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PREFACE

In the modern world, international cooperation in different areas of human
activity is very important. Science and engineering is one of specific fields where
international ties between specialists increasingly widen and involve people from
different countries. Often engineering problems are solved by international teams.

To communicate, specialists should posses one or the other common language.
For contacts in a specific field engineers should be able to discuss questions in the
relevant problem domain.

Taking into account very wide range of existing engineering activities and the
fact that engineering problems understanding requires special professional education
in the appropriate area, each engineer should manage foreign languages. In most
cases knowledge of English and English professional terminology in the due field of
science and engineering is everything what is needed to participate in an international
professional team or discuss professional tasks with specialists all over the world.

Proceeding from the above, European Technical Faculty of National Mining
University began teaching students by Bachelor's and Master's Programs in English.

This book is a manual for the course of English language for professional
purposes for Ukrainian-speaking students taught by the Bachelor's Program in
Electro-Mechanics. The course is learnt during three initial semesters. The book
chapters are devoted to learning English terminology, vocabulary and ways of
thoughts expression in all main fields belonging to electro-mechanics. In the first
chapter are considered some special features of technical English. After each the
lesson, appopriate vocabulary is placed.

Taking into account that the course is meant for preparation to learning special
courses in English, and also different level of mastering English by students at the
initial period of learning, explanations in the book are given into Ukrainian. Texts for
reading, exercises and examples are cited in English.

Chapter subject-matters are arranged in the logical sequence which special
courses follow in the process of the Bachelor's Program learning.

During the English course learning students should pay attention to systematic
study that is obligatory for having been prepared for learning professional courses in
English in proper time.

Authors



INTRODUCTION

BuBueHHs1 aHrifichkkoi MOBH TpOo(dECiifHOrO CHpsSIMyBaHHS CTYJICHTAMH, IO
HABYAIOTHCS 332 HAPSIMOM MiATOTOBKHU "EjnexkTpomexaHika" 3 BUKIIAJaHHSIM 3HAYHOT
YaCTKW MPUPOJHUYOHAYKOBHX Ta NpO(]eciiiHO-CIPSIMOBAHUX AMCLMIUIIH CaMe
aHTJIIMCHKOI0 MOBOIO, MAa€ Ha METI iX MIJTOTOBKY JI0 3aCBOEHHS IUX JUCHHUILUIIH. 3
OJIHOTO OOKY, CTYACHTH MalTh OYTH TOTOBI 10 CHPHUHHATTS YCHOI Ta MHCbMOBOI
aHTJIAChKOT MOBHM U BMITH BMCJIOBJIIOBATH CBOi JYMKH Ta OOTOBOPIOBATH MUTAHHS
111 9ac HaBYaHHs. 3 Ipyroro 00Ky, iM HEOOX1THO OBOJIOITH BIAMOBITHOIO JIEKCHUKOIO
Ta TEPMIHOJIOTIED y TpodecifHUX Taly3sX, IO MalwTh BIAHOMICHHS 10
CICKTPOMEXaHIKH.

[TpodeciitHe cipsiMyBaHHS JJaHOT AUCIUIIIIHA € HEOOXITHUM, TaK K OyJb-sKa
MOBa, IO 3aCTOCOBYETHCS TPH BUKIIAJIEHI HAYKOBO-TEXHIYHUX MHUTaHb, MA€ TEBHI
ocobmnuBocTi. Jl0 HUX BIJHOCATBCSA JIEKCMKO-TPAMaTU4YHI OCOOJIMBOCTI HAyKOBO-
TEXHIYHOI MOBH, a TaKOX crenu@igyHa TEPMIHOJIOTIS, 0 MpUTaMaHHa BiIMOBIAHIN
rajry3i 3HaHb.

Kypc anrmiicbkoi MOBU [JIsl CTYJAEHTIB-€JIEKTPOMEXaHIKIB JO3BOJISIE 1M
BUBYUTH OCOOJMBOCTI IIi€1 MOBU MPHU 3aCTOCYBaHHI y HAayKOBO-TE€XHIUHIN cdepi, a
TaKOX HAO0yTW HaBUYKH, MOTPIOHI MiJ Yac il IPAKTUYHOTO 3aCTOCYBAHHS.

AHTJIOMOBHI HAyKOBO-T€XHIUHI TEKCTH, 30KpeMa TIOB'S3aHi 3 Taly33i0
CJIEKTPOMEXaHIKM, MaloTh TIE€BHI TIpaMaThyHI OCOOJMBOCTI. Y TaKUX TEKCTax
3yCTpIYaeThCsl 3HA4YHA KUIBKICTh TEXHIYHUX TEPMIHIB, TOOTO CIIB, IO BHPAKAIOTh
crieriajgbHl XapakTepHi MOHATTS 3 MaTeMaTUKH, Pi3UKU, OOYUCITIOBAILHOT TEXHIKH Ta
MpOrpaMyBaHHs, TECOPETUYHOI EJIEKTPOTEXHIKA, MEXaHIKH, EJIEKTPUYHUX MAIHH,
TEOpii eNeKTPONPUBOIY, EJEKTPOHIKA ¥ MIKPOMPOIECOPHOI TEXHIKH, Teopil
aBTOMATHUYHOTO KEepyBaHHS, CUCTEM KepyBaHHS €JIEKTPOIIPUBOIOM,
€JIEKTPOMEXaHIYHUX CHCTEM aBTOMaTu3alli Towmo. Sk B3araji y HayKOBO-TEXHIYHHUX
TEKCTaX, IHPOKO BUKOPHUCTOBYIOTHCS MACHUBHI 3BOPOTH, 1H(IHITUBHI KOHCTPYKIIII.
YacTo BUITyCKAaIOTHCS CIY>KOOB1 CJIOBa, HANPHUKIAA, apTHKIl y Ha3Bax, 3arojioOBKax,
TabmuusiXx. Y 0ararbOX BHUIAJAKaX HasBHA 3HA4YHA KUIBKICTh JAPYTOPSAHUX Ta
OJIHOPITHUX WICHIB PEUYEHHS, 3aBISKHM YOMY CJOBa, II0 BU3HAYAIOTh BiJ TOW YHU
IHIIMI 4JieHa pPEYeHHs, pOo3TalloBaHl BIJ HBOTO Ha 3HayHIA BijacraHi. [leBHe
CHOJlyYeHHsSI BIJOMHX CJIIB MOXXE MaTH 3HA4eHHS CaMOCTIHHOro TtepMiHa. Y
NOTOYHUX HAYKOBO-TEXHIYHMX BHUJIAHHSIX, MPOCHEKTaX, OMNHUCAaX 1 MPE3CHTAIIIX
HOBUX BHJIIB TEXHIYHOI MPOJYKII 3YCTPIYalOThCS HEOJIOTI3MH — HOBI TEPMIHH,
NepeKiaa SKUX BIJCYTHIM y TEXHIYHHMX CJIOBHHMKax. HaBiTh mepekiaj ycTajaeHuX
BUpAa3iB 1HO/1 HASBHUI JIMIIIE Y BY3bKO CIIEIIai30BAHUX CIOBHUKAX. [HOMI O/THE i Te
K CIIOBO Ma€ pi3H1 3HAYEHHS y PI3HUX Taly3sX HayKH 1 TEXHIKH.

VY TeXHIYHUX TEKCTaX BXKUBAIOTHCS MepeBaKHO yacu rpynu Indefinite i, mepir
3a BCe, TENEpillIHii Yac. 3aCTOCOBYIOThCS CIIELIANbHI 3aCO0U, 0 SIKMX, HAIPUKJIAJ,
BITHOCUTBHCS 1HBEpCIA MPUCYIKA, NOAATKY, OOCTaBHHMU. Y SKOCTI MiJMETa YacTo
BUCTYNAIOTh 3aliMEHHUKH, Taki sk one, it, this (these), that (those). wacto
3ycTpivaeTbest (hopMasbHi T0JAaTKH one, it, JOJaTKU y BUTJIsA/II 3aMEHHUKIB one, that
(those), these. OO6cTaBMHA YacTO BUpakeHA 1H(PIHITUBOM, Jl€NPUKMETHUKamMu Present
ta Past Participle i1 1ienpukMeTHUKOBUMHU 3BOPOTaAMHU.
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IcHye psin iHIIMX rpaMaTHYHUX OCOOTMBOCTEH MOOYAOBH peUeHb aHTIHCHKOT
MOBH, III0 3aCTOCOBYIOTHCS Y HAyKOBO-TEXHIUHIN JiTepaTypi, Ta iX MepeKiany.
Oco0nuBe 3HaYEHHS MAlOTh HAYKOBI 1 TEXHIYHI TEPMIHH, SIKI MOKYTh YTBOPIOBATHUCH
3a JIONOMOTOIO BIJIMOBIIHUX MpeQIKCiB Ta Cy(IKCIB, a TAKOXK MaTH (HOPMY CKIATHUX
TEPMIHIB, [0 YTBOPIOIOTHCS 32 IEBHUMU MOJICTISIMH.

B anrmiicekiii HayKOBO-TEXHIUHIN JITEpaTypi BXKHBAIOTHCS, MOPSA 13 CYTO
AQHTIMNCHKUMU, 1HITOMOBHI CJIOBA 1 BHCJIOBH. K 1 B 1HIIMX MOBaX, ICHYIOTh II€BHI
yCTaJ€Hl CKOPOYCHHS CJIIB, CJIOBOCIOJIyY€Hb, TEPMIiHIB, OJMHUIIbL BUMIPIOBaHHS
b13uYHUX BenWYyuH Tomo. Ha gaHui yac 3araJbHO NPUHHATOI Yy aHTIIMCHKIM
HAYKOBO-TEXHIYHIN JiTeparypi MixHapogHa cuctema oauHuibs Cl, xowa iHomi
B)KMBAIOTHCS 1HII, TIEPII 3a BCE TPATUIIIMHI aHTIIMCHKI Ta aMEPHKAHCHKI OJWHUII
BHUMIPIOBaHHS.

[lomanpmii  ypokM HaBYAJBHOTO TMOCIOHMKA 3 AaHIJINCHKOI MOBH 32
npodeciitHuM crnpsmyBaHHAM "EnekTpoMmexanika', a TakoK MOJIaHl y KiHIl KHUTH
IrpaMaTUYHUANA KOMEHTap, KOPOTKI AHIJIO-YKPAiHCBKUH 1 YKpaiHChKO-aHIIIHACHKHIA
CJIOBHHMKHU Ta JOJATKH CIPSMOBaHI Ha 3aKPIIUICHHS 3arajJbHUX HABUYOK BOJIOJIHHS
AHTJIIACHKOI0 MOBOIO, 3aCBOEHHSI OCOOJMBOCTEM MOBHM, LIO 3aCTOCOBYETHCS Y
HAayKOBO-TEXHIYHIA rany3i, 30KpeMa B €JEKTpOMEXaHilli, HaOyTTs HaBUYOK
nepeKsiaay 3 aHTJIMChKOI Ta YKpPaiHChKOiI MOB, CHPHHHSATTS MUCHMOBOI Ta yCHOT
aHTJIIHCHKOT MOBH, BMIHHS MMHCbMOBOI'O BUKJIAJCHHS aHTI1ACHKOI0 MOBOIO HAyKOBO-
TeXHIYHUX Ta IHIIUX IHUTaHb, [0 BUHUKAIOTH MiJ 4Yac NpodeciiHoi MisSIBHOCTI,
CHUIKYBaHHA 3 MPOQEeCiiHHNX Ta 3araJIbHUX MMUTaHb.



CHAPTER 1 FEATURES OF ENLISH TECHNICAL LANGUAGE

LESSON 1.1

1. TEXT

ELECTRIC CHARGES

Normally, every body contains equal numbers of protons and electrons. It is
possible to remove electrons from a body or add electrons to it. A body that contains
unequal numbers of electrons and protons is said to be electrically charged.

A body that contains more than its normal number of electrons is said to be
negatively charged. A body that contains less than its normal number of electrons is
said to be positively charged. The charging is almost invariably accomplished by the
addition or removal of electrons. For example, if a glass rod is rubbed with a piece of
silk, the silk will rub electrons off the surface of the glass and therefore leave it
positively charged. The silk will be negatively charged, since it carries the electrons
that it removed from the glass.

Two pieces of silk treated in this way will repel each other and so will two
pieces of glass. But between the glass and the silk there is attraction. That is, like
charges repel each other and unlike charges attract each other.

Repulsion between like charges and attraction between unlike charges made up
of the repulsions and attractions between individual excess protons and electrons.

Bodies which are not electrically charged, that is, which contain equal numbers
of protons and electrons, neither attract nor repel each other in this way, because the
forces of attraction and repulsion are in equilibrium.

The nucleus of an atom, since it contains all the protons of the atom, is always
positively charged. The cluster of electrons surrounding the nucleus constitutes a
negative charge of electricity and is presumably held in place by the force of
attraction between itself and the positively charged nucleus.

Although an atom may contain any number of orbital electrons from 1, in the
case of hydrogen, to 92, in the case of uranium, it is generally not possible to remove
more than one electron from any one atom. In fact, no one has ever succeeded in
removing as many electrons from a body as there are atoms in that body.

The greater the number of electrons removed from the body, the greater the
number of excess protons in that body, and the grater the force with which these
excess protons resist the removal of additional electrons. The activities of the one
removable electron per atom constitute the main basis for the whole field of electrical
engineering.



2. VOCABULARY

body — (mamepianvne) Tis10

since — Tak 5K; 3 TUX IIp SIK;
MOYMHAIOYH 3

number — yncn0; HOMEP; KUIbKICTh
proton — NpoTOH; MPOTOHHUH
electron - eJekTpoH

remove — BuJaJisitTi, BUBOIHUTHU

add — nongaBaTu, cymyBaTu

unequal — HeogHAKOBUM, HEPIBHUN
charge — 3apsng (v m.u. erekmpuunuii);
1iHA, TJ1aTa; 3apsKaTH, IPU3HAYATH
[[iHYy, HAYUCTISTH TIATy

electrically charged — enektpuuno
3apsAKEHUN

negative — Bi1'eMHMIl; BI'€MHA
BEJIMYMHA

negatively — Big'eMHO

negatively charged — 3apsmxenuit
BiJl'€MHO

positive — MO3UTHBHUN; TO3UTUBHA
BEJTMYMHA

positively - moO3UTHBHO

positively charged — 3apspxenuit
ITO3UTHBHO

invariably — He3miHHO, TIOCTIHiHO,
BUKJIIOYCHO

accomplish — 3nilicHIOBaTH, AOCSTATH,
3aBepIllyBaTH

glass — CKJ10, CKJIISTHUU

rod — OpycoK, pyT, CTEPKEHb

glass rod — CKJISIHUN CTEPKEHb
rub — teptu, TEPTA

silk — IIOBK, MIOBKOBUH

piece of silk — mMaTok MIOBKOBOL
TKAaHUHU

rub off - BupaniaTH NUISIXOM TEpTH,

like charges — onHOlMeHH1 3apsau
unlike charges — pizHoliMeHH1 3apsu

repulsion - BiAIITOBXyBaHHS
excess — HaJIJTUIIOK, JIUIIIOK
excess proton — HaJUIMIIKOBUM
IPOTOH

excess electron — HaUIMITKOBUN
€JIEKTPOH

charged - 3apsxenuii

force — cuna, mis1, BIUIUB
equilibrium — piBHOBara, cran
piBHOBAaru, piBHOBKHHM

nucleus — spo (y m. u. amomue),
LEHTP

cluster — ckynueHHsl, My4oK, rpymna,
KJIaCTEP, HAKOTIMYYBaTHUCh,
rpymnyBaTUcs

surrounding - oTouyO4Yui
constitute — 3acCHOBYyBaTH,
YTBOPIOBATH, IPU3HAYATH
presumably — 3510raiHO, MOXJIMBO,
BIpOT1/IHO, MaOyTb, IEBHO

force of attraction — cuna npursranss
(TSDKIHHSA)

orbit — op6iTa, momiT mo opoOiTi,
pyXaTuch 1o opoiTi

orbital electron — opbiTanbHMiA
€JIEKTPOH

hydrogen - BoicHb

uranium - ypaH

case — KOpmyc, kamepa, 6ak
(mpancghopmamopa,axymynsmopa),
perictp (krasiamypu), BUTIaIOK

in the case — y Bunaaxy

no one has ever succeeded — HikOMY
HIKOJIM HE BAAJIOCS

resist — YMHUTH OTIIP

removal — BuaJieHHsl, yCyHEHHs,
3HATTS, T0OYBaHHS

additional - nonatkoBuii

10



BUTHPATU
surface - moBepxHs

equal — oHaKOBUIA, PIBHUIA,
JIOPIBHIOBATU

treat — 00po06IsATH, 0OXOIUTHUCH,
pO3IIIsaTH, TPAKTYBATH

repel — BiAITOBXYyBaTH, BIIKUIATH

attract — npuTAryBatu

attraction - npuTATraHHsA

like — oqHakoBHii, MOAIOHUH, CXOXKHUH,
OJHOMMEHHUU

unlike — pi3HOMMEHHUIH,
HEOHAKOBHUH, HECXOXKHI; HA BIAMIHY
BIJI

removable — pyxomuii; nepecyBHUN,
TaKUH, 110 BUJAISETHCS;, 3aMIHHUA
removable electron — enexTpoH, o
BUJIATISETHCS
basis — 6a3uc, 0a3a, ocHOBa,
dbyHIaMeHT
field — moste, oGacTh, 30Ha; MojIe
(@pizuunoi senuuunu); 30y KCHHS,
o0OMOTKa 30y/DKeHHS; TIoJIe (1016081
ymosu); cepa, 0061acTh
(Oocnioacenns, 3acmocysanns); Mone,
rpyna CUMBOJIB (064. mexH.)
electrical - enexrpuunmii,
€JIEKTPOTEXHIYHUI
engineering — TexXHiKa; TEXHOJIOT1;
pO3po0OKa, MPOCKTYBAHHS,
KOHCTPYIOBaHHS
field of electrical engineering —
00J1aCTh €JIEKTPOTEXHIKU

3. GRAMMATICAL NOTES
3.1. Peuenus

Peuennss B aHrmiiicekiii MOBI po3momiisioTbes Ha mpocTi (the Simple
Sentences) Ta ckiagHi. 3a KOMYHIKATUBHHMH THIIAMH PO3PI3HAIOTH PO3IMOBIIHE
(Declarative), nutraibHe (Interrogative), oxiuune (Exclamatory) i HakazoBe
(Imperative) peueHHs.

3.1.1. Ilopsinok ciiB MPOCTOMY CTBEPAKYBaJIbHOMY PEUEHHS

UneHn TPOCTOrO TMOMIMPEHOTO PO3NOBIOHO20 CMBEPOIHCYBANbHO2O PEUCHHS
(Simple Extended Affirmative Sentence) po3TamoBYyIOTBCS y HBOMY TaKOMY
nopsiaky: miamet (the Subject) — npucynok (the Predicate) — npsmuii nogatox (the
Direct Object) — nenpsmuii nomatok (the Indirect Object) — oOGcraBuHU
(Adverbial Modifiers). O6craBuna cnocoOy nii (the Adverbial Modifier of
Manner) nepenye ooctaBuni micts (the Adverbial Modifier of Place), 3a sxoro e
oOcraBuHa yacy (the Adverbial Modifier of Time).

3a HaABHOCTI KIJIbKOX OOCTaBMH 4acy O1JIbII TOYHE BU3HAYCHHS Yacy Mepeye
OUIBIII 3arajgbHUM.

OOcTaBuHU MICLS 1 YaCy MOXYTb TAKOK CTOSITU HA TIOYATKY PEUYCHHS.

O3HaveHHs HE Ma€ MOCTIMHOTO MICIIS Y pEYEHHI 1 MOXKE CTOSTH MPH OYIb-IKOMY
YJICHI pEYCHHS, 1110 BUPAKCHUI IMEHHUKOM.
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[Ipssimuii  (0€3npUMMEHHUKOBUM) JTOAATOK CTOITh O€3MOCEepPEeHbO  MICIIs
J€CTOBA. 3a HAsBHOCTI O0E€3MPUITMEHHUKOBOI'O HEMPSAMOTro JI0JaTKa MPSMHUN TOAATOK
CTOITh MICJIS HHOTO.

3.1.2. CknanHi pe4eHHs

CknasiHe peyeHHs CKJIaJIa€ThCs 3 IBOX a00 JEKIIbKOX MPOCTHUX, IO BUPAKAIOTH
OJIHY 3arajbHy AyMKy. Taki pedeHHS MOXYThb OyTH cKiagHocypsgaumu (the
Compound Sentences) 1 ckiagnomniapsaaumu (the Complex Sentences).

CrIIaHOCYpsAJIHE PEUEHHS CKIAJA€TbCAd 3 PIBHONPABHUX MPOCTUX PEUYEHBD,
PO3IUIEHMX KOMOK 200 MOE€JHAHUX CIOTYYHHUKOM.

CkJIagHOMIAPSIIHE PEUYCHHS CKIIAJAEThCsl 3 HEPIBHONPABHUX PEUYCHb: OJHE
PEUYCHHS € 3aJIeKHUM BiJI JPYTroro 1 MOSCHIOE HOTo. PeueHHs, 10 MOSCHIOE iHIIE
HazuBaeThes miapsgHuM (the Subordinate Clause). PedeHHs, 1m0 MOsSICHIOETHCS
HOIAPSIIHUM pEYEeHHSIM, Ha3uBaeTbes rojoBHUM (the Principal Clause). ITigpsane
PEUCHHS MOEIHYETHCA 3 TOJIOBHUM 3a JOMOMOTOI0 MiAPSAIHUX CHOMYyYHUKIB abo 6e3
HuX. KoMa MiX rOJIOBHUM 1 MIAPSIAHUM PEUCHHSIM YaCTO HE CTABUTHCHI.

[TigpsiaHi pedyeHHS BUKOHYIOTh Y CKIQIHOIMIAPSTHOMY pPEYCHHI (PYHKIIIO
OJIHOTO 3 YJICHIB TOJIOBHOT'O PEUCHHs 1 BIATNOBINAIOTh HA Ti K NMHUTaHHSA, Ha SKi
BIJIMOBIAAIOTh YIEHU MPOCTOTO peueHHs. [liapsiaHi peueHHsS MOYKHA PO3TIISIATH K
PO3TOPHYTI YJIEHU MPOCTOr0 peueHHs. BUXOAs4u 3 [IbOTO PO3PI3HAIOTH TaKl MIAPSIHI
pEUYCHHS:

e migmeroBe (the subject clause);
npucyakose (the predicative clause);
nonatkose (the object clause);
o3HavaibHe (the attributive clause);
ob6craBuHHE (uacy — the adverbial clause of time, micus - the adverbial clause
of place, cmocoOy nii - the adverbial clause of manner, nmpuuunm - the
adverbial clause of reason, Hacmigky - the adverbial clause of consequence,
ymoBHu - the adverbial clause of condition, metu - the adverbial clause of
purpose, nmoctynkwu - the adverbial clause of concession).

3.2. Yacu rpynu Indefinite

[Ipu yTtBOpeHHi yaciB akTuBHOTO crtaHy rpynu Indefinite cmucioBi niecioBa
JIHCHOrO CcHoco0y BUKOPHUCTOBYEThCS Yy TakuX Qopmax: Jis YTBOPEHHS Yacy
Present Indefinite — y ¢popmi indinitTuBa 6e3 yacTku to (i3 10AaBaHHIM 3aKiHUCHHS
—S y CTBEP/KYBaJbHIN GopMi y TpeTii 0coO1 OJHWHM); AJIT YTBOpPEHHS dacy Past
Indefinite — y npyriit popmi (popma Past Indefinite), 1yt yrBopenns gacy Future
Indefinite — y ¢popmi iHdiHITHBA O€3 yacTKH to.

Yacu mnacuMBHOTO CTaHy YTBOPIOIOTHCS 3a JONOMOIOI0 JiecioBa to be y
BIZIMOBITHOMY dYaci Ta (opmMu JlenpukMeTHHKa MHUHYJOTo dYacy (dopma Past
Participle) ocHoBHOro aiecioBa. Yac JaiecnoBa y NMacMBHOMY CTaHI BU3HAYA€THCS
(bopmor0, y SIKIM CTOITh JOMOMIKHE A1€CIOBO to be.

Yacu rpynu Indefinite BxxuBaroThCs JIsI BUPaKEHHS il Yy TEMEPITHbOMY,
MUHYJIOMY 1 MaiOyTHbOMY O€3 BKa3iBKM Ha HOTO TPUBAIICTh Ta 3aKIHYEHICTH
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0€3BITHOCHO 10 Oyab-sKOT1 1HIIOI Jii YM MOMEHTY. 30KpeMa, MOXKHA IiJIKPECIUTH
TaKi 0COOJIMBOCTI BXKMBAHHS YaciB I1€1 TPYTIH.

Yac Present Indefinite Tense

BUpaXae 110, 1110 € IpuTaMaHHa oco01 abo mpeaMeTy, Kl BUPAKEHI MIMETOM,
TOOTO Aii, 110 BiOYBAa€ThCS B3araii, a HE y MOMEHT MOBJICHHS.

3 niecnoBaMu, SIK1 HE BKUMBAIOThHCA y yacax rpynu Continuous (Takux sk to see,
to hear, to recognize, to want, to understand) , 1eii yac BXKUBAETHCS TAKOXK IS
BUPAXEHHS Ji1, [0 BIJOYBAETHCSI Y MOMEHT MOBJICHHS.

Present Indefinite Tense moxxe BupakaTH MaHOyTHIO 110, KOJM BOHA
3a37ayIeTiib HaMiueHa, 0COOJIMBO 3 JIECIOBaMH, IO O3HAYaIOTh pyX (to leave, to
start, to sail, to return, to arrive, to go, to come). Y Takux Bumajgkax IpuCyTHS, K
npaBmiIo, 00CTaBHHA Yacy, 110 BKa3ye Ha MalOyTHI dac.

[leit yac Takok BXKUBAETHCS 3aMicTh MalOyTHHOTO 4acy Future Indefinite y
00CTaBUHHMX MIAPSJAHUX PEUCHHAX YMOBHM 1 dYacy. Taki pedeHHs yBOASThCS 3a
nonomororo crnonydHukiB if, unless, provided that, when, until, till, as soon as,
before Ta iH.

Yac Past Indefinite Tense

BUpaXkae Jio, mo BigOyBamacs abo BimOynacs y MuHysnoMy. OCHOBHI BUIAIKH
B)KMBaHHS JJAHOTO Yacy:

JUTSl BUPAXEHHS /i Yy MUHYJIOMY, SIKe BUCJIOBIIIOEThCS K yesterday, last week,
an hour ago, at six o'clock, the other day, on Monday, in 2006Ta iH., a60 TIPS THUM
pedyerHsM. Yac aii Moxke OyTH HE BKa3aHMIA, a MATUCS Ha yBa3i;

JUISl BUPAXKEHHS psIAY 1M Y TIOCHIIOBHOCTI, Y K1 BOHH BIJIOYBaIUCS;

JUTSI BUPKEHHSI 3BUYANHOT /111, sIKa TOBTOPIOBANIACS Y MUHYJIOMY.

Yac Future Indefinite Tense

BUpaXKae [0, MO BiAOyneThcs abo Oyne BigOyBaTucs y MaitOytHbomy. lle
MO>Ke OyTH 1Sl OMHOKpaTHA ad0 TakKa, 1110 TOBTOPIOETHCH.

Yac Future Indefinite Tense He BxkuBaeTbcAd y NIAPSIIHUX PEUEHHSX Hacy Ta
YMOBHUX.

Yac Future Indefinite in the Past Tense

BUpaXae 10, sika € MaWOyTHHOIO BIJHOCHO MHHYJIOTO MOMEHTY 4acy.
Haiiyacrie BOHO BXXHMBAETHCS Y MIAPATHUX PEUCHHSX, KOJHM MPHUCYIOK TOJIOBHOTO
pPEUYECHHS BUPAKEHU J11€CTIOBOM Y MUHYJIOMY Yaci.

4. EXERCISES

Exercise 1

[TpounTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

[lepenumriTh HACTYIIHI pEYSHHS Ta 3pO0IThH iX CHHTAKCUYHUHN PO30Iip.

1. The charging is almost invariably accomplished by the addition or removal of
electrons. 2. The silk will be negatively charged, since it carries the electrons that it
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removed from the glass. 3. Repulsion between like charges and attraction between
unlike charges made up of the repulsions and attractions between individual excess
protons and electrons. 4. Bodies which are not electrically charged, that is, which
contain equal numbers of protons and electrons, neither attract nor repel each other in
this way, because the forces of attraction and repulsion are in equilibrium.

Exercise 3

BusnauTe, sSKi YacH aKTUBHOTO 1 TACUBHOTO CTaHYy BHKOPHUCTaHI Y TEKCTI YPOKY,
1 BUMMIIIITH 3 HBOTO TPUKJIAIU BIAMOBIAHUX PEUCHb.

Exercise 4

[lepeTBOpiTH HaBEJCHI HIKYE PEUYCHHS, 3aCTOCYBABIIM y HHX ITACHBHUM CTaH
BUJIIJIEHUX CMHUCJIOBHX J1€CIIIB.

1. The number of protons in the nucleus determines the chemical properties of
the atom. 2. Fig. 41 illustrates the effect of a charged object on one that is
uncharged. 3. The nucleus concentrates the mass of the atom. 4. The atoms of which
the material is composed do not greatly impede the motion of free electrons. 5. Many
scientists observed this regularity. 6. Filtering reduces noise. 7. Many scientists
recognized the results he obtained. 8. The library subscribes many scientific
magazines. 9. The research team carried out that investigation. 10. The temperature
influences on the winding resistance. 11. The shunt generator fed the heating
element. 13. The Earth magnetic field acts on the compass needle. 14. Forces tending
to move the rotor bars sideways at right angles act upon them in the magnetic field.

Exercise 5

[TepexnaaiTeh Ha YKpaiHCHKY MOBY, 3BEpHYBIIIN yBary Ha IMOPYIIEHHS MPSIMOTO
MIOPSZIKY CJIiB y pEUCHHSX.

1. Nowhere, we see rapid progress in telecommunications. 2. Only in this
region could we expect to find such an abrupt shift. 3. For this purpose no direct
method has been devised, nor is it likely that such a method is possible. 4. Nothing in
science is ever completely new, nor is the independent work of different persons ever
identical. 5. Hardly has this result been ignored. 6. Associated with each machine-
tool is a control unit which reads the disc and translates its instructions for the
controlled power for the servomotors that move the tool slides. 7. Closely allied to
the problem of attaining increased simplicity in the electronic gear is the urgent
necessity for eliminating unnecessary production costs. 8. Consider the table in which
are tabulated measured and predicted values. 9. Not only in volume has the industry
made an impressive showing, but in adaptivity too. 10. Included in the paper is a
discussion of principles of operation, details of circuitry, and examples of
experimental data taken from the machine.
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LESSON 2.2

1. TEXT

ALTERNATING CURRENT AND VOLTAGE

An alternating current or voltage is defined as a current or voltage in which the
direction changes periodically. In other words, the current flow is first in one
direction in the circuit and then in the other, this reversal occurring at regular
intervals.

The frequency with which a complete change occurs may be 60 times a second
(as in the case of electric power supplied to most residences), from 20 to 15,000 times
per second (for voice and music waves in communication systems), or up to millions
and billions of times per second (as in the case of the radio or TV signals that are
used in communications and other signal purposes). In many of applications of
alternating current the variation with time is smooth and regular, following the
variation of the sine of a constantly varying angle. Such an alternating current or
voltage is said to vary sinusoidally with time or to be a sine wave.

A tuning fork produces sound or variation in the atmospheric pressure that
varies sinusoidally with time. The pendulum of a clock is sifting energy back and
forth from kinetic to potential in its sinusoidal movement. If a hacksaw blade is
clamped in a vise, a weight placed on the end of it may be made to oscillate with a
sinusoidal movement that also shifts energy back and forth kinetic to spring, or strain,
energy.

The vibration of a gasoline engine, caused by unbalances in the rotating
elements and uneven forces exerted on the pistons, appears in the form of sinusoidal
movements of the engine itself. The oscillations in the tuned circuit of a high-
frequency electric heating unit are also sinusoidal.

In electric power equipment every effort is made to assure a sinusoidal voltage
at the power outlet. This is so nearly achieved in power circuits that a sinusoidal
voltage may be assumed without appreciable error.

In high-frequency heating units, such as are used for preheating thermoplastics
for molding operations and for surface heating and hardening of small gears, the
oscillations assume the sinusoidal form by the very nature of the energy interchange
between the magnetic and electric fields.

Since such sinusoidal variations of current and voltage are so extensively used
in all a-c equipment, their characteristics have to be studied in considerable detail.

When a-c quantities pass through zero and reach the maximum positive value
at the same time these quantities are said to be in phase. When alternating currents
and voltages are not in phase, the quantity that reaches the maximum value first is
said to lead the other quantity. Similarly, the one which reaches its maximum later is
said to lag the other a-c current or voltage.

2. VOCABULARY

alternating — 3HAKO3MIHHUM; place — miclie, MONOKEHHS; TOMIIIATH,
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KOCOCUMETPUYHUU; 3MIHHHH,
MIEPEMEKOBHHU,

nepioaNYHUN

current — TedYisd, INOTIK, IIBUIKICTb
MOTOKY a0o0 Teuli; (erexmpuunuil) CTpyM
voltage — (enexkTpuyHa) HaIpyra,
pI3HULA IMOTEHIlIAIIB, IIOTEHIIAJI,

CJICKTPOpPYIIIiifHA CUIa
alternating current — 3MiHHUI CTpyM

alternating voltage — 3MiHHa HanpyTa
define - BU3HauaTu, 1aBaTu
BU3HAYCHHSI, XapaKTEPU3yBaTH, J1aBaTH
XapaKTEPUCTHKY

direction — HanpsAM(0K), CIpsIMyBaHHS
change - 3MiHa, 3MiHIOBaTH(Ch);
3aMiHa, 3aMIHIOBATH; MEPEXi,
NEPETBOPEHHS

periodically - nepioguuno

flow — Teuis, OTIK, TeYa;TEKTU

reversal - peBepcyBaHHs, 3MiHa
HaIPSIMKY Ha 3BOPOTHUM, 3BOPOTHUU

pyXx

occur — 3ycTpiyaTucs, onajaTucs,
BIJI0YyBaTUCh, TPAILISITUCH, MATH MICIIE,
3aIsIratv (000 NOKIAOY KOPUCHUX
KONAIUH)

regular — akypaTHui, 3aKOHOMIpHUH,
HOpPMaJbHUM, 3BUYAHUN,
OJTHOMAaHITHUM, IIJIAHOMIPHUH,
IIPAaBUJIBHUM, PETYJISIPHUM,
CHCTEMAaTU30BaHUU

interval — iHTepBa, MPOMIKOK,
BiJICTaHb, N1ay3a, MepepBa, AlanazoH
frequency — yacTtoTa, HOBTOPIOBAHICTb,
4acTOTa MOBTOPEHHS; MEPIOIUYHICTD
complete - 3aBepiryBaTH, 3aKIHIYBAaTH,
3aBepIICHUN, 3aKIHUCHUH;
KOMILICKTYBaTH, YKOMIUIEKTOBYBATH
time - yac, BUMIiprOBaTH (BU3HAYATH )
yac; nepioj (1HTepBaj) 4acy, MOMEHT

pO3MIlIaTH, KJIACTH, YKJIaJgaTh

oscillate — BiOpyBaTH, Ka4aTHCh,
KOJIMBATHUCh, PO3KAYyBaTUCH

spring — npy»xuHa, CTpUOOK, pecopa,
CKa4YOK, IPYKHICTh, €JIACTUYHICTB;
MPYKUHUTH; IPY)KUHHUNA, PECOPHUM
strain — gedopmariisi, Hapyra, HaTAT;
nehopMyBaTH, HAIIPYKYBaTH;
HaIlPY>KCHUMN, HATSHKHUAN

energy — €Hepris; eHepreTHUHUN
spring energy — eHeprisi Ipy>KHOi
nedopmarrii

strain energy — eneprisa nedopmariii
vibration — BiOpaisi, BIOpyBaHHS,
XBWJIACTICTh, TOM/TaHHSA, KOJIMBAHHS,
BiOpaniiHui, KOJTUBAIbHUI
gasoline — 6eH31H, OCH3WHOBHIA
engine - IBUTYH, MOTOD, MaIlIMHA,
MEXaHi3M, JOKOMOTHB, 3HAPSIIA
unbalance — acumerpis, nucbanaHc,
HEpiBHOBara, HEBPiBHOBa)XCHICTb,
po3baiianc, po3danaHCyBaHHS,
PO3Yy3rOJUKEHHS; PO3CTPOIOBATH;
nucOaTaHCHUN

rotating — Kpy4eHHsI; 00epTOBHiA,
KPYTWIbHUH, IOBEPHYTUH, 1110
TIOBEPTAETHCS

element - eleMeHT, KOMITOHEHT,
JeTalb, CKJIa[0Ba YaCTHHA, JTaHKa,
0JIOK, MOJTyJIb, IPUCTPiH, BY30J, OpraH,
NEPBUHHUHN €JIEMEHT, MapaMeTp

uneven forces — HepIBHOMIPHI 3yCHJIIIS

exert - npukiaaaTu (Cuiy),
HaIPYKyBaTH (3yCUILIA)

piston — kianaH, IIyHXep, NOPLIEHb,
NOPUIHEBUN, LWIIHAPUYHUN

tune — HaACTPOEHICTh, HAJIATOIXKYBATH,
HACTPOIOBATH, HACTPOIOBATHChH,
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yacy; TepMiH; TPUBAJIICTh; pa3

power — eHeprisi, HOTY>KHICTh; )KUBUTH;
NOKA3HUK CTYIEHs, CTYIIHb (Mamem.);
CICKTPOCUIIOBUI; EHEPTECTHKA,;
EHEPreTUYHUI

supply — mxepeno KUBJICHHS,
3a0e3Mne4eHHsl, )KUBJICHHS;, IOCTaYaTH,
nocTadaHHs (Hanp. eiekmpoenepeii)
residence - )XUTJI0; 1IM, KBAPTHUPA;
odic; pe3uaeHIis, (domauHe)
roCIoapcTBO, MOOYTOBE MPUMIIIICHHS
voice — royioc; mpoOMOBJIIATH, TOBOPUTH
music — My31MKa, My3U4He
CYTPOBOKCHHSI

wave - XBWISI, KOJUBaHHS, CUTHA,
XBHUJIbOBHUH, KOJTMBAJIBHUM;
po3MaxyBaTH

communication - KoMyHiKailis,
3B'S30K, MTOB1JIOMJICHHSI, 3aC10 3B's3KY,
B3a€EMO/Iis1, CTIIKYBaHHSI

system — KOMIUIEKC, CCTEMa,
CYKYITHICTh; CHCTEMHHI
communication system — cucrema
3B'A3KYy, CHCTEMa Tepeaadl JaHuX
million - MinblioH

billion - Minbsipa
radio - mepenaBaTu 1o paio; pasuio,

pagionpuiiMay; paaionpuiMaibHUN

TV - teneBi3iiiHUNA

signal - ngaBaTu curHaJ, CUTHAII3yBaTH;

IMITYJIbC, KOJMBAHHS, CUTHAJ, TIOJIiS;
CUTHAJILHUH

use — BUKOPHUCTAHHS, KOPHCTD,
KOPHUCTYBaHHS, 3aCTOCYBAaHHS,
eKCIUTyaTarlisi, BXKUBaHHS,
BUKOPHUCTOBYBATH, OOXOIUTHUCH 3,
OTIepyBaTH, BXXUBATH, EKCILTyaTyBaTH

purpose —Ipu3HAYEHHs, HaMip, [IIbOBA

YCTaHOBKA, META, ITiJIb; MaTH 3a METY,
MaTH HaMmip

BIJIPETYJIIOBATU
circuit - cxema, K010, KOHTYp, MEpEXKa;
KaHall, JiHis, TPAaKT; KPyroooir

tuned circuit - HaCTpOEHUI KOHTYD,
PE30HAHCHUN KOHTYD

high-frequency - BiOpariitHui,
BHCOKOYaCTOTHUM

equipment - o0aHAHHS

effort - 3ycusuis, Hanpy>XeHICTh,
cpoba, pe3yabTaT podoTH

assure - rapaHTyBaTH, 3a0€31euyBaTH

outlet - BUIIyCK, BUTIKaHHS;
BUITYCKOBUM, BUX1THUH OTBIP; BUIYCK,
BUXIJT; 3JIMB, CTIK; IIITETICEIbHA PO3ETKa
nearly achieve — maitxke nocsratu

power circuit - Ko0JIO TOJIOBHOT'O
CTPYMY, CHJIOBE KOJIO

assume - puiiMartu (xapakmep,
¢opmy), NOMyCKaTH, MPUITYCKATH
appreciable - cyTTeBul, NPUMITHUIA,
3HAYHUU

error — MOMMJIKa, MoxXuoKa, MpoMax;
MPOPAXYHOK; HEIOTJISI, HETOUHICT,
OMUCKA, BIIXWICHHS; PO3XO/KCHHS;
PO3Y3rOKEHHS

preheating — nonepeaHe HarpiBaHH4,
HiIIrpiB

thermoplastic — TepMorIacTux,
TEPMOIUIACTUKOBUM, TEPMOILJIACTUIHU I

molding — onpecyBaHHs, IIpec-
MOPOILIOK, pecyBaHHs, POpPMyBaHHS,
¢dbopmMoBKa, (pacOHHA IMITAMITOBKA;
dbopmyrounii

operation - [isi, omnepartis,
oTiepyBaHHs, MIPoIIeC, poOoTa,
CIpalbOBYBaHHS, YIIPaBIiHHA,
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application - 3asBa; 3asBKa,
npuKIagaHHs ( Harp., 3yCUilb ),
3aCTOCYBaHHs, BXKUBAaHHS, PUKIIATHA
nporpama, MpuKJIagHa CUCTEMa,
JI0JIaTOK; MPUKJIATHUH

variation — Bapiarlisi, BapirOBaHHS,
3MiHa, 3MIHIOBAHICTh, KOJIMBAaHHS,
BIJIXWUJICHHS, PI3HOBHU/, XiJI 3QJIC)KHOCTI;
BapiaminHui

smooth - riankuil, naBHU, pPIBHUH,
3TJ1aJPKCHUH, CITOKIMHMI;
pO3rIaIKyBaTH, 3ariaIKyBaTH

regular — 3aKkoHOMipHUH, HOpPMAJIBHUH,
3BHYANHMI, OJTHOMaHITHHUH,
TUTAHOMIPHUN, TIPaBUIHHUM,
pPEryJIIpHUN, CUCTEMATU30BAHUM
following - ciinKyBaHHS; BeICHUH,
HABEJICHUM HI)KYE, HACTYITHUU;
CIiAyBaTH

sine — CMHYC, CHHYCHMH, CUHYCOIIHUI
angle — KkyT, KyToBUil IpoQiib, KyTOK,
KYTKOBA CTajlb, KyTKOBUH MPOKAT,
KOCHHEIb

sinusoidally - cunycoiganbsHo

wave — IoMax, XBUJIs, XBUJIbOBE
KOJIMBAHHS; TAKUH, 110 KOJIMBAETHCS,
3M1MCHIOBATH XBUIILOBUM PyX

tuning — Hayla/IKa, HaCTPOIKa,
HaCTPOWKA HA YAaCTOTY, IEPECTPOMKA,
HACTPOIOBAIBHUMN

fork — Buiaka, BUJIKOBUIA,
BUJIKOTIOIOHMIA, PO3TaTy KCeHHS

tuning fork - kamepTon

(YyHKIIIOHYBaHHS, €KCILTyaTalis;
pobounii
surface heating - noBepxHeBuii HarpiB

hardening - 3akamtoBaHH,
3aTBEPKYBaHHS, HAKJIEI, TBEPAIHHS,
3MIIHCHHS; 1[0 3arapTOBYE, 110
3arapTOBYETHCS, IO TBEP/IIE, 110
3MIIHIOETHCSA

gear — arapar, 3youare kKojieco 3y0yara
nepenada, MeXaHi3M, 00JIaTHAHHSA,
nepenaya, npudop, MPUBOL,
IIPUCTOCYBaHHS, CHapsJ, CHACTbh,
IIECTEPHS;, 3HITUIATH, 3UCTIUTH;
nepeaaToOuYHi, TpaHCMICIHHUM,
IECTEPHUI

very nature — came npupo/ia

energy interchange - oOMiH eHepriero

magnetic field — marniTHe nose
electric field — enexrpuune nosne

extensively — 3Ha4HOIO MipOTO, CUITBHO
a-c equipment — eJIeKTPOOOJIaTHAHHS
3MIHHOTO CTPyMY

characteristic — xapakrepHa puca,
(xapaxmepna) 0cobIUBICTD,
BJIACTUBICTbH, 03HAKA, XaPaKTEPUCTHKA;
(MHOOHC.) TEXHIUHI JaH1, TApAMETPH;
KpHBAa; XapaKTepHUI, TUIIOBUI
considerable - 3HauHUI; BaXXJIMBUH,
BAPTUM yBaru, CyTTEBUI, BEJTUKUH,
HeMasuil; (amep.) y BEIUKINA KUIBKOCTI,
Oarato

detail - neranb, e1eMEHT, YacTUHA
(KOHCTpPYKIIIi ); By30J ( HA KpPECJICHHI);

18



sound — 3ByK, 3BYKOBMH, 3BYy4arH,
30H/1, 30HAYBaTH, OOTPYHTOBAHUM, Iyl

atmospheric - atmochepHuii

pressure - TUHCK

pendulum — MasgTHUK, MAaATHUKOBUH

Kinetic - KiIHeTUYHUH

potential — (ezexmp.) Hanpyra,
NOTEHIlla)I, TOTCHIIAJIbHUMN, MOXITUBUHN
movement — pyX, TepecyBaHHS,
nepeMIIICHHS

sinusoidal - cunycoinanbauit
hacksaw — HOXXiBKa, HO>KIBKOBa ITHJIA,
HO>KIBKOBUU

blade — ne3o0, pixkyya riacTuna,
noJIOTHHUIIE (TTUJIN), JIONATh, JIONATKA,
TUTAaHKA

clamp — nepxarens, 3aTHCKay,
cTpyOumHa, ¢ikcatop, Kiema, ckooa,
XOMYT, KpITUJICHHS; 3aTHUCKATH,
CKpIIUIATH, PIKCYBaTH

vise — cTpyOI1I1Ha, THUCKH

weight — Bara, rups, BaHTax,
HaBaHTA)XXYBaTH, Barap; BaroBui

JIeTaJIbHE JIeTaThOBaHE) KPECIICHHS,
JeTali3yBaTh

quantity — KUIbKICTb, (p131yHa)
BEJIMYHMHA; PO3MIp, A0JIs, YaCTHHA,
napameTp

pass - NPOXOKEHHS, TPOXiJI, IPOI3I,
nepexia, UTH; TPOXOAUTH, TIPOI3HKATH
NePETUHATH, IEPEXOAUTH, TIEPEI3IHKATU
maximum - MaKCUMYM, MaKCUMaJIbHE
3HAYCHHSI

positive — o3UTHB, NO3UTUBHE
300pakeHHs; TO3UTUBHA

BEITMYHMHA, MOMO3UTHBHHM

value - (vucnose) 3nauenns (Ppi3U4HOL
BEJIMYMHY ), BEIMUMHA, OI[IHKA,
3HAYYIIICTh, IIIHHOCTh, BAPTICTh;
OIIHFOBATH

in phase — criBnagaru 3a ¢asoro,
3HaXOJUTUCH Y (a3l

to lag — BimcraBaTu 3a (pazoro

to lead — Bunepexatu 3a gazoro
later - mizHime

reach - focsratun

place - wmiclie, mpocTip, y4acToK,
po3psi, mo3uilis (pa3psiaa); Miciie
(3HaKa); MOMIIIATH,

PO3MIIIaTH, BCTAHOBIIOBATH, YKJIaIaTH
oscillate - xonuBartucs, BiOpyBaTu,
reHepyBaTu

3. GRAMMATICAL NOTES

3.1. YMoBHI peueHHs

[TizpsimHI YMOBHI pedeHHS BiJnoBigaroTh Ha nuTanHa On what condition?, In
what case? Haiiuacriiiie 10 TOJIOBHOTO PEYEHHSI BOHU MPUEAHYIOTHCS 32 I0IMIOMOTOI0
criosryyHuKa if. BUKOpHCTOBYIOTBCS TaKOXK CITOIYYHHKH unless, so long as, provided
(that), providing (that), on condition (that), supposing (that), suppose (that). B
3aJIEKHOCTI B1J] pealibHOCTI 3[{1IHCHEHHS YMOBHU, YMOBHI pEYEHHS MOAUISIOTHCS HA TPU

THUIIN.

19



3.1.1. Y™MoBHI peuenHs | tumy

Taki peueHHs1 BUpaXaroTh 3/lIICHEHHE (pealibHE) MPUMYILIEHHS, K1 BIAHOCITHCA
710 TENEPIIIHLOTO, MUHYJIOTO a00 MallOyTHHOTO Yacy.

Jlnst BupakeHHs MaWOyTHBOI il Yy MIAPSTHUX PEUEHHSX YMOBH BXKHUBAETHCS
tenepimHiil yac Present Indefinite. J[ns mpumansas npunynieHH0 BIATIHKY MEHIIO1
BIPOT1JTHOCT] Y MIAPSIAHOMY peueHH1 3amicTh Present Indefinite moxxe BxuBatucs
cnosiyueHHs should 3 iH(piHiTHBOM 0€3 HacTkH to.

3.1.2. YMmoBHI peuenHs Il tumy

Taki pedyeHHS BUPAKAIOTh MAJIOBIPOTiHI a00 HEBIPOTIAHI MPUITYIICHHS, IO
BIJIHOCATHCS JJO MUHYJIOTO.

B minpsimaomy pedeHHi BxkuBaeThes ¢opma dacy Past Subjunctive, sxa s
BCIX JieciiB, 3a BUHATKOM to be, 30iracthcsi 3 Past Indefinite; y romoBHoMy —
yMOBHUM crioci0 aiecioBa — noegHanHs should, would, might, could 3 Indefinite
Infinitive Ge3 uactku to.

3.1.3. YMmoBHI1 peuenns 111 tumy

Taki pedyeHHs BHUpaXalOTh HE3AIMCHEHH! (HEpeasibHl) MPUIYIIECHHS, IO
BIJIHOCATHCS JJO MUHYJIOTO 4Yacy.

B minpsgnomy peuenHi BxkuBaethes opma dacy Past Perfect Subjunctive, sika
30iraetrbcst 3 Past Perfect; y ronoBHOMYy — yMOBHMI €HOCIO Jli€CIOBA — MOEIHAHHS
should, would, might, could 3 Perfect Infinitive 6e3 uactku to.

3.2. Yacu rpynu Continuous

JInst yTBOpEeHHs 4aciB JlaHOi TI'pyIM BHKOPHUCTOBYIOTHCS BIAMOBIAHI (hopmu
JOTIOMIXHOTO JiecioBa to be (y mMallOyTHROMY 4Yaci — TaKOXK JOTOMIXKHI J1€CIOBa
shall, will, y yaci maiiOytHboMy y MunysnomMy 3amicth shall, will BukopuctoByroThCs
nonomixHi nieciioBa should, would) Ta dopma nienpukMeTHUKA TENEPIIIHBOTO Yacy
cMuciioBoro jieciona (popma Present Participle).

Yacu rpynu Continuous BXHUBAIOThCA ISl BUPaKEHHS TpUBAJIOl i, IO
po3moyanacs 10 IEBHOTO MOMEHTY Y TENEePIIHbOMY, MUHYJIOMY a00 MallOyTHbOMY I
BiJI0OyBaeThCs 260 OyJie BiIOyBaTUCS y 116 MOMEHT.

Yac Present Continuous Tense BxxuBaeTbcs:

JUTSl BAPAYKEHHSI TPUBAJIOT 1111, 10 BiJOYBA€THCSI Y MOMEHT MOBJICHHS

JUISL BUPAXEHHSI TPUBAJIOL J1i, 1[0 BIAOYBAEThCA y TEMEPIIIHIA mepioj yacy,
HEOOOB'SI3KOBO Y MOMEHT MOBJICHHSI

JUIS. BUPKEHHS TpuBajioi Jii y MalOyTHROMY B OOCTaBUHHHMX MIIPSIHUX
PEUYCHHSX YMOBH Ta 4acy, sKi BBOJAThCS croyuynukamu if, when, while Ta in.

JUISL BUPQXKEHHS 11 Yy MailOyTHbOMY, SIKIIIO BUCJIOBJIIOETHCS HaMip i1 BAKOHAHHS
a00 MoOBa ¥jie mpo 3a3/aieriap HaMiueHii aii.

Yac Past Continuous Tense Bupakae He3aKIHUCHY TPUBAIY M0 Y MHHYJIOMY.
BiH BXXuBaeThCS:
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BUPaKEHHS TPUBAJOI Aii, M0 po3noyanacs A0 MEeBHOTO MOMEHTY Y MUHYJIOMY 1
1€ BIJOYBA€TbCS y € MOMEHT

3 TaKMMHM O3HakaMu dyacy, sk at five o'clock, at noon, at midnight, at that
moment Ta iH.

KOJIM 1HILIAa MUHYJIA J1isl BUpa)keHa JiecioBoM y Past Indefinite

JUIA BUpPAXCHHS TpHUBANOi Ail, sika BigOyBajacs y MUHYJIOMY BIIpi3Ky dacy
(MOKJIMBO ¥ HE Oe3mepepBHO Y 1€l Jac)

3 TaKMMHU O3Hakamu 4acy, sk all day long (yesterday), all the time, the whole
evening, from five till eight, konu 11 BU3HaA4YA€THCS K TPOIIEC

Yac Future Continuous Tense Bupaxkae MalOyTHIO 10 Yy mpoleci ii
BUKOHAaHHS. [lel yac BKuBa€eThCS:

JUIsT BUPaXCHHS TPUBAIOi [ii, sIKa MOYHEThCS 1O TIEBHOTO Mai0yTHHOTO
MOMEHTY 4acy i OyJie TpUBaTH y 1ileid MOMEHT

TSl BUPAYKEHHsI TPUBAJIOI 1111, sika B1I0OYBaTUMEThCS HA TIEBHOMY BIJPI3KY Hacy

1HO/I1 B)KMBA€ETHCS 3 TAKUMH O3HaKaMu yacy, sk all day long, all the time, the
whole evening, from five till eight Ta in., Konu A1 cipuliMaeTbes He SIK PakT, a K
npolec

JUTSI BUPKEHHSI HETPUBAJIOT /111, KOJM BUCIOBIIIOETHCS HaMIp 1i BUKOHAHHS 200
KOJIM MOBa /i€ PO 3a3JaJeri/lb HAMIYEHY J1I0.

Yac Future Continuous in the Past Tense 3aminroe Future Continuous Tense
y TIAPSATHAX PEUYEHHSAX, KOJU TPHUCYJIOK Yy TOJOBHOMY pPEUYCHHI BHUpPaKCHUU
JECIIOBOM y MUHYJIOMY Yaci.

3.3. IudiniTHB Ta 1HDIHITUBHI 3BOPOTH

VY HayKOBO-TEXHIYHIH JITEpaTypi y AKOCTI TOTO YH 1HIIIOTO WICHA PEYCHHS
BUcTynae iHGIHITUB IieciaoBa. YacTo BKUBAIOTHCA 1H(IHITUBHI 3BOPOTH, SIKi
MEPEKIAAAIOTHCS BIAMOBIIHUM IM1IPSIHUM PEUECHHSM.

3.4. BucnosieHHa HEOOX1THOCTI 3a JonoMIIroro aieciis to have 1 to be

HiecioBo to have BxxuBaeThCs pa3oM 3 1HQIHITUBOM 13 YAaCTKOIO t0 JUIsl BUpa3y
HEOOX1JTHOCT1 Y TENEPILIHHOMY Ta MUHYJIOMY, 110 3yMOBJI€HAa NtBHUMH OOCTaBUHAMMU
y CTBEP/KYBAIbHUX, MUTATHHUX Ta 3anepeunux (do not have) pedeHnsax

HiecnoBo to have mae okpemy ¢dopmy st BUCIOBJICHHS HEOOXIAHOCTI Yy
MalOyTHBOMY.

VY Munynomy 4aci aieciioBo to have (had to) BxuBaeThCs, KOJMU il TOBUHHA
OyJia BiI0OyTHCS BHACIIIOK IMEBHUX 00CTaBUH 1 (paKTUUHO BijOyIacs.

Jl1st BUCTTOBIIEHHSI HEOOX1THOCTI J1i€CiIoBO to be y TenepimHboMy yaci (am, is,
are) abo y MHHYJIOMY 4Yaci (was, were) pa3oM 3 iH(}IHITHBOM CMHCIIOBOTO JIIECIIOBA
13 4aCTKOIO t0 BXKMBAETHCS, KOJM TOBOPHUTHCS MPO MPO HEOOXIAHICTH Jii BHACIHIIOK
NOTepeIHBO1 JOMOBIIEHOCT1 a00 3a3/1alerib CKIaJCHOrO IJIaHy.

HieciioBo to be y munyinomy yaci (was, were) pazom 3 Perfect Infinitive
BXKMBAETHCS KOJIA [l IOBUHHA Oyja BIIOYTHCS 3a JOMOBJICHICTIO 200 IUIAHOM, aje
HE Bi0OyJacs.
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4. EXERCISES

Exercise 1

[IpounTaiiTe i mepexnaaiTh TEKCT.

Exercise 2

[lepexnaaiTe Ta BUBHAUTE TUIl YMOBHUX PEYECHb.

1. If the voltage is divided by rated phase voltage, the result is in per-unit form
and if further multiplied by 100, the result is in percentage form. 2. If now the steam
supply is increased, the power balance is upset and the additional power is absorbed
temporarily in the form of kinetic energy by the alternator increasing speed slightly.
3. If now the excitation is increased, the end of the phasor moves horizontally to the
right, and the alternator generates at a lagging power factor. 4. If, however, E,

advances in phase beyond ob, due to an increase in the steam supply, the electrical
output of the alternator decreases. 5. If the alternator, line and load are considered as
a separate system not connected to the grid, any increase in steam supply will
increase the system frequency and force the load to accept more power since its a.-c.
motors will be running faster. 6. If the load voltage rises, the power taken by any
resistor (heating) load will rise. 7. Conversely, if the load demand rises, the system
frequency and voltage tend to fall. 8. If the grid frequency and voltage are constant,
the generation and load demand are equal (the losses in the system being part of the

demand). 9. If the three vectors are each multiplied by 3, af will now represent 3-

phase load voltamperes. 10. If over a short interval of time it can be assumed that all
consumers are supplied at a fixed voltage and frequency, then the load demand for
power and vars is fixed in magnitude and location.

Exercise 3

BusHaute, ki 4acM aKTUBHOTO 1 MAaCHUBHOTO CTaHy BUKOPHUCTaHI y TEKCTI
YPOKY, i BUITUIIITH 3 HHOTO MPHUKIIAIN BIAMOBIIHUX PEUCHb.

Exercise 4

[TepeTBOpiTH HaBEACHI HUXKYE PEUCHHS, 3aCTOCYBABIIN Yy HUX MACUBHHM CTaH
BUJIIJIEHUX CMHUCJIOBHX J1€CIIB.

1. The number of protons in the nucleus determines the chemical properties of
the atom. 2. Fig. 1 illustrates the effect of a charged object on one that is uncharged.
3. The nucleus concentrates the mass of the atom. 4. The atoms of which the
material 1s composed do not greatly impede the motion of free electrons. 5. Many
scientists observed this regularity. 6. Filtering reduces noise. 7. Thick coverings
insulate wires used for the distribution of electricity. 8. We know such combinations
of resistances to give a reduced voltage as a potentiometer or voltage divider. 9.
Designers extensively use the Wheatstone bridge in industrial instruments for the
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measurement of temperature, strain, and certain other industrial quantities. 10. We
normally associate a change in magnetic flux with an electric pressure or voltage.

Exercise 5

[lepexnaaiTe peueHHs, BU3HAUMBIIM QYHKIII AiechiB to be Ta to have.

1. The solution is obtained to second-order accuracy. 2. The capacitor is
quickly discharging during the indicated period of time. 3. This values are to be
obtained with sufficient precision. 4. The thermocouple is of copper-consantan. 5. He
was following the course of events. 6. This unit of the machine has only a small
memory or storage. 7. For the detection of any small difference more careful
measurements have to be made. 8. In space investigations electronics and computers
have a key role of ever-increasing importance. 9. They have made the statement that
the reliability problem is amenable to solution. 10. If the total of these bearings is
greater than 360° then 360 will have to be subtracted from the total to find the actual
magnetic bearing to the station.

LESSON 1.3

1. TEXT

HISTORY OF ELECTRICAL ENGINEERING

Electricity is a subject of scientific interest since at least the 17th century.
However, it was not until the 19th century that research into the subject started to
intensify. Notable developments in this century include the work of Georg Ohm, who
in 1827 quantified the relationship between the electric current and potential
difference in a conductor, and the work of Michael Faraday, who in 1831 discovered
electromagnetic induction.

However, during these years the study of electricity was largely considered to be
a subfield of physics and hence the domain of physicists. It was not until the late 19th
century that universities started to offer degrees in electrical engineering. The
Darmstadt University of Technology established the first chair of electrical
engineering worldwide in 1882 and offered a quadrennial study course of electrical
engineering in 1883. In 1882, MIT offered the first course on electrical engineering in
the United States. This course was organized by Professor Charles Cross who was
head of the Physics department and who later became a founder of the American
Institute of Electrical Engineers (which later became the Institute of Electrical and
Electronics Engineers). The University College London founded the first chair of
electrical engineering in the United Kingdom in 1885. In 1886, the University of
Missouri established the first department of electrical engineering in the United
States.

During this period, work in the area increased dramatically. Of particular note
was the work of Nikola Tesla and Thomas Edison. In 1882, Edison switched on the
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world's first large-scale electrical supply network that provided 110 volts direct
current to fifty-nine customers in lower Manhattan. In 1887, Tesla filed patents
related to a competing form of power distribution known as alternating current. In the
following years a bitter rivalry between the two, known as the "War of Currents",
took place over the preferred method of distribution.

Tesla's work on induction motors and polyphase systems would influence
electrical engineering for years to come. Edison's work on telegraphy and his
development of the stock ticker would prove lucrative for his company (which would
eventually become one of the world's largest companies, General Electric). As well as
the contributions of Edison and Tesla, a number of other figures would play an
equally important role in the progress of electrical engineering at this time. Alexander
Bell would influence electrical engineering with his work in telecommunications, Lee
de Forest with his work on the Audion (a predecessor to the transistor) and
Guglielmo Marconi with his popularization of radio.

Beyond this period, the single most important invention in electrical engineering
would probably come from John Bardeen, William Shockley, and Walter Brattain,
who in 1947 invented the transistor. This device would go on to revolutionize
electrical engineering by paving the way for powerful integrated circuits. Today,
much of the wonder of the electronic world today is due to the capabilities of these

circuits.

2. VOCABULARY

research — HayKoOB1 TOCIII>KEHHS
developments — TexHiuHI pO3pPOOKH
quantify — BU3Ha4YaTH KUIHKICHO
potential difference — pizauI
MOTEHII1JIIB

conductor — IpoBij, TPOBIAHUK
study — BUBYATH, JOCIIIJKYBaTH
subfield — po3in (Hayku, TEXHIKH)

hence — Tox, 3B17CH, OTXKE

domain — o6acTs, cepa; 0061acTh
BU3HAYEHHS; cdepa AisITbHOCTI
degree — rpanyc; CTyneHb, MOPAIOK
(Mamem.); COpT, SAKICTh; JUILIOM;
CTYIIiHb, PIBEHb; BUCHHUI CTYIIIHb;
IIPUCBOIOBATH BUCHUH CTYMIHb

chair of electrical engineering —
Kadeapa eNeKTPOTEXHIKU
quadrennial — yoTupupiuHHl TEPMIH

study course — HaBYAJILHHUIN KypC

customer - CriokuBau

related - Takwuii, 10 BiTHOCUTHCS
competing - KOHKYpYyOUYUil

power distribution — po3noain
€JIeKTPOeHeprii

alternating current — 3MiHHUI CTpYM
bitter rivalry — »xopcTke NpOTUCTOSIHHS
induction motor — acCHHXpPOHHUI
JBUTYH

polyphase system — 6aratodaszna
cucrema

telegraphy — TenerpadyBanns,
tenerpadis, TeaerpadHuii 3B'130K
stock ticker — TukepHuil anapar
(anapam onsa nepeoaui TenerpadHUM
CHOCOOOM NOMOYHOI 8aPMOCMI YIHHUX
nanepie Ha 0ipoici)

lucrative — npuOyTKOBHIA, BUT1THUH,
JIOXOJTHUM, peHTa0eTbHUM

eventually — y KiHIIeBOMY paxyHKY,
HAIPUKIHIIL, 3 4aCOM

contribution - BHecOk
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electrical engineering - telecommunications —

€JIEKTPOTEXHIKA TEJIEKOMYHIKaLlisl, €IEKTPO3B'sI30K

founder - 3acHOBHUK predecessor — MonepeHUK; pid, 110
3aMiHEHA 1HIIOK0

found — 3acHoByBaTu; 3aKknagaTu transistor - TpaH3UCTOP

OCHOBY; OOTPYHTOBYBAaTU

establish — 3acHoByBaTH; BcTa- popularization - nonynspuzartis

HOBJIIOBATH (Cnig8iOHOWEHHS, haxkm)

dramatically — npumiTHO, pa3toue; invention - BuHaxi

3HAYHO, CUJIBHO

switch on — BMuKaTH; BBOAUTH B JI1F0 device - nmpuctpiit

large-scale — kpynHwuii, MaciTaOHUM paving the way - npokiagaHHs NUISIXY

electrical supply network — mepexa integrated circuit — iHTerpajibHa

€JIEKTPOIIOCTAa4YaHHsI ~ MIKpOcXema

direct current — noctiiiHu1 cCTpymM department — nutsHKa, BIAALI, CIIyXx0a,

dakynpTeT

3. GRAMMATICAL NOTES

3.1. Peuenns

Pedenns B aHTmichKili MOB1 po3moAiLIsAt0TECS Ha TpocTi (the simple sentences)
Ta CKJIaJHI — ckiagHocypsaaHi (the compound sentences) i ckimagHomniapsiaHi (the
complex sentences).

3.1.1. IIpocrti peueHHs

[Tpsimuit OpAIOK CIIIB y pedeHH1

UneHn TPOCTOrO TMOMIMPEHOTO PO3NOBIOHO20 CMBEPOIICYBANbHO20 PEUCHHS
(simple extended affirmative sentence) po3TalmIOBYIOTbCS y HBOMY TaKOMY
nopsiaky: miaMmet (the subject) — npucynok (the predicate) — nmpsmuii nogatox (the
direct object) — nenpsmuii nonatok (the indirect object) — o6ctaBunu (adverbial
modifiers). O6ctaBuna croco6y xii (the adverbial modifier of manner) nepenye
ob0craBuHi Mmicug (the adverbial modifier of place), 3a sikoro iine oOcraBuHa 4acy
(the adverbial modifier of time).

3a HasIBHOCTI KUJIBKOX OOCTaBMH 4acy OUIbIIl TOYHE BKA3aHHS Ha 4yac Mepeiye
O1TBIII 3aTaTbHUM.

OO0cTaBuHU MiCLA 1 YaCy MOXYTb TaAKOX CTOSITU HA TIOYATKY PEUYEHHS.

O3HaveHHsS HE MA€ MOCTIMHOTO MICIIS Y PEYEHHI 1 MOXKE CTOATH MPH OYIb-IKOMY
YJICHI pEYCHHS, 1110 BUPAKCHUI IMEHHUKOM.

[Ipssmuii  (6€3npUMMEHHUKOBUM) JTOAATOK CTOITh O€3MOCepPeHbO  MICIIs
Ji€ecoBa. 3a HasABHOCTI 0E€3MPUITMEHHUKOBOT'O HEMPSMOTO JI0JaTKa MPSMHUUN TOAaTOK
CTOITH ITICJISA HHOTO.

3BOpPOTHIN NOPAJIOK CHIB Yy pEYEHHI1
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[HKONMM y pEYEHHI BXKHUBAETHCS 380pPOMHIll NOPAOOK €16, KOJIU MIAMET CTOITh
nicis NpUCyAKa. 3BOPOTHIN NOPAJIOK CIIIB Ma€ MicCLE:

y pedeHHi 13 3BopoToM there is, a Takoxx koiu there 3acTOCOBYETHCS 3 THITUMH
HeTepeXiTHUMH J11€CTIOBAMU;

y pEYCHHi, IO BBOJWUTH MPSMY MOBY, SIKIIO BOHO CTOITh IICJS MPSIMOi MOBH,
MiIMET BHUPKCHUN IMEHHHMKOM, a MPHUCYJIOK — OJHHM 3 JIi€cOoB to say, to ask, to
answer, to reply Ta ACIKMMH IHIINMH;

y pEeUYeHHI, 0 TOYNHAETHCS 3 OOCTABUHH,

y PEUCHHI, 10 TOYMHAETHCA 3 MpHCIIBHUKA here abo there, xomm migmer
BUPAXCHUI IMEHHUKOM;

y pPEYEHHSX, L0 MOYMHAIOTHCS 3 TAKUX MPUCITIBHUKIB a00 CHOJYYHHKIB, K
never, seldom, little, in vain, neither, nor, hardly, scarcely ... (when), no sooner ...
(than), not only ... (but), a Takok OyIb-SIKOTO OOCTaBHHHOI'O CJIOBA, MEPE] SIKUM
CTOITh MPUCIIBHUK only; y X BUIAIKaX TEpea MIMETOM CTOITh TIJIbKH JOTIOMIKHE
a00 MOJIaTbHE JIECTIOBO, 110 BXOJMTH JIO CKJIATy MPHUCYJIKa; KOJIU JIECIOBO CTOITh y
Present a6o Past Indefinite, To mepen migMeToM BUKOpUCTOBYEThCs hopmu do, does
a6o did BiamoBigHO.

3.1.2. CxiaiHi peueHHs

CkiagHe peueHHS CKIAAeThes 3 TBOX a00 JACKITBKOX MPOCTUX, IO BUPAKAOTH
ONIHy 3arajibHy IyMKy. Taki ped4eHHS MOXYTh OyTH CcKIagHocypsgHumu (the
compound sentences) i cknagHomiapsgauMu (the complex sentences).

CxitaiHOCYpATHI PEUCHHSI

CkIagHOCYpsJIHE PEUYEHHS CKJIAJAEThCS 3 PIBHONPABHHUX IPOCTUX PEUYCHBD,
PO3IIJIEHUX KOMOIO 200 IMOETHAHUX CIIOTYYHHKOM.

CxnaHONIAPSIIHI peYeHHS

CriaiHONIApSIIHE PEYECHHS CKIAJAEThCSl 3 HEPIBHONPABHUX PEYEHBb: OJHE
PEUYCHHS € 3aJIEKHUM B1J JPYTroro 1 MOSCHIOE HOro. PeyeHHs, 110 MOSACHIOE 1HIIE
HasuBaeTbes mipsaaHuM (the subordinate clause). PedenHs, 1mo mMosSCHIOE€TbCS
OIAPSIAHUM PEYEHHSAM, HA3UBA€THCS TOJNOBHUM. [lipsiaHe peueHHsS MO€IHYETHCS 3
TOJJOBHUM 3a JOMOMOIOK MIAPSAHUX CIOIY4YHUKIB abo 0e3 Hux. Koma wmix
TOJIOBHUM 1 HIAPSATHUM PEUEHHSIM YaCTO HE CTABUTHCSL.

[ligpsaHl peyeHHs BHUKOHYIOTh Y CKIAQJHOMIAPAJHOMY pPEYEHH1 (PYHKIIO
OJIHOTO 3 YJIEHIB T'OJIOBHOI'O PEYEHHS 1 BIANOBIJAIOTh HA Ti K NHUTAHHS, HA SIKI
BIJINOBIJIAIOTh YJIEHU NPOCTOro peueHHs. IliapsiaHi pedeHHS MOKHO PO3TJsgaTH SK
PO3TrOPHYTI YJIEHU MPOCTOr0 peueHHs. BUXOAs4u 3 [IbOTO PO3PI3HAIOTH TaKi MiIPsSIHI
pPEUCHHS:

nigMertoBe (the subject clause);
npucyakose (the predicative clause);
nonatkose (the object clause);
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o3HavanbHe (the attributive clause);

obctraBuHHE (dacy — the adverbial clause of time, miciis - the adverbial clause of
place, crioco0y nii - the adverbial clause of manner, mpuuunau - the adverbial clause
of reason, Hacmiaky - the adverbial clause of consequence, ymoBu - the adverbial
clause of condition, meTu - the adverbial clause of purpose, moctynku - the adverbial
clause of concession).

3.1.3. Yac Future Indefinite in the Past

Jns yrBopenHa uvacy Future Indefinite in the Past sx 1 wacy Future
Indefinite cmucnoBe amiecnoBo BkuBaeThes y (opmi iHGiIHITHBA 0e3 yacTKu to.
Ilepen cmucnoBum fiecioBoM npu yTBopeHHI yacy Future Indefinite in the Past
CTaBUTHLCA JonOMDXKHE AleciioBo should ado would B 3anexH0CTI Bl 0cOOH.

[Ipuknan yrBopenns yacy Future Indefinite in the Past:

CTBepuKyBasibHA (hopma [TuTtanpHa popma 3anepeuna popma
I should calculate I should not calculate
He (she, it) would calculate He (she, it) would not
We should calculate He BoKUBACTECS calculate
You would calculate We should not calculate
They would calculate You would not calculate
They would not calculate

Yac Future Indefinite in the Past Tense Bupaxae nairo, sika € MaifOyTHHOIO
BITHOCHO MHHYJIOTO MOMEHTY 4acy. YacTo BOHO BXKHUBAETHCS Y MIIPSTHUX PEUCHHSX,
KOJIM TIPUCYJIOK TOJIOBHOTO PEUYCHHS BUPAKECHUH TIECTIOBOM Y MUHYJIOMY Yaci.

3.1.4. IlepexiaHi Ta HENEpEX1AHI I1€CTOBA
JiecnoBa, 10 MOXKYTh MaTH MPH coO1 MPSMUI T0AATOK, € MEPEXiTHUMHU.

I[iecnmsa, o HC MOXYTb MATH IIPAMOI'O I0OATKY € HCHCpCXi,IIHI/IMI/I.

YacTo ogHe U Te X JI€CIOBO MOXKE€ BUKOPUCTOBYBATHUCH 1 SK MEpEXiAHE, 1 K
HernepexiJiHe.

JlesskuM TiepexiTHUM JI1€ECTIOBAM aHIMChKOI MOBH BIJIOBIJAIOTh B YKPATHCHKIN
MOBI HeNepexigHl JiecioBa (Hampukiaaz, nepexigHuMm piecioBam to follow, to
approach, to watch).

JleskuM  HemepexigHUM JI€CIIOBaM  aHTJIIHMCBKOI MOBHM  BIANOBIIAIOTH B
YKpaiHChKil MOBI TIEpeXiJiHi JiecioBa (Hampukiaj, to listen to ...).

4. EXERCISES

Exercise 1

[IpounTaiiTe i NEpeKIAaITh TEKCT.

Exercise 2

Bunumite 3 TEKCTy M'ATh MNPOCTHX PEYEHb 3 MPSAMHUM IOPSAKOM CIIB Ta
BHU3HAUTE€ y HUX TOJOBHI Ta JPYrOpsAHI YJEHU. 3BEpHITH yBary Ha HOPSAJIOK

27



po3TamryBaHHS WIEHIB peyeHHs. 3po0iTh MHCHMOBUN TMEpeKiax pedyeHb Ha
YKpalHCbKY MOBY.

Exercise 3

Bunuuite 3 TEKCTy MpOCTE PEUEHHS 31 3BOPOTHIM MOPSAJIKOM CIIIB Ta BU3HAUTE
y HbOMY TOJIOBHI Ta JIPYTOpsiiHI YiI€HHU. 3BEPHITh yBary Ha MOPSAIOK PO3TallyBaHHS
YJIEHIB peueHHs. 3po0iTh MMCbMOBUI NEPEKIIA]] PEUEHHS YKPAiHCHKOIO MOBOIO.

Exercise 4

Busnaurte, 10 SIKOTO TUITYy CKJIAJIHUX pEYEHb BIAHOCATHCS HACTYIHI pEUEHHS, 1
NePeKIaaiTh iX MUCbMOBO YKPAiHCHKOIO MOBOIO:

1.However, it was not until the 19th century that research into the subject started
to intensify. 2. Notable developments in this century include the work of Georg Ohm,
who in 1827 quantified the relationship between the electric current and potential
difference in a conductor, and the work of Michael Faraday, who in 1831 discovered
electromagnetic induction. 3. It was not until the late 19th century that universities
started to offer degrees in electrical engineering. 4. The Darmstadt University of
Technology established the first chair of electrical engineering worldwide in 1882
and offered a quadrennial study course of electrical engineering in 1883. 5. This
course was organized by Professor Charles Cross who was head of the Physics
department and who later became a founder of the American Institute of Electrical
Engineers (which later became the Institute of Electrical and Electronics Engineers).
6. In 1882, Edison switched on the world's first large-scale electrical supply network
that provided 110 volts direct current to fifty-nine customers in lower Manhattan. 7.
Beyond this period, the single most important invention in electrical engineering
would probably come from John Bardeen, William Shockley, and Walter Brattain,
who in 1947 invented the transistor.

Exercise 5

Bunumiite 3 pedeHb y TEKCTI a) MEpexiJHi JIECTIOBa pa3oM 3 iX NPSIMUMH
J0TaTKaMH, O)HEeTepexiIHi J1€CI0Ba 3 IX HEMPSIMUMH JTOJaTKAMHU.

Hagenith nepeksiaj yKpaiHCbKOIO MOBOIO BUIIMCAHUX CJIOBOCIIOIYYEHb

Exercise 6

Bunumiite 3 TeKCTy pedeHHs, y skux 3actocoBaHo 4ac Future Indefinite in
the Past i mepexianiTh iX yKpaiHCbKOI MOBOIO.
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LESSON 14

1. TEXT

FROM AUTOBIOGRAPHY OF NIKOLA TESLA

At the age of ten I entered the Real gymnasium which was a new and fairly well
equipped institution.

My studies were continued at the higher Real Gymnasium in Carlstadt, Croatia,
where one of my aunts resided.

I had become intensely interested in electricity under the stimulating influence
of my Professor of Physics, who was an ingenious man and often demonstrated the
principles by apparatus of his own invention.

I thought and planned, and conceived many ideas almost as a rule delusive. The
vision was clear enough but the knowledge of principles was very limited.
At the termination of my vacation I was sent to the Poly-Technic School in Gratz,
Styria (Austria), which my father had chosen as one of the oldest and best reputed
institutions. It was in the second year of my studies that we received a Gramoe
Dyname from Paris, having the horseshoe form of a laminated field magnet, and a
wire wound armature with a commutator. The machine was a motor, the brushes gave
trouble, sparking badly, and I observed that it might be possible to operate a motor
without these appliances.

All my remaining term in Gratz was passed in intense but fruitless efforts of this
kind, and I almost came to the conclusion that the problem was insolvable.

In 1880 I went to Prague, Bohemia, carrying out my father's wish to complete
my education at the University there. It was in that city that I made a decided
advance, which consisted in detaching the commutator from the machine and
studying the phenomena in this new aspect, but still without result.

I realized that my parents had been making too great sacrifices on my account
and resolved to relieve them of the burden. The wave of the American telephone had
just reached the European continent and the system was to be installed in Budapest,
Hungary. It appeared an ideal opportunity, all the more as a friend of our family was
at the head of the enterprise.

One afternoon, which is ever present in my recollection, I was enjoying a walk
with my friend in the City Park and reciting poetry. The idea came like a flash of
lightening and in an instant the truth was revealed. I drew with a stick on the sand, the
diagram shown six years later in my address before the American Institute of
Electrical Engineers, and my companion understood them perfectly. I told him, "See
my motor here; watch me reverse it." I cannot begin to describe my emotions. A
thousand secrets of nature which I might have stumbled upon accidentally, I would
have given for that one which I had wrested from her against all odds and at the peril
of my existence...
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2. VOCABULARY

Real gymnasium — peanbHa rimHasis
(cepeoniii HaguanvbHUL 3aK1A0
NPUPOOHUUO-TEXHIYHOTO CNPSAMYBAHHSL)
fairly well equipped institution —
JIOCTaTHBO JO0OpE YCTaTKOBaHUMN
HaBYAIbHUHN 3aKJIa]]

ingenious man — TBopuYa JrOAMHA

invention - BuHaxiz

idea — izes, nymka

delusive — omaHIUBHI, LTFO30PHU,
YABHUU

knowledge of principles - 3HaHHA
MPUHIIMITB (3aKOHIB)

termination — KiHeIlb, 3aBEPIICHHS

Gramoe Dyname — quHaMoMalinHa
['pama

horseshoe form - miakoBoOA10HMI

laminated field magnet —
IJIACTUHYACTA MAarHiTHA CUCTEMA
30y IKEHHS

wire wound armature — oOMoTaHUI
SIKIP

commutator - KOJIEKTOp

machine - manmaa

motor - IBUT'yH

brush - miiTka

sparking - ickpiHHS
appliance — npuctpiii, amapat, npunaj
fruitless - 6e3mniiHU, HaTTpacHU,

education - ocsita

decided advance — BupimangbHe
JOCATHEHHS

detach the commutator from the
machine —Bij'eHaTH KOJIEKTOP Bif
MalllMHU (BUJAIUTH KOJIEKTOP 3
MaIIHH )

phenomenon ( p/ phenomena) —
SIBUIIIC, OIS

aspect — acIeKT, iJIXij, CTOpOHa
reach — nocsararu, nporsararu;
OPOTSKHICTD, c(hepa BILUTUBY

install — BcTaHOBIJIIOBaTH, MOHTYBATH,
30upaTu

at the head of the enterprise - Ha "o
MPUEMCTBA

recollection — cioraja; mam'saTh; MHOOC.
Crioraji, MEMyapu; po3MipKOBYBaHHSI,
po3ayMm

recite — IOBTOPSITH BroJIOC HAIam'sTh,
JEKJIaMyBaTH, YUTaTU BroJIOC

flash — cnanax; MuTh, MUTTEBICTB (ab0
0)0b-s1IKe NO3HAYEHHS TYKE KOPOMKO20
NPOMICKY 4acy)

lightening — cnianax, O1uckaBka

instant — MUTbh, IOTOYHA MUTh, JAHUM
MOMEHT; HEBIIKJIQJHUI, MUTTEBUH,
MMOTOYHUH

diagram — niarpama, rpadik, cxema;
300paxkaTi CXEMaTHUIHO

American Institute of Electrical
Engineers — AMepUKaHCHKHI IHCTUTYT
1HKEHEPIB-EICKTPHUKIB

reverse — 3BOpOTHI1i, IEPEBEPHYTHUH,
PEBEPCUBHUN; pEBEPCYBAHHS,
nepeBepTaTu, 3A1MCHIOBATU PEBEPC
describe - onucyBaru

stumble upon- neperuHaTHCh 00
accidentally — Bunaakoso,
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HECITOIIBAHO, HCHABMHMCHO

wrest — BUpUBaTu (CUJIOK0), BIIpUBATH,
BHUBEPTATH, TOOUBATUCS YOTOCh

odd — HemnapHa piy, HemapHe YUcCIo,
JIMBHICTbH, BUIIAIKOBICTh

peril - HEOe3MeKa; pucK, 3arpo3a;
Mi1aBaTH HeOe3Mmell, HaCMIJIIBAaTHUCh,
3Ba)KyBaTUCh

Oe3ycrinTHui
effort - 3ycumns

term — TepMiH, TPUBAIICTb, CEMECTP

insolvable (insoluble) — neBupimeHuit

complete — oBHMI, 3aBEPIICHUN;
3aBEpIIyBaTH, 3aKIHIYBaTH

3. GRAMMATICAL NOTES
3.1. Hacu rpynu Perfect
3.1.1. YTBOpenHns vacis rpynu Perfect

Jlyist yTBOpEHHSI 9aciB aHOI TPYMH BUKOPUCTOBYIOTHCS BIJIMTOBITHI JTOMOMIXKHI
niecioBa Ta GopMa JIEMPUKMETHHKA MUHYJIOTO Yacy CMHUCIOBOTO aieciioBa (dhopma
Past Participle).

CtBepKyBasbHa popma ‘ [TuTtaneHa popma ‘ 3anepeuyna gopma

Present Perfect

I have switched

He (she, it) has switched
We have switched

You have switched

Have I switched?

Has he (she, it) switched?
Have we switched?

Have you switched?

I have not switched

He (she, it) has not switched
We have not switched

You have not switched

They have switched Have they switched? They have not switched
Past Perfect
I had switched Had I switched? I had not switched
He (she, it) had switched Had he (she, it) switched? He (she, it) had not switched
We had switched Had we switched? We had not switched
You had switched Had you switched? You had not switched
They had switched Had they switched? They had not switched

Future Perfect

I shall have switched

He (she, it) will have switched
We shall have switched

You will have switched

They will have switched

Shall I have switched?
Will he (she, it) have
switched?

Shall we have switched?
Will you have switched?
Will they have switched?

I shall not have switched
He (she, it) will not have
switched

We shall not have switched
You will not have switched
They will not have switched

Future Perfect in the Past

I should have switched

He (she, it) would have
switched

We should have switched
You would have switched
They would have switched

I should not have switched

He (she, it) would not have
switched

We should not have switched
Y ou would not have switched
They would not have switched
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3.1.2. BxxuBanns vaciB rpynu Perfect

Yacu rpynu Perfect BupakaroTh ait0, 110 3[A1HCHEHA JO MEBHOTO MOMEHTY Yy
TENnepilHbOMY, MUHYJIOMY a00 MallOyTHbOMY.

Yac Present Perfect Tense BXHMBaeTbCs ISl BUPKECHHS JIii, 3aBEpIICHY 0
TETEPINIHBOTO Yacy, SK Mepe] CaMHMM MOMEHTOM MOBJICHHSI, TaK 1 OLIbII BijgaeHUN
MOMEHT y MUHYyJoMy. HasBHICT pe3ynbTary 3aBeplIeHOi Ali MOoB'sA3ye il 3
TENEepIIHIM MOMEHTOM.

PesynbTaT Aii MOke OYTH HEKOHKPETHHM.

Present Perfect moxxe BXUBaTHCS JJisI BUPAXKEHHS OJHOKpPATHOI abo
OGaraTokpaTHOT Aii.

[le#t yac koHIIEHTpY€e yBary Ha (pakTi 3[M1ACHEHHS Jii 1O MOMEHTY MOBJICHHS,
TOMY BiH MO>KE€ BX)KMBATHCh 0€3 BUBHAUCHHS 4Yacy i 371CHEHHS.

Yacto Present Perfect BxuBaeThCcsi 3 MPHUCITIBHUKAMU HEBHU3HAYEHOTO Yacy
ever, never, often, already, yet.

Present Perfect mMoxe BxuBaTHCS 3 OOCTaBHHAMH, IO O3HAYAIOTh IIE HE
3aBeplieHi nepioau yacy: today, this week, this month, this year ta in.

Yac Present Perfect 3aBxu BxxuBaeTbcs npuciiBaukamu lately, just.

Present Perfect BxkuBaeTbcs i BUpaKeHHS MallOyTHBOI 3aBEpIICHOI il y
00CTaBUHHMX MIAPSTHUX PEUCHHSAX Yacy 1 YMOBH.

