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ÈÍÄÈÂÈÄÓÀËÜÍÛÅ ÇÀÄÀÍÈß ÏÎ ÒÅÌÅ

ÏÐÅÄÅËÛ

Ñîäåðæàíèå èíäèâèäóàëüíûõ çàäàíèé

• â ïðèìåðàõ 1�27 íàéòè ïðåäåëû ôóíêöèè
• â ïðèìåðàõ 28�32 íàéòè ïðåäåëû ôóíêöèè, èñïîëüçóÿ ïðàâèëî
Ëîïèòàëÿ.

Ïðèìåðíûé òèïîâîé âàðèàíò çàäàíèé

Íàéòè ïðåäåëû:

0.1. lim
x→−1

16x2−6x+2
8x2+x−1

.

0.2. lim
x→π/2

sin2 21x
4x2 .

0.3. lim
x→−8

x2+7x−8
x2+9x+8

.

0.4. lim
x→0

tg 9x
4x

.

0.5. lim
x→+∞

3x2+2x−1
8x2+5x+3

.

0.6. lim
x→+∞

x2+9x−5
x3+11x2−1

.

0.7. lim
x→+∞

x5+x3−7x2

x3+x2+20
.

0.8. lim
x→0

(1 + 14x)1/x.

0.9. lim
n→+∞

2+4+6+···+2n
7n2 .

0.10. lim
n→+∞

4n+1−7n+1

4n+7n
.

0.11. lim
x→+∞

x2+x+1
2x+5

.

0.12. lim
x→+∞

3x2−2x−1
x3+4

.

0.13. lim
x→+∞

3x2+5x−4√
4x4+2

.

0.14. lim
x→2

x2+x−6
4−x2 .

0.15. lim
x→1

( 2
1−x

− 5
1−x3 ).

0.16. lim
x→+∞

(
√
x+ a−

√
x).

0.17. lim
x→+∞

(x− 3
√
x3 + 8x2).

0.18. lim
x→0

x
tg5x

.

0.19. lim
x→0

sin2 x
3

x2 .

0.20. lim
x→0

x√
1−cosx

.

0.21. lim
x→0

tg x−sinx
x3 .

0.22. lim
x→0

2 arcsinx
3x

.

0.23. lim
x→+∞

(1− 2
x
)x.

0.24. lim
x→+∞

(2x+3
2x−1

)x.
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0.25. lim
x→+∞

(x · (ln (x+ 1) −
lnx)).

0.26. lim
x→0

(1 + 3 tg x)2 ctg x.

0.27. lim
x→7+0

2
1

x−7 .

0.28. lim
x→0

x−tg x
x3 .

0.29. lim
x→1

tg πx · ln(x− 1).

0.30. lim
x→0

(
1
x2 − 1

tg2 x

)
.

0.31. lim
x→0

(
tg x
x

)1/x2

.

0.32. lim
x→+0

x
1

ln sin x .

Ðåøåíèå ïðèìåðîâ òèïîâîãî âàðèàíòà çàäàíèé

0.1. lim
x→−1

16x2−6x+2
8x2+x−1

.

Ð å ø å í è å: Ïðè ïîäñòàíîâêå x = −1 â çíàìåíàòåëü ïîëó÷èì
8 · (−1)2 + (−1) − 1 = 6, ò.å. íåò íåîïðåäåë¼ííîñòè, ïîýòîìó ïðîñòî
ïîäñòàâëÿåì x = −1 â ñàìî âûðàæåíèå

lim
x→−1

16x2 − 6x+ 2

8x2 + x− 1
=

16 · (−1)2 − 6 · (−1) + 2

8 · (−1)2 + (−1)− 1
=

=
16 + 6 + 2

8− 1− 1
=

24

4
= 4

0.2. lim
x→π/2

sin2 21x
4x2 .

Ð å ø å í è å: Ïðè ïîäñòàíîâêå â âûðàæåíèå x = π/2 èìååì:

lim
x→π/2

sin2 21x

4x2
=

sin2(21 · π
2
)

4 · π2

4

=
sin2

(
10π + π

2

)
π2

=
sin2 π

2

π2
=

1

π2
.

0.3. lim
x→−8

x2+7x−8
x2+9x+8

.

Ð å ø å í è å: Ïðè ïîäñòàíîâêå ïðåäåëüíîãî çíà÷åíèÿ x = −8 ÷èñ-
ëèòåëü è çíàìåíàòåëü äðîáè ðàâíû íóëþ (íåîïðåäåëåííîñòü âèäà 0

0
).

Ðàçëîæèâ èõ íà ìíîæèòåëè, ïðîèçâåäåì ñîêðàùåíèå íà (x+ 8):

lim
x→−8

x2 + 7x− 8

x2 + 9x+ 8
= lim

x→−8

(x+ 8)(x− 1)

(x+ 8)(x+ 1)
= lim

x→−8

x− 1

x+ 1
=

9

7
.
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0.4. lim
x→0

tg 9x
4x

.

Ð å ø å í è å: Óñòàíàâëèâàåì, ÷òî äàííàÿ ôóíêöèÿ íå îïðåäåëåíà
ïðè x = 0 (íåîïðåäåëåííîñòü âèäà 0

0
). Äëÿ ðåøåíèÿ ýòîãî ïðèìåðà

ìîæíî èñïîëüçîâàòü äâà ñïîñîáà:
1) ïðåîáðàçóåì ôóíêöèþ òàê, ÷òîáû èñïîëüçîâàòü ïåðâûé çàìå÷à-

òåëüíûé ïðåäåë lim
x→0

sinx
x

= 1 [1, (7.8)]:

lim
x→0

tg 9x

4x
= lim

x→0

sin 9x

4x cos 9x
=

1

4

lim
x→0

sin 9x
x

lim
x→0

cos 9x
=

1

4

lim
x→0

9 sin 9x
9x

lim
x→0

cos 9x
=

=
9

4

lim
x→0

sin 9x
9x

lim
x→0

cos 9x
=

9

4
· 1
1
=

9

4
.

2) Èñïîëüçóÿ ïîíÿòèå ýêâèâàëåíòíîñòè áåñêîíå÷íî ìàëûõ âåëè-
÷èí, [1, îïðåäåëåíèå 8.5] è òåîðåìó îá îòíîøåíèè áåñêîíå÷íî ìàëûõ
âåëè÷èí [1, òåîðåìà 8.1] èìååì:

tg 9x ∼ 9x ïðè x → 0

lim
x→0

tg 9x

4x
= lim

x→0

9x

4x
=

9

4
.

0.5. lim
x→+∞

3x2+2x−1
8x2+5x+3

.

Ð å ø å í è å: Ïðè x → +∞ èìååò ìåñòî íåîïðåäåëåííîñòü âèäà
∞
∞ . Ðàçäåëèì ÷èñëèòåëü è çíàìåíàòåëü íà x2

lim
x→+∞

3x2 + 2x− 1

8x2 + 5x+ 3
= lim

x→+∞

3 + 2
x
− 1

x2

8 + 5
x
+ 3

x2

=
3

8
,

òàê êàê ïðè x → +∞ îòíîøåíèÿ 2
x
, 1

x2 , 5
x
, 3

x2 ñòðåìÿòñÿ ê íóëþ.

0.6. lim
x→+∞

x2+9x−5
x3+11x2−1

.

Ð å ø å í è å: Â äàííîì ñëó÷àå èìååì íåîïðåäåëåííîñòü âèäà ∞
∞ .

Ýòîò ïðèìåð ìîæíî ðåøèòü äâóìÿ ñïîñîáàìè:
1) Ðàçäåëèì ÷èñëèòåëü è çíàìåíàòåëü íà x3

lim
x→+∞

x2 + 9x− 5

x3 + 11x2 − 1
= lim

x→+∞

1
x
+ 9

x2 − 5
x3

1 + 11
x
− 1

x3

=
0

1
= 0.
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2) Ñîãëàñíî ïîíÿòèþ ýêâèâàëåíòíîñòè áåñêîíå÷íî áîëüøèõ âåëè÷èí è
ïðàâèëó [1, (8.1)]

x2 + 9x− 5 ∼ x2 è x3 + 11x2 − 1 ∼ x3 ïðè x → +∞

lim
x→+∞

x2 + 9x− 5

x3 + 11x2 − 1
= lim

x→+∞

x2

x3
= lim

x→+∞

1

x
= 0.

0.7. lim
x→+∞

x5+x3−7x2

x3+x2+20
.

Ð å ø å í è å: Äåéñòâóÿ àíàëîãè÷íî ïðåäûäóùåìó ïðèìåðó.
1) Ðàçäåëèì ÷èñëèòåëü è çíàìåíàòåëü íà x5.

lim
x→+∞

x5 + x3 − 7x2

x3 + x2 + 20
= lim

x→+∞

1 + 1
x2 − 7

x3

1
x2 +

1
x3 +

20
x5

=
1

0
= +∞.

2) Ñîãëàñíî ïîíÿòèþ ýêâèâàëåíòíîñòè áåñêîíå÷íî áîëüøèõ âåëè÷èí è
ïðàâèëó [1, (8.1)]

lim
x→+∞

x5 + x3 − 7x2

x3 + x2 + 20
= lim

x→+∞

x5

x3
= lim

x→+∞
x2 = +∞.

0.8. lim
x→0

(1 + 14x)1/x.

Ð å ø å í è å: Âîñïîëüçóåìñÿ çàìå÷àòåëüíûì ïðåäåëîì
lim
x→0

(1 + kx)1/x = ek (ñì. [1, (6.6)])

lim
x→0

(1 + 14x)1/x = e14.

0.9. lim
n→+∞

2+4+6+···+2n
7n2 .

Ð å ø å í è å: Ïðè n → +∞ èìååì íåîïðåäåëåííîñòü âèäà (∞∞). Â
÷èñëèòåëå âûðàæåíèÿ íàõîäèòñÿ ñóììà ÷ëåíîâ àðèôìåòè÷åñêîé ïðî-
ãðåññèè Sn = 2 + 4 + 6 + · · · + 2n, êîòîðàÿ âû÷èñëÿåòñÿ ïî ôîðìóëå
Sn = a1+an

2
·n. Â íàøåì ñëó÷àå Sn = 2+2n

2
·n = n+n2 è, ñëåäîâàòåëüíî:

lim
n→+∞

2 + 4 + 6 + · · ·+ 2n

7n2
= lim

n→+∞

Sn

7n2
= lim

n→+∞

n+ n2

7n2
=

ñîãëàñíî ïîíÿòèþ ýêâèâàëåíòíîñòè n+n2 ∼ n2 ïðè n → +∞ è ïðàâèëó
[1, (8.1)]

= lim
n→+∞

n2

7n2
=

1

7
.
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0.10. lim
n→+∞

4n+1−7n+1

4n+7n
.

Ð å ø å í è å: Ðàçäåëèì è ÷èñëèòåëü, è çíàìåíàòåëü âûðàæåíèÿ
íà 7n. Ïîñëå ïðåîáðàçîâàíèé ïîëó÷èì:

lim
n→+∞

4n+1 − 7n+1

4n + 7n
= lim

n→+∞

4 · (4
7
)n − 7

(4
7
)n + 1

= −7,

òàê êàê ïðè n → +∞ âûðàæåíèå (4
7
)n → 0 (ïîêàçàòåëüíàÿ ôóíêöèÿ ñ

îñíîâàíèåì 0 < a < 1).

0.11. lim
x→+∞

x2+x+1
2x+5

.

Ð å ø å í è å: Ñîãëàñíî ïîíÿòèþ ýêâèâàëåíòíîñòè [1, (8.1)].

lim
n→+∞

x2 + x+ 1

2x+ 5
= lim

n→+∞

x2

2x
= lim

x→+∞

x

2
= +∞.

0.12. lim
x→+∞

3x2−2x−1
x3+4

.

Ð å ø å í è å: Àíàëîãè÷íî ïðèìåðó 0.6
1) Ðàçäåëèì ÷èñëèòåëü è çíàìåíàòåëü íà x3

lim
x→+∞

3x2 − 2x− 1

x3 + 4
= lim

x→+∞

3
x
− 2

x2 − 1
x3

1 + 4
x3

=
0

1
= 0.

2) Ñîãëàñíî ïîíÿòèþ ýêâèâàëåíòíîñòè [1, (8.1)]

lim
x→+∞

3x2 − 2x− 1

x3 + 4
= lim

x→+∞

3x2

x3
= lim

x→+∞

3

x
= 0.

0.13. lim
x→+∞

3x2+5x−4√
4x4+2

.

