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Arithmetic

Vocabulary
add - npubaBIATH
addition — cnoxenue
be undefined — He onpeeneHo
composite number — cocTaBHOE YHUCIIO
counting numbers — HaTypaJbHbIE YnCIa
change a mixed number to improper fraction — nepeBecTy CMEIaHHOE YHUCIIO B
HEMPaBUIbHYIO 1pO0b
change an improper fraction to a mixed number - nepeBecTH HENPABUIBHYIO
JIpoOb B CMELIAHHOE YUCIIO0
decimal — necsatuynas 1poOb

decrease — yMeHbIIATH
denominator — 3HamMeHaTeb
difference - paszHOCTh

divide (by) — nenutsb

dividend — nexnmoe

divisibility — nenumocTh

division — nenenue

divisor — nenuTenb

evaluate — BBIUHUCIIATH

example — npumep

factor — MmHOXUTEIH

fraction  — 1poOb

greater than or equal to — GoJibilie UM paBHO

Greatest Common Factor — HaUOOJIBIINI OOIINNA JIETUTEID
how much - ckosbko

improper fraction— HenpaBuiIbHas 1POOhH

increase  — yBelMYMBATH

is divisible by — nenutcs Ha

known — W3BECTHBIN

Least Common Multiple — HaMMeEHbIIIee 00I11ee KpaTHOE
less than or equal to — MmeHb1IE WM paBHO

long division— geneHue B cToa0MK

minuend — YMEHBIIAEMOE

mixed number- cmeniaHHoe 41CI0

multiplication — ymHOXeHue

multiply (by) — ymHOXaTh

numerator — 4ucCJIUTEID

once — OJIMH pa3

prime factorization— pasnoxeHne Ha IPOCThIE MHOKUTEIN
prime number — pocToe YKCIIO

product — npou3BeAcHUE

proper fraction— npasuibpHas 1poOH



quotient — yacTHoe (OT JICJICHUS)

remainder — ocTarok

repeating decimal — nepuoanydeckas 1poOb

subtract — BeIUMTaTH
subtraction - BeluMTaHHE
subtrahend - BrrUHMTacMoe
sum - cymMma

summand - ciaraemoe

terminating decimal — xoneuHnas necsaTuanasi 1poOb
the least common denominator— HauMeHbIINI OOIIUNA 3HAMEHATEb

three times — Tpuxabl

to (find) — ny1s Toro, 9TOOBI (HAMTH)

twice — OBaXXKIbI
unknown — HEU3BECTHHIN

Arithmetic Operations and Properties

The formula

Read

a+b=c ® a plus b equals ¢ epaddedtoaisc
ethe sumofaand b is c
a-b=c ®a minus b equals (is) ¢~ ethe difference of a

and b is ¢

axb=c,a-b=c

¢ ¢ multiplied by b equals ¢
® g times b is ¢

sabybisc
e the product of a and b is ¢

a:b=a/b="%—c ®adividedby bisc
' ® a quotient of ¢ and b is ¢
" a to the nth power

Properties of addition and multiplication

Name

Formula

Commutative property

*a+b=b+a
ea-b=b-a

Associative property

® (a+b)+c=a+(b+c)
®a(bc) = (ab)c

Distributive property

ea(bxc)=ab xac

Identity property

¢ There is a unique number, namely 0, such that for
any numbera: a+0=0+a=a

¢ There is a unique whole number, namely 1, such
that for every numbera: a-l=171-a=a

Property of zero

If a # 0, then

*0):a=0; *a=a0=0




Definitions, theorems

Divisor

a is a divisor of b if a is a factor of b

Multiple of a

b is a multiple of a if b is divisible by a

Test for divisibility by 2

A number is divisible by 2 if and only if its ones
digitis 0, 2,4, 6, or 8

Test for divisibility by 3

A number is divisible by 3 if and only if the sum of
its digits is divisible by 3.

Test for divisibility by 5

A number is divisible by 5 if and only if its ones

digit is O or 5.
245 Two hundred forty five.
2436 Two thousand four hundred thirty six, or twenty

four thirty six.

The Greatest Common Factor
(GCF(q, b))

The greatest common factor of two nonzero whole
numbers a and b is the largest whole number that is
a factor of both these numbers.

The Least Common Multiple
LCM(a, b)

The least common multiple of two nonzero whole
numbers a and b is the smallest nonzero whole
number that is the multiple of each of these
numbers.

Common fraction

o % , or a/ b, represents a of b equivalent parts

® ¢ 1s called the numerator
® ) 1s called the denominator.

Proper fraction

A fraction whose numerator is less than a
denominator.

Improper fraction

A fraction whose numerator is greater than or
equal to a denominator.

Mixed numbers

A number containing the whole an fractional parts.

Two of thirds or two over three (the proper

2/3 fraction).
Four and three of the fifths, or four and three over
4§ five (the mixed number).
5

Addition and subtraction of
fractions with common
denominators

gigzaic
b b b

Addition and subtraction of
fractions with different
denominators

Dfind the least common denominator of these
fractions ;
2) subtract them as before.




o . ac_4ac
Multiplication of fractions b d b
2 2-7 14
Multiplication of a mixed 4—-T=4"T—=28—
5 15 15
number by a whole number
e 2332 11 3201 4414
Multip ication of a mixed 58 158 158 15 15
number by a mixed number
a ¢ _ad
Division of fractions b'd b c

Division of a mixed number by
a mixed number

[19.,5_40 11_40-6" 80 _, 3
216 21 6 2111 77 77

Decimal is a common fraction denominator of

Decimal which is 10", where n=1,2,.... For example:
123 _ 123 00123
10000 10
0.0123 read “zero point, zero, one, two, three”.
1.875 read “one point, eight, seven, five”.

Terminating decimals

a .. : L
— has a terminating decimal representation if and

only if b contains only 2s and (or) 5s in its prime
factorization:

3 3 3522 60 6
50 2-5-5 (2:5)-(5-2)-(5-2) 1000 100
Zero point, zero, Six.

=0.06

Repeating decimals

a : : :
N has a repeating decimal representation that does

not terminate if and only if 5 has a prime factor
other than 2 or 5 in its prime factorization:

% =0.343434...=0.34)= 034 .

A ratio of two numbers a and b

a:b= % 1s the ordered pair of numbers, with b # 0.

A : 9~ £ is a statement that two given ratios are
proportion b d

equal.

. : 1 a
1 percent (1% ) of anumbera | 1S ON€ hundredth of this number : a - ﬁ Zﬁ




ALGEBRA

Vocabulary

absolute value- abcontoTHast BeTuYrHa

acute — OCTpbIN

adjacent — npuiieKaInii, CMEXHBIH

base - ocHOBaHue

closed interval — 3akpbITbIil HHTEpBAI
combine like terms — nmpuBecTH MOA0OHBIE YJICHBI
constant term — cBOOOAHBIN YJieH

common logarithm - necsatuunsblil Torapudm
distance - paccTosiHue

element - snemeHT

empty set — mycToe MHOXKECTBO

even — YeTHBIN

exponent — 1oka3aTeyb CTETICHU

integers (whole numbers) — 1iebie uncina
intersection — nepeceueHue

interval - unTepBan

irrational numbers — nppanroHanbHbIE YKCIa
leading coefficient — ko3¢ dunreHT npu cTapuieit creneHu
monomial — oiHouIeH

natural logarithm — natypanbnsblil torapupm
negative - oTpuIIaTeIbHBIN

odd — HeueTHbII

open interval — OTKpBITBIN UHTEPBAT
polynomial — moguHOM, MHOTOUJICH

positive — MoJ0XUTEIbHBIN

radical — kopenb, pagukan

radicand — Mo KOpeHHOE BBIpAKEHUE

rational numbers — palioHaJIbHBIE YKCIIA
real number — felicTBUTENbHBIE YUCTA

subset - TOIMHOXKECTBO

the nth power of — sHHas cTeneHp

the nth root of — xopeHb HHOI cTENEHU
union - 00beTMHEHNE



Fundamental Concepts

Name

| Formula

Let A and B be sets then:

x is an element of the set A (xbelongstoA) | xe A
an empty set A=0Q
a union of A and B AUB
an intersection of A and B AN B
A is a subset of B AcCB
to follow =
if and only if &
any, for any \v
to exist 3
such that :

The Real Number System

Natural numbers (positive integers)

N={1,23,..n,...}

Integers (whole numbers)

Z=1.-3-2-10123..}

Rational numbers —
{all terminating or repeating decimals }

0= {ﬂ}, where m,ne Z,n#0
n

Irrational numbers

{all nonterminating }

nonrepeating decimals

Real numbers

R ={all rational and irrational numbers }

Absolute value of the real number a

a ifa=0
41=1 i a<o

The interval notations:

(a,b)={x:a < x <b} - an open interval

all real numbers between a and b, not
including a and not including b.

la,b]={x:a < x<b} aclosed interval

all real numbers between a and b, including a
and including b.

(a,b|={x:a<x<b}

all real numbers between a and b, not
including a and including b

la,b)={x:a<x<b}

all real numbers between a and b, including a
and not including b.

(—o0,b)={x:x<b}

all real numbers less than b.

(— oo, b]={x: x<b}

all real numbers less than or equal to b.

(a,00) ={x:x>a} all real numbers greater than a.
la,0) ={x:x>a} all real numbers greater than or equal to a.
(—o0,00)=R all real numbers

10




Exponents and Radicals

The nth power of b

b"=b-b-b-...-b , where
%,_J
n factors of b

b 1s the base, n is the exponent,

The nth root of a (radical)

Ya=b: b"=a
a is called the radicand, 7 is called the index
of a root.

