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Ɋɢɫ.6. ȼɢɞ ɨɤɧɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɪɟɡɨɜ. 

Пɪɢ ɧɚɠɚɬɢɢ ɤɧɨɩɤɢ «ɋɮɨɪɦɢɪɨɜɚɬɶ ɚɪɯɢɜ ɫɪɟɡɨɜ» ɝɟɧɟɪɢɪɭɟɬɫɹ ɛɚɡɚ  ɷɬɚɥɨɧɧɵɯ 
ɫɪɟɡɨɜ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɡɚɲɭɦɥɹɸɬɫɹ. ɋɮɨɪɦɢɪɨɜɚɧɧɵɣ ɚɪɯɢɜ ɫɨɯɪɚɧɹɟɬɫɹ ɤɚɤ 
ɨɛɴɟɤɬ ɢɥɢ  ɤɚɤ ɦɚɬɪɢɰɚ ɜ ɮɨɪɦɚɬɟ *.mat ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɪɟɞɟ MATLAB. 

ɁȺɄɅɘɑȿɇɂȿ 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɩɨɡɜɨɥɹɟɬ 

ɫɵɦɢɬɢɪɨɜɚɬɶ ɩɪɢɛɥɢɠɟɧɧɨɟ ɤ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɗɗɋ. Пɪɢɛɥɢɠɟɧɢɟ ɤ 
ɪɟɚɥɶɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɢɩɨɜɵɯ ɢɥɢ ɮɚɤɬɢɱɟɫɤɢɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɩɪɢ 
ɜɵɱɢɫɥɟɧɢɢ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ   ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ  
ɤɨɦɩɥɟɤɫɚ (ɫɪɟɡɵ ɢɡɦɟɪɟɧɢɣ)  ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ 
ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɡɚɞɚɱ ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɨɛɧɚɪɭɠɟɧɢɹ  ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ 
ɫɢɫɬɟɦɭ ɫɛɨɪɚ ɞɚɧɧɵɯ.   

ɋПɂɋɈɄ ɂɋПɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
1. Ƚɚɦɦ Ⱥ.Ɂ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɰɟɧɢɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ.  Ɇ.: ɇɚɭɤɚ, 1976.  ββ0 ɫ. 
2. A.G. Phadke. Synchronized Phasor Measurements. AHistorical Overview // IEEE/PES 

Transmission and Distribution Conference, 2002, vol. 1, pp. 476-479. 
3. ɇ. Ⱥ. Ɇɟɥɶɧɢɤɨɜ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɟɬɢ ɢ ɫɢɫɬɟɦɵ. Ɇ.: ɗɧɟɪɝɢɹ, 1969.  456 ɫ. 

 
Ⱥ.Ɇ.Ƚɥɚɡɭɧɨɜɚ ɤ.ɬ.ɧ., ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ  ɫɨɬɪɭɞɧɢɤ  ɂɧɫɬɢɬɭɬɚ ɫɢɫɬɟɦ ɷɧɟɪɝɟɬɢɤɢ ɢɦ. 

Ʌ.Ⱥ. Ɇɟɥɟɧɬɶɟɜɚ  ɋɈ ɊȺɇ, ɝ. ɂɪɤɭɬɫɤ.  
 

 
 

 
ɉɊɂɆȿɇȿɇɂȿ ȽɂȻɄɂɏ ɋɂɋɌȿɆ ȾɅə ɉɈȼɕɒȿɇɂə ɉɊɈɉɍɋɄɇɈɃ 

ɋɉɈɋɈȻɇɈɋɌɂ ɅɂɇɂɃ ɗɅȿɄɌɊɈɉȿɊȿȾȺɑɂ ɂ ɉȿɊȿɊȺɋɉɊȿȾȿɅȿɇɂə 
ɉɈɌɈɄɈȼ ɆɈɓɇɈɋɌɂ 

 
ɘ.П.Ɂɚɝɚɣɧɨɜɚ, Ⱥ.П. ɒɭɛɟɧɤɢɧɚ 
ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɌПɍ 

 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ 

ɭɫɥɨɜɢɹɦɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. Ɉɫɨɛɟɧɧɨ ɨɫɬɪɨ ɩɪɨɛɥɟɦɚ ɫɨɯɪɚɧɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɨɢɬ ɩɪɢ 
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ɜɜɨɞɟ ɧɨɜɵɯ ɝɟɧɟɪɢɪɭɸɳɢɯ ɦɨɳɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɩɪɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɢɯ 
ɥɢɧɢɣ ββ0 ɤȼ ɥɢɧɢɹɦɢ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ. 

Ⱦɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɭɩɪɚɜɥɹɟɦɵɯ 
ɭɫɬɪɨɣɫɬɜ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ (ɍɍПɄ) ɢ ɮɚɡɨɩɨɜɨɪɬɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɎПɍ), ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɸɬ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɡɦɟɧɹɬɶ ɩɚɪɚɦɟɬɪɵ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ (ɅɗП) 
ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɯ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɬɶ ɩɨɬɨɤɢ ɦɨɳɧɨɫɬɢ 
ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ ɧɚɩɪɹɠɟɧɢɣ. 

Пɪɟɞɟɥɶɧɭɸ ɩɟɪɟɞɚɜɚɟɦɭɸ ɩɨ ɅɗП ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɛɟɡ ɭɱɟɬɚ ɩɨɬɟɪɶ, ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ Д1Ж: ܲ˒ ˓ = ଵܷ ∙ ܷଶܺˎ  ,ߜ݊݅ݏ
ɝɞɟ ଵܷɢܷଶ– ɧɚɩɪɹɠɟɧɢɟ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɥɢɧɢɢ; ܺˎ – ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ; ߜ – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ଵܷɢܷଶ. 

