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1. Nvuton-Leybnits formulasi.
Anig integrallarni integral vig'indining limiti sifatida bevosita hisoblash
- ko’p hollarda juda giyin. uzog hisoblashlamni talab giladi va amalda juda kam

go’llaniladi. Integrallarni topish formulasi Nyuton-Levbnits teoremasi bilan
beriladi.

Teorema. Agar Fix) funksiva fix) funksivaning [a b] kesmadagi
boshlang’ich funksivasi bo’lsa. u holda anig integral boshlang’ich funksivaning
integrallash oralig’idagi orttirmasiga teng. ya’ni

{ f (x)dx = F(b) - F(a) n

(1)tenglik Nyuton-Leybnits formulasi deviladi.



1. Provided you can find an antiderivative of f, you now have a way to evaluate
a definite integral without having to use the limit of a sum.

2. When applying the Fundamental Theorem of Calculus, the following notation
is convenient.

b b
J flx) dx = F{I}:|
= F(b) — Fla)
For instance, to evaluate [ x* dx, you can write
A 473 Il 4
sy X3 1 _81 1 _
L Cdx =G| =T =T =T -0

3. It is not necessary to include a constant of integration C in the antiderivative
because

J:bf{x} dy = [F{x] + C]

)

f

_ [Fb) + €] - [F(@) + C]
= F(b) — Fla).
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Isboti. Fx) funksiva fix) funksivaning biror boshlang’ich funksiyasi bo’lsin.

u holda 1-teoremaga ko’ra j J@Odt gyvsiva ham fx) funksivaning boshlang’ich

funksivasi bo’ladi. Berilgan funksivaning ikkita istalgan boshlang’ich funksivalari
bir-biridan o’zgarmas C go’shiluvchiga farq giladi. va'ni Fyx)=Fx)+C.
Shuning uchun:

| fydt=F(x)+c
C-0’zgarmas migdorni aniglash uchun bu tenglikda x=a deb olamiz:

T f(t)dt=F(a)+C j F(O)dt =0

bo’lgani uchun F(a)+C=0. Bundan. S=-F(a). Demak, jf (dt = F(x)-F(a)



Endi x=>b deb Nyuton-Levbnits formulasini hosil gilamiz:
B
| fodt = F(b)-Fla
voki integrallash o’zgaruvchisini x bilan almashtirsak:
B
| frydx = F(b)-F(a)

Fi{b)-F(a)=F(x). belgilash kiritib, oxirgi formulani go’yidagicha gavta yozish
mumkin:

b

j fix)dx = Fx)|” = F(b)-F(a)

o

Teorema isbotlandi.



Integral ostidagi funksivaning boshlang’ich funksivasi ma’lum bo’lsa. u
zolda Nyvuton-Levbnits formulasi aniq integrallarni hisoblash uchun amalda qulay
usulni beradi. Fagat shu formulaning kashf etilishi anig integralni hozirgi zamonda
matematik analizda tutgan o’mnini olishga imkon bergan. Nyuton-Leybnits
formulasi anig integralning tatbiqi sohasini ancha kengavtirdi. chunki matematika
bu formula yordamida xususiy kurinishdagi turli masalalarni vechish uchun
umumiy usulga ega bo’ldi.



Misollar.

¢ : - o
1) I T = arctgx|, = arcigl—arcig0 = 1
0

1+ x

NS
2) J}% EJLd(1+ )—lf(luli' d(1+x*) =(1+x> )1|I_
=J9-J1=3-2=1

4

2 1 .
3) _[5111 .rdx——_[(l cnszx)dx——(_r_—smzx)p__
0

2




2. O’zgaruvchini almashtirish.

b
Bizga .[ J (x)dx aniq integral berilgan bo’lsin. bunda fx) funksiva [a, b]

kesmada uzluksizdir.

b g(b)
[ (gNg ()ax = [ f(u)du
a g(a)
Aniq integral (2) formula bo’yicha hisoblaganda vangi o’zgaruvchidan eski
o’zgaruvchiga gaytish kerak emas, balki eski o’zgaruvchining chegaralarini
kevingi boshlang’ich funksivaga qo’vish kerak.