Ya=a

a square root of a

%

the cube root of «;

Remember:

a, 1if n=2k+1(n isodd),
h{ (n is0dd)

- ,if n =2k (n iseven).

\a
e’ =1,b#0
Ob_"zi and =b".b#0and n#0,
b" b™"

o b=b"" nisa positive integer and b is a
real number

Properties of Exponents

Product o pMp" = pMtn
e (ab)" =a"b"
Quotient p" a\'  a"
[ J = bm_n [ J [—) = —
EXpOl’lCl’lt ® ( m )n — bmn
Properties of Radicals
Product 2o b =%ab
Quotient Ya  a (b+0)
1p b
Radical m % _ I’I’l(t/z
Exponent

Wo) =" =b

Fundamental identity

11




Polynomials

1

The general form of a polynomial P, (x)= a,x" +a, (x" 4+ a2x2 +a;x+a,
leading coefficient a,
constant term a

* Py(x)=a,

Particular cases of polynomials

® P (x)= ajx+a

°p (x)= a2x2 +ajx+a

Sum (difference) of polynomials

combine like terms

Product of polynomials

multiply
polynomial by every monomial of the second
one and combine like terms.

every monomial of the first

Special Product Formulas

Difference of the squares x2 =y =(x—y)-(x+y)

Sum (difference) of the cubes G Eyi=(xty) (XZ Fxy+ y2)

Square of the sum (difference) (x + y)2 —x2 42 Xy + y2

Cube of the sum (difference) (xxy) =x*£3x%y+3xy2 £y =
=x+ y3 +3xy(x + y)

Rational fraction (algebraic fraction) P, (x

0, (x)
5:1 ((); )) — proper rational fraction n<m
5 ;;((’; )) — improper rational fraction n>m
Logarithms

Logarithm of x to the base a (logarithm is
an exponent of a base a to receive an
argument

log,, x(loga x=n&a” =x)

Properties of Logarithms

Fundamental identities

®log, b=1 ®Jog,1=0

12




An inverse property log,, (bp ): p
b P = p (for p >0)
Product property log,, MN =log, M +log, N
tient It

Quotient property logb%zlong - log, N
Power property log, (M P ): plog, M
One-to-one property log, M =log, N=>M =N
Logarithm of each side property M =N =1log, M =log, N

Change-of-Base Formula _log, x
a, x, and b are positive real numbers with log, x= log b
a#zland b#1, ’
common logarithm (log,;; x =1g x) lg x
natural logarithmIn x = (log, x) In x

Trigonometric Functions of an Acute Angle

Let & be an acute angle of a right triangle. The values of four trigonometric
functions of & are

o= length of oppositeside

length of hypotenuse r

B
length of adjacentside x
r cosa = ==
y length of hypotenuse r
* length of ite sid
) N tan ¢ = enetho oppom es.l e_y
X length of adjacentside x
length of adjacentside x
cotax = =—
length of oppositeside y
o 30°=7/6 45° =z /4 60° =x/3
sin & 172 1/2=+21/2 V3172
cosa V372 1/N2=+2/72 |12
tan & 1/3=31/3 1 J3
cota 3 1 1/:3=+3/3

13




In general

. y X
sin@=-—, cosa=—,
r r
X tanazl,sin2x+c052x=1,
X

where r=OP =/ x* +y2 :

Trigonometric Circle

Let the radius of circle be equal to 1, then
the vertical diameter is called the sines-line = sina =y = OA

the horizontal diameter — the cosines-line = cosa = x = OB
the upper tangent — line of cotangent = tan o =0,C

the right tangent — line of tangent = cota =0, D

Trigonometric Formulas

The Fundamental trigonometric esin® x+cos’x=1
Identities sin x COS X
® tan x = ® cotx =—
COS X sin x
2 1 2 1
®l+tan” x= 5 ®l+cot” x=— 5
cos” x sin” x
Sum and difference Identities sin(ar + ) =sin acos B + cosasin S
tan & * tan
tan(a + B)=— p
1 ¥ tanatan B
cos(a+ 8)=cosacos B F sin asin S

14




Double-Angle Identities

2 2

cos2x=cos” x—sin“ x
sin 2x = 2sin x COS X

2tan x
tan 2x = —
l1—tan” x
sinz =+ I_CQOSX
Half-Angle Identities
X 1+ cosx
cos— =% | ———
2 2
fan = + 1—cosx
2 1+ cosx
sm(900 — x)z COS X
Co-function Identities 0 :
cos(90 — x)= sin x
tan(90O — x)z cot x
cot(900 - x)= tan x
) sin 2x
sin x cos x =
Lowering of the Order ) 1+ cos2x
cos " x=———
2
.2 1—cos2x
sin“ x=—
2

Product-to-Sum Identities

cosacos ff= % (cos(a + B) + cos(a — B))

sinasin f = —%(oos(a+ B)—cos(a - B))

(U

cosasin B =—(sin(a + B)—sin(a — B))

sin azcos B =—(sin(a + B) + sin(a — B))

[\ RN\

Sum-to-Product Identities

+ —
cosx+cosy=2c:osx2ycosx2y

Xty . x—
COS X —COS y =—2sIn 2ysm 4

2
. . . + -
smx+smy=231nx2ycosx2y

: : . X— x+
sin x —sin y =2sin Y cos 2y

asin x + bcos x =k sin(x + &), where

) b
k= a2+b2,sma=7’ cosa = a

a’ +b? Va® +b?

15




Equations

Linear equation ax+b=0
X=——
a
Quadratic equations:
—b++/b? —4ac
X2 = 2a
L. ax®> +bx+c=0
X1 + Xy =——,
a
c
XXy =—.
a
) _—k=x k* —ac
2.\ ax* +2kx+¢=0 X2 = P
Vieta’s theorem: if x; and x, are roots of | [x, + x, =—p,
3 | an equation x* + px+¢ =0, then X)Xy =q.

Exponential equation a” () = p ,ya>0,a#1 f(x)=log, b

Logarithmic equation log,, f(x)=5,

a>0,a#1 f(x)>0
Trigonometric equations
f(x)=(-1)" arcsina+nz,ne Z
sin f(x)=a, a‘Sl
cos f(x)=a, a‘Sl f(x)=*arccosa +2nx,ne Z
tan f(x)=a f(x)=arctana +nz,ne Z
cot f(x)=a f(x)=arccota+nx,neZ

®arcsina = x: sinxza,where‘a‘ﬁl,xe[—7[/2,7[/2]
®arccosa =x: cosxza,where‘a‘SI,xe[0,7[]
earctana =x: tanx=a, where xe (—7/2,7/2)
earccota=x: cotx=a, xe(0,7)

16




COMPLEX NUMBERS
Vocabulary

complex number — KOMIJIEKCHOE YUCIIO

conjugate complex number — conpsi>keHHOE KOMIUIEKCHOE YUCIIO

exponential form — nokasarensHas popma

geometrical representation — reomeTpuuecKas UHTEPIPUTALIHS

imaginary axis — MHUMasi OCh

imaginary part — MHUMasi 4acTh

imaginary unit — MHUMas eIMHULIA

integral powers and roots of complex numbers — 1iesbie CTENIEHU U KOPHU
KOMILJIEKCHBIX YHCEeN

principal argument — ry1aBHbIN apryMeHT

real axis — nelicTBUTeNbHAS OCh

real part — ielicTBUTENIbHAS YaCTh

quadrant — yeTBepTh, KBaJIPAaHT

e By a complex number we mean an ordered pair of real numbers z=(x, y)
where x — real part, y — imaginary part

¢ The equality relation and the arithmetical operations:
D (x.3) = (2, 3) € x =x3, y; = y2;
2) (3, y)E (2, 52) = O £x0, 31 £3,);

3) (xl’ yl)' (xz’ yz)(xlxz —V1Y2, X1 Y2t Y1 X; )

e Imaginary unit: i =(0,1);

1, ifn=4k
|6, ifn=4k+1
oM = . , Where ke N
1L ifn=4k+2
—i,ifn=4k+3
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¢ Standard or rectangular form: z = x+ yi

y
e Modulus, or absolute value: |z|=p=1/x"+y>. . 2= (5Y)
T
¢ The conjugate to z = x+ yi is x— yi and is denoted by z: X
0

Z=X—-Yyi

¢ Division of complex numbers:

if z, #0 then z=Z—1= “%
%) 2229
y
If the point z =(x,y)=x+ yi is represented by polar
p coordinates p and @ ,we can write
y

X= pcos
0 (px al { P _ ¢ then

y=psmo

e z = p(cos @ +isin @) —is the trigonometric form of a complex number .

¢ The x-axis is called the real axis.
¢ The y-axis is the imaginary axis.

¢ The unique real number ¢ which satisfies the condition —7 < ¢ < 7 is called the
principal argument of 7z and is denoted by arg z: ¢ = argz and can be calculated by

arctanl, if ze I or IYquadrant,

formulas: ¢ =argz = o

T+ arctanl ,if ze Il or IlIquadrant.
X

e z=pe'? (z=pexp(ip)) is an exponential form of a complex number .

¢ Sometimes there is used the next form of complex number: z=p L ¢@.

Let z, = p, Z@, and z, = p, Z @, be two complex numbers, then

18



Operation

Trigonometric form

Exponential form

Product
2 = = p, P, (cos(@, + @, )+isin(p, +¢,)) _ plpzei((/’l“/’z)
Rao= | =2 (sl —p)eisinlp—g) | =L

%) P> P
Integral
power " = | = p"(cosng +isinng) = p"e™?

