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      ȼȼȿȾȿɇɂȿ 
  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɫɜɹɡɚɧɨ ɫ ɪɨɥɶɸ 
ɡɨɨɛɟɧɬɨɫɚ ɜ ɜɨɞɧɵɯ ɫɢɫɬɟɦɚɯ. Ɂɨɨɛɟɧɬɨɫɨɦ ɧɚɡɵɜɚɸɬ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ 
ɠɢɜɨɬɧɵɯ, ɨɛɢɬɚɸɳɢɟ ɜ ɜɨɞɨёɦɚɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɚ ɢ ɜ ɟɝɨ ɬɨɥɳɟ. Ɉɧ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɜɟɧɨ ɜ ɬɪɨɮɢɱɟɫɤɨɣ ɰɟɩɢ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɟɫɬɟɫɬɜɟɧɧɨɦɭ 
ɫɚɦɨɨɱɢɳɟɧɢɸ ɜɨɞ, ɫɬɚɧɨɜɹɬɫɹ ɚɤɬɢɜɧɵɦɢ ɦɢɧɟɪɚɥɢɡɚɬɨɪɚɦɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɜɟɳɟɫɬɜ ɢ ɛɢɨɮɢɥɶɬɪɚɦɢ ɜɨɞɵ ɢ ɹɜɥɹɟɬɫɹ ɛɢɨɢɧɞɢɤɚɬɨɪɨɦ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɪɚɡɧɨɬɢɩɧɵɯ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ.  

Ɂɚɞɚɱɟɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 
ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɫɬɢ ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɞɢɧɚɦɢɤɢ ɫɨɨɛɳɟɫɬɜɚ ɡɨɨɛɟɧɬɨɫɚ ɪɟɤ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟɹ. 
Ɍɚɤɠɟ ɜ ɡɚɞɚɱɭ ɪɚɛɨɬɵ ɜɯɨɞɢɬ ɭɩɪɨɳɟɧɢɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɭɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ, ɢɫɩɨɥɶɡɭɹ ɫɤɪɢɩɬɵ ɧɚ ɹɡɵɤɟ 
python ɢ ɝɨɬɨɜɵɟ ɪɟɚɥɢɡɚɰɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. 

ɐɟɥɶɸ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɢ ɞɨɩɨɥɧɟɧɢɟ ɢɦɟɸɳɢɯɫɹ ɫɜɟɞɟɧɢɣ ɨ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɡɨɨɛɟɧɬɨɫɚ ɩɨ ɪɟɤɟ Ʉɚɧ. 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 
- ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ; 
- ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɢɫɚɬɟɥɶɧɵɯ ɫɬɚɬɢɫɬɢɤ; 
- ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɜɟɪɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ; 
- Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ; 
- Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ; 
- Ʉɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ. 
ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɢɦɟɟɦ ɞɚɧɧɵɟ ɜ xlsx ɮɨɪɦɚɬɟ ɫɟɦɟɣɫɬɜ ɡɨɨɛɟɧɬɨɫɚ. ɂɡ ɧɢɯ 

ɞɚɧɧɵɟ ɩɪɨɫɭɦɦɢɪɨɜɚɥɢ ɞɨ ɩɹɬɢ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ (ɩɨɞɟɧɤɢ, 
ɜɟɫɧɹɧɤɢ, ɪɭɱɟɣɧɢɤɢ, ɞɜɭɤɪɵɥɵɟ, ɩɪɨɱɢɟ).  

Ⱦɚɥɟɟ ɷɬɢ ɞɚɧɧɵɟ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ csv (comma-separated values – ɡɧɚɱɟɧɢɹ, 
ɪɚɡɞɟɥɟɧɧɵɟ ɡɚɩɹɬɵɦɢ). ɂ ɧɚɞ ɷɬɢɦɢ ɞɚɧɧɵɦɢ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: 

- Ʌɨɝɚɪɢɮɦɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ; 
- ɉɨɥɭɱɟɧɢɟ ɞɨɥɟɣ ɡɨɨɛɟɧɬɨɫɚ. 
Ⱦɥɹ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɞɥɹ 

ɧɚɝɥɹɞɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɫɨɞɟɪɠɚɧɢɢ ɡɨɨɛɟɧɬɨɫɚ ɧɚ ɫɬɚɧɰɢɢ ɢ ɪɟɤɟ ɜ ɰɟɥɨɦ.  
Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɢɫɬɨɝɪɚɦɦɵ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɍɱɢɬɵɜɚɹ ɜɨɡɦɨɠɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɜɟɪɤɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɛɢɨɬɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ 
(ɤɨɥɢɱɟɫɬɜɨ ɢ ɛɢɨɦɚɫɫɚ ɡɨɨɛɟɧɬɨɫɚ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ. 

Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɜɥɢɹɧɢɹ 
ɚɛɢɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ (ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ) ɧɚ ɛɢɨɬɢɱɟɫɤɢɟ 
ɮɚɤɬɨɪɵ (ɤɨɥɢɱɟɫɬɜɨ ɢ ɛɢɨɦɚɫɫɚ ɡɨɨɛɟɧɬɨɫɚ). 

Ʉɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɩɨ ɪɟɤɟ ɢ ɧɚɯɨɠɞɟɧɢɸ ɢɧɵɯ ɫɬɪɭɤɬɭɪ ɜ ɞɚɧɧɵɯ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɨɜ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɚɥɝɨɪɢɬɦ k-means++ ɢ ɢɟɪɚɪɯɢɱɟɫɤɚɹ ɚɝɥɨɦɟɪɚɬɢɜɧɚɹ 
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ɤɥɚɫɬɟɪɢɡɚɰɢɹ. Ɉɰɟɧɤɨɣ ɤɚɱɟɫɬɜɚ ɛɵɥ ɜɡɹɬ ɤɪɢɬɟɪɢɣ ɫɢɥɭɷɬ (ɚɝɥɨɦɟɪɚɬɢɜɧɚɹ 
ɤɥɚɫɬɟɪɢɡɚɰɢ) ɢ ɫɭɦɦɚ ɜɧɭɬɪɟɤɥɚɫɬɟɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ (k-means++ 
ɤɥɚɫɬɟɪɢɡɚɰɢɹ). 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɟɧɞɪɨɝɪɚɦɦɵ 
(ɚɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ) ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɩɚɞɚɧɢɹ ɜ ɤɥɚɫɬɟɪɵ 
ɷɥɟɦɟɧɬɨɜ ɜɵɛɨɪɤɢ ɞɥɹ ɪɚɡɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ (ɚɝɥɨɦɟɪɚɬɢɜɧɚɹ ɢ k-means 
++ ɤɥɚɫɬɟɪɢɡɚɰɢɹ). 

Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ ɢ ɜ ɝɪɚɮɢɱɟɫɤɨɦ 
ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɫ ɫɨɨɬɜɟɬɫɜɭɸɳɟɣ ɪɚɫɤɪɚɫɤɨɣ. 

ɉɪɨɰɟɫɫɫ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɟɬɨɞɨɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ ɢ ɜɵɩɨɥɧɹɟɬɫɹ 
ɞɥɹ ɡɨɨɛɟɧɬɨɫɚ ɪɟɤ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟɹ. 
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1 ɂɫɩɨɥɶɡɭɟɦɵɟ ɦɟɬɨɞɵ ɢ ɤɪɢɬɟɪɢɢ 
 

1.1 ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 
 
ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢ ɤɪɢɬɟɪɢɢ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɤɧɢɝ 

Ʉɪɭɩɤɢɧɨɣ Ɍ.ȼ [1, 2] ɢ Ʉɨɛɡɚɪɹ Ⱥ.ɂ. [3] ɢ ɒɚɩɢɪɨ ɋ.ɋ. [7]. 
 
1.1.1 Ɉɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ 

 
ɉɭɫɬɶ ܺ = ,ଵݔ} … , ,{௡ݔ ܻ = ,ଵݕ} … ,  ௡} ɜɵɛɨɪɤɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵݕ

ɨɛɴɟɦɨɦ ݊. 
Ɉɩɪɟɞɟɥɟɧɢɟ 1.1.1. ȼɵɛɨɪɨɱɧɵɦ ɫɪɟɞɧɢɦ ɧɚɡɨɜёɦ ɜɟɥɢɱɢɧɭ 

 

1

1 n

i
i

X x
n =

=  .               (1.1.1) 

 

Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɜɵɛɨɪɤɢ ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɤɚɤ X̅. 
Ɉɩɪɟɞɟɥɟɧɢɟ 1.1.2. ȼɵɛɨɪɨɱɧɨɣ ɤɨɜɚɪɢɚɰɢɟɣ ɦɟɠɞɭ ܺ и ܻ ɧɚɡɵɜɚɟɬɫɹ 

ɜɟɥɢɱɢɧɚ  
 

( )( )
1

1
,

n

XY i i
i

K x X y Y XY XY
n =

= − − = −           (1.1.2) 

 

ɝɞɟ 
1

1 n

i i
i

XY x y
n =

=  . 

Ɉɩɪɟɞɟɥɟɧɢɟ 1.1.3. ȼɵɛɨɪɨɱɧɨɣ ɞɢɫɩɟɪɫɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ 
 

( )2
2

1

1 n

X i
i

S x X
n =

= − .              (1.1.3) 

 

Ɉɩɪɟɞɟɥɟɧɢɟ 1.1.4. ȼɵɛɨɪɨɱɧɵɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ 
ɧɚɡɵɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ 
 

( )2
2

1

1
.

n

x X i
i

S S x X
n =

= = −              (1.1.4) 

 

Ɉɩɪɟɞɟɥɟɧɢɟ 1.1.5. ɉɨɫɬɚɜɢɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɛɨɪɤɟ ܺ ɭɩɨɪɹɞɨɱɟɧɧɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
 

* * *
1 2 ... nx x x   ,              (1.1.5) 

 

ɝɞɟ ( )*
1 1min , , nx x x= ; 

ɝɞɟ *
ix - ݅-ɨɟ ɩɨ ɜɟɥɢɱɢɧɟ ɡɧɚɱɟɧɢɟ ɢɡ  1, , nx x ; 

ɝɞɟ ( )*
1 1max , , nx x x= . 
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ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (1.1.5) ɧɚɡɨɜёɦ ɜɚɪɢɚɰɢɨɧɧɵɦ ɪɹɞɨɦ. 
 
Ɉɩɪɟɞɟɥɟɧɢɟ 1.1.6. ȼɵɛɨɪɨɱɧɨɣ ɤɜɚɧɬɢɥɶɸ ɩɨɪɹɞɤɚ ݍ, Ͳ < ݍ < ͳ 

ɧɚɡɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ݔ𝑞, ɪɚɜɧɨɟ ɱɥɟɧɭ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ (1.1.5) ɫ ɧɨɦɟɪɨɦ [݊ݍ] + ͳ, ɝɞɟ [݊ݍ] – ɰɟɥɚɹ ɱɚɫɬɶ ɱɢɫɥɚ ݊ݍ. 
ɑɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɤɜɚɧɬɢɥɢ: 
- 0.25-ɤɜɚɧɬɢɥɶ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɜɵɦ (ɧɢɠɧɢɦ) ɤɜɚɪɬɢɥɟɦ; 
- 0.5-ɤɜɚɧɬɢɥɶ ɧɚɡɵɜɚɟɬɫɹ ɦɟɞɢɚɧɨɣ (ɜɬɨɪɵɦ) ɤɜɚɪɬɢɥɟɦ; 
- 0.75-ɤɜɚɧɬɢɥɶ ɧɚɡɵɜɚɟɬɫɹ ɬɪɟɬɶɢɦ (ɜɟɪɯɧɢɦ) ɤɜɚɪɬɢɥɟɦ. 
 
 1.1.2 Ʌɢɧɟɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥяɰɢɢ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɢɧɟɣɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 

ɜɜɟɞёɧɧɵɦɢ ɩɨɧɹɬɢɹɦɢ: ɜɵɛɨɪɨɱɧɚɹ ɤɨɜɚɪɢɚɰɢɹ (1.1.2), ɜɵɛɨɪɨɱɧɨɟ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ (1.1.4). 

Ɉɩɪɟɞɟɥɟɧɢɟ 1.2.1. Ʌɢɧɟɣɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ ɧɚɡɵɜɚɟɬɫɹ 
ɜɟɥɢɱɢɧɚ 

 

 , 1,1 .XY
XY XY

x Y

K
r r

S S
=  −              (1.2.1) 

 

Ⱦɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɢɫɵɜɚɟɬ ɫɢɥɭ ɥɢɧɟɣɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ 
ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ܺ ɢ ܻ. ɑɟɦ ɛɥɢɠɟ ݎ௑௒ ɩɨ ɦɨɞɭɥɸ ɤ 1, ɬɟɦ ɫɢɥɶɧɟɟ 
ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ. ɂ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɟɦ ɛɥɢɠɟ ɤ ɧɭɥɸ, ɬɟɦ ɫɥɚɛɟɟ ɷɬɚ 
ɫɜɹɡɶ. 

Ȼɭɞɟɦ ɞɟɥɢɬɶ ɧɚ ɫɥɚɛɭɸ, ɫɪɟɞɧɸɸ, ɜɵɫɨɤɭɸ ɢ ɨɱɟɧɶ ɜɵɫɨɤɭɸ. Ⱦɚɧɧɨɟ 
ɪɚɡɞɟɥɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – Ɉɩɪɟɞɟɥɟɧɢɟ ɫɢɥɵ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 

Ɂɧɚɱɟɧɢɟ |ݎ௑௒| ɋɜɹɡɶ Ͳ ൑ |௑௒ݎ| ൑ Ͳ.ʹ5 ɋɥɚɛɚɹ Ͳ.ʹ5 < |௑௒ݎ| ൑ Ͳ.5 ɋɪɟɞɧɹɹ Ͳ.5 < |௑௒ݎ| ൑ Ͳ.75 ȼɵɫɨɤɚɹ Ͳ.75 < |௑௒ݎ| ൑ ͳ Ɉɱɟɧɶ ɜɵɫɨɤɚɹ 
 

ȿɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɧɚɤɨɦ, ɬɨ ɛɭɞɟɦ 
ɧɚɡɵɜɚɬɶ ɷɬɭ ɫɜɹɡɶ ɨɬɪɢɰɚɬɟɥɶɧɚɹ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɨɥɨɠɢɬɟɥɶɧɚɹ. 

 

1.1.3 Ɋɚɧɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥяɰɢɢ ɋɩɢɪɦɟɧɚ 
 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɢɦɟɟɬɫɹ n ɩɚɪ ɧɚɛɥɸɞɟɧɢɣ ɢɡ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɪɨɪɚɧɠɢɪɭɟɦ X ɢ ܻ ɨɬɞɟɥɶɧɨ ɨɬ ɦɟɧɶɲɟɝɨ ɤ ɛɨɥɶɲɟɦɭ (ɟɫɥɢ 
ɟɫɬɶ ɨɞɢɧɚɤɨɜɵɟ ɧɚɛɥɸɞɟɧɢɹ, ɬɨ ɢɦ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɫɪɟɞɧɢɣ ɪɚɧɝ) ɢ ɩɨɥɭɱɢɦ 
ɧɨɜɵɟ ɩɚɪɵ ሺݑ௜ , ,௜ሻݒ ݅ = ͳ, … , ݊. Ɋɚɧɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ݎௌ ɹɜɥɹɟɬɫɹ 
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ɦɟɪɨɣ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɪɚɧɝɚɦɢ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɧɝɨɜ 
ɜɦɟɫɬɨ ɮɚɤɬɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɋɩɢɪɦɟɧɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

2

1 1 1 1
22 2

2 2

1 1 1 1

6
1 ,

( 1)

n n n n

i i i i i
i i i i

s
n n n n

i i i i
i i i i

n u v u v d
r

n n
n u u n v v

= = = =

= = = =

  −   
  = = −

−      − −      
         

   

   
         (1.3.1) 

 

ɝɞɟ i i id u v= − . 
ɉɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡɵ ɨ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɋɩɢɪɦɟɧɚ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ:  
- ɇɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ܪ଴: 0s =  (ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɪɚɧɝɚɦɢ); 
- Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ܪ𝛼: 0, 0, 0s s s     ; 

- ɋɬɚɬɢɫɬɢɤɚ: 1
~ 0,

1
sr N

n

 
 − 

; 

- Ɉɛɥɚɫɬɶ ɨɬɤɥɨɧɟɧɢɹ ɝɢɩɨɬɟɡɵ: , , , 2
, ,s s s s s s

r r r r r r    −  ;  

ɝɞɟ ݎ௦,𝛼 - ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɤɪɢɬɟɪɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɧɝɨɜɨɣ ɤɨɪɪɟɥɹɰɢɢ 
ɋɩɢɪɦɟɧɚ; 
        - ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ.  

 
1.1.4 Ɇɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ  
 
ɉɭɫɬɶ ܻ – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ௜ܺ    ݅ = ͳ, ݇̅̅ ̅̅̅ – ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ 

(ɧɟɫɥɭɱɚɣɧɵɟ) ɩɟɪɟɦɟɧɧɵɟ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ܻ ɡɚɜɢɫɹɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɡɧɚɱɟɧɢɣ  ௜ܺ ɧɨ ɢ ɨɬ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ, ɜɨɡɦɨɠɧɨ, ɢ ɧɟ ɩɨɞɞɚɸɬɫɹ 
ɤɨɧɬɪɨɥɸ. 

Ɇɨɞɟɥɶ (ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ) ɢɡɜɟɫɬɧɚ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ 
ɫɨɨɛɪɚɠɟɧɢɣ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɚɪɚɦɟɬɪɨɜ: 

 

( )1 1,..., , ,..., ,k sY f X X a a = +            (1.4.1) 
 

ɝɞɟ 𝑎௜  ݅ = ͳ, ̅̅ݏ ̅̅  –ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; 
      𝜀 – ɜɟɤɬɨɪ ɨɲɢɛɨɤ.  

ɇɚɛɨɪ ɞɚɧɧɵɯ ɢɦɟɟɬ ɜɢɞ   
 

( )

( )

1 11 1 1 1

1 1

,..., , ,..., ,

...

,..., , ,..., ,

k s

n n nk s n

Y f X X a a

Y f X X a a





= +

= +
                                      (1.4.2) 

 

ɝɞɟ ௜ܺ௝- ɡɧɚɱɟɧɢɟ ݆-ɣ ɩɟɪɟɦɟɧɧɨɣ ɩɪɢ ݅-ɨɦ ɢɡɦɟɪɟɧɢɢ.  
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Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ 0E =  ɢ ɨɲɢɛɤɢ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɟ: 
2( )T

nK E E  = = , ɝɞɟ ܧ௡- ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ ݊ × ݊. 
Ɇɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɨɰɟɧɢɜɚɟɬ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɬɚɤ, ɱɬɨɛɵ 

ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɨɲɢɛɨɤ, ɬɨ ɟɫɬɶ 
 

( )( )2

1 1
1

,..., , ,..., ,
n

i i ik s
i

R Y f X X a a
=

= −              (1.4.2) 

0 1, .
j

R
j s

a


= =

               (1.4.3)  

 

ɉɨɥɭɱɟɧɧɭɸ ɥɢɧɢɸ 1 1( ,..., , ,..., )k sY f X X a a = +  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɥɢɧɢɟɣ 
ɪɟɝɪɟɫɫɢɢ ܻ ɩɨ ܺ. 
 

1.1.5 Ʌɢɧɟɣɧɚя ɪɟɝɪɟɫɫɢя 
 

Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɥɢɧɟɣɧɭɸ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɦɨɞɟɥɶ ɜɢɞɚ  
 

0 1 1 2 2 ... .k kY a a X a X a X = + + + + +            (1.5.1) 
 

Ⱦɚɧɧɭɸ ɦɨɞɟɥɶ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɦɨɞɟɥɶɸ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɢɥɢ 
ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɟɣ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɦɟɸɬ ɜɢɞ: 
 

1 0 11 1 1 1

0 1 1

... ,

...

... .

k k

n n nk k n

Y a X a X a

Y a X a X a





= + + + +

= + + + +
           (1.5.2) 

 

ɂɥɢ ɜ ɜɟɤɬɨɪɧɨɦ ɜɢɞɟ  
 

,Y X a =  +               (1.5.3) 
 

ɝɞɟ  
1 11 1 1

1

, , .
k

n n nk n

Y X X

Y X

Y X X






     
     = = =     
     
     

                 (1.5.4) 

 

Ʉɚɤ ɢ ɜ ɦɟɬɨɞɟ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɛɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ 
2( ) 0, ( )T

nE E E  = = ,  ɝɞɟ ܧ௡- ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ ݊x݊. 
ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɥɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ. 

ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ: 
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2

0
1 1

min,
n k

i ij j
i j

R Y X a a
= =

 
= − − → 

 
              (1.5.5) 

0
1 1

2 0, 1, .
n k

il i ij j
i jl

R
X Y X a a l k

a = =

 
= − − − = =   

            (1.5.6) 

 

0
1 10

2 0
n k

i ij j
i j

R
Y X a a

a = =

 
= − − − =   

               (1.5.7) 

 

ɂɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ (1.5.5), (1.5.6) ɢ (1.5.7) ɧɚɯɨɞɹɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ja . 

 

1.1.6 ȼɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 
 

ɉɭɫɬɶ ܻ = ሺ ଵܻ, … , ௡ܻ ሻ – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ܺ = ሺ ଵܺ, … , ܺ௡ሻ  – 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ (ɧɟɫɥɭɱɚɣɧɵɟ) ɩɟɪɟɦɟɧɧɵɟ ɢ ɢɦɟɟɦ ɦɨɞɟɥɶ ɥɢɧɟɣɧɨɣ 
ɪɟɝɪɟɫɫɢɢ ܻ̂ = 𝑓ሺܺሻ ɢ ܻ̂௜ = 𝑓ሺ ௜ܺሻ ݅ = ͳ, ݊̅̅ ̅̅ ̅. 

Ɉɩɪɟɞɟɥɟɧɢɟ 1.6.1. ȼɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɦɨɞɟɥɢ 
ɡɚɜɢɫɢɦɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ܻ ɨɬ ɩɪɢɡɧɚɤɨɜ ܺ ɧɚɡɨɜёɦ ɜɟɥɢɱɢɧɭ 
 

( )
( )

 

2

2

2 21
22

1

1 1 , 0,1 .

n

i i
Y i

n
Y

i i
i

Y Y
S

R R
S

Y Y

=

=

−
= − = − 

−




          (1.6.1) 

 

ɉɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɧɬɚ ɞɟɬɟɪɦɢɧɚɰɢɢ ɩɪɢ ɥɢɧɟɣɧɨɣ 
ɪɟɝɪɟɫɫɢɢ ɫ ɧɨɪɦɚɥɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

- ɇɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ: ݎଶ = Ͳ; 
- Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ: ݎଶ ≠ Ͳ; 

- ɋɬɢɬɢɫɬɢɤɚ: ܨ =  ோమ ሺ௞−ଵሻ⁄ሺଵ−ோమሻ ሺ௡−௞⁄ ሻ ሺ݇ܨ ~ − ͳ, ݊ − ݇ሻ; 

- Ɉɛɥɚɫɬɶ ɨɬɤɥɨɧɟɧɢɹ ɝɢɩɨɬɟɡɵ: |ܨ| ൒ 𝛼ܨ ଶ⁄ ; 

ɝɞɟ ܨ𝛼 ଶ⁄ - ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɬɟɪɦɢɧɚɰɢɢ, 
       n – ɪɚɡɦɟɪ ɜɵɛɨɪɤɢ; 
       k – ɤɨɥɢɱɟɬɫɜɨ ɮɚɤɬɨɪɨɜ. 
 ɇɨɪɦɚɥɶɧɨɫɬɶ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɨɫɬɚɬɤɨɜ ɩɪɨɜɟɪɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɹ 
ɒɚɩɢɪɨ-ɍɢɥɤɚ (1.8.1). 

Ⱦɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ ɢɡ ɢɧɬɟɪɜɚɥɚ [Ͳ,ͳ], ɱɟɦ ɛɥɢɠɟ 
ɡɧɚɱɟɧɢɟ ɤ 1, ɬɟɦ ɛɥɢɠɟ ɦɨɞɟɥɶ ɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ܻ ɨɬ ɧɟ 
ɫɥɭɱɚɣɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ܺ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɟɦ ɛɥɢɠɟ ɤ ɧɭɥɸ, ɬɟɦ ɫɥɚɛɟɟ 
ɡɚɜɢɫɢɦɨɫɬɶ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ܻ ɨɬ ɧɟɫɥɭɱɚɣɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ܺ.  

 
 1.1.7 ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 
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Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɛɵɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɪɚɜɧɢɜɚɬɶ ɦɨɞɟɥɢ ɫ ɪɚɡɧɵɦ ɱɢɫɥɨɦ 
ɮɚɤɬɨɪɨɜ ɬɚɤ, ɱɬɨɛɵ ɱɢɫɥɨ ɪɟɝɪɟɫɫɨɪɨɜ ɧɟ ɜɥɢɹɥɨ ɧɚ ɫɬɚɬɢɫɬɢɤɭ ܴଶ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɧɟɫɦɟɳɟɧɧɵɟ ɨɰɟɧɤɢ ɞɢɫɩɟɪɫɢɣ. 

ɉɭɫɬɶ ܻ = ሺ ଵܻ, … , ௡ܻ ሻ – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ܺ = ሺ ଵܺ, … , ܺ௡ሻ  – 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ (ɧɟɫɥɭɱɚɣɧɵɟ) ɩɟɪɟɦɟɧɧɵɟ, ɢɦɟɟɦ ɦɨɞɟɥɶ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ Ŷ = 𝑓ሺܺሻ, ܻ̂௜ = 𝑓ሺ ௜ܺሻ ݅ = ͳ, ݊̅̅ ̅̅ ̅ ɢ ܴଶ ɨɩɪɟɞɟɥёɧɧɵɣ ɪɚɧɧɟɟ ɜɵɛɨɪɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ (). 

Ɉɩɪɟɞɟɥɟɧɢɟ 1.7.1 ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɟɬɟɪɦɢɧɚɰɢɢ 
ɧɚɡɨɜёɦ ɜɟɥɢɱɢɧɭ 
 

( ) ( )
( )  2 2 2 21

1 1 , 0,1 ,adj adj

n
R R R R

n k

−
= − −  

−          (1.7.1) 

 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɧɚɛɥɸɞɟɧɢɣ; 
ɝɞɟ k – ɤɨɥɢɱɟɫɬɜɨ ɮɚɤɬɨɪɨɜ; 
ɝɞɟ ܴଶ – ɪɚɧɟɟ ɜɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ (1.6.1). 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɲɬɪɚɮɭɟɬ ɡɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɟ ɮɚɤɬɨɪɵ. Ɍɚɤ ɤɚɤ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɮɚɤɬɨɪɨɜ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ܴଶ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɡɚ ɫɱёɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɮɚɤɬɨɪɨɜ  ɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɭɦɟɧɶɲɚɟɬ ɜɥɢɹɧɢɟ 
ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɮɚɤɬɨɪɨɜ, ɧɨ ɧɟ ɭɦɟɧɶɲɚɟɬ ɩɨɤɚɡɚɬɟɥɶ ɫɢɥɵ ɜɥɢɹɧɢɹ 
ɮɚɤɬɨɪɨɜ.  

 

 1.1.8 Ʉɪɢɬɟɪɢɣ ɒɚɩɢɪɨ-ɍɢɥɤɚ 
 

ɉɭɫɬɶ ɢɦɟɟɦ ɜɵɛɨɪɤɭ ܺ = { ଵܺ, … , ܺ௡} ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɪɚɫɩɪɟɞɟɥёɧɧɭɸ 
ɢɡ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɢɦɟɟɦ ɩɨɪɹɞɤɨɜɭɸ ɫɬɚɬɢɫɬɢɤɭ ܺ̂ = {ܺ̂ଵ, … , ܺ̂௡}, 
ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɞɚɧɧɨɣ ɜɵɛɨɪɤɢ. 

ɉɪɨɜɟɪɤɚ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɜɟɪɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
- ɇɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ܪ଴: ɜɵɛɨɪɤɚ ܺ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ; 
- Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ܪ଴: ɜɵɛɨɪɤɚ ܺ ɧɟ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ; 
- ɋɬɚɬɢɫɬɢɤɚ: 
 

( )

2

1

2

1

,

n

i i
i

n

i

i

a X

W
X X

=

=

 
 
 =

−




               (1.8.1) 

 

ɝɞɟ 𝑎 = ሺ𝑎ଵ, … , 𝑎௡ሻ = m𝑉−భ√m𝑉−భ𝑉−భ௠𝑇; 

ɝɞɟ.݉ = ሺ݉ଵ, … , ݉௡ሻ – ɜɟɤɬɨɪ ɡɧɚɱɟɧɢɣ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɷɥɟɦɟɧɬɵ 
ɤɨɬɨɪɨɝɨ ɭɩɨɪɹɞɨɱɟɧɵ ɩɨ ɧɟ ɭɛɵɜɚɧɢɸ; 
ɝɞɟ V – ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɨɜɚɪɢɚɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɟɤɬɨɪɭ ݉. 
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ɉɭɫɬɶ , 1, ,ix i n=  - ɜɵɛɨɪɤɚ ɢɡ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨ ɫɪɟɞɧɢɦ 
ɡɧɚɱɟɧɢɟɦ 0 ɢ ɞɢɫɩɟɪɫɢɟɣ ɪɚɜɧɵɦ 1, ɬɨɝɞɚ ɜɟɤɬɨɪ  ݉ ɢ ɦɚɬɪɢɰɚ V ɨɛɥɚɞɚɟɬ 
ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

- ( ) , 1, ,i iE x m i n= = ; 
- ,( , ) , , 1, ,i j i jCov x x v i j n= = . 

ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɫɬɚɬɢɫɬɢɤɢ ɦɟɧɶɲɟ ܹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ 
ɫɬɚɬɢɫɬɢɤɢ ܹሺ𝛼ሻ (α – ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ ɫɬɚɬɢɫɬɢɤɢ), ɬɨ ɝɢɩɨɬɟɡɚ ɨ 
ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ܪ଴ ɨɬɜɟɪɝɚɟɬɫɹ. 

 

1.2 Ʉɥɚɫɬɟɪɢɡɚɰɢя 
 

1.2.1 Ⱥɝɥɨɦɟɪɚɬɢɜɧɚя ɤɥɚɫɬɟɪɢɡɚɰɢя 
 

Ⱥɝɥɨɦɟɪɚɬɢɜɧɚɹ (ɜɨɫɯɨɞɹɳɚɹ) ɤɥɚɫɬɟɪɢɡɚɰɢɹ – ɦɟɬɨɞ ɤɥɚɫɬɟɪɢɡɚɰɢɢ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɛɴɟɞɢɧɟɧɢɢ ɨɛɴɟɤɬɨɜ ɜ ɛɨɥɟɟ ɤɪɭɩɧɵɟ ɤɥɚɫɬɟɪɵ, ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɡɚɞɚɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɤɥɚɫɬɟɪɚɦɢ [4]. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɞɥɹ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɭɠɧɨ ɡɚɞɚɬɶ 
ɦɟɬɪɢɤɭ '( , )x x – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɜɵɛɨɪɤɢ. Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɟɜɤɥɢɞɨɜɭ ɦɟɬɪɢɤɭ:  

 

' ' 2

1

( , ) ( )
k

i i
i

x x x x
=

= −                    (2.1.1) 

 

Ɍɟɩɟɪɶ ɜɵɛɟɪɟɦ ɦɟɬɨɞ, ɩɨ ɤɨɬɨɪɨɦɭ ɛɭɞɭɬ ɨɛɴɟɞɢɧɹɬɶɫɹ ɞɜɚ ɤɥɚɫɬɟɪɚɦ 
ɦɟɠɞɭ ɫɨɛɨɣ. Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɍɨɪɞɚ ɫ ɦɟɠɤɥɚɫɬɟɪɧɵɦ ɪɚɫɫɬɨɹɧɢɟ 
ɪɚɜɧɵɦ: 

 

( ) 2, , ,
w W s S

S W w s
R W S

S W W S


 

 
=   +  

            (2.1.2) 

 

ɝɞɟ |ܵ|, |ܹ| – ɦɨɳɧɨɫɬɢ ɦɧɨɠɟɫɬɜ ܵ ɢ ܹ. 

Ⱥɥɝɨɪɢɬɦ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ: 
ɚ) ɂɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ       1 1 2, , , nС c c c=  (ɤɚɠɞɵɣ 

ɷɥɟɦɟɧɬ ɜɵɛɨɪɤɢ ɹɜɥɹɟɬɫɹ ɤɥɚɫɬɟɪɨɦ); 
ɛ) Ⱦɥɹ ɜɫɟɯ ݐ = ʹ, … , ݊: 

1) ɇɚɣɬɢ ɜ ܥ௧−ଵ ɞɜɚ ɛɥɢɠɚɣɲɢɯ ɤɥɚɫɬɟɪɚ: 
( , ) arg min ( , )

U V
U V R U V


= ; 

( , )tR U V=  ; 
2) ɍɛɪɚɬɶ ɤɥɚɫɬɟɪɵ U ɢ V, ɞɨɛɚɜɢɬɶ ɧɨɜɵɣ ɤɥɚɫɬɟɪ ܹ = ܷ ∪ ܸ: 

1 { }\{ , }t tС C W U V−=   ; 
3) Ⱦɥɹ ɜɫɟɯ S ∈  :௧ܥ

ȼɵɱɢɫɥɢɬɶ ɪɚɫɫɬɨɹɧɢɟ ܴሺܹ, ܵሻ. 
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ɋɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ (n – ɪɚɡɦɟɪ ɜɵɛɨɪɤɢ):  

- ɩɨ ɜɪɟɦɟɧɢ: 𝑂ሺ݊ଷሻ; 
- ɩɨ ɩɚɦɹɬɢ: 𝑂ሺ݊ଶሻ. 

 

1.2.2 K-means ɤɥɚɫɬɟɪɢɡɚɰɢя 
 

Ⱥɥɝɨɪɢɬɦ k-means ɤɥɚɫɬɟɪɢɡɚɰɢɢ: 
ɚ) ɉɪɨɢɡɜɨɥɶɧɵɣ ɨɛɪɚɡɨɦ ɜɵɛɪɚɬɶ ݇ ɰɟɧɬɪɨɜ ɤɥɚɫɬɟɪɨɜ 1{ , , }kC c c= ; 
ɛ) Ⱦɥɹ ɤɚɠɞɨɝɨ ݅ ∊ {ͳ, … , ݇} ɭɫɬɚɧɨɜɢɬɶ ɤɥɚɫɬɟɪ ܥ௜ ɬɚɤɨɣ, ɱɬɨ ɜɫɟ ɬɨɱɤɢ ݔ ∊ ௜ܥ ⊂ ܺ ɛɥɢɠɟ ɤ ɰɟɧɬɪɭ ɤɥɚɫɬɟɪɚ 𝑐௜, ɱɟɦ ɞɨ ɞɪɭɝɢɯ ɰɟɧɬɪɨɜ 

ɤɥɚɫɬɟɪɨɜ 𝑐௝ , ݆ ≠ ݅; 
ɜ) Ⱦɥɹ ɤɚɠɞɨɝɨ ݅ ∊ {ͳ, … , ݇} ɭɫɬɚɧɨɜɢɬɶ ɧɨɜɵɣ ɰɟɧɬɪ ɤɥɚɫɬɟɪɚ ܥ௜: 

1

i

i
x Ci

c x
C 

=  ; 

ɝ) ɉɨɜɬɨɪɹɬɶ ɲɚɝɢ 2 ɢ 3 ɩɨɤɚ ɦɧɨɠɟɫɬɜɨ ɰɟɧɬɪɨɢɞ ɤɥɚɫɬɟɪɨɜ ܥ ɧɟ 
ɩɟɪɟɫɬɚɧɟɬ ɦɟɧɹɬɶɫɹ; 

ɋɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɩɨ ɜɪɟɦɟɧɢ: 

- ɏɭɞɲɟɟ ɜɪɟɦɹ: 𝑂ሺ݊௞+మ𝑝ሻ; 
- ɋɪɟɞɧɟɟ ɜɪɟɦɹ: 𝑂ሺ݊݇݅ሻ; 
- ɉɨ ɩɚɦɹɬɢ: 𝑂ሺ݊ଶሻ; 

ɝɞɟ n – ɪɚɡɦɟɪ ɜɵɛɨɪɤɢ;  
      k – ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ;  
      p – ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɡɧɚɤɨɜ (ɮɚɤɬɨɪɨɜ);  
      i – ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ. 
 

1.2.3 K-means++ ɤɥɚɫɬɟɪɢɡɚɰɢя 
 

ɉɨɫɤɨɥɶɤɭ ɜ ɚɥɝɨɪɢɬɦɟ k-means ɧɚ ɷɬɚɩɟ 1 ɧɟ ɝɨɜɨɪɢɬɶɫɹ ɨ ɬɨɦ, ɤɚɤ ɞɨɥɠɧɵ 
ɜɵɛɢɪɚɬɶɫɹ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɩɪɢɛɥɢɠɟɧɢɹ ɰɟɧɬɪɨɜ ɤɥɚɫɬɟɪɨɜ, ɬɨ ɭɥɭɱɲɟɧɧɵɣ 
ɚɥɝɨɪɢɬɦ k-means++ ɩɨɥɶɡɭɟɬɫɹ ɷɬɢɦ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ 
ɚɥɝɨɪɢɬɦɚ, ɩɪɟɞɥɨɠɟɧɧɵɣ Ⱦ. Ⱥɪɬɭɪɨɦ ɢ ȼɚɫɢɥɶɜɢɬɫɤɢɦ. ɋ [5] . 

Ⱥɥɝɨɪɢɬɦ k-means++ ɤɥɚɫɬɟɪɢɡɚɰɢɢ:  
ɚ) ɜɡɹɬɶ ɰɟɧɬɪ 𝑐ଵ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɢɡ ܺ; 

ɛ) ɜɵɛɪɚɬɶ ɧɨɜɵɣ ɰɟɧɬɪ 𝑐௜, ɜɵɛɢɪɚɹ x ∊ ܺ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 
2

2

( )

( )
x X

D x

D x



; 

ɜ) ɩɨɜɬɨɪɹɬɶ ɲɚɝ b ɩɨɤɚ ɧɟ ɛɭɞɟɦ ɢɦɟɬɶ ݇ ɰɟɧɬɪɨɢɞ; 
ɝ) ɞɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɤɥɚɫɬɟɪɢɡɚɰɢɢ k-means. 
 

 ሻ – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɭɧɤɰɢɸ, ɜɨɡɜɪɚɳɚɸɳɭɸ ɫɚɦɨɟ ɤɨɪɨɬɤɨɟݔሺܦ 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɭɠɟ ɜɵɛɪɚɧɧɵɯ ɰɟɧɬɪɨɢɞ ɞɨ ɬɨɱɤɢ ݔ ∊ ܺ. 
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1.3 Ʉɪɢɬɟɪɢɢ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
 

1.3.1 ɋɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɪɚɫɫɬɨяɧɢɣ ɨɬ ɬɨɱɟɤ ɞɨ ɰɟɧɬɪɨɢɞɨɜ ɤɥɚɫɬɟɪɨɜ 
 

Ⱦɚɧɧɵɣ ɤɪɢɬɟɪɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ. 
Эɬɨɬ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɷɜɪɢɫɬɢɱɟɫɤɢɦ. 

ɋɭɦɦɨɣ ɤɜɚɞɪɚɬɨɜ ɪɚɫɫɬɨɹɧɢɣ ɨɬ ɬɨɱɟɤ ɞɨ ɰɟɧɬɪɨɢɞɨɜ ɤɥɚɫɬɟɪɨɜ ɹɜɥɹɟɬɫɹ 
ɜɟɥɢɱɢɧɚ 

 

( ) 2

1

,
i k

K

i k
k x C

I C x 
= 

= −               (3.1.1) 

 

ɝɞɟ С = ,ଵܥ} … ,   ;𝐾} – ɩɨɥɭɱɟɧɧɵɟ ɦɧɨɠɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ ɦɨɳɧɨɫɬɢ 𝐾ܥ

ɝɞɟ 1
, 1,

i k

k i
x Ck

x k K
C




= =  - ɰɟɧɬɪɨɢɞɵ ɤɥɚɫɬɟɪɨɜ. 

Эɜɪɢɫɬɢɤɚ ɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɬɚɤɨɜɚ: ɜɵɛɢɪɚɟɬɫɹ ɱɢɫɥɨ ɤɥɚɫɬɟɪɨɜ 𝐾 ɬɚɤɨɟ, 
ɧɚɱɢɧɚɹ ɫ ɤɨɬɨɪɨɝɨ, ɮɭɧɤɰɢɨɧɚɥ ܫሺܥሻ ɩɚɞɚɟɬ “ɧɟ ɬɚɤ ɭɠ ɛɵɫɬɪɨ” ɢɥɢ ɛɨɥɟɟ 
ɮɨɪɦɚɥɶɧɨ: 

 

( ) ( ) ( )
( ) ( )

1

1

min,k k

k
k k

I C I C
D k

I C I C
+

−

−
= →

−             (3.1.2) 

 

ɝɞɟ ܥ𝐾  - ɦɧɨɠɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ ɦɨɳɧɨɫɬɢ 𝐾, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɨɰɟɫɫɟ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ. 
 

1.3.2 Ʉɪɢɬɟɪɢɣ ɫɢɥɭɷɬ 
  

Ⱦɚɧɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɟɞɥɨɠɟɧ ɉ.Ⱦɠ. Ɋɨɭɫɶɸ [6] ɜ 2007 ɝɨɞɭ  
ɉɭɫɬɶ ɜ ɩɪɨɰɟɫɫɟ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨɥɭɱɟɧɨ ɦɧɨɠɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ 
1{ , , }KC C C= . Ʉɥɚɫɬɟɪɵ ɢɦɟɸɬ ɦɨɳɧɨɫɬɢ 1 1, , K kC m C m= =  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɢɥɭɷɬɨɦ ɨɛɴɟɤɬɚ ɧɚɡɵɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ 
 

 1, , 1, , 1,1 ,
max( , )

i i
j ji i

j i ji i
j j

b a
s i K j m s

b a

−
= = =  −           (3.2.1) 

 

ɝɞɟ 
1

1

1

im
i i i
j d j

di
d j

a x x
m =



= −
−   - ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɞɨ ɨɛɴɟɤɬɨɜ ɢɡ 

ɬɨɝɨ ɠɟ ɤɥɚɫɬɟɪɚ (ɫɪɟɞɧɟɟ ɜɧɭɬɪɢ ɤɥɚɫɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ);  

ɝɞɟ 
1

1
min

k

k i

m
i k i
j d j

C C
dk

b x x
m

=

= −   - ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɞɨ ɨɛɴɟɤɬɨɜ ɢɡ 

ɛɥɢɠɚɣɲɟɝɨ ɤɥɚɫɬɟɪɚ (ɨɬɥɢɱɧɨɝɨ ɨɬ ɬɨɝɨ, ɜ ɤɨɬɨɪɨɦ ɥɟɠɢɬ ɫɚɦ ɨɛɴɟɤɬ). 
ɋɢɥɭɷɬɨɦ ɧɚɡɵɜɚɟɬɫɹ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɫɢɥɭɷɬɚ ɨɛɴɟɤɬɨɜ ɞɚɧɧɨɣ ɜɵɛɨɪɤɢ: 
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 
1 11

1
, 1,1 ,

imK
i
j

i jK

s s s
m m = =

=  −
+ +                     (3.2.2) 

 

ɑɟɦ ɛɥɢɠɟ ɫɢɥɭɷɬ ɜɵɛɨɪɤɢ ɤ −ͳ, ɬɟɦ ɤɥɚɫɬɟɪɵ ɦɟɧɟɟ ɩɥɨɬɧɵɟ. ȿɫɥɢ 
ɡɧɚɱɟɧɢɟ ɫɢɥɭɷɬɚ ɛɥɢɠɟ ɤ ɧɭɥɸ, ɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɨɬɫɭɬɫɬɜɭɸɬ ɤɥɚɫɬɟɪɵ ɢɥɢ ɨɧɢ 
ɧɚɥɨɠɟɧɵ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɛɥɢɠɟ ɤ ͳ, ɬɨ ɤɥɚɫɬɟɪɵ ɛɨɥɟɟ ɩɥɨɬɧɵɟ 
(ɨɬɞɟɥɟɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ). 
 

1.4 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ 
 

1.4.1 ɋɬɚɧɞɚɪɬɢɡɚɰɢя ɞɚɧɧɵɯ 
 

ɋɬɚɧɞɚɪɬɢɡɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɞɚɧɧɵɯ ɤ ɛɟɡɪɚɡɦɟɪɧɵɦ 
ɜɟɥɢɱɢɧɚɦ. Эɬɨ ɩɨɥɟɡɧɨ ɬɟɦ, ɱɬɨ ɦɵ ɨɬɯɨɞɢɦ ɨɬ ɪɚɡɦɟɪɧɨɫɬɟɣ ɞɚɧɧɵɯ ɢ ɦɨɠɟɦ 
ɫɪɚɜɧɢɜɚɬɶ ɨɛɟɡɪɚɡɦɟɪɟɧɧɵɟ ɞɚɧɧɵɟ. ɋɬɚɧɞɚɪɬɢɡɚɰɢɹ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ 
ɫɟɛɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɵɯ ɬɢɩɚ. 

Ɉɩɪɟɞɟɥɟɧɢɟ 4.1.1. ɋɬɚɧɞɚɪɬɢɡɚɰɢɟɣ ɞɚɧɧɵɯ ɧɚɡɨɜёɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɜɢɞɚ: 

 

' i
i

x

X X
X

S

−
= , 1, ,i n= .             (4.1.1) 

 

ɋɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɟ ɞɚɧɧɵɟ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ: 
ɚ) 0iX =  ; 

ɛ) 1
iXS =  . 

 

1.4.2 Ʌɨɝɚɪɢɮɦɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ 
 

Ɉɩɪɟɞɟɥɟɧɢɟ 4.2. Ʌɨɝɚɪɢɮɦɢɪɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɧɚɡɨɜёɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɜɢɞɚ: 

 
' ln( 1), 1, , .i iX X i n= + =             (4.2.1) 

 

ɉɨɞ ௜ܺ ɦɨɠɟɬ ɩɨɧɢɦɚɬɶɫɹ ɢ ɜɟɤɬɨɪ ɡɧɚɱɟɧɢɣ. Ɍɨɝɞɚ ɩɪɟɞɨɛɪɚɡɨɜɚɧɢɟ ɞɥɹ 
ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

 
' ' ' '

1 2 1 2( , , , ) ln( ) (ln( 1), ln( 1), , ln( 1)).n nX x x x X x x x= = = + + +         (4.2.2) 
 

1.5 ɂɫɩɨɥɶɡɭɟɦɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ 
 

ɂɫɩɨɥɶɡɭɟɦɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ: python. 
ȼ ɛɢɛɥɢɨɬɟɤɟ NumPy ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɨɬɨɜɚɹ  ɪɟɚɥɢɡɚɰɢɹ ɦɧɨɝɨɦɟɪɧɵɯ 

ɦɚɫɫɢɜɨɜ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɟ ɞɥɹ ɦɧɨɝɨɦɟɪɧɵɯ 
ɦɚɫɫɢɜɨɜ. Ȼɢɛɥɢɨɬɟɤɚ pandas ɤɚɤ ɧɚɞɫɬɪɨɣɤɚ ɧɚɞ  ɛɢɛɥɢɨɬɟɤɨɣ NumPy 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɱɬɟɧɢɹ ɢ ɫɨɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɜ csv ɮɨɪɦɚɬɟ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɨɩɢɫɚɬɟɥɶɧɵɯ ɫɬɚɬɢɫɬɢɤ ɢ ɞɥɹ ɭɞɨɛɧɨɝɨ ɨɛɪɚɳɟɧɢɹ ɫ ɞɚɧɧɵɦɢ. 
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Ȼɢɛɥɢɨɬɟɤɚ SciPy ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ ɢ 
ɩɨɥɭɱɟɧɢɹ ɞɟɧɞɪɨɝɪɚɦɦɵ ɜ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. ȼ ɛɢɛɥɢɨɬɟɤɟ scikit-
learn (sklearn) ɫɨɞɟɪɠɚɬɫɹ ɚɥɝɨɪɢɬɦɵ k-means ɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɣ, 
ɚ ɬɚɤɠɟ ɪɟɚɥɢɡɚɰɢɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɢ ɦɟɬɪɢɤɢ ɩɪɨɜɟɪɤɢ ɤɚɱɟɫɬɜɚ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ. 

Ɉɫɬɚɥɶɧɵɟ ɛɢɛɥɢɨɬɟɤɢ matplotlib ɢ xlsxwriter ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɭɞɨɛɧɨɝɨ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɢ ɬɚɛɥɢɰ. 

ȼɟɪɫɢɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɛɢɛɥɢɨɬɟɤ ɢ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ: 
- Python 3.7.2; 
- xlsxwriter 1.1.5; 
- Matplotlib 3.0.2; 
- NumPy 1.16.1; 
- Sklearn 0.20.2; 
- SciPy 1.2.1; 
- Pandas 0.24.1. 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɚɧɚɥɢɡɚ ɪɟɤ ɛɵɥɢ ɫɨɡɞɚɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ 

ɢ ɤɥɚɫɫɵ, ɭɩɪɨɳɚɸɳɢɟ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ:  
- ɤɥɚɫɫ ɞɥɹ ɫɨɡɞɚɧɢɹ ɮɚɣɥɨɜ, ɤɭɞɚ ɫɨɯɪɚɧɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ; 
- ɫɤɪɢɩɬɵ, ɩɨɥɭɱɚɸɳɢɟ ɨɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɞɥɹ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ 

ɞɚɧɧɵɯ ɫ ɞɚɥɶɧɟɣɲɢɦ ɫɨɯɪɚɧɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɝɪɚɮɢɱɟɫɤɨɦ (ɝɢɫɬɨɝɪɚɦɦɵ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ) ɢ ɬɚɛɥɢɱɧɨɦ ɜɢɞɚɯ ɜ xlsx ɮɨɪɦɚɬɟ; 

- ɦɟɬɨɞɵ, ɜɵɱɢɫɥɹɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɋɩɢɪɦɟɧɚ ɞɥɹ ɜɫɟɯ 
ɱɢɫɥɟɧɧɵɯ ɚɬɪɢɛɭɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɞɚɧɧɵɟ, ɫ ɩɪɨɜɟɪɤɨɣ ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɫ ɭɪɨɜɧɟɦ ɡɧɚɱɢɦɨɫɬɢ ɪɚɜɧɵɦ 0,05. Ɍɚɤɠɟ ɷɬɢ 
ɦɟɬɨɞɵ ɫɨɡɞɚɸɬ ɢ ɫɨɯɪɚɧɹɸɬ ɡɧɚɱɢɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɜ ɜɢɞɟ 
ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɝɪɚɮɚ ɫ ɡɚɞɚɧɧɵɦ ɦɢɧɢɦɚɥɶɧɵɦ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɦɟɬɨɞɵ ɫɨɯɪɚɧɹɸɬ ɪɟɡɭɥɶɬɚɬɵ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɝɪɚɮɢɱɟɫɤɨɦ 
(ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɝɪɚɮɵ) ɢ ɬɚɛɥɢɱɧɨɦ (xlsx ɮɚɣɥɵ) ɜɢɞɚɯ, ɩɪɢɱɟɦ ɬɚɛɥɢɰɵ 
ɪɚɫɤɪɚɲɢɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɤɨɪɪɟɥɹɰɢɢ; 

- ɦɟɬɨɞɵ, ɜɵɩɨɥɧɹɸɳɢɟ ɥɢɧɟɣɧɭɸ ɪɟɝɪɟɫɫɢɸ ɧɚ ɤɚɠɞɨɦ ɛɢɨɬɢɱɟɫɤɨɦ 
ɮɚɤɬɨɪɟ ɫ ɚɛɢɨɬɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢ ɜɵɱɢɫɥɹɸɳɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɫ ɩɪɨɜɟɪɤɨɣ ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɪɢ ɭɪɨɜɧɟ 
ɡɧɚɱɢɦɨɫɬɢ ɪɚɜɧɵɦ 0,05. Ⱦɚɥɟɟ ɦɟɬɨɞɵ ɫɨɯɪɚɧɹɸɬ ɪɟɡɭɥɶɬɚɬɵ ɥɢɧɟɣɧɨɣ 
ɪɟɝɪɟɫɫɢɢ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɫɚɦɨɣ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɢ ɜ ɬɚɛɥɢɱɧɨɦ ɜɢɞɟ ɫ 
ɪɚɫɤɪɚɫɤɨɣ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɨɬ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɚɛɢɨɬɢɱɟɫɤɨɝɨ 
ɮɚɤɬɨɪɚ; 

- ɦɟɬɨɞɵ, ɜɵɩɨɥɧɹɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɢ ɚɝɥɨɦɟɪɚɬɢɜɧɭɸ 
ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚɞ ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɦɢ ɞɚɧɧɵɦɢ ɫ ɫɨɯɪɚɧɟɧɢɟɦ 
ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɜɢɞɟ ɞɟɧɞɪɨɝɪɚɦɦ ɢ ɬɚɛɥɢɰ ɜ xlsx ɮɨɪɦɚɬɟ ɫ ɪɚɫɤɪɚɫɤɨɣ ɩɨ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɤɚɠɞɨɦɭ ɤɥɚɫɬɟɪɭ; 

- ɤɥɚɫɫ, ɨɛɴɟɞɢɧɹɸɳɢɣ ɜɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢ ɤɥɚɫɫ 
ɬɟɯɧɨɥɨɝɢɢ ɚɧɚɥɢɡɚ.  

Ʉɨɞ ɩɪɨɝɪɚɦɦ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 
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 2 Ⱥɧɚɥɢɡ ɡɨɨɛɟɧɬɨɫɚ ɪɟɤ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟя 
 

2.1 Ɇɟɬɨɞɢɤɚ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ 
 

ɉɪɨɰɟɫɫ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɫɨɫɬɨɢɬ ɢɡ ɲɟɫɬɢ ɷɬɚɩɨɜ: 
- ɉɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɜ xlsx ɮɨɪɦɚɬɟ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɯ ɜ csv ɮɨɪɦɚɬ; 
- ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ; 
- ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɢɫɚɬɟɥɶɧɵɯ ɫɬɚɬɢɫɬɢɤ ɢ ɩɪɨɜɟɪɤɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɝɢɩɨɬɟɡ; 
- Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ; 
- Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ; 
- Ʉɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ. 
ɉɟɪɜɵɣ ɷɬɚɩ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɞɚɧɧɵɯ ɜ xlsx ɮɨɪɦɚɬɟ ɢ ɩɟɪɟɜɨɞɟ 

ɢɯ ɜ csv (comma-separated values) ɮɨɪɦɚɬ. 
ȼ xlsx ɮɚɣɥɟ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɩɨ ɫɟɦɟɣɫɬɜɚɦ ɡɨɨɛɟɧɬɨɫɚ ɪɟɤɢ ɛɚɫɫɟɣɧɚ 

ȿɧɢɫɟɹ. ȼɫɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɨ 39 ɫɟɦɟɣɫɬɜ: Ephemeridae, Potamanthidae, 
Ephemerellidae, Heptageniidae, Baetidae, Leptophlebiidae, Caenidae, 
Taeniopterycidae, Perlodidae, Chloroperlidae, Perlidae, Pteronarcyidae, 
Arctopsychidae, Hydropsychidae, Stenopsychidae, Psychomyiidae, 
Polycentropodidae, Limnephilidae, Brachycentridae, Goeridae, Rhyacophilidae, 
Lepidostomatidae, Sericostomatidae, Glossosomatidae, Leptoceridae, 
Ceratopogonidae, Limoniidae, Tipulidae, Athericidae, Tanypodinae, Orthocladiinae, 
Chironomini, Tanytarsini, Lymnaeidae, Valvatidae, Planorbidae, Bivalvia, 
Lumbriculidae, Tubificidae.  

ɋɟɦɟɣɫɬɜɚ ɨɩɢɫɵɜɚɸɬɫɹ ɞɜɭɦɹ ɛɢɨɬɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ: ɤɨɥɢɱɟɫɬɜɨ 
ɡɨɨɛɟɧɬɨɫɚ ɢ ɢɯ ɛɢɨɦɚɫɫɚ.   

Ʉɚɠɞɚɹ ɩɪɨɛɚ ɢɦɟɟɬ ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ – ɧɨɦɟɪ ɩɪɨɛɵ, ɢɦɟɸɳɢɣ 
ɮɨɪɦɚɬ <ɧɨɦɟɪ_ɫɬɚɧɰɢɢ>.<ɧɨɦɟɪ_ɩɪɨɛɵ_ɧɚ_ɫɬɚɧɰɢɢ>. ɉɪɨɛɚ ɫɨɞɟɪɠɢɬ 
ɧɚɡɜɚɧɢɟ ɫɬɚɧɰɢɢ, ɨɩɢɫɚɧɢɟ ɝɪɭɧɬɚ, ɬɟɦɩɟɪɚɬɭɪɭ, ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɦɟɫɬɟ 
ɜɡɹɬɢɢ ɩɪɨɛɵ, ɤɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ ɢ ɛɢɨɦɚɫɫɚ ɤɚɠɞɨɝɨ ɫɟɦɟɣɫɬɜɚ ɡɨɨɛɟɧɬɨɫɚ. 
 Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɚɧɚɥɢɡɚ ɛɢɨɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɫɭɦɦɢɪɭɸɬɫɹ ɞɨ ɩɹɬɢ 
ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ: ɩɨɞɟɧɤɢ, ɜɟɫɧɹɧɤɢ, ɪɭɱɟɣɧɢɤɢ, ɞɜɭɤɪɵɥɵɟ ɢ 
ɩɪɨɱɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɬɫɹ ɤɚɤ ɧɚ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɬɚɤ 
ɢ ɧɚ ɫɝɪɭɩɩɢɪɨɜɚɧɧɵɯ ɩɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɣ ɝɪɭɩɩɟ. 
 ɉɟɪɜɵɣ ɷɬɚɩ ɡɚɜɟɪɲɚɟɬɫɹ ɞɨɛɚɜɥɟɧɢɟɦ ɫɬɨɥɛɰɚ ɨɩɢɫɚɧɢɹ ɦɟɫɬɧɨɫɬɢ ɜ 
ɦɟɫɬɟ ɜɡɹɬɢɢ ɩɪɨɛɵ. ȼɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɛɴɟɞɢɧɟɧɢɟ ɞɚɧɧɵɯ ɨɩɢɫɚɧɢɣ ɝɪɭɧɬɚ ɢ 
ɧɚɡɜɚɧɢɹ ɫɬɚɧɰɢɢ. Ⱦɚɥɟɟ ɞɚɧɧɵɟ ɫɨɯɪɚɧɹɸɬɫɹ ɜ csv ɮɨɪɦɚɬɟ. 

ȼɬɨɪɨɣ ɷɬɚɩ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɩɪɨɛɚɦ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ: ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ, ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɹ 
ɞɚɧɧɵɯ ɢ ɩɨɥɭɱɟɧɢɟ ɞɨɥɟɣ ɤɚɠɞɨɣ ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɣ ɝɪɭɩɩɵ ɡɨɨɛɟɧɬɨɫɚ ɜ ɨɛɳɟɦ 
ɤɨɥɢɱɟɫɬɜɟ ɢɥɢ ɛɢɨɦɚɫɫɟ ɡɨɨɛɟɧɬɨɫɚ ɜ ɩɪɨɛɟ.  

