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ɉɪɟɞɢɫɥɨɜɢɟ 
ɉɨɫɨɛɢɟ ɫɨɫɬɚɜɥɟɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɨɣ ɱɚɫɬɶɸ  ɩɪɨɝɪɚɦɦɵ ɞɢɫɰɢ-

ɩɥɢɧɵ «Ɍɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɫɭɞɨɜɨɠɞɟɧɢɹ», ɤɨɬɨɪɚɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 
ɢɡɭɱɟɧɢɟ ɦɚɝɧɢɬɧɨ-ɤɨɦɩɚɫɧɨɝɨ ɞɟɥɚ. ȼ ɧɟɦ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɫɜɟɞɟ-
ɧɢɹ ɨ ɦɚɝɧɟɬɢɡɦɟ, ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɧɚ ɫɭɞɧɟ, ɜɢɞɵ ɞɟɜɢɚɰɢɢ 
ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɢ ɦɟɬɨɞɵ ɟɟ ɭɧɢɱɬɨɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɵ ɩɨɜɵɲɟ-
ɧɢɹ ɬɨɱɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. Ɉɬɞɟɥɶɧɨ ɞɚɧɨ ɨɩɢɫɚɧɢɟ ɩɪɢɧɰɢɩɚ ɪɚ-
ɛɨɬɵ ɛɟɫɫɬɪɟɥɨɱɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɝɧɢɬɨɦɟɬɪɚ 
ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɢ ɤɨɦɩɚɫɚ. 

ȼɟɫɶ ɦɚɬɟɪɢɚɥ ɪɚɡɛɢɬ ɧɚ ɨɬɞɟɥɶɧɵɟ ɥɟɤɰɢɢ, ɨɛɴɟɦ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɭɦ ɚɤɚɞɟɦɢɱɟɫɤɢɦ ɱɚɫɚɦ ɭɱɟɛɧɨɝɨ ɜɪɟɦɟɧɢ. Ɉɫɨɛɟɧɧɨ-
ɫɬɶɸ ɧɚɫɬɨɹɳɟɝɨ ɢɡɞɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɨ ɫɨɫɬɚɜɥɟɧɨ ɫ ɷɥɟɦɟɧɬɚɦɢ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. Ɍɚɤ, ɩɨɫɥɟ ɦɚɬɟɪɢɚɥɚ ɥɟɤɰɢɢ ɩɪɢɜɨɞɹɬɫɹ 
ɤɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ, ɧɚ ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɞɚɧɨ ɧɟɫɤɨɥɶɤɨ ɨɬɜɟɬɨɜ, ɫɪɟ-
ɞɢ ɧɢɯ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɩɪɚɜɢɥɶɧɵɟ. ȼ ɤɨɧɰɟ ɩɨɫɨɛɢɹ ɩɪɢɜɨɞɹɬɫɹ ɤɨɦ-
ɦɟɧɬɚɪɢɢ ɤ ɨɬɜɟɬɚɦ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɬɭɞɟɧɬɭ ɨɩɪɟɞɟɥɢɬɶ, ɧɚɫɤɨɥɶɤɨ 
ɩɪɚɜɢɥɶɧɨ ɨɧ ɨɬɜɟɬɢɥ ɧɚ ɬɨɬ ɢɥɢ ɢɧɨɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɩɪɚɜɢɥɶɧɨɫɬɢ ɨɬɜɟɬɚ ɟɦɭ ɞɚɸɬɫɹ ɪɟɤɨɦɟɧɞɚɰɢɢ ɨ ɞɚɥɶɧɟɣɲɢɯ ɞɟɣɫɬɜɢ-
ɹɯ. ɗɬɨɬ ɩɪɢɟɦ ɧɚɩɪɚɜɥɟɧ ɧɚ ɨɤɚɡɚɧɢɟ ɩɨɦɨɳɢ ɩɪɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨ-
ɬɟ ɫɬɭɞɟɧɬɚ ɫ ɩɪɟɞɥɚɝɚɟɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɤɧɢɝɢ.  

ȼ ɩɪɢɥ. 1 – 3 ɩɪɢɜɨɞɹɬɫɹ ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɢ ɧɚɰɢɨɧɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 
ɤ ɨɫɧɚɳɟɧɢɸ ɫɭɞɨɜ ɦɚɝɧɢɬɧɵɦɢ ɤɨɦɩɚɫɚɦɢ, ɚ ɬɚɤɠɟ ɤ ɢɯ ɬɨɱɧɨɫɬɢ. 

Гɍ
МɊ
Ɏ иɦ

ɟɧ
и а
ɞɦ
ир
аɥ
а ɋ

.О
. 
Ма
ɤа
рɨ
ва



4 

ɅȿɄЦИə 1 

ȼɜɟɞɟɧɢɟ 
ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚ ɫɭɞɚɯ ɦɨɪɫɤɨɝɨ ɮɥɨɬɚ 

ɦɚɝɧɢɬɧɵɯ ɤɨɦɩɚɫɨɜ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ. 
ȼ ɱɚɫɬɧɨɫɬɢ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ ɤɨɦɩɚɫɚ ɫɩɨɫɨɛɟɧ ɨɩɪɟɞɟɥɹɬɶ 
ɧɚɩɪɚɜɥɟɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɩɥɨɫɤɨɫɬɢ ɦɚɝ-
ɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟɩɪɟɪɵɜɧɨ ɩɨɥɭɱɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɤɭɪɫɟ ɫɭɞɧɚ. 

Ʉɪɚɬɤɚя ɢɫɬɨɪɢя ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. ɇɚɫɬɨɹɳɚɹ ɢɫɬɨɪɢɱɟɫɤɚɹ 
ɫɩɪɚɜɤɚ ɧɚɩɢɫɚɧɚ ɩɨ ɦɚɬɟɪɢɚɥɚɦ ɪɚɛɨɬɵ Д1Ж, ɜ ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɢɬɫɹ ɩɨ-
ɞɪɨɛɧɚɹ ɢɫɬɨɪɢɹ ɫɨɡɞɚɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. 

ɋɪɟɞɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɪɢɛɨɪɨɜ ɫɭɞɧɚ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɡɚɧɢɦɚɟɬ 
ɨɫɨɛɨɟ ɦɟɫɬɨ – ɨɧ ɹɜɥɹɟɬɫɹ ɩɪɢɛɨɪɨɦ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɪɟɜɧɟɣɲɢ-
ɦɢ ɦɨɪɟɩɥɚɜɚɬɟɥɹɦɢ ɢ ɞɨ ɫɢɯ ɩɨɪ ɫɥɭɠɢɬ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɤɭɪɫɨɭɤɚɡɚ-
ɬɟɥɟɣ ɧɚ ɫɭɞɧɟ. ɂɡɞɪɟɜɥɟ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɧɟ ɬɨɥɶɤɨ ɩɨɦɨɝɚɥ ɦɨɪɟɩɥɚɜɚ-
ɬɟɥɹɦ ɧɚɯɨɞɢɬɶ ɞɨɪɨɝɭ ɜ ɛɟɫɤɪɚɣɧɟɦ ɦɨɪɟ, ɧɨ ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɥ ɪɚɡɜɢɬɢɸ 
ɭɱɟɧɢɹ ɨ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ Ɂɟɦɥɢ. 

ɍɩɨɦɢɧɚɧɢɟ ɨ ɦɚɝɧɢɬɧɨɦ ɤɨɦɩɚɫɟ ɜɫɬɪɟɱɚɟɬɫɹ ɧɚ ɚɪɚɛɫɤɨɦ ɜɨɫɬɨɤɟ. 
Ⱥɪɚɛɫɤɢɟ ɦɨɪɟɩɥɚɜɚɬɟɥɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɚɫɚ ɦɚɝɧɢɬɧɭɸ ɢɝɥɭ, 
ɤɨɬɨɪɚɹ ɩɨɦɟɳɚɥɚɫɶ ɜ ɩɥɚɫɬɢɧɤɭ, ɩɥɚɜɚɸɳɭɸ ɜ ɜɨɞɟ. ȼ ȿɜɪɨɩɟ ɦɚɝɧɢɬɧɵɣ 
ɤɨɦɩɚɫ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɩɨɹɜɢɥɫɹ ɢɦɟɧɧɨ ɛɥɚɝɨɞɚɪɹ ɚɪɚɛɫɤɢɦ ɦɨɪɟɩɥɚɜɚɬɟɥɹɦ. 
Ɉɞɧɚɤɨ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɜɟɪɫɢɟɣ ɫɱɢɬɚɟɬɫɹ ɬɚ, ɱɬɨ ɦɚɝɧɢɬɧɵɣ 
ɤɨɦɩɚɫ ɛɵɥ ɢɡɨɛɪɟɬɟɧ ɛɨɥɟɟ ɱɟɦ γ000 ɥɟɬ ɞɨ ɧɚɲɟɣ ɷɪɵ ɜ Ʉɢɬɚɟ. 

ɇɚɡɜɚɧɢɟ ɤɨɦɩɚɫ ɜɨɡɧɢɤɥɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɡɠɟ ɫɚɦɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ. Ⱦɨ 
XV ɜ. ɨɧ ɧɚɡɵɜɚɥɫɹ ɩɨ-ɪɚɡɧɨɦɭμ ɭ ɤɢɬɚɣɰɟɜ – ɤɨɩɢɥɤɚ ɡɜɟɡɞ, ɭ ɚɪɚɛɨɜ – ɞɨɦ 
ɢɝɥɵ, ɭ ɪɭɫɫɤɢɯ – ɦɚɬɤɚ. 

Ʉɨɧɟɰ XV, ɧɚɱɚɥɨ XVI  ɜɜ. ɨɡɧɚɦɟɧɨɜɚɧɵ ɩɨɹɜɥɟɧɢɟɦ ɧɚ ɫɭɞɚɯ ɪɹɞɚ 
ɩɪɢɛɨɪɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɢɥɢ ɦɨɪɟɩɥɚɜɚɬɟɥɹɦ ɫɨɜɟɪɲɚɬɶ ɩɥɚɜɚɧɢɟ 
ɜ ɥɸɛɨɟ ɜɪɟɦɹ ɫɭɬɨɤ, ɧɟ ɨɩɚɫɚɹɫɶ ɡɚɬɟɪɹɬɶɫɹ ɜ ɛɟɫɤɨɧɟɱɧɵɯ ɨɤɟɚɧɫɤɢɯ ɩɪɨ-
ɫɬɨɪɚɯ. 

ɉɨɤɚɡɚɧɢɹɦ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɦɨɪɟɩɥɚɜɚɬɟɥɢ ɞɨɜɟɪɹɥɢ ɩɨɥɧɨɫɬɶɸ, 
ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫɨ ɜɪɟɦɟɧɟɦ ɫɬɚɥɢ ɡɚɦɟɱɚɬɶ, ɱɬɨ ɦɚɝɧɢɬɧɚɹ ɫɬɪɟɥɤɚ 
ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ ɦɟɪɢɞɢɚɧɚ. ȼ 1436 ɝ. ɷɬɨ ɹɜɥɟɧɢɟ, ɧɚɡɜɚɧɧɨɟ ɦɚɝɧɢɬɧɵɦ 
ɫɤɥɨɧɟɧɢɟɦ, ɫɬɚɥɢ ɭɤɚɡɵɜɚɬɶ ɧɚ ɤɚɪɬɚɯ. ȼɩɨɫɥɟɞɫɬɜɢɢ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ 
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ɫɜɨɛɨɞɧɨ ɩɨɞɜɟɲɟɧɧɚɹ ɫɬɪɟɥɤɚ ɨɬɤɥɨɧɹɟɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. 
ɂɡɭɱɟɧɢɟɦ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɜ 1576 ɝ. ɧɚɱɚɥ ɡɚɧɢɦɚɬɶɫɹ Ɋ. ɇɨɪɦɚɧ. Ɉɧ ɢɡɝɨɬɨ-
ɜɢɥ ɩɪɢɛɨɪ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɧɚɤɥɨɧɟɧɢɹ, ɢɡɜɟɫɬɧɵɣ ɫɟɝɨɞɧɹ ɤɚɤ 
ɢɧɤɥɢɧɚɬɨɪ.  

Ɂɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɢɡɭɱɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɫɤɥɨɧɟɧɢɹ ɜɧɟɫɥɢ ɢɡɜɟɫɬ-
ɧɵɟ ɪɨɫɫɢɣɫɤɢɟ ɦɨɪɟɩɥɚɜɚɬɟɥɢ ȼ. Ȼɟɪɢɧɝ, ɘ.Ɏ. Ʌɢɫɹɧɫɤɢɣ, ɂ.Ɏ. Ʉɪɭɡɟɧ-
ɲɬɟɪɧ ɢ ɞɪ. Ɇɨɪɟɩɥɚɜɚɬɟɥɢ ɫɬɚɥɢ ɡɚɦɟɱɚɬɶ, ɱɬɨ ɜ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɲɢɪɨɬɟ 
ɜɟɥɢɱɢɧɚ ɨɬɤɥɨɧɟɧɢɹ ɫɬɪɟɥɤɢ ɤɨɦɩɚɫɚ ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ ɢɡɦɟɧɹɟɬ-
ɫɹ ɩɪɢ ɩɟɪɟɦɟɧɟ ɤɭɪɫɚ. ɗɬɨ ɹɜɥɟɧɢɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ ɞɟ-
ɜɢɚɰɢɢ.  

ɉɟɪɜɵɟ ɫɟɪɶɟɡɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɢɡɦɟɧɟɧɢɟɦ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ 
ɤɨɦɩɚɫɚ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɚɧɝɥɢɣɫɤɢɦ ɦɨɪɟɩɥɚɜɚɬɟɥɟɦ Ɇ. Ɏɥɢɧɞɟɪɫɨɦ, 
ɤɨɬɨɪɵɣ, ɚɧɚɥɢɡɢɪɭɹ ɪɟɡɭɥɶɬɚɬɵ ɫɜɨɢɯ ɧɚɛɥɸɞɟɧɢɣ, ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɩɪɢɱɢ-
ɧɨɣ ɢɡɦɟɧɟɧɢɹ ɞɟɜɢɚɰɢɢ ɹɜɢɥɨɫɶ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɲɢɪɨɬɵ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɬɨɟɤ (ɩɢɥɥɟɪɫɨɜ), ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɞɟɪɟ-
ɜɹɧɧɭɸ ɩɚɥɭɛɭ. Ⱦɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɷɬɨɣ ɞɟɜɢɚɰɢɢ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɪɚɡɦɟ-
ɳɚɬɶ ɜɛɥɢɡɢ ɤɨɦɩɚɫɚ ɜɟɪɬɢɤɚɥɶɧɵɟ ɛɪɭɫɤɢ ɠɟɥɟɡɚ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɲɢɪɨɬɧɨɣ ɞɟɜɢɚɰɢɢ ɢ ɧɚɡɵɜɚɸɬɫɹ 
ɮɥɢɧɞɟɧɫɛɚɪɚɦɢ. 

ɋ ɪɚɡɜɢɬɢɟɦ ɮɥɨɬɚ ɧɚ ɩɚɪɭɫɧɵɯ ɫɭɞɚɯ ɫɬɚɥɢ ɩɨɹɜɥɹɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟ-
ɬɚɥɥɢɱɟɫɤɢɟ ɤɪɟɩɥɟɧɢɹ. ȼ β0-ɯ ɝɝ. XIX ɜ. Ɍ. ɘɧɝ ɜɩɟɪɜɵɟ ɜɫɟ ɫɭɞɨɜɨɟ ɠɟ-
ɥɟɡɨ ɪɚɡɞɟɥɢɥ ɧɚ «ɬɜɟɪɞɨɟ» ɢ «ɦɹɝɤɨɟ» ɜ ɦɚɝɧɢɬɧɨɦ ɨɬɧɨɲɟɧɢɢ. Ɍɜɟɪɞɨɟ – 
ɷɬɨ ɬɚɤɨɟ, ɤɨɬɨɪɨɟ ɫɨɯɪɚɧɹɟɬ ɨɞɧɚɠɞɵ ɩɪɢɨɛɪɟɬɟɧɧɵɣ ɦɚɝɧɟɬɢɡɦ, ɚ ɦɹɝɤɨɟ 
– ɢɡɦɟɧɹɟɬ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ɉɧ 
ɠɟ ɞɨɤɚɡɚɥ, ɱɬɨ ɬɜɟɪɞɨɟ ɠɟɥɟɡɨ ɫɨɡɞɚɟɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ, ɚ ɦɹɝɤɨɟ 
– ɱɟɬɜɟɪɬɧɭɸ. 

ȼɩɟɪɜɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɜɫɟɯ ɹɜɥɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɞɟɜɢɚ-
ɰɢɟɣ, ɞɚɥ ɩɪɨɮɟɫɫɨɪ ɉɚɪɢɠɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɋ. ɉɭɚɫɫɨɧ, ɫɨɫɬɚɜɢɜɲɢɣ 
ɜ 18βλ ɝ. ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɥɢ ɞɟɣɫɬɜɢɟ ɧɚ ɦɚɝɧɢɬɧɭɸ ɫɬɪɟɥɤɭ 
ɤɚɤ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ, ɬɚɤ ɢ ɫɭɞɨɜɨɝɨ ɠɟɥɟɡɚ. ɗɬɢ ɭɪɚɜɧɟɧɢɹ ɹɜɢɥɢɫɶ 
ɨɫɧɨɜɨɣ ɬɟɨɪɢɢ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. 

ɋ ɪɚɡɜɢɬɢɟɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɭɞɨɜ ɢɡɦɟɧɢɥɢɫɶ ɭɫɥɨɜɢɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɚɜɚɪɢɣ, 
ɚ ɬɚɤɠɟ ɤ ɝɢɛɟɥɢ ɥɸɞɟɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨ ɭɤɚɡɚɧɢɸ Ⱥɧɝɥɢɣɫɤɨɝɨ ɚɞɦɢ-
ɪɚɥɬɟɣɫɬɜɚ ɜ γ0-ɟ ɝɝ. XIX ɜ. ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɭɞɚɯ ɫɬɚɥɢ ɩɪɨɜɨɞɢɬɶɫɹ 
ɪɚɡɥɢɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɷɬɢɯ ɪɚɛɨɬɚɯ ɚɤɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɩɪɢɧɢɦɚɥ Ⱦɠ. 
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ɗɪɢ, ɤɨɬɨɪɵɣ, ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ, ɪɚɡɪɚɛɨɬɚɥ ɢ ɢɫɩɵɬɚɥ ɫɩɨ-
ɫɨɛɵ ɭɧɢɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɣ. Ɍɚɤ, ɩɨɥɭɤɪɭɝɨ-
ɜɚɹ ɞɟɜɢɚɰɢɹ ɭɧɢɱɬɨɠɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɦɚɝɧɢ-
ɬɨɜ, ɚ ɱɟɬɜɟɪɬɧɚɹ – ɡɚ ɫɱɟɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭ ɤɨɦɩɚɫɚ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 

ɇɚɱɚɥɨ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɲɤɨɥɵ ɦɚɝɧɢɬɧɨ-ɤɨɦɩɚɫɧɨɝɨ ɞɟɥɚ ɛɵɥɨ ɡɚɥɨ-
ɠɟɧɨ ɨɮɢɰɟɪɚɦɢ ɪɨɫɫɢɣɫɤɨɝɨ ɮɥɨɬɚ ɂ.ɉ. Ȼɟɥɨɜɟɧɰɟɦ ɢ ɟɝɨ ɭɱɟɧɢɤɨɦ 
ɂ.ɉ. Ʉɨɥɨɧɝɨɦ. ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɜɟɯɚɦɢ ɜ ɞɟɹɬɟɥɶɧɨɫɬɢ ɂ.ɉ. Ȼɟɥɨɜɟɧɰɚ 
ɹɜɥɹɸɬɫɹ ɫɨɡɞɚɧɢɟ ɜ Ʉɪɨɧɲɬɚɞɬɟ ɞɟɜɢɚɰɢɨɧɧɨɝɨ ɩɨɥɢɝɨɧɚ, ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 
ɪɚɡɦɟɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɜɧɭɬɪɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɞɜɨɞɧɨɣ ɥɨɞɤɢ 
ɢ ɨɪɝɚɧɢɡɚɰɢɹ Ʉɪɨɧɲɬɚɞɬɫɤɨɣ ɤɨɦɩɚɫɧɨɣ ɨɛɫɟɪɜɚɬɨɪɢɢ. 

ɉɨɫɥɟ ɫɦɟɪɬɢ ɂ.ɉ. Ȼɟɥɨɜɟɧɰɚ ɨɛɫɟɪɜɚɬɨɪɢɸ ɜɨɡɝɥɚɜɢɥ ɂ.ɉ. Ʉɨɥɨɧɝ, ɤɨ-
ɬɨɪɵɣ ɜ ɨɞɧɨɣ ɢɡ ɩɟɪɜɵɯ ɫɜɨɢɯ ɪɚɛɨɬ ɩɪɟɞɥɨɠɢɥ ɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɞɟɜɢɚɰɢɢ ɞɥɹ ɥɸɛɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪɫɚ. Ⱥɧɚɥɢɡɢɪɭɹ ɫɩɨ-
ɫɨɛɵ ɛɨɪɶɛɵ ɫ ɞɟɜɢɚɰɢɟɣ, ɩɪɟɞɥɨɠɟɧɧɵɟ Ⱦɠ. ɗɪɢ ɢ Ⱥ. ɋɦɢɬɨɦ, ɂ.ɉ. Ʉɨɥɨɧɝ 
ɩɪɢɲɟɥ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɬɨɥɶɤɨ ɭɧɢɱɬɨɠɚɬɶ ɞɟɜɢɚɰɢɸ, ɧɨ ɢ 
ɨɩɪɟɞɟɥɹɬɶ ɟɟ ɨɫɬɚɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɭɱɟɬɚ. Ɋɚɛɨɬɚɹ ɜ Ɇɨɪ-
ɫɤɨɣ ɚɤɚɞɟɦɢɢ, ɂ.ɉ. Ʉɨɥɨɧɝ ɜ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟ-
ɥɢɥ ɜɨɩɪɨɫɚɦ ɢɡɦɟɪɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ, 
ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ. Ɉɧ ɞɨɤɚɡɚɥ, ɱɬɨ ɟɫɥɢ ɧɚɭɱɢɬɶ-
ɫɹ ɢɡɦɟɪɹɬɶ ɷɬɢ ɫɢɥɵ, ɬɨ ɦɨɠɧɨ ɭɧɢɱɬɨɠɚɬɶ ɞɟɜɢɚɰɢɸ, ɧɟ ɡɧɚɹ ɟɟ ɜɟɥɢɱɢɧɵ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɨɧ ɜ 1875 ɝ. ɪɚɡɪɚɛɨɬɚɥ ɩɪɢɛɨɪ, ɤɨɬɨɪɵɣ ɢɡɜɟɫɬɟɧ 
ɤɚɤ ɞɟɮɥɟɤɬɨɪ Ʉɨɥɨɧɝɚ. ɋɨɡɞɚɧɢɟ ɷɬɨɝɨ ɩɪɢɛɨɪɚ ɩɨɡɜɨɥɢɥɨ ɪɚɡɪɚɛɨɬɚɬɶ ɫɩɨ-
ɫɨɛ ɭɧɢɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɧɚ ɱɟɬɵɪɟɯ ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ 
ɤɭɪɫɚɯ. 

ɋɟɝɨɞɧɹ ɛɟɡɨɬɤɚɡɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɜɚɠɧɟɣɲɢɦ 
ɫɜɨɣɫɬɜɨɦ. ɉɨɷɬɨɦɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ Ɇɟɠɞɭ-
ɧɚɪɨɞɧɨɣ ɦɨɪɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ (ɂɆɈ) ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɫɥɭɠɢɬ ɝɥɚɜɧɵɦ 
ɤɭɪɫɨɭɤɚɡɚɬɟɥɟɦ ɧɚ ɫɭɞɧɟ, ɤɨɬɨɪɵɦ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɜɫɟ ɦɨɪɫɤɢɟ 
ɫɭɞɚ. 

1. ɈɋɇɈȼɇɕȿ ɋȼȿȾȿɇɂə Ɉ ɆȺȽɇȿɌɂɁɆȿ 

1.1. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɹɜɥɹɟɬɫɹ ɨɫɨɛɵɦ ɜɢɞɨɦ ɦɚɬɟɪɢɢ. Ɉɧɨ ɫɨɡɞɚɟɬɫɹ ɭɩɨ-

ɪɹɞɨɱɟɧɧɵɦ ɞɜɢɠɟɧɢɟɦ ɷɥɟɤɬɪɨɧɨɜ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɛɧɚɪɭɠɟɧɨ ɩɨ ɟɝɨ ɞɟɣ-
ɫɬɜɢɸ ɧɚ ɬɟɥɚ, ɨɛɥɚɞɚɸɳɢɟ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶɸ, ɢɥɢ ɧɚ ɩɪɨɜɨɞɧɢɤ ɫ ɬɨɤɨɦ. 
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Ʉ ɜɟɥɢɱɢɧɚɦ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɨɬɧɨɫɹɬɫɹ ɫɥɟ-
ɞɭɸɳɢɟ. 

Ɇɚɝɧɢɬɧɚя ɢɧɞɭɤцɢя (ȼ) – ɜɟɤɬɨɪ, ɤɨɬɨɪɵɣ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢ-
ɟɦ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɫɟɜɟɪɧɵɣ ɩɨɥɸɫ ɦɚɝɧɢɬɚ, ɩɨɦɟɳɟɧɧɨɝɨ ɜ ɦɚɝ-
ɧɢɬɧɨɟ ɩɨɥɟ. ȼɟɥɢɱɢɧɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 




sinil

F
B ,                                                 (1.1) 

ɝɞɟ F – ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɩɪɨɜɨɞɧɢɤ ɫ ɬɨɤɨɦ; 
i – ɫɢɥɚ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ; 
α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ B ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɬɨɤɚ i.  
ɋɢɥɚ F ɜɫɟɝɞɚ ɞɟɣɫɬɜɭɟɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɜɟɤɬɨɪɭ B. ɇɚ ɪɢɫ. 1.1 ɩɨɤɚ-

ɡɚɧ ɩɪɨɜɨɞɧɢɤ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɜɟɤɬɨɪɭ ɦɚɝɧɢɬɧɨɣ 
ɢɧɞɭɤɰɢɢ ȼ ɜɧɟɲɧɟɝɨ ɩɨɥɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɭɝɨɥ α = λ0° ɢ ɫɢɥɚ F ɧɚɩɪɚɜ-
ɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɢɫɭɧɤɭ, ɬ.ɟ. ɧɚ ɧɚɫ. 

 

Ɋɢɫ. 1.1 

ɂɡ ɜɵɪɚɠɟɧɢɹ (1.1) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤ-
ɰɢɢ: 

ɧɶɸɬɨɧ ɇ Ɍɟɫɥɚ (Ɍɥ)
(ɚɦɩɟɪ)(ɦɟɬɪ) Ⱥ ɦ

B   


. 

Ɍɟɫɥɚ – ɞɨɜɨɥɶɧɨ ɤɪɭɩɧɚɹ ɟɞɢɧɢɰɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. Ɉɛɵɱɧɨ ɞɥɹ 
ɢɡɦɟɪɟɧɢɹ ɫɥɚɛɵɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɦɟɥɤɭɸ ɟɞɢɧɢɰɭ – ɦɢɤ-
ɪɨɬɟɫɥɚ (ɦɤɌɥ). 1 Ɍɥ = 106 ɦɤɌɥ. Ⱦɥɹ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥ-
ɧɵɣ ɜɟɤɬɨɪ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɪɚɜɟɧ ɨɤɨɥɨ 50 ɦɤɌɥ. 

ɇɚɩɪяɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥя (ɇ) – ɷɬɨ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɫɜɹ-
ɡɚɧɚ ɫ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɟɣ ɫɨɨɬɧɨɲɟɧɢɟɦ 
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0


B
H ,                                                 (1.2) 

ɝɞɟ ȝ0 – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɚɤɭɭɦɚ (ȝ0 = 4π 10-7  ɇ/Ⱥ2 ); 
ȝ – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. Ȼɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ. Ɉɧɚ 

ɩɨɤɚɡɵɜɚɟɬ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɜ ɞɚɧɧɨɣ ɫɪɟɞɟ ɛɨɥɶɲɟ, 
ɱɟɦ ɜ ɜɚɤɭɭɦɟ. Ⱦɥɹ ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɷɬɚ ɜɟɥɢɱɢɧɚ ɜɫɟɝɞɚ 
ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɚ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɫɨɬɟɧ ɢ ɬɵɫɹɱ 
ɟɞɢɧɢɰ. Ⱦɥɹ ɜɨɡɞɭɯɚ ȝ = 1. Ɋɚɡɦɟɪɧɨɫɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɪɚɜɟɧɫɬɜɚ (1.β): 

2H A Ⱥ
A ɦ ɇ ɦ

H


 
 

. 

Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ (Ɏ) – ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

 cosBS ,                                           (1.3) 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɤɨɧɬɭɪɚ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ; 
Ȗ – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ȼ ɢ ɧɨɪɦɚɥɶɸ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɭɪɚ. 
ȿɞɢɧɢɰɟɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɹɜɥɹɟɬɫɹ ɜɟɛɟɪ (ȼɛ). Ɉɞɢɧ ɜɟɛɟɪ – ɷɬɨ 

ɬɚɤɨɣ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ, ɤɨɬɨɪɵɣ ɫɨɡɞɚɟɬɫɹ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɫ ɢɧɞɭɤɰɢɟɣ 
1 Ɍɥ ɱɟɪɟɡ ɧɨɪɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɥɨɳɚɞɶɸ 1 ɦ2: 

1 ȼɛ = 1 Ɍɥ  1 ɦ2 =
Ⱥ

ɦɇ 
. 

1.2. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɝɧɢɬɚ 
ɂɫɬɨɱɧɢɤɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹμ 
– ɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɬɟɥɨ ɢɡ ɦɹɝɤɨɝɨ ɜ ɦɚɝɧɢɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɦɚɬɟɪɢɚɥɚ, 

ɧɚɯɨɞɹɳɟɟɫɹ ɜɨ ɜɧɟɲɧɟɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɢ ɩɨɥɭɱɢɜɲɟɟ ɨɬ ɧɟɝɨ ɢɧɞɭɤɬɢɜ-
ɧɭɸ (ɜɪɟɦɟɧɧɭɸ) ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ; 

– ɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɬɟɥɨ ɢɡ ɬɜɟɪɞɨɝɨ ɜ ɦɚɝɧɢɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɦɚɬɟɪɢɚ-
ɥɚ, ɨɛɥɚɞɚɸɳɟɟ ɩɨɫɬɨɹɧɧɵɦ ɦɚɝɧɟɬɢɡɦɨɦ, ɧɟ ɡɚɜɢɫɹɳɢɦ ɨɬ ɜɧɟɲɧɟɝɨ ɩɨ-
ɥɹ; 

– ɩɪɨɜɨɞɧɢɤ, ɤɨɧɬɭɪ ɢɥɢ ɨɛɦɨɬɤɚ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ. 
ɇɚ ɪɢɫ. 1.β ɩɨɤɚɡɚɧ ɦɹɝɤɢɣ ɮɟɪɪɨɦɚɝɧɢɬɧɵɣ ɫɬɟɪɠɟɧɶ, ɩɨɦɟɳɟɧɧɵɣ 

ɜ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ȼ0.  
ɉɨɞ ɜɥɢɹɧɢɟɦ ɜɧɟɲɧɟɝɨ ɩɨɥɹ ɜɧɭɬɪɢ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ ɜɨɡɧɢɤɚɟɬ ɜɧɭɬ-

ɪɟɧɧɟɟ ɩɨɥɟ, ɢɧɞɭɤɰɢɹ ɤɨɬɨɪɨɝɨ ȼ1 ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ ȼ0: 
ȼ1 = æ ȼ0,                                               (1.4) 
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ɝɞɟ æ – ɦɚɝɧɢɬɧɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɢɞɚ ɢ ɤɚɱɟɫɬɜɚ ɮɟɪɪɨ-
ɦɚɝɧɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 

Ɋɢɫ. 1.2 

ȼɟɤɬɨɪ ȼ1, ɫɨɜɩɚɞɚɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫ ɜɟɤɬɨɪɨɦ ȼ0, ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɹɪ-
ɧɨɫɬɶ ɧɚɦɚɝɧɢɱɟɧɧɨɝɨ ɬɟɥɚ. ɇɚɦɚɝɧɢɱɟɧɧɨɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɬɟɥɨ ɢɦɟɟɬ ɞɜɚ 
ɩɨɥɸɫɚ: N ɢ S, ɫɬɚɧɨɜɹɫɶ ɢɫɬɨɱɧɢɤɨɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɤɨɬɨ-
ɪɨɟ ɩɪɨɧɢɡɵɜɚɟɬ ɫɬɟɪɠɟɧɶ ɜɧɭɬɪɢ ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜɨ ɜɧɟɲɧɟɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

0

1




B
J .                                              (1.5) 

Ɋɚɡɦɟɪɧɨɫɬɶ ɷɬɨɣ ɜɟɥɢɱɢɧɵ – Ⱥ/ɦ. 
Ƚɥɚɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɥɸɛɨɝɨ ɦɚɝɧɢɬɚ ɹɜɥɹɟɬɫɹ ɦɚɝɧɢɬɧɵɣ ɦɨ-

ɦɟɧɬ Ɇ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 
M = J V 

ɢɥɢ ɫ ɭɱɟɬɨɦ ɪɚɜɟɧɫɬɜɚ (1.5) 

0

1




VB
M ,                                            (1.6) 

ɝɞɟ V – ɨɛɴɟɦ ɫɬɟɪɠɧɹ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧ ɦɚɝɧɢɬ. 
Ɋɚɡɦɟɪɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ – Ⱥɦ2. 
Ⱦɥɹ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɦɨɪɫɤɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫɨɫɬɚɜɥɹɟɬ βȺɦ2. 

ɉɪɨɫɬɟɣɲɢɣ ɦɚɝɧɢɬ, ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. 1.γ, ɢɦɟɟɬ ɞɜɚ ɩɨɥɸɫɚ: N 
ɢ S. ɉɨɥɸɫ ɦɚɝɧɢɬɚ – ɷɬɨ ɱɚɫɬɶ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɳɚɞɶɸ Sɩ, ɱɟɪɟɡ ɤɨɬɨ-
ɪɭɸ ɩɪɨɯɨɞɢɬ ɩɨɥɧɵɣ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ Ɏɩ, ɫɨɡɞɚɜɚɟɦɵɣ ɦɚɝɧɢɬɨɦ. 
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Ɋɢɫ. 1.3 

ȼɟɥɢɱɢɧɚ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 
Ɏɩ = ȼ1 Sɩ.                                               (1.7) 

Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɟɛɟɪɚɯ ɢ ɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɨɣ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɨɣ ɦɚɝɧɢɬɚ. ɂɧɨɝɞɚ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɦɚɝɧɢɬɚ ɧɚɡɵɜɚɸɬ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɦɚɝɧɟɬɢɡɦɚ ɢɥɢ ɜɟɥɢɱɢɧɨɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɸɫɚ m. 

ɋɢɥɚ ɩɪɢɬɹɝɢɜɚɧɢɹ ɢɥɢ ɨɬɬɚɥɤɢɜɚɧɢɹ ɦɚɝɧɢɬɧɵɯ ɩɨɥɸɫɨɜ ɞɜɭɯ ɪɚɡ-
ɧɵɯ ɦɚɝɧɢɬɨɜ (ɪɢɫ. 1.4) ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɤɨɧɨɦ Ʉɭɥɨɧɚ: 

2
0

1

4 r

mm
F


 ,                                            (1.8) 

ɝɞɟ  m; m1 – ɤɨɥɢɱɟɫɬɜɨ ɦɚɝɧɟɬɢɡɦɚ ɩɨɥɸɫɨɜ ɦɚɝɧɢɬɨɜ; 
r – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦɢ ɩɨɥɸɫɚɦɢ. 

 

Ɋɢɫ. 1.4 

ȿɳɟ ɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɦɚɝɧɢɬɚ ɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɥɹ ɦɚɝɧɢɬɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɟɞɢɧɢɱ-
ɧɵɣ ɦɚɝɧɢɬɧɵɣ ɡɚɪɹɞ: 

1m

F
H  .                                              (1.9) 

ɉɨɞɫɬɚɜɢɜ ɜ ɜɵɪɚɠɟɧɢɟ (1.λ) ɡɧɚɱɟɧɢɟ F ɢɡ (1.8), ɩɨɥɭɱɢɦ 
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2
04 r

m
H


 .                                          (1.10) 

Ɋɚɜɟɧɫɬɜɨ (1.10) ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɪɚɫ-
ɫɬɨɹɧɢɢ r ɨɬ ɨɬɞɟɥɶɧɨɝɨ ɩɨɥɸɫɚ ɦɚɝɧɢɬɚ. 

 

Ɋɢɫ. 1.5 

ɇɚ ɪɢɫ. 1.5 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɟɤɬɨɪɨɜ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɟ ɫɨɡɞɚɟɬɫɹ ɞɜɭɯɩɨɥɸɫɧɵɦ ɦɚɝɧɢɬɨɦ ɜ ɩɪɨɢɡɜɨɥɶ-
ɧɨɣ ɬɨɱɤɟ А. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (1.10) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶμ 

2
04 N

N
r

m
H


 ;                                           (1.11) 

2
04 S

S
r

m
H


 ,                                            (1.12) 

ɝɞɟ  rN; rS – ɤɪɚɬɱɚɣɲɢɟ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɬɨɱɤɢ А ɞɨ ɩɨɥɸɫɨɜ.  
ɋ ɭɱɟɬɨɦ ɫɨɨɬɧɨɲɟɧɢɹ B = ȝ0H ɞɥɹ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢɦɟɟɦμ 

24 N
N

r

m
B


 ;                                           (1.13) 

24 S
S

r

m
B


 .                                           (1.14) 

Ɂɧɚɱɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɦɚɝɧɢɬɚ (ɫɦ. ɪɢɫ. 1.γ) 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫ ɩɨɦɨɳɶɸ ɪɚɜɟɧɫɬɜɚ (1.6), ɩɨɞɫɬɚɜɢɜ ɜ ɧɟɝɨ ɡɧɚɱɟɧɢɟ 
V = Sɩ l. Ɍɨɝɞɚ ɭɱɢɬɵɜɚɹ, ɱɬɨ B1 Sɩ = m, ɩɨɥɭɱɢɦ 

0


ml
M .                                               (1.15) 
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1.3. ɉɨɥɟ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɦɚɝɧɢɬɚ 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɦɚɝɧɢɬ (ɪɢɫ. 1.6) ɢɦɟɟɬ ɞɜɚ ɩɨɥɸɫɚ 

(+m ɢ -m) ɫ ɪɚɫɫɬɨɹɧɢɟɦ l ɦɟɠɞɭ ɩɨɥɸɫɚɦɢ. ɇɚɣɞɟɦ ɫɧɚɱɚɥɚ ɜɵɪɚɠɟɧɢɟ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ B1 ɜ ɬɨɱɤɟ А1, ɤɨɬɨɪɚɹ ɪɚɫɩɨ-
ɥɨɠɟɧɚ ɧɚ ɩɪɨɞɨɥɠɟɧɢɢ ɨɫɢ ɦɚɝɧɢɬɚ. ɂɦɟɟɦ  

B1 = BN  – BS.                                          (1.16) 
 

 

Ɋɢɫ. 1.6 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɪɚɜɟɧɫɬɜɨ (1.16) ɜɵɪɚɠɟɧɢɹ (1.1γ) ɢ (1.14), ɩɨɫɥɟ ɩɪɟɨɛ-

ɪɚɡɨɜɚɧɢɣ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ M
ml


0

 ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɬɨɱɤɚ А1 ɞɨɫɬɚɬɨɱ-

ɧɨ ɭɞɚɥɟɧɚ ɨɬ ɦɚɝɧɢɬɚ (r > l/2), ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ 

3
0

1
2 r

M
B




 .                                          (1.17) 

Ɍɟɩɟɪɶ ɨɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ B2 ɜ ɬɨɱɤɟ А2, 
ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟ, ɩɪɨɜɟɞɟɧɧɨɦ ɢɡ ɫɟɪɟɞɢɧɵ ɦɚɝɧɢɬɚ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1.6,  

SN BBB 2 . 

ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɨɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦμ 

3
0

2
4 r

M
B




 .                                           (1.18) 

ȼɵɪɚɠɟɧɢɹ (1.17) ɢ (1.18) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɫɱɟɬɚ ɢɧɞɭɤɰɢɢ 
ɜ ɥɸɛɨɣ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ А3.  
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Ɋɢɫ. 1.7 

ɂɡ ɪɢɫ. 1.7 ɜɢɞɧɨ, ɱɬɨ 

2
2

2
13 BBB  .                                         (1.19) 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɪɚɜɟɧɫɬɜɨ (1.1λ) ɜɵɪɚɠɟɧɢɣ (1.17) ɢ (1.18), ɫ ɭɱɟ-
ɬɨɦ ɩɪɨɟɤɰɢɣ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ Ɇ (ɫɦ. ɪɢɫ. 1.7), ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ 





 2
3
0

3 cos31
4 r

M
B .                                    (1.20) 

ɍɝɨɥ α, ɨɩɪɟɞɟɥɹɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ȼ3, ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɮɨɪ-
ɦɭɥɟ 

 tg5,0tg
1

2
B

B .                                   (1.21) 

1.4. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ 
Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦɢ ɩɚ-

ɪɚɦɟɬɪɚɦɢμ 
Ɍ – ɩɨɥɧɵɣ ɜɟɤɬɨɪ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɢɥɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬ-

ɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ; 
ɇ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɥɧɨɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ; 
Z – ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɥɧɨɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝ-

ɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ; 
d – ɦɚɝɧɢɬɧɨɟ ɫɤɥɨɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɵɜɚɟɬ, ɧɚ ɤɚɤɨɣ ɭɝɨɥ ɦɚɝɧɢɬ-

ɧɵɣ ɦɟɪɢɞɢɚɧ ɨɬɤɥɨɧɟɧ ɨɬ ɢɫɬɢɧɧɨɝɨ ɦɟɪɢɞɢɚɧɚ; 
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I – ɦɚɝɧɢɬɧɨɟ ɧɚɤɥɨɧɟɧɢɟ – ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɦɚɝɧɢɬɧɚɹ ɫɬɪɟɥɤɚ ɨɬ-
ɤɥɨɧɟɧɚ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɞɥɹ Ɏɢɧɫɤɨɝɨ ɡɚɥɢɜɚ I = 7β°). 

ɂɡ ɪɢɫ. 1.8 ɨɱɟɜɢɞɧɵ ɫɥɟɞɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹμ 
T2 = H2 + Z2

 ; H = T cos I; Z = T sin I; tg I = Z/H. 

 

Ɋɢɫ. 1.8 

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦɢ ɬɟɪɦɢɧɚɦɢ  ɫɭɳɟɫɬɜɭɸɬ ɬɚɤɢɟ ɩɨɧɹ-
ɬɢɹ, ɤɚɤ ɦɚɝɧɢɬɧɵɣ ɷɤɜɚɬɨɪ (I = 0), ɦɚɝɧɢɬɧɚɹ ɲɢɪɨɬɚ, ɦɚɝɧɢɬɧɵɣ ɩɨɥɸɫ 
(I = λ0°). 

Ɇɚɝɧɢɬɧɵɟ ɩɨɥɸɫɵ ɧɟ ɫɨɜɩɚɞɚɸɬ ɫ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦɢ. ɋɟɜɟɪɧɵɣ ɦɚɝ-
ɧɢɬɧɵɣ ɩɨɥɸɫ ɧɚɯɨɞɢɬɫɹ ɜ Ʉɚɧɚɞɫɤɨɦ ɚɪɤɬɢɱɟɫɤɨɦ ɚɪɯɢɩɟɥɚɝɟ (φ = 7β° N, 
Ȝ = λ6° W), ɸɠɧɵɣ – ɜ Ⱥɧɬɚɪɤɬɢɞɟ (φ = 70° S, Ȝ = 150° E). 

Ɋɚɛɨɬɭ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɨɩɪɟɞɟɥɹɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
(ɇ) ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ. Ɉɬ ɧɟɟ ɡɚɜɢɫɢɬ ɜɟɥɢɱɢɧɚ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɦɨɦɟɧɬɚ ɤɨɦɩɚɫɚ. 

1.5. ɇɚɩɪɚɜɥɹɸɳɢɣ ɦɨɦɟɧɬ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ 
ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɬɪɟɥɤɚ ɤɨɦɩɚɫɚ ɩɨɞ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɨɬɤɥɨɧɹɟɬ-

ɫɹ ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ, ɤ ɧɟɣ ɛɭɞɟɬ ɩɪɢɥɨɠɟɧ ɧɚɩɪɚɜɥɹɸɳɢɣ ɦɨɦɟɧɬ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɣ ɷɬɨɦɭ ɨɬɤɥɨɧɟɧɢɸ. ɉɨɫɥɟ ɢɫɱɟɡɧɨɜɟɧɢɹ ɜɧɟɲɧɟɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɫɬɪɟɥɤɚ ɤɨɦɩɚɫɚ ɜɨɡɜɪɚɬɢɬɫɹ ɜ ɦɚɝɧɢɬɧɵɣ ɦɟɪɢɞɢɚɧ. 

