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ɋɌɊɍɄɌɍɊɇɈ-ɆɈɊɎɈɅɈȽɂɑȿɋɄɂȿ ɈɋɈȻȿɇɇɈɋɌɂ ɇȺɇɈɋɌɊɍɄɌɍɊɇɕɏ 
ɌɈɉɈɄɈɆɉɈɁɂɌɇɕɏ ɉɈɄɊɕɌɂɃ ɌɊɂȻɈɌȿɏɇɂɑȿɋɄɈȽɈ ɇȺɁɇȺɑȿɇɂə 

 

Ʉ.ɇ. ɉɨɥɟɳɟɧɤɨ1, Ⱦ.ɇ. Ʉɨɪɨɬɚɟɜ2, ȿ.ȿ. Ɍɚɪɚɫɨɜ3 

1
 Ɉɦɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɮɢɥɢɚɥ) Ɋɨɫɫɢɣɫɤɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. Ƚ.ȼ. ɉɥɟɯɚɧɨɜɚ, 

Ɉɦɫɤ, Ɋɨɫɫɢɹ; 
2ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɉɦɫɤ, Ɋɨɫɫɢɹ; 

3
 ɎȽɍɉ «ɇɉɉ «ɉɪɨɝɪɟɫɫ», Ɉɦɫɤ, Ɋɨɫɫɢɹ. 

 

Аɧɧɨɬɚɰиɹ. ɂɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ ɢɨɧɧɨ-
ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɪɢɜɟɞɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 
ɬɢɩɨɜ ɩɨɤɪɵɬɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɮɚɡɵ ɢ ɧɚɧɨɤɥɚɫɬɟɪɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ. ɇɚ ɨɫɧɨɜɟ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɢɡɭɱɟɧɵ 
ɩɪɢɱɢɧɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɛɥɸɞɚɟɦɵɯ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ. Ⱦɚɧɵ  
ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɰɟɥɟɜɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɨ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɬɢɩɨɦ ɩɨɤɪɵɬɢɹ.  

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɟ 
ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɨɛɪɚɛɨɬɤɚ, ɧɚɧɨɮɚɡɵ, ɦɚɫɫɨɩɟɪɟɧɨɫ, 
ɧɚɧɨɤɥɚɫɬɟɪɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ. 

 

ȼɜɟɞɟɧɢɟ 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ 

ɪɚɡɪɚɛɨɬɤɨɣ ɦɟɬɨɞɨɜ ɢ  ɬɟɯɧɨɥɨɝɢɣ 
ɩɨɥɭɱɟɧɢɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɯ ɩɨɤɪɵɬɢɣ 
ɢ ɦɚɬɟɪɢɚɥɨɜ (ɇɋɌɄɉɆ), ɩɪɢɦɟɧɟɧɢɟ  
ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɢɬɶ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜɚ ɢɡɞɟɥɢɣ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɨɜ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ Д1-4]. 
ɇɚɧɨɫɬɪɭɤɬɭɪɧɵɟ ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɟ ɩɨɤɪɵɬɢɹ 
ɢ ɦɚɬɟɪɢɚɥɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɜɵɲɟɧɢɟ 
ɧɚɞɟɠɧɨɫɬɢ ɢɡɞɟɥɢɣ ɢ ɭɡɥɨɜ ɡɚ ɫɱɟɬ 
ɩɨɜɵɲɟɧɢɹ ɭɫɬɚɥɨɫɬɧɨɣ ɩɪɨɱɧɨɫɬɢ, 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ, ɫɨɯɪɚɧɹɸɬ ɩɨɜɵɲɟɧɧɭɸ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɜ ɚɤɬɢɜɧɵɯ ɢ ɚɝɪɟɫɫɢɜɧɵɯ 
ɫɪɟɞɚɯ. ɉɪɢ ɷɬɨɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ 
ɩɨɜɟɞɟɧɢɟ ɇɋɌɄɉɆ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɫɬɪɭɤɬɭɪɧɨ-
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɧɚɥɢɱɢɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ 
ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɧɚɧɨɤɥɚɫɬɟɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. 
Ɋɚɧɟɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɫɪɟɞɫɬɜɨɦ 
ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɭɞɚɟɬɫɹ 
ɮɨɪɦɢɪɨɜɚɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɧɚɧɨɩɨɤɪɵɬɢɹ ɪɚɡɥɢɱɧɨɝɨ 
ɫɨɫɬɚɜɚ ɢ ɬɨɥɳɢɧɵ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɚɬɶ 
ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɫɬɪɭɤɬɭɪ Д4Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ 
ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɦɢ 
ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɦɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ 
ɩɪɢɦɟɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɦɚɬɟɪɢɚɥɵ ɫ 
ɤɥɚɫɬɟɪɧɨ-ɝɢɛɪɢɞɧɵɦ ɬɢɩɨɦ ɫɬɪɭɤɬɭɪɵ 
ɩɨɤɪɵɬɢɣ, ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬɫɹ ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɦ 

