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ɍȾɄ 624.15 
 

ȺɇȺɅɂɁ ɈɌɇɈɋɂɌȿɅɖɇɕХ ɉȿɊȿɆȿɓȿɇɂɃ ɋɈɉɊəɀЁɇɇɕХ ɗɅȿɆȿɇɌɈȼ 
ɍɉɅɈɌɇȿɇɂɃ ɆȿɀɄȺɌɄɈȼɕХ ɄɅɂɇɈȼɂȾɇɕХ ɁȺɁɈɊɈȼ 

ɊȺɋɄȺɌɕȼȺɘɓɂХ ɉɊɈХɈȾɑɂɄɈȼ ɋɄȼȺɀɂɇ 
 

ȼ. Ʌɢɫ 
Ƚɟɪɦɚɧɢɹ, ɝ. MТЭЭОlЛТЛОrКМС 

 
Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɦɟɯɚɧɢɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɫɨɩɪɹɠёɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɮɥɚɧɰɟɜɨɝɨ ɬɢɩɚ ɭɩɥɨɬɧɟɧɢɣ ɤɥɢɧɨɜɢɞɧɵɯ ɦɟɠɤɚɬɤɨɜɵɯ 
ɬɨɪɰɟɜɵɯ ɡɚɡɨɪɨɜ. Ɉɩɢɫɚɧɚ ɤɢɧɟɦɚɬɢɤɚ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ 
ɭɩɥɨɬɧɟɧɢɣ ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ. Уɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɵ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ 
ɩɥɨɫɤɢɯ ɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɨɩɪɹɠёɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ 
ɭɩɥɨɬɧɟɧɢɣ ɦɧɨɝɨɤɚɬɤɨɜɵɯ ɪɚɫɤɚɬɵɜɚɸɳɢɯ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ. ɉɪɢɜɟɞɟɧɚ ɬɪɚɟɤɬɨɪɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɥɨɫɤɢɯ ɫɨɩɪɹɠёɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɮɟɪɢɱɟɫɤɨɝɨ 
ɭɩɥɨɬɧɟɧɢɹ.  

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɦɟɠɤɚɬɤɨɜɵɣ ɡɚɡɨɪ, ɭɩɥɨɬɧɟɧɢɟ ɮɥɚɧɰɟɜɨɟ ɢɥɢ ɫɮɟɪɢɱɟɫɤɨɟ, 

ɫɨɩɪɹɠёɧɧɵɟ ɷɥɟɦɟɧɬɵ, ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ, ɬɪɚɟɤɬɨɪɢɹ. 
 

ȼɜɟɞɟɧɢɟ 
ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɦɧɨɝɨɤɚɬɤɨɜɨɝɨ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ ɤɨɧɫɬɪɭɤɬɨɪ – ɪɚɡɪɚɛɨɬɱɢɤ ɧɟɢɡɛɟɠɧɨ 
ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɜɵɛɨɪɚ 
ɫɢɫɬɟɦɵ ɭɩɥɨɬɧɟɧɢɣ ɦɟɠɤɚɬɤɨɜɵɯ ɡɚɡɨɪɨɜ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ 
ɩɪɟɞɩɨɱɬɟɧɢɹ ɭɩɥɨɬɧɟɧɢɣ ɮɥɚɧɰɟɜɨɝɨ ɬɢɩɚ 
ɫɮɟɪɢɱɟɫɤɢɦ Д1, 2, 3]. Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɢɦɟɟɬ 
ɧɟɫɤɨɥɶɤɨ ɩɪɢɱɢɧ:  
1 – ɮɥɚɧɰɟɜɵɣ ɬɢɩ ɭɩɥɨɬɧɟɧɢɣ ɩɪɢɧɹɬɨ 
ɫɱɢɬɚɬɶ (ɨɛɨɫɧɨɜɚɧɧɨ ɥɢ?) ɦɟɧɟɟ ɫɥɨɠɧɵɦ 
ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɱɟɦ ɫɮɟɪɢɱɟɫɤɢɣ; 2 – 
ɮɥɚɧɰɟɜɵɣ ɬɢɩ ɭɩɥɨɬɧɟɧɢɣ ɪɚɡɪɚɛɨɬɚɧ ɜ ɂȽȾ 
ɋɈ Ⱥɇ ɋɋɋɊ ɜ ɝ. ɇɨɜɨɫɢɛɢɪɫɤɟ ɜ 70ɟ ɝɨɞɵ Д4] 
ɢ ɨɬɫɸɞɚ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɩɪɨɫɬɪɚɧɢɥɫɹ ɩɨ 
ɧɚɭɱɧɵɦ ɢ ɩɪɨɟɤɬɧɵɦ ɨɪɝɚɧɢɡɚɰɢɹɦ Ɋɨɫɫɢɢ, 
ɝɞɟ ɢ ɩɨɞɜɟɪɝɚɥɫɹ, ɟɫɥɢ ɢ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ 
ɨɛɴёɦɟ, ɞɚɥɶɧɟɣɲɟɦɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ, 
ɫɮɟɪɢɱɟɫɤɢɟ ɠɟ ɭɩɥɨɬɧɟɧɢɹ ɛɵɥɢ 
ɪɚɡɪɚɛɨɬɚɧɵ ɤ ɤɨɧɰɭ 80ɯ ɝɨɞɨɜ ɜ ɝ. Ʉɚɪɚɝɚɧɞɟ 
(ɜ ɫɨɚɜɬɨɪɫɬɜɟ), ɢ ɜ ɩɟɪɢɨɞ ɫ 1990 ɞɨ 2004 ɩɨ 
ɷɬɨɦɭ ɬɢɩɭ ɭɩɥɨɬɧɟɧɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɤɚɤɚɹ 
ɪɚɛɨɬɚ ɧɟ ɜɟɥɚɫɶ ɢ ɜɨɡɨɛɧɨɜɢɥɚɫɶ ɥɢɲɶ ɤ 
2005 ɝɨɞɭ ɷɬɭɡɢɚɫɬɚɦɢ ɜ Ƚɟɪɦɚɧɢɢ ɢ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɮɨɪɦɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ, ɨɬ ɨɫɧɨɜɧɨɣ ɪɚɛɨɬɵ, 
ɡɚɧɹɬɢɹ, ɧɚ ɭɪɨɜɧɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ Д5]; 3 – ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ 
ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɧɢɤɚɤɨɝɨ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ ɭɩɥɨɬɧɟɧɢɣ ɦɟɠɤɚɬɤɨɜɵɯ ɡɚɡɨɪɨɜ 
ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɫɭɳɟɫɬɜɢɬɶ ɷɤɨɧɨɦɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɵɣ ɜɵɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɬɢɩɚ Д6].  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
Ɍɚɤ ɤɚɤ ɪɚɛɨɬɚ ɨɛɨɢɯ ɬɢɩɨɜ ɭɩɥɨɬɧɟɧɢɣ 

