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Ɉɰɟɧɢɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ, ɫɪɚɜɧɢɜ ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɩɪɨɰɟɫɫ ɫ ɩɨɞɨɝɪɟɜɨɦ ɷɥɟɤ-
ɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɨɣ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. Ⱦɥɹ ɩɪɢɦɟɪɚ ɢɫɩɨɥɶɡɭɟɦ 

ɫɬɚɧɞɚɪɬɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɋ17 ɬɨɥɳɢɧɨɣ 8 ɦɦ. 

Ɉɛɴɟɦ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ 1 ɦ ɲɜɚ ɛɭɞɟɬ ɪɚɜɟɧ 0,04·10-3ɦ3 

Ɇɚɫɫɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ 1 ɦ2 ɪɚɜɧɚ 0,328 ɤɝ. 
Ⱦɥɹ ɧɚɝɪɟɜɚ ɢ ɪɚɫɩɥɚɜɥɟɧɢɹ ɬɚɤɨɣ ɦɚɫɫɵ ɩɪɨɜɨɥɨɤɢ ɧɟɨɛɯɨɞɢɦɚ ɷɧɟɪɝɢɹ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ: 
-ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɧɚɝɪɟɜɚ 0,328 ɤɝ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɨɬ 20ºC ɞɨ 1450ºC: 

5

1 10164,2)201450(462  mE Ⱦɠ    (12) 

-ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɪɚɫɩɥɚɜɥɟɧɢɹ 0,328 ɤɝ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɧɚɝɪɟɬɨɣ ɞɨ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ: 

519,27842  mE Ⱦɠ      (13) 

-ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɧɚɝɪɟɜɚ ɢ ɪɚɫɩɥɚɜɥɟɧɢɹ 0,328 ɤɝ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɨɬ 20ºɋ: 
5

21 10165,2  EEE Ⱦɠ      (14) 

ȿɫɥɢ ɫɪɚɜɧɢɬɶ ɫ ɷɧɟɪɝɢɟɣ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɧɚɝɪɟɜɚ ɢ ɪɚɫɩɥɚɜɥɟɧɢɹ ɬɨɝɨ ɠɟ ɨɛɴɟɦɚ ɷɥɟɤɬɪɨɞ-
ɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɧɨ ɧɚɝɪɟɬɨɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 600 ɝɪɚɞɭɫɨɜɪɚɜɧɚȿɢɦɩ=1,286·105 Ⱦɠ 

Ɉɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɣ ɪɚɜɧɨ 682,1
ó½äE

E , ɬ.ɟ. ɞɥɹ ɧɚɝɪɟɜɚ ɢ ɪɚɫɩɥɚɜɥɟɧɢɹ ɬɨɣ ɠɟ ɦɚɫɫɵ ɷɥɟɤ-

ɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɧɟɨɛɯɨɞɢɦɚ ɷɧɟɪɝɢɹ, ɦɟɧɶɲɚɹ ɜ 1,68 ɪɚɡɚ. ȼ ɫɯɟɦɟ ɦɨɞɭɥɹɬɨɪɚ ɞɥɹ ɢɦɩɭɥɶɫɧɨ-
ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɷɬɚ ɷɧɟɪɝɢɹ ɜɵɞɟɥɹɟɬɫɹ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ. 

ȼɵɜɨɞ. 
ɉɪɢɦɟɧɟɧɢɟ ɪɚɫɱɟɬɧɨ-ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɩɪɨɜɨɥɨɤɢ 

ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɢɫɩɨɥɶɡɭɸɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɩɨɜɵɲɟɧɧɵɣ ɜɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɞɨɝɪɟɜɚ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ 

ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɜ 1,68 ɪɚɡɚ. 
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ȼ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ, ɤɨɪɪɨɡɢɨɧɧɨ-ɫɬɨɣɤɢɯ ɫɬɚɥɟɣ, ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨ-
ɤɨɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɟ-
ɬɚɥɥɚ ɲɜɚ, ɫɬɪɭɤɬɭɪɵ, ɫɜɨɣɫɬɜ ɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɟ ɤɨɪɪɨ-
ɡɢɨɧɧɵɟ ɪɚɡɪɭɲɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɪɚɡɪɭɲɟɧɢɹ ɬɪɭɛɨ-



 

