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Beryn

Oco0nMBICTh ONAaHYBAaHHS 1HO3€MHOIO MOBOIO Ha JICHHOMY BIJIIIJICHHI T0-
JsiTa€ B TOMY, 110 00CST CaMOCTIHHOT poOOTH CTYJIEHTa 3 yIOCKOHAJIEHHS MOB-
HUX HAaBUYKIB 1 BMIHb 3HAYHO NEPEBUILYE OOCIT MPAKTUYHUX ayJUTOPHUX 3a-
HSITh 3 BUKJIQIaUEM.

Jl1s noCsSITHEHHS YCIIXy HeOOX1JHO BUBYATH MOBY 3 MEPIIMX JHIB HABUYAHHS
1 3aliMaTHCS CHCTEMAaTHYHO.

CamocriiiHa po0OoTa CTyJEHTa 3 BHUBYEHHS 1HO3€MHOI MOBHM OXOIUIIOE: 3a-
1aM’sITOBYBaHHS CJIIB aHIJIIACBKOI MOBH, PO3YMIHHS YTBOPEHHS CJIOBOCIOJIY-
YeHb, FPAMATUYHUX MPABUJI, YATAHHS BrOJIOC TEKCTIB AHIJIHCHKOIO MOBOIO BIJI-
MOBIJTHO /10 MIPaBWJI YUTAHHS, PO3YMIHHA TEKCTIB, CKJIaJaHHS 3alUTaHb Ta BIJI-
MOBIJIEH 10 TEKCTIB; MEPEKIal Ha YKPAiHCbKY MOBY (YCHUI 1 TUCbMOBHIA).

JIJis TOCSITHEHHSI TAKOT'O PiBHS OBOJIO/IIHHSA MOBOIO MOTPIOHO CUCTEMATUYHO
TPEHyBaTU IaM’sITh BUBUEHHSM 1HO3eMHHUX ciiB. HeoOxigHO mam’sitatu, 110
3110HOCTI PO3BUBAIOTHCS IMiJI Yac poOOTH, IO YCBIIOMJICHUI MaTepiall JieTIie
3araM’sITOBY€ThCS, HIK HEYCBIJIOMJICHHUH, II0 HABUYKU YAOCKOHAIIOKOTHCS
[UIIXOM [TOCTIHOTO BUKOHAHHS BIIPAB.

{11 HAIIOr0 HAYAIbHO-METOAMYHOTO MOCIOHHKA MOJISITaE B OBOJIOAIHHI Ha-
BUYKaMU PO3YMIHHS Ta MEpeKIaay MaTeMaTUYHMX TEKCTIB, O3HAHOMJICHHS 3
MpOoQECITHOIO0 JIEKCUKOIO 1 MATEMATHYHOIO TEPMIHOJIOTIELO.

HapuajibHO-METOIUYHUM MOCIOHUK CKJIAJIA€ThCS 3 CEMH MOJYJIB, MIJICYM-
KOBOT'O TECTyBaHHS Y TpbOX BapiaHTax, Ta0iuib «Mathematical Signs & Sym-
bols» i «Formulae Reading», aHrmo-ykpalHCBKOTO Ta YKpaiHO-aHTJIHCHKOTO
CJIOBHMKIB MaTeMaTUYHHUX TEPMIHIB 1 KIIFOUIB /10 3aBAaHb 3 MEPEKIIaay Ha yKpai-
HCbKY MOBY. KokeH MO1y/ib MICTUTh JIBa-TPU TEKCTH aHIIIMCHKOIO MOBOIO 1 pi-
3HOMaHITHI BIIPAaBU Ha MEPEKIIA]] 1 3aKPITICHHS HOBOI JIEKCHUKH.

TexcTu y HaBYAbHO-METOJIUYHOMY TTOCIOHHKY MICTSITh TPYHTOBHI MOHATTS
Cy4yacHOi anredpu i reoMeTpii.

HapuaibHO-METOMUYHUIA TOCIOHUK TPH3HAYAETHCS ISl CTYACHTIB CrIellia-
apHOCTI «Ilepexnany.
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Unit 1
Text 1. Read and translate the text into Ukrainian

Essential Vocabulary

add — mogaBaTu divisor — giapHHK
addend — noganok factor — MHOXHUK
difference — pi3uuis minuend — 3MeHIITyBaHe
digit — nudpa multiplicand — muoxeHe
divide — ninutu quotient — yacTkoBe
dividend — ninene subtrahend — Bix’emHUK
division — niseHHs summand — 1ogaHoK

Four Basic Operations of Arithmetic

We cannot live a day without numerals. Numbers and numerals are every-
where. In this article you will see number names and numerals. The number
names: zero, one, two, three, four, and so on. And here are the corresponding
numerals: 0, 1, 2, 4, and so on. In a numeration system® numerals are used to
represent numbers, and the numerals are grouped in a special way. The numbers
used in our numeration system are called digits.

In our Hindu-Arabic system? we use only ten digits: 0, 1, 2, 3,4, 5,6, 7, 8, 9
to represent any number. We use the same ten digits over and over again in a
place-value system® whose base is ten.

These digits may be used in various combinations. Thus, for example, 1, 2,
and 3 are used to write 123, 213, 132 and so on.

One and the same number could be represented in various ways. For exam-
ple, take 3. It can be represented as the sum of the numbers 2 and 1 or the differ-
ence between the numbers 8 and 5 and so on.

A very simple way to say that each of the numerals names the same number
Is to write an equation — a mathematical sentence that has an equal sign (=) be-
tween these numerals. For example, the sum of the numbers 3 and 4 equals the
sum of the numbers 5 and 2. In this case we say: three plus four (3 + 4) is equal
to five plus two (5 + 2). One more example of an equation is as follows: the dif-
ference between numbers 3 and 1 equals the difference between numbers 6 and
4. That is three minus one (3 — 1) equals six minus four (6 — 4). Another exam-
ple of an equation is 3 + 5 =8. In this case you have three numbers. Here you
add 3 and 5 and get 8 as a result. 3 and 5 are addends (or summands) and 8 is the
sum. There is also a plus (+) sign and a sign of equality (=). They are mathemat-
ical symbols.

Now let us turn to the basic operations of arithmetic. There are four basic
operations that you all know of. They are addition, subtraction, multiplication
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and division. In arithmetic an operation is a way of thinking of two numbers and
getting one number. We were just considering an operation of addition. An
equation like 7 — 2 =5 represents an operation of subtraction. Here seven is the
minuend and two is the subtrahend. As a result of the operation you get five. It is
the difference, as you remember from the above®. We may say that subtraction is
the inverse operation of the addition since5+2=7and 7 -2 =5.

The same might be said about division and multiplication, which are also
inverse operations.

In multiplication there is a number that must be multiplied. It is the multipli-
cand. There is also multiplier. It is the number by which we multiply. When we
are multiplying the multiplicand by the multiplier we get the product as a result.
When two or more numbers are multiplied, each of them is called a factor. In the
expression five multiplied by two (5 x 2), the 5 and the 2 will be factors. The
multiplicand and the multiplier are names for factors.

In the operation of division there is a number that is divided and it is called
the dividend; the number by which we divide is called the divisor. When we are
diving the dividend by the divisor we get the quotient. But suppose you are di-
viding 10 by 3. In this case the divisor will not be contained a whole number of
times in the dividend. You will get a part of the dividend left over®. This part is
called the remainder. In our case the remainder will be 1. Since multiplication
and division are inverse operations you may check division by using multiplica-
tion.

There are two very important facts that must be remembered about division.

a) The quotient is 0 (zero) whenever the dividend is 0 and the divisor is not
0. Thatis, 0 : nis equal to O for all values of n except n = 0.

b) Division by 0 is meaningless. If you say that you cannot divide by O it re-
ally means that division by 0 is meaningless. That is, n : 0 is meaningless for all
values of n.

Notes

1) numeration system — cuctema YHCIICHHS;

2) Hindu-Arabic system — apaOcbka crucrema,

3) place-value system — no3wuiiiitHa cuctemMa po3psiB,
4) from the above — i3 BuKIaAeHOr0 BHIIIE;

5) a part of left over — 3amuiok.

Exercise 1.1. Read the equations

45 x 2 =90; 313 + 53,456 = 53,769; 12 + 4 = 3; 69 — 153 = —84; 67 x 27 =
=1809; 164 + 765 = 929; 113 + 2 = 56.5; 1,297,696 — 976,247 = 321,449;
12,857,346 + 4,957,001 = 17,814,347; 555,555 + 5 = 111,111; 7,123 x 17 =
=121,091; 12,546 — 4,346 = 8,200; 1,239 x 91 = 112,749; 53,562 + 3 = 17,854;
95,678 — 857 =94,821; 9,011 + 591 = 9,602; 601 x 24 = 14,424,
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Exercise 1.2. Read the equations

11,414 + 13 = 878; 890 — 129 = 761, 5,691 — 593 = 5,098; 578 x 24 =
=13,872; 701 + 54 = 755; 1,023 — 899 = 124; 59 x 112 = 6608; 392 + 7 = 56;
456 + 978 = 1,434; 768 — 15 = 753; 546 + 6 = 91, 12,345,917 + 8,010,718 =
= 20,356,635; 801 x 11 = 8,811, 5,443 — 3,083 = 2,360; 692 + 949 = 1,641,
106 x 91=158,997; 1026 + 2 = 513; 4,680 + 728 = 5,408; 2,013 — 1,979 = 34.

Exercise 1.3. Translate the text into Ukrainian

The theory of systems of linear equations serves as the foundation for a vast
and important division of algebra — linear algebra — to which a good portion of
this book is devoted (the first three chapters in particular). The coefficients of
equations considered in these three chapters, the values of the unknowns and,
generally, all numbers that will be encountered are to be considered real. Inci-
dentally, all the material of these three chapters is readily extendable to the case
of arbitrary complex numbers, which are familiar from elementary mathematics.

In contrast to elementary algebra, we will study systems with an arbitrary
number of equations and unknowns; at times, the number of equations of a
system will not even be assumed to coincide with the number of unknowns.
Suppose we have a system of s linear equations in n unknowns. Let us agree to
use the following symbolism: the unknowns will be denoted by x and subscripts:
X1, X2, ..., Xn; We Will consider the equations to be enumerated thus: first, second,
..., sth; the coefficient of x; in the ith equation will be given as &;. Finally, the
constant term of the ith equation will be indicated as b;.

Exercise 1.4. Translate the text into English

OtpumaHe piBHSHHA BU3Hayae napadony. [lapabona AUIUTH yCIO TUIOMIMHY
Ha JIBl YaCTUHU — BHYTPIIIHIO 1 30BHILIHIO BIJIHOCHO Mapadonu. s Touok on-
Hi€i 3 1i YACTHH BUKOHYETBCS HEpiBHICTS Y- < 4+4X, a s iHmoi — Y > 4+4x (Ha
camiii mapaGomi y* = 4+4Xx).

o6 BcTaHOBUTH, SIKa 3 IIMX JIBOX YaCTUH € OOJIACTIO BHU3HAYEHHS JAHOT
dyHKIii, T06TO 3am0BOIBHAE YMOBY Y° < 4+4X, Tpeba MepeBipHTH IO YMOBY
Uil OyNib-AKO1 O/IHI€T TOUKH, IO HE JIEKUTh Ha napadoii. Hanpukian, moyatok
koopauHat O (0,0) nexxuth BecepeanHi mapaboiiv 1 3aJJ0BOJIbHSIE TTOTPIOHY YMO-
By 0 < 4+4 x 0. TakuM yuHOM, pO3TJIsiHYyTa 00acTh D CKilagaeThecsi 3 TOYOK,
[0 MICTAThCS BcepenrHi napabou. Ockinbku caMa mapadoia He HaJeKHUTh J10
obnacti D, rpanuito obnacti — mapaboiay — BIIMITUMO Ha KPECIIEHH1 MyHKTHU-
poM.

Text 1.2. Read and translate the text into Ukrainian

The teacher asked his students to add the numbers 5, 8 and 6 at the same
time. Some of the students first added 5 and 8 and got 13. Next they added 13
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and 6 and obtained 19. Other students first added 8 and 6 and got 14 and then
added 14 and 5 also getting 19 as a result.

The examples given above illustrate two important characteristics of addi-
tion. One of the two characteristics is that addition is an operation applied to on-
ly two numbers at a time. For this reason we say that addition is a binary opera-
tion. Any operation is called a binary operation when it is applied to only two
numbers at a time and gives a single result. The other characteristic shown by
the above examples is that the sum is the same regardless of the order of the ad-
dition.

The use of parentheses will indicate how the answer, that is the result, was
obtained. The first example can be written as follows: 5+8+6=(5+8) +6 =
=13 + 6 = 19. The second example can be written as follows: 5+ 8 +6 =5 +
+ (8 + 6) =5 + 14 = 19. Since the final answers are the same we are making the
following statement: (5+8)+6=5+ (8 + 6).

Exercise 1.5. Read the equations

294 + 3 =98, 7,867 — 1,468 = 6,399; 3,913 — 1,098 = 2,815, 1,044 + 12 =
=87; 856 x 9 = 7,704, 35,705 — 33,631 = 2,074; 9,058 + 1,863 = 10,921; 72 +
+4=18; 6,794 — 12,553 = -5,759; 295 + 592 = 887; 671 x 25 = 16,775; 815 +
+902=1,717;1,376 + 8 = 172; 479 x 22 = 10,583; 163 x 9 =1,467; 194 x 1 =
=194;53-93=-40; 73x0=0.

Exercise 1.6. Read the equations

532,536,420 — 491,098,004 = 41,438,416; 453 x 78 = 35,334; 36,331 ~ 47 =
=773; 68,023 — 42,946 = 25,077; 56,786 + 23,458 = 80,244; 26 x 5 = 130;
1,287 ++13=99; 654 + 671 = 1,325; 888,888 + 2 = 444,444, 101 x 16 = 1,616;
47+ 2 = =23.5; 9571 + 34,627 = 44,198; 784 — 612 = 172; 865 x 830 =
=717,950; 658 + 7 = 94; 3,543 — 2,769 = 774, 868 + 143 = 1,011; 45 x 3 = 135.

Exercise 1.7. Translate it into Ukrainian

Every polynomial of degree at least one with arbitrary numerical coeffi-
cients has at least one root, which in the general case is complex.

This theorem is one of the greatest attainments of the whole of mathematics
ands finds application in the most diverse spheres of science. In particular, it is
the starting point of everything in the theory of polynomials with numerical co-
efficients and for this reason it was once called (and sometimes still is) the “fun-
damental theorem of higher algebra”.

In the proof which we now give, the polynomial f(x) with complex coeffi-
cients will be regarded as a complex function of a complex variable x. Thus, x
can assume any complex values, or, taking into account the mode of construct-



ing complex numbers given in Sec. 17, the variable x ranges over the complex
plane. The values of the function f(x) will also be complex numbers.