ɇɚ ɪɢɫ. 1.λ ɩɨɤɚɡɚɧɚ ɦɚɝɧɢɬɧɚɹ ɫɬɪɟɥɤɚ, ɤɨɬɨɪɚɹ ɨɬɤɥɨɧɟɧɚ ɧɚ ɭɝɨɥ α 
ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ, ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɞɟɣɫɬɜɭɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨ-
ɫɬɚɜɥɹɸɳɚɹ ɩɨɥɧɨɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ H. 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɧɢɤɚɟɬ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

 sinFlL ,                                         (1.22) 

ɝɞɟ  F – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɤɚɠɞɵɣ ɩɨɥɸɫ ɦɚɝɧɢɬɧɨɣ ɫɬɪɟɥɤɢ; 
L – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɥɸɫɚɦɢ ɫɬɪɟɥɤɢ. 
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Ɋɢɫ. 1.λ 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɪɚɜɟɧɫɬɜɨ (1.ββ) ɡɧɚɱɟɧɢɟ F ɢɡ ɜɵɪɚɠɟɧɢɹ (1.λ), ɩɨɥɭɱɢɦ 

 sinmHlL .                                           (1.23) 

ȿɫɥɢ ɬɟɩɟɪɶ ɩɪɚɜɭɸ ɱɚɫɬɶ ɪɚɜɟɧɫɬɜɚ (1.βγ) ɭɦɧɨɠɢɬɶ ɢ ɪɚɡɞɟɥɢɬɶ ɧɚ 
ȝ0,, ɛɭɞɟɦ ɢɦɟɬɶ 





 sin
0

0 Hl
m

L                                           (1.24) 

ɢɥɢ ɫ ɭɱɟɬɨɦ ɪɚɜɟɧɫɬɜɚ (1.15) ɩɨɥɭɱɢɦ 

 sin0HML .                                         (1.25) 

Ɋɚɡɦɟɪɧɨɫɬɶ Ɇ – ɧɶɸɬɨɧ  ɦɟɬɪ (ɇ  ɦ). 
ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ BH 0 , ɬɨ ɞɥɹ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɦɨɦɟɧɬɚ ɦɨɠɧɨ ɡɚ-

ɩɢɫɚɬɶ 

 sinMBL .                                          (1.26) 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ L ɜɫɟɝɞɚ ɫɬɪɟɦɢɬɫɹ ɫɨɜɦɟɫɬɢɬɶ ɫɬɪɟɥɤɭ ɦɚɝɧɢɬ-
ɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɜɟɤɬɨɪɨɦ ɇ, ɬ.ɟ. ɭɫɬɚɧɨɜɢɬɶ ɟɟ ɜɞɨɥɶ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚ-
ɧɚ. ɉɨɷɬɨɦɭ ɨɧ ɧɚɡɵɜɚɟɬɫɹ ɧɚɩɪɚɜɥɹɸɳɢɦ ɦɨɦɟɧɬɨɦ. ɉɪɢ ɩɨɜɨɪɨɬɟ ɫɬɪɟɥ-
ɤɢ ɜ ɟɟ ɨɩɨɪɟ ɜɨɡɧɢɤɚɟɬ ɦɨɦɟɧɬ ɫɢɥ ɫɭɯɨɝɨ ɬɪɟɧɢɹ Q, ɤɨɬɨɪɵɣ ɜɫɟɝɞɚ 
ɧɚɩɪɚɜɥɟɧ ɧɚɜɫɬɪɟɱɭ ɧɚɩɪɚɜɥɹɸɳɟɦɭ ɦɨɦɟɧɬɭ. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɭɝɥɚ α 
ɧɚɩɪɚɜɥɹɸɳɢɣ ɦɨɦɟɧɬ ɭɦɟɧɶɲɚɟɬɫɹ. Ʉɨɝɞɚ ɨɧ ɫɪɚɜɧɹɟɬɫɹ ɫ ɦɨɦɟɧɬɨɦ ɫɭ-
ɯɨɝɨ ɬɪɟɧɢɹ, ɞɜɢɠɟɧɢɟ ɫɬɪɟɥɤɢ ɜ ɫɬɨɪɨɧɭ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ ɩɪɟɤɪɚ-
ɬɢɬɫɹ. ɉɪɢ ɷɬɨɦ ɨɫɬɚɧɟɬɫɹ ɤɚɤɨɣ-ɬɨ ɭɝɨɥ αɫɬ, ɧɚɡɵɜɚɟɦɵɣ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨ-
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ɝɪɟɲɧɨɫɬɶɸ ɤɨɦɩɚɫɚ. ȼɟɥɢɱɢɧɚ ɷɬɨɝɨ ɭɝɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ, ɤɨɬɨ-
ɪɭɸ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɢɡ ɪɚɜɟɧɫɬɜɚ (1.β5): 

0
ɋɌsin

Q

MH


  .                                         (1.27) 

ɍɝɨɥ αɫɬ (ɫɦ. ɪɢɫ. 1.λ) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɡɨɧɭ ɡɚɫɬɨɹ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ.  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɭɝɨɥ ɡɚɫɬɨɹ ɞɥɹ 

ɫɪɟɞɧɢɯ ɦɚɝɧɢɬɧɵɯ ɲɢɪɨɬ (Ȼɚɥɬɢɣɫɤɨɟ ɦɨɪɟ, ɋɟɜɟɪɧɚɹ Ⱥɬɥɚɧɬɢɤɚ), ɜ ɤɨɬɨ-
ɪɵɯ ɇ ≈ 15 ɦɤɌɥ, ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 0,β°. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɫɢɥ ɫɭɯɨɝɨ ɬɪɟɧɢɹ ɜ ɩɨɞɜɟɫɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ 
ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫɧɚɛɠɚɟɬɫɹ ɩɨɩɥɚɜɤɨɦ ɢ ɩɨɦɟɳɚɟɬɫɹ ɜ ɠɢɞɤɨɫɬɶ, ɤɨ-
ɬɨɪɚɹ ɩɪɚɤɬɢɱɟɫɤɢ ɤɨɦɩɟɧɫɢɪɭɟɬ ɜɟɫ ɤɚɪɬɭɲɤɢ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɜɵɪɚɠɟɧɢɟ (1.β7), ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɩɥɚɜɚ-
ɧɢɢ ɫɭɞɧɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ ɢɡɦɟɧɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɇ. ɋɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɡɨɧɚ ɡɚɫɬɨɹ ɤɨɦɩɚɫɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɫɭɞɧɚ ɨɬ ɷɤɜɚɬɨɪɚ ɜ Ⱥɪɤɬɢɤɭ ɜɟɥɢɱɢɧɚ ɡɨɧɵ ɡɚɫɬɨɹ ɢɡɦɟɧɹɟɬɫɹ 
ɜ 10 ɪɚɡ. ȼ ɪɚɣɨɧɚɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɸɫɨɜ ɧɚɩɪɚɜɥɹɸɳɢɣ ɦɨɦɟɧɬ ɤɨɦɩɚɫɚ 
ɧɚɫɬɨɥɶɤɨ ɦɚɥ, ɱɬɨ ɤɨɦɩɚɫ ɩɪɚɤɬɢɱɟɫɤɢ ɩɟɪɟɫɬɚɟɬ ɪɚɛɨɬɚɬɶ. 

2. ɆȺȽɇɂɌɇɈȿ ɉɈɅȿ ɋɍȾɇȺ 

Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɧɵɦ 
ɜɟɤɬɨɪɨɦ Ɍ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɪɚɡɥɨɠɢɬɶ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɇ ɢ ɜɟɪɬɢɤɚɥɶ-
ɧɭɸ Z ɫɨɫɬɚɜɥɹɸɳɢɟ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɇ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢ-
ɚɧɚ Nɦ, ɦɨɠɧɨ ɪɚɡɥɨɠɢɬɶ ɧɚ ɨɫɢ ɤɨɨɪɞɢɧɚɬ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɫɭɞɧɨɦ. 

 

Ɋɢɫ. 2.1 
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ɂɡ ɪɢɫ. β.1 ɜɢɞɧɨ, ɱɬɨ ɷɬɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɛɭɞɭɬμ 
ɩɪɨɞɨɥɶɧɚɹ – kHX cos ;                                       (2.1) 

ɩɨɩɟɪɟɱɧɚɹ – kHY sin ,                                        (2.2) 

ɝɞɟ k – ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɫɭɞɧɚ. 

2.1. ɍɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ 
ȼɫɟ ɫɭɞɨɜɨɟ ɠɟɥɟɡɨ ɜ ɦɚɝɧɢɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɬɜɟɪɞɨɟ, ɤɨɬɨɪɨɟ ɨɞɢɧ ɪɚɡ ɧɚɦɚɝɧɢɬɢɜɲɢɫɶ, ɫɨɯɪɚɧɹɟɬ ɷɬɭ ɧɚɦɚɝɧɢɱɟɧ-
ɧɨɫɬɶ ɩɨɫɬɨɹɧɧɨ, ɢ ɦɹɝɤɨɟ, ɤɨɬɨɪɨɟ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɩɟɪɟɦɚɝɧɢɱɢɜɚɟɬɫɹ, 
ɚ ɩɪɢ ɟɝɨ ɨɬɫɭɬɫɬɜɢɢ ɬɟɪɹɟɬ ɫɜɨɣ ɦɚɝɧɟɬɢɡɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ ɦɚɝɧɢɬɧɵɯ 
ɫɢɥ, ɫɨɡɞɚɜɚɟɦɵɯ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ ɢ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ (ɪɢɫ. 2.2). 

 

Ɋɢɫ. 2.2 
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ɋɨɫɬɚɜɥɹɸɳɢɦɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ X, Y ɢ Z ɧɚɦɚɝɧɢɱɢɜɚɸɬɫɹ 
ɫɭɞɨɜɵɟ ɷɥɟɦɟɧɬɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɦɹɝɤɨɝɨ ɢ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ, ɤɨɬɨɪɵɟ ɤɚɤ 
ɛɵ ɨɛɪɚɡɭɸɬ ɦɚɝɧɢɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɬɨɱɤɟ А, ɫ ɦɚɝɧɢɬɧɵɦɢ ɦɨɦɟɧɬɚ-
ɦɢμ  

Ɇx – ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɫɭɦɦɚɪɧɨɣ ɩɪɨɞɨɥɶɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 
ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ ɫɭɞɧɚ;  

Ɇy – ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɫɭɦɦɚɪɧɨɣ ɩɨɩɟɪɟɱɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 
ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ ɫɭɞɧɚ;  

Ɇz – ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɫɭɦɦɚɪɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 
ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ ɫɭɞɧɚ; 

Ɇɩ – ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɨɬ ɩɨɫɬɨɹɧɧɨɝɨ ɦɚɝɧɟɬɢɡɦɚ ɬɜɟɪɞɨɝɨ ɫɭɞɨɜɨɝɨ 
ɠɟɥɟɡɚ. 

ȼ ɬɨɱɤɟ Ɉ ɪɚɫɩɨɥɨɠɟɧɚ ɦɚɝɧɢɬɧɚɹ ɫɢɫɬɟɦɚ ɤɨɦɩɚɫɚ, ɧɚ ɤɨɬɨɪɭɸ ɜɨɡ-
ɞɟɣɫɬɜɭɸɬ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ ɢ ɜɫɟ ɱɟɬɵɪɟ ɦɚɝɧɢɬɧɵɯ ɦɨɦɟɧɬɚ. Ɉɧɢ 
ɫɨɡɞɚɸɬ ɬɪɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɨ ɜɫɟɦ ɬɪɟɦ ɨɫɹɦ. 

ȿɫɥɢ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ ɜɫɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɬɨɱɤɟ Ɉ, ɩɨ ɬɪɟɦ ɨɫɹɦ, 
ɩɨɥɭɱɢɦμ 

ɩɨ ɨɫɢ x –  
 

   X= X +   cZbYaX   + P; 
(2.3) ɩɨ ɨɫɢ y –  

 
   Y= Y +   dX + eY + fZ + Q; 

ɩɨ ɨɫɢ z –     Z= Z +   gX + hY + kZ + R. 
 Ɇɚɝɧɢɬɧɨɟ 

ɩɨɥɟ Ɂɟɦɥɢ 
Ɇɹɝɤɨɟ ɫɭɞɨɜɨɟ 

ɠɟɥɟɡɨ 
Ɍɜɟɪɞɨɟ ɫɭɞɨɜɨɟ 

ɠɟɥɟɡɨ 
 
 

ɋɢɫɬɟɦɚ (β.γ) ɧɚɡɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɉɭɚɫɫɨɧɚ. 

Сɢɦɟɨɧ Ⱦɟɧɢ Пɭɚɫɫɨɧ (1781 – 1840) – ɮɪɚɧɰɭɡɫɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɦɟɯɚɧɢɤ, ɮɢɡɢɤ, 
ɱɥɟɧ ɉɚɪɢɠɫɤɨɣ Ⱥɇ ɫ 181β ɝ. ɢ ɉɨɱɟɬɧɵɣ ɱɥɟɧ ɉɟɬɟɪɛɭɪɝɫɤɨɣ Ⱥɇ ɫ 18β6 ɝ. 

ɍɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ ɧɚɝɥɹɞɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɧɟ ɬɨɥɶɤɨ ɧɚɩɪɚɜɥɟɧɢɟ, 
ɧɨ ɢ ɩɪɨɢɫɯɨɠɞɟɧɢɟ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ. Ʉɨɷɮɮɢɰɢ-
ɟɧɬɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ a, b, … k ɧɚɡɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɉɭɚɫɫɨɧɚ. 
ɂɯ ɡɧɚɱɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɦɟɫɬɚ ɭɫɬɚɧɨɜɤɢ ɤɨɦɩɚɫɚ ɧɚ ɫɭɞɧɟ. Ɉɧɢ ɹɜɥɹɸɬɫɹ 
ɩɨɫɬɨɹɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɢ ɫɨɯɪɚɧɹɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶ-
ɧɨɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɭɞɧɚ. 

ȿɫɥɢ ɫɭɞɧɨ ɧɟ ɢɦɟɟɬ ɤɪɟɧɚ ɢ ɞɢɮɮɟɪɟɧɬɚ, ɬɨ ɧɚ ɤɨɦɩɚɫ ɨɤɚɡɵɜɚɸɬ 
ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɥɶɤɨ ɫɢɥɵ, ɨɩɢɫɵɜɚɟɦɵɟ ɩɟɪɜɵɦɢ ɞɜɭɦɹ ɭɪɚɜɧɟɧɢɹɦɢ 
ɉɭɚɫɫɨɧɚ. ɉɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɫɥɨɠɟɧɢɢ ɫɢɥ X ɢ Y ɨɛɪɚɡɭɟɬɫɹ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ H ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ ɜ ɬɨɱɤɟ Ɉ 
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(ɪɢɫ. β.γ), ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɦɩɚɫɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. ɍɝɨɥ 
ɦɟɠɞɭ ɦɚɝɧɢɬɧɵɦ ɢ ɤɨɦɩɚɫɧɵɦ ɦɟɪɢɞɢɚɧɚɦɢ ɟɫɬɶ ɞɟɜɢɚɰɢɹ ɦɚɝɧɢɬɧɨɝɨ 
ɤɨɦɩɚɫɚ δ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɤɭɪɫɚ ɫɭɞɧɚ ɛɭɞɟɬ ɬɚɤɠɟ ɦɟɧɹɬɶɫɹ ɞɟɜɢɚɰɢɹ. 

Ⱥɧɚɥɢɡ ɭɪɚɜɧɟɧɢɣ ɉɭɚɫɫɨɧɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɫɢɥ, ɜɯɨ-
ɞɹɳɢɯ ɜ ɭɪɚɜɧɟɧɢɟ, ɡɚɜɢɫɢɬ ɨɬ ɤɭɪɫɚ ɫɭɞɧɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɚɪɚɦɟɬɪɵ ɉɭɚɫ-
ɫɨɧɚ a, c, e, k  ɢɦɟɸɬ ɜɟɥɢɱɢɧɭ ɩɟɪɜɨɝɨ ɢɥɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ, 
ɚ ɩɚɪɚɦɟɬɪɵ b, d, f, g ɢ h – ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ, ɢ ɢɦɢ ɜ ɧɟɤɨɬɨɪɵɯ 
ɫɥɭɱɚɹɯ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɭɪɚɜɧɟɧɢɹ (β.γ) ɞɥɹ ɪɟɲɟɧɢɹ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɧɟɭɞɨɛɧɵ. ɍɞɨɛɧɟɟ ɢɦɟɬɶ ɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɟ ɦɚɝɧɢɬ-
ɧɵɟ ɫɢɥɵ, ɦɨɞɭɥɢ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɢ ɧɟ ɡɚɜɢ-
ɫɹɬ ɨɬ ɤɭɪɫɚ ɫɭɞɧɚ. Ɍɚɤɢɟ ɫɢɥɵ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɟɫɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɶ ɭɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ. 

 

Ɋɢɫ. 2.3 

Ɇɟɬɨɞɢɤɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ,  ɱɬɨ ɩɚɪɚɦɟɬɪɵ a, b, d 
ɢ e ɡɚɞɚɸɬɫɹ ɜ ɜɢɞɟ ɩɨɥɭɫɭɦɦ ɢ ɩɨɥɭɪɚɡɧɨɫɬɟɣ, ɚ ɢɦɟɧɧɨμ 
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ɉɨɞɫɬɚɜɢɜ ɷɬɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɉɭɚɫɫɨɧɚ ɜ ɩɟɪɜɵɟ ɞɜɚ ɭɪɚɜɧɟɧɢɹ 
ɫɢɫɬɟɦɵ (β.γ) ɢ ɩɪɨɜɟɞɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɥɭɱɢɦ ɡɧɚɱɟ-
ɧɢɹ ɲɟɫɬɢ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ: 

HF 1 ; HDF 2 ; HEF 3 ; HAF 4 ; HBF 5 ; HCF 6 ,  (2.5) 

ɝɞɟ 
2

1
ea

 ; 




2

bd
A ; 





2

PcZ
B ; 





2

QfZ
C ; 

      




2

ea
D ; 





2

bd
E . 

Ɂɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫɢɥ (β.4) ɩɨɫɬɨɹɧɧɵ ɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɤɭɪɫɚ ɫɭɞɧɚ. 

Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɹɜɥɹɸɬɫɹμ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ 

ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ. Ʉɚɤɚɹ ɢɡ ɷɬɢɯ ɜɟɥɢɱɢɧ 
ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ Ⱥɦ-1: 

– ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 18); 
– ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 33); 
– ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 45). 

β. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɜɹɡɚɧɚ ɫ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɟɣ 
ɜ ɜɨɡɞɭɯɟ ɫɨɨɬɧɨɲɟɧɢɹɦɢ: 

– HB 0  (ɫɦ. ɩɨɹɫɧɟɧɢɟ 60); 

– BH 0  (ɫɦ. ɩɨɹɫɧɟɧɢɟ 71); 

– 
0


H

B  (ɫɦ. ɩɨɹɫɧɟɧɢɟ 78); 

– 
0


B

H  (ɫɦ. ɩɨɹɫɧɟɧɢɟ 88). 

3. Ʉɚɤɨɜɚ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɵɦ 
ɦɚɝɧɢɬɨɦ ɜ ɬɨɱɤɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ r: 

– ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ r (ɫɦ. ɩɨɹɫɧɟɧɢɟ 66); 
– ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ r2 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 39); 
– ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ r3 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 22).   

4. Ʉɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ: 
– ɲɢɪɨɬɨɣ ɦɟɫɬɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 29); 
– ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɥɧɨɝɨ ɜɟɤɬɨɪɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 

64);  
– ɦɚɝɧɢɬɧɵɦ ɫɤɥɨɧɟɧɢɟɦ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 82); 
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– ɞɟɜɢɚɰɢɟɣ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 25). 
5. ɑɟɦ ɫɨɡɞɚɸɬɫɹ ɫɢɥɵ ɚХ, eY ɢ kZ ɜ ɭɪɚɜɧɟɧɢɹɯ ɉɭɚɫɫɨɧɚ, ɤɭɞɚ ɜɯɨɞɹɬ 

ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɫɨɡɞɚɜɚɟɦɵɟ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ, ɦɹɝɤɢɦ ɢ ɬɜɟɪɞɵɦ 
ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ: 

– ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 50); 
– ɦɹɝɤɢɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 36); 
– ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 85). 

ɅȿɄЦИə 2 

2.2. ɋɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ 
Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɧɚ ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ ɞɟɣɫɬɜɭɸɬ 

ɲɟɫɬɶ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɫɜɨɢ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɢ ɨɩɪɟɞɟɥɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɤɚɠɞɭɸ ɢɡ ɷɬɢɯ ɫɢɥ. 
λH – ɷɬɚ ɫɢɥɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɥɨɠɟɧɢɹ ɞɜɭɯ, ɤɨɬɨɪɵɟ ɞɟɣ-

ɫɬɜɭɸɬ ɜɞɨɥɶ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ Ȝɇ ɞɟɣɫɬɜɭɟɬ ɜɞɨɥɶ 
ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. ɗɬɚ ɫɢɥɚ ɹɜɥɹɟɬɫɹ ɩɨɥɟɡɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɡɚɫɬɚɜɥɹɟɬ 
ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ ɧɚɯɨɞɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. 
Ʉɨɷɮɮɢɰɢɟɧɬ Ȝ – ɛɟɡɪɚɡɦɟɪɧɵɣ. Ɉɧ ɩɨɤɚɡɵɜɚɟɬ, ɧɚɫɤɨɥɶɤɨ ɧɚɩɪɚɜɥɹɸɳɚɹ 
ɫɢɥɚ Ȝɇ ɧɚ ɫɭɞɧɟ ɭɦɟɧɶɲɟɧɚ ɜɥɢɹɧɢɟɦ ɫɭɞɨɜɨɝɨ ɠɟɥɟɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɚɧɚɥɨɝɢɱɧɨɣ ɫɢɥɨɣ ɇ ɜɧɟ ɫɭɞɧɚ. Ʉɨɷɮɮɢɰɢɟɧɬ Ȝ < 1. ɇɚ ɜɟɪɯɧɟɦ ɦɨɫɬɢɤɟ 
Ȝ = 0,8…0,λ, ɜ ɪɭɥɟɜɨɣ ɪɭɛɤɟ Ȝ = 0,5…0,7, ɜ ɪɭɦɩɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ 
Ȝ = 0,γ…0,5. ɉɨɷɬɨɦɭ ɤɨɦɩɚɫ ɧɚɞɟɠɧɟɟ ɪɚɛɨɬɚɟɬ ɧɚ ɜɟɪɯɧɟɦ ɦɨɫɬɢɤɟ, ɱɟɦ 
ɜ ɪɭɥɟɜɨɣ ɪɭɛɤɟ, ɢ ɬɟɦ ɛɨɥɟɟ, ɱɟɦ ɜ ɪɭɦɩɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ. 

Аλɇ – ɫɢɥɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɥɨɠɟɧɢɹ 

ɞɜɭɯ ɫɢɥμ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɩɪɨɞɨɥɶɧɨɣ Y
bd

2


  ɢ ɩɨɥɨɠɢɬɟɥɶɧɨɣ X

bd

2


 

(ɪɢɫ. β.4). ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ АȜɇ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɥɨɦ α4 ɧɚ ɪɢɫ. β.4, ɤɨɬɨ-
ɪɵɣ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɨɫɢ ɭ. ɍɝɥɵ α1 ɢ α4 ɪɚɜɧɵ, ɬɚɤ ɤɚɤ 

14 tg

2

2tg 





X

Y

X
bd

Y
bd

.                                (2.6) 

ɉɨɫɤɨɥɶɤɭ ɭɝɥɵ α1 ɢ α4 ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɨɬɫɱɢɬɵɜɚɸɬɫɹ ɨɬ ɜɡɚ-
ɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɨɫɟɣ, ɭɝɨɥ ȕ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 
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ɫɢɥɵ АȜɇ, ɜɫɟɝɞɚ ɪɚɜɟɧ λ0°. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɭɪɫɚ ɫɭɞɧɚ 
ɫɢɥɚ АȜɇ ɜɫɟɝɞɚ ɞɟɣɫɬɜɭɟɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɦɚɝɧɢɬɧɨɦɭ ɦɟɪɢɞɢɚɧɭ, ɫɨ-
ɡɞɚɜɚɹ ɩɨɫɬɨɹɧɧɭɸ ɞɟɜɢɚɰɢɸ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɧɟ ɩɪɟɜɵɲɚɟɬ 1° ɢ ɧɟ 
ɭɧɢɱɬɨɠɚɟɬɫɹ, ɚ ɭɱɢɬɵɜɚɟɬɫɹ ɜ ɩɨɩɪɚɜɤɟ ɤɨɦɩɚɫɚ. 

 

Ɋɢɫ. 2.4 

Вλɇ – ɫɢɥɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɥɝɟɛɪɚɢɱɟɫɤɨɝɨ ɫɥɨɠɟɧɢɹ 
ɞɜɭɯ ɩɪɨɞɨɥɶɧɵɯ ɫɢɥ: cZ ɢ P. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɢ ɫɢɥɚ ȼȜɇ ɬɚɤɠɟ ɞɟɣɫɬɜɭ-
ɟɬ ɜɞɨɥɶ Ⱦɉ ɫɭɞɧɚ, ɬ.ɟ. ɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫ ɥɢɧɢɟɣ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪ-
ɫɚ ɫɭɞɧɚ. Ⱦɟɜɢɚɰɢɹ ɨɬ ɷɬɨɣ ɫɢɥɵ ɩɨɥɭɤɪɭɝɨɜɚɹ, ɬ.ɟ. ɨɧɚ ɢɡɦɟɧɹɟɬ ɫɜɨɣ ɡɧɚɤ 
ɞɜɚɠɞɵ ɡɚ ɩɨɥɧɵɣ ɰɢɤɥ ɢɡɦɟɧɟɧɢɹ ɤɭɪɫɚ ɫɭɞɧɚ (γ60°). Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚ-
ɱɟɧɢɟ ɞɟɜɢɚɰɢɢ ɨɬ ɷɬɨɣ ɫɢɥɵ ɜɨɡɧɢɤɚɟɬ ɧɚ ɤɭɪɫɚɯ E ɢ W, ɤɨɝɞɚ ɫɢɥɚ ȼȜɇ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɦɚɝɧɢɬɧɨɦɭ ɦɟɪɢɞɢɚɧɭ ɢ ɪɚɜɧɚ ɧɭɥɸ ɧɚ ɤɭɪɫɚɯ N ɢ S, 
ɤɨɝɞɚ ɫɢɥɚ ȼȜɇ ɫɨɜɩɚɞɚɟɬ ɫ ɦɚɝɧɢɬɧɵɦ ɦɟɪɢɞɢɚɧɨɦ. 

Сλɇ – ɫɢɥɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɥɨɠɟɧɢɹ ɞɜɭɯ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ 
fZ ɢ Q, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ Ⱦɉ ɫɭɞɧɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɫɢɥɚ ɋȜɇ ɞɟɣɫɬɜɭɟɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɦɚɝɧɢɬɧɨɦɭ ɤɭɪɫɭ 
ɫɭɞɧɚ (k + λ0°). Ɉɧɚ ɬɚɤɠɟ ɫɨɡɞɚɟɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ ɫ ɦɚɤɫɢɦɚɥɶ-
ɧɵɦ ɡɧɚɱɟɧɢɟɦ ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ N ɢ S ɢ ɧɭɥɟɜɵɦ ɡɧɚɱɟɧɢɟɦ ɧɚ ɤɭɪɫɚɯ 
E ɢ W. 

DλH – ɫɢɥɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɥɨɠɟɧɢɹ ɩɨ-

ɥɨɠɢɬɟɥɶɧɨɣ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ X
ea

2


 ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɵ 
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Y
ea

2


 . ɋɢɥɚ DȜH ɨɬɧɨɫɢɬɟɥɶɧɨ Ⱦɉ ɫɭɞɧɚ ɞɟɣɫɬɜɭɟɬ ɩɨɞ ɭɝɥɨɦ α2 (ɪɢɫ. 

2.5). ɉɪɢ ɷɬɨɦ α2 = – α1. Ɂɧɚɤ «ɦɢɧɭɫ» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɭɝɨɥ  α2 ɨɬɫɱɢɬɵɜɚɟɬɫɹ 
ɨɬ Ⱦɉ ɫɭɞɧɚ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. Ɍɨɝɞɚ ɞɥɹ ɭɝɥɚ Ȗ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ 
ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ DȜH, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

Ȗ = γ60° – 2 α1= γ60° – β(γ60° – k) = 2k.                       (2.7) 

 

Ɋɢɫ. 2.5 

ɂɡ ɜɵɪɚɠɟɧɢɹ (β.7) ɜɢɞɧɨ, ɱɬɨ ɫɢɥɚ DȜH ɞɟɣɫɬɜɭɟɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 
ɞɜɭɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɨɜ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɟɜɢɚ-
ɰɢɢ ɨɬ ɷɬɨɣ ɫɢɥɵ ɛɭɞɟɬ ɧɚ ɱɟɬɜɟɪɬɧɵɯ ɪɭɦɛɚɯ NE, SE, SW ɢ NW, ɬ.ɟ. ɞɟɜɢ-
ɚɰɢɹ ɧɨɫɢɬ ɱɟɬɜɟɪɬɧɨɣ ɯɚɪɚɤɬɟɪ. 

ȿλɇ – ɫɢɥɚ, ɫɨɡɞɚɜɚɟɦɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɫɥɨɠɟɧɢɟɦ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ 

Y
bd

2


 ɢ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɵ X

bd

2


. 

ɋ ɩɨɦɨɳɶɸ ɪɢɫ. β.6 ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɫɢɥɵ 
EȜH ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɢɥɟ DȜH, ɬ.ɟ. ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ 
ɫɢɥɚ EȜH ɞɟɣɫɬɜɭɟɬ ɩɨɞ ɭɝɥɨɦ ɞɜɭɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɨɜ ɩɥɸɫ ɞɟɜɹɧɨɫɬɨ 
ɝɪɚɞɭɫɨɜμ 2k + λ0°. 
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Ɋɚɫɫɦɚɬɪɢɜɚɹ ɞɟɣɫɬɜɢɟ ɫɢɥɵ EȜH ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɩɪɚɜɥɹɸɳɟɣ ɫɢɥɨɣ 
ȜH ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ ɫɭɞɧɚ, ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɧɚ ɱɟɬ-
ɜɟɪɬɧɵɯ ɤɭɪɫɚɯ (NE, SE, SW, NW) ɷɬɚ ɫɢɥɚ ɧɟ ɜɵɡɵɜɚɟɬ ɞɟɜɢɚɰɢɢ, ɚ ɧɚ 
ɝɥɚɜɧɵɯ ɤɭɪɫɚɯ (N, E, S, W), ɧɚɨɛɨɪɨɬ, ɫɨɡɞɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɟɜɢɚɰɢɸ. 
Ⱦɟɜɢɚɰɢɹ ɨɬ ɫɢɥɵ EȜH, ɬɚɤ ɠɟ ɤɚɤ ɢ ɨɬ ɫɢɥɵ DȜH, ɧɨɫɢɬ ɱɟɬɜɟɪɬɧɨɣ ɯɚɪɚɤ-
ɬɟɪ. Ɉɞɧɚɤɨ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɭɞɚɯ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ Е ɨɱɟɧɶ ɦɚɥɚ, 
ɢ ɞɟɜɢɚɰɢɹ ɨɬ ɫɢɥɵ EȜH ɫɨɫɬɚɜɥɹɟɬ ɞɨɥɢ ɝɪɚɞɭɫɨɜ. 

 

Ɋɢɫ. 2.6 

Ɉɫɧɨɜɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥɚɯ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ 
ɤɨɦɩɚɫ, ɢ ɞɟɜɢɚɰɢɹɯ, ɜɨɡɧɢɤɚɸɳɢɯ ɨɬ ɢɯ ɜɥɢɹɧɢɹ, ɩɪɢɜɟɞɟɧɵ ɜ ɫɥɟɞɭɸɳɟɣ 
ɬɚɛɥɢɰɟ: 

ɋɢɥɚ 
ɇɚɩɪɚɜɥɟɧɢɟ 

ɞɟɣɫɬɜɢɹ 
ɉɪɨɢɫɯɨɠɞɟɧɢɟ Ⱦɟɜɢɚɰɢɹ 

Ȝɇ 0° Ɉɬ ɩɪɨɞɨɥɶɧɨɝɨ ɢ ɩɨɩɟɪɟɱɧɨɝɨ 
ɦɹɝɤɨɝɨ ɫɭɞɨɜɨɝɨ ɠɟɥɟɡɚ 

ɇɟɬ 

ȺȜɇ λ0° ɉɨɫɬɨɹɧɧɚɹ 

ȼȜɇ k Ɉɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɦɹɝɤɨɝɨ ɢ ɥɸɛɨɝɨ 
ɬɜɟɪɞɨɝɨ ɫɭɞɨɜɨɝɨ ɠɟɥɟɡɚ 

ɉɨɥɭɤɪɭɝɨɜɚɹ 

ɋȜɇ k+λ0° ɉɨɥɭɤɪɭɝɨɜɚɹ 

DȜɇ 2k Ɉɬ ɩɪɨɞɨɥɶɧɨɝɨ ɢ ɩɨɩɟɪɟɱɧɨɝɨ 
ɦɹɝɤɨɝɨ ɫɭɞɨɜɨɝɨ ɠɟɥɟɡɚ  

ɑɟɬɜɟɪɬɧɚɹ 

EȜɇ  2k+λ0° ɑɟɬɜɟɪɬɧɚɹ 
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3. ȾȿȼɂȺɐɂə ɆȺȽɇɂɌɇɈȽɈ ɄɈɆɉȺɋȺ 

3.1. Ɇɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ 
ɉɪɢ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ ɩɭɬɟɦ ɝɪɚɮɢɱɟɫɤɨɝɨ 

ɩɨɫɬɪɨɟɧɢɹ ɦɨɠɧɨ ɧɚɣɬɢ ɡɧɚɱɟɧɢɟ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɞɥɹ ɤɨɧ-
ɤɪɟɬɧɨɝɨ ɤɭɪɫɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜ ɧɟɤɨɬɨɪɨɦ ɦɚɫɲɬɚɛɟ ɩɨɫɬɪɨɢɬɶ 
ɦɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɨɫɬɪɨɢɦ ɦɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪ-
ɫɚ k = 45° (ɪɢɫ. 3.1). ɇɚɱɢɧɚɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɫ ɩɪɨɜɟɞɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɦɟ-
ɪɢɞɢɚɧɚ Nɦ. Ɂɚɬɟɦ ɩɨɨɱɟɪɟɞɧɨ ɧɚɧɨɫɹɬɫɹ ɜɫɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɬɚɛɥ. β.1. 

 

Ɋɢɫ. 3.1 

ɋɭɦɦɚɪɧɵɣ ɜɟɤɬɨɪ H', ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɹɟɬ ɧɚɱɚɥɨ ɫɢɥɵ ȜH ɫ ɤɨɧɰɨɦ 
ɜɟɤɬɨɪɚ ɫɢɥɵ ЕȜH ɢ ɡɚɦɵɤɚɟɬ ɦɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ, ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 
ɤɨɦɩɚɫɧɨɝɨ ɦɟɪɢɞɢɚɧɚ Nɤ. Ɍɨɝɞɚ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɪɢɫɭɧɤɚ ɥɟɝɤɨ ɨɩɪɟɞɟɥɢɬɶ 
ɭɝɨɥ ɦɟɠɞɭ ɦɚɝɧɢɬɧɵɦ ɢ ɤɨɦɩɚɫɧɵɦ ɦɟɪɢɞɢɚɧɚɦɢ, ɤɨɬɨɪɵɣ ɢ ɹɜɥɹɟɬɫɹ 
ɞɟɜɢɚɰɢɟɣ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɧɚ ɞɚɧɧɨɦ ɤɭɪɫɟ. ɇɚ ɪɢɫ. γ.1 ɱɟɪɟɡ k' ɨɛɨ-
ɡɧɚɱɟɧ ɤɨɦɩɚɫɧɵɣ ɤɭɪɫ ɫɭɞɧɚ. ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟ-
ɧɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪɫɚ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɢ ɦɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ. 
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3.2. Ɉɫɧɨɜɧɚɹ ɮɨɪɦɭɥɚ ɞɟɜɢɚɰɢɢ 
Ɂɚɞɚɱɭ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɦɨɠɧɨ ɪɟɲɢɬɶ 

ɬɚɤɠɟ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɫɧɨɜɧɚɹ ɮɨɪɦɭɥɚ 
ɞɟɜɢɚɰɢɢ, ɤɨɬɨɪɚɹ ɜɵɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɫɢɥ. Ⱦɥɹ ɜɵɜɨɞɚ 
ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɵ ɞɟɜɢɚɰɢɢ ɩɪɨɜɟɞɟɦ ɱɟɪɟɡ ɤɨɧɟɰ ɜɟɤɬɨɪɚ ȜH ɥɢɧɢɸ mn, 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɤɨɦɩɚɫɧɨɦɭ ɦɟɪɢɞɢɚɧɭ (ɫɦ. ɪɢɫ. 3.1), ɢ ɫɩɪɨɟɰɢɪɭɟɦ 
ɧɚ ɧɟɺ ɜɫɟ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɤɨɦɩɚɫ. Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɪɢɫɭɧɤɚ, ɬɨɥɶɤɨ ɩɪɨɟɤɰɢɹ ɫɢɥɵ ȜH ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɜɥɟɜɨ, ɩɪɨɟɤɰɢɢ ɜɫɟɯ 
ɨɫɬɚɥɶɧɵɯ ɫɢɥ – ɜɩɪɚɜɨ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɫɬɪɟɥɤɚ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɭɫɬɚ-
ɧɚɜɥɢɜɚɟɬɫɹ ɜɞɨɥɶ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɵ H', ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɜɫɟɯ ɫɭɞɨɜɵɯ ɫɢɥ ɪɚɜɧɚ ɧɭɥɸ. ɉɪɢ ɩɪɨɟɰɢɪɨɜɚɧɢɢ 
ɫɢɥ ɧɚ ɥɢɧɢɸ mn ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɬɚɛɥ. γ.1, ɜ ɤɨɬɨɪɨɣ ɭɤɚɡɚɧɵ 
ɭɝɥɵ ɦɟɠɞɭ ɤɚɠɞɨɣ ɢɡ ɫɢɥ ɢ ɥɢɧɢɟɣ mn. ɗɬɢ ɭɝɥɵ ɥɟɝɤɨ ɧɚɣɬɢ ɫ ɩɨɦɨɳɶɸ 
ɪɢɫ. 3.1. 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  3 . 1  

ɋɢɥɚ ȜH A ȜH B ȜH C ȜH D ȜH E ȜH 

ɍɝɨɥ λ0° – δ Δ λ0° – k' k' 2k' + δ – λ0° 2k' + λ0° 

ȿɫɥɢ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ ɩɪɨɟɤɰɢɢ ɜɫɟɯ ɫɢɥ ɢ ɩɪɢɪɚɜɧɹɬɶ ɢɯ ɧɭɥɸ, 
ɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɨɠɟɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɦɚɝɧɢɬɧɨɣ ɫɬɪɟɥɤɢ ɤɨɦɩɚɫɚμ 

0)2cos()902cos(

cos)90cos(cos)90cos(





kHEkHD

kHCkHBHAH




 

ɢɥɢ 

).2cos()902cos(cos

)90cos(cos)90cos(





kHEkHDkHC

kHBHAH




                (3.1) 

ȿɫɥɢ ɬɟɩɟɪɶ ɜɫɟ ɫɥɚɝɚɟɦɵɟ ɭɪɚɜɧɟɧɢɹ (γ.1) ɫɨɤɪɚɬɢɬɶ ɧɚ Ȝɇ, ɬɨ ɩɨɫɥɟ 
ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɦɟɟɦ 

)2cos()2sin(cossincossin  kEkDkCkBA .      (3.2) 

ȿɫɥɢ ɨɫɬɚɬɨɱɧɚɹ ɞɟɜɢɚɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 6°, ɬɨ 
ɜɵɪɚɠɟɧɢɟ (γ.β) ɛɭɞɟɬ 

kEkDkCkBA  2cos2sincossin ,                     (3.3) 

ɢɥɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ k' ɟɫɬɶ ɤɨɦɩɚɫɧɵɣ ɤɭɪɫ ɫɭɞɧɚ ɄɄ, ɢɦɟɟɦ 
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ɄɄEɄɄDɄɄCɄɄBA 2cos2sincossin  .                (3.4) 

Ɋɚɜɟɧɫɬɜɨ (γ.4) ɢ ɟɫɬɶ ɨɫɧɨɜɧɚɹ ɮɨɪɦɭɥɚ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚ-
ɫɚ, ɜɟɥɢɱɢɧɵ A, B, C, D ɢ E ɤɨɬɨɪɨɣ ɧɚɡɵɜɚɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɞɟɜɢɚ-
ɰɢɢ. Ɏɨɪɦɭɥɚ (γ.4) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ, 
ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɚɛɥɢɰɵ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɩɨɫɥɟ ɟɟ ɭɧɢɱɬɨɠɟ-
ɧɢɹ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɪɚɜɟɧɫɬɜɨ (γ.4) ɹɜɥɹɟɬɫɹ ɩɪɢ-
ɛɥɢɠɟɧɧɵɦ. ɉɨɷɬɨɦɭ ɨɧɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɟ ɜɵɱɢɫ-
ɥɟɧɢɹ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɫɬɚɬɨɱɧɚɹ ɞɟɜɢɚɰɢɹ ɧɟɜɟɥɢɤɚ. 

3.3. ɋɨɫɬɚɜɥɟɧɢɟ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ 
ɉɨɫɥɟ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɟɟ ɨɫɬɚɬɨɱɧɨɟ 

ɡɧɚɱɟɧɢɟ ɢ ɫɨɫɬɚɜɢɬɶ ɪɚɛɨɱɭɸ ɬɚɛɥɢɰɭ ɞɟɜɢɚɰɢɢ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɞɟɜɢɚɰɢɹ 
ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɜɵɪɚɠɟɧɢɸ 

δ = Ɇɉ – Ʉɉ,                                               (3.5) 
ɝɞɟ  Ɇɉ – ɦɚɝɧɢɬɧɵɣ ɩɟɥɟɧɝ ɤɚɤɨɝɨ-ɥɢɛɨ ɨɛɴɟɤɬɚ; 

Ʉɉ – ɤɨɦɩɚɫɧɵɣ ɩɟɥɟɧɝ ɬɨɝɨ ɠɟ ɨɛɴɟɤɬɚ. 
ȼ ɩɪɚɤɬɢɤɟ ɫɭɞɨɜɨɠɞɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟ-

ɥɟɧɢɹ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚμ 
– ɩɨ ɩɟɥɟɧɝɭ ɫɬɜɨɪɚ, ɢɫɬɢɧɧɵɣ ɩɟɥɟɧɝ (ɂɉ) ɤɨɬɨɪɨɝɨ ɭɤɚɡɚɧ ɧɚ ɤɚɪɬɟ; 
– ɩɨ ɩɟɥɟɧɝɭ ɧɟɛɟɫɧɨɝɨ ɫɜɟɬɢɥɚ; 
– ɩɨ ɫɥɢɱɟɧɢɸ ɫ ɝɢɪɨɤɨɦɩɚɫɨɦ; 
– ɩɨ ɩɟɥɟɧɝɭ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ ɧɟ ɨɛɨɡɧɚɱɟɧ ɧɚ ɤɚɪɬɟ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɸɛɨɝɨ ɢɡ ɭɤɚɡɚɧɧɵɯ ɦɟɬɨɞɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ 

ɜ ɜɢɞɭ, ɱɬɨ ɞɟɜɢɚɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɤɨɦɩɚɫɧɨɝɨ ɤɭɪɫɚ. 
ɉɟɪɜɵɟ ɬɪɢ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɪɢɱɢɧɚɦ ɦɨɠ-

ɧɨ ɩɪɢɦɟɧɹɬɶ ɧɟ ɜɫɟɝɞɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɛɟɝɚɸɬ ɤ ɱɟɬɜɟɪɬɨɦɭ ɦɟɬɨɞɭ, 
ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦμ 

– ɜɵɛɢɪɚɸɬ ɟɫɬɟɫɬɜɟɧɧɵɣ ɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɢɦɟɟɬɫɹ ɧɚ ɦɟɫɬɧɨɫɬɢ, ɧɨ 
ɨɬɫɭɬɫɬɜɭɟɬ ɧɚ ɤɚɪɬɟ; 

– ɥɨɠɚɬɫɹ ɩɨɨɱɟɪɟɞɧɨ ɧɚ ɜɨɫɟɦɶ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɨɜ: 0°, 45°, 90°, 135°, 
180°, 225°, 270°, 315°; 

– ɧɚ ɤɚɠɞɨɦ ɢɡ ɤɭɪɫɨɜ ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɜɨɪɚ ɛɟɪɭɬ ɟɝɨ ɤɨɦɩɚɫɧɵɣ 
ɩɟɥɟɧɝ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 1°; 

– ɪɚɫɫɱɢɬɵɜɚɸɬ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɢɡ ɜɨɫɶɦɢ ɤɨɦɩɚɫɧɵɯ ɩɟ- 
ɥɟɧɝɨɜ: 

(Ʉɉ0 + Ʉɉ45 + Ʉɉ90 + …+ Ʉɉ315) ≈ Ɇɉ; 
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– ɨɩɪɟɞɟɥɹɸɬ ɞɟɜɢɚɰɢɸ ɤɨɦɩɚɫɚ ɧɚ ɜɨɫɶɦɢ ɤɭɪɫɚɯ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ 
ɬɚɛɥ. 3.2. 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  3 . 2  

ɄɄ Ʉɉ δ = Ɇɉ – Ʉɉ ɄɄ Ʉɉ δ = Ɇɉ – Ʉɉ 

0   180   

45   225   

90   270   

135   315   

ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɜ ɩɨɥɭɱɟɧɧɨɦ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ Ɇɉ ɩɪɢ-
ɫɭɬɫɬɜɭɟɬ ɧɟɤɨɬɨɪɚɹ ɩɨɫɬɨɹɧɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡ-ɡɚ ɤɨɷɮɮɢɰɢɟɧɬɚ А, ɚ ɬɚɤ-
ɠɟ ɧɟɤɨɬɨɪɚɹ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɟɥɟɧɝɚɬɨɪɚ. Ɉɞɧɚɤɨ ɜ ɛɨɥɶ-
ɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɷɬɢ ɩɨɝɪɟɲɧɨɫɬɢ ɦɚɥɵ ɢ ɢɯ ɦɨɠɧɨ ɧɟ ɭɱɢɬɵɜɚɬɶ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ ɬɚɛɥɢɰɭ ɞɟɜɢɚɰɢɢ ɞɥɹ ɜɨɫɶɦɢ ɤɭɪɫɨɜ. Ɉɞɧɚɤɨ ɬɚɤɚɹ 
ɬɚɛɥɢɰɚ ɧɟɭɞɨɛɧɚ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɬɚɤ ɤɚɤ ɦɟɠɞɭ ɤɭɪɫɚɦɢ 
ɢɦɟɸɬɫɹ ɛɨɥɶɲɢɟ ɢɧɬɟɪɜɚɥɵ. Ɉɛɵɱɧɨ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɬɚɛɥɢɰɭ ɞɟɜɢɚ-
ɰɢɢ ɫ ɢɧɬɟɪɜɚɥɚɦɢ ɦɟɠɞɭ ɤɭɪɫɚɦɢ 10°. ɑɬɨɛɵ ɟɺ ɩɨɥɭɱɢɬɶ, ɢɫɩɨɥɶɡɭɸɬ 
ɫɩɟɰɢɚɥɶɧɵɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 
ɧɚ ɜɨɫɶɦɢ ɤɭɪɫɚɯ ɞɟɜɢɚɰɢɣ ɪɚɫɫɱɢɬɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɭɞɨɜɵɯ ɫɢɥ A, B, 
C, D ɢ E. Ɂɚɬɟɦ, ɢɫɩɨɥɶɡɭɹ ɷɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɫɨɫɬɚɜɥɹɸɬ ɬɚɛɥɢɰɭ ɨɫɬɚ-
ɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɧɚ ɥɸɛɵɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɤɭɪɫɵ. ȼɟɫɶ ɩɪɨɰɟɫɫ ɫɨɫɬɨɢɬ 
ɢɡ ɬɪɟɯ ɷɬɚɩɨɜ: 

– 1-ɣ ɷɬɚɩ – ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɧɚ ɜɨɫɶɦɢ ɤɭɪɫɚɯ; 
– 2-ɣ ɷɬɚɩ – ɜɵɱɢɫɥɟɧɢɟ ɩɹɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ; 
– 3-ɣ ɷɬɚɩ – ɪɚɫɱɟɬ ɪɚɛɨɱɟɣ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ ɫ ɥɸɛɵɦɢ ɧɭɠɧɵɦɢ ɢɧ-

ɬɟɪɜɚɥɚɦɢ. 
Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɜɵɜɨɞɹɬɫɹ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ. ɉɪɢɧɰɢɩ ɩɨɥɭɱɟɧɢɹ ɷɬɢɯ ɮɨɪɦɭɥ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭ-
ɸɳɟɦμ 

– ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢɹ (γ.4) ɡɚɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ  
ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɜɢɚɰɢɢ ɧɚ ɜɨɫɶɦɢ ɤɭɪɫɚɯ (0°, 45°, λ0°, 1γ5°, 180°, ββ5°, β70° 
ɢ γ15°);  

– ɤɚɠɞɨɟ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɟɲɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹ-
ɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɜɢɚɰɢɢ; 

– ɜ ɤɚɠɞɨɦ ɢɡ ɭɪɚɜɧɟɧɢɣ ɜɫɟ ɫɥɚɝɚɟɦɵɟ ɭɦɧɨɠɚɸɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ, ɤɨ-
ɬɨɪɚɹ ɫɬɨɢɬ ɩɟɪɟɞ ɢɫɤɨɦɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɟɜɢɚɰɢɢ; 

– ɥɟɜɵɟ ɢ ɩɪɚɜɵɟ ɱɚɫɬɢ ɜɨɫɶɦɢ ɭɪɚɜɧɟɧɢɣ ɚɥɝɟɛɪɚɢɱɟɫɤɢ ɫɤɥɚɞɵɜɚɸɬɫɹ; 
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– ɜɵɩɨɥɧɹɸɬɫɹ ɫɨɤɪɚɳɟɧɢɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɫɥɟɞɭɸɳɢɯ 
ɪɚɜɟɧɫɬɜ: 

ЬТЧ 1γ5° =    ЬТЧ 45°;                  МШЬ 1γ5° = – sin 45°; 
ЬТЧ ββ5° = – ЬТЧ 45°;                  МШЬ ββ5° = – ЬТЧ 45°; 
ЬТЧ γ15° = – ЬТЧ 45°;                  МШЬ γ15° =    ЬТЧ 45°; 
sin 0°    = 0;                               МШЬ 45°   =    ЬТЧ 45°; 
МШЬ 0°   = 1;                                ЬТЧ λ0°    =   1; 
МШЬ λ0° = 0;                                ЬТЧ 180°  =   0; 
МШЬ 180° = -1;                             ЬТЧ β70°  =  -1; 
cos β70°  = 0. 