ɜɨɡɞɟɣɫɬɜɢɢ ɜ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɜɧɨɣ 
ɚɤɬɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ.   

Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ 
ɪɟɠɢɦɨɜ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɤɥɚɫɬɪɟɧɨ-ɝɢɛɪɢɞɧɨɝɨ 
ɩɨɤɪɵɬɢɣ ɫ ɰɟɥɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɦɵɯ 
ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɬɢɩɨɜ 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɬɨɩɨɡɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɢɡɞɟɥɢɣ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ.    

Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɂɨɧɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɨɛɪɚɛɨɬɤɚ 

ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ 
ɭɫɬɚɧɨɜɤɟ ɇɇȼ-6.6. ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɪɟɯɤɚɬɨɞɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɚɹ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɤɬɢɜɚɰɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚ ɫɱɟɬ 
ɟɟ ɪɚɫɩɵɥɟɧɢɹ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ, ɚ ɬɚɤɠɟ 
ɧɚɧɨɫɢɬɶ ɩɨɤɪɵɬɢɹ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ Д4Ж.   

Ɉɛɪɚɛɨɬɤɟ ɩɨɞɜɟɪɝɚɥɢɫɶ ɨɛɪɚɡɰɵ ɢɡ 
ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ ȼɌ8, ȼɌ3-1, ɗɉ109, 
38ɏ2ɆɘȺ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. ȼɟɥɢɱɢɧɚ ɬɨɤɚ 
ɷɥɟɤɬɪɨɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɛɨɤɨɜɵɯ ɤɚɬɨɞɨɜ Ʉ2 ɢ Ʉ3 Д4Ж  ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ 
ɞɢɚɩɚɡɨɧɟ I = 40-180 A, ɧɚɩɪɹɠɟɧɢɟ 
ɫɦɟɳɟɧɢɹ ɢɡɦɟɧɹɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɟ U = 30-
200 B. Ⱦɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ  ɫɨɫɬɚɜɥɹɥɨ             
7·10–10

 ɦɦ. ɪɬ. ɫɬ. ɋɨɫɬɚɜɵ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɤɚɬɨɞɨɜ: TТ, AХ, Cr. ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɡɨɬ.    

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɪɟɥɶɟɮɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ 
ɦɢɤɪɨɫɤɨɩ NTEGRA. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ 
ɬɪɟɯɦɟɪɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɢɯ 
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ɩɪɨɮɢɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɚɪɶɢɪɭɟɦɵɯ 
ɪɟɠɢɦɨɜ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɇɚ 
ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɟɠɢɦɚɦ 
ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɬɪɭɤɬɭɪɧɨ-
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɬɢɩɵ ɩɨɤɪɵɬɢɣ.  

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ȼɢɞ ɢ ɩɪɨɮɢɥɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɯ ɩɨɤɪɵɬɢɣ 
ɤɥɚɫɬɟɪɧɨ-ɝɢɛɪɢɞɧɨɝɨ ɬɢɩɚ ɩɨɤɚɡɚɧɵ ɧɚ 
ɪɢɫɭɧɤɟ 1. 

 

 

Ɋɢɫ. 1. ȼɢɞ ɢ ɩɪɨɮɢɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɤɥɚɫɬɟɪɧɨ-ɝɢɛɪɢɞɧɨɝɨ 
ɬɢɩɚ: ɚ) – ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɤɬɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɧɟɫɟɧɢɟɦ ɩɨɤɪɵɬɢɹ ɩɪɢ ɜɟɥɢɱɢɧɟ ɬɨɤɚ ɷɥɟɤɬɪɨɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ I = 40 A ɢ ɧɚɩɪɹɠɟɧɢɢ 
ɫɦɟɳɟɧɢɹ U= 30 B; ɛ) – ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɤɬɢɜɚɰɢɢ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɧɟɫɟɧɢɟɦ ɩɨɤɪɵɬɢɹ ɩɪɢ ɜɟɥɢɱɢɧɟ ɬɨɤɚ ɷɥɟɤɬɪɨɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ I = 120 A  
ɢ ɧɚɩɪɹɠɟɧɢɢ ɫɦɟɳɟɧɢɹ U = 100 ȼ. 