Unit 2

Text 2.1. Read and translate the text into Ukrainian

Essential Vocabulary

denominator — 3HaMeHHUK multiply (by) — nomuoxuTH (Ha)
divide (by) — ginutu (Ha) numerator — YuceIbHUK
dividend — minene guotient — yacTkoBe

divisor — minmbHUK set — MHOKHHA

equation — piBHSHHS solution — po3B’si3aHHs

fraction — npi6 solve — po3B’s3yBaTH

integer — 1ije YKMCIIo value — BennumnHa, 3HaYECHHS

Rational Numbers?

John has read twice as many books as Jane. John has read 7 books. How
many books has Jane read?

This problem is easily translated into the equation 2n=7, where n
represents the number of books that Jane has read. If we are allowed to use
integers, the equation 2n = 7 has no solution. This is an indication that the set of
integers does not meet all of our needs.

If we attempt to solve the equation 2n =7, our work might appear as
follows:

2n = 7, 2n/2 = 7/2, 2/2 Xn= 7/2, 1 xn= 7/2, n= 7/2.

The symbol, or fraction, '/, means 7 divided by 2. This is not the name of an
integer but involves a pair of integers. It is the name for a rational number. A ra-
tional number is the quotient of two integers (dividend and divisor). The rational
numbers can be named by fractions. The following fractions name rational num-
bers: 1/2, 8/3, 0/5, 3/1, 9/4.

We might define a rational number as any number named by °/,, where a and
n name integers and n # 0.

Let us dwell on fractions in some greater detail.

Every fraction has a numerator and a denominator. The denominator tells
you the number of parts of equal size into which some quantity id to be divided.
The numerator tells you how many of these parts are to be taken.

Fractions representing values less than 1, like %/ (two thirds) for example,
are called proper fractions®. Fractions which name number equal to or greater
than 1, like 2/, or */,, are called improper fractions®.



There are numerals like 1'/, (one and one second), which name a whole
number and a fractional number. Such numerals are called mixed fractions”.

Fractions which represent the same fractional number like Y, 21, 3ls, *g, and
so on, are called equivalent fractions®.

We have already seen that if we multiply a whole number by 1 we shall
leave the number unchanged. The same is true if fractions since when we multi-
ply both integers named in a fraction by the same number we simply produce
another name for the fractional number. For example, 1 -/, = '/,. We can also
use the idea that 1 can be expressed as a fraction in various ways: %/, %/, %/, and
SO on.

Notes

1) rational number — panionansHe YKCIIO;

2) proper fraction — npaBuibHUI APi0;

3) improper fraction — HenpaBuIBHMIA APIO;
4) mixed fraction — 3mimanuii apio;

5) equivalent fraction — exBiBaneHTHUIt pi0.

Exercise 2.1. Read the equations

341/2 + 13/4 = 361/4, 1/4 + 11/2 = 13/4; 2/3 + 1/6 = 5/6; 53/7 — 25/14 = 31/14; 123/4 +
+3Y,=216; 1 x Y=Y 2 x Yy =2s; 12215 — 2°015 = 95 "1y + 7 = Yy 565 +
+ 4% =60Y,; s — Mg =y 34 x Y, = 17; 0 x Y, = 0; 12Y5 — 5% = 74 54 +
+ Yy =5%y: 44, + 3Y, =8 "Ig — 4 = —3Yg; 675% 15 + 4%)og = 67955 12 x 5 = 4;
213‘/14 — 31/2 = 181/4, 41/27 +9= 131/27; 5/11 — 2/11 = 3/11; 5- 5/11 = 46/11; 21/9 + 11/3 =
=3 /9.

Exercise 2.2. Translate the text into Ukrainian

The number of distinct arrangements of n symbols is equal to the product
1-2... n, denoted by n! (read “n factorial”). Indeed, the general form of an
arrangement of n symbols is iy, Iy, ..., i,, Where each of the is is one of the
numbers 1, 2, ..., n, without repetitions. Use any one of the numbers 1, 2, ..., n
for iy; this yields n distinct possibilities. But if i; has been chosen, then for i, we
can only take one of the remaining n — 1 numbers; that is, the number of
different ways of choosing the symbols i; and i, is equal to the product n (n — 1)
and so on.

Thus, the number of arrangements of n symbols for n = 2 is 2! = 2 (the
arrangements 12 and 24; in examples where n < 9, we do not separate the
symbols by commas); for n = 3 this number is 3! =6, forn=4itis 4! =24. Asn
increases, the number of arrangements increases very fast: for n = 5 it is 5! =
120, and for n = 10 it is already 3,628,800.
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If in a certain arrangement we interchange any two symbols (not necessarily
adjacent) and leave all the remaining ones fixed, we obtain a new arrangement.
This operation is called a transposition.

All n! arrangements of n symbols may be ordered so that each is obtained
from the preceding one via a single transposition; any arrangement can serve as
the starting point.

Exercise 2.3. Translate the text into English

Teopema Komri mns piBasiHEs ¥y = f (X, Y) cTBepmKye, 10 SKIIO Y ACSKii
obmacti dynkuii f (X, y) 1/’ (X, y) HemepepBHi, TO uepe3 KOXKHY TOUKY IIi€i 00-
JacTi MPOXOJAUTH TUTBKM OJHA IHTETpajibHA KpPHBa IIbOTO PiBHSAHHA. TOYkH, Y
SKUX HE BUKOHYIOTHCS YMOBH Teopemu Ko, Ha3MBarOTHCS OCOOJIMBUMH TOY-
KamMu JaudepeHiiaibHOro piBHSIHHSA. KpuBYy JiHII0, BC1 TOUYKHU SKOi € OCOOIMBU-
MU, Ha3UBaIOTh OCOOJIMBOIO KPUBOIO PIBHSHHA. SIKIIIO 0COOIMBA KpUBa JIHIS € Y
TOM K€ Yac 1HTErpajbHOIO JJIsi PIBHSHHS, TO BOHA HA3UBAETHCS OCOOJIMBOIO 1H-
TEerpajabHOI0 KPUBOIO a00 OCOOIUBHUM PIIICHHSIM.

[Ipo Te, 110 BiIOyBa€ThCS B OCOOJMBIN TOYII, 3a37ajerib CKa3aTH HIYOTO
HE MOXXHA: yepe3 Hei MOXKe MPOXOJIUTH KUIbKa IHTErpajlbHUX KpUBUX a00 HE
MIPOXOJIUTH >KOHOI.

Text 2.2. Read and translate the text into Ukrainian

Essential VVocabulary

digit — mudpa multiply — MEHOXHTH
numeral — uyucio product — mo6yTox

decimal — necsaTurHMI (Api0) multiplication — mHOXeHHS
fraction — npi0d division — giyieHHs
fractional — npoGoBwii divisor — ainbHUK
numerator — YuceTbHUK integer — risie YncIo
power — cTemiHb addition — nonaBanus
denominator — 3HaMEeHHUK add — nonaBatu

Decimal Numbers

In our numeration system we use ten numerals called digits. These digits are
used over and over again in various combinations. Suppose, you have been giv-
en numerals 1, 2, 3 and asked to write all possible combinations of these digits.
You may write 123, 132, 213 and so on. The position in which each digit is writ-
ten affects its value.

To read 529,248,650,396, you must say: five hundred twenty-nine billion,
two hundred forty-eight million, six hundred fifty thousand, three hundred nine-
ty-six. Notice that a coma separates each group or period.
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But suppose you have been given a numeral 587.9 where 9 has been sepa-
rated from 587 by a point, but not by a comma. The numeral 587 names a whole
number. The sign (.) is called a decimal point. All digits to the left of the deci-
mal point represent whole numbers. All digits to the right of the decimal point
represent fractional parts of 1.

The place-value position at the right of the ones place is called tenths. You
obtain a tenth by dividing 1 by 10. Such numerals like 587.9 are called decimals.

You read .2 as two tenths. To read .0054 you skip two zeroes and say fifty
four ten thousandths.

Decimals like .333..., or .242424..., are called repeating decimals®. In a re-
peating decimal the same numeral or the same set of numerals is repeated over
and over again indefinitely.

We can express rational numbers? as decimal numerals. See how it may be
done.

31/100 =0.31
4/25 = 4/25 X 4 = 16/100 =0.16

The digits to the right of the decimal point name the numerator of the frac-
tion, and the number of such digits indicates the power of 10, which is the de-
nominator. For example, .217 denotes a numerator 217 and a denominator of 10°
(ten cubed) or 1000.

In our development of rational numbers we have named them by fractional
numerals. We know that rational numbers can just as well be named by decimal
numerals. As you might expect, calculations with decimal numerals give the
same results as calculations with the corresponding fractional numerals.

Before performing addition with fractional numerals, the fractions must
have a common denominator. This is also true of decimal numerals.

When multiplying with fractions, we find the product of the numerators and
the product of denominators. The same procedure is used in multiplication with
decimals.

Division of numbers in decimal form is more difficult to learn because there
Is no such simple pattern as has been observed for multiplication.

Yet, we can introduce a procedure that reduces all decimal-division situa-
tions to one standard situation, namely the situation where the divisor is an inte-
ger. If we do so well shall see that there exists a simple algorithm that will take
care of all possible division cases.

In operating with decimal numbers you will see that the arithmetic of num-
bers in decimal form is in full agreement with the arithmetic of numbers in frac-
tional form.

You only have to use your knowledge of fractional numbers.

Take addition, for example. Each step of addition in fractional form has a
corresponding step in decimal form.

Suppose you are to find the sum of, say, .26 and 2.18. You can change the
decimal numerals, if necessary, so that they denote a common denominator. We
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may write .26 = .260 or 2.18 = 2.180. Then we add the numbers just as we have
added integers and denote the common denominator in the sum by proper
placement of the decimal point.

We only have to write the decimals so that all the decimal points lie on the
same vertical line. This keeps each digit in its proper place-value position.

Since zero is the identity element of addition it is unnecessary to write .26 as
.260, or 2.18 as 2.180 if you are careful to align the decimal points, as appropri-
ate.

Notes

1) repeating decimal — nepioguunuii tecATKOBHI APiO;
2) rational number — parionasbHe YHCIIO.

Exercise 2.4. Read the equations

24.45 + 12.78 = 37.23; 56.0594 x 5.4 = 302, 72076; 10.378 + 11.397 =
=21.775; 618,569,303.34 — 78,491,004.912 = 540,078,298.428; 901.153 +
+12.278 =913.431; 3459 x 8.4 = 290.556; 891.57 x 10.45 = 9,316.9065;
695.12+ 6 =115.85(3); 256 + 5 = 51.3; 4,463.67 + 3,439.346 = 7,903.016;
343.378 x 24 =8,241.072; 2497 + 23 = 108.565217; 34.67 — 27.356 = 7.314;
67 —32 # 134.

Exercise 2.5. Read the equations

78.567 + 39.695 = 118.262; 56 x 11.47 = 642.32; 67.363 — 46.36567 =
= 20,99733; 35,458,345.5678 + 3,450,612.4671 = 38,908,958.0349; 45.9801 x
x 61.4 =2,823.17814; 96 + 7 = 13.714286; 61 — 35.69132 = 25.30868; 76.678 +
+ 893.4564 =970.1344; 805.56 + 4 = 201.39; 53.9603 + 45.7825 = 99.7428;
90.491 x 41.4 =3,746.3274; 71,567.674 — 70,084.459 = 1,483.215.

Exercise 2.6.Translate the text into Ukrainian

Suppose we have nonzero polynomials f (x) and ¢ (x) with complex coeffi-
cients. If the remainder after dividing f (x) by ¢ (X) is zero, we then say that f (x)
Is divisible by ¢ (x). Here, the polynomial ¢ (x) is called the divisor of the poly-
nomial f (x).

The polynomial ¢ (x) is a divisor of the polynomial f (x) if and only if there
exists a polynomial y (x) such that satisfies the equation

fO) =9 (X wKX) (1)

Indeed, if ¢ (x) is a divisor of f (x), then for y (x) we should take the quotient
of f (x) divided by ¢ (x). Conversely, let there be a polynomial y (x) witch
satisfies (1). From the proof given in the preceding section on the uniqueness of
the polynomials g (x) and r (x) which satisfy the equation
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FO) =9 () q(x)+r(x)

and the condition that the degree of r (x) be less than the degree of ¢ (x), it
follows in our case that the quotient of f (x) by ¢ (x) is equal to y (x), and the
remainder is zero.

Unit 3
Text 3.1. Read and translate the text into Ukrainian

Essential Vocabulary

add — nogaBatu identity — TOTOXHICTh
addition — nogaBaHHA Infinity — HeckiHUEHHICTH
calculus — uncnenns integral — iHTerpanbHUi
differential — mudepenmianbaui multiplication — MHOXeHHs
division — minenns multiply — moMHOXUTH
equation — piBHSHHS roduct — moGyTok

A Short Introduction to the New Math

Many who has been out of school for a number of years find, if they want to
refresh their knowledge of mathematics, that there has been a great change, a
sort of mathematical revolution while they were away from school. The old,
classical math has had its face lifted and has taken on a new look which modern
instructors claim is a great improvement.

In the classical math often taught in high-school courses, many simple truths
were taken for granted and there was a failure to analyze these truths to find out
why they are true and under what particular conditions they might not be true.

During the past centuries, great, world-shaking theories were born, notably
the Maxwell electromagnetic theory, the theory of relativity, and the concept of
differential and integral calculus®. And all these extremely important doctrines
came about as a result of questioning and continually asking WHY?

The result obtained using the New Math agree, of course, with those ob-
tained using the old, classical math, but the method of the former is much more
thorough and therefore more satisfactory to the student who has never before
studied math. The New Math teaches a student to think a problem through rather
try to recall tricks of manipulation.

Let’s take a simple example of the two methods:

We all learned that if x> — 4 = 0, x must equal either 2 or —2. Either of these
numerical replacements for the letter x makes the statement meaningful. This is
so elementary it hardly needs comment. But just how did we arrive at this + 27?
Did we actually “transpose” the — 4 to the other side of the equal sign where it
became + 4, the equation becoming x* = 4 and x becoming + 2? Any child might
well ask, “Why do we change signs when we “transpose” from one side to the
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other in an equation?” This, of course, is a sensible question. In the New Math
this is dealt with before the child asks the question. We say:

If x* — 4 = 0, then by adding +4 to both sides of the equation we get x* — 4 +
+4=0+4.

Next we show that —4 and +4 cancel each other and that 0 + 4 = 4.

Then x*+ 0 =4 or x* = +4. Thus X = + 2.

As a matter of fact, it is not at all difficult to demonstrate that we solved our
little problem by making use of some of the eleven laws that form the founda-
tion of arithmetic. Yes, that is a truly startling fact — and a truly startling discov-
ery. Numbers are one of the most basic of the great ideas of mathematics. And
believe it or not, eleven laws — not an infinity of manipulative devices — are the
tools available to us when we want to solve problems. These are the eleven laws
of real numbers:

1. The Closure Law of Addition. The sum of any two real numbers is a
unique real number. For example, the sum of any 10 and 117 is 127.

2. The Commutative Law of Addition. The order in which we add is trivial.
For example, the sum of 3 and 4 is 7; the sum of 4 and 3 is also 7.