ɩɪɨɜɨɞ
ɬɟɩɥɨɧ

ɥɟɝɢɪɨ
ɧɨɫɬɶɸ
ɳɢɧ, ɢ

ɫɨɛɧɨɫ
ɯɨɞ, ɜɤ
ɜɚɧɢɹ. 
ɢɧɬɟɧɫ
ɟɞɢɧɟɧ

ɧɢɣ. Ⱦ
ɳɢɬɧɵ

ɩɥɚɫɬɢ
ɦɚɪɤɢ 

ɬɚɦ: ʋ
ɩɪɨɜɨɥ
ɩɪɨɜɨɥ
ɩɪɨɜɨɥ

ɛɪɚɧɵ 

ɧɢɹ ɫɨɫ
ɥɢɬɧɨɣ
ɲɥɢɮɵ

ɬɭɪɚ ɫ 
ɛɨɥɟɟ ɢ

ɞɨɜ, ɚɩɩɚɪɚɬɭ
ɧɨɫɢɬɟɥɟɣ [1,2

Ɉɫɧɨɜɧɵɟ ɬɪ
ɨɜɚɧɢɹ ɢ ɪɚɡɧ
ɸ ɫɜɚɪɤɢ ɹɜɥɹ
ɢɦɟɸɳɢɯ ɦɟɠ
Ⱦɥɹ ɩɨɜɵɲɟ
ɫɬɢ ɨɛɨɪɭɞɨɜ
ɤɥɸɱɚɸɳɢɣ ɫ
ȼ ɩɪɨɰɟɫɫɟ ɷ
ɫɢɜɧɨ ɜ ɡɨɧɚɯ
ɧɢɣ ɩɪɢɦɟɧɹɸ
ȼ ɪɚɛɨɬɟ ɩɪ
Ⱦɚɧɧɵɣ ɫɩɨɫɨ
ɵɣ ɝɚɡ ɜ ɫɜɚɪɨ
Ⱦɥɹ ɷɤɫɩɟɪɢ
ɢɧ ɬɨɥɳɢɧɨɣ 

12ɏ18ɇ9Ɍ ɫ
ʋ1 – ɧɚɩɥɚɜɤ
ɥɨɤɨɣ ɫɩɥɨɲ
ɥɨɤɨɣ ɫɩɥɨɲɧ
ɥɨɤɨɣ ɫɩɥɨɲɧ
Ⱦɥɹ ɤɚɠɞɨɝɨ 
ɢɡ ɞɚɧɧɨɝɨ ȽɈ
ɫɬɚɜɢɥɚ 2 ɱɚɫ
ɣ ɤɨɪɪɨɡɢɢ (Ɇ
ɵ ɢɡ ɤɨɧɬɪɨɥɶɧ
Ⱥɧɚɥɢɡ ɦɢɤɪ
ɩɪɢɦɟɪɧɨ ɨɞ
ɢɧɬɟɧɫɢɜɧɨ ɜ
 

 

ɋɟɤɰɢɹ 1: ɂ
ɧɟɪ

ɭɪɵ ɯɢɦɢɱɟɫ
2]. 

ɪɭɞɧɨɫɬɢ ɫɜɚ
ɧɨɨɛɪɚɡɢɟɦ ɭɫ
ɹɟɬɫɹ ɫɤɥɨɧɧ
ɠɤɪɢɫɬɚɥɥɢɬɧ
ɟɧɢɹ ɫɬɨɣɤɨɫɬ
ɜɚɧɢɹ, ɪɚɛɨɬɚ
ɫɨɡɞɚɧɢɟ ɢ ɨ
ɷɤɫɩɥɭɚɬɚɰɢɢ
ɯ ɫɜɚɪɧɵɯ ɫɨ
ɸɬ ɧɟɫɤɨɥɶɤɨ
ɟɞɥɚɝɚɟɬɫɹ ɧ
ɨɛ ɡɚɤɥɸɱɚɟɬ
ɨɱɧɭɸ ɜɚɧɧɭ 
ɢɦɟɧɬɚɥɶɧɵɯ 

5 ɦɦ, ɫɜɚɪɟ
ɫɨɝɥɚɫɧɨ ȽɈɋ
ɤɚ ɜ ɫɪɟɞɟ ɚɪ
ɧɨɝɨ ɫɟɱɟɧɢɹ
ɧɨɝɨ ɫɟɱɟɧɢɹ
ɧɨɝɨ ɫɟɱɟɧɢɹ
ɪɟɠɢɦɚ ɩɪɢɦ
ɈɋɌɚ, ɫɨɝɥɚɫɧ
ɫɚ. ɉɨɫɥɟ ɨɤɨ
ɆɄɄ) ɦɟɬɚɥɥɨɝ
ɧɵɯ ɨɛɪɚɡɰɨɜ
ɪɨɫɬɪɭɤɬɭɪ ɩ
ɞɢɧɚɤɨɜɵɦ ɪɚ
ɜɵɬɪɚɜɥɢɜɚɥɢ