Yac Past Perfect Tense BxuBaeTbcs s BHUpPAXEHHS MUHYJOI [ii, fKa
3aBepIINIach J0 EBHOIO MOMEHTY Y MHUHYJIoMY. Lleli MOMEHT Moxe OyTH BKa3aHO
oe3nocepeHbO0 a00 3a JOMOMOIOI0 1HINOI Mii, sfika BHUpa)keHa jaiecioBoMm y Past
Indefinite. [{eit MOMeHT MOke OyTH yKa3aHO HE y JaHOMY PEUYEHHI, a y 1HIIOMY, 1110
JIOMY IIepenye.

VY crIamHOMIAPSIAHUX PEUYCHHSIX Yacy, KOJM Jisl, 10 BUPAKEHA MPUCYIKOM
TOJIOBHOTO PEUYEHHA Nepeaye [li, 0 BUPa)K€Ha MPUCYJIKOM MIIPSIHOTO PEYEHHS, Y
rojloBHOMY peueHH1 BxkuBaeTbcs Past Perfect, a y migpsanomy — Past Indefinite.

Konmu nis y migpsiaiHOMY pedeHH1 mepeaye il y TOJOBHOMY pPEYEeHHI, TO Yy
HiPSITHOMY pPEUYeHHI, BBEJICHOMY CIHOJYYHHMKOM Wwhen, dacTo BkuBaeThcsi Past
Indefinite.

Yac Future Perfect Tense Bupakae MalOyTHIO 1110, 110 BiIOYAEThCA [0
NIEBHOTO MOMEHTY.

Yac Future Perfect He BXXMBA€ThCSA y MIAPAJHUX PEUCHHSX YMOBH, a 3aMICTh
Hboro BxkuBaeThcs Present Perfect abo Present Indefinite.

Yac Future Perfect in the Past Tense 3aminioe Future Perfect Tense y
HIAPSIAHUX PEUCHHAX, SKIO MPUCYAOK TOJIOBHOTO PEUYCHHS BUPAKEHUM J1€CITIOBOM
MHHYJIOT'O 4acy.
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3.2. Yacu rpynu Perfect Continuous
3.2.1. YTBopenns yacis rpymnu Perfect Continuous

JIist yTBOpEHHSI YaciB aHOi IPyNH BUKOPUCTOBYIOTHCS BIJIOBIIHI JOMOMIXKHI
niecnoBa Ta (opma JIENPUKMETHUKA TEMEpIIHBOrO 4Yacy CMUCIOBOrO J1€CIOBA
(dbopma Present Participle).

3.2.2. BxuBanns yaciB rpynu Perfect Continuous

Yacu rpynu Perfect Continuous BXUBarOThCS 1J1 BUPAKEHHS TPUBAJIOT 1111, 1110
noyasnacsi 0 MeBHOTO MOMEHTY y MHUHYJIOMY, TEHepilllHboMy abo MalOyTHHOMY 1
TpPUBAE JEAKUM dYac, BKIIIOYAIOYM I[ed MOMEHT. BOHM MOXYTb TakoXX BUpakaTH
TPUBATY 110, III0 TPUBAE JESIKUN Yac 1 3aKIHUYETHCS O€3MOCePeIHBO Tepe]l IEBHUM
MOMEHTOM Y MUHYJIOMY, TETIEPIITHEOMY a00 MailOyTHEOMY.

CrBepmxyBaibHa hopma \ [MutaneHa hopma \ 3anepedna popma

Present Perfect Continuous

I have been working

He (she, it) has been working
We have been working

You have been working

Have I been working?

Has he (she, it) been working?
Have we been working?

Have you been working?

I have not been working
He (she, it) has not been
working

We have not been working

They have been working Have they been working? You have not been working
They have not been working

Past Perfect Continuous

I had been working Had I been working? I had not been working

He (she, it) had been working | Had he (she, it) been working? | He (she, it) had not been

We had been working Had we been working? working

You had been working Had you been working? We had not been working

They had been working Had they been working? You had not been working

They had
not been working

Future Perfect Continuous

I shall have been working
He (she, it) will have been
working

We shall have been working
You will have been working
They will have been working

Shall I have been working?
Will he (she, it) have been
working?

Shall we have been working?
Will you have been working?
Will they have been working?

I shall not have been working
He (she, it) will not have been
working

We shall not have been
working

You will not have been
working

They will not have been
working
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Future Perfect Continuous in the Past

I should have been working I should not have been

He (she, it) would have been working

working He (she, it) would not have

We should have been working been working

You would have been working We should not have been

They would have been i working

working You would not have been
working
They would not have been
working

Yac Present Perfect Continuous Tense Bupaxae i, M0 ToYajacs y
MUHYJIOMY 1 TpUBa€ y TenepimHii yac. [Ipu oMy BKazaHo mepiof yacy, KOJH is
TPUBAE.

I3 niecaoBamuy, sIK1 HE BXKUBaKOThC y yacax rpynu Continuous (to be, to have,
to know Tta in.) 3amicth Present Perfect Continuous Tense BxuBaeTbcsi Present
Perfect Tense.

[le#t yac BXKMBA€THCA TAKOX JJII BHPAXKEHHS TPUBAJIOl [ii, IO MOYAIOCH Yy
MUHYJIOMY 1 3aKIHYHJIOCS 6€3MOCepeTHBO TIEpPEl MOMEHTOM MOBJICHHS.

Yac Past Perfect Continuous Tense BxxuBaeThCs JUIsl BUPAXKEHHS TPUBAJIOL i,
110 TIoYasacs paHille 1HIIOL Ali Y MUHYJIOMY, dKka BupaxkeHa y Past Indefinite, 1 mie
TPUBA€, KOJM BOHA posnoyvanacs. [loBuHeH OyTH BKazaHM Mepioj 4acy, KOJH Jiis
BXKE TpUBAJIA.

I3 nmiecnoBamu, sAKi HEe BXKUBaIOTHCS y yacax rpynu Continuous 3amicth Past
Perfect Continuous Tense B:xuBacthcsa Past Perfect Tense.

Ileit yac BXMBAETHCA TAKOX JJII BHPAKCHHS TPHUBAIOlT MHUHYJOI [ii, IO
3aKIHUMIIOCH OE3MOCEePEIHBO Mepe]l MOMEHTOM MMOYaTKYy 1HIIOI MUHYJION Jii.

Yac Future Perfect Continuous Tense BXuBaeTbCS ISl BUPAKEHHS TPUBAIOL
MalOyTHBOI [1i, SIKa MOYHEThCS paHille 1HIIO0T MaWOyTHHOI 1ii a00 MOMEHTY 1 IIe
Oyle TpuBaTH y MOMEHT, KOJU BOHa HacTaHe. [loBuHeH OyTu 3a3HadyeHUIl mepiof,
npotsarom sikoro aig Oyne tpuBatu. Yac Future Perfect Continuous Tense
BJKUBAETHCA PIIKO.

Yac Future Perfect Continuous Tense in the Past Takox BXHMBa€eTbCS PIAKO y
HiAPATHUX PEUYCHHSAX, KOJIU MPHUCYIOK TOJIOBHOTO PEUYCHHS BUPAKEHUH HI€CTOBOM
MUHYJIOTO 4Yacy, a Al y NIAPSAHOMY PEYEHHI BIAOYBAETHCS MICHS i Y TOJOBHOMY
pedenHi. BxuBannsi Future Perfect Continuous in the Past Binnosigae nmpaBuiy
y3TOJDKEHHS YaciB.
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3.3. V3romkeHHs 4aciB

Konu npucyok rojioBHOro pedyeHHs BUPAKEHHH J1€CIOBOM y TENEPIIIHbOMY
yaci, TO NPUCYA0K MIAPATHOTO PEUCHHS MOXKE CTOSITH y Oyb-sIKOMY HEOOX1THOMY 3a
CMHCJIOM 4acl.

Konu npucy0k roJIoBHOrO pedeHHsI BUPAKCHHH JTIECIIOBOM Y MHHYJIOMY 4aci,
y MAPSAJHOMY PEYEHHI TAaKOXK BXKUBAETHCA NPUCYIOK Yy MHUHYJIOMY dYacli. Y
3JIEKHOCTI BiJ] 4acy BiAOyBaHHsS [1i MiAPSJIHOTO PEUEHHSI MO BIJHOIICHHIO 10 All
TOJIOBHOTO PEUCHHS Y MIAPSITHOMY PEUYEHHI BXKUBAIOTHCS YACHU:

SAKIIO Jis TMIAPSTHOTO PEUYEHHS BIAOYBA€THCS OJIHOYACHO 3 JIIEI0 T'OJIOBHOTO
pEYeHHS, TO y MAPSITHOMY peUYeHHI MPUCYIOK cTaBuThCs y Past Indefinite abo Past
Continuous

AKIIO Jis MAPAJHOTO PEYEHHs Nepeaye il TOJIOBHOTO PEYEHHS, TO Y
HiIpsITHOMY peYeHHI MPUCY oK cTaBuThes y Past Perfect

AKIIO i1 MIAPSAHOTO PEYEHHS € MailOyTHBOK BIAHOCHO /il T'OJIOBHOTO
pEYEHHsI, TO y MIIPSAHOMY peueHHI BxxuBaeThcs Future in the Past.

3.4. BucnosieHHsa HEOOX1THOCTI 32 JoOMOTor0 aieciiB to have 1 to be

HiecioBo to have BKUBaeThCS pa3oM 3 1H(IHITUBOM 13 YACTKOIO tO JIJIsi BUpa3y
HEOOX1JTHOCT1 Y TENEepITHbOMY Ta MUHYJIOMY, 10 3yMOBJIEHA TIEBHUMHU OOCTaBUHAMMU
y CTBEPIXKYBaJIbHUX, MUTATBHUX Ta 3aniepeunux (do not have) peueHnsx

HiecnoBo to have mae okpemy ¢dopmy JIs BHUCIOBJICHHS HEOOXITHOCTI Yy
MaliOyTHBOMY.

VY munynomy uaci giecioBo to have (had to) BxxuBaeTbcsi, Koy Jisi TOBUHHA
Oyna BimOyTHCS BHACIIIOK MTEBHUX 00CTaBUH 1 (paKTUYHO BiOysacs.

3.5 IaBepTroBaHa oOcTaBUMHA

[HBepTOBaHa OOCTaBMHA PO3MIIIYETHCA y AHMIINCHBKOMY pEUYeHHI Ha Moro
o4YaTKy. Y IMepekiiajl Taka 00CTaBMHA MOXE 3aJIMILATUCh HAa MTOYATKy PEYEHHs a0o
NEePECTaBIATUCH Y OTO KiHEIIb.

Akmio iHBepCis Yy aHIIIMCHKOMY pEYeHHI 3acTocoBaHa sl eM(aTHIHOTO
BUJIJICHHST OOCTaBMHM, Yy TEpeKyaal mepes; OOCTaBHHOIO 3aCTOCOBYIOTHCS CIIOBA
"CaMe", "I[OCI/ITB", "I[yme”.

[HBepcis oOCcTaBUHM y aHTJINCHKIN MOBI MO€ CYNpPOBO/JKYBATHUCH 1HBEPCIEIO
IIPUCYJIKA, sIKa Y MEepeKIaal MoXKe He 30epiraTucs.

4. EXERCISES

Exercise 1

[IpouwnTaiiTe it mepexIaaiTh TEKCT.
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Exercise 2

[TpounTaiiTe HACTYITHI PEUCHHS, BU3HAUTE BXKUTI Y HUX YacH JieciiB. [[oSCHITH
BXKMBAHHS YaciB JI€CIIB, BUXOJA4YM 3 MpaBWI Yy3roJKeHHsS uyaciB. [lepenumnith
pEeUYEHHS aHTJIHCHKOI0 MOBOIO 1 iX MepeKIial yKpaiHChKOIO.

1. I had become intensely interested in electricity under the stimulating influence
of my Professor of Physics, who was an ingenious man and often demonstrated the
principles by apparatus of his own invention. 2. I realized that my parents had been
making too great sacrifices on my account and resolved to relieve them of the burden.
3. The wave of the American telephone had just reached the European continent and
the system was to be installed in Budapest, Hungary. 4. A thousand secrets of nature
which I might have stumbled upon accidentally, I would have given for that one
which I had wrested from her against all odds and at the peril of my existence...

Exercise 3

3HaAITh y TEKCTaX JaHOIro 1 MONEpEeHIX YPOKIB pPEUEHHS, YKPaiHCHKHIA
MepeKiajl SKUX HaBeJACHUM HIDKYe. 3amullIiTh iX aHrIIAChKOI MOBOHO. I[l0sCHITH
BXKMBAHHSI Y HUX CJIOBOCIIOJIYY€Hb JIi€ciiB to have Ta to be 3 iH}iHITUBOM.

1. XBWIsI PO3MOBCIODKCHHS aMEPUKAHCHKOTO TelePOHY TUIBKH AOCSAria TOJi
€BponeichKOro KOHTHHEHTY, W I CUCTEMa TNMOBHHHA Oyjia OyTH BCTAHOBJICHA B
VYropmuni y ByaanemTi. 2. 3Bakaroud Ha Te, IO TaKl CHUHYCOiJalbHI KOJIWBaHHS
CTpyMy ¥ Hampyrd JyXe IIHPOKO BHUKOPUCTOBYIOTBCS y OyIb SKOMY
€JIEKTPOO0OIIaTHAHHI 3MIHHOTO CTPYMY, iX BJIaCTUBOCTI TOBUHHI OyTH BHUBYEHI B yCiX
MOAPOOHUIISIX.

Exercise 4

3HaAITh y TEKCTI yPOKY ¥ BUIMILITH PEUYECHHS 3 1HBEPTOBAHOI OOCTABHHOIO.
[lepexnaaiTh 1 3aMUILIITh iX NEPEKIIA] YKPATHCHKOIO.

Exercise 5

3anunIiTe nepekiiajl yKpaiHChbKOK MOBOIO HAaBEACHUX HIKUYE pedyeHb. [10siCHITH
3aCTOCYBaHHS Y HUX HEO3HAYEHOTO Ta O3HAYEHOI'0 apTUKJIIB.

1. The machine was a motor, the brushes gave trouble, sparking badly, and I
observed that it might be possible to operate a motor without these appliances. 2. All
my remaining term in Gratz was passed in intense but fruitless efforts of this kind,
and I almost came to the conclusion that the problem was insolvable. 3. It was in that
city that I made a decided advance, which consisted in detaching the commutator
from the machine and studying the phenomena in this new aspect, but still without
result. 4. The idea came like a flash of lightening and in an instant the truth was
revealed. 5. I drew with a stick on the sand, the diagram shown six years later in my
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address before the American Institute of Electrical Engineers, and my companion
understood them perfectly.

LESSON 1.5

1. TEXT

ELECTRIC POWER GENERATION

A generator is a device that converts mechanical energy into electrical energy.
The process is based on the relationship between magnetism and electricity. In 1831,
Faraday discovered that when a magnet is moved inside a coil of wire, electrical
current flows in the wire.

A typical generator at a power plant uses an electromagnet—a magnet produced
by electricity—not a traditional magnet. The generator has a series of insulated coils
of wire that form a stationary cylinder. This cylinder surrounds a rotary
electromagnetic shaft. When the electromagnetic shaft rotates, it induces a small
electric voltage in each section of the wire coil. Each section of the wire becomes a
small, separate electric conductor. The small voltage of individual sections are added
together to form one large voltage. The load being connected to the windings
terminals the current appears in the circuit. This current stipulates the electric power
that is transmitted from the power company to the consumer.

An electric utility power station uses a turbine, engine, water wheel or other
similar machine to drive an electric generator or a device that converts mechanical or
chemical energy to generate electricity. Steam turbines, internal-combustion engines,
gas combustion turbines, water turbines, and wind turbines are the most common
methods to generate electricity. Most power plants are about 35 percent efficient.
That means that for every 100 units of energy that go into a plant, only 35 units are
converted to usable electrical energy.

Most of the electricity in the United States is produced in steam turbines. A
turbine converts the kinetic energy of a moving fluid (liquid or gas) to mechanical
energy. Steam turbines have a series of blades mounted on a shaft against which
steam is forced, thus rotating the shaft connected to the generator. In a fossil-fueled
steam turbine, the fuel is burned in a furnace to heat water in a boiler to produce
steam. Coal, petroleum (oil), and natural gas are burned in large furnaces to heat
water to make steam that in turn pushes on the blades of a turbine.

The most electricity generated in the United State comes from burning coal. In
2007, nearly half (48.5%) of the country's 4.1 trillion kilowatthours of electricity used
coal as its source of energy.

Natural gas, in addition to being burned to heat water for steam, can also be
burned to produce hot combustion gases that pass directly through a turbine, spinning
the blades of the turbine to generate electricity. Gas turbines are commonly used
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when electricity utility usage is in high demand. In 2007, 21.6% of the nation's
electricity was fueled by natural gas.

Petroleum can also be used to make steam to turn a turbine. Residual fuel oil, a
product refined from crude oil, is often the petroleum product used in electric plants
that use petroleum to make steam. Petroleum was used to generate about two percent
(2%) of all electricity generated in U.S. electricity plants in 2007.

Nuclear power is a method in which steam is produced by heating water through
a process called nuclear fission. In a nuclear power plant, a reactor contains a core of
nuclear fuel, primarily enriched uranium. When atoms of uranium fuel are hit by
neutrons they fission (split), releasing heat and more neutrons. Under controlled
conditions, these other neutrons can strike more uranium atoms, splitting more atoms,
and so on. Thereby, continuous fission can take place, forming a chain reaction
releasing heat. The heat is used to turn water into steam that, in turn, spins a turbine
that generates electricity. Nuclear power was used to generate 19.4% of all the
country's electricity in 2007.

Hydropower, the source for 5.8% of U.S. electricity generation in 2007, is a
process in which flowing water is used to spin a turbine connected to a generator.
There are two basic types of hydroelectric systems that produce electricity. In the first
system, flowing water accumulates in reservoirs created by the use of dams. The
water falls through a pipe called a penstock and applies pressure against the turbine
blades to drive the generator to produce electricity. In the second system, called run-
of-river, the force of the river current (rather than falling water) applies pressure to
the turbine blades to produce electricity.

Geothermal power comes from heat energy buried beneath the surface of the
earth. In some areas of the country, enough heat rises close to the surface of the earth
to heat underground water into steam, which can be tapped for use at steam-turbine
plants. This energy source generated less than 1% of the electricity in the country in
2007. Solar power is derived from the energy of the sun. However, the sun's energy
is not available full-time and it is widely scattered. The processes used to produce
electricity using the sun's energy have historically been more expensive than using
conventional fossil fuels. Photovoltaic conversion generates electric power directly
from the light of the sun in a photovoltaic (solar) cell. Solar-thermal electric
generators use the radiant energy from the sun to produce steam to drive turbines. In
2007, less than 1% of the nation's electricity was based on solar power.

Wind power is derived from the conversion of the energy contained in wind into
electricity. Wind power, less than 1% of the nation's electricity in 2007, is a rapidly
growing source of electricity. A wind turbine is similar to a typical wind mill.

Biomass includes wood, municipal solid waste (garbage), and agricultural waste,
such as corn cobs and wheat straw. These are some other energy sources for
producing electricity. These sources replace fossil fuels in the boiler. The combustion
of wood and waste creates steam that is typically used in conventional steam-electric
plants. Biomass accounts for about 1% of the electricity generated in the United
States.

38



2. VOCABULARY

generator — reaepaTop

convert — MepeTBOPIOBATH,
KOHBEPTYBaTH

relationship — B3aeMoBiiHOIIIEHHS],
3aJIEKHICTD, CIIIBB1IHOIIICHHS
magnetism — MarHeTu3M, MarHiTHI
SIBUILIA

electricity — esleKTpHuHI SBUILA

discover — BUSBIIATH, BIIKpHUBATH
magnet - Mardit

coil of wire — kotymika (cekuis
0OMOTKH) 3 IPOTY

electrical current — enekTpuyHUIA

CTpyM
flow — pyx pinuHu, TeUis; TEKTU

electromagnet - e1eKTpOMarHiT

series of insulated coils —
MOCIIJJOBHICTD 130JIbOBAHUX KOTYIIIOK
(cexkiiit)

stationary — HEpyXOMHI,
CTalllOHApHUM, CTAIUM

cylinder - s

rotary — o0epTOBHii, TOBOPOTHHUIA,
poTariiHui

electromagnetic shaft —
€JICKTPOMArHiTHA YaCTHHA,
po3TailioBaHa Ha Bally

rotate — oOepraTu, moBepTaTucH,
obeprarucs

induce — iH1yKyBaTH, HABOJAUTH,
30yIKyBaTu

trillion - xBiHTHIIBIOH ( 10 y 18-My
CTYNEHIO — 8 Anenii, HimeuuuHi,
@panyii’); Tpuiibiiod ( 10 y 12-my
crenento — y CLIA, a maxoorc y
HayKo8iil nimepamypi)
Kkilowatthour — xutoBar-rognaa

source of energy - ;pkepesno eHeprii

hot combustion gases - razomnoi0Hi

IPOIYKTH 3rOpsIHHS

commonly — 3BUYaliHO, K IPABUJIO, Y

OUIBIIOCT] BUIIAKIB

electricity utility usage is in high

demand —eHeprocucrema Mae BEIUKE

HaBaHTaKEHHS

to be fueled by natural gas —

BUKOPHCTOBYBATHU MIPUPOJIHUI a3 SIK

NaJuBO

residual fuel oil — TonkoBuii Ma3yT,

Ha(dTOBE MATUBO

refined from crude oil - orpumanmuii 3
Ha(TH UIIXOM MIEPETOHKU

nuclear power - aToMHa €EHEPreTUKA,

aTOMHA €Hepris

nuclear fission — niieHHs siaep aToMiB

reactor — peakTop; peakTOpHUU

core of nuclear fuel — akTuBHa
SIIEPHOTO MaJIUBa () s10epHOMY
peakmopi)

primarily enriched uranium - ypas,
OTPUMAaHUM MICIISl TEPBUHHOTO
30araueHHs

uranium fuel — ypanose nanuBo

hit — ynap; ynapuru, ynapsatu

fission —muIeHHs

39



electric voltage — enexrpryHa Hanpyra

section — Bi/Ip130K, NEpETUH, NIEPEPI3,
CeKIIisl, AUISTHKA, 1IeX; CEKI[IOHYBaTH

section of wire coil — cexist oOMOTKH 3

ApOTYy
individual section — okpema cexitis

load —BaHTaxX, HABaHTa>XCHHS,
3aBaHTaXXyBaTH

connect — 3'eTHyBaTH,
npueaHyBaTu(cs), NAKII0YaTU(Ccs)
winding terminals — 3aTuckaui
00OMOTKH

circuit — (ezexmp.) cxema, (erexkmp.)
KOJIO, KOHTYD, (€JIEKTp.) Mepexa
stipulate — 0OymMoBIIOBaTH, CTABUTH 32
YMOBY

electric power — ejexTpuyHa
MOTYKHICTh, €JICKTPUYHA EHepris
transmit — BiIIpaBIIATH, IIEpEIaBaTH,
POBOJIUTH, MPOITYCKATH

power company —
eJICKTPOIOCTavYa IbHa KOMITaHIs

consumer - CIioKuBad

electric utility power station —
€JIEKTPOCTAHII EHEPrOCUCTEMHU
turbine- TypOina, TypOiHHHI

engine — IBUTYH, MOTOD, JOKOMOTHUB

water wheel - rizpotrypbina

drive — mpuBOA, pyIIIHUI MEXaHI3M;
pyxaTH, yIpaBIsiTH aBTOMOO1JIEM,
YIPABISITH

electric generator — eJIeKTpUUHUI
reHepaTop

chemical energy — xiMiuHa eHepris

steam turbine — mapoBa Typ6iHa

split - iIeHHSI, pO3UYCIICHHS; JUTUTH,
PO3YIILIATH

release — 3BIJIbHEHHS, BUBIJIbHCHHS,
BIJIITY-CKaHHS; 3BUIbHITH, BUBLIBHSATH,
BIJIMTyCKaTH

strike — yapsitu, 3ycTpivaru,
MOpakaTH, 3arajtoBaTu

turn water into steam — nnepeTBOPUTH
BOJIy Ha map

in turn — y cBoto uepry, mo4epro,o,
MIOCJTiIOBHO

spin — oOGepTaHHs, CITiH; KPYTHUTH,
BEPTITH

turbine — TypGina

hydropower - rigpoenepris
flowing water — Trexy4a Boaa

two basic types of hydroelectric

systems
accumulate — HakonuuyBaTu(cA),
aKyMyJroBaTu(cs)

dam — rpebs1, 1am0ba, mepeMuUKa,
3anpyna; OyayBaTu rpedmro(1amoy,
IEPEMUUKY, 3aIpy1y)

fall — maginHs, Bogocag; majgaTu,
OTTYCKaTHUCh

pipe — Tpy0a, TpyOOnpoBiz

penstock — TypOiHHMIT BOJOBI,
HaIlIpHUM TYHEIb

pressure — THCK, Harpyra,
HarHITaJbHUM, HaTIPHUN

drive — mpuBO, IPUBOJAUTH Y JIIO
(pyX), ypaBJsiTh aBTOMOO1JIEM,
YIPABISITH

run-of-river pycioBuii

river current — Teuis piku

apply pressure — npukiIagaTu
(3I1MCHIOBATH ) TUCK
geothermal power — reorepmanbha
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internal-combustion engine — 1BUryH
BHYTPIIIIHBOT'O 3TOPSTHHS

gas combustion turbine — rasosa
TypOiHa

water turbine — BogsiHa TypOiHa,
riaporypbina

wind turbine — BiTpsK, BiTpoTypOiHa

about 35 percent efficient — KK/[
6mu3bK0 35%

unit — arperar, 610K, OJTHHUIISA,
OJIMHHULISI BUMIPY, OTMHUYHHM, O/THE
LI, €AMHUMN, By30J1, yCTAHOBKA

usable — BUKOpHCTOBYBaHN, KOPUCHUI
Kinetic energy — KiHeTU4YHa €HEpris

moving fluid — pyxomMe cepenoBuiiie

liquid - pimuna

gas — OCGH3UH, ra3, ra3onoaioHun
series of blades - psix monatok

mount - MOHTYBaTH

shaft — Bay, Bich, TLJI0, pyKOsITKa

against which steam is forced — na sy
Ti€e map

rotating — ckpy4yBaHHs; 00€pTOBHIA,
KPYTWIbHUM, , IOBEPHYTHU,
o0epTanbHUit

fossil-fueled — Taxi, mo
BUKOPHUCTOBYIOTh KOPUCHI KOMAJIUHHU SIK
NajJuBO

burn — ropiHHs, 3ropsiHHS;
CIaJIIOBaHHSI, TOPITH, MalaTH,
CHaJIOBaTH

eHepris

bury - 3apuBaTu y 3eMJIt0, XOBaTH,
NPUXOBYBATH, YKPUBATU

beneath the surface — i noBepxuero

rise — 1i1iioM, 301IBIIICHHS, 3pOCTaHHS,
IPUPICT; MIHIMATUCS, 3pOCTATH,

close to the surface — 0.1U3BK0 710
MOBEPXHi

waste — BIIXO1, BTpaTH, IIyCcTa Tpara,
BIJIKUIU; HETIPUIATHUMA

energy source — JpKepeso eHeprii

solar power — COHsIYHA €HEPTisA
derive - gudepeniitoBaTu, Opatu
MIOXiJTHY, BABOJWTH, OTPUMYBATH,
TIOPOKYBaTH, BUKJIMKATH, T00YBaTH,
BIJIFaTy’KyBaTH, BIJIBOJUTH

full-time — 10 3aiimae Bech (poOOUMIA)
yac a0o MoBHUM poOoUuil JeHb
scatter — po3KHaTH, pO3KHU/I,
PO3BiIOBATH, PO3BOIIKATH,
PO3BOPYIIIUTH, PO3ITATUCS,
PO3CIIOBaHHS, PO3CIIOBATH
conventional fossil fuel — Tpanumiiine
BUKOITHE ITAJTNBO

photovoltaic conversion —
(doTOENEKTPUUHE EPETBOPEHHS
photovoltaic (solar) cell —
dboToeneKTpuYHUM (COHSTYHUIN)
NepeTBOPIOBaY (€JIEMEHT)
solar-thermal electric generator —
COHSIYHO-TEIUIOBUI F€HEPATOP

wind power — BiTpoBa eHepris

contain - yminaru, MiCTUTH y cOO1,
00OMeKyBaTH, CTPUMYBATH, JUTHTHUCS

0e3 3aHILKY (Mamem.)
biomass - 6iomaca

wood — 1epeBo, IepEeBUHA; IEPEBUHHUN
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furnace — iy, Tonka; niYHUI municipal solid waste — TBep/11 MiCbKI1

BIJIXOIHU

boiler — koren, 6oiinep garbage — cMITTs, CMITTEBHI

steam — map; apoBuii, Ha mapy, agricultural waste — Bigxoau

pOIapIOBaTH CUIBCHKOI'O FOCMOAAPCTBA

coal - Byrus corn — 3epHO, 3€pHOBI, KyKypy/3a, Maic,
3€pHOBUI

petroleum — HadTa, KEPOCHH; corn cob — CTpIXEeHb KYKYpYA3SHOTO

HaTOIOO0YBHUI MOYATKy

oil — HadTa, MacTrII0; HAPTOBUIA; wheat straw — cosioma mieHuIl

MAaCTUTH

natural gas — npupoaHuM ras combustion of wood — ciasiroBaHHs
(ropiHHS) 1EpEBUHU

burning coal — cianoBaHHs ByTULIs tap — BOJOT1HHUM, KpaH, Ipo0Ka,

BIJITAJTy>KEHHS, B1JIB€JICHHS;
BIJIFaTy’KyBaTH, BUKOPUCTOBYBATHU

(11o-HeOy 1b)
nearly half — maii>xe nosioBuHa

3. GRAMMATICAL NOTES

3.1. YucniBuuk (the Numeral)

UucniBHUKY MOAUISAIOTHCS HA KUTBKICHI 1 TOPSAKOBI.
UucniBHuky OyBarOTh MPOCTI, MOX1/IHI Ta CKJIACHI.

[IpocTi yuciaiBHMKH — 1€ Taki, Sk one, two, three, first, second, third,
hundred, thousand Ta in.

[ToxigH1 YMCTIBHUKY MatOTh cy(dikcu -teen, -ty, -th: fifteen, sixty, tenth Ta iH.
CxJiazieHi YMCIIIBHUKHU CKJIAJAIOTBCS 3 ABOX abo Ouibiie ciiB: seven hundred,
five hundred and forty three, two thousand eight hundred and fifty six ta in.

UucniBHUKA MOXYTh OYTH y pPEYEHHI MIIMETOM, JIOJAaTKOM, O3HAUYCHHSIM,
IMEHHOIO YaCTHUHOIO MPUCYIKA.

3.1.1. KinbkicHi yucniBHuku (cardinal numerals)

YucniBauku 13 — 19 yTBOPIOIOTHCS BiJ BIAMOBIAHUX YHUCITIBHUKIB TEPIIOT
NECATKU LUIAXOM J0JaBaHHA cy(dikca —teen. [Ipu nupomy unciiBHuku three Ta five
3miHOOThCS: three — thirteen, five — fifteen. UucniBHuku 1i€i rpynu MaroTh JBa
HAroJoCH — Ha IEPIIOMY 1 Ha IPyroMy CKJajl, aje KOJIM BOHU CIYTylOTh O3HaYEHHSIM
IMEHHHUKA, HAroJI0C pOOUTHCS TIJIBKU HA MEPIIOMY CKJIAIl.

UwucniBHUKH, IO 03HAYAIOTH JECSITKH, YTBOPIOIOTHCS 3a JIOMOMOTOI0 cydikca —
ty 3 BIAMOBIIHMX YHUCITIBHUKIB Mepmioro jaecstka. [Ipu 1boMy 4YHCIIBHUKHA two,
three, four, five 3mintoroTecs: two — twenty, three — thirty, four — forty, five —
fifty. YucniBHUKM L€l rpyny MAarOTh HAroJjoC Ha MEPIINMA CKIal.

Mix necsaTKaMu 1 OJIMHMIIIMU, IO CJIAYIOTh 32 HUMU CTaBUThCA Jedic.
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Komn mepen wumcmiBaumkamu hundred, thousand, million ctoiTe iHIIHIA
YUCJIIBHUK, 11 YHCIIBHUKM HE MAalOTh 3aKIHUEHHS —S. AJIe KOJIM BOHM BHUPAXKAIOTh
HEO3HAYEHY KUIbKICTh, BOHM MOXYTh MaTH 3akiHueHHA —s: hundreds of students,
thousands of people.

[Tepen uucniBamkamu hundred, thousand, million craBuThCs HEo3HAUCHMIA
apTUKJIb a a00 YKCIiBHUK one: a (one) hundred, a (one) thousand, a (one) million.

VY ckiazieHuX YUCITIBHUKAX Y MEKaX KOXKHUX TPhOX PO3PSIIB MEpel AeCATKaMHU,
a AKIIO iX HEMAa€E — Mepes OJAUHULIIMU, CTABUTHCS crioaydHuK and: two million three
hundred and sixty-five thousand three hundred and seventy-three (2,365,373),
six thousand and seventy-three (6,073), six thousand and three (6.003).

SIKIO KUIBKICHI YUCIIBHUKH 3aMUCYIOThCA HUPpPaMu, TO KOXHI TpU pO3PSIU
CIIpaBa HaJIIBO BIIAUISIOTHCS KOMOKO: 45,904,832,756.

3.1.2. TlopsinkoBi yucaiBauku (ordinal numerals)

Y TBOpEHHs MOPSAKOBUX YUCITIBHUKIB MOKA3aHO Y HaBEACHIM HUKYE TAOHIIL:

1"— 12" 13" — 19" 20" — 90" 100" i Gibure
Ist  first 13th thirteenth | 20th twentieth 100th hundredth
2nd  second 14th fourteenth | 21st twenty-first 101st hundred an first
3rd  third 15th fifteenth 22nd twenty-second | 102nd  hundred and second
4th  fourth 16th sixteenth 30th thirtieth 1. T. 1H.
5th  fifth 17th 40th fortieth 200th two hundredth
6th  sixth seventeenth 50th fiftieth 201st two hundred and first
7th  seventh 18th eighteenth | 60th sixtieth 1 T.iH.
8th  eighth 19" nineteenth | 70th seventieth 300th  three hundredth
O9th  ninth 80th eightieth 400th  three hundredth
10th tenth 90th ninetieth 1,000th thousandth
11th eleventh 1,001st thousand and first
12th  twelfth 1,002nd thousand and second
1T. iH.
1,000,000" millionth

IMEHHMK, 110 BH3HAYAETHCA TMOPSAJKOBUM UHCIIBHUKOM, BXKUBAETHCA 3
O03HaueHUM apTukieMm the. Aje gKIO0 YKUCTIBHUK Ma€ 3HAYCHHS iHINIMM, 1€ OJUH,
B)KUBAETHCS HEO3HAUCHUN apTUKIIH a (an).

Y CKIageHux TMOPSAOKOBUX YHCEIBbHHUKAX MOJOAIINANA pPO3PSJ BUPAKEHUN
NOPSAJIKOBUM YHCEIBbHUKOM, a PEIlTa — KITbKICHUMHU YHCEIbHUKAMHU.

[Tpu o3Ha4YeHHI HOMEPIB PO3ILIIB, CTOPIHOK, maparpadiB, YaCTUH KHWUTH, aKTiB
m'ec Ta 1H. MOPSAAKOB1 YHCEIPHUKH YaCTO 3aMIHIOIOTh KIJIbKICHUMM:

the first part — part one; the twenty first page — page twenty one.

KinbKiCHI YHCETBbHUKU BXXUBAIOTHCA TAKOX JJIsl O3HAUYCHHS HOMEpPIB OYJIMHKIB,
KIMHAT, TpaMBaiB, aBTOOYCIB, pO3MIPIB B3yTTs Ta OJATY.

XPpOHOJIOT1YHI JJaTH BUPAKAKOTHCS KIJTbKICHUMH YUCIIIBHUKAMU.

CnoBo year miciisi MO3HAYEHHSI POKY HE BXKHMBAETHCS, alieé 1HOJ1 BXKUBAETHCA
nepen HUM: in the year nineteen and ninety-eight (nineteen ninety-eight).
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JlaTy mo3Ha4aroThCsl HOPSAAKOBUMH 200 KUIbKICHUMU YUCTIBHUKAMMU:

17th September, 2009; September 17, 2009.

3.1.3. Ipo6oBi uncniBHuku (fractional numerals)

Y mpoctux napobax YHCEIbHUK BHPAXKAETHCS KUIBKICHUM YHCITIBHHKOM, a

5 .
3HAMEHHUK — TIOPSIAKOBUM, HAIPUKIALI, 6 five sixths. ko uncenbHUK

MIEPEBUIILY€ OJTMHUINIO, 3HAMEHHUK Ma€e (OPMY MHOKHUHH.
[Tpocti npoOu, y AKUX YHUCETBHUK JIOPIBHIOE OJMHMII, BUPAKAIOTHCS CIOBAMM:

a half (one half) - %, a third (one third) - %, a fourth (one fourth, a quarter, one

quarter) - %, a fifth (one fifth) - %,

3MmimaHuid Apid CKIIAamaeTbesl 3 KUIBKICHOTO YHCIIBHUKA, IO BHpPAXKA€E IILTY
YacTUHY, 1 TPOCTOTO ApoOy, IO BHpaxae IpoOOBY UYACTHHY, SIKiI IOE€IHAHI
CIIOJIy4yHHUKOM and.

IMEeHHMK TiCIIS MPOCTOro ApoOYy BKUBAETHCS y OJHMHI, a TICIS 3MIIIAHOTO
npo0y - y MHOXKHHI, BKJTFOYAIOUM ¥ BUMAO0K, KOJIU I1ijla YaCTHHA JOPIBHIOE OJIMHUIII:

%kilometer, % kilometer, 4§kilometers, 1§kilometers (untaetbes five seventh

of a kilometer, half a kilometer, four and three eighth kilometers, one and three
eighth kilometers). fkio iMEHHHUK CTOITh MICHS IIJIOT YACTHMHH 3MIMIAHOTO JIpo0y,
sIKa JIOPIBHIOE OJIMHII, TO BiH BXKHMBA€Thcsl y ogHuHI: one Kilometer and two ninth -

1 kilometer and %

VY necsaTkoBHX apobOax Ifijla YaCTHHA BIAUISETHCA BiJ IpoOOBOi Kparkoro, sKa
yuTaeThes sk point. Ilpu yuTaHHi JecATKOBOTO JApoOy yci 1udpu YUTAIOThCS
okpeMo. Hynb uurtaerbcs sik zero ado nought (y OpuTaHCHhKOMY BapiaHTi MOBH).
Sxmno 1ina yacTHA AOPIBHIOE HYJIO, BOHA MOXKE OIyIleHa npu yuTaHHi. [Ipuknagu:
two point one seven four (2.174), zero point tree five one (0.351), point tree five
one (0.351 a6o .351), three two point three zero five (32.305) a6o thirty two point
three zero five.

Konu misia yactuHa MAOpIBHIOE HYJIO, IMEHHHMK, IO CTOITh IICIS JApOOy
B)KHUBAETHCS Y OJIHMHI, @ KOJIM BOHA HE € HYJIb, TO IMCHHUK TICIIS P00y CTaBUTHCS Y
MHOXHHI: Zero point five six of a Volt (0.56 Volt), one point four five Volts (1.45
Volts).

3.2. Ilepexnan TepmiHiB
3.2.1. [IpedikcanbHi TEpMiIHH

[Tpedikc extra- yacTo Hajae TEPMIHOBI 3HaueHHS "mo3a (YuMMock)", "TOHan
(mmocs)".

[Ipedikc mis- Hajae JiecioBaM Ta IMEHHHMKaM 3HA4Y€HHS IPOTHIICKHOTO
CMUCITY, HEMTPaBUJILHOCTI, HE3aJI0BUILHOCTI.
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IKC multy- Ipu mepexiaml nepegacToCs K raro-", "myiueti-", "mosmi-
[Ipedikc mult epeKyIaIl IepeaacThC "Oararo-", " " "momi-",
CKJIQIHUMHU TE€pMiHaMH 13 cioBaMu '"rpymnoBuii", "KonekTuBHUK", "yHiBepcanbHUM",
a00 IUISAXOM OIHCY.

" n

[Ipedikc non- mpu mepekiaal mnepenaerbcs npedikcom "He-", croBaMu
"BiACYTHICTB", "HeOakaHHs" TOINO, a00 TEPMIHOM IO MAa€ CMUCH, MPOTUJICKHUN
OCHOBI aHTJIIHCHKOTO CIIOBA.

[Ipedikc over- mae 3HaueHHs '"3Bepxy'", "Ourbmie", "mosza", "HaamipHO",
NEePEKIAIa€ThCcsl 3 BUKOPHUCTaHHSAM TMpedikciB abo CIiB, MO BiIOOpakaroTh IIi
3HAYCHHS.

[Ipedike self- mae 3Hauenns "cpiii", "cede", "caMoCTIiHUI, aBTOMAaTUUHUN".

[Ipedikc sub- Bkazye Ha po3TallyBaHHS IiJi YAMOCH (3HU3Y), HEMOBHY MIpy
MEBHOI BIACTUBOCTI, MAMOPSIKOBaHE CTAHOBUIIE B TIEBHIM i€papxii.

3a momomorow mnpedikca un- yTBOPIOIOTHCS MPUKMETHUKH (IMEHHUKH), IO
MarOTh 3HAYCHHS 3allepeUeHHsI SKOCTI, HEMOXKJIMBOCTI a00 BIJICYTHOCTI Jii, @ TaKOXK
J€CIIOBA 13 3HAYCHHSMHM 3allepPeueHHS Jii , M030aBJEHHS TOTO, IO 3a3HAYCHO B
OCHOBI CJIOBa, BUJIAJICHHS Y1 BUI00YBaHHS.

Tepminn 3 mnpedikcom under- BKa3zylOThb Ha pO3TAlIyBaHHS IiJ YUMOCH,
H1JJIETNIICTh @00 HE3HAYHY BaXKJIUBICTh, HEJOCTATHICTh HETIOBHOTY.
3.2.2. CydikcanabHl TEpMIHH

3a nmomoMorow cydikca —er/or yTBOPIOIOTHCS BiJ JI€CIIBHUX a00 IMEHHHX
OCHOB IMEHHHKH, 10 03HAYAIOTh JIIOJIMHY a00 MamuHy. Taki IMCHHUKH BH3HA4alOTh
P 3aHATh, 3BUYKU TMOCTIMHE 3aHSTTS, CyCHUIBHHUM CTaH, BIK a00 MicCIle MPOKUBAHHS
JIIOJTMHU; MAITUHY, IPUCTPii, €IeMEHT a00 MPEAMET 13 CHellaabHO0 (QYHKITIETO.

Cydikc —less yTBOproe BiJf IMEHHHKIB TPUKMETHUKH, 10 O3HAYAIOTh
1M030aBJICHHS Y0I0Ch, HEMOXKJIUBICTD SKOICh Mii.

Cydikc iIMEHHUKIB Ta MPUKMETHHUKIB —0id Mae 3HaueHHs "momiOHuit", "cxoxmii".
3.2.3. Cknaani TepMiHU
Tepminu, mnoOyxoBani 3a wmomemwto '"imennuk (1) — imennumk (2)"
MEePEeKIaTAI0THCA:

CKJIQJTHUM TEPMIHOM, JI¢ IMCHHUK (2) MepeKaacThCsi IMEHHUKOM-03HAYEHHSIM
Yy pOJIOBOMY BiJIMIHKY, IKUH CIIiIy€ 32 03HAYyBaHUM IMEeHHUKOM (1)

CKJIQJIHUM TEepMiHOM, e iMeHHUK (1) mepekiamaeTbCsi MPUKMETHUKOM, SKHUI
nepeaye 03HauyBaHOMY 1MEHHHKY (2)

CKJIQJTHUM TepMiHOM, Ji¢ iMeHHUK (1) € mpuKIaaKoIo 10 iMeHHUKA (2)

CKJIQHUM TepMiHOM, Je¢ IiMeHHUK (1) mpu mepexiaal MepeTBOPIOEThCA Yy
NPUIMEHHUKOBO-IMEHHUKOBE CIIOBOCTIONYYECHHSI
CKJIQJHUM TEpMiHOM, A€ iMeHHUK (1) mpu mnepeknazl MepeTBOPIEThCA Y
CJIOBOCTIOJIYYEHHS. B SIKOMY MICTUThCSI O€3MOCEepPE/IHIM BIIMOBIAHUK 1IbOTO IMEHHHKA.
[Tpu mepeknani TepmiiB, moOymoBanux 3a moneuto "(imenHuk (1) — Present
Participle) — imennuk (2)", iMEHHUK (2) MEepEKIATAETHCS YKPATHCHKIM IMEHHUKOM, a
CJIOBOCIIOJIYYEHHS, IO3HAUYEHE Y AYy’KKaX, NEPEKIaAA€ThC SIK:
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HiApsIIHE O3HAYyBaHE pedeHHs, y sikomy Present Participle meperBoproeTscs y
IPUCYAOK, a IMCHHHUK — y JI0AaTOK

MPOCTUN IPUKMETHHUK
CKJIQJIHU MPUKMETHUK.

[Ipyn mepexnaai TepwmiHiB, moOymoBaHux 3a monewto "(imeHHuk (1) — Past
Participle) — imenHuk (2)", iMeHHUK (2) IepeKIaaacThCsl YKPATHCHKAM IMEHHUKOM, a
CJIOBOCTOJIYYEHHS, TIO3HAUCHE Y Ty KKaX, IEPEKIIaIa€ThCs SIK:

niapsiiHe Oo3HayalbHEe pedeHHs, y sikomy Past Participle meperBoproerbest y
NPUCYJIOK, @ IMEHHUK — Y TOJIaTOK

O3HAYAJIbHUM  CJIOBOCIOJYYEHHSAM, J€ aHMNIHCBKOMY  JIENPUKMETHUKY
BIJINOBIJIA€ YKPATHCHKUNA MPUKMETHHUK 200 J1€EMPUKMETHUK

O3Ha4aJIbHUM HpHﬁMeHHHKOBO-iMeHHI/IKOBI/IM CJIOBOCIIOJIYYCHHAM.

VY Tepminax, moOyaoBaHux 3a Mojeuto "(nmpukMeTHUK — Present Participle) -
iMeHHUK" Tiepia 4acTuHa (MoKa3aHa y MOJIEN Y AyKKaX) MepeKIaTacThCs SK:

CKJIQAHUI IPUKMETHHUK 3 IBOX OCHOB — IIPUCIIIBHUKOBO1, YHCIIIBHUKOBOI OCHOBH
Ta MPUKMETHHKA

IMPpOCTHUM IIPUKMCTHHUKOM

HIAPSIAHUM  O3HAYAJIbHUM PEYEHHSIM, J€ MEepIIMi KOMIOHEHT aHIJiHChKOro
CJIOBa MEPETBOPEHUI B 0OCTaBUHY, a IPYTUH — B IPUCYIOK.

VY tepminax, moOymoBanux 3a moemwtro "(mpukmeTHuk — Past Participle) -
IMEHHUK" Jpyra 4acTHHa IEpPEeKIaJacThCcsl IMEHHUKOM, a Mepuia yacThuHa (IoKa3aHa
y MOJIeNl y Jy’KKax) sK:

MPOCTUN NIPUKMETHHUK
CKJIAJIHUU IPUKMETHUK

O3HAYaJIbHE CJIOBOCTIONYYEHHSA, y fAKoMy mienpukmeTHuky Past Participle
BIJNOBIIa€ YKPAiHCHKUN MPUKMETHUK a00 IENPUKMETHHK, a aHIJiHChKOMY
NPUKMETHUKOBI — YKPaiHCHKUI IMEHHHUK YW TIPUCITIBHUK

O3HAYAJIbHUM NMPUUMEHHUKOBO-IMEHHUKOBUM CJIOBOCIIOIYUYEHHSIM
MIJIPSIHUM peueHHsIM, aae Past Participle TpancopMoBaHO y NPUCYIOK.

VY tepminax, moOyaoBaHux 3a mojaewmo "(uuchiBHuk — Past Participle) -
iMeHHUK" TiepIa yacTuHa (MoKa3aHa y MOJIEN y y’KKaX) MepeKIagacThCs SK:

VY Tepminax, moOyaoBaHuX 3a Mojeuto "(mpukMeTHUK — Present Participle) -
iMEeHHUK" IMEHHUK TIEpEKIAJa€ThCsl YKpaiHCHKHM IMEHHUKOM, a Teplia 4YacTHHA
(mokazaHa y MoJIelll y Jy’KKax) sK:

CKJ'IEII[HI/Iﬁ IMPUKMCTHHUK, IO CKJIAJA€THCA 3 OCHOBHU YHUCJIIBHUKA Ta IIPUKMCTHHKA
O3Ha4YaJIbHUM HpHﬁMeHHHKOBO-iMeHHI/IKOBI/IM CJIOBOCIIONIYYCHHAM

HIAPSIAHUM O3HAYaJIbHUM PEUYEHHSIM, K MMPABUIIO, 3 TPUCYJIKOM TUIly "MaTtu" i
J0JIaTKOM, sIKuH BiamoBigae ocHoBi Past Participle.

3.2.4. CxyaiHi TepMiHH, 10 MICTSATHh OCOOOBI IMEHA

Jlesiki Taki aHTJIMCHKI TEPMIHU € TTOX1THUMU BiJ1 MPI3BHIIL.
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[HII1 SBASIFOTH COOOI0 TEPMIHOJOTIYHI CIONYYEHHS, IO MICTSATH MpI3BULIEC Y
3aralbHOMY a00 TPUCBIMHOMY BIAMIHKY. Y TMepekiadl TakKuX TEPMiHIB MpI3BUIIE
MOX€ TOJAaBaTUCS SK TMOCT-NMO3UIIIHHE O3HAYEHHS y POJOBOMY BIIMIHKY abo 3
NpuiiMEHHUKOM "3a" y OpyAHOMY BIJMIHKY; SIK HPUCBIMHUNA NPUKMETHHK; SIK
CJIOBOCTIOJIYYEHHSI 3 BUKOPUCTaHHSIM cliB '"cmoci6", "mMeTton" Tomo; K Mpi3BUIIE-
NPUKIIAJKa; SK OMHC 3 BHIIyYCHHSM MPi3BUIIA.

4. EXERCISES

Exercise 1

[IpounTaiiTe it mepekyIaliTh TEKCT.

Exercise 2

Bunumiite 3 TEKCTy ypOKy YHCIIBHUKH DPAa30M 13 3a3HAYEHHMH OJUHUIISIMHU
BUMIpY ¥ HAMHIIITH 1X aHTJIIICHKOIO MOBOIO CJIOBaMH.

Exercise 3

3anumIiTh MepeniyeHi HUXKYe TePMIHH, a TAaKOXK IX MepeKiag yKpaiHCHKOIO
MOBOI0. [IpyM 1bOMY HANUIITH CIOYATKYy NEPEKIaa CJIOBa, SK HAYKOBOTO abo
TEXHIYHOTO TE€PMIHY, 1 Jall - JeKUIbKa MOro 3Ha4€Hb NPH 3arajbHOBKHWBAHOMY
BUKOPHUCTAHHI.

Relationship, magnetism, current, magnet, shaft, coil, conductor, circuit, drive,
plant, blade, demand, enrich, pipe.

Exercise 4

3anuuIiTh CI0BaMH aHTTIMCHKOI MOBOIO HACTYIIHI MOPSAIKOBI YHCIIBHUKH:

TPUIIATHh YETBEPTUH, CIMACCAT TPETiH, BICIMACCAT IPYTHH, ACB'SHOCTO ChOMUH,
JIEB'STHOCTO BOCBMUH, COPOK JEB'SITUH, CTO JACCATHUM, ABICTI MEPIINN, TUCAYA APYTHUH,
MI1JIbHOH CTOTUCSYHUN.

Exercise 5

Y Tabmmii HaBeIeHI aHTJIOMOBHI TEPMIHM Ta HA3BH 1 IO3HAYCHHS JESIKUX
OJIMHUIIH BUMIPY 3 OOJACTI €IeKTPOTEXHIKH Ta iX Bu3HadeHHs. [IpoumTaiiTe iX Ta
nia0epiTh YKpaiHOMOBHHIA aHAJIOT KOKHOTO 3 HABEJICHUX TEPMIiHIB.

AHI10MOBHHIA . YkpaiHoMOBHHH
. BusHayeHHs1 TepMiHy .
TepPMiH aHAJIOT TePMiHY

Alternating voltage | A voltage which periodically changes its polarity

Alternating current (AC)- A current which periodically changes its

direction
Alternator An alternating current generator

The temperature of the air, water, or surrounding
Ambient earth. Conductor ampacity is corrected for
temperature changes in ambient temperature including

temperatures below 86°F. The cooling effect can
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increase the current carrying capacity of the
conductor. (Review Section 310-10 of the
Electrical Code for more understanding)

An electric meter used to measure current,

Ammeter . .

calibrated in amperes

Procedure of expanding the strength of a signal
Amplification
Amplifier A device use to increase the strength of a signal
Amplitude The maximum value of a wave

Analog switch

An analog switch (sometimes just called a
"switch") is a switching device capable of
switching or routing analog signals (meaning
signals that can have any level within a specified
legal range), based on the level of a digital control
signal. Commonly implemented using a
"transmission gate," an analog switch performs a
function similar to that of a relay

Arc

Sparking that results when undesirable current
flows between two points of differing potential.
This may be due to leakage through the
intermediate insulation or a leakage path due to
contamination

Arc-chute

A device that employs the deionization principle
to confine and extinguish an arc

Attenuation

The reduction of a signal from one point to
another. For an electrical surge, attenuation refers
to the reduction of an incoming surge by a limiter
(attenuator). Wire resistance, arresters, power
conditioners attenuate surges to varying degrees

Battery

A device for turning chemical energy into
electrical energy

Battery fuel gauge

A feature or device that measures the accumulated
energy added to and removed from a battery,
allowing accurate estimates of battery charge level

Bipolar inputs

An input which accommodates signals both above
and below ground

A generator inserted in series in a circuit to add or

Booster subtract from the circuit voltage
Busbar A heavy rigid conductor used for high voltage
feeders
Cable An assembly of two or more wires
. The property of a capacitor that determines the
Capacitance . . :
quantity of electric energy that it can store
A device consisting of two conducting surfaces
Capacitor separated by an insulator and having the ability of
storing electric energy. Also called a condenser
Circuit A continuous path for the flow of electricity
Metal wires and cables that allow the flow of
Conductor :
electrical current
Controller A device or group of devices that serves to

govern, in some predetermined manner, the
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electric power delivered to the apparatus to which
it is connected

Converter

A device which changes electrical energy from
one form to another.

Coplanar line

A line which is in the same plane as another line.
Any two intersecting lines must lie in the same
plane, and therefore be coplanar

The movement of electrons through a conductor.

t . . .
Curren Measured in amperes and its symbol is "["
Cvele One complete wave of positive and negative
Y values of an alternating current. (See "Hertz")
. A unit of an electrical system that is intended to
Device . .
carry but not utilize electric energy
. . The insulating material between the plates of a
Dielectric .
capacitor
Diode Any two-electrode device that conducts in only

one direction

Direct current

A current is a continuous flow of electric current
from positive to negative poles

Localized currents induced in an iron core by
alternating magnetic flux. These currents translate

Eddy current into losses (heat) and their minimization is an
important factor in lamination design
The efficiency of an electrical machine or
Efficiency apparatus is the ratio of its useful power output to

its total power input

Electromotive force

A synonym for voltage, usually restricted to
generated voltage

Embeded system

A system in which the computer (generally a
microcontroller or microprocessor) is included as
an integral part of the system

Enclosure

The case or housing of apparatus, or the fence or
walls surrounding an installation to prevent
personnel from accidentally contacting energized
parts or to protect the equipment from physical
damage

Energized

Electrically connected to a source of voltage

Energy

The capacity for doing work

Equipment

A general term including material, fittings,
devices, appliances, luminaires (fixtures),
apparatus, and the like used as a part of, or in
connection with, an electrical installation

Equipment
grounding conductor

The conductor used to connect the non—current-
carrying metal parts of equipment, raceways, and
other enclosures to the system grounded
conductor, the grounding electrode conductor, or
both, at the service equipment or at the source of a
separately derived system

Explosionproof

Apparatus enclosed in a case that is capable of
withstanding an explosion of a specified gas or
vapor that may occur within it and of preventing
the ignition of a specified gas or vapor
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surrounding the enclosure by sparks, flashes, or
explosion of the gas or vapor within, and that
operates at such an external temperature that a
surrounding flammable atmosphere will not be
ignited thereby

Farad

The unit of measure for capacitance. It is the
capacitance of a capacitor in which an applied
voltage of one volt will store a charge of one
coulomb. The more practical units of capacitance
are the microfarad and picofarad

Feeder

All circuit conductors between the service
equipment, the source of a separately derived
system, or other power supply source and the final
branch-circuit overcurrent device

Field

A term commonly used to describe the stationary
(Stator) member of a DC Motor. The field
provides the magnetic field with which the
mechanically rotating (Armature or Rotor)
member interacts

Filament

In a directly heated electron tube, a heating
element which also serves as the emitter

Flux

The magnetic field which is established around an
energized conductor or permanent magnet. The
field is represented by flux lines creating a flux
pattern between opposite poles. The density of the
flux lines is a measure of the strength of the
magnetic field

Form factor

The ratio of the r.m.s. to the average value of a
periodic wave

Frequency

The rate at which alternating current makes a
complete cycle of reversals. It is expressed in
cycles per second. In the U.S. 60 cycles (Hz) is the
standard while in other countries 50 Hz (cycles) is
more common. The frequency of the AC will
affect the speed of a motor

Full load current

The current flowing through the line when the
motor is operating at full-load torque and full-load
speed with rated frequency and voltage applied to
the motor terminals

Full load torque

That torque of a motor necessary to produce its
rated horsepower at full-load speed, sometimes
referred to as running torque

Fuse

An overcurrent protective device with a circuit
opening fusible part that is heated and severed by
the passage of overcurrent

through it

Generator

A machine designed for the production of electric
power

Ground

A conducting connection, whether intentional or
accidental, between an electrical circuit or
equipment and the earth or to some conducting
body that serves in place of the earth
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Grounded

Connected to earth or to some conducting body
that serves in place of the earth

Grounded conductor

A system or circuit conductor that is intentionally
grounded

Grounding
conductor

A conductor used to connect equipment or the
grounded circuit of a wiring system to a grounding
electrode or electrodes

Harmonic distortion

The presence of frequencies in the output of a
device that are not present in the input signal

Henry

The basic unit of inductance. One henry is the
inductance which induces a cemf of 1 volt when
the current is changing at the rate of 1 ampere per
second

Hertz

A measurement of frequency. One hertz is equal
to one inverse second (1/s); that is, one cycle per
second, where a cycle is the duration between
similar portions of a wave. HZ

High voltage

Voltage exceeds 600 volts

Hydroelectric power

Power produced by using the power of water to
turn the shaft of a generator

Impedance

Impedance, represented by the symbol Z, is a
measure of the opposition to electrical flow. It is
measured in ohms

Impedance

Forces which resist current flow in AC circuits,
i.e. resistance, inductive reactance, capacitive
reactance

Inductance

The ability of a coil to store energy and oppose
changes in current flowing through it. A function
of the cross sectional areca, number of turns of coil,
length of coil and core material

Induction motor

An alternating current motor, either single phase
or polyphase, comprising independent primary
and secondary windings, in which the secondary
receives power from the primary by
electromagnetic induction

Inductive load

An inductive load is a load in which the current
lags behind the voltage across the load. (See Non-
Inductive Load)

Instrument
transformer

A transformer (current or potential) suitable for
use with measuring instruments; i.e., one in which
the conditions of the current, voltage and phase
angle in the primary circuit are represented with
acceptable accuracy in the secondary circuit

KVA

(Kilovolt amperes) (volts times amperes) divided
by 1000. 1 KVA=1000 VA. KVA is actual
measured power (apparent power) and is used for
circuit sizing

KW

(Kilowatts) watts divided by 1000. KW is real
power and is important in sizing Uninterruptible
Power Supplies, motor generators or other power

conditioners. One thousand watts. Expressed by
kW
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KWH

Kilowatt hours) KW times hours. A measurement
of power and time used by utilities for billing
purposes

Lagging load

An inductive load with current lagging voltage.
Since inductors tend to resist changes in current,
the current flow through an inductive circuit will
lag behind the voltage. The number of electrical
degrees between voltage and current is known as
the "phase angle". The cosine of this angle is
equal to the power factor (linear loads only)

Linear load

A load in which the current relationship to voltage
is constant based on a relatively constant load
impedance

Linear regulator

A voltage regulator that is placed between a
supply and the load and provides a constant
voltage by varying its effective resistance

Litium-ion battery

Lithium and lithium-ion: A number of battery
chemistries are based on the element lithium, a
highly-reactive metallic element. Lithium-based
batteries are common in two applications: Power
for portable equipment such as cell phones,
laptops, and MP3 players; and low-power, long-
life applications such as powering memory
elements and clocks

Live parts

Energized conductive components

Load

The amount of power used

Load balancing

Switching the various loads on a multi-phase
feeder to equalize the current in each line

Merphy's law

"Anything that can go wrong, will"

Motor

A machine which converts electrical power into
mechanical power

Motor control center

An assembly of one or more enclosed sections
having a common power bus and principally
containing motor control units

Motor induction
type

An alternating current motor, either single phase
or polyphase, comprising independent primary
and secondary windings, in which the secondary
receives power from the primary by
electromagnetic induction

Motor synchronous
type

An alternating current motor which operates at the
speed of rotation of the magnetic flux

Motor-generator set

A conversion device consisting of one or more
motors mechanically coupled to one or more
generators

Nominal voltage

The normal or designed voltage level

Non-inductive load

A non-inductive load

The derived unit for electrical resistance or

Ohm impedance; one ohm equals one volt per ampere.
The unit of electrical resistance. Represented by R
Ohmmeter An instrument for measuring resistance in ohms
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Oscillator

An electronic device for converting dc energy into
ac energy

Outlet

A point on the wiring system at which current is
taken to supply utilization equipment

Output-to-input ratio

The ratio between the sensed current and the
output current of the amplifier

Overcurrent

Any current in excess of the rated current of
equipment or the ampacity of a conductor. It may
result from overload, short circuit, or ground fault

Overload

Operation of equipment in excess of normal, full-
load rating, or of a conductor in excess of rated
ampacity that, when it persists for a sufficient
length of time, would cause damage or dangerous
overheating. A fault, such as a short circuit or
ground fault, is not an overload

Overvoltage
protection

Overvoltage Protector (OVP) refers to a circuit
that protects downstream circuitry from damage
due to excessive voltage. An OVP monitors the
DC voltage coming from an external power
source, such as an off-line power supply or a
battery, and protects the rest of the connected
circuitry using one of two methods: a crowbar
clamp circuit or a series-connected switch

Peak-to-peak value

The maximum voltage change occuring during
one cycle of alternating voltage or current. The
total amount of voltage between the positive peak
and the negative peak of one cycle or twice the
peak value

The time required for the current to pass through

Period
one cycle
The factional part of the period of a sinusoidal
Phase wave, usually expressed in electrical degrees and
referenced to the origin
Phase angle (See "Phase Difference")

Phase difference

The difference in phase between two sinusoidal
waves having the same period, usually expressed
in electrical degrees. The voltage wave if
generally taken as the reference, so in an inductive
circuit the current lags the voltage, and in a
capacitive circuit the current leads the voltage.
Sometimes called the phase angle

A general term applied to any system of more than

Polyphase a single phase. This term is ordinarily applied to
symmetrical systems
A transformer designed for shunt or parallel
Potential connection in its primary circuit, with the ratio of
transformer transformation appearing as a ratio of potential
differences
Power Rate of work, equals work divided by time

Power factor

Watts divided by voltamps (VA), KW divided by
KVA. Power factor: leading and lagging of
voltage versus current caused by inductive or
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capacitive loads, and 2) harmonic power factor:
from nonlinear current

Primary

The windings of a transformer which receive
energy from the supply circuit

Pulsating current.

Direct current which changes regularly in
magnitude

Rainproof

Constructed, protected, or treated so as to prevent
rain from interfering with the successful operation
of the apparatus under specified test conditions

Raintight

Constructed or protected so that exposure to a
beating rain will not result in the entrance of water
under specified test conditions

Rating

The rating of an electrical device includes (1) the
normal r.m.s. current which it is designed to carry,
(2) the normal r.m.s. volt-age of the circuit in
which it is intended to operate, (3) the normal
frequency of the current and the interruption (or
withstand) rating of the device. (See Interrupting
Rating)

Reactance

Opposition to the flow of alternating current.
Capacitive reactance is the opposition offered by
capacitor, and inductive reactance is the
opposition offered by a coil or other inductance

Reactive factor

The ratio of the reactive volt-amperes to the
apparent power

Reactive volt

The product of the voltage, current and the sine of
the phase difference between them. Expressed in

amperes

vars
. An electrical device used to change AC power

Rectifier . . .
into DC power. A battery charger is a rectifier
A device which is operative by variation in the
conditions of one electric circuit to effect the

Relay

operation of other devices in the same or another
electric circuit

Remote-control
circuit

Any electric circuit that controls any other circuit
through a relay or an equivalent device

Resistance, represented by the symbol R and
measured in ohms, is a measure of the opposition

Resistance to electrical flow in DC systems. Resistance is the
voltage across an element divided by the current
(R=V/)
An adjustable resistor constructed so that its

Rheostat resistance may be changed without opening the
circuit

Rotor The rotating member of a generator

Secondary The windings which receive the energy by

induction from the primary

Single-phase

A term characterizing a circuit energized by a
single alternating voltage source

Slip rings

The rotating contacts which are connected to the
loops of a generator

Smart phone

A phone with a microprocessor, memory, screen,
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and built-in modem. The smart phone combines
some of the capabilities of a PC in a handset
device and typically include Internet connectivity

The total components and subsystems that, in

Solar photovoltaic o . .
photovottal combination, convert solar energy into electrical
system . . e .
energy suitable for connection to a utilization load
The stationary coils of a generator
Stator
Structure That which is built or constructed
Surge A short duration high voltage condition

Synchronous motor

An alternating current motor which operates at the
speed of rotation of the magnetic flux

Thermal protector

(as applied to motors). A protective device for
assembly as an integral part of a motor or motor-
compressor that, when properly applied, protects
the motor against dangerous overheating due to
overload and failure to start

Thermally protected

(as applied to motors). The words Thermally
Protected appearing on the nameplate of a motor
or motor-compressor indicate that the motor is
provided with a thermal protector

Three phase

A term characterizing a combination of three
circuits energized by alternating voltage sources
which differ in phase by one-third of a cycle, 120
degrees

Transformer

A static electrical device which , by
electromagnetic induction, regenerates AC power
from one circuit into another. Transformers are
also used to change voltage from one level to
another. See also: Potential Transformer, Current
Transformer, Instrument Transformer, and
Autotransformer

Two-phase

A term characterizing a combination of two
circuits energized by alternating voltage sources
which differ in phase by a quarter of a cycle, 90
degrees.

Ventilated

Provided with a means to permit circulation of air
sufficient to remove an excess of heat, fumes, or
vapors

Volt

The unit of voltage or potential difference. The
unit of electromotive force, electrical pressure, or
difference of potential. Represented by E or V

Volt Amperes

The product of the voltage across a circuit and the
current in the circuit. Expressed in VA

Voltage

Electrical pressure, the force which causes current
to flow through a conductor

Voltage (of a

The greatest root-mean-square (rms) (effective)
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circuit)

difference of potential between any two
conductors of the circuit concerned

Voltage drop

The loss of voltage between the input to a device
and the output from a device due to the internal
impedance or resistance of the device. In all
electrical systems, the conductors should be sized
so that the voltage drop never exceeds 3% for
power, heating, and lighting loads or combinations
of these. Furthermore, the maximum total voltage
drop for conductors for feeders and branch circuits
combined should never exceed 5%

Voltage ratio

The voltage ratio of a transformer is the ratio of
the r.m.s. primary terminal voltage to the r.m.s.
secondary cur-rent, under specified conditions of
load

Voltage to ground

For grounded circuits, the voltage between the
given conductor and that point or conductor of the
circuit that is grounded; for ungrounded circuits,
the greatest voltage between the given conductor
and any other conductor of the circuit

Voltage, nominal

A nominal value assigned to a circuit or system
for the purpose of conveniently designating its
voltage class (e.g., 120/240 volts, 480Y/277 volts,
600 volts). The actual voltage at which a circuit
operates can vary from the nominal within a range
that permits satisfactory operation of equipment

The unit of power. Equal to one joule per second.

Watt The unit of electrical power. Represented by P or
W
Constructed or protected so that exposure to the
Weatherproof weather will not interfere with successful

operation
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CHAPTER 2 THE FIELD OF MATHEMATICS

LESSON 2.1

1. TEXT

ADDITION AND SUBTRACTION

Addition is the mathematical process of putting things together. The plus sign
"+" means that numbers are added together. For example, there are 3 + 2 apples—
meaning three apples and two other apples—which is the same as five apples, since 3
+ 2 = 5. Besides counts of fruit, addition can also represent combining other physical
and abstract quantities using different kinds of numbers: negative numbers, fractions,
irrational numbers, vectors, and more.

As a mathematical operation, addition follows several important patterns. It is
commutative, meaning that order does not matter, and it is associative, meaning that
one can add more than two numbers. Repeated addition of 1 is the same as counting;
addition of 0 does not change a number. Addition also obeys predictable rules
concerning related operations such as subtraction and multiplication. All of these
rules can be proven, starting with the addition of natural numbers and generalizing up
through the real numbers and beyond. General binary operations that continue these
patterns are studied in abstract algebra.

Addition is written using the plus sign "+" between the terms. The result is
expressed with an equals sign. For example,

1 +1 =2 (verbally, "one plus one equals two")

2 + 2 =4 (verbally, "two plus two equals four")

5+44+2=11

3+3+3+3=12

There are also situations where addition is "understood" even though no
symbol appears:

Columnar addition:

— A column of numbers, with the last number in the column underlined, usually
indicates that the numbers in the column are to be added, with the sum written below
the underlined number.

— A whole number followed immediately by a fraction indicates the sum of the two,
called a mixed number. For example,

3%=3+1%=35.

This notation can cause confusion since in most other contexts juxtaposition
denotes multiplication instead.

The numbers or the objects to be added are generally called the "terms", the
"addends", or the "summands"; this terminology carries over to the summation of
multiple terms. This is to be distinguished from factors, which are multiplied. Some
authors call the first addend the augend. In fact, during the Renaissance, many
authors did not consider the first addend an "addend" at all. Today, due to the
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symmetry of addition, "augend" is rarely used, and both terms are generally called
addends.

Subtraction 1s one of the four basic arithmetic operations; it is the inverse of
addition, meaning that if we start with any number and add any number and then
subtract the same number we added, we return to the number we started with.
Subtraction is denoted by a minus sign.

The traditional names for the parts of the formula

c—b=a
are minuend (c) — subtrahend (b) = difference (a). The words "minuend" and
"subtrahend" are uncommon in modern usage. Instead we say that ¢ and —b are
terms, and treat subtraction as addition of the opposite. The answer is still called the
difference.

Subtraction is used to model four related processes:

1. From a given collection, take away (subtract) a given number of objects. For
example, 5 apples minus 2 apples leaves 3 apples.

2. From a given measurement, take away a quantity measured in the same units.
If I weigh 200 pounds, and lose 10 pounds, then I weigh 200 — 10 = 190
pounds.

3. Compare two like quantities to find the difference between them. For example,
the difference between $800 and $600 is $800 — $600 = $200. Also known as
comparative subtraction.

4. To find the distance between two locations at a fixed distance from starting
point. For example if, on a given highway, you see a mileage marker that says
150 meters and later see a mileage marker that says 160 meters, you have
traveled 160 — 150 = 10 meters.

In mathematics, it is often useful to view or even define subtraction as a kind of
addition, the addition of the opposite. We can view 7 — 3 = 4 as the sum of two terms:
seven and negative three. This perspective allows us to apply to subtraction all of the
familiar rules and nomenclature of addition. Subtraction is not associative or
commutative— in fact, it is anticommutative— but addition of signed numbers is

both.

2. VOCABULARY

addition — noaBanHs a mathematical operation —

Sigll — 3HAK MaTcMaTU4dHa OIcpallisa

besides — KpiM TOT0, TAKOK pattern — npukiaa, cxema, MOAEIb
>

to represent — 300paxxyBary, to add — nonasatu

TIPEICTABIIATH to obey — migKoOpsATHCS
fraction — npi6 binary operation — GiHapHa
irrational — ippamionanbHUN onepanii

equals sign — 3HaK piBHOCTI
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verbally — ycHo

subtraction — BigHiMaHHs
multiplication — MHOXXEHHS

rule — nmpaBuIIO

term — TepMiH

column — cToBIEIb
addend — npyruii JogaHOK

symmetry — CUMETpist

formula — popmyna
minuend — 3MEHITyBaHE

subtrahend — Bi1'eMHUK
difference — pizuuus

to define — Bu3HauaTu
negative — B’ eMHUH

instead — 3amicTh

3. GRAMMATICAL NOTES

YTBOpEHHSI MHOKUHH IMECHHUKIB

IMeHHUKM B aHTIIHACHKIA MOBI MOJUISIIOTHCA Ha 3iidyBaHi (countable nouns) i
He3IiuyBaHi (uncountable nouns).

3nidyBaHi IMEHHUKH O3HAuYalOTh MPEAMETH, KI MokHa moniuutu: a chair cmineyw,

an engineer inoicenep, a question 3anumannsi.
HesniuyBaHl IMEHHUKH — 11€ Ha3BU PEYOBHH 1 0araTh0X aOCTPaKTHUX MOHSTH,

K1 HEe TiIaroThes 1401 water goda, milk monoko, freedom ceo600a, friendship

Opyoicoa Ta 1H.
3midyBaHi IMEHHUKH BXXHBalOThCcs B onHUHI (the singular) 1 mHOXwuHI (the

plural). HesmiduyBaHi IMEHHUKM MHOXHHU HE MalwTh. BUIBIIICTh IMEHHUKIB Yy
AHTIICHKINA MOB1 YTBOPIOIOTh MHOXKHHY J0/IaBaHHAM 710 ()OPMHU OJTHUHM 3aKIHUCHHS

4. EXCERCISES

Exercise 1.

[IpounTaiiTe i NEpeKNIaaITh TEKCT.

Exercise 2

JlaiiTe BIANOBIAb HA HACTYIIHI 3alTUTAHHS.

1)What is addition?
2) How the numbers or the objects to be added are generally called?
3)What is subtraction?
4)Name the traditional names for the parts of the formulac—b=a.
5)Say the following expressions:
100 +12=112,20+82=102,5+4 + 215 =224, 95-80 = 15.
6) What important patterns addition follows?
7) What kind of numbers addition uses?
8) Can we define subtraction as a kind of addition?
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9) What is the difference?
10) What kind of signs are used for addition and subtraction?

Exercise 3

[lepexnaaiTh aHTHCHKOIO

1) lomaBaHHS mpeacTaBisie cO000 OJHY 3 0a30BHX MaTEMaTHYHUX OIepallii.
2) Ilpu nogaBaHHI MU MOXXEMO BUKOPUCTOBYBATH P13H1 BUJIM YHCEIL.

3) MaTtemaTru4Ha orepartis J0/1aBaHHS Ma€ JICKiIbKa BaKIUBUX BIACTHBOCTCH.
4) O6’exTHn ab0 yncia, Kl J0JIal0ThCS MAlOTh CHCIliaJbHy Ha3BY.

5) Omnepairis BiIHIMaHHS MO3HAYAETHCS CTCIIaTLHUM 3HAKOM.

6) Inoxi OyBae IOLIIBHO BU3HAYATH BITHIMAHHS SIK BUJI TOJaBaHHS.

7) o0 otpumaru cim, Tpeda Bia JECATH BIAHATU TPH.

8) JlonaBaHHs 1 BiTHIMAHHS € 3BOPOTHUMH OIEPALIISIMH.

Exercise 4

3Haiiaith y Teketi 10-15 iMEHHUKIB Ta MpoaHami3yiTe ix.

LESSON 2.2

1. TEXT

MULTIPLICATION AND DIVISION

Multiplication is the mathematical operation of scaling one number by another.
It is one of the four basic operations in elementary arithmetic (the others being
addition, subtraction and division).

Multiplication is defined for whole numbers in terms of repeated addition; for
example, 4 multiplied by 3 (often said as "4 times 3") can be calculated by adding 3
copies of 4 together:

4+4-+4=12

Multiplication of rational numbers (fractions) and real numbers is defined by
systematic generalization of this basic idea.

Multiplication can also be visualized as counting objects arranged in a rectangle
(for whole numbers) or as finding the area of a rectangle whose sides have given
lengths (for numbers generally). The inverse of multiplication is division: as 4 times
3 is equal to 12, so 12 divided by 3 is equal to 4.

Multiplication is generalized further to other types of numbers (such as complex
numbers) and to more abstract constructs such as matrices.

Multiplication is written using the multiplication sign "X" between the terms.
The result is expressed with an equals sign. For example,
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2x3=6(verbally, "two times three equals six")
3x4=12
2x3x5=6x5=30
2X2X2X2%2=32

There are several other common notations for multiplication:

— Multiplication is sometimes denoted by either a middle dot or a period: 5-2 or 5 . 2.
The middle dot is standard in the United States, the United Kingdom, and other
countries where the period is used as a decimal point. In some countries that use a
comma as a decimal point (such as in Greece), the period is used for multiplication
instead.

— The asterisk (as in 5*2) is often used in programming languages because it appears on
every keyboard and is easier to see on older monitors. This usage originated in the
FORTRAN programming language.

— In algebra, multiplication involving variables is often written as a juxtaposition (e.g. xy
for x times y or 5x for five times x). This notation can also be used for numbers that
are surrounded by parentheses (e.g. 5(2) or (5)(2) for five times two).

The numbers to be multiplied are generally called the '"factors" or
"multiplicands". When thinking of multiplication as repeated addition, the number to
be multiplied is called the "multiplicand", while the number of multiples is called the
"multiplier". In algebra, a number that is the multiplier of a variable or expression
(e.g. the 3 in 3x)?%) is called a coefficient.

The result of a multiplication is called a product, and is a multiple of each factor
that is an integer. For example 15 is the product of 3 and 5, and is both a multiple of 3
and a multiple of 5.

In mathematics, especially in elementary arithmetic, division is an arithmetic
operation which is the inverse of multiplication. Specifically, if ¢ times b equals a,
written:

cxb=a
where b is not zero, then a divided by b equals ¢, written:

_:C

b
6

For instance, g =2 since 2xX3=6.

In the above expression, a is called the dividend, b the divisor and c the
quotient. Conceptually, division describes two distinct but related settings.
Partitioning involves taking a set of size a and forming b groups that are equal in
size. The size of each group formed, c, is the quotient of a and b. Quotative division
involves taking a set of size a and forming groups of size . The number of groups of
this size that can be formed, c, is the quotient of @ and b.

Teaching division usually leads to the concept of fractions being introduced to
students. Unlike addition, subtraction, and multiplication, the set of all integers is not
closed under division. Dividing two integers may result in a remainder. To complete
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the division of the remainder, the number system is extended to include fractions or
rational numbers as they are more generally called.

Division is often shown in algebra and science by placing the dividend over the
divisor with a horizontal line, also called a vinculum or fraction bar, between them. For
example, a divided by b is written

a

b

This can be read out loud as "a divided by b", "a by b" or "a over b". A way to
express division all on one line is to write the dividend, or numerator then a slash, then
the divisor, or denominator like this: a/b .

This is the usual way to specify division in most computer programming languages
since it can easily be typed as a simple sequence of characters.

Any of these forms can be used to display a fraction. A fraction is a division
expression where both dividend and divisor are integers (although typically called the
numerator and denominator), and there is no implication that the division needs to be
evaluated further.

2. VOCABULARY

rational numbers — parionanbHi ynuciIa programming languages — MmoBu

generalization — y3arajibHEeHHS HpoOTpaMyBaHHi

to arrange — MPUBOJINTHU B TTOPAIOK, parentheses — KpyrJii yxKH

KJ1acu(piKyBaTH multiplicand — MHOX€EHE
rectangle— npsIMOKYyTHHK multiplier — MHOXHUK

area — 1uioia dividend — gimnme

length — noBxnHa concept — 17es1, KOHIICTITIS
division — minenns sequence — MOCJiOBHICTb, PAJl
equal — piBHUI divisor — niIbHUK

complex numbers — KOMIUJIEKCHI YHCIIa quotient — yacTka

matrices — ManHui numerator — YUCEIbHUK

a decimal point — gecaTkoBa Kparnka denominator — 3HaMEHHUK

a comma — KomMa implication — cMuc, 3HaUeHHS

the asterisk — 31pouka

3. GRAMMATICAL NOTES

[IpaBuia npaBonucy MHOKHHHA IMEHHUKIB
Ha nuceMi O1IbIIICTh IMEHHUKIB MAIOTh Y MHOKHH1 3aKIHYEHHS -S. 3aKIHUEHHS
-€S JI0J1a€ThC, SIKIIO:
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a) IMGHHHK B OJTHHHI 3aKIHUY€ThCS Ha -8, -8S, -sh, -ch, -tch, -x:

a bus asmobyc — buses a lunch cuioanox — lunches

0) IMEHHHK B OJIHMHI 3aKIHUYETHCS HA -y 3 MONEPEIHBOIO MPUTOIOCHOI; TP LILOMY
y 3MIHIOETHCS Ha 1:

a story onosioanns — stories a fly myxa — flies

B) IMCHHHK B OJJHMHI 3aKiHUY€THCS HA -0 3 TIONEPEIHBOIO TPUTOIOCHOIO:

a hero eepoii — heroes a tomato nomioop — tomatoes
Bunstku:  a piano posis — pianos a photo gpomo — photos

4. EXCERCISES

Exercise 1

[IpounTaiiTe i mepeKnIaaiTh TEKCT.

Exercise 2

JlaiiTe BIATIOBIIb HA HACTYITHI 3alUTaHHS.

1)What is multiplication?
2) How multiplication is defined for whole numbers?
3) Where the asterisk 1s often used?
4) How multiplication can be visualized?
5) Has multiplication the inverse? Name it.
6) What is division?
a
—=c
7) Name the traditional names for the parts of the formula
8) Where a vinculum or fraction bar is used?
9)When such terms as the numerator and denominator are used?
10) What kind of signs are used for multiplication and division?

Exercise 3

[TepexnaniTh aHTIIIMCHKOIO.

1) Omneparriss MHOKEHHSI MOKe OyTH BU3HAUCHA SIK MOCI1IOBHE JTOJaBaHHS.

2) 1715 MO3HAYEHHSI MHOYKEHHSI BUKOPUCTOBYIOTHCS JIEK1JIbKa 3HAKIB.

3) 3HaK «31poUKa» JOCHUTh YaCTO BUKOPUCTOBYETHCS Y MOBAaX MPOTpaMyBaHHSI.
4) Yucio sike MHOKHUTHCS Ha3UBAETHCS MHOYKCHHM.

5) YUucno Ha sike MHOKUMO Ha3WBAETHCS MHOKHUKOM.

6) [ineHHs € onepalli€ro 3BOPOTHOIO JJO MHOKCHHS.

7) Uucno, sike JIIUThCS HA3UBAETHCS TITUMHUM.

8) Mg mo3HaueHHs JiICHHS BUKOPUCTOBYIOTHCS Pi3HI 3HAKHU.

63



Exercise 4

3HaiiniTh y TekcTi 10 IMEHHUKIB Y MHOXHWHI Ta MPOAaHANI3YWTE SK BOHA
YTBOPIOETHCS.

LESSON 2.3

1. TEXT

NUMBERS

A number is a mathematical object used in counting and measuring. A notational
symbol which represents a number is called a numeral, but in common usage the word
number is used for both the abstract object and the symbol, as well as for the word for
the number. In addition to their use in counting and measuring, numerals are often
used for labels (telephone numbers), for ordering (serial numbers), and for codes (ISBNs).
In mathematics, the definition of number has been extended over the years to include
such numbers as zero, negative numbers, rational numbers, irrational numbers, and complex

numbers.

Certain procedures which input one or more numbers and output a number are
called numerical operations. Unary operations input a single number and output a single
number. For example, the successor operation adds one to an integer: the successor of
4 1s 5. More common are binary operations which input two numbers and output a
single number. Examples of binary operations include addition, subtraction,
multiplication, division, and exponentiation. The study of numerical operations is called
arithmetic.

The branch of mathematics that studies structure in number systems, by means of
topics such as groups, rings and fields, is called abstract algebra.

The most familiar numbers are the natural numbers or counting numbers: one, two,
three, ... .

In the base ten number system, in almost universal use today for arithmetic
operations, the symbols for natural numbers are written using ten digits: 0, 1, 2, 3, 4,
5,6,7,8,and 9. In this base ten system, the rightmost digit of a natural number has a
place value of one, and every other digit has a place value ten times that of the place
value of the digit to its right. The symbol for the set of all natural numbers is V.

Negative numbers are numbers that are less than zero. They are the opposite of
positive numbers. For example, if a positive number indicates a bank deposit, then a
negative number indicates a withdrawal of the same amount. Negative numbers are
usually written by writing a negative sign (also called a minus sign) in front of the
number they are the opposite of. Thus the opposite of 7 is written —7. When the set of
negative numbers is combined with the natural numbers and zero, the result is the set
of integer numbers, also called integers.

A rational number 1s a number that can be expressed as a fraction with an integer
numerator and a non-zero natural number denominator.
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The real numbers include all of the measuring numbers. Real numbers are
usually written using decimal numerals, in which a decimal point is placed to the right
of the digit with place value one.

Moving to a greater level of abstraction, the real numbers can be extended to
the complex numbers. This set of numbers arose, historically, from the question of
whether a negative number can have a square root. This led to the invention of a new
number: the square root of negative one, denoted by i, a symbol assigned by Leonhard
Euler, and called the imaginary unit. The complex numbers consist of all numbers of the
form@ + bt ¢ and b are real numbers. In the expression a + bi, the real number a is
called the real part and bi is called the imaginary part. If the real part of a complex
number is zero, then the number is called an imaginary number or is referred to as
purely imaginary; if the imaginary part is zero, then the number is a real number.

2. VOCABULARY

counting — o6uncneHHs fraction — pi6
measuring — BUMiprOBaHHS exponentiation — MiJHECEHHSI J10
definition — Bu3HaueHHA CTYICHA

number system — cucrema
CUMCJICHHS

Zero — HyJlb

familiar — 3BuuHUM
] _ Zero — HyJlb
opposite — MPOTUIIEKHICTh ..
] . to indicate — rmokasyBaTtu
imaginary — ysBHUI .
withdrawal — BriryueHHs

invention — BuHaxXi ) )
amount — KUIBKICTb

real part — niiicHa yacTuHa ,
set — HaOIp

imaginary part — ysiBHa yacTUHa ..
digit — po3psn
natural numbers — HaTypaJIbHI YKCIa . . .
' . purely imaginary — 4ncTo ysBHUM
rational number — panionaneH1 yncna

3. GRAMMATICAL NOTES

OxpeMi BUNAIKM YTBOPEHHS MHOKMHHU IMEHHUKIB

VY neskux iMEHHUKaX, 110 B OJIHHUHI 3aKIHUyIOThcA Ha -f abo -fe, y MHOXuHI
3MIHIOETBCS Ha V 3 JIOJaBaHHSIM 3aKiHUYCHHS -(€)s; OYKBOCIOJYYEHHS -Ves
BUMOBJISIETCA [VZ]:
a wife opyorcuna — wives, a leaf nucm — leaves, a shelf nonuys — shelves, a calf
mens — calves, a wolf soex — wolves, a knife niore — knives, a half norosuna —
halves, a life orcumms — lives.

MHoXHHa NeIKUX IMEHHHKIB YTBOPIOETHCS 3MIHOK KOPEHEBOTO TOJIOCHOTO
(6e3 nomaBaHHS 3aKiHUCHHS):
a man yos106iKk — men, a woman oxcinka — women, a foot, noeca — feet.
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Imennuku sheep sisys, deer onens, swine ceuns, fish puba ta HazBu neskux
nopijg pud MarTh OAHAKOBY (POPMY B OJHUHI 1 MHOXKHHI.

