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Abstract. The requirements for trolleybuses brake systems are analyzed. Some results of the studies 

examined, contemporary trends of developing in this direction are shows. The range of problems 

whose solution is aimed at creating high-performance brake systems whose increase efficiency and 

safety of trolleybuses determined. 
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ȼɜɟɞɟɧɢɟ 

 

Ɍɨɪɦɨɡɧɵɟ ɫɜɨɣɫɬɜɚ ɚɜɬɨɦɨɛɢɥɟɣ ɜ ɰɟɥɨɦ  ɢ 

ɬɪɨɥɥɟɣɛɭɫɨɜ ɜ ɱɚɫɬɧɨɫɬɢ ɹɜɥɹɸɬɫɹ, ɧɟɫɨ-
ɦɧɟɧɧɨ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɫɪɟɞɢ ɩɪɨɱɢɯ 
ɜɥɢɹɸɳɢɯ ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɨɪɨɠɧɨɝɨ ɞɜɢ-

ɠɟɧɢɹ. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɬɨɪɦɨɡɧɵɦ ɫɢɫɬɟɦɚɦ 

ɚɜɬɨɦɨɛɢɥɟɣ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ȼɟɥɚɪɭɫɶ ɪɟɝɥɚ-
ɦɟɧɬɢɪɨɜɚɧɵ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɉɪɚɜɢɥɚɦɢ 

ʋ 13 ȿɗɄ ɈɈɇ [1] (ɞɚɥɟɟ ɉɪɚɜɢɥɚ) ɢ ȽɈɋɌ 

22895 – 77 [2]. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɚɜɢɥɚɦɢ 

ɜɫɟ ɬɨɪɦɨɡɧɵɟ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɦɢ ɨɛɨɪɭɞɨ-
ɜɚɧɨ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ, ɜɤɥɸɱɚɹ ɢ ɬɪɨɥ-

ɥɟɣɛɭɫ, ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ 

ɜ ɨɬɧɨɲɟɧɢɢ ɫɢɫɬɟɦ ɪɚɛɨɱɟɝɨ, ɚɜɚɪɢɣɧɨɝɨ ɢ 

ɫɬɨɹɧɨɱɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ, ɚ ɨɫɧɨɜɧɵɦɢ ɨɰɟ-
ɧɨɱɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫ-
ɬɟɦ ɹɜɥɹɸɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɡɚɦɟɞɥɟɧɢɟ ɢ 

ɬɨɪɦɨɡɧɨɣ ɩɭɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ.  
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

Ⱥɧɚɥɢɡ ɩɟɪɟɞɨɜɵɯ ɪɚɡɪɚɛɨɬɨɤ ɦɢɪɨɜɵɯ 
ɮɢɪɦ-ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ Wabco, Knorr-Bremse, 

Bosch ɢ ɞɪ., ɚ ɬɚɤɠɟ ɨɬɞɟɥɶɧɵɯ ɪɚɛɨɬ [3–6] 

ɭɱɟɧɵɯ, ɢɡɜɟɫɬɧɵɯ ɜ ɨɛɥɚɫɬɢ ɫɢɫɬɟɦ ɚɤɬɢɜ-
ɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɩɨ-
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ɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɹɜ-
ɥɹɸɬɫɹ ɬɨɪɦɨɡɧɵɟ ɫɢɫɬɟɦɵ ɫ ɷɥɟɤɬɪɨɧɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ. ɉɪɢ ɷɬɨɦ, ɢɯ ɭɩɪɚɜɥɟɧɢɟ ɦɨ-
ɠɟɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɧɵɦ ɛɥɨɤɨɦ, 

ɜɯɨɞɹɳɢɦ ɜ ɫɨɫɬɚɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɢɫɬɟɦɵ 

ɚɤɬɢɜɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ: ɚɧɬɢ-

ɛɥɨɤɢɪɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ (ABS), ɫɢɫɬɟɦɵ ESP 

(Electronic Stability Program) ɢ ɞɪ. 
 

Ɍɪɨɥɥɟɣɛɭɫɵ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɝɨɪɨɞɫɤɢɯ 
ɭɫɥɨɜɢɹɯ, ɝɞɟ ɞɜɢɠɟɧɢɟ ɬɪɚɧɫɩɨɪɬɚ ɨɫɭɳɟɫɬ-
ɜɥɹɟɬɫɹ ɜ ɪɟɠɢɦɟ ɪɚɡɝɨɧ-ɬɨɪɦɨɠɟɧɢɟ, ɱɬɨ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɛɨɥɶɲɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɞɜɢɠɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɩɨɬɨɤɨɜ ɧɚ ɩɟɪɟɤɪɟɫɬɤɚɯ. ɑɢɫɥɨ ɬɨɪɦɨɠɟɧɢɣ 

ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 1 ɞɨ 4 ɡɚ ɦɢɧɭ-

ɬɭ [7]. Ʉɪɨɦɟ ɬɨɝɨ, ɬɪɨɥɥɟɣɛɭɫ ɡɚɦɟɞɥɹɟɬ 
ɞɜɢɠɟɧɢɟ ɩɪɢ ɩɨɞɴɟɡɞɟ ɤ ɨɫɬɚɧɨɜɤɟ ɢ ɪɚɡɝɨ-
ɧɹɟɬɫɹ, ɨɬɴɟɡɠɚɹ ɨɬ ɧɟɟ. ȼ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɱɚɫ-
ɬɨɟ ɬɨɪɦɨɠɟɧɢɟ ɬɪɨɥɥɟɣɛɭɫɚ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, 
ɱɬɨ ɟɝɨ ɪɚɛɨɱɚɹ ɬɨɪɦɨɡɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ 
ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɯ ɫɢɫɬɟɦ.  