Ɋɢɫ. 1. Ɇɢɤɪ

Ɋɢɫ. 2. Ɇɢɤɪ

ɂɧɧɨɜɚɰɢɨɧɧ
ɪɚɡɴɟɦɧɵɯ ɫɨ

ɫɤɨɣ, ɦɟɬɚɥɥɭ

ɚɪɢɜɚɟɦɨɫɬɢ 

ɫɥɨɜɢɣ ɷɤɫɩɥ
ɧɨɫɬɶ ɤ ɨɛɪɚɡ
ɧɵɣ ɯɚɪɚɤɬɟɪ
ɬɢ ɩɪɨɬɢɜ ɤɨ
ɚɸɳɢɯ ɜ ɤɨɪɪ
ɨɫɜɨɟɧɢɟ ɧɨɜɵ
ɢ ɩɪɨɢɫɯɨɞɢɬ
ɨɟɞɢɧɟɧɢɣ [5

ɨ ɫɩɨɫɨɛɨɜ [3
ɧɨɜɵɣ ɫɩɨɫɨɛ
ɬɫɹ ɜ ɞɨɡɢɪɨɜ
ɩɪɢ ɩɨɦɨɳɢ 

ɢɫɫɥɟɞɨɜɚɧɢ
ɧɧɵɟ ɩɥɚɜɹɳ
ɋɌ 14771-76.

ɝɨɧɚ ɩɪɨɜɨɥɨ
ɹ ɫ ɞɨɛɚɜɥɟɧ
ɹ ɫ ɞɨɛɚɜɥɟɧɢ
ɹ ɫ ɞɨɛɚɜɥɟɧɢ
ɦɟɧɹɥɢ ɦɟɬɨɞ 
ɧɨ ɪɟɤɨɦɟɧɞɚ
ɨɧɱɚɧɢɹ ɢɫɩɵ
ɝɪɚɮɢɱɟɫɤɢɦ 

ɜ, ɧɟ ɩɨɞɜɟɪɝɚɜ
ɩɨɤɚɡɚɥ, ɱɬɨ ɭ
ɚɡɦɟɪɨɦ ɡɟɪɧ
ɢɫɶ ɝɪɚɧɢɰɵ ɡ

ɚ) 
ɪɨɫɬɪɭɤɬɭɪɚ 
ɚ) ɩɨɫɥɟ ɢɫɩɵ

ɚ) 
ɪɨɫɬɪɭɤɬɭɪɚ 
ɚ) ɩɨɫɥɟ ɢɫɩɵ

 

 

 

 

 

ɧɵɟ ɬɟɯɧɨɥɨɝɢ
ɨɟɞɢɧɟɧɢɣ ɜ ɦ
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ɭɪɝɢɱɟɫɤɨɣ, 

ɞɚɧɧɵɯ ɫɬɚɥ
ɥɭɚɬɚɰɢɢ ɫɜɚɪ
ɨɜɚɧɢɸ ɜ ɦɟ
ɪ [3]. 

ɨɪɪɨɡɢɨɧɧɨɝɨ
ɪɨɡɢɨɧɧɨ-ɚɤɬ
ɵɯ ɦɟɬɨɞɨɜ ɜ
ɬ ɚɤɬɢɜɧɵɣ ɤ
5]. Ⱦɥɹ ɩɨɜɵɲ
,5,6, 7]. 

ɛ ɩɨɜɵɲɟɧɢɹ
ɜɚɧɧɨɣ ɩɨɞɚɱ
ɭɫɬɪɨɣɫɬɜɚ [
ɢɣ ɢɫɩɨɥɶɡɨɜ
ɳɢɦɫɹ ɷɥɟɤɬɪ
. Ɉɛɪɚɡɰɵ ɧɚ
ɨɤɨɣ ɫɩɥɨɲɧ
ɧɢɟɦ Mo ɜ ɡɚ
ɢɟɦ Al2O3 ɜ ɡ
ɢɟɦ W ɜ ɡɚɳɢ
ȺɆɍɎ ȽɈɋɌ
ɚɰɢɹɦ ɞɥɹ ɞɚɧ
ɵɬɚɧɢɣ ɩɪɨɜɨɞ
ɦɟɬɨɞɨɦ, ɞɥɹ
ɜɲɢɯɫɹ ɢɫɩɵɬ
ɭ ɜɫɟɯ ɨɛɪɚɡɰ
ɧɚ. Ɉɞɧɚɤɨ, ɩɪ
ɡɟɪɟɧ ɭ ɨɛɪɚɡ

 
 

ɦɟɬɚɥɥɚ ɫɜɚɪ
ɵɬɚɧɢɣ; ɛ) ɤɨ

 
 

ɦɟɬɚɥɥɚ ɫɜɚɪ
ɵɬɚɧɢɣ; ɛ) ɤɨ

 

 

ɢɢ ɩɨɥɭɱɟɧɢɹ
ɦɚɲɢɧɨɫɬɪɨɟ

ɷɧɟɪɝɟɬɢɱɟɫɤ

ɥɟɣ ɨɛɭɫɥɨɜɥ
ɪɧɵɯ ɤɨɧɫɬɪɭ
ɟɬɚɥɥɟ ɲɜɚ ɢ 

ɨ ɢɡɧɨɫɚ, ɚ ɬɚ
ɬɢɜɧɵɯ ɫɪɟɞɚ
ɜɨɫɫɬɚɧɨɜɥɟɧ
ɤɨɪɪɨɡɢɨɧɧɵɣ
ɲɟɧɢɹ ɤɨɪɪɨ

ɹ ɤɨɪɪɨɡɢɨɧɧ
ɱɟ ɧɚɧɨɫɬɪɭɤ
[8]. 

