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ȼȼȿȾȿɇɂȿ 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ�ɫɬɚɧɰɢɣ�ɹɜɥɹɟɬɫɹ�ɜɚɠɧɟɣɲɟɣ�ɫɮɟɪɨɣ 
ɬɪɚɧɫɩɨɪɬɧɨɣ�ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɨɣ�ɧɚ�ɪɚɡɪɚɛɨɬɤɭ�ɷɮɮɟɤɬɢɜɧɵɯ�ɫɯɟɦ 
ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢɬɢɹ� ɢ� ɬɟɯɧɢɱɟɫɤɨɝɨ� ɨɫɧɚɳɟɧɢɹ. ɉɪɨɟɤɬɧɵɟ� ɪɟɲɟɧɢɹ, ɫɨɞɟɪ-
ɠɚɳɢɟ�ɪɚɰɢɨɧɚɥɶɧɵɟ�ɤɨɧɫɬɪɭɤɰɢɢ�ɫɨɟɞɢɧɟɧɢɣ�ɢ�ɩɟɪɟɫɟɱɟɧɢɣ�ɩɭɬɟɣ�ɜ�ɝɨɪ-
ɥɨɜɢɧɚɯ�ɩɚɪɤɨɜ, ɨɩɬɢɦɚɥɶɧɨɟ�ɜɡɚɢɦɧɨɟ�ɪɚɫɩɨɥɨɠɟɧɢɟ�ɭɫɬɪɨɣɫɬɜ, ɩɨɡɜɨɥɹɬ�ɜ 
ɞɚɥɶɧɟɣɲɟɦ�ɨɛɟɫɩɟɱɢɬɶ�ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɭɸ�ɪɚɛɨɬɭ�ɩɨ�ɨɛɫɥɭɠɢɜɚɧɢɸ�ɩɨɟɡ-
ɞɨ- ɢ�ɜɚɝɨɧɨɩɨɬɨɤɨɜ�ɧɚ�ɫɬɚɧɰɢɢ. ɋɢɫɬɟɦɧɵɟ�ɧɚɱɚɥɶɧɵɟ�ɫɜɟɞɟɧɢɹ�ɩɨ�ɫɨɨɪɭ-
ɠɚɟɦɵɦ�ɫɬɚɧɰɢɨɧɧɵɦ�ɨɛɴɟɤɬɚɦ�ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ�ɤɚɤ�ɷɬɚɩ�ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ 
ɜɚɠɧɨɫɬɢ�ɧɚ�ɩɭɬɢ�ɩɨɥɭɱɟɧɢɹ�ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ�ɡɧɚɧɢɣ�ɜ�ɨɛɥɚɫɬɢ�ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɹ. ɋɥɟɞɭɟɬ�ɨɛɪɚɬɢɬɶ�ɜɧɢɦɚɧɢɟ�ɧɚ�ɬɨ, ɱɬɨ�ɭɤɥɚɞɤɚ�ɧɨɜɵɯ�ɩɭɬɟɣ�ɢ�ɩɟ-
ɪɟɭɫɬɪɨɣɫɬɜɨ�ɫɭɳɟɫɬɜɭɸɳɢɯ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɨɞɫɢɫɬɟɦ�ɨɫɧɨɜɵɜɚɟɬɫɹ�ɧɚ�ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ�ɬɪɟɛɨɜɚɧɢɹɯ�ɛɨɥɟɟ�ɷɮɮɟɤɬɢɜɧɨɣ�ɨɛɪɚɛɨɬɤɢ�ɩɨɬɨɤɨɜ�ɩɨ�ɫɪɚɜ-
ɧɟɧɢɸ�ɫ�ɬɟɦ, ɱɬɨ�ɫɭɳɟɫɬɜɭɟɬ�ɧɚ�ɫɬɚɧɰɢɢ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ. ȼ�ɨɫɧɨɜɟ�ɜɫɟɯ 
ɩɪɢɧɢɦɚɟɦɵɯ�ɩɪɨɟɤɬɧɵɯ�ɪɟɲɟɧɢɣ�ɥɟɠɢɬ�ɧɟɡɵɛɥɟɦɨɟ�ɩɪɚɜɢɥɨ�ɛɟɡɭɫɥɨɜɧɨɝɨ 
ɜɵɩɨɥɧɟɧɢɹ� ɬɪɟɛɨɜɚɧɢɣ�ɛɟɡɨɩɚɫɧɨɫɬɢ�ɩɟɪɟɜɨɡɨɤ�ɢ�ɨɯɪɚɧɵ�ɬɪɭɞɚ. Ɍɟɯɧɢɱɟ-
ɫɤɢɟ�ɤɨɧɫɬɪɭɤɰɢɢ�ɷɥɟɦɟɧɬɨɜ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ�ɩɭɬɢ�ɞɨɥɠɧɵ�ɛɵɬɶ�ɧɚɞɟɠ-
ɧɵ�ɜ�ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɨɷɬɨɦɭ�ɜɚɠɧɨ�ɡɧɚɬɶ�ɢɯ�ɨɫɨɛɟɧɧɨɫɬɢ, ɫɩɟɰɢɮɢɤɭ�ɩɪɢ-
ɦɟɧɟɧɢɹ, ɨɬɟɱɟɫɬɜɟɧɧɵɣ�ɢ�ɦɢɪɨɜɨɣ�ɨɩɵɬ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ.  

�Ɍɟɯɧɢɱɟɫɤɢɣ� ɩɪɨɝɪɟɫɫ� ɨɪɢɟɧɬɢɪɭɟɬ� ɩɪɨɟɤɬɧɭɸ� ɪɚɛɨɬɭ� ɜ� ɧɚɩɪɚɜɥɟɧɢɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɩɟɪɟɞɨɜɵɯ� ɦɟɬɨɞɨɜ� ɨɪɝɚɧɢɡɚɰɢɢ� ɪɚɛɨɬɵ, ɜɧɟɞɪɟɧɢɹ� ɛɨɥɟɟ 
ɫɨɜɟɪɲɟɧɧɵɯ� ɭɫɬɪɨɣɫɬɜ, ɫɪɟɞɫɬɜ� ɤɨɧɬɪɨɥɹ� ɢ� ɭɩɪɚɜɥɟɧɢɹ. Ʉɨɧɤɭɪɟɧɬɧɚɹ 
ɛɨɪɶɛɚ�ɫ�ɞɪɭɝɢɦɢ�ɜɢɞɚɦɢ�ɬɪɚɧɫɩɨɪɬɚ,  ɢ�ɜ�ɩɟɪɜɭɸ�ɨɱɟɪɟɞɶ�í�ɫ�ɚɜɬɨɦɨɛɢɥɶ-
ɧɵɦ, ɩɪɢɜɨɞɢɬ�ɤ�ɧɟɨɛɯɨɞɢɦɨɫɬɢ�ɩɨɫɬɨɹɧɧɨɣ�ɦɨɞɟɪɧɢɡɚɰɢɢ�ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢ-
ɬɢɹ� ɫɬɚɧɰɢɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɣ� ɧɚɪɚɳɢɜɚɧɢɸ� ɩɪɨɩɭɫɤɧɵɯ� ɢ� ɩɟɪɟɪɚɛɚɬɵ-
ɜɚɸɳɢɯ�ɦɨɳɧɨɫɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɯ�ɢɫɩɨɥɧɹɬɶ�ɩɟɪɟɜɨɡɤɢ�ɫ�ɜɵɫɨɤɢɦ�ɤɚɱɟɫɬ-
ɜɨɦ� ɬɪɚɧɫɩɨɪɬɧɵɯ� ɭɫɥɭɝ. Ɍɨɥɶɤɨ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ� ɬɪɚɧɫ-
ɩɨɪɬ�ɫɦɨɠɟɬ�ɜɵɞɟɪɠɚɬɶ�ɤɨɧɤɭɪɟɧɰɢɸ�ɜ�ɛɨɪɶɛɟ�ɡɚ�ɤɥɢɟɧɬɚ. 

Ⱦɚɧɧɨɟ�ɩɨɫɨɛɢɟ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɦɟɬɨɞɢɱɟɫɤɢɟ�ɨɫɧɨɜɵ�ɞɥɹ�ɪɚɫɱɟɬɚ�ɧɟɨɛɯɨ-
ɞɢɦɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɫɬɚɧɰɢɨɧɧɵɯ� ɭɫɬɪɨɣɫɬɜ, ɜ� ɩɨɥɧɨɣ� ɦɟɪɟ� ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɯ� ɡɚɞɚɧɧɨɦɭ� ɨɛɴɟɦɭ�ɩɟɪɟɜɨɡɨɤ. ɉɨ�ɜɫɟɦ�ɪɚɡɞɟɥɚɦ�ɩɨɫɨɛɢɹ� ɩɪɟɞɫɬɚɜɥɟɧ 
ɪɹɞ�ɡɚɞɚɱ�ɫ  ɩɨɥɧɵɦɢ�ɪɟɲɟɧɢɹɦɢ.   
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1 ɈȻɓȺə�ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ�ɋɌɊȿɅɈɑɇɕɏ�ɉȿɊȿȼɈȾɈȼ  

1.1 ɍɫɬɪɨɣɫɬɜɨ�ɢ�ɧɚɡɧɚɱɟɧɢɟ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

ɋɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ�ɹɜɥɹɟɬɫɹ� ɭɫɬɪɨɣɫɬɜɨɦ, ɤɨɬɨɪɨɟ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɩɟɪɟ-
ɦɟɳɟɧɢɟ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ�ɫ�ɨɞɧɨɝɨ�ɩɭɬɢ�ɧɚ�ɞɪɭɝɨɣ. ɉɟɪɟɤɥɸɱɟɧɢɟ�ɞɜɢ-
ɠɟɧɢɹ�ɩɪɨɢɫɯɨɞɢɬ�ɛɥɚɝɨɞɚɪɹ�ɢɡɦɟɧɟɧɢɸ�ɦɚɪɲɪɭɬɚ� ɫɨɫɬɚɜɚ�ɩɪɢ�ɩɪɨɯɨɠɞɟ-
ɧɢɢ�ɫɬɪɟɥɨɤ�ɫ�ɩɥɨɬɧɵɦ�ɩɪɢɥɟɝɚɧɢɟɦ�ɨɞɧɨɝɨ�ɨɫɬɪɹɤɚ�ɤ�ɪɚɦɧɨɦɭ�ɪɟɥɶɫɭ�ɢ�ɧɚ-
ɥɢɱɢɟɦ�ɡɚɡɨɪɚ�ɦɟɠɞɭ�ɞɪɭɝɢɦ�ɨɫɬɪɹɤɨɦ�ɫ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ�ɪɚɦɧɵɦ�ɪɟɥɶɫɨɦ 
�ɪɢɫɭɧɨɤ 1.1). 

              ɚ) 
 
 

 
 
 
 
 
 
 
 

                    

  ɛ) 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 1.1 – Ɇɚɪɲɪɭɬ�ɩɟɪɟɞɜɢɠɟɧɢɹ�ɱɟɪɟɡ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ: 
ɚ – ɩɨ�ɩɪɹɦɨɦɭ�ɩɭɬɢ; ɛ – ɧɚ�ɛɨɤɨɜɨɣ�ɩɭɬɶ 

Ɉɛɚ�ɨɫɬɪɹɤɚ�ɫɜɹɡɚɧɵ�ɬɹɝɨɣ, ɮɢɤɫɢɪɭɸɳɟɣ�ɨɞɧɨ�ɢɡ�ɞɜɭɯ�ɩɨɥɨɠɟɧɢɣ�ɨɫɬ-
ɪɹɤɨɜ. ɍɩɪɚɜɥɟɧɢɟ�ɫɬɪɟɥɨɱɧɵɦ�ɩɟɪɟɜɨɞɨɦ�ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ�ɩɟɪɟɜɨɞɧɵɦ�ɭɫɬ-
ɪɨɣɫɬɜɨɦ (ɫɦ. ɪɢɫɭɧɨɤ 1.1, ɚ) ɢɥɢ�ɪɭɱɧɵɦ�ɩɪɢɜɨɞɨɦ (ɫɦ. ɪɢɫɭɧɨɤ 1.1, ɛ).  

Ⱦɚɥɶɧɟɣɲɟɟ�ɞɜɢɠɟɧɢɟ�ɜɚɝɨɧɚ�ɩɨ�ɫɬɪɟɥɨɱɧɨɦɭ�ɩɟɪɟɜɨɞɭ�ɫɜɹɡɚɧɨ�ɫ�ɩɪɨɯɨ-
ɞɨɦ�ɤɪɟɫɬɨɜɢɧɵ,  ɝɞɟ�ɧɚɛɥɸɞɚɟɬɫɹ�ɪɚɡɪɵɜ�ɪɟɥɶɫɨɜɨɣ�ɰɟɩɢ�ɜ�ɜɢɞɟ�ɬɚɤ�ɧɚɡɵ-
ɜɚɟɦɨɝɨ «ɜɪɟɞɧɨɝɨ�ɩɪɨɫɬɪɚɧɫɬɜɚ», ɝɞɟ�ɝɪɟɛɟɧɶ�ɤɨɥɟɫɚ�ɬɟɪɹɟɬ� ɨɩɨɪɭ�ɫ�ɪɟɥɶ-
ɫɨɦ (ɪɢɫɭɧɨɤ 1.2).  
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Ɋɢɫɭɧɨɤ 1.2 – Ⱦɜɢɠɟɧɢɟ�ɷɤɢɩɚɠɚ�ɩɨ�ɩɪɹɦɨɦɭ�ɩɭɬɢ 

ɤɪɟɫɬɨɜɢɧɧɨɣ�ɱɚɫɬɢ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ: 
1 – ɪɚɦɧɵɣ�ɪɟɥɶɫ; 2 – ɤɨɧɬɪɪɟɥɶɫ; 3 – ɭɫɨɜɢɤɢ; 4 – ɫɟɪɞɟɱɧɢɤ 

Ʉɪɟɫɬɨɜɢɧɚ� ɹɜɥɹɟɬɫɹ� ɧɚɢɛɨɥɟɟ� ɨɬɜɟɬɫɬɜɟɧɧɵɦ� ɷɥɟɦɟɧɬɨɦ� ɫɬɪɟɥɨɱɧɨɝɨ 
ɩɟɪɟɜɨɞɚ, ɛɟɡɨɩɚɫɧɨɫɬɶ�ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ�ɤɨɬɨɪɨɝɨ�ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ�ɤɨɧɬɪ-
ɪɟɥɶɫɚɦɢ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɦɢ�ɫ�ɜɧɭɬɪɟɧɧɟɣ� ɫɬɨɪɨɧɵ�ɪɟɥɶɫɨɜ�ɧɚɩɪɨɬɢɜ� ɭɱɚ-
ɫɬɤɚ�ɜɪɟɞɧɨɝɨ�ɩɪɨɫɬɪɚɧɫɬɜɚ (ɪɢɫɭɧɨɤ 1.3). 

 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 1.3 – Ʉɪɟɫɬɨɜɢɧɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 
ȼɪɟɞɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɦɨɠɟɬ�ɛɵɬɶ�ɢɫɤɥɸɱɟɧɨ�ɩɨɫɪɟɞɫɬɜɨɦ�ɤɨɧɫɬɪɭɤɰɢɢ 

ɩɨɞɜɢɠɧɨɝɨ�ɫɟɪɞɟɱɧɢɤɚ, ɤɨɬɨɪɵɣ�ɦɨɠɟɬ�ɩɟɪɟɦɟɳɚɬɶɫɹ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ�ɬɹ-
ɝɨɣ�ɫ�ɩɥɨɬɧɵɦ�ɩɪɢɥɟɝɚɧɢɟɦ�ɫɟɪɞɟɱɧɢɤɚ�ɤ�ɨɞɧɨɦɭ�ɢɥɢ�ɞɪɭɝɨɦɭ�ɭɫɨɜɢɤɭ (ɪɢ-
ɫɭɧɨɤ 1.4). 

ȼ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɚɯ�ɫ�ɩɨɞɜɢɠɧɵɦ�ɫɟɪɞɟɱɧɢɤɨɦ�ɤɨɧɬɪɪɟɥɶɫɵ�ɜ�ɤɪɟ-
ɫɬɨɜɢɧɧɨɣ�ɱɚɫɬɢ�ɧɟ�ɭɤɥɚɞɵɜɚɸɬɫɹ.  

Ⱦɜɢɠɟɧɢɟ�ɩɨ� ɫɬɪɟɥɨɱɧɨɦɭ�ɩɟɪɟɜɨɞɭ� ɫɨ� ɫɬɨɪɨɧɵ� ɨɫɬɪɹɤɨɜ� ɤ� ɤɪɟɫɬɨɜɢɧɟ 
ɧɚɡɵɜɚɟɬɫɹ�ɩɪɨɬɢɜɨɲɟɪɫɬɧɵɦ (ɨɫɬɪɹɤɢ�ɧɚɜɫɬɪɟɱɭ�ɞɜɢɠɟɧɢɸ), ɚ�ɫɨ�ɫɬɨɪɨɧɵ 
ɤɪɟɫɬɨɜɢɧɵ�ɤ�ɨɫɬɪɹɤɚɦ – ɩɨɲɟɪɫɬɧɵɦ. 
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Ɋɢɫɭɧɨɤ 1.4 – ɍɫɬɪɨɣɫɬɜɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 
ɫ�ɩɨɞɜɢɠɧɵɦ�ɫɟɪɞɟɱɧɢɤɨɦ 

Ɋɚɡɥɢɱɚɸɬ� ɥɟɜɨɫɬɨɪɨɧɧɢɟ� ɢ� ɩɪɚɜɨɫɬɨɪɨɧɧɢɟ� ɨɛɵɤɧɨɜɟɧɧɵɟ� ɫɬɪɟɥɨɱɧɵɟ 
ɩɟɪɟɜɨɞɵ. ȿɫɥɢ� ɩɪɢ� ɩɪɨɬɢɜɨɲɟɪɫɬɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ� ɞɜɢɠɟɧɢɹ� ɩɪɢɦɵɤɚɧɢɟ 
ɛɨɤɨɜɨɝɨ�ɩɭɬɢ�ɫɥɟɜɚ, ɬɨ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ�ɹɜɥɹɟɬɫɹ�ɥɟɜɨɫɬɨɪɨɧɧɢɦ, ɢɧɚɱɟ – 
ɩɪɚɜɨɫɬɨɪɨɧɧɢɦ. ȼɫɟ� ɫɬɪɟɥɨɱɧɵɟ� ɩɟɪɟɜɨɞɵ, ɢɡɨɛɪɚɠɟɧɧɵɟ� ɧɚ� ɪɢɫɭɧɤɟ 1.1, 
ɩɪɚɜɨɫɬɨɪɨɧɧɢɟ. 

1.2 ɂɡɨɛɪɚɠɟɧɢɹ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɜ�ɪɟɥɶɫɚɯ�ɢ�ɜ�ɨɫɹɯ�ɩɭɬɟɣ 
Ɉɛɳɟɟ�ɩɪɟɞɫɬɚɜɥɟɧɢɟ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɞɚɧɨ�ɧɚ�ɪɢɫɭɧɤɟ 1.5. 

ɚ) 
 
 
 
 
 
 
 
 
 

 
ɛ) 

 
 
 
 

Ɋɢɫɭɧɨɤ 1.5 – ɋɯɟɦɚ�ɨɛɵɤɧɨɜɟɧɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ:  
ɚ – ɜ�ɪɟɥɶɫɚɯ; ɛ – ɜ�ɨɫɹɯ�ɩɭɬɟɣ 

Ɉɫɧɨɜɧɵɟ� ɩɚɪɚɦɟɬɪɵ� ɩɟɪɟɜɨɞɚ� ɭɤɚɡɵɜɚɸɬɫɹ� ɩɨ� ɩɪɹɦɨɦɭ� ɩɭɬɢ. ɉɨɥɧɚɹ 
ɞɥɢɧɚ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ Lɩ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɨɬ� ɩɟɪɟɞɧɟɝɨ� ɫɬɵɤɚ� ɪɚɦɧɨɝɨ 
ɪɟɥɶɫɚ�ɞɨ�ɡɚɞɧɟɝɨ�ɫɬɵɤɚ�ɤɪɟɫɬɨɜɢɧɵ. Lɩ�ɜɤɥɸɱɚɟɬ�ɪɚɫɫɬɨɹɧɢɹ�ɨɬ�ɩɟɪɟɞɧɟɝɨ 
ɫɬɵɤɚ�ɪɚɦɧɨɝɨ�ɪɟɥɶɫɚ�ɞɨ�ɧɚɱɚɥɚ�ɨɫɬɪɹɤɨɜ m,  ɨɬ�ɧɚɱɚɥɚ�ɨɫɬɪɹɤɨɜ�ɞɨ�ɰɟɧɬɪɚ 
ɩɟɪɟɜɨɞɚ a0, ɨɬ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ�ɞɨ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ�ɰɟɧɬɪɚ�ɤɪɟɫɬɨɜɢɧɵ b0�ɢ 
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ɨɬ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɰɟɧɬɪɚ� ɤɪɟɫɬɨɜɢɧɵ� ɞɨ� ɡɚɞɧɟɝɨ� ɫɬɵɤɚ� ɤɪɟɫɬɨɜɢɧɵ q. 
ɇɚɢɛɨɥɟɟ� ɜɚɠɧɵɦɢ� ɪɚɡɦɟɪɚɦɢ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ, ɢɫɩɨɥɶɡɭɸɳɢɦɢɫɹ� ɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɹɜɥɹɸɬɫɹ�ɩɚɪɚɦɟɬɪɵ ɚ�ɢ b. 

a = m + a0, b = b0 + q. 
ɉɪɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ� ɫɬɚɧɰɢɣ� ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ 

ɢ� ɫɬɚɧɰɢɨɧɧɵɟ� ɩɭɬɢ� ɜɵɱɟɪɱɢɜɚɸɬɫɹ� ɜ� ɨɫɹɯ (ɫɦ. ɪɢɫɭɧɨɤ 1.5, ɛ). Ɉɫɟɜɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ�ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ�ɩɨɥɭɱɚɟɬɫɹ� ɩɪɢ� ɜɵɧɨɫɟ� ɬɨɥɶɤɨ� ɨɫɟɣ 
ɩɪɹɦɨɝɨ�ɢ� ɛɨɤɨɜɨɝɨ�ɩɭɬɟɣ, ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ�ɜ�ɰɟɧɬɪɟ�ɩɟɪɟɜɨɞɚ (ɫɦ. ɪɢɫɭ-
ɧɨɤ 1.5, ɚ). ɋɯɟɦɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɜ�ɨɫɹɯ�ɫɱɢɬɚɟɬɫɹ�ɩɪɚɜɢɥɶɧɨɣ, ɟɫɥɢ 
ɧɚ�ɧɟɣ�ɢɡɨɛɪɚɠɟɧɵ�ɞɜɟ�ɨɫɟɜɵɟ�ɥɢɧɢɢ� ɫ�ɮɢɤɫɢɪɨɜɚɧɧɨɣ�ɤɪɟɫɬɨɜɢɧɧɨɣ� ɱɚ-
ɫɬɶɸ (ɡɚɲɬɪɢɯɨɜɚɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 1.5, ɛ) ɢ�ɭɤɚɡɚɧɢɟɦ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ�ɜ�ɜɢɞɟ 
ɜɢɡɭɚɥɶɧɨ�ɪɚɫɩɨɡɧɚɜɚɟɦɨɝɨ�ɲɬɪɢɯɚ.  

ȼɚɠɧɨ�ɩɨɥɭɱɢɬɶ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɧɚɜɵɤɢ�ɜ�ɜɵɱɟɪɱɢɜɚɧɢɢ�ɫɬɪɟɥɨɱɧɨɝɨ 
ɩɟɪɟɜɨɞɚ� ɜ� ɪɟɥɶɫɚɯ (ɞɜɭɯɧɢɬɨɱɧɨɦ� ɢɫɩɨɥɧɟɧɢɢ). Ⱦɥɹ� ɷɬɨɝɨ� ɜɟɫɶ� ɩɪɨɰɟɫɫ 
ɢɡɨɛɪɚɠɟɧɢɹ�ɩɟɪɟɜɨɞɚ�ɦɨɠɧɨ�ɪɚɡɛɢɬɶ�ɧɚ�ɲɟɫɬɶ�ɷɬɚɩɨɜ (ɪɢɫɭɧɨɤ 1.6). 

 
 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.6 – ɗɬɚɩɵ�ɜɵɱɟɪɱɢɜɚɧɢɹ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɜ�ɪɟɥɶɫɚɯ 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ�ɜɵɱɟɪɱɢɜɚɸɬɫɹ: 
1 Ɋɚɦɧɵɟ� ɪɟɥɶɫɵ, ɤɨɬɨɪɵɟ� ɜ� ɫɬɪɟɥɨɱɧɨɦ� ɩɟɪɟɜɨɞɟ� ɜɫɟɝɞɚ� ɧɚɪɭɠɧɵɟ. 

Ɉɞɢɧ�ɪɚɦɧɵɣ�ɪɟɥɶɫ� ɨɩɪɟɞɟɥɹɟɬ�ɧɚɩɪɚɜɥɟɧɢɟ�ɞɜɢɠɟɧɢɹ�ɩɨ�ɩɪɹɦɨɣ (ɨɧ�ɢɡɨ-
ɛɪɚɠɚɟɬɫɹ�ɩɪɹɦɨɣ�ɥɢɧɢɟɣ), ɜɬɨɪɨɣ�ɪɚɦɧɵɣ�ɪɟɥɶɫ – ɤɪɢɜɨɥɢɧɟɣɧɵɣ, ɭɤɚɡɵ-
ɜɚɸɳɢɣ�ɧɚɩɪɚɜɥɟɧɢɟ�ɞɜɢɠɟɧɢɹ�ɧɚ�ɛɨɤɨɜɨɣ�ɩɭɬɶ. 

2 Ʉɪɟɫɬɨɜɢɧɧɚɹ�ɱɚɫɬɶ�ɩɟɪɟɜɨɞɚ. ɋɩɪɚɜɚ�ɱɟɪɬɟɠɚ�ɧɚ�ɥɢɧɢɢ�ɧɚɱɚɥɚ�ɤɪɢɜɨ-
ɥɢɧɟɣɧɨɝɨ� ɪɚɦɧɨɝɨ� ɪɟɥɶɫɚ� ɞɨ� ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɰɟɧɬɪɚ  
ɤɪɟɫɬɨɜɢɧɵ�ɢ�ɩɨɞ�ɭɝɥɨɦ�ɛɨɤɨɜɨɝɨ�ɩɭɬɢ�ɪɢɫɭɟɬɫɹ�ɧɟɛɨɥɶɲɨɣ�ɬɪɟɭɝɨɥɶɧɢɤ�ɫ 
ɮɢɤɫɚɰɢɟɣ�ɲɬɪɢɯɨɜɚɧɧɨɣ�ɨɛɥɚɫɬɢ�ɩɨɥɨɠɟɧɢɹ�ɫɟɪɞɟɱɧɢɤɚ. 

3 ɋɨɟɞɢɧɢɬɟɥɶɧɵɟ� ɭɱɚɫɬɤɢ, ɪɚɫɯɨɞɹɳɢɟɫɹ� ɨɬ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɰɟɧɬɪɚ 
ɤɪɟɫɬɨɜɢɧɵ�ɤ�ɪɚɦɧɵɦ�ɪɟɥɶɫɚɦ�ɢ�ɩɚɪɚɥɥɟɥɶɧɵ�ɢɦ.   

4 ɍɫɨɜɢɤɢ, ɫɜɹɡɚɧɧɵɟ�ɫ�ɫɨɟɞɢɧɢɬɟɥɶɧɵɦɢ�ɭɱɚɫɬɤɚɦɢ�ɩɪɟɞɵɞɭɳɟɝɨ�ɷɬɚɩɚ 
ɩɨɫɬɪɨɟɧɢɹ� ɩɟɪɟɜɨɞɚ.  ɋɥɟɞɭɟɬ� ɨɛɪɚɬɢɬɶ� ɜɧɢɦɚɧɢɟ� ɧɚ� ɬɨɬ� ɮɚɤɬ,  ɱɬɨ� ɦɟɠɞɭ 
ɭɫɨɜɢɤɚɦɢ� ɢ� ɫɟɪɞɟɱɧɢɤɨɦ� ɤɪɟɫɬɨɜɢɧɵ� ɞɨɥɠɧɵ� ɛɵɬɶ� ɜɢɞɢɦɵ� ɡɚɡɨɪɵ� ɞɥɹ 
ɩɪɨɯɨɞɚ�ɛɚɧɞɚɠɚ�ɤɨɥɟɫɚ. 
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5  Ɉɫɬɪɹɤɢ,  ɨɞɢɧ� ɢɡ� ɤɨɬɨɪɵɯ� ɞɨɥɠɟɧ� ɛɵɬɶ� ɩɪɢɠɚɬ� ɤ� ɪɚɦɧɨɦɭ� ɪɟɥɶɫɭ,  ɚ 
ɞɪɭɝɨɣ� ɨɬɠɚɬ� ɨɬ� ɞɪɭɝɨɝɨ� ɪɚɦɧɨɝɨ� ɪɟɥɶɫɚ. Ɉɫɬɪɹɤɢ� ɜɫɟɝɞɚ� ɪɚɫɩɨɥɚɝɚɸɬɫɹ 
ɜɧɭɬɪɢ�ɪɚɦɧɵɯ�ɪɟɥɶɫɨɜ. 

6 Ʉɨɧɬɪɪɟɥɶɫɵ�ɧɚɩɪɨɬɢɜ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ�ɰɟɧɬɪɚ�ɤɪɟɫɬɨɜɢɧɵ.   

1.3 Ɍɢɩɵ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 
ɋɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ�ɛɵɜɚɸɬ�ɬɪɟɯ�ɬɢɩɨɜ: ɨɞɢɧɨɱɧɵɟ, ɞɜɨɣɧɵɟ�ɢ�ɩɟɪɟ-

ɤɪɟɫɬɧɵɟ. Ɉɞɢɧɨɱɧɵɟ�ɨɛɵɤɧɨɜɟɧɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ, ɜ�ɤɨɬɨɪɵɯ�ɨɞɢɧ 
ɜɵɯɨɞ� ɧɚ� ɩɭɬɶ� ɜɫɟɝɞɚ� ɩɪɹɦɨɥɢɧɟɣɧɵɣ, ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ� ɜ� ɩɪɟɞɵɞɭɳɢɯ 
ɩɭɧɤɬɚɯ�ɞɚɧɧɨɝɨ�ɩɨɫɨɛɢɹ. ȿɫɥɢ�ɨɛɚ�ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ�ɭɱɚɫɬɤɚ�ɩɟɪɟɜɨɞɚ�ɢɦɟ-
ɸɬ� ɨɩɪɟɞɟɥɟɧɧɭɸ� ɤɪɢɜɢɡɧɭ, ɬɨ� ɫɬɪɟɥɨɱɧɵɣ� ɩɟɪɟɜɨɞ� ɧɚɡɵɜɚɟɬɫɹ� ɤɪɢɜɨɥɢ-
ɧɟɣɧɵɦ (ɪɢɫɭɧɨɤ 1.7).  

