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ɆɈȾȿɊɇɂɁȺЦɂə ɇȺȼɂȽȺЦɂɈɇɇɈȽɈ ɋȿɄɋɌȺɇȺ 

Ɋɚɫɫɦɨɬɪɟɧɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɫɟɤɫɬɚɧɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɪɚɡɧɨɫɬɟɣ ɜɵɫɨɬ ɢ ɚɡɢɦɭɬɨɜ ɞɜɭɯ ɫɜɟɬɢɥ. ȼɵɹɜɥɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɦɨɞɟɪɧɢɡɢ-

ɪɨɜɚɧɧɨɝɨ ɫɟɤɫɬɚɧɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɛɫɟɪɜɚɰɢɢ. ɉɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɩɪɹɦɨ-

ɝɨ ɜɵɱɢɫɥɟɧɢɹ ɨɛɫɟɪɜɨɜɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɩɨ ɢɡɦɟɪɟɧɧɵɦ ɪɚɡɧɨɫɬɹɦ ɜɵɫɨɬ ɢ 

ɚɡɢɦɭɬɨɜ. 

Ʉɥɸɱɟɜыɟ ɫɥɨɜɚ: ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɫɟɤɫɬɚɧ, ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ, ɩɪɹɦɨɟ 

ɜɵɱɢɫɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɨɛɫɟɪɜɨɜɚɧɧɨɝɨ ɦɟɫɬɚ.  
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MODERNIZATION OF THE NAVIGATIVE SEXTANT  

 The article deals with the improvement of the traditional sextant to measure dif-

ferences between altitudes and azimuths of two stars. It gives the advantages of mod-

ernized sextant to carry out the observation. It shows the algorithm of the direct cal-

culation of observed coordinates based on the measured differences between altitudes 

and azimuths. 

Keywords: modernized sextant, principle of operation, direct calculation of co-

ordinates of observed position. 

 

 

 



1 ȺɄɌɍȺɅɖɇɈɋɌɖ 

ɇɚɜɢɝɚɰɢɨɧɧɵɟ ɭɦɟɧɢɹ ɱɟɥɨɜɟɤɚ ɩɪɨɞɟɥɚɥɢ ɨɝɪɨɦɧɵɣ ɩɭɬɶ ɨɬ ɤɨɦɩɚɫɚ, ɥɚ-

ɝɚ, ɯɪɨɧɨɦɟɬɪɚ ɢ ɫɟɤɫɬɚɧɚ ɞɨ ɫɨɜɪɟɦɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜɵɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢ-

ɫɬɟɦ. ɋɟɝɨɞɧɹ ɦɵ ɩɨɥɶɡɭɟɦɫɹ ɞɨɫɬɢɠɟɧɢɹɦɢ ɦɧɨɝɢɯ ɩɨɤɨɥɟɧɢɣ. Ⱦɟɣɫɬɜɢɬɟɥɶ-

ɧɨ, ɜɦɟɫɬɨ ɜɵɜɟɪɤɢ ɫɟɤɫɬɚɧɚ, ɩɪɨɜɟɞɟɧɢɹ ɫɟɪɢɣ ɢɡɦɟɪɟɧɢɣ ɜɵɫɨɬ ɫɜɟɬɢɥ, ɜɟɫɶɦɚ 

ɬɪɭɞɨёɦɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɫɧɹɬɶ ɤɨɨɪ-

ɞɢɧɚɬɵ ɫɭɞɧɚ ɫ ɞɢɫɩɥɟɹ GPS-ɩɪɢёɦɧɢɤɚ ɜ ɥɸɛɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɢ ɩɪɢ ɥɸɛɵɯ ɩɨ-

ɝɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɢɡ ɦɨɪɟɯɨɞɧɨɣ ɚɫɬɪɨɧɨɦɢɢ ɜ ɪɟɚɥɶ-

ɧɨɦ ɫɭɞɨɜɨɠɞɟɧɢɢ ɨɫɬɚɥɚɫɶ ɬɨɥɶɤɨ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɪɚɜɤɢ ɤɨɦɩɚɫɚ, ɪɚ-

ɧɟɟ ɫɱɢɬɚɜɲɚɹɫɹ ɞɨɫɬɚɬɨɱɧɨ ɥёɝɤɨɣ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɦɟɧɢɜɲɟɣɫɹ ɪɨɥɢ ɢɡɦɟ-