Ð å ø å í è å: Òàê êàê ñîãëàñíî ïðàâèëó [1, (8.1)] ïðè x → +∞

3x2 + 5x− 4 ∼ 3x2,
√
4x4 + 2 ∼ 2x2

lim
x→+∞

3x2 + 5x− 4√
4x4 + 2

= lim
x→+∞

3x2

2x2
=

3

2
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0.14. lim
x→2

x2+x−6
4−x2 .

Ð å ø å í è å: Ïðè x → 2 ÷èñëèòåëü è çíàìåíàòåëü ñòðåìÿòñÿ
ê íóëþ. Ðàçëîæèâ èõ íà ìíîæèòåëè, ïîñëå ñîêðàùåíèÿ íà (x − 2)
ïîëó÷èì:

lim
x→2

x2 + x− 6

4− x2
= lim

x→2

(x− 2) · (x+ 3)

−(x− 2) · (x+ 2)
= − lim

x→2

x+ 3

x+ 2
= −5

4
.

0.15. lim
x→1±0

( 2
1−x

− 5
1−x3 ).

Ð å ø å í è å: Ïðè ïîäñòàíîâêå â âûðàæåíèå x=1 èìååì íåîïðå-
äåëåííîñòü ∞−∞. Ïðèâåäåì âûðàæåíèå â ñêîáêàõ ê îáùåìó çíàìå-
íàòåëþ:

lim
x→1±0

(
2

1− x
− 5

1− x3
) = lim

x→1±0
(

2

1− x
− 5

(1− x) · (1 + x+ x2)
) =

= lim
x→1±0

2 · (1 + x+ x2)− 5

(1− x) · (1 + x+ x2)
= lim

x→1±0

2x2 + 2x− 3

(1− x)3
=

=
2 + 2− 3

∓0
=

1

∓0
= ∓∞.

0.16. lim
x→+∞

(
√
x+ a−

√
x).

Ð å ø å í è å: Óìíîæèì è ðàçäåëèì âûðàæåíèå â ñêîáêàõ íà
ñîïðÿæ¼ííîå åìó (

√
x+ a+

√
x):

lim
x→+∞

(
√
x+ a−

√
x) = lim

x→+∞

(
√
x+ a−

√
x) · (

√
x+ a+

√
x)

(
√
x+ a+

√
x)

=

= lim
x→+∞

(
√
x+ a)2 − (

√
x)2

(
√
x+ a+

√
x)

= lim
x→+∞

x+ a− x√
x+ a+

√
x
=

= lim
x→+∞

a√
x+ a+

√
x
=

a

∞
= 0.



Ïðåäåëû 53

0.17. lim
x→+∞

(x− 3
√
x3 + 8x2).

Ð å ø å í è å: Â äàííîì ñëó÷àå èìååì íåîïðåäåëåííîñòü âèäà
∞−∞. Ïåðåíåñåì èððàöèîíàëüíîñòü â çíàìåíàòåëü, óìíîæàÿ è äåëÿ
èñõîäíîå âûðàæåíèå íà òàêîé ìíîæèòåëü, ÷òîáû ïîëó÷èòü ðàçíîñòü

êóáîâ, ò.å. x3−
(

3
√
x3 + 8x2

)3
= x3−x3− 8x2 = −8x2. Ýòîò ìíîæèòåëü

åñòü íåïîëíûé êâàäðàò ñóììû:

x2 + x
3
√
x3 + 8x2 +

3

√
(x3 + 8x2)2.

Ïîëó÷èì:

lim
x→+∞

(x− 3
√
x3 + 8x2) = lim

x→+∞

(
x− 3√x3+8x2

)(
x2+x 3√x3+8x2+

3
√

(x3+8x2)2
)

x2+x 3√x3+8x2+
3
√

(x3+8x2)2
=

= lim
x→+∞

x3−x3−8x2

x2+x 3√x3+8x2+
3
√

(x3+8x2)2
= −8 lim

x→+∞
x2

x2

(
1+ 3

√
1+ 8

x
+ 3
√

(1+ 8
x
)
2

) = −8
3
.

0.18. lim
x→0

sin x

tg 5x
.

Ð å ø å í è å: Óñòàíàâëèâàåì, ÷òî äàííàÿ ôóíêöèÿ íå îïðåäåëåíà
ïðè x = 0 (íåîïðåäåëåííîñòü âèäà 0

0
). Ïîäâåðãàåì ôóíêöèþ ïðåîá-

ðàçîâàíèþ ñ òåì, ÷òîáû èñïîëüçîâàòü ïåðâûé çàìå÷àòåëüíûé ïðåäåë
(ñì. [1, (7.8)])

lim
α→0

sinα

α
= 1.

lim
x→0

sin x

tg 5x
= lim

x→0

sin x cos 5x

sin 5x
= lim

x→0

sin x cos 5x
sin 5x
5x

· 5x
=

=
1

5
·
lim
x→0

sinx
x

· lim
x→0

cos 5x

lim
x→0

sin 5x
5x

=
1

5
· 1 · 1

1
=

1

5
.

Ðåøèì ïðèìåð, èñïîëüçóÿ ïîíÿòèå ýêâèâàëåíòíîñòè [1, òåîðåìà 8.1]

sin x ∼ x, tg 5x ∼ 5x ïðè x → 0

lim
x→0

sin x

tg 5x
= lim

x→0

x

5x
=

1

5
.
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0.19. lim
x→0

sin2 x
3

x2 .

Ð å ø å í è å: Èñïîëüçóÿ ïîíÿòèå ýêâèâàëåíòíîñòè äëÿ áåñêîíå÷íî
ìàëûõ [1, òåîðåìà 8.1]

sin
x

3
∼ x

3
ïðè x → 0

lim
x→0

sin2 x
3

x2
= lim

t→0

x2

9

x2
=

1

9
.

0.20. lim
x→0

x√
1−cosx

.

Ð å ø å í è å: Ðàñêðûâàåì íåîïðåäåëåííîñòü âèäà
(
0
0

)
. Âîñïîëü-

çóåìñÿ ôîðìóëîé òðèãîíîìåòðè÷åñêîãî òîæäåñòâà 1− cosx = 2 sin2 x
2
.

Ñëåäîâàòåëüíî,
√
1− cos x =

√
2 sin2 x

2
=

√
2 sin x

2
.

lim
x→0

x√
1− cos x

= lim
x→0

x√
2 sin x

2

=

= | ñîãëàñíî ïðàâèëó ýêâèâàëåíòíîñòè áåñêîíå÷íî ìàëûõ âåëè÷èí
[1, òåîðåìà 8.1] sin x

2
∼ x

2
ïðè x → 0 | = lim

x→0

x√
2·x

2

= 2√
2
=

√
2.

0.21. lim
x→0

tg x−sinx
x3 .

Ð å ø å í è å: Óñòàíàâëèâàåì, ÷òî èìååò ìåñòî íåîïðåäåëåííîñòü
âèäà

(
0
0

)
. Âûïîëíèì ýëåìåíòàðíîå ïðåîáðàçîâàíèå:

lim
x→0

tg x− sin x

x3
= lim

x→0

sinx
cosx

− sinx

x3
= lim

x→0

sinx · (1−cosx
cosx

)

x3
=

= lim
x→0

sinx

x
· lim
x→0

1

cos x
· lim
x→0

1− cos x

x2
= 1 · 1 · lim

x→0

2 · sin2 x
2

x2
=

= | sin x
2
∼ x

2
ïðè x → 0 | = lim

x→0

2·x
2

4

x2 = 2
4
= 1

2
.

0.22. lim
x→0

2 arcsinx
3x

.

Ð å ø å í è å: Íåîïðåäåëåííîñòü òèïà
(
0
0

)
ìîæíî ðàñêðûòü ñëå-

äóþùèì îáðàçîì. Îáîçíà÷èì t = arcsinx, òîãäà x = sin t. Åñëè x → 0,
òî è t → 0. Ñëåäîâàòåëüíî,

lim
x→0

2 arcsinx

3x
=

2

3
lim
t→0

t

sin t
=

2

3
· 1 =

2

3
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èëè âîñïîëüçóåìñÿ ýêâèâàëåíòíîñòüþ arcsinx ∼ x ïðè x → 0 [1, òåî-
ðåìà 8.1]. Òîãäà

lim
x→0

2 arcsin x

3x
= lim

x→0

2x

3x
=

2

3

0.23. lim
x→+∞

(
1− 2

x

)x
.

Ð å ø å í è å:
Âîñïîëüçóåìñÿ çàìå÷àòåëüíûì ïðåäåëîì lim

x→+∞

(
1 + k

x

)x
= ek :

lim
x→+∞

(
1− 2

x

)x

= lim
x→+∞

(
1 +

−2

x

)x

= e−2 =
1

e2
.

0.24. lim
x→+∞

(
2x+3
2x−1

)x
.

Ð å ø å í è å: Â ýòîì ïðèìåðå ïðåäåë îñíîâàíèÿ ðàâåí åäèíèöå,
à ïîêàçàòåëü ñòåïåíè ñòðåìèòñÿ ê áåñêîíå÷íîñòè; èìååì íåîïðåäåëåí-
íîñòü âèäà (1∞).

×òîáû ðàñêðûòü ýòó íåîïðåäåëåííîñòü, ïðåäñòàâèì îñíîâàíèå ñòå-
ïåíè â âèäå 1+ 1

y
, à â ïîêàçàòåëå ñòåïåíè âûäåëèì ìíîæèòåëü y, ÷òîáû

èñïîëüçîâàòü âòîðîé çàìå÷àòåëüíûé ïðåäåë

lim
x→+∞

(
1 +

1

y

)y
= e :

lim
x→+∞

(2x+ 3

2x− 1

)x
= lim

x→+∞

((2x− 1) + 4

2x− 1

)x
= lim

x→+∞

(
1 +

4

2x− 1

)x
=

= lim
x→+∞

(
1 +

1
2x−1
4

) 2x−1
4

· 4x
2x−1

= lim
x→+∞

((
1 +

1
2x−1
4

) 2x−1
4

) 4x
2x−1

=

=
(

lim
x→+∞

(
1 +

1
2x−1
4

) 2x−1
4
) lim

x→+∞
4x

2x−1

= e
lim

x→+∞
4

2− 1
x = e2.

0.25. lim
x→+∞

(x · (ln (x+ 1)− lnx)).

Ð å ø å í è å: Çäåñü èìååò ìåñòî íåîïðåäåëåííîñòü (∞· (∞−∞)).
Äëÿ ðàñêðûòèÿ ýòîé íåîïðåäåë¼ííîñòè âîñïîëüçóåìñÿ ñâîéñòâàìè ëî-
ãàðèôìà ln (x+ 1) − ln(x) = ln ( (x+1)

x
) è x · ln (x+1

x
) = ln (x+1

x
)x. Êðîìå

òîãî, äëÿ íåïðåðûâíûõ ôóíêöèé ñóùåñòâóåò ïðàâèëî:
lim
x→a

(ln f(x)) = ln(lim
x→a

f(x)). Èòàê:
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lim
x→+∞

(x · (ln (x+ 1)− lnx)) = lim
x→+∞

(
ln

(
x+ 1

x

)x)
=

= ln

(
lim

x→+∞

(
x+ 1

x

)x)
= ln ( lim

x→+∞
(1 +

1

x
)x) = ln e = 1.

0.26. lim
x→+0

(1 + 3 tg x)2 ctg x.

Ð å ø å í è å: Îáîçíà÷èì tg x = t, òîãäà ctg x = 1
t
, à ïðè x → 0 è

t → 0. Ñ ó÷¼òîì íîâûõ îáîçíà÷åíèé è çàìå÷àòåëüíîãî ïðåäåëà
lim
t→0

(1 + kt)
1
t = ek

lim
x→0

((1 + 3 tg x)2 ctg x = lim
t→0

(1 + 3t)
2
t = (lim

t→0
(1 + 3t)

1
t )2 = (e3)2 = e6.

0.27. lim
x→7+0

2
1

x−7 .

Ð å ø å í è å: Åñëè x → 7+0 è, çíà÷èò, x− 7 → +0, òî 1
x−7

= 1
+0

=
= +∞.

Èòàê, lim
x→7+0

2
1

x−7 = 2+∞ = +∞.

0.28. lim
x→0

x−tg x
x3 .

Ð å ø å í è å: ×èñëèòåëü è çíàìåíàòåëü ñòðåìèòüñÿ ê íóëþ ïðè
x → 0, ïîýòîìó èìååì íåîïðåäåëåííîñòü âèäà 0/0. Ïðèìåíÿÿ ïðàâèëî
Ëîïèòàëÿ, ò.å. ðàññìàòðèâàÿ ïðåäåë îòíîøåíèÿ ïðîèçâîäíûõ çàäàí-
íûõ ôóíêöèé, ïîëó÷àåì

lim
x→0

x− tg x

x3
= lim

x→0

1− 1
cos2 x

3x2
= lim

x→0

cos2 x− 1

3x2 cos2 x
=

= −1

3
lim
x→0

sin2 x

x2 cos2 x
= −1

3
, òàê êàê lim

x→0

sin x

x
= 1.

