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Ⱥɧɧɨɬɚɰɢɹ. Ɋɚɫɫɦɨɬɪɟɧɚ ɤɨɧɰɟɩɰɢɹ ɤɨɧɜɟɪɫɢɢ ɚɜɬɨɦɨɛɢɥɹ ɫ ɞɜɢɝɚɬɟɥɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚ-
ɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɤɨɪɨɛɤɨɣ ɩɟɪɟɞɚɱ ɜ ɝɢɛɪɢɞɧɵɣ. ɉɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ  ɢ ɩɪɨɫɬɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɷɮɮɟɤɬɢɜɧɨɣ  
ɪɚɛɨɬɵ ȼɗȾ ɤɚɤ ɜ ɬɹɝɨɜɨɦ ɪɟɠɢɦɟ, ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ ɪɟɤɭɩɟɪɚɰɢɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɛɪɢɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ, ɬɹɝɨɜɚɹ ɚɤɤɭɦɭɥɹɬɨɪɧɚɹ ɛɚɬɚɪɟɹ, ɷɥɟɤɬɪɨɩɪɢɜɨɞ, 
ɜɟɧɬɢɥɶɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ. 
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Ⱥɧɨɬɚɰɿɹ. Ɋɨɡɝɥɹɧɭɬɨ ɤɨɧɰɟɩɰɿɸ ɤɨɧɜɟɪɫɿʀ ɚɜɬɨɦɨɛɿɥɹ ɡ ɞɜɢɝɭɧɨɦ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɚɧɧɹ ɿ ɦɟ-
ɯɚɧɿɱɧɨɸ ɤɨɪɨɛɤɨɸ ɩɟɪɟɞɚɱ ɭ ɝɿɛɪɢɞɧɢɣ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɜɢɛɨɪɭ ɩɚɪɚɦɟɬɪɿɜ ɟɥɟɤɬɪɨ-
ɩɪɢɜɨɞɚ ɿ ɩɪɨɫɬɢɣ ɬɟɯɧɿɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɦɨɠɥɢɜɨɫɬɿ ɟɮɟɤɬɢɜɧɨʀ ɪɨɛɨɬɢ ȼȿȾ ɹɤ 
ɭ ɬɹɝɨɜɨɦɭ ɪɟɠɢɦɿ, ɬɚɤ ɿ ɜ ɪɟɠɢɦɿ ɪɟɤɭɩɟɪɚɰɿʀ. 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɝɿɛɪɢɞɧɢɣ ɚɜɬɨɦɨɛɿɥɶ, ɬɹɝɨɜɚ ɚɤɭɦɭɥɹɬɨɪɧɚ ɛɚɬɚɪɟɹ, ɟɥɟɤɬɪɨɩɪɢɜɿɞ, ɜɟɧ-
ɬɢɥɶɧɢɣ ɟɥɟɤɬɪɨɞɜɢɝɭɧ. 
 

THE ELECTRIC DRIVE FOR A CONVERSION HYBRID CAR 

 

A. Bazhinov, Professor, Doctor of Engineering Science, V. Dvadnenko, Associate Professor, 

Candidate of Engineering Science, Hakim Maouche, postgraduate, KhNAHU 

 

Abstract. The concept of converting a car with an internal combustion engine and manual transmis-

sion in a hybrid is regarded. Is regarded the technique of choosing the parameters of the electric and 

simple technical solution to achieve the efficient operation of the brushless electric motor in the trac-

tion mode and into recovery mode. 
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Ʉɨɧɜɟɪɫɢɨɧɧɵɣ ɝɢɛɪɢɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ – ɷɬɨ 

ɦɚɫɫɨɜɨ ɜɵɩɭɫɤɚɟɦɵɣ ɧɟɞɨɪɨɝɨɣ ɚɜɬɨɦɨ-
ɛɢɥɶ, ɫ ɞɜɢɝɚɬɟɥɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ 
(Ⱦȼɋ), ɞɨɩɨɥɧɟɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ, ɬɹ-
ɝɨɜɨɣ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɟɣ (ɌȺȻ) ɢ ɫɩɟ-

ɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɩɨɡ-
ɜɨɥɹɟɬ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɜɨɡɦɨɠɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ Ⱦȼɋ. Ɍɚɤɨɣ 

ɩɭɬɶ ɦɨɞɟɪɧɢɡɚɰɢɢ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɫɪɚɜɧɢ-

ɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɡɚɬɪɚɬɚɯ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɢ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ. 



ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 30, 2012 

 
8 

Ƚɢɛɪɢɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɹɜɥɹɟɬɫɹ ɞɥɹ ɫɭɳɟ-
ɫɬɜɭɸɳɟɝɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɪɨɜɧɹ ɬɟɯɧɢ-

ɤɢ ɷɮɮɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɤɚɱɟɫɬɜ. Ɉɫɨɛɟɧɧɨ 

ɭɞɚɱɧɨ ɫɨɱɟɬɚɟɬ ɥɭɱɲɢɟ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɦɨ-
ɛɢɥɟɣ ɢ ɚɜɬɨɦɨɛɢɥɟɣ ɫ Ⱦȼɋ ɝɢɛɪɢɞɧɵɣ ɚɜ-
ɬɨɦɨɛɢɥɶ ɫ ɜɧɟɲɧɟɣ ɩɨɞɡɚɪɹɞɤɨɣ (Plug in 

Hybrid).  

 

んÖí¿ó£ äÜß¿ó¡íîóú 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɨɹɜɢɥɨɫɶ ɞɨɫɬɚɬɨɱɧɨ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ 

ɡɚɪɭɛɟɠɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɩɨɫɜɹɳɟɧɧɵɯ 

ɝɢɛɪɢɞɧɵɦ ɚɜɬɨɦɨɛɢɥɹɦ. Ɇɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚ-
ɬɟɥɢ ɩɪɨɹɜɥɹɸɬ ɢɧɬɟɪɟɫ ɤ «ɝɢɛɪɢɞɢɡɚɰɢɢ» 

ɫɟɪɢɣɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛ-

ɡɨɪ ɬɚɤɢɯ ɩɭɛɥɢɤɚɰɢɣ ɦɨɠɧɨ ɧɚɣɬɢ ɜ [1]. 