ɫɜɹɡɚɧɚ ɫ ɬɪɟɧɢɟɦ ɭɩɥɨɬɧɹɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, 

ɬɨ ɨɱɟɜɢɞɧɵɦ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɬɪɟɧɢɟ 
ɫɨɩɪɹɠёɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɞɥɹ ɱɟɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɡɚɤɨɧɵ ɢɯ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ, ɱɬɨ ɢ ɹɜɥɹɟɬɫɹ 
ɩɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɟɪɟɦɟщɟɧɢɹ 

ɫɨɩɪɹɠёɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɮɥɚɧɰɟɜɨɝɨ 
ɭɩɥɨɬɧɟɧɢɹ  

ɋɬɪɭɤɬɭɪɧɵɦ ɚɧɚɥɢɡɨɦ ɮɥɚɧɰɟɜɨɝɨ 
ɭɩɥɨɬɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɤɚɠɞɨɦ 
ɦɟɠɤɚɬɤɨɜɨɦ ɡɚɡɨɪɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɟ ɩɚɪɵ 
ɫɨɩɪɹɠёɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɉɞɧɨɣ ɢɡ 
ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜ ɤɚɠɞɨɣ ɫɨɩɪɹɠёɧɧɨɣ ɩɚɪɟ, 
ɹɜɥɹɟɬɫɹ ɬɨɪɰɟɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɞɧɨɝɨ ɢɡ 
ɫɦɟɠɧɵɯ ɤɚɬɤɨɜ, ɚ ɞɪɭɝɨɣ - ɫɨɩɪɹɠёɧɧɚɹ ɫ ɧɟɣ 
ɩɥɨɫɤɨɫɬɶ ɮɥɚɧɰɚ ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɦɟɠɞɭ 
ɷɬɢɦɢ ɤɚɬɤɚɦɢ ɢ ɠёɫɬɤɨ ɫɨɟɞɢɧёɧɧɨɝɨ ɫ ɜɚɥɨɦ 
ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ (ɪɢɫ. 1). 
ɉɪɢ ɜɪɚɳɟɧɢɢ ɜɚɥɚ 2 ɫ ɮɥɚɧɰɟɦ 4, ɤɚɬɤɢ J ɢ 
(J+1) ɜɪɚɳɚɸɬɫɹ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɫɦɟɳɚɹɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɮɥɚɧɰɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɪɟɧɢɹ ɉɬɪ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɟɞёɧɧɵɯ 
ɪɚɧɟɟ Д5] ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɪɨɢɡɜɨɥɶɧɨɝɨ 
ɤɚɬɤɚ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ 
ɜɚɥɚ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶɸ: ωഥ ୨୰ = −ωഥୣ ൬ͳ + ୣబౠ୰బౠ൰ cosγ୨,                (1) 

ɝɞɟ ωഥ ୨୰ ɢ ωഥୣ – ɜɟɤɬɨɪɵ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ У-
ɝɨ ɤɚɬɤɚ ɢ ɜɚɥɚ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; О0У – ɦɢɧɢɦɚɥɶɧɵɣ 
ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ У-ɝɨ ɤɚɬɤɚ (ɤɪɚɬɱɚɣɲɟɟ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɶɸ У-ɝɨ ɤɚɬɤɚ ɢ ɨɫɶɸ 
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ɜɚɥɚ); r0У – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ У-ɝɨ ɤɚɬɤɚ ɜ 
ɩɥɨɫɤɨɫɬɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ; γУ 
– ɭɝɨɥ ɫɤɪɟɳɢɜɚɧɢɹ ɨɫɢ У-ɝɨ ɤɚɬɤɚ ɫ ɨɫɶɸ 
ɜɚɥɚ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɹ (1) ɩɨɥɭɱɢɦ 
ɡɚɜɢɫɢɦɨɫɬɶ ɭɝɥɚ ɩɨɜɨɪɨɬɚ φ୨୰ У-ɝɨ ɤɚɬɤɚ ɨɬ 
ɭɝɥɚ ɩɨɜɨɪɨɬɚ φୣ ɜɚɥɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ: φ୨୰ = −φୣ ൬ͳ + ୣబౠ୰బౠ൰ cosγ୨.                   (2) 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɫɨɩɪɹɠɟɧɢɹ ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɮɥɚɧɰɟɜɨɝɨ ɬɨɪɰɟɜɨɝɨ ɭɩɥɨɬɧɟɧɢɹ  
ɦɟɠɤɚɬɤɨɜɨɝɨ ɤɥɢɧɨɜɢɞɧɨɝɨ ɡɚɡɨɪɚ: У, (У+1) – ɫɦɟɠɧɚɹ ɩɚɪɚ ɤɚɬɤɨɜ; 2 – ɜɚɥ; 4 – ɮɥɚɧɟɰ 

 

ɉɪɢ ɩɨɜɨɪɨɬɟ ɜɚɥɚ ɧɚ ɭɝɨɥ φО=2π У-ɵɣ 
ɤɚɬɨɤ ɩɨɜɟɪɧёɬɫɹ ɜɨɤɪɭɝ ɫɨɛɫɬɜɟɧɧɨɣ ɨɫɢ ɧɚ 
ɭɝɨɥ φ୨୰ = ߨʹ ൬ͳ + ୣబౠ୰బౠ൰ cosγ୨ ɜ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɨɬɤɭɞɚ 
ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɩɭɬɢ ɬɪɟɧɢɹ S˕˓୨˔˓  ɨɫɧɨɜɚɧɢɹ 
ɤɚɬɤɚ ɩɨ ɤɨɧɬɚɤɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɮɥɚɧɰɚ 
ɨɩɪɟɞɟɥɢɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɫɪɟɞɧɟɝɨ 
ɪɚɞɢɭɫɚ ɬɪɟɧɢɹ R˕˓୨˔˓  ɤɨɥɶɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɩɪɹɠёɧɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɧɚ ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
ɤɚɬɤɚ ɜɨɤɪɭɝ ɫɨɛɫɬɜɟɧɧɨɣ ɨɫɢ: S˕˓୨˔˓ = ʹπR˕˓୨˔˓ ൬ͳ + ୣబౠ୰బౠ൰ cos γ୨.             (3) 

Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɜɢɠɟɧɢɹ 
ɫɨɩɪɹɠёɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɮɟɪɢɱɟɫɤɨɝɨ 
ɭɩɥɨɬɧɟɧɢɹ  

ȼ ɪɚɡɭɥɶɬɚɬɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɷɬɨɬ ɬɢɩ ɭɩɥɨɬɧɟɧɢɣ ɜɤɥɸɱɚɟɬ, ɬɚɤɠɟ ɤɚɤ ɢ 
ɮɥɚɧɰɟɜɵɣ, ɞɜɟ ɩɚɪɵ ɫɨɩɪɹɠёɧɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɉɞɧɚɤɨ ɧɚ ɷɬɨɦ ɢɯ ɨɛɳɧɨɫɬɶ ɢ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ. Ɋɨɥɶ ɮɥɚɧɰɚ ɜ ɫɮɟɪɢɱɟɫɤɨɦ 
ɭɩɥɨɬɧɟɧɢɢ ɢɫɩɨɥɧɹɟɬ ɨɬɞɟɥёɧɧɵɣ ɨɬ ɜɚɥɚ 
ɤɨɥɶɰɟɜɨɣ ɲɚɪɨɜɵɣ ɫɥɨɣ, ɢɦɟɧɭɟɦɵɣ 
ɫɮɟɪɢɱɟɫɤɢɦ ɤɨɥɶɰɨɦ, ɤɨɬɨɪɵɣ ɫɨɩɪɹɠёɧ 
ɞɜɭɦɹ ɫɜɨɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ (ɛɨɥɶɲɨɣ 
ɩɥɨɫɤɨɣ ɢ ɫɮɟɪɢɱɟɫɤɨɣ) ɫ ɬɨɪɰɟɜɵɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɫɦɟɠɧɵɯ ɤɚɬɤɨɜ (ɪɢɫ. 2). 

ɋɮɟɪɢɱɟɫɤɨɟ ɤɨɥɶɰɨ 5 ɫɨɜɟɪɲɚɟɬ ɩɪɢ ɷɬɨɦ 
ɞɜɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨ, ɨɞɧɨ ɢɡ ɧɢɯ – ɩɟɪɟɦɟɳɟɧɢɟ 
ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ «ɩ» ɫɮɟɪɢɱɟɫɤɨɝɨ 
ɤɨɥɶɰɚ 5 ɩɨ ɫɨɩɪɹɠёɧɧɨɣ ɫ ɧɟɣ ɩɥɨɫɤɨɣ 
ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ «ɩ» (У+1)-ɝɨ ɤɚɬɤɚ, 
ɞɪɭɝɨɟ – ɩɟɪɟɦɟɳɟɧɢɟ ɜɵɩɭɤɥɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
«ɫ» ɬɨɝɨ ɠɟ ɤɨɥɶɰɚ 5 ɩɨ ɫɨɩɪɹɠёɧɧɨɣ 
ɬɨɪɰɟɜɨɣ ɫɟɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ «ɫ» У-ɝɨ 
ɤɚɬɤɚ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɩɭɬɢ 
ɬɪɟɧɢɹ ɫɨɩɪɹɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ 
ɜɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɡɚɤɨɧɵ ɢɯ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɞɥɹ ɱɟɝɨ  
ɩɪɨɜɟɞёɦ ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɭɡɥɚ 
ɬɨɪɰɟɜɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɩɪɨɢɡɜɨɥɶɧɨɣ 
ɫɨɩɪɹɠёɧɧɨɣ ɩɚɪɵ ɤɚɬɤɨɜ. ɋ ɷɬɨɣ ɰɟɥɶɸ 
ɫɨɨɛɳɢɦ ɪɚɛɨɱɟɦɭ ɨɪɝɚɧɭ ɬɚɤɨɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɜɪɚɳɟɧɢɟ ɜɨɤɪɭɝ ɨɫɢ (У+1)-ɝɨ 
ɤɚɬɤɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɨɩɪɹɠёɧɧɨɣ ɩɚɪɵ, 
ɱɬɨɛɵ (У+1)-ɵɣ ɤɚɬɨɤ ɨɫɬɚɧɨɜɢɥɫɹ, ɬ.ɟ. ɱɬɨɛɵ 
ɫɭɦɦɚ ɜɟɤɬɨɪɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ωഥ ሺ୨ାଵሻд  ɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ωഥ ሺ୨ାଵሻ୰  ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ 
ɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɤɚɬɤɚ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ Г(У+1) (ɪɢɫ. 
2) ɪɚɜɧɹɥɚɫɶ ɧɭɥɸ Д7]. ɗɬɨ ɭɫɥɨɜɢɟ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɪɚɜɟɧɫɬɜɚ: ωഥ ሺ୨ାଵሻд +ωഥ ሺ୨ାଵሻ୰ = Ͳ,                 (4) 
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ɨɬɤɭɞɚ ωഥ ሺ୨ାଵሻд = −ωഥ ሺ୨ାଵሻ୰ = ωഥୣ ൬ͳ + ୣబሺౠశభሻ୰బሺౠశభሻ൰ cosγሺ୨ାଵሻ. (5) 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɫɨɩɪɹɠɟɧɢɹ ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ 
Мɮɟɪɢɱɟɫɤɨɝɨ ɬɨɪɰɟɜɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɦɟɠɤɚɬɤɨɜɨɝɨ 

ɤɥɢɧɨɜɢɞɧɨɝɨ ɡɚɡɨɪɚ: У, (У+1) – ɫɦɟɠɧɚɹ ɩɚɪɚ 
ɤɚɬɤɨɜ; 2 – ɜɚɥ; 5 – ɫɮɟɪɢɱɟɫɤɨɟ ɤɨɥɶɰɨ.  