ɋɬɚɧɞɚɪɬɢɡɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ ɰɟɥɶɸ ɨɛɟɡɪɚɡɦɟɪɢɜɚɧɢɹ ɞɚɧɧɵɯ. Ɉɞɧɚɤɨ, 
ɨɬ ɚɧɚɥɢɡɚ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ ɨɬɤɚɡɚɥɢɫɶ, ɩɨɫɤɨɥɶɤɭ ɜ ɚɧɚɥɢɡɟ ɜɫɟɝɞɚ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɞɧɨɪɨɞɧɵɟ ɩɨ ɫɦɵɫɥɭ ɞɚɧɧɵɟ (ɬɨɥɶɤɨ ɱɢɫɥɟɧɧɨɫɬɶ, ɢɥɢ ɬɨɥɶɤɨ 
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ɛɢɨɦɚɫɫɚ) ɢ ɨɧɚ ɧɟ ɞɚёɬ ɧɨɜɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ.  

Ʌɨɝɚɪɢɮɦɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ ɰɟɥɶɸ ɩɪɢɛɥɢɠɟɧɢɹ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɤ ɧɨɪɦɚɥɶɧɨɦɭ.  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɧɚɞ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦɢ ɢ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɦɢ ɞɚɧɧɵɦɢ 
ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɢ ɫɬɚɬɢɫɬɢɤɢ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɝɢɩɨɬɟɡ, ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ, ɪɟɝɪɟɫɫɢɨɧɧɵɣ ɢ ɤɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡɵ. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɞɫɱɟɬ ɞɨɥɢ ɩɨɤɚɡɚɬɟɥɹ (ɱɢɫɥɟɧɧɨɫɬɶ, ɛɢɨɦɚɫɫɚ) ɤɚɠɞɨɣ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɣ ɝɪɭɩɩɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɭɦɦɚɪɧɨɦɭ ɩɨɤɚɡɚɬɟɥɸ ɜ ɩɪɨɛɟ 
ɜɧɨɫɢɬ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɧɧɵɯ ɜɧɭɬɪɢ ɫɬɪɨɤɢ. ɉɨɷɬɨɦɭ ɨɩɪɚɜɞɚɧɧɵɦ ɛɭɞɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɞɚɧɧɵɯ ɬɨɥɶɤɨ ɞɥɹ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ 
ɞɨɦɢɧɚɧɬɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɜ ɩɪɨɛɟ. 

Ɉɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɚɧɚɥɢɡɟ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɫɬɢ ɞɚɧɧɵɯ. Ɉɧɢ ɜ ɫɟɛɹ ɜɤɥɸɱɚɸɬ: 

- Ɉɩɪɟɞɟɥɟɧɢɹ ɝɥɚɜɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɡɨɨɛɟɧɬɨɫɚ ɜ ɩɪɨɛɟ, ɫɬɚɧɰɢɢ ɢ 
ɪɟɤɟ; 

- Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɞɚɧɧɵɯ; 
- Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɨɠɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɝɢɫɬɨɝɪɚɦɦɵ 

ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ; 
- ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɪɢɬɟɪɢɹ ɒɚɩɢɪɨ-ɍɢɥɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɥɶɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɨɨɛɟɧɬɨɫɚ. 
ɋ ɭɱёɬɨɦ ɜɨɡɦɨɠɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɜɟɪɹɬɫɹ ɬɟ ɢɥɢ ɢɧɵɟ ɫɬɚɬɢɫɬɢɤɢ 

ɞɥɹ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡ. 
Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɢɧɟɣɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɢɥɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɛɢɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ (ɱɢɫɥɟɧɧɨɫɬɶ ɢ ɛɢɨɦɚɫɫɚ). Ɉɞɧɚɤɨ, ɢɡ-ɡɚ ɧɟɧɨɪɦɚɥɶɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɨɨɛɟɧɬɨɫɚ ɢɥɢ ɫɢɥɶɧɨɣ ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɪɚɧɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɋɩɢɪɦɟɧɚ. Ɂɧɚɱɢɦɨɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɩɪɨɜɟɪɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɬɚɬɢɫɬɢɤɢ ɫ ɭɪɨɜɧɟɦ 
ɡɧɚɱɢɦɨɫɬɢ ɪɚɜɧɨɦɭ 0.05. 

Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɜɥɢɹɧɢɹ 
ɚɛɢɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ (ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ) ɧɚ ɛɢɨɬɢɱɟɫɤɢɟ 
ɮɚɤɬɨɪɵ (ɱɢɫɥɟɧɧɨɫɬɶ ɢ ɛɢɨɦɚɫɫɚ ɡɨɨɛɟɧɬɨɫɚ). Ⱦɥɹ ɷɬɨɝɨ ɫɬɪɨɢɬɫɹ ɥɢɧɟɣɧɚɹ 
ɪɟɝɪɟɫɫɢɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɣ ɥɢɧɢɢ 
ɪɟɝɪɟɫɫɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ, ɤɚɤ ɤɪɢɬɟɪɢɣ ɫɢɥɵ 
ɜɥɢɹɧɢɹ, ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɢɢɰɢɟɧɬɚ 
ɞɟɬɟɪɦɢɧɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɫɬɚɬɢɫɬɢɤɢ ɫ ɭɪɨɜɧɟɦ ɡɧɚɱɢɦɨɫɬɢ ɪɚɜɧɵɦ 0.05. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɞɢɧɚɦɢɤɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ k-means++ ɢ ɚɝɥɨɦɟɪɚɬɢɜɧɚɹ 
ɤɥɚɫɬɟɪɢɡɚɰɢɹ. Ʉɚɱɟɫɬɜɨɦ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɜɵɫɬɭɩɚɟɬ ɤɪɢɬɟɪɢɣ ɫɢɥɭɷɬ (k-means++ 
ɢ ɚɝɥɨɦɟɪɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ) ɢ ɫɭɦɦɚ ɜɧɭɬɪɟɤɥɚɫɬɟɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ (k-
means++ ɤɥɚɫɬɟɪɢɡɚɰɢɹ).  

Ɉɫɧɨɜɧɵɦ ɞɥɹ k-mean++ ɤɪɢɬɟɪɢɟɦ ɛɵɥɚ ɫɭɦɦɚ ɜɧɭɬɟɤɥɚɫɬɟɪɧɵɯ 
ɪɚɫɫɬɨɹɧɢɣ. Ɉɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɝɪɚɮɢɤ ɫɭɦɦ ɜɧɭɬɪɟɤɥɚɫɬɟɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɧɟ 
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ɢɦɟɟɬ ɜɵɪɚɠɟɧɧɨɝɨ ɩɚɞɟɧɢɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɥɚɫɬɟɪɨɜ, ɱɬɨ ɦɨɠɟɬ 
ɛɵɬɶ ɫɥɟɞɫɬɜɢɟɦ ɨɬɫɭɬɫɬɜɢɹ ɜɵɪɚɠɟɧɧɵɯ ɤɥɚɫɬɟɪɨɜ, ɡɚɲɭɦɥɟɧɧɨɫɬɢ ɞɚɧɧɵɯ ɢɥɢ 
ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɵɯ. ɉɨɷɬɨɦɭ ɨɬ k-means++ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɨɬɤɚɡɚɥɢɫɶ ɩɨ ɩɪɢɱɢɧɟ ɬɪɭɞɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ. 

Ⱥɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɭɞɨɛɧɚ ɜ ɚɧɚɥɢɡɟ ɬɟɦ, ɱɬɨ ɜɢɞɟɧ ɩɪɨɰɟɫɫ 
ɩɨɥɭɱɟɧɢɹ ɤɥɚɫɬɟɪɨɜ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɞɟɧɞɪɨɝɪɚɦɦɵ. ɉɨɦɢɦɨ 
ɤɪɢɬɟɪɢɹ ɫɢɥɭɷɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɯɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɩɭɬɟɦ 
ɧɚɯɨɠɞɟɧɢɹ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ ݇, ɤɨɬɨɪɨɦɭ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɛɨɥɶɲɨɟ ɦɟɠɤɥɚɫɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ. 

 

2.2 Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɧɚ ɩɪɢɦɟɪɟ ɪɟɤɢ Ʉɚɧ 
 

2.2.1 Ɉɛɳɢɣ ɨɛɡɨɪ ɞɚɧɧɵɯ 
 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɞɚɧɧɵɟ ɩɨ ɫɟɦɟɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɚɛɥɢɰɭ 27 ɫɬɪɨɤ 
ɧɚ 43. ɋɬɪɨɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɚɛɨɪ ɩɪɢɡɧɚɤɨɜ ɨɬɞɟɥɶɧɨɣ ɩɪɨɛɵ ɝɪɭɧɬɚ, 
ɜɡɹɬɨɣ ɧɚ ɜɵɞɟɥɟɧɧɵɯ ɛɢɨɥɨɝɚɦɢ ɫɬɚɧɰɢɹɯ ɪ. Ʉɚɧ. Ȼɢɨɬɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ 
ɩɟɪɟɫɱɢɬɚɧɵ ɧɚ ɦ2 ɩɥɨɳɚɞɢ ɩɪɨɛɵ. ȼ ɫɬɨɥɛɰɚɯ ɡɚɩɢɫɚɧɵ ɞɚɧɧɵɟ ɩɪɨɛ. ɇɚɡɜɚɧɢɟ 
ɫɬɨɥɛɰɨɜ ɢ ɢɯ ɨɩɢɫɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɚɬɪɢɛɭɬɨɜ 
ɞɚɧɧɵɯ: 

- ɇɚɡɜɚɧɢɟ ɫɬɚɧɰɢɢ – ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɬɪɨɤɨɣ; 
- Ƚɪɭɧɬ ɜ ɦɟɫɬɟ ɜɡɹɬɢɢ ɩɪɨɛɵ – ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɬɪɨɤɨɣ; 
- ɇɨɦɟɪ ɩɪɨɛɵ – ɧɚɬɭɪɚɥɶɧɨɟ ɱɢɫɥɨ; 
- Ɍɟɦɩɟɪɚɬɭɪɚ (ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɦɟɫɬɟ ɜɡɹɬɢɢ ɩɪɨɛɵ) – ɰɟɥɶɫɢɢ (°ɋ); 
- ɋɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ (ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɦɟɫɬɟ ɜɡɹɬɢɢ ɩɪɨɛɵ) – 

ɦɝ/ɥ; 
- Ʉɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ ɡɨɨɛɟɧɬɨɫɚ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɟɦɟɣɫɬɜɚ – ɲɬɭɤɢ. 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɨ ɫɟɦɟɣɫɬɜɚɦ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɤɨɥɢɱɟɫɬɜɨɦ 

ɡɨɨɛɟɧɬɨɫɚ. ɇɚɡɜɚɧɢɟɦ ɫɬɚɧɰɢɢ ɢ ɝɪɭɧɬɨɦ ɜ ɦɟɫɬɟ ɜɡɹɬɢɢ ɩɪɨɛɵ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 
ɩɪɢ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ – ɷɬɢ ɞɚɧɧɵɟ ɛɭɞɭɬ ɡɚɩɢɵɜɚɬɶɫɹ ɞɥɹ ɩɪɨɛ ɡɨɨɛɟɧɬɨɫɚ 
ɞɥɹ ɭɞɨɛɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɤɥɚɫɬɟɪɵ. 

Ȼɢɨɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɩɪɨɫɭɦɦɢɪɨɜɚɧɧɵɟ ɞɨ ɩɹɬɢ ɤɪɭɩɧɵɯ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ ɬɚɤɭɸ ɠɟ ɬɚɛɥɢɰɭ, ɧɨ ɫ ɦɟɧɶɲɢɦ 
ɱɢɫɥɨɦ ɩɪɢɡɧɚɤɨɜ. 39 ɫɬɨɥɛɰɨɜ ɫɟɦɟɣɫɬɜ ɛɵɥɢ ɫɨɤɪɚɳɟɧɵ ɞɨ 5 ɫɬɨɥɛɰɨɜ 
ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɫ ɬɟɦ ɠɟ ɢɡɦɟɪɟɧɢɟɦ (ɜ ɲɬɭɤɚɯ) ɤɨɥɢɱɟɫɬɜɚ 
ɨɫɨɛɟɣ ɡɨɨɛɟɧɬɨɫɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɰɟɥɟɩɨɥɚɝɚɧɢɟ ɚɧɚɥɢɡɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɵɯ 
ɩɨ ɫɟɦɟɣɫɬɜɚɦ ɢ ɩɨ ɤɪɭɩɧɵɦ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɦ ɝɪɭɩɩɚɦ ɪɚɡɧɨɟ. Ⱦɚɧɧɵɟ ɩɨ 
ɫɟɦɟɣɫɬɜɚɦ ɫɢɥɶɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɩɪɢ ɞɟɬɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɡɦɟɧɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɡɨɨɛɟɧɬɨɫɚ ɜɞɨɥɶ ɪɟɤɢ – ɧɚɩɪɢɦɟɪ, ɫɟɦɟɣɫɬɜɚ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ 
ɜɟɪɯɨɜɶɹ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɜ ɧɢɡɨɜɶɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɪɭɩɧɵɯ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɫɝɥɚɠɢɜɚɟɬ ɷɬɭ ɢɡɦɟɧɱɢɜɨɫɬɶ, ɧɚ ɩɟɪɜɵɣ ɩɥɚɧ 
ɜɵɞɜɢɝɚɸɬɫɹ ɞɪɭɝɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɛɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɪɨɞɧɵɦɢ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɡɨɧɵ ɢ ɟɝɨ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
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2.2.2 Ɉɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ 
 

Ⱦɥɹ ɞɚɧɧɵɯ ɩɨ ɫɟɦɟɣɫɬɜɚɦ ɨɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡ-
ɡɚ ɛɨɥɶɲɨɣ ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɞɚɧɧɵɯ ɱɢɫɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɨɨɛɟɧɬɨɫɚ. Ɉɞɧɚɤɨ, 
ɭ ɞɚɧɧɵɯ ɩɪɨɫɭɦɦɢɪɨɜɚɧɧɵɯ ɞɨ ɩɹɬɢ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɬɚɤɨɣ 
ɩɪɨɛɥɟɦɵ ɧɟɬ. ɉɨɷɬɨɦɭ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɬɢɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɨɛɳɟɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɡɨɨɛɟɧɬɨɫɟ ɧɚ ɪɟɤɟ Ʉɚɧ. 

Ɉɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 – Ɉɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ 

 T, °C O2,ɦɝ/ɥ Ⱦɜɭɤɪɵɥɵɟ ɉɨɞɟɧɤɢ ȼɟɫɧɹɧɤɢ Ɋɭɱɟɣɧɢɤɢ ɉɪɨɱɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ 27 27 27 27 27 27 27 
ɋɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ 15,44 10,16 273,78 370,96 62,22 366,22 122,07 
ɋɬɚɧɞɚɪɬɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ 1,95 0,75 346,2 241,43 94,9 428,8 172,39 
Ɇɢɧɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 12,1 8,93 16 64 0 32 0 
25% 14 9,66 80 200 0 96 16 
50% 16,5 10,09 160 304 16 240 32 
75% 16,6 10,6 304 472 104 488 128 
Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 18,6 11,5 1440 1072 336 2160 560 

 

ɂɡ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɱɬɨ 
ɜ ɨɫɧɨɜɧɨɦ ɜɤɥɚɞ ɜ ɨɛɳɭɸ ɱɢɫɥɟɧɧɨɫɬɶ ɡɨɨɛɟɧɬɨɫɚ ɧɟɫɭɬ Ⱦɜɭɤɪɵɥɵɟ, ɉɨɞɟɧɤɢ 
ɢ Ɋɭɱɟɣɧɢɤɢ. Ɉɞɧɚɤɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭ ɧɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɟ, ɚ ɜɫɟ 
ɤɜɚɧɬɢɥɢ ɥɟɠɚɬ ɛɥɢɡɤɨ ɤ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ.  

ȿɫɥɢ ɫɱɢɬɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɬɢɯ ɜɟɥɢɱɢɧ ɧɨɪɦɚɥɶɧɵɦ, ɬɨ ɬɚɤɚɹ ɫɢɬɭɚɰɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢ ɚɧɨɦɚɥɶɧɨ ɛɨɥɶɲɢɯ ɜɵɛɪɨɫɚɯ ɜ ɞɚɧɧɵɯ, ɱɬɨ ɢ ɫɥɭɠɢɬ ɩɪɢɱɢɧɨɣ 
ɫɦɟɳɟɧɢɹ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɢ ɫɪɟɞɧɟɝɨ ɨɬɤɥɨɧɟɧɢɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ.  

 

2.2.3 Ɋɚɫɩɪɟɞɟɥɟɧɢя ɞɚɧɧɵɯ 
 

ɉɪɟɞɫɬɚɜɢɦ ɞɚɧɧɵɟ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦɵ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ. Ɉɧɢ ɛɭɞɭɬ 
ɹɜɥɹɬɶɫɹ ɨɰɟɧɤɨɣ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɢ ɩɨ ɧɢɦ ɭɠɟ 
ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɨɡɦɨɠɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɧɧɵɯ. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɛɭɞɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɥɹ Ⱦɜɭɤɪɵɥɵɯ, ɉɨɞɟɧɨɤ, ȼɟɫɧɹɧɨɤ, Ɋɭɱɟɣɧɢɤɨɜ ɢ ɩɪɨɱɢɯ. Ⱦɥɹ 
ɫɟɦɟɣɫɬɜ ɡɨɨɛɟɧɬɨɫɚ ɝɢɫɬɨɝɪɚɦɦɵ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫɭɧɤɚɯ 1-5. 
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Ɋɢɫɭɧɨɤ 1 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ Ⱦɜɭɤɪɵɥɵɯ 

 

 
Ɋɢɫɭɧɨɤ 2 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ ɉɨɞɟɧɨɤ 

 

 
Ɋɢɫɭɧɨɤ 3 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ ȼɟɫɧɹɧɨɤ 
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Ɋɢɫɭɧɨɤ 4 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ Ɋɭɱɟɣɧɢɤɨɜ 

 

 
Ɋɢɫɭɧɨɤ 5 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ ɉɪɨɱɢɯ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1-5, ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɞɚɧɧɵɯ ɧɟɜɨɡɦɨɠɧɨ. Эɬɨ ɫɥɟɞɭɟɬ ɢɡ ɹɜɧɨɣ ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɞɚɧɧɵɯ ɢ ɢɡ ɬɨɝɨ, ɱɬɨ ɞɚɧɧɵɟ ɢɦɟɸɬ ɬɨɥɶɤɨ ɞɢɫɤɪɟɬɧɵɣ ɯɚɪɚɤɬɟɪ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɤɨɬɨɪɵɟ ɫɢɥɶɧɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ ɧɟɜɨɡɦɨɠɧɨ 
ɩɪɢɦɟɧɢɬɶ ɧɚ ɞɚɧɧɵɯ ɜɵɛɨɪɤɚɯ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɤɢɫɥɨɪɨɞɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɦɟɸɬ ɞɪɭɝɨɣ ɜɢɞ  ɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 6-7.  
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Ɋɢɫɭɧɨɤ 6 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 

 

 

Ɋɢɫɭɧɨɤ 7 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɞɥɹ Ʉɢɫɥɨɪɨɞɚ 
 

ɉɪɨɜɟɪɢɦ ɝɢɩɨɬɟɡɭ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɤɢɫɥɨɪɨɞɚ ɤɪɢɬɟɪɢɟɦ ɒɚɩɢɪɨɜ-ɍɢɥɤɚ ɫ ɭɪɨɜɧɟɦ ɡɧɚɱɢɦɨɫɬɢ 𝛼 = Ͳ.Ͳ5. 
Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3. 

 

Ɍɚɛɥɢɰɚ 3 – Ɂɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɒɚɩɢɪɨ-ɍɢɥɤɚ ɢ p-ɡɧɚɱɟɧɢɟ ɞɥɹ ɤɢɫɥɨɪɨɞɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ 

Ɏɚɤɬɨɪ Ɂɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ W p-ɡɧɚɱɟɧɢɟ 
Ʉɢɫɥɨɪɨɞ 0.9433 0.1467 
Ɍɟɦɩɟɪɚɬɭɪɚ 0.8985 0.0124 

 

Ʉɚɤ ɜɢɞɧɨ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ W ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ p-
ɡɧɚɱɟɧɢɸ ɪɚɜɧɨɦɭ 0.0124. ɂɡ ɱɟɝɨ ɫɥɟɞɭɟɬ ɱɬɨ, ɝɢɩɨɬɟɡɭ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɨɬɤɥɨɧɢɬɶ.  
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Ⱦɥɹ ɤɢɫɥɨɪɨɞɚ ɩɨɥɭɱɚɟɦ ɡɧɚɱɟɧɢɟ W ɪɚɜɧɵɦ 0.9433, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ p-
ɡɧɚɱɟɧɢɸ ɪɚɜɧɨɦɭ 0.1467. ɂɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɢɩɨɬɟɡɭ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɧɟ ɨɬɤɥɨɧɹɟɦ. 

 

2.2.4 Ʉɨɪɪɟɥяɰɢя 
 

ȼɵɱɢɫɥɢɦ ɥɢɧɟɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɧɚ ɱɢɫɥɟɧɧɨɫɬɢ ɡɨɨɛɟɧɬɨɫɚ 
ɩɨ ɪɟɤɟ Ʉɚɧ (ɬɚɛɥ. 4). 

 

Ɍɚɛɥɢɰɚ 4 –Ɍɚɛɥɢɰɚ ɥɢɧɟɣɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ 

Ʌɢɧɟɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ 
 Ⱦɜɭɤɪɵɥɵɟ ɉɨɞɟɧɤɢ ȼɟɫɧɹɧɤɢ Ɋɭɱɟɣɧɢɤɢ ɉɪɨɱɢɟ 
Ⱦɜɭɤɪɵɥɵɟ 1 0,203 0,645 0,2575 -0,14 
ɉɨɞɟɧɤɢ 0,203 1 0,3574 0,7044 -0,0944 
ȼɟɫɧɹɧɤɢ 0,645 0,3574 1 0,2165 -0,1903 
Ɋɭɱɟɣɧɢɤɢ 0,2575 0,7044 0,2165 1 -0,1606 
ɉɪɨɱɢɟ -0,14 -0,0944 -0,1903 -0,1606 1 

 

Ʉɚɤ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɵɫɨɤɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ 
Ⱦɜɭɤɪɵɥɵɦɢ ɢ ȼɟɫɧɹɧɤɚɦɢ ɢ ɉɨɞɟɧɤɚɦɢ ɢ Ɋɭɱɟɣɧɢɤɚɦɢ. Ɍɚɤɠɟ ɜɢɞɧɨ ɫɪɟɞɧɸɸ 
ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ ɉɨɞɟɧɤɚɦɢ ɢ ȼɟɫɧɹɧɤɚɦɢ ɢ Ⱦɜɭɤɪɵɥɵɦɢ ɢ Ɋɭɱɟɣɧɢɤɚɦɢ. 

ɉɨɫɤɨɥɶɤɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɨɨɛɟɧɬɨɫɚ ɧɟ ɧɨɪɦɚɥɶɧɵ, ɬɨ ɦɵ ɧɟ ɦɨɠɟɦ 
ɩɪɢɦɟɧɢɬɶ t-ɤɪɢɬɟɪɢɣ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɤɨɪɪɟɥɹɰɢɣ. ɉɨɷɬɨɦɭ ɨɬɤɚɠɟɦɫɹ ɨɬ ɥɢɧɟɣɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɩɨ 
ɩɪɢɱɢɧɟ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɫɬɚɬɢɫɬɢɤ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɝɢɩɨɬɟɡ. 

ȼɵɱɢɫɥɢɦ ɪɚɧɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɋɩɢɪɦɟɧɚ ɫ ɩɪɨɜɟɪɤɨɣ ɧɚ 
ɡɧɚɱɢɦɨɫɬɶ (ɬɚɛɥ. 5-6).  

ȼ ɞɚɧɧɵɯ ɬɚɛɥɢɰɚɯ ɩɪɟɞɫɬɚɜɥɟɧ ɮɪɚɝɦɟɧɬ ɢɡ xlsx ɮɚɣɥɚ. ȼ ɧёɦ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɫɤɪɚɫɤɚ ɞɥɹ ɥɭɱɲɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɢɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 
Ɂɟɥёɧɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɚɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭ ɤɨɬɨɪɵɯ ɜɵɱɢɫɥɟɧɧɨɟ p-
ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɬɚɬɢɫɬɢɤɢ ɦɟɧɶɲɟ 0.05. ȿɫɥɢ p-ɡɧɚɱɟɧɢɟ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɨ  0,05, 
ɬɨ ɹɱɟɣɤɚ ɤɪɚɫɢɬɫɹ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ. 

 

Ɍɚɛɥɢɰɚ 5 – Ɋɚɧɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɤɨɪɪɟɥɹɰɢɢ n-ɞɜɭɤɪɵɥɵɟ n-ɩɨɞɟɧɤɢ n-ɜɟɫɧɹɧɤɢ n-ɪɭɱɟɣɧɢɤɢ n-ɩɪɨɱɢɟ 

n-ɞɜɭɤɪɵɥɵɟ 1 0,333 0,433 0,251 -0,005 
n-ɩɨɞɟɧɤɢ 0,333 1 0,391 0,654 -0,172 
n-ɜɟɫɧɹɧɤɢ 0,433 0,391 1 0,474 -0,264 
n-ɪɭɱɟɣɧɢɤɢ 0,251 0,654 0,474 1 -0,366 
n-ɩɪɨɱɢɟ -0,005 -0,172 -0,264 -0,366 1 
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Ɍɚɛɥɢɰɚ 6 – P-ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤ ɞɥɹ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɪɚɧɝɨɜɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɱɢɫɥɟɧɧɨɫɬɢ ɡɨɨɛɟɧɬɨɫɚ ɧɚ ɡɧɚɱɢɦɨɫɬɶ 

P-ɡɧɚɱɟɧɢɟ n-ɞɜɭɤɪɵɥɵɟ n-ɩɨɞɟɧɤɢ n-ɜɟɫɧɹɧɤɢ n-ɪɭɱɟɣɧɢɤɢ n-ɩɪɨɱɢɟ 
n-ɞɜɭɤɪɵɥɵɟ 0 0,089 0,024 0,206 0,98 
n-ɩɨɞɟɧɤɢ 0,089 0 0,044 0 0,39 
n-ɜɟɫɧɹɧɤɢ 0,024 0,044 0 0,012 0,184 
n-ɪɭɱɟɣɧɢɤɢ 0,206 0 0,012 0 0,06 
n-ɩɪɨɱɢɟ 0,98 0,39 0,184 0,06 0 

 

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɉɨɞɟɧɤɢ ɢ Ɋɭɱɟɣɧɢɤɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ 
ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɤɨɪɪɟɥɹɰɢɸ, Ⱦɜɭɤɪɵɥɵɟ ɢ ȼɟɫɧɹɧɤɢ, ɉɨɞɟɧɤɢ ɢ ȼɟɫɧɹɧɤɢ ɢ 
ȼɟɫɧɹɧɤɢ ɢ ɪɭɱɟɣɧɢɤɢ ɢɦɟɸɬ ɫɪɟɞɧɸɸ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɤɨɪɪɟɥɹɰɢɸ. 

Ɍɚɤɠɟ ɩɪɢɜɟɞёɦ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ, ɞɥɹ ɞɨɫɬɨɜɟɪɧɵɯ ɞɚɧɧɵɯ. Ƚɪɚɮ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 8. 

 

 
Ɋɢɫɭɧɨɤ 8 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɫɨ ɡɧɚɱɢɦɵɦɢ ɪɚɧɝɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɤɨɪɪɟɥɹɰɢɢ ɱɢɫɥɟɧɧɨɫɬɢ ɡɨɨɛɟɧɬɨɫɚ 
 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɟɞɟɧ ɞɥɹ ɛɢɨɦɚɫɫɵ ɡɨɨɛɟɧɬɨɫɚ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 7-8 ɢ ɪɢɫ. 9. 

ȼ ɞɚɧɧɵɯ ɬɚɛɥɢɰɚɯ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɜɵɫɨɤɭɸ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɤɨɪɪɟɥɹɰɢɸ 
ɦɚɫɫɵ ɉɨɞɟɧɨɤ ɢ ɉɪɨɱɢɯ ɢ ȼɟɫɧɹɧɨɤ ɢ Ɋɭɱɟɣɧɢɤɨɜ ɢ ɜɵɫɨɤɭɸ ɨɬɪɢɰɚɬɟɥɶɧɭɸ 
ɤɨɪɪɟɥɹɰɢɸ ɉɨɞɟɧɨɤ ɢ ȼɟɫɧɹɧɨɤ.  