 

ɇɚ ɤɚɮɟɞɪɟ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ 

ɏɚɪɶɤɨɜɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨ-
ɞɨɪɨɠɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨ-
ɥɨɝɢɹ ɤɨɧɜɟɪɫɢɢ ɚɜɬɨɦɨɛɢɥɹ ɫ Ⱦȼɋ ɢ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɤɨɪɨɛɤɨɣ ɩɟɪɟɞɚɱ ɜ ɝɢɛɪɢɞɧɵɣ  

ɚɜɬɨɦɨɛɢɥɶ.  
 

ȼ ɪɚɛɨɬɚɯ [2–4] ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨ-
ɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 

ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɷɬɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨ-
ɛɢɥɹ.  
 

ぴñ¿á ëíßÜö▲ 

 
ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɞɚɥɶɧɟɣɲɟɣ 

ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɢ ɨɛɨɛɳɟɧɢɸ ɨɩɵɬɚ ɪɚɡɪɚ-
ɛɨɬɤɢ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɞɥɹ ɫɢɥɨɜɨɣ 

ɭɫɬɚɧɨɜɤɢ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. 
 

づí£ëíßÜö¡í ¡ÜÖîñäîóó ~¿ñ¡öëÜäëóçÜÑí  

Ñ¿　 ÇóßëóÑÖÜÇÜ íçöÜ½Üßó¿　 

 
Ɋɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [2, 3] ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɨɫɧɚɳɟɧɢɟ ɫɟɪɢɣɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɦ ɬɹɝɨɜɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɢ ɧɚɤɨ-
ɩɢɬɟɥɟɦ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɌȺȻ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɩɨɞɡɚɪɹɞɤɢ ɨɬ ɫɟɬɢ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɨɤɪɚɬɢɬɶ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɩɨɜɵɫɢɬɶ ɷɤɨɥɨ-
ɝɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ 

ɨɛɥɟɝɱɢɬɶ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɜ ɝɨɪɨɞɫɤɨɦ 

ɰɢɤɥɟ ɞɜɢɠɟɧɢɹ ɩɭɬɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɜɵɛɨɪɚ ɩɪɢɜɨɞɚ ɧɚ ɜɟɞɭɳɢɟ ɤɨɥɟɫɚ ɥɢɛɨ ɨɬ 
Ⱦȼɋ, ɥɢɛɨ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ ɜ 
ɌȺȻ ɬɚɤɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɰɟɥɟɫɨ-

ɨɛɪɚɡɧɨ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɜɤɥɚɞ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɜ ɨɛɳɭɸ ɷɧɟɪɝɢɸ, ɪɚɫɯɨɞɭɟɦɭɸ ɩɪɢ 

ɞɜɢɠɟɧɢɢ; ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɧɟɨɛɯɨɞɢɦɨ 
ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨ-
ɫɬɢ, ɩɨɹɜɥɹɸɳɢɟɫɹ ɩɪɢ ɬɚɤɨɣ ɤɨɧɜɟɪɫɢɢ. Ʉ 

ɬɚɤɨɜɵɦ ɨɬɧɨɫɹɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɤɭɩɟɪɚ-
ɰɢɢ ɷɧɟɪɝɢɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɦɟɧɵ ɬɨɪɦɨ-
ɠɟɧɢɹ Ⱦȼɋ ɜ ɪɟɠɢɦɟ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ  

ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ (ɉɏɏ) ɧɚ ɬɨɪɦɨɠɟɧɢɟ ɷɥɟɤ-
ɬɪɨɞɜɢɝɚɬɟɥɟɦ. Ɍɨɪɦɨɠɟɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɦ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɨɪɦɨɠɟɧɢɹ Ⱦȼɋ 

ɜ ɪɟɠɢɦɟ ɉɏɏ ɬɟɦ, ɱɬɨ ɞɨɩɭɫɤɚɟɬ ɩɪɨɫɬɨɟ 
ɜɤɥɸɱɟɧɢɟ ɢ ɜɵɤɥɸɱɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɦɚɤ-
ɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɹ ɟɝɨ ɤɢɧɟɬɢɱɟɫɤɭɸ ɢ ɩɨɬɟɧɰɢɚɥɶɧɭɸ 

ɷɧɟɪɝɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɦɟɧɹɹ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɤɥɸɱɢɬɶ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɦɚɥɨɦɨɳɧɵɟ ɢ ɧɟɷɤɨɧɨɦɢɱɧɵɟ ɪɟ-
ɠɢɦɵ ɪɚɛɨɬɵ Ⱦȼɋ: ɯɨɥɨɫɬɨɣ ɯɨɞ, ɫɬɚɪɬ ɫ 
ɦɟɫɬɚ, ɦɟɞɥɟɧɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ. Ɋɚɡɝɨɧ ɚɜɬɨ-
ɦɨɛɢɥɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɬɨɥɶɤɨ ɞɨ ɧɟɤɨɬɨɪɨɣ, 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ, ɫɤɨɪɨɫɬɢ. ɉɨ ɟɺ 
ɞɨɫɬɢɠɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɡɚ-
ɩɭɫɬɢɬɶ Ⱦȼɋ, ɢ ɞɚɥɶɧɟɣɲɟɟ ɞɜɢɠɟɧɢɟ ɩɪɨɢɡ-
ɜɨɞɢɬɶ ɜ ɨɛɵɱɧɨɦ ɪɟɠɢɦɟ. ɉɪɢ ɫɧɢɠɟɧɢɢ 

ɫɤɨɪɨɫɬɢ – ɜɵɤɥɸɱɚɬɶ Ⱦȼɋ ɢ ɬɨɪɦɨɡɢɬɶ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɟɫɩɟɱɢɬɶ ɷɮɮɟɤɬɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɫ ɜɨɡɜɪɚɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɌȺȻ, 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɬɟɩɟɧɢ ɡɚɪɹɠɟɧɧɨɫɬɢ ɌȺȻ. 

ɉɨɥɟɡɧɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɡɚ-
ɪɹɠɚɬɶ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɌȺȻ ɜɟɧɬɢɥɶɧɵɦ 

ɞɜɢɝɚɬɟɥɟɦ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ ɜɨ ɜɪɟɦɹ 
ɞɜɢɠɟɧɢɹ ɧɚ Ⱦȼɋ, ɤɨɝɞɚ ɩɨɫɥɟɞɧɢɣ ɦɚɥɨ 
ɧɚɝɪɭɠɟɧ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɩɪɚɜɥɟɧɢɟ ɪɟɠɢ-

ɦɚɦɢ ɪɚɛɨɬɵ ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɢ 

ɩɟɪɟɯɨɞ ɫ ɨɞɧɨɝɨ ɪɟɠɢɦɚ ɧɚ ɞɪɭɝɨɣ ɞɨɥɠɧɵ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ɜɨɞɢɬɟɥɹ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟ-
ɧɢɹ ɝɢɛɪɢɞɧɵɦ ɚɜɬɨɦɨɛɢɥɟɦ ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ 
ɫɥɨɠɧɟɟ, ɱɟɦ ɭɩɪɚɜɥɟɧɢɟ ɨɛɵɱɧɵɦ ɚɜɬɨɦɨ-
ɛɢɥɟɦ. 

 

ɍɩɪɚɜɥɟɧɢɟ ɬɹɝɨɜɨ-ɫɤɨɪɨɫɬɧɵɦɢ, ɚ ɬɚɤɠɟ 
ɬɨɪɦɨɡɧɵɦɢ ɪɟɠɢɦɚɦɢ ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɩɪɨ-
ɰɟɫɫɨɦ ɡɚɪɹɞɤɢ-ɪɚɡɪɹɞɤɢ ɌȺȻ ɨɫɭɳɟɫɬɜɥɹɟɬ-
ɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɛɥɨɤɚ-
ɦɢ. ȼɵɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ, ɫɯɟɦɨɬɟɯɧɢɤɚ ɢ 

ɩɚɪɚɦɟɬɪɵ ɜɫɟɯ ɭɡɥɨɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɝɢ-

ɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ  
ɪɚɡɥɢɱɧɵɦ, ɱɚɫɬɨ ɩɪɨɬɢɜɨɪɟɱɢɜɵɦ ɬɪɟɛɨɜɚ-
ɧɢɹɦ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ 

ɭɫɬɚɧɨɜɤɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɤɚɱɟɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 
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ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚ-
ɧɢɹ. ɇɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɬɚɤɨɝɨ ɭɩɪɚɜɥɟ-
ɧɢɹ ɢɫɫɥɟɞɭɸɬɫɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. 
 

ɉɪɢ ɤɨɧɜɟɪɫɢɢ ɚɜɬɨɦɨɛɢɥɹ ɫ Ⱦȼɋ ɜ ɝɢɛɪɢɞ-

ɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɭɫɬɚɧɨɜɢɬɶ ɤɨɦɩɚɤɬɧɵɣ ɢ ɞɨɫɬɚɬɨɱɧɨ ɦɨɳ-

ɧɵɣ ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ, ɧɟ ɭɞɚɥɹɹ 
Ⱦȼɋ. ɉɪɢɦɟɧɟɧɢɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧ-

ɧɵɯ ɬɹɝɨɜɵɯ ɤɨɥɥɟɤɬɨɪɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢɡ-ɡɚ ɢɯ ɛɨɥɶɲɢɯ ɝɚɛɚ-
ɪɢɬɨɜ ɢ ɜ ɫɜɹɡɢ ɫ ɩɪɨɛɥɟɦɚɦɢ ɤɨɥɥɟɤɬɨɪɧɨ-
ɳɟɬɨɱɧɨɝɨ ɭɡɥɚ ɹɜɥɹɟɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɱɟɫɬɜɟɧɧɵɣ ɤɨɥɥɟɤɬɨɪɧɵɣ  

ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɢɦɟɟɬ ɜɵɫɨɤɭɸ 

ɫɬɨɢɦɨɫɬɶ. ɇɚɢɦɟɧɶɲɢɦɢ ɝɚɛɚɪɢɬɚɦɢ ɢ 

ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɩɪɢ ɡɚɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɨɛɥɚɞɚɸɬ ɫɨɜɪɟɦɟɧɧɵɟ ɜɟɧɬɢɥɶɧɵɟ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɢ (ȼɗȾ), ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɝɢɛɪɢɞɧɵɯ ɚɜɬɨ-
ɦɨɛɢɥɟɣ. ȼɗȾ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɧɯɪɨɧ-

ɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɚɲɢɧɭ, ɫɧɚɛɠɟɧɧɭɸ 

ɞɚɬɱɢɤɚɦɢ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ, ɡɚɩɢɬɵɜɚɟɦɭɸ 

ɱɟɪɟɡ ɢɧɜɟɪɬɨɪ ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɥɨ-
ɜɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɤɥɸɱɟɣ ɢ ɭɩɪɚɜɥɹɟɦɭɸ ɩɨ 
ɨɩɬɢɦɚɥɶɧɵɦ ɚɥɝɨɪɢɬɦɚɦ ɫ ɩɨɦɨɳɶɸ ɦɢɤ-
ɪɨɤɨɧɬɪɨɥɥɟɪɚ.  
 

ɋɢɧɯɪɨɧɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɛɵɜɚɸɬ 
ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɢ ɫ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ. ɇɚɢɛɨɥɟɟ 
ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɫɢɧɯɪɨɧ-

ɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɫ ɜɵɫɨɤɨɤɨɷɪɰɢ-

ɬɢɜɧɵɦɢ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ ɧɚ ɪɨɬɨɪɟ. 
Ɍɚɤɢɟ ȼɗȾ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɄɉȾ ɢ 

ɥɭɱɲɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɉɞ-

ɧɚɤɨ ɨɧɢ ɦɚɥɨɞɨɫɬɭɩɧɵ ɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ 

ɫɬɨɢɦɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤɢɯ 

ȼɗȾ ɹɜɥɹɟɬɫɹ ɦɚɥɵɣ ɞɢɚɩɚɡɨɧ ɫɤɨɪɨɫɬɟɣ 

ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. ɉɨɫɤɨɥɶɤɭ ɫɤɨɪɨɫɬɶ ɢɞɟ-
ɚɥɶɧɨɝɨ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɧɚɩɪɹɠɟɧɢɸ ɩɢɬɚɧɢɹ ɹɤɨɪɹ ɢ ɨɛɪɚɬɧɨ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɚ ɦɚɝɧɢɬɧɨɦɭ ɩɨɬɨɤɭ ɜɨɡɛɭɠɞɟ-
ɧɢɹ ɪɨɬɨɪɚ, ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɫɤɨɪɨɫɬɧɨɝɨ 
ɞɢɚɩɚɡɨɧɚ, ɩɪɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɹɬɶ 
ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ, ɬɪɟɛɭɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ. 
 