 

ɂɡɜɟɫɬɧɵɦ ɪɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜ-
ɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɪɦɨɡɨɜ – ɡɚɦɟɞɥɢɬɟ-
ɥɟɣ (ɌɁ) ɜ ɫɨɫɬɚɜɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɬɨɪɦɨɡ-
ɧɨɣ ɫɢɫɬɟɦɵ (ȼɌɋ). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 
ɨɬɧɨɲɟɧɢɢ ɩɚɫɫɚɠɢɪɫɤɢɯ ɬɪɚɧɫɩɨɪɬɧɵɯ 

ɫɪɟɞɫɬɜ ɉɪɚɜɢɥɚ ɩɪɟɞɩɢɫɵɜɚɸɬ ɨɛɹɡɚɬɟɥɶɧɨɟ 
ɧɚɥɢɱɢɟ ȼɌɋ, ɬ. ɟ. «ɫɢɫɬɟɦɵ ɡɚɦɟɞɥɟɧɢɹ» 

ɬɨɥɶɤɨ ɧɚ ɦɟɠɞɭɝɨɪɨɞɧɵɯ ɚɜɬɨɛɭɫɚɯ ɢ ɬɭɪɢ-

ɫɬɢɱɟɫɤɢɯ ɚɜɬɨɛɭɫɚɯ ɞɚɥɶɧɟɝɨ ɫɥɟɞɨɜɚɧɢɹ 
ɤɚɬɟɝɨɪɢɢ M3. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɚɜɢɥɚɦɢ, 

"ɫɢɫɬɟɦɚ ɡɚɦɟɞɥɟɧɢɹ" ɨɡɧɚɱɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɭɸ ɫɢɫɬɟɦɭ ɬɨɪɦɨɠɟɧɢɹ, ɨɛɥɚɞɚɸɳɭɸ ɫɩɨ-
ɫɨɛɧɨɫɬɶɸ ɨɛɟɫɩɟɱɢɜɚɬɶ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ 
ɷɮɮɟɤɬ ɬɨɪɦɨɠɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ 
ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɯɭɞɲɟ-
ɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ȼɌɋ ɮɨɪɦɚɥɶɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɚ ɧɚ 
ɬɪɨɥɥɟɣɛɭɫɚɯ, ɨɞɧɚɤɨ ɱɚɫɬɵɟ ɫɥɭɠɟɛɧɵɟ 
ɬɨɪɦɨɠɟɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɤɭɩɟɪɚɰɢɢ 

ɷɧɟɪɝɢɢ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ ɟɟ ɩɪɢɦɟɧɟɧɢɟ.  
 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɫɥɭɠɟɛɧɵɯ ɬɨɪɦɨ-
ɠɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 97…99 % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ 
ɬɨɪɦɨɠɟɧɢɣ [8]. ɉɪɢ ɷɬɨɦ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ 
ɡɚɦɟɞɥɟɧɢɹ ɜ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ ɞɜɢɠɟɧɢɹ 
ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,8…1,7 ɦ/ɫ2 [7]. ɇɨɪ-
ɦɚɬɢɜɧɨɟ ɠɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢ 

ɬɨɪɦɨɠɟɧɢɢ ɞɜɢɝɚɬɟɥɟɦ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ 
ɧɟ ɦɟɧɟɟ 0,5 ɦ/ɫ2 [1]. Ʉɪɨɦɟ ɬɨɝɨ, ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɨɰɟɧɢɜɚɟɬɫɹ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ȼɌɋ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɫɤɨ-
ɪɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɪɟɞɟɥɚɯ 30±5 ɤɦ/ɱ ɧɚ 
ɡɚɬɹɠɧɵɯ ɫɩɭɫɤɚɯ ɫ ɭɤɥɨɧɨɦ 6% [1]. 

Ɉɫɧɨɜɧɵɦɢ ɜɨɩɪɨɫɚɦɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ȼɌɋ ɧɚ ɬɨɦ ɢɥɢ 

ɢɧɨɦ ɚɜɬɨɦɨɛɢɥɟ, ɬɪɟɛɭɸɳɢɦɢ ɞɟɬɚɥɶɧɨɝɨ 

ɢɡɭɱɟɧɢɹ ɹɜɥɹɸɬɫɹ: 
– ɨɩɪɟɞɟɥɟɧɢɟ ɬɨɪɦɨɡɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɌɁ;  
– ɨɩɪɟɞɟɥɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ȼɌɋ.  