 

ɂɡ ɪɢɫɭɧɤɚ 1 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɨɫɬɟ ɬɨɤɚ 
ɪɚɡɪɹɞɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɩɟɪɟɯɨɞ ɨɬ ɟɞɢɧɢɱɧɵɯ ɤɥɚɫɬɟɪɨɜ (ɪɢɫ. 1, ɚ) ɤ 
ɮɨɪɦɢɪɨɜɚɧɢɸ ɤɥɚɫɬɟɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɟɞɢɧɢɱɧɵɟ ɤɥɚɫɬɟɪɵ ɹɜɧɨ 
ɧɟɪɚɡɥɢɱɢɦɵ (ɪɢɫ. 1, ɛ). ɉɨɞɨɛɧɚɹ ɬɟɧɞɟɧɰɢɹ 

ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɣ 
ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɟɠɢɦɨɜ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ 
ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɬɢɩɵ (ɋɆɌ) 
ɩɨɤɪɵɬɢɣ (ɪɢɫ. 2). 
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Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɩɨɤɪɵɬɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  
ɨɬ ɪɟɠɢɦɨɜ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ 

 

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɉɪɢ ɚɧɚɥɢɡɟ ɩɪɢɱɢɧ ɧɚɛɥɸɞɚɟɦɵɯ 

ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɣ ɩɪɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 
ɪɟɠɢɦɨɜ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ 
ɫɥɟɞɭɟɬ  ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ  ɬɨɝɨ 
ɢɥɢ ɢɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɝɨ ɬɢɩɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ 
ɫɥɟɞɭɸɳɢɯ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ: 
ɫɤɨɪɨɫɬɶɸ ɪɨɫɬɚ ɡɚɪɨɞɵɲɟɣ ɮɚɡ (ɧɚɧɨɮɚɡ) ɢ 
ɫɤɨɪɨɫɬɶɸ ɪɚɫɩɵɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ. 
ɋɤɨɪɨɫɬɶ ɪɨɫɬɚ ɧɚɧɨɮɚɡ, ɧɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ, 
ɞɨɥɠɧɚ ɡɚɜɢɫɟɬɶ ɨɬ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ 
ɩɨɤɪɵɬɢɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɤɚɬɨɞɚ Ʉ1 [4], 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɛɪɚɡɰɚ. 
Ɉɞɧɚɤɨ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ 
ɮɚɡ ɩɪɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɨɞɨɜ Ʉ2 ɢ Ʉ3, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞ ɭɝɥɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɦɟɪɧɨ ɧɚ 
ɬɪɢ ɩɨɪɹɞɤɚ ɜɵɲɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɩɨ-
ɜɢɞɢɦɨɦɭ, ɩɨɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɮɚɡ ɢ  
ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɥɚɫɬɟɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɫɬɨɥɤɧɨɜɟɧɢɹ, 
ɪɚɡɜɢɜɚɸɳɢɦɢɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ. ȼ 
ɭɫɥɨɜɢɹɯ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɜɭɯ 
ɛɨɤɨɜɵɯ ɤɚɬɨɞɨɜ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ 
ɩɪɨɹɜɥɟɧɢɟ «ɩɟɪɟɤɪɟɫɬɧɵɯ» ɷɮɮɟɤɬɨɜ. 
ɉɟɪɜɵɣ ɫɜɹɡɚɧ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɨɧɢɡɚɰɢɟɣ 
ɩɥɚɡɦɟɧɧɵɯ ɩɨɬɨɤɨɜ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɜɫɥɟɞɫɬɜɢɟ ɢɯ «ɩɟɪɟɦɟɲɢɜɚɧɢɹ» ɢ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɧɨɝɨɡɚɪɹɞɧɵɯ ɢɨɧɨɜ ɜ 
ɩɥɚɡɦɟ. ȼɬɨɪɨɣ ɨɛɭɫɥɨɜɥɟɧ ɪɚɡɜɢɬɢɟɦ 
ɫɬɨɥɤɧɨɜɟɧɢɣ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɡɚ ɫɱɟɬ ɜɫɬɪɟɱɧɵɯ ɩɨɬɨɤɨɜ 

ɨɫɚɠɞɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɟɪɟɤɪɟɫɬɧɵɟ 
ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɢɧɢɰɢɢɪɨɜɚɬɶ ɪɚɡɜɢɬɢɟ 
ɤɚɫɤɚɞɧɵɯ ɹɜɥɟɧɢɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɭɞɚɪɧɵɯ 
ɢɦɩɭɥɶɫɨɜ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɩɢɤɨɜ. ɍɤɚɡɚɧɧɵɟ 
ɹɜɥɟɧɢɹ ɦɨɝɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ 
ɫɤɨɪɨɫɬɢ ɬɜɟɪɞɨɮɚɡɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɪɨɞɵɲɟɣ 
ɧɚɧɨɮɚɡ ɢ ɭɫɢɥɟɧɧɨɦɭ ɦɚɫɫɨɩɟɪɟɧɨɫɭ, 
ɩɪɢɜɨɞɹɳɟɦɭ ɤ ɧɚɛɥɸɞɚɸɳɢɦɫɹ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹɦ ɩɪɨɮɢɥɟɣ (ɪɢɫ. 1) ɢ 
ɢɡɦɟɧɟɧɢɹɦ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɤɪɵɬɢɣ ɩɪɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɟɠɢɦɨɜ 
ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ (ɪɢɫ. 2). 
ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɩɟɪɟɤɪɟɫɬɧɵɯ ɫɬɨɥɤɧɨɜɟɧɢɹɯ 
ɫɨɡɞɚɸɬɫɹ ɫɢɥɶɧɨɧɟɪɚɜɧɨɜɟɫɧɵɟ ɭɫɥɨɜɢɹ, ɨ 
ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ 
ɧɚɛɥɸɞɚɟɦɵɯ ɧɚɧɨɮɚɡ, ɞɥɹ ɚɧɚɥɢɡɚ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ 
ɜɩɨɥɧɟ ɨɛɨɫɧɨɜɚɧɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɜɥɟɱɟɧɢɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɥɨɤɚɥɶɧɨ-ɧɟɪɚɜɧɨɜɟɫɧɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ Д5Ж.  

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɋɨɝɥɚɫɧɨ ɩɨɥɨɠɟɧɢɹɦ ɪɚɫɲɢɪɟɧɧɨɣ 

ɧɟɨɛɪɚɬɢɦɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, 
ɢɫɩɨɥɶɡɭɸɳɟɣ ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɵɯ 
ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɞɢɫɫɢɩɚɬɢɜɧɵɟ 
ɩɨɬɨɤɢ, ɦɚɫɫɨɩɟɪɟɧɨɫ ɜ ɥɨɤɚɥɶɧɨ-
ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɢɫɬɟɦɚɯ ɨɩɢɫɵɜɚɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ Ɇɚɤɫɜɟɥɥɚ-Ʉɚɬɬɚɧɟɨ: 

 

,         

    (1)

 

ɝɞɟ J – ɩɨɬɨɤ ɦɚɫɫɵ,  – ɜɪɟɦɹ 
ɪɟɥɚɤɫɚɰɢɢ ɩɨɬɨɤɚ, D – ɤɨɷɮɮɢɰɢɟɧɬ 
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ɞɢɮɮɭɡɢɢ, C – ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɵɯ ɢɨɧɨɜ, Э – ɜɪɟɦɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɦɢɝɪɚɰɢɢ 
ɚɬɨɦɨɜ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɥɧɨɜɨɣ ɦɨɞɟɥɢ 
ɦɚɫɫɨɩɟɪɟɧɨɫɚ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɭɪɚɜɧɟɧɢɢ 
Ɇɚɤɫɜɟɥɥɚ-Ʉɚɬɬɚɧɟɨ, ɹɜɥɹɸɳɟɝɨɫɹ 
ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɞɥɹ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɭɫɥɨɜɢɣ. ȼɤɥɚɞ ɛɚɪɨɞɢɮɮɭɡɢɢ ɜ 
ɦɚɫɫɨɩɟɪɟɧɨɫ ɭɱɢɬɵɜɚɥɨɫɶ ɫ ɩɨɦɨɳɶɸ 