Jlesiki IMEHHUKH JIATUHCBKOTO 1 TPELbKOro MOXOKEHHS 30epiraloTb GopMu
MHO>KWHH, SIKI BOHH MaJii B IINX MOBAaXx:

a phenomenon ssuwe — phenomena, a crisis kpuza — crises, a radius paoiyc
— radii.

binbmr nmeranbHO TIMTAHHS YTBOPEHHS MHOXHWHU IMEHHUKIB JUBITBCA Y
rpaMaTUYHOMY JTOBIIHHUKY.

3. EXCERCISES

Exercise 1

[IpouwnTaiiTe it mepexIaaiTh TEKCT.

Exercise 2

JlaiiTe BiMOBiAb Ha HACTYIIHI 3alIUTAHHS.

1)What is a number?

2) Has the definition of number been extended over the years?
3) What was the result of this extension?

4) What is the successor operation?

5) What do you know about abstract algebra?

6) What is negative numbers?

7)What is a rational number?

8) What is a real number?

9) Tell about the invention of a complex number.

10) What is the imaginary unit?

Exercise 3

[TepexnamiTh aHTIIIHCHKOIO.

1) s o6uncmtoBaHHS Ta BUMIPIOBAaHHS MU KOPUCTYEMOCH YHCIIAMHU.

2) [ToHATTS yKCiIa 3 pOKaMH MOCTIHHO PO3MITUPIOBATIOCS.

3) AGcTtpakTHa anrebpa — 1€ PO3AT MaTEMaTUKH, IO BUBYAE CTPYKTYPH Y
YUCJIOBUX CHUCTEMaX.

4) HaTtypasnbHi 4nciia € HaiOUIbII PO3MOBCIOIKEHUMH.

5) Big’emni yucia — 11e 4yucia, 1o MEHII 3a HyJIb.

6) Skimo yuciao MoxkHaA 300pa3sUTH SK BIJHOIICHHS IUJIOTO YHCEIbHUKA Ta
HEHYJIbOBOT'O 3HAMEHHHUKA, TAKe YMCJI0 Ha3UBAETHCS PaIliOHATBHIM.

7) Y KOMIIJIEKCHOTO YHCIIA € AiiCHA Ta ysBHA YaCTHUHHU.

8) KBajpaTHuii KOpiHb 3 4MCia «-1» MO3HAYAETHCS CUMBOJIOM «1).

9) BaxxnuBuii BHECOK Yy PO3BUTOK TEOpii KOMIJIEKCHUX YHCENl OyJI0 BHECEHO
Jleonapnom Eitnepom.
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Exercise 4

HaBenith camoOCTIMHO J€KUIbKa NPUKIAAIB OKPEMHUX BHUIIAJKIB yTBOPEHHS
MHO>KWHH IMEHHUKIB.

LESSON 2.4

1. TEXT

FUNCTION

The mathematical concept of a function expresses dependence between two
quantities, one of which is known and the other which is produced. A function
associates a single output to each input element drawn from a fixed set, such as the
real numbers, although different inputs may have the same output.

There are many ways to give a function: by a formula, by a plot or graph, by an
algorithm that computes it, or by a description of its properties. Sometimes, a function
is described through its relationship to other functions (for example, inverse function).
In applied disciplines, functions are frequently specified by their tables of values or
by a formula. Not all types of description can be given for every possible function,
and one must make a firm distinction between the function itself and multiple ways of
presenting or visualizing it.

One idea of enormous importance in all of mathematics is composition of
functions: if z is a function of y and y is a function of x, then z is a function of x. We
may describe it informally by saying that the composite function is obtained by using
the output of the first function as the input of the second one. This feature of
functions distinguishes them from other mathematical constructs, such as numbers or
figures, and provides the theory of functions with its most powerful structure.

Mathematical functions are denoted frequently by letters, and the standard
notation for the output of a function f with the input x is f(x). A function may be
defined only for certain inputs, and the collection of all acceptable inputs of the
function is called its domain. The set of all resulting outputs is called the image of the
function.

For example, the expression f(x) = x* describes a function f of a variable x,
which, depending on the context, may be an integer, a real Or complex number or even an
element of a group.

Let us specify that x is an integer; then this function relates each input, x, with a
single output, x°, obtained from x by squaring. Thus, the input of 3 is related to the
output of 9, the input of 1 to the output of 1, and the input of —2 to the output of 4,
and we write f(3) =9, f(1)=1, f(—2)=4. Since every integer can be squared, the
domain of this function consists of all integers, while its image is the set of perfect
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squares. If we choose integers as the codomain as well, we find that many numbers,
such as 2, 3, and 6, are in the codomain but not the image.

It is a usual practice in mathematics to introduce functions with temporary
names like f; in the next paragraph we might define f(x) = 2x+1, and then f(3) = 7.
When a name for the function is not needed, often the form y = x* is used.

2. VOCABULARY

concept — KOHIeMITis informally — neopmanbHO

dependence — 3aeXHiCTh to obtaine — 3100yBatn

quantity — BeuunHa to distinguish — BimpizHsATH

to associate — 06’ €HyBaTH frequently — acro

a plot — rpadix domain — 00nacTh BU3HAYEHHS

the image of the function —

algorithm — anropitm
o0racTh 3HaUeHb QYHKIIIT

a description — onuc ) .
particular — oxpemuit

relationship — 38’5130k
_ range — o0JacTh 3HaUYEHb QYHKI1
distinction — pi3HuLA, XapakTepHa puca )
squaring — 3BeJICHHS B KBaJlpaT
to visualize — poOuTH HAOUHUM

enormous — BeJINYE3HUU

3. GRAMMATICAL NOTES

BigMiHKH IMEHHHKIB

Bigminok — 11e dopma IMEHHMKA, 110 BHUpa)ka€ 3B'SI30K OO IMEHHHUKA 3
IHITMMHU CJIOBAaMU B PEUYCHHI.

[TopiBHsIiiMO yKpaiHChKI pedeHHs1 A manoro onieyem 1 A manoro oniseysb. Y
NEePIIOMY pEeYEHHI ozigeys € 3HApSAASIM Jii (1e BUpaxkeHO (POpPMOIO OpYAHOTO
BIJIMIHKA), a B IpyromMy — 00'ekToM Jiii (Ha 1110 BKa3zye ¢hopma 3HaX1THOTO BiAMIHKA).

Ha Bigminy Bijg yKpaiHCbKOI MOBH, Ji€ € IICTh BIAMIHKIB IMEHHHKA, B
AHTIIUCHKIA MOBI iX Jmmie nBa: 3aranbHui (the Common Case) 1 mpucsiiiamii (the
Possessive Case).

3arajgpHUil BIOMIHOK HE Ma€ CHEMIAJIbHAX BIIMIHKOBHUX 3aKIHYEHB. 3B'I30K
IMEHHMKa B 3arajlbHOMy BIIMIHKY 3 IHIIMMH CJOBaMH  BUPAXKAETHCA
NpUAMEHHUKAMHM, a TaKoX MiCIieM, $KE€ IMEHHHMK 3aiimMae B peueHHl. Tak,
AHTJIIMCHKUM BIJIOBIJHUKOM MEPIIOTO 3 HABEACHUX BHUIIE YKPAiHCHKUX pedeHb (A
mamoro onisyem) € I am drawing with a pencil, a npyroro (A mantoro oniseyb) — I am
drawing a pencil. 3Hapsaas naii BUpPaKEHO TYT 3arajJlbHUM BIIMIHKOM 3
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npuiiMeHHUKOM Wwith, a o00'ekt nii — 3aragpHUM BiIMIHKOM IMEHHHKa (0e3
MPUUMEHHHKA), [0 CTOITh MICHS A1ECIOBA-IPUCYIKA.

IMeHHuK y 3aragbHOMY BIIMIHKY 3 MpuUAMeHHUKOM to abo for moxe
BIJIMOBIJIATH YKPATHCBKOMY IMEHHUKY B JJaBaJbHOMY BiJIMIHKY:
He bought a ball for his son. Bin kynuB M'siy CHHOBI.

CnonydyeHHss 1MEHHHUKAa B 3arajbHOMY BIAMIHKY 3 NpPUHUMEHHUKOM oOf
31€OUIBIIIOTO BiJMIOBIIA€ YKPATHCHKOMY POJIOBOMY BIJIMIHKY:
the back of the chair COUHKA CTUIBII

3araJibHUM BIIMIHOK IMEHHMKA 3 TpuiiMeHHuKamu by 1 with yacto Bupaxkae
Taki BIJHOIIEHHS MK CJIOBaMH, SIKi B YKPaiHCBKIM MOB1 MepeNaloThCsl OPYIHUM
BIIMIHKOM:
The letter was written "JIuct OyB HaINMCAaHU OJIIB-
with a pencil. LEM.

4. EXCERCISES

Exercise 1.

[IpouwnTaiiTe it mepexiIaaiTh TEKCT.

Exercise 2

JlaiiTe BiMOBiAb Ha HACTYIIHI 3alIUTAHHS:

1)What is a function?

2) Are there many ways to give a function? Name them.

3) What is a domain of a function?

4) What is a range of a function?

5) How mathematical functions are denoted?

6) What do you know about the idea of composition of functions?
7) Make several examples of a function.

Exercise 3

[TepexnamiTh aHTITIHCHKOIO:

1) Icaye 6araro 3aco0iB peACTaBUTH (PYHKITIIO.

2) Bupas f(x) = x°, Bkasye Ha Te, 10 f(X) € QYHKI[€I0 BiX 3MiHHOI X.

3) ®yHKIII0 MOXHA 33JaTH 3a JA0MOMOroi (Gopmyiu, rpadika, alropuTMy 4u
3a IONIOMOT'OK0 OTUCY 11 BIIACTUBOCTEM.

4) Slkmo z € QyHKIIE BT y, @ ¥ B CBOIO Uepry € (PyHKIIEW B X, TO Z €
(GyHKIIEO B X.
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5) ®yHKLisS CTaBUTh Y BIAMOBIAHICTh KOXKHOMY 3HAYEHHIO BXI1JHOI BETWYHHH
BIJIITOBITHE 3HAYEHHS BUX1IHOI.

6) Cnig BIJ3HAUWUTH, LIO0 PI3HUM 3HAYEHHSAM BXIJHOI BEJIMYMHU MOXKYTh
BIJIITOB1IaTH OJHAKOBI 3HAYEHHS BUX1IHOI BETUYNHU.

7) BuBueHHsIM BJacTUBOCTEN (yHKLIM 3alMa€eThCs PO3ALT  MaTeMaTHKU
“Teopia QyHKIIN”.

Exercise 4

HagpeniTe caMOCTIHHO ACKUJIbKA MPHUKJIAIIB 3 TEKCTY BHMAAKIB 3araJibHOTO Ta
IIPUCBIMHOTO BiJIMIHKIB.

LESSON 2.5

1. TEXT

MATRIX

In mathematics, a matrix (plural matrices, or less commonly matrixes) is a
rectangular array of numbers, as shown at the right. In addition to a number of
m-Ixy-n maknix
& nookames

elementary, entrywise operations such as
matrix addition a key notion 1s matrix
multiplication. The latter operation connects
matrices to linear transformations, i.e. higher-
dimensional analogs of linear functions, i.€.,
functions of the form f{x) = ¢ - x, where c is a
constant. This map corresponds to a matrix
with one row and column, with entry c. In
general matrices are used to keep track of the
coefficients of linear equations and to record other
data that depend on multiple parameters. This

an

concept was also one of the historical roots of matrices.

dp
&2

gy - --
ars - --

33 ---

Figure 2.1 — A matrix

In the particular case of square matrices, matrices with equal number of

columns and rows, more refined data are attached to matrices, notably the determinant,
inverse matrices, which both govern solution properties of the system of linear equation

belonging to the matrix, and eigenvalues and eigenvectors.

Matrices find many applications. Physics makes use of them in various domains,

for example in geometrical optics and matrix mechanics. The latter also led to studying in
more detail matrices with an infinite number of rows and columns. Chemistry makes
use of them in various ways, particularly since the use of quantum theory to discuss
molecular bonding and spectroscopy. Good examples are the overlap matrix and the Fock
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matrix using in solving the Roothaan equations to obtain the molecular orbitals of the
Hartree-Fock method. Matrices encoding distances of knot points in a graph, such as
cities connected by roads, are used in graph theory, and computer graphics use matrices to
encode projections of three-dimensional space onto a two-dimensional screen. Matrix
calculus generalizes classical analytical notions such as derivatives of functions or
exponentials to matrices. The latter is a recurring need in solving ordinary differential
equations.

Due to their widespread use, considerable effort has been made to develop
efficient methods of matrix computing, particularly if the matrices are big. To this
end, there are several matrix decomposition methods, which express matrices as
products of other matrices, whose inverses, products etc. are easier to compute. Sparse
matrices, matrices which have few non-zero entries, which occur, for example, in
simulating mechanical experiments using the finite element method, often allow for
more specifically tailored algorithms performing these tasks.

Matrices are described by the field of matrix theory. The close relationship of
matrices with linear transformations makes the former a key notion of linear algebra.
Other types of entries, such as elements in more general mathematical fields or even
rings are also used. Matrices consisting of only one column or row are called vectors,
while higher-dimensional, e.g. three-dimensional, arrays of numbers are called tensors.

2. VOCABULARY

molecular bonding —

matrix — MaTpuIs .
MOJIEKYJISIPHUI 3B’ 30K
rectangular — npsMOKyTHHI
overlap — epeKpuTTs, HAKJIAJACHHS
array — MacuB

molecular orbitals — MmonexynsapHi

matrix addition — MmaTpuuHe f01aBaHHS op6iTai

linear transformation — miniitae three-dimensional space — TpHBH-

IEPETBOPCHHS MipHuHit IpocTip

entry — naHi Tabmuii matrix calculus — maTpuyne

coefficient — xoedirienr YUCJICHHS

square matrix — KBaJapaTHa MaTpPHIIS derivative — nmoxigHa

determinant — BU3HAYHUK exponential — mokazoBa QyHKITIsI

inverse matrix — 3B0OpoTHa MaTpPUIIs ordinary differential equation —
3BUYaliHe TudepeHItiaabHe

to govern — KepyBaTH, BUBHAUaTU .
PIBHSIHHS

eigenvalue — BjacHe 3HaYCHHS . .
efficient — edexTuBHUM,
eigenvector — BJIACHUU BEKTOP pa]_IiOHaJ'II)HI/Iﬁ

quantum theory — kBanTOBa TEOPIs to this end... — 3 miero MeTOIO ...
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tailored algorithms — cneniansHo tensor — TeH30p
BUKOHAHI aJITOPUTMHU

3. GRAMMATICAL NOTES

[IpucBiiiHuiA BIIMIHOK

[IpucBiiinuii BIAMIHOK BiJNOBijae Ha 3anuTaHHs whose? (uuti?, wus?, uue?,
yui?).

[IpucBiiiHuii BIAMIHOK OJJHMHU YTBOPIOETHCS JOJIaBaHHSAM JI0 IMEHHHKA arnoctpoda i
3akiHdeHHS —s: Jack's friends.

Skio iMEHHMK B OJHHWHI 3aKiHYye€ThCS Ha -S, -SS, -X, TO Ha TIMCbMI B
NPUCBIHHOMY BIAMIHKY JOJIA€ThCS 3A€OLIBIIOT0 TUIBKK anmocTpod, Xxoya 3BHYANHE
MO3HAYEHHS -'s TaK0K MOKJIKBE: James' (a0o James's) coat.

Y npucBifHOMY BiAMIHKY B)XHMBAIOTHCSI B OCHOBHOMY IMEHHHUKH, MIO
03HAYalOTh HA3BH ICTOT:
my friend's mother mamu mo2o opyeaa.

binbn geTanbHO 1€ TUTaHHS AUBITHCA Y TPAMAaTUYHOMY JOBITHUKY.

4. EXCERCISES

Exercise 1.

[IpounTaiiTe i NEpeKNIAaITh TEKCT.

Exercise 2.

JlaiiTe BIANOBIAb HA HACTYIHI 3alTUTAHHS:

1) What is a matrix?

2) What connects matrices to linear transformations?

3) What are square matrices?

4) Tell about the application of matrices in physics and chemistry.
5) Tell about the other applications of matrices.

6)What are sparse matrices?

7) How matrices consisting of only one column or row are called?
8) What field of mathematics studies matrices?

Exercise 3.

[lepexnaiTe aHTIACHKOIO:

1) Matpwuris npencraBiisie COO0I0 MacHB YHCET.
2) Martpuiii MarOTh BiJIHOIIEHHS J10 KO€(III€EHTIB JIHIMHUX PIBHSIHb.
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3) ko KIABKICTh PSAAKIB Ta CTOBILIB MAaTpPUIll CIIBMNAgalOTh, BOHA
HAa3MBAETHCS KBAAPATHOIO.

4) Take MOHATTS SIK BUBHAYHUK, BIIHOCUTHCS TUIBKHU J0 KBaJIPATHOI MAaTPHIIL.
5) MaTpuiii 3HaliluIM BUKOPUCTAHHS Y PI3HUX Tally3sX 3HAHb.

6) MaremaTuku po3poOuiau 6arato MeTo/ 1B OOYUCIICHHS MATPHUILh.

7) IcHye cremianbHUNA PO3AUT MaTEMAaTHKU, SIKHM 3aiiMa€ThbCsl BUKJIIOYHO
MaTPUISIMU — T€OPisl MaTPHUIIb.

8) BexTopu sABIAIOTH COOOK0 OKPEMUM BUIIAIOK MATPHIII.

Exercise 4

HaBenith camMOCTIHHO AEKITbKA MPUKIIAJIB YTBOPEHHS MPUCBIHOTO BIIMIHKY.

LESSON 2.6

1. TEXT

TRIGONOMETRY

Trigonometry is a branch of mathematics that deals with triangles, particularly
those plane triangles in which one angle has 90 degrees (right triangles). Trigonometry
deals with relationships between the sides and the angles of triangles and with the
trigonometric functions, which describe those relationships.

Trigonometry has applications in both pure mathematics and in applied mathematics,
where it is essential in many branches of science and technology. It is usually taught
in secondary schools either as a separate course or as part of a precalculus course.
Trigonometry is informally called "trig".

A branch of trigonometry, called spherical trigonometry, studies triangles on
spheres, and is important in astronomy and navigation.

If one angle of a triangle is 90 degrees and one of the other angles is known, the
third is thereby fixed, because the three angles of any triangle add up to 180 degrees.
The two acute angles therefore add up to 90 degrees: they are complementary angles.
The shape of a right triangle is completely determined, up to similarity, by the angles.
This means that once one of the other angles is known, the ratios of the various sides
are always the same regardless of the overall size of the triangle. These ratios are
given by the following trigonometric functions of the known angle 4, where a, b and ¢
refer to the lengths of the sides in the accompanying figure:

o The sine function (sin), defined as the

ratio of the side opposite the angle to the . B
hypotenuse. . -
, opposite a Ca a
sin A = = —. -
hypotenuse ¢ - )
A - h I
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o The cosine function (cos), defined as the ratio of the adjacent leg to the

hypot . ; i
ypo enuseadja,{:ent b Figure 2.2 — A I‘Ight

cos A = = —. triangle
hypotenuse ¢

o The tangent function (tan), defined as the ratio of the opposite leg to the

adjacent leg.

opposite ( sin A
tan.Ad = L = — = .
adjacent b  cosA

The hypotenuse is the side opposite to the 90 degree angle in a right triangle; it
is the longest side of the triangle, and one of the two sides adjacent to angle A. The
adjacent leg 1s the other side that is adjacent to angle A. The opposite side is the side
that is opposite to angle 4. The terms perpendicular and base are sometimes used for
the opposite and adjacent sides respectively. Many people find it easy to remember
what sides of the right triangle are equal to sine, cosine, or tangent, by memorizing
the word SOH-CAH-TOA.

The reciprocals of these functions are named the cosecant (csc or cosec), secant
(sec) and cotangent (cot), respectively. The inverse functions are called the arcsine,
arccosine, and arctangent, respectively. There are arithmetic relations between these
functions, which are known as trigonometric identities.

With these functions one can answer virtually all questions about arbitrary
triangles by using the law of sines and the law of cosines. These laws can be used to
compute the remaining angles and sides of any triangle as soon as two sides and an
angle or two angles and a side or three sides are known. These laws are useful in all
branches of geometry, since every polygon may be described as a finite combination
of triangles.

The above definitions apply to angles between 0 and 90 degrees (0 and /2
radians) only. Using the unit circle, one can extend them to all positive and negative
arguments. The trigonometric functions are periodic, with a period of 360 degrees or
2n radians. That means their values repeat at those intervals.

The trigonometric functions can be defined in other ways besides the
geometrical definitions above, using tools from calculus and infinite series. With these
definitions the trigonometric functions can be defined for complex numbers. The
complex function cis is particularly useful

cisr =cosx +isinr=e".

2.VOCABULARY

right triangles — npsiMokyTHUM
TPUKYTHUK

trigonometry — TpuroHomMeTpis

branch — BiaranyxeHus ] ) ,
relationship — 38’5130k

triangle — TpUKYyTHUK ) ) )
trigonometric function —

plane triangle — IOCKUI TPUKYTHUK TPUroHOMETpHYHA (QYHKLLs

angle — xyT
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pure mathematics — yncra matemaTuka cosine function — pynkis

applied mathematics — npuknagna KOCHHYC

MareMaTuKa tangent function — pyHkuis
spherical trigonometry — cepruna TaHICHE

TPUTOHOMETPIst adjacent leg — npuiernumii kater
sphere — cdepa, kyms hypotenuse — rinotenysa
thereby — Takum ynHOM perpendicular — nepneHIuKyJISIp
complementary angles — 101aTKOB1 KyTH base — ocHOBa

similarity — nmoaiGHicTh reciprocal — mpoTHJICKHICTh
ratio — BiTHOIIIEHHS polygon — GaraToKyTHHUK

to refer — BigHOCUTHCA unit circle — oIMHUYHE KOJIO

to accompany — CynpoBOKyBaTH periodic — nepioguyHu

sine function — ¢pyHkIIis cunyc

3. GRAMMATICAL NOTES

BoxuBaHHs IMEHHHKIB Y (PYHKIIIT O3HAUCHHS

O3HaueHHs, MO CTOITh Tepell O3HauYyBaHUM CIIOBOM, Ha3WBAETHCS
npeno3uTHBHUM (prepositive attribute): the Kyiv Metro xuiscoke mempo.

O3HaueHHs, IO CTOITh MICJIS  O3HAYYBAaHOTO CJIOBa, HA3MBAETHCS
nocTno3uTUBHUM (postpositive attribute): the works by Ch. Dickens meopu Y.
Uixkenca.

VY dyHKIII{ 03HAYCHHS MOXE BKUBATHCS:

a) IMCHHHK Yy 3arajJlbHOMy BIAMIHKY 3 NpUAMEHHHKOM (HaiuacTime 3 of); Take
O3HAUYEHHSI CTOITh MICJIS O3HAUYYBAHOTO IMEHHHMKA, TOOTO € TMOCTIO3UTHUBHUM: the
centre of the town yenmp micma.
0) IMEHHUK y NPHUCBIMHOMY BIAMIHKY, SIK MpaBUiio, 0€3 MPUHUMEHHHUKA; TaKe
O3HAYEHHS CTOITh IMepes] O3HAUYBaHUM IMEHHHKOM, TOOTO € TMPENO3UTUBHUM:
Victor's friends Bikmopoegi opys3i.

O3HaueHHs, BUPA)KEHE IMEHHUKOM Y MPUCBIMHOMY BIIMIHKY 3 MIPUHNMEHHUKOM
of, cToith micna o3HauyBaHOTO iMeHHUKA: a novel of Dreiser's ooun 3 pomanis
lpaiizepa.

B) IMEHHHUK Y 3arajJlbHOMYy BIJIMIHKYy O€3 NMpUHWMEHHHKA; TaKe O3HAUCHHS 3aBXKIU
CTOITh Mepe]] 03HAYYBAaHUM IMEHHUKOM:

I went to the bathroom S mimoB 10 1Bepel BaHHOI
door. KiIMHATH.
She had no winter jacket. VY Hei He OyJ10 3MMOBOIO JKaKeTa.
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4. EXCERCISES

Exercise 1.

[TpounTaiiTe it mepekyIaliTh TEKCT.

Exercise 2.

JlaiiTe BIATIOBIIb HA HACTYITHI 3alIUTAHHS:

1) What is trigonometry?

2) What is spherical trigonometry?

3) What is the sine function?

4) What is the cosine function?

5) What is the tangent function?

6) Name the reciprocals of the above-mentioned functions.

7) Name the inverse functions of the above-mentioned functions.

8) What is the hypotenuse?

9) What do you know about the law of sines and the law of cosines?

Exercise 3.

[lepexnaaiTe aHTTIHCHKOIO:

1) TpuroHomeTpist TICHO OB’ si3aHa 3 TAKUM MOHATTSAM K TPUKYTHHK.

2) 3B’S3KM  MDK CTOPOHAaMU Ta KyTaMH TpPUKYTHUKIB ONMCYIOThCA 3a
JOTIOMOI' 00 TPUTOHOMETPUYHUX (DYHKITIH.

3) BuBueHHS TpUTOHOMETPIi MOYMHAETHCS Y CEPETHIN KO,

4) TpuroHomMeTpisi BUKOPUCTOBYETHCA SK Yy UHCTIM, Tak 1 B MPUKIAJHIN
MaTEeMaTHII.

5) 3HaHHS TPUTOHOMETPIi HEOOXiJHE y TaKUX Taly3siX, K acTPOHOMIS Ta
HaBIras.

6) Y npsIMOKYTHOTO TPUKYTHUKA € TINMOTEHY3a, MPOTWICKHUNA Ta MPUIIETIIAN
KaTeTH.

7) CuHyC — 11€ BIAHOLIEHHS MIPOTUIIEAKHOTO KAaTETy /10 TIMOTEHY3H.

8) dyHKIIIA TAHT€HC BU3HAYAETHCS SK BIJHOLICHHS MPOTHIIEKHOTO KATETy 0
MPUIIETIIOTO.

9) ®opmyna cuHyciB Ta (QopMylia KOCHHYCIB BUKOPHUCTOBYIOTHCS MJIsi OYyb-
SIKOTO TPUKYTHHKA.

10) baratokyTHHK MOXHa MPEACTABUTH y BUTJISA1 KOMOIHAIIT TPUKYTHUKIB.

Exercise 4

HaBeniTh nekilibka NPUKIAAIB 3 TEKCTYy BXXMBAHHS IMEHHUKIB y (QyHKII
O3HAYCHHS.
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LESSON 2.7

1. TEXT

TRIANGLE

A triangle is one of the basic shapes of geometry: a polygon with three corners or
vertices and three sides or edges which are line segments. A triangle with vertices A4, B,
and C is denoted ~4BC.

In Euclidean geometry any three non-collinear points determine a unique triangle
and a unique plane (i.e. a two-dimensional Euclidean space).

Triangles can be classified according to the relative lengths of their sides:

— In an egquilateral triangle, all sides are the same length. An equilateral triangle is also
a regular polygon with all angles 60°.

— In an isosceles triangle, two sides are equal in length. (Traditionally, only two sides
equal, but sometimes at least two.) An isosceles triangle also has two equal angles:
the angles opposite the two equal sides.

— In a scalene triangle, all sides and internal angles are different from one another.

.

Figure 2.3 — Triangles

Triangles can also be classified according to their internal angles, measured here
in degrees. Mostly, triangles are divided between those that contain one 90° angle
(called a right angle), and those that don't contain a right angle. (It can have one 90°
angle at most. Otherwise, it becomes a rectangle).

A triangle that does not contain a right angle is called an oblique triangle. One
that does is a right triangle.

There are two types of oblique triangles, those with all the internal angles
smaller than 90°, and those with one angle larger than 90°.

The obtuse triangle contains the larger than 90° angle, known as an obtuse angle.
The acute triangle is composed of three acute angles, the same as saying that all three
of its angles are smaller than 90°.

A right triangle (or right-angled triangle, formerly called a rectangled triangle)
has one 90° internal angle (a right angle). The side opposite to the right angle is the
hypotenuse; it is the longest side in the right triangle. The other two sides are the legs
or catheti (singular: cathetus) of the triangle. Right triangles conform to the Pythagorean
theorem: the sum of the squares of the two legs is equal to the square of the
hypotenuse; i.e., a> + b* = ¢”, where a and b are the legs and c is the hypotenuse. See
also Special right triangles.
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An equilateral triangle is an acute triangle (like the one shown below), but not
all acute triangles are equilateral triangles.

2. VOCABULARY

basic shapes — 6a308i dirypu internal angles — BHyTpiIH1 yriu

vertex (pl. vertices) — Bepuinna degree —rpanyc

edge — cTopona a right angle — npsimuii kyT

otherwise — inakire, a0o X, B
MPOTUIICKHOMY BHUITAJIKY

non-collinear points — HexosiHeapHi
TOYKHU
an oblique triangle —

unique — €IMHUIN B CBOEMY PO/, 9
HENPaBUIBLHUN TPUKYTHUK

YHIKaJIbHUN
obtuse triangle — TynoxkyTHuHii
TPUKYTHUK

Euclidean space — EBkiifiB mpoctip

equilateral triangle — piBHOCTOpOHHII

TPUKYTHUK acute triangle — rocTpoKyTHHI

TPUKYTHHK
regular polygon — npaBuibHUN .
GaraToKyTHUK legs (or catheti) — xaTeTn

the sum of the squares — cyma

an isosceles triangle — piBHOOe1peHuUi ,
KBaJIpaTiB

TPUKYTHHK
the Pythagorean theorem —

a scalene triangle — HepIBHOCTOPOHHI ,
teopema Ilidaropa

TPUKYTHHK

3. GRAMMATICAL NOTES

ApTHKITb

B aHrmiicekiii MOBI TepeJ IMEHHHUKAaMU BXKUBAETHCS OCOOJMBE CIy>KOOBE
CJIOBO — apTHKIIb.

B anrmiiicekiii MOB1 € JBa apTukii — Heo3HaueHui (the indefinite article) 1
o3Hauenuii (the definite article). B ykpaiHcbKiilt MOB1 apTHKIIIB HEMAE.

Heo3nauenuit apTukiib Mae 1Bl opMu: a1 an.

dopMa a BKHUBAETHCSA IEpe]] CIOBaMH, IO MOYUHAIOTHCS 3 MPUTOJIOCHOTO
3ByKa: a woman, a good engineer.

dopMma an BKUBAETHCS TEpe]] CIOBAMHU, 10 MOYHMHAIOTHCA 3 TOJIOCHOTO 3BYKa:
an old woman, an engineer.

Heo3nauenuii apTUKIIb TOXOIUTH BiJl CTAPOAHTIIIMCHKOTO YHCIIIBHUKA an 00UH,
TOMY BiH BXKHUBAETHCS JIUIIIE MEepe]l 3711YyBaHUMU IMEHHUKAMU B OJTHUHI.

O3HaveHuii apTUKIb Mae oHy hopmy the.

O3HaueHWi apTUKIL TOXOJWTH BiJ BKa3ziBHOro 3aiMenHuka that mou i1
BXKUBAETHCSA MEepe]l IMCHHUKAMU B OJHUHI 1 MHOXKHHI.
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4. EXCERCISES

Exercise 1.

[IpouunTaiiTe it mepexIaaiTh TEKCT.

Exercise 2

JlaiiTe BiMOBiAb HAa HACTYIIHI 3alIUTAHHS:

1) What is a triangle?

2) What is an equilateral triangle?
3) What is an oblique triangle?

4) What is a right triangle?

5) What is a scalene triangle?

6) What is an obtuse triangle?

Exercise 3

[TepexnamiTh aHTITHCHKOIO:

1) TpUKyTHUK — OJTHA 3 OCHOBHUX (Iryp T€OMETpIi, 1[0 Ma€ TPU BEPIIMHHA Ta
TPHU CTOPOHH.

2) Inst BU3HAYEHHS TPUKYTHUKA a00 TUIOMIMHK HEOOXITHO MaTh TpU HE
KOJIIHEapH1 TOYKH.

3) Jnsa knacudikaiii TPUKYTHUKIB, PO3TISAAIOTH BITHOCHI JOBKUHH iX CTOPIH.
4) PiBHOCTOpOHHIM  TPUKYTHHK  MOXHA  pPO3YyMITH  SIK  IPaBUIbHUHN
0araTOKyTHUK 3 KyTaMu piBHUMH 60°.

5) Oxpeme Miciie cepel TPUKYTHUKIB TTOCIal0Th MPSIMOKYTHI TPUKYTHUKH.

6) Y npsMOKYTHOTO TPUKYTHHKA OJIMH 3 KYTiB AOpiBHIOE 90°.

7) Y ToCTpOKYTHOTO TPUKYTHHKA BC1 KyTH MeHIII1 3a 90°.

8) TpukyTHHK, SIKHI1 Ma€ TUIbKU a00, K 1HO/1 KaXyTh, 10 MEHIIINA Mipi 2 pPiBHI
CTOPOHM HA3WBAETHCS PIBHOOIYHUM.

9) SIx HAa3UBAETHCS TPUKYTHHK, Y IKOTO OJIMH 3 KyTiB OubIiie 90°.

10) TpukytHuk 3 BepiminHamu A, B C no3nauaerscs sik AABC.

Exercise 4

HageniTh gekinbpKa MPUKIAIIB 3 TEKCTY BXKUBAHHS apTUKIIIB.
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LESSON 2.8

1. TEXT
EQUATION

An equation 1s a mathematical statement, in symbols, that two things are exactly
the same (or equivalent). Equations are written with an equal sign, as in
243=05
9-2=7.
The equation above is an example of an equality: a proposition which states that
two constants are equal. Equalities may be true or false.
Equations are often used to state the equality of two expressions containing one
or more variables. In the reals we can say, for example, that for any given value of x it
is true that

zz—1)=2"-=z.

The equation above is an example of an identity, that is, an equation that is true
regardless of the values of any variables that appear in it. The following equation is
not an identity:

2 —r=0.

It is false for an infinite number of values of x, and true for only two, the roots
or solutions of the equation, x = 0 and x = 1. Therefore, if the equation is known to be
true, it carries information about the value of x. To solve an equation means to find its
solutions.

Many authors reserve the term equation for an equality which is not an
identity. The distinction between the two concepts can be subtle; for example,

(:1:—|—1}2::122—|—2:t:—|—1

is an identity, while
(x + 1}2: 207 4+ 1

is an equation, whose roots are x = 0 and x = 1. Whether a statement is meant to be an
identity or an equation, carrying information about its variables can usually be
determined from its context.

Letters from the beginning of the alphabet like a, b, c... often denote constants in
the context of the discussion at hand, while letters from end of the alphabet, like x, y,
z..., are usually reserved for the variables, a convention initiated by Descartes.

2.VOCABULARY

equation — piBHSIHHS equality — piBricTS

a mathematical statement — mate- a proposition — TBEP/LKCHH

MAaTUYHUUN BUPa3 variable — 3miHHa
exactly — TouHo in the reals... — 3a tonoMororo

an equal sign — 3HaK piBHOCTI AMCHAX HACCT
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given value — 3aaHa BeJIMYHUHA letter — GyxBa

an identity — TOTOXHICTB to denote — o3HayaTn

regardless of the values — He3zanexHo Biza to reserve — npu3HayaTH,

3HAYEHb pe3epByBaTu

solution — pieHHs a convention — NpUHATE TPABUIIO
distinction — pizHuIISA to initiate — mounHaTH, 1HIIIIOBATH

subtle — He3HaUHMIT

3. GRAMMATICAL NOTES

OcHOBHI (yHKIIIT 03HaYE€HOT'0 1 HEO3HAYEHOT'O aPTUKIIS

IMeHHUK BKUBAETHCSA 3 HEO3HAYEHUM apPTUKIIEM, KOJIM HA3UBAIOTh OYIb-IKUI
IPEIMET 3 YChOTO KJIACy OJTHOPITHUX MPEIMETIB.
This is a table. Le cTin.

BixuBaroum pedeHHs TaKoro THITY, HA3UBAIOTh MPEAMET, Ha SKUN BKa3yIOTh.
Ile#t mpeameT € oHUM 3 THX, IO HA3WBAIOTHCS CIOBOM table Ha BimMmiHy Bin chair,
bed, window Toro:
I need a pencil. MeHi noTpiOeH oJliBelb.

Tyt MaeTbcs Ha yBa3i Oy/b-IKUH OJIIBEIlb, @ HE pyYKa, T'YMKa, JIiHIiKa TOIlO,
TOOTO OJIMH 3 MPEIMETIB, 1[0 HA3UBAIOTHCS CJIOBOM pencil.
His father is a doctor. Woro 6atbko — mikap.

Heo3naueHuii apTuUKIIb BXKUTO Tepes IMEHHHMKOM, IO Ha3uBae ocoly 3a i
npodeciero, TOOTO Horo 6aThbKO € OJHUM 3 THX, KOTO MU Ha3uBaeMo ciioBoM doctor
Ha BiaMiHy Bif teacher, worker 1 T.71.

IMEHHUK BXUBA€THCS 3 O3HAUYCHUM apTUKIIEM, KOJM MOBA W€ PO NEBHUU
npeameT (abo mpeaMeTH ), BUAUICHUH 13 KJacy IMpeJIMETIB, 10 SKOT0 BiH HAJICKUTh.

B>xuBaHHS 03HAYEHOTO APTUKIIA CBIAYUTH MPO TE, IO CIIBPO3MOBHHUKAM (abo
TOMY, XTO YWTa€ YW THUIIE) 3 CUTyallii (KOHTEKCTY) 3pO3yMijo, MPO SKHA came
pEAMET UAETHCS.
My watch is on the table. Miit roAMHHUK Ha CTOJI.
VY 1bOMy pedeHH1 TOBOPUTHCSA HE PO OyAb-sIKUWA CTUI B3araii, a Mpo IIJIKOM MEBHUIM
CT1J1, CKa)KIMO, TOH, 1110 CTOITh Y 11 KIMHATI.

Bbinbm geTanbHO 11e TUTaHHS PO3TISIAETHCS Y TPAMATUIHOMY JOBITHHKY.

4. EXCERCISES

Exercise 1.

[TpounTaiiTe i1 NepeKnIaaiTh TEKCT.

81



Exercise 2

JlaiiTe BIANOBIAb HA HACTYITHI 3alTUTAHHS:

1) What is an equation?

2) What sign equations are written with?

3) What does it mean to solve an equation?

4) What is the root of the equation?

5) Letters a, b, c... often denote ... What do they denote?

6) Letters from end of the alphabet, like x, y, z..., are usually reserved ... For
what?

Exercise 3

[TepexnaaiTe aHTIIHCHKOIO:

1) PiBHsIHHS TTOKa3ye, 1110 JBa BUPA3U € PIBHUMU.

2) st 3anucCy pIBHSIHHSL BUKOPUCTOBYETHCS 3HAK PIBHOCTI.

3) BupimuTy piBHSIHHSA — 3HaYUTh 3HAUTH KOTO KOPEHI.

4) locuTh YacTo TOHSATTS «PiBHSHHS» BUKOPHCTOBYIOTH JUIS TIO3HAYEHHS
TOTOKHOCTI.

5) Ang no3HayeHHs Koe(]illieHTIB PIBHAHb BUKOPUCTOBYIOTh IMOYaTKOBI OYKBU
andaniTy.

6) s mo3HaueHHS 3MIHHUX BUKOPUCTOBYIOTH KiHIIEB1 OYKBH alipaBiTy.

7) Tpanuiiisi TO3HAYEHHS 3MIHHUX Ta KoeQilieHTiB Oyjia 3amoyaTKOBaHA
BUJATHUM (ppaHIly3bKUM MaTeMaTUKoM JlekapTom.

Exercise 4

[Ipoananizyiite BUXOASYH 3 TEKCTY BAKUBAHHS apTUKIIIB.

LESSON 2.9

1. TEXT
LIMIT OF A FUNCTION. DERIVATIVE

In mathematics, the limit of a function is a fundamental concept in calculus and
analysis concerning the behavior of that function near a particular input. Informally, a
function assigns an output f(x) to every input x. The function has a limit L at an input
p if f(x) 1s "close" to L whenever x is "close" to p. In other words, f(x) becomes
closer and closer to L as x moves closer and closer to p. More specifically, when f is
applied to each input sufficiently close to p, the result is an output value that is
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arbitrarily close to L. If the inputs "close" to p are taken to values that are very
different, the limit is said to not exist.

Suppose the limit of f as x approaches pis L :

lim f(2) = L
if and only if for every real € > 0 there exists areal d > 0 suchthat 0 <|x -p | <o
implies | f(x) - L | < €. Note that the value of the limit does not depend on the value of
f(p).

A more general definition applies for functions defined on subsets of the real
line. Let (a,b) be an open interval in R, and p a point of (a,b). Let f be a real-valued
function defined on all of (a, b) except possibly at p. We then say that the limit of fas
x approaches p is L if and only if, for every real ¢ > 0 there exists a real J > 0 such
that 0 <|x-p|<oJand x €(a,b) implies | f{x) - L | < . Note that the limit does not
depend on f{(p) being well-defined.

In calculus, a branch of mathematics, the derivative is a measure of how a
function changes as its input changes. Loosely speaking, a derivative can be thought
of as how much a quantity is changing at a given point. For example, the derivative
of the position (or distance) of a vehicle with respect to time is the instantaneous
velocity (respectively, instantaneous speed) at which the vehicle is traveling.
Conversely, the integral of the velocity over time is the vehicle's position.

The derivative of a function at a chosen input value describes the best linear
approximation of the function near that input value. For a real-valued function of a
single real variable, the derivative at a point equals the slope of the tangent line to the
graph of the function at that point. In higher dimensions, the derivative of a function
at a point is a linear transformation called the linearization. A closely related notion is
the differential of a function.

The process of finding a derivative is called differentiation. The fundamental
theorem of calculus states that differentiation is the reverse process to integration.
Differentiation is a method to compute the rate at which a dependent output vy,
changes with respect to the change in the independent input x. This rate of change is
called the derivative of y with respect to x. In more precise language, the dependence
of y upon x means that y is a function of x. If x and y are real numbers, and if the
graph of y is plotted against x, the derivative measures the slope of this graph at each
point. This functional relationship is often denoted y = f(x), where f denotes the
function.

The simplest case is when y is a linear function of x, meaning that the graph of
y against x is a straight line. In this case, y = f(x) = m x + ¢, for real numbers m and

¢, and the slope m is given by
changein y Ay

T = - =
change in x+ Ax

where the symbol A (the uppercase form of the Greek letter Delta) is an abbreviation
for "change in." This formula is true because

y+tAy=f(xtAx)=m(x+Ax) +tc=mx+c+mAx=y+ mAx.
It follows that Ay = m Ax.
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Figure 2.4 — The tangent line at

(x, f(x))

This gives an exact value for the
slope of a straight line. If the function f is
not linear (i.e. its graph is not a straight
line), however, then the change in y divided
by the change in x varies: differentiation is
a method to find an exact value for this rate
of change at any given value of x.

The idea, illustrated by Figures 1-3,
is to compute the rate of change as the
limiting value of the ratio of the differences
Ay / Ax as Ax becomes infinitely small.

In Leibniz's notation, such an infinitesimal
change in x is denoted by dx, and the
derivative of y with respect to x is written
dy
dr

suggesting the ratio of two infinitesimal quantities. (The above expression is read as
"the derivative of y with respect to x", "d y by d x", or "d y over d x". The oral form
"d y d x" is often used conversationally, although it may lead to confusion.)

The most common approach to turn this intuitive idea into a precise definition uses
limits, but there are other methods, such as non-standard analysis.

2. VOCABULARY

limit of a function — mimiT GpyHKIIT

to assign — mpu3HayaTH, BCTAHOBJIIOBATU

whenever — kou 0 He
arbitrarily — Oynp sx

to exist — icHyBaTH

to imply — npunyckartu, nependavyatu

a vehicle — TpancnoptHuii 3aci6

with respect to ...— mo crocyerscs, y

BITHOIIIEHH] [0 ...

instantaneous velocity — mutTeBa
IIBUIKICTD

conversely — HaBImaku
precise — TOUHuM

functional relationship —
GbyHKIIOHATBHUH 3B’ 30K

an abbreviation — ckopoueHHs

the slope of a straight line —
HAaXWJI IPAMOI

infinitesimal change — 6e3kiHeyHO
MaJie 3MiHeHHSI

although — xoua

approach — niaxin
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3. GRAMMATICAL NOTES

[IpukmeTHUK

[IpyuKMETHUKM B aHIJINACHKIA MOBI HE 3MIHIOIOTBCS HI 3a 4YMCIaMH, HI 3a
ponamMu, Hi 3a BiAMiHKaMHU. [[pMUKMETHUKM B aHTIIMCHKIA MOBI 3MIHIOIOTHCS JIMIIE 32
CTYNEHSMH TOPIBHIHHSA. SIKICHI TPUKMETHUKH B aHTJIMCHKIA MOBI MalOThb OCHOBHY
dopmy (the positive degree), Bummii cTymiHb MopiBHAHHA (the comparative degree) 1
HaviBumuii (the superlative degree).

@dopMu BHUIIOTO 1 HAWBUILOTO CTYMNEHIB MOPIBHAHHS MPUKMETHUKIB MOXKYTh
OyTH, 5K 1 B YKpaiHCBhKIl MOBI, TPOCTUMH 1 CKJIaJICHUMH.

[TpocTi dhopmMu CTyNEHIB MOPIBHIHHS yTBOPIOIOTHCS JOJaBaHHSIM JI0 OCHOBHOT
dbopMH MPUKMETHUKA 3aKIHYEHHS -€T y BUIIIOMY 1 -est y HABUIIIOMY CTYTICHI:
cold — colder — coldest

CxkmaneHi (GopMH CTYNEHIB MOPIBHSIHHS YTBOPIOIOTHCS JOJABAHHIM 10
OCHOBHOI (OPMH NPUKMETHHKA CJOBAa more Oinbui Y BUIIOMY CTYIEHI 1 most
HauobinbWUl—y HANBUILIOMY.
dangerous — more dangerous — most dangerous.

4. EXCERCISES

Exercise 1.

[Ipounraiite it mepekIaaiTh TEKCT.

Exercise 2

JlaiiTe BIANOBIAb HA HACTYITHI 3alTUTAHHS:

1) What is the limit of a function?

2) How the process of finding a derivative is called?

3) What does the symbol A mean?

4) The derivative at a point equals ... What ?

5) Is there any connection between differentiation and integration?
6) What can you say about Leibniz's notation of the derivative?

Exercise 3

ITepexnamiTh aHTITHCHKOFO:

1) Konueniis «J1iMiTy» 3aliMa€e BaKJIMBE MICLIE B MATEMATHIII.
2) [Mpumyctumo, mo ¢yukiis f BU3HaUeHa Ha BChbOMY 1HTepBadi (a,b).
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3) IloxigHa mokasye sk 3MiHIOE€TbCS (DYHKIIIS IIPH 3MiHI1 11 apTyMEHTYy.
4) MuTTeBa MIBUAKICTH TPAHCIOPTHOTO 3aco0y € TMOXITHOI BiI HOro
TIOJIO’KEHHSI.
5) llo6 3HaWTHU MOJOKEHHA TPAHCIOPTHOrO 3aco0y Tpeda MpOIHTErpyBaTu
HOT0 MUTTEBY HIBUAKICTS.
6) dudepeniiitoBaHHs — Mpoliec 3HaHAeHHS OX1THOT.
7) IloxinHa y AaHid TOYIll JOPIBHIOE TAHTEHCY KyTa HaXwia JOTUYHOI y JaHIi
TOYIII.

dy
8)dr — 1e BIOHOIIEHHS HECKIHYEHHO MAJIOTO 3MiHEHHS (QYHKIII 10
HECKIHUCHHO MaJIoro 3MiHEHHS apryMEHTY.

Exercise 4

3HaAITh Y TEKCTI MPUKMETHUKH Ta MPOAHATI3YHTE 1X.

LESSON 2.10

1. TEXT

INTEGRAL

Integration 1s an important concept in mathematics, specifically in the field of
calculus and, more broadly, mathematical analysis. Given a function f of a real variable x
and an interval [a, b] of the real line, the integral

b

[ f@)de,

[r}
is defined informally to be the net signed area of the region in the xy-plane bounded

by the graph of £, the x-axis, and the vertical lines x = a and x = b.

The term "integral" may also refer to the notion of antiderivative, a function F'
whose derivative is the given function f. In this case it is called an indefinite integral,
while the integrals discussed in this article are termed definite integrals. Some
authors maintain a distinction between antiderivatives and indefinite integrals.

The principles of integration were formulated independently by Isaac Newton
and Gottfried Leibniz in the late seventeenth century. Through the fundamental theorem of
calculus, which they independently developed, integration is connected with
differentiation: if f is a continuous real-valued function defined on a closed interval
[a, b], then, once an antiderivative F of f is known, the definite integral of f over that
interval is given by

b
[ #(z)de = F(8) - F(a).
Integrals and derivatives became the basic tools of calculus, with numerous

applications in science and engineering. A rigorous mathematical definition of the
integral was given by Bernhard Riemann. It is based on a limiting procedure which
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approximates the area of a curvilinear region by breaking the region into thin vertical
slabs. Beginning in the nineteenth century, more sophisticated notions of integral
began to appear, where the type of the function as well as the domain over which the
integration is performed has been generalised. A line integral is defined for functions of
two or three variables, and the interval of integration [a, D] 1s replaced by a certain
curve connecting two points on the plane or in the space. In a surface integral, the curve
i1s replaced by a piece of a surface in the three-dimensional space. Integrals of
differential forms play a fundamental role in modern differential geometry. These
generalizations of integral first arose from the needs of physics, and they play an
important role in the formulation of many physical laws, notably those of
electrodynamics. Modern concepts of integration are based on the abstract mathematical
theory known as Lebesgue integration, developed by Henri Lebesgue.

If a function has an integral, it is said to be integrable. The function for which
the integral is calculated is called the integrand. The region over which a function is
being integrated is called the domain of integration. If the integral does not have a
domain of integration, it is considered indefinite (one with a domain is considered
definite). In general, the integrand may be a function of more than one variable, and
the domain of integration may be an area, volume, a higher dimensional region, or
even an abstract space that does not have a geometric structure in any usual sense.

The simplest case, the integral of a real-valued function f of one real variable x
on the interval [a, b], is denoted by

/:f(:r,)d:t:.

The | sign, an elongated "s", represents integration; a and b are the lower limit
and upper limit of integration, defining the domain of integration; f'is the integrand,
to be evaluated as x varies over the interval [a,b]; and dx is the variable of integration.
In correct mathematical typography, the dx is separated from the integrand by a space
(as shown). Some authors use an upright d (that is, dx instead of dx).

The variable of integration dx has different interpretations depending on the
theory being used. For example, it can be seen as strictly a notation indicating that x
1s a dummy variable of integration, as a reflection of the weights in the Riemann sum, a
measure (in Lebesgue integration and its extensions), an infinitesimal (in non-
standard analysis) or as an independent mathematical quantity: a differential form.
More complicated cases may vary the notation slightly.

2. VOCABULARY

integration — inTerpyBaHHs graph —rpagix
the field of calculus — o6nacTe unciIeHHs axis — BICh

. . . (14 . 2
mathematical analysis — MmaremaTnunui antiderivative — “aHTHIOXITH

aHami3 indefinite integral —

region . O6J'IaCTB, 30Ha HCBHU3HAYCHUU 1HTCTPAJI
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definite integrals — Bu3HaueHuil iHTErpan integrable — o mignaeTscs

a closed interval — 3amMkHeHMIT iHTEpBa IHTCTPYBAHHIO

integrand — miiiHTErpaJIbHUMA
BHpa3

tool — iHCTpyMEHT

rigorous — TOYHM, CyBOPHIA
to elongate — po3Tarysary,
to approximate — HaOmKaTH, MO/I0BKYBaTH

alpoOKCUMYBaTH .
lower limit — mIDKHA MeXxa

a curvilinear region — kpuBoJiHiliHa limit
OGIACTE upper limit — BepxHs Mexa
dummy variable — ¢pixTHBHa

vertical slabs — BepTukaibHi 6J10KH )
3MIHHA

line integral — niniliHMii iHTETpA

surface integral — iHTerpan mo nmoBepxHi

3. GRAMMATICAL NOTES

[TpocTi popMu CTyTEHIB MOPIBHSIHHS MalOTh IPUKMETHUKU:
a) ycl OJTHOCKJIAJIOBl TPUKMETHUKHU:
short — shorter — shortest
0) IBOCKJIaJ0B1 MPUKMETHHUKH, 1110 3aKIHUYIOThCA HA -y, -er, -le,-ow:
heavy — heavier — heaviest, simple — simpler — simplest, narrow — narrower —
narrowest
B) JIBOCKJIa/IOB1 MPUKMETHUKHU 3 HArOJIOCOM Ha JIPyroMy CKJIaji:
polite — politer — politest
Ckrnazaeni ¢opMHu CTyIEHIB MOPIBHSIHHS MarOTh yC1 0aratockiajoBi NPUKMETHUKH (3
KUTBKICTIO CKJIQJiB OlIbIIIE IBOX), & TAKOX JBOCKJIAIOBI MPUKMETHUKHU 3 HAr0JIOCOM
Ha TIEPIIOMY CKJIaJli, KpIM THX, 110 3aKIHYYIOThCS Ha -y, -€T, -le, -ow:
difficult — more difficult — most difficult famous — more famous — most famous

4. EXCERCISES

Exercise 1.

[IpounTaiiTe i NEpeKNIAaITh TEKCT.

Exercise 2

JlaiiTe BIANOBIAb HA HACTYITHI 3alTUTAHHS:

1) What is an integral?

2) What is the difference between an indefinite and definite integral?
3) Who were the authors of the principles of integration?

4) Who developed the modern concept of integration?
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5) What function is called integrable?

6) What is the domain of integration?

7) What sign represents integration?

8) How the limits of the definite integral are called?

Exercise 3

[lepexnaaiTe aHTACHKOIO:

1) [aTerpyBaHHs € BaXXJIMBOIO YaCTUHOIO MAaTEMaTHYHOTO aHAII3Y.

2) Benukuii BHECOK Yy PpO3BUTOK Teopii IHTErpyBaHHS OyJud BHECEHI
AHTJIUCHKUM BUYeHUM HBIOTOHOM Ta HIMEIbKUM BYEHUM JIeHOHUIIEM.

3) Heski aBTOpM MiAPYYHUKIB TOB’S3YIOTh TEPMIH «IHTETpam» 3 IMOHITTAM
«AHTHUIIOX1THAY.

4) Ctpore Bu3HaueHHs iHTerpainy 0yno nano beprapaom Pimanowm.

5) InTerpyBanHs Ta AuQEPEHIIIIOBAHHS TICHO OB’ s3aH1 Mk CO00T0.

6) i1 1mo3HayeHHS I1HTErpyBaHHS BUKOPUCTOBYEThCA CHELIaIbHUN 3HAK,
CXOXHUI HA BUTATHYTY OYKBY «S».

7) O6nactb IHTETpYBaHHS BKa3ye€TbCSl BEPXHBOIO Ta HUKHBOI MEXKEIO
IHTErpyBaHH4.

Exercise 4

Cximanith CaMOCTIHHO JIeKUTIbKa TMPHUKIAAIB MOpOoCTUX (OpM  CTyIEHIB
MOPIBHSIHHS TPUKMETHHUKIB.

LESSON 2.11

1. TEXT

BASIC GEOMETRIC SHAPES AND FIGURES

The three pillars of geometry are points, lines, and planes: A point is an

undefined term used to describe for example a location on a map. A point has no
length, width, or thickness and we often use a dot to represent it. Points are usually
labeled with uppercase letters. Line is another basic term of geometry. Like a point, a
line is an undefined term used to describe a tightly stretched thread or a laser beam.
We can say that a line is a straight arrangement of points. A line has no thickness but
its length goes on forever in two directions. A line is often named by a lowercase
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The subset of the line k consisting of all points between A and B together with
A and B forms a line segment denoted by AB. We call A the left endpoint and B the
right endpoint. The distance between the endpoints is known as the length of the line
segment and will be denoted by AB. Two line segments with the same length are said
to be congruent. Any three or more points that belong to the same line are called
collinear.

Three noncollinear points (also knwon as coplanar points) determine a plane,
which is yet another undefined term used to describe a flat space such as a tabletop.
Subsets of a plane are called plane shapes or planes figures. We have already
discussed a geometric figure, namely, a line. Another important example of a
geometric figure is the concept of an angle. By an angle we mean the opening
between two line segments that have a common endpoint, known as the vertex. The
line segments are called the sides of the angle. If one of the line segments of an angle
is horizontal and the other is vertical then we call the angle a right angle. Note that
the sides of an angle partition the plane into two regions, the interior and the exterior
of the angle. Two angles with the same opening are said to be congruent.

A triangle is a closed figure composed exactly of three line segments called the
sides. The points of intersection of any two line segments is called a vertex. Thus, a
triangle has three vertices. Aslo, a triangle has three interior angles. Triangles may be
classified according to their angles and sides. If exactly one of the angle is a right
angle then the triangle is called a right triangle. A triangle with three congruent sides
is called an equilateral triangle. A triangle with two or more congruent sides is called
an isosceles triangle. A triangle with no congruent sides is called a scalene triangle.

By a quadrilateral we mean a closed figure with exactly four line segments (or
sides). Quadrilaterals are classified as follows:

* A trapezoid is a quadrilateral that has exactly one pair of parallel sides. Model: the
middle part of a bike frame.

* An isosceles trapezoid is a quadrilateral with exactly two parallel sides and the
remaining two sides are congruent. Model: A water glass silhouette.

* A parallelogram is a quadrilateral in which each pair of opposite sides is parallel.

* A rhombus is a parallelogram that has four congruent sides. Model: diamond.

* A kite is a quadrilateral with two nonoverlapping pairs of adjacent sides that are the
same length. Model: a kite.

* A rectangle is a parallelogram that has four right angles. Model: a door.

* A square is a rectangle that has four congruent sides. Model: Floor tile.

Let's name some important solid figures.

A parallelepiped is a solid figure having six faces, of which every opposite two
are parallel.

A cube is a rectangular parallelepiped which has the three edges terminated in
one of the solid angles equal to one another.

A prism is a solid figure having any number of faces, two of which are similar
and equal rectilinear figures, so placed as to have their corresponding sides parallel,
and the rest parallelograms.
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A pyramid is a solid figure, having any number of faces, one of which is a
triangle or other rectilinear figure, and the rest triangles which have a common
vertex, and for their bases the sides of the first triangle or rectilinear figure.

A sphere 1s a solid figure, every point in the surface of which is at the same
distance from a certain point within the figure, which is called the centre.

A cylinder is a solid figure, the surface of which is partly plane and partly
curved; the plane portions being two equal and parallel circles, and the curved
portions such, that any point being taken in the circumference of either circle, the
straight line which is drawn through it parallel to the line joining their centers lies
wholly in the surface.

A cone is a solid figure, the surface of which is partly plane, and partly curved;
the plane portion being a circle, and the curved portion such, that if any point be
taken in the circumference of the circle, the straight line which joins it with a certain
point without the plane of the circle, lies wholly in the surface.

2. VOCABULARY

plane — wiomuHa intersection — nepetun

pillar — xosona, cToBM quadrilaterals — yoTHpUKy THUKH
2

location — po3rantyBaHHs, a trapezoid — Tpanenoin

MICIIE3HAXOKEHHS a kite — “3miit”

tightly — mirtHo, cTporo a parallelepiped — napanenenunen
beam — npomiHb a cube — xy0
a lowercase letter — MmajeHpka OykBa a prism — npusma
a line segment — niH1AHUI CErMEHT a pyramid — nipamiga
congruent — KOHIPYECHTHUM a sphere — cepa
coplanar points — KoMIIIaHAPHI TOYKH a cylinder — nuninap
the opening — npocTip a cone — KOHYC
a rhombus — pom6

a parallelogram — napanenorpam

3. GRAMMATICAL NOTES

B anrmiiicekiii MOBI HOMEpPH CTOPIHOK, maparpadiB, pO3JUTIB, YACTUH KHHT,
aKTIB I1'€C MO3HAYAIOTHCS 3BUYANHO HE MOPSIAKOBUMH, @ KUIbKICHUMH YHUCIIIBHUKAMH,
K1 CTaBJATBHCS IMICIAS O3HAYYBAHOIO IMEHHHMKA. IMEHHMK Yy TakuX CHOJYYEHHSX
BKHUBAETHCS 0€3 apTUKIISL:

Page twenty-five.
Part three.

CropiHKa ABaaLATh 1I'sITA.
Yacruna TpeTs.



Chapter six. Poznin moctuii.

Act two. AKT nmpyruii (is npyra).
KibKiCHUMHU YHCHIBHUKaMU NTO3HAYAIOTHCA TAKOK HOMEPHU OYJIMHKIB, KBApTUP

1 KIMHAT, TpaMBaiB, TPOJIEUOYCIB, PO3MIPH OZSATY 1 B3yTTS:

Room one hundred and ten. Kimuara cto necsra.

Size thirty-seven. Po3mip TpuaALsaTE CHOMUIA.

4. EXCERCISES

Exercise 1.

[IpounTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

JlaiiTe BiMOBiAb Ha HACTYIIHI 3alIUTAHHS:

1) Name the three pillars of geometry?

2) What do you know about triangles?

3) What kind of trianles do you know?

4) What are quadrilaterals?

5) What is the difference between a rhombus and a parallelogram?

6) Make examples of rectangle-shaped things from your everyday life.

Exercise 3

[TepexnamiTh aHTTINCHKOIO:

1) Touka, JiHis Ta MUIONTMHA € 0A30BUMH €JIEMEHTaMHU T€OMETPIi.

2) YV TOYKH HE Ma€ JIOBKUHU, TOBIIVMHYU Ta IIUPUHHU.

3) TpuxkyTHHK — 11€ 3aMKHEHa (irypa, 1o Mae Tpu CTOPOHH.

4) JInst mo3HAYeHHS] TOYKU BUKOPHUCTOBYIOTh BEJIUKI JIITEPH.

5) Ha pucyHky 1 cTpiiku BKa3yrOTh Ha TOW (DaKT, IO JIiHISI Ma€ HECKIHYCHHY
JOBXKUHY.

6) Tpu Ta OlTbIIE TOYOK, IO JIEKAaTh HA OJHIM MNpSAMild Ha3HBAIOTHCS
KOJIIHEAPHUMH.

7) dns Toro, 100 BU3HAYUTHU ILIONIMHY TpeOa MaTH 3 HEKOJIIHEapH1 TOYKHU.

8) ¥V mapanenorpama mpoTHICKHI CTOPOHU TMapajeibHi.

9) 3BuyaiiHi BXiH1 IBEpi MatOTh GOpMYy IIPSIMOKYTHHUKA.

Exercise 4

3HalAITh Y TEKCTI YUCEIHbHUKU Ta MIPOAHATIIZYNTE iX.
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CHAPTER 3 THE FIELD OF PHYSICS

LESSON 3.1

1. TEXT

WORK ENERGY AND POWER

Imagine a porter carrying a load on his head. Is he doing any work? Yes, one
would say! He would be paid for carrying that load from one place to another. But in
terms of Physics he is not doing any work! Again, imagine a man pushing a wall? Do
you think he is doing any work? Well, his muscles are contracting and expanding. He
may even be sweating. But in Physics, we would say he is not doing any work!

If the porter is carrying a very heavy load for a long distance, we would say he
has lot of energy. By this, we mean that he has lot of stamina. If a car can run at a
very high speed, we say it is very powerful. So, we relate power to speed. However, it
means something different in Physics. Let us understand what is meant by work,
power and energy in Physics.

Work

Consider the simplest possible case of work done. A force ‘F’ is acting on an
object. The object has a displacement ‘S’ in the direction of the force. Then the work
done is the product of force and displacement.

What will happen in the case when the applied force is not in the direction of
displacement but rather at an angle to it. In such a case we will consider the
component of force in the direction of displacement. This component will be
effective in doing work as shown.

Component of force in the direction of displacement is F Cos 6.
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W=(FCosB)S=F.S
Work done is a scalar quantity.
Cases where work is not done

Let us consider some cases where work 1s not done:

e Work is zero if applied force is zero (W=0 if F=0): If a block is moving on a
smooth horizontal surface (frictionless), no work will be done. Note that the
block may have large displacement but no work gets done.

e Work is zero if Cos 0 is zero or 0 = I1/2. This explains why no work is done by
the porter in carrying the load. As the porter carries the load by lifting it
upwards and the moving forward it is obvious the angle between the force
applied by the porter and the displacement is 90°.

Work done is zero when displacement is zero.
This happens when a man pushes a wall. There is no
O displacement of the wall. Thus, there is no work done.
Similarly when a car is moving on a road, there will
be a frictional force applied by the road on the. There
will be work done by the frictional force on the car.
What is the work done on the road by the car? From
Newton’s third law we can say that to every action,
there i1s an equal and opposite reaction. Thus the force
applied by the road on the car will be equal and
opposite to the force applied by the car on the road.
Since, there is no displacement of the road, there will be no work done on the road.

Units of Work

Since work done W = F.S, its units are force times length. The SI unit of work is
Newton-meter (Nm). Another name for it is Joule (J).
INm=1]
The unit of work in cgs system is dyne c¢cm or erg
Note that 1 J =10 ergs.
The dimensional formula of work is [ML*T"]

Table 1
System | Unit of work Name of the combined unit
SI Newton meter (Nm) Joule
cgs Dyne centimeter (dyne- | Erg
cm)

Positive and Negative Work

We have seen the situations when the work done is zero. Work done can also be
positive or negative. When 0° <= 0 < 90°, work done is positive as Cos 0 is positive.
Work done by a force is positive if the applied force has a component in the direction
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of the displacement. When a body is falling down, the force of gravitation is acting in
the downward direction. The displacement is also in the downward direction. Thus
the work done by the gravitational force on the body is positive. Consider the same
body being lifted in the upward direction. In this case, the force of gravity is acting in
the downward direction. But, the displacement of the body is in the upward direction.
Since the angle between the force and displacement is 180°, the work done by the

gravitational force on the body is negative

Note, that in this case the work done by the
F applied force which is lifting the body up is positive
since the angle between the applied force and
displacement is positive.

Thus work done by the applied force which is
lifting up the body is positive since the angle between
the applied force and displacement is positive. Thus
work done is negative when 90° <6 <= 180° as Cos 0
is negative. We can also say that work done by a force
is negative if the applied force has a component in a

direction opposite to the displacement.

Similarly, frictional force is always opposing the relative motion of the body.
When a body is dragged along a rough surface, the frictional force will be acting in
the direction opposite to the displacement. The angle between the frictional force and
the displacement of the body will be 180°. Thus, the work done by the frictional force

will be negative.

2. VOCABULARY

porter - HOCIH

load - mexn. nHaBaHTaXEHHS

push - mroBxaru

muscle(s) -m’s13(n)

contract - expand-cKOpo4yBaTUCh —
PO3TATYBATUCh

sweat-1I1iT, CIIITHITH
stamina-BUTPUBAIICTh
consider-po3risgatu

power -mexH. IOTYKHICTh
displacement-mexn. nepemileHHs, 1HO 1
—00’eM

product-wam. 100OyTOK

to apply-mexn. npukiianatu (3yCHILIs,

THUCK, HAIIPYTY)

component of force -mexH. CKI1aI0Ba
(3ycuist)

scalar quantity -mexn. cKanspHa
BEJIMYMHA

friction-tepts

surface-nmoBepxHs

opposite( to smth)-ipotunexxso (womy-)
unit-oAMHUILT BUMIPY

SI (System International)-mi>kHapoina
cuctema onunuilb (Cl)

cgs-CI'C (canTumeTp — rpaM- CeKyHJa) —
CUCTEMa BUMIPIOBaHb

dyne-guHa (OAMHUI CHUIIH B CUCTEMI
Cro
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downward-Bau3 figure -mexn pucyHoK, TaOIUIS, YUCIIO
upwards-Bropy in terms of Physics-B moHATTAX d13UKH
relative-BigHocHO

3. GRAMMATICAL NOTES

1. 3BepHITh yBary Ha BUKOPUCTAHHS HACTYITHUX MPUHMCHHHKIB:
in the direction of
at an angle to
work is done by
applied by smth on smth

2. B TexHiuHii niTepaTypi pEUYCHHS 3a3BUYall MOYMHAIOTHCS 3 TAKUX BBOIHHUX
000pOTIB:

Thus TaKuM 00pa3oM

Obvious OYEBHIHO

Similarly aHAJIOTUYHO

Since MOATOMY, OTCIO/Ia CIIETyEeT
Note OTMETbhTE

Therefore CJIEIOBATEIILHO

Hence MOATOMY, CJIEIOBATEIILHO

4. EXERCISES

Exercise 1.

[IpounTaiiTe it mepekIaiTh TEKCT.

Exercise 2

[TepexnaaiTh aHTIIIMCHKOIO
HaBaHTaXKEHHS
BUTPUBAJICTh
TepEMIIICHHS
100yTOK
CKaJISIpHA BEJIMYMHA
BiJTHOCHO
PUCYHOK

Exercise 3

[lepexnagiTe aHTIHCHKOIO

Konu nroarHa HEce BaHTaX, MU TOBOPUMO, 1110 BOHA BUKOHYE pOOOTY
Tino nepeminryeTbcs B3JOBXK KOPCTKOT MOBEPXHI1
BBaxxatumemo, 110 TepTs BiJICyTHE.
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oMy Tpeba muaTuTy 3a pobory.

Exercise 4

VYKIaaiTe 3 HACTYTHUMH (PpazamMu peyeHHs

in the direction of

at an angle to

work is done by

applied by smth on smth

Exercise 5

Buxkonaiite 3aB1aHHs 1 OMUIIIT MPOIEC BUKOHAHHS.

N F=100N

60°

Y

A box 1s dragged across a floor by a 100N force directed 60o above the
horizontal. How much work does the force do in pulling the object 8m?

LESSON 3.2

1. TEXT

CALORIC, CALORIES, HEAT AND ENERGY

It has long been understood that heat is a form of energy. But this has not always
been so, and indeed generally accepted until the middle of the nineteenth century.
Before then, heat was treated as though it were some sort of “imponderable
(weightless) fluid” known as caloric, which could flow out of one body into another.
It is true that as long ago as 1799 Humphrey Davy showed that ice could be melted
merely by rubbing two pieces together without the need of any “caloric”, and indeed
this could not be explained by the “caloric” theory. Davy argued — quite correctly —
that friction between two bodies must generate “a motion or vibration of the
corpuscles of bodies”, and that the observation of the melting of ice by rubbing alone
showed that “we may reasonably conclude that this motion or vibration is heat”.
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Likewise at about the same time Benjamin Thompson, Count Rumford, showed that
the boring of cannon continuously produced heat in proportion to the amount of work
done in the boring process, and the amount of heat that could be so produced was
apparently inexhaustible. This again should have sounded the death knell of the
caloric theory, and, like Davy, Rumford correctly suggested that heat is a form of
motion.

In spite of this evidence and the arguments of Davy and Rumford, it wasn’t until
the middle of the nineteenth century that caloric theory finally died, and this was a
result of the famous experiments of James Prescott Joule to determine the mechanical
equivalent of heat.

In the nineteenth century (and continuing to today) the metric unit of heat was
the calorie (the quantity of heat required to raise the temperature of a gram of water
through one Celsius degree), and the imperial unit was the British Thermal Unit (the
quantity of heat required to raise the temperature of a pound of water through one
Fahrenheit degree).What Joule did was to show that the expenditure of a carefully
measured amount of work always produced the same carefully measured amount of
heat. He did this by using falling weights to drive a set of rotating paddles to stir up a
quantity of water in a calorimeter, the motion (kinetic energy) of the water being
damped by a system of fixed vanes inside the calorimeter. The amount of energy
expended was determined by the loss of potential energy of the falling weights, and
the amount of heat generated was determined by the rise in temperature of the water.

He deduced that the “mechanical equivalent of heat” 1s 772 foot-pounds per
British thermal unit. That is, 772 foot-pounds of work will raise the temperature of a
pound of water through one Fahrenheit degree. In more familiar metric units, the
mechanical equivalent of heat is 4.2 joules per calorie. He wrote: “If my views be
correct,... the temperature of the river Niagara will be raised about one fifth of a
degree by its fall of 160 feet.”

(Exercise: Verify this by calculation or by measurement, whichever you find
more convenient.)

Once we have accepted that heat is but a form of energy, there should be no
further need for separate units, and the joule will serve for both. That being so, we
can interpret Joule’s experiment not so much as determining the “mechanical
equivalent of heat”, but rather as a measurement of the specific heat capacity of
water.

In spite of this, the calorie is still (regrettably) used extensively today. Part of the
reason for this is that, in measuring heat capacities, we often drop a hot sample into
water and measure the rise in temperature of the water. This tells us rather directly
what the heat capacity of the sample is in calories — i.e. the heat capacity relative to
that of water. We suspect, however, that the calorie remains with us not for scientific
reasons, but because old habits die hard.
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2. VOCABULARY

caloric — remnora, cun. heat death knell ¢pas. BOMBUMiI npuBiza
accept  mpuiiMaTH, BU3HABATU evidence noka3
treat BIJIHOCUTHCS In spite of... He3Baxkarouu Ha...
imponderable — HeBecoMBbIi quantity KiIbKICTh
fluid JKUJIKOCTD to require BUMAaraTu
to flow TtexTu, im. Teuis degree rpanayc, CTYIiHb
merely TuibkH, mpocTo (Big mere — a pound — ¢ynT (0,4569 KT)
MPOCTHH, JIUIIIE) expenditure BuTpaTu
rubbing — TepTs, HaTUpaHHS to measure BUMIPIOBATH
fo argue — 10BOJUTH, CTBEPIKYBATU paddle romarka, Becio
corpuscles — yacTtka to stir up nepemMinryBaTH
observation — cioctepiranus to damp 3MeHIyBaTH, NOCIA0IIOBATH
melting — TaneHHs to deduce POOUTH MPUITYIIIEHHS
we may reasonably conclude that... - to verify mepeBipsaTH
MOKEMO CIIPaBEIUBO specific heat capacity — nwuroma
CTBEPAKYBATH, 110 TEMJIOBAa EMHICTb
likewise momIOHUM YMHOM regrettably nHaxanb
boring cepmTiHHS sample 3pa3oK
apparently BO4YeBHUIb to suspect 1103pIOBATU

3. GRAMMATICAL NOTES

IHopsnok ciaiB
3BEpHITH yBary, 10 XapaKTepUCTUKA IMEHHUKA 3a3BUYall JAETHCS MICIs HbOTO:
the engine tested — nBuUryH, 1110 BUTPOOYETHCA.

3HAAITh B TAHOMY TEKCTI PEUCHHSI, B SIKUX BUKOPUCTOBYETHCS 3BOPOTHIN
TIOPSIJIOK CIIiB:

work done

the amount of energy expended
the amount of heat generated
3HaAWIITh 1HII BUPA3H.

4. EXERCISES

Exercise 1

[IpounTaiiTe i mepekIaaiTh TEKCT.
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Exercise 2

[lepexnaaiTe yKpaiHCHKOIO.

Nk e=

8.

9.

To verify results by calculation.

Energy measurement.

Iron can be welded merely by rubbing two pieces together.

Friction between two bodies generates a vibration of their molecula.

To determine the mechanical equivalent of heat.

The metric unit of heat was the calorie.

He did this by using falling weights to drive a set of rotating paddles to stir
up a quantity of water.

The amount of energy expended

Not so much as... but rather as.

10.0ld habits die hard.

Exercise 3

[lepexnaaiTe aHTNHCHKOI0, BUKOPUCTOBYIOUH BIAMOBIAHI MPUCTIBHUKHU.

. Temnyo € BUIOM €HEpri.

. BurtekTu 3 01HOTrO TiJIa B 1HIIIE.
. IlosicHIOBaTH NIEBHOIO TEOPIEIO.
. [Ipubnu3Ho B TOM ke yac. ..

1
2
3
4
5. HesBakaroum Ha JOKa3..
6.
7
8
9.
1

KijpKicTh TEIUIOTH.

. IlimasTH TemmepaTypy OJTHOTO I'paMa BOJIM Ha OJIUH I'PaIyC.
. Kinbkicts BUTpadyeHoi eneprii.

BusHauatu 3a JOOMOT0X0 KaJTOPUMETPY.

0.OckinbKu 11€ OYyJIO TaK..

Exercise 4

CTBOpITH PEUEHHS AHTIIHCHKOIO 3 HACTYITHUMH BUpa3aMu

NownkLbhe=

to be treated as...
known as...

can’t be explained by...
to show that...

likewise. ..

in spite of (despite on)...
to measure
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LESSON 3.3

1. TEXT

BATTERIES, RESISTORS AND OHM’S LAW

An electric cell consists of two different metals, or carbon and a metal, called
the poles, immersed or dipped into a liquid or some sort or a wet, conducting paste,
known as the electrolyte, and, because of some chemical difference between the two
poles and the electrolyte, there exists a small potential difference (typically of the
order of one or two volts) between the poles. This potential difference is much
smaller than the hundreds of thousands of volts that may be obtained in typical
laboratory experiments in electrostatics, and the electric field between the poles is
also correspondingly small. Definition. The potential difference across the poles of a
cell when no current is being taken from it is called the electromotive force (EMF) of
the cell.

The circuit symbol for a cell is drawn thus:

The longer, thin line represents the positive pole and the shorter, thick line
represents the negative pole.

Several cells connected together form a battery of cells. Thus in principle a
single cell should strictly be called just that — a cell — and the word battery should be
restricted to a battery of several cells. However, in practice, most people use the word
battery to mean either literally a battery of several cells, or a single cell.

In the cheaper types of flashlight battery (cell), the negative pole, made of zinc,
is the outer casing of the cell, while the positive pole is a central carbon rod. The
rather dirty mess that is the electrolyte is a mixture that is probably known only to the
manufacturer, though it probably includes manganese oxide and ammonium chloride
and perhaps such goo as flour or glue and goodness knows what else. Other types
have a positive pole of nickelic hydroxide and a negative pole of cadmium metal in a
potassium hydroxide electrolyte. A 12-volt car battery is typically a battery of 6 cells
in series, in which the positive poles are lead oxide PbO,, the negative poles are
metallic lead and the electrolyte is sulphuric acid. In some batteries, after they are
exhausted, the poles are irreversibly damaged and the battery has to be discarded. In
others, such as the nickel-cadmium or lead-acid cells, the chemical reaction is
reversible, and so the cells can be recharged. I have heard the word ‘“accumulator”
used for a rechargeable battery, particularly the lead-acid car battery, but I don’t
know how general that usage is.

Obviously the purpose of a battery is to extract a current from it. An electrolytic
cell is quite the opposite. In an electrolytic cell, an electric current is forced into it
from outside. This may be done in a laboratory, for example, to study the flow of
electricity through an electrolyte, or in industrial processes such as electroplating. In
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an electrolytic cell, the current is forced into the cell by two electrodes, one of which
(the anode) 1s maintained at a higher potential than the other (the cathode). The
electrolyte contains positive ions (cations) and negative ions (anions), which can
flow through the electrolyte. Naturally, the positive ions (cations) flow towards the
negative electrode (the cathode) and the negative ions (the anions) flow towards the
positive electrode (the anode).

The direction of flow of electricity in an electrolytic cell is the opposite from the
flow when a battery is being used to power an external circuit, and the roles of the
two poles or electrodes are reversed. Thus some writers will refer to the positive pole
of a battery a sits “cathode”. It is not surprising therefore, that many a student (and,
one might even guess, many a professor and textbook writer) has become confused
over the words cathode and anode. The situation is not eased by referring to
negatively charged electrons in a gaseous discharge tube as “cathode rays”.

Resistance and Ohm’s Law. When current flows in a metal, the current is
carried exclusively by means of negatively charged electrons, and therefore the
current is carried exclusively by means of particles that are moving in the opposite
direction to the conventional flow of electricity. Thus “electricity” flows from a point
of high potential to a point of lower potential; electrons move from a point of low
potential to a point of higher potential.

When a potential difference U is applied across a resistor, the ratio of the
potential difference across the resistor to the current / that flows through it is called
the resistance, R, of the resistor. Thus

U =IxR.

This equation, which defines resistance, appears at first glance to say that the
current through a resistor is proportional to the potential difference across it, and
this is Ohm’s Law. Equation, however, implies a simple proportionality between U
and / only if R is constant and independent of / or of U. In practice, when a current
flows through a resistor, the resistor becomes hot, and its resistance increases — and
then U and / are no longer linearly proportional to one another. Thus one would have
to state Ohm’s Law in the form that the current through a resistor is proportional to
the potential difference across it, provided that the temperature is held constant.
Even so, there are some substances (and various electronic devices) in which the
resistance is not independent of the applied potential difference even at constant
temperature. Thus it is better to regard equation as a definition of resistance rather
than as a fundamental law, while also accepting that it is a good description of the
behavior of most real substances under a wide variety of conditions as long as the
temperature is held constant.

2. VOCABULARY

carbon — Byrens, Byriuis electrolyte — enextpomit
to immerse — norpy>xaTtu potential  difference —  pi3HULA
dipped — BrOIIIEHM IIOTCHIIAJIIB
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of the order of — mopsaxy (mamp.
MOPSIIKY KUTHKOX BOJIBT)

electromotive  force, EMF  —
enexkmpopyuwiuna cuia, EPC

positive (negative) pole — no3uTuBHUMI
(HeTaTUBHUI) MOJIOC

strictly — ctporo, TouHO

Zinc — 1IMHK

carbon rod — ByriienieBUi CTPUKEHb
manganese oxide — OKCUJ] MapTraHIfO

ammonium chloride - xnopucruii
aMOHIH (HaIIATUPHUI CIIUPT)

g00 — MAacTHJoO,
CKJICIOBAHHS

peYoBHHA IS

flour — 6opormxo, apiOHUI MaTepian

glue — ke
nickelic hydroxide — rugpokcung
HIKEITt0

potassium hydroxide — KOH, inkuii
KaJlii, KayCTU4YHa coJia

Exercise 1

[IpounTaiiTe ¥ mNEpeKIaaITh TEKCT,
BU3HAYCHHUX apTHKIIB MIEPe YUCEITbHKAMH.

Exercise 2

[lepexnaniTs Bupasu
Electric field between the poles.

Cells connected together.

The outer casing of the cell.
Rather dirty mess.

The battery has to be discarded.

WA R W=

Exercise 3

1. ITacra, 1110 MPOBOAUTE CTPYM.
2. XimiHa pi3HUIA

Exists a small potential difference.

Potential difference across the poles.

(connected) in series — IIOCIIIIOBHO
(3’eaHaH1)

sulphuric acid — cipuana kuciora

lead oxide — oxcua cBUHITIO

irreversibly damaged —
HeBiI[HOBJ'IIOBaHO HOHIKOI[)KeHi

discard — BimOpakyBaTu

electroplating — rajJpBaHIuHEe
MTOKPUTTS

to maintain —  €KCIUTyaTyBaTH,
MiITPUMYBaTH

to power — OKUBUTH, HaJaBaTHU
KUBJICHHS

to imply — o3nauatu, matu B cOO0l,
nependoavyaTu

electronic device — eNeKTPOHHUI
MIPUCTPIH
casing — 00Ji0HKa

3BCPTAIOUN YyBaAr'y Ha BHUKOPHUCTAHHIA

The word 1s “accumulator” used for a rechargeable battery.
The direction of flow of electricity in an electrolytic cell

3. barapes i3 mecTu mOCIiAOBHO 3’ €JHAHUX CICMEHTIB
4. CumBoJiYHE 300pa’KeHHS TaJbBaHIYHOTO €JIEMEHTY.
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[To3uTuBHUI €NeKTPO, 3p00IEHUH 3 T1IPOKCHUTY HIKEIIO.

[Tpu3HayeHHs raJlbBaHIYHOTO €JIEMEHTY — YTBOPEHHSI €JIEKTPUYHOTO CTPYMY.
EnexTpuuHuii CTpyM MOJAETHCS B €AEKTPOJIITUYHOI JIAHKH.

CTpyM miATPUMYETHCS BUKIIFOUHO HETATUBHO 3apsIKEHUMHU €JIEKTPOHAMMU.

. Pi3HuUg nmoTeHumanis, Mo OpUKIaJeHa 10 pe3ucTopa.

O 3akoH Owma mosirae y BiJOOpaXKeHHI NPONOPLINHOCTI MK CTPyMOM Ta
HaIpyro Ha pe3ucTopi.

S0 e N

Exercise 4.

[TosicHITH aHTIIIMCKOIO YCHO:
® [0 € TAJILBAHUYHUM €JIEMEHTOM?
IO TaKe €JEeKTPOIIIT?
3 AKX MaTepialliB MOKYTh OyTH CTBOPCHH EJICKTPOIH?
sKa PI3HUI MK OaTapecto Ta MPUCTPOEM JIJIs TaIbBaHIYHOT 0OpOOKU?
B YOMY IoJiArae 3akoH Oma?

LESSON 3.4

1. TEXT
MAGNETIC EFFECT OF AN ELECTRIC CURRENT

Most of us are familiar with the more obvious properties of magnets and
compass needles. A magnet, often in the form of a short iron bar, will attract small
pieces of iron such as nails and paper clips. Two magnets will either attract each
other or repel each other, depending upon their orientation. If a bar magnet is placed
on a sheet of paper and iron filings are scattered around the magnet, the iron filings
arrange themselves in a manner that reminds us of the electric field lines surrounding
an electric dipole. All in all, a bar magnet has some properties that are quite similar to
those of an electric dipole.

The region of space around a magnet within which it exerts its magic influence
is called a magnetic field, and its geometry is rather similar to that of the electric field
around an electric dipole — although its nature seems a little different.

The geometry of the magnetic field (demonstrated, for example, with iron
filings) then greatly resembled the geometry of an electric dipole field. Indeed it
looked as though a magnet had two poles (analogous to, but not the same as, electric
charges), and that one of them acts as a source for magnetic field lines (i.e. field lines
diverge from it), and the other acts as a sink (i.e. field lines converge to it). Rather
than calling the poles “positive” and “negative”, we somewhat arbitrarily call them
“north” and “south” poles, the “north” pole being the source and the “south” pole the
sink. By experimenting with two or more magnets, we find that like poles repel and
unlike poles attract.
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We also observe that a freely-suspended magnet (i.e. a compass needle) will
orient itself so that one end points approximately north, and the other points
approximately south, and it is these poles that are called the “north” and “south”
poles of the magnet.

Since unlike poles attract, we deduce that Earth itself acts as a giant magnet,
with a south magnetic pole somewhere in the Arctic and a north magnetic pole in the
Antarctic. The Arctic magnetic pole is at present in Bathurst Island in northern
Canada and is usually marked in atlases as the “North Magnetic Pole”, though
magnetically it is a sink, rather than a source. The Antarctic magnetic pole is at
present just offshore from Wilkes Land in the Antarctic continent. The Antarctic
magnetic pole is a source, although it is usually marked in atlases as the “South
Magnetic Pole”. Unfortunately this means that the Earth’s magnetic pole in the Arctic
is really a south magnetic pole, and the pole in the Antarctic is a north magnetic pole.

The resemblance of the magnetic field of a bar magnet to a dipole field, and the
very close resemblance of a “Robison Ball-ended Magnet” to a dipole, with a point
source (the north pole) at one end and a point sink (the south pole) at the other, is,
however, deceptive.

In truth a magnetic field has no sources and no sinks. This is even expressed as
one of Maxwell’s equations, div B = 0, as being one of the defining characteristics of
a magnetic field. The magnetic lines of force always form closed loops. Inside a bar
magnet (even inside the connecting rod of a Robison magnet) the magnetic field lines
are directed from the south pole to the north pole. If a magnet, even a Robison
magnet, is cut in two, we do not isolate two separate poles. Instead each half of the
magnet becomes a dipolar magnet itself.