 

ȼɨɩɪɨɫɵ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɜɫɩɨ-
ɦɨɝɚɬɟɥɶɧɵɯ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ ɧɚ ɬɪɚɧɫ-
ɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜɚɯ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ Ⱦ.Ɍ. Ƚɚɩɨɹɧɚ, 
ɂ.ȼ. Ȼɚɥɚɛɢɧɚ, Ɇ.ɉ. ɂɜɚɧɞɢɤɨɜɚ, ɇ.ȼ. Ȼɨ-
ɝɞɚɧɚ ɢ ɞɪ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɪɚɫɫɦɚɬɪɢ-

ɜɚɸɬɫɹ ɦɨɬɨɪɧɵɟ ɬɨɪɦɨɡɚ-ɡɚɦɟɞɥɢɬɟɥɢ, ɤɚɤ 
ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɧɚ ɚɜɬɨɦɨɛɢɥɹɯ 
ɫ Ⱦȼɋ, ɢ ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɪɨ-
ɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɞɟɲɟ-
ɜɢɡɧɨɣ, ɯɨɬɹ ɩɪɢ ɷɬɨɦ ɨɛɥɚɞɚɸɳɢɟ ɧɟɜɵɫɨ-
ɤɨɣ ɡɚɦɟɞɥɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɱɚɳɟ 
ɜɫɟɝɨ ɜɵɩɨɥɧɹɟɦɵɟ ɧɟɪɟɝɭɥɢɪɭɟɦɵɦɢ. ɇɚɢ-

ɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ 
ɬɪɨɥɥɟɣɛɭɫɚɯ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɣ 

ɌɁ, ɩɨɫɤɨɥɶɤɭ ɜ ɨɫɧɨɜɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɭɠɟ ɢɦɟɸɳɢɣɫɹ ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 
(ɌɗȾ), ɫɩɨɫɨɛɧɵɣ ɪɚɛɨɬɚɬɶ ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɪɟɠɢɦɟ ɞɥɹ ɫɨɡɞɚɧɢɹ  ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ. 
ȼɵɪɚɛɚɬɵɜɚɟɦɚɹ ɩɪɢ ɷɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɨɪɦɨɡɧɵɯ ɪɟɨɫɬɚɬɚɯ ɜ ɬɟɩ-

ɥɨɜɭɸ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɫɟɢɜɚɧɢɟɦ ɜ ɨɤɪɭ-

ɠɚɸɳɭɸ ɫɪɟɞɭ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɠɟ ɫɨ-
ɜɪɟɦɟɧɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ 
ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɨɠɟɬ ɛɵɬɶ 
ɜɨɡɜɪɚɳɟɧɚ ɜ ɤɨɧɬɚɤɬɧɭɸ ɫɟɬɶ ɥɢɛɨ ɧɚɤɚɩɥɢ-

ɜɚɬɶɫɹ ɜ ɧɚɤɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɱɬɨ  
ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɬɪɨɥ-
ɥɟɣɛɭɫɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɨɬɨɪɧɵɯ ɡɚɦɟɞɥɢɬɟ-
ɥɟɣ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɡɚɦɟɞɥɢɬɟɥɢ ɫɩɨ-
ɫɨɛɧɵ ɫɨɡɞɚɜɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ 
ɡɚɦɟɞɥɟɧɢɟ (ɞɨ 2 ɦ/ɫ2) [9]. ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɢ 

ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɤɬɭɚɥɶɧɚ ɡɚɞɚɱɚ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɟɦɟɳɟɧɢɟɦ ɨɪɝɚɧɚ ɭɩɪɚɜ-
ɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɬɨɪɦɨɡ-
ɧɨɣ ɦɨɦɟɧɬ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɢ 

ɩɚɪɚɦɟɬɪɨɜ ɫɚɦɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɟɝɨ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, 
ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɪɦɨɠɟɧɢɟ.  
 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɷɥɟɤɬɪɨɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɌɁ ɧɚ ɬɪɨɥɥɟɣɛɭɫɚɯ ɨɝɪɚɧɢɱɢɜɚ-
ɸɬɫɹ ɪɚɛɨɬɚɦɢ ɂ.ɋ. ȿɮɪɟɦɨɜɚ, Ʌ.ə. Ʉɨɝɚɧɚ, 
Ʌ.ɋ. Ȼɚɣɪɵɟɜɨɣ ɢ ɞɪ., ɜ ɤɨɬɨɪɵɯ ɪɚɫɫɦɚɬɪɢ-

ɜɚɸɬɫɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɜɢɞɚ ぜɬ = f(I), ωɞɜ = f(I) ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ, 

ɪɚɛɨɬɚɸɳɢɯ ɜ ɬɨɪɦɨɡɧɨɦ ɪɟɠɢɦɟ, ɝɞɟ  
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ぜɬ  – ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ; ωɞɜ – ɭɝ-
ɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɹɤɨɪɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; I – 

ɬɨɤ ɜ ɨɛɦɨɬɤɟ ɹɤɨɪɹ. Ɉɞɧɚɤɨ, ɞɥɹ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɚɜɬɨɦɨɛɢɥɹ, 
ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢɟɦɥɟɦɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɫɢɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɨɬ 
ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɟɝɨ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ. Ɂɚɱɚɫ-
ɬɭɸ ɨɬɫɭɬɫɬɜɭɸɳɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɤɨɧɤɪɟɬɧɨɣ ɫɢɫ-
ɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ (ɊɄɋɍ, ɬɢɪɢɫɬɨɪɧɨ-
ɢɦɩɭɥɶɫɧɚɹ (Ɍɂɋɍ), ɬɪɚɧɡɢɫɬɨɪɧɚɹ (IGBT)) 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ, 

ɥɢɛɨ ɩɭɬɟɦ ɩɟɪɟɫɬɪɨɟɧɢɹ  ɟɝɨ ɷɥɟɤɬɪɨɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɪɚɛɨɬɵ ɩɨ ɤɨɦɩɥɟɤɫɧɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ȼɌɋ ɧɚ ɬɪɨɥɥɟɣɛɭɫɚɯ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɢ-

