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2. cviceni — Hyperbolické funkce
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1. Ukazte, Ze

(a)

(b)

coshx + sinhx = e*
Reseni: 1 1

coshz + sinhz = 5(636 +e P+t —e )= 3 2e” = e”
cosh? z —sinh?z = 1

Reseni:

2 o2 : : 1 T —x T -\, T 1 —T x
cosh” z—sinh“ x = (cosh z—sinh z)(cosh z+sinh z) = 5(6 +e t—e"te P)e" = 5'26 e
cosh 22 = cosh? x + sinh? z

1
cosh 2z = i(ezx + 72

1 1
cosh? z + sinh? z = Z(ex +e )2+ E(ef"’ —e )2
1
—_ 1(6238 + e—2w 4 2% T 4 62;16 +e—2z _ 2eme—x)

1
= 1(2623” + 26_293)

sinh 2z = 2sinh x cosh x
Reseni: 1
sinh 2z = B e — e77)
1 1
2sinhz coshz = 25(693 - e_m)§(ex +e %)
_ 1 2x —2x
= S(e )

cosh z je suda funkce
Reseni: . )
cosh(—z) = 5(6_1 +e 7)) = i(e_m +€*) = coshz

sinh z je licha funkce
Reseni:
1 1 1
sinh(—z) = (e —e (™) = —(e —¢%) = —=(¢* — ¢ %) = —sinhax
2 2 2
coth x je licha funkce
Reseni: h(—z) L
cosh(—zx coshz
th(—z) = = = — coth
coth(=x) sinh(—z)  —sinhz o
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(h) tanhz je licha funkce

Reseni: - -
sinh(—xz —sinhz
tanh(—z) = (=2) = = —tanhz
cosh(—z) cosh x
. 1 2
(1) (3087293 =1 + tan“ x
Reseni: ) ) )
sin“ x cos® x + sin“ x 1
1+tan’z =1+ 5 = 5 = 5
Ccos® x Ccos® I Ccos® x
. 1 1 2
(J) m =1 tanh X
Reseni:
. 2 s 12
sinh“x  cosh” x — sinh“ z 1
1—tanh®’z=1— 5 = 5 = 5
cosh” x cosh” x cosh” x

2. Vyjadfete:
(a) sinh(ln3)
Reseni:

1
sinh(log 3) = §(elog3 —elod) = =

(b) cosh(In2)

ReZeni: 1 1 1 5
h(log2) = — (%82 y e~ 1082y — (94 =)= °
cosh(log2) = S(82 +e 782 = J(24 ) =
(c) coth (In})
Regeni: ) ) )

1 log3 y e7logs 143 5

coth(log =) = ¢ j te ? =3 ==

3 elogs _ p—log g 5 -3 4

3. Reste rovnice s neznamou = (bez pouziti arg funkci):

(a) sinhz = 3

Reseni: Protoze cosh?z = 1 + sinh? z a navic coshz > 0, tak méame

hx =-
coshz =
Navic sinh z + coshx = e¥, tedy
3 5
X
= — - = 2
“ =1t
Odtud
x = log 2.
_ 13
(b) coshx = ¢
ReSeni: Méame 13
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Polozme y = e®. Pak
26

5
> 2

Y —521

26
yZ—Ey—Fl:O

7 kvadratické rovnice tedy dostavame

1
y+ -
Y
1

Odtud
x1 =logh

x9 = —logh
(c) 2cosh2x + 10sinh2z =5

Resgent:
2cosh2z + 10sinh2x = 5

2 4 o2 | 52T _ 520 _ g
6e?* —4e™* —5 =0
Polozme y = €%, Pak
6y — 4 5=0
Y

6y> —4—5y =0
By—4)(2y+1)=0

Tedy y1 = 3, y2 = —3-
Odtud
6211 _ é
3
4
2x1 = log —
1 og 3
1 1 4
xr1 = — —
1 5 0g 3
Pro e2* = —% nema rovnice reseni.
(d) 4coshz + sinhzx =4
Resent:

4(e"+e ) +e" —e ")

4.2
5¢* + 3¢ % =8
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Polozme y = e*, pak

3
oy +— =28
Yy
5y — 8y +3=0.
Pak
3
=4 Y2 = 5
Tedy x1 =0, 292 = log% =log3 — log 5.
4. Vite-li, ze sinhx = %, urcete
(a) coshz
Reseni: Méame |coshz| = /1 + sinh? z, navic coshz > 0 pro = € R, tedy
25 169 13
h = ]_ _— = _— = —
oS \/ T TV T
(b) cothz
Reseni: 3
cothx = Smix = % = 13
coshz 5 )
(¢) tanhz
Reseni:
1 5
tanhz = = —
cothx 13
(d) sinh2z
Reseni: 513 65
sinh 2z sinh z cosh x 5 12
(e) cosh2zx
Reseni: ) )
13 5 194 97
COShQCC = COShQCC +Si1’lh2$ = @ + @ = T44 = E

5. Ukazte, Ze argsinhz = In (a; + Va2 + 1).
Regeni: Uvazujme
1
y =sinhx = i(ez —e )
Polozme z = e®. Pak 1
20=2——
z
Qyz =22 -1
0=12>=2yz—1
Tedy

2y + /4y + 4

2

=ytvy’+1

212 =
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Plati 2o =y — /y2 +1 < 0. Ale 2 = €¢* > 0, tedy tento koFen neni FeSenim.

Dale
n=y+Vyt+l=¢"
z =log(y + Vy*+1)

pak

6. Vyjadfete za pomoci logaritmu

3 3 /9
inh — =1 - —+ 1] =log2
arg sin 1 og <4—|— 16+ ) og

argcosh2—log<2+\/ ) log(2 4+ v/3)

1 3
(a) arg sinh §
ResSeni:

(b) argcosh2
Reseni:

1
(c) arg tanh 5
Resent:

11 1+1 1
argtanh§ = glog <1 - %) = §log3
2

7. Uvazujme 0 € R a polozme x = 2cosh §. Vyjadiete 4 cosh §sinh 6.
ResSeni: Mame

2 2
—4
inh20 = cosh?f — 1= — — 1 ==
sin cos 1 1
Tedy
1
|sinh 0| = 5 x2—4
Dohromady
4 cosh sinh 6 = sgn(0) - x/ 22 — 4,
1, 0 >0,
kde sgn(f#) =<0, 6=0,
~1, 6<o.
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