2. VOCABULARY

to diverge IIEPETOMIIIOBATH
obvious - OYEBHJIHO fo converge 3’€JHYBaTHCh
iron bar 3ani3zna pemritTka to suspend  TiABINIyBaTH
fo attractuputaryBaru, Bathurst Island OCTpIB
to repel BIIIITOBXYBaTu barepct (Kanana)
nail T'BO3/b, Wilkes Land 3emis VYinkca
paper clip CKpIIKa JIs arnepy (AnTapkTHIa)
to scatter po3ku(yB)aTu resemblance MOAI0HICTh
to surround OTOYYyBaTH loop KOHTYP

to exert BUKIUKATH (I110)
source JIKEPEIo
sink npuiimMad, CTIK
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3. EXERCISES

Exercise 1

[IpounTaiiTe i mepeKnaaiTh TEKCT.

Exercise 2

[lepeknaaiTe YKpaiHCHKOIO

To be familiar with smth...

To attract small pieces.

Similar properties.

To exert magnetic influence

To resemble the geometry.

One acts as a source, the other as a sink.
Freely-suspended magnet.

The resemblance is deceptive.

. The magnetic field has no sources and no sinks.
O If a magnet 1s cut in two..

’—‘\090.\‘.0\5":“.“’!\’5—‘

Exercise 3

[lepexnaaiTe aHTHCHKOO, 3BEPTAIOYN yBary Ha MPUCIIBHUKA

1. OueBuaH1 BIAaCTUBOCTI MarHiTiB.

2. B 3ajexxHoCTI1 Bl Opi€HTAIli.

3. Masnepoto, 1110 Haraaye Npo eIeKTPUUIHE IMoJIe.

4. Tlpupoma Mar”iTHOTO TMOJIsA, CXOXKeE, ACIHIO BIAPIHIETHCA BIJ MPUPOIH
CIICKTPUYIHOTO.

5. Mu BUIBHO HA3UBAEMO ITOJIFOCH MATrHITIB «ITIBHIYHUMY» Ta «IIIBACHHUM.

6. MaruiTHe ToJjie OMCY€ThCs PIBHIHHAMU MakcBeia.

7. JliHii MarHiTHOTO TOJIA 3aBXAM (POPMYIOTh 3aMKHEH1 KOHTYPH.

Exercise 4

Haoatime 6ionogioi.

What is magnetic field?

How can you describe the geometry of the magnetic field?

What are magnetic poles?

Where are the Earth’s magnetic poles situated?

What is the principal difference between electric and magnetic field?

SNk W=
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CHAPTER 4 THE FIELD OF FUNDAMENTALS OF ELECTRICAL
ENGINEERING

LESSON 4.1

1. TEXT

DEFINITION OF ELECTRIC CIRCUIT

An electric circuit is a collection of electrical devices and components connected
together for the purpose of processing information or energy in electrical form. An
electric circuit may be described mathematically by ordinary differential equations,
which may be linear or nonlinear, and which may or may not be time varying. The
practical effect of this restriction is that the physical dimensions are small compared
to the wavelength of electrical signals. Many devices and systems use circuits in their
design.

Electric Charge. In circuit theory, we postulate the existence of an indivisible
unit of charge. There are two kinds of charge, called negative and positive charge.
The negatively charged particle is called an electron. Positive charges may be atoms
that have lost electrons, called ions, in crystalline structures, electron deficiencies,
called /holes, act as positively charged particles. In the International System of Units
(SI), the unit of charge is the coulomb (C). The charge on one electron is

1.60219-107" C.

Electric Current. The flow or motion of charged particles is called an electric
current. In SI units, one of the fundamental units is the ampere (A). The definition is
such that a charge flow rate of 1 A is equivalent to 1 C/s. By convention, we speak of
current as the flow of positive charges. When it is necessary to consider the flow of
negative charges, we use appropriate modifiers. In an electric circuit, it is necessary
to control the path of current flow so that the device operates as intended.

Voltage. The motion of charged particles either requires the expenditure of
energy or is accompanied by the release of energy. The voltage, at a point in space, is
defined as the work per unit charge (joules/coulomb) required to move a charge from
a point of zero voltage to the point in question.

Magnetic and Dielectric Circuits. Magnetic and electric fields may be
controlled by suitable arrangements of appropriate materials. Magnetic examples
include the magnetic fields of motors, generators, and tape recorders. Dielectric
examples include certain types of microphones. The fields themselves are called
fluxes or flux fields. Magnetic fields are developed by magnetomotive forces. Electric
fields are developed by voltages (also called electromotive forces, a term that is now
less common). As with electric circuits, the dimensions for dielectric and magnetic
circuits are small compared to a wavelength. In practice, the circuits are frequently
nonlinear. It is also desired to confine the magnetic or electric flux to a prescribed
path.
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Sources of Voltage or Electric Potential Difference. A voltage is caused by the
separation of opposite electric charges and represents the work per unit charge
(joules/coulomb) required to move the charges from one point to the other. This
separation may be forced by physical motion, or it may be initiated or complemented
by thermal, chemical, magnetic, or radiation causes.

2. VOCABULARY

definition — B3HAYEeHH, YITKICTB, circuit — enekTpuyHEe KOJIO

PI3KICTh

device — mpucTpiit electric current — eJIeKTpUYHUI CTPYM
to devise — BUHAXOIUTH flux, flux field — norik, mose moToky
purpose — HaMmip, MeTa, MPU3HAYCHHS induction — iHyKIIIS

dimension — po3mip, po3MIpHICTh particle — yacTka

compare — MOPIBHIOBATH junction — 3‘egHaHHSA

wavelength — nopxxuna xBHITI thermocouple — repmonapa

design — po3paxyHOK, TPOEKT current density — IIIJTBHICTh CTPYMY
charge —3apsn semiconductor — HaMmiBIPOBITHUK

3. GRAMMATICAL NOTES

[MOCJIIJOBHICTb YACIB (SEQUENCE OF TENSES)

B aHrmiiicbkiii MOB1 yac Ji€CiIOBa B NMPUJATHOMY PEUCHHI 3aJI€KUTh BiJl 4acy, y
SKOMY B)XHTE JI€CIIOBO B TOJIOBHOMY pEuUeHHI. BiXKMBaHHS 4YaciB y MpHIATHUX
PEUYCHHSX TOJOBHUM YHHOM JOJATKOBHUX, IIJAKOPAETHCS HACTYIMHHUM IpaBUiIaM
[IOCJTIJIOBHOCTI] 4aciB:

l. SIKI0 MPUCYZOK TOJOBHOTO PEUEHHS BUPAKEHO JIECIOBOM B OJHIN 3
dopm tenepimHbOro vacy (Present Indefinite abo Present Perfect) abo mMaitbyTHBOTO
gacy (Future Indefinite), To miecnoBo B mpumaTHOMY pPEYeHHI BXXHBAETHCS B OyIIb-
SKOMY Yaci, MOTPIOHOMY 3a 3MiCTOM:

He knows 1.you are busy. Bin 1.BU 3aiHATI.
that: 2.you were busy. 3HaE, 2.BU Oy 3aWHATI.
3.you will be busy. 10: 3.Bu Oynere 3alHSATI.
He has 1. he receives letters from Bin 1.BiH o/iepKy€ BiJl HET JIUCTH.
said that:  her. CKa3zaB, 2.BIH OJIEpXaB JIHCTA.
2.he has received a 10:
letter. 3.BiH OJIEp’KaB JIUCTA ydopa.
3.he received a letter 4.B1H OJIEP>KUTH JIUCTA 3aBTPA.
yesterday.
4.he will receive a letter
to-morrow.

2. SIKmo mpUCYIOK TOJIOBHOTO PEUYEHHS BHPAXXKEHO A1€CIOBOM B OJHIN 3 (opMm
munHyJoro yacy (Past Indefinite), To ¢popmu TenepimHbOro i MalOyTHHOTO YaciB HE

108



MO>KYTh BXKHBATHUCS B MAPSAHOMY peueHHi. B 11boMy BHUNaIKy J1€CIOBO HiAPSIHOTO
PEUCHHS BXKUBAETHCS B OJIHIN 3 (OpM MUHYJIOTO Yacy abo MailOyTHBOTO B MHHYJIOMY
(Future in the Past):

a) Jlns BupaxkeHHs MAli, OJAHOYACHOI 3 €0 TOJOBHOTO PEYEHHS, J1€CIOBO
HiapsiAHOTO pedeHHs BxkuBaeThes B Past Indefinite abo Past Continuous:

I was sure that you knew her address. S OyB yneBHeHU, 1110 BU 3HAETE 11
ajapecy.

I thought that he was waiting for me in I nmymas, 1110 BiH YeKkae Ha MEHE Yy

the entrance hall. BECTUOIOI.

[Tpumitka. [HOA1 /U1t BUpa3y OAHOYACHOI Ail y MIAPSIHOMY PEUCHHI BKUBAETHCS
Past Perfect abo Past Perfect Continuous:
I knew that he had been ill for a long 51 3HaB, 110 BiH JaBHO XBOPHIA.
time.

(SIxOu y ronoBHOMY peuyeHHI OyB BUKOPUCTaHUM TENEPIlIHIA Yac, TO y MiAPSTHOMY
oyna 6 Bxuta popma Present Perfect: I know that he has been il1 for a long time.)

I knew that he had been living in 41 3HaB, 110 BiH uBeE B J{HINpO-
Dnipropetrovsk for five years. NETPOBCHKY M'Th POKIB.

(SIk 110 y TOJIOBHOMY pPEUYE€HHI BUKOPUCTOBYBABCS TEMEPINTHINA Yac, TO B MIAPSTHOMY
oyna Bxura popma Present Perfect Continuons: I know that he has been living is
Dnipropetrovsk for five years.)

0) Jlns Bupaszy nii, mo mepeaye il TOJOBHOTO PEYCHHS, JIECIOBO IiIPSIHOTO
peueHHs BxuBaeThesa B Past Perfect:

I was sure that he had left 51 OyB BHEeBHEHHIA, IO BiH MOIXaB 3
Dnipropetrovsk. JIHIIpONeTpOBCHKA.

He said that he had lost his watch. Bin ka3as, 110 3aryOuB TOAMHHUKA.
They informed us that they had sent BoHu noBiioMuiy HaMm, 10 BOHH

the books by post. BIJIICTIAJIM KHUTH MOLITOBOIO MOCHIIKOIO.

Ipumimxa. Tlonepeans ais Moxe OyTH BUpakeHa Takok B Past Indefinite abo
Past Continuous, Konu 9ac 3AiiICHEHHS [lii BU3HAY€HO a00 TaKMMU MO3HAYKAMH Yacy,
gk in 1925, two years ago, yesterday, abo I1HIIMMH MAPSIJIHUMHU PEUCHHSIMU
00CTaBWHU Yacy:

I thought that he graduated from the 51 nymaB, 1110 BiH 3aKIHYHMB YHIBEPCHUTET
University in 2008. B 2008 p.

She said that he left Dnipropetrovsk Bona kazana, o BiH moixas 3

two years ago. JIHITpOTIeTPOBCHKA JIBA POKU TOMY.

He said that he went to the theatre Bin xa3as, mo BiH OyB y4uopa y Tearpi.
yesterday.

I knew that she saw him when she was S 3HaB, o Bona 6auuia Horo, Koiau

in Kiev. Oyna y Kuesi.

She said that she was working when I  Bona ka3zana, 1jo BoHa npaifroBasnia,
rang her up. KOJIH o i1 3aTenepoHyBas.
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Opnak, 3 TakMMH 3a3HAYEHHSIMU 4Yacy, sk the day before, three days before, two
years before 1 T.m., O BHUpakae MHUHYJIUA Yac MO BIJHOUICHHIO 10 JPYroro
MHUHYJIOIO MOMEHTY, BXKUBaeThcs Past Perfect:

He said that he had gone to the theatre Bin ka3zaB, mo BiH OyB y Tearpi
the day before. Harepe0aHi.

B) Jly1s1 BUpaXkeHHss MalOyTHBOT /i1 IO BITHOIIIEHHIO JI0 J1i TOJIOBHOT'O PEUYEHHSI,
JIECTIOBO B MIPUIATHOMY PEUCHHI BXKUBAETHCS B OJIHIN 3 (hOpM MallOyTHHOTO Y
munynomy (Future in the Past), no Bupakae MaitOyTHIO /1110 IO BIIHOLIEHHIO JI0
MUHYJIOTO MOMEHTY:

I hoped that I would find him at home. f cnoaiBaBcs, 110 3acTany H#oro y

OyJIMHKY.
He said that he would try to come in Bin ka3aB, 1110 HAMara€TbCsi MPUNTH
time. BYACHO.
I was sure that they would arrive in the I OyB BneBHeHMiIA, 1110 BOHU NPHUIAYTh
evening. BBEUEpI.

SIK1110 A1€CTIOBO TOJIOBHOTO PEUYEHHS 3HAXOJIUTHCS B MUHYyJIOMYy yaci Future in
the Past TO BOHO BKMBa€Tbcs 'y TOMY BUIIAJKY, KOJM Yac il € MaOYTHIM TaKOX 1
CTOCOBHO JI0 MOMEHTY MOBJICHHS:

He said that he would return Bin ka3aB, 1110 TOBepHETHCS 3aBTpa.
tomorrow

Ipumimxa. Future in the Past BXXMBa€ThCS TaKOXK y PEUEHHSX, 1110 32 (POPMOIO
HE TIAMOPSAIKOBaHI 1HIIUM PEYSHHSM, aJie JIOTTYHO 3 HUMH I1OB’sI3aHi:

He looked at the sky. Soon it would Bin moguBuBcst y He60. HeBmom3i mine
rain and he would have to look for mom, 1 WoMmy mpuUIETbCS IITyKaTH
shelter. IPUTYJIOK.

Bapro 3BepHyTH yBary Ha po30iKHOCTI B BUKOPHCTaHHI 4acCiB y JOJAaTKOBOMY
NPUIAaTHOMY PEUYCHHI B YKPAaiHCHKIM Ta aHTTIHCHKIA MOBax, KOJIM JI€CTIOBO
TOJIOBHOTO PEUCHHS 3HAXOAUTHCS B MUHYJIOMY Yaci.

B ykpaiHCbKOI MOBI B TaKOMYy pPEUYEHHI JUIsl BUPAXKEHHS [1i, OJHOYACHOI 3 JIEI0
TOJIOBHOT'O PEUCHHS, BXKUBAETHCA TENEPIIHIA 4ac. B aHrmiichbKiid MOBI J11€ECIOBO B
IbOMY BUIIQJIKy HE MOKE€ CTOATH B OAHIN 3 (hOPM TENEPIIHLOTO Yacy, a BAKUBAETHCA
B Past Indefinite aGo Past Continuous:

Bin 3anuTaB MeHe, Ji€ 1 MeIIKaIo. He asked me where I lived.
S Oy ymeBHeHuid, 1o BiH 4ekae Ha I was sure that he was waiting for me in
MeHe B 010ioTerti. the library.

Jlist BUp>KeHHS A1, 110 Tepeaye Jii TOJOBHOTO PEUCHHS, B YKPAiHChKOI MOBI Y
JOJJaTKOBUX MPHUJIATHUX PEUEHHSX B)KMBAETHCS MUHYJIMM 4ac. B aHrmiiicekoi MOBI1 B
IbOMY BUTIAJKY BkuBaeThcs Past Perfect:

51 nymaB, 110 BU YMTAJH IO KHUTY. I thought that you had read that book.
51 6yB BmeBHeHMi, mo BiH moixaB 10 I was sure that he had gone to Lviv.
JIpBOBA.

[Ipore cmig matu Ha yBa3l, WO TEHEpilIHIA Yac B YKPAaiHChKOi MOBI Yy

JOJaTKOBUX PEUCHHSIX MOXE B JISAKHX BUMAJKaX BiAmoBigaTh Takox Past Perfect abo
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Past Perfect Continuous:
Bin kazas, mo BiH 3Hae€ 11 Bxke Aekiipbka He said that he had known her for

POKIB. several years.
A nymas, mo BiH Bxke gocuTh naBHO I thought that he had been working at
MpaIo€e Ha [[bOMY IIIIPUEMCTBI. that factory for a long time.

[{ro po30iKHICTH Yy BKHBaHHI 4YaciB B YKpaiHChKOi 1 aHIVIIMCBKOI MoOBax
HEOOXiTHO BPaxOBYBaTH TAaKOXX MPU MEPEKIaJi 3 aHTITIHCKOI MOBH Ha YKPalHCHKY.
Past Indefinite 1 Past Continuous y 101aTKOBOMY NpUJATHOMY peyeHHI (32 HasiBHOCTI
MUHYJIOTO Yacy B TOJIOBHOMY PEUYEHHi) HEOOXiTHO MEepEeKIaaTh Ha YKPaiHChKY MOBY
TernepimHiM yacom, a Past Perfect - Mmunynum gacom.

[ was sure that he spoke French very S OyB BmeBHeHu#i, 1m0 BiH 100pe
well. pO3MOBIIsIE PPaHITy3bCHKOIO.

I was told that he was waiting for me Meni ka3anu, MO BiH YeKa€ Ha MEHE
downstairs BHU3Y.

He wired to us that the steamer had Bin 3aTenerpadyBas Ham, 110 maporiaB
arrived. npuoyB.

Pa3om 3 Tum HeoOXxi1HO MaTu Ha yBa3i, 1o Past Perfect 1 Perfect Continuous
1HO/I1 MEPEKIIaIA€THCS 1 TENEPIIIHIM YacoM:

I learnt that he had been Director of S1 moBimaBca, 1110 BIH BXKe OIS IECATH
that institute for about ten years. POKIB € TUPEKTOPOM IIOTO 1THCTUTYTY.
I was told that he had been working at Meni ka3auu, 110 BiH BXe 6arato yacy
a new invention for a long time. NpAano€e HaJl HOBUM BHHAXO00M.

4. EXERCISES
Exercise 1.

Turn the following sentences into reported speech.

1. “I can’t see you this afternoon because I’ve got a lot to do”, Ann told me. 2.
“Those were good times for my family”, Jack said. 3. “You must check everything”,
the director said. 4. Keith said, “There is a letter for you on the table.” 5. “I haven’t
spoken to Mary since last week”, Gloria said. 6. Jane said, “I haven’t finished my
homework yet.” 7. “We don’t want to watch a film tonight,” the children said. 8.
“They are working over a new project now”, Mr. Stone explained. 9. “We’ll start our
work on time”, they promised. 10. “You should make a decision”, he told us.

Exercise 2.

Change the following sentences according to the example. Underline the changed
verb forms. Write as many sentences as possible.

1. In copper, the evolution of heat is greater when the current flows from hot to cold

parts, and less when the current flows from cold to hot. In iron, the effect is the
reverse. Discovery of this phenomenon in 1854 is credited to Sir William Thomson.
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Example: In 1854 Sir William Thomson found that in copper the evolution of heat
was greater when the current flew from hot to cold parts.

2. Refrigerators are constructed using this principle. Since the Joule effect produces
heat in the conductors leading to the junction, the Peltier cooling must be greater than
the Joule effect in that region for refrigeration to be successful. This phenomenon
was discovered by Jean Peltier, a French physicist, in 1834.

3. If the metals are iron and copper, and if one junction is kept in ice while the other
is kept in boiling water, current passes from copper to iron across the hot junction.
The resulting device is called a thermocouple, and these devices find wide application
in temperature measurement systems. This phenomenon was discovered in 1821 by
Thomas Johann Seebeck.

Exercise 3.

Translate into English:

1. Bin cnioaiBaeThes, 110 3aHATTS BIIOYAYThCsS ChOTO/HI. 2. BoHa qymae, 1110 BiH OyB
Ha JIeKIIii. 3. BIH CKa3aB, 110 3aBTpa Mije 10 JikapHi. 4. S 3HaB, 1110 BOHA XBOPIi€ JBa
TWKHI. 5. Sl 3HaB, 110 BOHA XBOp1Ja JIBa THXHI. 6. BiH cka3as, 1110 70111 /1€ BXKe O1J1s
NBOX I1auH. 7. BiH cka3as, 110 JoII OB 0114 IBOX I'OJIHH.

Exercise 4.

Translate into Ukrainian:

1. I knew that it had been raining as the roofs were wet. 2. He said that he had just
been speaking to her about it. 3. I knew that he saw her when he was in Poltava. 4.
She said that she was working when I rang her up. 5. I thought that she lived in
Donetsk till the entered Kharkov University. 6. I was sure that he went to Lviv after
he received the telegram from his father.

LESSON 4.2

1. TEXT

FARADAY'S LAW OF INDUCTION

According to Faraday's law, in any closed linear path in space, when the
magnetic flux y surrounded by the path varies with time, a voltage is induced

around the path equal to the negative rate of change of the flux in webers per second.

v =—Y Solts. 4.1)
ot
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The minus sign denotes that the direction of the induced voltage is such as to
produce a current opposing the flux. If the flux is changing at a constant rate, the
voltage is numerically equal to the increase or decrease in Weber’s in 1 s.

The closed linear path (or circuit) is the boundary of a surface and is a geometric line
having length but infinitesimal thickness and not having branches in parallel. It can
vary in shape or position.

If a loop of wire of negligible cross section occupies the same place and has the

same motion as the path just considered, the voltage n will tend to drive a current of
electricity around the wire, and this voltage can be measured by a galvanometer or
voltmeter connected in the loop of wire. As with the path, the loop of wire is not to
have branches in parallel; if it has, the problem of calculating the voltage shown by
an instrument is more complicated and involves the resistances of the branches.
For accurate results, the simple Eq. (4.1) cannot be applied to metallic circuits having
finite cross section. In some cases, the finite conductor can be considered as being
divided into a large number of filaments connected in parallel, each having its own
induced voltage and its own resistance. In other cases, such as the common ones of
D.C. generators and motors and homopolar generators, where there are sliding and
moving contacts between conductors of finite cross section, the induced voltage
between neighboring points is to be calculated for various parts of the conductors.
These can then be summed up or integrated. For methods of computing the induced
voltage between two points, see text on electromagnetic theory.

In cases such as a D.C. machine or a homopolar generator, there may at all times
be a conducting path for current to flow, and this may be called a circuit, but it is not
a closed linear circuit without parallel branches and of infinitesimal cross section, and
therefore, Eq. (4.1) does not strictly apply to such a circuit in its entirety, even
though, approximately correct numerical results can sometimes be obtained.

If such a practical circuit or current path is made to enclose more magnetic flux
by a process of connecting one parallel branch conductor in place of another, then
such a change in enclosed flux does not correspond to a voltage according to Eq.
(4.1). Although it is possible in some cases to describe a loop of wire having
infinitesimal cross section and sliding contacts for which Eq. (4.1) gives correct
numerical results, the equation is not reliable, without qualification, for cases of finite
cross section and sliding contacts. It is advisable not to use equations involving
Oy /ot directly on complete circuits where there are sliding or moving contacts.

Where there are no sliding or moving contacts, if a coil has N turns of wire in
series closely wound together so that the cross section of the coil is negligible
compared with the area enclosed by the coil, or if the flux is so confined within an
iron core that it is enclosed by all N turns alike, the voltage induced in the coil is

V= —N%—"t’ , volts 4.2)

In such a case, N -y is called the number of interlinkages of lines of magnetic
Sflux with the coil, or simply, the flux linkage.
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For the preceding equations, the change in flux may be due to relative motion
between the coil and the magnetomotive force (mmf, the agent producing the flux), as
in a rotating-field generator; it may be due to change in the reluctance of the magnetic
circuit, as in an inductor-type alternator or microphone, variations in the primary
current producing the flux, as in a transformer, variations in the current in the
secondary coil itself, or due to change in shape or orientation of the loop of coil. For
further study, refer to the Web site:

http://www.lectureonline.cl.msu.edu/ ~mmp/applist/induct/faraday.htm.

2. VOCABULARY

path — nuIsX, KOHTYDp, BiTKa complicate - yckiiagiHioBaTH
produce — ipeICTaBIATH, BUPOOISATH involve — BXOUTh 710 CKIIaay
intensity — IHTEHCUBHICTb filament — HUTKa po3:KaprOBaHH,

II'TaBKa BCTaBKa

increase — 3pocrtatu, 301JIbLITYBaTUCS homopolar — oxHONIOTIOCHUI
straight — narsr, nedopmartis

wire — JIpiT, IPOBIi coil — BUTOK, KOTyIIIKa

branch — BigramyxeHss, BiTka flux linkage — moToko3uemIeHHs

permeability — MmarniTHa npoHukHicTh  complicate — yckiagHOBaTH

3. GRAMMATICAL NOTES

INOCJIIAOBHICTBb HACIB B CKJIAJIHUX PEYUEHHSX 3 IEKIJIbBKOMA
IMPUJATHUMU
BuknaneHi mpaBuia MOCHIIOBHOCTI YaciB JIIOTh TAaKOXK Y THUX BUITAJIKaX, KOJIH
npuaTHE PEUYCHHs IMIAMOPSAIKOBYEThCS HE TOJIOBHOMY, a IHIIOMY IPHUIATHOMY
pedyeHHro. Yac [iecioBa TPHUIATHOTO PEYCHHS, IO MiAMOPAIKOBAHE I1HIIOMY
NPUIATHOMY PEYCHHIO, 3aJIeKUTh BiJ 4Yacy JII€CIOBa IILOTO IHIIOTO MPHUAATHOTO
pEUYCHHS, a HE BIJ J1€CIIOBA TOJIOBHOTO PEYCHHS:

He says that he read in yesterday's Bin roBoputs, 1110 YuTaB y BUOpPAIIHbOI
newspaper that in Ukraine prices of raserti, mo B YKpaiHi IliHM Ha TPOTYKTH
foodstuffs were rising again. 3HOBY I1JIBUIIYOTHCS.

Y npyromy mpuIaTHOMY pEUCHHI JIi€CIOBO Were rising BKHMBaeThcsi B Past
Continuous, TOMy 110 BOHO BUPa)Ka€e TPUBAIY Iil0, OAHOYACHY 3 Ji€ro read mepiioro
NPUIATHOTO PEUCHHSI.

He said that Andrew had told her that Bona xa3ana, mo AHzpiii roBopuB i,
he was writing a new play. 110 BiH MHUIIIE HOBY IT'€CY.

Y npyroMy NpuIaTHOMY pEYeHHI IECIIOBO was writing BKHBaeThcs B Past
Continuous, TOMy 110 BOHO BHCIJIOBIIOE TPHUBAIYy Jii0, B ogHOYac 3 i€t had told
NEPIIOTO MPUAATHOTO PEUCHHS.
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I thought that he would tell her that he I mymaB, mo BiH ckaxxe i, 1110 BiH Mae
intended to go the Crimea. HaMip noixatu 10 Kpumy.

Y npyromy mnpuaatHoMy pedeHHi nieciaoBo intended Bukopucrane B Past
Indefinite, Tomy 1o BOHO BUpaxkae Ait0, ogHoYacHy 3 aiero would tell mepuioro
npugatHoro pedeHHs (Future in the Past-would tell-posrmsigaerses sk dopma
MUHYJIOTO 4acy).

I thought that she knew that he had S gymaB, mo BoHa 3Hae, MO BiH TOCIB
taken the first place in the chess mepmie micie B maxMaTHOMY TYPHIpI.
tournament.

B npyromy nmpunatHomy pedeHHi miecnoBo Bxkurte B Past Perfect - had taken, -
TOMY III0 BOHO BHUpaXKae JIit0, 10 Mepeaye aii knew meprioro npuaaTHOTO peUeHHS.

BxuBaHHss ~ 4YaciB y  NOpUJATHOMY  PEYEHHl, W0  HIANOPSAIKOBAaHE
JIENPUKMETHUKOBOMY 3BOPOTY, 3aJ€KUTh BlJ TOTO, YW BIANOBIJAE 32 3HAYECHHSIM
JIENPUKMETHUKOBUN 3BOPOT MPUIATHOMY PEUYEHHIO 3 JIECIOBOM Y TENEPIIIHbOMY
a00 MUHYJIOMY Yaci:

Knowing (= As she knows) that he is 3Harouu (= TomMy 1110 BOHA 3HA€), 110 BiH
very busy, she does not want to ring him nyxe 3aiflHATHUH, BOHAa HE XO04e HOMY

up. TeneOHyBaTH.

Knowing (=As I knew) that he worked 3naroum (=Tromy M0 s 3HaB), IO BIH

at that office, I rang him up. Ipaioe y LI ycTaHOBI, S HoMmy
3areneoHyBaB.

BUITAIKN BUKIITOUEHHA 3 ITPABWJI ITOCJIIAOBHOCTI HACIB

Konm  miecnioBo 'y J0aTKOBOMY — MPUJATHOMY  PEYEHHI  BHPAXKae
3arajgbHOBIOMHM (DakT, BiH Moke OyTu B Present Indefinite i B ToMy Bumaaky, Koiu
TECIIOBO TOJIOBHOTO PEYEHHS 3HAXOAUTHCS B MUHYJIOMY Yaci:

The teacher told the children that water BuwnTenp ka3aB mITSIM, III0 BOJa KUIIUTh
boils at 100 degrees centigrade. npu 100 rpaxycax 3a Llenbciem.

Galileo proved that the earth moves I'amineil noBiB, 10 3eMJII PYXa€eThCsS
round the sun. HABKOJIO COHIIS.

[Ipumitka. B mboMy BUIanKy, OJIHAaK, Y TMPHUIATHOMY PEYEHHI MOXE CTOSTH 1
Past Tence, BimmoBimHO a0 mpaBmia mociaimoBHocTi 4daciB: The teacher told the
children that water boiled at 100 degrees centigrade.

JliecmoBo y BH3HAYaJbHUX NPHIATHUX PEUCHHSIX, a TaKOXK TMPUIATHHX
NPUYUHHUX 1 MOPIBHSHUX, MOXE BKMBaTHCs y udacax Present i Future it B Tomy
BUIIAJIKY, KOJIH JIIECTIOBO TOJIOBHOTO PEUCHHSI 3HAXOIUTHCSA B MUHYJIOMY Yaci:

My brother told me about the Miii Opat Ka3aB MEHI PO KHUTY, SIKY BU
book which you are reading. IUTAETE.
The goods were loaded on the ToBapu  Oynam  3aBaHTaXeHl 10

steamer “Pskov”, which will arrive at !apOILIaBy <<HCKOB>>> o npulyze B
Odessa in a few days. Opnecy 4epes KifbKa JHIB.
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He was not able to translate the article
because he does not know English well
enough.

He refused to go to the theatre as he
will have an examination in Political
Economy in a few days.

He was once stronger than he is now.

It was not so cold yesterday as it is to-
day.

HiecnoBa must, should i ought BukopucraroTbcs B NpuUAaTHOMY pEUYCHHI

Bin He 3Mir mepekiacTu IO CTaTTIO,
TOMY III0 BiH HE 3HA€ JOCUTh J00pe
aHTJIIHCHKOI MOBH.

Bin BigMOBUBCA MITH JI0 T€ATPY, TAK SIK
y HbOT'O BIAOYJEThCS ICIIUT 3
MOJIITUYHOT €KOHOMIT uepes

JeK1IbKa JTHIB.
Bin xonuch OyB cuiibHiIIE, HIXK 3apas3.

Yyopa He Oyno Tak XOJIOJHO,
CBOT'O/JTHI.

AK

HE3aJIeXKHO BiJ] TOTO, y SKOMY Yacl 3HaAXOJAUTHCS T1€CIOBO TOJIOBHOTO PEYCHHS:

He tells (told) us that we mustn't cross
the road against the red light.

He says (said) that I ought to send her a
telegram at once.

I tell (told) him that he should consult a
doctor.

Bin roBoputh (CkazaB) HaMm, III0 MU HE

NOBUHHI  TEpPETUHATH  BYJIUIy Ha
YEepBOHE CBITJIO.

Bin roBoputh (ckazaB), 1o Tpeda
HaJICTIaTy 1 HETalfHO Telerpamy.

A roBopro  (ckazaB) oMy, IO

HEOOX1THO IMOPAJUTHCS 13 JTIKAPEM.

HiecioBo must, oJiHaK, Y JeAKUX BUIMAAKaM 3aMiHseThcs Ha had to:

She said that she had to answer the letter
at once.

Bona ka3aina, 110 BoHa MyCHTbh HETaliHO
BI/IITOBICTH HA JIUCT.

®opwma Infinitive BKUBaETHCSA HE3AIEKHO BiJ] TOTO, Y SIKOMY Yaci 3HAXOAUTHCS

JIIECTIOBO TOJIOBHOT'O PEUCHHS:

It is (was) necessary that he send us the
documents.

Heo6xigHo Oyio (Heo0xiaHO), 1100 BiH
HaJICJIaB HaM JIOKYMCHTH.

IEPEXIAHI I HEIIEPEXIIHI AI€CCJIOBA
(TRANSITIVE AND INTRANSITIVE VERBS)

B aHrmiiicekoi MOBI, SIK 1 B YKPaiHCBbKO1, O[H1 J1€CIIOBA MOXKYTh MaTH TIpH cO01
npsiMe JOTIOBHEHHS, TOOTO BHCIIOBIIOBATH IO, IO OE3MOCEPEIHbO MEPEXOIUTh Ha
AKy-HeOyab 0co0y abo mpeaMeT , a IHIIl Ji€cioBa HE MOXYTh MaTH IpuU coOi
IPSIMOTO AOTTOBHEHHS.

JliecnoBa, sKi MOXYTb MaTd NpU CcOOl HpsME JOTOBHEHHS , Ha3HBAIOTHCS
nepexiTHUMH:

He invited me to the concert. Bin 3anpocuB MeHe Ha KOHIIEPT.
I read newspapers in the evening. A uuTaro razeTu BBeUepi.
JiecioBa, siki He MOXKYTh MaTH MpU cOO1 MPSAMOro JOMOBHEHHS, HA3UBAKOTHCA
HenepexXiIHUMHU:
I live in Dnipropetrovsk. A memkaro y JIHITPONETPOBCHKY.
My father arrived yesterday. Miii 6aTbKO TIpHixaB ydopa.
B aHrmiiicekiii MOBi1 JyXe€ YacTo OJHE 1 Te€ caMme JI€CIOBO MOXke OyTu
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BUKOPUCTAaHE $K Yy SKOCTI NEPEeXiJHOTro, TaK 1 HENepexiHOoro jiecioBa. B
YKpaiHChbKI MOB1 I[bOMY JI€CIIOBY BIJANOBIIAIOTH JBa PI3HUX JIECIOBA, Kl abo
BIJIPI3HAIOTHCSA MK COOOI0 HASIBHICTIO 3aKIHYEHHS -CSl IIPU HETIEPEX1AHOMY J1€CIOBI,
a00 € 30BCIM PI3HUMHU:

to open: 1. BigKpuBatu He opened the door.
(mepexiaHuin) Bin BinkpuB asepi.
2. BIAKpUBATHUCS The library opened at 10 o'clock.
(HeTepexXiTHUH) bibmioreka Binkpwiacs y 10 roauHi.

to begin: 1.mounHaTn I begin work at nine o'clock.
(mepexigHui) S nounHaro cBow poboTy y 9 rogauHi.
2. IOYMHATHCS Our English lessons begin at nine o'clock.
(HemepexiTHui) Harni anrmiiicbki ypoKd MOYHHAIOTHCA Y 9

TOIVHI.

todrop : 1.ponsTu He dropped his pencil.
(mepexigHum) BiH ymycTuB cBOro oJiBens.
2.magaTtu The apple dropped to the ground.
(HemepexiaHui) S16:10K0 BIAIO HA 3€MITIO.

to grow: l.BupoiryBaTu That master grows wheat.
(mepexiTHui) Ieii xa3s1iH BUPOIILY€E MIICHUITIO.
2. pocTu Beautiful flowers grow in the garden.
(HeTepeXiTHU) B cagy pocTyTh rapHi KBiTH.

JlesskuM aHTTIIHCHKUM TIEPEX1AHUM JII€CIIOBAM BiJIIMOBIAAIOTh B YKPAaiHCHKiN MOBI1
HenepexiHi aieciona: to follow (somebody, something) npawvysamu (3a kum-ne6yov,
yum-Hebyos), to approach (somebody, something) rabrusxcamuca (0o xozo-nebyov,
y020-1ebyos), to watch (somebody, something) cmeoxcumu (3a xum-nebyos, uum-
He0yOvb) Ta NIESAK1 1HIIII:

Please follow me [TpsimyiiTe, Oyap 1acka 3a MHOTO.

He approached the house. Bin nabnu3uBcs 1o OyAMHKY.

3 iHmoro OOKy ACSKUM aHTJIIMCHKUM HEMEPIXOJHUM JI€CIOBaM BIJANOBIAAIOTH B
yKpaiHChbKOi MOBI nepexifHi aieciona: to listen (to somebody, to something) cryxamu
(k020-HeOY0b, uo-HebYOb).

Listen to me, please. Cnyxaiite MeHe, Oyb Jiacka.

MOJAJIbHI II€ECJTIOBA (MODAL VERBS)

HiecnoBa can (could), may (might), must, ought, need craBnsaThCsa 10 rpynu
Tak 3BaHUX MojanbHUX aiecniB (Modal Verbs). MonanpHi miecioBa HE BXXKHBAIOTHCS
CaMOCTIfHO, a TUIbKH B CIIOJY4Y€HHI C 1H(IHITUBOM 3MICTOBOTO JiecioBa. Bonwu
MIO3HAYATh MOXJIMBICTh, 31aTHICTh, IMOBIPHICTh, HEOOX1IHICT 3MIMCHEHHS Jii, 110
BUpaX€HA 3HAYCHHEBUM [I1€CJIOBOM. MoJanbHl Jll€cIoBa B CHOJIYYEHHI 3
1H(}1HITUBOM 3MICTOBOTO J11€CIIOBa BUKOPHUCTOBYIOTHCSI B PEUEHHI B POJII CKJIAJICHOTO
JECTIBHOTO MPUCY/JIKA!
He can do it himself. Bin Moxe 3pobuTu 11e cam.
They may come tonight. Bonu, moxe OyTu, mpuii1yTh BBEUEpi.
I must speak to him. S My11y IOrOBOPUTH 3 HUM.
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This work ought to be done at once. [{ro pobGoTy Tpeba TepMIHOBO BUKOHATH.
You needn't do it. Bawm He Tpeba 1poro poOuTH.
1. MonanbHi nieciioBa € HenoctatHiMu aiecioBamu (Defective Verbs), Tomy 110 Bonun
HE MaroTh BCiX (opMm, AKI MaroTh 1HII AiecnoBa. JliecioBa can 1 may MaroTh (Gopmy
TENepilHbOro yacy 1 ¢popMy MUHYJOro yacy: can - could, may-might. /lieciosa
must, ought 1 MaOTh TUTbKKU (QopMy TemepilHLOTO 4Yacy. MojanbH1 Jli€ciioBa HE
MarTh HEO0COOOBUX (OpM - 1H(IHITHBA, JIEMNPUKMETHHKA 1 TePYH/IIS.
2. IH}iHITHB, IO CTOITh MICHA MHUX JIECIIB, BUKOPHCTOBYEThS 0€3 dYacTKu to.
Buxirouennst craHoBUTH AiecioBo ought, 3a sikum ine iHdiHiTHB C to: I can do it. 4
mooicy 3pobumu ye. You may take it. Bu moorceme 63amu ye. 1 must go there. 4
nosuten nivimu myou. You needn't do it. Bam ne mpeba pooumu yvo2o.

Axne: You ought to help him. Bau eapmo 6yno 6 donomoemu tiomy.
B 3-i1 0c001 0AHMHM TENEepIHbOro Yacy MOJajibH1 JII€CIOBA HE MAIOTh 3aKIHUECHHS -
s: He can do it. Ne may take it. He must go there. He ought to help him. Need he do
it?
4. 3anutanbHa hopmMa yTBOPUTHCA 0€3 TOMOMIXKHOTO JAiecioBa to do, mpuyomy
MOJIJIbHE JIECIIOBO CTABUTHCS MEPET MiAMETOM:
Can you do it? May I take it? Must he go there? Ought he to help him? Need he do
it?
5. 3amepeuna ¢opMa YTBOPHUTBCS 3a JOTIOMOTOI0 YacTKH not, IO CTaBUTHCS
Oe3rmocepeIHbO TICas MOAAIBHOTO JAi€ciioBa. B TemepimHboMy 4aci can MHUIIETHCS
paszom ¢ not: He cannot do it. You may not take it. He must not go there. He ought
not to help him. He need not do it.
6. B pa3moBHiii peui B 3amepeuHiii (Gopmi 3a3BUYall BUKOPUCTOBYIOTHCS HACTYIIHI

CKOPOYEHHS:

cannot =can’t must not =mustn’t
may not =mayn't ought not -oughtn't
could not =couldn't need not -needn't

might not =mightn't

4. EXERCISES

Exercise 1.

Underline the correct word.

1.You may/must not run in the corridors. It’s dangerous.

2.He may/mays be very busy now.

3.Can/Should I ask you a question?

4.You must/shouldn’t stay at home if you are ill.

5. Tommy cannot/could not tell the time when he was a four years old.
6.You might/needn’t clean the windows. I’ve already done this.

7.My book can’t/mustn’t be in the house. I’ve already looked everywhere.
8.You needn’t/mustn’t do the shopping. I’'ll do it later.

9.1 have to / can wear a uniform at work.
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10. I will can/be able to give you the book next week.

Exercise 2.

Translate into English:

1. Bin roBoputh, 1110 4yB y4opa, npodecop IBaHOB mpartoe 3apa3 y BamumHrroni. 2.
S BHeBHEHUH, 1110 BOHA JyMaja, 10 BIH Bi3bME y4acTbh y ekcrenuiii. 3. S 3HaB, 110
BOHA OTPUMYE JIUCTHU BiJ Opara KOXXHUM THXKIeHb. 4. BiH roBopuTh (KazaB) HaMm, 1110
MU HE TOBHHHI NEPEXOJUTH BYJIHUII0 HAa YEPBOHE CBITJIO cBiTIOdopa. 5. Bin
TOBOPUTH (Ka3am) , 10 MEH1 MOTPiOHO HaJICIAaTH ik HeTaiHo Tenerpamy. 6. S roBopro
(ka3zaB) Homy, MO0 HOMy HEOOXITHO TMOpaauTUCh 3 JikapeM. 7. HeoOxigHo (Oyio
HEoOX1THUM), 11100 BiH Ha/IiClIaB HAM IOKYMEHTH.

Exercise 3.

Translate into Ukrainian:

1. I read a newspaper in the evening. 2. Student Petrenko invited me to the concert. 3.
He received a telegramme yesterday. 4. Will you put on your coat? He took off his
hat. 5. They put off the meeting till Monday.

LESSON 4.3.

1. TEXT

FLUX PLOTTING

Flux plotting by a graphic process is useful for determining the properties of

magnetic and other fields in air. The field of flux required is usually uniform along
one dimension, and a cross section of it is drawn. The field is usually required
between two essentially equal magnetic potential lines such as two iron surfaces. The
field map consists of lines of force and equipotential lines which must intersect at
right angles. For the graphic method, a field map of curvilinear squares is
recommended when the problem is two dimensional. The squares are of different
sizes, but the number of lines of force crossing every square is the same.
In sketching the field map, first draw those lines which can be drawn by symmetry. If
parts of the two equipotential lines are straight and parallel to each other, the field
map in the space between them will consist of lines which are practically straight,
parallel, and equidistant. These can be drawn in. Then extend the series of curvilinear
squares into other parts of the field, making sure, first, that all the angles are right
angles and, second, that in each square the two diameters are equal, except in regions
where the squares are evidently distorted, as near sharp comers of iron or regions
occupied by current-carrying conductors. The diameters of a curvilinear square may
be taken to be the distances between midpoints of opposite sides.
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The magnetic field map near an iron comers is drawn as if the iron had a small
fillet, that is, a line issues from an angle of 90° at 45° to the surface.

Inside a conductor which carries current, the magnetic field map is not made up of
curvilinear squares, as in free space or air. In such cases, special rules for the spacing
of the lines must be used. The equipotential lines converge to a point called the
kernel.

Computer-based methods are now commonly available to do the detailed work,
but the principles are unchanged.

Force on a Conductor Carrying a Current in a Magnetic Field. Let a
conductor of length / m carrying a current of i A be placed in a magnetic field, the

density of which is B in Teslas. The force tending to move the conductor across the
field is

F=B-1-i, Newtons 4.3)

This formula presupposes that the direction of the axis of the conductor is at
right angle to the direction of the field. If the directions of i and B form an angle a,
the expression must be multiplied by sin a.

The force F is perpendicular to both i and B, and its direction is determined by
the right-handed-screw rule. The effect of the magnetic field produced by the
conductor itself is increase in the original flux density B on one side of the conductor
and decrease on the other side. The conductor tends to move away from the denser
field. A closed metallic circuit carrying current tends to move so as to enclose the
greatest possible number of lines of magnetic force.

2. VOCABULARY

require — norpe0yBatu distorted — cnoTBOpEHUI1, BUKPUBIICHUI
extend — npoTiaryBaTu insulator — 1305sTOp, N1ENEKTPUK
square — KBaJJpaTHUMN bus bar — mmHONPOBIA

evidence — oueBUIHO

3. GRAMMATICAL NOTES

HIE€CIIOBO can (could)

HiecnoBo can y cnonydenHi 3 Indefinite Infinitive BxxuBaeThcs st BUpakeHHs
MOXJIMBOCTI a00 3/1aTHOCTI 3pOOUTH JIif0 M MEepeKIaacThCsl Ha YKpaiHChKY MOBY 3a
JIOTIOMOT OO MOIHCY, YMIIO.

Can, sx i moorcy (mooiceur, Modxce W T.1.) B YKPAiHCBbKIA MOBI, MOYK€ CTaBUTHUCS
710 TETEPINTHLOTO 1 MailOyTHHOTO Yacy:

I can do it now. A MoKy 3po0uTH 11€ 3apas.
I can speak English. 51 BM11O TOBOPUTH aHTITIHCHKOIO MOBOIO.
He can finish his work next week. Bin Moke 3aKiHUYUTH CBOIO POOOTY

HAaCTYIIHOI'O THXXHS.
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Can y cnonyuenHi 3 Indefinite Infinitive Passive nepexmnamaeTbcst Ha yKpaiHChKY
MOBY 3a JIOIIOMOTO0 MOJ#ce, MOJCymb 3 TH(HIHITHBOM TACUBHOTO CTaHy a0 MOJiCHA 3
1H(IHITUBOM JIIIICHOTO CTaHy:

This work can be done at once. s poGora wmoxe OyTtu 3poOieHa
HETaNHO.
[{ro poGoTy MOKHA 3pOOUTH
HETalHo.
The steamer can be discharged to- IlapomnaB Moxe OyTu po3BaHTaKEHUU
MOITOw. 3aBTpA.
[TapormiaB MOXHa  pPO3BAHTAKUTHU
3aBTpa.

HIECIIOBO may (might)
HiecnoBo may y cromydenHi 3 Indefinite Infinitive BxxuBaeThCs 111 BUpaKeHHS
J03BOJIYy ¥ NEPEeKIalaeTbcsd Ha YKPAiHCbKY MOBY 3a JIOIIOMOIOIO MOy (MOdiceud,
ModHcem i m.o.):

You may take my dictionary. Bu moxere (BaM J03BOJSIETHCS) B3SITH
Mii CIIOBHHK.
May I come in? MoxHa yBIATH?

Jlnst BUpa)keHHsI J103BOJly MAay BXXMBAETHCS TUIBKM B TEMEPIIHHOMY Haci. Y
MUHYJIOMY 4Yacl JUIsi BUPAXEHHS JI03BOJYy B MPSAMOMY MOBJICHHI B)KMBA€THCS HE
niecaioBo might, a mgiecnoBo to allow oozsonamu B macuBHOMYy crani: He was
allowed to go there. Homy dozeonunu nimu myou. To be allowed BXMBaeTbCSA TAKOXK
3aMiCTh BificyTHIX ¢opm miecioBa may: He has been allowed to go there. Homy
ooszeonunu nimu myou. He will be allowed to go there. Homy dozeonams nimu myou.

[Tpumitka. /[ BUpakeHHS 3HAYCHHS, MPOTHICKHOTO JTIECIOBY may, TOOTO s
BUpaXEHHS 3a00pOHM, MOPsi 3 may not (mayn’t) ne mMoocHa BXKUBAETHCS must not
(mustn’t):

You mayn’t smoke here. BaMm He MOXJIMBO MMAJIUTH TYT.
You mustn’t smoke here. Bam He MOBiIHHI NAJIUTH TYT.
JIE€CIIOBO must

HiecnoBo must y crnonydeni ¢ Indefinite Infinitive BxxuBaeTbcs s BUpazy
HEOOX1THOCT1 3MIMCHEHHS il B CHJIy TMEBHMX OOCTaBHH, a TaKOX JJIsI BUPAKCHHS
Haka3y abo nmopaau. Ha ykpaiHcbky MOBY must epekiiafacTbCsi nOGUHEH, NOMPIOHO,
mpeba.

Must, six 1 noguren, nompiono, mpeda B yKpaiHCbKiA MOB1, MOXE CTaBUTHCS 10
TEMEePIIIHBOTO ¥ 10 MailOyTHBOTO Yacy:

I must do it now (HeOxiau HicTh y cuiny I moBuHEH (MeHI moTpiOHO, Tpeda)

00CTaBUH). 3po0uUTH 1ie TeTep.
He must go there to-morrow. Bin moBuHeH (ifomMy moTpiOHO, Tpebda)
(HEOOX1IHICTh Y CUITy OOCTAaBUH). MITH TYJY 3aBTpa.

You must post the letter at once. Bu mnoBunHi (Bam mnoTpiOHO, Tpebda)
(Haka3z). BIJINPABUTH JIUCTA HETANHO.
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You must consult a doctor. (mopaza). Bu mnoBuHHI (Bam moTpiOHO, Tpebda)
NOPAAUTHCS 3 JIIKAPEM.
Must B cnionyueHni ¢ Indefinite Infinitive Passive nepeknanaerbcst Ha yKpaiHCbKY
MOBY 3a JONIOMOTOI HOBUHeH, no8uHHi 3 1H(MIHITUBOM IMaCHUBHOTO CTaHy abo
nompiono, mpeba 3 iHGIHITUBOM JIHCHOTO CTaHY:

This work must be done at once. I[lro pobGora Tpeba OyTu 3poOUTH
HETalHo.
I{ro pobGoty motpidHO (Tpeda) 3podutu
HEranHo.
The steamer must be discharged to- IlapomnaB TpebGa Oyae po3BaHTAXKUTHU
MOITOw. 3aBTpaA.
[Taporas MOTPiOHO (Tpeba)

PO3BaHTAXKUTH 3aBTpa.

[Tpumitka. 3amepeuna ¢opma aiecioBa must-must not (mustn’t) — o3Hauae
3a00pOHY, TOOTO € MPOTUIIEKHOIO 32 3HAUCHHSIM JIIECTIOBY may:
May I do it? - No, you mustn't
MockHa MeHi 3po0uTH 11e? - Hi, He MmoxHa.

Jlis  BupaXeHHS 3HAuU€HHS, MPOTWICKHOTO 3HAYeHHIO must, TOOTO s
BUPKECHHS BIJICYTHOCTI HEOOXIJHOCTi, BUKOPUCTOBYEThCA needn't we mycumo, He
nosumen, ne mpeoa:

You needn't do it now. Bu ne moBuHHI (BaM He MOTpPiIOHO HE
Tpeba) poOuTH 11e 3apas.
He needn't go there to-morrow Bin He mycuth (fiomy He Tpeba) itu

TyJH 3aBTpA.

Takum unaoM, Ha mutanHs Must I go there? Yu mpeba meni ( uu Hanedxcho
Meni) i0mu myou? MOXIuB1 BianosiAl: Yes, you must. Tax, nompiono a6o: No,
needn't. Hi, ne nompiono.

[Topsim ¢ must BHKOPHUCTOBYETBCS TENEPIlIHIM Yac JiecnoBa to have y
CIOJydeHl ¢ 1H(QIHITUBOM C YacTKOK to, KOJM MoBa Hje Npo HEOOXIJIHICTh
3miiicHeHHsT i B Ccuily meBHUX oOctaBuH. [liecioBo to have, mnpore, He
BUKOPHCTOBYETHCS 3aMiCTh must JIJIs1 BUpaKEHHS Haka3y abo mopaiu:

I must do it now.= I have to do it now. I moBuHeH 3poOuTH 1€ 3apas.
He must go there to-morrow.= He has Bin Mmycuth miTu Tyam 3aBTpa.
to go there to-morrow.

Jlnst BUpakeHHS HAJIEKHOCTI B MHHYJIOMY M MailOyTHROMY 3aMicTh must
BUKOPHUCTOBYETHCS Ji€CIOBO to have y MuHyIoMy 1 MaiilOyTHROMY 4Yaci B CIIOJyY€HHI
3 1H(IHITUBOM 1 YaCTKOIO t0:

I had to go there. S moBuneH OyB (MeHi Tpeba OyJo, MeHi
JIOBEJIOCS) MITU TYAH.
I shall have to do it. S moBunen Oymy (MmeHi Tpeba Oyge,

MEH1 MPUHAETHCS) 1€ 3POOUTH.
[Ipumitka. VY HempsMiii MOBI, IO 3aJIeKUTh BiJ JI€CIOBa Y MHUHYJIOMY 4aci,
must B OJIHUX BHUITaJKaX HE 3aMIHIE€THCS, a B IHIIMX - 3aMiHsA€Thca Ha had to.
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Must BXHBA€TbCS TAKOX MJII BHPAKCHHS MPUIMYIIEHHS, IO IMPOMOBEIh BBaXae
IIJTKOM TIPABAOIIOAIOHUM:

I . B cnonyuenni ¢ Indefinite Infinitive qy1s1 BupakeHHs! IPUITYLIEHHS, IO CTOCY€ThCS
TenepimHporo yacy. Must y 1isoMy BUTMIAAKY MEPEKIAAA€THCS HA YKPATHCHKY MOBY 32
JIOTIOMOT 00 Mycumsv Oymu, iMogipHo, a 1HPIHITUB -[1€CTIOBOM Y TEHEPIIIHLOMY Yacl.
CnonyuyenHs must 3 iHQIHITUBOM MOXE MEPEKIAJaTUCS Ha YKPATHCbKY MOBY TaKOX
CITOJTYYCHHSIM no6uHeH 3 1HPIHITUBOM:

He must know her address. Bin, wmycuts (iMOBipHO), 3HATH ii
azapecy.
Bin noBuHeH 3HatH ii agpecy.

He must be in the library now. Bin, moBuneH O0ytu (iMOBIpHO), 3apa3 y
616mioTerr.

Bin moBuneH OyTu 3apa3 y 6ibmiorerri.
2. ITicas must BxuBaeTbesi Continuous Infinitive, Koau BUKa3y€eThCS MPUITYILIECHHS,
10 JIisl BIIOYBA€THCSI B MOMEHT MOBJICHHSI:
Were is he? - He must be walking in [le Bin? - Bin, MaOyTh, TyJisi€ B cany.
the garden
3. ¥V cnonyuenni 3 Perfect Infinitive nyist BupaxeHHsI IPUITYIIEHHS SIKE€ B1JIHOCUTHCS
no MuHysnoro. Must y Takux BHUMNaJKax MEPEKIATAEThCS HA YKPATHChKY MOBY 3a
JIOTIOMOT OO0 MaOyms, iMOBIpHO, a THPIHITUB - IIECTIOBOM Y MUHYJIOMY 4aci:
They must have forgotten to send us a Bonu, wmabyts (iMOBIpHO), 3a0ynu

copy of the telegram with their letter. IMPUKIIACTH KOO0 TeJlerpaMu 10 CBOTO
JUCTA.

The cases must have been damaged Smuku, w™malOyap (iMOBipHO), Oynu

during the unloading of the vessel. YIIKOJDKEHI TiJ Yac pO3BaHTAKEHHS
CyIHa.

[Ipumitka. 1. Jlns BuUpakeHHS NPUITYIICHHS, MO CTOCYETHCS MaillOyTHBOTO,
must He BXHUBaeThCsA. Takl yKpaiCcbku peueHHs, sik [lozooa, imogipno, 3miHumbcs
3aempa, Jlexyis, imogipHo, 6yoe yikagorwii epeKIalaloThes Ha aHHiicKy MOBY: The
weather will probably change tomorrow, The lecture will probably be interesting.

2. JliecioBo must, M0 BUpaka€ MPUMYIICHHS, HE B)XUBAETHCS B 3alEPEUHUX
peueHHsX. Taki yKpaiHCbKU peUYeHHs, K Bix, mMabyms, He 3Ha€ npo ye, Bin, imosipHo,
He bayug ii MepeKIagaloThCsl Ha aHTIiicky MoBy: He probably doesn't know about it,
He probably didn't see her.

HiecnoBo ought nosunen, mpeba, sapmo 6yno 6 y cnonydenti 3 Indefinite Infinitive
BXKMBAETHCA [UJIS BUPAXKEHHS MOpaJbHOTO OOpry abo mopaau, IO CTOCYEThCA
ChOT'OJICHHS 200 MallOyTHBHOTO:

He ought to help his friend. Bin moBunen (fiomy Ttpeba Oyino 0)
JIOTIOMOTTH CBOEMY JIPYTOBI.
You ought to be more careful. Bu noBuHHI (BaM HallexuTh) OyTH

O1TbIII 0OepexHi.
Ought y cnonyuenni 3 Perfect Infinitive BXXuBa€eThCs BIAHOCHO MHHYJIOTO 1
BHUpaXkae Te, 110 0coda, mpo sIKy He MOBa HE BUKOHaa CBOro OOpry abo BUMHUIIA,
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Ha TyMKY MPOMOBIIS, HEMPAaBUIBHO, TOOTO BHpaXa€ OCYKEHHS a00 OKIp:

You ought to have done it yesterday. Bu noBunHi Oynmu (Bam Bapto Oyio 0)
3pOo0uUTH 1€ BUOpAa.
He ought not to have sent that cable. Bin ne noBuHen OyB (fiomy He TpeOa

OyJ0 0) mOCHUIIATH IO TEIerpamy.
[Topsin 3 ought Mmoxe BxxuBatucs niecioBo should.

4. EXERCISES

Exercise 1.

Rephrase the following sentences in as many ways as possible.

1. I advise you to buy this book.

You should / ought to buy this book.

2.1t isn’t necessary for him to take the exam again.
3.You are not allowed to eat and drink in the classroom.
4.We are obliged to clock in and out every day.

5.It wasn’t necessary for John to attend the seminar.
6.They were obliged to go to the meeting last week.
7.You had better book your flight early.

8.It is forbidden to copy files without the manager’s permission.
9.I’m sure Peter misunderstood my instructions.

10.I’m sorry, but you are not allowed to enter the room.

Exercise2.

Complete the sentences writing in the correct modal verbs.

1.For accurate results, the simple Eq. (4.2) be applied to metallic
circuits having finite cross section. In some cases, the finite conductor
be considered as being divided into a large number of filaments
connected in parallel, each having its own induced voltage and its own resistance. In
other cases, such as the common ones of D.C. generators and motors and homopolar
generators, where there are sliding and moving contacts between conductors of finite
cross  section, the induced voltage between  neighboring  points
be calculated for various parts of the conductors. These
then be summed up or integrated. For methods of
computing the induced voltage between two points, see text on electromagnetic
theory. (cannot; is to; can; can)

2. The field map consists of lines of force and equipo-tential lines which
intersect at right angles. In sketching the field map, first draw those
lines which be drawn by symmetry. (can; must)
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3. The natural frequency (resonance) of mechanical vibration of the conductors
add still further to the maximum force, so a factor of safety
be used in connection with Eq. (4.16) for calculating stresses on
bus bars. (may; should)

Exercise 3.

Translate into English:

1. Bin He moxe mporo aymaru. (=He moske Oytu, mo6 BiH 1e aymaB.) 2. BoHu He
B3MO31 TmpuixaTtu 3aBTpa. (=He moxxe OyTH, m006 BoHU mpuixanu 3aBTpa.) 3. Hesxke
BaM moj100aeTbes 1iei Guibm? 4. Bin He MOXe CUIITH Y caly, Tak sk iae gounr. (=He
MOKe OyTH, 1100 BiH CHIB 3apa3 y caiay, Tak fK Wje noml.) 5. HeBxke BOHU 4eKalOTh
Ha BaC y TaKy Mi3HIO TOUHY?

Exercise 4.

Translate into Ukrainian:

1. He can do it himself. 2. They may come to-night. 3. I must speak to him. 4. This
work ought to be done at once. 5. You needn’t do it. 6. This work can’t be done at
once. 7. The steamer can’t be unloaded tomorrow.

LESSON 4.4.

1. TEXT

CHANGES OF RESISTANCE WITH TEMPERATURE

The resistance of a conductor varies with the temperature. The resistance of
metals and most alloys increases with the temperature, while the resistance of carbon
and electrolytes decreases with the temperature.

For usual conditions, as for about 100°C change in temperature, the resistance at a
temperature ¢, is given by

Ry=Ry-[l+a,-(t-1)), (4.4)

where R,; 1s the resistance at an initial temperature ¢, and ¢, 1s called the
temperature coefficient of resistance of the material for the initial temperature ¢,. For

copper having a conductivity of 100% of the International Annealed Copper
Standard, a,,=0.00393, where temperatures are in degree Celsius.

An equation giving the same results as Eq. (4.4), for copper of 100%
conductivity, is
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R, 2344+t,
R, 2344+t

4.5)

where —234.4 is called the inferred absolute zero because if the relation held (which
it does not over such a large range), the resistance at that temperature would be zero.
For hard-drawn copper of 97.3% conductivity, the numerical constant in Eq. (4.5) is
changed to 241.5.
For 100% conductivity copper
1

T 234441,
When R,; and R,, have been measured, as at the beginning and end of a heat

ay, (2.6)

run, the "temperature rise by resistance" for 100% conductivity copper is given by

R,—-R
t, —t; =—2—"1.(234.4+1,) (4.7)

t1

Inductors. An inductor is a circuit element whose behavior is described by the
fact that it stores electromagnetic energy in its magnetic field. This feature gives it
many interesting and valuable characteristics. In its most elementary form, an
inductor is formed by winding a coil of wire, often copper, around a form that may or
may not contain ferromagnetic materials. In this section, the behavior of the device at
its terminal is discussed. Later, in the sections, on magnetic circuits, the device itself
will be discussed.

Inductance. The property of the inductor that is useful in circuit analysis is
called inductance. Inductance may be defined by either of the following equations:

por 4 i=L1u(c)- dz +1(0) (4.8)
dt Ly
or
W:%.L-i2 (4.9)

where L = coefficient of self-inductance; i = current through the coil of wire; v =
voltage across the inductor terminals; W = energy stored in the magnetic field.

Mutual Inductance. 1f two coils are wound on the same coil form, or if they
exist in close proximity, then a changing current in one coil will induce a voltage in
the second coil. This effect forms the basis for transformers, one of the most
pervasive of all electrical devices in use. The dots represent the direction of winding
of the coils on the coil form in relation to the current and voltage reference directions.
The equations become

vlleﬁ—kM&, v2:L2d£+ ﬁ

(4.10)
dt dt dt dt
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Mutual inductance also can be a source of problems in electrical systems. One
example is the problem, now largely solved, of cross talk from one telephone line to
another.

Charge Storage. A capacitor is a circuit element that is described through its
principal function, which is to store electric energy. This property is called
capacitance. In its simplest form, a capacitor is built with two conducting plates
separated by a dielectric. These equations further describe the capacitor

t
i:C%, v(t)zé(j)i(r)-dr (4.11)
or
W:%.C.uz (4.12)

where W = energy stored in the capacitor; 7 = dummy variable representing time; C
= capacitance in farads.

2. VOCABULARY
length- noBxuHa, BifiCTaHb inductor - xorymika
resist- YMHITH OMIp, ONMUPATUCS behavior - noBeninka
conductor - MPOBITHUK, TTPOBIT capacitor - eMHICTh
alloy - momimika, cruias pervade - pO3MOBCIOIKUBATUCS

infere - poOUTH BUCHOBOK

3. GRAMMATICAL NOTES
HIE€CIIOBO need

1. MiecnmoBo need y cnonyueHnHi 3 Indefinite Infinitive BukopucToByeTbes miis
BUpaXEHHS HEOOXITHOCTI 3pOOUTH MiI0 13 3HAYEHHSM nompibno, mpebda. Need
BXKUBaeTbcad TUIbkU y (opMmi Present Indefinite y 3anuTtanbHuUX 1 3amnepeyHuX
PEUYCHHSIX:

Need he come here? Yu noTpiOHO HOMY MPUXOJIUTHU CIOIU?
You needn't come so early. Bam He moTpiOHO MPUXOIUTH TaK paHO
He needn't hurry. Momy He Tpe6a mocmimary.

3 i”moro OOKy, B 3alepeyHOi BIJAMOBIAI HAa MHUTaHHSA 3 JI€CIOBOM must
BUKOPHUCTOBY€ETHCS needn't:
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Must I go there at once? Uu norpeOHO MeHI (UM Maro §) MITH
TyAM 3apa3-xke?

No, you needn't. Hi, He tpeOa.

2. Need not (needn't) y cnonyuensi ¢ Perfect Infinitive BukopuctoByeThCs 110
BIJTHOIIEHHIO O MUHYJIOTO 4Yacy 1 BHpa)ae, 1110 0coOl Mpo sIKy ijie MoBa, HE OyJ0
HEOOX1THOCTI (MOTPeOH ) YMHUTH J1I0:

Your needn't have come so early. Bam ©He Tpeba Oyno (Bam He OyIo
HEOOX1THOCT1) MOTpeOU MPHUXOIUTH TaK
paHo.

HiecnoBo to be BXHUBA€eThCS B CHOJNYYCHHI 3 1HOIHITUBOM 13 4acTKOO to st
BUPKECHHS HEOOXI1THOCTI 3pOOMTH 0 BIJIMOBIIHO JO IMOIEPEIHBOI JOMOBICHOCTI
abo 3asmarnerinp HamideHoro Iuiany. Te be y 1boMy BHManKy Mae MOJAIbHE
3HAYCHHSI.

HiecnoBo to be y TenepilmiHbOMY Hacl - am, 1S, are NEPEeKIaJaeTbCcs Ha
YKpPaiHCbKYy MOBY HOBUHEH, NOGUHHI W BUpPaXa€ HEOOXITHICTh 31MCHIOBAaTH i1 B
TenepilmHboMy a00 MaiilOyTHOMY Yaci (SIK 1 no8uHeH, NOBUHHI 8 YKPATHChKINA MOBI):

They are to begin this work at once. BoHu mnoBHMHHI moYaTH 110 poOOTY
HETaNHO.
He is to come here to-morrow. Bin nmoBuHEH NpUiiTH CI0IM 3aBTpa.

HiecmoBo to be y MuHynoMy 4aci - was, were - IepeKIaacThCsl Ha YKPaiHChKY
MOBY nOGUHEH 0V8, NOGUHHI OYIU.

Was, were y crnionyuenHi 3 iH}iHITHBOM y dopmi Indefinite Bupakae niro, 1mo
noBUHHA OyJa BinOyTHca B MUHYJoMY. Lle crioydeHHst He BKa3ye, 4d BIAOyacs s
a6o He BimOynacs, 1 11e CTa€ 3pO3yMUINM JIUIIE 13 YChOTO 3MICTY POMOBHU:

I was to send him a telegram, but I I mnoBunen OyB HamiciaTu HoMy
forgot. Tenerpamy, aie s 3a0yB.

The goods were to be delivered at the ToBapu moBunH1 Oynu OyTH IOCTaBIIEH1
end of the month. HAIPUKIHII MICSLISL.

Was, were B cnoiyueHHi 3 iHQiHITUBOM y (opmi Perfect Bupaxkae niro, 1o
noBHUHHA OyJa BiIOyTUCS B MUHYJIOMY, ajie He Bi0yacs:

I was to have finished my work 5 nmoBuHen OyB 3aKiHUHUTH CBOIO pOOOTY
yesterday. BUOpa (Ta HE 3aKIHYUB).

B wmailiOyTHpoMy 4daci JiecioBo to be 11 BUpaKEHHS HAJICKHOCTI HE
BXKUBAETHCSI.

[Tpumitka. Komu micnst nmiecnoBa to be iae iH(IHITUB y macMBHOMY CTaHi,
niecinoBo to be okpiM 3a00B’13aHHOCTI 1HO/II BUPAKAE TAKOK MOMKIIUBICTH:

Such books are to be found in all Taki kHMUTM MOXJIMBO 3HAWTH Yy BCIX
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libraries. 010J110TEKAX.

Many new beautiful buildings are to be Y KwueBi moximBo mnobauutu OaraTto
seen in the streets of Kyiv HOBUX FapHUX OYyJIHUHKIB.

HiecnoBo to have BXHBa€eTbCcsi B CIHOJYYEHHI 3 JICSIKUMH IMEHHUKAMH,
BTpayalOud CBOE OCHOBHE 3HAYEHHS Mamu, 60100imu 1 CTBOPIOIOYM 13 HUMH
3MICTOBHE I1iJ1e. JI0 TakuX crojydeHb BiTHOCATHCS: to have dinner o6ioamu, to have
breakfast crioamu, to have supper geuepsmu; to have a rest gionouuseamu; to have a
talk pozmosnamu,; to have a quarrel noceapumucs, to have a walk noeyramu; to have
a smoke noxypumu; to have a good time dobpe nposecmu yac Ta iH.

VY nux BUMajkax 3anuTaibHa W 3anepedna Gopmu miecnona to have B Present i
Past Indefinite yTBOprOIOTHCS 32 JOMIOMOTOIO TOTIOMIXKHOTO JieciioBa to do:

When do you have dinner? Komnu Bu 06inaere?

Did you have a good rest last summer? Yu noOpe BU BIONOYWIM OCTAaHHHOTO
nita?

We didn't have supper at home Mu Buopa He BeuepsuH JoMa.
yesterday.

HiecioBo to have BXUBa€ThCs B CHOMYyYEHI 3 1HPIHITUBOM 1 4acTKOW to Jyist
BUPaXEHHSI HEOOX1THOCTI 3pO0UTH Jit0 B cuity Aesikux ooctaBuH. To have y niomy
BUIAJIKy Mae MojaibHe 3HaueHHs. JliecioBo to have y tenepimabomy yaci - have,
has - nepeknamaeTbcsi Ha YKpaiHCbKY MOBY SK MOSUHEH, HeoOXiOHo, mpeoa,
00600umvbcs, y MUHyjnoMmy 4aci - had - nosunen 6ys, nHeobxiono 6yn0, mpeba 6yno,
oosenocs, a 'y maitoytaromy - shall have, will have- nosunen 6y0y, neobxiono 6yoe,
mpeba 6yoe, nputidemucsi.

I have to get up carly on Mondays. A wmymy (meHi moTpidHO, Tpeda,
JIOBOJIUTHCS)  BCTaBaTH  pPaHO  TIO
MOHE1ITKAM.

They had to go there. Bouu mycsarts (im notpioHo Oyiio, Tpeda
Oyn0, iM 10BeNOCs) MITH TYAH.

He will have to no it. Bin wmycuth (iiomy mnoTpiOHO Oyne,
Tpeba Oyne, oMy mpHiiAeTbCs) Le
3pOOUTH.

[Tpumitka. Bapto matu Ha yBasi, mo had to BxxuBaeThCs 71 BUpaXKEHHS 11, 110
noBHUHHA OyJa BiIOyTHCS Ta J1HCHO Bi0Oyacs.

[TuranbHa ¥ 3anepeuyna ¢opmu Present 1 Past Indefinite mieciora to have 3i
3HAUYEHHSM TIOBMHHOCTI 3BMYalHO YTBOPATHCS 3a JOIMOMOTOI0 JIOMOMIXKHOTO
nmieciiosa to do:

Do you have to write this exercise? Bu mycuTu HanmcaTu 110 BipaBy?

You don't have to write this exercise. Bawm He moTpiOHO mucaTH 110 BIPaBy.
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Did they have to go there? Yu notpiO6HO iM OyIio UTH Ty u?
They didn't have to go there. M He noTpiGHO 6yI0 iiTH TyaH.

VY pasmoBHOMY pedeHHi mopsg 3 have, has misi BupakeHHs HEOOXiTHOCTI
B)KUBarOThCs have got, has got:

I've got (I have got) to do it.=I have to  mymury 3po6uTtu 1.
do it.

He's got (he has got) to write it. =He Bin Mycuth Hanucatu 11e.
has to write it.

HEOCOBOBI ®OPMU HIE€CIIOBA ( NON-FINITE FORMS OF THE VERB)
[HOIHITIB (THE INFINITIVE)

[ndiniTuB (HeBU3HAYeHa (popma niecioBa) SBIsSIE COO0I0 HEOCOOOBY JIECTIBHY
dbopMy, 1m0 TIIPKM HA3WBA€E 0, HE BKa3yloud HI ocoOW, Hi yucia. [H)iHITHB
BIJINOBI/Ia€ Ha MUTAHHA w0 podoumu? wo 3pobumu?: to read vumamu, npoyumamu,
to write nucamu, nanucamu; to buy xynysamu, kynumu, to sell dasamu, npooamu.

dopManabHOK O3HAaKOK 1H(IHITHBA € 4YacTKa to, 0 HE Ma€ CaMOCTIIHOro
3Ha4YeHHs 1 He mnpuiimMae Harosiocu. OpHak 4dacTtka to mepen 1H(GIHITUBOM YacTo
OITyCKa€ThCSI.

[HDiHITHB MOXE CITYKUTH B PEUCHHI:

l. ITimmeTOM:

To skate is pleasant. Kog3zarucs npuemHo.

2. Ha3uBHOIO YaCTHHOIO IPHUCY/IKA:

Your duty was to inform me about it Bamum o00o0B'si3koM Oyi0 IOBIJIOMUTH

immediately. MEHI1 TIPO 1€ HeraiHo.

3.HacTHHOIO CKJIAJEHOTO JI€CTIBHOTO IMPHUCYIKA:

She began to translate the article. BoHa noyana nepekiaaaTt CTarTo.

4. JIOIOBHECHHSM:

I asked him to help me. S nonpocuB HOro 10MOMOITH MEHI.

5. BuzHaueHHAM:

He expressed a desire to help me. Bin Bupa3uB 0a)kaHHs JOMOMOITH MEHI.

6. OOGCTaBUHOIO:
I went to the station to see off a friend.  SI moixaB Ha Bok3an, MO0 MPOBOIUTH
TPUSATEIS.
HiecniBHI BIaCTUBOCTI 1H(IHITUBA BUSBIISIOTHCS B HACTYITHOMY:
1.IndiniTHB MOXE MaTH MIPSIME JTOTIOBHEHHS:

I told him to post the letter. 51 HakazaB oMy BiJIIIPaBUTH JIUCTA.
2. [ndiniTHB MOXe BU3HAYATHCS MPUCITIBHUKOM:
I asked him to speak slowly. 51 monpocuB 1OTro TOBOPHUTH MOBUIBHO.

3. [udiniTuB Mae hopmu yacy 1 CTaHy.
B anrmiiicekii MOBI mepexifHi JAi€cioBa MarOTh YOTUpH (GopMU 1HQIHITHBA B
AificHOMY cTaHi i 1Bl (JOPMU B TACUBHOMY CTaHI.
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Tense Active Passive
Indefinite to ask to be asked
Continuous to be asking —
Perfect to have asked to have been asked
Perfect Continuous to have been asking —

Tineku s aBox ¢opm iH¢iniTHBA, a came Indefinite Infinitive Active i
Indefinite Infinitive Passive, € BigmoBigHi gopmMu B yKpaiHChbKOi MOBi: to ask
sanumyeamu, to be asked Oymu szanumanum (3anumanum). dns iHmMX QGopm
iH(}iHITUBA B yKpaiHChKI MOBI HeMa€ BIAMOBIAHMX (POpM, 1 BOHHM HE MOXKYTh
nepeKiIaaTucs Ha YKpaiHChKy MOBY 130Jb0BaHO, TOOTO 1mo3a pedueHHs M. Continuous
Infinitive - to be asking - BXXHMBa€eTbCs 13 3HAUCHHSM 3aNUMY8aAmMu y AKuli-He0y0b
susnavenuti momenm. Perfect Infinitive - to have asked — zanumamu, oo saxoco-
Heoyob momenmy, Perfect Continuous Infinitive - to have been asking - sanumysamu
Ha npomsa3i i0pi3Kka uacy, wo nonepeodicae AKomy-HedOyob momenmy, 1 Perfect
Infinitive Passive- to have been asked- oymu 3anumanum (3anumanum) 0o sxozo-
HeOyO0b MOMEHN).

4. EXERCISES

Exercise 1.

Complete the sentences with the correct infinitive tense.

1.He has grown taller. — He seems to have grown taller.
2.He is getting used to his new job. — He appears
3.Kate makes friends easily. — Kate tends
4.He has finished the report. — He claims

5.They have sailed round the world. — They are reported

Exercise 2.

Translate into English:

1. Tpeba fiomy mpuxomutu croau? 2. Bam moTpibeH TpuBaimii BiAMOYWHOK. 3. S
Mytry (MeH1 Tpeba, HeoOX1IHO) MITH TyAu 3apa3 (3aBTpa). 4. Bu mycute (moTpioHO
BaM) TUAM 1TU? 5. Mu MycuMO 3yCTpiTHCS O CbOMIii roguHi. 6. Moi npy31 MycsTb
IIpUIXaTu 3aBTpa..

Exercise 3.

Translate into Ukrainian:

1. He needn’t hurry. 2. This work needn’t be done. 3. The goods needn’t have been
sent by aeroplane. 4. You need a long rest. 5. I don’t need your book any longer. 6.
We needed the dictionary badly. 7. I’ll need your advice.
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LESSON 4.5.

1. TEXT

MAXWELL'S EQUATIONS

Throughout much of the nineteenth century, engineers and physicists developed
the theories that describe electricity and magnetism and their interrelations. In
contemporary vector calculus notation, four equations can be written to describe the
basic theory of electromagnetic fields. Collectively, they are known as Maxwell's
equations, recognizing the work of James Clerk Maxwell's, a Scottish physicist, who
solidified the theory. (Some writers consider only the first two as Maxwell's
equations, calling the last two as supplementary equations.) The following symbols
will be used in the description of Maxwell' s equations:

E electric field ntensity; vol (or V) enclosed volume in space;

D electric flux density; L length of boundary around a surface;

H magnetic field intensity; p electric charge density per unit
volume;

B magnetic flux density; J electric current density.

Faraday's Law. Faraday observed that a time-varying magnetic field develops a
voltage that can be observed and measured. This law is the basis for inductors. One
common form of expressing the law is the equation

_dy
dt
where v is the voltage induced by the changing flux. The negative sign expresses the

principle of conservation of energy, indicating that the direction of the voltage is such
as to oppose the changing flux. This effect is known as Lenz's law.

Yy =

In vector calculus notation, Faraday's law can be written in both integral and
differential form. In integral form, the equation is

jE-dr=[B . as
S o

where the line integral completely encircles the surface over which the surface
integral is taken. In differential (point) form, Faraday' s law becomes

Vsz—a—B.
ot

Ampere's Law. French physicist Andre-Marie Ampere developed the relation
between magnetic field intensity and electric current that is a dual of Faraday's law.
The current consists of two components, a steady or constant component and a time-
varying component usually called displacement current. In vector calculus notation,
Ampere's law 1s written first in integral form and then in differential form

§H-dL:I+ja—D-dS;
5 Ot
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VxH=J+ a—D
ot
For more information, please refer to the Web site

http://www.ee.byu.edu./em/amplaw?2.htm.

Gauss's Law. Carl F. Gauss, a German physicist, stated the principle that the
displacement current flowing over the surface of a region (volume) in space is equal
to the charge enclosed. In integral and differential form, respectively, this law is
written

[D-dS= [p-dV;
S

vol
V-D=p.
For further study, please refer to the Web site
http://www.ee.byu.edu/ee/em/eleclaw.htm.

Gauss's Law for Magnetics. One of the postulates of electromagnetism is that
there are no free magnetic charges but these charges always exist in pairs. While
searches are continually being made, and some claims of discovery of free charges
have been made, the postulate is still adequate to explain observations in cases of
interest here. A consequence of this postulate is that, for magnetics, Gauss's law
become

$B-dS=0;
V-B=0.

Kirchhoff’s Laws. In the analysis and design of electric circuits, a fundamental
principle implies that the dimensions are small. This means that it is possible to
neglect the spatial variations in electromagnetic quantities. Another way of saying
this is that the dimensions of the circuit are small compared with the wavelengths of
the electromagnetic quantities and thus that it is necessary to consider only time vari-
ations. This means that Maxwell's equations, which are partial integrodifferential

equations, become ordinary integrodifferential equations in which the independent
variable is time, represented by ¢.

Kirchhoff's Current Law. The assumption of small dimensions means that no
free electric charges can exist in the region in which a circuit is being analyzed. Thus,
Gauss's law (in integral form) becomes

2i=0
at any point in the circuit. The points of interest usually will be nodes, points at which
three or more wires connect circuit elements together. This law will be abbreviated
KCL and was enunciated by German physicist, Gustav Robert Kirchhoff. It is one of
the two fundamental principles of circuit analysis.
Kirchhoff's Voltage Law. The second fundamental principle, abbreviated KVL,

follows from applying the assumption of small size to Faraday's law in integral form.
Since the circuit is small, it is possible to take the surface integral of magnetic flux
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density as zero and then to state that the sum of voltages around any closed path is

zero. In equation form, it can be written as

>v=0.

2. VOCABULARY

throughout - kpi3p, 0 BChbOMY
contemporary - Cy4aCHUHM, OJJHOYACHUMN
displacement - 3mimeHHs

solidifield - conenoinansHe moJje

supplementary - 101aTKOBUIA

density - rycTuHa, nuTOMa Bara
assumption - pUITyIEHHS
surface - moBepxHs

steady - cTanioHapHHUI pexuM,
YCTAJICHUHN PEXKUM

3. GRAMMATICAL NOTES

I'EPYHJIN (GERUND)
['epynniit siBisie c00010 Heoco608y NiecHiBHY (opMy, 110 BUPAKA€E HA3BY il Ta
Ma€e SK BJIACTUBOCTI IMEHHHMKA, TaK 1 BJIACTHUBOCTI jiecioBa. B ykpaiHCBKil MOBI

BIANOBIHA (OpMa BiJCYTHS.
GbyHKIIAMH  1HQIHITHBA, SIKAM

@yHKUli repyHalss 0araTo B YoMy 301raroThbCs 3
TaKOXX TOEIHYE

BJIACTUBOCTI IMEHHHKaA 13

BJIACTUBOCTSIMU Ji€coBa. ['epyHii, oqHaK, Ma€ OLIbIIEe BIACTUBOCTEH IMEHHUKA,

HIXK 1H(IHITHB.

Bonoaroun BIacTUBOCTAMU IMEHHUKA, TEPYH/IIA MOKE CIIY)KHTH B PEUCHHI:

1. IlizmeTom:
Reading is her favorite occupation.

YuraHH - i1 ynro0sIeHe 3aHATTS.

2.IMGHHOH)H&CTHHOH)CKH&HCHON)HpHCYﬂKa:

Her greatest pleasure is reading.

Ii HaAUOLIbIIIE
YUTAHHS.

3a40BOJICHHA- e

3. YacTKOI0 CKJIaJICHOTO JIECTIBHOTO MIPHUCYIKA:

He finished reading the book.
4. IIpssMUM TOTTOBHEHHSIM:
I remember reading it.

BiH ckiHYMB YyHUTATU KHUTY.

Sl mam'sTaro, 10 YUTAB IIE.

5. IIpuiiIMEHHUKOBUM HENIPSIMUM JIOTIOBHEHHSIM

[ am fond of reading.

6. BusHavanbHUKOM:

I had the pleasure of reading in the
newspaper of your success.

7. O6CTaBUHOIO:

After reading the letter I put it into the
drawer.

S momoGsit0 ynTaHHs (YUTATH).

51 MaB 3a/10BOJICHHS IPOYUTATH y Ta3eTi
po Balll yCHiX.

Ilicns  Toro sk s MPOYUTaB
JUCT(IPOYUTABIIN JIUCTA), S TIOKJIAB
HOT0 y SIUK cToja (IIy XISy ).

Sx 1 IMEHHUK, TEPYH/IIA MOXE CIOJIyYaTHCS 13 MPUAMEHHUKAMU Ta BU3HAYATHUCS
OPUCBIMHUM 3aiIMEHHUKOM 200 IMEHHUKOM Yy MPUCBIMHOMY BIJIMIHKY:

[ think of going to the south in the
autumn.

S mymato moixaTu Ha MiBJAEHb BOCEHHU.
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We insisted on their chartering vessel Mwu nanonsrann Ha TOMy, 1I[00 BOHHU

at once. HETaiHo 3a()paxTOBAIU CyTHO.

We objected to the buyer's paying only Mu 3anepeuyBanu HOpOTH TOTo, 1100

part of the invoice amount. NOKYyNelb 3alulaTUB TUIbKU YAaCTHHY
CyMH QakKTypH.

JlieciBHI BJACTUBOCTI TepYyH ISl BUPAKAIOTHCS B HACTYITHOMY:
1. FepyHniii MOke MaTH MpsiME AOTTOBHEHHS:

I remember reading this book. A nam'staro, 1110 YUTAB 1[I0 KHUTY.
2. 'epyHpiii Mo)ke BU3HAYATHUCS TTPUCITIBHUKOM:
He likes reading aloud. Bin nomto0:1sie untatu BroJyoc.
3. 'epynnaiit mae popmu yacy i cTaHy:
Tense Active Passive
Indefinite reading being read
Perfect having read | having been read

®opmu repyHais 30iratotecs 3 (GopMamMu JIENPUKMETHHUKIB, 1 TXHE YTBOPEHHS
B1/10yBa€ThCS 3a MpaBUiiaM, 3a SKHMH YTBOPIOIOTH (POPMH T1EMPUKMETHHUKIB.

B ykpaincekiit MoB1 Hemae ¢Gopm, 0 BIAMOBIIAIOTE popMaM repyHais, depes
110 130J1b0BaHO, 11032 PEYEHHSM, BOHU HE MOXYTh OyTH MepeKIaZeHl Ha YKPaiHChKY
MOBY.

Indefinite Gerund Active, TUM He MEHIII, 32 CBOIM 3HAYE€HHSIM HAOJIMKACTHCS 1O
YKPaiHCHKOTO BIJIIECTIBHOTO iIMEHHUKA: reading wvumanns, smoking naninxs, waiting
OYIKYBAHHA.

JNIEMMPUKMETHUK (THE PARTICIPLE)
3AT'AJIBHI BIJIOMOCTI

JlienpuKMETHUK B aHTJIINCHKIA MOBI SIBIISiIE COOOI0 OCOOMCTY Ai€CTiBHY (popMmy,
0 TOpsiA 13 BJIACTUBOCTAMM JIIECTIOBA Ma€ BJIACTUBOCTI MPUKMETHUKA abo
IPUCITIBHUKA.

Matoun BIIaCTUBOCTI MPUKMETHUKA, TIEMPUKMETHHUK CIY)KUTh BU3HAYEHHSM [0
IMEHHHKA. Y 111 (yHKIIT BOHO BIJMIOB1/Ia€ YKPATHCHKOMY J1€NTPUKMETHUKY
We visited one of the largest plants Mu BiaBigaJIM OJIUH 13 BEJIUKHUX 3aBO/IIB,

producing tractors in our country 0 BHPOOJISE TPAKTOPH Yy HAIIOI
JIep>KaBi.
A broken cup lay on the table. Po306wuTa vamka nexxana Ha CTOJII.

Matoun BIACTUBOCTI MPHUCIIBHUKA, JIEMPUKMETHUK CIyTye€ OOCTaBHHOIO, IO
BU3HAYA€ IO, SKa BHUPAKEHA NpPUCYAKOM. Y 1 (QyHKIIi BIiH BIANIOBIAAE
YKPaiHCbKOMY A1€ENPUCITIBHUKY:

He sat at the table thinking. Bin cuniB 6151 cTOIa 3aMUCTUBIIHCE.
Standing on the bank of the river, he Crosum wHa  OGepe3i  piuku, BiH
watched the dockcers at work. CIIOCTEpITraB, SIK MPALIOIOTh JOKEPH.