ɧɢɥɫɹ ɢ ɢɧɬɟɪɟɫ ɤ ɦɨɪɟɯɨɞɧɨɣ ɚɫɬɪɨɧɨɦɢɢ. Ⱥ ɦɧɨɝɢɟ ɦɟɬɨɞɵ ɨɫɬɚɥɢɫɶ ɢ ɜɨɜɫɟ 

ɧɟ ɪɟɚɥɢɡɨɜɚɧɧɵɦɢ. Ɉɬɱɚɫɬɢ ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢ ɬɟɦ, ɱɬɨ ɧɟ ɛɵɥɢ ɫɨɡɞɚɧɵ ɩɪɨ-

ɫɬɵɟ, ɭɞɨɛɧɵɟ, ɚɜɬɨɧɨɦɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɧɚɛɥɸɞɟɧɢɣ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɚɤɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɧɟ ɜɵɡɵɜɚɥɚ ɢɧɬɟɪɟɫɚ ɭ ɢɫɫɥɟɞɨɜɚɬɟ-

ɥɟɣ ɜ ɫɢɥɭ ɫɧɢɠɟɧɢɹ ɪɨɥɢ ɦɨɪɟɯɨɞɧɨɣ ɚɫɬɪɨɧɨɦɢɢ ɜ ɩɪɚɤɬɢɱɟɫɤɨɦ ɫɭɞɨɜɨɠɞɟ-

ɧɢɢ. ɇɨ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɬɨɥɶɤɨ ɫɟɤɫɬɚɧ, ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɢ ɩɪɨɫɬɟɣɲɢɣ ɥɚɝ ɦɨ-

ɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɨɪɢɟɧɬɢɪɨɜɤɭ ɫɭɞɧɚ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɇɟ ɡɪɹ ɤɭɪɫ ɦɨɪɟɯɨɞɧɨɣ ɚɫɬɪɨɧɨɦɢɢ ɨɛɹɡɚɬɟɥɟɧ ɞɥɹ ɞɢɩɥɨɦɢɪɨɜɚɧɢɹ ɲɬɭɪɦɚ-

ɧɨɜ ɜɨ ɜɫёɦ ɦɢɪɟ ɢ ɜɤɥɸɱёɧ ɜ ɩɟɪɟɱɟɧɶ ɤɨɦɩɟɬɟɧɰɢɣ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ Ɇɟɠ-

ɞɭɧɚɪɨɞɧɨɣ ɤɨɧɜɟɧɰɢɟɣ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɢ ɞɢɩɥɨɦɢɪɨɜɚɧɢɸ ɦɨɪɹɤɨɜ ɢ ɧɟɫɟɧɢɸ 

ɜɚɯɬ (ɆɄ ɉȾɆɇȼ-78 ɫ ɩɨɩɪɚɜɤɚɦɢ). 

2 ɋȿɄɋɌȺɇ ɌɊȺȾɂЦɂɈɇɇɈȽɈ ɌɂɉȺ 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɡɚɞɚɱ ɦɨɪɟɯɨɞɧɨɣ ɚɫɬɪɨɧɨɦɢɢ ɬɪɟɛɭɟɬɫɹ ɢɡɦɟ-

ɪɹɬɶ ɭɝɥɵ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɩɪɟɞɦɟɬɚɦɢ. Ɍɚɤ ɤɚɤ ɫɭɞɧɨ ɩɨɱɬɢ ɜɫɟɝɞɚ ɢɫɩɵɬɵ-

ɜɚɟɬ ɤɚɱɤɭ, ɧɚ ɧёɦ ɧɟɥɶɡɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɟɪɟɝɨɜɵɟ ɭɝɥɨɦɟɪɧɵɟ ɩɪɢɛɨɪɵ, ɤɨɬɨ-

ɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɧɟɩɨɞɜɢɠɧɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ. ɉɨɷɬɨɦɭ ɜ ɦɨ-

ɪɟɯɨɞɧɨɣ ɚɫɬɪɨɧɨɦɢɢ ɢɫɩɨɥɶɡɭɸɬ ɨɫɨɛɵɣ ɭɝɥɨɦɟɪɧɵɣ ɢɧɫɬɪɭɦɟɧɬ, ɩɨɡɜɨɥɹɸ-

ɳɢɣ ɮɢɤɫɢɪɨɜɚɬɶ ɢɡɦɟɪɹɟɦɵɣ ɭɝɨɥ ɫ ɪɭɤɢ, ɧɟ ɬɪɟɛɭɹ ɧɟɩɨɞɜɢɠɧɨɝɨ ɨɫɧɨɜɚɧɢɹ. 

