathematically, digital

V+-al = N, recite + -al = recital; survive + -al = survival.

-ic, N +-ic = Adj, poet + -ic = poetic, romant(ce) + -ic = romantic
subatomic, basic, magnetic, scientific, democratic, harmonic

4. Read the text and study its translation, divide it into several parts,

think the title of each part

MEASUREMENT

Measurement is the process of as-
sociating numbers with physical
quantities and phenomena. Measure-

ment 1s fundamental to the sciences, to
engineering, building and their tech-
nical matters, and to much everyday

activity.

Measurements may be made by un-
alded human senses — in which case
they are often called estimates — or
more usually, by the use of instru-
ments, which may range in complexity
from for

simple rules measuring

lengths to highly sophisticated systems
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W3mepeHne — 3TO MpOIECC COOTHOIIIE-
HUS 9uCeN ¢ GU3MUECKUMH BEJTUYHHA-
MU, sSBICHUsIMU. M3MepeHue sBiseTcs
OCHOBOW HAyKH, TEXHHUKHU, CTPOUTEIb-
CTBAa U CBS3aHHBIX C HUMHM TEXHHUYC-
CKHX BOIIPOCOB, a TaKXKe JICKHUT B OC-
HOBE MHOTHUX BHJIOB IIOBCCIHCBHOMU
JIEATEIIBHOCTH.

M3mepeHnst MOKHO TIPOBOJIUTH MPOCTO
C TIOMOII[FI0 OPTaHOB YYBCTB, B TaKOM
cllydae OHH Ha3bIBAIOTCS OIICHKOM,
WA, 9TO O0Jiee OOBIYHO, C IOMOIIBIO
pUOOPOB, PA3IMUHBIX MO CIOKHOCTH,
OT TIPOCTBIX H3MEPUTEIHHBIX JMHEEK

A0 OYCHb CJIOXHBIX CHUCTCM JJIA OIIpC-



designed to detect and measure quanti-
ties entirely beyond the capabilities of
senses, such as radio waves from a dis-
tant star or the magnetic moment of a

subatomic particle.

Measurement begins with a definition
of the measurand, the quantity that is
to be measured, and it always involves
a comparison of the measurand with
some known quantity of the same kind.
If the measurand is not accessible for
direct comparison, it is converted or
“transduced” into analogous instru-
ment signal. Since measurement al-
ways involves some interaction be-
tween the measurand and the observer
or observing instrument, there is al-
ways an exchange of energy, which,
although in everyday applications is
negligible, can become considerable in
some types of measurement and there-

by limit accuracy.

In general, measuring systems com-
prise a number of functional elements.
One element is required to discriminate

the measurand and sense its dimen-

JICTICHUST W W3MEPEHMUsSl BEJIMYMH 34
npejelaMi BO3MOXKHOCTEM  OpPraHOB
YyBCTB YEJIOBEKA, TAaKMX KakK pPaauo-
BOJIHBI, MAYIIHE OT JAJEKOU 3BE3/bI,
WJIA MarHUTHbIA MOMEHT 3JIEMEHTap-
HOM YaCTHIIBI.

N3mepeHne HaumHAEeTCS C ompenelie-
HHUSI U3MEPSAEMOM BEIIMYMHBI, T. €. Ka-
KOW-TO BEJIMYUHBI, KOTOPYIO HEO0XO-
JIMMO W3MEpPUTb, U ITO BCErAa BKIIIO-
yaeT B ce0s CpaBHEHHE H3MEpsieMOun
BCIWYMHBI C H3BECTHOM BEJIMUYMHOM
Takoro ke poxa. Ecimm umsmepsemas
BEJIMYMHA HEJIOCTYIHA i1 MPAMOTO
CpaBHEHUSI, €€ TIPeoOpa3yoT B aHAJO-
TUYHBIN CUTHAJ WU3MEPUTEIIBHOIO MPHU-
oopa. IlockonbKy M3MEpEeHHE  SBJIS-
€TCsl B3aMMOJICVICTBUEM MEXKAY H3ME-
psAeMOl BEJIMYMHOM M HaOJr0IaTeNIeM
WU TIpUOOpOM HAOJIOICHUS, TO 3/1eCh
BCErJa MPUCYTCTBYET OOMEH PHEPTHUH,
KOTOPBIM, XOTS B OOBIYHBIX CIydasix
HE3HAUYUTEJICH, MOJXKET CTaTh 3HauyM-
TEJIbHBIM B PsJIE U3MEPEHUN U TaKUM
o0pa3oM OTpaHUYHTh KX TOYHOCTD.

B oO0iiem, u3MepuUTeNbHBIE CHUCTEMBbI

BKJIFOYAIOT (byHKIIMOHATBHBIX

pAan
351eMeHTOB. OJIUH 3JIEMEHT HEOOXOAUM

JJIA TOro, YTOOKI BBIACIIUTE HU3MCPAC-
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sions or frequency. This information is
then transmitted throughout the system
by physical signals. If the measurand is
itself active, such as water flow, it may
power the signal, if passive; it must
trigger the signal by interaction either
with an energetic probe, such as a light
source or X-ray tube, or with a carrier
signal. Eventually the physical signal
is compared with a reference signal of
known quantity that has been subdi-
vided or multiplied to suit the range of
measurement required. The reference
signal is derived from measurands of
known quantity by a process called ca-
libration. The comparison may be an
analogue process in which signals in a
continuous dimension are brought to
equality. An alternative comparison
process is quantization by counting; i.
e. dividing the signal into parts of
equal and known size and adding up

the number of parts.
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MYIO BEJIMYMHY, OINPENCIIUTh €€ Iapa-
METPbI WM 9acTOTy. DTa uHpOpMarus
3aTeM Iepenacrcs IO BCEH CUCTEME C
noMoIibio pusndeckux curHanos. Ec-
JM u3MepsieMas BeIM4MHa cama IIo ce-
O0e axkTHUBHA, HampUMep MOTOK BOJbI,
OHa MOXET JaThb JHEPIUI0 CUTHAIY,
€clii K€ OHA MacCUBHA, €l He0OX0u-
MO MHUIUUPOBATH CUTHAI IIYTEM
B3aMMOJEHUCTBUS C DHEPreTHYECKUM
JATYUKOM: HMCTOYHUKOM CBETa, PEHT-
I€HOBCKOM TpyOKOW WM CHUTHAJIOM
Hocutens uHpopmanuu. B xoneuHOM
UTOT€ IOJIYYECHHBIM CHUTHAJ CPaBHUBA-
€TCSL C ONOPHBIM CHUTHAJIOM H3BECTHOM
BEJINYMHBI, KOTOPBIM IEINUTCS WIH YM-
HOXKAETCs I COOTBETCTBUS JUAIla30-
Hy HeoOxoaumoro usmepenus. Onop-
HBII CUTHAJ IOJIy4aeTcs U3 HU3Mepsie-
MBIX BEJIMYMH U3BECTHBIX [1apaMeTpPOB
C IIOMOLIBIO IPOLECCa, HA3bIBAEMOI'0
kanuOpoBanreM. CpaBHEHHUE MOXET
ObITh aHAJIOTOBBIM MPOLIECCOM, MpHU
KOTOPOM CHTHAJIBI HENPEPBIBHO IOJ-
CTPauBalOTCA B OIPEIACIEHHOM H3MeE-
peHuU. AJBTEPHATUBHBIM I[POLECCOM
CPaBHEHUS SABISIETCS KBAHTOBAHUE ITyTEM

BBI‘-IHCJ'I@HPIﬁ, T.C. OCJIICHHUC CHI'HaJIa Ha

PaBHBIC YaCTH H3BCCTHOI'O pa3MCpa H



Other functions of measurement sys-
tems facilitate the basic process de-
scribed above. Amplification ensures
that the physical signal is strong
enough to complete the measurement.
In order to reduce degradation of the
measurement as it progresses through
the system, the signal may be con-
verted to coded or digital form. Magni-
fication, enlarging the measurement
signal without increasing its power, is
often necessary to match the output of
one element of the system with the in-
put of another, such as matching the
size of the readout meter with the dis-

cerning power of the eye.

One important type of measurement is
the analysis of resonance, or the fre-
quency of variation within a physical
system. This is determined by harmon-
ic analysis, commonly exhibited in the
sorting of signals by a radio receiver.
Computation 1is another important
measurement process, in which mea-
surement signals are manipulated ma-

thematically typically by some form of

CJIO’KEHHNE KOJIMUECTBA YAaCTEN.
Hpyrue  QyHKIuun

CHCTEM CIIOCOOCTBYIOT BBITIOJIHEHUIO

N3MCPUTCIIbHBIX

BBIIIENIEPEUUCICHHBIX PYHKIHHA. Ycu-
JIEHUE CIOCOOCTBYET TOMY, YTOOBI
CUTHAJ ObUT JOCTaTOYHO CHJIBHBIM JIJISI
3aBeplleHuss  u3MepeHus.  UToOml
YMEHBIUIUTh JIETPAJIallii0 HU3MEPEHHUS
[0 MEpEe €ro BHIMIOJIHEHUS] B CHCTEME,
CUTHAJI MOET OBbITh NMpeoOpa3oBaH B
udpoByo

dopmy. VYBenuueHue pa3MepoB OTO-

3aKOJIUPOBAHHYIO  WJIU
OpakeHHs curHaia Oe3 YBETWYCHHS
€ro MOIIIHOCTH YaCcTO HEOOXOINMO IS
MPUBEJECHHUSI B COOTBETCTBHUE BBIXOJA
OJIHOT'O 3JI€MEHTA CHUCTEMbI C BXOIOM
JIPYyroro 3JEMEHTA, HAIpPUMEpP COOT-
BETCTBUE PAa3MEPOB IMOKA3aHUM CUET-
YUKa CIIOCOOHOCTH TJIa3 UX pa3jandarh.
BaXHbIM THUIIOM H3MEpPEHUS SIBIISACTCS
aHallu3 PE30HAHCA WJIM YaCTOTHI M3MeE-
HEHUU BHYTPU (PU3UUYECKON CUCTEMBI.
D10 omnpeaensiercss TapMOHUYECKUM
aHAJIM30M, OOBIYHO TPEICTABIISICMBIM
COPTUPOBKON CHUTHAJIOB PAAUOIPUEM-
HUKOM. Brmaucienne — emé oauH
BAXKHBIN TPOLIECC U3MEPEHUSI, NPU KO-

TOpOM C CHI'HaJIaMH H3MepeHI/Iﬁ BbI-

IIOJHAIOTCA TC HMJIM MHBIC MaTCMaTH4C-
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analogue or digital computer. Comput-
ers may also provide a control function

In monitoring system performance.

Measuring systems may also include
devices for transmitting signals over
great distances. All measuring systems,
even highly automated ones, include
some method of displaying the signal
to an observer. Visual display systems
may comprise a calibrated chart and a
pointer, an integrated display on a ca-
thode-ray tube, or a digital readout.
Measurement systems often include
elements for recording. A common
type utilizes a writing stylus that
records measurements on a moving
chart. Electrical recorders may include
feedback reading devices for greater

accuracy.

The actual performance of measuring
instruments is affected by numerous

external and internal factors. Among
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CKHE JEHUCTBHUSA C IOMOIIBIO aHAJIOIo-
BOTO WM LH(PPOBOTO KOMIIBIOTEPA.
KoMnproTepsl MOTYT Takxke OCyIle-
CTBJISITh PYHKIUIO yIIPABICHUS,
KOHTPOJIUPYS pabOTy CHUCTEMBI.
N3MepuTenbHble CHUCTEMBI  MOTYT
Tak)Ke BKIIOYaTh B ceOsl yCTpoiicTBa
JUIsL TIepelaud CUTHAJIOB Ha OOJIbIINE
pacctosiHus. Bce u3MeputenbHbie CUc-
TEMbI, Ja)K€ C BBICOKMM YpPOBHEM aB-
TOMaTHU3alluMl, COJEp>KaT CIocod me-
MOHCTpALIMM CUTHAJIAa HaOIIOAATEeNto.
YCTpoicTBO  OTOOpak€HUST  MOXKET
IPEACTaBIATh COOOM IMIKaly M CTpei-
Ky, UHJIUKATOp, KOMOWHHPOBAHHBIN C
KaTOJHO-Ty4eBON TpyOKOM, WU yCT-
poiicTBo 1nmdppoBor umHIUKaUU. W3-
MEpUTENIbHbIE CUCTEMBbI YacTO BKIIIO-
YaloT 3aluChIBAIOIIME DJIEMEHTH. B
OOBIYHOM THUIIE YCTPONCTB HCIOJIb3Y-
€TCsl CaMOIHMCeL], KOTOPbIi 3alUChIBAET
U3MEpPEHUsI Ha JBWXKYILEUCA IIKaJIe.
DONEeKTpUYEeCKUEe 3aluChIBAIOLIUE YCT-
pOMCTBA  COAEPXKAT  CUUTHIBAIOIINE
YCTpPOMCTBA C OOpaTHOW CBSI3bIO JIA
00JIbIIEH TOYHOCTH U3MEPEHHI.

Ha xauecTBO pabOThl M3MEPUTENHHBIX
npuOOpOB BIMSIOT MHOTOYHCIICHHBIE

BHYTPEHHHE U BHEUIHUE (DAKTOPHI.



external factors are noise and interfe-
rence, both of which tend to mask or
distort the measurement signal. Inter-
nal factors include linearity, resolution,
precision, and accuracy, all of which
are characteristic of a given instrument
or system; and dynamic response, drift
and hysteresis, which are effects pro-
duced in

the process of measure-

ment itself.

Cpean BHEIIHUX (PAKTOPOB — LIYM U
UHTEPPEPEHIIMS, MEPEKPHIBAIOIIUE H
WCKQXXaIOIUEe CUTHAIBI HW3MEPEHHUM.
BHyTpeHHue (akTopbl BKIIOYAIOT B
ceOst TUHEHHOCTh, paspelnieHue, TOod-
HOCTb M NOTPEIIHOCTb, BCE ITO SBIIS-
€TCsl  XapaKTepHOM  OCOOEHHOCTBIO
JAaHHOTO MPUOOpa NN CUCTEMBI, a TaK-
KE JMHAMUYECKYH) XapaKTEPHUCTHKY,
npeild (mokazanuii mpubopa) U rucre-
pe3uc, 4To MpeJCTaBisieT coO0M BO3-
JIEUCTBUsA, BO3ZHUKAIOIIUE B IPOLIECCE

CaMUX U3MEPEHUM.

5. Answer the questions given below

1. What is measurement?

2. What is the role of measurement?

3. By what means may measurement be made? When are sophisticated mea-

surement systems used?

. How does measurement begin?

N N Dn b

tems?

. What is there always in the process of measurement?
. What elements do measuring systems comprise?

. How is the physical signal compared with a reference signal in measuring sys-

8. How do amplification and magnification facilitate the basic measurement

process?
9. What is the analysis of resonance?

10. What is computation?

11. What methods of displaying the signal to an observer do all measuring sys-

tems include?
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6. Find below the line synonyms for the following words from the text
Accurate, considerable, theoretical, characteristic fundamental,
measurement, computation, factor, estimate, instrument, matter;

transmit utilize include affect associate.

Significant, typical, basic, precise, abstract;
calculation, aspect, approximation, dimension, issue, device;

use comprise pass on relate influence.

7. Read the advertisement from “Instruments & Control Systems” jour-

nal of October 1990 and answer the questions

WE MEASURE
PRESSURE AND TEMPERATURE Questions

1. What is the company name and

address?

2. What does the company special-
ize in?

3. What does the company capabili-
ty include?

4. Does the company manufacture

customized equipment for indi-

Senso-Metric  specia- | for all types of sensors. vidual requirement?
lizes in designing, devel- | SMI also manufactures
opment and manufac- | customized equipment | - What does the company supply?
turing a wide range of | for individual require-
transducers and asso- | ment or special applica-
ciated instrumentation | tions. We supply total
to solve most measure- | instrument packages,

ment problems. Our ca- | including recording
pability includes the | and display, with all in-
measurement of pres- | terconnecting mate-

sure, temperature and | rials.
signal conditioning

SENSO-METRICS INCORPORATED 4584 RUNWAY
STREET * SIMI VALLEY * CA 93063(805)527-3640 *
FAX 805-584-2960
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You are working for SNS Company in Vladimir. Write an enquiry letter
to Senso-Metrics Incorporated. Use the letter below as a model.

[
O
OO 0O

THE JAMESON CONSTRUCTION
CO. PTY.
Harbour Road
MELBOURNE, AUSTRALIA

Og

The Aluminium Alloy Co. Ltd. 25 June 2008
79 Prince Albert St.

Birmingham B21 8DJ

Great Britain

Dear Sirs

We have seen your advertisement in The Metal Worker, and would be grateful if
you would kindly send us details of your aluminium fittings.

Please quote us for the supply of the items listed on the enclosed enquiry's form,
giving your prices to Melbourne. Will you please also indicate delivery times,
your terms of payment, and details of discounts for regular purchases and large
orders.

Our annual requirements for metal fittings are considerable, and we may be able
to place substantial orders with you if your prices are competitive and your delive-
ries prompt.

We look forward to receiving your quotation.

Yours faithfully
THE JAMESON CONSTRUCTION CO. PTV.

A&
H. Smithers
Buyer
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8. Arrange the sentences below in the way they appear in the text. Use
them in your summary of the text (14 sentences)
1. Amplification ensures that the physical signal is strong enough to complete
the measurement. 2. The actual performance of measuring instruments is af-
fected by numerous external and internal factors. 3. Measuring systems may al-
so include devices for transmitting signals over great distances. 4. One element
1s required to discriminate the measurand and sense its dimensions or frequency.
5. Measurement is the process of associating numbers with physical
quantities and phenomena. 6. Other functions of measurement systems facilitate
the basic process described above. 7. Computation is another important mea-
surement process, in which measurement signals are manipulated mathematical-
ly, typically by some form of analogue or digital computer. 8. Measurements
may be made by unaided human senses or by the use of instruments. 9. Mea-
surement begins with a definition of the measurand. 10. In general, measuring
systems comprise a number of functional elements. 11. Measurement systems

often include elements for recording.

9. Translate this short annotation to the text into English
B sTOM TekcTe pacckaspiBaeTCs O MPOIECCe U3MEpPEHHUs, TaETcsl ero onpenene-
HUE U PAcCMaTPUBAETCS 3HAYCHUE M3MEPEHUI B HAyKe M TEXHUKE, a TAKXKE B
MOBCEIHEBHOM ku3HU. OMUCHIBACTCS caM MPOILIECC U3MEPEHHUs], TUIIbl U3MEpe-
HUN, U3MEPUTEIbHbIE CUCTEMbl M UX (DYHKIIMOHAIBHBIE AJIEMEHTHI, a TaKXe

BHYTPEHHHE U BHEIIHHE (PAKTOPHI, BIUIIOLIME HA TOUHOCTh U3MEPEHUH.
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THEORY OF MEASUREMENT

1. Study the words and find the sentences with these words in the text,

translate them

1.
2.

10.
1.
12.
13.
14.

15.

16.

17.

18.

® X ok

to assign
assignment

number

number assignment
concern [kqn*swWn]
error

general theory

come to grips with the problem

uniqueness [jH*nJkngs]
axiom ["Xxksigm]
assumption [(*SAMpSqN]
conjointness [kgn*GOintngs]
to ensure [IN"Suq]

attribute

to concatenate [KPn"kXtineit]
representation

speculative ["spekjulqtiv]

measuring sequences

IMprucCBanBaThb, Ha3HAYaTb
IMpUCBANBAHUC, HABHAYCHUC

YHUCJI0, KOJUYECTBO, HOMED, Udpa;
ITOKa3aTelb, HHICKC
MpUCBaNBaHKE YHCIIA

OTHOIIICHHE, KaCcaTeJIbCTBO, HHTEPEC
OIINOKA
oO1as Teopust

CEepPhE3HO B3AThCA 32 (MOBITATHCS
pa3pelunTh) npodiiemy
OJIHO3HAYHOCTb

aKCHoMa
IIPEANOJI0KEHNE, HOMYIIICHUS
OOIIHOCTH, COBMECTUMOCTD
o0ecreunBaTh, rapaHTHPOBATh

aTpuOyT, IpU3HAK, MOKa3aTesb, Xa-

paKTEepUCTHKA
CLEIUIATh, CBS3BIBATH, COEIMHSATH
(BO€IMHO)

IIPE/ICTaBIICHHE, 0TOOpaKEHHUE,
0003HaUCHHUE

CO3epLaTeIbHbIi, YMO3PUTEIIbHBIN,
TEOPETHUYECKHUM, TUITOTETUYECKUI
MOCJIEIOBATENBLHOCTD (mops10K)
IIPOBEJCHNS N3MEPEHUM
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2. Find the English equivalents of the following both in the vocabulary

and in the text

Teopust U3MepeHUit, SBICHHUS, BITATHCS PA3pPEIIUTh MPOOIEMY, AKCUOMBI T10-

psnka, Gu3nvYecKue u3MepeHus, 001Ias Teopusi, ONTMOOYHBIE U3MEPEHUS, T10

CcBOEH MpHUpOJAC YMO3PUTCIIBbHBI, IICPECMCHHBIC, IIPSAMBIC 1 KOCBCHHBIC OI_HI/I6KI/I,

BEJIMYMH, MOJAIOIINXCA KOJTMYECTBEHHOMY OIPEACNICHUI0, OAHAKO (QyHIaMEH-

TaJIbHas1 pa60Ta 10 TCOpHUHn OI.III/I6OK, CANHCTBCHHO BO3MOKHOMY.

3. Find below the line synonyms for the following words from the text

1. Process, error, problem, representation, axiom, phenomenon, observa-

tion, uniqueness, assignment, intelligence, question random.

2. Utilitarian, axiomatic, various, central, general, systematic contemporary.

1. Maxim, chance, difficulty, task, matter, surveillance, mistake, fact, intel-

lect, symbol, exceptionality, procedure.

2. Diverse, vital, self-evident, regular, current, practical, universal.

4. Read the text and study its translation

THEORY OF MEASUREMENT

Measurement theory is the study of
how numbers are assigned to objects
and phenomena, and its concerns in-
clude the kinds of things that can be
measured, how different measures re-
late to each other, and the problem of
error in the measurement process. Any
general theory of measurement must
come to grips with three basic prob-
lems: error; representation, which is
the justification of number assignment;
and uniqueness, which is the degree to
46

Teopuss M3MEPEHHN W3y4aeT, KaKUM
o0pa3oM uYucia WCHOJB3YIOTCS s
omnpenesicHus OOBEKTOB W SIBJICHUH,
OHa KacaeTcsl BCEro, 4YTO MOKHO M3Me-
PUTh, TOTO, KaK Pa3IMYHbIC U3MEPECHHUS
CBsI3aHbI JPYr C APYroM U mpodiema-
MU OHIMOOK B MPOLECCE H3MEPEHMIA.
Jrobass oOwmass Teopus H3IMEPEHUI
JOJDKHA TIBITAThCS Pa3pelIuTh TPU OC-
HOBHBIC MPOOJIEMBI: OMMUOKK; 0003Ha-
YeHHeE,

KOTOpO€ SIBIISIETCSI TOJTBEP-

KIACHHUCM YHCJIIOBOro OIIPCACIICHUA, W



which the kind of representation cho-
sen approaches being the only one
possible for the object or phenomenon

n question.

Various systems of axioms, or basic
rules and assumptions, have been for-
mulated as a basis for measurement
theory. Some of the most important
types of axioms include axioms of or-
der, axioms of extension, axioms of
difference, axioms of conjointness, and
axioms of geometry. Axioms of order
ensure that the order imposed on ob-
jects by assignment of numbers is the
same order attained in actual observa-
tion or measurement. Axioms of exten-
sion deal with the representation of
such attributes as time duration, length,
and mass, which can be combined or
concatenated, for multiple objects ex-
hibiting the attribute in question.
Axioms of difference govern the mea-
suring of intervals. Axioms of cojoint-
ness postulate that attributes that cannot
be measured empirically (for example,
loudness, or intelligence, or hunger) can
be measured by observing the way their

component dimensions change in rela-

OJIHO3HAYHOCTh, UYTO SBJSIETCS BbIpa-
KEHUEM CTETICHH MPHUOJIVIKEHUS BBI-
OpaHHOro 0003HAYEHUS K €IMHCTBEH-
HO BO3MOXXHOMY BapHaHTy JJIsl TaHHO-
ro 00bEKTa WU SBIICHUS.

B xauecTBe OCHOBBI TEOpHM H3MEpE-
HUN ObUTH CHOPMYITUPOBAHBI Pa3TUY-
HBIE CHCTEMBbI aKCHOM WJIM OCHOBHBIX
npaBWwiI U gonyuieHud. Hekoropslie u3
CaMbIX BaXHBIX aKCHOM — 3TO AaKCHO-
MBI TOpSIJIKA, AKCUOMBI yBEIUYCHUS,
AKCUOMBI Pa3JIM4Msi, aKCHOMbI COBMEC-
TUMOCTH U T€OMETPUUYECKUE AKCUOMBI.
AKCHOMBI TIOpsiIKa 00eCIeYnuBaT TO,
9YTO TOPSAOK, MPUIAHHBIN OOBEKTaM
MPUCBABAHUEM YHUCEIl, SIBJSIETCS TEM
CaMbIM TOPSIAKOM, KOTOPBIM JIEHUCTBHU-
TEJIBHO JIOCTUTAETCs B X0J]i€ HalJto/Ie-
HUW WM U3MEpPEHUN. AKCUOMBI yBe-
JUYEHUS UMEIOT JENI0 C TAKUMH aTpH-
OyTamMu, Kak MPOJOKUTEIHLHOCTh
BPEMEHH, JJIMHA W Macca, KOTOpbIE
MOXHO KOMOWHHMPOBATH WJIM COEIHU-
HATHb I MHOXECTBEHHBIX OOBEKTOB,
UMEIOIIUX aTpUOYThI, O KOTOPBIX UJIET
pedb. AKCHOMBI pa3jiMuusl peryupy-
0T U3MEPEHUE MHTEPBAIOB. AKCHOMBI

COCJIMHEHHUSI JIOMYCKAIOT 4YTO aTpuldy-

Thbl, KOTOPBIC HCBO3MOXHO HU3MCPUTH

47



tion to each other. Axioms of geometry
govern the representation of dimensio-
nally complex attributes by pairs of
numbers, triples of number, or even n-

tuples of numbers.

The problem of error is one of the cen-
tral concerns of measurement theory.
At one time it was believed that errors
of measurement could eventually be
eliminated through the refinement of
scientific principles and equipment.
This belief is no longer held by most
scientists, and almost all physical mea-
surements reported today are accom-
panied by some indication of the limi-
tation of accuracy or the probable de-
gree of error. Among the various types
of error that must be taken into account
are errors of observation (which in-
clude instrumental errors, personal er-
rors, systematic errors, and random er-
rors) errors of sampling, and direct and
indirect errors (in which one erroneous
measurement is used in computing

other measurements).
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OMIIUPUYECKU (HAIIPUMEDP, TPOMKOCTb,
WHTEJUICKT WA TOJIOMI), MOXKHO H3Me-
puTh, HabOMOIasd TO, KaK COCTaBIIAO-
e WX IMapaMeTpbl U3MEHSIIOTCS TIO0
OTHONIEHUIO ApPYT K Apyry. ['eomeTrpu-
YECKME aKCHOMBI PETYJIUPYIOT OTO-
OpakeHue CI0KHOMEPHBIX aTpuOyTOB
MOCPEJICTBOM JIBOMHBIX, TPOWHBIX H
MHO>KECTBEHHBIX YHCEIL.

[Ipobiema omuMOKM — OJWH U3 ILICH-
TpaJbHBIX BOIPOCOB TEOPUH H3MEpE-
Huii. Korma-To monaraiu, 4To ¢ Oniuo-
KaMH HM3MEPEHUS MOXXHO TOKOHYUTH
MOCPEJCTBOM COBEPIICHCTBOBAHUS Ha-
YYHBIX TPUHIUIIOB U OO0OpPYJAOBaHUS.
BonapmmHCTBO yYEHBIX yKE€ HE TpH-
JIEP’)KUBAIOTCS TOTO MHEHUS, U MOYTH
BCce (hM3MYECKUE H3MEpEeHUus, O KOTO-
PBIX COOOIIAaeTCs CerofHs, COIMPOBOXK-
JAloTca 0003HAYEHHEM OTpaHUYCHHUS
TOYHOCTH WM BO3MOXXHOW CTETICHU
ommnOknu. Cpeaw pa3IuYHBIX THIIOB
OIMOO0K, KOTOPBIE CIAEAYeT MPUHUMATD
B pacuér, OMMOKH NpU HAOIIOJECHUU
(KOTOpBIC BKIIOUYAIOT OMIUOKHA TPUOO-
pPOB, OIIMOKU YeNOBEKa, CUCTeMaThuye-
CKHE€ OIMMOKU M CIy4YalHbIE OIIUOKH),
OIIMOKKA BBIOOPKHU, MPSAMbIE U KOCBEH-

HbIE OIMMOKK (KOTJa OJHO OIMO0YHOE



Measurement theory dates back to the 4"
century BC, when a theory of magni-
tudes developed by the Greek mathema-
ticians Eudoxus of Cnidus and Thaecate-
tus was included in Euclid’s Elements.
The first systematic work on observa-
tional error was produced by the English
mathematician Thomas Simpson in
1757, but the fundamental work on error
theory was done by two 18th-century
French  astronomers, Joseph-Louis,
Count de Lagrange, and Pierre-Simon,
Marquess de Laplace. The first attempt to
incorporate measurement theory into the
social sciences also occurred in the 18"
century, when Jeremy Bentham, a British
utilitarian moralist, attempted to create a
theory for the measurement of value.
Modern axiomatic theories of measure-
ment derive from the work of two Ger-
man scientists, H. L. F. von Helmholtz
and L.O. Holder, and contemporary work
on the application of measurement theory
to psychology and economics derives in
large part from the work of Oskar Mor-

genstern and John von Neumann.

WU3MEPEHUE UCIOIb3YeTCs I pacuéra
JPYTUX U3MEPEHUN).

Teopust n3mepeHnii BOCXOINUT K 4-My
BEKYy J0 H.3., KOI/ia TEOpHs BEJIUYUH,
pa3paboTaHHas TPEUECKUMHU MaTeMa-
tukamu EBnokcom Kuupckum m Pe-
stetoM (Tesrerom) AduHCKUM ObLia
BKJItOueHa B Hauana EBknuna. IlepBas
cucTemMaTuieckas paboTa 1o omuoKam
HaOIIOJICHUsT TIPOBOJMWIIACH  aHTJIMMA-
ckuM MatemaTukoM Tomacom Cumi-
coHoM B 1757 r., onHako, ¢pyHIaMeH-
TanbHasg paboTa MO TEOpUH OINOOK
OblTa Tpojenana (paHIy3CKUMH ac-
TpoHoMamMu 18-ro Beka XKozepom Jlyu
rpadom ae Jlarpawxkem u Ilsepom Cu-
MOHOM Mapku3oM ne Jlammacom. Ilep-
BbIC TIONBITKA BKJIKOYUTH TEOPHUIO W3-
MEpPEHUI B COLMAIbHBIE HAYKU TaKkKe
MpeaNnpUHUMAINCh B 18-M Beke, Koraa
Hepemust benram, anrnuiickuii uio-
co(-MOPAIUCT, OCHOBOTOJOXHUK (hH-
Jocopuu YTHIUTApU3MA, TOMBITAIICS
CO3/1aTh TEOPHUIO0 U3MEPEHHUSI IIEHHOCTH.
CoBpeMeHHbIE aKCMOMATUYECKHE TEO-
pUM HM3MEpPEHMsI Pa3BUBAIOTCA Ha OC-
HOBE pabOTHI JIBYX HEMEIKHUX yUEHBIX
I'JI.®. I'enemromaea 1 JILO. T'onbae,

a COBPCMCHHBIC pa6OTBI 10 IIPpUMCHC-
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Since most social theories are specula-
tive in nature, attempts to establish
standard measuring sequences or tech-
niques for them have met with limited
success. Some of the problems in-
volved in social measurement include
the lack of universally accepted theo-
retical frameworks and thus of quanti-
fiable measurands, sampling errors,
problems associated with the intrusion
of the measurer on the object being
measured, and the subjective nature of
the information received from human
subjects. Economics is probably the
social science that has had the most
success in adopting measurement theo-
ries, primarily because many economic
variables (like price and quantity) can
be measured easily and objectively.
Demography has successfully em-
ployed measurement techniques as
well, particularly in the area of mortali-

ty tables.
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HUIO TEOPUH U3MEPEHUH B MCUXOJIOTUH
U DKOHOMHUKE 10 OojbIneit yactu Oe-
pyT cBoé€ Haudajo B paborax Ockapa
Moprenmrepna u J[xona ¢on Hero-
MaHa.