ɡɚ ɧɨɪɦɚɬɢɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ 
ɧɟɤɨɬɨɪɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪ-
ɦɨɡɧɵɯ ɫɢɫɬɟɦ ɬɪɨɥɥɟɣɛɭɫɨɜ, ɩɨɥɭɱɟɧɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ, ɧɟɨɛɯɨɞɢɦɨ ɜɵ-

ɹɜɢɬɶ ɤɪɭɝ ɜɨɩɪɨɫɨɜ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɞɟ-
ɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɮɨɪɦɢɪɭɸɬ ɨɬɞɟɥɶ-
ɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɜɢɬɢɹ ɬɨɪɦɨɡɧɵɯ 
ɩɪɢɜɨɞɨɜ ɬɪɨɥɥɟɣɛɭɫɨɜ ɜ ɱɚɫɬɢ ɫɨɡɞɚɧɢɹ ɚɜ-
ɬɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨ ɢɯ ɭɩɪɚɜɥɟɧɢɸ. 

 

ɉɭɬɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɨɪɦɨɡɧɵɯ  
ɩɪɢɜɨɞɨɜ ɬɪɨɥɥɟɣɛɭɫɨɜ 

 

ȼɌɋ ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ ɬɪɨɥɥɟɣɛɭɫɚɯ ɨɬɧɨɫɹɬ-
ɫɹ ɤ «ɜɫɬɪɨɟɧɧɵɦ ɫɢɫɬɟɦɚɦ ɡɚɦɟɞɥɟɧɢɹ», ɬɨ 

ɟɫɬɶ ɤ ɫɢɫɬɟɦɚɦ ɡɚɦɟɞɥɟɧɢɹ, ɭɫɬɪɨɣɫɬɜɨ 
ɭɩɪɚɜɥɟɧɢɹ ɤɨɬɨɪɵɦɢ ɫɨɜɦɟɳɟɧɨ ɫ ɭɫɬɪɨɣ-

ɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟ-
ɦɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɫɢɫɬɟɦɚ ɡɚɦɟɞɥɟɧɢɹ ɢ 

ɪɚɛɨɱɚɹ ɬɨɪɦɨɡɧɚɹ ɫɢɫɬɟɦɚ ɜɤɥɸɱɚɸɬɫɹ ɨɞ-

ɧɨɜɪɟɦɟɧɧɨ ɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨ-

ɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ [1]. ɉɪɢ ɷɬɨɦ ɜ 
ɧɚɱɚɥɟ ɯɨɞɚ ɬɨɪɦɨɡɧɨɣ ɩɟɞɚɥɢ ɩɪɨɢɫɯɨɞɢɬ 
ɭɩɪɚɜɥɟɧɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫ-
ɬɟɦɨɣ, ɚ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɟɟ ɯɨɞɟ – ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ȼɌɋ ɢ ɪɚɛɨɱɟɣ  

ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ. Ɉɞɧɚɤɨ, ɪɚɛɨɬɚɹ ɫɨɜɦɟ-
ɫɬɧɨ, ɤɚɠɞɚɹ ɢɡ ɫɢɫɬɟɦ ɧɟ «ɭɱɢɬɵɜɚɟɬ» ɜɥɢɹ-
ɧɢɟ ɞɪɭɝɨɣ ɧɚ ɨɛɳɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɪɦɨ-
ɠɟɧɢɹ. Ɋɚɫɱɟɬ ɠɟ (ɜɵɛɨɪ) ɬɨɪɦɨɡɧɵɯ ɤɚɦɟɪ ɢ 

ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɤɨɥɟɫ ɨɫɭɳɟɫɬɜɥɹɟɬ-
ɫɹ ɛɟɡ ɭɱɟɬɚ ɞɟɣɫɬɜɢɹ ɧɚ ɧɢɯ ɷɥɟɤɬɪɨɞɢɧɚɦɢ-

ɱɟɫɤɨɝɨ ɌɁ. ɗɬɨɬ ɜɨɩɪɨɫ, ɨɱɟɜɢɞɧɨ, ɬɪɟɛɭɟɬ 
ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɫɨɝɥɚɫɨɜɚ-
ɧɢɹ ɪɚɛɨɬɵ ɞɜɭɯ ɫɢɫɬɟɦ, ɫɩɨɫɨɛɧɨɝɨ ɩɨɜɵ-

ɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɬɪɨɥ-
ɥɟɣɛɭɫɚ ɜ ɰɟɥɨɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ ɜɨɩɪɨɫ 
ɚɤɬɭɚɥɟɧ ɜ ɫɜɹɡɢ ɫ ɬɪɟɛɨɜɚɧɢɟɦ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɩɵɬɚɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɬɨɪɦɨɡɧɵɯ ɤɚ-
ɱɟɫɬɜ ɬɨɥɶɤɨ ɫ ɩɨɞɫɨɟɞɢɧɟɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ, 

ɤɨɝɞɚ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɩɨɥɧɨɫɬɶɸ ɢɥɢ 

ɱɚɫɬɢɱɧɨ ɢɫɩɨɥɶɡɭɟɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ, ɩɨ-
ɫɬɨɹɧɧɨ ɩɨɞɫɨɟɞɢɧɟɧɧɵɣ ɤ ɤɨɥɟɫɚɦ [1].  