ɜɚɥɢɫɶ ɨɛɪɚɡɰ
ɪɨɞɨɦ ɜ ɫɪɟɞ
ɚɩɥɚɜɥɹɥɢɫɶ 
ɧɨɝɨ ɫɟɱɟɧɢɹ
ɚɳɢɬɧɵɣ ɝɚɡ;
ɡɚɳɢɬɧɵɣ ɝɚɡ
ɢɬɧɵɣ ɝɚɡ. 
Ɍ 6032, ɪɟɚɤɬɢ
ɧɧɨɣ ɦɚɪɤɢ ɫɬ
ɞɢɥɚɫɶ ɚɬɬɟɫɬ
ɹ ɱɟɝɨ ɛɵɥɢ ɩɪ
ɬɚɧɢɸ, ɢ ɨɛɪɚ
ɰɨɜ ɜɵɹɜɥɹɟɬ
ɪɢ ɨɞɧɨɦ ɢ ɬ
ɡɰɨɜ ʋ1 ɢ ʋ

ɪɧɨɝɨ ɫɨɟɞɢɧ
ɨɧɬɪɨɥɶɧɵɣ ɨ

ɪɧɨɝɨ ɫɨɟɞɢɧ
ɨɧɬɪɨɥɶɧɵɣ ɨ

ɹ ɢ ɤɨɧɬɪɨɥɹ 
ɟɧɢɢ 

ɤɨɣ, ɚɬɨɦɧɨɣ

ɥɟɧɵ ɦɧɨɝɨɤɨ
ɭɤɰɢɣ. Ƚɥɚɜɧ
ɨɤɨɥɨɲɨɜɧɨ

ɚɤɠɟ ɜɨɫɫɬɚɧ
ɚɯ ɧɟɨɛɯɨɞɢɦ
ɧɢɹ ɪɚɛɨɬɨɫɩ
ɣ ɢɡɧɨɫ, ɩɪɨɬ
ɨɡɢɨɧɧɨɣ ɫɬɨ

ɧɨɣ ɫɬɨɣɤɨɫɬɢ
ɤɬɭɪɢɪɨɜɚɧɧɵ

ɰɵ ɢɡ ɫɬɚɥɢ 

ɞɟ ɚɪɝɨɧɚ ɫɜɚ
ɩɨ ɱɟɬɵɪɟɦ 

; ʋ2 – ɧɚɩɥ
; ʋ3 – ɧɚɩɥɚ
ɡ; ʋ4 – ɧɚɩɥ

ɢɜ ɢ ɪɟɠɢɦ ɜ
ɬɚɥɢ. ɉɪɨɞɨɥɠ
ɬɚɰɢɹ ɧɚ ɫɬɨɣ
ɪɢɝɨɬɨɜɥɟɧɵ 

ɚɡɰɨɜ ɩɨɫɥɟ ɢ
ɬɫɹ ɡɟɪɟɧɧɚɹ 
ɬɨɦ ɠɟ ɜɪɟɦɟɧ
ʋ3 (ɪɢɫ 1 ɢ 2).

 
ɛ) 

ɟɧɢɹ (ɨɛɪɚɡɟ
ɨɛɪɚɡɟɰ 

 
ɛ) 

ɟɧɢɹ (ɨɛɪɚɡɟ
ɨɛɪɚɡɟɰ 

 