(1) 

Пɪɟɞɟɥɶɧɚɹ ɩɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɢ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜ ɪɚɫɫɟɱɤɭ ɥɢɧɢɢ ɍɍПɄ ɫ ɟɦɤɨɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
ɏɋ.  

ɍɍПɄ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɬɪɚɧɚɯ, ɝɞɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ ɭɞɚɥɟɧɵ ɨɬ 
ɩɨɬɪɟɛɢɬɟɥɟɣ. ȼ Ɋɨɫɫɢɢ ɢɯ ɩɥɚɧɢɪɭɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɧɚ ȼɅ ββ0 ɤȼ ɍɯɬɚ – Ɇɢɤɭɧɶ, ȼɅ 500 ɤȼ 
ɋɚɹɧɨ-ɒɭɲɟɧɫɤɚɹ Ƚɗɋ(ɋɒȽɗɋ) – Пɋ ɇɨɜɨɤɭɡɧɟɰɤɚɹ ДβЖ. 

Ʉɚɠɞɚɹ ɮɚɡɚ ɍɍПɄ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɦɨɞɭɥɟɣ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɛɚɬɚɪɟɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɢ ɜɫɬɪɟɱɧɨ 
ɜɤɥɸɱɟɧɧɵɯ ɬɢɪɢɫɬɨɪɨɜ ɫ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɪɟɚɤɬɨɪɚɦɢ, ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɧɢɤɚ, 
ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ, ɞɟɦɩɮɢɪɭɸɳɟɣ ɰɟɩɢ ɢ ɛɚɣɩɚɫɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. Пɟɪɟɤɥɸɱɟɧɢɟ 
ɢɧɞɭɤɬɢɜɧɨɝɨ ɧɚ ɟɦɤɨɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɢ ɧɚɨɛɨɪɨɬ, ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɦ ɦɨɳɧɨɫɬɢ ɢ ɞɥɹ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɦɨɳɧɨɫɬɢ. 

Ʉɥɸɱɟɜɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɤɨɧɬɪɨɥɥɟɪ, 
ɧɟɩɪɟɪɵɜɧɨ ɨɬɫɥɟɠɢɜɚɸɳɢɣ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɢ ɨɰɟɧɢɜɚɸɳɢɣ 
ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɩɨɞɤɥɸɱɟɧɢɢ ɢɥɢ ɨɬɤɥɸɱɟɧɢɢ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɫɬɭɩɟɧɟɣ ДγЖ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɜ 
ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ 
ɩɪɚɤɬɢɤɚ ɫɨɨɪɭɠɟɧɢɹ ɍɍПɄ, ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ ɜ ɮɚɡɟ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ 10-
β0 ɲɬɭɤ ɧɚ ɤɚɠɞɭɸ ɰɟɩɶ ɥɢɧɢɢ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ – 
80-140 ɲɬɭɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɤɨɦɩɟɧɫɚɰɢɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɢ ɞɥɢɧɵ 
ɥɢɧɢɢ. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɞɥɹ ɍɍПɄ ɞɜɭɯɰɟɩɧɨɣ ɩɟɪɟɞɚɱɢ 500 ɤȼ ɞɨɫɬɢɝɚɟɬ 
8-10 ɬɵɫ. ɲɬɭɤ Д4Ж. 

Ʉɨɧɞɟɧɫɚɬɨɪɵ ɫɥɟɞɭɟɬ ɢɡɨɥɢɪɨɜɚɬɶ ɨɬ ɡɟɦɥɢ ɢ ɨɛɟɫɩɟɱɢɬɶ ɦɟɠɞɭɮɚɡɧɭɸ ɢɡɨɥɹɰɢɸ. 
Ɉɛɨɪɭɞɨɜɚɧɢɟ ɤɨɧɞɟɧɫɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɦɨɧɬɢɪɭɟɬɫɹ ɧɚ ɫɬɚɥɶɧɨɣ ɩɥɚɬɮɨɪɦɟ, 
ɨɩɢɪɚɸɳɟɣɫɹ ɧɚ ɤɨɥɨɧɤɢ ɢɡɨɥɹɬɨɪɨɜ, ɢ ɤɪɟɩɢɬɫɹ ɨɬɬɹɠɤɚɦɢ ɝɢɪɥɹɧɞ ɢɡɨɥɹɬɨɪɨɜ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɫɢɫɬɟɦɵ ДγЖ. 

Ɉɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɍɍПɄ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ 
ɤɨɧɞɟɧɫɚɬɨɪɧɨɣ ɛɚɬɚɪɟɢ, ɜɯɨɞɹɳɟɣ ɜ ɟɟ ɫɨɫɬɚɜ, ɢɡ-ɡɚ ɝɟɧɟɪɚɰɢɢ ɢɡɛɵɬɨɱɧɨɣ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɤɨɧɞɟɧɫɚɬɨɪɧɵɦɢ ɛɚɬɚɪɟɹɦɢ ɍɍПɄ, ɤɨɬɨɪɚɹ ɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɩɨɬɟɪɹɦɢ ɜ 
ɢɧɞɭɤɬɢɜɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɥɢɧɢɢ, ɩɨɷɬɨɦɭ ɧɚ ɜɵɜɨɞɵ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɨɛɵɱɧɨ 
ɜɤɥɸɱɚɸɬ ɲɭɧɬɢɪɭɸɳɢɟ ɪɟɚɤɬɨɪɵ (ɭɩɪɚɜɥɹɟɦɵɟ ɢɥɢ ɧɟɭɩɪɚɜɥɹɟɦɵɟ). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɵɞɚɱɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɋɒȽɗɋ ɨɝɪɚɧɢɱɟɧɚ. 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 6400 Ɇȼɬ, ɧɨ ɱɚɫɬɶ ɷɬɨɣ ɦɨɳɧɨɫɬɢ ɨɤɚɡɚɥɚɫɶ 
«ɡɚɩɟɪɬɨɣ» ɜ ɫɢɥɭ ɫɟɬɟɜɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɦɚɥɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ȼɅ 
ɋɒȽɗɋ – Пɋ ɇɨɜɨɤɭɡɧɟɰɤɚɹ ɢ ɋɒȽɗɋ – Пɋ Ɉɡɧɚɱɟɧɧɨɟ.  