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɦɢ ɢ ɲɢɪɨɤɨ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɫɢɧɯɪɨɧɧɵɟ ɷɥɟɤɬɪɢ-

ɱɟɫɤɢɟ ɦɚɲɢɧɵ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡ-
ɛɭɠɞɟɧɢɟɦ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɚɬɨɪɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɤɚɱɟɫɬɜɟ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɝɟɧɟ-
ɪɚɬɨɪɨɜ. ɂɦɟɧɧɨ ɷɬɨɬ ɬɢɩ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɦɚɲɢɧ ɛɵɥ ɜɵɛɪɚɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ȼɗȾ 

ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɤɨɧɜɟɪɬɢɪɭɟɦɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ. 
 

ɇɟɫɦɨɬɪɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɯɭɞɲɢɟ ɡɧɚɱɟɧɢɹ 
ɄɉȾ, ȼɗȾ ɧɚ ɨɫɧɨɜɟ ɫɢɧɯɪɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɦɚɲɢɧɵ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠ-

ɞɟɧɢɟɦ, ɩɨɦɢɦɨ ɧɟɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ, ɢɦɟɟɬ 
ɪɹɞ ɞɪɭɝɢɯ ɜɚɠɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ. ɋɪɟɞɢ ɧɢɯ 
– ɜɨɡɦɨɠɧɨɫɬɶ ɨɪɝɚɧɢɡɨɜɚɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɨɛɨɪɨɬɨɜ ɜɨ ɜɬɨɪɨɣ ɡɨɧɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɦ ɜɨɡɛɭɠɞɟ-
ɧɢɹ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚ-
ɧɢɹ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ ɪɚɛɨɱɢɣ ɞɢɚɩɚ-
ɡɨɧ ɫɤɨɪɨɫɬɟɣ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɚ ɡɧɚɱɢɬ, 
ɭɜɟɥɢɱɢɬɶ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɨɬ ȼɗȾ ɤ ɜɟ-
ɞɭɳɢɦ ɤɨɥɟɫɚɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɺɬɫɹ ɩɨɜɵ-

ɫɢɬɶ ɩɭɫɤɨɜɨɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɛɟɡ ɭɜɟ-
ɥɢɱɟɧɢɹ ɡɚɩɚɫɚ ɦɨɳɧɨɫɬɢ ȼɗȾ. ȼɬɨɪɵɦ 

ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɗȾ ɫ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɦɟɧɶɲɢɣ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɜ ɨɛɟɫ-
ɬɨɱɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨ ɭɥɭɱɲɚɟɬ ɧɚɤɚɬ 
ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. Ɍɪɟɬɶɟ ɩɪɟɢɦɭɳɟ-
ɫɬɜɨ – ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟ-
ɧɢɹ ȼɗȾ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ ɩɭɬɟɦ ɪɟɝɭɥɢ-

ɪɨɜɤɢ ɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ.  
 

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɢɦɟɸɳɢɟɫɹ ɩɪɟɢɦɭɳɟɫɬɜɚ ȼɗȾ ɫ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ.  

 

ȼ ɤɚɱɟɫɬɜɟ ɬɹɝɨɜɵɯ ȼɗȾ ɢɫɩɨɥɶɡɭɸɬ ɫɢɧ-

ɯɪɨɧɧɵɟ ɦɚɲɢɧɵ, ɜɤɥɸɱɟɧɧɵɟ ɩɨ ɫɯɟɦɚɦ ɫ 
ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɦ ɦɟɠɤɨɦɦɭɬɚɰɢɨɧɧɵɦ ɩɟ-
ɪɢɨɞɨɦ. ɗɬɨ ɨɬɧɨɫɢɬɫɹ ɢ ɤ ɜɵɛɪɚɧɧɨɣ ɧɚɦɢ 

ɬɪɟɯɮɚɡɧɨɣ ɫɯɟɦɟ ɫ ɪɟɜɟɪɫɢɜɧɵɦ ɩɢɬɚɧɢɟɦ. 

Ⱦɥɹ ɬɚɤɢɯ ȼɗȾ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɫɬɚɧɞɚɪɬɧɚɹ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɨɫɬɨ-
ɹɧɧɨɝɨ ɬɨɤɚ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɛɟɫɤɨɧɟɱɧɨ 
ɦɚɥɨɝɨ ɦɟɠɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, ɛɟɡ 
ɭɱɟɬɚ ɪɟɚɤɰɢɢ ɹɤɨɪɹ ɧɚ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ 
ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɛɟɡ ɭɱɟɬɚ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɮɚɡ-
ɧɵɯ ɨɛɦɨɬɨɤ ɹɤɨɪɹ [4]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɦ  

 

     
U E

I
R


 ,           E k  ,        (1) 

 

ɝɞɟ I – ɬɨɤ, ɩɨɬɪɟɛɥɹɟɦɵɣ ȼɗȾ; U – ɧɚɩɪɹ-
ɠɟɧɢɟ ɩɢɬɚɧɢɹ ɹɤɨɪɹ (ɫɬɚɬɨɪɚ);  ȿ – ɗȾɋ 

ɜɪɚɳɟɧɢɹ; k  – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɩɚɪɚɦɟɬɪ 
ɞɜɢɝɚɬɟɥɹ;   – ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɜɨɡɛɭɠɞɟ-
ɧɢɹ;   – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 
ȼɗȾ; R  – ɫɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟ ɰɟɩɢ ɹɤɨɪɹ. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ 
ȼɗȾ 
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M k I  .                         (2)                                                 

 

ɉɪɢ ɨɝɨɜɨɪɟɧɧɵɯ ɞɨɩɭɳɟɧɢɹɯ ɭɪɚɜɧɟɧɢɟ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼɗȾ ɢɦɟɟɬ 
ɜɢɞ 

                                                                                 

 2

U MR

k k
 

 
.                     (3)                                                   