ɣ ɩɪɨɦɵɲɥɟɧ

ɨɦɩɨɧɟɧɬɧɨɫ
ɧɨɣ ɢ ɨɛɳɟɣ ɨ
ɨɣ ɡɨɧɟ ɝɨɪɹɱ

ɧɨɜɥɟɧɢɟ ɪɚɛɨ
ɦ ɤɨɦɩɥɟɤɫɧɵ
ɨɫɨɛɧɨɫɬɢ ɨɛ
ɬɟɤɚɸɳɢɣ ɨɫ
ɨɣɤɨɫɬɢ ɫɜɚɪɧ

ɢ ɫɜɚɪɧɵɯ ɫɨ
ɵɯ ɱɚɫɬɢɰ, ɱɟ

12ɏ18ɇ10Ɍ 

ɚɪɨɱɧɨɣ ɩɪɨɜ
ɪɚɡɥɢɱɧɵɦ ɜ
ɚɜɤɚ ɜ ɫɪɟɞɟ
ɚɜɤɚ ɜ ɫɪɟɞɟ 
ɥɚɜɤɚ ɜ ɫɪɟɞɟ

ɨɡɞɟɣɫɬɜɢɹ ɛɵ
ɠɢɬɟɥɶɧɨɫɬɶ ɢ
ɤɨɫɬɶ ɤ ɦɟɠɤ
ɦɟɬɚɥɥɨɝɪɚɮɢ
ɢɫɩɵɬɚɧɢɹ. 
ɚɭɫɬɟɧɢɬɧɚɹ
ɧɢ ɜɨɡɞɟɣɫɬɜ
. 

ɰ ʋ1): 

ɰ ʋ3): 

ɧɧɨɫɬɢ, 

ɫɬɶɸ ɢɯ 
ɨɫɨɛɟɧ-

ɱɢɯ ɬɪɟ-

ɨɬɨɫɩɨ-
ɵɣ ɩɨɞ-
ɛɨɪɭɞɨ-
ɫɨɛɟɧɧɨ 
ɧɵɯ ɫɨ-

ɨɟɞɢɧɟ-
ɟɪɟɡ ɡɚ-

ɜ ɜɢɞɟ 
ɜɨɥɨɤɨɣ 

ɜɚɪɢɚɧ-

 ɚɪɝɨɧɚ 
ɚɪɝɨɧɚ 
ɟ ɚɪɝɨɧɚ 

ɵɥɢ ɜɵ-

ɢɫɩɵɬɚ-
ɤɪɢɫɬɚɥ-
ɢɱɟɫɤɢɟ 

ɹ ɫɬɪɭɤ-
ɜɢɹ ɧɚɢ-



 

 

ɨɛɪɚɡɰ
ɩɪɟɞɫɬ
ɜɵɱɚɣɧ

ɥɟɧɧɵɦ
ɪɭɠɢɥɢ
ɫɥɭɱɚɟ
ɪɚɡɰɚ ɩ

1. ȼ.ɂ
ɧɨɣ
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2. ȿ.Ⱥ
ɧɭɸ

3. ȿ.ȼ
ɦɟɬ

4. Ⱥ.Ƚ
ɧɵɯ

ɇɚɢɛɨɥɟɟ ɫɥɚ
 

 

Ⱦɥɹ ɨɩɪɟɞɟɥ
ɰɚ ɩɨɫɥɟ ɤɨɪɪ
ɬɚɜɥɟɧɵ ɧɚ ɪɢ
ɧɨ ɦɚɥɨɣ ɜɵɫ
 

Ɋɢɫ. 

 

Ɉɰɟɧɤɚ ɫɤɥɨ
ɦɢ ɝɪɚɧɢɰɚɦ
ɢ ɡɟɪɟɧ ɫ ɬɚɤ
 ɨɬɦɟɱɟɧɚ ɢ 

ɩɨɫɥɟ ɢɫɩɵɬɚ
Ʌɢɬɟɪɚɬɭɪɚ. 
ɂ. Ɇɚɯɧɟɧɤɨ,
ɣ ɫɬɚɥɢ ɬɢɩɚ 
2, ɫ. 7-12. 

Ⱥ. Ʉɪɢɜɨɧɨɫɨ
ɸ ɫɬɨɣɤɨɫɬɶ ɦ
ȼ. Ʉɨɥɨɦɢɣɰɟ
ɬɨɞɵ ɟɟ ɩɨɜɵ
Ƚ. Ⱥɥɟɤɫɚɧɞɪɨ
ɯ ɫɪɟɞɚɯ. // ɋ

