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STOCHASTIC DISCRETE MATHEMATICAL MODEL OF AEROMETRIC 

INSTRUMENTATION CONTROL BY DATA OF FLIGHT RECORDERS  



The presented mathematical model is based on complexation and evaluation of het-

erogeneous flight parameters which are registered by data recorders or other concen-

trators that provide their post-flight processing by linear discrete Kalman filtering al-

gorithms. The presented materials are based on previously obtained scientific results 

and are a continuation of the paper published in IIAJ «Crede Experto: transport, soci-

ety, education, language» (2017, № 2, p. 115–125). 
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ɉɪɢɦɟɧɹɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɪɬɨɜɵɟ ɭɫɬɪɨɣɫɬɜɚ ɪɟɝɢɫɬɪɚɰɢɢ (ȻɍɊ) ɡɚ-

ɩɢɫɵɜɚɸɬ ɢ ɫɨɯɪɚɧɹɸɬ ɜ ɧɚɤɨɩɢɬɟɥɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɭɸ ɩɨɥɟɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɜ 

ɞɢɫɤɪɟɬɧɨɣ ɮɨɪɦɟ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ ɨɰɟɧɢɜɚ-

ɧɢɹ ɨɲɢɛɨɤ ɚɷɪɨɦɟɬɪɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ (ȺɆɉ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɢɯ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɣ ɦɨɞɟɥɶɸ [ɒɨɦɚɧɤɨɜ, 2017, ɫ. 115–125], ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦɚɯ ɨɛ-

ɪɚɛɨɬɤɢ ɩɨɥɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (ȺɋɈɉɂ) ɪɚɰɢɨɧɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɫɤɪɟɬ-

ɧɭɸ ɮɨɪɦɭ ɚɥɝɨɪɢɬɦɚ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɣɧɨɝɨ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ. 

Ɉɛɨɛɳɚɹ ɪɟɡɭɥɶɬɚɬɵ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [Ʉɨɥɨɞɟɠɧɵɣ, 2010; Ƚɪɢɲɢɧ, 

1985; ɒɨɦɚɧɤɨɜ, 2017, ɫ. 115–125], ɚɥɝɨɪɢɬɦ ɨɰɟɧɢɜɚɧɢɹ ɨɲɢɛɨɤ ȺɆɉ ɧɚ ɨɫ-

ɧɨɜɟ ɥɢɧɟɣɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ:  
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ɝɞɟ )(ˆ kx  – ɩɪɨɝɧɨɡ ɨɰɟɧɤɢ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ; 

)(kF – ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ (ɩɟɪɟɯɨɞɧɚɹ) ɦɚɬɪɢɰɚ ɫɢɫɬɟɦɵ; 

)(kP – ɦɚɬɪɢɰɚ ɨɲɢɛɨɤ ɷɤɫɬɪɚɩɨɥɹɰɢɢ; 

)(kG – ɦɚɬɪɢɰɚ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɜɨɡɦɭɳɟɧɢɣ ɫɢɫɬɟɦɵ; 

)(kH – ɦɚɬɪɢɰɚ ɫɜɹɡɢ ɜɟɤɬɨɪɚ ɢɡɦɟɪɟɧɢɣ ɫ ɜɟɤɬɨɪɨɦ ɫɨɫɬɨɹɧɢɹ; 

)(kR – ɦɚɬɪɢɰɚ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɲɭɦɨɜ ɢɡɦɟɪɟɧɢɣ; 

)1( kx
 – ɜɟɤɬɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɨɰɟɧɨɤ; 

)(kK – ɦɚɬɪɢɰɚ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɫɢɥɟɧɢɹ; 

)(kz – ɜɟɤɬɨɪ ɢɡɦɟɪɟɧɢɣ («ɧɟɜɹɡɨɤ»); 

)1( kP – ɦɚɬɪɢɰɚ ɨɲɢɛɨɤ ɮɢɥɶɬɪɚɰɢɢ. 

Ɋɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ (1) – (5) ɧɚɱɢɧɚɟɬɫɹ ɫ ɡɚɞɚɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɰɟɧɤɢ 

ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ )1( kx


 ɢ ɭɦɧɨɠɟɧɢɹ ɟɝɨ ɧɚ ɩɟɪɟɯɨɞɧɭɸ ɦɚɬɪɢɰɭ ɫɢ-

ɫɬɟɦɵ )(kF ɫɩɪɚɜɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɨɝɧɨɡ ɨɰɟɧɤɢ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ 

ɨɲɢɛɨɤ )(ˆ kx . Ⱦɚɥɟɟ, ɩɨ ɚɩɪɢɨɪɧɨ ɢɡɜɟɫɬɧɵɦ ɦɚɬɪɢɰɚɦ ɨɲɢɛɨɤ )(kP  ɢ )(kG , ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɜɵɪɚɠɟɧɢɟɦ (2), ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɬɪɢɰɚ ɨɲɢɛɨɤ ɷɤɫɬɪɚɩɨɥɹɰɢɢ 

)(ˆ kP . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɠɟɧɢɹ (1) ɢ (2) ɹɜɥɹɸɬɫɹ ɦɨɞɟɥɶɸ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɤɚɡɚɧɢɹ ɨɰɟɧɤɢ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɨɲɢɛɨɤ ȺɆɉ. 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɨɰɟɧɤɢ ɜɟɤɬɨɪɚ ɫɨ-

ɫɬɨɹɧɢɹ ɨɲɢɛɨɤ ȺɆɉ )1( kx


 ɩɭɬɟɦ ɤɨɪɪɟɤɰɢɢ ɩɪɟɞɫɤɚɡɚɧɧɨɣ ɨɰɟɧɤɢ )(ˆ kx ɫɥɟ-

ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɜɵɪɚɠɟɧɢɟɦ (3), ɩɨ ɜɵɱɢɫɥɟɧɧɨɣ ɦɚɬɪɢɰɟ 

