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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɨɞɧɨɤɨɜɲɨɜɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ (ɗɈȽ), 
ɩɨɡɜɨɥɹɸɳɢɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɪɚɡɪɚɛɨɬɤɭ ɬɪɚɧɲɟɣ, ɚ ɬɚɤɠɟ ɪɚɫ-
ɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɗɈȽ. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɪɚɡɪɚɛɨɬɤɢ ɬɪɚɧɲɟɢ ɗɈȽ ɩɨɡɜɨɥɢɬ ɜɟɫɬɢ ɪɚɡɪɚɛɨɬɤɭ ɬɪɚɧɲɟɢ ɫ ɡɚɞɚɧɧɵɦɢ ɝɥɭɛɢ-
ɧɨɣ, ɞɥɢɧɨɣ ɢ ɜ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ-
ɨɩɟɪɚɬɨɪɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɗɈȽ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɨɞɧɨɤɨɜɲɨɜɵɣ ɷɤɫɤɚɜɚɬɨɪ, ɚɥɝɨɪɢɬɦ ɚɜɬɨɦɚ-
ɬɢɡɚɰɢɢ, ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɡɪɚɛɨɬɤɚ ɬɪɚɧɲɟɢ. 
 

ȼɜɟɞɟɧɢɟ 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɱɟɧɶ ɨɫɬɪɨ ɫɬɨɢɬ 

ɜɨɩɪɨɫ ɪɚɰɢɨɧɚɥɢɡɚɰɢɢ, ɦɨɞɟɪɧɢɡɚɰɢɢ ɢ ɫɨ-
ɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɞɨɪɨɠɧɵɯ, ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɩɨɞɴ-
ɟɦɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ. Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɧɵɯ ɡɟɦɥɟɪɨɣɧɵɯ ɦɚɲɢɧ ɹɜɥɹɟɬɫɹ ɗɈȽ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɜ ɦɢɪɟ ɫɭɳɟɫɬɜɭɟɬ 
ɪɹɞ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɗɈȽ. ɉɨ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɢɹ ɜɫɟ ɷɬɢ ɫɢɫɬɟɦɵ 
ɹɜɥɹɸɬɫɹ ɢɧɞɢɤɚɬɨɪɧɵɦɢ, ɬɨ ɟɫɬɶ ɨɧɢ ɩɨɡɜɨ-
ɥɹɸɬ ɱɟɥɨɜɟɤɭ-ɨɩɟɪɚɬɨɪɭ ɜɢɡɭɚɥɶɧɨ ɨɬɫɥɟ-

ɠɢɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɤɨɜɲɚ ɜ 
ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨɱɧɵɟ 
ɩɨɤɚɡɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɤɨɜɲɚ 
ɜ ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ (ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 10 ɦɦ), ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ ɧɢ-
ɱɟɦ ɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɢ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɤɚɡɵ-
ɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɤɚɤ ɧɚ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɶ, ɬɨɱɧɨɫɬɶ ɪɚɛɨɬ, ɬɚɤ ɢ ɧɚ ɜɪɟɦɹ, 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɟɱɶ ɩɨɣɞɟɬ ɨ ɪɚɡɪɚɛɨɬ-
ɤɚɯ ɜ ɨɛɥɚɫɬɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨ-
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ɰɟɫɫɚ ɗɈȽ, ɚ ɢɦɟɧɧɨ ɨ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɢɦ ɩɪɨɰɟɫɫɨɦ ɗɈȽ.  

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
ɨɞɧɨɤɨɜɲɨɜыɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɷɤɫɤɚɜɚ-
ɬɨɪɨɦ. ɍɪɚɜɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɹɡɟɣ 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɚ ɪɚɫɱɟɬ-
ɧɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɯɟɦɚ ɗɈȽ (ɪɢɫ.1). Ɉɫ-
ɧɨɜɧɵɦɢ ɪɚɫɱɟɬɧɵɦɢ ɡɜɟɧɶɹɦɢ ɹɜɥɹɸɬɫɹ: 

1) Ȼɚɡɨɜɚɹ ɦɚɲɢɧɚ, ɜɤɥɸɱɚɹ ɩɥɚɬɮɨɪɦɭ 
ɗɈȽ ɫ ɰɟɧɬɪɨɦ ɦɚɫɫ ɜ ɬɨɱɤɟ Ɉ1 ɢ ɫɜɹɡɚɧɧɨɣ ɫ 
ɧɟɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ Ɉ1Б1В1Г1. 