Эɬɨɬ ɢɧɫɬɪɭɦɟɧɬ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ ɫɟɤɫɬɚɧɚ (ɨɬ ɥɚɬɢɧɫɤɨɝɨ ɫɥɨɜɚ «sОбtКns» − 



«ɲɟɫɬɚɹ ɱɚɫɬɶ»), ɬɚɤ ɤɚɤ ɢɦɟɥ ɭɝɥɨɦɟɪɧɭɸ ɞɭɝɭ ɨɤɨɥɨ 1/6 ɨɤɪɭɠɧɨɫɬɢ. Ⱦɚɧɧɵɣ 

ɫɟɤɫɬɚɧ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪиɫ. 1. 

 

Ɋиɫ. 1. ɋɟɤɫɬɚɧ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɬɢɩɚ ɋɇɈ-Ɍ: 

1 – ɪɚɦɚ ɫɟɤɫɬɚɧɚ; 2 – ɩɥɨɫɤɨɫɬɶ ɥɢɦɛɚ ɫ ɝɪɚɞɭɫɧɨɣ ɲɤɚɥɨɣ;  

3 – ɪɭɤɨɹɬɶ ɫɟɤɫɬɚɧɚ; 4 – ɨɝɪɚɠɞɟɧɢɟ ɚɥɢɞɚɞɵ; 5 – ɚɥɢɞɚɞɚ;  

6 – ɛɨɥɶɲɨɟ ɡɟɪɤɚɥɨ; 7 – ɨɬɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ;  

7.1 – ɛɚɪɚɛɚɧ ɱɟɪɜɹɱɧɨɝɨ ɜɢɧɬɚ;  

7.2 – ɪɵɱɚɝɢ ɩɪɭɠɢɧɵ ɨɬɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ;  

7.3 – ɥɭɩɚ ɫ ɨɫɜɟɬɢɬɟɥɟɦ; 8 – ɝɧɟɡɞɨ ɦɚɥɨɝɨ ɡɟɪɤɚɥɚ; 

8.1 – ɪɟɝɭɥɢɪɨɜɨɱɧɵɣ ɜɢɧɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɦɚɥɨɝɨ ɡɟɪɤɚɥɚ;  

8.2. – ɪɟɝɭɥɢɪɨɜɨɱɧɵɣ ɜɢɧɬ ɭɫɬɚɧɨɜɤɢ ɧɭɥɹ ɩɨɩɪɚɜɤɢ ɢɧɞɟɤɫɚ;  

9 – ɧɨɱɧɚɹ ɨɩɬɢɱɟɫɤɚɹ ɬɪɭɛɚ 
 

Ɇɨɪɫɤɨɣ ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɫɟɤɫɬɚɧ – ɩɪɨɬɨɬɢɩ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɦɨɞɟɪ-

ɧɢɡɢɪɨɜɚɧɧɨɝɨ ɫɟɤɫɬɚɧɚ-Ɇ. 

ɋɪɟɞɢ ɨɫɧɨɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɫɭɞɧɚ ɫ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟɦ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɫɟɤɫɬɚɧɚ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɫɦɚɬɪɢɜɚ-

ɟɦɨɝɨ ɜɢɞɢɦɨɝɨ ɝɨɪɢɡɨɧɬɚ, ɢɡ-ɡɚ ɱɟɝɨ ɜɟɫɶ ɧɨɱɧɨɣ ɩɟɪɢɨɞ ɫ ɦɧɨɠɟɫɬɜɨɦ ɜɢɞɢ-



ɦɵɯ ɡɜёɡɞ ɜɵɩɚɞɚɥ ɢɡ ɪɚɛɨɬɵ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɷɬɨɦɭ ɢɡ ɪɚɛɨɬɵ ɜɵɩɚɞɚɥɢ ɩɟ-

ɪɢɨɞɵ ɫ ɩɥɨɯɨɣ ɜɢɞɢɦɨɫɬɶɸ ɝɨɪɢɡɨɧɬɚ ɩɨ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ.  

3 ɍɋɈȼȿɊШȿɇɋɌȼɈȼȺɇɇɕɃ ɋȿɄɋɌȺɇ-Ɇ 

ɍɫɬɪɚɧɟɧɢɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɧɟɞɨɫɬɚɬɤɨɜ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɩɪɢ-

ɦɟɧɟɧɢɟɦ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɫɟɤɫɬɚɧɚ-Ɇ ɫ ɩɨɜɨɪɨɬɧɵɦ ɛɨɥɶɲɢɦ ɡɟɪɤɚɥɨɦ, 

ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪиɫ. 2. Ɉɧ ɫɨɯɪɚɧɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬ ɫɜɟɬɢɥ 