V Ɇɟɠɞ
«ɂɧɧɨɜɚɰɢɨ

ɚɛɨ ɬɪɚɜɢɥɢɫ

Ɋɢɫ. 3. Ɇɢɤ

Ɋɢɫ. 4. Ɇɢɤ

ɥɟɧɢɹ ɝɥɭɛɢɧɵ
ɪɨɡɢɨɧɧɵɯ ɢɫ
ɢɫ. 5. Ɉɧɢ ɩɨ
ɫɨɬɨɣ z-ɤɨɨɪɞ

5. Ɇɢɤɪɨɫɬɪɭ

ɨɧɧɨɫɬɢ ɤ ɆɄ
ɢ, ɲɢɪɢɧɚ ɤɨ
ɤɨɣ ɲɢɪɢɧɨɣ
ɧɚɢɛɨɥɶɲɚɹ 
ɚɧɢɣ ɜ ɚɝɪɟɫɫ

 Ɉ.ȼ. Ɇɚɯɧɟɧ
10ɏ18ɇ10Ɍ ɜ

ɜɚ, ȿ.Ⱥ. ɋɢɧɤ
ɦɟɬɚɥɥɚ ɲɜɚ 
ɟɜ Ʉɨɪɪɨɡɢɨɧ
ɲɟɧɢɹ. // Ⱥɜɬ
ɨɜ Ʉɨɪɪɨɡɢɨɧ
ɜɚɪɨɱɧɨɟ ɩɪɨ

ɞɭɧɚɪɨɞɧɚɹ ɧ
ɨɧɧɵɟ ɬɟɯɧɨɥ

ɫɶ ɨɛɪɚɡɰɵ ʋ

ɚ) 
ɤɪɨɫɬɪɭɤɬɭɪɚ
ɚ) ɩɨɫɥɟ ɢɫɩɵ

ɚ) 
ɤɪɨɫɬɪɭɤɬɭɪɚ
ɚ) ɩɨɫɥɟ ɢɫɩɵ

ɵ ɪɚɡɪɭɲɟɧɢ
ɫɩɵɬɚɧɢɣ ɫ ɩ
ɨɞɬɜɟɪɠɞɚɸɬ
ɞɢɧɚɬɵ. 

ɚ) 
ɭɤɬɭɪɚ ɨɛɪɚɡ

a) 2D-ɢɡɨɛ

ɄɄ ɩɪɨɢɡɜɨɞɢ
ɨɬɨɪɵɯ ɦɨɝɥɚ
ɣ ɝɪɚɧɢɰ. ɋɚɦ
ɫɯɨɠɟɫɬɶ ɨɛ
ɢɜɧɨɣ ɫɪɟɞɟ.

ɧɤɨ, ɋ.ɋ. Ʉɨɡ
ɜ ɭɫɥɨɜɢɹɯ ɪɚ

ɤɢɧɚ, Ⱥ.ɂ. Ƚɨ
ɫɬɚɥɢ 08ɏ18ɇ
ɧɧɨ ɭɫɬɚɥɨɫɬɧ
ɬɨɦɚɬɢɱɟɫɤɚɹ
ɧɧɚɹ ɫɬɨɣɤɨɫ
ɨɢɡɜɨɞɫɬɜɨ, ʋ

 

 

 

 

 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢ
ɨɝɢɢ ɢ ɷɤɨɧɨ

151

ʋ2 ɢ ʋ4 (ɪɢɫ 

 
 

ɚ ɦɟɬɚɥɥɚ ɫɜɚ
ɵɬɚɧɢɣ; ɛ) ɤɨ

 
 

ɚ ɦɟɬɚɥɥɚ ɫɜɚ
ɵɬɚɧɢɣ; ɛ) ɤɨ

 

ɢɹ ɝɪɚɧɢɰɵ ɡɟ
ɨɦɨɳɶɸ ɥɚɡɟ
 ɨɬɫɭɬɫɬɜɢɟ ɩ

 
 

ɡɰɚ (ɨɛɪɚɡɟɰ ʋ
ɛɪɚɠɟɧɢɟ; ɛ)

ɢɥɚɫɶ ɩɭɬɟɦ 

ɚ ɞɨɫɬɢɝɚɬɶ 3
ɦɵɟ ɬɨɧɤɢɟ ɝ
ɛɳɟɝɨ ɜɢɞɚ ɦ
 

ɡɥɢɬɢɧɚ, Ʌ.ɂ
ɚɞɢɚɰɢɨɧɧɨɝ

ɨɪɱɚɤɨɜ ȼɥɢɹ
ɇ10Ɍ. // ɋɜɚɪ
ɧɚɹ ɩɪɨɱɧɨɫɬ
ɹ ɫɜɚɪɤɚ, ʋ12

ɫɬɶ ɫɜɚɪɧɵɯ ɲ
ʋ 8, 1990, ɫ. 

ɢɱɟɫɤɚɹ ɤɨɧɮ
ɨɦɢɤɚ ɜ ɦɚɲɢ

3 ɢ 4). 

ɚɪɧɨɝɨ ɫɨɟɞɢɧ
ɨɧɬɪɨɥɶɧɵɣ ɨ

ɚɪɧɨɝɨ ɫɨɟɞɢɧ
ɨɧɬɪɨɥɶɧɵɣ ɨ

ɟɪɧɚ ɜɵɛɨɪɨɱ
ɟɪɧɨ-ɤɨɧɮɨɤɚ
ɩɪɢɡɧɚɤɨɜ ɤɨ

ʋ2) ɩɨɫɥɟ ɢɫ
 3D-ɢɡɨɛɪɚɠ

ɨɩɪɟɞɟɥɟɧɢɹ
30 ɦɤɦ. ɉɪɨɜ
ɝɪɚɧɢɰɵ ɡɟɪɟ
ɦɢɤɪɨɫɬɪɭɤɬɭ

ɂ. Ⱦɡɸɛɚɤ ɋɜɚ
ɝɨ ɪɚɫɩɭɯɚɧɢɹ

ɹɧɢɟ ɬɢɩɚ ɩɨ
ɪɨɱɧɨɟ ɩɪɨɢɡ
ɬɶ ɬɚɜɪɨɜɵɯ 
2, 2012, ɫ. 41-

ɲɜɨɜ ɚɭɫɬɟɧɢ
15-16. 

