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Hacrosimuii COOpPHUK JTEKCHYECKHUX YIPAXKHEHUH CTABUT CBOCH 3aa4ei MOBTOPEHUE U
3aKpeTUIeHHE 0A30BBIX CJIOB M BBIPAKEHHUH JIEKCHYECKOTO MUHHUMYMA, TPEAYCMOTPEHHOTO
V4eOHOW TIPOTPaAaMMOM TI0 AaHTJIMHCKOMY S3BIKYy IUIS CTYIEHTOB | Kypca MEXaHHKO-
matemarndeckoro (axymprera MI'Y. COOpPHHK COCTOMT W3 YNPAKHCHUH W 3aJaHUH,
Pa3BUBAOIINX MPO(PECCHOHATFHO OPHUEHTHPOBAHHBIA «AHTTUHUCKHM SA3BIK JIJIS CTICTIHAITEHBIX
nenei» (English for Specific Purposes, or ESP), B KOTOpBIii BXOZAT Kak CJOBa

TEPMUHOJIOTHYECKOTO CIIOS JIEKCHKA — B JAHHOM CIIydae MaTeMaTH4ecKue U (PU3uKo-
MaTeMaTHYECKHE TEPMHUHBI, — TaK W OAa30BbIE BBIPAKEHUS W OOOPOTHI OOMIEHAYYHOM
JIEKCHKH.

Co6opuuk cocTouT U3 nByX 4acted (B wactu | Vocabulary Practice oTpadaTsiBaroTCSA
OCHOBHBIE TEPMUHBI MATEMATHKH M MEXAHUKH; 4acTh I Revision HaleneHa Ha MOBTOPEHHE
MPOWJECHHOTO MaTepuana) W TojeiaeH Ha 12 pasgenoB (sections). Pasmmunbie BHIBI
VIPKHEHAH U TEKCTHI TI0 CTIEIHAIBHOCTH, TIPEACTABIIEHHBIE B COOPHHUKE, OOBEIUHAIOTCS
o0miel TEeMaTHYECKOW HAMNPABICHHOCTBHIO, YTO TIO3BOJSIET OOECIEYHTH BBICOKYIO
€CTECTBEHHYIO TIOBTOPAEMOCTD CIIEIIHANBHOMN JEKCHKH, XapaKTePHOHW I HAYYHOTO CTHIIA
peun. bonpnioe BHUMaHHE yIeaIeTCA KaK 3a/TaHAAM, B KOTOPBIX MTPEICTABICHBI 1e()UHULINH
OCHOBHBIX (PH3UKO-MAaTEMaTHYECKUX TEPMHHOB, TAK W YNPAKHEHUAM, BBHIPAOATHIBAFOIIAM
HABBIKH MEPEBOJA C PYCCKOT0 HA AHTTTMUCKHUH A3bIK. 3HAYUTENBHBIN yIOP B JAHHOM CIIy4ae
AeTaeTcs Ha YMEHHE BIAJETh CIECHHUATBHON JIEKCHKOW M HCIIONIB30BaTh KITWUIIHMPOBAHHBIC
BBIPAKCHHSA U 00OPOTHI PEYH TIPH TIEPEBOAE HAYYHBIX TEKCTOB.

Marepuamom CcOOpPHHKA TOCTYKHJIA OPHTHHAIBHBIE HMCTOYHHUKH (AHTIIMHCKUE U
AMEpPUKAHCKHE CIIOBAPH, SHIMKIONEINH, cTaThi). OIHAKO B PAIE COY4YacB B3TIAIbI AHTIIO-
AMEPUKAHCKHX YYEHBIX Ha BOTIPOCHI MATEMATHKH M MEXAHUKH OTIIMYAFOTCA OT B3TTIA0B HX
POCCHHCKUX KOJUIET, YTO CJEIYET YYUTHIBATH MPH PAdOTE C MPEATIOKEHHBIMU B COOPHHKE
VIPAKHEHHAMH U TEKCTAMH.

JlaHHBIM COOPHUK JIEKCHYECKHX YIPAKHEHHH MOXKET OBITh HCIOIB30BAH Kak
npunoxeHue K yueousM nocooussm E.H. Eroposoit u E.M. Munanemn English for Students
of Mathematics and Mechanics nmsa ctynenTtoB | Kypca, a Takxke cryaeHramu Il kypca B
Ka4yeCcTBE MOBTOPHUTEIHHOTO MATEPHIIA.
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Part I (Vocabulary Practice)
Section 1

1. Study these words and expressions:

e science / scientist / scientific — Hayka / yueHbIii / HayYHBIA
- natural / computer science — €CTeCTBEHHas Hayka / HHpopMaTuka
- scientific research / approach / method — HayuHo€ uccnenoBaHue /
NnoAX0J / METOA
branch of science — paszien Hayku
e research / to research — uccienoBanue / uccien0Barh
- to do/ to carry out / to conduct research into (on) sth. — npoBoaAUTH
UCCJIE0BAHUE YETO-TH00
- to research the problem — u3yuars npobdaemy
e study / to study — u3yueHue / u3yuarb
- the study of mathematics — u3yueHue MaTreMaTUKH
- to study mathematics — u3y4aTh MaTeMaTuKy
e mathematics / mathematic(al) /mathematician [ mae6ama'ti/n] —
MaTreMaryuka / MaTeMaTHYeCKHUIM /MaTeMaTuK
- applied mathematics — npukJiagHas MaremMaTHhKa
- pure (abstract) mathematics — 4ucTas MaTeMaTuka
- mathematical operation — MaremaTudeckas orneparms
- mathematical procedure — maTemaruueckas nporeaypa
- mathematical / numerical expression — MaTeMaTHYECKOE / UUCTOBOE
BBIPAKEHUE
e arithmetic [2'rIOmatik]/ arithmetic(al) [ seri®'metik(al)]/
arithmetician [o r1Oma 't1fn|— apudmeruka / apudpmeTrueckmii /
apu(pMETUK
e algebra/ algebraic(al) /algebraist— anre6pa / anreopandeckuii /
anreopauct
- algebraic equation / number /function — ajire6Gpandeckoe ypaBHEHHE
/ anreOpanyecKoe Ynucio / anredpandeckas QyHKIHs
e gecometry/geometer(geometrician)/geometric(al) — reometpust / reoMetp /
F€OMETPUUECCKHUI
- geometric object / figure / body — reoMmeTpuueckuii 00beKT /
(durypa / Tei0
- geometrical progression — reoMeTpuyeCKas Mporpeccus
e to calculate / calculation — BBIYKCAATE / BBIYUCIEHUE



- to do / make / perform calculations — nMpoW3BOAUTH BHIYMCIICHUS

to measure /measurement — U3MEPATH / U3MEPEHHUE, 3aMED

- square measure — KBajpaTrHas Mepa (Mepa IIonaam)

- linear measure — JMHEHHAas Mepa, Mepa JJTUHBI

- metrical measure — MeTpuiecKas Mmepa

- dry (liquid) measure — mepa ChITyYuX TeJl (KUIKOCTEN)

- to make / to take measurements — NpOM3BOUTH U3MEPEHUS, JACaTh
3amep

object — 0OBEKT, NpeAMET; LENb (MCCIICTIOBAHMS U T.]1.)

number — 4ucio

digit — mudpa

unit — €JIMHULIA; €IMHULIA U3MEPEHUS

theory of units — Teopus eauHULI

unit of length — eauHuIA JIMHBI

central processing unit — LIEHTpaJIbHBIA MPOLIECCOP

power supply unit — OJI0K NUTaAHUs

unity — €JIMHULA, YKUCI0 OJUH

- root of unity — KOpeHb W3 €IMHULIBI

sign — 3HaK

- change the sign (sign change) — M3MEHUTH 3HAK (MEpPEMEHA 3HAKA)

symbol — cumBon

- algebraic symbol — anredpanueckuii CHMBOJI

property — CBOMCTBO

- continuity property — CBONCTBO HENPEPHIBHOCTH

2. Translate the following sentences into English:

1.

i el

XN

9.

depma (Fermat) Ob11 M3BECTHBIM (PPAHILY3CKUM MATEMAaTHKOM.

DTO OUEHB CIOMKHAS MATEMATUYECKas MPOLICIypa.

B Hayke, HanmpuMep, B MaTEMATUKE, MBI 4aCTO UCITOIb3YEM CUMBOJIBI.
Pe3ynbrarbl JaHHOTO WCCAEAOBAHUS OKA3aJUCh OYEHb BAKHBIMHM IS
JANBHEHIIETO PA3BUTHS STOTO pa3jicia HayKH.

JlaBaiiTe mpou3BeIEM CIIEAYIOIINUE BBIYUCIICHHUS.

BbluncaeHrs 5TOro MareMaTuka HEBEPHHI.

Kakue reomerpuieckue 00OBEKTHI Bbl 3HACTE?

JIBa OCHOBHBIX pazjejia MaTeMAaTHKW — 53TO MNPUKIAAHAs W 4uCTas
MaTreMaruka.

B mMaTemarvke UCroib3yrOTCs 3HAKU U CUMBOJIBI.

10. MeTp — 3TO Mepa AJIUHBI.



3. Study these basic mathematical terms:

quantity — BeJIMYMHA, KOJUYECTBO

incommensurable quantities — HECOU3MEPUMBIE BETUUHHBI

like quantities — OJTHOPOIHBIE BETUYUHBI

known quantity — naHHasi BETMUHMHA, U3BECTHOE

unknown quantity — HEU3BECTHOE

negligible quantity — HAYTOXKHO Majiasi BEJIMYMHA

magnitude — BeIMUMHA, NPOTKEHHOCTD, pa3Mep

- magnitude of a vector — qimHa (MOayJIb) BEKTOpA

value — 3HaueHue, BeJIMUHUHA

- absolute value (modulus) — abcoat0THasE BEIMYMHA, MOTYJIb

- negative / positive value — oTpHLaTENbHOE / MOJOKUTETBHOE
3HAYECHUE

addition / to add / additive — cnoxxenue / CknaapiBaTh / a1 IMTUBHBI A

subtraction / to subtract — BeIUMTaHUE / BHIYUTATH

multiplication / to multiply (by sth.) — yMHOkeHuHE / yMHOKATh (Ha

YTO-TO)

- multiplication table — Tabauua yMHOKEHUS

division / to divide (by sth.) — naenenue / nenuTth (Ha 4YTO-TO)

product — npou3BeAcHHE

sum — cymMMma

- partial sum — yacThuuHas cymma

difference — pa3HOCTH

equation — ypaBHEHHUE

- to solve an equation — pemarh ypaBHEHUE

- to satisfy an equation — yJI0BJIETBOPATH YPABHEHHIO

- algebraic / differential / simultaneous equation — anreOpandeckoe /
nuddepeHIMaIbHOE YpaBHEHUE / CUCTEMA YPAaBHEHUIMA

- linear / quadratic equation — NMHEHHOE / KBaApaTHOE YPABHCHUE

(in)equality — (HE)paBEHCTBO

power — CTEIEHb

- to raise to a power — BO3BOJIUTh B CTENICHb

- pOWer Series — CTeNeHHOMH psiJ

root — KOpEeHb

- to extract a root — u3BJICKaTh KOPEHb



perfect square — noJIHbIN KBaapar

variable — nepeMeHHas

- (in)dependent variable — (He)3aBucuMas nepeMeHHas
invariant — MHBapUaHT

unknown — HEU3BECTHOE

- an equation in two unknowns — ypaBHEHHE € JBYMSI HEM3BECTHBIMU
term — 4JieH, TCpM; TCPMUH

- general term of an expression — 001K YI€H BBIPKEHHS

- like terms — nmoa0OHbBIE YJIEHBI

polynomial — MoJWHOM, MHOTOYJIEH; MOJUHOMHUAIbHbII

- degree of a polynomial — cTreneHr MHOro4jicHa

- differential polynomials — nuddepeHumanbHbple MHOTOYJIEHBI

4. Translate the following definitions from English into Russian paying
special attention to the underlined words and expressions:

1.

o

Mathematics 1s the study or use of numbers and shapes to calculate,
represent, or describe things. Mathematics includes arithmetic,
geometry, and algebra.

Arithmetic 1s the part of mathematics that involves basic calculations
such as adding or multiplying numbers.

. Algebra is a type of mathematics that uses letters and symbols in place

of numbers.

Arithmetic progression is a series of numbers in which the same number
is added to each number to produce the next, for example 3, 6, 9, 12.

A formula in mathematics or physics is a general relationship, principle,
or rule stated, often as an equation, in the form of symbols.

A magnitude 1s a number assigned to a quantity, such as weight, and
used as a basis of comparison for the measurement of similar quantities.
A quantity 1s an entity having a magnitude that may be denoted by a
numerical expression.

A value 1s a number represented by a figure, symbol, or the like.

A function 1s a value which depends on and varies with another value.




10. A number 1s a concept of quantity that 1s or can be derived from a single
unit, the sum of a collection of units, or zero.

5. Match the terms in the left column with the definitions in the right
column and translate the sentences into Russian paying special attention
to the underlined words and expressions:

1. equation 1. a letter representing a number that can change

2. power depending upon the other numbers in an equation

3. root 2. a variable, or the quantity it represents, the value

4. variable of which is to be discovered by solving an

5. polynomial equation

6. product 3. a quantity or expression that is constant

7. sum throughout a certain range of conditions

8. sign 4. a mathematical statement that two expressions are

9. invariant equal

10. unknown 5. anumber that is the result of multiplying two other
numbers

6. atotal amount made by adding several numbers or
amounts together

7. used for describing an expression in algebra that
contains two or more terms

8. used in mathematics for saying how many times
you multiply a number by itself

9. anumber or quantity that when multiplied by itself
a certain number of times equals a given number
or quantity

10. the positivity or negativity of a number, quantity,
Or exXpression

6. Supply the following words and expressions with their English
equivalents from ex. 4-5 and give their derivatives (part a):
a) - M3YYEHHUE YEro-TO — U3yuarh

- UCITOJIL30BaHKE (10J1b3a) Y€Tro-11M00 — HUCMOJIb30BaTh — MOJIC3HbII

- MPEJCTABIIATH (CUMBOJI, 3HAYEHUE) — MPEJCTABIICHUE

- OMUCHIBATh — OMUCAHUE — OTUCATE/IbHBIIA



b)

- BKJIIOYATH (pa3/ieiibl HAYKU U T.J.) — BKIIIOUCHUE

- BOBJIEKATh (BJIEUb 3a COO0I1) — BOBJICUECHHUE

- OCHOBHOM — OCHOBA YE€ro-1u00 — OCHOBBIBATHCSA HA YEM-TO

- CPaBHEHUE — CPABHUBATh — CPABHUTEIBHBIMI

- OTHOIIEHUE — OTHOCHUTCS K 4eMY-TO (OBITh CBSI3aHHBIM C YEM-TO) —
OTHOCHUTEJIbHBI — OTHOCHUTEJILHOCTD

- 3aBUCETh OT YETO-TO — 3aBUCUMOCTh — (HE)3aBUCHUMBIi

- pa3nuyaTbCsa — pa3IuYHbIN

- MOy4aTh (BBIBOJUTH) U3 YET0-TO — MPOU3BOAHASA

- YCJI0OBUE — YCJIOBHBIM

- TaKOM, KaKk

- MIOCJIEI0BATENBLHOCTD LMD

- HApUMeED

- YCTaHaBJIMBATh MTPABUJIO

- MPUIACHIBAThL YE€MY-TO (CTaBUThb B COOTBETCTBUE, HA3HAYaTh,
ONPEIETATD)

- eIMHULA (LIEJTIOCTHOCTD)

- 0003Ha4aTh (BEJIUYUHY U T.11.)

- MIOHSATHE YETO-TO

- OOIIMI NPUHIKTT

- MATEMAaTUYECKOE YTBEPIKIACHHUE

- NMOCTOSTHHBI

- pE3yJbTaT 4€ro-To

- JAaHHOE YHUCJI0

7. Translate the following sentences into English:

1.
2.

(oS

SANN

3HaYEHMUE TIEPEMEHHOM PaBHO 7.

2 SABISETCA KBaApaTHbIM KOpHEM M3 4, KyOWUYECKMM KOPHEM M3 8 H
KOPHEM YETBEPTOM CTENEHU 13 16.

Brruuranve u3 HyJst MEHSIET 3HAK BBIPAKECHUS.

CIIOKEHUE, BBIUUTAHUE, JICJICHUE M YMHOKEHHME — OCHOBHBIE
MATEMAaTUYECKHE OTICPALIVH.

Pemwure ypaBaenue 5x-3=27.

X, Y, Z ABJISIFOTCSA HEU3BECTHBIMU BEJIMUMHAMMU.

Ecnu x 1y — aBa 4Kclia, T0 UX cymMMa 0003HAYaeTcs X+y, a pa3HOCTh
X-y.

Ecnim nBa uucna paBHbl, OyayT paBHBI TakkKe PE3YJbTaThl MX
YMHOXKEHUS HA OJTHO U TO K€ YUCJIO.

10



9. 1lpoaeMOHCTpUPYEM APYTrOM METOJ PEIICHUS CUCTEM yPABHEHHMIA.

10. HepaBencTBa, coaepKalMe  HEU3BECTHYID  BEIIMUMHY,

permaroT

METOJIAMM, MTOXO0KUMH HA UCTIOJIb3YEMBIE TTPH PELICHUN YPABHEHUIA.

Section 2

1. Study these mathematical terms and expressions:

geometry — reoMeTpust

analytic geometry — aHalIMTUUYECKask TEOMETPUS

- descriptive geometry — HadepTaTreabHas reoMeTpusl
- projective geometry — NpOEeKTHBHAS T€OMETPHS

- Euclidian / non-Euclidian geometry — eBknua0Ba / HEEBKIMI0BA

reoMeTpust

- plane geometry — rjaHuMeETpuUs

- solid geometry — ctepeomeTpus
space — MpPOCTPAHCTBO

- Cartesian space — JIEKapTOBO MPOCTPAHCTBO
direction — HampaBjcHHE

- p-direction — p-MepHOE HaNpaBJICHUE

size — pa3Mep

- volume — 00BeM

- area — mioniaapb

dimension — uU3MepeHUE, Pa3MEPHOCTD
two-dimensional / three-dimensional (tridimensional) —
JBYXMEPHBIK / TpEXMEPHBIH

length — nnuna
width — mmpuna

height — BeICcOTa
shape — ¢opma

- solid — oObeMHBIi

- flat — rutockuii

- round — KpyrJibIii

distance — paccTosiHue
- distance axioms — aKCMOMBI PaCCTOSTHUSA
- distance scale — nuHeiiHbIN MacTad

- equidistant — >KBUJIMCTAHTHBIU, pABHOOTCTOSAIIMIA, PaBHOY JAICHHBIIA

11



surface — NoBEpPXHOCTh

- surface area — riomaab NOBEPXHOCTH

- algebraic surface — anredpanueckasi HOBEPXHOCTh
- closed surface — 3aMKHyTasi TOBEPXHOCTH

- surface of revolution — NOBEPXHOCTH BpAIICHUS
plane / planar / coplanar — niI0CKOCTb / TNIOCKOCTHOM, MJIOCKUA /
KOMIJITaHAPHBI

- projection plane — MJI0CKOCTh MPOECKLIMK

- tangent plane — KkacareibHas INIOCKOCTh

- plane curve — mockasi KpuBas

- plane domain — njockas 00J1acTh

- plane topology — miiockast TOIOJI0T sl

- planar graph — nockuii rpad

tangent — kacarejibHast, TAHTCHC

point — Touka

point of intersection — To4Ka NepeceyeHus

line — nuHUs

- straight line — npsimast TuHuA

- vertical line — BepTUKaIbHAA JTUHUS

- parallel line — napannenbHas TuHUSA

- horizontal line — ropu3oHTanbHast TUHUSA

- broken line — nomaHas auHuUs

- curve — KpuBas

segment — OTpe30K

parabola — mapabona

hyperbola — runep6ona

circle / circumference — Kpyr / OKpY>KHOCTb, IJTAHA OKPY>KHOCTH
ellipse [1'lips] — smunc

angle — yroi

- right (straight) angle — npsiMmoii yroa

- acute angle — ocTpslIii yroi

- obtuse angle — Tynoii yroa

- adjacent angle — npunexaimii (CMEKHBIN) yroJ
to inscribe — BOUCHIBATH

to circumscribe — OnMUCHIBATH

12



to intersect / intersection (meet, product) — nepecekars(cs) /
nepeceueHue

to bisect [bai'sekt] / bisection / bisector (bisectrix [bai'sektriks]) /
bisecant [bar'si:knt] — aenuTs nomoiam / AeJieHUE HOIoIaMm /
ouccekTpuca / xopaa

to trisect [tra1'sekt] / trisection — AeIUTh HA TPU paBHbIC YaCTH /
TPUCEKLIUS

graph (linear graph) — rpad, rpaduxk

- planar graph — nnockuii rpad

node — BepinuHa rpada

vertex ['va:teks] (pl. vertices ['va:tisi:z]) — BepiurHAa (MH.4. BEPIIUHEI)
- vertex figure — BepirHHAs QuUrypa

- vertex of an angle — BepiuHa yria

- vertex of a cone — BepIIMHA KOHYyCa

arc — Jyra, apka

- arc length — nnuHa xyru

- arc cosine — apKKOCHHYC

- arc sin€ — apKCHUHYC

- arc tangent — apKTaHIeHC

locus ['lavkas] (pl. loci ['lavsal]) — reomeTpuiuecKkoe MECTO TOUCK
vicinity — OKpPECTHOCTh

coordinate — koopaAuHaTa

- Cartesian coordinates — JeKapTOBbl KOOPAUHATHI

axis [ 'aksis] (pl. axes ['eksi:z]) — ock (ocu)

- coordinate axis — KOOpJAUHATHas OCh

origin — HavaJio KOOpJAUHAT

function / functional— gyHkums / pyHKIHMOHATEHBIA

- rate of change of a function — ckopoCTh U3MEHEHUS PYHKLIMH
- domain of a function — oGnacte onpeacieHus (yHKIUH
manifold — MHOTrOOOpa3zue

analytic manifold — aHanmuTHYECKOE MHOTOOOpa3He

base — OCHOBaHHE, OCHOBA, 0a3a

- base angles — yrjbl npyu OCHOBAHUM

edge — peOpo

- edge of a cube — pebpo KybOa

face — rpanb, (IM10CKast) MOBEPXHOCTH

13



2. Translate the following definitions from English into Russian paying

topology / topological — Tononorus / TonoJIOruYeCcKuii

topology of space — Tononorusi npocTpaHCTBa

topological group — TonoJioruyeckas rpynna

topological product — TOIOJI0rHYECKOE MPOU3BEICHHUE
topological isomorphism — TOIOJOrM4eCKHii H30MOpPU3M
topological transformation — TonoJIorM4ecKoe nNpeoOpa3oBaHUE

e geometric figures — reoMeTpudeCcKrue PUrypsl

polygon — MHOTOyroJibHUK

polyhedron [ poli'hi:dron]— MHOTOrpaHHUK, MOAUIAP
regular polyhedron — nipaBunbHbI MHOTOIrpaHHUK
triangle — TpEyroabHUK

right triangle — npsIMOYTOJIbHBINH TPEYTOJBHUK
equilateral triangle — paBHOCTOPOHHMIA TPEYTOJBHUK
similar triangles — Moa00HBIE TPEYTOJBHUKH
isosceles [a1'sosali:z] triangle — paBHOOEIPEHHBIM TPEYTOJIbHUK
square — KBajpar

rectangle — npsAMOYTOJILHUK

parallelogram — napannenorpamMmm

cube — ky0

cylinder — umnunap

pyramid — nupamuaa

parallelepiped [ paera lela'piped]— mapannenenune
prism — npu3ma

CONEe — KOHYC

sphere — cdepa

rhomb(us) — pom06

special attention to the underlined words and expressions:

1.

2.

(oS

Geometry 1s the part of mathematics that deals with the relationships

between lines, angles, and surfaces.

Topology is the study of those properties of geometric forms that remain

invariant under certain transformations, as bending or stretching.

Dimension 1s a property of space; it 1s extension in a given direction.
A line 1s any straight one-dimensional geometrical element whose

identity 1s determined by two points.

A segment 1s a part of a line or curve between two points.

14



9.

An angle 1s the space within two lines or three or more planes diverging
from a common point, or within two planes diverging from a common
line.

A curve 1s a continuously bending line, without angles.

A point 1s a geometric element having no dimensions and whose
position in space is located by means of its coordinates.

A coordinate 1s any of a set of numbers that defines the location of a
point in space with reference to a system of axes.

10. An axis is a central line that bisects a two-dimensional body or figure or

it is a line about which a three-dimensional body or figure is
symmetrical.

11. A volume is the amount of space, measured in cubic units, that an object

or substance occupies.

12. An area is the quantitative measure of a plane or curved surface.

3. Supply the following words and expressions with their English
equivalents from ex.2 and give their derivatives (part a):

a)

b)

- CHUMMETPUUHBIN — CUMMETPHS

- pacxoauThCsl (OTKIOHATHCS OT YEro-T0) — PACXOKIACHUE —
PACXOAAIIANCS

- pacronararbCcsi — pacroa0KEHUE

- ONPEJEATH (J1aBaTh OMPECICHUE) — OIPEACCHUE

- HENpephIBHO — HEMPEPBIBHBIM — HEMPEPHIBHOCTH — MPOI0JKATHCS

- pacmypeHMe (IPOA0KEHUE)

- 001as Touka

- HMMETH JIEJO0 C YEM-TO (3aHMMAThCSl YEM-TO)

- ONPEACSITHCS YEM-TO

- T0JIOKEHHUE B MPOCTPAHCTBE

= TMOCPEACTBOM HErO-JIH0O0

- MHOJKECTBO YMCEl

- [0 OTHOIICHHIO K YeMY-JTH00

- BEIIECTBO

- 3aHUMaTh (MECTO)

- KOJIMYECTBEHHAsl Mepa

- OCTaBaThCsl HEU3MEHHBIM

- TIpH OIPEACJEHHBIX MPEOoOPa30BAHUAX
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4. Match the given geometric figures in the left column with their
definitions in the right column and translate the sentences into Russian:

1. pyramid 1. aparallelogram having four right angles

2. polygon 2. a flat shape with three or more sides and
3. right triangle angles

4. equilateral triangle | 3. a solid having a polygonal base and
5. isosceles triangle triangular sides that meet in a common
6. square vertex

7. rectangle 4. the outer boundary, especially of a
8. cube circular area; perimeter

9. cylinder 5. an object like a box with six square sides
10. cone that are all the same size

11. sphere 6. an object shaped like a wide tube

12. circumference 7. a shape with four straight sides of equal

length and four corners called right angles

8. around body whose surface is at all points
equidistant from the centre

9. a geometric solid consisting of a plane
base bounded by a closed curve, usually a
circle or an ellipse, every point of which is
joined to a fixed point, the vertex, lying
outside the plane of the base

10. a triangle that has three sides that are the
same length

11. a triangle in which two sides are the same
length

12.a triangle one angle of which is a right
angle

S. Fill in the gaps with the words below and translate the text into
Russian:

The word graph may refer to the familiar —1— of analytic geometry
and function theory, or it may refer to simple —2— consisting of points and
lines connecting some of these points; the latter are sometimes called linear
graphs, although there is little confusion within a given context. Such graphs
have long been associated with puzzles.

If a finite number of —3— are connected by lines, the resulting —4—is a
graph; the points, or corners, are called the —5—, and the lines are called the
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edges. If every pair of vertices is connected by an —6—, the graph is called a
complete graph.

A planar graph is one in which the edges have no —7— or common
points except at the edges. (It should be noted that the edges of a graph need
not be straight lines.) Thus a nonplanar graph can be transformed into an
equivalent, or isomorphic, —8—. Planar graphs have proved useful in the
design of electrical networks.

A connected graph is one in which every vertex, or point (or, in the case
of —9—, a corner), is connected to every other point by an —10—; an arc
denotes an unbroken succession of edges. A route that never passes over an
edge more than once, although it may pass through a point any number of
times, 1s sometimes called a path.