Matouu BIaCTUBOCTI A1€CIIOBA, JIENPUKMETHUK

a) MOXK€ MaTH JOTIOBHEHHS:

Signing the letter the manager asked the IlianucaBmm aucT, 3aBigyBad MOIPOCHUB
secretary to send it off at once. CeKpeTaps BIAIPaBUTH MOTO HETANHO.
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0) MO’ke BU3HAYATHUCS MPUCITIBHUKOM:

Packing his things quickly he hurried IIBuako cmakyBaBmu CBOi pedi, BiH
to the station NOCMHIIIMB Ha BOK3aJl.

B) Mae (hopMu yacy ¥ cTaHy.

[lepexinHi aiecnoBa MarOTh AB1 (OPMH MPUCTIBHUKA IMCHOTO CTaHy ¥ Tpu (opmu
JIENPUKMETHUKA TACUBHOT'O CTaHY:

Active Passive
Present asking being asked
Past - asked

having been
asked

Henepexinni niecioBa MatoTh Tpu (PopMH JIIENPUKMETHHUKA JIHCHOTO CTaHy:

Perfect having asked

Active
Present coming
Past come
Perfect having come

4. EXERCISES

Exercise 1.

Put the verbs in brackets into the correct infinitive form or gerund form.

1. A capacitor is a circuit element that is described through its principal function,
which is to store (store) electric energy. 2. At times it is useful

(evaluate) materials and media by (compare) their energy
storage capability on a unit volume basis. 3. In contemporary vector calculus
notation, four equations can be written (describe) the basic

theory of electromagnetic fields. 4. This means that it is possible
(neglect) the spatial variations in electromagnetic quantities. 5. Another way of
(say) this is that the dimensions of the circuit are small compared
with the wavelengths of the electromagnetic quantities and thus that it is necessary
(consider) only time variations. 6. The second fundamental
principle, abbreviated KVL, follows from (apply) the assumption
of small size to Faraday's law in integral form. 7. In circuit analysis, the goal is
(start) with a connected set of circuit elements such as resistors,

capacitors, operational amplifiers, and other devices, and (find) the
voltages across and currents through each element, additional quantities, such as
power dissipated, are often computed. 8. (energize) the circuit,

sources of electric energy must be connected.
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Exercise 2.

Read the sentences. Point out the Participle forms and complete the chart below.

1. Collectively, they are known as Maxwell's equations, recognizing the work of
James Clerk Maxwell's, a Scottish physicist, who solidified the theory. 2. Some
writers consider only the first two as Maxwell's equations, calling the last two as
supplementary equations.3. One common form of expressing the law is the equation

dy

dt
where v is the voltage induced by the changing flux. 4. The negative sign expresses
the principle of conservation of energy, indicating that the direction of the voltage is
such as to oppose the changing flux. 5. This effect is known as Lenz's law. 6. The
current consists of two components, a steady or constant component and a time-
varying component usually called displacement current. 7. These expressions have
three identifying characteristics.

V=

Participle I Participle 11

Exercise 3.

Translate into English:

1. Momy nonobaerscs 3ampomryBaté 10 cebe cBOiX apy3iB. 2. S mom’sTaro, 1o
MoKa3yBaB il 1boro jucrta. 3. Bid BBINIIOB A0 KIMHATHU, HE moMmiTuBIH ii. 4. Moi
OOTUHKHM HEOOXiHO BigpemMoHTyBaTu. 5. Ilfo cykHio HeoOximHo Bumpatu. 6. Ili
COpPOYKHM HEOOX1THO BUCYIIUTH. 7. [{t0 KHUTY BapTO MPOUYHUTATH.

Exercise 4.

Translate into Ukrainian:

1. I think of going to the south in autumn. 2. We insist on their taking part in this
expedition. 3. He objected to his son’s going to the south. 4. Reading is his favourite
occupation. 5. He finished reading the book. 5. On coming home he began to read. 6.
I remember seeing her there.
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LESSON 4.6.

TEXT

DC, AC SOURCES

DC Sources.

Some sources, such as batteries, deliver electric energy at a nearly constant
voltage, and thus they are modeled as constant voltage sources. The term dc sources
basically means direct-current sources, but it has come to stand for constant sources
as well.

AC Sources. Most of the electric energy used in the world is generated,
distributed, and utilized in sinusoidal form. Thus, beginning with Charles P.
Steinmetz, a German-American electrical engineer, much effort has been devoted to
finding efficient ways to analyze and design circuits that operate under sinusoidal
excitation conditions. Sources of this type are frequently called ac (for alternating
current) sources. The most general expression for a voltage in sinusoidal form is of
the type

w(t)=V, -cos(2-m-f+a)=V, -cos(w-t +a)
and, for a current
i(t)=1, -cos(2-7- f+pB)=1, -cos(w-t+ f)

Some writers use sine functions instead of cosine functions, but this has only the
effect of changing the angles ¢ and f.

These expressions have three identifying characteristics, the maximum or peak
value (V or ), the phase angle (a or f), and the frequency f, measured in hertz
(Hz) or cycles per second, or @, measured in radians/second. A powerful method of
circuit analysis depends on these observations. It is called phasor analysis.

The Imaginary Operator. A term that arises frequently in phasor analysis is the
imaginary operator

j=~-1.

Electrical engineers use j, since i is reserved as the symbol for current.
Mathematicians, physicists, and others are more likely to use i for the imaginary
operator.

Euler's Relation. A relationship between trigonometric and exponential
functions, known as Euler's relation, plays an important role in phasor analysis. The
equation is

e’ =cosx+ j-sinx

If this equation is solved for the trigonometic terms, the result is
e e
2

COSX =
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e’ —Jx

. —e
SIn x =

In phasor analysis, this equation is used by writing it as
/1) —cos(w-t +a)+ j-sin(w-t +a)

Thus, it is observed that the cosine term in the preceding expressions for voltage
and current is equal to the real-part term from Euler's relation. Thus, it will be seen
possible to substitute the general exponential term for the cosine term in the source
expressions, then, to find the solution (currents and voltages) to the exponential
excitation, and finally, to take the real part of the result to get the final answer.

Steady-State Solutions. When the complete solution for current and voltage in a
linear, stable, time-invariant circuit is found, two types of terms are found. One type
of term, called the complementary function or transient solution, depends only on the
elements in the circuit and the initial energy stored in the circuit when the forcing
function is connected. If the circuit is stable, this term typically becomes very small
in a short time.

The second type of term, called the particular integral or steady-state solution,
depends on the circuit elements and configuration and also on the forcing function. If
the forcing function is a single-frequency sinusoidal function, then it can be shown
that the steady-state solution will contain terms at this same frequency but with
differing amplitudes and phases. The goal of phasor analysis is to find the amplitudes
and phases of the voltages and currents in the solution as efficiently as possible, since
the frequency is known to be the same as the frequency of the forcing function.

3. VOCABULARY
deliver - 3BUILHATH excitable - 30yxeHU
utilization - BUKOpUCTaHHS complet - TOBHUN, 3aBEPLICHUI
finding - BUCHOBOK transient - nmepexiqHUMN, HECTAI[IOHAPHUN
efficient - kBanidikoBanwuii, particular - ocobnuBuMii, 0cOO0BUI

e(heKTUBHUN
precede - nepeayBatu

4. GRAMMATICAL NOTES

I[MTPUCJIIBHUK (THE ADVERB)
[IpucniBHUKOM Ha3WMBAETHCS YACTMHA MOBH, 110 BKa3y€ Ha O3HaKy Jii abo Ha
pi3HI OOCTaBMHHU, NPHU SKUX MNpOTiKae . IIpUCIIIBHUK CTaBUTBCS 110 JAi€cioBa 1
MOKAa3Ye€ 5K, Oe, Kou T.I1. B1IOYBAEThCS sl

He works hard. Bin npaiiroe petenbHO.
He lives here. Bin kusBe TyT.
I have not met him lately. S #ioro He 3ycTpiyaB OCTAaHHIM YaCOM.
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[IpucniBHUK MOXe TaKOX CTaBUTHUCA JO MpPHUKMETHHKAa abo 1HIIOro
NPUCTIBHUKA, BKa3yIOUU Ha 1X O3HAKU:
He is a very good student. Bin gyxe nobpuii CTyieHT.
She translated the article quite well. Bona nepeknana cTaTTio 10CUTh 100pe.

VY peueHHI NPUCTIBHUK CITY>KUTbh OOCTaBUHOIO.

KJIACCU®DIKAILIA ITPUCJIBHUKIB 3A 3HAUYEHHS IX BUKOPUCTAHHS
1. 3a cBOiM 3HAYEHHSIM MPUCITIBHUKH MOAUISIIOTHCA Ha HACTYITHI OCHOBHI TPYIIH:
a. [IpucniBauka micus: here mym, croou, there mam, myou, where oe, xkyou, inside
scepeouny, ycepeouni, outside 3oewigniwnut, 306ni, above suwe, 36epxy, below
3Hu3y, Huodicue, somewhere, anywhere oOe-ne6yow, kyou-ne6yon, mowhere Hioe,
HiKyou, elsewhere de-1e0y0b y inwiomy micyi Ta iH.:

He will stay there until June. Bin 3anummuTbes TaM 10 YEpBHSIL.

I opened the box and saw that there was S BimkpuB KopoOKy ¥ mo00a4yuB, IO

nothing inside. BCEpE/IMHI HIYOTO HEMA.

1) [TIpucniBauk somewhere BXXWBa€ThCS B CTBEPKYBATbHUX PEUCHHSX:

[ left my umbrella somewhere. A nech 3anuIMB CBOIO MApaCObKY.

2) IlpucniBHuk anywhere BHKOPHUCTOBYEThCS Y 3alUTaJIbHUX 1 3alepeyHUX

PEUYCHHSIX:

Are you going anywhere to-morrow? Inere Bu Kynu-ueOy b 3aBTpa?

I can't find my dictionary anywhere. A Hime HE MOXYy 3HaWTH CBOTO
CJIOBHUKA.

3) [IpucniBauk nowhere BXXHBAETHCSA y KOPOTKUX BIMOBIIAX:

Where did you go after supper? - Kymu Bu xomunu micias Beuepi? -
Nowhere. Hikymm.

VY iHmMX BUIMAIKaX MPHUCIIBHUK Nowhere BUKOPHUCTOBYETHCS MYXKE PIIKO; 3aMiCTh
M0TO 3BUYallHO BUKOPUCTOBYETHCS not ... anywhere:

They went nowhere after supper. =They Bonwu HiKyu HE XOIUIH MICIS BEUEpi.

did not go anywhere after supper.

Nowhere BUKOPUCTOBY€ETHCS 3 JIIECIOBOM B CTBEPAKYBaJIbHIA (hOPMIi, OCKUIBKU
B QHIUIIIICKOMY PE€YEHH1 MOKJIMBO TUIbKU OJIHE 3alle€pEeyUCHHS.

2. IlpucmiBHuUK 4Yacy: now 3apa3, menep, when konu, then mooi, to-day
cb0200HI, yesterday suopa, to-morrow sasmpa, before xonucs, paniwe, lately oo
HeoasHb020 uacy, (3a) ocmauuiu uac, recently newooasno, ousamu, once ooun pas,
KONUCb, €Ver Kolu-HeOyOb, Koaucb, never uixonu, always sasocou, often uacmo,
seldom pioxo, usually 3suuatino,3azsuuaii sometimes inooi, already, yet yorce,
(not)...yet, we (ui), still yce we, since 3 mix nip 1 14.:

[ was very busy yesterday. 51 OyB my’xe 3aiiHAT BYOpa.

He wusually goes to bed at eleven Bin 3BuuaiiHo mnsirae 00 OTWHAIIATIN
o'clock. TOJTMHI.

He left Kyiv in 1993, and I haven't seen Bin moixaB 3 Kuea B 1993 p.i a1 ne
him since. 06a4uB HOTO 3 TUX MIp.

1) IlpucniBHUK never BKUBAETHCS 3 IIECIOBOM B CTBEPKYBaIbHIN (hOpPMI, OCKIIIBKH
B QHIUIIICHbKOMY PEYEHH1 MOKJIMBO TIIBKH OJHE 3alI€PEUCHHS:
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I have never been there. 51 HiKOJIK TaM He OyB.

2) IlpucniBHuk yet y 3HAUY€HHI GJ#ce BUKOPUCTOBYETHCS TUIBKH Y 3alHUTaIbHUX
peuennsx. [IpucniBauk already 6oice y 3anmUTaTbHUX PEUEHHSX BHKOPUCTOBYETHCS
IPpY BUPAKEHHI MOAUBY 3 IPUBOY TOTO, IO MOis BiI0YyJIacs TaK MIBUIKO:

Have you finished your work yet? Bu Bxxe ckiHumiM Bairy poooty?
Have you finished already? Ber  Bxe ckimumm?  (Ax, Bxke
CKIHYMIIH?)

3. IlpucniBHuka Mipu U ctyneHs: much 6acamo, little mano, very oyoce, too
3anaomo, $0 mak, maxum yurom enough odocmammnwvo, hardly, scarcely zeose,
nearly, almost uatioce 1 1H.

1) IlpucniBauk much 6aeamo BUKOPUCTOBYETHCS, TOJJOBHUM YUHOM, Y 3alUTAITBHUX
1 3amepeyHux pedeHHsX. B cTBep/pKyBallbHUX pedyeHHsX 3aMmicTh much 3BuvaitHO
BUKOPHUCTOBYETHCA a lot, a great deal:

Has he read much? Biu 6araro uuras?
He hasn't read much. Bin HebOararo umras.
He has read a lot (a great deal). Bin 6araro unTas.

[IpucniBauk much, ogHak, BUKOPUCTOBYETHCS B CTBEPKYBaJIbHUX PEUCHHSX,
KOJIM BiH BU3HAYAEThCS MPUCTIBHUKAMU very, rather, too, so, as, how:
He reads very much. Bin gyxe 6arato uurae.
He plays football too much. Bin 3anaaro Garato rpae y ¢pytoo.
2) IlpucniBauk little manro BukopuctoByeThes, sk 1 much, B cTBepIKyBalbHUX
pPEUYCHHSX, KOJM BiH BHU3HAYAETHCSA NPHUCIIBHUKAMH very, rather, too, so, as, how.
Komu little He BU3HaYa€eThCsl MUMH MPUCITIBHUKAMHU, BOHO 3BHYAHO 3aMIHSE€ThCS Ha
not ... much:
He doesn’t read much (3amicms: He Bin mano yutae.
reads little).
She doesn't speak much about it Bona mano roBoputs 0 HEOMY.
(3amicms: she speaks little about it).

3) IlpucniBauku very oJyoxce, too 3anaomo, so max 1 how sk BHU3HA4YAIOTH
NPUKMETHUK a00 IPUCIIBHUK:

He is very clever. Bin nyxe po3yMHUI.

You are walking too fast. Bu iinere 3aHaaTO MIBUIKO.

He was so glad to see me. Bin OyB Takuii paguii 6aunT MeHe.
How late it is! SIk mi3HO!

Jlns BU3HAUYEHHS J1i€ciioBa a00 JIEMPUKMETHHKA MUHYJIOTO Yacy Il MPUCITIBHUKU
HE MOXYTh BHUKOPUCTATHUCA CAMOCTIMHO, a BXXUBAIOThCS B CIOIY4YEHHI 3
OPUCIIBHUKOM much, sKuil y I1bOMY BHMAJAKy OKPEMO Ha YKpPaiHCbKYy MOBY
HENEPEKIaTa€ThCS:
He was very much interested in what I Bin ngyxe 3amikaBuBCS TuUM, IO S

said. CKa3aB.

[ was too much surprised to say S OyB 3aHaaTo 3AWBOBaHUH, W00
anything. Ka3aTu 0-HEOY Ib.

[ want to see him so much. S Tak xouy Woro GaumTH.

You know how much I like my work. Bu 3Haere, sx s 1100510 CBOIO POOOTY.
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Takum 4YMHOM, YKpAiHCBKM TPHUCIIBHUKH Oyxce, 3aHAOmMo. mak, AK
NEepeKIaaloThCsl Ha aHIIIIChKY MOBY 3a JIOIIOMOTOIO very, too, so, how, Koiu BoHU
BU3HAYAIOTh MPUKMETHUK a00 MPUCIIBHUK, 1 32 A0MOMOroro very much, too much,
so much, how much, xonu BOHM BHU3HAYAIOTH J1€CIOBO ab0 JIEMPUKMETHUK
MUHYJIOTO Yacy:

Bin gyxe po3yMHMiT 4OJOBIK. He is a very clever man.

A ny:ke 1000 CBOIO pOOOTY. I like my work very much.
4) Ilpucnisauku hardly i scarcely BXXHUBatOTbCS 13 3HAYCHHSM J1€0b.

I could hardly (scarcely) understand 5 menp mir 3po3ymiTu Horo.
him.

Hardly Tta scarcely yacTto BUKOpPHCTalOThCS Yy CIOJy4e€HHI 3 any, anybody,
anything, anywhere, ever. B 1ipomy Bumajky BOHHU BIiAMNOBIIAIOTh YKPaiHCHKOMY
MPUCTIBHUKY Malidce y 3alepeUHUX PEUCHHSX:

There were hardly (scarcely) any Ha Bynuii maitxe He OyIio oei.

people in the street.

There was hardly (scarcely) any water B kononssi maitxe He Oys10 BOJIH.

in the well.

I hardly (scarcely) ever see him. A maiike HIKOJIM Horo He Oady.

5) IlpucniBauku nearly ta almost maiioice, mano ne, mpoxi He BAKOPUCTOBYETHCS B
3anepeyHux peueHHsax. Koau nearly i almost cTaBnsThes 10 Ai€CIOBa, BOHU MOXYTh
TaKOX MaTH 3HAYEHHS J1edge He:

I’ve nearly (almost) finished my work. I maiixe 3akiHUMB CBOIO pOOOTY.

I nearly (almost) made a mistake. S nenBe He 3pOOUB MTOMUIIKH.

I nearly (almost) fell. S nenBe He BIaB.

Nearly i almost matisce He BKUBAIOTHCS B 3alIEPEUHUX PEUCHHSX.

4. IlpucniBamka obpaza maii: well doope, fast, quickly wesuoko, slowly noginvho,
quietly cnoxitino, muxo, easily necko Ta iH. BiNbLIICTh MPHUCIIBHUKIB 1i€i Tpynu
YTBOPIOIOTHCA BiJI MPUKMETHHUKIB 3a JOMOMOroio cydikca -1y, mo € ¢popManibHOIO
03HAKOIO MPUCTIBHUKA B aHTJIIACHKUI MOBI:

Have you rested well? Yu 1o6pe BU BIATOYMIH?
He came into the room very quickly. BiH yBiiIIOB y KIMHATY AY>K€ HIBUIKO.

5. EXERCISES

Exercise 1.

Identify the adjective or the adverb in each sentence, as in the example.

Tom is very clever. — adjective

He slowly left the room.

The exam was difficult.

Sue’s project is rather interesting.

Laser beams are used extensively in surgery.
She quietly closed the door.

A
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7. It’s easy to make mistakes.

8. Roger was late for work every day last week.
9. He tried hard to solve the problem.

10.They hardly know anyone in this town.

Exercise 2.

Complete the sentences using the adverbs in brackets.

They will clean the house. (tomorrow)

They have been talking. (for an hour / quietly / in the office)

She read the paper. (on the train / carefully)

James has been playing on his computer. (all evening / in his room)
He knew he had made the right choice .(then)

His plan was brilliant. (absolutely)

They were confused. (totally)

The question was difficult. (rather)

PN R LD =

Exercise 3.

Translate into English:

1. Bin mpaitoe ayke mBuako. 2. Bu tam goro memkamutume? 3. Mu He X0oAWIH
naneko choroaHi. 4. Jlitak jeTiB Ayke HU3bKO. 5. Bin myxe Hebararo uutae. 6. [lina
ny’ke Hu3bKa. 7. UIITh NpsiMO MO BYJIUII, a MOTIM 3BEPHITH JIIBOPYHY.

Exercise 4.

Translate into Ukrainian:

1. Unfortunately, he wasn’t at home when we came. 2. You will probably find this
book in the library. 3. Why are you late? 4. It was warm, so [ went for a walk. 5. He
took fast train to Kyiv. 6. He returned from a long journey.

LESSON 4.7

1. TEXT

REACTIVE VOLTAMPERES

When the voltage across a device and the current through a device are given,
respectively, by

v(t) =V, cos(a) f+ a)

and
i(t): 1, cos(a) t+a)
a computation of the power delivered to the device as a function of time shows
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p(t)= sz'lm : [cos(a — B)+cos(wt + a + ﬂ)]

In addition to the constant term that represents the average power, there is a
double-frequency term that represents energy that is interchanged between the
electric and magnetic fields of the device and the source. This quantity is called by
the term reactive voltamperes (vars). It may be shown that

var = sz-lm -sin(a — B)

and
var=V ;- Iz -sin(a — )

Power and Vars. If the phasor voltage across a device and the phasor current
through the device are given, respectively, by

Vl = Veﬁ 'eja

and

Iy=14 e’

VA:Veff Aoff =V Loy -[cos(a —ﬂ)+j-sin(a —,B)]

where * represents the complex conjugate, which may be used to find both average
power and vars. The real part of the expression is the average power, while the
imaginary part is the vars.

Circuit Reduction Techniques. When a circuit analyst wishes to find the current
through or the voltage across one of the elements that make up a circuit, as opposed
to a complete analysis, it is often desirable to systematically replace elements in a
way that leaves the target elements unchanged, but simplifies the remainder in a
variety of ways. The most common techniques include series/parallel combinations,
wye/delta (or tee/pi) combinations, and the Thevenin-Norton theorem.

Series Elements. Two or more electrical elements that carry the same current are
defined as being in series. Figure 4.1 shows a variety of equivalents for elements
connected in series.

Parallel Elements. Two or more electrical elements that are connected across
the same voltage are defined as being in parallel.

Wye-Delta Connections. A set of three elements may be connected either as a
wye, shown in Fig. 4.2a, or a delta, shown in Fig. 4.2b. These are also called fee and
pi connections, respectively. The equations give equivalents, in terms of resistors, for
converting between these connection forms

c = R ’Rb: R ’
1 2

R
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Ra R ”
3
R, = Ra'Rb ‘R, = Ra'Rb - R = Ra'Rb .
""R,+R,+R.”" R,+R,+R.,’ ' R,+R,+R,

In practice, application of one of these conversion pairs will lead to additional
series or parallel combinations that can be further simplified.

M
—] — | 1 * YY1 NN —
L1 L2 T.e=I.1+1.2+2M
R1 R2 Re
M
L1 L2 Le=L1+1.2-2M
Ccl 2 Ce=C1*C2/(C1+C2)

FIGURE 4.1 Parallel-connected elements and equivalents: (a)
resistors in parallel; (b) capacitors in parallel; (¢) inductors in
parallel, aiding fluxes; (d) inductors in parallel, opposing fluxes.

R1 R2
Ra
| o L :_l_-

b a b

R3 Rc
Rb

C

FIGURE 4.2 (a) Wye-connected elements; (b) delta-
connected elements

Thevenin-Norton Theorem. The Thevenin theorem and its dual, the Norton
theorem, provide the engineer with a convenient way of characterizing a network at a
terminal pair. The method is most useful when one is considering various loads
connected to a pair of output terminals. The equivalent can be determined

analytically, and in some cases, experimentally. Terms used in these paragraphs are
defined in Fig. 4.3.

Thevenin Theorem. This theorem states that at a terminal pair, any linear
network can be replaced by a voltage source in series with a resistance (or
impedance). It is possible to show that the voltage is equal to the voltage at the
terminal pair when the external load is removed (open circuited), and that the
resistance is equal to the resistance calculated or measured at the terminal pair with
all independent sources de-energized. De-energization of an independent source
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means that the source voltage or current is set to zero but that the source resistance
(impedance) is unchanged. Controlled (or dependent) sources are not changed or de-
energized.

Norton Theorem. This theorem states that at a terminal pair, any linear network
can be replaced by a current source in parallel with a resistance (or impedance). It is
possible to show that the current is equal to the current that flows through the short-
circuited, terminal pair when the external load is short circuited, and that the
resistance is equal to the resistance calculated or measured at the terminal pair with
all independent sources de-energized. De-energization of an independent source
means that the source voltage or current is set to zero but that the source resistance
(impedance) is unchanged. Controlled (or dependent) sources are not changed or de-
energized.

Thevenin-Norton Comparison. 1f the Thevenin equivalent of a circuit is known,
then it is possible to find the Norton equivalent by using the equation

V=I-R
as indicated in Fig. 4.3.

X D,
Rthn [
+ +
Vth Vth | | Rthn
Q -\ A

FIGURE 4.3 (a) Thevenin equivalent circuit model; (b) Norton equivalent
ciruit model.

2. VOCABULARY
average - cepe/iHe apupmMeTuyHe pair - mapa, ABOIPOBITHA JHIS
unchange - He3MiHHUI measure - Mipa, BAMIPIOBaHHS
conversion - IEpeTBOPEHHHS, 3MIHA essential - CyTTeBHI, BaXKIIUBUI
network - Mepexa, po3paxyHKoOBa terminal - 3aTHcKay, KIHIICBUN amapar

CcX€Ma, KOJIO
convene - CKiiagaT, 36I/IpaTI/I

3. GRAMMATICAL NOTES

IMTPUCJIIBHUK (THE ADVERB)
Jlo mpHCITIBHUKIB BIHOCATHCS TaKOX CiioBa too, also, either, else, only, even.

146



Too 1 also maxooic, mesw BXUBAIOTHCS B CTBEP/XKYBAIBHUX 1 MUTAJIBHUX PEUEHHSX,
npu YoMy too OLUTbIIEe BKMBAHO B PO3MOBHINM MOBI, HiX also. Either maxoorc, meorc
BXKUBAETHCS B 3aMIEPEUHUX PEUCHHSX:

I will be there too. A Tex Oyny Tam.

Have you been there too? Bu tex Oynu tam?

They also agreed with me. Bonu Texx moroawiucs 31 MHOIO.
I have not seen him either. S Texx He 6GaumB ioro.

Else y 3HaueHHI e BUKOPUCTOBYETHCS 3 MHUTAIBHHUMHM 3alMCHHUKAMH Ta
NPHUCITIBHUKAMH, a TaKOXX C HEBH3HAYCHUMHU 3alMEHHHUKAMHU 1 MPHUCITIBHUKAMH,
MOX1THUMH B1JI Some, any, no:

What else must [ do? [IIo m1e s mMoBUHEH 3pOOUTH?
Where else did you go? Kynu me Bu xoaumu?
Ask somebody else about it. 3anuTaiTe 111e Koro-He0y1b mpo II€.

Are you going anywhere else after that? Bu nigere kyau-ueOynap micist uboro?

Else BXXUBa€TbCS TaKOX 31 3HAUCHHSIM iHaKuie, ¥ NpOMuHoMy 8unaodky, aie. B
bOMY BUIIAJIKy HOMY 4acTO MEPEIYE OF.
[IpucniBHUK HE TUIBKM BU3HAYAE J11€CTOBO, MPUKMETHUK a00 THIIMKI MPUCITIBHUK, ajle
TaK0X MOXKE CITY)KUTH:

l.I[luTanbHUM CIIOBOM, 3 SIKOI'O MOYMHAETHCSA MUTAlIbHE peueHHs. Jlo Takux
MIPUCITIBHUKIB BiTHOCATHCS: When? xonu?, where? oe?, why? uwomy?, how? sk?.

When did your arrive? Konu Bu npuixanu?
Where are you going? Yomy BU Tak 1ymaere?
Why do you think so? Kynu Bu inere?

How will he do it? Sk BiH 11€ 3pOOUTH?

2. Jlns 3'enHaHHS peYeHb, a came:
a) Uil 3'€MHaHHS HE3AJICKHUX pedeHb. /|0 TaKWx MPHUCTIBHUKIB BITHOCSTHCS: SO-
momy, maxkum yunom, omace, therefore momy, then nomin, mooi, however npome,
oonax, nevertheless mum ne menw, still, yet — mum ne menw, yce oc, besides xkpiu
moco, mMoreover nogepx mozo, kpim moeo, otherwise, else, or else inaxuwe, y
NPOMUBHOMY BUNAOKY, d MO.

It was late, so I went home. Byno ni3Ho, TOMY s MIIIOB JOJIOMY.

It’s very fine weather for a walk, but yet I'apna moroma s mporyJsitHKd, Ta BCe

I don't think I'll go out. K TaKH sl HE TyMar0 BUXOJIUTH.

Go at once, otherwise (or else) ImiTh HeraiiHO, 1HaKIIEe BU 3aIMI3HUTECS
you will miss your train. Ha TMOTSIT.

0) /U1 IpUETHAHHS MIAPSAHOTO PEYEHHS 10 T'OJIOBHOrO. /[0 Takux MpUCIIBHUKIB
BimHOCSTHCS: When xonu, where de, why uomy, how sx:

He called when I was busy. Bin 3aiios, konu s 0yB 3alHATHIA.

I do not know where he lives. S1 He 3HAlO0, J¢ BIH JKUBE.

I can't understand why he is late. S He MOXy 3pO3yMITH, YOMY BiH
CII3HIOETHCH.

I want to know how you do it. 51 xouy 3HATH, K BU LIEe pOOUTE.

[IpucniBHUK once BXHUBAETbCS MJis 3'€IHAHHS PEYEHb, 110 BIANOBIAAIOTH B
YKPATHCBKIN MOB1 Ko.1U 8dce 00 6apmo MminvKu ... 5K (U):
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Once you have promised, you must do Komm Bxke Bu OO0IIsIN, TO MYCUTH II€
it. 3poOuTH.

Once you show any fear, the dog will Baprto TinbkMm BaM BUSBUTH CTpax, K
attack you. cobaka Harmajie Ha Bac.

O®OPMU IMTPUCJIIBHUKIB

[IpucniBHUKM MOIUIAIOTHCS 3a (HOPMOIO Ha JIBl TPYIIU: MPOCTI ¥ MOXiAHI.

[Tpocti mpucniBuuku: here mym, croou, there mam, myou, now menep, almost
matidice, SOON He3abapoMm 1 1H.

[Toxinui nmpucniBHUKHU. J[0 1i€l Tpynu BIAHOCSTHCS MPHUCIIBHUKHA, YTBOPEHI BiJ
IMEH MPUKMETHUKIB 3a aonomoroio cydikca -ly: easily zeexo, quietly cnoxiiino,
slowly nosinorno 1 T.1. P npuciiBHUKIB YTBOPEHI BiJl 1HIIWX YacTHH MoBH: daily
woons, weekly womuorcns, monthly womicauno 1 11.

Psan mpucniBHUKIB fast, long, far, little, much, early, daily i in. -
BIPI3HAIOTHCS 32 (DOPMOIO BiJl BIAMOBIIHUX IM MPUKMETHHUKIB.

Taki NpHUCITIBHUKKA MOKHA BIJPU3HUTHU Bl MPUKMETHHUKIMX 32 BUKOHYEMOH HHUMH
poJii B pEYEHHI, Malud Ha YyBa3i, 10 MNPUKMETHUKM BU3HAYAIOTh IMEHHHUK, a

IPUCIIIBHUKA - 11€CTIOBO, MPUKMETHUK a00 1HIIUN MPUCITIBHUK:

[IpukmeTHUK

He took a fast train to Sochi. - Bin
[0iXaB MBUAKUM 1101310M 10 Coul.

He returned from a long journey. - Bin
BEPHYBCS 3 JIOBTOi MOJ0POXKI.
Vladivostok is in the Far East.-
BnaguBocTtok 3HAXOJIUTHCS Ha
nanexomy Cxoi.

We have very little time. - V Hac
oOMaJb Jacy.

We have not had much snow- Iliei
3UMH He OyJio 6araro CHiry.

He drew a straight line.- Bin nposis
psMY JIHIIO.

They left Moscow in the early autumn.-
Bonu Buixamu 3 MockBU paHHBOI

BOCCHH.
" Evening Dnepr " is a daily
newspaper.- "Beuipniii Juemnp"

moACHHA ra3cra.

[TpucniBHUK
He speaks very fast. - Bin roBoputh
TyKe TIBUJIKO.
Have you been waiting long? - Bu
YEKA€ETE J1aBHO?
We have not walked far to-day.- Mu ne
XOJIHJIN JAJIEKO CHOTOIHI.

He reads very little.- Bin ayxe mamno
YJUTaE.

He reads very much.- Bin nyxe 6arato
YJHUTAE.

Go straight down the street, then turn to
the left.- ImiTh mpsMo 1Mo ByJHMIN,TOTIM
MTOBEPHITH JIIBOPYHY.

I always get up early. - S 3aBxau
BCTalO PaHO.

I see him daily.- 4 6auy ¥oro momHs.

Jlesiki TIpUCITIBHUKA MarTh 1B1 (OPMHU: OJHY, IO CIIBIANA€ 3 BiAMOBIIHUM
NPUKMETHUKOM, 1 1HIIY, IO CKiHuyeTbcs Ha -ly. [lpm mpoMy mNpHUCIIBHHK, IO
CKIHUY€EThCS Ha -1y, BIAPI3HAETHCS 3a 3HAYEHHSM B1J] IPUCIIIBHUKA, IO 301raeThCs 3a
$hopMOI0 ¢ TPUKMETHUKOM:
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[TpucniBHUK, 11O
[IpukmeTHHK 30iraerbcs 3a Gopmoro 13 HaiiBummii ctymninb
MIPUKMETHUKOM
He is a hard worker. He works hard. I could hardly understand
Bin crapannuii Bin mpairtoe perenbHo. him.
MpaIliBHUK. A nenp Mir 3po3ymiTu
H0TO.
He returned in the late I went to bed late last I have not seen him
autumn. night. lately.
Bin BepHyBcs Mi3HBOT JIir cmactu mi3HoO BUOpa A #ioro He 6aumnB
OCEHI. BBEUEpI. OCTAHHIM 4acoM.
He is studying the history He lives quite near. It is nearly five o’clock.
of the Near Est. Bin xuBe 30BciM Maiftxxe n'sita rojivHAa.
Bin BuBuUae icTopito 0JIM3BKO.
bausbkoro Cxony.

Psn npucniBHUKIB B)KUBAETHCS B TIOEIHAHHI 3 ICSIKUMHU J1€CIIOBAMHU, YTBOPIOIOUH 3
UMHU JII€ECTIOBAMU OJIHE TOHATTS. 3HAYEHHS JIECIOBA TPHU LbOMY 3MIHIOETHCS
3aJIeKHO BIJ MIPUCITIBHUKA, Y CIIOJYYEHHI 3 SIKUM BiH BXKHBa€Tbcs. Jlo ymcia Takux
IIPUCITIBHHUKIB BIIHOCATHCA: about, across, along, around, away, back, by, down,
in, on, off, out, over, through, under, up 1 ix.

VY nesxkux BUMAIKaX 3HAYCHHS CIIOJIyYEHHS J1€CIIOBA 13 MPUCIIBHUKOM BHXOAUTH 31
3HAYEHb CJIiB, [0 BXOASTH 10 CKIIAy CIIOTYUYCHHS:
to come back Beprartucs (to come npuxoautu, back
Ha3aJ1, 3BOPOTHO)
to go away mnitu (to go iATH, away TeTb)
to go down cnyckarucs (to go i1tu, down g0J1y)

B 1HmmMx Bunagkax 3HAYE€HHS IO€OHAHHS HE BIAMNOBIIA€ 3HAYEHHSIM MHOTrO
CKJIQJIOBUX E€JIEMEHTIB:
to make out po3ymitu (to make podurtu, out 1o3a)
to put out racutu (to put kiactu, out mosa)

to give in ycrynatu, 31aBatucs (to give naBaru, in ycepeanHi)

4. EXERCISES

Exercise 1.

Underline the correct item.

1. The equivalent can be determined analytical / analytically, and in some cases,
experimental / experimentally. 2. The effective / effectively value is common /
commonly used to describe the requirements of ac systems. 3. Sources of this type
are frequent / frequently called ac (for alternating current) sources. 4. The term dc
sources basic / basically means direct-current sources, but it has come to stand for
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constant sources as well. 5. One terminal may not be common / commonly to both
pairs. 6. Thus, it is observed that the cosine term in the preceding expressions for
voltage and current is equal / equal to the real-part term from Euler's relation. 7. If
the current flow between a terminal pair is proportional / proportionally to the
voltage across another pair, then the appropriate model is a voltage-controlled current
source (VCCS). 8. When a circuit analyst wishes to find the current through or the
voltage across one of the elements that make up a circuit, as opposed to a complete /
completely analysis, it is often desirable to systematical / systematically replace
elements in a way that leaves the target elements unchanged, but simplifies the
remainder in a variety of ways.

Exercise 2. Translate into English:

1. Bin 3aaummThcs qoma 10 4epBHA. 2. S BIMUMHUB IIYXJISIAY 1 moOaduB, IO TaM
Higoro Hemae. 3. S nmech 3anuImmMB CBOIO Tapacoiibky. 4. Bu 3aBTpa Kyam-HeOyab
naere? 5. Bonw Hikyam He minum micis Bedepi. 6. Bokzanm mameko? 7. Mu ydopa
JaJIeKO XOIMIIH.

Exercise 3.

Translate into Ukrainian:

1. He had a loud voice. 2. Don’t talk so loud (loudly). 3. He walked at slow pase. 4.
He walked slow (slowly). 5. She made a quick movement. 6. He ran very quick
(quikly). 7..She doesn’t like bright colours. 8. The sun is shining bright (brightly).

LESSON 4.8.

TEXT

SOLUTION OF NODAL AND LOOP CURRENT EQUATIONS

Solution of Nodal Equations. In BC and ®C (sinusoidal steady-state) circuits,
the Y terms are numerical terms. Calculators that handle matrices and mathematical
software programs for computers permit rapid solutions. Ordinary determinant
methods also suffice. The result will be a set of values for the various voltages, all
determined with respect to the reference node voltage. If the terms in the equation are
generalized admittances, then the solution will be a quotient of polynomials in the
Laplace transform variable s. More is said about such solutions in that section.

Solution of Loop Current Equations. In DC and AC (sinusoidal steady-state)
circuits, the Z terms are numerical terms. Calculators that handle matrices and
mathematical software programs for computers facilitate the numerical work.
Ordinary determinant methods also suffice. The result will be a set of values for the
various loop currents, from which the actual element currents can be readily obtained.
If the terms in the equation are generalized admittances, then the solution will be a
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quotient of polynomials in the Laplace transform variable s. More is said about such
solutions in those paragraphs.

Sinusoidal Steady-State Example. Figure 4.4 shows a circuit with a current
source, two resistors, two capacitors, and one inductor. (The network is scaled.) The
current source has a frequency of 2 rad/s and is sinusoidal. Figure 4.4 b shows the
circuit prepared for phasor analysis. The equations that follow show the writing of
KCL equations for two voltages and their solution, which is shown as a phasor and as
a time function

2=V, -(1+7-2.00~ j-0.25)-V, -(~ j-0.25)

0=-V,-(~j-025)+V, -(1+j-2.00 - j-0.25)

V,=0.0615-;-10.77=0.124- o/ 26224 (angle_in_radians)

V,(¢)=0.124 - cos(@ -t +2.6224) = 0.124 - cos(ew -  + 2.6224) = 0.124 - cos(w - £ + 150.25)

Computer Methods. The rapid development of computers in the last few years has
led to the development of many programs written for the purpose of analyzing
electric circuits. Because of their rapid analysis capability, they also are effective in
design of new circuits. Programs exist for personal computers, minicomputers, and
mainframe computers. Probably the most popular is MathCAD, which is an acronym
for Simulation Program with Integrated Circuit Emphasis. The personal computer
version of this program is MathCAD. Most of these programs are in the public
domain in the United States. It is convenient to discuss how a circuit is described to a
computer program and what data are available in an analysis.

MathCAD Circuit Description. The analysis of a circuit with MathCAD or
another program requires the analyst to describe the circuit completely. Every node is
identified, and each branch is described by type, numerical value, and nodes to which
it is connected ¢“+*. Active devices such as transistors and operational amplifiers
can be included in the description, and the program library contains complete data for
many commonly used electronic elements.
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FIGURE 4.4 Sinusoidal steady-state analysis example: (a) circuit with
sinusoidal source and two nodes; (b) phasor domain equivalent circuit.

MathCAD Analysis Results. The analyst has a lot of control over what analysis
results are computed. If a circuit is resistive, then a DC analysis is readily performed.
This analysis is easily expanded to do a sensitivity analysis, which is a consideration
of how results change when certain components change. Further, such analyses can
be done both for linear and nonlinear circuits.

If the analyst wishes, a sinusoidal steady-state analysis is then possible. This
includes small-signal analysis, a consideration of how well circuits such as amplifiers
amplify signals which appear as currents or voltages. A frequency response is
possible, and the results may be graphed with a variety of independent variables.

Other possible analyses include noise analyses — a study of the effect of electrical
noise on circuit performance — and distortion analyses. Still others include transient
response studies, which are most important in circuit design. The results may be
graphed in a variety of useful ways. References give useful information.

Additional Programs. A major advantage of these computer methods is that they
work well for all types of circuit - low or high power, low or high frequency, power
or communications. This is true even though the program s name might indicate
otherwise. However, in some types of analysis, special programs have been
developed to facilitate design and analysis. For example, power systems are often
described by circuits that have more than 1000 nodes but very few nonzero entries in
the circuit matrix. These special characteristics have led to the development of
efficient programs for such studies. Several references address these issues.

Vsorce:=30V
R1:=3Q R4:=1.5Q R7:=1Q

152



R2:=6Q R5:=3Q R&:=1Q
R3:=3Q R6:=1.5Q R9:=1Q
Rloop3:=R7+R8+R9
Rloop2:=R4+R6+1/(1/R5+1/Rloop3)
Rloop1:=R1+R3+1/(1/R2+1/Rloop2)
I:=Vsorce/Rloopl
[=3.5A
FIGURE 4.5 MathCAD equation.

2. VOCABULARY

node - By3011 purpose - MeTa, Hamip

reference- erasoHHHI completely - 3aBepuieHuil, 3aKIHUEHU
complete - TOMTOBHIOKOYNIA further - nani, okpim Toro

capable - 3natHun frequency - yacrora

rapid - mBUAKUIA

3. GRAMMATICAL NOTES

CTVIIEHI [IOPIBHAHHA [TPMCIIIBHUKIB

Bborato npuciiBHUKIB (TOJIOBHUM YHHOM TPHUCIUBHIKU CIIOCOOY 1i1) MOXKYTh
MaTH CTYTICHI MIOPIBHAHHS, SIK1 yTBOPIOIOTHCA TaK CaMo, SIK 1 CTyINeHl TOPIBHSIHHS
MPUKMETHUKIB.

OAHOCKIA0BI TMPHUCIIBHUKK YTBOPIOIOTH MOPIBHSUIBHUN CTYMiHb MUISIXOM
nonaBaHHs cydikca -er, a HalBUIIMKA cCTymiHb - cydikca -est 10 (opmu
MOJIO3UTHBHOI CTYTICHI.

Tak caMo yTBOPUTH CTYIIE€HI MOPIBHAHHS IBOCKIJIAI0BUN MTPUCITIBHUK early:

ITo3utnBHA [TopiBHsIbHA Haiisunia
CTYMIHb CTYIIHb CTYIIHb
fastest mBuIIIE BCHOTO
fast mBuIKO faster mBuamIe :
(ycix)
harder crapannime, | hardest crapanHiiie BCboro
hard perensHO . :
OUIBLI pEeTENbHO (ycix)
) . latest mi3HilIe BCHOrO
late mi3HO later mi3H1IIE :
(ycix)
soonest MIBUIIIC 3a BCE
S00N IIBUJIKO sooner IIBHIIIIE )
(ycix)
. . earliest panime 3a Bce
early paHo earlier panime (ycix)

[IpucniBHUKH, YTBOpPEHI BiJl MPUKMETHHUKIB 3a J0mMOMOrow cydikca -ly,
YTBOPATh MOPIBHSUIBHUM CTYMiHb 3a JOMOMOTOI0 mMore, a HaBUIIMN CTYIIHb 3a
JOIIOMOI'0K0 most:
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correctly mpaBuibHO

cautiously obepexHo

more bravely
xopoOpite, OUTBIT
X0poOpo

more correctly
BipHiIlle, OUIbIII
NPaBHIIHLHO

more cautiously
obOeperxHile, O1IbIIe
00epeKHO

Ilo3utnBHA [TopiBHsTBHA Hatisumia
CTVIIiHb CTVIIIHb CTVIIiHb
clearly sicHo more clearly sicuime, |most clearly sicHimie Bcboro
bravely xopo6po OB SICHO (ycix)

most bravely xopoOpirre
ycboro (ycix)

most correctly BipHie
BCHOT'O

most cautiously
obOeperKHiIIe
ycboro (ycix)

CryrnieHi TOpiBHSIHHSI TNPUCITIBHUKIB often uacmo, quickly weuoko, slowly

NOBLIbHO YTBOPATHCI 000Ma CIocobamu:

[To3utuBHA CTYIIIHb

[TopiBHsUTBHA CTYTIIHB

HaiiBuia crymnisp

often
quickly

slowly

oftener
more often

quicker
more quickly

slower
more slowly

oftenest
most often

quickest
most quickly

slowest
most slowly

HactynHi nmpuciiBHUKY, SK 1 BIAMNOBIAHI iM MPUKMETHUKHU, YTBOPSTH CTYMECHS

MOPIBHSIHHS HE 32 MTPaBUIIOM:

[To3uTuBHA CTYyIiHB

[lopiBHsIbHA CTYIIIHD

HaiiBumia crynine

well no6pe
badly norano
much 6araro

little mato

far maneko

better kparie
WOTSE III€ MTOTaHIIIe
more OLIbIle

less meHIIEe

farther, further
aim

best kpaiie BiJ ycix
Wworst morasiiie Bij| ycix
most O1sIbIIe BiJT yCiX

least menbI1I€ 32 yCiX

farthest, furthest
BiJI yCIX

aim

Konu 3a mpuciaiBHUKOM y HaWBHILIOMY CTyIeHI Tpeba (abo MaeThcs Ha yBasi)
OpUIMEHHUKOBHUI 3BOpPOT 3 0f, TOOTO KOJMM BiH BIJANOBIJAE B YKPAiHChKIA MOBI
HaWBHUILINA CTyNEH1 TPUCITIBHUKA, YTBOPEHIH 3a JOMOMOTI0O0 3aiiMEHHUKA YCIX (Kpauje
ycix, eipuie ycix, gipHiuie ycix 1 T.1.), IPUCITIBHUK MOXXE BKUBATHUCS SIK 0€3 apTUKJIA,
Tak 13 aptukieM the.

Konu npuitmenHukoBuid 3BOpoT 3 of BiACyTHIN (1 HE MAa€ThCs Ha yBasi), TOOTO
KOJIM MPUCIIIBHUK BIAMOBIIA€ B YKPAaiHChKIM MOBI HAMBHUIIINA CTyNEHI MPHUCITIBHUKA,
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YTBOPEHIN 3a JOMOMOTOI0 3aiiMEHHUKA 8Cb020 (Kpawye 6Cb020, NO2aHiue 6Cb0o2o,
npasineHitiwuil 3a yce, 1T.1.), ApTUKITb HE BXKUBAETHCS:
Which of the boys works (the) best (of XTo 13 HMX XJOMYUKIB MpaLIO€ Kpaiie

all the boys)?

I work best in the morning.

Peter came late, Gleb came later and
Oleg came (the) latest (of all).

I come home latest on Mondays.

BCiX?

S Hailikpallie npairor PaHKOM.

ITerpo mpwuitmoB mizHo, ['Mi6 npwuiinios
nizHime, a Oier npuniloB Mi3HIIIe BCiX.
[1i3HiIe BChOro MPUXOMXKY TOAOMY IO
[MOHEIIIKAX.

MICTO IMTPUCJIIBHUKA B PEUEHHI
[IpucniBHukr 00pasy il CTaBIATbCS OE3MOCEPENHbO MICHS JIECIOBA, SKIIO

TIECTIOBO € HEeTIePEeX1THUM:
He walked slowly.
The sun shines brightly

Bin #1108 MOBUIBHO.
CoHIie CBITHTH SICKPABO.

Konu niecnoBo € mepexiiHUM, MPUCTIBHUK CTABUThCA a0O0 MICIs JOMOBHEHHS
abo nepen aiecaoBoM. [IpUCTIBHUK HE MOXE CTOSITU MIXK JIIECIOBOM 1 JOMOBHEHHSIM:

He answered the question calmly.
He calmly answered the question
He translated the article easily.
He easily translated the article.

BiH criokiiiHO BIAIIOBIB HA MUTAHHS.

Bin nerko nepexias cTaTTIO.

Konu 3a niecnoBom i€ iHQIHITUB, TPUCITIBHUK CTABUTHCS MEPE]T JIECIOBOM:

He flatly refused to answer the question.

Bin pinryde BiiMOBUBCS BIIMOBiAaTH Ha
3allUTaHHA.

[IpucniBHUKM HeBHU3HAueHOTO yacy-always, often, seldom, ever, never, just,
already, yet, usually, generally, sometimes, still, soon, once i iH. - cTaBIsATHCA

norepe 1ECIoBa:

He always comes early

He often goes there.

[ usually get up at seven o’clock.

I once went there with my brother

Bin 3aBX1u IpUXOIUTH PaHoO.

Bin yacTo xoauTh Tyau.

Sl 3BMYaliHO BCTAal0 O CHOMIM TOJHHI
paHKy.

Onnoro pa3y (koauck) OyB TaM 3 TBOIM
Opatom.

OpHak 111 TPUCTIBHUKY CTaBJISITHCS MMICIIS AieciioBa to be:

He is always here at five o'clock.
He is never late for the lectures.

Bin 3aBxau TyT 0 I'ATii TOAMHI.
BiH HIKOJIM HE CIII3HIOETHCA HA JEKI].

Konu niecnoBo BXuBaHO y CKIagHINA (PopMi, MPUCTIBHUK HEBU3HAYEHHOTO Yacy
CTaBUTHCA MOMDXK JOTIOMIKHUM 1 CMUCIIOBUM J1€CIIOBOM:

I shall never forget it.
He has just left.

S nporo HiKONMH HE 320y 1Ty .
BiH Ti1pKY 11O ITIIIOB.

SKmo € aBa JOMOMDKHHUX J1€CIOBa, TO TPHUCTIBHUKK CTaBISATHCS MICIs

MEPIIOTO:
He has just been asked to take part in
that work

Horo Timbku 110 3ampoOCHIN B3STH
y4acTb y 11l poOOoTi.
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[Tpumitka. Te came BigHOCUTHCS 1 10 3amepeyuHiit yactku not: He has not been
asked to take part in that work.
[IpucniBHUKM HEBU3HAYEHOTO YacCy CTaBISATHCS MK MOJAIBHUM J1€CIOBOM 1

1H(DIHITUBOM:

You must never get off the tram when it Bu HikoaM He NOBUHHI CXOAWTH 3
1S moving. TpaMBaro, KOJIM BiH PyXa€ThCA.

I can always prove it to be true. A 3aBXaM MOXKY TOBECTH, 1O I1€ BIPHO.

Komun gmis Bupaxena gniecioBoM have 3 iHQIHITUBOM, MPUCITIBHUK
HEBU3HAYEHOTO Yacy CTaBUTHCS mepe aiecioBoM have:
I often have to go there. MeH1 4acTo TOBOJAUTHCS TYAH XOAUTH.
Komu nist Bupaxena cnonydeHHsM used 3 iHQIHITUBOM, MIPUCTIBHUK HEBU3HAYEHOTO
yacy CTaBUThCA Iepen used:
You always used to agree with me. Bu 3aBx1u moromKyBanucs 31 MHOIO.
[TpucniBHUK yet y 3HAY€HI e MOXE CTOSTH abo MICIs 4acTKH not, abo micis
JECIIOBA, & TIPY HASIBHOCTI JIOTTOBHEHHS - TTICJIS JIOTTOBHEHHS
I have not yet read the letter. S e He yuTaB NKCTA.
I have not read the letter yet
[IpucniBHUK yet y 3HAUEHHI 62#ce PO3TALIOBY€ETHCS Y KIHIIl pEYEHHS:
Have youread the newspaper yet? Bu Bxe untanu razery?
[TpucniBHUK sometimes MOXKe CTOSITH SIK MMOMEpPE] JIECIOBA, TaK 1 HA MOYATKY
a00 B KIHIIl PCUCHHS:
I sometimes go there (Sometimes I go S iHOA1 XOMKY TyAH.
there, I go there sometimes).
[IpucniBHuku yacy to-morrow, to-day, yesterday MoxyTh cTOsiTH abo Ha
NoYaTKy abo HAMPUKIHII PEUCHHS:
Tomorrow I will go there. 3aBTpa 5 Mgy TyOu.
I have seen him today. 51 GauMB MOTO CHOTOJIHI.
[Tpucnisauku before paniwe, xonuce, lately nedasno, (3a) ocmammiti uac i
recently nedaeno, na Onsx 3BUYAaiHO PO3TAILIOBYIOTHCSI HAPUKIHI PEUYECHHS:
I have seen this film before. S GauuB uei (inbM paHiie.
I have not been there lately. A Tam He OyB OCTaHHI yac.
SKII0 TPUCTIBHUKKA MICIl W Yacy poO3TallloBaHI Ha TMPUKIHII PEYEHHS, TO
MIPUCITIBHUK MICIIS TIEpEy€e MPUCITIBHUKY Yacy:
I met him there yesterday. A 3ycTpiB oro Tam BUOpA.
[IpucniBHUKH, 110 BHU3HAYAIOTh MPUKMETHUKH a00 1HINI TMPUCITIBHUKH,
CTaBJISITHCS MOTIEPE]T CJIOBaMHU, SIKI BOHU BU3HAYAIOTh:

I am very glad to see you. A nyxe paguii Bac 6a4nuTH.
He speaks English quite well Bin po3MoBise aHTIIMCKOIO IIKOM
noope.

Bunstkom € mpuciiBHuk enough docums, docmammubo, MO CTABUTHCSA MIiCIA
MPUKMETHHKA a00 MPUCITIBHUKA, a TAKOXK IMICIS JA1€CTIOBA:

My coat is warm enough Moe nanpTo NOCHUTH TETIE.
You know English well enough to read Bu 3Haere aHrmiicbky MOBY JOCHUTH
this book. no6pe, o0 MPOYUTATH 110 KHUTY.
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He does not work enough Bin HEmocTaTHRO MpaItoe.

[Tpumitka. Enough Moxe TakoX BU3HA4YaTH IMEHHHUK, OyIydd B I[bOMY
BUTIAJIKY TPUKMETHUKOM. [IpukMeTHHK enough 3a3Buuaili po3TanioBaHUN TEpen
IMCHHHKOM, HE MOKE 1HOII CTOSITH # ITICJIS HhOTO:

Don't hurry, we have enough He nocmimaiite, y Hac 10CUTh yacy.
time(=time enough).

IpucaiBauku too, either max camo, maxoowc cTaBIATHCS HAMPUKIHIN PEUCHHS:
I shall be there too. A Tak camo Oyay Tam.

I have not seen him either. S1 TakoX HEHABUIIB HOTO.

Too 31 3HaYEHHAM 3aHAOMO CTABUTHCS MOTIEPE]T CIIOBA, SIKE BOHO BU3HAYAE:!
There are too many mistakes in your VY BamomMy JIUKTaHTI 3aHaaTO Oarato
dictation. 0arato MOMHIIOK.

4. EXERCISES

Exercise 1.

Write the comparative and superlative forms of the following adverbs.

. efficiently
. hard

. peacefully
. early

. easily

. badly

. well

. far

. greatly
10. fast
Exercise 2. Translate into English:

1. Bin 3aBxau npuxoauth pano. 2. Bin wacro Tyaum xoauth. 3. S 3a3Buuaii
niaiiMaroch 0 cboMiil ronuHi. 4. S 3apxau 1e Oyny namstatd 5. BiH TUIbKU 110
mmoB. 6. BiH HIKOIX HE 3am3HIOEThCA Ha JIEKII. 7.

Exercise 3. Translate into Ukrainian:

1. She works much (far) harder than you. 2. They came much (far) later than I did. 3.
He can work still (yet) faster. 4. Tomorrow I’1l get up still (yet) earlier. 5. He came by
far (far) the latest. 6. She works much the fastest.

O 0 1N LN B WK —
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CHAPTER 5 THE FIELD OF AUTOMATIC CONTROL SYSTEMS

LESSON 5.1

1. TEXT

AUTOMATIC CONTROL SYSTEMS

Automatic Control Systems permeate life in all advanced societies today.
Technological developments have made it possible to

— travel to the moon;

— explore outer space.

— the space shuttle;

— space station;

— robot;

— industry control, such as the control of temperature, pressure, fluid, lever.

Some Terminologies

Control system is an interconnection of components forming a system
configuration that will provide a desired system response.

Reference input (Desired output): excitation applied to a control system from
an external source. The reference signal produced by the reference selector. It is the
actual signal input to control system.

Disturbance input: a disturbance input signal to the system that has an
unwanted effect on the system output.

Output (controlled variable): the quantity that must be maintained at a
prescribed value, i.e., it must follow the command input without responding to
disturbance inputs.

Feedback: The output of a system that is returned to modify the input.

Error: the difference between the input and the output.

Open-loop control system: a system in which the output has no effect upon
the input signal.

Feedback element: the unit provides the measurement value for feeding back
the output quantity, or a function of the output, in order to compare it with the
reference.

Actuating signal (error signal): the signal that is the difference between the
reference input and the feedback signal. It is the input to the control unit that causes
the output to have the desired value.

Negative feedback: the output signal is feed back so that it subtracts from the
input signal.

Closed-loop control system — A system in which the output has an effect upon
the input quantity in such a manner as to maintain the desired output value. That is, a
system that uses a measurement of the output and compares it with the desired output.
Control systems are used to achieve:
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(1) increased productivity;
(2) improved performance of a device or system.

The control of an industrial process (manufacturing, production, and so on) by
automatic rather than manual means is often called automation. Automation is used to
improve productivity and obtain high-quality products.

History of automatic control

The first automatic feedback controller used in an industrial process is generally
agreed to be James Walt’s fly ball regulator, developed in 1769 for controlling the
speed of a steam engine. Shown in Fig.1.

Boiler

Measured speed

Metal sphere

Governor

Output shaft

FIGURE 1. Fly ball regulator

The all-mechanical device, shown in fig.1. measured the speed of the output
shaft and utilized the movement of the flyball with speed to control the valve and
therefore the amount of steam entering the engine. As the speed increases, the ball
weights rise and move away from the shaft axis, thus closing the valve. The
flyweights require power from the engine to turn and therefore cause the speed
measurement to be less accurate.

2. VOCABULARY

control system — cucrema KepyBaHHS reference input — BXig s momaHHS
CUTHAJTy KEpYBaHHS

desired output — 3aTpelyBanHmii applied — npuknagHUA, TPAaKTUYHUN

(ouikyeanuii, HeoOXIOHULl)  BUXIJ

(pecynamopy, cucmemu Kepyawums,
0amuuKie KoopouHam)
disturbance input — BXiJg BIUIUBY unwanted effect — HeOaxxaHuil BIUIMB
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30ypeHHs
disturbance input — 30yprotounii
BILJIUB

error - noxuodka

excitation — akTuBi3allisl, 30y I>KEHHS

flyweight — nienTpoOiXKHMIT BaHTaX

interconnection — B3a€EMO3B 30K,

3’€JIHaHHS, 00’ €THYIOUNHN 3B’ I30K

maintain - miaTpuMyBaTH

negative feedback — HeraTupHui
3BOPOTHIH 3B’ S30K

open-loop control

system — po3iMKHEHa cucTeMa

output - BUXiJ

rise — I IBUILIEHHS

value — BeTMuuHa, I[IHHICTh, BapTICTh
feedback element — naBau (npucmpiti
0151 BUMIDY BUXIOHOI KOOPOUHAMU, WO
Kepyemuvcsi) KOOpAUHATH

(echexm, Hacniook 6i0 eniusy)
error signal — cursai 3a moXmuOKO¥O

actual — pakTuuHUiA, ICHYIOUUH,
engine — IBUI'yH, MalllMHA, 1APOBO3
governor — peryJysiTop, NpucTpii
KEpyBaHHS
prescribe — npusHayaTu, J0py4dyBaTH
controller — perysarop,
MPUCTPIi KEPYBAHHS

closed-loop control
system — 3aMKHEHa CUCTEMA

KepyBaHHS
controlled variable — 3minHa, 11O
KEPYETHCA
increases — 30UIbIIICHHS
feedback — 3BopoTHHUII 3B’ 130K
follow — cniguTH, CynpoBOIXKYyBaTH,

3. EXERCISES

Exercise 1

[IpouwnTaiiTe it mepeKiIaaiTh TEKCT.

Exercise 2

[lepenuiriTe HACTYIHI pedeHHs Ta 3p00ITh 1X CHHTAaKCUYHUI po30ip.

1. At the same time, engineers were taught more math and science so that

concepts could be understood and examined at a more fundamental level.

2. By the early 1960s, control engineers already began to recognize a shift
from their previously practically-oriented subject to an abstract and theory-oriented

one.

3. Today automatic control emphasizes mathematical rigor and theory over the

hands-on, application-oriented approach of the 1930s.

4. On the other end of the academic/industry spectrum, when automatic control

is used in industry, newly developed theory is rarely used.
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Exercise 3

[lepexnaaiTe Ha YKpaiHCHKY MOBY PEUCHHSI.

1. Before World War 11, developments in automatic control were divided among
several diverse disciplines. 2. One of these problems, process control, emerged with
a heavy industrial focus, and automatic control was used to create the highest quality
product at the lowest cost. 3. Each area of interest provided a different culture, a
different terminology, and different tools with which to solve its problems. 4. Such a
division between the groups prevented the discussion necessary to move beyond
simple design of mechanisms and towards a theoretical foundation for automatic
control. 5. However, most of the emphasis on theory came after the war. 6. In
addition, educators prompted the study of more mathematics and science so that
students could take new and more creative directions in research through a more
thorough understanding of the fundamentals. 7. Unfortunately for many of these
critics, theory had become more important in developing techniques to manage the
more complex systems that were being studied after the war. 8. Indeed, while this
progression of events defined “the gap” in automatic control, it was the researchers
themselves who influenced the shift of their subject from practice to theory. 9.
Computers were an obvious choice as a simple platform on which to test new control
systems. 10. Thus, the development of new tools such as modeling and computers
widened “the gap” by removing a need for practical implementations on real
equipment.

Exercise 4

1. OGepiTh KOPEKTHI EPEBOJIA PEUECHbD:
O a drawing in crayon, the people in question —
in the controller —
the sphere was in the table, not on it —
she lives in Milan —
the sphere is on the engine
we sat on the floor —
the key's in my pocket —

OO0OO0OO0OO0Oo

0co0H, IPO SKUX WIIETHCS MOBA,
y PEeryssiTopi;

map OyB y CTOJII, HE Ha I[bOMY;
BOHA XuBe y MinaHi;

map Ha JIBUTYHI;

MU CHUJIUTM HA IOy,

KITFOUl y MOEMY KapMaHi.

O O0OO0OO0OO0O0O0

Exercise 5

Choose the correct words in the conversations (00epiTb KOPEKTHI CIIOBa Yy J11ajio31).
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1: Oh, look. Here's a photo taken in my classroom at primary school. Can you
recognise me in / on it?

2: No, I don't think so. Unless that's you right in/ at the back.

1: No, that's not me. I'm the one standing in / at the corner.

LESSON 5.2

1. TEXT

THE EVOLUTION OF AUTOMATIC CONTROL

In the 1930s, automatic control was still an engineer’s dominion. Engineers in
a variety of fields used automatic control principles: process and instrumentation
engineers used controllers to regulate temperatures and pressures, mechanical
engineers used regulators to control the speed of engines, and telephone engineers
designed feedback controllers to build linear amplifiers. Despite its common use, a
large fraction of the control engineering process consisted of “trial and error”
methods with little analysis involved if any at all. A. Ivanoff stated in 1933 that “the
science of the automatic regulation of temperature is at present in the anomalous
position of having erected a vast practical edifice on negligible theoretical
foundations.”

For many of the industries using controllers and regulators, economy and
practicality led to a “good enough” approach to the discipline of automatic control.
Today automatic control emphasizes mathematical rigor and theory over the hands-
on, application-oriented approach of the 1930s. For example, one sample
undergraduate textbook requires previous knowledge of Laplace transforms,
modeling and studying dynamic response with differential equations, and matrix
algebra — all relatively advanced mathematical subjects.

While it remains ambiguous to classify papers as theory-based or application-
based, only about 35% of regular (non-invited) papers presented at the 2004
American Control Conference were application/hardware-based.

On the other end of the academic/industry spectrum, when automatic control is
used in industry, newly developed theory is rarely used. Over 90% of industrial
control applications use Proportional-Integral-Derivative (PID) controllers first
described in 1922 .4

By the early 1960s, control engineers already began to recognize a shift from
their previously practically-oriented subject to an abstract and theory-oriented one.
This phenomenon was even given a name — “The Gap.” As evidence to support this
gap, George Axelby, the editor of the IRE Transactions on Automatic Control,
calculated that in the first six years of the Transactions from 1956 to 1961, 57% of
the two hundred published papers could be classified as “highly theoretical.”
However, from 1959 to 1961 Axelby classified 80% of papers as “highly theoretical.”
By 1965 Axelby would write another editorial describing “The Gap” and a special
meeting was held on “Bridging the Gap Between Theory and Practice” in New York
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in 1964. However, questions remained about how, when, and why this gap formed.
As in any engineering discipline, the synergy between a subject’s theorists and
practitioners 1is critical to the development of both the theory and practice of that
discipline. Automatic control’s shift from an experimental subject to a highly
theoretical one finds its origins in the research organizations developed during World
War 1II, the formation of automatic control as an academic discipline shortly
afterwards, and the development of new tools to solve increasingly complex
problems. The National Defense Research Committee (NDRC) and its successor, the
Office of Scientific Research and Development (OSRD), brought together the diverse
groups investigating automatic control in the 1930s. While each group had previously
developed its own vocabulary and theory tied to specific applications, the
convergence of ideas brought on by the war exposed the fundamental theories of
feedback control. After the war, when academia absorbed automatic control, these
theories were abstracted from their original applications in the military and industry
allowing new insights to be shared and developed more easily. At the same time,
engineers were taught more math and science so that concepts could be understood
and examined at a more fundamental level. In addition, academia’s demand for
originality and rigor as well as new, complex application areas introduced a great
deal of complexity into the problems automatic control was supposed to solve. To
deal with this added complexity, abstraction through modeling and simulation using
analog and digital computers was critical. This seemingly simple progression of
events would determine not only how and when “the gap” formed, but also why
theory took such a prominent role in a previously practical discipline.

In order to improve the quality of their product at a lower cost, the process
industries (chemical industry, metals, pasteurization, etc.), began investing in
automatic controllers by the early 20th century. Temperature control provides a good
example that was common to many industries. For example, the chemical industry
might wish to maintain a reaction at a specific temperature (+ 5C°). Before automatic
controllers, a human operator might have been used to adjust the flow rate of one of
the reactants while watching a thermometer. If the reaction could be improved by
maintaining a temperature within + 10C, a human operator might not even be able to
react fast enough. However, an automatic controller could both maintain this
temperature and save the cost of the human operator.

The first controllers developed for the process control industries were simple
on/off controllers much like a thermostat. Once a certain temperature was reached,
the flow of the reactant would be turned off. When the temperature reached another
given point, the reactant flow would be turned back on. Proportional control offered
an improvement to on/off controllers by providing a continuous gain instead of
binary switch. Instead of a human flipping a switch to turn the reactant flow off or on,
he might use a knob to adjust it instead. If the difference between the desired
temperature and measured temperature was large, the operator might turn the knob a
lot. If the difference was small, a smaller turn would work. While on/off control was
simple, it tended to have significant stability problems. Often the timing between
turning something on and off was such that the system overcompensated for small
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changes in temperature which would lead to wild temperature swings. While
proportional control was still intuitive, it was also an attempt to help solve this
stability problem. Proportional controllers could also become unstable, although it
was less likely that they would do. The final improvement to proportional controllers
before World War II was to add integral (reset) and derivative (rate) terms to the
controller. An integral term was used to remove steady-state error from the system.
Small errors between the desired temperature and measured temperature occasionally
did not provide enough mechanical power to move the valve. Integral control allowed
the error to build to a point where the valve would be moved and the error would
become zero. Derivative control allowed for faster control by also using the error’s
rate of change in the controller.

While these controllers were generally specialized mechanisms designed to
solve immediate industrial problems, there were also a small number of individuals
examining the theory behind these controllers. Nicolas Minorsky analyzed the three
terms (proportional, integral, and derivative) of PID controllers as early as 1922
while studying the automatic steering of ships at sea. While not overly complex, his
analysis used differential equations to model the dynamics of the ship and controller
and provided some constraints to ensure stability. While Minorsky’s work was not
well known, in the early 1930s A. Ivanoff also attempted to provide a more
theoretical basis for process controllers, specifically for temperature regulation.
Ivanoff provided a general rule for system stability involving phase shift and loop
gain, but some inaccurate assumptions later in his text reduced the general
importance of his analysis.

Despite this small theoretical base, most of the controllers built and used in
industrial applications prior to the war used a more heuristic approach to
development. In the minds of most process control engineers, the controller was
replacing a human operator and was therefore designed to accomplish what a human
would accomplish in the same position. In addition, Bennett argues that theoretical
advances were few due to heavy competition between companies and the lack of
publication or information sharing that resulted. Low profit margins in the process
industries may also have kept basic research to a minimum. In the 1930s, process
control remained heavily skewed towards practice over theory.

2. VOCABULARY

automatic control — aBTOMaTH4HE convergence — 30JMKEHHsI, 301KHICTb,
KEpYBaHHS CXOJIPKEHHSI B OJIHIHM Kpalriii
automatically controlled object — vocabulary — coBHUK, TEpMIHOJIOT1S
00’ €KT, 110 KePYETHCSA
aBTOMAaTUYHO
control the speed of engines — tied — noB’s13aHHUI, 3’ € THAHUI

KEepYBaHHSI IIBUKICTIO
JBUTYHA (napoeoeo,
BHYMPIUHBO20 320PAHHSL)
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controlled physical process —
¢bi3uuHuMi nmporiec,
10 KePYETHCS
derivative - moxigHa

derivative control — peryitoBanHs 3a
[IOX1JHOIO
(wsuoxicmio)

emphasizes - migkpecitoe

feedback — 3BopoTHHIT 3B’S130K
improve — mokparntyBaTH, MOTIIIITUTH

Laplace transforms — nepetBopeHHA
Jlamacy
linear amplifiers — niHiliHI

M1 ICUITFOBAYl

power amplifier — migcuiroBau
MOTY>KHOCTI
pressure — TUCK, CTUCHEHHS

previously — 3aBuacHo, 3a31ajerianb
regulator — perynsarop
simulation - MoieTIOBaHHSA

to improve — moJinIIeHHS

on/off controllers — peneiini
KOHTpPOJIEPH

despite — HE AUBIISIYUCH HA...

gap — mo@T, miguHa (PO301KHICTB)

error’s rate — OlIHIOBaHHS (8UMID)
MMOXHUOKH
heuristic — eBprCcTHYHUI

complex — 6e3iy, CyKyIHICTb,
KOMILJIEKC, Tpyma

demand — Bumora, HeOOX1HICTb,
3aMUTaHHs (3BEPHEHHS)

human operator —  JIOJMHA
(onepamop)
supposed to solve — ouikyBaHe
pillIeHHs
feedback control — kepyBaHHs 3a
3BOPOTHIM
3B’ A3KOM
hands-on — npakTuunuii (npaxmuuto-
OpPIEHMOBAHUIL)
synergy — CyMicCHa JisJIbHICTb,
CIIPSIMOBAHICTh

afterwards - mi3Hime, MoTiM

despite — HEe TUBIISIYKCEH HA...

process control — xepyBaHHs
BUPOOHUYHM IMTPOLIECOM

quality — gKicTb

early — paHHiii, mOYaTKOBUI

heuristic approach — eBpuctnunuii
T IX11

3. EXERCISES

Exercise 1

[IpouwnTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

[TepenumiiTe HACTYIHI peYEHHS Ta 3pO0ITh iX CHHTAKCUYHUHN PO30ip.

1. At the same time, engineers were taught more math and science so that

concepts could be understood and examined at a more fundamental level.
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2. By the early 1960s, control engineers already began to recognize a shift
from their previously practically-oriented subject to an abstract and theory-oriented
one.

3. Today automatic control emphasizes mathematical rigor and theory over the
hands-on, application-oriented approach of the 1930s.

4. On the other end of the academic/industry spectrum, when automatic control
1s used in industry, newly developed theory is rarely used.

Exercise 3

[lepexnaaiTe Ha YKpaiHCHKY MOBY pPEUYCHHSI.

1. Before World War II, developments in automatic control were divided among
several diverse disciplines. 2. One of these problems, process control, emerged with
a heavy industrial focus, and automatic control was used to create the highest quality
product at the lowest cost. 3. Each area of interest provided a different culture, a
different terminology, and different tools with which to solve its problems. 4. Such a
division between the groups prevented the discussion necessary to move beyond
simple design of mechanisms and towards a theoretical foundation for automatic
control. 5. However, most of the emphasis on theory came after the war. 6. In
addition, educators prompted the study of more mathematics and science so that
students could take new and more creative directions in research through a more
thorough understanding of the fundamentals. 7. Unfortunately for many of these
critics, theory had become more important in developing techniques to manage the
more complex systems that were being studied after the war. 8. Indeed, while this
progression of events defined “the gap” in automatic control, it was the researchers
themselves who influenced the shift of their subject from practice to theory. 9.
Computers were an obvious choice as a simple platform on which to test new control
systems. 10. Thus, the development of new tools such as modeling and computers
widened “the gap” by removing a need for practical implementations on real
equipment.

Exercise 4

Choose the correct words in the conversations (00€piTb KOPEKTHI CIIOBa Yy J11aJI031).

1: I don't understand this.

2: What?

1: Well, I want to check something with the college, but it says in / on this letter that I
must give a reference number when I phone, and I can't find it.

2: It's in that little booklet, in /on the first page.

1: Oops! So it 1s. Thanks.

1: Where's your sister?

2: She's at / in wedding.
1: Oh? Where?
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2: At/In Paris.

1: Who's getting married?
2: She is.

1: Oh.

LESSON 5.3

1. TEXT

FEEDBACK AMPLIFIERS

Process control was only one industry where feedback controllers were taking
root. Bell Labs and AT&T had a significant impact on the development of feedback
controllers while trying to build a nation-wide long-distance telephone network. By
1915, the first transcontinental phone line had been established between the East
Coast of the United States and San Francisco. While this was a significant
achievement by itself, the line only delivered a minimal bandwidth and a three
minute call cost approximately twenty dollars. Obviously, new techniques were
needed to turn long-distance phone service into a commodity.

Anode A _
Current s
/
/
/
’ >
/ Voltage
/
/
. 7~

FIGURE 1. Vacuum tube nonlinearity. In a linear device, the anode current
would be proportional to the grid voltage and this curve would become a
straight line.

The first transcontinental phone line required loading coils and repeaters to
maintain the voice signal over a certain distance while transmitting. These
components were necessary because resistance inherent in any transmission line will
cause a signal to decay as it moves through the wire, requiring the use of signal
amplifiers along the wire to maintain the signal. However, these amplifiers had their
own set of problems: as seen in Figure 1 the vacuum tube amplifiers used in the 1915
transcontinental line were highly nonlinear which reduced quality as well as the
ability to use one line to carry several different voice signals (required to reduce
cost).
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This nonlinearity meant that if one person sang a perfect C into the amplifier, it
would sound quite different at the output. In order to improve quality and allow
several voice signals to be sent over the same line, a linear amplifier was required. To
accomplish this task, Harold Black of Bell Labs’ System Development Department
developed the first negative feedback amplifier in 1927. By using a passive feedback
network whose components were relatively linear to reduce the gain of a standard
nonlinear amplifier, he could also increase the linearity of that amplifier. While it
remains unclear how well Black understood the implications of his discovery, his
feedback amplifier became a basic building block for long-distance telephony.
However, despite significant improvement to linearity, feeding the output signal back
into the input of Black’s amplifier produced the same stability problems seen in
process controllers. With the large research staff of AT&T and Bell Labs available to
study this problem, Harry Nyquist of AT&T Research soon devised a graphical
technique to test if a particular amplifier design would become unstable. Hendrick
Bode followed this by a developing a graphical design method where amplifiers
could be built to avoid instability. Both of these techniques provided tests on loop
gain and phase shift similar to Ivanoff’s work in process controllers. However, it is
important to note that while both Nyquist and Bode developed techniques that could
be used generically in automatic control, they did so with the specific aim of
supporting vacuum tube amplifiers and were not necessarily aware of the wider
implications of their work.

2. VOCABULARY

ability — 31aTHICTH, MOXKITUBICTD nation-wide — HalioHanbHa (Mepedica)
pOOUTH IIOCH,
accomplish — 3xificHIOBaTH, HOCATATH necessary — HeOOX1JHU, MOTPIOHMI
achievement — focarHeHHs, ycmix need — HEOOX1AHICTh, TOTPIOHICTH
y 4OMYCh, HECTaua
along — B310BX 3a... , y TOMY X negative feedback — neratuBHut
Hanpsmi, 3BOPOTHIH 3B’ A30K
amplifier - migcumoBayu network - mepexa
anode - aHox nonlinearity — HeNHINAHICTD
any — Oy/b SIKMM, CKIJIbKU He Oy /ib, obviously — BoueBu b
Oy 1b-SIKUI
approximately - npuban3HO OWN — CBIi, BIIaCHUI
as well as — Takox fIK, particular — pigkicauii, ocoOIuBUIA
a TaKoXk, 3a0/THO
avoid — yKIIOHSTUCS, BIIMIHATH, passive — nacuBHUI
poOUTH HEIIHCHIM
bandwidth — cmyra nponyckanss perfect — ineanbHumii
between — mix quite — CyIiJIbHO, MaiiXke
build — xorcTpyxkiis, Gpopma, reduced — 3MeHIIEHUH, 3aHUKEHUI
OyayBaTu
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carry — Be3Td, IPOBO3UTH, POBOJIUTH,
MIEPEHOCUTH, (carry a good
choice — naoasamu WUPOKULL
8uU0oip)

cause — PUYUHA, TIATPYHTS

certain — TouHMi, TOYHO BU3HAUCHMH,

nepeBipeHU
coils wire — o0OMOTOYHUH TTPOBI
commodity — piy, [0 CIIOKUBAETHCA,
3py4HICTb, IIEpeBara
components - geTai

cost — 11iHa, BapTICTbh,

BUTpPATH, PO3LIHIOBATH
curve — kpua (JTiHis), Ayra
decay — 3racanHs, ociabJieHHS,

delivered — nocraBnenuii, neperanui
different — 1HIIWIA, TPyTUA, HECXOXKUT
established — BcTanoBieHa

gain — miJICWJICHHSI, PUPICT,
JI0/1aBaHHS

highly — 31HauHO, cyTTEBO
impact — ynap, uriyibHe IPUTUCHEHHSI,
3HAYHO BIUIMBATH
implications of his discovery —
3HAYEHHA WOT0 BIIKPUTTS
improve — noxinuryBaru,
BJIOCKOHAJIIOBATU
inherent - BnactuBuii
long-distance — Mi>xHapoHUH,
JlaJIeKUi, KOHTUHEHTAJIbHUI
loop — et
maintain — marpumyBaTu, 30epiratu

relatively — BiTHOCHO, y OpiBHSIHHI

repeaters — MOBTOPIOBAY
resistance — omip, MPOTH/IIS

root — 3aCHOBHHUK, IICPHIOIIPHUYHHA
send — IMOCHUJIATH, HAIIPABJIATH

service — ciryx0a, pobora,
00CITyrOByBaHHS
several — qekijibKa

significant — 3HaK, CUMBOJI, BAXXJINBUI
sing — criBaTu, HaCIiByBaTU
(MuHynull yac - sang)
soon — He3a0apoM
straight — npsimuii, BepTUKaIbHUI
techniques — MeTo/1, METOIMKA,
TEXHOJIOT 15
transmitting — nepegaTouHuUi,
nepeaaya, 1o nepeKkavyroe,
10 TPAHCTIOPTY€E
trying — BaXXKKui, TSOKKUAN
tube — TyHenH, KaMepa, paaionammna

turn — oOepTaHHs, 3MiHa HampsaMy,
BUTHH
unclear — He3po3yMuINiA, TyMaHHUI

unstable — HecTaO1IbHNM, HECTIHKHI
voice — rojioc

while — mpomixkok yacy, yac
wire - mpoBia

3. EXERCISES

Exercise 1

[IpounTaiite it mepekIagiTh TEKCT.

While mathematical modeling abstracted problems away from their physical
representation, modern computing would take the story the rest of the way. Many
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histories have been written on the evolution of computing, but for the purposes of
automatic control, modern computing originated with Charles Babbage in the 19th
century and his description of an “analytical machine” capable of performing any
calculation a user required. This description was first realized by the Harvard Mark I,
and more importantly the Electronic Numerical Integrator and Computer (ENIAC)
during World War II. In an interesting parallel to the work on automatic control
during the war, the ENIAC was built to help solve fire control problems by
computing targeting trajectories. Similar to automatic control, automatic computing
removed humans from the loop in order to improve accuracy, time to completion, and
cost.

While digital computers such as the ENIAC were first built during World War
I to perform tedious calculations, analog computers had an early history in automatic
control as simulators. As a precursor to the analog computer, George Philbrick built
hardware equivalent circuits of processes in the 1930s to simulate and test process
controllers. Additionally, servomechanisms were used in some of the earliest analog
computers such as Vannevar Bush’s differential analyzer which were later used to
test fire control algorithms during the war. By the late 1950s digital computing was
becoming more popular and finding uses other than simply crunching numbers.
George West advocated using digital computers as an integral part in the design
process of control systems to reduce design cost.

Exercise 2

[lepenuiriTe HACTYIHI peYeHHs Ta 3p00ITh 1X CUHTAKCUYHUI po30ip.

1. Computers were an obvious choice as a simple platform on which to test
new control systems.

2. Thus, the development of new tools such as modeling and computers
widened “the gap” by removing a need for practical implementations on real
equipment.

3. Despite automatic control’s strong foothold in practice during the 1930s,
theory had become the primary research effort in automatic control by the early
1960s.

4. Researchers built a base of knowledge in automatic control from their
textbooks and papers, many of which presented the design of theories instead of
mechanisms.

Exercise 3

[lepexaaiTe Ha YKpaiHCHKY MOBY pEUCHHS.

1. In fact, great efforts were made to appeal to industrial members in large control
societies and many early researchers expressed a desire for the field to remain
connected to its roots in practice. 2. Additionally, modeling and computing allowed
researchers to avoid the laboratory entirely by testing their theories on a model
instead of a real system. 3. But block diagrams and mathematical abstractions
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allowed more than simple aids in communication. 4. However, perhaps more
importantly, automatic control was made more accessible in that it was now a
problem which could be solved on paper instead of in the laboratory. 5. The language
and diagrams used to analyze automatic control systems were moving the subject
away from physical systems and towards systems simply described by an evolving
meta-language. 6. By associating each physical component with an electrical
equivalent that behaved similarly, circuit tools (or the circuits themselves) could be
used to analyze the system more simply than dealing with a more difficult mechanical
model. 7. Even the more generic block diagram at right still referenced the flow
control seen in the more specific diagram at left by drawing the measured variable as
a flow. 8. Equivalent circuits had been used previously in communication engineering
to provide a more abstract means of designing filters. 9. Prior to this discovery,
techniques to analyze control systems were highly application-specific. 10. Instead of
fluid flows and motor torques, problems could be framed as signal manipulation
within a generic dynamic system.

Exercise 4

Choose the correct words in the conversations (00epiTh KOPEKTHI CJIOBA Y
Jianosi).

1: What was that?

2: What?

1: I'm sure I saw a face at/in the window.

2: Don't be silly. It's the television, reflected on / in the glass.

1: Did you see Yves in / at the dance?

2: No, of course not. He went back to / in France last week.

1: But I'm sure I saw him in / on the bus yesterday. In fact, he waved to me when we
arrived to/at the bus station.

2: How strange. We'll have to investigate what he's up to!

LESSON 5.4

1. TEXT

SERVOMECHANISMS

Yet a third application of automatic control may be found in the development
of analog computers at MIT in the 1930s. Analog computers were used to define a
model of a much larger system such as an electrical power grid in the case of
Vannevar Bush’s Network Analyzer. In order to solve the mathematics associated
with these large network problems, Bush also began designing machines to calculate
certain integrals. These machines, such as the Product Intergraph, solved integral
equations by requiring human operators to track a given signal by sliding a pointer

171



attached to a linear potentiometer. This tracking was subject to human errors as well
as being incredibly tedious. To alleviate this problem, one of Bush’s students, Harold
Hazen, automated this process with the servomechanism.

In his 1934 seminal paper on the theory of servomechanisms, Harold Hazen
defined a servomechanism as a device whose output element “...is so actuated as to
make the difference between the output and input indications tend to zero.” In this
sense, the servomechanism tracks, or follows, a given input signal. Hazen also
described the servomechanism as a power amplifier where low power inputs could be
used to control high power outputs. While this statement seems to draw a connection
to the feedback amplifiers at Bell Labs, Hazen did not make this connection
originally. Instead, describing a servomechanism as a power amplifier simply meant
that a small knob connected to a potentiometer drawing very little current could be
used to control the position of a high current, high torque motor as shown in Figure 2.

Inertia

, Resilience
Q Damping; T_orqqe = f
. Velocity <
%—» Amplifier Y) v
Moment of Q0 Restoring
Torque _ inertia Torque

Angle

Figure 1 Hazen's drawing of a generic servomechanism. The output angle qo
follows the input angle qi even though qo may be the shaft of a large motor and
the input may be controlled by a small knob.

Servomechanisms grew up in an academic culture quite different from the
industrial culture of process control and feedback amplifiers. As such, while Hazen
was primarily concerned with the mechanism itself, he also took time to develop
some corresponding theory to support his mechanism. In “Theory of Servo-
Mechanisms,” Hazen studied the dynamic response and stability which were
important aspects of his application. In addition, in a relatively thorough literature
review, Hazen cited a large number of papers on process control and automatic
steering, recognizing the fact that his work might have a broader outlook. Despite this
effort, he did not find the connection to Nyquist’s previously published paper from
Bell Labs, and it would take a war to bring these groups together.

Because the hardware and mechanisms used for process controllers, feedback
amplifiers, and servomechanisms were so different, connections between the three
subjects were not immediately obvious. However, all three applications attempted to
solve similar problems through the use of feeding an output signal back to the input.
For example, process controllers were generally designed to maintain a certain
measurement or reference point, but this is simply a subset of the signal tracking that
feedback amplifiers and servomechanisms accomplished. Hazen made the connection
between his work and previous studies of gyro stabilization and industrial controllers
in his theory paper, but it appears that in general, very little was communicated
between the three groups which emerged independently. Each group contributed its
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own account of the theory that supported its mechanisms although the theory was
heavily tied to the particular application or mechanism. Because of this, pre-war work
in automatic control remained rooted in its practice instead of theory.