3. The Associative Law of Addition. Since addition is defined for pairs of
numbers, the addition of three numbers depends on our first adding any two of
the numbers and then adding their sum to the third number; the order in which
we do this is trivial. For example, when 3, 4 and 5 are added in three different
orders, the same sum is obtained.

3+4=7,7+5=12

4+5=9 9+3=12

3+5=8,8+4=12

4. The Identity Law for Addition. The number zero is the additive identity,
for the addition of it to any other number leaves the second number unchanged.
For example, the sum of 0 and 9 is 9.

5. The Inverse Law for Addition. The sum of any number and its negative
is zero. For example, the sumof 5and - 51is 0.

6. The Closure Law for Multiplication. The product of any two real num-
bers® is a unique real number. For example, the product of 117 and 10 is 1,170.

7. The Commutative Law of Multiplication. The order in which we multiply
Is trivial. For example, the product of 3 and 4 is the same as the product of 4 and
3.

2

8. The Associative Law of Multiplication. Since multiplication is defined for
pairs of numbers, the multiplication of three numbers depends on our first mul-
tiplying two of the numbers and then multiplying their product by the third
number; the order in which we do this is trivial. For example:

3x4=12, 12x5=60

3x5=15, 15 x4 =60

4x5=20, 20x3=60
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9. The Identity Law for Multiplication. The number one is the multiplicative
identity, for the product of it and any other number leaves the second number
unchanged. For example, the product of 1 and 7 is 7.

10. The Inverse Law for Multiplication. The product of any number (except
zero) and its reciprocal® is one. For example, the product of 3 and /5 is 1; the
product of 9 and '/ is 1; the product of “/z and /- is 1. Division of a number by
zero is meaningless.

11. The Distributive Law. Multiplication “distributes” across addition. For
example:

6x(4+5)=6x9=>54

6x(4+5)=(6x4)+(6x5)=24+30=54.

Notes

1) differential and integral calculus — mudepentiiiine Ta iHTErpajbHE YKC-
JICHHS;

2) negative — Bii’eMHa BEIUYHHA;

3) real number — pedoBe 4wcIO;

4) reciprocal — o6epHeHa BETMYHHA.

Exercise 3.1. Read the equations

56 = 45 = 1.2(4); 787 x 71 = 55,877; 16 x '/, = 8; 0 x %/1;, = 0; 658,238 +
+ 283,608 = 941,846; 502.469 — 173.909 = 328.56; 10/5 — 5%/ = 5%; Y, + 13/, =
=2:3,198 + 41 =78; °/g — Ys = %l5; 1%/ + 1115 = 2°/4; 3,715.3032 + 4,189.3789 =
=7,904.6821; 3/6 — 1/6 = 1/3; 2 X 1/2 = 2/4; 11/3 — 11/6 = 1/6; 27 x 1/3 =0; 8/17 — 2/;|_7 =
=%/,7:369 x 7 =2,583; 52.5 + 3 =17.5; 5/, + 3%/ = 8'/..

Exercise 3.2. Translate the text into Ukrainian

In the system of columns of matrix A we have thus found a maximal linearly
independent subsystem consisting of r columns. This is proof that the rank of
matrix A is equal to r, and it completes the proof of the rank theorem.

This theorem provides a practical method for computing the rank of a matrix
and therefore for settling the question of the existence of linear dependence in a
given system of vectors; forming a matrix for which the given vectors serve as
columns and computing the rank of the matrix, we find the maximum number of
linearly independent vectors of our system.

The method of finding the rank of a matrix based on the rank theorem
requires computing a finite but perhaps very large number of minors of the
matrix. The following remark suggests a way of substantially simplifying this
procedure. If the reader will again look through the proof of the rank theorem,
he will notice that in the proof we did not take advantage of the fact that all
minors of order (r +1) of matrix A are equal to zero; actually, we used only those
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minors of order (r +1) which border the given nonzero rth-order minor D (that
Is, those which contain it completely within themselves); for this reason, from
the fact that only these minors are equal to zero it follows that r is the maximum
number of linearly independent columns of matrix A; this implies that all minors
of order (r +1) of this matrix are zero.

Exercise 3.3. Translate the text into English

Sxu1o koedilieHTH Ta MpaBa YacTHHA TU(EPEeHIIATEHOTO PIBHSIHHS

y P+ a0y P+t )y =f(X)

PO3KJIaIal0ThCs Y CTETICHEBUM Pl 32 CTEMEHIMH X — o, IO € 301KHUMH Y
JESTKOMY OKOJIl TOYKH X = @1, TO PO3B’S3aHHS IIHOTO PIBHSIHHS, IO 330BOJIBHSIE
MOYaTKOBI yMOBHU

- ¢ -1 (n-1) — . (n=1),

y(a)_y01y ((X)—yo, s Y (a)_yO

PO3KIIAJIA€ThCS Y CTENEHEBUM PsJ 32 CTENEHAMH X — @, IO € 301KHUMH,
MpUHANMHI, Y MEHIIOMY 3 I1HTEpBaliB 30DKHOCTI PSAIB JJIsi KOE(IIIEHTIB 1
MpaBoi YaCTUHU JU(DEPEHIIATILHOTO PIBHSHHSL.

Jist mpuOIU3HOTO po3B’si3aHHA TU(EPEHIIAIBHOTO PIBHSIHHS 3a JOMOMO-
rOI0 CTETIEHEBUX PSI/IIB 3aCTOCOBYIOTHCS JIBa METOJIU: TTOPIBHSHHS KOE(IIIEHTIB
1 OCIiTOBHE AU EPECHITIIOBAHHS.

Rules of Reading
Involution or Raise to power

3% is read «three to the second power» or «three squaredy.

5% is read «five to the third power», «five to power three, or «five cubedy.

x* (x is called «the base of the power», 2 is called «an exponent or index of
the power»).

Evolution

V9 = 3 is read: «the square root of nine is threey.

3727 = 3 is read: «the cube root of twenty seven is threey.

V is called «the radical sign» or «the sign of the root»; «to extract the root
of» is translated «xo0yBaTH KOpiHb 3».

Exercise 3.4. Read the equations

V4 = 2; 5% = 25; °\8 = 2; *J125 = 5; 7% = 49; 3° = 729; °\371,293 = 13; 9* =
=81; V144 = 12; 17° = 1,419,857; *\256 = 4; 3\571,787 = 83; 1°* = 1; 2° = 512;
V1,024 = 32; 7° = 343; 5* = 625; *\16= 2; ®\729= 3; 8% = 262,144; 9° = 59,049;
V218,089 = 467; 561° = 176,558,481; 213° = 438,427,732,293; V49 = 7; 5° =
= 125; *\81=3; *\7776 = 6; 7* = 1,977,326,743; *N2,744= 14; 4" = 16,384.
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Exercise 3.5. Read the equations

87,451 — 6° = 87,451 — 46,656 = 40,795; V6,859 + 52 = 19 + 25 = 44
7,106 + 89 = 7,106 + 7,921 = 15,027; *\84,934,656 + 2'2 = 96 + 4,096 = 4,192;
782 +14%= 6,084 + 2,744 = 8,828; 8 + 7> — 5* = 512 + 49 — 625 = -64;
V529,984 — 3° =728 — 729 = 1; 7° 308,730 = 823,543 — 308,730 = 514,813;
908 — 12° =908 — 1,728 = -820.

Text 3.2. Read and translate the text into Ukrainian
Essential Vocabulary

minuend — 3MeHIITyBaHe subtraction — BigHiMaHHs
subtract — BimHiMaTH subtrahend — BigHimaroue

Example of False Arguments

Someone stubbornly asserted that 45 — 45 = 45.

In support of this, he argues thus:

We write the subtrahend in the form of a sum of the consecutive natural
numbers from 1 to 9 and the minuend in the form of the sum of the same num-
bers, but we take them in the opposite order (from 9 to 1).

Locating the subtrahend under the minuend:

1)9+8+7+6+5+4+3+2+1;

2)1+2+3+4+5+6+7+8+9.

Now we calculate the difference. With this aim we successively subtract the
numbers of the second line from the numbers on the first line, beginning by sub-
tracting the 9. Since 9 cannot be subtracted from 1, we take a Unitfrom the two,
we have: 11 — 9 = 2. In a similar way we obtain the differences of the number 11
and 8, 12 and 7, 13 and 6, 14 and 5 respectively, and 3, 5, 7 and 9. Carrying out
the subtractions of four from five, three from seven, two from eight, and finally
one from nine, we obtain the following results: 1, 4, 6, 8.

Thus:

_9+8+7+6+5+4+3+2+1

1+2+3+4+5+6+7+8+9
8+6+4+1+9+7+5+3+2

It is not hard to establish, that 8 +6+4+1+9+7+5+ 3+ 2 =45,

Thus 45 — 45 = 45,

Exercise 3.6. Translate the text into Ukrainian

The Sturm theorem completely resolves the question of the number of real
roots of a polynomial, but it has one essential defect and that is the cumbersome
computations involved in constructing a Sturm sequence, as the reader could see
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after performing all the computations of the first example above. We now prove
two theorems, which do not yield the exact number of real roots but only bound
the number from above. These theorems are employed after a graph has been
used to bound the number of real roots from below and at times enable us to find
the exact number of real roots without resorting to the Sturm method.

Suppose we have an nth-degree polynomial f (x) with real coefficients; we
assume it can have multiple roots. Let us consider a sequence of its consecutive
derivatives:

F)=F9 0, /00, /7 (), ..., £OV00, 7 (x) (1)

of which the last one is equal to the leading coefficient o O of f (x) multiplied
by n! and for this reason preserves sign at all times. If a real number c is not a
root of any one of the polynomials of the sequence (1), then by S (c) we denote
the number of variations in sign in the ordered sequence of numbers

£©),./ ©.f ©, ... TP (), f™ (0).

Unit 4
Text 4.1. Read and translate the text into Ukrainian

Essential VVocabulary

area — ruioma negative number — Bijg’eMHe YHCITO
product — 1o6yToK positive number — nogaTHe YnuCIIO
equation — piBHSHHs radical sign — 3Hak KopeHs

factor — MHOXHUK right triangle — mpsiMOKyTHHI TPUKYTHHK
integer — 1isie YnCIIo square root — kBajpaTHU# KOPiHb

value — 3Hauenns
Square Root

It is not particularly useful to know the areas of the squares on the sides of a
right triangle, but the Pythagorean Property is very useful if we can use it to find
the length of a side of a triangle. When the Pythagorean Property is expressed in
the form c? = a® + b, we can replace any two of the letters with the measures of
two sides of a right triangle. The resulting equation can then be solved to find
the measure of the third side of the triangle. For example, suppose the measures
of the shorter sides of a right triangle are 3 unitsl and 4 units and we wish to
find the measure of the longer side. The Pythagorean Property could be used as
shown below:

c®=a’+b% c*=3"+4%c*=9+16,c* =25,

You will know the number represented by c if you can find a number which,
when used as a factor twice, gives a product of 25. Of course, 5x5=25,s0c=5
and 5 is called the positive square root of 25. If a number is a product of two
equal factors, then either of the equal factors is called a square root of the
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number. When we say that y is the square root of K we merely mean that y* = K.
For example, 2 is a square root of 4 because 2 = 4. The product of two negative
numbers being a positive number, -2 is also a square root of 4 because (—2)* = 4.
The following symbol V' called a radical sign is used to denote the positive
square root of a number. That is VK means the positive square root of K.
Therefore, V4 = 2 and V25 = 5. But suppose you wish to find the \20. There is
no integer whose square is 20, which is obvious from the following
computation. 4= 16 so V16 = 4; a> =20 s0 4 < a < 5, 50 V25 = 5. V20 is greater
than 4 but less than 5. You might try to get a closer approximation® of v20 by
squaring some numbers between 4 and 5. Since V20 is about as near to 4% as to
52, suppose we square 4.4 and 4.5.

4.4°=1936 a°=20 4.5°=20.25

Since 19.36 < 20 < 20.25 we know that 4.4 < a < 4.5. 20 being nearer to
20.25 than to 19.36, we might guess that V20 is nearer to 4.5 than to 4.4. Of
course, in order to make sure that V20 = 4.5, to the nearest tenth, you might se-
lect values between 4.4 and 4.5, square them, and check the results. You could
continue the process indefinitely and never get the exact value of 20. As a matter
of fact, V20 represents an irrational number which can only be expressed ap-
proximately as rational number. Therefore we say that V20 = 4.5 approximately
to the nearest tenth.

Notes

1) units — oaMHMUIII BUMIipIOBAHHS;
2) approximation — mpuoJIM3HE 3HAYCHHS.

Exercise 4.1. Read the equations

7% = 49; V25 = 5;: 93 = 729; 11% = 1,331; 6° = 36; 3\343 = 7; *8,192 = 2;
18° = 34,012,224: V904,401 = 951; 26* = 456,976; 5V6,561 = 3; *\256 = 4; 9% =
=81; '\279,936 = 6; 8° = 134,217,728; 6° = 216; V100 = 10; >V161,051 = 11;
314° = 30,959,144; 23.12% = 534.5344; 8.9° = 704.969; °\32,768 +3\2,744 = 8 +
+14=22:13%+ 4°=2,197 + 4,096 = 6,293; 19* — 77,403 = 130,321 — 77,403 =
=52,918.

Exercise 4.2. Read the equations

23 = 12,167; °\243 = 3; 9* — 9° = 6,561 — 729 = 5,832; 8* = 4,096; 7° =
=16,807; 2° — 3° = 512 — 243 = 269; 3" — 5° = 177,147 — 15,625 = 161,522;
3\531,441 = 81; *N2,401 = 7; 102% + %\9,801 = 10,404 + 99 = 10,503; 73* =
=28,398,241; °\3,125 = 5; 34.77° = 1,208.9529; 19° = 47,045,881; “\/28,561 =
= 13; 106,890 — 46° = 106,890 — 97,336 = 9,554; 55* = 9,150,625.
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Exercise 4.3. Translate the text into Ukrainian

Every finite Abelian group G that is not a zero group can be decomposed
into a direct sum of primary cyclic subgroups.

We begin the proof of this theorem with the remark that in the group G there
will inevitably be nonzero elements of prime power orders. Indeed, if some non-
zero element x of G has order I, | x = 0 and if p¥, k > 0, is a power of the prime p
such that divides the number I,

| =p“m

then the element m x is different from zero and has order p*.

Let

', p% ..., p° (1)

be all distinct primes, some powers of which serve as the order of certain
elements of the group G. Denote any such number by p and the set of elements
of G having powers of p as their orders by P.

The set P is a subgroup of the group G. Indeed, P includes the element O
since its order is 1 = p°. Furthermore, if p*x = 0, then p* (-x) = 0 as well. Finally,
if p“x=0,p'y=0and if, say, k>1, then

p‘(x+y)=0

Thus, either the number p*or a divisor of this number, at any rate some
power of p, serves as the order of the element x +.