 

ɉɪɢ ɬɨɪɦɨɠɟɧɢɢ ɞɜɢɝɚɬɟɥɟɦ ɧɚ ɜɟɞɭɳɢɟ ɤɨ-
ɥɟɫɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɞɟɣɫɬɜɭɟɬ ɦɨ-
ɦɟɧɬ ɨɛɪɚɡɨɜɚɧɧɵɣ ɞɜɭɦɹ ɫɨɫɬɚɜɥɹɸɳɢɦɢ: 

ɬɨɪɦɨɡɧɨɣ ぜɞɜ ɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɟɣ ɧɚɩɪɚɜ-
ɥɟɧɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ぜ ɢɧ. ȼɥɢɹɧɢɟ ɩɨɫɥɟɞ-

ɧɟɣ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟ-
ɧɢɹ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɦɨɬɨɪɧɨɝɨ ɬɨɪɦɨɡɚ ɩɪɢ ɷɬɨɦ ɩɚɞɚɟɬ. 
ȼ ɷɬɨɣ ɫɜɹɡɢ ɚɜɬɨɪɵ ɧɟɤɨɬɨɪɵɯ ɪɚɛɨɬ, ɩɨ-
ɫɜɹɳɟɧɧɵɯ ɜɨɩɪɨɫɭ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɢ ɪɚɛɨɱɟɣ ɬɨɪɦɨɡɧɵɯ 

ɫɢɫɬɟɦ, ɞɟɥɚɸɬ ɜɵɜɨɞ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɬɚɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ ぜɞɜ > ぜɢɧ, 

ɬɨ ɟɫɬɶ, ɤɨɝɞɚ ɞɜɢɝɚɬɟɥɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɨɪ-
ɦɨɠɟɧɢɸ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ  ɭɱɟɫɬɶ, 
ɱɬɨ ɪɚɛɨɱɚɹ ɬɨɪɦɨɡɧɚɹ ɫɢɫɬɟɦɚ ɬɪɚɧɫɩɨɪɬɧɨ-

ɝɨ ɫɪɟɞɫɬɜɚ ɢɡɧɚɱɚɥɶɧɨ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɧɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɛɥɢɡɤɭɸ ɩɨ ɫɰɟɩɥɟɧɢɸ ɤɨɥɟɫ 
ɫ ɞɨɪɨɝɨɣ, ɢ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ, 

ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɢɯ ɤɨɥɟɫɚɯ ɨɬ 
ȼɌɋ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ ɛɥɨɤɢɪɨɜɤɟ, ɢ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɤ ɭɯɭɞɲɟɧɢɸ ɬɨɪɦɨɡɧɵɯ ɫɜɨɣɫɬɜ 
ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɜɢɠɟɧɢɹ ɦɚɲɢɧɵ. Ɉɛɨɫɧɨ-
ɜɚɧɧɨɫɬɶ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɩɨɞɬɜɟɪɠɞɚɸɬ ɧɟ-
ɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟ-
ɞɟɧɧɵɟ ɧɚ ɈȺɈ «Ȼɟɥɤɨɦɦɭɧɦɚɲ», ɱɚɫɬɢɱɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 1 [10], ɚ ɬɚɤɠɟ 
ɨɩɢɫɵɜɚɟɦɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɢɡɨɛɪɟɬɟɧɢɹ, ɜ 
ɤɨɬɨɪɵɯ ɩɪɟɞɥɚɝɚɟɬɫɹ, ɜɨ ɢɡɛɟɠɚɧɢɟ ɛɥɨɤɢ-

ɪɨɜɤɢ ɜɟɞɭɳɢɯ ɤɨɥɟɫ, ɭɦɟɧɶɲɚɬɶ ɫɬɟɩɟɧɶ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɢɯ ɨɞɧɨɣ ɢɡ ɫɨɜɦɟɫɬɧɨ ɪɚɛɨ-
ɬɚɸɳɢɯ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ (ȼɌɋ ɢ ɊɌɋ). Ʉɚɤ 
ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2, ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɢ ɞɜɭɯ ɫɢɫɬɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ 
ɭɦɟɧɶɲɟɧɢɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɢ ɩɨɫɥɟɞɭɸ-

ɳɟɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɜɟɞɭɳɟɝɨ ɤɨɥɟɫɚ 2-ɝɨ  

ɦɨɫɬɚ (ɤɪɢɜɚɹ 4) ɱɟɪɟɡ 2,1ɫ ɩɨɫɥɟ ɧɚɱɚɥɚ 
ɬɨɪɦɨɠɟɧɢɹ, ɩɪɨɞɨɥɠɚɸɳɟɟɫɹ ɞɨ ɩɨɥɧɨɣ 

ɨɫɬɚɧɨɜɤɢ ɬɪɨɥɥɟɣɛɭɫɚ.  
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ ɫɨɜɦɟɫɬɧɨɝɨ ɬɨɪɦɨ-
ɠɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɢ ɪɚɛɨɱɟɣ ɬɨɪɦɨɡ-
ɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɜ ɞɨɥɠ-

ɧɨɣ ɦɟɪɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ 
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ɪɟɚɥɢɡɚɰɢɢ ɫɭɦɦɚɪɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɥɵ ɩɨ 

ɭɫɥɨɜɢɹɦ ɫɰɟɩɥɟɧɢɹ ɜɟɞɭɳɢɯ ɤɨɥɟɫ ɫ ɞɨɪɨ-
ɝɨɣ, ɚ ɬɚɤɠɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɨɛ-

ɳɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ  ɡɚ 
ɫɱɟɬ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜ ɢɯ ɪɚɛɨɬɟ. ɗɬɨ ɨɫɨɛɟɧɧɨ 
ɚɤɬɭɚɥɶɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɬɨɪɦɨɡɧɵɯ ɫɢɫ-