1. edge 6. arc

2. intersection 7. geometric figures
3. points 8. vertices

4. figure 9. planar graph

5. curves 10.a solid

6. Supply English equivalents and translate the text into Russian:

A graph is a pictorial representation of statistical data or of a (1)
DYHKYUOHANLHO2O OMHOUWEeHUsT Mexc0y nepemerHviMu. Most graphs
employ two axes, in which the (2) copuzonmanvrnas oco npeocmasnsem a
group of (3) mnezasucumvix nepemennoix, and the vertical axis represents a
group of (4) zasucumvix nepemennvix. (5) B ananumuueckoii ceomempuu,
graphs are used to map out functions of two variables on a (6) dexapmosoii
cucmeme koopournam, which 1s composed of a horizontal x-axis, or
abscissa, and a vertical y-axis, or ordinate. Each axis is a real number line,
and their (7) nepeceuenue 6 nynesoii mouxe of each is called (8) nauanom
koopounam. A graph in this sense is (9) ceomempuueckoe mecmo 6cex
mouex (x,y) that (10) yoosnemsopsitom onpeoenennoui gpyHxyuu.

7. Translate the following sentences into English:
1. VY npsamoii IMHUK €CTh OJHO W3MEPEHHUE, y mapauiesorpaMmma —
JIBa, a Y NapalJICJICIIHUIEIa — TPU U3MEPEHUS.
2. JIBe IMHUY NEPECEKAKOTCA B TOUKE A.
3.  Brnumure Kpyr B KBajpar.
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4. ]JIBE OCHOBHBIE OCH — DTO BEPTUKAJIbHAs OCh U TOPU3OHTAILHAS

OCb X.

Kakumu cBoiicTBaMu 001a1a10T TPEXMEPHBIC PUTYPBI?

V¥ ky0a eCTh ECTh MOBEPXHOCTEIA.

Bce Touku HaXoaTCs B OJTHOM TIIOCKOCTH.

KakoBa ajimHa 1aHHOroO oTpe3Ka?

O0BeM u3MepsAeTCs B KyOMUECKMX €IMHUIAX, a IUIomaiab — B

KBaJIPATHBIX.

10. YucnoBeie JaHHBIE MOTrYT OBITH TPEACTABAEHBI C MOMOIIBIO
Pa3HOOOpa3HBIX rpa)UuECKUX CPEJCTB — AUarpaMmm, rpaukos v T.J.

A N

Section 3

1.Study these mathematical terms and expressions:
e numeration (numeral) system — cucTeMa CUMCICHUs
- decimal (base-ten) system — aecsiTHUHAsI CUCTEMA
- binary (base-two) system — OuHapHasi (JBOMYHas) CUCTEMA
- duodecimal (base-twelve) system — nBeHaauaTepuyHasi cucteMa
e place — pazpsn
e place value — pa3psiiHOe 3HaUeHUE (LUPBHI)
e fraction — JapoOb
- decimal fraction — aecstuuHas apoOb
- terminating (finite) decimal — koHe4Has ApoOk
- nonterminating (infinite) decimal — OeckoHeuHas AeCATUYHAs
Ipo0b
- repeating decimal — nepuoanveckas ACATUYHAS APOOb
- continued fraction — wenHas (HenpepsIBHAsA) APOOb
- common (vulgar, simple) fraction — npocrast ApoOb
- proper / improper fraction — npaBuiibHas / HEMPaBUIIbHAS IPOOD
- mixed number — cMemaHHas JeCATUYHAs APOOb
¢ denominator — 3HaMeHaTeb
- common denominator — OOIIMIA 3HaAMEHATETb
- to reduce (to reduce fractions to a common denominator) —
CBOJMTH, NPUBOAUTH, COKpaIaTh (MPUBOJAUTH APOOH K OOLIEMY
3HAMEHATEO)
e numerator — YHUCIUTEIIb
¢ decimal point — necaTruyHas TOUKa
¢ logarithm — norapudm
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quotient ['kwav[nt] — yacTHOE, OTHOIIEHHUE

ratio (proportion) — COOTHOIIEHHUE, KOYPPUUHEHT, MTPONOPLIMS
dividend — nenumoe

divisor — genurenp

multiple — kpartHoe

factor — MHOKHMTENb

- to factorise / to be decomposed into factors — pasyarars Ha

MHOYKHUTCJIN

- monomial factor — o0mumii (areOpanyecKuii) MHOKUTED

remainder — OCTATOK

exponent / exponential— 3KCNOHEHT, MMOKa3aTeb CTEICHU /
MMOKa3aTeJIbHbIN, YKCITOHCHIIAAIbHbI

- fractional exponent — apoOHBIii MMOKa3aTeNnb CTEIEHU

- exponential curve — nokazareiabHas KpuBas (SKCIIOHEHTA)

- exponential distribution — nokazareabHOE (IKCHOHEHLIMAIBHOE)

pacnpeaeicHue

- exponential equation — NMoKazaTeIbHOE YPABHEHUE

- exponential function — nokazarenbHas (yHKIUA

- exponential notation — PKCHOHEHUMAIBHOE MPEICTABICHUE YU CEIT
- exponential series — nokazareJIbHbIA (SKCIOHEHUMAIBHBIHN) psij
coefficient — ko> PULMEHT, HHACKC

- coefficient field — nmone ko3¢ pureHTOB

index — HUHACKC, MOKa3aTeJib CTENECHU

- index of a radical — nokazarenb KOpHs

2. Match the terms in the left column with their definitions in the right
column and translate the sentences into Russian paying special
attention to the underlined words and expressions:

1.
2.

~

A

dividend 1. that term of a fraction, usually written
common (vulgar) under the line, that indicates the number
fraction of equal parts into which the unit is
factor divided

ratio (proportion) 2. asymbol written above and to the right of
exponent a mathematical expression to indicate the
denominator operation of raising to a power

(divisor) 3. the term of a fraction, usually above the
logarithm line, that indicates the number of equal
numerator parts that are to be added together
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9. decimal fraction 4. anumber that is to be divided by a divisor

10. terminating (finite) 5. quotient of two numbers or quantities
decimal 6. a fraction whose denominator is some
11. nonterminating power of 10, usually indicated by a dot
(infinite) decimal (decimal point or point) written before the
12. mixed decimal numerator
(number) 7. a decimal numeral in which, after a finite

number of decimal places, all succeeding
place values are 0, as 1/8 =0.125

8. a decimal numeral that does not end in an
infinite sequence of zeros

9. a fraction represented as a numerator
above and a denominator below a
horizontal or diagonal line

10. a number consisting of a whole number
and a fraction or decimal, as 42 6r 4.5

11. the exponent indicating the power to
which a fixed number, the base, must be
raised to obtain a given number or
variable

12. one of two or more numbers, algebraic
expressions, or the like, that when
multiplied together produce a given
product; a divisor

3. Place the sentences in the correct order to make a coherent text.
Translate it into Russian paying special attention to the underlined
words and expressions:
Numeration system
1. For example, in 333, the 3 on the right means three, but the 3 in the
middle means three tens and the 3 on the left means three hundreds.
2. The numeration system (or system for writing number symbols)
widely used throughout the world today is a place-value system
based on the number 10 and usually called the Arabic, or Hindu-
Arabic, numeration system.
3. Only the 10 symbols 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 and the decimal
point are needed to write numbers of any size.
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. There are some rules regarding the order of symbols in the Roman
numeral system, however (for example, IX means 9, while XI means
11), though generally position is not as important as in place-value
systems.

. In this system the position a symbol occupies helps determine the
value of the symbol.

. In modern Roman numerals (where I, V, X, L, C, D, and M are 1, 5,
10, 50, 100, 500, and 1,000, respectively), on the other hand, CCC
means 300 — each C stands for one hundred, and the relative
position of the C's is of no importance.

. A place-value system, such as the Arabic numeral system, has clear
advantages in economy of symbolism and in efficiency of
computation.

4. Supply the following words and expressions with their equivalents
from ex.2-3 and give their derivatives (part a):

- onepatys (BO3BEJCHUS B CTENIEHb) — ONEPUPOBATH YEM-TO

- COCTOSIMI W3 YEr0-JIM00 — COCTOSITh

- MPEACTABJICHHBIH B BUJIE YETr0-JIMOO — MPEICTABICHUE

- MATEMATUYECKOE BBIPAKEHHUE — BbIpaXKaTh YTO-TU00 —
BBIPAKEHHBIM YEM-JTH00

- KOHEYHOE YHUCJI0

- OECKOHEYHAs MOCAEA0BATEILHOCTh

- TIOCJIE Y FOIIIUIA

- 0003Ha4aTh (YKa3bIBaTh HA) YKCIIO

- 1I0JTy4aTh JJAHHOE YMCJIO

- TIOPS1JI0K CUMBOJIOB

- HE MPEJICTABIIATh B&KHOCTHU (3HAYEHUS, UHTEpECa)

- cripaBa / clieBa / B CEPEAMHE

- 3aHUMAaTh MOJI0KEHUE

- OMNPEJETATh 3HAYEHHUE (CUMBOJIA)

- IMETH SIBHBIE MTPEUMYIIIECTBA

- C JIpyror CTOPOHBI

- Kacaromuiics 4ero-au0o (OTHOCSIIUICS K YEMY-TTH00)

- COOTBETCTBEHHO

21



5. Supply English equivalents and translate the text into Russian:

a) Adding and subtracting fractions

From the definition of (1) opobu it follows that (2) cymma (or (3)
paznocmy) of two fractions having the same (4) snamenamens 1s another
fraction with this denominator, (5) wucrumens of which is the sum (or
difference) of the numerators of the given fractions. Two fractions having
different denominators (6) moorxcHo cknaovieame unu eviuumams by first
(7) npusoos ux k opobsim with the same denominator.

b) Multiplying and dividing fractions

(1) Ilpouzseoenue of two fractions is a fraction the numerator of which is
(2) mpouzeeoenue uucnumenetni of the factors, and the denominator of
which is (3) npousseoenue snamenameneii opobeii. (4) Coomuowenue of
two fractions (5) pasHsemcs npouszsedeHuro Oeaumo20 Ha Oenumens
inverted; that 1s, the divisor with its terms interchanged.

6. Translate the following sentences into English:

NN W=

9.

Yucnurens apodu 2/3 — 310 2, a 3HaMeHaTe b — 3.

OtHomeHue 5 K 2 3andcbiBacTCs Kak 5/2 unu 5:2.

[Toka3aTe/u CTENCHN BEIMYUH X' U 2" — 3TO N M m.

Kakue cucTeMbl CHUCIIEHHS BbI 3HAETE?

Tpu NATHIX, BEIPAXKEHHBIE KaK JAeCATUYHAs Apo0b, — 310 0,6.
[TpoueHTOM Ha3bIBacTCs APOOb, y KOTOpOoi 3HameHaTe b paseH 100.
B HEKOTOpBIX CTpaHaXx BMECTO JCCATUYHON TOYKH HCIOIB3YETCA
3ansirasi.

Hanpumep, norapudm urciaa 100 nmo ocHoBanuo 10 pasen 2, T.e. 10
HY>KHO BO3BECTH B KBAJIpaT, YTOOBI NOJIy4UUThH uuciio 100.

JIt000€ MOJOKUTEIBHOE YMCIIO, KPOME E€JMHHULIBI, MOKET CIIY>KUTb
OCHOBAHHUEM JIOTapHU(PMOB.

10. Apxumen oOpatuil BHUMAHUE Ha CBOMCTBO IOKa3aTelied CTENEHEM,

Jexamiee B OCHOBE A(PPEKTUBHOCTH JOrapu(PMoB: MNpOU3BEICHUE
CTEMEHEN COOTBETCTBYET CYMME IMOKA3aTEJICH CTEIICHEN.

Section 4

1. Study these mathematical terms and expressions:
e number — YKCIIO

- arbitrary number — npou3BOJILHOE YKCIIO
- number line — yncnaoBas npsmMasi
- even number — Y4E€THOE YUCII0
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odd number — HEYETHOE YUCIIO

positive number — MONOKUTETBHOE YUCTIO

negative number — OTpULIATEIEHOE YUCIIO

natural number — HaTypajabHOE YHCIIO

prime (number)— MpoCcToe YKUCIIO; TPUX

twin primes — CIBOEHHBIE MPOCTHIE YHUCJA, MPOCThIE YHUCIa
OJIU3HELLBI

the sequence of primes — MocaeA0BATENBHOCTH MPOCTHIX YHCEIT
coprime (relatively prime) — B3aMMHO MPOCTOE YKCIIO
composite number — COCTaBHOE YHCIIO

complex number — KOMIUIEKCHOE YKCII0

imaginary number — MHHUMOE YHCJIO

real number — AeHCTBUTENBHOE (BEIIECTBEHHOE) YMCIIO

integer (number) — LEIOE YUCIIO

density of integers — MIOTHOCTH LEJBIX YHCEIT

rational number — palMOHAIBLHOE YMCIIO

irrational number — uppauroHaIbHOE YHCIIO

reciprocal — oOparHblii; 0OpaTHas BeJIMYMHA

reciprocal correspondence — B3aMMHO 00OpaTHOE COOTBETCTBUE
reciprocal difference — oOparHasi pa3HOCTB

reciprocal equation — BO3BpaTHOE YPaBHEHUE

reciprocal (inverse) ratio — OTHOIIEHHE 0OpaTHBIX BEIUYHH

inverse — oOpaTHbId, NPOTUBOMOI0KHBIHI

inverse operation — oOpaTHast oreparus
inverse logarithm — anTunorapugm

inverse matrix — o0OpaTHasi MaTpula
Inverse semigroup — MHBEPCHAs MOArpyIina

invertible — oOparumeliii

invertible matrix — oOpartumas (HeocoOeHHas1) Marpuua

set — MHOKECTBO

set theory — Teopusi MHOKECTB

set membership — npUHAMIEIKHOCTH MHOYKECTBY
union of sets — 00beIMHEHHE MHOYKECTB
intersection of sets — nepeceyeHUe MHOKECTB
finite set — KOHEUYHOE MHOKECTBO

infinite set — 0€CKOHEYHOE MHOKECTBO

empty set — mycToe MHOKECTBO
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- closed set — 3aMKHYTO€ MHOKECTBO

series (pl. series) — psia (MH. Y. pSJIbI)

- infinite series — O€CKOHEUHBIH psijl

- convergent series / to converge — CXOAAIUNACS psia / CXOAUThCS
- to extract the convergent series — M3BJIEKaTh CXOAALIMICS Psijl

- divergent series / to diverge — pacxoasimuiics psaj / pacxoauThes
- harmonic series — rapMOHUYECKH psij

- trigonometric series — TPUTOHOMETPUUECKUH PsiJL

- binomial series — OMHOMMAIbHBIN PsiJI

ordered pair — ynopsii0ueHHas1 rapa

infinitesimal [ 1nfin1'tesimal] — 6eckoneuHO MajIOe

2. Match the terms in the left column with their definitions in the right
column and translate the sentences into Russian:

000N LR L —

ke
=~ W= O

real number
natural number
integer

rational number
irrational number
prime

complex number
coprime

series

. twin primes

. even number

. odd number

. Infinitesimal

. Imaginary number

9.

any rational number that can be
expressed as the sum or difference of a
finite number of units, being a member of
the set: -3,-2.-1,0,1,2,3

any real number that cannot be expressed
as the ratio of two integers, such as «
quantity less than any finite quantity, yet
not zero

a positive integer or zero

any real number of the form a /b, where a
and b are integers and b is not zero

a complex number having its real part
equal to zero

an integer that cannot be factorized into
other integers but is only divisible by
itselfor 1, suchas 2,3, 7, and 11

a number consisting of a real and an
imaginary part, either of which can be
ZET0

a number leaving a remainder of 1 when
divided by 2

10. any rational or irrational number
11. the sum of a finite or infinite sequence of
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numbers or quantities
12. pairs of primes differing only by 2
13. a number divisible by two
14.any two positive integers whose only

common positive divisor is 1, such as 8 =
3 2
2" and 9 =3

3. Fill in the gaps with the words below and translate the text into
Russian:

It is clear that for any complex number « there are — 1— Z” =a , and this
shows one of — 2— complex numbers over the other kinds of numbers
considered. —3— of integers, or rational numbers or real numbers, one
notes that each of these number systems 1s —4— the succeeding one, and
that they are all subsystems of —5—. To find z such that 2" =a«, when a is,
say, a rational number, is to consider o as a complex number that just
happens to belong to the subsystem of real numbers and then —6— for
complex numbers. This process is usually referred to as —7— of rational
numbers to the complex field.

1. in order to extract roots 5. a subsystem of
2. extending the field 6. n solutions of
3. the advantages of 7. to consider the problem

4. the complex numbers

4. Place the sentences in the correct order to make a coherent text.
Translate it into Russian paying special attention to the underlined
words and expressions:

1. Sets may be finite or infinite.

2. A set 1s commonly represented by a list of its members, or elements,
enclosed within braces; the statement that a set called A comprises
the numbers 1, 2, and 3 is made by the expression A = {1,2,3}.

3. An infinite set has an endless number of members; all the positive
integers or all points along a given line compose infinite sets.

4. Set theory 1s a branch of mathematics that deals with the properties
of well-defined collections of objects, which may be of a
mathematical nature, such as numbers or functions, or not.

5. A set that has no members is called an empty set (or a null or void
set) and 1s denoted by the symbol O.
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6. A finite set has a definite number of members; such a set might
consist of all the integers from 1 to 1,000 or all marked bus stops
along a given route.

5. Supply the following words and expressions with their English
equivalents from ex. 4:

- OTNPEACIICHHOE YHCIIO YJIEHOB

- OECKOHEYHOE YHMCJIO YJIEHOB

- 00pa30BbIBATh OECKOHEYHBIC MHOKECTBA

- YETKO OMPEACTICHHBIN (TEPMUH U T.1.)

- 00BIYHO MPEACTABIIAIOT YEM-JIMOO (CUMBOJIOM HU.T..)

- MaTeMaTUYeCKasi NpUpoa (CyIHOCTh, XapaKTep)

- urypHbie CkOOKH

- CIUCOK (II€pEYEHb) IEMEHTOB

- BAOJb (HA) JTAHHOU MPAMOA

6. Supply English equivalents and translate the text into Russian:

(1) Onepayuu so far considered — namely, addition, subtraction,
multiplication, and division — are known as (2) azremenmaprvie
anceopauyecxkue onepayuu. In another section the extension of these
operations to more complex systems, such as polynomials, will be
considered. One other (3) omepayus wnao oOeiicmeumenvHvIMU UTU
komnaexcHoiMu  yuciamu must be considered here. (4) Teopema
ymeeporcoaem, umo: If a 1s any positive real number and » 1s (5) sro0b0e
nonodcumenvHoe yenoe yucno, there exists a unique positive real number x
such that X" = a, in which x" is (6) npoussedenue of n factors each (7)
pasuoe x. (8) Baoxwcno ommemums, umo 1if a 1s an integer ((9)
PAyUOHANIbHOE YUCTO, ompuyamenvtoe oelicmseumenvroe yucao) there is,
in general, no integer (rational number, real number) such that x” = a. (10)
Taxum obpazom, this operation (11) nazvisarowascs uzeneuenuem rkopms
n-ui cmeneru 1s not a satisfactory algebraic operation as it stands. To obtain
a satisfactory operation, (12) neobxooumo ucnonv3zosame KOMNIEKCHbIE
yuca.

7. Translate the following sentences into English:

1. 6 U 3 ABISIFOTCS MHOMKHUTEIISIMU 18.
2. JlaBaiiTe pa3inoKuM 3TO YMCJIO HA MPOCTHIE MHOMKUTEIH.
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10.

11.

12.

PauyoHaabHble U MPPALMOHAIBHBIE YHC]IA BMECTE Ha3bIBAKOTCS
JICMCTBUTEILHBIMU WJIH BEIIECTBEHHBIMM YHCJIAMH.

JIpoOu MPHUHATO TaK)KE HA3bIBATh PALMOHAIBHBIMU YHCIIAMM, TaK
KaK OHHU MPEICTAaBUMbI B BUJIC OTHOLIECHMI ABYX LEIBIX YHCEIL.
«Yucno» i u ero KoMOMHAUMK ¢ OOBIYHBIMH YHKCIaMU (Thna 2 +
3i) cTany Ha3bIBaThC MHUMBIMHM, HO COBPEMEHHBIE MATEMAaTUKH
NPEANOYMTAIOT HA3bIBATh TAKWUE YHCIIA K KOMITIEKCHBIMID.

Ecmu a, b, ¢ — uenple unciia U a X b = ¢, T0 a U b ABIAIOTCA
JICJIUTEIIAMU YMUCTIA C.

JIro0oe 11e/10€ Ynciio, OTIIMYHOE OT 1 ¥ HEe UMEIOIee COOCTBEHHBIX
JEIUTENCH, HA3bIBACTCS MPOCTHIM YHCIIOM.

Ecnu HamOosbmuid oOImuMid JAEIUTENb JBYX LICJBIX YHUCET a U b
paBeH 1, To uncia a u b Ha3BIBAKOTCS B3aUMHO MPOCTHIMHU.

Llenoe uucino, UMEKOMIECE COOCTBEHHBIC ACJIMTEIN, HA3bIBACTCS
COCTaBHBIM YMCJIOM.

B kadecTBe npuMepa O€CKOHEUYHBIX PSJI0B MOYKHO paccMaTpuBaTh
OECKOHEUYHBIE JIECSITUUHBIE JPOOH.

O OECKOHEUHOM PsJE, KOTOpBIH HE CXOAUTCS, FOBOPAT, YTO OH
PacxoauTcs (TaKOM psiJl HA3BIBAKOT PACXOASAIIMMCH).

[IpuBeaEM €IIE HECKOJBKO MPUMEPOB CXOJSIIUXCS PSJIOB C
MOJIOKUTEJIBHBIMU YJICHAMM.

Section 5

1. Study these mathematical terms and expressions:
law — 3akoH

commutative law — KOMMYTaTHUBHBII 3aKOH
associative law — accolMaTUBHBII 3aKOH
distributive law — nucTpuOyTUBHBIN 3aKOH
a law of cancellation — 3akoH COkpalieHus
law of contradiction — 3akoH NpOTUBOpEUUS
law of 1dentity — 3akoH TOJeCTBa

an equivalence relation — OTHOIIIEHUE PKBHUBAJICHTHOCTH

symmetry — CUMMETPHs
reflexivity — peJIEKCUBHOCTh, BO3BPATHOCTH

- transitivity — TpaH3UTHBHOCTb

scalar (dot) product — ckansipHO€ IPOU3BEACHUE
cross product — BEKTOPHOE MPOU3BEICHHUE

unit vector — ¢IMHUYHBINA BEKTOP (OPT)
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field — mone, Te10, 00IaCThH

- algebraic number field — nosie anredpandecKkux Yuces
field of constants — mnoJyie KOHCTaHT

field of definition — mone onpeaeneHus

field of sets — Ten0 MHOKECTB

ring — KOJIbLIO

- ring domain — koJbLEBas 00J1acTh

- ordered ring — ynopsiI04€HHOE KOJBLIO

- density ring — MJI0THOE KOJIbLIO

group — rpynna

- group of extensions — rpynna pacimpeHHid

- group property — rpymnmnoBo€ CBOMCTBO

- group variety — rpynmnoBoe MHOToo0Opazue

- permutation group — rpyIina fnojcTaHoBOK

- continuous group — HENPEPHIBHAA (TOMOJOTHMYECKast) rpyrna
- solvable group — pazpemmmas rpyiia

- Abelian group — KoMMyTaTuBHas (adejeBa) rpymnmna
matrix (pl. matrices) — marpuua (MH.4. MaTpUILIbI)

- matrix algebra— marpudHas anreopa

- matrix unit — mMaTpuyHasi € IMHULIA

- matrix represenration — MaTpUYHOE MPEACTABICHUE
- matrix inversion — o0OparieHUE MaTpuIL

ideal — nnean

- additive ideal theory — agauTuBHas TEOpUs HICATIOB
- radical ideal — paaukanbHbIi uacal

elimination — 3IMMHHALMS, YCTPAHEHUE, UCKITHOUECHHE
(HEU3BECTHOTO)

probability — BeposTHOCTB

- the theory of probability — Teopust BEpOSITHOCTH

- probability density — mIOTHOCTh BEPOSTHOCTH

- probability element — 371€MEHT BEpOATHOCTH

- probability measure — BEpOATHOCTHAs MEpa

- absolute probability — 6e3ycioBHas BEpOSITHOCTb

- apriori (prior) probability — anpuopHasi BEpOSATHOCTh
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2. Fill in the gaps with the words below and translate the texts into
Russian:

a) If it be assumed that division (except by zero) and subtraction are
always possible, —1— positive integers then leads to a system of rational
numbers (positive and negative fractions and integers, as well as zero).
The —2— that every equation by = a in which a and b are positive
integral coefficients has a solution —3— the idea that a —4—, a, can be
divided into any positive whole number, b, of equal parts. The
fundamental laws of arithmetic and —5— for multiplication, which states
that, if a x m = a x n, then m = n, can all be preserved.

By the cancellation law for multiplication, by = a can have only one
—6—, which is written a/b. It may be shown that the —7— for adding
and multiplying fractions must hold. For example, if by = a and dz = c,
then bdy = ad, bdz = bc; and so bd(y + z) = bdy + bdz = ad + bc, which
proves the rule for adding fractions having different —8—. It can also —
9— that division by fractions as well as by integers is possible in the new
system.

Conversely, i1t can be proved that the rules for adding and multiplying
fractions do give a system in which the laws of arithmetic, as well as the
cancellation law for multiplication and certain other basic laws, are —
10—.

A more thorough —11— would reveal that a considerable reduction
in the number of postulates (fundamental laws needed to imply the others)
is possible. All the laws for positive fractions thus can —12— the
associative law for addition; the distributive laws, ax (b + ¢) = (ax b) +
(axc)and (a+ b)xc=(axc)+ (bxc);and the unitlaws,ax [ = Ixa =
aand I + I x I.

1. be deduced from 7. solution

2. the cancellation law 8. usual rules

3. assumption 9. corresponds to
4. the system of 10.be proved

5. denominators 11.valid

6. quantity 12.study

b) Groups, in mathematics, are systems of elements with a
composition —1— certain laws. The elements may be operations; for
example, the rotations of a —2—. The symmetries of —3— are best
described as a group. The ornamental wall designs of the ancient
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Egyptians exhibit all possible —4—. Euclid studied the —5— of the
regular —6— and the five regular solids. Not until the late 18th and 19"
centuries, however, were groups recognized as —7—. The French
mathematician Joseph-Louis Lagrange was one of the first —8— them.
Another French mathematician, Augustin-Louis Cauchy, began a study of
permutation groups. In studying the solution of —9—, a Norwegian
mathematician, Niels Henrik Abel, showed that in general the equation of
fifth degree cannot be solved by radicals. Then the French mathematician
Evariste Galois, using groups systematically, showed that the solution of
an equation by radicals 1s possible only if a group associated with the
equation has certain specific properties; these groups are now called
solvable groups.

The group concept 1s now recognized as one of the most fundamental
in all of mathematics and in many of its —10—. The German
mathematician Felix Klein considered geometry to be those properties of a
—11— left unchanged by a certain specific group of transformations. In
topology geometric entities are considered —12— if one can be
transformed into another by an element of a continuous group.

1. to consider 7. polynomial equations
2. space 8. sphere

3. ageometrical figure 9. satisfying

4. equivalent 10. applications

5. combinations of symmetries 11.properties

6. mathematical systems 12.polygons

3. Read the following text and insert the missing sentences given below
in the right places. Translate the text into Russian:

Relations involved in set theory

(1) The relations between sets can be of many sorts; €.g., "is a subset of " (
Q), "is equivalent to" (~ ), "is a complement of " ('), "is in one-to-one
correspondence with," and "has the same cardinal number as". (2)
Examples of pairing relations are: "is parallel to" (]| ), "is equal to" (=), "is
less than" (<), and "is the same colour as." (3) More broadly conceived,
pairing can include the relations depicted on charts and graphs, on which,
for example, calendar years may be paired with automobile production
figures, weeks with Dow-Jones averages, and degrees of angular rotation
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with the lift accomplished by a cam. (4) If A = {x, z, w}, for example, and
B = {4, 3, 9}, then A is in one-to-one correspondence with B if and only if
a matching such as 4 with x, 3 with z, and 9 with w obtains without any
clement in either set left unmatched as a remainder. (5) The relations "is
parallel to," "is the same colour as," and "is in one-to-one correspondence
with," for example, all bear the stated relation to themselves as well as to
other elements; thus, these relations are said to be reflexive. (6) These
same relations share, in addition, the property that, if an element bears the
stated relation to a second element, then the second also bears that relation
to the first — a property known as symmetry. (7) Relations also have the
property that, if two elements bear the stated relation to a third element,
then they bear it to one another as well — a property known as
transitivity. (8) In an equivalence relation, all elements related to a
particular element are related to each other, thus forming what is called an
equivalence class. (9) For each of the equivalence classes of sets, it is
possible to construct an ordered set — for which not only the membership
but also the sequence of its elements is significant — that can be used to
name the class.

