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ANNOTATSIYA: Ushbu maqolada Koshi yadroli singulyar integralni 

Bernshteyn ko’phadi yordamida taqribiy hisoblash usuli ko’rib chiqilgan .Singulyar 

integral  ∫
𝑓(𝑥)

𝑥−𝑡

1

0
𝑑𝑥, 𝑡 ∈ (0,1)   shaklida berilgan bo’lib , 𝑥 = 𝑡 nuqtasida uzilish 

mavjud .Misol sifatida 𝑓(𝑥) = 𝑥2 + 2         funksiya olinib [0,1] oraliqda besh 

bo’lakka bo’linadi va har bir nuqtadagi qiymatlar asosida Bernshteyn polinomi 

quriladi.Nyuton binom formulasidan foydalanib integral yig’indisiga ajratiladi va 

alohida hisoblanadi.Taqribiy natija 
5

6
  ga teng bo’lib ,Koshi bosh qiymati bilan 

yaxshi mos keladi .Ushbu yondashuv singulyar integrallarni amaliy va ishonchli 

hisoblash imkonini beradi.                                                                                               Kalit 

so’zlar: Singulyar integral, Bernshteyn ko‘phadi, Nuyuton binom formulasi. 

Quyidagi integralni qaraymiz: 

𝑆(𝑡) = ∫
𝑓(𝑥)

𝑥 − 𝑡

1

0

𝑑𝑥, 𝑡 ∈ (0,1).                                     (1) 

Agar 𝑥 = 𝑡 bo‘lsa integral ostidagi funksiya uzilishga ega, shuning uchun, 

odatda bu integral singulyar integral deyiladi. Ma’lumki, 𝑡 nuqta integrallashning 

chetki nuqtalariga teng bo‘lmaganda (1) integral mavjud [1]. (1) singulyar 

integralni taqribiy hisoblashni quyidagi misol orqali ko‘rsatamiz. 

 Misol. Soddalik uchun, 𝑓(𝑥) = 𝑥2 + 2  va 𝑡 =
1

2
  deb tanlab 

olib,quyidagi 
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∫
𝑥2 + 2

𝑥 −
1
2

1

0

𝑑𝑥 

singulyar integralni Bernshteyin ko‘phadi yordamida taqribiy hisoblang. 

Yechish. Bu yerda 𝑓(𝑥) = 𝑥2 + 2 funksiya [0,1] oraliqda uzluksiz. Shuning 

uchun bu funksiyani Bernshteyin ko‘phadiga almashtirish mumkin. [0,1] oraliqdagi  

0,
1

5
,
2

5
,
3

5
,
4

5
, 1 

nuqtalar yordamida besh bo‘lakka bo‘lamiz va bu nuqtalardagi  𝑥2 + 2 

funksiyaning qiymatlarini hisoblaymiz 

𝑓(0) = 2, 𝑓 (
1

5
) = (

1

5
)
2

+ 2 =
51

25
, 𝑓 (

2

5
) = (

2

5
)
2

+ 2 =
54

25
, 

𝑓 (
3

5
) = (

3

5
)
2

+ 2 =
59

25
, 𝑓 (

4

5
) = (

4

5
)
2

+ 2 =
66

25
, 𝑓(1) = (1)2 + 2 = 3. 

Bu qiymatlar yordamida Bernshteyin ko‘phadini tuzamiz: 

∑ 𝑓 (
𝑘

5
)𝐶5

𝑘𝑥𝑘(1 − 𝑥)5−𝑘

5

𝑘=0

= 

= 𝑓(0)𝐶5
0𝑥0(1 − 𝑥)5−0 + 𝑓(1)𝐶5

1𝑥1(1 − 𝑥)5−1 + 𝑓(2)𝐶5
2𝑥2(1 − 𝑥)5−2 + 

+𝑓(3)𝐶5
3𝑥3(1 − 𝑥)5−3 + 𝑓(4)𝐶5

4𝑥4(1 − 𝑥)5−4 + 𝑓(5)𝐶5
5𝑥5(1 − 𝑥)5−5 = 

= 2 ∙ 1 ∙ 1 ∙ (1 − 𝑥)5 +
51

25
∙

5!

4! ∙ 1!
∙ 𝑥(1 − 𝑥)4 +

54

25
∙

5!

3! ∙ 2!
∙ 𝑥2(1 − 𝑥)3 + 

+
59

25
∙

5!

2! ∙ 3!
∙ 𝑥3(1 − 𝑥)2 +

66

25
∙

5!

1! ∙ 4!
∙ 𝑥4(1 − 𝑥)1 + 3 ∙ 1 ∙ 𝑥5(1 − 𝑥)0 = 

= 2(1 − 𝑥)5 +
51

5
𝑥(1 − 𝑥)4 +

108

5
𝑥2(1 − 𝑥)3 +

118

5
𝑥3(1 − 𝑥)2 + 

+
66

5
𝑥4(1 − 𝑥) + 3𝑥5. 