ɚ)      ɛ) 
 
 
 
 
 
                  ɜ) 
 
  
 
 

Ɋɢɫɭɧɨɤ 1.7 – Ʉɪɢɜɨɥɢɧɟɣɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ: 
 ɚ – ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ�ɨɞɧɨɫɬɨɪɨɧɧɢɣ; ɛ – ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ�ɪɚɡɧɨɫɬɨɪɨɧɧɢɣ;  

ɜ – ɫɢɦɦɟɬɪɢɱɧɵɣ 
ɋɢɦɦɟɬɪɢɱɧɵɣ�ɩɟɪɟɜɨɞ�ɢɦɟɟɬ� ɨɞɢɧ�ɰɟɧɬɪ, ɜ�ɤɨɬɨɪɨɦ�ɩɟɪɟɫɟɤɚɸɬɫɹ�ɜɫɟ 

ɨɫɢ�ɩɨɞɯɨɞɹɳɢɯ�ɤ�ɧɟɦɭ�ɞɜɭɯ�ɩɭɬɟɣ. Ɉɫɢ�ɛɨɤɨɜɵɯ�ɩɭɬɟɣ�ɜ�ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɜɨɞɚɯ�ɩɟɪɟɫɟɤɚɸɬɫɹ�ɫ�ɨɫɧɨɜɧɵɦ�ɩɭɬɟɦ�ɜ�ɪɚɡɥɢɱɧɵɯ�ɬɨɱɤɚɯ�ɧɚ�ɟɝɨ�ɨɫɢ. 

Ⱦɜɨɣɧɵɟ� ɫɬɪɟɥɨɱɧɵɟ� ɩɟɪɟɜɨɞɵ� ɢɦɟɸɬ� ɞɨɫɬɚɬɨɱɧɨ� ɫɥɨɠɧɭɸ� ɤɨɧɫɬɪɭɤ-
ɰɢɸ� ɫɨɟɞɢɧɟɧɢɹ� ɬɪɟɯ� ɩɭɬɟɣ� ɢ� ɦɨɝɭɬ� ɩɪɢɦɟɧɹɬɶɫɹ� ɜ� ɫɬɟɫɧɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ 
�ɪɢɫɭɧɨɤ 1.8). 

ɉɟɪɟɤɪɟɫɬɧɵɣ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɫɜɹɡɶ�ɞɜɭɯ�ɩɟɪɟɫɟɤɚɸ-
ɳɢɯɫɹ�ɩɭɬɟɣ ɩɨ�ɪɚɡɥɢɱɧɵɦ�ɦɚɪɲɪɭɬɚɦ�ɞɜɢɠɟɧɢɹ�ɩɨɟɡɞɨɜ�ɧɚ�ɩɪɹɦɵɟ�ɢ�ɛɨ-
ɤɨɜɵɟ�ɧɚɩɪɚɜɥɟɧɢɹ. Ɉɧ� ɡɚɦɟɧɹɟɬ� ɫɨɛɨɣ�ɞɜɚ� ɨɛɵɤɧɨɜɟɧɧɵɯ� ɫɬɪɟɥɨɱɧɵɯ�ɩɟ-
ɪɟɜɨɞɚ, ɭɤɥɚɞɵɜɚɟɦɵɯ� ɧɚɜɫɬɪɟɱɭ� ɞɪɭɝ� ɞɪɭɝɭ� ɨɫɬɪɹɤɚɦɢ, ɧɨ� ɞɥɢɧɨɣ� ɡɧɚɱɢ-
ɬɟɥɶɧɨ�ɦɟɧɶɲɟɣ, ɱɟɦ�ɩɨɥɧɚɹ�ɞɥɢɧɚ�ɞɜɭɯ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɩɟɪɟɜɨɞɨɜ (ɪɢɫɭɧɨɤ 
1.9). Ȼɥɚɝɨɞɚɪɹ�ɞɜɭɦ�ɨɫɬɪɹɤɚɦ, ɭɤɥɚɞɵɜɚɟɦɵɦ�ɜɧɭɬɪɢ�ɤɨɥɟɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ-
ɫɹ�ɞɜɢɠɟɧɢɟ�ɫ�ɩɪɹɦɨɝɨ�ɧɚ�ɛɨɤɨɜɨɣ�ɩɭɬɶ. 

ɉɪɢɦɟɧɟɧɢɟ�ɩɟɪɟɤɪɟɫɬɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɫɨɤɪɚɳɚɟɬ�ɞɥɢɧɭ�ɝɨɪ-
ɥɨɜɢɧ. Ⱦɚɧɧɵɟ�ɩɟɪɟɜɨɞɵ�ɭɤɥɚɞɵɜɚɸɬ�ɜ�ɫɬɟɫɧɟɧɧɵɯ�ɭɫɥɨɜɢɹɯ�ɧɚ�ɩɪɢɟɦɨɨɬ-
ɩɪɚɜɨɱɧɵɯ�ɢ�ɩɪɨɱɢɯ�ɩɭɬɹɯ.  
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ɚ)             ɛ) 

 
 
 
 
                        

�ɜ) 
 
 

 

Ɋɢɫɭɧɨɤ 1.8 – Ⱦɜɨɣɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ: ɚ – ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ�ɨɞɧɨɫɬɨɪɨɧ-
ɧɢɣ; ɛ – ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ�ɪɚɡɧɨɫɬɨɪɨɧɧɢɣ; ɜ – ɫɢɦɦɟɬɪɢɱɧɵɣ 

 
 
 
 
 
 

 
Ɋɢɫɭɧɨɤ 1.9 – ɉɟɪɟɤɪɟɫɬɧɵɣ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ 

1.4 Ɍɟɯɧɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 
ɋɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ�ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ�ɨɩɪɟɞɟɥɟɧɧɨɣ�ɦɚɪɤɨɣ�ɤɪɟɫɬɨɜɢ-

ɧɵ, ɨɩɪɟɞɟɥɹɟɦɨɣ�ɤɚɤ�ɬɚɧɝɟɧɫ�ɭɝɥɚ�Į, ɨɛɪɚɡɭɟɦɨɝɨ�ɩɟɪɟɫɟɱɟɧɢɟɦ�ɨɫɟɣ�ɩɭɬɟɣ 
ɜ�ɰɟɧɬɪɟ�ɩɟɪɟɜɨɞɚ (ɫɦ. ɪɢɫɭɧɨɤ 1.5, ɚ). ȼ�ɩɪɚɤɬɢɤɟ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɩɪɢɦɟ-
ɧɹɸɬɫɹ�ɦɚɪɤɢ�ɩɟɪɟɜɨɞɨɜ 1/6 (ɤɚɤ�ɩɪɚɜɢɥɨ, ɫɢɦɦɟɬɪɢɱɧɵɟ), 1/9, 1/11. ɇɚ�ɫɤɨ-
ɪɨɫɬɧɵɯ�ɥɢɧɢɹɯ�ɞɥɹ�ɦɹɝɤɨɝɨ�ɜɩɢɫɵɜɚɧɢɹ�ɷɤɢɩɚɠɚ�ɩɪɢ�ɫɥɟɞɨɜɚɧɢɢ�ɧɚ�ɛɨɤɨ-
ɜɨɣ�ɩɭɬɶ�ɭɤɥɚɞɵɜɚɸɬ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ�ɩɨɥɨɝɢɯ�ɦɚɪɨɤ 1/18, 1/22, 1/33. 
ɑɟɦ�ɦɟɧɶɲɟ� ɭɝɨɥ�ɤɪɟɫɬɨɜɢɧɵ, ɬɟɦ�ɛyɥɶɲɭɸ�ɩɨɥɧɭɸ�ɞɥɢɧɭ�ɢɦɟɟɬ�ɫɬɪɟɥɨɱ-
ɧɵɣ�ɩɟɪɟɜɨɞ. Ɍɚɤ�ɤɚɤ�ɫɭɳɟɫɬɜɭɸɬ�ɦɧɨɝɢɟ�ɬɢɩɨɪɚɡɦɟɪɵ�ɪɚɡɥɢɱɧɵɯ�ɫɬɪɟɥɨɱ-
ɧɵɯ�ɩɟɪɟɜɨɞɨɜ, ɬɨ� ɪɚɡɪɚɛɨɬɚɧɵ� ɷɩɸɪɵ – ɬɢɩɨɜɵɟ� ɫɯɟɦɵ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨ-
ɥɨɠɟɧɢɹ�ɷɥɟɦɟɧɬɨɜ (ɫɬɪɟɥɨɤ, ɤɪɟɫɬɨɜɢɧ) ɫ�ɭɤɚɡɚɧɢɟɦ�ɨɫɧɨɜɧɵɯ�ɪɚɡɦɟɪɨɜ.  

Ɋɚɡɦɟɪɵ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ� ɡɚɜɢɫɹɬ�ɨɬ�ɬɢɩɚ�ɪɟɥɶɫɨɜ, ɭɤɥɚɞɵɜɚɟɦɵɯ 
ɧɚ� ɩɭɬɹɯ, ɤɨɬɨɪɵɟ� ɫɨɟɞɢɧɹɸɬɫɹ� ɫɬɪɟɥɨɱɧɵɦɢ� ɩɟɪɟɜɨɞɚɦɢ. Ɋɚɡɥɢɱɚɸɬ� ɨɫ-
ɧɨɜɧɵɟ�ɬɢɩɵ�Ɋ50, Ɋ65, Ɋ75, ɝɞɟ�ɱɢɫɥɚ�ɭɤɚɡɵɜɚɸɬ�ɜɟɫ�ɩɨɝɨɧɧɨɝɨ�ɦɟɬɪɚ�ɪɟɥɶ-
ɫɚ. Ɍɢɩ�Ɋ50 ɭɤɥɚɞɵɜɚɸɬ, ɤɚɤ�ɩɪɚɜɢɥɨ, ɧɚ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɭɬɹɯ, ɚ�Ɋ65 ɢ�Ɋ75 – 
ɧɚ�ɝɥɚɜɧɵɯ. ȼ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɢɩɚ�ɪɟɥɶɫɨɜ�ɩɟɪɟɜɨɞɵ�ɨɬɥɢɱɚɸɬɫɹ�ɩɨ�ɞɥɢɧɟ 
ɫɜɨɢɯ�ɷɥɟɦɟɧɬɨɜ. Ʉɚɬɚɥɨɝ�ɷɩɸɪ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɫɨɞɟɪɠɢɬ�ɞɚɧɧɵɟ�ɩɨ 
ɤɨɧɤɪɟɬɧɵɦ�ɬɢɩɚɦ�ɨɞɢɧɨɱɧɵɯ, ɞɜɨɣɧɵɯ, ɩɟɪɟɤɪɟɫɬɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨ-
ɞɨɜ� ɨɩɪɟɞɟɥɟɧɧɵɯ�ɦɚɪɨɤ�ɤɪɟɫɬɨɜɢɧ, ɭɤɥɚɞɵɜɚɟɦɵɯ�ɧɚ�ɝɥɚɜɧɵɯ, ɩɪɢɟɦɨɨɬ-
ɩɪɚɜɨɱɧɵɯ�ɢ�ɩɪɨɱɢɯ�ɩɭɬɹɯ�ɫ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ�ɬɢɩɚɦɢ�ɪɟɥɶɫɨɜ.  
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1.5 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  

Ɂɚɞɚɱɚ 1�ȼɵɱɟɪɬɢɬɶ�ɫɯɟɦɭ�ɞɜɨɣɧɨɝɨ�ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ�ɪɚɡɧɨɫɬɨɪɨɧɧɟɝɨ 
ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɜ� ɪɟɥɶɫɚɯ, ɩɨɥɶɡɭɹɫɶ� ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ� ɷɬɚɩɧɨɝɨ� ɩɨ-
ɫɬɪɨɟɧɢɹ�ɩɨɞɨɛɧɵɯ�ɨɛɴɟɤɬɨɜ (ɫɦ. ɪɢɫɭɧɨɤ 1.6).  

Ɂɚɞɚɱɚ 2  Ɋɚɫɫɱɢɬɚɬɶ�ɩɨɥɧɭɸ�ɞɥɢɧɭ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɩɨ�ɩɪɟɞɥɚɝɚɟ-
ɦɨɣ�ɷɩɸɪɟ�ɪɢɫɭɧɤɚ 1.10. 

 
Ɋɢɫɭɧɨɤ 1.10 – ɗɩɸɪɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɬɢɩɚ�Ɋ50 ɦɚɪɤɢ 1/11 ɤɨɥɟɢ 1520 ɦɦ 

Ɂɚɞɚɱɚ 3  Ɋɚɫɫɱɢɬɚɬɶ� ɪɚɞɢɭɫ�ɩɟɪɟɜɨɞɧɨɣ� ɤɪɢɜɨɣ� ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 
ɩɨ�ɷɩɸɪɟ�ɪɢɫɭɧɤɚ 1.10. 

Ɂɚɞɚɱɚ 4  Ʉɚɤ� ɜ� ɩɪɚɤɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɹɯ� ɨɩɪɟɞɟɥɢɬɶ� ɦɚɪɤɭ� ɤɪɟɫɬɨɜɢɧɵ 
ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɫ�ɞɨɫɬɚɬɨɱɧɨɣ�ɬɨɱɧɨɫɬɶɸ? 

Ɂɚɞɚɱɚ 5  ɉɪɟɞɥɨɠɢɬɶ� ɜɚɪɢɚɧɬ� ɢɡɨɛɪɚɠɟɧɢɹ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɜ 
ɨɫɹɯ�ɛɟɡ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ.  

1.6 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 1.�Ɋɚɡɦɟɱɚɸɬ�ɨɫɢ�ɩɭɬɟɣ (ɪɢɫɭɧɨɤ 1.11, ɚ). ɇɚ�ɨɫɧɨɜɧɨɦ 
ɩɭɬɢ�ɭɤɚɡɵɜɚɸɬ�ɬɨɱɤɢ�ɩɟɪɟɫɟɱɟɧɢɹ�ɫ�ɨɫɹɦɢ�ɛɨɤɨɜɵɯ�ɩɭɬɟɣ. Ⱦɚɥɟɟ�ɜɵɱɟɪɱɢ-
ɜɚɸɬ�ɩɨɥɨɠɟɧɢɟ�ɧɚɪɭɠɧɵɯ�ɪɚɦɧɵɯ (ɫɦ. ɪɢɫɭɧɨɤ 1.11, ɛ) ɢ�ɜɧɭɬɪɟɧɧɢɯ (ɫɦ. 
ɪɢɫɭɧɨɤ 1.11, ɜ) ɪɟɥɶɫɨɜ. Ⱦɜɚ�ɩɟɪɟɫɟɱɟɧɢɹ�ɜɧɭɬɪɟɧɧɢɯ�ɪɟɥɶɫɨɜ�ɨɛɪɚɡɭɸɬ�ɩɨ-
ɥɨɠɟɧɢɟ�ɫɟɪɞɟɱɧɢɤɚ�ɢ�ɭɫɨɜɢɤɨɜ (ɫɦ. ɪɢɫɭɧɨɤ  1.11, ɝ). ɇɚ�ɫɥɟɞɭɸɳɟɦ�ɷɬɚɩɟ 
ɜɵɱɟɪɱɢɜɚɸɬ�ɩɨɥɨɠɟɧɢɹ�ɨɫɬɪɹɤɨɜ (ɫɦ. ɪɢɫɭɧɨɤ 1.11, ɞ). ɋɥɟɞɭɟɬ�ɡɚɦɟɬɢɬɶ, 
ɱɬɨ�ɞɥɹ�ɞɜɨɣɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɬɪɟɛɭɟɬɫɹ�ɞɜɟ�ɩɚɪɵ�ɨɫɬɪɹɤɨɜ. ɉɟɪɟ-
ɫɟɱɟɧɢɟ�ɜɧɭɬɪɟɧɧɢɯ�ɪɟɥɶɫɨɜ�ɨɩɪɟɞɟɥɹɸɬ�ɩɨɥɨɠɟɧɢɟ�ɬɪɟɬɶɟɝɨ�ɫɟɪɞɟɱɧɢɤɚ�ɢ 
ɩɚɪɵ� ɭɫɨɜɢɤɨɜ (ɫɦ. ɪɢɫɭɧɨɤ 1.11, ɟ). Ɍɪɢ�ɩɚɪɵ�ɤɨɧɬɪɪɟɥɶɫɨɜ (ɫɦ. ɪɢɫɭɧɨɤ 
1.11, ɠ) ɡɚɜɟɪɲɚɸɬ� ɩɨɫɬɪɨɟɧɢɟ� ɫɯɟɦɵ� ɞɜɨɣɧɨɝɨ� ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ� ɪɚɡɧɨ-
ɫɬɨɪɨɧɧɟɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɜ�ɪɟɥɶɫɚɯ. 
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ɚ) 
 
 
 
 
ɛ) 
 
 
 
 
 
ɜ) 
 
 
 
 
ɝ) 
 
 
 
 
 
ɞ) 
 
 
 
 
 
ɟ) 
 
 
 
 
 
ɠ) 

 
 
 
 

Ɋɢɫɭɧɨɤ 1.11 – ɗɬɚɩɵ�ɩɨɫɬɪɨɟɧɢɹ�ɫɯɟɦɵ�ɞɜɨɣɧɨɝɨ  
ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ�ɪɚɡɧɨɫɬɨɪɨɧɧɟɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ  

ɜ�ɪɟɥɶɫɚɯ 
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Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 2.�ɋɨɝɥɚɫɧɨ�ɪɢɫɭɧɤɭ 1.10 ɩɨɥɧɚɹ�ɞɥɢɧɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟ-
ɪɟɜɨɞɚ Lɩ = 33,529 ɦ. ȼ�ɩɪɢɜɟɞɟɧɧɨɣ�ɷɩɸɪɟ�ɭɤɚɡɚɧɵ�ɩɚɪɚɦɟɬɪɵ m = 4,327 ɦ�ɢ 
q = 2,3 ɦ. 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ 3.� Ɋɚɞɢɭɫ� ɩɟɪɟɜɨɞɧɨɣ� ɤɪɢɜɨɣ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ 
ɦɚɪɤɢ 1/11 ɫ� ɪɟɥɶɫɚɦɢ�Ɋ50 ɷɩɸɪɵ�ɪɢɫɭɧɤɚ 1.10 ɨɩɪɟɞɟɥɹɸɬ�ɫɨɝɥɚɫɧɨ�ɪɚɫ-
ɱɟɬɧɨɣ�ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 1.12) ɩɨ�ɬɪɟɦ�ɤɨɧɬɪɨɥɶɧɵɦ�ɬɨɱɤɚɦ Ⱥ �ɧɚɱɚɥɨ�ɨɫɬɪɹ-
ɤɚ), ȼ�ɢ ɋ (ɩɟɪɟɜɨɞɧɚɹ�ɤɪɢɜɚɹ)  ɫ�ɤɨɨɪɞɢɧɚɬɚɦɢ  

ɯ1 = 0,00,  
y1 = 0,00 (ɧɚɱɚɥɨ�ɤɪɢɜɨɣ), 

ɯ2 = 6,513 + 2,00 + 2,00 + 2,00 = 12,513,  
y2 = 0,417, 

ɯ3 = 6,513 + 7 · 2,00 = 20,513,  
y3 = 0,953. 

 

 
 
 
 

Ɋɢɫɭɧɨɤ 1.12 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɞɥɹ�ɨɩɪɟɞɟ-
ɥɟɧɢɹ�ɪɚɞɢɭɫɚ�ɩɟɪɟɜɨɞɧɨɣ�ɤɪɢɜɨɣ�ɫɬɪɟɥɨɱ-

ɧɨɝɨ�ɩɟɪɟɜɨɞɚ 
 
 
 

Ɍɚɤ�ɤɚɤ�ɬɨɱɤɢ ȼ(ɯ2, y2) ɢ ɋ (ɯ3, y3) ɩɪɢɧɚɞɥɟɠɚɬ�ɨɤɪɭɠɧɨɫɬɢ�ɪɚɞɢɭɫɚ R, ɬɨ 
22
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Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɚɩɩɪɨɤɫɢɦɚɰɢɹ�ɤɪɢɜɨɣ�ɩɨ�ɜɵɞɟɥɟɧɧɵɦ�ɨɪɞɢɧɚɬɚɦ Ⱥ, ȼ�ɢ 
ɋ�ɨɩɪɟɞɟɥɹɟɬ�ɜɟɥɢɱɢɧɭ�ɪɚɞɢɭɫɚ�ɩɟɪɟɜɨɞɧɨɣ�ɤɪɢɜɨɣ R = 247,15 ɦ. ɋɨɝɥɚɫɧɨ 
ɪɢɫɭɧɤɭ 1.10 ɪɚɞɢɭɫ�ɤɪɢɜɨɣ�ɩɨ�ɜɫɟɣ�ɟɟ�ɞɥɢɧɟ�ɫɨɫɬɚɜɥɹɟɬ Rɨɛɳ = 297,26 ɦ.  

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 4.�Ɇɚɪɤɚ�ɤɪɟɫɬɨɜɢɧɵ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɨɩɪɟɞɟɥɟɧɚ 
ɤɚɤ�ɬɚɧɝɟɧɫ�ɭɝɥɚ�Į, ɨɛɪɚɡɭɟɦɨɝɨ�ɩɟɪɟɫɟɱɟɧɢɟɦ�ɨɫɟɣ�ɞɜɭɯ�ɫɯɨɞɹɳɢɯɫɹ�ɩɭɬɟɣ 
�ɫɦ. ɪɢɫɭɧɨɤ 1.5, ɚ). ɋɟɪɞɟɱɧɢɤ� ɤɪɟɫɬɨɜɢɧɵ� ɬɚɤɠɟ� ɢɦɟɟɬ� ɞɚɧɧɵɣ� ɭɝɨɥ� ɫ 
ɜɟɪɲɢɧɨɣ� ɜ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ� ɰɟɧɬɪɟ. ȿɫɥɢ� ɨɬ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ�ɰɟɧɬɪɚ� ɤɪɟ-
ɫɬɨɜɢɧɵ�ɜ�ɧɚɩɪɚɜɥɟɧɢɢ�ɡɚɞɧɟɝɨ�ɫɬɵɤɚ�ɩɪɹɦɨɝɨ�ɩɭɬɢ�ɩɨ�ɛɨɤɨɜɨɣ�ɝɪɚɧɢ�ɫɟɪ-
ɞɟɱɧɢɤɚ� ɦɧɨɝɨɤɪɚɬɧɨ� ɨɬɤɥɚɞɵɜɚɬɶ� ɧɟɤɨɬɨɪɨɟ� ɩɨɫɬɨɹɧɧɨɟ� ɪɚɫɫɬɨɹɧɢɟ B, ɬɨ 
ɩɨɫɥɟ n�ɪɚɡ�ɨɬɫɱɟɬɚ�ɷɬɨɝɨ�ɪɚɫɫɬɨɹɧɢɹ�ɤɨɧɟɱɧɚɹ�ɬɨɱɤɚ�ɛɭɞɟɬ�ɢɦɟɬɶ�ɬɚɤɨɟ�ɩɨ-
ɥɨɠɟɧɢɟ, ɱɬɨ�ɨɬ�ɧɟɟ�ɞɨ�ɜɬɨɪɨɣ�ɛɨɤɨɜɨɣ�ɝɪɚɧɢ�ɫɟɪɞɟɱɧɢɤɚ�ɨɤɚɠɟɬɫɹ�ɪɚɫɫɬɨɹ-
ɧɢɟ, ɪɚɜɧɨɟ ȼ. ȼɟɥɢɱɢɧɚ n� ɹɜɥɹɟɬɫɹ� ɨɛɪɚɬɧɨɣ� ɦɚɪɤɟ� ɤɪɟɫɬɨɜɢɧɵ� ɞɚɧɧɨɝɨ 
ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ. 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ 5.�ȼ�ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɝɪɚɮɢɱɟɫɤɨɟ�ɢɡɨɛɪɚɠɟɧɢɟ� ɫɬɪɟ-
ɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɫɨɛɨɣ�ɩɟɪɟɫɟɤɚɸɳɢɟɫɹ�ɨɫɢ�ɨɫɧɨɜɧɨɝɨ�ɢ�ɛɨ-
ɤɨɜɨɝɨ�ɩɭɬɟɣ�ɫ�ɮɢɤɫɢɪɨɜɚɧɧɵɦ�ɰɟɧɬɪɨɦ. Ɉɞɧɚɤɨ�ɰɟɧɬɪ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨ-
ɞɚ�ɧɟ�ɹɜɥɹɟɬɫɹ�ɟɝɨ�ɮɢɡɢɱɟɫɤɢɦ�ɷɥɟɦɟɧɬɨɦ�ɢ�ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɤɚɤ�ɚɛɫɬɪɚɤɬ-
ɧɚɹ� ɬɨɱɤɚ, ɤɨɬɨɪɭɸ�ɬɪɟɛɭɟɬɫɹ� ɪɚɫɱɟɬɚɦɢ�ɨɩɪɟɞɟɥɹɬɶ�ɧɚ�ɦɟɫɬɧɨɫɬɢ� ɩɪɢ� ɭɤ-
ɥɚɞɤɟ�ɩɟɪɟɜɨɞɚ. ȼ�ɤɚɱɟɫɬɜɟ�ɪɟɚɥɶɧɵɯ�ɬɨɱɟɤ�ɩɪɢɜɹɡɤɢ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 
ɦɨɠɧɨ�ɜɵɞɟɥɢɬɶ�ɩɟɪɟɞɧɢɟ�ɫɬɵɤɢ�ɪɚɦɧɵɯ�ɪɟɥɶɫɨɜ, ɧɚɱɚɥɚ�ɨɫɬɪɹɤɨɜ, ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɢɣ�ɰɟɧɬɪ�ɤɪɟɫɬɨɜɢɧɵ, ɡɚɞɧɢɟ�ɫɬɵɤɢ�ɤɪɟɫɬɨɜɢɧɵ (ɪɢɫɭɧɨɤ 1.13, ɚ). 

ɚ) 
 
 
 
 
 
 
 
ɛ) 

 
 
 

Ɋɢɫɭɧɨɤ 1.13 – ɋɯɟɦɚ�ɢɡɨɛɪɚɠɟɧɢɹ�ɩɟɪɟɜɨɞɚ�ɫ�ɩɪɢɜɹɡɤɨɣ�ɤ�ɧɚɱɚɥɭ�ɨɫɬɪɹɤɚ: 
ɚ – ɜ�ɪɟɥɶɫɚɯ; ɛ – ɜ�ɨɫɹɯ�ɩɭɬɟɣ 

ɍɞɨɛɧɵɦ�ɨɛɴɟɤɬɨɦ�ɩɪɢɜɹɡɤɢ�ɹɜɥɹɟɬɫɹ�ɬɨɱɤɚ�ɩɪɢɥɟɝɚɧɢɹ�ɨɫɬɪɹɤɚ�ɤ�ɪɚɦ-
ɧɨɦɭ�ɪɟɥɶɫɭ�ɩɨ�ɩɪɹɦɨɦɭ�ɩɭɬɢ (ɇɈ1), ɤɨɬɨɪɚɹ�ɥɟɝɤɨ�ɮɢɤɫɢɪɭɟɬɫɹ�ɜɢɡɭɚɥɶɧɨ 
ɢ� ɧɚ� ɧɟɟ� ɦɨɠɧɨ� ɞɨɫɬɚɬɨɱɧɨ� ɬɨɱɧɨ� ɭɫɬɚɧɨɜɢɬɶ� ɜɟɲɤɭ� ɩɪɢ� ɫɴɟɦɤɟ� ɞɚɧɧɨɝɨ 
ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ. ɉɪɟɞɥɚɝɚɟɦɨɟ�ɢɡɨɛɪɚɠɟɧɢɟ�ɩɟɪɟɜɨɞɚ�ɜ�ɨɫɹɯ (ɫɦ. ɪɢ-
ɫɭɧɨɤ 1.13, ɛ) ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ� ɨɫɶ�ɩɪɹɦɨɝɨ�ɩɭɬɢ 1, ɨɫɬɪɹɤ, ɩɪɢɦɵɤɚɸ-
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ɳɢɣ�ɤ�ɪɚɦɧɨɦɭ�ɪɟɥɶɫɭ�ɛɨɤɨɜɨɝɨ�ɩɭɬɢ 2,  ɩɟɪɟɜɨɞɧɭɸ�ɤɪɢɜɭɸ�ɩɨ�ɨɫɢ 3, ɨɫɶ 
ɛɨɤɨɜɨɝɨ� ɩɭɬɢ 4, ɡɚɥɢɜɤɭ� ɦɟɠɞɭ� ɨɫɬɪɹɤɚɦɢ 5, ɨɩɪɟɞɟɥɹɸɳɭɸ� ɜɤɥɸɱɟɧɢɟ 
ɩɟɪɟɜɨɞɚ�ɜ�ɗɐ. ȿɫɥɢ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ�ɧɚ�ɪɭɱɧɨɦ�ɭɩɪɚɜɥɟɧɢɢ, ɬɨ�ɡɚɥɢɜɤɚ 
ɦɟɠɞɭ�ɨɫɬɪɹɤɨɦ�ɢ�ɪɚɦɧɵɦ�ɪɟɥɶɫɨɦ�ɧɟ�ɩɪɨɢɡɜɨɞɢɬɫɹ. Ɏɢɤɫɢɪɭɟɦɵɟ�ɝɪɚɧɢɰɵ 
ɡɚɥɢɜɤɢ�ɨɫɬɪɹɤɚ�ɩɨɩɟɪɟɤ�ɩɭɬɢ�ɨɩɪɟɞɟɥɹɸɬ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɩɨɥɨɠɟɧɢɟ� ɬɹɝɢ 
ɩɟɪɟɜɨɞɚ  ɢ�ɤɨɪɧɹ�ɨɫɬɪɹɤɚ. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�ɢɡɨɛɪɚɠɚɸɬ� ɜɫɟ� ɨɫɢ� ɫɭɳɟɫɬɜɭɸɳɢɯ� ɷɥɟɦɟɧɬɨɜ� ɫɬɪɟɥɨɱ-
ɧɨɝɨ�ɩɟɪɟɜɨɞɚ (ɩɪɹɦɨɝɨ�ɢ�ɛɨɤɨɜɨɝɨ�ɩɭɬɟɣ, ɨɫɬɪɹɤɨɜ�ɢ�ɩɟɪɟɜɨɞɧɨɣ�ɤɪɢɜɨɣ). 
ɉɪɢ�ɷɬɨɦ�ɬɨɱɤɨɣ�ɩɪɢɜɹɡɤɢ�ɧɚ�ɩɥɚɧɟ� ɹɜɥɹɟɬɫɹ�ɩɟɪɟɫɟɱɟɧɢɟ�ɩɪɨɞɨɥɶɧɨɣ� ɨɫɢ 
ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɢ� ɥɢɧɢɢ, ɫɨɟɞɢɧɹɸɳɟɣ� ɧɚɱɚɥɚ� ɞɜɭɯ� ɨɫɬɪɹɤɨɜ (ɇɈ). 
ɉɪɢ�ɫɴɟɦɤɟ�ɫɬɚɧɰɢɢ�ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ�ɬɨɱɧɚɹ�ɩɪɢɜɹɡɤɚ�ɤ�ɮɢɡɢɱɟɫɤɨɦɭ�ɨɛɴɟɤ-
ɬɭ, ɚ�ɩɪɢ� ɢɡɨɛɪɚɠɟɧɢɢ�ɩɟɪɟɜɨɞɨɜ�ɧɚ� ɨɞɧɨɧɢɬɨɱɧɨɦ�ɩɥɚɧɟ�ɩɟɪɟɯɨɞɹɬ� ɤ� ɟɝɨ 
ɩɪɨɟɤɰɢɢ�ɧɚ�ɨɫɶ�ɩɭɬɢ. Ɋɟɚɥɢɡɚɰɢɹ�ɞɚɧɧɨɣ�ɫɯɟɦɵ�ɢɡɨɛɪɚɠɟɧɢɹ�ɫɬɪɟɥɨɱɧɨɝɨ 
ɩɟɪɟɜɨɞɚ�ɩɪɢɜɨɞɢɬ�ɤ�ɬɨɦɭ, ɱɬɨ�ɰɟɧɬɪ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɧɟ�ɮɢɤɫɢɪɭɟɬɫɹ 
ɢ�ɧɚ�ɦɚɫɲɬɚɛɧɵɣ�ɩɥɚɧ�ɧɟ�ɧɚɧɨɫɢɬɫɹ.  