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɭɫɬɚɧɨɜɤɢ ɍɍПɄ ɧɚ ȼɅ 500 ɤȼ, ɫɜɹɡɵɜɚɸɳɟɣ ɋɒȽɗɋ ɢ Пɋ 
ɇɨɜɨɤɭɡɧɟɰɤɚɹ, ɹɜɥɹɟɬɫɹ ɫɧɹɬɢɟ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɋɒȽɗɋ ɩɨɫɥɟ ɟɟ ɩɨɥɧɨɝɨ 
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ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. ȼɵɛɨɪ ɞɚɧɧɨɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɢɦɟɧɧɨ ɱɟɪɟɡ ɥɢɧɢɸ 
ɋɒȽɗɋ – Пɋ ɇɨɜɨɤɭɡɧɟɰɤɚɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɦɟɠɫɢɫɬɟɦɧɵɣ ɬɪɚɧɡɢɬ ɜ 
Ʉɭɡɛɚɫɫɤɭɸ ɗɋ. 

ɇɚ ɩɪɢɦɟɪɟ ɞɜɭɯ ɥɢɧɢɣ 500 ɤȼ ɋɒȽɗɋ – Пɋ ɇɨɜɨɤɭɡɧɟɰɤɚɹ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɨɜɨɞɨɦ 
γбȺɋγγ0/40, ɩɨɤɚɠɟɦ, ɱɬɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɪɚɫɫɟɱɤɭ ɍɍПɄ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɶɸ 
ɤɨɦɩɟɧɫɚɰɢɢ ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɟё ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɟɫɥɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɩɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 1540Ɇȼɬ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɍɍПɄ ɜ ɪɚɫɫɟɱɤɭ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɥɢɧɢɢ. Ⱦɜɭɯɰɟɩɧɚɹ ɫɯɟɦɚ ɍɍПɄ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɰɟɩɟɣ, ɤɚɠɞɚɹ ɢɡ 
ɤɨɬɨɪɵɯ ɞɟɥɢɬɫɹ ɧɚ ɞɜɟ ɪɚɜɧɵɟ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɱɚɫɬɢ. 
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Ɋɢɫ.1. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɍɍПɄ ɜ ɪɚɫɫɟɱɤɭ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ  500 ɤȼ ɋɒȽɗɋ – Пɋ 
ɇɨɜɨɤɭɡɧɟɰɤɚɹ 

Ɋɚɫɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɞɥɹ ɞɜɭɯ ɬɢɩɨɜ ɤɨɧɞɟɧɫɚɬɨɪɨɜ: 1) ɤɨɧɞɟɧɫɚɬɨɪɧɨɝɨ ɡɚɜɨɞɚ 
«ɗɥɟɤɬɪɨɢɧɬɟɪ» (Ɋɨɫɫɢɹ: ɝ.ɋɟɪɩɭɯɨɜ), ɫ ɟɞɢɧɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: ܳˍːˑˏ = ʹͶͲ ˍ˅а˓, ܷːˑˏ = ʹ,ͳ ˍʑ; β) ɤɨɦɩɚɧɢɢ «GОЧОЫКХ EХОМЭЫТМ» (ɋɒȺ: Ɏɷɪɮɢɥɞ, ɲɬɚɬ Ʉɨɧɧɟɤɬɢɤɭɬ) ɫ 
ɟɞɢɧɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: ܳˍːˑˏ = Ͷʹʹ,ʹˍ˅а˓, ܷ ːˑˏ = ͺ,ͶͶͶ ˍʑ; 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ: 
1. ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ: ܷːˑˏ = ͷͲͲ ˍʑ 
β. Пɨɝɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɭɯɰɟɩɧɨɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ: ݎ = Ͳ,Ͳͳͷ ʝˏ/ˍˏ, ݔ =Ͳ,ͳͷͶ ʝˏ/ˍˏ,  ܾ  =   ,ͲͶ ∙ ͳͲ−ʠˏ/ˍˏ; 
γ. Ⱦɥɢɧɚ ɥɢɧɢɢ: ݈ = ͶͷͲ ˍˏ; 
4. ɋɬɟɩɟɧɶ ɤɨɦɩɟɧɫɚɰɢɢ: ݇ = Ͳ,͵[3]; 
5.Ɇɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɧɚ Пɋ ɇɨɜɨɤɭɡɧɟɰɤɚɹ: ܵଶ = ͷͺ,ͷ + ݆Ͷͷͳ,ͻ ʛʑА, �ݏܿ = Ͳ,ͻͷ. 
Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ: 

1. Ɉɩɪɟɞɟɥɢɦ ɜɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ: ܼௗ√௫బబ = ͳͶ,ͳͺ, ʝˏ 

β. ȼɵɱɢɫɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɮɚɡɵ: ߙ = ݔ√ ∙ ܾ = ͳ,ͲͷͶ ∙ ͳͲ−ଷ, ˓аˇ/ˍˏ 
γ. ȼɨɥɧɨɜɚɹ ɞɥɢɧɚ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ: ߣ = ߙ ∙ ݈ = Ͳ,ͶͶ 