The sentences missing:

a. Those relations that have all three properties — reflexivity,
symmetry, and transitivity — are called equivalence relations.

b. The relation of one-to-one correspondence between two sets can be
conceived as one in which each element of a set A is matched with
an element of another set B.

c. Many relations display identifiable similarities.

d. In addition, pairing relations, defined in terms of some specific
criterion, can exist between the individual elements of a set.

4. Supply English equivalents and translate the texts into Russin:

I. Rings

A ring is a set of elements that (1) moorcrno cknaovisams, seruumams u
ymuoxcams and in which these three operations obey (more or less) the
usual rules. In particular, if R 1s a (2) muoocecmso OeticmsumenvHvix unu
komnaexcuoix wucen such that (3) cymma, pasnocme u npoussedernue of
any two elements of R i1s in R, then R is a ring for the usual operations. It
is not required that (4) denenue Ha nenynesoti snemenm xonvya be always
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possible; thus the divisibility problem for elements of a ring is important,
as it is for the ordinary (5) yenvix uucen.

The rings introduced by the German arithmeticians of the 19th century
(6) ona uzyuenus 3aoau involving divisibility and factorization were, in
fact, mostly (7) mwuoocecmsea romnnexchvix uucen (more precisely of
algebraic integers) as above. The main impetus came from the intensive
study of Fermat's ypasunenus x" +y" =z" , stated (8) 6e3 doxazamenvcmesa
by the French mathematician Pierre de Fermat to have no solution (x, y, z)
in integers greater than 1 for (9) noxazameneit cmeneneti n greater than 2.

An early fruitful (10) nooxoo x 3aoaue introduced a complex nth root
of unity and the numbers that are polynomials in such an nth root,
coefficients a; being ordinary integers; these numbers formed a ring R.
Fermat's equation could be written in a way that (11) 6wew1 ces3an ¢
saoaueit of decomposing x" in the ring R. If the analogue of the unique
(12) paznooicenus yenoco Ha npocmwie mHoxcumenu were true in R, then
Fermat's statement could be proved. This method (or a variant) worked for
some (13) smauenuu of n (e.g., n = 3, 5, 14), but the German
mathematicians Peter Gustav Lejeune Dirichlet and Ernst Eduard Kummer
noticed that the analogue of the unique decomposition was not true in
general. As a remedy, Kummer and Richard Dedekind (14) esgeru
nouamue udeana, which proved to be of fundamental importance for ring
theory.

Il. Fields

Broadly speaking, a field 1s an algebraic system (1) cocmoswasn u3
anemenmos that are commonly called numbers, in which the four familiar
(2) omepayuu cnoxcenus, BLIMUMAHUS, VMHOMCEHUS U OeleHUs are
universally defined (except for division by zero) and have all their (3)
ooviunvie ceoticmea. Much of the general theory of vectors and matrices
can be developed over an arbitrary field. In particular, this is true of the
general theory of (4) cucmemvr nuneiinvix ypasnenuti and of (5) wux
pewenuss by a method known as Gaussian elimination. The study of
various special fields also explains which (6) ceomempuueckue
nocmpoerus, maxkux kax angle bisection and angle trisection, can be made
with ruler and compass and which cannot. Moreover, (7) koneunwvie nons
of 2 elements have been used to construct the best known error-correcting
codes.

Although many particular fields — including especially the rational,
real, and complex fields, (8) koreunvie nona u nona ancebpauueckux uucen
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— were intensively studied in the 17th, 18th, and early 19th centuries, the
idea of investigating all possible fields seems not to have been conceived
until 1910, when (9) wmamemamux  Steinitz  npeanoxun  (10)
cucmemamuyeckyro cxemy for classifying them.

S. Translate the following sentences into English:

1. HMcnonp3ys 3aKOH IMCTPUOYTUBHOCTH, MOKHO PACKPBITh CKOOKH: 2(3
+4)=2-3+2-4.

2. CkamsapHoe YMHOKEHHE TAKkKe o0Jiamaet CBOMCTBOM
JUCTPUOYTUBHOCTH.

3. 3Hasg CKAIAPHOE TMOJIE, MOXKHO ONPEACIUTh CBSI3aHHOE C HUM
BEKTOPHOE TIOJIE.

4. CnoKeHUE YHCEJT MOTUMHACTCSA 3aKOHY aCCOLMATUBHOCTH.

Teopust BEpOATHOCTEH 3aHUMAECTCS M3YYEHHEM COOBITMH W HX

BEPOSATHOCTEH, TNPEACTABISEMBIX YMCIIAMM, 3aKIIOYEHHBIMH B

uHrepBane ot 0 jo 1.

6. Ecnu k akcuomam rpyrirbl JOOABUTH B KAYECTBE YETBEPTONH aKCUOMBI
CBOHCTBO KOMMYTATUBHOCTH a*b = b-a , TO MBI TIOJIy4YUM CTPYKTYpPY
KOMMYTATHUBHOM (MJIK a0€NEBOI) TPYIIIIHI.

7. Marpuipl UCTIONB3YIOTCS 5] npu peLIeHUN CHUCTEM
nddepeHIMaIbHbIX ~ YpaBHEHMM,  KOTOpbIE€  BO3HUKAWOT B
OOJILIIMHCTBE HaYK.

8. 3HauuTebHAS YAaCTh TEOPUM KOJIEL BOZHUKJIIA B PE3YJIbTATE MOMBITOK
JI0Kazathk Teopemy depma.

9. OnHa W3 OCHOBHBIX 3aJa4 TECOPUM TpyII — O0JIee SIBHOE OMMCAHUE
CTPYKTYPbl HEKOTOPBIX KJIACCOB IPYIIIL.

10. /IBa MHOTOUJIEHA SBJISIFOTCA OJHUM M TEM K€ DJIEMEHTOM KOJIbLIA B
TOM U TOJIBKO B TOM Clly4ae, Korjaa Kod(pPuuueHTsl Npu 0MHAKOBBIX
CTETECHAX NMEPEMEHHOM X PABHBHI.

e

Section 6

1. Study these terms and expressions from the field of physics and
mechanics:
e physics /physicist / physical — ¢u3uka / pusuk / puzndecKmid,
TEJIECHBIN, MaTepUATbHBIH
- physical magnitudes — pu3nUECKUE BETUUUHBI
- physical world — marepuanbHbIi MUp
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- physical state — puznueckoe COCTOsSHHE

- physical space — (pU3HUUECKOE MTPOCTPAHCTBO

- physical body — pusnueckoe Teno

- physical properties — pu3nYECKHE CBOICTBA

- physical laws — pu3HUECKHE 3aKOHBI

mechanics / mechanic/ mechanical — MexaHuka / MEXaHUK /

MEXAHUYECKU

solid mechanics — mMexaHuKa TBEpIOIro Tejla

- classic mechanics — knmaccuueckas (TEOpeTHUECKas) MEXaHHUKa

- continuum mechanics — MeXaHHMKa CIIJIOMIHOM CPEIbI

- fluid mechanics — mMexaHuKa *KUAKOCTEN 1 ra3oB

- analytical mechanics — aHanuTHUECKas MEXaHHUKA

- statistical mechanics — ctatucTudeckas MEXaHUKA

- celestial mechanics — HebGecHas MeXaHUKa

- mechanical engineering — MaIIMHOCTPOCHHUE

body — teno

- body in motion — ABWXKYyIIEECS TEJIO

- body at rest — noxkosieecs TeIO

- solid body — TtBepaOE TENO

- celestial (heavenly) body — HebecHoe Teno

- terrestrial body — 3emHoeE Teno

- black body (full radiator) — abCOMOTHO YEPHOE TEJIO

matter — marepusi, BEMECTBO

substance — BeIECTBO, MaTepUsl, CyOCTaHLIMsI

particle — yacTuiia, MarepuajibHas TOYKa

force — cuia

- external force — BHeIIHss cHla

- impressed force — npusoskeHHas cua

- centrifugal force — teHTpoOEKHAA CcUla

- centripetal force — HeHTpOCTpeMUTEIbHAS CHUJlA

- resulting force — pe3ynpTUpyrOmIas cuiia

- composition / resolution of forces — cnokeHue / pa3nokeHue
cul

motion — JIBUYKEHHUE

- laws of motion — 3aKOHBI JIBUKEHUS

- uniform (constant) motion — paBHOMEPHOE NPSIMOJUHEHHOE
JIBKEHUE
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- simple harmonic motion — rapMOHUYECKHE KOJeOaHus
e medium — cpena
- elastic medium — ynpyras cpeaa
- magnetic medium — MarHuTHas cpeaa
- fluid — Tekyuas cpeaa (GKUAKOCTb, ra3)
- fluid dynamics — auHamuKa >kMAKOCTEH, TMAPOAMHAMUKA
- liquid — xKuaKOCTH
e cquilibrium — paBHOBeCHE
- stable equilibrium — ycToilunBOE€ paBHOBECHE
- unstable equilibrium — HeyCTOHYHUBOE paBHOBECHE
- neutral (indifferent) equilibrium — 6e3pazMuHOE paBHOBECHUE
- equilibrium condition — yclioBHE paBHOBECHS
e gravity — MNPUTSHKEHUE
- pull (force) of gravity — cuna npuTsKeHUs
- centre of gravity — UEHTP TAKECTH
- gravitational field — rpaBuTaLIMOHHOE MOJIE
e heat — Tero
- heat capacity — TenioeMKOCTb
- heat conduction — TenI0npoOBOAHOCTH
® energy — DHEprust
- energy flow — MOTOK SHEpPrun
- energy level — sHepreTUYECKuil ypoBEHb
- kinetic (potential, total) energy — KMHETHYECKAsd NOTCHIMANIbHAS,
MOJIHAS) SHEPTUs
® pOWEr — CUJIa, SHEPIUsl, MOIIHOCTbh, CIIOCOOHOCTh MPOU3BOAMUTH
paboTty
- pOWer engineering — >HEpreTuka
- power output — BEIXOAHAsA MOIIHOCTH
- power supply — sHepronuraHue
e work — paboTta
- units of work — eHHIIBI pabOTHI
e relativity / relative — OTHOCHUTELHOCTh / OTHOCUTEIbHBIM
- relativity theory — Teopust OTHOCUTENBHOCTH

2. Translate the following definitions from English into Russian
paying special attention to the underlined words and expressions:
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7.

. Physics 1s the science that deals with heat, light, and other forms of

energy and how they affect objects.

. Mechanics 1s the area of physics that deals with the forces such as

gravity that affect all objects.

. Fluid is a substance, as a liquid or gas, that is capable of flowing and

that changes its shape at a steady rate when acted upon by a force
tending to change its shape.

. Liguid 1s a substance in a physical state in which it does not resist

change of shape but does resist change of size.

. Equilibrium 1is a state of rest or balance due to the equal action of

opposing forces.

. Medium 1s an intervening substance, as air, through which a force

acts or an effect is produced.
Power is work done or energy transferred per unit of time.

3. Match the terms in the left column with their definitions in the right
column and translate the sentences into Russian:

NNk LW =

particle 1. the force of attraction by which terrestrial bodies
gravity tend to fall toward the centre of the earth

heat 2. the capacity of a body or system to do work
matter 3. the energy transferred as a result of a difference
work in temperature

force 4. the transfer of energy expressed as the product of
centrifugal a force and the distance through which its point
force of application moves in the direction of the force

centripetal | 5. a force moving or directed outward from the
force centre
body 6. a force directed toward the centre
. energy 7. the substance or substances of which any
physical object consists or 1s composed
8. one of the extremely small constituents of matter,
as an atom or nucleus
9. an object or substance that has three dimensions,
a mass, and 1s distinguishable from surrounding
objects
10. a dynamic influence that changes a body from a
state of rest to one of motion or changes its rate
of motion
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4. Supply the following words and expressions with their equivalents
from ex.2-3 and give their derivatives (part a):
a) - BMECTUMOCTh, EMKOCTb, POU3BOUTENIHBHOCTh — BMECTUTE/IbHbBIN, €MKUIA
- OBITH CITIOCOOHBIM (CAENATh YTO-TO) — CIMOCOOHOCTH
- IPUTSHKEHUE — MPUTIATUBATh
- IepeaaBarh (SHEPTUIO U T.J.) — TNEpPEaada
- CTPEMUTHCS CACNIATh YTO-TO — CTPEMJICHHUE, TCHACHLIUS K YEMY-TO
- CONPOTHUBJISITHCS — CONMPOTUBIICHUE
- cocTapJsitonias (Marepuu U T.J.) — COCTaBJIATH YTO-THO0
- OTIMYAIOIIUIACSA OT Y€T0-TM00 — OTAUYATh YTO-THO0 OT 4Er0-1rud0
- 110 HAIMPABJICHUIO K YEMY-TUO0 — HaANpaBJICHHBIN K 4eMY-JIHOO0 / OT
4ero-amoo
b) - Ha MOCTOSIHHO# CKOPOCTH
- Onaroaapst 4emy-auoo
- BJIUSITH (OKa3bIBaTh BIMSIHUE) HA OOBEKTHI (MPEIMETHI)
- Ha €JIMHUILY BPEMEHU
- MPOU3BOJIUTH PE3YJIbTAT (JIEHCTBUE)
- MPOTUBOMOJIOKHBIE CHUIIBI
- COCTOSIHME MOKOsI

5. Supply English equivalents and translate the text into Russian:

(1) Teopua ommnocumenvnocmu is a theory, formulated essentially by
Albert Einstein, that all (2) dsuocenue must be defined relative to a frame
of reference and that space and time are relative, rather than absolute (3)
nouamusi: it (4) cocmoum u3 two principal parts. The theory (5) 6 komopoii
PACCMampueaemcst pasHoMepHoe NpsMoiuHeliHoe oOeudicenue  (special
theory of relativity or special relativity) (6) ocrosana Ha the two postulates
that (7) guszuueckue 3axonsr have the same (8) mamemamuueckyro ghopmy
when expressed in any inertial system, and the velocity of light (9) we
3asucum om the motion of its source and will have the same (10) 3nauernue
when measured by observers moving with constant velocity with respect to
cach other. Derivable from these postulates are the conclusions that there
can be no motion at a speed greater than that of light in a vacuum, mass
increases as velocity increases, mass and energy are equivalent, and time is
dependent on (11) ommocumenvroco osuxcenuss of an observer (12)
UMEPAIOUe20 8PeMsl.
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6. Translate the following sentences into English:

1. ®OuU3MKK U3y4aroT SABJICHUS TPUPOIBI.

2. KuakocTh MOXKET MPEBPATUTHCS B Ta3.

3. XUMHYECKHE MPOLECCHI MPOU3BOAT TEIIO.

4. MexaHuka — pazzen (PU3UKU, B KOTOPOM HU3Y4YaeTCs JBUKEHUE TEIN
MO/, JICHCTBUEM CHII.

5. CoJHIIE ABNSETCA TABHBIM UCTOUYHUKOM SHEPTUM, MOCTYNAOIICH Ha
3emtio.

6. Cuna 3acTaBiisieT TEIO JBUraTbCsl WM M3MEHSTH CIIOCOO €ro
JBWKCHUS.

7. MexaHU4YeCKue CBOKMCTBA Ta30B M KUAKOCTEHM B KAKOM-TO Mepe
CXO/IHBI.

8. DiiHmreiiH (Einstein) WU3BECTEH MPEXkKAE BCErO0 Kak aBTOpP TEOPUHU
OTHOCUTEJILHOCTH.

9. ®usuka TBEPJOro Teaa — pasjeia PU3NKU, U3YUYAIOMIUI CTPYKTYPY
1 CBOMCTBA TBEPABIX TEJL.

10.CnoxxeHue U pasyioKEHUE CUJ — OJIHM M3 OCHOBHBIX ITOHSTHIA
MEXAHUKHU.

11.Tsarorenne, WM TrpaBUTALMs, — CBOWMCTBO MAaTEpPHUHM, KOTOPOE

COCTOHUT B TOM, UTO MCIKIY JIOOBIMU ABYMA HaCTHLAMH CYIICCTBYIOT
CUJIbI IPUTAKCHUA.

12.TBepaple Tena o00JaJalOT Pa3HOOOPA3HBIMM  MEXAHUUYECKUMM,

SJICKTPUUCCKUMHU U MAIr'HUTHLIMU CBOMCTBAMH.

Section 7

1. Study these terms and expressions from the field of physics and
mechanics:

e weight / to weigh — Bec / B3BelIMBAThH

- atable (a system) of weights — Tabnuua (cucrema) mep Beca

® MmasS — Macca

- rest mass — macca Mnokost
- centre of mass — LEHTP MACCHI, LIEHTP TAKECTH
- mass point — mMaTepuaibHas TOUKa

e speed / velocity — CKOpOCTb
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- terminal velocity — npeaenbHas CKOpOCTh

- zero velocity — HyJseBast CKOpOCTh

- angular velocity — yrjioBasi CKOpoCTb

- relative velocity — OTHOCHTENBHAS CKOPOCTh

- constant velocity — CKOpOCTh paBHOMEPHOTO MPSIMOJIMHEHHOTO
JBIDKEHUSI

- constant speed — CKOpPOCTb, ITOCTOSIHHAS 10 BEJIMYHHE

- critical speed — kpuTHUECKasi CKOPOCTh

- at high /low speed — Ha BBICOKOM/HU3KOU CKOPOCTH

acceleration [k sela'rerfn]/ to accelerate — yckopeHue / yCKOPATHCS

acceleration of gravity — yCKOpEHHWE CHUIIbI TSXKECTH

deceleration [di: sela'rerfn] / to decelerate — 3ameieHne / 3aMeUTATHCS

free fall — cBoOOMHOE MaeHKE

altitude — BbICOTA

momentum — KOJUYECTBO JABMIKEHUS, UMITYJIbC

angular (moment of) momentum — MOMEHT KOJIMYECTBA ABIKEHMS,

KUHETUYECKUA MOMEHT

axle — ocp, Ban

rotation — BpalucHue

- rotation of axes — moBopoT oceii

- rotating body — Bpaiaromeecs Tejo

action / reaction — JI€iCTBUE/TIPOTUBOJACHCTBHE

inertia — uHepuUs

- 1inertia force — cuiia UHEPLUU

- 1inertia field — none unepuuun

- moment of inertia — (0CeBOM, MOJIAPHBI) MOMEHT UHEPLIUU

- product of inertia — neHTPOOEIKHBIA MOMEHT UHEPLIUU

- principle axes of inertia — rjiaBHbIE OCH UHEPLIMH

torque [to:k] — MOMEHT CHUJIbI

pressure (upon sth.) — naByieHue (Ha 4TO-1M00)

- impact pressure — IMoJIHOE JaBJICHHUE

- static pressure — CTaTU4ECKOE JaBJICHUE

inclined plane — HakIOHHAs NMIOCKOCTH

path — myTh, TpacKTOpUsI

lever — pbruar

- lever arm — muiedo peiuara
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2. Match the terms in the left column with their definitions in the right
column:

1. weight 1. the force applied to a unit area of a
2. axle surface, usually measured in pascals
3. torque (newtons per square metre), millibars,
4. acceleration torr, or atmospheres
5. inertia 2. the vertical height of an object above
6. pressure some chosen level, esp. above sea level
7. momentum 3. abar or shaft on which a wheel, pair of
8. inclined plane wheels, or other rotating member
9. terminal revolves

velocity 4. the rate of increase of speed or the rate of
10.altitude change of velocity

5. the constant maximum velocity reached
by a body falling under gravity through a
fluid, esp. the atmosphere

6. a plane whose angle to the horizontal is
less than a right angle

7. the vertical force experienced by a mass
as a result of gravitation

8. the tendency of a body to preserve its
state of rest or uniform motion unless
acted upon by an external force

9. a quantity expressing the motion of a
body or system, equal to the product of
the mass of a body and its velocity

10. any force or system of forces that causes
or tends to cause rotation

3. Fill in the gaps with the words below and translate the text into
Russian:

Acceleration is the time rate at which a —1— is changing. Because
velocity has both —2— and direction, it is called —3—; acceleration is
also a vector quantity and must account for changes in both the magnitude
and direction of a velocity. The velocity of a point or an object moving on
a —4— path can change in magnitude only; on a —5— path, it may or
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may not change in magnitude, but it will always change in direction. This
—6— means that the acceleration of a point moving on a curved path can
never be zero.

If the velocity of a point moving on a straight path is increasing (i.e.,
if the speed, which is the magnitude of the velocity, is increasing), the
7— will have the same —8— as the velocity vector. If the velocity is
decreasing (that is, the point or object is decelerating), the acceleration
vector will point in the —9— direction. The average acceleration during a
time interval —10— the total change in the velocity during the interval —
11— the time interval. The acceleration at any instant is equal to the limit
of the —12— of the velocity change to the length of the time interval, as
the time interval approaches zero.

1. ratio 7. direction
2. velocity 8.  straight

3.  condition 9. divided by
4.  curved 10. 1sequal to
5. acceleration vector 11. magnitude
6. avector quantity 12. opposite

4. Supply English equivalents and translate the text into Russian:

Weight is (1) epasumayuonnas cuna of attraction on an object, caused by
the presence of a massive second object, such as the Earth or Moon.
Weight is a consequence of (2) sceobueco 3axona macomernus: any two
objects, because of their masses, attract each other with a force that 1s (3)
NpSMO  NPONOPYUOHANbHA npoussedenuto  ux macc and inversely
proportional to (4) xeadpamy paccmosnus medcoy Humu. Thus more
massive objects, of course, weigh more in the same location; the farther
an object is from the Earth, the smaller is its weight. (5) Bec obowvexma at
the Earth's South Pole is slightly more than its weight at the Equator
because the polar radius of the Earth is slightly less than the equatorial
radius. Though the mass of an object (6) ocmaemcs nocmosmnoi, its
weight varies according to its location. The smaller mass and radius of the
Moon (7) no cpasuenuro ¢ those of the Earth combine to make the same
object (8) Ha nosepxnocmu Jlyner weigh one-sixth the value of its weight
on Earth. Because of all the mass in the universe, (9) xaoxxcoas mouka 6
npocmparcmee oonaoaem ceoticmeom called the gravitational field at
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that point, numerically equal to (10) yckoperuio cuner msaxcecmu at that
point. Alternatively, weight is the product of an object's mass and either
the gravitational field or the acceleration of gravity at the point where the
object is located.

S. Translate the following sentences into English:

[E—

10.

11.

12.

Kak MO3KHO U3MEPHUTH JIaBJICHUE BETPA Ha 3/1aHue?

[TpuHUMN WHEPUMK OB OJHUM M3 CaMbIX 3HAYMTE/IBHBIX BKJIQJIOB
["annes B pu3MKy.

ApxuMeJl TOKa3ald, KaK HaxXOJWTh LECHTP THKECTH Pa3IHMYHbIX
F€OMETPUUYECKUX (DUTYD.

Bec Tena paBeH €ro Macce, yMHOKEHHON HA YCKOPEHHUE CBOOOAHOTO
NaJCHU.

JIBa OCHOBHBIX MPOCTEUIINX MEXAHU3Ma — 3TO pblYar U HAKJIOHHAS
MJIOCKOCTD.

[Tox «CUNoOM TSHKECTH» MPUHATO TOHUMATH CHITY, CO3JaBACMYIO
TATOTEHUEM MACCHUBHOIO TEJIA, A MOJ «YCKOPEHUEM CHJIBI TSKECTH
— YCKOPEHUE, CO3/1aBAEMOE 3TOM CUIION.

MOMEHT CHJIBI paBEH MPOU3BEICHUIO CUITBI HA €€ TIIEYO.

YT1o0OBl M3y4YaTh JBWKEHUE HEOECCHBIX TEJ, MO3HAKOMMUMCS C CUJIOM
rpaBUTALIMU.

Koan4yecTBO TEMIOTHI, KOTOPBIM OOJIAaET TENO TMpPU  JAHHOM
TEMIEPATYPE, 3aBUCUT OT €r0 MacCCHhl.

MMnynasc Tena p ONPEAEHSIETCS KAaK MPOWU3BEJCHUE €r0 MacChl HA
CKOPOCTb.

Y100l MOKHO OBLIO OMMCHIBATh JBHKCHUE MATCPUAILHONW TOYKH,
HY>KHO OTIPEACIIUTH €€ MOJIOKEHUE B JAHHBIA MOMEHT.
TeopeTHUECKH KOJIECO MOXKHO TPEACTABUTh KAaK OECKOHEUHYIO
MOCJIEI0BATEIBHOCTD PhIYaroB.
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Section 8

1. Study these terms and expressions from the field of physics and
mechanics:

wave — BOJIHA

- wave/quantum mechanics — BoJIHOBas / KBAHTOBasi MEXaHUKA

- wave-particle theory — Teopusi BOJTHOBBIX YaCTHIL

- wave drag — BOJIHOBOE COIPOTUBIICHUE

- wave equation — BOJIHOBOE YpaBHEHHE

- gravity wave — IrpaBUTallMOHHAs BOJIHA

- surface waves — NOBEPXHOCTHBIE BOJTHBI

- plane / cylindrical / spherical wave — niockast / nuidHapudeckas /
cepruueckas BoJIHA

- theory of long waves — Teopus JJIMHHBIX BOJIH (TEOPHSI MEJIKOM
BOJIbI)

- shock wave — yaapHas BoyiHa

- wave length of light — nnuHa BonHBI CBeTa

light — ceer

- light quantum — cBETOBOI KBaHT

- light year — cBeTOBOI roj

- abeam of light — nyd cBeTa

- the corpuscular theory of light — kopnyckyisipHas Teopus cBeTa

- to absorb light — noryomare cBeT

spectrum (pl.n. spectra) — cnekTp, cneKkTpajibHas PYHKLMS (MH. Y.