+2kzx .. @+2kx .Q+2kx

Integral root | Wk = ilp (COS £ . +isin? p )’ wi =4/p exp(z (ij,

Q/_:Wk

k=012,.,n-1.

k=0.L2,..,n—1.

k=0L2,..,n—1.

Remember :

¢’ =cosp—ising

. cos g e +e7'?

cosp=———
2

°sing = e€f—e?
2i

19




FUNCTIONS

Vocabulary
common logarithm. (log,, X)— JeCATHYHBIH Jorapudm

composite function — crnoxnas QyHKuus

cube parabola — xyOuueckas napabosna

domain - o0nactb onpeneneHus

even function — yetHas QyHKUUSA

exponential function — nmoka3arenbHas GyHKIUS
function - pyakMA

graph of a function — rpadux dpyskIus

hyperbola - runep6oia

inverse function — o6paTHas QyHKIHs

linear function — nuneliHas QyHKIMSA

maximum - MaKCUMYM

minimum — MUHUMYM

natural exponential function (ex)— AKCIIOHEHTA
natural logarithm (In x)— HaTypanbHbIit Torapudm
odd function — HeueTHass QyHKIMS

one-to-one function — B3auMHO-0HO3HaYHAs (QYHKIIHS
parabola — mapa6ona

periodic function — nepeoguueckas GyHKIIUSA
power function — creneHHast QyHKIMS

quadratic function—kBanpatuunas QyHKIUSA

range — 00J1acTh 3HAYCHUI

root or a zero of a function — KopeHb WU HOJIb PYHKIINH
slope (¢ = tan &) - yrioBoii ko3hdurmeHT

straight line —npsimas

y-intercept point — nepecedenue ¢ ocsto OV

Names Definitions, theorems
Correspondence of sets D and E : Vxe D 3
Function: y = f(x) exactly one ye E
Domain of a function: D(y) D(y)={x: f(x)takes finite, real values}
Roots (zeros) of f(x) {x: £(x)=0}- Set of x for which f(x)=0
{(x; F(x))}=A set of points of a plane with
Graph of a function y = f/(x) coordinates x and f(x)
A function f{x) is increasing if flx;)< f(x,) whenever x; <x,
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A function f{x) is decreasing if

f(x;)> f(x,) whenever x; <x,

A function f{x) is constant

(f(x)=C)if

f(x;)=f(x,) forall x; and x,

A function f(x) is an even
function

f(=x)= f(x) for Vxe D(x)and —xe D(y)

A function f(x) is called an odd
function if

f(=x)=—f(x) for Vxe D(x) and — xe D(y)

A function f(x) is a periodic
function with period P if

f(x+ P)= f(x) for Vxe D(x)

Composite function

f (g(x)) —function of function

The graphs of the given function f(x) and its inverse f ' (x) are symmetric one to

other with respect to the line y = x.

Linear function

y=ax+b

Quadratic function

y=ax2+bx+c

The graph of a quadratic function

parabola

Standard form of a quadratic
function

y:a(x—x0)2 + Yo

Hyperbola

y:%,ne N

X

An exponential function

X

v=a ,a>0,a#1

Logarithmic function

y=log, x, a>0,a#1

Table for Finding the Domain of a Composite Function

y= @ 2% log,, f (x) | tan f(x) cot f(x) | arcsin f(x),
g(x) arccos f(x)
7 flx)] <1
D(y){ g()=0| f(¥)20 | f()>0, | SOEZ M )L, 76
a>0,a#1 | neZ neZzZ
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A. Graphs in the Cartesian System of Co-ordinates

1. Parabolas

a.y=ax",n=12,...

Domain of definition:
D(y) = (= oco,420)
Range of values

E(y) = {[O,w),a >0

(— 0,0 a<0

¢. y=aXx,n=12,--

’ a>0
X
0
AN
S—_a<0
D(y) =[0,+<)
[0,40),a >0
Ely)= {(— 00,0]a < 0

I. Power Functions

b). y=ax"" n=12,...

\ Yy

\ a>0

~-

~
=~
-~
-

22



2. Hyperbolas

a
a — —
a), y=—-.n=12,... b).y—xT,n—l,L...
X
y

| y
/
/
/

<0 / a>0
¢ /// a>0
//
— ! )
////’_ \\\\ 0 ///’
7 ~ 7
/ N -7 a<0
/ \ /

/ \ /

/ \ /

I \ |/

VL

II. Exponential Function III. Logarithm Function
y=a",a>0,a+#1 y=log, x,a>0,a+#1
\ Yy y
\

\ \
\ \
\\ a>1 \/
AN

/I\\Q<a<l
— X \ 0<a<1

0
D(y) = (- 0,420) D(3) = (0:4)
E(y) = (O,+oo) E(y) — 0 +oo

23



IY. Trigonometric Functions

1). Sinusoid (sine curve, harmonic curve) y =sinx

y

D(y) = (—oo0,400),
E(y)=[-1+1]

,
SE}
S

-1

2). Cosine curve y =cCo0Sx

SN

E(y)=[-1+1]

\a
SE)
S

-1
3). Tangent curve y =tanx

y

[STE
S
[SE]

4). Cotangent curve Yy =cCoOtx

y

D(y)=(kz,(k +17)),k = 01,2, ...

. E(y)=(—o0ste0)

NE)
S
S E]

|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
|

T
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Y. Inverse Trigonometric Functions

1). y=sin~' x=arcsin x 2). y=cos | x =arccos x
T Y y
2 T
1 X o
0 1 2
-% -1 0 1 .
T
p(y)=Ft1l, 20)=-3.5]  pO)=Fri, B)=loa]
3). y= tan_l X =arctan x 4). y= COt_l X =arccotx

D(y)= (- eoste0), £)=(-2.2] D(y)= (=o.te2), E(y) = (0.7)
YI. Hyperbolic Functions

1. y =sinhx (shx) 2). y=coshx (chx) i

sinh x = e —e” coshx = e te” -

D(sinh x) = (= co,+e0) D(cosh x) = (—o0,40) ’

E (sinh x) = (— oo,+c>o) E (cosh x) = [1,+oo) Jmshy
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3). y=tanhx (thx)

X

sinhx e —e”
e’ +e

tanh x =

X

cosh x

D (tanh x)= (= oo,4c0 )
E(tanh x) = (= 1,+1)

4). y =cothx (cthx)

coshx e +e "
= y=cthx

coth x = — —
sinhx e"—e

YII. Curves of the Second Order

2 2

X
1. Ellipse: —5 +5 =1
a

D(coth x) = (—0,0) L (0,+c) e’
E(COth X) = (_ °°,_1) o (1’ oo) y=cthx
Xy

2.Hyperbola: a_

yb y
[ ~ | __ b
F | | |
-a al X = e Z
0 ! 0 !
K\\\E_ | ////¢\\\
L o>~ ]
g Y=4 px
Q
L
R
3. Parabola /\ X
0 Fo,p

4. Witch of Agnesi:
k

y_1+x2

__—

Bl
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6. Loops

a). Folium of Descartes

y
x*+y’ =3axy=0,or
3at 039/
X = U
IREEs N [/ X
2 PN,
y= Jat XJJX\\
L 141¢° 9\\0\
N

by ¥ =x"
a—Xx

a >0

7. Lemniscate of Bernoulli

(xz +y2)2 :az(xz _yz)

or

r* =a’cos 20
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B. Curves Given by Parametric Equations

X = CICOS3 t
I. Cycloid: I1. Astroid: ., »a>0
y=asin t
x=al(t—sint)
,a>0
y=a(l—cost)
y
-
( ) 2a
N x
0 2ma

I11. Evolvent of Circle:

a(cos? +sint) /‘a

X =
,a>0 ! U VA
{y = a(sint —tcos?) ! \ 9./
IY. ; ; '
x=Rcos—-| 24+cos— X T~
3 3 y ¥ N
.t ( . r) / N~
y=Rsin—-| 2—sin— l 0 ,
3 3 \ % /
\ L
C. Curves in the Polar System of Coordinates
1,p=asin3§, Il p=acos’ @,
a>0,pe [037] a>o,¢,e{_37”,3ﬂ
0 Y
0 P
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III1. Cardioids

1)p=a(1+cos¢),a>0 2) p=a(l+sing),a>0

mza |
0 P 0
a p
IY. Limacons
‘1. p=a—cos@,a>1 2). p=a-sing,a>1
y
a Y
Y
0
Y. Spirals
1. p=a@,a>0