ITockonbKyY COLaIbHBIE TEOPUU IO CBOEH
MIPUPOJIE YMO3PUTENBHBI, TOIBITKH pa3-
paboTaTh CTAHIAPTHYIO MOCIEIOBATENb-
HOCTb MPOBENICHNUS WM IPUEMBI U3MEpPe-
HUM UMEIHU OrpaHMYEeHHbIN ycrieX. Heko-
TOpbIE MPOOJIEMbI COLMATIBHBIX H3MEpe-
HUM — 3TO OTCYTCTBUE YHHUBEPCAIBHO
NPUHATBIX TEOPETHYECKUX CTEPIKHEBBIX
CHCTEM H, TaKMM O00pa3oM, M3MEpSEMBIX
BEJIMYMH, MOIAIOIIMXCSA KOJINYECTBEH-
HOMY OIPECIICHUIO, OIIMOKHA BBIOOPKH,
npoOJIeMbl, CBSI3aHHBIE C BO3/ICHCTBHEM
U3MEPSIONIEr0 Ha M3MEPSIEMbIN OOBEKT, U
CYOBEKTHUBHBIA XapakTep HWH(pOPMAIHH,
MOJIy4aEMOM  OT MCHBITYEMBIX JIFOICH.
DKOHOMMKA, BO3MOXKHO, SIBJISICTCSI TOM CO-
LIMAJIbHOM HAyKOM, B KOTOPOW TEOPUU W3-
MEpEeHUl TPUMEHSIOTCS HauOonee yc-
TMEIHO, TaK KaK MHOTME TEpPEMEHHBIE B
HKOHOMHUKE (Takue Kak LIeHa M KOJIMYECT-
BO) MOXKHO H3MEPUTH IMPOCTO U OOBEK-
THBHO. B neMorpadun Taxke UCIOb3y-
IOTCSL METO/Ibl MI3MEPEHMS, B OCOOEHHOCTU

IIpHU COCTABJICHHUU Ta6J'II/III CMCPTHOCTH.



5. Answer the questions given below, retell the text using these questions

as a plan

l.

® N kWD

10.
11.

What does measurement theory study?

What problems does it deal with?

What is the basis for measurement theory?

What are the most important types of axioms?

What is one of the central concerns of measurement theory?

What types of errors should be taken into account?

What period of time does measurement theory date back?

Whose works do modern axiomatic theories and work on application mea-
surement theory to psychology and economics derive from?

Why have attempts to establish standard measuring sequences or techniques
in social theories met with limited success?

What are the problems in social measurement?

What social sciences have had the most success in adopting measurement

theories?

6. Insert the missing words and translate the text making necessary

changes in the word forms. Translate the text

Measurement is accomplished through the comparison of a ... | 1.quantity

with some known ...of the same kind. The term weights and | 2. measurand

measures ... those ... quantities by which such comparisons are | 3. measure

achieved. Standard quantities may be established ... or by ref- | 4.constant

erence to some universal .... Standards for different ... of quan- | 5.kinds

tities may develop separately or may be ... into logical systems | 6.weight

of units. Originally standard ... were four in number: those for | 7.arbitrarily

mass (...), volume (liquid or dry measure), length, and area. To | 8. others
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these have been added standard measurement of temperature, | 9.integrate
luminosity, pressure, electric current, and.... 10. standard

11. signify

7. Make the written translation of the following

Now the standard system in most nations, the metric system has been moder-
nized to take into account 20th-century technological advances. In Paris in 1960
an international convention agreed on a new metric-based system of units. This
was the Systéme Internationale (SI). Six base units were adopted: the metre
(length), the kilogram (mass), second (time), the ampere (electric current), the
degree Kelvin (temperature), and the candela (luminosity). Each was keyed to a
standard value. The kilogram was represented by a cylinder of platinum-indium
alloy kept at the International Bureau of Weights and Measures in Sévres,
France, with a duplicate at the U.S. National Bureau of Standards. The kilogram
is the only one of the six units represented by a physical object as a standard. In
contrast, the metre was set to be 1,650,763.73 wavelengths in vacuum of the
orange-red line of the spectrum of krypton-86, and the other units were related
to similarly derived natural standards.

Other units derived from basic SI units include the coulomb (charge), joule (en-
ergy), newton (force), hertz (frequency), watt (power), ohm (resistance), and cu-

bic metre (volume).
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UNIT 5

SENSORS

1. Study the words and find the sentences with these words in the text,

translate them

l.

11.
12.

to sense

sensor
to detect

detector

compound

to indicate

indicator

mercury[ "mWKjVri]
to meter

meter

an analog to digital converter

MEMS (microelectro-
mechanical systems)

OTIpEeNEITh, 0OHAPYKUBATh, PACIIO3HABATD,
OI03HaBaTh, BOCIPUHUMATh, CYHUTHIBATh, 30H-
JUPOBATh, U3MEPSThH, KOHTPOJIUPOBATH

JATYUK, YyBCTBUTEIbHBIN AJIEMEHT, CEHCOP; Je-
TEKTOp, YCTPOUCTBO CUUTHIBAHUS
O0OHapYKUBATh, BHIIPSMIISTh, JETEKTUPOBATD,
JIEMOJyJINPOBATh

OOHApYX UTEJb, yCTPOUCTBO OOHAPYKEHUSI, UH-
JIUKATOp, JETEKTOP, AEMOAYIATOP, YyBCTBHU-
TeJIbHBIN (BOCIIPUHUMAIOIIN) 3JEMEHT, JaT-
YUK, IEPBUYHBIA U3MEPUTEIbHBIN TPeoOpa3o-
BaTelb

COCTaB, CMECh, COCTAaBHOM, CIIOKHBIN, (XUMHUYE-
CKO€) COEeTMHEHHUE

yKa3bIBaTh, IOKA3bIBaTh, 0003HAYATh, U3MEPSTh
WHJUKAaTOPOM, CHUMATh WHJIUKATOPHBIC T1a-
rpaMMBbI

WHJIMKATOp, yKa3aTelb, (M3MEPUTENIbHBIN) PHU-
00p, cTpenka, ykazarenb (M3MEepUTETHHOTO
npudopa), yCTpOUCTBO OTOOpaKeHUs

PTYTh, PTYTHBIN

U3MEPATh, MEPUTB, 3AMEPSTH

METp, U3MEPHUTEIBHBINA MPUOOP, U3MEPHUTEITb,
CUETYHK, 103aTOP
aHanoro-nudposoi npeodpazosatens (ALIT)

MBOMC (MUKPOIJIEKTPOMEXaHUYECKUE CUCTEMBI)
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13.

14.
15.

16.

17.
18.

19.
20.

21.

22.

23.
24.

25.

26.
27.
28.

29.

30.

31.

32.
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property [*prOpqti]

proportional [prg*pLSngl]

gain
to clip

offset

bias

amount

behaviour

range
to note

dynamic error

function
approximation error

digitization error
sampling frequency

calibration

strategy
to fluctuate
digital display

electron tunneling

CBOWCTBO, KaU€CTBO, XapaKTEPUCTUKA, CIIOCOO-
HOCTb
IIPOIIOPLUOHAIIBHBIN, COPa3MEPHBIN

yBEJIMYEHHE, YCUIIeHHE, (ITPH)POCT, KO3ppuuu-
€HT YCUJICHUS

3a)KMMaTh, KPEMUTh, OTPyOaTh, 00pe3aTh, orpa-
HUYMBATh, OTCEKATh, OTOpPAChIBATh

CMEILEHUE, CJIBUT, YXO, OTKIOHEHUE

CMEIIEHUE, OTKIIOHEHHE, CHCTEMATUYECKOE
OTKJIOHEHUE (TOTPEIIHOCTh, OIIMOKA)
BEJIMYMHA, CTEIIEHb, KOJIMYECTBO, /103a, CyMMa

XapaKTEPHUCTHKA, CBOMCTBA, MOBEICHUE (CUCTE-
MbI), pesKuM (paboThl), IpOTEKaHue (Mpouecca),
paboTta (KOHCTPYKIIUH, MaTepHalia), XapakTep
U3MEHEHUs! (KpUBOM)

JMara3oH, HHTEPBaJ, MPeebl, 30Ha, 00JI1acTh,
aMIUIATY1a, 00JIacTh 3HAYEHUH

3aIKUChIBATh, COCTABJISATH KOMMEHTAPHH,
yIOMHHATh, 0003HAYaTh, 3HAYUTh, YKa3bIBATh
JUHAMUYECKas MOrPEUIHOCTb

byHKIUS, Ha3HaYCHHE, (DYHKIIMOHATbLHAS 3aBU-
CUMOCTD

MOTPENTHOCTD MPUOIMKESHHUS, TTOTPEITHOCTh
anmpOKCUMAaITUU

MOTPEIIHOCTD OIU(PPOBKU (TUCKPETU3ALIHH )

qacToTa JUCKPETU3allnn

NoBepKa (CpelICTB U3MEPEHMUS ), TPaTyUpOBaHUE,
KaJuOpoBaHHEe, TOUHOE U3MEPEHUE, TOUHOE OIl-
peneneHue (XapakTepucTUKU WU CBOMCTBA
CPEICTB U3MEPEHUI)

CTpaTerusi, KOHUEMIMS, METOA0JIOT s, METOIU-
Ka, aJITOPUTM, ITIOBEJICHUE

(bayKTyupoBaTh, Kojie0aThCsl, MyJIbCUPOBATh,
OTKJIOHSITHCSI

uudpoBast UHAUKALUA, ITMGPOBOE OTOOPAKEHHE,
U poBOM AUCIIIEH, UPPOBOW UHAUKATOP
TYHHEJIMPOBAHUE JIEKTPOHOB



2. Match the pairs of antonyms above and below the line

Physical; output; progress; sensitivity; discrete; systematic; limited; different; error.

Retreat; boundless; mental; random; similar; indifference; accuracy; continuous; input.

3. Word-building

1. Form from the verbs given below nouns denoting persons or devices carrying

out the action of the verb and translate them: to sense, to detect, to indicate, to

direct, to read, to scan, to process.

2. Form from the adjectives with the help of the negative prefixes according to

the model and translate them.

in-, il-, im-, ir- + Adj = Adj (not) infinite; illicit; immoral, irrelevant

sensitive, significant, direct, dependent, discrete, personal, perfect, mobile, liter-

ate, logical, regular, resolute.

4. Read the text and study its translation

SENSORS

A sensor is a physical device or bio-
logical organ that detects, or senses, a
signal or physical condition and
chemical compounds. Most sensors are
electrical or electronic, although other
types exist. A sensor is a type of trans-
ducer. Sensors are either direct indicat-
ing (e.g. a mercury thermometer or
electrical meter) or are paired with an
indicator (perhaps indirectly through
an analog to digital converter, a com-
puter and a display) so that the value
sensed becomes human readable. In

addition to other applications, sensors

Jatunk — ¢usndeckuii mpubop win
OMOJIOTMYECKUM OpraH, KOTOPBIH 00-
HApY>KMBAET WJIM OINPEIEIsIeT KaKoiu-
100 CUTHAI WK (PU3NYECKOE COCTOS-
HHUE U XUMHUYECKHUMN cOocTaB. bosblinH-
CTBO JAaTYMKOB DJJICKTPUYCCKUE WIIA
AJIEKTPOHHBIE, OJTHAKO, CYIIECTBYIOT H
apyrue Tumnbl. JlaTumk — cBOero poja
npeobpazoBarenb. Jlatuuku n1ubo He-
MOCPEJICTBEHHO SIBJISIFOTCSI KOHTPOJIBHO-
U3MEpUTEIbHBIMU  TIpuOOpamMu  (Ha-
npuMep, PTYTHBIA TEPMOMETP WIH
ANEKTPUUYECKUN CU€TUMK) MO0 TOj-
COCJIMHAIOTCS K KOHTPOJIbHO-U3MEPH-
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are heavily used in medicine, industry
and robotics. Technical progress al-
lows more and more sensors to be
manufactured with MEMS technology.
In most cases this offers the potential
to reach a much higher sensitivity.
Sensors can be classified according to
the type of energy transfer that they de-
tect:

1. Thermal sensors

2. Electromagnetic sensors

3. Mechanical sensors

4. Chemical sensors

5. Optical and radiation sensors
6. Acoustic sensors

and other types of sensor.

A good sensor obeys the following
rules: the sensor should be sensitive to
the measured property, the sensor
should be insensitive to any other
property, and the sensor should not in-

fluence the measured property. In the
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TEJIbHBIM MpPUOOpaM (BO3MOXKHO Yepes
aHajoroBo-uudpoBoii  npeodpazoBa-
TeIh, KOMIBIOTEp WU AUCIUICH), Ta-
KM 00pa3oM, YTOOBI 3aperucTpupo-
BaHHYIO BEIMYMHY MOXHO OBLIO IMpO-
yuTath. lloMMMO TmpodYero, naTYUKU
HIMPOKO HCIOJIB3YIOTCSI B MEAMIIMHE,
MPOMBIIINIEHHOCTH M POOOTOTEXHUKE.
Texnuueckuit mporpecc MO3BOJISET
MIPOU3BOJIUTH BCE OOJIBIIIEE KOJIMYECT-
BO JATYMKOB C WCIOJB30BAHHEM TEX-
HOJIOTHM MHKPO3JICKTPOMEXaHHUECKHIX
cucteMm. Jlatuymku MOXHO Kiaccudu-
IIUPOBATh MO THUITYy TMEpPeIaYr SHEPTHH,
KOTOPYIO OHU OOHApy KHUBAIOT:

1. TenyioBbIE JATYUKU

2. DJIEKTPOMAarHUTHBIE JATUYUKH

3. Mexanuveckue JaTYUKU

4. XMUYeCKUE TaTYNKH

5. OnTuyeckue W pajvallMOHHBIE 1aT-
YUKA

6. AKyCTHUYECKHE TaTYMKH U JIPyTHC
THUIIBI TaTYUKOB.

Xopomuii JaTYUK COOTBETCTBYET Clie-
OYIOIIMM TIpaBUJIaM: JaTYUK JOJDKCH
OBITh YyBCTBUTEJICH IO OTHOIICHUIO K
U3MEpAEMON XapaKTePUCTUKE, NaTUUK

HC JOJDKCH OBITh YYBCTBHUTCJICH IIO OT-

HOIIICHUIO K JII0OOW ApYyroil xapakre-



ideal situation, the output signal of a
sensor is exactly proportional to the
value of the measured property. The
gain is then defined as the ratio be-
tween output signal and measured
property. For example, if a sensor
measures temperature and has a volt-
age output, the gain is a constant with

the unit.

If the sensor is not ideal, several types
of deviations can be observed: the gain
may in practice differ from the value
specified. This is called a gain error.
Since the range of the output signal is
always limited, the output signal will
eventually clip when the measured
property exceeds the limits. The full
scale range defines the outmost values
of the measured property where the
sensor errors are within the specified
range. If the output signal is not zero
when the measured property is zero,
the sensor has an offset or bias. This is

defined as the output of the sensor at

PUCTHKE M JATYMK HE JOJDKEH BO3JACH-
CTBOBATh HAa OIpPEHECIAEMYIO XapaKTe-
pUCTUKY. B nieanbHON CUTyalnu BbI-
XOIHOW CUTHAJI NAaT4WKa B TOYHOCTH
COOTBETCTBYET BEINYMHE U3MEPSIEMOU
xapaktepuctuku. Koaddumuent ycu-
JIEHUs TOTJA ONpPENEIIIeTCsl KaK COOT-
HOIIEHUE MEK]1y BBIXOJHBIM CUTHAIIOM
U U3MEPSAEMON Xapakrepuctukoun. Ha-
IIpUMEpP, €CIIM JATYUK U3MEPSET TEM-
neparypy M JA€T BBIXOJIHBIE TAHHBIE B
BOJIbTAX, YCWJIEHUE SIBJISETCA IOCTO-
AHHOM BEIIMYMHOM C ONpPEeACHEHHOU
€AUHULIEH U3MEPEHHUS.

Ecnu matymk He MaeasieH, MOXHO Ha-
ONI0aTh HECKOJIBKO THUIIOB OTKJIOHE-
HUW. YCWIEHHE HA MPAKTUKE MOXKET
OTJINYATHCSI OT YKa3aHHOW BEJIIMYHHBI.
DTO HAa3bIBAETCS MOTPEIIHOCTBIO YCHU-
nenud. llockonpky nuana3oH BBIXOA-
HOTO CHTHAajla BCETJa OIPAaHUYEH, BBI-
XOJHOM curHag Oyner B KOHEYHOM
UTOT€ OTPAaHUYMBATBHCA, KOTAa H3Me-
pseMasi XapaKTEPUCTUKA IPEBBICUT OT-
pannueHus. [lomHpl nuamasoH ompe-
JIETIAET CaMble KpallHUE BEJIMYHMHBI W3-
MEpSIEMON XapaKTEPUCTUKH, KOTAA MO-
IPEIIHOCTH JIaTYMKa HAXOJATCS B TOY-

HO OIIPENeNEHHBIX TMpeaenax. Eciu
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zero input. If the gain is not constant,
this is called nonlinearity. Usually this
is defined by the amount the output
differs from ideal behaviour over the
full range of the sensor, often noted as
a percentage of the full range. If the
deviation is caused by a rapid change
of the measured property over time,
there i1s a dynamic error. Often, this
behaviour is described with a Bode
plot showing gain error and phase shift
as function of the frequency of a peri-
odic input signal. If the output signal
slowly changes independent of the
measured property, this is defined as
drift. Long term drift usually indicates
a slow degradation of sensor properties
over a long period of time. Noise is a
random deviation of the signal that
varies in time. Hysteresis is an error
caused by the fact that the sensor not
instantly follows the change of the
property being measured, and therefore
involves the history of the measured
property. If the sensor has a digital
output, the signal is discrete and is es-
sentially an approximation of the
measured property. The approximation

error is also called digitization error. If
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BBIXOJTHOM CHTHAJI HE paBHAETCS HYIIIO,
KOTJIa HW3MepseMas XapaKTepUCTHKa
paBHA HYJIIO, Y JaT4dKa UMEETCS OT-
KJIIOHCHUE WM CUCTEMAaTHYeCKas IIo-
IPEUTHOCTh. JTO OMNpPEACNAeTCS Kak
BBIXOJTHOW CUTHAJ JaTYMKA MPU HyJIe-
BOM BXOJHOM curHaie. Ecmu ycue-
HUE HE SBJSIETCS MOCTOSHHBIM, 3TO Ha-
3bIBACTCA HEJIIMHEWHOW XapaKTepHUCTH-
Koi. OOBIYHO 3TO OmNpenensieTcs CTe-
MIEHBI0 OTKJIOHEHUS BBIXOJHOTO CHT-
Haja OT WACAIBHOTO TOBEICHUS B
npejenax Bcell 001acTH  3HAYEHUM
JaTYMKA, YacTOo 0003HA4aeMoro Kak
MPOIIEHT OT BCEW 00JIaCTH 3HAYEHU.
Ecnu oTKkJIOHEHHME BBI3BAHO OBICTPHIM
M3MEHEHHEM M3MEPSIEMON XapakTepH-
CTUKA B TEYEHHE KaKOro-To IpoMe-
’KyTKa BPEMEHH, TO 3TO JUHAMUYECKas
NorpenrHocTh. YacTto gaHHas Xxapakrte-
PUCTHKA OIUCHIBACTCS C ITOMOIIBIO
rpaduka bojae, mzoOpaxkaroiiero Imo-
TPEUTHOCTh YCHJICHUS W (Da30BBIH
CIBUT KakK (PYHKITUIO YaCTOTHI MEPHO-
JTUYECKOTO BXOJHOTO cHUTHana. Ecnm
BBIXOJTHOW CHTHAJ MEIJICHHO W3MCHSI-
€TCsl HEe3aBUCUMO OT H3MepsieMOl Xa-
PaKTEPUCTUKU, ITO HA3BIBACTCS APUPT

(oTKIIOHEHUE). JlonroBpeMeHHBIH



the signal is monitored digitally, limi-
tation of the sampling frequency also
causes a dynamic error. The sensor
may to some extent be sensitive for
other properties than the property be-
ing measured. For example, most sen-
sors are influenced by the temperature

of their environment.
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Ipu(T sBISETCA IMOKa3zaTeaeM yXyl-
LICHUS XAPAKTEPUCTUK IAaTYMKA B Te-
YeHUE JJINTENIBHOIO INEPUOJa BpeMe-
Hu. [lym — 3710 ciryyaliHO€ OTKIJIOHE-
HUE€ CHUTHaja, KOTOpPOE CO BPEMEHEM
MeHsieTcs. ['ucrepe3uc — 3To morpeui-
HOCTb 110 IIPUYUHE TOrO, YTO HATYUK
HE MIHOBEHHO OTpPaXaeT WU3MECHECHUS
U3MEPSEMON XapaKTEpUCTUKA U II0-
ATOMY BKJIIOYAET BCHO JTUHAMUKY ITIPO-
Lecca U3MEPEHUs NAHHOU BEJIIMYUHBI.
Ecnin BBIXOOHOM cHUTHalI [JaTdydka B
(G pOBOM BHUE, STOT CUTHAJ JUCKpe-
TE€H U TPEJCTaBISIET COOOM B OCHOB-
HOM MpHUOJIU3UTEIBHOE 3HAYEHUE W3-
MEpSEMOl XapaKTEpUCTUKU. JTa IO-
IPEIIHOCTh MPUOMMKEHUSI TakXKe Ha-
3bIBAETCS MOTPEIIHOCTHIO OLU(POBKHU.
Ecnu curnan peryinupyercs JUCKDET-
HO, OTPAaHUYEHHOCTh YaCTOTHI JUCKpE-
THU3ALMA TAK)KE BBI3BIBAECT IHHAMUYE-
CKYI0 IIOIpEIIHOCTh. J[aTuuk B HEKO-
TOPON CTENEHU MOXKET ObITh UYBCTBU-
TEJIEH K APYTMM XapakTEpUCTHKaM, a
HE TOJIBKO IT0 OTHOLLIECHHIO K M3Mepsie-
MOM Xxapakrtepuctuke. Hampumep, Ha
noka3aHusi OoJblIeH YacTH JaTYMKOB
OKa3bIBa€T BO3JICUCTBHE TEMIIEpaTypa

OKpY XaloIleh Cpeibl.
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All these deviations can be classified
as systematic errors or random errors.
Systematic errors can sometimes be
compensated for by means of some
kind of calibration strategy. Noise is a
random error that can be reduced by
signal processing, such as filtering,
usually at the expense of the dynamic

behaviour of the sensor.

The resolution of a sensor is the small-
est change it can detect in the quantity
that it is measuring. Often in a digital
display, the least significant digit will
fluctuate, indicating that changes of
that magnitude are only just resolved.
The resolution is related to the preci-
sion with which the measurement is
made. For example, a scanning probe
(a fine tip near a surface collects an
electron tunnelling current) can resolve

atoms and molecules.
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Bce 3TH OTKIOHEHHSI MOXXHO KJaccH-
(¢uuupoBaTh KaK CUCTEMATUYECKUE U
Cly4darHble morpemHoctd. Cucrema-
TUYECKHUE TOrPEIIHOCTH MOXXHO HHO-
rna

KOMIICHCHUPOBATh IIOCPCACTBOM

KaKoro-HUOyJlb ~ METOJa  IOBEPKH.
[Ilym — ciy4aitHass TOrpPEMIHOCTb, KO-
TOPYIO MOXHO CHHU3HUTH C IMOMOIIBIO
o0pabOTKM  CcuTHajda, TaKoW  Kak
dbunbTpanus oObIYHO 3a CUET AUHAMU-
YECKOM XapaKTepUCTUKH TaTINKA.

Pa3pemenue garurka — 3TO0 caMoe Ma-
JICHbKOE€ M3MEHEHHE, KOTOPOE OH MO-
XKET O0OHAPYKUTh B U3MEPSIEMON BEIH-
yuHe. O4eHbh YacTO HAaWMEHEe 3Ha4H-
TelabHbIE IU(PHI Ha TUPPOBOM OTO-
OpakeHUU MyJIbCUPYIOT, OTMEYasi, YTO
TOJIBKO YTO TOJYYWJIM pa3perieHue
910

paspeuicHuc OTpaxa€t TOYHOCTb, C

NU3MCHCHUA ,HaHHOﬁ BCJINYNHEIL.

KOTOpOU IpOBOAUTCA H3MepeHue. Ha-
pUMep, CKaHUPYIOIas TOJI0BKa (TOH-
KUi HAKOHEYHUK Yy IMOBEPXHOCTU CO-
OMpaeT TOK JJIEKTPOHOB, COBEPIIAIO-
IIMX TYHHEJIbHBIA IEPEX0J]) MOXKET
JlaBaTh pa3pelieHue JUisi aTOMOB U MO-

JIEKYJI.



5. Find the English equivalents of the following in the text

OTPAaHUYCHHOCTh YaCTOTHI JUCKPETU3AINH; TYHHEIUPOBAHUE AJIIEKTPOHOB; MPH
HYJICBOM BXOJITHOM CUTHAaJIE; aHAJIOTOBO-IIU(POBOM MpeoOpa3oBatelib; C UCIIOb-
30BaHHEM TEXHOJIOTUU MUKPOIJICKTPOMEXaHUIECKUX CUCTEM; BBIXOHOM CUTHAI
JaTYMKA; COOTHOIIEHUE MEXKIY BBIXOJHBIM CHUTHAJIIOM M M3MEPSEMOHN XapakTe-
PUCTUKOW; B TOYHO OIPEACNEHHBIX Npelesax; MOTPENIHOCTh MPUOTMKCHUS;
CIIy4aifHOE OTKJIOHCHHME CHTHAlla; BO3JEHCTBUE TEeMIEpaTyphl OKPY KaIOIICH
Cpenbl; B TOYHOCTH COOTBETCTBYET BEJIMUMHE H3MEPSIEMON XapaKTEPUCTHUKH,
CUCTEMATUYCCKUE MOTPEITHOCTH; 3a CUET TMHAMHYECKOW XapaKTePUCTUKU JIaT-
YuKa; MPUOIU3UTEIHLHOE 3HAYCHUE M3MEPSIEMON XapaKTePUCTHUKU;, MOXKHO Ha-
OJIr0/1aTh HECKOJILKO THUITOB OTKJIOHCHHUI;, pa3pelieHue; XUMHUYECKUI COCTaB.

6. Say whether the following is true, partially true or false

1. A sensor is a biological organ that is sensitive to different physical aspects of
the external environment.

2. Sensors are practically used everywhere.

3. All sensors are paired with an indicator through an analog to digital con-
verter, a computer and a display so that the value sensed becomes human
readable.

4. Hysteresis is an error of approximation.

Technical progress allows more and more sensors to be manufactured with

MEMS technology.

6. If the sensor has a digital output, the signal is analog and exactly corresponds
to the measured property.
7. Sensors can be classified according to the output signal.
8. If the output signal is not zero when the measured property is zero, the sensor
has an offset or bias.
9. Long term drift usually indicates that the output signal needs filtering.
10. Noise is a systematic error that can sometimes be compensated for by means

4

of some kind of calibration strategy.

7. Answer the questions given below and retell the text according to
them
1. What is a sensor?
2. What types of sensors exist?
3. How do sensors work?
4. Where are sensors applied?
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In what way does technical progress affect sensors manufacturing?

How does the output signal of a sensor behave in the ideal situation?

What errors or deviations can be observed in the work of a sensor if the sit-

5.
6. How can sensors be classified?
7. What rules does a good sensor obey?
8.
9. How is the gain defined?
10.
uation 1s not ideal?
11. How can sensor errors be classified and compensated?
12. What is the resolution of a sensor?
13. How can the resolution be observed and what is it related to?

LEVEL SENSOR

1. Study the words and find the sentences with these words in the text,

translate them

1.
2.
. to affect [("fect]

S O oo 9 O W
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physical variables

monitoring

. criterion (pl.criteria)

[krai"ti(q)rign]

. State

. liquid

. solid

. slurry

. vacuum

. chemistry
[1.
12.
[3.

pressure
dielectric constant of medium

density

dbusnueckne mapaMeTpsl, IepeMeHHbIC
(Texymuit) KOHTPOJIb, HAOJIOICHUE
BO3CHCTBOBATh, BIUATD

KpUTEPHil, MEPUIIO, TPU3HAK, YCIOBHE

COCTOSIHHE
KUK, )KHJIKOCTD

TBEPABIN, TBEPIOE TEJIO, CYXOE BEILIECTBO
B3BECh, PACTBOP, IIIJIAM

BAKYYyM, Pa3pexKECHHOE MPOCTPAHCTBO
XUMHS, XUMHYECKHUM COCTaB

JTIaBJICHHUE

JIADJIEKTPUYECKAS TIOCTOSTHHAS CPEIIbI

IINIOTHOCTD



14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.
31.
32.
33.

34.
35.

36.

medium ["mJdigm]

specific gravity

agitation ["XGi"teiS(q)n]

acoustical or electrical noise

mechanical shock
tank

bin

size

shape

application constraints
appearance

response

response rate
calibration
mounting
continuous
discrete
level

level sensor

highly fluidized [*fIHidaizd]

powders
chemical compatibility

buildup

conductivity

OKpYy>Karolas cpeza, armocgepa, cpena,
BEILIECTBO, MaTEpHal;

YIEIIbHBIN BEC

BO3MYUIEHUE, BO30YKIECHUE
aKyCTUYECKUN WM DJIEKTPUUYECKUN IITyM
MEXaHUYECKUU yaap

pe3epByap, LIUCTEepHA

OyHKep

pasmep

dbopma

OTPaHUYECHHUS UCIIOJIH30BAHUS

BHEIITHUHN BU

peakius (Ha BO3/eiCcTBHE), cpabaThIBa-
Hue (YyCTpPOUCTBA), OTBET, OTKJIUK, BbI-
XOJIHOM CUTHaJI

CKOPOCTh cpabaThIBaHUS

KaJIMOpOBKa

MOHTaX

HEIPEPbIBHBIN

JACKPETHBIN

YPOBEHb

JATYUK YPOBHS

(TICeBAOOKIKEHHBIE) TOPOIIKOOOpa3HbIC
BEILIECTBA C TTOBBIIIEHHON TEKYYECTHIO
XUMUYECKasi COBMECTUMOCTh
yBEJIMYECHHE, HapacTaHue (mapaMeTpoB),
HAKOIUICHHE, HAPOCT, HAILJIbIB

IMPOBOAMMOCTD, YACIbHAA ITPOBOAUMOCTD

63



37.
38.
39.
40.

41

43.
44.

45.
46.

47.
48.

49.

humidity
moisture content
viscosity
induced

temperature-induced changes

. buoyancy ["b0ignsi]
42,

shield

turbulence
wave motion

solvent

to verify

sludge [SIAG]
technology

interface

BIIQYKHOCTh

coJiep>KaHue BJaru

BSI3KOCTh, KO (PUITUEHT BA3KOCTH
BbI3BAHHbBIN, MHAYIIUPOBAHHBIN

W3MEHEHMS], BBI3BAaHHBIE TEMITEPATYPOU
IIJIABY4YECTh, ITOABEMHAS CUIIA

3alIKTa, 3alUTHOE YCTPOICTBO, IIUT,
IIUTOK, KO3BIPEK, (3AIUTHBIN) 9KpaH

TypOyJICHTHOCTh
JBU)KEHHUE BOJIH

PacTBOPHTEIIb
IPOBEPATh, KOHTPOJIMPOBATH, IOBEPSTH,
BBIBEPSATH, MOATBEPXKIATh, YCTAHABINBATD
MOJYTMHHOCTH (4ero-1100)

IpsI3b, CIIIKOTh, WJI, 0CAJI0K, OTCTOMH
TEXHUKA, TEXHOJIOTHS, TEXHUYECKOES
pelieHrue, MeTo/1, Crocod

IIOBEPXHOCTH pa3zeiia, IpaHuIla pa3jera,

MexQa3zHasi TpaHUIA

2. Find below the line the English equivalents of the following Russian

words and expressions from the texts of task 4
JlvpriekTprdeckasl TOCTOSIHHAS, YICTbHBINA BeC, BUOPAIMOHHBIE TaTYUKH YPOBHS,

6I>ICTpOTa Cpa6aTbIBaHI/Iﬂ, ITOINIABKOBBIC JATYWKKW YPOBH:, BKIIFOUCHNC WJIX BBIKJIIFOYC-

HHUC MCXAHMYCCKOI'O IICPCKIIOYATCIIA, JICTKOCTD KaJ'II/I6pOBKI/I, aKYCTI/I‘-IeCKI/Iﬁ nIn

SNEKTPUYECKUI 1ITyM, BBIOOP YacTOTHI BHOpAIMH, JPYTUE TATUYNKU, CYXUE TPaHy-

JIMPOBAHHLBIC BECIICCTBA, COACPIKAHUC BJIaIrU.

Other sensing technologies, acoustical or electrical noise, the opening or closing of a

mechanical switch, vibrating level sensors, float level sensors, granular solids re-
sponse rate, ease of calibration,moisture content, selection of vibration fre-
quency, dielectric constant, specific gravity.
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3. Read the texts and study their translations, answer the questions be-

low the texts

LEVEL SENSORS

There are many physical and applica-
tion variables that affect the selection
of the optimal level monitoring solu-
tion for industrial and/or commercial
processes. The selection criteria in-
clude the physical: state (liquid, solid
or slurry), temperature, pressure or
vacuum, chemistry, dielectric constant
of medium, density or specific gravity
of medium, agitation, acoustical or
electrical noise, vibration, mechanical
shock, tank or bin size and shape; and
the application constraints: price, accu-
racy, appearance, response rate, ease of
calibration or programming, physical
size and mounting of the instrument,
monitoring or control of continuous or
discrete (point) levels.