ɫɥɚɝɚɟɦɨɝɨ , ɡɞɟɫɶ ,  
ɝɞɟ D – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɣ 

ɞɢɮɮɭɡɢɢ, P – ɞɚɜɥɟɧɢɟ,  – ɢɡɦɟɧɟɧɢɟ 
ɨɛɴɟɦɚ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɨɞɢɧ ɚɬɨɦ ɡɚ ɫɱɟɬ 
ɬɟɪɦɢɱɟɫɤɨɣ ɞɢɮɮɭɡɢɢ, k – ɩɨɫɬɨɹɧɧɚɹ 
Ȼɨɥɶɰɦɚɧɚ, Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 
ɍɞɚɪɧɚɹ ɜɨɥɧɚ ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɜ ɜɢɞɟ 
ɫɨɥɢɬɨɧɧɨɝɨ ɩɪɨɮɢɥɹ 

, ɝɞɟ    – 
ɚɦɩɥɢɬɭɞɚ ɭɞɚɪɧɨɣ ɜɨɥɧɵ, s – ɫɤɨɪɨɫɬɶ ɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ,  – ɩɨɥɭɲɢɪɢɧɚ ɜɨɥɧɵ. 
ȼɤɥɚɞ ɜ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɤɨɦɩɨɧɟɧɬɨɜ ɡɚ ɫɱɟɬ ɬɟɪɦɨɞɢɮɮɭɡɢɢ 
ɭɱɢɬɵɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɫɥɚɝɚɟɦɨɝɨ 

, 

ɝɞɟ – ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɨɟ ɨɬɧɨɲɟɧɢɟ, 
ɫɜɹɡɚɧɧɨɟ ɫ ɷɧɟɪɝɢɟɣ ɚɤɬɢɜɚɰɢɢ 
ɬɟɪɦɨɞɢɮɮɭɡɢɢ.  

ɂɡɭɱɟɧɢɟ ɜɤɥɚɞɚ ɜ ɪɚɞɢɚɰɢɨɧɧɨ-
ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɣ ɦɚɫɫɨɩɟɪɟɧɨɫ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɝɪɚɞɢɟɧɬɚ ɞɚɜɥɟɧɢɹ 
ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɜɚɪɶɢɪɨɜɚɧɢɹ 
ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ τ, ɲɚɝɚ ɩɨ ɜɪɟɦɟɧɢ t, 
ɚɦɩɥɢɬɭɞɵ ɭɞɚɪɧɨɣ ɜɨɥɧɵ P0, ɩɟɪɢɨɞɚ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢɦɩɭɥɶɫɚ а0, ɱɢɫɥɚ 
ɢɦɩɭɥɶɫɨɜ Ni ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɝɪɚɧɢɰɵ 
U ɩɨɬɨɤɚ.  

Ɏɨɪɦɭɥɚ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬɵ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ:  

              (2) 

ɝɞɟ        ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɪɚɧɢɰɵ ɜ  
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t. 

ȼ ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ 
ɩɨɞɜɢɠɧɨɣ ɝɪɚɧɢɰɟ а ɡɚɞɚɜɚɥɢɫɶ ɡɧɚɱɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɞɚɧɧɨɣ ɤɨɨɪɞɢɧɚɬɟ ɜ 
ɩɪɟɞɲɟɫɬɜɭɸɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ.  

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɡɧɚɱɟɧɢɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɩɨɬɨɤɚ ɩɪɢɧɢɦɚɥɢɫɶ ɧɚ 
ɨɫɧɨɜɟ ɬɢɩɢɱɧɵɯ ɩɪɨɮɢɥɟɣ ɩɨɜɟɪɯɧɨɫɬɢ         
(ɪɢɫ. 3). ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɭɳɟɧɢɹ ɩɪɢɧɢɦɚɥɨɫɶ 
ɩɨɥɨɠɟɧɢɟ ɨ ɫɨɨɬɜɟɬɫɬɜɢɢ ɩɪɨɮɢɥɟɣ 
ɩɪɨɮɢɥɹɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɝɨ 
ɢɥɢ ɢɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨɤɪɵɬɢɹ.  
 