Exercise 4.4. Translate the text into English

3MiHHA U Ha3UBA€THCS (PYHKIIEIO HE3AJICKHUX 3MIHHUX X1, X2, ..., Xn, AKIIO
KOXHIM MHOXHHI 3Ha4eHb (X1, Xp, ..., Xp) IIMX 3MIHHHMX Y JaHii 00JjacTi iX 3Mi-
HIOBaHb 3T1IHO 3 TIEBHUM MPaBUIOM a00 3aKOHOM BIJMOBIJA€ OJIHE a00 JEKib-
Ka 3HaueHb BeJIMuuHU U. 3amucyemo U =T (Xg, Xo, ..., Xp) @00 U = U (Xg, X, ..., Xp).
VY Bunaaky QyHKIT TphOX 3MIHHMX (DYHKIIIFO U 3alMUCYIOTh TAKMM YUHOM: U = f
(X, Y, 2), ay Bunaaky ¢yHkiii q8ox 3Minaux —U = (X,y) aboz==f(X,y),z=12
(X, y)-

MHOXHHA N BEJIMYUH X1, X2, ..., Xn HA3UBAECTHCS “‘TOYKOIO” B 00JIaCT1 3MIHIO-
BaHb IIMX 3MIHHUX, 1 MH Ma€MO CHpaBy 31 3HAYEHHAM (PYHKII U B IiM TOYII.
Sxmo QyHKISA 3a/1aHa aHATITUYHUM BUpa3oM ((popmMynoro) 6e3 Oyab-sSKUX J0-
JATKOBUX YMOB, TO 0OJIACTh ICHYBAaHHS ii aHAIITUYHOTO BUPAa3y BBAXKAETHCS 00-
JIaCcTIO 11 BU3HAYCHHS, TOOTO MHOKMHA THUX TOYOK, B SKUX JaHUKM aHATITHIHUN
BHpA3 € BU3HAYCHUM 1 HAOyBa€ TIJIbKU IHCHUX Ta KIHIIEBUX 3HAYEHbD.
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Text 4.2. Read and translate the text into Ukrainian
Essential Vocabulary

angle — kyt set — MHOXKHHA

Set Theory*

If you stop to think of all the new things that have been developed since you
can remember, you will agree with the often-repeated comment that you live in a
changing world. Nothing can live and be useful without becoming adjusted to
the conditions around it. This is as true of mathematics and other areas of
knowledge as it is of plants and people. It is generally agreed that the basic
truths and most of the fundamental processes of arithmetic and algebra are not
likely to change a great deal. Nevertheless, better understanding of the meaning
of these relationships and operations can sometimes be gained by studying them
from a different viewpoint or expressing them in different terms and symbols.

One of the most recent approaches to the meanings of algebra is based on
the idea of sets of things. Everyone has used the word set at some time to mean a
group or series of things to be used together or for a single purpose as a set of
dishes, a set of tools and so on. You may have played or at least you may have
heard of — a set of tennis, meaning a particular series of games considered as a
group.

The meaning of sets in algebra is very similar to the general use of the word.
That is, a set means any collection of objects, persons, or ideas that is so defined
or limited that one can always tell whether or not a given object or idea belongs
to that collection. In other words, a collection of stamps, matchboxes and the
like can be called a set if the contents of the collection is limited to the objects
described in the name of the collection. Moreover, you are a member of several
sets. The first set of which you became a member was your family. Then when
you started to school you became a member of your class, and so on.

A set is usually represented by a capital letter. Any object or idea that be-
longs to a set is called an element of the set®. All elements of a set are to be en-
closed in braces { } so that there should be no misunderstanding of what is in-
cluded in the set.

Sets of mathematical objects or ideas are usually collections of particular
numbers, points, lines, angles, and so on. As you work with mathematical sets,
remember that the term “set” means a collection which includes all of the num-
bers, points, or lines that satisfy the stated conditions for membership and which
does not include any numbers, points, or lines, that do not satisfy the given con-
ditions.
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Notes

1) set theory — Teopist MHOXKUH;
2) an element of the set — exeMeHT MHOKUHHU;

Exercise 4.5. Translate the text into UKkrainian

Suppose we have arbitrary polynomials f (x) and g(x). The polynomial ¢ (x)
is called the common divisor of f (x) and g(x) if it is a divisor of each of them.
Property V (see above) shows that the common divisors of the polynomials f (x)
and g (x) include all polynomials of degree zero. If there are no other common
divisors of these two polynomials, then the polynomials are called relatively
prime.

But in the general case, the polynomials f (x) and g (x) may have divisors,
which depend on x; we wish to introduce the concept of the greatest common
divisor of these polynomials.

It would be inconvenient to take a definition stating that the greatest
common divisor of the polynomials f (x) and g (x) is their common divisor of
highest degree. On the other hand, as yet we do not know whether f (x) and g (x)
have many different common divisors of highest degree, which differ not only in
a zero-degree factor. In other words, isn’t this definition too indeterminate? On
the other hand, the reader will recall from elementary arithmetic the problem of
finding the greatest common divisor of integers and also that the greatest
common divisor 6 of the integers 12 and 18 is not only the greatest among the
common divisors of these numbers but is even divisible by any other of their
common divisors; the other common divisors of 12 and 18 are 1, 2, 3, -1, -2, -3.

Unit5
Text 5.1. Read and translate the text into Ukrainian
Essential Vocabulary

equality — piBHICTB non-equality — HepiBHICTB
inequality — HepiBHICTB set — MHOXXHHA

Solution Sets

If each element of a set makes a given system true, the set is called the solu-
tion set for the statement. You have worked with statements of equality as well
as with statements called inequalities. You are sure to remember that the simple
fact that one number is not equal to another can be expressed by the symbol of
non-equality #. For example, 5 — 2 # 4. However, to know which of two unequal
numbers is the larger we need a more exact description. In this case we use more
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specific symbols < or >. Therefore a mathematical sentence’ like 5 # 3 expresses
the general inequality, 5 > 3 stating the specific condition that 5 is greater than 3
and 3 < 5 showing the specific condition in which 3 is less than 5. In dealing
with mathematical sentences you are to choose the correct symbol for a state-
ment to be true. If you choose the incorrect symbol, the statement is false. Simi-
lar statements in which the symbol of relationship is given, but one of the re-
quired quantities is missing, are called open sentences. Thus, the sentence «... IS
a planet whose orbit around the Sun is smaller than the Earth’s orbit» is an open
sentence. If you write «Jupiter» in the blank you have not made a true statement.
The solution set for this open sentence is {VVenus, Mercury}, since both of these
planets satisfy the two conditions of the required set. That is, the orbits of both
planets do lie inside the Earth’s orbit and these are the only known planets that
do travel closer to the Sun than the Earth does.

Mathematical sentences may also be written as open sentence. Thus to write
5+ ... =8 is to write an open sentence whose solution set is {3} since this is the
only number that will make this a true statement. The open sentence 5 + ... > 8,
however, can be completed with any number greater than 3. Therefore, the solu-
tion set for this sentence can be written {all numbers greater than 3}. When the
numbers from which you are to choose a solution set are limited to a particular
group of numbers, it sometimes happens that there is no solution to satisfy a
given statement That is, there is no natural number? that will make the two
statements 5+ ... =3 and 5 + ... <3 true statements. Therefore, if you are lim-
ited to natural numbers the solution for such statements is said to be an empty
set®, which is indicated by the symbol @.

Notes

1) mathematical sentence — maremaTHuHE peUeHHS;
2) natural number — natypanbHe 4KcIO;
3) empty set — mycTa MHOKHHA.

Exercise 5.1. Translate the text into Ukrainian

The concept of an n-dimensional linear space does not by any means fully
generalize the concept of a plane or three-dimensional Euclidean space: in the n-
dimensional case, for n > 3, neither the length of a vector nor the angle between
vectors is defined and it is therefore impossible to develop the rich geometrical
theory so familiar to the reader for n = 2 and n = 3. It turns out, however, that we
can rectify the situation in the following manner.

From analytic geometry we know that for two-dimensional (a plane) and
three-dimensional space we can introduce the concept of scalar multiplication of
vectors. It is defined by means of the lengths of the vectors and the angle
between them; it appears, however, that both the length of a vector and the angle
between vectors can, in turn, be expressed in terms of scalar products. We will
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therefore define the concept of scalar multiplication for any n-dimensional linear
space.

Exercise 5.2. Translate the text into English

ko ¢yukmis Z = f (X, y) > 0, To noaBifiHui iHTErpan Bif i€l GyHKIT q0-
PiBHIOE 00’€My HMJIIHAPUYHOTO TiJIa, III0 0OMEeXeHe 3HU3y obnacTio D, 3Bepxy
noBepxHeto Z = f (X, Y) i MUIIHAPHYHOIO TIOBEPXHEIO, HAMPSMHA SKOT € TPaHUIIS
obxacti D, a TBipHI — mapanensHi oci Oz.

OCHOBHI BJIaCTUBOCTI MOJBIMHOTO 1HTErpaly MOAIOHI 10 BiIMOBIAHUX BllacC-
THBOCTEH BU3HAYCHOTO 1IHTETPAITY.

OOunceHHs MOABIMHOTO 1HTETPATy 3BOJAUTHCS 0 TTOBTOPHOTO OOUYUCICHHS
JBOX BH3HaueHUX iHTerpaiiB. [Ipunmyctumo, mo obnacts iHTerpyBanus D nepe-
TUHA€ETbCA Oyab-sKOIO JIIHIEI0, 110 MapaneinbHa oci Oy, He Oulbllle HIXK Y JIBOX
TOYKaX.

Taky obOmactb OyJneMO Ha3WBaTU MPABWIBHOIO, a00 MPOCTOI0 OOJACTIO Y
HarpsiMky oci OX. Hexait Ha rpanumi obnacti F cama niBa Touka A, a cama npa-
Ba — B. [lo3Haunmo ix abcuucu vepes a, b. Touku 4 1 B ninsate koHTYp F Ha
HIKHIO YacTuHYy ACB, piBHSHHS sIKOT Y = Y (X), Ta BEpXHIO YaCTHUHY, PIBHSIHHS

AKoi Y = Y7 (X).
Text 5.2. Read and translate the text into Ukrainian

Essential VVocabulary

angle — xyt point — Touka

ellipsoid — enincoin quadrilateral — voTupukyTHHK
parallelogram — mapasnenorpam rectangle — mpsAMOKYTHHK
plane — mromuHa side — cTopona

Something about Euclidean and Non-Euclidean Geometries

It is interesting to note that the existence of the special quadrilaterals dis-
cussed above is based upon the so-called parallel postulate’ of Euclidean geome-
try. This postulate is now usually stated as follows: Through a point not on line
L, there is no more than one line parallel to L. Without assuming that there ex-
ists at least one parallel to a given line through a point not on the given line, we
could not state the definition of the special quadrilaterals which have given pairs
of parallel sides. Without the assumption that there exists no more than one par-
allel to a given line through a point not on the given line, we could not deduce
the conclusion we have stated for the special quadrilaterals. An important aspect
of geometry (or any other area of mathematics) as a deductive system is that the
conclusions, which may be drawn, are consequences of the assumptions, which
have been made. The assumptions made for the geometry we have been consid-
ering so far are essentially those made by Euclid in Elements. In the nineteenth
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century, the famous mathematicians Lobachevsky, Bolyai and Riemann devel-
oped non-Euclidean geometries. As already stated, Euclid assumed that through
a given point not on a given line there is no more than one parallel to the given
line. We Know of Lobachevsky and Bolyai having assumed independently of
one another that through a given point not on a given line there is more than one
line parallel to the given line. Riemann assumed that through a given point not
on a given line there is no line parallel to the given line. These variations of the
parallel postulate have led to the creation of non-Euclidean geometries, which
are as internally consistent? as Euclidean geometry. However, the conclusions
drawn in non-Euclidean geometries are often completely inconsistent with Eu-
clidean conclusions. For example, according to Euclidean geometry parallelo-
grams and rectangles (in the sense of a parallelogram with four 90-degree an-
gles) exist; according to the geometries of Lobachevsky and Bolyai parallelo-
grams exist but rectangles do not; according to the geometry of Riemann neither
parallelograms nor rectangles exist. It should be borne in mind that the conclu-
sions of non-Euclidean geometry are just as valid as those of Euclidean geome-
try, even though the conclusions of non-Euclidean geometry contradict those of
Euclidean geometry. This paradoxical situation becomes intuitively clear when
one realizes that any deductive system begins with undefined terms. Although
the mathematician forms intuitive images of the concepts to which the undefined
terms refer, these images are not logical necessities. That is, the reason for form-
ing these intuitive images is not only to help our reasoning within a certain de-
ductive system. They are not logically a part of the deductive system. Thus, the
intuitive images corresponding to the undefined terms straight line and plane are
not the same for Euclidean and non-Euclidean geometries. For example, the
plane of Euclid is a flat surface; the plane of Lobachevsky is a saddle-shaped or
pseudo-spherical surface; the plane of Riemann is an ellipsoid or spherical sur-
face.

Notes

1) parallel postulate — akcioma npo nmapaneabHICTb;
2) internally consistent — BHYTpiIIHBO-TOCTITOBHI.

Exercise 5.3. Translate the text into Ukrainian

If a matrix A with elements from the field P can be reduced to a Jordan nor-
mal form, i.e., is similar to a Jordan matrix, then, as follows from the theorem
that was proved above, the Jordan normal form is determined uniquely for ma-
trix A to within the order of the Jordan submatrices on the principal diagonal.
The condition that allows a matrix A to be so reduced is given in the following
theorem, the proof of which offers a practical procedure for finding a Jordan ma-
trix similar to A if such a Jordan matrix exists. Note that reducibility over the
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field P means that all the elements of the matrix undergoing transformation are
inP.

Matrix A with elements in the field P can be reduced over P to the Jordan
normal form if and only if all the characteristic roots of A lie in the base field P
itself.

Indeed, if matrix A is similar to the Jordan matrix J, these two matrices have
the same characteristic roots. However, the characteristic roots of J are easily
found: since the determinant of the matrix J — AE is equal to the product of its
elements on the principal diagonal, the polynomial |J — AE| can be factored over
P into linear factors and its roots are numbers (and only these numbers) on the
principal diagonal of J.

Unit 6
Text 6.1. Read and translate the text into Ukrainian

Essential VVocabulary

CONe — KOHYC intersect — mepeTuHaTH(CS)
cube — xy0 pyramid — mipamina

cuboid — mpsAMOKYTHUH mapajeemnine rectangular — npssMOKyTHHIA
cylinder — uuninap triangular — TpukyTHHI
edge — rpaHb; pebpo vertex — BepIinHa

Anything, which takes up space, is spoken of as a solid. Thus each page of
this book is a solid, however thin the paper may be. The word solid as used here
must not be confused with the word solid, which is used as opposed to liquid
and gas.

Most solids are irregular in shape, e.g. a pebble in a stream, a cloud in the
sky. Geometry deals with the shape, size, and position of solids, which are regu-
lar in shape, e.g. a ball, a matchbox, a pencil.

The more common regular solids are: cube, cuboid or rectangular prism, tri-
angular prism, square pyramid, cylinder, cone, sphere.