0.29. lim
x→1

tg πx · ln(x− 1).

Ð å ø å í è å: Çäåñü èìååòñÿ íåîïðåäåëåííîñòü âèäà 0 ·∞. Ïðåäñòà-
âèì ïðîèçâåäåíèå ôóíêöèé â âèäå ÷àñòíîãî, à çàòåì, ïîëó÷èâ íåîïðå-
äåëåííîñòü âèäà ∞/∞, ïðèìåíèì ïðàâèëî Ëîïèòàëÿ äâàæäû, íàõî-
äèì

lim
x→1

tg πx · ln(x− 1) = lim
x→1

ln(x− 1)

ctg πx
= lim

x→1

1
x−1

− π
sin2 πx

= − 1

π
lim
x→1

sin2 πx

x− 1
=
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= − 1

π
lim
x→1

2π sinπx cosπx

1
= 2 lim

x→1
sin πx = 0.

0.30. lim
x→0

(
1
x2 − 1

tg2 x

)
.

Ð å ø å í è å: Ýòî íåîïðåäåëåííîñòü âèäà ∞−∞. Ïðèâåäÿ äðîáè
ê îáùåìó çíàìåíàòåëþ, ïîëó÷èì:

lim
x→0

(
1

x2
− 1

tg2 x

)
= lim

x→0

tg2 x− x2

x2 tg2 x
= lim

x→0

sin2 x− x2 cos2 x

x2 sin2 x

(íåîïðåäåëåííîñòü òèïà 0/0).
Ïðåæäå ÷åì ïðèìåíèòü ïðàâèëî Ëîïèòàëÿ, çàìåíèì çíàìåíàòåëü

ïîñëåäíåé äðîáè ýêâèâàëåíòíîé åìó ïðè x → 0 áåñêîíå÷íî ìàëîé
x2 sin2 x ∼ x4. Ïîëó÷èì

lim
x→0

(
1

x2
− 1

tg2 x

)
= lim

x→0

sin2 x− x2 cos2 x

x4

Ïðèìåíÿÿ ïðàâèëî Ëîïèòàëÿ äâàæäû, íàõîäèì

lim
x→0

(
1

x2
− 1

tg2 x

)
= lim

x→0

sin2 x− x2 cos2 x

x4
=

= lim
x→0

2 sin x cos x− 2x cos2 x+ 2x2 cosx sinx

4x3
=

= lim
x→0

sin 2x− 2x cos2 x+ x2 sin 2x

4x3
=

= lim
x→0

2 cos 2x− 2 cos2 x+ 4x sinx cosx+ 2x sin 2x+ 2x2 cos 2x

12x2
=

= lim
x→0

cos2 x− sin2 x− cos2 x+ x2 cos 2x+ 2x sin 2x

6x2
=

= lim
x→0

− sin2 x+ x2 cos 2x+ 2x sin 2x

6x2
=

= lim
x→0

(
−sin2 x

6x2
+

cos 2x

6
+

sin 2x

3x

)
= −1

6
+

1

6
+

2

3
=

2

3
.
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0.31. lim
x→0

(
tg x
x

)1/x2

.

Ð å ø å í è å: Èìååì íåîïðåäåëåííîñòü âèäà 1∞.

Ïóñòü y =

(
tg x

x

)1/x2

, òîãäà

ln y =
1

x2
ln

(
tg x

x

)
lim
x→0

ln y = lim
x→0

ln tg x
x

x2

(
íåîïðåäåëåííîñòü âèäà

0

0

)
Âû÷èñëèì ïðåäåë ëîãàðèôìà äàííîé ôóíêöèè, ïðèìåíÿÿ ïðàâèëî Ëî-
ïèòàëÿ äâàæäû:

lim
x→0

ln y = lim
x→0

ln tg x
x

x2
= lim

x→0

ln tg x− lnx

x2
=

= lim
x→0

1
tg x

· 1
cos2 x

− 1
x

2x
= lim

x→0

x− sin x cos x

2x2 sinx cosx
= lim

x→0

x− 1
2
sin 2x

x2 sin 2x
=

= lim
x→0

1− cos 2x

2x sin 2x+ 2x2 cos 2x
= lim

x→0

2 sin2 x

2(x sin 2x+ x2 cos 2x)
=

ò.ê. sin2 x ∼ x2, sin 2x ∼ 2x ïðè x → 0

= lim
x→0

x2

x(sin 2x+ x cos 2x)
= lim

x→0

x

sin 2x+ x cos 2x
=

= lim
x→0

1

2 cos 2x+ cos 2x− 2x sin 2x
=

1

3
.

Ñëåäîâàòåëüíî, lim
x→0

y = e1/3.

0.32. lim
x→+0

x
1

ln sin x .

Ð å ø å í è å: Ýòî íåîïðåäåëåííîñòü âèäà 00

Ïóñòü y = x
1

ln sin x , òîãäà ln y = 1
ln sinx

lnx

lim
x→+0

ln y = lim
x→+0

lnx

ln sin x

(
íåîïðåäåëåííîñòü âèäà

∞
∞

)
Ïðèìåíÿÿ ïðàâèëî Ëîïèòàëÿ, ïîëó÷èì

lim
x→+0

ln y = lim
x→+0

lnx

ln sin x
= lim

x→+0

1
x

cosx
sinx

= lim
x→+0

sin x

x cos x
= 1.

Ñëåäîâàòåëüíî, lim
x→+0

y = e1 = e.
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Âàðèàíòû çàäàíèé

Âàðèàíò 1

1.1. lim
x→−1

8x2+2x+3
7x2−3x+5

1.2. lim
x→π/2

sin2 3x
2x2

1.3. lim
x→5

x2−9x+20
x2−14x+45

1.4. lim
x→0

tg 20x
5x

1.5. lim
x→+∞

x2−2x+3
6x2+4x−3

1.6. lim
x→+∞

x−5
x2−8x+7

1.7. lim
x→+∞

3x2+x+6
x+4

1.8. lim
x→+∞

(
1 + 5

x

)x
1.9. lim

n→+∞
1+4+9+...+n2

3n3−n2+1
.1

1.10. lim
n→+∞

3n+1+4n+1

4n−3n
.

1.11. lim
x→+∞

(x+8)3(x+1)
4x(x+5)3

.

1.12. lim
x→−∞

2x3+x+7
3x2−6

.

1.13. lim
x→−∞

3√1−5x4+8x9√
25x6−5x5+4x2−1

.

1.14. lim
x→2

x3−2x−4
x4−7x−2

.

1.15. lim
x→9

( 1
x−9

− 18
x2−81

).

1.16. lim
x→0

√
1+x−1
x

.

1.17. lim
x→+∞

(
√
x(x+ 1)− x).

1.18. lim
x→0

1−cosmx
x2 .

1.19. lim
x→0

sin(πxα)
sin(πxβ)

.

1.20. lim
x→0

x ctg 5x.

1.21. lim
x→π

sinx
π2−x2 .

1.22. lim
x→0

arcsin 2x
x

.

1.23. lim
x→+∞

(1 + 8
x+1

)x+1.

1.24. lim
x→e

lnx−1
x−e

.

1.25. lim
x→+∞

x[ln (x+ 3)− ln (x− 2)].

1.26. lim
x→0

1
5x

ln (1 + 5x).

1.27. lim
x→+0

1
1+e1/x

.

1.28. lim
x→0

1−cosx
x2 .

1.29. lim
x→+0

√
x lnx.

1.30. lim
x→1

(
1

lnx
− x

lnx

)
.

1.31. lim
x→a

arcsin x−a
a

· ctg(x−a).

1.32. lim
x→+0

xx.

1èñïîëüçîâàòü ôîðìóëó 12 + 22 + 32 + · · ·+ n2 = 1
6n(n+ 1)(2n+ 1)
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Âàðèàíò 2

2.1. lim
x→1

8x2−4x+3
3x2+5x−1

2.2. lim
x→π/2

sin2 7x
4x2

2.3. lim
x→7

x2−10x+21
x2+x−56

2.4. lim
x→0

tg2 5x
x2

2.5. lim
x→+∞

10x2+5x−3
5x2−2x+1

2.6. lim
x→+∞

5x−3
2x2+3x−5

2.7. lim
x→+∞

−5x3−6
35x2+6x−2

2.8. lim
x→+∞

(
1 + 3

x

)x
2.9. lim

n→+∞
n2+3n−2
1+2+...+n

.

2.10. lim
n→+∞

2n+3−n

2−n−3n
.

2.11. lim
x→+∞

5x4−7x2+5x−4
3x4+x2+x+1

.

2.12. lim
x→+∞

x2−4
x4+x2−1

.

2.13. lim
x→−∞

( 3x2

2x+1
− 2(x−1)(3x2+x+2)

4x2 ).

2.14. lim
x→2

x−2√
x2+21−5

.

2.15. lim
x→2

( 1
x3−4x2+4x

− 1
x2−3x+2

).

2.16. lim
x→1

x−1√
x−1

.

2.17. lim
x→+∞

(
√
x2 + x− 1−

√
x2 − x+ 1).

2.18. lim
x→0

sin 3x
x
.

2.19. lim
x→0

cos 3x−cos 7x
x2 .

2.20. lim
x→0

tg2 4x
sin2 x

.

2.21. lim
x→π/4−0

ctg 2x ctg (π
4
− x).

2.22. lim
x→0

(1 + 3x4)1/ sin
2 x.

2.23. lim
x→+∞

( x
x+1

)x.

2.24. lim
x→+∞

(2x+1
2x−3

)x.

2.25. lim
x→+∞

(x+ 2)[ln (3x+ 1)− ln (3x− 4)].

2.26. lim
x→π/2−0

(1 + ctg x)tg x.

2.27. lim
x→−2+0

7
1

x+2 .

2.28. lim
x→0

x−sinx
x3 .

2.29. lim
x→+∞

lnx√
x
.

2.30. lim
x→1

(
1

lnx
− 1

x−1

)
.

2.31. lim
x→0

(1 + x2)1/(e
x−1−x).

2.32. lim
x→+0

(
xxx − 1

)
.
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Âàðèàíò 3

3.1. lim
x→−1

9x2+3x+5
8x2−3x+5

3.2. lim
x→π/2

sin2 11x
9x2

3.3. lim
x→7

x2+x−56
x2−10x+21

3.4. lim
x→−π/2

sin2 9x
5x2

3.5. lim
x→+∞

2x9−x7+1
x9+3x−2

3.6. lim
x→+∞

x9−x7+1
x10+3x−2

3.7. lim
x→+∞

x9+2x7−5
10x8+x6+2

3.8. lim
x→0

(
1 + 7

20
x
)1/x

3.9. lim
n→+∞

1+3+5+...+(2n−1)
n3 .

3.10. lim
n→+∞

an−a−n

an+a−n , a > 1.

3.11. lim
x→+∞

3x2−x+1
2x2+x+1

.

3.12. lim
x→−∞

4x3−3x2+x−1
2x2+x+1

.

3.13. lim
x→+∞

√
x2+14+x
x3−2+x

.

3.14. lim
x→3

√
x+6−3
x−3

.

3.15. lim
x→1+0

( 3
1−x3 +

1
x−1

).

3.16. lim
x→0

3√1+x2−1
x2 .

3.17. lim
x→+∞

( 3
√
x3 + 1− x)x2.

3.18. lim
x→−2

sin (x+2)
4x+8

.

3.19. lim
x→0

sinx
sin 6x−sin 7x

.

3.20. lim
x→0

x2(1 + ctg2 5x).

3.21. lim
x→π/6

cos ( 2π
3
−x)√

3−2 cosx
.

3.22. lim
x→0

tg x−sinx
x3 .

3.23. lim
x→0

(1− 2x3)1/x
3
.

3.24. lim
x→+∞

(3x+4
3x−2

)2x+1.

3.25. lim
x→0

(1 + x)
1

sin x .

3.26. lim
x→0

ln (1+3x+x2)+ln (1−3x+x2)
x2 .

3.27. lim
x→3+0

19
1

x−3 .

3.28. lim
x→0

x4

x2+2 cosx−2
.

3.29. lim
x→+∞

xn

ex
.

3.30. lim
x→+0

(
ctg x− 1

x

)
.

3.31. lim
x→π/2

(sinx)tg x.