CIIEKTPBHI)

- line spectrum — nUHEHYATHIA CIIEKTP

- continuous spectrum — HENPEPBIBHBIA CIIEKTP

- point spectrum — TOYEUHBII (JIUCKPETHBIN) CIIEKTP

diffraction / to diffract — nudpakuus / nudparuposars

- diffraction grating — audppakuMOHHAs peIIETKa

refraction / to refract — pedpakuysi, nperoMIICHUE / IPEIOMISATh

- refractive index — nokaszaresb NpeNoMIICHUS

dispersion / to disperse — aucnepcus, paccesiHue / pacCeUBaTh

- dispersion index — UHAEKC pacCesHUs

interference / to interfere — unTEppepeHuys, momexu /

uHTEphEpUpPOBaTH

optics / optical — onTuka / onTH4eCKUii
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- optical instrument (device) — onTUYECKuUid TPUOOP

- optical illusion — onTuueckuii oOMaH

- optical axis — onTUYECcKas 0Ch

- optical effect — onTtrueckuii >3pdexr

- magnifying glass — yBENMUUTETBHOE CTEKIIO

- reflecting / refracting telescope — Teneckon-pediekrop /
TEJIECKOIT-pEPpaKTOp

radiation / radiant / to radiate — u3ny4yeHue, paauanusi, UCTOUHUK

W3TYyUYEHUs / TyYUCThIM, U3JTydaronuii / u3ayyarh

- radiation counter — WHAUKATOP WU3JIyUYEHUS

- radiation field — nosie n3nyueHus

- radiation pressure — CBETOBOE JIaBJICHUE

- radiant / electromagnetic energy — sHEPTUs U3Ty4YeHUs /
ANEKTPOMArHUTHAs SHEPTrusl

sound — 3ByK

- sound intensity — WHTEHCHUBHOCTH 3BYKa

- sound wave — 3ByKOBasi BOJIHA

oscillation / to oscillate — konebanus / Koyie0aTbCs

- forced oscillations — BBIHYKJIEHHBIE KOJIEOAHWS

- free oscillations — cBoOOAHBIE KOJIEOAHMS

- oscillating circuit — koae6aTenbHBII KOHTYP

- oscillator / harmonic oscillator — ocuuasTop, reHepaTop
KOJI€OaHui / TapMOHUYECKUIA OCUUIISITOP

friction — TpeHMe

- rolling friction — TpeHuEe KaueHUs

- sliding friction — TpeHUE CKOJBKEHUS

- static friction — TpeHUE NOKOs

- angle of friction — yron TpeHus

- friction factor — ko3 puULMEHT TpeHUS

resistance — CONMPOTUBJICHUE (PE3UCTAHC)

- mechanical resistance — MeXaHWYECKUI PE3UCTAHC

buoyancy — miaBy4ecTh

- centre of buoyancy — UEHTp MIaBy4ECTH

gyroscope (gyro) — rupOCKOIl

density / dense — MJI0THOCTH / IIOTHBIMA

current — TOK

- alternating current— nepeMeHHBIH TOK
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- direct current — DOCTOSTHHBIN TOK

2. Match the terms in the left column with the definitions in the right
column. Translate the sentences into Russian paying special attention
to the underlined words and expressions:

1. dispersion 1. the change of direction of a ray of light,
2. radiation sound, heat, or the like, in passing
3. friction obliquely from one medium into another
4. sound in which its wave velocity is different
5. diffraction 2. deviation in the direction of a wave at the
6. refraction edge of an obstacle in its path
7. oscillation 3. a the separation of white or compound
8. optics light into its respective colours, as in the
9. shock wave formation of a spectrum by a prism
10.magnifying 4. alens that produces an enlarged image of
glass an object

5. aregion of abrupt change of pressure and
density moving as a wave front at or
above the velocity of sound, caused by
an intense explosion or supersonic flow
over a body

6. surface resistance to relative motion, as
of a body sliding or rolling

7. an effect expressible as a quantity that
repeatedly and regularly fluctuates above
and below some mean value, as the
pressure of a sound wave or the voltage
of an alternating current

8. the process in which energy is emitted as
particles or waves

9. the branch of physical science that deals
with the properties and phenomena of
both visible and invisible light and with
vision

10. periodic disturbance in the pressure or
density of a fluid or in the elastic strain
of a solid, produced by a vibrating object
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3. Read the following text and insert the missing sentences given below
in the right places. Translate the text into Russian paying special
attention to the underlined words and expressions:

(1) There are a number of ways in which spectra are produced in nature.
(2) The primary rainbow is formed by reflection and refraction of light in
raindrops. (3) The rays emerging from the drops are spread out, but for
any given wavelength there is a minimum angle of deviation and there is
a concentration of energy at this angle. (4) Because of the dispersion of
water, the angles for different wavelengths are not exactly the same, and
the red i1s seen on the outside and blue on the inside of the bow. (5) A
weaker rainbow is formed by rays that have been twice reflected. (6) In
this the colours are reversed. (7) A rainbow may be regarded as a
spectrum of the Sun, but the purity is low.

The sentences missing:
a. The rainbow is the most striking of these.
b.For green light the minimum angle of deviation is about 138 and an
observer with his back to the Sun sees the bow at an angle of 42 to
the direction of the Sun's rays.
c.Still weaker supernumerary bows are caused by diffraction in
droplets.

4. Supply the following words and expressions with their equivalents
from ex.2-3 and give their derivatives (part a):
a) - Ha0mopaareap — Ha0I01aTh — HAOOACHUE
- OBITh BBI3BAHHBIM YEM-JIHOO — MPUYMHA YETO-THOO0
- YBEJIMYEHHBIA — YBEJIMUMBATh
- KOHUEHTpaUus (SHEPTUM M T.JI.) — KOHLEHTPUPOBATD,
COCPEI0TAYMBATH
- KOCO (MPOXOJUTh)— KOCOM, HAKJIOHHBIH, CKOIICHHBIH
- 00paTHkIi (Ipouece U T.J1.) — 00paTHO, MPOTUBOMNOJIOKHO — MEHSTh
MECTaMHM, MEHSTh (Ha TPOTHUBOMOJIOKHBIA)
- Kos1ie0aThCs, ObITh HEYCTOMYMBBIM — KOJICOAHUE, Bapyalus
- pa3ICIEHUE — PA3JACIISThH
- BbIp@KaeMbId (KaKk 4TO-TU00) — BBIPAKATh — BBIPAKEHHBIA —
BBIPQKECHUE (HAITPUMED, B MATEMATHKE)
- BUJIUMBIA — HEBUJIUMBIIl — BUJICHUE, 3PEHUE
- aBJICHUE (-51) (MpUPOJIbl) — (PEHOMEHATBHBIMI
- pacrpoCTPAHATLCA — PACHPOCTPAHEHHE YETO-TUO0
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b) - MUHUMAaJBHBIN YIOJI OTKJIIOHEHUS
- MOYKET CUUTATHCA (paccMaTpyuBaThCs) KaK 4TO-TM00
- MOSABJISITHCS, BOBHUKATh M3 YETO-TH00
- CpEIHEE 3HAUCHUE
- pe3Kas nepeMeHa B 4eM-J1u0o
- BBIJIEJISITH SHEPTUIO
- IEPBUYHBII
- MPEMATCTBUE

S. Fill in the gaps with the words below and translate the text into
Russian:

Archimedes' principle is a —1— of buoyancy, discovered by the
ancient Greek mathematician and —2— Archimedes, stating that any body
completely or partially submerged in a fluid (gas or liquid) at rest is acted
upon by an upward, or buoyant, force the —3— of which is equal to the
weight of the fluid displaced by the body. The —4— of displaced fluid is
equivalent to the volume of an object fully immersed in a fluid or to that
fraction of the volume below the —5— for an object partially submerged
in a liquid. The —6— of the displaced portion of the fluid is equivalent to
the magnitude of the buoyant force. The buoyant force on a body floating
in a liquid or gas is also equivalent in magnitude to the weight of the
floating object and is —7— in direction; the object neither rises nor sinks.
A ship that is launched sinks into the ocean until the weight of the water it
displaces is just —8— its own weight. As the ship is loaded, it sinks
deeper, displacing more water, and so the magnitude of the buoyant force
continuously matches the weight of the ship and its cargo.

If the weight of an object is less than that of the displaced fluid, the
object rises, as in the case of a block of wood that is released beneath the
surface of water or a helium-filled balloon that is let loose in air. An object
—9— the amount of the fluid it displaces, though it sinks when released,
has an apparent weight loss equal to the weight of the fluid displaced. In
fact, in some accurate weighings, a correction must be made in order to
compensate for the buoyancy effect of the surrounding air.

Buoyancy —10— the increase in fluid —11— at increasingly greater
depths. The pressure on a submerged object, therefore, is greater on the
parts more deeply submerged, and the buoyant force is always upward, or
opposite to —12—; it is the net effect of all the forces exerted on the
object by the fluid pressure.
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1. 1s caused by 7. surface
2. inventor 8. weight
3. magnitude 9. volume
4. heavier than 10.opposite
5. the gravitational force 11.physical law
6. equal to 12.pressure

6. Supply English equivalents and translate the text into Russian:

Light 1s a (1) ocrnosnoti aspect of the human environment that (2)
Henv3s onpeodeaums in terms of anything simpler or more directly
appreciated by the senses than itself. Light, certainly, (3) omseuaem 3a the
sensation of sight. Light is propagated (4) co ckopocmwio that is high but
not infinitely high. (5) @uzuxu are acquainted with two methods of
propagation from one place to another, as 1) particles and as 2) waves, and
for a long time they have sought to define light (6) ¢ mouku 3perus 160
yacmuy, 1460 B0JIH.

(7) [lsa ceoiicmea ceema are, perhaps, more basic and fundamental
than any others. The first of these is that light 1s (8) suo snepeuu conveyed
through empty space (9) na swvicokoii ckopocmu (in contrast, many forms
of energy, such as the chemical energy stored in coal or oil, (10) mocym
nepeoasamecs from one place to another only by transporting the
mamepuro in which the energy is stored). The unique property of light is,
(11) maxum obpazom, that energy in the form of light is always moving,
and its movement is only in an indirect way affected by (12) dsuorcenuem
mamepuu through which it 1s moving. (When light energy (13)
npexpawaem oguecamucs, because it has been absorbed by matter, it 1s no
longer light.)

The second fundamental property is that (14) 1yu ceema can convey
information from one place to another. This information concerns both the
(15) ucmounuxa ceema and also any objects that have partly absorbed or
(16) ompazunu unu npenomunu the light before it reaches the observer.
More information (17) docmuzaem the human brain through the eyes than
through any other sense organ. Even so, the visual system extracts only a
minute fraction of the information that i1s imprinted on the light that enters
the eye. (18) Onmuueckue uncmpymenmer extract much more information
from the visual scene; spectroscopic instruments, for example, reveal far
more about a source of light than the eye can discover by noting its colour,
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and telescopes and microscopes extract (19) nayunyro ungpopmayuro from
the environment. Modern optical instruments produce, indeed, so much
information that automatic (20) memoows: 3anucu u ananuza are needed to
enable the brain to comprehend it.

7. Translate the following sentences into English:

1.

2.

Buaumeiii CBET — 95TO NMIIb Majas 4YacTh IMHUPOKOTO CIEKTpa
AACKTPOMArHUTHOTO WU3JTYYCHUSI.

HproroH (Newton) BbICKa3all TMIOTE3Y O KOPITYCKYJISIPHOM NpUpojie
CBETA.

HeroToH mnoctaBun mnepea coOoi  3aaady oONUcaTh Ha  SI3BIKE
MaTEMAaTHKH MPOLECC paCHpPOCTPAHEHUS 3BYKOBOM BOJIHBI B BO3AYXE.
Tunu4yHeIi NpUMEp CMEKTPa — XOPOIIO U3BECTHAS BCEM pajIyra.

JIBa OCHOBHBIX BHJA TENECKONOB — 3TO pePIECKTOP U pedpakTop.
[TnotHOCTh raza B (poTochepe B THICAYM Pa3 MEHBIIE IJOTHOCTH
BO3/IyXa Yy MOBEPXHOCTH 3€MJIH.

[Ttonemeii (Ptolemy) npoBOM OMBITHI MO MPETOMIICHUIO CBETA MIPU
NEPEXOJIE ET0 U3 BO3/IyXa B BOAY WUJIU CTEKJIO.

OiiHmTeH (Einstein) BHEC 3HAYWTEIBHBIA BKJIAJ B CO3/IaHHE
KBAHTOBOM MEXAHWKH, Pa3BUTHE CTATUCTUYECKOH (UBUKH U
KOCMOJIOTHH.

["anuneii (Galileo) sKkCepUMEHTAIBHO YCTAHOBMIL, YTO B OTCYTCTBHUE
COMPOTHUBJICHHS BO3/yXa TSHKEJBIE U JIETKUE TeJIa MaJaloT Ha 3€MIIIO
C OJIMHAKOBBIM YCKOPEHUEM.,

10.KBanTOBass mexaHuka — (yHIAAMEHTaIbHas (U3UYECKAsT TEOpUs

JTUHAMUYECKOrO MOBEJCHMS BCEX BJIEMEHTApHBIX (POpM BElIEeCTBA U
U3JIYUYEHUS, A TAKKE UX B3aUMO/ICHCTBUIA.

49



Part II (Revision)

Section 9 (Supplementary Exercises)

1. Fill in the gaps with the words below and translate the texts into
Russian:

a) The Beginnings of Science in Greece

The first sciences in the modern sense were those —1— mathematics.
They were begun in Mesopotamia and in Egypt and were passed on to the
Greeks.

The Greek philosopher Archimedes was a great mathematician and an
important early writer on —2—, Mathematics and mechanics —3—
during the Golden Age of Greece, beginning about 600 BC. The
knowledge of geometry —4— in Greek architecture. —5— physics was
used in building as well as in war. The —6— made it possible to move
huge stones for building. With the catapult soldiers were able to hurl heavy
spears or large rocks at enemy fortifications.

Another science which the ancient Greeks —7— was astronomy.
They could foretell to the day when a certain planet would be —8— and
even where it would appear in the heavens. This kind of science was what
would be known today as the "astronomy of position."

—9— began when the Greeks started to ask serious questions about
the world around them. They wanted to know what things were made of
and where they came from. They wished not only to make and build things
but to know how and why things were as they were. Asking these
questions and getting the first answers — many of which were later proved
wrong — —10— of Western science. The Greeks —11— on to the Romans
and the other people of Western Europe. For many centuries European
science —12— for the most part on the early theories of the Greeks.

1. connected with 7. the science of mechanics
2. developed 8. theoretical science

3. laid the foundations 9. was applied widely

4. lever 10.was based

5. passed their theories 11.were put to practical use
6. the knowledge of 12.visible
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b) 1t is important to be aware of the character of the sources for —1—
the history of mathematics. The history of Mesopotamian and Egyptian
mathematics —2— the many extant original documents written by scribes.
Although —3— Egypt these documents are few, they are all of a type and
leave little —4— that Egyptian mathematics was, on the whole, —5—
and profoundly practical in its orientation. For Mesopotamian
mathematics, —6—, there are a large number of clay tablets, which reveal
mathematical —7— of a much higher order than those of the Egyptians.
The tablets indicate that the Mesopotamians had a great deal of remarkable
mathematical —8—, although they offer no —9— that this knowledge
was organized into a deductive system. Future —10— may reveal more
about the early —11— of mathematics in Mesopotamia or about its —
12— on Greek mathematics, but it seems likely that this picture of
Mesopotamian mathematics will stand.

1. achievements 7. influence

2. development 8. 1s based on

3. doubt 9. knowledge

4. evidence 10.0n the other hand
5. elementary 11.research

6. in the case of 12.the study of

¢) As was noted earlier, after the work of David Hilbert, at the turn of
the 20th century, the —1— of geometry were generalized and the classical
concepts of space and —2— in space, which derived from intuition, were
replaced with abstract ideas. A step toward the generalization of classical
geometry was taken when —3— geometry known as analytical geometry
was created and first used in 1637 by Rene Descartes. Descartes applied
algebra to geometry not just in the use of algebra to manipulate the
dimensions of geometric figures but also in the representation of a — 4—
by a pair of numbers and the representation of lines and curves by — 5§ —.,
It was a powerful general method of —6— certain geometric problems
and one that could be — 7 — to certain types of curves more readily than
the geometry of the Greeks that was based on axioms. — 8 — analytic
geometry is the idea that a point in —9— can be specified by numbers
giving its position. The notion that any point, for example, can be —10—
its latitude, longitude, and height above the Earth —11— Archimedes and
to Apollonius of Perga, who lived in the 3rd century BC. It was Descartes
and another 17th-century Frenchman, Pierre de Fermat, however, who —
12— that notion systematically.
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1. applied 7. objects

2. foundations 8. point

3. developed 9. solving

4. equations 10.space

5. goes back to 11.the basis of
6. indicated by 12.the branch of

d) A scientific — 1— to the origin of —2— became possible only
after the publication of Isaac Newton's —3— of motion and gravitation in
1687. Even after this breakthrough, many years elapsed while scientists
struggled with applications of Newton's laws to explain the apparent —4—
of planets, satellites, comets, and asteroids. Meanwhile, the first sesmblance
of a modern theory for solar system —S5— was proposed by the German
philosopher Immanuel Kant in 1755. Kant's central — 6— was that the
system began as a cloud of dispersed —7—. He assumed that the mutual
—8— of the particles caused them to start moving and colliding, at which
point —9— kept them bonded together. As some of these aggregates
became larger than others, they grew still more rapidly, ultimately forming
the planets. Because Kant was not highly versed in either —10— or
mathematics, he did not recognise the intrinsic limitations of his primitive
approach. His model does not account for planets moving around the Sun
in the same direction and in the same —11—, as they are observed to do,
nor does it —12— the revolution of planetary satellites.

1. explain 7. motions

2. approach 8. plane

3. chemical forces 9. particles

4. gravitational attractions 10.the solar system
5. 1dea 11.origin

6. laws 12.physics

2. Supply English equivalents and translate the texts into Russian:
a) Linear algebra (1) »smo pazoen anceoper, 6 Komopom
paccmampusaiomces primarily linear problems, that is to say, problems that

depend for the most part (2) om pewernus nuuelinvix ypasHenuii. An
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equation (3) ¢ 08ymsa unu 6onee nepemeHHvIMU, UTU HEU38ECHbIMU, 1S
linear if it contains no terms of the second degree or greater; (4) mo ecme,
if it (5) ne cooeporcum npoussedenuit unu cmeneneir of the variables. The
term linear (6) npoucxooum uz mozo gpaxma, umo the graph of a linear
equation in x and y 1s (7) npsamas aunusa in the Cartesian xy-plane. (8)
Taxum o6pazom, a linear equation (9) mpeocmasnsem nuHeliHoe
omnouenue mexcoy the variables x and y (10) 6 ceomempuueckom
cmuicne. Similarly, a linear equation in three variables x, y, z represents
(11) nrockocms 6 mpexmeprnom npocmparcmee, and two such equations
considered simultaneously (12) npeocmasnaiom nunuro nepeceuenus 08yx
nmnockocmeit, provided they are not parallel. When the number of variables
is greater than three, there is no longer a simple geometric interpretation
because (13) usuueckoe npocmparncmeo  ocpanuueHo - mpems
usmepernusmu. (14) Tem ne menee, it is customary to continue the
geometric analogy and to think of the solutions of a linear equation in four
variables as constituting a "hyperplane" in a four-dimensional space, and
similarly for any finite higher dimension.

b) Foundations of geometry

Although the emphasis of mathematics after 1650 was increasingly
on analysis, foundational questions in classical geometry (1) npoodonxcanu
svizvieams unmepec. Attention centred on the fifth postulate of Book I of
the Elements, which Euclid had used to (2) doxazame cywecmsosarue of a
unique parallel (3) uepez mouky k dannoni runuu to a given line. Since
antiquity, Greek, Islamic, and European geometers (4) 6e3ycnewro
neimanucey nokazams that the parallel postulate need not be a postulate (5)
HO emecmo smo2o e2o ModxcHo evigecmu u3 the other postulates of
Euclidean geometry. During the period 1600-1800 mathematicians (6)
npooonxcanu smu nonvimku by trying to show that the postulate was
equivalent to some result that (7) cuumanca camoouesuonwvim. Although
the decisive breakthrough to non-Euclidean geometry would not occur
until he 19th century, (8) uccreoosamenu oocmuenu 6onee 2nyookoco u
cucmemamuyrnoco  novumanuss of the classical (9) ceoucms
NpoCmpaHcmed.

Interest in the parallel postulate (10) so3nux in the 16th century after
the recovery and Latin translation of Proclus' commentary on Euclid's
Elements. The Italian researchers Christopher Clavius in 1574 and
Giordano Vitale in 1680 showed that the postulate is equivalent to
asserting that (11) suwnusa, pasuwoyoanennas om npsamou auHuu ecmo
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npamasa aunua. In 1693 John Wallis, Savilian professor of geometry at
Oxford, attempted a different demonstration, proving that the axiom (12)
cnedyem u3 npeononodcerus that to every figure there exists (13) maxas
Jrce ghueypa npousz8onbHOU GeIUUUHDL.

In 1733 the Italian Girolamo Saccheri (14) onybnuxosan his ‘Euclides
ab Omni Naevo Vindicatus® (Euclid Cleared of Every Flaw). This was an
important work of synthesis in which he (15) npeoocmasun nonnwiii
arnanuz of the problem of parallels (16) ¢ mouku 3penus Omar Khayyam's
quadrilateral. Using the Euclidean assumption that straight lines do not
enclose (17) nrowaos, he was able to exclude geometries that contain no
parallels. (18) Ocmasanoce ookazame cyuwecmesosanue of a unique parallel
through a point to a given line. To do this Saccheri adopted the (19)
npoyedypy ookazamenvcmea om npomusrno2o;, he assumed the existence of
more than one parallel and attempted to derive a contradiction. (20) Ilocne
00712020 U demanvHo20 uccireoosanus, he was able to convince himself
(mistakenly) that he had found the desired contradiction.

¢) The role of topology in mathematics

(1) Ilpumenenus of topology to mathematics itself are much deeper
and more far-reaching than the above examples would indicate. Most of
those who work 1n topology are not searching for immediate applications.
They study it because of the challenge it offers and because they wish (2)
V3Hamv OoNbie O CBOUCMBAX OelUCMBUMEIbHO20 U AOCMPAKMHO20
npocmparcma. They wish to know whether (3) ooun psio ceoiicme implies
another set of properties. They wish to know what is true and what is
possible. Topological (4) nousamus u memoowr nexcam 6 ocnose much of
modern mathematics, and the topological (5) nooxoo has illuminated and
clarified (6) camvie ocHoBHble cmpyKmypHbie NOHAMUS 6 PA3IUYHBIX
paszodenax 3mo20 npeomemad.

In the same way that the Euclidean plane (7) yooenemsopsiem
HeKOmopwvIM axcuomam unu nocmynamam, it can be shown that certain
abstract spaces (8) umerom onpeoenenuvie ceoticmeéa without examining
these spaces individually. By approaching topology (9) ¢ »smou
abcmpaxmuou mouxu 3penus, it 1S possible to use its methods to study
things other than collections of points. Collections of entities that are of
concern in analysis or algebra or collections of (/0) ceomempuueckux
oowvexmos can be treated as spaces, and the elements in them as points.
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d) Topological groups

(1) Bzaumooeiicmeue of classical and modern mathematical methods
has been most productive in that area of analysis in which topological
methods play a role. The result has stimulated much work in topology and
other (2) pazoenos mamemamuxu and has (3) sadcuvie npumenenus 8
meopemuueckoll Qusuxe.

It is advantageous (4) paccmampusams mononocuueckue memoost in
analysis under three headings and in rather different manners. The first
section, the theorems of Tikhonov and Ascoli, considers two basic
theorems that (5) moorcno odokazams in a quite general setting and the
importance of which cannot be overstressed. After some preliminary
remarks, the second section, continuous groups, starts from (6)
onpeoesieHUsl MONON0SUYeCKOll 2pynnvl U paspabamvisaem meopuro that is
gradually seen to encompass a whole range of general results. The third
section, (7) ananuz muocoobpaszuit — which (8) 6 ocrnosHom ceszam ¢
working from some important problems in classical analysis — discusses
the methods topologists have employed in tackling them, and shows how
the body of theory so developed has built itself into a coherent whole. In
this way a broad view of the areas of topological groups is presented.

Before proceeding, however, (9) nekxomopuie snemenmaphvie u ooujue
sameuarusi on the role of topology in analysis will be helpful. (10)
Omauuumenvuasn yepma of topological arguments in analysis is that they
are qualitative and nonnumerical. A simple instance of topological
reasoning 1s (11) creoyrowee. A ball is thrown vertically upward, and a
few moments later it falls back to its starting point; one deduces that at
some point on the way it must have been stationary. This (12) nabarooenue
depends, of course, on certain preconceptions about gravity and (13)
ceolicms8 HenpepvisHocmu npocmparncmea u epemeru. When suitably
formulated, they (14) oopa3zyrom ocrogy of analysis and topology.

Now, in such a simple example as a falling ball, (15) sremenmapnoe
npunodcerue of the Newtonian (16) ucuucnenus will give full information
about the whole motion, while the topological argument merely (17)
ymeeporcoaem the obvious. If, however, a single ball is now replaced by a
large number of balls moving in more complicated ways, then direct (18)
ananumuyeckoe sviyucierue may become too lengthy or difficult. In such
a situation one may settle for some qualitative aspects of the various
motions, which may be derived by topological arguments but which may
be far from self-evident because of the complexity of the situation. In fact,
if the various balls are replaced by planets and one proceeds to study the
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Newtonian (19) osuorcenue mneckonvkux men under their mutual
gravitational attraction, extremely difficult and (20) #epewennvie
Mamemamudeckue npoodiemvt are met.

e¢) A computer 1s (1) snexmponnas mawuna that (2) svinonnsem
sviyucnenus and processes data automatically at high speeds according to a
prescribed (3) psao omepayuu. Broadly speaking, (4) smom mepmun
MOJICEM OMHOCUMCSL He MONbKO K 3/IeKMPOHHOU MauiuHe, HO u k one of a
mechanical, analog, or other variety. Although all these types are used,
computers usually mean electronic digital machines because electronic
digital machines (5) wumerom MmHO20 npeumywecme U  WMUPOKO
ucnonvzyromes. Computers (6) 3HauumenvHO paziuyaiomcs no pasmepy,
the smallest (7) mocym 6vtme ecmpoenwvt 6 a wristwatch, while the largest
may fill an entire room. The electronic components of computers enable
them (8) svinonnames onepayuu na evicoxux ckopocmsx. Computers (9)
UCNONIL3YIOMCA 01 PeuleHUs: MHOSOYUCTICHHBIX NpoOieM, MAKUX KAk
payroll calculations, inventory records, bank account transactions, airline
reservations, and scientific and engineering computations. For each
problem, the user must (10) npedocmasume neobxooumyro ungopmayuio u
noo2omosums nooxoosuyro npocpammy by which the computer (11)
Mmoxcem obpabamvisams ungopmayuro to produce the desired output.

Personal computers (12) paszpabomansr 0nsa  unHousudyanvHo20
ucnonvzosarus. Workstations (13) wuporxo ucnonvsyromes onsa peuwerus:
HAYUHbIX U MEeXHUYECKUX npoonem u npumersromces 6 ousznece. Computer
networks are collections of computers and intelligent peripheral
equipment, that are interconnected by telephone lines, microwave relays,
and other high-speed communication links (14) 6 yenax obmena
ungopmayueni and sharing equipment. Networking (15) pazsumo na ecex
yposHhsx, from local to international, in diverse sectors of society.
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Section 10 (crosswords)

Crossword Ne 1 (mathematical terms)

2 3 4 5
1
8
6 7 11 10
9
13
12 14 15 19
22
16 18 17
25
21 23
20

24

1. an expert or specialist in mathematics

2. — numeration ...

2. la mathematical operation in which the difference between two
numbers or quantities is calculated

3. a three-dimensional closed surface such that every point on the surface

is equidistant from a given point, the centre

— differential and integral ...

4. | computation, counting

5. the result of the addition of numbers, quantities, objects, etc.

6. the quantitative measure of a plane or curved surface

—the process of determining the answer to a problem

7. | a letter, figure, or sign used in mathematics to represent a quantity,
operation, function, etc.

8. right ...
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—a statement in mathematics that can be proved to be true by reasoning

9. |a straight line that touches the edge of a circle but does not pass
through it

10. the symbol M, as in A N B.

11. any of the ten Arabic numerals from 0 to 9

12. any symbol indicating an operation

13. the symbol denoting subtraction or a negative quantity

14. straight ...

15. three-dimensional ...

16. flat ...

17. the second power of a quantity

18. a closed plane curve consisting of all points at a given distance from a
point within it called the centre

19. a continuously bending line that has no straight parts

20. a characteristic or quality of a geometric object

21. linear ...

22. unknown ...

23. a property of space; extension in a given direction

24. a symbol written above and to the right of a mathematical expression
to indicate the operation of raising to a power

25. apart of a line or curve between two points
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Crossword Ne 2 (mathematical terms)

3

4
1
2 10 [9
8
5 18
6 h3
12
7
15 11 |20 21
14 . 24
19
b5
17 22
13
16

—a ratio of two expressions or numbers other than zero; any rational
number that can be expressed as the ratio of two integers

la number that you can divide a larger number by exactly

a whole number

any rational or irrational number (ad;.)

in mathematics, a number written before a variable that shows how
much the variable is to be multiplied by

a number that can only be divided exactly by itself and one

. remainder left after subtraction

. —a number that is the result of multiplying two other numbers

.| aflat surface in which a straight line between any two points will lie

completely on that surface
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8. (of an infinite series) to approach a finite limit as the number of terms

increases (verb)

9. (of a series) to have no limit (verb)

10.
11.
12.

a whole number that cannot be divided exactly by two

a number that can be divided exactly by two

a statement in mathematics that two sets of numbers or expressions are
equal

13.the number that appears above the line in a common fraction

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.