ɬɟɦ ɬɪɨɥɥɟɣɛɭɫɨɜ ɫɩɨɫɨɛɧɵɯ ɪɚɡɜɢɜɚɬɶ ɫɪɚɜ-
ɧɢɬɟɥɶɧɨ ɜɵɫɨɤɨɟ ɡɚɦɟɞɥɟɧɢɟ ɦɚɲɢɧɵ. ȼ 

ɷɬɨɣ  ɫɜɹɡɢ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɧɚɩɪɚɜɥɟɧ-

ɧɵɯ ɧɚ ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫɨɜɦɟɫɬɧɨɝɨ ɬɨɪ-
ɦɨɠɟɧɢɹ ɬɪɨɥɥɟɣɛɭɫɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɢ 

ɪɚɛɨɱɟɣ ɬɨɪɦɨɡɧɵɦɢ ɫɢɫɬɟɦɚɦɢ. 
 

 
 
Ɋɢɫ. 1. Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɤɨɥɟɫ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɫɨɱɥɟɧɟɧɧɨɝɨ ɬɪɨɥɥɟɣɛɭɫɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɊɌɋ ɫɨɜɦɟɫɬɧɨ ɫ ȼɌɋ: 1, 2 – ɩɟɪɟɞɧɢɟ ɭɩɪɚɜɥɹɟɦɵɟ ɤɨɥɟɫɚ; 3, 4 – ɤɨɥɟɫɚ 
ɜɟɞɭɳɟɝɨ ɦɨɫɬɚ; 5, 6 – ɤɨɥɟɫɚ ɩɨɥɭɩɪɢɰɟɩɚ 

 

Ɉɬɞɟɥɶɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɬɪɟɛɭɟɬ ɩɪɨɰɟɫɫ 
ɫɨɡɞɚɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ ɫɨɱɥɟɧɟɧɧɵɯ 

ɬɪɨɥɥɟɣɛɭɫɨɜ. ɉɨɫɤɨɥɶɤɭ ɞɟɬɚɥɶɧɵɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ ɫɨɱɥɟɧɟɧɧɵɯ 

ɬɪɨɥɥɟɣɛɭɫɨɜ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ, ɬɨ ɩɪɢ ɢɡɭɱɟ-
ɧɢɢ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɨɬɩɪɚɜɧɨɣ ɬɨɱɤɨɣ ɦɨ-
ɝɭɬ ɫɬɚɬɶ ɬɪɭɞɵ ɜ ɨɛɥɚɫɬɢ ɞɢɧɚɦɢɤɢ ɬɨɪɦɨ-
ɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢ ɬɪɚɤɬɨɪɧɵɯ ɩɨɟɡɞɨɜ. 
 

Ɉɞɧɨɣ ɢɡ ɨɱɟɜɢɞɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɧɫɬ-
ɪɭɤɰɢɢ ɚɜɬɨɩɨɟɡɞɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɬɹɝɚɱɚ ɢ 

ɩɨɥɭɩɪɢɰɟɩɚ, ɹɜɥɹɟɬɫɹ ɲɚɪɧɢɪɧɚɹ ɫɜɹɡɶ ɦɟ-
ɠɞɭ ɡɜɟɧɶɹɦɢ, ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɭɯɭɞɲɟɧɢɸ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɜɢɠɟɧɢɹ ɚɜɬɨɩɨɟɡɞɚ ɩɪɢ  

ɬɨɪɦɨɠɟɧɢɢ. ȼ ɩɪɨɰɟɫɫɟ ɬɨɪɦɨɠɟɧɢɹ ɩɨɥɭ-

ɩɪɢɰɟɩ, ɧɚɤɚɬɵɜɚɹɫɶ ɧɚ ɬɹɝɚɱ, ɫɨɡɞɚɟɬ ɧɟɛɥɚ-
ɝɨɩɪɢɹɬɧɵɟ ɭɫɢɥɢɹ ɫɠɚɬɢɹ ɜ ɫɰɟɩɧɨɦ ɭɫɬ-
ɪɨɣɫɬɜɟ. ɗɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɚɧɨɫɭ ɤɨɥɟɫ 
ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɬɹɝɚɱɚ ɢ ɫɤɥɚɞɵɜɚɧɢɸ ɚɜɬɨɩɨ-
ɟɡɞɚ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɧɟɠɟɥɚɬɟɥɶ-
ɧɨɝɨ ɹɜɥɟɧɢɹ ɜ ɩɧɟɜɦɨɩɪɢɜɨɞɚɯ ɬɨɪɦɨɡɧɵɯ 
ɫɢɫɬɟɦ ɩɪɢɦɟɧɹɸɬɫɹ, ɜɨ-ɩɟɪɜɵɯ, ɭɫɬɪɨɣɫɬɜɚ 
ɩɨɜɵɲɚɸɳɢɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɤɨɧɬɭɪɚ ɩɪɢɰɟɩɚ, ɚ ɜɨ-ɜɬɨɪɵɯ, ɭɫɬɪɨɣɫɬɜɚ 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɨɩɟɪɟɠɚɸɳɟɟ ɫɪɚɛɚɬɵɜɚ-
ɧɢɟ ɩɪɢɜɨɞɚ ɩɪɢɰɟɩɧɨɝɨ ɫɨɫɬɚɜɚ.  
 