)
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YI. Roses

1.p=asin2¢,a >0 2).p=acos2@,a>0

y y

T //ﬂ\\\\
/ \ / E
/ \ / 4\\
[ 4 | X a X
\ o 0 | P \ 0 / P
\ / \ y

\ / \

N /// \\\4//

3).p=asin3@,a >0

Y

7 EIAN
3

Ol =

S
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Linear Algebra
Vocabulary

addition (subtraction) of matrices — cioxeHue (BbIYUTaHHE MATPHIL)
adjoint matrix— npucoeMHEHHAsI MaTPHUIlA

augmented matrix — pacimmpeHHas MaTpuiia

capital letter — 3ariaBHas OykBa

check the equality — npoBepuTh paBeHCTBO

cofactor of an element A" anreOpanyecKoe JONOIHEHUE dIeMEeHTa d;;

column - cronben

compatible system — coBMecTHas cucrema

Cramer’s Rule — npasuio Kpamepa

determinant - onpenenuTeNb

diagonal matrix — nuaroHangbHasi MaTpULA

dimension — pa3MepHOCTb

elementary operations on matrices — 3JIEeMEHTapHBIE ONEpaluy HaJ MaTPULIAMH

general case — o0mmii cyyvait

homogeneous system of equations — 0 JHOpO/IHasI cUCTEMA YpaBHEHU I

inverse of matrix — o6parnas matpuia

lowercase letter (small letter) — crpounas 6ykBa

matrix (matrices) — maTpuiia (MaTpPHILbI)

matrix form — maTpu4HbIil MeTON

matrix of order n — maTpuia nopsjaka n

minor — MUHOD

multiplication of matrices — ymHOXXeHHE MaTpuIl

multiplying of a matrix by a number — ymHoXeHHEe MaTpUIIbl HA YUCIIO

nonsingular - HeBbIPOKICHHBII

principal (main) diagonal — rnaBHasi AuaroHaib

rank of matrix — panr MaTpuubl

row — CTpoKa

square matrix — KBaJpaTHas MaTpULa

supplement — 1onucarh, 100aBUThH

system of n linear equation in n unknowns — cucreMa n JMHEHHBIX YpaBHEHUE C 1
HEU3BECTHBIMU

the expanding determinant by — pazyioxxeHue onpeaeauTes o

transformation Z through X - npeo6pa3zoBanue Z uepe3 X

transposed matrix — TpaHCIIOHUPOBaHHAS MaTpHUIIA

triangular matrix — TpeyroipHas MaTpuiia

unique solution — eIMHCTBEHHOE PELIEHUE

unit-matrix — eIMHUYHAs MaTpULIA
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Matrices, determinants, linear systems

Titles, definitions, theorems Algebraic form
e A rectangular array of numbers is called a a a
. 11 12 n
a matrix of [mxn] (read m by n)
dimension. a a a
: . i 21 22 2n
e The element in the i-th row and j-th A=
column of a matrix can be represented as
a; A= (aij ), i=l,m, j=1n a, a,, a,,
a a T a a
Transposed matrix 1 In 11 ml
aml Amn a1p Amn
a;; 4y Aip
Square matrix of order n ay, dy a,,
A=
A Apo Apn
The diagonal containing
Principal (main) diagonal of a square 1102958y _1p—1>pp
matrix
a, 0 0
. ) 0 a 0
Diagonal matrix 21
0 O an,
1 0 0
) _ 0 1 0
Unit-matrix £ or / I =
0 O 1
Let Az(aij), B = (bij), i:r,]zl,_n then
Equality of matrices A= B A:B@aij:bij’lzl’_m’j:7
Sum of matrices of the same dimension C= (cU , Where c;j=a; + bl-j,
A+B=C . T
i=l,m,j=1n
Difference of matrices of the same D= (d i) where d j =4~ bij ,
dimension A - B=D —
i=lm,j=1n
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Product of a matrix A by a number A :

M M:(ﬂalj),l:], ,Jj=Ln
Determinants:
.detall 'detaU:all
app Aap app ap appr A4y
° det( = ° =apay —azap
ayr; dp ar; dp ar; dp
app dyp dgs app dpp dgs app dpp a3l dp dpp
edetl ay; ay dax |=lay day  axp ®|dy Ay Ap3|dpdyp =
aszp dzp dszz asz; dzp dsj asz; dzp dsz|dzds

=ay1Aya33 +A1pay3a3) + aj3d,1d3) —

—d31lyydiz —dj3pdozdy) —d3zdydy)

A minor M ; of an element @; of a square matrix A is a determinant obtained from a

given matrix deleting the i-th row and j-th column.

A quantity (— 1) "M ; is called a cofactor A; of an element @ .

The sum of the products of elements 4jj of

any row (column) of a determinant and
their cofactors is equal to one and the same
number. This number is a value of the
given determinant.

‘A‘ - ailAll + alelz +...+ ClmAm 18
called the expanding determinant by the i-
th row.

The multiplication of a matrix A[mxn] by
a matrix B[nxp] 1s a matrix C[mxp] whose

element € ij 18 the product of the i-th row
of A and the j-th column of B:

A square matrix B is said to be an inverse matrix of A if
AB = BA =1 and it is denoted by the symbol A™' Sowehave AA" =A'A=1

Transposed matrix of cofactors of the
corresponding elements of the given
matrix A is called the adjoint of A

T

Al 1 Al

n

adjA=A=
A A

Method of finding the inverse matrix

1. BesurethatAz‘A‘;tO.

2. Construct the matrix of corresponding

~

cofactors and transpose it (A)

3. Divide the matrix A by ‘ A ‘:

1 -~

Al = A.
det A
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The system of n linear equation with n
unknowns

(allxl +appxy +...+ap,x, =b
a21xl + a22x2 +...+ azn.xn = b2

.......................................

a, x| +a,nx, +...+a,,x, =b,

Matrix form of a system: AX =B

AX = B, where
app app Ay
dyy dpp a,
A= "
anl an2 ann
X1 b,
X9 b,
X = , B=
xn bl’l

Methods of solution of linear systems

Matrix method solution of a square X =A"!B
linear system

Cramer’s Rule :If the determinant of A, A A,
the system does not equal zero then this | *1 :X’ X2 :X’ » Xp = A

system has a unique solution .

where A= ‘ A‘. A/is the determinant

formed by replacing the ith column of the
matrix A with the column of constant

terms by,by.bs,....b,, i=1n

System of linear equations in the general
Case

a,x; +a,x, +...+a,,x

inXn = b
azl.xl + azzx +...+ azn.X2 = b2
<

1)

A X F X ot Ay, X, = b,

® Matrix of a system:

a4y aiy
A= dr; Ay ary
aml am2 amn
® Augmented matrix:
ap  ap a, | by
B= dr; Ay Ay, | by
aml am2 amn bm
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Let an arbitrary matrix A dimension of which is [mXxn] be given
Let us strike out kK rows and k& columns in this matrix. Then elements ajj found at the

intersection of these rows and columns form the matrix of order k.
Determinant of this matrix is said to be minor of the k order of the matrix A.

The highest order of the minor of matrix A different from zero is called the rank of this
matrix and denoted r(A).

Matrix A is equivalent to matrix B if their ranks are equal: A~B if r(A) = r(B).

A system (1) is compatible if and only if the rank of matrix A is equal to the rank of
matrix B: (A)=r(B)

e Gauss Method. The goal of this method is to reduce an augmented matrix to triangular
form. After that it is able to answer the next questions:

1. Is the given linear system compatible or not?

2. How many solutions has this system?

3. If the system is compatible you can find its solution.

allxl + a12x2 +...+ alnxn = 0
. . Ay X| + ArXy +...+ay,x, =0
eHomogeneous System of Equations is a SR 2nn
linear system of equations for which the
constant terms are zeroes: Ay X + Ao Xy +--+a,,, x, =0

.................................

Homogeneous system is compatible as the solution (0,0,...,0) is always the solution of

this system. If a homogeneous system has non-zero solutions you can find them using
the Gauss method

Example. Solve the system of linear equation using Gauss method.
2x,+x, + x,+2x, = 8§,
X, - X, +3x;+ x, =10,

x, +x, + x,=5.
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Solution.

Reduce the augmented matrix to triangular form:

2 1 1 28 I 1 01]5

B=1 -1 3 1]10 ~ 12 1 12| 8|R,-2R ~
I 1 01 5 I 1 01| 5

~ 10 -1 1 0 -2 ~ |10 -1 1 0]-2

0 -2 30 5)R;—2R, |0 0 10|09

As we can see r(4)=r(B)=3. But n =4 > r = 3. It means that the general solution
depends on n—rarbitrary constants. Here is one constant in this case. Let x, =C,
then the equivalent system is

xl+X2 =5-C .X3:9,

Check the solution: AX = B.

-6-C
2 1 12 (1 12-2C+1149+2C 8
AX=|1 -1 3 1]|- 5 =-6-C-11+27+C |=|10 |=B.
1 1 01 —-6-C+11+C 5
C
-6-C
11
Answer: X = 5
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VECTORS

Vocabulary

accordingly — cOOTBETCTBEHHO

be observed - HaOnrOMAETCA

clockwise — 110 4acoBoii cTpenke

collinear - kKoJTMHEApHBIN

coplanar - KOMIUTaHapHBIH

counterclockwise — MpoTHB 4acCOBOM CTPEIKH

directed — HanpaBIEHHBIN

direction cosines — HarpaBJSAIOIINE KOCHHYCBHI

expansion of the vector a through the base — pasnoxeHnue BekTopa 10
Oazucy

initial point - HayanbHas TOuKa

left- handed triple — sieBas Tpoiika

middle point of a segment — Touka, aensIIas OTPE30K MOIMOTIaAM

ordered triple —ynopsinoueHHas Tporika

ort of a vector (unit vector) — e ITMHUYHBIN BEKTOP

orthogonal — opToronanbHbIN

right -handed triple — npaBas Tpoiika

rotation — moBopoT

scalar — ckaisap

scalar product (dot product) — ckajisipHOe IPOU3BEACHUE

terminal (end) point — koHEYHas1 TOUKa

test of collinearity of vectors — npu3HaK KOJUIMHEAPHOCTH BEKTOPOB

test of coplanarity of vectors — mpu3HaK KOMIUIAHAPHOCTH BEKTOPOB

test of orthogonality of vectors — npu3Hak OpTOroHaNIBLHOCTH BEKTOPOB

tetrahedron - tetpasap

torque — MOMEHT (CHJIbI)

triangle — TpeyroibHUK

triple scalar product — cmemanHoe Tpou3BeICHUE

vector — BEKTOp

vector product (cross product) — BEKTOpHOE MPOU3BEICHUE

volume of the parallelepiped — 06bem napaienenunena

e Vector is a line segment. @ = AB, A is the initial point. B is the terminal (end)
point.

olet i, ], k be the unit and orthogonal vectors giving the direction of x-axis, y-
axis and z-axis accordingly: ‘17 ‘ = m = ‘lg ‘ =1, Il JLk. Then vector
a=a,+a,j+a.k, where a,,a,,a, — are the projections of the vector &

onto the vectors i_,}and k accordingly and are called the coordinates of the vector.
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= (ax .y, a Z) — the coordinate form of the vector & :

°q= axlT + 5yj + azl; — the vector form of the vector a, or the expansion of the

vector @ through the base i, j, K.