24,

25

a position on a drawing or map

one of a set of numbers that give the exact position of something on a
map or graph

a group of numbers

the number that is below the line in a fraction

a statement that is generally believed to be obvious or true

any real number of the form a /b, where a and b are integers and b is
not zero (ad;.)

an expression that can be assigned any of a set of values; a symbol,
esp. X, y, or z, representing an unspecified member of a class of
objects, numbers, etc.

a positive integer or zero (adj.)

cach of the members of which an expression, a series of quantities, or
the like, is composed, as one of two or more parts of an algebraic
expression

a central line that bisects a two-dimensional body or figure or a line
about which a three-dimensional body or figure i1s symmetrical

decimal, or ...-ten system

... vector
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Crossword Ne 3 (terms of mechanics and physics)

(IS

()

5
6
17 18
4 3
7
2
1 8
12
11 9 19 20
o] |
15 16 22 23
13 21
14

. a state of rest or uniform motion in which there is no resultant force on a

body

. a bar used for prying something
. the force of attraction by which terrestrial bodies tend to fall toward the

centre of the earth

. the vertical force experienced by a mass as a result of gravitation
. the tendency of a body to preserve its state of rest or uniform motion

unless acted upon by an external force

—a resistance encountered when one body moves relative to another
body with which it is in contact
lan influence on a body or system, producing or tending to produce a
change in movement or in shape or other effects

. —force per unit area
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7.  lone of the extremely small constituents of matter, as an atom or
nucleus
8. the action or process of moving or of changing place or position
9. an electromagnetic radiation in the wavelength range including infrared,
visible, ultraviolet, and X rays
10. a disturbance or variation that transfers energy progressively from
point to point in a medium
11. the capacity of a body or system to do work
12. an optical instrument for making distant objects appear closer by use of
a combination of lenses or lenses and curved mirrors
13. terminal ...
14. the branch of physics that deals with the action of forces on bodies and
with motion, comprised of kinetics, statics, and kinematics
15. a measure of the rate of doing work expressed as the work done per
unit time. It is measured in watts, horsepower, etc.
16. magnifying ...
17. a general principle, formula, or rule describing a phenomenon in
mathematics, science, philosophy
18. the rate of increase of speed or the rate of change of velocity
19. a physical quantity expressing the amount of matter in a body
20. often the band of colours produced when sunlight is passed through a
prism, comprising red, orange, yellow, green, blue, indigo, and violet
21. the product of a body's mass and its velocity
22. force times the distance through which it acts
23. the energy transferred as a result of a difference in temperature

Crossword Ne 4 (mathematical terms)

Algebra may be described as a generalization and extension of (1—).
Elementary arithmetic is concerned primarily with the effect of certain
operations, such as (1]) or multiplication, on specified numbers, hence, for
instance, the (2) tables; elementary algebra deals with (3) of arbitrary
numbers. Algebra is concerned with certain operations on numbers, and it
1s necessary to be precise about what a (4) 1s. The numbers dealt with are
either the (5: adj.) numbers, 0, 1, 2, 3, 4, (some authors exclude 0); the
rational numbers, which have the form p/q, in which p and q are (6: pl.n.)
(natural numbers and their (7: pl.n.), with q # 0; the real numbers, which
correspond to all the points on a (8); or the (9: adj.) numbers, which are
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constructed from the real numbers together with a number 7, the (10) of
which is -1. The essential property that these numbers have is that they can
be added and multiplied by well-established rules. Arithmetic becomes
(11) when general rules are stated regarding these operations, as, for
example, the commutative (12) of addition.

4

11

10

12

Crossword Ne 5 (mathematical terms)

On the (1) of a sphere, such as a geographical globe or the Earth itself, the
shortest (2]) between two (3: pl.n) is an arc of a great (4). It is natural for
navigators to regard such circles as the "lines" of a special kind of two-
dimensional geometry, namely spherical geometry: the geometry of
figures drawn on the surface of a (5) of radius 1. It will be seen later that
this is almost the same as (6) elliptic geometry. Spherical geometry was
studied by Menelaus of Alexandria about AD 100 and by the Arabs about
1000. Its most famous (7) (discovered by Albert Girard, a French (8) of the
early 17" century) states that the three (9: pl.n.) of a spherical triangle (in
radian measure) satisfy the (10) A + B + C > xn and that the (11) of a
triangle is A + B + C - © . The gigantic step of extending this geometry
from two (2—: pl.n.) to three (or more) was taken simultaneously (in the
latter half of the 19th century) by Ludwig Schlifli in Switzerland and
Bernhard Riemann in Germany. Schlidfli regarded spherical three-
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dimensional (12) as the "surface" of the "sphere" in Euclidean four-
dimensional space (that is, the hypersurface on which the four (13: pl.n.)
satisfy the (14) xi2 + xp* + x32 + x42 = 1). If this three-dimensional
continuum represents the astronomical space in which man lives, the unit
of measurement (radius of the universe) must be very large; but in terms of
this unit the total (15) of a line 1s 2 . This means, as Riemann remarked,
that the unboundedness of space does not necessarily imply infinitely long
lines. A sufficiently powerful (16) could theoretically enable an
astronomer to observe the back of his own head, apart from the fact that
the (17) reflected from his head would require thousands of millions of
years to reach his eye. This 1dea, that space could be unbounded without
being infinite, was adopted by Einstein in his general theory of (18).

9

12

11

10

15

17
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Section 11(translation)®

1. Translate the following sentences from the field of mathematics into
Russian:

hd

10.

11.

12.

JIst IpeACTaBAEHUS YUCET MOKHO HMCIOJIb30BATh JHOOBIE CUMBOJIBI,
HO 4ame 0epyT OyKBBI JATUHCKOTO andasura.

B HekoTOpbIX 3amayax TpeOyeTcss HAWTH OJHOBPEMEHHO HECKOJBKO
YUCEJ, JIJIS1 YETO HEOOXOIMMO PEIINTh HECKOJIBKO YPaBHEHHIA.

[Tpy yMHOXKEHUH HA HEU3BECTHYIO BEJIMUUHY CJIEAYET MOMHUTH, YTO
Ta BEJIMYMHA MOXKET OBITh Kak IOJIOKUTEJILHOH, Tak W
OTPULIATEJILHOM.

CaMoii IpeBHEH MaTEMaTUUYECKOM IEATEIBHOCTBIO OBLIT CYET.

[TepBbIM CYIMIECTBEHHBIM YCIEXOM B apU(PMETHUKE CTAIO U300PETEHHE
YETBIPEX OCHOBHBIX JICHCTBUIA. CII0KEHUS, BEBIYUTAHUS, YMHOKEHUS U
JICJICHUS.

[TepBble JOCTUKEHUSI TE€OMETPUU CBSI3aHbI C TAKUMH MPOCTHIMHU
MOHATHUSIMH, KaK NPsIMasi U OKPYKHOCTb.

['eomeTpust y €rumnTsH CBOAWIACH K BBIUUCICHUIM IUIOMIAACH
MPSAMOYTOJIBHUKOB, TPEYTrOJIBHUKOB, Tparneluuid, Kpyra, a TaKKe
(opMyJiaM BBIYUCIEHUS 0OBEMOB HEKOTOPBIX TEJ.

Eruntsane umend J1eJ10 TOJAbKO ¢ MPOCTEUIIMMU TUITAMKA KBAJAPATHBIX
VPAaBHEHUM, a Takke C apUPMETUYECKOH W TE€OMETPUUYECKOM
MPOTrPECCUAMMU.

JinpdepeHUMATBEHOE WCUUCIICHUE JAET YAOOHBIA B BBIYMCIEHUAX
O0IIKiA METO HAXOKACHUSI CKOPOCTH U3MeHeHUs1 pyHKIuK  (X) npu
JFOOOM 3HAUYECHHH X.

boJiee KOHKPETHBIM pa3JIE/iOM MATEMATUKUA SBJSETCA TEOMETpUS,
OCHOBHAs 3a/1a4a KOTOPOil — U3yUEHHE pa3MEPOB U (OPM OOBEKTOB.
CoueTranue anreOpanyecKux METOJIOB ¢ FEOMETPUYECKUMHU MPUBOJINT,
C OJIHOM CTOPOHBI, K TPUTOHOMETPHUH (MEPBOHAYAIBLHO MOCBAIIEHHOMN
U3y UYEHHUIO reOMETPUUECKUX TPEYTrOJbHUKOB, a TETIEPH
OXBaTBHIBAOIIEH 3HAYUTEILHO OOBIIUK KPYr BOMPOCOB), a C JAPYroi
CTOPOHBI — K AHAJTUTHYECKOW r€OMETPUHU, B KOTOPOH r€OMETPUUECKHE
Teaa U (PUrypbl UCCIACAYIOTCS alreOpanyeCKuMU METOJAMU.
[TepBOHaYAIBHO MaTeMaTu4eCKUii aHanus COCTOSL1 u3
upPepeHIMaNBHOTO M WUHTErPATIBHOTO HWCYUCCHUNA, HO TeNepb
BKJIFOHACT B CE0S1 U APYTUE Pa3IEbl.

! The source of the sentences is www.krugosvet.ru
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

['eomeTpust — pasjiesl MareMaTUKKU, TECHO CBA3AHHBINA C IMOHATHEM
MPOCTPAHCTBA.

Boluucnenuss ¢ ApoOsIMM  BKJIKOYAKOT  CJIOKEHUE, BBIYUTAHHE,
YMHOKEHUE U JCJIEHUE.

JIns  W3BNEUECHHST KYOMYECKOTO KOPHS M3 TOJIOKUTEIHLHOTO
JIEUCTBUTEILHOTO YHCJIA CYIIECTBYIOT AJTOPUTMBI, AHAJOTHYHBIC
aJIrOpUTMaM M3BJICYEHUS KBAJPATHOTO KOPHHI.

['papuueckn BEKTOPHI M300pakarOTCd B BHJC HaMpPaBJICHHBIX
OTPE3KOB MPSIMOM ONPENECICHHON ATUHBL.

Yame apyrux OpUBOJUTCA OINMUCAHUE TMPAMOM, TNPEII0KEHHOE
Apxumenom: «IIpsimas — 310 KpaTuaiinee pacCTOAHUE MEXKITY NABYMS
TOUYKAMI.

TpeyroJlbHUKOM Ha3bIBAETCS TUIOCKast (purypa, orpaHUYCHHAsT TPEMs
MPSAMBIMH.

[TpsAMOYTOJIBHBIM Ha3bIBAETCS TPEYTOJBHUK, y KOTOPOr0 OJUH W3
YIJIOB NPSIMOTA.

DneMeHTapHas apu(pMETHKA OMEPUPYET MOJIOKUTEILHBIMA LICJIBIMA
YUCJIAMH W HYJIEM, APOOSIMH, B W3BECTHOW MEpE MOJIOKUTEILHBIMU
NEMCTBUTCIBHEIME  YUCIAMH, TAKMMH, Kak 3, W HMHOIIA
OTPULIATEJILHBIMU JIEUCTBUTEILHBIMUA YHUCITAMHA

JIpoOu NMPUHATO TaK»KE HA3bIBATh PALMOHATIBHBIMU YHUCIIAMH, TaK KaK
OHHU NPEJICTABUMBI B BUJIE OTHOIIEHUMN ABYX LEIBIX YACET
PanpoHaJibHbIE W HUpPpPALMOHAIBHBIE YHUCJIa BMECTE HA3bIBAKOTCA
JIEUCTBUTEILHBIMU WJIU BEIIECTBEHHBIMU YUCIIAMH.

CyMMMpOBaTh MOKHO JHO00E€ YMCIIO BEKTOPOB, MPUYEM BEKTOPbI
HEOOS3aTELHO AOJDKHBI JIEKATh B OJIHOM MJIOCKOCTH.

BpiuntaHue  BEKTOPOB  MPEACTABIISICTCS  KaK  CJIOMKEHHE  C
OTPULIATEJIBHBIM BEKTOPOM.

MHorue Xopomo M3BECTHBIC HaM MPEAMETHI 001aJal0T CUMMETPUE
OTHOCHUTEJIBHO MJIOCKOCTH.

Yucno s Ha3pIBACTCA CYMMOM YKMCEI N U M, U MbI 3alUCHIBAEM 3TO
Tak: S = n + m. B 3TOM 3amucd 4ucia N U M Ha3bIBAKOTC
CjaracMbIMHM, a OrepaLus HaX0KAECHUSI CYMMBI — CJIOKEHUEM.

B ¢Qu3uke W MareMaTuke BEKTOP — 3TO BEJIWYUMHA, KOTOpas
XapakTepu3yeTcs CBOMM YHUCJIIEHHBIM 3HAYEHUEM U HAITPABJICHUEM.
Teopust  BEpOATHOCTEH  3aHUMAETCI  M3YYEHHMEM  COOBITHH,
HACTYIUICHHUE KOTOPBIX JTOCTOBEPHO HEU3BECTHO.
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

JIIt nETanbHOTO aHajau3a BEPOATHOCTHBIX 3a1ad, 00Jiee CIIOKHBIX,
4eM TPOCTBIE a3apTHBIE MIPhl, HeoOXoauma OoJsiee cTporas u
a0cTpakTHast PopMyJIHpPOBKA.

TpyHOCTH TEOPUH BEPOSITHOCTEH 3aKIIIOYACTCS B TOM, YTO OOBEKTHI,
COCTaBJISIIOIIME MPEAMET €€ M3YUEHMsI, HOCAT ropazao 0ojiee oOMmuid
XapakTep W MO3TOMY HE CTOJIb HAIJISIIHBI, KaK, HAMPUMEDP, OOBEKTHI
rC€OMETPUU UJTA MEXAHUKH.

bei1o Obl OmMOKO# Mmojiarathk, YTO peHICHHUE 000U BEPOATHOCTHOM
3aJ1a4M BCErIa MOKHO MPEJICTABUTH B BHJIC MPOCTOrO0 OTHOILICHUS
AByx uncen suaa P (A) = m/n.

CaMOii 3HAMEHHUTONW TEOPETHUKO-YUCIOBOM MpoONIEMOM, HeMalo
CHOCOOCTBOBABIIEH PA3BUTHUIO TEOPUM KOJEL, MO NpaBy CIEAyET
CUMTATh TAK HA3BIBACMYIO BEJIMKYIO Teopemy Depma.

Teopust rpynn HaxXOAWT NPUMEHECHUE TMOYTH BO BCEX pa3JEIax
MATEMAaTUKH, UTPas poJib CBA3YIOIIETO 3BEHA MEXKJIY MHOTHMH, Ha
MEPBBII B3MJISIL COBCEM Pa3HBIMU, €€ 00IaCTAMHU.

OaHO W3 TJaBHBIX NPUMEHEHW MaTpull B OOIMIECTBEHHBIX HAyKax
CBSI3aHO C MOCTPOECHUEM MOJIEJIEN PA3TUYHBIX CUTYALIHA.
Maremaruka Bceraa Obiia Juisi depma Juiib YBICYEHUEM, U TEM HE
MEHEE OH 3aJ0KHJI OCHOBBI MHOTHX €€ 00J1acTeil — aHAIMTUYECKOM
reOMETPUH, UCUUCTIEHNS OECKOHEYHO MAJIBIX, TEOPUH BEPOSTHOCTEN.
PaznuuaroT JBE OCHOBHBIE 00JIaCTM MATEMaTUKH — YHUCTYIO
MATEMATUKy, B KOTOPOH AaKUEHT JENAcTCd Ha JCAYKTHUBHBIC
PACCYKACHUSA, U PUKJIAIHYIO MATEMATHUKY.

Maremartvka 3a TNOCHEAHUE CTO JIET MPETEPNEIa OTrPOMHBIC
W3MEHCHMS, KACalomMMeCcs Kak TMpeIMeTa, Tak MW METOJOB
UCCIIEIOBAHUSL.

MoxHO cCKa3aTh, 4YTO HAayKa HAQUUHACTCS TOrJa, KOrja Macca
OTJCJAbHBIX HAOMOACHUH OOBACHACTCS OJHUM OOIIUM 3aKOHOM,
CIICIOBATENIBHO,  OTKpbITUE  «Teopembl  [ludaropa»  MOKHO
paccMarpvBarh Kak OJIMH W3 TEPBBIX W3BECTHBIX MMPUMEPOB
MOJJIMHHO HAYYHOTO JIOCTHKCHUSL.

Y EBriaa v €ro mnocienoBaresieil akCUOMbI TPEJICTABIICHBI JIUIIIb
KaK HCXOJHBIC MYHKTHI ISl TOCTPOECHHMS MareMarukd 0€3 BCSIKHX
KOMMEHTapUEB 00 MX MPHUPO/IE.

[IpexpacHblii npuUMEp AOKA3aTEIbCTBA OT MPOTHUBHOIO, CTaBIIWMA
OAHOW W3 BE€X B PA3BUTUM JIPEBHEIPEUYECKON MaTEMATUKH, —
JIOKa3aTe/IbCTBO TOrO, Y4TO V2 — He PALMOHAIBHOE YHCIO, T.C. HE
NpeJACTaBUMO B BUJE APOOU p/q, TJIE P U ( — LUEJBIC YHCIA.
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41.

42.

43.
44,

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

535.

B npouecce paszButus  anreOpbl  ObUT  M300pE€TEH  Crocod
CUMBOJIMYECKOW  3arucu, MO3BOJISABILUIA MPEJCTABIIATE B
COKpAIICHHOM BHJE BCE 00JIe€ CIOMXHBIE COOTHOIICHUS MEXKIY
BEJIMYMHAMM.

Ha nporsskeHun 18 B. HaxoAWsioCch BCe OOJBIIE MOATBEPIKACHUIMA
TOrO, YTO BCE CIICJICTBHS, MOJYYCHHBIE W3 OCHOBHBIX AKCHOM, B
O0COOEHHOCTH B aCTPOHOMMH W MEXAHUKE, COTJIACYIOTCS C JAHHBIMU
DKCIEPUMEHTOB.

TouHoE onpeneaeHue MOHATHS CTPYKTYPbI I0BOJBHO CIIOYKHO.

C MOHATHEM CTPYKTYpbl TECHO CBSI3aHbl MHOTHE a0CTPaKTHBIE
MOHATHUS, HA30BEM JIMIIb OJHO W3 HaWOO0JIEE BAXKHBIX — TMOHSATHE
nzoMopduzma.

Eme apeBHHME Tpekd OTYETIIMBO TMOHMMAIM, YTO MaTeMaTU4ecKas
TEOpUS A0JKHA OBITH CBOOOIHA OT IPOTUBOPEUHHA.

HecMoTpsi Ha 3adBJCHUS O HE3aBUCUMOCTH MAaTEMAaTHUKH, HUKTO HE
CTAQHET OTPULAThH, YTO MAaTEMaTUKa U (PU3NUECKUI MUP CBSA3aHBI APYT
C Ipyrom.

OyHKIUA — TEPMUH, MCMHOJIb3YEMBIIi B MaTeMaTuke s
0003HAYECHUSI TAKOU 3aBUCUMOCTH MEKIY JBYMS BEJIWYMHAMU, TMPU
KOTOpOM €CNM OJHA BEJIMYMHA 3aJaHa, TO Jpyras MOXKET ObITh
HaiiJieHa.

OO0biuHO (pyHkuusa (¢ 17 B.) 3amaercs (opmyJsiod, BbIpaKaroWIE
3aBUCUMYIO TIEPEMEHHYIO YEPE3 OJIHY WJIM HECKOJBKO HE3aBUCHUMBIX
MEPEMEHHBIX.

MHOTrME KOHKPETHBIE (PYHKIMM HUMEIOT CBOM Ha3BaHWs, OOBIYHO
Takue (PYHKIUHU 3a1at0TCsl (HopMyIamHu.

MHorue 3a1a4i B MaTeMaTUKE NPUBOAAT K (popmyiam, COAEpKaIUM
OCCKOHEYHBIC CYMMBI, TaKHME€ CYMMbI HA3bIBAIOTCS OECKOHEYHBIMH
psJamMu, a uX CllaracMbI€ — YJIEHaMHM psiia.

Hapsity ¢ 4YHUCIOBBIMH psigaMH MBI MOKEM paccMarpuBarh T.H.
(PYHKLIMOHAJIBHBIE PAJIBL, CJIAaracMbIMU KOTOPBIX SBJIIOTCS (DYHKIMU.
Muorue  (QyHKUMHM ~ MOXKHO  MPEACTABUTH  C  TOMOMIBIO
(PYHKLIMOHAJIBHBIX PSJIOB.

M3yueHne 4YMCIIOBBIX W (PYHKUIHMOHAIBHBIX PSJIOB SIBJIACTCS BAXKHOM
4aCThl0 MATEMATUYECKOTO aHAIU3a.

[TOCKONBKY COKEHHE OECKOHEYHOIO YMCIIA YICHOB psijia (PU3NUECKU
HEBO3MOKHO, HEOOXOJAMMO ONPEACIUTh, YTO HMMEHHO CJEAYET
MOHUMATBH IO CYMMOi1 OECKOHEYHOTO psija.

CyMMy (DyHKUMOHAIBHOTO Psijia MOKHO MOHUMATh MO-pPa3HOMY.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Baxnas 3amaua au@@epeHIMAIBHOTO MCUMUCICHUS — CO3JIaHUE
METOJ0B, MO3BOJISIIOMUX OBICTPO M YI00HO HAXOUTH MTPOU3BOIHEIE.
[Ipy M3yYEeHUM TUIOIAAEH KPUBOJIMHEHHBIX TUIOCKUX  (UTyp
OTKPBIBAIOTCSI HOBBIE ACMIEKThl MATEMATHYECKOTO aHaJIM3a.
['eomeTpuueckue Qurypsl, NEpexoaduMe OJHA B JAPYryK0 Mpu
TOMOJIOTHYECKUX MPEOOPA30BAHUAX, HA3BIBAKOTCA TOMEOMOP(PHBIMH.
Tonosornueckum CBOMCTBOM (KM TOMOJIOTHYECKHUM WHBAPHAHTOM )
reOMETPUUYECKUX (PUTYP HA3BIBAETCA CBOKMCTBO, KOTOPBIM BMECTE C
JAHHOK (urypoil o0Oyamaer Takxke arodas gurypa, B KOTOPYK OHa
NEPEXOIUT TP TOMOJOTHYECKOM MPEOOPa30BAHUH.

Cpeay TOMOJOTMYECKMX WHBAPUAHTOB TMOBEPXHOCTH MOYKHO TaKMKE
OTMETHUTH YUCJIO CTOPOH M YUCJIO KPacB.

M3yueHre TOMOJIOTHYECKUX NPOCTPAHCTB  TMO3BOJWIO  OTKPBITH
MHOKECTBO KPACHUBEUIINX TEOPEM.

Hapsany ¢ €BKIMI0BOI reOMETPUEA, BOZHUKILEH B KA4ECTBE MOJEIIU
BHCIIHETO MHpPA, MOXHO paccMarpuBarth W aOCTPAKTHYIO, HE
UMEIOIIYIO MPSAMOTr0 K HEMY OTHOIIEHUSI T€OMETPHIO MPOCTPAHCTBA N
WU3MEPEHMIA, TJE N — H000€ LUEIO0E MOJOKUTEIBHOE YHCIIO.

Hy>KHO MOJYEPKHYTH, YTO MPOCKTUBHAS T'€OMETPUS HE €CTh YTO-TO
a0CTPAKTHOE, MPAKTUYECKH HE CBSA3aHHOE C BHEITHUM MUPOM.

Ecnm nmorpeboBaTh, 4TOOBI JJIsi KaXKAOTO JACHUCTBUTEIBLHOTO YMCIIA
HaIUIaCh COOTBETCTBYIOMIAA €My TOYKA HA MPSAMOM, TO MBI TOJYYUM
T.H. KHENIPEPBIBHYIO» TEOMETPHUIO.

B nocnenHue AecATUIETHS HAIIM TMPEACTABIICHHUS O MPOCTPAHCTBE
CWJIBHO M3MEHUJIUCH O] BO3JACHCTBUEM MOBCEMECTHOTO MPUHATHS B
(pY3MKE KOHLENUMH «ITPOCTPAHCTBA-BPEMEHI.

Hame npeacraBiieHHe O NMPOCTPAHCTBE — ATO HaWOOJIEe W3y4YEHHAs
MOJIC/Ib, TIO3BOJIAIOIIASL JIy4YIllE BCErO TOHATH TE€ aOCTpaKLMH,
KOTOPBIE U COCTABJISIIOT CYTh MATEMATHUKH B LIEJIOM,

ApudmeTka — 3TO HMCKYCCTBO BBIYMCIICHWH, MPOWU3BOJAMMBIX C
MOJIOKUTELHBIMU JCHCTBUTEIbHBIMU YHUCIIAMH.

[To-BuauMOMY, HaWOOJIBIIYIO TPYJAHOCTh Y APEBHUX BBIYMCIUTEIICH
BbI3bIBAJIa paboTa ¢ APOOSIMHU.

MHauiickass cucTeMa CYUCIACHUST W MEpBbIE  apu(PMETHUECKHE
JITOPUTMBI OBLIM 3aMMCTBOBAHbI apadaMH.

Yucna B MareMaTUYeCKUX TaONMuIAx, TPUTOHOMETPUYECKUX WU
Tabnuuax jorapupmax, — NOpUOJMKEHHBIEC, 3alHMCAHHBIC C
OMNPEJIEAEHHBIM YUCIIOM 3HAKOB.
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2. Translate the following sentences from the field of physics and
mechanics into Russian:

1. HoBeiM B cucteme HprOTOHA CTAl0 MOHATHE CHUIIBI HE MPOCTO Kak
HEKOETO JICHCTBUS, a KaK BEJIMYHHBI.

2. HakyioHHas TJIOCKOCTh MPUMEHSIETCS JUISl TIEPEMEIICHUS TSKEIbIX
MPEJAMETOB Ha 00Jiee BHICOKMH YPOBEHBb 0€3 MX HEMOCPEACTBEHHOIO
MOHATHS.

3. [lpumepom TPAMOJUHEHHOTO PABHOMEPHOTO JBKCHUSI MOMKET
CIIY>KUTh JBUKECHUE KOCMHUUYECKOTO aIapara, JICTSIIETO N0 UHEPLIUU
B MEK3BE3/IHOM MPOCTPAHCTBE JOCTATOYHO JAIEKO OT BCEX
HEOECHBIX TEJI, TaM, TJI€ TPABUTALIMOHHBIE TTOJISI HHYTOKHO MaJIbl.

4. Ecnv Ha HAKJIIOHHYIO TJIOCKOCTH MOJIOKUTH OPYCOK, TO B OTCYTCTBHUE
TPEHUA OH COCKOJIB3HET MO HEMl BHU3.

5. 3aKkOH NPOTUBOACHCTBUS YTBEP)KIACT, YTO B3aMMOJACHCTBYIOIIME
TEJla TMPUIAralT JPyr K JPyry PpPaBHbIC IO BEJIUYUHE, HO
MPOTUBOIOJIOKHO HAITPABJICHHBIE CHUJIBI.

6. Temnora cama o ce0e He ABJSETCA BEIIECTBOM — 3TO BCErO JIMIIb
DHEPrusi JABIKECHUS €ro aroMOB WM MOJIeKyJ. MMEHHO Takoro
MOHUMAaHHUA TEIUIOTHI NPUACPKUBACTCSA COBPEMEHHAA (PU3HKA.

7. Buawane B3rasapl Onepa HE BCTPETWIA NMOHUMAHMS, MOCKOJBKY
MPOTUBOPEUYMNIIA HBIOTOHOBCKOM KOPITYCKYJIIPHOM TEOPUU CBETA, HO
MOJIYYWIA MMPU3HAHUE TIOCIE JABYX PEIIAKOMUX SKCTIEPUMEHTAIBHBIX
MOATBEPIKJICHUI.

8. KBaHTOBasi MEXaHHMKa MPEJACTABIIAECT COOOI TEOPETUUECKYIO OCHOBY,
HA KOTOPOH CTPOUTCS COBPEMEHHAA TEOPUSI ATOMOB, aTOMHBIX SIIED,
MOJIEKYJT U (PU3UYECKUX TEJ, a TAKKE DJIEMEHTApHBIX HacTHL, W3
KOTOPBIX BCE 3TO COCTOMT.

9. MeToapl KBAHTOBOM MEXAHWUKH OBLIM TMPUMEHEHBI K MpolOjeMam
CTPOCHUS MOJIEKYJI, YTO MTPUBEJIO K PEBOJIFOLIMU B XUMHUM.

10.Ecnu Maccel ypaBHOBEIICHBI, T.€. €CJIM MX BECa PaBHBI, TO B 3TOM
CJIy4ae PaBHbI U CAMU MACCHhI.