4. Пɪɟɞɟɥ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɟɤɨɦɩɟɧɫɢɪɨɜɚɧɧɨɣ ɥɢɧɢɢ: ܲ˒ ˓ = మː∙௦ఒ =͵Ͷ,ʛ˅˕ 
5. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɤɨɦɩɟɧɫɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɣ 

ɫɬɟɩɟɧɢ ɤɨɦɩɟɧɫɚɰɢɢ: ݔˍˑˏ˒ = ݇ ∙ ݔ ∙ ݈ = ʹͲ,ͻ, ʝˏ 
6. Пɪɟɞɟɥɶɧɚɹ ɡɚɝɪɭɡɤɚ ɤɨɦɩɟɧɫɢɪɨɜɚɧɧɨɣ ɥɢɧɢɢ. Ɍɚɤ ɤɚɤ ɍɍПɄ ɧɚɯɨɞɢɬɫɹ ɜ 

ɫɟɪɟɞɢɧɟ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɱɟɬɵɪɟɯɩɨɥɸɫɧɢɤɚ: 
A1=D1=A2=D2=ܿݏ ఒଶ=0,972; 

B1=B2=݅ ∙ ܼௗ݊݅ݏ ఒଶ=i34,326; 

http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D1%91%D0%BD%D0%BD%D1%8B%D0%B5_%D0%A8%D1%82%D0%B0%D1%82%D1%8B_%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%A4%D1%8D%D1%80%D1%84%D0%B8%D0%BB%D0%B4_(%D0%B3%D0%BE%D1%80%D0%BE%D0%B4,_%D0%9A%D0%BE%D0%BD%D0%BD%D0%B5%D0%BA%D1%82%D0%B8%D0%BA%D1%83%D1%82)
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D0%BD%D0%B5%D0%BA%D1%82%D0%B8%D0%BA%D1%83%D1%82
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C1=C2=݅ ∙ ∙௦�మ =Т8,033∙10-.4 

Пɪɢ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɱɟɬɵɪɟɯɩɨɥɸɫɧɢɤɚɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɱɟɬɵɪɟɯɩɨɥɸɫɧɢɤɚ: (ܣэ эʠэܤ (эܦ = ( Ͳ,ͻʹ ݅͵Ͷ,͵ʹͳ,Ͳ݅ ∙ ͳͲ−ଷ Ͳ,ͻʹ ) ∙ ቀͳ −ʹͲ,ͻ݅Ͳ ͳ ቁ ∙ ( Ͳ,ͻʹ ݅͵Ͷ,͵ʹͳ,Ͳ݅ ∙ ͳͲ−ଷ Ͳ,ͻʹ )= ( Ͳ,ͻʹʹ Ͷ,Ͳͺͻ݅͵,ͳ݅ ∙ ͳͲ−ଷ Ͳ,ͻʹʹ ) 

Пɪɟɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɩɨɫɥɟ ɤɨɦɩɟɧɫɚɰɢɢ: ܲ˒ ˓ˈˇ = మːэ = ହమସ,଼ଽ = ͷ͵Ͳͻ ʛ˅˕. 
6. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɤɨɦɩɟɧɫɢɪɨɜɚɧɧɨɣ ɥɢɧɢɢ: ܫ = ˒ ˓ˈˇ√ଷ∙∙௦� = Ͷͷ͵ А 

7. ɑɢɫɥɨ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɪɚɡɧɵɯ ɤɨɦɩɚɧɢɣ-ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɢ ɤɨɦɩɟɧɫɚɰɢɢ: 

Ʉɨɧɞɟɧɫɚɬɨɪɧɵɣ ɡɚɜɨɞ «ɗɥɟɤɬɪɨɢɧɬɟɪ» 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ: ݔˍːˑˏ = ˍːˑˏమொˍːˑˏ = ͳͺ,͵ͷ, ʝˏ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ: ̱ܫ ːˑˏ = ொˍːˑˏˍːˑˏ = ͳͳͶ,ʹͺ, А 

Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɰɟɩɟɣ: ݉ = ூூˍːˑˏ = ͷ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ:݊ = ௫ˍˑˏ˒∙௫ˍːˑˏ = ͷ,˛˕ 
Ɉɛɳɟɟ ɱɢɫɥɨ ɤɨɧɞɟɧɫɚɬɨɪɨɜ: ܰ = ͵ ∙ ݉ ∙ ݊ = ͳͳͳͳͲ,˛˕ 
Ɇɨɳɧɨɫɬɶ ɍɍПɄ ɫ ɭɱɟɬɨɦ ɱɢɫɥɚ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ 

ɟɞɢɧɢɱɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ: ܳ˖˒ˍ = ͵ ∙ ݉ ∙ ݊ ∙ ܳˍːˑˏ = ʹͺ,ʛ˅а˓ 
Ʉɨɦɩɚɧɢɹ «GОЧОЫКХ EХОМЭЫТМ» 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ: ݔˍːˑˏ = ˍːˑˏమொˍːˑˏ = ͳͺ,ͺͺ, ʝˏ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ: ̱ܫ ːˑˏ = ொˍːˑˏˍːˑˏ = ͷͲ, А 

Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɰɟɩɟɣ: ݉ = ூூˍːˑˏ = ͳ͵Ͳ,˛˕ 
Ʉɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ:݊ = ௫ˍˑˏ˒∙௫ˍːˑˏ = ͳ,˛˕ 
Ɉɛɳɟɟ ɱɢɫɥɨ ɤɨɧɞɟɧɫɚɬɨɪɨɜ: ܰ = ͵ ∙ ݉ ∙ ݊ = ͵Ͳ,˛˕ 
Ɇɨɳɧɨɫɬɶ ɍɍПɄ: ܳ˖˒ˍ = ͵ ∙ ݉ ∙ ݊ ∙ ܳˍːˑˏ = ʹͻͻ,ʛ˅а˓. 
Пɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɞɜɭɯɰɟɩɧɚɹ ɍɍПɄ ɫ ɤɨɦɩɟɧɫɚɰɢɟɣ γ0% ɪɟɚɤɬɢɜɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ȼɅ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɍɍПɄ  β0,79 Ɉɦ; ɱɢɫɥɨ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ  11110 ɲɬ, ɦɨɳɧɨɫɬɶ ɍɍПɄ ʹͺ ʛ˅а˓  (Ʉɨɧɞɟɧɫɚɬɨɪɧɵɣ ɡɚɜɨɞ 
«ɗɥɟɤɬɪɨɢɧɬɟɪ»); ɱɢɫɥɨ ɤɨɧɞɟɧɫɚɬɨɪɨɜ  66γ0 ɲɬ, ɦɨɳɧɨɫɬɶ ɍɍПɄ ʹͻͻ ʛ˅а˓ 
(Ʉɨɦɩɚɧɢɹ «GОЧОЫКХ EХОМЭЫТМ») ɭɜɟɥɢɱɢɬ ɩɪɟɞɟɥɶɧɭɸ ɩɟɪɟɞɚɜɚɟɦɭɸ ɦɨɳɧɨɫɬɶ ɫ γ746 ɞɨ 5γ09 
Ɇȼɬ. 

Пɪɢɦɟɧɟɧɢɟ ɎПɍ ɞɥɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɩɨɤɚɠɟɦ ɧɚ ɩɪɢɦɟɪɟ 
Ɍɨɦɫɤɨɣ ɗɋ. 

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ Ɍɨɦɫɤɨɣ ɗɋ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɬ ɞɜɭɯɰɟɩɧɨɣ, 
ɦɧɨɝɨɩɨɞɫɬɚɧɰɢɨɧɧɨɣ ȼɅ ββ0 ɤȼ ɇɢɠɧɟɜɚɪɬɨɜɫɤɚɹ ȽɊɗɋ (Ɍɸɦɟɧɫɤɚɹ ɗɋ) – Пɋ ɋɨɜɟɬɫɤɨ-
ɋɨɫɧɢɧɫɤɚɹ – Пɋ ɑɚɩɚɟɜɤɚ – Пɋ Ɋɚɫɤɢɧɨ – Пɋ ȼɟɪɬɢɤɨɫ – Пɋ Пɚɪɚɛɟɥɶ – Пɋ ɑɚɠɟɦɬɨ – Пɋ 
ȼɨɥɨɞɢɧɨ – Пɋ Ɍɨɦɫɤɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 800 ɤɦ. 

Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɭɫɢɥɟɧɢɟ 
ɷɥɟɤɬɪɨɫɟɬɟɜɨɣ ɱɚɫɬɢ ɜɜɟɞɟɧɢɟɦ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɞɨ β016 ɝ. ɨɞɧɨɰɟɩɧɨɣ ȼɅ 500 ɤȼ Пɋ 
ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ – Пɋ Пɚɪɚɛɟɥɶ – Пɋ Ɍɨɦɫɤɚɹ ɩɨ ɡɚɤɚɡɭ ɈȺɈ «ɎɋɄ ȿɗɋ» Д5]. 

ɇɚ ɩɪɚɤɬɢɤɟ ɷɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɥɭɱɚɸ, ɤɨɝɞɚ ɤ ɫɟɬɢ ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɤɥɚɫɫɚ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɪɚɡɜɢɬɢɢ ɩɨɞɤɥɸɱɟɧɚ ȼɅ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ.ɋɨɝɥɚɫɧɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 1, ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨɬɨɤɨɜ 
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ɦɨɳɧɨɫɬɢ ɩɨ ȼɅ ββ0 ɢ 500 ɤȼ ɠɟɥɚɟɦɨɝɨ ɷɮɮɟɤɬɚ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɟ 
ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ: ȼɅ 500 ɤȼ ɛɭɞɟɬ ɧɟɞɨɝɪɭɠɟɧɚ, ɚ ȼɅ ββ0 ɤȼ ɇɢɠɧɟɜɚɪɬɨɜɫɤɚɹ ȽɊɗɋ – Пɋ 
ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɩɪɟɞɟɥɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɱɬɨ 
ɩɪɢɜɟɞɟɬ ɤ ɫɭɦɦɚɪɧɨɦɭ ɪɨɫɬɭ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ ɜ ɗɋ. 

Ɍɚɛɥɢɰɚ 1. ɋɜɟɞɟɧɢɹ ɨ ɩɨɬɨɤɚɯ ɦɨɳɧɨɫɬɢ ɩɨ ȼɅ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 
ɩɨɬɨɤɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȼɅ ɇɚɩɪɹɠɟɧɢɟ ȼɅ, ɤȼ Пɨɬɨɤɢ ɦɨɳɧɨɫɬɢ ɩɨ ȼɅ 
P, Ɇȼɬ Q, Ɇɜɚɪ 

ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ ‒ 
ɑɚɩɚɟɜɤɚ 

 
220 

98 14 

ɇɢɠɧɟɜɚɪɬɨɜɫɤɚɹ ȽɊɗɋ – 
ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ (ɩɨɬɨɤ 
ɦɨɳɧɨɫɬɢ ɩɨ ɞɜɭɦ ɰɟɩɹɦ) 

 
220 230 128 

ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ ‒ 
Пɚɪɚɛɟɥɶ 

 
500 

50 136 

ȼɵɯɨɞɨɦ ɢɡ ɫɥɨɠɢɜɲɟɣɫɹ ɫɢɬɭɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɦɟɠɞɭ ȼɅ ββ0 ɢ 500 ɤȼ, ɟɫɥɢ ɭɫɬɚɧɨɜɢɬɶ ɧɚ Пɋ 
ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ ɎПɍ.  