Ne Theorems, definitions Formulas for Calculation

Let the coordinates of the points 4 and B and vectors @,b,¢ be given:
, ¢

A(XA’yA’ZA)’ B(xB’yB’ZB)’ ‘_1=(axaay’az)’5=(bx’by’bz Z(Cx’cy’cz) then

Vector’s coordinates through the
1 | coordinates of initial and end points AB=(xp — X1V — VA28 —24)

2 The length of a vector

Equal vectors (cT =b ) have equal _
3 corresponding coordinates a=b&<a,=by,a,=b,,a,=b,

4 Sum and difference of vectors ath= (ax tba,tbysa, b, )

x>y —

A product of a vector a by a scalar

5 | (number) A ﬂ.c_zz(ﬂ.ax;/iay;/?az)

A scalar product (dot product) of vectors

a and b is the number equal to the product _
6 | of the moduli of these vectors and the (c_z,b)z a,+ayb, +ab
cosine of the angle ¢ between them:

(E,I;)z‘ﬁ‘-‘l;‘cosqp

Z

(@)

al- ]

7 | Cosine of the angle ¢ between vectors Cos Q=

p=(a,"b)

)

|

8 | The scalar product is the work. A= (F,

9 | The ordered triple of vectors is called a right (left)-handed triple if the shortest
rotation of the first vector to the second one is observed from the end point of
the third vector in the counterclockwise (clockwise)
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10

Vector product (cross product) of two

vectors aand bis the vector S such that

Hhisl=la Ilblsm(p where ¢ is the
angle between @ and b ;

2) Sla, S1b ( the vector S is orthogonal

to both of the vectors @ and b);
3) a,b,S is the right-handed triple of
vectors.

11

The area of the parallelogram constructed on
the vectors a and b

12

The area of a triangle constructed on the
vectors a and b

13

The vector product is the torque of the
force

14

The triple scalar product:

(@.b.¢)=(la.b)e) (alp.e])

15

The volume of the parallelepiped

determined by vectors a, b, c is equal to the

module of the triple scalar product of these
vectors

16

The volume of a tetrahedron determined by

vectors a, b, c

17

Tests of collinearity of vectors 5‘ ‘E
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18 | Test of orthogonality of vectors alb alb & (c_z ,b ): 0
19 | Test of coplanarity a, band ¢ are coplanar if and
onlyif (a,b,c)=0
Xy +Axg
20 | Coordinates of a point M dividing a segment | *M = 1+1
AB in the given ratio A: A—le _yA"'lyB
MB T
_ 74T Z‘ZB
M 1+ 4
X, txp
21 xC - 2 ’
Coordinates of a middle point of a v+
_YaTVp
segment AB (AC =CB) c= ) ,
74 t2
7o = A : B
ax
22 cosa = ‘ =,
a
Direction cosines
((Z:a/\i,ﬂza/\j’y:a/\k) Cosﬁ:a_y,
|a
cosy = ‘aaz ‘ .
23 0 —0

Ort of a vector a (the unit vector):

aO

a =(cosa;cos B;cos )
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ANALYTIC GEOMETRY
Vocabulary

angular relations — yriioBsle COOTHOIIICHUS

asymptote - acumnrora

axis of the parabola - ocs mapa6oib1

canonical equations — KaHOHUYECKUE YPABHEHUS
directrix - tupekTpuca

distance from a point to — paccrosiHue OT TOUKHU J0
eccentricity — SKCLIECHTPUCUTET

ellipse - smunc

ellipse’s focal axis — ¢poxanbHbIe OCH IUIHIICA

ellipsoid - >municon

elliptic cone — yuTMNITHYECKUN KOHYC

elliptic cylinder — >ymunTruyeckuii TUIXHIP

elliptic paraboloid - >;unnTuyeckuit mapabosou;y
general equation — o6111ee ypaBHEHHE

hyperbolic cylinder — runep6oauyeckuii UTUHIP
hyperbolic paraboloid — runep6onnueckuii mapadoaoua
intercept form of the equation of a plane — ypaBHeHue mI0cKOCTH B OTpE3Kax
major axis — 0obIIast och

normal vector - HOpMaJIbHBII BEKTOP

one-sheeted hyperboloid — onHOTIOTOCTHBIN THTIEPOOTOHT
parabola — napaboina

parabolic cylinder — napaGonuyeckuii HTUITUHAP

position vector - HanpaBJISIIOLIUNA BEKTOP

quadric surface — MmoBepxHOCTb BTOPOTO MOPSAKA

second order curves — KpuBbI€ BTOPOTO MOPAJIKA
semimajor axis - 0oJblas Mojayoch

slope equation - ypaBHEHHUE C YTIJIOBBIM KO3 PHUITIEHTOM
standard parametric equations — nmapamMeTpuuecKrie ypaBHCHHS
two-points equation of a straight line — ypaBHeHue npsMoii uepe3 JIBe TOUKH
two-sheeted hyperboloid — nBynonoctHblil runepOonona
vector equation — BEKTOPHOE ypaBHEHHE

vertex of the parabola — Bepiunna mapa6ossl
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No Names, definitions, theorems Equations and formulas
A plane in a space
The equation for the plane through the
l. point M(xo;yo;zo)normaltothe A(x—x0)+B(y—y0)+C(z—z0)=0
vector n = (A, B, C)
T:Ax+By+Cz+D=0=
2 Standard equation of a plane 77 n=(A;B;C) L7
3 Equation of a plane passing through X—x, Y-y, -2
points Py (x;5y1321), Palx232322), Xy =X Yo=Y Zp—2=0
P3(x3;y3523).
3 (3353323) B3~ V37N 374
4 Intercept form of the equation of a XL, Y. iy
plane PR
5 The distance from the point

P(xo;yo;zo) to the plane
T:Ax+By+Cz+D=0

B ‘Axo + Byy +Czy + D‘

AP %) JA? + B2 +C?

Let 7, =(A,;B,;C,) - normal vector of a plane 77;, and 7, =(A,;B,;C,) - normal

vector of a plane 77, , then there are relations:

Conditions of the perpendicularity

6 of the planes: 7, L7, & nln, |7,17T, & AA, +B,B, +C,C,
7
Conditions of the parallelism of T ‘ ‘7[ A B C
— — = = =
the planes: 7T, | | T, & ny| |7, ! 2 A, B, C,
8 The angle between the planes cos (T " TT 2)=‘cos (n,, 1, )‘

(7T, ATTy)

A straight line in a space

Let a straight line £ passes the point M (x,; y,: z, ) parallel to a vector 5 = (m;n; p),

(5 —directed vector of £) then:

9

Vector equation of a straight line ¢

r=rytits

10

Canonical equations of a straight line £

f:x—xo Y= Yo _

m n p

Z_ZO
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X=X, +mt
11 Star.ldard. parametric equations of a 0l y=y, 4t
straight line ¢
=2y + pt
Let 5, = (m,;n,; p;)- direction vector of a straight line £, and 5, =(m,;n,; p,) -

direction vector of a straight line / ,, then there are relations:

_m_ D
12 Conditions of the parallelism of the 2 ‘ ‘ t e m_2 - g - p_2
straight lines: £, ‘ ‘ [, o5, ‘ ‘ S,
13 Conditions of the perpendicularity of | £, 1 ¢, & mm,+nn,+ p;p, =0
the straight lines: ¢, 1/, < 5,15,
cos (/ 1 nf )) =
14 The angle between the straight
lines: cos (£~ £ ,)=|cos (5,,75,) _‘ m1m2 "‘”1”2 +P1P2
A plane and a straight line in a space
Letf:x_x0 =YY 27 % and 7 : Ax + By + Cz + D =0 be given, then:
m n p
_ ' ' 7Z'H€<:>Am+Bn+Cp=O
15 Parallelism of a straight line / and a
plane 7: 76" ‘ {onls
A B C
16 Conditions of the perpendicularity of Tlle mon ;
a straight line ¢/ and a plane 7 :
ZTllenlls
Angle ¢ between a straight line /¢ sin (T~ 1) =
17 and a plane 7: Aot Bt C ‘
sin (7[’%):‘003 (ﬁ,’\E)‘ = m+bn+tp
‘\/A2 + B? +C2\/m2 +n? +p2‘
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A straight line in a plane

The first group of equations of a straight line (with normal vector n= (A,B))

The equation of a straight line

Alx—x¢)+ B(y—yy)=0

18 | through the point Py(x,;y,) with the
normal vector 1 = (A;B).