3.32. lim
x→+0

xxx − 1.
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Âàðèàíò 4

4.1. lim
x→−1

3x2+5x−1
8x2−4x+3

4.2. lim
x→−π/2

sin2 9x
11x2

4.3. lim
x→1

x2+2x−3
x2+x−2

4.4. lim
x→0

sin2 x
3x2

4.5. lim
x→+∞

30x2+6x−3
6x2−3x+1

4.6. lim
x→+∞

8x+3
42x2−5x+6

4.7. lim
x→+∞

x7+7x−11
x5−3x+9

4.8. lim
x→+∞

(
1− 7

x

)x
4.9. lim

n→+∞
1−2+3−...+(2n−1)−2n√

n2+1
.

4.10. lim
n→+∞

8n+1−3n+1

3n+8n
.

4.11. lim
x→−∞

x3−100x2+1
100x2+15x

.

4.12. lim
x→+∞

4x3−3x2+x−1
3x3+2x2−1

.

4.13. lim
x→−∞

5x3−4x2+x−1
x5+1

.

4.14. lim
x→1

√
5−x2−2
1−x

.

4.15. lim
x→1

( 3
1−x3 − 1

1−x
).

4.16. lim
x→0

√
1+x2−1
x2 .

4.17. lim
x→+∞

(
√
x2 − 2−

√
x2 + 2).

4.18. lim
x→0

2 sinx
3x

.

4.19. lim
x→π

sin2 x
1+cos3 x

.

4.20. lim
x→0

1
cos 5x

−1

3x2 .

4.21. lim
x→−3

tg (x+3)
9−x2 .

4.22. lim
n→+∞

n arctgn
n2−2

.

4.23. lim
x→+∞

(1 + 11
x
)12x.

4.24. lim
x→+∞

(5x−1
5x+7

)3x−2.

4.25. lim
x→1

(1 + sin2 πx)ctg
2 πx.

4.26. lim
x→0

(cosx+ sin x)
1
x .

4.27. lim
x→1−0

1
1+71/(1−x) .

4.28. lim
x→1

x5−1
2x3−x−1

.

4.29. lim
x→0

xn · lnx (n > 0).

4.30. lim
x→0

(
1
x
− 1

ex−1

)
.

4.31. lim
x→0

(
sinx
x

)1/x
.

4.32. lim
x→+∞

(
x+

√
x2 + 1

)1/ lnx
.
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Âàðèàíò 5

5.1. lim
x→1

11x2−7x+6
3x2+4x−2

5.2. lim
x→π/2

sin2 3x
11x2

5.3. lim
x→−1

x2+14x+13
x2+4x+3

5.4. lim
x→0

sin2 3x
11x2

5.5. lim
x→+∞

x10+x7−13
3x10−7x5+8

5.6. lim
x→+∞

x31+6x16−5
7x32−5x13+13

5.7. lim
x→+∞

3x7−x2+5
x6−5x5+3

5.8. lim
x→0

(1 + 14x)1/x

5.9. lim
n→+∞

12+22+...+n2

n3 .2

5.10. lim
n→+∞

35n+1+7n+1

35n+7n
.

5.11. lim
x→+∞

x4+5x3+2x
x4+8x2+1

.

5.12. lim
x→−∞

( x3

x2+1
− x).

5.13. lim
x→+∞

1000x3+3x2

0,001x4−100x3+1
.

5.14. lim
x→1

x2+x−2
x2−5x+4

.

5.15. lim
x→4

( 4
x(4−x)

+ 3
x2−5x+4

).

5.16. lim
x→−3

√
x2+7−

√
7−3x√

x+3−
√
x2−9

.

5.17. lim
x→+∞

x
3
2 (
√
x2 + 1−

√
x3 + 1).

5.18. lim
x→0

1−cosx
x2 .

5.19. lim
x→π

4

(π
4
−x)

sin ( 3π
4
+x)

.

5.20. lim
x→a

sinx−sin a
x−a

.

5.21. lim
x→−1

tg (x+1)
x2−1

.

5.22. lim
x→0

arcsin ax
x

.

5.23. lim
x→0

(1 + x)
1

3+5x .

5.24. lim
x→+∞

( x+1
2x+3

)x.

5.25. lim
x→0

(1 + x2)ctg
2 x.

5.26. lim
x→+∞

6x[ln (3x+ 1)− ln 3x].

5.27. lim
x→3−0

6
1

3−x . 5.28. lim
x→0

x−arctg x
x3 .

5.29. lim
x→0

[
ln(1 + sin2 x) · ctg ln2(1 + x)

]
.

5.30. lim
x→0

(
1

sinx
− 1

x

)
. 5.31. lim

x→1
x1/(x−1). 5.32. lim

x→0
x1/ ln(ex−1).

2èñïîëüçîâàòü ôîðìóëó 12 + 22 + 32 + · · ·+ n2 = 1
6n(n+ 1)(2n+ 1)
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Âàðèàíò 6

6.1. lim
x→1

2x2+4x+3
9x2+2x−1

6.2. lim
x→π/2

sin2 12x
3x2

6.3. lim
x→1

x2+12x−13
x2+2x−3

6.4. lim
x→0

tg2 5x
3x2

6.5. lim
x→+∞

x2+7x+6
7x2−8x+5

6.6. lim
x→+∞

2x4+16x−3
8x5+9x+1

6.7. lim
x→+∞

x6−x4+11
x5−11x3+2

6.8. lim
x→0

(1 + 13x)1/x

6.9. lim
n→+∞

(1
2+22+...+n2

n2 − n
3
).3

6.10. lim
n→+∞

7n+1−1
1−7n

.

6.11. lim
x→+∞

x7+5x6+4x3

2x7+3x3 .

6.12. lim
x→+∞

x2+1
x4+2x+3

.

6.13. lim
x→+∞

(
√
x2+1+x)2

4√x6+1
.

6.14. lim
x→−2

x+2√
x2+5−3

.

6.15. lim
x→2

( 2
2x−x2 +

1
x2−3x+2

).

6.16. lim
α→π

4

cos 2α
cosα−sinα

.

6.17. lim
x→+∞

x(
√
x2 + 1− x).

6.18. lim
x→0

tg 2x
sin 5x

.

6.19. lim
x→0

cos 3x−cos 5x
x2 .

6.20. lim
x→0

sin 5x−sin 3x
sinx

.

6.21. lim
x→π

2

1−sinx
(π
2
−x)2

.

6.22. lim
x→0

arctg ax
x

.

6.23. lim
x→+∞

(1 + k
x
)mx.

6.24. lim
x→−∞

(2x+3
4x+1

)x+2.

6.25. lim
x→0

( 1+tg x
1+sinx

)
1

sin x .

6.26. lim
x→0

ln (1− 5
x
)

x
.

6.27. lim
x→1+0

4
1

x−1 .

6.28. lim
x→1

x10−10x+9
x5−5x+4

.

6.29. lim
x→+∞

loga x
xk (k > 0).

6.30. lim
x→0

(
1
x
− 1

arcsinx

)
.

6.31. lim
x→0

(
2
π
arccosx

)1/x
.

6.32. lim
x→+0

(
1
x

)tg x
.

3èñïîëüçîâàòü ôîðìóëó 12 + 22 + 32 + · · ·+ n2 = 1
6n(n+ 1)(2n+ 1)
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Âàðèàíò 7

7.1. lim
x→−1

10x2−8x−1
9x2+3x−11

7.2. lim
x→−π/2

sin2 4x
9x2

7.3. lim
x→−1

x2−x−2
x2+4x+3

7.4. lim
x→0

sin2 4x
9x2

7.5. lim
x→+∞

3x6+x5−18
9x6−32x5+7

7.6. lim
x→+∞

x11+5x10−1
x18−7x2+3

7.7. lim
x→+∞

x5+13x4−18
13x4−12x3+3

7.8. lim
x→+∞

(
1 + 11

x

)x

7.9. lim
n→+∞

1+ 1
2
+ 1

4
+...+ 1

2n

1+ 1
3
+ 1

9
+...+ 1

3n

7.10. lim
n→+∞

11n+1−13n+1

11n+13n

7.11. lim
x→+∞

(x+1)2

2x2

7.12. lim
x→+∞

( x3

2x2−1
− x2

2x+1
)

7.13. lim
x→+∞

x4−2x+1
5x6+2x−3

7.14. lim
x→2

x2−4
x2−x−2

7.15. lim
x→1

( 1
1−x

− 3
1−x3 )

7.16. lim
x→4

2−
√
x

3−
√
2x+1

7.17. lim
x→+∞

( 3
√
(x+ 1)2 − 3

√
(x− 1)2)

7.18. lim
x→0

sin 3x
sin 4x

7.19. lim
α→0

tgα
3
√

(1−cosα)2

7.20. lim
x→2−0

(2− x) tg πx
4

7.21. lim
x→0

( 1
sinx

− 1
tg x

)

7.22. lim
x→a

ctg x−ctg a
x−a

7.23. lim
x→+∞

(1− 6
x
)x

7.24. lim
x→+∞

(x
2+4

x2−4
)x

2

7.25. lim
x→+0

(1 + x2)ctg x

7.26. lim
x→0

ln(1+3x)
x

7.27. lim
x→−1+0

14
1

1+x

7.28. lim
x→1

3x2+4x−7
2x2+3x−5

.

7.29. lim
x→+∞

xm

ax
(a > 1).

7.30. lim
x→+0

(
1
x2 − 1

sin2 x

)
.

7.31. lim
x→+0

(1 + x)lnx.

7.32. lim
x→π

2
−0
(π − 2x)cosx.
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Âàðèàíò 8

8.1. lim
x→1

6x2−7x−16
5x2+2x−2

8.2. lim
x→−π/2

sin2 11x
2x2

8.3. lim
x→2

x2+6x−16
x2+x−6

8.4. lim
x→0

sin2 4x
15x2

8.5. lim
x→+∞

7x2+6x−16
5x2+x−6

8.6. lim
x→+∞

8x7−14x6+5
6x8+3x2−5

8.7. lim
x→+∞

5x13+11x6+3
7x12−8x7+1

8.8. lim
x→+∞

(
1 + 1

13x

)1/x

8.9. lim
n→+∞

(1+2+3+...+n
n+2

− n
2
)

8.10. lim
n→+∞

2n+2+3n+3

2n+3n

8.11. lim
x→+∞

√
x3+2x−1
x+2

8.12. lim
x→+∞

(x+1)2

2x2

8.13. lim
x→−∞

3√9x5+x4+1
x2+8x

8.14. lim
x→3

(x
2−5
x−1

)3

8.15. lim
x→1

[ x+2
x2−5x+4

+ x−4
3(x2−3x+2)

]

8.16. lim
x→5+0

√
x−1−2
x−5

8.17. lim
x→+∞

(
√
x2 − 2x− 1−

√
x2 − 7x+ 3)

8.18. lim
x→1

sin(1−x)
x2+x−2

8.19. lim
x→0

tg 2x
sin 5x

8.20. lim
x→1−0

(1− x) tg πx
2

8.21. lim
x→3

x−3
ctg π

6
x

8.22. lim
x→0

arcsin 2x
x

8.23. lim
x→+∞

(2x+2
2x+1

)x
2

8.24. lim
x→0

(cosx)
1

sin2 x

8.25. lim
x→0

ln (x+2)−ln 2
x

8.26. lim
x→0

(1 + tg2
√
x)1/2x

8.27. lim
x→−0

13
1
x
+1

8.28. lim
x→0

ln cosx
ln cos 3x

.

8.29. lim
x→+0

lnx
ln sinx

.

8.30. lim
x→0

(
1
x
− 1

ex−1

)
.

8.31. lim
x→+∞

(
2
π
arctg x

)x
.

8.32. lim
x→π

2
−0

(tg x)cosx.
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Âàðèàíò 9

9.1. lim
x→−1

x2+5x+6
x2−8x−12

9.2. lim
x→−π/2

sin2 3x
7x2

9.3. lim
x→6

x2−5x−6
x2−8x+12

9.4. lim
x→0

tg 9x
5x

9.5. lim
x→+∞

x7+13x−11
48x7+14x+2

9.6. lim
x→+∞

x3−7x2+3
10x4−6x−12

9.7. lim
x→+∞

x10−x7+1
2x9+3x−2

9.8. lim
x→0

(1 + 2x)1/x

9.9. lim
n→+∞

1−2+3−4+...−2n√
n2+1

9.10. lim
n→+∞

3+0,5n

0,5n+1−3

9.11. lim
x→+∞

3√x2+x
x+1

9.12. lim
x→+∞

(
√
x2+1+x)2

3√x6+1

9.13. lim
x→−∞

8x3+3x+2
9x2+4x−1

9.14. lim
x→1

x2+x−2
3x2−9x+6

9.15. lim
x→2

[ 1
x(x−2)2

− 1
x2−3x+2

]

9.16. lim
x→0

3√1+x2−1
x2

9.17. lim
x→+∞

(
√
x2 + 1−

√
x2 − 1)

9.18. lim
x→0

sinαx
sinβx

9.19. lim
x→a

sin2 x−sin2 a
x2−a2

9.20. lim
x→π

sinx

1− x2

π2

9.21. lim
x→0

sin 5x
x cos 5x

9.22. lim
x→1

arcsinx
tg π

2
x

9.23. lim
x→+∞

(1 + 1
x
)
x+1
x

9.24. lim
x→+∞

(x
2+1

x2−1
)x

2

9.25. lim
x→0

(cosx+ a sin bx)1/x

9.26. lim
x→+∞

[−2(x+1) ln ( 1
x
+ 1)]

9.27. lim
x→−7−0

11
5

x+7

9.28. lim
x→−1

x4+x3−3x2−5x−2
x4+2x3−2x−1

.