 

Ɍɚɛɥɢɰɚ 7 – Ɋɚɧɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɛɢɨɦɚɫɫɚ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ 
ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɤɨɪɪɟɥɹɰɢɢ b-ɞɜɭɤɪɵɥɵɟ b-ɩɨɞɟɧɤɢ b-ɜɟɫɧɹɧɤɢ b-ɪɭɱɟɣɧɢɤɢ b-ɩɪɨɱɢɟ 

b-ɞɜɭɤɪɵɥɵɟ 1 -0,229 0,345 0,331 0,242 
b-ɩɨɞɟɧɤɢ -0,229 1 -0,568 -0,332 0,504 
b-ɜɟɫɧɹɧɤɢ 0,345 -0,568 1 0,719 -0,095 
b-ɪɭɱɟɣɧɢɤɢ 0,331 -0,332 0,719 1 -0,134 
b-ɩɪɨɱɢɟ 0,242 0,504 -0,095 -0,134 1 

 



26 

 

Ɍɚɛɥɢɰɚ 8 – P-ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤ ɞɥɹ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɪɚɧɝɨɜɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɛɢɨɦɚɫɫɵ ɡɨɨɛɟɧɬɨɫɚ ɧɚ ɡɧɚɱɢɦɨɫɬɶ 

P-ɡɧɚɱɟɧɢɟ b-ɞɜɭɤɪɵɥɵɟ b-ɩɨɞɟɧɤɢ b-ɜɟɫɧɹɧɤɢ b-ɪɭɱɟɣɧɢɤɢ b-ɩɪɨɱɢɟ 
b-ɞɜɭɤɪɵɥɵɟ 0 0,25 0,078 0,091 0,225 
b-ɩɨɞɟɧɤɢ 0,25 0 0,002 0,09 0,007 
b-ɜɟɫɧɹɧɤɢ 0,078 0,002 0 0 0,639 
b-ɪɭɱɟɣɧɢɤɢ 0,091 0,09 0 0 0,504 
b-ɩɪɨɱɢɟ 0,225 0,007 0,639 0,504 0 

 

 
Ɋɢɫɭɧɨɤ 9 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɫɨ ɡɧɚɱɢɦɵɦɢ ɪɚɧɝɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɤɨɪɪɟɥɹɰɢɢ ɱɢɫɥɟɧɧɨɫɬɢ ɡɨɨɛɟɧɬɨɫɚ 

 

2.2.5 Ʌɢɧɟɣɧɚя ɪɟɝɪɟɫɫɢя 
 

Ɋɚɫɫɦɨɬɪɢɦ ɤɨɥɢɱɟɫɬɜɨ ɡɨɨɛɟɧɬɨɫɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɤɢɫɥɨɪɨɞɚ ɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜɦɟɫɬɟ. ȼ ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ 
ɫɢɥɵ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɛɟɪɭɬɫɹ ɞɜɚ ɤɪɢɬɟɪɢɹ: ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ܴଶ ɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ܴ𝑎𝑑௝ଶ . Ⱦɥɹ ɩɪɨɜɟɪɤɢ 
ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɬɟɪɦɢɧɚɰɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɫɬɚɬɢɫɬɢɤɚ Ɏɢɲɟɪɚ ɢ 
ɤɪɢɬɟɪɢɣ ɒɚɩɢɪɨ-ɍɢɥɤɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɧɚ ɧɨɪɦɚɥɶɧɨɫɬɶ ɨɫɬɚɬɤɨɜ ɪɟɝɪɟɫɫɢɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɬɟɪɦɢɧɚɰɢɢ ɫ ɩɪɨɜɟɪɤɨɣ ɧɚ ɡɧɚɱɢɦɨɫɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 9. Ɂɟɥёɧɵɦ ɰɜɟɬɨɦ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɥɢɧɟɣɧɨɣ 
ɪɟɝɪɟɫɫɢɢ, ɧɚ ɤɨɬɨɪɵɯ p-ɡɧɚɱɟɧɢɟ ɦɟɧɶɲɟ, ɱɟɦ 0.05, ɢɥɢ ɪɚɜɧɨ 0,05 ɞɥɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɬɟɪɦɢɧɚɰɢɢ ɢ ɛɨɥɶɲɟ ɱɟɦ 0.05 ɞɥɹ ɤɪɢɬɟɪɢɹ ɒɚɩɢɪɨ-ɍɢɥɤɚ. ȼ 
ɢɧɨɦ ɫɥɭɱɚɟ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɚɧɚɥɨɝɢɱɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɩɨ ɰɜɟɬɭ ɞɥɹ ɫɬɚɬɢɫɬɢɤ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ. 

 

Ɍɚɛɥɢɰɚ 9 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɟɬɟɪɦɢɧɚɰɢɢ ɞɥɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɨ ɫɬɚɬɢɫɬɢɤɚɦɢ Ɏɢɲɟɪɚ ɢ ɒɚɩɢɪɨ-ɍɢɥɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
 Ɂɨɨɛɟɧɬɨɫ ܴଶ F value F p-value Shapiro Shapiro p-value 

n-ɞɜɭɤɪɵɥɵɟ 0.31 11.21 0.003 0.911 0.329 
n-ɩɨɞɟɧɤɢ 0.082 2.239 0.147 0.897 0.001 
n-ɜɟɫɧɹɧɤɢ 0.23 7.462 0.011 0.896 0.426 
n-ɪɭɱɟɣɧɢɤɢ 0.045 1.165 0.291 0.639 0.308 
n-ɩɪɨɱɢɟ 0.267 9.114 0.006 0.875 0.446 
b-ɞɜɭɤɪɵɥɵɟ 0.181 5.536 0.027 0.788 0.391 
b-ɩɨɞɟɧɤɢ 0.006 0.149 0.703 0.748 0.497 
b-ɜɟɫɧɹɧɤɢ 0.116 3.292 0.082 0.669 0.023 
b-ɪɭɱɟɣɧɢɤɢ 0.065 1.745 0.198 0.818 0.446 
b-ɩɪɨɱɢɟ 0 0.004 0.949 0.671 0.478 
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ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ 31, 23 ɢ 26 ɩɪɨɰɟɧɬɨɜ 
ɞɢɫɩɟɪɫɢɢ ɤɨɥɢɱɟɫɬɜɚ Ⱦɜɭɤɪɵɥɵɯ, ȼɟɫɧɹɧɨɤ ɢ ɉɪɨɱɢɯ ɢ 18 ɩɪɨɰɟɧɬɨɜ 
ɞɢɫɩɟɪɫɢɢ ɛɢɨɦɚɫɫɵ ɨɛɴɹɫɧɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ. Ɉɫɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵ ɢ ɧɟ ɡɧɚɱɢɦɵ. 

Ⱦɚɥɶɲɟ ɪɚɫɫɦɨɬɪɢɦ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢ 
ɛɢɨɦɚɫɫɭ ɡɨɨɛɟɧɬɨɫɚ. Ɋɟɡɭɥɶɬɚɬɵ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ. 10. 

 

Ɍɚɛɥɢɰɚ 10 – Ʉɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɞɥɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɨɬ 
ɤɢɫɥɨɪɨɞɚ ɫɨ ɫɬɚɬɢɫɬɢɤɚɦɢ Ɏɢɲɟɪɚ ɢ ɒɚɩɢɪɨ-ɍɢɥɤɚ  

Ʉɢɫɥɨɪɨɞ 
Ɂɨɨɛɟɧɬɨɫ ܴଶ F value F p-value Shapiro Shapiro p-value 

n-ɞɜɭɤɪɵɥɵɟ 0.036 0.938 0.342 0.704 0.434 
n-ɩɨɞɟɧɤɢ 0.123 3.517 0.072 0.925 0.053 
n-ɜɟɫɧɹɧɤɢ 0.022 0.571 0.457 0.784 0.303 
n-ɪɭɱɟɣɧɢɤɢ 0.221 7.09 0.013 0.816 0.457 
n-ɩɪɨɱɢɟ 0.089 2.43 0.132 0.77 0.478 
b-ɞɜɭɤɪɵɥɵɟ 0.007 0.188 0.668 0.578 0.385 
b-ɩɨɞɟɧɤɢ 0.207 6.516 0.017 0.857 0.456 
b-ɜɟɫɧɹɧɤɢ 0.005 0.125 0.726 0.552 0.416 
b-ɪɭɱɟɣɧɢɤɢ 0.072 1.928 0.177 0.861 0.385 
b-ɩɪɨɱɢɟ 0.11 3.079 0.092 0.785 0.453 

 

ȼ ɫɥɭɱɚɟ ɤɢɫɥɨɪɨɞɚ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɥɢɲɶ 22 ɩɪɨɰɟɧɬɚ ɨɛɴɹɫɧёɧɧɨɣ 
ɞɢɫɩɟɪɫɢɢ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ Ɋɭɱɟɣɧɢɤɨɜ ɢ 20 ɩɪɨɰɟɧɬɨɜ ɨɛɴɹɫɧёɧɧɨɣ ɞɢɫɩɟɪɫɢɢ. 
Ɉɫɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵ ɢ ɧɟ ɡɧɚɱɢɦɵ. 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɬɟɪɦɢɧɚɰɢɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɜɦɟɫɬɧɵɯ 
ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɢɫɥɨɪɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 11.  

 

Ɍɚɛɥɢɰɚ 11 – Ʉɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɟɬɟɪɦɢɧɚɰɢɢ ɞɥɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɢɫɥɨɪɨɞɚ ɫɨ 
ɫɬɚɬɢɫɬɢɤɨɣ Ɏɢɲɟɪɚ ɢ ɒɚɩɢɪɨ-ɍɢɥɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ + Ʉɢɫɥɨɪɨɞ 

 Ɂɨɨɛɟɧɬɨɫ ܴଶ ܴ𝑎𝑑௝ଶ  F value F p-value Shapiro Shapiro p-value 
n-ɞɜɭɤɪɵɥɵɟ 0.339 0.283 6.142 0.007 0.929 0.064 
n-ɩɨɞɟɧɤɢ 0.199 0.132 2.973 0.07 0.937 0.103 
n-ɜɟɫɧɹɧɤɢ 0.247 0.185 3.943 0.033 0.899 0.387 
n-ɪɭɱɟɣɧɢɤɢ 0.259 0.197 4.187 0.028 0.768 0.37 
n-ɩɪɨɱɢɟ 0.367 0.315 6.966 0.004 0.926 0.056 
b-ɞɜɭɤɪɵɥɵɟ 0.186 0.119 2.749 0.084 0.795 0.47 
b-ɩɨɞɟɧɤɢ 0.215 0.15 3.296 0.054 0.858 0.363 
b-ɜɟɫɧɹɧɤɢ 0.12 0.046 1.633 0.216 0.668 0.348 
b-ɪɭɱɟɣɧɢɤɢ 0.132 0.06 1.826 0.183 0.849 0.335 
b-ɩɪɨɱɢɟ 0.11 0.035 1.478 0.248 0.785 0.431 
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ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɩɨɜɵɲɟɧɢɟ ɩɪɨɰɟɧɬɚ 
ɨɛɴɹɫɧɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ ܴ ଶ ɞɥɹ ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɟɞɵɞɭɳɢɦɢ 
ɦɨɞɟɥɹɦɢ. ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ܴ𝑎𝑑௝ଶ  ɡɚɧɢɠɚɟɬ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ 
ɨɰɟɧɤɢ ɬɨɱɧɨɝɨ ɜɥɢɹɧɢɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɮɚɤɬɨɪɨɜ. ɇɨ ɜɫɟ ɠɟ ɨɧɢ ɧɟ 
ɫɥɢɲɤɨɦ ɦɚɥɵ, ɱɬɨɛɵ ɢɯ ɧɟ ɭɱɢɬɵɜɚɬɶ. 

ɉɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɬɟɪɦɢɧɚɰɢɢ ɩɪɢ 
ɞɨɛɚɜɥɟɧɢɢ ɧɨɜɵɯ ɮɚɤɬɨɪɨɜ (ɬɚɛɥ. 12). 

 

Ɍɚɛɥɢɰɚ 12 – Ɍɚɛɥɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɬɟɪɦɢɧɚɰɢɢ ɞɥɹ ɥɢɧɟɣɧɵɯ ɪɟɝɪɟɫɫɢɢ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɢɫɥɨɪɨɞɚ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɢɫɥɨɪɨɞɚ ɜɦɟɫɬɟ 

 Ɂɨɨɛɟɧɬɨɫ ܴଶ ሺܶሻ ܴଶ ሺ𝑂ଶሻ ܴଶ ሺܶ + 𝑂ଶሻ ܴ𝑎𝑑௝ଶ ሺܶ + 𝑂ଶሻ 

n-ɞɜɭɤɪɵɥɵɟ 0,31 0,036 0,339 0,283 
n-ɩɨɞɟɧɤɢ 0,082 0,123 0,199 0,132 
n-ɜɟɫɧɹɧɤɢ 0,23 0,022 0,247 0,185 
n-ɪɭɱɟɣɧɢɤɢ 0,045 0,221 0,259 0,197 
n-ɩɪɨɱɢɟ 0,267 0,089 0,367 0,315 
b-ɞɜɭɤɪɵɥɵɟ 0,181 0,007 0,186 0,119 
b-ɩɨɞɟɧɤɢ 0,006 0,207 0,215 0,15 
b-ɜɟɫɧɹɧɤɢ 0,116 0,005 0,12 0,046 
b-ɪɭɱɟɣɧɢɤɢ 0,065 0,072 0,132 0,06 
b-ɩɪɨɱɢɟ 0 0,11 0,11 0,035 

 

Ⱦɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɟɬɟɪɦɢɧɚɰɢɢ ܴଶ ɜ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɫɨɜɦɟɫɬɧɨ ɨɛɚ ɚɛɢɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɚ 
(ɤɢɫɥɨɪɨɞ ɢ ɬɟɦɩɟɪɚɬɭɪɭ) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɨɞɟɥɹɦɢ ɩɪɨɫɬɟɣɲɢɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɨɬ ɤɚɠɞɨɝɨ ɢɡ ɚɛɢɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ 
ɡɧɚɱɟɧɢɟ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɝɪɟɫɫɢɢ ܴ𝑎𝑑௝ଶ  ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɜɟɥɢɤɨ ɭ ɤɨɥɢɱɟɫɬɜɚ  Ⱦɜɭɤɪɵɥɵɯ ɢ ɉɪɨɱɢɯ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɡɧɚɱɢɦɨɦ 
ɭɜɟɥɢɱɟɧɢɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɫɨɜɦɟɫɬɧɨɣ ɦɨɞɟɥɢ.  

Ʉɨɥɢɱɟɫɬɜɨ ɉɨɞɟɧɨɤ, ȼɟɫɧɹɧɨɤ ɢ Ɋɭɱɟɣɧɢɤɨɜ ɬɚɤɠɟ ɥɭɱɲɟ ɨɩɢɫɵɜɚɸɬɫɹ 
ɫɨɜɦɟɫɬɧɵɦ ɜɥɢɹɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɢɫɥɨɪɨɞɚ, ɯɨɬɹ ɫɢɥɚ ɫɨɜɦɟɫɬɧɨɝɨ ɜɥɢɹɧɢɹ 
ɚɛɢɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɦɟɧɶɲɟ, ɱɟɦ ɭ Ⱦɜɭɤɪɵɥɵɯ ɢ ɉɪɨɱɢɯ.  

ȼ ɰɟɥɨɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɦɨɞɟɥɢ ɜɫɟ ɟɳё 
ɩɥɨɯɨ ɨɩɢɫɵɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɡɨɨɛɟɧɬɨɫɚ ɨɬ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ 
ɫɥɟɞɫɬɜɢɟɦ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɡɨɨɛɟɧɬɨɫɨɦ ɢ ɜɧɟɲɧɢɦɢ 
ɮɚɤɬɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɭɱɬɟɧɵ ɜ ɚɧɚɥɢɡɟ. 
 

2.2.6 Ⱥɝɥɨɦɟɪɚɬɢɜɧɚя ɤɥɚɫɬɟɪɢɡɚɰɢя ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ 
 

Ⱥɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɧɚ ɬɪёɯ ɜɢɞɚɯ ɞɚɧɧɵɯ: 
- ɇɚ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ; 
- ɇɚ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ; 
- ɇɚ ɞɨɥɹɯ ɡɨɨɛɟɧɬɨɫɚ ɩɪɨɛɟ. 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɦɟɫɬɟ ɜɡɹɬɢɹ ɩɪɨɛɵ ɧɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. Ɍɚɤɠɟ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɧɟ ɬɨɥɶɤɨ ɩɨ 
ɱɢɫɥɟɧɧɨɫɬɢ ɡɨɨɛɟɧɬɨɫɚ, ɧɨ ɢ ɩɨ ɟɝɨ ɛɢɨɦɚɫɫɟ. Ⱦɚɥɟɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɟ ɬɨɥɶɤɨ ɩɨ ɤɪɭɩɧɵɦ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɦ ɝɪɭɩɩɚɦɢ, ɧɨ ɢ ɩɨ 
ɱɢɫɥɟɧɧɨɫɬɢ  ɫɟɦɟɣɫɬɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɠɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɚɧɧɵɯ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɡɭɥɶɬɚɬɵ ɤɥɚɫɬɟɪɢɡɚɰɢɣ. ɋɩɟɪɜɚ ɩɨɫɦɨɬɪɢɦ ɪɟɡɭɥɶɬɚɬɵ 
ɧɚɞ ɱɢɫɥɟɧɧɨɫɬɶɸ ɢ ɛɢɨɦɚɫɫɨɣ ɛɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɚɧɧɵɯ ɢ ɧɚɞ ɫɟɦɟɣɫɬɜɚɦɢ 
ɡɨɨɛɟɧɬɨɫɚ. Ⱦɟɧɞɪɨɝɪɚɦɦɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 10-12. 

 

 
Ɋɢɫɭɧɨɤ 10 – Ⱦɟɧɞɪɨɝɪɚɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɱɢɫɥɟɧɧɨɫɬɢ ɡɨɨɛɟɧɬɨɫɚ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
 

 
Ɋɢɫɭɧɨɤ 11 – Ⱦɟɧɞɪɨɝɪɚɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɛɢɨɦɚɫɫɵ ɡɨɨɛɟɧɬɨɫɚ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
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Ɋɢɫɭɧɨɤ 12 – Ⱦɟɧɞɪɨɝɪɚɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɡɨɨɛɟɧɬɨɫɚ. 
 

ɂɧɞɟɤɫɵ ɫɩɪɚɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɨɣ ɱɢɫɟɥ, ɪɚɡɞɟɥɟɧɧɵɯ ɬɨɱɤɨɣ n.m, ɝɞɟ n 
– ɨɩɪɟɞɟɥɹɟɬ ɫɬɚɧɰɢɸ, ɫ ɤɨɬɨɪɨɣ ɛɪɚɥɢ ɩɪɨɛɭ ɢ m – ɧɨɦɟɪ ɩɪɨɛɵ ɫɨ ɫɬɚɧɰɢɢ n. 
Эɬɢ ɠɟ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ ɩɪɨɛ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɥɟɟ. 

ɇɚ ɪɢɫ. 10-12 ɫɥɚɛɨɟ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɤɥɚɫɬɟɪɵ, ɩɨɷɬɨɦɭ ɢɯ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ 
ɛɭɞɟɦ. ɇɚ ɪɢɫɭɧɤɟ 11 ɹɜɧɨ ɜɢɞɧɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɞɜɚ ɤɥɚɫɬɟɪɚ.  

ɉɪɟɞɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬɵ ɤɥɚɫɬɟɪɢɡɚɰɢɣ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ (ɬɚɛɥ. 13).   
ɂɡ ɬɪёɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɛɢɨɦɚɫɫɵ ɤɪɭɩɧɵɯ 

ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɟɫɬɶ ɹɜɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɤɥɚɫɬɟɪɵ. Эɬɨ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ 
ɧɚ ɞɟɧɞɪɨɝɪɚɦɦɟ ɜ ɜɢɞɟ ɛɨɥɶɲɨɝɨ ɦɟɠɤɥɚɫɬɟɪɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ. Ȼɨɥɶɲɨɟ 
ɦɟɠɤɥɚɫɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɩɚɪɵ ɤɥɚɫɬɟɪɨɜ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

ɉɪɢɦɟɧɢɦ ɤɪɢɬɟɪɢɣ ɫɢɥɭɷɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɤɥɚɫɬɟɪɵ. 
Ɋɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 13. 

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 13, ɨɞɢɧ ɤɥɚɫɬɟɪ ɜɵɞɟɥɹɟɬɫɹ ɯɨɪɨɲɨ. Эɬɨ ɦɨɠɧɨ 
ɡɚɦɟɬɢɬɶ ɩɨ ɧɟ ɫɢɥɶɧɨɦɭ ɨɬɥɢɱɢɸ ɡɧɚɱɟɧɢɣ ɫɢɥɭɷɬɚ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ 
ɤɥɚɫɬɟɪɚ. ȼɬɨɪɨɣ ɤɥɚɫɬɟɪ ɜɵɞɟɥɹɟɬɫɹ ɯɭɠɟ (ɨɛɨɡɧɚɱɟɧ ɡɟɥёɧɵɦ ɰɜɟɬɨɦ). ɉɪɢɱɟɦ, 
ɨɞɢɧ ɷɥɟɦɟɧɬ ɨɤɚɡɵɜɚɟɬɫɹ ɛɥɢɠɟ ɤɨ ɩɟɪɜɨɦɭ ɤɥɚɫɬɟɪɭ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɡɭɥɶɬɚɬɨɦ ɩɥɨɯɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɢɥɢ ɹɜɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ (ɜɵɛɪɨɫɚ ɜ ɞɚɧɧɵɯ).  

ɉɨ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɛɢɨɦɚɫɫɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɟɫɬɶ ɨɞɢɧ ɹɜɧɨ 
ɜɵɞɟɥɟɧɧɵɣ ɤɥɚɫɬɟɪ ɫɨ ɫɥɚɛɨ ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɷɥɟɦɟɧɬɚɦɢ (ɷɬɨ ɫɥɟɞɫɬɜɢɟ ɦɚɥɨɣ 
ɨɬɥɢɱɧɨɫɬɢ ɡɧɚɱɟɧɢɹ ɫɢɥɭɷɬɚ). ȼɬɨɪɨɣ ɤɥɚɫɬɟɪ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɧɟ ɩɥɨɬɧɭɸ 
ɫɬɪɭɤɬɭɪɵ. Эɬɨ ɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɝɨ ɪɚɡɥɢɱɢɹ ɡɧɚɱɟɧɢɣ ɫɢɥɭɷɬɚ ɞɥɹ ɤɚɠɞɨɝɨ 
ɷɥɟɦɟɧɬɚ ɤɥɚɫɬɟɪɚ.  

Ɉɞɧɚɤɨ ɞɚɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɫɢɥɶɧɵɦ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ 
ɛɢɨɦɚɫɫɵ ɪɭɱɟɣɧɢɤɨɜ. Ɍɚɤɨɣ ɜɵɜɨɞ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɢɡ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɝɨ 
ɡɧɚɱɟɧɢɹ ɛɢɨɦɚɫɫɵ ɪɭɱɟɣɧɢɤɨɜ ɢ ɨɬɫɭɬɫɬɜɢɹ ɜ ɜɵɞɟɥɟɧɧɨɦ ɤɥɚɫɬɟɪɟ ɩɪɨɛ 1.2, 
1.3, 3.2, 6.3,ɭ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ  ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɛɢɨɦɚɫɫɵ ɪɭɱɟɣɧɢɤɨɜ, ɧɨ ɢɯ 
ɡɧɚɱɟɧɢɟ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɬɟɯ, ɱɬɨ ɩɨɩɚɥɢ ɜ ɤɥɚɫɬɟɪ. 
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Ɍɚɛɥɢɰɚ 13 – Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 
ɱɢɫɥɟɧɧɨɫɬɢ ɩɨ ɬɪёɦ ɤɥɚɫɬɟɪɚɦ, ɛɢɨɦɚɫɫɟ ɩɨ ɬɪёɦ ɤɥɚɫɬɟɪɚɦ ɢ ɫɟɦɟɣɫɬɜɚɦ ɩɨ 
ɞɜɭɦ ɤɥɚɫɬɟɪɚɦ.  

ɂɧɞɟɤɫɵ ɑɢɫɥɟɧɧɨɫɬɶ (3 ɤɥɚɫɬɟɪɚ) Ȼɢɨɦɚɫɫɚ (2 ɤɥɚɫɬɟɪɚ) ɋɟɦɟɣɫɬɜɚ (2 ɤɥɚɫɬɟɪɚ) 
1,1 1 1 1 
1,2 1 1 1 
1,3 1 1 1 
2,1 1 2 1 
2,2 2 2 1 
2,3 2 2 1 
3,1 1 1 1 
3,2 1 1 1 
3,3 1 1 1 
4,1 3 2 2 
4,2 1 1 1 
4,3 1 2 1 
5,1 1 1 1 
5,2 1 1 1 
5,3 1 1 1 
6,1 1 1 1 
6,2 1 1 1 
6,3 1 1 1 
7,1 1 1 1 
7,2 1 1 1 
7,3 1 1 1 
8,1 1 2 1 
8,2 1 2 1 
8,3 1 2 1 
9,1 1 1 1 
9,2 1 1 1 
9,3 1 1 1 

 

Ɋɚɫɫɦɨɬɪɢɦ ɬɟɩɟɪɶ ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ. ɂɯ ɬɚɤɠɟ 
ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɞɟɧɞɪɨɝɪɚɦɦ (ɪɢɫ. 14-16). 

ɇɚ ɞɟɧɞɪɨɝɪɚɦɦɚɯ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɢ 
ɛɢɨɦɚɫɫɟ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɧɚ ɞɜɭɯ ɤɥɚɫɬɟɪɚɯ ɩɨɥɧɨɫɬɶɸ 
ɫɨɜɩɚɞɚɟɬ. ɉɪɢɱɟɦ, ɩɪɢ ɬɪёɯ ɢ ɛɨɥɟɟ ɤɥɚɫɬɟɪɚɯ ɪɚɡɥɢɱɢɟ ɜ ɪɚɡɛɢɟɧɢɢ ɧɚ ɤɥɚɫɬɟɪɵ 
ɩɪɢɫɭɬɫɬɜɭɟɬ. 

ɇɚ ɜɫɟɯ ɬɪёɯ ɞɟɧɞɪɨɝɪɚɦɦɚɯ ɜɢɞɧɨ ɱёɬɤɨɟ ɞɟɥɟɧɢɟ ɧɚ ɞɜɚ ɤɥɚɫɬɟɪɚ. Ɉɞɧɚɤɨ 
ɧɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɛɢɨɦɚɫɫɵ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɟɳё ɢ ɱёɬɤɨɟ ɞɟɥɟɧɢɟ ɧɚ ɬɪɢ 
ɤɥɚɫɬɟɪɚ.  Ɍɟɩɟɪɶ ɩɪɢɦɟɧɢɦ ɤɪɢɬɟɪɢɣ ɫɢɥɭɷɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱёɬɤɨɫɬɢ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ ɜ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɛɢɨɦɚɫɫɵ. 
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Ɋɢɫɭɧɨɤ 13 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɤɪɭɩɧɵɯ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ. 

 

 
Ɋɢɫɭɧɨɤ 14 – Ⱦɟɧɞɪɨɝɪɚɦɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 
ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ. 
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Ɋɢɫɭɧɨɤ 15 – Ⱦɟɧɞɪɨɝɪɚɦɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɛɢɨɦɚɫɫɟ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ. 
 

 
Ɋɢɫɭɧɨɤ 16 – Ⱦɟɧɞɪɨɝɪɚɦɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɡɨɨɛɟɧɬɨɫɚ. 
 

ɇɚ ɪɢɫ. 17 ɩɪɟɞɫɬɚɜɥɟɧ ɫɢɥɭɷɬ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɞɥɹ ɞɜɭɯ 
ɤɥɚɫɬɟɪɨɜ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚɞ 
ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɶɸ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ. ɇɚ ɧɢɯ ɦɨɠɧɨ 
ɡɚɦɟɬɢɬɶ ɞɜɚ ɧɟ ɩɥɨɬɧɵɯ ɤɥɚɫɬɟɪɚ. Эɬɨ ɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɝɨ ɨɬɥɢɱɢɹ ɡɧɚɱɟɧɢɣ 
ɦɟɠɞɭ ɫɢɥɭɷɬɚɦɢ ɜɵɛɨɪɤɢ. Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɚɥɝɨɪɢɬɦɵ ɤɥɚɫɬɟɪɢɡɭɸɬ 
ɞɚɧɧɵɟ ɩɨ ɩɪɢɧɰɢɩɭ ɜɯɨɠɞɟɧɢɹ/ɨɬɫɭɬɫɬɜɢɹ ɜɟɫɧɹɧɨɤ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ. 
ȼ ɨɞɧɨɦ ɤɥɚɫɬɟɪɟ ɜɵɞɟɥɹɸɬɫɹ ɩɪɨɛɵ ɭ ɤɨɬɨɪɵɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɟɫɧɹɧɤɢ 
(ɡɟɥёɧɵɣ ɤɥɚɫɬɟɪ ɜ ɪɢɫɭɧɤɟ 17). ȼɨ ɜɬɨɪɨɦ ɤɥɚɫɬɟɪɟ ɤɥɚɫɬɟɪɟ ɩɨɥɧɨɫɬɶɸ 
ɨɬɫɭɬɫɬɜɭɸɬ ɜɟɫɧɹɧɤɢ ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɩɪɨɛɚɯ ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɨɱɢɟ (ɩɪɨɛɚ 8.1 ɢ 
3.2). Ⱦɥɹ ɛɢɨɦɚɫɫɵ ɜ ɫɥɭɱɚɟ ɬɪёɯ ɤɥɚɫɬɟɪɨɜ ɜɵɩɨɥɧɹɸɬɫɹ ɬɚɤɨɟ ɠɟ ɭɫɥɨɜɢɟ. 
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Ⱦɥɹ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚɞ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɛɢɨɦɚɫɫɨɣ ɢɫɩɨɥɶɡɭɟɦ ɫɢɥɭɷɬ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫ. 18 ɢ 19. 

ɂɡ ɝɪɚɮɢɤɨɜ ɫɢɥɭɷɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚ ɬɪёɯ ɤɥɚɫɬɟɪɚɯ ɫɪɟɞɧɢɣ 
ɫɢɥɭɷɬ ɜɵɲɟ, ɱɟɦ ɧɚ ɞɜɭɯ ɤɥɚɫɬɟɪɚɯ. Ȼɭɞɟɦ ɩɪɨɞɨɥɠɚɬɶ ɜɵɱɢɫɥɹɬɶ ɫɢɥɭɷɬ ɞɥɹ 
ɭɜɟɥɢɱɢɜɚɸɳɟɝɨɫɹ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ, ɩɨɤɚ ɫɢɥɭɷɬ ɧɟ ɧɚɱɧёɬ ɩɚɞɚɬɶ. Эɬɨ 
ɛɭɞɟɬ ɩɪɢɡɧɚɤɨɦ ɭɯɭɞɲɟɧɢɹ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ (ɬɚɛɥ. 14). 