)(kP  ɢ ɚɩɪɢɨɪɧɨ ɢɡɜɟɫɬɧɵɦ ɦɚɬɪɢɰɚɦ )(kH  ɢ )(kR  ɜɵɱɢɫɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ )(kK . Ⱦɚɥɟɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɜɵɪɚɠɟɧɢɟɦ (4), ɩɨ ɢɡɜɟɫɬ-

ɧɵɦ )(kK , )(kH , )(ˆ kx ɢ ɩɨɫɬɭɩɚɸɳɢɦ ɢɡɦɟɪɟɧɢɹɦ )(kz  ɜɵɱɢɫɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶ-

ɧɚɹ ɨɰɟɧɤɚ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɨɲɢɛɨɤ ȺɆɉ  )1( kx
 . Ⱦɚɥɟɟ ɢɡɜɟɫɬɧɵɟ ɦɚɬɪɢɰɵ 

)(kP , )(kK  ɢ )(kH  ɩɨɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɵɪɚɠɟɧɢɟ (5) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɬɪɢɰɵ 

ɨɲɢɛɨɤ ɮɢɥɶɬɪɚɰɢɢ )1( kP . ɇɚ ɷɬɨɦ ɩɟɪɜɵɣ ɰɢɤɥ ɨɰɟɧɢɜɚɧɢɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ. 



ȼɬɨɪɨɣ ɢ ɩɨɫɥɟɞɭɸɳɢɟ ɰɢɤɥɵ ɨɰɟɧɢɜɚɧɢɹ ɧɚɱɢɧɚɸɬɫɹ ɫ ɩɨɞɫɬɚɧɨɜɤɢ ɩɨɥɭ-

ɱɟɧɧɨɣ ɨɩɬɢɦɚɥɶɧɨɣ ɨɰɟɧɤɢ )1( kx


 ɜɦɟɫɬɨ )1( kx
 ɜ ɜɵɪɚɠɟɧɢɢ (1) ɢ ɦɚɬɪɢɰɵ 

)1( kP  ɜɦɟɫɬɨ )1( kP  ɜ ɜɵɪɚɠɟɧɢɢ (2). Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞɫɬɚ-

ɧɨɜɤɚ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɝɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɦɚɬɪɢɰɚɯ )(kF  ɢ )(kG  ɜ ɜɵɪɚ-

ɠɟɧɢɹɯ (1) ɢ (2) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɚɥɟɟ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɪɟɤɭɪɪɟɧɬɧɨ ɩɨ 

ɦɟɪɟ ɩɨɫɬɭɩɥɟɧɢɹ ɧɨɜɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɬɚɤɨɦ ɠɟ ɩɨɪɹɞɤɟ, ɤɚɤ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ 

ɜɵɲɟ ɩɟɪɜɨɝɨ ɰɢɤɥɚ ɨɰɟɧɢɜɚɧɢɹ.  

Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰ )(kF , )(kG  ɢ ɜɟɤɬɨɪɚ )(kz  ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɞɥɹ 

ɤɚɠɞɨɝɨ ɲɚɝɚ ɨɰɟɧɢɜɚɧɢɹ ɩɨ ɤɨɧɟɱɧɵɦ ɜɵɛɨɪɤɚɦ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɜ ȻɍɊ 

ɜɵɫɨɬɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɟɬɚ [ɒɨɦɚɧɤɨɜ, 2017, ɫ. 115–125]. 

Ⱦɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰ ɲɭɦɨɜ ɢɡɦɟɪɟɧɢɣ )(kR  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɞɢɫɩɟɪɫɢɢ ɚɛɫɨɥɸɬɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ȺɆɉ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɞɥɹ ɬɢɩɨɜɨɝɨ ɫɚ-

ɦɨɥɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1 [ɒɨɦɚɧɤɨɜ, 2017, ɫ. 215–220]. 

Ɍɚɛɥɢɰɚ 1 
 

 

Ⱦɢɫɩɟɪɫɢɢ ɚɛɫɨɥɸɬɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɞɥɹ ɢɫɩɪɚɜɧɵɯ  

ɫɨɫɬɨɹɧɢɣ ȺɆɉ ɬɢɩɨɜɨɝɨ ɫɚɦɨɥɟɬɚ 

Ⱦɢɫɩɟɪɫɢɹ 

ɢ ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɨɟ ɨɠɢ-

ɞɚɧɢɟ ɩɨ-

ɝɪɟɲɧɨɫɬɟɣ 

ȺɆɉ 

Ɍɢɩ ȺɆɉ 

Ⱦɚɬɱɢɤ ɜɵ-

ɫɨɬɵ ɛɚɪɨ-

ɦɟɬɪɢɱɟɫɤɨɣ  

ɋɢɫɬɟɦɚ ɜɨɡ-

ɞɭɲɧɵɯ ɫɢɝ-

ɧɚɥɨɜ (ɤɚɧɚɥ 

ɜɵɫɨɬɵ) 

Ⱦɚɬɱɢɤ ɢɧɞɢ-

ɤɚɬɨɪɧɨɣ 

ɫɤɨɪɨɫɬɢ 

ɋɢɫɬɟɦɚ ɜɨɡ-

ɞɭɲɧɵɯ ɫɢɝ-

ɧɚɥɨɜ (ɤɚɧɚɥ 

ɫɤɨɪɨɫɬɢ) 

, ɦ2 , ɦ2 , ɦ2/ɫ2 , ɦ2/ɫ2 

 