Questions

HmeeTcss MHOXKECTBO IapaMeTpoB, CBS-
3aHHBIX C (PU3MYECKUM COCTOSIHHEM Be-
HIECTB U 00JIaCThIO MPUMEHEHUS 000py-
JIOBaHUsI, KOTOpBIC BIMSIOT Ha BBIOOD
ONTUMAIILHOTO PELICHUs] MPHU KOHTPOJIE
YPOBHSI BEILIECTBA B IPOMBIILICHHBIX
W/ KOMMEpUYecKux nporeccax. Kpu-
TEpUU BBHIOOPA BKIIOYAIOT (DU3UUECKHUE
napaMeTphl: COCTOSIHHUE BellecTBa (3KujI-
KOe, TBEPIOE WK B3BECH), TEMIIEPATYPY,
JIABJICHUE M BaKyyM, XMMHYECKHH CO-
CTaB, AWDIICKTPHUYECKYIO MOCTOSHHYIO
cpenpl, €€ IUIOTHOCTb WM YIEJIBbHBIA
BEC, BO30YXKJIECHHUE, AKyCTHUYECKUN WJIIH
AIIEKTPUIECKUH IITyM, BHOpaImio, Mexa-
HUYECKUI ynap, pazmep win Gopmy pe-
3epByapa wid OyHKepa, a TakKe mnapa-
METpBI, CBSI3aHHBIE C OTrPAHUYCHUSIMU
cepbl NPUMEHEHMS], TaKUE Kak: lIEHA,
TOYHOCTh, BHEIIIHUWA BUJI, OBICTPOTA Cpa-
OaTbhIBaHMsI, JIETKOCTh KaTMOPOBKH WJIH
MPOrPaMMUPOBAHUS, Ta0apUTHBIE pas-

MEpBI U MOHTaX MPUOOPA, KOHTPOJIb UIIH

yIOpaBJICHUE HEMPEPhIBHBIM WM  JIUC-
KPETHBIM  (TOYEUHBIM)  HM3MEpPEHHEM
YPOBHSL.

1. What affects the selection of the optimal level monitoring solution?

2. What do the selection criteria include?
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Vibrating Point Level Sensors

Vibrating level sensors are designed
for level detection of very fine pow-
ders and granular solids. With proper
selection of vibration frequency and
density, suitable sensitivity adjust-
ments, the level of highly fluidized
powders and electrostatic materials can
also be sensed. Single-probe vibrating
level sensors are ideal for highly static
bulk powder environments. Since only
one sensing element contacts the pow-
der, bridging between two probe ele-
ments is eliminated and media buildup
is minimized. Vibrating level sensor
technology offers other advantages:
The vibration of the probe itself tends
to eliminate buildup of material on the
probe element; and they are not af-
fected by dust, static-charge buildup
from dielectric powders, or changes in
conductivity, temperature, pressure or
humidity/moisture  content. Tuning
fork style vibration sensors are another
alternative. They tend to have a lower
price point, but are prone to material

buildup between the forks.

66

Buopayuonnvie oamuuku yposeus
0J151 MOYEYHBIX U3MEPEHUL
BuOpanuonnsie

JATYUKU  YpOBHS

MPEIHA3HAYEHBl IS OIPENEIICHUs
YPOBHSI OYE€Hb TOHKHUX IOPOIIKOOO-
Pa3sHbIX WU CyXMX TPaHyJIUPOBAHHBIX
BemiecTB. [Ipu momkHOM BBRIOOpE Hac-
TOTHI BUOPAIMH U TUIOTHOCTH, a TaKXKe
HEOOXOJIMMOW HaJIaJIKE YYBCTBUTEIIb-
HOCTH MOYHO TaKXe OINpEeNeNATh ypo-
BEHb MOPOITKOOOPA3HBIX BEIIECTB, 00-
JAJJaI0IIMX TMOBBIIMIEHHONW TEKYYECThIO,
U DJJIEKTPOCTATUYECKUX MaTEpPUAIIOB.
BuOpanmonnsie AaT4WKU YpOBHS C
OJIHUM CEHCOPHBIM IIyIIOM SIBJISIFOTCS
ujicalIbHBIM CPEJICTBOM JJisi Hepaca-
COBAaHHBIX  MOPOLIKOOOPAa3HBIX  Be-
IIECTB, OO0JaJAIONINX IOBBIIICHHBIMU
CTaTUYECKUMHU CBOWCTBaMHU. I1oCKOmb-
Ky C MOPOLIKOM KOHTaKTUPYET TOJIBKO
OJIMH YYBCTBUTEJBHBIA 3JIEMEHT, YCT-
paHseTCs BO3HMKHOBEHHE MOCTOBOIO
COCMHEHUSA MEXIYy IBYMSI UyBCTBHU-
TEJIbHBIMU 3JIEMEHTAMUA U MUHHUMU3H-
pyercs popmupoBanue Hanéra. Tex-
HOJIOTHSI TIPUMEHEHUsST BUOPAIIMOHHBIX
JAaTYUKOB YPOBHS HMMEET DAL APYTUX
MPEUMYILECTB: BUOpAIMs CaMOIo CEH-
COPHOTO IIyna NpeJoTBpallaeT Hallu-

IIaHu¢ Ha HCEM BCIICCTBA, M Ha HHX



Rugged Miniature Vibration Sensor

Questions

[a—

TaKKe HE BO3JCHCTBYET IbLIb, HE HANIU-
MAFOT YAaCTHUYKU JIUDJICKTPUYECKUX II0-
POIIIKOB, OOJIAAIONIUX  CTAaTHYECKUM
3apsJIOM, HE BIIMSIOT M3MEHCHHS IIPOBO-
JMMOCTH, TEMIIepaTypbl WIH YpPOBEHb
BIIXKHOCTH/coaiepskaHus Biaru. [pyroit
aTbTCPHATUBON SIBJITFOTCST HACTPaWBAaro-
Iyecss BUOPAITMOHHBIC JTaTYMKU BHJIOY-
Horo Tvma. Kak mpaBuiio, OHU HEIOPO-
T, HO TIPEPACIIONIOKEHBI K CKOTUICHHIO

BCIICCTBA B BUJIOYHBIX JCTAJIAX.

. What are vibrating level sensors designed for?

2. How can the level of highly fluidized powders and electrostatic materials be

sensed?

3. Why are single-probe vibrating level sensors ideal for highly static bulk pow-

der environments?

4. What other advantages does vibrating level sensor technology offer?

)

they, if any?

Magnetic and Mechanical Float Level
Sensors
The principle behind magnetic, mechani-
cal, cable, and other float level sensors in-
volves the opening or closing of a me-
chanical switch, either through direct con-
tact with the switch, or magnetic operation
of a reed. With magnetically actuated float
sensors, switching occurs when a perma-
nent magnet sealed inside a float rises or
falls to the actuation level. With a me-

. Are there any disadvantages of vibrating level sensor technology? What are

Maznummnbsle u mexanuueckue
HONABKOBblE 0AMYUUKU YPOBHS
[TpunImrl, dexanwii B OCHOBE pPabOThI
MarHUTHBIX, MEXaHMYECKUX, KaOCIbHBIX 1
JIPYTUX TOIJIABKOBBIX JATYMKOB YPOBHS,
3aKJII0YACTCs BO BKIIFOUCHUH WA BBIKITIO-
YCHUH MEXAHUYECKOrO IEPEKITIoYaTess
100 TIOCPEICTBOM MPSIMOTO KOHTAaKTa C
TIEPEKITIOYATEIIEM, JTMOO C TIOMOIIIBIO TTPH-
BOJIMMOI'O B JIBIDKEHHE MAarHUTOM SI3bIYUKA.

B MarHuTHBIX TOIJIaBKOBBIX JaTdrKax
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chanically actuated float, switching occurs
as a result of the movement of a float
against a miniature (micro) switch. For
both magnetic and mechanical float level
sensors, chemical compatibility, tempera-
ture, specific gravity (density), buoyancy,
and viscosity affect the selection of the
stem and the float. For example, larger
floats may be used with liquids with spe-
cific gravities as low as 0.5 while still
maintaining buoyancy. The choice of float
material 1s also influenced by temperature-
induced changes in specific gravity and
viscosity changes that directly affect buoy-

ancy.

Float-type sensors can be designed so that
a shield protects the float itself from turbu-
lence and wave motion. Float sensors op-
erate well in a wide variety of liquids, in-
cluding corrosives. When used for organic
solvents, however, one will need to verify

that these liquids are chemically compati-
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YPOBHSI BKJIFOYEHHUE IMPOMCXOAWT, KOTr/a
IOCTOSIHHBIA MAarHuT, T€PMETUYECKU 3a-
NasHHBIM BHYTPH IMOIUIABKA, JTMOO MOJ-
HUMAETCs, JIMOO OITyCKAeTCs ISl BKITIOYe-
HUA. B MexaHnueckrx MoruiaBKOBBIX J1aT-
YHMKaX YPOBHSI BKJIFOUEHHUE MPOUCXOIUT B
pe3yJabTare JIBIKEHUs MOTUIaBKa ¢ TIOMO-
IIbI0 MUHHUATIOPHOTO (MHKpPO) MEPEKITIO-
yatens. W s MarHuTHBIX, U U1 Mexa-
HUYECKUX TOTIaBKOBBIX JIATYMKOB YPOB-
HSl TaKME KauecTBa, KaK XUMUYECKas CO-
BMECTUMOCTb, TEMIIEPATYpPa, YIACIbHBIN
BeC (IJIOTHOCTh), IUIABYYECTh U BSI3KOCTb,
BIIMSIFOT HA BBIOOpP CTEPXHS U TOIUIABKA.
Harprmep, noriaBku OONbIIMX pa3MepOB
MOT'YT HCHOJIB30BaThCSI B SKUIIKOCTAX C
HU3KOM yZIENBbHOW IUIOTHOCTBIO A0 0,5,
IpU 3TOM COXpaHsid IiaBydectb. Ha BbI-
O0op Marepuana Uil TOIJIaBKAa TaKKe
BIMSIIOT 3aBUCAIIME OT MU3MEHEHUN TeM-
nepaTypbl M3MEHEHHUs YIEIbHOM IJI0THO-
CTU U BSI3KOCTH, KOTOPBIE TPSIMO BIIUSIFOT
Ha IJIaBYYECTb.

JlaT4vKh TMOIUIaBKOBOTO THIIA MOXKHO
CIIPOEKTUPOBATH TaKUM OOpa30M, YTOOBI
3aIMTHOE YCTPOMCTBO 3aIIMIIAIO TOILJIa-
BOK OT TypOYJEHTHOCTH M JIBMKCHUS
BOJH. [lomiaBKOBbIE AATYMKKA XOPOILIO
paboTalOT B CaMbIX Pa3HOOOPA3HBIX KUJI-

KOCTSIX, BKJIFOYasi KOPPO3WMHBIE (arpec-



ble with the materials used to construct the
sensor. Float-style sensors should not be
used with high viscosity (thick) liquids,
sludge or liquids that adhere to the stem or
floats, or materials that contain contami-
nants such as metal chips; other sensing
technologies are better suited for these ap-

plications.

A special application of float type sensors
is the determination of interface level in
oil-water separation systems. Two floats
can be used with each float sized to match
the specific gravity of the oil on one hand,
and the water on the other. Another spe-
cial application of a stem type float switch
is the installation of temperature or pres-
sure sensors to create a multi-parameter
sensor. Magnetic float switches are popu-
lar for simplicity, dependability and low

cost.

cuBHbIE). OHAKO TIPH MX WCTIOTB30BAHUH
B OPraHHUYECKHX PACTBOPUTEIISIX HEOOXO-
JIMIMO TIPOBEPHTH, YTOOBI TH JKUIKOCTH
ObIIIM XMMWYECKHM COBMECTHMBI C Mare-
pHUaiaMH, WCIOJIb30BaHHBIMU JUTS CO3/Ia-
HUS 1aT9rKa. J[aTaKy IOIIaBKOBOIO TH-
T1a He PeKOMEH TyeTCsl UCTIONb30BaTh B Pa-
00TE C JKHIKOCTSIMH C BBICOKOM BSI3KO-
CTBIO (TYCTBIX JKHAKOCTSIX), C OTCTOEM
WITH KAIKOCTSMH, KOTOPbIC HAJIMITAOT Ha
CTep)KCHb WM TIOIUIABOK, WJIM C Mare-
pHUalaMH, KOTOpbIC COJEpIKaT 3arpsi3He-
HUSI, TAKHE KaK METAUIMYECKas CTPYXKKa,
JUISL 3TUX CITy4YaeB JIydIlle TOIXOAT Jpy-
TH€E JaTYUKU.

Ocobast 06macTh MPUMEHEHUSI JaTYUKOB
MOIUIABKOBOTO THMA —  ONpPEICIICHHS
YPOBHS TPAaHUIIbI pa3fiefia B CHUCTEME Ce-
napauuu He(pTeBOAAHOM cMecH. MOXHO
UCIIONIL30BaTh J[Ba IIOIUIABKA, pa3Mephbl
KOTOPBIX ~ COOTBETCTBYIOT  YJCIBHOMN
TUIOTHOCTH HE(TH, C OIHOW CTOPOHBI, U
BOJIbI — ¢ Apyroi. Emé onna ocobas 00-
JIaCTh TIPUMEHCHUS TIEPEKITIOYaTeNs T10-
TUIABKOBOTO THIIA — YCTAHOBKA JATYHUKOB
TeMIIEPaTyphbl WA JaBICHUS ISl CO3Ia-
HUsI MHOTOIIapaMeTpoBoro jaryuka. Ilo-
MYJISIPHBI MATHUTHBIE TIOTIABKOBBIC TIEpe-
KIIFOYATENN HM3-32 UX HPOCTOTHI, HANEK-

HOCTU U HU3KOU CTOMMOCTH.
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Questions

1. What does the principle behind magnetic, mechanical, cable, and other
float level sensors involve?

2. How does switching occur with magnetic and mechanical float sensors?

3. What affects the selection of the stem and the float for both magnetic and
mechanical float level sensors?

4. What is the choice of float material also influenced by?

W

In what way can float-type sensors be protected from turbulence and wave
motion?

What media do float sensors operate well in?

What should be done when float sensors are used for organic solvents?
What media should float-style sensors not be used in?

S IS

What are the special applications of float type sensors?
10. What float switches are popular and why?

4. Tell about level sensors according to the plan

1. Variables affecting the selection of the level monitoring sensors for indus-
trial and/or commercial processes.

2.Materials that vibrating level sensors are designed for level detection of.

3. Advantages and disadvantages of vibrating level sensors.

4. The principle behind the work of magnetic, mechanical, cable, and other float level
SEensors.

5. Factors affecting the selection of the stem and the float.

6. Materials with which float sensors are used.

7. Special applications of float sensors.

8. Advantages and disadvantages of float level sensors.

5. Make the written translation of the following using a dictionary and
vocabulary to the previous texts

CAPACITANCE LEVEL SENSORS
Capacitance level sensors (also called RF) excel in sensing the presence of a

wide variety of solids, liquids, and slurries. The technique is frequently referred
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to as RF for the radio frequency signals applied to the capacitance circuit. Dual-
probe capacitance dielectric constant level sensors can also be used to sense the
interface between two immiscible liquids with substantially different dielectric
constants, providing a solid state alternative to the magnetic float switch for the
“oil-water interface” application.

Since capacitance level sensors are electronic devices, phase modulation and the
use of higher frequencies makes the sensor suitable for applications in which di-
electric constants are similar. The sensor contains no moving parts, is rugged,
simple to use, easy to clean, and can be designed for high temperature and pres-
sure applications. A danger exists from build up and discharge of a high-voltage
static charge that results from the rubbing and movement of low dielectric mate-
rials, but this danger can be eliminated with proper design and grounding.
Appropriate choice of probe materials reduces or eliminates problems caused by

abrasion and corrosion.

6. Read the beginning of the dialogue and finish it using the texts and
questions to the texts as well as the expressions on pages 16 — 17

— Do you know that overfill of a tank or vessel is one of the largest single causes of
fire, explosion, and toxic waste spills in the process field? And the only practical
way to prevent spillage was to measure the level with a level sensor.

— And there are many physical and application variables that affect the selection of
the optimal level sensor for industrial and/or commercial processes. We should
take into account the physical factors such as: state, temperature, pressure or vac-
uum, chemistry, dielectric constant density or specific gravity; and the application
constraints: price, accuracy, appearance, response rate, ease of calibration or pro-
gramming and so on...

— Some level sensors are used for solids only, some for liquids, others for both sol-
ids and liquids. Let’s take vibrating level sensors for example they are deigned
for...

— And if we consider magnetic and mechanical float level sensors ...
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UNIT 6

BURGLAR ALARM

1. Study the words and find the sentences with these words in the text,
translate them

alarm

. burglar (or intrusion) alarm
. fire alarm

. safety alarm
. to elicit

. sophistication
. to range (from... to...)

. alarm systems

. intrusion detector
10.
. beam
12.

photocell
fibre-optic bend sensor
fibre-optic stress sensor

proximity switch
ultrasonic transducer

passive infrared
(heat) detector
surveillance

fire alarm sensor
smoke detector
flame detector

TPEBOTa, CUTHAJ TPEBOTH, CUTHAJIb-
HOE YCTPOMCTBO, CUT'HAJIM3allKsl, aBa-
pHUHAs] CUTHAIU3AlUNS

OXpaHHAasl CUTHAJIN3ALIMS

no>kKapHasi CUTHaJIu3anus

aBapuiiHas CUTHAIU3AIAS
U3BJIEKATh, BBISIBIISATD, JI€TIATh BHIBO/I,
JTOOUTHCS

YTOHUYEHHOCTh, U30LIPEHHOCTD, yC-
JIO)KHEHUE, YCI0KHEHHOCTh
K0J1€0aThCsl B ONPECIEHHBIX Mpe/ie-
jax (OT... J10...)

CHUCTEMA aBapUMHON CUTHAIN3AIUH
YCTPOMCTBO OXPAHHOW CUTHAIU3AIINT
boTO3]IeMEHT

My4OK, JIy4

BOJIOKOHHO-ONITUYECKUI N3rMOHBIN
JATYUK

BOJIOKOHHO-ONTUYECKUN TaTUUK
HaIpsHKEHUN

OECKOHTAKTHBIN MEePEeKII0YaTENb
YJIBTPa3BYKOBOM U3MEPUTEIBHBIN
npeoOpa3oBaTeib

naccuBHbIN AetekTop UK-u3nyuenus,
(TETIOBOM JIETEKTOP)

Ha0JII0/ICHHE, KOHTPOJIb, 0030
JATYUK MMOKaPHON CUTHATU3AIUU
WHIMKATOp JbIMa
IJIAMEHHO-TEMIIEPATYPHBIN JETEKTOP



2. Read the text and study its translation, make the plan of the text

BURGLAR ALARM

Burglar (or intrusion), fire and safety
alarms are found in electronic form to-
day. A system of sensors is connected
to a control unit, which in turn con-
nects to a means for announcing the
alarm, to elicit some response. Some
systems are dedicated to one mission;
others handle fire, intrusion, and safety
alarms simultaneously. Sophistication
ranges from small, self-contained
noisemakers, to complicated, multi-
zoned digital systems with colour-
coded

Many of these concepts also apply to

computer monitor outputs.

portable alarms for protecting cars,

trucks or other vehicles and their con-

"

tents (i.e., '"car alarms"). Burglar

alarms are sometimes referred to as

alarm systems.

Intrusion detectors are generally of two

OxpaHHasi, mnoXapHas U aBapuiiHas
CUTHAJM3allMy CYIIECTBYIOT CEUYac B
ANEKTPOHHOM Buje. CrucreMa IaTdyuKOB
MOJICOEIMHEHA K OJIOKY YIIpaBIIEHUS,
KOTOPBIA B CBOKO OYEpEdb MOJCOECINHS-
eTcd K M3BEIIATeNi0, YTOObl BBI3BATH
ero cpabarbiBanue. Hekotopsie cucre-
MBI BBIIIOJIHSIIOT KaKy0-TO OJIHY 3a/1a4y,
JpYyrHe OINOBEIIAIT U O TMOXKape, U O
MIPOHUKHOBEHUH, U O HapylIeHUu 0e30-
nacHOCTU. CJI0KHOCTh YCTPOMCTB camast
pa3zHooOpa3Has — OT HEOOJBIIHUX ITYMO-
BBIX YCTPOWMCTB /0 CJOKHBIX MHOT'030-
HOBBIX ITU(POBBIX CHCTEM C BBIICIIsIC-
MBIMH [IBETOM BBIXOJHBIMU CHUTHAJIAMU
Ha MOHHUTOpE KoMmmbloTepa. MHOrue u3
ATUX WU HCHOJB3YIOTCS B MOPTATHUB-
HBbIX CUTHAIM3ALMSIX [JIs1 3allUThI JIeT-
KOBBIX M TPY30BBIX aBTOMOOWIEH W
JPYTUX TPAHCIIOPTHBIX CPEACTB U HX
COJEPKUMOro (TaK Ha3bIBAEMbIC «aB-
TOMOOUJIbHBIE CUTHaIU3aumy). Ox-
paHHBIE CUTHAJIU3AallMM YacTO Ha3bIBa-
I0T IIPOCTO CUCTEMaMH aBapUHMHOU
CUTHAJIA3ALIH.

Jlatanku

OXpAaHHOM  CUTHAIU3alUU
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classes: point detectors and area (or
volume) detectors. Point detectors in-
dicate an intrusion at a specific point,
and types include mechanical or mag-
netic contacts on doors and windows to
detect when they are opened or broken,
photocell or microwave beams across
pathways, pressure-sensitive mats, fi-
bre-optic bend or stress sensors (e.g.,
for wire fences), proximity switches
that detect humans, and vibration sen-
sors, among others. Area detectors in-
dicate an intruder's presence within the
protected area and use such technolo-
gies as ultrasonic transducers, passive
infrared (heat) detectors, and micro-
wave transducers (sometimes in com-
binations within one sensor). In gen-
eral, area sensors detect a sudden
change in the measurements being
taken and trigger at some predeter-
mined threshold. They are much more
prone to false alarms than point sen-
sors, often because of improper aiming
or other adjustments. Sophisticated
computer-aided sensors include image-
processing systems to detect and filter
changes in a surveillance video picture

(possibly using infrared or other light
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OBIBalOT OOBIYHO JBYX THUIIOB: TOYEU-
HbIE M T[OBEPXHOCTHbIE (WJIU TIPO-
CTPAHCTBEHHBIC) JaTYMKH. ToueuyHbIe
JATYUKH OOHAPYKMBAIOT TMPOHUKHO-
BEHHUE HaApYIIUTENsI B OMNpPEAesIEHHOU
TOYKE M BKJIIOYAIOT B ce0s MexXaHHu4ye-
CKHE€ WJIM MarHuTHbIE KOHTAKTBhl Ha
JBEPSIX U OKHAx JJisg TOTO, 4TOOBI 00-
Hapy>XUTh, KOTJa OHU OTKPBITHI WIIH
B3JIOMaHbl; MUKPOBOJIHOBBIC JIy4YH HIIH
ayun (poTtokamep Ha TPOINUHKAX; YYyB-
CTBUTEIIbHBIC K JIABJICHHIO KOBPUKH;
OIITOBOJIOKOHHBIE H3THMOHBIE JaTYUKH
WM JIaTYUKU JIaBJICHHS (HarpuMep
JUIs. IPOBOJIOYHBIX 3a00pOB); OECKOH-
TaKTHBIE TEPEKII0YaTeNId, pearupyro-
IMe Ha MPUCYTCTBHE JIIOJICH, U BUOpa-
IIMOHHBIE JATYMKU HAPSAY C APYTUMH.
[ToBepXHOCTHBIE TATYUKH OMPEACIISAIOT
MPUCYTCTBUE HApyUIUTENsl Ha oOXpa-
HSAEMOUW TEPPUTOPHH, U B HUX HCTIOJIb-
3YIOTCSI TAKHE YCTPOMCTBA, KaK YJIbTpa-
3BYKOBBIC JaTYUKHU-TIPEOOPA30OBATEIH,
MacCUBHBIC HMH(MPaAKpaCHbIE JTaTYUKH
(maTyuku TEIIa) U MHUKPOBOJHOBBIE
JaTYMKU-TIpeoOpa3oBarean (MHOT/IA B
COYETaHUHU C OJJHUM YYyBCTBUTEIBHBIM
anemMeHToM). B oOmieM, moBepXHOCT-
HbIE JaTYMKH PETUCTPUPYIOT BHE3AIl-
HOC W3MEHEHHE B CHHMAaEMbBIX H3Me€-

PEHMAX U BKIIIOYAIOTCS HA OINpEEIICH-



sources for the image), and can be pro-
grammed to detect or ignore different
types of motion in different parts of the
scene, and can tell the difference be-
tween a person and other moving ob-
jects. All of these sensors can be used
separately or in combinations with oth-
ers, often depending upon the value of
what is being protected, and the budget

allocated to reducing the risk of loss.

Burglar alarm

Fire alarm sensors are of three general
categories: smoke, flame and heat.
Smoke detectors are sensors that detect
the chemical by-products of fire opti-
cally or by ionized conduction. Flame
detectors react to the light spectrum of
flames, either infrared or ultraviolet, or
both. Modern designs can ignore weld-

ing flash and solar light. Heat detectors

HOM ypoBHE. OHM 0oJiee MOJIBEP>KEHBI
JIO)KHBIM CpabaThIBaHUSIM, Y€M TOYeY-
HbI€ JTaTYUKH, YACTO M3-32 HEUYETKOIO
HABEJICHUS WM JPYyTUX BUJOB Ha-
cTpoiiku. CIJI0O)KHbBIE KOMIBIOTEPU3U-
pPOBaHHbBIC JATYUKW BKIIIOYAIOT B ceOs
cucteMy oOpabOTKU M300paKeHUsI ISt
onpenesieHus U (PUIbTPOBAHUS H3Me-
HEHUH KapTUHKH BHUICOHAOIOACHUN
(BO3MOXHO C HCIMOJIb30BAaHUEM HCTOY-
HUKOB UH(PPAKPACHOTO U3ITYUCHUS WIH
JPYTUX CBETOBBIX UCTOYHHKOB B Kadye-
CTBE M300pakKeHUs1) U MOTYT OBITh 3a-
MPOrpaMMHUPOBAHBl Ha JETEKTUPOBa-
HUE€ U MPOIyCKaHUE Pa3IMYHBIX TUIIOB
JBIDKEHUS B Pa3HBIX YacTSIX OXpaHse-
MO TEPPUTOPHUH, OHU MOTYT OTINYATh
JOJIEH OT JIPYTUX JBIXKYIIUXCA OOB-
eKTOB. Bce 3T naruyMkym MOXKHO HC-
MOJIb30BaTh MO OTJEILHOCTH WIH B CO-
YeTaHUU JAPYT C IPYTOM, 4acTO B 3aBU-
CUMOCTH OT LIEHHOCTH OXPaHSEMOTo U
OT OropKeTa, MPEeyCMOTPEHHOTO s
CHUKEHUS PUCKA MTOTEPHU.

Jlatunky moKapHOM  CUTHAIU3alUU

OBIBAIOT TPEX OCHOBHBIX TUIOB: WH]IU-
KaTopbl JIbIMa, IUIAMEHHO-TEMIIEpa-
TYpPHBIE JETEKTOPBI U JETEKTOPHI TEI-
na. VIHOuMKaTtopel apiMa — 3TO TAaKHE
JATYMKH, KOTOpblE OOHApPYKUBAIOT
XUMHUYECKUE MOOOYHBIE MPOAYKTHI T'O-

pCHUs C IIOMOIIBIO OITUKH HIH II0-
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react to a high temperature, or a rapid

rate of temperature rise.

£IRE

]

A fire alarm sensor

Safety detectors are more varied than
the other sensors. They include ther-
mostats for detecting excessively high
or low temperatures, water sensors for
flooding, excessive carbon monoxide
concentrations (also available for other
gases), low oxygen concentrations,
electrical current on or off, gates and
valves open or closed, water pressure
available in sprinkler systems. Some
intrusion detectors can also be used as
safety sensors as well, such as detect-
ing whether anyone is moving inside a
room before a dangerous system is ac-
tivated, or flashing a warning light if a
cover is removed from an equipment
panel. Similarly, a flame detector could

serve a purpose as a safety sensor
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CPEIICTBOM HOHHON TPOBOJUMOCTH.
[InaMeHHO-TeMnepaTypHble  JE€TEKTO-
pbl pearupyroT Ha CBETOBOH CIEKTp
maMeHu Ju0o WHQpaKpacHbId, JTUO0
yIbTPapuOIETOBBIN, TUOO TOT U Y-
roif BMecte. COBpEMEHHbBIE MOJIENIU HE
pearupyroT Ha BCIBIIIKY CBapKu H
COJIHEYHBIN CBET. TerioBbIE NETEKTO-
pbl pEarupyroT Ha BBICOKYIO TemIlepa-
Typy WM OBICTpOE TMOBBIIIEHUE TEM-
HepaTyphl.

Jatuuku Ge3zonmacHocTH Oojee pa3Ho-
0o0pasHbl, 4YeM JIPyTHe BUJbI JATUUKOB.
Onm BKIIOYAOT B ce0s (Croja OTHO-
CATCS) TEPMOCTAThl ISl OMpeAeICHUs
OYEHb BBICOKOW WJIM HU3KOW TemIlepa-
TYypbl, JNaTUYUKUA BOJBI JIJIsi OIpesese-
HUS 3aTOIUICHHUSA, NaTYUKU H30BITOYU-
HOUM KOHIIEHTpalMU OKUCH yriepoja (a
TaKke JIPYyTrux ra3oB), HU3KOW KOHIIEH-
Tpaluu KHUCIOpOJa, HAJIMYUS WIA OT-
CYTCTBHSI DJIEKTPUYECKOrO TOKa, OT-
KPBITBIX WJIA 3aKPBITBIX KJIAMAHOB HU
3aTBOPOB, JABJICHUSI BOJbI B CUCTEME
pazOpeisruBateneil. MHorna naTyuku
OXpaHHOW CHUTHAJIU3AIMU MOTYT HC-
MOJIb30BAThCS TAK K€ KaK JaTYUKU
0e30macHOCTH, K MPUMEPY, ISl OIpe-

JACJICHHA, HC TIICPCABUIAJICA KTO-



where a flame is required, as in a heat-
ing system. A popular safety sensor for
the elderly includes a portable trans-
mitter that sends a signal to a local re-
ceiver when a button is pressed. The
possibilities are endless, with inexpen-
sive sensors for such things as whether
the television set is on, or any other

electrical appliance is on or off.

Residential ceiling-mounted

smoke detector

HUOYAb MO KOMHAT€ J0 BKIHOYECHUS
ABAPUNHOW CUTHAIM3ALMU WIW 10 TO-
ro, KaKk 3aXercs MnpeaynpeauTesIbHbIMI
CBETOBOM CHMTHAJ, €CJIM CHSTA 3aI[uT-
Has maHesb. Tak, JaTYuK MIaMeHH MOT
OBI CITY>KUTh KaK JaTYUK 0€301aCHOCTH
TaM, TJIe TUIaMsi HeO0OXOJUMO, HaIpH-
Mep B o0orpeBaTenbHOM cucteme. [lo-
MYJSIPHBIA aTYUK O€30MacHOCTH IS
MOKUJIBIX JIIOJIed CHAa0XEH MOPTATUB-
HBIM TE€PEIaTYUKOM, KOTOPBIM MOCHI-
JIA€T CUTHAJI OJTHOMY M3 MECTHBIX MpH-
€MHUKOB TpU HaXaTUW KHONKHU. Ero
BO3MOJKHOCTH OECKOHEUYHBI, C IIOMO-
b0 HEJOPOTOro JIaT4MKa MOYKHO y3-
HaTb, BKJIIOYEH WJIMA BBHIKIIOUCH TeJIe-
BU30p WJIM KaKOW-TO APYTroW DJIEKTPHU-

YECKHM puoop.

3. Answer the questions given below and retell the text using the ques-

tions as a plan of your story

1.In what form are different alarms found today?

2. What devices do they consist of?

3.How does the sophistication of alarm systems range?

4. What is a car alarm?

5. What classes of intrusion detectors can we come across today?

6. What is a point detector?

7. What types do point detectors include?
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8. What do area detectors indicate and what technologies do they use?
9. What do area sensors detect in general?
10. What sensors are much more prone to false alarms and why?
11. What do computer-aided sensors include?
12. How can sophisticated computer-aided sensors be programmed?
13.How can all these sensors be used and what does it depend upon?
14. What categories of fire alarm sensors are there?
15. What are smoke detectors?
16. What do flame detectors react to? How precise are modern designs of flame
detectors?
17. What do heat detectors react to?
18. What detectors are more varied? What devices do they include?
19. Can some detector change their mission? When?
20. What does a popular safety sensor for the elderly include? What are its pos-
sibilities?