ɧɚɞ ɜɢɞɢɦɵɦ ɝɨɪɢɡɨɧɬɨɦ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɪɚɡɧɨɫɬɢ 

ɜɵɫɨɬ ɢ ɚɡɢɦɭɬɨɜ ɞɜɭɯ ɫɜɟɬɢɥ. Ɍɚɤɢɟ ɢɡɦɟɪɟɧɢɹ ɧɟ ɧɭɠɞɚɸɬɫɹ ɜ ɜɢɞɢɦɨɫɬɢ ɝɨ-

ɪɢɡɨɧɬɚ, ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɧɨɱɶɸ. ȼ ɢɬɨɝɟ ɩɪɟɞɥɚɝɚɟɦɵɣ ɫɟɤɫɬɚɧ-Ɇ 

ɫɬɚɧɨɜɢɬɫɹ ɩɪɢɛɨɪɨɦ, ɩɪɢɝɨɞɧɵɦ ɞɥɹ ɤɪɭɝɥɨɫɭɬɨɱɧɵɯ ɧɚɛɥɸɞɟɧɢɣ, ɚ ɜ ɪɟɠɢɦɟ 

ɢɡɦɟɪɟɧɢɹ ɪɚɡɧɨɫɬɟɣ ɜɵɫɨɬ ɢ ɚɡɢɦɭɬɨɜ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɚɜɬɨɧɨɦɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɧɚɛɥɸɞɚɬɟɥɹ ɜ ɩɪɢɛɪɟɠɧɵɯ, ɨɡёɪɧɵɯ ɢ ɞɚɠɟ ɜ ɫɭɯɨɩɭɬɧɵɯ 

ɭɫɥɨɜɢɹɯ. 

 

Ɋиɫ. 2. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɣ ɫɟɤɫɬɚɧ-Ɇ ɫ ɩɨɜɨɪɨɬɧɵɦ ɛɨɥɶɲɢɦ ɡɟɪɤɚɥɨɦ: 

1 – ɩɨɜɨɪɨɬɧɨɟ ɛɨɥɶɲɨɟ ɡɟɪɤɚɥɨ (ȻɁ); 2 – ɚɥɢɞɚɞɚ ȻɁ; 3 – ɥɢɦɛ ȻɁ;  

4 – ɨɬɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ȻɁ;  

5 – ɛɚɪɚɛɚɧ ɨɬɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ȻɁ;  

6 – ɥɭɩɚ; 7 – ɨɩɬɢɱɟɫɤɚɹ ɬɪɭɛɚ ɫ ɝɢɞɪɨɭɪɨɜɧɟɦ;  

8–ɫɨɟɞɢɧɹɸɳɢɣ ɭɝɨɥɶɧɢɤ (ɤɪɨɧɲɬɟɣɧ) 



ɋɟɤɫɬɚɧ-Ɇ ɫ ɩɨɜɨɪɨɬɧɵɦ ɛɨɥɶɲɢɦ ɡɟɪɤɚɥɨɦ ɫɨɞɟɪɠɢɬ ɪɚɦɭ ɫ ɥɢɦɛɨɦ ɜɵ-

ɫɨɬ, ɧɚ ɤɨɬɨɪɨɣ ɡɚɤɪɟɩɥɟɧɨ ɦɚɥɨɟ ɡɟɪɤɚɥɨ, ɨɩɬɢɱɟɫɤɚɹ ɬɪɭɛɚ 7, ɚɥɢɞɚɞɚ ɜɵɫɨɬ, 

ɧɚ ɤɨɬɨɪɨɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɛɨɥɶɲɨɟ ɡɟɪɤɚɥɨ 1. Ⱥɥɢɞɚɞɚ ɜɵɫɨɬ ɢɦɟɟɬ ɨɫɶ ɜɪɚ-

ɳɟɧɢɹ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɩɥɨɫɤɨɫɬɢ ɪɚɦɵ. ȼ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɦ ɫɟɤɫɬɚɧɟ-Ɇ 

ɛɨɥɶɲɨɟ ɡɟɪɤɚɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɜ ɡɚɤɪɟɩɥёɧɧɨɣ ɧɚ ɚɥɢɞɚɞɟ ɩɨɜɨɪɨɬɧɨɣ ɪɚɦɤɟ 1 ɫ 

ɨɫɶɸ ɜɪɚɳɟɧɢɹ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɥɢɦɛɚ. ɇɚ ɨɫɢ ɡɚɤɪɟɩɥɟɧɚ ɚɥɢɞɚɞɚ 