ɗɬɨ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɭɫɤɨɪɢɬɟɥɶɧɵɟ ɤɥɚɩɚɧɵ, 

ɤɥɚɩɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɬɨɪɦɨɡɚɦɢ ɩɪɢɰɟɩɚ, ɚ 
ɬɚɤɠɟ ɷɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ ɜ ɰɟ-
ɥɨɦ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɟ ɜɵɲɟɧɚɡɜɚɧɧɵɟ 

ɮɭɧɤɰɢɢ. Ɍɚɤɠɟ ɢɡɜɟɫɬɧɵ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨ-
ɪɵɯ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɬɹɝɚɱɚ ɦɨɬɨɪɧɵɦ ɌɁ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɞɬɨɪɦɚɠɢɜɚɧɢɟ ɤɨɥɟɫ ɩɪɢ-

ɰɟɩɚ ɩɨɫɬɨɹɧɧɵɦ ɧɟɛɨɥɶɲɢɦ ɩɨ ɜɟɥɢɱɢɧɟ 
ɞɚɜɥɟɧɢɟɦ  ɫ ɩɨɦɨɳɶɸ ɪɟɥɟɣɧɨɝɨ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɝɨ ɤɥɚɩɚɧɚ. ɂɡɜɟɫɬɧɵ ɢɡɨɛɪɟɬɟɧɢɹ, 
ɨɩɢɫɵɜɚɸɳɢɟ ɬɨɪɦɨɡɧɭɸ ɫɢɫɬɟɦɭ ɚɜɬɨɩɨɟɡ-
ɞɚ, ɩɨɡɜɨɥɹɸɳɭɸ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɟɪɟɦɟ-
ɳɟɧɢɸ ɨɪɝɚɧɚ ɭɩɪɚɜɥɟɧɢɹ ȼɌɋ ɫɨɡɞɚɜɚɬɶ ɧɟ 
ɬɨɥɶɤɨ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ, ɧɨ ɢ 

ɬɨɪɦɨɡɧɭɸ ɫɢɥɭ ɧɚ ɤɨɥɟɫɚɯ ɩɪɢɰɟɩɚ, ɚ ɬɚɤ ɠɟ 
ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɜɨɡɪɚɫɬɚ-
ɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɬɨɪɦɨɡɧɵɯ ɤɚɦɟɪɚɯ ɩɪɢɰɟɩɚ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɨɫɬɭ ɞɚɜɥɟɧɢɹ ɜ ɜɵɩɭɫɤ-
ɧɨɦ ɤɨɥɥɟɤɬɨɪɟ ɞɜɢɝɚɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɤɨɦ-

ɩɥɟɤɫɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɨɰɟɧɢɜɚɸɳɢɦ ɤɚɱɟɫɬɜɨ 
ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ, ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɭɫɢɥɢɟ ɜ 
ɬɹɝɨɜɨ-ɫɰɟɩɧɨɦ ɭɫɬɪɨɣɫɬɜɟ [3, 6]. ɋɥɟɞɭɟɬ, ɨɞ-
ɧɚɤɨ, ɭɱɟɫɬɶ ɞɜɚ ɧɟɝɚɬɢɜɧɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ:  
 
– ɩɨɫɬɨɹɧɧɨɟ ɩɨɞɬɨɪɦɚɠɢɜɚɧɢɟ ɩɪɢɰɟɩɚ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ȼɌɋ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɩɟ-
ɪɟɝɪɟɜɭ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɪɢɰɟɩɚ, ɩɨ-
ɬɟɪɟ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɢɧɬɟɧɫɢɜɧɨɦɭ ɢɡ-
ɧɨɫɭ; 

 

– ɟɫɥɢ ɬɨɪɦɨɡɧɵɟ ɫɢɥɵ ɩɪɢɰɟɩɚ ɩɪɟɜɵɫɹɬ 
ɫɢɥɵ ɫɰɟɩɥɟɧɢɹ ɤɨɥɟɫ ɫ ɞɨɪɨɝɨɣ, ɬɨ ɰɟɥɟɫɨ-
ɨɛɪɚɡɧɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɩɨ-
ɟɡɞɚ ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɩɨɞ 
ɜɨɩɪɨɫɨɦ [8]. 

              1.0                1.6                 2.2                2.8                3.4                 4.0                4.6              t, ɫ 
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Ɉɬɦɟɱɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɚɜ-
ɬɨɩɨɟɡɞɨɜ, ɜ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɤɚ ɬɨɪɦɨɡɚ-
ɡɚɦɟɞɥɢɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ ɬɹɝɚɱɟ. ȼ 

ɷɬɨɣ ɫɜɹɡɢ ɚɤɬɭɚɥɶɧɨ ɩɪɟɞɥɨɠɟɧɢɟ ɨ ɫɨɡɞɚ-
ɧɢɢ ɩɪɨɫɬɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɌɁ 

ɞɥɹ ɩɪɢɰɟɩɨɜ, ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ ɷɬɨɬ ɜɚɪɢɚɧɬ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɡɧɚɱɧɨ ɪɟɲɢɬɶ ɩɪɨ-
ɛɥɟɦɭ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɛɟɡɨɩɚɫɧɨɝɨ ɬɨɪɦɨ-
ɠɟɧɢɹ ɚɜɬɨɩɨɟɡɞɚ ɫ ɩɨɦɨɳɶɸ ȼɌɋ [8]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɨɱɟɜɢɞɟɧ ɜɵɜɨɞ ɨ ɩɪɨɜɟɞɟɧɢɹ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 

