NGUYEN HAM

[ - NGUYEN HAM VA TINH CHAT

1. Nguyén ham

1
R Tim ham s8 F(x) sao cho F '(x) = flx) néu :

a) flx) = 32 Vi x € (—o0 ; +m) ; b) f(x)=

| - f T =
5 val x e e z i
cos™ x v 2 2

Ki hiéu K la khoang hoac doan hoac nua khoang cua R.

DINH NGHIA

Cho ham s6 f{x) xac dinh trén K.
Ham s6 F(x) dugce goi la nguyén ham cua ham so6 f(x) trén K
néu F '(x) = flx) véi moi x € K.
Vidu 1
a) Ham s6 F(x) = x> 12 mot nguyén ham cua ham s6 f(x) = 2x trén
khoang (- ; +o) vi F '(x) = (7\'3 "= 2x, Vx € (-0 ; +o0).
b) Ham s6 F(x) = Inx 12 mot nguyén ham cua ham s6 f(x) = L3 trén
X

kh(}fing {U 2 +DC-] V.i F I(_'[) = (lm\'.}l :l‘ 'ﬁ'"_t c (D * +m)_
X

A Hay tim thém nhitng nguyén ham khac cla cac ham sé néu trong Vi du 1.

DINH LI 1

Néu F(x) 1a mot nguyén ham cia ham so flx) trén K thi
vai moi hang s6 C, ham s6 G(x) = F(x) + C ciing 1a mot
nguyén ham cua f{x) trén K .

ﬁ 3
Hay chitng minh Binh Ii 1.
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DINH LI 2

Néu F(v) 12 mot nguyén ham ctua ham so f(x) trén K thi
moi nguyén ham cua f(x) trén K déu ¢6 dang F(x) + C, vai
C 1a mot hing so.

Ching minh. Gia s G(x) cung la mot nguyén ham cua f(x) trén K, tic la
G'(x) = flx), x € K. Khi d6

(G(x)-F(x))=Gx)-F'(x)=fix)-fix)=0,x € K.
Vay G(x) = F(x) 1a mot him s6 khong doi trén K. Ta co
Gx)—F(x)=C = Glx)=Fx)+C,x e K. "
Hai dinh Ii trén cho thay :

Néu F(x) 1a mot nguyén ham cua ham so fix) trén K thi F(x) + C, Ce R
la ho tdt ca cac nguyén ham cua f(x) trén K. Ki hiéu

If(.r}d.*: = F(x)+C.

CHU Y
Bi¢u thifc f(x)dx chinh Ia vi phan ctia nguyén ham F(x) cua
f(x), vidF(x)=F'(x)dx = f{x)dx.
Vidu2

a) Véi x € (—oo ; +m), IE.\dr = .rz +C ;
o 1
b) VéGi s € (0 ; +0), I—cls‘ =Ins+0C ;
Y
¢) Vbit € (—o; +20), |costdr = sint + C.
Tinh chat cua nguyén ham

TINH CHAT 1

If'(.i.']{h = fi{x) + €.

Tinh chat nay duoc suy truc tiép tir dinh nghia nguyén ham.
Vi du sau day minh hoa cho tinh chat do.



Vidu 3. f{cosx}'dr = j{—sin.r}c[r =cosx + C.

TINH CHAT 2

[kf () = & [ Fdx (k 12 hing 6 khéc 0).

Chirng minh. Goi F(x) la mot nguyén ham cua kflx). ta co
kfix) = F'(x) (*)
& . - 1 '
Vik£0nén f(x) = IF (x) = [I F{_r)J :

Tur do, theo tinh chit 1 ta co

k[fode =k j'(%F(x:-J dx = fc[{fF(_n + C,J = F(x)+kC, (C; e R)

= F(x)+C (vi Cy tuy y thuéc R vak=0nén C = kC|
tuy y thudéc R)

= J.{f{_m' )dy (do (%)), -

TINH CHAT 3

J[f(.l‘l + g(.r)}dr = If(.\'}d\‘ + jg{.r]dt.