Solids are bounded by surfaces. These surfaces separate the solids from the
surrounding space. Surfaces are of two kinds: plane and curved. The surfaces of
a cube, rectangular prism, and pyramid are plane surfaces, while the surface of a
sphere is curved. A sheet of paper, e.g. a leaf of a book, may represent a surface,
but even the thinnest sheet of paper will be a geometrical solid, since it has
length, breadth, and thickness.

Surface intersected in lines are bounded by lines. Lines are either straight or
curved.

Lines intersect in points. The meeting place of two edges is called a point (a
vertex). The dot made on paper by a fine pencil point represents a point. No
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matter how fine the pencil point is, however, the dot is a geometrical solid since
it has length, breadth, and thickness, and a point has no length, no breadth, and
no thickness. A point indicates but has no size.

Exercise 6.1. Translate the text into Ukrainian

The genesis of the theory of quadratic forms lies in analytic geometry,
namely, in the theory of quadratic curves and surfaces. It will be recalled that the
equation of a central quadratic curve in a plane, after translating the origin of the
rectangular coordinate system to the centre of the curve, is of the form

AX® +2Bxy + Cy* =D (1)

It is also possible to perform a rotation of the coordinate axes through an
angle a, such that we have the following transformation from the coordinates X,
y to the coordinates x’, y:

X=X cosa—Y sina

y=X'sina+Yy cos a

Then the equation of our curve in the new coordinates will be of “canonical”
form:

A'x2 + C’y'2 -D )

In this equation, the coefficient of the product of unknowns x’y’ is, thus,
zero. The transformation of coordinates may obviously be interpreted as a linear
transformation of the unknowns; the transformation is non-singular since the
determinant of its coefficients is equal to unity.

Exercise 6.2. Translate the text into English

Hanpasnenuit Biapizok (a0 ynmopsakoBaHa mapa TOYOK) HA3UBAETHCS BEK-
TOpoM (reomMeTpudHUM). JI0 BEKTOPIB TaKOXX HAJICKHUTh TaK 3BaHUN HYJIbOBHII
BEKTOD, Y SKOT'O MOYATOK 1 KiHEIb CHIBIIaIaf0Th. BijicTaHh MI>K TIOYAaTKOM 1 KiH-

IIEM BEKTOpa HA3WBAETHCS MOTO JOBKUHOK a00 MOIYJEeM 1 Mmo3HadaeTbes |a.
Mopyib HyIbOBOTO BEKTOPa JOPIBHIOE HYIIIO.

BekTopu, 110 3HaXOAATHCSA HA OJIHINA MpsAMIA a00 Ha MapanebHUX NPSIMUX,
HA3MBAIOTHCS KOJIIHEAPHUMU.

BekTopu Ha3uMBalOThCS KOMILJITAHAPHUMHU, SIKILIO ICHY€E IUIOIIMHA, SKIA BOHU
napaJieibHI.

JIBa BeKTOpH Oy/neMO BBAKATHU PIBHUMHU, SIKIIO BOHU KOJIIHEApPHI, OJTHAKOBO

HaIpaBJIeHl Ta MalOTh PiBHY JOBXKUHY. [Ipoekiris BekTopa a Ha Bich L Bu3Haua-
€TBCSA SIK Pr. @ = |a| cos ¢, e ¢ — KyT Mix BEKTOpOM 1 Biccio L.
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Text 6.2. Read and translate the text into Ukrainian
Essential Vocabulary
straight line — npsima J1iHis surface — moBepxus
Vertical and Horizontal Lines and Planes

If an object is suspended by a string, the line of the string would pass
through the centre of the earth; the line is called a vertical line. Any plane,
which contains a vertical line, e.g. the surface of the wall of a room, is called a
vertical plane. When a bricklayer is building a wall, he uses a plumb-line',
which consists of a small lump of lead at the end of a string to test whether the
surface of the wall is a vertical plane.

Any straight line, which is perpendicular to a vertical line, is called a hori-
zontal line, and if all the lines that can be drawn in a plane are horizontal, the
plane is called a horizontal plane, e.g. the surface of still water in a tank.

A surface is called level if it is a part of a horizontal plane. You can test
whether the floor of this room is a horizontal plane by using an instrument called
a spirit-level®, in which the adjustment to the horizontal is shown by the position
of a bubble in a glass tube containing alcohol. If a line or plane is neither verti-
cal, nor horizontal, it is called oblique®. The words perpendicular and vertical
must not be confused.

Two intersecting lines are perpendicular if they form a right-angled corner; a
line is vertical if it points to the centre of the earth.

Notes

1) plumb-line — Bucok, HiBemip;
2) spirit-level — ciuproBuii piBeHb, BaTeprnac;
3) oblique — kocwuit, HaxuICHUH.

Text 6.3. Read and translate the text into Ukrainian

Essential VVocabulary

angle — kyr octagon — BOCbMUKYTHHK
bisect — mimuTy HaBIiI perimeter — mepumetp
circle — koo polygon — 6aratokyTHUK
circumference — qoBkuHa KoJa regular — npaBuIbHUI
limit — rpanus square — kBajpaT
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Circumference of a Circle

In traditional approaches to mathematics, the circumference of a circle has
not always been clearly defined. That is, sometimes the circle itself was called
the circumference, and at other times, the measure of the distance around the
circle was called the circumference. Here we shall define the circumference as
the perimeter of the circle, in other words, the measure of the entire path formed
by the circle. This definition is symbolized by the formula C = zd or the formula
C = 2zr. There exist more precise definitions of a circumference. To arrive at
this more precise definition, it is necessary to introduce the concept of limits. By
using the limit concept, the circumference of a circle may be defined as the limit
of the perimeter of an inscribed regular polygon. To illustrate this, we can first
inscribe a square in a circle. The sum of the sides of the square will be an
approximationl of the circumference of the circle. Then, bisecting the central
angles, which are subtended2 by the sides of the square, we can inscribe a
regular octagon. The sum of the sides of the octagon will be a closer
approximation of the circumference. Next, bisecting the central angles
subtended by the sides of the octagon, we can inscribe a regular 16-gon. The
sum of the sides of thel6-gon will be an even closer approximation of the
circumference. By a similar process we can then inscribe a regular 32-gon and
64-gon, and so on. Clearly the sum of n sides of an inscribed regular n-gon can
be made to approximate the circumference of the circle as closely as desired by
choosing n sufficiently large. Thus the circumference of a circle may be defined
as the limit of the perimeter of an inscribed regular n-gon as n increases.

Notes

1) approximation — nmpuOIKM3HE 3HAYCHHS;
2) subtended angles — ctarayTi KyTH.

Exercise 6.3. Translate the text into Ukrainian

The number of positive roots of a polynomial f(x), a root of multiplicity m
being counted as m roots, is equal to the number of variations in sign in the se-
quence of coefficients of this polynomial (zero coefficients are not counted) or is
less by an even number.

To determine the number of negative roots of the polynomial f(x) it is obvi-
ously sufficient to apply Descartes theorem to the polynomial f(-x). If none of
the coefficients of the f(x) is zero, then, obviously, changes of sign in the se-
quence of coefficients of the polynomial f(—x) will be associated with preserva-
tion of signs in the sequence of coefficients of the polynomial f(x), and con-
versely. Thus, if the polynomial f(x) does not have zero coefficients, then the
number of its negative roots (counting multiplicities) is equal to the number of
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preservations of signs in the sequence of coefficients or is less by an even
number.

We give another proof of the Descartes theorem that does not rely on the
Budan-Fourier theorem.

If ¢ > 0, then the number of variations of sign in the sequence of coefficients
of the polynomial f(x) is less than the number of variations of sign in the
sequence of coefficients of the product (x — ¢) f(x) by an odd number.

Unit 7
Text 7.1. Read and translate the text into Ukrainian

Essential Vocabulary

angle — kyr ray — mpomiHb

edge — rpanb; pedpo segment — Bizipi3ok

endpoint — kiHIeBa TO4Ka straight line — npsima siHis
length — momxunHa subset — migMHOXHHA

line — miHis vertex (pl. vertices) — BepimHa
plane — mromuHa width — mmpuna

point — Touka
Points, Lines, Rays and Angles

The world around us contains many physical objects from which mathema-
ticians have developed geometric ideas and these objects can serve as models of
the geometric figures. The edge of a ruler or an edge of this page is a model of a
line. We have agreed to use the word line to mean straight line. A geometric line
is the property these models of lines have in common, it has length but no
thickness and no width; it is an idea. A participle of dust in the air, or a dot on a
piece of paper is a model of a point. A point is an idea about an exact location; it
has no dimensions. We usually use letters of the alphabet to name geometric
ideas. For example, we speak of the following models of points as point A, point
B, and point C.

*B
A
«C
We speak of the following as line AB or line BA.
B

S
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The arrows on the model above indicate that a line AB extends indefinitely
in both directions Let us agree to use the following figure to name a line. The
symbol AB means line AB. Can you locate a point C between A and B on the
drawing AB of above? Could you locate another point between B and C? Could
you continue this process indefinitely? Why? Because between any two points
on a line there is another point. A line consists of a set of points. Therefore, a
piece of the line is a subset of the line. There are many kinds of subsets of a line.
The subset of AB shown below is called a line segment as you might remember
from above.

A

The symbol for line segment AB is marked as follows: AB (segment AB).
You already know that points A and B are the endpoints of the segment. A line
segment is a set of points consisting of the two endpoints and all of the points on
the line between them. Notice that the symbol for a line segment (AB) contains
the letters naming the endpoints, that is, only the endpoints need to be given
while naming a line segment.

How does a line segment differ from a line? Could one measure the length
of a line? Of a line segment? You can judge from the above that a line segment
has definite length but a line extends indefinitely in each of its two directions.

Another important subset of a line is called a ray. It has infinite length and
only one endpoint, which is called a vertex. The symbol for ray AB is a one-way
arrow over AB.

Traditionally, the symbol AB in geometry might represent a line, a line
segment, or a ray. We draw the figure that is to be named above the letters
(AB, AB, AB) to eliminate the possible ambiguity.

B

It should be emphasized that in the drawings given above you see pictures of
a line, a line segment, and a ray and not the geometric ideas they represent. Let
us agree that to draw a geometric figure means to draw its picture. Obviously, if
a geometric figure, being formed by a set of points, is an abstract concept, it
cannot be seen. Therefore we draw pictures of geometric figures just as we write
numerals for numbers.

You certainly remember that by extending a line segment in one direction
we obtain a ray. Below is a picture of such an extension.
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M

The arrow indicated that you start at point M, go through point N, and on
without end. This results in what is called ray MN, which is denoted by the
symbol MN. Point M is the endpoint in this case. Notice that the letter naming
the endpoint of a ray is given when first naming the ray.

From what you already know you may deduce that drawing two rays origi-
nating from the same endpoint forms an angle. The common point of two rays is
the vertex of the angle.

L

N

Angles, though open figures, separate the plane into three distinct sets of
points: the interior, the exterior, and the angle.

Exercise 7.1. Translate the text into Ukrainian

1. A rectangular plate is vertically immersed in a vessel with fluid. One of
its sides with length a = 0.3 m lies on a surface of fluid, the length of the vertical
side is b = 0.5 m. At what depth is it necessary to divide the rectangle by
a horizontal line, so that the force of pressure on the upper and lower parts of the
area will be equal among themselves?

2. The circle cylinder, which radius of the base is equal to R and the altitude
is H, rotates round the axis with the constant angular rate ®. The density of the
material, of which the cylinder is made, is equal to 9. Find the kinetic energy of
the cylinder.

3. The dam has a form of an isosceles trapezoid, which bases have the length
a= 200 m and b = 50 m relatively, and the altitude is equal to h = 10 m.
Calculate the pressure on the dam, if the upper base lies on the level of the free
surface of water.
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Exercise 7.2. Translate the text into English

PekoMeHy€eThCsl TOACPKYBATHUCS TTOIATBIIIOT CXEMU:

1. O6macte D mpoekTyeTbest Ha onHY 3 oceid, Hampukiaan, OX. [lum Bu3Ha-
JaeThCs BiZPi3ok [@, b]: a <x <b. Beauunuu a i b OyayTh BIANIOBIIHO HIKHBOIO
1 BEpXHBOIO TPAHMIIIMU 30BHIITHBOTO 1HTErpaidy B GoOpMyll, TOOTO TpaHUIll y
30BHIITHBOMY 1HTETPaJIi 3aBXKIH € MOCTIMHUMHU BETTMUYUHAMHU.

2. Jlns 3HAXOKEHHS TPaHHIlb IHTETPYBAHHS y BHYTPIIIHBOMY IHTErpaji
poBeaeMO 4epe3 Oyab-saKy Touky (X, 0) € [@, b] mpsMy JiHIfO mapajiebHO JI0
oci Oy. s mpsima miHis nepecikae rpanuiro oomnacti D y Toukax M; 1 M,. Jlns
3HAXOJKCHHsSI KOOPAMHAT IIMX TOYOK HEOOXITHO BUPIMIUTU PIBHSHHS HIKHBOI
o6acti ACB Ta Bepxuboi 06macti ADB rpanui oomacti D musa y: y = yi(X) Ta 'y
= y»(X) BimnmosigHo. [Ipu npomy dynkiii yi(X) 1 Yo(X) Ha Bigpi3ky [@, b] € Hene-
PEpPBHUMHU Ta OJIHO3HAYHHWMHM, BOHU HE 3MIHIOIOTH CBOE aHAJIITUYHE 3HAYCHHS.
AHaJOTIYHO BU3HAYAIOTHCS TPAHUIIl IHTErpallii y MOBHOMY 1HTErpaii GopMyiu
(10.2), e 06s1acTh MPOEKTYETHCS HA OC1 OPIUHAT.

Text 7.2. Read and translate the text into Ukrainian
Essential Vocabulary

angle — kyt

equilateral triangle — piBHOCTOpPOHHI# TPUKYTHUK
hypotenuse — rinoreny3a

intersect — mepeTuHaTH(CS)

isosceles triangle — piBHOOEIpeHMIT TPUKYTHHK
leg — xaTer (TpUKyTHUKA)

plane — miomuHa

polygon — GaratokyTHUK

quadrilateral — 4oTHpUKYTHHK

right angle — npsimuii kyT

right triangle — npsIMOKyTHHIA TPUKYTHHK
segment — Biapi3oK

side — cropona

triangle — TpukyTHUK

A simple closed figure is any figure drawn in a plane in such a way that its
boundary never crosses or intersects itself and encloses part of the plane. The
following are examples of simple closed figures. Every simple closed figure
separates the plane into three distinct sets of points. The interior of the figure is
the set of all points in the part of the plane enclosed by the figure. The exterior
of the figure is the set of points in the plane which are outside the figure. And
finally, the simple closed figure itself is still another set of points.

34



OLJC

A simple closed figure formed by line segments is called a polygon. Each of
the line segments is called a side of the polygon. Polygons may be classified ac-
cording to the measures of the angles or the measure of the sides. This is true of
triangles — geometric figures having three sides — as well as of quadrilaterals,
having four sides.