ɮɟɪɟɧɰɢɹ 
ɢɧɨɫɬɪɨɟɧɢɢ»

 
ɛ) 

ɧɟɧɢɹ (ɨɛɪɚɡ
ɨɛɪɚɡɟɰ 

 

ɛ) 

ɧɟɧɢɹ (ɨɛɪɚɡ
ɨɛɪɚɡɟɰ 

ɱɧɨ ɛɵɥɚ ɢɫɫ
ɚɥɶɧɨɝɨ ɦɢɤɪ
ɨɪɪɨɡɢɢ ɩɨ ɝɪ

  
ɛ) 

ɫɩɵɬɚɧɢɣ ɧɚ Ɇ
ɟɧɢɟ 

ɹ ɤɨɥɢɱɟɫɬɜɚ 
ɜɟɞɟɧɧɵɟ ɢɫɫ
ɟɧ ɛɵɥɢ ɭ ɨɛɪ
ɭɪɵ ɤɨɧɬɪɨɥɶ

ɚɪɧɵɟ ɤɨɧɫɬɪ
ɹ. // Ⱥɜɬɨɦɚɬɢ

ɤɪɵɬɢɹ ɷɥɟɤɬ
ɡɜɨɞɫɬɜɨ, ʋ4

ɫɨɟɞɢɧɟɧɢɣ 

-43. 

ɢɬɧɨ-ɮɟɪɪɢɬɧ

» 

ɟɰ 2): 

ɟɰ 4): 

ɫɥɟɞɨɜɚɧɚ ɫɬɪ
ɪɨɫɤɨɩɚ. Ɋɟɡɭ
ɪɚɧɢɰɚɦ ɡɟɪɟ

ɆɄɄ: 

ɡɟɪɟɧ ɫ ɱɟɬɤ
ɫɥɟɞɨɜɚɧɢɹ ɧ
ɪɚɡɰɚ ʋ4, ɜ 
ɶɧɨɝɨ ɨɛɪɚɡɰ

ɪɭɤɰɢɢ ɢɡ ɚɭ
ɢɱɟɫɤɚɹ ɫɜɚɪ

ɬɪɨɞɚ ɧɚ ɤɨɪɪ
, 2012, ɫ. 38-4

ɫɬɚɥɢ 12ɏ18

ɧɵɯ ɫɬɚɥɟɣ ɜ 

ɪɭɤɬɭɪɚ 
ɭɥɶɬɚɬɵ 

ɟɧ ɱɪɟɡ-

ɨ ɜɵɹɜ-
ɧɟ ɨɛɧɚ-
ɞɚɧɧɨɦ 

ɰɚ ɢ ɨɛ-

ɭɫɬɟɧɢɬ-
ɪɤɚ, ʋ2, 

ɪɨɡɢɨɧ-

41. 

ɇ10Ɍ ɢ 

ɳɟɥɨɱ-



 

 

 

 

 

ɋɟɤɰɢɹ 1: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ  
ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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5. ɘ.ɇ. ɋɚɪɚɟɜ, ɘ.ȼ. ɋɟɥɢɜɚɧɨɜ Ɉɰɟɧɤɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɜɵɩɨɥɧɟɧɢɹ ɪɟɦɨɧɬɧɨ-
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ʋ1, 2011, ɫ. 17-22. 
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ɥɨɱɧɵɯ ɫɪɟɞɚɯ (ɨɛɡɨɪ). // ɋɜɚɪɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, ʋ 5, 1990, ɫ. 12-13. 
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ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɩɨɫɥɟ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ. // ɋɜɚɪɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, ʋ 7, 

1998, ɫ. 5-9. 
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ɋɭɩɟɪɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦ ɤɥɚɫɫɨɦ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɜ ɞɜɢɝɚɬɟɥɹɯ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ, ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɡɚ ɫɱɟɬ ɢɯ 

ɩɪɟɜɨɫɯɨɞɧɵɯ ɫɜɨɣɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɤɨɪɪɨɡɢɨɧɧɚɹ 
ɫɬɨɣɤɨɫɬɶ. Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤɢɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚ-
ɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɢ ɬɪɟɳɢɧ ɥɢɤɜɚɰɢɢ ɜ ɫɜɚɪɧɨɦ ɲɜɟ ɢ ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɫ 
ɞɪɭɝɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ [1]. 