 

 
Ɋɢɫɭɧɨɤ 17 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ 

ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ 
 

 
Ɋɢɫɭɧɨɤ 18 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ 
ɱɢɫɥɟɧɧɨɫɬɢɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ ɞɥɹ ɞɜɭɯ ɤɥɚɫɬɟɪɨɜ  
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Ɋɢɫɭɧɨɤ 19 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɛɢɨɦɚɫɫɟ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ ɞɥɹ ɬɪёɯ ɤɥɚɫɬɟɪɨɜ 

 

Ɍɚɛɥɢɰɚ 14. Ɍɚɛɥɢɰɚ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɢɥɭɷɬɨɜ ɞɥɹ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɩɨ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɛɢɨɦɚɫɫɟ 

Ʉɨɥɢɱɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɢɥɭɷɬɚ 
2 0,408 
3 0,440 
4 0,440 
5 0,451 
6 0,429 

 

Ʉɚɤ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɭɯɭɞɲɟɧɢɟ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɲɟɫɬɢ 
ɤɥɚɫɬɟɪɚɯ. ɉɨɷɬɨɦɭ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɢɥɭɷɬ, ɤɚɤ ɦɟɪɭ ɤɚɱɟɫɬɜɚ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɨɩɬɢɦɚɥɶɧɵɦ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 5 ɤɥɚɫɬɟɪɨɜ. 
ɉɨɤɚɠɟɦ ɫɢɥɭɷɬ ɜɵɛɨɪɤɢ ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ, ɤɚɤ ɞɟɥɚɥɢ ɪɚɧɟɟ. Ɋɟɡɭɥɶɬɚɬ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 20.  

Ⱦɚɧɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɧɟ ɞɚёɬ ɧɢɤɚɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɫɦɵɫɥɟ ɩɪɢɧɰɢɩɚ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɞɚɧɧɵɯ. ɇɚɩɪɢɦɟɪ, ɜ ɩɹɬɵɣ ɤɥɚɫɬɟɪ (ɜɵɞɟɥɟɧ ɠёɥɬɵɦ ɰɜɟɬɨɦ ɧɚ 
ɪɢɫ. 20) ɜɯɨɞɹɬ ɩɪɨɛɵ, ɭ ɤɨɬɨɪɵɯ ɨɬɫɭɬɫɬɜɭɸɬ ɜɟɫɧɹɧɤɢ. Ɉɞɧɚɤɨ ɬɚɤɢɟ ɠɟ ɩɪɨɛɵ 
ɜɯɨɞɹɬ ɢ ɜ ɱɟɬɜɟɪɬɵɣ ɤɥɚɫɬɟɪ. ȿɫɥɢ ɫɪɚɜɧɢɜɚɬɶ ɩɪɨɛɵ ɢɡ ɷɬɢ ɤɥɚɫɬɟɪɨɜ, ɬɨ ɹɜɧɵɯ 
ɨɬɥɢɱɢɣ ɜ ɛɢɨɦɚɫɫɟ ɡɨɨɛɟɧɬɨɫɚ ɧɟ ɜɵɹɜɥɟɧɨ. 
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Ɋɢɫɭɧɨɤ 20 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɛɢɨɦɚɫɫɟ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ ɞɥɹ ɩɹɬɢ ɤɥɚɫɬɟɪɨɜ 

 

Ⱦɥɹ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɫɟɦɟɣɫɬɜɚ ɡɨɨɛɟɧɬɨɫɚ ɞɥɹ ɞɜɭɯ ɤɥɚɫɬɟɪɨɜ ɢɦɟɸɬ 
ɦɟɫɬɨ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɫɢɥɭɷɬɨɜ ɜɵɛɨɪɤɢ (ɪɢɫ. 21). 

 

 
Ɋɢɫɭɧɨɤ 21 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ 
ɡɨɨɛɟɧɬɨɫɚ ɞɥɹ ɩɹɬɢ ɤɥɚɫɬɟɪɨɜ 

 

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ ɧɟɱɟɬɤɨɟ ɞɟɥɟɧɢɟ ɧɚ ɞɜɚ ɤɥɚɫɬɟɪɚ. ɉɟɪɜɵɣ ɤɥɚɫɬɟɪ ɦɟɧɟɟ 
ɩɥɨɬɧɵɣ ɱɟɦ ɜɬɨɪɨɣ. Эɬɨ ɜɢɞɧɨ ɱɟɪɟɡ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɡɧɚɱɟɧɢɹ ɫɢɥɭɷɬɨɜ 
ɜɵɛɨɪɤɢ. Ɍɚɤɠɟ ɨɛɳɟɟ ɡɧɚɱɟɧɢɟ ɫɢɥɭɷɬɨɜ ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɤɥɚɫɬɟɪɢɡɚɰɢɹɦɢ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɛɢɨɦɚɫɫɵ ɢ ɱɢɫɥɟɧɧɨɫɬɢ ɡɨɨɛɟɧɬɨɫɚ. ɂɡ-
ɡɚ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɟɦɟɣɫɬɜ ɫɥɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɨɡɦɨɠɧɵɣ ɩɪɢɧɰɢɩ 
ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɤɥɚɫɬɟɪɵ. Ɉɞɧɚɤɨ ɜ ɩɟɪɜɵɣ ɤɥɚɫɬɟɪ (ɜɵɞɟɥɟɧ ɫɢɧɢɦ ɰɜɟɬɨɦ ɧɚ 
ɪɢɫ. 21) ɜɵɞɟɥɹɸɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɫɥɟɞɭɸɳɢɯ ɫɟɦɟɣɫɬɜ: caenidae, taeniopterycidae, 
brachycentridae, valvatidae, planorbidae, bivalvia, lumbriculidae, tipulidae. ȼɨ 
ɜɬɨɪɨɦ ɤɥɚɫɬɟɪɟ (ɜɵɞɟɥɟɧ ɡɟɥёɧɵɦ ɰɜɟɬɨɦ ɧɚ ɪɢɫ. 21) ɨɬɫɭɬɫɬɜɭɸɬ ɞɪɭɝɢɟ 
ɫɟɦɟɣɫɬɜɚ: chloroperlidae, pteronarcyidae, glossosomatidae. 
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Ɍɚɤɠɟ ɟɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɞɚɧɧɵɯ ɧɚ ɭɪɨɜɧɟ ɬɪёɯ ɤɥɚɫɬɟɪɨɜ, 
ɬɨ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɤɥɚɫɬɟɪɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ 
ɪɚɣɨɧɢɪɨɜɚɧɢɟɦ ɪɟɤɢ Ʉɚɧ ɢ ɫɦɟɧɨɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. Ɉɞɧɚɤɨ, ɫɢɥɭɷɬ 
ɩɨɤɚɡɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɬɪёɯ ɤɥɚɫɬɟɪɚ. ɑɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɥɟɞɫɬɜɢɟɦ 
ɬɨɝɨ, ɱɬɨ ɫɢɥɭɷɬ ɩɥɨɯɨ ɨɩɪɟɞɟɥɹɟɬ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɞɢɧɚɦɢɤɭ. 

ɉɪɟɞɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬɵ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ ɩɨɩɚɞɚɧɢɹ ɜ ɤɥɚɫɬɟɪɵ ɷɥɟɦɟɧɬɨɜ 
ɜɵɛɨɪɤɢ (ɬɚɛɥ. 15). 
 

Ɍɚɛɥɢɰɚ 15 – Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 
ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɩɨ ɬɪёɦ ɤɥɚɫɬɟɪɚɦ, ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ 
ɛɢɨɦɚɫɫɟ ɩɨ ɬɪёɦ ɤɥɚɫɬɟɪɚɦ ɢ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɦ ɫɟɦɟɣɫɬɜɚɦ ɩɨ ɞɜɭɦ 
ɤɥɚɫɬɟɪɚɦ. 

ɂɧɞɟɤɫɵ 
ɑɢɫɥɟɧɧɨɫɬɶ  
(2 ɤɥɚɫɬɟɪɚ) 

Ȼɢɨɦɚɫɫɚ  
(5 ɤɥɚɫɬɟɪɨɜ) 

ɋɟɦɟɣɫɬɜɚ  
(2 ɤɥɚɫɬɟɪɚ) 

ɋɟɦɟɣɫɬɜɚ  
(3 ɤɥɚɫɬɟɪɚ) 

1,1 1 1 1 1 
1,2 1 1 1 1 
1,3 1 2 1 1 
2,1 1 3 1 2 
2,2 1 3 1 2 
2,3 1 3 1 2 
3,1 2 4 1 2 
3,2 2 4 1 2 
3,3 1 2 1 2 
4,1 2 5 2 3 
4,2 1 3 2 3 
4,3 1 3 1 2 
5,1 2 5 2 3 
5,2 2 5 2 3 
5,3 2 5 2 3 
6,1 2 5 2 3 
6,2 2 5 2 3 
6,3 1 2 2 3 
7,1 2 5 2 3 
7,2 1 3 2 3 
7,3 2 5 2 3 
8,1 1 1 1 1 
8,2 1 2 1 1 
8,3 1 2 2 3 
9,1 2 5 2 3 
9,2 2 5 2 3 
9,3 2 5 2 3 

 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɧɚɞ ɞɨɥɹɦɢ ɡɨɨɛɟɧɬɨɫɚ (ɪɢɫ. 22-24). 
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Ɋɢɫɭɧɨɤ 22 – Ⱦɟɧɞɪɨɝɪɚɦɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ. 
 

 
Ɋɢɫɭɧɨɤ 23 – Ⱦɟɧɞɪɨɝɪɚɦɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɞɨɥɹɯ ɛɢɨɦɚɫɫɵ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ. 
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Ɋɢɫɭɧɨɤ 24 – Ⱦɟɧɞɪɨɝɪɚɦɚ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɧɚ 

ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɡɨɨɛɟɧɬɨɫɚ. 
 

ɂɫɩɨɥɶɡɭɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɫɢɥɭɷɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɤɥɚɫɬɟɪɨɜ. Ⱦɚɥɟɟ ɛɭɞɭɬ ɩɪɢɜɨɞɢɬɶɫɹ ɬɨɥɶɤɨ ɪɟɡɭɥɶɬɚɬɵ. ɋɯɟɦɚ ɞɟɣɫɬɜɢɣ 
ɩɪɨɯɨɞɢɬ ɬɚɤɚɹ ɠɟ ɤɚɤ ɩɪɨɜɨɞɢɥɚɫɶ ɜɵɲɟ. Ɋɟɡɭɥɶɬɚɬɵ ɤɪɢɬɟɪɢɹ ɫɢɥɭɷɬ ɢ ɨɛɳɚɹ 
ɪɚɫɤɪɚɫɤɚ ɷɥɟɦɟɧɬɨɜ ɜɵɛɨɪɤɢ ɩɨ ɩɨɩɚɞɚɧɢɸ ɜ ɤɥɚɫɬɟɪɵ ɪɢɫ. 25-27 ɢ ɜ ɬɚɛɥ. 16. 

Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɧɚ ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
(ɪɢɫ. 25) ɩɪɢ ɱɟɬɵɪёɯ ɤɥɚɫɬɟɪɚɯ ɜɵɹɜɥɹɟɬ ɞɟɥɟɧɢɟ ɬɚɤɫɨɧɨɜ ɩɨ ɯɚɪɚɤɬɟɪɭ 
ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɝɪɭɩɩɵ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ (ɩɨɞɟɧɤɢ, ɪɭɱɟɣɧɢɤɢ, 
ɞɜɭɤɪɵɥɵɟ ɢ ɩɪɨɱɢɟ). ȼ ɩɟɪɜɨɦ ɤɥɚɫɬɟɪɟ (ɜɵɞɟɥɟɧ ɫɢɧɢɦ ɰɜɟɬɨɦ) ɩɪɢɫɭɬɫɬɜɭɟɬ 
ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɪɭɱɟɣɧɢɤɨɜ. ȼɨ ɜɬɨɪɨɦ ɤɥɚɫɬɟɪɟ (ɜɵɞɟɥɟɧ ɡɟɥёɧɵɦ ɰɜɟɬɨɦ) 
ɜɵɩɨɥɧɹɟɬɫɹ ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɩɨɞɟɧɨɤ. ȼ ɬɪɟɬɶɟɦ ɤɥɚɫɬɟɪɟ (ɜɵɞɟɥɟɧ ɫɢɧɢɦ 
ɰɜɟɬɨɦ ɧɚ) ɩɪɨɢɫɯɨɞɢɬ ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɞɜɭɤɪɵɥɵɯ. ɂ ɜ ɨɫɬɚɜɲɟɦɫɹ ɱɟɬɜёɪɬɨɦ 
ɤɥɚɫɬɟɪɟ (ɜɵɞɟɥɟɧ ɮɢɨɥɟɬɨɜɵɦ ɰɜɟɬɨɦ) ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɩɪɨɱɢɯ. 

ȼ ɫɥɭɱɚɟ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɛɢɨɦɚɫɫɵ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɞɜɚ ɤɥɚɫɬɟɪɚ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨ ɩɪɢɧɰɢɩɭ ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɛɢɨɦɚɫɫɵ ɡɨɨɛɟɧɬɨɫɚ. ȼ ɩɟɪɜɵɣ ɤɥɚɫɬɟɪ 
(ɢɡɨɛɪɚɠɟɧ ɫɢɧɢɦ ɰɜɟɬɨɦ ɧɚ ɪɢɫ. 26) ɜɯɨɞɹɬ ɩɪɨɛɵ, ɭ ɤɨɬɨɪɵɯ ɞɨɦɢɧɢɪɭɸɬ 
ɛɢɨɦɚɫɫɚ ɩɪɨɱɢɯ ɢɥɢ ɩɨɞёɧɨɤ. ȼɨ ɜɬɨɪɨɣ ɤɥɚɫɬɟɪ (ɢɡɨɛɪɚɠɟɧ ɡɟɥɟɧɵɦ ɰɜɟɬɨɦ ɧɚ 
ɪɢɫ. 26) ɜɯɨɞɹɬ ɩɪɨɛɵ, ɭ ɤɨɬɨɪɵɯ ɞɨɦɢɧɢɪɭɸɬ ɛɢɨɦɚɫɫɚ ɨɫɬɚɥɶɧɵɯ 
ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ. 

ȼ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɞɨɥɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɬɪɭɞɧɨ ɨɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɢɞɟɹ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɩɪɢɧɰɢɩɭ ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɬɚɤɫɨɧɨɜ ɧɟ 
ɩɨɞɯɨɞɢɬ ɬɚɤ ɤɚɤ ɜ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɤɥɚɫɬɟɪɚɯ ɜɵɩɨɥɧɹɟɬɫɹ ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɪɚɡɧɵɯ 
ɫɟɦɟɣɫɬɜ. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɩɨ ɩɪɢɧɰɢɩɭ ɨɬɫɭɬɫɬɜɢɹ ɫɟɦɟɣɫɬɜ ɜ ɩɪɨɛɟ ɬɨɠɟ ɧɟ 
ɜɵɩɨɥɧɹɟɬɫɹ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɜ ɞɚɧɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɧɟɬ.  
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Ɋɢɫɭɧɨɤ 25 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɞɨɥɹɦ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 

ɡɨɨɛɟɧɬɨɫɚ  
 

 
Ɋɢɫɭɧɨɤ 26 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɞɨɥɹɦ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
ɡɨɨɛɟɧɬɨɫɚ 
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Ɋɢɫɭɧɨɤ 27 – ɋɢɥɭɷɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɭ ȼɚɪɞɚ ɩɨ ɞɨɥɹɦ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɡɨɨɛɟɧɬɨɫɚ 
 

Ɍɚɛɥɢɰɚ 16. Ɍɚɛɥɢɰɚ ɩɨɩɚɞɚɧɢɹ ɜ ɤɥɚɫɬɟɪɵ ɷɥɟɦɟɧɬɨɜ ɜɵɛɨɪɤɢ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɧɚɞ ɞɨɥɹɦɢ ɱɢɫɥɟɧɧɨɫɬɢ ɢ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɢ ɞɨɥɟɣ 
ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ 

ɂɧɞɟɤɫɵ 

Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ 
ɬɚɤɫɨɧɨɜ 

 (4 ɤɥɚɫɬɟɪɚ) 

Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ 
ɬɚɤɫɨɧɨɜ  

(2 ɤɥɚɫɬɟɪɚ) 

Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ 
ɫɟɦɟɣɫɬɜ  

(6 ɤɥɚɫɬɟɪɨɜ) 
1,1 1 1 1 
1,2 1 1 1 
1,3 2 1 1 
2,1 3 1 2 
2,2 3 1 3 
2,3 3 1 3 
3,1 2 1 4 
3,2 1 1 4 
3,3 3 1 5 
4,1 1 1 6 
4,2 2 2 5 
4,3 1 2 4 
5,1 4 2 5 
5,2 4 2 5 
5,3 2 2 5 
6,1 1 2 5 
6,2 1 2 5 
6,3 1 1 5 
7,1 2 2 5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 16 

ɂɧɞɟɤɫɵ 

Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ 
ɬɚɤɫɨɧɨɜ 

 (4 ɤɥɚɫɬɟɪɚ) 

Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ 
ɬɚɤɫɨɧɨɜ  

(2 ɤɥɚɫɬɟɪɚ) 

Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ 
ɫɟɦɟɣɫɬɜ  

(6 ɤɥɚɫɬɟɪɨɜ) 
7,2 3 2 2 
7,3 3 2 2 
8,1 1 1 4 
8,2 3 1 4 
8,3 2 1 5 
9,1 4 2 5 
9,2 4 2 5 
9,3 2 2 5 
 

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɞɨɥɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɬɪɢ ɤɥɚɫɬɟɪɚ 
ɯɨɪɨɲɨ ɜɵɞɟɥɹɸɬɫɹ, ɬɨɝɞɚ ɤɚɤ ɱɟɬɜɟɪɬɵɣ ɤɥɚɫɬɟɪ (ɨɛɨɡɧɚɱɟɧ ɫɢɧɢɦ ɰɜɟɬɨɦ) 
ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɢɥɭɷɬ. ȼ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɞɨɥɟɣ 
ɛɢɨɦɚɫɫɵ ɯɨɪɨɲɨ ɜɵɞɟɥɹɸɬɫɹ ɞɜɚ ɤɥɚɫɬɟɪɚ. ɏɨɬɹ ɭ ɨɞɧɨɝɨ ɩɪɢɫɭɬɫɬɜɭɸɬ, 
ɷɥɟɦɟɧɬɵ ɭ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɟ ɫɢɥɭɷɬɚ ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɡɧɚɱɟɧɢɹɦɢ. 
Ɍɚɤɠɟ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɞɨɥɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɯɨɪɨɲɨ 
ɜɵɞɟɥɹɸɬɫɹ ɲɟɫɬɶ ɤɥɚɫɬɟɪɨɜ. Ɉɞɧɚɤɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɢɥɭɷɬɚ ɦɚɥɨ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɧɚɲɟɝɨ ɚɧɚɥɢɡɚ ɪ. Ʉɚɧ ɩɪɢɜɟɞɟɦ ɜɵɜɨɞɵ, ɤɨɬɨɪɵɟ 
ɨɤɚɡɚɥɢɫɶ ɡɧɚɱɢɦɵ ɞɥɹ ɛɢɨɥɨɝɨɜ. 

Ɋɟɤɚ Ʉɚɧ (ɤɪɭɩɧɵɣ ɩɪɢɬɨɤ ȿɧɢɫɟɹ ɜ ɟɝɨ ɫɪɟɞɧɟɦ ɬɟɱɟɧɢɢ) ɧɚ 
ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɭɱɚɫɬɤɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɢɬɪɚɥɶ, ɡɚɫɟɥɟɧɧɭɸ 
ɯɨɥɨɞɨɥɸɛɢɜɵɦɢ ɪɟɨɛɢɨɧɬɧɵɦɢ ɨɪɝɚɧɢɡɦɚɦɢ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɤɚɱɟɫɬɜɟɧɧɨ ɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɩɪɟɨɛɥɚɞɚɸɬ ɥɢɱɢɧɤɢ ɚɦɮɢɛɢɨɬɢɱɟɫɤɢɯ ɧɚɫɟɤɨɦɵɯ (ɜɟɫɧɹɧɤɢ, 
ɩɨɞɟɧɤɢ, ɪɭɱɟɣɧɢɤɢ ɢ ɞɜɭɤɪɵɥɵɟ). Ɇɚɤɫɢɦɚɥɶɧɵɦ ɱɢɫɥɨɦ ɜɢɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɯɢɪɨɧɨɦɢɞɵ ɢ ɪɭɱɟɣɧɢɤɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɮɚɤɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɱɢɫɥɟɧɧɨɫɬɶ ɜɟɫɧɹɧɨɤ, ɞɜɭɤɪɵɥɵɯ ɢ ɝɪɭɩɩɵ “ɩɪɨɱɢɟ” 
(ɞɨ 30% ɨɛɴɹɫɧɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ). Ⱦɥɹ ɪɭɱɟɣɧɢɤɨɜ ɨɬɦɟɱɟɧɨ ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ ɤɢɫɥɨɪɨɞɚ (20% ɨɛɴɹɫɧɟɧɧɨɣ 
ɞɢɫɩɟɪɫɢɢ). Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɞɚɧɧɵɯ ɧɚ ɭɪɨɜɧɟ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɜɵɹɜɢɥɚ 
ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɫ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɪɚɣɨɧɢɪɨɜɚɧɢɟɦ ɪ. Ʉɚɧ ɢ ɫɦɟɧɨɣ 
ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. ɉɨ ɩɪɨɞɨɥɶɧɨɦɭ ɩɪɨɮɢɥɸ ɪɟɤɢ ɨɬ ɜɟɪɯɨɜɶɹ 
ɧɚɛɥɸɞɚɥɚɫɶ ɫɦɟɧɚ ɞɨɦɢɧɢɪɭɸɳɢɯ ɫɟɦɟɣɫɬɜ ɫɪɟɞɢ ɩɨɞɟɧɨɤ ɜ ɪɹɞɭ Heptageniidae 
– Ephemerellidae – Ephemeridae; ɫɟɦɟɣɫɬɜ ɪɭɱɟɣɧɢɤɨɜ – ɨɬ Glossosomatidae ɤ 
Hydropsychidae. Ʌɚɧɞɲɚɮɬɧɨ-ɝɟɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪ. Ʉɚɧ ɜ ɧɢɠɧɟɦ 
ɬɟɱɟɧɢɢ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɜɵɯɨɞ ɧɚ ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ ɜɢɞɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 
ɜɟɪɯɧɟɝɨ ɬɟɱɟɧɢɹ. 
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2.3 Ⱥɧɚɥɢɡ ɡɨɨɛɟɧɬɨɫɚ ɝɪɭɩɩɵ ɪɟɤ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟя 
 

Ⱦɚɥɟɟ ɛɭɞɟɬ ɩɪɢɜɟɞɟɬ ɧɚɛɨɪ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɜɫɟɦ ɪɟɤɚ ɛɚɫɫɟɣɧɚ ɪɟɤɢ 
ȿɧɢɫɟɹ. 

 

2.3.1 Ʉɨɪɪɟɥяɰɢɨɧɧɵɣ ɚɧɚɥɢɡ 
 

Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɛɟɧɬɨɫɧɵɯ ɫɨɨɛɳɟɫɬɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 
ɫɨɨɬɧɨɲɟɧɢɢ ɜɟɥɢɱɢɧ ɱɢɫɥɟɧɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɜ, ɜɵɹɜɢɥ ɪɹɞ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨɜɟɪɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ (ɪɢɫ. 28-39). ȼ ɱɚɫɬɧɨɫɬɢ, ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɪɟɤ ɫɨɝɥɚɫɨɜɚɧɧɨ ɜɚɪɶɢɪɨɜɚɥɢ ɩɨɤɚɡɚɬɟɥɢ ɱɢɫɥɟɧɧɨɫɬɢ 
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɢɯ ɨɬɪɹɞɨɜ ɧɚɫɟɤɨɦɵɯ (ɩɨɞɟɧɨɤ, ɜɟɫɧɹɧɨɤ ɢ ɪɭɱɟɣɧɢɤɨɜ). 
Ⱦɚɧɧɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɩɨɞɬɜɟɪɞɢɥɚɫɶ ɩɪɢ ɚɧɚɥɢɡɟ ɫɨɜɨɤɭɩɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɩɨ 
ɜɫɟɦ ɢɫɫɥɟɞɨɜɚɧɧɵɦ ɪɟɤɚɦ (ɪɢɫ. 40-41, ɬɚɛɥ. 17-18). 
 

 

Ɋɢɫɭɧɨɤ 28 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
ɪɟɤɢ Ⱥɛɚɤɚɧ 

 

 

Ɋɢɫɭɧɨɤ 29 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɪɟɤɢ 
Ⱥɛɚɤɚɧ 

 

 

Ɋɢɫɭɧɨɤ 30. – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
ɪɟɤɢ Ɇɚɧɚ 
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Ɋɢɫɭɧɨɤ 31 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɪɟɤɢ 

Ɇɚɧɚ 
 

 

Ɋɢɫɭɧɨɤ 32 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
ɪɟɤɢ Ⱥɝɭɥ 

 

 

Ɋɢɫɭɧɨɤ 33 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɪɟɤɢ 
Ⱥɝɭɥ 

 

 

Ɋɢɫɭɧɨɤ 34 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 
ɪɟɤɢ Ʉɭɧɝɭɫ 

 

 
Ɋɢɫɭɧɨɤ 35 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɪɟɤɢ 

Ʉɭɧɝɭɫ 
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Ɋɢɫɭɧɨɤ 36 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 

ɪɟɤɢ Ʉɚɧ 
 

 
Ɋɢɫɭɧɨɤ 37 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɪɟɤɢ 

Ʉɚɧ 
 

 
Ɋɢɫɭɧɨɤ 38 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 

ɪɟɤ Ʉɚɧ, Ⱥɝɭɥ ɢ Ʉɭɧɝɭɫ 
 

 
Ɋɢɫɭɧɨɤ 39 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɪɟɤɢ 

Ʉɚɧ, Ⱥɝɭɥ ɢ Ʉɭɧɝɭɫ 
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Ɋɢɫɭɧɨɤ 40 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ 

ɜɫɟɯ ɪɟɤ, ɜɯɨɞɹɳɢɯ ɜ ɚɧɚɥɢɡ 
 

 
Ɋɢɫɭɧɨɤ 41 – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ ɞɥɹ ɛɢɨɦɚɫɫɵ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɜɫɟɯ 

ɪɟɤ, ɜɯɨɞɹɳɢɯ ɜ ɚɧɚɥɢɡ 
 

Ɍɚɛɥɢɰɚ 17 - Ɍɚɛɥɢɰɚ ɞɨɫɬɨɜɟɪɧɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɫɜɹɡɟɣ ɱɢɫɥɟɧɧɨɫɬɢ 
ɡɨɨɛɟɧɬɨɫɚ ɩɨ ɜɫɟɦ ɪɟɤɚɦ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟɹ 

Ⱦɨɫɬɨɜɟɪɧɵɟ ɫɜɹɡɢ 
 Ⱥɛɚɤɚɧ Ʉɚɧ Ⱥɝɭɥ Ʉɭɧɝɭɫ Ɇɚɧɚ Ʉɚɧ+Ⱥɝɭɥ+Ʉɭɧɝɭɫ ȼɫɟ ɪɟɤɢ 
ɉɨɞɟɧɤɢ-
Ɋɭɱɟɣɧɢɤɢ 

+ + - - + + + 

ɉɨɞɟɧɤɢ-
ȼɟɫɧɹɧɤɢ 

- - + - + + + 

ȼɟɫɧɹɧɤɢ-
Ɋɭɱɟɣɧɢɤɢ 

+ + - + - + - 

Ⱦɜɭɤɪɵɥɵɟ-
ɉɪɨɱɢɟ 

- - - + - - + 
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Ɍɚɛɥɢɰɚ 18 – Ɍɚɛɥɢɰɚ ɞɨɫɬɨɜɟɪɧɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɫɜɹɡɟɣ ɛɢɨɦɚɫɫɵ ɩɨ ɜɫɟɦ 
ɪɟɤɚɦ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟɹ 

Ⱦɨɫɬɨɜɟɪɧɵɟ ɫɜɹɡɢ 
 Ⱥɛɚɤɚɧ Ʉɚɧ Ⱥɝɭɥ Ʉɭɧɝɭɫ Ɇɚɧɚ Ʉɚɧ+Ⱥɝɭɥ+Ʉɭɧɝɭɫ ȼɫɟ 

ɪɟɤɢ 
ɉɨɞɟɧɤɢ-
Ɋɭɱɟɣɧɢɤɢ 

- - - - + - - 

ɉɨɞɟɧɤɢ-
ȼɟɫɧɹɧɤɢ 

- - + - - - - 

ȼɟɫɧɹɧɤɢ-
Ɋɭɱɟɣɧɢɤɢ 

+ - + - + - + 

Ⱦɜɭɤɪɵɥɵɟ-
ȼɟɫɧɹɧɤɢ 

- - - - + + + 

Ⱦɜɭɤɪɵɥɵɟ-
ɉɨɞɟɧɤɢ 

- - - - + - - 

Ⱦɜɭɤɪɵɥɵɟ-
Ɋɭɱɟɣɧɢɤɢ 

- - - + - - + 

ɉɨɞɟɧɤɢ-
ɉɪɨɱɢɟ 

- - - - - + - 

ȼɟɫɧɹɧɤɢ-
ɉɪɨɱɢɟ 

- - - - + - - 

Ɋɭɱɟɣɧɢɤɢ-
ɉɪɨɱɢɟ 

- - - - - - + 

 

2.3.2 Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɥɢɧɟɣɧɨɝɨ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɟɧɚ ɫɬɟɩɟɧɶ 
ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɢ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɧɚ ɱɢɫɥɟɧɧɨɫɬɶ ɢ ɛɢɨɦɚɫɫɭ 
ɨɫɧɨɜɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɡɨɨɛɟɧɬɨɫɚ (ɞɜɭɤɪɵɥɵɟ, ɩɨɞɟɧɤɢ, ɜɟɫɧɹɧɤɢ, 
ɪɭɱɟɣɧɢɤɢ). 