2) ɋɬɪɟɥɚ ɫ ɰɟɧɬɪɨɦ ɦɚɫɫ ɜ ɬɨɱɤɟ ɈР2 ɢ 
ɫɜɹɡɚɧɧɨɣ ɫ ɧɟɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 
O2Б2В2Г2. 

3) Ɋɭɤɨɹɬɶ ɫ ɰɟɧɬɪɨɦ ɦɚɫɫ ɜ ɬɨɱɤɟ Ɉ3 ɢ 
ɫɜɹɡɚɧɧɨɣ ɫ ɧɟɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 
O3Б3В3Г3. 

4) Кɨɜɲ ɫ ɰɟɧɬɪɨɦ ɦɚɫɫ ɜ ɬɨɱɤɟ ɈР4 ɢ 
ɫɜɹɡɚɧɧɨɣ ɫ ɧɢɦ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 
O4Б4Г4В4. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɗɈȽ ɧɚɱɢɧɚɟɬ-
ɫɹ ɫ ɜɵɛɨɪɚ ɟɝɨ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɬɚɤ 
ɱɬɨɛɵ ɤɚɠɞɚɹ ɤɨɨɪɞɢɧɚɬɚ ɨɩɢɫɵɜɚɥɚ ɫɨɫɬɨɹ-
ɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɡɜɟɧɚ ɪɚɫɱɟɬɧɨɣ ɫɯɟ-
ɦɵ. ɉɪɢ ɷɬɨɦ ɪɚɡɧɵɦ ɫɩɨɫɨɛɚɦ ɜɵɛɨɪɚ 
ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡ-
ɥɢɱɧɵɟ ɩɨ ɫɥɨɠɧɨɫɬɢ ɢ ɧɚɝɥɹɞɧɨɫɬɢ ɭɪɚɜɧɟ-
ɧɢɹ ɤɢɧɟɦɚɬɢɤɢ ɢ ɞɢɧɚɦɢɤɢ ɗɈȽД1,2,3].  

ȼɵɛɪɚɧɧɵɟ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ 
ɩɪɢɧɹɬɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɦɢ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ (q) Д2]: q1, В0 – ɩɟ-
ɪɟɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ ɬɨɱɤɢ Ɉ1 ɜɞɨɥɶ ɨɫɢ 
Ɉ0В0; q2, Ɣ0 – ɩɨɜɨɪɨɬ ɩɥɚɬɮɨɪɦɵ ɗɈȽ ɜɨɤɪɭɝ 
ɨɫɢ Ɉ0ɏ0; q3, Ư0 – ɩɨɜɨɪɨɬ ɩɥɚɬɮɨɪɦɵ ɗɈȽ 
ɜɨɤɪɭɝ ɨɫɢ Ɉ0В0; q4, Ѱ0 – ɩɨɜɨɪɨɬ ɩɥɚɬɮɨɪɦɵ 
ɗɈȽ ɜɨɤɪɭɝ ɨɫɢ Ɉ0Г0; q5, Ư1 – ɩɨɜɨɪɨɬ ɫɬɪɟɥɵ 
ɗɈȽ ɜɨɤɪɭɝ ɨɫɢ O1Г1; q6, Ư2 – ɩɨɜɨɪɨɬ ɪɭɤɨɹɬɢ 
ɗɈȽ ɜɨɤɪɭɝ ɨɫɢ O2Г2; q7, Ư3 – ɩɨɜɨɪɨɬ ɤɨɜɲɚ 
ɗɈȽ ɜɨɤɪɭɝ ɨɫɢ O3Г3. 