(3.6) 

– ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɷɮɮɢ-
ɰɢɟɧɬɚ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɜɵɜɟɞɟɦ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ 
А ɢ ɋ. 

ɋɧɚɱɚɥɚ ɧɚɣɞɟɦ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ А. 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɜɢɚɰɢɢ ɧɚ ɜɨɫɶɦɢ ɤɭɪɫɚɯ ɫ ɩɨɦɨɳɶɸ 

ɜɵɪɚɠɟɧɢɹ (γ.4) ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɢɟ ɜɨɫɟɦɶ ɭɪɚɜɧɟɧɢɣμ 
 0cos0sin0cos0sin0 EDCBA ; 

 90cos90sin45cos45sin45 EDCBA ; 

 180cos180sin90cos90sin90 EDCBA ; 

 270cos270sin135cos135sin135 EDCBA ; 

 0cos0sin180cos180sin180 EDCBA ; 

 90cos90sin225cos225sin225 EDCBA ; 

 180cos180sin270cos270sin270 EDCBA ; 

 270cos270sin315cos315sin315 EDCBA . 

(3.7) 

Ɋɟɲɚɹ ɤɚɠɞɨɟ ɢɡ ɧɢɯ, ɚ ɡɚɬɟɦ, ɫɤɥɚɞɵɜɚɹ ɥɟɜɵɟ ɢ ɩɪɚɜɵɟ ɱɚɫɬɢ ɫ ɭɱɟ-
ɬɨɦ ɡɧɚɱɟɧɢɣ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɱɟɬɨɦ ɪɚ-
ɜɟɧɫɬɜ (γ.6), ɩɨɥɭɱɢɦμ 

315270225180135904508 A  

ɢɥɢ ɨɤɨɧɱɚɬɟɥɶɧɨ – 

 315270225180135904508

1
A .                  (3.8) 

Ɋɚɜɟɧɫɬɜɨ (γ.8) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ А. 
Ɍɟɩɟɪɶ ɨɩɪɟɞɟɥɢɦ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋ. ȼɧɚɱɚɥɟ ɪɟ-

ɲɢɦ ɜɫɟ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (γ.7) ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋ. Ɍɨɝɞɚ 
ɫ ɭɱɟɬɨɦ ɫɨɨɬɧɨɲɟɧɢɣ (γ.6) ɩɨɥɭɱɢɦμ 
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.45sin45sin

;

;45sin45sin

;

;45sin45sin

;45sin

;45sin45sin

;

315

2700

225

180

135

900

45

0

DBAC

EBAC

DBAC

EAC

DBAC

EBAC

DBAC

EAC

                           (3.9) 

Ɂɚɬɟɦ ɭɦɧɨɠɢɜ ɫɥɚɝɚɟɦɵɟ ɢ ɩɪɚɜɨɣ ɢ ɥɟɜɨɣ ɱɚɫɬɢ ɤɚɠɞɨɝɨ ɢɡ ɭɪɚɜɧɟ-
ɧɢɣ ɧɚ ɜɟɥɢɱɢɧɭ, ɤɨɬɨɪɚɹ ɫɬɨɢɬ ɪɹɞɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɋ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟ-
ɧɢɹ, ɩɨɥɭɱɢɦμ 




























.45sin45sin45sin45sin45sin

;45sin45sin45sin45sin45sin

;

;45sin45sin45sin45sin45sin

;45sin45sin45sin45sin45sin

;

2
315

2

2
225

2

180

2
135

2

2
45

2

0

DBAC

DBAC

EAC

DBAC

DBAC

EAC

       (3.10) 

ȿɫɥɢ ɫɥɨɠɢɬɶ ɥɟɜɵɟ ɢ ɩɪɚɜɵɟ ɱɚɫɬɢ ɜɫɟɯ ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɵ (γ.10) 
ɢ ɩɪɨɜɟɫɬɢ ɫɨɤɪɚɳɟɧɢɹ, ɬɨ ɜ ɢɬɨɝɟ ɛɭɞɟɦ ɢɦɟɬɶ 

  45sin)(45sin)()(45sin42 315135225451800
2CC . 

ɍɱɢɬɵɜɚɹ, ɱɬɨ sin2 45° =1/β, ɨɤɨɧɱɚɬɟɥɶɧɨ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɜɢɚɰɢɢ 
ɋ ɩɨɥɭɱɢɦμ 

       45sin45sin
4

1
315135225451800C .       (3.11) 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɧɚɣɬɢ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɨɫɬɚɥɶ-
ɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɚ ɢɦɟɧɧɨμ 

       45sin45sin
4

1
3151352254527090B ;         (3.12) 

    315135225454

1
D ;                              (3.13) 

     45sin
4

1
270901800E .                         (3.14) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɞɟɜɢɚɰɢɢ ɤɨɦɩɚɫɚ ɧɚ ɜɨɫɶɦɢ 
ɤɭɪɫɚɯ ɫ ɩɨɦɨɳɶɸ ɪɚɜɟɧɫɬɜ (γ.8), (3.11) – (3.14), ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚ-
ɱɟɧɢɹ ɜɫɟɯ ɩɹɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ (A, B, C, D ɢ E). ȿɫɥɢ ɬɟɩɟɪɶ 
ɷɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɞɫɬɚɜɢɬɶ ɜ ɨɫɧɨɜɧɭɸ ɮɨɪɦɭɥɭ ɞɟɜɢɚɰɢɢ (γ.4), 
ɬɨ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɬɚɛɥɢɰɭ ɞɟɜɢɚɰɢɢ ɱɟɪɟɡ ɥɸɛɵɟ ɢɧɬɟɪɜɚɥɵ ɢɡɦɟ- 
ɧɟɧɢɹ ɤɨɦɩɚɫɧɨɝɨ ɤɭɪɫɚ. ȼɵɱɢɫɥɟɧɢɹ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɫ ɢɫɩɨɥɶɡɨ- 
ɜɚɧɢɟɦ ɤɚɤ ɫɩɟɰɢɚɥɶɧɵɯ ɛɥɚɧɤɨɜ (ɩɪɢɥ. 4), ɬɚɤ ɢ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɦɩɶɸ-
ɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ. 

Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
6. ɋɭɞɨɜɵɦ ɠɟɥɟɡɨɦ (ɦɹɝɤɢɦ ɢ ɬɜɟɪɞɵɦ) ɫɨɡɞɚɸɬɫɹ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬ-

ɧɵɟ ɫɢɥɵ, ɧɚɥɢɱɢɟ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɫɬɨɹɧɧɨɣ, ɩɨɥɭ-
ɤɪɭɝɨɜɨɣ ɢɥɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ. Ɉɬ ɫɭɞɨɜɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ ɢ ɩɨɩɟɪɟɱɧɨ-
ɝɨ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ ɜɨɡɧɢɤɚɟɬ: 

– ɩɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 1);   
– ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ γ1); 
– ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 41).  

7. ɋɭɞɨɜɵɦ ɠɟɥɟɡɨɦ (ɦɹɝɤɢɦ ɢ ɬɜɟɪɞɵɦ) ɫɨɡɞɚɸɬɫɹ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬ-
ɧɵɟ ɫɢɥɵ, ɧɚɥɢɱɢɟ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɫɬɨɹɧɧɨɣ, ɩɨɥɭ-
ɤɪɭɝɨɜɨɣ ɢɥɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ. Ɉɬ ɫɭɞɨɜɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɦɹɝɤɨɝɨ 
ɠɟɥɟɡɚ ɜɨɡɧɢɤɚɟɬ: 

– ɩɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 49);   
– ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 10);  
– ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 58). 

8. ɇɚ ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ ɜɨɡɞɟɣɫɬɜɭɸɬ ɫɢɥɵ ȜH, AȜH, BȜH, 
CȜH, DȜH ɢ EȜH. Ɉɬ ɤɭɪɫɚ ɫɭɞɧɚ ɧɟ ɡɚɜɢɫɢɬ ɧɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɫɥɟɞɭ-
ɸɳɢɯ ɫɢɥ: 

– ȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 69);   
– AȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 14):  
– BȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 77); 
– CȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 87); 
– DȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 55); 
– EȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 11). 

λ. ɇɚ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧ ɦɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ ɞɥɹ ɆɄ = γ0°. ɋɭɞɨɜɵɟ 
ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ BȜH ɢ CȜH ɧɚ ɷɬɨɦ ɪɢɫɭɧɤɟ ɨɛɨɡɧɚɱɟɧɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ: 
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– ɢɧɞɟɤɫɨɦ 1 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 73); 
– ɢɧɞɟɤɫɨɦ 2 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 19); 
– ɢɧɞɟɤɫɨɦ 3 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 80);  
– ɢɧɞɟɤɫɨɦ 4 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 2);  
– ɢɧɞɟɤɫɨɦ 5 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 86); 
– ɢɧɞɟɤɫɨɦ 6 (ɫɦ. ɩɨɹɫɧɟɧɢɟ 75). 

 
10. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɞɟɜɢɚɰɢɢ ɤɨɦɩɚɫɚ ɦɚɝɧɢɬɧɵɣ ɩɟɥɟɧɝ ɫ ɞɨɫɬɚɬɨɱ-

ɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ: 
– ɩɨ ɫɬɜɨɪɭ, ɧɚɧɟɫɟɧɧɨɦɭ ɧɚ ɤɚɪɬɭ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 16);  
– ɩɨ ɤɨɦɩɚɫɧɵɦ ɩɟɥɟɧɝɚɦ ɫɬɜɨɪɚ, ɤɨɬɨɪɨɝɨ ɧɟɬ ɧɚ ɤɚɪɬɟ ɧɚ ɞɜɭɯ 

ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ  ɤɭɪɫɚɯ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 67); 
– ɩɨ ɤɨɦɩɚɫɧɵɦ ɩɟɥɟɧɝɚɦ ɫɬɜɨɪɚ, ɤɨɬɨɪɨɝɨ ɧɟɬ ɧɚ ɤɚɪɬɟ ɧɚ ɱɟɬɵ-

ɪɟɯ ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ  ɤɭɪɫɚɯ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 47); 
– ɩɨ ɤɨɦɩɚɫɧɵɦ ɩɟɥɟɧɝɚɦ ɫɬɜɨɪɚ, ɤɨɬɨɪɨɝɨ ɧɟɬ ɧɚ ɤɚɪɬɟ ɧɚ ɜɨɫɶɦɢ 

ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ  ɤɭɪɫɚɯ (ɫɦ. ɩɨɹɫɧɟɧɢɟ λ). 

ɅȿɄЦИə 3 

3.4. Ɉɛɳɢɟ ɩɪɢɧɰɢɩɵ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɢ 
ɋɭɞɨɜɵɦ ɠɟɥɟɡɨɦ ɫɨɡɞɚɸɬɫɹ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ (AȜH, BȜH, 

CȜH, DȜH ɢ EȜH), ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɤɨɬɨɪɵɯ H' ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢ-
ɱɢɧɭ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɦɨɦɟɧɬɚ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɢ ɤɚɱɟɫɬɜɨ ɟɝɨ ɪɚɛɨɬɵ. ɇɚ ɪɚɡɧɵɯ ɤɭɪɫɚɯ ɫɭɞɨɜɵɟ ɫɢɥɵ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. ɉɨɷɬɨɦɭ, ɨɫɨɛɟɧɧɨ 
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ɟɫɥɢ ɷɬɢ ɫɢɥɵ ɫɨɢɡɦɟɪɢɦɵ ɫ ɜɟɤɬɨɪɨɦ ɢɧɞɭɤɰɢɢ ȜH, ɞɟɜɢɚɰɢɹ ɤɨɦɩɚɫɚ 
ɦɨɠɟɬ ɢɦɟɬɶ ɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭ. ɋɚɦɚ ɩɨ ɫɟɛɟ ɛɨɥɶɲɚɹ ɞɟɜɢɚɰɢɹ ɨɬɪɢɰɚ-
ɬɟɥɶɧɨ ɧɚ ɪɚɛɨɬɟ ɤɨɦɩɚɫɚ ɧɟ ɫɤɚɡɵɜɚɟɬɫɹ, ɨɞɧɚɤɨ ɟɟ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɜɹ-
ɡɚɧɨ ɫ ɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ, ɚ ɷɬɨ ɦɨɠɟɬ ɩɪɢ- 
ɜɟɫɬɢ ɤ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɧɚ ɧɟɤɨɬɨɪɵɯ ɤɭɪɫɚɯ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ 
H' ɛɭɞɟɬ ɨɱɟɧɶ ɦɚɥ (ɚ ɦɨɠɟɬ ɞɚɠɟ ɫɬɚɬɶ ɪɚɜɧɵɦ ɧɭɥɸ), ɬ.ɟ. ɤɨɦɩɚɫ ɫɬɚ- 
ɧɨɜɢɬɫɹ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɵɦ. ɉɨɷɬɨɦɭ ɞɟɜɢɚɰɢɸ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ 
ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɚɬɶ, ɬ.ɟ. ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɞɟɣɫɬɜɢɟ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬ-
ɧɵɯ ɫɢɥ. 

ɂɡ ɜɫɟɯ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ ɫɚɦɨɣ ɦɚɥɨɣ ɹɜɥɹɟɬɫɹ ɫɢɥɚ AȜH, ɤɨ-
ɬɨɪɚɹ ɫɨɡɞɚɟɬ ɞɟɜɢɚɰɢɸ ɧɟ ɛɨɥɟɟ 1°. ɗɬɭ ɫɢɥɭ ɧɟ ɤɨɦɩɟɧɫɢɪɭɸɬ, ɢ ɫɨɡɞɚɜɚ-
ɟɦɚɹ ɟɸ ɞɟɜɢɚɰɢɹ ɜɯɨɞɢɬ ɜ ɨɛɳɭɸ ɩɨɩɪɚɜɤɭ ɤɨɦɩɚɫɚ. 

ɋɢɥɵ DȜH ɢ EȜH, ɜɨɡɧɢɤɚɸɳɢɟ ɨɬ ɞɟɣɫɬɜɢɹ ɫɭɞɨɜɨɝɨ ɦɹɝɤɨɝɨ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɝɨ ɠɟɥɟɡɚ, ɫɨɡɞɚɸɬ ɱɟɬɜɟɪɬɧɭɸ ɞɟɜɢɚɰɢɸ. ȼɟɥɢɱɢɧɚ ɷɬɢɯ ɫɢɥ 
ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɤɨɬɨɪɵɟ ɢɡɝɨɬɚɜɥɢ-
ɜɚɸɬɫɹ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ ɜ ɜɢɞɟ ɤɪɭɝɥɵɯ ɛɪɭɫɤɨɜ, ɲɚɪɨɜ ɢɥɢ ɩɥɚɫɬɢɧ 
ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɧɚɤɬɨɭɡɚ ɫɧɚɪɭɠɢ. ɍɱɢɬɵɜɚɹ, ɱɬɨ 
ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɚ, ɱɟɦ ɩɨɥɭɤɪɭɝɨɜɚɹ, ɟɟ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɭɧɢɱɬɨɠɚɸɬ ɨɞɢɧ ɪɚɡ ɩɨɫɥɟ ɩɨɫɬɪɨɣɤɢ ɫɭɞɧɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɜɦɟɫɬɟ 
ɫ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ ɬɚɤɠɟ ɩɟɪɟɦɚɝɧɢɱɢɜɚɟɬɫɹ ɦɚɬɟɪɢɚɥ ɤɨɦɩɟɧɫɚɬɨɪɨɜ 
ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ D ɢ E ɫɨɯɪɚɧɹɸɬ ɫɜɨɢ ɡɧɚɱɟɧɢɹ, 
ɛɥɢɡɤɢɦɢ ɧɭɥɸ. 

ɂɧɚɱɟ ɨɛɫɬɨɢɬ ɞɟɥɨ ɫ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɟɣ. Ɉɧɚ ɫɨɡɞɚɟɬɫɹ ɫɭɞɨ-
ɜɵɦɢ ɫɢɥɚɦɢ BȜH ɢ CȜH, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɜɟɥɢɱɢɧ: 

PcZHB  ;                                       (3.15) 

QfZHC  .                                       (3.16) 

ȼ ɜɵɪɚɠɟɧɢɹɯ (γ.15) ɢ (γ.16) ɫɢɥɵ P ɢ Q ɫɨɡɞɚɸɬɫɹ ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ 
ɠɟɥɟɡɨɦ ɢ ɹɜɥɹɸɬɫɹ ɜɟɥɢɱɢɧɚɦɢ ɩɨɫɬɨɹɧɧɵɦɢ. ɋɢɥɵ cZ ɢ fZ ɨɛɪɚɡɭɸɬɫɹ ɨɬ 
ɫɭɞɨɜɨɝɨ ɦɹɝɤɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɠɟɥɟɡɚ ɢ ɢɯ ɡɧɚɱɟɧɢɹ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɤɭɪɫɚ 
ɫɭɞɧɚ, ɧɨ ɡɚɜɢɫɹɬ ɨɬ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ, ɬɚɤ ɤɚɤ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɨɫɥɟɞɧɟɣ 
ɦɟɧɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɥɧɨɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɹ-
ɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ Z. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɥɹ ɪɚɣɨɧɚ ɩɥɚɜɚɧɢɹ 
ɫ ɧɟɛɨɥɶɲɢɦ ɢɡɦɟɧɟɧɢɟɦ ɲɢɪɨɬɵ ɫɢɥɵ BȜH ɢ CȜH ɦɨɠɧɨ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
ɫ ɩɨɦɨɳɶɸ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ. 
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ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɭɞɧɚ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɪɢɱɢɧɚɦ ɫɢɥɵ P ɢ Q 
ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚ-
ɰɢɢ ɤɨɦɩɚɫɚ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɢɨɞɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ B ɢ C ɢ ɟɫɥɢ ɩɨɬɪɟɛɭɟɬɫɹ, ɩɨɜɬɨɪ-
ɧɨ ɭɧɢɱɬɨɠɚɬɶ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ, ɚ ɬɚɤɠɟ ɫɨɫɬɚɜɥɹɬɶ ɧɨɜɭɸ ɬɚɛɥɢɰɭ 
ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ. ɉɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɲɢɪɨɬɵ ɜɨ ɜɪɟɦɹ ɩɥɚ-
ɜɚɧɢɹ ɫɭɞɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ B ɢ C ɢɡɦɟɧɹɸɬɫɹ ɡɚ 
ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɫɢɥ cZ ɢ fZ, ɜɨɡɧɢɤɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɲɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ. 
Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɢɪɨɬɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ, ɤɨ-
ɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɪɬɢɤɚɥɶɧɵɣ ɫɬɟɪɠɟɧɶ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ, 
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ ɫɧɚɪɭɠɢ ɧɚɤɬɨɭɡɚ. 

ɉɪɢ ɧɚɥɢɱɢɢ ɭ ɫɭɞɧɚ ɤɪɟɧɚ, ɞɢɮɮɟɪɟɧɬɚ ɢɥɢ ɤɚɱɤɢ ɭ ɤɨɦɩɚɫɚ ɜɨɡɧɢɤɚ-
ɟɬ ɤɪɟɧɨɜɚɹ ɞɟɜɢɚɰɢɹ. Ⱦɥɹ ɟɟ ɭɧɢɱɬɨɠɟɧɢɹ ɜ ɧɚɤɬɨɭɡɟ ɩɨɞ ɤɨɬɟɥɤɨɦ ɤɨɦɩɚ-
ɫɚ ɢɦɟɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɣ ɦɚɝɧɢɬ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ ɤɪɟɧɨɜɨɝɨ 
ɦɚɝɧɢɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɜɨɡɧɢɤɚɸɳɢɯ ɭ ɤɨɦɩɚɫɚ ɞɟɜɢɚ-
ɰɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɰɟɥɵɣ ɪɹɞ ɤɨɦɩɟɧɫɚɬɨɪɨɜ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦ ɩɪɢɧɰɢ-
ɩɨɦ ɜ ɨɫɧɨɜɟ ɤɨɦɩɟɧɫɚɰɢɢ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣμ 
«Ʉɚɤɢɦ ɠɟɥɟɡɨɦ ɫɨɡɞɚɟɬɫɹ ɞɟɜɢɚɰɢɹ, ɢɡ ɬɚɤɨɝɨ ɠɟɥɟɡɚ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ 
ɤɨɦɩɟɧɫɚɬɨɪ». 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ: 
– ɟɫɥɢ ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ ɫɨɡɞɚɟɬɫɹ ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ, 

ɬɨ ɢ ɤɨɦɩɟɧɫɚɬɨɪ ɷɬɨɣ ɞɟɜɢɚɰɢɢ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ (ɦɚɝ- 
ɧɢɬɵ-ɤɨɦɩɟɧɫɚɬɨɪɵ); 

– ɟɫɥɢ ɲɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ (ɩɟɪɟɦɟɧɧɚɹ ɱɚɫɬɶ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ) 
ɫɨɡɞɚɟɬɫɹ ɫɭɞɨɜɵɦ ɦɹɝɤɢɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɠɟɥɟɡɨɦ, ɬɨ ɢ ɤɨɦɩɟɧɫɚɬɨɪ ɩɪɟɞ-
ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɪɬɢɤɚɥɶɧɵɣ ɛɪɭɫɨɤ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ (ɲɢɪɨɬɧɵɣ ɤɨɦ-
ɩɟɧɫɚɬɨɪ); 

– ɟɫɥɢ ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ ɜɨɡɧɢɤɚɟɬ ɨɬ ɫɭɞɨɜɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 
ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ, ɬɨ ɢ ɤɨɦɩɟɧɫɚɬɨɪɵ ɷɬɨɣ ɞɟɜɢɚɰɢɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ 
ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 
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4. ɍɇɂɑɌɈɀȿɇɂȿ ȾȿȼɂȺɐɂɂ ɆȺȽɇɂɌɇɈȽɈ ɄɈɆɉȺɋȺ 

4.1. ɍɧɢɱɬɨɠɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ 
Ⱦɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ BȜH ɢ CȜH. ȼ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ ɪɚɡɜɢɬɢɹ ɦɚɝ-
ɧɢɬɧɨ-ɤɨɦɩɚɫɧɨɝɨ ɞɟɥɚ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɦɧɨɝɨ ɦɟɬɨɞɨɜ ɭɧɢɱɬɨɠɟɧɢɹ 
ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ, ɧɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɞɜɚ 
ɢɡ ɧɢɯ. Ɉɞɢɧ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɚɧɝɥɢɣɫɤɢɦ ɚɫɬɪɨɧɨɦɨɦ, ɢɧɨɫɬɪɚɧɧɵɦ ɱɥɟ-
ɧɨɦ-ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɦ ɉɟɬɟɪɛɭɪɝɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ Ⱦɠɨɪɞɠɟɦ ɗɪɢ 
(1801 – 1892), ɞɪɭɝɨɣ – ɪɭɫɫɤɢɦ ɭɱɟɧɵɦ, ɱɥɟɧɨɦ-ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɦ ɉɟ-
ɬɟɪɛɭɪɝɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɜɚɧɨɦ ɉɟɬɪɨɜɢɱɟɦ Ʉɨɥɨɧɝɨɦ (18γλ – 1901). 
Ɉɛɳɢɦ ɭ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɧɚ ɝɥɚɜɧɵɯ ɤɭɪɫɚɯ (N, E, S, W) 
ɧɟɨɛɯɨɞɢɦɨ ɫ ɩɨɦɨɳɶɸ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɭɦɟɧɶɲɢɬɶ ɞɨ ɦɢɧɢ-
ɦɭɦɚ ɞɟɣɫɬɜɢɟ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ BȜH ɢ CȜH. Ɋɚɡɥɢɱɢɟ ɷɬɢɯ ɫɩɨɫɨ-
ɛɨɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɩɨɫɨɛɚ ɗɪɢ ɧɟɨɛɯɨɞɢɦɨ ɥɨɠɢɬɶ-
ɫɹ ɧɚ ɦɚɝɧɢɬɧɵɟ ɤɭɪɫɵ, ɚ ɫɩɨɫɨɛ Ʉɨɥɨɧɝɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɤɨɦɩɚɫɧɵɯ 
ɤɭɪɫɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɬɪɟɛɭɟɬɫɹ ɫɩɟɰɢ-
ɚɥɶɧɵɣ ɩɪɢɛɨɪ (ɞɟɮɥɟɤɬɨɪ Ʉɨɥɨɧɝɚ) ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɜ ɰɟɧɬɪɟ ɤɚɪɬɭɲɤɢ ɤɨɦɩɚɫɚ. 

4.1.1. ɋɩɨɫɨɛ ɗɪɢ 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɨɫɨɛɚ ɗɪɢ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢ-

ɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɥɨɠɢɬɶɫɹ ɧɚ ɱɟɬɵɪɟ ɝɥɚɜɧɵɟ ɦɚɝɧɢɬɧɵɟ ɤɭɪɫɚ. Ʉɨɦɩɟɧ-
ɫɚɰɢɹ ɫɢɥ BȜH ɢ CȜH, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ, ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɦɟɳɟɧɢɟɦ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɦɚɝɧɢɬɨɜ-
ɭɧɢɱɬɨɠɢɬɟɥɟɣ. ɉɪɢ ɷɬɨɦ ɩɪɨɞɨɥɶɧɵɟ ɦɚɝɧɢɬɵ ɤɨɦɩɟɧɫɢɪɭɸɬ ɫɢɥɭ BȜH, 
ɚ ɩɨɩɟɪɟɱɧɵɟ – CȜH.  

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɩɨɫɨɛɚ ɗɪɢ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ ɫ ɩɨɦɨɳɶɸ 
ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɫɢɥ.Ʉɨɝɞɚ ɫɭɞɧɨ ɥɨɠɢɬɫɹ ɧɚ ɆɄ = 0°, ɬɨ ɧɚ ɦɚɝɧɢɬɧɭɸ 
ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 4.1. Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɪɢɫɭɧɤɚ, ɫɢɥɵ ȜH, BȜH ɢ DȜH ɞɟɣɫɬɜɭɸɬ ɜɞɨɥɶ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ ɢ 
ɞɟɜɢɚɰɢɢ ɧɟ ɫɨɡɞɚɸɬ. 

ɋɢɥɵ AȜH, CȜH ɢ ЕȜH, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɦɚɝɧɢɬ-
ɧɨɦɭ ɦɟɪɢɞɢɚɧɭ, ɫɨɡɞɚɸɬ ɞɟɜɢɚɰɢɸ δN, ɬ.ɟ. ɩɨ ɤɚɪɬɭɲɤɟ ɤɨɦɩɚɫɚ ɦɵ ɜɢɞɢɦ 
ɞɟɜɢɚɰɢɸ, ɤɨɬɨɪɚɹ ɫɨɡɞɚɟɬɫɹ ɬɪɟɦɹ ɫɢɥɚɦɢ, ɚ ɧɚɦ ɧɭɠɧɨ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
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ɬɨɥɶɤɨ ɬɭ ɟɟ ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɫɨɡɞɚɟɬɫɹ ɫɢɥɨɣ CȜH. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ 
ɡɚɞɚɱɢ ɩɨɩɟɪɟɱɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ ɞɨɜɨɞɹɬ ɞɨ ɧɭɥɹ ɧɚɛɥɸ-
ɞɚɟɦɭɸ ɞɟɜɢɚɰɢɸ δN. ɉɪɢ ɷɬɨɦ ɫɨɡɞɚɟɬɫɹ ɫɢɥɚ FN, ɤɨɦɩɟɧɫɢɪɭɸɳɚɹ ɜɫɟ 
ɬɪɢ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ (АȜH, CȜH ɢ ЕȜH), ɫɨɡɞɚɸɳɢɟ ɞɟɜɢɚɰɢɸ δN.  

ɋɢɥɭ FN ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɞɜɭɯ ɱɚɫɬɟɣ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɩɨ 
ɜɟɥɢɱɢɧɟ ɪɚɜɧɚ ɫɢɥɟ, ɩɨɞɥɟɠɚɳɟɣ ɤɨɦɩɟɧɫɚɰɢɢ (CȜH), ɚ ɞɪɭɝɚɹ – ɫɭɦɦɟ 
ɫɢɥ (АȜH + ЕȜH), ɤɨɬɨɪɵɟ ɧɟ ɞɨɥɠɧɵ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶɫɹμ 

F = f1 + f2;                                              (4.1) 

f1 = CȜH;                                               (4.2) 

f2 = АȜH + ЕȜH.                                         (4.3) 

 

Ɋɢɫ. 4.1 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɨɫɫɬɚɧɨɜɢɬɶ ɫɢɥɵ АȜH ɢ ЕȜH, ɫɭɞɧɨ ɥɨɠɢɬɫɹ ɧɚ 
ɆɄ = 180°. Ɇɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ ɞɥɹ ɷɬɨɝɨ ɤɭɪɫɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 4.2. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɫɭɞɨɜɚɹ ɦɚɝɧɢɬɧɚɹ ɫɢɥɚ CȜH ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɚ ɫɢ-
ɥɨɣ f1, ɚ ɫɢɥɵ АȜH ɢ ЕȜH ɞɟɣɫɬɜɭɸɬ ɜ ɬɭ ɠɟ ɫɬɨɪɨɧɭ, ɱɬɨ ɢ ɤɨɦɩɟɧɫɢɪɭɸ-
ɳɚɹ ɫɢɥɚ f2. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɚɹ ɧɚ ɆɄ = 180° ɞɟɜɢɚɰɢɹ δS ɫɨ-
ɡɞɚɟɬɫɹ ɫɭɦɦɨɣ ɫɢɥ: f2 + АȜH + ЕȜH. Ɍɚɤ ɤɚɤ ɩɨ ɜɟɥɢɱɢɧɟ f2 = АȜH +  
+ ЕȜH, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɨɫɫɬɚɧɨɜɢɬɶ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɵɟ ɧɚ ɆɄ = 0° ɫɢɥɵ 
AȜH ɢ EȜH, ɧɟɨɛɯɨɞɢɦɨ ɩɨɩɟɪɟɱɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ ɭɦɟɧɶ-
ɲɢɬɶ ɞɟɜɢɚɰɢɸ δS  ɜ ɞɜɚ ɪɚɡɚ. ɗɬɨ ɛɭɞɟɬ ɨɡɧɚɱɚɬɶ, ɱɬɨ ɡɚ ɫɱɟɬ ɞɟɣɫɬɜɢɹ ɫɢ-
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ɥɵ f1 ɫɭɞɨɜɚɹ ɦɚɝɧɢɬɧɚɹ ɫɢɥɚ CȜH ɭɧɢɱɬɨɠɟɧɚ, ɢ ɬɚɤɨɟ ɩɨɥɨɠɟɧɢɟ ɛɭɞɟɬ 
ɫɨɯɪɚɧɹɬɶɫɹ ɧɚ ɥɸɛɨɦ ɤɭɪɫɟ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɤɨɦɩɟɧ-
ɫɚɰɢɹ ɫɭɞɨɜɨɣ ɫɢɥɵ ȼȜH ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ λ0° ɢ β70°. 

 

Ɋɢɫ. 4.β 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɚɤɬɢɱɟɫɤɨɟ ɜɵɩɨɥɧɟɧɢɟ ɫɩɨɫɨɛɚ ɗɪɢ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɫɥɟɞɭɸɳɟɦ. 

1. Ʌɟɱɶ ɧɚ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɆɄ = 0° ɢ ɩɪɢ ɩɨɦɨɳɢ ɩɨɩɟɪɟɱɧɵɯ ɦɚɝɧɢ-
ɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɞɨɜɟɫɬɢ ɧɚɛɥɸɞɚɟɦɭɸ ɧɚ ɷɬɨɦ ɤɭɪɫɟ ɞɟɜɢɚɰɢɸ δN ɞɨ 
ɧɭɥɹ. 

β. Ʌɟɱɶ ɧɚ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɆɄ = 180° ɢ ɩɪɢ ɩɨɦɨɳɢ ɬɟɯ ɠɟ ɩɨɩɟɪɟɱ-
ɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɞɨɜɟɫɬɢ ɩɨɹɜɢɜɲɭɸɫɹ ɧɚ ɷɬɨɦ ɤɭɪɫɟ ɞɟɜɢɚ-
ɰɢɸ δS  ɞɨ ɩɨɥɨɜɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɋɢɥɚ CȜH ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɚ. 

γ. Ʌɟɱɶ ɧɚ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɆɄ = λ0° ɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɞɨɥɶɧɵɯ ɦɚɝ-
ɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɞɨɜɟɫɬɢ ɧɚɛɥɸɞɚɟɦɭɸ ɧɚ ɷɬɨɦ ɤɭɪɫɟ ɞɟɜɢɚɰɢɸ δȿ ɞɨ 
ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ. 

4. Ʌɟɱɶ ɧɚ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɆɄ = β70° ɢ ɩɪɢ ɩɨɦɨɳɢ ɬɟɯ ɠɟ ɩɪɨɞɨɥɶ-
ɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɞɨɜɟɫɬɢ ɩɨɹɜɢɜɲɭɸɫɹ ɧɚ ɷɬɨɦ ɤɭɪɫɟ ɞɟɜɢɚ-
ɰɢɸ δW  ɞɨ ɩɨɥɨɜɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɋɢɥɚ ȼȜH ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɚ. 

ɉɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ ɭɧɢɱɬɨɠɟɧɚ. 
ɋɩɨɫɨɛ ɗɪɢ ɩɪɨɫɬ ɜ ɜɵɩɨɥɧɟɧɢɢ ɢ ɧɟ ɬɪɟɛɭɟɬ ɧɢɤɚɤɢɯ ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɵɯ ɩɪɢɛɨɪɨɜ. ȿɞɢɧɫɬɜɟɧɧɨɣ ɫɥɨɠɧɨɫɬɶɸ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨ-
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ɞɢɦɨɫɬɶ ɥɨɠɢɬɶɫɹ ɧɚ ɦɚɝɧɢɬɧɵɟ ɤɭɪɫɵ, ɬɚɤ ɤɚɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɤɨɦɩɚ-
ɫɭ ɷɬɨɝɨ ɫɞɟɥɚɬɶ ɧɟɜɨɡɦɨɠɧɨ. 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɪɢɜɟɞɟɧɢɹ ɫɭɞɧɚ ɧɚ ɡɚɞɚɧɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɹɜ-
ɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɧɚ ɫɬɜɨɪ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 4.γ, ɩɪɢ 
ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɜɨɪɧɨɣ ɥɢɧɢɢ ɤɭɪɫɨɜɨɣ ɭɝɨɥ (Ʉɍ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

Ʉɍ = Ɇɉ – ɆɄ.                                            (4.4) 

Ɂɧɚɹ ɡɚɞɚɧɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɢ ɦɚɝɧɢɬɧɵɣ ɩɟɥɟɧɝ ɫɬɜɨɪɚ, ɪɚɫɫɱɢɬɵ-
ɜɚɟɦ ɤɭɪɫɨɜɨɣ ɭɝɨɥ. ɉɟɥɟɧɝɚɬɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɧɭɠɧɵɣ ɨɬɫɱɟɬ ɤɭɪɫɨ-
ɜɨɝɨ ɭɝɥɚ ɩɨ ɚɡɢɦɭɬɚɥɶɧɨɦɭ ɤɨɥɶɰɭ. ɋɭɞɧɭ ɡɚɞɚɟɬɫɹ ɬɚɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
ɞɜɢɠɟɧɢɹ, ɱɬɨɛɵ ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɜɨɪɚ ɜɢɡɢɪɧɚɹ ɩɥɨɫɤɨɫɬɶ ɩɟɥɟɧɝɚɬɨɪɚ 
ɫɨɜɩɚɞɚɥɚ ɫɨ ɫɬɜɨɪɧɨɣ ɥɢɧɢɟɣ. 

 

 
Ɋɢɫ. 4.3 

Ⱦɪɭɝɢɦ ɫɩɨɫɨɛɨɦ ɜɵɜɨɞɚ ɫɭɞɧɚ ɧɚ ɧɭɠɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɹɜɥɹɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɪɨɤɨɦɩɚɫɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɭɪɫ ɩɨ ɝɢɪɨɤɨɦɩɚɫɭ ɪɚɫɫɱɢɬɵ-
ɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

ȽɄ = ɆɄ + d – ΔȽɄ,                                            (4.5) 
ɝɞɟ ȽɄ – ɤɭɪɫ ɩɨ ɝɢɪɨɤɨɦɩɚɫɭ; 

d – ɦɚɝɧɢɬɧɨɟ ɫɤɥɨɧɟɧɢɟ; 
ΔȽɄ – ɩɨɩɪɚɜɤɚ ɝɢɪɨɤɨɦɩɚɫɚ. 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɩɨɫɨɛɚ ɗɪɢ  ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɪɨɤɨɦɩɚɫɚ ɧɟɨɛɯɨ-

ɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɪɢ ɦɚɧɟɜɪɢɪɨɜɚɧɢɢ ɫɭɞɧɚ ɭ ɝɢɪɨɤɨɦɩɚɫɚ ɜɨɡɧɢɤɚ-
ɟɬ ɢɧɟɪɰɢɨɧɧɚɹ ɞɟɜɢɚɰɢɹ, ɤɨɬɨɪɚɹ ɨɫɨɛɟɧɧɨ ɡɧɚɱɢɬɟɥɶɧɚ ɜ ɜɵɫɨɤɢɯ ɲɢɪɨ-
ɬɚɯ ɢ ɩɪɢ ɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ ɫɭɞɧɚ. 
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4.1.2. ɋɩɨɫɨɛ Ʉɨɥɨɧɝɚ 
ɋɩɨɫɨɛ Ʉɨɥɨɧɝɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɬɚɤɠɟ ɤɨɦɩɟɧɫɚɰɢɸ ɫɭɞɨɜɵɯ ɦɚɝ-

ɧɢɬɧɵɯ ɫɢɥ BȜH ɢ CȜH ɢ ɢɡɦɟɪɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ ɇ' ɧɚ 
ɱɟɬɵɪɟɯ ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɚɯ, ɩɨɫɥɟ ɱɟɝɨ ɷɬɢ ɫɢɥɵ ɩɪɨɞɨɥɶɧɵɦɢ 
ɢ ɩɨɩɟɪɟɱɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ ɞɨɜɨɞɹɬɫɹ ɞɨ ɜɟɥɢɱɢɧ, ɤɨɬɨ-
ɪɵɟ ɨɧɢ ɢɦɟɥɢ ɛɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɢɥ BȜH ɢ CȜH. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɨɫɨ-
ɛɨɦ ɗɪɢ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɦɟɧɟɟ ɬɨɱɟɧ, ɬɚɤ ɤɚɤ ɩɪɢ ɟɝɨ ɜɵɩɨɥɧɟɧɢɢ ɩɪɟɞɩɨ-
ɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ AȜH ɢ EȜH ɪɚɜɧɵ ɧɭɥɸ. ȼ ɞɟɣɫɬɜɢ-
ɬɟɥɶɧɨɫɬɢ ɷɬɢ ɫɢɥɵ ɦɚɥɵ (ɞɥɹ ɝɥɚɜɧɨɝɨ ɤɨɦɩɚɫɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ 
ɜɟɪɯɧɟɦ ɦɨɫɬɢɤɟ), ɧɨ ɧɟ ɧɭɥɟɜɵɟ. 

 

Ɋɢɫ. 4.4 

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɦɨɠɧɨ ɜɵɩɨɥ-
ɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɫɢɥ. ɇɚ ɪɢɫ. 4.4 ɩɨɤɚɡɚɧ ɦɧɨɝɨɭɝɨɥɶɧɢɤ 
ɫɢɥ ɞɥɹ ɄɄ = 0°,ɨɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɞɨɥɶɧɵɯ ɦɚɝɧɢɬɨɜ-
ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɫɢɥɭ H'N ɞɨɜɟɫɬɢ ɞɨ ɡɧɚɱɟɧɢɹ H0

N, ɬɨ ɫɭ-
ɞɨɜɚɹ ɦɚɝɧɢɬɧɚɹ ɫɢɥɚ BȜH ɛɭɞɟɬ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɚ ɫɢɥɨɣ f. Ɉɞɧɚɤɨ ɷɬɨ ɜɵ-
ɩɨɥɧɢɬɶ ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ ɧɟɢɡɜɟɫɬɧɚ ɜɟɥɢɱɢɧɚ ɫɢɥɵ BȜH. ɉɨɷɬɨɦɭ ɧɚ 
ɄɄ = 0° ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɶɤɨ ɢɡɦɟɪɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɵ H'N ɩɪɢ ɩɨ-
ɦɨɳɢ ɞɟɬɟɤɬɨɪɚ Ʉɨɥɨɧɝɚ. Ɂɚɬɟɦ ɫɭɞɧɨ ɥɨɠɢɬɫɹ ɧɚ ɄɄ = 180°, ɢ ɩɪɨɢɡɜɨ-
ɞɢɬɫɹ ɢɡɦɟɪɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɵ H'S. Ɇɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ ɞɥɹ ɷɬɨɝɨ 
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ɤɭɪɫɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ 4.5, ɨɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɦɧɨɝɨɭɝɨɥɶɧɢɤ 
ɫɢɥ ɡɟɪɤɚɥɶɧɨ ɫɢɦɦɟɬɪɢɱɟɧ ɦɧɨɝɨɭɝɨɥɶɧɢɤɭ ɫɢɥ ɧɚ ɪɢɫ. 4.4. ɗɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɞɟɜɢɚɰɢɹ ɧɚ ɄɄ = 180° ɢɦɟɟɬ ɬɚɤɨɟ ɠɟ ɡɧɚɱɟɧɢɟ, ɤɚɤ ɢ ɧɚ ɄɄ = 0°, ɧɨ ɫ 
ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ. Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɫɭɞɨɜɨɣ ɦɚɝɧɢɬɧɨɣ ɫɢɥɵ BȜH ɬɪɟɛɭɟɬ-
ɫɹ ɚɧɚɥɨɝɢɱɧɚɹ ɫɢɥɚ f. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɢɫ. 4.4 ɢ 4.5 ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 
0

N NH H B H    ;                                       (4.6) 

0
S SH H B H    .                                        (4.7) 

 

Ɋɢɫ. 4.5 

ɋɥɨɠɢɜ ɪɚɜɟɧɫɬɜɚ (4.6) ɢ (4.7), ɩɨɥɭɱɢɦ 
0 0

N S N SH H H H                                        (4.8) 

ɢɥɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ 0 0 0
N S 1H H H  , ɝɞɟ ɇ0

1 – ɡɧɚɱɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɜɟɤɬɨɪɚ ɛɟɡ ɫɭɞɨɜɨɣ ɫɢɥɵ BȜH, ɤɨɬɨɪɵɣ ɨɞɢɧɚɤɨɜ ɞɥɹ ɄɄ = 0° ɢ ɄɄ = 180°,   
ɢɡ ɪɚɜɟɧɫɬɜɚ (4.8) ɢɦɟɟɦ 

0 N S
1 2

H H
H

 
 .                                         (4.9) 

ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɫɭɞɨɜɨɣ ɦɚɝɧɢɬɧɨɣ ɫɢɥɵ BȜH 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 

– ɥɟɱɶ ɧɚ ɄɄ = 0° ɢ ɢɡɦɟɪɢɬɶ ɞɟɮɥɟɤɬɨɪɨɦ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɫɢɥɭ H'N; 
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– ɥɟɱɶ ɧɚ ɄɄ = 180° ɢ ɢɡɦɟɪɢɬɶ ɞɟɮɥɟɤɬɨɪɨɦ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɫɢɥɭ 
H'S; 

– ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ (4.λ) ɜɟɥɢɱɢɧɭ H0
1; 

– ɫ ɩɨɦɨɳɶɸ ɩɪɨɞɨɥɶɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɞɨɜɟɫɬɢ ɡɧɚɱɟɧɢɟ 
ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɵ H'S ɞɨ ɜɟɥɢɱɢɧɵ, ɪɚɜɧɨɣ H0

1. 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɞɨɤɚɡɚɬɶ, ɱɬɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ  

0 E W
2 2

H H
H

 
 .                                        (4.10) 

Ɂɧɚɱɢɬ, ɱɬɨɛɵ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɭɞɨɜɭɸ ɦɚɝɧɢɬɧɭɸ ɫɢɥɭ ɋȜH, ɧɟɨɛ-
ɯɨɞɢɦɨμ 

– ɥɟɱɶ ɧɚ ɄɄ= λ0° ɢ ɢɡɦɟɪɢɬɶ ɞɟɮɥɟɤɬɨɪɨɦ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɫɢɥɭ H'E; 
– ɥɟɱɶ ɧɚ ɄɄ = β70° ɢ ɢɡɦɟɪɢɬɶ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɫɢɥɭ H'W; 
– ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ (4.10) ɜɟɥɢɱɢɧɭ H0

2; 
– ɫ ɩɨɦɨɳɶɸ ɩɨɩɟɪɟɱɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɞɨɜɟɫɬɢ ɡɧɚɱɟɧɢɟ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɵ H'W ɞɨ ɜɟɥɢɱɢɧɵ, ɪɚɜɧɨɣ H0
2. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɢɯ ɞɟɣɫɬɜɢɣ ɨɛɟ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ (BȜH ɢ ɋȜH), 
ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ, ɛɭɞɭɬ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɵ. 