ɉ, ɋ – ɩɥɨɫɤɚɹ ɢ ɫɮɟɪɢɱɟɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɭɝɥɨɜɚɹ 

ɫɤɨɪɨɫɬɶ ωഥ ሺ୨ାଵሻд  ɪɚɜɧɚ ɩɨ ɦɨɞɭɥɸ ɢ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɚ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ (У+1)-ɝɨ ɤɚɬɤɚ ωഥ ሺ୨ାଵሻ୰ . 

ɋ ɬɚɤɨɣ ɠɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ωഥ ሺ୨ାଵሻд  
ɜɪɚɳɚɟɬɫɹ ɜɨɤɪɭɝ ɨɫɢ Г(У+1) ɢ ɜɚɥ ɪɚɫɤɚɬɱɢɤɚ 
ɜɦɟɫɬɟ ɫ ɠёɫɬɤɨ ɫɜɹɡɚɧɧɨɣ ɫ ɧɢɦ ɨɫɶɸ ГУ ɢ 
ɜɪɚɳɚɸɳɢɦɫɹ ɜɨɤɪɭɝ ɧɟё У-ɵɦ ɤɚɬɤɨɦ. 
ɋɨɜɦɟɫɬɧɨ ɫ У-ɵɦ ɤɚɬɤɨɦ ɜɪɚɳɚɟɬɫɹ ɢ 
ɫɮɟɪɢɱɟɫɤɨɟ ɤɨɥɶɰɨ 5, ɰɟɧɬɪ ɫɮɟɪɵ ɤɨɬɨɪɨɝɨ 
ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɨɫɢ ɜɪɚɳɟɧɢɹ 
(У)-ɝɨ ɤɚɬɤɚ ГУ. ɉɟɪɩɟɧɞɢɤɭɥɹɪ, ɨɩɭɳɟɧɧɵɣ ɢɡ 
ɰɟɧɬɪɚ ɫɮɟɪɵ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɩɥɨɫɤɨɫɬɶ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ, ɩɚɪɚɥɥɟɥɟɧ ɨɫɢ 
ɜɪɚɳɟɧɢɹ (У+1)-ɝɨ ɤɚɬɤɚ Г(У+1), ɨɛɨɡɧɚɱɚɟɬɫɹ Zሺ୨ାଵሻᇱ

) ɢ ɹɜɥɹɟɬɫɹ ɦɝɧɨɜɟɧɧɨɣ ɨɫɶɸ ɜɪɚɳɟɧɢɹ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ (ɪɢɫ. 2). 

ɋɮɟɪɢɱɟɫɤɨɟ ɤɨɥɶɰɨ 5 ɫɨɜɟɪɲɚɟɬ, 
ɜɫɥɟɞɫɬɜɢɟ ɫɨɨɛɳɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɫɨɩɪɹɠёɧɧɨɣ ɩɚɪɟ ɤɚɬɤɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ωഥ ሺ୨ାଵሻд  ɜɨɤɪɭɝ ɨɫɢ Г(У+1), 

ɫɥɨɠɧɨɟ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɤɪɟɳɢɜɚɸɳɢɯɫɹ ɨɫɟɣ ГУ ɢ Г(У+1). 
ɗɬɨ ɞɜɢɠɟɧɢɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
ɩɟɪɟɧɨɫɧɨɟ ɞɜɢɠɟɧɢɟ ɜɨɤɪɭɝ ɨɫɢ Г(У+1) ɫ 
ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ωഥ ሺ୨ାଵሻд , ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɟ, ɫ 

ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ωഥହ୞ᇲሺ୨ାଵሻ, ɜɨɤɪɭɝ ɦɝɧɨɜɟɧɧɨɣ 
ɨɫɢ ɜɪɚɳɟɧɢɹ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ Zሺ୨ାଵሻᇱ , 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɫɮɟɪɵ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɤɨɧɬɚɤɬɚ, ɬ.ɟ. 
ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɢ Г(У+1) (ɪɢɫ. 3). ɍɝɥɨɜɚɹ 
ɫɤɨɪɨɫɬɶ ωഥହ୞ᇲሺ୨ାଵሻ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɪɨɟɤɰɢɸ ɜɟɤɬɨɪɚ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ У-ɝɨ ɤɚɬɤɚ ωഥ ୨୰ ɧɚ ɨɫɶ Zሺ୨ାଵሻᇱ  ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 
ɜɵɪɚɠɟɧɢɟɦ: ωഥହ୞ᇲሺ୨ାଵሻ = ωഥ ୨୰ cos ζ୨/ሺ୨ାଵሻ =−ωഥୣ ൬ͳ + ୣబౠ୰బౠ൰ cosγ୨ cos ζ୨/ሺ୨ାଵሻ,         (6) 

ɝɞɟ ζУ/(У+1) – ɭɝɨɥ ɫɤɪɟɳɢɜɚɧɢɹ ɨɫɟɣ 
ɜɪɚɳɟɧɢɹ У-ɝɨ ɢ (У+1)-ɝɨ ɤɚɬɤɨɜ, ɤɨɬɨɪɵɣ 
ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɨɜ γУ ɢ γ(У+1) ɪɚɡɜɨɪɨɬɚ ɨɫɟɣ 
ɜɪɚɳɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɚɬɤɨɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɚɥɚ ɢ ɭɝɥɨɜ αУ ɢ α(У+1) 
ɦɟɠɞɭ ɨɫɶɸ ɚɛɫɰɢɫɫ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜɚɥɚ 
ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɢ 
ɩɪɨɟɤɰɢɹɦɢ ɨɫɟɣ ɚɛɫɰɢɫɫ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɚɬɤɨɜ ɧɚ ɩɥɨɫɤɨɫɬɶ БOВ 
ɜɚɥɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟɦ: cos ζ୨/ሺ୨ାଵሻ = sinγ୨ sin γሺ୨ାଵሻ cos൫αሺ୨ାଵሻ − α୨൯ ++cosγ୨ cos γሺ୨ାଵሻ.                               (7) 

 

 
 

Ɋɢɫ. 3. ɋɯɟɦɚ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɜɪɚɳɟɧɢɹ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5 – ɤɨɥɶɰɨ ɫɮɟɪɢɱɟɫɤɨɟ; 