Ɋɟɚɥɢɡɚɰɢɹ�ɞɚɧɧɨɣ�ɫɯɟɦɵ�ɩɪɟɞɫɬɚɜɥɟɧɢɹ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɛɟɡ�ɰɟɧ-
ɬɪɨɜ� ɩɟɪɟɜɨɞɨɜ� ɢɡɦɟɧɹɟɬ� ɝɟɨɦɟɬɪɢɸ� ɢɯ� ɧɚɱɟɪɬɚɧɢɹ, ɦɚɤɫɢɦɚɥɶɧɨ� ɩɪɢɛɥɢ-
ɠɚɹ�ɤ�ɪɟɚɥɶɧɨɦɭ�ɨɛɪɚɡɭ. ɉɨɹɜɥɟɧɢɟ  ɩɟɪɟɜɨɞɧɨɣ�ɤɪɢɜɨɣ�ɢ�ɨɫɬɪɹɤɨɜ�ɤɚɤ�ɷɥɟ-
ɦɟɧɬɨɜ�ɨɞɧɨɧɢɬɨɱɧɨɝɨ�ɩɥɚɧɚ�ɚɞɟɤɜɚɬɧɨ�ɨɬɪɚɠɚɟɬ�ɩɨɥɨɠɟɧɢɟ�ɨɬɞɟɥɶɧɵɯ�ɬɨ-
ɱɟɤ�ɧɚ�ɪɟɚɥɶɧɨɣ�ɫɯɟɦɟ. 

ɂɧɬɭɢɬɢɜɧɨ�ɩɨɧɹɬɧɨɟ�ɢɡɨɛɪɚɠɟɧɢɟ�ɩɟɪɟɜɨɞɚ�ɫ�ɨɬɜɟɬɜɥɟɧɢɟɦ�ɧɚ�ɛɨɤɨɜɨɣ 
ɩɭɬɶ�ɩɨɫɪɟɞɫɬɜɨɦ�ɨɫɬɪɹɤɚ�ɩɪɢɜɨɞɢɬ�ɦɚɫɲɬɚɛɧɵɣ�ɩɥɚɧ�ɤ�ɛɨɥɟɟ�ɫɬɪɨɝɨɦɭ, ɤɚ-
ɧɨɧɢɱɟɫɤɨɦɭ� ɩɪɟɞɫɬɚɜɥɟɧɢɸ� ɨɛɴɟɤɬɨɜ� ɩɭɬɟɜɨɝɨ� ɪɚɡɜɢɬɢɹ� ɫɬɚɧɰɢɢ, ɭɫɬɪɚ-
ɧɹɸɳɟɦɭ�ɩɪɢɜɹɡɤɭ�ɤ� ɨɬɫɭɬɫɬɜɭɸɳɟɦɭ�ɜ�ɪɟɚɥɶɧɨɫɬɢ, ɮɢɤɬɢɜɧɨɦɭ�ɷɥɟɦɟɧɬɭ 
ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ, ɤɚɤɢɦ�ɹɜɥɹɟɬɫɹ�ɟɝɨ�ɰɟɧɬɪ. 

1.7 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ 

1 Ʉɚɤ� ɢɡɨɛɪɚɠɚɟɬɫɹ� ɧɚ� ɦɚɫɲɬɚɛɧɨɦ� ɩɥɚɧɟ� ɫɬɪɟɥɨɱɧɵɣ� ɩɟɪɟɜɨɞ� ɜ� ɨɫɹɯ 
ɩɭɬɟɣ? 

2 Ʉɚɤɨɟ� ɩɨɥɨɠɟɧɢɟ� ɨɫɬɪɹɤɨɜ� ɨɛɵɤɧɨɜɟɧɧɨɝɨ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɩɨ 
ɨɬɧɨɲɟɧɢɸ� ɤ� ɪɚɦɧɵɦ� ɪɟɥɶɫɚɦ� ɨɩɪɟɞɟɥɹɟɬ� ɞɜɢɠɟɧɢɟ� ɫɨɫɬɚɜɚ� ɩɨɟɡɞɚ  ɩɨ 
ɩɪɹɦɨɦɭ�ɩɭɬɢ? 

3 Ʉɚɤɨɟ�ɧɚɡɧɚɱɟɧɢɟ�ɤɨɧɬɪɪɟɥɶɫɨɜ�ɜ�ɫɬɪɟɥɨɱɧɨɦ�ɩɟɪɟɜɨɞɟ? 
4 ɑɬɨ�ɬɚɤɨɟ «ɜɪɟɞɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ» ɜ�ɤɪɟɫɬɨɜɢɧɟ�ɩɟɪɟɜɨɞɚ? 
5 Ɉɫɧɨɜɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ. 
6 Ʉɚɤ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨɥɨɠɟɧɢɟ�ɰɟɧɬɪɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ? 
7 Ʉɚɤ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨɥɧɚɹ�ɞɥɢɧɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ? 
8 ɑɟɦ�ɨɬɥɢɱɚɸɬɫɹ�ɞɜɨɣɧɵɟ�ɨɬ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ? 
9 ɋɤɨɥɶɤɨ�ɨɫɬɪɹɤɨɜ�ɭ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ? 
10 ɑɬɨ�ɬɚɤɨɟ «ɦɚɪɤɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ»? 
11 ɇɚɡɧɚɱɟɧɢɟ�ɩɨɞɜɢɠɧɨɝɨ�ɫɟɪɞɟɱɧɢɤɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ. 
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2 ȼɁȺɂɆɇɈȿ�ɊȺɋɉɈɅɈɀȿɇɂȿ�ɋɌɊȿɅɈɑɇɕɏ�ɉȿɊȿȼɈȾɈȼ 

2.1 ȼɚɪɢɚɧɬɵ�ɜɡɚɢɦɧɨɣ�ɭɤɥɚɞɤɢ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

ɋɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɫɜɹɡɶ�ɞɜɭɯ (ɢɥɢ�ɬɪɟɯ�ɩɪɢ�ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ�ɞɜɨɣɧɨɝɨ) ɩɭɬɟɣ. ɉɪɢ�ɭɜɹɡɤɟ�ɬɪɟɯ, ɱɟɬɵɪɟɯ�ɢ�ɛɨɥɟɟ  ɩɭɬɟɣ�ɬɪɟɛɭɟɬɫɹ�ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ�ɧɟɫɤɨɥɶɤɢɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ, ɤɨɬɨɪɵɟ�ɦɨɝɭɬ�ɫɨɟɞɢɧɹɬɶɫɹ 
ɦɟɠɞɭ� ɫɨɛɨɣ� ɨɫɬɪɹɤɚɦɢ�ɢ� ɤɪɟɫɬɨɜɢɧɚɦɢ, ɷɥɟɦɟɧɬɚɦɢ�ɨɫɧɨɜɧɵɯ�ɢ�ɛɨɤɨɜɵɯ 
ɩɭɬɟɣ, ɥɟɜɨɫɬɨɪɨɧɧɢɦɢ�ɢ�ɩɪɚɜɨɫɬɨɪɨɧɧɢɦɢ�ɫɬɪɟɥɤɚɦɢ. ɉɪɢ�ɷɬɨɦ�ɞɜɚ�ɫɦɟɠ-
ɧɵɯ�ɩɟɪɟɜɨɞɚ�ɫɨɟɞɢɧɹɸɬɫɹ�ɦɟɠɞɭ�ɫɨɛɨɣ�ɱɟɪɟɡ�ɩɪɹɦɭɸ�ɜɫɬɚɜɤɭ – ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɣ� ɭɱɚɫɬɨɤ� ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ� ɩɭɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ� ɩɥɚɜɧɨɫɬɶ� ɩɟɪɟ-
ɯɨɞɚ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ�ɫ�ɨɞɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɧɚ�ɞɪɭɝɨɣ. ɉɨɷɬɨ-
ɦɭ�ɜɨɡɧɢɤɚɟɬ�ɞɨɫɬɚɬɨɱɧɨ�ɛɨɥɶɲɨɟ�ɱɢɫɥɨ�ɪɚɡɥɢɱɧɵɯ�ɜɚɪɢɚɧɬɨɜ�ɫɨɟɞɢɧɟɧɢɣ. 
ȼ�ɩɪɚɤɬɢɤɟ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɜɵɞɟɥɹɸɬ� ɩɹɬɶ� ɨɫɧɨɜɧɵɯ� ɫɯɟɦ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ (ɪɢɫɭɧɨɤ 2.1). 

ɚ)       ɝ) 

 

ɛ) 

 

 

 ɜ)       ɞ) 

 

 

 

Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɵ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

Ɋɚɫɱɟɬ�ɪɚɫɫɬɨɹɧɢɣ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɞɜɭɯ�ɩɟɪɟɜɨɞɨɜ�ɩɨ�ɩɟɪɜɵɦ�ɬɪɟɦ�ɫɯɟ-
ɦɚɦ�ɫɜɹɡɚɧ�ɫ�ɫɭɦɦɢɪɨɜɚɧɢɟɦ�ɨɬɞɟɥɶɧɵɯ�ɞɥɢɧ�ɷɥɟɦɟɧɬɨɜ�ɩɟɪɟɜɨɞɨɜ (a�ɢ b – 
ɫɦ. ɪɢɫɭɧɨɤ 1.5,�ɚ) ɢ�ɩɪɹɦɨɣ�ɜɫɬɚɜɤɢ d, ɜɟɥɢɱɢɧɚ�ɤɨɬɨɪɨɣ�ɡɚɜɢɫɢɬ�ɨɬ�ɩɭɬɢ, 
ɧɚ�ɤɨɬɨɪɨɦ� ɭɥɨɠɟɧɵ�ɞɚɧɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ (ɝɥɚɜɧɵɣ, ɫɬɚɧɰɢɨɧɧɵɣ 
ɢɥɢ�ɩɪɨɱɢɣ) ɢ�ɫɤɨɪɨɫɬɟɣ�ɞɜɢɠɟɧɢɹ�ɩɨɟɡɞɨɜ, ɟɫɥɢ�ɩɟɪɟɜɨɞɵ�ɧɚ�ɝɥɚɜɧɨɦ�ɩɭɬɢ. 
Ⱦɥɹ�ɭɱɟɛɧɵɯ�ɰɟɥɟɣ�ɩɪɢɧɢɦɚɸɬ, ɱɬɨ�ɧɚ� ɝɥɚɜɧɨɦ�ɩɭɬɢ�ɜɫɟɝɞɚ� ɭɤɥɚɞɵɜɚɸɬɫɹ 
ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ�ɦɚɪɤɢ 1/11 ɫ�ɬɢɩɨɦ�ɪɟɥɶɫɨɜ�Ɋ65, ɚ�ɧɚ�ɜɫɟɯ�ɫɬɚɧɰɢɨɧ-
ɧɵɯ – ɦɚɪɤɢ 1/9 ɫ�ɬɢɩɨɦ�ɪɟɥɶɫɨɜ�Ɋ50. ɋ�ɰɟɥɶɸ�ɪɟɲɟɧɢɹ�ɭɱɟɛɧɵɯ�ɩɪɨɟɤɬɧɵɯ 
ɡɚɞɚɱ�ɜɵɛɢɪɚɸɬ�ɬɚɤɢɟ�ɷɩɸɪɵ�ɩɟɪɟɜɨɞɨɜ, ɱɬɨ  

a1/11 = 14,06 ɦ, b1/11 = 19,31 ɦ, 
a1/9 = 15,46 ɦ, b1/9 = 15,64 ɦ. 
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ȼɟɥɢɱɢɧɚ� ɩɪɹɦɨɣ� ɜɫɬɚɜɤɢ� ɧɚ� ɩɪɢɟɦɨɨɬɩɪɚɜɨɱɧɵɯ� ɩɭɬɹɯ d =  12,5  ɦ,  ɧɚ 
ɩɪɨɱɢɯ�ɩɭɬɹɯ d = 6,25 ɦ. ɉɪɢ�ɭɤɥɚɞɤɟ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɧɚ�ɝɥɚɜɧɵɯ�ɩɭ-
ɬɹɯ d = 12,5 ɦ�ɩɪɢ�ɫɤɨɪɨɫɬɹɯ�ɞɜɢɠɟɧɢɹ�ɩɨɟɡɞɨɜ�ɞɨ 140 ɤɦ�ɱ. ȿɫɥɢ�ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ�ɫɨɫɬɚɜɥɹɟɬ 140 ɤɦ�ɱ�ɢ�ɛɨɥɟɟ, ɬɨ d = 25 ɦ. 

ɋɯɟɦɵ ɝ�ɢ ɞ ( ɫɦ. ɪɢɫɭɧɨɤ 2.1) ɨɬɥɢɱɚɸɬɫɹ�ɨɬ�ɬɪɟɯ�ɩɪɟɞɵɞɭɳɢɯ�ɬɟɦ, ɱɬɨ 
ɛɨɤɨɜɵɟ�ɩɭɬɢ�ɨɛɪɚɡɭɸɬ�ɩɚɪɚɥɥɟɥɶɧɵɟ�ɭɱɚɫɬɤɢ, ɤɨɬɨɪɵɟ�ɭɤɥɚɞɵɜɚɸɬ�ɧɚ�ɨɩ-
ɪɟɞɟɥɟɧɧɨɦ�ɪɚɫɫɬɨɹɧɢɢ ɟ, ɧɚɡɵɜɚɟɦɨɦ�ɦɟɠɞɭɩɭɬɶɟɦ. Ɉɧɨ�ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ�ɜ 
ɤɚɠɞɨɦ� ɤɨɧɤɪɟɬɧɨɦ� ɫɥɭɱɚɟ, ɨɩɪɟɞɟɥɹɟɦɨɦ� ɬɟɯɧɨɥɨɝɢɟɣ� ɪɚɛɨɬɵ. ɉɨɷɬɨɦɭ 
ɨɛɳɚɹ�ɞɥɢɧɚ�ɞɜɭɯ�ɩɟɪɟɜɨɞɨɜ  

L4 = e / sin Į�§ e / tg Į = ectg Į,            (2.1) 
ɝɞɟ�Į – ɭɝɨɥ�ɦɚɪɤɢ�ɤɪɟɫɬɨɜɢɧɵ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ. 

ɉɨ� ɩɪɢɜɟɞɟɧɧɨɣ� ɜɵɲɟ� ɮɨɪɦɭɥɟ� ɪɚɫɫɱɢɬɵɜɚɸɬ� ɜɟɥɢɱɢɧɭ L5 ɞɥɹ� ɫɯɟɦɵ 
ɪɢɫɭɧɤɚ 2.1, ɞ. 

2.2 ɋɨɟɞɢɧɟɧɢɹ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɩɪɢɜɨɞɢɬ�ɤ�ɫɨɤɪɚ-
ɳɟɧɢɸ� ɨɛɳɟɣ� ɞɥɢɧɵ� ɫɨɟɞɢɧɟɧɢɣ� ɩɭɬɟɣ, ɱɬɨ� ɨɫɨɛɟɧɧɨ� ɜɚɠɧɨ� ɩɪɢ� ɭɜɹɡɤɟ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ� ɱɢɫɥɚ� ɫɬɚɧɰɢɨɧɧɵɯ� ɩɭɬɟɣ (ɧɚɩɪɢɦɟɪ, ɝɨɪɨɱɧɵɯ� ɝɨɪɥɨɜɢɧ 
ɫɨɪɬɢɪɨɜɨɱɧɵɯ� ɩɚɪɤɨɜ� ɤɪɭɩɧɵɯ� ɫɬɚɧɰɢɣ). Ɉɫɧɨɜɧɵɟ� ɫɯɟɦɵ� ɩɪɢɜɟɞɟɧɵ� ɧɚ 
ɪɢɫɭɧɤɟ 2.2. 

ɚ)      ɛ) 

 

 

  

ɜ)      ɝ) 
 
 
 
 

Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɵ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ  
ɞɜɨɣɧɵɯ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

Ɋɚɫɫɬɨɹɧɢɟ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ� ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ� ɩɨ� ɫɯɟɦɚɦ ɚ, ɛ �ɫɦ. 
ɪɢɫɭɧɨɤ 2.2) ɪɚɫɫɱɢɬɵɜɚɸɬ�ɩɨ�ɡɧɚɱɟɧɢɹɦ�ɢɯ�ɨɫɧɨɜɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ, ɡɚɜɢɫɹ-
ɳɢɯ� ɨɬ� ɤɨɧɤɪɟɬɧɨɣ� ɷɩɸɪɵ. ȼ� ɭɱɟɛɧɵɯ� ɰɟɥɹɯ� ɩɨɥɶɡɭɸɬɫɹ� ɷɩɸɪɨɣ� ɫɢɦɦɟɬ-
ɪɢɱɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɫ ɚ1/6 = 6,93 ɦ�ɢ b1/6 = 10,56 ɦ. Ⱦɥɹ�ɞɜɭɯ�ɩɟɪ-
ɜɵɯ�ɫɯɟɦ�ɜɟɥɢɱɢɧɚ�ɩɪɹɦɨɣ�ɜɫɬɚɜɤɢ d�ɦɨɠɟɬ�ɩɪɢɧɢɦɚɬɶɫɹ�ɪɚɜɧɨɣ 4,5 ɦ. Ɉɫɨ-
ɛɟɧɧɨɫɬɶɸ� ɪɚɫɱɟɬɚ� ɪɚɫɫɬɨɹɧɢɹ� ɦɟɠɞɭ� ɰɟɧɬɪɚɦɢ� ɫɦɟɠɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɩɨ 
ɬɪɟɬɶɟɣ�ɫɯɟɦɟ�ɹɜɥɹɟɬɫɹ�ɧɚɥɢɱɢɟ�ɦɟɠɞɭɩɭɬɶɹ ɟ, ɱɬɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɭɜɟɥɢɱɟɧɢɸ 
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ɜɟɥɢɱɢɧɵ�ɩɪɹɦɨɣ�ɜɫɬɚɜɤɢ�ɞɨ�ɧɟɤɨɬɨɪɨɣ�ɞɥɢɧɵ f, ɧɟ�ɪɚɜɧɨɣ 4,5 ɦ�ɢɥɢ 6,25 ɦ. 
Ⱦɥɹ� ɫɯɟɦɵ� ɪɢɫɭɧɤɚ 2.2, ɝ  ɞɥɢɧɚ L3 = ɟctg Į.  ɉɪɢ� ɜɫɬɪɟɱɧɨɦ� ɫɨɟɞɢɧɟɧɢɢ 
ɞɜɭɯ� ɩɟɪɟɜɨɞɨɜ (ɤɪɟɫɬɨɜɢɧɚɦɢ� ɞɪɭɝ� ɤ� ɞɪɭɝɭ) ɜɨɡɦɨɠɧɨ� ɩɨɥɭɱɟɧɢɟ� ɤɨɧɫɬ-
ɪɭɤɰɢɣ�ɫɴɟɡɞɨɜ (ɪɢɫɭɧɨɤ 2.3). 

ɚ)      ɛ) 
 
 
 
 
 

 
 
 
 

Ɋɢɫɭɧɨɤ 2.3 – ɋɯɟɦɵ�ɫɴɟɡɞɨɜ�ɢɡ�ɨɞɢɧɨɱɧɵɯ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ: 
 ɚ – ɨɛɵɤɧɨɜɟɧɧɨɝɨ; ɛ – ɩɟɪɟɤɪɟɫɬɧɨɝɨ 

Ɋɚɫɱɟɬɧɨɟ�ɪɚɫɫɬɨɹɧɢɟ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɩɟɪɟɜɨɞɨɜ�ɞɥɹ�ɨɛɟɢɯ�ɫɯɟɦ�ɜɡɚɢɦ-
ɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ 

L1 = L2 = ɟctg Į.   

2.3 ȼɡɚɢɦɧɚɹ�ɫɥɨɠɧɚɹ�ɭɤɥɚɞɤɚ 
ɧɟɫɤɨɥɶɤɢɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

ɉɪɢ�ɫɨɟɞɢɧɟɧɢɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɤɪɟɫɬɨɜɢɧɚɦɢ�ɧɚɜɫɬɪɟɱɭ�ɞɪɭɝ�ɞɪɭɝɭ 
ɦɨɝɭɬ�ɜɨɡɧɢɤɚɬɶ�ɫɥɨɠɧɵɟ�ɤɨɧɮɥɢɤɬɧɵɟ�ɫɢɬɭɚɰɢɢ, ɤɨɬɨɪɵɟ�ɫɩɨɫɨɛɧɵ�ɮɨɪɦɢɪɨ-
ɜɚɬɶ�ɧɨɜɵɟ, ɬɟɯɧɢɱɟɫɤɢ�ɪɟɚɥɢɡɭɟɦɵɟ, ɫɜɹɡɧɵɟ�ɤɨɧɮɢɝɭɪɚɰɢɢ (ɪɢɫɭɧɨɤ 2.4). 

ɚ)     ɛ) 
 
 
 

 
 
 

Ɋɢɫɭɧɨɤ 2.4 – ɋɨɟɞɢɧɟɧɢɟ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ: 
ɚ – ɩɨɬɟɧɰɢɚɥɶɧɨ�ɤɨɧɮɥɢɤɬɧɨɟ; ɛ – ɩɟɪɟɤɪɟɫɬɧɵɣ�ɫɴɟɡɞ 

Ɋɚɫɫɬɨɹɧɢɟ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ L�ɬɚɤɠɟ�ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ�ɩɨ�ɮɨɪɦɭɥɟ L = ɟctg Į.   

ȼɡɚɢɦɧɚɹ�ɭɤɥɚɞɤɚ�ɥɟɜɨɫɬɨɪɨɧɧɢɯ�ɢ�ɩɪɚɜɨɫɬɨɪɨɧɧɢɯ�ɩɟɪɟɜɨɞɨɜ�ɩɨɡɜɨɥɹ-
ɟɬ� ɩɨɥɭɱɢɬɶ� ɪɹɞ� ɧɟɫɤɨɥɶɤɨ� ɨɬɥɢɱɧɵɯ� ɞɪɭɝ� ɨɬ� ɞɪɭɝɚ� ɫɨɟɞɢɧɟɧɢɣ, ɨɛɪɚɡɭɸ-
ɳɢɯ� ɫɯɟɦɵ�ɧɟɫɨɤɪɚɳɟɧɧɵɯ� ɩɟɪɟɤɪɟɫɬɧɵɯ� ɫɴɟɡɞɨɜ� ɫ� ɨɞɧɨɣ�ɦɚɪɤɨɣ� ɤɪɟɫɬɨ-
ɜɢɧɵ (ɪɢɫɭɧɨɤ 2.5). 



18 
 

 
Ɋɢɫɭɧɨɤ 2.5 – ɇɟɤɨɬɨɪɵɟ�ɜɚɪɢɚɧɬɵ�ɤɨɧɫɬɪɭɤɰɢɣ�ɩɟɪɟɤɪɟɫɬɧɵɯ�ɫɴɟɡɞɨɜ  

ɢɡ�ɱɟɬɵɪɟɯ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

Ɋɹɞ� ɜɡɚɢɦɧɵɯ� ɫɨɱɟɬɚɧɢɣ� ɫɜɹɡɢ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɩɪɢɜɨɞɢɬ� ɤ� ɢɫ-
ɤɥɸɱɢɬɟɥɶɧɵɦ�ɫɢɬɭɚɰɢɹɦ�ɫ�ɤɨɧɮɥɢɤɬɧɵɦ�ɢɯ�ɩɟɪɟɫɟɱɟɧɢɟɦ�ɢ�ɧɟɜɨɡɦɨɠɧɵɦ 
ɫɨɟɞɢɧɟɧɢɹɦ (ɪɢɫɭɧɨɤ 2.6). 

 
Ɋɢɫɭɧɨɤ 2.6 – ȼɚɪɢɚɧɬɵ�ɤɨɧɮɥɢɤɬɧɵɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɫɨɟɞɢɧɟɧɢɣ 

ɨɛɵɤɧɨɜɟɧɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

Ʉɪɨɦɟ�ɜɫɟɯ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɜɨɡɦɨɠɧɵ�ɫɨɟɞɢɧɟɧɢɹ 
ɨɛɵɤɧɨɜɟɧɧɵɯ�ɢ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ (ɪɢɫɭɧɨɤ 2.7).  

ɋɥɟɞɭɟɬ� ɭɤɚɡɚɬɶ� ɧɚ� ɬɢɩɢɱɧɨɫɬɶ� ɞɚɧɧɵɯ� ɪɚɫɱɟɬɧɵɯ� ɫɯɟɦ� ɧɟɡɚɜɢɫɢɦɨ� ɨɬ 
ɫɨɱɟɬɚɧɢɣ� ɪɚɡɥɢɱɧɵɯ� ɦɚɪɨɤ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɢ� ɪɚɜɟɧɫɬɜɨ� ɡɧɚɱɟɧɢɣ 
ɩɪɹɦɵɯ�ɜɫɬɚɜɨɤ d�ɦɟɠɞɭ�ɫɬɪɟɥɨɱɧɵɦɢ�ɩɟɪɟɜɨɞɚɦɢ�ɦɚɪɨɤ 1/6 ɢ 1/9 ɩɪɢ�ɩɪɨ-
ɱɢɯ�ɪɚɜɧɵɯ�ɭɫɥɨɜɢɹɯ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 2.7 – ɋɯɟɦɵ�ɜɡɚɢɦɧɨɝɨ�ɪɚɡɦɟɳɟɧɢɹ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɢ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɫɬɪɟ-

ɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

ɋɥɨɠɧɵɟ� ɫɨɟɞɢɧɟɧɢɹ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɪɚɡɥɢɱ-
ɧɵɯ�ɬɢɩɨɜ�ɢ�ɦɚɪɨɤ�ɩɪɢɦɟɧɹɸɬ�ɜ�ɤɨɧɫɬɪɭɤɰɢɹɯ�ɝɨɪɨɱɧɵɯ�ɝɨɪɥɨɜɢɧ, ɝɞɟ�ɬɪɟ-
ɛɭɟɬɫɹ�ɤɨɦɩɚɤɬɧɚɹ�ɭɜɹɡɤɚ�ɫ�ɫɨɛɥɸɞɟɧɢɟɦ�ɦɢɧɢɦɚɥɶɧɵɯ�ɡɧɚɱɟɧɢɣ�ɦɟɠɞɭɩɭ-
ɬɢɣ�ɢ�ɤɪɢɜɢɡɧɵ�ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ�ɤɪɭɝɨɜɵɯ�ɤɪɢɜɵɯ. 

2.4 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ 
Ɂɚɞɚɱɚ 1�Ɋɚɫɫɱɢɬɚɬɶ�ɪɚɫɫɬɨɹɧɢɟ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

ɧɚ�ɩɪɢɟɦɨɨɬɩɪɚɜɨɱɧɨɦ�ɩɭɬɢ�ɩɨ�ɫɯɟɦɟ 3 (ɫɦ. ɪɢɫɭɧɨɤ 2.1, ɜ) ɩɪɢ�ɭɤɥɚɞɤɟ�ɩɟ-
ɪɟɜɨɞɨɜ�ɪɚɡɥɢɱɧɵɯ�ɦɚɪɨɤ�ɤɪɟɫɬɨɜɢɧɵ (tg Į1 = 1/11, tg Į2 = 1/9). 

Ɂɚɞɚɱɚ 2� ɉɨɱɟɦɭ� ɞɥɹ� ɫɯɟɦ� ɪɢɫɭɧɤɚ 2.1,  ɝ, ɞ� ɧɟɥɶɡɹ� ɪɚɫɫɱɢɬɵɜɚɬɶ� ɪɚɫ-
ɫɬɨɹɧɢɹ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɫɦɟɠɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɩɨ�ɮɨɪɦɭɥɚɦ 

L4 = b + d + a, L5 = b + d + b ? 
Ɂɚɞɚɱɚ 3� Ⱦɨɤɚɡɚɬɶ, ɱɬɨ� ɮɨɪɦɭɥɚ (2.1) ɦɨɠɟɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɞɥɹ 

ɭɱɟɛɧɵɯ�ɪɚɫɱɟɬɨɜ�ɫ�ɞɨɫɬɚɬɨɱɧɨɣ�ɬɨɱɧɨɫɬɶɸ. 
Ɂɚɞɚɱɚ 4 �Ɋɚɫɫɱɢɬɚɬɶ�ɞɥɢɧɭ�ɜɫɬɚɜɤɢ f�ɞɥɹ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 2.2, ɜ. 
Ɂɚɞɚɱɚ 5 �Ɋɚɫɫɱɢɬɚɬɶ�ɞɥɢɧɭ�ɜɫɬɚɜɤɢ f  ɦɟɠɞɭ�ɫɬɪɟɥɨɱɧɵɦɢ�ɩɟɪɟɜɨɞɚɦɢ 1–2 ɢ 1–

3 ɩɨ�ɫɯɟɦɚɦ�ɪɢɫɭɧɤɚ 2.2, ɜ�ɩɪɢ�ɭɤɥɚɞɤɟ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɪɚɡɥɢɱɧɵɯ�ɬɢɩɨɜ. 