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɎПɍ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ β. ɋɨɝɥɚɫɧɨ 
ɪɢɫɭɧɤɭ β ɎПɍ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: ɪɟɝɭɥɢɪɭɟɦɨɝɨ Ɍ1 ɢ ɫɟɪɢɟɫɧɨɝɨ Ɍβ, 
ɫɨɡɞɚɸɳɟɝɨ ɜɟɤɬɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ȼɅ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɚɜɥɟɧɧɵɣ ɤ 
ɜɟɤɬɨɪɭ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɚɱɚɥɟ ȼɅ ɢ ɮɨɪɦɢɪɭɸɳɟɝɨ ɮɚɡɨɜɵɣ ɫɞɜɢɝ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɧɚ ɧɟɤɨɬɨɪɵɣ ɪɟɝɭɥɢɪɭɟɦɵɣ ɭɝɨɥ. 

ɂɡɦɟɧɹɹ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɟɪɢɟɫɧɨɣ ɨɛɦɨɬɤɟ ɫ ɩɨɦɨɳɶɸ ɪɟɝɭɥɢɪɭɟɦɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɜɨɪɨɬ ɜɟɤɬɨɪɚ ɫɭɦɦɚɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɚɱɚɥɟ ȼɅ 
ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɩɪɚɜɥɹɬɶ ɮɚɡɨɜɵɦ ɭɝɥɨɦ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ȼɅ, ɢɡɦɟɧɹɹ 
ɩɨɬɨɤ ɦɨɳɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɩɨ ɧɟɣ Д6Ж. 

Ɍɚɛɥɢɰɚ β.Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɎПɍ 
Пɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɆȼȺ 226 
Ⱦɨɩɭɫɬɢɦɵɣ ɬɨɤ ɜ ȼɅ, Ⱥ 787 
Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ (ɭɝɥɚ) 
ɧɚɩɪɹɠɟɧɢɹ: 
ɞɢɚɩɚɡɨɧ, ɝɪɚɞ. ɷɥ. 

 
±40 

ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ±15 
ɒɚɝ ɫɬɭɩɟɧɢ, ɝɪɚɞ. ɷɥ. 2,67 
ȼɪɟɦɹ ɢɡɦɟɧɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ (ɭɝɥɚ), 
ɫ (ɧɟ ɛɨɥɟɟ) 

0,02 

Пɪɢ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ȼɅ ɭɩɪɚɜɥɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ɮɚɡɨɜɨɝɨ ɭɝɥɚ ɩɨɡɜɨɥɹɟɬ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɚ ɦɨɳɧɨɫɬɢ ɦɟɠɞɭ ɧɢɦɢ. 

 
Ɋɢɫ.β. Пɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɎПɍ 
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Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ Пɋ ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ ɎПɍ, ɩɪɨɜɨɞɢɥɫɹ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ПɄ) RКЬЭЫKГ. ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ γ ɎПɍ ɦɨɞɟɥɢɪɨɜɚɥɨɫɶ 
ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɞɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɬɜɹɯ ɤɨɦɩɥɟɤɫɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ: ɄɌ/Ы, ɄɌ/Т , ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ɄɌ=ɄɌ/Ы,+jɄɌ/Т= ɄɌ(МШЬδɎПɍ+jЬТЧδɎПɍ), 

ɝɞɟ δɎПɍ – ɭɝɨɥ ɫɞɜɢɝɚ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɹ, ɝɪɚɞ. ɷɥ. 

 
Ɋɢɫ. γ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɎПɍ ɜ ПɄ RКЬЭЫKГ 

ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɪɚɫɱɟɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɜɟɬɜɢ 
ɎПɍ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ ɧɭɥɸ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɤɨɦɩɥɟɤɫɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ, ɪɚɜɧɨɦɭ 0.99±У0.046. Ⱦɚɥɟɟ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ 
ɦɨɳɧɨɫɬɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ γ. 

Ɍɚɛɥɢɰɚ γ. Пɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɎПɍ ɧɚ Пɋ 
ɋɨɜɟɬɫɤɨ-ɋɨɫɧɢɧɫɤɚɹ 

δɎɉɍ, 
ɝɪɚɞ. ɷɥ. 

ɋɭɦɦɚɪɧɵɟ 
ɩɨɬɟɪɢ 

ɦɨɳɧɨɫɬɢ, 
ɆȼȺ 

Пɨɬɨɤ ɦɨɳɧɨɫɬɢ ɩɨ ɥɢɧɢɢ, ɆȼȺ 
ɋɨɜɟɬɫɤɨ-

ɋɨɫɧɢɧɫɤɚɹ – 
ɑɚɩɚɟɜɤɚ 
(ββ0ɤȼ) 

ɇɢɠɧɟɜɚɪɬɨɜɫɤɚɹ 
ȽɊɗɋ – ɋɨɜɟɬɫɤɨ-
ɋɨɫɧɢɧɫɤɚɹ ββ0ɤȼ 
(ɩɟɪɟɬɨɤ ɩɨ ɞɜɭɦ 

ɰɟɩɹɦ) 

ɋɨɜɟɬɫɤɨ-
ɋɨɫɧɢɧɫɤɚɹ ‒ 

Пɚɪɚɛɟɥɶ 
(500ɤȼ) 

