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ɊȻɌɍɎɐɉȽ əɫɣɤ ɏɠɦɣɥɬɩɝɣч, 
ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ,  

ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɉɨɥɨɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
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ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɉɨɥɨɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
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ȼɢɬɟɛɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

ɝ. ȼɢɬɟɛɫɤ, Ȼɟɥɨɪɭɫɫɢɹ 
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ȿɆɚ ɊɆɉɍɈɉɌɍɃ ɋȻɌɊɋɀȿɀɆɀɈɃɚ ɌɍɗəȿɀɈɍȻ 

 
 

Аɧɧɨɬɚɰɢɹ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɧɚɯɨɠɞɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɋɬɶɸɞɟɧɬɚ ɫɬɭɩɟɧɱɚɬɵɦɢ ɮɭɧɤɰɢɹɦɢ ɧɚ ɤɨɧɟɱɧɨɦ ɢɧɬɟɪɜɚɥɟ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɚɥ-
ɝɨɪɢɬɦ ɢ ɦɟɬɨɞ, ɡɚɦɟɧɹɸɳɢɣ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨɣ ɮɭɧɤɰɢɟɣ, 
ɹɜɥɹɸɳɟɣɫɹ ɧɚɢɥɭɱɲɢɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɜ ɦɟɬɪɢɤɟ ɤɜɚɞɪɚɬɢɱ-
ɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɜɬɨɪɚɦɢ ɦɟɬɨɞ ɱɢɫɥɟɧɧɨɝɨ ɧɚɯɨɠɞɟɧɢɹ 
ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɫɬɭɩɟɧɱɚɬɵɦɢ ɮɭɧɤɰɢɹɦɢ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɧɬɟɝɪɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ, ɚɜɬɨɦɚɬɢɤɚ, ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜ-
ɧɟɧɢɹ, ɫɠɚɬɢɟ ɞɚɧɧɵɯ, ɧɚɢɥɭɱɲɢɟ ɩɪɢɛɥɢɠɟɧɢɟ ɮɭɧɤɰɢɢ, ɬɨɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ, ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ, 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɭɫɥɨɜɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ, ɭɪɚɜɧɟɧɢɹ ɗɣɥɟɪɚ-Ʌɚɝɪɚɧɠɚ, ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 
ɗɣɥɟɪɚ-ɉɭɚɫɫɨɧɚ. 
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QUANTIZATION LEVELS – CALCULATION OF THE SMALLEST DEVIATION  
FOR THE STUDENT'S DISTRIBUTION DENSITY 

 
 

Annotation. A method is proposed for finding the best approximation of the Student's distribution density 
by stepwise functions over a finite interval. In this paper,an algorithm and a method are proposed that replaces 
the Student's distribution function with a piecewise constant function, which is the best approximation of the  
Student's distribution density in the metric of quadratic deviation The method previously developed by the authors 
for numerically finding the Student's distribution density on a set of step functions is used. 

Key words: integral equations numerical methods, automation, difference equations data compres-
sion, best approximation of a function, precise calculations, numerical methods, mathematical models, opti-
mality conditions,Euler-Lagrange equations,Euler-Poisson system of equations. 
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1.  ȼɜɟɞɟɧɢɟ. 

ɇɨɜɵɦ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɧɚɯɨɠɞɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɬɭɩɟɧɱɚɬɵɯ ɮɭɧɤɰɢɣ ɧɚ ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ. 

2.  Ʉɜɚɧɬɨɜɚɧɢɟ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɜ ɦɟɬɪɢɤɟ ɤɜɚɞɪɚɬɢɱɧɨɝɨ 
ɨɬɤɥɨɧɟɧɢɹ. 