11.TTIpeumymecTBo  Teneckona-peduekropa mnepea  pedpakropom
COCTOUT B TOM, YTO JIy4M JIFOOOTO LBETA OTPAXKAIOTCS OT 3€pKajia
OJIMHAKOBO, 00€CMEeUrBas Y€ TKOCTh U300paXKEHUSI.

12.HplOTOHOBCKAas ~ MEXaHMKA  TMO-MPEKHEMY  MPUMEHACTCA B
MPAKTUYECKUX pacyYeTax W B TEX paszaenax acTPOHOMHUHU, THE
paccMaTrpuBacMbie OOBEKTBHI — IJIAHETHI, CAMOJIEThl, aBTOMOOWIN —
JIOCTAaTOYHO BEJIUKW U JIBUKYTCSA CO CKOPOCTBHIO, HAMHOTO MEHbIIICH
CKOpPOCTH CBETA.
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13. Teopyur  OTHOCHUTEJILHOCTH  OOpa3yloT  CYIIECTBEHHYK)  4acCThb
TEOPETHUECKOTO 0a3uca COBPEMEHHOM (DU3UKH.

14.O1HAM W3 BaXHEWINIMX WHCTPYMEHTOB (DHM3UKH CTaja TEopUs
BEPOSATHOCTEH, KOTOpaAsk paHbIIEe MPUMEHSIIACh TIaBHBIM O00pa3oM B
TEOPUU A3APTHBIX UTP U CTPAXOBOM JICIIE.

15.'peyeckue acTpoHOMBl HaOMoAanuM HEOO W 3alMChIBAIM CBOM
HaOJIOJEHWSA, OJIHAKO HE CYIIECTBYET HUKAKUX CBUJIETEJILCTB TOTO,
YTO OHU NPOBOJAWIN HAYYHBIC IKCIICPUMEHTBI.

16. JIeMOKpUT MEPBBIM M3 BEIMKUX MAaTEMATUKOB OKa3zal TiyOOKOe
BJIMSIHUE HA Pa3BUTHE (PUBHKHU.

17.Bropoii Benukuii npeareya COBPEMECHHOM (U3MKH, Apxumen, ObLI
BEJIMYANIIINUM MATEMATUKOM JAPEBHOCTH.

18.Mnorma MareMaruka AaeT BO3MOXKHOCTh CHCTEMATHU3UPOBATH BCE
CIEJICTBUSI HEKOM (PU3MYECKON TUMOTE3bI, BbIp@Kasi WX B BHUJE
COOTHOIICHUH, WCTUHHOCTH WJIM JIOKHOCTh KOTOPBIX TMOJJACTCA
AKCIIEPUMEHTAIBHOM MTPOBEPKE.

19.1To Apucrorento, 3emisi HAXOJAUTCA B LICHTPE MUPO3AAHUSA MOTOMY,
YTO COCTOUT M3 TSKENBIX BEMIECTB, KOTOPBIX 3aCTaBUJIO COOpPATHCS B
LUEHTPE MUPA UX €CTECTBEHHOE JIBUKCHUE.

20.00mass Teopuss OTHOCUTENBHOCTH OHHIITEHHA SIBUJACh MNEPBOM
CEphE3HON MOAU(PUKALMENH TEOPUH INTAHETHBIX JABMKEHMI HproTOHA.

21.bypHOoe pa3BUTHE HAyKH 3HAMEHOBAJIOCh HW300PETEHHEM HOBBIX
ONTHYECKUX HHCTPYMEHTOB W HOBOWl BOJIHOM HHTEpeca K
3PUTEIBHOMY TTPOLIECCY.

22.1lapanielbHO ¢ yCOBEPIICHCTBOBAHUEM ONTHYECKHUX IPUOOPOB H
ONTHUYECKUX M3MEPEHH OBbUT BBICTPOCH PSAJ  TEOPETHUYECKHUX
MPETONOKEHUA OTHOCUTEJIBHO MPUPOJIBI CBETA.

23.Hp0TOH nocTaBuia rnepea codoi 0ojiee TpyaHYIO 3a1a4y — ONUCATh
Ha SI3bIKE MATEMATUKHA MPOLECC PACHPOCTPAHEHUS 3BYKOBOM BOJIHBI
B BO3/yX€.

24.X0opomo W3BECTHO, YTO JABWKCHME TEI MpPU HATUYUK TPEHUS
MOPOKAACT TEILIO.

25.'maBHas 3anada PyHIaMEHTAIBHOTO W3YYEHUSI MATEPUU COCTOMT B
TOM, 4YTOOBI KAaK MOKHO OOJBIIE y3HaTh O BCEX BO3MOMKHBIX €€
dhopmax.

26. ®u3uKa TBEPAOTO Teja — OBICTPO PA3BUBAIOIIAACS 00J1aCTh HAYKH.

27.1InasMa — 5TO pACKAJNEHHBIA Ta3, COCTOSAIMIMN W3 MNPOBOMSIINX
DJICKTPUYECTBO MOHOB W DJIEKTPOHOB, HO €r0 IMOBEICHUE 3aMETHO
OTJIMYAETCA OT MOBEJCHUS ra3a Npu OOBIYHBIX YCIIOBHSIX.
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28.Ecnu y4decTh, 4TO BCE 3BE3/Ibl M 3HAYUTEIBHAS YaCTh MEK3BE3THOTO
BEIIECTBA — IUIa3Ma, TO MOJy4aeTCs, YTO BO BCENEHHOW B Takom
COCTOSIHUM HaxoauTcs 0osiee 99% marepu.

29.TepmoauHaMUKa —  pa3fiedl  NPUKIaaHOW  (QU3MKM WM
TEOPETUYECKOH  TEIUIOTEXHUKH, B KOTOPOM  MCCIEAYETCA
MPEBPAIICHUE ABUKEHUS B TETJIOTY U HA00OPOT.

30. TepmoariHAMUKa HAXOAWT IMIUPOKOE MPUMEHEHUE B (PU3MUECKOM
XUMUM W XUMHAYECKOU (PU3MKE TIpU aHauu3e (PU3NYECKUX H
XUMHUYECKUX MPOLIECCOB, B COBPEMEHHOU (PM3MOJIOTUU U OUOJIOTHH,
B JIBUTATEJICCTPOEHUH, TEIUIOTEXHUKE, ABUALMOHHOW W PaKETHO-
KOCMHUYECKOW TEXHUKE.

31.O1HUM W3 BUJAOB DHEPIrUU ABJSETCA paboTa, KOTOpas COBEPIIACTCS,
KOT/Aa TEJIO ABWXKETCS, MPEOA0JIEBAS ICUCTBUE HEKOM CUITBI,

32.1lonHyro coBepmiaeMyrd paboTy MOXKHO HaWTH Kak IUIOMAb
3aBUCHUMOCTH CHJIBI OT COOTBETCTBYIOLIETO pa3Mepa.

33.1Ipu OBICTPOM CKATHUX T'a3a HEKOTOPAs YacTh padOThI, COBEpIIAEMOT
HaJl HUM, MOKET 3aMETHO MOBBICUTH €0 TEMIIEPATYPY.

34.TlonHoe npeoOpa3zoBaHWE PadOTHI B TEIIOTY BIIOJIHE BO3MOKHO, HO
oOpaTtHblii  mpouecc  npeoOpa3oBaHWsl  BCE  TEMIOTHI B
DKBUBAJICHTHYIO €i1 pab0Ty HEBO3MOMKEH.

35.TTonHoe mpeoOpa3zoBaHUE TEIMIOTHI B pabOTy OBIIO Obl BO3MOXKHO
ML B TOM cliydae, €cii Obl MHHMMAaJibHasi TeMreparypa Oblia
paBHa aOCOJIFOTHOMY HYJIO, MPU KOTOPOM pabodee TEI0 HE MMETO
Obl HUKAKO TEIJIOBOM SHEPIHUH.

36.Ha cymiecTtBoBaHMe aOCOMIOTHONO  HYJISI  YKa3blBacT  3aKOH
pacuIMpeHus ra3os.

37.CorjlacHO 3aKOHY COXPaHEHHs DHEPrMH BO BCEX MPEOOpa30BAHMUSIX
DHEPTUSI HE BO3HUKACT U HE UCUYE3ACT, OHA JIMIIb MEHAET (POPMY.

38.3ByKOBas BOJIHA B Ia3e€ XapakTepU3yeTCs U30BITOYHBIM JIABJICHUEM,
W30BITOYHOM MJIOTHOCTBIO, CMEIIEHUEM YACTULL M UX CKOPOCTHIO.

39.Bce Turbl BOJH MAare€MaTHYECKH OIMCHIBAIOTCA TaK HA3bIBACMBIM
BOJIHOBBIM YPABHEHHUEM.

40.11pn MPOCTHIX rapMOHUYECKUX KOJIEOQHMSIX JIBUYKEHHE
NEPUOANYECKU TTOBTOPSETCSL.

41.MareMaTH4eCKHA NPOCThIE TAPMOHUYECKHUE KOJIEOAHUST OMUCHIBAIOTCS
npocToi PyHKUIMEN.

42.CKOpOCTh 3ByKa — OTO XapaKTePUCTUKA CpEAbl, B KOTOPOH
pacrpoCTpaHsAETCs BOJIHA.
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43.I'papuk  3aBUCUMOCTH  OTHOCUTEJIBHOM  DHEPrud  3BYKOBBIX
KOJICOaHUH OT YaCTOThl HA3bIBACTCS YACTOTHBIM CITIEKTPOM 3BYKaA.

44.3ByKOBBIE  KOJE€OAHWUs  SIBIIIOTCA  TNEPUOJAMYECCKUMHM,  €CJIH
KoJiIcOaTebHbII MNPOLECC, KakuM Obl CIIOKHBIM OH HH  OBbLJ,
MOBTOPSIETCS 4EPE3 ONPEACIECHHBIA HHTEPBAJT BPEMEHM.

45.IHTeHCUBHOCTh, OO0 3BYKOBOM BOJIHBI B MPOLIECCE €€
PacIpoOCTPAHEHUS] YMEHBINAETCS BCIICACTBUE TOTJIOIICHUS 3BYKA.

46. JInppakuueii HA3bIBACTCSl OTMOAHHUE BOJIHAMH TIPEISITCTBUSL.

47.BOIHOBOE COMPOTUBJICHUE TA30B TOPA3J0 MEHBIIE, YEM KUIAKOCTEH
1 TBEPJBIX TE.

48.HanoxxeHue JByX MM OOJIBIIEr0 4YHCIAa BOJIH Ha3bIBACTCs
UHTEP(PEPEHLIUECH BOJIH.

49. UIHTEHCUBHOCTH TOTJIOMEHNS 3aBUCUT OT YaCTOThI 3BYKOBOM BOJIHBI
U OT JIpyrux (pakTopoB, TAKKUX, KAK JIABJICHUE U TEMIIEPATypa CPEIBI.

50.Ecim Ha TBEpIOE TEJIO JACHUCTBYIOT CHJIBI, KOTOPBIE HEB3 CBECTH K
OJIHOM, TO OHM 3aCTaBJISAIOT TEJIO BPAIATHCS.

51.Ecnu Ha TBEpJIOE TENO ACHCTBYIOT HECKOJBKO CHJI, TO TENO HE OyIeT
BpamarbCs TOJBKO MPH YCJIOBUM, YTO CyMMa MOMEHTOB BCEX CHII
paBHA HYJIIO.

52.CBOMCTBEHHAas BCEM  TelaM  CIOCOOHOCTh  COINMPOTHBIISITHCA
U3MEHEHUIO  COCTOSIHMSL TOKOST WM JIBMKEHHUSI  Ha3bIBACTCS
WHEPTHOCTHIO WJTH UHEPLIUECH.

53.JIBoKEHME TI0 HAMNPABJICHUIO K 3EMJIC  BBI3BIBACTCS  CHJIOM
IPABUTALMOHHOTO TIPUTSHKEHUS, KOTOpas Ipd  Majoil  BBICOTE
NaJCHUS MPAKTUYECKU MTOCTOSIHHA.

54 . Ecny Msi4 IBHKETCSA MO OKPYKHOCTH C MOCTOSIHHOM CKOPOCTBIO, TO
MOKET MOKA3aThCsl, YTO OH HAXOJUTCSA B PABHOBECHUH OTHOCHUTEIIEHO
LEHTPA OKPYKHOCTH.

55.0HepreTudeckie MamUHBI NPeoOpa3yloT OJWH BUJ DHEPIrud B
JIPYTOM.

56.1Ipocreifime MeXaHU3Mbl MOKHO HAMTH TMOYTH B JIOOBIX OoJiee
CJIOKHBIX MalIMHAX U MEXAHU3MaX.

57.Cunoii 36eMHOTO TIPUTSHKEHUS 00YCIOBJEHO YCKOPEHUE CBOOOIHOIO
NaJcHUs MPEIMETOB.

58.Cuia 3eMHOTO MPUTSKEHUS, WM TpaBUTaLUs, YACPKUBAET JIyHy Ha
opOure, a atmochepy — BOJIU3U 36 MHOM ITOBEPXHOCTH.

59.M3MepeHnst YCKOPEHMS CHIIBI  TSHKECTH  IO3BOJIAIOT — MOJIy4YaTh
UH(}OpPMALIUIO O BHYTPEHHEM CTPOSHHUM 3EMJIH.
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60.Eme B 1600 anrnmiickuii ¢puzuk ¥Y.I unp0epT, Nokazan, 4ro 3emiis
BEJIET €051, KAK OTPOMHBII MarHur.

61.1leHTpoOE)KHAsT cUa MPOTUBOACHCTBYET IpaBUTALIMOHHOW CHIIE M
yMeHbIAeT >P(EKTUBHBIA BEC TEJa HA Malyl0, HO JAOCTYITHYIO
W3MEPECHUIO BEJIMUHHY .

62.110 CpaBHEHMIO C DJECKTPUYECKUMU CUJIAMU TIPUTSHKCHUAA U
OTTAJIKUBAHUS MEXKIAY JBYMS 3apsHKEHHBIMH  DJIEMEHTAPHBIMU
YaCTULAMM TATOTEHHUE OUYEHB Cado.

63.110 Mepe yBEMMUEHUSI MAcC rpaBUTALMOHHBIE Y(PPEKTHI CTAHOBATCA
BCe 00JIe€ 3aMETHBIMU U B KOHIIC KOHIIOB HAYMHAIOT JOMUHHUPOBATH
HaJl BCEMU OCTAJIbHBIMHU.

64.11pu nepexone K eme 00apIMM MacmTadaM rpaBUTalys OpraHu3yeT
OT/CJIbHBIE HEOECHBIE TENA B CUCTEMBI.

65. TArOTEeHUE MOMOTACT TAKXKE YACPKUBATHCS BMECTE B KOCMHUYECKOM
MPOCTPAHCTBE Ta30BbIM W MBUIEBBIM OO0JaKaM, a HWHOTAA JIaXKe
C)KMMAET WX B KOMIAKTHBIE U 0OO0JIEE WM MEHEE IapooOpasHbIE
CT'YCTKH MarepuHu.

66. B0 BCEX KOCMOJOTUUECKUX TEOPUAX MTPUHUMACTCA, YTO TATOTCHUE —
CBOMCTBO J1000r0 BUJA MATECpPUH, MPOSIBIIIONICECS MOBCIOLY BO
BceneHHOM, XOTS OTHIOAb HE MPEANOJaracTcs, 4TO CO37aBacMble
TArOTEHUEM Y(PPEKTHI BE3JE OJTHU U TE KE.

67. TArOTEHUE BCETIA IBHO WJIM HESIBHO TMEPEIIETAIOCH C KOCMOJIOTHEH,
TaK 4To 00a 3TH MPEAMETA HEPA3ACTUMBI.

68.MeTojaMu  MareMaTHYeCKoro adHanuza HpoOTOH nokazaja, 410
cepuyeckoe Teao, Hanpumep JlyHa, CoJIHIIE WK TIJIAHETA, CO3JAET
TAFOTEHHUE TAK K€, KaK U MarepuaabHas TOYKA, KOTOpas HAXOJUTCS B
HEHTPE Cepbl U UMEET DKBUBAJIEHTHYIO € Maccy.

69.MBICICHHO TMpeACTaBsia  ceO0e  BCHO  3eMJII0  LEJMKOM, MBI
NPEANOYUTAEM CUMTATh €€ HEMOJBWKHOM, moJjiaras, 4To Ha Tea,
HaxOIAIMMECS Ha TOBEPXHOCTHU 3eMIIH, JEHCTBYIOT IPaBUTALIMOHHBIE
CHWJIBI, @ HE CUJIbI HHEPLIUH.

70.CornacHO TE€OpPUM OTHOCHMTEJIBHOCTH, Jy4d CBETA, MPOXOJs BOJIW3H
OOJILIION MacChl, HCKPUBJISIETCA.

3. Translate the following extracts into Russian:

a) Teopuss MHoxecTB. 1101 MHOKECTBOM IMOHHUMAETCSI COBOKYITHOCTB
KaKUX-TM00 OOBEKTOB, HA3bIBAEMBIX JJIEMEHTAMHU MHOXKeCTBA. Teopus

MHOZKCCTB  3aHHMACTCs  HM3YUCHHCM CBOMCTB  Kak IMPOU3BOJILHBIX
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MHO>KECTB, TaK U MHOKECTB CIELMAJILHOTO BHJIa HE3aBUCUMO OT MPUPOAb
00pa3ylouX UX 3JEMEHTOB. TEPMHUHOJIOTHUSA U MHOTHUE PE3YJbTaThl 3TOH
TEOpUM  IIMPOKO  HCMOJB3YKOTCA B MareMaTWKe, HarpuMmMep B
MaTEMaTUYECKOM aHaJIU3€, FEOMETPUU U TEOPUU BEPOSITHOCTEH.

b) AOcTpakTHasi ajaredpa (oOwmas aiaredOpa) — pasjaesl COBPEMEHHOI
MaTEMaTUKK, BBIPOCIIMH W3 KCCAEAOBAHUsI YPABHEHUK W TECOPUU YMCEIL.
CBoro TenepeHiow (GopMy adCcTpakTHas anreOpa Hayajaa OpHoOpeTaTh
JMIIb B JIBAJLIATOM BEKE. 3aHUMAETCs TJIaBHBIM OOpa3oM H3YUYEHHEM
CUCTEM, DJIEMEHTBI KOTOPbIX MOXKHO COYETaTh MO pa3jMuYHbIM IMpaBUjam,
nojyyas B pPeE3yJbTare HOBBIE DJEMEHTbl, BHE 3aBUCUMOCTH OT
KOHKPETHOI TMpPUPOJbl CaMMX 53JIEMEHTOB. B rmocnenHue aecsaTuineTus
aOcTpakTHass ajredpa Bce TIIyOKe MPOHUKAECT B Pa3JIMUHBIE Pa3JIC/IbI
MaTEMaTUKU, CTAHOBSACh HEOLIEHUMbBIM CPEJACTBOM MCCIIEIOBAHUSI B CTOJIb
pa3IMYHBIX €€ 00JacTAX, KaK NeoMETpHsl, TOMOJOrus, MaTeMaTUYEeCKU
aHanu3 U qupPpepeHuraIbHbIE YPaBHEHUS.

¢) BekTopbl 1 MaTpHUbI HAXOAT BCE 00JIEE MMPOKOE NPUMEHEHHUE U BHE
mareMatukd. OHU ObLIM HM300peTEHBI B cepearHe 19 B. B CBA3U C
U3YYEHUEM n-MEpHOW reomeTpuu. C TeX MOp HUX CTaId HCIMOIb30BaTh
BE3/€, /I MPUXOJIUTCA UMETh ACJI0 ¢ 00pabOTKOK OOJBIIMX MaCCHBOB
naHHbIX. C MCIOJIb30BAHUEM MAaTPHI] PEIIAIOTCI MHOTHE TEXHUYECKHUE
3a7a4M, CBSI3AHHBIC C PACUETOM HAMpsLKEHWH, AedopMandid, KoJacOaHui.
PelieHre CUCTEMBI JIMHEHHBIX YPABHEHUI C HECKOJBKUMH MEPEMEHHBIMHU
MO CYWECTBY SABJISIETCS 3a1a4€i MATPUUHOTO UCUUCIIEHU.

d) Marematuka. MareMaruky OOBIYHO ONPEACISAIOT, MNEPECUUCIISS
Ha3BaHWs HEKOTOPBIX M3 €€ TPAAULIMOHHBIX pa3ieyoB. [Ipexae Bcero, 3To
apupMETHKA, KOTOPAsd 3aHUMACTCA U3YUYECHHEM YHCEJ, OTHOIIEHUH MEXKTY
HUMU W NpaBU JICUCTBUI HaA yncaaMu. DakTbl apuPMETUKHU Oy CKAKOT
pPa3IMYHBIC KOHKPETHBIE UHTEPIPETALIMM;, HAIIPUMEDP, COOTHOLIEHUE 2 + 3
=4+ 1 COOTBETCTBYET YTBEPXJAEHHUIO, YTO JBE U TPU KHUTHA COCTaBJISIOT
CTOJIBKO K€ KHUI, CKOJIbKO YEThIpE W OJiHA. J[1000E COOTHOIIEHUE THIA
2+3 = 441, T.€. OTHOWEHHE MEKIAY UMCTO MATEMATUYECCKUMU
o0beKTaMu 0€3 CCHUIKM Ha Kakyl0 Obl TO HM OBbUIO MHTEPIPETALMIO W3
(PY3UYECKOTO MUpPa, HA3BIBAETCA aOCTPAKTHBIM. AOCTPAKTHBIM XapakTep
MaTEMATUKH TMO3BOJISIET HUCIMOJB30BaTh €€ MPH PEIICHUM CaMbIX Pa3HbIX
npodiem. Hanpumep, anreOpa, paccmarpuBaromiasi onepauydd Haj
YUCJIaMH, TO3BOJISIET pElIaTh 3a/1a4H, BBIXOAIIME 32 pAMKH apU(PMETHUKHU.
bonee KOHKPETHBIM  pa3ACiOM MAaTEMaTUKU  SIBJISIETCA  T€OMETPHUS,
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OCHOBHasl 3aja4a KOTOpOH — M3ydYeHHE pasMepoB U (PopM OOBEKTOB.
CoueTaHue anreOpanvyecKux METOJIOB C T€OMETPUYECKUMH MPUBOJIUT, C
OJIHOM CTOPOHBI, K TPUTOHOMETPUU (MEPBOHAYAIBHO [MMOCBSIIICHHOM
WU3YUYEHUIO TEOMETPUYECKUX TPEYTOJIbHUKOB, a TEMEPh OXBATHIBAIOUICH
3HAYUTEJILHO OONBIIMI KPYr BOIMPOCOB), a C JPYroid CTOPOHBI — K
AHAJIUTUYECKOM T€OMETPUU, B KOTOPOH T€OMETPUUECKHUE TeJIa U (PUTYPHI
UCCIACAYIOTCSL  anreOpandeckumMu  MetojgaMu. CyIECTBYIOT HECKOJIBKO
pa3ziesioB BhICHICH anreOpbl U reoMeTpuu, o0JIafaroux 00Jiee BBICOKOI
CTENEHBIO a0CTPAKIMU U HE 3aHUMAIOIIUXCS U3YUYEHUEM OOBIYHBIX YMCE
U OOBIYHBIX TeOMETpHUeCKux (uryp; camas aOCTpakTHas U3
re€OMETPUYECKUX JTUCLMIUIMH HA3bIBACTCS TOTIOJIOTUEHA.

¢) CoBpemeHHass MaTeMaTHKAa. XOTA TEOPETHYECKH BO3MOKHO
CYIIECTBOBAHUE JIOOBIX AaKCHOM, JO HACTOSIIETO0 BPEMEHH OBLIO
MPEIOKEHO U UCCIEA0BAHO JIUIIB HEOOJBIIOE YUCIO akCHoM. OOBIYHO B
XO0JI€ Pa3BUTHUS OJHOM WA HECKOJIBKUX TEOPHiIl 3aMEYaroT, YTO KaKHUE-TO
CXEMbI JIOKA3aTEIbCTBA MOBTOPSIOTCS B 00JI€E WIM MEHEE AHAJTOTHYHBIX
ycnoBusix. Ilociae TOro kak CBOMCTBA, MCHOJIB3yeMbI€ B OOMIMX CXEMax
JIOKa3aTeNIbCTB, OOHApPYKEHbI, MX (POPMYJUPYIOT B BHJAEC aAKCHOM, a
CJIEJICTBUS W3 HUX BBICTPAUBAIOT B OOIIYI0 TEOPHIO, HE HMEIOIIYIO
NPSIMOTO OTHOWICHUSI K TEM KOHKPETHBIM KOHTEKCTaM, W3 KOTOPBIX ObLIH
aOcTpardpoBaHbl akCUOMBI. [lojiydaembie Mpu 3TOM OOIIME TEOPEMBI
OPpUMEHUMBl K JIIO0OH MaremMarHyeckoi CcUTyauud, B  KOTOpPOii
CYIIECTBYIOT CUCTEMBI OOBEKTOB, YJOBJIECTBOPSIOMKE COOTBETCTBYIOMINM
akcuomam. IIOBTOPAEMOCTh OJIHUX M TEX K€ CXEM JI0KA3arejbCTBA B
Pa3IUYHBIX MATEMATUUECKUX CUTYALMSAX CBHUIETEIBCTBYET O TOM, YTO MBI
UMEEM JIEJ0 C PA3JUYHBIMH KOHKPETH3AUUSIMHU OJHOM W TOi ke oOuiei
TEOPUU. IDTO O3HAYAET, YTO TMOCJIE COOTBETCTBYIONICH WHTEPIPETALUA
AKCUOMBI 3TOM TEOPUM B KOKJIOW CUTYallMHd CTAHOBATCSI TEOPEMaMHMU.
JIto00€ CBOWMCTBO, BBIBOAMMOE M3 aKCHOM, OYIET CHPaBEIJIMBO BO BCEX
ATUX CUTyalMsX, HO HEOOXOJUMOCTh B OTAECIBHOM JOKA3aTC/IbCTBE IS
KQKI0ro  ciydas ornaaact. B Takux  ciiydasX T[OBOpST, UTO
MaTEMaTHYECKUE CUTYalMM 00Ja1at0T OJHOM U TOM K€ MareMaTu4ecKoi

«CTPYKTYPOID».

f) ®uszuxka. JlpeBHue Ha3piBaId (PU3MKOH OOOE MCCIIECIOBAHUE
OKPYKAIOLEro MUpa W sIBJICHUH Mpupojbl. Takoe MOHMMaHUE TEPMHHA
«(puzuka» coxpaHwinoch J0 KoHua 17 B. Ilo3aHee mosiBUACS psij
CreUMalbHbIX JUCUMILIMH. XUMMs, HCCJEAyIolas CBONCTBA BEIIECTBA,
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00yCJIOBJICHHBIE OCOOCHHOCTSIMH €0 aTOMHOW CTPYKTYpbI, OWOJIOTUS,
u3yyaromas KUBble OpraHu3Mbl W T.Ja. [lOMHMMO TpaauUHMOHHBIX
NpeJIMETOB MCCIACJAOBAHUS, O KOTOpPHIX MOWJET peub HWKe, (PU3MKa
3aHUMACTCsl CTOJIb Pa3HbIMM MpOOJEMaMHu, KaK TOBEJECHUE CMa3Ku B
MallMHaxX, MNpPOUECChl 00pa30BaHUsl XHUMHUYECKHUX CBSI3CH, XpaHEHUE U
nepenaya reHETUYECKOH MWH(POpMALMM B JKMBBIX CHUCTEMax W T.J.
OObeUHAIOMMA NPUHIMI (PU3UKU KaK HAyKW KpOETCs HE CTOJbKO B
npeaMeTax MCCIEI0BAHUS, CKOJBKO B MOAXOAE K UX M3YUYEHMIO, U ATUM
¢u3MKa OTIMYAETCS OT JpyruxX Hayk. Onupasch Ha OMNPEJC/ICHHbIE
aKCUOMBl W TUIOTE3bl, TMPOBOJAS  AKCIEPUMEHTHI M  HUCIOJIb3Ys
MaTEMaTUYECKUE METOJIbl, OHa CTPEMUTCS OOBSCHUTHh BCE MHOIOOOpasue
NPUPOIHBIX SIBIICHU I UCXO0 151 u3 HEOOJIBIIIOTO qucia
B3aMMOCOIJIACYIOIMXCSl NPUHLMMIOB. MOU3MK HAJACETCs, 4YTO, KOrja o
NPUPOAHBIX SBJIEHUSAX CTAHET M3BECTHO JOCTATOYHO MHOIO W KOrJa OHHU
OyJAyT JOCTAaTOYHO XOPOIIO MOHSATHI, MHOXKECTBO JAPYrux, Ha MEpBbIA
B3MJISIJT PA3pO3HEHHBIX W HE CBSI3aHHBIX C HUMU (DAKTOB YJIOXKATCs B
NPOCTYIO, JOIMYCKAIOMY IO MATEMATUYECKOE OMMCAHUE CXEMY.

g¢) 3BYK M aKYCTHKAa. 3BYK — A3TO KoJicOaHMs, T.€. IEPUOIUYECKOE
MEXAHMYECKOE BO3MYIIEHHUE B YIIPYIHX CpelaxX — razo00pa3HbIX, HKUJIKUX
U TBEpAbIX. Takoe BO3MYIIEHHUE, MPEACTABISIOMEE COOOH HEKOTOPOE
(PU3UUYECKOE U3MEHEHUE B Cpeje (HanmpUMEpP, U3MEHEHUE IJIOTHOCTH HIIM
JIaBJICHUS, CMEIIEHUE YaCTHIl), paclpOCTPAHIETCS B HEl B BUJIE 3BYKOBOM
BOJHBI. O0nacTh (PU3HMKH, pacCMaTpHUBarOIIas BONPOCHl BOZHUKHOBEHHMS,
pacrnpocTpaHeHus1 nmpueMa W 00padOTKH 3BYKOBBIX BOJIH, HAa3bIBACTCS
aKyCTHKOM. 3BYK MOKET OBITh HECJIBIIKMMBIM, €CJIM €r0 YacTOTa JICKUT 3a
npeaciaMu  YYBCTBUTEIBHOCTH  YEJIOBEYECKOTO  yXa, MIM  OH
pacrpoCTpaHIETCs B TAKOW CPEJIE, KaK TBEPJAOE TEJO, KOTOPAsT HE MOKET
UMETh TIPSIMOIO KOHTAakTa C YyXOM, MM K€ €ro »HEprus OBICTPO
paccenBaeTcsi B cpeae. Takum o0Opa3oM, OOBIYHBIA JUIsl HAaC MNPOLECC
BOCIIPUSITUS 3ByKa — JIMIIIb OJIHA CTOPOHA aKy CTHKHU.
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Section 12 (Supplementary Texts)*
What is ... "How Many?”