4.1.3. ɉɪɢɧɰɢɩ ɢɡɦɟɪɟɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɢɥ ɞɟɮɥɟɤɬɨɪɨɦ 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɧɢɱɬɨɠɢɬɶ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ ɫɩɨɫɨɛɨɦ Ʉɨ-

ɥɨɧɝɚ, ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɢɬɶ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɢɛɨɪɚ (ɞɟɮɥɟɤɬɨ-
ɪɚ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ. ɇɚ ɪɢɫ. 4.6 ɫɯɟɦɚɬɢɱɧɨ ɩɨɤɚɡɚɧ ɞɟ-
ɮɥɟɤɬɨɪ Ʉɨɥɨɧɝɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɚɝɧɢɬɚ 1, ɜɫɩɨɦɨ-
ɝɚɬɟɥɶɧɨɝɨ ɦɚɝɧɢɬɚ 3, ɲɤɚɥɵ 6 ɢ ɢɧɞɟɤɫɚ 7. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɤɚɪɬɭɲɤɚ ɤɨɦɩɚɫɚ 4 ɫɜɨɟɣ ɨɫɶɸ N – S ɭɫɬɚɧɚɜɥɢɜɚɟɬ-
ɫɹ ɜɞɨɥɶ ɜɟɤɬɨɪɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ 
(ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɟɜɢɚɰɢɢ) ɢɥɢ ɜɞɨɥɶ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ (ɩɪɢ 
ɧɚɥɢɱɢɢ ɞɟɜɢɚɰɢɢ ɤɨɦɩɚɫɚ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɞ ɩɪɢɡɦɨɣ ɩɟɥɟɧɝɚɬɨɪɚ 5 ɛɭ-
ɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɨɬɫɱɟɬ 180°.  

Ⱦɟɮɥɟɤɬɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɤɨɦɩɚɫ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɡɦɟɪɢ-
ɬɟɥɶɧɵɣ ɦɚɝɧɢɬ 1 ɪɚɫɩɨɥɚɝɚɥɫɹ ɜɞɨɥɶ ɫɢɥɵ, ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟ-
ɪɢɬɶ (H ɢɥɢ H'). ɉɪɢ ɷɬɨɦ ɫɟɜɟɪɧɵɣ ɤɨɧɟɰ 2 ɦɚɝɧɢɬɚ 1 ɞɨɥɠɟɧ ɛɵɬɶ 
ɧɚɩɪɚɜɥɟɧ ɜ ɫɬɨɪɨɧɭ N ɤɨɦɩɚɫɚ. ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɦɚɝɧɢɬ ɜ ɰɟɧɬɪɟ ɤɚɪ-
ɬɭɲɤɢ (ɬɨɱɤɚ Ɉ) ɫɨɡɞɚɟɬ ɤɨɦɩɟɧɫɢɪɭɸɳɭɸ ɫɢɥɭ H1, ɤɨɬɨɪɚɹ ɧɚɩɪɚɜɥɟɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɢɡɦɟɪɹɟɦɨɣ ɫɢɥɟ. ɉɟɪɟɦɟɳɚɹ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɦɚɝɧɢɬ 
ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɜɟɥɢɱɢɧɭ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ 
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ɫɢɥɵ H1. ȿɫɥɢ ɩɨɞɨɛɪɚɬɶ ɩɨɥɨɠɟɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɚɝɧɢɬɚ ɬɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɱɬɨ H = H1, ɬɨ ɤɚɪɬɭɲɤɚ ɫɜɨɟɣ ɨɫɶɸ N – S ɭɫɬɚɧɨɜɢɬɫɹ ɜɞɨɥɶ ɜɟɤɬɨɪɚ 
H2, ɤɨɬɨɪɵɣ ɫɨɡɞɚɟɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɦɚɝɧɢɬɨɦ 3. Ɍɚɤ ɤɚɤ ɜɫɩɨɦɨɝɚ-
ɬɟɥɶɧɵɣ ɦɚɝɧɢɬ 3 ɪɚɫɩɨɥɨɠɟɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɢɡɦɟɪɢɬɟɥɶɧɨɦɭ ɦɚɝɧɢɬɭ 
1, ɬɨ ɤɚɪɬɭɲɤɚ ɪɚɡɜɟɪɧɟɬɫɹ ɧɚ λ0°, ɬ.ɟ. ɩɨɞ ɩɪɢɡɦɨɣ ɩɟɥɟɧɝɚɬɨɪɚ ɛɭɞɟɬ 
ɜɢɞɟɧ W. ɋɨ ɲɤɚɥɵ 6 ɫɧɢɦɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɢɡɦɟɪɹɟɦɨɣ ɫɢɥɵ H ɢɥɢ H' 

ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ. 

Ɋɢɫ. 4.6  

ɂɡ ɜɵɪɚɠɟɧɢɹ (1.18) ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɫɢɥɵ ɛɭ-
ɞɟɬ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɭɛɭ ɪɚɫɫɬɨɹɧɢɹ r ɨɬ ɤɚɪɬɭɲɤɢ ɞɨ ɢɡɦɟɪɢ-
ɬɟɥɶɧɨɝɨ ɦɚɝɧɢɬɚ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɲɤɚɥɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɞɟɮɥɟɤɬɨɪɚ 
ɛɭɞɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɣ.  

Ⱦɪɭɝɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ ɞɟɮɥɟɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɩɪɢɛɨɪ ɫ ɪɚɜɧɨɦɟɪɧɨɣ 
ɲɤɚɥɨɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɨɬɪɭɞɧɢɤɚɦɢ ɅȼɂɆɍ ɢɦ. ɚɞɦ. ɋ.Ɉ. Ɇɚɤɚɪɨɜɚ. 
ɍ ɷɬɨɝɨ ɞɟɮɥɟɤɬɨɪɚ ɫɢɫɬɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
ɦɚɝɧɢɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɜɨɪɚɱɢɜɚɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɢɡɦɟɧɹɟɬɫɹ ɭɝɨɥ 
ɦɟɠɞɭ ɧɢɦɢ. 

Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
11. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɲɢɪɨɬɧɨɣ ɞɟɜɢɚɰɢɢ  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ: 

– ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɫɬɟɪɠɟɧɶ ɢɡ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 
54); 

– ɜɟɪɬɢɤɚɥɶɧɵɣ ɫɬɟɪɠɟɧɶ ɢɡ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ β0); 
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– ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɫɬɟɪɠɟɧɶ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 84); 
– ɜɟɪɬɢɤɚɥɶɧɵɣ ɫɬɟɪɠɟɧɶ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 70).  

1β. ɋɩɨɫɨɛ ɗɪɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ: 
– ɩɨɫɬɨɹɧɧɨɣ ɞɟɜɢɚɰɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 6β); 
– ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ γ);  
– ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 56). 

1γ. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɫɭɞɨ-
ɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ: 

– AȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ γ8); 
– ȼȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 81);  
– CȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ β1);  
– DȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 15); 
– EȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 76). 

14. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɞɟɜɢɚɰɢɢ ɫɩɨɫɨɛɨɦ Ʉɨɥɨɧɝɚ ɫɭɞɧɨ ɞɨɥɠɧɨ ɥɨ-
ɠɢɬɶɫɹ: 

– ɧɚ ɝɥɚɜɧɵɟ ɦɚɝɧɢɬɧɵɟ ɤɭɪɫɵ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 68); 
– ɧɚ ɱɟɬɜɟɪɬɧɵɟ ɦɚɝɧɢɬɧɵɟ ɤɭɪɫɵ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 57); 
– ɧɚ ɝɥɚɜɧɵɟ ɤɨɦɩɚɫɧɵɟ ɤɭɪɫɵ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 40);  
– ɧɚ ɱɟɬɜɟɪɬɧɵɟ ɤɨɦɩɚɫɧɵɟ ɤɭɪɫɵ (ɫɦ. ɩɨɹɫɧɟɧɢɟ β8). 

15. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɞɟɜɢɚɰɢɢ ɫɢɥɚ BȜH ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ: 
– ɩɪɨɞɨɥɶɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 46); 
– ɩɨɩɟɪɟɱɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 5γ); 
– ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ βγ). 

ɅȿɄЦИə 4 

4.2. ɍɧɢɱɬɨɠɟɧɢɟ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ 
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭ ɤɨɦɩɚɫɚ ɧɟ ɛɵɥɨ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ 

ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɭɞɨɜɵɟ ɫɢɥɵ DȜH ɢ EȜH. Ɍɚɤ ɤɚɤ ɷɬɢ ɫɢɥɵ ɫɨɡɞɚɸɬɫɹ 
ɦɹɝɤɢɦ ɠɟɥɟɡɨɦ, ɬɨ ɢ ɤɨɦɩɟɧɫɚɬɨɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. ɉɪɢ-
ɱɟɦ ɷɬɢ ɤɨɦɩɟɧɫɚɬɨɪɵ ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɮɨɪɦɭμ ɲɚɪɵ, ɫɬɟɪɠɧɢ, 
ɩɥɚɫɬɢɧɵ ɢ ɬ.ɩ. Ɋɚɫɩɨɥɚɝɚɸɬɫɹ ɨɧɢ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɧɚɤɬɨɭɡɚ ɧɚ ɭɪɨɜɧɟ 
ɤɚɪɬɭɲɤɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. 

ɍɫɥɨɜɢɟɦ ɨɬɫɭɬɫɬɜɢɹ ɭ ɤɨɦɩɚɫɚ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɹɜɥɹɸɬɫɹ ɫɥɟ-
ɞɭɸɳɢɟ ɪɚɜɟɧɫɬɜɚμ 

D = Dɫ + Dɤ = 0;                                          (4.11) 
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E = Eɫ + Eɤ = 0,                                          (4.12) 
ɝɞɟ  D; E – ɨɫɬɚɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ; 

Dɫ; Eɫ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɫɨɡɞɚɜɚɟɦɵɟ ɫɭɞɨɜɵɦ 
ɠɟɥɟɡɨɦ; 

Dɤ; Eɤ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɫɨɡɞɚɜɚɟɦɵɟ ɤɨɦɩɟɧɫɚ-
ɬɨɪɚɦɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɜɟɧɫɬɜɚɦɢ (β.5) ɢɦɟɟɦ 

ɫ

ɫɫ
ɫ 2




ea
D .                                          (4.13) 

ɋɭɞɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ ɚɫ ɢ ɟɫ ɜɫɟɝɞɚ ɢɦɟɸɬ ɨɬɪɢɰɚ-
ɬɟɥɶɧɵɣ ɡɧɚɤ, ɩɪɢɱɟɦ ɟɫ > ɚɫ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɡɚɜɢɫɢɦɨɫɬɶ 

ɫ

ɫɫ
ɫ 2

)()(





ea

D , ɬ.ɟ. Dɫ > 0. 

Ɂɧɚɱɢɬ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɭɞɨɜɭɸ ɫɢɥɭ DȜH, ɧɟɨɛɯɨ-
ɞɢɦɨ, ɱɬɨɛɵ ɤɨɦɩɟɧɫɚɬɨɪɵ ɫɨɡɞɚɜɚɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɦɩɟɧɫɢɪɭɸɳɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ Dɤ. 

                       
 
                                               Ɋɢɫ. 4.7 
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ɇɚ ɪɢɫ 4.7 ɩɪɢɜɟɞɟɧ ɤɨɦɩɟɧɫɚɬɨɪ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɜ ɜɢɞɟ ɩɪɨ-
ɞɨɥɶɧɨɝɨ ɫɬɟɪɠɧɹ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 
Ɂɟɦɥɢ. ɉɪɨɞɨɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ +Х ɤɨɦɩɟɧɫɚɬɨɪ ɧɚɦɚɝɧɢɱɢɜɚɟɬɫɹ ɬɚɤ, 
ɱɬɨ ɫɟɜɟɪɧɵɣ ɩɨɥɸɫ N ɪɚɫɩɨɥɨɠɟɧ ɜ ɫɬɨɪɨɧɭ ɧɨɫɚ ɫɭɞɧɚ. ȼ ɰɟɧɬɪɟ ɤɚɪɬɭɲ-
ɤɢ (ɬɨɱɤɚ Ɉ) ɬɚɤɨɣ ɤɨɦɩɟɧɫɚɬɨɪ ɫɨɡɞɚɟɬ ɫɢɥɭ -ɚɤХ, ɬ.ɟ. ɮɨɪɦɢɪɭɟɬ ɨɬɪɢɰɚ-
ɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ -ɚɤ. 

ɉɨɩɟɪɟɱɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ +Y ɧɚɦɚɝɧɢɱɢɜɚɟɬ 
ɤɨɦɩɟɧɫɚɬɨɪ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɫɟɜɟɪɧɵɣ ɩɨɥɸɫ N ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɫɩɪɚɜɚ, 
ɢ ɨɧ ɤɚɤ ɢɫɬɨɱɧɢɤ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɥɹ ɛɭɞɟɬ ɫɨɡɞɚɜɚɬɶ ɫɢɥɭ +ɟɤY, ɬ.ɟ. ɮɨɪ-
ɦɢɪɨɜɚɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ +ɟɤ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɤɨɦɩɟɧ-
ɫɚɰɢɨɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɦɟɟɦ 

ɤ ɤ
ɤ

ɤ

(- ) ( )

2

a e
D

 



, ɬ.ɟ. Dɤ < 0. 

ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɷɥɟɦɟɧɬ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜɛɥɢɡɢ 
ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ, ɫɩɨɫɨɛɟɧ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɱɟɬɜɟɪɬɧɭɸ ɞɟɜɢ-
ɚɰɢɸ, ɟɫɥɢ ɨɧ ɫɨɡɞɚɟɬ ɤɨɦɩɟɧɫɢɪɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɨ ɦɨɞɭɥɸ ɪɚɜɧɵɣ 
ɫɭɞɨɜɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ. ɗɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɞɨɛɢɜɚɸɬɫɹ ɩɨɞɛɨɪɨɦ ɞɥɢɧɵ 
ɤɨɦɩɟɧɫɚɬɨɪɚ. 

Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɫɭɞɨɜɨɣ ɦɚɝɧɢɬɧɨɣ ɫɢɥɵ EȜH ɧɟ ɧɭɠɟɧ ɨɬɞɟɥɶɧɵɣ 
ɤɨɦɩɟɧɫɚɬɨɪ. ɑɬɨɛɵ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɷɬɭ ɫɢɥɭ, ɞɨɫɬɚɬɨɱɧɨ ɤɨɦɩɟɧɫɚɬɨɪ 
ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɪɚɡɜɟɪɧɭɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ Ⱦɉ ɫɭɞɧɚ ɧɚ ɭɝɨɥ 

ɫ

ɫarctg 5,0
D

E
 .                                        (4.14) 

ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɨɜɨɪɨɬ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ 
ɫɨɡɞɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɜɢɚɰɢɢ Еɤ, ɚ ɩɨɜɨɪɨɬ ɩɪɨɬɢɜ ɱɚɫɨ-
ɜɨɣ ɫɬɪɟɥɤɢ – ɩɨɥɨɠɢɬɟɥɶɧɵɣ.  

Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɤɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɭɫɬɚɧɚɜɥɢ-
ɜɚɸɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ. ɗɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɹɝɤɨɟ ɠɟɥɟɡɨ ɤɨɦɩɟɧɫɚɬɨɪɨɜ ɛɭɞɟɬ ɧɚɦɚɝɧɢɱɢɜɚɬɶɫɹ ɧɟ 
ɬɨɥɶɤɨ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ, ɧɨ ɢ ɩɨɥɟɦ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ. 
ɗɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɛɭɞɟɬ ɜɵɡɵɜɚɬɶ ɨɬɤɥɨɧɟɧɢɟ ɤɚɪɬɭɲ-
ɤɢ ɤɨɦɩɚɫɚ ɧɚ ɜɟɥɢɱɢɧɭ, ɧɚɡɵɜɚɟɦɭɸ ɞɟɜɢɚɰɢɟɣ ɨɬ ɢɧɞɭɤɰɢɢ. ȼɟɥɢɱɢɧɚ 
ɷɬɨɣ ɞɟɜɢɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ [2]: 

H

NM




2ɢɧ (æɯ – 4æɭ) sin βɄɄ,                           (4.15) 
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ɝɞɟ  Ɇ – ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɤɨɦɩɚɫɚ; 
N – ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɢɦɟɸɳɢɣ ɡɧɚɱɟɧɢɟ 

62
0

)4( r

V
N




 ; 

V – ɨɛɴɟɦ ɤɨɦɩɟɧɫɚɬɨɪɚ; 
ȝ0 – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɚɤɭɭɦɚ; 
r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɨɦɩɟɧɫɚɬɨɪɚ ɞɨ ɰɟɧɬɪɚ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦ-

ɩɚɫɚ; 
æɯ ɢ æɭ – ɦɚɝɧɢɬɧɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɤɨɦɩɟɧɫɚɬɨɪɚ ɩɨ ɨɫɹɦ ɯ ɢ ɭ ɫɨ-

ɨɬɜɟɬɫɬɜɟɧɧɨ; 
Ⱥɧɚɥɢɡ ɜɵɪɚɠɟɧɢɹ (4.15) ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵμ 
– ɞɟɜɢɚɰɢɹ ɨɬ ɢɧɞɭɤɰɢɢ ɢɦɟɟɬ ɱɟɬɜɟɪɬɧɨɣ ɯɚɪɚɤɬɟɪ; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɜɢɚɰɢɢ ɨɬ ɢɧɞɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

H

NM
D




2ɢɧ (æɯ – 4æɭ),                                       (4.16) 

ɬ.ɟ. ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ, ɤɚɱɟɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɢ ɮɨɪɦɵ ɤɨɦɩɟɧɫɚɬɨɪɚ, ɚ ɬɚɤɠɟ 
ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɲɟɫɬɨɣ ɫɬɟɩɟɧɢ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟ-
ɦɵ ɤɨɦɩɚɫɚ; 

– ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɜɢɚɰɢɢ ɨɬ ɢɧɞɭɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɦɚɝɧɢɬ-
ɧɨɣ ɲɢɪɨɬɵ, ɬɚɤ ɤɚɤ ɫ ɢɡɦɟɧɟɧɢɟɦ ɪɚɣɨɧɚ ɩɥɚɜɚɧɢɹ ɦɟɧɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɇ. 

ȼ ɫɪɟɞɧɢɯ ɲɢɪɨɬɚɯ ɞɟɜɢɚɰɢɹ ɨɬ ɢɧɞɭɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 1 … β°, ɚ ɜ ɜɵ-
ɫɨɤɢɯ ɦɨɠɟɬ ɞɨɯɨɞɢɬɶ ɞɨ 10°.  

4.3. Ȼɟɡɵɧɞɭɤɰɢɨɧɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ 
ɂɡ ɜɵɪɚɠɟɧɢɹ (4.16) ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɜɟɧɫɬɜɚ æɯ = 4æɭ, 

ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɜɢɚɰɢɢ ɨɬ ɢɧɞɭɤɰɢɢ Dɢɧ ɛɭɞɟɬ ɪɚɜɟɧ ɧɭɥɸ. ɗɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɟɜɢɚɰɢɹ ɨɬ ɢɧɞɭɤɰɢɢ ɜɨɡɧɢɤɚɬɶ ɧɟ ɛɭɞɟɬ. Ʉɨɷɮɮɢɰɢ-
ɟɧɬɵ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɤɨɦɩɟɧɫɚɬɨɪɨɜ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ 
ɡɚɜɢɫɹɬ ɨɬ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟ-
ɧɵ ɷɬɢ ɤɨɦɩɟɧɫɚɬɨɪɵ, ɚ ɬɚɤɠɟ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ Ɍɯ ɢ Ɍɭ, 
ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɹɬ ɨɬ ɮɨɪɦɵ ɤɨɦɩɟɧɫɚɬɨɪɨɜ.  

Ⱦɥɹ ɤɨɦɩɟɧɫɚɬɨɪɚ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ, ɢɦɟɸɳɟɣ ɞɥɢɧɭ 
l ɢ ɲɢɪɢɧɭ b (ɪɢɫ. 4.8), ɤɨɷɮɮɢɰɢɟɧɬɵ Ɍɯ ɢ Ɍɭ ɹɜɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɦɢ 
ɮɭɧɤɰɢɹɦɢ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɢɧɵ ɢ ɲɢɪɢɧɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɵ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɤɨɦɩɟɧɫɚɬɨɪɨɜ æɯ ɢ æɭ  ɬɚɤɠɟ ɛɭɞɭɬ 

Гɍ
МɊ
Ɏ иɦ

ɟɧ
и а
ɞɦ
ир
аɥ
а ɋ

.О
. 
Ма
ɤа
рɨ
ва



47 

ɮɭɧɤɰɢɹɦɢ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ. Ⱦɚɧɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4.9. 

 

Ɋɢɫ. 4.8 

 

Ɋɢɫ. 4.9 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɜɵ-
ɩɨɥɧɟɧɵ ɜ ȽɆȺ ɢɦ. ɚɞɦ. ɋ.Ɉ. Ɇɚɤɚɪɨɜɚ, ɩɨɡɜɨɥɢɥɢ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɩɪɢ 

2,3
b

l
 ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ æɯ = 4æɭ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɨɬɫɭɬ-

ɫɬɜɢɹ ɞɟɜɢɚɰɢɢ ɨɬ ɢɧɞɭɤɰɢɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɜ ɜɢɞɟ ɩɪɹɦɨ-

ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɡɦɟɪɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɧɢɱɬɨɠɟɧɢɟ ɱɟɬ-
ɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɛɟɡ ɫɨɡɞɚɧɢɹ ɞɟɜɢɚɰɢɢ ɨɬ ɢɧɞɭɤɰɢɢ, ɬ.ɟ. ɹɜɥɹɸɬɫɹ 
ɛɟɡɵɧɞɭɤɰɢɨɧɧɵɦɢ. 
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4.4. ɍɧɢɱɬɨɠɟɧɢɟ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ 
ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɭ ɫɭɞɧɚ ɤɪɟɧɚ ɢɥɢ ɞɢɮɮɟɪɟɧɬɚ, ɚ ɬɚɤɠɟ ɜ ɭɫɥɨ-

ɜɢɹɯ ɤɚɱɤɢ ɦɟɧɹɟɬɫɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɫɭɞɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ȼ ɪɟɡɭɥɶɬɚ-
ɬɟ ɷɬɨɝɨ ɭ ɤɨɦɩɚɫɚ ɩɨɹɜɥɹɟɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ ɤɪɟɧɨɜɨɣ 
ɞɟɜɢɚɰɢɟɣ. 

4.4.1. Ɍɟɨɪɢɹ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ 
Ɇɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɧɚ ɤɨɦɩɚɫ ɩɪɢ ɩɪɹɦɨɦ ɩɨɥɨɠɟ-

ɧɢɢ ɫɭɞɧɚ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɉɭɚɫɫɨɧɚ (β.γ). Ɍɚɤ ɤɚɤ ɩɚɪɚɦɟɬɪɵ 
ɉɭɚɫɫɨɧɚ ɧɟɨɞɢɧɚɤɨɜɵ ɩɨ ɜɟɥɢɱɢɧɟ, ɬɨ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɥɢɹɧɢɹ ɤɪɟɧɚ 
ɦɨɠɧɨ ɨɫɬɚɜɢɬɶ ɬɨɥɶɤɨ ɫɚɦɵɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡ ɧɢɯ: a, c, e, k. Ɉɫɬɚɥɶɧɵɟ 
ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɩɨɪɹɞɨɤ ɦɚɥɨɫɬɢ ɢ ɢɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ ɛɭɞɭɬμ 
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;

;

RkZZZ

QeYYY

PcZaXXX

                                  (4.17) 

 

Ɋɢɫ. 4.10 

ȿɫɥɢ ɭ ɫɭɞɧɚ ɩɨɹɜɢɬɫɹ ɧɟɤɨɬɨɪɵɣ ɭɝɨɥ ɤɪɟɧɚ θ (ɪɢɫ. 4.10), ɬɨ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɫɭɞɧɚ ɛɭɞɭɬ ɧɚɦɚɝɧɢɱɢɜɚɬɶɫɹ ɫɢɥɚɦɢ, ɹɜɥɹɸɳɢɦɢɫɹ ɩɪɨɟɤɰɢɹɦɢ 

Гɍ
МɊ
Ɏ иɦ

ɟɧ
и а
ɞɦ
ир
аɥ
а ɋ

.О
. 
Ма
ɤа
рɨ
ва



49 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ X, Y ɢ Z ɧɚ ɨɫɢ x1, y1 ɢ z1, ɤɨɬɨɪɵɟ 
ɧɚɤɥɨɧɢɥɢɫɶ ɧɚ ɭɝɨɥ θμ 
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ZYY

XX

                                     (4.18) 

ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɨɛɨɡɧɚɱɟɧɢɣ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (4.17) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 














.
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;

ɤɤɤ

ɤɤɤ

ɤɤɤɤ

RkZZZ

QeYYY

PcZaXXX

                                  (4.19) 

Ɇɚɝɧɢɬɧɵɟ ɫɢɥɵ ɤɤɤ   ɢ  , ZYX   ɞɟɣɫɬɜɭɸɬ ɧɚ ɤɨɦɩɚɫ ɩɨ ɧɚɤɥɨɧɧɵɦ 

ɨɫɹɦ x1, y1 ɢ z1 (ɪɢɫ. 4.11), ɚ ɫɚɦɚ ɤɚɪɬɭɲɤɚ ɨɫɬɚɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ. ɑɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɞɟɣɫɬɜɢɟ ɷɬɢɯ ɫɢɥ ɧɚ ɤɚɪɬɭɲɤɭ ɤɨɦɩɚɫɚ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɢɯ 
ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɢ x, y ɢ z, ɥɟɠɚɳɢɟ ɜ ɩɥɨɫɤɨɫɬɢ ɤɚɪɬɭɲɤɢ. Ɍɨɝɞɚ ɩɨɥɭɱɢɦμ 
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ɤ

YZZ

ZYY

XX

                                 (4.20) 

ȼ ɭɪɚɜɧɟɧɢɹɯ (4.β0) ɫɢɥɭ Z ɦɨɠɧɨ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɬɚɤ ɤɚɤ ɨɧɚ ɞɟɣ-
ɫɬɜɭɟɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɩɥɨɫɤɨɫɬɢ ɤɚɪɬɭɲɤɢ ɢ ɞɟɜɢɚɰɢɢ ɧɟ ɜɵɡɵɜɚɟɬ. 

Ɍɨɝɞɚ ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɣ (4.1λ) ɩɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɞɥɹ ɧɟɛɨɥɶɲɢɯ ɭɝɥɨɜ ɤɪɟɧɚ, ɤɨɝɞɚ sin  ≈ , ɚ МШЬ  ≈ 1, ɨɬɛɪɚɫɵɜɚɹ ɜɟɥɢɱɢ-
ɧɵ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦμ 

  






. )(

;

RZkeQeYYY

PcZaXXX
                         (4.21) 

ɋɪɚɜɧɢɜɚɹ ɩɨɥɭɱɟɧɧɵɟ ɪɚɜɟɧɫɬɜɚ (4.β1) ɫ ɭɪɚɜɧɟɧɢɹɦɢ (4.17), ɦɨɠɧɨ 
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɧɚɥɢɱɢɢ ɤɪɟɧɚ ɫɭɞɧɚ ɜ ɩɥɨɫɤɨɫɬɢ ɤɚɪɬɭɲɤɢ (ɩɨ ɨɫɢ ɭ) 
ɞɟɣɫɬɜɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɫɢɥɚ 

   )()(ɤ RZkeF y ,                                      (4.22) 

ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɜɵ-
ɪɚɠɟɧɢɹ (4.ββ), ɫɢɥɚ )(ɤ yF , ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɜɟɥɢɱɢɧɚ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚ-

ɰɢɢ ɡɚɜɢɫɹɬ ɨɬ ɭɝɥɚ ɤɪɟɧɚ. 
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Ɋɢɫ. 4.11 

 

Ɋɢɫ. 4.12 

ɇɚ ɪɢɫ. 4.12 ɩɨɤɚɡɚɧɨ ɞɟɣɫɬɜɢɟ ɫɢɥɵ )(ɤ yF  ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ 0°  

ɢ λ0°, ɨɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɤɪɟɧɨɜɚɹ ɞɟɜɢɚɰɢɹ ɧɨɫɢɬ ɩɨɥɭɤɪɭɝɨɜɨɣ ɯɚɪɚɤɬɟɪ. 
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4.4.2. ɉɪɢɧɰɢɩ ɭɧɢɱɬɨɠɟɧɢɹ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ 
ȼɵɪɚɠɟɧɢɟ (4.ββ) ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɤɪɟɧɨɜɚɹ ɞɟɜɢɚɰɢɹ 

ɭ ɤɨɦɩɚɫɚ ɛɭɞɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ 

 RZke  )(  = 0.                                         (4.23) 

ɇɚ ɪɢɫ. 4.13 ɩɨɤɚɡɚɧɵ ɫɭɞɨɜɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɢɥɵ  Zke )(   ɢ  R , 

ɤɨɬɨɪɵɟ, ɨɛɪɚɡɭɹ ɩɪɨɟɤɰɢɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɨɫɶ ɭ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨɡ-
ɞɟɣɫɬɜɭɸɬ ɧɚ ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ ɢ ɫɨɡɞɚɸɬ ɤɪɟɧɨɜɭɸ ɞɟɜɢɚɰɢɸ. 
ȿɫɥɢ ɠɟ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ (4.βγ), ɬɨ ɫɢɥɵ ɞɪɭɝ ɞɪɭɝɚ ɭɪɚɜɧɨɜɟɲɢɜɚ-
ɸɬ, ɢ ɞɟɜɢɚɰɢɢ ɧɟ ɛɭɞɟɬ. ɋɢɥɚ R ɫɨɡɞɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɦ ɬɜɟɪɞɵɦ ɠɟɥɟ-
ɡɨɦ. ȿɫɥɢ ɤ ɧɟɣ ɞɨɛɚɜɢɬɶ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɭɸ ɜɟɪɬɢɤɚɥɶɧɵɦ ɦɚɝɧɢɬɨɦ 
ɫɢɥɭ Rɦ, ɬɨ ɪɚɜɟɧɫɬɜɨ (4.βγ) ɩɪɢɦɟɬ ɜɢɞ 

  0)()( ɦ  RRZke .                                      (4.24) 

 

Ɋɢɫ. 4.13 

ɋɢɥɭ Rɦ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɪɚ-
ɜɟɧɫɬɜɨ ɩɪɨɟɤɰɢɣ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɤɚɪɬɭɲɤɭ ɤɨɦɩɚɫɚ ɜɞɨɥɶ ɨɫɢ ɭ 
ɜɩɪɚɜɨ ɢ ɜɥɟɜɨ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɜɟɧɫɬɜɚ (4.β4) ɜɧɭɬɪɢ ɧɚɤɬɨɭɡɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɟɪɬɢ-
ɤɚɥɶɧɵɣ (ɤɪɟɧɨɜɨɣ) ɦɚɝɧɢɬ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜɜɟɪɯ, ɩɪɢɛɥɢ-
ɠɚɹɫɶ ɤ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɟ ɤɨɦɩɚɫɚ, ɢ ɜɧɢɡ – ɭɞɚɥɹɹɫɶ ɨɬ ɧɟɟ. 
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ɉɪɚɤɬɢɱɟɫɤɨɟ ɜɵɩɨɥɧɟɧɢɟ ɭɧɢɱɬɨɠɟɧɢɹ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɧɤɥɢɧɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɢɬɶ ɦɚɝ-
ɧɢɬɧɨɟ ɧɚɤɥɨɧɟɧɢɟ I   ɜ ɬɨɱɤɟ, ɝɞɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɰɟɧɬɪ ɤɚɪɬɭɲɤɢ ɤɨɦɩɚɫɚ. 

ɇɚɤɥɨɧɟɧɢɟ I  ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

E

E

tg
Z

I
Y


 


,                                          (4.25) 

ɝɞɟ E E ɢ Z Y   – ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢ-
ɹɦɢ ɉɭɚɫɫɨɧɚ (4.17) ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪɫɚ λ0° ɢɥɢ β70°. 

ȿɫɥɢ ɭ ɤɨɦɩɚɫɚ ɭɧɢɱɬɨɠɟɧɚ ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ, ɬ.ɟ. ɦɚɝɧɢɬɚɦɢ-
ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɚ ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ Q, ɬɨ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, 
ɱɬɨ ɧɚ ɭɤɚɡɚɧɧɵɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ ɫɨɫɬɚɜɥɹɸɳɚɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ 
Y ɩɨ ɜɟɥɢɱɢɧɟ ɪɚɜɧɚ H, ɩɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɡɧɚɱɟɧɢɣ E E ɢ Z Y   ɢɡ ɭɪɚɜɧɟɧɢɣ 

(4.17) ɜ ɪɚɜɟɧɫɬɜɨ (4.β5), ɩɨɥɭɱɢɦ 

E

(1 )
tg

(1 )

k Z R
I

e Y

  


.                                      (4.26) 

ɋ ɭɱɟɬɨɦ ɫɢɥɵ, ɤɨɬɨɪɚɹ ɫɨɡɞɚɟɬɫɹ ɤɪɟɧɨɜɵɦ ɦɚɝɧɢɬɨɦ, ɪɚɜɟɧɫɬɜɨ 
(4.26) ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

ɦ
E

(1 ) ( )
tg

(1 )

k Z R R
I

e Y

   


.                               (4.27) 

ȿɫɥɢ ɬɟɩɟɪɶ ɜ ɜɵɪɚɠɟɧɢɟ (4.β7) ɩɨɞɫɬɚɜɢɬɶ ɡɧɚɱɟɧɢɟ (R + Rɦ), ɩɨɥɭ-
ɱɟɧɧɨɟ ɢɡ ɪɚɜɟɧɫɬɜɚ (4.β4): 

  ZkeRR )()( ɦ  , 

ɬɨ ɩɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɦɟɟɦ 

ɦ
E

(1 ) ( ) (1 ) ( ) (1 )
tg tg 

(1 ) (1 ) (1 )

k Z R R k Z e k Z e Z
I I

e Y e Y e Y

          
  

.     

Ɉɬɫɸɞɚ                                              EI I  ,                                                (4.28) 

ɝɞɟ I – ɦɚɝɧɢɬɧɨɟ ɧɚɤɥɨɧɟɧɢɟ ɜ ɞɚɧɧɨɦ ɪɚɣɨɧɟ (ɜɧɟ ɫɭɞɧɚ), ɡɧɚɱɟɧɢɟ ɤɨɬɨ-
ɪɨɝɨ ɦɨɠɧɨ ɫɧɹɬɶ ɫ ɦɚɝɧɢɬɧɨɣ ɤɚɪɬɵ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɭɧɢɱɬɨɠɟɧɢɸ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢμ 
– ɫɭɞɧɨ, ɧɟ ɢɦɟɸɳɟɟ ɧɢ ɤɪɟɧɚ, ɧɢ ɞɢɮɮɟɪɟɧɬɚ, ɥɨɠɢɬɫɹ ɧɚ ɦɚɝɧɢɬɧɵɣ 

ɤɭɪɫ λ0° (ɢɥɢ β70°); 
– ɜɦɟɫɬɨ ɤɨɬɟɥɤɚ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢɧɤɥɢɧɚɬɨɪ; 
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– ɩɟɪɟɦɟɳɚɹ ɤɪɟɧɨɜɨɣ ɦɚɝɧɢɬ ɜɧɢɡ ɢɥɢ ɜɜɟɪɯ, ɞɨɛɢɜɚɸɬɫɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɨɤɚɡɚɧɢɹ ɢɧɤɥɢɧɚɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɡɧɚɱɟɧɢɸ ɦɚɝɧɢɬɧɨɝɨ ɧɚɤɥɨɧɟɧɢɹ, 
ɫɧɹɬɨɦɭ ɫ ɦɚɝɧɢɬɧɨɣ ɤɚɪɬɵ ɞɥɹ ɞɚɧɧɨɝɨ ɪɚɣɨɧɚ. 

4.5. ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ 
Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɦɚɝɧɢɬɧɨɦɭ ɤɨɦɩɚ-

ɫɭ, ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ ɜɨ ɜɪɟɦɹ ɩɥɚɜɚɧɢɹ. 
Ɉɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ, ɤɨɝɞɚ ɫɭɞɧɨ ɩɟɪɟɯɨɞɢɬ ɢɡ ɨɞɧɨɝɨ ɪɚɣɨɧɚ ɜ ɞɪɭɝɨɣ, 
ɜɨɡɦɨɠɧɵ ɫɥɭɱɚɢ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɚɹ ɞɟɜɢɚɰɢɹ ɤɨɦɩɚɫɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɨɣ, 
ɤɨɬɨɪɚɹ ɜɡɹɬɚ ɢɡ ɪɚɛɨɱɟɣ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ 
ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ.  

4.5.1. Ʉɨɦɩɟɧɫɚɰɢɹ ɲɢɪɨɬɧɨɣ ɞɟɜɢɚɰɢɢ 
ɉɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ ɫɨɡɞɚɟɬɫɹ ɫɢɥɚɦɢ BȜH ɢ CȜH, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨ-

ɪɵɯ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɥɚɝɚɟɦɵɯμ 
BȜH = cZ + P ɢ CȜH = fZ + Q. 

ɋɥɚɝɚɟɦɵɟ P ɢ Q ɫɨɡɞɚɸɬɫɹ ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ, ɚ ɫɥɚɝɚɟɦɵɟ 
cZ ɢ fZ – ɦɹɝɤɢɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ, ɤɨɬɨɪɨɟ ɩɪɢɨɛɪɟɬɚɟɬ 
ɦɚɝɧɟɬɢɡɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ Z ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
Ɂɟɦɥɢ.  

ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɫɢɥɵ BȜH ɢ CȜH ɤɨɦɩɟɧɫɢ-
ɪɭɸɬɫɹ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ. ȿɫɥɢ ɫɭɞɧɨ ɫɨɜɟɪɲɚɟɬ ɩɟɪɟɯɨɞ ɫ ɧɟ-
ɛɨɥɶɲɢɦ ɢɡɦɟɧɟɧɢɟɦ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ, ɬɨ ɷɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɤɚɤ ɧɟ ɫɤɚ-
ɡɵɜɚɟɬɫɹ ɧɚ ɩɨɤɚɡɚɧɢɹɯ ɤɨɦɩɚɫɚ, ɬɚɤ ɤɚɤ ɜɟɥɢɱɢɧɚ Z ɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢ-
ɬɟɥɶɧɨ. ȿɫɥɢ ɠɟ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɚɧɢɹ ɦɚɝɧɢɬɧɚɹ ɲɢɪɨɬɚ ɢɡɦɟɧɹɟɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɨ, ɬɨ ɜ ɩɨɤɚɡɚɧɢɹɯ ɤɨɦɩɚɫɚ ɩɨɹɜɥɹɟɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡ-ɡɚ ɢɡɦɟ-
ɧɟɧɢɹ ɫɥɚɝɚɟɦɵɯ cZ ɢ fZ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɲɢɪɨɬɧɨɣ ɞɟɜɢɚɰɢɢ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ BȜH ɢ CȜH ɨɫɬɚɜɚɥɢɫɶ 
ɫɬɚɛɢɥɶɧɵɦɢ ɜ ɩɪɨɞɨɥɠɟɧɢɟ ɜɫɟɝɨ ɩɥɚɜɚɧɢɹ, ɢɯ ɧɟɨɛɯɨɞɢɦɨ ɤɨɦɩɟɧɫɢɪɨ-
ɜɚɬɶ ɧɟ ɨɞɧɢɦ, ɚ ɞɜɭɦɹ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ (ɦɚɝɧɢɬɚɦɢ ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ 
ɢ ɲɢɪɨɬɧɵɦ ɤɨɦɩɟɧɫɚɬɨɪɨɦ). 

ɒɢɪɨɬɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ  ɜɩɟɪɟɞɢ ɧɚɤɬɨɭɡɚ ɤɨɦɩɚɫɚ 
ɜ ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɨɦɩɟɧɫɚɰɢɸ ɫɢɥɵ cZ. Ɍɚɤ ɤɚɤ ɫɢɥɚ 
fZ ɦɚɥɚ, ɜ ɩɨɩɟɪɟɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ɤɨɦɩɚɫɚ ɲɢɪɨɬɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ ɨɛɵɱɧɨ 
ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. 

ɇɚ ɪɢɫ. 4.14 ɩɨɤɚɡɚɧɨ ɪɚɡɦɟɳɟɧɢɟ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ 1 ɢ ɲɢ-
ɪɨɬɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ 2. 
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Ɋɢɫ. 4.14 

Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɩɨɞɛɨɪɚ ɪɚɡɦɟɪɨɜ ɲɢɪɨɬɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ ɧɟɨɛɯɨ-
ɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɫɭɞɨɜɨɝɨ ɩɚɪɚɦɟɬɪɚ ɫ0 ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɫ ɩɨɦɨ-
ɳɶɸ ɩɪɨɜɟɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɡɦɟɪɟɧɢɣ ɧɚ ɫɭɞɧɟ ɜ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ 
ɦɚɝɧɢɬɧɵɯ ɲɢɪɨɬɚɯ. 

ɒɢɪɨɬɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ ɢ ɭɫɬɚɧɚɜɥɢɜɚ-
ɟɬɫɹ ɜɛɥɢɡɢ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ, ɩɨɷɬɨɦɭ ɨɧ ɛɭɞɟɬ ɫɨɡɞɚɜɚɬɶ ɞɟɜɢ-
ɚɰɢɸ ɨɬ ɢɧɞɭɤɰɢɢ. ȼɨ ɢɡɛɟɠɚɧɢɟ ɷɬɨɝɨ ɲɢɪɨɬɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ ɜɵɩɨɥɧɹɸɬ 
ɢɡ ɞɜɭɯ ɫɬɟɪɠɧɟɣ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ 
ɩɥɨɫɤɨɫɬɹɯ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ Ⱦɉ ɫɭɞɧɚ ɩɨɞ ɭɝɥɨɦ 45°. 

ɍɫɬɚɧɨɜɤɚ ɲɢɪɨɬɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɩɨ-
ɤɚɡɚɧɢɣ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɩɪɢ ɩɥɚɜɚɧɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɲɢɪɨɬɚɯ. 

4.5.2. ɂɫɩɪɚɜɥɟɧɢɟ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ ɜɨ ɜɪɟɦɹ ɩɥɚɜɚɧɢɹ 
ȿɫɥɢ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɚɧɢɹ ɨɤɚɠɟɬɫɹ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɚɹ ɞɟɜɢɚɰɢɹ ɦɚɝ-

ɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɚɛɥɢɱɧɨɣ ɛɨɥɟɟ ɱɟɦ ɧɚ β°, ɬɨ ɧɟɨɛɯɨɞɢɦɨ 
ɥɢɛɨ ɭɬɨɱɧɢɬɶ ɪɚɛɨɱɭɸ ɬɚɛɥɢɰɭ ɞɟɜɢɚɰɢɢ, ɥɢɛɨ ɪɚɫɫɱɢɬɚɬɶ ɟɟ ɡɚɧɨɜɨ. 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɢɫɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɞɟɜɢɚɰɢɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɚ 
ɦɟɬɨɞɚ. 

ɉɟɪɜɵɣ ɦɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɫɭɞɨɜɨɞɢɬɟɥɶ ɭɛɟɠɞɟɧ, ɱɬɨ 
ɢɡɦɟɧɟɧɢɟ ɞɟɜɢɚɰɢɢ ɩɪɨɢɡɨɲɥɨ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɭ-
ɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ B ɢ C. ɇɚ ɩɪɚɤɬɢɤɟ ɱɚɳɟ ɜɫɟɝɨ ɬɚɤ ɢ ɛɵɜɚɟɬ. ȼ ɷɬɨɦ 
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ɫɥɭɱɚɟ ɥɸɛɵɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɟɜɢɚɰɢɹ ɤɨɦɩɚɫɚ ɧɚ ɱɟɬɵɪɟɯ 
ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɚɯ ɩɨ ɦɚɝɧɢɬɧɨɦɭ ɤɨɦɩɚɫɭ (0°, λ0°, 180° ɢ β70°), 
ɚ ɡɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ B ɢ C ɩɨ ɮɨɪ- 
ɦɭɥɚɦμ 

2
27090 

B ;                                          (4.29) 

2
1800 

C .                                          (4.30) 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ B ɢ C ɢ ɩɪɟɠɧɢɦ ɡɧɚɱɟɧɢ-
ɹɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ A, D ɢ E ɫɨɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɬɨɱɧɚɹ ɪɚɛɨɱɚɹ ɬɚɛɥɢɰɚ 
ɞɟɜɢɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɥɢɛɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ 
ɛɥɚɧɤɨɜ, ɥɢɛɨ ɩɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɞɟɜɢɚɰɢɢ (γ.4). 