ɢɡɭɱɟɧɢɸ ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɫɨɱɥɟɧɟɧ-

ɧɵɯ ɬɪɨɥɥɟɣɛɭɫɨɜ  ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɞɥɹ ɧɢɯ 
ɷɮɮɟɤɬɢɜɧɵɯ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ. 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɢ ɢ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢ 

ɬɪɚɤɬɨɪɧɵɯ ɩɨɟɡɞɨɜ ɪɚɛɨɬɵ [3, 6, 8, 11, 12 ɢ 

ɞɪ.] ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɨɞɟɥɢ ɜ ɧɢɯ ɩɪɟɞɥɚɝɚɟɦɵɟ, ɨɬɥɢɱɚɸɬɫɹ, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɬɟɩɟɧɶɸ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ. 

Ɍɚɤ ɜ ɧɟɤɨɬɨɪɵɯ ɪɚɛɨɬɚɯ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɧɚ-
ɥɢɱɢɟ ɡɚɡɨɪɚ ɢ ɭɩɪɭɝɨ-ɞɟɦɩɮɢɪɭɸɳɢɯ 
ɫɜɨɣɫɬɜ ɫɰɟɩɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ȼ ɨɬɞɟɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɬɪɚɧɫɦɢɫɫɢɹ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚ-
ɟɬɫɹ ɤɚɤ ɡɜɟɧɨ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɫɢɫɬɟɦɵ, ɥɢ-

ɛɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɞɜɭɯ-, ɬɪɟɯɦɚɫɫɨ-
ɜɨɣ ɦɨɞɟɥɢ. ȼ ɧɟɤɨɬɨɪɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɟ 
ɭɱɢɬɵɜɚɸɬɫɹ ɭɩɪɭɝɨ-ɞɟɦɩɮɢɪɭɸɳɢɟ ɫɜɨɣɫɬ-
ɜɚ ɩɨɞɜɟɫɤɢ ɢ (ɢɥɢ) ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɰɟɩ-

ɧɨɝɨ ɜɟɫɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɸɬ  
ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɞɚɧɧɵɟ ɫɜɨɣɫɬɜɚ ɨɞ-

ɧɨɜɪɟɦɟɧɧɨ, ɱɬɨ ɜɚɠɧɨ ɢɦɟɧɧɨ ɞɥɹ ɬɪɨɥɥɟɣ-

ɛɭɫɚ (ɫɨɱɥɟɧɟɧɧɨɝɨ ɬɪɨɥɥɟɣɛɭɫɚ ɫ ɭɩɪɭɝɢɦɢ 

ɲɚɪɧɢɪɚɦɢ ɜ ɬɹɝɨɜɨ-ɫɰɟɩɧɨɦ ɭɫɬɪɨɣɫɬɜɟ) ɫ 
ɬɹɝɨɜɵɦ ɩɪɢɜɨɞɨɦ ɭɱɚɫɬɜɭɸɳɢɦ ɜ ɩɪɨɰɟɫɫɟ 
ɬɨɪɦɨɠɟɧɢɹ.  

 

ȼɵɜɨɞɵ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɷɮ-

ɮɟɤɬɢɜɧɵɯ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ, ɩɨɜɵɲɚɸɳɢɯ 

ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɬɪɨɥɥɟɣɛɭɫɨɜ 
ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ:  
 

– ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɬɨɪɦɨɡɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɬɹɝɨɜɵɯ  ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɚɧɚɜ-
ɥɢɜɚɟɦɵɯ ɧɚ ɬɪɨɥɥɟɣɛɭɫɚɯ; 

 

– ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɢɧɚ-
ɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɫɨɱɥɟɧɟɧɧɨɝɨ ɬɪɨɥɥɟɣɛɭ-

ɫɚ, ɭɱɢɬɵɜɚɸɳɟɣ: ɭɩɪɭɝɨ- ɞɟɦɩɮɢɪɭɸɳɢɟ 
ɫɜɨɣɫɬɜɚ ɲɢɧ, ɩɨɞɜɟɫɤɢ ɢ ɫɰɟɩɧɨɝɨ ɭɫɬɪɨɣ-

ɫɬɜɚ, ɡɚɡɨɪ ɜ ɫɰɟɩɧɨɦ ɭɫɬɪɨɣɫɬɜɟ, ɢɧɟɪɰɢɨɧ-

ɧɵɟ ɢ ɭɩɪɭɝɨ-ɞɟɦɩɮɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ 

ɬɪɚɧɫɦɢɫɫɢɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ, ɭɫ-
ɥɨɜɢɹ ɫɰɟɩɥɟɧɢɹ ɤɨɥɟɫɚ ɫ ɞɨɪɨɝɨɣ; 

 

– ɨɩɪɟɞɟɥɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ȼɌɋ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɩɪɨɪɚɛɨɬ-
ɤɨɣ ɜɚɪɢɚɧɬɨɜ ɭɫɬɚɧɨɜɤɢ ɌɗȾ ɧɚ ɪɚɡɧɵɟ ɨɫɢ 

ɫɨɱɥɟɧɟɧɧɨɝɨ ɬɪɨɥɥɟɣɛɭɫɚ; 
 

– ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ, 

ɚɥɝɨɪɢɬɦɨɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɦɟɫɬɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ ɊɌɋ ɢ ȼɌɋ. 
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