ɋɭɳɟɫɬɜɭɸɬ ɨɛɥɚɫɬɢ ɚɜɢɚɰɢɨɧɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɫɜɚɪɤɚ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɬɢɬɚɧɨ-
ɜɵɦɢ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɭɞɟɥɶɧɨɣ ɦɚɫɫɵ ɞɟɬɚɥɢ. Ɉɞɧɚɤɨ ɩɪɨɛɥɟɦɚ ɫɜɚɪɤɢ ɬɚɤɢɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɱɚɫɬɨ ɫɜɹɡɚɧɚ ɫ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɧɟɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɯɪɭɩɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ 
ɝɪɚɧɢɰɟ ɫɜɚɪɧɨɝɨ ɲɜɚ [2, 3]. Ɋɟɲɟɧɢɟɦ ɨɬɦɟɱɟɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ ɫɬɚɬɶ ɧɟɩɪɹɦɨɟ ɫɨɟɞɢɧɟɧɢɟ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɪɟɚɥɢɡɭɟɦɨɟ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ, ɤɨɬɨɪɵɣ ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɢɮɮɭɡɢɢ 

ɚɬɨɦɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ [4, 5]. Ⱦɥɹ ɜɵɛɪɚɧɧɨɣ ɩɚɪɵ ɦɚɬɟɪɢɚɥɨɜ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɪɨ-
ɫɥɨɣɤɨɣ ɹɜɥɹɟɬɫɹ ɦɟɞɶ [6-8]. Ɇɟɞɶ ɧɟ ɨɛɪɚɡɭɟɬ ɯɪɭɩɤɢɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɫ ɧɢɤɟɥɟɦ, ɠɟɥɟɡɨɦ, ɯɪɨ-
ɦɨɦ ɢ ɭɝɥɟɪɨɞɨɦ. Ȼɨɥɟɟ ɬɨɝɨ ɷɬɨ ɦɹɝɤɢɣ ɦɟɬɚɥɥ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɢ ɪɚɫɩɪɟɞɟɥɹɬɶ 
ɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Ⱥɧɚɥɢɡ ɥɢɬɟɪɚ-
ɬɭɪɧɵɯ ɞɚɧɧɵɯ [9] ɩɨɤɚɡɚɥ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ ɫɢɫɬɟɦɵ ɦɟɞɶ - ɬɭɝɨɩɥɚɜɤɢɣ 

ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɫɨɟɞɢɧɟɧɢɹ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɤɥɨɧɧɵɯ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɢɬɚɧ / ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ ɦɟɬɨɞɨɦ ɫɜɚɪɤɢ ɜɡɪɵɜɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɜɫɬɚɜɤɢ ɬɚɧɬɚɥ / ɦɟɞɶ.  
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɨɦɩɨɡɢ-

ɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɵɣ ɬɢɬɚɧ ɦɚɪ-
ɤɢ ȼɌ1-0 ɢ ɩɪɨɦɵɲɥɟɧɧɵɣ ɚɜɢɚɰɢɨɧɧɵɣ ɫɩɥɚɜ 
ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɦɚɪɤɢ ɏɇ73ɆȻɌɘ. ȼ ɤɚɱɟɫɬɜɟ ɦɚ-
ɬɟɪɢɚɥɨɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɜɫɬɚɜɤɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɵɣ ɬɚɧɬɚɥ Ɍȼɑ ɢ ɦɟɞɶ ɦɚɪɤɢ Ɇ0. 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɮɨɪɦɢɪɨɜɚɥɫɹ ɩɨ ɬɟɯ-
ɧɨɥɨɝɢɢ ɫɜɚɪɤɢ ɜɡɪɵɜɨɦ, ɪɟɚɥɢɡɭɟɦɨɣ ɜ ɂɧɫɬɢɬɭɬɟ 
ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢɦ. Ɇ.Ⱥ. Ʌɚɜɪɟɧɬɶɟɜɚ ɋɈ ɊȺɇ. 

Ɍɟɯɧɨɥɨɝɢɹ ɫɜɚɪɤɢ ɜɡɪɵɜɨɦ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɨɣ 

ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɧɨɝɨɫɥɨɣɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɫɨ-
ɫɬɨɹɳɢɯ ɢɡ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [10, 11]. 

Ɍɨɥɳɢɧɚ ɩɥɚɫɬɢɧ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ, ɫɨɫɬɚɜɥɹɥɚ 100 ɦɤɦ. ȼ ɯɨɞɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɭɱɚɥɚɫɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɤɨɦɩɨɡɢɬɚ ɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣ-

ɫɬɜɚ. 

 
Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 