19 A general equation of a straight Ax+By+C=0
line

20 | A distance from a point P, (xy;y,) to a J ‘Axo + By, + C‘
straight line Ax+ By+C=0 /AZ + B2
Intercept form of the equation of a XY

21 | straight line PR

The second group of equations of a straight line (with direction vector 5= (m,n))

22 | A vector equation r= a +1s,

. . X=xy +mt
23 | A parametric equations y =y, +nt

X=X _ Y~ Yo
24 | A canonical equation m n
_ _ A™5 _YTN

25 | A two-points equation Xy =X Yy — Y

The third group of equations of a straight line in a plane:

the straight line with a slope (k =tan@, ¢ =/ A Ox)
26 | the point — slope equation of a straight| y—y, = k(x — Xq )
line

27 | the slope-intercept equation of a straight | y = kx+b

line
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Angular relations between straight lines (| and / ,

45

A _B
A, B,
.« . . . . m n
Conditions of parallelism of straight lines ‘, ‘ ‘ 0, & o
28 |/, and 7, My, 1Ny
kl = k2
Conditions of the perpendicularity of
lines ¢, and /7, AjA, + BB, =0
29
1
kl i
ko
Finding an. angle @ between straight lines AA, + B, B, ‘
¢, and 0,: cosf =
50 JaF + 52 a3 + 52|
cos @ =|cosln; An,
(_1 _21 cosd = mm, + nn, ‘
<cosé’=cos(s1 /\szl \/m12+n12\/m§+n22‘
g tan @; —tan @, | o kk
1+ tan ¢, tan (Pz\ 1+ k,k,
SECOND ORDER CURVES
Parabolas
x? = 4py y2 =4px
y
y V=4 px
: o /
X |
F(, P) Y=1p |
. Elli 0 -
0 1
0G.-p)  pse: \ FO, p)
Directrix y =-p




X Y
—+—=1
a’> b?
y foci F,(~c,0) and F,(c,0) , where
b

— = <ZP(x, ) c=va* -b*

| >\| Y eccentricity: e = —a2 -b°

\_F(¢,0)|0 F(c0) /* ' a

L >~ — _|

2 2
Hyperbola: x_2 — y_2 =1
a b
V% Foci F, (- ¢,0) and F, (c,0), where
e
y 57 ¢ c=va’ +b>
Eccentricity: e = — = M
bl P(x, y) YT
X
o) )a a\
F(-¢.0) -+ — F(c 0) Asymptotes y = iéx
. a
J
S
<
1. Planes z
D
1) A General Equation of a Plane C
Ax+By+Cz+D=0 D
0 B
D
_K y
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2) Planes which are Parallel to One of the Coordinat Axis

a) | |Oy b)7,| |0z ¢) 75| |Ox
7T, :Ax+Cz+D=0 ZT,:Ax+By +D=0 75 :By+Cz+D=0

alo

>0

3) Planes which are Passing through One of the Axis of Coordinates

a) Oycurm, b)z, 50z c)7; D Ox
7 :Ax+Cz=0 T, :Ax+By=0 75 :By+Cz=0
Z\ <
) o )
y y y
X X X

4) Planes which are Parallel to One of the Coordinat Planes

a) 7z1‘ ‘sz b)ﬂz‘ ‘yOz 0)753‘ ‘xOy
7 :y=D ZTr,:x=D ZTy:z=D

Z
y 0 y
X
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2. Quadric Surfaces

Elliptic Cylynder Hyperbolic Cylinder Parabolic Cylinder

2 2 2 2
X y _ X y
—+—==1 =1 2 -
a®  b? 2 b x°=2py

< Z
N
1
a
TN
\\\
y oV Y
P a
x I\
z
b
Elliptic Cone ©
y

2 2 2
X_ + y_ - Z_ =0
a’> b X

Hyperbolic Paraboloid
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Elliptic Paraboloid

One-sheeted Hyperboloid

Two-sheeted Hyperboloid

A A
@ b
<

Y
Ellipsoid
xZ y2 ZZ

—2+ 5 +—2=1
a b c

Y
=
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LIMITS

Vocabulary
approach x,- nocrturars x,

arbitrarily number — nponsBosbHOE YUCIIO

comparison of infinitesimals — cpaBHeHNe O€CKOHEUHO MaJTBIX
deleted neighborhood — Beiko10Tast OKPECTHOCTH

equivalent infinitesimals — sxBuBaJIcHTHBIC OECKOHEYHO MaJIbIe
however small — kak yrogHo Manblii

indeterminacy - Heonpe1eIeHHOCTh

infinitely large function — 6eckonedno Gosbinas GyHKIUS
infinitesimal — OeckoHeuHo Manas

infinitesimal of higher order — 6eckoneuno maiasi 60jee BHICOKOTO MOpsIKa
infinitesimal of the same order — 6eckoHEeYHO MaJible OHOTO MOPSAKA
left-hand limit - neBocTOpOHHMIT Tpeae

limit of a sequence — npenen nociaea0BaTENbLHOCTH

neighborhood — okpectHOCTB

one-sided limits — o1THOCTOpOHHUE TIPEIEIBI

reciprocal — o6paTtHbIil MO BeTUYMHE

remarkable limit — 3aMeuarenbHbIN npeaen

right-hand limit - npaBocToponHuil peaen

strip - nmoJyoca

tend to x,- CTpEMUTBCA K X,

Definition of a Limit of a Function

lim f(x)=L: L is the limit of the function f(x)

y X=X,
L+e as x tends to x, (approaches x)
foxo) lies in here
L Lie 1. Remember: lim f(x)= f(x,)
xX—x,
Xo X xp€D
0| x40 Xs+0
for all x=x, in here lim f(x)=L & Ve>03Us(x,):

2 X—> X0

Vxe Ug(xo):‘f(x)—Lkg

where U s(x, )is deleted neighborhood of a point x,,.
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Let lim f(x)= L; and lim g(x)= L, , then

X—)XO

X—)XO

1 | Sum rule and difference rule lim (f(x)* g(x))= L, L,
X—>X(
Constant multiple rule
2 lim (kf (x))= kL, for any number k
X—)XO
Product rule
3 lim (£(2) g(x)= 1L, - Ly
Quotient rule L
4 lim f@) =—Lif L, #0
X=X, g(x) L,
Infinitesimal function
5 Function limit of which equals 0 when
X=Xy,
Infinitely large function
6 Function limit of which equals o, when
X=X,
If lim a(x)=0 .1
7 X=X then xlgfclo m =00
If 1i = oo , 1
3 xglxlo f(x) then lim —f ) =0
X=X X
_alx) .
9 | Equivalent infinitesimal functions XIEEO B(x) =1= alx) ~ Blx), if x— x,.
(infinite functions) for x — x;:
Ratio of infinitesimal functions | | () o
(infinite functions), ol ool
10 | difference of infinite functions, [ ]
powers with bases tending to 1 and [1001
infinitely large exponents
are called inderteminacies
11 i sinu I ~1
The first remarkable limit ul_rf% u ul_r>% sinu
12 | Equivalent infinitesimal functions sinu~ tgu~ arcsinu~ arctgu~ u if

u—0
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lim(l +lj =e¢, where e=2,718 —

X—>00 X

irrational.

13 | The second remarkable limit

lim(l +

X—>0

kx+m
:eak/b
bx+c

14 Polynomial is' equivalent to 1its P(x)=a,x"+a, x"" +--+ax+a,~
leading monomial as x — oo

a,x" if x—oco.

Some recommends for calculating limits

Type of indeterminacy Recommends
. P(x) [o Devide the numarator and the
15. }Eﬁ) 0 (v) o dinominator by (x — x,)

. f(x) To To carry irrationality from one part of the
}52) g(x) =| 5 |> where f(x). g(x)- fraction to another knowing that

6. areirrational0 '(\/_—\/Z)'(\/E+\/Z)=a—b
‘(%i%)-(i/aj$?{/ﬁ+i/b7):

=atb

f(x)
g(x)

17, | lim /() = [g}, where f(x), g(x) | To transform in such a way to use

X—)Xo g(_x)
contain trigonometric or inverse | (12)
trigonometric functions

18 . f(x) _ [i_ Use (14)
== g(x) L]
19 . _ Transform (f(x))*") in such a way to
tim () =1~ use (13)

* Any monotone and bounded sequence has a limit as n — +oo
¢ A sum of any finite number of infinitesimal functions is an infinitesimal
® The product of a bounded function and an infinitesimal is an infinitesimal

¢ A product of any finite number of infinitesimal functions is an infinitesimal
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DIFFERENTIAL CALCULUS

Vocabulary
acceleration — yckopeHue
angular velocity — yrioBas CKOpoCTh
concavity — BOTHYThIH
convexity — BBITYKJIbIT
critical (stationary) point — kpuTuueckas (CTallMOHapHas) TOYKa
decrease — yObIBaTh
decreasing — yObIBaromniuii
derivative - npon3BoHas
derivatives of y with respect to x — mpou3BojiHas y no x

differentiable - tuddepennupyemprit

differential - tuddepennman

differentiate - muddepenuuponars

directional derivative — npou3BoiHas 110 HAIIPABJICHHUIO
exstremum — SKCTPEMYM

force of current — cuna Toka

function of several variables — GpyHKIIMS MHOTHX IEpEMEHHBIX
gradient — rpaiueHT

inclined asymptote — HakJIOHHAsI aCUMIITOTA

increase — Bo3pacrarhb

increasing — Bo3pacraroniui

increment of a function — npupanienue ¢GyHKIIUU
increment of an argument — npupaileHue aprymeHTa
inflection point — Touka neperubda

kinetic energy — KuHeTH4ECKasi PHEPTUS

low of motion — 3aK0H JIBUXEHUS

maximum — MaKCUMyM

minimum — MUHUMYM

normal — Hopmab

partial derivative — yacTHas npou3BOIHA

rectilinear motion — npsiMoJIMHEWHOE ABMKEHUE
second derivative — mpou3BoAHasi BTOPOro MOpsJKa
tangent line — xacarenbHast

tangent plane — kacarenbHas MJIOCKOCTh

total differential — monubIit qTuddepennman

velocity — ckopocTb

vertical asymptote — BepTuKkaibHasi aCUMITOTA
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Table of Derivatives

