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ôÅÍÁ: þÉÓÌÏ×ÙÅ ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ É ÆÕÎËÃÉÉ ×ÅÝÅÓÔ×ÅÎÎÏÊ ÐÅÒÅÍÅÎÎÏÊ
óÒÏË ÓÄÁÞÉ: . .20

úÁÄÁÎÉÅ 2.1: ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ É ÐÒÅÄÅÌÙ.
(1) ÷ÏÓÓÔÁÎÏ×ÉÔÅ ÏÂÝÉÊ ÞÌÅÎ ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ an ÐÏ ÐÅÒ×ÙÍ Å¾ ÞÌÅÎÁÍ a1, a2, a3, a4, . . .
(2) ÷ÙÐÉÛÉÔÅ ÐÅÒ×ÙÅ ÛÅÓÔØ ÞÌÅÎÏ× ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ, ÅÓÌÉ ÚÁÄÁÎ Å¾ ÏÂÝÉÊ ÞÌÅÎ an.
(3) ðÏÌØÚÕÑÓØ ÏÐÒÅÄÅÌÅÎÉÅÍ ÐÒÅÄÅÌÁ, ÄÏËÁÖÉÔÅ, ÞÔÏ lim

n→∞
an = a, lim

n→∞
bn = +∞, Á ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ cn

ÎÅ ÉÍÅÅÔ ÐÒÅÄÅÌÁ.
(4) ÷ÙÞÉÓÌÉÔÅ ÐÒÅÄÅÌÙ ÐÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÅÊ an, bn É cn.

úÁÄÁÎÉÅ 2.2: ðÒÅÄÅÌÙ ÆÕÎËÃÉÊ.
(1) ÷ÙÞÉÓÌÉÔÅ ÐÒÅÄÅÌÙ ÆÕÎËÃÉÊ, ÎÅ ÉÓÐÏÌØÚÕÑ ÐÒÁ×ÉÌÏ ìÏÐÉÔÁÌÑ.
(2) ÷ÙÞÉÓÌÉÔÅ ÐÒÅÄÅÌÙ ÆÕÎËÃÉÊ Ó ÐÏÍÏÝØÀ ÐÒÁ×ÉÌÁ ìÏÐÉÔÁÌÑ.

úÁÄÁÎÉÅ 2.3: ðÒÏÉÚ×ÏÄÎÙÅ É ÐÏÓÔÒÏÅÎÉÅ ÇÒÁÆÉËÏ× ÆÕÎËÃÉÊ.
(1) ðÏÓÔÏÊÔÅ ÇÒÁÆÉËÉ ÆÕÎËÃÉÊ.
(2) ÷ÙÞÉÓÌÉÔÅ ÐÒÏÉÚ×ÏÄÎÕÀ d y

d x .
(3) éÓÓÌÅÄÕÊÔÅ ÆÕÎËÃÉÉ É ÐÏÓÔÒÏÊÔÅ ÉÈ ÇÒÁÆÉËÉ.

ðÒÉÍÅÞÁÎÉÅ. ÷ ÉÓÓÌÅÄÏ×ÁÎÉÅ ÆÕÎËÃÉÉ ×ÈÏÄÉÔ: ÎÁÈÏÖÄÅÎÉÅ ÏÂÌÁÓÔÉ ÏÐÒÅÄÅÌÅÎÉÑ, ÉÓÓÌÅÄÏ×ÁÎÉÅ ÎÅ-
ÐÒÅÒÙ×ÎÏÓÔÉ, ÎÁÈÏÖÄÅÎÉÅ ÜËÓÔÒÅÍÕÍÏ×, ÎÁÈÏÖÄÅÎÉÅ ÏÂÌÁÓÔÅÊ ×ÏÚÒÁÓÔÁÎÉÑ É ÕÂÙ×ÁÎÉÑ, ÎÁÈÏÖÄÅÎÉÅ
ÔÏÞÅË ÐÅÒÅÇÉÂÁ É ÏÂÌÁÓÔÅÊ ×ÙÐÕËÌÏÓÔÉ É ×ÏÇÎÕÔÏÓÔÉ, ÏÐÒÅÄÅÌÅÎÉÅ ÁÓÉÍÐÔÏÔ.
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÷ÁÒÉÁÎÔÙ ÚÁÄÁÎÉÊ:
2.1.0: (1) a1 = 1

1·2 , a2 = 1
2·3 , a3 = 1

3·4 , a4 = 1
4·5 .

