
Çàäà÷è ïîâûøåííîé ñëîæíîñòè � ñåìèíàð � Ä 1 � 2

Çàíÿòèå 2

� 1. Âûÿñíèòü, ïðè êàêîì çíà÷åíèè ïàðàìåòðà a è â êàêîé òî÷êå ëèíèÿ ñåìåéñòâà

à) y = ax2 êàñàåòñÿ ïðÿìîé y = 2x− 1;

á) y = eax ïåðåñåêàåòñÿ ñ êðèâîé ñåìåéñòâà y = e−ax ïîä ïðÿìûì óãëîì;

â) y = ax2 − x êàñàåòñÿ êðèâîé y = −x2 + ax.

� 2. ÂÂÏ Àí÷óðèè óâåëè÷èâàåòñÿ êàæäûé ãîä íà 20%. ×åðåç ñêîëüêî öåëûõ ëåò
ÂÂÏ â ýòîé ñòðàíå

a) óäâîèòñÿ; a) óòðîèòñÿ; a) óâåëè÷èòñÿ â n ðàç?

ã) Íà ñêîëüêî ïðîöåíòîâ â ãîä äîëæåí ðàñòè ÂÂÏ, ÷òîáû óâåëè÷èòüñÿ â n ðàç ÷åðåç k ëåò?

� 3. Îïðåäåëåíèå.

Ãèïåðáîëè÷åñêèì ñèíóñîì íàçûâàåòñÿ ôóíêöèÿ shx = ex−e−x

2
;

Ãèïåðáîëè÷åñêèì êîñèíóñîì íàçûâàåòñÿ ôóíêöèÿ chx = ex+e−x

2
;

Ãèïåðáîëè÷åñêèì òàíãåíñîì íàçûâàåòñÿ ôóíêöèÿ thx = shx
chx

;
Ãèïåðáîëè÷åñêèì êîòàíãåíñîì íàçûâàåòñÿ ôóíêöèÿ cthx = chx

shx
.

à) Íàðèñîâàòü ýñêèçû ãðàôèêîâ ýòèõ ôóíêöèé.

á) Íàéòè èõ ïðîèçâîäíûå.

â) Çàìåòèâ, ÷òî ãðàôèê thx î÷åíü ïîõîæ íà ãðàôèê arctg x,
1. îáðàòèòü âíèìàíèå íà îòëè÷èå: ïðè áîëüøèõ x ãðàôèê thx ïðèáëèæàåòñÿ ê 1, à
ãðàôèê arctg x � ê π

2
;

2. âûÿñíèòü, êàêàÿ èç ôóíêöèé thx è arctg x ¾áûñòðåå¿ ïðèáëèæàåòñÿ ê ñâîåìó ïðåäåëó(
1 èëè π

2

)
ïðè x→ +∞.

� 4. Îïðåäåëåíèå.
Àðåàñèíóñîì ãèïåðáîëè÷åñêèì íàçûâàåòñÿ ôóíêöèÿ y = arsh x, îáðàòíàÿ ê shx, òî åñòü
òàêàÿ, ÷òî x = sh y.
Àðåàêîñèíóñîì ãèïåðáîëè÷åñêèì íàçûâàåòñÿ ôóíêöèÿ y = arch x, îáðàòíàÿ ê chx, òî
åñòü òàêàÿ, ÷òî x = ch y.

à) Äîêàçàòü ðàâåíñòâà

arsh x = ln
(
x±
√
x2 + 1

)
; arch x = ln

(
x±
√
x2 − 1

)
.

á) Íàðèñîâàòü ýñêèçû ãðàôèêîâ ýòèõ ôóíêöèé.

â) Íàéòè èõ ïðîèçâîäíûå.
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Çàäà÷è ïîâûøåííîé ñëîæíîñòè � ñåìèíàð � Ä 1 � 2

Îòâåòû

� 1
à) Ïðè a = 1 â òî÷êå x = 1.

Óêàçàíèå: óñëîâèÿ êàñàíèÿ êðèâûõ y = ϕ(x) è y = ψ(x) â òî÷êå x0{
ϕ(x0) = ψ(x0);
ϕ ′(x0) = ψ ′(x0).

á) Ïðè a = 1 â òî÷êå x = 0.

â) Ïðè a = −1 êðèâûå ñîâïàäàþò. Äðóãèõ ñëó÷àåâ êàñàíèÿ íåò.

� 2.
à) ×åðåç

[
log1,2 2

]
+ 1 =

[
ln 2

ln 1,2

]
+ 1 = 4 ãîäà, ãäå ÷åðåç [a] îáîçíà÷åíà öåëàÿ ÷àñòü ÷èñëà

a � íàèáîëüøåå öåëîå ÷èñëî, íå ïðåâîñõîäÿùåå a.

á) ×åðåç
[
log1,2 3

]
+ 1 =

[
ln 3

ln 1,2

]
+ 1 = 7 ëåò.

â) ×åðåç
[
log1,2 n

]
+ 1 =

[
lnn

ln 1,2

]
+ 1 ëåò.

ã) Íà ( k
√
n− 1) · 100% â ãîä.

� 3 á)

(shx) ′ = chx, (chx) ′ = shx, (thx) ′ =
1

ch2 x
, (cthx) ′ = − 1

sh2 x
.

� 3 â) 2. Ãðàôèê thx ¾áûñòðåå¿, òàê êàê ïðîèçâîäíàÿ (thx) ′ = 1
ch2 x

ãîðàçäî áûñòðåå

ñòðåìèòñÿ ê íóëþ ïðè x→∞, ÷åì (arctg x) ′ = 1
1+x2 .

� 4
à) Óêàçàíèå: âîñïîëüçîâàòüñÿ ôîðìóëàìè shx = ex−e−x

2
, chx = ex+e−x

2
, îáîçíà÷èòü ex

÷åðåç z è ðåøèòü êâàäðàòíîå óðàâíåíèå îòíîñèòåëüíî z.

â)

(arsh x) ′ = ± 1√
x2 + 1

, (arch x) ′ = ± 1√
x2 − 1

.
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