7327,4  1183,4  4251  1875  

 

241 ɦ 98 ɦ 76,2 ɦ/ɫ 40,3 ɦ/ɫ 

Ⱥɧɚɥɢɡ ɪɚɛɨɬ [Ⱦɨɛɪɨɥɟɧɫɤɢɣ, 1989; ȿɪɟɦɟɟɜ, 1970; Ɇɚɯɨɧɶɤɢɧ, 1983] ɩɨɤɚ-

ɡɚɥ, ɱɬɨ ɜɚɪɢɚɰɢɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɸɬ ɩɪɢɦɟɪɧɨ 3–4 % 

ɨɬ ɡɧɚɱɟɧɢɣ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɧɚɱɟɧɢɹ ɞɢɚɝɨɧɚɥɶɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɦɚɬɪɢɰɵ )1( kP  ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɛɭɞɭɬ ɫɨɫɬɚɜɥɹɬɶ 3,5 % ɨɬ 

2
1σH

2
2σH

2
1σV

2
2σV

2σ x

xm



ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɢɡɦɟɪɟɧɧɵɯ ɜɵɫɨɬɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɩɨɥɟɬ ɜ ɰɟ-

ɥɨɦ. 

Ⱦɚɥɶɧɟɣɲɚɹ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɣ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɨɲɢɛɤɢ ȺɆɉ ɧɚ ɩɪɟɞɦɟɬ ɩɪɟɜɵɲɟ-

ɧɢɹ ɢɦɢ ɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ.  

ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɪɢɬɟɪɢɟɜ ɧɚ ɞɨɩɭɫɤɨɜɵɟ ɜɟɥɢɱɢɧɵ ɨɰɟɧɨɤ ɨɲɢɛɨɤ ȺɆɉ 

ɪɚɰɢɨɧɚɥɶɧɵɦ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɨɠɟɧɢɣ ɡɚɤɨɧɚ ɛɨɥɶɲɢɯ ɱɢɫɟɥ, ɚ ɢɦɟɧɧɨ, 

«ɩɪɚɜɢɥɚ ɬɪɟɯ ɫɢɝɦɚ» ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ.  

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɜɟɪɨɹɬɧɨɫɬɶ ɧɟɜɵɩɨɥɧɟɧɢɹ «ɩɪɚɜɢɥɚ ɬɪɟɯ ɫɢɝɦɚ» ɞɥɹ ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɳɢɯ ɨɰɟɧɨɤ ɨɲɢɛɨɤ ɜɟɤɬɨɪɚ )(ˆ kx  ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 

[ȼɟɧɬɰɟɥɶ, 2003, ɫ. 369]: 

}σ3ˆ{ xixii mxP  .
 

(6) 

Ɍɚɤ ɤɚɤ ɜ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɲɢɛɤɢ ȺɆɉ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ 

ɡɚɤɨɧɭ [ɒɨɦɚɧɤɨɜ, 2017, ɫ. 215–220], ɬɨ ɜɵɪɚɠɟɧɢɟ (6) ɩɪɚɜɨɦɟɪɧɨ ɡɚɩɢɫɚɬɶ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

 

(7) 

ɉɨ ɬɚɛɥɢɰɟ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ Ʌɚɩɥɚɫɚ [ȼɟɧɬɰɟɥɶ, 2003, ɫ. 451] ɨɩɪɟɞɟɥɹɟɦ 

, ɫɥɟɞɨɜɚɬɟɥɶɧɨ: 

 

(8) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɢɱɬɨɠɧɨ ɦɚɥɚɹ ɞɨɥɹ (0,3 %) ɡɧɚɱɟɧɢɣ ɨɲɢɛɨɤ ɩɪɢ ɢɫɩɪɚɜ-

ɧɨɦ ɫɨɫɬɨɹɧɢɢ ȺɆɉ ɦɨɠɟɬ ɜɵɣɬɢ ɡɚ ɩɪɟɞɟɥɵ ɢɧɬɟɪɜɚɥɚ  ɩɨ ɱɢɫɬɨ ɫɥɭ-

ɱɚɣɧɵɦ ɩɪɢɱɢɧɚɦ.  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɨɧɤɪɟɬɧɨɝɨ ȺɆɉ ɩɪɨ-

ɢɡɨɣɞɟɬ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɣ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɭɜɟɥɢ-

ɱɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ «ɧɟɜɹɡɤɢ» ɢ ɟɟ ɨɰɟɧɤɢ ɧɚ ɜɵɯɨɞɟ ɚɥɝɨɪɢɬɦɚ (1) – (5). 

ɉɪɢ ɷɬɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɰɟɧɤɚ ɨɲɢɛɤɢ ȺɆɉ ɩɟɪɟɫɬɚɧɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

)3(Ɏ21
σ
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ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɭɫɥɨɜɢɟ (8) ɩɟɪɟɫɬɚɧɟɬ ɜɵɩɨɥɧɹɬɶɫɹ. ɋɥɟ-

ɞɨɜɚɬɟɥɶɧɨ, ɩɪɚɜɨɦɟɪɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,9973 ɮɚɤɬ ɜɵɯɨɞɚ 

ɨɰɟɧɤɢ  ɡɚ ɩɪɟɞɟɥɵ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ  ɛɭɞɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨ-

ɜɚɬɶ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɤɚɧɚɥɟ ɢɡɦɟɪɟɧɢɹ ɜ i-

ɝɨ ȺɆɉ.  