0  54,1+j635 98-j14 230-j128 -50+j136 
+10,68 54+j635 16+j14 188-j106 -92+j141 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɣ 
ɭɝɨɥ ɜɤɥɸɱɟɧɢɹ δɎɉɍ≈11º. Пɪɢ ɞɚɧɧɨɦ ɭɝɥɟ ɜɤɥɸɱɟɧɢɹ ȼɅ ββ0 ɤȼ ɛɭɞɭɬ ɪɚɡɝɪɭɠɟɧɵ, ɚ ȼɅ 
500 ɤȼ ɛɨɥɟɟ ɡɚɝɪɭɠɟɧɚ ɩɪɢ ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ, ɱɬɨ ɢ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɎПɍ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɤɚ ɜ ɪɚɫɫɟɱɤɭ ɥɢɧɢɢ ɍɍПɄ ɫ γ0% ɫɬɟɩɟɧɶɸ ɤɨɦɩɟɧɫɚɰɢɢ 
ɩɨɜɵɫɢɬ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ȼɅ ɋɒȽɗɋ – Пɋ ɇɨɜɨɤɭɡɧɟɰɤɚɹ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɣ 
ɨɫɧɨɜɧɨɣ ɦɟɠɫɢɫɬɟɦɧɵɣ ɬɪɚɧɡɢɬ ɜ Ʉɭɡɛɚɫɫɤɭɸ ɗɋ. 

Ɋɚɫɫɱɢɬɚɧɧɵɣ ɭɝɨɥ ɜɤɥɸɱɟɧɢɹ ɎПɍ ɩɨɡɜɨɥɢɬɨɩɬɢɦɚɥɶɧɨɩɟɪɟɪɚɫɩɪɟɞɟɥɹɬɶ ɩɨɬɨɤɢ 
ɦɨɳɧɨɫɬɢ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɪɚɡɧɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ ɜ Ɍɨɦɫɤɨɣ ɗɋ. 

ɋПɂɋɈɄ ɂɋПɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ: 
1. ɀɞɚɧɨɜ П.ɋ. ȼɨɩɪɨɫɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ / ɩɨɞ ɪɟɞ. Ʌ.Ⱥ. ɀɭɤɨɜɚ – 

Ɇ., ɗɧɟɪɝɢɹ, 1979. – 456 ɫ, ɢɥ. 
2.  «Ɏɟɞɟɪɚɥɶɧɚɹ ɫɟɬɟɜɚɹ ɤɨɦɩɚɧɢɹ ȿɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ» (ɈȺɈ «ɎɋɄ 

ȿɗɋ») Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ: Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.fsk-ees.ru, ɫɜɨɛɨɞɧɵɣ; 
3. Ʉɨɱɤɢɧ ȼ.ɂ., ɒɚɤɚɪɹɧ ɘ.Ƚ. Пɪɢɦɟɧɟɧɢɟ ɝɢɛɤɢɯ (ɭɩɪɚɜɥɹɟɦɵɯ) ɫɢɫɬɟɦ 

ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɟɪɟɦɟɧɧɝɨ ɬɨɤɚ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ – Ɇ.: Ɍɨɪɭɫ ɩɪɟɫɫ, β011. – γ11 ɫ.; 
4. Ɋɵɠɨɜ ɘ.П. Ⱦɚɥɶɧɢɟ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ/ 

– Ɇ.: ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ Ɇɗɂ, β007. – 488 ɫ.; 
5. Ɉ ɫɯɟɦɟ ɢ ɩɪɨɝɪɚɦɦɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ 

ɧɚ ɩɟɪɢɨɞ β01γ-β017 ɝ.ɝ. Дɨɮɢɰɢɚɥɶɧɵɣ ɫɚɣɬ Ⱥɞɦɢɧɢɫɬɪɚɰɢɢ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢЖ. URL: 
docs.pravo.ru/document/view/β6481664/β6γ849β1 (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 17.08.β01γ). 
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6. ɋɬɟɥɶɦɚɤɨɜ ȼ.ɇ. Ɏɚɡɨɩɨɜɨɪɨɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫ ɬɢɪɢɫɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ // 
ɗɥɟɤɬɪɢɱɟɫɬɜɨ.-2010.-№8.-ɋ. β0-23. 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: ɇ.Ʌ.Ȼɚɰɟɜɚ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ, ɗɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɌПɍ. 

 
 
 
 

ɄɈɇɋɌɊɍɄɌɈɊ ɗɅȿɄɌɊɈɗɇȿɊȽȿɌɂɑȿɋɄɂɏ ɋɂɋɌȿɆ.ȼɕɄɅɘɑȺɌȿɅɖ 
SIEMENS 3APIDT-145kV 

 
Ɉ.ɋ.ȼɨɡɢɫɨɜɚ, Ⱥ.ȼ.Ɍɪɟɦɛɚɱ, Ⱦ.Ⱥ.Ɏɢɪɫɨɜɚ 

ɍɪɚɥɶɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɩɟɪɜɨɝɨ Пɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɢ Ȼ.ɇ.ȿɥɶɰɢɧɚ.  
ɍɪɚɥɶɫɤɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ.  