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɜɵɪɚɠɟɧɢɹ (1), ɬɨɤ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ (ɪɟɠɢɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ)  
ɢɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦ (ɪɟɠɢɦ ɝɟɧɟɪɚɬɨɪɚ). Ɋɚɫ-
ɫɦɨɬɪɢɦ, ɤɚɤɚɹ ɧɟɨɛɯɨɞɢɦɚ ɦɨɳɧɨɫɬɶ ɷɥɟɤ-
ɬɪɨɞɜɢɝɚɬɟɥɹ ɞɥɹ ɪɚɡɝɨɧɚ ɞɨ ɜɵɛɪɚɧɧɨɣ ɫɤɨ-
ɪɨɫɬɢ [5]. ɋɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ 

ɚɜɬɨɦɨɛɢɥɹ 
 

Pf  = fmg cosĮ, 

 

ɝɞɟ m – ɦɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ; g – ɭɫɤɨɪɟɧɢɟ ɫɜɨ-
ɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; f – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ 
ɤɚɱɟɧɢɹ; Į – ɭɝɨɥ ɭɤɥɨɧɚ ɞɨɪɨɝɢ. 

ɋɤɚɬɵɜɚɸɳɚɹ ɫɢɥɚ ɩɪɢ ɧɚɥɢɱɢɢ ɭɤɥɨɧɚ ɞɨ-
ɪɨɝɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

PĮ  = mg sinĮ. 

 

ɋɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
 

Pv = Sv2cxȡ/2, 

 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɮɪɨɧɬɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ ɚɜ-
ɬɨɦɨɛɢɥɹ ɦ2; v – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɹ ɦ/ɫ; ȡ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɤɝ/ɦ3; cx – 

ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ. ɉɪɨɢɡɜɟɞɟɧɢɟ ɫɭɦɦɵ ɫɢɥ, ɞɟɣɫɬɜɭɸ-

ɳɢɯ ɧɚ ɚɜɬɨɦɨɛɢɥɶ, ɧɚ ɟɝɨ ɫɤɨɪɨɫɬɶ ɪɚɜɧɨ 

ɦɨɳɧɨɫɬɢ ɧɚ ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɹ. Ƚɪɚɮɢɤ 
ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɚɜɬɨ-
ɦɨɛɢɥɹ ɨɬ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɞɥɹ ɚɜɬɨɦɨ-
ɛɢɥɹ «Ɍɚɜɪɢɹ» ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1. 

 

Ʉɪɢɜɚɹ 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ 
ɭɱɚɫɬɤɭ ɞɨɪɨɝɢ, ɤɪɢɜɚɹ 2 – ɩɨɞɴɟɦɭ 2 % ɢ 

ɤɪɢɜɚɹ 3 – ɩɨɞɴɟɦɭ 5 %. ɂɡ ɷɬɨɝɨ ɝɪɚɮɢɤɚ 
ɜɢɞɧɨ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɚɹ ɦɨɳɧɨɫɬɶ 
ɞɜɢɝɚɬɟɥɹ ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɪɧɨ ɞɨ 30–40 ɤɦ/ɱ. 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɚɤɨɣ ɫɤɨɪɨɫɬɢ ɧɟɨɛɯɨɞɢɦɚ 
ɦɨɳɧɨɫɬɶ ɨɤɨɥɨ 4 ɤȼɬ ɧɚ ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢ-

ɥɹ. Ɍɚɤɭɸ ɦɨɳɧɨɫɬɶ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɜɟɧ-

ɬɢɥɶɧɵɣ ɞɜɢɝɚɬɟɥɶ ɧɚ ɨɫɧɨɜɟ ɧɟɞɨɪɨɝɨɝɨ ɢ 

ɞɨɫɬɭɩɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ Ƚ290, 

ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɫɢɧɯɪɨɧɧɭɸ ɷɥɟɤ-
ɬɪɢɱɟɫɤɭɸ ɦɚɲɢɧɭ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡ-
ɛɭɠɞɟɧɢɟɦ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶ-

ɧɵɣ ɬɨɤ ɞɥɹ Ƚ290 ɪɚɜɟɧ 150 Ⱥ, ɤɪɚɬɤɨɜɪɟ-
ɦɟɧɧɨ – ɞɨ 200 Ⱥ. ɋ ɭɱɟɬɨɦ ɄɉȾ ɜɟɧɬɢɥɶɧɨ-
ɝɨ ɞɜɢɝɚɬɟɥɹ 90 % ɢ ɄɉȾ ɬɪɚɧɫɦɢɫɫɢɢ 95 % 

ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɨɬ ɌȺȻ ɞɨɥɠɧɚ ɛɵɬɶ 
ɨɤɨɥɨ 4,7 ɤȼɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɬɨɤɟ 
150 Ⱥ ɧɚɩɪɹɠɟɧɢɟ ɌȺȻ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟ-
ɧɟɟ 31,2 ȼ. ȼɵɛɟɪɟɦ ɞɥɹ  ɌȺȻ ɥɢɬɢɣ-ɢɨɧɧɵɟ 
ɠɟɥɟɡɨɮɨɫɮɚɬɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ (LiFePO4/ 

LiFeYPO4) WB-LYP100AHA ɫ ɟɦɤɨɫɬɶɸ  

100 Ⱥɱ. Ɍɚɤɨɣ ɜɵɛɨɪ ɨɛɭɫɥɨɜɥɟɧ ɜɵɫɨɤɨɣ 

ɭɞɟɥɶɧɨɣ ɟɦɤɨɫɬɶɸ, ɜɨɡɦɨɠɧɨɫɬɶɸ 80 % 

ɪɚɡɪɹɞɚ, ɛɨɥɶɲɢɦɢ ɬɨɤɚɦɢ ɪɚɡɪɹɞɚ, ɜɨɡɦɨɠ-

ɧɨɫɬɶɸ ɛɵɫɬɪɨɝɨ ɡɚɪɹɞɚ ɢ ɨɱɟɧɶ ɛɨɥɶɲɢɦ 

ɱɢɫɥɨɦ ɰɢɤɥɨɜ ɡɚɪɹɞ-ɪɚɡɪɹɞ. ɉɨ ɫɨɜɨɤɭɩɧɨ-
ɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɨɧɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɨɫɯɨ-
ɞɹɬ ɫɜɢɧɰɨɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ. ɑɬɨɛɵ ɢɦɟɬɶ 
ɧɟɤɨɬɨɪɵɣ ɡɚɩɚɫ ɩɨ ɧɚɩɪɹɠɟɧɢɸ, ɢɫɩɨɥɶɡɭɟɦ  

