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ANNOTATSIYA

Magqola olimpiada tanlovlaridagi aniq integrallarni hisoblashning umumiy va
xususiy hollariga qaratilgan. Maqolada toq funksiyalar orqali hisoblash, integralni
integrallar yig’indisiga ajratish bilan, integralni yangi o’zgaruvchi kiritish usullari
bilan hisoblash ko‘rsatilgan.

AHHOTAIUA

CraTpst IOCBsIIIIEHA OOLIUM M YaCTHBIM CIy4YasM BBIYHMCICHUS OMPEAETEHHBIX

HHTCTPAJIOB B OJIMMIIMAAHBIX KOHKYpPCax. B crathe mokazaHo BBIYMCIICHUE qcpe3
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He4YETHBIC (DYHKIMM, pa3lioKEHUE HWHTErpajga Ha CyMMY HMHTETPAJIOB, a TaKKe
BBIYHCIICHHE MHTErpajia C UCIOJIb30BaHMEM METOJIOB BBEICHHSI HOBOW MIEPEMEHHOM.

ANNOTATION

The article is devoted to the general and specific cases of calculating definite
integrals in olympiad competitions. The article demonstrates calculation through
odd functions, by breaking the integral into a sum of integrals, and by using
methods involving the introduction of a new variable.

Tayanch so’zlar: Aniq integral, Nyuton-Leybnis formulasi, toq funksiya,
differensial, topmoq, chegaralangan, ko’phad, ayniyat, umumiy ko’paytuvchi,
argument, yechim, bajarmoq, almashtirmoq.

KuroueBbie ciioBa: OnpeaenéHusiili unrerpan, popmyna Herorona-JleliOuuia,
Heu€THas QyHKIUsA, auddepeHiman, HaXoIuTh, OTPAHUYCHHBIN, MPOU3BEICHHE,
TOXKJIECTBEHHOCTb, 00U MHOXKHTEIb, apTyMEHT, PEIICHUE, BHITIOIHATh, 3aMCHSITh.

Keywords: Definite integral, Newton-Leibniz formula, odd function,
differential, to find, bounded, multiple, reciprocal, common factor, argument,

solution, to perform, to substitute.

KIRISH

Matematika, fizika, mexanika va boshqa fanlarda tadqiqotlar olib borishning
eng yaxshi vositalaridan biri aniq integraldir. Egri chiziglar bilan chegaralangan
yuzalarni, yoylarning uzunliklarini, hajmlarni, ishni, tezlikni, yo’lni, inersiya
momentlarini hisoblash aniq integralni hisoblashga keltiriladi.

Matematika fan olimpiadalarida berilgan ba’zi aniq integrallarni funksiya
xossalaridan foydalangan holda hisoblash mumkin.

Aniq integral ostidagi funksiya, toq funksiya bo‘lsa, u holda

j J()de=0,  f(=x)==f(x), (1)

tenglikdan foydalanamiz.
I

1-misol. jx2 In(x ++ X+ 1)dx aniq integralni hisoblang.

-1
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Yechish. Bu integral ostidagi funksiya toq funksiya ekanligini ko’rsatib
hisoblaymiz.

f(=x)= ('—x)zhl(—,x‘+\/('—x)72+1) - ln[ (v~ +1\/—;1lx/x“ +1+x) | _
Y+l +x

N ) 1 > ,
=X h{ﬁ] =X h{q] =—x"In(x+vx +1)=—-7f(x)
R v +14+x
]
Integral ostidagi funksiyaning togligidan, sz In(x +Vx* +1)dx =0, ga teng.

-1

2008
2-misol. j x-(x—4)-(x—=8)...-(x—2008) - dx integralni hisoblang.
0
Yechish. Aniq integralni hisoblash uchun, quyidagicha belgilash kiritib, yuqoridagi
(1) dan foydalanib, toq funksiyaga keltiramiz.

2008 y=x-1004
[ % =4y (x=8)... (x=2008) dy = |dhv =y _
° _1004 < y <1004
1004
= j (3 +1004)- (3 +1000) ... -(y +4)- ¥ -(¥ =4)-...- (¥ =1000) - (y ~1004) - dy =
—1004
1004
= j (J:_1004:)(J:_1000:)(}:_4:)_]sz0
~1004
Integralning qiymati nolga teng ekan.
3.1.? : dx,  integralni hisobl b da @(—x)=—-¢(x)
-misol. »  integralni hisoblang, bu yerda @(—X)=—
701"‘@()()4-\/% & g y
ga teng.