THEOREM 4.15 CHANGE OF VARIABLES FOR DEFINITE INTEGRALS

If the function v = glx) has a continuous derivative on the closed interval
[a, b] and fis continuous on the range of g, then

glb}

b
J Flglx)g (x) dx = flu) du.

gl
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MNisollar.

1) .[ v 4+ 1 integralni hisoblang.

Yechish. x+1=u? deb almashtirsak, x=u-1. dx=2udu bo’ladi.

Integrallashning vangi chegaralari: x=3 bo’lganda =2.
x=8 bo’lganda v=3 u holda:

a8 3 2 3 3
xdx (t° —1D2udu 5 1 5 2 32
= =2 —1Ddu =2(— — =2(6—--)=":
! | [ @ ~Du =2~ ;=26 -) ==

f-ﬁe’.alc+l_1 t S

1
2
2) | V1—x?ax integralni hisoblang.
L]

Yechish. x=sinu deb almashtirsak. dx=cosudu. 1-x’=cosiu bo’ladi.

Integrallashning vangi chegaralarini aniglaymiz: x=0 bo’lganda u=0
x=1 bo’lganda u=m2
U holda:

T2 :'r-"l x/2

1
Iqﬁl—xldx _[cns udu—— I(I+c052udu——(u +%5m2u)

0

0



3. Aniq integralni bo’laklab integrallash.
Faraz qilaylik. u(x) va v(x) funksivalar [a. b] kesmada differensiallanuvchi

funksiyalar bo’lsin. U holda: (uy)=uv+uy

Bu tenglikni ikkala tomonini a dan b gacha bo’lgan oraligda integrallaymiz.
b b b

I (uv)'dx = I u'vdx + I uv 'dx
il L)

a

(3)

Lekin I(Hv)’dx = uv + C po’leani sababli

j(uv)’dx = qu



Demak, (3) tenglikni go’vidagi ko’rinishda yozish mumkin:

b &

B
uv| = It’du + Iudv
a a
Bundan
b b
Iudv =uv| —jvdu @
a o
Bu formula anig integralni bo’laklab integrallash formulasi deyiladi.
L w=flxl v=pglx
F=gihl \\
r=gla)
p=fla) 4=1)
Arca + Area = g5 — pr

£ " (g5}
J v + J v = [qu _
. a [ prrl
x {5l il
wdv = [ur] - v i
[ Ll o



Misol.

1
1) | arctexds integral hisoblansin.
L]

‘ — arctgx du=—%_ [_xdx
_[arcrgxdx: u=dreigr au= 1+ 2| = xarctex|, —I s =arctgl —
0 v = dx v =y s l+x

lm(nxl]l 7 Lo
2 0" 4 2

1
2) | xe™dx integral hisoblansin.
0

1 1
_ H=x du = dx o _ _ o
jxe “dx = . _|=—xe I| +je dx=—e'—e*| =
5 dv=e"dx v=-e o0 9 0
_ ~ 2
=—e —el+1=1-=;
e

Izoh: Ba’zi integrallarni hisoblashda bo’laklab integrallash formulasini bir
necha marta go’llash mumkin.



1
3) I{, arcsinXax jnteral hisoblansin.

Evaluate J’ arcsin x d.
i

Solution Let dv = dx.
dv = dx —> v=jdx=x

= arcsiny [ dy=—m——dx

Integration by parts now produces

Integration by parts
ju dv = ny = J1= du - YP

formula

. . x )
J. arcsin x dx = xarcsinx — fﬁ dx Substitute.
— X

= yarcsin x + %J’ (1 — x2)~ V2 (= 2x) dx Rewrite.

= X ﬂ]’CSil’l x4+ | — Il + . Integrate,



Using this antiderivative, you can evaluate the definite integral as follows,

| 1 .
J. arcsin x dyx = [r arcsin x + m]
(0

0

T
> 1
= (1.571

The area represented by this definite integral 1s shown in Figure 8.2,




1 | =
e
(o
e

The area of the region 1s approximately

0.571.
Figure 8.2
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