6/(У+1) – ɤɨɥɶɰɨ ɩɪɢɠɢɦɧɨɟ / (ɬɨɪɰɟɜɚɹ ɤɨɧɬɚɤɬɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ (У+1)-ɝɨ ɤɚɬɤɚ)
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ɇɨɪɦɚɥɶɧɨ ɤ ɜɟɤɬɨɪɭ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ωഥହ୞ᇲሺ୨ାଵሻ, ɩɪɨɯɨɞɢɬ ɩɪɨɟɤɰɢɹ ɜɟɤɬɨɪɚ ɭɝɥɨɜɨɣ 
ɫɤɨɪɨɫɬɢ У-ɝɨ ɤɚɬɤɚ ωഥ ୨୰ ɧɚ ɩɥɨɫɤɨɫɬɶ 
ɩɚɪɚɥɥɟɥɶɧɭɸ ɤɨɧɬɚɤɬɧɨɣ ɩɥɨɫɤɨɫɬɢ ɬɪɟɧɢɹ 
ɫɨɩɪɹɠɟɧɧɵɯ ɤɨɥɟɰ. Ⱦɚɧɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5 ɜ ɫɟɞɥɟ У-ɝɨ ɤɚɬɤɚ (ɫɦ. 
ɪɢɫɭɧɨɤ 2) ɜɨɤɪɭɝ ɦɝɧɨɜɟɧɧɨɣ ɨɫɢ ɩɨɜɨɪɨɬɚ N୞ᇲሺ୨ାଵሻ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɩɥɨɫɤɨɫɬɢ 
ɨɛɪɚɡɭɟɦɨɣ ɨɫɹɦɢ ГУ ɢ Zሺ୨ାଵሻᇱ  ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ 
ɰɟɧɬɪ ɫɮɟɪɵ. ɗɬɚ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 
ɨɛɨɡɧɚɱɟɧɚ ɤɚɤ ωഥ ହ̝ф, ɚ ɟё ɜɟɥɢɱɢɧɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: ωഥ ହ̝ф = ωഥ ୨୰ sin ζ୨/ሺ୨ାଵሻ =−ωഥୣ ൬ͳ + ୣబౠ୰బౠ൰ cosγ୨ sin ζ୨/ሺ୨ାଵሻ.              (8) 

ȼɜɟɞɹ ɩɨɞɫɬɚɧɨɜɤɢ ɬɢɩɚ ൬ͳ + ୣబౠ୰బౠ൰ cos γ୨ = k୨ 
ɢ ൬ͳ + ୣబሺౠశభሻ୰బሺౠశభሻ൰ cosγሺ୨ାଵሻ = kሺ୨ାଵሻ, ɜɵɪɚɠɟɧɢɹ ɞɥɹ 

ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɩɪɢɦɭɬ ɜɢɞ: 
 ωഥ ሺ୨ାଵሻд = −ωഥ ሺ୨ାଵሻ୰ = ωഥୣkሺ୨ାଵሻ,                (9) ωഥହ୞ᇲሺ୨ାଵሻ = ωഥ ୨୰ cos ζ୨/ሺ୨ାଵሻ = −ωഥୣk୨ cos ζ୨/ሺ୨ାଵሻ,  (10) ωഥ ହ̝ф = ωഥ ୨୰ sin ζ୨/ሺ୨ାଵሻ = −ωഥୣk୨ sin ζ୨/ሺ୨ାଵሻ.  (11) 
 

Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɟɪɟɦɟщɟɧɢɹ ɩɥɨɫɤɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɮɟɪɢɱɟɫɤɢɯ ɭɩɥɨɬɧɟɧɢɣ 

ɉɟɪɟɦɟɳɟɧɢɟ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ Ɇ5 
ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5 
ɩɨ ɫɨɩɪɹɠɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɠɢɦɧɨɝɨ 

ɤɨɥɶɰɚ 6/(У+1) ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɜɚɥɚ 
ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 
ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɞɜɢɠɟɧɢɹ ɷɬɨɣ 
ɬɨɱɤɢ ɜ ɩɥɨɫɤɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ Б6Г(У+1)В6 (ɪɢɫ. 4), ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ 
ɩɥɨɫɤɨɫɬɢ ɤɨɧɬɚɤɬɚ ɫɨɩɪɹɠɟɧɧɵɯ ɤɨɥɟɰ. 

Ʉɨɨɪɞɢɧɚɬɵ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ Ɇ5 
ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɜɢɞɟ: X୑ఱ = hcosφд + RМఱ cosቀφд −φହ୞ᇲሺ୨ାଵሻቁ,  (12) 	Y୑ఱ = h sinφд + RМఱ sin ቀφд − φହ୞ᇲሺ୨ାଵሻቁ,   (13) 

ɝɞɟ RM5 – ɪɚɞɢɭɫ ɩɥɨɫɤɨɣ ɤɨɧɬɚɤɬɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5; φɞ – ɭɝɨɥ 
ɩɨɜɨɪɨɬɚ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5 ɜ 
ɩɟɪɟɧɨɫɧɨɦ ɞɜɢɠɟɧɢɢ ɜɨɤɪɭɝ ɨɫɢ ɜɪɚɳɟɧɢɹ 
Г(У+1) ɜɫɥɟɞɫɬɜɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɪɚɳɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɫ ɭɝɥɨɜɨɣ 
ɫɤɨɪɨɫɬɶɸ ωഥ ሺ୨ାଵሻд ; φହ୞ᇲሺ୨ାଵሻ – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5 ɜ ɨɬɧɨɫɢɬɟɥɶɧɨɦ 
ɞɜɢɠɟɧɢɢ ɜɨɤɪɭɝ ɦɝɧɨɜɟɧɧɨɣ ɨɫɢ ɜɪɚɳɟɧɢɹ Zሺ୨ାଵሻᇱ  ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ωഥହ୞ᇲሺ୨ାଵሻ; С – 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɝɧɨɜɟɧɧɨɣ ɨɫɶɸ 
ɜɪɚɳɟɧɢɹ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ Zሺ୨ାଵሻᇱ  ɢ ɨɫɶɸ 
ɜɪɚɳɟɧɢɹ (У+1)-ɝɨ ɤɚɬɤɚ Г(У+1). 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ Zሺ୨ାଵሻᇱ  ɢ Г(У+1) 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ 
ɫɮɟɪɵ OɫɮУ ɞɨ ɨɫɢ ɜɪɚɳɟɧɢɹ (У+1)-ɝɨ ɤɚɬɤɚ Г(У+1) 
ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ Д8]: 

 