ɚɡɢɦɭɬɨɜ 2, ɫɤɨɥɶɡɹɳɚɹ ɜɞɨɥɶ ɡɚɤɪɟɩɥёɧɧɨɝɨ ɧɚ ɚɥɢɞɚɞɟ ɜɵɫɨɬ ɥɢɦɛɚ ɚɡɢɦɭɬɨɜ 

3. Ɉɬɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜɵɫɨɬ ɭɫɬɚɧɨɜɥɟɧɨ ɧɚ ɚɥɢɞɚɞɟ ɜɵɫɨɬ, ɚ ɨɬ-

ɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɚɡɢɦɭɬɨɜ 4 ɡɚɤɪɟɩɥɟɧɨ ɧɚ ɚɥɢɞɚɞɟ ɚɡɢɦɭɬɨɜ 2. 

Ɉɩɬɢɱɟɫɤɚɹ ɬɪɭɛɚ 7 ɫɨɞɟɪɠɢɬ ɩɭɡɵɪɶɤɨɜɵɣ ɝɢɞɪɨɭɪɨɜɟɧɶ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɦɵ ɫɟɤɫɬɚɧɚ-Ɇ. 

3.1 Ɇɟɬɨɞ ɜыɱɢɫɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɧɚɛɥɸɞɚɬɟɥɹ 

ɉɨɹɜɥɟɧɢɟ ɧɨɜɨɝɨ, ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɝɨ ɢ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɧɨɦɧɨɝɨ ɬɟɯɧɢɱɟ-

ɫɤɨɝɨ ɫɪɟɞɫɬɜɚ ɜ ɜɢɞɟ ɫɟɤɫɬɚɧɚ-Ɇ ɫ ɩɨɜɨɪɨɬɧɵɦ ɛɨɥɶɲɢɦ ɡɟɪɤɚɥɨɦ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɛɨɥɟɟ ɞɨɫɤɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɫɬɪɨɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɚɪɚ-

ɦɟɬɪɨɜ ɪɚɡɧɨɫɬɢ ɜɵɫɨɬ ɢ ɪɚɡɧɨɫɬɢ ɚɡɢɦɭɬɨɜ (ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧ-

ɧɵɦ Ƚɚɜɪɸɤɨɦ Ɇ. ɂ. ɢ ɟɝɨ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ), ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɦɟ-

ɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɫɭɞɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɢɯ ɚɫɬɪɨɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɚ-

ɪɚɦɟɬɪɨɜ Дɋɢɱɤɚɪёɜ, 2014, ɫ. 2; Ƚɚɜɪɸɤ, 1973, ɫ. 26]. 

Ɇɟɬɨɞ ɩɪɹɦɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɦɟɫɬɚ ɫɭɞɧɚ ɩɨ ɪɚɡɧɨɫɬɹɦ ɜɵɫɨɬɵ ɢ 

ɚɡɢɦɭɬɚ ɞɜɭɯ ɫɜɟɬɢɥ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɤɫɬɚɧɚ-Ɇ ɪɚɡɪɚɛɨɬɚɧ ɋɢɱɤɚɪёɜɵɦ ȼ. 

ɂ. Дɋɢɱɤɚɪёɜ, 2016, ɫ. 109−116]. 

ɉɪɢ ɫɨɜɦɟɳɟɧɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɟɤɫɬɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜɟɪɬɢɤɚɥɚ ɫɜɟɬɢɥɚ А 

(ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɢɡ ɞɜɭɯ ɫɜɟɬɢɥ) ɫ ɜɟɪɬɢɤɚɥɨɦ ɫɜɟɬɢɥɚ ȼ ɢɡɦɟɪɹɟɬɫɹ ɭɝɨɥ, ɤɨɬɨ-

ɪɵɣ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɭɝɨɥ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɚɦɢ ∆А – ɪɚɡɧɨɫɬɶ ɚɡɢɦɭɬɨɜ 

ɞɜɭɯ ɫɜɟɬɢɥ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɨɜɦɟɳɟɧɢɹ ɜɟɪɬɢɤɚɥɨɜ ɫɜɟɬɢɥɨ А ɨɤɚɠɟɬɫɹ ɜɵɲɟ 

ɫɜɟɬɢɥɚ ȼ ɧɚ ɜɟɥɢɱɢɧɭ ∆h – ɢɡɦɟɪɹɟɦɭɸ ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɫɜɟɬɢɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɣ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ∆h ɢ ɪɚɡɧɨɫɬɶ ɚɡɢɦɭɬɨɜ 

∆А. 