ɋɪɟɞɢ ɞɜɭɯ ɮɚɤɬɨɪɨɜ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɨ ɩɪɨɹɜɥɹɥɨɫɶ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɞɵ, ɤɨɬɨɪɚɹ ɨɛɭɫɥɚɜɥɢɜɚɥɚ ɞɨ 70% ɞɢɫɩɟɪɫɢɢ ɱɢɫɥɟɧɧɨɫɬɢ ɢ ɛɢɨɦɚɫɫɵ 
ɨɬɞɟɥɶɧɵɯ ɬɚɤɫɨɧɨɜ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ. Ɇɚɤɫɢɦɚɥɶɧɵɟ R2 ɜɵɹɜɥɟɧɵ ɜ ɪ. Ʉɭɧɝɭɫ 
ɞɥɹ ɩɨɞɟɧɨɤ: 0,7 ɩɨ ɱɢɫɥɟɧɧɨɫɬɢ ɢ 0,73 ɩɨ ɛɢɨɦɚɫɫɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɜɵɫɨɤɢɟ R2 (0,39–0,57) ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɜ ɪ. Ɇɚɧɚ ɞɥɹ ɩɨɞɟɧɨɤ, ɜɟɫɧɹɧɨɤ ɢ 
ɪɭɱɟɣɧɢɤɨɜ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪ. Ɇɚɧɚ ɜ ɩɟɪɢɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɚɩɚɡɨɧ 
ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ (8,4–21,7°C) ɨɤɚɡɚɥɫɹ ɲɢɪɟ, ɱɟɦ ɜ ɞɪɭɝɢɯ ɪɟɤɚɯ, 
ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɢ ɨɛɴɹɫɧɹɟɬ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ R2 ɫɪɚɡɭ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɬɚɤɫɨɧɨɜ. 
ȼ ɨɫɬɚɥɶɧɵɯ ɪɟɤɚɯ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɨɛɴɹɫɧɹɥɚ ɦɚɤɫɢɦɭɦ 33% ɞɢɫɩɟɪɫɢɢ 
ɱɢɫɥɟɧɧɨɫɬɢ ɢ ɛɢɨɦɚɫɫɵ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ. 

Ⱦɥɹ ɩɨɞɟɧɨɤ ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɤɚɯ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɪ. Ʉɚɧ) 
ɜɵɹɜɥɟɧɵ ɞɨɫɬɨɜɟɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɬɟɪɦɢɧɚɰɢɢ ɱɢɫɥɟɧɧɨɫɬɢ/ɛɢɨɦɚɫɫɵ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ (R2 ɤɨɥɟɛɚɥɫɹ ɨɬ 0,16 ɞɨ 0,73).  

ɋɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɞɟ ɨɛɭɫɥɚɜɥɢɜɚɥɨ ɞɨ 80% ɞɢɫɩɟɪɫɢɢ 
ɱɢɫɥɟɧɧɨɫɬɢ ɢ ɛɢɨɦɚɫɫɵ ɨɬɞɟɥɶɧɵɯ ɬɚɤɫɨɧɨɜ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ. Ɇɚɤɫɢɦɚɥɶɧɵɟ 
R2 ɜɵɹɜɥɟɧɵ, ɤɚɤ ɢ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɪ. Ʉɭɧɝɭɫ ɞɥɹ ɩɨɞɟɧɨɤ: 0,80 ɩɨ 
ɱɢɫɥɟɧɧɨɫɬɢ ɢ 0,59 ɩɨ ɛɢɨɦɚɫɫɟ. 
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ɉɪɢ ɚɧɚɥɢɡɟ ɫɨɜɨɤɭɩɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ 
ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɞɟ ɞɨɫɬɨɜɟɪɧɨ ɜɥɢɹɥɨ ɥɢɲɶ ɧɚ ɱɢɫɥɟɧɧɨɫɬɶ ɢ ɛɢɨɦɚɫɫɭ 
ɪɭɱɟɣɧɢɤɨɜ: R2 ɫɨɫɬɚɜɢɥ 0,18 ɢ 0,29 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

2.3.3 Ʉɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ 
 

Ⱥɧɚɥɢɡ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɨɛɳɟɫɬɜ 
ɝɢɞɪɨɛɢɨɧɬɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɡɚɞɚɱɚɦ ɷɤɨɥɨɝɢɢ ɢ 
ɝɢɞɪɨɛɢɨɥɨɝɢɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɪɟɤɚɯ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɢɫɬɨɤɚ ɩɪɨɢɫɯɨɞɹɬ 
ɡɚɤɨɧɨɦɟɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɵ ɨɛɢɬɚɧɢɹ ɝɢɞɪɨɛɢɨɧɬɨɜ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ 
ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɜɢɞɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɫɨɨɛɳɟɫɬɜ ɩɨ ɩɪɨɞɨɥɶɧɨɦɭ ɩɪɨɮɢɥɸ ɪɟɤɢ. 
Ʉɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ ɩɨɦɨɝɚɟɬ ɩɪɨɜɟɪɢɬɶ ɝɢɩɨɬɟɡɭ ɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɜ ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɡɨɨɛɟɧɬɨɫɚ ɩɨ ɩɪɨɞɨɥɶɧɨɦɭ 
ɩɪɨɮɢɥɸ ɪɟɤɢ.  

Ⱥɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɞɨɧɧɵɯ ɫɨɨɛɳɟɫɬɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɤ ɦɟɬɨɞɨɦ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɞɨɥɢ 

ɤɪɭɩɧɵɯ ɬɚɤɫɨɧɨɜ ɜ ɨɛɳɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɢ ɛɢɨɦɚɫɫɟ ɡɨɨɛɟɧɬɨɫɚ ɜɵɹɜɢɥ ɧɚɥɢɱɢɟ 
3-4 ɤɥɚɫɬɟɪɨɜ ɜ ɤɚɠɞɨɣ ɪɟɤɟ. Ʉɚɠɞɵɣ ɤɥɚɫɬɟɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ 
ɬɨɣ ɢɥɢ ɢɧɨɣ ɝɪɭɩɩɵ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ ɠɢɜɨɬɧɵɯ ɜ ɡɨɨɛɟɧɬɨɫɟ (ɩɨɞɟɧɤɢ, 
ɪɭɱɟɣɧɢɤɢ, ɞɜɭɤɪɵɥɵɟ ɢɥɢ “ɩɪɨɱɢɟ”). 

ȼ ɪ. Ⱥɛɚɤɚɧ (ɬɚɛɥ. 19) ɫɬɚɧɰɢɹ ɜ ɜɟɪɯɨɜɶɟ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɭɱɚɫɬɤɚ 
ɮɨɪɦɢɪɭɟɬ ɨɬɞɟɥɶɧɵɣ ɤɥɚɫɬɟɪ (№ 1), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɞɨɦɢɧɢɪɨɜɚɧɢɟ 
ɨɬɪɹɞɚ ɞɜɭɤɪɵɥɵɯ; ɞɚɥɟɟ ɩɨ ɬɟɱɟɧɢɸ ɪɚɫɩɨɥɨɠɟɧɵ ɫɬɚɧɰɢɢ, ɝɞɟ ɞɨɦɢɧɢɪɨɜɚɥɢ 
ɜɟɫɧɹɧɤɢ (ɤɥɚɫɬɟɪ № 4), ɢ ɧɚɤɨɧɟɰ, ɜɟɫɶ ɧɢɠɧɢɣ ɭɱɚɫɬɨɤ ɪɟɤɢ ɨɛɴɟɞɢɧɢɥɫɹ ɜ 
ɨɞɢɧ ɛɨɥɶɲɨɣ ɤɥɚɫɬɟɪ (№ 3), ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɫɨɨɛɳɟɫɬɜɚɦɢ ɡɨɨɛɟɧɬɨɫɚ, ɝɞɟ 
ɥɢɞɢɪɨɜɚɥɢ ɩɨɞɟɧɤɢ. Ʉɥɚɫɬɟɪ № 2 ɜɤɥɸɱɚɥ ɟɞɢɧɢɱɧɵɟ ɩɪɨɛɵ, ɝɞɟ 
ɩɟɪɜɨɫɬɟɩɟɧɧɭɸ ɪɨɥɶ ɢɝɪɚɥɢ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɪɟɞɤɢɯ ɢ ɦɚɥɨɱɢɫɥɟɧɧɵɯ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ, ɬ.ɟ. “ɩɪɨɱɢɟ”. 

 

Ɍɚɛɥɢɰɚ 19 – Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ 
ɢ ɛɢɨɦɚɫɫɵ ɩɨ ɪɟɤɟ Ⱥɛɚɤɚɧ 

ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) 
1,1 1 
1,2 1 
1,3 1 
1,4 1 
1,5 1 
1,6 1 
2,1 2 
2,2 3 
2,3 3 
3,1 1 
3,2 4 
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ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) 
3,3 4 
4,1 4 
4,2 4 
4,3 3 
5,1 3 
5,2 3 
5,3 3 
6,1 3 
6,2 3 
6,3 3 
7,1 2 
7,2 3 
7,3 3 
8,1 3 
8,2 3 
8,3 3 
9,1 3 
9,2 3 
9,3 3 

 
ȼ ɪ. Ɇɚɧɚ (ɬɚɛɥ. 20) ɞɨɧɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɧɚ 60 % ɫɨɫɬɨɹɥɢ ɢɡ ɞɜɭɤɪɵɥɵɯ 

ɧɚɫɟɤɨɦɵɯ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɧɚɥɢɱɢɟ ɨɞɧɨɝɨ ɨɛɲɢɪɧɨɝɨ ɤɥɚɫɬɟɪɚ (№ 3). Ɉɫɬɚɥɶɧɵɟ 
ɤɥɚɫɬɟɪɵ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɟɞɢɧɢɱɧɵɟ ɩɪɨɛɵ, ɜ ɤɨɬɨɪɵɯ ɧɚ ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ 
ɜɵɯɨɞɢɥɢ ɩɨɞɟɧɤɢ (ɤɥɚɫɬɟɪ № 2), “ɩɪɨɱɢɟ” (ɤɥɚɫɬɟɪ № 1) ɢɥɢ, ɝɞɟ 
ɞɨɦɢɧɢɪɭɸɳɢɣ ɤɨɦɩɥɟɤɫ ɫɨɫɬɨɹɥ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɨɬɪɹɞɨɜ (ɤɥɚɫɬɟɪ № 4). 

 
Ɍɚɛɥɢɰɚ 20 – Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ 
ɩɨ ɪɟɤɟ Ɇɚɧɚ 

ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) 
1,1 1 
1,2 2 
1,3 1 
2,1 3 
2,2 3 
3,1 2 
4,1 4 
4,2 4 
5,1 2 
5,2 4 
6,1 3 
6,2 3 
6,3 3 
7,1 4 



50 

 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 19 

ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) 
7,2 3 
8,1 3 
9,1 4 
10,1 1 
10,2 1 
10,3 3 

 

ȼ ɪ. Ʉɚɧ ɤɥɚɫɬɟɪɢɡɚɰɢɹ (ɬɚɛɥ. 21) ɨɬɪɹɞɨɜ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ ɠɢɜɨɬɧɵɯ ɩɨ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɩɨɤɚɡɚɥɚ ɧɚɥɢɱɢɟ ɬɪɟɯ ɪɚɜɧɨɰɟɧɧɵɯ ɤɥɚɫɬɟɪɨɜ (№ 
1-3), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ ɪɭɱɟɣɧɢɤɨɜ, ɩɨɞɟɧɨɤ 
ɢ ɞɜɭɤɪɵɥɵɯ. Ʉɥɚɫɬɟɪ № 4 – ɫɚɦɵɣ ɦɚɥɨɱɢɫɥɟɧɧɵɣ, ɩɪɟɞɫɬɚɜɥɟɧ “ɩɪɨɱɢɦɢ” 
ɨɪɝɚɧɢɡɦɚɦɢ. ɑɟɪɟɞɨɜɚɧɢɟ ɤɥɚɫɬɟɪɨɜ ɛɵɥɨ ɧɟ ɫɜɹɡɚɧɨ ɫ ɩɪɨɞɨɥɶɧɵɦ ɩɪɨɮɢɥɟɦ 
ɪɟɤɢ. Ɉɞɧɚɤɨ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɨɬɪɹɞɨɜ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ ɠɢɜɨɬɧɵɯ ɩɨ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɛɢɨɦɚɫɫɟ ɜɵɹɜɢɥɚ ɞɜɚ ɨɛɲɢɪɧɵɯ ɤɥɚɫɬɟɪɚ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɯ, 
ɱɬɨ ɜ ɜɟɪɯɨɜɶɟ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɪ. Ʉɚɧ ɞɨɦɢɧɢɪɨɜɚɥɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɪɭɱɟɣɧɢɤɢ, ɤɨɬɨɪɵɯ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɫɦɟɧɢɥɢ ɩɨɞɟɧɤɢ.  

 

Ɍɚɛɥɢɰɚ 21 – Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ 
ɢ ɛɢɨɦɚɫɫɵ ɩɨ ɪɟɤɟ Ʉɚɧ 

ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ (4 ɤɥɚɫɬɟɪɚ) 
1.1 1 1 
1.2 1 2 
1.3 2 2 
2.1 3 2 
2.2 3 2 
2.3 3 2 
3.1 2 2 
3.2 1 2 
3.3 3 2 
4.1 1 2 
4.2 2 3 
4.3 1 4 
5.1 4 3 
5.2 4 3 
5.3 2 4 
6.1 1 3 
6.2 1 3 
6.3 1 2 
7.1 2 3 
7.2 3 3 
7.3 3 3 
8.1 1 2 
8.2 3 2 
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8.3 2 2 
9.1 4 3 
9.2 4 4 
9.3 2 3 

 

ȼ ɪ. Ⱥɝɭɥ (ɬɚɛɥ. 22) ɩɨ ɞɨɥɹɦ ɱɢɫɥɟɧɧɨɫɬɢ ɜɵɹɜɥɟɧɨ ɞɜɚ ɛɨɥɶɲɢɯ ɤɥɚɫɬɟɪɚ, 
ɫɨɝɥɚɫɭɸɳɢɯɫɹ ɫ ɥɢɞɢɪɨɜɚɧɢɟɦ ɞɜɭɤɪɵɥɵɯ ɢ ɩɨɞɟɧɨɤ. Ɉɫɬɚɥɶɧɵɟ ɞɜɚ ɤɥɚɫɬɟɪɚ 
ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɟɞɢɧɢɱɧɵɟ ɩɪɨɛɵ, ɝɞɟ ɬɚɤ ɠɟ ɞɨɦɢɧɢɪɨɜɚɥɢ ɞɜɭɤɪɵɥɵɟ ɢ 
ɩɨɞɟɧɤɢ, ɧɨ ɫ ɜɚɪɢɚɰɢɹɦɢ ɞɪɭɝɢɯ ɨɬɪɹɞɨɜ. Ʉɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɛɢɨɦɚɫɫɟ ɩɨɤɚɡɚɥ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɟ ɥɢɞɢɪɨɜɚɧɢɟ ɩɨɞɟɧɨɤ, ɩɪɢɱɟɦ ɜ ɪɚɡɧɵɯ 
ɪɚɣɨɧɚɯ ɪɟɤɢ. Ɉɫɬɚɥɶɧɵɟ ɬɪɢ ɤɥɚɫɬɟɪɚ ɧɟ ɫɬɨɥɶ ɦɧɨɝɨɱɢɫɥɟɧɧɵ ɢ ɨɛɴɟɞɢɧɹɸɬ 
ɩɪɨɛɵ ɡɨɨɛɟɧɬɨɫɚ, ɝɞɟ ɨɫɧɨɜɭ ɛɢɨɦɚɫɫɵ ɫɨɫɬɚɜɥɹɥɢ ɜɟɫɧɹɧɤɢ, ɞɜɭɤɪɵɥɵɟ ɢ 
ɞɪɭɝɢɟ ɜɚɪɢɚɰɢɢ. 

 

Ɍɚɛɥɢɰɚ 22 – Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ 
ɢ ɛɢɨɦɚɫɫɵ ɩɨ ɪɟɤɟ Ⱥɝɭɥ 

ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ (4 ɤɥɚɫɬɟɪɚ) 
1,1 1 1 
1,2 1 2 
1,3 1 1 
2,1 2 3 
2,2 2 1 
2,3 2 3 
3,1 1 1 
3,2 1 4 
3,3 1 2 
4,1 2 1 
4,2 2 1 
4,3 2 3 
5,1 1 1 
5,2 1 2 
5,3 2 3 
6,1 2 2 
6,2 1 1 
6,3 3 4 
7,1 3 2 
7,2 1 3 
7,3 3 4 
8,1 4 3 
8,2 2 1 
8,3 2 1 
9,1 1 3 
9,2 2 3 
9,3 2 1 
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ȼ ɪ. Ʉɭɧɝɭɫ (ɬɚɛɥ. 23) ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɤɚɤ ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ, ɬɚɤ 
ɢ ɩɨ ɛɢɨɦɚɫɫɟ, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ ɥɢɞɢɪɨɜɚɧɢɟ ɞɜɭɤɪɵɥɵɯ ɧɚ ɫɚɦɨɣ ɜɟɪɯɧɟɣ 
ɫɬɚɧɰɢɢ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɭɱɚɫɬɤɚ (ɤɥɚɫɬɟɪ № 1) ɢ ɫɦɟɲɟɧɢɟ ɤɨɦɩɥɟɤɫɨɜ ɧɢɠɟ ɩɨ 
ɬɟɱɟɧɢɸ (ɤɥɚɫɬɟɪɵ № 2 ɢ № 3). 

 

Ɍɚɛɥɢɰɚ 23 – Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɞɨɥɹɯ ɱɢɫɥɟɧɧɨɫɬɢ 
ɢ ɛɢɨɦɚɫɫɵ ɩɨ ɪɟɤɟ Ʉɭɧɝɭɫ 

ɇɨɦɟɪ ɩɪɨɛɵ 
Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ 

4 ɤɥɚɫɬɟɪɚ 
Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ  

4 ɤɥɚɫɬɟɪɚ 
10,1 1 1 
10,2 1 1 
10,3 1 1 
11,1 2 2 
11,2 3 3 
11,3 2 2 
12,1 3 2 
12,2 2 2 
12,3 2 1 
13,1 2 1 
13,2 2 3 
13,3 2 1 

 

ɋɨɜɨɤɭɩɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɩɨ ɜɫɟɦ ɪɟɤɚɦ (ɉɪɢɥɨɠɟɧɢɟ Ⱥ). ɉɪɢ ɚɧɚɥɢɡɟ ɞɨɥɟɣ 
ɱɢɫɥɟɧɧɨɫɬɢ ɨɬɪɹɞɨɜ ɜɵɹɜɥɟɧɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ 4 ɤɥɚɫɬɟɪɚ ɩɨ ɩɪɢɧɰɢɩɭ 
ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɞɜɭɤɪɵɥɵɯ (ɤɥɚɫɬɟɪ № 1), ɩɨɞɟɧɨɤ (ɤɥɚɫɬɟɪ № 3) ɢ ɜɟɫɧɹɧɨɤ 
(ɤɥɚɫɬɟɪ № 4). Ʉɥɚɫɬɟɪ № 2 ɨɛɴɟɞɢɧɢɥ ɩɟɪɟɯɨɞɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɡɨɨɛɟɧɬɨɫɚ, ɜ 
ɤɨɬɨɪɵɯ ɫɬɪɭɤɬɭɪɭ ɮɨɪɦɢɪɨɜɚɥɢ 2 ɢ ɛɨɥɟɟ ɨɬɪɹɞɨɜ. ɋɚɦɵɦɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɞɜɚ ɤɥɚɫɬɟɪɚ – № 1 ɢ № 3; ɧɚɢɦɟɧɶɲɢɣ – ɤɥɚɫɬɟɪ № 4, ɜ ɧɟɝɨ ɜɨɲɥɢ 
ɩɪɨɛɵ ɥɢɲɶ ɢɡ ɪ. Ⱥɛɚɤɚɧ ɜ ɫɟɪɟɞɢɧɟ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɭɱɚɫɬɤɚ. Ʉɥɚɫɬɟɪ № 1 ɢ 3 
ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɫɟɦɢ ɜɨɞɨɬɨɤɚɦɢ, ɨɞɧɚɤɨ ɜ ɤɥɚɫɬɟɪ № 3 ɢɡ ɪ. Ɇɚɧɵ ɜɨɲɥɢ 
ɥɢɲɶ ɟɞɢɧɢɱɧɵɟ ɩɪɨɛɵ. ȼ ɪ. Ⱥɛɚɤɚɧ ɧɚɛɥɸɞɚɥɚɫɶ ɫɦɟɧɚ ɤɥɚɫɬɟɪɨɜ № 1–4–3 
ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɪɟɤɢ, ɩɪɢɱɟɦ ɜ ɤɥɚɫɬɟɪ № 3 ɜɨɲɥɢ ɛɨɥɶɲɢɧɫɬɜɨ 
ɫɬɚɧɰɢɣ ɢɡ ɫɪɟɞɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɬɟɱɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɡɨɧɚɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ 
ɡɨɨɛɟɧɬɨɫɚ ɩɨ ɩɪɨɞɨɥɶɧɨɦɭ ɩɪɨɮɢɥɸ ɪɟɤɢ ɧɚɛɥɸɞɚɥɚɫɶ ɜ Ʉɭɧɝɭɫɟ: ɤɥɚɫɬɟɪ № 1 
ɨɛɴɟɞɢɧɢɥ ɩɪɨɛɵ ɢɡ ɜɟɪɯɨɜɶɹ, ɤɥɚɫɬɟɪ № 3 – ɢɡ ɧɢɡɨɜɶɹ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɭɱɚɫɬɤɚ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɛɢɨɦɚɫɫɵ ɨɬɪɹɞɨɜ ɜɵɹɜɥɟɧɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ 4 
ɤɥɚɫɬɟɪɚ ɩɨ ɩɪɢɧɰɢɩɭ ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɩɨɞɟɧɨɤ (ɤɥɚɫɬɟɪ № 1), ɜɟɫɧɹɧɨɤ (ɤɥɚɫɬɟɪ 
№ 3) ɢ ɪɭɱɟɣɧɢɤɨɜ (ɤɥɚɫɬɟɪ № 4). Ʉɥɚɫɬɟɪ № 2 ɨɛɴɟɞɢɧɢɥ ɩɟɪɟɯɨɞɧɵɟ 
ɫɨɨɛɳɟɫɬɜɚ ɡɨɨɛɟɧɬɨɫɚ, ɜ ɤɨɬɨɪɵɯ ɛɢɨɦɚɫɫɭ ɮɨɪɦɢɪɨɜɚɥɢ 2 ɢ ɛɨɥɟɟ ɨɬɪɹɞɨɜ.  

ɉɪɢ ɚɧɚɥɢɡɟ ɛɢɨɦɚɫɫɵ ɡɨɨɛɟɧɬɨɫɚ ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ ɡɚɜɨɟɜɵɜɚɸɬ ɥɢɛɨ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɠɢɜɨɬɧɵɟ, ɥɢɛɨ ɤɪɭɩɧɨɪɚɡɦɟɪɧɵɟ.  

Ⱥɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɞɨɧɧɵɯ ɫɨɨɛɳɟɫɬɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɤ ɦɟɬɨɞɨɦ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ 
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ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ ɠɢɜɨɬɧɵɯ ɜɵɹɜɢɥ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɤ ɧɚɥɢɱɢɟ 3 ɤɥɚɫɬɟɪɨɜ. Ʉɚɠɞɵɣ ɤɥɚɫɬɟɪ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ ɢɥɢ ɩɪɢɫɭɬɫɬɜɢɟɦ ɢ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɱɢɫɥɟɧɧɨɫɬɶɸ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɫɟɦɟɣɫɬɜ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ ɠɢɜɨɬɧɵɯ ɜ 
ɡɨɨɛɟɧɬɨɫɟ; ɛɚɡɚ ɞɚɧɧɵɯ ɫɨɫɬɨɹɥɚ ɢɡ 39 ɫɟɦɟɣɫɬɜ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɤɥɚɫɬɟɪɚɦ 
ɩɪɨɢɫɯɨɞɢɥɨ ɧɚ ɨɫɧɨɜɟ ɜɚɪɢɚɬɢɜɧɵɯ ɫɜɹɡɟɣ ɧɟɫɤɨɥɶɤɢɯ ɫɟɦɟɣɫɬɜ, ɮɨɪɦɢɪɭɸɳɢɯ 
ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɨɫɧɨɜɭ ɫɬɪɭɤɬɭɪɵ ɡɨɨɛɟɧɬɨɫɚ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɤɚɯ: 
ɩɨɞɟɧɤɢ Ephemeridae, Ephemerellidae, Heptageniidae, Baetidae; ɪɭɱɟɣɧɢɤɢ 
Hydropsychidae, Arctopsychidae, Stenopsychidae, Leptoceridae; ɞɜɭɤɪɵɥɵɟ 
Chironomidae; ɜɟɫɧɹɧɤɢ Perlodidae, Pteronarcyidae. ȼɨ ɜɫɟɯ ɪɟɤɚɯ ɧɚɛɥɸɞɚɥɚɫɶ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɡɨɨɛɟɧɬɨɫɚ, ɫɜɹɡɚɧɧɚɹ ɫ 
ɩɪɨɞɨɥɶɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɜɞɨɥɶ ɪɭɫɥɚ. ɋɬɚɧɰɢɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɜɟɪɯɨɜɶɟ, ɜ 
ɫɟɪɟɞɢɧɟ ɢ ɧɢɡɨɜɶɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɪɟɤ ɪɚɫɩɪɟɞɟɥɹɥɢɫɶ, 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɩɨ ɪɚɡɧɵɦ ɤɥɚɫɬɟɪɚɦ. ɉɨɫɬɟɩɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɣ 
ɫɬɪɭɤɬɭɪɵ ɡɨɨɛɟɧɬɨɫɚ ɜɞɨɥɶ ɪɭɫɥɚ ɪɟɤ ɨɛɴɹɫɧɹɟɬ ɧɚɥɢɱɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 
ɛɢɨɰɟɧɨɡɨɜ, ɤɨɬɨɪɵɟ ɧɚɪɭɲɚɸɬ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɝɪɚɞɢɟɧɬɚ ɢɡɦɟɧɟɧɢɣ ɢ ɩɨɩɚɞɚɸɬ 
ɜ ɤɥɚɫɬɟɪɵ ɢɡ ɞɪɭɝɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɭɱɚɫɬɤɨɜ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɫɨɜɨɤɭɩɧɨɣ ɛɚɡɚ ɞɚɧɧɵɯ ɩɨ ɜɫɟɦ ɪɟɤɚɦ (ɉɪɢɥɨɠɟɧɢɟ Ȼ) 
ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨ ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ 5 ɤɥɚɫɬɟɪɨɜ, ɤɭɞɚ ɜɨɲɥɢ ɫɬɚɧɰɢɢ 
ɢɡ ɪɚɡɥɢɱɧɵɯ ɪɚɣɨɧɨɜ (ɜɟɪɯɧɢɣ, ɫɪɟɞɧɢɣ, ɧɢɠɧɢɣ) ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɪɟɤ: 
Ʉɥɚɫɬɟɪ № 1: Ⱥɛɚɤɚɧ (ɛɨɥɶɲɢɧɫɬɜɨ), Ⱥɝɭɥ (ɜɵɛɨɪɨɱɧɨ); 
Ʉɥɚɫɬɟɪ № 2: Ʉɚɧ (ɜɟɪɯɧɢɣ), Ʉɭɧɝɭɫ (ɧɢɠɧɢɣ); 
Ʉɥɚɫɬɟɪ № 3: Ⱥɛɚɤɚɧ (ɜɟɪɯɨɜɶɟ), Ⱥɝɭɥ (ɛɨɥɶɲɢɧɫɬɜɨ), Ʉɭɧɝɭɫ (ɫɟɪɟɞɢɧɚ); 
Ʉɥɚɫɬɟɪ № 4: Ʉɚɧ (ɫɟɪɟɞɢɧɚ ɢ ɧɢɡɨɜɶɟ); 
Ʉɥɚɫɬɟɪ № 5: Ɇɚɧɚ (ɜɟɪɯɨɜɶɟ ɫɟɪɟɞɢɧɚ), Ʉɭɧɝɭɫ (ɜɟɪɯɨɜɶɟ). 

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɪɟɤɨɣ Ʉɚɧ ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɨɬɞɟɥɶɧɵɣ 
ɤɥɚɫɬɟɪ (№ 4), ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɫɨɛɟɧɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɞɨɧɧɵɯ ɫɨɨɛɳɟɫɬɜ, 
ɫɜɹɡɚɧɧɭɸ, ɜɟɪɨɹɬɧɨ, ɫ ɚɧɬɪɨɩɨɝɟɧɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɪɟɤɢ. ɋɪɟɞɢ ɜɫɟɯ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɤ ɢɦɟɧɧɨ Ʉɚɧ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ ɩɨɞɜɟɪɠɟɧ ɚɧɬɪɨɩɨɝɟɧɧɨɣ 
ɧɚɝɪɭɡɤɟ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɨɞɚ ɡɚɝɪɹɡɧɟɧɚ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ ɢ ɬɹɠɟɥɵɦɢ 
ɦɟɬɚɥɥɚɦɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ ɜɵɹɜɢɥ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɯɨɞɧɵɟ 
ɝɟɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɢ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɪɟɤɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɧɢɤɚɥɶɧɵ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɨɫɬɚɜɚ ɛɟɧɬɨɫɧɵɯ 
ɫɨɨɛɳɟɫɬɜ ɫɪɟɞɢ ɧɢɯ. ȼɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɤɚɯ ɩɪɨɫɥɟɠɢɜɚɥɚɫɶ ɫɦɟɧɚ 
ɞɨɦɢɧɢɪɭɸɳɢɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɭɪɨɜɧɟ ɫɟɦɟɣɫɬɜ ɩɨ ɩɪɨɞɨɥɶɧɨɦɭ ɩɪɨɮɢɥɸ ɪɟɤɢ. 
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ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɢ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 
1. Ɋɟɚɥɢɡɨɜɚɧɵ ɦɟɬɨɞɵ ɞɥɹ ɭɩɪɨɳɟɧɢɹ (ɚɜɬɨɦɚɬɢɡɚɰɢɢ) ɩɪɨɰɟɫɫɚ 

ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ, ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɢ ɤɥɚɫɬɟɪɧɨɝɨ 
ɚɧɚɥɢɡɨɜ. 