9.29. lim
x→+0

ln sinx
ctg x

.

9.30. lim
x→0

(
1

x arctg x
− 1

x2

)
.

9.31. lim
x→0

(
(1+x)1/x

e

)1/x
.

9.32. lim
x→+0

xxx
.
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Âàðèàíò 10

10.1. lim
x→1

7x2+9x+1
3x2+6x+3

10.2. lim
x→π/2

sin2 6x
4x2

10.3. lim
x→−6

x2+5x−6
x2+4x−12

10.4. lim
x→0

tg2 11x
9x2

10.5. lim
x→+∞

8x8+x5−6
7x8−x4+7

10.6. lim
x→+∞

x6+11x3+2
6x7−9x4−1

10.7. lim
x→+∞

x2+13x−2
x−1

10.8. lim
x→0

(1 + 17x)1/x

10.9. lim
n→+∞

3n2−n−1
1
2
+ 1

4
+ 1

8
+... 1

2n

10.10. lim
n→+∞

5·2n−3·5n+1

100·2n+2·5n

10.11. lim
x→+∞

3√x4+1√
x7+3x3+1

10.12. lim
x→+∞

√
2x3−2x2+1

4√x6+6x5+2

10.13. lim
x→−∞

x3+x−2
3x2−x+1

10.14. lim
x→−1

x2+4x−5
x2−1

10.15. lim
x→1

(x
2−4x+6

x2−5x+4
+ x−4

3x2−9x+6
]

10.16. lim
x→1

x2−
√
x√

x−1

10.17. lim
x→−∞

(
√
x2 + 1− x)

10.18. lim
x→−4

sin (x+4)
16−x2

10.19. lim
x→0

cos (a+x)−cos (a−x)
x

10.20. lim
x→0

tg x−sinx
x3

10.21. lim
x→π

6

sin (x−π
6
)

√
3

2
−cosx

10.22. lim
x→0

sin 5x
arcsin 3x

10.23. lim
x→+∞

(1 + 1
x
)x

2

10.24. lim
x→+∞

(3x−4
3x+2

)
x+1
4

10.25. lim
x→0

ln cos2 x
tg2 x

10.26. lim
x→+∞

[x[ln (x+ a)− lnx]]

10.27. lim
x→−7−0

11
5

x+7

10.28. lim
x→1

x5−3x2+7x−5
x4−5x+4

.

10.29. lim
x→π

2
+0

ln(x−π
2 )

tg x
.

10.30. lim
x→+∞

(
x7/8 − x6/7 ln2 x

)
.

10.31. lim
x→0

(cosx)1/x
2
.

10.32. lim
x→0

(
arcsinx

x

)1/x2

.



Ïðåäåëû 69

Âàðèàíò 11

11.1. lim
x→1

3x2+6x−1
8x2−5x+3

11.2. lim
x→π/2

π sin2 2x
13x2

11.3. lim
x→2

x2+3x−10
x2−5x+6

11.4. lim
x→0

tg 5x2

x2

11.5. lim
x→+∞

9x6+12x4+1
4x6+3x5+7

11.6. lim
x→+∞

6x2+2x−1
x3−7x+3

11.7. lim
x→+∞

3x6−11x+8
4x5+8x−11

11.8. lim
x→0

(
1 + x

2

)1/x
11.9. lim

n→+∞
(3
5
+ 3

25
+ 3

125
+...+ 3

5n
)

11.10. lim
n→+∞

n!
(n+1)!−n!

11.11. lim
x→+∞

√
x2+1+

√
x

4√x3+x−x

11.12. lim
x→+∞

3x2+7x−1
x3+2x2+3

11.13. lim
x→+∞

6x4+5x−2
2x4+3x−7

11.14. lim
x→7

2x2−11x−21
x2−9x+14

11.15. lim
x→1

( 2
1−x

+ 4
x2−1

)

11.16. lim
x→5

√
x+11−2

√
x−1

x2−25

11.17. lim
x→0

( 2
sin 2x

− ctg x)

11.18. lim
x→0

8 sin 8x
3x

11.19. lim
x→0

cosαx−cosβx
x2

11.20. lim
x→π

4

cosx−sinx
cos 2x

11.21. lim
x→0

√
1+sinx−

√
1−sinx

tg x

11.22. lim
x→0

8x arcctg 3x

11.23. lim
x→+∞

(1 + 1
x2 )

3x

11.24. lim
x→+∞

(x
2−2x+1

x2−4x+2
)x

11.25. lim
x→+∞

(1 + sin x)
1

sin x

11.26. lim
x→+∞

x[ln (1 + x
2
)− ln x

2
]

11.27. lim
x→8+0

5
1

x−8

11.28. lim
x→1

x3−3x2+7x−5
x3+2x2−9x+6

.

11.29. lim
x→+0

ln(1−cosx)
ln tg x

.

11.30. lim
x→1

(
2

1−x2 − 3
1−x3

)
.

11.31. lim
x→+0

(arcsinx)tg x.

11.32. lim
x→+0

xxx
.
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12.1. lim
x→1

3x2−6x+3
7x2+8x−1

12.2. lim
x→−π/2

sin2 4x
6x2

12.3. lim
x→6

x2−7x+6
x2−8x+12

12.4. lim
x→0

sin 2x
3x

12.5. lim
x→+∞

7x8−x4+7
8x8+x5−6

12.6. lim
x→+∞

6x6+9x4+1
x7−11x3−2

12.7. lim
x→+∞

5x2−11x+3
x+1

12.8. lim
x→0

(1− 17x)1/x

12.9. lim
n→+∞

4n2

1+8+15+...+(7n−6)

12.10. lim
x→+∞

n sinn!
n
√
n+

√
n+1

12.11. lim
x→−∞

−2x3+x+7
3x2−6

12.12. lim
n→+∞

(3n
2−n+1

2n2+n+1
)n

3(1−n)

12.13. lim
x→+∞

√
x3+8
x4−5

12.14. lim
x→1

x2+4x−5
x2−1

12.15. lim
x→4

( 4
x2−4x

− 3
x2−5x+4

)

12.16. lim
x→0

√
x2+4−2√
x2+9−3

12.17. lim
x→+∞

x(
√
x2 + 2− x)

12.18. lim
x→0

1−cosx
x2

12.19. lim
x→− 1

2

sin (2x+1)
1−4x2

12.20. lim
x→0

ctg 5x tg 3x

12.21. lim
x→0

√
1+x sinx−

√
cos 2x

tg2 x
2

12.22. lim
x→0

arcsin 8x
3x

12.23. lim
x→0

(5x+ 1)
3
x

12.24. lim
x→+∞

(x+1
x−2

)2x−1

12.25. lim
x→0

( sinx
x
)

sin x
x−sin x

12.26. lim
x→0

ln (1+kx)
x

12.27. lim
x→8−0

5
1

x−8

12.28. lim
x→1

x50−50x+49
x100−100x+99

.

12.29. lim
x→+0

3+lnx
2−3 ln sinx

.

12.30. lim
x→0

(
1
x2 − ctg2 x

)
.

12.31. lim
x→+0

(1 + x2)1/x.

12.32. lim
x→+∞

(3x2 + 3x)1/x.
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Âàðèàíò 13

13.1. lim
x→1

x2+5x−1
x2−3

13.2. lim
x→π/2

sin2 2x
x2

13.3. lim
x→−7

x2+15x+56
x2+4x−21

13.4. lim
x→0

sin2 2x
x2

13.5. lim
x→+∞

x5−4x4+4x
7x5+4x3+1

13.6. lim
x→+∞

x2−8
3x3+4x−3

13.7. lim
x→+∞

2x6+4x4−4
x5+3x2−1

13.8. lim
x→+∞

(
1 + 16

x

)x
13.9. lim

n→+∞

(
1 + 1

6
+ 1

36
+ · · ·+ 1

6n−1

)
.

13.10. lim
n→+∞

(−1)n6n−5n+1

5n−(−1)n+16n+1 .

13.11. lim
n→+∞

(n+2)!+(n+1)!
(n+3)!

.

13.12. lim
x→+∞

36x7−8x5+20
6x7+3x5+12x3 .

13.13. lim
x→+∞

5√x4+40√
x−3

.

13.14. lim
x→+∞

6x2−5x+1
4x2−1

.

13.15. lim
x→2

(
1

x−2
− 12

x3−8

)
.

13.16. lim
x→2

√
x−1−1
x−2

.

13.17. lim
x→+∞

(√
x2 + 2x+ 3−

√
x2 − 3x− 1

)
.

13.18. lim
x→0

x3 ctg3 3x.

13.19. lim
x→5

25−x2

tg(5−x)
.

13.20. lim
x→0

tg x−sinx
x3 .

13.21. lim
x→0

(1−cosx)
√
cos 2x

x2 .

13.22. lim
x→0

sin 2x−arctg2 x+arcsin2 x
3x

.

13.23. lim
x→0

(1− 3x)
1
x .

13.24. lim
x→+∞

(
2x2+3
2x2+5

)8x2+3

.

13.25. lim
x→0

(2− cos x)
1

sin2 x .

13.26. lim
x→−1

2x4+3x3−4x2−9x−4
3x4+5x3+3x2+3x+2

.

13.27. lim
x→5−0

13
2

5−x .

13.28. lim
x→π

4

ln tg x
1−ctg x

.

13.29. lim
x→+0

3+lnx
2−3 ln sinx

.

13.30. lim
x→1

(
x

x−1
− 1

lnx

)
.

13.31. lim
x→+0

(1 + x3)1/x
2
.

13.32. lim
x→+0

(
1
x

)sinx
.
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Âàðèàíò 14

14.1. lim
x→1

x4+5x3+9
x7+1

14.2. lim
x→−π/2

sin2 17x
3x2

14.3. lim
x→1

x2−4x+3
x2+x−2

14.4. lim
x→0

sin2 8x
9x2

14.5. lim
x→+∞

4x2−10x+2
2x2+7x−2

14.6. lim
x→+∞

5x3+7x−13
4x4+13x−7

14.7. lim
x→+∞

11x3+3
x2+1

14.8. lim
x→+∞

(
1− 3

x

)− 1
x

14.9. lim
n→+∞

(
n+1

1+3+5+7+···+(2n−1)
− 2

n

)
.

14.10. lim
n→+∞

11·2n+3·5n+1

110·2n−2·5n .

14.11. lim
x→+∞

11·x8−3x5+5x2

2x+12x3−2x8 .

14.12. lim
x→−∞

7x3+2x2−4
5x2−3x+1

.

14.13. lim
x→+∞

2x2−3x+4
3x3−x−2

.

14.14. lim
x→+∞

8x3−1
6x2−5x+1

.

14.15. lim
x→6

(
12

36−x2 − 1
6−x

)
.

14.16. lim
x→a

x−a√
x−

√
a
, a > 0.

14.17. lim
x→−∞

√
(x+ a)(x− b)− x.

14.18. lim
x→0

1
x3 ctg3 x

.

14.19. lim
x→0

3√
sin2 x
x

.

14.20. lim
x→0

1−cosx
1−cos x

2
.

14.21. lim
x→π

2

sinx−1

(x−π
2 )

2 .

14.22. lim
x→0

7x
arctg 2x

.

14.23. lim
x→+∞

(
1 + 11

x

)3x+1
.

14.24. lim
x→+∞

(
x+9
x−3

)3x+2
.

14.25. lim
x→0

(2− cosx)
5

sin2 x
2 .

14.26. lim
x→0

ln(a+x)−ln a
x

.

14.27. lim
x→−5−0

13
2

5+x .

14.28. lim
x→1

√
5x3−x−2x
5√
x2−1

.

14.29. lim
x→0

arccos(1−x)√
x

.

14.30. lim
φ→a

(
(a2 − φ2) tg πφ

2a

)
.

14.31. lim
x→0

(ex + x)1/x.