Ɉɛɫɟɪɜɚɰɢɹ ɩɨ ɪɚɡɧɨɫɬɧɨ-ɜɵɫɨɬɧɵɦ ɥɢɧɢɹɦ ɩɨɥɨɠɟɧɢɹ (ɊȼɅɉ) ɢ ɪɚɡɧɨɫɬ-

ɧɨ-ɚɡɢɦɭɬɚɥɶɧɵɦ ɥɢɧɢɹɦ ɩɨɥɨɠɟɧɢɹ (ɊȺɅɉ) ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɩɚɪɚ-

ɦɟɬɪɵ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɵɝɨɞɧɵɯ ɭɫɥɨɜɢɣ ɧɚɛɥɸɞɟɧɢɹ ɫɜɟɬɢɥ. ɍɫɥɨɜɢɹ 

ɧɚɛɥɸɞɟɧɢɹ ɫɱɢɬɚɸɬɫɹ ɜɵɝɨɞɧɵɦɢ, ɟɫɥɢ ɭɝɨɥ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɣ ɩɨɥɨɠɟɧɢɹ 

ɛɥɢɡɨɤ ɤ 90, ɚ ɝɪɚɞɢɟɧɬɵ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɛɨɥɶɲɢɟ. 

ȼɵɝɨɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɧɚɛɥɸɞɟɧɢɹ ɫɜɟɬɢɥ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɫɭɞɧɚ ɩɨ 

ɊȼɅɉ ɢ ɊȺɅɉ ɞɜɭɯ ɫɜɟɬɢɥ ɛɭɞɭɬ: 

 ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɜɟɬɢɥ ɩɪɢɦɟɪɧɨ ɩɨ ɨɞɢɧɚɤɨɜɨɣ ɜɵɫɨɬɟ; 

 ɜɵɫɨɬɚ ɫɜɟɬɢɥ ɛɨɥɟɟ 45; 

 ɪɚɡɧɨɫɬɶ ɚɡɢɦɭɬɨɜ ɫɜɟɬɢɥ ɛɨɥɟɟ 60. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɬɫɹ ɧɚɭɱɧɵɟ ɪɚɛɨɬɵ ɤɚɤ ɩɨ ɜɵɹɜɥɟɧɢɸ ɭɞɨɛɧɵɯ ɦɟ-

ɬɨɞɨɜ ɪɚɛɨɬɵ ɫ ɫɟɤɫɬɚɧɨɦ-Ɇ, ɬɚɤ ɢ ɩɨ ɩɨɞɛɨɪɭ ɫɜɟɬɢɥ ɞɥɹ ɛɨɥɟɟ ɛɵɫɬɪɨɝɨ, ɚ 

ɝɥɚɜɧɨɟ, ɬɨɱɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɨɛɫɟɪɜɚɰɢɢ ɩɨ ɪɚɡɧɨɫɬɹɦ ɜɵɫɨɬ ɢ ɚɡɢ-

ɦɭɬɨɜ ɫɜɟɬɢɥ, ɧɚɯɨɞɹɫɶ ɜ ɥɸɛɨɣ ɬɨɱɤɢ ɡɟɦɧɨɝɨ ɲɚɪɚ. 

3.2 ɉɪɢɧɰɢɩ ɪɚɛɨɬы ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɫɟɤɫɬɚɧɚ-Ɇ 

Ɇɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɫɟɤɫɬɚɧ-Ɇ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɉɬɫɱёɬɵ 

ɚɥɢɞɚɞɵ ɜɵɫɨɬ ɢ ɚɥɢɞɚɞɵ ɚɡɢɦɭɬɨɜ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɧɭɥɟɜɵɟ ɡɧɚɱɟɧɢɹ. 

ɋɟɤɫɬɚɧ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɜɟɪɯɧɟɟ ɢɡ ɞɜɭɯ ɜɵɛɪɚɧɧɵɯ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɫɜɟɬɢɥ. 

ȼɪɚɳɟɧɢɟɦ ɛɚɪɚɛɚɧɚ ɚɡɢɦɭɬɨɜ ɪɚɡɞɜɚɢɜɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ ɜɟɪɯɧɟɝɨ ɫɜɟɬɢɥɚ, ɢ, 