 

Ɋɢɫ. 3. ɂɫɯɨɞɧɵɟ ɩɪɨɮɢɥɢ 
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Ɋɢɫ. 4. ɉɨɜɟɪɯɧɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɩɪɨɫɬɪɚɧɫɬɜɚ x ɢ ɜɪɟɦɟɧɢ t ɞɥɹ ɩɪɨɮɢɥɹ 1ɚ.  
Ɋɟɠɢɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ N=5; ɩɟɪɢɨɞ ɩɨɞɚɱɢ ɢɦɩɭɥɶɫɚ F=5; ɚɦɩɥɢɬɭɞɚ ɞɚɜɥɟɧɢɹ 30 

 

Ɋɢɫ. 5. ɉɨɜɟɪɯɧɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɩɪɨɫɬɪɚɧɫɬɜɚ x ɢ ɜɪɟɦɟɧɢ t ɞɥɹ ɩɪɨɮɢɥɹ 1Л. Ɋɟɠɢɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ N=5; ɩɟɪɢɨɞ ɩɨɞɚɱɢ ɢɦɩɭɥɶɫɚ F=15; ɚɦɩɥɢɬɭɞɚ ɞɚɜɥɟɧɢɹ 10 

 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɨɹɧɢɣ 
ɩɪɨɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɭɫɬɨɣɱɢɜɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ. 
ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɢɫɯɨɞɧɵɯ 
ɩɪɨɮɢɥɟɣ ɧɚɛɥɸɞɚɟɬɫɹ ɟɞɢɧɚɹ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɩɪɨɹɜɥɹɸɳɚɹɫɹ ɜ ɜɢɞɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜɵɪɚɠɟɧɧɵɯ ɦɚɤɫɢɦɭɦɨɜ ɧɚ 
ɪɚɡɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 
ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 4, 5 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɢɧɢɰɢɢɪɨɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ, 
ɞɨɫɬɢɝɚɟɦɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɬɨɞɨɜ Ʉ2 ɢ Ʉ3, ɩɪɢɜɨɞɹɬ ɤ 

ɩɨɹɜɥɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜɞɨɥɶ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɱɬɨ, ɬɟɦ ɫɚɦɵɦ, ɩɨɜɵɲɚɟɬ 
ɜɟɪɨɹɬɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɤɥɚɫɬɟɪɧɵɯ 
ɨɛɪɚɡɨɜɚɧɢɣ ɜ ɥɨɤɚɥɶɧɵɯ ɜɵɫɨɤɨɞɟɮɟɤɬɧɵɯ 
ɨɛɥɚɫɬɹɯ ɢ ɧɚɛɥɸɞɚɟɦɵɦ ɷɮɮɟɤɬɚɦ 
«ɫɥɢɹɧɢɹ» ɤɥɚɫɬɟɪɨɜ ɫ ɩɨɥɭɱɟɧɢɟɦ 
ɤɥɚɫɬɟɪɧɵɯ ɤɨɧɝɥɨɦɟɪɚɬɨɜ.  

ɉɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ 
ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɲɢɪɨɤɢɯ 
ɭɫɥɨɜɢɹɯ ɬɪɢɛɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ 
ɩɨɡɜɨɥɢɥɢ ɪɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ 
ɰɟɥɟɜɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢɡɞɟɥɢɣ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɫɨ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɬɢɩɨɦ 
ɩɨɤɪɵɬɢɹ (ɬɚɛɥ.1) 

 
 

Ɍɚɛɥɢɰɚ 1 – ɍɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ 

№ ɩ/ɩ ɋɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɣ ɬɢɩ 
ɩɨɤɪɵɬɢɹ 

Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ 

1 ɋɆɌ-1 ȼɨɞɨɪɨɞɧɨɟ ɢɡɧɚɲɢɜɚɧɢɟ 

2 ɋɆɌ-2 Ⱥɞɝɟɡɢɨɧɧɨɟ ɢɡɧɚɲɢɜɚɧɢɟ 

3 ɋɆɌ-3 ɍɫɬɚɥɨɫɬɧɨɟ ɢɡɧɚɲɢɜɚɧɢɟ 

4 ɋɆɌ-4 Ɏɪɟɬɬɢɧɝ-ɤɨɪɪɨɡɢɹ 

5 ɋɆɌ-5 Ⱥɛɪɚɡɢɜɧɨɟ ɢ ɷɪɨɡɢɨɧɧɨɟ ɢɡɧɚɲɢɜɚɧɢɟ 

 
 
 

 
 



ɋɌɊɈɂɌȿɅɖɋɌȼɈ ɂ ȺɊɏɂɌȿɄɌɍɊȺ 

 

Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 4 (50), 2016                                                                          131 