 

h =
⎷⃓⃓⃓⃓
⃓⃓⃓⃓⃓⃓
⃓⃓⃓⃓⃓⃓
ለ⃓ ቊൣe଴୨ sin α୨ + z˔ф୨ sin γ୨ cos α୨ − e଴ሺ୨ାଵሻ sin αሺ୨ାଵሻ൧ cosγሺ୨ାଵሻ−ൣZ଴୨ + z˔ф୨ cos γ୨ − Z଴ሺ୨ାଵሻ൧ sinγሺ୨ାଵሻ cos αሺ୨ାଵሻ ቋଶ

+ቊൣe଴୨ cos α୨ − z˔ф୨ sinγ୨ sin α୨ − e଴ሺ୨ାଵሻ cosαሺ୨ାଵሻ൧ cosγሺ୨ାଵሻ+ൣZ଴୨ + z˔ф୨ cos γ୨ − Z଴ሺ୨ାଵሻ൧ sin γሺ୨ାଵሻ sin αሺ୨ାଵሻ ቋଶ
+ቊ ൣe଴୨ cosα୨ − z˔ф୨ sin γ୨ sin α୨ − e଴ሺ୨ାଵሻ cosαሺ୨ାଵሻ൧ sin γሺ୨ାଵሻ cosαሺ୨ାଵሻ+ൣe଴୨ sinα୨ + z˔ф୨ sin γ୨ cosα୨ − e଴ሺ୨ାଵሻ sin αሺ୨ାଵሻ൧ sinγሺ୨ାଵሻ sin αሺ୨ାଵሻቋଶ

.                  (14) 

 

ɝɞɟ О0 – ɦɢɧɢɦɚɥɶɧɵɣ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ У-ɝɨ 
ɢɥɢ (У+1)-ɝɨ ɤɚɬɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; гɫɮУ – 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɝɨɪɥɨɜɵɦ ɫɟɱɟɧɢɟɦ У-ɝɨ 
ɤɚɬɤɚ ɢ ɰɟɧɬɪɨɦ ɫɮɟɪɵ ɫɟɞɟɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ; Г0 – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɚɱɚɥɨɦ 
ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ У-ɝɨ ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
(У+1)-ɝɨ ɤɚɬɤɚ ɢ ɩɥɨɫɤɨɫɬɶɸ БOВ ɨɫɧɨɜɚɧɢɹ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ 
ɩɪɨɯɨɞɱɢɤɚ ɫɤɜɚɠɢɧ OБВГ; α –ɭɝɨɥ ɦɟɠɞɭ 
ɨɫɶɸ Б ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ OБВГ ɢ ɩɪɨɟɤɰɢɟɣ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ У-ɝɨ ɢɥɢ (У+1)-
ɝɨ ɤɚɬɤɚ ɧɚ ɩɥɨɫɤɨɫɬɶ БOВ; γ – ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ 
ɨɫɢ ɜɪɚɳɟɧɢɹ У-ɝɨ ɢɥɢ (У+1)-ɝɨ ɤɚɬɤɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ Г. 
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Ɋɢɫ. 4. ɋɯɟɦɚ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɫɨɩɪɹɠɟɧɧɵɯ ɤɨɥɟɰ ɫɮɟɪɢɱɟɫɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ  

ɞɥɹ ɨɩɢɫɚɧɢɹ ɡɚɤɨɧɚ ɞɜɢɠɟɧɢɹ ɬɨɱɤɢ Ɇ5 ɩɨ ɤɨɥɶɰɭ 
6/(У+1) 5 – ɤɨɥɶɰɨ ɫɮɟɪɢɱɟɫɤɨɟ; 6/(У+1) – ɤɨɥɶɰɨ 
ɩɪɢɠɢɦɧɨɟ / (ɬɨɪɰɟɜɚɹ ɤɨɧɬɚɤɬɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

(У+1)-ɝɨ ɤɚɬɤɚ) 
 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɜɟɧɫɬɜ (9), (10) ɢ (11) 
ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ 
ɷɥɟɦɟɧɬɨɜ ɫɮɟɪɢɱɟɫɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɱɟɪɟɡ 
ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɚɥɚ φО.  φд = φୣkሺ୨ାଵሻ,                            (15) φହ୞ᇲሺ୨ାଵሻ = −φୣk୨ cos ζ୨/ሺ୨ାଵሻ,                (16) φହ̝ф = −φୣk୨ sin ζ୨/ሺ୨ାଵሻ.              (17) 

ɉɨɞɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɹ (15) ɢ (16) ɜ 
ɭɪɚɜɧɟɧɢɹ (12) ɢ (13) ɩɨɥɭɱɢɦ: X୑ఱ = hcos൫kሺ୨ାଵሻφୣ൯ + RМఱ cosൣ൫kሺ୨ାଵሻ −−kjcosζj/ሺj+ͳሻφe,             (18) 	Y୑ఱ = h sin൫kሺ୨ାଵሻφୣ൯ + RМఱ sinൣ൫kሺ୨ାଵሻ −−kjcosζj/ሺj+ͳሻφe,                                   (19) 

ɍɪɚɜɧɟɧɢɹɦɢ (18) ɢ (19) ɨɩɢɫɵɜɚɟɬɫɹ 
ɬɪɚɟɤɬɨɪɢɹ ɬɨɱɤɢ Ɇ5 ɩɪɢ ɟё ɞɜɢɠɟɧɢɢ ɩɨ 
ɨɫɧɨɜɚɧɢɸ ɩɪɢɠɢɦɧɨɝɨ ɤɨɥɶɰɚ 6 (ɨɫɧɨɜɚɧɢɟ 
(У+1)-ɝɨ ɤɚɬɤɚ). ɗɬɚ ɬɪɚɟɤɬɨɪɢɹ ɢɦɟɟɬ ɜɢɞ 
ɝɢɩɨɬɪɨɯɨɢɞɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5. 
ɉɭɬɶ, ɩɪɟɨɞɨɥɟɜɚɟɦɵɣ ɬɨɱɤɨɣ Ɇ5 ɡɚ ɨɞɢɧ 
ɨɛɨɪɨɬ ɜɚɥɚ, ɜɵɞɟɥɟɧ ɠɢɪɧɨɣ ɥɢɧɢɟɣ, 
ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɩɪɟɞɟɥɚɯ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 
ɜɚɥɚ 0° ≤ φО ≤ 360°. 