12 ɛɚɧɨɤ ɫ ɧɚɩɪɹɠɟɧɢɟɦ 3,2 ȼ ɤɚɠɞɚɹ, ɜ ɫɭɦ-

ɦɟ – 38,4 ȼ. ȼɗȾ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɢɦɟɬɶ 
ɞɨɥɝɨɜɪɟɦɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ 5,2 ɤȼɬ  
ɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɭɸ – 6,9 ɤȼɬ. ɗɬɨɝɨ ɞɨɫɬɚ-
ɬɨɱɧɨ, ɱɬɨɛɵ ɞɨɫɬɢɱɶ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɫɤɨ-
ɪɨɫɬɢ. Ⱦɜɢɠɟɧɢɟ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɫɤɨɪɨ-
ɫɬɹɦɢ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ  ɡɚ ɫɱɟɬ Ⱦȼɋ 

ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. ɋɤɨɪɨɫɬɶ ɩɟɪɟɯɨɞɚ 
ɧɚ ɞɜɢɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ Ⱦȼɋ ɦɨɠɟɬ ɛɵɬɶ  
ɦɟɧɶɲɟ ɢɥɢ ɛɨɥɶɲɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨ-
ɹɧɢɹ ɩɨɤɪɵɬɢɹ ɢ ɭɤɥɨɧɚ ɞɨɪɨɝɢ.  

 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 

ɚɜɬɨɦɨɛɢɥɹ ɨɬ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ 
 

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ [4], ɧɚɢɛɨɥɟɟ 
ɜɵɝɨɞɧɨ ɜɵɛɢɪɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ 
ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɨɬ ɜɚɥɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
ɤ ɤɨɥɟɫɚɦ, ɨɝɪɚɧɢɱɟɧɧɨɟ ɬɨɥɶɤɨ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɵɦɢ ɨɛɨɪɨɬɚɦɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 
ɉɪɢ ɷɬɨɦ ɬɪɟɛɭɟɦɵɟ ɦɨɦɟɧɬ ɢ ɭɝɥɨɜɭɸ ɫɤɨ-
ɪɨɫɬɶ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɚɤ ɡɚ ɫɱɟɬ ɪɟɝɭ-

ɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ U ɫ ɩɨɦɨ-
ɳɶɸ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ 

(ɒɂɆ) ɜ ɩɟɪɜɨɣ ɡɨɧɟ, ɬɚɤ ɢ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟ-
ɧɢɹ   – ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɜɨ 

ɜɬɨɪɨɣ ɡɨɧɟ. Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɦɟɧɹɟɬɫɹ ɩɭ-

ɬɟɦ ɒɂɆ-ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɨɛɦɨɬɤɢ ɜɨɡ-
ɛɭɠɞɟɧɢɹ. Ⱦɥɹ ɫɢɧɯɪɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
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ɦɚɲɢɧɵ Ƚ290 ɨɛɨɪɨɬɵ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɫɨ-
ɫɬɚɜɥɹɸɬ 1900 ɨɛ/ɦɢɧ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚ-
ɧɢɹ 38,4 ȼ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɬɨ-
ɤɟ (ɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ 4 Ⱥ). ɋ ɩɟɪɟɞɚɬɨɱɧɵɦ 

ɱɢɫɥɨɦ ɨɬ ɜɚɥɚ ȼɗȾ ɤ ɤɨɥɟɫɚɦ i = 8  ɷɬɨ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ «Ɍɚɜɪɢɹ» 

ɨɤɨɥɨ 23 ɤɦ/ɱ. Ȼɨɥɟɟ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ, ɤɚɤ 
ɫɥɟɞɭɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ (3), ɛɭɞɟɬ ɞɨɫɬɢɝɚɬɶɫɹ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɜ ɨɛɥɚɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨ 

ɜɬɨɪɨɣ ɡɨɧɟ. ɉɪɢ ɬɚɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɞɥɹ  
ɞɨɫɬɢɠɟɧɢɹ  ɫɤɨɪɨɫɬɢ 40 ɤɦ/ɱ ɬɨɤ ɜɨɡɛɭɠɞɟ-
ɧɢɹ ɞɨɥɠɟɧ ɫɧɢɠɚɬɶɫɹ ɩɪɢɦɟɪɧɨ ɞɨ 2 Ⱥ. Ʉɚɤ 
ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ [4], ɞɥɹ ɧɚɢɥɭɱɲɟɝɨ ɫɨɨɬ-
ɜɟɬɫɬɜɢɹ ɩɨɥɨɠɟɧɢɹ ɩɟɞɚɥɢ ɚɤɫɟɥɟɪɚɬɨɪɚ ɬɹ-
ɝɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɟ ɤɚɤ ɜ ɩɟɪɜɨɣ, ɬɚɤ ɢ ɜɨ ɜɬɨɪɨɣ ɡɨɧɟ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɬɨɤɨɜɨɣ ɩɟɬɥɟɣ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɢ. 
 

ɉɨɫɤɨɥɶɤɭ ɜ ɝɢɛɪɢɞɧɨɦ ɚɜɬɨɦɨɛɢɥɟ ɢɫɩɨɥɶ-
ɡɭɟɬɫɹ ɢ ɬɹɝɨɜɵɣ, ɢ ɝɟɧɟɪɚɬɨɪɧɵɣ ɪɟɠɢɦ 

ȼɗȾ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɬɶ U – 

ɜɟɥɢɱɢɧɭ ɧɚɩɪɹɠɟɧɢɹ ɌȺȻ. Ʉɚɤ ɛɵɥɨ ɩɨɤɚ-
ɡɚɧɨ ɜɵɲɟ, ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɦɨɳ-

ɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɩɢɬɚɸ-

ɳɟɟ ɧɚɩɪɹɠɟɧɢɟ U ɧɟ ɦɟɧɟɟ 38,4 ȼ. ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɞɥɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɡɚɩɚɫɟɧɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɠɟ-
ɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɩɪɨɰɟɫɫ ɪɟɤɭɩɟɪɚɰɢɨɧɧɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ ɩɪɨɢɫɯɨɞɢɥ ɞɨ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡ-
ɤɢɯ ɫɤɨɪɨɫɬɟɣ ɚɜɬɨɦɨɛɢɥɹ (ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɣ 