14.32. lim
x→+0

| lnx|2x.
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Âàðèàíò 15

15.1. lim
x→1

x3+5x+2
x4−2

15.2. lim
x→−π/2

sin2 2x
x2

15.3. lim
x→−7

x2+10x+21
x2+15x+56

15.4. lim
x→0

tg2 2x
x2

15.5. lim
x→+∞

18x2+3x−2
6x2−2x+3

15.6. lim
x→+∞

x2+x4+3
2x3−14x+8

15.7. lim
x→+∞

x2−2
3x+1

15.8. lim
x→+∞

(
1− 15

x

)x
15.9. lim

n→+∞

(
1 + 1

4
+ 1

16
+ 1

64
+ · · ·+ 1

4n−1

)
.

15.10. lim
n→+∞

2n−1
2n+1

.

15.11. lim
x→+∞

16x5−7x3+11x
8x6+3x3+1

.

15.12. lim
x→+∞

√
25x6−5x5+4x2−1

3√1−5x4+8x9
.

15.13. lim
x→−∞

9x3+2x−10
3x2+15x−17

.

15.14. lim
x→−2

x3+3x2+2x
x2−x−6

.

15.15. lim
x→3

(
1

x−3
− 27

x3−27

)
.

15.16. lim
a→0

√
x+a−

√
x

a
.

15.17. lim
x→+∞

(√
x+ a−

√
x
)
.

15.18. lim
x→0

sin 2x
tg 5x

.

15.19. lim
x→1

sin(1−x)√
x−1

.

15.20. lim
x→0

cos 9x−cos 11x
x2 .

15.21. lim
x→π

π2−x2

sinx
.

15.22. lim
x→

√
2

x2−2
arctg(x−

√
2)
.

15.23. lim
x→0

(
1− x

3

) 7
x .

15.24. lim
x→π

4

(
π
4
− x
)
ctg
(
3π
4
+ x
)
.

15.25. lim
x→0

(cos 6x)ctg
2 x.

15.26. lim
x→0

ln(1+3x sinx)
tg x2 .

15.27. lim
x→4+0

12
1

x−4 .

15.28. lim
x→3

(x2−8)
2x2−5x−3

.

15.29. lim
x→+∞

3
√
x ln lnx

3√2x+3
√
lnx

.

15.30. lim
x→1

(
1

lnx
− x

x−1

)
.

15.31. lim
x→+∞

(
1 + 1

x2

)x
.

15.32. lim
x→0

xsinx.
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Âàðèàíò 16

16.1. lim
x→−1

x7−1
x3+2x2+1

16.2. lim
x→π/2

sin2 13x
4x2

16.3. lim
x→−1

x2−2x−3
x2+3x+2

16.4. lim
x→0

sin2 3x
17x2

16.5. lim
x→+∞

3x2+14x+19
5x2−16x+8

16.6. lim
x→+∞

7x2−18x+7
5x3+8x−16

16.7. lim
x→+∞

3x5+11
7x4+8

16.8. lim
x→0

(1 + 3x)1/x

16.9. lim
n→+∞

n+2
1+7+13+···+(6n−5)

.

16.10. lim
n→+∞

2
1
n−1

2
1
n+1

.

16.11. lim
x→+∞

x2+3x+1
x4−x+10

.

16.12. lim
x→+∞

(
x3

3x2−4
− x2

3x+2

)
.

16.13. lim
x→+∞

3√x6+1√
x2+1+x

.

16.14. lim
x→

√
3

x2−3
x6−27

.

16.15. lim
x→−3

(
27

x3+27
− 1

x+3

)
.

16.16. lim
x→0

√
1+x−1
x2 .

16.17. lim
x→+∞

(√
x2 − 1−

√
x2 + 1

)
.

16.18. lim
x→0

sin 3x
sin 2x

.

16.19. lim
x→0

√
x+4−2
sin 5x

.

16.20. lim
x→0

tg x−sinx
x3 .

16.21. lim
x→1

cos π
2
x

1−x
.

16.22. lim
x→0

arcsin 9x
11x

.

16.23. lim
x→+∞

(
1 + 4

x

)x+3
.

16.24. lim
x→+∞

(
x−3
x+2

)2x−1
.

16.25. lim
x→+0

(1 + 3 tg x)ctg
2 x.

16.26. lim
x→0

1
sinx

ln(1 + a sinx).

16.27. lim
x→2−0

121−
1

x−2 .

16.28. lim
x→0

ln cos ax
x2 .

16.29. lim
x→+∞

ex

x lnx
.

16.30. lim
x→0

(
1
x
− ctg x

)
.

16.31. lim
x→a

(
2− x

a

)tg πx
2a .

16.32. lim
x→1−0

(1− x)cos
πx
2 .
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Âàðèàíò 17

17.1. lim
x→2

4x2+7x+2
2x2+5x−2

17.2. lim
x→π/2

sin2 x
16x2

17.3. lim
x→2

2x2−5x+2
4x2−7x−2

17.4. lim
x→0

tg2 13x
4x

17.5. lim
x→+∞

x8−x5+14
21x8+x3+17

17.6. lim
x→+∞

x7+5x3+2
12x8−15

17.7. lim
x→+∞

x2+18x
13x−3

17.8. lim
x→+∞

(
1 + 19

x

)x

17.9. lim
n→+∞

1+ 1
4
+ 1

16
+···+ 1

4n−1

1+ 1
5
+ 1

25
+···+ 1

5n−1
.

17.10. lim
n→+∞

(n3+1) cosecn!
n2+3

.

17.11. lim
x→+∞

x4−3x2+1
x3+3x2−1

.

17.12. lim
x→+∞

1+x−3x3

1+x2+3x3 .

17.13. lim
x→+∞

(
x

2x+1

)x2

.

17.14. lim
x→1

(x−1)
√
2−x

x2−1
.

17.15. lim
x→−6

(
12

x2−36
+ 1

x+6

)
.

17.16. lim
x→0

√
x2+1−1√
x2+16−4

.

17.17. lim
x→+∞

(√
x4 + 2x2 − 1−

√
x4 − 2x2 − 1

)
.

17.18. lim
x→0

tg x3

x3 .

17.19. lim
x→π

1+cos3 x
sin2 x

.

17.20. lim
x→+∞

sinx−sin3 x
x cosx

.

17.21. lim
x→π

2

ctg(π
2
−x)

secx
.

17.22. lim
x→2

arcsin(x2−4)
x−2

.

17.23. lim
x→+∞

(
1
x2

) x
2x+1 .

17.24. lim
x→+∞

(
2x−3
2x+1

)x
.

17.25. lim
x→π

4

(sin 2x)tg
2 2x.

17.26. lim
x→0

ctg x ln(1 + a tg x).

17.27. lim
x→2−0

4
1

x−2
+1.

17.28. lim
x→0

ln(1+x)−x
tg2 x

.

17.29. lim
x→0

sin x ln ctg x.

17.30. lim
x→1

(
1

sinx
− x−1

x

)
.

17.31. lim
x→0

(
5

2+
√
9+x

)1/ sinx

.

17.32. lim
x→+0

xsinx.
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Âàðèàíò 18

18.1. lim
x→1

x3−2
x5+4x+1

18.2. lim
x→−π/2

sin2 9x
12x2

18.3. lim
x→3

x2−x−6
x2−2x−3

18.4. lim
x→0

sin 17x
13x

18.5. lim
x→+∞

5x4+4x3−4x2+3
3x4+3x3

18.6. lim
x→+∞

13x4−12x3

17x2+6x−3

18.7. lim
x→+∞

x2+3x−6
12x3−13x2

18.8. lim
x→+∞

(
1 + 1

27x

)x
18.9. lim

n→+∞

(
1+2+···+n

n+2
− n

2

)
.

18.10. lim
n→+∞

n4+1
n3 cosecn!

.

18.11. lim
x→+∞

x2−4
x2−x−2

.

18.12. lim
x→+∞

x3−x+3
x2+1

.

18.13. lim
x→+∞

x2+100
x3−100

.

18.14. lim
x→1

x2−2x+1
x3−x

.

18.15. lim
x→2

(
4

x2−4
− 1

x−2

)
.

18.16. lim
x→0

3√1+x− 3√1−x
x

.

18.17. lim
x→+∞

( 3
√
1− x3 + x).

18.18. lim
x→0

x3

(3−x) sin2 x
.

18.19. lim
x→−5

x2−25
sin(5+x)

.

18.20. lim
x→0

cos 3x3−1
sin6 2x

.

18.21. lim
x→2

tg(x−2)
x2−x−2

.

18.22. lim
x→0

(cosx)−
1
x2 .

18.23. lim
x→+∞

(
1+x
1+2x

)x
.

18.24. lim
x→+∞

(
2+3x
4x−7

) 2x
x+2 .

18.25. lim
x→+∞

(3x− 1) (ln(x2 + 2x+ 2)− ln(x2 + x+ 1)).

18.26. lim
x→0

(
1+sin 5x
1+tg 5x

) 1
sin 5x

.

18.27. lim
x→−2−0

8
1

x+2 .

18.28. lim
x→π/4

ln tg x
ctg 2x

.

18.29. lim
x→+∞

x · ln
(
2
π
arctg x

)
.

18.30. lim
x→0

(
1

ex−1
− 1

x

)
.

18.31. lim
x→0

(cosmx)n/x
2
.

18.32. lim
x→+0

3
x4+ln x .
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Âàðèàíò 19

19.1. lim
x→−2

2x2+3x−1
3x2−7x+2

19.2. lim
x→−π/2

16x2

sin2 x

19.3. lim
x→−2

x2−x−6
x2−5x−14

19.4. lim
x→0

tg 16x
x

19.5. lim
x→+∞

9x10+x9+x8

3x10+7x9+12x

19.6. lim
x→+∞

x6−13
x7+5

19.7. lim
x→+∞

x11+13x8

16x10+7x7+3

19.8. lim
x→0

(1 + 19x)1/x

19.9. lim
n→+∞

n+1
1+6+11+···+(5n−4)

.

19.10. lim
n→+∞

(5n−4) cosn!
1−2n

.

19.11. lim
x→+∞

5√x7+3+ 4√2x3−1
6√x8+x7+1−x

.

19.12. lim
x→−∞

√
2x2+3
4x+2

.

19.13. lim
x→+∞

x3−27x+2
5x4+15x2−8

.

19.14. lim
x→ 1

2

−2x2+11x−5
2x2−3x+1

.

19.15. lim
x→9

(
18

81−x2 − 1
x−9

)
.

19.16. lim
x→a

√
x−b−

√
a−b

x2−a2
.

19.17. lim
x→+∞

(
√
4x4 + 13x2 − 7− 2x2).

19.18. lim
x→0

sinmx
tgnx

.

19.19. lim
x→0

1−cosx
x2 .

19.20. lim
x→π

2

1

ctg(π
2
−x) cosx

.

19.21. lim
x→π

2

cosx
3
√

(1−sinx)2
.

19.22. lim
x→1

arctg 3(x2−1)
x−1

.

19.23. lim
x→+∞

(
3x2+2x+1
x2+x+2

) 6x+1
3x

+2

.

19.24. lim
x→+∞

(
1− 3

x

)x
.

19.25. lim
x→π

2
−0
(sinx)tg x.

19.26. lim
x→0

ln(1−3x)
5x

.

19.27. lim
x→1−0

arctg 1
1−x

.

19.28. lim
x→1

x20−2x+1
x30−2x+1

.

19.29. lim
x→+∞

xn · e−x3
.

19.30. lim
x→0

(
1

arcsinx
− 1

x

)
.

19.31. lim
x→π

2
−0
(tg x)ctg x.

19.32. lim
x→+∞

x
√
x.
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Âàðèàíò 20

20.1. lim
x→1

4x5+x4+1
x4−3

20.2. lim
x→π/2

sin 12x
9x2

20.3. lim
x→−3

x2+5x+6
x2+4x+3

20.4. lim
x→0

sin 13x
17x

20.5. lim
x→+∞

x4+8x3

20x4+4x2−3

20.6. lim
x→+∞

x3+3x2−8
x2+5

20.7. lim
x→+∞

x2+12x
3x3+8x2−1

20.8. lim
x→0

(1 + 27x)1/x

20.9. lim
n→+∞

n2

1+7+13+···+(6n−5)
.

20.10. lim
n→+∞

8
1
n−1

8
1
n+1

.

20.11. lim
x→+∞

(x+1)10+(x+2)10+···+(x+100)10

x10+1010
.

20.12. lim
x→+∞

(
x2+1
2x+1

− 3x2+1
6x+1

)
.

20.13. lim
x→+∞

3x2+2x+5
2x3+2x−1

.

20.14. lim
x→1+0

x3+x−2
x3−x2−x+1

.