(2) an = sin πn
2 .

(3) an = n
2n+1 , a = 1

2 , bn = 5n2−1
3n+2 , cn = 2 + (−1)n.

(4) an = n5+13
n2−6 , bn = n+9

n4+1 , cn = 3n2−7
4n2+9

(
1 + 1

n

)−2n
.

2.1.1: (1) a1 = 1
1·2 , a2 = − 1

2·3 , a3 = 1
3·4 , a4 = − 1

4·5 .
(2) an = cos πn2 .

(3) an = n
3n+1 , a = 1

3 , bn = 2n2−1
8n−3 , cn = 1

3+(−1)n .

(4) an = n3+3
n2−6 , bn = n+2

n5+1 , cn = 4n−17
5n+19

(
1 + 1

n

)3n
.

2.1.2: (1) a1 = − 1
1·2 , a2 = 1

2·3 , a3 = − 1
3·4 , a4 = 1

4·5 .

(2) an = sin π(n−1)
2 .

(3) an = n
4n+1 , a = 1

4 , bn = 3n2+4
10n−6 , cn = 4 + (−1)n.

(4) an = n7+13
2n3−6 , bn = n2+9

5n4+1 , cn = 5n3−7
6n3+9

(
1 + 1

n

)−4n
.

2.1.3: (1) a1 = 1
1 , a2 = 1

1·2 , a3 = 1
1·2·3 , a4 = 1

1·2·3·4 .

(2) an = cos π(n−1)
2 .

(3) an = n
5n+1 , a = 1

5 , bn = 4n2−1
9n+7 , cn = 1

5+(−1)n .

(4) an = n5+13
n2−6 , bn = 4n+9

n8+1 , cn = 6n2−27
7n2+39

(
1 + 1

n

)5n
.

2.1.4: (1) a1 = − 1
1 , a2 = 1

1·2 , a3 = − 1
1·2·3 , a4 = 1

1·2·3·4 .

(2) an = sin (2n+1)π
2 .

(3) an = n
6n+1 , a = 1

6 , bn = 11n2−2
13n+3 , cn = 6 + (−1)n.

(4) an = n9+1
9n6−6 , bn = 6n3+9

4n6+1 , cn = 7n3−17
8n3+92

(
1 + 1

n

)−6n
.

2.1.5: (1) a1 = 1
1 , a2 = − 1

1·2 , a3 = 1
1·2·3 , a4 = − 1

1·2·3·4 .

(2) an = sin (2n−1)π
2 .

(3) an = n
7n+1 , a = 1

7 , bn = 2n2+3
6n−1 , cn = 1

7+(−1)n .

(4) an = n4+1
11n3−6 , bn = 9n4+9

8n5+1 , cn = 8n4

9n4+5

(
1 + 1

n

)−7n
.

îÏÍÅÒ ×ÁÒÉÁÎÔÁ ÏÐÒÅÄÅÌÑÅÔÓÑ ÐÏ ÐÏÓÌÅÄÎÅÊ ÃÉÆÒÅ ÎÏÍÅÒÁ ÓÔÕÄÅÎÞÅÓËÏÇÏ ÂÉÌÅÔÁ.
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2.1.6: (1) a1 = 1
2 , a2 = 2

3 , a3 = 3
4 , a4 = 4

5 .

(2) an = sin (3n+1)π
3 .

(3) an = n
8n+1 , a = 1

8 , bn = n2−12
12n+5 , cn = 8 + (−1)n.

(4) an = n11+13
n2+6 , bn = 7n+9

8n10+1 , cn = n7−6
9n7+7

(
1 + 1

n

)−8n
.

2.1.7: (1) a1 = − 1
2 , a2 = 2

3 , a3 = − 3
4 , a4 = 4

5 .

(2) an = sin (6n+1)π
6 .

(3) an = n
9n+1 , a = 1

9 , bn = 3n2−9
19n−7 , cn = 1

9+(−1)n .