/C\ \ F L

A B D E M

In the picture above you can see three triangles.

A ABC is referred to as an equilateral triangle. The sides of such a triangle
all have the same linear measure. A DEF is called an isosceles triangle which
means that its two sides have the same measure. You can see it in the drawing
above. A LMK being referred to as a right triangle means that it contains one
right angle. In A LMK, angle LMK is the right angle, sides ML and MK are

called the legs, and side KL is called the hypotenuse. The hypotenuse refers only
to the side opposite to the right angle of a right triangle.

Exercise 7.3. Translate the text into Ukrainian

Many geometrical and physical problems are solved by the theory of extre-
mums. Let us assume we have two values connected by a functional relation,
and we have to find the value of one of them (determined on some interval
which may be unlimited), at which another one takes the greatest or the least
values.

To solve this problem, first of all, we should create an expression, describ-
ing relations between the functions (one function expressed through another)
and then find the greatest or the least values in the given interval.

Example. Let us denote the radius of the cylinder basis by R and its altitude
by H. Then the complete surface is as follows:

S = 27R* + 2zRH
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Since the cylinder volume is given, then one of required values, for example
H, may be expressed through R by the formula V = zR? H, whence H = V/zR%
Substituting this expression in the formula for S we obtain:

S=2 #R*+ VIR)

I.e. S is a function of the single variable R, where R ¢ (0,).

Testing
Test A. Translate the text into Ukrainian
Properties of Functions, Continuous on the Closed Intervals

Properties of the functions continuous on the closed intervals are formulated
as the following theorems.

Theorem (Boltsano-Cauchy). If the function y = f (x) is continuous on the
segment [a, b] and has values of various signs on the ends of this interval then
there is at least one point x = ¢ between the points a and b at which the function
vanishes: f (c) = 0, a < ¢ < b. This theorem has simple geometric interpretation.
The graph of the continuous function y = f (x), connecting two points M1 [a,
f (a)] and M2 [b, f (b)], where f (2) <0 and f (b) > 0 (or f (a) > 0 and f (b) < 0),
intersects the axis Ox at least at one point.

Theorem. Let the function y = f (x) be continuous on the segment [a, b] and
f(a) = A, f (b) = B, and let C be an arbitrary number located between A and B,
I.e. A< C < B, then there is such point x = ¢ belonging to the segment [a, b] at
which f (c) = C.

Theorem (the first theorem by Weierstrass). If the function y = f (X) is
continuous on the segment [a, b], then it is bounded on this segment.

Theorem (the second theorem by Weierstrass). If the function y = f (X) is
continuous on some segment [a, b], then it achieved its exact upper and lower
bounds (i.e. there are such points x; and X,, that f (x;) = M, f (x) = m).

Test B. Translate the text into Ukrainian
The Greatest and the Least Values of Functions on the Interval

Let the function y = f(x) be continuous on the interval [a, b]. Then,
according the Weierstrass theorem, it achieves the greatest and the least values
in this interval. These values can be achieved either on the borders of the
interval or at interval point, being the extremums of the function. From this fact
we conclude the following plan for defining the greatest and the least values of
the function:

1. Define all the critical points, belonging to the given interval [a, b].

2. Calculate the values of the function in the found critical points and on the
borders of the interval.
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3. Choose the greatest and the least values from the obtained values. The
chosen values are required ones.

Example 1. Find the greatest and the least values of the function f (x) = x® —
3x? + 1 on the interval [-1, 4].

Solution.

f'(X) = 3x*—6x=3x (x—2).

3X(x—2)=0atx=0and x =2.

Thus the given function has two stationary points x; = 0 and X, =2 inside the
interval [-1, 4]. Let us calculate the function values at these points and on the
borders of the interval: f (0) = 1;f (2) =-3; f (-1) =-3; f (4) = 17.

As we see, the function takes the greatest value on the right border of the
interval while the least value is taken at the interval point x = 2 and on the left
border of the interval.

Test C. Translate the text into Ukrainian
Differential Equations

The differential equation is an equation connecting an unknown function, its
derivatives and independent variables.

If a function of a differential equation depends only on one independent
variable, then this equation is called an ordinary differential equation. The
highest derivative order of this equation is called an order of the equation. The
ordinary differential equation of the n" order is the following:

FOGYYLY .., y™) =0.

Any function y = ¢ (x) satisfying a differential equation, i.e. turning it into
an identity, is called a solution of this equation. The ratio @ (x, y) = 0, implicitly
presenting a solution of an equation, is called an integral of this equation. The
graph of a solution of a differential equation is called its integral curve. The
process of finding a solution of a differential equation is called its integration.
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Mathematical Signs & Symbols

addition, plus, positive

subtraction, minus, negative

plus or minus
multiplication sign,
multiplied by, times
division, divided by
equals, (is) equal to
not equal to
approximately equals
approaches

greater than

less than

greater than or equal to
less than or equal to
infinity

square root of a
cube root of a
parallel to
perpendicular to
parentheses
brackets

braces

micron

degree(s)

per cent

minute(s), foot / feet
second(s), inch(es)
Csuba

C prime

C double prime
differential of x
integral

function of x
absolute value of x
and

colon

comma
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3HaK JI0JlaBaHHsA abo0 J0JaTHOI Be-
JINYUHU

3HaK BIOHIMaHHSA a00 BiJ €MHOI Be-
JTAYUHA

ILJTIOC MIHYC

3HAaK MHOYKEHHS, MHOXKEHHS Ha. ..

3HAK JIJE€HHS, JUIEHHS Ha. ..
JOPIBHIOE

HE JIOPIBHIOE
MPUOIN3HO JOPIBHIOE
HaOJIMKAETHCS
O1BIIIE HIXK

MEHIIIE HI)K

O1IBIIIE YK JIOPIBHIOE
MEHIII€ Y1 JOPIBHIOE
HECKIHYEHHICTh
KBaJpaTHUW KOPIHb 3 d
KyOl4HHI1 KOPIHb 3
napayiesIbHO
NEPHEHAUKYIISIPHO 10
KpYTJIl TyKKH
KBaJpPAaTHI TyKKH
GbirypHi gy>KKu
MikpoH (0,001 mm)
rpanyc(un)
MPOLICHT(N)

XBUJIMHU, PyTH
CEeKYH/]IH, JIOUMH

C 3 iHJIEKCOM a

C — wrpux

C — aBa WITPpUXHU
nudepeHIian x
1HTEerpan Bif...
byHKIIS BII X
a0COTIOTHE 3HAYCHHS X
1

JBOKpAITKa

KoMa



—_——0 *

semicolon
apostrophe

dash

hyphen

asterisk
interrogation point
note of exclamation

Kparmka 3 KOMOIO
arnoctpod

TUPE

nedic

3ipouka

3HAK MUTaHHS
3HAK OKJIUKY

Greek Letters

a alpha anbda
B beta Oera

Y gamma ramMma
) delta nenbTa
€ epsilon ITICHJIOH
C Zeta n3era
n eta era

0 theta TeTa

J iota fiora
K kappa Karnma
A lambda 1aMOa
u mu Mi

\% nu Hi

1 Xi KCl

0 omicron OMIKpPOH
T pi i

p rho po

o sigma cUrmMa
T tau Tay

v upsilon IIICUJIOH
¢ phi i

Y chi X1

W psi 1ici

0) omega omMera
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a=-b=c
2x2=4
cxd=Db
dx
a+b_ c+d
a-b c-d
Ya-b - Xb-c=0
d?y

S2
[ f(x)dx
b

[ f(x)dx
a
C(S): Kab
Xap = C
axh
a:b:c:d;
a:b=c:d
X x6 =42
10 =2=5
a’_y,

C
a=c¢
ath_
a-b
a’> = logcb
log.b=c
Xap=C
o

+ y[1+b(s)]=0

Formulae Reading

a divided by b is equal to c
Twice two is four

¢ multiplied by d equals b
differential of x

a plus b over a minus b is equal to ¢ plus d over ¢
minus d

y sub a minus b multiplied by x sub b minus c is
equal to zero

the second derivative of y with respect to s plus y
times open bracket one plus b of s in parentheses,
close bracket is equal to zero

the integral of f(x) with respect to x

the definite integral of f(x)with respect to x from
a to b (between limits a and b)

c of sis equal to K sub ab
X sub a minus b is equal to ¢
a varies directly as b

aistobas (equals)cistod

X times six is forty two; x multiplied by six is
forty two

ten divided by two is equal to five; ten over two
is five

a squared over c equals b

a raised to the fifth power is c; a to the fifth
degree is equal to ¢

a plus b over a minus b is equal to ¢

a cubed is equal to the logarithm of b to the base
C

the logarithm of b to the base a is equal to c
X sub a minus b is equal to ¢

the second partial derivative of u with respect to t
equals zero
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c:d=e:l cistodaseistol
fifteen is to three as forty five is to nine; the ratio

15:3=45:9 of fifteen to three is equal to the ratio of forty five
to nine
n-1 p is approximately equal to the sum of x sub i
p~ X f(x)AX delta x sub i and it changes from zero to n minus
=0 one

the square root of a squared plus b squared minus

Jai+b? —Ja?+b’ < ‘b—bl‘ the square root of a squared plus b sub one
squared by absolute value is less or equal to b
minus b sub one by absolute value (by modulus)
a to the power z is less or equal to the limit a to

aZ =lima’r the power z sub n where n tends (approaches) the
N—o0 infinity
%a.'jzlz n the sum of n terms a sub j, where j runs from 1 to
] ) 1 -
. _1 n
4/81=3 the fourth root of 81 is equal to three
cocd c varies directly as d
sina=a sine angle «is equal to a
| dx integral of dx divided by (over) the square root
Ja?—x? out of a square minus x square
d }(de d over dx of the integral from x sub 0 to x of
dy . capital xdx
0
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English-Ukrainian Dictionary

abscissa
absolute value of
acute angle

add

addend

addition

adjacent
algebraic symbol
altitude

angle

angular
approximation
arabic numbers
area

arbitrary number
arithmetic progression
arithmetic
arrangement
asymptote

axes of coordinates
axis

axis of abscissas
axis of ordinates
base

base field

bisect

bisector

border

boundary

broken line
cardinal number
cathetus
characteristic root
chord

circle
circumference
coefficient
collinear

column

abcruca

a0COJIOTHE 3HAUYCHHS
TOCTPUM KYT

JI0/TaBaTH

JOJIAaHOK (pyc. cimaraeMoe)
JI0/TaBaHHS

CYMDKHUI
anrebpaiyHUil CHMBOJI
BHCOTA

KYT

KYTOBUU

pUOIM3HE 3HAYCHHS
apa0cbki 1udpu

i (0)ii¢:]

JIOBLIBHE YHCIIO
apu(pMeTuIHa Mporpecis
apupmeTuKa
PO3MIIICHHS
aCUMIITOTA

Jci cucTeMu KoopauHaT
BICh

Bich a0cuuc

BICh OpJIMHAT

OCHOBa

OCHOBHE T10JI€

JIJIUTH HABITLI
OicexTpuca

KiHeIb (Biapi3Ka)
TpaHULIS

JamMaHa JIiHisg
KUIbKICHHIM YUCTIBHUK
KaTeT
XapaKTEepUCTUYHUN KOPIHb
Xxopaa

KOJIO

JIOBKMHA KOJIa
KoedilieHT
KOJITHEApHUM

CTOBIICITh
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common divisor
complanar
complementary angles
complex

complex coefficient
complex plane
cone

constant
continuous

contour

convergent
convergence interval
corner

cosine

cotangent

cube root of

cube

cuboid

curved line

curved surface
cyclic group
cylinder

cylindrical

decagon

decimal (common) logarithm

decimal fraction
definite integral
degree

denominator
derivative
determinant
diagonal

diameter

difference
differential calculus
differential equation
differential of x
differentiation

digit

directrix

divide (by)
dividend

division

CHUIbHUN TIIbHUK
KOMILUTIAaHAPHUH
JOTATKOBI KyTH
KOMILJICKCHUM
KOMIUIEKCHUM KOC(DIIIEHT
KOMIIIEKCHA TUIOIIHMHA
KOHYC

MOCTIiHA BEJIMYMHA, KOHCTaHTa
HETIEpEPBHUMN

KOHTYD

301KHUH B OIHINA TOYII
1HTepBaJI 301’KHOCTI

KyT

KOCHHYC

KOTaHI'€HC

KyOI4HHI KOPiHb 3

KyO

Ky0o0in, mpsIMOKYTHHUI Mapanesieninea

KpUBa JIHIA

KpHYBa IMMOBEPXHS

LUKJIIYHA rpyna

LHAJTIH]IP

HAJTIHIPUYHUN
JECATUKYTHUK

JIECATKOBUI Jorapudm
JECATKOBUM JIp10
BU3HAYCHUM 1HTETpal
CTEMiHb; TPALyC
3HAMEHHUK (pyc. 3HaMEHaTEb)
[IOX1/1HA

BU3HAYHHK

JIlaroHaJib

iameTp

PI3HUIIA

nudepeHiaabHe YHCIECHHS
nudepeHiaabHe pIBHIHHS
nudepeHiian x
nudepeHITiFoBaHHS

uudpa

JUPEKTpHCa, HaMpsiMHA (JTiH1s)
iUty (Ha)

TineHe (pyc. neauMoe)
JIIIEHHS

43



divisor

domain

double integral
edge

element

ellipse

ellipsoid

empty set

endpoint

equals

equation
equilateral
equilateral triangle
even function

even number
evolution

exponent
exponential function
extract

extract the root of
extremes
extremum

exterior angle
factor

factorial

field

finite

formula

fraction

fractional

function of x
generatrix (pl. generatrices)
geometrical progression
height

hexagon

hyperbola
hyperbolic cosine
hyperbolic function
hypotenuse
identity
independent variable
index (pl. indices)
inequality

TIITBHUK (pyc. NETUTENb)
00JacTh

MOABIMHUM 1HTErpal
rpaHb; pedopo

CJIEMEHT

eJIIIIC, OBaJI

EJTIIICOI T

MyCcTa MHOKHWHA
KiHIIEBa TOYKA
JOPIBHIOE

PiBHSIHHS
PIBHOCTOPOHHIM
PIBHOCTOPOHHIM TPUKYTHHUK
napHa (QyHKITis

MapHe YUCIo (pyc. YeTHOE YUCIIO)

N00yBaHHS KOPEHs
NIOKa3HUK (CTETICHS)
MOKa3HUKOBA (QYHKIIIS
n00yBaTH (KOPiHB)
n00yBaTH KOPIHbG 3

KpaliHl YWieHH (MaTeMaTUYHOI IPOIOPIIIi)