4. Find the Russian equivalents of the following below the line
To elicit response; serve a purpose as a safety sensor; an intruder's presence
within the protected area; self-contained noisemakers; prone to false alarms;
when a button is pressed; excessive carbon monoxide concentrations; to handle
fire, intrusion and safety alarms simultaneously; reducing the risk of loss; prox-
imity switches that detect humans; a control unit.

CayXuTh B KauecTBE JaTyMKa O€30IacHOCTH; COKpAllleHUE PUCKA yTpaThl;, aB-
TOHOMHBIE LIIYMOBBIE YCTPOWCTBA; €CJIM HaXKaTh KHOIIKY; IOBBIICHHAs KOHIICH-
Tpauus OKUCH yTiepoaa; OJIOK yIpaBiIeHUs; ObITh OJHOBPEMEHHO U MOKapHOH,
U OXpaHHOM, U aBapUMHOW CUTHAJIU3alMel; JOOUThCA cpaldaThIBaHUS; MPUCYT-
CTBUE HApYLIUTENs Ha OXpaHsIEeMON TeppUTOpUU; OECKOHTAKTHbIE MEpEKIIroya-
TEJH, pearupyrolue Ha NPUCYTCTBUE JIIOJEH; MOABEPKEHbI JIOKHBIM CcpadaThI-

BaHUM.

5. Translate into English
1. laTunku Oe3o0macHOCTH OoJee pa3HOOOpa3Hbl, YEM APYTrUe BUAbI JATYUKOB.
2. TennoBble 1ETEKTOPBI PEarupyroT Ha BHICOKYIO TEMIIEpATypy WK OBICTPOE I0-
BBIIICHUE TEMIIEPATYPHI.
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3.Tak, qaT4MK MjJaMeHu MOT Obl CIYKUTh KaK JAaT4yMK 0€30MacHOCTU TaM, IIe
miamsi He0OX0IMMO, HaIpUMEP B 000rpeBaTEIbHOM CHCTEME.

4. JlaTynKy OXpaHHOW CUTHATU3alUU OBIBAIOT OOBIYHO JBYX THUIIOB: TOUCUHBIC
MTOBEPXHOCTHBIE (MM MPOCTPAHCTBEHHBIE) JATUHKHU.

5.1loBepXHOCTHBIE JaTUUKU O0Jiee MOABEPKEHBI JIOXKHBIM CpabaThIBAaHUSIM, YEM
TOYEYHBIE JATYMKH, YAaCTO M3-32 HEUYETKOrO HABEIEHUS WIM JPYTMX BHJIIOB
HAaCTPOMKH.

6. IlomynapHbld JaTYUK O€30MACHOCTU JUIsl MOXKWIBIX JIIOJeH cHaOxEH mopTa-
TUBHBIM II€PENATYUKOM, KOTOPBIM IMOCHUIAET CHUTHAJl OJHOMY M3 MECTHBIX
MPUEMHUKOB MPU HAXKATHUH KHOIIKH.

7.Cuctema JaTYUKOB IMOJICOEAUHEHA K OJIOKY yNpaBJeHUsl, KOTOPBIM B CBOIO
ouepeab MOACOEIUHSETCS K M3BEUIATENI0, YTOOBl BbI3BaTh €ro cpadaThl-

BaHHC.

6. Read and translate one student’s story about his future profession,

prepare your questions to him and tell about your future profession

MY PROFESSION IS PROTECTION SYSTEMS AND DEVICES OF LAW
ENFORCEMENT

I study at the Faculty of Radiophysics, Electronics and Medical Equipment of the

Vladimir State University. It is one of the ten faculties of the University and trains

engineers in various fields: radio engineers, engineers in computerized measure-

ments, in protection systems and devices, in medical equipment, as well as engi-

neers in electronics. I am going to specialize in electrical protection systems and

devices for law-enforcement system.

Nowadays it has become extremely important to provide the adequate protection

of industrial enterprises, power plants, banks, offices, places of residence, cars

and valuables, computer information and, what is most significant, people.

The modern protection systems and devices are extremely diverse from the most

sophisticated burglar-alarm systems to various intricate locks having different de-

grees of safety and secrecy.
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To become good specialists in modern protection devices and systems students study
electronics, applied optics, optical electronics, fibre optics, video and computers, new
composite and high-strength materials, new technologies in design, manufacturing,
maintenance and repairing various protection systems and devises.

Alongside with different technical disciplines students study special ones con-
cerned with explosion techniques, assault and defense methods, law, different pro-
tection systems and the way they work, technical surveillance systems, the latest
alarm systems and self-defense devices.

There is a great demand for specialists in protection systems at different enterpris-
es and organizations because these systems are getting more and more sophisti-
cated and diverse.

After the graduation we’ll be able to work at different enterprises employing pro-

tection systems and organizations dealing in trading and servicing such systems.

7. Translate into Russian in writing using a dictionary

PASSIVE INFRARED SENSORS

Passive infrared sensors are electronic devices which are used in some security alarm
systems to detect motion of an infrared emitting source, usually a human body.

All objects, living or not, whose temperature is anything above absolute zero
(—273,15 °C or —459,67 °F) emit infrared radiation. This radiation (energy) is
invisible to the human eye but can be detected by electronic devices designed
for such a purpose. The term ‘passive’ in this instance means the passive infra-
red sensor does not emit any energy of any type but merely sits ‘passive’ accept-
ing infrared energy through the ‘window’ in its housing. The heart of the sensor is a
solid state ‘chip’, approximately " inch square made from a pyroelectric material.
This chip 1s mounted on a printed circuit board which also contains the necessary
electronics required to interpret the signals from the chip. The printed circuit board
is contained in the housing which is then mounted in a location where the chip can
‘see’ the area to be ‘protected’. The window in the housing allows infrared energy

to reach the chip. The window 1is covered with an infrared-
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transparent (but only translucent to visible light) plastic sheet which may or may
not have Fresnel lenses moulded into it. This plastic sheet prevents the intrusion
of dust and insects while the Fresnel lenses, if present, focus the infrared energy
onto the surface of the chip.

An intruder entering the protected area is detected when the infrared energy
emitted from the intruder’s body is focused by a Fresnel lens or a mirror seg-
ment and overlaps a section on the chip which had previously been looking at
some much cooler part of the protected area. That portion of the chip is now
much warmer than when the intruder was not there. As the intruder moves, so
does the hot spot on the surface of the chip. This moving hot spot causes the
electronics connected to the chip to de-energize the relay, operating its contacts,
thereby activating the detection input on the alarm control panel.

Notes

housing KOpITYC

window OTBEpPCTHUE

printed circuit board neyaTHas IJiara

Fresnel lens muH3a Dpenens

infrared-transparent IPOMYCKAOMNi HH(PaKPACHBIN CBET

8. Translate into Russian in writing using a dictionary, write similar
annotation about an alarm system

AHHOTAIIHA K JTHTIVIOMY
B nannoii pabote paccMOTpeHbl KOHCTPYKIUS / TPUHIUIIBI ACHCTBUS / METOIbI

WCIIOJIb30BAHUSI M3MEPUTEIHHOTO YCTPOWCTBA, KOTOPOE IO3BOJSIET COOMPAThH
nH(OPMAITHIO O TEXHOJOTHUYECKHUX Mpolieccax. B pabore mpuBemeHbl pacuéThl,
DKCIEPUMEHTAIIBHBIE UCCIIEIOBAHUS, XaPAKTEPUCTUKA JAHHOTO YCTPOMCTBA.

B TexHONMOrM4eckoi 4acTu MPOEKTa TAHO OMUCAHUE TEXHUYECKUX IPOIECCOB
00paboTKKN JeTaliell KOHCTPYKIHMH C Y4€TOM O€30MaCHOCTH KU3HENEATEIbHO-
CTH, IPUBECHBI PACUETHI BIUSHUS dJIEKTPOMArHUTHBIX MOJIEH HA O€30MaCHOCTh
YeJ0BEKA.

B sxoHOMUYECKOI YacTu MpOeKTa AaH pacuéT ce0eCTOUMOCTH paccMaTpuBae-

MOI'0 YCTPOMUCTBA.
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UNIT 7

CLOCKS AND WATCHES

1. Study the words and find the sentences with these words in the text,

translate them

1.

timekeeping device

XPOHOMETPHUPYIOLINIA MEXaHU3M

2. counting mechanism CUETHBIN MEXaHU3M
3. pointer (hand) CTpeJiKa

the hour hand 4acoBasi CTpEJKa

the minute hand MHUHYTHAs! CTpEJIKa

the second hand CEeKyH[IHas CTpeJKa
4. sweep OOJIBIIIOrO 0XBAaTa, OBICTPHIIA
5. face (dial) depoat
6. spindle 0Ch, CTEpPKEHb, IIITTUH]IENb, BAJTUK
7. series cepus, psi, rpymma
8. train niepezaya, psiji, cepusl, LeToyKa, Tpyra
9. tooth (pl. teeth) 3y0 (3yObI)

toothed 3yOUaThIi

10.

gear ["giq] wheel
toothed gear wheel

3y04aToe Kojeco, HeCTepHs
3yOuaToe Kojiaeco

11. movement XOJIOBOM MEXaHWU3M

12. to mesh 3aICIUIATHCS, CLEIUIATHCS

13. revolution o0opoT

14. weight BEC, THPs

15. spring py>KUHA

16. to whirr C ITyMOM [TOBOPAaYMBAThCA (BpaILaThes)
17. to wind [*waind] 3aBOJIUTH (YaCHI)
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18.
19.
20.
21.
22.
23.
24.
25.
26.

217.
28.
29.
30.

31

34.
35.

36.

37.
38.
39.

40.

escapement

pendulum [*pendjVigm]

toothed escape wheel

pallet [*pxlit]

swing (swung)

pivot ["pivqt] point

weight
balance wheel

spoke wheel

hairspring
oscillating
heavy points

arm

. lever escapement
32.
33.

forked

to engage with
pin

clock

to clock

synchronous clock
master clock

to vibrate

electronic circuit

AHKEPHBIN MEXaHU3M, CITYCK
MAasiTHUK

3y0uaroe CITyCKOBOE KOJIECO
aHkep (SIKOpb)

KayaThCs, KOJIeOaThCs

TOYKa (0Ch) MOBOPOTA
TSDKECTB, IPY3, HArPy3Ka, BeC
OanaHc

0€e3MCKOBOE KOJIECO, KOJIECO CO CITULIEBOM
CTYIULEN
BOJIOCOK

KavyaHue, KojebaHue
TOYKH Harpy3Ku
pPYyUKa, 3aBOJTHOM KITFOUY
aHKepHas BUJIKa
pa3BOCHHBIN

HAXOJUThCS B 3alleTUICHUU (O 3y0YaThIx
KoJI€cax), BKIKOYaTh, COSAUHSITh
AILTUIIC

Yachl, T€HEPAaTOp YacTOThl, T'€HEpaTop
TaKTOBBIX MMITYJIbCOB, T€HEPATOp CHH-
XPOUMITYJILCOB,  CHHXPOHHU3UPYIOUIUIA
CUTHAJI (MMIIYJIbC), TAKTOBBIM CHUTHA
(MMITyJIBC)

XPOHOMETPUPOBATh, CHHXPOHU3UPOBATH,
TaKTUPOBATH

CUHXPOHU3HUPYIOINN T€HEPATOP

TIaBHBIC 3JICKTPOYAChI

Ka4yaTbCsl, paCKaYMBaTHCS, BHOPUPOBATH,
K0J1e0aThCsl, pE30HUPOBAThH
AIIEKTPOHHAS CXeMa
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41. integrated circuit, (IC) — wuHrerpansHas cxema (MC)

42. stepping motor — IIAroBbId (JIEKTPO)ABUTATEIb

43. liquid crystal display (LCD) — JUCIUICW Ha KUIKUX KpPUCTAJUIaxX, YKUI-
KOKPHUCTATMYECKUN HHIUKATOP

2. Read and translate the texts below and answer the questions following them

CLOCKS AND WATCHES

Clocks and watches are instruments for measuring time. Their essential parts are
a timekeeping device that makes regular movements at equal intervals of time,
and a counting mechanism that records the number of movements. Analogue
clocks and watches indicate the time by means of pointers (or hands) that go
around a dial (or face) marked with intervals of time. Digital clocks and watches
show the time by numbers displayed, usually, by liquid crystals.

Questions
1. What kind of instruments are clocks and watches?
2. What are their essential parts?
3.How do analogue clocks and watches indicate the time?

4.How do digital clocks and watches show the time?

MECHANICAL CLOCKS

The hour hand of a mechanical clock goes around the dial once every 12 hours,
or twice a day. The minute hand, which is longer than the hour hand, goes
around once an hour, or 24 times a day. The second hand may be much smaller,
with its own dial set into the main one, or be a large sweep hand, going around
the dial once a minute.

To allow the hands to move at different speeds, the spindles on which they are
mounted are connected by a series, or "train", of toothed gear wheels, called the
movement. The teeth of the gears mesh together. The gears have different
numbers of teeth, which cause the spindles to rotate at different speeds. If a gear
wheel with 10 teeth is meshed with one having 50 teeth (a ratio of 1 to 5), then
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the larger wheel will make only one revolution for every five revolutions of the
smaller one. By selecting the number of teeth to give a ratio of 1 to 60, the
minute and hour hands will move at the correct relative speeds.

To keep a clock running, there must be a source of power to drive the move-
ment. This may be a falling weight or a spring, or electricity. The work done in
winding the clock is stored as potential energy in the raised weight or wound-up
spring, and is slowly released to drive the movement. This can keep the clock
running for at least 24 hours.

The movement as described so far has no timekeeping properties. If the clock
were wound, and the weight or spring were allowed to release its energy unre-
stricted, the hands would simply whirr round at high speed and compress a 24-
hour day into a few seconds. To prevent this from happening, the energy must be
released regularly and in small amounts. This is done through an escapement
connected to the timekeeping device, such as a pendulum. The escapement is es-
sentially a "catch and release" mechanism that operates on a toothed escape wheel
turned by the gear train, allowing it to rotate tooth by tooth. At each forward
movement the escape wheel tooth catches against a pallet. On a pendulum clock,
this action also helps keep the pendulum swinging.

The escape wheel is also the counting mechanism — each swing of the pendulum
advances it one tooth, so if it has 60 teeth it will make one complete revolution
every 60 swings.

The time taken by a pendulum to make one complete swing back and forth (its
period) depends on the length from its pivot point to the center of its weight: the
greater the length, the slower the time of swing, or the longer the period. A pen-
dulum, therefore, is a simple but accurate timekeeper. The pendulum of Big Ben,
the clock of the Houses of Parliament in London, is 4 meters (13 feet) long and has
a period of four seconds. Adjustment of the period can be carried out to a high de-
gree of accuracy by changing the position of the weight on the rod, usually by means

of a nut on a screw thread. The main cause of inaccuracy in pendulum clocks is
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change in temperature. This alters the length of the pendulum and makes the
clock run fast or slow.
Questions
1. How often do the hour, minute and second hands go round the clock?
2. What may the second hand be like?
3. What is the movement?
4.How do the gear wheels of the movement work?
5. What must be there to keep a clock running?
6. What is done to provide the energy release regularly and in small amounts?
7. What is the function of escapement?
8. What is another function of the escape wheel?
9. What does the time taken by a pendulum to make one complete swing back
and forth (its period) depend on?
10. What is a pendulum?
11. How long is the pendulum of Big Ben?
12. How can adjustment of the pendulum period be carried out?

13. What is the main cause of inaccuracy in pendulum clocks?

SMALL MECHANICAL CLOCKS AND WATCHES
It is easy to see that a pendulum would not be a suitable timekeeping device for
portable clocks and watches, as even the slightest movement would interrupt the
regularity of its swing. In its place a balance wheel is used. This is a spoke wheel
which, instead of revolving steadily, turns first one way and then the other, conti-
nually reversing its direction. To it is attached a flat spiral hairspring. When the
balance wheel turns in one direction, the hairspring is tightened or "wound", slow-
ing the wheel until it stops. The hairspring then unwinds, reversing the balance
wheel. Without a source of power the balance wheel would soon stop oscillating, or
moving back and forth. The power is supplied by a main spring driving a move-

ment through an escapement, in the same way as a pendulum clock.
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The balance wheel has to be accurately balanced, like the wheels of a car, so that
it has no heavy points that would make it run unevenly. It is usually designed to
make 2.5 back-and-forth oscillations (5 ticks) each second, or 9,000 oscillations
per hour. The speed of the balance wheel is regulated by moving a small arm
that alters the working length of the balance spring. Shortening the spring
speeds up the balance and makes the watch run faster; lengthening it makes the
watch run more slowly.
The escapement in this case is a lever escapement. One end of it has two pallets
which mesh with the pallets on the escape wheel, allowing it to turn tooth by tooth.
The other end is forked and engages with a pin on the balance wheel. In this way it
gives pushes, or impulses, to the balance wheel to keep it oscillating and receives the
rocking motion it needs to release the escape wheel. The pin is usually made from
ruby, a jewel, which is hard-wearing and can be highly polished, to reduce friction.
Questions

1. What timekeeping device do portable clocks and watches have instead of

a pendulum? Why?
2. What does this device look like and how does it work?
3. What is a source of power for the balance wheel?
4. How many oscillations is the balance wheel usually designed to make?
5.In what way is the speed of the balance wheel regulated?
6. What does a lever escapement look like and how does it work?

7. What is the pin usually made from and why?

ELECTRIC CLOCKS

A supply of electricity can be used as | ICTOUHHUK »J€KTpUYeCTBa MOXKET HC-
the timekeeping device as well as the | monp30BaThCd Kak XPOHOMETPHUPYIO-
power source. Alternating current elec- | mee ycTpoiicTBO M KaK MCTOYHHUK IH-
tricity, as supplied to most houses, | Tanus. [lepemeHHBII TOK, MOCTyMmaro-

changes direction 100 (or 120 times) a | muit B OOJBIIMHCTBO JOMOB, MEHSET
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second and is said to have a frequency
of 50 (or 60) hertz. (1 hertz is equal to 1
cycle per second.) When connected to
such a supply, a type of electric motor,
known as a synchronous motor will ro-
tate in time with the frequency. Clocks
powered like this are now rapidly being
replaced by battery-powered quartz
clocks, but synchronous clocks are still
used to control video recorders, central
heating programmers, and other line-
powered electrical appliances. In industry
and commerce, the master clock system
is widely used. In this case, a pendulum
is the timekeeping device. It moves a
toothed wheel in much the same way as a
conventional pendulum clock. As the
wheel completes each rotation it releases
a lever that falls and gives a push to the
pendulum. At the same time the lever ac-
tivates an electromagnet that returns it to
the raised position and moves on the
minute hand half a minute. The pulse of
electricity simultaneously moves the
hands of every other clock in the building
that is connected to the master clock.
Electricity in this case is used only as the
power source to operate the electromag-

net and move the hands.
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cBoé nampasienne 100 (umu 200) pa3
B CEKYH/ly U, KaKk TOBOPUTCS, 00J1a1aeT
gactotoit 50 (unu 60) repu (1 repi pa-
BEH OJIHOMY INEpUOJy B CeKyHAy.) Ec-
JY MOJICOEIUHUTh K TAKOMY HCTOYHU-
Ky OJHMH W3 D3JEKTPOJBHUraTesiei, W3-
BECTHBIM KaK AaCHUHXPOHHBIH JIBUTa-
Telb, OH OyJeT coBepllaTh Bpala-
TeJIbHBIE JBUKEHHUS C TOW >XK€ 4YacTo-
ToM. Yacel, UMEIOIUE TAKOE IUTAHUE,
B HACTOSIIEE BpeMsi OBICTPO 3aMeEHS-
IOTCSl KBapIIeBBIMU YacaMH C MUTaHU-
eM OT 0aTapeek, HO CHHXPOHH3UPYIO-
i reHepatop (4acel) BCE emé uc-
MOJIB3YyETC ISl yIpPaBJIEHUS yCTPOM-
CTBaMHM  BHUJECO3aIKCH, MPOrPAMMHU-
PYIOIIMMH YCTPOMCTBAMH II€HTpalb-
HOTO OTOIUICHHSI U JAPYTUMHU DIEKTPO-
npudbopamu, TUTAIOLUMUCA OT ceTu. B
MIPOMBIIINIEHHOCTH U OM3HECE MIUPOKO
UCIIONB3YETCSl  CHUCTeMa HW3MEpEHUs
BPEMEHH C TJIABHBIMU 3JIEKTPOYACAMH.
B sToM ciiyyae XpoHOMETpUPYIOIIUM
YCTPOMCTBOM SIBIISIETCA MasiTHUK. OH
MPUBOJUT B JABMKEHHE 3yOuaToe KoJie-
CO TOYHO TaK K€, KaK MasTHUK OOBIYHBIX
yacoB. Korga koseco 3aBepriaer Kax-
Tl 000POT, OHO OCBOOOKIAET phIvar,

KOTOpBIﬁ magacT U TOJIKACT MasATHHK. B



TO € CaMO€ BpPEMsI pblYar aKTUBHUPYET
AIIEKTPOMArHUT, KOTOPBIA BO3BpAIIAET
€ro B MPEKHEE TOJOKECHUE U TIEPEIBU-
raeT MUHYTHYIO CTPEJIKY Ha ITOJIMUHYTHI.
OMHOBPEMEHHO  DJIEKTPUYECKHN  UM-
MyJIbC TIEPEIBUTAET CTPEIKH BCEX OC-
TAJTbHBIX YacOB B 3/[aHUM, CBS3aHHBIX C
TJIaBHBIMHU 3JICKTpOYacaMu. DJIEKTpUde-

CTBO B HOdHHOM CJIydac HCIIOJIb3YyCTCA

TOJIBKO OJIA pa6OTBI QJICKTpOMAarHnTa u

A wall clock

JABUKCHUS CTPCIIOK.

Questions
1. How can a supply of electricity be used as the timekeeping device?
2. Where are synchronous clocks still used?
3. What clock system is widely used in industry and commerce?
4.How does this system work?
5. What is electricity in this case used for?

6. What clocks replace electric clocks?

QUARTZ CLOCKS AND WATCHES
In battery-operated electric clocks, electricity does not act as the timekeeping
device. Instead, a quartz crystal does the job. Quartz is an abundant mineral and
is found in different forms. The crystals used in making clocks and watches must
be very pure, and are usually synthetic (man-made). A quartz crystal of a partic-
ular size has a natural frequency at which it vibrates. In clocks this is usually
about 1,000,000 hertz. By attaching electrodes (metal contacts) to the surface of
the crystal, it can be made part of an electronic circuit that will count the pulses
of the crystal. As the frequency is much too high for convenient time measurement

it is reduced using a combination of electrical and mechanical gearing, and ap-
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plied to a stepping motor that drives the hands. A crystal with a frequency of
1,000,000 hertz, for example, would be reduced by a ratio of 1,000,000 to 1 to
give one pulse per second. The vibrations of the crystal are so regular that the
clock will lose or gain only one second in 10 years.

The mechanism of a quartz watch is called the module. The timekeeping device is
a paper-thin slice of synthetic quartz that vibrates at a frequency of 32,768 hertz.
The power source is a button battery with a life of at least one year. The power
is transmitted to the quartz crystal by an integrated circuit, which consists of a
large number of electronic components — transistors, resistors, and capacitors — set
into a tiny silicon chip. This acts as the "brain" of the watch, and uses power from
the battery to keep the quartz crystal vibrating. At each vibration, the quartz
crystal sends an impulse to the integrated circuit, which, by a process known
as "division", reduces these impulses to 1 per second.

From here the mechanism depends on the type of display:

An analogue watch has a tiny stepping motor. This is an electromagnetic device,
part of which — the rotor — rotates. At each impulse from the integrated circuit,
the rotor turns, and drives the hands through a gear train.

A digital watch has no stepping motor. In this case the integrated circuit, which is
larger than in an analogue watch, controls the liquid crystal display (LCD) and
supplies it with information to show the time.

Quartz watches have the same degree of accuracy as quartz clocks.

Questions
1. What acts as the timekeeping device in battery-operated electric clocks?
Why?
2. What crystals are used in making clocks and watches?
3. How can a quartz crystal be used as the timekeeping device?
4. What is done with the quartz crystal frequency that is much too high for con-
venient time measurement?

5. What is reduced to reduce frequency?
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How accurate are the quartz clocks and watches?
What is the mechanism of a quartz watch called?

What is the timekeeping device of a quartz watch?

© 0 N o

What is the power source of a quartz watch?
10. How is the power transmitted to the quartz crystal?
11. In what way are quartz crystal impulses reduced to 1 per second?

12. How is the time shown by an analogue and digital watch?

3. Find the English equivalents in the words below the line
UrtoObI MO3BOJIUTH CTPEJIKAM JIBUTAThCS C PA3TMYHON CKOPOCTHIO; B PaBHBIE MTPOME-
KYTKH BPEMEHH; TTOKA3bIBAIOT BPEMSI C MIOMOIIBIO CTPENIOK; UCTOYHHUK YHEPIUU; Ka-
YaTeNbHOE JIBIKCHHUE; 3y0uaTas riepeiada; 4achbl C MasITHUKOM; CYETHBIN MEXaHU3M;
TJIaBHAs! PUYMHA HETOYHOCTU; TIPUOOPHI U3BMEPEHHUST BPEMEHH; SJICKTPUIECKHUE Ya-
Chl Ha OaTapeikax; aKKyMyJIATOP KHOIIOYHOTO (TabJeTOYHOrO) ThMa (MaJeHBKas
Kpyriasi 6arapeiika); Takas k€ CTENeHb TOYHOCTH; MCIIOJNB3Ysl AJIEKTPOMEXaHu4e-
CKyI0 Tiepe/iauy; OCHOBHAs MIPYKUHA, IPUBOSILAS B JBMXKEHUE XOJ0BOM MEXaHU3M

Yyepe3 aHKEPHBIM MEXaHU3M.

At equal intervals of time; counting mechanism; indicate the time by means of
pointers (or hands); to allow the hands to move at different speeds; a source of
power; the gear train; the main reason of inaccuracy; a pendulum clock; a main
spring driving a movement through an escapement; instruments for measuring
time; a button battery; the same degree of accuracy; battery-operated electric

clocks; using a combination of electrical and mechanical gearing.

4. Say whether the following is true, partially true or false

1. Analogue clocks and watches show the time by numbers displayed, usually,
by liquid crystals.

2. The movement in the pendulum clock is the main timekeeping device

3. Portable clocks and watches have a balance wheel instead a pendulum, as

the main timekeeping device.
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4. In industry and commerce, the battery-powered quartz clocks are widely
used.

5. In battery-operated electric clocks, a quartz crystal acts as the timekeeping
device.

6. In a digital watch the integrated circuit, which is larger than in an analogue
watch, controls the liquid crystal display (LCD) and supplies it with informa-
tion to show the time.

7. Quartz watches are the most accurate watches.

5. Give in writing the summary of all the texts about clocks and watches
dwelling on their main ideas and tracing the clock and watch development (10

sentences)

6. Discuss different types of clocks and watches speaking of their me-
chanisms, accuracy and popularity. You can use the following as the beginning
— Excuse me, what time is now by your watch?
— To be more precise by my clock, let me have a look the clock of my mobile
phone. It’s a shame but the display is dark, the battery is discharged.
— I should say it is one of the disadvantages of the mobile phones, batteries may
fail you. I think that a mechanical watch is much better, it has no batteries
and...

(Go on discussing different watches and clocks.)
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Unit 8

NANOTECHNOLOGY

1. Study the words and find the sentences with these words in the text,

translate them

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

ongoing ["On"gouiN]

quest ["kwest]
opaque [ou"peik]

substance [*sAbstgns]
transparent [trXxn*spxrgnt]
inert [i1"NWt]

catalyst ["kxtglist]
catalytic ["kxtq"litik]
combustible [kgm"bAstgbl]

to exhibit [ig*zIblt]

novel ["nPvql]
to enhance [IN*hRNs]

enhanced (materials)
spintronics

magnetoresistance
bandwidth

capacity [kq"pxslti]

band gap

non-volatile ["nPn*vPIgtall] main
memory

magnetic random access memory

refractive index

HETIPEPBIBHBIMN, IOCTOSTHHBIM,
MPOUCXOJAIINMN cernyac

IIOMCKHU

HEIPO3PAYHBIN, HEMPOHUIIAEMBIH,
HENPOBOJISIIMNA, TEMHBIM, MaTo-
BBII

BEIIECTBO

IPO3pavYHbIN

WHEPTHBIN, HEAKTUBHBIN
KaTaJIn3aTop

KaTaIUTAYECKUN

TOPIOYMH, JIETKO BOCIIJIAMEHSIO-
1105059

MIOKAa3bIBATh, MTPOSIBIIATH, OOHAPY-
KUBATh

HOBBIW, HOBEUILIEW KOHCTPYKLIMU
yBEJIMYUBATh, YCUIIUBATh, yIIyd-
aTh

YCOBEPILICHCTBAHHBIE MaTEPUAIIbI
CIIMHOTPOHUKA

MarHUTHOE COMPOTUBIICHUE
HIMPUHA CIIEKTpa, Auana3oH pado-
YUX YacTOT, POITYCKHAsI CIIOCO0-
HOCTh

AIeKTpUUecKas EMKOCTh, 00BEM
(uH(pOpManMOHHAs ) EMKOCTD
3anpeniéHHas (IHepreTuyecKas)
30Ha

MOCTOSIHHAS OorepaTuBHas (OCHOB-
Hasl) MaMsTh

MAarHuTHas NaMsTh C MPOU3BOJIb-
HBIM JIOCTYIIOM

KOd(ppULIUEHT NpeToMIICHHUS
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20. lattice ["Ixtls] constant
21. carbon nanotube
22. field emission display

— TOCTOsIHHAA (KpUCTAJUIMYECKOMN )
PELIETKH

— YIJepoAHbIE HAHOTPYOKHU

— JIMCILUIEH C BJIEKTPOHHOM dYMUCCUEU

2. Read the text and study its translation, make the plan of the text

NANOTECHNOLOGY

Nanotechnology is the design, charac-
terization, production and application of
structures, devices and systems by con-
trolling shape and size at the nanoscale.
Eight to ten atoms span one nanometer
(nm). A human hair is approximately
70,000 to 80,000 nm thick. Nanotech-
should called

“nanotechnologies”: There is no single

nology really be
field of nanotechnology. The term
broadly refers to such fields as biology,
physics or chemistry, any scientific
field, or a combination thereof that deals
with the deliberate and controlled manu-
facturing of nanostructures. Nanotech-
nology is the world of atoms, molecules,
and

macromolecules, quantum dots,

macromolecular assemblies.

Nanogears from one molecule
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HanoTexHosorus — 3TO MPOEKTUPOBA-
HUE, ONHUCaHUEe, MPOU3BOJICTBO U IPaK-
TUYECKOE TMPUMEHEHUE CTPYKTYp, YCT-
POWCTB M CUCTEM IOCPEICTBOM YIIpaB-
neHns ux (opMaMu W pa3MepaMu Ha
HAaHOYpOBHE. Bocemb-ZecsiTh aToOMOB
o0pa3yroT oauH HaHoMeTp. TouHa
YeJIOBEYECKOr0  BOJIOCA  COCTABJISIET
npubmusurensHo 70 000 — 80 000 Ha-
HOMETPOB. TepMUH «HAHOTEXHOJIOTHS
B JICICTBUTENLHOCTU CJEIYET 3aMEHUTH
TEPMUHOM  «HAHOTEXHOJIOTUW»,  TIO-
CKOJIBKY HE CYIIECTBYET HAHOTEXHOJIO-
MU KaK eMHON 00JacTh. TOT TEPMUH
OTHOCUTCSI K IIMPOKOMY Kpyry obsac-
TeH, TaKMX Kak OmoJorus, Gu3nKa Wiu
XUMHUSA — K JF000W 00JacT HAayKu WM
HECKOJIbKUM HayKaM, CBSI3aHHBIM C Y&T-
KO pa3pabOTaHHBIM U YTPaBIIEMbIM
MPOU3BOJCTBOM HAHOCTPYKTyp. Hano-
TEXHOJIOTUSl — 3TO MHUpP aTOMOB, MoJe-
KyJ, MAaKpOMOJIEKYJI, KBAHTOBBIX TOYEK

u COGI[I/IHGHI/Iﬁ MaKpOMOJICKYJI.



The ongoing quest for miniaturization
has resulted in tools such as the atomic
force microscope (AFM) and the scan-
ning tunnelling microscope (STM).
Combined with refined processes such
as electron beam lithography, these in-
struments allow us to deliberately ma-
nipulate and manufacture nanostruc-
tures. Materials reduced to the nano-
scale can suddenly show very different
properties compared to what they show
on a macroscale. For instance, opaque
substances become transparent (cop-
per); inert materials become catalysts
(platinum); stable materials turn com-
bustible (aluminum); solids turn into
liquids at room temperature (gold); in-
sulators become conductors (silicon).
Another important aspect of the nano-
scale is that the smaller a nanoparticle
gets, the larger its ratio of surface area
to volume becomes. Its electronic
structure changes dramatically, too.
Both effects lead to greatly improved
catalytic activity but can also lead to

aggressive chemical reactivity.