2. VOCABULARY

academic — akageMIYHUI,
neJaroriYyHui, HayKOBUM
actuate — TmnpuBOAUTH B W,
BUKJIMKATH JI1FO
alleviate =
IIOM’SIKIIICHHS
analog computers -—
KOMII I0TEP
angle — Kyt

INOJICTIICHHA,

aHAJIOTOBUU

associated — moB’s13aHu, 3UETIIICHUM
attached — npuB’g3anuii, 3aKkpirieHun
attempt — cipo6a
bring — npuHOCHUTH,
PU3BOJUTH
broader than the invention — mupiie
HDK BIIKPUTTS
certain — TOUHUM, BUSHAYCHHUI
concerned — 3aIikaBJICHUH, 3alHITHH
(4umocyb), 3aKIONIOTAHUM
corresponding - BiATIOBITHUH
culture — KynbTypa, pO3BUTOK
damping — raciass, gemMngyBaHHs

JIOCTaBJISATH,

define — Bu3HauaTu, HagaBaTH
BH3HAYCHHS

describing — 300paxeHHs1, onuc
designing — TUIAHYBAaHHS,
IPOCKTYBaHHS

develop — po3BuBaTu

draw — KUIBKICTB YOro He OyIpb,

TSOKIHHS, BOJIOYIHHS
effort — cripo0a, 3ycusis

equation — BUpIBHSIHHSI, cTab1Ti3a11is,
PIBHSIHHS

grid — ciTka, pemrrTka

grow — 30UIbIIIYBATH, MiJCUITIOBATHUCS,

OpaTu MoYaToK

mathematics - matematuka
measurement — BUMip

might — eHepris, Milb

model — Mojienb, MakeT, madI0H

originally — mo-mepme, crnouarky,
BIIEpIIIE, HA ITOYATKY

pointer - BKa3iBka

potentiometer - MOTEHI[IOMETP
power — MOTY>KHICTb, MiIlb

primarily — Ha mo4aTky, clo4aTKy

quite — 30BCIM, LIJIKOM, 0€3yMOBHO

recognizing — 110 po3mi3Hae, BIi3HAE
requirements — 3aTpeOyBaHi 3acoou

resilience — rHyUKICTh, €1aCTUYHICTh
response — BiJIITOB1/1b, BIITTyHHS
restoring — NOHOBJICHH,

seminal — noyaTkoBuii

sense — CEHC
servomechanism - cepBonpuBoz

shaft — pyudka, Bas, Bich
simply — sierko, mpocTo

sliding - udepenuiauii, 110
CKOB3a€
solve — pos3B’s3yBaTu  (3a0auy),

3HAXOAUTH BUX1J (3 IpoOIemMn)
statement — 3asiBa, popMyITIOBaHHSA
steering — KepyBaHHS (pyrvose, 3a
00NnoM02010 (HA OCHOBI) MexaHiuHol
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YyacmuHu

hardware — wmetaneBi  BupoOH, such as — mHanpuknaz

YaCTUHU (elemeHmu) KOMIT 10Tepa

hereinafter cited — y moganemomy support — maTpuMKa, 101IomMora

HOCUTb Ha3BYy

human operators —  omneparop tedious — HyTHUH, 3aTSKHUI

(MammHiCT)

incredibly — 3ananro, uepes kpaii tend — MaTHU TEHJEHIIIO, CXWISTHUCS
JI0 YOTOCh, MaTH CXUJIbHICTb

indication — Bka3siBKka, Imjka3Ka, 3HaK, third — tperiii, TpeTuna

MO3HAYCHHS

inertia — iHepIis, 1HEPIIHHICTD torque — MOMEHT, 1110 0OepTae

instead - 3amicTb track — coin, psg, miaxiz

integral - T NIOBHUH, velocity — mBHUKICTD

3araJbHO00EMHUN

knob — By3os, HalaljalIHUK, yet — BCe 111e, NOKH 110

mapono1i0Ha pyyka, BUM sI9yBaHHS

3. EXERCISES

Exercise 1

[IpounTaiiTe i mepekIaaiTh TEKCT.

In order to move beyond the intuition and simple techniques used previously in
designing automatic controllers, the fundamentals of automatic control would be
developed for the first time during World War II. In general, the war was a
transformative time for science and engineering in the United States. The scale
associated with efforts like the Manhattan Project and MIT’s Radiation Laboratory
was beyond what had previously occurred in scientific inquiry.

In a 1944 letter to Vannevar Bush, who had since taken over the job of
organizing wartime research, President Roosevelt praised Bush for the “unique
experiment of team-work and cooperation in coordinating scientific research and in
applying existing scientific knowledge to the solution of the technical problems
paramount in war.” While the results of this research were extraordinary, the
organization and coordination required to accomplish them was perhaps more so. In
particular for automatic control, the war offered a unique convergence of previously
independent studies. During the war, control engineers were tasked with solving the
specific problem of fire control — shooting down enemy aircraft from land or sea.
Many of the mechanisms developed before the war would find further application on
this project. For example, precise control of large guns was an excellent application
for Hazen’s servomechanisms, and the techniques developed at Bell Labs to test and
design for stability became an important component in stabilizing these new
weapons. In addition, process control engineers donated previous expertise on analog
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simulation and pneumatic components. Bissell summarized well when he described
this merger of diverse groups as generating «an enormously fruitful cross-fertilization
of ideas».

In addition to simply sharing ideas among the different groups, World War Il
also provided the impetus to effectively merge these groups create an entirely
separate discipline of automatic control. Previously, organization had been lacking in
the field, but automatic control was folded into Bush’s National Defense Research
Committee (NDRC) powerhouse along with other scientific endeavors. While groups
working on separate applications had previously developed their own terminologies
based on the application itself and the application culture, the war forced the creation
of a new and universal vocabulary for automatic control along with a unified theory
to build upon. To fund this early effort in basic automatic control research, the
contract system used during the war by NDRC and OSRD benefited the exploration
of the theory of automatic control by ensuring that basic research was not neglected.
After the war, this contract system would continue to provide the money necessary
for automatic control engineers to place a greater focus on theory than application in
the coming years.

Exercise 2

[lepenumiiTe HACTYIHI peYEHHS Ta 3pOOITh iX CUHTAKCUYHUHN PO30Ip.

1. Each of these individuals had a strong background based in mathematics and
theory, and the group immediately began to tackle the fire control problem from a
mathematical perspective by examining systems, statistical analyses of errors, and
analog electronic simulators instead of focusing on specific hardware.

2. However, this group was broken up within a year when the NDRC had
grown so large that it required reorganization into the Office of Scientific Research
and Development (OSRD)

3. “Control” is the design and analysis of sensors, actuators, and computational
systems (analog or digital) to modify the behavior of physical systems.

4. Time-varying system is a system for which one or more of the parameters of
the system may vary as a function of time.

Exercise 3

[TepexnaaiTe Ha YKpaiHCHKY MOBY pPEUYCHHSI.

1. A closed-loop control system uses a measurement of the output and
feedback of the signal to compare it with the desired output (reference of command).
2. For most cases, the advantages far outweigh the disadvantages, and a feedback
system 1is utilized. 3. Therefore it is necessary to consider the additional complexity
and the problem of stability when designing a control system. 4. Control theory is a
foundation for many fields, including industrial automation. 5. Motion control
systems often play a vital part of product manufacturing, assembly, and distribution.
6. Multiple skills are required to understand the tradeoffs for a systems approach to
the problem, including needs analysis, specifications, component source selection,
and subsystems integration. 7. The components of a typical servo-controlled motion
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control system may include an operator interface, motion control computer, control
Compensator, electronic drive amplifiers, actuator, sensors and transducers, and the
necessary interconnections. 8. The operator interface may include a combination of
switches, indicators, and displays, including a computer keyboard and a monitor or
display. 9. The control compensator is a special program in the motion control
computer. 10. The sensors and transducers record the measurements of position or
velocity that are used for feedback to the controller.
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CHAPTER 6 THE FIELD OF COMPUTERS AND PROGRAMMING

LESSON 6.1

1. TEXT

COMPUTER

A computer is a machine that manipulates data according to a set of
instructions. Although mechanical examples of computers have existed through much
of recorded human history, the first electronic computers were developed in the mid-
20th century (1940-1945). These were the size of a large room, consuming as much
power as several hundred modern personal computers (PCs). Modern computers
based on integrated circuits are millions to billions of times more capable than the
early machines, and occupy a fraction of the space. Simple computers are small
enough to fit into a wristwatch, and can be powered by a watch battery. Personal
computers in their various forms are icons of the Information Age and are what most
people think of as "computers". The embedded computers found in many devices
from MP3 players to fighter aircraft and from toys to industrial robots are however
the most numerous.The ability to store and execute lists of instructions called
programs makes computers extremely versatile, distinguishing them from calculators.
The Church-Turing thesis is a mathematical statement of this versatility: any
computer with a certain minimum capability is, in principle, capable of performing
the same tasks that any other computer can perform. Therefore computers ranging
from a mobile phone to a supercomputer are all able to perform the same
computational tasks, given enough time and storage capacity.

The first use of the word "computer" was recorded in 1613, referring to a
person who carried out calculations, or computations, and the word continued to be
used in that sense until the middle of the 20th century. From the end of the 19th
century onwards though, the word began to take on its more familiar meaning,
describing a machine that carries out computations.

A succession of steadily more powerful and flexible computing devices were
constructed in the 1930s and 1940s, gradually adding the key features that are seen in
modern computers. The use of digital electronics (largely invented by Claude
Shannon in 1937) and more flexible programmability were vitally important steps,
but defining one point along this road as "the first digital electronic computer" is
difficult. Shannon 1940 notable achievements include:

— Konrad Zuse's electromechanical "Z machines". The Z3 (1941) was the first
working machine featuring binary arithmetic, including floating point arithmetic and
a measure of programmability. In 1998 the Z3 was proved to be turing complete,
therefore being the world's first operational computer.

— The non-programmable Atanasoff-Berry Computer (1941) which used vacuum
tube based computation, binary numbers, and regenerative capacitor memory. The
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use of regenerative memory allowed it to be much more compact than its peers (being
approximately the size of a large desk or workbench), since intermediate results could
be stored and then fed back into the same set of computation elements.

— The secret British Colossus computers (1943), which had limited programmability
but demonstrated that a device using thousands of tubes could be reasonably reliable
and electronically reprogrammable. It was used for breaking German wartime codes.
— The Harvard Mark 1 (1944), a large-scale electromechanical computer with limited
programmability.

— The U.S. Army's Ballistic Research Laboratory ENIAC (1946), which used decimal
arithmetic and is sometimes called the first general purpose electronic computer
(since Konrad Zuse's Z3 of 1941 used electromagnets instead of electronics).
Initially, however, ENIAC had an inflexible architecture which essentially required
rewiring to change its programming.

Several developers of ENIAC, recognizing its flaws, came up with a far more
flexible and elegant design, which came to be known as the "stored program
architecture" or von Neumann architecture. This design was first formally described
by John von Neumann in the paper First Draft of a Report on the EDVAC, distributed
in 1945. A number of projects to develop computers based on the stored-program
architecture commenced around this time, the first of these being completed in Great
Britain. The first to be demonstrated working was the Manchester Small-Scale
Experimental Machine (SSEM or "Baby"), while the EDSAC, completed a year after
SSEM, was the first practical implementation of the stored program design. Shortly
thereafter, the machine originally described by von Neumann's paper—EDVAC—
was completed but did not see full-time use for an additional two years.

Nearly all modern computers implement some form of the stored-program
architecture, making it the single trait by which the word "computer" is now defined.
While the technologies used in computers have changed dramatically since the first
electronic, general-purpose computers of the 1940s, most still use the von Neumann
architecture.Computers using vacuum tubes as their electronic elements were in use
throughout the 1950s, but by the 1960s had been largely replaced by transistor-based
machines, which were smaller, faster, cheaper to produce, required less power, and
were more reliable. The first transistorised computer was demonstrated at the
University of Manchester in 1953. In the 1970s, integrated circuit technology and the
subsequent creation of microprocessors, such as the Intel 4004, further decreased size
and cost and further increased speed and reliability of computers. By the late 1970s,
many products such as video recorders contained dedicated computers called
microcontrollers, and they started to appear as a replacement to mechanical controls
in domestic appliances such as washing machines. The 1980s witnessed home
computers and the now ubiquitous personal computer. With the evolution of the
Internet, personal computers are becoming as common as the television and the
telephone in the household. Modern smartphones are fully-programmable computers
in their own right, and as of 2009 may well be the most common form of such
computers in existence.
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2. VOCABULARY

in the mid-20th century — B cepeauni 20
cTOp1YYs

modern personal computers — cyyacHi
NEPCOHATIbHI KOMIT I0TEpU

integrated circuit — mikpocxema

embedded computers — BOy10BaHi
KOMIT I0TEPU

MP3 player — MP3 niporpaBau
industrial robots — mpomuciiosi poboTu
versatile — pi3HOCTOpOHHIH, THYYKUN

supercomputer — HaanoTyxHa EOM,
CYNEpKOMIT FOTEP

onwards — B I0JIaJIbIIIOMY, 3 LOT'O Yacy

flexible computing device — rHyukuii
00YHUCITIOBATILHUN TPUCTPIN

digital electronics — rmudpona
€JIeKTPOHIKa

to feature — OyTH XapakTepHOIO
PHUCOI0, BIAPI3HATUCS

programmability —
MPOTrPaMOBaHICTh

tube — TpyOka

capacitor memory — eMKiCHUI
3anam’ ITOBYIOUHM MPUCTPiit

peer — oAiOHUM
wartime codes — BiliCbKOB1 KOIU

transistor-based machines —
MaIlllHA, SKa Mpaloe Ha
TPaH3UCTOPAX

microprocessor — MikpoIpoIecop

dedicated computer —
cneraimzosana EOM

microcontroller — MikpokoHTpoJIEp

ubiquitous — mmpoko
PO3MOBCIO/IKEHU I

3. GRAMMATICAL NOTES

[Ipocta (cuHTeTMYHA) (pOpMa HAKA30BOT'O CIOCOOY J1€CTOBA-TIPUCYIKA MOXKE

nepeKIIaIaTuCs KiJIbkoMa criocodamu.

B iHCTpyKIIisSiX, BKa3iBKax 1 T.1H. BOHA MEPEKIIAA€ThCs HEO3HAYEHOI (hOPMOIO
nieciaoBa abo (GopMOIO HaKa30BOI'O CIIOCOO0Y APYTroi 0COOHM MHOKHUHH:

Do not apply brakes suddenly. He ransmyiite pizko.
Remove ice by application of hot water. YcynbpTe 11171, 3aCTOCOBYIOUH TEILTY BOTY.

4. EXERCISES

Exercise 1

[IpounTaiiTe i1 NepeKnaaiTh TEKCT.

Exercise 2

[lepeckaxiTh TEKCT.



Exercise 3

[lepexnaaiTe aHTTIHCHKOIO

1. B 1613 poui Boepiue OyB BAKOPUCTAHUI TEPMIH «KOMIT FOTEPY.

2. Ilix yac Benukoi BiTun3HAHOT BITHU KOMIT IOTEP TaKOK BUKOPHUCTOBYBABCS
JUTSI 37IaMyBaHHS KOJIIB.

3. B ManuectepcbkoMy YyHIBEPCUTETI BIepiie OyB NPOJAEMOHCTPOBAHUM
KOMIT I0TEp, 1110 MpaIfOBaB Ha TPAH3UCTOPAX.

4. HeMOXIMBO MPEICTABUTU CYYaCHHM CBIT 0€3 BUKOPUCTAHHS KOMIT IOTEPIB.
5. [lepcoHanbHi KOMIT FOTEPU BHUKOPUCTOBYIOTHCS Maibke y KOXHIA POIUHI 1
CTaJIy TaKMMHU X HCOOX1THUMHU, K TeJie0aueHHs Ta TeJe(oH.

Exercise 4

CknaniTh JeKijabKa NPUKIAAIB BUKOPUCTAHHA TMpaBUiia, K€ HABOJUTHCS Yy
pozaini Grammatical notes.

LESSON 6.2

1. TEXT

COMPUTER ARCHITECTURE

In computer science, computer architecture is the conceptual design and
fundamental operational structure of a computer system. It is a blueprint and
functional description of requirements and design implementations for the various
parts of a computer, focusing largely on the way by which the central processing unit
(CPU) performs internally and accesses addresses in memory.

It may also be defined as the science and art of selecting and interconnecting
hardware components to create computers that meet functional, performance and cost
goals.

Computer architecture comprises at least three main subcategories:

— Instruction set architecture, or ISA, is the abstract image of a computing system that
is seen by a machine language (or assembly language) programmer, including the
instruction set, word size, memory address modes, processor registers, and address
and data formats.

— Microarchitecture, also known as Computer organization is a lower level, more
concrete and detailed, description of the system that involves how the constituent
parts of the system are interconnected and how they interoperate in order to
implement the ISA. The size of a computer's cache for instance, is an organizational
issue that generally has nothing to do with the ISA.
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— System Design which includes all of the other hardware components within a
computing system such as:

1. System interconnects such as computer buses and switches

2. Memory controllers and hierarchies

3. CPU off-load mechanisms such as direct memory access (DMA)

4. Issues like multiprocessing.

The term “‘architecture” in computer literature can be traced to the work of
Lyle R. Johnson and Frederick P. Brooks, Jr., members in 1959 of the Machine
Organization department in IBM’s main research center. Johnson had the opportunity
to write a proprietary research communication about Stretch, an IBM-developed
supercomputer for Los Alamos Scientific Laboratory. In attempting to characterize
his chosen level of detail for discussing the luxuriously embellished computer, he
noted that his description of formats, instruction types, hardware parameters, and
speed enhancements was at the level of “system architecture” — a term that seemed
more useful than “machine organization”. Subsequently, Brooks, one of the Stretch
designers, started Chapter 2 of a book (Planning a Computer System: Project Stretch,
ed. W. Buchholz, 1962) by writing, “Computer architecture, like other architecture, is
the art of determining the needs of the user of a structure and then designing to meet
those needs as effectively as possible within economic and technological constraints™.

The exact form of a computer system depends on the constraints and goals for
which it was optimized. Computer architectures usually trade off standards, cost,
memory capacity, latency and throughput. Sometimes other considerations, such as
features, size, weight, reliability, expandability and power consumption are factors as
well.

The most common scheme carefully chooses the bottleneck that most reduces
the computer's speed. Ideally, the cost is allocated proportionally to assure that the
data rate is nearly the same for all parts of the computer, with the most costly part
being the slowest. This is how skillful commercial integrators optimize personal
computers.

Computer performance is often described in terms of clock speed (usually in
MHz or GHz). This refers to the cycles per second of the main clock of the CPU.
However, this metric is somewhat misleading, as a machine with a higher clock rate
may not necessarily have higher performance.

Power consumption is another design criterion that factors in the design of
modern computers. Power efficiency can often be traded for performance or cost
benefits. With the increasing power density of modern circuits as the number of
transistors per chip scales (Moore's law), power efficiency has increased in
importance. Recent processor designs such as the Intel Core 2 put more emphasis on
increasing power efficiency. Also, in the world of embedded computing, power
efficiency has long been and remains the primary design goal next to performance.
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2. VOCABULARY

blueprint — rutan, mporpama, NpoOEKT

central processing unit (CPU) -
LHeHTpaapHui npouecop EOM

hardware — amaparHe 3a0e3nedyeHHS,
oOyagHaHHs

to comprise — BKJIIO4aTH B cebe
subcategory — migkareropis

processor  registers —  pericTpu
nporecopa

address and data formats — ¢opmaru
JAaHUX Ta aJpecy

to interoperate — B3aemMomisITH
cache — ke, kemr-mam’SITh

interconnect — 3’¢IHAaHUNA €JIEMEHT,
3’€ITHyBaHUU APIT

bus — mmHa, iHpopMaLIITHUI KaHa
switch — kirou, KoMyTaTop
hierarchy — iepapxis

off-load — po3BanTaxxeHHs

proprietary - BJIACHUMU,
OpUTIHATBHUI
enhancement —  MokpaueHHs,

PO3ILIUPEHHS, 301IbIIICHHS

technological constraints —
TEXHOJIOTIYHI OOMEXKEHHSI

latency — nprxoBaHa MOXKJIUBICTb

throughput — IIPOITYCKHA
MO>KJIUBICTh

to trade off — iiTu Ha KOMIpoOMIC,
OyTH KOMIIPOMICOM

reliability — nagiitHicTb

expandability @ —  MOXIHBICTB
PO3IIUPEHHS

bottleneck — mnepemkona, By3bKHi
poxia

to allocate — po3milyBatu
clock speed — TtakToBa yacrora

power consumption — COKMBaHHS
eHeprii

3. GRAMMATICAL NOTES

VY pedeHHsIX METAaTeKCTOBOTO XapakTepy (10 3BUYAWHO PETyJIOIThH Mepeoir
KOMYHiKailii) (opma HaKa30BOTO CIOCO0y mepeksianaeThes GOpMOI0 MEPIIoi 0coou

MHOXXHHH MailOyTHBOTO 4acy:

Consider first the following claim. Po3risiHemMo criouatky HacTymHy Te3y.

4. EXERCISES

Exercise 1

[IpounTaiiTe i1 NepeKnaaiTh TEKCT.

Exercise 2

[lepeckaxiTh TEKCT.
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Exercise 3

[lepexnaaiTe aHTTIHCHKOIO

1. ikaBo, 110 BIeplie BUpa3 «apXITEKTypa KOMIT 0Tepa» OyB BUKOPHCTAHHMA
B po6oTi JI.JI>koHCOHa.

2. CremianpHO 111 HaykoBoi jabopartopii B Jloc-Anamoci OyB CTBOpEHHUA
NOTYXXHUMN CYTIEpKOMIT IOTEP.

3. Crpykrypa EOM B 3HauyHii Mipi 3aJeXUTh BiJI EKOHOMIYHHUX Ta
TEXHOJIOTTYHUX OOMEKEHb.

4. OnHUM 3 BaXXJIUBIIHX KpuTepiiB cydacHnXx EOM e crioskuBaHHS €HEPrii.

5. KonkpeTHa peaiizallis KOMIT FOTEPHOI CHCTEMH 3aJIKUTh BiJI THX ITIJICH, sKi
nepe]] Her0 CTaBIIATHCA.

Exercise 4

Cknanith ACKITbKA TPHUKIAAIB BUKOPUCTAHHS TpaBUJIa, SKE HABOJIUTHCS Y
pozaini Grammatical notes.

LESSON 6.3

1. TEXT

CENTRAL PROCESSING UNIT

The Central Processing Unit (CPU) or the processor is the portion of a
computer system that carries out the instructions of a computer program, and is the
primary element carrying out the computer's functions. This term has been in use in
the computer industry at least since the early 1960s. The form, design and
implementation of CPUs have changed dramatically since the earliest examples, but
their fundamental operation remains much the same.

Early CPUs were custom-designed as a part of a larger, sometimes one-of-a-
kind, computer. However, this costly method of designing custom CPUs for a
particular application has largely given way to the development of mass-produced
processors that are made for one or many purposes. This standardization trend
generally began in the era of discrete transistor mainframes and minicomputers and
has rapidly accelerated with the popularization of the integrated circuit (IC). The IC
has allowed increasingly complex CPUs to be designed and manufactured to
tolerances on the order of nanometers. Both the miniaturization and standardization
of CPUs have increased the presence of these digital devices in modern life far
beyond the limited application of dedicated computing machines. Modern
microprocessors appear in everything from automobiles to cell phones and children's
toys.
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The fundamental operation of most CPUs, regardless of the physical form they
take, is to execute a sequence of stored instructions called a program. The program is
represented by a series of numbers that are kept in some kind of computer memory.
There are four steps that nearly all CPUs use in their operation: fetch, decode,
execute, and writeback. The first step, fetch, involves retrieving an instruction (which
1s represented by a number or sequence of numbers) from program memory. The
location in program memory is determined by a program counter (PC), which stores a
number that identifies the current position in the program. In other words, the
program counter keeps track of the CPU's place in the current program. After an
instruction is fetched, the PC is incremented by the length of the instruction word in
terms of memory units. Often the instruction to be fetched must be retrieved from
relatively slow memory, causing the CPU to stall while waiting for the instruction to
be returned. This issue is largely addressed in modern processors by caches and
pipeline architectures (see below).

The instruction that the CPU fetches from memory is used to determine what
the CPU is to do. In the decode step, the instruction is broken up into parts that have
significance to other portions of the CPU. The way in which the numerical instruction
value is interpreted is defined by the CPU's instruction set architecture (ISA). Often,
one group of numbers in the instruction, called the opcode, indicates which operation
to perform. The remaining parts of the number usually provide information required
for that instruction, such as operands for an addition operation. Such operands may be
given as a constant value (called an immediate value), or as a place to locate a value:
a register or a memory address, as determined by some addressing mode. In older
designs the portions of the CPU responsible for instruction decoding were
unchangeable hardware devices. However, in more abstract and complicated CPUs
and ISAs, a microprogram is often used to assist in translating instructions into
various configuration signals for the CPU. This microprogram is sometimes
rewritable so that it can be modified to change the way the CPU decodes instructions
even after it has been manufactured.

After the fetch and decode steps, the execute step is performed. During this
step, various portions of the CPU are connected so they can perform the desired
operation. If, for instance, an addition operation was requested, an arithmetic logic
unit (ALU) will be connected to a set of inputs and a set of outputs. The inputs
provide the numbers to be added, and the outputs will contain the final sum. The
ALU contains the circuitry to perform simple arithmetic and logical operations on the
inputs (like addition and bitwise operations). If the addition operation produces a
result too large for the CPU to handle, an arithmetic overflow flag in a flags register
may also be set.

The final step, writeback, simply "writes back" the results of the execute step
to some form of memory. Very often the results are written to some internal CPU
register for quick access by subsequent instructions. In other cases results may be
written to slower, but cheaper and larger, main memory. Some types of instructions
manipulate the program counter rather than directly produce result data. These are
generally called "jumps" and facilitate behavior like loops, conditional program
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execution (through the use of a conditional jump), and functions in programs. Many
instructions will also change the state of digits in a "flags" register. These flags can be
used to influence how a program behaves, since they often indicate the outcome of
various operations. For example, one type of "compare" instruction considers two
values and sets a number in the flags register according to which one is greater. This
flag could then be used by a later jump instruction to determine program flow.

After the execution of the instruction and writeback of the resulting data, the
entire process repeats, with the next instruction cycle normally fetching the next-in-
sequence instruction because of the incremented value in the program counter. If the
completed instruction was a jump, the program counter will be modified to contain
the address of the instruction that was jumped to, and program execution continues
normally. In more complex CPUs than the one described here, multiple instructions
can be fetched, decoded, and executed simultaneously. This section describes what is
generally referred to as the "Classic RISC pipeline," which in fact is quite common
among the simple CPUs used in many electronic devices (often called
microcontroller). It largely ignores the important role of CPU cache, and therefore the
access stage of the pipeline.

2. VOCABULARY

operand — oniepann

implementation — BUKOHAHHS,

peanizaris register — perictp

custom-designed — ckoHCTpyiiOBaHUIl 32 arithmetic logic unit —

3aMOBJICHHSAM apu(pMETUIHUI JIOTTUHUN TPUCTPIH

mainframe — Benukuii KoMITIOTEp, circuitry — cxema

TOJIoBHA MallliHA bitwise operations — omnepamii 3

minicomputer — MUHUKOMIT IOTEP OitamMu

tolerance —  CTIMKICTb, JIOIMyCTHME subsequent — HacTynHUM

BIIXHITCHHA program execution — BHKOHaHHS

nanometer — HAHOMETp porpaMu

cell phone — cotoBuii Tenedon flags register — perictp "¢naris"

fetch — BuGipka RISC (Reduced Instruction Set

writeback — 3BopoTHMII 3anuC Construction) B apXITCKTypa
o0uuciIeHb 3 OOMEXEHHM HabOpOM

to stall — 3ynuHsTHCA koman1, PUUCK

pipeline — maricTpanb, KOHBEEp
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3. GRAMMATICAL NOTES

Mogens "let + iMEHHHUK-I0AATOK + 1H(DIHITUB" NEPEKIATAETHCA CIOTYyUYEHHIM
"(ue)xai" 3 popmMor0 MallOyTHHOTO Yacy, CJI0BaMHU "MPHUITYCTUMO, 1110 ..." Ta HOPMOIO
TENepilHbOoro ado MaillOyTHHOTO Yacy JI€CIOBA-TNIPUCYAKA Y CKJIaAl MiJIPSIHOTO
3'ICYyBaJIbHOT'O PEYEHHS:

Let this be written as (7). Xaii nie 6yne 3anucano sk (7).

4. EXERCISES

Exercise 1

[IpouwnTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

[TepeckaxiTh TEKCT.

Exercise 3

[lepexnaaiTe aHTTIHCHKOIO

1. Bukonanus iHCTpyKIIii mporpaM B EOM 311iCHIOE IEHTpaIbHUM MPOLIecop.
2. Mikporpoiiecopu BUKOPUCTOBYIOTHCSI HABITh B IUTAYMX ITpalIKax.

3.Y cBoiif poOOTI IIEHTpaILHUM TPOIECOpP BHKOHYE crerianbHi mii. Ile ...
(Tpeba 3aBepIIUTH).

4. ApudmeTrnuHi Ta JIOTIYHI oOmepaiii BUKOHYE apu(PMETHUHO-JIOTTUHHIMA
IPUCTPI.

5. He cnigye HEOOOIIHIOBATH POJb KEHI-MIaM ATI y POOOTI LEHTPaIbHOTO
nporecopa.

Exercise 4

Cknanith ACKiTbKA TPHUKIAAIB BUKOPUCTAHHS TpaBUJia, SKE HABOJIUTHCS Y
pozaini Grammatical notes.
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LESSON 6.4

1. TEXT
PASCAL (PROGRAMMING LANGUAGE)

Pascal is an influential imperative and procedural programming language,
designed in 1968/9 and published in 1970 by Niklaus Wirth as a small and efficient
language intended to encourage good programming practices using structured
programming and data structuring.

A derivative known as Object Pascal was designed for object oriented
programming.

Pascal is based on the ALGOL programming language and named in honor of
the French mathematician and philosopher Blaise Pascal. Wirth subsequently
developed the Modula-2 and Oberon, languages similar to Pascal. Before, and
leading up to Pascal, Wirth developed the language Euler, followed by Algol-W.

Initially, Pascal was largely, but not exclusively, intended to teach students
structured programming. Generations of students have used Pascal as an introductory
language in undergraduate courses. Variants of Pascal have also frequently been used
for everything from research projects to PC games and embedded systems. Newer
Pascal compilers exist which are widely used.

GCC, the Gnu C Compiler, was originally written in Pascal. Pascal was the
primary high-level language used for development in the Apple Lisa, and in the early
years of the Mac; parts of the original Macintosh operating system were hand-
translated into Motorola 68000 assembly language from the Pascal sources. The
popular typesetting system TeX by Donald E. Knuth was written in WEB, the
original literate programming system, based on DEC PDP-10 Pascal, while an
application like Total Commander was written in Delphi (i.e. Object Pascal).

Object Pascal is still widely used for developing Windows applications such as
Skype.

Wirth's intention was to create an efficient language (regarding both
compilation speed and generated code) based on so-called structured programming, a
concept which had recently become popular. Pascal has its roots in the Algol 60
language, but also introduced concepts and mechanisms which (on top of Algol's
scalars and arrays) enabled programmers to define their own complex (structured)
datatypes, and also made it easier to build dynamic and recursive data structures such
as lists, trees and graphs. Important features included for this were records,
enumerations, subranges, dynamically allocated variables with associated pointers,
and sets. To make this possible and meaningful, Pascal has a strong typing on all
objects, which means that one type of data cannot be converted or interpreted as
another without explicit conversions. Similar mechanisms are standard in many
programming languages today. Other languages that influenced Pascal's development
were COBOL, Simula 67, and Wirth's own Algol-W.

Pascal, like many programming languages of today (but unlike most languages
in the C family), allows nested procedure definitions to any level of depth, and also
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allows most kinds of definitions and declarations inside procedures and functions.
This enables a very simple and coherent syntax where a complete program is
syntactically nearly identical to a single procedure or function (except for the
keyword itself, of course).

Pascal, in its original form, is a purely procedural language and includes the
traditional array of Algol-like control structures with reserved words such as if, then,
else, while, for, and so on. However, Pascal also has many data structuring facilities
and other abstractions which were not included in the original Algol60, like type
definitions, records, pointers, enumerations, and sets. Such constructs were in part
inherited or inspired from Simula67, Algol68, Niklaus Wirth's own Algol-W and
suggestions by C. A. R. Hoare.

2. VOCABULARY

imperative — 6e3yMOBHHI1, BUKOHYIOUHIA subrange — miyuanason

procedural — nporeaypHuii pointer — NOKaXXYNK

structured programming — cTpyKTypHe set — HaOip, rpyna

IpOrpaMyBaHHs explicit —  scHui, TOYHUM,
undergraduate courses — TOYaTKOBI ACTaIBHUY
KypcHu conversion — MIEPETBOPEHHS,

compiler — kommnirorouf mporpama KOHBCPCIA

source — BUXIJIHa [Tporpama, JKepeso programming languages — MOBH

. pOTrpaMyBaHHS
typesetting — HaGip

. nested procedure — BIIOXEHa,
programmer — nporpamict nporeypa
datatype — THIl TaHUX coherent — 11oB’ s13aHMIA, 34EITICHUN
recursive data — pekypcuBHi JaHi to inherit — ycnagxysaty
enumeration —  mepemik,  OOIIK,
nepepaxyHoK

3. GRAMMATICAL NOTES

"

Mopens "Let me + iHdiHITHB" mnepeknagaerbes sk " 'mo3BosibTe MeH1' +
Heo3HaueHa (popma miecnoBa" abo " 'xouy/chia' + Heo3HadyeHa ¢opma JiecioBa’, a
1HO/A1 — (POPMOIO MEPIIOi 0COOU MHOKMHU MailOyTHBOT'O Yacy

Let me state the question in a slightly different way. [loctaBuMO uTaHHs €110 MO-
THIIIOMY.

188



4. EXERCISES

Exercise 1

[IpounTaiiTe i1 mepeKnaaiTh TEKCT.

Exercise 2

[lepeckaxiTh TEKCT.

Exercise 3

ITepexnaaiTh aHTTIHCHEKOIO

1. Po3pobnrkom moBu nporpamyBanns Pascal € Hiknayc Biprt.

2. lro MOBY mporpaMmyBaHHS IJaHYBaJOCh BUKOPHCTOBYBATH /JIsi HaBYaAHHS
MPOrpaMyBaHHIO CTYJEHTIB MOJIOJIINX KypCiB.

3. BukopucroBytoun Pascal, mporpamictu MaroTh MOXKIIMBICTh BU3HAYATH CBOI
BJIACHI THUIIM JaHUX.

4. lupokoro 3acrocyBanHs HaOyB Object Pascal, mo 3acTocoByeThcsi npu
pOo3po0IIi Iporpam Jyis onepailiiinoi cucremu Windows.

5. Hiknayc Bipt Hamarascsi cTBOpUTH e€(heKTUBHY MOBY IIPOrpaMyBaHHs, sika O
OazyBasacs Ha KOHIIEMI[li CTPYKTYPHOTO MPOrpaMyBaHHs.

Exercise 4

CknamiTe JEKUIbKa MNPUKJIAIAIB BUKOPHCTaHHS IIpaBUJia, SIKE HABOJIUTHCS Y
po3aiini Grammatical notes.

LESSON 6.5

1. TEXT
C++ (PROGRAMMING LANGUAGE)

C++ (pronounced "See plus plus") is a statically typed, free-form, multi-

paradigm, compiled, general-purpose programming language. It is regarded as a
middle-level language, as it comprises a combination of both high-level and low-
level language features. It was developed by Bjarne Stroustrup starting in 1979 at
Bell Labs as an enhancement to the C programming language and originally named
"C with Classes". It was renamed C++ in 1983.
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C++ 1s widely used in the software industry, and remains one of the most
popular languages ever created. Some of its application domains include systems
software, application software, device drivers, embedded software, high-performance
server and client applications, and entertainment software such as video games.
Several groups provide both free and proprietary C++ compiler software, including
the GNU Project, Microsoft, Intel, Borland and others.

C++ 1s also used for hardware design, where design is initially described in
C++, then analyzed, architecturally constrained, and scheduled to create a register
transfer level hardware description language via high-level synthesis.

The language began as enhancements to C, first adding classes, then virtual
functions, operator overloading, multiple inheritance, templates, and exception
handling among other features. After years of development, the C++ programming
language standard was ratified in 1998 as ISO/IEC 14882:1998. That standard is still
current, but is amended by the 2003 technical corrigendum, ISO/IEC 14882:2003.
The next standard version (known informally as C++0x) 1s in development.

Stroustrup began work on "C with Classes" in 1979. The idea of creating a new
language originated from Stroustrup's experience in programming for his Ph.D.
thesis. Stroustrup found that Simula had features that were very helpful for large
software development, but the language was too slow for practical use, while BCPL
was fast but too low-level to be suitable for large software development. When
Stroustrup started working in AT&T Bell Labs, he had the problem of analyzing the
UNIX kernel with respect to distributed computing. Remembering his Ph.D.
experience, Stroustrup set out to enhance the C language with Simula-like features. C
was chosen because it was general-purpose, fast, portable and widely used. Besides C
and Simula, some other languages that inspired him were ALGOL 68, Ada, CLU and
ML. At first, the class, derived class, strong type checking, inlining, and default
argument features were added to C via Cfront. The first commercial release occurred
in October 1985.

In 1983, the name of the language was changed from C with Classes to C++
(++ being the increment operator in C and C++). New features were added including
virtual functions, function name and operator overloading, references, constants,
user-controlled free-store memory control, improved type checking, and BCPL style
single-line comments with two forward slashes (//). In 1985, the first edition of The
C++ Programming Language was released, providing an important reference to the
language, since there was not yet an official standard. Release 2.0 of C++ came in
1989. New features included multiple inheritance, abstract classes, static member
functions, const member functions, and protected members. In 1990, The Annotated
C++ Reference Manual was published. This work became the basis for the future
standard. Late addition of features included templates, exceptions, namespaces, new
casts, and a Boolean type.

As the C++ language evolved, a standard library also evolved with it. The first
addition to the C++ standard library was the stream I/O library which provided
facilities to replace the traditional C functions such as printf and scanf. Later, among
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the most significant additions to the standard library, was the Standard Template
Library.

C++ continues to be used and is one of the preferred programming languages
to develop professional applications. The language has gone from being mostly
Western to attracting programmers from all over the world.

2. VOCABULARY

statically typed — cratuuHO BU3HAUYCHUH template — ma60H

free-form language — MOBa exception handling — peakmis Ha
porpaMmyBaHHs BUIEHOT hOpMHU 0co0y cuTyarrito

middle-level language -  MoBa corrigendum — BUNIPABJIEHHS

IPOrpaMyBaHHS CEPEIHBOTO PIBHS Ph.D. — soxtop dinocodii

high-level language — MOBa

, thesis — mucepraris
IPOrpaMyBaHHS BUCOKOTO PIBHS

low-level 1 kernel —  sagpo  (BHyTpiuIHS
ow-leve anguage - MoBa pEe3UJIEHTHA YacTHHA OmeparfiitHol
porpaMyBaHHs HU3BKOTO PIBHS cHCTeMH)

enhancement — po3mMpeHHs distributed computing _
systems software — cucTeMHe nporpamMHe posnojineHa cucrema EOM

3a0esneeHHs increment operator — omneparop
application software — npuxnagHe IHKpEMEHTYBaHHS

[porpaMHe 3a0e3MeueHH type checking — nepeBipka nevari

device driver — npaiiBep npuiany namespace — mpocTip iMen

operator overloading — nepeBaHTa)KEHHS cast — MePEeTBOPEHHS THITIB

oreparopa L
) ) ) Boolean type — jioriunuii TUII JaHUX

multiple inheritance — MHOXUHHE .

HACITi Ty BaHHSI stream — IIOTIK

3. GRAMMATICAL NOTES

Mogens "Let us + iH}iHITHB" 3BHYAIHO TepekiagaeTbcs (HOPMOIO MEepIIOi
0CcO0M MHOKMHH HAaKa30BOT'0 crioco0y abo Mall0yTHBOIO Yacy JIIHCHOIO croco0y:

Let us observe, furthermore, that the hypothesis receives support as well from the

results shown in Table 7. 3ayBaxkumo, KpiM TOTO, IO IIs TiMOTE3a MiATBEPIHKYETHCS
TaKOX pe3yJIbTaTaMHt, HaBEJICHUMHU y TaOJuIIi 7.
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4. EXERCISES

Exercise 1

[IpounTaiiTe i1 mepeKnaaiTh TEKCT.

Exercise 2

[lepeckaxiTh TEKCT.

Exercise 3

ITepexnaaiTh aHTTIHCHEKOIO

1. MoBa nporpamyBanns C+ + BuHMKJIA 3 MOBU C Ta crioyatky maia Ha3By «C
3 KJIACAMM.

2. C+ + craB Jqy’Ke NOIMYJISAPHUM Cepesl MPOrPaMiCTiB.

3. ABTopoM C+ + € boepn CtpaycTpyn, ikl po3rodyaB poOOTy HaJ HEIO KOJU
MMCaB CBOIO JIMCEPTAIIilO.

4. TTo mipi po3Butky C+ + po3BHBanach TaKOX ii cTaHnapTHa 010I10TeKa.
5.1Is MoBa mporpaMmyBaHHS 3aliMae BaXJIMBE MICLIE cepea I1HIUX 1
BUKOPHUCTOBYETHCS MPU CTBOPEHH1 MPOodECIHUX Mporpam.

Exercise 4

CknamiTe JEKUIbKa MNPUKJIAAIB BUKOPHCTaHHS IIpaBUJia, SIKE HABOJIUTHCS Y
po3aini Grammatical notes.

LESSON 6.6

1. TEXT
OBJECT-ORIENTED PROGRAMMING

Object-oriented programming (OOP) is a programming paradigm that uses

"objects" — data structures consisting of datafields and methods together with their
interactions — to design applications and computer programs. Programming
techniques may include features such as information hiding, data abstraction,
encapsulation, modularity, polymorphism, and inheritance. It was not commonly used
in mainstream software application development until the early 1990s. Many modern
programming languages now support OOP.

An object is actually a discrete bundle of functions and procedures, all relating

to a particular real-world concept such as a bank account holder or hockey player in a
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computer game. Other pieces of software can access the object only by calling its
functions and procedures that have been allowed to be called by outsiders. Isolating
objects in this way makes their software easy to manage and keep track of.

For example, the hockey player’s functions might include one to reveal the
player’s current position on the field, and another to instruct the player to pass the
puck. The account holder’s functions might include one to reveal the current balance
or to draw out a sum.

Object-oriented programming has roots that can be traced to the 1960s. As
hardware and software became increasingly complex, quality was often
compromised. Researchers studied ways to maintain software quality and developed
object-oriented programming in part to address common problems by strongly
emphasizing discrete, reusable units of programming logic. The methodology focuses
on data rather than processes, with programs composed of self-sufficient modules
(objects) each containing all the information needed to manipulate its own data
structure. This is in contrast to the existing modular programming which had been
dominant for many years that focused on the function of a module, rather than
specifically the data, but equally provided for code reuse, and self-sufficient reusable
units of programming logic, enabling collaboration through the use of linked modules
(subroutines). This more conventional approach, which still persists, tends to consider
data and behavior separately.

An object-oriented program may thus be viewed as a collection of interacting
objects, as opposed to the conventional model, in which a program is seen as a list of
tasks (subroutines) to perform. In OOP, each object is capable of receiving messages,
processing data, and sending messages to other objects and can be viewed as an
independent 'machine' with a distinct role or responsibility. The actions (or
"operators") on these objects are closely associated with the object. For example, the
data structures tend to 'carry their own operators around with them' (or at least
"inherit" them from a similar object or class).

The Simula programming language was the first to introduce the concepts
underlying object-oriented programming (objects, classes, subclasses, virtual
methods, coroutines, and discrete event simulation) as a superset of Algol. Simula
also used automatic garbage collection which had been invented earlier for the
functional programming language Lisp. Simula was used for physical modeling, such
as models to study and improve the movement of ships and their content through
cargo ports. Smalltalk was the first programming language to be called "object-
oriented".

2. VOCABULARY

object-oriented programming — data abstraction — aGcTpaxiis
00’ €KTHO-OpPIEHTOBAHE MPOrpPaMyBaHHs JTaHUX

datafield — oOnactp nanux encapsulation — iHKancymsIisA
hiding — nepexoByBaHH: modularity — MOyIbHICTB
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polymorphism — nonimopdizm
inheritance — naciigyBanHs
mainstream — OCHOBHA TE€HJICHII1s

to keep track of — cinigutu (3a 4MMOCH)
puck — mraiiba (xokei)

to draw out a sum — GpaTu rpori

modular programming -
IpOrpaMyBaHHS

MOOYJIBHC

code reuse — MOBTOpPHE BHUKOPHCTAHHS
Koay (OCHOBHa  METOJOJIOTIS,  sIKa

BUKOPUCTOBYETHCS JIsI CKOPOUYEHHS
TPYIOBUX 3aTpaT NpH MPOEKTYBaHHI
CKJIQJTHUX CHCTEM)

collaboration — criiBnpars
subroutine — mignporpama

coroutine — crijpHa (TIi1)porpama,
JITOPUTM

superset —
KOMIUIEKT

po3uMpeHuii  Habip,

€argo — BaHTAXX, BAHTAXKHUU

3. GRAMMATICAL NOTES

B anrmiiicekiii HayKOBO-TEXHIUHIM JiTEpaTypi

npuCylok abo dYacThHa

OpucyaKa MOXYTh 3a3HaBaTH 1HBEPCii, TOOTO BHHOCUTHCS Yy TO3MIII0 Mepesn
M IMETOM Ha MOYATOK pPEYeHHs. Y 0ararbOx BHIMAAKaxX y TEpeKiaai 30epiraerbes
HOPSZIOK CIIB OpUTIHATY, HE3aJIeXKHO BiJl TOTO, SIKa YACTHHA MPHUCYIKA 3HAXOIUTHCS Y

pEeYeHHI Mepe MiIMETOM:

Of special interest should be the first article in Chapter II. OcobnuBuii iHTEpEeC Mae

CTAHOBUTH Tepiia ctarts y riasi 1.

4. EXERCISES

Exercise 1

[IpounTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

[TepeckaxiTh TEKCT.

Exercise 3

[lepexnaaiTe aHTTIACHKOIO

1. O0’exTn — 1€ CTPYKTYpU [AaHUX, U0 BUKOPUCTOBYIOTHCSA JJII CTBOPEHHS

KOMIT FOTEPHUX MPOTrpaM.

2. Simula OyJa nepiiow MOBOIO MPOrpaMyBaHHs, sIKa 3aCTOCYBaJIa KOHIIEMIIIIO
00’ €KTHO-OP1EHTOBAHOTO MPOrPaMyBaHHS.
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3. O0’exTHO-OpiEHTOBaHY MPOrpaMy MOXHa PO3yMITH sIK HaOip 00’€KTiB, LIO0
B3a€EMOJIIIOTH Mi’K CO00I0.

4. Pyx kopaOmiB 4epe3 BaHTAKHUU MOPT € 00°ekToM i (I3UYHOTO
MO/IEJTFOBAHHS.

5. JloBruifi 4Yac JOMIHYIOUYMM CE€pell MpOrpaMicTiB  Oylio  MOJYJbHE
porpaMyBaHHs.

Exercise 4

Cknanith ACKITbKA TPUKIAAIB BUKOPUCTAHHS IpaBHJIa, SKE HABOJIUTHCS Y
po3aini Grammatical notes.

LESSON 6.7

1. TEXT
MICROSOFT OFFICE

Microsoft Office is an office suite of interrelated desktop applications, servers
and services for the Microsoft Windows and Mac OS X operating systems. Microsoft
Office was introduced by Microsoft in 1989 for Macintosh, with a version for
Windows in 1990. Initially a marketing term for a bundled set of applications, the
first version of Office contained Microsoft Word, Microsoft Excel, and Microsoft
PowerPoint. Additionally, a "Pro" (Professional) version of Office included
Microsoft Access and Schedule Plus. Over the years, Office applications have grown
substantially closer with shared features such as a common spell checker, OLE data
integration and Microsoft Visual Basic for Applications scripting language. Microsoft
also positions Office as a development platform for line-of-business software under
the Office Business Applications (OBA) brand.

The current versions are Office 2007 for Windows which was released on
January 30, 2007, and Office 2008 for Mac OS X, released January 15, 2008. Office
2007/Office 2008 introduced a new user interface and new Office Open XML
document formats (docx, xlsx, pptx). Consequently, Microsoft has made available,
free of charge, an add-on known as the Microsoft Office Compatibility Pack to allow
Office 2000-2003 for Windows and Office 2004 for Mac editions to open, edit, and
save documents created under the new formats for Office 2007.

According to Forrester Research, as of June 2009, some version of Microsoft
Office is used in 80% of enterprises and the latest Office versions hold roughly 80%
of those installations.

Microsoft Word is a word processor and was previously considered to be the
main program in Office. Its proprietary DOC format is considered a de facto
standard, although Word 2007 can also use a new XML-based, Microsoft Office-
optimized format called .DOCX which has been standardized by Ecma International
as Office Open XML and its SP2 update will support ODF and PDF. Word is also
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available in some editions of Microsoft Works. It is available for the Windows and
Mac platforms. The first version of Word, released in the autumn of 1983, was for the
DOS operating system and had the distinction of introducing the mouse to a broad
population. Word 1.0 could be purchased with a bundled mouse, though one was not
required. The following spring Apple introduced the Mac, and Microsoft released
Word for the Mac, which became the most popular Mac application and which, like
all Mac apps, required the use of a mouse.

Microsoft Excel is a spreadsheet program which originally competed with the
dominant Lotus 1-2-3, but eventually outsold it. It is available for the Windows and
Mac platforms. The current Mac version (Office 2008) has removed Visual Basic
functionality so macros cannot be used and those generated in previous iterations of
Office no longer work. Microsoft announced in May 2008, that Visual Basic would
be returning to Excel in future versions

Microsoft Outlook, not to be confused with Outlook Express, is a personal
information manager and e-mail communication software. The replacement for
Windows Messaging, Microsoft Mail and Schedule+ (Plus) starting in Office 97, it
includes an e-mail client, calendar, task manager and address book. Although
historically it has been offered for the Mac, the closest to an equivalent for Mac OS X
is Microsoft Entourage, which offers a slightly different feature set. Office 2010 for
Mac will reintroduce Outlook, replacing Entourage.

Microsoft PowerPoint is a popular presentation program for Windows and
Mac. It is used to create slideshows, composed of text, graphics, movies and other
objects, which can be displayed on-screen and navigated through by the presenter or
printed out on transparencies or slides. This is convenient for school or work
presentations.Office Mobile for Windows Mobile 5.0 and later features a version of
PowerPoint called PowerPoint Mobile. Movies, videos, sounds and music, as well as
Wordart and Autoshapes can be added to slideshows.

Microsoft Office Access, previously known as Microsoft Access, is a relational
database management system from Microsoft that combines the relational Microsoft
Jet Database Engine with a graphical user interface and software development tools.
It 1s a member of the Microsoft Office suite of applications and is included in the
Professional and higher versions for Office and also sold separately.

2. VOCABULARY

bundled set — crangapTHuii HaOip add-on — 10MIOBHEHHS

spell checker — mnporpama nomyky proprietary — BJIACHUMU,
MOMUJIOK OpUTTHATBHUYN

OLE (object linking and embedding) — update — 0OHOBNIEHHS (JTaHUX ), HOBA
3B’SI3yBaHHSI Ta YNIPOBAIKEHHS 00’ €KTIB BepCis

release — BUnyckaru spreadsheet — enexTponHa Tabnuus
free of charge — Ge3komToBHMIA to outsell — mpoaBaTucs Kpaiue
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communication software — mnporpamue
3a0e3neyeHHs s nepeaadl MoBiAOMIICHb

task manager — qucneryep 3aa4
presentation — npe3eHTalisn
slideshow — cnaiin-moy

navigate — kepyBaTu

presenter — TOW, XTO BeJe
nporpamy, Mpe3eHTaIlio
transparency — Tmpo3opa IUTIBKa,
MPO30pPICTh

slide — cimaiin

database management — kepyBaHHs
0a3010 TaHUX

3. GRAMMATICAL NOTES

Yacro 1HBepcis npucyaka ado HOoro 4aCTMHHU CYMPOBOKYEThCS eM(DATUUHUM

BUJIIJICHHSIM 00CTaBUHU a00/Ta 3amepeyeHHS:

Nowhere can we see such rapid progress as in computing technologies. Hine Ginbiie
HE CITIOCTEPITaEThCS TAKOTO IIBUJIKOTO IIPOTPECY, SIK Y KOMITIOTEPHUX TEXHOJIOTISX.
Only then can such classes be determined. JIutie To/11 MO’KHa BUBHAUYUTH TaKi KJIacH.

4. EXERCISES

Exercise 1

[IpounTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

[lepeckaxiTh TEKCT.

Exercise 3

[TepexnaaiTh aHTTIHCHEKOIO

1. MS Office Bmepme OyB mnpeACTaBICHUN I OmNEpaIiiiHOl cucTeMu

Macintosh B 1989 porii.

2. [Ipodeciiina Bepcist MS Office namiuyBasia B co0i Taki nporpamu ... (Tpeda

3aBEPILIUTHU Ta TIEPEKITACTH).

3.3a pganumu pociuigxkeHb Onau3bko 80% MiAMPHEMCTB BHKOPUCTOBYIOTH

nporpamu nakery MS Office.

4. Ins epexTUBHOrO KepyBaHHs 0a3aMu J1aHUX BUKOPHCTOBYIOTH IpOrpamy

Microsoft Office Access.

5. ByB gac ko Microsoft Excell konkypyBas 3 nporpamoro Lotus 1-2-3.

Exercise 4

CknamiTe JEKUIbKa MNPUKIAIAIB BUKOPHCTaHHS IIpaBUJia, SIKE HABOJIUTHCS Y

po3aini Grammatical notes.



LESSON 6.8

1. TEXT

THE INTERNET

The Internet is a global system of interconnected computer networks that use
the standard Internet Protocol Suite (TCP/IP) to serve billions of users worldwide. It
1s a network of networks that consists of millions of private and public, academic,
business, and government networks of local to global scope that are linked by a broad
array of electronic and optical networking technologies. The Internet carries a vast
array of information resources and services, most notably the inter-linked hypertext
documents of the World Wide Web (WWW) and the infrastructure to support
electronic mail.

Most traditional communications media, such as telephone and television
services, are reshaped or redefined using the technologies of the Internet, giving rise
to services such as Voice over Internet Protocol (VolIP) and IPTV. Newspaper
publishing has been reshaped into Web sites, blogging, and web feeds. The Internet
has enabled or accelerated the creation of new forms of human interactions through
instant messaging, Internet forums, and social networking sites.

The origins of the Internet reach back to the 1960s when the United States
funded research projects of its military agencies to build robust, fault-tolerant and
distributed computer networks. This research and a period of civilian funding of a
new U.S. backbone by the National Science Foundation spawned worldwide
participation in the development of new networking technologies and led to the
commercialization of an international network in the mid 1990s, and resulted in the
following popularization of countless applications in virtually every aspect of modern
human life. As of 2009, an estimated quarter of Earth's population uses the services
of the Internet.

The Internet has no centralized governance in either technological
implementation or policies for access and usage; each constituent network sets its
own standards. Only the overreaching definitions of the two principal name spaces in
the Internet, the Internet Protocol address space and the Domain Name System, are
directed by a maintainer organization, the Internet Corporation for Assigned Names
and Numbers (ICANN). The technical underpinning and standardization of the core
protocols (IPv4 and IPv6) is an activity of the Internet Engineering Task Force
(IETF), a non-profit organization of loosely-affiliated international participants that
anyone may associate with by contributing technical expertise.

The terms Internet and World Wide Web are often used in everyday speech
without much distinction. However, the Internet and the World Wide Web are not
one and the same. The Internet is a global data communications system. It is a
hardware and software infrastructure that provides connectivity between computers.
In contrast, the Web 1s one of the services communicated via the Internet. It is a
collection of interconnected documents and other resources, linked by hyperlinks and
URLs. The term the Internet, when referring to the Internet, has traditionally been
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treated as a proper noun and written with an initial capital letter. There is a trend to
regard it as a generic term or common noun and thus write it as "the internet",
without the capital.

The complex communications infrastructure of the Internet consists of its
hardware components and a system of software layers that control various aspects of
the architecture. While the hardware can often be used to support other software
systems, it is the design and the rigorous standardization process of the software
architecture that characterizes the Internet and provides the foundation for its
scalability and success.

The Internet has enabled entirely new forms of social interaction, activities,
and organizing, thanks to its basic features such as widespread usability and access.
Social networking websites such as Facebook and MySpace have created a new form
of socialization and interaction. Users of these sites are able to add a wide variety of
information to their personal pages, to pursue common interests, and to connect with
others. It is also possible to find a large circle of existing acquaintances, especially if
a site allows users to represent themselves by their given names, and to allow
communication among existing groups of people.

2. VOCABULARY

TCP/IP (transmission control underpinning — ocHOBa,
protocol/internet protocol) — mpoTokon OOTpYyHTYBaHHS
KEpyBaHHS TIepeaducio / Mi>KMEPEKEBUM

loosely-affiliated —
TIpOTOKOI BiJILHOITI IKITFOYa€ MU
computer networks — KOMIT I0OT€pHI

: hyperlink — rinepccuika
Mepexi

URL (uniform resource locator) —

.communlggtlons media — 3acobu yVHIBEpCATHHA APECa PECYPCY
1HpopMartii
. . . . generic — 3araJbHUH
social networking sites — caiitu

COIIATFHIX MEPEeK social 1n.teract10n — coIllaJbHa
: o . B32€EMO/IIS
fault-tolerant — B11MOBOCTINKUI, .
MaJIOYyTJIMBHUH JI0 TIOIIKOIKEHHS to pursue — nepeciiyBaTu
backbone (network) — 6azoBa (Mepexa) acquaintance — 3HaHOMCTBO,
3HAMOMHUHU

to spawn — CTBOpIOBaTH _ .
given name — BjacHe imM’s, iM’s (Ha

as of 2009 — wo crocyerscs 2009 poky BiMiHY Bz 1pi3BHILA)

constituent — ckiIagoBUN

3. GRAMMATICAL NOTES

Bapro BiAMITUTH Nepeksiaj] iIHBEPTOBAHOIO 3 METOI0 eM(a3u NpeauKaTuBa y
OIAPATHUX JTOMYCTOBUX PEUYEHHSX, KOJIU MPEAUKATHB BHHECEHO y MO3MIII0 Mepen
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nigMeToM ado HaBiTh Mepej crnoilyyHukamu as, though, however oo, siki y Takux
BUITQ/IKaX IEPEeKIIalaloThes K "xou" abo "Xxou skui O0u". Y mepekiajl npeauKaTuB
30epirae CBOI TMO3UIII0 HA MOYATKy PEYEHHS Y BUIAJKY BXKMBAHHS OCTAHHBOI
CHoJIy4Hoi (ppazu:

We have to mention some figures, uncertain as some of them are. [loTpiOHO HaBecTH
NesIK1 JaH1l, Xoua OKpeMi 3 HUX € HETIEBHUMHU.

SIKI10 y TakuX MIAPSAHUX PEUCHHSIX BXKHUTO 3aiMEHHMK 1t y QYHKIT TiaMeTa,
TO IIeH 3aliMEHHUK TEPEKIATA€ThCS BIJIMOBIIHUM IMEHHHUKOM, a IMCHHHUK, Y CBOIO
Yyepry — BIJIMOBITHUM 3aiiMEHHUKOM:

Useful as it is, the book has two general shortcomings. Xoua 1151 KHUTa 1 KOpHUCHA,
BOHA BCE K Ma€ JIBa 3araJbHUX HEIIOIKH.

4. EXERCISES

Exercise 1

[IpounTaiiTe i mepekIaiTh TEKCT.

Exercise 2

[TepeckaxiTh TEKCT.

Exercise 3

[TepexnaaiTh aHTTIHCHEKOIO

1.3a migpaxyHkamMyd  BYEHHX, OJU3bKO  YBEPTI  HACEJIICHHS  3eMill
BUKOPHUCTOBYIOTH Internet.

2. 3 mosiBoro Internet 3’ siBusrcst HOB1 (hOpMU COIIAILHUX B3a€EMO/TIH.

3.3a momomororo Internet mroaM 3HAXOMATH CBOIX JpY3iB, 3HAWOMHUX Ta
pOANYIB.

4. Internet Ta World Wide Web udacto BUKOpPHCTOBYIOTH SIK CHHOHIMH, alie
HACIPaB/ii MK [UMU MMOHSTTSIMU € PI3HUIIA.

5. 3apomkenas Mepexi Internet BimHOCHTBCA 10 1960-X pOKiB, KOJIM BOHA
BUKOpHCTOBYBajacs BifickkoBuMu CIIIA.

Exercise 4

CknamiTe JEKUIbKa MNPUKJIAIAIB BUKOPHCTaHHS IIpaBUJia, SIKE HABOJIUTHCS Y
po3aini Grammatical notes.
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CHAPTER 7 THE FIELD OF MECHANICS

LESSON 7.1

1. TEXT

INTRODUCTION TO MECHANICS

The progress of technology confronts the engineer with a wide variety of
problems connected with the design, manufacture and operation of various machines,
motors and structures. Despite the diversity of problems that arise, their solution at
least in part, is based on certain general principles common to all of them, namely,
the laws governing the motion and equilibrium of material bodies.

The science, which treats of the general laws of motion and equilibrium of
material bodies, is called theoretical, or general, mechanics. Theoretical mechanics
constitutes one of the scientific bedrocks of modem engineering.

By motion in mechanics we mean mechanical motion, i.e., any change in the
relative positions of material bodies in space which occurs in the course of time.

According to the nature of the problems treated, mechanics is divided into
statics, kinematics, and dynamics. Statics studies the forces and the conditions of
equilibrium of material bodies subjected to the action of forces. Kinematics deals
with the general properties of the motion of bodies. Dynamics studies the laws of
motion of material bodies under the action of forces.

According to the nature of the objects under study, theoretical mechanics is
subdivided into: mechanics of a particle, i. e., of a body whose dimensions can be
neglected in studying its motion or equilibrium, and systems of particles; mechanics
of arigid body, 1. e., a body whose deformation can be neglected; mechanics of
bodies of variable mass; mechanics of deformable bodies; mechanics of liquids;
mechanics of gases.

The general course of theoretical mechanics conventionally treats of the
mechanics of particles and rigid bodies and the general laws of motion of systems of
particles.

The Subject of Statics

Statics is the branch of mechanics which studies the laws of composition of
forces and the conditions of equilibrium of material bodies under the action of forces.
Equilibrium is the state of rest of a body relative to other material bodies. General
mechanics deals essentially with equilibrium of solids.
All solid bodies change the shape to a certain extent when subjected to external
forces. This is known as deformation. In order to ensure the necessary strength of
engineering structures and elements, the material and dimensions of various parts are
chosen in such a way that the deformation under specified loads would remain
tolerably small.
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This makes it possible, in studying the general conditions of equilibrium, to
treat solid bodies as undeformable or absolutely rigid, ignoring the small
deformations that actually occur. A perfectly rigid body is said to be one in which the
distance between any pair of particles is always constant. In solving problems of
statics bodies are considered as perfectly rigid.

For a rigid body to be in equilibrium when subjected to the action of a system
of forces, the system must satisfy certain conditions of equilibrium. The
determination of these conditions is one of the principal problems of statics. In order
to find out the equilibrium conditions and to solve other problems one must know the
principles of the composition of forces, the principles of replacing one force system
by another and, particularly, the reduction of a given force system to as simple a form
as possible. Accordingly, statics of rigid bodies treats of two basic problems:

1) composition of forces and reduction of force system to as simple a form as
possible, and

2) determination of the conditions for the equilibrium of force system acting on
rigid bodies.

The state of equilibrium or motion of a given body depends on its mechanical
interaction with other bodies. The quantitative measure of the mechanical interaction
of material bodies is called force. Force is a vector quantity. Its action on a body is
characterized by its magnitude, direction, and point of application.

We shall call any set of forces acting on rigid body a force system.

We shall also use the following definitions:

A body not connected with other bodies and which from any given position can
be displaced in any direction in space is called a free body.

If a force system acting on a free rigid body can be replaced by another force
system without disturbing the body's initial condition of rest or motion, the two
systems are said to be equivalent.

If a free rigid body can remain at rest under the action of a force system, that
system is said to be balanced or equivalent to zero.

A resultant is a single force capable of replacing the action of a system of
forces on rigid body. A force equal in magnitude, collinear with, and opposite in
direction to the resultant is called an equilibrant force.

Forces acting on a rigid body can be divided into two groups: the external and
internal forces. External forces represent the action of other material bodies on the
particles of a given body. Internal forces are those with which the particles of a given
body act on each other.

A force applied to one point of a body is called a concentrated force. Forces
acting on all the points of a given volume or given area of a body are called
distributed force. A concentrated force is a purely notional concept, insofar as it is
actually impossible to apply a force to a single point of a body.
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Axioms of Statics

There are some fundamental principles in statics, which are called axioms. Some
of these principles are corollaries of the fundamental laws of dynamics.

Ist Axiom. A free rigid body subjected to the action of two forces can be in
equilibrium 1if, and only if, the two forces are equal in magnitude, collinear, and
opposite in direction.

Since we know that a free body subjected to the action of a single force can not
be in equilibrium, the first axiom defines the simplest balanced force system.

2nd Axiom. The action of given force system on a rigid body remains
unchanged if another balanced force system is added to, or subtracted from, the
original system.

It follows that two force systems differing from each other by a balanced
system are equivalent.

Corollary. The point of application of force acting on a rigid body can be
transferred to any other point on the line of action of the force without altering its
effect.

Consider a rigid body with a force F applied at a
point A (Fig. 6.1). In accordance with the 2nd Axiom
we can apply to the arbitrary point B on the line of

F.

action of the force £ a balanced system £ By such

that 11 = ang 2 =—F

Figure 6.1 — F
that forces £ and 2 also form a balanced system and

. From the 1st Axiom it follows

£
cancel each other. Thus, we have only force ut equal to £ in magnitude and
direction, with the point of application shifted to point B.

It should be noted that this corollary holds good only for forces acting on
perfectly rigid bodies.

3rd Axiom. Two forces applied at one point of a
body have as the resultant a force applied at the same
point and represented by the diagonal of a

parallelogram constructed with the two given forces as
its sides (Fig.6.2). Figure 6.2

£ R

It is well known that vector R is called the geometrical sum of the vectors 4
andf2;
R-F +F,

Hence, the 3 axiom can also be formulated as follows:
the resultant of two forces applied at one point of a body is the geometrical sum of
those forces and is applied at that point.

It i1s very important discriminate between concepts of a sum of forces and
their resultant.

4th Axiom. To any action of one material body on another there is always an
equal and oppositely directed reaction.

203



This axiom represents the 3rd law of the dynamics. The law of action and
reaction is one of the fundamental principles of mechanics. It follows from it that

when a body A acts on a body B with a force ', body B simultaneously acts on body
A with a force F'' equal in magnitude, collinear with, and opposite in sense to force
F (F=-F)

5™ Axiom. If a freely deformable body subjected to the action of forces is in

equilibrium, the state of equilibrium will not be disturbed if

the body solidifies (becomes rigid).

This axiom, which is called principle of solidification,
can also be formulated as follows: if a deformable body is in
equilibrium, the forces acting on it satisfy the conditions for

the equilibrium of rigid body.

The axiom of solidification is widely employed in
engineering problems. It makes it possible to determine

equilibrium conditions by treating a deformable body or
structure as a rigid one and to apply to it the methods of rigid - body statics.

2. VOCABULARY

action fis
apply npukitagatu
area TuIomnia
balanced 3piBHOBa)keHMI
body Tin0
free ~ BinIbHE T1JIO
material ~ MmaTepianbHe TUJIO
solid ~ TBepae TiJIO
collinear xonineapHuii
composition 1o1aBaHHs, CKJIaIaHHs
concept NOHATTH
notional ~ yMoBHE OHSTTS
condition ymoBa

connect 3’€IHyBaTH

constant nocTiiHu
deformable nedopmoBanuii
deformation nedopmarris
design MpoexT; MpOeKTyBaTH
determination BU3HaYCHHS
dimension po3mip
direction Hanpsm

displace nepeminryBaTu
distance BiacTanp
dynamics quHamika
engineer iHXxeHep

equilibrium piBHOBara

conditions of ~ ymoBu piBHOBaru

equivalent ckBiBaJIcHTHUI
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force cua

concentrated ~ 30cepe/keHa  cuia
distributed ~ po3noainena cuna
equilibrant ~ 3piBHOBaXkyroua cuia
external ~ 30BHIIIHS CUla
internal ~ BHyTpimHs cuia

gas ras

initial mouatkoBHit

interaction B3aemois

kinematics xinemaruka

law 3akoH

liquid piguna, piakui

load Bara,
HAaBaHTAXXYBaTH

HaBaHTAa>XCHHA,

magnitude BeMunHa, aMILTITY

manufacture
BUPOOIATH

BUPOOHMIITBO,

measure Mipa

mechanics mexanika

motion pyx

neglect HexTyBaTu

opposite IPOTUIIEKHUIA

particle yactunka

point Touka

~of application Touka npuKIiaIeHHS

problem npo6nema, 3anaya

quantity KUIbKICTb

reduction 3Be/IeHHS, 3MEHIIICHHS

replacing 3amina

rest oK1

resultant piBHOAlITHA

rigid >xopcTkuii
absolutely~ aGcoroTHO KOpPCTKUM
perfectly ~ imeanbHO KOPCTKUN

satisfy 3a/10BOJIBHATH

shape popma

space mpocTip

solids TBepmi Tina

solution pimeHHs

state ctan

strength minHICTE

structure criopyzaa

system cucrema

technology TexHosoris

undeformable
HeseopMiBHUT

HeneopMoBaHUH,

variable 3MmiHHUNMI
vector BEKTOp
volume 06’em
axiom akcioma
corollary BUCHOBOK

add nonmasatn
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subtract BigHIMaTH parallelogram nmapanenorpam

differ Bigpi3HATHCH side 01k

transfer nepenocutu hence TakiM YMHOM, OTKE

alter BiIpi3HATHCH formulate popmyntoBaTu

consider po3risaatu discriminate Bipi3HITH

arbitrary nosubHUMN reaction peaxiris

line niHis simultaneous oxHOYacHUNI

cancel BigMIHATH solidify TBepaiTH

equal piBHUH, pIBHATHUCS disturb 30yproBatu

shift 3cys treat TpakTyBaTH, pO3IVISLAATA MAaTH

. CIIPABY, MOBOJUTUCSA
diagonal miaronanp

3.EXERCISES

Exercise 1

[IpounTaiiTe i NEpeKIaaITh TEKCT.

Exercise 2

[lepexnaiTe aHTIIACHKOIO

Cratuka — po3AUT TEOPETHUYHOI MEXaHIKH, B SIKOMY BHUKIIAIAIOTHCS 3arajibHi
BIJIOMOCTI MPO CHJIM Ta BCTAHOBIIIOIOTHCS YMOBH PIBHOBArw MaTepiadbHUX TIJT T
JIEI0 PI3HUX CUCTEM CHJI. YMOBHU PIBHOBArd 1ICTOTHO 3aJI€kKaTh BIJl TOTO, SKE 1€ TLJIO
— TBepAe, piake abo raszomomioHe. B Kypci TEOpEeTHYHOI MEXaHIKH PO3IIISIAI0Th
3a/1a4ul Mpo PIBHOBAry TBEPAUX TUI. BUX0js4um 3 03HaUYEHHS B CTaTHUIN PO3B’SA3YIOThH
JIB1 OCHOBHI 3a1a4l:

-IOJaBaHHA CUJ 1 3BEIEHHSA JaHOI CHCTEeMH CHJI 70 HaWMmpocCTimoi — ii
CKBIBAJICHTHOT;

-BU3HAYEHHS YMOB PIBHOBaru CUCTEMHM CHJI, 1110 A1IOTh Ha TLJO.

Cuiia y MexaHilll € KUIbKICHA Mipa MEXaHIYHO1 B3a€MO/IIi OJHOTO Ti1a 3 1HIIKM.
Cuna B3aemMOIii € BEKTOpHA BEJIMYMHA, KA XapaKTePU3y€EThCS TPhbOMa IMapaMeTpaMu:
MOJyJeM, JIHIEW J1i i Toukow mnpukiageHHs. CyKynHICTh KiUIbKOX CHJI, IO JIIOTh
Ha TiJI0, HA3UBAETHCS CUCTEMOIO CHJI. JIBi cHCTeMH CHII, SIKi OJTHAKOBO BIUIMBAIOThH HA
T1J10, HA3UBAIOTHCS €KBIBAJICHTHUMU.
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Cuia, sika eKBIBaJICHTHA 3aJlaHIi CHCTEM1 CUJ, € piBHoAiMHA cuna. Cuna, sika
JOPIBHIOE 3a MOJYJIEeM PIBHOMAIMHIA 1 MNpoTWIEKHA 1 3a HampsMoMm, €
3piBHOBaXxkytoua. CucTema Cuil, sika He MOPYILIyE CTaHy PIBHOBAru Tijl, HA3UBAETHCS
3pIBHOBa)KEHOIO CUCTEMOI0, a00 CHCTEMOI0, sIKa €KBIBAJICHTHA HYJIIO.

Exercise 3

[TepexnamiTh yKpaiHCHKOIO

1. There is much that is right in this account.

2. And there are a few errors of fact here.

3. There is indeed very little to be said about this problem of mechanics.

4. There is no reason why this cannot be made explicit.

5. There are a number of reasons to use this theorem.

6. These papers show that currently there are more issues than answers.

7. There has been a revolution in the technology due to development of
mechanics in the last five of decades.

8. There exists an obvious alternative method of solution.

9. There follow a relatively brief conclusion: two force systems are equivalent.
10. There is no such an effective method of analytical dynamics than that one.

Exercise 4

[TepexnaaiTh aHTITIHCHEKOIO

1. B orpumanux pe3ynbrarax € po30DKHOCTI. 2. IcHye OaraTto MeETOIiB
BUpIIIEHHST mpobsieM auHamKku. 3. B maGoparopii MexaHIKM HEIIOJIaBHO OyB
po3pobiiernit HoBU MeToa. 4. Ha 1ie Timo mie sikachk cuia. 5. Coig 3pooutu Garato
BUMIpIOBaHb Aitounx cui. 6. Ciig Opatu 10 yBarv TpU acleKTH Mij 4ac J0Ka3y i€l
teopemu. 7. 11100 Tina miarpumyBaTH y pyci, B SKOMY BOHU 3HAXOJASTHCS, Ma€e OyTH
SKacCh J1r04a cuia. 8. 31a€ThCsA, ICHYIOTh 3Ha4H1 pO301’)KHOCTI MIXK PIIIEHHSAMH OJHIET
3a/a4l pi3HUMHU CcTyjAeHTamu. 9. B 1pomy 3BiITI 06arato HOBUX naociixeHb. 10.
Heo0xinHa akcoMa CTaTUKH TYT HE 3raJy€eThCs.

Exercise 5

[lepexnaaiTe YKpaiHCHKOIO

When several forces of different magnitude and direction act upon a body, they
constitute a system of forces. If all the forces in a system lie in a single plane, it is
called a coplanar force system. If the line of action of all the forces in a system pass
trough a single point it is called a concurrent force system. In a system of parallel
forces all the forces are parallel to each other. If the line of action of all forces lies
along a single line then it is called a collinear force system.

A rigid body may be defined as a body in which the relative positions of any two
particles do non change under the action of the forces. A particle may be defined as
an object which has no size. Such a body cannot exit theoretically, but when dealing
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with problems involving distances considerably lager when compared to the size of
the body, the size of the body can be neglected without sacrificing accuracy.

Point force is yet another idealization very commonly used in mechanics There
are many similar idealizations assumed in mechanics to find the solution for practical
problems, however, without sacrificing the optimum accuracy required.

LESSON 7.2

1. TEXT
CONSTRAINTS AND THEIR REACTIONS

A body whose displacement in space is restricted by other bodies either
connected to or in contact with it is called a constrained body. We shall call a
constraint anything that restricts the displacement of a given body in space.

A body acted upon by a force or forces whose displacement is restricted by a
constraint acts on that constraint with a force which is called the load or pressure
acting on that constraint. At the same time, according to the axiom of statics, the
constraint reacts with a force of the same magnitude and opposite sense. The force,
with which a constraint acts on a body thereby restricting its displacement, is called
the force of reaction of the constraint, or simply the reaction of the constraint.

All forces which are not the reactions of constraints are called applied or
active forces. The magnitude and direction of active forces do not depend on the
other forces acting on a given body. The difference between a force of constraint
and an active force is that the magnitude of the former always depends on the active
forces and is not therefore immediately apparent.

The reactions of constraints are determined by solving corresponding
problems of statics. The reaction of a constraint points away from the direction in
which the given constraint prevents a body's displacement.

The correct determination of the direction of reactions is of great importance
in solving problems. Let us therefore consider the direction of reactions of some
common types of constraints.

1. Smooth surface or support. A smooth surface is one whose friction can be
neglected in the first approximation. Such a surface prevents the displacement of a
body perpendicular (normal) to both contacting surfaces at their point of contact
(Fig.6.4).

Figure 6.4. Figure 6.5
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Therefore, the action of a smooth surface or support is directed normal to
both contacting surfaces at their point of contact and is applied at that point.
If one of the contacting surfaces is a point then the reaction is directed
normal to the other surface.
2. String. A constraint provided by a flexible inextensible string
(Fig.6.5) prevents a body M from receding from the point of

4 R

Figure 6.6a. Figure 6.6b.

suspension of the string in the direction AM. The reaction T of the string is thus
directed along the string towards the point of suspension.

3. Cylindrical Pin (Bearing). When two bodies are joined by means of a pin
passing through holes in them, the connection is called a pin joint or hinge. Body AB
in Fig.3a is hinged to support D and can rotate freely in the plane of the figure about
the axis of the joint. At the same time, point 4 can not be displaced in any direction
perpendicular to the axis. Thus, the reaction R of a pin can have any direction in the
plane perpendicular to the axis of the joint (Fig.6.6a).

It is very important to discriminate between bearings and moved cylindrical
pin (roller support). The main difference is that in moved cylindrical pin its axis can
move along fixed plane. Thus, its reaction is normal to this fixed plane (Fig.6.68).

r z 4. Ball - and - Socket joint and step bearing.
| A This type of the constraint prevents
displacements in any direction (Fig. 6.7).
= Examples of such a constraint are a ball -
4 0N gpivot and a step bearing. The reaction R of a
= ball - and — socket joint or step bearing has

S>> \ any direction in space.
Figure 6.7. Neither magnitude R nor its direction

in space is immediately apparent.

5. Rod. Let a rod of a negligible weight and secured by hinges at its ends be the
constraint of a certain structure. Then only two forces applied at its ends act on the
rod. If rod is in equilibrium, the forces, according to the 1* axiom, must be collinear
and directed along the axis of the rod. Consequently, a rod subjected to forces applied
at its tips, where the weight of the rod is negligible, can be only under tension or
under compression, i. €., reaction of a rod is directed along its axis.
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Finally, let's consider the axiom of constraints which permits to reduce the
problems of equilibrium of constrained bodies to study of free ones: any constrained
body can be treated as a free body relieved from its constraints, provided the latter
are represented by their reactions.

2. VOCABULARY

restrict oomMexxyBaTu

connect 3’€IHyBaTH

contact KOHTaKT, KOHTaKTyBaTU
constraint HaKJIaIeHUH 3B’ 130K
constrained body nos’s3ane Tiji0
act isTu

load nHaBaHTaXeHHA

pressure TUCK

react MIpoOTUIIATH

opposite sense NpPOTHICKHUN
HaIpPsSIMOK

reaction peaxuis
active force akTuBHA cuJjia

immediately apparent nanepen
B1JIOMUM (BU3HAUYCHUI)

point Touka, 3a3Ha4aTH
prevent 3amooiratu
smooth surface rimagka noBepxHs

support onopa; marpuMyBaTu

friction Teprs

neglect HextyBaTu
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in the first approximation y
nepIioMy MpuOIHuKEHHI

perpendicular neprneHauKyIsAp
therefore Tomy

string HUTKa

flexible rayuknii

inextensible Hepo3TsKHUI

recede BigIansTH

point of suspension Touka miaBicy
towards B HaIIpsAMKY

cylindrical pin (bearing)
UWTIHAPUYHUHN IIapHIP

join 3’eHyBaTH

pin naiens

pass NpOXOIUTH

hole otBip

connection 3’e1HaHHA

hinge mapsip

rotate o6epraru, 00epTaTUCh
free BUTBbHMIA

discriminate Bipi3HATH

roller support pyxoma omnopa



ball - and - socket joint maposa

oropa

step b

rod cTpuXeHb
negligible sskuM MoxHa HEXTyBaTH,
weight Bara

secure MIITHUNA HaJIHHUH;

3aKpIIUICHUM

collinear xosHeapHuii

. b 2
earing I STHAK subject 3a3naBaTn

tip xiHelpb
tension po3Tar
compression THCK

relieve 3BUIBHATH

3.EXERCISES

Exercise 1

[IpounTaiiTe it mepexiIaaiTh TEKCT.

Exercise 2

[lepeknaaiTe yKpaiHCHKOIO

1. Constraints are needed to fix any body in space. Ideal ones are constraints
whose friction can be neglected.

2. No serious difficulties are foreseen in the construction of the machine, if one
were desired.

3. The classical mechanics is concerned with three laws of Newton. The one
that modern science deals with most of all is the second law of dynamics.

4. In examining data on the stability of motion, one can discount unusual cases.
5. One must ask what corollaries follow from the theorem of the motion of the
centre of mass of a system.

6. One frequently wonders whether a particular idea is Newton's or someone
else's.

7. When one sees a table, his memory automatically introduces previous
experience with tables.

8. One sorely misses references to fundamental works in the field of
Mechanics.

9. If, for some reason, one wishes to avoid this, it is, of course, possible.

10. Further evidence emerges when one considers other patterns.

Exercise 3

3anaM’sTaifiTe HACTYIHI CJIOBOCIIOJNYYSHHS Ta YTBOPITh PEUCHHS 3 HUMHU.
one believes that... BBaxxaroTh, 1110...

one knows that... Bigomo, 1110...

one must expect that... cnig ouikyBaTH, 110...
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one can easily understand that... merko MoxHa 3p0o3yMmiTH, 1IO. ..

one may well (ask) € Bci nijgcTaBu (3anuTaTh)

one is faced with the difficulty (trouble, problem) BuHukae TpyaHiCTh (cTa€e
npobiema)

one cannot fail (to do it) He MoxHa He (3pOOUTH 1THOTO)

Exercise 4

ITepexnaaiTh yKpaiHCHKOIO

A beam may be defined as a structural element, which has one dimension
(length) considerably larger than the other two dimensions, namely, breadth and
depth and is supported at a few points. Due to applied loads reactions develop at
supports, and the system of forces consisting of applied loads and reactions of
constraints keep the beam in equilibrium. The nature of reactions depends upon the
type of constraints. If the beam rests simply on a support it is called a simple-support.
In such case the reaction at the support is at right angles to the support, the beam is
free to move in the direction of its axis, and also it is free to rotate about the support.

In the case of roller support, beam end is supported on rollers. In such cases,
reaction is normal to the support since rollers can be treated as frictionless. At a
hinged end, a beam cannot move in any direction. However, it can rotate about the
support. Hence the support will not develop any resisting moment, but it can develop
reaction in any direction.

At fixed supports the beam end is not free to translate or rotate. Translation is
prevented by developing support reaction in any required direction.

Exercise 5

[TepexnaaiTh aHTIIHCHKOIO

MartepiasibHi TiJIa NOAUIAIOTBCA HAa BLIBHI 1 HEBUIbHI. Bce Te, mo oOMexye
NEpPEMIILIEHHS] JTaHOTO TiJa B MPOCTOPi, sBJIsiE coOoto B’si3i. Cuin, 3 SIKUMU B’si31
JII0Th Ha T1J10, HA3UBAIOTHCS PEAKIIsIMU B’si3eM. SIKIO HAa TIIO HAKJIAJEH1 B’ 531, TO
BOHO HA3MBA€ThCA HEBIJILHUM, a SKIIO B’ 531 HE HAKJIAJCHI — TO BIILHUM.

Bcesike HEBLIbHE T1JI0 MOXHA MEPETBOPUTH Y BUIbHE, BIJIKMHYBIIM HAKJIAJEHI Ha
HBOT'O B’sI31 1 3aMIHUBIIHM X IO peakIilisiMu B’s3ei. Peakiiii B s13eli 3ayexars BiJ dii
30BHIIIIHIX CHUJI.

Peaxiiist ineanpHO riaakoi MOBEPXHI CIpsIMOBAHA IO HOPMaJIi 10 Hei.

Peakiiisi cTpuxHS cripsMOBaHa B3JIOBXK HOTO OCl, @ PEakilisi HUTKH — B3JIOBXK
HUTKH JI0 TOYKH MiBICY (HUTKA MPAITIOE TIILKUA HA PO3THT).

[uniaapuaHUM TIApHIPOM HA3UBAETHCA B 53b, IO JOMyCKae OOEpTaHHS Tiia
HABKOJIO OCl, SIKa IPOXOAUTh Yepe3 ISHTP MapHipa.

Peakiiis HepyXxoMoro ImapHipa NEpHEHAMKYJApHA [0 OCl IIapHipa 1 Mae
HEBIJIOMI MOJYJb Ta HampsM. ToMy 0OpW pPO3B’S3aHHI 3aJad IOBHY PpPEaKIIIO
po3KIagaroTh Ha JBI CKIaAoBl. Peakmis pyxmoro mapHipa cropsMoOBaHa
NEPICHIUKYJIIPHO JI0 OTIOPHOI MOBEPXHI.
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Tina, sxi 3’eaHaHi cpEepUYHUM MIAPHIPOM, MAaIOTh 3MOTY SK 3aBTOJIHO
MOBEPTATUCh OJIHE BIJIHOCHO OJIHOI'O HABKOJIO LIEHTpa IiapHipa. Peakiisa cdhepuyHoro
HIapHIpa TPOXOJUTh YEpe3 UEHTP LIApHIpa 1 Ma€ HEB1AOMI MOYJIb 1 HAIIPSIM.

LESSON 7.3

1. TEXT

INTRODUCTION TO KINEMATICS

Kinematics is a part of mechanics, which treats of the geometrical aspects of
the motion of bodies, without taking into account their inertia, i1.e., mass or the forces
acting on them.

On the one hand, kinematics is an introduction to dynamics, insofar as the
fundamental concepts and relationships of kinematics have to be understood before
studying the motion of bodies taking into account the action of forces. On the other
hand, the methods of kinematics are in themselves of practical importance, for
example in studying the transmission of motion in mechanisms.

By motion in kinematics is meant the relative displacement with time of a body
in space with respect to other bodies.

In order to locate a moving body or particle we assume a coordinate system,
which we call the frame of reference or reference system, to be fixed relative to the
body with respect to which the motion is being considered. If the coordinates of all
the points of a body remain constant within a given frame of reference, the body is
said to be at rest relative to that reference system. If, on the other hand, the
coordinates of any points of the body change with time, the body is said to be in
motion relative to the given frame of reference.

Any motion in space takes place with time. In mechanics we deal with three -
dimensional Euclidean space. Time in mechanics is considered as universal, i.e., as
passing simultaneously in all frames of reference. Time is continuously varying
quantity. In problems of kinematics, time is taken as an independent variable or
argument. All other variables are regarded as changing with time, i.e., as functions of
time. Any given instant of time is specified by the number of seconds that has passed
between the initial and the given time. The difference between successive instants of
time is called the time interval.

The principles of kinematics, evolved from and confirmed by practical
experience, are based on the axioms of geometry. No other laws or axioms are
necessary for the kinematics study of motion.

For the solution of problems of kinematics, the motion under consideration has
to be described. To describe the motion or the law of motion, of a given body
kinematically means to specify the position of that body relative to a given frame of
reference for any moment of time.

213



The principal problem of kinematics is that of determining all the kinematics
characteristics of the motion of a body as a whole or of any of its particles (path,
velocity, acceleration, etc.) when the law of motion is known.