 
Ɋɢɫ. 5. Ɍɪɚɟɤɬɨɪɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɥɨɫɤɢɯ ɫɨɩɪɹɠёɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɮɟɪɢɱɟɫɤɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ: 1 – ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ Ɇ5 ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5 ɩɨ ɫɨɩɪɹɠёɧɧɨɣ 
ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ «У+1»-ɝɨ ɤɚɬɤɚ (ɩɪɢɠɢɦɧɨɝɨ ɤɨɥɶɰɚ 6/(У+1)); 2 - ɩɭɬɶ ɩɪɟɨɞɨɥɟɜɚɟɦɵɣ ɬɨɱɤɨɣ Ɇ5 ɡɚ 1 

ɨɛɨɪɨɬ ɜɚɥɚ, φО = 360°. Ʉɨɨɪɞɢɧɚɬɧɚɹ ɩɥɨɫɤɨɫɬɶ Б6В6 ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɩɥɨɫɤɨɫɬɢ ɤɨɧɬɚɤɬɚ ɭɩɥɨɬɧɹɸɳɢɯ 
ɤɨɥɟɰ; Г(У+1)- ɨɫɶ ɜɪɚɳɟɧɢɹ «У+1»-ɝɨ ɤɚɬɤɚ; Г'(У+1)- ɦɝɧɨɜɟɧɧɚɹ ɨɫɶ ɜɪɚɳɟɧɢɹ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5;  

Ɉɫɮ - ɰɟɧɬɪ ɫɮɟɪɵ; φɞ - ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɚɥɚ ɪɚɫɤɚɬɱɢɤɚ ɢ «У»-ɝɨ ɤɚɬɤɚ ɫɨ ɫɮɟɪɢɱɟɫɤɢɦ 
ɤɨɥɶɰɨɦ 5 ɜɨɤɪɭɝ ɨɫɢ ɜɪɚɳɟɧɢɹ «У+1»-ɝɨ ɤɚɬɤɚ; С - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɨɦ ɫɮɟɪɵ ɢ ɨɫɶɸ Г(У+1);  

ɰɢɮɪɵ «0 – 4500» – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɚɥɚ φО.
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Ⱦɥɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɪɢɜɨɥɢɧɟɣɧɨɣ 
ɞɭɝɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɚɥɨɦ: S୑ఱ˒л = ∫ ට൫X୑ఱᇱ ൯ଶ + ൫Y୑ఱᇱ ൯ଶଶ஠଴ dφୣ,       (20) 

ɝɞɟ X୑ఱᇱ 	и		Y୑ఱᇱ – ɩɪɨɢɡɜɨɞɧɵɟ ɨɬ ɤɨɨɪɞɢɧɚɬ 
ɬɨɱɤɢ Ɇ5 ɩɨ ɩɚɪɚɦɟɬɪɭ φୣ. 

ɉɨɫɥɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɩɪɨɜɟɞɟɧɢɹ 
ɧɟɫɥɨɠɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 
ɩɨɥɭɱɢɦ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɤɨɦɨɣ ɞɥɢɧɵ ɞɭɝɢ, ɤɨɬɨɪɨɟ 
ɢɦɟɟɬ ɜɢɞ: 

 

S୑ఱ˒л = ∫ ඨ hଶ൫kሺ୨ାଵሻ൯ଶ + ൫R୑ఱ൯ଶ൫kሺ୨ାଵሻ − k୨ cos ζ୨/ሺ୨ାଵሻ൯ଶ +ʹhkሺ୨ାଵሻR୑ఱ൫kሺ୨ାଵሻ − k୨ cos ζ୨/ሺ୨ାଵሻ൯ cosൣ൫k୨ cos ζ୨/ሺ୨ାଵሻ൯φୣ൧ଶ஠଴ dφୣ.                      (21) 

 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɟɪɟɦɟщɟɧɢɹ 

ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɭɩɥɨɬɧɟɧɢɣ 
ɇɟɩɪɟɪɵɜɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɩɥɨɫɤɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɨɩɪɹɠёɧɧɵɯ ɤɨɥɟɰ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɩɨɫɬɨɹɧɧɵɦ ɩɨɜɨɪɨɬɨɦ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 
5 ɜ ɫɟɞɥɟ У-ɝɨ ɤɚɬɤɚ ɜɨɤɪɭɝ ɦɝɧɨɜɟɧɧɨɣ ɨɫɢ 
ɩɨɜɨɪɨɬɚ N୞ᇲሺ୨ାଵሻ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɩɥɨɫɤɨɫɬɢ 
ɨɛɪɚɡɨɜɚɧɧɨɣ ɨɫɹɦɢ Z୨ ɢ Zሺ୨ାଵሻᇱ  ɢ ɩɪɨɯɨɞɹɳɟɣ 
ɱɟɪɟɡ ɰɟɧɬɪ ɫɮɟɪɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɨɫɢ Zሺ୨ାଵሻᇱ  (ɫɦ. ɪɢɫ. 3). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧɵ ɩɭɬɢ 
ɩɪɟɨɞɨɥɟɜɚɟɦɨɝɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɨɣ Сହ̝ф 
ɜɵɩɭɤɥɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ 5 
ɩɨ ɜɨɝɧɭɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɟɞɥɚ У-ɝɨ ɤɚɬɤɚ 
ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɷɬɨɣ ɬɨɱɤɢ ɜ ɫɥɟɞɭɸɳɟɦ 
ɜɢɞɟ: Vହ̝ф = ωହ̝фR˔ф = −ωୣk୨ sin ζ୨/ሺ୨ାଵሻ R˔ф,    (22) 
ɝɞɟ R˔ф - ɪɚɞɢɭɫ ɫɮɟɪɵ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ. 
ɉɪɟɞɫɬɚɜɢɦ (22) ɜ ɜɢɞɟ: ୢୗСఱ˔фୢ୲ = − ୢ஦౛ୢ୲ k୨ sin ζ୨/ሺ୨ାଵሻ R˔ф,         (23) 
ɨɬɤɭɞɚ ɩɨɥɭɱɚɟɦ ɞɥɢɧɭ ɢɫɤɨɦɨɝɨ ɩɭɬɢ: SСఱ˔ф = −k୨ sin ζ୨/ሺ୨ାଵሻ R˔ф ∫ dφୣଶ஠଴ =−ʹπk୨ sin ζ୨/ሺ୨ାଵሻ R˔ф.      