. (Cu)’ =Cu’
(z) _uv—uy
v V2
)%
v V2
(tog,u) =
1Y ulna
(Znu), =—
u
(sinu), =cosu-u’
(cosu), =—sinu-u’
Y (tanu), = u2
cos” u
(cotu) =——
sin” u

II

I

YI

YII*

-

71 - nl n—1
V4
) =a"u'lna
/’
) =e'u’

/’
) =u"VInu+vu' "W

(arcsinu)’ ==
\/l—u2

(arccosu), -4

1—u?

arctanu ) =

( ) 1+u’

arccotu) =—

( ) 1+u’

(sinhu), =coshu -u’
(coshu)’ =sinhu-u’
’ u’

(tanhu) =

cosh” u

where C,e,a,a,n — are constants, u = u(x),v =v(x) — are functions.
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No Name Formula, equation
1 Increment of an argument Ax Ax=x—x
2 Increment of a function y = f(x): Ay Ay = f(x)-f (xo)
3 Definition of derivative of a function| |, . Ay
. y = lim —
y(x) at a point x Ax—0 Ax
Using of a derivative
4 Equation of a tangent line at a point
M (x4, v, ) belonging to the graph of a y=f(x,) (x=xy)+ v,
function y = f(x)
Equation of a normal at x = x,, Y= i (x,) T %)™ Yo
6 L’Hospitale’s Rule oo ’
P lim _f(x) = [9,—} = lim f,(X)
ox, glx) [0 o o g'(x)
7 x, € D(y) is called critical point f'(x,)=0, or does not exist
8 y = f(x) increases if f(x)>0
9 y = f(x) decreases if f(x)<0
10 | Critical point x, is the point of maximum | 1). f’(x) changes its sign from
of a function y = f(x) if “+7to “—“at x,
2). f(x4)<0
11 | Critical point x,, is the point of minimum | 1). f "(x) changes its sign from “—
of a function y = f(x) if to “+7 at x
2). f"(xg)>0
12 | x, is the inflection point of a function f”(x) changes its sign at a point
y=f(x)if Xo
13 | Inflection points can be only points where the function exists and its second
derivative is zero or does not exist.
14 | Inflection points split a domain of a function into intervals of concavity or of
convexity.
15 | Arc of the curve y = f(x) is concave if f7(x)>0
16 | Arc of the curve y = f(x) is convex if f(x)<0
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17

A straight line /" 1s called an asymptote of a curve L if the distance between
the moving point of the curve line L and the line I" tends to zero as the distance
between this point and the origin increases infinitely

18

Equation of vertical asymptote of the X=Xxy, Wwhere xyissuch that
curve y = f(x) lim f(x)=+oco
X=X
_ _ o S
19 | Equations of inclined asymptote of the y=kx+b, where k = xl_l)rinoo <
curve y = f(x) and
b= lim (f(x)—- kx)
x—>100
1. Find D(y), E(y), asymptotes,
Investiga‘Fion of.functions and roots, intervals of constant sign.
20 | constructing their graphs Define if the function is a)
periodic or not, b) even or odd.
2. Find critical points, intervals of
increasing and decreasing of the
function, extremums.
3. Find inflection points, intervals
of concavity and convexity.
21 | Differential of a function y = y(x) dy = y'dx
22 | Differentiation of a function giving in dy y,
x=x(z T+
parametric form: { ) ax  x,
y=y()
Functions of Several Variables
Let a function u = f(x, y, z) be given
al/l ’ al/l ’
—=fely=C;  —=f)]|x=cs
ox S =C dy Ty Z=g
: _— : d ,
23 | Partial derivatives of the first order 8_u = f,|x=C
Z y=C
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24

a point F, (xo; Yos zo)

A total differential of u = f(x, y,z) at

du::ﬁjdfb)d%4_§ldfb)dy+_
0x 0y
+—au(P0)dz
07z

25

Gradient of u = f(x,y,z) at a point
Py (%05 ¥0520)

gradu(PO):(a”g(fo);aua(fo);abg(fo)j

Directional derivative in the direction

aa)

of the vector a = (a v

du(P,) ( —)
ao = (cosa cos f3;cos 7) where 850 gradu(PO) a’ |=
26 ay ay
cosa=— 5 ) _Bu(P )cosa+ M(PO)COS,B‘I'
‘a \/ax +a, +a ox dy
ou(P,
cos,B—— ) , + 8( )cos;/
‘ ‘ \/a +a +a .
a a
cosy=-—-== =
‘a \/az + ai + az2
Let a function z = f(x, y)be given
27 | Partial derivatives of the second

order of a function z = f (x, y,)

dz
Loz o)

d x?2 0x
dz
ol 22
L 9% (ay]
dy? dy
dz
a2Z :a(axj
dxdy 9y
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28 |Equation of a tangent plane to a| z—zy = fi(P)x—x)+ fy'(Po)(y—yo)
surface z= f(x,y) at a point
PO(XO;yO;ZO)
] | ] X—Xo _Y—Yo 2= %
Equation of a normal to a surface f’(P )_ f’(P )_ 1
29 zzf(x,y) at a point Po(xo,yo,zo) o yeo
Exstremum of Function of Two Variables z = f(x,y)
dz _ 0
30 | Stationary point Py (x,, v, ): e
%,
dy
0%z(P 2%z(P, 0%z(P B
31 | Let Z(ZO):A, Z(()):B,and#:C,andA: = AC - B
ox dxdy dy C
1)A > 0 then extremum exists, and if
32 a) A>0(B>0) itis minimum,
Sufficient Conditions of Exstremum | b) A <0 (B <0) itis maximum,
at a point F, (xo, Yo )
2) A <0 extremum doesn’t exist,
3) A=0 we can say nothing.
RUSSIAN - ENGLISH VOCABULARY
A

a0coJIIoTHAs BeJIMYUHA — absolute value

ajireOpanveckoe JONMOJHEHUE JIeMEHTA Cl,’j — cofactor of an element 4;;

aPKKOCHHYC — anticosine, arccosine

APKKOTAHI'CHC — anticotangent, arccotangent

apKCHHYC — antisine, arcsine
apKTaHreHc — antitangent, arctangent
acuMIToTa — asymptote

acrtpouga — Astroid

b

0oJIbIIAsE OCH — MAJOr axis

0oJIbIIAs MOJIYOCh — SEMIMajor axis

OoJsibIIe MM paBHO — greater than or equal to

B
BEKTOP — vector

58




BEKTOPHOe npou3BeaeHune — vector product (cross product)
BEKTOPHOE YPaBHeHHUE — vector equation

BepmIMHa nmapadoJsl — vertex of the parabola
B3aMMHO-0IHO3HAYHAsA (PyHKIUsA — one-to-one function
BO3pacTapmmii — to be increasing

BBIYMCJIATH — evaluate

BbluMTaemMoe — subtrahend

BblUMTaHHe — subtraction

BbIYMTAaHHMe MATPHUI —subtraction of matrices
BBIYMTATH — subtract

r

reoMeTpu4ecKasi MHHTeprnpuranus — geometrical representation
runep6oJia — hyperbola

runepooanyeckue pynkuun — hyperbolic Functions
runepoonyeckuii KocuHnyc — hyperbolic cosine
runepoonyeckuii Koranrenc — hyperbolic cotangent
runepooanyeckuii napadosiona — hyperbolic paraboloid
runepoosnyeckuii cuuyc — hyperbolic sin
runepooanyeckuii Tanrenc — hyperbolic tangent
runepooanyeckuii uuauuap — hyperbolic cylinder
rJaBHasi AHAroHaJb — principal (main) diagonal
IJIABHBIN aprymeHT — principal argument

rpadux ¢pynkumnu — graph of a function

A

IBaKIBI — twice

ABYIOJOCTHBIN runepoosouny — two-sheeted hyperboloid
NeHCTBUTEJILHAA OCh — real axis

NelCTBUTEJIbHAS YacTh — real part

NeHCTBUTEJIBLHBIE YHcJIa — real number

nejgenue — division

JeJieHHe B cToJI0MK — long division

neanmoe — dividend

aesauMocThb — divisibility

aeauTesib — divisor

neauthb — divide (by)

aeJuThes Ha — be divisible by

AecATHYHAA Apodb — decimal

necaTuanblii Jorapugm (log,, x)—common logarithm.