2. Ɋɟɚɥɢɡɨɜɚɧɵ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɬɚɛɥɢɱɧɨɦ ɢ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ 
ɞɥɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ, ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɢ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɨɜ. 

3. ɉɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɡɨɨɛɟɧɬɨɫɚ ɧɚ ɩɹɬɢ ɦɚɥɵɯ ɪɟɤɚɯ ɛɚɫɫɟɣɧɚ ɪɟɤɢ 
ȿɧɢɫɟɹ (Ʉɚɧ, Ⱥɛɚɤɚɧ, Ɇɚɧɚ, Ⱥɝɭɥ, Ʉɭɧɝɭɫ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ, 
ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɢ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɨɜ.  

Ɋɟɚɥɢɡɨɜɚɧɧɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɧɵ 
ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɧɚ ɢɧɵɯ ɞɚɧɧɵɯ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɫɜɟɞɟɧɢɹ ɨ ɫɬɪɭɤɬɭɪɧɨɫɬɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɞɢɧɚɦɢɤɢ 
ɡɨɨɛɟɧɬɨɫɚ ɧɚ ɦɚɥɵɯ ɪɟɤɚɯ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟɹ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɞɨɥяɯ ɱɢɫɥɟɧɧɨɫɬɢ 
ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟя 

 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɩɚɞɚɧɢɹ ɜ ɤɥɚɫɬɟɪɵ ɩɪɨɛ ɡɨɨɛɟɧɬɨɫɚ ɧɚ ɞɨɥɹɯ 
ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɛɚɫɫɟɣɧɚ ɪɟɤɢ ȿɧɢɫɟɹ 

Ɋɟɤɚ ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ (4 ɤɥɚɫɬɟɪɚ) 
Ⱥɛɚɤɚɧ 1.1.1 1 1 
Ⱥɛɚɤɚɧ 1.1.2 1 2 
Ⱥɛɚɤɚɧ 1.1.3 1 2 
Ⱥɛɚɤɚɧ 1.1.4 1 1 
Ⱥɛɚɤɚɧ 1.1.5 1 2 
Ⱥɛɚɤɚɧ 1.1.6 2 2 
Ⱥɛɚɤɚɧ 1.2.1 2 1 
Ⱥɛɚɤɚɧ 1.2.2 3 1 
Ⱥɛɚɤɚɧ 1.2.3 2 3 
Ⱥɛɚɤɚɧ 1.3.1 1 3 
Ⱥɛɚɤɚɧ 1.3.2 4 3 
Ⱥɛɚɤɚɧ 1.3.3 4 3 
Ⱥɛɚɤɚɧ 1.4.1 4 2 
Ⱥɛɚɤɚɧ 1.4.2 4 2 
Ⱥɛɚɤɚɧ 1.4.3 3 1 
Ⱥɛɚɤɚɧ 1.5.1 3 1 
Ⱥɛɚɤɚɧ 1.5.2 3 1 
Ⱥɛɚɤɚɧ 1.5.3 3 1 
Ⱥɛɚɤɚɧ 1.6.1 3 1 
Ⱥɛɚɤɚɧ 1.6.2 3 3 
Ⱥɛɚɤɚɧ 1.6.3 3 1 
Ⱥɛɚɤɚɧ 1.7.1 2 1 
Ⱥɛɚɤɚɧ 1.7.2 3 1 
Ⱥɛɚɤɚɧ 1.7.3 3 1 
Ⱥɛɚɤɚɧ 1.8.1 3 1 
Ⱥɛɚɤɚɧ 1.8.2 3 1 
Ⱥɛɚɤɚɧ 1.8.3 3 1 
Ⱥɛɚɤɚɧ 1.9.1 3 1 
Ⱥɛɚɤɚɧ 1.9.2 3 1 
Ⱥɛɚɤɚɧ 1.9.3 3 1 
Ɇɚɧɚ 2.1.1 2 4 
Ɇɚɧɚ 2.1.2 3 4 
Ɇɚɧɚ 2.1.3 2 4 
Ɇɚɧɚ 2.2.1 1 4 
Ɇɚɧɚ 2.2.2 1 4 
Ɇɚɧɚ 2.3.1 3 4 
Ɇɚɧɚ 2.4.1 4 4 
Ɇɚɧɚ 2.4.2 1 4 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

Ɋɟɤɚ ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ (4 ɤɥɚɫɬɟɪɚ) 
Ɇɚɧɚ 2.5.1 3 2 
Ɇɚɧɚ 2.5.2 2 2 
Ɇɚɧɚ 2.6.1 1 2 
Ɇɚɧɚ 2.6.2 1 2 
Ɇɚɧɚ 2.6.3 1 2 
Ɇɚɧɚ 2.7.1 1 4 
Ɇɚɧɚ 2.7.2 1 4 
Ɇɚɧɚ 2.8.1 1 2 
Ɇɚɧɚ 2.9.2 2 2 
Ɇɚɧɚ 2.10.1 2 2 
Ɇɚɧɚ 2.10.2 2 2 
Ɇɚɧɚ 2.10.3 2 1 
Ʉɚɧ 3.1.1 3 3 
Ʉɚɧ 3.1.2 3 4 
Ʉɚɧ 3.1.3 3 4 
Ʉɚɧ 3.2.1 1 4 
Ʉɚɧ 3.2.2 1 4 
Ʉɚɧ 3.2.3 1 4 
Ʉɚɧ 3.3.1 3 1 
Ʉɚɧ 3.3.2 3 4 
Ʉɚɧ 3.3.3 1 4 
Ʉɚɧ 3.4.1 3 1 
Ʉɚɧ 3.4.2 3 1 
Ʉɚɧ 3.4.3 2 2 
Ʉɚɧ 3.5.1 2 1 
Ʉɚɧ 3.5.2 2 1 
Ʉɚɧ 3.5.3 3 2 
Ʉɚɧ 3.6.1 3 1 
Ʉɚɧ 3.6.2 3 1 
Ʉɚɧ 3.6.3 3 1 
Ʉɚɧ 3.7.1 3 1 
Ʉɚɧ 3.7.2 1 1 
Ʉɚɧ 3.7.3 1 1 
Ʉɚɧ 3.8.1 3 4 
Ʉɚɧ 3.8.2 1 4 
Ʉɚɧ 3.8.3 3 4 
Ʉɚɧ 3.9.1 2 1 
Ʉɚɧ 3.9.2 2 2 
Ʉɚɧ 3.9.3 3 1 
Ⱥɝɭɥ 4.1.1 1 1 
Ⱥɝɭɥ 4.1.2 1 1 
Ⱥɝɭɥ 4.1.3 1 1 
Ⱥɝɭɥ 4.2.1 3 3 
Ⱥɝɭɥ 4.2.2 3 1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

Ⱥɝɭɥ 4.2.3 3 3 
Ⱥɝɭɥ 4.3.1 1 1 
Ⱥɝɭɥ 4.3.2 1 2 
Ⱥɝɭɥ 4.3.3 1 2 
Ⱥɝɭɥ 4.4.1 3 1 
Ⱥɝɭɥ 4.4.2 3 1 
Ⱥɝɭɥ 4.4.3 3 3 
Ⱥɝɭɥ 4.5.1 1 1 
Ⱥɝɭɥ 4.5.2 1 2 
Ⱥɝɭɥ 4.5.3 3 3 
Ⱥɝɭɥ 4.6.1 3 3 
Ⱥɝɭɥ 4.6.2 1 1 
Ⱥɝɭɥ 4.6.3 1 2 
Ⱥɝɭɥ 4.7.1 1 2 
Ⱥɝɭɥ 4.7.2 1 3 
Ⱥɝɭɥ 4.7.3 1 2 
Ⱥɝɭɥ 4.8.1 4 3 
Ⱥɝɭɥ 4.8.2 3 1 
Ⱥɝɭɥ 4.8.3 3 1 
Ⱥɝɭɥ 4.9.1 1 3 
Ⱥɝɭɥ 4.9.2 3 3 
Ⱥɝɭɥ 4.9.3 3 1 
Ʉɭɧɝɭɫ 5.1.1 2 4 
Ʉɭɧɝɭɫ 5.1.2 1 4 
Ʉɭɧɝɭɫ 5.1.3 1 2 
Ʉɭɧɝɭɫ 5.2.1 1 2 
Ʉɭɧɝɭɫ 5.2.2 3 2 
Ʉɭɧɝɭɫ 5.2.3 1 3 
Ʉɭɧɝɭɫ 5.3.1 3 3 
Ʉɭɧɝɭɫ 5.3.2 2 3 
Ʉɭɧɝɭɫ 5.3.3 3 1 
Ʉɭɧɝɭɫ 5.4.1 3 1 
Ʉɭɧɝɭɫ 5.4.2 3 2 
Ʉɭɧɝɭɫ 5.4.3 2 1 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɚɝɥɨɦɟɪɚɬɢɜɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɧɚ ɱɢɫɥɟɧɧɨɫɬɢ ɫɟɦɟɣɫɬɜ 

ɡɨɨɛɟɧɬɨɫɚ ɛɚɫɫɟɣɧɚ ȿɧɢɫɟя 
 

Ɍɚɛɥɢɰɚ Ȼ.1 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɩɚɞɚɧɢɹ ɜ ɤɥɚɫɬɟɪɵ ɩɪɨɛ ɡɨɨɛɟɧɬɨɫɚ ɧɚ ɱɢɫɥɟɧɧɫɬɢ 
ɫɟɦɟɣɫɬɜ ɡɨɨɛɟɧɬɨɫɚ ɛɚɫɫɟɣɧɚ ȿɧɢɫɟɹ 

Ɋɟɤɚ ɇɨɦɟɪ ɩɪɨɛɵ Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ (4 ɤɥɚɫɬɟɪɚ) 
Ⱥɛɚɤɚɧ 1.1.1 3 
Ⱥɛɚɤɚɧ 1.1.2 1 
Ⱥɛɚɤɚɧ 1.1.3 3 
Ⱥɛɚɤɚɧ 1.1.4 3 
Ⱥɛɚɤɚɧ 1.1.5 3 
Ⱥɛɚɤɚɧ 1.1.6 3 
Ⱥɛɚɤɚɧ 1.2.1 1 
Ⱥɛɚɤɚɧ 1.2.2 1 
Ⱥɛɚɤɚɧ 1.2.3 1 
Ⱥɛɚɤɚɧ 1.3.1 3 
Ⱥɛɚɤɚɧ 1.3.2 1 
Ⱥɛɚɤɚɧ 1.3.3 1 
Ⱥɛɚɤɚɧ 1.4.1 1 
Ⱥɛɚɤɚɧ 1.4.2 1 
Ⱥɛɚɤɚɧ 1.4.3 3 
Ⱥɛɚɤɚɧ 1.5.1 1 
Ⱥɛɚɤɚɧ 1.5.2 1 
Ⱥɛɚɤɚɧ 1.5.3 1 
Ⱥɛɚɤɚɧ 1.6.1 1 
Ⱥɛɚɤɚɧ 1.6.2 1 
Ⱥɛɚɤɚɧ 1.6.3 1 
Ⱥɛɚɤɚɧ 1.7.1 1 
Ⱥɛɚɤɚɧ 1.7.2 1 
Ⱥɛɚɤɚɧ 1.7.3 1 
Ⱥɛɚɤɚɧ 1.8.1 3 
Ⱥɛɚɤɚɧ 1.8.2 3 
Ⱥɛɚɤɚɧ 1.8.3 3 
Ⱥɛɚɤɚɧ 1.9.1 1 
Ⱥɛɚɤɚɧ 1.9.2 1 
Ⱥɛɚɤɚɧ 1.9.3 1 
Ɇɚɧɚ 2.1.1 5 
Ɇɚɧɚ 2.1.2 5 
Ɇɚɧɚ 2.1.3 5 
Ɇɚɧɚ 2.2.1 5 
Ɇɚɧɚ 2.2.2 3 
Ɇɚɧɚ 2.3.1 5 
Ɇɚɧɚ 2.4.1 1 
Ɇɚɧɚ 2.4.2 3 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

Ɇɚɧɚ 2.5.1 5 
Ɇɚɧɚ 2.5.2 5 
Ɇɚɧɚ 2.6.1 3 
Ɇɚɧɚ 2.6.2 3 
Ɇɚɧɚ 2.6.3 3 
Ɇɚɧɚ 2.7.1 2 
Ɇɚɧɚ 2.7.2 2 
Ɇɚɧɚ 2.8.1 5 
Ɇɚɧɚ 2.9.2 4 
Ɇɚɧɚ 2.10.1 3 
Ɇɚɧɚ 2.10.2 3 
Ɇɚɧɚ 2.10.3 3 
Ʉɚɧ 3.1.1 1 
Ʉɚɧ 3.1.2 1 
Ʉɚɧ 3.1.3 1 
Ʉɚɧ 3.2.1 2 
Ʉɚɧ 3.2.2 2 
Ʉɚɧ 3.2.3 2 
Ʉɚɧ 3.3.1 2 
Ʉɚɧ 3.3.2 2 
Ʉɚɧ 3.3.3 3 
Ʉɚɧ 3.4.1 4 
Ʉɚɧ 3.4.2 4 
Ʉɚɧ 3.4.3 2 
Ʉɚɧ 3.5.1 4 
Ʉɚɧ 3.5.2 4 
Ʉɚɧ 3.5.3 4 
Ʉɚɧ 3.6.1 4 
Ʉɚɧ 3.6.2 4 
Ʉɚɧ 3.6.3 4 
Ʉɚɧ 3.7.1 4 
Ʉɚɧ 3.7.2 4 
Ʉɚɧ 3.7.3 4 
Ʉɚɧ 3.8.1 1 
Ʉɚɧ 3.8.2 1 
Ʉɚɧ 3.8.3 1 
Ʉɚɧ 3.9.1 4 
Ʉɚɧ 3.9.2 4 
Ʉɚɧ 3.9.3 4 
Ⱥɝɭɥ 4.1.1 3 
Ⱥɝɭɥ 4.1.2 3 
Ⱥɝɭɥ 4.1.3 3 
Ⱥɝɭɥ 4.2.1 1 
Ⱥɝɭɥ 4.2.2 1 
Ⱥɝɭɥ 4.2.3 1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

Ⱥɝɭɥ 4.3.1 3 
Ⱥɝɭɥ 4.3.2 3 
Ⱥɝɭɥ 4.3.3 3 
Ⱥɝɭɥ 4.4.1 3 
Ⱥɝɭɥ 4.4.2 3 
Ⱥɝɭɥ 4.4.3 3 
Ⱥɝɭɥ 4.5.1 3 
Ⱥɝɭɥ 4.5.2 3 
Ⱥɝɭɥ 4.5.3 1 
Ⱥɝɭɥ 4.6.1 1 
Ⱥɝɭɥ 4.6.2 3 
Ⱥɝɭɥ 4.6.3 3 
Ⱥɝɭɥ 4.7.1 3 
Ⱥɝɭɥ 4.7.2 3 
Ⱥɝɭɥ 4.7.3 3 
Ⱥɝɭɥ 4.8.1 1 
Ⱥɝɭɥ 4.8.2 1 
Ⱥɝɭɥ 4.8.3 1 
Ⱥɝɭɥ 4.9.1 3 
Ⱥɝɭɥ 4.9.2 3 
Ⱥɝɭɥ 4.9.3 1 
Ʉɭɧɝɭɫ 5.1.1 5 
Ʉɭɧɝɭɫ 5.1.2 5 
Ʉɭɧɝɭɫ 5.1.3 5 
Ʉɭɧɝɭɫ 5.2.1 3 
Ʉɭɧɝɭɫ 5.2.2 3 
Ʉɭɧɝɭɫ 5.2.3 3 
Ʉɭɧɝɭɫ 5.3.1 3 
Ʉɭɧɝɭɫ 5.3.2 3 
Ʉɭɧɝɭɫ 5.3.3 3 
Ʉɭɧɝɭɫ 5.4.1 2 
Ʉɭɧɝɭɫ 5.4.2 2 
Ʉɭɧɝɭɫ 5.4.3 2 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ʉɨɞ ɩɪɨɝɪɚɦɦ 
  

Ʉɨɞ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ: 
 

from scipy.stats import spearmanr, pearsonr 
from itertools import combinations as comb 
import pandas as pd 
from correlation.corrgraph import make_and_save_graph_correlation 
 
CORRELATION_METHODS = ["spearman", "pearson"] 
 
def results_correlation(x, method="spearman", n_round=3): 
    if method == CORRELATION_METHODS[0]: 
        correlation_func = spearmanr 
    elif method == CORRELATION_METHODS[1]: 
        correlation_func = pearsonr 
    else: 
        print("Warning: ɧɟ ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɧ method") 
        return None, None 
 
    n_cols = x.shape[1] 
    sp_vals = [[1]*n_cols for _ in range(n_cols)] 
    p_vals = [[0]*n_cols for _ in range(n_cols)] 
 
    for _ in comb(range(n_cols), 2): 
        n_col1, n_col2 = _ 
        col1 = x.columns[n_col1] 
        col2 = x.columns[n_col2] 
 
        sp, p = correlation_func(x[col1], x[col2]) 
        sp_vals[n_col1][n_col2] = sp_vals[n_col2][n_col1] = round(sp, n_round) 
        p_vals[n_col1][n_col2] = p_vals[n_col2][n_col1] = round(p, n_round) 
     
    sp_vals = pd.DataFrame(sp_vals, columns=x.columns, index=x.columns) 
    p_vals = pd.DataFrame(p_vals, columns=x.columns, index=x.columns) 
    return sp_vals, p_vals 
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def results_correlation_for_data(data, 
                                   names, 
                                  wb, 
                                   result_graph_path, 
                                   n_round=3, 
                                   max_p_value=0.05, 
                                   min_corr_value=0.3, 
                                   engine='circo'): 
     
    for d, name in zip(data, names):    
        corr_values, p_values = results_correlation(d) 
        make_and_save_graph_correlation(corr_values=corr_values, 
                                          p_values=p_values, 
                                          filename=result_graph_path.format(name), 
                                          max_p_value=max_p_value, 
                                          min_corr_value=min_corr_value, 
                                          engine=engine) 
 
        wb.add_result_of_correlation_result(corr_values=corr_values, 
                                            p_values=p_values, 
                                            worksheet_name=name, 
                                            n_round=n_round, 
                                            max_p_value=max_p_value) 
 

Ʉɨɞ ɩɨɥɭɱɟɧɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɝɪɚɮɨɜ: 
 

from graphviz import Graph 
import pandas as pd 
from itertools import combinations as comb 
from scipy.stats import pearsonr 
import numpy as np 
 
 
def make_and_save_graph_correlation(corr_values, 
                                                 p_values, 
                                                 filename='Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɝɪɚɮ', 
                                                 max_p_value=0.05, 
                                                 min_corr_value=0.3, 
                                                 engine='circo'): 
     
    g = Graph('Graph', engine=engine, format='png') 
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    for _ in comb(range(corr_values.shape[0]), 2): 
        n_col1, n_col2 = _ 
        name1 = corr_values.columns[n_col1] 
        name2 = corr_values.columns[n_col2] 
 
        corr_value = corr_values.iloc[n_col1, n_col2] 
        p_value = p_values.iloc[n_col1, n_col2] 
 
        if p_value <= max_p_value and abs(corr_value) >= min_corr_value: 
            g.edge(name1, name2, label=str(round(corr_value, 2))) 
 
    g.render(filename=filename, cleanup=True) 
 

Ʉɨɞ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ: 
 

from sklearn.linear_model import LinearRegression as LR 
import numpy as np 
import pandas as pd 
from regression.graphics import draw_linear_resgression 
import statsmodels.api as sm 
from scipy.stats import shapiro 
 
 
def r2_adj(r2, n, k): 
    return 1 - (1 - r2) * (n - 1) / (n - k) 
 
def results_of_regression(y, 
                          x, 
                          with_ln=False, 
                          with_F_statistic=True): 
     
     
    if x.shape[1] > 1: 
        result_columns_names = ["R^2", "R^2(adj)",  "F value",  
              "F p-value",  Shapiro", "Shapiro p-value"] 
    else: 
        result_columns_names = ["R^2", 'F value', "F p-value",  
              "Shapiro", "Shapiro p-value"] 
 
    coefficients = [] 
    index = [] 
    n_rows = y.shape[0] 
    columns = y.columns 
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      def add_coefficients(x, y, coefficients): 
        lr = LR() 
        lr.fit(x, y)   
        y_pred = lr.predict(x) 
        errors = y - y_pred 
        shap, shap_p_val = shapiro(errors) 
        r2 = lr.score(x, y)  
        count_of_coefficients = len(lr.coef_) + 1  
        new_data = sm.add_constant(x)  
        lin_model = sm.OLS(y, new_data)  
        results = lin_model.fit() 
        f_value = results.fvalue 
        f_pvalue = results.f_pvalue 
  
        if x.shape[1] > 1: 
            coefficients.append([r2, r2_adj(r2, n_rows, count_of_coefficients), 
         f_value, f_pvalue, shap, shap_p_val]) 
        else: 
            coefficients.append([r2, f_value, f_pvalue, shap, shap_p_val]) 
 
    for column_name in columns:  
        y_ = y[column_name] 
        add_coefficients(x, y_, coefficients)  
        index.append(column_name) 
 
    if with_ln: 
        for column_name in columns:  
            y_ = y[column_name] 
            temp_ln = np.log1p(y_) 
            add_coefficients(x, temp_ln, coefficients)  
            index.append("ln({}+1)".format(column_name)) 
    result = pd.DataFrame(coefficients, index=index, 
     columns=result_columns_names) 
    return result 
 
 
def regression_results_of_data(y, 
                               x, 
                               x_names, 
                               full_x_names, 
                               with_ln, 
                               draw_function, 
                               wb, 
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                               results_graphics_path): 
 
    for (x, x_name, full_x_name, is_ln, is_draw) in zip(x, x_names, full_x_names,  
               with_ln, draw_function): 
        if is_draw: 
            draw_linear_resgression(y, x, 
                                     results_graphics_path, 
                                      full_y_name=full_x_name, 
                                      with_ln=is_ln, 
                                      name_of_y='({})'.format(x_name)) 
        results = results_of_regression(y=y, 
                                               x=x, 
                                              with_ln=with_ln) 
        wb.add_result_of_regression_result(results, 
                                                  worksheet_name="Ʌɢɧ.ɪɟɝ.({})".format(x_name)) 
 

Ʉɨɞ ɩɨɥɭɱɟɧɢɹ ɝɪɚɮɢɤɨɜ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ: 
 

from sklearn.linear_model import LinearRegression as _LR 
import matplotlib.pyplot as _plt 
import numpy as _np 
 
def draw_linear_resgression(x, y, 
                                    filepath, 
                                    name_of_y, 
                                   full_y_name, 
                                    with_ln=False, 
                                   size_inches=(13, 6)): 
    n_cols = x.shape[1] 
    columns = x.columns 
    width = size_inches[0] 
    height = size_inches[1] 
    if with_ln: 
        for n_col in range(n_cols): 
            temp = x.iloc[:, n_col] 
            lr = _LR() 
            lr.fit(y, temp) 
 
            temp_ln = _np.log1p(temp) 
            lr_ln = _LR() 
            lr_ln.fit(y, temp_ln) 
 
            fig, (ax1, ax2) = _plt.subplots(1, 2) 
            fig.set_size_inches(width, height) 
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            ax1.scatter(y, temp, color='red', marker='x') 
            ax1.plot(y, lr.predict(y)) 
            ax1.set_ylabel(columns[n_col], fontsize=10) 
            ax1.set_xlabel(full_y_name, fontsize=10) 
 
            ax2.scatter(y, temp_ln, color='red', marker='x') 
            ax2.plot(y, lr_ln.predict(y)) 
            ax2.set_ylabel("ln({}+1)".format(columns[n_col]), fontsize=10) 
            ax2.set_xlabel(full_y_name, fontsize=10) 
 
            _plt.savefig(filepath.format(columns[n_col]+name_of_y)) 
            _plt.close(fig) 
    else: 
        for n_col in range(n_cols): 
            temp = x.iloc[:, n_col] 
            lr = _LR() 
            lr.fit(y, temp) 
 
            fig, (ax1, ax2) = _plt.subplots(1, 2) 
            fig.set_size_inches(width, height) 
 
            _plt.scatter(y, temp, color='red', marker='x') 
            _plt.plot(y, lr.predict(y)) 
            _plt.ylabel(columns[n_col], fontsize=10) 
            _plt.xlabel(full_y_name, fontsize=10) 
            _plt.savefig(filepath.format(columns[n_col]+name_of_y)) 

 
Ʉɨɞ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɪɤɢ ɧɚ ɧɨɪɦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ: 

 

from scipy.stats import shapiro 
import matplotlib.pyplot as plt 
import pandas as pd 
 
def shapiro_results_with_histograms(data, 
                                              file_path): 
     
    shp_val_pval = [] 
    columns = ['Shapiro val', 'p_val'] 
    index = [] 
 
    for column_name in data.columns:  
        value, p_value = shapiro(data[column_name])  
        shp_val_pval.append([value, p_value]) 
        index.append(column_name) 
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        plt.hist(data[column_name], density=True) 
 
        plt.xlabel(column_name, fontsize=10) 
        plt.ylabel("Ɉɬɧɨɫɬɢɬɟɥɶɧɚɹ ɱɚɫɬɨɬɚ", fontsize=10) 
 
        plt.savefig(file_path.format(column_name)) 
        plt.close() 
 
    return pd.DataFrame(shp_val_pval, columns=columns, index=index) 
 

Ʉɨɞ ɫɨɡɞɚɧɢɹ ɩɚɩɨɤ, ɜ ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ: 
 

import os 
 
def print_paths(dictionary, path=None): 
    if path == None: 
        for start in dictionary: 
            path = start 
            print_paths(dictionary[start], path) 
    else: 
        if dictionary == None: 
            print(path) 
        else: 
            for file in dictionary: 
                new_path = (path, file) 
                new_path = '\\'.join(new_path) 
                print_paths(dictionary[file], new_path) 
 
class MakeFile: 
 
    _SQUAD_NORM_RESULT = {"Ƚɢɫɬɨɝɪɚɦɦɵ": None} 
    _SQUAD_CORR_RESULT = {"Ʉɨɪɪɟɥɹɰɢɹ ɋɩɢɪɦɟɧɚ":  
      {' Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɝɪɚɮɵ': None}}  
    _SQUAD_REG_RESULT = {"Ƚɪɚɮɢɤɢ": None} 
    _SQUAD_CLUSTER_RESULT = {"Ⱥɝɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ":  
             {" Ⱦɟɧɞɪɨɝɪɚɦɦɵ": None}}  
    _FAMILY_CLUSTER_RESULT = {"Ⱥɝɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ": 
              {" Ⱦɟɧɞɪɨɝɪɚɦɦɵ": None}}  
 
    _RIVER = {"{}. {}": {" Ɉɬɪɹɞɵ":  
{"1. ɇɨɪɦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ": _SQUAD_NORM_RESULT,  
"2. Ʉɨɪɪɟɥɹɰɢɹ":  _SQUAD_CORR_RESULT, 
 
 "3. Ʌɢɧɟɣɧɚɹ ɪɟɝɪɟɫɫɢɹ": _SQUAD_REG_RESULT, 
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 "4. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ": _SQUAD_CLUSTER_RESULT}, 
 "ɋɟɦɟɣɫɬɜɚ": {"1. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ":_FAMILY_CLUSTER_RESULT}}} 
 
    _CUSTOM_RIVER = {"Ɉɬɪɹɞɵ": {"1. ɇɨɪɦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ": 
_SQUAD_NORM_RESULT, 
                                "2. Ʉɨɪɪɟɥɹɰɢɹ": _SQUAD_CORR_RESULT, 
                                "3. Ʌɢɧɟɣɧɚɹ ɪɟɝɪɟɫɫɢɹ": _SQUAD_REG_RESULT, 
                                "4. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ": _SQUAD_CLUSTER_RESULT}, 
                     "ɋɟɦɟɣɫɬɜɚ": {"1. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ": 
_FAMILY_CLUSTER_RESULT}} 
                
    def __init__(self, 
                 file_path=None, 
                 with_results_file=False): 
  
        if file_path is None: 
            self.file_path = os.getcwd() 
        else: 
            self.file_path = file_path 
  
        if with_results_file: 
            self.file_path += "\\ɪɟɡɭɥɶɬɚɬɵ" 
            if not os.path.exists(self.file_path): 
                os.mkdir(self.file_path) 
 
    def _create_file(self, 
                     dictionary, 
                     path): 
  
        if dictionary is not None: 
            for file in dictionary: 
                new_path = (path, file) 
                new_path = '\\'.join(new_path) 
                if os.path.exists(new_path): 
                    self._create_file(dictionary[file], 
                                      new_path) 
                else: 
                    os.mkdir(new_path) 
                    self._create_file(dictionary[file], 
                                      new_path) 
 
    def create_file(self): 
        self._create_file(self._RIVER, 
                          self.file_path) 
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    def create_results_file(self, 
                            files_name):  
        for num, name in enumerate(files_name, 1): 
            new_key = '{}. {}'.format(num, 
                                      name) 
            new_river = {new_key:self._CUSTOM_RIVER} 
            self._create_file(new_river, 
                              self.file_path) 
 