   (24) 
Ɂɧɚɤ (–) ɜ ɪɚɜɟɧɫɬɜɟ (24) ɦɨɠɧɨ 

ɨɬɛɪɨɫɢɬɶ, ɬ.ɤ. ɞɥɢɧɚ ɩɭɬɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢ ɬɨɝɞɚ ɨɤɨɧɱɚɬɟɥɶɧɨ 
ɢɦɟɟɦ: SСఱ˔ф = ʹπk୨ sin ζ୨/ሺ୨ାଵሻ R˔ф.               (25) 

Ɂɚɤɥɸɱɟɧɢɟ 
ȼɩɟɪɜɵɟ ɨɩɢɫɚɧɚ ɤɢɧɟɦɚɬɢɤɚ 

ɩɟɪɟɦɟɳɟɧɢɹ ɫɨɩɪɹɠёɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɫɮɟɪɢɱɟɫɤɢɯ ɭɩɥɨɬɧɟɧɢɣ ɤɥɢɧɨɜɢɞɧɵɯ 
ɦɟɠɤɚɬɤɨɜɵɯ ɡɚɡɨɪɨɜ ɦɧɨɝɨɤɚɬɤɨɜɵɯ 
ɪɚɫɤɚɬɵɜɚɸɳɢɯ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ 
ɬɪɟɧɢɹ ɦɟɠɞɭ ɫɨɩɪɹɠёɧɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 
ɜɨ ɮɥɚɧɰɟɜɵɯ ɢ ɫɮɟɪɢɱɟɫɤɢɯ ɭɩɥɨɬɧɟɧɢɹɯ.  
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ТnЭОrКМЭТon proМОss oП МonsolТНКЭТons’ ОlОmОnЭs oП 
spСОrТМКl ЭвpО. TСОrО КrО ОsЭКЛlТsСОН ЭСО lКаs oП 
rОlКЭТЯО moЯОmОnЭs oП ПlКЭ КnН spСОrТМКl sЮrПКМОs oП 
mКЭТnР ОlОmОnЭs oП spСОrТМКl ЭвpО’s МonsolТНКЭТons oП 
mЮlЭТrollОr rollТnР opОrКЭТnР НОЯТМОs. TСОrО Тs 
prОsОnЭОН К ЭrКУОМЭorв oП rОlКЭТЯО moЯОmОnЭ oП ЭСО ПlКЭ 
mКЭТnР sЮrПКМОs oП spСОrТМКl МonsolТНКЭТon.  

 

KОваШЫНЬ: ТnЭОrollОr РКp, ПlКnРОН or spСОrТМКl 
МonsolТНКЭТon, mКЭТnР ОlОmОnЭs, lКа oП moЯОmОnЭ, К 
ЭrКУОМЭorв. 
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ɊȿɋɋɈɊɇɈȿ ɉɈȾȼȿɒɂȼȺɇɂȿ ɉɈȾȼɂɀɇɈȽɈ ɋɈɋɌȺȼȺ, 
ɈȻȿɋɉȿɑɂȼȺɘɓȿȿ ɉɈȼɕɒȿɇɂȿ ȻȿɁɈɉȺɋɇɈɋɌɂ  

ɂ ɋɄɈɊɈɋɌɂ Ⱦȼɂɀȿɇɂə 
 

ɘ. Ɏ. ɋɚɜɟɥɶɟɜ, ȼ. ə. Шɟɜɱɟɧɤɨ, ɇ. ɘ. ɋɢɦɚɤ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɣ (ɈɦȽɍɉɋ), Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ 

 
Аɧɧɨɬɚɰиɹ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɨɛɳɚɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɫɨɫɬɨɹɧɢɹ ɫɨɜɪɟɦɟɧɧɨ-ɬɢɩɨɜɨɝɨ ɪɟɫɫɨɪɧɨɝɨ ɩɨɞɜɟɲɢɜɚɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ 
ɷɤɢɩɚɠɟɣ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɨɩɵɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ ɡɚɪɭɛɟɠɧɨɝɨ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɟɝɨ ɪɟɫɫɨɪɧɨɝɨ 
ɩɨɞɜɟɲɢɜɚɧɢɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. ɉɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɫɯɟɦɵ ɜɢɛɪɨɡɚɳɢɬɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɩɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ, ɜɢɛɪɨɡɚɳɢɬɚ, ɪɟɫɫɨɪɧɨɟ ɩɨɞɜɟɲɢɜɚɧɢɟ, 

ɦɨɞɟɪɧɢɡɚɰɢɹ, ɤɨɧɫɬɪɭɤɰɢɢ. 
 

ȼɜɟɞɟɧɢɟ 
Ʉɨɧɫɬɪɭɤɰɢɹ ɪɟɫɫɨɪɧɨɝɨ ɩɨɞɜɟɲɢɜɚɧɢɹ 

ɬɢɩɨɜɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɞɜɢɠɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɤɨɦɦɟɪɱɟɫɤɢɯ 
ɬɪɟɛɨɜɚɧɢɹɯ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɨɫɬɚɜɤɢ 
ɝɪɭɡɨɜ. ɗɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɩɪɢɫɭɳ ɜɫɟɦ 
ɬɢɩɨɜɵɦ ɤɨɧɫɬɪɭɤɰɢɹɦ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ. ɉɪɢɱɢɧɵ ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɬɢɩɨɜɨɝɨ ɪɟɫɫɨɪɧɨɝɨ ɩɨɞɜɟɲɢɜɚɧɢɹ ɜ 
ɨɫɧɨɜɧɨɦ ɫɜɹɡɚɧɵ ɫ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ 
ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɦɹɝɤɨɟ ɩɨɞɜɟɲɢɜɚɧɢɟ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɡɚɞɚɧɧɵɟ ɝɚɛɚɪɢɬɵ ɢ 
ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. ɉɪɨɛɥɟɦɭ ɧɟ ɪɟɲɚɟɬ 
ɞɜɭɯɴɹɪɭɫɧɨɟ, ɢ ɞɚɠɟ ɬɪɟɯɴɹɪɭɫɧɨɟ 
ɩɨɞɜɟɲɢɜɚɧɢɟ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ. ȼ 
ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɤ ɩɨɞɜɟɲɢɜɚɧɢɸ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ 