AuaroHajbHass MaTpuua — diagonal matrix
aupekTpuca — directrix

AMCKPUMHUHAHT — discriminant

JJIS1 TOT0, YTOOBI (HaiiTH) — to (find)
A0oNMCcaTh, 100aBUTH — supplement

apoodb — fraction
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E

eUHUYHAS MATPHUIA — unit-matrix

eJMHUYHbIN BeKTOP — ort of a vector (unit vector)
e/JMHCTBEHHOE pelienne — unique solution

3

3arjiaBHasi OykBa — capital letter

3aKpbIThIA HHTEPBaJ — closed interval
3HaMeHaTeJib — denominator

n

U3BeCTHBIN — known

HHTepBaJ — interval

HppPALHOHAJBHBbIE YHCJIA — irrational numbers

K

KaHOHUYeCKHe YpaBHeHHUs — canonical equations
kapauounaa — cardioid

KBaaApaTudHasa pynkuus — quadratic function
KBa/JpaTHasi MaTpULa — square matrix
KOJIJIMHeapHbIil — collinear

KOMILIAHAPHBIN — coplanar

KOMILIEKCHOE YHCJI0 — complex number
KOHeYHas AecATHYHAasA Apo0b — terminating decimal
KOHe4YHas Touka — terminal (end) point

KOpPeHb WM HOJIb (pyHKIMM — root or a zero of a function
KOpPeHb JHHOM cTeneHu — nth root of

KOpeHb, pagukaJ — radical

KOCHHYCOM/Ia — cOSIine curve

KOTaHIreHCoHuJaa — cotangent curve

k03¢ punueHT npu crapueii crenenu — leading coefficient
kpuBas I'aycca — curve of Gauss

KpPHBbIE€ BTOPOro nopsijaka — second order curves
KyOnuyeckasi mapaboJia — cube parabola

JI

JeBasi Tpoiika — left-handed triple

JeMHUCKaTa bepHysaum — lemniscate of Bernoulli
JuHeiiHasi yHkuusa — linear function

Juct [lexkapra — Folium of Descartes
Jorapupmudeckasi pynkuus — logarithm function
JIOKOH AHbe3u — witch of Agnesi

M

MAaKCUMYM — maximum

MaTpuna (MaTpuibl) — matrix (matrices)
MaTpuIa nopsiaka n — matrix of order n

MeHbIIe WM paBHO — less than or equal to
MHHHMMYM — minimum
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MHHOP — minor

MHHMAasl eIMHUIIA — 1maginary unit

MHHMAasl 0Cb — Imaginary axis

MHHMAasi 4YaCTh — imaginary part

MHOTro4JieH — polynomial

MHOKHMTENb — factor

MOMEHT (CHJIbI) — torque

H

Ha0r0aaeTcs — is observed

HauOo LMK 001mi AesauTesb — Greatest Common Factor
HauMeHblIee oduee kpatHoe — Least Common Multiple
HAMMeHbIINI 001Mii 3HaMeHaTeJb — the least common denominator
HanpasJeHHbIi — directed

HanpapJsOIMe KOCUHYChI — direction cosines
HANPaBJAOIINHA BEKTOP — position vector

HATypaJibHbIE YHCJIA — counting numbers

HaTypajbHbIii Torapudm (In x)— natural logarithm
HavYaJbHasA TO4YKa — initial point

He onpenesaeHo — be undefined

HEBBIPOKACHHBbIN — nonsingular

HEM3BeCTHBII — unknown

HenpaBWIbHAas ApPo0b — improper fraction

HeveTHast pynkums — odd function

HOPMAJIbHBINI BeKTOpP normal vector

Q)

00J1aCTh 3HAYEHUI — range

o0s1acTh onpeaeaenusi — domain

oOpaTHasi MmaTpuua — inverse of matrix

oOpaTHas pyHKums — inverse function

oOpaTHbIe TPUTOHOMeTpUYecKHe PyHKIUM — inverse trigonometric functions
o01ree ypaBHeHnme — general equation

o0mmii caxyqai — general case

o0beMHEHHEe — union

o0beM nmapaJsieaenumnena — volume of the parallelepiped
OJMH pa3 — once

OJIHOIOJIOCTHBII runepdosona — one-cheeted hyperboloid
OTHOPO/HASI cMCTeMa ypaBHeHU# — homogeneous system of equations
OTHOYJIeH — monomial

onpeaeaureab — determinant

OPTOroHAJIBLHBIN — orthogonal

OocHOBaHMe — base

0CTATOK — remainder

OCTPBIH — acute

och napadoabl — axis of the parabola

OTKPBITHI MHTEPBaJ — open interval
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OTpHUIIATEJbHBIN — negative

I

napaboJia — parabola

napadosuyecknii HMJIMHAP — parabolic cylinder

napamMerpuyeckue ypapuenms — standard parametric equations

nepeBecTH HEMPABWIBHYIO IP00b B CMENIAHHOE YUCJI0 — to change an improper

fraction to the mixed number

NnepeBecTH CMEIIAHHOE YHMCJI0 B HENMPABWIbHYIO IP00b — to change a mixed
number to the improper fraction

nepeoanyeckas pynkmus — periodic function

nepeceveHnme — intersection

nepecevyenue ¢ ocbr0 OY — y-intercept point

nepuoanyeckas apoon — repeating decimal

nerJst — loop

1o 4acoBOM cTpesike — clockwise

NMOBEPXHOCTH BTOPOro nmopsiaika — quadric surface

MOBOPOT — rotation

NMOJAKOPEeHHOoe BbIpa:xkeHue — radicand

MOIMHOKeCTBO — subset

NnoKa3arteJjib CTeNeHn — exponent

nokasarejbHasi gopma — exponential form

nokasarejbHasi pyHkuus — exponential function

MOJIMHOM — polynomial

MOJIOKUTEJBbHBIN — positive

npasas Tpoiika — right-handed triple

npasuio Kpamepa — Cramer’s Rule

npaBuJbHasi Apodb — proper fraction

npeodpa3zoBanue Z yepe3 X — transformation Z through X

npudaBaaTh — add

NPUBECTH NMOA00HBIE WieHbl — combine like terms

NPU3HAK KOJJIMHEAPHOCTH BEeKTOPOB — test of collinearity of vectors

NPU3HAK KOMILJIAHAPHOCTH BEKTOPOB — test of coplanarity of vectors

NMPU3HAK OPTOTOHAJIBHOCTH BEKTOPOB — test of orthogonality of vectors

npuJie:kamuii — adjacent

npuMmep — example

npucoeMHeHHasi MaTpuua —adjoint matrix

nposeputh paBeHcTBO — check the equality

npousseaenue — product

MPOCTOE YUCJIO0 — prime number

NMPOTHUB YaCOBOM cTPeJKku — counterclockwise

npsimasi — straight line

IIyCTO€ MHOXKeCTBO — empty set

P

pasJioiKeHne BEKTOpa a mo 6asmucy — expansion of the vector @ through the base
pa3jioikeHHe HA MPOCThie MHOKUTEJN — prime factorization
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pa3JjioxkeHue onpeneauresisa no — the expanding determinant by

pasMepHoCcTh — dimension

pa3noctb — difference

paHr matpunbl — rank of matrix

paccrosinme — distance

paccrosinie oT TO4KH 10 — distance from a point to

paciuMpeHHasi MaTpuua — augmented matrix

panuoHaJbHBIE YHCIA — rational numbers

pPo3bI (n-1enecTkoBas po3a) — roses (n-leafed rose)

C

CcBOOOIHBIN YIeH — constant term

cuHycomaa — Sinusoid

CHCTeMa N JIMHEeHHbIX YPaBHEHHE ¢ I HeM3BeCTHBIMM — system of n linear equation
in n unknowns

cKaJjap — scalar

cKajIsipHoe npousBenenue — scalar product (dot product)

CKO0JIbKO — how much

cjaaraemoe — summand

cjokenue — addition

cjoxxenue marpui — addition of matrices

cjo:xkHas pyHkumus — composite function

cMexHbIN — adjacent

cMelIaHHOe mpou3BeaeHue — triple scalar product

cMelIaHHoOe 4ucJa0 — mixed number

cOBMeCTHas cucremMa — compatible system

COOTBETCTBEeHHO — accordingly

CONPSIZKEeHHOE KOMILIEKCHOE YHMCJI0 — conjugate complex number

COCTAaBHOE YMCJI0 — composite

crupalib — spiral creneHHas QyHkusa — power function

cTosden — column

CTPOKA — TOW

cTpouHasi OykBa — lowercase letter (small letter)

CyMMa — sum

T

TaHreHcomaa — tangent curve

TeTpa’ap — tetrahedron

TOYKA, JeJIIas oTpe3ok nomosuam — middle point of a segment

TPAHCIIOHUPOBAHHASI MAaTpHUIa — transposed matrix

TPeyroJbHasi MaTpuua — triangular matrix

TPeyroJibHUK — triangle

TPHKIBI — three times

Tynoi — obtuse

y

yObIBaromuii — to be decreasing

YBeJMYMBATH — increase
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yrjaoBoii ko3¢ ¢uuueHt — slope

YIJIOBbI€ COOTHOIIEHUS — angular relations

yautku Ilackanas — Limacons

yMeHbIIaemoe — minuend

yMeHbIIATh — decrease

ymMHoOxkaTh — multiply (by)

yMHoO:keHue — multiplication

yMHoO:keHHe maTpul — multiplication of matrices

YMHOK€HHe MAaTPUIbI HAa YucJ0 — multiplying of a matrix by a number
ynopsino4eHHas Tpoiika — ordered triple

YPaBHEHHeE IUIOCKOCTH B 0Tpe3Kax — intercept form of the equation of a plane
YPaBHEHHUe NMPSAMOii Yepe3 ABe TOYKH — two-points equation of a straight line
YPaBHEHHeE ¢ YIJ10BbIM K03¢duuuenrom — slope equation

()]

doxaabublie ocu unca — ellipse’s focal axis

¢ynknus — function

1T

neJible KOPHM KOMILIEKCHBIX YHces — integral roots of complex numbers
neJible CTeNneHn KOMILIEKCHBIX Yuces — integral powers and roots of complex
neJbie yncsa — integers (whole numbers)

nukiouaa — cycloid

Y

yacTHoe (0T AeJieHusI) — quotient

yeTBepTh — quadrant

yeTHas1 pyHkuus — even function

YHUCJIHUTEIb — numerator

C

3BOJIbBEHTA OKPYKHOCTH — evolvent of circle

JKcmoHeHTa |e* |—natural exponential function

JIKCHEHTPHUCUTET — eccentricity

3JIeMeHT — element

3JIeMeHTAPHbIE ONlepPallii HAJl MATPULAMH — elementary operations on matrices
jutanc — ellipse

utancoun — ellipsoid

LIMNTHYECKU KOHyc — elliptic cone

LIMNTHYecKuil mapadosaoun — elliptic paraboloid

ymMnTuYeckuii muauuap — elliptic cylinder

JHHAafA cTeneHb yucia — the nth power of a number
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