 
Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɯɟɦɚ ɨɞɧɨɤɨɜɲɨɜɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ 

 
ɋɨ ɫɬɨɪɨɧɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɧɚ ɪɚɛɨɱɟɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɟɣɫɬɜɭɸɬ ɦɨɦɟɧɬɵ ɫɢɥ Ɇ2, Ɇ3, 
Ɇ4. Ɋɟɚɤɰɢɢ ɝɪɭɧɬɚ ɧɚ ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɢɥɚɦɢ F1, F2, F3 
ɢ F4. Ɋɟɚɤɰɢɹ ɝɪɭɧɬɚ ɧɚ ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɜɟɤɬɨɪɨɦ ܨହሬሬሬ⃗ : 

 TZYX FFFF 1,,, 5555 


.            (1) 

ɍɩɪɭɝɨ-ɜɹɡɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɹɡɟɣ, ɧɚɥɨɠɟɧ-
ɧɵɯ ɧɚ ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɠɟɫɬɤɨɫɬɢ 
ɫ1, ɫ2 ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɜɹɡɤɨɫɬɢ b1, b2 
Д2,4,5]. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɗɈȽ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɜɵɹɜ-

ɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜɥɢɹɧɢɹ 
ɢɡɦɟɧɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɪɚɫɱɟɬɧɨɣ 
ɫɯɟɦɵ ɗɈȽ, ɩɨɝɪɟɲɧɨɫɬɟɣ ɤɨɨɪɞɢɧɚɬ ɪɚɫɱɟɬ-
ɧɨɣ ɫɯɟɦɵ ɗɈȽ, ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɧɮɨɪɦɚɰɢɨɧ-
ɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɧɫɬɪɭɤɬɢɜ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɗɈȽ, ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɪɚ-
ɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Д2,6,7]. 

ɍɱɢɬɵɜɚɹ ɭɫɥɨɜɢɟ ɧɟɤɨɦɦɭɬɚɬɢɜɧɨɫɬɢ ɭɝ-
ɥɨɜ ɗɣɥɟɪɚ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɨɜɨɪɨɬ ɫɢɫɬɟɦ 
ɤɨɨɪɞɢɧɚɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ, ɢ ɜɵ-
ɛɪɚɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɨɜɨɪɨɬɚ ɥɨ-
ɤɚɥɶɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɜɨɤɪɭɝ ɨɫɟɣ ГТ, ВТ ɢ 
БТ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɝɥɵ ѰТ, ƯТ ɢ ƔТ, ɞɥɹ 
ɩɪɢɧɹɬɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɦɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ 
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ɢɡ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ O1Б1В1Г1 ɜ ɫɢɫɬɟɦɭ ɤɨ- ɨɪɞɢɧɚɬ O0Б0В0Г0 ɢɦɟɟɬ ɜɢɞ Д1,2,8]: 
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Ɇɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ ɢɡ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 

O2Б2В2Г2 ɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ O1Б1В1Г1 ɢɦɟɟɬ 
ɜɢɞ: 
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ɝɞɟ Х1 ɢ Х2 – ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɗɈȽ, ɨɩɪɟ-
ɞɟɥɹɸɳɢɟ ɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ Ɉ2 ɜ ɫɢɫɬɟɦɟ ɤɨ-
ɨɪɞɢɧɚɬ O1Б1В1Г1 ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɫɹɦ 
O1Б1 ɢ O1В1. 

Ɇɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ ɢɡ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
O3Б3В3Г3 ɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ O2Б2В2Г2 ɢɦɟɟɬ 
ɜɢɞ: 
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ɝɞɟ Х3 – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɲɚɪ-
ɧɢɪɨɜ ɤɪɟɩɥɟɧɢɹ ɫɬɪɟɥɵ ɢ ɪɭɤɨɹɬɢ. 

Ɇɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ ɢɡ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
O4Б4В4Г4 ɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ O3Б3В3Г3 ɢɦɟɟɬ 
ɜɢɞ: 
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ɝɞɟ Х4 – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɲɚɪ-
ɧɢɪɨɜ ɤɪɟɩɥɟɧɢɹ ɪɭɤɨɹɬɢ ɢ ɤɨɜɲɚ. 