(4) an = 3n5+13
n+6 , bn = 5n4+9

2n14+1 , cn = 2n4−17
8n4+8

(
1 + 1

n

)9n
.

2.1.8: (1) a1 = 1
3 , a2 = 3

5 , a3 = 5
7 , a4 = 7

9 .

(2) an = cos (3n+1)π
3 .

(3) an = n
10n+1 , a = 1

10 , bn = 6n2+1
16n+4 , cn = 10 + (−1)n.

(4) an = 4n8+13
n4−6 , bn = 6n4+1

7n5+11 , cn = 3n3−71
7n3+3

(
1 + 1

n

)−5n
.

2.1.9: (1) a1 = 1
3 , a2 = − 3

5 , a3 = 5
7 , a4 = − 7

9 .

(2) an = cos (6n+1)π
6 .

(3) an = n
11n+1 , a = 1

11 , bn = 14n2−6
19n+3 , cn = 1

11+(−1)n .

(4) an = 9n13+3
n9−6 , bn = n2+91

2n5+1 , cn = 4n6−5
6n6+6

(
1 + 1

n

)7n
.

2.2.0: (1) lim
x→∞

x+3x2

4−2x2 , lim
x→1

x−1
x2+4x−5 , lim

x→1

√
x−1
x2−1 , lim

x→0

1−cos 2x
tg2 6x , lim

x→∞

(
2x+2
2x+1

)x
.

(2) lim
x→0

sin 7x
sin 3x , lim

x→0

tg x−x
x−sinx , lim

x→1+
lnx · ln(x− 1), lim

x→0

e−x−1+x− x2
2

ex3−1
, lim
x→0+

x
3

1+ln x .

2.2.1: (1) lim
x→∞

1−6x+7x3

3−x3 , lim
x→1

x2−1
2x2−x−1 , lim

x→5

x2−2x−15√
x−1−2

, lim
x→0

arctg 3x
tg 8x , lim

x→∞

(
15x+2
15x−3

)x−3
.

(2) lim
x→π

sin 7x
tg 5x , lim

x→0

tg 2x−2x
x3 , lim

x→0+
xsinx, lim

x→+∞
x

9
4 ( 4
√
x3 + 1− 4

√
x3 − 1), lim

x→+∞
(lnx)

1
x .

2.2.2: (1) lim
x→∞

6x4+2x2−3
1−2x4 , lim

x→1

x3+2x2−x−2
2x2−x−1 , lim

x→3

√
2x+3−3

3+2x−x2 , lim
x→0

1−cos 4x
x sin 5x , lim

x→∞

(
x+3
x+1

)−4x
.

(2) lim
x→0

3x−sin 3x
x3 , lim

x→0

e−3x−esinx

x , lim
x→+∞

log2(1+x)
log3(1+2x) , lim

x→∞
(1 + x ln(1− 1

x)), lim
x→+∞

(1 + 1
x)ln x.

2.2.3: (1) lim
x→∞

2x3+3x2+4x
1+15x−x3 , lim

x→−2

x2−4
x3+2x2−x−2 , lim

x→1

√
x−√2−x
x2+5x−6 , lim

x→0
ctg x

5 · tg 3x, lim
x→0

(1 + sinx)
1
x .

(2) lim
x→0

tg x−sinx
x−sinx , lim

x→∞
x5

e3x , lim
x→π

2

(π − 2x) tg 2x, lim
x→∞

(x − x2 ln(1 + 1
x)), lim

x→0+
(tg x)x.

2.2.4: (1) lim
x→∞

5x2+4x+1
3+x−2x2 , lim

x→5

x2−25
x2−4x−5 , lim

x→−1

√
x+2+x
x2−1 , lim

x→0

sin 3x·tg 2x
x sin 4x , lim

x→0

ln(x+3)−ln 3
x .

(2) lim
x→π

4

tg x−1
sin 4x , lim

x→+∞
lnx
x , lim

x→1
x

1
x−1 , lim

x→0

ex
3−1−x3

sin6 2x , lim
x→0

(
sinx
x

)ctg2 x
.