R Hay chitng minh Tinh chat 3.
4

Vi du 4. Tim nguyén ham ctia ham sd f(x) = 3sinx + — wén khodng (0 ; +0).
X

Giai. Véix € (0;+x), ta co

J{Bsinx + g—]d\' = 3 |sin xdx + Efldr = 3cosx+2mx+C.
X X
3. Suton tai nguyén ham
Ta thira nhan dinh 1i dudi day.
DINH LI 3

[ Moi ham s6 f() lién tue trén K déu c6 nguyén ham tren K. |
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Vidus

| 2

a) Ham s6 f(x) = x3 ¢6 nguyén ham trén khoang (0 ; +o0) va

-

2 5
jﬁdx = %.1-3 +C.

b) Ham s6 g(x) = — 3 ¢6 nguyén ham trén timg khoang (kn ; (k + D)m)
sin“ x

(ke Z) va

I l dy = —cotx + C.

. 2
sin- X

4. Bang nguyén ham cia mét sé ham sé thudng gap

5
}% Lap bang theo mau dudi day réi diing bang dao ham trang 77 va trong SGK Pai s6
va Giai tich 11 dé dién cac ham sé thich hgp vao cot bén phai.

T T L

a‘lna (@a>0,a#1)

COSXY

—SIny

2
Cos™ X

|

e
s5mn X
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Tir bang cdc dao ham, ta ¢é bang nguyén ham sau day.

x l
J‘um—:c:‘ ja-fdr=—‘i-+c(a>o.a¢n
Ina
jdx =x+C Icos xdy =sinx+ C
_‘-.tadx = P L e (a=—1) Isinxd,r =—cosx+C
a + 1 -
1 1
J-—d_r & lnl.t‘| +C f 5 dy =tanx + C
X COs" X
. . 1
.I-f“dx =e* +C I 5 dyv = —cotx + C
sin” x
Vidu 6. Tinh :
a) || 2x% +

- i? JCL\' trén khoang (0 ; +) ;
Vx* .

b) _[(3::051 -3 N)dx treén khoang (- ; +x).
Giai

a) Vi x € (0 ; +o) ta co

.'2v¢‘?‘+L

Jd:c =2 I.t'zdr 3 _[.r_-%ch'

1
= %1-3 +33 +C = %f’ +3¥x +C.

b) Véix € (—wo ; +) tacd

I{3 cosx — 3 Ndx = 3_[-‘:05 xdx — % _[ 3'dx

3¥ ‘ x—1i
—+(C =3sinx — 2

-l- + C.
3In3 In3

= 3sinx —
CHU Y

Tir day, yéu cdu tim nguyén ham clia mot ham s6 duoce hiéu 1a
tim nguyén ham trén timg khoang xdc dinh cta né.
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[I — PHUONG PHAP TINH NGUYEN HAM

1. Phuong phap déi bién s6

a) Cho _[u-- D' dy . D&t w=x— 1, hay vigt (x—1)'°dr theo u va du.

b) Cho ‘[Mm—. Dt x=¢ . hay vist X dx theo r va dr.
X X
DPINH LI 1

Néu _[j't’u]du = F(u) + C va u = u(x) la ham s6 c6 dao ham

lién tuc thi

If{n(.r))u‘{.t‘)d.r = F(u(x)) + C.

Chitng minh. Theo cong thitc dao ham cua ham hop, ta ¢
(Fu(x))' = F'(u)a'(x).
ViF'(u)=flu)=fulx)) nén (F(u(x)))' = flu(x))u'(x). &
Nhur vay, cong thiic j-f{u}du = F(u) + C ding khi u 14 bién s6 doc lap thi
cting dung khi u 1a mot ham sé cha bién s6 doc lap x.
HE QUA

Vaiu=ax+ b(a=0),taco

If(a.t + b)dy = lF{cL\' +b)+C.
a

Vidu 7. Tinh |sin(3x — [)dux.
Giai. Vi jsin udu = —cosu + C nén theo hé qua ta cé
Isin(S.t - Ddx = —%cos(?».r -1 +C.
CHUY
Néu tinh nguyén ham theo bién ma&i u (v = u(x)) thi sau khi

tinh nguyén ham, ta phai tro lai bién x ban diu bang cich thay
u boi u(x).
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X