As a rule, the study of kinematics begins with an investigation of the simplest
object - a particle, proceeding later to the examination of the kinematics of rigid
body.

There are three methods of describing motion: the natural method, the
coordinate method and the vector one. Let us consider all of them.

1) Natural Method of Describing Motion

The continuous curve described by a particle moving with respect to a given

frame of reference is called the path of that particle. If the path is a straight line, the
motion is said to be rectilinear, if the path is a curve, the motion is curvilinear.
Let the curve AB in Fig. I be the path of a particle M moving with respect to a frame
of reference OXYZ. Take any fixed point 0 on the path as the origin of another frame
of reference. Taking the path as an arc-coordinate axis, assume the positive and
negative directions, as is done with rectangular axes. The position of the particle M
on the path is now specified by a single coordinate S, equal to the distance from 0 to
M measured along the arc of the path and taken with the appropriate sign. The
distance S changes with time. In order to know the position of
M on the path at any instant, we must know the relation
S=S8(t). This relation expresses the law of motion of particle
M along its path.

Thus, in order to describe the motion of a particle by the
natural method, a problem must state the path of the particle,
the origin on the path, showing the positive and negative
directions, the equation of the particle's motion along the
path. Note that S denotes the moving particle’s position, not the distance traveled by
it. The natural method is convenient when the particle’s path is known at once.

2) Coordinate Method of Describing Motion

A particle’s path may not be known, that is
why the coordinate method is employed more
frequently.

The position of a particle with respect to a given
frame of reference OXYZ can be specified by its
Cartesian coordinates x, y, z (Fig.6.9). If we want
to know the equation of motion of a particle, i.e.
its location in space at any instant, we must know Figure. 6.9

its coordinates for any moment of time: x=x(?),

y=y(t), z=z(t). These equations are ones of motion of a particle in terms of the
Cartesian rectangular coordinates. They describe the curvilinear motion of a particle
by the coordinate method. It's obvious, that if a particle moves in one plane, then we
shall obtain two equations of motion.
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Equations of motion are, at the same time, ones of the particle's paths in
parametric form. By eliminating time ¢ we can obtain the equation of the path in the
usual form.

3) Vector Method of Describing Motion.
Let a particle M be moving relative to any frame of reference OXYZ. The

position of the particle at any instant can be specified by a vector » drawn from the
origin O to the particle M. Vector r is called the radius- vector of the particle M.

When the particle moves, the vector » changes with time both in magnitude and
direction. Thus, 7 is a variable vector (a vector-function) depending on the argument

tr=r (t ) This equation describes curvilinear motion of a particle in vector form

and can be used to construct a vector » for any particular moment of time and to
determine the position of the moving particle at that instant.

The locus of the tips of vector » defines the path of the moving particle. The
vector method is convenient for establishing general dependencies, as it describes a
particle's motion in terms of one vector equation instead of the three scalar equations.

Velocity of a Particle
One of the basic Kinematics’ characteristics of motion of a particle is a vector
quantity called velocity.
Let a moving particle occupy at time ¢ a position M defined by the radius vector

r, and at time ¢, a position M, defined by the radius vector » (Fig.6.10). The
displacement during the time interval Ar = ¢,-¢ is

defined by a vector MM, which we shall call the
displacement vector of the particle. From triangle

OMM, we obtain r+MM | =r,, whence

MM, =r—r = Ar.

- Figure. 6.10

MM, Ar . 8

——=—1s called the average

At At

velocity of the particle during the given time interval A z.

Obviously, the smaller the time interval At = ¢,-t the more precisely the average
velocity will characterize the particle’s motion. To obtain a characteristic of motion

independent of the choice of the time interval the concept of instantaneous velocity is

The ratio Va =

introduced. It is a vector quantity V' towards which the average velocity V. tends
when the time interval Af tends to zero

7 =lim(7 )= limr

At—0 At—0 dt
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Thus, the vector of instantaneous velocity of a particle is equal to the first
derivative of the radius vector of the particle with respect to time:

As the limiting direction of the secant MM1 1is a tangent, the vector of
instantaneous velocity is tangent to the path of the particle in the direction of motion.

Acceleration of a Particle

Acceleration characterizes the time rate of change of velocity in magnitude and
direction.

Let a moving particle have a velocity ¥ at a given time t, and a velocity V' 1 -
at time t1. The increase in velocity in the time interval At = ¢,-tis AV =V—V . The

ratio of the velocity increment vector AV to the corresponding time interval A ¢
defines the vector of average acceleration of the particle in the given time interval:

. =2V
At

The instantaneous acceleration at a given time ¢ is defined as the vector

quantity W towards which the average acceleration ., tends when the time interval
At tends to zero:

. AV dV
W: — T —
lAl,EIOlAt dt’
or
_ .
W:d_V:dz/_
dt dt

Hence, the instantaneous acceleration of a particle is equal to the first
derivative of the velocity vector or the second derivative of the radius-vector of the
particle with respect to time.

In general case, the acceleration vector /' lies in the osculating plane and is
directed towards the inside of the curve.

The osculating plane trough a point M on a curve may be defined as the
limiting position of a plane trough points M, M1 and M2 of the given curve when
points M1 and M2 tends to M.

The osculating plane of a plane curve is coincident with the plane of the curve
and is common for all its points.

2. VOCABULARY

inertia iHepiis mass maca
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transmission nepenaua
with respect to BigHOCHO 10

frame of reference cucrema
BIJITIKY

three — dimensional
TPHLOXMIPHUH
independent variable

He3aJ1eKHa 3MIHHA
argument apryMeHT
function ¢pyukiis

instant MOMEHT yacy
position noyio>keHHs

path TpaekTopis

velocity mBuaKICTh
acceleration npuckopeHHs
continuous HenepepBHUN
curve KpuBa

rectilinear npsimosniHIMHMIA

curvilinear xpuBoJIHIHHUN

Exercise 1

axes BICb

arc jayra

equation piBHSHHS
coordinate xoopauHaTa
location noJyioxkeHHs
move pyxaTtucs

radius pazgiyc

vector BEKTOp
dependence 3a5ie)KHICTh
fixed Hepyxomuit
positive 1o3uTHBHUMN
negative HeraTUBHUH
rectangular npsAMOKyTHUI
locus micuenonoXeHHs

osculating plane ctuuna
IUTOLIMHA

3.EXERCISES

[IpounTaiiTe it mepexnIaaiTh TEKCT.

Exercise 2

ITepexnamiTh aHTITHCHKOIO
KinemaTnka — po3auT TEOPETUYHOI MEXAHIKU, SIKWA BHUBYA€ MEXAHIYHUUA PyX

MarepiaabHOI TOYKH, CUCTEMH MaTeplalbHUX TOYOK 1 aOCONIOTHO TBEPJOTO TiIa B
IpoCTOpi yaci, 6e3 ypaxyBaHHS CUJI, IKI COPUUUHSAIOTH LIEH pyX.
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B OCHOB1 KJJACMYHOI MEXaHIKM JIeKHUTh TMOHATTA TMpo aOCTPaKTHHIMA
T€OMETPUYHIA MPOCTIp — TPUBUMIPHUM eBKIiAOBHM mpoctip. Yac mnepebirae
PIBHOMIPHO, HENEPEPBHO, OJHAKOBO B yCiX YaCTUHAX BCECBITY HE3AJIEKHO BiJl TAKUX
SIBUIIL, SIK1 B HbOMY B1JI0YBaIOThHCS.

[TonoxeHHsT TLNa BU3HAYAETHCS BIAHOCHO SIKUX-HEOyap 1HIIMX Tl Tima, ski
BU3HAYAIOTh TOJOKEHHS PYXOMHUX T, Ha3MBAIOTh CUCTEMaMHU BIUIIKY. 3 LHUMH
TIJJAMU  TOB’S3yIOTh  JIEIKYy CHUCTEMY KOOpAMHAT, HANPHUKIA] MPSIMOKYTHY
(1exapToOByY), 1 BU3BHAYAIOTH MOJIOKEHHS KOYKHOI TOYKHU PyXOMOTO Tija.

Kinematuka mominseThCcs Ha KIHEMAaTHKy TOYKH 1 TBepaoro Tija. OcHOBHa
3ajlaya KIHEMaTUKH TOYKHM — BH3HAYEHHS 3aKOHY 11 pyxy 1 KIHEMaTUYHUX
XapaKTePUCTHK PYyXY. 3aKOHOM PYXy HA3UBAETHCS 3aJEKHICTh MK IOJIOKEHHSIMHU
TOYKH Yy BHOpaHii CUCTEMI BIIJIIKY 13 4acOM.

OcHOBHa 33/1auya KIHEMAaTUKH aOCONIOTHO TBEPAOTO Tijla — BU3HAYCHHS 3aKOHY
pPYyXy TUI B LLJIOMY 1 KO’KHOI TOYKH T1JIa OKPEMO.

Exercise 3

[lepexnaaiTe YKpaiHCHKOIO

1. One might try to explain this theorem. 2. One could simply accept this
principle of virtual displacements. 3. One can hardly disagree with this research
strategy. 4. As one might guess, these topics are highly interdependent. 5. One is not
required to know much about the theory before reading it. 6. One must note all the
exceptions, even if one defers their consideration for later study. 7. One does not need
to be a believer in this theory to feel that some useful information has been lost
here.8. One can hardly object to this as a sort of first approach. 9. One must be very
careful in drawing conclusions from these data, however. 10. The student offered
explications of the theorem; but they are brief and one is erroneous.

Exercise 4

[lepexnaiTe aHTTIHCHKOIO

1. Bigomo, mo TeopeTuuHa MexaHika-(QyHaameHTanbHa Hayka. 2. CXOXICTb
TEOpeM, SIKy MH 3HaXOJuMO, HE BHIIaJKoBa. 3. BBakarwTh, IO JUHAMIKa-
HalCKIaaHIRIUN po3ait Mexadiku. 4. Ciig o9ikyBaTH, 110 M1 1€ MTOCTIMHOT CHITH
TOYKA PYXa€ThCS PIBHOMIPHO MPUCKOPEHO.5. JIErKo 3p0o3yMiTH, IO MiJ €K OJHIET
CWJIM TUIO HEe MOXke OyTH y cTaHl piBHOBaru. 6. SIKiIo 3HaTH 3arajibHI TEOPEMH
JTUHAMIKH, JIETKO TOSICHUTH Oarato sBuml. 7. € BCl MiJACTaBH 3a/1aTH NMUTAHHSI-YOMY
e Tij10 He o0epTaeThea? 8. UuMm Oibliie HaBUaemics, TUM Oiabiie 3Haemr. 9.11iq gac
pillICHHS PIBHSAHb PYyXy MEXaHIYHOI CUCTEMHU BHHHUKAIOTH BEJIWKI MaTeMaTH4YHI
tpynuotri. 10. HeMoX11BO HE 3HATH TEOPETUUHY MEXaHIKY 1 OyTH 1H)KEHEPOM.

Exercise 5

[lepexnaniTh yKpaiHCHKOIO
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Kinematics is the branch of mechanics, which deals with the motion of bodies’
problems without referring to the forces causing the motion of the body. A body is
said to be in motion if it is changing its position with respect to a reference point. For
all engineering problems any fixed point on the earth is an implied reference point.
The distance moved by the body in time is the distance measured along its path.
Distance is a scalar quantity since it has only magnitude. Displacement of the body in
a time interval may be defined as the linear distance between the two positions of the
body in the beginning and the end of the time interval. Since displacement has
magnitude and direction, it is a vector quantity.

LESSON 7.4

1. TEXT
INTRODUCTION TO DYNAMICS

Dynamics is that section of mechanics, which treats of the laws of motion of
material bodies subjected to the action of forces.

The motion of bodies from a purely geometrical point of view was discussed in
kinematics. Unlike kinematics, in dynamics the motion of bodies is investigated in
connection with the acting forces and the inertia of the material bodies themselves.

The concept of force as a quantity characterizing the measure of mechanical
interaction of material bodies is introduced in statics. But in statics we treated all
forces as constant, without considering the possibility of their changing with time. In
real systems, though, alongside of constant forces (gravity can generally be regarded
as an example of a constant force) a body is often subjected to the action of variable
forces whose magnitudes and directions change when the body moves. Variable
forces may be both applied (active) forces and the reactions of constraints.

Experience shows that variable forces may depend in some specific ways on
time, on the position of a body, or on its velocity (examples of dependence on time
are furnished by the traction force of an electric locomotive whose rheostat is
gradually switched on or off, or the force causing the vibration of a foundation of a
motor with a poorly centered shaft; the Newtonian force of gravitation or the elastic
force of a spring depend on the position of a body; the resistance experienced by a
body moving through air or water depends on the velocity). In dynamics we shall
deal with such forces alongside of constant forces. The laws for the composition and
resolution of variable forces are the same as for constant ones.

The concept of inertia of bodies arises when we compare the results of the
action of an identical force on different material bodies. Experience shows that if the
same force is applied to two different bodies initially at rest and free from any other
actions, in the most general case the bodies will travel different distances and acquire
different velocities in the same interval of time.

Inertia 1s the property of material bodies to resist a change in their velocity
under the action of applied forces. If, for example, the velocity of one body changes
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slower than that of another body subjected to the same force, the former is said to
have greater inertia, and vice-versa. The inertia of any body depends on the amount
of matter which it contains.

The quantitative measure of the inertia of body, which depends on the quantity
of matter in the body, is called the mass of that body. In mechanics mass m is treated
as a scalar quantity, which is positive and constant for every body. The measurement
of mass will be discussed in the following article.

In the most general case the motion of a body depends not only on its aggregate
mass and the applied forces, the nature of motion may also depend on the dimensions
of the body and the mutual position of its particles (i.e., on the distribution of its
mass).

In the initial course of dynamics, in order to neglect the influence of the
dimensions and the distribution of the mass of a body, the concept of a material point,
or particle, is introduced.

A particle 1s a material body (a body possessing mass) the size of which can be
neglected in investigating its motion.

Actually any body can be treated as a particle when the distances traveled by its
points are very great as compared with the size of the body itself. Furthermore, in the
dynamics of systems, a body in translatory motion can always be considered as a
particle of mass equal to the mass of the whole body.

Finally, the parts into which we shall mentally divide bodies in analyzing any
of their dynamic characteristics can also be treated as material points.

Obviously, the investigation of the motion of a single particle should precede
the investigation of systems of particles, and in particular of rigid bodies.
Accordingly, the course of dynamics is conventionally subdivided into particle
dynamics and the dynamics of systems of particles.

The study of dynamics is based on a number of laws generalizing the results
of a wide range of experiments and observations of the motions of bodies—Ilaws that
have been verified in the long course of human history.

The First Law (the Inertia Law): a particle free from any external influences
continues in its state of rest, or of uniform rectilinear motion, except in so far as it is
compelled to change that state by impressed forces. The motion of a body not
subjected to any force is called motion under no forces, or inertial motion.

The inertia law states one of the basic properties of matter: that of being always
in motion. It establishes the equivalence, for material bodies, of the states of rest and
of motion under no forces.

A frame of reference for which the inertia law is valid is called an inertial
system (or, conventionally, a fixed system). Experience shows that, for our solar
system, an inertial frame of reference has its origin in the center of the sun and its
axes pointed towards the so-called "fixed" stars. In solving most engineering
problems a sufficient degree of accuracy is obtained by assuming any frame of
reference connected with the earth to be an inertial system.

The Second Law (the Fundamental Law of Dynamics) establishes the mode
in which the velocity of a particle changes under the action of a force. It states: the
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product of the mass of a particle and the acceleration imparted to it by a force is
proportional to the acting force; the acceleration takes place in the direction of the
force. Mathematically this law is expressed by the vector equation:
mw=F )

The second law of dynamics, like the first, is valid only for an inertial system.
It can be immediately seen from the law that the measure of the inertia of a particle is
its mass, since two different particles subjected to the action of the same force receive
the same acceleration only if their masses are equal; if their masses are different, the
particle with the larger mass (i.e., the more inert one) will receive a smaller
acceleration, and vice versa.

A set of forces acting on a particle can, as we know, be replaced by a single

resultant R equal to the geometrical sum of those forces. In this case the equation
expressing the fundamental law of dynamics acquires the form:

mvTizk or mw:sz .
Measure of mass. Second law makes it possible to determine the mass of
a body if its acceleration in translator motion and the acting force are known. It has

been established experimentally that under the action of the force of gravitation P all

bodies falling to the earth (from a small height and in vacuum) possess the same

acceleration g, this i1s known as the acceleration of gravity or of free fall. Applying
m=1

the second law to this motion, we obtain mg= P, whence g .

Thus, the mass of a body is equal to its weight divided by the acceleration of
gravity g.

The Third Law (the Law of Action and Reaction) establishes the character of
mechanical interaction between material bodies. For two particles it states: two
particles exert on each other forces equal in magnitude and acting in opposite
directions along the straight line connecting the two particles.

It should be noted that the forces of interaction between free particles (or
bodies) do not form a balanced system, as they act on different objects.

The third law of dynamics, which establishes the character of interaction of
material particles, plays an important part in the dynamics of systems.

There are two types of problems in dynamics

The problems of dynamics for a free particle are: 1) knowing the equation of
motion of a particle, to determine the force acting on it (the first problem of
dynamics), 2) knowing the forces acting on a particle, to determine its equation of
motion (the second, or principal, problem of dynamics).

Both problems are solved with the help of the second law of dynamics, since it
gives the relation between acceleration, i.e., the quantity characterizing the motion of
a particle, and the forces acting on it.

In engineering it is often necessary to investigate constrained motions of a
particle, i.e., cases when constraints attached to a particle compel it to move along a
given fixed surface or curve.
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In such cases we shall use, as in statics, the axiom of constraints, which states
that any constrained particle can be treated as a free one detached from its constraints

provided the latter is represented by their reactions N . Then the fundamental law of
dynamics for the constrained motion of a particle takes the form:
mw = ZF' “t+ N

where ¢ denotes the applied forces acting on the particle.

For constrained motion, the first problem of dynamics will usually be: to
determine the reactions of the constraints acting on a particle if the motion and
applied forces are known. The second (principal) problem of dynamics for such
motion will pose two questions: knowing the applied forces, to determine: a) the
equation of motion of the particle and b) the reaction of its constraints.

2. VOCABULARY

purely geometrical point of view amount cyma
YUCTO T€OMETPHUYHA TOYKA 30PY

discuss oOroBoproBatH, TUCKyTyBaTH  matter marepis

in connection with y 3Bs3Ky 3 contain MICTHUTH,MaTH B cO01

inertia iHepuis quantitative measure KiUIbKiCHa Mipa
quantity KUIbKICTb mutual B3aemHuu

mechanical interaction mexaniyna distribution po3nonin

B3a€EMO/I15

possibility mMoxxnuBicTh influence BruMB, BriiMBaTH
alongside of mopsina 3 as compared with y nopiBHsHHI 3
gravity rpaiTaris translatory motion noctynansHui pyx
regard BBaXaTu divide nututn

move pyxaTu, pyXaTHCs obviously oueBuHO

dependence 3anexHICTh precede mepemyBaTH

furnish nocrauaTu, 3a6e3neuyBaTu in particular 30kpema

traction force cwia tarn observation cnocrepexeHHs

electric locomotive enexkTpoBo3 verify nepeBipsaTu

rheostat peocrar external 30BHINIHIN
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gradual nocrtynosun uniform piBHOMIpHUI

switch on BrirOUaTH solar system coHsYHA cucTema
switch off BukrOUaTH establish BcTanaBroBaTH
elastic force mpyxHa cuia equivalence ekBIBaJICHTHICTb
vibration konuBaHHs, BiOpalis so called Tak 3BaHmit
foundation ynmament sufficient mocraruiii

spring mpy>xuHa degree cTyIiHb

shaft Ban accuracy TOYHICTb
resistance omip impart HagiIATH

deal with matu cripaBy proportional nponopiiinuii
compare TMOPIBHIOBAaTH height Bucora

acquire mpunbaBatu, HaOyBaTH vacuum BaKyyMm

property BIacTUBICTb free fall BibHE mamiHHS
resist YMHUTHU OMIp whence 3B1aKu

change 3miHOBaTH exert YMHHUTH

3.EXERCISES

Exercise 1

[IpounTaiiTe i mepekIaaiTh TEKCT.

Exercise 2

[TepexnaaiTh aHTITIHCHEKOIO

Jlunamika — pO3IUT TEOPETUYHOI MEXaHIKM, B SKOMY BHBYAETHCA PYX
MaTepiaIbHUX T1J M I1€10 MPUKIAEHUX 10 HUX CHJL.

[lin wmaTepiaIbHUMH TUIaMH  PO3YMIIOTH MaTepiaibHy TOUYKY, CHUCTEMY
MarepiaibHUX TOYOK a0o abConMoTHO TBepae Tulo. MarepiaabHa  TOuka — I
MarepiaibHEe TUIO, PO3MIpaMH SKOTO JJIA JaHOI 3ajadi HeXTyrTb. CHCTEMORo
MaTeplalbHUX TOYOK HA3UBAETHCA TaKa CYKYNHICTh TOYOK, B SIKiil MOJIOKEHHS 1 pyX
KOXXHOT TOYKH 3aJIKUTh B1J MOJOKEHHS 1 pyXy BCiX IHIIUX. AOCOIIOTHO TBEPAE TUIO
- HE3MIHHa CHCT€Ma, BIJICTaHb MK OyAb-SIKUMH TOYKAMH SKOI 3aJIMILIAETHCA
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HE3MIHHOK. Y KIACHYHIA MeXaHIll pO3rIsgaloTh PyX HEMaIUX MareplalbHUX
00’ €KTiB 31 MIBUAKOCTSIMHU, MAJTMMH TIOPIBHIHO 31 mBUAKICTIO cBiTiIa (3.106 KM/C).

BnactuBicTh MaTepiaJbHUX TUT MIBHAKO a00 MOBIIBLHO 3MIHIOBATH MIBUAKICTH
CBOT'0 PYXYy MiJ €0 MPUKIIAICHUX CHII — IHEPTHICTh. KUTbKICHOIO MIpOIO 1HEPTHOCTI
MaTepialbHUX TiIa € Maca. Maca Tina B3araii 3MiHHa BearndnHa.Cuin OyBarOTh CTal
1 Hectaumi. Hecrami cuiiu MOXKyTh OyTH 3aJIeKHUMH BiJl TIEpEMIIEHHS (CHITH TSKIHHS
, CHJIA TIPYKHOCTI), BiJl 94acy (CHJIM TSITH), BiJI IIBUAKOCTI (CHUJIK OTIOPY).

Exercise 3

[TepexnaniTh peueHHs, 3BEpTAIOYN yBary Ha nepekiaj 3aiMeHHuKiIB this/these,
that/those:

1. This has the same effect.

2. Those were insufficient proofs.

3. That is not true.

4. This is a theorem to which we return later.

5. These are serious restrictions to the mechanical use of many principles.

6. And now we turn to other cases of reduction of coplanar force system.

7. They can use other theorems of dynamics, although these are rather simpler.
8. That is the method used by only a few researchers.

9. This is a study of a specific case of motion.

10. This is why it is useful to use D’ Alembert’s principle.

Exercise 4

ITepexnaaiTh aHTITHCHKOIO

1. e memio 3armiyTano J0Ka3 TEOPEMH.

2. lle, meBHO, Oy/Ie 30BCIM HEJJOPESUHUM.

3. Och e MK [IUMHU METOJIaMHU € BEJUKI PO301KHOCTI.

4. IluM s x04y cKazaTH, 110 TaKa O3HAKa JIy»e 1CTOTHA.

5. lum 3aBepinyeThes oBefeHHsS TeopeMu (ab6o: Ha mpomy 3aBepuryeThbes
JIOBEJICHHSI TEOPEMH ).

6. Lle — Halikpalii niaxou A0 BUPIIEHHS TPOOIEeMH.

7. Och nesiki TeoOpeMH, SIKi MH OyJIeMO PO3TJISIaTH B AUHAMIIII.

8. Taki jeski HeOJIKU IHTeTpyBaHHS PIBHSIHB PyXY.

9. BoHu moyacTu BUILIMBAIOTH 13 3aKOHIB HbroTOHA.

10. To Gynu nuiIe nepir KPOKU BUBUECHHS TEOPETHUHOT MEXaHIKH.

Exercise 5

[TepexnaaiTh YKpaiHCHKOIO

Lack of availability of accurate time measuring devices delayed the development
of dynamics as compared to that of statics. Galileo (1564-1642) made useful
observations, which led to development of dynamics. Sir Isaac Newton (1642-1727)
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generalized Galileo’s observations and came out with experimental proof for what are
known as Newton’s first law and second law. These are formulated in such a way:

-everybody continues in its state of rest or of uniform motion, unless it is acted
by some external agency (or a body acted by a balanced system of forces has no
acceleration);

-rate of change of momentum is directly proportional to the impressed force, and
takes 1n the direction, in which the force acts.

It may be observed that the Newton’s first law is only a particular case of the
second law. That 1s when the resultant force is zero, the acceleration also will be zero.

LESSON 7.5

1. TEXT
INTRODUCTION TO THE DYNAMICS OF A SYSTEM

A mechanical system is defined as such a collection of material points (particles)
or bodies in which the position or motion of each particle or body of the system
depends on the position and motion of all the other particles or bodies. We shall thus
regard a material body as a system of its particles.

A classical example of a mechanical system is the solar system, all the
component bodies of which are connected by the forces of their mutual attraction.

A collection of bodies not connected by interacting forces does not comprise a
mechanical system (e.g., a group of flying aircraft). In this summary we shall
consider only mechanical systems, calling them just "systems" for short.

The forces acting on the particles or bodies of a system can be subdivided into
external and internal forces.

External forces are defined as the forces exerted on the members of a system by
particles or bodies not belonging to the given system. Internal forces are defined as
the forces of interaction between the members of the same system. We shall denote
external forces by the symbol F¢, and internal forces by the symbol F'. Both external
and internal forces can be either active forces or the reactions of constraints. The
division of forces into external and internal is purely relative, and it depends on the
extent of the system whose motion is being investigated. In considering the motion of
the solar system as a whole, for example, the gravitational attraction of the sun acting
on the earth is an internal force; in investigating the earth's motion about the sun, the
same force is external.

Internal forces possess the following properties:
1. The geometrical sum (the principal vector) of all the internal forces of a system is
zero. This follows from the third law of dynamics, which states that any two particles
of a system (Fig.6.11) act on each other with equal and oppositely directed forces
F', and F'u, the sum of which is zero. Since the same is true for any pair of
particles of a system, then
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Zﬁik =0 .
2. The sum of the moments (the principal moment) of all the
internal forces of a system with respect to any centre or axis is
zero. For if we take an arbitrary centre 0, it is apparent from Fig.1
that 7, (F'2) + m,(F'2) = 0. The same result holds good for the

moments about any axis. Hence, for the system as a whole we have

Figure.6.11

2y (F') =0 or 22 m (F') = 0.

It does not follow from the above, however, that the internal forces are
mutually balanced and do not affect the motion of the system, for they areapplied to
different particles or bodies and may cause their mutual displacement. The internal
forces will be balanced only when a given system is a rigid body.

The motion of a system depends, besides the acting forces, on its total mass
and the distribution of this mass. The mass of a system is equal to the arithmetical
sum of the masses of all the particles or bodies comprising it:

M = ka.
The distribution of mass is characterized primarily by the location of a point called
the centre of mass. The centre of mass or centre of inertia, of a system is defined as a

geometrical point C whose coordinates are given by the equations:

kaxk kayk _ zmkzk

X = = N
c M Ye M
where my 1s the mass of a particle of the system, and x;, y;,z; are its coordinates.

If the position of a centre of mass is defined by its radius vector7,, we can obtain the
following expression

c

~ ka’”k
==
M

where 7, is the radius vector of a particle of the system.

For a body in a uniform gravitational field, the centre of mass coincides with
the centre of gravity. The concepts of centre of gravity and centre of mass, however,
are not identical. The concept of centre of gravity, as the point through which the
resultant of the forces of gravity passes, has meaning only for a rigid body in a
uniform field of gravity. The concept of centre of mass, as a characteristic of the
distribution of mass in a system, on the other hand, has meaning for any system of
particles or bodies, regardless of whether a given system is subjected to the action of
forces or not.

The position of centre of mass does not characterize completely the distribution
of mass in a system. For if in the system in Fig.6.12 the distance / of each of two
identical spheres 4 and B from the axis Oz is increased by the same quantity, the
location of the centre of mass will not change,
though the distribution of mass will change and
influence the motion of the system (all other
conditions remaining the same, the rotation about
axis Oz will be slower).

Figure.6.12

226



Accordingly, another characteristic of the distribution of mass, called the
moment of inertia, is introduced in mechanics. The moment of inertia of a body with
respect to a given axis Oz is defined as a scalar quantity equal to the sum of the
masses of the particles of the body, each multiplied by the square of its perpendicular
distance from the axis:

J, = ka hi.

It will be shown further on that moment of inertia plays the same part in the
rotational motion of a body as mass does in translatory motion, i.e., moment of inertia
is a measure of a body's inertia in rotational motion.

The moment of inertia of a body is equal to the sum of the moments of inertia
of all its parts with respect to the same axis. For a material point located at a distance
h from an axis, J. = mh’. The dimension of moment of inertia in the technical system
of units is [J] = kgm-sec’.

The concept of radius of gyration is often employed in calculations. The radius
of gyration of a body with respect to an axis Oz is a linear quantity p defined by the
equation

J.=Mp*,
where M is the mass of the body.

It follows from the definition that geometrically the radius of gyration is equal
to the distance from the axis Oz to a point, such that if the mass of the whole body
were concentrated in it the moment of inertia of the point would be equal to the
moment of inertia of the whole body. Knowing the radius of gyration, we can obtain
the moment of inertia of a body and vice-versa.

2. VOCABULARY

mechanical system MexaHiuHa cucTeMa sum cyma

component KOMIIOHEHTA, YaCTHHA centre of mass 1eHTp mMac
collection cykymHicTh centre of inertia 1eHTp iHepi
attraction npuTsAraHHs uniform gravitational field oxnopigHE

[0JIE TAXKIHHSA

comprise BKJIIOYATH centre of gravity 1eHTp TsDKIHHS
aircraft mitak concept IOHATTA

subdivided po3ainennii meaning 3Ha4YCHHS

internal force BHyTpiuIHS cuia regardless HezanexHO Bl
external force 30BHiIHS cuia sphere cdepa

denote mo3Havaru increase 301JIbIIIyBaTUCH
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principal vector rosioBHUII BEKTOp moment of inertia MoMeHT iHep1ii

oppositely directed npotwiexkno multiply mMHOXUTH

CIIPSIMOBaHUM

principal moment ronoBHUI MOMEHT perpendicular distance HalikopoTma
BIJICTaHb

with respect to BiHOCHO 110 further on y noganemomy

it is apparent o4eBHAHO rotational motion oGepTanpHUM pyx

moment of inertia MmomeHT 1HepIIii radius of gyration paniyc inepiii

hence orxe vice — versa HaBIIaKu

distribution poszmosin mutually balanced B3a€EMHO
3pIBHOBKCHHI

3.EXERCISES

Exercise 1

[IpounTaiiTe i NEpeKIaaITh TEKCT.

Exercise 2

[lepexnaiTe aHTIACHKOIO

MexaHiuHa cucTeMa — CHCTeMa MaTepialbHUX TOYOK (TUI), B AKIA TOJIOKEHHSI
a00 pyX KOKHOT TOUKH (T1J1a) 3aJIKUTh B1JI MOJOKEHHS 1 pyXy BCIX 1HIIHX.

Ha xoxHy TOYKy MeXaHIYHOI CHCTEMH JiIOTh SK 30BHIIIHI, TaK 1 BHYTPIIIHI
CWIH. 30BHIIIHI CHJIH - TI€ CUJIH, IO JIIOTh Ha CUCTEMY 3 OOKY TiJI, SIKI HE BXOJAThH Y
JaHy cucTeMy. BHYTpIIIHI CHIIM - CHIIA B3a€EMO/II MK TOYKaMU JaHOT CHCTEMH.

Maca MexaHIYHOT CUCTEMHU JOPIBHIOE anreOpaiuHiidi cyMl Mac TuI, IO BXOMSTH
710 CUCTEMH.

B ogHOpigHOMY 1MOJ1 CHIT Bary UEHTP Mac 301raeTbes 3 LIEHTPOM Baru.

[TomoxeHHsT TIEHTpa Mac XapaKTepu3y€e PO3MOJAUT Mac CHCTEMH HEMOBHICTIO.
Tomy BBOAATH 1€ OJHY XapaKTEPUCTHUKY — MOMEHT 1Hepiii. MOMEHTOM 1Hepuli Tuia
BIJIHOCHO JIaHOI OC1 Ha3WBAETHCS CKaJsIpHA BEJIMYWHA, 110 JOPIBHIOE CyMi JTOOYTKIB
Mac yciX TOYOK Tijia (CUCTEMH) Ha KBaJpaTH iX BiJCTaHeW BiJ I1i€i oci. MomeHT
1HEPIIiT BUpaXXa€eThCsl B KIJIorpamax Ha KBaJpaTHU MeTp (Kr.m2).

Panmiyc imepmii Tina BU3HA4Yae Ty BIACTaHb B OCl JO TOYKH, JI¢ Tpeda
30CEpeIUTH BCIO Macy Tiia, o0 MOMEHT 1Hepllii OjHI€l Ii€i TOYKH JTOPIBHIOBAB
MOMEHTY 1HEpIIii BChOTO T1JA.
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Exercise 3

3anam’sTaiiTe 3HaUEHHS! HACTYITHUX BUpPAa3iB, B AKUX 3aiIMEHHUK it BUKOHY€E
(GYHKIIIO MiAMETA 1 CKJIAIITh 3 HUIMH PEYEHHS:

it is found that... BuU3HAHO; BUABJICHO, 1IIO...

it will be noted that... ciig Bim3HauuTH, IIO...

it is taken for granted that... npuiimaeTscs 6e3 q0Ka3iB, 1I10...

it appears that... BusABIsS€THCS;IEBHO, 1IIO...

it follows that... BunmBae (Mo)xHa 3pOOUTH BUCHOBOK), II1O...

it takes (time, efforts) moTpiOHwmii (yac, 3ycusiis)

it is appropriate (to use...) 10pe4HO (BUKOPUCTOBYBATH)

it is helpful xopucho

it is not necessary that... He 000B’43K0BO, 11100...

it is only natural that... inkomM npupoanso, IO...

it is well (to ask) nopeuno (3anuTartu, 3a1aTH TUTAHHS)

it is common observation that...3aragpHOBIIOMO, IIIO. ..

it is (of) common occurrence that...3Bu4aiino; yacto OyBae Tak, I1o0...
it is common (usual) practice (to use) 3BuYaliHO (BHUKOPHUCTOBYIOTH),
NPUIHATO BUKOPUCTOBYBATH )

Exercise 4

[TepexnaaiTh yKpaiHCHKOIO

. It is worthwhile to try (trying) another approach.

. In ancient times it was believed that the earth was flat.

. I found it easy to understand the professor.

. It seems that this approach is better than that one.

. It 1s thought that mechanics is a very difficult science.

. It is known that mass is a measure of inertia of bodies.

. It i1s important to make up the equation of motion.

. It is important that this theorem was understood.

9. It is common observation that mass is a fundamental notion of dynamics.
10. It will be remembered that some hypotheses were put forward in the last
decade.

11. It is hoped that the theorem will be helpful.

12. Tt will be recalled that decimal system is used throughout the paper.

13. It is the purpose of the lecture to present new theorems of dynamics.

14. It is well to introduce a new concept at this point.

15. It was suggested by professor to apply another method.

O DNk~ W~

Exercise 5

[TepexnaaiTh yKpaiHCHKOIO Ta MEPECKAKITh HACTYITHUN TEKCT
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Moment of inertia of a body about any axis is defined as the sum total of product
of its elemental masses and square of their distance from the axis. This term has no
physical meaning. It is only a mathematical term, which will be very useful in
studying rotation of rigid body. Since moment of inertia is product of mass and
square of distance, its unit isN —m—sec’. No name has been assigned to this unit.
Hence, it may be simply called as unit.

Radius of gyration is that distance, which when squared and multiplied with the
total mass of the body gives the moment of inertia of the body. In other words, radius
of gyration is the distance at which the entire mass can be assumed to be concentrated
such that the moment of inertia of the actual body and the concentrated mass is the
same.

Moment of inertia of simple bodies can be determined from its definition. The
following steps have to be done: 1) take a general element; 2) write down the
expression for mass of the element and its distance from the axis; 3) integrate the
product of the square of this distance and elemental mass between suitable limits such
that the entire mass of the body is covered.
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CHAPTER 8 THE FIELD OF ELECTRONICS

LESSON 8.1

1. TEXT

VOLTAGE CONTROL WITH DC SUPPLY

For the sake of simplicity we will begin by exploring the problem of
controlling the voltage across resistive load, fed from a constant-voltage source such
a battery.

Two different methods are shown in Figure 8.1.

/’ R, z] — /$/ zl — AL Average
E R E R
%, & >
a) b) c)

Figure 8.1. Methods of obtaining a voltage output from a constant voltage

R

Method (a) (Figure 8.1,a) uses a variable resistor ~'! to varies a voltage at the

resistive load R . Resistor 21 absorbs whatever fraction of the electromagnetic force
(e.m.f)) E. It provides smooth control over the full range from 0 to £,

The snag of the method is that power is wasted in the control resistor B

Instead the manually operated control resistor i often is used a transistor. The
transistor is connected with its collector and emitter terminals in series with the
voltage source and load resistor. In this case, of course, the transistor is a variable
resistor, but a rather special one in which the effective collector-emitter resistance can
be controlled over a wide range by means of the base-emitter current.

The method of voltage control at the resistive load has a very low efficiency.

Other method (Figure 8.1,b) uses the mechanical or electronic switch. By
operating the switch repetitively and varying the ratio of on/off time, the average load
voltage can be varied continuously between 0 (switch off all the time) to £ (switch
on all the time) (Figure 8.1,c).

The circuit shown in Figure 8.1,b is often referred to as a ‘chopper’, because
the e.m.f. E is ‘chopped’ on and off.
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When a constant repetition frequency is used, and the width of the pulse is
varied to control the mean output voltage, the arrangement is known as ‘pulse width
modulation” (PWM). An alternative approach is to keep the width of the on pulses
constant, but vary their repetition rate. This approach is known as pulse frequency

modulation (PFM).

control

voltage

resistive load

constant-
voltage source

battery

resistor

electromagnetic
force

transistor
collector
emitter

terminal

Exercise 1

[IpounTaiiTe i NEpeKIaaITh TEKCT.

Exercise 2

2. VOCABULARY

KepyBaHHS,
pEryJIIoBaHHs

Hampyra

PE3UCTHUBHE
HAaBaHTAKCHHS

JOKEpETo
MMOCTIHHOT
Hanpyru

Oartapest
(axkymynarop)

pe3ucTop

eJIEKTpOMarHiTHa
cuiia

TPaH3UCTOP
KOJICKTOD
eMiTep

3aTHUCK, KJICMa

collector-
emitter
resistance

base-emitter
current

switch

chopper

frequency
pulse

pulse width
modulation
(PWM)

pulse frequency
modulation
(PFM)

3.EXERCISES

KOJICKTOPHO-
EeMITEpHUM OTIIp

6a30Bo-
eMITEepHHUI CTPyM

nepemMuKad,
KOMYTalliHUN
HPUCTPIN

nepepuBad,
1HBEpPTOP

4acToTa
MyJIbC, MyJIbcallis

ITUPOTHO-
IMITyJIbCHA
MOTYJISAIIIS
(II1IM)

4aCTOTHO-
IMITyJIbCHA
moayJsiisa (UIM)

Bianosictu aHriichbKO0 MOBOIO MMMCHhbMOBO HA HACTYITHI 3alTUTAHHS:

1. SIki KOHTaKTH € y TpaH3ucropa?

2. SIK miaKITI0Ya€eThCs TPAH3UCTOP 10 HABAHTAXKEHHS Yy BUMAJKY,



PO3IIIAHYTOMY Y TEKCT1?

3. SIk peryyroeThCs 3MIHHUI OIIp TPAH3UCTOPA P PErYJIFOBAaHHI CEPEIHBOI
HAIpyry Ha HaBaHTaXEHH1?

4. Y yomy nosisirae HEAOJIK PEryJIOBaHHS TPAH3UCTOPOM SIK 3MIHHUM
onopom?

Exercise 3
Buknanite y nucbMoBid (popMi aHTIIIHCHKOIO MOBOIO Y YOMY TTOJISTAE PI3HULI Y
METOJIaX PETYJIIOBaHHS HAMPYTH NPH KUBJICHHI BiJl JpKepelia MOCTIHHOT HAlpyTH.
Exercise 4

BiamosicTi NUCEMOBO aHIUIIHCHKOIO MOBOIO Ha 3alIUTAHH:
What are the differences between pulse width modulation and pulse frequency
modulation?

LESSON 8.2

1. TEXT

CHOPPERS (TRANSISTORS)

Obviously a mechanical switch (look lesson 8.1, Figure 8.1,b) would be
unsuitable, and could not be expected to last long when pulsed at high frequency. So,
an electronic power switch is used instead (Figure 8.2,a).

Collector Drzgn Collector
'_
Base
e :Gate
Gate \ H o
(@)
Emitter Source Emitter
a) BJT b) MOSFET ¢) IGBT

Figure 8.2. Electronic devices (transistors):
BJT — dipolar junction transistor;
IGBT - insulated gate bipolar transistor;
MOSFET — metal oxide semiconductor field effect transistor;
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BJT. Historically the bipolar junction transistor was the first to be used for
power switching. It has been widely used in inverters for drives, mainly in
applications ranging up to a few kilowatts and several hundred volts.

A transistor can be used as an effective controllable resistor due to the
resistance between collector and emitter depends on the current in the base-emitter
junction.

Like mechanical switch the transistor would have to be able to provide infinite
resistance (switch off) or zero resistance (switch on).

The main (load) current flows into the collector C and out of the emitter E, as
shown by the arrow on the device symbol (Figure 8.2,a).

To switch the transistor on (i.e. to make the resistance of the collector —emitter
circuit low, so that load current can flow), a small current must be caused to flow
from the transistor base B to the emitter. When the base-emitter current is zero, the
resistance of the collector-emitter circuit is very high, and the device is switch off.

MOSFET. Since the 1980s the power MOSFET has superseded the BJT in
inverters for drives.

Like BJT, the MOSFET is a three-terminal device. The main (load) current
flows into the drain D and out of the source S (Figure 8.2,b). Unlike the BJT, which
is controlled by the base current, the MOSFET is controlled by the gate-source
voltage.

To turn the device on, the gate-source voltage must be comfortably above a
threshold of a few volts. When the voltage is first applied to the gate G, currents flow
in the parasitic gate-source and gate-drain capacitances. Due to the capacitances have
been charged the input current to the gate is negligible, so the steady-state gate power
is minimal.

To turn the device off the gate-source voltage must be held below the threshold
level.

IGBT. The IGBT is a hybrid device which combines the best features of the
MOSFET (i.e. ease of gate turn on/off from lower power logic circuits) and the BJT
(relatively low power dissipation in the main collector-emitter circuit). Therefore they
are particularly well suited to the medium power, medium voltage range (up to
several hundred kilowatts).

2. VOCABULARY

power switch CUJIOBHUM KITFOY

switch BMHUKa4/BUMHUKaY/
fiepeMukat, transistor TPaH3UCTOP
KOMYTaTop, KJII0Y,
BMUKATH/BUMUKATH/ bipolar OimosIpHuii
NIEPECMUKATH junction IUIOCKIHHUH
transistor TPaH3UCTOP
frequency 4acToTa
. . power CHJIOBE BKJIFOUEHHS/
electronic CJICKTPOHHUH switching MIEPEKITFOUCHHS
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inverter
drive
kilowatt
volt
resistor
resistance
collector
emitter
base

base-emitter
junction

switch off
switch on

main

load

circuit
collector —
emitter circuit
current

base-emitter
current

three-terminal
device

drain

1HBEPTOP
TIPUBO/T
K1JIOBAT
BOJIBT
pe3ucTop
omip
KOJIEKTOP
eMiTep
0aza

nepexin "0aza-
emitep"

BUMKHEHO
BBIMKHEHO

MaricTpajibHa JiHis
YKUBIICHHS

HaBaHTaXXCHHAA

cxema, Koo,
KOHTY]

KOJIO ""KOJIEKTOp-
emitep"

CTpyM

CcTpyM Koua "6a3a-
emitep"

TPHUITOJIFOCHUK
kiema "cTik"

(cTiKaHH:)
HOJILOBOTO

source

gate

gate-source
voltage

threshold

capacitance

parasitic gate-
source
capacitance

gate-drain
capacitance
charge
steady-state
gate power

logic circuit

dissipation
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TpPaH3UCTOpA

KieMa "BUTIK"
(BUTIKAHHS)
ITOJIOBOT'O
TPaH3UCTOPA

kiema "3atBop"
MOJIbOBOTO
TpaH3UCTOpa

HarpyTra nepexory
"3aTBOp-BUTIK"

Mopir, IOporoBa
BEITUYMHA

€MHICTb, EMHICHUM
omip

napa3uTHa EMHICTb
nepexoay "'3aTBop-
BUTIK"

napasuTHa €EMHICTh
nepexoay "3aTBop-
CTIK"

3apAan, 3apAaaKaHHA

BCTAHOBJICHA
MOTYXKHICTh Ha
KJeMi "3aTtBop"

cxema/Mikpocxema
JIOT1KH

PO3CiIOBaHHS,
MOTYKHICTb
PO3CIFOBaHHS



3.EXCERCISES

Exercise 1

[IpounTaiiTe i mepeKnaaiTh TEKCT.

Exercise 2

Bianosictu y mucbMoBif (popMi aHTIIIHCHKOIO MOBOO Ha 3alTUTAHHS
"SIkor0 € 0JTHA 3 TPUYMH BUKOPHUCTAHHS SJICKTPOHHHUX KITFOYiB 3aMiCTh
MexaH1yHux?"

Exercise 3

BiamoBicTu y muckMoBii popMi aHTITIMCHKOIO MOBOIO Ha 3alIUTaHHS
"SIxa kouctpykitis BJT tpansuctopa?".

Exercise 4

BianosicTy y nucbMOBIM (POpPMI aHIIIIMCHKOIO MOBOIO Ha 3alIMTAHHS
"Sxa koHcTpykuis MOSFET tpan3uctopa?".

1JIIOBICTH YV NUCHMOBII M1 aHIJI1HCHKOI0 MOBOIO Ha 3aIlIMTaHHS
Bianosicty y nucbMOBIM (pOpMI aHTIIIMCHKOIO MOBOIO Ha 3aIHUTA
"Sxa koHcTpykuis IGBT Tpansucropa?"
Exercise 6

BianosicTy y nucbMOBii (pOpMI aHTIIIMCHKOIO MOBOIO HA HACTYIHI 3alIUTAHHS:
1. What are the demands for the switch by condition of the transistors?
2. What types of transistors are used for medium power and voltage range?
3. What type of transistor is controlled by the gate-source voltage?

LESSON 8.3

1. TEXT
CHOPPERS (THYRISTORS)

The conventional thyristor is an electronic switch, with two main terminals

(anode and cathode) and ‘switch-on’ terminal (gate), as shown in Figure 8.3.1,a.
Current can only flow in the forward direction, from anode to cathode.

The thyristor will conduct in the forward direction as soon as gate current pulse is
applied and anode voltage potential will higher than cathode voltage potential. In this
case the anode-cathode current builds up rapidly. Only the current reaches the
‘latching’ level, the gate current pulse can be removed and the device will remain
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Anode I~ Cathode Anode | |Cathode

O | '\O O O | O
QGate Gate

a) T b) GTO

Figure 8.3 Electronic devices (thyristors):

T — conventional thyristor;
GTO — gate turn-off thyristor.

Once established, the anode-cathode current cannot be interrupted by any gate signal.
The nonconducting state can only be restored after the anode-cathode current has
reduced to zero, and has remained at zero for the turn-off time (typically 100-200 ps).
When a thyristor is conducting it approximates to a closed switch with a forward drop
of only at about 2 V over a wide range of current.

GTO. The GTO (Figure 8.3,b) is turned on by a pulse of current in the gate-cathode
circuit in much the same way as a conventional thyristor. But unlike an ordinary
thyristor, which cannot be turned off by gate action, the GTO can be turned off by a
negative gate-cathode current. The main (load) current flows from anode to cathode,
as in a conventional thyristor. The twin arrowed paths on the gate lead (Figure 8.3,b)
indicate that control action is achieved by both forward and reverse gate currents.
The GTO has considerably higher voltage and current ratings (up to 3 kV and 2 kA)
then other devises have been learned before. Therefore the GTO is used in high-
power electronic systems.

Comparing the thyristor and transistor the primary reason for the use of thyristor is
that they are cheaper and their voltage and current ratings extend to higher levels then
power transistors.

2. VOCABULARY

terminal 3aTUCK, KJIeMa state HEIPOBITHOCTI
anode AHOJI gate-cathode kom0 3aTBOp-KaTOX
circuit
cathode KaToJl . .
conventional  TpaguIMHUAN
gate 0a3a, 3aTBOP thyristor THPHUCTOP
conduct TIPOBOJIMTH ordinary TpaJHLIHAN,
thyristor 3BUYANHUN
build up 36I/IpaTI/I, TUPUCTOP
MOHTYBATH
gate-cathode  cTpym nepexony
latching 3aTHCKaHHS, current 3aTBOP-KATOJ
dbixcarris

reverse gate 3BOPOTHUN CTPYM
nonconducting craH
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current 3aTBOPY

3.EXCERCISES

Exercise 1

[IpounTaiiTe i mepeKnaaiTh TEKCT.

Exercise 2

BianosicTu aHrI1ACHKO0 MOBOKO IMTMCHbMOBO Ha HACTYITHI 3alTUTAHHS:
1. Sxi KOHTaKTH € y 3BU4aHOTO TUpUCTOpa?
2. SIki xontaktu € y GTO Tupucropa?

Exercise 3

Buxnaaite y mucbMoBii popMi aHTITIMCHKOIO MOBOIO SIKI YMOBH BKJTIOUCHHS
3BUYAHHOI0 TUpUCTOpa?

Exercise 4

Buxknaaite y nucbMoBii OpMI aHIIIIMCHKOIO MOBOIO IKI YMOBH BUKJIIOUEHHS
3BUYAHOTO TUPUCTOPA?

Exercise 5

BiamoBicTi NUCEMOBO aHIUIIMCEKOIO MOBOIO Ha 3alIUTAHHS:
1. What comparing characteristic of the GTO thyristor is better then T thyristor?
2. What comparing characteristic of the transistor is better then thyristor?

LESSON 8.4

1. TEXT
CHOPPER WITH INDUCTIVE LOAD

So far (Lesson 8.1) we have looked at chopper control of resistive load, but in a
drives context the load will usually mean the winding of a machine which will
invariably be inductive.

Chopper control of inductive loads is much the same as for resistive loads, but
we have to be careful to prevent the appearance of dangerously high voltages each
time the inductive load is ‘switched off’.

The root of the problem lies with the energy stored in magnetic field of the
inductance L. When an inductance L carries a current /, the energy stored in the
magnetic field W is given by



The voltage and current in an inductance a related by the education
s
dt
where di/dt — is derivative of instantaneous current by time.

The self-induced voltage V is proportional to the rate of change of current so
when we open the switch in the order to force the current to zero quickly, a very large
voltage is created in the inductance. This large voltage is a hazard for a electronic
switch. Therefore a freewheel diode D is used in a scheme with power electronic
switch (Figure 8.4).

When the transistor is on, current / flows through the load, but not through the
diode, which is said to be reverse-biased (i.e. the applied voltage is trying
unsuccessfully to push current down through the diode) (Figure 8.4,a).

When the transistor is turned off, the current through it and the source FE drops
very quickly to zero. But the stored energy in the inductance L means that its current
cannot suddenly disappear. So, since there is no longer a path through the transistor,
the current diverts into the only other route available, and flows upwards through the
low-resistance path offered by the diode, as shown in Figure 8.4,b.

The current will continue until the energy stored in the inductance is dissipated
as heat in the load resistor R (mainly) and diode.

The current waveform during chopping will then be as shown in Figure 8.4,c.
The current rises and falls exponentially with a time-constant of L/R , though it never

reaches anywhere near its steady-state value.

e 1 r . Inductive load

~)

D AE Resistive load

~J

L1
————————(-————~
s___)__K]_____ -

L1

N

T E L T E L NN -
. -
i )
N S I,__ | c)
a) b)
Figure 8.4. Chopper-type voltage regulation
2. VOCABULARY
resistive load pE3UCTUBHE drive IPUBO/T
(axTUBHE)
HABAHTAKEHHS winding o0OMOTKa
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HaIPSIMKY

inductance 1HyKTUBHICTh

magnetic field  maraiTHe ToTe dissipate AUCHIIALLIA,
pO3CitOBaHHS

self-induced Harnpyra " ,

voltage caMoiHyKILi waveform dbopma XBuUIII

freewheel diode 3BopoTHMII n10] time-constant  [OCTIMHA Jacy

steady-state CcTaJic 3HaYECHHA

reverse-biased 3MimieHuii y
value

3BOPOTHOMY

3.EXERCISES

Exercise 1

[IpouwnTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

BiamoBicTu aHTTiICEKOI0 MOBOIO MMCHhMOBO HA HACTYITHI 3aIUTAHHS:
1. Y yomy mpo0Gema KUBJICHHS Ha 1HIYKTUBHE HABAHTAKCHHS?
2. 151 9oro noTpiOHMUI 3BOPOTHHIM 1017

Exercise 3
Buxknaaite y nucbMoBii pOpMI aHTITIMCHKOIO MOBOIO SIKUM YHHOM (DOPMY€ETHCS
Cepe/IHE 3HAUYEHHS HaIPYTH.

Exercise 4

BinmoBicTH MMCHMOBO aHTITIMCHKOO MOBOIO Ha 3alTUTaHHS:
Will there be any change if we replace the transistor by thyristor?

LESSON 8.5

1. TEXT
RECTIFIER WITH RESISTIVE LOAD

The simplest phase-controlled rectifier circuit is shown in Figure 8.5.1. When
the supply voltage is positive (anode voltage potential is higher than cathode voltage
potential), the thyristor blocks forward current until the gate pulse arrives. During
this time the voltage across the resistive load is zero. As soon as a firing pulse is
delivered to the gate-cathode circuit (this point is marked by angle « in Figure 8.5)
the device turns on. The load voltage becomes equal to the supply voltage this time.
When the supply voltage reaches zero, so does the current. At this point the thyristor
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regains its blocking ability and no current flows during the negative half-cycle. The
mean voltage can be controlled by varying the angle o of the firing pulses.

We can see that the output voltage of simplest phase-controlled rectifier is so
poor because it is used only a half of supply voltage wave.

If the converter comprises four thyristors, connected in bridge formation
(Figure 8.6), it can be used the negative half part of supply voltage. In this case the
top of the load can be connected via T1 to terminal A of the mains, or via T2 to
terminal B of the mains. Likewise the bottom of the load can be connected to A or to
B via T3 or T4, respectively. Thyristor T1 and T4 are fired together when terminal A
of the supply is positive. On the other half-cycle, when terminal B is positive,
thyristors T2 and T3 are fired simultaneously. At every instant the load is either
connected to the mains by the pair of the switches T1 and T4, or T2 and T3, or it is
disconnected.

The load voltage therefore consists of rectified chunks of mains voltage. It is
much smoother than the single-pulse circuit (Figure 8.5).

The three-phase bridge has six thyristors (only two more than the single-phase
2-pulse bridge), but the output voltage waveform is vastly better, as shown in Figure
8.7. There are now six pulses of the output voltage per mains cycle, hence the
description "six pulse". The thyristors are again fired in pairs (one in the top half of
the bridge and one — from the different leg — in the bottom half), and each thyristor
carries the output current for one third of the time. As in the single-phase converter,
the delay angle controls the output voltage.

The mean output voltage can be shown to be given by

1+ cosa
Ve = Vdo(—j

b

2 .
where V,, = 2 V.. — the rectified voltage for ¢ =0, V,, . — root-mean-square
T

(r.m.s.) voltage of the incoming mains.
From equation we see that with resistive load the d.c. voltage can be varied

from a maximum of V,, down to zero by varying « from 0° to 180°.
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Figure 8.5 Simple single-pulse thyristor-controlled rectifier
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Figure 8.6 Single-phase 2-pulse thyristor-controlled rectifier
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Figure 8.7 Three-phase fully-controlled thyristor converter

242



2. VOCABULARY

Simple IIpocTui forward npsamnii ctpym
single- OJTHOMYJIbCHUM current
pulse KEPOBaHUI .
thyristor- TupucTopHHI thyri.stor THPHUCTOP BIAHOBIIIOE
controlle  BUIPAMIISY regains CBOi MOJIUBOCTI
d rectifier its 3aMHKaTH
blocking
Single- OnHodasznuii ability
phase 2-  BOIYJIBCHUU _ .
pulse KepOBaHHi half-cycle miBnepion
thyristor-  THpHCTOpHHIT bridge MOCTOBa CXeMa
controlle BunpsAMIAY .
. formation

d rectifier
Three- TpudasHuii NoBHICTIO tl;lree- TpHGasHmii MicT
phase KEPOBaHUI P .ase

. bridge
fully- TUPUCTOPHUM
controlle  nepeTBoproBay root- CepeaHbOKBAIPATHYHUMI
d mean- , II04ni, eheKTUBHUI
thyristor square
converter (r.m.s.)
firing IMITYJIbC 3aIIaTFOBAHHS delay KyT 3aTPHMKH
pulse angle

3.EXERCISES

Exercise 1

[IpounTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

BinmosicTy y muchMoBiil popMi aHTITIIICHKOI0 MOBOIO Ha 3allUTaHHS:
1. Yum Bizpi3HAIOTHCA cxemu §8.5-8.77

2. IIo Take KyT 3anagrOBaHHA?

3. Ha mo BrummBae KyT 3anaiatOBaHHsA?

Exercise 3

Buknanite y mnuchMoBIM (OpMI aHTIIIMCBKOI MOBOK pPOOOTY MPOCTOro
OJTHOTYJILCHOT'O KEPOBAHOT'O TUPUCTOPHOTO BUIIPSIMIISYA.
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Exercise 4

Buknanite y nucbMoBii (opMi aHTIIHCHKOI0O MOBOIO POOOTY 0AHO(A3HOTO
JBOITYJILCHOT'O KEPOBAHOTO TUPUCTOPHOTO BUIIPSMIISYA.

Exercise 5

BianoBicTy y nucbMOBIM (POPMI aHTIIIMCHKOIO MOBOIO HAa HACTYITHE 3alIUTAHHSA:
How does three-phase fully-controlled thyristor converter work?

LESSON 8.6

1. TEXT
RECTIFIER WITH INDUCTIVE LOAD

We have seen earlier (Lesson 8.4) that the current cannot change
instantaneously in an inductive load. We must therefore expect the behavior of the
converter with an inductive load to differ from that with a resistive load, in which the
current can change instantaneously. With the resistive load the output voltage is never
negative (Figure 8.8, a). Because of the electromagnetic force was created in the
inductance load the current through a pair of conducting thyristor falls to zero
smoothly. As a result, the pair of thyristors is as long switch on as the thyristor's
current smoothes down to zero. On the other hand, a reverse biased voltage will arise
across one of the pair thyristors, which will set up the nonconducting state of this
thyristor. Before a new device can takeover conduction, it must not only have a
higher anode potential, but it must also receive a firing pulse. Anyway at every
instant the load is connected directly to the mains supply, and the load voltage always
consists of chunks of the supply voltage as are shown in Figure 8.8, b.

The changeover to be delayed beyond the point of natural commutation by the
angle «. The maximum mean voltage V,, is obtained when « is zero, and is the

same as for the resistive load (Lesson 8.4). It is easy to show that the mean d.c.
voltage is now related to o by
V, =V, cosc.

This equation indicates that we can control the mean output voltage by
controlling &, though the variation of mean voltage with « is different from that for
resistive load (Lesson 8.4). We also see that when « is greater than 90° the mean
output voltage is negative. The fact that we can obtain a nett negative output voltage
with an inductive load contrasts sharply with the resistive load case, where the output
voltage could never be negative. This facility allows the converter to return energy
from the load to the supply.

The three-phase bridge has only two more thyristors than the single-phase
bridge, but the output voltage waveform is vastly better, as shown in Figure 8.9.
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There are now six pulses of the output voltage per mains cycle, hence the description
"six-pulse". The thyristors are again fired in pairs (one in the top half of the bridge
and one — from the different leg — in the bottom half), and each thyristor carries the
output current for one third of the time.

In this case the rectified voltage for a =0 is

VdO = i\/z 'Vrms >
T

where V,, = — root-mean-square (r.m.s.)voltage of the incoming mains.

We note that we can obtain the full range of output voltage from +V,, to
- Vdo .

T1-T4 T2-T3 T1-T4

[
1 1 1
] ' '
] 1 ! Vdc
] ' 1
i / /

— 1 Vi, TI-T4  T2-T3  TI-T4

BN 7% b \ /\\ /\\ /\\ )

> O

T1 T2

@)

b)

Figure 8.8 Output voltage waveform of single-phase fully-controlled
rectifier supplying: a) an active load; b) an inductive load
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Figure 8.9 Output voltage waveform of three-phase fully-controlled thyristor

reverse biased
voltage

nonconducting
state

takeover
conduction

Exercise 1

converter

2. VOCABULARY

3BOPOTHO changeover
3MiIlI€Ha HampyTa

HEMPOBITHUI point of natural
CTaH commutation
3axBar rectified voltage
MPOBIAHOTO

CTaHy

3.EXERCISES

[IpounTaiiTe i mepeKIaliTh TEKCT.

Exercise 2

nepexis,
MePEKIIFOYCHHS

TOYKA IPUPOJHOI
KOMYyTarii

BUIIPSIMIICHA
Harpyra

BianoBicTu y mucbMoBii popMi aHTIIIMCHKOIO MOBOIO Ha 3alIMTAHHS:
1. IIlo Take To4yka MPUPOAHOI KOMYTaIlii?

2. YuM BU3HAYAETHCS BUMPSMIICHA Hanpyra?
3. Slxa ¢opma BumpsMIIeHOI (BUXiIHOI) Hampyrud kpame (puc.8.8 abo

puc.8.9)?

Exercise 3

Bianosicty y nucbMOBIid (pOpMI aHTIIIMCHKOI0 MOBOIO HACTYIHI 3alIUTaHHS:
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1. What is the difference between resistive and inductive load?
2. Is there any negative voltage on the resistive load?
3. Is there any negative voltage on the inductive load?

LESSON 8.7

1. TEXT

SINGLE-PHASE INVERTER

We can illustrate the basis of inverter operation by considering the single-phase
example shown in Figure 8.10. This inverter uses bipolar transistors as the switching
elements, with diodes (not shown) to provide the freewheel paths needed when the
load is inductive.

The input voltage is obtained usually by rectifying the incoming constant-
frequency mains. The output voltage is taken from terminals "A" and "B" as shown in
Figure 8.10.

When transistors T1 and T4 are switched on, the load voltage is positive, and
equal to the d.c. link voltage, while when T2 and T3 are on it is negative. If no
devices are switched on, the output voltage is zero. Typical output voltage waveforms
at low and high switching frequencies are shown in Figure 8.11, a) and b),
respectively.

The output waveform is clearly not a sine wave, but at least it is alternating and
symmetrical.

The effect of varying the switching frequency is shown in Figure 8.11, from
which we can see that the amplitude of the fundamental component of voltage
remains constant, regardless of frequency. But unfortunately very often we need to be
able to change the voltage in proportion to the frequency.

There are two ways in which the amplitude of the output voltage can be
controlled. First, if the d.c. link is provided from a.c. mains via a controlled rectifier
or from a battery via a chopper, the d.c. link voltage can be varied.

The second method achieves voltage control by pulse-width-modulation
(PWM) within the inverter itself. A cheaper uncontrolled rectifier can be used to
provide a constant-voltage d.c. link.

The principle of voltage control by PWM is illustrated in Figure 8.12. At low-
output frequencies, a low-output voltage is usually required, so one of each pair of
devices is used to chop the voltage, the mark-space ratio being varied to achieve the
desired voltage at the output. The low fundamental voltage component at low
frequency 1s shown dotted in Figure 8.12, a). At a higher frequency a higher voltage
1s needed, so the chopping device is allowed to conduct for a longer fraction of each
cycle, giving the higher fundamental output as shown in Figure 8.12, b).

Inverter with the configuration shown in Figure 8.10 is subject to a potentially
damaging condition which can arise if both transistors in one "leg" of the inverter
inadvertently turn on simultaneously. This should never happen if the devices are
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switched correctly. If something goes wrong and both devises are on together — even
for a very short time — they form a short-circuit across the d.c. link. This fault
condition is referred to as "shoot-through" because a high current is established very
rapidly, destroying the devises.

T1 : |T2
B

v, A Load

T3 : |T3

Figure 8.10 Inverter circuit for single-phase output

Figure 8.11 Inverter output voltage waveform — resistive load
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b)

Figure 8.12 Inverter output voltage control

2. VOCABULARY

freewheel path  3BopoTHII

HaTPSAMOK
mark-space Koe(DilieHT
ratio 3alIOBHEHHS
alternating 3HAKO3MIHHHM
pulse-width- HIMPOTHO-
modulation IMITyJIbCHA

Exercise 1

(PWM)

low-output

simultaneous

shoot-through

3.EXCERCISES

[IpounTaiiTe it mepeKIaaiTh TEKCT.

Exercise 2

MOTY SIS

HU3bKHI PIBEHB
BUXIJHOTO
CUTHAITY

OJTHOYACHUM,
CUHXPOHHUM;
CIUIbHUHN

npo0Oiit

BinmosicTy y muchbMoBiil popMi aHTIIIICHKOI0 MOBOIO Ha 3allUTaHHS:
1. SIxuii B Mae BXigHa Hampyra iHBepTOpa?
2. Slkuit BUJI Ma€ BUX1JHA HAMpyra iHBepTOpa?
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Exercise 3

Buknanite y nuceMoBiit (popMi aHTITIIHCHKOI0 MOBOIO Y YOMY TOJISITA€ TPUHITUTT
HIUPOTHO-IMITYJIbCHOI MOTYJISIIII.

Exercise 4

Buxnaaite y nucbMoBIiid (pOpMi aHTIIHCHKOK0 MOBOK HMPHUHIIMI PETyJIIOBAHHS
HaIPyTH 1HBEPTOPA MPU MHUPOTHO-IMITYJIHCHIA MOTYJISIT KITFOUIB.

Exercise 5

Buknanite y nmuceMoBiii ¢opmi aHTIIHCEKOI0 MOBOIO SIKUM aBapiiHUN pexuM
po6OTH MOXKE OyTH ITPU HEKOPEKTHIH POOOTI KIIFOYiB?

LESSON 8.8

1. TEXT
THREE-PHASE INVERTER WITH PULSE-WIDTH-MODULATION

A 3-phase output can be obtained by adding only two more switches to the four
needed for a single-phase inverter, giving the typical power-circuit configuration
shown in Figure 8.13. As usual, a freewheel diode is required in parallel with each
transistor to protect against overvoltages caused by an inductive (motor) load.

So far we have emphasized the importance of being able to control the amplitude of
the fundamental output voltage by modulating the width of the pulses which make up
the output waveform. If this was the only requirement, we would have an infinite
range of modulation patterns which would be sufficient. But as well as the right
fundamental amplitude, we want the harmonic content to be minimized, i.e. we want
the output waveform to be as close as possible to a pure sine wave. It is particularly
important to limit the amplitude of the low-order harmonics.

The number, width, and spacing of the pulses is therefore optimized to keep the
harmonic content as low as possible. A host of sophisticated strategies have been
developed, almost all using a microprocessor-based system to store and (or) generate
the modulation patterns. There is an obvious advantage in using a high switching
frequency, since there are then more pulses to play with. Ultrasonic frequencies are
now widely used, and as devices improve the switching frequencies continue to rise.
Most manufacturers claim their particular system is better than the competition, but it
is not clear which will ultimately emerge as best for motor operation. Some early
schemes used comparatively few pulses per cycle, and changed the number of pulses
in discrete steps rather than smoothly. These inverters were noisy and irritating.
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Figure 8.13 Three-phase inverter power circuit

2. VOCABULARY

J10]T 3BOPOTHOTO
HaMPSMKY
(3BOpOTHIH A10/1)

OCHOBHA XBHJIS
(rapMoHiKa)
BUXI1IHOT
HaTpyTu

nepeHanpyra

TapMOHIKHU
HU3bKOTO
nopsnKy (HU3bKI
TapMOHIKN)

BEJIMYMHA
yIOCKOHAJIEHa
cTparteris

MOCJTIIOBHICTh
(IMITyJIBCIB)

HaJI3BYKOBAa
qacToTa

qacToTa
BKJIIOYCHb
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3.EXERCISES

Exercise 1

[IpounTaiiTe i1 mepeKnIaaiTh TEKCT.

Exercise 2

Bianosictu y nmuchbMoBil (popMi aHTIIIHCHKOO MOBOIO Ha 3aITUTAHHS:
" Ily1st 4oro HEOOX1THUM 3BOPOTHIM oA ?"

Exercise 3

BianoBictu y mucbMoBii popMi aHTIIIMCHKOI0 MOBOIO Ha 3alUTAHHS:

"SIKUM YMHOM KEPYETHCS aMILIITy1a OCHOBHOT TapMOHIKU BUX1JTHOT HAnpyTru?"
Exercise 4

BiamoBictu y muckMoBiit (popMi aHTITIICHKOIO MOBOIO Ha 3alIUTAHHS:

"CKIIbKH, NPUONM3HO, IMIYJLCIB HA TMEpioj] TPUIANAE TPH IIUPOTHO-
IMITyJTIb,CHOMY Ke€pyBaHH1 iHBepTOpOoM?"

Exercise 5

Buxknazaite y nucbMoBii (popMi aHTTIMCHKOIO MOBOIO SIKUM YHHOM 3MEHIIYIOTh
KUIBKICTh TAPMOHIYHUX CKJIAIOBUX Y BUXIJIHIA Harpy31?

Exercise 6

Buknanite y mucbMoBii opmMi aHTTIHCHKOI0 MOBOIO Y YOMY IOJISITa€ OCHOBHA
CTpaTerist KepyBaHHS iHBEpTOpaMu?

252



CHAPTER 9 THE FIELD OF ELECTRICAL MACHINES

LESSON 9.1
1. TEXT
CONSTRUCTION OF DIRECT-CURRENT ELECTRICAL MACHINES
The machine shown diagrammatically in Fig. 9.1 is typical of modern

construction. The yoke is a soft-iron ring which rolled into shape from a flat steel slab
with ends butt-welded together. Feet are attached by welding to support the machine.

Shunt field

=4 Coil
Series Field N
Coils NN
— N
- N \\
$ S N4
PN NN
o\ \?, N
ONY R\
Yoke i N\
HH N \\ \\
Armature ™ \ A
Slots |
— - — — ]
H e — g 4
IN_Z7T
————-\
e ' /) ’,
I Armature - !/
ikl Core { / /
/l’
Cowmu}ating 77 Cbmmutating
inding S s Pole

Fig. 9.1. Magnetic circuit of a DC machine

The field poles are usually composed of a number of laminations of steel
punchings about 1.5 ... 2.5 mm thick that are stacked and riveted together. The poles
are bolted to the inside cylindrical surface of the yoke. The field coil may be
composed of many turns of fine wire connected across the terminals of the machine
to provide a shunt field or a few turns of heavy conductor through which the load
current flows to provide a series field. In many cases a combination of both shunt and
series field is provided. The coil is insulated from the pole structure. It is held in
place by the pole tip extensions.

The magnetic circuit is completed by the armature core, which is built up of
laminations of 0.35 mm thick. The laminations have slots and teeth punched in them.
The laminations are assembled on the shaft to give the necessary axial length and
clamped in position by end brackets. The slots in most larger machines have straight
sides so that performed coils of the armature winding of rectangular cross section
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shape may be inserted. The slots are notched at the tips so as to hold insulating
wedges. In small machines it is usual to use semiclosed slots.

The armature winding is placed in the slots on the surface of the armature (Fig.
9.2).

Fig. 9.2. Armature core of a DC motor in process of being wound

In order to have both coil sides cutting flux, one side of a coil is in a slot under
the north pole and the other side is in a slot under the adjacent south pole. One coil
side will be in the top of the slot and the other will be in the bottom of a slot at a
distance of about one pole pitch (Fig. 9.3). The armature winding coils are connected
in series and form electrically closed path. Their ends are connected to commutator
bars.

There are two types of winding that are in common use for DC armatures. In
one type the coil ends are connected to the adjacent commutator bars. Such a winding
is called lap, or parallel, armature winding. In the other type each coil is connected to
commutator bars approximately two pole pitches apart. This type is called wave, or
series, winding.

The commutator (Fig. 9.4) is composed of wedge-shaped copper bars and
sheet-mica insulation of the same shape. These bars and mica sheets are alternated
around periphery to form a cylindrical surface. The molded mica insulation fits into
the conical-shaped portion of the commutator formed by the wedge-shaped part of
the commutator bar. The two retainer rings and the entire assembly are held together
by the collar and clamp ring. This assembly is pressed on the shaft.

The external connections to the armature are provided by carbon blocks called
brushes (Fig.9.5) that are pressed against exterior surface of the commutator. The
brushes sometimes have metallic dust mixed with the carbon to reduce the resistance.
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Fig. 9.3. Cross section of armature slot showing coils in place
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The brushes are supported in insulated brush holders that permit each brush to
be pressed against the commutator by its individual spring. The electrical current
connection to the brushes is provided through flexible wires called pigtails. Except
the very large machines the brushes are supported from the end shields (Fig. 9.6).
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Fig. 9.4. Construction of a commutator for a DC machine

The narrow poles with series field windings that are located between the main
poles (Fig. 9.1) provide reduction sparking in brush contact during commutation.
These poles are called commutating poles or interpoles.

The bearings are normally supported from end shields that are bolted to the
yoke. They may be either sleeve or ball bearings, depending upon service conditions.

The end shields also vary according to the service requirements but will usually
have openings through which the brushes and commutator may be serviced.

Fig.9.5. Brush in brush holder:
1 —box, 2 — brush, 3 — press device, 4 - pigtail, 5- clamping shoes
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Fig. 9.6. End shield and ball-bearing housing with brush yoke and brush rigging

2. VOCABULARY

foot
butt-welded
yoke

end bracket

laminations of steel punching

stack

rivet

field coil
fine wire
shunt field

heavy conductor
series field

insulated

pole tip extension

magnetic circuit
armature core
slot

shaft

axial length

namna

3BapeHUN y TOPELb

SpPMO, CTAaHWHA

yACpKUBAOIIAas HAKMMHAS 111aiida
CTaJICB] IITAMIIOBAHI JINCTH
Habupatu (IaKer)

KJIETIaTH, 3aKJICTTyBaTH

KOTYIIIKa OOMOTKH 30y KEHHS
TOHKHH MPOBIiJ

napajienbHe 30yHKeHHs, 00MOTKa
napasebHOTO 30y IKCHHS

TOBCTHUH TIPOBIJI, TPOBiJI BEIUKOTO
nepepizy

MOCITiIOBHE 30yKEHHS, 00MOTKa
MIOCITITOBHOTO 30y IPKEHHSI

130J1bOBAHUI

po3mMrpCHa 4aCTHHA ITOJIFOCHOI'O
HaAKOHCYHHKA

MarHiTHE KOJIO

MaHHITOIPOBI1A (Oceps) AKops
nas

BaJl

OCbOBA JOBXHMHA
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lamination

semiclosed slot

notch

wedge

brush

pole pitch

commutator bar

winding

lap, or parallel, armature winding
wave , or series, winding
wedge-shaped copper bar
sheet-mica insulation

conical-shaped portion

retainer rings

collar

clamp ring

brush holder

pigtail

end shields

sparking

commutation

commutating poles or interpoles
bearins

sleeve or ball bearins

Exercise 1

JUCT (TUIaCTUHA) OCEPst
HaMiB3aKpUTUH a3

pobutu 3apyoku

KJIMH

IITKa

MTOJIFOCHUM KPOK

MJIaCTUHA KOJIEKTOpa

00OMOTKa

NeTap0Ba, a00 mapayiesibHa OOMOTKa
XBUJILOBA, a00 MOCi1J0BHA OOMOTKA
M1JIHA TUTACTUHA KJIMHOBOI (hopmu
IUTACTUHYACTA MIKAHITOBA 130JIALIHAS
gacTuHa (y4acTOK, 1eTajah) KOHIYHOI
dopmu

yTPUMYBaJIbHI KUTBIIS

3aTHCKHE KUJIbIlE, I1ai0a

3aTHUCAIOU€E KIIbLIE

HIITKOTpUMAaY

THYYKWN BUBIJI ITITKU

M IMATHAKOBI [IIUTH

1CKpIHHS

KOMYTaIIis

JIOJIATKOBI ITOJIFOCH

T IITATTHUK

MIIIAITHUK KOB3aHHS a00
IAPUKOIIAMIUITHUK

3. EXERCISES

[IpouunTaiiTe 1 NEPEKIAAITH TEKCT YPOKY.

Exercise 2

[lepexnaaiTh aHTI1HCHKOI MOBOIO HACTYITHI pEYEHHSI:
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[Ipy mnpoexTyBaHHI EIEKTPUYHMX MAIIUH HACHIAYIOTh IUIb HaWOUIbII
€KOHOMIYHOIO BHMKOPHUCTAaHHS MarepiaiiB 1 3aBISKH LbOMY OTPUMAaTH HaWOLIbII
nemeBy Ta epexkTuBHy MamuHy. OJQuH 13 HUISIXIB JOCSATHEHHS LbOIO € 3MEHILECHHS
KUTBKOCTI 1307111111 1 30UIBIICHHS] CYMapHOi KUIBKOCTI MiAl y ma3y. Lle o3Hauae, 1m1o
MEHIIIa KUTbKICTh BUTKIB y CEKIIi € MpeBa)KHa, HIK BEJUKA KIJIbKICTh BUTKIB. 3 M€l
OPUYMHA Yy MaJIMX MallMHaxX MOCTIMHOTO CTPYMYy CepellHbOi Hampyru IepeBara
HA/1a€ThCS XBUJILOBUM OOMOTKaM.

Exercise 3

JlaliTe BiAMOBII aHITINCHKOI0 MOBOIO Ha 3alMUTaHHS, BUKOPUCTOBYIOUU TEKCT
YPOKY.

1. What types of the armature winding can you name?

2. What is the difference between these types of winding?

3. How are external connections to the armature circuit provided?

4. What function do the narrow poles located between the main ones provide?
5. By what way are the poles fixed to the yoke?

6. What shape do the armature slots have?

LESSON 9.2
1. TEXT
COMMUTATION IN DIRECT-CURRENT MACHINES

When the armature rotates, each coil of a DC machine armature winding passes
a brush, and the current in that coil is suddenly reversed.

Fig.9.7 shows the brush in contact with single commutator segment at the point
midway between the north and south poles. Let the coil ¢ is under the north pole and
moving toward the south pole. The arrowheads show the two equal currents 7,

coming through the winding from opposite directions and uniting to leave the
winding at segment 3.
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Fig. 9.7. Initial position of commutator

Fig. 9.8 shows the winding and commutator a fraction of a second later, with
the coil ¢ short-circuited by the brush. Coil ¢ is now midway between the two poles
and 1s not cutting the flux from either pole. The current flowing in coil ¢ begins to
die down.

Fig. 9.8. Coil c is short-circuited by the brush

An instant later, segment 3 has broken contact with the brush, as shown in Fig.
9.3, and coil ¢ is thus suddenly thrown in series with the row of coils under the south
pole, and the current /, coming through these coils must now flow through coil c.

That is the current in coil ¢ has been reversed.
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Fig. 9.9. The brush is in contact with segment 4

The operation of reversing the current in an armature current by means of the
brush and commutator segments is called commutation.

The coil, owing to self-induction, resists the reversal of the current. The current
flowing in each coil has created a local magnetic field encircling the conductors of
that coil only. In the process of this current and the coil field changing, an EMF is
being induced in the coil to maintain the current. The magnitude of this EMF of self-
induction is directly proportional to the rapidity of the reversal. Thus if at the instant
when commutator segment 3 is just breaking contact with the brush, then the current
in coil ¢ is still flowing in the same direction as when the coil was to the right of the
brush, then the current in coil ¢ is called upon to reverse practically in zero time. The
opposing EMF of self-induction is therefore very large and the result is that that
current continues to flow directly from segment 3 even after contact is broken. This
flow of current through the air gap between the segment and the brush constitutes a
spark and burns the commutator.

Continuous sparking, if at all severe, causes rapid deterioration of the
commutator. Commutation was one of the most important problems facing the
designers of d-c machines and its solution was essential to their success.

In practice, carbon brushes are generally used and there is an appreciable
resistance at the brush contacts. The effect of this resistance is to aid commutation,
because, as the contact area between segment 3 and the brush continuously decreases
to zero, the resistance of this path continuously increases, as the resistance of the path
being inversely proportional to its cross-sectional area, and throttles off the current
that is flowing along this path, thus gradually forcing the current to reverse in coil c.
This throttling, or pinching-off action, of high-resistance brushes aids commutation
but is not sufficient to constitute a solution of the problem.

The time available for the reversal of the current is the time during which the
coil is short-circuited by the brush. What is really required, therefore, is to produce in
some way in that coil, during the time that it is short-circuited, an EMF of the proper
magnitude and direction to cause complete reversal of the current in the time
available.
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This is accomplished in practice by placing a small pole, called an interpole, or
a commutating pole over a short-circuited coil, as shown in Fig. 9-10. The polarity of
the interpole, in the case of generator will, of course, be opposite to that of the pole
from which the coil has just come. In the case of a d-c motor the polarity of the
interpole should be the same that of the pole from which the coil has just come.

Yoke
To load — 7% Interpole

/lnterpole exciting
coil

Field coil
(cross section)

Fig. 9.10. Interpole and method of exciting it

The EMF required to reverse the current in the coil is directly proportional to
that current. This is accomplished by making excite the interpole. The output current
is passed around a few turns of heavy copper conductor on the interpole and care is
taken to see that there is enough iron in it so that it will not become saturated at any
load current that the machine can be expected to carry. The magnetic flux of interpole
is then directly proportional to the load current.

Interpole design calculations are not sufficiently precise to enable the designer
to provide an interpole of exactly the correct strength. It must therefore be adjusted
on the test floor. This is done by varying the reluctance of the magnetic circuit. To
facilitate this adjustment, brass and steel shims may be inserted between the interpole
base and the yoke. Then if the interpole is too strong, a steel shim is removed and
replaced by a brass shim. Another possible way of adjusting the strength of the
interpole is to change the number of turns on the exciting coil, but this is apt to be an
expensive alteration on account of large size of the conductor .

Once the interpole is properly adjusted, it remains in adjustment.

2. VOCABULARY

reverse 3MIHIOBATH HAMPSM Ha MMPOTHIICKHUH,
peBepcyBaTu

alteration 3MiHa, mepepoOka

arrowhead BICTPS CTPUIKHU

short-circuited KOPOTKO3aMKHEHHI

cut the flux NEpPEeTUHATH MOTIK

owing to self-induction BHACJIJIOK CaMOTHIYKIIii

resist YUHUTHU OTIp

262



induce
magnitude
rapidity
instant

air gap
constitute
spark

burn
deterioration

designers of DC machines

carbon
cross-sectional area
throttle off the current
pinching-off action
accomplish

saturated

load current
precise

on the test floor
reluctance
brass

shims

apt

commutator segment

Exercise 1

1HIyKyBaTH

BeJIMYMHA (3HAYEHHS BEJIMYMHH )
IBUIKICTD

MUTh

MOBITPSTHUHN TIPOMIKOK

yYTBOPIOBATH

icKpa

rOpiTH, 0OMATIOBATH, BUTOPSITH
NOTIPIICHHS CTaHy, pyWHYBaHHSI,
TICYBaHHS, 3HOITYBAaHHS, 3HOIICHHS
MPOCKTYBAILHUKHU MAIINH MOCTIHHOTO
CTpyMy

BYTJIEIlb, BYT'ULIs, rpadiT

TJI0IIIA Tepepizy

3MEHIIIYBAaTH CTPYM

OpUAYITYBaJIbHA 15

3/11iICHIOBATH, BUKOHYBATH,
yIOCKOHAIOBATH

HACUYCHUU

CTPYM HaBaHTAKECHHS

TOYHUH, BUPA3HUH, 17IeaTbHUN

Ha I11JICTaBi (3a JOMOMOTO10)
BUNPOOYBaHb

Mar”iTHUH OI1ip

JaTyHb

IIPOKJIaJIKa, MPOIIAPOK, TOHKA TIaHKa,
KJIUH, TAKIUHIOBATH, BCTABJISITH KJIHH
npuAaTHUMN, BIAMOBIAHUMN, 3IaTHUM,
MOXJIMBUU

IUTACTHHA KOJIEKTOpa

3. EXERCISES

[TpounTaiiTe 1 mepeKIaiiTh TEKCT YPOKY.

Exercise 2

[lepexnaaiTh aHT1HCHKOI MOBOIO HACTYITHI PEYEHHSI:
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[IpakTH4HO ycCi Cy4acHI Te€HEpaTopud LI ABUTYHH TOCTIHHOTO CTpyMmy, 3a
BUHSATKOM TaKuX, [0 MalOTh Majl po3MipH, OONagHaHl JOAATKOBUMH MOJIOCAaMH. Y
MaJMX MalllMHaX, [0 HE MAOTh JOJATKOBHX IOJIIOCIB, 33JJ0BLJIbHA KOMYTAI[lsl MOXeE
OyTH OTpUMaHa LUISXOM 3MIIIEHHS LIITOK BIIHOCHO F€OMETpUYHOI HeWTpani. Take
3MIIIEHHS y T€HEepaTopax MOBUHHO OyTH Yy HamnpsMy OOEpTaHHS, a y JABUTYHax y
OPOTWICKHOMY HampsMi. Y MamudHax ©0e3 J0JaTKOBUX TOJIIOCIB  HIITKH
BCTAHOBJIIOIOTH 3BUUANHO Y MOJIOXKEHHS, 110 JA€ XOPOUTYy KOMYTalil0 TpUOIU3HO IPH
2/3 BiJ ITIOBHOTO HaBAHTAKEHHS.

Exercise 3

JlafiTe BiAMOBII aHTIIHCHKOI0 MOBOIO Ha 3allMTaHHS, BUKOPUCTOBYIOUH TEKCT
YPOKY.

1. What process in DC machine is called the commutation?

2. How does the contact resistance at the leaving brush edge vary under the
armature rotation?

3. By what means is direct proportionality of an interpole field strength to the
armature current provided?

4. Is it possible to avoid the armature coils commutation at a DC machine
operation?

5. Do the commutating poles effect the load current?

6. What polarity must the interpole have for sparking suppression?

LESSON 9.3
1. TEXT
ARMATURE REACTION IN DC MACHINES
Figure 9.11 shows the magnetic flux produced in a two-pole direct-current

machine by the field current, when there is no current flowing in the armature
winding. The flux density is practically uniform over the pole faces.

|

¥

ky Y

Z
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Fig.9.11. Magnetic field produced by the field current
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Figure 9.12 shows the magnetic flux produced by the armature current when
there is no current flowing in the field coils. The currents, flowing downward in all
the armature conductors under the right-hand pole and up in all the conductors under
the left-hand pole, magnetize the armature in a direction that may be determined by
the corkscrew rule, and the lines return through the pole faces to complete the
magnetic circuit.