Number is the within of all things.
— Pythagoras

Number proceeds from unity.
— Aristotle

FOUNDATIONS

Read the text and answer the following questions:

1. Do you agree with the statements about numbers made by
Pythagoras and Aristotle?

2. How did mathematicians in the late 19th and early 20th centuries
treat the problem of “what is a number”?

3. What is meant by a “well-defined collection of objects” in the
definition of a set?

4. What are the possible ways of writing down sets?

5. What is an empty set?

6. What is the union and intersection of sets?

It would be natural to suppose that mathematical foundations might
begin with arithmetic, or plane geometry, rather than numbers; after all,
everyone knows what a number is, right? Not so fast: it can be remarkably
difficult to say exactly what a number is. Go ahead, try it. If you are
tempted to say, “it's what tells you how much or how many of something,”
then that's a good effort. Only trouble is, that's not a definition, but a
characterization. It's like saying, “a chair is something you sit on.” Useful
information, no doubt, but we'd be a bit disappointed if we looked up
“chair” in a dictionary and found no more than “something you sit on.”
After all, one can sit on lots of things that aren't chairs.

The problem of “what is a number,” is an old one. To tackle it,
mathematicians in the late 19th and early 20th centuries (particularly

Supplementary texts come from Prime Mathematics Encyclopaedia:
www.mathacademy.com/pr/prime
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Cantor, Dedekind, Frege, Peano, Russell, and Whitehead) turned to a new
(at the time) branch of mathematics called set theory. They didn't solve the
problem, but they developed a beautiful theory which can be used to
model and extend our primitive (i.e., “given” or “intuitively obvious™)
sense of number. A good deal of modern mathematics is now founded on
this work — using, at root, nothing more sophisticated” than the set
operations of union and intersection with which you may already be
familiar. We'll be wanting to use these operations shortly, so let's review
them now. We begin with defining the notion of a set:
A set is any well-defined collection of objects.

In other words, any collection considered as a single thing. By “well-
defined,” we mean that we can always tell when something is an element
of the set in question, or when it isn't — no ambiguity’. By “object” we
mean absolutely anything: physical objects, ideas, colours, abstractions,
and anything else you care to think of (that can form part of a well-defined
collection).

We want to be able to write our sets down, and there is an established
way of doing this. We first designate a symbol to stand for the set itself,
usually a capital letter like 4 or S or some such. Then, we use (curly)
braces to enclose some representation of the elements of the set, as
follows:

A={...elemenis of A ...}

How do we represent the elements inside the braces? There are two
ways. The first and best is simply to list them. For example, if 4 is a set of
colours, we could write it down this way:

A = {red, green, blue}

Sometimes, however, listing the elements is not convenient or even
possible. In that case we would use a rule method, using a statement like
“all shades of green,” or even, “all colours” to represent our set.

When something is an element of a set, we denote this with a special
symbol (that looks kind of like a curvaceous “E”):

blue € A
This means, “‘blue” 1s an element of the set A4A.”

Much of the power of set theory arises from the fact that we can form
sets whose elements are other sets. For example, if 4, B, and C are sets of
colours, we could form a set of sets of colours.

% sophisticated — complicated
3 ambiguity — something that is not clear because it has more than one possible meaning
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A ={red, green, blue} g
B = { purple, blue, orange} ———|sets
C = {red, yellow, green}

5={A, B, C} a set of sets
={ {red, green, blue},

{ purple, blue, orange},

{red, yellow, green} }
Notice that the sets 4, B, and C have some elements in common. For
instance, A and B both contain the element “blue.” If it happens that every
clement of a set 1s also contained in some other set, then we say that the
first set 1s a subset of the other set, and we denote this with a big “U-
shape” lying on its side. For instance, if D is the set containing only
“blue,” then we could write,

DCA

or, equivalently,

{blue} (C {red, green, blue}
We consider every set to be a subset of itself. (Funny thing to do, really,
but it makes sense, sort of. At least, it matches the definition of subset.)
Also, there is one set that is a subset of every set, namely” the empty set —
the set with no elements. This is often denoted by a circle with a line
through it, or a pair of braces with nothing between them.

& =1{}
& C X, foreverysetX

Finally, we are ready for the “set operations™ of union and intersection.
The union of two sets 4 and B is the set containing all the elements that are
in either 4 or B. Thus, if A and B are the two sets of colours above, then

we have,
Al) B = {red, green, blue} | { purple, blue, orange}

= {red, green, blue, purple, orange}
The intersection of two sets is the set containing only elements that are in
both. For example, the intersection of 4 and C would be denoted as

follows:
A M C = {red, green, blue} [ {red, orange, green}

= {red, green}

* namely — that is to say
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Armed with these ideas, we may now turn to our real purpose — nailing
down’ numbers.

NATURAL NUMBERS

Read the text and answer the following questions:
1. What is the definition of natural numbers and how is the set of
natural numbers symbolised?
What are the properties of the set of natural numbers?
When is a set said to be well-ordered?
Why are natural numbers closed under addition and multiplication?
What do you know about the fundamental theorem of arithmetic?
Why isn’t zero included in the set of natural numbers?
What do you know about the historical development of zero?

NS R W

We will begin where every child begins — with counting. The first
mathematical thing we learn to do as children is to say “this many” and
hold up our fingers. When we do this, we mean that there is the same
“many” as the “many” of fingers we are holding up. Then we learn that the
“many's” have names, and are ordered, and slowly we memorize the
names and the order they come in (in base ten), starting with “one, two,
three, ... .” These numbers are called the natural numbers, and are denoted
as follows:

N=1{(123, ..)

The set of natural numbers is always symbolized by a boldface (or
“chalkboard”) capital N, as above. Notice the set notation. This is critical®,
and provides us with an important characterization:

A number is an element of a set.

Thus, the counting numbers — one, two, seventy-three, a million, and

so on — are elements of the set of wnatural numbers.

The set of natural numbers has some properties that should be noted.
First, of course, is that this set is ordered. This means that, given two
different natural numbers, one always comes “after” the other, and the
other comes “before.” (This isn't true, for example, of the set of colours.
One colour doesn't “come after” another in any necessary sense.) This may
seem so obvious as to be beneath our notice, but we will find as we start to

> to nail down — to definitely decide, arrange, or complete something
6 critical — very important
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really learn mathematics (as opposed to just memorizing procedures) that
such niceties’ can sometimes take on surprising significance®.

In fact we can do better with the natural numbers than saying merely
that they are ordered. They have a property that we call being well-

ordered.:
A set is said to be well-ordered if
every subset of it has a smallest element.

So in other words, given any collection of natural numbers, say for
instance { 67, 4, 9, 345, 22 }, then there 1s always a smallest one in the set
(4 in this instance). Notice that there is not always a largest element; the
set of all even numbers, the set of all multiples of 5, and the set of all the
natural numbers greater than 37 are examples of sets that have no greatest
clement.

This business of not having a largest element is something every
child notices at some point (and then experiences her or his first brush’
with the idea of infinity). We know that there isn't a largest natural number
because, intuitively at least, we know the following principle (which is
sometimes called the Archimedian principle):

If n is a natural number, then n + 1 is a natural number.

Another way of saying this i1s that the natural numbers are closed
under addition. That is, take any two natural numbers and add them, and
you get another natural number'".

Addition can't take you outside of the set. Notice that the natural
numbers are also closed under multiplication (which makes sense, since
multiplication is just repeated addition).

The natural numbers are the only numbers we need for one of the
most important results in classical mathematics, which comes down to us
from antiquity (it is found in Euclid's Elements). This result is called the
Fundamental Theorem of Arithmetic, which every numerate'' person
should know.

7 nicety — a very small difference or detail

¥ significance — importance

? brush — a brief encounter, contact with something

' GETTING FORMAL

We can establish in a concrete way that the natural numbers have no largest element by reasoning
as follows: suppose that there was a largest natural number, and let's designate it by B. Then by the
principle that you can always add one, B + 1 is also a natural number. Observe that B + 1 is larger
than B. But we said that B was the largest. This is a contradiction, and whenever a chain of
reasoning leads to a contradiction we conclude that one or more of our premises was false. The only
premise in this case was that there does exist a largest natural number, so this must be false, i.e.,
there does not exist a largest natural number.

" numerate — able to use numbers, esp. in arithmetical operations
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Students often ask why zero isn't included in the set of natural
numbers. Many texts describe a set called the whole numbers, which is just
like the set of natural numbers except that it also includes zero. This set,
however, is not used much, and it is as well to separate zero conceptually
from the natural numbers because it is really a very different kind of thing.
When you count a collection of objects, you don't begin by saying, “zero,
one, two, ... 7, after all. Its historical development i1s quite different, too.
People were counting for millennia before zero was ever thought of. (In
fact its first use is thought to have been in India in the 6th or 7th century,
and came to us — like so much of the mathematics that we use in the
western world — by way of Arabic culture in about the 11th century. It's
notable that native Americans, specifically the Mayan civilization, also
developed a concept of zero independently of the old world.) So anyway,
we don't include zero in the natural numbers. We will find it, however, in
our next set...

INTEGERS

Read the text and answer the following questions:
1. What other operations with numbers do you know?
2. Which numbers does a set of integers consist of and why is it denoted
by the letter Z?
3. How and when did negative numbers appear?
4. Who was the first to recognise the importance of negative numbers
and why?

We said that the set of natural numbers is closed under addition and
multiplication, but of course there are other operations with numbers.
Subtraction, for instance. If we take away two from three, then there is no
problem because the remainder is one, and one is in the set of natural
numbers. What happens, however, if we want to go the other way and take
three from two? We get a negative number, and negative numbers aren't
included in the set of natural numbers. In order to talk about negative
numbers, we will need to introduce a new set:

Z={u, =3, -2,-1,0,1, 2, 3, .. }

This is the set of infegers, and 1s always denoted by a bold faced Z.
(The Z is from the German word zahlen, which means “to count.”) Notice
that it includes all the natural numbers, zero, and all the negatives of the
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natural numbers. This means the natural numbers are a subset of the
integers, 1.¢.,
NC Z

Historically, negative numbers didn't come into wide use until the late
middle ages, circa’” the 14th century. Before that time, negative quantities
weren't considered “real,” and so it was thought that one shouldn't try to
calculate with them. After all, when did you last see a negative quantity?
No one is “minus five feet tall,” for instance. However, negative numbers
can be very handy" for calculations involving debt, and the Italians (who
invented banks) were the first to recognize their importance in finance and
to use them for that purpose.

RATIONAL NUMBERS

Read the text and answer the following questions:
1. What is a rational number and what is the set of rational numbers?
2. How did rational numbers develop historically?
3. Why do natural numbers and integers form subsets of rational
numbers?

The integers are closed under addition, subtraction, and multiplication,
but what about division? If we divide two into four we're all right, but
what about dividing two into three? Then we get catapulted right out of the
integers and into the world of ratios, or rational numbers.

Q={£=p,qEZ,q1=ﬂ}
q

This looks much more complicated than anything we've done before,
but don't be alarmed — we'll take it apart piece by piece. What it says is, the
set of rational numbers is the set consisting of all numbers of the form p
divided by g, where p and ¢ are elements of the set of integers and ¢ is not
ZEr1O0.

12 ¢irca — at the approximate time of
1 handy — useful
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symhol for the set p and ¢4 are integers

\

Q={£=p,qEZ,q4=ﬂ}

q
/’l?_‘ such that

numbers of this form ¢ is not zero

This is an example of using the “rule method” to designate the
elements of a set, rather than the “list method” we used before. 14

We need to use the rule method because there is no way to “list”
rational numbers that suggests the complete list in an unambiguous way.
Even using an ellipsis ( ... ) doesn't help.

Historically, the rational numbers are nearly as old as the natural
numbers. They go all the way back to the ancient Babylonians and
Egyptians, and the Greeks were particularly fond of them (though none of
these cultures used our notation, which is Arabic). The Pythagoreans of
ancient Greece even believed that everything in creation could be
understood and analysed in terms of natural numbers and their ratios. (As
we'll see below, this idea wasn't to last — its days, so to speak, were
numbered!)

Notice that the natural numbers and the integers are both subsets of
the rational numbers, since any integer can be expressed as a ratio:
3 = —
1
The rational numbers are closed under all the arithmetic operations,

and if all we ever needed to do was arithmetic we'd never need any other
numbers at all. However, sometimes we need more than arithmetic to
construct adequate models of the world around us. For this reason, much
of the work we do in mathematics will require us to add to the rational
numbers a new set — a set of numbers which is the topic of our next
section.

" WHY NOT?

What makes giving a "list" of the rational numbers difficult is their denseness: Suppose a and b are
rational numbers. Then, since the rational numbers are closed under addition and division, the
number (a + b)/2 (the average of a and b) is also rational, and it lies between a and b. Thus,
between any two rational numbers you can find another one. This is what "dense" means in this
context.
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IRRATIONAL NUMBERS

Read the text and answer the following questions:
1. What does the Pythagorean theorem state?
2. Why isn’t the square root of two a rational number?
3. What is an irrational number?

In addition to their fascination’> with numbers and ratios, the Greeks
were very keen on'® geometry. Among the most important results in all of
mathematics 1s the famous Pythagorean Theorem:

The Pythagorean Theorem

In a right triangle, the area of the square
constructed on the hypotenuse is equal

to the sum of the areas of the squares cl= a’ + p?
constructed on the two sides.

This theorem and its many important uses wants a mini-text of its
own, but for now let's just apply it to a simple square with sides of length
one, and ask the obvious question, “how long is the diagonal?”

1 fascination — the state of being very interested in something or attracted by something
1 to0 be keen on something — to be very interested in something
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We see that the length of the diagonal is the square root of two, since
one squared plus one squared is two, so the length of the diagonal squared
is equal to two.

SO . . . 1s the square root of two a rational number? That is, can it be
written as the ratio of two integers? Remember that the Pythagoreans
believed that everything was either a whole number or a ratio. In fact, it
turns out that the square root of two cannot be written as a ratio of integers
— 1t is irrational. Note that “irrational” doesn't mean crazy or unreasonable;
it means “not expressible as a ratio (of integers).” Legend has it that when
the Pythagoreans (who were at sea at the time) first heard about it, they
were so overcome'’ by their feelings that they took the poor man who
discovered this fact and threw him overboard, drowning him.

The upshot'® is that we need more than just rational numbers if we
wish to work with many kinds of abstract quantities, such as length and
proportion in idealized space, for instance. We need irrational numbers
too. We don't tend to bother much about the set of irrational numbers
(usually denoted by a bold-faced 7 ) in and of itself, but focus instead on
what we get when we mix the rationals and the irrationals together: that
most beautiful, strange, and wondrous of sets, the real numbers.

REAL NUMBERS

Read the text and answer the following questions:

. Which numbers does the set of real numbers contain?

. What is a continuum?

. What does the real number line show?

. In what way is the decimal notation used to represent real numbers?
. Do you know any properties of real numbers?

. Which theory is called the “Queen of Mathematics” and why?

. What do you think of Plato’s idea about numbers?

NN A Lo~

We said above that the set of real numbers is obtained by collecting
together the rational numbers and the irrational numbers, 1.€.,
R=QUI
Thus, every rational number is a real number, and every irrational
number 1s a real number. The real numbers, taken all together, form what

7 t0 be overcome by something — to get into a very emotional state
'8 upshot — the result of a process or an event
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is called a continuum. They are closed under all the arithmetic operations,
and they are also closed “geometrically.” This last point is important,
because it means that we can use geometrical pictures to represent the real
numbers and vice versa'”. The principal and most useful picture we use is
called the real number line, and will no doubt be familiar:
V3 v2
\\' —t / : R

5 u\
1

2

Here, every point on the real number line corresponds to a unique real
number, and every real number corresponds to a unique point on the line.
We see that the real numbers are totally ordered, and include every kind of
number we might need. A beautiful set.

Notationally, we often represent real numbers using decimal notation,
in which we write a real number as its integer and non-integer parts,
separated by a dot. Notice that the non-integer part is actually a sum of
fractions: so many tenths, plus so many hundredths, plus so many

thousandths, and so on.

integer part  hundredths
"'\-\.\_\_\_\_\_\-

3?.;)115
tenths thousandths
If the decimal terminates, then it represents a rational number. This is
also true if the decimal repeats the same pattern™ endlessly. In this latter
case, we represent the “endlessly repeating pattern™ by putting a line over
the repeating part.
1.23232323... = 1.23
However, if the decimal continues forever without falling into a
pattern that repeats endlessly, then it represents an irrational number.
Obviously, one cannot write down an endless sequence of digits, so we
just use an ellipsis after a few digits to represent that the sequence
continues.
V2 = 1.415...
Notice how unimaginably dense the set of real numbers is! We
already knew that the rational numbers were dense, in that between any
two you could find another, but now consider the irrationals — are they

1 vice versa — the opposite of what has been said

% pattern — model, arrangement, style
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dense, or what? Just as we can find a rational number between any two
rational numbers, so we can find as many irrational numbers as we
please’' between any two rational numbers (or irrational numbers). To see
this, take two rational numbers (in decimal representation) that are very
close together. Then we can do the following:
— 1.43623 ... 83973

1.45623 ... 83975123

1.45623 ... 839751234564356743...
1.45623 ...839751246

1.45623 ... 839752000001874567 ...

—1.45623 ...83976

rational and irrational
numbers hetween

L rational numbers

Infinities within infinities . . . .

The real numbers have many properties that are both useful and
surprising, as you will discover in your continued study. Indeed, an
immense™ body of mathematical science is devoted to these properties,
particularly the field of real analysis.

There are other numbers sets, as well; the imaginary numbers, the
complex numbers, the infinitesimals, and so on. There are even numbers
called “hyperreal” and “surreal.”

Indeed, this article merely scratches the surface® of “number.” Even
the natural numbers themselves, the ones we learn to count with as
toddlers®, harbour® within their depths great riches. It is not for nothing
that the great mathematician Karl Gauss called number theory (the science
of the natural numbers) the “Queen of Mathematics.” A good place to start
is with the suggested readings below.

Numbers are the highest degree of
knowledge. It 1s knowledge itself.
— Plato

21 as you please — whatever you like, or in whatever way you prefer
2 immense — extremely large

3 scratch the surface — to deal with only the simple or obvious parts of something
% toddler — a very young child who is learning how to walk

* to harbour — to contain
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You can’t get there from here!

INTRODUCTION

Read the text and answer the following questions:
1. How do children become aware of the concept of infinity?
2. What is the essence of infinity?

3. Is the universe infinite?
4. What kinds of infinity do you know?

Every child becomes aware of infinity when he or she learns to count.
We all went through this, and for most of us it snuck up on®® us gradually.
This 1s because we weren't expected to count very high at first. Getting to
“three” was perhaps our first achievement in breaking into the world of
“many's.” Then it turned out there was something called “ten,” and it took
a little time to work out precisely how to get there from “three.” Once that
was mastered, we might have been expected to rest on our laurels®’ — but it
was not to be. For there was an “eleven.” And a “twelve.” And then, for
crying out loud, all those “'teens!” By now, a sneaking suspicion®® had
begun to break across our awareness, and we wanted to ask, “when does
this end?” And then, dreadfully, “does it end?”” And at last, the awful truth:
it NEVER ends.

Fortunately, after “twenty” it all breaks down to a pretty simple
system, and the rest 1s easy. We turned our attention, gratefully, to other
things. Still, though, the fact that it never ends remained psychologically
vexing® for most of us. All children try at some point to see how high they
can count, even having contests about it. Perhaps this activity is born, at
least in part, of the felt need to challenge this notion of endlessness — to see
if i1t really holds up to experiment. “Infinity,” we called it, and used the
word cheerfully whenever we needed it.

% to sneak up on smb.— if something sneaks up on you, it happens when you are not expecting it
%7 rest on your laurels — to be satisfied with your achievements and do nothing to achieve more
% suspicion — a feeling that something bad is probably true or likely to happen

* yexing — making you feel annoyed, confused, or worried
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“You're a dumby’’, nyah nyah!”

“Oh yeah? Well you're twice as dumb!”™
“Well . . . you're a hundred times as dumb
“Well you're a million times . . .”

“Well you're infinity times . . .”

!’7

... to the last of which a good answer was hard to find. How could you get
bigger than infinity? Infinity plus one? And what's that?

Infinity, of course, infected our imaginations, and for some of us it
cropped up’' in our conscious thoughts every now and then in new and
interesting ways. I had nightmares for years in which I would think of
something doubling in size. And then doubling again. And then doubling
again. And then doubling again. And then . . . until my ability to
conceive > of it was overwhelmed™, and I woke up in a highly anxious
state.

Another form this dream took was “something inside of something,”
and then all of that inside something else, and all of that inside something
else, and . . . and then I was awake, wide-eyed and perspiring. Only when I
studied mathematics did I discover that my dream contained the seed of an
important idea, an idea that the mathematician John Von Neumann had
years before developed quite consciously and deliberately. It is called the
Von Neumann hierarchy, and it is a construction in set theory.

There are many ways infinity can catch our imagination. Everyone
has wondered if the universe is infinite, for instance. It is an easy mistake
to conclude that it must be, reasoning that if it wasn't then it would have to
have a boundary, and then what would be on the other side? The answer to
this 1s that the universe may be like a sphere. The surface of a sphere
doesn't have a boundary, but it is certainly finite in area. (The universe, in
other words, could be like a three-dimensional surface of a sphere which
can be imagined as existing in four-dimensional space — most cosmologists
think it may well be something like that.)

The trouble here is in thinking that an infinite set must contain
everything. However, a little thought shows that this needn't be true.

For instance, if I have an infinite set of natural numbers, must it

contain the number 17? Obviously not; there are infinitely many even
numbers, yet the set of even numbers doesn't contain the number 17.

3% qumb(y) — stupid
to crop up — to appear or happen suddenly or unexpectedly
32 to conceive — to imagine something or think of doing something
3 to overwhelm — to affect someone’s emotions in a very powerful way
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(Indeed, there are infinitely many infinite sets of natural numbers that
don't contain the number 17!)

Infinities don't have to be large, of course — they can also be small.
Instead of something doubling in size, it could be halved®*. And then
halved again. And then halved again. And then halved again. And then...
and so on forever. This is the basis of Zeno's Paradox of the Tortoise and
Achilles, in which it is proved that motion is impossible. There are other
ways of thinking of infinity, too. A circle is infinite, in the sense that one
can go round it forever, and many Hindus believe that all of creation is a
great circle that repeats itself endlessly. And who hasn't stood between
two mirrors? What other kinds of infinity can you think of?

THE HISTORY OF INFINITY

Read the text and answer the following questions:

1. What were Aristotle’s views on infinity and how did he distinguish
between potential infinite and actual infinite?

2. What is Galileo’s Paradox?

3. Who was the first to introduce the symbol of infinity we use today?

4. In what way did mathematicians of the 1 7" and 18" centuries treat
the problem of infinity?

5. How did Cantor’s ideas contribute to the development of
contemporary mathematics?

It 1s a surprising fact that throughout most of the history of
mathematics infinity was a taboo subject. Mathematicians just didn't like
to talk about it. There were many reasons for this, but a good deal of it
goes right back to Aristotle. A student of Plato's and a tutor of Alexander
the Great, Aristotle has been considered the most widely learned scholar of
all time. He wrote extensively on philosophy, logic, and natural science,
and his ideas held great authority long after the end of the classical period.
During the middle ages his teachings formed the foundation of almost all
formal learning. His views on infinity are summed up in this passage from
Book III of his monumental work Physics,

3 to halve — to divide something into two pieces of equal size
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Since no sensible®*® magnitude is infinite, it is impossible to
exceed® every assigned magnitude; for if it were possible there
would be something bigger than the heavens.

Aristotle distinguished between the potential infinite, and the actual
infinite. The natural numbers, he would say, are potentially infinite
because they have no greatest member. However, he would not allow that
they are actually infinite, as he believed it impossible to imagine the entire
collection of natural numbers as a completed thing. He taught that only the
potential infinite is permissible’’ to thought, since any notion of the actual
infinite is not “sensible.” So great was Aristotle's influence that more than
2,000 years later we find the great mathematician Karl Friedrich Gauss
admonishing™ a colleague,

As to your proof, | must protest most vehemently®® against your
use of the infinite as something consummate®, as this is never
permitted in mathematics. The infinite is but a figure of speech?...

Nonetheless, long before Gauss's time, cracks** had begun to appear
in the Aristotelian doctrine. Galileo (b. 1564) had given the matter much
thought, and noticed the following curious fact: if you take the set of
natural numbers and remove exactly half of them, the remainder is as large
a set as 1t was before. This can be seen, for example, by removing all the
odd numbers from the set, so that only the even numbers remain. By then
pairing every natural number » with the even number 2n, we see that the
set of even numbers is equinumerous with the set of all natural numbers.
Galileo had hit upon the very principle by which mathematicians in our
day actually define the notion of infinite set, but to him it was too
outlandish® a result to warrant™ further study. He considered it a paradox,
and “Galileo's Paradox” 1t has been called ever since.

As the modern study of mathematics came into full bloom" during

33 sensible — perceptible to the mind, material

3 0 exceed — to go beyond the limit or bounds of

37 permissible — allowed to be done

3% to admonish — to tell someone that you do not approve of what they have done
3% vehemently — strongly

% consummate — complete or perfect

! figure of speech — an expression of language, such as metaphor or personification, by which the
usual or literal meaning of a word is not used

%2 crack — a sign that something is weak or beginning to fail

# outlandish — extremely strange and unusual

* to warrant — to make an action seem reasonable or necessary

* in full bloom — if a tree or plant is in bloom, it is covered with flowers
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the seventeenth and eighteenth centuries, more and more mathematicians
began to sneak™ the notion of an actual infinity into their arguments,
occasionally provoking a backlash®’ from more rigorous colleagues (like
Gauss).
The English mathematician John Wallis (b. 1616), was the first to
introduce the “love knot” or “lazy eight” symbol for infinity that we use
today, in his treatise Arithmetica infinitorum, published in 1665.
Ten years later, Isaac Newton in England and Gottfried Leibnitz in
Germany (working independently) began their development of the
calculus, which involved techniques that all but demanded the admission
of actual infinities. Newton sidestepped™ the issue by introducing an
obscure notion called “fluxions,” the precise nature of which was never
made clear. Later he changed the terminology to “the ultimate™ ratio of
evanescent’’ increments’'”,

The discovery of the calculus opened the way to the study of
mathematical analysis, in which the issue of actual infinities becomes very
difficult indeed to avoid. All through the nineteenth century,
mathematicians struggled to preserve the Aristotelian doctrine, while still
finding ways to justify the marvellous discoveries which their
investigations forced upon them.