ɇɚ ɩɪɢɦɟɪɟ ɬɢɩɨɜɨɝɨ ɫɚɦɨɥɟɬɚ ɮɪɨɧɬɨɜɨɣ ɚɜɢɚɰɢɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ  

ɢ  ɞɥɹ ɢɫɩɪɚɜɧɵɯ ɫɨɫɬɨɹɧɢɣ ȺɆɉ ɨɩɪɟɞɟɥɟɧɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 

[ɒɨɦɚɧɤɨɜ, 2017, ɫ. 215–220], ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ 

ɨɰɟɧɨɤ  ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ȺɆɉ.  

ɇɚɩɪɢɦɟɪ, ɨɰɟɧɤɚ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɫɯɨɞɢɦɨɫɬɶ ɜ ɢɡɦɟɪɟɧɢɹɯ ɦɟɠɞɭ ɞɚɬ-

ɱɢɤɨɦ ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬɵ (Ⱦȼ) ɢ ɫɢɫɬɟɦɨɣ ɜɨɡɞɭɲɧɵɯ ɫɢɝɧɚɥɨɜ (ɋȼɋ) 

[ɒɨɦɚɧɤɨɜ, 2017, ɫ. 115–125]. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɨɩɭɫɤɨɜ ɧɚ  ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ,  ɢ , . ɉɪɢ 

ɷɬɨɦ ɮɚɤɬ ɜɵɯɨɞɚ ɨɰɟɧɤɢ 
 
ɡɚ ɩɪɟɞɟɥɵ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɦɨɠɟɬ ɯɚɪɚɤɬɟɪɢ-

ɡɨɜɚɬɶ ɨɬɤɚɡ ɤɚɤ Ⱦȼ, ɬɚɤ ɢ ɋȼɋ. Ⱦɨɩɭɫɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ  ɨɩɪɟɞɟɥɹɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

 

(9) 

 

Ɍɨ ɟɫɬɶ, ɟɫɥɢ , ɬɨ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɤɚɧɚɥɟ ɢɡɦɟɪɟɧɢɹ ɛɚɪɨɦɟɬ-

ɪɢɱɟɫɤɨɣ ɜɵɫɨɬɵ ɨɬ Ⱦȼ ɢ ɋȼɋ ɧɟ ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ. ȿɫɥɢ ɡɧɚɱɟ-

ɧɢɹ ɨɰɟɧɤɢ  ɜɵɯɨɞɹɬ ɡɚ ɩɪɟɞɟɥɵ ɢɧɬɟɪɜɚɥɚ , ɢ ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟ-

ɫɬɜɨ ɜɵɯɨɞɨɜ ɩɪɟɜɵɲɚɟɬ 0,3 % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɡɧɚɱɟɧɢɣ , ɬɨ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 

0,9973 ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɤɚɧɚɥɟ ɢɡɦɟɪɟɧɢɹ ɛɚɪɨɦɟɬɪɢɱɟ-

ɫɤɨɣ ɜɵɫɨɬɵ ɨɬ Ⱦȼ ɢ ɋȼɋ ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɢɡ-ɡɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟ-

ɢɫɩɪɚɜɧɨɫɬɢ Ⱦȼ ɢɥɢ ɋȼɋ. 
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Ɉɰɟɧɤɚ 
 
ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɫɯɨɞɢɦɨɫɬɶ ɜ ɢɡɦɟɪɟɧɢɹɯ ɨɬ Ⱦȼ ɢ ɪɚɞɢɨɜɵɫɨɬɨ-

ɦɟɪɚ (Ɋȼ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɨɩɭɫɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ , ɩɪɢ ɭɫɥɨɜɢɢ ɢɫ-

ɩɪɚɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ Ɋȼ, ɨɩɪɟɞɟɥɹɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

(10) 

 

Ɍɨ ɟɫɬɶ, ɟɫɥɢ ɡɧɚɱɟɧɢɹ ɨɰɟɧɤɢ , ɬɨ ɩɨɝɪɟɲɧɨɫɬɶ Ⱦȼ ɧɟ ɩɪɟ-

ɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ. ȿɫɥɢ ɡɧɚɱɟɧɢɹ ɨɰɟɧɤɢ  ɜɵɯɨɞɹɬ ɡɚ ɩɪɟɞɟɥɵ ɞɨ-

ɩɭɫɬɢɦɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɢ ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɨɜ ɩɪɟɜɵɲɚɟɬ 0,3 % ɨɬ ɨɛ-

ɳɟɝɨ ɱɢɫɥɚ ɡɧɚɱɟɧɢɣ , ɬɨ «ɧɟɜɹɡɤɚ» ɜ ɢɡɦɟɪɟɧɢɹɯ ɨɬ Ⱦȼ ɢ Ɋȼ ɛɭɞɟɬ ɜɵɲɟ ɞɨ-

ɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ Ⱦȼ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ ɧɟɢɫ-

ɩɪɚɜɧɨɫɬɢ.  

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɟɧɵ ɢɧɬɟɪɜɚɥɵ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ 

ɨɫɬɚɥɶɧɵɯ ɨɰɟɧɨɤ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ȺɆɉ  [ɒɨɦɚɧɤɨɜ, 2017, ɫ. 115–125], ɩɨ-

ɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

Ɍɚɛɥɢɰɚ 2 

   

Ⱦɨɩɭɫɬɢɦɵɟ ɢɧɬɟɪɜɚɥɵ ɡɧɚɱɟɧɢɣ ɨɰɟɧɨɤ ɨɲɢɛɨɤ ȺɆɉ 

Ɉɰɟɧɤɢ ix
 , ɟɞɢ-

ɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 

, 

ɦ 

, 

ɦ 

, 

ɦ 

6x


, 

ɤɦ/ɱ 

, 

ɤɦ/ɱ 

, 

ɤɦ/ɱ 

Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭ-

ɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ 

349,5 497,8 201,2 221 271,8 170,2 

Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭ-

ɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ 

-10,5 -15,8 -5,2 -104,5 -119,4 -89,6 

 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɨɩɭɫɬɢɦɵɯ ɢɧɬɟɪɜɚɥɨɜ (ɬɚɛɥ. 2) ɧɟɨɛɯɨ-

ɞɢɦɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɨɫɬɨɹɧɢɣ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 

ȺɆɉ. Ⱥɧɚɥɢɡ ɪɚɛɨɬ [Ʉɨɥɨɞɟɠɧɵɣ, 2010; ȿɪɨɯɢɧ, 1988; Ɇɚɤɚɪɨɜ, 1988; ɋɢɧɞɟɟɜ, 

1987; ɇɨɫɤɨɜɚ 1998] ɩɨɤɚɡɚɥ, ɱɬɨ ɪɚɰɢɨɧɚɥɶɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɚɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 
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ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɥɸɛɨɣ ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɨɛɴɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɢɫɤɪɟɬ-

ɧɵɦ ɷɤɜɢɜɚɥɟɧɬɨɦ ɜ ɜɢɞɟ ɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɂɡ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ ɤɨɧ-

ɬɪɨɥɹ, ɨɫɨɛɟɧɧɨɫɬɟɣ ɭɫɬɪɨɣɫɬɜɚ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɤɨɧɟɱɧɨɟ 

ɱɢɫɥɨ ɩɨɞɥɟɠɚɳɢɯ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɛɵɬɢɣ ɢ ɫɨɫɬɨɹɧɢɣ ɜ ɮɨɪɦɟ ɬɚɛɥɢɰɵ.  

ɇɚɩɪɢɦɟɪ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɬɚɛɥɢɰɵ ɫɨɫɬɨɹɧɢɣ ɢ ɫɨɛɵɬɢɣ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɫɥɟɞɭɸɳɟɟ [ɒɨɦɚɧɤɨɜ, 2017, ɫ. 115–125]: 

– ɨɪɞɢɧɚɪɧɨɫɬɶ ɢ ɛɟɡ ɩɨɫɥɟɞɟɣɫɬɜɢɟ ɩɨɬɨɤɚ ɜɨɡɦɨɠɧɵɯ ɨɬɤɚɡɨɜ ȺɆɉ; 

– ɚɩɪɢɨɪɧɭɸ ɢɫɩɪɚɜɧɨɫɬɶ ɜɧɟɲɧɢɯ «ɧɚɛɥɸɞɚɬɟɥɟɣ», ȻɍɊ ɢ ȺɋɈɉɂ;  

– ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɚ ɤɨɧ-

ɬɪɨɥɹ, ɚɧɚɥɢɡ ɟɝɨ ɫɬɪɭɤɬɭɪɵ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɹɡɟɣ ɫ ɫɢɫɬɟɦɨɣ ɩɪɢɟɦɧɢɤɨɜ 

ɜɨɡɞɭɲɧɵɯ ɞɚɜɥɟɧɢɣ (ɉȼȾ) ɢ «ɧɚɛɥɸɞɚɬɟɥɹɦɢ». 

ɇɚ ɩɪɢɦɟɪɟ ɬɢɩɨɜɨɝɨ ɫɚɦɨɥɟɬɚ ɮɪɨɧɬɨɜɨɣ ɚɜɢɚɰɢɢ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɩɨɞɥɟɠɚ-

ɳɢɯ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɫɬɨɹɧɢɣ ȺɆɉ (Si) ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥ. 3. 

Ɍɚɛɥɢɰɚ 3 

  Ʉɨɧɬɪɨɥɢɪɭɟɦɵɟ ɫɨɫɬɨɹɧɢɹ ȺɆɉ ɞɥɹ ɬɢɩɨɜɨɝɨ ɫɚɦɨɥɟɬɚ 

Si Ʉɨɧɬɪɨɥɢɪɭɟɦɵɟ ɫɨɫɬɨɹɧɢɹ ȺɆɉ 

Ⱦȼ ɋȼɋ 

(ɤɚɧɚɥ ɜɵɫɨɬɵ) 

Ⱦɋ ɋȼɋ 

(ɤɚɧɚɥ ɫɤɨɪɨ-

ɫɬɢ) 

S1     

S2     

S3     

S4     

S5     

S6     

S7     

 

ɋɨɫɬɨɹɧɢе S1 – ɧɟɢɫɩɪɚɜɧɨɫɬɶ Ⱦȼ, ɩɪɢ ɢɫɩɪɚɜɧɨɣ ɪɚɛɨɬɟ ɋȼɋ ɢ Ⱦɋ; 

ɋɨɫɬɨɹɧɢе S2 – ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɋȼɋ (ɜ ɤɚɧɚɥɟ ɜɵɫɨɬɵ) ɩɪɢ ɢɫɩɪɚɜɧɨɣ ɪɚɛɨɬɟ 

Ⱦȼ, ɋȼɋ (ɜ ɤɚɧɚɥɟ ɫɤɨɪɨɫɬɢ) ɢ Ⱦɋ; 



ɋɨɫɬɨɹɧɢе S3 – ɧɟɢɫɩɪɚɜɧɨɫɬɶ Ⱦɋ, ɩɪɢ ɢɫɩɪɚɜɧɨɣ ɪɚɛɨɬɟ ɋȼɋ ɢ Ⱦȼ; 

ɋɨɫɬɨɹɧɢе S4 – ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɋȼɋ (ɜ ɤɚɧɚɥɟ ɫɤɨɪɨɫɬɢ) ɩɪɢ ɢɫɩɪɚɜɧɨɣ ɪɚ-

ɛɨɬɟ Ⱦȼ, ɋȼɋ (ɜ ɤɚɧɚɥɟ ɜɵɫɨɬɵ) ɢ Ⱦɋ; 

