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I. Pinh nghia dao ham cap cao

Pao ham cép cao la mdt khai niém ma rong cta dao ham, dugc dinh nghia bang

cach lay dao ham lién ti€p nhiéu lan ciia mdt ham s6.
1. Pao ham cap hai

Pinh nghia: Gia sir ham so6 f(x) cé dao ham f'(x). Néu ham s6 f'(x) lai c6 dao

ham thi dao ham cula né dugc goi la dao ham cap hai cua f(x).

Ky hiéu: f'(x) hodc y" hodc \( \frac{d"~2y}{dx"2} \)

Cong thuc:f'(x) = (f'(x))"

Giai thich: D& tim dao ham cap hai cila mot ham'so, ta thuc hién hai budc:

dau tién tim dao ham cap mot f'(x), sau dé 1ay dao ham cua két qua f'(x) vua
tim duoc.
Vi du minh hoa:
1. Vi du 1: Tim dao ham cap hai cia ham so f(x) = x3 + 3x2 - 5x + 1.
Loi gidi:
Budc 1: Tinh dao ham cap mot.
f'(x) = (X3 + 3x2-5x + 1)' = 3x?> + 6X - 5.
Budc 2: Tinh dao ham cua f'(x).
f'(x) = (f'(x))' = (3x?> + 6x - 5)' = 6X + 6.

Vay, dao ham cap hai ciia ham sé la f"'(x) = 6x + 6.
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2. Vidu 2: Tim dao ham cap hai cia ham s6 y = sin(2x).
Loi gidi:
Ta c6 dao ham cap mot:
y' = (sin(2x))' = 2cos(2x).
Ti€p tuc lay dao ham cta y":
y'"' = (2cos(2x))' = 2 * (-sin(2x)) * 2 = -4sin(2x).

Vay, y'' = -4sin(2x).

2. Pao ham cap n

e Dinh nghia: Cho ham s6 f(x) c6 dao ham dén cap (n-1), ky hiéu la fo-1(x)
(véin € N, n = 2). Néu ham so f*-1(x) c6 dao ham thi dao ham cula nd duoc
goi la dao ham cap n cua f(x).

e Ky hiéu: f™(x) hoac y™

e Cong thuc:f"(x) = (f"-1)(x))'

e Giai thich: Dao ham cap n la két qua cla viéc 1ay dao ham n lan lién tiép
cla ham s6 ban dau. Dao ham cap ba la f'"'(x) = (f'(x))', dao ham cap bon la
f@(x) = (f"'(x))!, va cU ti€p tuc nhu vay.

Vi du minh hoa:

1. Vi du 1: Tim dao ham cap ba clla ham s6 y = x* - 2x3 + 5x.
Loi gidi:
y'=4x3-6x*+5

y'" = (4x3 - 6x% + 5)' = 12x? - 12x
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y'"' = (12x2% - 12x)' = 24x - 12.

2. Vi du 2: Tim dao ham cap n cia ham sé y = ex.

Loi gidi:

y' = e

y" = (e1)' = ex
y'" = (ex)' = e

Du dodn: y™ = ex, Ta c6 thé chirng minh bang quy nap. Vay dao ham cap n

cla e* la chinh né.

Il. Pao ham cap cao cia mot sé ham sé co ban

Viéc tinh dao ham cép cao bang cach 1dy dao ham lién ti€p c6 thé dai dong. M6t

s ham s6 co ban c6 cong thirc téng quat cho dao ham cap n.

Ham so f(x) Pao ham cap n f"(x)

y=x"(meN,n=m) y™ = m(m-1)...(m-n+1)xm-"
y = @3x+b ym = gngax+b

y = sin(ax+b) y™ = a"sin(ax + b + nm/2)
y = cos(ax+b) y™ = a"cos(ax + b + nn/2)
y = 1/(ax+b) y™m = (-1)rnlan / (ax+b)n+?
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Vi du ap dung cong thuc:

1. Vidu 1 (Ham liy thua): Tim dao ham cap 5 ctay = x’.
Loi gidi:
Ap dung c6ng thitc véi m=7, n=5.
y) = 7:6:5:4-3 - x7-5 = 2520x2.

2. Vi du 2 (Ham luong giac): Tim dao ham cap 2024 cla y = cos(x).
Loi gidi:
Ap dung cdng thiic y™ = ancos(ax + b + nm/2) véi a=1, b=0, n=2024.
y(2024) = 12024cos(x + 20241/2) = cos(x + 1012m).

Vi 1012mn [a mét boi chan cda i, nén cos(x + 1012m) = cos(x).

Vay y024) = cos(x).