2.2.5: (1) lim
x→∞

7x4−3x3+2x2

5−2x4 , lim
x→4

x2−4x
x2−3x−4 , lim

x→2

√
4x+1−3
x2+x−6 , lim

x→0

x sinx
cos 6x−1 , lim

x→∞
(x+ 1)(ln(2x+ 5)− ln 2x).

(2) lim
x→0

tg x−1+cos 3x
ex−e−x , lim

x→+∞
lnx
e2x , lim

x→∞
((x+ 3)e

1
x − x), lim

x→0

ex− x3

6 −x
2

2 −x−1

cosx+ x2
2 −1

, lim
x→0

( tg x
x

) 1
x2 .

2.2.6: (1) lim
x→∞

1+2x+3x2

5−6x−2x2 , lim
x→1

x2−2x+1
x3−x2−x+1 , lim

x→8

√
2x+9−5

x2−6x−16 , lim
x→0

3x2−5x
tg 3x , lim

x→∞
x2(ln(3x2 − 1)− ln(3x2)).

(2) lim
x→0

ex−e−x−2x
sin x−x , lim

x→0

ln sin 5x
ln sin 2x , lim

x→1

(
x

lnx − 1
lnx

)
, lim
x→0

2x−1−x ln 2
(1−x)10−1+10x , lim

x→0
( 2
π arccosx)

1
x .

2.2.7: (1) lim
x→∞

2x5+3x3+x
1+x2−3x5 , lim

x→−1

x2+3x+2
x3+2x2−x−2 , lim

x→ 1
2

2x2+3x−2√
1
2 +x−

√
2x

, lim
x→0

sin 7x−sin 2x
sinx , lim

x→0

ln(1+7x2)
3x2 .

(2) lim
x→0

x−arctg x
x3 , lim

x→∞
2x+1
x+sinx , lim

x→1

(
x
x−1 − 1

lnx

)
, lim
x→0

(
1
x2 − ctg2 x

)
, lim
x→π

6

(2 sinx)ctg 6x.

2.2.8: (1) lim
x→∞

x−3x2+2x3

5x3−6x2+3x+2 , lim
x→−3

x2+2x−3
x3+4x2+3x , lim

x→4

√
1+2x−3

x2−3x−4 , lim
x→0

x2 ctg 2x
tg 5x , lim

x→3
(2x− 5)

x
x2−9 .

(2) lim
x→π

6

1−2 sinx
cos 3x , lim

x→0+
tg x · lnx, lim

x→0

(
1

x sinx − 1
x2

)
, lim
x→0

sin2 x−ln2(1+x)
ex2−1

, lim
x→0

(
1
x

)sinx
.

2.2.9: (1) lim
x→∞

2x4+3x2+4
6x4−x3+x2 , lim

x→1

x3−x2−x+1
x3+x2−x−1 , lim

x→−1

√
4+x+x2−2
x+1 , lim

x→0

cosx−cos3 x
sin2 2x , lim

x→2
(4x− 7)

x+3
x−2 .

(2) lim
x→1

x3−3x+2
x3−x2−x+1 , lim

x→∞
3x+2 sin x

2
x+1 , lim

x→0

ln(1−x)+x2

(1+x)5−1+x2 , lim
x→π

2

(sin 2x)cosx, lim
x→π

2

(tg x)2 cosx.
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2.3.0: (1) y = |x+ 5|+ |x+ 4|+ |x+ 1| − |x− 1|+ 1, ρ = 2 sin 3φ+ 1.
(2) y = 3

√
sinx+ 3√

2x3−x+2
, y = ln 3x · cos 2x+ ln(cos 2x), y = 2−x

x2+lnx , y = (ctg 4x)x, x = y2 + arctg y
x .

(3) y = 7x−x2−12
5x−2 , y = 2x2−8

x2+7x+12 , y = x3 · e−x.
2.3.1: (1) y = |x+ 4|+ |x+ 2|+ |x− 2|+ |x− 1| − 1, ρ = 2 cos 3φ+1.

(2) y =
√

cosx+ 2
3√3x2−2x+1

, y = e−x · ctg 3x+ etg 3x, y = 4+x3

sin 2x−x + 3, y = cos(2x)sin x, ln(y − x) = yx2.