 Shunday qilib, [0,1] oraliqda 

𝑓(𝑥) = 𝑥2 + 2 ≈ 2(1 − 𝑥)5 +
51

5
𝑥(1 − 𝑥)4 + 
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+
108

5
𝑥2(1 − 𝑥)3 +

118

5
𝑥3(1 − 𝑥)2 +

66

5
𝑥4(1 − 𝑥) + 3𝑥5. 

 Yuqorida isbot qilgangan teoremaga asosan quyidagi taqribiy formulani 

yozib olamiz: 

∫
𝑥2 + 2

𝑥 −
1
2

1

0

𝑑𝑥 ≈ 

≈ ∫
2(1 − 𝑥)5 +

51
5

𝑥(1 − 𝑥)4 +
108
5

𝑥2(1 − 𝑥)3 +
118
5

𝑥3(1 − 𝑥)2 +
66
5

𝑥4(1 − 𝑥) + 3𝑥5

𝑥 −
1
2

1

0

𝑑𝑥

= 

= 2∫
(1 − 𝑥)5

𝑥 −
1
2

1

0

𝑑𝑥 +
51

5
∫

𝑥(1 − 𝑥)4

𝑥 −
1
2

1

0

𝑑𝑥 +
108

5
∫

𝑥2(1 − 𝑥)3

𝑥 −
1
2

1

0

𝑑𝑥 + 

+
108

5
∫

𝑥3(1 − 𝑥)2

𝑥 −
1
2

1

0

𝑑𝑥 +
66

5
∫

𝑥4(1 − 𝑥)

𝑥 −
1
2

1

0

𝑑𝑥 + 3∫
𝑥5

𝑥 −
1
2

1

0

𝑑𝑥. 

 Endi taqribiy tenglikning o‘ng tomonidagi parametrga bog‘liq bo‘lgan 

integrallarni alohida-alohida hisoblash uchun  

(𝑎 + 𝑏)𝑛 = ∑ 𝐶𝑛
𝑘

𝑛

𝑘=0

𝑎𝑘𝑏𝑛−𝑘 . 

Niyuton-binom formulasidan foydalanamiz. 

(1 − 𝑥)5 = ∑ 𝐶5
𝑘

5

𝑘=0

1𝑘𝑥5−𝑘 = 𝐶5
010𝑥5−0 + 𝐶5

111𝑥5−1 + 𝐶5
212𝑥5−2 + 𝐶5

313𝑥5−3 + 

+𝐶5
414𝑥5−4 + 𝐶5

515𝑥5−5 = −𝑥5 + 5𝑥4 − 10𝑥3 + 10𝑥2 − 5𝑥 + 1. 

(1 − 𝑥)4 = ∑ 𝐶4
𝑘

4

𝑘=0

1𝑘𝑥4−𝑘 = 𝑥4 − 4𝑥3 + 4𝑥2 − 𝑥 + 1, 

(1 − 𝑥)3 = ∑ 𝐶3
𝑘

3

𝑘=0

1𝑘𝑥4−𝑘 = −𝑥3 + 3𝑥2 − 3𝑥 + 1, (1 − 𝑥)2 = 𝑥2 − 2𝑥 + 1.  

Unda  
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∫
(1 − 𝑥)5

𝑥 −
1
2

1

0

𝑑𝑥 = ∫
−𝑥5 + 5𝑥4 − 10𝑥3 + 10𝑥2 − 5𝑥 + 1

𝑥 −
1
2

1

0

𝑑𝑥 = 

= −∫
𝑥5𝑑𝑥

𝑥 −
1
2

1

0

+ 5∫
𝑥4𝑑𝑥

𝑥 −
1
2

1

0

− 10∫
𝑥3𝑑𝑥

𝑥 −
1
2

1

0

+ 10∫
𝑥2𝑑𝑥

𝑥 −
1
2

1

0

− 5∫
𝑥𝑑𝑥

𝑥 −
1
2

1

0

+ ∫
𝑑𝑥

𝑥 −
1
2

1

0

. 

Agar  

∫
𝑥𝑘𝑑𝑥

𝑥 − 𝑡

1

0

= ∫(𝑥𝑘−1 + 𝑡𝑥𝑘−2 + 𝑡2𝑥𝑘−3 + ⋯+ 𝑡𝑘−3𝑥 + 𝑡𝑘−2)𝑑𝑥

1

0

+ 𝑡𝑘−1 ∙ ∫
𝑑𝑥

𝑥 − 𝑡

1

0

= 

= (
1

𝑘
+

1

𝑘 − 1
𝑡 +

1

𝑘 − 2
𝑡2 + ⋯+

1

2
𝑡𝑘−3 + 𝑡𝑘−2) + 𝑡𝑘−1 ∙ 𝐼(𝑡) 

formuladan foydalansak, u holda 

∫
𝑥5𝑑𝑥

𝑥 −
1
2

1

0

= ∫(𝑥4 +
1

2
𝑥3 + (

1

2
)
2

𝑥2 + (
1

2
)
3

𝑥 + (
1

2
)