Ɋɚɛɨɬɚ ɢɡɧɚɱɚɥɶɧɨ ɜɨɡɧɢɤɥɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɜ ɚɥɝɨɪɢɬɦɚɯ ɫɠɚɬɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɟ-
ɜɟɪɨɹɬɧɨ ɛɨɥɶɲɨɝɨ ɩɨɬɨɤɚ ɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ɂɡ-ɡɚ ɱɪɟɡɜɵɱɚɣɧɨɝɨ ɩɟɪɟɩɨɥɧɟɧɢɹ ɞɚɧɧɵɯ, ɤɨɬɨɪɨɟ ɧɟ-
ɜɨɡɦɨɠɧɨ ɩɟɪɟɞɚɜɚɬɶ, ɧɚɩɪɢɦɟɪ, ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢ ɫɴɟɦɤɟ ɫɨ ɫɩɭɬɧɢɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ (ɫ ɨɱɟɧɶ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ) ɰɢɮɪɨɜɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɫɢɥɭ 
ɷɬɨɝɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɩɪɢɯɨɞɢɬɫɹ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɧɟ ɜ «ɩɪɹɦɨɦ» – ɢɡɧɚɱɚɥɶɧɨɦ ɜɢɞɟ, ɚ ɩɪɢɛɥɢɠɚɬɶ  
ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɱɚɫɬɤɚɯ ɧɟɤɨɬɨɪɵɦ ɧɚɛɨɪɨɦ ɡɚɞɚɧɧɵɯ ɱɢɫɥɨɜɵɯ ɡɧɚɱɟɧɢɣ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɞɢɫɤɪɟɬ-
ɧɵɯ ɭɪɨɜɧɟɣ), ɢɡ-ɡɚ ɱɟɝɨ ɩɪɢ ɬɚɤɨɦ ɦɟɬɨɞɟ ɩɟɪɟɞɚɱɢ, ɟɫɬɟɫɬɜɟɧɧɨ, ɜɨɡɧɢɤɚɟɬ ɨɲɢɛɤɚ ɩɪɢɛɥɢɠɟɧɢɹ (ɹɪɤɨ-
ɫɬɢ ɩɢɤɫɟɥɟɣ). Ɂɚɞɚɱɚ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ (ɭ ɩɟɪɟɞɚɸɳɟɣ ɫɬɨɪɨɧɵ) ɫɨɫɬɨɢɬ, ɤɨɧɟɱɧɨ, ɜ ɬɨɦ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ 
ɬɚɤɨɝɨ ɜɵɛɨɪɚ ɷɬɢɯ ɡɧɚɱɟɧɢɣ, ɱɬɨɛɵ ɨɲɢɛɤɚ ɛɵɥɚ ɤɚɤ ɦɨɠɧɨ (ɧɚɫɤɨɥɶɤɨ ɜɨɡɦɨɠɧɨ) ɦɟɧɶɲɟ.  

Ɍɨɱɧɨ ɬɚɤɚɹ ɠɟ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɭ ɬɟɯ, ɤɬɨ ɩɪɢɧɢɦɚɟɬ ɩɟɪɟɞɚɜɚɟɦɵɟ ɞɚɧɧɵɟ (ɩɪɢɧɢɦɚɸɳɟɣ ɫɬɨ-
ɪɨɧɵ) – ɢɦ ɧɭɠɧɨ ɢɡɜɥɟɱɶ ɢɡ ɩɟɪɟɞɚɧɧɵɯ ɭɠɟ ɫ ɨɲɢɛɤɨɣ ɞɚɧɧɵɯ ɢɧɮɨɪɦɚɰɢɸ, ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɨ  
ɩɪɢɛɥɢɠɟɧɧɭɸ ɤ ɢɫɯɨɞɧɵɦ (ɟɳɟ ɧɟ ɨɛɪɚɛɨɬɚɧɧɵɦ ɧɢɤɚɤɢɦɢ ɦɟɬɨɞɚɦɢ) ɞɚɧɧɵɦ. Ɂɞɟɫɶ ɩɪɢɦɟɧɹɟɬɫɹ  
ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɤ ɫɠɚɬɢɸ-ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɤɚɤ ɢ ɜ ɜɵɲɟ ɨɩɢɫɚɧɧɨɦ ɫɥɭɱɚɟ ɬɪɟɛɭɟɬ ɫɩɟ-
ɰɢɚɥɶɧɨɝɨ ɩɨɞɛɨɪɚ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɣ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɭɪɨɜɧɟɣ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ) ɞɥɹ ɧɚɢɦɟɧɶɲɟɝɨ 
(ɦɚɤɫɢɦɚɥɶɧɨ ɦɟɧɶɲɟɝɨ) ɢɫɤɚɠɟɧɢɹ ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɉɨɦɨɱɶ ɪɟɲɢɬɶ ɷɬɢ, ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ 
ɡɚɞɚɱɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢɹɜ ɧɚ ɦɢɧɢɦɢɡɚɰɢɸ ɤɨɧɟɱɧɨɣ ɨɲɢɛɤɢ (ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɞɜɭɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɠɚɬɢɹ, ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ) ɩɨɦɨɝɚɟɬ ɩɨɢɫɤ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɮɭɧɤɰɢɹɦɢ-

ɫɬɭɩɟɧɶɤɚɦɢ ɫ ɧɚɢɦɟɧɶɲɢɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ ɨɬ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 
Ɇɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɞɥɹ ɩɨɢɫɤɚ ɡɚɥɟɠɟɣ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ (ɧɚɩɪɢɦɟɪ, ɧɟɮɬɢ ɢ ɝɚɡɚ).  