ɋɨɫɬɨɹɧɢе S5 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɟɢɫɩɪɚɜɧɨɫɬɢ (ɡɚɤɭɩɨɪɤɭ ɢɥɢ ɪɚɡɝɟɪɦɟɬɢɡɚ-

ɰɢɸ) ɫɢɫɬɟɦɵ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɉȼȾ, ɬɚɤ ɤɚɤ ɧɟɩɪɚɜɢɥɶɧɨɟ ɜɨɫɩɪɢɹɬɢɟ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɢɫɬɟɦɨɣ ɉȼȾ ɨɞɧɨɡɧɚɱɧɨ ɩɪɢɜɨɞɢɬ ɤ ɨɞɧɨɜɪɟɦɟɧɧɨɦɭ 

ɭɜɟɥɢɱɟɧɢɸ ɨɲɢɛɨɤ ɞɨ ɧɟɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ, ɤɚɤ ɢɡɦɟɪɢɬɟɥɟɣ ɛɚɪɨɦɟɬɪɢɱɟ-

ɫɤɨɣ ɜɵɫɨɬɵ, ɬɚɤ ɢ ɜɨɡɞɭɲɧɨɣ ɫɤɨɪɨɫɬɢ [13]; 

ɋɨɫɬɨɹɧɢе S6 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɡɚɤɭɩɨɪɤɭ ɢɥɢ ɪɚɡɝɟɪɦɟɬɢɡɚɰɢɸ ɫɢɫɬɟɦɵ ɩɨɥ-

ɧɨɝɨ ɞɚɜɥɟɧɢɹ ɉȼȾ, ɬɚɤ ɤɚɤ ɧɟɩɪɚɜɢɥɶɧɨɟ ɜɨɫɩɪɢɹɬɢɟ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫɢɫɬɟ-

ɦɨɣ ɉȼȾ ɩɪɢɜɨɞɢɬ ɤ ɧɟɩɪɚɜɢɥɶɧɵɦ ɩɨɤɚɡɚɧɢɹɦ ɬɨɥɶɤɨ ɢɡɦɟɪɢɬɟɥɟɣ ɜɨɡɞɭɲɧɨɣ 

(ɩɪɢɛɨɪɧɨɣ) ɫɤɨɪɨɫɬɢ [13]; 

ɋɨɫɬɨɹɧɢе S7  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɜɵɯɨɞ ɡɚ ɩɪɟɞɟɥɵ ɞɨɩɭɫɬɢɦɵɯ 

ɜɟɥɢɱɢɧ ɨɲɢɛɨɤ ɜ ɤɚɧɚɥɚɯ ɜɵɫɨɬɵ ɢ ɫɤɨɪɨɫɬɢ ɋȼɋ, ɱɬɨ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɢɡ-ɡɚ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɹ ɢɥɢ ɢɧɵɯ ɭɫɬɪɨɣɫɬɜ ɋȼɋ [Ɇɟɥɶɧɢɤ, 1987, ɫ. 247]. 

ɇɚ ɨɫɧɨɜɟ ɚɩɩɚɪɚɬɚ ɞɜɭɡɧɚɱɧɨɣ ɥɨɝɢɤɢ ɫ ɛɢɧɚɪɧɵɦɢ ɩɪɢɡɧɚɤɚɦɢ ɫɨɫɬɨɹɧɢɣ 

ɢ ɫɨɛɵɬɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 

ɫɨɫɬɨɹɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɬɚɛɥ. 3.  

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ S1 ɧɟɨɛɯɨɞɢɦɨ ɜɵ-

ɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɩɪɢɡɧɚɤɚ: 

 

 

(11) 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɢɬɵɜɚɬɶ ɪɚɡɥɢɱɢɟ ɞɢɚɩɚɡɨɧɨɜ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɟɬɚ ɦɟɠɞɭ ɤɨɧɬɪɨɥɢ-

ɪɭɟɦɵɦɢ ȺɆɉ ɢ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɦɢ «ɧɚɛɥɸɞɚɬɟɥɹɦɢ». ɇɚɩɪɢɦɟɪ, ɞɥɹ ɬɢɩɨ-

ɜɨɝɨ ɫɚɦɨɥɟɬɚ Ɋȼ, ɢɡɦɟɪɹɸɳɢɣ ɩɚɪɚɦɟɬɪ Hɝ – ɜɵɫɨɬɚ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ (ɢɫɬɢɧɧɚɹ) 
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ɢɦɟɟɬ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɨɬ 0 ɞɨ 1600 ɦ, ɚ ɞɨɩɥɟɪɨɜɫɤɢɣ ɢɡɦɟɪɢɬɟɥɶ ɫɤɨɪɨɫɬɢ 

ɢ ɭɝɥɚ ɫɧɨɫɚ (Ⱦɂɋɋ), ɢɡɦɟɪɹɸɳɢɣ Vɩ  − ɫɤɨɪɨɫɬɶ ɩɭɬɟɜɭɸ ɢɦɟɟɬ ɪɚɛɨɱɢɟ ɞɢɚɩɚ-

ɡɨɧɵ ɩɨ ɫɤɨɪɨɫɬɢ ɨɬ 0 ɞɨ 300 ɦ/ɫ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɜɵɯɨɞɟ ȼɋ ɧɚ ɪɟɠɢɦɵ 

ɩɨɥɟɬɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹ ɢɫɬɢɧɧɨɣ ɜɵɫɨɬɵ ɢ ɩɭɬɟɜɨɣ ɫɤɨɪɨɫɬɢ ɛɭɞɭɬ ɜɵɯɨ-