ɧɟ ɬɟɪɹɹ ɟɝɨ ɢɡ ɜɢɞɚ, ɩɨɜɨɪɨɬɨɦ ɚɥɢɞɚɞɵ ɚɡɢɦɭɬɨɜ, ɫɟɤɫɬɚɧ ɜɟɞɟɬɫɹ ɜ ɫɬɨɪɨɧɭ 

ɧɢɡɲɟɝɨ ɫɜɟɬɢɥɚ. ɉɪɢ ɫɨɜɦɟɳɟɧɢɢ ɜɟɪɬɢɤɚɥɚ ɜɟɪɯɧɟɝɨ ɫɜɟɬɢɥɚ ɫ ɜɟɪɬɢɤɚɥɨɦ 

ɧɢɠɧɟɝɨ ɫɜɟɬɢɥɚ ɩɨɜɨɪɨɬɨɦ ɚɥɢɞɚɞɵ ɜɵɫɨɬ ɫɨɜɦɟɫɬɢɬɶ ɥɭɱɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟ-

ɝɨ ɫɜɟɬɢɥ, ɤɨɧɬɪɨɥɢɪɭɹ ɜɟɪɬɢɤɚɥɶɧɨɫɬɶ ɫɟɤɫɬɚɧɚ ɩɨ ɩɭɡɵɪɶɤɨɜɨɦɭ ɝɢɞɪɨɭɪɨɜ-

ɧɸ. ɉɨɫɥɟ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɫɨɜɦɟɳɟɧɢɹ ɥɭɱɟɣ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɫɜɟɬɢɥ ɨɬ-

ɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɚɥɢɞɚɞɵ ɜɵɫɨɬ ɩɨɤɚɠɟɬ ɨɬɫɱёɬ ɪɚɡɧɨɫɬɢ ɜɵɫɨɬ ∆h 

ɧɚɛɥɸɞɚɟɦɵɯ ɫɜɟɬɢɥ, ɚ ɨɬɫɱёɬɧɨ-ɫɬɨɩɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɪɚɡɧɨɫɬɢ ɚɡɢɦɭɬɨɜ ɩɨ-

ɤɚɠɟɬ ɨɬɫɱёɬ ∆α, ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɧɵɣ ɫ ɪɚɡɧɨɫɬɶɸ ɚɡɢɦɭɬɨɜ ∆А. Ɉɬɫɱёɬ 

ɪɚɡɧɨɫɬɢ ɚɡɢɦɭɬɨɜ ∆А ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɪɚɫɱёɬɨɦ ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ h – ɜɵɫɨɬɚ ɧɢɠɧɟɝɨ ɫɜɟɬɢɥɚ, ɢɡɦɟɪɹɟɦɚɹ ɫɟɤɫɬɚɧɨɦ, ɥɢɛɨ ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ 

ɩɨ ɮɨɪɦɭɥɟ 

             E
Wɝɪth   coscoscossinsinsin                 

(2) 

ɫɨ ɫɱɢɫɥɢɦɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɫɭɞɧɚ φ, λ ɢ ɷɮɟɦɟɪɢɞɚɦɢ ɫɜɟɬɢɥɚ ɧɚ ɦɨɦɟɧɬ 

ɧɚɛɥɸɞɟɧɢɹ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ∆h ɢ ∆А ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɚɫɱёɬɚ ɨɛɫɟɪɜɨ-

ɜɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɫɭɞɧɚ. 

Ⱥɥɝɨɪɢɬɦ ɧɚɛɥɸɞɟɧɢɣ ɫɜɟɬɢɥ ɢ ɪɚɫɱёɬɚ ɤɨɨɪɞɢɧɚɬ ɨɛɫɟɪɜɨɜɚɧɧɨɝɨ ɦɟɫɬɚ 

ɫɭɞɧɚ ɩɨ ɧɚɛɥɸɞɟɧɢɹɦ ɪɚɡɧɨɫɬɟɣ ɜɵɫɨɬ ɢ ɪɚɡɧɨɫɬɟɣ ɚɡɢɦɭɬɨɜ ɫɜɟɬɢɥ ɫɥɟɞɭɸ-

ɳɢɣ: 

1. ȼɵɛɪɚɬɶ ɫɜɟɬɢɥɚ ɞɥɹ ɧɚɛɥɸɞɟɧɢɣ (ɫɜɟɬɢɥɨ Ⱥ − ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɢɡ ɞɜɭɯ 

ɫɜɟɬɢɥ ɢ ɫɜɟɬɢɥɨ ȼ). ɇɚɢɥɭɱɲɢɟ ɭɫɥɨɜɢɹ − ɤɨɝɞɚ ɫɜɟɬɢɥɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɪɢ-

ɦɟɪɧɨ ɧɚ ɨɞɧɨɣ ɜɵɫɨɬɟ ɜɛɥɢɡɢ ɦɟɪɢɞɢɚɧɚ ɧɚɛɥɸɞɚɬɟɥɹ. ȼɵɩɨɥɧɢɬɶ ɝɥɚɡɨɦɟɪ-

ɧɨɟ ɩɟɥɟɧɝɨɜɚɧɢɟ ɫɜɟɬɢɥ, ɨɰɟɧɢɬɶ ɡɟɧɢɬɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɫɜɟɬɢɥ ɢ ɩɨɥɸɫɚ, ɨɩɪɟ-

ɞɟɥɢɬɶ ɡɨɧɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɥɸɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɟɧɢɬɚ ɢ ɫɜɟɬɢɥ. 