Fig. 9.12. Magnetic field produced by the armature current

Figure 9.13 shows the resultant distribution of magnetic flux when, as under
load conditions, the armature is carrying current and the field coils are excited; Fig.
9.13 is obtained by combining the magnetic fields of Fig. 9.11 and 9.12. Under pole
tips a and ¢ the magnetic field due to the current in the armature is opposite in
direction to that due to the current in the field coils, while under tips b and d the two
magnetic fields are in the same direction. Consequently, the armature current has the
effect of weakening the magnetic field under pole tips a and ¢ and of strengthening it
under pole tips b and d. That is, the flux is crowded to pole tips b and d. The effect on
the machine magnetic field produced by the armature current (or in other words, by
the armature magnetic field) is called the armature reaction. The flux, reacting with
the current-carrying armature conductors, creates a torque. In the case of a generator
this torque opposes the rotation, and the engine driving the generator must provide
torque to overcome it. In the case of a motor, this torque produces the rotation.
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Load neutral
V/L/No-load neutral

Rotation, generator

000000000

...........................
R w—— BV SROSSOND

Rotation, motor ' —

Fig. 9.13. Resultant magnetic field of a DC machine

One effect that results from the crowding of the magnetic flux to the pole tips
is that the total flux is somewhat reduced. This is really a saturation effect. The
increase in the flux density under pole tips b and d is not so great as the decrease
under pole tips a and ¢, owing to saturation effects at b and d.

Since the magnetic axis of the armature winding is perpendicular to the
magnetic axis of the field coils, the, magnetic effect produced by the armature current
is called the cross-magnetizing effect of armature reaction.

The neutral of a DC machine may be defined as that plane, through the axis of
the armature, which also includes the dividing line, on the armature surface, that
separates the area in which flux is entering the armature from the area in lich flux is
leaving the armature. The no-load neutral bisects the angle formed by the axes of
adjacent poles (180° in the case of a two-pole machine), but under load the neutral is
shifted as shown in Fig. 9.13. In the case of a generator the shift is in the direction of
rotation. In the case of a motor it is in the opposite direction to rotation.
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2. VOCABULARY

magnetic flux MarHiTHUM MOTIK

field current CTpyM 30y IKEHHS

armature AKIp

winding 0oOMOTKa

flux density MarHiTHa 1HAYKITis

uniform PIBHOMIpHUI

pole face TIOJTFOCHUM HAKOHEYHHUK
magnetize HaMarHi4yBaTH

corkscrew rule paBuiIoO OypaBurKa

pole tip Kpai MoJjiroca, MoJCHI i HAKOHEYHUK
armature reaction peaxiiis sKopst

react with B3aEMOJIIATH 3

torque o0epTanbHUI MOMEHT

engine driving the generator MIPUBOJHMI IBUTYH T€HEpaTOpa
rotation obepTaHHs

the cross-magnetizing effect of armature mnonepeuna peaxuis sKOps

reaction

neutral HEUTpaib

plane IJIOIINHA

no-load neutral reoMeTpu4Ha HEUTpaib

under load the neutral is shifted IIpY HaBaHTaKEHH1 HEUTPaJb
3cyBaeThes ((pi3uyHa HEUTpab 3CyHyTa
B1JIHOCHO T€OMETPUYHO1)

3. EXERCISES
Exercise 1

[TpounTaiiTe 1 mepeKIIaliTh TEKCT YPOKY.
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Exercise 2
[lepeknaaiTh aHTHCHKOK MOBOIO HACTYIIHI pEYEHHS:

SIKIo TeHepaTop TOCTIHHOTO CTPYMy MAa€ JIOJATKOBI IMOJIOCH, TO IIITKH
BCTAHOBJIIOIOTHCSI HAa TEOMETPUYHINA HeWTpasai. MarHiTHUM MOTIK, IO YTBOPHOETHCS
CTPYMOM TPOBIJTHUKIB SKOPS, CIIPSIMOBAHHUM MPOTHIIEKHO O JO TOJS JOAATKOBHX
MOTIOCIB. 3O0LIBIICHHS] TOBITPSHOTO 3a30py TaKOXX 30UIbIIye€ MAarHiTHUM OIIp
TOJIOBHOTO MATHITHOTO HUIsAXY. st yTBOpeHHS MOTPIOHOTO OCHOBHOTO MOTOKY Y
IbOMY pa3l HEOOXIJHO 30UIBIIUTH KUIBKICTh aMmIep-BUTKIB OOMOTKH 30Y/KECHHS
TOJIOBHUX TOJIIOCIB.

Exercise 3

JlaliTe BiAMOBII aHITINCHKOI0 MOBOIO Ha 3alMUTaHHS, BUKOPUCTOBYIOUU TEKCT
YPOKY.

1. Must the machine driving a generator provide greater torque at the generator
load increase?

2. For what reason is the effect produced by the armature current called the
cross magnetizing effect of armature reaction?

3. In what direction does the neutral shift in a generator?

4. In what direction does the neutral shift in a motor?

5. How does the no-load neutral divide the angle formed by the axes of
adjacent poles?

6. How may the neutral of a DC machine be defined?

LESSON 94
1. TEXT
DIRECT-CURRENT GENERATORS

Shunt generators (Fig. 9.14, a) are used to supply a constant-voltage circuit. In
this circuit load is added, or power is made available, by connecting the load across
the circuit. Since constant voltage is desired, it is important to know the variation of
generator voltage with load. This should be done not only for its immediate practical
value but also for better understanding of the interrelationship of causes and effects of
currents, magnetomotive forces, and resistance drops in the machine.
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The voltage of the shunt generator is reduced slightly as the load is increased.
This reduction results from several causes, the effects of which are cumulative. In the
first place, the resistance drop in the armature increases with load and so is subtracted
from the generated voltage to obtain the terminal voltage. Secondly, the armature
reaction distorts the field, causing a reduction in net flux and generated voltage.
Thirdly, the resultant reduction in voltage at the armature terminals caused by these
first two effects reduces the current in the shunt field that is connected to the
armature, and this still further reduces the terminal voltage.

These effects are not excessive as long as the load does not go beyond the rated
value (the rated load is the load that the machine can carry continuously without
overheating). At higher loads, however, a rapid decrease in voltage is obtained, as
shown in Fig. 9-15. In this diagram a normal load-voltage characteristic for a shunt
generator is drawn. It is noted that the voltage drops gradually at first; and then, as
the effects begin to act on each other, the voltage drops off very rapidly so that at two
or three times normal load current the condition of operation will become unstable
and the voltage will drop almost to zero; the current will also be reduced.

Fig. 9.14. Diagrams of DC generators:
a — shunt generator; b — compound generator

Such voltage variation with load is often unsatisfactory and two solutions are
used. The first is to use an automatic voltage regulator that will vary the magnitude of
the current in the shunt field so as to maintain the terminal voltage constant. Many of
these devices are now commercially available and are being extensively used to
control the terminal voltage of generators. The alternate method uses a few turns of
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series field in addition to the shunt field (Fig. 9.14, b). It is the older method and
although still important, it is not usually preferred to the voltage regulator. In this
case, the additional magnetomotive force of the few turns of series winding (see Fig.
9.16) cause an increase of flux and generated voltage so that the terminal voltage is
maintained or even increased with load. Such machines are called compound
generators, and the series-field windings are compound windings. Even in such
machines, however, the effects of armature drop and armature reaction will

U

Full Load
S

pd

I
Fig.9.15. Load-voltage characteristics of a shunt generator

cause the curve to eventually drop. When just enough series turns are used to cause
the full-load voltage to be the same as the no-load voltage, the machine is said to be
flat-compounded. When enough series turns are used so that the voltage at full load is
greater than at no load, it is said to be overcompounded. The percentage
compounding is specified in terms of the voltage rise at full load above no load
divided by the no-load voltage.

U Over Compoyyy

Fiag Co
l/fyd

Full Load

I,
Fig.9.16. Load-voltage characteristics of a compound generator
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The rating of a generator normally depends upon the amount of current and
power that it can deliver without overheating. Resistance losses in the armature and
field circuits, and iron losses all produce heat in the machine. This heat causes the
temperature of the machine to rise until the cooling effects of machine ventilation
take away as much as is produced. Since the losses increase with load, the
equilibrium temperature will also increase until a temperature is reached that will
damage the insulation. Machines are normally rated on the basis of the maximum
load they can carry without exceeding a safe temperature. This is usually based on
continuous operation, but in some cases of known intermittent loads they are rated on
the basis of load they can carry for 10 minutes, 20 minutes, or some other specified
time.

Although the heating limitation is the usual determining factor in rating of
generators, commutation may become the limiting factor in some short-time ratings.

2. VOCABULARY

shunt generator
interrelationship
magnetomotive force
resistance drop
terminal voltage
rated value
overheating

load-voltage characteristic

operation will become unstable
the voltage will drop almost to zero
automatic voltage regulator

maintain the terminal voltage constant

the devices are now commercially
available

series field

compound generator

series-field winding

reHepaTop MapajeabHOro 30y I>KEHHS
B3a€MO3aJICKHICTD

MarHiTopyliiiiHa cuiia

naJlHHS HAIPYTU B OMOpi

HaIpyra Ha 3aTUCKauax

HOMIHAJIbHE 3HAYEHHS

neperpinB

XapaKTEPHUCTHKA, 1110 BUPAXKAE
3QJIEKHICTh HAIPYTH TeHepaTopa Bijl
HaBaHTaXEHHS (30BHILITHS
XapaKTepUCTHKA TeHepaTopa)

pobora (pexuM) CTaHe HECTINKOIO
Harpyra BOaje Maiike 10 HyJIs
ABTOMATUYHUI PETyJISTOP HAPYTH

HiTPUMYBAaTH HAMPYTy Ha 3aTHCKadax
IMOCTIAHOIO

3apa3 Takl IPUCTPOI HAsIBHI Y IPOJAKY

00MOTKa MOC1IOBHOTO 30Y/IKEHHS,
1oJjie 0OMOTKH MOCI1JOBHOTO
30yHKeHHS

TeHEePaTop 3MIMIAHOTO 30y KEHHS

00OMOTKa MOC1I0BHOTO 30y KEHHS

271



armature drop NaJiHHS HAMIPYTH Y SKOPi

eventually y MiJICYMKY, KIHEIIb KiHIIEM,BpEIIITi-
perr

series turns OOBHTKH ITOCI1IOBHOI OOMOTKH

full-load voltage HaIpyra npy MOBHOMY HaBaHTaKEHHI1

no-load voltage Harpyra HepoOo4oro Xoay

flat compounding IUIOCKE KOMIAyH/1yBaHHS

overcompounded nepeKoMIayH0BaHUN

compounding KOMITayHIyBaHHS

resistance losses BTPATH B €JICKTPUIHOMY OIOP1

iron losses BTpAaTH y CTajl, MarHiTHI BTpaTH

equilibrium temperature pIBHOBaXKHA TEMITepaTypa

damage the insulation YIIKOJIKYBATH 130111110

exceeding a safe temperature MIePEBUINCHHS OC3MEYHOT
(mpuUIycTUMO1) TeMIepaTypu

intermittent load NIEPEPUBYACTE HABAHTAKEHHS

specified time BCTAHOBJICHUH 200 BU3SHAYCHHI Yac

limiting factor oOMexyBajbHa 00CTaBHHA,

oOMexyBaIbHUN pakTOp

3. EXERCISES
Exercise 1

[IpounTaiiTe 1 mEPEKIAMITH TEKCT YPOKY.

Exercise 2
[lepeknaaiTh aHTHCHKOK MOBOIO HACTYIIHI pEYEHHS:

HominanpHi JaHi TreHeparopa 3BHYAHO BHU3HAYAKOTHCS CTPYMOM 1
MOTYKHICTIO, [0 BIH MOX€E BiJJaBaTu Oe3 meperpiBaHHs. Btpatu B enekTpuuyHOMY
OTIOpi1 AKOpPs Ta KoJia 30y/KEHHS, MAarHiTHI BTPaTH MOTY>KHOCTI IPOYKYIOTh TEILJIO Y
MmamuHi. [le Temno BUKIMKae 3pOCTaHHS TEMIEpPaTypu MAIWHU, JOKH JIis
OXOJIO/DKYIOYA Jisi BEHTWISIIT HE BUIAISATUME CTUIBKM TeIia, CKUIBKKH MOro
BUPOOJIAE€THCA y MamuHi. Tak SK BTpaTH 30UIBIIYIOTBCS 3 HABAaHTAXXCHHSM,
TEMIEpaTypa pIBHOBaru TakoXX Oynae 301IbIIyBaTUCS, MOKH BOHAa HE JOCSTHE
3HAYE€HHS, 3a SIKOI'0 BHHHUKAE TMOIIKOKEHHS 130/arii. HoMiHanbHI JaHl MaliuiH
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3BHYAafHO BCTAHOBIIOIOTHCS HA MIACTaBl MaKCHUMAaJIbHOTO HABAHTAXXCHHS, SIKE BOHH
MOKYTh HECTH 0€3 MepeBUIIICHHs 0€3MeYHOT TEMIIEPATYPH.

Exercise 3

JlafiTe BiAMOBII aHTTIACHKOK0 MOBOIO Ha 3alMTaHHS, BUKOPUCTOBYIOUH TEKCT
YPOKY.

1. What reasons cause reduction of the shunt-generator voltage with load?

2. What solutions are used for decrease of the shunt generators voltage
variation?

3. What machines are called the compound generators?

4. When may a compound generator be said to be flat-compounded?

5. When may a compound generator be said to be overcompounded?

6. Under what conditions is reduction of a shunt-generator voltage not
excessive?

LESSON 9.5
1. TEXT
DIRECT-CURRENT MOTORS

Direct-current motors are identical in construction with DC generators, and
ordinarily the same machine may be used either as motor or generator. The essential
difference is in the direction of current flowing in the armature conductors. In the
case of the generator, the armature is driven by a prime mover, and the current flow is
in the direction of EMF generation. In the case of the motor the current flows in a
direction opposite to that of voltage generation and thus the force on the conductors,
instead of retarding motion, is in a direction that will continue the motion.

The voltage generated in a motor (i.e. the electromotive force induced due to
the armature rotation) is computed as

E, =c,00

where E_ 1s the motor EMF, ¢, 1s a constant of the machine, ® is the main field

flux, and Q is the speed in radians per second.
The applied voltage is

U=E,+IR,
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where E_ is the motor-generated voltage, [, 1s the armature current, R 1s the

armature circuit resistance, and U 1is the impressed or circuit voltage.
The torque produced in a motor

M =c,®I,

where M is the motor torque, @ 1s the main field flux, /, is the armature current.

In a motor one of the important operating characteristics is the variation of
speed with load. In a shunt motor (Fig. 9.17) the field circuit is connected across the
line, and as long as the line voltage remains constant, the field excitation also remains
constant.

Fig. 9.17. Shunt motor circuit diagram

The torque will be directly proportional to armature current. The armature
resistance drop varies from about 5 per cent in large DC motors to about 10 per cent
in small motors. A variation of from 5 to 10 per cent will therefore be required in the
motor-generated voltage (i.e. in the armature EMF).

Since the field flux was assumed to be constant, the EMF is directly proportional to
speed, and therefore only a 5 to 10 per cent drop in speed is normally expected of a
shunt motor when full load is placed on it.

Actually the effect of armature reaction causes some reduction of the field flux.
Due to that, in the first place, the armature current must be increased slightly to
overcome the reduction in torque produced by the lowered magnitude of field flux.
As far as speed is concerned the lowered value of field flux requires a corresponding
increase in speed to obtain the necessary generated voltage to limit the armature
current. This effect tends to compensate for the effect of armature resistance drop in
reducing the speed.

The magnitude of the effect of armature reaction will depend upon the degree
of saturation of the field circuit. In modern machines where maximum use is made of
the magnetic materials, the effect of armature reaction may not only completely
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neutralize the effect of the armature resistance drop on the speed of the motor, but
may actually cause an increase in speed as load is applied to the motor shaft. Under
conditions of overload this increase in speed may become critical, and so it is
customary to add a few turns of series winding to the main field to hold the total field
flux constant or even increase it. Such a winding is known as a stabilizing winding.

To summarize, therefore, the speed of a shunt motor is essentially constant,
regardless of the load applied to the motor shaft. This characteristic is highly
desirable for many types of loads

For many loads it is desirable that the speed be reduced somewhat as the torque
is increased. To obtain such a characteristic it is only necessary to operate the
machine on a lower portion of the magnetization curve at no load and add some turns
of series windings to the main field. Such DC motors are called compound motors
(Fig. 9.18). The effect is similar to that of the stabilizing winding, but since saturation
effects are negligible, a definite increase of field flux results with increase in load.
Since the flux increases with load, a speed reduction is necessary in order that the
motor counter-electromotive force may be reduced to a value that will allow the
necessary armature current to flow.

Fig. 9.18. Compound motor circuit diagram

The speed reduction at full load may be controlled by the magnitude of the
series field. Thus, it is possible to obtain a wide variety of speed-current curves, as is
indicated in Fig. 9.19.

275



200

1 1
1 a = shunt |

i\ b - compound - normal
\ .
\ ¢ - compound - with strong
150 I — —\? - series field
2 \ \ d - series
4 =\
8 100}—a —— === . B N
= \\H =
50+
50 100 150 200

% full load current

Fig. 9.19. Typical speed-current curves of DC motors

In certain types of loads, such as in electric railways and crane hoists, constant
speed is not desired, but very large torque at low speeds is important. In such motor
applications it is customary to omit the shunt-field winding entirely and use only the

series-field winding (Fig. 9.20). Such motors are known as series motors.
— : 4

.

Fig. 9.20. Series motor circuit

Since the field flux is proportional to armature current (at field values below
saturation), the torque is proportional to the square of the armature current

If the effects of the armature resistance drop and of saturation are neglected, the
speed may be said to be inversely proportional to the armature current. The speed is
inversely proportional to the square root of the torque. The tendency of the series
motor to increase in speed without limit as the retarding torque is removed makes it a
very dangerous machine unless the motor is permanently connected to a load that will
itself limit the speed. Its use is normally restricted to traction applications (that is,
streetcars, electric locomotives, and suburban trains) and crane hoists, where the
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motor is permanently geared to the load and there is enough residual load to
adequately limit the speed.

Many small motors are wound as series motors. They may be used on either
DC or AC, since the torque remains in the same direction when both armature and
field are reversed. They are called universal motors and are often used on electrical
appliances, such as vacuum cleaners and sewing machines.

The previous discussion of DC motors has assumed that they were operating at
normal speed and has considered the changes in speed with load in order that
sufficient armature current would flow to produce the proper torque. In general, the
armature resistance drop is a small part (5 to 10 per cent) of the impressed voltage.

When the motor is stationary, as at starting, there is no counter-electromotive
force, so the entire voltage must be absorbed in the / R drop of the armature circuit.

Excessive armature currents would be damaging to both the motor and the power
circuit, and so it is normal to limit the starting current to approximately twice full-
load current. This limitation is largely determined by the ability of the commutator
and brushes to handle only this amount of armature current without sparking.

The motor current at starting is limited by a resistor inserted in the armature
circuit. Sections of this resistor are then shorted out in sequence as the motor
armature develops speed. The use of a starting resistor is common to all types of DC
motors. The starting resistor is gradually shorted out.

To reverse a DC motor, it is customary to reverse the armature leads,
remaining direction of the field current unchanged. But the effect of the speed
reversal can be also achieved by reversing leads of the field winding, remaining
unchanged the direction of the armature current.

The direct-current motors are often used for variable speed service. The speed
will vary inversely with magnitude of the field flux, and directly with the magnitude
of the voltage impressed. The armature voltage can be varied by changing the voltage
applied across its terminals. The armature voltage is often varied by inserting
resistance in the power circuit as in starting.

2. VOCABULARY

direct-current motor JIBUTYH MOCTIHHOTO CTPyMY

prime mover NICPBUHHUN JIBUTYH

force on the conductors CuJIa, 11O JII€ HA IPOBITHUKHU

retarding raJbMOBHUM

speed in radians per second KyTOBa HIBUAKICTh Y pajiiaHax 3a
CEKyH]TY

applied voltage NpUKIJIaJeHa HApyTa

impressed or circuit voltage PUKJIaIeHa HampyTa abo HampyTa KoJjia

torque o0epTanbHUI MOMEHT
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operating characteristic

variation of speed with load

shunt motor
field circuit
field excitation

resistance drop

field flux

armature

effect of armature reaction
degree of saturation
motor shaft

overload

stabilizing winding
essentially constant

speed

magnetization curve
compound motors

motor counter-electromotive force

speed-current curves

electric railway
crane hoist
series-field winding
series motor
retarding torque
traction applications
residual load

motor is permanently geared to the load
electrical appliances

vacuum cleaner

poboya xapaKTepuCTHKa

3MiHa MBUAKOCTI Y 3aJIEKHOCTI BiJ
HaBaHTAKEHHS

JIBUTYH IapajesbHOro 30y UKEeHHS
KOJIO 30yI>KeHHS
30yIKeHHS (MArHITHOTO) TOJIst

NaJiHHS HAIPYTH Ha €JIEKTPUYHOMY
onopi

NOTIK 30y I>KEHHS

SIKIP

BILJTUB PeaKiii sikopst

CTYIiHb HACUYEHHS

BaJ IBUTYHA
nepeBaHTaKyBaHHS
cTabinizyBajibHa OOMOTKA

y CYTHOCTI HE3MIHHHM
[IBUIKICTD

KpHBa HaAMarHigvyBaHHS
JBUTYH 3MIIIAHOTO 30y KEHHS
POTHU- EJIEKTPOPYILIAHA CUJjla IBUTYHA

KpHBa 3aJIeKHOCTI MIBUJIKOCTI BiJl
CTpyMy (eJIeKTpoMexaHiyHa, ado
MIBUKICHA XapaKTEPUCTHUKA)

enexkTpudikoBaHa 3ai3HULIS
MiTHIMAIBHUN KpaH

00OMOTKa MOC1I0BHOTO 30y [KEHHS
JIBUTYH TOCJIOBHOTO 30y IKEHHS
raJibMiBHUM MOMEHT

3aCTOCYBaHHS IS TSTH

OCTaTOYHE HaBaHTaKCHHS

JBUTYH, IIOCTIHO MPUETHAHUI 10
HABAaHTAaXXyBaJIbHOTO MPUCTPOIO

CIICKTPHUYHI MTPUITAIH, EICKTPUIHE
oOnagHaHHs

ITUJIOCOC
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sewing machine IIBEHHA MaITuHA

power circuit KOJIO KUBJICHHS

twice full-load current CTPYM MO/ABIHHOTO HABaHTAXKEHHS
short out in sequence as the motor 3aKOpOYYBATH MOCIIIOBHO y Mipy TOTO,
armature develops speed SIK 3pOCTa€ MIBUJIKICTD SKOPS

3. EXERCISES
Exercise 1

[TpounTaiiTe 1 mepeKIIaliTh TEKCT YPOKY.

Exercise 2
[lepeknaaiTh aHTHCHKOK MOBOKO HACTYIIHI PEYEHHS:

EnexTpopyiiiiHa cuiia, 1o reHepY€EThCs Y IBUTYHI, pO3PAaXOBYETHCSA TAKUM KE
YUHOM, IO 1 y reHeparopi. OAHaK, Tak SK BOHA MPOTHUIIE MPOTIKAHHIO CTPyMY Y
JBUTYHI, 11 1HOJI HA3UBAIOTh MPOTUEIEKTPOPYIIIMHOK CHIIOW JBUryHA. BoHa
OpONoOpLiiiHA TOTOKY T'OJIOBHUX MOJIOCIB 1 IIBUAKOCTI 00epTaHHS. Y 000X BUIAAKaX,
reHepaTopa 1 JBHWIyHA, HasBHI CHUJIM, IO JIIOTh Ha AKIp. SIKIIO HaBaHTa)KEHHS
JBUTYHA 3MEHIIY€EThCS, HOro o0epTaibHU MOMEHT, CHPUYMHEHUNH CTPYMOM SIKOPS,
nepeduIblllye HEOOXITHUM UIsl MOAOJaHHS 3MEHIIEHOTO TajJbMIBHOTO MOMEHTY, 1
JBUTYH MOBUHEH yHoBUIbHIOBaTHCS. 3BOopoTHA EPC ABUTYHA perynoe cuily cTpymy.
SIKmo reHepaTop 3 JOAATKOBMMHM TIOJIOCAMH BUKOPHUCTOBYETHCS SK JBUTYH,
MOJIIPHICTH JTOJATKOBUX IOJIOCIB aBTOMATUYHO 3MIHIOETHCS Ha MOTPIOHY, TaK SIK 1X
oOMOTKa 30y/)KEHHsSI MpUEAHAHA TMOCHIZIOBHO SIKOPEM, 1 TOMY IX IOJISIPHICTb
3MIHIOETHCS, KOJIM 3MIHIOETHCS HAMPSIM CTPYMY SIKOPSI.

Exercise 3

JlafiTe BiAMOBII aHTIIHCHKOI0 MOBOIO Ha 3allMTaHHS, BUKOPUCTOBYIOUHN TEKCT
YPOKY.

1. How may the speed reduction of a compound motor at full load be
controlled?

2. What is the dependence of the shunt motor torque against the armature
current?

3. Under what conditions does the field excitation of a shunt motor remain
constant?
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4. What for is the stabilizing winding added to the main field winding of a
shunt motor?

5. Why is the torque of a series motor proportional to armature current?

6. Why cannot the retarding torque acting on the shaft of a series motor be
removed?

LESSON 9.6
1. TEXT
TRANSFORMERS
In order that electrical energy may be transmitted economically over long
distances, high voltages must be used; but in order that electric circuits may be safely
handled, low voltages are necessary for distribution. The AC transformer is a piece of

apparatus by means of which electrical energy can be received at one voltage and
delivered at another voltage either higher or lower.

0.4 kV
: 18 kV 110 kV 6 kV E—

Fig. 9.21. Electrical energy transmission

A transformer consists essentially of two separate windings on an iron core;
one receives energy and is called the primary, and the other delivers energy and is
called the secondary.

Fig. 9.22. Principle of transformer structure
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The symbols e/ and i/ denote the instantaneous values of the voltage and current
impressed on the primary by the power supply system. The symbols e2 and i2 denote
the instantaneous values of the output voltage and current of the secondary. The
arrowheads merely show which directions are chosen to be regarded as positive. This
flux generates a counter electromotive force in the primary which limits the current
drawn from the supply .The same flux system generates an electromotive force in the
second winding, or secondary, to which the load is connected. This secondary
electromotive force causes current to be supplied to the load.

Hence power is transferred electromagnetically from the primary to the
secondary winding which supplies it electrically to the load. Little power is lost in
such a transformation. Efficiencies may range from 97 to 99 per cent on modern
units.

The ratio of the primary and secondary voltages depends upon the ratio of turns on
the respective windings. Step-up transformers have more turns on the secondary than
on the primary; step-down transformers have the reverse ratio. The magnetic core is
built up of laminations of high-grade silicon or other sheet steel, which are sometimes
insulated from each other by varnish, though frequently the surface coating of iron
oxide is employed to minimize eddy-current losses in the core. The

usual thickness of laminations for 60 cycles is 0.014 in. Thicknesses of 0.020 in. are
common for 25-cycle transformers.

Two losses, due to the varying flux, occur in the iron core: the eddy-current
and the hysteresis losses.

The windings of transformers are made of copper wire or strap. Heavy current
capacity requires conductors of large cross section. Two types of coil construction are
commonly used: (1) concentric and (2) "pancake" or interleaved. In each, spacers are
provided between adjacent coils to permit dissipation of heat from the windings
either by ventilation or by liquid cooling medium.
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Fig. 9.23. Coils construction: concentric (left) and interleaved (right)

Double cotton, single cotton with an underlayer of enamel, or synthetic enamel
insulation is most commonly used as conductor covering, particularly for wire
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windings. In addition, strips of insulating paper are placed between layers, and the
completed coil is taped and impregnated with insulating compound. Molded plastics
and glass have been used for insulation. Silicones are frequently used when high-
temperature operation is required.

The end turns on the coils of a high-voltage transformer require special
insulation. This is necessary because of the distributed capacity of the transformer
windings which exposes the end-turn insulation to great voltage strains when the
transformer is switched on and when surges occur on the line.

All the losses in a transformer are dissipated as heat from the windings and
core. The losses are small, but unsafe temperatures will be reached if special cooling
means are not provided.

Small transformers for metering and power uses are cooled by natural radiation
and convection of heat from their surfaces.

In oil-immersed, self-cooled construction, the transformer is immersed in a
tank filled with oil. Heated oil rises through the circulating ducts of the winding and
cools on its downward path against the sides of the tank. The oil gives up its heat to
the sides of the tank, from which it is then radiated to the air .Large capacities require
corrugations on the surface of the tank or radiating jackets to increase the surface
area.

One of the important problems in transformer construction is that of getting the
leads from the external circuit into the transformer case. On transformers of lower
voltages this has been accomplished by using bushings of porcelain around the
conductor at the point of entry .For higher voltages, it is necessary to increase the
bushing sizes. In modern transformers the problem is met by the use of large
porcelain or composition bushings for potentials as high as 33,000 volts; above that
voltage the condenser and oil-filled types are used.

When an electric circuit is supplied with a voltage, that circuit must take
sufficient current from the source to build up a counterelectromotive force equal and
opposite to the voltage applied. Thus the counterelectromotive is made up essentially
of a voltage produced by the action of the flux on the primary turns. The
instantaneous value of this counterelectromotive force is

d®

AT

(1)
where w, is the number of turns on the primary winding and @ is the instantaneous

value of the flux in the core. Assuming the primary resistance to be zero, the applied
voltage u, (instantaneous value) is equal and opposite to e, or

do

u =w i

)

If the applied voltage is sinusoidal, thatis u, =U,, sin2x ft , then
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e, =—u,=E sin2rft—r)

Elm = Ulm
D=0 (2rfi-r/2) 3)
q)m — Elm

27 fw,

Thus if u, 1s sinusoidal, the EMF e, and the flux must be sine waves.

To obtain the root mean square values, divide the maximum values by V2

U E
U=—~, E=—"~ 4
= BTh 4)
There exists a 90° relationship between @ ande,. From equations 3 and 4 the
expression for the EMF root mean square value becomes

E = 2720 P0 4 44 fnd® . (5)

NG

Since the flux in the core is produced by an exciting current, this current i,

must be in time phase with it.
It is now evident from the above equations that a given value of the rms
voltage U, will require the same rms value E,. The flux must be 90° ahead of the

EMF e, and it must be fixed for a given value of U, and f.
The secondary winding having w, turns i1s placed on the same core, an

electromotive force will be produced in it by the flux®. The magnitude of this
voltage e, is directly proportional to the number of turns w,, and

a_b_m ©6)

9
e, E, w

and since both voltages e, and e, are produced by the same flux, they must be in time

phase. For the present, let it be assumed that all the flux ® links both windings. Then
if a resistance is connected to the secondary, a current i, will flow from it in time

phase withe, . This current will tend to produce a flux ®,. However, the primary must

keep the total flux constant at a value @ in the direction shown. This is accomplished
by the primary only through its production of another flux, —®,. To produce —®, the

primary must carry another additional current agreed in the direction with ®,. The
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additional magnetomotive force of the primary necessary to counteract the
magnetoforce i,w, requires a load component of current i, . Consequently

w
. __. _2
L, =1 .

(7)

w

The total current i, in the primary, when w, is supplying the above load, is .the
sum

il = iex + ilL = iex - i2 ) (8)

and the resultant flux under condition of load is ®@ . The primary winding is therefore
self-regulating in that it draws a load component of current only when it is needed to
neutralize magnetomotive forces of secondary circuit or circuits. The above analysis
is based on the ideal transformer with no winding resistances or core losses and no
leakage fluxes. When these are taken into consideration the above analysis is slightly

modified.
The no-load current of a transformer is composed of the exciting current i,

plus another component resulting from the effect of the core. It should be
remembered that hysteresis produces core losses, and to supply such losses the
primary no-load current must contain a power component (a component in phase with
the applied voltage). Since some electrical conduction is always present in the
transformer core, the flux @ will cause eddy currents to flow in all sections of the
core. A well-laminated core is highly resistive. The eddy currents therefore flow
inside the surface of the core in the same direction as the current i, flows on the

outside in the secondary coils. These eddy currents will cause a primary current in
time phase with u,. The combined effect of hysteresis and eddy currents is to produce

the current 7, ..

The no-load current is i, =i, +1

(h+e) » @nd the primary current under load equals

to
i=i —i—% (9)

The quantity

e E, E w

N e, E,, E, w (10

is called the transformer (transformation) or turns ratio.
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In complex form, for the ideal transformer

Ql =-E, Qz =k, E

27
EZ = _]T;W2q)m’ an =

2
lz—JTZfWICDm,

The primary current under load is

E,

=2

(1)

(12)

transformer
transmit

in order
distribution
apparatus
transmission
iron core
primary
secondary

instantaneous value

LII.EE+ 8

Fig. 9.24. Vector diagram of ideal transformer

2. VOCABULARY

TpaHnchopmarop
nepenaBaTy

3 METOIO; JJIs TOTO, 00
PO3MOILT

amapar

nepemaya

CTaJIeBe oceps
IepBUHHA 0OMOTKA
BTOPMHHA OOMOTKA

MUTTEBC 3HAYCHH
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secondary electromotive force

transferred electromagnetically

efficiency

primary and secondary voltages
ratio of turns

step-up transformer

step-down transformer
lamination

high-grade silicon sheet steel

varnish

iron oxide

eddy-current

losses

hysteresis losses

copper wire or strap

concentric (winding)

"pancake" or interleaved (winding)
spacer

dissipation of heat

liquid cooling medium

enamel

synthetic enamel
tape

impregnate

molded

end turns
distributed capacity
voltage strains
surge

natural radiation and convection

oil-immersed

BTOPUHHA €JIEKTPOPYIIiHA CHUIa

110 TIepeaaeThbCs eICKTPOMArHiTHUM
HIITXOM

Koe(DILiEHT KOPUCHOT /i1, €PEKTUBHICTb
NIEPBUHHA 1 BTOPUHHA HAIIPYTH
BITHOIIIEHHS YHCJIa OOBUTKIB
1BUINYBAIBHUHN TpaHChOpMATOp
3HIKYBaJIbHUN TpaHCHOpMATOp

JUCT (MJIACTUHA) OCcepst

JIMCTOBA CTAJIb 13 BEJIMKUM 3MICTOM
KPEMHIIO

JaK
OKCH]T 3aJ1i3a

BUXPOBUU CTPYM

BTpaTH

BTpaTH Ha riCTEPE3NUC

MITHUN TTPOBia a00 MKHA
KOHIIEHTpUYHA (0OMOTKA)

MJI0cKa abo yepryBajgbHa (0OMOTKA)
JTUCTaHIIHA PO3MOpKa
PO3CIIOBaHHS Teria

PIIMHHUN 0XO0JIO/HKYBAJIbHUIM 3aC10
(areHr)

eMalib
CHHTETUYHA eMaJlb
o0epTaTu CTPIYKOIO
MIPOCOYYBATH
NPECOBAHUM, JINTUI
KIHIICB1 OOBUTKH
pO3MO/IIJIEHa EMHICTh
MepeHanpyru

CTpUOOK, HAKKJI, BUKU/T

MPUPOJIHE BUITPOMIHIOBAHHS Ta
KOHBEKIIIS

NOTPY>KEHUM B OJIII0

286



duct KaHaJl

radiating jackets BUIIPOMIHIOBaJIbHA 00O0JIOHKA

bushing OPOX1THUH 130715 TOP, BBIJI

porcelain dapdop

number of turns KUTbKICTh OOBHUTKIB

core ocep/isi, MarHiTOMPOBI]

exciting current HaMarHi4yBaJIbHUN CTPYM

be in time phase criBMajaTu 3a (azoro

rms voltage Ji10Ye 3HaYEHHS HaNlpyTu

rms value JIro4Ye 3HAa4YEeHHS

the flux @ links both windings noTik @ 3YIIITI0ETHCA 3 00oMa
00OMOTKaMu

additional current agreed in the direction momaTKOBHIA CTPYM BiAMOBiAAE 3a

with @, . HanpsMoM noTokoBi @,

load component HaBaHTAXYyBaJIbHA CKIIAJ0BA

self-regulating caMoO-peryJIbOBaHUM

ideal transformer i71eanbHUMN TpanchopmaTop

leakage fluxes MOTOKH PO3CIFOBAHHS

hysteresis ricrepe3uc

power component (a component in aKTHUBHA CKJIaJI0Ba (CKJIaI0Ba, M0

phase with the applied voltage) crhiBnaaae 3a (a3oro 13 NPUKIAICHOIO
HaIpyTOI0)

transformer core ocepast (MarHiTOMpPOBi )
TpaHcdopmaropa

vector (phasor) diagram BEKTOpHA Jiarpama

3. EXERCISES
Exercise 1

ITpounTaiiTe 1 mepeKIIaliTh TEKCT YPOKY.

Exercise 2

[lepeknaaiTh aHTHCHKOI MOBOIO HACTYIHI PEYEHHS:
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3a pgomoMoror TpaHCPOPMATOPIB EIEKTPOCHEPTisi, IO TEHEPYEThCS Ha
TiIPOENEKTPOCTAHIT MpU TOPIBHAHO HU3BKIA Hampy3i, MEpEeTBOPIOEThCA 32
JOTIOMOT'OK0  MiIBUIIYBAJILHOTO TpaHcdopMmaropa 3 METOK ii MiJABUILIEHHS 1
NepeNaA€ThCs 0 BUCOKOBOJIBTHIN JiHIT 10 MICT Ta IPOMHUCTOBUX TignpueMcTB.lloTim
BOHA 3a JIOMIOMOTOI0 3HIKYBAJIBHUX TPaHCPOPMATOPIB MOHMKYETHCS 0 3HAYCHHS,
K€ Ma€ repeBary IpH BUKOPHCTAaHHI y MICTax a00 Ha 3aBoJax. 3BUYAWHO MAIOTh
JEKUIbKa CTYIICHIB 3HW)KEHHS HANpyrd , 100 OTpUMaTH HaMOUIbII €KOHOMIYHI
PO3MO/ILT €EKTPOCHEPTIi 1 CUCTEMY CIIOKHUBAHHSL.

Exercise 3

JlaiiTe BIAMOBIAI aHTIIIACHKOI MOBOKO Ha 3alUTaHHS, BUKOPHUCTOBYIOYH TEKCT
YPOKY.

1. Of what parts does a transformer consist?

2. What upon does the ratio of primary and secondary voltages depend?

3. What kinds of losses occur in a transformer?

4. Describe the self-cooling system of an oil-immersed transformer.

5. What is the phase difference between the transformer magnetic flux and the
electromotive forces induced in its windings?

6. Does the primary current depend upon the load current flowing through the
secondary?

LESSON 9.7
1. TEXT

THREE PHASE ALTERNATING-CURRENT GENERATORS

Placing three phase windings on the machine, each of which is similar to one
another, we obtain a three-phase alternator. Such a machine, with three similar
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Fig. 9.25. Elementary diagram of a three-phase alternator

windings, is shown in Fig. 9.25, and each group of conductors is labeled. The
winding in the vertical axis is designated as phase A. The winding designated as
phase B is 120 deg around the periphery, and phase C is 240 deg around the
periphery. The voltages generated in these phases are shown in Fig. 9.26.

Volts )

Fig. 9.26. Phase voltages in three-phase winding

If identical resistors are connected to each phase, balanced currents -that is,
currents that are equal in magnitude and 120 deg apart in time-will result. For each
phase, the torque on the generator will vary with time. The torque in each of the three
phases is plotted in Fig. 9.27.

The sum of the torque in all three phases at any instant will be observed to be a
constant. This constant value is three times the average value of each phase. This
constant torque may be visualized in another way. When the rotor is on the axis of
phase A, current in that phase is a maximum; hence the retarding torque is a
maximum. As the rotor moves from the axis of phase A to that of phase B, the torque
of phase A decreases but that of phase B increases. In this way each phase picks up
its share of the retarding torque as the windings come under the influence of the field
poles. This constant torque of three-phase machines (either generators or motors) is
one of their important characteristics, because it permits greater capacity in the same
size machine or the same capacity in a smaller and cheaper machine than with single
phase.
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Torque

Time —
Torque in a Three Phase Generator with Resistance Load
Fig. 9.27. Torque in three-phase generator with resistance load

The property of uniform torque is not limited to three-phase machines but is
common to all polyphase machines. Since nearly all of the polyphase equipment in
the United States is three-phase, discussion in this text will be limited primarily to
three-phase equipment.

The three-phase windings in the machine of Fig. 9.25 are independent and may
supply three independent single-phase systems. This, however, does not save copper
in the distribution system, so the coils are always interconnected to form a three-
phase generator.

This can be done in either of two ways. If one end of each coil is connected to
a common terminal in such a manner that the voltages of the other terminals are 120
deg apart, the machine is said to be Y-connected. If the windings are connected so as
to close on themselves, the machine is said to be A-connected. It should be observed
that the proper phase relationships must be maintained in making this connection, or
the sum of the voltages around the circuit will not be zero and a short circuit will
result.

In large generators that supply transmission and distribution transformers, the.
Y connection is usually preferred, as it provides an easy method of establishing
ground potential, holds the insulation stress to a minimum, and makes it possible to
use simple, yet sensitive, differential relays to disconnect the machine in case of
insulation failure.

The windings of AC machines are somewhat less complicated than those of
DC machines. Each phase is simply an arrangement of coils that will cause the
voltages to add. In the winding in Fig. 9.25, all conductors of one phase are located
within a 60 deg phase belt. This requires that the coils have full pole pitch between
coil sides.

The length of the end connections can be reduced and copper saved by using
slightly less than full pitch. In some slots, this places the coil sides of two adjacent
phases in the same slot. A slightly reduced total voltage is obtained, but the wave
form of the voltage is improved and smoother operation of the machine results. The
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magnetomotive force of the armature is also more nearly sinusoidal in its distribution
around the periphery of the armature, so most machines have armature windings with
a coil pitch that is less than the pole pitch.

2. VOCABULARY

three phase winding
three-phase alternator
balanced currents
average value

visualize

rotor

retarding torque

field poles
interconnected
Y-connected
A-connected
establishing ground potential
differential relay
insulation failure

AC machine

full pitch

adjacent

form of the voltage wave
sinusoidal

pole pitch

TpudazHa oOMOTKa
TpudazHUil renepaTop
CUMETPUYHA CUCTEMA CTPYMIB
CepeIHE 3HAUEHHS

HAO4YHO YABJIATH, ACHO IIPCACTABIIATH

poTOop
rajbMiBHHUII MOMEHT

TIOJIFOCA MarHITHOTO TIOJIS 30y IPKCHHS
B3a€MO3B'sI3aHUI

3'€eTHaHUN 31PKOIO

3'€eTHaHUN TPUKYTHUKOM
BTAHOBUTH ITOTEHIIAT 3€MII1
nudepeHiiiine pesie
ITOIIKOPKEHHS 130JI1111

MaIiuHa 3MIHHOTO CTPYyMY

ITIOBHUM KPOK

CYMIKHUM, CYCIJTHIH

¢dbopma KpUBOi HAMPyTH
CHUHYCOITHUH

TIOJIFOCHUH KPOK, TMOJTIOCHA MOTKA

3. EXERCISES
Exercise 1

[IpouunTaiiTe 1 NEPEKIAAITH TEKCT YPOKY.

Exercise 2

[lepexnaaiTe aHTTIHCHKOI0 MOBOIO HACTYIHI PEUCHHS:

Hampyra 30ymkeHHS HE 3aleXUTh Bijl HAPYTH T€HEpaTopa 3MIHHOTO CTyMY i1
Mae€ 3BMYAHO 3HauYeHHs nopsaaky 120 B. VYV Bunaaxy BHCOKOBOJBTHUX I€HEpaTOpPIB

CTpyM 30yJKEHHS MOXK€ MNepeOuIblIyBaTH CTPyM MallMHM 0pPU HNOBHOMY
HAaBAaHTAKEHHI. SIBHOMOJIOCHA KOHCTPYKIIISI pOTOpa BUKOPUCTOBYETHCS y Mallo- Ta
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CepeIHbO MIBHJAKICHHUX TEHEpaTropax, WII0 CKOHCTPYWOBaHI HJsi TMPUBOAY BiJ
riIpaBIiyHUX TypOiH Ta AW3ENbHUX NBUTYHIB. KilbKiCTh map MOIOCIB JOPIBHIOE
NOTPiOHIN YacTOTi, MOAUIEHIA HA dYacToTy oOepTaHHsS B o0epTax 3a CEKyHIy.
HusbkoHnamnipHa BojsiHa TypOiHa MOBHMHHA OyTH Majo-IUBUIKICHUM arperarom, 1
reHeparopu Ha 60 ' s MajdoOHAMIPHUX T1APOEIEKTPOCTAHIIIN BUTOTOBIIEHI 3 128
HOJIIOCaMU.

Exercise 3

JlafiTe BiAMOBII aHTTIHCHKOI0 MOBOIO Ha 3alMTaHHS, BUKOPUCTOBYIOUHU TEKCT
YPOKY.

1. Which is the shift of the phases of a three-phase AC machine around its
periphery?

2. What is the reason for using three-phase generators with interconnected
phase coils?

3. Why is the Y connection preferred in large generators?

4. Can the length of the coils end connections be reduced?

5. What 1s effect of the slight reduction of the end connections on generator
operation?

6. What is influence of the coils pitch shortening on the magnetomotive force
distribution?

LESSON 9.8
1. TEXT

ROTATING ARMATURE FIELD OF THREE-PHASE SYNCHRONOUS
GENERATOR

The machine shown in Fig. 9.25 has two poles, so that a complete revolution of
the rotor in one second produces 1 cps of alternating current. Sixty revolutions per
second, or 3600 rpm, would be required, therefore, to generate 60 cps.

A four-pole generator is shown in Fig. 9.28. In this machine, only one-half
revolution is required to complete the magnetic cycle with respect to the armature,
and so for 60 cps the speed is only 1800 rpm.
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FIG. 9.28. Elementary four-pole alternator.

The relationship among speed, frequency, and number of poles may be stated
as follows:

where f = frequency in cycles per second, p = number of pole pairs and n =

rotational speed in revolutions per minute (rpm). For high-speed prime movers, such
as steam turbines, two- or four-pole generators are most common, whereas for the
slower-speed water turbines many poles are required for the 60-cycle frequency. For
instance, the 180-rpm water turbines at Boulder Dam require 40 poles to produce 60
Cps.

It has been assumed in previous discussions that with unity power factor the
current reaches a maximum when the axis of the pole is in the center of the coil. This
assumption is not correct since the air-gap flux is determined by the resultant of the
magnetomotive forces of the DC field winding and of the armature. In order to
understand the operation of AC generators and motors, it is necessary to determine
the character of the armature reaction and the manner of its combining with the DC
field in a synchronous generator .

If the current in phase A of Fig. 9.25 is a maximum when the pole axis is
vertical, as shown in the diagram, then the magnetomotive force of phase A is
horizontal, producing a south pole on the right-hand side of the armature. As the rotor
turns in a counterclockwise direction, successive phase belts will reach maximum
currents. The south pole at the right side of the armature caused by phase A will be
succeeded by a similar pole at the top of the armature caused first by phase C' and
then by phase B. Thus the south pole caused by the armature currents follows around
the periphery of the armature at the same speed as the rotor, always lagging behind
the north pole of the rotor. (Since the armature south pole attracts the rotor north pole
and repels the rotor south pole, it is necessary to drive the rotor against this retarding
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force, which provides an alternate concept to the "force on a conductor" explanation
of generator torque.) The air-gap flux will be the resultant of the magnetomotive
force of the main field winding and of the armature reaction, which in this case will
produce a flux that reaches the axis of the phase belt later than the pole axis. In order
for the current to reach maximum when the pole axis coincides with the center of the
phase belt, the current must lead the voltage in time phase.

It is usual for the current in an AC generator to lag behind the voltage in time
phase; therefore, the current maximum is not normally reached in any phase until
after the pole axis has passed some distance beyond the center of the phase belt. This
causes the south pole produced on the armature to be much nearer the south pole of
the rotor than the north pole and effectively reduces the magnitude of the resultant
magnetomotive force. This will cause a decrease in the air-gap flux and in the
terminal voltage. In order for the voltage to be maintained it is necessary to increase
the rotor magnetomotive force so that the resultant flux is the same as before, even
though the armature MMF is partially opposed to the rotor MMF.

Thus with an alternating-current generator supplying a load having a lagging
power factor , the field current must be greater than with unity power factor .

By similar analysis, if the load has a greatly leading power factor, the current
in any phase will reach a maximum before the pole axis reaches the center of the
phase belt.

Thus a south pole on the armature will shift forward and be much closer to the
north pole of the rotor.

This will cause an increase in resultant MMF and a corresponding increase in
air-gap flux and terminal voltage. When the generator has a leading-power-factor
load, it is necessary to reduce the field current of the rotor in order to maintain the
terminal voltage constant.

To summarize, the time variation of currents in the armature coils (which are
fixed in position) of a poly-phase alternator cause magnetic poles to be produced on
the armature; these poles rotate around the surface of the armature at synchronous
speed.

If the currents are lagging behind the voltage in time phase, the poles not only
tend to retard the motion of the rotor but also tend to reduce the magnitude of the air-
gap flux. If the current is leading the voltage in time phase, the poles still tend to
retard the motion of the rotor, but an increase in air-gap flux results.

A more detailed analysis of the currents and magnetomotive forces described
above is often helpful in understanding how the time-varying currents in the different
phases produce the rotating magnetic field. The alternator shown in Fig. 9.28 will be
used as the basis for study.

The upper portion of the stator is shown unrolled or flattened out in the upper
portion of Fig. 9.29. In this figure along the right side are shown the time variations
of the three-phase currents. Vertical lines marked ¢,,¢,,,t,, etc., show successive

instants of time for the successive magnetomotive forces that are shown along the left
portion of the figure.
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FIG. 9.29. Balanced poly-phase currents flowing in an alternator
winding produce a magnetomotive force that rotates around the
armature but is essentially constant in magnitude.

The phase belts are marked as in Fig. 9.28 with A or A ' to indicate that in one
group of phase conductors the current is flowing in one direction, whereas in the next
adjacent group of the same phase, the current is flowing in the opposite direction. In
this diagram positive current in the time-variation diagram at the right indicates that
current is flowing into the paper in A, B, or C, but flowing out of the paper in A, B,
or C.

At time ¢,, as shown in (a) of the diagram, the current in A is a maximum
positive, whereas the currents in B and C are one-half magnitude negative. In order to
analyze the magnetomotive force, the neutral position no will be assumed* between
the two slots of A phase. The magnetomotive force will then be plotted against the
space position around the air gap. In progressing to the left, a slot containing two coil
sides of phase A is first met. Since maximum current is flowing into the paper in
these coil sides, the MMF diagram will show an increase of two units in the space
between phases A and C'. A slot of C' is next met and since the current in C is
negative, the current in C' is positive; so the MMF diagram is again increased. This
time the current in each coil side is one-half magnitude ; so the two coil sides
together give only one unit increase in MMF. When the second slot of C' is met, a
second increase of one unit is obtained. When the first slot of B is reached, it is
observed that with negative current the MMF decreases one unit since the B current
is one-half magnitude. The second slot produces a second unit decrease in MMF.
When the first slot of A ' is reached, the MMF drops two units (A' current is negative)
to bring it back to zero. When moving to the right of the neutral point, a similar curve
in the negative direction will be obtained. It is noted that this step curve is a fair
approximation to a sine wave and may be so assumed in elementary analysis.
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In diagram (b) the time 1s 30 time degrees, or 1/720 sec later, and is shown at ¢,

on the diagram at the right. It is noted here that A is 0.86 positive, B is zero, and C is
0.86 negative. A neutral », is assumed to be 30 deg to the left of n, and again the

MMF analysis is made. The first slot of C' steps the MMF up 1.73 units and the
second slot steps it up another 1.73 units. Since B has zero current, it produces no
effect, while A ' steps the MMF down 1.73 units for each slot and returns the MMF to
zero. The negative portion of the curve is again to the right of N,. The curve (b) is of

a different shape from curve (a), but it will be noted that it has approximately the
same equivalent sine wave. The maximum value of this sine wave will be below the
maximum of (a) and above the maximum of (b), so that it will be slightly less than 4
and somewhat more than 3.46.

In diagram (c) the neutral point n, is chosen 30 deg to the left of n, and the

time ¢, is 30 deg later than ¢ . The current in C is a maximum negative, while both A

and B are one-half maximum positive. The analysis of slot MMF's gives a curve that
is identical with (a) but displaced from (a) by 60 electrical space degrees, or one-third
of the distance between the axis of adjacent poles.

In diagram (d) the time ¢, is 30 deg later than ¢, and 90 deg later than ¢,. The

current in A is zero, while that in B 1s 0.86 positive and that in C is 0.86 negative.
The neutral is assumed at n;, which is 30 electrical space degrees to the left of n, and

the form of the curve is similar to the curve of (b).

The analysis of the change in wave form is beyond the scope of this text. The
objective of the analysis here presented is to demonstrate how currents that are
changing in magnitude in coils that are fixed in position in the machine can produce a
magnetomotive force that is essentially constant in magnitude, but which is shifting
in space at the same speed as the field poles of the alternator. These conclusions are
more concisely and accurately given in the following statement:

When balanced three-phase currents are flowing in the armature of an
alternator (or an induction motor), a magnetomotive force is produced that is fixed in
magnitude and rotates around the armature at synchronous speed.

The above is a general statement and may be qualified to add that as long as
the power factor is constant, the position of the armature-reaction magnetomotive
force is fixed with respect to the field of an alternator. As discussed previously, the
armature reaction with unity power factor causes the resultant flux to reach a
maximum after the pole axis has passed a specified point on the armature.

When the power factor of the load current is lagging, a component of the
magnetomotive force opposes the main field flux. When the current leads the voltage
by an angle that is greater than the angle by which the resultant flux lags the pole
axis, a component of the armature magnetomotive force aids the main field flux.

2. VOCABULARY

rotating field obepToBe (MarHiTHE) MOJIe
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synchronous generator
revolution

cps = cycles per second

rpm = revolutions per minute
high-speed prime mover
steam turbine

slower-speed water turbines
axis of the pole

air-gap flux

character of the armature reaction
counterclockwise direction
attract

repel

to drive the rotor against this retarding
force

lead the voltage in time phase

to lag behind the voltage in time phase
resultant magnetomotive force
armature MMF

lagging power factor

leading power factor

armature coils
synchronous speed
unrolled or flattened out
successive instants of time
step curve

fair approximation to a sine wave

concisely
accurately
induction motor
rotate

unity power factor

CUHXPOHHHU T€HEPATOp
oOepTtaHHs, 00epT

nepioJiiB Ha CEKYHTY

00€epTiB Ha XBUJIUHY

IIBUJIKICHUM MIEPBUHHUN JIBUTYH
napoBa TypOiHa

BOJIsIHA TypOiHA HU3BKOI IIBUAKOCTI
BICh IOJTIOCA

MOTIK TOBITPSTHOTO MPOMIXKKY
XapakTep peaxiii sKops

HaIpPsM IPOTU CTPUIKU TOAMHHUKA
npUTATaTH(Ch)

BIJIIIITOBXYBaTH(Ch)

MIPUBOJUTH POTOP J0 PyXY MPOTH ITi€T
raJbMIBHOI CHJIN

BUTICPEHKATH HAMIPYTY 32 (ha3oro
BiJICTaBaTH BiJI HAanpyTHu 3a Pa3oro
MiJCYMKOBa MarHiTopyuriiiHa cuia
MPC sikops

B1JICTarOUMH KOCPIIIEHT MOTYKHOCTI

BUTIEPEKAIOYNH KOCPIIIEHT
MOTY>KHOCTI

CEKIIIT IKOpst

CHHXPOHHA IIBUIKICTh
PO3TOPHYTHI a00 PO3MPAMIICHUMA
TIOCITITOBHI MOMEHTH 4acy
CTyIMiHYACTa KpUBa

XOpOIIIa alPOKCUMAITisI CHHYCO1THOIO
XBUJICIO

CTHCIIO
TOYHO

ACUHXPOHHUH JIBUTYH
obepTatu(ch)

KOe(DILIEHT MOTYKHOCTI, IO JOPIBHIOE
OJIMHUIII
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3. EXERCISES
Exercise 1

[IpouunTaiiTe 1 NEPEKIAAITH TEKCT YPOKY.

Exercise 2
[lepexnaaiTh aHTT1HCHKOI MOBOIO HACTYITHI PEYCHHS:

OO0epToBe MoJIe ABOTOMIOCHOT MAIIMHUA 00epTaeThes 3 yacToToro 3600 06/xB.
IpH KUBJIEHHI BiA cuctemu 3 yactoToro 60 I'pi1 1500 06/xB. mpu vactori 25 I'. {06
OTpUMATH MEHIIY MIBUIKICTh MOJs, TpeOa 301IbIIUTH KIJTBKICTh MarHiTHUX MOJIIOCIB,
0 YTBOPIOIOTHCA OOMOTKOIO SKOpPS 1 KUIBKICTh IOJIFOCIB POTOpa CHHXPOHHOI
MamHd. [IBUAKICTE 00EPTOBOrO MArHITHOTO TOJISI HA3UBAETHCS CHUHXPOHHOIO
MIBUIKICTIO. BijgcTaHp MK IEHTpaMH JBOX CYCIIHIX TMOJIIOCIB, SIKa BUMIPIOETHCS
y3JI0BXK KOJIa MTOBITPSIHOTO 3a30pY, HA3UBAETHCS MOJIOCHOIO MOALIKOIO.

Exercise 3

JlafiTe BiAMOBII aHTTIACHKOI0 MOBOIO Ha 3alMTaHHS, BUKOPUCTOBYIOUHU TEKCT
YPOKY.

1. What rotation frequency is required in a two pole machine to generate the
voltage of 60 Hz?

2. By what reason is not the current maximum in any phase usually reached
until after a pole axis has passed some distance beyond the center of the phase belt?

3. Why must the field current of a generator operating at a lagging power factor
be greater than with unity power factor?

4. Under what conditions is the armature magnetomotive force rotating at
synchronous speed fixed in magnitude?

5. In what case the magnetomotive force of a synchronous generator opposes
the main field flux?

6. Does the armature magnetomotive force aid the main field flux when the
current leads voltage by the time phase of 90 deg?
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LESSON 9.9

1. TEXT

PRINCIPLE OF OPERATION OF SYNCHRONOUS MOTORS

The stator of the synchronous motor is identical with that of the AC generator
but the rotor, as shown in Fig. 9.30, is a combination of

FIG. 9.30. Rotor of a synchronous motor

the rotors of the generator and the induction motor. It consists of an ordinary salient
pole generator rotor with a squirrel-cage winding carried in slots cut in the pole faces.

No field current is supplied to the poles when starting, and the motor therefore
starts as an ordinary induction motor; that is, the armature currents produce a
revolving magnetic field which cuts the squirrel-cage rotor bars and generates EMF
in them. The resulting currents in the bars create the driving torque.

As soon as the rotor has come up to speed and is running with a slip of, say, 2
or 3 per cent, a DC field current is gradually applied to the field windings on the rotor
poles, the magnetized poles lock with the revolving field produced by the armature
currents, and the rotor then runs at synchronous speed.
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FIG. 9.31. Magnetic field and rotor position of a two-pole synchronous motor when
the brake torque is zero

FIG. 9.32. Magnetic field and rotor position under load

The torque which holds the rotor poles in synchronism with the revolving field
produced by the armature currents is the same torque that swings an ordinary
magnetic-compass needle into line with the earth's magnetic field. If the rotor, or the
compass needle, is exactly lined up with the magnetic field, as in Fig. 9.31, there is
no torque, and this represents the condition of zero brake load; but if the rotor , or the
compass needle, is deflected away from the line of the field by some mechanical
means, as in Fig. 9.32, a torque is developed, which increases as the deflection is
increased, becoming a maximum at a deflection of 90° from the line of the field. Any
further increase of brake torque will cause the rotor to pull out of synchronism and
stop.
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Once the rotor has pulled into synchronism, the squirrel cage takes no further
part in the steady-state operation of the motor, because it is not being cut by the flux
and therefore carries no current. However, any sudden change in the brake load
causes the rotor to oscillate about its position of dynamic balance in the rotating field.
This oscillation induces EMFs in the squirrel-cage bars and thus causes currents to
flow in them, with the result that electromagnetic forces act on the bars to oppose the
oscillation. Thus the squirrel cage acts to stabilize the position of the rotor relative to
the rotating field. This is an important function, of the squirrel cage, as otherwise the
oscillations would sometimes be large enough to cause the rotor to pull out of
synchronism.

The transmission of power by means of an AC generator and a synchronous
motor is similar in many ways to the transmission of power by means of a flexible
spring coupling such as shown in Fig. 9.33.

FIG. 9.33. Mechanical analogy to a synchronous motor.
If the load on the side M is increased, the spring stretches and M drops back

through a small angle relative to G, but both continue thereafter to rotate at normal
speed.

2. VOCABULARY

synchronous motor CUHXPOHHUU ABUTYH

salient pole SIBHO BUPAKEHUU MOJIFOC
squirrel-cage winding 00OMOTKA y BUTJISIII 0111901 KITITKH
starting yCK

revolving magnetic field 00epTOBE MarHiTHE MoJje
squirrel-cage rotor bars CTEp>KH1 OUISYOT KIITKH pOTOpa
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driving torque

come up to speed

slip

rotor poles

magnetized poles lock with
synchronous speed

brake torque

under load

synchronism

swing

magnetic-compass needle
earth's magnetic field
deflect away

by some mechanical means

pull out of synchronism
position of dynamic balance
oscillate

squirrel-cage bars

flexible spring

stretch

Exercise 1

00epTOBHI1 MOMEHT

HAOMPATH IBUIKICTH

KOB3aHHS

MOJIFOCH POTOpa

HaMarHiueH1 MOJIFOCHU 3UIIUISIIOTHCS 3
CUHXPOHHA MIBUAKICTb

raJIbMiBHUA MOMEHT

IpY HaBaHTaKCHHI

CHHXPOHI3M

MOBEPTATH, KOJIMBATH, MaXxaTH; KaYaHHS
KOJIMBAHHSI, PO3Max

CTpLJIKa MarHiTHOTO KoMIacy
MAarHiTHE moJie 3eMJIl
BIIXWJIATHACS 34 JOIIOMOTOI0 40T OCh

3a JIOTIOMOTOI0 SIKOTOCh MEXaHIYHOTO
3aco0y

BUIAIATH 3 CHHXPOHI3MY
MOJIOKEHHS IMHAMIYHOI PIBHOBaru
BIOpyBaTH, KOJIUBATUCS, KQ4aTUCS
CTEp>KH1 OIT90T KITITKH

THyYKa Mpy>XKHUHa

BUTATYBATHUCh, PO3TATATUCH,
PO3IPAMITIOBATUCH

3. EXERCISES

[IpounTaiiTe 1 mepeKIaiiTh TEKCT YPOKY.

Exercise 2

[lepexnaaiTh aHTTHCHKOI MOBOIO HACTYITHI PEYCHHSI:

SIKIO0 CHHXPOHHUM JBUTYH BHUKOPUCTOBYETHCS TUIBKH [IJISi PETyJIIOBaHHS
Koe(imieHTa MOTY>KHOCTI 1 HE 3’€IHYEThCA 3 MEXaHIYHUM HABAHTAKCHHSM, HOTO
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3BUYAalHO  HA3WMBAIOTh CUHXPOHHMM  KoMmmeHcatopoMm. Komum  CHHXpOHHUU
KOMIIEHCATOP HECE MOBHE PEaKTUBHE HABAHTAXKCHHS 3 BUIIEPEIXKAIBLHUM CTPYMOM,
CTpyM BuIepe/kae Hampyry Ha 88-90°, y 3alleKHOCTI BiJl pO3MIpy MAIIWHHU.
3BUYAHHUN KOMIIEHCATOP Ma€ KOS(IIIEHT MOTYKHOCTI 0J13bKO 110 0.5 BIACOTKIB MpH
gactoti 50 ['m.

Exercise 3

JlaiiTe BIAMOBIAI aHTIIIACHKOI MOBOKO Ha 3alUTaHHS, BUKOPHUCTOBYIOYH TEKCT
YPOKY.

1. Of what pieces does the rotor of a salient pole generator consist?

2. Please, describe the procedure of a synchronous motor starting?

3. To what is the synchronous motor torque equal if the rotor poles are exactly
lined up with the magnetic field?

4. Does the squirrel cage take part in the steady-state operation of a
synchronous motor after the rotor has pulled into synchronism?

5. Describe the squirrel cage of a synchronous motor function as a damper of
the rotor oscillations.

6. What mechanical analogy could be applied for explanation of power
transmission by means of a synchronous machine?

LESSON 9.10
1. TEXT
CONSTRUCTION AND PRINCIPLE OF INDUCTION MOTORS

Most electric power utilization occurs either in lights, in heating for industrial
or domestic purposes, or in the development of mechanical energy. The greatest
usefulness, from an industrial point of view, is in supplying the mechanical energy to
turn the wheels of industry. Although DC motors are used for many special
applications, by far the most common type of industrial motor is the squirrel-cage
induction motor .These motors are unusually free from maintenance, many motors
operating for years with no more attention than to see that the bearings are properly
lubricated and the windings periodically cleaned. In an induction motor the rotor
conductors have current produced in them by the inductive action of stator currents.
No direct electrical connection to the rotor is provided. The rotor of the induction
motor acts, therefore, in a manner very similar to the secondary of a transformer in so
far as the rotor current is concerned. The fundamental motor principle of force on
conductors carrying current and being located in a strong magnetic field still is the
basis of operation.
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The stator winding of an induction motor is essentially the same as the stator of
an alternator. The coils are wound in the same way, are fitted into slots in the
laminated iron structure, and are connected similarly. The connection may be either
Y or A and these connections have the same advantages as in the alternator Balanced
currents give a magnetomotive force that rotates around the periphery of the armature
at synchronous speed.

The first requirement of the rotor of the induction motor is that it must provide
a magnetic path of low reluctance for the rotating flux of the stator .This is provided
by a stack of sheet-steel punchings which are riveted together and mounted on the
rotor shaft. Bars of copper (or other metal) are inserted into the rotor slots (without
insulation), and these bars are brazed to copper or brass rings at both ends. This forms
a copper structure very similar to some small cages that were formerly popular for
exercising captive squirrels, and so the windings are called squirrel-cage windings.

Fig. 9.34. Typical induction motor stator with balanced polyphase winding

A later development in construction of these rotors is the use of aluminum in a
die-casting process to produce this conducting structure. Such a rotor structure is
shown in Fig. 9.35, 9.36. Figure 9.35 shows the completed rotor mounted on the
motor shaft, while Fig.9.36 of the diagram shows the cast unit after the iron has been
dissolved by acid.
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Fig. 9.35. Squirrel-cage rotor

Insulation is not required because of the very low voltages involved.
Furthermore, current flowing in the iron will also produce torque, so that it is really
not too important that the rotor be laminated

A polyphase voltage, when impressed on the stator windings, will produce a
flux that rotates around the air gap. Since the resistance of these stator windings is
relatively low, the current is limited by the reactance. The reactance voltage (for low
resistance) is equal and opposite the impressed voltage. It follows that the rotating
flux for the induction motor must have the same magnitude as though the stator were
a synchronous generator.

Fig. 9.36. Squirrel-cage winding for induction rotor
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In the synchronous generator the MMF is supplied by the DC field. In the
induction motor the magnetomotive force is provided by balanced currents flowing in
the stator windings. These currents lag behind the impressed voltage by almost 90
deg in time phase and are called the exciting currents. The magnitude of these
exciting currents depends upon the reluctance of the flux path. Since a major portion
of this reluctance is in the air gap, it is kept as small as possible. The lower magnitude
of the exciting current improves the power factor of the motor when operating at full
load.

The difference between synchronous and actual speed is important in induction-
motor performance and has been given a descriptive name. It is called slip and is
defined as:

synchronous speed — actual speed

slip =
synchronous speed
In a four-pole motor, having a synchronous speed of 1800 rpm and a full-load speed
of 1740 rpm, the slip would be

1800 —-1740
lip =——=0.03 (or 3 per cent).
P =800 (or 3 per cent)

When the rotor is stationary, as at starting, the rotating field cuts the rotor
conductors at the same rate and frequency as the stator conductors. The rotor
frequency at standstill is therefore the same as the power-line frequency .As the rotor
gains speed, the relative motion is reduced. As synchronous speed is approached, the
frequency of the voltage generated in the rotor conductors approaches zero.

The frequency is therefore directly proportional to slip, so

1=5

where f. is the rotor frequency , f is the line frequency , and s1is the slip. The rate

at which the rotor conductors cut the air-gap flux and the magnitude of the resultant
rotor voltage are proportional to the slip. Since the rotor conductors are short-
circuited by the end rings, currents will flow in the same direction, and for small
values of slip in approximately the same phase, as the voltages that are generated.

The effect of the rotating air-gap flux on the rotor will be analyzed by first assuming
that the rotor is turning at synchronous speed. Under this condition the flux is
stationary with respect to the rotor and no voltage is generated in the rotor
conductors. When the rotor slows down, a relative motion between the air-gap flux
and
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Rotor
Conductors

Stator Magnetizing Stator Load
Current Current

Fig. 9.37. Components of current in an induction motor.

rotor conductors develops, thus producing a voltage in these conductors. The force
produced by-current flowing in the same direction as the generated voltage is in such
a direction as to oppose the relative motion of the conductor and the magnetic field.
In the induction motor the relative motion is reduced when the rotor approaches more
nearly synchronous speed. As the rotor slows down, therefore, it develops additional
torque. This torque tends to bring it back to synchronous speed.

The distribution of rotor currents around the periphery of the rotor will follow
the distribution of air-gap flux which produces them. Since the flux varies
sinusoidally around the air gap, the current distribution will also be so distributed. In
Fig. 9.37 this is shown diagrammatically. The flux is shown vertically, produced by a
stator magnetizing-current distribution as indicated on the outer ring. The flux, which
1s sinusoidally distributed, will produce voltages in proportion to the flux. The
currents, where limited by resistance only, will be directly proportional to the
voltages and so will be distributed as shown in the inner, or rotor, ring of conductors.
To say this in another way, there is a space wave of current density around the
periphery of the rotor. This rotor current reacts on the stator in the same way that the
secondary of a transformer reacts on the primary. That is, a primary, or stator, current
must flow to neutralize the rotor magnetomotive force, and this is shown in the
middle ring of Fig. 9.37. With the rotor MMF neutralized, the air-gap flux remains
constant in magnitude. When the maximum of the current space wave is in phase
with the flux maximum, the torque distribution around the periphery will be a double-
frequency sine wave with an average value equal to one-half of the maximum. The
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torque under these conditions is proportional to the product of the flux and the
current.

M=K,I

When the slip is relatively large, the frequency of the voltage in the rotor bars
is sufficient that the reactance cannot be neglected and it is necessary to analyze the
motor action on an AC basis. The rotor current is thus equal to

E E
- =r and ]r = r

R+ X, JR>+ X7

where the values are rotor currents, voltages, resistances, and reactances. The current
lags behind the voltage, and since the voltage is in phase with the flux, there will be a
phase angle between the space distribution of the flux and of the current that is equal
to the time-phase angle between current and voltage. The torque then becomes not
only proportional to the magnitude of the flux and current but also to the cosine of the

—-_r

angle of phase difference.

M =K,I cos@.

2. VOCABULARY

Most electric power utilization occurs

free from maintenance

squirrel-cage induction motor

motors operating for years

bearings are properly lubricated

so far as the rotor current is concerned
stator winding
is essentially the same

slots in the laminated iron structure

balanced currents

magnetic path of low reluctance

y OUTBIIOCT] BUNIAAKIB BUKOPUCTAHHS
€JICKTPUYHOI eHeprii Bi10yBaeThCs

He TTOTpedye 00CITyroByBaHHS

ACHHXPOHHUU JBUTYH 3 OLIIUOIO
KJIITKOIO

JBUT'YHH ITPALIOIOTh POKAMU

Hi,Z[HII/IHHI/IKI/I 3MAIlyIOTbCA HAJICKHUM
YUHOM

110 CTOCY€EThCA CTPYMY poTOpa
o0OMOTKa cTaTtopa
IIPAaKTUYHO TaKUM XKe

nasu y CKJIaJieH1! 3 JIUCTIB CTaJIeBii
KOHCTPYKIIIT

CUMETPUYHA CUCTEMA CTPYMIB

MarHiTHUM MyTh 3 MaJIUM MarHiTHUM
OTIOpPOM
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rotating flux

stack of sheet-steel punchings
riveted together

rotor shaft

bars are brazed to copper or brass rings
squirrel-cage windings

balanced polyphase winding
completed rotor

dissolved by acid

current flowing in the iron
reactance voltage

exciting currents
reluctance

actual speed

motor performance
descriptive name

slip

four-pole motor

full-load speed

when the rotor is stationary
at starting

rotating field cuts the rotor conductors

at standstill
rotor gains speed
relative motion
end rings

rotor is turning at synchronous speed

flux is stationary
slow down
distribution of rotor currents

distribution of air-gap flux

00epToBUil OTIK

MaKeT CTAJIeBUX IITAMIIOBAHMX JIUCTIB
CKpIIJIEH] pa3oM

BaJ poTOpa

npunasHi A0 MiTHUX a00 JTaTYHHUX
KUIELb

KOPOTKO3aMKHEHA 0OMOTKA THITY
OLISIYOT KJIITKHA

cuMeTpuyHa 6aratodazHa oOMOTKa
3aBepIeHuid (TOTOBUI) POTOP
PO3UMHEHUH 3a JOMOMOI'0I0 KHCIOTH
CTPYM, IIIO TeYe Yy 3ai3i

Hampyra Ha peaKTUBHOMY OIOpi
HaMarHigyyooui CTpyMu

MarHiTHUAHN OMip

(akTHYHA HIBUIKICTD

pobOoTa IBUTYHA

BU3HaYaJIbHA Ha3Ba

KOB3aHHS

YOTUPHOXIIOIIOCHUN JIBUTYH
MIBUAKICTH ITPU TOBHOMY HAaBaHTaXKEHHI
KOJIX POTOP HEPYXOMUU
1] 9ac MyCKy

o0epToBe MoJie Mepecikae MPOBITHUKU
poTtopa

i YaC HEPyXOMOCTI
poTOp HabMpae MBUAKICTH
BITHOCHUH pyX
3aMHKar04l KUIBII

pPOTOp 00EPTAETHCS 13 CHHXPOHHOIO
IIBUIKICTIO

MOTIK € HE3MIHHUM
YIOBLJILHIOBATH(Ch)
PO3IOIII CTPYMIB poTOpa

PO3MO/ILI TOTOKY Y TIOBITPSTHOMY
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IPOMIKKY

sinusoidally 3a 3aKOHOM CHHYCa

space wave of current density IPOCTOPOBA XBUJISI TYCTUHU CTPYMY
torque distribution PO3MOIITT MOMEHTY

double-frequency sine wave CHUHYCOIIHA XBUJIS MTOBIMHOI 4aCTOTH
average value CepeaHE 3HAUYCHHS

phase difference pi3HULA a3

3. EXERCISES
Exercise 1

[IpounTaiiTe 1 mIEPEKIAMITH TEKCT YPOKY.

Exercise 2
[lepexmaaiTh aHTIIIMCHKOI MOBOIO HACTYMHI PEUCHHS:

ACHHXPOHHI JBUTYHM 3aBX/JU CIOKHUBAIOTh BiJICTalouuii cTpyM. BoHu maroTh
KOoe(DIIIEHT TMOTYXHOCTI TIPU MOBHOMY HaBaHTa)keHH1 Onu3bko 0108 juist aBuryna 1
kBt , 1800 06/xB., 0.9 mns asuryna 100 kBT, 1200 06/xB.,0.84 nns asuryna 100
kBt, 600 00/xB. KOeQIlIEHT TMOTY>XHOCTI 3MEHIIYETbCS 31 3MEHIIECHHAM
HaBaHTaXeHHA 1 Moxke Oytu 0.2 3a HepoOo4oro xo/y. ACUHXPOHHI ABUTYHU MalOTh
TaKy * CUHXPOHHY IIBHJIKICTb , 110 1 CHHXPOHHI ABUTYyHH. [IIBUAKICTH IpU MOBHOMY
HAaBaHTAXKEHHI MOXe OyTH MEHIIIOK 3a CHHXPOHHY Jech Ha 2 — 4 BIICOTKU. 3a
JIOTIOMOTOI0 ACHMHXPOHHHX JBUTYHIB MOXXHA OTPHMATH Oyab-SKy UIBUIKICTH BiJ
6113bK0 96 BIJICOTKIB Bl CHHXPOHHOI /10 HYJIS LIIJISIXOM 3MIiHU OTIOPY Y KOJI1 pOTOpA.

Exercise 3

JlafiTe BiAMOBII aHTTIHCHKOI0 MOBOIO Ha 3alMTaHHS, BUKOPUCTOBYIOUU TEKCT
YPOKY.

1. What type of electrical motors is the most common type of industrial
application?

2. Why is insulation of the squirrel cage copper bars not required?

3. By what is obtaining of the magnetomotive force in induction motor
provided?

4. What is called the slip of an induction motor?
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5. What value has the slip of the induction motor operating at 50 Hz, 1455 rpm
and having 4 poles?

6. What dependence takes place between the induction motor rotor frequency
and the slip?

LESSON 9.11
1. TEXT

OPERATING CHARACTERISTICS OF SQUIRREL-CAGE AND WOUND-
ROTOR INDUCTION MOTORS

Induction motor operating characteristics are usually shown by curves of
torque vs. speed and current vs. speed with constant impressed voltage.

The condition of maximum torque is a critical point in the analysis; and since it
usually comes at about 0.15 slip, the curves naturally fall into two different sections,
one of which is at small values of slip (under 0.10) and the other at large values of
slip (over 1/3). At low values of slip the reactance has little effect, since it is both
smaller than, and in quadrature with, the resistance. The rotor current then becomes

I = L ~ L s where s<1/10

JRZ+(X.s)? R

The torque then becomes

M=KER Kol
R*+(Xs) R

7

These approximate equations show that the rotor current and the torque both
vary directly with the slip at small values of slip. This is shown by the straight portion
of the curves of Fig. 9.38, where the torque and current both rise rapidly as the speed
drops below synchronous. This is the normal operating range of the motor.

At high values of slip the resistance is a negligible factor in the impedance, so
the current and torque equations become
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Rotor Current
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' Rotor speed

Fig. 9.38. Variation of induction motor torque with slip

I = £s — E, s where s>1/3
JRI+ (X5} X,
M =KyER — > 5 qu’b?rlf"l=K"l where  s>1/3
R+(Xs)} (X)) s s

These approximate equations show that the current tends to become constant
for speeds below 2/3 of synchronous. The torque, on the other hand, varies inversely
with slip and so tends to increase as the slip decreases. These relations are shown in
the curves of Fig. 9.38.

These motor characteristics may be interpreted physically on the basis that for
low values of slip the power factor is relatively high, and so the torque is almost
directly proportional to current since the flux is assumed constant. At high values of
slip the current is approximately constant, and so the angle of space-phase difference
between flux and current becomes the controlling factor. An inspection of the
approximate equation for torque at high slip shows that the rotor resistance is
included as one of the factors of K". If, therefore, the rotor resistance is increased by
some means, the torque, at low speeds, will also be increased. This increase of torque
can also be attributed to an effective decrease of the phase difference between the
flux and the current.

For values of slip between 1/10 and 1/3 the above approximations do not hold,
and it becomes necessary to use the exact equations. The maximum torque condition
occurs in this range, and the two approximate curve sections are joined by a transition
curve.

The effect of voltage variation on motor operation is important and can be
determined from the above equations. The flux is reduced in direct proportion to the
impressed voltage. Since the secondary current is dependent upon the flux, this will
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also be reduced in direct proportion to the voltage. The torque at any slip, therefore,
will vary as the square of the voltage.

Fig. 9.39. A wound rotor for a variable speed induction motor

A particular type of induction motor that is used extensively to drive variable-
speed centrifugal pumps, fans, hoists, and cranes is known as the wound-rotor
induction motor .In this motor the rotor uses a punching similar to that shown in E of
Fig. 9.40. A three-phase winding is used with the ends brought out to slip rings as
shown in Fig. 9.39. These slip rings are connected to a three-phase resistor, in which
the resistance may be gradually reduced. It is thus possible to change the effective
rotor resistance over a wide range.
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E

Fig. 9.40. Typical rotor laminations for induction motors

In the previous analysis it was found that the torque of an induction motor is
proportional to the rotor current in the operating range. If the rotor resistance is
increased to twice its previous value, it will require twice the slip to obtain the same
rotor current. This produces a reduction in speed for the same torque. In Fig. 9.41 are
shown speed-torque curves for a typical wound-rotor induction motor. The curve that
rises most steeply with slip has no external resistance in the circuit and is similar to
the torque curve previously studied. The adjacent curve has an added resistance of
about one and one-half times that of the rotor, and so increases the slip at rated torque
from 4 to 10 per cent. The slope of the torque curves is increased rapidly with
increase in rotor resistance.
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Fig. 9.41. A seven-point control for a wound rotor induction motor

When starting a load having constant full-load torque, the rotor resistance is
gradually decreased so that the operation follows the dotted lines indicated by "a".
The stabilized speed for each of these conditions is shown by "b". The stabilized
speed for a load having variable torque (such as a pump) is shown by "c".

The rotor efficiency of an induction motor may be shown to be equal to the
ratio of actual to synchronous speed. When the speed of the induction motor is
reduced by rotor resistance, the efficiency is also reduced. In the case of pumps and
blowers the horsepower required drops very rapidly with speed, so a net reduction of
power is obtained by increasing the rotor resistance in a wound-rotor motor to reduce
the speed, in spite of the lowered efficiency .Wound-rotor motors are started by
gradually reducing the rotor resistance from the maximum value. Under these
conditions, the starting current of the wound-rotor motor is equivalent (in per cent of
full-load values) to the starting torque required by the load. This is a real advantage
under some conditions.

The disadvantage of the wound-rotor motor and control is a very considerable
increase in cost over the ordinary squirrel-cage motor and the additional maintenance
of slip rings, brushes, and controller.

2. VOCABULARY

operating characteristic poboua xapakTeprucTuKa
wound-rotor induction motor ACUHXPOHHUH JBUTYH 3 (hpa3HUM
poTopom

curve of torque vs. speed; (vs. = versus) KpuBa 3aJIeKHOCTI MOMEHTY BiJI
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maximum torque

the curve naturally fall into two
different sections

in quadrature with

approximate equations

drops below synchronous
negligible factor

may be interpreted physically
since the flux is assumed constant
inspection

approximations

impressed voltage

particular type

the ends brought out to slip rings
over a wide range

increased to twice its previous value
speed-torque curve

steeply
external resistance
adjacent curve
rated torque
slope
seven-point
rotor efficiency
blower
horsepower

net reduction
starting current
considerable

ordinary

IIBUIKOCTI
MaKCUMaJIbLHUIT MOMEHT

KpUBa (DAKTUYHO PO3MATAETHCS HA JIBA
PI3H1 y4acTKu

y KBaJipaTypl, OiJ NpSIMUM KyTOM
pUOJIN3HI PIBHIHHS

cnajia€ HU>K4Ye CUHXPOHHOT
3HEXTyBaHUH (hakTop

MOe OyTH MOsCHEHU (i3UIHO
TaK SK MOTIK TPUHHITO MOCTIHHUM
nepeBipKa, JOCIIHKCHHS

HaOIMOKCHHS, allpOKCUMAITis,
MPUOIN3HE 3HAYCHHS

MpUKJIaJICHa Hapyra

0ocoOnuBUI BUJI (THUIT)

KIHIIl BUBEICHI Ha KOHTAKTHI KUIBIA
y MIAPOKUX MEKax

30UIbIICHUH yABIYl JO MOTO
OoNepeAHLOT0 3HAUCHHS

KpHBa 3aJIe)KHOCTI MK IIBUAKICTIO 1
MOMEHTOM

KpPYyTO

30BHIIIHIN pe3uCcTOp
cycians (Tpuiieria) KpuBa
HOMIHAJIBHUI MOMEHT
YKJIH

CEMU-TOYKOBUH

KKJI poropa
BEHTUJISITOP
HNOTYXHICTh

KIHIIEBE 3HMKCHHS
IIyCKOBUU CTPYyM
CYTTEBUM

3BUYAUHUMN
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3. EXERCISES
Exercise 1

[IpounTaiiTe 1 mepeKIaliTh TEKCT YPOKY.

Exercise 2
[lepexnaaiTh aHTIHCHKOI MOBOIO HACTYITHI pEYCHHSI:

["'0710BHUM HEAOIIKOM KOPOTKO3aMKHEHOT'O JIBUTYHA 3 MajJHM OIOPOM pOTOpa
€ Te, 10 BiH CIOXHBA€ BEJIMKHUHA ITyCKOBHH CTPYM 1 yTBOPIOE MaJluii IyCKOBHMA
MoMmeHT. Lls mpobrnema moxe OyTH MOAOJaHA HUIIXOM 3aCTOCYBaHHS MOABIHHUX
OUIAYMX KITITOK Ha OJHOMY U TOMY X poTopi. OqHa 3 OUISIYMX KITIITOK PO3TalIOBaHa
OJIM3bKO 7O MOBEPXHI MOBITPSIHOIO 3a30py, A€ PEAKTUBHUN OIIp HU3BKUHA. Y HIN
IJI0Ia MPOBIIHMKA MaJjla 1 aKTUBHUU omip Beaukuil. J[pyry 3akianeHo rimboko y
pOTOpi, TaK IO BOHA Ma€ BEIMKUNA peakTUBHUU omip. OgHaK 1uioma ii MpoBiIHUKIB
BEJIMKA, 1 BOHA Ma€ MaJiuii akTUBHUH orip. [1ix yac mycKy BeIUKUN peakTUBHHU OMIip
BHYTPIIIHBOI KJIITKH TOMNEPEIKYE€ BUHUKHEHHS Y HIA BEJIUKOTO CTPyMY 1 OOMEXye
NyCKOBUM CTPYM JBUTyHAa. Benukuii omip 30BHINIHBOI KIITKH CHPUSIE OTPUMAHHIO
BEJIUKOTO MMYyCKOBOro MOMeHTy. Konu porop Habupae MIBUAKOCTI, YaCTOTa CTPYMIB
poTopa 1 peaKTHUBHUN OMIp 3MEHIIYIOThCS, aKTUBHUI OMIP JOPIBHIOE OMOPY JBOX
napajienbHO 3'€IHAHUX KIITOK. TakuM YHHOM I8 KOHCTPYKIlS Ja€ BEITUKHIA
IyCKOBHM MOMEHT INpPHU BIIHOCHO HU3BKOMY IIyCKOBOMY CTPYyMi YTBOPIOE JIBUTYH 3
BrucoknM KKJ/[ 1 mopiBHSIHO MaJloMy KOB3aHHI MPYU HOPMAJILHOMY HaBaHTAKEHHI.

Exercise 3

JlaliTe BiAMOBII aHTTIACHKOI0 MOBOIO Ha 3alMUTaHHS, BUKOPUCTOBYIOUH TEKCT
YPOKY.

1. What dependencies represent induction motor operating characteristics?

2. Into what sections do the induction motor operating characteristics fall?

3. How the rotor efficiency of an induction motor is determined using
synchronous and actual speed?

4. What is disadvantage of the wound rotor motor?

5. What is construction of the wound rotor?

6. How the speed of a wound rotor motor does change when the resistance
connected to the slip rings is increased?
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HaBuanbhe BUOaHHA

IBanoB Onexkciit bopucosuu

bemra Onexcanap CrenaHoBuY

Joaros Onekcanap MuxaiinoBud
Bbanaxonues Oinekcannp BacunboBuu
XinoB Bikrop CepriiioBuu

BBenencoka Tetsna IOpiiBHa
AsokoBcebkuil Onekcannp OnexkcanapoBUY
Coomin Anapiit OnexcanapoBuy

AHIJIIICEKA MOBA JULA CTYIEHTIB
EJIEKTPOMEXAHIUHUX CITELIIAJIbBHOCTEMN

HaByanpHUNA OCIOHUK
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