 ). ɉɨɫɥɟɞɧɟɦɭ ɬɪɟɛɨɜɚɧɢɸ ɧɚɨɛɨɪɨɬ, ɤɚɤ 
ɜɢɞɧɨ ɢɡ (1), ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɌȺȻ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ ɩɪɨ-
ɬɢɜɨɪɟɱɢɹ ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɛɭɫɬɟɪɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, 
ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɫɞɟɥɚɧɨ ɜ ɚɜɬɨɦɨɛɢɥɟ «Ɍɨɺɬɚ 
ɉɪɢɭɫ» [1]. Ɉɞɧɚɤɨ ɬɚɤɨɣ ɩɭɬɶ ɞɨɪɨɝ ɢ ɫɜɹ-
ɡɚɧ ɫ ɩɨɬɟɪɹɦɢ ɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ. Ⱦɥɹ ɤɨɧ-

ɜɟɪɫɢɨɧɧɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɛɵɥɨ 

ɩɪɢɦɟɧɟɧɨ ɞɪɭɝɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, ɚ 
ɢɦɟɧɧɨ – ɞɟɥɟɧɢɟ ɌȺȻ ɧɚ ɞɜɟ ɨɞɢɧɚɤɨɜɵɟ 
ɫɟɤɰɢɢ, ɤɨɬɨɪɵɟ ɞɥɹ ɪɚɛɨɬɵ ɜ ɬɹɝɨɜɨɦ ɪɟɠɢ-

ɦɟ ɫɨɟɞɢɧɹɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɚ ɞɥɹ ɪɚ-
ɛɨɬɵ ɜ ɪɟɠɢɦɟ ɪɟɤɭɩɟɪɚɰɢɢ – ɩɚɪɚɥɥɟɥɶɧɨ.  

 

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɬɚɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ.  
 

Ⱦɜɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɫɛɨɪɤɢ ɩɨ 6 ɛɚɧɨɤ ɩɪɢ 

ɩɚɪɚɥɥɟɥɶɧɨɦ ɜɤɥɸɱɟɧɢɢ ɢɦɟɸɬ ɩɪɢ ɡɚɪɹɞɟ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 24 ȼ (ɬ.ɤ. ɦɚɤɫɢ-

ɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɞɧɨɣ ɛɚɧɤɢ 

ɜ ɪɟɠɢɦɟ ɡɚɪɹɞɚ – 4,0 ȼ). 

 
 

Ɋɢɫ. 2. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢ-

ɜɨɞɚ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ: Ȼɍ ȼɗȾ – 

ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ȼɗȾ, ɋɗɆ – ɫɢɧɯɪɨɧ-

ɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɚɲɢɧɚ, Ɉȼ – ɨɛɦɨɬ-
ɤɚ ɜɨɡɛɭɠɞɟɧɢɹ, Ⱦ1 – Ⱦ3 – ɞɚɬɱɢɤɢ ɩɨ-
ɥɨɠɟɧɢɹ ɪɨɬɨɪɚ, Ȼ – ɛɚɥɚɧɫɢɪ ɛɚɧɤɢ 

ɥɢɬɢɣ-ɢɨɧɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ, ɋɊ – ɫɢ-

ɥɨɜɨɟ ɪɟɥɟ 
 

ȼ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ Ƚ290 ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɧɚɩɪɹɠɟɧɢɟ 24 ȼ ɩɪɢ ɧɭɥɟɜɨɦ ɬɨɤɟ ɩɪɢ  

1350 ɨɛ/ɦɢɧ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ 150 Ⱥ ɩɪɢ 

24 ȼ – ɩɪɢ 2260 ɨɛ/ɦɢɧ. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟ-
ɧɢɟ ɨɛɨɪɨɬɨɜ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɬɟ ɠɟ 
24 ȼ ɢ 150 Ⱥ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɬɨɤɚ 
ɨɛɦɨɬɤɢ  ɜɨɡɛɭɠɞɟɧɢɹ. ɋ ɩɟɪɟɞɚɬɨɱɧɵɦ ɱɢɫ-
ɥɨɦ ɨɬ ɜɚɥɚ ȼɗȾ ɤ ɤɨɥɟɫɚɦ i = 8  2260 ɨɛ/ɦɢɧ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ «Ɍɚɜɪɢɹ» 

27,4 ɤɦ/ɱ, ɚ 1350 ɨɛ/ɦɢɧ – 16,3 ɤɦ/ɱ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɞɥɹ ɬɨɪɦɨɠɟɧɢɹ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ 

ɞɨ 27,4 ɤɦ/ɱ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɧɭɸ 

ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, ɤɨɬɨɪɚɹ, ɫ ɭɱɟɬɨɦ ɄɉȾ 

ɝɟɧɟɪɚɬɨɪɚ, ɩɨɡɜɨɥɹɟɬ ɨɬɛɢɪɚɬɶ ɫ ɤɨɥɟɫ ɚɜɬɨ-
ɦɨɛɢɥɹ ɦɟɯɚɧɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ɞɨ 6 ɤȼɬ. 
ɋɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɫ 27,4 ɤɦ/ɱ ɞɨ 16,3 ɤɦ/ɱ 
ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɬɨɪɦɨɡɢɬɶ ȼɗȾ ɜ ɪɟɠɢɦɟ 
ɝɟɧɟɪɚɬɨɪɚ, ɧɨ ɧɚ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɫɤɨɪɨɫɬɟɣ 

ɨɬɛɢɪɚɟɦɚɹ ɨɬ ɤɨɥɟɫ ɦɨɳɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɫ  
6 ɤȼɬ ɞɨ ɧɭɥɹ. Ɍɚɤɨɟ ɬɨɪɦɨɠɟɧɢɟ ɜ ɨɩɢɫɵɜɚ-
ɟɦɨɦ ɝɢɛɪɢɞɧɨɦ ɚɜɬɨɦɨɛɢɥɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɩɪɢ ɧɟɣɬɪɚɥɶɧɨɣ ɩɟɪɟɞɚɱɟ Ʉɉɉ  ɜɦɟɫɬɨ ɬɨɪ-
ɦɨɠɟɧɢɹ Ⱦȼɋ ɜ ɪɟɠɢɦɟ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ 

ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɜɤɥɸɱɚɟɬɫɹ ɜɦɟɫɬɟ ɫɨ ɫɬɨɩ-

ɫɢɝɧɚɥɨɦ, ɩɪɢ ɦɚɥɨɦ ɯɨɞɟ ɩɟɞɚɥɢ ɬɨɪɦɨɡɚ ɢ 

ɟɳɟ ɧɟ ɪɚɛɨɬɚɸɳɢɯ ɲɬɚɬɧɵɯ ɬɨɪɦɨɡɚɯ. ɋɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ 
ɷɧɟɪɝɢɢ ɚɜɬɨɦɨɛɢɥɹ ɦɚɤɫɢɦɚɥɶɧɨ ɛɭɞɭɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɥɢɛɨ ɞɥɹ ɞɜɢɠɟɧɢɹ ɧɚɤɚɬɨɦ  

(ɤɨɝɞɚ ɩɟɞɚɥɶ ɚɤɫɟɥɟɪɚɬɨɪɚ ɨɬɩɭɳɟɧɚ, ɚ ɩɟ-
ɞɚɥɶ ɬɨɪɦɨɡɚ ɧɟ ɧɚɠɚɬɚ), ɥɢɛɨ ɞɥɹ ɪɟɤɭɩɟɪɚ-
ɰɢɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ɬɚɤɨɦ ɬɨɪɦɨɠɟɧɢɢ 

ɫɨ ɫɤɨɪɨɫɬɢ 60 ɤɦ/ɱ ɞɨ 27,4 ɤɦ/ɱ ɤɢɧɟɬɢɱɟ-
ɫɤɚɹ ɷɧɟɪɝɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫɧɢɡɢɬɫɹ ɫɨ 125 

ɤȾɠ ɞɨ 26 ɤȾɠ. ɋɧɢɠɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 79 % 
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ɨɬ ɧɚɱɚɥɶɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ɇɚ ɢɧ-

ɬɟɪɜɚɥɟ ɫɤɨɪɨɫɬɟɣ ɨɬ 27,4 ɤɦ/ɱ ɞɨ  
16,3 ɤɦ/ɱ ɫ ɩɨɦɨɳɶɸ ȼɗȾ ɦɨɠɧɨ ɩɨɝɚɫɢɬɶ 
ɟɳɟ 7 % ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɱɬɨ ɜ ɫɭɦ-

ɦɟ ɫɨɫɬɚɜɢɬ 86 %. Ⱦɥɹ ɨɫɬɚɧɨɜɤɢ ɚɜɬɨɦɨɛɢɥɹ 
ɩɪɢ ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ ɜɨɞɢɬɟɥɶ ɩɪɨɫɬɨ ɛɭɞɟɬ 
ɞɚɜɢɬɶ ɫɢɥɶɧɟɟ ɧɚ ɩɟɞɚɥɶ ɬɨɪɦɨɡɚ ɢ ɡɚɞɟɣ-

ɫɬɜɭɟɬ ɲɬɚɬɧɭɸ ɬɨɪɦɨɡɧɭɸ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ 
ɢɡɪɚɫɯɨɞɭɟɬ ɨɫɬɚɜɲɭɸɫɹ ɱɚɫɬɶ ɷɧɟɪɝɢɢ. 

ȿɫɬɟɫɬɜɟɧɧɨ, ɩɪɢ ɷɤɫɬɪɟɧɧɨɦ ɬɨɪɦɨɠɟɧɢɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɛɭɞɟɬ 
ɪɚɫɫɟɹɧɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ 

ɚɜɬɨɦɨɛɢɥɹ. Ⱦɚɠɟ ɟɫɥɢ ɌȺȻ ɨɤɚɠɟɬɫɹ ɩɨɥɧɨ-
ɫɬɶɸ ɡɚɪɹɠɟɧɧɨɣ, ɷɧɟɪɝɢɸ, ɜɵɪɚɛɚɬɵɜɚɟɦɭɸ 

ȼɗȾ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ, ɦɨɠɧɨ ɛɭɞɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚ-
ɥɚɧɫɚ Ⱦȼɋ ɢ ɩɪɨɞɨɥɠɚɬɶ ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɨ 

ɬɨɪɦɨɡɢɬɶ ȼɗȾ. ɉɨɹɜɥɹɸɳɚɹɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɛɟɡɨɩɚɫɧɨɝɨ ɞɜɢɠɟɧɢɹ ɧɚɤɚɬɨɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ 
ɝɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɨɬɟɪɹɦɢ. Ɍɚɤɨɟ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ 

ɛɨɥɟɟ ɜɵɝɨɞɧɨ, ɱɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɯ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɢ ɫɨɯɪɚɧɟɧɢɟ ɩɨ-
ɫɥɟɞɧɟɣ ɜ ɚɤɤɭɦɭɥɹɬɨɪɟ. 
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ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧ ɨɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɤɨɧ-

ɜɟɪɫɢɢ ɚɜɬɨɦɨɛɢɥɹ ɫ Ⱦȼɋ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɤɨɪɨɛɤɨɣ ɩɟɪɟɞɚɱ ɜ ɝɢɛɪɢɞɧɵɣ. ɉɪɟɞɥɨɠɟɧɵ 

ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɢ ɩɪɨɫɬɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɞɨɫɬɢ-

ɠɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ 

ȼɗȾ ɤɚɤ ɜ ɬɹɝɨɜɨɦ ɪɟɠɢɦɟ, ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ 
ɪɟɤɭɩɟɪɚɰɢɢ. Ɉɛɨɫɧɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɯɢ-

ɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ 
ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɢɦɟɸɳɢɯɫɹ ɧɚ 
ɛɨɪɬɭ ɚɜɬɨɦɨɛɢɥɹ, ɧɨ ɢ ɩɨɹɜɥɹɸɳɢɯɫɹ ɜɨ 
ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ 

ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɦɢɧɢ-

ɦɚɥɶɧɵɦɢ ɩɨɬɟɪɹɦɢ ɞɥɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɹ ɧɚɤɚɬɨɦ. 
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