Ʉɨɞ ɩɪɨɝɪɚɦɦɵ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ: 
 

from sklearn.cluster import AgglomerativeClustering as AC 
import numpy as _np 
from cluster.graphics import draw_dendrogram 
import matplotlib.pyplot as plt 
import numpy as np 
import pandas as pd  
from scipy.spatial.distance import pdist 
from scipy.cluster.hierarchy import linkage, dendrogram 

 
def clustering_results_of_data(data, 
                                          description, 
                                          worksheets_and_graphics_names, 
                                         labels, 
                                          wb, 
                                          result_graphics_path, 
                                          xlabel='Ɇɟɠɤɥɚɫɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ', 
                                          ylabel='ɇɨɦɟɪ ɫɬɚɧɰɢɢ ɢ ɩɪɨɛɵ', 
                                          start=1, 
                                          end=6, 
                                          with_description=True): 
     
    for d, name in zip(data, worksheets_and_graphics_names): 
         
        draw_dendrogram(data=d, 
                          labels=labels, 
                          xlabel=xlabel, 
                          ylabel=ylabel) 
        plt.savefig(result_graphics_path.format(name), 
                     dpi=300, 
                    bbox_inches='tight') 
        plt.close() 
        results = ac_range_results(data=d, 
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                                                labels=labels, 
                                                start=start, 
                                                end=end) 
        results = results.astype(np.int) 
        results = pd.concat([description, results], axis=1) 
        wb.add_clustering_result_to_worksheet(data=results, 
                                                       worksheet_name=name, 
                                                       with_description=with_description) 
 
def ac_range_results(data, 
                              labels, 
                              start=1, 
                             end=6): 
     
    end = end + 1  
    columns = ["{} cluster".format(i) for i in range(start, end)]  
    result = None 
 
    for n_clusters in range(start, end): 
        ac = AC(n_clusters=n_clusters) 
        ac.fit(data) 
        y_ac = ac.labels_ 
        y_ac = _np.reshape(y_ac, newshape=(-1, 1)) 
        if n_clusters == start: 
            result = _np.array(y_ac) 
        else: 
            result = _np.hstack((result, y_ac)) 
    result = pd.DataFrame(result, index=labels, columns=columns) 
    return result 
 

Ʉɨɞ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɬɚɛɥɢɱɧɨɦ ɜɢɞɟ: 
 

import xlsxwriter as _xlsxw 
import pandas as _pd 
from mylibrary.correlation import results_correaltion 
 
 
class MakeXlsx(_xlsxw.workbook.Workbook): 
 
    _BACKGROUND_COLORS = ['#0000ff', '#00ff00', '#ff0000', '#4b0082', 
                                  '#ffff00', '#ffffff' , '#800080', '#f032e6', 
                            '#87cefa', '#ffe4b5', '#ff6347'] 
    _FONTS_COLORS = ['#ffffff', '#ffffff' , '#ffffff' , '#ffffff', 
                         '#ff0000', '#ff0000', '#ffffff' , '#ffffff', 
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                          '#0000ff', '#ff0000', '#ffffff'] 
    _NEUTRAL_COLOR = "#ffff00" 
    _BAD_GOOD_BACKGROUND_COLORS = ['#ffc7ce', "#c6efce"] 
    _BAD_GOOD_FONT_COLORS = ['#9c0006', "#006100"] 
 
    def __init__(self, filename='WorkBook.xlsx'):  
        self.workbook_name = filename  
        self.colors_number = len(self._BACKGROUND_COLORS)  
        self.sheets_set = set() 
        super().__init__(filename) 
        self._init_formats() 
 
    def _init_formats(self):  
        self._cell_formats = [self.add_format() for i in range(self.colors_number)]  
        for color_num, cell in enumerate(self._cell_formats): 
            cell.set_bg_color(self._BACKGROUND_COLORS[color_num]) 
            cell.set_font_color(self._FONTS_COLORS[color_num]) 
            cell.set_align("center") 
            cell.set_border() 
 
        self._index_column_format = self.add_format() 
        self._index_column_format.set_align("center") 
        self._index_column_format.set_border() 
        self._neutral_format = self.add_format() 
        self._neutral_format.set_bg_color(self._NEUTRAL_COLOR) 
        self._neutral_format.set_border() 
        self._neutral_format.set_align("center") 
        self._bad_good_formats = [self.add_format() for i in range(2)]  
        self._bad_good_formats[0].set_bg_color( 
        self._BAD_GOOD_BACKGROUND_COLORS[0]) 
        self._bad_good_formats[0].set_font_color( 
        self._BAD_GOOD_FONT_COLORS[0]) 
        self._bad_good_formats[0].set_border() 
        self._bad_good_formats[0].set_align("center")  
        self._bad_good_formats[1].set_bg_color( 
        self._BAD_GOOD_BACKGROUND_COLORS[1]) 
        self._bad_good_formats[1].set_font_color( 
        self._BAD_GOOD_FONT_COLORS[1]) 
        self._bad_good_formats[1].set_border() 
        self._bad_good_formats[1].set_align("center") 
 
    def _renumber_all_labels(self, data, with_description): 
        for n_col in range(with_description, data.shape[1]): 
            temp = data.iloc[:, n_col] 
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            data.iloc[:, n_col] = self._renumber_one_column(temp.values) 
 
    def _renumber_one_column(self, column): 
        from copy import deepcopy 
        N, new_labels = len(column), deepcopy(column) 
        used = [True]*N 
        k = 1 
 
        for i in range(N): 
            if used[i]: 
                temp = deepcopy(new_labels[i]) 
                for j in range(i, N): 
                    if used[j] and new_labels[j] == temp: 
                        used[j] = False 
                        new_labels[j] = k 
                k += 1 
 
        return new_labels 
 
    def _insert_indexes(self, data, 
                                   worksheet, 
                                   n_row, n_col, 
                                   index_name, 
                                   column_widths): 
        if index_name is not None:  
            worksheet.write(n_row, n_col, 
                             index_name, 
                             self._index_column_format)  
            column_widths[n_col] = max(column_widths[n_col], len(str(index_name))) 
            intend = 1 
        else: 
            intend = 0 
 
        for index_num, name_index in enumerate(data.index, intend):  
            worksheet.write(n_row+index_num, n_col, 
                            name_index, 
                             self._index_column_format) 
 
            column_widths[n_col] = max(column_widths[n_col],  len(str(name_index))) 
 
 
    def _insert_columns(self, 
                        data, 
                        worksheet, 
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                        n_row, n_col, 
                        with_description, 
                        column_widths): 
 
        for column_num, name in enumerate(data.columns[with_description:], 0):  
            worksheet.write(n_row, n_col+column_num, 
                             name, 
                             self._index_column_format) 
            column_widths[n_col+column_num] = ( 
                                           max(column_widths[n_col + column_num], 
                                              len(str(name)))) 
 
    def _insert_clustering_data(self, data, 
                                          worksheet, 
                                          n_row, n_col, 
                                          n_indexes, n_columns, 
                                          with_description, 
                                          column_widths): 
 
        for row in range(n_indexes): 
            for col in range(with_description, n_columns): 
                value = data.values[row, col] 
                worksheet.write(n_row+row, n_col+col, 
                                     value, 
                                     self._cell_formats[value-1]) 
                column_widths[n_col+col] = (max(column_widths[n_col + col], 
                                              len(str(value)))) 
 
    def _insert_description(self, data, 
                                worksheet, 
                                n_row, n_col, 
                                column_widths): 
        worksheet.write(n_row, n_col,  data.columns[0], self._index_column_format) 
 
        column_widths[n_col] = (max(column_widths[n_col], 
                                                len(str(data.columns[0])))) 
 
        for row, description in enumerate(data.iloc[:, 0], 1): 
            worksheet.write(n_row+row, n_col, 
                             description, 
                            self._index_column_format) 
            column_widths[n_col] = (max(column_widths[n_col], 
                                    len(str(description)))) 
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    def _insert_correlation_data(self, corr_values, p_values, 
                                            worksheet, 
                                            n_row, n_col, 
                                             n_indexes, n_columns, 
                                             n_round, max_p_value, 
                                             column_widths): 
        for row in range(n_indexes): 
            for col in range(n_columns): 
                corr_value = corr_values.values[row, col] 
                corr_value = round(corr_value, n_round) 
 
                p_value = p_values.values[row, col] 
                p_value = round(p_value, n_round) 
 
                bad_good_index = 1 if p_value <= max_p_value else 0 
 
                worksheet.write(n_row + row, n_col + col,  corr_value, 
                                    self._bad_good_formats[bad_good_index]) 
 
                worksheet.write(n_row + n_indexes + 3 + row, n_col + col, p_value, 
                                     self._bad_good_formats[bad_good_index]) 
                column_widths[n_col] = max((column_widths[n_col], len(str(p_value)), 
                                              len(str(corr_value)))) 
 
        def add_clustering_result_to_worksheet(self, 
                                                     worksheet_name="sheet1", 
                                                      data=None, 
                                                     with_index=True, 
                                                     index_name="ɂɧɞɟɤɫɵ", 
                                                     with_description=False): 
 
        n_columns = data.shape[1] + with_index 
        n_indexes = data.shape[0] 
        column_widths = [0]*n_columns 
        self.sheets_set.add(worksheet_name) 
        worksheet = self.add_worksheet(worksheet_name)  
        self._renumber_all_labels(data, with_description) 
 
 
        if with_index: 
            self._insert_indexes(data, worksheet, 0, 0, 
                                        index_name, 
                                        column_widths) 
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        if with_description: 
            self._insert_description(data, worksheet, 
                                                  0, int(with_index), 
                                                  column_widths) 
 
        self._insert_columns(data, worksheet, 0, with_index+with_description, 
                                  with_description,  column_widths) 
 
        self._insert_clustering_data(data, worksheet, 1, with_index, n_indexes,  
     n_columns-with_index, with_description, 
                                        column_widths) 
 
        for n_col in range(n_columns): 
            worksheet.set_column(n_col, n_col, column_widths[n_col]+1) 
 
    def add_result_of_correlation_result(self, corr_values, p_values,  
                                                     worksheet_name="sheet1", n_round=3, 
                                                     max_p_value=0.05): 
 
        n_columns = corr_values.shape[1] + 1 
        n_indexes = p_values.shape[0] + 1 
 
        self.sheets_set.add(worksheet_name)  
        worksheet = self.add_worksheet(worksheet_name)  
        column_widths = [0]*n_columns 
        column_widths[0] = len("Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ") 
        worksheet.write(0, 0, "Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ", self._neutral_format) 
        self._insert_columns(corr_values, worksheet, 0, 1, False, column_widths) 
        self._insert_indexes(corr_values, worksheet, 1, 0, None,  column_widths) 
        worksheet.write(n_indexes+2, 0, "P-ɡɧɚɱɟɧɢɟ", self._neutral_format) 
        column_widths[0] = max(column_widths[0], len("P-ɡɧɚɱɟɧɢɟ")) 
        self._insert_columns(p_values, worksheet, n_indexes+2, 1, False, 
                                 column_widths) 
 
        self._insert_indexes(p_values, worksheet, n_indexes+3, 0, None, 
                               column_widths) 
 
        self._insert_correlation_data(corr_values, p_values, worksheet, 1, 1, 
                                           n_indexes-1, n_columns-1, n_round,  
   max_p_value,  column_widths) 
 
        worksheet.write(2*n_indexes+4, 0, '', self._bad_good_formats[0]) 
        worksheet.merge_range(2*n_indexes+4, 1, 2*n_indexes+4, 5, 
                                       'p-ɡɧɚɱɟɧɢɟ > 0.05') 
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        worksheet.write(2*n_indexes+5, 0, '', self._bad_good_formats[1]) 
        worksheet.merge_range(2*n_indexes+5, 1, 2*n_indexes+5, 5, 
                                       'p-ɡɧɚɱɟɧɢɟ <= 0.05') 
 
        for n_col in range(n_columns): 
            worksheet.set_column(0, n_col, column_widths[n_col]+1) 
 
    def _insert_regression_data(self, data, worksheet, row_place, col_place, 
                                          columns_width, n_round=3): 
 
        rows_number = data.shape[0] 
        cols_number = data.shape[1] 
 
        if cols_number == 5: 
            with_r2_adj = False 
        else: 
            with_r2_adj = True 
 
        for n_row in range(rows_number): 
            r2 = round(data.iloc[n_row][0], n_round) 
 
            if with_r2_adj: 
                r2_adj = round(data.iloc[n_row][1], n_round) 
                f_value = round(data.iloc[n_row][2], n_round) 
                f_pvalue = round(data.iloc[n_row][3], n_round) 
                shap = round(data.iloc[n_row][4], n_round) 
                shap_p_val = round(data.iloc[n_row][5], n_round) 
            else: 
                f_value = round(data.iloc[n_row][1], n_round) 
                f_pvalue = round(data.iloc[n_row][2], n_round) 
                shap = round(data.iloc[n_row][3], n_round) 
                shap_p_val = round(data.iloc[n_row][4], n_round) 
 
            if f_pvalue < 0.05 and shap_p_val > 0.05: 
                format = self._bad_good_formats[1] 
            else: 
                format = self._bad_good_formats[0] 
 
            worksheet.write(row_place + n_row, col_place, r2, format) 
            if with_r2_adj: 
                worksheet.write(row_place + n_row, col_place + 1, r2_adj, format) 
                worksheet.write(row_place + n_row, col_place + 2, f_value, format) 
                worksheet.write(row_place + n_row, col_place + 3, f_pvalue, format) 
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                worksheet.write(row_place + n_row, col_place + 4, shap, format) 
                worksheet.write(row_place + n_row, col_place + 5, shap_p_val, format) 
            else: 
                worksheet.write(row_place + n_row, col_place + 1, f_value, format) 
                worksheet.write(row_place + n_row, col_place + 2,  f_pvalue, format) 
                worksheet.write(row_place + n_row, col_place + 3, shap, format) 
                worksheet.write(row_place + n_row, col_place + 4, shap_p_val, format) 
 
    def add_result_of_regression_result(self, data, worksheet_name="sheet1", 
                                                    n_round=3,  min_r2_value=0.25): 
        n_columns = data.shape[1] + 1 
        n_index = data.shape[0] + 1 
 
        self.sheets_set.add(worksheet_name)  
        worksheet = self.add_worksheet(worksheet_name)  
        columns_width = [0] * (n_columns + 1) 
        self._insert_indexes(data, worksheet, 0, 0, "" , columns_width) 
        self._insert_columns(data, worksheet, 0, 1, False, columns_width) 
        self._insert_regression_data(data, worksheet, 1, 1, columns_width,  n_round) 
 
        for n_col in range(n_columns): 
                worksheet.set_column(0, n_col, columns_width[n_col]+1) 
 
        worksheet.write(n_index+2, 0, '', self._bad_good_formats[0]) 
        worksheet.merge_range(n_index+2, 1, n_index+2, 4, 'p-value >= 0.5') 
        worksheet.write(n_index+3, 0, '', self._bad_good_formats[1]) 
        worksheet.merge_range(n_index+3, 1, n_index+3, 4, 'p-value < 0.5') 
 
    def _insert_normality_check_data(self, worksheet, norm_results, min_p_value, 
                                               n_round, columns_width): 
 
        n_rows = norm_results.shape[0] 
        for n_row in range(n_rows): 
            corr_val = norm_results.iloc[n_row, 0] 
            p_val = norm_results.values[n_row, 1] 
            corr_val = round(corr_val, n_round)  
            p_val = round(p_val, n_round)  
            bad_good_index = 0 if min_p_value > p_val else 1 
            bad_good_format = self._bad_good_formats[bad_good_index] 
            worksheet.write(n_row + 1, 1, corr_val, bad_good_format) 
            worksheet.write(n_row + 1, 2, p_val, bad_good_format) 
            columns_width[1] = max(columns_width[1], len(str(corr_val))) 
            columns_width[2] = max(columns_width[1], len(str(p_val))) 
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    def add_result_of_normality_checking_result(self, norm_results, 
                                                   worksheet_name="sheet1",  
      n_round=3, min_p_value=0.05): 
        n_columns  = norm_results.shape[1] + 1 
        n_index = norm_results.shape[0] + 1 
 
        self.sheets_set.add(worksheet_name)  
        worksheet = self.add_worksheet(worksheet_name)  
        columns_width = [0]*n_columns 
 
        self._insert_columns(norm_results, worksheet, 0, 1, False, columns_width) 
        self._insert_indexes(norm_results, worksheet, 0, 0, "" , columns_width) 
        self._insert_normality_check_data(worksheet, norm_results, min_p_value, 
                n_round, columns_width) 
 
        for n_col in range(n_columns): 
            worksheet.set_column(0, n_col, columns_width[n_col]) 
 
        worksheet.write(n_index+2, 0, '', self._bad_good_formats[0]) 
        worksheet.merge_range(n_index+2, 1,  n_index+2, 7, 
                                       'R^2 <= {}: ɨɬɤɥɨɧɹɟɦ ɝɢɩɨɬɟɡɭ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ'.format(min_p_value)) 
 
        worksheet.write(n_index+3, 0, '', self._bad_good_formats[1]) 
        worksheet.merge_range(n_index+3, 1, n_index+3, 7, 
                                       'R^2 > {}:ɧɟ ɨɬɤɥɨɧɹɟɦ ɝɢɩɨɬɟɡɭ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ'.format(min_p_value)) 
 

Ʉɥɚɫɫ, ɨɛɴɟɞɢɧɹɸɳɢɣ ɜɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ: 
 

import pandas as pd 
from filecreator.filecreator import MakeFile 
from excel.makexlsx import  MakeXlsx  
from normality.results import shapiro_results_with_histograms 
from correlation.results import results_correlation_for_data 
from regression.results import regression_results_of_data 
import numpy as np 
from cluster.results import clustering_results_of_data 
 
class Res(MakeFile): 
 
    def __init__(self, file_path=None, with_results=True):  
        if file_path is None: 
            file_path = os.getcwd() 
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        MakeFile.__init__(self, file_path=file_path, with_results_file=with_results) 
 
    def make_files(self, file_names): 
        self.river_names=file_names 
        MakeFile.create_results_file(self, files_name=self.river_names) 
 
    def fit_data(self, filepath_result, file_names_squads, file_names_family): 
        self.squad = dict() 
        self.family = dict() 
        for num, data_name in enumerate(file_names_squads, 1): 
            key = None 
            for river_name in self.river_names: 
                if river_name in data_name and data_name[len(river_name)] == ' ': 
                    key = river_name 
                    break 
 
            if key is None: 
                print("ɇɟɬɭ ɬɚɤɨɝɨ ɪɟɤɢ ɜ ɧɚɡɜɚɧɢɢ: {}".format(data_name)) 
            else: 
                result = self.file_path + os.sep + '{}. {}'.format(num, key) 
                data = filepath_result + os.sep + data_name 
                if 'squad' in data_name: 
                    self.squad[key] = {"result": result, 
                                       "data": data} 
                if 'family' in data_name: 
                    self.family[key] = {"result": result, 
                                        "data": data} 
 
        for num, data_name in enumerate(file_names_family, 1): 
            key = None 
            for river_name in self.river_names: 
                if river_name in data_name and data_name[len(river_name)] == ' ': 
                    key = river_name 
                    break 
 
            if key is None: 
                print("ɇɟɬɭ ɬɚɤɨɝɨ ɪɟɤɢ ɜ ɧɚɡɜɚɧɢɢ: {}".format(data_name)) 
            else: 
                result = self.file_path + os.sep + '{}. {}'.format(num, key) 
                data = filepath_result + os.sep + data_name 
                if 'squad' in data_name: 
                    self.squad[key] = {"result": result, "data": data} 
                if 'family' in data_name: 
                    self.family[key] = {"result": result, "data": data} 
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        print(self.squad) 
        print(self.family) 
 
    def _make_nbbiotic_columns(self, biotic_columns): 
        self.b_biotic_columns = [] 
        self.n_biotic_columns = [] 
        for col_name in biotic_columns: 
            if "n-" in col_name: 
                self.n_biotic_columns.append(col_name) 
            elif "b-" in col_name: 
                self.b_biotic_columns.append(col_name) 
            else: 
                print("Warning: ɧɟɢɡɜɟɫɬɧɵɣ ɫɬɨɥɛɟɰ: {}".format(col_name)) 
 
    def _check_normality(self): 
        check_data = [self.b_biotic_columns, self.n_biotic_columns, 
                            self.abiotic_columns] 
 
        for key in self.squad: 
            results_path = self.squad[key]["result"] 
            data_path = self.squad[key]["data"] 
            temp_data = pd.read_csv(data_path) 
 
            results_xlsx = os.sep.join((results_path, "Ɉɬɪɹɞɵ",  
      "1. ɇɨɪɦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ", 
                                           "({}) Ɋɟɡɭɥɶɬɚɬɵ ɧɨɪɦɚɥɶɧɨɫɬɢ  
      ɪɚɫɩɪɟɞɟɥɟɧɢɹ.xlsx".format(key))) 
            wb = MakeXlsx(results_xlsx) 
            filepath_hist = os.sep.join((results_path, 'Ɉɬɪɹɞɵ',  
       "1. ɇɨɪɦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ", 
                                             "Ƚɢɫɬɨɝɪɚɦɦɵ", "{}" )) 
            to2_columns = ["t", "o2"] 
            to2_data = temp_data[to2_columns] 
            to2_shapiro = shapiro_results_with_histograms(to2_data, filepath_hist) 
 
            n_biotic_data = temp_data[self.n_biotic_columns] 
            n_biotic_shapiro = shapiro_results_with_histograms(n_biotic_data, 
                                                                       filepath_hist) 
 
            b_biotic_data = temp_data[self.b_biotic_columns] 
            b_biotic_results = shapiro_results_with_histograms(b_biotic_data, 
                                                                     filepath_hist) 
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            wb.add_result_of_normality_checking_result(to2_shapiro, 
                                                       worksheet_name="Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɤɢɫɥɨɪɨɞ") 
            wb.add_result_of_normality_checking_result(n_biotic_shapiro, 
                                                       worksheet_name='ɑɢɫɥɟɧɧɨɫɬɶ') 
            wb.add_result_of_normality_checking_result(b_biotic_results, 
                                                       worksheet_name='Ȼɢɨɦɚɫɫɚ') 
            wb.close() 
 
    def _make_correlation(self): 
        part_func = lambda s: 'Ⱦɨɥɹ ({})'.format(s) 
 
        for key in self.squad: 
            results_path = self.squad[key]['result'] 
            results_xlsx = os.sep.join((results_path, "Ɉɬɪɹɞɵ", "2. Ʉɨɪɪɟɥɹɰɢɹ",  
    "Ʉɨɪɪɟɥɹɰɢɹ ɋɩɢɪɦɟɧɚ", 
                                        '({}) Ɋɟɡɭɥɶɬɚɬɵ ɤɨɪɪɟɥɹɰɢɢ.xlsx'.format(key))) 
            results_graph = os.sep.join((results_path, "Ɉɬɪɹɞɵ", "2. Ʉɨɪɪɟɥɹɰɢɹ",  
    "Ʉɨɪɪɟɥɹɰɢɹ ɋɩɢɪɦɟɧɚ", 
                                        "Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɝɪɚɮɵ", "{}" )) 
 
            data_path = self.squad[key]["data"] 
            temp_data = pd.read_csv(data_path) 
            n_bio = temp_data[self.n_biotic_columns] 
            parts_n_bio = n_bio.div(n_bio.sum(axis=1), axis=0) 
            parts_n_bio.columns = list(map(part_func, parts_n_bio.columns)) 
            b_bio = temp_data[self.b_biotic_columns] 
            parts_b_bio = b_bio.div(b_bio.sum(axis=1), axis=0) 
            parts_b_bio.columns = list(map(part_func, parts_b_bio.columns)) 
            datas = [n_bio, parts_n_bio, b_bio, parts_b_bio] 
            names = ["ɑɢɫɥɟɧɧɧɨɫɬɶ", "Ⱦɨɥɢ ɱɢɫɥɟɧɧɨɫɬɢ", "Ȼɢɨɦɚɫɫɚ",  
    "Ⱦɨɥɢ ɛɢɨɦɚɫɫɵ"] 
            wb = MakeXlsx(results_xlsx) 
 
            results_correlation_for_data(datas, names, wb, results_graph) 
            wb.close() 
 
 
 
 
    def _make_regression(self): 
        for key in self.squad: 
            results_path = self.squad[key]["result"] 
            data_path = self.squad[key]["data"] 
            temp_data = pd.read_csv(data_path) 
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            results_xlsx = os.sep.join((results_path, "Ɉɬɪɹɞɵ",  
       "3. Ʌɢɧɟɣɧɚɹ ɪɟɝɪɟɫɫɢɹ", 
                                            "({}) Ɋɟɡɭɥɶɬɚɬɵ ɥɢɧɟɣɧɨɣ  
         ɪɟɝɪɟɫɫɢɢ.xlsx".format(key))) 
            results_graphics = os.sep.join((results_path, "Ɉɬɪɹɞɵ",  
              "3. Ʌɢɧɟɣɧɚɹ ɪɟɝɪɟɫɫɢɹ", 
                                                       "Ƚɪɚɮɢɤɢ", '{}' )) 
            T = pd.DataFrame(np.reshape(temp_data["t"].values, newshape=(-1, 1)),  
             columns=['t']) 
            O2 = pd.DataFrame(np.reshape(temp_data["o2"].values, newshape=(-1, 1)),  
               columns=['o2']) 
            TO2 = temp_data[['t', "o2"]]  
            x = temp_data[self.n_biotic_columns + self.b_biotic_columns] 
            predictors = [T, O2, TO2] 
            predictors_names = ["t", "o2", "t+o2"] 
            full_pred_name = ["Ɍɟɦɩɟɪɚɬɭɪɚ", 'Ʉɢɫɥɨɪɨɞ', "Ɍɟɦɩ.+Ʉɢɫɥ."] 
            with_ln = [True, True, False] 
            draw_regression = [True, True, False] 
            wb = MakeXlsx(results_xlsx) 
 
            regression_results_of_data(x, predictors, predictors_names, full_pred_name, 
                                       with_ln, draw_regression, wb, results_graphics) 
            wb.close() 
 
    def _make_cluster(self): 
        for key in self.squad: 
            result_path = self.squad[key]['result'] 
            data_path = self.squad[key]['data'] 
            temp_data = pd.read_csv(data_path) 
 
            results_dendrogramm = os.sep.join((result_path, "Ɉɬɪɹɞɵ",  
          "4. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ", 
                                                                  "Ⱥɝɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ",  
          "Ⱦɟɧɞɪɨɝɪɚɦɦɵ", "{}" )) 
            results_xlsx = os.sep.join((result_path, "Ɉɬɪɹɞɵ", "4. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ", 
                                         "Ⱥɝɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ", 
                                        "({}) Ɋɟɡɭɥɶɬɚɬɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ.xlsx".format(key))) 
            wb = MakeXlsx(results_xlsx) 
            labels = temp_data["station"].values 
            description = temp_data["description"] 
            description.index = labels 
            n_bio = temp_data[self.n_biotic_columns] 
            n_bio_ln = np.log1p(n_bio) 
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            n_bio_parts = n_bio.div(n_bio.sum(axis=1), axis=0) 
            b_bio = temp_data[self.b_biotic_columns] 
            b_bio_ln = np.log1p(b_bio) 
            b_bio_parts = b_bio.div(b_bio.sum(axis=1), axis=0) 
            data = [n_bio, n_bio_ln, n_bio_parts, 
                    b_bio, b_bio_ln, b_bio_parts] 
 
            worksheets_and_graphics_names = ["ɑɢɫɥɟɧɧɨɫɬɶ",  
           "log1p(ɑɢɫɥɟɧɧɨɫɬɶ)",  
           "Ⱦɨɥɢ(ɑɢɫɥɟɧɧɨɫɬɶ)", 
                                                    "Ȼɢɨɦɚɫɫɚ", "log1p(Ȼɢɨɦɚɫɫɚ)",  
           "Ⱦɨɥɢ(Ȼɢɨɦɚɫɫɚ)"] 
            clustering_results_of_data(data, description, 
                                             worksheets_and_graphics_names, 
                                             labels, wb, results_dendrogramm) 
            wb.close() 
 
        for key in self.family: 
            result_path = self.family[key]['result'] 
            data_path = self.family[key]['data'] 
            temp_data = pd.read_csv(data_path) 
 
            results_dendrogramm = os.sep.join((result_path, "ɋɟɦɟɣɫɬɜɚ",  
           "1. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ", 
                                               "Ⱥɝɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ",  
           "Ⱦɟɧɞɪɨɝɪɚɦɦɵ", "{}" )) 
 
            results_xlsx = os.sep.join((result_path, "ɋɟɦɟɣɫɬɜɚ", 
    "1. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ", 
                                        "Ⱥɝɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ", 
                                        "({}) Ɋɟɡɭɥɶɬɚɬɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ.xlsx".format(key))) 
 
            wb = MakeXlsx(results_xlsx) 
            labels = temp_data["station"].values 
            description = temp_data["description"] 
            description.index = labels 
 
 
            n_bio = temp_data.copy() 
            for column in self.other_columns + ['ground']: 
                del n_bio[column] 
 
            n_bio_ln = np.log1p(n_bio) 
            n_bio_parts = n_bio.div(n_bio.sum(axis=1), axis=0) 
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            data = [n_bio, n_bio_ln, n_bio_parts] 
 
            worksheets_and_graphics_names = ["ɑɢɫɥɟɧɧɨɫɬɶ",  
           "log1p(ɑɢɫɥɟɧɧɨɫɬɶ)",  
           "Ⱦɨɥɢ(ɑɢɫɥɟɧɧɨɫɬɶ)",] 
            clustering_results_of_data(data, description, 
                                       worksheets_and_graphics_names, 
                                       labels, wb, results_dendrogramm) 
            wb.close() 
 
    def make_results(self, biotic_columns, abiotic_columns, other_columns): 
 
        self._make_nbbiotic_columns(biotic_columns) 
        self.abiotic_columns = abiotic_columns 
        self.other_columns = other_columns 
        self._check_normality() 
        self._make_correlation() 
        self._make_regression() 
        self._make_cluster() 

 
 