ɞɢɬɶ ɡɚ ɪɚɛɨɱɢɟ ɞɢɚɩɚɡɨɧɵ Ɋȼ ɢ Ⱦɂɋɋ ɩɨɹɜɹɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɫɯɨɠɞɟɧɢɹ 

ɦɟɠɞɭ ɢɡɦɟɪɟɧɢɹɦɢ ɢ ɢɯ ɨɰɟɧɤɚɦɢ ɩɪɢ ɢɫɩɪɚɜɧɨɣ ɪɚɛɨɬɟ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɥɟɞɨ-

ɜɚɬɟɥɶɧɨ, ɞɥɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɢɩɨɜɨɝɨ ɫɚɦɨɥɟɬɚ [ɒɨɦɚɧɤɨɜ, 

2017, ɫ. 115−125] ɧɟɨɛɯɨɞɢɦɚ ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɱɟɬɵɪɟɯ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɢɯ ɦɨɞɟɥɟɣ ɨɲɢɛɨɤ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɚɥɝɨɪɢɬɦɨɜ ɨɰɟɧɢɜɚɧɢɹ (1) – (5), 

ɩɪɢ ɤɨɦɩɥɟɤɫɢɪɨɜɚɧɢɢ ɤɨɧɤɪɟɬɧɵɯ ɢɡɦɟɪɢɬɟɥɟɣ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ 

(ɬɚɛɥ. 4). 

Ɍɚɛɥɢɰɚ 4 

   

ɍɫɥɨɜɢɹ ɤɨɦɩɥɟɤɫɢɪɨɜɚɧɢɹ ȺɆɉ ɢ ɜɧɟɲɧɢɯ «ɧɚɛɥɸɞɚɬɟɥɟɣ» 

ɂɡɦɟɪɢ-

ɬɟɥɢ 
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ɍɫɥɨɜɢɹ 1600)(
ã
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ï

kV  ɦ/ɫ 1600)(
ã

kH ɦ 300)(
ï

kV ɦ/ɫ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɰɟɧɢɜɚɧɢɢ ɨɲɢɛɨɤ ȺɆɉ ɧɟɨɛɯɨɞɢɦɨ ɧɟɩɪɟɪɵɜɧɨ ɤɨɧ-

ɬɪɨɥɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ (ɬɚɛɥ. 4) ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɷɬɢɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɧɭ ɢɡ ɫɯɟɦ 

ɤɨɦɩɥɟɤɫɢɪɨɜɚɧɢɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ. ɉɪɢ ɷɬɨɦ 

ɚɥɝɨɪɢɬɦ ɨɰɟɧɢɜɚɧɢɹ ɞɨɥɠɟɧ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɟɪɟɤɥɸɱɚɬɶɫɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɭɸ ɦɨɞɟɥɶ ɤɨɦɩɥɟɤɫɢɪɨɜɚɧɢɹ ɢ ɨɰɟɧɢɜɚɧɢɹ ɨɲɢɛɨɤ ɩɪɢ ɧɚɫɬɭɩɥɟɧɢɢ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɟɝɨ ɭɫɥɨɜɢɹ.  

ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɹɥɚɫɶ ɫɩɨ-

ɫɨɛɨɦ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɧɬɪɨɥɹ ȺɆɉ ɲɬɚɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢ ɄɉȺ 

ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɛɪɚɛɨɬɤɢ ɩɨɥɟɬɧɵɯ ɞɚɧɧɵɯ (ɩɨ ɢɧɮɨɪɦɚɰɢɢ ɋɈɄ) ɜ ɫɨɨɬɜɟɬ-

ɫɬɜɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɞɢɫɤɪɟɬɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɤɨɧ-

ɬɪɨɥɹ ȺɆɉ.   



ɇɚɩɪɢɦɟɪ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɟɝɥɚɦɟɧɬɧɵɯ ɪɚɛɨɬ (ɊɊ), ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɲɬɚɬɧɨɣ ɤɨɧɬɪɨɥɶɧɨ-ɩɪɨɜɟɪɨɱɧɨɣ ɚɩɩɚɪɚɬɭɪɵ (ɄɉȺ), ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɧɟɫɨɨɬɜɟɬ-

ɫɬɜɢɟ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭ-

ɦɟɧɬɚɰɢɟɣ (ɇɌȾ), ɬɪɟɛɨɜɚɧɢɹɦ ɞɥɹ Ⱦȼ (ɢɡɞ. ɆȾȾ-Ɍɟ-220-780). ɇɚ ɪɢɫ. 1 ɩɪɢɜɟ-

ɞɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɨɰɟɧɨɤ ɨɲɢɛɨɤ  ɩɨ ɩɨɥɟɬɭ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɛɪɚ-

ɛɨɬɤɟ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ) ɡɚɩɢɫɟɣ ȻɍɊ 

ɤɪɚɣɧɟɝɨ ɜɵɥɟɬɚ, ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɩɨɫɬɚɧɨɜɤɢ ɫɚɦɨɥɟɬɚ ɧɚ ɊɊ.  