EKCTPEMYM
30BHIIIHIN KyT
MHOKHHK (pyc. MHOKHUTEIIb )
daktopian

noJe

KIHILIEBUI

dbopmymna

pi0

JTpoOOBHIA

(byHKITS Bl X

TBIpHA

reoMeTpUuYHa Nporpecis
BHCOTA

MIECTUKYTHUK
rinep6oJia
rinepOoMIYHUI KOCUHYC
rinepOomiuna QyHKITis
rinoTeHy3a

TOTOKHICTh

He3aJIe)KHA 3MIHHA
MOKa3HUK CTEMEeHs
HEPIBHICTH
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infinity

integer

integral

integral calculus
integral curve
integration
interior angle
intercept
intersect
intersection
interval

inverse function
involution
irrational number
isosceles triangle
item

leg

length

limit

line

linear equation
linear function

linear-fractional function

linear space
logarithm
logarithmic function
mapping
mathematics

matrix (pl. matrices)
means

median

minor

minuend

minus

mixed number
module

multiple root
multiplicand
multiplication
multiplicity
multiplier

multiply (by)
natural logarithm

HECKIHYEHHICTb

L1JIE YUCIIO

1HTerpas Bif...
IHTErpajibHe YUCICHHS;
1HTErpajibHa KprUBa
1HTErpyBaHHS
BHYTPIIIIHIA KyT
nepeTuHaTH(cs), epeTuH
nepeTuHatu(cs),

TOUYKa a0o JiHIS MepEeTUHY
BiJIP130K, YMCJIOBHUM 1HTEPBAJ
obepHeHa QyHKIIISA
M1THECEHHS J0 CTEIeHs
1ppallioHaJIbHEe YHCIIO
PIBHOOEAPEHU TPUKYTHUK
JI0JIaHOK (pyc. claraemMoe)
CTOpOHA, KaTeT (TPUKYTHHUKA)
JOBXXHHA

TPaHMIISA

JHIA

JiH1AHE PIBHSHHS

AiH1MHA QyHKIISA
KBaJpaTuyHa QyHKLIA
JTIHIAHUN TIPOCTIP
aorapupm

norapudMivHa GyHKITIS
B1JI0OpaKeHHS
MaTeMaThKa

MaTPHIISL

CepeHe

MeIiaHa

MIHOp

3MEHIIIYBaHe (pyc. yMEHbILIAEMOe)

MIHYC

3MIIIaHE YUCIIO

MOJYJb

KpaTHUH KOPiHb

MHOEHE (pyc. MHOKHUMOE)
MHO>KEHHS

KpaTHICTh

MHOXHHUK (pyc. MHOXKHTEJIb)
MOMHOXUTH (HAa)
HaTypaJabHUM Jorapudm
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natural number
negative number

nonzero
normal form

not equal to
numerator

obtuse angle
octagon

odd function

odd number

order

ordinal number
ordinate

origin of ordinates
parabola

parallel to
parallelepiped
parallelogram
parameter
pentagon
perimeter
periodical function
perpendicular lines
perpendicular to
plane

plus

point A

polygon
polynomial function
positive number

power
power function
power series
prime

prime power
principal diagonal
prism

product
proportion
proportional
pyramid

HaTypaJbHE YUCIIO

B1JI’€MHE YHUCJIIO

(pyc. oTpuLaTENIBHOE YHCIIO)
HEHYJIbOBUU

HOpMasbHa (hopMa (PIBHSHHS MPSIMOT)

HE JIOPIBHIOE

YUCEJbHUK (pyC. YUCIUTED)
TYIIHN KYT

BOCBMUKYTHHK

HenapHa QyHKIA

HEIapHE YUCIIO0 (pyc. HEUETHOE YHCIIO)

MOPSIJIOK
MOPSIIKOBUI YHCITIBHUK
opauHaTa

MOYaTOK KOOPJAUHAT
napaboa

napajieJibHO
napaJiesnenimne;y
napanenorpam
napameTp

I’ ATUKYTHUK

IEPUMETP

nepiognyHa QyHKITis
NEepHEeHANKYJIAPHI JH1T
NEePHEHANKYJISIPHO 0
TJIOIIMHA

TUTIOC

TOYKa A

0araToKyTHUK

MOJIIHOM

JIOJIATHE YUCIIO

(pyc. MONOXHUTETHLHOE YUCIIO)
CTEIHb

cTeneHeBa (QPyHKIIisA
CTETICHEBUU Pl

MIPOCTE YUCIIO

CTEMiHb MPOCTOTO YKCIIA
rOJIOBHA JlaroHaib
npu3Ma

n00yTOK, (pyc. Mpou3BeIcHHE)
MIPOTIOPIIist
MPOTIOPIIHUI
mipamiaa
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quadratic function
quadrilateral
quantity
quotient

radical sign
radius

range

rank

raise to power
ratio

rational number
ray

real coefficient
real number

real root
reciprocal
reciprocal number
rectangle
rectangular
regular
remainder
repeating decimal
repeating function
right angle

right triangle
Roman numbers
root

round

scalar

scalene triangle
segment
sequence

series

set

side

sign

sine

singular
solution

solve

sphere

square root of
square

KBaJpaTU4Ha QyHKIIIS
YOTUPUKYTHHUK

KIJIbKICTh, BEJIMYHHA
gacTka (pyc. 4aCTHOE)
3HaK KOpPEHS

paniyc

00JacTh

panr

IMTHOCUTH JI0 CTEIIEHS
BITHOIIIEHHS
parioHaIbHE YUCIIO
IIPOMiHb

peyoBui KoedilieHT
pEYOBE YUCIIO

PEYOBHI KOPIHb
obepHeHUI

00EepHEHE YHCIIO
MPSIMOKYTHHUK
MPSMOKYTHU I
MIPAaBUJIBHU I

ocTaya (pyc. OCTaTOK)
MEepIOUYHUN JECATKOBUM JIp10
nepioanyHa QyHKISA
NpSAMUANA KyT
IPSIMOKYTHUI TPUKYTHUK
pUMCHKI 1T pu

KOPiHb

KOJIO

CKaJISIpHUN
HEPIBHOCTOPOHHIN TPUKYTHUK
BIJIP130K

MOCJTIIOBHICTD
MOCJTIIOBHICTD

MHOXHHA (pyc. MHOKECTBO)
CTOpOHA (KBajJpaTa, MHOTOKYTHHKA)
3HAK

CUHYC

0co0MBUI

pO3B’sI3aHHS
pO3B’sA3yBaTH

cthepa

KBaIpaTHUN KOPIHb 3
KBaJIpat
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straight angle

straight line
subgroup

submatrix (pl. submatrices)
subscript

subset

subtract

subtraction
subtrahend
succession

sum

summand
supplementary angles
surface

tangent

term

terminus

total

transposition
trapezoid

triangle

triangular

triangular prism
trigonometrical function
truncated cone

unigueness

unit

unity

unknown

value

variable
variation

vary directly as
vary inversely as
vector

vertex (pl. vertices)
vertical angle
vulgar fraction
width

whole number
zero

PO3TOPHYTHH KT

npsiMa JIHisA

Mmirpymna

1IMATPUILIS

HIDKHINA 1HIEKC

M IMHOKHUHA

BIJIHIMATH

BITHIMAaHHS

BiJI’eMHUK (pyc. BEIUUTACMOE)
MTOCJTIIOBHICTh

Cyma, CyMyBaTH

JOJAHOK (pyc. cllaraeMoe)
CYMIXHI KyTH

MOBEPXHS

TaHTEHC

YJIeH, OJIHOYJICH

KiHeIlb (BEKTOpa)

M1JICYMOK, ITiIBOJIUTH MiACYMOK
TPaHCIO3UII1S

Tparnenis

TPUKYTHUK

TPUKYTHUN

TPUKyTHA TIpHU3Ma
TPUTOHOMETPHUYHA (PYHKIIIS
3pi3aHuil KOHYC 3 HemapajleIbHUMU
OCHOBaMH

OJIHO3HAYHICTh

OJIMHULIS BUMIPIOBAHHS
OJIMHULIS

HEBiJIOME

BEITMYMHA, 3HAUCHHS

3MiHHA

3MIHIOBaHHSI

3MIHIOBATUCH MPSIMO MPOIMOPIIIAHO
3MIHIOBATUCH OOEPHEHO MPOMOPLIITHO
BEKTOP

BEpIIIMHA

BEPTUKAJIbHUN KyT
3BUYAHHUM JIp10

ITMPUHA

L1JIE YUCIIO

HYJIb
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Ukrainian-English Dictionary

a0COJIFOTHE 3HAYEHHS
a0crca
anreOpaiyHuii CUMBOJ

apudMeTHIHA TPOrpecis

aCUMIITOTa
0araToKyTHHUK
OicekTpuca

BEKTOP

BEJTUYMHA
BEPTHUKAJIbHI KYTH
BEpIIIMHA

BU3HAYHHK

BHCOTA

B1JI'€MHE YHCJIO
BIJTHIMaHHS

BIJTHIMATH
BITHOIIIEHHS
B1JIOOpayKEeHHS
BIJIP130K

BICh a0cCIMC

BICh OpJIMHAT
BHYTPIIIHIA KyT
BOCBMHUKYTHHK
reoOMeTpUYHa Nporpecis
rinep6oJia
rinepOosiyHa PyHKIs
rinepOoIIYHUIA KOCUHYC
rinoTeHy3a

TOCTPUM KYT

rpaayc

TpaHULIS

rpaHb

JECATUKYTHUK
JECATKOBHM JIp10
JECATKOBHM JIoTapuhm
TUPEKTpHCA
nudepenItian ikca

nudepeHItiine piBHIHHS
nudepeHiiHe YUCICHHS

nudepeHItitoBaHHS

absolute value of
abscissa

algebraic symbol
arithmetic progression
asymptote

polygon

bisector

vector

quantity, value
vertical angles
vertex (pl. vertices)
determinant

height, altitude
negative number
subtraction
subtract

ratio

mapping

segment, interval
axis of abscissas
axis of ordinates
interior angle
octagon
geometrical progression
hyperbola
hyperbolic function
hyperbolic cosine
hypotenuse

acute angle

degree

limit

edge

decagon

decimal fraction

decimal (common) logarithm

directrix

differential of x
differential equation
differential calculus
differentiation



JlaroHajib

JiaMeTp

TJIeHe

TIJIEHHS

TUTH (Ha)

TIIBHUAK
nudepeHITiFoBaHHS
100yBaHHS KOPEHS
100yBaTH KOPiHb 3
100yTOK

JIOBJKHMHA

JIOB)KMHA KOJia
JIOBUJILHE YHCIIO
JIOJIaBaHHS

JIOJIaBaTH

JIOJITAHOK

JOJTATKOBI KyTH
JIOJIaTHE YHCIIO

npid

IpoOoBUiA
EKCTpEMYM

SJIIIIC

eJIICOIn

301KHHUU B OJHIM TOYII
3BUYAWHUM JIp10
3MEHIITyBaHE

3MiHHA

3MIHIOBaHHS
3MIIIaHE YUCII0

3HAK KOPEHSI
3HaAMEHHUK
3HAYEHHS

30BHIIIHIN KyT
1HTEerpan Bif...
IHTErpajgbHa KpruBa
IHTErpajibHe YUCICHHS
IHTErpyBaHHS
1HTEepBa 301>KHOCTI
ippaiioHaIbHEe YHCIIO
KaTeT

KBajapaT
KBaJpaTuyHa QyHKIIIS
KBaJpaTHUI KOPIHb 3
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diagonal
diameter
dividend

division

divide (by)
divisor
differentiation
evolution

extract the root of
product

length
circumference
arbitrary number
addition

add

addend, item, summand
complementary angles
positive number
fraction

fractional
extremum

ellipse

ellipsoid
convergent
vulgar fraction
minuend

variable

variation

mixed number
radical sign
denominator
value

exterior angle
integral

integral curve
integral calculus
integration
convergence interval
irrational number
cathetus

square

quadratic function
square root of



KUTbKICHUH YUCITIBHUK
KUTBKICTh

KiHeIlb (BEKTOpa)
KIHI[EBA TOYKA
KIHIIEBUI

KoedirmieHT
KOJIIHEapHUIA

KOJIO

KOMILTaHApHUH (BEKTOP)
KOMITJIEKCHA TIJIOTIMHA
KOMITJIEKCHE YHCJIIO
KOMIUIEKCHUM KOe(DIIIEHT
KOHTYP

KOHCTaHTa

KOHYC

KOPiHb

KOCHHYC

KOTaHTEHC

KpaifHi WwieHH (MaT. Mpomnopiiii)
KpaTHUI KOPiHb
KpaTHICTh

KpHUBa JIHIS

KpHBa IMOBEPXHS

KyO

KyOl4YHUI KOPiHb 3

KYT

KYTOBUU

JaMaHa JIHisg

JiHIMHA QYHKITISA
JiHIAHE PIBHAHHS

JHIS

jgorapupm
aorapupMiuHa QyHKIIISA
MaTeMaTHuKa

MaTpPHILI

MeJ1iaHa

MIHYC

MHOKCHE

MHOKCHHS

MHOKHHA (pyc. MHOXKECTBO)
MHOYXHHK

MOJTYJb

HaIpsiMHa
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cardinal number
quantity
terminus
endpoint

finite
coefficient
collinear

circle, round
complanar
complex plane
complex number
complex coefficient
contour
constant

cone

root

cosine
cotangent
extremes
multiple root
multiplicity
curved line
curved surface
cube

cube root of
angle, corner
angular

broken line
linear function
linear equation
line

logarithm
logarithmic function
mathematics
matrix

median

minus
multiplicand
multiplication
set

factor, multiplier
module
directrix



HaTypajbHE YHUCIIO
HaTypajbHUM Jorapudm
HEBIOME

He3aJIeKHa 3MIHHA
HEHYJIbOBUH

HenapHa QyHKITS
HEenmapHe YHUCIIO
HEPIBHICTb
HEPIBHOCTOPOHHIN TPUKYTHUK
HECKIHYCHHICTh
HIDKHIN 1HIIEKC
HOpMasibHa (hopMa
HYJIbOBUN BEKTOP
oOepHeHa (yHKIIIS
0OepHEHE YHCII0
obepHEeHUI

o0yacTb

oBaJ

OJIMHUIIS BUMiPIOBAHHSI
OJIHO3HAYHICTH
OJTHOYJICH

opAWHATa

0C1 CUCTEMH KOOpAUHAT
OCHOBa

ocTaua

I’ AITUKYTHUK

napaboia
napaJiesnenimne;
napaJienorpam
napayeabHO

napameTp

napHa QyHKIIS

MapHe YHUCIIO
nepeTuHaTH(Csl)
ePUMETP

neploanyHa QyHKLIs

MEePIOAUIHUIN JECATKOBUM JIPi0
MePHEHANKYJISIPHI JHIT
MEePIEHANKYJISIPHO 10
M1IBOAUTH M1ICYMOK

niarpymna

I IMATPHIIS
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natural number
natural logarithm
unknownd
independent variable
nonzero

odd function

odd number
inequality

scalene triangle
infinity

subscript

normal form

null vector
inverse function
reciprocal number
reciprocal
domain, range
ellipse

unit

uniqueness

term

ordinate

axes of coordinates
base

remainder
pentagon

parabola
parallelepiped
parallelogram
parallel to
parameter

even function
even number
intersect, intercept
perimeter
periodical function,
repeating function
repeating decimal
perpendicular lines
perpendicular to
total