ȼɬɨɪɨɣ ɦɟɬɨɞ ɭɬɨɱɧɟɧɢɹ ɪɚɛɨɱɟɣ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɟɫɬɶ ɩɨɞɨɡɪɟɧɢɟ, ɱɬɨ ɤɪɨɦɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɭɤɪɭɝɨ-
ɜɨɣ ɞɟɜɢɚɰɢɢ B ɢ C ɢɡɦɟɧɢɥɫɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ D. 
ɗɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɵɜɚɟɬ, ɤɨɝɞɚ ɫɭɞɧɨ ɩɟɪɟɜɨɡɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟ-
ɬɚɥɥɢɱɟɫɤɢɯ ɝɪɭɡɨɜ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɞɟɜɢɚɰɢɸ 
ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɧɚ ɱɟɬɵɪɟɯ ɱɟɬɜɟɪɬɧɵɯ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɚɯ ɩɨ ɦɚɝɧɢɬ-
ɧɨɦɭ ɤɨɦɩɚɫɭ (45°, 1γ5°, ββ5° ɢ γ15°) ɩɨ ɫɥɢɱɟɧɢɸ ɫ ɝɢɪɨɤɨɦɩɚɫɨɦ. Ɍɨɝɞɚ 
ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ B, C ɢ D ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɮɨɪ-
ɦɭɥɵμ 
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31522513545

31522513545

31522513545

ɋɅɋɅɋɅɋɅD

ɋɅɋɅɋɅɋɅC

ɋɅɋɅɋɅɋɅB

                        (4.31) 

ɝɞɟ 31522513545  ; ; ; ɋɅɋɅɋɅɋɅ  – ɡɧɚɱɟɧɢɹ ɫɥɢɱɟɧɢɣ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ 
ɫ ɝɢɪɨɤɨɦɩɚɫɨɦ ɧɚ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɚɯ ɩɨ ɦɚɝɧɢɬɧɨɦɭ ɤɨɦɩɚɫɭ 45°, 1γ5°, 
ββ5° ɢ γ15°. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɜɟɧɫɬɜ (4.γ1) ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɧɢɯ ɧɟ ɜɯɨɞɹɬ ɧɢ ɩɨ-
ɝɪɟɲɧɨɫɬɢ ɝɢɪɨɤɨɦɩɚɫɚ, ɧɢ ɦɚɝɧɢɬɧɨɟ ɫɤɥɨɧɟɧɢɟ. ɗɬɨ ɨɱɟɧɶ ɭɞɨɛɧɨ, ɟɫɥɢ 
ɷɬɢ ɜɟɥɢɱɢɧɵ ɧɟɢɡɜɟɫɬɧɵ. 
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Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
16. ɑɬɨɛɵ ɭɧɢɱɬɨɠɢɬɶ ɱɟɬɜɟɪɬɧɭɸ ɞɟɜɢɚɰɢɸ, ɧɟɨɛɯɨɞɢɦɨ ɫɤɨɦɩɟɧɫɢ-

ɪɨɜɚɬɶ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ: 
– АȜH ɢ BȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 79); 
– BȜH ɢ ɋȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 4); 
– CȜH ɢ DȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 72); 
– DȜH ɢ EȜH (ɫɦ. ɩɨɹɫɧɟɧɢɟ 44).   

17. Ⱦɟɜɢɚɰɢɸ ɨɬ ɢɧɞɭɤɰɢɢ ɫɨɡɞɚɸɬ ɤɨɦɩɟɧɫɚɬɨɪɵ: 
– ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 83); 
– ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɜ ɜɢɞɟ ɫɬɟɪɠɧɟɣ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 12);   
– ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 74). 

18. Ʉɪɟɧɨɜɚɹ ɞɟɜɢɚɰɢɹ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪ: 
– ɩɨɫɬɨɹɧɧɨɣ ɞɟɜɢɚɰɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 8); 
– ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 37); 
– ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 52). 

19. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ: 
– ɞɟɮɥɟɤɬɨɪ Ʉɨɥɨɧɝɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 24); 
– ɞɟɮɥɟɤɬɨɪ ɫ ɪɚɜɧɨɦɟɪɧɨɣ ɲɤɚɥɨɣ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 43); 
– ɢɧɤɥɢɧɚɬɨɪ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 5). 

20. Ⱦɥɹ ɢɫɩɪɚɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɚɧɢɹ ɪɚɛɨɱɟɣ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɜɢɚɰɢɢ: 

– А (ɫɦ. ɩɨɹɫɧɟɧɢɟ 61); 
– ȼ ɢ ɋ (ɫɦ. ɩɨɹɫɧɟɧɢɟ γ0); 
– А; ȼ ɢ D (ɫɦ. ɩɨɹɫɧɟɧɢɟ 65). 

ɅȿɄЦИə 5 

5. ɂɇȾɍɄɐɂɈɇɇɕɃ ɆȺȽɇɂɌɇɕɃ ɄɈɆɉȺɋ 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɦɨɪɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ 

(ɂɆɈ), ɜɫɟ ɫɭɞɚ ɞɨɥɠɧɵ ɫɧɚɛɠɚɬɶɫɹ ɦɚɝɧɢɬɧɵɦɢ ɤɨɦɩɚɫɚɦɢ, ɤɨɬɨɪɵɟ 
ɧɟ ɬɪɟɛɭɸɬ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɢɬɚɧɢɹ ɢ ɹɜɥɹɸɬɫɹ ɚɜɬɨɧɨɦɧɵɦɢ ɤɭɪɫɨɭɤɚ- 
ɡɚɬɟɥɹɦɢ. 

ȼ 1λλ8 ɝ. Ʉɨɦɢɬɟɬɨɦ ɂɆɈ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɦɨɪɟ ɛɵɥɚ ɩɪɢɧɹɬɚ ɪɟ-
ɡɨɥɸɰɢɹ MSC.86(70), ɤɨɬɨɪɚɹ ɪɚɡɪɟɲɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɭɪ-
ɫɨɭɤɚɡɚɬɟɥɹ ɢɦɟɬɶ ɧɚ ɫɭɞɧɟ ɢɧɞɭɤɰɢɨɧɧɵɣ ɤɨɦɩɚɫ, ɧɟ ɢɦɟɸɳɢɣ ɦɚɝɧɢɬɧɨɣ 
ɫɢɫɬɟɦɵ. Ɍɚɤ ɤɚɤ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ ɷɬɨɝɨ ɤɨɦɩɚɫɚ ɹɜɥɹɟɬɫɹ ɮɟɪ-
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ɪɨɡɨɧɞ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɢɫɬɨɱɧɢɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, 
ɬɨ ɬɚɤɨɣ ɤɨɦɩɚɫ ɭɠɟ ɧɟ ɹɜɥɹɟɬɫɹ ɚɜɬɨɧɨɦɧɵɦ. Ɉɞɧɚɤɨ ɧɚɥɢɱɢɟ ɭ ɷɬɨɝɨ 
ɤɨɦɩɚɫɚ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɫɤɥɸɱɚɬɶ ɢɡ 
ɩɨɤɚɡɚɧɢɣ ɪɟɩɢɬɟɪɨɜ ɞɟɜɢɚɰɢɸ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɩɨɥɧɨɣ ɰɢɪɤɭɥɹɰɢɢ 
ɫɭɞɧɚ. 

5.1. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɮɟɪɪɨɡɨɧɞɚ 
ɇɚ ɪɢɫ. 5.1 ɩɨɤɚɡɚɧ ɮɟɪɪɨɡɨɧɞ, ɜɵɩɨɥɧɟɧɧɵɣ ɜ ɜɢɞɟ ɞɜɭɯ ɩɟɪɦɚɥ- 

ɥɨɟɜɵɯ ɫɟɪɞɟɱɧɢɤɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɭɥɨɠɟɧɵ ɨɛɦɨɬɤɢ. ɇɚ ɫɟɪɞɟɱɧɢɤɚɯ ɭɥɨ-
ɠɟɧɵ ɨɛɦɨɬɤɢ ɩɨɞɦɚɝɧɢɱɢɜɚɧɢɹ, ɤ ɤɨɬɨɪɵɦ ɩɨɞɜɨɞɢɬɫɹ ɩɟɪɟɦɟɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ U1 ɫ ɱɚɫɬɨɬɨɣ f1 = 400 Ƚɰ. Ɉɛɦɨɬɤɢ ɜɤɥɸɱɟɧɵ ɜɫɬɪɟɱɧɨ ɢ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ. ɉɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɧɢɯ ɨɞɢɧɚɤɨɜɵɣ ɬɨɤ i1 ɫɨ-
ɡɞɚɟɬ ɦɚɝɧɢɬɧɵɟ ɩɨɬɨɤɢ Ɏ1 ɢ Ɏ2. Ɍɚɤ ɤɚɤ ɷɬɢ ɦɚɝɧɢɬɧɵɟ ɩɨɬɨɤɢ ɜ ɥɸɛɨɣ 
ɩɨɥɭɩɟɪɢɨɞ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ ɞɪɭɝ ɞɪɭɝɭ, ɫɭɦɦɚɪɧɵɣ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ 
Ɏ = Ɏ1 + Ɏ2 ɜɫɟɝɞɚ ɪɚɜɟɧ ɧɭɥɸ.  

ȼɬɨɪɚɹ ɨɛɦɨɬɤɚ, ɤɨɬɨɪɚɹ ɨɯɜɚɬɵɜɚɟɬ ɨɛɚ ɫɟɪɞɟɱɧɢɤɚ, ɹɜɥɹɟɬɫɹ ɫɢɝ-
ɧɚɥɶɧɨɣ. ɋ ɧɟɟ ɫɧɢɦɚɟɬɫɹ ɫɢɝɧɚɥ U2, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵ-
ɪɚɠɟɧɢɟɦ 

dt

d
U ɫ

2


 ,                                                 (5.1) 

ɝɞɟ Φɫ – ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ H ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɩɨɥɹ Ɂɟɦɥɢ. 

 

Ɋɢɫ. 5.1 
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ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ Φɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦ cosɫ Hm k, 

ɮɨɪɦɭɥɚ (5.1) ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞμ 

k
dt

d
mHUU cosc2


 ,                                        (5.2) 

ɝɞɟ  m – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ; 
ȝ – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɟɪɞɟɱɧɢɤɚ; 
H – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɩɨɥɹ Ɂɟɦɥɢ; 
k – ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɫɭɞɧɚ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɨɪɢɟɧɬɚɰɢɸ ɫɟɪɞɟɱɧɢɤɚ. 
ɂɡ ɪɚɜɟɧɫɬɜɚ (5.β) ɜɢɞɧɨ, ɱɬɨ ɧɚ ɜɵɯɨɞɟ ɫɢɝɧɚɥɶɧɨɣ ɨɛɦɨɬɤɢ ɜɨɡɧɢɤɚ-

ɟɬ ɫɢɝɧɚɥ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢ-
ɰɚɟɦɨɫɬɢ ȝ ɫɟɪɞɟɱɧɢɤɚ, ɬ.ɟ. ɤɨɝɞɚ 0 dtd . ɐɢɤɥɢɱɧɨɟ ɢɡɦɟɧɟɧɢɟ ȝ ɨɛɟɫ-
ɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɢɬɚɧɢɹ ɩɨɞɦɚɝɧɢɱɢɜɚɸɳɟɣ ɨɛɦɨɬɤɢ. 

ɋɨɡɞɚɜɚɟɦɵɟ ɬɨɤɨɦ i1 ɦɚɝɧɢɬɧɵɟ ɩɨɬɨɤɢ Ɏ1 ɢ Ɏ2  ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɞ-
ɦɚɝɧɢɱɢɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɫɟɪɞɟɱɧɢɤɨɜ ɩɨ ɡɚɤɨɧɭ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ 
ɫ ɱɚɫɬɨɬɨɣ 400 Ƚɰ. ȼ ɫɟɪɟɞɢɧɟ ɤɚɠɞɨɝɨ ɩɨɥɭɩɟɪɢɨɞɚ ɤɨɥɟɛɚɧɢɣ ɧɚɛɥɸɞɚɟɬ-
ɫɹ ɦɚɝɧɢɬɧɨɟ ɧɚɫɵɳɟɧɢɟ, ɜ ɦɨɦɟɧɬ ɤɨɬɨɪɨɝɨ ȝ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɧɭɥɹ, 
ɚ ɜ ɩɪɨɦɟɠɭɬɤɚɯ ȝ ɜɨɡɪɚɫɬɚɟɬ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ȝ0. ɗɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɫɢɝɧɚɥɶɧɭɸ ɨɛɦɨɬɤɭ ɛɭɞɟɬ ɩɪɨɧɢɡɵɜɚɬɶ ɩɭɥɶɫɢɪɭɸɳɢɣ ɦɚɝɧɢɬɧɵɣ 
ɩɨɬɨɤ ɫ ɚɦɩɥɢɬɭɞɧɵɦ ɡɧɚɱɟɧɢɟɦ ȝ = ȝ0. 

ɋ ɫɢɝɧɚɥɶɧɨɣ ɨɛɦɨɬɤɢ ɛɭɞɟɬ ɫɧɢɦɚɬɶɫɹ Uɫ ɜ ɜɢɞɟ ɧɟɫɤɨɥɶɤɨ ɢɫɤɚɠɟɧ-
ɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɢɦɟɸɳɟɝɨ ɱɚɫɬɨɬɭ 800 Ƚɰ ɢ ɚɦɩɥɢɬɭɞɭ, 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ H. 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɤɜɚɞɪɚɬɭɪɧɨɣ ɩɨɦɟɯɢ ɩɪɢɦɟɧɹɟɬɫɹ ɫɢɧɯɪɨɧɧɨɟ ɞɟ-
ɬɟɤɬɢɪɨɜɚɧɢɟ, ɩɨɷɬɨɦɭ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɫɢɝɧɚɥ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɦɚɝɧɢɬ-
ɧɨɦɭ ɤɭɪɫɭ ɫɭɞɧɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɩɪɹɠɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

ȼ ɪɟɚɥɶɧɨɣ ɫɯɟɦɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɤɨɦɩɚɫɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɮɟɪɪɨ-
ɡɨɧɞɚ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɭɡɟɥ, ɧɚɡɵɜɚɟɦɵɣ ɬɟɫɥɚɦɟɬɪɨɦ. 

5.2. ɂɧɞɭɤɰɢɨɧɧɵɣ ɤɨɦɩɚɫ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯɨɫɟɜɨɝɨ ɬɟɫɥɚɦɟɬɪɚ 
ɇɚ ɪɢɫ. 5.β ɩɨɤɚɡɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɤɨɦɩɚɫɚ, 

ɩɨɫɬɪɨɟɧɧɨɝɨ ɧɚ ɞɜɭɯɨɫɟɜɨɦ ɬɟɫɥɚɦɟɬɪɟ. 
ɂɧɮɨɪɦɚɰɢɟɣ ɨ ɤɭɪɫɟ ɫɭɞɧɚ ɜ ɬɚɤɨɦ ɤɨɦɩɚɫɟ ɹɜɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɣ U1 ɢ U2, ɫɧɢɦɚɟɦɵɯ ɫ ɞɜɭɯ ɮɟɪɪɨɡɨɧɞɨɜ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɨɪɢ-
ɟɧɬɢɪɨɜɚɧ ɜɞɨɥɶ ɞɢɚɦɟɬɪɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɭɞɧɚ (Ⱦɉ), ɚ ɞɪɭɝɨɣ ɭɫɬɚɧɨɜ-
ɥɟɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ Ⱦɉ. ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɮɚɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɞɟɬɟɤ-
ɬɨɪɚ (ɎɑȾ) ɫɢɝɧɚɥɵ U1 ɢ U2 ɜ ɜɢɞɟ ɧɚɩɪɹɠɟɧɢɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɨɫɬɭɩɚ-
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ɸɬ ɜ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (Ⱥɐɉ). ɇɚ ɜɵɯɨɞɟ Ⱥɐɉ ɢɦɟɟɦ 
ɷɬɢ ɫɢɝɧɚɥɵ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ (ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɢɦɩɭɥɶɫɵ ɞɥɢɬɟɥɶɧɨɫɬɶɸ τ1 
ɢ τ2). ɂɦɩɭɥɶɫɵ ɩɨɞɚɸɬɫɹ ɧɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ (Ɇɉ), ɜ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪɫɚ k.  

 

Ɋɢɫ. 5.2 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɫɟɤɬɨɪɚ (ɜɫɟɝɨ ɢɯ ɲɟɫɬɶ) ɜ ɫɯɟɦɟ ɢɦɟɸɬɫɹ 
ɞɜɚ ɤɨɦɩɚɪɚɬɨɪɚ (А1 ɢ А2). 

Ʉɨɦɩɚɪɚɬɨɪ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɜɧɟɧɢɟ ɢɡɦɟ-
ɪɹɟɦɵɯ ɜɟɥɢɱɢɧ. 

Ɋɚɛɨɬɚ ɤɨɦɩɚɪɚɬɨɪɨɜ А1 ɢ А2 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
Ʉɨɦɩɚɪɚɬɨɪ А1 ɫɪɚɜɧɢɜɚɟɬ ɫɢɝɧɚɥɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ U1 ɢ U2 ɢ ɜɵɞɚɟɬ ɡɧɚ-
ɱɟɧɢɟ ɥɢɛɨ «1», ɥɢɛɨ «0» ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɷɬɢɯ ɫɢɝɧɚɥɨɜμ 

ɟɫɥɢ еU1| < |U2|, ɬɨ ɧɚ ɜɵɯɨɞɟ А1 ɢɦɟɟɦ ɡɧɚɱɟɧɢɟ «1»; 
ɟɫɥɢ еU1е ≥ еU2|, ɬɨ ɧɚ ɜɵɯɨɞɟ А1 ɢɦɟɟɦ ɡɧɚɱɟɧɢɟ «0». 
Ʉɨɦɩɚɪɚɬɨɪ А2 ɫɪɚɜɧɢɜɚɟɬ ɫɢɝɧɚɥ U2 ɫ ɧɭɥɟɜɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɢ ɜɵɪɚ-

ɛɚɬɵɜɚɟɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹμ 
ɟɫɥɢ U2 < 0, ɬɨ ɧɚ ɜɵɯɨɞɟ А2 ɢɦɟɟɦ ɡɧɚɱɟɧɢɟ «1»; 
ɟɫɥɢ U2 > 0, ɬɨ ɧɚ ɜɵɯɨɞɟ А2 ɢɦɟɟɦ ɡɧɚɱɟɧɢɟ «0». 
ȼ ɬɚɛɥ. 5.1 ɩɨɤɚɡɚɧ ɩɨɪɹɞɨɤ ɪɚɛɨɬɵ ɤɨɦɩɚɪɚɬɨɪɨɜ ɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ 

ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɭɪɫɚ ɫɭɞɧɚ. 
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Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  5 . 1  

ȼɤɥɸɱɚɟɦɵɣ ɫɟɤ-
ɬɨɪ 

Ʉɨɞ 
Ⱥɥɝɨɪɢɬɦ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ Ɇɂ 

А1 А2 

k = 0 … 45 0 0 S
U

U


2

1arctg  

eɫɥɢ S < 0, k = S + 180 
eɫɥɢ S > 0, k = S + 180 

k = 45 … 1γ5 1 0 S
U

U


1

2arctg  

k = 1γ5 … 180 0 0 S
U

U


2

1arctg  

k = 180 … ββ5 0 1 S
U

U


2

1arctg  

eɫɥɢ S < 0, k = S + 360 
eɫɥɢ S > 0, k = S + 360 

k = ββ5 … γ15 1 1 S
U

U


1

2arctg  

k = γ15 … γ60 0 1 S
U

U


2

1arctg  

Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪ ɪɟɲɚɟɬ ɡɚɞɚɱɭ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɭɪɫɚ ɫɭɞɧɚ. Ɉɞɧɨ-
ɜɪɟɦɟɧɧɨ ɜɵɱɢɫɥɹɟɬɫɹ ɦɨɞɭɥɶ ɫɭɦɦɚɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ H. ɇɚ ɪɟɚɥɶ-
ɧɨɦ ɫɭɞɧɟ ɢɧɞɭɤɰɢɨɧɧɵɣ ɤɨɦɩɚɫ, ɬɚɤ ɠɟ, ɤɚɤ ɢ ɫɬɪɟɥɨɱɧɵɣ, ɨɩɪɟɞɟɥɹɟɬ 
ɧɚɩɪɚɜɥɟɧɢɟ ɧɟ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ, ɚ ɤɨɦɩɚɫɧɨɝɨ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɜ ɩɨɤɚɡɚɧɢɹɯ ɤɨɦɩɚɫɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɟɜɢɚɰɢɹ, ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ 
ɭɦɟɧɶɲɚɬɶ ɞɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. ȼ ɧɟɤɨɬɨɪɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɤɨɦɩɚ-
ɫɚɯ ɢɦɟɸɬɫɹ, ɤɚɤ ɢ ɭ ɨɛɵɱɧɵɯ ɤɨɦɩɚɫɨɜ, ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟ-
ɜɢɚɰɢɢ. ȿɫɥɢ ɠɟ ɤɨɦɩɚɫ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɧɚ ɫɭɞɚɯ, ɝɞɟ ɞɟɜɢɚ-
ɰɢɹ ɧɟɜɟɥɢɤɚ, ɬɨ ɭ ɤɨɦɩɚɫɚ ɢɦɟɟɬɫɹ ɷɥɟɤɬɪɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɚɜɬɨɦɚɬɢ-
ɱɟɫɤɨɝɨ ɢɫɤɥɸɱɟɧɢɹ ɞɟɜɢɚɰɢɢ ɢɡ ɩɨɤɚɡɚɧɢɣ ɪɟɩɢɬɟɪɨɜ. 

5.3. Ɇɟɬɨɞ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɭɱɟɬɚ 
ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɤɨɦɩɚɫɚ 

ɗɬɨɬ ɦɟɬɨɞ ɪɟɚɥɢɡɨɜɚɧ ɜ ɤɨɦɩɚɫɟ Ⱦɋ-83 («Ƚɨɪɢɡɨɧɬ»), ɜɵɩɭɫɤɚɟɦɨɦ 
ɑɟɛɨɤɫɚɪɫɤɢɦ ɡɚɜɨɞɨɦ «ɗɥɚɪɚ». 

ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɦɨɠɧɨ ɩɨɹɫɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɩɟɪɜɵɯ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ 
ɉɭɚɫɫɨɧɚ (β.γ): 

X  X + cZbYaX   + P; 

Y  Y + dX + eY + fZ + Q. 
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ɉɪɢɧɢɦɚɹ X = Hcosk ɢ Y = Hsink, ɝɞɟ k – ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɫɭɞɧɚ ɆɄ, 
ɩɨɥɭɱɢɦμ 

X  H(1+ cZkbHka  sincos)  + P; 

Y  H(1+e)sink + dHcosk + fZ + Q 
ɢɥɢ 

)()(sin)1(cos)1( QfZPcZkbeHkdaHYX  .    (5.3) 

ȼɵɪɚɠɟɧɢɟ (5.γ) ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɭɪɚɜɧɟ-
ɧɢɟ ɷɥɥɢɩɫɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɡɚɞɚɬɶ ɷɥɥɢɩɫ ɭɪɚɜɧɟɧɢɹɦɢ ɜ ɩɚɪɚɦɟɬɪɢ-
ɱɟɫɤɨɦ ɜɢɞɟ: 

rtmx  cos ; 

stny  sin ,  

ɝɞɟ t – ɩɚɪɚɦɟɬɪ ɷɥɥɢɩɫɚ; m, n – ɩɨɥɭɨɫɢ ɷɥɥɢɩɫɚ; r, s – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ 
ɷɥɥɢɩɫɚ,  
ɬɨ ɭɪɚɜɧɟɧɢɟ ɷɥɥɢɩɫɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

srtntmyx  sincos .                               (5.4)  

ɂɡ ɫɪɚɜɧɟɧɢɹ ɪɚɜɟɧɫɬɜ (5.γ) ɢ (5.4) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɷɥ-
ɥɢɩɫɚ, ɨɩɢɫɵɜɚɟɦɨɝɨ ɭɪɚɜɧɟɧɢɟɦ (5.γ)μ 

– ɩɨɥɭɨɫɢ ɷɥɥɢɩɫɚμ )1( daHm  ; 

                                   )1( beHn  ; 

– ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɷɥɥɢɩɫɚ: 

                                    ɩɨ ɨɫɢ X   r = cZ + P; 

                                    ɩɨ ɨɫɢ Y   s = fZ + Q. 
ɗɥɥɢɩɫ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫ. 5.γ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ 

ɨɬɤɥɨɧɟɧɚ ɧɚ ɭɝɨɥ α ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ OX′. ɗɬɨɬ ɷɥɥɢɩɫ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢ-

ɜɚɬɶ ɤɚɤ ɝɨɞɨɝɪɚɮ ɫɭɦɦɚɪɧɨɝɨ ɜɟɤɬɨɪɚ ɢɧɞɭɤɰɢɢ H ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 
Ɂɟɦɥɢ ɢ ɫɭɞɧɚ ɩɪɢ ɰɢɪɤɭɥɹɰɢɢ ɫɭɞɧɚ. 

Ƚɨɞɨɝɪɚɮ – ɷɬɨ ɤɪɢɜɚɹ, ɤɨɬɨɪɭɸ ɨɩɢɫɵɜɚɟɬ ɤɨɧɟɰ ɜɟɤɬɨɪɚ, ɢɡɦɟɧɹɸ-
ɳɟɝɨ ɫɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɜɟɥɢɱɢɧɭ. 

ɍɪɚɜɧɟɧɢɟ ɷɥɥɢɩɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ XOY ɢɦɟɟɬ ɜɢɞμ 

1
2

2

2

2


n

Y

m

X
.   

ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɷɥɥɢɩɫɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ X′O′В′, ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɧɟɫɬɢ ɰɟɧɬɪ ɷɥɥɢɩɫɚ ɧɚ ɜɟɥɢɱɢɧɭ r = cZ + P, 
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ɡɚɬɟɦ ɧɚ ɜɟɥɢɱɢɧɭ s = fZ + Q, ɚ ɩɨɬɨɦ ɪɚɡɜɟɪɧɭɬɶ ɟɝɨ ɧɚ ɭɝɨɥ α. Ɍɨɝɞɚ  
ɩɨɥɭɱɢɦ 

 

 
.1

sin)(cos)(

sin)(cos)(

2

2 

2

2 









n

PcZXQfZY

m

QfZYPcZX

                   (5.5) 

 

Ɋɢɫ. 5.γ 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɰɢɪɤɭɥɹɰɢɢ ɫɭɞɧɚ, ɤɨɝɞɚ ɤɨɦɩɚɫ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ 
«ɤɚɥɢɛɪɨɜɤɚ», ɬɟɫɥɚɦɟɬɪɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɡɦɟɪɹɸɬɫɹ ɩɹɬɶ ɩɚɪ ɡɧɚɱɟ-
ɧɢɣ X′ ɢ Y′ ɧɚ ɩɹɬɢ ɪɚɜɧɨɭɞɚɥɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɨɜ, ɩɨ ɤɨ-
ɬɨɪɵɦ ɜ ɜɵɱɢɫɥɢɬɟɥɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɹɬɶ ɩɚɪ ɡɧɚɱɟɧɢɣ ɫɭɦɦɚɪɧɨɣ ɦɚɝ-
ɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢμ 

22 )()( YXH  .

 ɉɨ ɢɡɦɟɪɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ X′ ɢ Y′ ɮɨɪɦɢɪɭɸɬɫɹ ɩɹɬɶ ɭɪɚɜɧɟɧɢɣ (5.5), 
ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɞɚɟɬ ɡɧɚɱɟɧɢɹ ɩɹɬɢ ɧɟɢɡɜɟɫɬɧɵɯ ɜɟɥɢɱɢɧμ cZ + P; fZ + Q; 
m; n ɢ α. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ m ɢ n ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɩɨɥɹ Ɂɟɦɥɢ H0. Ɏɨɪ-
ɦɭɥɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ H0 ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɫɪɚɜɧɟɧɢɹ ɩɥɨɳɚɞɢ ɷɥɥɢɩɫɚ, ɪɚɜ-
ɧɨɣ πmn, ɫ ɩɥɨɳɚɞɶɸ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɤɪɭɝɚ, ɪɚɜɧɨɣ πR2. ɉɪɢɱɟɦ ɪɚɞɢɭɫ 
ɷɬɨɝɨ ɤɪɭɝɚ ɪɚɜɟɧ H0. Ɍɨɝɞɚ ɢɦɟɟɦ 

π m n = π H0
2, 

ɨɬɤɭɞɚ 
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mnH 0 .                                                (5.6) 

Ʉɨɝɞɚ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɰɢɪɤɭɥɹɰɢɢ ɜ ɛɥɨɤɟ ɩɚɦɹɬɢ ɩɚɪɚɦɟɬɪɵ ɪɚɜɧɵ 
cZ + P; fZ + Q ɢ H0, ɫɯɟɦɚ ɤɨɦɩɚɫɚ ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɪɚɛɨɱɢɣ ɪɟɠɢɦ, 
ɢ ɜ ɜɵɱɢɫɥɢɬɟɥɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ΔX′ ɢ ΔY′ ɩɨ ɮɨɪɦɭɥɚɦμ 

ΔX′ = (cZ + P) + (X′ – H0); 

ΔY′ = (fZ + Q) + (Y′ – H0). 
ɉɨɩɪɚɜɤɢ ΔX′ ɢ ΔY′ ɞɨɛɚɜɥɹɸɬɫɹ ɤ ɧɟɩɪɟɪɵɜɧɨ ɢɡɦɟɪɹɟɦɵɦ ɬɟɫɥɚɦɟɬ-

ɪɚɦɢ ɜɟɥɢɱɢɧɚɦ X′ ɢ Y′ ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɫɭɞɧɚ 

XX

YY
k




 arctg .                                         (5.7) 

5.4. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɝɧɢɬɨɦɟɬɪɚ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɣ 
ɦɨɪɫɤɢɯ ɦɚɝɧɢɬɧɵɯ ɤɨɦɩɚɫɨɜ 

ȼ ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɜ ɩ. 5.3 ɦɟɬɨɞɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɭɱɟɬɚ ɨɫɬɚɬɨɱɧɨɣ ɞɟ-
ɜɢɚɰɢɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɤɨɦɩɚɫɚ ɪɨɥɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɩɨɥɧɹɟɬ 
ɞɜɭɯɨɫɟɜɨɣ ɬɟɫɥɚɦɟɬɪ. ɗɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɢɡ ɩɨɤɚɡɚɧɢɣ ɤɨɦ-
ɩɚɫɚ ɩɨɥɭɤɪɭɝɨɜɭɸ ɢ ɱɟɬɜɟɪɬɧɭɸ ɞɟɜɢɚɰɢɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɬɚɤɚɹ ɦɟɬɨɞɢɤɚ ɫɪɚɛɚɬɵɜɚɟɬ ɬɨɥɶɤɨ 
ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɛɨɥɶɲɟ ɚɧɚɥɨ-
ɝɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɉɪɚɜɢɥɚ-
ɦɢ Ɋɨɫɫɢɣɫɤɨɝɨ ɦɨɪɫɤɨɝɨ ɪɟɝɢɫɬɪɚ ɫɭɞɨɯɨɞɫɬɜɚ (ɞɚɥɟɟ – ɉɪɚɜɢɥɚ ɊɆɊɋ) 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɬɪɟɛɨɜɚɧɢɟ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɜ ɫɨɫɬɚɜ ɢɧɞɭɤɰɢɨɧɧɵɯ 
ɤɨɦɩɚɫɨɜ ɞɨɥɠɧɵ ɜɯɨɞɢɬɶ ɤɨɦɩɟɧɫɚɬɨɪɵ ɞɟɜɢɚɰɢɢ. ɂɡ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɤɨɦɩɚɫɨɜ ɬɨɥɶɤɨ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɄɎ-1 ɇɉɈ «ɇɚɜɢ – Ⱦɚɥɫ» ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɷɬɨɦɭ ɬɪɟɛɨɜɚɧɢɸ. 

ȼ ɪɚɛɨɬɟ Д3Ж ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɧɚɥɨɝɢɱɧɵɣ ɦɟɬɨɞ ɞɥɹ ɭɧɢ-
ɱɬɨɠɟɧɢɹ ɜɫɟɯ ɜɢɞɨɜ ɞɟɜɢɚɰɢɣ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɷɥɟ-
ɦɟɧɬɨɦ ɜ ɜɢɞɟ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ 
ɜ ɡɨɧɟ ɪɚɡɦɟɳɟɧɢɹ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɣ ɦɚɝɧɢɬɨɦɟɬɪ ɬɢɩɚ ɇȼ 05λλȻ. Ⱥɧɚɥɢɡ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɦɚɝɧɢɬɨɦɟɬɪɚ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɢɡɦɟɪɟɧɢɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨ-
ɥɟ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹ-
ɟɬ ɧɚ ɞɚɬɱɢɤ ɦɚɝɧɢɬɨɦɟɬɪɚ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɚɝɧɢɬɨɦɟɬɪ ɇȼ 05λλȻ ɦɨɠ-
ɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɟɜɢɚɰɢɨɧɧɵɯ ɪɚɛɨɬ. 
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ɉɪɟɠɞɟ ɜɫɟɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɛɟɪɟɝɭ ɜ ɦɟɫɬɟ, ɫɜɨɛɨɞɧɨɦ ɨɬ ɦɚɝɧɢɬɧɵɯ 
ɩɨɥɟɣ, ɩɪɨɜɟɫɬɢ ɢɡɦɟɪɟɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɇ ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ Z ɫɨɫɬɚɜɥɹ-
ɸɳɢɯ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɇ ɢ Z 
ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɪɚɣɨɧɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 5.2. 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  5 . β  

Ɋɚɣɨɧ ɇ, ɦɤɌɥ Z, ɦɤɌɥ 

Ȼɚɪɟɧɰɟɜɨ, Ȼɟɥɨɟ ɦɨɪɟ 11 50 

Ȼɚɥɬɢɣɫɤɨɟ ɦɨɪɟ 15 47 

ɑɟɪɧɨɟ, Ʉɚɫɩɢɣɫɤɨɟ ɦɨɪɟ 23 40 

Ɉɯɨɬɫɤɨɟ, Ȼɟɪɢɧɝɨɜɨ ɦɨɪɟ 22 40 

əɩɨɧɫɤɨɟ ɦɨɪɟ 24 40 
 

5.4.1. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɩɨɥɭɤɪɭɝɨɜɨɣ ɢ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ 
ɩɪɢ ɫɬɨɹɧɤɟ ɫɭɞɧɚ ɜ ɩɨɪɬɭ ɩɨ ɢɡɦɟɪɟɧɢɹɦ, ɜɵɩɨɥɧɟɧɧɵɦ ɦɚɝɧɟɬɨɦɟɬɪɨɦ 
ɧɚ ɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɤɭɪɫɟ k. ɉɪɢɧɰɢɩ ɷɬɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭ-
ɸɳɟɦ. ɍɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ ɞɥɹ ɩɪɨɟɤɰɢɣ ɜɫɟɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ ɧɚ ɨɫɢ ɤɨ-
ɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɫɭɞɧɨɦ, ɢɦɟɟɬ ɜɢɞμ 

X′ = X + ɚX + ЛВ + МГ + P; 

Y = Y + dX + cY + fZ + Q 
        (5.8) 

ɢɥɢ, ɩɪɢɧɢɦɚɹ 
X  = H cos k   ɢ   Y = H sin k,                                      (5.9) 

ɩɨɥɭɱɢɦ: 

X′ = H cos k + ɚ H cos k + b H sin k + cZ + P; 

Y = H sin k + d H cos k + e H sin k + fZ + Q, 
(5.10) 

ɝɞɟ ɇ – ɜɟɥɢɱɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨ-
ɥɹ Ɂɟɦɥɢ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɧɚ ɛɟɪɟɝɭ. 

Ɂɧɚɹ ɄɄ ɫɭɞɧɚ, ɩɨ ɝɢɪɨɤɨɦɩɚɫɭ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɦɚɝɧɢɬɧɨ-
ɝɨ ɤɭɪɫɚ: 

k = KK – ∆ ȽɄ – d,                                            (5.11) 
ɝɞɟ ɄɄ – ɤɨɦɩɚɫɧɵɣ ɤɭɪɫ ɩɨ ɝɢɪɨɤɨɦɩɚɫɭ; 
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∆ ȽɄ – ɩɨɩɪɚɜɤɚ ɝɢɪɨɤɨɦɩɚɫɚ; 
d – ɦɚɝɧɢɬɧɨɟ ɫɤɥɨɧɟɧɢɟ. 
Ɂɚɬɟɦ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶμ 

X  = H cos k; 

Y = H sin k. 
(5.12) 

Ⱦɚɥɟɟ ɜɦɟɫɬɨ ɤɨɬɟɥɤɚ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɟɪɠɚɬɟɥɶ 
ɞɚɬɱɢɤɚ ɦɚɝɧɢɬɨɦɟɬɪɚ, ɤɨɬɨɪɵɣ ɢɡɝɨɬɨɜɥɟɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɰɟɧɬɪ ɞɚɬ-
ɱɢɤɚ ɦɚɝɧɢɬɨɦɟɬɪɚ ɫɨɜɩɚɞɚɟɬ ɫ ɬɨɱɤɨɣ, ɝɞɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɰɟɧɬɪ ɦɚɝɧɢɬɧɨɣ 
ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ. Ƚɨɪɢɡɨɧɬɚɥɶɧɨɫɬɶ ɞɚɬɱɢɤɚ ɦɚɝɧɢɬɨɦɟɬɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫ ɩɨɦɨɳɶɸ ɤɪɭɝɨɜɨɝɨ ɭɪɨɜɧɹ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɧɚ ɞɟɪɠɚɬɟɥɟ. Ƚɧɟɡɞɚ ɧɚ 
ɞɟɪɠɚɬɟɥɟ ɩɨɡɜɨɥɹɸɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɦɚɝɧɢɬɨɦɟɬɪ ɜ ɬɪɢ ɩɨɥɨɠɟɧɢɹ ɞɥɹ 
ɢɡɦɟɪɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ X ɢ Y, ɚ ɬɚɤɠɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨ-
ɫɬɚɜɥɹɸɳɟɣ Z ɢɧɞɭɤɰɢɢ ɫɭɦɦɚɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ. 

Ɉɩɪɟɞɟɥɢɜ ɡɧɚɱɟɧɢɟ X ɢ Y ɩɨ ɮɨɪɦɭɥɚɦ (5.1β) ɞɥɹ ɤɭɪɫɚ ɫɭɞɧɚ, ɧɚ ɤɨ-
ɬɨɪɨɦ ɨɧɨ ɧɚɯɨɞɢɬɫɹ, ɫɬɨɹ ɭ ɩɪɢɱɚɥɚ, ɞɨɛɢɜɚɟɦɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɞɨɥɶɧɵɯ 
ɢ ɩɨɩɟɪɟɱɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ, ɱɬɨɛɵ ɩɨɤɚɡɚɧɢɹ ɦɚɝɧɢɬɨɦɟɬɪɚ 
ɫɨɜɩɚɞɚɥɢ ɫ ɪɚɫɱɟɬɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ X ɢ Y. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɭɬ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɵ ɧɟ ɬɨɥɶɤɨ ɫɥɚɝɚɟɦɵɟ ɜ ɪɚɜɟɧ-
ɫɬɜɚɯ (5.10), ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ (cZ + P) ɢ (fZ+ Q), 
ɧɨ ɢ ɫɨɡɞɚɸɳɢɟ ɱɟɬɜɟɪɬɧɭɸ ɞɟɜɢɚɰɢɸ (ɚH cos k; bH sin k; dH cos k; 
ɢ eH sin k). ɉɨɷɬɨɦɭ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɭɦɟɧɶɲɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ 
ɹɜɥɹɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦ. Ɉɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɱɟɬɜɟɪɬɧɚɹ 
ɞɟɜɢɚɰɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 5°, ɭɤɚɡɚɧɧɵɣ ɫɩɨɫɨɛ ɭɦɟɧɶɲɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ 
ɞɟɜɢɚɰɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɩɨɥɧɟ ɩɪɢɟɦɥɟɦɵɦ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 
ɯɨɞɭ ɫɭɞɧɚ ɧɚ ɞɟɜɢɚɰɢɨɧɧɨɦ ɩɨɥɢɝɨɧɟ. ɉɪɢ ɷɬɨɦ ɭɝɥɵ ɤɚɱɤɢ ɧɟ ɞɨɥɠɧɵ 
ɛɵɬɶ ɛɨɥɟɟ γ°. ȼɵɩɨɥɧɹɸɬɫɹ ɪɚɛɨɬɵ ɧɚ ɦɚɝɧɢɬɧɨɦ ɤɭɪɫɟ k = λ0° ± 5° ɢɥɢ 
k = β70° ± 5°. Ɇɚɝɧɢɬɨɦɟɬɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɞɟɪɠɚɬɟɥɟ ɜɟɪɬɢɤɚɥɶɧɨ. 
Ɂɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɤɪɟɧɨɜɨɝɨ ɦɚɝɧɢɬɚ ɩɨɤɚɡɚɧɢɹ ɦɚɝɧɢɬɨɦɟɬɪɚ ɞɨɜɨɞɹɬɫɹ 
ɞɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ ɜɟɥɢɱɢɧɟ ȜZ, ɝɞɟ Z – ɡɧɚɱɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ, ɢɡɦɟɪɟɧɧɨɟ ɧɚ ɛɟɪɟɝɭ; Ȝ –  
ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɤɨɦɩɚɫɚ ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɫɭɞɨ- 
ɜɵɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ (ɩɪɢ ɩɟɪɜɢɱɧɵɯ ɞɟɜɢɚɰɢɨɧɧɵɯ ɪɚɛɨ-
ɬɚɯ ɩɪɢɧɢɦɚɟɦ Ȝ = 0,λ ɞɥɹ ɝɥɚɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɢ Ȝ = 0,7 – ɞɥɹ 
ɩɭɬɟɜɨɝɨ). 
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5.4.2. ɍɧɢɱɬɨɠɟɧɢɟ ɱɟɬɜɟɪɬɧɨɣ, ɤɪɟɧɨɜɨɣ 
ɢ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ 

ȼ ɪɚɛɨɬɟ Д3Ж ɞɨɤɚɡɚɧɨ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ 
ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɧɚ ɝɥɚɜɧɵɯ, ɧɨ ɢ ɧɚ ɱɟɬɜɟɪɬɧɵɯ 
ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚ, ɞɥɹ ɟɟ ɭɧɢɱɬɨɠɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɢɡɦɟɪɢɬɶ ɜɟɥɢɱɢɧɭ X 

ɢ Y′ –  ɧɚ ɝɥɚɜɧɵɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ (0°; λ0°; 180° ɢ β70°) ɩɪɢ ɫɧɹɬɵɯ ɩɥɚ-
ɫɬɢɧɚɯ ɤɨɦɩɟɧɫɚɬɨɪɚ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ. Ɍɨɝɞɚ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
D, E ɢ Ȝ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

)()(

)()(

902701800

902701800

YYXX

YYXX
D




 ;                                (5.13) 

)()(

)()(

902701800

180090270

YYXX

YYXX
E




 ;                                (5.14) 

H

YYXX

4

)()( 902701800 
 ,                                (5.15) 

ɝɞɟ  270180900 ;;; XXXX  –  ɡɧɚɱɟɧɢɹ X  , ɢɡɦɟɪɟɧɧɵɟ ɧɚ ɝɥɚɜɧɵɯ ɦɚɝɧɢɬɧɵɯ 
ɤɭɪɫɚɯ; 

270180900  ; ; ; YYYY   – ɡɧɚɱɟɧɢɹ Y , ɢɡɦɟɪɟɧɧɵɟ ɧɚ ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ 

ɤɭɪɫɚɯ; 
H – ɡɧɚɱɟɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨ-

ɥɹ Ɂɟɦɥɢ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɧɚ ɛɟɪɟɝɭ. 
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɭɪɫɚ ɫɭɞɧɚ ɛɨɥɶɲɢɟ ɦɚɫɫɵ ɫɭɞɨɜɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɦɝɧɨɜɟɧɧɨ ɧɟ ɫɦɨɝɭɬ ɩɟɪɟɦɚɝɧɢɬɢɬɶɫɹ, ɩɨɤɚɡɚɧɢɹ ɦɚɝɧɢɬɨ-
ɦɟɬɪɚ ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɦɚɬɶ ɧɟ ɪɚɧɟɟ, ɱɟɦ ɱɟɪɟɡ γ ɦɢɧ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɭɞɧɨ 
ɥɹɠɟɬ ɧɚ ɡɚɞɚɧɧɵɣ ɤɭɪɫ. 

Ⱦɥɹ ɤɨɦɩɚɫɨɜ ɄɆ-145, ɄɆ-ɉ, ɍɄɉ-Ɇ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Dɭ, ɤɨ-
ɬɨɪɵɣ ɛɭɞɟɬ ɫɥɭɠɢɬɶ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɥɢɱɟɫɬɜɚ ɩɥɚɫɬɢɧ ɜ ɤɨɦɩɟɧɫɚɬɨɪɟ ɱɟɬ-
ɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

22 EDDɭ  .                                      (5.16) 

ȿɫɥɢ ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ (5.14) ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ E > 1°, 
ɬɨ ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɟɪɧɭɬɶ ɩɥɚɫɬɢɧɵ ɤɨɦɩɟɧɫɚɬɨɪɚ ɱɟɬ-
ɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦ 

D

E
arcsin5,0  .                                        (5.17) 
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ɉɪɢ E > 0 ɩɨɜɨɪɨɬ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ, ɩɪɢ E < 0 – ɩɪɨ-
ɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. 

Ɂɚɬɟɦ ɩɨ ɜɟɥɢɱɢɧɟ Dɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɩɥɚɫɬɢɧ, ɤɨɬɨɪɨɟ 
ɞɨɥɠɧɨ ɛɵɬɶ ɜ ɤɨɦɩɟɧɫɚɬɨɪɟ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ. 

Ⱦɥɹ ɤɨɦɩɚɫɨɜ ɄɆ-115 ɤɨɥɢɱɟɫɬɜɨ ɩɥɚɫɬɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ D, 
ɪɚɫɫɱɢɬɚɧɧɨɣ ɩɨ ɮɨɪɦɭɥɟ (5.1γ), ɚ ɤɨɷɮɮɢɰɢɟɧɬ E ɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ. 

ɍɧɢɱɬɨɠɟɧɢɟ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɦɚɝɧɢɬɧɨɦ ɤɭɪɫɟ 
k = λ0° ± 5° ɢɥɢ k = β70° ± 5°, ɧɚ ɤɨɬɨɪɨɦ ɩɨɤɚɡɚɧɢɹ ɦɚɝɧɢɬɨɦɟɬɪɚ ɡɚ ɫɱɟɬ 
ɩɟɪɟɦɟɳɟɧɢɹ ɤɪɟɧɨɜɨɝɨ ɦɚɝɧɢɬɚ ɞɨɜɨɞɹɬɫɹ ɞɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ ȜZ. ȼɟɥɢ-
ɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ Ȝ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (5.15), ɚ ɡɧɚɱɟɧɢɟ Z ɛɵɥɨ 
ɨɩɪɟɞɟɥɟɧɨ ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɧɚ ɛɟɪɟɝɭ. 

Ⱦɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɢɬɶ ɡɧɚ-
ɱɟɧɢɹ X ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ 0° ɢ 180°, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ Yɧɚ ɦɚɝɧɢɬɧɵɯ 
ɤɭɪɫɚɯ λ0° ɢ β70°. Ɍɨɝɞɚ ɢɡ ɩɟɪɜɨɝɨ ɪɚɜɟɧɫɬɜɚ ɭɪɚɜɧɟɧɢɣ (5.10) ɩɨɥɭɱɢɦ: 

,

;

180

0

PcZaHHX

PcZaHHX




                                  (5.18) 

ɚ ɢɡ ɜɬɨɪɨɝɨ ɪɚɜɟɧɫɬɜɚ ɭɪɚɜɧɟɧɢɣ (5.10) ɢɦɟɟɦμ 

.

;

270

90

QfZeHHY

QfZeHHY




                                  (5.19) 

ɋɭɦɦɢɪɭɹ ɩɨɩɚɪɧɨ ɪɚɜɟɧɫɬɜɚ ɭɪɚɜɧɟɧɢɣ (5.18) ɢ (5.1λ), ɩɨɥɭɱɢɦμ 
0 180( )

( )
2

X X
cZ Ɋ

 
  ;                                 (5.20) 

90 270( )
( )

2

Y Y
fZ Q

 
  .                                   (5.21) 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɪɚɜɟɧɫɬɜɚ (5.β0) ɢ (5.β1) ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɦɚɝɧɢɬɨ-
ɦɟɬɪɨɦ ɧɚ ɝɥɚɜɧɵɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ, ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɹ ɱɥɟɧɨɜ ɭɪɚɜɧɟ-
ɧɢɣ ɉɭɚɫɫɨɧɚ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ. Ɂɚɬɟɦ ɧɚ ɦɚɝ-
ɧɢɬɧɨɦ ɤɭɪɫɟ k = 0 ɢɥɢ k = 180 ɩɪɨɞɨɥɶɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ 
ɤɨɦɩɟɧɫɢɪɭɟɦ ɜɟɥɢɱɢɧɭ )( PcZ  , ɚ ɧɚ ɦɚɝɧɢɬɧɨɦ ɤɭɪɫɟ k = 90 ɢɥɢ k = 

= 270 ɩɨɩɟɪɟɱɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ – ɜɟɥɢɱɢɧɭ (fZ + Q). 
Ʉɨɦɩɟɧɫɚɰɢɸ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ±0,1 ɦɤɌɥ. 

ɉɨɫɥɟ ɭɧɢɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɫɥɟɞɭɟɬ ɟɳɟ ɪɚɡ ɢɡɦɟɪɢɬɶ 
X′0; X′180; Y′90; Y′270 ɢ, ɩɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɟ ɷɬɢɯ ɜɟɥɢɱɢɧ ɜ ɪɚɜɟɧɫɬɜɨ (5.15), 
ɧɚɣɬɢ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Ȝ. 
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5.4.3. Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɬɚɛɥɢɰɵ 
ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɚɜɟɧɫɬɜ (5.1γ) ɢ (5.14), ɤɨɷɮɮɢɰɢɟɧɬɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢ-
ɚɰɢɢ D ɢ E ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɹ X  ɢ Y ɧɚ 
ɱɟɬɵɪɟɯ ɝɥɚɜɧɵɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ. ȼ ɪɚɛɨɬɟ Д3Ж ɞɨɤɚɡɚɧɨ, ɱɬɨ ɢ ɤɨɷɮɮɢ-
ɰɢɟɧɬɵ A, B ɢ C ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɢɡɦɟɪɟɧɢɣμ 
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 .                              (5.24) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ X ɢ Y , ɜɵɩɨɥɧɟɧ-
ɧɵɟ ɩɨɫɥɟ ɭɧɢɱɬɨɠɟɧɢɹ ɜɫɟɯ ɜɢɞɨɜ ɞɟɜɢɚɰɢɣ ɧɚ ɱɟɬɵɪɟɯ ɝɥɚɜɧɵɯ ɦɚɝɧɢɬ-
ɧɵɯ ɤɭɪɫɚɯ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɩɹɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚ-
ɰɢɢ ɩɨ ɮɨɪɦɭɥɚɦ (5.1γ), (5.14), (5.ββ) – (5.24). 

ɉɪɚɜɢɥɚɦɢ ɲɬɭɪɦɚɧɫɤɨɣ ɫɥɭɠɛɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨ-
ɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ, ɩɪɢɜɟɞɟɧɧɵɯ 
ɜ ɬɚɛɥ. 5.γ. ɉɪɚɜɢɥɚɦɢ ɊɆɊɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɨɫɬɚɬɨɱ-
ɧɨɣ ɞɟɜɢɚɰɢɢμ ɞɥɹ ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɨɜ ±γ°; ɞɥɹ ɩɭɬɟɜɵɯ – ±5°. 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  5 . 3  

  
Ɋɚɫɱɟɬ ɬɚɛɥɢɰɵ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

δ = A + B sin KK + C cos KK + D sin 2KK + E cos 2KK,             (5.25) 
ɝɞɟ A, B, C, D, E – ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɜ ɝɪɚɞɭɫɚɯ. 

ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɪɚɜɟɧɫɬɜɨ (5.β5) ɫɩɪɚɜɟɞɥɢɜɨ, ɟɫɥɢ ɜɟ-
ɥɢɱɢɧɚ ɞɟɜɢɚɰɢɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 6°.  

Ʉɨɦɩɚɫɵ  
Ʉ  ɨ  ɷ  ɮ  ɮ  ɢ  ɰ  ɢ  ɟ  ɧ  ɬ  ɵ 

A B C D E 

Ƚɥɚɜɧɵɣ   ±1,β° ±1,β° ±1,β° ±1,β° 
ɉɭɬɟɜɨɣ ±1° ±1,5° ±1,5° ±1,5° ±1,5° 
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Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
21. Ɉɛɦɨɬɤɢ, ɭɥɨɠɟɧɧɵɟ ɧɚ ɫɟɪɞɟɱɧɢɤɚɯ ɮɟɪɪɨɡɨɧɞɚ, ɫɨɡɞɚɸɬ ɦɚɝɧɢɬ-

ɧɵɟ ɩɨɬɨɤɢ Ɏ1 ɢ Ɏ2, ɤɨɬɨɪɵɟ: 
– ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ (ɫɦ. ɩɨɹɫɧɟɧɢɟ γ5); 
– ɧɚɩɪɚɜɥɟɧɵ ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɞɪɭɝɭ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 51); 
– ɫɞɜɢɧɭɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɧɚ π/β (ɫɦ. ɩɨɹɫɧɟɧɢɟ β6). 

ββ. Ɍɟɫɥɚɦɟɬɪɨɦ ɧɚɡɵɜɚɟɬɫɹ ɭɡɟɥ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ: 
– ɢɡ ɨɞɧɨɝɨ ɮɟɪɪɨɡɨɧɞɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 6); 
– ɢɡ ɞɜɭɯ ɮɟɪɪɨɡɨɧɞɨɜ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 5λ); 
– ɢɡ ɬɪɟɯ ɮɟɪɪɨɡɨɧɞɨɜ (ɫɦ. ɩɨɹɫɧɟɧɢɟ γβ). 

23. ɂɧɞɭɤɰɢɨɧɧɵɣ ɤɨɦɩɚɫ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɫɭɞɧɟ, 
ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ: 

– ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 48); 
– ɤɨɦɩɚɫɧɨɝɨ ɦɟɪɢɞɢɚɧɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 13); 
– ɢɫɬɢɧɧɨɝɨ ɦɟɪɢɞɢɚɧɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 6γ). 

24. Ⱦɨɥɠɟɧ ɥɢ (ɞɚ ɢɥɢ ɧɟɬ) ɢɧɞɭɤɰɢɨɧɧɵɣ ɤɨɦɩɚɫ ɢɦɟɬɶ ɭɫɬɪɨɣɫɬɜɚ 
ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɣ ɤɨɦɩɚɫɚμ 

– ɞɚ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 4β); 
– ɧɟɬ (ɫɦ. ɩɨɹɫɧɟɧɢɟ 17). 

25. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɩɨɦɨɳɶɸ ɦɚɝ-
ɧɢɬɨɦɟɬɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɹ-
ɟɬɫɹ: 

– ɩɪɢ ɫɬɨɹɧɤɟ ɫɭɞɧɚ ɜ ɩɨɪɬɭ (ɫɦ. ɩɨɹɫɧɟɧɢɟ γ4); 
– ɜ ɦɨɪɟ ɧɚ ɯɨɞɭ ɫɭɞɧɚ ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ 0° ɢ 180° (ɫɦ. ɩɨɹɫ-

ɧɟɧɢɟ β7); 
– ɜ ɦɨɪɟ ɧɚ ɯɨɞɭ ɫɭɞɧɚ ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ λ0° ɢ β70° (ɫɦ. ɩɨɹɫ-

ɧɟɧɢɟ 7). 
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ɄɈɇɌɊɈɅɖɇȺə ɊȺȻɈɌȺ 
1. Ɇɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɦɚɝɧɢɬɚ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ: 

ɚ) ɇ Ɇ А-1;   
ɛ) ɇ Ɇ-1 А-1; 
ɜ) А Ɇ2; 
ɝ) А Ɇ-2. 

2. Ʌɢɧɢɢ, ɫɨɟɞɢɧɹɸɳɢɟ ɧɚ ɦɚɝɧɢɬɧɨɣ ɤɚɪɬɟ ɬɨɱɤɢ ɫ ɨɞɢɧɚɤɨɜɵɦ ɦɚɝ-
ɧɢɬɧɵɦ ɧɚɤɥɨɧɟɧɢɟɦ, ɧɚɡɵɜɚɸɬɫɹ: 

ɚ) ɢɡɨɞɢɧɚɦɢ; 
ɛ) ɢɡɨɝɨɧɚɦɢ; 
ɜ) ɢɡɨɤɥɢɧɚɦɢ. 

γ. ɇɚɩɪɚɜɥɹɸɳɢɣ ɦɨɦɟɧɬ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɡɚɜɢɫɢɬ: 
ɚ) ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɦɚɝɧɢɬɚ; 
ɛ) ɨɬ ɦɨɦɟɧɬɚ ɫɭɯɨɝɨ ɬɪɟɧɢɹ ɜ ɩɨɞɜɟɫɟ; 
ɜ) ɨɬ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ. 

4. ȼ ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ ɜɯɨɞɹɬ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ 
ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ, ɦɹɝɤɢɦ ɢ ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ. ɋɢɥɵ P, Q, 
R ɫɨɡɞɚɸɬɫɹ: 

ɚ) ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ; 
ɛ) ɦɹɝɤɢɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ; 
ɜ) ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ. 

5. ȼ ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ ɜɯɨɞɹɬ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ 
ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ, ɦɹɝɤɢɦ ɢ ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ. ɋɢɥɵ X, Y, 
Z ɫɨɡɞɚɸɬɫɹ: 

ɚ) ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Ɂɟɦɥɢ; 
ɛ) ɦɹɝɤɢɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ; 
ɜ) ɬɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ. 

6. ɋɭɞɨɜɵɦ ɠɟɥɟɡɨɦ (ɦɹɝɤɢɦ ɢ ɬɜɟɪɞɵɦ) ɫɨɡɞɚɸɬɫɹ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬ-
ɧɵɟ ɫɢɥɵ, ɧɚɥɢɱɢɟ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɫɬɨɹɧɧɨɣ, ɩɨɥɭ-
ɤɪɭɝɨɜɨɣ ɢɥɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ. Ɉɬ ɫɭɞɨɜɨɝɨ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ ɜɨɡɧɢɤɚ-
ɟɬ: 

ɚ) ɩɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ;   
ɛ) ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ; 
ɜ) ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ.  
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7. ɇɚ ɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɩɚɫɚ ɜɨɡɞɟɣɫɬɜɭɸɬ ɫɢɥɵ ȜH, AȜH, ȼȜH, 
ɋȜH, DȜH ɢ ЕȜH. Ʉɚɤɚɹ ɢɡ ɷɬɢɯ ɫɢɥ ɧɟ ɫɨɡɞɚɟɬ ɞɟɜɢɚɰɢɸμ 

ɚ) ȜH;     ɛ) AȜH;     ɜ) ȼȜH;     ɞ) ɋȜH;     ɟ) DȜH;     ɠ) EȜH. 
8. ȼ ɨɫɧɨɜɧɭɸ ɮɨɪɦɭɥɭ ɞɟɜɢɚɰɢɢ: 

ɄɄEɄɄDɄɄCɄɄBA 2cos2sincossin  , 

ɜɯɨɞɹɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɜɢɚɰɢɢ. Ʉɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɨɫɬɨɹɧɧɨɣ ɞɟɜɢɚɰɢɢ 
ɹɜɥɹɸɬɫɹ: 

ɚ) A;        ɛ) B;         ɜ) C;        ɝ) D;        ɞ) E. 
λ. ȼ ɨɫɧɨɜɧɭɸ ɮɨɪɦɭɥɭ ɞɟɜɢɚɰɢɢ: 

sin cos sin2 cos2 ,A B ɄɄ C ɄɄ D ɄɄ E ɄɄ       

ɜɯɨɞɹɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɜɢɚɰɢɢ. Ʉɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ 
ɹɜɥɹɸɬɫɹ: 

ɚ) A;        ɛ) B;         ɜ) C;        ɝ) D;        ɞ) E. 
10. ȼ ɨɫɧɨɜɧɭɸ ɮɨɪɦɭɥɭ ɞɟɜɢɚɰɢɢ: 

sin cos sin2 cos2 ,A B ɄɄ C ɄɄ D ɄɄ E ɄɄ       

ɜɯɨɞɹɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɜɢɚɰɢɢ. Ʉɨɷɮɮɢɰɢɟɧɬɚɦɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ 
ɹɜɥɹɸɬɫɹ: 

ɚ) A;        ɛ) B;         ɜ) C;        ɝ) D;        ɞ) E. 
11. Ɇɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ: 

ɚ) ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ; 
ɛ) ɤɨɦɩɚɫɧɨɝɨ ɦɟɪɢɞɢɚɧɚ; 
ɜ) ɢɫɬɢɧɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. 

12. ɇɚ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧ ɦɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ ɞɥɹ ɆɄ = γ0°, ɝɞɟ ɫɭɞɨ-
ɜɚɹ ɦɚɝɧɢɬɧɚɹ ɫɢɥɚ ȜH ɨɛɨɡɧɚɱɟɧɚμ 

ɚ) ɢɧɞɟɤɫɨɦ 1;  ɛ) ɢɧɞɟɤɫɨɦ 2;  ɜ) ɢɧɞɟɤɫɨɦ 3;  ɝ) ɢɧɞɟɤɫɨɦ 4;  ɞ) ɢɧ-
ɞɟɤɫɨɦ 5;  ɟ) ɢɧɞɟɤɫɨɦ 6. 
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13. ɇɚ ɪɢɫɭɧɤɟ ɜ ɜɨɩɪɨɫɟ 12 ɢɡɨɛɪɚɠɟɧ ɦɧɨɝɨɭɝɨɥɶɧɢɤ ɫɢɥ ɞɥɹ 
ɆɄ = γ0°.  

ɋɭɞɨɜɚɹ ɦɚɝɧɢɬɧɚɹ ɫɢɥɚ DȜH ɧɚ ɷɬɨɦ ɪɢɫɭɧɤɟ ɨɛɨɡɧɚɱɟɧɚ: 
ɚ) ɢɧɞɟɤɫɨɦ 1; 
ɛ) ɢɧɞɟɤɫɨɦ 2; 
ɜ) ɢɧɞɟɤɫɨɦ 3; 
ɝ) ɢɧɞɟɤɫɨɦ 4; 
ɞ) ɢɧɞɟɤɫɨɦ 5; 
ɟ) ɢɧɞɟɤɫɨɦ 6. 

14. Ɇɹɝɤɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ ɫɨɡɞɚɟɬɫɹ: 
ɚ) ɩɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ; 
ɛ) ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ; 
ɜ) ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ; 
ɝ) ɲɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ. 

15. Ɍɜɟɪɞɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ ɫɨɡɞɚɟɬɫɹ: 
ɚ) ɩɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ; 
ɛ) ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ; 
ɜ) ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ; 
ɝ) ɲɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ. 

16. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɢ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɢɡɝɨɬɨɜ-
ɥɟɧɵμ 

ɚ) ɢɡ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ; 
ɛ) ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 

17. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɢɡɝɨɬɨɜɥɟɧɵ: 
ɚ) ɢɡ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ; 
ɛ) ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 

18. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɲɢɪɨɬɧɨɣ ɞɟɜɢɚɰɢɢ ɢɡɝɨɬɨɜɥɟɧɵμ 
ɚ) ɢɡ ɬɜɟɪɞɨɝɨ ɠɟɥɟɡɚ; 
ɛ) ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 

19. ɋɩɨɫɨɛ Ʉɨɥɨɧɝɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ: 
ɚ) ɩɨɫɬɨɹɧɧɨɣ ɞɟɜɢɚɰɢɢ; 
ɛ) ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ; 
ɜ) ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ; 
ɝ) ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ. 

20. ȿɫɥɢ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɭɞɨɜɵɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ BȜH ɢ CȜH, ɬɨ 
ɭ ɤɨɦɩɚɫɚ ɛɭɞɟɬ ɭɧɢɱɬɨɠɟɧɚ: 
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ɚ) ɩɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ; 
ɛ) ɱɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ; 
ɜ) ɩɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ; 
ɝ) ɤɪɟɧɨɜɚɹ ɞɟɜɢɚɰɢɹ. 

β1. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɞɟɜɢɚɰɢɢ ɫɩɨɫɨɛɨɦ ɗɪɢ ɫɭɞɧɨ ɥɨɠɢɬɫɹ: 
ɚ) ɧɚ ɝɥɚɜɧɵɟ ɦɚɝɧɢɬɧɵɟ ɤɭɪɫɵ; 
ɛ) ɧɚ ɱɟɬɜɟɪɬɧɵɟ ɦɚɝɧɢɬɧɵɟ ɤɭɪɫɵ; 
ɜ) ɧɚ ɝɥɚɜɧɵɟ ɤɨɦɩɚɫɧɵɟ ɤɭɪɫɵ; 
ɝ) ɧɚ ɱɟɬɜɟɪɬɧɵɟ ɤɨɦɩɚɫɧɵɟ ɤɭɪɫɵ. 

ββ. ɋɢɥɚ CȜH ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ: 
ɚ) ɩɪɨɞɨɥɶɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ; 
ɛ) ɩɨɩɟɪɟɱɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ; 
ɜ) ɜɟɪɬɢɤɚɥɶɧɵɦ ɦɚɝɧɢɬɨɦ-ɭɧɢɱɬɨɠɢɬɟɥɟɦ. 

βγ. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɞɟɜɢɚɰɢɢ ɫɩɨɫɨɛɨɦ Ʉɨɥɨɧɝɚ ɫ ɩɨɦɨɳɶɸ ɞɟɮɥɟɤ-
ɬɨɪɚ ɢɡɦɟɪɹɟɬɫɹ: 

ɚ) ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ; 
ɛ) ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ; 
ɜ) ɩɨɥɧɵɣ ɜɟɤɬɨɪ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ. 

β4. ɑɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ ɫɨɡɞɚɟɬɫɹ: 
ɚ) ɦɹɝɤɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ; 
ɛ) ɦɹɝɤɢɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ; 
ɜ) ɬɜɟɪɞɵɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ; 
ɝ) ɬɜɟɪɞɵɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ. 

β5. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ: 
ɚ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ; 
ɛ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ; 
ɜ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ; 
ɝ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ; 
ɞ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 

26. Ȼɟɡɵɧɞɭɤɰɢɨɧɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɟɧɵ 
ɜ ɜɢɞɟ: 

ɚ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ; 
ɛ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɚɝɧɢɬɨɜ-ɭɧɢɱɬɨɠɢɬɟɥɟɣ; 
ɜ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ; 
ɝ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ; 
ɞ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 
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27. Ʉɪɟɧɨɜɚɹ ɞɟɜɢɚɰɢɹ ɜɨɡɧɢɤɚɟɬ ɩɨɬɨɦɭ, ɱɬɨ ɩɪɢ ɤɪɟɧɟ ɫɭɞɧɚ ɧɚ ɤɨɦ-
ɩɚɫ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɫɢɥɵ ɨɬ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɫɭɞɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ: 

ɚ) ɩɪɨɞɨɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ X ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ; 
ɛ) ɩɨɩɟɪɟɱɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ Y ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ; 
ɜ) ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ Z ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ. 

β8. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ: 
ɚ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɦɚɝɧɢɬɨɜ ɭɧɢɱɬɨɠɢɬɟɥɟɣ; 
ɛ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɦɚɝɧɢɬɨɜ ɭɧɢɱɬɨɠɢɬɟɥɟɣ; 
ɜ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ; 
ɝ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ; 
ɞ) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 

βλ. ɍɧɢɱɬɨɠɟɧɢɟ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɦɚɝɧɢɬɧɵɯ  
ɤɭɪɫɚɯ: 

ɚ) 0° ɢ 180°; 
ɛ) 45° ɢ ββ5°; 
ɜ) λ0° ɢ β70°; 
ɝ) 1γ5° ɢ γ15° 

γ0. ɒɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ: 
ɚ) ɬɜɟɪɞɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɠɟɥɟɡɚ; 
ɛ) ɬɜɟɪɞɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɠɟɥɟɡɚ; 
ɜ) ɦɹɝɤɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɠɟɥɟɡɚ; 
ɝ) ɦɹɝɤɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɠɟɥɟɡɚ. 

γ1. Ɏɟɪɪɨɡɨɧɞ ɢɦɟɟɬ: 
ɚ) ɨɞɧɭ ɨɛɦɨɬɤɭ; 
ɛ) ɞɜɟ ɨɛɦɨɬɤɢ; 
ɜ) ɬɪɢ ɨɛɦɨɬɤɢ. 

γβ. ɋ ɫɢɝɧɚɥɶɧɨɣ ɨɛɦɨɬɤɢ ɮɟɪɪɨɡɨɧɞɚ ɫɧɢɦɚɟɬɫɹ ɫɢɝɧɚɥ, ɜɟɥɢɱɢɧɚ ɤɨ-
ɬɨɪɨɝɨ ɡɚɜɢɫɢɬ: 

ɚ) ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɩɨɞɦɚɝɧɢɱɢɜɚɧɢɹ Ɏ; 
ɛ) ɨɬ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɟɪɞɟɱɧɢɤɚ ȝ; 
ɜ) ɨɬ ɬɨɤɚ ɩɨɞɦɚɝɧɢɱɢɜɚɧɢɹ; 
ɝ) ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪɫɚ ɫɭɞɧɚ. 

γγ. ȼ ɫɨɫɬɚɜɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɤɨɦɩɚɫɚ ɢɦɟɸɬɫɹ ɞɜɚ ɤɨɦɩɚɪɚɬɨɪɚ, ɤɨɬɨ-
ɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵμ 

ɚ) ɞɥɹ ɜɵɩɪɹɦɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɩɨɫɬɭɩɚɸɳɢɯ 
ɨɬ ɮɟɪɪɨɡɨɧɞɨɜ; 
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ɛ) ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ, ɩɨɫɬɭɩɚɸɳɢɯ ɨɬ ɮɟɪɪɨɡɨɧɞɨɜ; 
ɜ) ɞɥɹ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɨɬ ɮɟɪɪɨɡɨɧɞɨɜ. 

γ4. Ɇɟɬɨɞ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɫɤɥɸɱɟɧɢɹ ɞɟɜɢɚɰɢɢ ɢɡ ɩɨɤɚɡɚɧɢɣ ɪɟɩɢ-
ɬɟɪɚ ɤɭɪɫɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɤɨɦɩɚɫ ɭɫɬɚɧɨɜɥɟɧ: 

ɚ) ɧɚ ɥɸɛɨɦ ɫɭɞɧɟ; 
ɛ) ɧɚ ɫɭɞɧɟ, ɝɞɟ ɞɟɜɢɚɰɢɹ ɛɨɥɟɟ β0°; 
ɜ) ɧɚ ɫɭɞɧɟ, ɝɞɟ ɞɟɜɢɚɰɢɹ ɧɟɜɟɥɢɤɚ. 

35. ȼ ɤɚɤɨɦ ɢɡ ɨɬɜɟɬɨɜ ɩɪɚɜɢɥɶɧɨ ɭɤɚɡɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥ-
ɧɟɧɢɹ ɪɚɛɨɬ ɩɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɩɨɦɨɳɶɸ 
ɦɚɝɧɢɬɨɦɟɬɪɚ? 

ɚ) ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɢ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚ-
ɰɢɢ; ɭɧɢɱɬɨɠɟɧɢɟ ɤɪɟɧɨɜɨɣ, ɩɨɥɭɤɪɭɝɨɜɨɣ ɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢ-
ɚɰɢɢ; 

ɛ) ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɢ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚ-
ɰɢɢ; ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ; ɫɨɫɬɚɜɥɟɧɢɟ ɬɚɛɥɢɰɵ 
ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ: ɭɧɢɱɬɨɠɟɧɢɟ ɤɪɟɧɨɜɨɣ, ɩɨɥɭɤɪɭɝɨɜɨɣ 
ɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ.  

ɜ) ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɢ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚ-
ɰɢɢ; ɫɨɫɬɚɜɥɟɧɢɟ ɬɚɛɥɢɰɵ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ: ɭɧɢɱɬɨɠɟɧɢɟ 
ɤɪɟɧɨɜɨɣ, ɩɨɥɭɤɪɭɝɨɜɨɣ ɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ; ɪɚɫɱɟɬ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ. 

γ6. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 
ɫɥɟɞɭɸɳɢɯ ɫɥɭɱɚɹɯμ 

ɚ) ɩɪɢ ɫɬɨɹɧɤɟ ɜ ɩɨɪɬɭ; 
ɛ) ɜ ɦɨɪɟ ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ λ0° ɢ β70°; 
ɜ) ɜ ɦɨɪɟ ɧɚ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ 0° ɢ 180°. 
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ɉɈəɋɇȿɇɂə Ʉ ɈɌȼȿɌȺɆ ɇȺ ɄɈɇɌɊɈɅɖɇɕȿ ȼɈɉɊɈɋɕ 

1. ɋɨɜɟɪɲɟɧɧɨ ɜɟɪɧɨ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 2.1, ɩɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ 
ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ ɩɪɨɞɨɥɶɧɵɦ 
ɢ ɩɨɩɟɪɟɱɧɵɦ ɦɹɝɤɢɦ ɠɟɥɟɡɨɦ, ɧɨ ɦɹɝɤɨɟ ɠɟɥɟɡɨ (ɩɪɨɞɨɥɶɧɨɟ ɢ ɩɨɩɟɪɟɱ-
ɧɨɟ) ɜɵɡɵɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɟɳɟ ɨɞɧɨɝɨ ɜɢɞɚ ɞɟɜɢɚɰɢɢ. ȿɫɥɢ ȼɵ ɩɪɚɜɢɥɶɧɨ 
ɨɩɪɟɞɟɥɢɬɟ ɷɬɭ ɞɟɜɢɚɰɢɸ, ɬɨ ɦɨɠɟɬɟ ɩɟɪɟɯɨɞɢɬɶ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ 
ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

2. ȼɟɪɧɨ. ɇɨ ɷɬɨ ɨɞɧɚ ɢɡ ɫɢɥ, ɚ ɟɫɬɶ ɟɳɟ ɢ ɞɪɭɝɚɹ. ɉɨɩɪɨɛɭɣɬɟ ɨɩɪɟɞɟ-
ɥɢɬɶ, ɤɚɤɢɦ ɢɧɞɟɤɫɨɦ ɨɛɨɡɧɚɱɟɧɚ ɨɧɚ. ȿɫɥɢ ɷɬɨ ȼɚɦ ɭɞɚɫɬɫɹ, ɬɨ ɦɨɠɟɬɟ 
ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɜɨɩɪɨɫ. 

γ. Ⱦɚ, ȼɵ ɩɪɚɜɵ. ɉɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ ɭɧɢɱɬɨɠɚɟɬɫɹ ɫɩɨɫɨɛɨɦ ɗɪɢ. 
ɉɟɪɟɯɨɞɢɬɟ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

4. Ƚɪɭɛɚɹ ɨɲɢɛɤɚ. ɗɬɢ ɫɢɥɵ ɧɢɤɚɤɨɝɨ ɨɬɧɨɲɟɧɢɹ ɤ ɫɨɡɞɚɧɢɸ ɱɟɬɜɟɪɬ-
ɧɨɣ ɞɟɜɢɚɰɢɢ ɧɟ ɢɦɟɸɬ. ȿɳɟ ɪɚɡ ɩɪɨɱɢɬɚɣɬɟ ɦɚɬɟɪɢɚɥ ɩ. 4.β  ɢ ɩɨɩɪɨɛɭɣɬɟ 
ɧɚɣɬɢ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

5. ȼɵ ɫɨɜɟɪɲɟɧɧɨ ɩɪɚɜɵ. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɤɪɟɧɨɜɨɣ ɞɟɜɢɚɰɢɢ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɢɧɤɥɢɧɚɬɨɪ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɢɡɦɟɪɹɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɧɚɤɥɨ-
ɧɟɧɢɟ ɜ ɬɨɱɤɟ, ɝɞɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɰɟɧɬɪ ɤɚɪɬɭɲɤɢ ɤɨɦɩɚɫɚ. ɉɟɪɟɦɟɳɚɹ ɜɟɪ-
ɬɢɤɚɥɶɧɵɣ ɦɚɝɧɢɬ, ɞɨɛɢɜɚɟɦɫɹ, ɱɬɨɛɵ ɢɧɤɥɢɧɚɬɨɪ ɩɨɤɚɡɵɜɚɥ ɡɧɚɱɟɧɢɟ 
ɦɚɝɧɢɬɧɨɝɨ ɧɚɤɥɨɧɟɧɢɹ, ɪɚɜɧɨɟ ɜɟɥɢɱɢɧɟ, ɫɧɹɬɨɣ ɫ ɤɚɪɬɵ ɞɥɹ ɞɚɧɧɨɝɨ ɪɚɣ-
ɨɧɚ. Ɇɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

6. Ɉɲɢɛɤɚ. Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɬɟɫɥɚɦɟɬɪɚ ɹɜɥɹɟɬɫɹ ɮɟɪɪɨɡɨɧɞ, ɤɨ-
ɬɨɪɵɣ ɢɡɦɟɪɹɟɬ ɜɟɥɢɱɢɧɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɇ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ Ɂɟɦɥɢ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚ ɥɸɛɨɦ ɤɭɪɫɟ ɫɭɞɧɚ ɢɦɟɬɶ ɢɧɮɨɪɦɚɰɢɸ 
ɨ ɩɨɥɧɨɦ ɜɟɤɬɨɪɟ ɇ, ɨɞɧɨɝɨ ɮɚɡɨɦɟɬɪɚ ɧɟɞɨɫɬɚɬɨɱɧɨ. ɉɪɨɱɢɬɚɣɬɟ ɦɚɬɟɪɢɚɥ 
ɩ. 5.1 ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

7. ɇɟɜɟɪɧɨ. ɍɦɟɧɶɲɢɬɶ ɡɧɚɱɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɫ ɩɨɦɨɳɶɸ 
ɦɚɝɧɢɬɨɦɟɬɪɚ ɦɨɠɧɨ ɢ ɩɪɢ ɫɬɨɹɧɤɟ ɜ ɩɨɪɬɭ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ 
ɩɩ. 5.4.1 ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

8. Ɉɬɜɟɬ ɨɲɢɛɨɱɧɵɣ. ɉɪɢ ɤɪɟɧɟ ɫɭɞɧɚ ɧɚ ɤɨɦɩɚɫ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɞɟɣɫɬɜɭɸɬ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ: 

 
;
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ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɜɟɧɫɬɜ ɜɢɞɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɹɜɥɹɟɬɫɹ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɚɹ ɫɢɥɚ  ( )  e k Z R   , ɜɟɥɢɱɢɧɚ  ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ ɤɪɟɧɚ 

ɫɭɞɧɚ . ɗɬɚ ɫɢɥɚ ɧɚ ɤɚɤɢɯ-ɬɨ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ ɫɨɡɞɚɟɬ ɞɟɜɢɚɰɢɸ, ɚ ɧɚ 
ɤɚɤɢɯ-ɬɨ ɧɟɬ. ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪ ɞɟɜɢɚɰɢɢ, ɫɞɟɥɚɣɬɟ ɪɢɫɭɧɤɢ ɞɥɹ 
ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɨɜ 0, 90, 180, 360. Ⱥɧɚɥɢɡ ɷɬɢɯ ɪɢɫɭɧɤɨɜ ɩɨɡɜɨɥɢɬ ȼɚɦ 
ɧɚɣɬɢ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

λ. Ⱦɚ, ɷɬɨ ɩɪɚɜɢɥɶɧɨ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɟɫɬɟɫɬɜɟɧ-
ɧɨɝɨ ɫɬɜɨɪɚ, ɤɨɬɨɪɨɝɨ ɧɟɬ ɧɚ ɤɚɪɬɟ, ɧɚ ɜɨɫɶɦɢ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɚɯ (0ɨ, 45ɨ, 
90ɨ, 135ɨ, 180ɨ, 225ɨ, 270ɨ, ɢ γ15ɨ) ɜɡɹɬɶ ɤɨɦɩɚɫɧɵɣ ɩɟɥɟɧɝ ɫɬɜɨɪɚ, ɬɨ ɩɨɥɭ-
ɱɢɦ ɜɨɫɟɦɶ ɤɨɦɩɚɫɧɵɯ ɩɟɥɟɧɝɨɜ ɫɬɜɨɪɚ. Ʉɚɠɞɵɣ ɢɡ ɷɬɢɯ ɤɨɦɩɚɫɧɵɯ ɩɟ-
ɥɟɧɝɨɜ ɫɨɞɟɪɠɢɬ ɫɜɨɸ ɞɟɜɢɚɰɢɸ. Ɋɚɫɫɱɢɬɚɜ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɢɡ 
ɷɬɢɯ ɩɟɥɟɧɝɨɜ, ɩɨɥɭɱɢɦ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɡɧɚɱɟɧɢɟ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɟɥɟɧɝɚ (Ɇɉ) ɫɬɜɨɪɚ. ɇɨ ɫɪɟɞɢ ɜɚɪɢɚɧɬɨɜ ɨɬɜɟɬɚ ɢɦɟɟɬɫɹ ɟɳɟ ɨɞɢɧ 
ɩɪɚɜɢɥɶɧɵɣ. ȿɫɥɢ ȼɵ ɟɝɨ ɨɩɪɟɞɟɥɢɬɟ, ɬɨ ɦɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɢɡɭɱɟɧɢɸ 
ɦɚɬɟɪɢɚɥɚ ɥɟɤɰɢɢ γ. 

10. Ⱦɚ, ȼɵ ɩɪɚɜɵ. ɂɦɟɧɧɨ ɫɭɞɨɜɵɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɦɹɝɤɢɦ ɠɟɥɟɡɨɦ ɫɨ-
ɡɞɚɟɬɫɹ ɬɚ ɱɚɫɬɶ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɦɚɝɧɢɬɧɨɣ 
ɲɢɪɨɬɵ, ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɲɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ. ɉɪɢɫɬɭɩɚɣɬɟ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟ-
ɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

11. ɇɟɬ, ȼɵ ɨɬɜɟɬɢɥɢ ɧɟɜɟɪɧɨ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ 
ɨɬɜɟɬɚ. 

1β. Ⱥɛɫɨɥɸɬɧɨ ɜɟɪɧɨ. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, ɜɵɩɨɥɧɟ-
ɧɵ ɜ ɜɢɞɟ ɫɬɟɪɠɧɟɣ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. Ɍɚɤ ɤɚɤ ɨɧɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ, ɨɧɢ ɛɭɞɭɬ 
ɧɚɦɚɝɧɢɱɢɜɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɩɨɥɟɦ Ɂɟɦɥɢ, ɧɨ ɢ ɩɨɥɟɦ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ 
ɤɨɦɩɚɫɚ. ɗɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ 
ɞɟɜɢɚɰɢɢ ɨɬ ɢɧɞɭɤɰɢɢ. ɉɟɪɟɯɨɞɢɬɟ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ 
ɜɨɩɪɨɫ. 

1γ. Ⱦɚ, ȼɵ ɫɨɜɟɪɲɟɧɧɨ ɩɪɚɜɵ. ɇɚ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɫɭɞɧɟ ɢɧɞɭɤɰɢɨɧ-
ɧɵɣ ɤɨɦɩɚɫ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɦɩɚɫɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. ɉɟɪɟ-
ɯɨɞɢɬɟ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

14. ɋɨɜɟɪɲɟɧɧɨ ɜɟɪɧɨ. ɗɬɚ ɫɢɥɚ ɞɟɣɫɬɜɭɟɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɦɚɝɧɢɬ-
ɧɨɦɭ ɦɟɪɢɞɢɚɧɭ. Ɉɞɧɚɤɨ ɫɪɟɞɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɢɥ ɟɫɬɶ ɟɳɟ ɨɞɧɚ, ɤɨɬɨɪɚɹ 
ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɭɪɫɚ ɫɭɞɧɚ. ȿɫɥɢ ȼɵ ɟɟ ɩɪɚɜɢɥɶɧɨ ɨɩɪɟɞɟɥɢɬɟ, ɬɨ ɦɨɠɧɨ 
ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 
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15. Ɉɲɢɛɤɚ. Ɍɚɤ ɤɚɤ ɷɬɚ ɫɢɥɚ ɨɬɤɥɨɧɟɧɚ ɨɬ ɦɟɪɢɞɢɚɧɚ ɧɚ ɭɝɨɥ, ɪɚɜɧɵɣ 
ɞɜɨɣɧɨɦɭ ɦɚɝɧɢɬɧɨɦɭ ɤɭɪɫɭ, ɨɧɚ ɧɟ ɦɨɠɟɬ ɫɨɡɞɚɜɚɬɶ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚ-
ɰɢɸ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 4.1 ɢ ɜɵɛɟɪɢɬɟ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

16. ȼɵ ɩɪɚɜɵ. ɇɚ ɤɚɪɬɟ ɨɛɨɡɧɚɱɟɧ ɢɫɬɢɧɧɵɣ ɩɟɥɟɧɝ (ɂɉ) ɫɬɜɨɪɚ. ȿɫɥɢ 
ɢɡɜɟɫɬɧɨ ɜ ɷɬɨɦ ɦɟɫɬɟ ɦɚɝɧɢɬɧɨɟ ɫɤɥɨɧɟɧɢɟ d, ɚ ɟɝɨ ɬɚɤɠɟ ɦɨɠɧɨ ɫɧɹɬɶ 
ɫ ɤɚɪɬɵ, ɬɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɟɥɟɧɝɚ (Ɇɉ) ɫɬɜɨɪɚμ 

Ɇɉ = Ʉɉ – d. 
ɇɨ ɫɪɟɞɢ ɨɬɜɟɬɨɜ ɢɦɟɟɬɫɹ ɟɳɟ ɨɞɢɧ ɩɪɚɜɢɥɶɧɵɣ. ȿɫɥɢ ȼɵ ɟɝɨ ɨɩɪɟɞɟɥɢɬɟ, 
ɬɨ ɦɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɢɡɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɥɟɤɰɢɢ γ. 

17. ɇɟɬ, ɷɬɨ ɧɟ ɬɚɤ. ȼɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 
18. Ɉɬɜɟɬ ɧɟɩɪɚɜɢɥɶɧɵɣ. ɂɡ ɪɚɜɟɧɫɬɜɚ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ 

ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ: 




sinil

F
B , 

ɜɢɞɧɨ, ɱɬɨ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɧɟ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɦɟɪɧɨɫɬɶ A·ɦ-1. ɉɪɨɱɢ-
ɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 1.1 ɢ ɩɨɩɪɨɛɭɣɬɟ ɧɚɣɬɢ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

19. ɇɟɬ, ɧɟɜɟɪɧɨ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. γ.1 ɢ ɜɵɛɟɪɢɬɟ ɞɪɭ-
ɝɨɣ ɨɬɜɟɬ. 

β0. ɇɟɜɟɪɧɨ. Ɍɜɟɪɞɨɟ ɫɭɞɨɜɨɟ ɠɟɥɟɡɨ ɫɨɡɞɚɟɬ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɜɟɥɢ-
ɱɢɧɚ ɤɨɬɨɪɵɯ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ, ɚ ɲɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ ɨɬ 
ɲɢɪɨɬɵ ɡɚɜɢɫɢɬ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. γ.γ ɢ ɩɨɩɪɨɛɭɣɬɟ ɨɩɪɟɞɟ-
ɥɢɬɶ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

β1. Ⱦɚ, ȼɵ ɩɪɚɜɵ. ɂɦɟɧɧɨ ɷɬɚ ɫɢɥɚ ɫɨɡɞɚɟɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚɰɢɸ. 
ɇɨ ɤɪɨɦɟ ɷɬɨɣ ɫɢɥɵ, ɟɫɬɶ ɟɳɟ ɨɞɧɚ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɫɨɡɞɚɟɬ ɩɨɥɭɤɪɭɝɨɜɭɸ 
ɞɟɜɢɚɰɢɸ. ȿɫɥɢ ȼɵ ɭɤɚɠɟɬɟ ɟɟ ɩɪɚɜɢɥɶɧɨ, ɬɨ ɦɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸ-
ɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

22. Ⱦɚ, ȼɵ ɫɨɜɟɪɲɟɧɧɨ ɩɪɚɜɵ. ȼ ɬɨɱɤɟ, ɭɞɚɥɟɧɧɨɣ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬ ɩɨ-
ɥɸɫɨɜ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɦɚɝɧɢɬɚ (r > l/2, ɝɞɟ r – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɥɸɫɚ-
ɦɢ ɦɚɝɧɢɬɚ), ɜɟɥɢɱɢɧɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦ: 
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ɢɡ ɤɨɬɨɪɨɝɨ ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ B ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶ-
ɧɚ r3. Ɇɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 
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βγ. Ƚɪɭɛɚɹ ɨɲɢɛɤɚ. ɋɢɥɚ BȜH ɫɨɡɞɚɟɬɫɹ ɬɜɟɪɞɵɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɠɟ-
ɥɟɡɨɦ, ɩɨɷɬɨɦɭ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɟɟ ɜɟɪɬɢɤɚɥɶɧɵɦ ɦɚɝɧɢɬɨɦ ɧɟɜɨɡɦɨɠɧɨ. 
ȼɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

β4. Ɉɬɜɟɬ ɧɟɜɟɪɧɵɣ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɢɥɭ, ɤɨɬɨɪɚɹ 
ɫɨɡɞɚɟɬ ɤɪɟɧɨɜɭɸ ɞɟɜɢɚɰɢɸ, ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɹɬɶ ɦɚɝɧɢɬɧɨɟ ɧɚɤɥɨɧɟɧɢɟ 
ɜ ɰɟɧɬɪɟ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɚɫɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɢɤɚɤ ɧɟ ɩɨɞɯɨɞɢɬ ɞɟ-
ɮɥɟɤɬɨɪ Ʉɨɥɨɧɝɚ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

25. Ƚɪɭɛɚɹ ɨɲɢɛɤɚ. Ⱦɟɜɢɚɰɢɹ ɧɢɤɚɤ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨ-
ɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ. ɗɬɨ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵ-
ɜɚɟɬ, ɧɚ ɤɚɤɨɣ ɭɝɨɥ ɫɬɪɟɥɤɚ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ ɦɚɝɧɢɬɧɨɝɨ 
ɦɟɪɢɞɢɚɧɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɭɞɨɜɨɝɨ ɠɟɥɟɡɚ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢ-
ɚɥ ɩ. 1.4 ɢ ɩɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

β6. ɇɟɬ, ɷɬɨ ɧɟɜɟɪɧɵɣ ɨɬɜɟɬ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 5.1 
ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

β7. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ɍɦɟɧɶɲɢɬɶ ɡɧɚɱɟɧɢɟ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ 
ɫ ɩɨɦɨɳɶɸ ɦɚɝɧɢɬɨɦɟɬɪɚ ɦɨɠɧɨ ɢ ɩɪɢ ɫɬɨɹɧɤɟ ɜ ɩɨɪɬɭ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ 
ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 5.4.1 ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

β8. Ɉɬɜɟɬ ɧɟɜɟɪɧɵɣ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 4.1.β ɢ ɜɵɛɟɪɢ-
ɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

29. ȼɵ ɩɪɚɜɵ. Ʉ ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɜ ɬɨɦ 
ɱɢɫɥɟ ɨɬɧɨɫɢɬɫɹ ɦɚɝɧɢɬɧɨɟ ɧɚɤɥɨɧɟɧɢɟ I, ɤɨɬɨɪɨɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɢɬ 
ɨɬ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ. Ɉɞɧɚɤɨ ɫɪɟɞɢ ɨɬɜɟɬɨɜ ɢɦɟɸɬɫɹ ɟɳɟ ɞɜɚ ɩɪɚɜɢɥɶ-
ɧɵɯ. ȿɫɥɢ ȼɵ ɢɯ ɭɤɚɠɟɬɟ, ɬɨ ɦɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ 
ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

γ0. Ⱦɚ, ȼɵ ɫɨɜɟɪɲɟɧɧɨ ɩɪɚɜɵ. ɑɚɳɟ ɜɫɟɝɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɟ-
ɜɢɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚ-
ɰɢɢ ȼ ɢ ɋ. ɉɨɷɬɨɦɭ ɷɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɫɱɢɬɵɜɚɬɶ. Ɇɨɠɟ-
ɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɢɡɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɥɟɤɰɢɢ 5. 

31. ȼɵ ɨɲɢɛɥɢɫɶ. ɉɨɥɭɤɪɭɝɨɜɚɹ ɞɟɜɢɚɰɢɹ ɧɟ ɫɨɡɞɚɟɬɫɹ ɩɪɨɞɨɥɶɧɵɦ 
ɢ ɩɨɩɟɪɟɱɧɵɦ ɦɹɝɤɢɦ ɠɟɥɟɡɨɦ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. β.β ɢ ɜɵ-
ɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

γβ. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɭɪɫɚ ɫɭɞɧɚ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɜ ɫɨɫɬɚɜɟ ɬɟɫɥɚɦɟɬɪɚ ɢɦɟɬɶ ɬɪɢ ɮɟɪɪɨɡɨɧɞɚ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ 
ɩ. 5.1 ɢ ɩɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 
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33. ȼɵ ɨɬɜɟɬɢɥɢ ɩɪɚɜɢɥɶɧɨ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨ-
ɝɨ ɩɨɥɹ ɇ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ A·ɦ-2. Ɇɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭ-
ɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

γ4. ȼɵ ɚɛɫɨɥɸɬɧɨ ɩɪɚɜɵ. ɉɪɢ ɫɬɨɹɧɤɟ ɫɭɞɧɚ ɜ ɩɨɪɬɭ ɞɥɹ ɨɞɧɨɝɨ ɡɧɚɱɟ-
ɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɤɭɪɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɟɥɢɱɢɧɵ kHX cos  ɢ kHY sin , 

ɚ ɡɚɬɟɦ ɜɦɟɫɬɨ ɤɨɬɟɥɤɚ ɤɨɦɩɚɫɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɦɚɝɧɢɬɨɦɟɬɪ. ɉɟɪɟɦɟɳɚɹ 
ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɦɚɝɧɢɬɵ, ɞɨɛɢɜɚɸɬɫɹ ɩɨɤɚɡɚɧɢɣ ɦɚɝɧɢɬɨɦɟɬɪɚ, 
ɪɚɜɧɵɯ X ɢ Y. Ɇɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɜɨɩɪɨɫɵ ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ. 