Vi du 8. Tinh j —dx.
(x + 1)
Giai. Patu=x+1thiu' =1 vA — dv dugc viét thanh ~ _,; : du . Khi do,
(x+ 1) u

nguyén ham c¢én tinh trd thanh

IH ; ] du = J(li = %]d:; = [u*du - _[u_f'du = —

It It W,

Thay u = x + | vao két qua. ta dugc
X |
2 g LJLL Mg
(x +1) e+ D\ x4+l 3

2. Phuong phap tinh nguyén ham tirg phan

7
Taco (xcosx) =cosx—xsiny
hay —XSinx = (xcosx) —cos.x.

Hay tinh jf_\'cus.rl'd:.' va J‘cus xdy. Turdo tinh j.rsin B

DINH Li 2

Néu hai ham s6 u = u(x) va v = v(x) ¢6 dao ham lién tuc
trén K thi

Iu{.r)v'(,r)dr = u(x)vix) — Iu‘(,r}m'{.t‘]d.i:.

Ching minh. Tit cong thitc dao ham cta tich
((x(x))" = w'(xX)v(x) + ul(x)v'(x)

hay (x)'(x) = (u(x)v(x)) — u'(x)v(x),

ta co Iu{.rh"(x]dr =‘[(u{71')1'(.r)}'dr ~ju'[,1')1'{.r]d.r.

Viy _[H(.th"[_r]dt = u(xwv(x) — J.u‘(.rjr{x)c[r. ki
CHU Y

Vi v'(x)dx = dv, u'(x)dx = du, nén dang thic trén con duoc
viét 0 dang

judv = uy — I\’drs.

D06 1a cong thife tinh nguyén ham timg phan.
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Vi du 9. Tinh
a) J','L'["rlil': b) I.x‘cus.rctx; c) Iln.td.r.

a)Patu=xva dv=e"dx, tacé du =dx vd v =¢". Do dé
I.re"‘d.*: = xe’ — fe"'dr = xe* —e* +C.

b)Pat u=xva dv =cosxdy, tadugc du =dx va v =sinx. Vay

‘[xcus xdx = xsinx— |sinxdx

hay _[xcus xdx = xsinx + cosx + C.

Inx, dv=dx, taco du = chr viv=x. Dodd
X

c) bat u
Iln.rd.r =xlnx - Id.t =xlnx—-x+C.

8
% Cho P(x) 1a da thifc clia x. Tir Vi du 9, hay 1ap bang theo mau dudi day rdi dién u va
dv thich hap vao 6 tréng theo phudng phap tinh nguyén ham tiing phan.

IP{ x)etdy IP{.’L‘] cos xdy IPI{ x)In xdx
T Pix)
d'l' [-".:li‘.'
Bai tap

1. Trong céc cap ham s6 dudi day, ham s6 nao la mot nguyén ham cua ham
sd con lai ?

9 3 # » = .1.
a)e " Vi —e b) sin2x vasin'x;

2
c)[l - 3] e’ vi (1 - i]e*f.
X X

2. Tim nguyén ham cua cdc ham s0 sau :

X J 12.'.' - I.
a) fix) = %ﬂ - D =
X [
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A= ———F— d) f(x) = sin5x.cos3x ;
sin".\'.caszx
e) flx) = tan"x g2)filx)= gz
1
h) fix) = ;
) fx) (1+ x)(1—-2x)

Sit dung phuong phdp déi bién s6, hdy tinh :
a) j{l - ,l‘}g dx(datu=1-x);

3
b) [x(1+x%)2dx (dat u =1 +x%) ;

c) 0053,tsinxd,x' (dit ¢ = cosx) ;

d) I . d.r. (datu = e* + 1).
ef+e "t +2

St dung phuong phép tinh nguyén ham timg phdn, hay tinh :
a) I.\: In(1 + x)dx; b) J-(.l'z + 2x — De*dx;

c) I.rsin[lr + Ddx ; d) J-(I - .L‘jcos,r dx.