2.5 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ 1.� Ɋɚɫɱɟɬ� ɪɚɫɫɬɨɹɧɢɹ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɩɟɪɟɜɨɞɨɜ� ɩɪɨ-
ɢɡɜɨɞɢɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ 

L3 = b1/11 + d + a1/9 = 19,31 + 12,5 + 15,46 = 47,27 ɦ.  
Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 2.�ɉɭɫɬɶ�ɜɫɟ�ɷɥɟɦɟɧɬɵ�ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢɬɢɹ� ɭɤɥɚɞɵɜɚɸɬ 

ɧɚ� ɩɪɢɟɦɨɨɬɩɪɚɜɨɱɧɨɦ� ɩɭɬɢ. Ɋɚɫɫɬɨɹɧɢɹ� ɦɟɠɞɭ� ɰɟɧɬɪɚɦɢ� ɩɟɪɟɜɨɞɨɜ� ɩɨ 
ɩɪɟɞɥɚɝɚɟɦɵɦ�ɮɨɪɦɭɥɚɦ 

L4 = 15,64 + 12,50 + 15,46 = 43,60 ɦ, L5 = 15,64 + 12,50 + 15,64 = 43,78 ɦ. 
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ȼɟɥɢɱɢɧɵ� ɦɟɠɞɭɩɭɬɢɣ ɟ4� ɢ ɟ5, ɜɨɡɧɢɤɚɸɳɢɯ� ɩɪɢ� ɬɚɤɨɦ� ɫɨɟɞɢɧɟɧɢɢ 
ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɱɟɪɟɡ�ɩɪɹɦɭɸ�ɜɫɬɚɜɤɭ d, ɪɚɜɧɵ 

e4 = L4sin Į = 43,60 · 0,110433 = 4,81 ɦ; 
e5 = L5sin Į = 43,78 · 0,110433 = 4,83 ɦ. 

Ɋɚɫɫɱɢɬɚɧɧɵɟ� ɡɧɚɱɟɧɢɹ� ɦɟɠɞɭɩɭɬɢɣ� ɦɟɧɟɟ� ɭɫɬɚɧɨɜɥɟɧɧɵɯ� ɧɚ� ɫɬɚɧɰɢɢ, 
ɪɚɜɧɵɯ 5,30 ɦ. ɉɨɷɬɨɦɭ�ɩɨ�ɞɚɧɧɵɦ�ɫɯɟɦɚɦ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ�ɫɬɪɟ-
ɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɪɚɫɫɬɨɹɧɢɹ� ɦɟɠɞɭ� ɢɯ� ɰɟɧɬɪɚɦɢ� ɧɟɨɛɯɨɞɢɦɨ� ɪɚɫɫɱɢɬɵ-
ɜɚɬɶ�ɩɨ�ɮɨɪɦɭɥɟ (2.1). 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ 3.� Ɋɚɫɫɦɨɬɪɢɦ�ɨɤɪɭɠɧɨɫɬɶ� ɟɞɢɧɢɱɧɨɝɨ�ɪɚɞɢɭɫɚ, ɨɩɪɟ-
ɞɟɥɹɸɳɭɸ�ɫɨɨɬɧɨɲɟɧɢɟ�ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ�ɮɭɧɤɰɢɣ (ɪɢɫɭɧɨɤ 2.8). 

 
 
 
 

 

Ɋɢɫɭɧɨɤ 2.8 – Ɍɪɟɭɝɨɥɶɧɢɤɢ�ɧɚ�ɟɞɢɧɢɱɧɨɣ        
ɨɤɪɭɠɧɨɫɬɢ�ɞɥɹ�ɪɚɫɱɟɬɚ�ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ 

ɮɭɧɤɰɢɣ sin Į�ɢ tg Į  

 
 
ɋɨɝɥɚɫɧɨ�ɪɢɫɭɧɤɭ 2.8 

sin Į = p1 / 1, tg Į = p2 / 1. 

Ɍɚɤ�ɤɚɤ�ɭɝɥɵ�ɦɚɪɨɤ�ɤɪɟɫɬɨɜɢɧ�ɦɚɥɵ (Į1/11 = 5°11'40'', Į1/9 = 6°20'25''), ɬɨ  

ɪ1�§ ɪ2�ĺ sin Į�§ tg Į. 

Ⱦɥɹ� ɰɟɥɟɣ� ɨɛɭɱɟɧɢɹ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ� ɫɬɚɧɰɢɣ� ɡɚɦɟɧɚ� ɬɪɢɝɨɧɨɦɟɬɪɢɱɟ-
ɫɤɢɯ�ɮɭɧɤɰɢɣ�ɩɨɡɜɨɥɹɟɬ�ɫ�ɞɨɫɬɚɬɨɱɧɨɣ�ɬɨɱɧɨɫɬɶɸ�ɢ�ɛɵɫɬɪɨ�ɜɵɩɨɥɧɹɬɶ�ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɜɵɱɢɫɥɟɧɢɹ.  Ɍɚɤ,  ɞɥɹ�ɫɯɟɦ 4 ɢ 5 (ɫɦ.  ɪɢɫɭɧɨɤ 2.1, ɝ, ɞ) ɪɚɫ-
ɫɬɨɹɧɢɟ� ɦɟɠɞɭ� ɰɟɧɬɪɚɦɢ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ, ɨɰɟɧɢɜɚɟɦɨɟ� ɮɨɪɦɭɥɨɣ 
(2.1), ɩɪɢ�ɭɤɥɚɞɤɟ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɦɚɪɤɢ 1/9 ɢ�ɦɟɠɞɭɩɭɬɶɟ ɟ = 5,30 ɦ 
ɪɚɜɧɨ 5,30 · 9 = 47,70 ɦ  (ɜɟɥɢɱɢɧɚ�ɦɟɠɞɭɩɭɬɶɹ�ɭɦɧɨɠɚɟɬɫɹ�ɧɚ�ɡɧɚɱɟɧɢɟ, ɨɛ-
ɪɚɬɧɨɟ�ɬɚɧɝɟɧɫɭ�ɭɝɥɚ�ɤɪɟɫɬɨɜɢɧɵ, ɬ. ɟ. ctg Į). Ɍɨɱɧɵɣ�ɪɚɫɱɟɬ�ɩɪɢɜɨɞɢɬ�ɤ�ɪɟ-
ɡɭɥɶɬɚɬɭ 5,30 / sin(6°20'25'') = 5,30 / 0,110433 = 47,99 ɦ. 

ɉɨɝɪɟɲɧɨɫɬɶ�ɫɨɫɬɚɜɥɹɟɬ 47,99 – 47,70 = 0,29 ɦ. ȿɫɥɢ�ɩɥɚɧ�ɫɬɚɧɰɢɢ�ɜɵ-
ɱɟɪɱɢɜɚɟɬɫɹ�ɜ�ɦɚɫɲɬɚɛɟ 1:1000, ɬɨ�ɨɲɢɛɤɚ�ɜ�ɬɨɱɧɨɫɬɢ�ɨɬɦɟɬɤɢ�ɰɟɧɬɪɚ�ɩɟɪɟ-
ɜɨɞɚ�ɫɨɫɬɚɜɥɹɟɬ 0,29 ɦɦ.  

Ⱦɥɹ�ɩɪɚɤɬɢɤɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɞɚɧɧɚɹ�ɩɨɝɪɟɲɧɨɫɬɶ�ɦɨɠɟɬ�ɛɵɬɶ�ɤɪɢɬɢɱ-
ɧɨɣ, ɬɚɤ�ɤɚɤ�ɩɪɢɜɹɡɤɭ�ɰɟɧɬɪɨɜ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɨɫɭɳɟɫɬɜɥɹɸɬ�ɜ�ɤɨɨɪ-
ɞɢɧɚɬɧɨɣ�ɫɢɫɬɟɦɟ�ɫ�ɬɨɱɧɨɫɬɶɸ�ɞɨ 1 ɦɦ. 
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Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 4.�ɉɨɥɧɚɹ�ɪɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 2.9. 
 
 

Ɋɢɫɭɧɨɤ 2.9 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɫɨɟɞɢɧɟɧɢɹ�ɬɪɟɯ 
ɫɢɦɦɟɬɪɢɱɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

 

 

 

ɋɯɟɦɭ� ɜɡɚɢɦɧɨɝɨ� ɩɨɥɨɠɟɧɢɹ� ɜɫɟɯ� ɩɟɪɟɜɨɞɨɜ� ɨɪɢɟɧɬɢɪɭɸɬ� ɬɚɤɢɦ� ɨɛɪɚ-
ɡɨɦ, ɱɬɨ� ɨɧɚ� ɫɢɦɦɟɬɪɢɱɧɚ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɨɫɢ Ɉɏ. Ⱦɥɹ� ɪɚɫɱɟɬɚ� ɜɟɥɢɱɢɧɵ 
ɜɫɬɚɜɤɢ f�ɩɪɨɟɰɢɪɭɸɬ�ɜɫɟ�ɷɥɟɦɟɧɬɵ�ɫɨɟɞɢɧɟɧɢɣ�ɦɟɠɞɭ�ɩɟɪɟɜɨɞɚɦɢ 1 ɢ 3 ɧɚ 
ɨɫɶ OY. 
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ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɪɚɫɱɟɬɨɜ�ɩɨɥɭɱɚɸɬ 
f = 5,30 / (2 · 0,08248) – 10,56 – 6,93 = 14,64 ɦ. 

Ɉɛɳɚɹ�ɞɥɢɧɚ�ɫɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɩɨ�ɞɚɧɧɨɣ�ɫɯɟ-
ɦɟ�ɫɨɫɬɚɜɥɹɟɬ 

L = b + f + a = 10,56 + 14,64 + 6,93 = 32,13 ɦ. 
Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 5.�Ɉɩɪɟɞɟɥɹɟɦ�ɜɨɡɦɨɠɧɵɟ�ɨɫɧɨɜɧɵɟ�ɫɯɟɦɵ�ɜɡɚɢɦɧɨɝɨ 

ɩɨɥɨɠɟɧɢɹ�ɬɪɟɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɦɚɪɨɤ 1/9 ɢ 1/6, ɨɛɪɚɡɭɸɳɢɯ�ɜɵɯɨɞɵ 
ɧɚ�ɩɚɪɚɥɥɟɥɶɧɵɟ�ɩɭɬɢ�ɫ�ɬɪɟɛɭɟɦɵɦ�ɦɟɠɞɭɩɭɬɶɟɦ ɟ (ɪɢɫɭɧɨɤ 2.10). 

Ɋɚɫɱɟɬ�ɩɨ�ɫɯɟɦɟ�ɪɢɫɭɧɤɚ 2.10, ɚ�ɩɪɢɜɨɞɢɬ�ɤ� ɫɥɟɞɭɸɳɟɣ�ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɢ�ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ�ɨɩɟɪɚɰɢɣ: 
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ɚ) 
     
 
 
 
 
 
 
 
ɛ) 
 
 
 
 
 
 
 
 

 
 
 

ɜ) 
 
 
 
 
 
 
 
 
 

ɝ) 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 2.10 – Ɋɚɫɱɟɬɧɵɟ�ɫɯɟɦɵ�ɫɨɟɞɢɧɟɧɢɹ�ɩɟɪɟɜɨɞɨɜ 
ɪɚɡɥɢɱɧɵɯ�ɬɢɩɨɜ:  

ɚ – 1/6-1/9-1/9; ɛ – 1/6-1/6-1/9; ɜ – 1/9-1/9-1/6; ɝ – 1/9-1/6-1/6  
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ɉɨ�ɫɯɟɦɟ�ɪɢɫɭɧɤɚ 2.10, ɛ�ɨɩɪɟɞɟɥɹɸɬ�ɜɟɥɢɱɢɧɭ�ɜɫɬɚɜɤɢ f. 
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ɋɩɟɰɢɮɢɱɧɨɫɬɶ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 2.10, ɜ�ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɬɨɦ, ɱɬɨ�ɬɪɟɛɭɟɬ-
ɫɹ� ɭɤɥɚɞɤɚ� ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ� ɭɱɚɫɬɤɚ� ɩɭɬɢ� ɞɥɹ� ɜɵɯɨɞɚ� ɧɚ� ɦɟɠɞɭɩɭɬɶɟ ɟ. 
ɍɝɨɥ� ȕ, ɨɛɪɚɡɭɟɦɵɣ� ɢɡ�ɡɚ� ɨɬɜɨɪɨɬɚ� ɩɭɬɢ, ɪɚɜɟɧ� ɦɚɪɤɟ� ɤɪɟɫɬɨɜɢɧɵ� ɫɬɪɟ-
ɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ, ɭɤɥɚɞɵɜɚɟɦɨɝɨ� ɩɨɫɥɟ� ɞɚɧɧɨɣ� ɤɪɢɜɨɣ. Ⱦɥɹ� ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɦɨɝɨ�ɫɥɭɱɚɹ tg ȕ = 1/9.  

19/11   ȕsin)( ɟafT  �� , 1/9Įȕ  , 
sinȕ

ȕsin)( 9/111 aTef ��
 . 

ȿɫɥɢ�ɩɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɪɚɫɱɟɬɚ f < d, ɭɤɥɚɞɵɜɚɟɦɨɣ�ɩɪɢ�ɞɚɧɧɵɯ�ɭɫɥɨɜɢɹɯ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɨ�ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ f  = d. 

ɉɪɢ�ɭɤɥɚɞɤɟ�ɩɨɫɥɟ�ɤɪɢɜɨɣ�ɫɢɦɦɟɬɪɢɱɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɦɚɪɤɢ 
1/6 ɮɨɪɦɢɪɭɟɬɫɹ�ɫɯɟɦɚ�ɪɢɫɭɧɤɚ 2.10, ɝ.  

16/11   ȕsin)( ɟafT  �� , 
2
Įȕ 1/6 , 

sinȕ
ȕsin)( 6/111 aTef ��

 . 

ȼ�ɨɛɳɟɣ�ɩɨɫɬɚɧɨɜɤɟ�ɡɚɞɚɱ�ɪɢɫɭɧɤɚ 2.10, ɜ, ɝ�ɬɪɟɛɭɟɬɫɹ�ɨɩɪɟɞɟɥɢɬɶ�ɜɟɥɢ-
ɱɢɧɭ�ɭɝɥɚ�ȕ, ɧɚ�ɤɨɬɨɪɵɣ�ɧɟɨɛɯɨɞɢɦɨ�ɩɨɜɟɪɧɭɬɶ�ɫɟɝɦɟɧɬ�ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢɬɢɹ 
ɨɬ�ɬɨɱɤɢ Ɇ (ɧɚɱɚɥɚ�ɤɪɢɜɨɣ) ɞɨ�ɬɨɱɤɢ N (ɐɉ1), ɱɬɨɛɵ�ɨɛɟɫɩɟɱɢɬɶ�ɬɪɟɛɭɟɦɨɟ 
ɡɧɚɱɟɧɢɟ ɟ1 (ɪɢɫɭɧɨɤ 2.11).  
 
 
Ɋɢɫɭɧɨɤ 2.11 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ 
ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɜɟɥɢɱɢɧɵ�ɭɝɥɚ�ȕ 
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Ɉɩɪɟɞɟɥɹɸɬ�ɫɥɟɞɭɸɳɭɸ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ�ɪɚɫɱɟɬɨɜ: 
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Ɍɚɤ�ɤɚɤ z > 0, ɬɨ�ɜɵɱɢɫɥɹɸɬ 

.0683367,0
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eR
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ɉɪɢ�ɨɛɪɚɬɧɨɣ�ɡɚɦɟɧɟ�ɩɟɪɟɦɟɧɧɵɯ�ɢ ɟ = 5,30 ɦ�ɩɨɥɭɱɚɸɬ�ɪɟɲɟɧɢɟ 

zarctg
2
ȕ
 , ȕ = 2arctg z = 2 · 3,90999 = 7,8º. 

2.6 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ 

1 ɉɨɱɟɦɭ�ɦɟɠɞɭ�ɫɬɪɟɥɨɱɧɵɦɢ�ɩɟɪɟɜɨɞɚɦɢ�ɭɤɥɚɞɵɜɚɸɬ�ɩɪɹɦɭɸ�ɜɫɬɚɜɤɭ? 
2 Ʉɚɤɢɟ�ɦɚɪɤɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɭɤɥɚɞɵɜɚɸɬ�ɧɚ�ɝɥɚɜɧɵɯ�ɩɭɬɹɯ? 
3 Ɉɬ� ɱɟɝɨ� ɡɚɜɢɫɢɬ� ɜɟɥɢɱɢɧɚ� ɩɪɹɦɨɣ� ɜɫɬɚɜɤɢ� ɦɟɠɞɭ� ɞɜɭɦɹ� ɫɦɟɠɧɵɦɢ 

ɫɬɪɟɥɨɱɧɵɦɢ�ɩɟɪɟɜɨɞɚɦɢ? 
4 Ʉɚɤ�ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ�ɪɚɫɫɬɨɹɧɢɟ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɫɦɟɠɧɵɯ�ɩɟɪɟɜɨɞɨɜ, 

ɟɫɥɢ�ɩɨ�ɫɯɟɦɟ�ɜɡɚɢɦɧɨɣ�ɭɤɥɚɞɤɢ�ɛɨɤɨɜɵɟ�ɩɭɬɢ�ɭɥɨɠɟɧɵ�ɱɟɪɟɡ�ɦɟɠɞɭɩɭɬɶɟ? 
5 ɑɟɦɭ�ɪɚɜɧɚ�ɜɟɥɢɱɢɧɚ�ɩɪɹɦɨɣ�ɜɫɬɚɜɤɢ d�ɞɥɹ�ɩɪɨɫɬɵɯ�ɫɯɟɦ�ɫɨɟɞɢɧɟɧɢɹ 

ɫɢɦɦɟɬɪɢɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ (ɫɦ. ɪɢɫɭɧɨɤ 2.2, ɚ, ɛ)?  
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3 ɋɈȿȾɂɇȿɇɂə�Ⱦȼɍɏ�ɉɍɌȿɃ 

3.1 ɋɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ  

Ⱦɜɚ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɢ�ɢɦɟɸɬ�ɩɨɫɬɨɹɧɧɭɸ�ɜɟɥɢɱɢɧɭ�ɦɟɠɞɭɩɭɬɶɹ�ɢ�ɦɨ-
ɝɭɬ� ɫɨɟɞɢɧɹɬɶɫɹ� ɫ� ɩɨɦɨɳɶɸ� ɨɛɵɤɧɨɜɟɧɧɨɝɨ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ. ȿɫɥɢ 
ɡɧɚɱɟɧɢɟ�ɦɟɠɞɭɩɭɬɶɹ�ɧɟ�ɛɨɥɟɟ 7,5 ɦ,  ɬɨ�ɨɛɚ�ɩɭɬɢ�ɢɦɟɸɬ�ɜɵɯɨɞ�ɧɚ�ɫɬɪɟɥɨɱ-
ɧɵɣ�ɩɟɪɟɜɨɞ�ɩɨɞ�ɭɝɥɨɦ�ɦɚɪɤɢ�ɤɪɟɫɬɨɜɢɧɵ, ɚ�ɩɪɢ�ɛɨɥɶɲɟɦ�ɦɟɠɞɭɩɭɬɶɟ – ɩɨɞ 
ɬɚɤɢɦ�ɠɟ�ɭɝɥɨɦ�ɫ�ɫɨɤɪɚɳɟɧɧɵɦ�ɫɨɟɞɢɧɟɧɢɟɦ (ɪɢɫɭɧɨɤ 3.1).  

         ɚ)       

 

 

 

 

 

         ɛ) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Ɋɢɫɭɧɨɤ 3.1 – ɋɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ:  
ɚ – ɧɟɫɨɤɪɚɳɟɧɧɨɟ; ɛ – ɫɨɤɪɚɳɟɧɧɨɟ 
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Ⱦɥɢɧɵ� ɫɨɟɞɢɧɟɧɢɣ� ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ� ɨɬ� ɰɟɧɬɪɚ� ɫɜɹɡɵɜɚɸɳɟɝɨ� ɞɜɚ� ɩɭɬɢ 
ɩɟɪɟɜɨɞɚ�ɞɨ�ɤɨɧɰɚ�ɤɪɢɜɨɣ. Ⱦɥɹ�ɩɪɢɜɟɞɟɧɧɵɯ�ɫɯɟɦ  

Lc = (b + f + T)cos Į + T; 
Lck = (b + f + T)cos Į + (T + d0 + T1)cos ȕ + T1. 

Ⱦɪɭɝɢɦɢ� ɜɚɪɢɚɧɬɚɦɢ� ɫɜɹɡɢ� ɞɜɭɯ� ɩɚɪɚɥɥɟɥɶɧɵɯ� ɩɭɬɟɣ� ɹɜɥɹɸɬɫɹ� ɫɴɟɡɞɵ 
�ɪɢɫɭɧɨɤ 3.2). 

�ɚ)                 ɛ) 

 

 

 

Ɋɢɫɭɧɨɤ 3.2 – ɋɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ�ɩɨɫɪɟɞɫɬɜɨɦ�ɫɴɟɡɞɨɜ:  
ɚ – ɩɪɨɫɬɨɝɨ; ɛ – ɩɟɪɟɤɪɟɫɬɧɨɝɨ 

Ⱦɚɧɧɵɟ�ɫɯɟɦɵ�ɢɫɩɨɥɶɡɭɸɬɫɹ�ɩɪɢ�ɦɟɠɞɭɩɭɬɶɹɯ, ɧɟ�ɛɨɥɟɟ 7,5 ɦ.  
Lɫɡ = ectg Į. 

ɉɪɢ� ɲɢɪɨɤɢɯ� ɦɟɠɞɭɩɭɬɶɹɯ� ɪɟɤɨɦɟɧɞɭɟɬɫɹ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɨɤɪɚɳɟɧɧɵɟ 
ɫɴɟɡɞɵ (ɪɢɫɭɧɨɤ 3.3). 

           ɚ) 

 

 

 

 

 

 

            ɛ) 

 

 

 

 
Ɋɢɫɭɧɨɤ 3.3 – ɋɨɤɪɚɳɟɧɧɵɟ�ɫɴɟɡɞɵ: ɚ – ɩɪɨɫɬɨɣ; ɛ –�ɩɟɪɟɤɪɟɫɬɧɵɣ 

Ɋɚɫɱɟɬɧɵɟ�ɞɥɢɧɵ�ɫɴɟɡɞɨɜ Lɫɨ = Lɫɫ = 2(b + f + T)cos Į + (2T + d0)cos ȕ. 



27 
 

ɋɴɟɡɞ�ɦɟɠɞɭ�ɞɜɭɦɹ�ɩɚɪɚɥɥɟɥɶɧɵɦɢ�ɩɭɬɹɦɢ�ɦɨɠɟɬ�ɛɵɬɶ�ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ, 
ɤɨɝɞɚ� ɫɬɪɟɥɨɱɧɵɟ� ɩɟɪɟɜɨɞɵ� ɭɤɥɚɞɵɜɚɸɬɫɹ� ɫ� ɪɚɡɥɢɱɧɵɦɢ� ɦɚɪɤɚɦɢ� ɤɪɟɫɬɨ-
ɜɢɧ (ɪɢɫɭɧɨɤ 3.4). 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɨɟɞɢɧɟɧɢɟ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ�ɫɴɟɡɞɨɦ 
ɫ�ɪɚɡɥɢɱɧɵɦɢ�ɦɚɪɤɚɦɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 

Ɋɚɫɱɟɬɧɵɣ�ɩɚɪɚɦɟɬɪ 
Lɫɧ = (b1 + f1 + T)cos Į1 + (T + f2 + b2)cos Į2. 

3.2 ɋɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�ɧɟɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ 

ȼ�ɨɩɪɟɞɟɥɟɧɧɵɯ�ɭɫɥɨɜɢɹɯ�ɬɪɟɛɭɟɬɫɹ� ɨɛɟɫɩɟɱɢɬɶ�ɫɨɟɞɢɧɟɧɢɟ�ɞɜɭɯ�ɧɟɩɚ-
ɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ�ɫɬɪɟɥɨɱɧɵɦ�ɩɟɪɟɜɨɞɨɦ�ɢɥɢ�ɫɴɟɡɞɨɦ (ɪɢɫɭɧɨɤ 3.5).  

ɚ)      ɛ) 

 

 

 

 
 
Ɋɢɫɭɧɨɤ 3.5 – ɋɨɟɞɢɧɟɧɢɹ�ɧɟɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ: 

ɚ – ɨɛɵɤɧɨɜɟɧɧɵɦ�ɫɬɪɟɥɨɱɧɵɦ�ɩɟɪɟɜɨɞɨɦ; 
ɛ – ɫɴɟɡɞɨɦ�ɫɨ�ɫɬɪɟɥɨɱɧɵɦɢ�ɩɟɪɟɜɨɞɚɦɢ�ɪɚɡɥɢɱɧɵɯ�ɦɚɪɨɤ   

Ⱦɥɢɧɵ�ɜɫɟɯ�ɫɨɟɞɢɧɟɧɢɣ (ɫɦ. ɪɢɫɭɧɨɤ 3.5) ɨɩɪɟɞɟɥɹɸɬɫɹ�ɩɨ�ɮɨɪɦɭɥɚɦ: 

Lc = (b + f + T)cos Į + Tcos (Į – ȕ); 
Lcc = (b1 + f1 + T)cos Į1 + (T + f2 + b2)cos (Į1 – Į2). 

3.3 ɋɨɜɦɟɳɟɧɢɟ�ɩɭɬɟɣ 

Ʉɨɧɫɬɪɭɤɰɢɨɧɧɨɣ�ɨɫɨɛɟɧɧɨɫɬɶɸ�ɫɨɜɦɟɳɟɧɢɹ�ɹɜɥɹɟɬɫɹ�ɩɟɪɟɫɟɱɟɧɢɟ�ɞɜɭɯ 
ɩɭɬɟɣ�ɪɚɡɥɢɱɧɨɣ�ɤɨɥɟɢ ɟ1�ɢ ɟ2�ɫ�ɫɨɜɦɟɳɟɧɢɟɦ�ɨɞɧɨɝɨ�ɪɟɥɶɫɚ�ɞɥɹ�ɞɜɢɠɟɧɢɹ 
ɩɨ�ɨɛɨɢɦ�ɩɭɬɹɦ (ɪɢɫɭɧɨɤ 3.6).   
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Ɋɢɫɭɧɨɤ 3.6 – ɋɯɟɦɚ�ɫɨɜɦɟɳɟɧɢɹ�ɩɭɬɟɣ 

 

 
ɉɨɞɨɛɧɵɟ�ɫɯɟɦɵ�ɩɪɢɦɟɧɹɸɬɫɹ�ɧɚ�ɩɟɪɟɝɪɭɡɨɱɧɵɯ�ɫɬɚɧɰɢɹɯ�ɩɪɢ�ɧɟɨɛɯɨ-

ɞɢɦɨɫɬɢ�ɜɵɝɪɭɡɤɢ�ɢ�ɩɨɝɪɭɡɤɢ�ɝɪɭɡɨɜɵɯ�ɜɚɝɨɧɨɜ�ɭɡɤɨɣ�ɢ�ɲɢɪɨɤɨɣ�ɤɨɥɟɢ�ɱɟ-
ɪɟɡ�ɩɨɜɵɲɟɧɧɵɣ�ɩɭɬɶ�ɜ�ɫɤɥɚɞ�ɢ�ɨɛɪɚɬɧɨ�ɜ�ɜɚɝɨɧɵ. Ɉɫɢ�ɞɜɭɯ�ɩɭɬɟɣ (ɲɢɪɨɤɨ-
ɝɨ�ɢ�ɭɡɤɨɝɨ) ɩɟɪɟɫɟɤɚɸɬɫɹ�ɜ�ɬɨɱɤɟ Ɉ1. Ɉɫɢ�ɨɫɧɨɜɧɨɝɨ�ɢ�ɛɨɤɨɜɨɝɨ�ɭɡɤɨɝɨ�ɩɭɬɢ 
ɩɟɪɟɫɟɤɚɸɬɫɹ�ɜ�ɬɨɤɟ Ɉ2. Ⱦɥɢɧɭ�ɫɨɟɞɢɧɟɧɢɹ Lc�ɨɩɪɟɞɟɥɹɸɬ�ɤɚɤ�ɪɚɫɫɬɨɹɧɢɟ�ɨɬ 
ɩɟɪɟɞɧɟɝɨ�ɫɬɵɤɚ�ɪɚɦɧɨɝɨ�ɪɟɥɶɫɚ�ɞɨ�ɡɚɞɧɟɝɨ�ɫɬɵɤɚ�ɤɪɟɫɬɨɜɢɧɵ�ɫɬɪɟɥɨɱɧɨɝɨ 
ɩɟɪɟɜɨɞɚ, ɧɨ�ɬɨɥɶɤɨ�ɫ�ɨɞɧɢɦ�ɨɫɬɪɹɤɨɦ.  

3.4 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  

Ɂɚɞɚɱɚ 1�ɋɨɝɥɚɫɧɨ�ɫɯɟɦɟ�ɪɢɫɭɧɤɚ 3.3, ɚ�ɜɵɱɢɫɥɢɬɶ�ɜɟɥɢɱɢɧɭ�ɦɟɠɞɭɩɭ-
ɬɶɹ ɟ�ɩɪɢ d0 = 0, f = 0, tg Į = 1/9, ȕ = 2Į, R = 200 ɦ. 

Ɂɚɞɚɱɚ 2� Ɉɩɪɟɞɟɥɢɬɶ� ɞɥɢɧɭ� ɫɨɟɞɢɧɟɧɢɹ� ɩɭɬɟɣ� ɞɥɹ� ɫɯɟɦɵ� ɪɢɫɭɧɤɚ 3.4 
ɩɪɢ tg Į1 = = 1/9, tg Į2 = 1/11,  f1 = f2 = 4,5 ɦ. 

Ɂɚɞɚɱɚ 3� ȼɵɱɢɫɥɢɬɶ� ɜɟɥɢɱɢɧɭ� ɦɟɠɞɭɩɭɬɶɹ ɟ� ɞɥɹ� ɫɯɟɦɵ� ɪɢɫɭɧɤɚ 3.4  ɢ 
ɭɫɥɨɜɢɣ�ɩɪɟɞɵɞɭɳɟɣ�ɡɚɞɚɱɢ. 

Ɂɚɞɚɱɚ 4�ȼɵɱɢɫɥɢɬɶ�ɜɟɥɢɱɢɧɭ�ɩɪɹɦɨɣ�ɜɫɬɚɜɤɢ f�ɜ�ɫɨɟɞɢɧɟɧɢɢ�ɞɜɭɯ�ɧɟɩɚ-
ɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ (ɫɦ. ɪɢɫɭɧɨɤ 3.5, ɚ) ɩɪɢ�Į1/9, ȕ = Į1/9/2, Ɍ = 3 ɦ, Lc = 30 ɦ. 