Ill. Y nghia vat ly cua dao ham

Trong vat ly, dac biét la trong co hoc, dao ham cé y nghia vé cung quan trong
dé mo td chuyén dong ciia mot vat.

1. Van toc tuc thoi (Pao ham cap mot)

Y nghia: Xét mot vat chuyén déng thang cé phuong trinh quang dudng theo
thoi gian la s = s(t). Van toc tdc thoi cha vat tai thoi diém to 1a dao ham cula
ham sé quang duong tai diém dé.

 Cong thuc:v(t) = s'(t)

e Gidi thich: Van toc tdc thoi thé hién toc dé va hudng chuyén dong cla vat

ngay tai mot thoi di€ém nhat dinh. Néu v(t) > 0, vat chuyén dong theo chiéu
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duong. Néu v(t) 0, vat chuyén déng theo chiéu am.
Vi du minh hoa:

MOt vat roi tu do cé phuong trinh chuyén déng s(t) = (1/2)gt?, trong dé g = 9.8
m/s? la gia toc trong truong va t la thoi gian tinh bang gidy. Tim van toc cua vat
tai thai diém t = 3s.

Loi giai:

Phuong trinh quang duong la s(t) = 4.9t2.

Van toc tic thoi dugc tinh bang dao ham cda s(t):

v(t) = s'(t) = (4.9t2)' =2 *4.9*t =9.8t

Tai thoi diém t = 3s, van toc cla vat la:

v(3) =9.8*3 =29.4 m/s.
2. Gia toc tuc thoi (Pao ham cap hai)
e Y nghia: Gia téc tic thoi cla vat tai thdi diém t 1a dao ham cda ham sé van
toc v(t), hay la dao ham cap hai cia ham s6 quang duong s(t).
e Cong thuc:a(t) = v'(t) = s''(t)

e Giai thich: Gia tdoc dac trung cho su thay d6i nhanh hay cham cua van téc.
Néu gia toc va van téc cung dau (a(t)-v(t) > 0), vat chuyén dong nhanh dan.
NEéu gia téc va van toc trai dau (a(t)-v(t) 0), vat chuyén dong cham dan. Néu

a(t) = 0, vat chuyén déng déu (van toc khong daoi).
Vi du minh hoa:

Mot chat diém chuyén dong theo phuong trinh s(t) = t3 - 3t2 + 5t + 2 (t tinh

bang giay, s tinh bang mét). Tim gia téc cla chat diém tai thoi diém t = 2s.
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Loi gidi:

Budc 1: Tim phuong trinh van téc v(t).

v(t) = s'(t) = (t3-3t2 + 5t + 2)' = 3t? - 6t + 5.
Budc 2: Tim phuong trinh gia téc a(t).

a(t) =v'(t) = (3t2- 6t + 5)' = 6t - 6.

Buéc 3: Tinh gia toc tai t = 2s.

a(2) = 6*2-6 =6 m/s2.
3. Bang tong két moéi quan hé va phan tich chuyén déng

Moi quan hé gilra dau cta van téc v(t) va gia toc a(t) quyét dinh tinh chat cla

chuyén dong.

Dau cua v(t) Dau cta a(t) Tich a(t)-v(t) Loai chuyén déng
+ (Cung chiéu duong) + + Nhanh dan

+ (Cung chiéu duong) - - Cham dan

- (Nguogc chiéu duong) - + Nhanh dan

- (Ngugc chiéu duong) + - Cham dan

Vi du téng hop:

Mot vat chuyén dong cé phuong trinh s(t) = t3 - 6t2 + 9t (t > 0). Xac dinh cac

khodng thaoi gian ma vat chuyén ddng nhanh dan va cham dan.
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Loi gidi:
1. Tinh v(t) va a(t):
v(t) = s'(t) = 3t2- 12t + 9.

a(t) = v'(t) = 6t-12.

2. Xét dau cua v(t) va a(t):
V(it) =0 3t2-12t+ 9 =0t =1hoact=3.

Bang xét dau v(t): v(t) > 0 khit € (0, 1) U (3, +=); v(t) 0 khit € (1, 3).

a(t) =0e6t-12=0et =2,

Bang xét dau a(t): a(t) > 0 khit > 2; a(t) 0 khi t € (0, 2).

3. Lap bang tong hop va két luan:

Khodng t Dau v(t) Dau a(t) Tinh chat chuyén déng
(0, 1) + - Cham dan
(1, 2) - - Nhanh dan
(2, 3) - + Cham dan
(3, +) + + Nhanh déan

Két luan:
- Vat chuyén dong nhanh dan trén cac khoang (1, 2) va (3, +»).

- Vat chuyén dong cham dan trén cac khoang (0, 1) va (2, 3).
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