 

Ɋɢɫ. 

ix




1. Ƚɪɚɮɢɤɢ ɨɰɟɧɨɤ ɨɲɢɛɨɤ ȺɆɉ ɩɨ ɜɪɟɦɟɧɢ ɩɨɥɟɬɚ (tk) ɫɚɦɨɥɟɬɚ ɋɭ-25 ɩɪɢ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢɡɞɟɥɢɹ ɆȾȾ-Ɍɟ-220-780  

(ɫɨɫɬɨɹɧɢɟ S1) 

 

Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɨɜ ɩɨɤɚɡɵɜɚɟɬ ɜɵɯɨɞ ɛɨɥɟɟ ɱɟɦ 0,3 % ɡɧɚɱɟɧɢɣ ɨɰɟɧɨɤ ɨɲɢɛɨɤ 

, ɢ  (ɪɢɫ. 1 ɚ – ɛ) ɨɬ ɨɛɳɟɝɨ ɢɯ ɤɨɥɢɱɟɫɬɜɚ ɡɚ ɢɧɬɟɪɜɚɥɵ ɞɨɩɭɫɬɢɦɵɯ ɜɟ-

ɥɢɱɢɧ (Δɞɨɩ), ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 2. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɨɰɟɧɨɤ ɨɲɢɛɨɤ , , 

, , ,  ɢ  (ɪɢɫ. 1 ɜ – ɟ) ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɨɩɭ-

ɫɬɢɦɵɯ ɜɟɥɢɱɢɧ. Ɍɚɤɨɟ ɫɨɱɟɬɚɧɢɟ ɜɟɥɢɱɢɧ ɨɰɟɧɨɤ ɨɲɢɛɨɤ ȺɆɉ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɭɫɥɨɜɢɹɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɩɪɢɡɧɚɤɚ (11), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢ-

ɮɢɰɢɪɨɜɚɬɶ ɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɫɨɫɬɨɹɧɢɟ S1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɪɭɲɟɧɢɸ ɪɚɛɨɬɨ-

ɫɩɨɫɨɛɧɨɝɨ ɫɨɫɬɨɹɧɢɹ Ⱦȼ (ɢɡɞ. ɆȾȾ-Ɍɟ-220-780).  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɪɟɡɤɨɟ ɭɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɨɰɟɧɨɤ ɢ  (ɪɢɫ. 1 ɛ – ɜ),  ɢ 

 (ɪɢɫ. 1 ɞ – ɟ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɟɠɢɦɚɯ ɩɨɥɟɬɚ ɩɪɢ ɭɫɥɨɜɢɹɯ ɦ ɢ 

ɤɦ/ɱ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɩɨɥɟɬɚ (ɨɰɟɧɢɜɚɧɢɹ). 

ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɤɥɸɱɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɨɰɟɧɢɜɚɧɢɹ ɧɚ ɦɨɞɟɥɢ ɨɲɢɛɨɤ 

ɢ ɨɰɟɧɢɜɚɸɳɢɟ ɮɢɥɶɬɪɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɡɚɞɚɧɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɤɨɦɩɥɟɤɫɢɪɨ-

ɜɚɧɢɹ (ɬɚɛɥ. 4). 

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɨɰɟɧɨɤ ɨɲɢɛɨɤ Ⱦȼ ( ,  ɢ ) ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ ɨɛɥɟɬɚ ɫɚɦɨɥɟɬɚ, ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɊɊ, ɜɨ ɜɪɟɦɹ ɤɨɬɨɪɵɯ ɧɟɢɫɩɪɚɜ-

ɧɵɣ ɞɚɬɱɢɤ ɆȾȾ-Ɍɟ-220-780 ɛɵɥ ɡɚɦɟɧɟɧ ɢɫɩɪɚɜɧɵɦ. 
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Ɋɢɫ. 2.  Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɨɰɟɧɨɤ ɨɲɢɛɨɤ Ⱦȼ ( ,  ɢ ) 

Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɨɜ (ɪɢɫ. 2 ɚ – ɛ) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɫɥɟ ɡɚɦɟɧɵ ɧɟɢɫɩɪɚɜɧɨɝɨ 

Ⱦȼ ɢɫɩɪɚɜɧɵɦ, ɡɧɚɱɟɧɢɹ ɨɰɟɧɨɤ ɨɲɢɛɨɤ , ɢ  ɧɟ ɜɵɯɨɞɹɬ ɡɚ ɩɪɟɞɟɥɵ ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɳɢɯ ɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɞɚɬ-

ɱɢɤɚ ɆȾȾ-Ɍɟ-220-780 ɜɨ ɜɪɟɦɹ ɩɨɥɟɬɚ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɜɵɲɟɨɩɢɫɚɧɧɵɦ ɩɪɢɦɟɪɨɦ ɜɵɩɨɥɧɟɧɨ 2168 ɩɨɥɭɧɚɬɭɪɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɥɶɧɵɯ ɡɚɩɢɫɟɣ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɟɬɚ 6 ɫɚɦɨɥɟ-

ɬɨɜ ɋɭ-25 ɩɨ ɞɚɧɧɵɦ ɋɈɄ. ɉɪɢ ɷɬɨɦ ɩɪɚɤɬɢɱɟɫɤɚɹ ɫɯɨɞɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɧ-

ɬɪɨɥɹ ȺɆɉ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɯ ɤɨɧɬɪɨɥɹ ɲɬɚɬɧɨɣ ɄɉȺ ɫɨɫɬɚɜɢɥɚ 94 %. Ⱥ ɭɱɟɬ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɚɪɚɦɟɬɪɨɜ ɩɨɝɪɟɲɧɨɫɬɟɣ ȺɆɉ ɨɬ ɜɵɫɨɬɵ ɢ ɫɤɨɪɨɫɬɢ ɩɨɥɟɬɚ ɜ ɦɚ-

ɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɲɢɛɨɤ [ɒɨɦɚɧɤɨɜ, 2017, ɫ. 115–125], ɩɨɡɜɨɥɢɥ ɩɨɜɵɫɢɬɶ 

ɩɪɚɤɬɢɱɟɫɤɭɸ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ȺɆɉ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɋɈɄ ɧɚ 20 % (ɫ 

74 ɞɨ 94 %), ɱɬɨ ɞɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɧɚɭɱɧɵɯ ɪɟ-

ɡɭɥɶɬɚɬɨɜ.  
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