[TocTosiHHOE CTpeMIIEHHE K MUHHUATIO-
pU3aluy TPUBENIO K CO3JAHHUIO0 TAKUX
WHCTPYMEHTOB, KaK aTOMHO-CHUJIOBOM
mukpockont (ACM) U CckaHUPYIOIIHIA
TyHHeNbHBIA Mukpockon (CTM). B
COYETAaHMM C TOYHBIMHU MPOLECCaMH,
TaKUMH KakK 3JIEKTPOHHO-JTydeBas Ju-
torpadus, 3T TPUOOPHI TO3BOJISIOT
HaM TINATENbHO pa3padaThiBaTh U
MIPOU3BOJANTh HAHOCTPYKTYphl. Marte-
pHUalibl, YMEHBIIECHHbIE /10 HAHOYpPOB-
HS, MOTYT HEOKHJIAHHO TPOSBISTH CO-
BEPILIEHHO HHbIE CBOMCTBa B CpaBHE-
HUU C TEMHU, KOTOpbIE MPOSIBISUINCH HA
MakpoypoBHe. Hanpumep, Henpospau-
HbI€ BEIIECTBA CTAaHOBATCA MPO3pad-
HbIMU (M€]lb), MHEPTHBIE MaTepuabl
CTaHOBSTCS KaTaiau3zaTopamu (IUIaTH-
Ha), MPOYHbIE MaTepuaibl CTAHOBATCA
roprourMu (aJIIOMUHUI), TBEPIBIE Be-
IIECTBA MPEBPAILAIOTCS B KUAKUE TPH
KOMHAaTHOM Temmeparype (30J0TO0),
TUDIIEKTPUKNA CTAHOBSTCS TPOBOJIHU-
kamu (kpemHuit). Elé oqHUM BaKHBIM
aCIeKTOM HaHOYPOBHS SIBJISIETCS TO,
YTO YE€M MEHbIIE CTAHOBUTCS HaHOYa-
CTHIIa, TEM OoJIbllle Y HEE OTHOIICHUE
IUJIOLAAN TOBEPXHOCTH K 00BEMY. EE
AJIEKTPOHHASI CTPYKTYypa TaKkKe CHIIbHO
MeHsierca. O6a 3Tu U3MEHEHUs PUBO-
JIT K 3HAUUTEIBbHOMY YJIIYUIIEHHIO
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The fascination with nanotechnology
stems from these unique quantum and
surface phenomena that matter exhibits
at the nanoscale, making possible
novel applications and interesting ma-
terials.

With nanotechnology, a large set of
materials with distinct properties (opti-
cal, electrical, or magnetic) can be fab-
ricated. Such nanotechnologically en-
hanced materials will enable a weight
reduction accompanied by an increase
in stability and an improved function-
ality. An example of such novel de-
vices is based on spintronics. The de-
pendence of the resistance of a mate-
rial (due to the spin of the electrons) on
an external field is called magneto re-
sistance. This effect can be signifi-
cantly amplified (GMR — Giant Mag-
neto-Resistance) for nanosized objects,
the GMR effect has led to a strong in-
crease in the data storage density of
hard disks and made the gigabyte
range possible. The so called tunneling

magnetoresistance (TMR) is very simi-

96

KaTaJIATUICCKUX CBOWCTB, HO MOTYT
TaK)Ke MPUBECTU K CIIOCOOHOCTH BCTY-
nath B OypHYIO XHMHYECKYHO peak-
LIHIO.

HMHTepec K HAHOTEXHOJIOTMH BBI3BaH
YHUKAJIbHBIMU KBaHTOBBIMU U ITOBEPX-
HOCTHBIMH CBOWCTBaMH, KOTOPBIC Be-
IIIECTBA IPOSBIISIOT Ha HAHOYPOBHE,
910 JaéT BO3MOXHOCTh HMX HOBOMY
MPAKTUIECKOMY TMPUMEHEHUI0O U CO3-
JTAHUIO HOBBIX MAaTEepPHAJIOB.

C nmpuMeHEHWEM HaHOTEXHOJOTHUU
MOXKET OBITh CO3/IaH OOJIBIIION s Ma-
TEPUAJIOB C OIPEACIEHHBIMU CBOMCT-
BaMH (OMITHYECKUMHU, dJIEKTPUICCKUMU
VI MarHUTHBIMH). Takue HaHOTEXHO-
JIOTHUYECKHU yCOBEPIIIEHCTBOBAHHBIE
MaTepHaIbl TIO3BOJISIT YMCHBIIIUTh BEC
YCTPOMUCTB

IIpU  OJHOBPEMEHHOM

VIY4IIEHWH WX  CTaOUIBHOCTH H
dbyukimoHanbHOCTH. OAUH U3 TIpUME-
POB TaKHUX HOBBIX YCTPONCTB OCHOBBI-
BAaeTCS Ha CIOUHOTPOHUKE. 3aBUCH-
MOCTb CONPOTHUBJIEHUS MaTtepuana (u3-
32 CHUHA DJIEKTPOHOB) OT BHEIIHEIO
MarHuTHOTO TMOJIi Ha3bIBAC€TCS Mar-
HUTHBIM COIPOTUBIIEHUEM. ITOT 3(-
(EeKT MOXXHO 3HAUUTENIBHO YCHUJIUTh
(I'MC — ruranTcko€ MarHUTHOE CO-
HaHOOOBEKTOB,

NPOTUBIICHUE) IS



lar to GMR and based on the spin de-
pendant tunneling of electrons through
adjacent ferromagnetic layers. Both the
GMR- and the TMR-effect can be used
to create a non-volatile main memory
for computers, such as the so called
magnetic random access memory or
MRAM. In the modern communication
technology traditional analog electrical
devices are increasingly replaced by
optical or optoelectronic devices due to
their enormous bandwidth and capac-
ity, respectively. Two promising ex-
amples are photonic crystals and quan-
tum dots. Photonic crystals are materi-
als with a periodic variation in the re-
fractive index with a lattice constant
that is half the wavelength of the light
used. They offer a selectable band gap
for the propagation of a certain wave-
length, thus they resemble a semicon-
ductor, but for light or photons instead
of electrons. Quantum dots are nano-
scaled objects, which can be used,
among many other things, for the con-
struction of lasers. The advantage of a
quantum dot laser over the traditional
semiconductor laser is that their emit-
ted wavelength depends on the diame-
ter of the dot. Quantum dot lasers are

cheaper and offer a higher beam qual-

apdext 'MC npuBén K 3HAUUTEITBHO-
My YBEIMYEHUID €MKOCTH IMAMITH Ha
KECTKUX JUCKaXx W TO3BOJWI YBEJU-
4YUTh €€ JAMANa3oH JI0 YpOBHsS ruralu-
ToB. Tak Ha3bIBa€MOE TYHHEJIbHOE
(TMC)

o4deHb moxoxe Ha ['MC u 0OCHOBaHO Ha

MarHuTHOE CONPOTHBIICHUE
3aBUCSIIEM OT CIIMHA AJIEKTPOHOB MX
TYHHEJIMPOBAHUU CKBO3b OJM3IIExkKa-
e (eppomaruutheie ciou. Kak a¢-
dexr I'MC, tak u 3¢dekr TMC mox-
HO HCIIOJIb30BaTh JJI CO3JaHUs J10J-
TOBPEMEHHONW OCHOBHOM MaMsITH KOM-
MBIOTEPOB, TAKOM KaK MarHWTHAas Ia-
MATH C IPOU3BOJIBHOW  BBIOOPKOM
(MRAM). B coBpeMEHHBIX KOMMYHH-
KAI[MOHHBIX TEXHOJOTUSIX TPaJAUIIMOH-
HbIE AHAJIOTOBBIE DJIEKTPUYECKHUE YCT-
poiicTBa BCE OOJIbLIE 3aMEHSIOTCS OI-
TUYECKUMU WM ONTO3JIEKTPOHHBIMU
YCTPOMCTBaMH H3-32 HMX OOILIMPHOTO
Jyarna3oHa pabo4Yux 4yacTOT U COOTBET-
CTBEHHO MOIIHOCTH. J[Ba MHOroooOe-
MIAIOIIUX TpuMepa — (OTOHHBIE KpU-
CTaJUIbl U KBAHTOBbIE TOUKU. DOTOH-
HbI€ KPUCTAJUIBI — 3TO MaTepHaibl C
NEPUOJIMYECKUM HU3MEHEHHEM KO03(-
(¢uLKeHTa MPEIOMIIEHUS U MOCTOSH-
HOU KPUCTAUIMYECKOU PEIIETKU, PaB-
HOW TOJIOBUHE JJIMHBI UCIOJIb3yEMOU
CBETOBOI BOJHBI. OHH JArOT BO3MOX-
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ity than conventional laser diodes. The
production of displays with low energy
consumption could be accomplished
using carbon nanotubes; they can be
used as field emitters with extremely
high efficiency for field emission dis-
plays (FED). Entirely new approaches
for computing exploit the laws of
quantum mechanics for novel quantum
computers, which enable the use of fast

quantum algorithms.

A picture of a quantum dot
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HOCTb BbIOOpA 3anpeniéHHON 30HbI 15
pacpoOCTPAHEHUS] KAKOW-TO ompenae-
NEHHON BOJIHBI, TAKUM OOpa30M, OHH
MOXO0KU Ha MOJYNPOBOJHUK, HO TOJIb-
KO ISl cBeTa M (POTOHOB BMECTO dJIeK-
TpoHOB. KBaHTOBBIE TOYKHM — 3TO Ha-
HOOOBEKTHI, KOTOPHIE MOKHO HCIIOJb-
30BaTh HApsAJIYy CO MHOTUMH JPYTUMHU
o0OBeKTaMHM JUIsl CO3/IaHUS JIa3€POB.
[IpenmyiiecTBO ja3epa Ha KBAaHTOBBIX
TOYKaX Tepesl OOBIYHBIM MOJIYITPOBO/I-
HUKOBBIM JIa3€pOM B TOM, 4YTO JIJIMHA
M3JIy4a€MOM KM BOJIHBI 3aBHUCHUT OT
JMaMeTpa KBAaHTOBOW TOYKH. Jlazepsl
Ha KBAaHTOBBIX TOYKax JICLIEBIIC U Ka-
YEeCTBO WX JIyda Jydlle, 4eM y OObIU-
HBIX JIa3epHBIX A10a0B. [Ipon3BocTBO
JIUCIUIEEB C HU3KUM yPOBHEM MOTPEO-
JICHUSI SHEPTUU MOXHO OBLIO OBI OCY-
HIECTBUTh C TOMOIIBIO YIJIEPOIHBIX
HAHOTPYOOK, UX MOKHO MCIIOJIb30BaTh
KaK BBICOKOA()(PEKTHUBHBIE aBTOJICK-
TPOHHBIE AMUTTEPHI I AUCIUIEEB C
aBToaiekTpoHHor smuccueit (FED).
CoBepllIeHHO HOBBIM MOJIXO/ K BBIYUC-
JICHUSIM CBSI3aH C MCHOJIb30BAaHUEM 3a-
KOHOB KBAHTOBOW MEXaHUKH IJIs CO3-
JAHUS HOBBIX KBAHTOBBIX KOMIIBIOTE-
POB, MO3BOJISIIOIIUX OBICTPOE CO3/IaHKE

KBAHTOBBIX aJITOPUTMOB.



3. Answer the questions given below and retell the text using the ques-

tions as a plan of your story

1. What is nanotechnology?
How large is a nanometer?
How large is a human hair in nanometers?
What should we better call nanotechnology and why?
What has the ongoing quest for miniaturization resulted in?
What do these instruments allow us to do?
What properties can materials reduced to the nanoscale show?
What can be fabricated with the help of nanotechnology?
What will nanotechnologically enhanced materials enable?

A I IR
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What can you tell about giant magneto-resistance and tunneling magneto
resistance? How can they be used to improve computers?

. What are photonic crystals and how they can be used?

. What are quantum dots and their future application?

p—
N —

4. Tell about the prospects of nanotechnology in engineering.
5. Translate the text in writing

NANOMOTOR

Nanomotor has been constructed at University of California, Berkeley. The motor
1s about 500nm across: 300 times smaller than the diameter of a human hair
Researchers at University of California, Berkeley, have developed rotational bear-
ings based upon multiwall carbon nanotubes. By attaching a gold plate (with di-
mensions of order 100nm) to the outer shell of a suspended multiwall carbon nano-
tube (like nested carbon cylinders), they are able to electrostatically rotate the outer
shell relative to the inner core. These bearings are very robust: Devices have been
oscillated thousands of times with no indication of wear. The work was done in situ
in an SEM. These nanoelectromechanical systems (NEMS) are the next step in
miniaturization that may find their way into commercial aspects in the future.

rotational — BpaiarenpHble in situ ["In"sItjH] — na mecte
bearings — onopsl SEM(scanning electron microscope) —
multiwall — MHOTOCIOMHBII PacTpOBBIN NIEKTPOHHBI MUKPOCKOI

shell — o0oouka
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PART TWO

ELECTRICAL ENGINEERING




UNIT 1

ELECTRICITY

1. Study the words and find the sentences with these words in the text,

translate them

1. to encompass [IN"KAMpQs] — 3aKiIr04aTh (B cebe), KacaThbes
2. phenomenon (phenomena) — SIBJICHUE (SBJICHUS)
3. electric charge — DJIEKTPUYECKUI 3aps]l
4. the flow of electric charge — JBUXEHUE (IepeMellieHHe, Teue-
HUE) DJIEKTPUUECKUX 3aPSTI0B
5. lightning MOJTHUS
6. electromagnetic field AIEKTPOMArHUTHOE TOJIE
7. electromagnetic induction AJIEKTPOMAarHuTHask MHIYKIHUS
8. adequate ["xdlkwIt] COOTBETCTBYIOIIHMA, aJICKBaTHBIMH,
HaJICKAIUN
9. subatomic ["sAbg 'tOmIk] cy0aTOMHBIH, 3JIeMEHTAPHBIN
10. particle ["pRtIkql] JacTHIa
11. property ['prPpqtl] CBOWCTBO, KQYECTBO, XapaAKTEPHU-
CTHKa, CIIOCOOHOCTh
12. interaction B3aUMOJIENCTBUE
13. electric current AIIEKTPUUECKHUI TOK
14. to measure U3MEPSTH
15. ampere ['Xmpeq] amriep
16. influence ['InflVgns] BJIUSIHUE, BO3/ICHCTBHE
17. vicinity [vI'siniti] COCEJICTBO, OJIN30CTH (K YeMy-
1100)
18. capacity CITOCOOHOCTH
19. presence MPUCYTCTBUE, HATTMYHUE
20. motion JIBUKECHUE
21. antiquity [Xn"tIkwItl] AHTUYHOCTb, IPEBHOCTh
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22.
23.

24.

25.

26.
27.

28.
29.
30.
31.

scientific advance [qd"VRNS]

forthcoming ["fLT*kAmIN]

extraordinary [IK"strLdgngr ]
versatility ["vWsq tllItl]

source of energy

transport
heating

lighting
communications

backbone

2. Read and translate the text

— Hay4YHBIU [IpOrpece

— TPSAYLLMIA, TPUOJIMKAIOIIMICS, Ha-
JIMYHBIN, TOCTYIIUBILNN B PACIIOPS-
»KEHHE

— HeoObIYalHbIN, HEOOBIUHBIHN, yH-
BUTEJIbHBIN, UCKIIFOUUTEIbHBIN

— YHHUBEPCAIBHOCTh, PA3HOCTOPOH-
HOCTH

— HMCTOYHUK SHEPTUU

— TIePEeBO3Ka, TPAHCIIOPTUPOBKA, TPAHC-
OpT
— OTOIUICHHE

— OCBCHICHUC
— CpCACTBA CBA3U

— (MMO3BOHOYHMK), OCHOBA, CYTh, CYIII-
HOCTb

1. ELECTRICITY

Electricity is a general term that encompasses a variety of phenomena resulting

from the presence and flow of electric charge. These include many easily recogniz-

able phenomena such as lightning and static electricity, but in addition, less familiar

concepts such as the electromagnetic field and electromagnetic induction. In gener-

al usage, the word 'electricity’ is adequate to refer to a number of physical effects.

In scientific usage the term is better identified by more precise terms:

e clectric charge — a property of some subatomic particles, which deter-

mines their electromagnetic interactions. Electrically charged matter is in-

fluenced by, and produces, electromagnetic fields,

e clectric current — a movement or flow of electrically charged particles,
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e clectric field — an influence produced by an electric charge on other
charges in its vicinity,
e clectric potential — the capacity of an electric field to do work, typically
measured in volts,
e clectromagnetism — a fundamental interaction between the magnetic field
and the presence and motion of an electric charge.
Electricity has been studied since antiquity, though scientific advances were not
forthcoming until the seventeenth and eighteenth centuries. It would not be until
the late nineteenth century, however, that engineers were able to put electricity
to industrial and residential use. This period witnessed a rapid expansion in the
development of electrical technology. Electricity's extraordinary versatility as a
source of energy means it can be put to an almost limitless set of applications
which include transport, heating, lighting, communications, and computation.
The use of electrical power is the backbone of modern industrial society, and it

can be expected to remain for the foreseeable future.

3. Answer the questions given below

1. What does the term “electricity” encompass?

2. What do phenomena resulting from the presence and flow of electric charge
include?

3. What more precise terms is the term “electricity” better identified by in
scientific usage?

4. What is electric charge (electric current, electric field, electric potential,
electromagnetism)?

5. Since what period of time has electricity been studied?

6. What period witnessed a rapid expansion in the development of electrical
technology?

7. Why can electricity be put to an almost limitless set of applications?

8. What does the set of electricity applications include?
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4. Match the term and its definition

. Electric field a) aproperty of some subatomic particles, which

determines their electromagnetic interactions

. Electric charge b) the capacity of an electric field to do work, typi-

cally measured in volts

. Electric current c) a fundamental interaction between the magnetic
field and the presence and motion of an electric
charge

Electric potential d) amovement or flow of electrically charged par-

ticles, typically measured in amperes

Electromagnetism  ¢) an influence produced by an electric charge on
other charges in its vicinity

5. Translate into English

. DIIEKTPUYECTBO U3y4aJIoCh CO BpEMEH aHTUYHOCTH (since antiquity), HO Ha-

YYHBIC JOCTHKCHUS IMOABHUIIUCH JIMIIb B CCMHAAATOM M BOCCMHAAIATOM
BCKax.

. MHorooOpa3zue 31eKTpruiecTBa Kak UICTOYHUKA YHEPTUU 03HAYAET, UTO 00-

JIaCTHU €T0 IPUMCHCHUA ITOYTH 663FpaHI/IqHBI.

. HeBO3MOKHO NpeACcTaBUTh COBPEMEHHYIO HMBIIIM3ALINIO O€3 3JIEKTPUYECTBA.

Ceronns nmotpebiieHre SHEPTrUM Ha Aylry HacesneHus (consumption of elec-
tricity per capita) siByisieTcst mokazareneM (an indicator) SKOHOMHYECKOTO
3JI0POBBS HAIUH.

. TepMI/IH QJICKTPUYICCTBO BKIIFOYACT B ceos pa3H006pa31/Ie HBJ'IGHI/Iﬁ, BO3HHU-

KaloInuXx OT IMIPUCYTCTBUA U ABUIKCHUA 3apsaa.

Camoe BaxxHOe IMPECUMYIICCTBO JJICKTPHUICCTBA COCTOUT B TOM, YTO I3TO YHUC-
Tas, JICTKO IIOJy4dacMasa SHCPI'uA, HC Jarolas MOOOYHBIX IIPpOAYKTOB.



ELECTRIC CHARGE

1. Study the words and find the sentences with these words in the text,

translate them

1.

10.
11.

12.

13.

14.
15.
16.
17.

18.

19.
20.
21.

® N s

to give rise to

to interact with

the four fundamental forces of na-
ture

carrier ["kxrlq]
electron [I"lektrPn]
proton ["preVtPn]

a conserved quantity

the net charge

to pass along
conducting material

the net presence
imbalance [Im*bXxIgns]
to exert [Ig*zWt] a force

lightweight
to suspend from a string
a glass rod

to deduce [dI*djHs]
to manifest

like-charged objects
to repel

opposite-charged objects

BbI3bIBaTh, IPUUHUHSTh, OBITH UC-
TOYHHUKOM, UMETH PE3yJIbTATOM
B3aMMOJICHCTBOBATH, BO3CHCTBO-
BaTh, BIUATH APYT HA JApyra
yeThIpe PyHAaMEHTaIbHbIX B3au-
MOJICHCTBUS

HOCUTENb (Hanpumep 3apsaa)
DIIEKTPOH

IPOTOH

COXPAaHEHHOE KOJIMYECTBO

PE3YIABTUPYIOLIMA 3apsi,
MOJTHBIN (00IUi) 3apsi
IIPOXOJUTH 110

IIPOBOSIIMI MaTepra

oO1ee (CyMMapHOe) HAJInIue
(npucyTcTBUE)

OTCYTCTBHE PAaBHOBECHUS, TUCITPO-
opIus, AucOanaHc
MPUKJIaIbIBAThH CHITY, TIPHJIAraTh
YCHJIHE

JIETKUI

BellIaTh (I1OJBEIINBATh) HA HUTKE
CTEKJITHHAs Tajouka

BBIBOJIUTH (3aKJIIOUEHHUE. .. ), JeIaTh
BBIBO/JI, 3aKJIFOYATh

SICHO TTIOKA3bIBaTh, MPOSABJIATH,
CIIY’KHTb JI0Ka3aTeJIbCTBOM
OJTHOMMEHHO 3aPsHKEHHBIE O0BEKTHI

OTTaJIKUBATh(Cs)

pa?)HOI/IMéHHO 3apPsKCHHBIC OOBEKTHI
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22.
23.
24.
25.
26.

217.
28.

29.
30.

31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.

to attract

the strong interaction
Coulomb's law

Coulomb (coulomb) ["kKHIOM]

the magnitude of the
electromagnetic force
the product of the charges

inverse-square relation to the
distance
to spread itself

evenly

a conducting surface

gravitational force

gravitational attraction

to pull them together
opposite in sign

the amount of charge
matter

antimatter

antiparticle

to supersede ["sjHpQq"sJd]

electrometer [llek"trPmitq]

2. Read and translate the text

MPUTATUBATH(CS)
CHJIBHOE B3aMMO/JICVICTBUE
3akoH KynoHna

KynoH (kynon)

BEJIMYMHA 3JIEKTPOMArHUTHOTO
BO3JEUCTBUS
MIPOU3BEICHUE BEJIMYUHBI 3apS10B

00paTHO MPONOPIIMOHAJIBHA
KBaJIpaTy pacCTOSHUS
pacIpoCTpaHsAThCS

PaBHOMCPHO, I''TaJIKO, pOBHO,
OAHNHAKOBO
MMpoBOJAIIasA IIOBCPXHOCTDb

I'paBUTaOMOHHAs CHJia, CHUJIa
TATOTCHUA
T'paBUTAOMOHHOC IPUTAKCHUC

IPUTATUBATH UX APYT K APYTYy
IIPOTUBOIIOJIOXKHBIE 10 3HAKY
KOJIMYECTBO 3apsiaa

Marepus, BELIECTBO

aHTUMATEPHsl, AHTUBEILLECTBO
aHTUYaCTULA

3aMEHATb, CMEHSATD, IPEBOCXOIUTH

AIIEKTPOMETP

2. ELECTRIC CHARGE

Electric charge is a property of certain subatomic particles, which gives rise to

and interacts with, the electromagnetic force, one of the four fundamental forces

of nature. Charge originates in the atom, in which its most familiar carriers are
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the electron and proton. It is a conserved quantity, that is, the net charge within
an isolated system will always remain constant regardless of any changes taking
place within that system. Within the system, charge may be transferred between
bodies, either by direct contact, or by passing along a conducting material, such
as a wire. The informal term static electricity refers to the net presence (or
'imbalance') of charge on a body, usually caused when dissimilar materials are
rubbed together, transferring charge from one to the other.

The presence of charge gives rise to the electromagnetic force: charges exert a
force on each other, an effect that was known, though not understood, in antiqui-
ty. A lightweight ball suspended from a string can be charged by touching it
with a glass rod that has itself been charged by rubbing with a cloth. If a similar
ball is charged by the same glass rod, it is found to repel the first: the charge acts
to force the two balls apart. Two balls that are charged with a rubbed amber rod
also repel each other. However, if one ball is charged by the glass rod, and the
other by an amber rod, the two balls are found to attract each other. These phe-
nomena were investigated in the late eighteenth century by Charles-Augustin de
Coulomb, who deduced that charge manifests itself in two opposing forms, lead-
ing to the well-known axiom: like-charged objects repel and opposite-charged
objects attract.

The force acts on the charged particles themselves, hence charge has a tendency
to spread itself as evenly as possible over a conducting surface. The magnitude
of the electromagnetic force, whether attractive or repulsive, is given by Cou-
lomb's law, which relates the force to the product of the charges and has an in-
verse-square relation to the distance between them. The electromagnetic force is
very strong, second only in strength to the strong interaction, but unlike that
force it operates over all distances. In comparison with the much weaker gravita-
tional force, the electromagnetic force pushing two electrons apart is 1042 times

that of the gravitational attraction pulling them together.
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The charge on electrons and protons is opposite in sign, hence an amount of
charge may be expressed as being either negative or positive. By convention, the
charge carried by electrons is deemed negative and that by protons positive, a
custom that originated with the work of Benjamin Franklin. The amount of
charge is usually given the symbol Q and expressed in coulombs; each electron
carries the same charge of approximately —1.6022x10 " coulomb. The proton
has a charge that is equal and opposite, and thus +1.6022x10 " coulomb.
Charge is possessed not just by matter, but also by antimatter, each antiparticle
bearing an equal and opposite charge to its corresponding particle.

Charge can be measured by a number of means, an early instrument being the
gold-leaf electroscope, which although still in use for classroom demonstrations,

has been superseded by the electronic electrometer.

3. Answer the questions given below
What is a charge?
Where does a charge originate?
What are its most familiar carriers?
What is the net charge within an isolated system?
How may charge be transferred within the system?
What does the informal term static electricity refer to?
What does the presence of charge give rise to the electromagnetic force?
How can a suspended ball be charged?

W XN R

How do the charged balls interact?
What did Charles-Augustin de Coulomb deduce?
. What is the magnitude of the electromagnetic force given by Coulomb's law?

Pk
D~ O

How strong is the electromagnetic force?

p—
(98]

. How did the notions of the negative and positive charge originate?

[—
'

. What is the symbol of the amount of charge and how is it measured?

p—
[9)]

. What is the charge of the electron and proton?

p—
AN

. What can possess charge?

p—
~

. In what way can charge be measured?
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4. Find in the text the English equivalents of the following
Yerpipe QpyHIaMEHTATBHBIX B3aUMOJICHCTBUS; 00paTHO MPOTOPIIMOHATBHA KBAI-
paTy paccTOsSHUS; BEIUYHHA JJICKTPOMArHUTHOTO BO3JCHCTBUS; AJIEMEHTAPHBIE
(cybaToMHBIC) YACTUIIBI; TyTEM MPSMOTO KOHTAKTa; MPOMYCKAaHUEM 4Yepe3 IMpo-
BOJISTINI MaTEepHaT, OJHOMMEHHO 3apsHDKEHHBIE OOBEKTHI OTTATKUBAIOTCS, & Pa3HO-
UMEHHO 3apsDKEHHBIE OOBEKTHI MIPUTATHBAIOTCS; CHJIa TATOTEHUS, BEIMYNHA DJICK-

TPOMAraiuTHOT'O BOSI[GﬁCTBHSI; AHTUMATCPH:A, IIPOU3BCACHNEC BCIINYMHBI 3apsAa10B.

ELECTRIC CURRENT
1. Study the words and find the sentences with these words in the text,

translate them

1. ampere [">Xmpeq] amrmep
2. current TOK
3. by historical convention KaK UCTOPUYECKH CIIOKHUIIOCH
4. conventional CTaHAApTHBIN
5. electric circuit AJIEKTpUYECKas 1eMb
6. explicitly SICHO, TOYHO
7. state u3nararb, GOpMyIJIUpPOBATD,
3asBIIATh, YTBEPHKIATh, OMPEICISThH
8. nature IIPUPOJIA, XapaKkTep
9. tovary W3MEHSTHCS
10. to term BBIpaXKaTh, HAa3bIBATh
11. electrical conduction AIEKTPOIPOBOIHOCTD
12. electrolysis [llek"trOlIsls] AJICKTPOJIN3
13. ionion ["algn] WOH
14. liquid [*lkwid] KHUJIKOCTh
15. average drift velocity CpeaHsisi CKOpOCTh Jperda
16. fraction Ipo0Ob, 9acTh, JOJIS
17. wire IIPOBOJIOKA, IIPOBO/T
18. the means of recognising its CpeICTBO OOHAPY>KEHUSI €r0 IPUCYTCTBUSI

presence



19. to decompose ["'dJkgm*pqVz]  pa3naraTh Ha COCTaBHBIC YaCTH
20. voltaic [vOI"tellK] pile BOJIBTOB CTOJIO

21. magnetics YYEHHUE O MAarHETU3ME

22. engineering applications IPUMEHCHHE B TEXHUKE

23. household applications NPUMEHEHUE B OBITY

24. direct current (DC) MTOCTOSTHHBIN TOK

25. alternating ["LItgneltiN]
current (AC)
26. sinusoidal ["salng*sOldl] wave

27. to affect [q"fekt]

MEPEMEHHBINA TOK

CHUHYCOUJaTbHAs BOJIHA
(BO3)I€iCTBOBATD, BIUATH

28. inductance WHAYKIHS

29. capacitance €MKOCTb, EMKOCTHOE COITPOTUBIICHUE

30. transients ["trxnzignts] MEPEXOHBIN MPOLIECC, TPOMEKYTOUHOE
COCTOSIHUE, BHE3AIHbBIN MOABEM (DJICK-
TPUYECKOTO HANPSDKCHUS U T. 11.)
NUTATh SHEPTUEH, TOCTABUTH MO

HaIIPsAKCHUC

31. to energise ["enqGalz]

2. Read and translate the text

3. ELECTRIC CURRENT

The movement of electric charge is known as an electric current, the intensity of
which is usually measured in amperes. Current can consist of any moving
charged particles; most commonly these are electrons, but any charge in motion
constitutes a current.

By historical convention, a positive current is defined as having the same direc-
tion of flow as any positive charge it contains, or to flow from the most positive
part of a circuit to the most negative part. Current defined in this manner is
called conventional current. The motion of negatively-charged electrons around
an electric circuit, one of the most familiar forms of current, is thus deemed pos-

itive in the opposite direction to that of the electrons. However, depending on
110



the conditions, an electric current can consist of a flow of charged particles in ei-
ther direction or even in both directions at once. The positive-to-negative con-
vention is widely used to simplify this situation.

The process by which electric current passes through a material is termed elec-
trical conduction, and its nature varies with that of the charged particles and the
material through which they are travelling. Examples of electric currents include
metallic conduction, where electrons flow through a conductor such as metal,
and electrolysis, where ions (charged atoms) flow through liquids. While the
particles themselves can move quite slowly, sometimes with an average drift veloc-
ity only fractions of a millimetre per second, the electric field that drives them itself
propagates at close to the speed of light, enabling electrical signals to pass rapidly
along wires. Current causes several observable effects, which historically were the
means of recognising its presence. That water could be decomposed by the current
from a voltaic pile was discovered by Nicholson and Carlisle in 1800, a process
now known as electrolysis. Their work was greatly expanded upon by Michael Fa-
raday in 1833. Current through a resistance causes localised heating, an effect
James Prescott Joule studied mathematically in 1840. One of the most important
discoveries relating to current was made accidentally by Hans Christian Oersted in
1820, when, while preparing a lecture, he witnessed the current in a wire disturbing
the needle of a magnetic compass. He had discovered electromagnetism, a funda-
mental interaction between electricity and magnetics.

In engineering or household applications, current is often described as being ei-
ther direct current (DC) or alternating current (AC). These terms refer to how
the current varies in time. Direct current, as produced by example from a battery
and required by most electronic devices, is a unidirectional flow from the posi-
tive part of a circuit to the negative. If, as is most common, this flow is carried
by electrons, they will be travelling in the opposite direction. Alternating current
i1s any current that reverses direction repeatedly; almost always this takes the
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form of a sinusoidal wave. Alternating current thus pulses back and forth within

a conductor without the charge moving any net distance over time. The time-

averaged value of an alternating current is zero, but it delivers energy in first one

direction, and then the reverse. Alternating current is affected by electrical prop-

erties that are not observed under steady state direct current, such as inductance

and capacitance. These properties however can become important when circuitry

1s subjected to transients, such as when first energised.

AN o e

10.
11.

12.
13.

14.
15.