20.15. lim
x→−2

(
1

x+2
− 4

4−x2

)
.

20.16. lim
x→

√
2

x2−2
x3−2

√
2
.

20.17. lim
x→+∞

(
√
x2 + x− x).

20.18. lim
x→0

ctg 5x
ctg 3x

.

20.19. lim
x→0

cos3 x−cosx
x sin 2x

.

20.20. lim
x→+0

5x3

sin4 x
.

20.21. lim
x→2

2−x
cos πx

4
.

20.22. lim
x→1

arcsin(1−x)
x2+x−2

.

20.23. lim
x→+∞

(
1 + k

x

)mx
.

20.24. lim
x→+∞

(
x2+2x−3
x2+2x−8

)x
.

20.25. lim
x→0

ln(a+x)−ln a
x

.

20.26. lim
x→0

x
ln(5−x)−ln 5

.

20.27. lim
x→1+0

arctg 1
1−x

.

20.28. lim
x→π

6

4 sin2 x−6 sinx+1
3 sin2 x+5 sinx−4

.

20.29. lim
x→+∞

(π−2 arctg
√
x)
√
x.

20.30. lim
x→3

(
1

x−3
− 5

x2−x−6

)
.

20.31. lim
x→1

x
1

1−x .

20.32. lim
x→+0

xx2
.



Ïðåäåëû 79

Âàðèàíò 21

21.1. lim
x→3

2x2+3x−1
5x−11

21.2. lim
x→−π/2

sin2 21x
6x2

21.3. lim
x→2

2x2−5x+2
4x2−7x−2

21.4. lim
x→0

tg 6x
21x

21.5. lim
x→+∞

4x2−7x+2
2x2+5x−2

21.6. lim
x→+∞

4x2−1
5x3+3x

21.7. lim
x→+∞

x3+9x2+2
12x2+4x

21.8. lim
x→+∞

(
1− 32

x

)−x

21.9. lim
n→+∞

(
n
3
+ n

32
+ · · ·+ n

3n

)
.

21.10. lim
n→+∞

(n+1)4−(n−1)4

(n+1)4+(n−1)4
.

21.11. lim
x→+∞

3√x4+3− 5√x3+4
3√x7+1

.

21.12. lim
n→+∞

9+ n
n+1

2+ 1
n

.

21.13. lim
x→−∞

7x3+4x+6
8x2+2

.

21.14. lim
x→ 1

2

6x2−x−1
2x2−11x+5

.

21.15. lim
x→3

(
6

9−x2 +
1

x−3

)
.

21.16. lim
x→8

√
9+2x−5
3
√
x−2

.

21.17. lim
x→+∞

x(
√
x2 + 1− x).

21.18. lim
x→0

sinmx
x

.

21.19. lim
x→1

sin(x−1)
x2+x−2

.

21.20. lim
x→0

1−cos 6x
tg 3x

.

21.21. lim
x→π

6

sin(x−π
6 )√

3−2 cosx
.

21.22. lim
x→1

x2+x−2
arctg(1−x)

.

21.23. lim
x→0

(
5x+2
3x−7

) 5
x .

21.24. lim
x→+∞

(
x2+5
x2−3

)x2+1

.

21.25. lim
x→0

(1 + tg x)
1

sin x .

21.26. lim
x→0

ln(5+6x)−ln 5
x

.

21.27. lim
x→1+0

a
1

1−x , a > 1.

21.28. lim
x→a

xa−ax

ax−aa
, a > 0, a ̸= 1.

21.29. lim
x→+∞

x(π − 2 arcsin x/
√
x2 + 1).

21.30. lim
x→1

(
1

2(1−
√
x)
− 1

3(1− 3
√
x)

)
.

21.31. lim
x→1

(2− x)tg
πx
2 . 21.32. lim

x→0
(ctg x)1/ lnx.
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Âàðèàíò 22

22.1. lim
x→4

3x2+x−7
2x2−x−8

22.2. lim
x→−π/2

sin2 8x
16x2

22.3. lim
x→−4

x2−x−20
x2+2x−8

22.4. lim
x→0

sin2 8x
16x2

22.5. lim
x→+∞

9x3+7x
19x3−12x2+3

22.6. lim
x→+∞

3x9+x7−2x
10x10+8x8+6

22.7. lim
x→+∞

11x6−x3+8x2

12x5−8x4+x3

22.8. lim
x→0

(1− 8x)−
1
x

22.9. lim
n→+∞

1
5
+ 1

25
+···+ 1

5n

n
.

22.10. lim
n→+∞

3√n2+n sinn!
n+1

.

22.11. lim
x→+∞

(
x3+3x2

x2+1
− x
)
.

22.12. lim
x→+∞

3x4+2x2+6x−5
x3+7x2+3x−1

.

22.13. lim
x→+∞

2x3+4x+5
x4+2x3+7x2 .

22.14. lim
x→7

x2−8x+7
x2−5x−14

.

22.15. lim
x→−1

(
x2−2x
1+x3 − 1

1+x

)
.

22.16. lim
x→−7

√
x+11−2
x+7

.

22.17. lim
x→+∞

(
3
√
x+ 1− 3

√
x− 1

)
.

22.18. lim
x→0

ctg 8x · sinx.

22.19. lim
x→a

tg x−tg a
x−a

.

22.20. lim
x→0

1−cos 3x
1−cos 5x

.

22.21. lim
x→π

4

tg 2x · tg
(
π
4
− x
)
.

22.22. lim
x→0

arctg 3x
arcsin 2x

.

22.23. lim
x→+∞

(
x2+2x−1
2x2−3x−2

) 2x+1
x−1

.

22.24. lim
x→+∞

(
x2

x2+1

)x2+1

.

22.25. lim
x→0

ln(1+5x)
sinx

.

22.26. lim
x→0

ln(3−x)−ln 3
x

.

22.27. lim
x→5−0

a
1

x−5 , a > 1.

22.28. lim
x→0

x−sinx
tg x−x

.

22.29. lim
x→+0

x lnx.

22.30. lim
x→π

2

(
x

ctg x
− π

2 cosx

)
.

22.31. lim
x→π

4

(tg x)tg 2x.

22.32. lim
x→0

(
1
x

)1/ ctg x
.
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Âàðèàíò 23

23.1. lim
x→2

8x−4
x2+x+1

23.2. lim
x→π/2

tg2 6x
21x2

23.3. lim
x→−2

x2−3x−10
x2−4

23.4. lim
x→0

sin2 21x
6x2

23.5. lim
x→+∞

2x3−5x2+3
4x3+2x−7

23.6. lim
x→+∞

5x4+3x2+2
4x5−2x2+x

23.7. lim
x→+∞

6x7+5x6+3x
10x6+7x3−3

23.8. lim
x→0

(1 + 32x)1/x

23.9. lim
n→+∞

1
4
+ 1

16
+···+ 1

4n
1
5
+ 1

25
+···+ 1

5n
.

23.10. lim
n→+∞

7n+1+11n+1

7n−11n
.

23.11. lim
x→+∞

(2x+1)4−(x−1)4

(2x+1)4+(x−1)4
.

23.12. lim
x→+∞

(x+1)2(3−7x)2

(2x−1)4
.

23.13. lim
x→+∞

13x2+6x
5x3+4x+8

.

23.14. lim
x→−5

x2+4x−5
x2+7x+10

.

23.15. lim
x→1

(
3

1−x3 − 1
1−x

)
.

23.16. lim
x→7

3− 3√x+20
x−7

.

23.17. lim
x→+∞

(
√
x2 + 1−

√
x2 − 1).

23.18. lim
x→0

cos 7x · tg 11x.

23.19. lim
x→π

4

cosx−sinx
4x−π

.

23.20. lim
x→0

sinx−tg x
x3 .

23.21. lim
α→π

sinα

1−α2

π2

.

23.22. lim
x→−3

arctg(x+3
arcsin(x+3)

.

23.23. lim
x→+∞

(
1 + 13

x

)3x
.

23.24. lim
x→+∞

(
2x−1
2x+1

)x
.

23.25. lim
x→0

sin 5x
ln(1+4x)

.

23.26. lim
x→0

ln(5−6x)−ln 5
3x

.

23.27. lim
x→−7−0

10
3

x+7 .

23.28. lim
x→1

x10−10x+9
(x−1)2

.

23.29. lim
x→0

1
x50 e

−1/x2
,4.

23.30. lim
x→4

(
4

4−x
− 3

x2−5x+4

)
.

23.31. lim
x→0

ax−x ln a
bx−x ln b

.

23.32. lim
x→+∞

[
x(e1/x − 1)

]
.

4Èñïîëüçîâàòü çàìåíó 1
x2 = t
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Âàðèàíò 24

24.1. lim
x→−4

2x2−2x+5
3x2+x

24.2. lim
x→−π/2

sin2 16x
8x2

24.3. lim
x→4

x2−9x+20
x2−6x+8

24.4. lim
x→0

sin2 8x
26x2

24.5. lim
x→+∞

3x9+7x7−5
2x9+5x6−7

24.6. lim
x→+∞

2x3+5x2−7x
13x4+7x−5

24.7. lim
x→+∞

13x5+5x3−7x
5x4−2x3+7x2

24.8. lim
x→+∞

(
1 + 8

x

)x

24.9. lim
n→+∞

2+22+23+···+2n

n3 .

24.10. lim
n→+∞

(n+1)3−(n−1)3

(n+1)2+(n−1)2
.

24.11. lim
x→+∞

(x+5)5+(x+6)5+(x+7)5

x5+55
.

24.12. lim
x→+∞

(
x2

2x+1
+ x3+4x2−2

1−2x2

)
.

24.13. lim
x→+∞

(1+x11+7x13)3

(1+x4)10
.

24.14. lim
x→ 1

3

(3x−1)
√
3x+8

27x3−1
.

24.15. lim
x→2

(
3

x2+2x−8
− 1

x2−2x

)
.

24.16. lim
x→0

x
3√1+x−1

.

24.17. lim
x→−∞

(
√
1 + x+ x2 −

√
1− x+ x2).

24.18. lim
x→−3

sin(x+3)
x3+27

.

24.19. lim
x→0

tgnx
sinmx

.

24.20. lim
x→π

4

cos 2x
x(1−tg x)

.

24.21. lim
x→π

2

π−2x
cosx

.

24.22. lim
x→1

x3−1
arcsin(x−1)

.

24.23. lim
x→+∞

(
1 + 1

5x2

)2x2

.

24.24. lim
x→+∞

(
1+3x
2+3x

) 1−
√

x
1−x .

24.25. lim
x→0

(1 + 5 sin2 x)ctg
2 x.

24.26. lim
x→+∞

2 ln(2x+1)
x

.

24.27. lim
x→5−0

11
1

5−x .

24.28. lim
x→0

esin x−ex

sinx−x
.

24.29. lim
x→+∞

xα · ax, a > 0.

24.30. lim
x→2

(
2

x−2
− 1

x2−3x+2

)
.

24.31. lim
x→+∞

(
2
π
arctg x

)x
.

24.32. lim
x→0

ln(ctg x)tg x.
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Âàðèàíò 25

25.1. lim
x→2

3x2−x−2
5x2+x+3

25.2. lim
x→π/2

sin2 10x
12x2

25.3. lim
x→−7

x2+8x+7
x2+5x−14

25.4. lim
x→0

sin2 12x
5x2

25.5. lim
x→+∞

x2+8x−7
40x2−7x+8

25.6. lim
x→+∞

2x3+7x−8
3x4+16x+12

25.7. lim
x→+∞

4x4+9x2+11
5x3+11x−9

25.8. lim
x→0

(1 + 13x)1/x

25.9. lim
n→+∞

(
n2

2
+ n2

22
+ · · ·+ n2

2n

)
.

25.10. lim
n→+∞

3

√
n+0,25
8n+1

cosn!.

25.11. lim
x→+∞

5x2−3x+x
3x3+x2−8

.

25.12. lim
x→+∞

(
2x3

2x2+3
+ 1−5x2

5x+1

)
.

25.13. lim
x→−∞

x3+21x−4
7x2+2x+3

.

25.14. lim
x→2

x2−4
x2−x−2

.

25.15. lim
x→−4

(
6

x2+2x−8
+ 1

4+x

)
.

25.16. lim
x→7

√
x+2−3
x−7

.

25.17. lim
x→+∞

(
√
x4 + 8x2 + 3−

√
x4 + x2).

25.18. lim
x→0

1
8x3 ctg3 x

.

25.19. lim
x→0

x+sinx
x−sinx

.

25.20. lim
x→0

sinx−tg x
x3 .

25.21. lim
x→−a

sin a+sinx
a+x

.

25.22. lim
x→−3

x2−9
arctg(x+3)

.