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɭɱɟɧɢɟ ɛɭɞɭɳɢɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ 
ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɜɟɱɚɟɬ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɨɬɥɢɱɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦɢ 
ɮɢɧɚɧɫɨɜɵɦɢ ɢ ɜɪɟɦɟɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. Ⱦɨɫɬɭɩ ɤ ɪɟɚɥɶɧɵɦ ɨɛɴɟɤɬɚɦ ɢ ɨɛɨɪɭɞɨɜɚɧɢɸ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢɦɟɟɬ ɤɪɭɝ ɥɸɞɟɣ, ɨɝɪɚɧɢɱɟɧɧɵɣ ɩɟɪɫɨɧɚɥɨɦ ɩɪɟɞɩɪɢɹɬɢɹ, ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 
ɷɧɟɪɝɨɨɛɴɟɤɬ. Ɉɫɧɨɜɧɨɟ ɠɟ ɨɛɭɱɟɧɢɟ ɦɟɬɨɞɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɦɨɧɬɚɠɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɩɥɨɫɤɢɯ ɱɟɪɬɟɠɟɣ ɧɚ ɛɭɦɚɠɧɨɦ ɢɥɢ ɷɥɟɤɬɪɨɧɧɨɦ ɧɨɫɢɬɟɥɟ. Пɪɢ 
ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɧɟɫɟɧɢɹ ɡɧɚɧɢɣ ɨ ɜɧɟɲɧɟɦ ɜɢɞɟ ɢ ɭɫɬɪɨɣɫɬɜɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɧɰɢɩɚɯ ɟɝɨ ɞɟɣɫɬɜɢɹ, ɧɚɡɧɚɱɟɧɢɹ, ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɨɛɥɟɦɚɯ 
ɦɨɧɬɚɠɚ, ɩɪɚɜɢɥɚɯ ɫɛɨɪɤɢ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

C ɫɟɧɬɹɛɪɹ β01γ ɝ. ɤɚɮɟɞɪɚ Ⱥɗɋ ɍɪɚɥɗɇɂɇ ɍɪɎɍ (ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ) ɪɟɚɥɢɡɭɟɬ 
ɞɨɥɝɨɫɪɨɱɧɵɣ ɩɪɨɟɤɬ «Ʉɨɧɫɬɪɭɤɬɨɪ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ». Ɉɞɧɨɣ ɢɡ ɩɨɫɥɟɞɧɢɯ 
ɪɚɛɨɬ ɫɬɚɥɨ ɫɨɡɞɚɧɢɟ ɭɦɟɧɶɲɟɧɧɨɣ ɦɨɞɟɥɢ ɜɵɤɥɸɱɚɬɟɥɹ Siemens 3AP1DT-145. Ⱦɚɧɧɚɹ 
ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɬɨɪ ɜɵɤɥɸɱɚɬɟɥɹ ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ ɦɚɫɲɬɚɛɟ 1/γ5 
(Ɋɢɫɭɧɨɤ 1).  

Ʉɨɧɫɬɪɭɤɬɨɪ ɜɵɤɥɸɱɚɬɟɥɹ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɦɚɫɲɬɚɛɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɟɣɲɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɢɫɬɟɦ ɨɛɴёɦɧɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, γD ɩɪɢɧɬɟɪɨɜ, ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɫɬɚɧɤɨɜ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɢ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɩɪɨɰɟɫɫɭ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɭɦɟɧɶɲɟɧɧɵɟ ɤɨɩɢɢ (ɦɚɫɲɬɚɛɧɵɟ ɦɨɞɟɥɢ) ɫɢɥɨɜɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɨɛɟɫɩɟɱɢɬɶ ɢɯ ɜɵɫɨɤɭɸ ɜɧɟɲɧɸɸ ɬɨɱɧɨɫɬɶ ɢ 
ɢɞɟɧɬɢɱɧɨɫɬɶ (ɤɨɩɢɣɧɨɫɬɶ). Ɉɱɟɜɢɞɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɦɚɫɲɬɚɛɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɝɥɹɞɧɨɫɬɢ ɢɡɭɱɚɟɦɨɝɨ ɢɥɢ ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɴɟɤɬɚ (Ɋɢɫɭɧɨɤ 1).  

Ɇɚɥɵɟ ɪɚɡɦɟɪɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɨɛɢɪɚɟɦɨɝɨ ɢɡ ɬɚɤɨɝɨ ɤɨɧɫɬɪɭɤɬɨɪɚ ɩɨɡɜɨɥɹɸɬ 
ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɢɬɶ ɡɚɞɚɱɢ ɨɛɭɱɟɧɢɹ ɫɬɭɞɟɧɬɨɜ ɢ ɩɟɪɫɨɧɚɥɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɢ ɢɧɠɢɧɢɪɢɧɝɚ, ɢ ɱɬɨ ɧɟɦɚɥɨɜɚɠɧɨ, ɫɞɟɥɚɬɶ ɨɛɭɱɟɧɢɟ ɭɜɥɟɤɚɬɟɥɶɧɵɦ, ɩɨɡɧɚɜɚɬɟɥɶɧɵɦ, 
ɢɧɬɟɪɟɫɧɵɦ, ɢɧɬɟɪɚɤɬɢɜɧɵɦ, ɞɢɫɬɚɧɰɢɨɧɧɵɦ ɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦ. Ɍɚɤɠɟ ɩɨɞɨɛɧɚɹ 
ɩɨɫɬɚɧɨɜɤɚ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ ɞɨɲɤɨɥɶɧɭɸ ɢ ɞɨɜɭɡɨɜɫɤɭɸ 
ɩɨɞɝɨɬɨɜɤɭ ɛɭɞɭɳɢɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ, ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ, 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɩɨɫɨɛɧɨɫɬɢ ɛɭɞɭɳɢɯ ɢɧɠɟɧɟɪɨɜ ɢ 
ɤɨɧɫɬɪɭɤɬɨɪɨɜ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɚɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɧɟ ɧɚɯɨɞɹɳɟɟɫɹ ɩɨɞ ɨɩɚɫɧɵɦ 
ɧɚɩɪɹɠɟɧɢɟɦ, ɫɨɜɟɪɲɟɧɧɨ ɛɟɡɨɩɚɫɧɨ ɞɥɹ ɭɱɚɳɟɝɨɫɹ ɢ ɩɪɟɩɨɞɚɜɚɬɟɥɹ, ɬ.ɤ. ɨɬɫɭɬɫɬɜɭɟɬ ɪɢɫɤ 
ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ.  
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