112

3. Answer the questions given below
What is an electric current?
What particles can current consist of?
What is called conventional current?
What is one of the most familiar forms of current?
What is the positive-to-negative convention widely used for?
What is needed to be done if another definition, for example, "electron cur-
rent" is used?
How is the process by which electric current passes through a material
termed?
What does the nature of the process depend on?
What is metallic conduction?
What is electrolysis?
What speed does the electric field that drives the charged particles propa-
gate?
What observable effects does current cause?
How is current often described in engineering or household applications?
What do these terms refer to?
What is direct current? What is alternating current?

What is alternating current affected by?



4. Find in the text the English equivalents of the following sentences
. IIpormecc, ¢ MOMOIIBIO KOTOPOTO 3JEKTPUUECKUN TOK MPOTEKAET B MaTepua-
Jie, Ha3bIBAETCS DJICKTPUIECKON MPOBOJUMOCTHIO, XapaKkTep e€ MEHSETCS B
3aBUCUMOCTH OT 3apsUKCHHBIX YaCTHI] M MaTepuaia, depe3 KOTOPhIH OHH
IPOXO/IAT.
. JIBMKEeHME AIIEKTPUUECKOTO 3apsia U3BECTHO KaK JIEKTPUUYECKUN TOK, CHIIa
KOTOPOTO OOBIYHO U3MEPSIETCS B aMIiepax.
. IlepeMeHHBIII TOK MHOTOKPAaTHO ITyJbCHPYET BHYTPH IPOBOJHHKA, IMPHU
STOM HE MPOUCXOTUT HUKAKOTO CyMMApHOTO MEepPEMEIICHHUs 3apsia 3a JaH-
HOE BpeMsl.
. B TexHuke u OBITY TOK 9aCcTO HA3bIBACTCS IMOCTOSTHHBIM HJIH TIEPEMEHHBIM.
. OmHaKO IIEKTPUUYECKUI TOK MOYKET COCTOSITh U3 IMOTOKA 3apsHKCHHBIX YaCTHII,
JBWDKYIIAXCST B JTFOOOM M3 HANpaBJICHUN WM B TOM U JPYyTrOM HAlpaBJICHUU
cpasy.
. [lepeMeHHBIN TOK U3MEHSIETCS IOJ BO3JACUCTBUEM TAKUX CBOMCTB, KaK WH-
TYKIUSL 1 EMKOCTHOE COTIPOTUBIIEHUE, YTO HE HAOIIOAACTCS Y MOCTOSIHHOTO
TOKa.
. JIBr>KeHue B 1IENHN OTPHUIIATEIBHO 3apsHKEHHBIX AJIEKTPOHOB — OJIHA U3 Hau-
0osee 3HAKOMBIX (JOPM TOKAa — TaKMM OOpa3oM, CUHTAJIOCh TOJOKHUTEIb-
HBIM B HaIIPaBJICHUH, POTUBOITOJIOKHOM JIBH)KEHHUIO JIEKTPOHOB.

5. Translate in writing from English into Russian
. Electric current is the flow of electric charge. The electric charge may be ei-
ther electrons or ions. Electric current is measured using an ammeter.
. A solid conductive metal contains a large population of mobile, or free, elec-
trons.
. The electric currents in electrolytes are flows of electrically charged atoms
(ions), which exist in both positive and negative varieties.
. Electric currents in sparks or plasma are flows of electrons as well as posi-

tive and negative ions.
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5. Current density is a measure of the density of an electric current. In SI units,
the current density is measured in amperes per square meter.

6. Any accelerating (yckopstomuiicsi) electric charge, and therefore any changing
electric current, gives rise to an electromagnetic wave that propagates (pac-
npoctpansiercs) at very high speed outside the surface of the conductor.

7. In alternating current (AC, also ac) the movement (or flow) of electric charge
periodically reverses direction. In direct current (DC), the movement (or flow)

of electric charge is only in one direction.

ELECTRIC FIELD

1. Study the words and find the sentences with these words in the text,

translate them

1. space IPOCTPAHCTBO
2. to surround OKpPYXaTh
3. gravitational field rpaBUTAIMOHHOE T0JIE, T0JIE
TATOTCHUS
4. mass Mmacca
5. infinity [In*fInitl] OCCKOHEYHOCTD
6. inverse square relationship with 00paTHO MPOMOPIIMOHAIBHO
distance KBaJpaTy PacCTOSHUS
7. repulsion OTTAJIKUBAHUE
8. per unit charge Ha AUHUILY 3apsiia
9. stationary ["stelSqnqrl] HEIOABMYKHBIN, TTOCTOSIHHBIH,
HEU3MEHHBIN, CTAOMILHBIN
10. negligible ["negliGqgbqgl] HUYTOXHBIN, HC TPUHIUMACMBIH B
pacué€r, MEIKHUI, HE3HAYNUTEIbHBIN
11. vector BEKTOP
12. magnitude BEJIMYMHA
13. to visualize ["vIZVqglalz] MBICJICHHO TIPEJICTaBJIATh ceoe,
JeNaTh BUANMBIM, HATJISITHBIM
14. direction HaIlpaBJICHUE
15. electrostatics ANEKTPOCTATUKA
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16.
17.
18.
19.

20.

21.

22.

23.
24.

25.
26.
217.
28.

29.
30.
31.
32.

33.

34.
35.
36.
37.

38.

39.

lines of force
to make path
point positive charge

to seek (sought)
to seek to do smth.
to force

an imaginary concept with no
physical existence
to permeate ["pWmlelt]

the intervening space

to emanate

at right angle
to cross
to close in on themselves

items of high-voltage equipment

finite ["falnalt] limit
field strength
electrical breakdown

to occur
electric arc

to cause

flashover

gap

natural occurance
clouds

rising columns of air

JIMHUU CUJIBI
MIPOAENBIBATH NIYTh
TOYEYHBIU I10JIOKUTEIIbHBIN 3apsif

MCKaTh, MBITATHCS HAUTH
CTPEMUTHCS K YEMY-JIN00
3aCTaBJIATh, BHIHYKIATh,
NPUHYXIATh

BOOOpakaeMoe, peaibHO HE CYIIeCT-
BYIOIIIEE TTOHSITHE

HPOHUKATh, TIPOXOIUTH CKBO3b,
pacIpoCTPaHsATHCS, OXBATHIBATh
IPOMEXKYTOUHOE MPOCTPAHCTBO

MPOUCXOUTH (from), HCXOAUTD,
HCTEKaTh, U3JIy4aTh, UCITYCKATh
MOJ1 IPSIMBIM YTJIOM

nepecekarb
CONMMXKATHCS JPYT C IPYTroM

BU/IbI BBICOKOBOJIBTHOTO
o0opynoBaHus
KOHEYHBIN Mpeaen

cuJjia 1moJis
AIIEKTPUIECKHI PoOOit

CJIy4aTbCsl, IPOUCXOAUTD,
BCTPEYATHCA

JIyTOBOM paspsifl, JIIEKTPUUECKAsI
yTa

OBITH TPUYMHOMN, BBI3BIBATH

IYTOBOM pa3psl; MePEeKpPhITHE TyTOn
3a30p, IPOCBET, TPOMEKYTOK

€CTECTBEHHOE IOsIBJICHUE,
BO3HUKHOBEHHUE

AJIEKTPOHHOE 00J1aK0, TPOCTPAHCT-

BEHHBIH 3apsi], 3apsHKEHHOE 00J1aKo
MOTHUMAIOLTHECS CTOIOBI BO31yXa
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40. discharge energies — DHeprusi paspsia

41. lightning conductor — MOJIHUEOTBOJ, TPOMOOTBO/

42. spike — OCTPBIH BBICTYII

43. to encourage — CIoCOOCTBOBATH, COJICHCTBOBATH
44. the lightning stroke — yJap MOJIHUH

45. charge carrier — HOCHTENb 3apsaja

2. Read and translate the text

4. ELECTRIC FIELD

The concept of the electric field was introduced by Michael Faraday. An electric
field is created by a charged body in the space that surrounds it, and results in a
force exerted on any other charges placed within the field. The electric field acts
between two charges in a similar manner to the way that the gravitational field acts
between two masses, and like it, extends towards infinity and shows an inverse
square relationship with distance. However, there is an important difference. Gravi-
ty always acts in attraction, drawing two masses together, while the electric field
can result in either attraction or repulsion. Since large bodies such as planets gener-
ally carry no net charge, the electric field at a distance is usually zero. Thus gravity
is the dominant force at distance in the universe, despite being much weaker.

An electric field generally varies in space, and its strength at any one point is de-
fined as the force (per unit charge) that would be felt by a stationary, negligible
charge if placed at that point. As the electric field is defined in terms of force,
and force is a vector, so it follows that an electric field is also a vector, having
both magnitude and direction. Specifically, it is a vector field.

The study of electric fields created by stationary charges is called electrostatics.

The field may be visualized by a set of imaginary lines whose direction at any
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point is the same as that of the field. This concept was introduced by Faraday,
whose term 'lines of force' still sometimes sees use. The field lines are the paths
that a point positive charge would seek to make as it was forced to move within
the field; they are however an imaginary concept with no physical existence and
the field permeates all the intervening space between the lines. Field lines ema-
nating from stationary charges have several key properties: first, that they origi-
nate at positive charges and terminate at negative charges; second, that they
must enter any good conductor at right angles, and third, that they may never
cross nor close in on themselves.

The principles of electrostatics are important when designing items of high-voltage
equipment. There is a finite limit to the electric field strength that may withstood by
any medium. Beyond this point, electrical breakdown occurs and an electric arc
causes flashover between the charged parts. Air, for example, tends to arc at elec-
tric field strengths which exceed 30 kV per centimetre (kB/cm) across small gaps.
Over larger gaps, its breakdown strength is weaker, perhaps 1 kV per centimetre.
The most visible natural occurrence of this is lightning, caused when charge be-
comes separated in the clouds by rising columns of air, and raises the electric field
in the air to greater than it can withstand. The voltage of a large lightning cloud
may be as high as 100 MV and have discharge energies as great as 250 kWh. The
field strength is greatly affected by nearby conducting objects, and it is particularly
intense when it is forced to curve around sharply pointed objects. This principle is
exploited in the lightning conductor, the sharp spike of which acts to encourage the
lightning stroke to develop there, rather than to the building it serves to protect.

An electric field is zero inside a conductor. This is because the net charge on a con-
ductor only exists on the surface. External electrostatic fields are always perpendi-
cular to the conductors surface. Otherwise this would produce a force on the charge

carriers inside the conductor and so the field would not be static as we assume.
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3. Answer the questions given below

Who was the concept of the electric field introduced by?

How is an electric field created? What does it result in?

How does the electric field acts between two charges?

What is the difference between gravity and the electric field?

How is the strength of electric field at any one point defined?

What is electrostatics?

How may the field be visualized? Who was this concept introduced by?
What are the field lines?

What key properties do field lines emanating from stationary charges have?

X NNk =

[
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What field are the principles of electrostatics important? Why?

[—
[—

. What principle is exploited in the lightning conductor?

—_
N

What is an electric field inside a conductor? Why is it so?

[S—
[8)

In what way are external electrostatic fields directed to the conductor sur-
face? Why?

4. Translate into English

DnekTpudeckoe mosie — ocoodas (specific, particular) ¢gopma mossi, CyecTByroIast
BOKpyT Ten (bodies) miu yacTuil, 00JaIaloNMX JIEKTPHUECKIM 3apsiioM (carrying
an electric charge), a takke B CBOOOJHOM BHJIC B DJIEKTPOMAarHUTHBIX BOJIHAX.
DIEKTPUYECKOE T0JIe HEMOCPEACTBEHHO HEBUAMMO (invisible), HO MOXeT Ha0Iro-
natbes (can be observed) Gmaromaps (due to) ero neicTBUIO Ha 3apsHKCHHBIC TEla:
3apspbkeHHbIe Tena (charged bodies), Oyay4n MOMEIEHHBIMHU B 3JIEKTPUYECKOE TI0-
Jie, UCTIBITHIBAIOT neiicTBre cuibl (undergo the force impact). [ToaToMy OCHOBHBIM
neiictBreM (the main action) eKTpUUECKOTO OIS SABTSIETCA yeKopeHue (accelera-
tion of) Ten win YacTuil, 00IaJAI0NIUX AICKTPUUECKUM 3aPSIOM.

DNeKTpuYecKoe Mmojie MOKHO paccMarpuBaTh (can be considered as) xak mare-
MaTHYECKYI0 MOJIEb, OMHCHIBAIONIYI0 3HAYEHUE BEIUYHHBI HAMPSIKEHHOCTH
ANEKTPUYECKOro Mojisl B JaHHOM Touke npoctpaHcTtBa (describing the field

strength value at this point). B knaccuueckoit ¢usuke, MPUMEHUMOMN MPU pac-
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CMOTPEHUU KpPyIMHOMACIITA0OHBIX (0OJIbIlIE pa3Mepa aroMa) B3aUMOACHCTBUIA
(large scale more than atom interaction), 3JieKTpuYeCcKO€E MOJIe paccMaTpUBaETCA
KaK OJIHAa M3 COCTaBJIIIONIMX (components) eIUHOrO (single) aneKkTpomMarHuTHO-
ro Mojs U nposiBieHue (manifestation) JEKTPOMarHUTHOTO B3auMOJIeiicTBUA. B
KJaccuyeckon (usmke cucrema ypaBHeHuid MakcBemna (the set Maxwell's
equations) OIKCHIBAET B3aUMOJCHCTBUE JIJIEKTPUUYECKOIO MOJsl, MAarHUTHOIO
MOJISl M BO3/ICHCTBUE 3apsA0B Ha 3Ty CUCTEMY TOJIEH.

OCHOBHBIM JIEWCTBHEM D3JIEKTPUUYECKOTO TOJIS SIBIISIETCSI CHMIIOBOE BO3JICHCTBUE
Ha HETIOJIBIKHBIE (OTHOCUTENIBHO HaOmoaarens) (immobile in regard to an ob-

server) QJICKTPUYICCKH 3aPsSKCHHBIC TCJIAa WJIW YaCTHIIBI.

ELECTRIC POTENTIAL

1. Study the words and find the sentences with these words in the text,

translate them

1. concept [*kOnsept] TIOHSITHE, UJIes, o0IIee MpeACTaBlIcHuUE,
KOHIICTIIIHS
2. to experience a force WCTIBITHIBATH BO3JICVICTBUE
3. against the force MIPOTUBOIOJIOKHO BO3JICUCTBUIO (ICHCTBUIO
CUJIBI)
4. joule ["GHI] JOKOYITh
5. to expend TpPaTUTh, 3aTPAYNBATh, PACXOJJOBATh
6. infinity 0ECKOHEUHOCTh, OECKOHEYHO Y/aJIeHHAs TOUKa
7. conservative property KOHCEPBAaTUBHOE
8. irrelevant [I"rellvgnt] HENPUMEHUMBIH, JTUIIHUMN, HEHYKHBIN
9. unique [jH"nJK] value €IMHCTBEHHOE 3HAYCHUE
10. to state (bopMyIMpOBaTh, YTBEPK1ATh, yCTAaHABIH-
BaTh, TOYHO OIPEICISIThH
11. voltage HanpsiHKEHUe
12. a reference point KOHTPOJIbHAS TOYKA, TOYKA OTYETA
13. a scalar quantity CKaJIIpHAsl BEJIMYMHA
14. gradient ["greldignt] IpaUCHT
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15. the driving force — JIBIDKYIIAs CUJia

16. heat flow — TEIJIOBOM MOTOK
17. analogous [g"nxIqgQs] — aHAJIOTMYHbIN, CXOAHBIN
18. a difference in heights — pasHuIa (mepenaj) BbICOT

2. Read and translate the text

5. ELECTRIC POTENTIAL

The concept of electric potential is closely linked to that of the electric field. A
small charge placed within an electric field experiences a force, and to have
brought that charge to that point against the force requires work. The electric po-
tential at any point is defined as the energy required to bring a unit test charge
from an infinite distance slowly to that point. It is usually measured in volts, and
one volt is the potential for which one joule of work must be expended to bring a
charge of one coulomb from infinity. This definition of potential, while formal,
has little practical application, and a more useful concept is that of electric po-
tential difference, and is the energy required to move a unit charge between two
specified points. An electric field has the special property that it is conservative,
which means that the path taken by the test charge is irrelevant: all paths be-
tween two specified points expend the same energy, and thus a unique value for
potential difference may be stated. The volt is so strongly identified as the unit
of choice for measurement and description of electric potential difference that
the term voltage sees greater everyday usage.

For practical purposes, it is useful to define a common reference point to which
potentials may be expressed and compared. While this could be at infinity, a
much more useful reference i1s the Earth itself, which is assumed to be at the
same potential everywhere. This reference point naturally takes the name earth
or ground. Earth is assumed to be an infinite source of equal amounts of positive

and negative charge, and is therefore electrically uncharged — and unchargeable.
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Electric potential is a scalar quantity, that is, it has only magnitude and not di-
rection. It may be viewed as analogous to temperature: as there is a certain tem-
perature at every point in space, and the temperature gradient indicates the direc-
tion and magnitude of the driving force behind heat flow, similarly, there is an
electric potential at every point in space, and its gradient, or field strength, indi-
cates the direction and magnitude of the driving force behind charge movement.
Equally, electric potential may be seen as analogous to height: just as a released
object will fall through a difference in heights caused by a gravitational field, so
a charge will 'fall' across the voltage caused by an electric field.

The electric field was formally defined as the force exerted per unit charge, but
the concept of potential allows for a more useful and equivalent definition: the
electric field is the local gradient of the electric potential. Usually expressed in
volts per metre, the vector direction of the field is the line of greatest gradient of

potential.

3. Answer the questions given below

What is the concept of electric potential closely linked to?
What does a small charge placed within an electric field experience?
How is the electric potential at any point defined and measured?

What is one volt equal to?

A

What definition has more practical application that of potential or electric
potential difference?

What does electric potential difference mean?

Why may a unique value for potential difference be stated?

What is the reason that the term voltage sees greater everyday usage?

o o =S

What kind of quantity is electric potential?

10. What is the gradient of electric potential and what does it indicate?
11. What definition of electric field does the concept of potential allow?
12. What is the vector direction of the electric field?
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4. Find the English equivalents in the text
OTo0 ompeneneHre MOTEHIINANA; HATIPABJICHUE W BEIMYMHA JIBUKYIICH CUIIBI Te-
IJIOBOTO TIOTOKA; B JIFOOOM TOYKE; MCIBITHIBACT BO3JACHCTBUE CHIIBI; CKaJISpHAS
BEJIMYHMHA; TIOHITHE JIEKTPUUYECKOTO MOTEHIMANA; MPAKTUIECKOE MPUMEHEHHE;
MOJKET pacCMaTpPUBATHCS KaK BEKTOPHOE HAINPaBJICHHUE TIOJISl, CXOTHOE C TeMIIe-
paTypoii; Ha BCE MyTH MEXAY JABYMsI OTIPEEIEHHBIMA TOUKAMH TPATHTCS TO KE
KOJIMYECTBO DHEPIHH; O0IIasi ToYKa OTCYETA; U MOITOMY AJICKTPUIECKH He3apsi-

YKEHHAs U He3apshkaemas; 0eCKOHEYHOCTh (OECKOHEUHO yIalIeHHAs TOUKA).

ELECTROMAGNETISM
1. Study the words and find the sentences with these words in the text,

translate them

1.

reciprocal

B3aUMHBIN, PABHbIN, JKBUBAJICHT-
HbIM, aHAJIOTMYHbINA, COOTBETCTBEH-
HBIN, 0OpaTHBIN

2. current-carrying wire IIPOBOJI C TOKOM
3. homopolar motor YHHITOJISIPHBIA TBUTATEITh
4. permanent magnet MOCTOSSHHBIA MAarHUT
5. pool of mercury pe3epByap € pTyTbIO
6. pivot TOYKa OIMOPHI, TOUKA BPAIICHUS,
CTEp)KEHb
7. dip NOrpy’KEeHUE, TOTPYKaTh
8. tangential [txn"GenSql] force KacaTeJIbHAs COCTABJISIOIIAST CHITBI
9. further analysis TaTbHEUININIA aHATTN3
10. electromagnetic induction AJEKTPOMArHUTHASI UHAYKIUS
11. law [IL] of induction 3aKOH WHIYKITUH
12. to induce oOy>K/1aTh, BO3CHCTBOBATD,
BBI3BIBATh, HHAYIIUPOBATH
13. closed circuit [*sWKIt] 3aMKHYTas IeIh
14. rate of change CKOPOCTbh U3MEHEHUS
15. magnetic flux MarHUTHBIN OTOK, TOTOK
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16. loop KOHTYP CXEMBI

17. exploitation ["eksplOI*telSqn] UCTIOJIb30BaHUE, SKCILTyaTalns
18. to convert npeBpamiaTh, o0pamarh

19. electromagnetic wave 3JEKTPOMArHuTHAas BOJIHA

20.
21.
22.
23.

set of equations
unambiguous ["Anxm*bljugs]
interrelationship

milestone

CHUCTEMA YPAaBHEHUM
TOYHO BBIPAKCHHBIN
B3aUMOCBSI3b, COOTHOIIIEHUE

BCXa

2. Read and translate the text

6. ELECTROMAGNETISM

Oersted's discovery in 1821 that a magnetic field existed around all sides of a
wire carrying an electric current indicated that there was a direct relationship be-
tween electricity and magnetism. Oersted did not fully understand his discovery,
but he observed the effect was reciprocal: a current exerts a force on a magnet,
and a magnetic field exerts a force on a current. The phenomenon was further
investigated by Ampeére, who discovered that two parallel current-carrying wires
exerted a force upon each other: two wires conducting currents in the same di-
rection are attracted to each other, while wires containing currents in opposite
directions are forced apart. This relationship between magnetic fields and cur-
rents is extremely important, for it led to Michael Faraday's invention of the
electric motor in 1821. Faraday's homopolar motor consisted of a permanent
magnet sitting in a pool of mercury. A current was allowed through a wire sus-
pended from a pivot above the magnet and dipped into the mercury. The magnet
exerted a tangential force on the wire, making it circle around the magnet for as
long as the current was maintained.

Experimentation by Faraday in 1831 revealed that a wire moving perpendicular
to a magnetic field developed a potential difference between its ends. Further
analysis of this process, known as electromagnetic induction, enabled him to
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state the principal, now known as Faraday's law of induction, that the potential
difference induced in a closed circuit is proportional to the rate of change of
magnetic flux through the loop. Exploitation of this discovery enabled him to
invent the first electrical generator in 1831, in which he converted the mechani-
cal energy of a rotating copper disc to electrical energy. Faraday's disc was inef-
ficient and of no use as a practical generator, but it showed the possibility of ge-
nerating electric power using magnetism, a possibility that would be taken up by
those that followed on from his work.

Faraday's and Ampére's work showed that a time-varying magnetic field acted
as a source of an electric field, and a time-varying electric field was a source of
a magnetic field. Thus, when either field is changing in time, then a field of the
other is necessarily induced. Such a phenomenon has the properties of a wave,
and 1s naturally referred to as an electromagnetic wave. Electromagnetic waves
were analysed theoretically by James Clerk Maxwell in 1864. Maxwell discov-
ered a set of equations that could unambiguously describe the interrelationship
between electric field, magnetic field, electric charge, and electric current. He
could moreover prove that such a wave would necessarily travel at the speed of
light, and thus light itself was a form of electromagnetic radiation. Maxwell's
Laws, which unify light, fields, and charge are one of the great milestones of

theoretical physics.

3. Answer the questions given below

1. What did Oersted's discovery in 1821 that a magnetic field existed around all
sides of a wire carrying an electric current indicate?

2. What did Oersted observe?

3. What did Ampere discover further investigating the phenomena?

4. Why is this relationship between magnetic fields and currents extremely im-
portant?

5. What was Faraday's homopolar motor made of and how did it work?

6. What did experimentation by Faraday in 1831 reveal?

7. What is Faraday's law of induction?
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8. What does exploitation of this discovery enabled Faraday to do? What was

the significance of this development?

9. What did Faraday's and Ampére's work show?

10
11

. What properties does such a phenomenon have?

. What did Maxwell to study electromagnetism?

4. Answer the questions given below
Ota CBA3b MEXAY MarHUTHBIM MOJIEM U TOKOM OYEHb BaXKHA, TaK KaK OHA MpH-
Bena K u3obperennro @apaneeM B 1821 rogy snexTpoaBuratesns.
DpcTen He B MOJTHOM Mepe 0CO3HAN CBOE OTKPBITHE, HO OH HAOJFOAAJT, 9TO
BO3J/ICICTBUE ObLIO B3aUMHBIM: TOK BO3/ICHCTBYET Ha MAarHUT, @ MATHUTHOE
0JIe OKa3bIBAET BO3/ICHCTBUE HA TOK.
Maraut okaspiBajl KacaTellbHO€ BO3JEHCTBHE HA IPOBOJHUK, 3aCTaBIISS
€ro KpPY>KUTbCSI BOKPYT BCE BpeMsl, IOKa MOAAEPKUBAICS TOK.
Jluck @apanes 6611 HEIPPEKTUBEH U HE MOT MPAKTHYECKHU HUCIIOTH30BaATh-
Csl B KQUeCTBE I'€HEepaTopa, HO OH MPOJEMOHCTPUPOBAT BO3MOXHOCTH Te-
HEPUPOBATH DJIEKTPUUYECKYIO DHEPrUI0, MCIOJIb3ys MarHeTus3M, 4eM BIIO-
CJIEJICTBUM BOCIIONB3YIOTCA T€, KTO MPOAOIIKHUT €ro padoTy.
DTO ABJIEHUE MMEJIO CBOWMCTBA BOJIHBI, U, €CTECTBEHHO, CTaJ0 HAa3bIBaThCS

AIEKTPOMArHUTHOM BOJHOM.

. OH cMor K TOMy k€ J0Ka3aTh, YTO TaKKWE€ BOJHBI 00A3aTEIBHO paclpocTpa-

HAIOTCA CO CKOPOCTBIO CBCTA, U, TAKUM 06pa30M, CaM CBCT ABJIICTCA (I)Op-

MOH QJICKTPOMArouTHOI'O U3JIYyUCHUA.

5. Say if it is true or false

. Oersted studied his discovery and formulated some laws of electromagnet-

1sm.

. Ampére discovered two wires conducting currents in the same direction are

attracted to each other, while wires containing currents in opposite direc-

tions are forced apart.

. Faraday's law of induction says that the potential difference induced in a

closed circuit is proportional to the density of magnetic flux.
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4. Faraday discovered electromagnetic waves and proved that light itself was
a form of electromagnetic radiation.
5. Maxwell discovered a set of equations that could unambiguously describe

the interrelationship between electric field, magnetic field, electric charge,

and electric current.

ELECTRIC CIRCUITS
1. Study the words and find the sentences with these words in the text,

translate them
1. circuit

2. interconnection
3. return path

4.source

5. resistor

capacitor

switch

6.
7.
8. transformer
9. electronics
10. to exhibit non-linear behavior
11. behavior
12. temporarily
13. to store energy
14. stimuli (stimulus ) ["stimjulal]
([*stimjulgs])
15. to dissipate
16. conducting plate

17. insulating layer
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eTb, CXemMa
COEIMHEHHE, CXeMa BKIIFOUCHUS
(coenuHeHUs)

oOparHas 1eMb, yTh BO3BpATa,
00paTHBIN MyTh

HCTOYHUK

pE3UCTOp, MPUOOP OMUYECKOTO
COTIPOTUBIICHUS

KOHJICHCATOp, EMKOCTh
HepeKIIoYaTellb
Tpancdopmarop

AIIEKTPOHHOE 000PYI0OBaHUE

IMPOABIIATH HEJIUHEHNHOCTh

ITOBCJICHUC, CBOﬁCTBa, XapaKTCcpu-

CTHKH, PEXKHUM
BPEMEHHO

HaKalllIuBaTb, XPaHUTb

Pa3ApKUTENH, BO3OYKIACHUE, CTUMYJT

pacceuBaTh
MIPOBO/ISIIAS TUTACTHHA

U3OJISILIUOHHBIN CJION



18. metal foil — MeTtajuinueckas (osibra, CTaHuOJIb
19. to coil —  CBEPTHIBATH KOJIBLIOM, CIUPAIIBIO,

O6MaTBIBaTB, HaMaTbIBaTb

20. capacitance —  €MKOCTb, EMKOCTHOE COIPOTUBIICHUE
21. to allow current — MpPOIYyCKaTh TOK
22. to oppose current —  MPOTHUBOJCKUCTBOBATH; IPOTUBOCTOSITH

2. Read and translate the text

7. ELECTRIC CIRCUITS

An electric circuit is an interconnection of electric components, usually to per-
form some useful task, with a return path to enable the charge to return to its
source. The components in an electric circuit can take many forms, which can
include elements such as resistors, capacitors, switches, transformers and elec-
tronics. Electronic circuits contain active components, usually semiconductors,
and typically exhibit non-linear behavior, requiring complex analysis. The sim-
plest electric components are those that are termed passive and linear: while they
may temporarily store energy, they contain no sources of it, and exhibit linear
responses to stimuli.

The resistor is perhaps the simplest of passive circuit elements: as its name sug-
gests, it resists the current through it, dissipating its energy as heat. Ohm's law is
a basic law of circuit theory, stating that the current passing through a resistance
1s directly proportional to the potential difference across it. The ohm, the unit of
resistance, was named in honour of Georg Ohm, and is symbolized by the Greek
letter Q. 1 Q is the resistance that will produce a potential difference of one volt
in response to a current of one amp.

The capacitor is a device capable of storing charge, and thereby storing electric-
al energy in the resulting field. Conceptually, it consists of two conducting
plates separated by a thin insulating layer; in practice, thin metal foils are coiled
together, increasing the surface area per unit volume and therefore the capacit-
ance. The unit of capacitance is the farad, named after Michael Faraday, and
given the symbol F: one farad is the capacitance that develops a potential differ-

ence of one volt when it stores a charge of one coulomb. A capacitor connected
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to a voltage supply initially causes a current as it accumulates charge; this cur-
rent will however decay in time as the capacitor fills, eventually falling to zero.
A capacitor will therefore not permit a steady state current, but instead blocks it.
The inductor is a conductor, usually a coil of wire that stores energy in a mag-
netic field in response to the current through it. When the current changes, the
magnetic field does too, inducing a voltage between the ends of the conductor.
The induced voltage is proportional to the time rate of change of the current.
The constant of proportionality is termed the inductance. The unit of inductance
is the henry, named after Joseph Henry, a contemporary of Faraday. One henry
is the inductance that will induce a potential difference of one volt if the current
through it changes at a rate of one ampere per second. The inductor's behaviour
is in some regards converse to that of the capacitor: it will freely allow an un-
changing current, but opposes a rapidly changing one.

3. Answer the questions given below
1. What is an electric circuit?
2. What forms can the components in an electric circuit take?
3. What are passive and active components of electronic circuits and behavior
they exhibit?
4. What is the simplest of passive circuit elements and its function?
5. What is a basic law of circuit theory and what does it state?
6. What is the unit of resistance and who was named after?
7. How can 1 Q be defined?
8. What is a capacitor and what parts does it consists of?
9. What is the unit of capacitance, its symbol is why is it named so?
10. What does one farad show?
11. Will a capacitor permit a steady state current or block it?
12. What is a inductor?
13. What is inductance?
14. What is the unit of inductance? Who was it named after?
15. How large is one henry?
16. What is the inductor's behaviour?
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4. Match the terms and definitions

1. electric circuit a)
2. resistor b)
3. capacitor c)
4. inductor d)
5. switch e)
6. transformer f)

7. semiconductor  g)

an interconnection of electric components, usually
to perform some useful task, with a return path to
enable the charge to return to its source

a device capable of storing charge

an electrical component which can break an elec-
trical circuit

a material that has electrical conductivity between
those of a conductor and an insulator

a device that transfers electrical energy from one
circuit to another

a passive electrical component that can store ener-
gy in a magnetic field created by the electric cur-
rent passing through it.

a two-terminal electronic component designed to
oppose an electric current

5. Name the units according to their symbols: V, A, Q, H, F,.C,J

PRODUCTION AND USES OF ELECTRICAL ENERGY

1. Study the words, find the sentences with these words in the text and

translate them

1. Thales ['TellJz]

2. triboelectric effect

3. voltaic pile

4. viable

5. to generate

6. to transmit

7. 1in bulk

8. steam

9. fossil fuel combustion

10. to release

— @arec

—  TpubOdIEKTpUUECKUN IPPeKT

—  BOJIBTOB CTOJIO

— [PUEMJIEMBIN, IPUTOIHBIN

—  TOPOXJATh, IPOU3BOJIUTH, TCHEPUPOBATH

— IepenaBaTh, IEPEHOCHUTH (3HEPTHIO)

—  OOMNBIIMMU MAPTUSMHU, B LIEJIOM, OIITOM

— map

—  OpPraHMYecKoe TOIUIMBO, IPUPOTHOE
TOIUIMBO, UCKOIA€MOE TOILIUBO

— BBICBOOOXK/IaTh, OTITyCKaTh (0 pene),
1e0JI0KUPOBATh
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11. nuclear reaction —
12. kinetic energy —

13. to extract -

14. transformer -

15. to store -

16. to meet demands on —
a national scale

17. to make careful predictions —

18. their electrical loads —

19. to cushion —
20. disturbance —
21. arate of growth —
22. experience —

23. emerging economies —

24. electricity demand —
25. environmental concerns —

26. to outstrip —
27. renewable sources —

2. Read and translate the text

sJiepHasl peakuus
KUHETUYECKAasl SHEPTUs

U3BJIEKaTh, 100BIBATH

Tpanchopmarop

XPaHUTD

yIOBIIETBOPSATH CIIpOC (TpeOoBaHMs)

B HAIlMOHAIBHBIX MacITabax

JIeJIaTh OCTOPOKHBIE MPOTHO3bBI
AEKTPONIOTPEOUTEIH, DIICKTPUIECKAS
Harpy3ka

CMSTYATh, AMOPTH3UPOBATH

MECTHOE HMCKa)XKEHHUE, MOMEXHU, HEIMOoJIaIKa,
BO3MYIIIEHUE SHEPrOCUCTEMBI, TEXHOJOTH-
YECKOE HApYIIEHUE B DHEPrOCUCTEME

TEMII POCTa, TEMI YBEJIUYECHUS
UCIIBITBIBATD, NIEPEKUBATH, OLYIIATD,
4yBCTBOBATh

CTpanbl ¢ (GOPMUPYIOLIEHCS PHIHOYHON
3KOHOMUKOH

CIIPOC Ha JIEKTPOIHEPTHUIO

03a00YE€HHOCTh COCTOSIHUEM OKpYKaromiei
cpenbl  (PKOJIOTHUECKUMH  TIpoOIeMamu)
AKOJIOTHYECKas MpoOJieMa, HKOJOTHYECKUN
daxTop

OIepeXKaTh, MPEBOCXOAUTh, 00OTHATH
BO300HOBJISIEMBIC HCTOYHHKH,
BO300HOBJISIEMBIE PECYPCHI

8. ELECTRICAL ENERGY GENERATION

Thales' experiments with amber rods were the first studies into the production of

electrical energy. While this method, now known as the triboelectric effect, is

capable of lifting light objects and even generating sparks, it is extremely ineffi-

cient. It was not until the invention of the voltaic pile in the eighteenth century

that a viable source of electricity became available. The voltaic pile, and its
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modern descendant, the electrical battery, store energy chemically and make it
available on demand in the form of electrical energy. The battery is a versatile
and very common power source which is ideally suited to many applications,
but its energy storage is finite, and once discharged it must be disposed of or re-
charged. For large electrical demands electrical energy must be generated and
transmitted in bulk.