Ɂɚɞɚɱɚ 5�ɋɨɝɥɚɫɧɨ� ɫɯɟɦɟ�ɪɢɫɭɧɤɚ 3.1, ɛ� ɡɚɩɢɫɚɬɶ�ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɜɵɪɚ-
ɠɟɧɢɹ� ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɞɥɢɧɵ� ɫɨɟɞɢɧɟɧɢɹ� ɞɜɭɯ� ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ Lck� ɢ 
ɜɟɥɢɱɢɧɵ�ɦɟɠɞɭɩɭɬɶɹ ɟ ɩɪɢ R1 = R ɢ d0 = f. 

3.5 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 1.�ɉɪɨɟɰɢɪɨɜɚɧɢɟɦ�ɧɚ�ɨɫɶ OY�ɜɫɟɯ�ɩɟɪɟɱɢɫɥɟɧɧɵɯ�ɷɥɟ-
ɦɟɧɬɨɜ�ɫɨɤɪɚɳɟɧɧɨɝɨ�ɫɴɟɡɞɚ�ɪɢɫɭɧɤɚ 3.3, ɚ�ɩɨɥɭɱɚɸɬ�ɜɵɪɚɠɟɧɢɟ 

,Į2sin2Įsin)(2 9/1 eTTb  ��  
ɝɞɟ 

.
2
ĮtgRT  

 
ɉɪɢ b1/9 = 15,64 ɦ 

ɦ.01,6)3402,62sin(
2

3402,6tg23402,6sin
2

6.3402tg64,152  ��¸
¹
·

¨
©
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Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 2.�ɋɨɝɥɚɫɧɨ�ɪɚɫɱɟɬɧɨɣ�ɦɨɞɟɥɢ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 3.4 

Lɫɧ = (b1/9 + f + T)cos Į1/9 + (T + f + b1/11)cos Į1/11, 

.
2
ĮĮtg 11/11/9 � RT

 
Lɫɧ = (15,64 + 4,5 + 1,998) · cos 6,3402 + (1,998 + 4,5 + 19,31) ×  

× cos 5,1944 = 47,70 ɦ. 
Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 3.�ɉɪɢ�ɩɪɨɟɰɢɪɨɜɚɧɢɢ�ɷɥɟɦɟɧɬɨɜ�ɫɨɟɞɢɧɟɧɢɹ�ɧɚ�ɨɫɶ OY 

ɜɟɥɢɱɢɧɚ�ɦɟɠɞɭɩɭɬɶɹ 
 ����� 1/119/11/99/1 Įsin)(Įsin)( bfTTfbe  

= (15,64 + 4,5 + 1,98) · 0,110433 + (1,98 + 4,5 + 19,31) · 0,090535 = 4,78 ɦ. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 4.�ɉɨ�ɪɚɫɱɟɬɧɨɣ�ɫɯɟɦɟ�ɪɢɫɭɧɤɚ 3.5, ɚ  

Lɫ = (b + f + T)cos Į + Tcos (Į – ȕ), 
ɨɬɤɭɞɚ 

 
���

 
Įcos

2
Įcos)cosĮ( TTbL

f
c

 

ɦ.64,8
9939,0

9985,030,9939)3(15,6430
 

�����
 

 
Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 5.  

Lɫk = (b + f + T)cos Į + (T + T1 + d0)cos ȕ + T1, 

,
2

 Įȕtg �
 RT ,

2
 ȕtg1 RT   

e = (b + f + T1)sin Į + (T + T1 + d0)sin ȕ. 

3.6 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ 

1 ɑɟɦ�ɨɬɥɢɱɚɟɬɫɹ�ɩɪɹɦɚɹ�ɜɫɬɚɜɤɚ d0�ɨɬ�ɜɫɬɚɜɤɢ f (ɫɦ. ɪɢɫɭɧɨɤ 3.1, ɛ)?  
2 ɉɨɱɟɦɭ� ɫɨɤɪɚɳɟɧɧɵɟ� ɫɨɟɞɢɧɟɧɢɹ� ɩɭɬɟɣ� ɪɟɤɨɦɟɧɞɭɸɬ� ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɪɢ�ɲɢɪɨɤɢɯ�ɦɟɠɞɭɩɭɬɶɹɯ? 
3 Ʉɚɤɢɟ� ɦɟɠɞɭɩɭɬɶɹ� ɫɱɢɬɚɸɬɫɹ� ɧɨɪɦɚɥɶɧɵɦɢ� ɧɚ� ɫɬɚɧɰɢɢ, ɚ� ɤɚɤɢɟ� í 

ɭɲɢɪɟɧɧɵɦɢ? 
4 ɉɨɱɟɦɭ�ɪɚɫɫɬɨɹɧɢɟ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɩɟɪɟɜɨɞɨɜ�ɨɛɵɤɧɨɜɟɧɧɨɝɨ�ɫɴɟɡɞɚ 

�ɫɦ. ɪɢɫɭɧɨɤ 3.2, ɚ) ɪɚɫɫɱɢɬɵɜɚɸɬ�ɩɨ�ɮɨɪɦɭɥɟ Lɫɡ = ectg Į?   
5 Ʉɨɝɞɚ�ɜɨɡɧɢɤɚɟɬ�ɧɟɨɛɯɨɞɢɦɨɫɬɶ�ɭɤɥɚɞɤɢ�ɜ�ɫɴɟɡɞɟ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨ-

ɞɨɜ�ɪɚɡɥɢɱɧɵɯ�ɦɚɪɨɤ�ɤɪɟɫɬɨɜɢɧɵ? 
6 ɑɬɨ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ� ɬɨɱɤɚ� ɩɟɪɟɫɟɱɟɧɢɹ� ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ� ɭɱɚɫɬɤɨɜ 

ɩɭɬɟɣ�ɜ�ɩɟɪɟɤɪɟɫɬɧɨɦ�ɫɨɤɪɚɳɟɧɧɨɦ�ɫɴɟɡɞɟ (ɫɦ. ɪɢɫɭɧɨɤ 3.3, ɛ)? 
7 ɑɟɦ�ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ�ɨɬɥɢɱɚɟɬɫɹ�ɫɨɜɦɟɳɟɧɢɟ�ɨɬ�ɫɩɥɟɬɟɧɢɹ�ɩɭɬɟɣ? 
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4 ɉȿɊȿɋȿɑȿɇɂə�Ⱦȼɍɏ�ɉɍɌȿɃ 

4.1 ɉɟɪɟɫɟɱɟɧɢɟ�ɩɭɬɟɣ  
ɫ�ɩɨɦɨɳɶɸ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ  

ɉɟɪɟɤɪɟɫɬɧɵɣ� ɫɬɪɟɥɨɱɧɵɣ� ɩɟɪɟɜɨɞ� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɩɟɪɟɫɟɱɟɧɢɟ� ɞɜɭɯ� ɩɭ-
ɬɟɣ�ɫ�ɦɢɧɢɦɚɥɶɧɨɣ�ɞɥɢɧɨɣ�ɫɨɟɞɢɧɟɧɢɹ (ɪɢɫɭɧɨɤ 4.1). 

ɚ) 

 

 

 

 

�ɛ) 

 

 
 

Ɋɢɫɭɧɨɤ 4.1 – ȼɢɞɵ�ɩɟɪɟɫɟɱɟɧɢɹ�ɩɭɬɟɣ�ɫ�ɩɨɦɨɳɶɸ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɩɟɪɟɜɨɞɚ: 
ɚ – ɜ�ɪɟɥɶɫɚɯ; ɛ – ɜ�ɨɫɹɯ�ɩɭɬɟɣ 

ɉɟɪɟɤɪɟɫɬɧɵɣ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ�ɡɚɦɟɧɹɟɬ�ɞɜɚ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɩɟɪɟɜɨ-
ɞɚ, ɭɤɥɚɞɵɜɚɟɦɵɯ�ɧɚɜɫɬɪɟɱɭ� ɞɪɭɝ� ɞɪɭɝɭ. Ɉɫɨɛɟɧɧɨɫɬɶɸ�ɞɚɧɧɨɝɨ�ɩɟɪɟɫɟɱɟ-
ɧɢɹ�ɹɜɥɹɟɬɫɹ�ɜɨɡɦɨɠɧɨɫɬɶ�ɜɵɯɨɞɚ�ɫ�ɨɫɧɨɜɧɨɝɨ�ɦɚɪɲɪɭɬɚ (ɩɨ�ɩɪɹɦɨɣ) ɧɚ�ɛɨ-
ɤɨɜɨɣ. Ⱦɥɢɧɚ� ɩɟɪɟɫɟɱɟɧɢɹ Lɩ� ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ� ɪɚɫɫɬɨɹɧɢɟɦ�ɦɟɠɞɭ� ɡɚɞɧɢɦɢ 
ɫɬɵɤɚɦɢ�ɤɪɟɫɬɨɜɢɧ. 

4.2 Ƚɥɭɯɨɟ�ɩɟɪɟɫɟɱɟɧɢɟ�ɩɭɬɟɣ 
ɉɪɢ� ɢɫɤɥɸɱɟɧɢɢ� ɢɡ� ɩɟɪɟɤɪɟɫɬɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɫɬɪɟɥɨɤ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɩɟɪɟɯɨɞ�ɧɚ�ɛɨɤɨɜɵɟ�ɩɭɬɢ, ɩɨɥɭɱɚɟɬɫɹ�ɝɥɭɯɨɟ�ɩɟɪɟɫɟɱɟɧɢɟ (ɪɢɫɭɧɨɤ 4.2).  

             ɚ)             ɛ) 

 

 

 
 

Ɋɢɫɭɧɨɤ 4.2 – Ƚɥɭɯɨɟ�ɩɟɪɟɫɟɱɟɧɢɟ:  
ɚ – ɩɪɹɦɨɭɝɨɥɶɧɨɟ; ɛ – ɤɨɫɨɭɝɨɥɶɧɨɟ 

ɉɪɹɦɨɣ�ɭɝɨɥ�ɩɟɪɟɫɟɱɟɧɢɹ�ɩɭɬɟɣ�ɨɩɪɟɞɟɥɹɟɬ�ɩɪɹɦɨɭɝɨɥɶɧɭɸ�ɤɨɧɮɢɝɭɪɚ-
ɰɢɸ�ɩɟɪɟɫɟɱɟɧɢɹ. ȿɫɥɢ�ɭɝɨɥ�ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ�ɩɭɬɟɣ�ɧɟ�ɪɚɜɟɧ 90°, ɬɨ�ɝɥɭɯɨɟ 
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ɩɟɪɟɫɟɱɟɧɢɟ�ɧɚɡɵɜɚɟɬɫɹ�ɤɨɫɨɭɝɨɥɶɧɵɦ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɭɝɥɵ�ɩɟɪɟɫɟɱɟɧɢɹ�ɩɭ-
ɬɟɣ tgȖ = 2/6, 2/9, 2/11 ɢ 30, 45, 60, 75°. ɉɟɪɟɫɟɤɚɬɶɫɹ�ɩɭɬɢ�ɦɨɝɭɬ�ɨɞɧɨɣ�ɢɥɢ 
ɪɚɡɧɨɣ�ɲɢɪɢɧɵ� ɤɨɥɟɢ. Ʉɨɧɫɬɪɭɤɰɢɹ� ɝɥɭɯɢɯ�ɩɟɪɟɫɟɱɟɧɢɣ� ɜɤɥɸɱɚɟɬ� ɤɪɟɫɬɨ-
ɜɢɧɵ� ɢ� ɤɨɧɬɪɪɟɥɶɫɵ. Ⱦɥɢɧɚ� ɩɟɪɟɫɟɱɟɧɢɹ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɩɨ� ɡɚɞɧɢɦ� ɫɬɵɤɚɦ 
ɤɪɟɫɬɨɜɢɧ. Ƚɥɭɯɢɟ� ɩɟɪɟɫɟɱɟɧɢɹ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɜ� ɝɨɪɥɨɜɢɧɚɯ� ɫɬɚɧɰɢɣ� ɢ� ɧɚ 
ɩɨɞɴɟɡɞɧɵɯ� ɩɭɬɹɯ. Ɇɟɠɞɭ� ɞɪɭɝɢɦɢ� ɫɬɪɟɥɨɱɧɵɦɢ  ɩɟɪɟɜɨɞɚɦɢ� ɢ� ɝɥɭɯɢɦɢ 
ɩɟɪɟɫɟɱɟɧɢɹɦɢ�ɪɟɤɨɦɟɧɞɭɸɬ�ɭɤɥɚɞɵɜɚɬɶ�ɩɪɹɦɵɟ�ɫɬɚɜɤɢ�ɞɥɢɧɨɣ 4,5 ɦ.   

4.3 ɍɫɬɪɨɣɫɬɜɚ�ɩɭɬɢ�ɞɥɹ�ɩɨɜɨɪɨɬɚ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ 

Ⱦɥɹ�ɫɜɹɡɢ�ɩɭɬɟɣ�ɜ�ɥɨɤɨɦɨɬɢɜɨɦ�ɞɟɩɨ, ɩɪɨɟɤɬɢɪɭɟɦɵɯ�ɩɨ�ɜɟɟɪɧɨɣ�ɫɯɟɦɟ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ�ɩɨɜɨɪɨɬɧɵɣ�ɤɪɭɝ (ɪɢɫɭɧɨɤ 4.3).  

ɚ)     ɛ) 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 4.3 – ɉɨɜɨɪɨɬɧɵɣ�ɤɪɭɝ:  
ɚ – ɤɨɧɫɬɪɭɤɰɢɹ; ɛ – ɫɯɟɦɚ�ɫɜɹɡɢ�ɩɭɬɟɣ�ɜ�ɞɟɩɨ 

ɉɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɧɟɤɨɬɨɪɵɯ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɨɩɟɪɚɰɢɣ� ɩɨ� ɨɛɫɥɭɠɢɜɚ-
ɧɢɸ�ɜɚɝɨɧɨɜ�ɪɚɛɨɱɟɝɨ�ɩɚɪɤɚ�ɢ�ɢɫɩɵɬɚɧɢɸ�ɧɨɜɵɯ�ɜɚɝɨɧɨɜ�ɬɪɟɛɭɟɬɫɹ�ɪɚɡɜɨ-
ɪɨɬ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ. Ɉɫɧɨɜɧɵɟ�ɤɨɧɫɬɪɭɤɰɢɢ�ɞɚɧɧɵɯ�ɭɫɬɪɨɣɫɬɜ�ɫɜɹɡɚɧɵ 
ɫ�ɫɨɨɪɭɠɟɧɢɟɦ�ɪɚɡɜɨɪɨɬɧɵɯ�ɬɪɟɭɝɨɥɶɧɢɤɨɜ�ɢ�ɩɟɬɥɟɜɵɯ�ɯɨɞɨɜ (ɪɢɫɭɧɨɤ 4.4). 

     ɚ)           ɛ) 

 

 

 

 

Ɋɢɫɭɧɨɤ 4.4 – Ɋɚɡɜɨɪɨɬɧɵɟ�ɭɫɬɪɨɣɫɬɜɚ�ɩɭɬɢ: ɚ – ɬɪɟɭɝɨɥɶɧɢɤ; ɛ – ɩɟɬɥɹ 

4.4 ɋɩɥɟɬɟɧɢɟ�ɩɭɬɟɣ 

ɋɩɥɟɬɟɧɢɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɤɚɤ� ɩɟɪɟɫɟɱɟɧɢɟ� ɩɭɬɟɣ� ɩɨ� ɨɞɧɨɦɭ� ɪɟɥɶɫɭ� ɫ 
ɩɟɪɟɯɨɞɨɦ�ɨɛɨɢɯ�ɩɭɬɟɣ�ɧɚ�ɨɞɧɨ�ɡɟɦɥɹɧɨɟ�ɩɨɥɨɬɧɨ�ɢ�ɫɨɯɪɚɧɟɧɢɟɦ�ɜɫɟɯ�ɱɟ-
ɬɵɪɟɯ�ɪɟɥɶɫɨɜɵɯ�ɧɢɬɟɣ�ɩɨ�ɞɥɢɧɟ�ɜɫɟɝɨ�ɩɟɪɟɫɟɱɟɧɢɹ (ɪɢɫɭɧɨɤ 4.5).  

ɋɩɥɟɬɟɧɢɟ�ɩɭɬɟɣ�ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ�ɧɚɥɢɱɢɟɦ�ɞɜɭɯ�ɤɪɟɫɬɨɜɢɧ�ɢ�ɨɬɫɭɬɫɬɜɢ-
ɟɦ�ɨɫɬɪɹɤɨɜ. 
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Ɋɢɫɭɧɨɤ 4.5 – ɋɩɥɟɬɟɧɢɟ�ɩɭɬɟɣ 

Ⱦɥɢɧɚ� ɩɟɪɟɫɟɱɟɧɢɹ Lc� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɦɟɠɞɭ� ɤɨɧɰɚɦɢ� ɤɪɢɜɵɯ� ɧɚ� ɩɭɬɢ, 
ɫɩɥɟɬɚɸɳɢɦɫɹ�ɫ�ɨɫɧɨɜɧɵɦ�ɩɭɬɟɦ. 

4.5 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  
Ɂɚɞɚɱɚ 1�Ɋɚɫɫɱɢɬɚɬɶ�ɢ�ɫɪɚɜɧɢɬɶ�ɞɥɢɧɵ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟ-

ɜɨɞɚ�ɢ�ɩɟɪɟɫɟɱɟɧɢɹ�ɩɭɬɢ� ɫ�ɩɨɦɨɳɶɸ�ɞɜɭɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɩɨ�ɫɯɟɦɟ 
ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ�ɨɫɬɪɹɤɚɦɢ�ɞɪɭɝ�ɤ�ɞɪɭɝɭ. 

Ɂɚɞɚɱɚ 2�ȿɫɥɢ�ɩɨɥɧɚɹ�ɞɥɢɧɚ�ɤɨɫɨɭɝɨɥɶɧɨɝɨ�ɝɥɭɯɨɝɨ�ɩɟɪɟɫɟɱɟɧɢɹ�ɦɚɪɤɢ 
2/9 ɪɚɜɧɚ L2/9, ɬɨ�ɱɟɦɭ�ɪɚɜɧɚ�ɞɥɢɧɚ�ɤɨɫɨɭɝɨɥɶɧɨɝɨ�ɝɥɭɯɨɝɨ�ɩɟɪɟɫɟɱɟɧɢɹ�ɦɚɪ-
ɤɢ 2/6 ɩɪɢ�ɪɚɜɧɵɯ�ɡɧɚɱɟɧɢɹɯ�ɜɫɟɯ�ɨɫɬɚɥɶɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ? 

Ɂɚɞɚɱɚ 3�Ɉɩɪɟɞɟɥɢɬɶ�ɦɚɤɫɢɦɚɥɶɧɨɟ�ɤɨɥɢɱɟɫɬɜɨ�ɩɭɬɟɣ, ɭɤɥɚɞɵɜɚɟɦɵɯ�ɩɨ 
ɩɟɪɢɦɟɬɪɭ�ɩɨɜɨɪɨɬɧɨɝɨ�ɤɪɭɝɚ�ɫ�ɞɢɚɦɟɬɪɨɦ, ɪɚɜɧɵɦ�ɞɥɢɧɟ�ɥɨɤɨɦɨɬɢɜɚ. 

Ɂɚɞɚɱɚ 4� Ɋɚɫɫɱɢɬɚɬɶ� ɞɥɢɧɭ� ɦɚɪɲɪɭɬɨɜ� ɩɟɪɟɞɜɢɠɟɧɢɹ� ɦɚɧɟɜɪɨɜɨɝɨ� ɥɨ-
ɤɨɦɨɬɢɜɚ� ɫ� ɨɞɧɢɦ� ɜɚɝɨɧɨɦ� ɩɨ� ɪɚɡɜɨɪɨɬɧɵɦ� ɭɫɬɪɨɣɫɬɜɚɦ� ɩɭɬɢ� ɬɢɩɚ «ɬɪɟ-
ɭɝɨɥɶɧɢɤ» ɢ «ɩɟɬɥɹ» (ɫɦ. ɪɢɫɭɧɨɤ 4.4). Ⱦɥɢɧɵ� ɬɭɩɢɤɨɜɵɯ� ɭɱɚɫɬɤɨɜ� ɬɪɟ-
ɭɝɨɥɶɧɢɤɚ�ɩɪɢɧɢɦɚɬɶ�ɪɚɜɧɨɣ�ɫɭɦɦɚɪɧɨɣ�ɞɥɢɧɟ�ɥɨɤɨɦɨɬɢɜɚ�ɢ�ɜɚɝɨɧɚ (ɩɥɸɫ 
10 ɦ� ɧɚ� ɧɟɬɨɱɧɨɫɬɶ� ɩɨɥɨɠɟɧɢɹ). ȼɫɟ� ɪɚɡɜɨɪɨɬɧɵɟ� ɭɫɬɪɨɣɫɬɜɚ� ɩɭɬɢ� ɢɦɟɸɬ 
ɤɪɢɜɵɟ� ɭɱɚɫɬɤɢ�ɪɚɞɢɭɫɨɦ 200 ɦ, ɤɨɬɨɪɵɟ�ɦɨɝɭɬ� ɭɤɥɚɞɵɜɚɬɶɫɹ�ɛɟɡ� ɩɪɹɦɵɯ 
ɜɫɬɚɜɨɤ, ɢ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ�ɦɚɪɤɢ�ɤɪɟɫɬɨɜɢɧɵ 1/9. 

Ɂɚɞɚɱɚ 5�Ɂɚɩɢɫɚɬɶ�ɨɛɳɟɟ�ɚɧɚɥɢɬɢɱɟɫɤɨɟ�ɜɵɪɚɠɟɧɢɟ�ɞɥɢɧɵ�ɫɩɥɟɬɟɧɢɹ�ɩɭɬɟɣ. 
4.6 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 1. ɋɨɝɥɚɫɧɨ�ɷɩɸɪɟ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ  
ɦɚɪɤɢ 1/9 ɬɢɩɚ�Ɋ65 (ɪɢɫɭɧɨɤ 4.6) ɟɝɨ�ɩɨɥɧɚɹ�ɞɥɢɧɚ�ɫɨɫɬɚɜɥɹɟɬ 47,653 ɦ. 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 4.6 – ɋɯɟɦɚ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ  
ɫ�ɩɨɥɧɨɣ�ɞɥɢɧɨɣ�ɩɟɪɟɫɟɱɟɧɢɹ 
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Ⱦɥɢɧɚ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ� ɩɟɪɟɫɟɱɟɧɢɹ� ɫ� ɩɨɦɨɳɶɸ� ɩɚɪɵ� ɨɛɵɤɧɨɜɟɧɧɵɯ 
�ɫɦ. ɪɢɫɭɧɨɤ 2.1, ɛ) ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ  ɩɪɢ�ɭɤɥɚɞɤɟ�ɧɚ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɭ-
ɬɹɯ�ɫɨɫɬɚɜɥɹɟɬ: 

Lɨɛɵɤɧ = b1/9 + a1/9 + d + a1/9 + b1/9; 
Lɨɛɵɤɧ = 15,93 + 15,22 + 6,25 + 15,22 + 15,93 = 68,55 ɦ. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɩɟɪɟɤɪɟɫɬɧɨɝɨ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɩɨ 
ɫɪɚɜɧɟɧɢɸ�ɫɨ�ɜɡɚɢɦɧɨɣ� ɭɤɥɚɞɤɨɣ� ɞɜɭɯ� ɨɛɵɤɧɨɜɟɧɧɵɯ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨ-
ɞɨɜ�ɩɪɢɜɨɞɢɬ�ɞɥɹ�ɤɨɧɤɪɟɬɧɨɣ�ɫɯɟɦɵ�ɤ�ɫɨɤɪɚɳɟɧɢɸ�ɨɛɳɟɣ�ɞɥɢɧɵ�ɩɟɪɟɫɟɱɟ-
ɧɢɹ�ɩɭɬɟɣ�ɧɚ 68,55 – 47,65 = 20,90 ɦ. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 2.�Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɞɥɹ�ɪɟɲɟɧɢɹ�ɞɚɧɧɨɣ�ɡɚɞɚɱɢ�ɩɪɢɜɟɞɟɧɚ 
ɧɚ�ɪɢɫɭɧɤɟ 4.7. 

 

 

 

 

Ɋɢɫɭɧɨɤ 4.7 – Ʉɨɫɨɭɝɨɥɶɧɨɟ�ɝɥɭɯɨɟ�ɩɟɪɟɫɟɱɟɧɢɟ 

Ⱦɥɢɧɚ�ɤɨɫɨɭɝɨɥɶɧɨɝɨ�ɫɨɟɞɢɧɟɧɢɹ 

.
2

Ȗcos2 9/2
19/2 lL  

 
ɋɨɝɥɚɫɧɨ� ɭɫɥɨɜɢɸ�ɩɨɫɬɚɜɥɟɧɧɨɣ� ɡɚɞɚɱɢ� ɜɫɟ�ɩɚɪɚɦɟɬɪɵ�ɝɥɭɯɨɝɨ�ɩɟɪɟɫɟ-

ɱɟɧɢɹ�ɦɚɪɤɢ 2/6 ɫɨɯɪɚɧɹɸɬɫɹ. Ɍɨɝɞɚ 

.
2

Ȗcos2 6/2
16/2 lL  

 
Ⱦɥɢɧɚ�ɫɨɟɞɢɧɟɧɢɹ�ɦɚɪɤɢ 2/6 ɛɭɞɟɬ�ɤɨɪɨɱɟ�ɫɨɟɞɢɧɟɧɢɹ 2/9 ɧɚ�ɜɟɥɢɱɢɧɭ 

.
2
Ȗcos2

2
Ȗcos2 2/6

1
9/2

1 ll �  

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 3.�Ⱦɥɢɧɚ�ɨɤɪɭɠɧɨɫɬɢ�ɫ�ɞɢɚɦɟɬɪɨɦ lɥɨɤ = 17 ɦ  
L = ʌlɥɨɤ = 3,14 · 17 = 53,38 ɦ. 

ɇɚ�ɭɤɥɚɞɤɭ�ɨɞɧɨɝɨ�ɩɭɬɢ�ɬɪɟɛɭɟɬɫɹ�ɱɚɫɬɶ�ɞɥɢɧɵ�ɨɤɪɭɠɧɨɫɬɢ  
Lɩɭɬ = ɟɤ + 2bɪɟɥɶɫ, 

ɝɞɟ ɟɤ – ɲɢɪɢɧɚ�ɤɨɥɟɢ, ɟɤ = 1,52 ɦ, 
bɪɟɥɶɫ – ɲɢɪɢɧɚ�ɩɨɞɨɲɜɵ�ɪɟɥɶɫɚ�ɬɢɩɚ�Ɋ50, bɪɟɥɶɫ = 132 ɦɦ. 

Lɩɭɬ = 1,52 + 2 · 0,132 = 1,784 ɦ. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ�ɱɢɫɥɨ�ɭɤɥɚɞɵɜɚɟɦɵɯ�ɩɭɬɟɣ�ɩɨ�ɜɫɟɦɭ�ɩɟɪɢɦɟɬɪɭ�ɩɨɜɨɪɨɬ-

ɧɨɝɨ�ɤɪɭɝɚ 
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.29
784,1

38,53
2
ʌ

ɪɟɥɶɫ

ɥɨɤ
ɩɭɬ  »¼

º
«¬

ª 
»
»
¼

º

«
«
¬

ª

�
 

be
ln  

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 4.�Ⱦɥɹ�ɪɟɲɟɧɢɹ�ɡɚɞɚɱɢ�ɩɪɢɧɢɦɚɸɬ�ɫɥɟɞɭɸɳɢɟ�ɢɫɯɨɞ-
ɧɵɟ�ɞɚɧɧɵɟ: 

- ɞɥɢɧɚ�ɨɬ�ɩɟɪɟɞɧɟɝɨ�ɫɬɵɤɚ�ɪɚɦɧɨɝɨ�ɪɟɥɶɫɚ�ɞɨ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ   ɚ = 15,64 ɦ;  
- ɞɥɢɧɚ�ɜɚɝɨɧɚ lɜɚɝ = 15 ɦ; 
- ɞɥɢɧɚ�ɥɨɤɨɦɨɬɢɜɚ lɥɨɤ = 17 ɦ. 
1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ�ɪɚɡɜɨɪɨɬɧɨɝɨ�ɭɫɬɪɨɣɫɬɜɚ�ɬɢɩɚ «ɬɪɟɭɝɨɥɶɧɢɤ». 
Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɪɚɡɜɨɪɨɬɧɨɝɨ�ɬɪɟɭɝɨɥɶɧɢɤɚ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 4.8. 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 4.8 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɪɚɡɜɨɪɨɬɧɨɝɨ�ɬɪɟɭɝɨɥɶɧɢɤɚ 

Ɍɚɧɝɟɧɫ Ɍ1 ɤɪɢɜɨɣ, ɭɤɥɚɞɵɜɚɟɦɨɣ�ɦɟɠɞɭ�ɩɟɪɟɜɨɞɚɦɢ 1 ɢ 2 ɨɬ�ɰɟɧɬɪɚ Ɉ1,  

 
Ⱦɥɢɧɵ�ɭɱɚɫɬɤɨɜ�ɩɪɹɦɵɯ�ɨɬ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 2 ɢ 3 ɞɨ�ɭɩɨɪɨɜ�ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɳɢɯ�ɬɭɩɢɤɨɜɵɯ�ɩɭɬɟɣ 
L2-ɭɩ(3-ɭɩ) = ɚ + lɫɨɫɬ = ɚ + lɜɚɝ + lɥɨɤ + 10 = 15,46 + 15 + 17 + 10 = 57,46 ɦ. 