Finally, in the early 1870's, an ambitious young Russian/German
mathematician named Georg Cantor upset the applecart’” completely. He
had been studying the nature of something called trigonometric series, and
had already published two papers on the topic. His results, however,
depended heavily on certain assumptions about the nature of real numbers.
Cantor pursued™ these ideas further, publishing, in 1874, a paper titled, On
a Property of the System of all the Real Algebraic Numbers™*. With this
paper, the field of set theory was born, and mathematics was changed
forever. Cantor completely contradicted the Aristotelian doctrine

% to sneak — to bring, take, or put secretly

" backlash — a strong, negative, and often angry reaction to something

* to sidestep — to avoid something difficult or unpleasant

* ultimate — elemental, fundamental, basic, or essential

>0 evanescent — lasting only for a very short time; ephemeral or transitory

>! increment — a small positive or negative change in a variable or function

>2 to upset the applecart — to spoil someone’s plan or arrangement

> to pursue — to follow a course of activity

' One can without qualification say that the transfinite numbers stand or fall with the infinite
irrationals; their inmost essence is the same, for these are definitely laid out instances or
modifications of the actual infinite.— Georg Cantor
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proscribing actual, “completed” infinities, and for his boldness™ he was
rewarded with a lifetime of controversy’’, including condemnation’’ by
many of the most influential mathematicians of his time. This reaction
stifled’® his career and may ultimately have destroyed his mental health. It
also, however, gained him a prominent and respected place in the history
of mathematics, for his ideas were ultimately vindicated™, and they now
form the very foundation of contemporary  mathematics.

CANTOR'S SET THEORY

Read the text and answer the following questions:

What idea underlies Cantor’s discoveries in set theory?

What is an equinumerous set?

When is a set infinite?

What is cardinality?

What is the connection between infinite sets and natural numbers
according to Cantor?

What is the idea behind “Cantor's diagonalization argument”?
Why isn’t it possible to make a countable list of real numbers?

R~

N

Georg Cantor's discoveries in set theory rest upon a very simple idea,
an idea which may be illustrated in the following way. Suppose you
couldn't count to five. (Difficult to imagine, I admit — but then for each of
us there was a time when this was actually true!)

Now look at your hands. If your were unable to count to five, how
would you know there are the same number of fingers on each hand? You
couldn't count the fingers on one hand, and then count the fingers on the
other hand, to see that there were the same number of fingers on each,
because you couldn't count that high. What could you do? The answer is
simple: place the thumb of your right hand against the thumb of your left
hand. Then place your index fingers together, and then all the other
fingers, in a one-to-one match-up. When you are done, each finger of each

>> boldness — courage

>® controversy — disagreement

>7 condemnation — a public statement in which someone criticizes someone or something severely
> to stifle — to stop something from developing normally

*? to vindicate — to prove that someone is right, or that something they said, did, or decided was
right, especially when most people believed they were wrong
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hand is matched to the corresponding finger of the other hand, with none
left over on either side. You still don't know how many fingers are on each
hand, but you do know that they are the same number.

Now, the real trouble with infinity is much the same: we can't count
that high! Cantor's insight”” was that, even though we can't enumerate an
infinite set, we can nonetheless apply the same procedure to any well-
defined infinite set that we applied above to determining if our hands have
the same number of fingers. In other words, we can determine if two
infinite sets are the same “size” (equinumerous) by seeking to find a one-
to-one match-up between the elements of each set. Now, remember
Galileo's Paradox? Galileo noticed that we can do the following:

12 3 45 ... 71 ...
G T
2 4 6 8 10 ... 21 ...

Thus, we can assign each number 7 in the set of natural numbers to
the corresponding number 27 in the set of even numbers. This rule
specifies a one-to-one match-up between the set of all natural numbers and
the set of even natural numbers. By definition, then, these sets are
equinumerous — the same size. We can play the same game with many
subsets of the natural numbers. For example, we can form a one-to-one
match-up between the natural numbers and the set of squares, or the set of
multiples of five, or the set of prime numbers, or the set of numbers greater
than 37.

1 2 3 4 5 ... #n ...
i BO g 2 T

1 4 9 16 25 Y E .
1 2 3 4 § no...
w ol e T

5 10 15 20 25 . S0,
1 2 3 4 5 ... n
rreT 4 8 T

2 3 5 711 ... 2% prime ...
1 2 3 4 5§ n

ol il il T

38 39 40 41 42 ... n+37 ...

% insight — the ability to notice and understand a lot
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We may feel some discomfort at the idea that we can remove some of
the elements of a set and still have as many as we started with, but this is
an artifact®’ of our experience with finite sets (in which removing
something means having a smaller set). Infinite sets simply don't behave
that way. In fact, this leads us to a definition:

A set is infinite if we can remove some
of its elements without reducing its size.

We have a special name for the “size” of a set: cardinality. We say
that the set of natural numbers and the set of even numbers, for instance,
have the same cardinality. Also, whenever a set has the same cardinality as
the natural numbers, we say that the set in question is countable, since it
can be put into a one-to-one correspondence with the counting numbers
(i.€., the set of natural numbers).

Cantor's next great accomplishment®® was to ask the question, “do all
infinite sets have the same cardinality?” In other words, can all infinite sets
be put into a one-to-one match-up with the natural numbers? It is not
difficult to find one-to-one match-ups between the natural numbers and the
integers (you should try to do this), so the first set to consider as — possibly
— cardinally larger is the set of rational numbers. Recall that the rational
numbers are dense, which means that between any two rational numbers
on the real number line we can find infinitely more rational numbers. This
suggests to our intuition that the set of rational numbers may be, in some
sense, “bigger” than the set of natural numbers. However, it turns out that
the rational numbers are indeed countable, as may be seen by examining
the following table:

o1 artifact (artefact) — an object that was made a long time ago and is historically important, for
example a tool or weapon
%2 accomplishment — something difficult that you succeed in doing
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This table, if completed down and across (an infinite process!)
contains all the rational numbers. (It contains many duplications, of
course. All the fractions on the main diagonal, for instance, are really just
the same number — one — but that won't affect our argument.) Now, we can
“count” the rational numbers by just following the criss-crossing® line.
Thus, the rational numbers really are countable — that is, there are just as
many natural numbers as there are rational numbers. Given how the set of
rational numbers seems to contain infinities within infinities, this 1s an
astounding® result.

The next set to ask about, obviously, is the real numbers. After our
experience with the rational numbers, it would be understandable to guess
that, after all, countable infinities are the only kind of infinities there are in
mathematics. But no! Cantor showed that the real numbers are cardinally
larger than the natural numbers — in other words, there is no way to form a
one-to-one match-up between the natural numbers and the real numbers
that doesn't leave some of the real numbers out. To show this, Cantor
invented a whole new kind of proof, which has come to be called “Cantor's
diagonalization argument.”

Cantor's proof of the “nondenumerability” of the real numbers (the
diagonalization argument) is somewhat more sophisticated than the proofs
we have examined hitherto”. However, laying aside some purely technical

%3 to criss-cross — to form a pattern of straight lines that cross one another
64 astounding — extremely surprising or shocking
% hitherto — until the present time, previously
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matters, we can provide a simplified — but still convincing — version of his
proof in the following way. Remember that we are attempting to prove a
negative statement: that the real numbers are not countable. As so often in
such cases, we approach this issue through the back door, so to speak, with
a proof by contradiction. In other words, we begin by assuming, for sake
of argument, that the real numbers are countable. This would mean that we
could form a one-to-one match-up of the natural numbers and the real
numbers. Since real numbers may be represented in decimal form (with an
integer part and a decimal part), this means that we could provide a

numbered list of the real numbers which would look something like this:
1<— 2.397204817...

2> 14.5326613809...
3J<— 0.4983101123...
4<>292,.27353418831...
S5¢> 12.002200025...

6<— 1.9999%904681 ...

. where the numbers on the left are the natural numbers, and the
numbers on the right are a “denumeration” of the real numbers. That 1s, we
are supposing that we eventually have every real number running down the
right-hand side of this list, with its corresponding natural number next to it.
Now, Cantor concluded that there exists at least one real number that can't
be on the list, and he reasoned as follows: Create a new real number by
first picking any number for the integer part (zero will do), and then let its
first decimal place digit be different from the digit in the first decimal
place in the first number in our list. Then let our new number's second
decimal place digit be different from the digit in the second decimal place
in the second real number in our list. Proceed in the same way, so that each
decimal place digit in our new number is different from the corresponding
digit in the corresponding real number in the list. Thus, we could do
something like the following:
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1<> 2.(3)97204817...
2¢> 14.|5(2)6 613809 ...
3¢> 0.498310123...
4¢>292.12|7|54)1 883 1...
S<> 12./0(0]220000025 ...

6> 1.99(99 04681 ...

0.6 831735 ...

Now we ask the question, is our new real number on the list? Well, it can't
be the same as the first number on the list, since it is different in the first
decimal place, owing to the way we constructed it. Likewise, it can't be the
same as the second number on the list, since 1t is different from that one in
the second decimal place. In fact, we see that it can't be the same as any of
the real numbers 1n our list, since it differs from each number on the list in
at least one decimal place.

BUT — we assumed we had a complete list. This 1s a contradiction.
Therefore, our assumption that we could make a countable list of the real
numbers is false! The real numbers have a higher order of infinity than the
natural numbers, i.€., they are cardinally greater. (It 1s natural to ask, “well,
why not just add the new number to the list?” Indeed, we could do so.
However, this fails to address the fundamental point of the argument: we
assumed we had a complete list of real numbers, and then showed that this
assumption cannot be true. It is the existence of this contradiction which
forces the conclusion that the real numbers aren't countable. And of
course, even if we added our new one to the list, we could use the same
process to create infinitely more. There's just no way to create a completed
“match-up” between the sets.)
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CARDINALS

Read the text and answer the following questions:
1. What is meant by cardinal numbers?
2. How did Cantor define transfinite cardinals?
3. What does Cantor’s Theorem state?
4. What do you know about continuum hypothesis put forward by
Cantor? Did anyone manage to prove it?

Now that we have two cardinalities — the countable cardinality of the
natural numbers and the uncountable cardinality of the real numbers — we
have the beginnings of a collection (a set!) of “cardinalities.” We'll call
them cardinal numbers and give them symbols to stand for them.
Following tradition, let us denote the countable cardinal by the lower-case
Greek letter o (omega). We'll denote the cardinality of the real numbers by
a lower-case ¢, which stands for continuum.

Now our set of cardinal numbers contains only two elements, but let's
make an adjustment®® at once. Since cardinal numbers are used to describe
the “sizes” of sets, it happens that we really want to call the natural
numbers “cardinal numbers” too. After all, they describe the sizes of finite
sets. And we may as well have zero, since that's the size of the empty set.
Thus, the set of all cardinals will contain both kinds of cardinal; finite
cardinals (which are just the natural numbers, really, together with zero)
and what Cantor termed transfinite cardinals, which include our  and c.

cardinals={0,1,2.3,...,0,c,...7}

Notice the question mark. We haven't really settled whether there are
any more transfinite cardinals. Fortunately, Cantor has done that for us, in
what is now called Cantor's Theorem. It may be stated as follows.

If X is any set, then there exists at least one set,
the power set of X, which is cardinally larger than X.

The proof of Cantor's Theorem has a similar flavour to his proof of the
nondenumerability of the real numbers, but it 1s somewhat more abstract.
The intrepid®” will have little difficulty following it, however. It is an
interesting fact that the power set of any countable set, 1.e., of size ®, has
cardinality c, the size of the continuum.

% adjustment — a change in something that makes it better, more accurate, or more effective
°7 intrepid — fearless, brave
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What Cantor's Theorem tells us is that we can construct sets with
greater and greater cardinalities. Cantor introduced a special notation for
this hierarchy of cardinalities using the Hebrew letter aleph (pronounced
AH-leff), with numeral subscripts showing where they are in the hierarchy.
Thus, aleph-null is the first infinite cardinal, and denotes the cardinality of
the natural numbers (or any countable infinite set, i.e. of cardinality o ),
and aleph-one is the next cardinal number, standing for the next size of
infinity, and so on.

"cardinals" = {0, 1,2, 3, ..., Np, Ny, .. .7)

Now we know what to replace the question mark with — since there is
no largest cardinality, this list goes on forever, with more and more aleph’s
denoting larger and larger kinds of infinity. And we know where the o
belongs in this list — it is the first infinite cardinal, the aleph-null.

What about ¢, the cardinality of the continuum? Cantor thought that
it must be aleph-one, that is, that the size of the continuum was the next
highest after the natural numbers. This conjecture is now called the
continuum hypothesis. Cantor was never able to prove it, however, and this
bothered mathematicians for many years. How could we be sure where the
“size” of the real numbers fit in the scheme of things?

In the 1930°s, Kurt Godel showed that the continuum hypothesis
can't be disproved from the axioms of set theory, and in the 1960°s another
mathematician named Paul Cohen showed that it cannot be proved, either.
This is a very strange thing, and mathematicians have debated what it
means ever since. At the very least, it means that our current understanding
of sets is not strong enough to settle the question of the continuum. We
have, at present, no way of determining where in the hierarchy of infinite
cardinals the cardinality of the continuum belongs.

CONCLUSION

Infinity, as we have seen, 1s an idea which reaches far beyond that
haunting® intuition of endlessness which stems from® our early childhood
experience of number. To a present day mathematician, infinity is both a
tool for daily use in his or her work, and a vast’’ and intricate”’ landscape

% haunting —remaining in the consciousness; not quickly forgotten
% to stem from something — to be caused by something

0 yast — extremely large

! intricate — very complicated and difficult to understand or learn
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demanding to be explored. This article has provided only a bare”
introduction to the topic of infinity, and there remain many beautiful ideas
for the interested reader to discover: infinitesimal numbers, surreal and
hyperreal numbers, and transfinite ordinals, to name just a few. Indeed, the
possibilities are probably . . . well, you know!

Even as the finite encloses” an infinite series
And 1n the unlimited limits appear,

So the soul of immensity’* dwells” in minuta
And in the narrowest limits, no limits inhere
What joy to discern’® the minute in infinity!

The vast to perceive in the small, what Divinity’’!

— Jakob Bernoulli

72 bare — basic, with nothing extra

7 to enclose — to contain or hold

™ immensity — the very large size of something

7 to dwell — to live somewhere

70 to discern — see, recognize, or apprehend

77 divinity — the nature of a deity or the state of being divine
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Appendix 1

The most common mathematical symbolsl

Signs and

some sample Spoken form
formulas

1+2=3 1 plus 2 equals 3 or 1 and 2 is 3

3-1=2 3 minus 1 equals 2 or 1 from 3 equals 2
2x3=6 2 multiplied by 3 equals 6 or 2 times 3=6 or two threes are 6
6+-2=3 6 divided by 2=3 or 6 over 2=3 or 2 into 6 1s/goes 3
2+2=4 2+2 equals 4 or 2+2 is/are 4 or 2+2 make(s) 4
ar2 a 1s not equal to 2 or a does not equal 2

a~2 a 1s approximately equal to 2

a>2 a 1s greater than 2

a2 a 1s greater than or equal to 2

a<? a 1s less than 2

a<2 a 1s less than or equal to 2

+ 4 plus or minus 4

22=4 2 squared is 4

23=8 2 cubed is 8

2 =16 2 to the power 4 is 16

16*=2 16 to the minus 4 is 2

V4=2 (the square) root (of) 4 is 2

37/8=2 the cube root of 8 is 2

25% 25 per cent

9(° 90 degrees

% a half or one half

7z a third or one third

Va a quarter or one quarter

¥4 three quarters

3% three eighths

! The information comes from Webster’s New World Dictionary of American English (1993).
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& one eighth

0.1 nought (‘0’/zero) point one

3.15 three point one five

8.04 eight point nought (‘0’/zero) four
|3] absolute value for -3 and +3

J

integral; integral of

)y sum; algebraic sum

n pi [pai]

ANB logical product; intersection; the intersection of A and B
AUB the logical sum; the union of A and B
BcA B is contained in A

ADB A contains B

XEy x is a member of the set y

@] empty set

00 infinitely great

() parentheses or brackets

[ ] square brackets

{} braces

(a,b) a pair of (elements) a, b

{a,b} the set of a,b

a’ a prime

a”’ a double prime

f(x) fofx

f' or df/dx |the derivative of

I, f(x) dx the integral of /' with respect to x, between the limits a and b
d/dx derivative with respect to x

1, [ sub n

Examples of some mathematical formulas read in English

X(y+z)=xy+xz

x [eks] times the sum of y [wai] and z [zed] is equal to xy plus xz

ax*+bx+c=0

ax squared plus bx squared plus c is equal to 0
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X>+2px+Hp*=(x+p)?
x squared plus two px squared is equal to the sum of x and p

(2a-a)/a=1
two a minus a divided by a is equal to one

a(b+c)=ab+ac
a times, parenthesis, b plus ¢, close parenthesis, 1s equal to ab plus ac

a*<p<(atl)’
p 1s greater than a squared and less than a plus one all squared

a+(bc) # (at+b) (at+c)
a plus the product of b and c is not equal to the product of a plus b and a
plus ¢

A=(a,b)
Capital 4 1s equal to the pair a,b

106



Appendix 2

A short list of the most common scientifically-oriented Russian words
and expressions and their English equivalents

- aHanu3 yero-nuoo — the analysis of sth.

- Onaroaapst yemy-nu00 — due to sth.

- Oousiee Ui MeHee — more or less

- OBITh BbI3BAHHKIM 4eM-TH00 — to be caused by sth.

- OBITh MCKIIFOUEHHEM W3 IpaBuia — to be the exception to/from the
rule

- OBITh CIOCOOHBIM Ha 4YTO-TO — t0 be capable of (doing) sth.

- B 00mem — in general

- B MPOTUBHOM citydyac — otherwise

- B CBS3HU ¢ 4eM-JIM00 — in connection with sth.

- B clenyromeM cMbicie — in the following sense

- B YaCTHOCTH, B 0OCOOEHHOCTH — 1n particular

- BEPHBIA — true

- BKo4aTh — to include

- BJIMSIHME, BO3JICHCTBHE 4ero-1u00 Ha uyto-1ubo — the influence ( the
effect) of sth. on sth.

- BMecTO uero-mbdo — instead of (doing) sth.

- BBINOJIHATH BhIUKCIIEHUs1 — to perform (to do, to make) calculations

- BbIpakeHHBIH B (popme (B BUAE) — to be expressed as sth.

- JIaHHBII TpuMep — given example

- JI0Ka3aTenbCTBO OT NMpoTuBHOro — reductio ad absurdum proof

- JIOKa3pIBaTh / onpoBeprarh — to prove / to disprove

- JIOCTHXKEeHUE — achievement

- eciau He — unless

- 3a UCKJIrUYeHHeM uero-nmdo — except (for) sth., with the exception
of sth.

- 3aBMUCETH OT 4ero-1o — to depend on sth.

- 3agaBarbcs popmysioid — to be given as a formula

- 3aJaHHbBIM, YCTAHOBJICHHBINA, KOHKpETHBIH — specified

- 3aaada yero-nubo — the task of sth.

- W3-3a 4ero-nmmoo — because of sth.

- n3o0peTarh yTo-1d0 — to invent, to devise
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n3yueHue yero-to — the study of sth.

UMETh JEJO C YeM-TO (3aHMMaThCsi 4eM-T0) — to deal with sth. (to be
concerned with sth.)

MMETh MHOT'O OOIIEero ¢ 4eM-aud0, He MMETh HUYETr0 OOIIETO C UeM-
1160 — to have much in common with sth. (to have much to do with
sth.), to have nothing in common with sth. (to have nothing to do
with sth.)

UMETH CUJTY, OBITh CIIPABEIIMBBIM JUIsl 4ero-nudo — to be valid for
sth.

UCIIOJIb30BaHME (M0JIb3a) uero-1o — the use of sth.

uccieaoBars 4To-1do — to research (to study, to examine) sth.
Kak..., Tak 1 — both sth. and sth.

Kacaromuiics yero-nmdo — concerning sth.

KOHKPETU3UPOBAThH YTO-TN00 — to specify sth.

KpoMe Toro — moreover, furthermore

JI€KaTh B OCHOBE 4ero-indo — to underlie sth.

J0KHbIH — false

CUMTAThCS (paccMaTpuBarhes) Kak 4To-1u00 — to be considered (to
be regarded) as sth.

Harpumep — for example (e.g.)

HE TOJIBKO. .., HO ¥ — not only ... but

HECMOTps Ha 4TO-TM00 — in spite of sth. (despite sth.)

obecneurBarh 4TO-1M00 — to provide sth.

0030p 4ero-1md6o — the review of sth.

obOnacte yero-nmbo — the area of sth., the field of sth., the sphere of
sth.

O3Ha4yarTh TO K€ camoe — to mean the same thing

0003Hauarbcs yeM-1u00 — to be denoted (designated) by sth.
o0cyxknath B aetainsix — to discuss in detail

00BSICHATH 4TO-TH00 — to explain sth., to account for sth.
03HAKOMHMTHCS ¢ ueM-Tu00 — to be familiar with sth.

ONEpUPOBATh YeM-JIM00 — to operate with sth.

onpeacysTh (JaBaTh onpeaciacHue) — to define sth.

OnpeaeasTh (yCTaHaBJIMBaTh, 00yCIOBIMBATh) — to determine sth.
OCHOBHI Yero-mido — the fundamentals of sth.

OCHOBBIBAThCsI HA 4eM-I1M00 — to be based on sth.

0C00E€HHOCTH uero-mmdo — the peculiarity of sth.
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OCTaBaThCsl HEU3MEHHBIM, OCTOSTHHBIM — tO stay constant
OTKpPBIBATh (3aKOH M T.J1.) — to discover

oTkpbiTHE — discovery, finding

OTJIMYUTENRHAA YyepTa yero-mmoo — the distinctive feature of sth.
OTHOCHUTCS K 4eMY-TO (OBITh CBSI3aHHBIM C 4eM-TO) — to be related to
sth. (to be connected with sth.)

0TCr0/1a (Cclie1oBarenbHO) — hence

OYE€BUIHO, YTO — it is obvious (evident) that

NEPBBIA U3 ABYX, NocheaHuid u3 1pyx — the former, the latter
nepeaaBarh(csa) — to transmit

0 CpaBHEHUIO ¢ 4eM-IMO00 — in comparison with sth., compared
with/to sth.

NoAACPKUBATh TEOpUI0 — to support the theory

MOAX01 K yemMy-JIn0o — an approach to sth.

MOAXO0AIIMi — appropriate, suitable

MOJAYUHSTHCS TpaBuiiaM — to obey the rules

noJIy4ath (BBIBOJAWTE) U3 4ero-to — to derive sth. from sth.,

MOMUMO 4ero-nuoo — apart from sth.

MMOHHUMAaeTcs, uTo — it 1S understood that

MOCKOJIBKY — Since, as

nocieacTere yero-mmoo — the consequence of sth.

MOCPEJACTBOM 4ero-iuoo — by means of sth, by the use of sth.
NpeI0KEHUE (CYKACHUE, TEOpEMA) — Proposition

npeameT (00BEKT) — object

npeaMeT crartbu (00cyxknaeHusa) — the subject of the article
(discussion), the topic of sth.

npeamnonarars 4To-1mdo — to assume sth., to suppose sth.
MPEACTaBJICHHBIN B BUIE YEro-1u00 — to be represented as sth.

(HE) MpEACTABNIAThH UHTEPEC (BAKHOCTH, 3HaAU€HUE) — to be (no) of
interest (importance, significance)

npeamecTByOmui — preceding, previous

npeoOpazoBbIBaTh YTO-IM00 BO 4TO-IMO0 — to convert sth. into sth.
npeTeprneBarb U3MeHeHUs — to undergo changes

pU OJIMHAKOBBIX ycaoBusaxX — under the same conditions

npu ycinosu, 4To — provided that

MPU3HaBaTh 4TO-TM00 — to recognise sth.

MPUMEHATHCS (MpUIIAaraTthCs) K yeMy-auoo — to be applied to sth.
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npumep vero-nudo — an example of sth.

MPUHUMATh BO BHUMAHHUE (YUMTHIBATh) 4TO-1M00 — to take sth. into
account (consideration)

MPUHATO Ha3bIBaTh — it 1S customary to call sth.

MPUITUCHIBATH YEMY-TO — t0 assign to sth.

npuirHa yero-nudo — the cause of sth., the reason for sth.

noHsTHe 4Yero-1uoo — the notion (the concept) of sth.

MPOBEPATH YTO-TM00 — to test, to verify, to check

NPOBOJUThH UCCIIEOBAHUE, SKCIIEPUMEHT B KakoH-To 00jJacTu — to
do (carry out, perform, conduct) research into/on sth., experiment
on/with sth.

MPOBOJIUTH pa3audue MeEKIy 4yeMm-a1u0o0 — to show the difference
between sth., to distinguish between sth., to differentiate between sth.
MPOBOJUTH CpaBHEHHE ¢ ueM-JIM00 — to make (draw) a comparison
with sth.

MPOJIBUKEHUE (Mporpecc) B ueM-1ndo — an advance in sth.
MpOTUBOpeUnTh — to contradict sth.

MPOSICHATH uTO-T00 — to clarify sth., to make sth. clear

pa3Butue 4ero-n1moo — the development of sth.

pazzen uero-i1do — the branch of sth.

pazpabarsiBaTh 4yTO-11M00 — to develop, to work out

pearupoBarh Ha 4To-1M00 — to react to sth., to respond to sth.
pe3yapTar yero-ro — the result of sth.

C OJIHOM CTOPOHBI, C JApyroil ctopoHsl — on the one hand, on the
other hand

C TOYKH 3PCHHS YErO-a1u00 (B TEPMHUHAX YETr0-1M00) — In terms of
sth.

CUCTEMATHU3UPOBATH YTO-TM00 — to systematise sth.

cneayromuM oopazom — as follows

cnoxHas npoosiema (cuctema) — complicated problem (system)
CJIOKHBII anmapar (MamuHbel) — complex apparatus (machinery)
Cly4aid, B 1:000M ciydae, B 3TOM ClIydae — case, in any case, in this
case

coBmemars — to combine

COrJIacHO YeMy-1u00 — according to sth.

cojeprkarh 4To-100 — to contain sth.

COCTaBJIATh (BXOAUTH B COCTaB) 4TO-IM00 — to constitute sth.
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COCTOATh U3 4eT0-TM00 — to consist of sth.

CIIOpHBIE BOIIpoCc — controversial question (issue, problem)
CTpEMUTHCA caenarh 4To-10 — to tend to do sth.

Tak ke, kak — as well as

Tak Ha3biBacMbIii — the so called

TakuM ooOpazom — thus, therefore, that is why

Takoi, kak — such as

TeM He MeHee — however, nevertheless

TUIUYHBIN 11 yero-nuoo — typical of sth.

Toraa u Tojibko Toraa — if and only if

TO €CTh — 1.€. (that 1s)

TOUKa 3peHMsi — point of view

TpeOyeMBbIid, ICKOMBII — required

TPYAHOCTH yero-nudo — the difficulty of sth.
yrIIyoJISaThCsl B peaMeT — to go into the subject
yJI00HBII — convenient

yCTaHaBJIUBaTh MpaBuio — to establish the rule
yTBEpKAATh 4TO-TM00 — to state (to assert) sth.
XapakTrepucTuka yero-nudoo — the characteristic of sth.
XapakTepHbIi 11 yero-modo — characteristic of sth.
XOpOomo U3BECTHO, uTo — it is well known that

x0T — (al) though

uenp ucciueaopanus — the purpose of the study
4yeTko onpeaeneHubiii — well-defined

4YTO KacaeTcs uero-nmoo — as far as sth. is concerned
ABJICHUE (s1BJEHUA) — phenomenon (phenomena)
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