Yechish. Aniq integralni hisoblashda berilgan shartlardan foydalanib hisoblaymiz.
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I+ Jl+@0*(x) —@(x)  1+l+ 0 (x)+ o(x)
I+ Jl+ 0 (x) +o(x) + 1+ 1+ @7 (x) - @@)dyj

_I_
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4-misol. _[ ; -
S+ +41+x

1

(1+\/1+cof(x)) ()

1

\/7 dx integralni hisoblang.

[ 1

dx+ dx=

}[l-l—g,o(x) + 1+ (%)

dx =

dx =

2+2m£ﬁ::‘[1dx:0-
0

‘_lz 1+ ()

Yechish. Bu yerda, birinchi qo’shiluvchida X =—X deb olib ikkinchi integral o’zini
yozib, quyidagicha hisoblaymiz.

L

J.11+\ +1+x°
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Ma’lumki,

=+ A1+

1

dx +

0

dy = J dx+

11+\ +1+x°
) L+ +\/1+1

1

l=x" +/1+x°

1+x° +4/1+2°

+ }dx =
14+ x° +41+2°

(1+ 1+x6)h—x6

1

3 6 L
+1-x"++1+x dx:'[

1 a:I

l+a

= =
l+a’ l1+a l+a

integralni oson hisoblash mumkin.

5-misol. J

1

1

° (e +1)(1+x%)

dx integralni hisoblang.

24+ 241+ x°
0 2+ 241+ x°

1

1
dy=
SRS UL RS

dx :jldx: 1.

tenglikdan ham foydalanib
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1 1

Yechish. Yuqoridagi + -=1 ayniyatdan, foydalanib, integralni qiymatini

l+a l1+a
topamiz.
1 1 L 1
j x 2 dx =j —x 2 dx +J. x 2 d
e+ D(l+x7) e+ DI +x7) (e"+D)(1+x7)
1 1
S j( ] L
(e +D)(1+x7) (e +1(1+\ g e*+1 e +1) 1+

!
i

0

dx =

e | L

+ —dx
' +1 e*+1} 14y

(1
J —dx = arctgx

=arctgl —arctg( = Z

1+ x° 0
2019 1
6-misol. 1o dx integralni hisoblang.
-2019
Yechish. Berilgan integralni quyidagicha yozib hisoblash mumkin.
2024 l 0 2024 2024 2024 l

J o = J T j [ = j TE J o

2024 -2024 0
2024

2024 2024 _
1 1 2427 4 T
- j( i )a{x: | RN d = | 1dx =204
1+27  1+27 2427 42T g

0

7-misol. ( cos’(cos x) + sin’(sin x)) Jy integralni hisoblang.

S Cm——t0 | N

Yechish. Bu integralni hisoblashda j _ (COS2(COS x)+sin’(sin x)) dx deb olib,

o —_ o[

x= % ~ belgilash kiritib olamiz, bu yerda sin(% —y)=cosy, cos(% —y)=siny

ga teng.
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(cosz(cosx) +sin”(sinx) )dx

I

I
=
I
|
=

2 ;'T 7 ;’T )
(COS" (cos(=—)) +sin(sin——y) laﬁ =
\ = /

)

l
= e A
S o |

(cosz (sin )+ sin’ (cos ) Jdy =

(1 —sin’(siny) +1-cos’ (cos y) ) dy =

v

[
= B
= ]

(sin2 (sin y) +cos”(cos ¥) )dl

2dy -

= L
e

(sinz(sin ¥) +cos’(cos y))dy

= R

2
Berilgan integral J.<cos2 (cosx)+sin’(sin x))dx va
0
larning qiymati o’zgaruvchiga bog’liq emas, demak ularning qiymatlari bir xil ya’ni

[ ga teng. Oxirgi tenglikdan

ce—io

2y-1, =2l =1, :»1:%

Berilgan integralni qiymati % ga teng.
XULOSA

Magolada olimpiada tanlovlaridagi aniq integrallarni hisoblashning umumiy va
xususiy hollari keltirilgan. Toq funksiyalar orqgali hisoblash, integralni integrallar
yig’indisiga ajratish yoki yangi o‘zgaruvchi kiritish usullari bilan hisoblash yo‘llari
ko‘rsatilgan. Yuqoridagi usullardan foydalanib aniq integrallarni hisoblash,

o‘ylaymizki, matematika ixlosmandlariga foydali bo‘ladi.
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