subgroup
submatrix



MIMHOKHAHA
M1THECEHHS JIO CTETICHS
MTHIMA04e
M1THOCUTH JI0 CTETICHS
M1JICYMOK

nipamizia

TI01Ia

TJIOIHA

TUTFOC

MTOBEPXHS

MOIBIHUY THTETpas
MOKa3HUK (CTeNeHs
MOKa3HUKOBA (DYHKITIS
noJie

MOJIIHOM

MIOMHOKHUTHU (HA)
MOPSJIKOBUM YMCITIBHUK
MIOCJI1IOBHICTh
MOX1JTHA

no4yaTok (BEeKTOpa)
MOYaTOK KOOPIMHAT
IIPAaBUJIBHUI
NpUOJIM3HE 3HAUEHHS
npu3Ma

MPOMiHb
MPOTIOPIITHUHI
MPOTIOPIIist

npsiMa JIHISA

MPSIMHAM KYT

MPSIMOKYTHHUH Tapalenenines

MPSAMOKYTHUH TPUKYTHUK
MPSAMOKYTHUI
TIPSIMOKYTHHK

mycTa MHOKHHA

paziyc

paHr

pallioHaJIbHE YHCIIO

pedpo

pIBHOOEIPEHUN TPUKYTHHUK
PIBHOCTOPOHHIN TPUKYTHHUK
PIBHOCTOPOHHIH

PIBHSHHS

PI3HUILA
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subset

involution
subtrahend

raise to power
total

pyramid

area

plane

plus

surface

double integral
exponent, index (pl. indices)
exponential function
field

polynomial function
multiply (by)
ordinal number
series, sequence, succession
derivative

origin

origin of ordinates
regular
approximation
prism

ray

proportional
proportion

straight line

right angle

cuboid

right triangle
rectangular
rectangle

empty set

radius

rank

rational number
edge

isosceles triangle
equilateral triangle
equilateral
equation
difference



pO3B’sI3aHHS
pO3B’sI3yBaTH
PO3TOPHYTHM KYT
PO3MIIIICHHS
cepenHe

CHUHYC

CKAJSIPHUI
CHUILHUNA IUIBHUK
CTerneHeBa (PyHKIIis
CTETIEHEBUU P
CTEIiHb

CTOBIIEIh
CTOpOHA

cyma
CYMDKHHM
CYMIDXHI KyTH
CyMyBaTH
cthepa
TaHTEHC
TBiIpHA
TOTOXHICTh
TOYKa A

TOYKa a00 JIHISA NEPETHHY

TPaHCITO3UITiS
Tparneris

TPUTOHOMETpUYHA (QYHKIIIS

TPUKYTHA MPU3Ma
TPUKYTHUI
TPUKYTHHK
TYIHUH KyT
dakTopian
dbopmyia
byHKIIIs B X
xopJa
LHAJIIH]IP
nudpa

iJIE YHUCIIO
yacTKa
YUCEIIbHUK

YU CIIOBUM
YOTUPHUKYTHUK
IECTUKYTHUK
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solution

solve

straight angle
arrangement

means

sine

scalar

common divisor
power function

power series

degree, power

column

leg (tpukyTHHKa), Side (kBampara,
I’ ITAKYTHUKA 200 MIECTUKYTHHKA)
sum

adjacent
supplementary angles
sum

sphere

tangent

generatrix (pl. generatrices)
identity

point A

intersection
transposition
trapezoid
trigonometrical function
triangular prism
triangular

triangle

obtuse angle

factorial

formula

function of x

chord

cylinder

digit

integer, whole number
uotient

numerator

inTepBain interval
quadrilateral

hexagon



Keys

Exercise 1.4

The obtained equation defines the parabola. The parabola divides the whole
plane into two parts, namely internal and external parts relatively to the
parabola. For points belonging to one of its parts the inequality y> < 4 + 4 X is
valid, for the other part y> > 4 + 4 x (on the parabola y* = 4 + 4).

In order to understand which of these two parts is the domain of the given
function, i.e. satisfies the condition y* < 4 + 4 x, we should check this condition
for any point not lying on the parabola. For example, the point of origin O (0,0)
lies inside the parabola and satisfies the necessary condition 0 < 4 + 4 x Q.
Therefore, the studied domain D consists of the points inside the parabola. As
the parabola does not belong to the domain D we mark the boundary of the
domain on the figure with a dotted line.

Exercise 2.3

Cauchy’s theorem for the equation y” = f (X, y) states that, if in some domain
the functions f (x, y) and /", (X, y) are continuous, then through each point of this
domain passes only one integral curve of this equation. Points at which the
conditions of Cauchy’s theorem are ignored are called the singular points of a
differential equation. A curve completely consisting of singular points is called a
singular curve of an equation. If a singular curve at the same time is an integral
one for some equation then it is called a singular integral curve or a singular
solution.

We should mention that it is impossible to say beforehand what will be at
the singular point: there can be several or none integral curves passing through
it.

Exercise 3.3

If the coefficients and right part of the differential equation

Yy P+ 0 )y " P+, () y=f(X)

are expanded in a power series on powers X — a, convergent in some
neighbourhood of the point x = a, then the solution of this equation satisfying
the initial conditions

Y (@ =Y,y (@)= ... ¥ "7 (@) =",

IS expanded in a power series on powers X — a, at least, on the smallest
convergence interval of the series for the coefficients and right part of the
differential equation.
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For an approximate solution of a differential equation by means of power se-
ries two methods are used: the coefficients comparison and successive differen-
tiation.

Exercise 4.4

The variable u is called a function of independent variables x;, X,, ..., X, if
for each set of values (xy, X, ..., X,) of these variables from the given domain of
their variations one or more values of u are established according to some rule or
law. The notation: u = f (X3, Xo, ..., X) Or U = U (X1, Xo, ..., X,). In case of a
function of three variables the function u is designated by u = f (x, y, z), in case
of a function of two variables—u=f(x,y)orz=f(x,y),z=z (X, y).

The set of n values Xy, X, ..., X, is called a “point” in the range of their
variation and we deal with the value of the function u at this point. If the
function is given by an analytical expression (formula) without any additional
conditions, then the range of existence of its analytical expression is considered
to be its range of definition, i.e. a set of those points, at which the given
analytical expression is defined and takes only real and finite values.

Exercise 5.2

If the function z = f (X, y) > 0, then the double integral of this function is
equal to the volume of a cylindrical solid limited by the domain D from below,
by the surface z = f (X, y) from above and by the cylindrical surface, which
directrix is a boundary of the domain D, and which generatrices are parallel to
the axis Oz.

The basis properties of a double integral are similar to the correspondent
properties of a definite integral.

Calculation of a double integral is carried out by re-calculation of two
definite integrals. Let us assume that any line parallel to the Oy, not more than at
two points, intercepts the domain of integration D.

Such a domain will be called a regular or simple domain in the direction of
the axis Ox. Let the most left-hand point of the boundary F be A and the most
right-hand be B. Let us denote their abscissas by a, b. The points A and B divide
the contour F into the lower part ACB, which equation is y = y; (x), and the
upper part ADB, which equation is 'y =y, (X).

Exercise 6.2

A direct segment (or an ordered couple of points) is called a vector (geomet-
rical). So-called the null vector whose origin coincides with its terminus also re-
lates to vectors. The distance between an original and terminus of a vector is
called its length or module and designated-by |a|. The module of a null vector is
equal to zero.
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Vectors located on the same or parallel straight lines are called collinear.

Vectors are called complanar if there exists a plane, which they are parallel
to.

Two vectors should be considered equal if they are collinear, equally di-

rected and have equal lengths. A projection of a vector a on an axis L is defined
by pr. a = |a | cos ¢, where ¢ is an angle between the vector and the axis L.

Exercise 7.2

It is suggested to follow the given scheme:

1. The domain D is projected on an axis, for example, Ox. This defines the
segment [a, b]: a < x < b. The values a and b will be the lower and the upper
limits of an external integral in the formula, i.e. the limits in an external integral
are always constant values.

2. To find limits of integration in an internal integral we should draw
through any point (x, 0) € [a, b] a straight line parallel to the axis Oy. This line
intersects the boundary of the domain D at two points M; and M,. To find the
coordinates of these points we have to solve the equations of the lower ACB and
the upper ADB domains of the boundary of the domain D fory: y =y,;(x) and y =
= y,(x) respectively. The functions y;(x) and y,(x) are continuous and single-
valued over the interval [a, b]; they do not change their analytical expression.
Similarly, limits of integration are defined in the repeated integral of the
formula, when the domain is projected on the ordinate axis.

Test A
Baacrusocti ¢pyHKIii, HemepepBHUX HA 3AMKHYTHX BiIpizkax

BnactuBocTi GyHKIIIM, HEMEPEPBHUX HAa 3aMKHYTHX BiJIpi3Kax, (GopMyIito-
IOTHCSI HUKYE Y BUTJISIII TEOPEM.

Teopema (bonbuano-Komi). Skmo ¢yskmis y = f (X) HemepepBHa Ha cer-
MeHTI [a, D] 1 Ha KiHISX 1BOTO Bimpi3ka HaOyBae 3HAYCHHS PI3HUX 3HAKIB, TO
MIXK TOYKaMH a i b 3HaiineTbcs, mpuHaiiMHI, OJHA TOYKA X = ¢, B SKii (yHKI[is
obepraerses B HyIb: T (C) =0, a < ¢ < b. Ilg Teopema mae npocTe reoMeTprIHE
3HadyeHHs. ['padik HenepepBHOi ¢yHkii y = f (X), mo cnonydae Touku M; [a,
f(@]iM,[b, f(b)],nef(@ <0if(b)>0(abof(a)>0if(b)<0), neperunae
Bich OX, mpuHAMHI, B OJTHIA TOYIII.

Teopema. Hexait ¢pynkiiis y = f (X) HenepepBHa Ha cerMeHTi [a, b], npuuomy
f(a) = A, f(b) =B, i mexait C — Oynp-sike uncio, nomimeHe Mix A i B, To6To A <
C < B, Toni Ha cerMenTi [a, b] 3HaligeThcs Taka Touka X = ¢, B skii f (C) = C.

Teopema (mepiia Teopema Beitepiirpacca). SAxmo ¢yukmis y = f (X) Heme-
pepBHa Ha cerMeHTi [a, D], To BoHa 0OMekeHa Ha [IbOMY CETMEHTI.

Teopema (apyra Teopema Beitepinrpacca). SAxmio dyskiis y = f (X) Henepe-
pBHa Ha cerMeHTi [a, b], To BoHa J0csArae Ha IbOMY CEIMEHTI CBOiX TOYHHX
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BEPXHBOI 1 HI)KHBOI TpaHuIlb (TOOTO 3HANWAYTHCS TakKi TOUKH Xp 1 Xp, ge f(Xy) =
M, f (X2) = m).

TestB
Haii6inbie i HaliMeHIe 3HaYeHHsI QyHKIIN HA BiApi3Ky

Hexait pynkmis y = f (X) 6e3nepepBHa Ha Biapi3ky [a, b]. Toxi, 3a TeopeMoro
Beliepmitpacca, Ha 1[bOMY BiJIpi3Ky BOHA JOCSTa€ HaWOUIBIIOTO 1 HAITMEHIIOTO
3Ha4yeHb. LI 3HaUeHHS MOXKYTh JTOCSTAaTUCS Ha KIHIIX BiApi3Ka ado y BHYTpill-
HIX TOYKax, II0 € TOYKAMHU eKCTpeMyMy (pyHKuii. 3BiJcH BUIUIMBA€ HACTYITHA
cXema BIIIyKaHHSI HAMOUTBITNX 1 HAMMEHIIINX 3HAYCHbD:

1. 3HaiiTi BCl KpUTUYHI TOUKH (YHKIT, IO 3HAXOAATHCS YCEPEANHI BIIpPi3-
ka [a, b].

2. O6uncnuTy 3Ha4eHHs! PYHKINT B 3HANICHUX KPUTUYHUX TOYKAX 1 Ha KiH-
X BiJpi3Ka.

3. I3 ycix oTpuMaHuX 3Ha4eHb BUOpaTH HailOuIbIIe 1 HaiimeHIne. Bonu 1 0y-
JyTh IIyKAaHUMH 3HAYCHHIMU.

Ipukian 1. Busnaunty HaitGinbme i Haiimene 3aadenns dyHkii f (X) = X°
—3x* + 1 Ha Bigpizky [-1, 4].

Po3B’s13aHHS.

f'(x) =3x%—6x =3x (X —2).

X (X-=2)=0mpu x=01x=2.

Takum ynHOM, AaHa (QYHKIlISA Ma€ Bl CTallloOHapHI TOUkHU X; = 01 X, = 2 yce-
peauHi Biapizka [—1, 4]. O6unciuMo 3HayeHHsT QYHKLII B [UX TOYKAaX 1 HA KiH-
ax Bigpizka: f (0) =1;f(2) =-3;f(-1) =-3;f(4) = 17.

3HauuTh, HAOIbIIE 3HaUYeHHs (yHKIIST HaOyBae Ha MPaBOMY KIHLII BiJIpi3-
Ka, HalilMEHIIIe — Y BHYTPIIIHIX TOYKaxX X = 2 1 Ha JIIBOMY KiHIIi BiJpi3Ka.

Test C
/{ndepenuianbHi piBHAHHSA

HudepeHiiiaabHUM PIBHAHHIM Ha3UBAETHCS PIBHSHHS, 110 3B'SI3y€ HEBIIOMY
dbyHKIII0, T1 TOX1HI 1 HE3aIekKH1 3MIHHI.

Axmo GyHKIA, M0 BXOJUTh Y PIBHSIHHS, 3QJICKHUTH BiJl OJTHIET HE3aJIC)KHOT
3MIHHO1, TO PIBHSHHS HAa3UBA€THCA 3BUYANHUM JH(EpeHIliabHUM PIBHSIHHSIM.
[Topsimok cTapioi NoX1iJHOI, TAKOi, 110 BXOJAUTh y JaHE PIBHSIHHS, HA3UBAETHCS
NOPSIIKOM PIBHSHHS. 3BHYaiiHe AudepeHIliadbHe PIBHSAHHSA N-TO MOPSAIKY Mae
suris: F (X, Y, Y,y ..., y™) = 0.

Besika dynkis Y = ¢ (X), 110 3a10BOJBHSIE TU(EPEHIIIATIEHOMY PiBHSHHIO,
TOOTO IO MEPETBOPIOE MOT0 B TOTOXKHICTh, HA3UBAETHCSI PO3B’SA3aHHSIM I[HOTO
piBusiHHs. CriBBigHomeHHsT @ (X, y) = 0, 110 HESABHO 3aJ1a€ PO3B’SI30K PIBHSH-
HIO, HA3UBAETHCS IHTETPAIIOM MBhOTO piBHAHHI. ['padix po3B’s3anHs qudepeH-
I[1aJIbHOTO PIBHSHHS HA3UBAETHCS MOTO 1HTErPATbHOIO KPHUBOIO.
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