Ɍɚɧɝɟɧɫ Ɍ2 ɤɪɢɜɨɣ, ɭɤɥɚɞɵɜɚɟɦɨɣ�ɦɟɠɞɭ�ɩɟɪɟɜɨɞɚɦɢ 2 ɢ 3 ɨɬ�ɰɟɧɬɪɚ Ɉ2,  

 
ɉɨɥɟɡɧɚɹ�ɞɥɢɧɚ�ɩɪɹɦɨɝɨ�ɭɱɚɫɬɤɚ�ɩɭɬɢ�ɦɟɠɞɭ�ɩɟɪɟɜɨɞɚɦɢ 1 ɢ 3 

p = 2(lɩɪɟɞ – b) + T1cos Į + (b + T2)cos (90 – Į) + (T2 + b)cos Į, 
ɝɞɟ lɩɪɟɞ – ɪɚɫɫɬɨɹɧɢɟ�ɨɬ�ɰɟɧɬɪɨɜ�ɩɟɪɟɜɨɞɨɜ 1 ɢ 3 ɞɨ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɩɨɥɨ-

ɠɟɧɢɣ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ, lɩɪɟɞ = 43 ɦ. 
ɪ = 2(43 – 15,64) + 179 · cos 6,3402 + (15,64 + 160)cos (90 – 6,3402) + 

       + (160 + 15,64)cos 6,3402 = 426,59 ɦ. 
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Ɉɛɳɚɹ� ɞɥɢɧɚ� ɦɚɪɲɪɭɬɚ� ɩɟɪɟɞɜɢɠɟɧɢɹ� ɥɨɤɨɦɨɬɢɜɚ� ɫ� ɜɚɝɨɧɨɜ� ɩɨ� ɪɚɡɜɨ-
ɪɨɬɧɨɦɭ�ɬɪɟɭɝɨɥɶɧɢɤɭ, ɧɚɱɢɧɚɹ�ɨɬ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 1 ɱɟɪɟɡ�ɫɬɪɟɥɤɢ 2, 
3 ɤ�ɫɬɪɟɥɨɱɧɨɦɭ�ɩɟɪɟɜɨɞɭ 1, ɫɨɫɬɚɜɥɹɟɬ 

Lɦɚɪɲɪ1 = b + Ʉ1 + b + ɚ + lɫɨɫɬ + ɚ + b + K2 + b + a + lɫɨɫɬ + a + b  + p + b + a =  
= 6b + 5ɚ + Ʉ1 + 2lɫɨɫɬ + K2 + p,  

ɝɞɟ Ʉ1 = ʌR(90 – Į) / 180 = 3,1416 · 200(90 – 6,3402) / 180 = 292,03 ɦ, 
Ʉ2 = ʌR(90 – 2Į) / 180 = 3,1416 · 200(90 – 2 · 6,3402) / 180 = 269,90 ɦ. 

Lɦɚɪɲɪ1 = 6 · 15,64 + 5 · 15,46 + 292,03 + 2 · 32 + 269,90 + 426,59 = 1224, 56 ɦ. 
2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ�ɪɚɡɜɨɪɨɬɧɨɝɨ�ɭɫɬɪɨɣɫɬɜɚ�ɬɢɩɚ «ɩɟɬɥɹ». 
ɋɯɟɦɵ�ɪɚɡɜɨɪɨɬɧɨɝɨ�ɭɫɬɪɨɣɫɬɜɚ�ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫɭɧɤɟ 4.9. 

ɚ) 

 

 

 

 

 

 

ɛ) 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 4.9 – ɋɯɟɦɵ�ɩɟɬɥɟɜɨɝɨ�ɪɚɡɜɨɪɨɬɧɨɝɨ�ɭɫɬɪɨɣɫɬɜɚ�ɩɭɬɢ: ɚ – ɫ�ɩɪɹɦɵɦɢ�ɜɫɬɚɜɤɚ-
ɦɢ�ɢ�ɩɨɫɬɨɹɧɧɵɦ�ɪɚɞɢɭɫɨɦ; ɛ – ɛɟɡ�ɜɫɬɚɜɨɤ�ɫ�ɪɚɡɥɢɱɧɵɦɢ�ɪɚɞɢɭɫɚɦɢ�ɤɪɢɜɵɯ 

ȼɚɪɢɚɧɬ�ɩɟɬɥɢ�ɪɢɫɭɧɤɚ 4.9, ɛ�ɨɬɥɢɱɚɟɬɫɹ�ɨɬ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 4.9, ɚ�ɭɤɥɚɞ-
ɤɨɣ�ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ�ɜɫɬɚɜɨɤ f1�ɢ f2�ɦɟɠɞɭ�ɫɬɪɟɥɨɱɧɵɦ�ɩɟɪɟɜɨɞɨɦ�ɢ�ɤɪɢɜɨ-
ɥɢɧɟɣɧɵɦɢ�ɫɟɝɦɟɧɬɚɦɢ�ɤɪɭɝɨɜɨɣ�ɤɪɢɜɨɣ. ɇɚɥɢɱɢɟ�ɞɚɧɧɵɯ�ɜɫɬɚɜɨɤ�ɩɨɡɜɨɥɹ-
ɟɬ�ɭɤɥɚɞɵɜɚɬɶ�ɜɫɟ�ɤɪɢɜɵɟ�ɩɨɫɬɨɹɧɧɨɝɨ�ɪɚɞɢɭɫɚ R.  

Ɋɚɫɫɦɨɬɪɢɦ�ɫɯɟɦɭ�ɩɟɬɥɟɜɨɝɨ�ɯɨɞɚ�ɪɚɡɜɨɪɨɬɚ�ɜɚɝɨɧɚ�ɩɪɢ f2 = 0, f1 = f�ɢ R1 < R 
�ɪɢɫɭɧɨɤ 4.10). 
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Ɋɢɫɭɧɨɤ 4.10 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɩɟɬɥɟɜɨɝɨ�ɪɚɡɜɨɪɨɬɚ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɞɥɢɧɵ      
ɦɚɪɲɪɭɬɚ�ɩɟɪɟɦɟɳɟɧɢɹ�ɜɚɝɨɧɚ 

Ⱦɥɢɧɚ� ɦɚɪɲɪɭɬɚ� ɩɟɪɟɦɟɳɟɧɢɹ� ɜɚɝɨɧɚ Lɦ� ɫ� ɥɨɤɨɦɨɬɢɜɨɦ� ɩɨ� ɩɟɬɥɟɜɨɦɭ 
ɯɨɞɭ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɨɬ�ɬɨɱɤɢ G (ɧɚɱɚɥɚ�ɤɪɢɜɨɣ�ɩɪɢ�ɞɜɢɠɟɧɢɢ�ɩɨ�ɩɪɹɦɨɦɭ�ɩɭ-
ɬɢ�ɡɚ�ɫɬɪɟɥɤɭ), ɩɨ�ɤɪɭɝɨɜɨɣ�ɤɪɢɜɨɣ�ɱɟɪɟɡ�ɬɨɱɤɢ ȿ�ɢ D, ɞɨ�ɬɨɱɤɢ P (ɡɚɞɧɟɝɨ 
ɫɬɵɤɚ�ɤɪɟɫɬɨɜɢɧɵ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ).   
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ȕ = 0,8 ɪɚɞ = 4,8º,  f = 24,18 ɦ. 
Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 5.�Ⱦɥɢɧɚ�ɫɩɥɟɬɟɧɢɹ�ɩɭɬɟɣ (cɦ. ɪɢɫɭɧɨɤ 4.5)  

Lc = 2[2T + (2T + f1)cos Į + T + f2/2]. 

4.7 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ 
1 ɑɟɦ�ɨɬɥɢɱɚɟɬɫɹ�ɝɥɭɯɨɟ�ɩɟɪɟɫɟɱɟɧɢɟ�ɨɬ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ? 
2 Ʉɚɤ�ɨɩɪɟɞɟɥɢɬɶ�ɞɥɢɧɭ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ? 
3 ɉɨɱɟɦɭ�ɪɟɞɤɨ�ɩɪɢɦɟɧɹɟɬɫɹ�ɩɟɪɟɤɪɟɫɬɧɵɣ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ? 
4 Ʉɚɤɚɹ�ɫɬɪɟɥɨɱɧɚɹ�ɭɥɢɰɚ�ɦɨɠɟɬ�ɨɛɟɫɩɟɱɢɬɶ�ɫɨɟɞɢɧɟɧɢɟ�ɩɭɬɟɣ�ɩɨ�ɜɟɟɪ-

ɧɨɣ�ɫɯɟɦɟ�ɩɨɜɨɪɨɬɧɨɝɨ�ɤɪɭɝɚ? 
5 Ʉɚɤɢɟ�ɧɟɞɨɫɬɚɬɤɢ�ɦɨɠɧɨ�ɨɬɦɟɬɢɬɶ�ɜ�ɤɨɧɫɬɪɭɤɰɢɢ�ɩɨɜɨɪɨɬɧɨɝɨ�ɤɪɭɝɚ? 
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5 ɋɌɊȿɅɈɑɇɕȿ�ɍɅɂɐɕ 
5.1 ɋɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ�ɩɨɞ�ɭɝɥɨɦ, 

ɤɪɚɬɧɵɦ�ɦɚɪɤɟ�ɤɪɟɫɬɨɜɢɧɵ  

ɉɪɢ� ɭɜɹɡɤɟ� ɩɭɬɟɣ� ɜ� ɩɚɪɤɚɯ� ɫɬɚɧɰɢɣ� ɬɪɟɛɭɟɬɫɹ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɧɟɫɤɨɥɶɤɨ 
ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ, ɪɚɫɩɨɥɚɝɚɟɦɵɯ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɞɪɭɝ�ɞɪɭɝɚ�ɩɨ�ɨɩɪɟɞɟ-
ɥɟɧɧɵɦ�ɫɯɟɦɚɦ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ. ɗɬɢ�ɫɯɟɦɵ�ɪɚɰɢɨɧɚɥɶɧɨɣ�ɭɜɹɡɤɢ 
ɩɭɬɟɣ�ɧɚɡɵɜɚɸɬɫɹ�ɫɬɪɟɥɨɱɧɵɦɢ�ɭɥɢɰɚɦɢ. ȿɫɥɢ�ɜ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɟ�ɭɤɥɚɞɵ-
ɜɚɸɬɫɹ�ɩɟɪɟɜɨɞɵ�ɨɞɧɨɣ�ɦɚɪɤɢ�ɤɪɟɫɬɨɜɢɧɵ, ɬɨ�ɮɨɪɦɢɪɭɸɬɫɹ�ɫɥɨɠɧɵɟ�ɧɟɫɨ-
ɤɪɚɳɟɧɧɵɟ�ɢ�ɫɨɤɪɚɳɟɧɧɵɟ�ɫɨɟɞɢɧɟɧɢɹ (ɪɢɫɭɧɨɤ 5.1).  

 
ɚ)     ɛ) 

 
 
 
 
 
 

ɜ)     ɝ) 
 
 
 
 

Ɋɢɫɭɧɨɤ 5.1 – ɋɯɟɦɵ�ɭɤɥɚɞɤɢ�ɫɬɪɟɥɨɱɧɵɯ�ɭɥɢɰ�ɩɨɞ�ɭɝɥɨɦ�Į: 
ɚ – ɧɟɫɨɤɪɚɳɟɧɧɚɹ�ɧɚ�ɛɨɤɨɜɨɦ�ɩɭɬɢ; ɛ – ɧɟɫɨɤɪɚɳɟɧɧɚɹ�ɧɚ�ɨɫɧɨɜɧɨɦ�ɩɭɬɢ; 

ɜ, ɝ – ɫɨɤɪɚɳɟɧɧɵɟ  

ɇɟɫɨɤɪɚɳɟɧɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɚ, ɛ) ɹɜɥɹɸɬɫɹ�ɧɚɢ-
ɛɨɥɟɟ� ɩɪɨɫɬɵɦɢ� ɩɨ� ɤɨɧɫɬɪɭɤɰɢɢ, ɨɬɥɢɱɚɸɳɢɦɢɫɹ� ɦɟɫɬɚɦɢ� ɭɤɥɚɞɤɢ� ɫɬɪɟ-
ɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɧɚ� ɛɨɤɨɜɨɦ� ɢ� ɨɫɧɨɜɧɨɦ� ɩɭɬɹɯ). Ⱦɥɢɧɚ 
ɤɚɠɞɨɝɨ�ɢɯ�ɷɬɢɯ�ɫɨɟɞɢɧɟɧɢɣ 

Lc = ectg Į(n – 1) + Ɍ, 
ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ�ɩɭɬɟɣ�ɜ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɟ. 

ɇɟɞɨɫɬɚɬɤɨɦ�ɞɚɧɧɵɯ�ɭɥɢɰ�ɹɜɥɹɟɬɫɹ�ɛɨɥɶɲɚɹ�ɞɥɢɧɚ�ɢɡ�ɡɚ�ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɣ�ɭɜɹɡɤɢ�ɜɫɟɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ. 

ɋɨɤɪɚɳɟɧɧɵɟ� ɫɬɪɟɥɨɱɧɵɟ� ɭɥɢɰɵ (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɜ, ɝ) ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɭɜɹɡɤɭ� ɛɨɥɶɲɟɝɨ� ɤɨɥɢɱɟɫɬɜɚ� ɩɭɬɟɣ� ɛɥɚɝɨɞɚɪɹ� ɧɟɫɤɨɥɶɤɢɦ� ɩɚɪɚɥɥɟɥɶɧɵɦ 
ɥɢɧɢɹɦ�ɪɚɡɦɟɳɟɧɢɹ�ɩɟɪɟɜɨɞɨɜ. Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ�ɦɨɠɧɨ� ɩɨɥɭɱɢɬɶ� ɤɨɧɫɬɪɭɤ-
ɰɢɢ�ɫɬɪɟɥɨɱɧɵɯ�ɭɥɢɰ� ɫ�ɩɨɫɬɨɹɧɧɵɦ�ɦɟɠɞɭɩɭɬɶɟɦ (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɜ) ɢɥɢ 
ɪɚɡɥɢɱɧɵɦ�ɪɚɫɫɬɨɹɧɢɟɦ�ɦɟɠɞɭ�ɫɦɟɠɧɵɦɢ�ɩɭɬɹɦɢ (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɝ).   
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Lck = l1cos Į + (ectg Į + b + g + T2)cos 2Į + T2; 
Lcp = l1cos Į + (ectg Į + b + h + T2)cos 2Į + T2, 

ɝɞɟ l1 = (a + d + b),  
g, h – ɜɫɬɚɜɤɢ�ɦɟɠɞɭ�ɡɚɞɧɢɦɢ�ɫɬɵɤɚɦɢ�ɤɪɟɫɬɨɜɢɧ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɢ 

ɧɚɱɚɥɚɦɢ�ɤɪɢɜɵɯ. 

5.2 ɋɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ�ɩɨɞ�ɭɝɥɨɦ, 
ɧɟ�ɤɪɚɬɧɵɦ�ɦɚɪɤɟ�ɤɪɟɫɬɨɜɢɧɵ  

ȿɫɥɢ�ɩɨɫɥɟ�ɭɤɥɚɞɤɢ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 1 (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɝ) ɡɚɩɪɨɟɤ-
ɬɢɪɨɜɚɬɶ�ɤɪɢɜɭɸ�ɫ�ɬɚɧɝɟɧɫɨɦ T = Rtg(ȕ/2), ɝɞɟ�ȕ – ɧɟɤɨɬɨɪɵɣ�ɭɝɨɥ�ɩɨɜɨɪɨɬɚ 
�ɪɢɫɭɧɨɤ 5.2), ɬɨ� ɧɚ� ɛɨɤɨɜɨɦ� ɩɭɬɢ� ɦɨɠɧɨ� ɭɜɹɡɵɜɚɬɶ� ɪɹɞ� ɩɭɬɟɣ� ɩɨɞ� ɭɝɥɨɦ 
ɦɚɪɤɢ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�Į. 

 
 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ�ɭɤɥɚɞɤɢ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ 
ɩɨɞ�ɭɝɥɨɦ�ȕ 

ɋɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ�ɫ�ɭɜɹɡɤɨɣ�ɩɭɬɟɣ�ɧɚ�ɛɨɤɨɜɨɣ�ɥɢɧɢɢ�ɱɟɪɟɡ�ɤɪɢɜɭɸ�ɩɨɞ 
ɭɝɥɨɦ� ȕ� ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ� ɛyɥɶɲɢɦɢ� ɦɟɠɞɭɩɭɬɶɹɦɢ, ɱɟɦ� ɜɫɟ� ɩɪɟɞɵɞɭɳɢɟ 
ɫɯɟɦɵ. ɉɪɢ�ɷɬɨɦ�ɞɥɢɧɚ�ɤɪɢɜɨɣ Ʉ1�ɨɬɥɢɱɧɚ�ɨɬ�ɞɥɢɧ�ɤɪɢɜɵɯ Ʉ2, ɢ�ɦɟɠɞɭɩɭɬɶɟ 
ɟ1�� ɟ. Ⱦɥɢɧɚ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ 

Lc = l1cos Į + (T + l2 + ectg Į + l3 + T2)cos ȕ + T2, 

ɝɞɟ    l1 = b + f1 + T, l2 = f2 + a, l3 = b + f3;   
f1, f2, f3 – ɞɥɢɧɵ�ɜɫɬɚɜɨɤ�ɦɟɠɞɭ�ɡɚɞɧɢɦɢ�ɫɬɵɤɚɦɢ�ɤɪɟɫɬɨɜɢɧ�ɢɥɢ�ɩɟɪɟɞɧɢɦɢ 

ɫɬɵɤɚɦɢ�ɪɚɦɧɵɯ�ɪɟɥɶɫɨɜ�ɢ�ɧɚɱɚɥɚɦɢ�ɤɪɢɜɵɯ.  
Ⱦɚɧɧɭɸ�ɫɯɟɦɭ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ�ɩɪɢɦɟɧɹɸɬ�ɩɪɢ�ɧɟɨɛɯɨɞɢɦɨɫɬɢ�ɩɪɨɟɤ-

ɬɢɪɨɜɚɧɢɹ�ɜ�ɦɟɠɞɭɩɭɬɶɟ ɟ1�ɪɚɡɥɢɱɧɵɯ�ɫɨɨɪɭɠɟɧɢɣ.  

5.3 ȼɟɟɪɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ 

ɋɨɟɞɢɧɟɧɢɹ�ɫ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ�ɭɤɥɚɞɤɨɣ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɩɨ�ɨɞ-
ɧɨɣ�ɫɯɟɦɟ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ, ɩɪɢɜɨɞɹɳɟɣ�ɤ�ɩɨɜɨɪɨɬɭ�ɨɫɧɨɜɧɨɝɨ�ɩɭ-
ɬɢ, ɩɨɡɜɨɥɹɸɬ�ɤɨɦɩɚɤɬɧɨ�ɭɜɹɡɚɬɶ�ɪɹɞ�ɩɭɬɟɣ�ɜ�ɩɭɱɨɤ (ɪɢɫɭɧɨɤ 5.3).  
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ɚ) 

 

 

 

 
  
 
 
 
 

ɛ) 
 
 
 
 
 
 
 
 

 

 

Ɋɢɫɭɧɨɤ 5.3 – ɋɯɟɦɵ�ɭɤɥɚɞɤɢ�ɜɟɟɪɧɵɯ�ɭɥɢɰ: 
ɚ – ɧɟɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ; ɛ – ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ 

ɍɤɥɚɞɤɚ�ɤɪɢɜɵɯ�ɩɨɫɬɨɹɧɧɨɝɨ�ɪɚɞɢɭɫɚ R�ɨɩɪɟɞɟɥɹɟɬ�ɧɟɤɨɧɰɟɧɬɪɢɱɟɫɤɭɸ 
ɜɟɟɪɧɭɸ�ɭɥɢɰɭ (ɫɦ. ɪɢɫɭɧɨɤ 5.3, ɚ) ɫ�ɰɟɧɬɪɚɦɢ�ɜ�ɪɚɡɥɢɱɧɵɯ�ɬɨɱɤɚɯ.  Ɉɛɳɚɹ 
ɞɥɢɧɚ�ɞɚɧɧɨɣ�ɭɥɢɰɵ�ɩɨ�ɩɪɨɟɤɰɢɢ�ɧɚ�ɨɫɶ Ɉɏ 

Ln = l1cos ȕ + l1cos (ȕ – Į) + (l2 + T2)cos (ȕ – Į) + T2, 

ɝɞɟ l1 = b + d + a,  
l2 = b + f.  
Ɏɢɤɫɢɪɨɜɚɧɧɵɣ�ɰɟɧɬɪ�ɤɪɢɜɵɯ, ɭɤɥɚɞɵɜɚɟɦɵɯ�ɜ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɟ�ɜɟɟɪ-

ɧɨɝɨ� ɬɢɩɚ, ɮɨɪɦɢɪɭɟɬ� ɫɨɟɞɢɧɟɧɢɟ, ɤɨɬɨɪɨɟ� ɧɚɡɵɜɚɟɬɫɹ� ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ 
ɫɯɟɦɨɣ (ɫɦ. ɪɢɫɭɧɨɤ 5.3, ɛ). Ɉɬɥɢɱɢɬɟɥɶɧɨɣ� ɨɫɨɛɟɧɧɨɫɬɶɸ� ɞɚɧɧɨɣ� ɭɥɢɰɵ 
ɹɜɥɹɟɬɫɹ�ɭɜɟɥɢɱɢɜɚɸɳɢɣ�ɪɚɞɢɭɫ�ɤɪɢɜɵɯ. ɉɪɢ�ɷɬɨɦ 

R2 = R1 + e, 
R3 = R2 + e, 
R4 = R3 + e. 

Lk = (l3 + T4)cos ȕ + T4, 
ɝɞɟ l3 = b + f. 
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5.4 Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ 

ɋɨɜɦɟɫɬɧɨɟ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɪɚɡɥɢɱɧɵɯ� ɜɚɪɢɚɧɬɨɜ� ɫɬɪɟɥɨɱɧɵɯ� ɭɥɢɰ� ɩɨ-
ɡɜɨɥɹɟɬ�ɩɨɥɭɱɢɬɶ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ� ɫɯɟɦɵ, ɨɞɧɚ� ɢɡ� ɤɨɬɨɪɵɯ�ɩɪɢɜɟɞɟɧɚ�ɧɚ 
ɪɢɫɭɧɤɟ 5.4. 

 
 

 

 

 

 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 5.4 – ɋɯɟɦɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ 

ɍɜɹɡɤɚ�ɩɟɪɜɵɯ�ɩɹɬɢ�ɩɭɬɟɣ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɫɨɛɨɣ�ɧɟɫɨɤɪɚɳɟɧɧɭɸ�ɫɬɪɟɥɨɱ-
ɧɭɸ�ɭɥɢɰɭ�ɧɚ�ɛɨɤɨɜɨɦ�ɩɭɬɢ (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɚ), 6–10 ɩɭɬɟɣ – ɧɟɫɨɤɪɚɳɟɧ-
ɧɭɸ�ɫɬɪɟɥɨɱɧɭɸ�ɭɥɢɰɭ�ɧɚ�ɨɫɧɨɜɧɨɦ�ɩɭɬɢ (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɛ). ɋ�ɞɪɭɝɨɣ�ɫɬɨ-
ɪɨɧɵ, ɞɚɧɧɭɸ� ɫɯɟɦɭ�ɦɨɠɧɨ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɤɚɤ� ɧɟɫɨɤɪɚɳɟɧɧɵɟ� ɭɥɢɰɵ�ɩɨɞ 
ɭɝɥɨɦ, ɤɪɚɬɧɵɦ�ɦɚɪɤɟ�ɤɪɟɫɬɨɜɢɧɵ (ɫɦ. ɪɢɫɭɧɨɤ 5.1, ɜ, ɝ). Ⱦɥɢɧɚ�ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɵɯ� ɫɬɪɟɥɨɱɧɵɯ� ɭɥɢɰ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɤɨɧɤɪɟɬɧɨɣ� ɤɨɧɮɢɝɭɪɚɰɢɟɣ� ɫɜɹɡɢ 
ɨɬɞɟɥɶɧɵɯ�ɩɭɬɟɣ. Ⱦɥɹ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 5.4 ɞɥɢɧɚ Lcomb�ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ�ɩɨ�ɫɨ-
ɟɞɢɧɟɧɢɸ�ɩɟɪɟɜɨɞɨɜ 2–5 ɧɚ�ɛɨɤɨɜɨɦ�ɩɭɬɢ�ɢ�ɫɨɩɨɫɬɚɜɥɹɟɬɫɹ�ɫ�ɞɥɢɧɚɦɢ Lalt(i), 
ɨɩɪɟɞɟɥɹɟɦɵɦɢ�ɩɨ�ɩɪɨɟɤɰɢɹɦ�ɷɥɟɦɟɧɬɨɜ�ɭɥɢɰɵ 6–13 ɩɭɬɟɣ, ɬ. ɟ. 

Lcomb = (ectg Į) · Nɛɨɤ + (b + T5)cos Į + T5, 
ɝɞɟ Nɛɨɤ – ɤɨɥɢɱɟɫɬɜɨ�ɩɭɬɟɣ�ɭɜɹɡɤɢ�ɧɚ�ɛɨɤɨɜɨɦ�ɩɭɬɢ (ɞɥɹ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 5.4 

Nɛɨɤ = 4). 
Lalt(1) = l1 + 3(ectg Į) + (b + T7)cos 2Į + T7, 
………………………….. 
Lalt(8) = l1cos Į + l1cos 2Į + (2ectg Į + l2 + T13)cos 3Į + T13, 

ɝɞɟ l1 = b + d + a; l2 = b + f.  
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Ɋɚɫɱɟɬɧɚɹ� ɞɥɢɧɚ�ɞɚɧɧɨɣ� ɫɬɪɟɥɨɱɧɨɣ� ɭɥɢɰɵ�ɨɩɪɟɞɟɥɹɬɫɹ�ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɡɧɚɱɟɧɢɟɦ�ɢɡ�ɜɫɟɯ�ɜɵɱɢɫɥɹɟɦɵɯ�ɜɟɥɢɱɢɧ�ɩɚɪɚɦɟɬɪɨɜ: 

).,max( )(
ɪɚɫɱ

ialtcombcomb LLL   

5.5 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  

Ɂɚɞɚɱɚ 1�Ɉɩɪɟɞɟɥɢɬɶ�ɞɥɢɧɵ�ɫɬɪɟɥɨɱɧɵɯ�ɭɥɢɰ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�ɧɚ�ɪɢɫɭɧɤɟ 
5.1, ɚ–ɜ�ɩɪɢ tg Į = 1/9, R = 200 ɦ, e = 5,30 ɦ. 

Ɂɚɞɚɱɚ 2� ȼɵɱɢɫɥɢɬɶ� ɡɧɚɱɟɧɢɟ� ɦɟɠɞɭɩɭɬɶɹ ɟ1� ɞɥɹ� ɫɯɟɦɵ� ɪɢɫɭɧɤɚ 5.1,  ɝ 
ɩɪɢ�ɭɫɥɨɜɢɹɯ�ɩɪɟɞɵɞɭɳɟɣ�ɡɚɞɚɱɢ. 

Ɂɚɞɚɱɚ 3�Ɋɚɫɫɱɢɬɚɬɶ�ɜɟɥɢɱɢɧɭ�ɩɪɹɦɨɣ�ɜɫɬɚɜɤɢ f1�ɞɥɹ�ɫɯɟɦɵ�ɫɬɪɟɥɨɱɧɨɣ 
ɭɥɢɰɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ�ɧɚ�ɪɢɫɭɧɤɟ 5.2, ɩɪɢ tg Į = 1/9, ȕ = 2Į, ɟ1 =  15,90 ɦ. 

Ɂɚɞɚɱɚ 4�Ɉɩɪɟɞɟɥɢɬɶ�ɪɚɞɢɭɫ�ɤɪɢɜɨɣ, ɨɛɪɚɡɭɟɦɨɣ�ɬɨɱɤɚɦɢ A, B�ɢ C�ɧɚ�ɫɟ-
ɪɟɞɢɧɚɯ�ɭɱɚɫɬɤɨɜ�ɩɭɬɟɣ�ɦɟɠɞɭ�ɰɟɧɬɪɚɦɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɦɚɪɤɢ 1/9, 
ɭɤɥɚɞɵɜɚɟɦɵɯ� ɧɚ� ɫɬɚɧɰɢɨɧɧɵɯ� ɩɭɬɹɯ, ɜɟɟɪɧɨɣ� ɧɟɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ� ɭɥɢɰɵ 
�ɫɦ. ɪɢɫɭɧɨɤ 5.5). ɉɪɹɦɚɹ�ɜɫɬɚɜɤɚ d = 6,25 ɦ.  

Ɂɚɞɚɱɚ 5� Ʉɚɤɨɟ� ɦɚɤɫɢɦɚɥɶɧɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɩɭɬɟɣ� ɦɨɠɧɨ� ɭɥɨɠɢɬɶ� ɩɨ 
ɫɯɟɦɟ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ�ɪɢɫɭɧɤɚ 5.4? ȼɫɟ  ɫɬɪɟɥɨɱɧɵɟ 
ɩɟɪɟɜɨɞɵ�ɢɦɟɸɬ�ɦɚɪɤɭ�ɤɪɟɫɬɨɜɢɧɵ 1/9, ɚ = 15,46 ɦ, b = 15,64 ɦ, ɟ = 5,30 ɦ, 
R = 200 ɦ. 

5.6 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ 
Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 1.�Ⱦɥɹ�ɫɯɟɦ�ɪɢɫɭɧɤɚ 5.1, ɚ,  ɛ�ɞɥɢɧɵ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɫɬɪɟɥɨɱɧɵɯ�ɭɥɢɰ 
Lɫ = 3ɟctg Į + T = 3ɟctg Į + Rtg (Į/2) = 3 · 5,30 · 9 + 200 · 0,0554 = 154,18 ɦ. 
Ⱦɥɢɧɚ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ�ɧɚ�ɪɢɫɭɧɤɟ 5.1, ɜ,  

Lɫ = l1cos Į + (ectg Į + b + g + T2)cos 2Į + T2, 

ɝɞɟ l1 = b + d + ɚ = 15,64 + 6,25 + 15, 46 = 37,35 ɦ. 
g – ɩɪɹɦɚɹ� ɜɫɬɚɜɤɚ, ɭɤɥɚɞɵɜɚɟɦɚɹ� ɦɟɠɞɭ� ɡɚɞɧɢɦ� ɫɬɵɤɨɦ� ɤɪɟɫɬɨɜɢɧɵ 

ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 5  ɢ�ɧɚɱɚɥɨɦ�ɤɪɢɜɨɣ� ɤɪɚɣɧɟɝɨ�ɩɭɬɢ� ɫɬɪɟɥɨɱ-
ɧɨɣ�ɭɥɢɰɵ.  

Ⱦɥɢɧɚ�ɞɚɧɧɨɣ�ɜɫɬɚɜɤɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɢɡ�ɭɪɚɜɧɟɧɢɹ�ɫɭɦɦɵ�ɩɪɨɟɤɰɢɣ�ɷɥɟ-
ɦɟɧɬɨɜ�ɭɥɢɰɵ�ɧɚ�ɨɫɶ ɈY.  

l1sin Į + (ectg Į + b + g + T2)sin 2Į = 5e. 
ɂɡ�ɩɨɥɭɱɟɧɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ�ɜɵɪɚɠɚɸɬ�ɜɟɥɢɱɢɧɭ g: 

,
sin2Į

2)sin2ĮctgĮ(Įsin5 1 Tbeleg ����
 

 
ɝɞɟ Ɍ2 = Rtg (2Į/2) = 200 / 9 = 22,22 ɦ. 