Electrical energy is usually generated by electro-mechanical generators driven
by steam produced from fossil fuel combustion, or the heat released from nuc-
lear reactions; or from other sources such as kinetic energy extracted from wind
or flowing water. Such generators rely on Faraday's electromagnetic principle
that a conductor linking a changing magnetic field induces a potential difference
across its ends. The invention in the late nineteenth century of the transformer
meant that electricity could be generated at centralized power stations, benefit-
ing from economies of scale, and be transmitted across countries with increasing
efficiency. Since electrical energy cannot easily be stored in quantities large
enough to meet demands on a national scale, at all times exactly as much must
be produced as is required. This requires electricity utilities to make careful pre-
dictions of their electrical loads, and maintain constant co-ordination with their
power stations. A certain amount of generation must always be held in reserve to
cushion an electrical grid against inevitable disturbances and losses.

Demand for electricity grows with great rapidity as a nation modernizes and its
economy develops. The United States showed a 12 % increase in demand during
each year of the first three decades of the twentieth century, a rate of growth that
is now being experienced by emerging economies such as those of India or Chi-
na. Historically, the growth rate for electricity demand has outstripped that for
other forms of energy, such as coal.

Environmental concerns with electricity generation have led to an increased fo-
cus on generation from renewable sources, in particular from wind- and hydro-
power. While debate over the environmental impact of different means of elec-

tricity production can be expected to continue, its final form is relatively clean.
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3. Answer the questions given below
1. What were the first studies into the production of electrical energy?
2. What is this method now known as? What is it capable of? Is it efficient?
3. When did a viable source of electricity become available?
4. How do the voltaic pile, and its modern descendant, the electrical battery,
store energy?
5. What are the advantages and disadvantages of the battery?
6. What must be done for large electrical demands?
7. How is electrical energy generated?
8. What principle do generators rely on?
9. How much electricity must be produced to meet demands on a national scale?
10. What does the production of electricity to meet demands on a national scale
require of electricity utilities?
11. Why must a certain amount of generation always be held in reserve?
12. Why does demand for electricity grow with great rapidity? Has the growth
rate for electricity demand outstripped the demand for other forms of energy?

13. What has led to an increased focus on generation from renewable sources?

USES OF ELECTRICITY
1. Study the words, find the sentences with these words in the text and

translate them

1. flexible form of energy —  YHUBEpCaJbHBIN BUJ SHEPTUU
2. incandescent ["Inkxn*desnt] light —  JaMII0YKa HaKaJHUBaHUS
bulb
3. fire hazards — yrposa noxapa
4. to target — HaMeyarh, IUIAHUPOBATh,
BBISIBIISITD
5. the burgeoning ["bWGQNIN] market — Hapokmaromuiics ppIHOK
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6. to issue legislation — BBOJIUTH 3aKOHOJIATEILCTBO,

IIPUHUMATDH 3aKOHBI

7. to restrict — OrpaHUYUBaTh
8. to ban the use of electric heating — 3ampeniarb UCIO0JIb30BaHHE
ANEKTPOOTOIICHUS

9. refrigeration —  OXJIQXJEHHUE, 3aMOPAKUBAHUE
10. air conditioning — KOHJIMLIHOHHPOBAHME BO3JyXa
11. electricity utilities —  DIIEKTPOIHEPIeTUYECKUE KOMITAHUN
12. the effects of electricity demand —  pe3yJbTaThl CPOCA HA AIEKTPUYECTBO
13. to accommodate — obecrne4ynBaTh, yJIOBJIETBOPSTH
14. optical fibre —  OIITUYECKOE BOJIOKHO
15. satellite communication technology —  TEXHOJIOTHS CITyTHUKOBOU CBSI3U
16. a share of the market —  JI0JIsl pbIHKA
17. winch — 1nebénka, moabLEMHHUK
18. supply of power — 3HeproobdecneyeHue
19. pantograph [*pXxntqgrRf] —  TOKONPUEMHHUK
20. integrated circuit — HHTErpajibHasi cxema

2. Read and translate the text

9. USES OF ELECTRICITY

Electricity is an extremely flexible form of energy, and has been adapted to a
huge, and growing, number of uses. The invention of a practical incandescent
light bulb in the 1870s led to lighting becoming one of the first publicly availa-
ble applications of electrical power. Although electrification brought with it its
own dangers, replacing the naked flames of gas lighting greatly reduced fire ha-
zards within homes and factories. Public utilities were set up in many cities tar-
geting the burgeoning market for electrical lighting.

The Joule heating effect employed in the light bulb also sees more direct use in
electric heating. While this is versatile and controllable, it can be seen as waste-
ful, since most electrical generation has already required the production of heat
at a power station. A number of countries, such as Denmark, have issued legisla-

tion restricting or banning the use of electric heating in new buildings. Electrici-
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ty is however a highly practical energy source for refrigeration, with air condi-
tioning representing a growing sector for electricity demand, the effects of
which electricity utilities are increasingly obliged to accommodate.

Electricity is used within telecommunications, and indeed the electrical tele-
graph, demonstrated commercially in 1837 by Cooke and Wheatstone, was one
of its earliest applications. With the construction of first intercontinental, and
then transatlantic, telegraph systems in the 1860s, electricity had enabled com-
munications in minutes across the globe. Optical fibre and satellite communica-
tion technology have taken a share of the market for communications systems,
but electricity can be expected to remain an essential part of the process.

The effects of electromagnetism are most visibly employed in the electric motor,
which provides a clean and efficient means of motive power. A stationary motor
such as a winch 1is easily provided with a supply of power, but a motor that
moves with its application, such as an electric vehicle, is obliged to either carry
along a power source such as a battery, or by collecting current from a sliding
contact such as a pantograph, placing restrictions on its range or performance.
Electronic devices make use of the transistor, perhaps one of the most important
inventions of the twentieth century, and a fundamental building block of all
modern circuitry. A modern integrated circuit may contain several billion minia-

turized transistors in a region only a few square centimetres.

3. Answer the questions given below
1. Why is electricity an extremely flexible form of energy?
2. What led to lighting becoming one of the first publicly available applications
of electrical power?
3. What benefits did electricity bring in spite of its own dangers?

4. What were public utilities set up in many cities?

)]

Why have a number of countries, such as Denmark, issued legislation re-
stricting or banning the use of electric heating in new buildings?

6. What applications is electricity a highly practical energy source for?

134



7. What field can electricity be expected to remain an essential part of the
process?

8. Where are the effects of electromagnetism most visibly employed?

9. How can a stationary motor and a motor that moves with its application be
provided with a supply of power?

10. What is a fundamental building block of all modern circuitry?

4. Using the texts given above write an essay (20 — 25 sentences) about

electricity, its phenomena, generation, use and prospects for future.



UNIT 2

MY PROFESSION

Electrical engineering

Electrical engineering (sometimes referred to as electrical and electronics engi-
neering) is a professional engineering discipline that deals with the study and
application of electricity, electronics and electromagnetism. The field first be-
came an identifiable occupation in the late nineteenth century with the commer-
cialization of the electric telegraph and electrical power supply. The field now
covers a range of sub-disciplines including those that deal with power, control
systems, electronics and telecommunications.

The term electrical engineering may or may not encompass electronics engineer-
ing. Where a distinction is made, electrical engineering is considered to deal
with the problems associated with large-scale electrical systems such as power
transmission and motor control, whereas electronics engineering deals with the
study of small-scale electronic systems including computers and integrated cir-
cuits. Another way of looking at the distinction is that electrical engineers are
usually concerned with using electricity to transmit energy, while electronics

engineers are concerned with using electricity to transmit information.

Questions
1. What is electrical engineering? What does it sometimes referred to?
2. When did the field first become an identifiable occupation? Why?
3. What disciplines does the field now cover?
4. What is the difference between electrical engineering and electronics engi-
neering?

5. What are electrical engineers and electronics engineers concerned with?
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EDUCATION
1. Study the words, find the sentences with these words in the text and

translate them

1. to be designated

Bachelor of Engineering
Bachelor of Science
Bachelor of Technology
Bachelor of Applied Science

AN A

initially

7. to pursue a postgraduate degree

8. choose

9. Master of Engineering
10.
11.

Master of Science

Master of Engineering Management

12.
13.

Doctor of Philosophy in Engineering

Engineer's degree

— JAaBaTb HA3BAHHUC, UMCHOBATL, Map-

KHPOBaTh, HA3HAYATHCS, IPEAHA3HA-
JaThCs

— OaxanaBp TEXHUYECKUX HAYK
— OaxanaBp HaykK

— 0akaJiaBp TEXHOJOTUH

— 0OaxanaBp MPUKIAIHBIX HAYK

— C€ CaMOro Havalia, ICPBOHAYAJIbHO,

Ha paHHeﬁ CcTaur, BHA4YaJIC

— IIPOIOJIKUTH

— BBIOMpATh, NPEANOYNUTATH, PEIIATh,

pelIuTh, MPEANoYecTh, XOTE€Th, CUU-
TaTh HEOOXOAUMBIM

— MAarucTp TCXHUYCCKUX HAYK
— MarucTp €CTCCTBCHHLIX HAYK

— MAarucTp yupaBJCHUA TCXHOJIOTHYIC-

CKUMH ITponcccaMunu

— JOKTOp TCXHHUYCCKUX HAYK

— JIUIUIOM (CTEIEeHb) UHXKEHEpa

2. Read the text and study its translation

Electrical engineers typically possess an
academic degree with a major in elec-
trical engineering. The length of study
for such a degree is usually four or five
years and the completed degree may be
designated as a Bachelor of Engineer-
ing, Bachelor of Science, Bachelor of

Technology or Bachelor of Applied

OOBIMHO MHXEHEPBI-AIEKTPUKUA HUMEIOT
YYEHYIO CTEIIEHb CO CIIEIUAIM3AlMEN B
AIEKTPOTEXHUKE.  [IpOAOIKUTENBHOCTD
00ydeHuUs1 JUTsl TIOTy4YeHHsI TaKOW CTETICHU
COCTaBJISIET 4 rofa WK 5 JIET, ¥ TOITy4YEH-
Hasl CTETICHh IMEHYETCS: OaKalaBp TEXHH-

YEeCKMX HayK, OakajaBp Hayk, OakaiaBp

TEXHOJIOTUM WM OakajaBp IMPUKIAIHBIX
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Science depending upon the university.
The degree generally includes units
covering physics, mathematics, project
management and specific topics in elec-
trical engineering. Initially such topics
cover most, if not all, of the sub-
disciplines of electrical engineering.
Students then choose to specialize in
one or more sub-disciplines towards the

end of the degree.

Some electrical engineers also choose to
pursue a postgraduate degree such as a
Master Master of

Science, a Master of Engineering Man-

of Engineering,

agement, a Doctor of Philosophy in En-

gineering or an Engineer's degree.

The Master and Engineer's degree may
consist of either research, coursework or
a mixture of the two. The Doctor of Phi-
losophy consists of a significant re-
search component and is often viewed
as the entry point to academia. In the
United Kingdom and various other Eu-
ropean countries, the Master of Engi-
neering is often considered an undergra-
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HayK B 3aBUCHMOCTH OT YHHMBEpPCHUTETA.
[Iporpamma Ha MoJydeHHe JaHHOM CTere-
HU OOBIYHO BKJTFOYAECT M3YyYEHHE TaKUX
NpeMEeTOB, Kak (H3MKa, MaTeMaTHKa,
yIIpaBJIeHUE MPOEKTaMHU U KAKUE-TO KOH-
KpETHbIE TEMbI B O0JIACTH 3JIEKTPOTEXHU-
ku. [lepBOHaYaIbHO 3TH T€Mbl BKITFOYAIOT
B ce0st OOJIBIIIYIO YacThb, €CITU IAKE HE BCE
MOJPa3/IeNibl  ANEKTPOTEXHUKU. 3aTeM K
KOHITy OOYy4YeHHsI CTYJECHTHI BBIOMPAIOT
CHEMAIM3ALMIO B OJHOM WJIM HECKOJb-
KUX MOJpa3iesiax 3JIEeKTPOTEXHUKH.

Hekoropble WHXEHEPBI-AIEKTPUKH  CUH-
TatOT HEOOXOMMBIM ITOJYYUTh OOJIEe BbI-
COKHE YYEHBIE CTEIIEHM Marvcrpa TEXHU-
YECKMX HAyK, MAIWCTpa €CTECTBEHHBIX Ha-
YK, Marucrpa yIpaBJICHUs TEXHOJIOIMYe-
CKUMH IIPOLIECCaMM, JTOKTOpA TEXHHUYE-
CKHX HayK WU JUIUIOM HHKEHEpa.

[TporpamMma Ha TOJTydeHHE CTEIICHH Maru-
CTpa WIM JUIUIOMA WHKEHEpa MOXET CO-
CTOSITH JINOO U3 MCCIIEHOBATEILCKOM, JINOO
KypPCOBOM pabOThI, WK U3 TOTO U APYTOro
BMmecTe. [Iporpamma Ha mosTydeHue cTere-
HM JIOKTOpPa HayK COCTOUT W3 CYyIIECTBEH-
HOTO HAy4YHOTO KOMIIOHEHTA M 3a4acTyro
paccMarprBacTCsl Kak BCTYIDICHHE B MHUP

Hayku. B BemmkoOpuranuu u qpyrux eB-



duate degree of slightly longer duration

than the Bachelor of Engineering.

Questions

eI =1 ey B ogs N =

POMEICKNX CTpaHaX CTeMeHb Marucrpa
TEXHUYECKMX HAyK MOXKHO IOJIYy4YHTh IO
OKOHYaHUM YHHMBEPCHUTETA, IPOYUYHBLINCH
HEMHOTO JIOJIbIIIE, YEM TI0 MPOrpamMMe Jis

TIOJTyYeHUsI CTETIeHN OaKasaBpa.

What degree do electrical engineers typically possess?

What is the length of study for such a degree?

How may the completed degree be designated?

What subjects does the study for degree generally include?

What postgraduate degrees do some electrical engineers choose to pursue?
What may the Master and Engineer's degree consist of?

What does the Doctor of Philosophy degree consist of?

What is the Master of Engineering often considered in the United Kingdom?

PRACTICING ENGINEERS
1. Study the words, find the sentences with these words in the text and

translate them

1. certification

2. to certify

certified degree

to satisfy a range of requirements
to be designated the title of ...
Professional Engineer

Chartered Engineer

S AN O

Quebec's Engineers Act

9. legislation

—  aKKpeauTalus, cepTuduKrams

—  YJAOCTOBEPATh, CBUIIECTEIBCTBOBATD,
cepTuUIpPOBaTh, MIPOBOJUTH
aTTECTALMIO, AKKPEIUTOBATH

—  aKKpEIWTOBAHHAS CTEIICHb

—  YIOBIIETBOPSITH PSJl TpEOOBaHUIA
—  TIPUCBAMBACTCS 3BaHUEC

—  MpoQecCHOHATBHBINA HHKEHEP

—  TUIUTOMHPOBAHHBINA WHXEHEP

— 3akoH npoBuHIMU KBeOek o mpo-
(dheccruoHaTbHOM JeSITeIbHOCTH
WHKCHEPOB

—  3aKOHOJATENIbCTBO
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10. certifying body — oprad ceprudukaluu, ceprudpuka-
[IMOHHBIA TIEHTP, CePTU(PHUKALIUOH-

Hasl OpraHusanus

11. Institute of Electrical and Electronics  — WHCTUTYT HWHXEHEPOB IO JJICK-
Engineers (IEEE) TPOTEXHHUKE U AJIEKTPOHUKE

12. Institution of Electrical Engineers (IEE) — HWHCTUTYT MH)XEHEPOB-3JICKTPUKOB

13. to claim —  YTBEpXKIaTb

14. obsolescence of skills — ycrapeBaHue npodeccun

15. concern —  00eCroKOeHHOCTb

16. to maintaining proficiency —  COXpPaHATh MPOPECCUOHATBHBIN
yYpPOBEHb

17. labour force — paboyas cuia, TPYAOCIOCOOHOE
HaceJeHue

2. Read and translate the text

In most countries, a Bachelor's degree in engineering represents the first step
towards professional certification and the degree program itself is certified by a
professional body. After completing a certified degree program the engineer
must satisfy a range of requirements (including work experience requirements)
before being certified. Once certified the engineer is designated the title of Pro-
fessional Engineer (in the United States, Canada and South Africa ), Chartered
Engineer (in the United Kingdom, Ireland, India and Zimbabwe), Chartered Pro-
fessional Engineer (in Australia and New Zealand) or European Engineer (in
much of the European Union).

The advantages of certification vary depending upon location. For example, in
the United States and Canada "only a licensed engineer may seal engineering
work for public and private clients". This requirement is enforced by state and
provincial legislation such as Quebec's Engineers Act. In other countries, such
as Australia, no such legislation exists. Practically all certifying bodies maintain
a code of ethics that they expect all members to abide by or risk expulsion. In
this way these organizations play an important role in maintaining ethical stan-
dards for the profession. Even in jurisdictions where certification has little or no

legal bearing on work, engineers are subject to contract law. In cases where an
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engineer's work fails he or she may be subject to the tort of negligence and, in
extreme cases, the charge of criminal negligence. An engineer's work must also
comply with numerous other rules and regulations such as building codes and
legislation pertaining to environmental law.

Professional bodies of note for electrical engineers include the Institute of Elec-
trical and Electronics Engineers (IEEE) and the Institution of Electrical Engi-
neers (IEE). The IEEE claims to produce 30 percent of the world's literature in
electrical engineering, has over 360,000 members worldwide and holds over 300
conferences annually. The IEE publishes 14 journals, has a worldwide member-
ship of 120,000, and claims to be the largest professional engineering society in
Europe. Obsolescence of technical skills is a serious concern for electrical engi-
neers. Membership and participation in technical societies, regular reviews of
periodicals in the field and a habit of continued learning are therefore essential
to maintaining proficiency.

In countries such as Australia, Canada and the United States electrical engineers
make up around 0.25 % of the labour force. Outside of these countries, it is dif-
ficult to gauge the demographics of the profession due to less meticulous report-
ing on labour statistics. However, in terms of electrical engineering graduates
per-capita, electrical engineering graduates would probably be most numerous in

countries such as Japan and South Korea.

Answer the questions and use them as a plan for your retelling of the text
What does a Bachelor's degree in engineering represent in most countries?
Whom is the degree program certified?

What must the engineer satisty after completing a certified degree program?
What title is the engineer designated once certified?

What are the advantages of certification?

What is requirement of certification enforced by?

What do all certifying bodies maintain?

© H S o= W=

Why do all certifying bodies maintain code of ethics?
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9. Are engineers subject to contract law even in jurisdictions where certifica-
tion has little or no legal bearing on work?

10. What happens in cases where an engineer's work fails?

11. Must an engineer's work also comply with numerous other rules and regula-
tions such as building codes and legislation pertaining to environmental
law?

12. What are professional bodies of note for electrical engineers?

13. What is the professional activity of the IEEE?

14. What does the IEE do?

15. What is a serious concern for electrical engineers?

16. What is essential to maintaining proficiency?

17. What is the number of electrical engineers in such countries as Australia,
Canada and the United States?

18. Where would electrical engineering graduates be most numerous in terms of

electrical engineering graduates per-capita?

3. Using the texts given above and the words on pages 16 — 17 discuss
the profession of electrical engineer. Finish the dialogue given below

— Hello everybody, and welcome to today's World of Professions, the pro-

gramme that examines world issues and the way they affect each and every

one of us. Today we turn our attention to the profession of electrical engi-

neer, or more specifically, to a person connected with electrical engineering.

So what is electrical engineering? What does it sometimes referred to? When

did the field first become an identifiable occupation? Why? All these ques-

tions and many more will be answered for you by an expert in this area. So
meet Mr. Smith, an electrical engineer.

— Good morning, ladies and gentlemen, hope that my talk will be useful and in-
teresting for you. So I should say that electrical engineering (sometimes re-

ferred to as electrical and electronics engineering) is a professional engineer-
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ing discipline that deals with the study and application of electricity, elec-
tronics and electromagnetism. The field first became an identifiable occupa-
tion in the late nineteenth century with the commercialization of the electric

telegraph and electrical power supply.

— This field now covers a range of sub-disciplines including those that deal

with power, control systems, electronics and telecommunications, doesn’t it?

— Quite right, the term electrical engineering also may or may not encompass

electronics engineering ...

4. First study the vocabulary, then read one student’s story about his

profession, be ready to ask him questions

A e B T o e

—_—
e

1.
12.
13.
14.
15.
16.
17.

My Specialty is Electric Power Supply

to train — TOTOBUTH, 00y4YaTh

to provide training — obecrneunBaTh MOJrOTOBKY

to get (to receive) training) — TIOJIy4aThb MOATOTOBKY

to specialize (major) in —  CHeUHAIU3UPOBATHCS B YEM-JTHOO
computer-aided measurements — KOMIBIOTEPU3UPOBAHHBIC U3MEPEHUS
alarm systems — CHCTEMbI OXPAaHHOUN CUTHAIU3AINH
to be concerned with OBITH CBSI3aHHBIM C YEM-JTHO0

electric power supply —  DJICKTPOCHAOKEHUE

application — TpUMCHECHHE

to cover all fields of human — 3aTparuBaTh BCE BUJbI YEJIIOBEUECKOMN
activity NeSTEIbHOCTH

truly — TOWUCTHHE

systems of life support — CHCTeMbI )KU3HeoOecTieueHus!

office building — aJIMUHHUCTPATUBHOE 3/IaHUE

public building — 00IecTBEeHHOE 3/TaHNE

residentional building — KWJIOE 3JaHue

to design — MPOEKTHpPOBAHHE

to operate — BBOJUTH B OKCILTyaTaIHIo
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18. to maintain — 00CIyXuBaTh, MOAJIEPKUBAThH

B XOpomeM COCTOAHUHU

19. to obtain (get) knowledge —  TIOJTy4YaTh 3HAHUS

20. up-to-date, state-of-the-art — COBpPEMEHHBIN

21. space-launch complex —  KOCMOJIpOM

22. flight control centre — IEHTpP IO KOHTPOJIIO 32 MoJIeTaMu
23. to be in (great) demand —  TOJB30BaTHCS (OOJIBIIAM) CITPOCOM
24. ashortage — HexBaTkKa

I study at the faculty of Radiophysics, Electronics and Medical Equipment of
the Vladimir State University. It is the largest faculty of the University and
provides training in different specialties. It trains radio engineers, electrical en-
gineers and engineers, specializing in computer-aided measurements, medical
engineering, alarm systems, radio electronics and other areas. I am going to
be an electrical engineer.

I think that the profession of electrical engineer is very important nowadays be-
cause it i1s concerned with electric power supply. Our life is practically im-
possible without electricity. Electric power has become universal; its appli-
cations now cover all fields of human activity from washing machines to the
latest laser devices. Truly electricity provides mankind with the energy of the fu-
ture. Alongside with other systems of life support electric power supply forms
the basis of modern economy. All the industrial, transport and communica-
tion enterprises; office, public, and residentional buildings are full of electric
power supply systems. And electrical engineers are required to design, install,
operate and maintain all these systems.

The Vladimir State University has been training electrical engineers since 1997.

According to the curriculum students going to become electrical engineers
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study general educational and specialized subjects. In the process of study
the future electrical engineers obtain enough knowledge and are taught to de-
sign, construct and operate up-to-date electric power supply systems. Much
attention is paid to computer application to electric power supply. Engineers
specializing in electric power supply also get (receive) training in designing
and maintaining state-of-the-art electromagnetic, electromechanical and elec-
tronic instruments, devices, machines and electric power supply systems.

Electrical engineers can easily find an employment in various companies in
Vladimir and the Region, because not a single enterprise (from a small farm up
to huge industrial giants, space-launch complexes and flight control centres) can
work properly without electrical engineers. They are in great demand every-
where; there is the shortage of them in the Vladimir Region. So I am sure

to find an interesting, worthy and well-paid job.

5. Read the dialogue and make your own dialogue using vocabulary from

the previous text and expressions on pages 16 — 17

MY SPECIALTY IS ELECTRIC POWER SUPPLY

— What do you major in?

— Electrical engineering. [ am going to become an electrical engineer.

— They say the term electrical engineering may or may not encompass electron-
ics engineering. What is the difference between electrical and electronics en-
gineers?

— You see, electrical engineering is considered to deal with the problems asso-
ciated with large-scale electrical systems such as power transmission and mo-
tor control, whereas electronics engineering deals with the study of small-
scale electronic systems including computers and integrated circuits.

— So it means that electrical engineers are usually concerned with using electric-
ity to transmit energy, while electronics engineers are concerned with using

electricity to transmit information. But why have you chosen this specialty?
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— I think that the profession of electrical engineer is very important nowadays
because it is concerned with electric power supply.

— Our life is practically impossible without electricity. Electric power has
become universal; its applications now cover all fields of human activity.

— You are quite right. I think that electrical engineers are required everywhere.
All the industrial, transport and communication enterprises; office, public,
and residential buildings are full of electric power supply systems. And
electrical engineers are required to design, install, operate and maintain all
these systems.

— I think that they are in great demand.

— Yes, that’s why the Vladimir State University has been training electrical en-
gineers since 1997.

— And what do you study to become good engineers?

— A lot of different things. According to the curriculum we study general edu-
cational and specialized subjects and learn to design, construct and oper-
ate up-to-date electric power supply systems. Much attention is paid to
computer application to electric power supply.

— And what about employment prospects? Are you sure you’ll find a job?

— You know, there is the shortage of electrical engineers in the Vladimir
Region. So I am sure to find an interesting, worthy and well-paid job.

— I wish you good luck.

6. Look through tasks 7 — 8 pages 27 — 29. Read and translate the résumé and
letter of application, write your own résumé and letter of application or the

job advertised on page 28.
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l.

19.
20.

® N wn kWD

UNIT 3

FAMOUS PEOPLE

1. Before reading the texts answer the following questions

1. Have you ever heard about Edison, Tesla and Faraday? What are they famous for?
2. What do they all have in common?
3. Name some other scientists and inventors working in the same sphere?

2. Study the words, find the sentences with these words in the text and
translate them

inspiration
perspiration

to be credited
long-lasting

to contribute
to originate
rags-to-riches
to be venerated

to be mourned

. polyphase
11.
12.
13.
14.
15.
16.
17.
18.

patent ["peltgnt]
groundbreaking importance

to usher in

to pioneer

to rival ['ralvql]

eccentric personality [Ik"sentrlk]
bizarre [bl*zR] claims

to ostracize ["Ostrgsalz]

to die impoverished

measuring magnetic flux density

BJIOXHOBEHHUE

ot

MPUIHUCHIBATH (KOMY-1UOO 4mo-1u60)
JIOJITOBEYHBIN

BHOCUTH BKJIA]]

JaBaTh HA4yaJlo, MOPOXKIATh
OT HHIIETHI K OOTaTCTBY
OBITh TOUUTAEMBIM

OBITH OTNIAKMBAEMBIM
MHOTO(ha3HBIN, TOH(a3HBIT
MaTEHT

WHHOBAIIMOHHOE 3HAYCHHE
BO3BEIaTh, 3HAMCHOBATh
MPOKJIAILIBATh MYTh
COTICPHUYATH

gdyaaKoBaTasd, CTpaHHad JUYHOCTDb

CTpaHHbIE, SKCLIEHTPUYHBIE YTBEPKICHUS

MoJIBepraTh OCTPaKH3MY,
oOr1recTBa
yMEpETh B HUIIIECTE

N3MCPCHUEC IINIOTHOCTH MAarHUTHOI'O ITOTOKA
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21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Thomas Alva Edison (February 11, 1847 — October 18,
1931) was an American inventor and businessman who
developed many devices that greatly influenced life
around the world, including the phonograph and the
long-lasting, practical electric light bulb. He was one
of the first inventors to apply the principles of mass
production and large teamwork to the process of inven-
tion, and therefore 1s often credited with the creation of

the first industrial research laboratory.
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magnetic induction

wireless energy transfer
robotics

remote control

computer science
expansion

elementary education
rudiments

to pay tributes

list of scientific discoveries
a committed Christian
faith

to shape

diamagnetism

a pattern of experimentation
reasoning

3. Read and translate the texts

MarovuTHasa MHAYKIWA

OecripoBOHAs Mepeaada SHEPTUN
poOOTOTEXHUKA

JTUCTAHITMOHHOE YIIPABJICHUE
BBIUMCIIMTEIbHAS TEXHUKA
JIOTIOJTHEHUE

HavyajbHOE 00pa3oBaHUe
NICPBUYHBIC 3HAHUS

OTJIaBaTh J]aHb, BO3JATh JOJHKHOE
NepeYeHb HAYIHBIX OTKPBITUH
yOEKIEHHBIN XPUCTUAHUH

Bepa

chopMupoBaTh

JaMarHeTU3M

pa3paboTKa KCIEPUMEHTOB
000CHOBaHUE

Thomas Alva Edison

""Genius is one percent inspiration, ninety-nine percent perspiration."

Thomas Alva Edison, Harper's Monthly (September 1932)




Edison is considered one of the most prolific inventors in history, holding 1,093 U.S.
patents in his name, as well as many patents in the United Kingdom, France and
Germany. He is credited with numerous inventions that contributed to mass commu-
nication and, in particular, telecommunications. Edison originated the concept and
implementation of electric-power generation and distribution to homes, businesses,
and factories — a crucial development in the modern industrialized world. His first
power plant was on Manhattan Island, New York. Edison’s career, the fulfillment of
the American dream of rags-to-riches through hard work and intelligence, made him
a folk hero to his countrymen. By the time he was in his middle 30s Edison was said
to be the best-known American in the world. When he died he was venerated and
mourned as the man who, more than any other, had laid the basis for the technologi-
cal and social revolution of the modern electric world. Now there is Edison Medal
presented by the Institute of Electrical and Electronics Engineers (IEEE) "for a career
of meritorious achievement in electrical science, electrical engineering or the elec-
trical arts." It is the oldest and most coveted medal in this field of engineering in the
United States. The award consists of a gold medal, bronze replica, small gold replica,

certificate and honorarium.