2. ɇɚ ɦɨɦɟɧɬ Ɍ ɫɟɤɫɬɚɧɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɪɚɡɧɨɫɬɟɣ ɜɵɫɨɬ ∆h ɢ ɪɚɡɧɨɫɬɟɣ 

ɚɡɢɦɭɬɨɜ ɫɜɟɬɢɥ ∆А ɩɨɥɭɱɢɬɶ ɫɱɢɫɥɢɦɵɟ ɤɨɨɪɞɢɧɚɬɵ, ɜɵɛɪɚɬɶ ɷɮɟɦɟɪɢɞɵ ɫɜɟ-

ɬɢɥ ɢ ɬɨɱɤɢ Ɉɜɧɚ  ɝɪȼАȼА t,,,, . 

3. Ɋɚɫɫɱɢɬɚɬɶ ɜɢɞɢɦɨɟ ɪɚɫɫɬɨɹɧɢɟ S ɦɟɠɞɭ ɫɜɟɬɢɥɚɦɢ ɢ ɭɝɨɥ PA  ɩɨ 

                 coscoscossinsincos BABAS ,                

(3) 

                                        S
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(4) 

4. Ɋɚɫɫɱɢɬɚɬɶ ɜɵɫɨɬɭ Bh  ɫɜɟɬɢɥɚ ȼ ɩɨ  



                                              ,cos
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ɝɞɟ hbhc  cossin 2
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ɢ ɜɵɫɨɬɭ Ah  ɫɜɟɬɢɥɚ А ɩɨ  

                                                         hhh BA  .                                                

(6) 

5. Ɋɚɫɫɱɢɬɚɬɶ ɭɝɨɥ ZA   ɩɨ 

                                     
Sh

Shh
A

A
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Z sincos

cossinsin
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


 .                                     (7) 

6. Ɋɚɫɫɱɢɬɚɬɶ ɩɨ ɨɞɧɨɣ ɢɡ ɮɨɪɦɭɥ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɨ-

ɥɸɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɟɬɢɥ ɢ ɡɟɧɢɬɚ, ɩɚɪɚɥɥɚɤɬɢɱɟɫɤɢɣ ɭɝɨɥ q. 

                                                     PZ AAq  .                                                    

(8) 

                                                   PZ AAq  .                                                       

(9) 

                                             ZPPZ AAAAq  .                                          

(10) 

                                                 PZ AAq  360 .                                              

(11) 

7. Ɋɚɫɫɱɢɬɚɬɶ ɲɢɪɨɬɭ ɡɟɧɢɬɚ Z   ɩɨ 

                               AAAAA qhh coscoscossinsinsin   .                  (12) 

8. Ɋɚɫɫɱɢɬɚɬɶ ɩɨɥɹɪɧɵɣ ɭɝɨɥ ZA   ɩɨ 
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ɢ ɡɜёɡɞɧɨɟ ɞɨɩɨɥɧɟɧɢɟ ɡɟɧɢɬɚ Z   ɩɨ 

                                                      .ZAAZ                                                     

(14) 



9. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɫɬɨɜɭɸ ɞɨɥɝɨɬɭ ɡɟɧɢɬɚ Z
W     ɩɨ 
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WZɝɪ

Z
ɝɪ tt   ,                                            

(15) 

ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɜɟɫɬɢ ɟё ɜ ɨɫɬɨɜɭɸ ɜɟɥɢɱɢɧɭ. 

10. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɫɫɱɢɬɚɬɶ ɚɡɢɦɭɬɵ ɫɜɟɬɢɥ AA  ɢ BA ɩɨ 
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 .                               

(17) 

ɉɨɥɭɱɟɧɧɵɟ ɲɢɪɨɬɚ ɢ ɞɨɥɝɨɬɚ ɡɟɧɢɬɚ φ ɢ λ − ɟɫɬɶ ɢɫɤɨɦɵɟ ɤɨɨɪɞɢɧɚɬɵ ɦɟ-

ɫɬɚ ɧɚɛɥɸɞɚɬɟɥɹ. 
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