γ5. Ɉɬɜɟɬ ɨɲɢɛɨɱɧɵɣ. Ɇɚɝɧɢɬɧɵɟ ɩɨɬɨɤɢ Ɏ1 ɢ Ɏ2 ɧɟ ɦɨɝɭɬ ɢɦɟɬɶ 
ɨɞɢɧɚɤɨɜɵɟ ɧɚɩɪɚɜɥɟɧɢɹ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 5.1 ɢ ɜɵɛɟɪɢɬɟ 
ɞɪɭɝɨɣ ɨɬɜɟɬ. 

36. ɉɪɚɜɢɥɶɧɨ. ȿɫɥɢ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ (β.γ), 
ɬɨ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɷɬɢ ɫɢɥɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɫɬɨɥɛɰɚɯ, ɤɨɬɨɪɵɟ ɨɬɧɨ-
ɫɹɬɫɹ ɤ ɦɚɝɧɢɬɧɵɦ ɫɢɥɚɦ, ɫɨɡɞɚɜɚɟɦɵɦ ɦɹɝɤɢɦ ɫɭɞɨɜɵɦ ɠɟɥɟɡɨɦ. Ɇɨɠɟɬɟ 
ɩɟɪɟɯɨɞɢɬɶ ɤ ɢɡɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɥɟɤɰɢɢ β. 

γ7. ɉɪɚɜɢɥɶɧɨ. ȼɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɤɪɟɧɟ ɫɭɞɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɚɝ-
ɧɢɬɧɚɹ ɫɢɥɚ ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɢɚɦɟɬɪɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɭɞɧɚ. 
ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɭɪɫɚ ɨɬ 0 ɞɨ γ60 ɷɬɚ ɫɢɥɚ ɛɭɞɟɬ ɞɜɚɠɞɵ 
(ɧɚ ɤɭɪɫɚɯ 0 ɢ 180) ɫɨɡɞɚɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɟɜɢɚɰɢɸ, ɬ.ɟ. ɞɟɜɢɚɰɢɹ ɛɭ-
ɞɟɬ ɢɦɟɬɶ ɩɨɥɭɤɪɭɝɨɜɨɣ ɯɚɪɚɤɬɟɪ. Ɇɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɜɨɩɪɨɫ. 

γ8. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ AȜH ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɭɪɫɚ ɫɭɞɧɚ, 
ɩɨɷɬɨɦɭ ɫɨɡɞɚɜɚɟɦɚɹ ɷɬɨɣ ɫɢɥɨɣ ɞɟɜɢɚɰɢɹ ɧɚ ɜɫɟɯ ɤɭɪɫɚɯ ɛɭɞɟɬ ɨɞɢɧɚɤɨ-
ɜɨɣ. ȼɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ 

39. Ɉɲɢɛɤɚ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɨɬɜɟɬ. 
40. Ⱦɚ, ȼɵ ɩɪɚɜɵ. ȼ ɷɬɨɦ ɢ ɟɫɬɶ ɩɪɟɢɦɭɳɟɫɬɜɨ ɫɩɨɫɨɛɚ Ʉɨɥɨɧɝɚ ɩɟɪɟɞ 

ɫɩɨɫɨɛɨɦ ɗɪɢ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɱɟɬɵɪɟɯ ɝɥɚɜɧɵɯ ɤɨɦɩɚɫɧɵɯ  
ɤɭɪɫɚɯ. Ɇɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

41. ȼɟɪɧɨ. ɑɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ ɫɨɡɞɚɟɬɫɹ ɫɭɞɨɜɵɦɢ ɦɚɝɧɢɬɧɵɦɢ ɫɢ-
ɥɚɦɢ ɨɬ ɩɪɨɞɨɥɶɧɨɝɨ ɢ ɩɨɩɟɪɟɱɧɨɝɨ ɦɹɝɤɨɝɨ ɫɭɞɨɜɨɝɨ ɠɟɥɟɡɚ. ɇɨ ɷɬɨ ɠɟɥɟ-
ɡɨ ɜɵɡɵɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɟɳɟ ɨɞɧɨɝɨ ɜɢɞɚ ɞɟɜɢɚɰɢɢ. ȿɫɥɢ ȼɵ ɩɪɚɜɢɥɶɧɨ 
ɨɩɪɟɞɟɥɢɬɟ ɷɬɭ ɞɟɜɢɚɰɢɸ, ɬɨ ɦɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ 
ɜɨɩɪɨɫ. 

4β. Ⱦɚ, ȼɵ ɩɪɚɜɵ. ȿɫɥɢ ɢɧɞɭɤɰɢɨɧɧɵɣ ɤɨɦɩɚɫ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɦɟ-
ɬɚɥɥɢɱɟɫɤɨɦ ɫɭɞɧɟ, ɬɨ ɨɧ ɞɨɥɠɟɧ ɢɦɟɬɶ ɭɫɬɪɨɣɫɬɜɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 
ɞɟɜɢɚɰɢɸ ɤɨɦɩɚɫɚ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɞɨ ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. ɉɟɪɟɯɨ-
ɞɢɬɟ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 
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4γ. Ƚɪɭɛɚɹ ɨɲɢɛɤɚ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 4.4.β ɢ ɩɨɩɪɨ-
ɛɭɣɬɟ ɧɚɣɬɢ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

44. ȼɵ ɫɨɜɟɪɲɟɧɧɨ ɩɪɚɜɵ. ɂɦɟɧɧɨ ɷɬɢ ɞɜɟ ɫɢɥɵ ɫɨɡɞɚɸɬ ɱɟɬɜɟɪɬɧɭɸ 
ɞɟɜɢɚɰɢɸ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. Ɇɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶ-
ɧɵɣ ɜɨɩɪɨɫ. 

45. ɇɟɜɟɪɧɨ. Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦ  cosBS . 

ȿɫɥɢ ɜ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɩɨɞɫɬɚɜɢɬɶ ɡɧɚɱɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ȼ, ɬɨ ɩɨ-
ɥɭɱɢɦ 

cos
.

sin

FS

il


 


 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ, ɪɚɡɦɟɪɧɨɫɬɶ Φ ɧɢɤɚɤ ɧɟ ɦɨɠɟɬ 
ɛɵɬɶ A·ɦ-1. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 1.1 ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

46. ȼɵ ɨɬɜɟɬɢɥɢ ɩɪɚɜɢɥɶɧɨ. Ɍɚɤ ɤɚɤ ɫɢɥɚ BȜH ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ ɞɢɚ-
ɦɟɬɪɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ Ⱦɉ ɫɭɞɧɚ, ɞɥɹ ɟɟ ɤɨɦɩɟɧɫɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɦɚɝɧɢɬɵ-ɭɧɢɱɬɨɠɢɬɟɥɢ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɜɞɨɥɶ Ⱦɉ, 
ɬ.ɟ. ɹɜɥɹɸɬɫɹ ɩɪɨɞɨɥɶɧɵɦɢ. Ɇɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɢɡɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɚ 
ɥɟɤɰɢɢ 4. 

47. ȼɵ ɨɲɢɛɥɢɫɶ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɨɬɜɟɬ. 
48. ɇɟɜɟɪɧɨ. ȿɫɥɢ ɤɨɦɩɚɫ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɫɭɞɧɟ, ɬɨ ɫɭ-

ɞɨɜɵɦ ɠɟɥɟɡɨɦ ɫɨɡɞɚɸɬɫɹ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ, ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɇ′ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɞɧɚ ɧɟ ɛɭɞɟɬ ɫɨɜɩɚɞɚɬɶ 
ɫ ɦɚɝɧɢɬɧɵɦ ɦɟɪɢɞɢɚɧɨɦ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

49. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. β.β, ɨɛɪɚɬɢɜ ɨɫɨ-
ɛɨɟ ɜɧɢɦɚɧɢɟ ɧɚ ɬɚɛɥ. β.1. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

50. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ɗɬɢ ɫɢɥɵ ɧɟ ɨɬɧɨɫɹɬɫɹ ɤ ɦɚɝɧɢɬɧɵɦ ɫɢɥɚɦ, ɤɨɬɨ-
ɪɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɨɡɞɚɸɬɫɹ ɩɨɥɟɦ Ɂɟɦɥɢ. ɉɪɚɜɞɚ, ɜ ɢɯ ɫɨɡɞɚɧɢɢ ɩɪɢ-
ɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɢ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ Ɂɟɦɥɢ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

51. Ɍɨɱɧɨ. Ⱦɜɟ ɨɛɦɨɬɤɢ ɩɨɞɦɚɝɧɢɱɢɜɚɧɢɹ, ɭɥɨɠɟɧɧɵɟ ɧɚ ɩɟɪɦɚɥɥɨɟ-
ɜɵɯ ɫɟɪɞɟɱɧɢɤɚɯ, ɩɨɞɤɥɸɱɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɫɨɡɞɚ-
ɜɚɟɦɵɟ ɢɦɢ ɦɚɝɧɢɬɧɵɟ ɩɨɥɹ ɢɦɟɸɬ ɩɨɬɨɤɢ Ɏ1 ɢ Ɏ2, ɧɚɩɪɚɜɥɟɧɧɵɟ 
ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɞɪɭɝɭ. Ɇɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧ-
ɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

5β. ȼɵ ɞɨɩɭɫɬɢɥɢ ɨɲɢɛɤɭ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 4.4.1 
ɢ ɜɵɛɟɪɢɬɟ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 
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5γ. Ɉɲɢɛɤɚ. ɉɨɩɟɪɟɱɧɵɦɢ ɦɚɝɧɢɬɚɦɢ-ɭɧɢɱɬɨɠɢɬɟɥɹɦɢ ɦɨɠɧɨ ɫɤɨɦ-
ɩɟɧɫɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɬɭ ɫɭɞɨɜɭɸ ɦɚɝɧɢɬɧɭɸ ɫɢɥɭ, ɤɨɬɨɪɚɹ ɞɟɣɫɬɜɭɟɬ ɩɟɪ-
ɩɟɧɞɢɤɭɥɹɪɧɨ Ⱦɉ ɫɭɞɧɚ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 4.1 ɢ ɜɵɛɟɪɢɬɟ 
ɞɪɭɝɨɣ ɨɬɜɟɬ. 

54. Ɉɲɢɛɤɚ. ɒɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ – ɷɬɨ ɬɚ ɱɚɫɬɶ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚ-
ɰɢɢ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, 
ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɷɬɚ ɞɟɜɢɚɰɢɹ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ, ɤɚɤ ɨɧɚ 
ɫɨɡɞɚɟɬɫɹ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. γ.4 ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ 
ɨɬɜɟɬɚ. 

55. ȼɵ ɨɲɢɛɥɢɫɶ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. β.β ɢ ɩɨɩɪɨɛɭɣɬɟ 
ɨɩɪɟɞɟɥɢɬɶ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

56. ɇɟɬ, ȼɵ ɨɲɢɛɥɢɫɶ. ɑɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ ɭɧɢɱɬɨɠɚɟɬɫɹ ɨɞɢɧ ɪɚɡ 
ɩɨɞɛɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɦɩɟɧɫɚɬɨɪɨɜ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ 
ɨɬɜɟɬ. 

57. Ɉɬɜɟɬ ɨɲɢɛɨɱɧɵɣ. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɫɩɨ-
ɫɨɛɨɦ Ʉɨɥɨɧɝɚ ɫ ɩɨɦɨɳɶɸ ɞɟɮɥɟɤɬɨɪɚ ɢɡɦɟɪɹɸɬɫɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ ɦɚɝ-
ɧɢɬɧɵɟ ɫɢɥɵ ɇ´. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɨɞɢɬɶ ɬɚɤɢɟ ɢɡɦɟ-
ɪɟɧɢɹ  ɧɚ ɱɟɬɜɟɪɬɧɵɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 
4.1.β ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

58. ȼɵ ɨɬɜɟɬɢɥɢ ɧɟɜɟɪɧɨ. ɑɟɬɜɟɪɬɧɚɹ ɞɟɜɢɚɰɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɫɨɡɞɚ-
ɟɬɫɹ ɦɹɝɤɢɦ ɠɟɥɟɡɨɦ, ɧɨ ɬɨɥɶɤɨ ɧɟ ɜɟɪɬɢɤɚɥɶɧɵɦ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚ-
ɬɟɪɢɚɥ ɩ. β.β ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

5λ. ɋɨɜɟɪɲɟɧɧɨ ɩɪɚɜɢɥɶɧɨ. Ⱦɜɚ ɮɟɪɪɨɡɨɧɞɚ  ɜ ɫɨɫɬɚɜɟ ɬɟɫɥɚɦɟɬɪɚ ɩɨɡ-
ɜɨɥɹɸɬ ɢɡɦɟɪɢɬɶ ɩɪɨɞɨɥɶɧɭɸ ɢ ɩɨɩɟɪɟɱɧɭɸ ɩɪɨɟɤɰɢɢ ɇ (ɜɞɨɥɶ ɞɢɚɦɟɬ-
ɪɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɭɞɧɚ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ Ⱦɉ). ɉɨ ɨɬɧɨɲɟɧɢɸ ɷɬɢɯ 
ɜɟɥɢɱɢɧ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɚɝɧɢɬɧɵɣ ɤɭɪɫ ɫɭɞɧɚ. Ɇɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ 
ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

60. Ⱦɚ, ȼɵ ɩɪɚɜɵ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɜɵɪɚɠɟɧɢɹ (1.β), ɫ ɭɱɟ-
ɬɨɦ ɬɨɝɨ, ɱɬɨ ɞɥɹ ɜɨɡɞɭɯɚ ȝ = 1, ɢɦɟɟɦ HB 0 . ɇɨ ɟɫɬɶ ɟɳɟ ɨɞɢɧ ɜɚɪɢɚɧɬ 
ɩɪɚɜɢɥɶɧɨɝɨ ɨɬɜɟɬɚ. ȿɫɥɢ ȼɵ ɟɝɨ ɨɩɪɟɞɟɥɢɬɟ, ɬɨ ɦɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɨɬɜɟ-
ɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

61. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ɉɪɢ ɢɫɩɪɚɜɥɟɧɢɢ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬ 
A ɧɟ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 4.5.β ɢ ɜɵɛɟɪɢɬɟ 
ɞɪɭɝɨɣ ɨɬɜɟɬ. 

6β. ɇɟɜɟɪɧɨ. ɉɨɫɬɨɹɧɧɚɹ ɞɟɜɢɚɰɢɹ ɧɟɜɟɥɢɤɚ. ɉɨɷɬɨɦɭ ɟɟ ɧɟ ɭɧɢɱɬɨ-
ɠɚɸɬ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 
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6γ. Ɉɬɜɟɬ ɨɲɢɛɨɱɧɵɣ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɭɪɫɚ ɫɭɞɧɚ ɜ ɢɧɞɭɤɰɢɨɧɧɨɦ 
ɤɨɦɩɚɫɟ ɢɫɩɨɥɶɡɭɟɬɫɹ  ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ. Ɍɚɤ ɤɚɤ ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ 
ɧɚ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɳɟɫɬɜɭɟɬ ɦɚɝɧɢɬɧɨɟ ɫɤɥɨɧɟɧɢɟ, ɬɨ ɷɬɨɬ ɤɨɦɩɚɫ 
ɧɟ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɬɢɧɧɨɝɨ ɦɟɪɢɞɢɚɧɚ. ɉɨɩɪɨɛɭɣɬɟ ɜɵ-
ɛɪɚɬɶ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

64. ȼɵ ɨɬɜɟɬɢɥɢ ɩɪɚɜɢɥɶɧɨ. Ɉɞɧɚɤɨ ɫɪɟɞɢ ɨɬɜɟɬɨɜ ɢɦɟɸɬɫɹ ɟɳɟ ɞɜɚ 
ɩɪɚɜɢɥɶɧɵɯ. ȿɫɥɢ ȼɵ ɢɯ ɭɤɚɠɟɬɟ, ɬɨ ɦɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟ-
ɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

65. ɇɟɬ, ɧɟɜɟɪɧɨ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 4.5.β ɢ ɜɵɛɟɪɢɬɟ 
ɞɪɭɝɨɣ ɨɬɜɟɬ. 

66. ȼɵ ɨɲɢɛɥɢɫɶ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 1.β ɢ ɩɨɩɪɨɛɭɣɬɟ 
ɧɚɣɬɢ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

67. ɇɟɬ, ɧɟɜɟɪɧɨ. ɉɨ ɞɜɭɦ ɤɨɦɩɚɫɧɵɦ ɩɟɥɟɧɝɚɦ ɫɬɜɨɪɚ, ɤɨɬɨɪɨɝɨ ɧɟɬ 
ɧɚ ɤɚɪɬɟ, ɧɟɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɟɥɟɧɝɚ ɫɬɜɨɪɚ. 
ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. γ.γ ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

68. ɇɟɜɟɪɧɨ. ɉɪɢ ɭɧɢɱɬɨɠɟɧɢɢ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɫɩɨɫɨɛɨɦ Ʉɨ-
ɥɨɧɝɚ ɫ ɩɨɦɨɳɶɸ ɞɟɮɥɟɤɬɨɪɚ ɢɡɦɟɪɹɸɬɫɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ ɦɚɝɧɢɬɧɵɟ ɫɢ-
ɥɵ ɇ′. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɨɞɢɬɶ ɬɚɤɢɟ ɢɡɦɟɪɟɧɢɹ ɧɚ 
ɝɥɚɜɧɵɯ ɦɚɝɧɢɬɧɵɯ ɤɭɪɫɚɯ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩɩ. 4.1.β ɢ ɜɵɛɟ-
ɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

69. Ⱦɚ, ȼɵ ɩɪɚɜɵ. ɗɬɚ ɫɢɥɚ ɜɫɟɝɞɚ ɞɟɣɫɬɜɭɟɬ ɜɞɨɥɶ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢ-
ɞɢɚɧɚ. Ɉɞɧɚɤɨ ɫɪɟɞɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɢɥ ɟɫɬɶ ɟɳɟ ɨɞɧɚ, ɤɨɬɨɪɚɹ ɧɟ ɡɚɜɢɫɢɬ 
ɨɬ ɤɭɪɫɚ ɫɭɞɧɚ. ȿɫɥɢ ȼɵ ɟɟ ɩɪɚɜɢɥɶɧɨ ɨɩɪɟɞɟɥɢɬɟ, ɬɨ ɦɨɠɟɬ ɨɬɜɟɱɚɬɶ ɧɚ 
ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

70. ȼɵ ɫɨɜɟɪɲɟɧɧɨ ɩɪɚɜɵ. ɒɢɪɨɬɧɚɹ ɞɟɜɢɚɰɢɹ – ɷɬɨ ɬɚ ɱɚɫɬɶ ɩɨɥɭɤɪɭ-
ɝɨɜɨɣ ɞɟɜɢɚɰɢɢ, ɤɨɬɨɪɚɹ ɫɨɡɞɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɦ ɦɹɝɤɢɦ ɠɟɥɟɡɨɦ. ɋ ɢɡɦɟ-
ɧɟɧɢɟɦ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ ɢɡɦɟɧɹɟɬɫɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɠɟɥɟɡɚ, ɚ ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɢ ɞɟɜɢɚɰɢɹ. ɑɬɨɛɵ ɷɬɨ ɩɪɟɞɨɬɜɪɚɬɢɬɶ, ɭ ɤɨɦɩɚɫɚ ɢɦɟɟɬɫɹ ɲɢɪɨɬ-
ɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɬɟɪɠɧɹ ɢɡ ɦɹɝɤɨɝɨ ɠɟɥɟɡɚ. 
Ɇɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

71. ȼɵ ɨɬɜɟɬɢɥɢ ɧɟɜɟɪɧɨ. ɂɡ ɪɚɜɟɧɫɬɜɚ (1.β) ɧɢɤɚɤ ɧɟ ɜɵɬɟɤɚɟɬ, ɱɬɨ 
BH 0 . ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

72. ȼɵ ɨɬɜɟɬɢɥɢ ɧɟ ɫɨɜɫɟɦ ɜɟɪɧɨ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɢɡ ɭɤɚɡɚɧɧɵɯ ȼɚɦɢ 
ɫɭɞɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɫɢɥ ɬɨɥɶɤɨ ɨɞɧɚ ɜɵɡɵɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢ-
ɚɰɢɢ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɡɧɚɬɶ, ɤɚɤɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɟɳɟ ɪɚɡ ɩɪɨɱɢɬɚɬɶ ɦɚɬɟ-
ɪɢɚɥ ɩ. 4.β. Ɍɨɝɞɚ ȼɵ ɧɚɣɞɟɬɟ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 
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7γ. ɇɟɜɟɪɧɵɣ ɨɬɜɟɬ. ɗɬɚ ɫɢɥɚ ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚ-
ɧɚ, ɩɨɷɬɨɦɭ ɨɧɚ ɧɟ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɞɟɜɢɚɰɢɸ. Ʉ ɩɨɹɜɥɟɧɢɸ ɞɟɜɢɚɰɢɢ ɩɪɢ-
ɜɨɞɹɬ ɫɢɥɵ BȜH ɢ CȜH. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

74. ɇɟɜɟɪɧɨ. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ ɜ ɜɢɞɟ ɧɚɛɨɪɚ ɢɡ ɦɹɝ-
ɤɨɝɨ ɠɟɥɟɡɚ ɹɜɥɹɸɬɫɹ ɛɟɡɵɧɞɭɤɰɢɨɧɧɵɦɢ ɤɨɦɩɟɧɫɚɬɨɪɚɦɢ, ɬ.ɟ. ɨɧɢ ɧɟ ɫɨ-
ɡɞɚɸɬ ɞɟɜɢɚɰɢɢ ɨɬ ɢɧɞɭɤɰɢɢ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ. 

75. ɇɟɬ, ɧɟɩɪɚɜɢɥɶɧɨ. ɉɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɞɪɭɝɨɣ ɨɬɜɟɬ. 
76. Ƚɪɭɛɚɹ ɨɲɢɛɤɚ. ȼɧɢɦɚɬɟɥɶɧɨ ɢɡɭɱɢɬɟ ɦɚɬɟɪɢɚɥ ɩ. 4.1. ɉɨɫɥɟ ɬɨɝɨ 

ɤɚɤ ȼɵ ɨɩɪɟɞɟɥɢɬɟ, ɤɚɤɢɟ ɦɚɝɧɢɬɧɵɟ ɫɢɥɵ ɫɨɡɞɚɸɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢɚ-
ɰɢɸ, ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ȼɵ ɨɩɪɟɞɟɥɢɬɟ ɥɟɝɤɨ. 

77. Ɉɲɢɛɤɚ. ɉɪɨɱɬɢɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. β.β ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 
78. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ɉɪɨɱɢɬɚɣɬɟ ɜɧɢɦɚɬɟɥɶɧɨ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 1.1 

ɢ ɩɨɩɪɨɛɭɣɬɟ ɧɚɣɬɢ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 
7λ. Ɉɬɜɟɬ ɫɨɜɟɪɲɟɧɧɨ ɧɟɩɪɚɜɢɥɶɧɵɣ. ɗɬɢ ɫɢɥɵ ɧɢɤɚɤ ɧɟ ɦɨɝɭɬ ɫɨɡɞɚ-

ɜɚɬɶ ɱɟɬɜɟɪɬɧɭɸ ɞɟɜɢɚɰɢɸ, ɬɚɤ ɤɚɤ ɨɞɧɚ ɢɡ ɧɢɯ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɟɬ ɩɟɪ-
ɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɦɚɝɧɢɬɧɨɦɭ ɦɟɪɢɞɢɚɧɭ, ɚ ɞɪɭɝɚɹ ɜɫɟɝɞɚ ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ 
ɞɢɚɦɟɬɪɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɭɞɧɚ. ȼɧɢɦɚɬɟɥɶɧɨ ɩɪɨɱɢɬɚɣɬɟ ɦɚɬɟɪɢɚɥ ɩ. 4.2 
ɢ ɜɵɛɟɪɢɬɟ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

80. Ⱦɚ, ȼɵ ɩɪɚɜɵ. ɇɨ ɷɬɨ ɨɞɧɚ ɢɡ ɫɢɥ, ɚ ɟɫɬɶ ɟɳɟ ɢ ɞɪɭɝɚɹ. ɉɨɩɪɨɛɭɣɬɟ 
ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɢɦ ɢɧɞɟɤɫɨɦ ɨɧɚ ɨɛɨɡɧɚɱɟɧɚ. ȿɫɥɢ ɷɬɨ ȼɚɦ ɭɞɚɫɬɫɹ, ɬɨ ɦɨ-
ɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɜɨɩɪɨɫ. 

81. ɋɨɜɟɪɲɟɧɧɨ ɩɪɚɜɢɥɶɧɨ. ɋɢɥɚ BȜH ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢ-
ɞɢɚɧɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɨɞ ɭɝɥɨɦ, ɪɚɜɧɵɦ ɦɚɝɧɢɬɧɨɦɭ ɤɭɪɫɭ, ɬ.ɟ. ɧɚ ɪɚɡɧɵɯ 
ɤɭɪɫɚɯ ɛɭɞɟɬ ɫɜɨɹ ɞɟɜɢɚɰɢɹ, ɤɨɬɨɪɚɹ ɧɨɫɢɬ ɩɨɥɭɤɪɭɝɨɜɨɣ ɯɚɪɚɤɬɟɪ. ɇɨ 
ɤɪɨɦɟ ɷɬɨɣ ɫɢɥɵ ɟɫɬɶ ɟɳɟ ɨɞɧɚ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɫɨɡɞɚɟɬ ɩɨɥɭɤɪɭɝɨɜɭɸ ɞɟɜɢ-
ɚɰɢɸ. ȿɫɥɢ ȼɵ ɭɤɚɠɟɬɟ ɟɟ ɩɪɚɜɢɥɶɧɨ, ɬɨ ɦɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɣ 
ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

82. ɉɪɚɜɢɥɶɧɨ. Ɇɚɝɧɢɬɧɨɟ ɫɤɥɨɧɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬ-
ɪɚɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ. Ɉɞɧɚɤɨ ɫɪɟɞɢ ɨɬɜɟɬɨɜ ɢɦɟɸɬɫɹ ɟɳɟ ɞɜɚ ɩɪɚ-
ɜɢɥɶɧɵɯ. ȿɫɥɢ ȼɵ ɢɯ ɭɤɚɠɟɬɟ, ɬɨ ɦɨɠɟɬɟ ɩɪɢɫɬɭɩɚɬɶ ɤ ɨɬɜɟɬɭ ɧɚ ɫɥɟɞɭɸ-
ɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

8γ. ɇɟɜɟɪɧɨ. Ʉɨɦɩɟɧɫɚɬɨɪɵ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ ɹɜɥɹɸɬɫɹ ɩɨɫɬɨ-
ɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ, ɩɨɷɬɨɦɭ ɨɧɢ ɧɟ ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶ ɞɟɜɢɚɰɢɸ ɨɬ ɢɧɞɭɤ-
ɰɢɢ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. 4.β ɢ ɩɨɩɪɨɛɭɣɬɟ ɜɵɛɪɚɬɶ ɩɪɚɜɢɥɶ-
ɧɵɣ ɨɬɜɟɬ. 
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84. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ȼɫɩɨɦɧɢɬɟ ɨɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢ-
ɚɰɢɢ: «ɤɚɤɢɦ ɠɟɥɟɡɨɦ ɞɟɜɢɚɰɢɹ ɫɨɡɞɚɟɬɫɹ, ɬɚɤɢɦ ɢ ɭɧɢɱɬɨɠɚɟɬɫɹ». ɗɬɨ 
ɩɨɡɜɨɥɢɬ ȼɚɦ ɜɵɛɪɚɬɶ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

85. ɇɟɜɟɪɧɨ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. β.1, ɨɛɪɚɬɢɜ ɨɫɨɛɨɟ ɜɧɢ-
ɦɚɧɢɟ ɧɚ ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ (β.γ), ɢ ɜɵɛɟɪɢɬɟ ɞɪɭɝɨɣ ɨɬɜɟɬ. 

86. ȼɵ ɨɲɢɛɚɟɬɟɫɶ. ɂɧɞɟɤɫɨɦ 5 ɨɬɦɟɱɟɧɚ ɫɢɥɚ, ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɥɨɦ, ɪɚɜɧɵɦ ɞɜɨɣɧɨɦɭ ɦɚɝɧɢɬɧɨɦɭ ɤɭɪɫɭ, ɚ ɜ ɜɨɩɪɨɫɟ ɭɤɚ-
ɡɚɧɵ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɝɧɢɬɧɨɦɭ ɦɟɪɢɞɢɚɧɭ ɪɚɫɩɨɥɚɝɚɸɬ-
ɫɹ ɩɨɞ ɞɪɭɝɢɦɢ ɭɝɥɚɦɢ. ɉɪɨɱɢɬɚɣɬɟ ɟɳɟ ɪɚɡ ɦɚɬɟɪɢɚɥ ɩ. β.β ɢ ɜɵɛɟɪɢɬɟ 
ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. 

87. ɇɟɜɟɪɧɨ. ɇɚɣɞɢɬɟ ɜ ɩ. β.β ɬɚɛɥ. β.1 ɢ ɨɩɪɟɞɟɥɢɬɟ ɩɪɚɜɢɥɶɧɵɣ ɨɬ-
ɜɟɬ. 

88. ȼɵ ɫɨɜɟɪɲɟɧɧɨ ɩɪɚɜɵ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɞɥɹ ɫɥɭɱɚɹ ɜɨɡɞɭɯɚ 

ɜ ɪɚɜɟɧɫɬɜɨ (1.β.) ɩɨɞɫɬɚɜɢɦ ȝ = 1, ɬɨ ɩɨɥɭɱɢɦ 
0


B

H , ɧɨ ɫɪɟɞɢ ɨɬɜɟɬɨɜ 

ɟɫɬɶ ɟɳɟ ɨɞɢɧ ɩɪɚɜɢɥɶɧɵɣ. ȿɫɥɢ ȼɵ ɟɝɨ ɧɚɣɞɟɬɟ, ɦɨɠɟɬɟ ɨɬɜɟɱɚɬɶ ɧɚ ɫɥɟ-
ɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶɧɵɣ ɜɨɩɪɨɫ. 

Ɉɬɜɟɬɵ ɧɚ ɜɨɩɪɨɫɵ ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ 
1) ɜ; β) ɜ; γ) ɚ, ɜ; 4) ɜ; 5) ɚ; 6) ɛ; 7) ɚ; 8) ɚ; λ) ɛ, ɜ; 10) ɝ, ɞ; 11) ɛ; 1β) ɚ;  

1γ) ɝ; 14) ɚ, ɜ; 15) ɛ; 16) ɚ; 17) ɛ; 18) ɛ; 1λ) ɝ; β0) ɜ; 21) ɚ; ββ) ɛ; βγ) ɚ; β4) ɚ; 
25) ɜ, ɞ; β6) ɞ; β7) ɜ; β8) ɛ; βλ) ɜ; γ0) ɝ; γ1) ɛ; γβ) ɛ, ɝ; γγ) ɛ; γ4) ɜ; γ5) ɚ; 
36) ɛ. 
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Ɍɪɟɛɨɜɚɧɢɹ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɜɟɧɰɢɢ ɋɈɅȺɋ-74 
ɉɨɫɥɟɞɧɹɹ ɪɟɞɚɤɰɢɹ ɝɥ. V Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɜɟɧɰɢɢ ɩɨ ɨɯɪɚɧɟ ɱɟɥɨɜɟɱɟɫɤɨɣ 

ɠɢɡɧɢ ɧɚ ɦɨɪɟ 1λ74 ɝ. (ɋɈɅȺɋ-74), ɭɬɜɟɪɠɞɟɧɧɚɹ ɧɚ ɡɚɫɟɞɚɧɢɢ Ʉɨɦɢɬɟɬɚ ɂɆɈ ɩɨ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɦɨɪɟ (MSC.7β) ɜ ɦɚɟ β000 ɝ., ɫɨɞɟɪɠɢɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɫɧɚɳɟɧɢɸ 
ɫɭɞɨɜ ɧɚɜɢɝɚɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɢɦ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɜ ɨɬɧɨɲɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɷɬɢ ɬɪɟɛɨɜɚɧɢɹ ɜɵɝɥɹɞɹɬ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: 

«2. ɋɭɞɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɫɢɫɬɟɦɵ 
β.1. ȼɫɟ ɫɭɞɚ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɚɡɦɟɪɚ, ɞɨɥɠɧɵ ɢɦɟɬɶμ 

2.1.1. ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɭ ɤɨɬɨɪɨɝɨ ɭɧɢɱɬɨɠɟɧɚ ɞɟɜɢɚɰɢɹ ɢ ɨɩɪɟɞɟɥɟɧɵ 
ɟɟ ɨɫɬɚɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ, ɢɥɢ ɞɪɭɝɨɟ ɫɪɟɞɫɬɜɨ, ɧɟɡɚɜɢɫɢɦɨɟ ɨɬ ɥɸɛɨ-
ɝɨ ɢɫɬɨɱɧɢɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɹɬɶ ɤɭɪɫ ɢ ɩɪɟɞɫɬɚɜ-
ɥɹɬɶ ɟɝɨ ɩɨɤɚɡɚɧɢɹ ɧɚ ɝɥɚɜɧɵɣ ɩɨɫɬ ɭɩɪɚɜɥɟɧɢɹ ɪɭɥɟɦ; 

β.1.β. ɩɟɥɨɪɭɫ ɢɥɢ ɩɟɥɟɧɝɚɬɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɤɨɦɩɚɫɚ, ɢɥɢ ɞɪɭɝɨɟ ɫɪɟɞ-
ɫɬɜɨ, ɧɟɡɚɜɢɫɢɦɨɟ ɨɬ ɥɸɛɨɝɨ ɢɫɬɨɱɧɢɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɱɬɨɛɵ 
ɛɪɚɬɶ ɩɟɥɟɧɝɢ ɩɨ ɞɭɝɟ ɝɨɪɢɡɨɧɬɚ ɜ γ60°; 

β.1.γ. ɫɪɟɞɫɬɜɚ ɤɨɪɪɟɤɰɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɫɬɢɧɧɵɯ ɩɟɥɟɧɝɨɜ ɢ ɤɭɪɫɚ ɜ 
ɥɸɛɨɟ ɜɪɟɦɹ; 

β.β. ȼɫɟ ɫɭɞɚ ɜɚɥɨɜɨɣ ɜɦɟɫɬɢɦɨɫɬɶɸ 150 ЩОɝ. ɬ ɢ ɛɨɥɟɟ ɢ ɩɚɫɫɚɠɢɪɫɤɢɟ ɫɭɞɚ 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɚɡɦɟɪɚ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɬɪɟɛɨɜɚɧɢɹɦ ɩ. 2.1, ɞɨɥɠɧɵ 
ɢɦɟɬɶμ 
β.β.1. ɡɚɩɚɫɧɨɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɣ ɫ ɦɚɝɧɢɬɧɵɦ ɤɨɦ-

ɩɚɫɨɦ, ɭɩɨɦɹɧɭɬɵɦ ɜ ɩ. β.1.1., ɢɥɢ ɞɪɭɝɨɟ ɫɪɟɞɫɬɜɨ, ɨɛɟɫɩɟɱɢɜɚɸ-
ɳɟɟ ɜɵɩɨɥɧɟɧɢɟ ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɣ ɩ. 2.1.1 ɮɭɧɤɰɢɢ ɩɭɬɟɦ ɡɚɦɟɧɵ 
ɢɥɢ ɞɭɛɥɢɪɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ». 
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Ɋɟɡɨɥɸɰɢɹ ɂɆɈ Ⱥ.382 (10) 
ɉɪɢɧɹɬɚ 14 ɧɨɹɛɪɹ 1λ77 ɝ. 

 
ɌȿɏɇɂɄɈ-ɗɄɋɉɅɍȺɌȺɐɂɈɇɇɕȿ ɌɊȿȻɈȼȺɇɂə Ʉ ɆȺȽɇɂɌɇɕɆ  

ɄɈɆɉȺɋȺɆ 
ȺɋɋȺɆȻɅȿə, 
ɋɋɕɅȺəɋɖ ɧɚ ɫɬɚɬɶɸ 16 (ɝ) Ʉɨɧɜɟɧɰɢɢ ɨ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɦɨɪɫɤɨɣ ɨɪ-

ɝɚɧɢɡɚɰɢɢ, ɤɚɫɚɸɳɭɸɫɹ ɮɭɧɤɰɢɣ Ⱥɫɫɚɦɛɥɟɢ, 
ɂɆȿə ȼ ȼɂȾɍ ɩɨɥɨɠɟɧɢɹ ɉɪɚɜɢɥɚ 1β ɝɥ. V Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɜɟɧɰɢɢ 

ɩɨ ɨɯɪɚɧɟ ɱɟɥɨɜɟɱɟɫɤɨɣ ɠɢɡɧɢ ɧɚ ɦɨɪɟ 1λ74 ɝ., 
ɋɋɕɅȺəɋɖ ɌȺɄɀȿ ɧɚ Ɉɬɱɟɬ Ʉɨɦɢɬɟɬɚ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɨɪɟɩɥɚɜɚɧɢɹ 

ɧɚ ɟɝɨ γβ-ɣ ɫɟɫɫɢɢ, ɤɚɫɚɸɳɟɣɫɹ ɞɨɩɨɥɧɟɧɢɣ ɤ ɩɨɥɨɠɟɧɢɹɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 
ɤɨɧɜɟɧɰɢɢ ɩɨ ɨɯɪɚɧɟ ɱɟɥɨɜɟɱɟɫɤɨɣ ɠɢɡɧɢ ɧɚ ɦɨɪɟ 1λ60 ɝ., 

ɊȺɋɋɆɈɌɊȿȼ Ɉɬɱɟɬ γ4-ɣ ɫɟɫɫɢɢ Ʉɨɦɢɬɟɬɚ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɨɪɟɩɥɚɜɚ-
ɧɢɹ, 

ɉɈɋɌȺɇɈȼɅəȿɌμ 
(К) ɨɞɨɛɪɢɬɶ Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɫɧɚɳɟɧɢɸ ɫɭɞɨɜ ɦɚɝɧɢɬɧɵɦɢ ɤɨɦɩɚɫɚɦɢ, 

ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɩɪɢɥ. I ɤ ɧɚɫɬɨɹɳɟɣ Ɋɟɡɨɥɸɰɢɢ; 
(Л) ɨɞɨɛɪɢɬɶ Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ 

ɤ ɦɚɝɧɢɬɧɵɦ ɤɨɦɩɚɫɚɦ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɩɪɢɥ. II ɤ ɧɚɫɬɨɹɳɟɣ Ɋɟɡɨɥɸɰɢɢ; 
(М) ɪɟɤɨɦɟɧɞɨɜɚɬɶ Ⱥɞɦɢɧɢɫɬɪɚɰɢɹɦ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɩɨɥɨɠɟɧɢɹɦɢ 

ɧɚɫɬɨɹɳɟɣ Ɋɟɡɨɥɸɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɢɥɨɠɟɧɢɹɦɢ ɤ ɧɟɣ, ɢ ɩɨɫɥɟ ɩɪɢɧɹɬɢɹ ɞɚɧɧɨɣ 
Ɋɟɡɨɥɸɰɢɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɭɫɬɚɧɨɜɤɭ ɧɚ ɫɭɞɚɯ ɦɚɝɧɢɬɧɵɯ ɤɨɦɩɚɫɨɜ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɯ ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɧɟ ɧɢɠɟ ɬɟɯ, ɤɨɬɨɪɵɟ ɭɤɚ-
ɡɚɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ II ; 

ɉɊɂȽɅȺɒȺȿɌ Ⱥɞɦɢɧɢɫɬɪɚɰɢɢ ɜ ɧɚɞɥɟɠɚɳɟɟ ɜɪɟɦɹ ɞɚɬɶ ɩɨɥɨɠɟɧɢɹ ɩɨ 
ɞɨɩɨɥɧɟɧɢɸ ɉɪɚɜɢɥɚ 1β Ƚɥɚɜɵ V Ʉɨɧɜɟɧɰɢɢ ɋɈɅȺɋ-74 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨ-
ɥɨɠɟɧɢɹɦɢ ɩɪɢɥɨɠɟɧɢɹ I. 

ɊȿɄɈɆȿɇȾȺɐɂɂ 
ɉɈ ɈɋɇȺɓȿɇɂɘ ɋɍȾɈȼ ɆȺȽɇɂɌɇɕɆɂ ɄɈɆɉȺɋȺɆɂ 

Ⱥɞɦɢɧɢɫɬɪɚɰɢɹɦ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɫɥɟɞɭɸɳɟɟμ 
1. ɇɚ ɜɫɟɯ ɫɭɞɚɯ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵμ 
(К) ɝɥɚɜɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɢɥɨɠɟ-

ɧɢɹ II; 
(Л) ɩɭɬɟɜɨɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɢɥɨɠɟ-

ɧɢɹ II , ɟɫɥɢ ɫ ɨɫɧɨɜɧɨɝɨ ɩɨɫɬɚ ɭɩɪɚɜɥɟɧɢɹ ɪɭɥɟɦ ɪɭɥɟɜɨɣ ɧɟ ɦɨɠɟɬ ɱɟɬɤɨ ɜɢ-
ɞɟɬɶ ɩɨɤɚɡɚɧɢɹ ɝɥɚɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ; 

(М) ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɪɟɞɫɬɜɚ ɫɜɹɡɢ ɦɟɠɞɭ ɝɥɚɜɧɵɦ ɦɚɝɧɢɬɧɵɦ ɤɨɦɩɚɫɨɦ 
ɢ ɩɨɫɬɨɦ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɭɫɦɨɬɪɟɧɢɸ Ⱥɞɦɢɧɢɫɬɪɚɰɢɣ; 

β. Ɋɟɡɟɪɜɧɵɣ (ɚɜɚɪɢɣɧɵɣ) ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɣ ɫ ɝɥɚɜ-
ɧɵɦ ɦɚɝɧɢɬɧɵɦ ɤɨɦɩɚɫɨɦ, ɟɫɥɢ ɨɬɫɭɬɫɬɜɭɟɬ ɩɭɬɟɜɨɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɢɥɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɪɟɛɨɜɚɧɢɹɦ ɩ. 1 (b), ɢɥɢ ɝɢɪɨɤɨɦɩɚɫ; 

Гɍ
МɊ
Ɏ иɦ

ɟɧ
и а
ɞɦ
ир
аɥ
а ɋ

.О
. 
Ма
ɤа
рɨ
ва



88 

γ. ɍ ɤɚɠɞɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɦɩɟɧɫɢɪɨɜɚɧɚ ɞɟɜɢɚɰɢɹ. 
ȼɟɥɢɱɢɧɵ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɱɧɨɣ ɢɥɢ ɝɪɚɮɢ 
ɱɟɫɤɨɣ ɮɨɪɦɟ ɜɛɥɢɡɢ ɤɨɦɩɚɫɚ. ɗɬɢ ɞɚɧɧɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɯɨɪɨɲɨ ɪɚɡɥɢɱɢɦɵ 
ɜ ɥɸɛɨɟ ɜɪɟɦɹ. 

ɉɪɢɦɟɱɚɧɢɟ .  Ⱥɞɦɢɧɢɫɬɪɚɰɢɢ ɢɦɟɸɬ ɩɪɚɜɨ, ɫɨɨɛɪɚɡɭɹɫɶ ɫ ɭɫɥɨɜɢɹɦɢ ɩɥɚ-
ɜɚɧɢɹ ɞɚɧɧɨɝɨ ɫɭɞɧɚ, ɟɝɨ ɧɚɡɧɚɱɟɧɢɟɦ ɢɥɢ ɬɢɩɨɦ, ɧɟ ɬɪɟɛɨɜɚɬɶ ɭɫɬɚɧɨɜɤɢ ɝɥɚɜɧɨɝɨ 
ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɨɫɬɚɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɚ ɧɚ ɧɟɦ 
ɩɭɬɟɜɨɝɨ ɤɨɦɩɚɫɚ. 

ɊȿɄɈɆȿɇȾȺɐɂɂ 
ɉɈ ɌȿɏɇɂɄɈ-ɗɄɋɉɅɍȺɌȺɐɂɈɇɇɕɆ ɌɊȿȻɈȼȺɇɂəɆ 

Ʉ ɆȺȽɇɂɌɇɕɆ ɄɈɆɉȺɋȺɆ 
1. Ɉɩɪɟɞɟɥɟɧɢɹ 
1.1. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ – ɷɬɨ ɦɨɪɟɯɨɞɧɵɣ ɢɧɫɬɪɭɦɟɧɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɭɞɟɪɠɚɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɚɡɢɦɭɬɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɡɚɜɢɫɹ-
ɳɟɝɨ ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ. 

1.β. Ƚɥɚɜɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ – ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ 
ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɰɟɥɹɯ, ɩɨɞɜɟɲɟɧɧɵɣ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɧɚɤɬɨɭɡɟ, ɢɦɟɸɳɟɦ 
ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɢ ɢ ɢɡɦɟɪɟɧɢɹ ɩɟɥɟɧɝɨɜ. 

1.γ. ɉɭɬɟɜɨɣ ɤɨɦɩɚɫ –  ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɰɟɥɟɣ 
ɭɩɪɚɜɥɟɧɢɹ ɪɭɥɟɦ, ɩɨɞɜɟɲɟɧɧɵɣ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɧɚɤɬɨɭɡɟ, ɢɦɟɸɳɟɦ 
ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɢ. 

ɉɪɢɦɟɱɚɧɢɟ .  ȿɫɥɢ ɝɥɚɜɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɢɦɟɟɬ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɞɢ-
ɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɢ ɩɨɤɚɡɚɧɢɣ ɧɚ ɩɨɫɬ ɭɩɪɚɜɥɟɧɢɹ ɪɭɥɟɦ, ɢ ɢɡɨɛɪɚɠɟɧɢɟ ɤɚɪ-
ɬɭɲɤɢ ɜ ɷɬɨɦ ɭɫɬɪɨɣɫɬɜɟ ɧɟ ɦɟɧɟɟ ɱɟɦ ɩɨ 15° ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɤɭɪɫɨɜɨɣ ɱɟɪɬɵ 
ɹɫɧɨ ɜɢɞɢɦɨ ɩɪɢ ɞɧɟɜɧɨɦ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ ɫ ɦɟɫɬɚ ɪɭɥɟɜɨɝɨ, ɬɨ ɝɥɚɜ-
ɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɩɭɬɟɜɨɣ. 

β. Ʉɚɪɬɭɲɤɚ ɤɨɦɩɚɫɚ 
2.1. Ʉɚɪɬɭɲɤɚ ɤɨɦɩɚɫɚ ɞɨɥɠɧɚ ɛɵɬɶ ɝɪɚɞɭɢɪɨɜɚɧɚ ɧɚ γ60°, ɱɟɪɟɡ ɤɚɠɞɵɣ ɝɪɚ-

ɞɭɫ. ɇɭɦɟɪɚɰɢɹ ɞɟɥɟɧɢɣ ɞɨɥɠɧɚ ɛɵɬɶ ɱɟɪɟɡ 10°, ɧɚɱɢɧɚɹ ɨɬ 0 (ɧɨɪɞ) ɞɨ γ60°, ɩɨ 
ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ. Ƚɥɚɜɧɵɟ ɪɭɦɛɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɡɧɚɱɟɧɵ ɡɚɝɥɚɜɧɵɦɢ ɛɭɤɜɚɦɢ N, 
E, S, А. Ɍɨɱɤɚ N ɦɨɠɟɬ ɛɵɬɶ ɨɛɨɡɧɚɱɟɧɚ ɷɦɛɥɟɦɨɣ. 

β.β. ɉɨɝɪɟɲɧɨɫɬɶ ɨɬɫɱɟɬɚ ɢɡ-ɡɚ ɧɟɬɨɱɧɨɫɬɢ ɝɪɚɞɭɢɪɨɜɤɢ, ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɤɚɪ-
ɬɭɲɤɢ ɢ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 0,5° ɧɚ ɥɸɛɨɦ ɤɭɪɫɟ. 

β.γ. Ʉɚɪɬɭɲɤɚ ɩɭɬɟɜɨɝɨ ɤɨɦɩɚɫɚ ɞɨɥɠɧɚ ɛɵɬɶ ɹɫɧɨ ɜɢɞɢɦɚ ɩɪɢ ɞɧɟɜɧɨɦ ɢ ɢɫ-
ɤɭɫɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ ɫ ɪɚɫɫɬɨɹɧɢɹ 1,4 ɦ. Ⱦɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɜɟɥɢɱɢ-
ɬɟɥɶɧɨɣ ɥɢɧɡɵ. 

γ. Ɇɚɬɟɪɢɚɥɵ 
γ.1. Ɇɚɝɧɢɬɵ ɫɢɫɬɟɦɵ ɫɬɪɟɥɨɤ, ɚ ɬɚɤɠɟ ɦɚɝɧɢɬɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɧɢ-

ɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ ɞɟɜɢɚɰɢɢ, ɞɨɥɠɧɵ ɢɦɟɬɶ ɤɨɷɪɰɢɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟ 
ɦɟɧɶɲɟ 11,β ɤȺ/ɦ. 

γ.β. Ɇɹɝɤɨɟ ɠɟɥɟɡɨ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɢ, 
ɧɟ ɞɨɥɠɧɨ ɢɦɟɬɶ ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ. 

γ.γ. ȼɫɟ ɞɪɭɝɢɟ ɦɚɬɟɪɢɚɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɦɚɝɧɢɬɧɨɦ ɤɨɦɩɚɫɟ ɢ ɟɝɨ ɧɚɤɬɨ-
ɭɡɟ, ɞɨɥɠɧɵ ɛɵɬɶ ɧɟɦɚɝɧɢɬɧɵɦɢ, ɧɚɫɤɨɥɶɤɨ ɷɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨɫɬɢɠɢɦɨ. ȼɟɥɢɱɢɧɚ 
ɨɬɤɥɨɧɟɧɢɹ ɤɚɪɬɭɲɤɢ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ (λ/ɇ)°, ɝɞɟ ɇ –  ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɦɤɌɥ 
(ɦɢɤɪɨɬɟɫɥɚɯ) ɜ ɬɨɱɤɟ ɭɫɬɚɧɨɜɤɢ ɤɨɦɩɚɫɚ. 
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4. Ɍɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. 
Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɧɨɪɦɚɥɶɧɨ ɪɚɛɨɬɚɬɶ ɜɨ ɜɫɟɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚ-

ɬɚɰɢɢ ɫɭɞɧɚ, ɧɚ ɤɨɬɨɪɨɦ ɨɧ ɭɫɬɚɧɨɜɥɟɧ. 
5. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ 
5.1. ɉɪɢ ɜɪɚɳɟɧɢɣ ɤɨɦɩɚɫɚ ɫ ɩɨɫɬɨɹɧɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɞɨ 1,5° ɜ ɫɟ-

ɤɭɧɞɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɦɩɚɫɚ β0 ±γ °ɋ ɨɬɤɥɨɧɟɧɢɟ ɤɚɪɬɭɲɤɢ ɨɬ ɩɟɪɜɨɧɚ-
ɱɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ (γ6/ɇ)°, ɟɫɥɢ ɞɢɚɦɟɬɪ ɤɚɪɬɭɲɤɢ 
ɦɟɧɶɲɟ β00 ɦɦ. ɉɪɢ ɞɢɚɦɟɬɪɟ β00 ɦɦ ɢ ɛɨɥɟɟ ɨɬɤɥɨɧɟɧɢɟ ɤɚɪɬɭɲɤɢ ɧɟ ɞɨɥɠɧɨ 
ɩɪɟɜɵɲɚɬɶ (54/ɇ)°; ɇ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ. γ.γ, 

5.β. ɉɨɝɪɟɲɧɨɫɬɶ ɡɚ ɫɱɟɬ ɬɪɟɧɢɹ (ɡɚɫɬɨɣ ɤɚɪɬɭɲɤɢ) ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 
(3/ɇ)° ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 ±γ °ɋ. 

5.γ. ȿɫɥɢ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬ-
ɧɨɝɨ ɩɨɥɹ ɪɚɜɧɚ 18 ɦɤɌɥ, ɬɨ ɩɨɥɭɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ ɤɚɪɬɭɲɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ 
ɦɟɧɟɟ 1β ɫ, ɩɨɫɥɟ ɧɚɱɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɧɚ 40°. ȼɪɟɦɹ ɜɨɡɜɪɚɳɟɧɢɹ ɜ ɦɟɪɢɞɢ-
ɚɧ ɫ ɬɨɱɧɨɫɬɶɸ ±1° ɩɨɫɥɟ ɨɬɤɥɨɧɟɧɢɹ ɧɚ λ0° ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 60 ɫ. Ⱥɩɟ-
ɪɢɨɞɢɱɟɫɤɢɟ ɤɨɦɩɚɫɵ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɨɥɶɤɨ ɩɨɫɥɟɞɧɟɦɭ ɬɪɟɛɨɜɚ-
ɧɢɸ. 

6. ɍɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɢ 
6.1. ɇɚɤɬɨɭɡ ɞɨɥɠɟɧ ɢɦɟɬɶ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɩɨɥɭɤɪɭɝɨɜɨɣ 

ɢ ɱɟɬɜɟɪɬɧɨɣ ɞɟɜɢɚɰɢɣ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡ-ɡɚ ɜɨɡɞɟɣɫɬɜɢɹμ 
(К) ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɤɨɪɩɭɫɚ 

ɫɭɞɧɚ; 
(b) ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡ-ɡɚ ɤɪɟɧɚ; 
(М) ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɢɧɞɭɤɰɢɨɧɧɨɝɨ 

ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɤɨɪɩɭɫɚ ɫɭɞɧɚ; 
(d) ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɦɚɝ-

ɧɢɱɢɜɚɧɢɹ ɤɨɪɩɭɫɚ ɫɭɞɧɚ. 
6.β. ɍɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɞɟɜɢɚɰɢɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɩ. 6.1, 

ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɫɬɨɹɧɫɬɜɨ ɩɨɩɪɚɜɨɤ ɤɨɦɩɚɫɚ ɜ ɭɫɥɨɜɢɹɯ, ɩɪɟɞɭɫɦɨɬ-
ɪɟɧɧɵɯ ɩ. 4, ɢ ɨɫɨɛɟɧɧɨ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɦɚɝɧɢɬɧɨɣ ɲɢɪɨɬɵ. Ɂɧɚ-
ɱɟɧɢɹɦɢ ɞɟɜɢɚɰɢɣ ɩɨɪɹɞɤɨɦ ɛɨɥɶɲɟ ɱɟɬɜɟɪɬɧɨɣ ɫɥɟɞɭɟɬ ɩɪɟɧɟɛɪɟɱɶ. 

7. Ʉɨɧɫɬɪɭɤɰɢɹ. 
7.1. Ɉɫɧɨɜɧɨɟ ɢ ɚɜɚɪɢɣɧɨɟ ɨɫɜɟɳɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɨ ɬɚɤ, ɱɬɨ-

ɛɵ ɤɚɪɬɭɲɤɚ ɛɵɥɚ ɯɨɪɨɲɨ ɜɢɞɢɦɚ ɜ ɥɸɛɨɟ ɜɪɟɦɹ. Ⱦɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɬɟɦɧɟɧɢɹ. 

7.β. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɧɟ ɞɨɥɠɟɧ ɧɭɠɞɚɬɶɫɹ ɜ ɷɥɟɤɬɪɨɩɢɬɚɧɢɢ ɡɚ ɢɫɤɥɸ-
ɱɟɧɢɟɦ ɨɫɜɟɳɟɧɢɹ. 

7.γ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɞɥɹ ɬɪɚɧɫɥɹɰɢɢ ɩɨɤɚɡɚɧɢɣ ɝɥɚɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚ-
ɫɚ ɧɚ ɩɨɫɬ ɭɩɪɚɜɥɟɧɢɹ ɪɭɥɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɟɪɟɞɚɱɚ, ɬɨ ɟɟ ɪɚɛɨ-
ɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɨɬ ɨɫɧɨɜɧɨɝɨ ɢ ɚɜɚɪɢɣɧɨɝɨ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. 

7.4.  Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɨ ɢ ɭɫɬɚɧɨɜɥɟɧɨ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɛɵɥɚ ɨɛɟɫɩɟɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɨɛɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɧɟɦɭ ɞɥɹ 
ɜɜɨɞɚ ɩɨɩɪɚɜɨɤ ɢ ɪɟɝɭɥɢɪɨɜɨɤ. 

7.5. Ʉɨɦɩɚɫɵ, ɧɚɤɬɨɭɡɵ ɢ ɩɟɥɟɧɝɚɬɨɪɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɦɚɪɤɢɪɨɜɤɭ ɨɛ 
ɨɞɨɛɪɟɧɢɢ Ⱥɞɦɢɧɢɫɬɪɚɰɢɟɣ. 
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7.6. Ƚɥɚɜɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɞɜɟɲɟɧ ɜ ɤɚɪɞɚɧɨɜɵɯ 
ɤɨɥɶɰɚɯ ɬɚɤ, ɱɬɨɛɵ ɩɪɢ ɧɚɤɥɨɧɚɯ ɧɚɤɬɨɭɡɚ ɞɨ 40° ɟɝɨ ɚɡɢɦɭɬɚɥɶɧɵɣ ɤɪɭɝ ɫɨ-
ɯɪɚɧɹɥ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɪɢ ɥɸɛɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚɤɥɨɧɚ. 

ɉɪɢ ɥɸɛɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɝɨɞɵ ɢ ɦɨɪɹ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɨɫɬɚɜɚɬɶɫɹ ɜ ɩɨɞɜɟ-
ɫɟ. ɉɭɬɟɜɨɣ ɤɨɦɩɚɫ, ɩɨɞɜɟɲɟɧɧɵɣ ɜ ɤɚɪɞɚɧɨɜɵɯ ɤɨɥɶɰɚɯ, ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨ-
ɪɹɬɶ ɬɟɦ ɠɟ ɬɪɟɛɨɜɚɧɢɹɦ. ɉɪɢ ɠɟɫɬɤɨɣ ɭɫɬɚɧɨɜɤɟ ɤɨɬɟɥɤɚ ɤɨɦɩɚɫɚ ɞɨɥɠɧɚ 
ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɤɥɨɧɚ ɤɚɪɬɭɲɤɢ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ γ0° ɩɨ 
ɥɸɛɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ.  

7.7. Ɇɚɬɟɪɢɚɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɝɧɢɬɧɵɯ ɤɨɦɩɚɫɨɜ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɵɦɢ, ɢ ɢɯ ɜɵɛɨɪ ɞɨɥɠɟɧ ɛɵɬɶ ɨɞɨɛɪɟɧ Ⱥɞɦɢ-
ɧɢɫɬɪɚɰɢɟɣ. 

8. Ɇɟɫɬɨ ɭɫɬɚɧɨɜɤɢ 
8.1. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɥɠɟɧ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɜ ɞɢɚ-

ɦɟɬɪɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɭɞɧɚ. Ƚɥɚɜɧɚɹ ɤɭɪɫɨɜɚɹ ɱɟɪɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɚ 
ɬɚɤ, ɱɬɨɛɵ ɩɨɝɪɟɲɧɨɫɬɶ ɤɭɪɫɚ ɧɟ ɩɪɟɜɵɲɚɥɚ ±0,5°. 

8.2. Ƚɥɚɜɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɬɚɤ ɱɬɨɛɵ ɫ ɧɟɝɨ ɦɨɠɧɨ ɛɵ-
ɥɨ ɛɪɚɬɶ ɩɟɥɟɧɝɢ ɧɚ ɡɟɦɧɵɟ ɩɪɟɞɦɟɬɵ ɢ ɧɟɛɟɫɧɵɟ ɫɜɟɬɢɥɚ ɛɟɡ ɡɚɬɟɦɧɟɧɢɹ. Ɉɬ-
ɫɱɟɬɵ ɩɭɬɟɜɨɝɨ ɤɨɦɩɚɫɚ ɞɨɥɠɧɵ ɛɵɬɶ ɹɫɧɨ ɜɢɞɧɵ ɫ ɩɨɫɬɚ ɭɩɪɚɜɥɟɧɢɹ ɪɭɥɟɦ. 

8.γ. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ, ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɞɨɥɠɟɧ ɛɵɬɶ ɭɞɚɥɟɧ ɨɬ ɦɚɝɧɢɬ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɇɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɝɥɚɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɨɬ ɦɚɝɧɢɬɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɫɭɞɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ Ⱥɞɦɢɧɢɫɬɪɚɰɢɟɣ. Ɉɪɢɟɧɬɢɪɨɜɨɱ-
ɧɵɟ ɡɧɚɱɟɧɢɹ ɬɚɤɢɯ ɪɚɫɫɬɨɹɧɢɣ ɞɚɧɵ ɧɚ ɞɢɚɝɪɚɦɦɟ. 

Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɝɥɚɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ: 

 
                              →    ɉɨɥɧɚɹ ɞɥɢɧɚ ɫɭɞɧɚ 
---------–    –  ɩɪɨɬɹɠɟɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ; 
–  –  –     –  ɤɨɧɰɟɜɵɟ ɱɚɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɯ ɩɨɫɬɨɹɧɧɨɟ 
ɧɚɦɚɝɧɢɱɢɜɚɧɢɟ, ɬɚɤɢɟ ɤɚɤμ ɜɟɪɯɧɢɟ ɱɚɫɬɢ ɩɟɪɟɛɨɪɨɤ, ɛɢɦɫɵ, ɩɢɥɥɟɪɫɵ ɢ ɬ.ɩ; ɦɚɝɧɢɬɧɵɟ 
ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɜ ɦɨɪɟ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶ ɩɨɥɨɠɟɧɢɟ, ɧɚɩɪɢɦɟɪμ ɫɬɪɟɥɵ, ɜɟɧɬɢɥɹɬɨɪɵ, 
ɫɬɚɥɶɧɵɟ ɞɜɟɪɢ ɢ ɬ.ɩ.; ɛɨɥɶɲɢɟ ɦɚɫɫɵ ɦɚɝɧɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ 
ɩɨɥɹɦɢ, ɧɚɩɪɢɦɟɪ, ɬɪɭɛɵ. 
 

Ɇɢɧɢɦɚɥɶɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɩɭɬɟɜɨɝɨ ɤɨɦɩɚɫɚ ɦɨɝɭɬ ɛɵɬɶ ɫɧɢɠɟɧɵ ɞɨ 
65 % ɨɬ ɜɟɥɢɱɢɧ, ɭɤɚɡɚɧɧɵɯ ɧɚ ɞɢɚɝɪɚɦɦɟ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɷɬɢ ɪɚɫɫɬɨɹɧɢɹ ɧɟ 
ɦɟɧɟɟ 1 ɦ. ȿɫɥɢ ɧɚ ɫɭɞɧɟ ɢɦɟɟɬɫɹ ɬɨɥɶɤɨ ɩɭɬɟɜɨɣ ɤɨɦɩɚɫ, ɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫ-
ɫɬɨɹɧɢɟ ɞɨ ɧɟɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɞɥɹ ɝɥɚɜɧɨɝɨ ɤɨɦɩɚɫɚ, ɬ.ɟ., ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ 
ɞɚɥɶɲɟ ɨɬ ɦɚɝɧɢɬɧɵɯ ɦɚɫɫ.  

8.4. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɦɚɝɧɢɬɧɵɯ ɤɨɦɩɚɫɨɜ ɞɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɥɢ ɦɚɝɧɢɬɧɨ-
ɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɛɟɡɨɩɚɫɧɨɝɨ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ Ⱥɞɦɢ-
ɧɢɫɬɪɚɰɢɟɣ. 
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ɉ ɪ ɢ ɥ ɨ ɠ ɟ ɧ ɢ ɟ  3  

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ 
ɤ ɧɚɜɢɝɚɰɢɨɧɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɦɨɪɫɤɢɯ ɫɭɞɨɜ 

(Ɋɨɫɫɢɣɫɤɢɣ ɦɨɪɫɤɨɣ ɪɟɝɢɫɬɪ ɫɭɞɨɯɨɞɫɬɜɚ 
"ɉɪɚɜɢɥɚ ɩɨ ɨɛɨɪɭɞɨɜɚɧɢɸ ɦɨɪɫɤɢɯ ɫɭɞɨɜ") 

Ƚɥɚɜɚ 5.β. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ 
5.β.1. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ ɭɤɚɡɚɧɢɟ ɤɭɪɫɚ ɫɭɞɧɚ ɫ ɬɨɱɧɨ-

ɫɬɶɸμ 
±1° – ɧɚ ɯɨɞɭ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɚɱɤɢ;  
±5° – ɩɪɢ ɤɚɱɤɟ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɞɨ ±ββ,5° ɫ ɩɟɪɢɨɞɨɦ 6... 15 ɫ. 
5.β.β. Ʉɚɪɬɭɲɤɚ ɝɥɚɜɧɨɝɨ ɢ ɩɭɬɟɜɨɝɨ, ɤɨɦɩɚɫɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɫɧɹɬɢɹ ɨɬɫɱɟɬɚ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0,5°. ɐɟɧɚ ɞɟɥɟɧɢɹ ɤɚɪɬɭɲɤɢ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ 
ɛɨɥɟɟ 1°. 

5.β.γ. Ɂɚɫɬɨɣ ɤɚɪɬɭɲɤɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸ-
ɳɟɣ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɇ, ɦɤɌɥ, ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ 
ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ β0 ±γ °ɋ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ (γ/ɇ)° ɩɪɢ 
ɨɬɤɥɨɧɟɧɢɢ ɤɚɪɬɭɲɤɢ ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɦɟɪɢɞɢɚɧɚ ɧɚ ±β°. 

5.2.4. ȼ ɦɚɝɧɢɬɧɨɦ ɤɨɦɩɚɫɟ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɚɦɨɪɬɢɡɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɚɪɬɭɲɤɢ ɩɪɢ ɫɭɞɨɜɵɯ 
ɜɢɛɪɚɰɢɹɯ, ɢ ɭɫɬɪɨɣɫɬɜɨ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɫɨɯɪɚɧɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜɟɪ-
ɬɢɤɚɥɶɧɨɣ ɨɫɢ ɤɨɦɩɚɫɧɨɝɨ ɤɨɬɟɥɤɚ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

5.β.5. Ʉɨɬɟɥɨɤ ɤɨɦɩɚɫɚ ɫ ɤɚɪɞɚɧɧɵɦ ɩɨɞɜɟɫɨɦ ɞɨɥɠɟɧ ɫɨɯɪɚɧɹɬɶ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɪɢ ɧɚɤɥɨɧɟ ɧɚɤɬɨɭɡɚ ɞɨ 45ɟ ɜ ɥɸɛɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ʉɚɪɬɭɲɤɚ ɞɨɥɠ-
ɧɚ ɨɫɬɚɜɚɬɶɫɹ ɫɜɨɛɨɞɧɨɣ ɩɪɢ ɧɚɤɥɨɧɟ ɤɨɬɟɥɤɚ ɜ ɥɸɛɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚ ɭɝɨɥ ɧɟ ɦɟ-
ɧɟɟμ 

10°– ɞɥɹ ɤɨɦɩɚɫɨɜ ɫ ɤɚɪɞɚɧɧɵɦ ɩɨɞɜɟɫɨɦ;  
γ0° – ɞɥɹ ɤɨɦɩɚɫɨɜ ɛɟɡ ɤɚɪɞɚɧɧɨɝɨ ɩɨɞɜɟɫɚ. 
5.β.6. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɢɦɟɬɶ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɥɭɤɪɭ-

ɝɨɜɨɣ, ɱɟɬɜɟɪɬɧɨɣ, ɤɪɟɧɨɜɨɣ ɢ ɲɢɪɨɬɧɨɣ ɞɟɜɢɚɰɢɢ. 
Ʉɚɠɞɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɨɦɩɟɧɫɚɰɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɟ-

ɜɢɚɰɢɢ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ±0,β°, 
5.β.7. Ʉɨɧɫɬɪɭɤɰɢɹ ɭɫɬɪɨɣɫɬɜ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɩ. 5.β.6, ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɬɚɤɭɸ ɤɨɦɩɟɧɫɚɰɢɸ ɞɟɜɢɚɰɢɢ, ɱɬɨɛɵ ɡɧɚɱɟɧɢɹ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɧɟ ɩɪɟɜɵɲɚɥɢ 
±γ° ɞɥɹ ɝɥɚɜɧɨɝɨ ɤɨɦɩɚɫɚ ɢ ±5° ɞɥɹ ɩɭɬɟɜɨɝɨ ɤɨɦɩɚɫɚ. 

5.β.8. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɢɦɟɬɶ ɧɚɤɬɨɭɡ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɨɫɜɟɳɟɧɢɟ 
ɤɚɪɬɭɲɤɢ, ɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɱɟɬɤɨɣ ɜɢɞɢɦɨɫɬɢ ɞɟɥɟɧɢɣ ɤɚɪɬɭɲɤɢ. Ⱦɨɥɠɧɚ ɛɵɬɶ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɤɢ ɫɢɥɵ ɫɜɟɬɚ. 

Ɉɫɧɨɜɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɨɫɜɟɳɟɧɢɟ ɤɨɦɩɚɫɚ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɨ ɧɚ ɩɢ-
ɬɚɧɢɟ ɩɟɪɟɦɟɧɧɵɦ ɬɨɤɨɦ. ɉɨɦɢɦɨ ɨɫɧɨɜɧɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬ-
ɪɟɧɨ ɚɜɚɪɢɣɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɫɜɟɳɟɧɢɟ ɨɬ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ. 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɨɫɜɟɳɟɧɢɹ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɛɟɡɨɩɚɫɧɨɝɨ.  
5.β.λ. ȼɵɫɨɬɚ ɧɚɤɬɨɭɡɚ ɝɥɚɜɧɨɝɨ ɤɨɦɩɚɫɚ ɞɨɥɠɧɚ ɛɵɬɶ ɬɚɤɨɣ, ɱɬɨɛɵ ɜɦɟɫɬɟ 

ɫ ɩɨɞɭɲɤɨɣ, ɧɚ ɤɨɬɨɪɨɣ ɨɧ ɭɫɬɚɧɨɜɥɟɧ, ɩɥɨɫɤɨɫɬɶ ɫɬɟɤɥɚ ɤɨɬɟɥɤɚ ɤɨɦɩɚɫɚ ɧɚɯɨɞɢ-
ɥɚɫɶ ɧɚ ɜɵɫɨɬɟ ɧɟ ɦɟɧɟɟ 1γ00 ɦɦ ɨɬ ɩɚɥɭɛɵ. 
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ɇɚɢɛɨɥɶɲɚɹ ɜɵɫɨɬɚ ɭɫɬɚɧɨɜɤɢ ɤɨɦɩɚɫɨɜ ɧɟ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ, ɧɨ ɜɨ ɜɫɟɯ ɫɥɭ-
ɱɚɹɯ ɨɧɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɜɟɥɢɱɢɧɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɭɞɨɛɫɬɜɨ ɪɚɛɨɬɵ ɫ ɤɨɦ- 
ɩɚɫɨɦ. 

5.β.10. Ƚɥɚɜɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɛɵɬɶ ɫɧɚɛɠɟɧ ɩɟɥɟɧɝɚɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɟɥɟɧɝɨɜɚɧɢɟ ɜɢɞɢɦɵɯ ɫ ɫɭɞɧɚ ɩɪɟɞɦɟɬɨɜ ɢ ɧɟɛɟɫɧɵɯ ɫɜɟɬɢɥ ɫ ɬɨɱɧɨ-
ɫɬɶɸ ɫɧɹɬɢɹ ɨɬɫɱɟɬɚ ± 0,β5°. 

ɉɟɥɟɧɝɚɬɨɪɵ ɧɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɣ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɧɹɬɢɟ ɩɪɹɦɨɝɨ ɨɛɫɱɟ-
ɬɚ ɩɟɥɟɧɝɚ.  

5.β.11. Ⱦɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɱɟɬɤɨɝɨ ɫɧɹɬɢɹ ɨɬɫɱɟɬɚ ɫ ɤɚɪ-
ɬɭɲɤɢ ɩɭɬɟɜɨɝɨ ɤɨɦɩɚɫɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ ɦɟɧɟɟ 1,4 ɦ, ɤɚɤ ɩɪɢ ɞɧɟɜɧɨɦ, ɬɚɤ ɢ ɩɪɢ 
ɢɫɤɭɫɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ. Ⱦɨɩɭɫɤɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɭɜɟɥɢɱɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

5.β.1β. Ɇɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɟɣ ɩɨɤɚɡɚ-
ɧɢɣ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɩ. 5.β.1 – 5.β.10 ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɨɛɟɫ-
ɩɟɱɢɜɚɬɶ ɭɤɚɡɚɧɢɟ ɤɭɪɫɚ ɧɚ ɪɟɩɢɬɟɪɚɯ. 

5.β.1γ. ȼ ɤɚɱɟɫɬɜɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɟɣ ɩɨɤɚɡɚɧɢɣ ɤɚɪɬɭɲɤɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɚɝ-
ɧɢɬɧɚɹ ɫɢɫɬɟɦɚ ɝɥɚɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɢɥɢ ɫɩɟɰɢɚɥɶɧɵɟ ɦɚɝɧɢɬɧɵɟ ɱɭɜ-
ɫɬɜɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ. 

5.β.14. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɝɥɚɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ 
ɞɥɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɢ ɩɨɤɚɡɚɧɢɣ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɩɨɤɚɡɚɧɢɣ ɧɚ ɪɟɩɢɬɟɪɵ, ɞɨɥɠɧɨ ɛɵɬɶ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɱɬɨɛɵ 
ɟɝɨ ɪɚɡɦɟɳɟɧɢɟ ɢ ɪɚɛɨɬɚ ɧɟ ɫɨɡɞɚɜɚɥɢ ɩɨɦɟɯ ɩɟɥɟɧɝɨɜɚɧɢɸ, ɫɧɹɬɢɸ ɨɬɫɱɟɬɨɜ ɤɭɪɫɚ 
ɢ ɩɟɥɟɧɝɚ ɫ ɤɚɪɬɭɲɤɢ ɤɨɦɩɚɫɚ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɚɦ ɩɨ ɤɨɦɩɟɧɫɚɰɢɢ ɞɟɜɢɚɰɢɢ. 

5.β.15. ɋɩɟɰɢɚɥɶɧɵɣ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ 
ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɞɟɜɢɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɩ. 5.β.6 
ɢ 5.2.7. 

5.β.16. Ⱦɚɬɱɢɤ ɢ ɜɫɹ ɫɢɫɬɟɦɚ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɩɨɤɚɡɚ-
ɧɢɣ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɞɨɥɠɧɵ ɨɫɬɚɜɚɬɶɫɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɵɦɢ ɩɪɢ ɫɥɟɞɭɸɳɢɯ 
ɢɡɦɟɧɟɧɢɹɯ ɞɜɢɠɟɧɢɹ ɫɭɞɧɚμ 

.1. ɰɢɪɤɭɥɹɰɢɢ ɩɪɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɞɨ 6 °/ɫ; 

.2. ɪɵɫɤɚɧɢɢ ɫ ɩɟɪɢɨɞɨɦ 10 ... β0 ɫ ɢ ɧɚɢɛɨɥɶɲɢɦ ɨɬɤɥɨɧɟɧɢɟɦ ɨɬ ɤɭɪɫɚ ɧɚ ±5°. 
5.β.17. Ɋɚɫɯɨɠɞɟɧɢɟ ɜ ɩɨɤɚɡɚɧɢɹɯ ɪɟɩɢɬɟɪɨɜ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɦɚɝ-

ɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɟɣ ɩɨɤɚɡɚɧɢɣ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 1°. 
5.β.18. ȼɵɯɨɞ ɢɡ ɫɬɪɨɹ ɢɥɢ ɨɬɤɥɸɱɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɪɟɩɢɬɟɪɨɜ ɧɟ ɞɨɥɠɧɵ ɜɥɢ-

ɹɬɶ ɧɚ ɬɨɱɧɨɫɬɶ ɩɨɤɚɡɚɧɢɣ ɨɫɬɚɜɲɢɯɫɹ ɪɟɩɢɬɟɪɨɜ ɢ ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɚɫɚ. 
5.β.1λ. Ⱦɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɡɜɭɤɨɜɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ ɨ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ 

ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɟɣ 
ɩɨɤɚɡɚɧɢɣ ɤɚɪɬɭɲɤɢ. Ɂɜɭɤɨɜɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ ɞɨɥɠɧɚ ɩɨɥɭɱɚɬɶ ɩɢɬɚɧɢɟ ɨɬ ɧɟɡɚɜɢ-
ɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ. 

5.2.20. ȼ ɤɨɦɩɥɟɤɬɟ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟ-
ɪɟɞɚɱɟɣ ɩɨɤɚɡɚɧɢɣ ɞɨɥɠɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ ɫɩɟɰɢɚɥɶɧɨɟ ɫɜɟɬɨɜɨɟ ɬɚɛɥɨ ɫ ɧɚɞ- 
ɩɢɫɶɸ «Ɋɟɩɢɬɟɪɵ ɜɤɥɸɱɟɧɵ ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ» (ɫɦ. γ.7.β.10). 

5.β.β1. Ʉɨɧɫɬɪɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɨɩɬɢɱɟɫɤɨɣ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚ-
ɱɟɣ ɩɨɤɚɡɚɧɢɣ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɥɭɱɟɧɢɟ ɧɚ ɷɤɪɚɧɟ ɩɪɹɦɨɝɨ ɨɬɪɚɠɟɧɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫɟɤɬɨɪɚ ɲɤɚɥɵ ɤɚɪɬɭɲɤɢ ɫ ɹɫɧɨ ɜɢɞɢɦɵɦɢ ɝɪɚɞɭɫɧɵɦɢ ɞɟɥɟɧɢɹɦɢ ɧɚ 
ɞɭɝɟ ɧɟ ɦɟɧɟɟ γ0°, ɚ ɬɚɤɠɟ ɤɭɪɫɨɜɨɣ ɱɟɪɬɵ, ɭɤɪɟɩɥɟɧɧɨɣ ɜ ɤɨɪɩɭɫɟ ɤɨɬɟɥɤɚ ɤɨɦɩɚ-
ɫɚ. 
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Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɲɤɚ-
ɥɵ ɤɚɪɬɭɲɤɢ ɫ ɤɨɪɦɨɜɨɣ ɢ ɧɨɫɨɜɨɣ ɫɬɨɪɨɧ ɩɟɪɢɫɤɨɩɚ. 

5.β.ββ. Ⱦɥɢɧɚ ɩɟɪɢɫɤɨɩɚ ɨɩɬɢɱɟɫɤɨɝɨ ɬɪɚɤɬɚ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɫ ɨɩɬɢɱɟɫɤɨɣ 
ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɟɣ ɩɨɤɚɡɚɧɢɣ ɞɨɥɠɧɚ ɛɵɬɶ ɬɚɤɨɣ, ɱɬɨɛɵ ɩɪɢ ɭɫɬɚɧɨɜɤɟ 
ɤɨɦɩɚɫɚ ɧɚ ɩɨɞɭɲɤɟ ɫ ɭɱɟɬɨɦ ɩɪɨɯɨɞɚ ɬɪɭɛɵ ɩɟɪɢɫɤɨɩɚ ɱɟɪɟɡ ɩɚɥɭɛɭ ɷɤɪɚɧ ɦɨɝ 
ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɭɪɨɜɧɟ ɝɥɚɡ ɪɭɥɟɜɨɝɨ. 

Ⱦɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɤɢ ɜɵɫɨ-
ɬɵ ɷɤɪɚɧɚ ɧɚ 100 ... 150 ɦɦ ɜɜɟɪɯ ɢ ɜɧɢɡ ɨɬ ɫɪɟɞɧɟɝɨ ɩɨɥɨɠɟɧɢɹ. 

5.β.βγ. ɗɤɪɚɧ ɞɨɥɠɟɧ ɛɵɬɶ ɫɧɚɛɠɟɧ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟɦ, ɩɪɟɞɨɯɪɚɧɹɸɳɢɦ ɟɝɨ 
ɨɬ ɹɪɤɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɢɥɢ ɞɪɭɝɨɝɨ ɫɜɟɬɚ, ɫɩɨɫɨɛɧɨɝɨ ɜɵɡɵɜɚɬɶ ɡɚɫɜɟɱɢɜɚɧɢɟ ɢɡɨɛ-
ɪɚɠɟɧɢɹ ɧɚ ɷɤɪɚɧɟ ɤɚɪɬɭɲɤɢ. ɂɡɨɛɪɚɠɟɧɢɟ ɧɚ ɷɤɪɚɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɹɫɧɨ ɜɢɞɢɦɵɦ ɜ 
ɞɧɟɜɧɨɟ ɢ ɧɨɱɧɨɟ ɜɪɟɦɹ.  

5.β.β4. Ʉɨɧɫɬɪɭɤɰɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɬɪɚɤɬɚ ɢ ɷɤɪɚɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɬɚɤɨɣ, ɱɬɨɛɵ 
ɢɡɨɛɪɚɠɟɧɢɟ ɫɟɤɬɨɪɚ ɲɤɚɥɵ ɤɚɪɬɭɲɤɢ ɨɫɬɚɜɚɥɨɫɶ ɱɟɬɤɢɦ ɢ ɹɫɧɵɦ ɩɪɢ ɜɢɡɭɚɥɶɧɨɦ 
ɩɟɥɟɧɝɨɜɚɧɢɢ ɢ ɩɪɢ ɡɚɤɪɵɬɨɦ ɤɨɥɩɚɤɟ ɤɨɦɩɚɫɚ. 

5.β.β5. Ⱦɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɪɟɝɭɥɢɪɨɜɤɢ ɢ ɮɢɤɫɚɰɢɢ ɩɨ-
ɥɨɠɟɧɢɹ ɷɤɪɚɧɚ ɞɥɹ ɭɞɨɛɫɬɜɚ ɫɧɹɬɢɹ ɩɨɤɚɡɚɧɢɹ. 

5.β.β6. Ɉɩɬɢɱɟɫɤɢɣ ɬɪɚɤɬ ɞɨɥɠɟɧ ɛɵɬɶ ɜɨɞɨɡɚɳɢɳɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ IP 56. 
Ⱦɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɵ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɨɬɩɨɬɟɜɚɧɢɹ ɬɪɚɤɬɚ ɢ ɤɨɧ-
ɞɟɧɫɚɰɢɢ ɜ ɧɟɦ ɜɥɚɝɢ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧ ɥɟɝɤɢɣ ɞɨɫɬɭɩ ɤ ɨɩɬɢɤɟ ɞɥɹ ɟɟ ɨɱɢɫɬɤɢ. 

5.β.β7. ɒɥɸɩɨɱɧɵɣ ɦɚɝɧɢɬɧɵɣ ɤɨɦɩɚɫ ɞɨɥɠɟɧ ɨɬɜɟɱɚɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚ-
ɧɢɹɦμ 

.1. ɰɟɧɚ ɞɟɥɟɧɢɹ ɤɚɪɬɭɲɤɢ ɤɨɦɩɚɫɚ ɞɨɥɠɧɚ ɛɵɬɶ 1°, β° ɢ ɧɟ ɛɨɥɟɟ 5°, ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɤɚɪɬɭɲɤɢ; 

.β. ɡɚɫɬɨɣ ɤɚɪɬɭɲɤɢ ɤɨɦɩɚɫɚ ɩɪɢ ɭɫɥɨɜɢɹɯ, ɢɡɥɨɠɟɧɧɵɯ ɜ ɩ. 5.β.γ, ɧɟ ɞɨɥɠɟɧ 
ɩɪɟɜɵɲɚɬɶ (λ/ɇ)°; 

.γ. ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɫɜɟɳɟɧɢɟ ɤɚɪɬɭɲɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨ-
ɜɚɧɢɟɦ 6.10.8.1.5 ɱɚɫɬɢ II  «ɋɩɚɫɚɬɟɥɶɧɵɟ ɫɪɟɞɫɬɜɚ»; 

.4. ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɤɨɦɩɚɫɚ ɧɚ ɲɥɸɩɤɟ 
ɢ ɮɭɬɥɹɪ ɞɥɹ ɯɪɚɧɟɧɢɹ; 

.5. ɞɢɚɦɟɬɪ ɤɚɪɬɭɲɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɫɱɢɬɵɜɚɧɢɹ 
ɩɨɤɚɡɚɧɢɣ. 
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ɉ ɪ ɢ ɥ ɨ ɠ ɟ ɧ ɢ ɟ  4  

Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɬɚɛɥɢɰɵ ɞɟɜɢɚɰɢɢ 

Ɉɫɬɚɬɨɱɧɚɹ ɞɟɜɢɚɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɜɨɫɶɦɢ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɚɯ ɩɭɬɟɦ ɩɟɥɟɧ-
ɝɨɜɚɧɢɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɫɬɜɨɪɚ. ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɫɥɟɞɭɸɳɢɣμ 

1. ɋɭɞɧɨ ɧɚɩɪɚɜɥɹɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ (ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɤɚɪɬɭɲɤɟ ɤɨɦɩɚ-
ɫɚ) ɧɚ ɜɨɫɟɦɶ ɤɨɦɩɚɫɧɵɯ ɤɭɪɫɨɜμ 0°; 45°; λ0°; 1γ5°; 180°; ββ5°; β70°; γ15°. ȼɡɹɬɵɟ ɫ 
ɬɨɱɧɨɫɬɶɸ ɞɨ 0,1° ɤɨɦɩɚɫɧɵɟ ɩɟɥɟɧɝɢ ɧɚ ɫɬɜɨɪ ɡɚɩɢɫɵɜɚɸɬ ɜ ɬɚɛɥɢɰɭ ɩɟɪɜɨɧɚ-
ɱɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ (ɬɚɛɥ. 4.1). 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  4. 1 

ɄɄ Ʉɉ Ɇɉ = ∑Ʉɉ δ= Ɇɉ–Ʉɉ 

0   

Ɇɉ=  

  

45     

90     

135     

180     

225     

270     

315     

β. ɇɚɯɨɞɹɬ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɦɩɚɫɧɵɯ ɩɟɥɟɧɝɨɜ, ɤɨɬɨɪɨɟ ɩɪɢɧɢɦɚɸɬ ɡɚ ɦɚɝ-
ɧɢɬɧɵɣ ɩɟɥɟɧɝ ɫɬɜɨɪɚμ 

 ɄɉɆɉ
8

1
.

 
γ. ɉɨ ɮɨɪɦɭɥɟ δ = Ɇɉ – Ʉɉ ɪɚɫɫɱɢɬɵɜɚɸɬ ɡɧɚɱɟɧɢɹ ɞɟɜɢɚɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ 

ɤɭɪɫɚ ɢ ɡɚɩɢɫɵɜɚɸɬ ɢɯ ɜ ɬɚɛɥ. 1.1.  
4. Ɂɧɚɱɟɧɢɹ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ, ɡɚɩɢɫɚɧɧɵɟ ɜ ɬɚɛɥ. 1.1, ɩɟɪɟɧɨɫɹɬ ɜ ɬɚɛɥ. 1.β 

(ɫɬɨɥɛɰɵ 1 ɢ β), ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɨɣ ɞɟɜɢɚɰɢɢμ 

δ = A + B sin KK + C cos KK + D sin 2KK + E cos 2KK. 
5. ȼɵɩɨɥɧɹɹ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɩɢɫɚɧɧɵɟ ɬɚɛɥ. 1.β, ɧɚɯɨɞɹɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɫɬɚ-

ɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢμ А, ȼ, ɋ, D ɢ Е, ɪɚɫɫɱɢɬɵɜɚɹ ɢɯ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ 
ɝɪɚɞɭɫɚ. 
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Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  4. 2 

 
ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɤɨɷɮɮɢɰɢɟɧɬ А ɞɨɥɠɟɧ ɩɨɥɭɱɚɬɶɫɹ 

ɪɚɜɧɵɦ ɧɭɥɸ, ɬɚɤ ɤɚɤ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɟɥɟɧɝɚ ɫɬɜɨɪɚ ɩɭɬɟɦ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɢɡ ɜɨɫɶɦɢ ɤɨɦɩɚɫɧɵɯ ɩɟɥɟɧɝɨɜ ɢɫɤɥɸɱɚɟɬɫɹ ɩɨɫɬɨɹɧɧɚɹ 
ɨɲɢɛɤɚ, ɪɚɜɧɚɹ ɤɨɷɮɮɢɰɢɟɧɬɭ А. Ɉɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ, ɜɫɥɟɞɫɬɜɢɟ ɨɲɢɛɨɤ ɧɚɛɥɸ-
ɞɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ А, ɩɨɥɭɱɟɧɧɵɣ ɜ ɬɚɛɥ. 1.β, ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɧɭɥɟɜɨɝɨ ɡɧɚ-
ɱɟɧɢɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɝɪɚɞɭɫɚ.  

ɉɪɢ ɪɚɫɱɟɬɟ ɩɹɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɟɜɢɚɰɢɢ (А, B, ɋ, D ɢ Е) ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɞɚɧɧɵɟ ɧɚɛɥɸɞɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɟɥɟɧɝɨɜɚɧɢɢ ɫɬɜɨɪɚ ɧɚ ɜɨɫɶɦɢ ɤɨɦɩɚɫɧɵɯ 
ɤɭɪɫɚɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɢɡɛɵɬɨɱɧɵɯ ɧɚɛɥɸɞɟɧɢɣ (ɜɨɫɶɦɢ 
ɜɦɟɫɬɨ ɩɹɬɢ) ɭɦɟɧɶɲɚɟɬɫɹ ɜɥɢɹɧɢɟ ɫɥɭɱɚɣɧɵɯ ɨɲɢɛɨɤ. ɉɨɷɬɨɦɭ, ɞɟɥɚɹ ɨɛɪɚɬɧɵɣ 
ɩɟɪɟɯɨɞ (ɩɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ) ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤ ɞɟɜɢɚɰɢɢ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɪɚɛɨɱɭɸ ɬɚɛɥɢɰɭ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ ɫ ɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɱɟɦ 
ɬɟ, ɤɨɬɨɪɵɟ ɡɚɩɢɫɚɧɵ ɜ ɬɚɛɥ. 1.1. 

Ɍɚɛɥ. 1.γ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɢɦɟɧɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɧɚɣɞɟɧɧɵɯ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɛɥɸɞɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɫɱɢɬɚɬɶ ɪɚɛɨɱɭɸ ɬɚɛɥɢɰɭ ɞɟɜɢɚɰɢɢ 
ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ ɤɚɤ ɮɭɧɤɰɢɸ ɤɨɦɩɚɫɧɨɝɨ ɤɭɪɫɚ ɫ ɩɪɨɦɟɠɭɬɤɚɦɢ ɜ 15°. Ɋɚɫɱɟɬ 
ɜɵɩɨɥɧɹɸɬ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɫɨɬɵɯ ɞɨɥɟɣ ɝɪɚɞɭɫɚ, ɚ ɜɟɥɢɱɢɧɵ ɨɫɬɚɬɨɱɧɨɣ ɞɟɜɢɚɰɢɢ 
ɨɤɪɭɝɥɹɸɬ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ. ɑɟɬɵɪɟ ɤɪɚɣɧɢɯ ɩɪɚɜɵɯ ɫɬɨɥɛɰɚ ɬɚɛɥ. 1.3 ɧɚɡɵɜɚɸɬɫɹ 
ɪɚɛɨɱɟɣ ɬɚɛɥɢɰɟɣ ɞɟɜɢɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ. 

ɄɄ 
δ 

ɄɄ 
δ (I+II)/2 (I–II)/2 

n1 

n1IV  
n2 

n2IV  
 
 

 
 

(VII+  
+VIII)/2 

(VII – 
–VIII)/2 

 

 

I II  III  IV  V VI VII VIII IX  X 
 

0   180   q1= 
 

0   1   q1= q3=     =E  

45   225   q2= 
 

0,71   0,71   q2= q4=     =D  

90  270  q3=  1  0   ∑    

135  315  q4=  0,71  -0,71   0,5∑  =A  

      +   +   
     

      –   –   
     

      
∑   ∑        

     
B= 0,5∑   0,5∑   =C     
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Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  4. 3 

D= 
 

E= 
 

I+II A= B= 
 

C= 
 

V+VI 
 

δ 
 

δ 

m1 m1D m2 m2E 
 

III+ A m3 m3B m4 m4C 
 

ɄɄ IV+VII ɄɄ IV-VII 

 
I 

 
II  III  IV  

 
V 

 
VI VII 

    
0   1       0   1     0   180   

0,5   0,87       0,26   0,96     15   195   

0,87   0,5       0,5   0,87     30   210   

1   0       0,71   0,71     45   225   

0,87   -0,5       0,87   0,5     60   240   

0,5   -0,87       0,96   0,26     75   255   

0   1       1   0     90   270   

-0,5   -0,87       0,96   -0,26     105   285   

-0,87   -0,5       0,87   -0,5     120   300   

-1   0       0,71   -0,71     135   315   

-0,87   0,5       0,5   -0,87     150   330   

-0,5   0,87       0,26   -0,96     165   345   
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ɋɉɛ.μ  ɋɭɞɨɫɬɪɨɟɧɢɟ,1λλ4. 
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