Ɉɩɪɟɞɟɥɟɧɢɟ. ɉɭɫɬɶ n . Ɏɭɧɤɰɢɹ )(];[: babafn   ɧɚɡɵɜɚɟɬɫɹ n ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨɣ 
(ɢɥɢ n-ɫɬɭɩɟɧɶɤɨɣ) ɧɚ b][a, , ɟɫɥɢ 121 ...  nxxx  ɬɚɤɢɟ ɱɬɨ: 

0 1 2 1
... n nb a b b b b b       ,  

 

1 1
( ) ( ) , , 1, 1n i i n i i i if b c ɢɥɢ П Л М М М Т n       . 

Ɇɧɨɠɟɫɬɜɨ n-ɫɬɭɩɟɧɱɚɬɵɯ ɮɭɧɤɰɢɣ )(];[: babafn   ɨɛɨɡɧɚɱɢɦ ɤɚɤ ],[ baSn . 

ɋɱɢɬɚɟɦ, ɱɬɨ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ ɧɟɢɡɦɟɧɧɨɫɬɢ ɮɭɧɤɰɢɢ ɧɚ ɡɚɞɚɧɧɨɦ ɨɬɤɪɵɬɨɦ ɢɧɬɟɪɜɚɥɟ,  
ɬɨ ɟɫɬɶ ɱɬɨ kn cxh )(  ɩɪɢ nkBBx kk ,1),( 1   . 

Ɏɭɧɤɰɢɨɧɚɥ ɨɲɢɛɤɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭ-
ɱɚɬɶ ɩɨɪɨɝɨɜɵɟ ɭɪɨɜɧɢ ɢ ɨɲɢɛɤɭ ɩɪɢɛɥɢɠɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɱɢɫɥɚ n. 

Ⱦɥɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɫ n ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ɢɦɟɟɦ: 
1 1 12 2

2 2
1 1 1Ƚ( )(1 ) Ƚ( )(1 )

2 2(x) ( 1)
1Ƚ( ) Ƚ( )

2 2

n
n x x

n nf ɩɪɢ n
n

n n

 
  

 
    

 

2 2
1 1

2

Ƚ(1)(1 ) 1 (1 )
1

1 (1 )
1 Ƚ( )

2

x x

n n

x

  
 

  
. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɩɨɢɫɤɚ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ (ɫ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ) 

ɫɬɭɩɟɧɱɚɬɵɦɢ ɮɭɧɤɰɢɹɦɢ 
2

1
( )  

(1 )
f x

x

 

. ɉɨɢɫɤ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɱɢɫɥɚ ɫɬɭɩɟɧɟɣ ɚ) m=2, ɛ) m=3, 

ɜ) m=5, ɝ) m=7, ɞ) m=10, ɟ) m=β0, ɠ) m=γ0, ɡ) m=40 (ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɭɨɫɢ). ɇɚɣɞɟɧɵ ɱɢɫɥɨɜɵɟ 
ɜɵɪɚɠɟɧɢɹ ɞɥɹ n=20 (m=10 ɫɬɭɩɟɧɟɣ): 

 

 

 

 

 

 
 

Ɋɢɫ. 1. Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ: ɚ) ɞɥɹ m=10; ɛ) ɞɥɹ m=20 

 

 

 

Ɋɢɫ. 2. Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ: ɚ) ɞɥɹ m=10; ɛ) ɞɥɹ m=20 
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Ɋɢɫ. 3. Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ: ɚ) ɞɥɹ m=10; ɛ) ɞɥɹ m=20 

 

 

 

 
Ɋɢɫ. 4. Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ: ɚ) ɞɥɹ m=3; ɛ) ɞɥɹ m=5;  

ɜ) ɞɥɹ m=7; ɝ) ɞɥɹ m=10; ɞ) ɞɥɹ m=20; ɟ) ɞɥɹ m=30; ɠ) m=40 
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