Ɂɚɤɥɸɱɟɧɢɟ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ 
ɬɨɩɨɤɨɦɩɨɡɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɨɰɟɫɫɚɦɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ, 
ɢɧɢɰɢɢɪɭɟɦɨɝɨ ɞɟɣɫɬɜɢɟɦ ɩɥɚɡɦɟɧɧɵɯ 
ɩɨɬɨɤɨɜ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞ ɭɝɥɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɨɜ. 
ɋɨɡɞɚɜɚɟɦɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɨɛɪɚɡɨɜɚɧɢɸ 
ɧɚɧɨɮɚɡ, ɚ ɩɪɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɟɠɢɦɨɜ 
ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɜɨɞɹɬ ɤ 
ɩɨɹɜɥɟɧɢɸ ɧɚɧɨɤɥɚɫɬɟɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ – 
ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɧɚɧɨɱɚɫɬɢɰ. Ɍɟɦ ɫɚɦɵɦ 
ɨɬɤɪɵɜɚɸɬɫɹ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɚɧɧɵɯ ɩɨɤɪɵɬɢɣ ɤɚɤ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɜɵɲɟɧɢɹ ɢɯ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɬɚɤ 
ɢ ɩɨɜɵɲɟɧɢɹ ɢɯ ɩɪɨɱɧɨɫɬɢ. ɉɪɨɜɟɞɟɧɧɵɟ 
ɤɨɦɩɥɟɤɫɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɣ ɫ ɩɨɤɪɵɬɢɹɦɢ ɩɨɡɜɨɥɢɥɢ 
ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ 
ɩɨ ɰɟɥɟɜɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɬɢɩɨɜ ɩɨɤɪɵɬɢɣ 
ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɜɚɥɢɪɭɸɳɢɯ ɜɢɞɨɜ 
ɢɡɧɚɲɢɜɚɧɢɹ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ.  

 

Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
 

1. Ƚɪɢɧɛɟɪɝ, ɉ.Ȼ. Ɇɟɬɨɞ ɩɨɥɭɱɟɧɢɹ 
ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɬɨɩɨɤɨɦɩɨɡɢɬɨɜ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɷɧɟɪɝɨɨɛɨɪɭɞɨɜɚɧɢɹ / ɉ.Ȼ. Ƚɪɢɧɛɟɪɝ,   
ȼ.ɇ. Ƚɨɪɸɧɨɜ, Ʉ. ɇ. ɉɨɥɟɳɟɧɤɨ, ȿ.ȿ. Ɍɚɪɚɫɨɜ // 
ȼɟɫɬɧɢɤ Ɉɦɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2012. – № 2 (64). 
– ɋ. 253-258. 

2. Ƚɪɢɧɛɟɪɝ, ɉ.Ȼ. Ɍɟɯɧɨɥɨɝɢɹ ɧɚɧɟɫɟɧɢɹ 
ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɦɟɬɚɥɥɨɩɨɤɪɵɬɢɣ ɧɚ 
ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɢɟ ɢɡɞɟɥɢɹ / ɉ.Ȼ. Ƚɪɢɧɛɟɪɝ,         
Ʉ.ɇ. ɉɨɥɟɳɟɧɤɨ, ȼ.ɂ. ɋɭɪɢɤɨɜ, ȿ.ȿ. Ɍɚɪɚɫɨɜ // 
ȼɟɫɬɧɢɤ Ɉɦɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2012. – № 2 (64). 
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STRUCTURAL-MORPHOLOGICAL FEATURES OF 
NANOSTRUCTURAL TOPOKOMPOZITNY 

COVERINGS OF TRIBOTECHNICAL 
APPOINTMENT 

 

K.N. Poleshchenko, D.N. Korotaev, E.E. Tarasov 
 

Abstract. Structural-morphological features 
nanostructural the topokompozitnykh of coverings 
depending on the modes of ion-plasma processing are 
investigated. Classification of structural-morphological 
types of the coverings containing nanophases and 
nanocluster educations is given. On the basis of 
results of modeling of processes of a superficial mass 
transfer the reasons of formation of observed 
structural-morphological changes are studied. 
Recommendations about target application of 
products and constructive elements in compliance 
with structural-morphological type of a covering are 
made.  

 

Keywords: structural-morphological features, 
nanostructural topokompozitny coverings, ion-plasma 
processing, nanophases, mass transfer, nanocluster 
educations. 
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