Nikola Tesla

Nikola Tesla (10 July 1856 — 7 January 1943) was
an inventor and a mechanical and electrical engi-
neer. Born in Austrian Empire, he was an ethnic
Serb subject of the Austrian Empire and later be-
came an American citizen. Tesla is best known for
many revolutionary contributions in the field of

electricity and magnetism in the late 19th and early

20th centuries. Tesla's patents and theoretical work
formed the basis of modern alternating current electric power (AC) systems, in-

cluding the polyphase power distribution systems and the AC motor, with which
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he helped usher in the Second Industrial Revolution. Contemporary biographers
of Tesla have regarded him as "The Father of Physics", "The man who invented
the twentieth century" and "the patron saint of modern electricity."
He was widely respected as one of the greatest electrical engineers who worked
in America. Much of his early work pioneered modern electrical engineering
and many of his discoveries were of groundbreaking importance. During this pe-
riod, in the United States, Tesla's fame rivaled that of any other inventor or sci-
entist in history or popular culture, but due to his eccentric personality, seem-
ingly unbelievable and sometimes bizarre claims about possible scientific and
technological developments, Tesla was ultimately ostracized and regarded as a
mad scientist. Never having put much focus on his finances, Tesla died impov-
erished at the age of 86.
The SI unit measuring magnetic flux density or magnetic induction, the tesla,
was named in his honour, as well as the Tesla effect of wireless energy transfer
to wirelessly power electronic devices.
Aside from his work on electromagnetism and electromechanical engineering,
Tesla has contributed in varying degrees to the establishment of robotics, remote
control, radar and computer science, and to the expansion of ballistics, nuclear
physics, and theoretical physics. Tesla is honoured in Serbia and Croatia, as well
as in the Czech Republic.

"Patron-saint" of Electrical Engineers
Michael Faraday had only an elementary education, "little
more than the elementary education of reading, writing and
arithmetic at a common day school, as he himself described
it. Yet the Encyclopaedia Britannica has called him "possi-
bly the greatest experimental genius the world has known".
Many equally generous tributes have been paid to this

unique man. He has been called the patron saint of electrical

150



engineers and Humphry Davy's greatest discovery. Most of Faraday's long list of
scientific discoveries lie in the fields of chemistry and electricity. Of his 158 pub-
lished papers, about half relate to electrical science and a third to chemistry. His con-
temporaries said he was a kind, gentle and proud man who had a simple manner and
attitude. As well as being one of the world's greatest scientists lie was also a commit-
ted Christian and that must say something about those who profess that science and
religion do not mix. His personal faith helped shape his philosophy and led him to
accept the unity of the universe. He established several of our common terms, includ-
ing electrode, anode, cathode, electrolysis, electrolyte, paramagnetism and diamag-
netism (which he discovered) and dielectric. Faraday played a major role in a pattern
of experimentation and reasoning on electro-magnetism and related sciences, which

began with Oersted and culminated with Einstein and Planck.

4. Find in the texts the English equivalents of the following expressions
[TpuHITUTIBI MacCOBOTO TIPOM3BOJICTBA M KOJUIEKTUBHOW paOOTHI; YCTPOICTBA, OKa-
3aBIIME OOJIBIIIOE BIMSIHUE HA KU3Hb B MUPE; OJIMH U3 CaMbIX IUIOJI0TBOPHBIX U30-
Operatesnell B ICTOPHH;, MHOTHE OTKPBITHS, KOTOPBIC MPOU3BENH IIEPEBOPOT B HAY-
Ke 00 3JICKTPUYECTBE M MarHETU3Me; ObLI MPOCT B IMOBEACHUU M OTHOIICHUU C
JFOJIBMH;, «BEPOSTHO, BEIMYAUIINA T€HHH SKCIIEPUMEHTa, KOTOPOro KOTIIa-JIM00

3HAJI MUP»; BBEN HCKOTOPBIC U3 MHIMPOKO y1'IOTp66JI}ICMLIX HaMH TCPMUHOB.

5. Answer the questions
1. When and where was each of these scientists born?
2. What field of science did they work?
3. What kind of people were they?
4. What inventions and discoveries did they make?
5. How was their names perpetuated in science?
6. Make up your own story about a famous scientist working in the field

of electricity. Use the questions given above as the plan of your story.
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UNIT 4

ELECTRIC MACHINES AND INSTRUMENTS

1. Study the words, find the sentences with these words in the text and

translate them

1. academic study

2. electric motor
3. electric generator

4. electro-mechanical energy
converters

5. dynamic movement of the

mechanical power

rotating

linear

machinery

o © =2

grinding wheels

10. rolling mills

11. road vehicles

12. armature [*RmqCq]

13. rotor

14. shaft

15. wire coil

16. split cylindrical drum
17. commutator

18. the main supply

19. carbon blocks

20. brushes

21. to wipe against

22. to couple
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YUCTO TCOPECTUUCCKUC aKaJJCMHUUCCKUC
HCCIICAOBAaHUA
3H€KTquCCKHﬁQHBHFaTGHB

3JIEKTPUYECKUN TEHEPATOP

AJIEKTPOMEXaHUYECKHE  MpeodpazoBaTesn
JHEPIruun

JTUHAMHUYECKOE IIEPEMEIICHUE MeXaHuye-
CKOU 3HEPIruun

BpallaTeIbHbIN, TOBOPOTHBIN

JIMHENHBIN

MEXaHU3MbI, MEXaHHIECKOe 000pyTI0BaHNE
T (OBATBHBIE KPYTH

IIPOKATHBIC CTAHBI

JIOPO>KHBIC MAITHBI

apmartypa (21exmpoosueameis)

pPOTOp DJEKTPHYECKON MAIIHMHBI, SKOPh
(2JIEKTPOBUTATEIIS)
Baj

KaTylIKa C IIPOBOJIOKOU

pa3pe3aHHbIl HUIMHIpHYECKU OapabaH
KOJIJIEKTOP (3JIEKTPUUECKON MAIlIUHBI)
IIATAHUE OT CETH MEPEMEHHOIO TOKA
Opycku rpaduta

IETKU

CKOJIB3UTb, TEPETHCS

COCIUHATH



23. gearing ["glqrIN] — NPUBOJHON MEXaHM3M, 3allCTICHUE

24. to come to rest — IIPUXOJUTH B COCTOSIHUE ITOKOS

25. field coils — HMHAYKTOpHAas KaTyllKa

26. inertia [I"NWSQ] —  CWIa UHEPIUHU

27. turning force — Bpaumaromas cuia

28. universal motor —  YHUBEPCAJbHBIN 2JIEKTPOJIBUTATEIIb

29. induction motor —  ACHHXPOHHBIN 3IEKTPOJBUTaTENb,
UHAYKIIMOHHBIN JBUTATEIb

30. synchronous motor — CUHXPOHHBIN dJIEKTPOJBUIaTEIb

2. Read and translate the text

Electric motor
The academic study of electric machines is the universal study of electric motors
and electric generators. By classic definition, electric machine is synonymous
with electric motor or electric generator, which are electro-mechanical energy
converters: converting electricity to mechanical power (i.e., electric motor) or
mechanical power to electricity (i.e., electric generator).
A machine that is fed with electric current and gives out mechanical power is called
an electric motor. Examples are found in the vacuum cleaner and in the starter motor
of a motor vehicle, while in industry, electric motors drive all kinds of machinery,
ranging from small grinding wheels in workshops to big rolling mills in steel plants.
Also they are used to drive electric trains, and some road vehicles.
If a wire carrying an electric current is brought near a magnetic needle it causes
the needle to move away from its north-south direction. This is the principle of
the electric motor, which makes use of the relationship between electricity and
magnetism to produce movement.
In a simple electric motor, the wire carrying the electric current moves in the
magnetic field of a permanent magnet. The moving part of the motor, around

which the wire is coiled, is made of iron, and is called the armature or rotor.
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A shaft passing through the rotor allows it to rotate between the ends, or poles,
of the permanent magnet. Each end of the wire coil is connected to a separate
copper plate, the two plates forming the outside sections of a split cylindrical
drum called the commutator. An electric current is fed to the coil from the main
supply through carbon blocks called brushes, which wipe against the commuta-
tor. One end of the armature shaft is coupled, or linked, to the machinery that is
to be driven by the motor either directly or through gearing.

When the electric current is switched on, the armature behaves like an electro-
magnet. Which end is north and which end is south depend on the direction of
the current. Like poles repel and unlike poles attract. So the south pole of the
armature is repelled from the south pole of the permanent magnet and attracted
towards the north pole of the permanent magnet. And the north pole of the arma-
ture is repelled from the north pole of the permanent magnet and attracted to-
wards the south pole of the permanent magnet. These forces of magnetic repul-
sion and attraction cause the armature to start rotating.

The armature does not come to rest when its north and south poles are opposite
the south and north poles of the permanent magnet. Instead, the inertia of the
moving armature carries it a little way past this position and, in so doing, re-
verses the connections between the commutator and the brushes. So the current
now flows through the armature coil in the opposite direction, and therefore the
poles of the armature are reversed. As a result, they are repelled from the nearby
like poles of the permanent magnet and attracted towards its opposite poles. This
causes the armature to continue to rotate. Each time the armature's poles pass
those of the permanent magnet, the commutator reverses the direction of current
flow, so the armature continues to rotate so long as the current continues to flow.
The simple electric motor runs on direct current (d.c), and in some cases the
fixed magnet as well as the armature is an electromagnet. Most d.c. motors have
several coils of wire, called field coils, each connected between a different pair

of commutator plates. This arrangement produces a more even turning force.
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Some electric motors, mostly small ones, are designed to run on either d.c. or al-
ternating current (a.c), and are called universal motors. Generally speaking,
however, special types of motor are made for use with a.c. The two main types
are the induction motor, the speed of rotation of which alters with the work it

has to do, and the synchronous motor, which rotates at a constant speed.

3. Answer the questions
What is the electric machine by classic definition?
What machine is called an electric motor?
Where can we find electric motors?
What principle is used in electric motors?
What is the moving part of an electric motor?
How is the armature linked to the machinery to be driven by the motor?
What causes the armature rotating?
Why does the armature continue to rotate as long as the current flows?
What components do most of d.c. motors have?
What motors are designed to work either on d.c. or a.c. current?
. What are the two main types of motors?

A G ATl i e
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TRANSFORMER
1. Study the words, find the sentences with these words in the text and

translate them

1. inductively coupled — CBSI3aHHBIX IOCPEJCTBOM UHAYKIUU
2. transformer's coils — KaTylku TpaHchopmaropa
3. windings — 00OMOTKH
4. to utilise — HCIOJIB30BaTh
5. air-core transformer — TpanchopMaTop ¢ BO3MYILHBIM CEPICUHUKOM
6. to wind (wound) — HaMaThIBaTh
7. primary winding — TIepBUYHAsI OOMOTKA
8. secondary winding — BTOpUYHAs 0OMOTKa
9. mutual induction — B3aWMHas UHIYKIUA
10. the ratio of the number of turns — cooOTHOITIEHNE KOJIMYECTBA BUTKOB
11. stepped up — TIOBBIIIIEHHBIN
12. stepped down — TIOHM>KEHHBIN
13. coupling transformer — TpaHc(opMaTOp MEKKACKATHOU CBSI3U
14. thumbnail-sized — MUHHATKOPHBIN
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15. unit — YCTaHOBKa, arperar
16. to eliminate the need — YCTpaHUTb NOTPEOHOCTh
17. household ("mains") voltage — HaIpsDKEHUE B CETH

2. Read and translate the text, ask questions on it

A transformer is a device that transfers electrical energy from one circuit to
another through inductively coupled conductors — the transformer's coils or
"windings". Although transformers do not contain any moving parts they are al-
so included in the family of electric machines because they utilise the electro-
magnetic phenomena. Except for air-core transformers, the conductors are
commonly wound around a single iron core, or around separate magnetic
coupled cores. A varying current in the first or "primary" winding creates a va-
rying magnetic field in the core (or cores) of the transformer. This varying mag-
netic field induces a varying electromotive force (EMF) or "voltage" in the "sec-
ondary" winding. This effect is called mutual induction.

If a load is connected to the secondary, an electric current will flow in the sec-
ondary winding and electrical energy will flow from the primary circuit through
the transformer to the load. In an ideal transformer, the induced voltage in the
secondary winding is in proportion to the primary voltage, and is given by the
ratio of the number of turns in the secondary to the number of turns in the prima-
ry as follows: By appropriate selection of the ratio of turns, a transformer thus
allows an alternating current (AC) voltage to be "stepped up" by making the
number of turns in the secondary greater than the number of turns in the prima-
ry, or "stepped down" by making the number of turns in the secondary less than
the number of turns in the primary.

Transformers come in a range of sizes from a thumbnail-sized coupling trans-
former hidden inside a stage microphone to huge units weighing hundreds of
tons used to interconnect portions of national power grids. All operate with the
same basic principles, although the range of designs is wide. While new tech-
nologies have eliminated the need for transformers in some electronic circuits,

transformers are still found in nearly all electronic devices designed for
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household ("mains") voltage. Transformers are essential for high voltage power

transmission, which makes long distance transmission economically practical.

The transformer is based on two principles: firstly, that an electric current can

produce a magnetic field (electromagnetism) and secondly that a changing mag-

netic field within a coil of wire induces a voltage across the ends of the coil (elec-

tromagnetic induction). Changing the current in the primary coil changes the

magnitude of the applied magnetic field. The changing magnetic flux extends to

the secondary coil where a voltage is induced across its ends.

Primary
winding
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Secondary
winding
g turns

An ideal step-down transformer
showing magnetic flux in the core

A simplified transformer design is shown
to the left. A current passing through the
primary coil creates a magnetic field. The
primary and secondary coils are wrapped
around a core of very high magnetic per-
meability, such as iron; this ensures that
most of the magnetic field lines produced
by the primary current are within the iron
and pass through the secondary coil as

well as the primary coil.

3. Translate the text summary from Russian into English

OT1oT TeKcT o TpaHchopmaTopax. TpaHchopmaTop — 3neKTpUUYECcKas MalluHa, KOTO-

pasg NEPEHOCHUT DJIEKTPUYECKYI0 SHEPTHI0 M3 OJHOW LENH B JIPYryI0 MOCPEACTBOM

AIIEKTPOMArHUTHON MHIYKIMK 0€3 CyIIECTBEHHBIX MOTEPh MOIIHOCTU. Tpanchopma-

TOP MOXKCT COCTOATH M3 OI[HOﬁ HJIM HCCKOJIBKMX HM30JIMPOBAHHBIX ITPOBOJOYHLIX 00-

MOTOK, HAMOTAHHBIX Ha CEpJICYHUK H3 (heppoMarHuTHOTO Marepuana. OHM Ha3bIBa-

IOTCA IICPBHUYHAA U BTOPHUYHAA OOMOTKH. HOCpC,ZICTBOM COOTHOLICHUSA BHUTKOB IICP-

BUYHOW M BTOPUYHON OOMOTKH MOHO TOJYYWThH TOBBIIIAIONINN ¥ TTOHKAFOIIIHA

TpaHchopmatopsl. TpaHcPopMaTopsl BHITYCKAIOT Pa3HBIX pa3MepoB — OT KpoIley-
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HBIX, UCITOJIB3YIOIINXCA B MHKpO(l)OHaX, A0 OI'POMHEBIX BECOM B HCCKOJILKO TOHH, HUC-

MOJIB3YEMBIX B JICKTpOCceTsX. I J1aBHast 001aCTh UCTIOJIBb30BaHUS TpaHC(HOPMATOPOB —

Hp€06p3,30BaHI/IC C-)JIGKTpI/I‘{CCKOﬁ OHCPIUKU C OAHUM HAIIPAKCHHUCM B SJICKTPHUUCCKYIO

DHEPTUIO C APYTHUM.

tr
1

16.
17.
18.
19.
20.
21.

ELECTRICAL INSTRUMENTS
1. Study the words, find the sentences with these words in the text and

anslate them

. ohmmeter

. aka ["el"kel"el] (also known as)

values of resistance
accurate ["xKkjqrqt]
accuracy ["xKkjqrgsl]
constant current
equation [I"kwelZqgn]
to derive
high-precision measurements
. inadequate

. the meter's reading

. current drop

. ammeter [*>Xmltq]

. moving iron ammeter

. Zero-center ammeter

analog meter

digital meter

analog to digital converter (ADC)
shunt

short circuit

to blow a fuse

158

OMMET]
TaKK€ Ha3bIBAEMbIil, THAYE HA3bIBAEMbII1
BEJIMYMHBI COIPOTHUBIICHUS

TOYHBIH, ITPABUJIbHBIN

TOYHOCTbh, IPABUIILHOCTD

MOCTOSTHHBIH (110 BEJIMYUHE) TOK
ypaBHEHHE

BBIBOJIUTH

BBICOKOTOYHBIE U3MEPEHHUS
(He)oTBeUaroIMi TPEOOBAHKSIM, (HE)TOUHBIN
MOKA3aHUSI U3MEPUTEIIS

YMEHBILIEHUE CUJIbI TOKA

amIepMeTp

AIIEKTPOMArHUTHBIN aMIIEpMETP

aMIIEPMETP C HYJIECBOM OTMETKOM B LIEHTPE
LIKAJIBI
aHAJIOTOBBIN N3MEPUTEID

1 (poBOI U3MEPUTEITH
aHaJIoroBo-1IQppoBoi mpeodpazosatess (ALI)
IIyHT, COSIMHEHNE, TapaJlIeIbHOE BKITIOUCHUE
kopoTkoe 3ambikanue (K3), nens K3

CACIaTb KOPOTKOC 3aMBbIKAHHUC



22. to damage — TMOBPEXJIaTh, NOPTUTH

23. to expose — TMOJIBepratb

24. observer — HaOIIaTeNnb

25. injury — TpaBMa

26. pointer — CcTpeJika (4acoB, BECOB U T. I1.), yKa3aTelb
27. scale — IIKana

28. numerical display — 1udpoBOH AUCIIICH

29. calibrated — TpaAydpOBaHHBIN, KATMOPOBAHHBIN

2. Read and translate the text, make its summary

| An ohmmeter is an electrical instrument that measures elec-

trical resistance, the opposition to an electric current. Micro-
ohmmeters (microhmmeter or microohmmeter) make low
resistance measurements. Megohmmeters (aka megaohmme-
ter or megger) measure large values of resistance. They are

measured in ohms (€2). A more accurate type of ohmmeter

has an electronic circuit that passes

An ohmmeter

a constant current (I) through the resistance, and another circuit that measures the vol-

tage (V) across the resistance. According to the following equation, derived from

Ohm's Law, the value of the resistance (R) is given by: R = ; :

For high-precision measurements the above types of meter are inadequate. This is
because the meter's reading is the sum of the resistance of the measuring leads, the
contact resistances and the resistance being measured. To reduce this effect, a pre-
cision ohmmeter has four terminals, called Kelvin contacts. Two terminals carry
the current from the meter, while the other two allow the meter to measure the vol-
tage across the resistor. With this type of meter, any current drop due to the resis-

tance of the first pair of leads and their contact resistances is ignored by the meter.
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An ammeter is a measuring instrument used to measure
the electric current in a circuit. Electric currents are
measured in amperes (A), hence the name. Moving iron

ammeters use a piece of iron which moves when acted

upon by the electromagnetic force of a fixed coil of wire.

Zero-center ammeter . . .
This type of meter responds to both direct and alternating

currents (as opposed to the moving coil ammeter, which works on direct current only).

Zero-center ammeters are used for applications requiring current to be measured
with both polarities, common in scientific and industrial equipment. Zero-center
ammeters are also commonly placed in series with a battery. In this application, the
charging of the battery deflects the needle to one side of the scale (commonly, the
right side) and the discharging of the battery deflects the needle to the other side.

Digital ammeter designs use an analog to digital converter (ADC) to measure the vol-
tage across the shunt resistor; the digital display is calibrated to read the current
through the shunt. Since the ammeter shunt has a very low resistance, mistakenly wir-
ing the ammeter in parallel with a voltage source will cause a short circuit, at best
blowing a fuse, possibly damaging the instrument and wiring, and exposing an ob-
server to injury.

A voltmeter is an instrument used for measuring the
electrical potential difference between two points in an
electric circuit. Analog voltmeters move a pointer across
a scale in proportion to the voltage of the circuit; digital
voltmeters give a numerical display of voltage by use of
an analog to digital converter. Voltmeters are made in a

wide range of styles. Instruments permanently mounted

in a panel are used to monitor generators or other fixed
Two digital voltmeters apparatus.
Portable instruments, usually equipped to also measure current and resistance in

the form of a multimeter, are standard test instruments used in electrical and elec-
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tronics work. Any measurement that can be converted to a voltage can be dis-

played on a meter that is suitably calibrated; for example, pressure, temperature,

flow or level in a chemical process plant.

General purpose analog voltmeters may have an accuracy of a few per cent of full

scale, and are used with voltages from a fraction of a volt to several thousand

volts. Digital meters can be made with high accuracy, typically better than 1%.

Specially calibrated test instruments have higher accuracies, with laboratory in-

struments capable of measuring to accuracies of a few parts per million. Meters

using amplifiers can measure tiny voltages of microvolts or less.
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3. Answer the questions

What is an ohmmeter?

What units is resistance measured in?

What ohmmeters are used to make low and high resistance measurements?
How does a more accurate type of ohmmeter work?

What meters are adequate for high-precision measurements?

What is an ammeter used to measure?

Where does the name of this instrument come from?

How do moving iron ammeters work?

What current does moving iron ammeter respond to?

. Where are zero-center ammeters used?

. How do they work?

. How do digital ammeters work?

. What damage can wiring the ammeter in parallel with a voltage source cause?
. What is a voltmeter used for?

. How do analog and digital voltmeters work?

. Where are instruments permanently mounted in a panel used?

. When are portable instruments used?
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18.
19.
20.
21.

What measurements can be displayed on a meter?
What accuracy do general purpose analog and digital voltmeters have?
What voltmeters have the highest accuracies?

What meters can measure tiny voltages?

4. Tell whether it is true or false

1. An ohmmeter is used to measure current.

The meter's reading is the sum of the resistance of the measuring leads, the

contact resistances and the resistance being measured.

. Four-point-probe can also be ultilized to conduct accurate measurements of

high resistances.

. An ammeter is a measuring instrument used to measure the electric current in

a circuit.

. Moving iron ammeters use the moving coil when acted upon by the electro-

magnetic force.

Zero-center ammeters are also commonly placed in parallel with a battery.

. Analog voltmeters give a numerical display of voltage by use of an analog to

digital converter.

. Digital meters have highest accuracies, typically better than 1 %.

5. You are working for SNS Company in Vladimir. See pages 40 — 41 and

write an enquiry letter to Senso-Metrics Incorporated. Ask them whether they

manufacture any electric measuring instruments. Use the letter on page 40 as

a model.
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UNIT 5

ELECTRICITY RETAILING

1. Study the words, find the sentences with these words in the text and

translate them

l.

17.
18.
19.
20.
21.

22.

23.

® N wn kWD

electricity retailing

street lighting

tram

to purchase

large scale electric company
provision of services
municipal authorities

to be confined to

domestic consumer

. the amount charged for
11.
12.
13.
14.
15.
16.

electricity meter
monthly service fee
pricing scheme

electric appliance usage
to contribute to

explosive growth in
electrification
supply of electricity

responsibility
public utility
deregulated

electricity pool
spot market

competition

PO3HUYHAS MPOAXKa IEKTPUUECKON SHEPTUN
OCBEILEHUE YJIIHII

TpamBaun

MOKYTIaTh

KpyIHasi SHEpreTudeckass KOMIaHus
peoCTaBICHUE YCIyT

MYHUIUTIATHHBIC BIIACTH

OrpaHUYMBATHCS

OBITOBOI MOTPEOUTEIH

TO KOJIMYECTBO, 32 KOTOPOE B3UMAETCS TUIaTa
BJIEKTPOCUETUUK

eXeMecsUHasl TiaTa 3a yCiIyru

cucreMa 1eHooOpa3oBaHus
MCITOJIb30BAHUE AIICKTPOIIPHUOOPOB
0CIOCOOCTBOBATh, COJICHCTBOBATH

obIcTpoe (OypHOE) pa3BHTHE EKTPH(DUKAIIN

AIEKTPOCHAOKEHNE

00513aHHOCTD

KOMMYHAJIbHOE TPEIITPUITHE

0€e3 ToCyIapCTBEHHOT'O PEryJIUPOBaHUS

sHepromyi (00beIMHEHHS TPOU3BOIUTENEH
DIIEKTPOIHEPTHH )

HAJIMYHBIA PBIHOK, CIIOTOBBIN PHIHOK
AIIEKTPOIHEPTHH

KOHKYPEHIIUsI, CODEBHOBAHHE
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24. competing suppliers — KOHKYPHUPYIOIIHE MOCTABUIUKH

25. to account for —  SIBJISTHCS MPUYUHOU, OOBICHATH
26. the type of fuel —  BHJI TOIJIMBA

27. government subsidies — TPaBUTEICTBEHHBIE CyOCHINU
28. weather pattern — TIOrOJHBIC YCJIOBUS, TUII IIOT'OJIbI

2. Read and translate the text, make its summary and retell

ELECTRICITY RETAILING
Electricity retailing is the final process in the delivery of electricity from genera-
tion to the consumer. The other main processes are transmission and distribu-
tion.
Electricity retailing began at the end of the 19th century. In the beginning, elec-
tricity was primarily used for street lighting and trams. The general public was
allowed to purchase electricity only after large scale electric companies were
started.
The provision of these services was generally the responsibility of electric com-
panies or municipal authorities. Residential, commercial and industrial use of
electricity was confined, initially, to lighting but this changed dramatically with
the development of electric motors, heaters and communication devices.
The basic principle of supply has not changed much over time. The amount of
energy used by the domestic consumer, and thus the amount charged for, is
measured through an electricity meter that is usually placed near the input of a
home to provide easy access to the meter reader.
Customers are usually charged a monthly service fee and additional charges
based on the electrical energy (in kWh) consumed by the household or business
during the month. Commercial and industrial consumers normally have more
complex pricing schemes.
The rapid growth in electric appliance usage in the early part of the 20th century

contributed to an explosive growth in electrification around the world. The
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supply of electricity to homes, offices, shops, factories, farms, and mines be-
came the responsibility of public utilities, which were either private organiza-
tions subject to monopoly regulation or public authorities owned by local, state
or national bodies.

In 1990 there was a significant development in the way electricity was bought
and sold. In many countries, the electricity market was deregulated to open up
the supply of electricity to competition. Electricity retailers now provide fixed
prices for electricity to their customers and manage the risk involved in purchas-
ing electricity from spot markets or electricity pools. Customers may choose
from a number of competing suppliers. An electricity provider is often known as
"the electric company" or "the power company". Electricity tariffs on the whole
are government regulated. Yet under the climate of deregulation and privatisa-
tion worldwide, some have risen already and others are set to do so. Electricity
tariffs vary from country to country. There are many reasons that account for
this difference in price. The cost of power generation depends largely on the
type of fuel used, government subsidies and even the weather pattern. There are
a number of organisations and social movements representing the poor that have

emerged in response to the privatization of electricity all over the world.

3. Answer the questions below
1. Is electricity retailing the final process in the delivery of electricity from gen-
eration to the consumer? What are the two other processes?
When did electricity retailing begin?
What was electricity primarily used for in the beginning?
When was the general public allowed to purchase electricity?

Whose responsibility was generally the provision of electricity?

A

What was initially residential, commercial and industrial use of electricity

confined to?

~

Has the basic principle of supply changed much over time?

8. How is the amount of energy used by the domestic consumer measured?
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10.
11.
12.
13.
14.
15.
16.
17.
18.

How are customers usually charged for electricity?

What contributed to an explosive growth in electrification around the world?
What organizations are public utilities and what are they responsible for?
What happened in 1990 in the way electricity was bought and sold?

How do electricity retailers now sell electricity to their customers?

Are electricity tariffs on the whole government regulated?

What became with tariffs under the climate of deregulation and privatization?
Do electricity tariffs vary from country to country?

What do tariffs depend on?

What has emerged in response to the privatization of electricity all over the
world?

ENERGY POLICY OF RUSSIA
1. Study the words, find the sentences with these words in the text and

translate them

[E—
SO =

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
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Energy Policy of Russia — BHepreTuyeckas noautuka Poccun

to set out — ToJIpoOHO M3JaraTh

provision — TIOJIO’KEHHE (JI0roBOpa U T. 11.)

to confirm — MOJTBEPXKAATh

priority — TPUOPUTET(HOE HAIMPABIICHUE)

energy efficiency — 3HeprodpGeKTUBHOCTH

reducing impact — yMEHbIIIAIIIEECs BO3ACHCTBHE
environment — OKpy’Karolas cpeaa

sustainable development — YCTOHMYMBOE pa3BUTHUE

effectiveness — 3¢ (PEKTUBHOCTH, IKOHOMUYHOCTh
competitiveness — KOHKYPEHTOCTIOCOOHOCTH

natural gas (coal, oil) reserves — 3arackl MPUPOHOTO Ta3a (yrisi, HepTu)
thermal plants — TEIUIOAJIEKTPOCTAHIIUHN

hydropower — TUJIPOIHEPIeTHKA

nuclear reactors — SIZICPHBIE PEAKTOPHI

CIS — CHI'

the Unified Energy System — OObenrHEHHAs SHEPreTUIecKas CHCTEMa
blackout — aBapuifHOE OTKITIOYEHHE, OJIPKAYT
renewable energy — DHEPrus OT BO30OHOBIISIEMOTO UCTOYHHKA
geothermal ["GIq"TWmql] energy — reoTepmainbHas SHEpPrust

Caucasus ["kLkqgsgs] — KaBkas



2. Read and translate the text
The Energy Policy of Russia is contained in an Energy Strategy document,
which sets out policy for the period up to 2020. In 2000 the Russian government
approved the main provisions of the Russian energy strategy to 2020, and in
2003 the new Russian energy strategy was confirmed by the government. The
Energy Strategy document outlines several main priorities: an increase in energy
efficiency, reducing impact on the environment, sustainable energy and technol-
ogy development, as well as its improved effectiveness and competitiveness.
Russia, one of the world's two energy superpowers, is rich in natural energy re-
sources. It has the largest known natural gas reserves of any state on earth, along
with the second largest coal reserves, and the eighth largest oil reserves. Russia
1s the world's fourth largest electricity producer after the USA, China, and Japan.
Russia is the world’s leading net energy exporter and a major supplier to the Eu-
ropean Union. In 2005, Russia produced 951 TWh and exported 23 TWh of
electricity. Roughly 63 % of Russia's electricity is generated by thermal plants,
21 % by hydropower and 16 % comes from nuclear reactors. Russia exports
electricity to the CIS countries, Latvia, Lithuania, China, Poland, Turkey and
Finland.
The Russian energy market is dominated by the Unified Energy System. While
production and sale will be opened up to competition, transmission and distribu-
tion remain under state control. In recent years there were several blackouts,
notably the 2005 Moscow power blackouts.
Renewable energy in Russia is largely undeveloped although there is considera-
ble potential for its use. Geothermal energy, which is used for heating and elec-
tricity production in some regions of the Northern Caucasus and the Far East, is

the most developed renewable energy source in Russia.

Notes
TeraWatt Hours — Muwumnap KuiaoBaTT-4acoB
GW —I'BTt (cokp. ot "ruraBart" (gigawatt), T.e. MIJITHAp]T BaTT WM MIJLTHOH

KHUJIOBATT)
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3. Answer the questions below

. What document does the Energy Policy of Russia contain?

. When did the Russian government approve the main provisions of the Rus-

sian Energy Strategy to 20207

What was confirmed in 2003?

What priorities does the Energy Strategy document outline?
What energy resources does Russia have?

What is the condition of renewable energy in Russia?

What is the most developed renewable energy source?

4. Speak about the Energy Policy of Russia.



3JAK/TIOYEHHUE

Bricokuii ypoBeHb MpodecCHOHATLHONM KOMITCTCHIIUN CIICITHATUCTA JIOCTHTA-
eTCs HAJTMYMEM y HEero OIpeJieIeHHOro Habopa mpodeCCHOHAIBHBIX YMEHUN U Ha-
BBIKOB. IHOSI3bIYHBIE YMEHMSI U HABBIKM YCIIEITHO PEAM3YIOTCS B COCTABE KOMMY-
HUKATHBHON KOMIICTCHIIMM JIMIIb TOTJA, KOTJAa OHM COOTBETCTBYIOT IMpodeccHo-
HAJILHBIM YMEHMSIM M HaBbIKaM, 3a)MKCUPOBaHHBIM B Haleil ctpane ['ocymapcrt-
BEHHBIM 00pa30BaTeIbHBIM CTAHIAPTOM BBICIIETO MPOPECCHOHAIBHOTO 00pa3oBa-
HHSL.

ABTOpPBI BBIPAKAKOT YBEPEHHOCTh, YTO B PE3YJIBTATE 3aHATHNA IO JAHHOMY
MIPAKTHKYMY CTYJCHTBI CMOT'YT OOIIAThCSl B KOHKPETHBIX MPO(PEeCCHOHATBHBIX U JIC-
JIOBBIX CUTYyallUsIX, YUTATh C MHTEPECOM U TMOJIb30M ISl Ce0sl CTaThU U3 Pa3IMYHBIX
VHOSI3bIYHBIX MCTOYHHUKOB: MHTEpHETA, SHIMKIONEAUN U CIIPABOYHHUKOB, a TAKKE
TEXHUYECKUX U HAYYHBIX KYPHAJIOB. XOYETCS MOXKENATh BCEM JAIbHEHIIMNX yCIIe-

XOB B IIPOLCCCC U3YUYCHUA U OBJIAACHUS AHTJIMKICKUM SI3BIKOM.
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