Ɇɚɬɪɢɰɵ ɩɟɪɟɯɨɞɚ ɢɡ Т-ɨɣ ɥɨɤɚɥɶɧɨɣ ɫɢɫ-
ɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ ɢɧɟɪɰɢɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨ-

ɨɪɞɢɧɚɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭ-
ɥɚɦɢ Д2,6]: 

;11 AT                                   (6) 

;212 AAT                            (7) 

;3213 AAAT                        (8) 

.43214 AAAAT                    (9) 

Ⱥɥɝɨɪɢɬɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɚɡɪɚɛɨɬɤɢ 
ɬɪɚɧɲɟɢ ɨɞɧɨɤɨɜɲɨɜыɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ 
ɷɤɫɤɚɜɚɬɨɪɨɦ 

Ɋɚɡɪɚɛɨɬɤɚ ɬɪɚɧɲɟɢ ɩɨɞ ɩɪɨɟɤɬɧɭɸ ɨɬ-
ɦɟɬɤɭ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ 
ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɯ 
ɨɞɧɨɤɨɜɲɨɜɵɦ ɷɤɫɤɚɜɚɬɨɪɨɦ. Ɉɞɧɚɤɨ, ɧɚ  ɫɟ-
ɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɗɈȽ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɚɜɬɨ-
ɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɬɪɚɧɲɟɣ ɢ 
ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɶ ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ, 
ɤɨɬɨɪɵɣ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ, ɬɨɱɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɦɵɯ ɪɚɛɨɬ ɢ ɧɚ 
ɨɛɳɟɟ ɜɪɟɦɹ, ɬɪɟɛɭɟɦɨɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɪɚɛɨɬД1,2,4]. 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɪɨɜɨɞɢ-
ɦɵɯ ɪɚɛɨɬ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜɵ-
ɲɟ ɪɚɫɱɟɬɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɯɟɦɵ ɛɵɥ 
ɩɨɥɭɱɟɧ ɚɥɝɨɪɢɬɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ ɬɪɚɧɲɟɢ (ɪɢɫ.3).  

ɉɥɨɫɤɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɗɈȽ ɜ 
ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢ-
ɫɭɧɤɟ 2. Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟ-
ɞɟɥɢɬɶ ɞɥɢɧɭ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ 
ɬɪɚɧɲɟɢ, ɚ ɬɚɤɠɟ ɜɵɫɨɬɧɨɟ ɩɨɥɨɠɟɧɢɟ ɤɨɜɲɚ 
ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢɫɩɨɥɶɡɭɹ ɝɚɛɚɪɢɬ-
ɧɵɟ ɪɚɡɦɟɪɵ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɗɈȽ. 
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Ɋɢɫ. 2. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ  

ɨɞɧɨɤɨɜɲɨɜɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɜ ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 
 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ 
ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɗɈȽ ɜ ɩɪɨɞɨɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɝɚɛɚɪɢɬɧɵɟ 
ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 
ɫɬɪɟɥɵ L2, ɪɭɤɨɹɬɢ L3, ɚ ɬɚɤɠɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɲɚɪɧɢɪɚ ɤɪɟɩɥɟɧɢɹ ɤɨɜɲɚ ɞɨ ɪɟɠɭɳɟɣ ɤɪɨɦ-
ɤɢ, ɩɪɢɧɹɬɨɟ ɤɚɤ ɞɥɢɧɚ ɤɨɜɲɚ L4 ɢ ɝɚɛɚɪɢɬɧɵɣ 
ɪɚɡɦɟɪ ɛɚɡɵ ɦɚɲɢɧɵ L1 (ɜɵɫɨɬɚ ɤɪɟɩɥɟɧɢɹ 
ɲɚɪɧɢɪɚ ɫɬɪɟɥɵ). Ɂɧɚɹ ɭɝɥɵ ɧɚɤɥɨɧɚ ɛɚɡɵ 
ɦɚɲɢɧɵ α1, ɫɬɪɟɥɵ α2, ɪɭɤɨɹɬɢ α3 ɢ ɤɨɜɲɚ α4 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɝɨɪɢɡɨɧɬɚɥɢ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɪɟɠɭɳɟɣ ɤɪɨɦ-
ɤɢ ɤɨɜɲɚ ɜ ɩɥɨɫɤɨɫɬɢ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟ-
ɧɢ, ɚ ɢɦɟɧɧɨ ɧɚɣɬɢ ɟɟ ɤɨɨɪɞɢɧɚɬɵ ɩɨ ɜɵɫɨɬɟ 
H ɢ ɩɨ ɞɥɢɧɟ L: 
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Ⱥɥɝɨɪɢɬɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɫɬɚɧɞɚɪɬ-
ɧɵɯ ɨɩɟɪɚɰɢɣ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɪɚɡɪɚɛɨɬɤɢ 
ɬɪɚɧɲɟɢ ɗɈȽ ɢ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ.  

Ⱥɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɰɢɤɥɢɱɟɫɤɢɦ ɩɨɜɬɨɪɟ-
ɧɢɣ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɟɣɫɬɜɢɣ. ɇɚɱɚɥɨ ɪɚɛɨ-
ɬɵ: ɨɩɟɪɚɬɨɪɨɦ ɡɚɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚ-
ɦɟɬɪɵ: ɝɥɭɛɢɧɚ, ɞɥɢɧɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɬɪɚɧ-
ɲɟɢ. Ⱦɚɥɟɟ ɧɚɱɢɧɚɟɬɫɹ ɪɚɛɨɱɢɣ ɰɢɤɥ ɷɤɫɤɚ-
ɜɚɬɨɪɚ: ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɝɥɭɛɥɟɧɢɟ ɤɨɜɲɚ ɜ 
ɝɪɭɧɬ ɝɢɞɪɨɰɢɥɢɧɞɪɨɦ ɫɬɪɟɥɵ ɞɨ ɦɨɦɟɧɬɚ 
ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɞɚɧ-
ɧɨɦ ɝɢɞɪɨɰɢɥɢɧɞɪɟ. Ɂɚɬɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɨɩɚɧɢɟ ɝɢɞɪɨɰɢɥɢɧɞɪɨɦ ɤɨɜɲɚ, ɬɚɤ ɤɚɤ ɞɚɧ-
ɧɵɣ ɦɟɬɨɞ ɤɨɩɚɧɢɹ ɝɪɭɧɬɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭ-
ɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɢɥɭ ɧɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɟ 
ɤɨɜɲɚ. ɇɚɩɨɥɧɟɧɢɟ ɤɨɜɲɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɨ 