ɦ. 37,16
0,21951

0,21951)22,2264,159(5,30110431,035,3730,55
 

��������
 g  
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�Ⱦɥɢɧɚ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ 

Lɫ = 37,35 · 0,9939 + (47,70 + 15,64 + 16,37 + 22,22) · 0,9756 + 22,22 = 158,79 ɦ. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 2.�ɉɪɨɟɰɢɪɨɜɚɧɢɟ�ɷɥɟɦɟɧɬɨɜ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ 1 ɢ 
2 ɧɚ�ɨɫɶ OY�ɩɪɢɜɨɞɢɬ�ɤ�ɫɥɟɞɭɸɳɟɦɭ�ɭɪɚɜɧɟɧɢɸ: 

(b + d + a + b + d + a)sin Į = e1. 
e1 = (15,64 + 6,25 + 15,46 + 15,64 + 6,25 + 15,46) · 0,110431 = 8,25 ɦ. 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ 3.� ɉɪɨɟɤɰɢɹ� ɷɥɟɦɟɧɬɨɜ� ɫɬɪɟɥɨɱɧɨɣ� ɭɥɢɰɵ� ɧɚ� ɨɫɶ OY 
ɩɨɡɜɨɥɹɟɬ�ɩɨɥɭɱɢɬɶ�ɭɪɚɜɧɟɧɢɟ 

(b + f1 + T)sin Į + (T + f1 + a)sin ȕ + (b + f1 + T2)sin(ȕ – Į) = e1, 

Ɉɬɤɭɞɚ 

.
)Įsin(ȕsinȕsinĮ

)Įȕsin()2()sinȕ(Įsin)(1
1 ���

�������
 

TbaTTbef  

Ɍɚɤ�ɤɚɤ�ɩɨ�ɭɫɥɨɜɢɸ�ɡɚɞɚɱɢ�ȕ = 2Į, ɬɨ 

,
sin2Į2sinĮ

Įsin)2()sin2Į(Įsin)(1
1 �

������
 

TbaTTbef
 

ɦ, 11,08  0,0554200
2
Įtg  �  RT

 
.ɦ 22,22tgĮ

2
�Įtg2    RRT

 

.
2195,00,11432

1143,0)22,2264,15(0,2195)46,15(11,081143,0)08,1164,15(90,15
1 ��

���������
 f

f1 = 6,00 ɦ. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 4.�Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 5.5. 

 

 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 5.5 – Ɋɚɫɱɟɬɧɚɹ 
ɫɯɟɦɚ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ  
ɪɚɞɢɭɫɚ�ɤɪɭɝɨɜɨɣ�ɤɪɢɜɨɣ 
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ɉɨ�ɭɫɥɨɜɢɸ�ɡɚɞɚɱɢ�ɱɟɪɟɡ�ɬɨɱɤɢ A, B�ɢ ɋ�ɞɨɥɠɧɚ�ɩɪɨɯɨɞɢɬɶ�ɤɪɢɜɚɹ.  

,2 BACBA � �  
,22 BABA � � Į/2.2  � �� BACAB

 ɂɡ�ǻA2D�ɫɥɟɞɭɟɬ, ɱɬɨ  

AD = A2 · cos (Į/2), 

ɩɨɷɬɨɦɭ  
AB = 2 · AD = |1,2| · cos (Į/2) = (a + b + d)cos(Į/2). 

.ɦ18,337

2
Įtg2

35,37

2
Įtg2

2
Įsin2

2
Įcos)(

2
Įsin2

  
��

 
��

  
dbadbaABR  

ȿɫɥɢ d = 0, ɬɨ 

.ɦ43,271

2
Įtg2
 

�
 

baR  

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 5. ɉɪɨɟɤɰɢɹ�ɜɫɟɯ�ɷɥɟɦɟɧɬɨɜ� ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ�ɧɚ�ɨɫɶ 
OY�ɩɨɡɜɨɥɹɟɬ�ɩɨɥɭɱɢɬɶ�ɜɵɪɚɠɟɧɢɟ 

(b + d + a)sin Į + (b + d + a)sin 2Į + (2ectg Į + b + f + T13)sin3Į = 12e. 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ�ɧɚ�ɪɢɫɭɧɤɟ 5.4 ɫɯɟɦɚ�ɝɟɨɦɟɬɪɢɱɟɫɤɢ�ɩɪɚɜɢɥɶɧɚ�ɩɪɢ�ɭɫ-
ɥɨɜɢɢ  f  >  0. ɂɡ�ɩɨɥɭɱɟɧɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ 

,
sin3Į

)sin3ĮctgĮ(2)�Įsin Į)(sin(12 13Tbeadbef ��������
 .

2
�Įtg13 RT   

ɦ. 96,42
0,3259

0,3259)52,3346,15960,10(3299,035,3730,512
 

��������
 f

 

Ⱦɥɹ�ɩɪɨɜɟɪɤɢ�ɜɨɡɦɨɠɧɨɫɬɢ� ɭɤɥɚɞɤɢ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 14-ɝɨ�ɩɭɬɢ�ɜ�ɞɚɧ-
ɧɭɸ�ɫɬɪɟɥɨɱɧɭɸ�ɭɥɢɰɭ�ɪɚɫɫɦɚɬɪɢɜɚɸɬ�ɧɨɜɵɣ�ɜɚɪɢɚɧɬ (ɪɢɫɭɧɨɤ 5.6).    

ɗɥɟɦɟɧɬɵ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ�ɩɪɨɟɰɢɪɭɸɬ�ɧɚ�ɨɫɶ OY:  

(b + d + a)sin Į + (b + d + a)sin 2Į + (2e · ctg Į + b + d + a)sin 3Į +  

+ (b + f + T14)sin 4Į = 13e. 

ɂɡ�ɞɚɧɧɨɝɨ�ɜɵɪɚɠɟɧɢɹ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɢɫɤɨɦɚɹ�ɜɟɥɢɱɢɧɚ f. 
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Ɋɢɫɭɧɨɤ 5.6 – ɍɤɥɚɞɤɚ�ɩɭɬɢ 14 ɜ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ�ɫɬɪɟɥɨɱɧɭɸ�ɭɥɢɰɭ 

,
sin4Į

Į4sin)()sin3ĮctgĮ(2)�Įsin Į)(sin(13 14Tbadbeadbef ����������
 

.
2
�Įtg14 RT  

 
f = –28,98 ɦ. 

ɉɨɥɭɱɟɧɧɨɟ�ɨɬɪɢɰɚɬɟɥɶɧɨɟ�ɡɧɚɱɟɧɢɟ�ɜɟɥɢɱɢɧɵ f�ɭɤɚɡɵɜɚɟɬ�ɧɚ�ɧɟɜɨɡɦɨɠ-
ɧɨɫɬɶ�ɭɤɥɚɞɤɢ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ�ɩɭɬɢ 14. Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɨɟ�ɱɢɫɥɨ 
ɩɭɬɟɣ, ɭɤɥɚɞɵɜɚɟɦɨɟ�ɩɨ�ɞɚɧɧɨɣ�ɫɯɟɦɟ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ, 
ɪɚɜɧɨ 13. 

5.7 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ 

1 Ʉɚɤɢɟ�ɫɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ�ɧɚɡɵɜɚɸɬɫɹ�ɫɨɤɪɚɳɟɧɧɵɦɢ? 
2 ɉɨɱɟɦɭ�ɞɥɢɧɵ�ɫɬɪɟɥɨɱɧɵɯ�ɭɥɢɰ�ɪɢɫɭɧɤɚ 5.1, ɚ, ɛ�ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ�ɩɨ 

ɨɞɧɨɣ�ɮɨɪɦɭɥɟ? 
3 Ʉɚɤɚɹ�ɫɬɪɟɥɨɱɧɚɹ�ɭɥɢɰɚ�ɧɚɡɵɜɚɟɬɫɹ�ɜɟɟɪɧɨɣ? 
4 ȼ�ɱɟɦ�ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ�ɨɬɥɢɱɢɟ�ɧɟɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ�ɢ�ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ 

ɜɟɟɪɧɨɣ�ɭɥɢɰ? 
5 ɉɨɱɟɦɭ�ɧɚ�ɫɯɟɦɟ�ɪɢɫɭɧɤɚ 5.1, ɝ ɟ1 > ɟ? 
6 ɋɨɝɥɚɫɧɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɦ�ɩɪɢ�ɪɟɲɟɧɢɢ�ɡɚɞɚɱɢ 4, 

ɪɚɞɢɭɫ�ɤɪɢɜɨɣ�ɪɚɜɟɧ 271,43 ɦ. ɉɪɚɤɬɢɱɟɫɤɢ�ɧɚ�ɫɬɚɧɰɢɢ�ɭɤɥɚɞɵɜɚɸɬɫɹ�ɤɪɢ-
ɜɵɟ�ɫ�ɪɚɞɢɭɫɚɦɢ 200 ɦ, 250 ɦ, 300 ɦ. Ʉɚɤ�ɢɡɦɟɧɢɬɫɹ�ɞɥɢɧɚ�ɩɪɹɦɨɣ�ɜɫɬɚɜɤɢ, 
ɟɫɥɢ� ɩɪɢɧɹɬɶ R = 250 ɦ? Ʉɚɤɨɣ� ɪɚɞɢɭɫ� ɤɪɢɜɨɣ� ɦɨɠɧɨ� ɭɥɨɠɢɬɶ� ɜ� ɞɚɧɧɨɣ 
ɫɯɟɦɟ�ɪɢɫɭɧɤɚ 5.5, ɱɬɨɛɵ d = 0? 
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6 ɊȺɋɑȿɌ�ɉȺɊȺɆȿɌɊɈȼ�ɂ�ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ 
ɉɍɌȿȼɈȽɈ�ɊȺɁȼɂɌɂə 

ɂ�ɌȿɏɇɂɑȿɋɄɈȽɈ�ɈɋɇȺɓȿɇɂə�ɋɌȺɇɐɂɃ  
6.1 ɍɜɹɡɤɚ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɭɬɟɣ�ɜ�ɝɨɪɥɨɜɢɧɚɯ   

ȼɵɩɨɥɧɟɧɢɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɨɩɟɪɚɰɢɣ�ɧɚ� ɫɬɚɧɰɢɢ� ɬɪɟɛɭɟɬ� ɨɩɪɟɞɟɥɟɧ-
ɧɨɣ� ɭɜɹɡɤɢ� ɩɭɬɟɣ� ɫ� ɫɨɱɟɬɚɧɢɟɦ� ɪɚɡɥɢɱɧɵɯ� ɤɨɦɛɢɧɚɰɢɣ� ɫɬɪɟɥɨɱɧɵɯ� ɭɥɢɰ, 
ɨɬɞɟɥɶɧɵɯ� ɫɨɟɞɢɧɟɧɢɣ� ɢ� ɩɟɪɟɫɟɱɟɧɢɣ. Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ 
ɫɬɪɟɥɨɱɧɚɹ� ɭɥɢɰɚ� ɫ� ɭɱɟɬɨɦ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɟɟ� ɧɚɡɧɚɱɟɧɢɹ 
ɩɪɟɜɪɚɳɚɟɬɫɹ�ɜ�ɝɨɪɥɨɜɢɧɭ�ɫɬɚɧɰɢɢ. ȼ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɱɢɫɥɚ�ɩɭɬɟɣ, ɧɚɡɧɚɱɟ-
ɧɢɹ�ɫɬɚɧɰɢɨɧɧɨɝɨ�ɩɚɪɤɚ (ɩɪɢɟɦɚ, ɫɨɪɬɢɪɨɜɤɢ, ɨɬɩɪɚɜɥɟɧɢɹ), ɜɡɚɢɦɧɨɝɨ�ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ�ɭɫɬɪɨɣɫɬɜ�ɮɨɪɦɢɪɭɸɬɫɹ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɩɪɨɫɬɵɟ�ɝɨɪɥɨɜɢɧɵ�ɫ�ɧɟ-
ɛɨɥɶɲɢɦ� ɱɢɫɥɨɦ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɢɥɢ� ɫɥɨɠɧɵɟ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ 
ɫɬɪɟɥɨɱɧɵɟ�ɫɬɪɭɤɬɭɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ�ɡɧɚɱɢɬɟɥɶɧɨɟ�ɱɢɫɥɨ�ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɦɚɪɲɪɭɬɨɜ�ɩɟɪɟɞɜɢɠɟɧɢɹ (ɪɢɫɭɧɨɤ 6.1). 
ɚ) 
 
 
 
 
ɛ) 

 
 

 
 
 

Ɋɢɫɭɧɨɤ 6.1 – ɉɪɢɦɟɪɵ�ɝɨɪɥɨɜɢɧ�ɩɚɪɤɨɜ�ɫɬɚɧɰɢɣ: ɚ – ɨɬɩɪɚɜɥɟɧɢɹ; ɛ – ɩɪɢɟɦɚ 

Ⱦɥɢɧɚ� ɝɨɪɥɨɜɢɧɵ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɤɨɥɢɱɟɫɬɜɨɦ� ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ� ɫ 
ɡɚɧɹɬɢɟɦ� ɫɨɟɞɢɧɟɧɢɣ� ɢ� ɩɟɪɟɫɟɱɟɧɢɣ� ɩɭɬɟɣ. ɇɚɩɪɢɦɟɪ, ɞɥɹ� ɪɢɫɭɧɤɚ 6.1, ɚ 
ɫɯɟɦɚ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɬɨɥɶɤɨ�ɨɬɩɪɚɜɥɟɧɢɟ�ɩɨɟɡɞɨɜ�ɫ�ɩɭɬɟɣ 2–6 ɧɚ�ɧɚɩɪɚɜɥɟɧɢɟ 
Ⱥ. Ƚɨɪɥɨɜɢɧɚ� ɫɬɚɧɰɢɢ� ɪɢɫɭɧɤɚ 6.1, ɛ� ɫɨɞɟɪɠɢɬ� ɛɨɥɶɲɨɟ� ɱɢɫɥɨ� ɫɴɟɡɞɨɜ� ɢ 
ɫɥɨɠɧɵɯ�ɫɨɟɞɢɧɟɧɢɣ�ɩɭɬɟɣ, ɤɨɬɨɪɵɟ�ɩɨɡɜɨɥɹɸɬ�ɜɵɩɨɥɧɢɬɶ�ɫɥɟɞɭɸɳɢɟ�ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɟ�ɨɩɟɪɚɰɢɢ: 

1 ɉɪɢɟɦ�ɝɪɭɡɨɜɵɯ�ɩɨɟɡɞɨɜ  ɫ�ɧɚɩɪɚɜɥɟɧɢɹ�Ⱥ (ɱɟɪɟɡ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ 
1, 5, 9, 13, 17, 19, 21, 23, 25 ɧɚ�ɩɭɬɢ 3, 5, 7, 9). 

2 ɉɪɢɟɦ�ɝɪɭɡɨɜɵɯ�ɩɨɟɡɞɨɜ�ɫ�ɧɚɩɪɚɜɥɟɧɢɹ�ȼ (ɱɟɪɟɡ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ 
11, 31, 33, 35, 37 ɧɚ�ɩɭɬɢ 11, 13, 15, 17). 

3 ɉɪɢɟɦ�ɩɚɫɫɚɠɢɪɫɤɢɯ�ɩɨɟɡɞɨɜ�ɫ� ɧɚɩɪɚɜɥɟɧɢɹ�Ⱥ (ɱɟɪɟɡ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟ-
ɪɟɜɨɞɵ 1, 5, 7, 43, 45 ɧɚ�ɩɭɬɶ 8). 
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4 ɉɪɢɟɦ�ɩɚɫɫɚɠɢɪɫɤɢɯ�ɩɨɟɡɞɨɜ�ɫ�ɧɚɩɪɚɜɥɟɧɢɹ�ȼ (ɱɟɪɟɡ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟ-
ɜɨɞɵ 11, 9, 13, 15, 47, 49 ɧɚ�ɩɭɬɶ 6). 

6.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ�ɩɚɫɫɚɠɢɪɫɤɢɯ�ɢ�ɝɪɭɡɨɜɵɯ�ɭɫɬɪɨɣɫɬɜ 
Ɉɩɟɪɚɰɢɢ� ɩɨɫɚɞɤɢ�ɜɵɫɚɞɤɢ� ɩɚɫɫɚɠɢɪɨɜ, ɩɨɝɪɭɡɤɢ�ɜɵɝɪɭɡɤɢ� ɝɪɭɡɨɜ� ɧɚ 

ɫɬɚɧɰɢɹɯ� ɩɪɨɢɡɜɨɞɹɬɫɹ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɤɨɦɩɥɟɤɫɚ� ɭɫɬɪɨɣɫɬɜ� ɩɭɬɟɜɨɝɨ 
ɪɚɡɜɢɬɢɹ (ɩɭɬɢ�ɩɪɢɟɦɚ�ɞɥɹ�ɩɚɫɫɚɠɢɪɫɤɢɯ�ɩɨɟɡɞɨɜ, ɩɨɝɪɭɡɨɱɧɨ�ɜɵɝɪɭɡɨɱɧɵɟ 
ɢ�ɜɵɫɬɚɜɨɱɧɵɟ�ɞɥɹ�ɝɪɭɡɨɜɵɯ�ɜɚɝɨɧɨɜ) ɢ�ɬɟɯɧɢɱɟɫɤɨɝɨ�ɨɫɧɚɳɟɧɢɹ (ɫɩɟɰɢɚɥɢ-
ɡɢɪɨɜɚɧɧɵɟ�ɩɥɚɬɮɨɪɦɵ�ɢ�ɫɤɥɚɞɫɤɢɟ�ɩɨɦɟɳɟɧɢɹ) (ɪɢɫɭɧɨɤ 6.2).  
ɚ) 

 
 
 

 
ɛ) 

 
 
 
 
 

Ɋɢɫɭɧɨɤ 6.2 – ɍɫɬɪɨɣɫɬɜɚ�ɧɚ�ɫɬɚɧɰɢɢ:  
ɚ – ɩɚɫɫɚɠɢɪɫɤɢɟ: 1, 3 – ɩɥɚɬɮɨɪɦɵ, 2, 5 – ɩɟɪɟɯɨɞɵ�ɜ�ɨɞɧɨɦ�ɭɪɨɜɧɟ, 4 – ɩɚɫɫɚɠɢɪɫɤɨɟ 

ɡɞɚɧɢɟ; ɛ – ɝɪɭɡɨɜɵɟ: 1 – ɧɚɜɚɥɨɱɧɚɹ�ɩɥɨɳɚɞɤɚ, 2 – ɤɪɵɬɵɣ�ɫɤɥɚɞ, 3 – ɤɨɧɬɟɣɧɟɪɧɚɹ�ɩɥɨɳɚɞɤɚ 
ɋɨɟɞɢɧɟɧɢɹ�ɩɭɬɟɣ (ɩɪɢɟɦɨɨɬɩɪɚɜɨɱɧɨɝɨ 2� ɞɥɹ� ɪɢɫɭɧɤɚ 6.2, ɚ� ɢ� ɩɨɝɪɭɡɨ-

ɜɵɝɪɭɡɨɱɧɨɝɨ 4�ɞɥɹ�ɪɢɫɭɧɤɚ 6.2, ɛ) ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ�ɤɚɤ�ɧɟɫɨɤɪɚɳɟɧɧɵɟ�ɞɜɭɯ 
ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ, ɪɹɞɨɦ�ɫ�ɤɨɬɨɪɵɦɢ�ɪɚɫɩɨɥɚɝɚɸɬɫɹ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɭɫɬ-
ɪɨɣɫɬɜɚ. Ⱦɥɢɧɵ� ɩɭɬɟɣ� ɨɩɪɟɞɟɥɹɸɬ� ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ� ɩɥɚɬɮɨɪɦ� ɢ� ɫɤɥɚɞɫɤɢɯ 
ɩɨɦɟɳɟɧɢɣ. Ⱦɥɢɧɚ� ɩɭɬɟɣ� ɞɥɹ� ɩɪɢɟɦɚ� ɩɚɫɫɚɠɢɪɫɤɢɯ� ɩɨɟɡɞɨɜ� ɫɨɫɬɚɜɥɹɟɬ� ɧɟ 
ɦɟɧɟɟ 500–550 ɦ, ɩɨɝɪɭɡɨ�ɜɵɝɪɭɡɨɱɧɵɯ�ɩɭɬɟɣ – ɧɟ�ɦɟɧɟɟ 120 ɦ. ȼɫɟ�ɩɥɚɬɮɨɪ-
ɦɵ�ɢ�ɫɤɥɚɞɫɤɢɟ�ɩɨɦɟɳɟɧɢɹ�ɫɨɨɪɭɠɚɸɬ�ɜ�ɩɪɟɞɟɥɚɯ�ɩɪɹɦɵɯ�ɭɱɚɫɬɤɨɜ�ɨɛɫɥɭɠɢ-
ɜɚɸɳɢɯ�ɩɭɬɟɣ. 

6.3 ɍɫɬɚɧɨɜɤɚ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ�ɢ�ɫɢɝɧɚɥɨɜ�ɧɚ�ɫɬɚɧɰɢɢ 

6.3.1 ɍɫɬɚɧɨɜɤɚ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ 

ɉɪɟɞɟɥɶɧɵɣ�ɫɬɨɥɛɢɤ (ɉɋ) ɭɫɬɚɧɚɜɥɢɜɚɸɬ�ɦɟɠɞɭ�ɫɯɨɞɹɳɢɦɢɫɹ�ɜ�ɰɟɧɬɪɟ 
ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɩɭɬɹɦɢ, ɤɨɬɨɪɵɣ� ɨɩɪɟɞɟɥɹɟɬ� ɩɪɟɞɟɥɶɧɨɟ� ɩɨɥɨɠɟɧɢɟ 
ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ, ɛɟɡɨɩɚɫɧɨɟ�ɞɥɹ�ɦɚɪɲɪɭɬɚ�ɫɥɟɞɨɜɚɧɢɹ�ɩɨ�ɫɨɫɟɞɧɟɦɭ�ɩɭ-
ɬɢ (ɪɢɫɭɧɨɤ 6.3). 
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Ɋɢɫɭɧɨɤ 6.3 – ɋɯɟɦɚ�ɭɫɬɚɧɨɜɤɢ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ 

�Ɋɚɫɫɬɨɹɧɢɟ�ɨɬ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ�ɞɨ�ɩɪɨɟɤɰɢɢ�ɬɨɱɤɢ�ɭɫɬɚɧɨɜɤɢ�ɩɪɟɞɟɥɶɧɨ-
ɝɨ�ɫɬɨɥɛɢɤɚ�ɧɚ�ɨɫɶ�ɨɞɧɨɝɨ�ɢɡ�ɩɭɬɟɣ  

                                    lɩɪ = 2,05 · ctg (Į/2) § 4,10 · ctg Į.                           (6.1) 
ɉɪɢ�ɫɨɟɞɢɧɟɧɢɢ�ɞɜɭɯ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ�ɢɥɢ�ɪɚɫɯɨɞɹɳɢɯɫɹ�ɩɭɬɹɯ (ɪɢ-

ɫɭɧɨɤ 6.4) ɪɚɫɱɟɬɧɨɟ�ɪɚɫɫɬɨɹɧɢɟ lɩɪ�ɢɡɦɟɧɹɟɬɫɹ�ɡɚ�ɫɱɟɬ�ɭɦɟɧɶɲɟɧɢɹ�ɢɥɢ�ɭɜɟ-
ɥɢɱɟɧɢɹ�ɝɚɛɚɪɢɬɧɵɯ�ɪɚɫɫɬɨɹɧɢɣ�ɜ�ɤɪɢɜɵɯ. 

ɚ) 
 

 
 
 

 
 
 
ɛ) 

 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 6.4 – ɋɯɟɦɵ�ɭɫɬɚɧɨɜɤɢ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ  
ɜ�ɤɪɢɜɵɯ�ɩɪɢ�ɫɨɟɞɢɧɟɧɢɢ�ɩɭɬɟɣ: ɚ – ɩɚɪɚɥɥɟɥɶɧɵɯ, ɛ – ɪɚɫɯɨɞɹɳɢɯɫɹ  

lɩɪ2�ɨɤɚɡɵɜɚɟɬɫɹ�ɧɟɫɤɨɥɶɤɨ�ɛɨɥɶɲɟ�ɪɚɫɫɬɨɹɧɢɹ lɩɪ�ɢɡ�ɡɚ�ɫɦɟɳɟɧɢɹ�ɬɨɱɤɢ 
ɩɨɥɨɠɟɧɢɹ� ɩɪɟɞɟɥɶɧɨɝɨ� ɫɬɨɥɛɢɤɚ� ɜɩɪɚɜɨ� ɞɨ� ɧɟɨɛɯɨɞɢɦɨɣ� ɜɟɥɢɱɢɧɵ� ɝɚɛɚ-
ɪɢɬɧɨɝɨ�ɪɚɫɫɬɨɹɧɢɹ 4,10 ɦ�ɦɟɠɞɭ�ɫɯɨɞɹɳɢɦɢɫɹ�ɩɭɬɹɦɢ. Ⱦɥɹ�ɪɚɫɯɨɞɹɳɢɯɫɹ 
ɩɭɬɟɣ lɩɪ3 < lɩɪ2, ɢ lɩɪ3 < lɩɪ, ɬɚɤ�ɤɚɤ�ɨɬɜɨɪɨɬ�ɩɭɬɢ�ɧɚɪɭɠɭ�ɜɵɜɨɞɢɬ�ɛɨɤɨɜɨɣ 
ɩɭɬɶ� ɛɵɫɬɪɟɟ� ɡɚ� ɩɪɟɞɟɥɵ� ɝɚɛɚɪɢɬɚ, ɱɬɨ� ɩɨɡɜɨɥɹɟɬ� ɭɫɬɚɧɨɜɢɬɶ� ɩɪɟɞɟɥɶɧɵɣ 
ɫɬɨɥɛɢɤ�ɛɥɢɠɟ�ɤ�ɰɟɧɬɪɭ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ.  
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6.3.2 ɍɫɬɚɧɨɜɤɚ�ɜɵɯɨɞɧɵɯ�ɢ�ɦɚɧɟɜɪɨɜɵɯ�ɫɢɝɧɚɥɨɜ 
ȼɵɯɨɞɧɵɟ�ɫɢɝɧɚɥɵ�ɭɫɬɚɧɚɜɥɢɜɚɸɬ�ɜ�ɜɵɯɨɞɧɵɯ�ɝɨɪɥɨɜɢɧɚɯ�ɩɚɪɤɨɜ�ɫ�ɨɬ-

ɩɪɚɜɨɱɧɵɯ�ɩɭɬɟɣ�ɫɬɚɧɰɢɢ, ɚ�ɦɚɧɟɜɪɨɜɵɟ – ɩɨ�ɦɚɪɲɪɭɬɚɦ�ɦɚɧɟɜɪɨɜɵɯ�ɩɟɪɟ-
ɞɜɢɠɟɧɢɣ. ɇɚ� ɫɯɟɦɚɯ� ɢ� ɩɥɚɧɚɯ� ɫɬɚɧɰɢɣ� ɪɚɡɥɢɱɚɸɬ� ɭɫɥɨɜɧɵɟ� ɨɛɨɡɧɚɱɟɧɢɹ 
ɦɚɱɬɨɜɵɯ�ɢ�ɤɚɪɥɢɤɨɜɵɯ�ɫɜɟɬɨɮɨɪɨɜ (ɬɚɛɥɢɰɚ 6.1).  

Ɍɚɛɥɢɰɚ 6.1 – Ɇɚɧɟɜɪɨɜɵɟ�ɢ�ɜɵɯɨɞɧɵɟ�ɫɢɝɧɚɥɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ�ɫɢɝɧɚɥɚ ɍɫɥɨɜɧɨɟ�ɨɛɨɡɧɚɱɟɧɢɟ�ɫɢɝɧɚɥɚ 

Ɇɚɧɟɜɪɨɜɵɣ�ɤɚɪɥɢɤɨɜɵɣ  
Ɇɚɧɟɜɪɨɜɵɣ�ɦɚɱɬɨɜɵɣ  
ȼɵɯɨɞɧɨɣ�ɦɚɱɬɨɜɵɣ  
ȼɵɯɨɞɧɨɣ�ɤɚɪɥɢɤɨɜɵɣ  

ɋɞɜɨɟɧɧɵɣ 
 

ȼɫɟ�ɫɢɝɧɚɥɵ�ɭɫɬɚɧɚɜɥɢɜɚɸɬ�ɩɨ�ɩɪɚɜɭɸ�ɫɬɨɪɨɧɭ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɚɩɪɚɜɥɟ-
ɧɢɹ� ɞɜɢɠɟɧɢɹ� ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ. Ɇɟɫɬɚ� ɭɫɬɚɧɨɜɤɢ� ɜɫɟɯ� ɫɢɝɧɚɥɨɜ� ɫɬɪɨɝɨ 
ɮɢɤɫɢɪɨɜɚɧɵ� ɢ� ɨɩɪɟɞɟɥɹɸɬ� ɫɬɚɧɞɚɪɬɧɵɦɢ� ɫɯɟɦɚɦɢ, ɨɞɢɧɚɤɨɜɵɦɢ� ɞɥɹ� ɦɚ-
ɧɟɜɪɨɜɵɯ�ɢ�ɜɵɯɨɞɧɵɯ�ɫɢɝɧɚɥɨɜ (ɪɢɫɭɧɨɤ 6.5). 

 
 
 
 
 

Ɋɢɫɭɧɨɤ 6.5 – ɋɯɟɦɵ�ɭɫɬɚɧɨɜɤɢ�ɦɚɧɟɜɪɨɜɵɯ�ɢ�ɜɵɯɨɞɧɵɯ�ɫɢɝɧɚɥɨɜ 
ȿɫɥɢ�ɜɵɯɨɞɧɨɣ�ɫɢɝɧɚɥ�ɇ6 ɭɫɬɚɧɚɜɥɢɜɚɸɬ�ɜ�ɦɟɠɞɭɩɭɬɶɟ, ɝɞɟ�ɪɚɫɩɨɥɚɝɚ-

ɟɬɫɹ�ɩɪɟɞɟɥɶɧɵɣ�ɫɬɨɥɛɢɤ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ�ɩɪɟɞɟɥɶɧɨɟ�ɩɨɥɨɠɟɧɢɟ�ɩɨɞɜɢɠ-
ɧɨɝɨ�ɫɨɫɬɚɜɚ�ɫ�ɞɚɧɧɨɝɨ�ɩɭɬɢ, ɬɨ�ɪɚɫɫɬɨɹɧɢɟ�ɞɨ�ɬɨɱɤɢ�ɭɫɬɚɧɨɜɤɢ�ɞɚɧɧɨɝɨ�ɫɢɝ-
ɧɚɥɚ lɫɢɝɧ�ɨɬɫɱɢɬɵɜɚɸɬ�ɨɬ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ (ɐɉ23) ɢ�ɩɪɢɧɢɦɚɸɬ�ɪɚɜɧɵɦ�ɜ�ɡɚ-
ɜɢɫɢɦɨɫɬɢ�ɨɬ�ɜɟɥɢɱɢɧɵ�ɦɟɠɞɭɩɭɬɶɹ ɟ, ɦɚɪɤɢ�ɤɪɟɫɬɨɜɢɧɵ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟ-
ɜɨɞɚ�Į�ɢ�ɪɚɞɢɭɫɚ�ɤɪɢɜɨɣ R (ɬɚɛɥɢɰɚ 6.2). 