4

)𝑑𝑥

1

0

+ (
1

2
)
5

∫
𝑑𝑥

𝑥 −
1
2

1

0

= 

= (
1

5
+

1

4
∙
1

2
+

1

3
(
1

2
)
2

+
1

2
(
1

2
)

3

+ (
1

2
)
4

) + (
1

2
)

5

𝐼 (
1

2
) =

8

15
+

1

32
𝐼 (

1

2
) = 

=
8

15
+

1

32
𝑙𝑛|1 − 2| =

8

15
+

1

32
𝑙𝑛|−1| =

8

15
; 

∫
𝑥4𝑑𝑥

𝑥 −
1
2

1

0

= ∫(𝑥3 +
1

2
∙ 𝑥2 + (

1

2
)
2

𝑥 + (
1

2
)
3

)𝑑𝑥

1

0

+ (
1

2
)
4

∫
𝑑𝑥

𝑥 −
1
2

1

0

= 

= (
1

4
+

1

3
∙
1

2
+

1

2
∙ (

1

2
)

2

+ (
1

2
)
3

) + (
1

2
)

4

𝐼(𝑡) =
2

3
; 

∫
𝑥3𝑑𝑥

𝑥 −
1
2

1

0

= (
1

3
+

1

2
∙
1

2
+ (

1

2
)
2

) + (
1

2
)

3

𝐼(𝑡) =
5

6
 ; 

 Bularni e’tiborga olsak, u holda 

∫
(1 − 𝑥)5

𝑥 −
1
2

1

0

𝑑𝑥 = − [(
1

5
+

1

4
∙
1

2
+

1

3
(
1

2
)
2

+
1

2
(
1

2
)

3

+ (
1

2
)
4

) + (
1

2
)
5

𝐼 (
1

2
)] + 
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+5 [(
1

4
+

1

3
∙
1

2
+

1

2
(
1

2
)

2

+ (
1

2
)
3

) + (
1

2
)
4

𝐼(𝑡)] − 10 [(
1

3
+

1

2
𝑡 + 𝑡2) + (

1

2
)
3

𝐼(𝑡)]

+ 

+10 [(
1

2
+

1

2
) + (

1

2
)
2

𝐼 (
1

2
)] − 5 [1 +

1

2
𝐼 (

1

2
)] + 𝐼 (

1

2
) = −

8

15
+

1

32
𝑙𝑛|−1| + 

+5 ∙
2

3
− 10 ∙

5

6
+ 10 − 5 =

5

6
. 

 Shunday qilib, 

∫
𝑥2 + 2

𝑥 −
1
2

1

0

𝑑𝑥 ≈
5

6
. 

Bu maxsus integral koshining bosh qiymati ma’nosida mavjud bo‘lganligi 

uchun, uni quyidagicha hisoblash mumkin: 

𝑣. 𝑝.∫
𝑥2 + 2

𝑥 −
1
2

1

0

𝑑𝑥 = lim
𝜀→0

(

 
 

∫
𝑥2 + 2

𝑥 −
1
2

1
2
−𝜀

0

𝑑𝑥 + ∫
𝑥2 + 2

𝑥 −
1
2

1

1
2+𝜀

𝑑𝑥

)

 
 

= 

= lim
𝜀→0

[
 
 
 
 

∫ (𝑥 +
1

2
+

3

𝑥 −
1
2

)

1
2−𝜀

0

𝑑𝑥 + ∫ (𝑥 +
1

2
+

3

𝑥 −
1
2

)𝑑𝑥

1

1
2+𝜀 ]

 
 
 
 

= 

= lim
𝜀→0

[(
𝑥2

2
+

1

2
𝑥 + 3𝑙𝑛 |𝑥 −

1

2
|)

0

1
2
−𝜀

+ (
𝑥2

2
+

1

2
𝑥 + 3𝑙𝑛 |𝑥 −

1

2
|)

1
2
+𝜀

1

] = 

= lim
𝜀→0

{
(
1
2 − 𝜀)

2

2
+

1

2
(
1

2
− 𝜀) + 3𝑙𝑛 |

1

2
− 𝜀 −

1

2
| − 3𝑙𝑛 |−

1

2
|} + 

+lim
𝜀→0

{
1

2
+

1

2
+ 3𝑙𝑛 |

1

2
| −

(
1
2 + 𝜀)

2

2
−

1

2
(
1

2
+ 𝜀) − 3𝑙𝑛 |

1

2
+ 𝜀 −

1

2
|} = 

= lim
𝜀→0

{−
𝜀

2
+ 3𝑙𝑛

𝜀

𝜀
+ 3𝑙𝑛 |

1

2
| + 1 −

𝜀

2
− 3𝑛 |

1

2
|} = 1. 
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