ɦɨɦɟɧɬɚ ɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɝɪɭɧɬɨɦ. ɋɥɟ-
ɞɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɧɚɩɨɥɧɟɧɧɵɣ ɤɨɜɲ ɩɨɞ-
ɧɢɦɚɟɬɫɹ ɞɨ ɜɵɫɨɬɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɩɪɨɢɡɜɨ-
ɞɢɬɶ ɩɨɜɨɪɨɬ ɩɥɚɬɮɨɪɦɵ ɷɤɫɤɚɜɚɬɨɪɚ ɜ ɫɬɨ-
ɪɨɧɭ ɨɬɜɚɥɚ. Ɂɚɬɟɦ ɩɪɨɢɫɯɨɞɢɬ ɨɩɪɨɤɢɞɵɜɚ-
ɧɢɟ ɤɨɜɲɚ ɫ ɝɪɭɧɬɨɦ ɜ ɨɬɜɚɥ ɢ ɩɨɜɨɪɨɬ ɩɥɚɬ-
ɮɨɪɦɵ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. ȼɵɲɟɩɟɪɟ-
ɱɢɫɥɟɧɧɵɟ ɞɟɣɫɬɜɢɹ ɩɨɜɬɨɪɹɸɬɫɹ ɨɩɪɟɞɟ-
ɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝ-
ɧɭɬɚ ɬɪɟɛɭɟɦɚɹ ɝɥɭɛɢɧɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ 
ɬɪɚɧɲɟɢ ɧɚ ɥɨɤɚɥɶɧɨɦ ɭɱɚɫɬɤɟ. ȼ ɞɚɧɧɨɦ 
ɩɪɨɰɟɫɫɟ ɛɭɞɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜɫɟ ɝɢɞɪɨɰɢɥɢɧ-
ɞɪɵ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɤɫɤɚɜɚɬɨɪɚ, ɚ 
ɢɦɟɧɧɨ: ɡɚɝɥɭɛɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɝɢɞɪɨ-
ɰɢɥɢɧɞɪɨɦ ɫɬɪɟɥɵ, ɩɟɪɟɦɟɳɟɧɢɟ ɪɟɠɭɳɟɣ 
ɤɪɨɦɤɢ ɤɨɜɲɚ ɜ ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɷɤɫɤɚ-
ɜɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɝɢɞɪɨɰɢɥɢɧɞɪɨɦ ɪɭ-
ɤɨɹɬɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɨɩɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹ-
ɟɬɫɹ ɝɢɞɪɨɰɢɥɢɧɞɪɨɦ ɤɨɜɲɚ. Ɋɚɛɨɱɟɟ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɷɤɫɤɚɜɚɬɨɪɚ ɨɝɪɚɧɢɱɟɧɨ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ ɢ ɭɱɚɫɬɨɤ ɬɪɚɧɲɟɢ, ɧɟ ɩɟɪɟɞɜɢɝɚɹɫɶ, 
ɷɤɫɤɚɜɚɬɨɪ ɦɨɠɟɬ ɪɚɡɪɚɛɨɬɚɬɶ ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɞɥɢɧɵ. ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ ɭɱɚɫɬɤɚ 
ɬɪɚɧɲɟɢ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɪɚɫɱɟɬ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɮɨɪɦɭɥɨɣ 10, ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɮɢɱɟɫɤɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ 
ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɗɈȽ (ɪɢɫ.2). Ɂɚɞɚɧ-
ɧɚɹ ɞɥɢɧɚ ɬɪɚɧɲɟɢ ɫɨɫɬɨɢɬ ɢɡ ɧɟɤɨɬɨɪɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɭɱɚɫɬɤɨɜ ɞɚɧɧɨɣ ɬɪɚɧɲɟɢ. ȿɫɥɢ 
ɢɯ ɨɛɳɚɹ ɞɥɢɧɚ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ 
ɬɪɚɧɲɟɢ, ɬɨ ɷɤɫɤɚɜɚɬɨɪ ɨɬɤɚɬɵɜɚɟɬɫɹ ɧɚɡɚɞ 
ɧɚ ɞɥɢɧɭ, ɪɚɜɧɭɸ ɞɥɢɧɟ ɭɱɚɫɬɤɚ ɬɪɚɧɲɟɢ ɢ 
ɩɨɜɬɨɪɹɟɬ ɪɚɛɨɱɢɣ ɰɢɤɥ ɪɚɡɪɚɛɨɬɤɢ ɭɱɚɫɬɤɚ 
ɬɪɚɧɲɟɢ ɞɨ ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ 
ɞɥɢɧɵ ɬɪɚɧɲɟɢ. 



ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɂ ɋɂɋɌȿɆЫ ȺȼɌɈɆȺɌɂɁȺɐɂɂ ɉɊɈȿɄɌɂɊɈȼȺɇɂə 
 

110                                                                         Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 6 (46), 2015  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɬɟɤɚɟɬ ɪɚɛɨɱɢɣ ɩɪɨ-
ɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɬɪɚɧɲɟɢ ɫɨɝɥɚɫɧɨ ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. Ɋɚɛɨɬɭ 
ɦɨɠɧɨ ɜɟɫɬɢ ɤɪɭɝɥɵɟ ɫɭɬɤɢ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɭɜɟ-
ɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɭɦɟɧɶɲɢɬɶ 
ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ. 

Ɂɚɤɥɸɱɟɧɢɟ 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 

ɪɚɡɪɚɛɨɬɤɢ ɬɪɚɧɲɟɢ ɨɞɧɨɤɨɜɲɨɜɵɦ ɝɢɞɪɚɜ-
ɥɢɱɟɫɤɢɦ ɷɤɫɤɚɜɚɬɨɪɨɦ ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ ɪɚɡ-
ɪɚɛɨɬɤɭ ɬɪɚɧɲɟɢ ɫ ɡɚɞɚɧɧɨɣ ɝɥɭɛɢɧɨɣ, ɞɥɢ-
ɧɨɣ ɢ  ɜ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɢ, ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ-ɨɩɟɪɚɬɨɪɚ. ȼ ɞɚɥɶ-
ɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬ-
ɤɢ ɤɨɬɥɨɜɚɧɚ, ɬɟɦ ɫɚɦɵɦ ɪɚɫɲɢɪɢɬɶ ɨɛɥɚɫɬɶ 
ɪɚɛɨɬɵ ɨɞɧɨɤɨɜɲɨɜɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɜ ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. 
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