25.23. lim
x→1

(
1+x
2+x

) 1−
√

x
1−x .

25.24. lim
x→a

(
sinx
sin a

) 1
x−a .

25.25. lim
x→−3

x2−9
arctg(x+3)

.

25.26. lim
x→+∞

(2x+ 1)(ln(2 + 5x)− ln 5x).

25.27. lim
x→−0

a
1
x , a > 1.

25.28. lim
x→0

ex−1
sinx

.

25.29. lim
x→+∞

(
a1/x − 1

)
x.

25.30. lim
x→−1

(
1

1+x
− 3

1+x3

)
.

25.31. lim
x→0

(
2
π
arccos x

)1/x
.

25.32. lim
x→0

x1/ ln(ex−1).
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Âàðèàíò 26

26.1. lim
x→−1

40x2+21x−9
15x2−2x−12

26.2. lim
x→π/2

sin2 13x
4x2

26.3. lim
x→−1

x2−6x−7
x2+8x+7

26.4. lim
x→0

tg 4x
13x

26.5. lim
x→+∞

x2+4x+4
11x2+2x−1

26.6. lim
x→+∞

x5+11x4+5x
13x6+12x3−8

26.7. lim
x→+∞

x3+6x−5
x2−8

26.8. lim
x→+∞

(
1− 15

x

)−x

26.9. lim
n→+∞

(
1− 1

2
+ 1

4
− 1

8
+ · · ·+ (−1)n−1

2n−1

)
.

26.10. lim
n→+∞

3+0,5n

0,3n+1+5
.

26.11. lim
x→+∞

√
x2+14+x√
x2−2+x

.

26.12. lim
x→+∞

(
7−x
x2−3

+ 5
7+x

)
.

26.13. lim
x→−∞

21x3+7x2+3x+1
3x2+12x+40

.

26.14. lim
x→−1

x2+x
x2−2x−3

.

26.15. lim
x→−5

(
4

x2+6x+5
+ 1

x+5

)
.

26.16. lim
x→a

√
x−

√
a+

√
x−a√

x2−a2
.

26.17. lim
x→+∞

(
√
x2 + 8x+ 3−

√
x2 + 4x+ 3).

26.18. lim
x→−5

x2−25
tg(x+5)

.

26.19. lim
x→0

sin 2x−2 sinx
x3 .

26.20. lim
x→0

5√
sin4 x
x3 .

26.21. lim
x→a

sinx−sin a
a−x

.

26.22. lim
x→0

8x
arctg 5x

.

26.23. lim
x→+∞

(
1 + 2

x

)7x
.

26.24. lim
x→−∞

(
1+2x
2+2x

)1−x2

.

26.25. lim
x→0

(1 + 2 tg2 3x)
cos2 3x

x2 .

26.26. lim
x→+∞

6x(ln(3x+ 1)− ln 3x).

26.27. lim
x→+0

arctg 1
x
.

26.28. lim
x→0

x−arctg x
x3 .

26.29. lim
x→0

lnx
ln sinx

.

26.30. lim
x→1

(
2

1−x
− 4

x2−1

)
.

26.31. lim
x→0

(
arctg x

x

)1/x2

.

26.32. lim
x→0

(
x2 · e1/x2

)
.
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Âàðèàíò 27

27.1. lim
x→−2

5x2+3x+2
4x2−2x−13

27.2. lim
x→−π/2

sin2 12x
10x2

27.3. lim
x→7

x2−6x−7
x2−9x+14

27.4. lim
x→0

tg 13x
4x

27.5. lim
x→+∞

25x3+6x2−1
5x3+7x2+8

27.6. lim
x→+∞

6x3+5x2−7
7x4−13x3+3

27.7. lim
x→+∞

4x7+3x5+7x
x6+11x4+6

27.8. lim
x→+∞

(
1− 13

x

)x
27.9. lim

n→+∞

(
n2

1
+ n2

3
+ n2

32
+ · · ·+ n2

3n−1

)
.

27.10. lim
n→+∞

5
2n
n+3 .

27.11. lim
x→−∞

√
x2+14+x√
x2−24+x

.

27.12. lim
x→+∞

(
2x3+2x2+1

4x3+7x2+3x+4

)4
.

27.13. lim
x→+∞

(
x3

3x2−4
− x2

3x+2

)
.

27.14. lim
x→−2

x3+3x2+2x
x2−x−6

.

27.15. lim
x→5+0

(
2

x2−5x
− 1

(x−5)(x−3)

)
.

27.16. lim
x→6

√
x−2−2
x−6

.

27.17. lim
x→+∞

(2x−
√
4x2 − 7x+ 4).

27.18. lim
x→−2

4−x2

2 tg(x+2)
.

27.19. lim
x→0

9x
sin 3x−sin 6x

.

27.20. lim
x→0

cos 4x−cos 2x
arcsin2 3x

.

27.21. lim
x→0

tg x−sinx
x3 .

27.22. lim
x→3

arctg(x−3)
27−x3 .

27.23. lim
x→+∞

(
1 + 1

x2

)x
.

27.24. lim
x→+∞

(
x+10
x−4

)x
.

27.25. lim
x→0

(1 + 3 tg x)
2x

sin x .

27.26. lim
x→0

ln(x+3)−ln 3
x

.

27.27. lim
x→−3+0

27
1

3+x .

27.28. lim
x→π

tg 10x
tg 2x

.

27.29. lim
x→+∞

(
x · sin a

x

)
.

27.30. lim
x→−2

(
1

x+2
− 12

x3+8

)
.

27.31. lim
x→0

(
(1+x)1/x

e

)1/x
.

27.32. lim
x→+∞

(3x2 + 3x)1/x.
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Âàðèàíò 28

28.1. lim
x→1

15x2−2x−12
40x2+21x−9

28.2. lim
x→−π/2

sin2 4x
13x2

28.3. lim
x→1+0

x2+8x+7
x2+6x−7

28.4. lim
x→0

sin 13x
4x

28.5. lim
x→+∞

7x3+11x2−1
2x3+x2+5

28.6. lim
x→+∞

21x4+10x3−7x
3x5+7x2−10x

28.7. lim
x→+∞

x2+4x−1
x+4

28.8. lim
x→0

(1 + 15x)1/x

28.9. lim
n→+∞

1
n2 (1 + 3 + · · ·+ (2n− 1)).

28.10. lim
n→+∞

1−12n+1

1+12n
.

28.11. lim
x→+∞

5x6−1√
x12+5x5−1

.

28.12. lim
x→+∞

(
x2

x+1
− x3

x2+1

)
.

28.13. lim
x→ 1

2

8x3−1
6x2−5x+1

.

28.14. lim
x→+∞

(
x+2
x2+1

− 3
x−2

)
.

28.15. lim
x→2

(
1

x−2
− 12

x3−8

)
.

28.16. lim
x→5

√
6−x−1

3−
√
4+x

.

28.17. lim
x→+∞

(
√
1 + x+ x2 −

√
1− x+ x2).

28.18. lim
x→0

tg 8x
tg 2x

.

28.19. lim
x→a

tg a−tg x
a−x

.

28.20. lim
x→0

√
1−cos 6x

7x
.

28.21. lim
x→π

6

sin(x−π
6 )√

3−2 cosx
.

28.22. lim
x→2

arctg(x−2)
x3−8

.

28.23. lim
x→3

(
x
3

) 1
x−3 .

28.24. lim
x→+∞

(
x+6
x+3

)x+2
.

28.25. lim
x→0

(1− 7 sin2 x)
5
x2 .

28.26. lim
x→+∞

2x(ln(x2 + 3x+ 3)− ln(x2 + x+ 1)).

28.27. lim
x→−0

1

1+e
1
x
.

28.28. lim
x→a

3√x− 3√a√
x−

√
a
.

28.29. lim
x→+∞

lnα x
xβ ,5.

28.30. lim
x→−3

(
1

x+3
− 5

x2+x−6

)
.

28.31. lim
x→0

(
x

sinx

)1/x2

.

28.32. lim
x→+0

(ctg x)sinx.

5Èñïîëüçîâàòü çàìåíó lnx = t
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29.1. lim
x→−3

x2+4x−1
x+4

29.2. lim
x→π/2

sin2 5x
20x2

29.3. lim
x→5

x2+2x−35
x2−12x+35

29.4. lim
x→0

tg 5x
20x

29.5. lim
x→+∞

7x6−9
3x6+5x5+4x4

29.6. lim
x→+∞

8x4+3x5+7
9x5+7x3−3x2

29.7. lim
x→+∞

13x3+2x2−1
12x2+15x+2

29.8. lim
x→+∞

(
1 + 1

13x

)x

29.9. lim
n→+∞

1+5+9+···+(4n−3)
n3+1

.

29.10. lim
n→+∞

2n+1−(−3)n

(−2)n+3n+1 .

29.11. lim
x→+∞

1+14x

2x+
3√
x2
.

29.12. lim
x→−∞

25x6−5x5+4x2−1
3√1−5x4+8x9

.

29.13. lim
x→+∞

2x2+2
8x3+4x−10

.

29.14. lim
x→1

(x3−1)
√
5−x

x2+x−2
.

29.15. lim
x→9

(
18

81−x2 − 1
9−x

)
.

29.16. lim
x→2

√
7+2x−x2−

√
1+x+x2

2x−x2 .

29.17. lim
x→+∞

(√
x2 +

√
x2 +

√
x2 −

√
x2

)
.

29.18. lim
x→0

ctg 4x
ctg 9x

.

29.19. lim
x→0

√
1−cos 2x

x
.

29.20. lim
x→0

tg x
x
.

29.21. lim
x→π

sinmx
sinnx

.

29.22. lim
x→−2

arcsin(x+2)
x3+8

.

29.23. lim
x→+∞

(
3x+4
3x−1

)x
.

29.24. lim
x→+∞

(1− 5x2)
2
x2 .

29.25. lim
x→0

(1− tg x)
8

sin x .

29.26. lim
x→0

ln(1+8x)
3x

.

29.27. lim
x→+0

1

1+e
1
x
.

29.28. lim
x→0

eαx−cosαx
eβx−cosβx

.

29.29. lim
x→+∞

xα/eβx.

29.30. lim
x→9

(
1

x−9
− 18

x2−81

)
.

29.31. lim
x→1

(
tg πx

4

)tg πx
2 .

29.32. lim
x→+0

(sinx)x.
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Âàðèàíò 30

30.1. lim
x→3

x3+3x−2
x2−7

30.2. lim
x→−π/2

sin2 4x
20x2

30.3. lim
x→5

x2−12x+35
x2−2x−35

30.4. lim
x→0

tg 4x
20x

30.5. lim
x→+∞

6x7+9
7x7+9x6+3

30.6. lim
x→+∞

5x2+3x+2
4x3−5x2+1

30.7. lim
x→+∞

x7−6x2+x
x6+8x5−1

30.8. lim
x→+∞

(
1− 1

13x

)−13x

30.9. lim
n→+∞

1+ 1
2
+ 1

4
+···+ 1

2n

1+ 1
3
+ 1

9
+···+ 1

3n
.

30.10. lim
n→+∞

3n+1+(−4)n

(−3)n−4n+1 .

30.11. lim
x→+∞

x2+8x−7
x2+5x+1

.

30.12. lim
x→+∞

√
2x3+3
4x+2

.

30.13. lim
x→+∞

(
4x2−3
x3−1

+ 2
x3+8

)
.

30.14. lim
x→−4

x2+x−12
x2+11x+28

.

30.15. lim
x→8

(
1

x−8
− 16

x2−64

)
.

30.16. lim
x→0

2
√
x2+x+1−2−x

x2 .

30.17. lim
x→+∞

(
√
9x2 + 1− 3x).

30.18. lim
x→+0

ctg 3x tg 10x.

30.19. lim
x→0

√
1+x2−1
1−cosx

.

30.20. lim
x→0

1+sinx−cosx
1+sin 3x−cos 3x

.

30.21. lim
x→1

sin(πxα)
sin(πxβ)

.

30.22. lim
x→7

arcsin(x−7)
49−x2 .

30.23. lim
x→+∞

(
1− 2

5x−3

)x
.

30.24. lim
x→+∞

(
5x+2
5x+3

)x+2
.

30.25. lim
x→0

(2− cos2 x)5 ctg
2 x.

30.26. lim
x→+∞

3x2(ln(x2 + 2)− ln(x2 + 1)).

30.27. lim
x→−0

arctg 1
x
.

30.28. lim
x→0

ex−e−x

sinx cosx
.

30.29. lim
x→+0

(x · lnx).

30.30. lim
x→1

(
3

1−x3 − 1
x−1

)
.

30.31. lim
x→0

(1 + 8x)1/8x.

30.32. lim
x→0

(arctg x)x.