(3) y = x2−3x+2
2x−3 , y = x2−4

2x2+8x+6 , y = (x− 1)e3x+1.
2.3.2: (1) y = |x− 3| − |x+ 1|+ |x− 2| − |x+ 2|+ 2, ρ = 2 sin 4φ+1.

(2) y = 1
3√9x+4

+ 12
4√x3+10

, y = sin 8x · ln(1−x)+sin(ln 2x), y =
(

sinx
1+cosx

)2
, y = (x2 +3)

√
x, 5x+5y = 5x+y.

(3) y = x2−5x+6
2x+3 , y = 3x2−12

x2−1 , y = e4x−x2
.

2.3.3: (1) y = |x| − |3− x| − |x+ 1| − |x− 4|+ 2, ρ = 2 cos 4φ+ 1.
(2) y =

√
lnx− 2

4√2x2+3
, y = (9x2 + 1) arcctg 3x, y = x+e2x

x−e2x , y = (tg x)arcsinx, ey sinx = e−x cos y.

(3) y = x2−7x+12
5x+2 , y = x2−4

3x2−12x+9x , y = (x2 + 2)e−x
2
.

2.3.4: (1) y = |x− 3|+ |x− 2| − |x+ 1| − |x+ 2| − 2, ρ = 2 sin 3φ+
√

2.
(2) y = 3

√
cosx + 3√

x3+x2−2
, y = sin 2x · e3x + sin(e3x), y = 2x

lnx−1 + ln 3, y = (1 − x2)arccosx, y sinx −
cos(x− y) = 0.

(3) y = x2−x−2
3x−2 , y = x2−4

x2−7x+12 , y = ex

x .

2.3.5: (1) y = − |x+ 3| − |x− 3|+ |x| − |x− 1|+ 1, ρ = 2 cos 3φ+
√

2.
(2) y =

√
arcsinx − 5√

2x5+4x+3
, y = sin 4x · lnx + tg(e−3x), y = 1−cos 2x

1+cos 2x + cos π3 , y = (lnx)ctg 2x,

lnx+ e
y
x = ex

2
x.

(3) y = x2+x−2
3x+2 , y = 4−x2

x2+7x+12 , y = lnx− 1
2x

2.

2.3.6: (1) y = |x+ 2| − |x+ 1| − |x| − |x− 1| − 1, ρ = 2 sin 4φ+
√

2.
(2) y = 3

√
x2 − 1 · (x4 − 1), y = ctg x · arcsin 2x + ctg(arcsin 2x), y = e3x

1−x2 + 1
lnx , y = (cos 3x)2x+1,

x2 + y2 = ln y.
(3) y = 3x−x2−2

2x−5 , y = 8−2x2

x2+4x+3 , y = ln(x+2)
x+2 .

2.3.7: (1) y = − |x− 2| − |x− 3|+ |x+ 1| − |x+ 4|+ 2, ρ = 2 cos 4φ+
√

2.
(2) y =

√
arctgx− 2

3√2x3+3x+5
, y = cos 4x · tg 3x+log4(tg 3x), y = x2+6x+1

lnx , y = (x3 +4)sin 2x, ln(y−x) =

yx2.
(3) y = 5x−x2−6

2x+5 , y = 4−x2x
2x2−2 , y = x2 lnx.

2.3.8: (1) y = |x− 4| − |x+ 2| − |x+ 1|+ |x| − 2, ρ = 2 sin 3φ+
√

3.

(2) y = x
√

4− x2 + arcsin x
2 , y = 3x ctg(3x) + arccos(3x), y = 3 · 3

√
2x+1
2x−1 , y = (x2 + 2)cos 3x, y ln y = x3.

(3) y = x−x2+2
3x−5 , y = 12−3x2

x2−4x+3 , y = x− ln(x + 1).

2.3.9: (1) y = |x− 1| − |x− 2| − |x− 3|+ |x+ 3|+ 1, ρ = 2 cos 3φ+
√

3.
(2) y = x−1

(x2+2)
√
x2+2

, y = sinx · ln(3− x) + arctg
√
x2 + 1, y = 1−2x

1+2x , y = (x2 − 1)x, x+ y +
√
xy = 10.

(3) y = 2−x−x2

3x+5 , y = 4−x2

3x2−21x+36 , y = x
2 − arctgx.