Ɍɚɛɥɢɰɚ 6.2 – Ɋɚɫɫɬɨɹɧɢɹ�ɨɬ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ�ɞɨ�ɫɢɝɧɚɥɚ 
ȼ�ɦɟɬɪɚɯ 

Ɇɟɠɞɭɩɭɬɶɟ, 
ɦ 

Ɇɚɪɤɚ�ɩɟɪɟɜɨɞɚ�ɢ�ɪɚɞɢɭɫ�ɤɪɢɜɨɣ 
1/9 1/11 

R = 200 ɦ R = 300 ɦ R = 300 ɦ R = 400 ɦ 

5,30 60 65 72 74 
6,50 49 49 59 59 
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ɉɪɢ� ɭɫɬɚɧɨɜɤɟ� ɜɵɯɨɞɧɨɝɨ� ɫɢɝɧɚɥɚ� ɇ5 ɫ� ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ� ɫɬɨɪɨɧɵ� ɨɬ 
ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ�ɩɨɥɨɠɟɧɢɟ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ�ɧɚ 
ɞɚɧɧɨɦ� ɩɭɬɢ, ɫɢɝɧɚɥ� ɭɫɬɚɧɚɜɥɢɜɚɸɬ� ɧɚ� ɪɚɫɫɬɨɹɧɢɢ 3,5 ɦ� ɨɬ� ɩɪɟɞɟɥɶɧɨɝɨ 
ɫɬɨɥɛɢɤɚ.  

ɍɫɬɚɧɨɜɤɭ�ɦɚɧɟɜɪɨɜɨɝɨ� ɫɢɝɧɚɥɚ�Ɇ23 ɨɩɪɟɞɟɥɹɸɬ�ɩɨɥɨɠɟɧɢɟɦ�ɩɨɞɜɢɠ-
ɧɨɝɨ�ɫɨɫɬɚɜɚ�ɩɟɪɟɞ�ɩɪɨɬɢɜɨɲɟɪɫɬɧɵɦ�ɫɬɪɟɥɨɱɧɵɦ�ɩɟɪɟɜɨɞɨɦ. Ⱦɚɧɧɵɣ�ɫɜɟ-
ɬɨɮɨɪ� ɭɫɬɚɧɚɜɥɢɜɚɸɬ� ɧɚɩɪɨɬɢɜ� ɩɟɪɟɞɧɟɝɨ� ɫɬɵɤɚ� ɪɚɦɧɨɝɨ� ɪɟɥɶɫɚ� ɩɟɪɟɜɨɞɚ 
�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ�ɜɟɥɢɱɢɧɵ�ɩɚɪɚɦɟɬɪɚ ɚ). 

ɇɚ� ɫɯɟɦɚɯ�ɪɚɡɦɟɪɵ� ɭɫɥɨɜɧɵɯ� ɨɛɨɡɧɚɱɟɧɢɣ� ɫɢɝɧɚɥɨɜ� ɡɚɜɢɫɹɬ� ɨɬ�ɦɟɠɞɭ-
ɩɭɬɢɣ, ɜ�ɤɨɬɨɪɵɯ�ɨɧɢ�ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ. Ɉɛɵɱɧɨ�ɩɪɢɧɢɦɚɸɬ, ɱɬɨ�ɞɢɚɦɟɬɪɵ 
ɨɤɪɭɠɧɨɫɬɟɣ�ɨɝɧɟɣ�ɫɜɟɬɨɮɨɪɨɜ�ɫɨɫɬɚɜɥɹɸɬ ½ ɲɢɪɢɧɵ�ɦɟɠɞɭɩɭɬɶɹ. 

6.3.3 ɍɫɬɚɧɨɜɤɚ�ɜɯɨɞɧɵɯ�ɫɢɝɧɚɥɨɜ 
ȼɯɨɞɧɵɟ� ɫɢɝɧɚɥɵ�ɩɪɢɜɹɡɵɜɚɸɬ� ɤ� ɩɟɪɜɨɣ� ɜɯɨɞɧɨɣ� ɫɬɪɟɥɤɟ� ɫɬɚɧɰɢɢ� ɩɪɢ 

ɩɪɢɟɦɟ�ɩɨɟɡɞɨɜ�ɧɚ�ɫɬɚɧɰɢɸ (ɪɢɫɭɧɨɤ 6.6). 
ɚ) 

 
 

ɛ) 
 
 
 

ɜ) 
 
 

ɝ) 
 
 

Ɋɢɫɭɧɨɤ 6.6 – ɋɯɟɦɵ�ɩɪɢɜɹɡɤɢ�ɜɯɨɞɧɵɯ�ɫɢɝɧɚɥɨɜ: ɚ – ɩɪɢ�ɬɟɩɥɨɜɨɡɧɨɣ�ɬɹɝɟ�ɢ�ɩɪɨɬɢɜɨ-
ɲɟɪɫɬɧɨɦ�ɩɟɪɟɜɨɞɟ; ɛ – ɩɪɢ�ɷɥɟɤɬɪɨɜɨɡɧɨɣ�ɬɹɝɟ�ɢ�ɩɪɨɬɢɜɨɲɟɪɫɬɧɨɦ�ɩɟɪɟɜɨɞɟ; ɜ – ɩɪɢ�ɬɟɩɥɨ-
ɜɨɡɧɨɣ�ɬɹɝɟ�ɢ�ɩɨɲɟɪɫɬɧɨɦ�ɩɟɪɟɜɨɞɟ; ɝ – ɩɪɢ�ɷɥɟɤɬɪɨɜɨɡɧɨɣ�ɬɹɝɟ�ɢ�ɩɨɲɟɪɫɬɧɨɦ�ɩɟɪɟɜɨɞɟ 
ɍɫɥɨɜɧɵɟ� ɢɡɨɛɪɚɠɟɧɢɹ� ɜɯɨɞɧɵɯ� ɫɢɝɧɚɥɨɜ� ɧɚ� ɫɯɟɦɚɯ� ɫɬɚɧɰɢɣ – ɩɹɬɢ-

ɡɧɚɱɧɵɟ.  
6.4 Ɉɩɪɟɞɟɥɟɧɢɟ�ɩɨɥɟɡɧɨɣ�ɢ�ɩɨɥɧɨɣ�ɞɥɢɧ�ɩɭɬɟɣ 

ɉɨɥɟɡɧɭɸ�ɞɥɢɧɭ�ɩɭɬɢ Lɩɨɥɟɡɧ�ɨɩɪɟɞɟɥɹɸɬ�ɪɚɫɫɬɨɹɧɢɟɦ�ɦɟɠɞɭ�ɬɨɱɤɚɦɢ, ɜ 
ɩɪɟɞɟɥɚɯ�ɤɨɬɨɪɵɯ�ɦɨɠɟɬ�ɛɵɬɶ�ɭɫɬɚɧɨɜɥɟɧ�ɫɨɫɬɚɜ�ɛɟɡ�ɧɚɪɭɲɟɧɢɹ�ɛɟɡɨɩɚɫɧɨ-
ɫɬɢ�ɞɜɢɠɟɧɢɹ�ɩɨ�ɫɨɫɟɞɧɢɦ�ɩɭɬɹɦ. Ⱦɥɹ�ɩɪɢɟɦɨɨɬɩɪɚɜɨɱɧɵɯ�ɩɭɬɟɣ, ɢɦɟɸɳɢɯ 
ɜɵɯɨɞɧɵɟ� ɫɢɝɧɚɥɵ, ɩɨɥɟɡɧɭɸ� ɞɥɢɧɭ� ɪɚɫɫɱɢɬɵɜɚɸɬ� ɦɟɠɞɭ� ɫɢɝɧɚɥɚɦɢ  ɢ 
ɩɪɟɞɟɥɶɧɵɦɢ�ɫɬɨɥɛɢɤɚɦɢ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɩɭɬɟɣ (ɪɢɫɭɧɨɤ 6.7).  
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Ɋɢɫɭɧɨɤ 6.7 – ɉɨɥɟɡɧɚɹ�ɢ�ɩɨɥɧɚɹ�ɞɥɢɧɚ�ɩɭɬɟɣ 

Ⱦɥɹ� ɫɨɪɬɢɪɨɜɨɱɧɵɯ� ɢ� ɩɨɝɪɭɡɨ�ɜɵɝɪɭɡɨɱɧɵɯ� ɩɭɬɟɣ� ɩɨɥɟɡɧɭɸ� ɞɥɢɧɭ� ɨɩ-
ɪɟɞɟɥɹɸɬ�ɦɟɠɞɭ�ɩɪɟɞɟɥɶɧɵɦɢ�ɫɬɨɥɛɢɤɚɦɢ (ɢɥɢ) ɨɫɬɪɹɤɚɦɢ. ȿɫɥɢ�ɫɬɚɧɰɢɨɧ-
ɧɵɣ� ɩɭɬɶ� ɬɭɩɢɤɨɜɵɣ, ɬɨ� ɟɝɨ� ɩɨɥɟɡɧɭɸ� ɞɥɢɧɭ� ɨɩɪɟɞɟɥɹɸɬ� ɨɬ� ɩɪɟɞɟɥɶɧɨɝɨ 
ɫɬɨɥɛɢɤɚ�ɞɨ� ɭɩɨɪɚ. ɉɨɥɧɚɹ�ɞɥɢɧɚ�ɩɭɬɢ� ɜɤɥɸɱɚɟɬ�ɩɨɥɟɡɧɭɸ� ɫ� ɭɱɟɬɨɦ�ɞɥɢɧ 
ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ�ɞɚɧɧɵɣ�ɩɭɬɶ�ɫ�ɨɛɟɢɯ�ɝɨɪɥɨɜɢɧ. 

6.5 Ɋɚɫɱɟɬ�ɩɚɪɚɥɥɟɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɩɭɬɢ 
ɉɪɢ� ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɪɚɡɦɟɳɟɧɢɹ� ɩɥɚɬɮɨɪɦ (ɩɨɫɚɞɤɢ�ɜɵɫɚɞɤɢ� ɩɚɫɫɚɠɢ-

ɪɨɜ, ɩɨɝɪɭɡɤɢ�ɜɵɝɪɭɡɤɢ�ɝɪɭɡɨɜ) ɬɪɟɛɭɟɬɫɹ�ɪɚɡɞɜɢɠɤɚ�ɞɜɭɯ�ɩɭɬɟɣ, ɨɛɟɫɩɟɱɢ-
ɜɚɸɳɚɹ�ɭɜɟɥɢɱɟɧɢɟ�ɦɟɠɞɭɩɭɬɶɹ�ɞɨ ɟɭɲ (ɪɢɫɭɧɨɤ 6.8). 

 
 
 
 

 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 6.8 – ɉɚɪɚɥɥɟɥɶɧɨɟ�ɫɦɟɳɟɧɢɟ�ɩɭɬɟɣ 
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Ɉɫɨɛɟɧɧɨɫɬɶɸ�ɩɚɪɚɥɥɟɥɶɧɨɝɨ� ɫɦɟɳɟɧɢɹ� ɹɜɥɹɟɬɫɹ� ɫɨɯɪɚɧɟɧɢɟ�ɧɚɩɪɚɜɥɟ-
ɧɢɹ� ɞɜɢɠɟɧɢɹ�ɩɨ� ɩɭɬɢ 2, ɫɨɜɩɚɞɚɸɳɟɝɨ� ɫ� ɧɚɩɪɚɜɥɟɧɢɟɦ 1 ɞɨ� ɩɟɪɟɯɨɞɚ� ɧɚ 
ɦɟɠɞɭɩɭɬɶɟ ɟ�ɢ�ɩɨɫɥɟ�ɧɟɝɨ. 

Ⱦɥɢɧɚ�ɩɚɪɚɥɥɟɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ  
L = 2T + (2T + d0)cos ȕ. 

6.6 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  

Ɂɚɞɚɱɚ 1�Ʉɚɤ�ɦɨɠɟɬ�ɜɵɝɥɹɞɟɬɶ�ɫɬɪɟɥɨɱɧɚɹ�ɭɥɢɰɚ�ɞɥɹ�ɫɯɟɦɵ�ɝɨɪɥɨɜɢɧɵ, 
ɩɪɢɜɟɞɟɧɧɨɣ�ɧɚ�ɪɢɫɭɧɤɟ 6.1, ɛ? 

Ɂɚɞɚɱɚ 2� Ɋɚɫɫɱɢɬɚɬɶ� ɩɨɥɟɡɧɭɸ� ɞɥɢɧɭ� ɩɨɝɪɭɡɨ�ɜɵɝɪɭɡɨɱɧɨɝɨ� ɩɭɬɢ� ɞɥɹ 
ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 6.2, ɛ, ɟɫɥɢ�ɞɥɢɧɵ�ɜɫɟɯ�ɫɤɥɚɞɫɤɢɯ�ɭɫɬɪɨɣɫɬɜ lɫɤɥ = 30 ɦ. 

Ɂɚɞɚɱɚ 3�Ɉɰɟɧɢɬɶ�ɩɨɝɪɟɲɧɨɫɬɶ�ɩɪɢɛɥɢɠɟɧɧɨɝɨ�ɪɚɫɱɟɬɚ�ɩɨ�ɮɨɪɦɭɥɟ (6.1) 
ɤɨɨɪɞɢɧɚɬ�ɭɫɬɚɧɨɜɤɢ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ�ɩɪɢ ɟ = 5,30 ɦ�ɢ tg Į = 1/9. 

Ɂɚɞɚɱɚ 4�Ɋɚɫɫɱɢɬɚɬɶ�ɜɟɥɢɱɢɧɵ lɩɪ2, lɩɪ3�ɢ�ǻ�ɞɥɹ�ɫɯɟɦ�ɪɢɫɭɧɤɚ 6.4, ɚ, ɛ�ɢ 
ɨɩɪɟɞɟɥɢɬɶ�ɡɧɚɱɟɧɢɹ (lɩɪ2 – lɩɪ) ɢ (lɩɪ – lɩɪ3). 

Ɂɚɞɚɱɚ 5�ȼɵɜɟɫɬɢ�ɚɧɚɥɢɬɢɱɟɫɤɭɸ�ɮɨɪɦɭɥɭ�ɪɚɫɱɟɬɚ�ɜɟɥɢɱɢɧɵ�ɭɝɥɚ�ȕ�ɞɥɹ 
ɫɯɟɦɵ�ɩɚɪɚɥɥɟɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɩɭɬɢ (ɫɦ. ɪɢɫɭɧɨɤ 6.8). 

6.7 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ 
Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 1.�Ⱦɚɧɧɚɹ�ɝɨɪɥɨɜɢɧɚ�ɫɨɫɬɨɢɬ�ɢɡ�ɞɜɭɯ�ɫɬɪɟɥɨɱɧɵɯ�ɭɥɢɰ 

�ɪɢɫɭɧɨɤ 6.9). 

ɚ) 

 

 

 

 

 
ɛ) 

 

 

Ɋɢɫɭɧɨɤ 6.9 – ɋɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ�ɝɨɪɥɨɜɢɧɵ�ɪɢɫɭɧɤɚ 6.1, ɛ 
Ʉ�ɝɥɚɜɧɨɦɭ�ɩɭɬɢ I ɩɪɢɦɵɤɚɟɬ�ɫɨɤɪɚɳɟɧɧɚɹ�ɫɬɪɟɥɨɱɧɚɹ�ɭɥɢɰɚ�ɩɨɞ�ɭɝɥɨɦ 

ɦɚɪɤɢ�ɤɪɟɫɬɨɜɢɧɵ (ɫɦ. ɪɢɫɭɧɨɤ 6.9, ɚ), ɤ�ɝɥɚɜɧɨɦɭ�ɩɭɬɢ II – ɧɟɫɨɤɪɚɳɟɧɧɚɹ 
ɫɬɪɟɥɨɱɧɚɹ�ɭɥɢɰɚ�ɧɚ�ɛɨɤɨɜɨɦ�ɩɭɬɢ (ɫɦ. ɪɢɫɭɧɨɤ 6.9, ɛ). 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 2.�ɉɨ�ɭɫɥɨɜɢɸ�ɡɚɞɚɱɢ�ɞɥɢɧɚ�ɩɨɝɪɭɡɨ�ɜɵɝɪɭɡɨɱɧɨɝɨ�ɮɪɨɧɬɚ 
ɭ�ɧɚɜɚɥɨɱɧɨɣ, ɤɨɧɬɟɣɧɟɪɧɨɣ�ɩɥɨɳɚɞɨɤ�ɢ�ɤɪɵɬɨɝɨ�ɫɤɥɚɞɚ�ɫ�ɭɱɟɬɨɦ�ɪɚɫɫɬɨɹɧɢɣ 
ɦɟɠɞɭ�ɧɢɦɢ�ɩɨ 15 ɦ, ɫɨɫɬɚɜɥɹɟɬ Lɩ = 30 + 30 + 30 + 15 + 15 = 120 ɦ. 



53 
 

ȼɚɝɨɧɵ�ɭ�ɫɤɥɚɞɫɤɢɯ�ɭɫɬɪɨɣɫɬɜ�ɭɫɬɚɧɚɜɥɢɜɚɸɬ�ɜ�ɩɪɟɞɟɥɚɯ�ɩɪɹɦɨɝɨ�ɭɱɚɫɬ-
ɤɚ�ɩɭɬɢ, ɬ. ɟ. ɨɬ�ɬɚɧɝɟɧɫɚ�ɤɨɧɰɚ�ɤɪɢɜɨɣ�ɩɭɬɢ 4. ɉɨɥɟɡɧɚɹ�ɞɥɢɧɚ�ɞɚɧɧɨɝɨ�ɩɭɬɢ 
ɢɫɱɢɫɥɹɟɬɫɹ�ɨɬ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 7 ɞɨ�ɭɩɨɪɚ. ɉɨ-
ɷɬɨɦɭ�ɤ�ɩɨɥɭɱɟɧɧɨɦɭ�ɡɧɚɱɟɧɢɸ�ɞɥɢɧɵ�ɩɭɬɢ�ɩɪɢɛɚɜɥɹɸɬ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɞɥɢɧɵ�ɬɚɧɝɟɧɫɚ Ɍ = Rtg (Į/2) ɢ�ǻLɩɪ = ectg Į – lɩɪ (ɪɢɫɭɧɨɤ 6.10).  

 
Ɋɢɫɭɧɨɤ 6.10 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɥɟɡɧɨɣ�ɞɥɢɧɵ�ɩɨɝɪɭɡɨ�ɜɵɝɪɭɡɨɱɧɨɝɨ�ɩɭɬɢ 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, 

Lɩɨɥɟɡɧ(4) = Lɩ + Rtg (Į/2) + ectg Į – lɩɪ = 120 + 11,08 + 47,70 – 36,90 = 141,88 ɦ. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 3. ɉɪɟɞɟɥɶɧɵɣ�ɫɬɨɥɛɢɤ�ɦɟɠɞɭ�ɞɜɭɦɹ�ɫɯɨɞɹɳɢɦɢɫɹ�ɩɨɞ 
ɭɝɥɨɦ�ɦɚɪɤɢ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɩɭɬɹɦɢ�ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ�ɫɨɝɥɚɫɧɨ�ɫɯɟɦɟ 
ɪɢɫɭɧɤɚ 6.2. Ɍɨɱɧɚɹ�ɮɨɪɦɭɥɚ�ɪɚɫɱɟɬɚ 

lɩɪ�ɬɨɱɧ) = 2,05 / tg (Į/2) = 2,05 / 0,055378 = 37,02 ɦ. 

Ɂɚɦɟɧɚ�ɞɜɭɯ�ɞɥɢɧ�ɝɚɛɚɪɢɬɧɵɯ�ɪɚɫɫɬɨɹɧɢɣ�ɩɨ 2,05 ɦ, ɨɞɧɨɣ, ɪɚɜɧɨɣ 4,10 ɦ, 
ɩɪɢɜɨɞɢɬ�ɤ�ɛɨɥɟɟ�ɩɪɨɫɬɨɣ�ɜ�ɩɪɚɤɬɢɱɟɫɤɢɯ�ɪɚɫɱɟɬɚɯ�ɮɨɪɦɭɥɟ 

lɩɪ�ɩɪɢɛɥ) = 4,10 · ctg Į = 4,10 · 9 = 36,90 ɦ. 

ɉɨɝɪɟɲɧɨɫɬɶ�ɫɨɫɬɚɜɥɹɟɬ 37,02 – 36,90 = 0,12 ɦ.  

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ 4.� Ɋɚɫɱɟɬɧɚɹ� ɫɯɟɦɚ�ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ lɩɪ2� ɩɪɢɜɟɞɟɧɚ� ɧɚ 
ɪɢɫɭɧɤɟ 6.11. 

ɋɨɝɥɚɫɧɨ�ɭɫɥɨɜɢɸ�ɡɚɞɚɱɢ 

O2D = O2M = O1E = O1L = g = 2,05 ɦ; 

ON = OL = OK = R = 200 ɦ; 

KG = ɟ = 5,30 ɦ,  

BP = MS = ǻ. 

Ɍɚɤ�ɤɚɤ�ǻO1EF ~ ǻOFG, ɬɨ  

.
1

1

OG
OF

EO
FO
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Ɋɢɫɭɧɨɤ 6.11 – ɋɯɟɦɚ�ɭɫɬɚɧɨɜɤɢ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ 
ɭ�ɫɯɨɞɹɳɢɯɫɹ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ 

 

 

 

 

 

 

 

 

 

ɉɪɨɩɨɪɰɢɸ�ɜɵɪɚɠɚɸɬ�ɜ�ɜɢɞɟ�ɫɨɨɬɧɨɲɟɧɢɹ  

.11

lR
FOgR

g
FO

�
��

  

ɉɨɷɬɨɦɭ 

O1F(R – l) = (R – g)g – O1Fg,  

O1F(R – l + g) = (R – g)g. 

.ɦ0625,2)(
1  

��
�

 
glR
ggRFO  
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ɂɡ�ǻȿO1F 

.ɦ2268,022
1

2
1

2
1  � � gFOEOFOEF  

Ɍɚɤ�ɤɚɤ�ǻO1EF ~ ǻOFG, ɬɨ  

,
1 OG

FG
EO
EF

  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

.ɦ5365,21)(
1

 � � 
g

lREF
EO

OGEFFG  

ɂɡ�ǻOCG  

CG = OG tgĮ = (R – l)tgĮ = 21,6333 ɦ. 

.ɦ8982,195
Įcos
  

OGOC  

ɂɡ�ǻACN 

.ɦ1437,37
ĮsinĮsin

 
�

  
OCRNCAC  

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, 

lɩɪ2 = AE = AG – EG = (AC + CG) – (EF + FG) = 37,0138 ɦ. 

lɩɪ = AD = gctg(Į/2) = 37,0135 ɦ. 

lɩɪ2 – lɩɪ = 37,0138 – 37,0135 = 0,0003 ɦ = 0,3 ɦɦ. 

ɂɡ�ǻO1FE 

,sin
11

1
1 FO

g
FO
EOFEO   

 

ɩɨɷɬɨɦɭ  

O1FE = arcsin(g / O1F) = 1,46063. 

ɂɡ�ǻBLF 

.
)Įʌsin(Įsin 1FEO

BFLF
��

 
 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
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,ɦ2403,37
Įsin

)Įsin( 1  
�

 
FEOLFBF  

ɩɨɷɬɨɦɭ 

AB = AF – BF = (AC + CG – GF) – BF = 0,00022 ɦ. 

ɂɡ�ǻBLF  

ǻ = BP = AB · sin Į = 0,000024 ɦ. 

Ⱦɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ lɩɪ3�ɢɫɩɨɥɶɡɭɸɬ�ɫɯɟɦɭ�ɪɢɫɭɧɤɚ 6.12. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 6.12 – ɋɯɟɦɚ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɩɨɥɨɠɟɧɢɹ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ  
ɭ�ɪɚɫɯɨɞɹɳɢɯɫɹ�ɩɭɬɟɣ 

ɉɪɹɦɵɟ NO, BG�ɢ DF�ɩɟɪɟɫɟɤɚɸɬɫɹ�ɜ�ɬɨɱɤɟ Ɉ. 

ɉɨ�ɭɫɥɨɜɢɸ�ɡɚɞɚɱɢ 

AG = b + d = 15,64 + 6,25 = 21,89 ɦ, EC = EF = g = 2,05 ɦ. 

ɂɡ�ǻȺBG  

BG = AGtg Į = 21,89(1/9) = 2,4322 ɦ. 

.ɦ0247,22
Įcos
  

AGAB  

OB = OG + GB = 202,4322 ɦ. 

ɂɡ�ǻONB  

ON = OBcos Į = 201,1941 ɦ,  

NB = OBsin Į = 22,3549 ɦ. 
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ɉɭɫɬɶ ED = x. ɂɡ�ǻOND ~ ǻCED  

,
EC
ON

ED
OD

 
 

,
g

ON
x

gRx
 

��

 

,1
g

ON
x

gR
 

�
� ,1� 

�
g

ON
x

gR
 

.ɦ0799,2
1
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g
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gRx
 

ɂɡ�ǻNOD 

.ɦ4957,34)( 2222  ��� � ONRgxONODND  

ɂɡ�ǻCED 

.ɦ3514,022  � gxCD  

NA = NB – AB = 22,3549 – 22,0247 = 0,3302 ɦ. 

lɩɪ3 = AC = ND – NA – CD = 34,4957 – 0,3302 – 0,3514 = 33,814 ɦ. 

lɩɪ – lɩɪ3 = 37,0135 – 33,814 = 3,20 ɦ. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 5.�ɍɝɨɥ�ȕ�ɨɩɪɟɞɟɥɹɸɬ�ɢɡ�ɜɵɪɚɠɟɧɢɹ 

(2T + d0)sin ȕ = ǻɟ, 
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ɉɪɨɢɡɜɨɞɹɬ�ɡɚɦɟɧɭ�ɩɟɪɟɦɟɧɧɨɣ tg(ȕ/2) =  x.  
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Ⱦɚɥɟɟ�ɪɟɲɚɸɬ�ɤɜɚɞɪɚɬɧɨɟ�ɭɪɚɜɧɟɧɢɟ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɩɟɪɟɦɟɧɧɨɣ ɯ: 
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 Ɉɩɪɟɞɟɥɹɸɬ, ɱɬɨ�ɩɨ�ɭɫɥɨɜɢɸ�ɡɚɞɚɱɢ ɯ > 0, ɩɨɷɬɨɦɭ�ɢɡ�ɩɪɟɞɵɞɭɳɟɝɨ�ɜɵ-
ɪɚɠɟɧɢɹ�ɭɫɬɚɧɚɜɥɢɜɚɸɬ, ɱɬɨ .2)4(44 0
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ɉɪɨɢɡɜɨɞɹɬ�ɨɛɪɚɬɧɭɸ�ɡɚɦɟɧɭ�ɩɟɪɟɦɟɧɧɨɣ ɯ, ɜɵɪɚɠɚɹ�ɭɝɨɥ�ȕ: 

ȕ = 2arctg x. 

Ɉɤɨɧɱɚɬɟɥɶɧɨ 
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6.8 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ 

1 ɑɟɦ�ɨɬɥɢɱɚɟɬɫɹ�ɝɨɪɥɨɜɢɧɚ�ɨɬ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ? 
2 Ʉɚɤɨɟ�ɧɚɡɧɚɱɟɧɢɟ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ? 
3 Ʉɚɤ�ɢɦɟɧɭɸɬɫɹ�ɜɵɯɨɞɧɵɟ�ɫɢɝɧɚɥɵ? 
4 Ʉɚɤɢɟ� ɨɛɴɟɤɬɵ�ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢɬɢɹ� ɢ� ɬɟɯɧɢɱɟɫɤɨɝɨ�ɨɫɧɚɳɟɧɢɹ� ɨɩɪɟɞɟ-

ɥɹɸɬ�ɩɨɥɟɡɧɭɸ�ɞɥɢɧɭ�ɩɭɬɢ I ɜ�ɱɟɬɧɨɦ�ɢ�ɧɟɱɟɬɧɨɦ�ɧɚɩɪɚɜɥɟɧɢɹɯ�ɞɥɹ�ɫɯɟɦɵ 
ɪɢɫɭɧɤɚ 6.7? 

5 ɇɚɡɧɚɱɟɧɢɟ�ɩɚɪɚɥɥɟɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɩɭɬɢ. 
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7 ɊȺɋɑȿɌ�ɄɈɈɊȾɂɇȺɌ�ɄɈɇɌɊɈɅɖɇɕɏ�ɌɈɑȿɄ 
ɈȻɔȿɄɌɈȼ�ɉɍɌȿȼɈȽɈ�ɊȺɁȼɂɌɂə�ɋɌȺɇɐɂɂ  

7.1 ȼɵɛɨɪ�ɫɢɫɬɟɦɵ�ɤɨɨɪɞɢɧɚɬɧɨɣ�ɩɪɢɜɹɡɤɢ   
ɇɟɦɚɫɲɬɚɛɧɭɸ� ɫɯɟɦɭ� ɩɭɬɟɜɨɝɨ� ɪɚɡɜɢɬɢɹ� ɪɚɫɫɦɚɬɪɢɜɚɸɬ� ɤɚɤ� ɭɫɥɨɜɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ� ɫɜɹɡɧɵɯ� ɩɭɬɟɣ� ɢ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɫ� ɰɟɥɶɸ� ɧɚɝɥɹɞɧɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ� ɨɛɳɟɝɨ� ɜɢɞɚ� ɜɡɚɢɦɧɨɝɨ� ɩɨɥɨɠɟɧɢɹ� ɨɬɞɟɥɶɧɵɯ� ɷɥɟɦɟɧɬɨɜ 
ɫɬɚɧɰɢɢ. Ɇɚɫɲɬɚɛɧɵɣ� ɩɥɚɧ� ɯɚɪɚɤɬɟɪɢɡɭɸɬ� ɤɚɤ� ɫɬɪɨɝɨ� ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ 
ɪɟɚɥɶɧɨɦɭ�ɨɛɪɚɡɭ�ɱɟɪɬɟɠ, ɨɩɪɟɞɟɥɹɸɳɢɣ�ɜɢɞ�ɫɜɟɪɯɭ. ɉɪɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɧɨɜɨɝɨ� ɩɭɬɟɜɨɝɨ� ɪɚɡɜɢɬɢɹ� ɢ� ɪɟɤɨɧɫɬɪɭɤɰɢɢ� ɫɭɳɟɫɬɜɭɸɳɟɝɨ� ɨɤɚɡɵɜɚɟɬɫɹ 
ɜɚɠɧɵɦ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɧɟ� ɬɨɥɶɤɨ�ɦɚɫɲɬɚɛɧɵɣ� ɩɥɚɧ� ɫɬɚɧɰɢɢ� ɫ� ɧɚɧɟɫɟɧɧɵɦ 
ɜɚɪɢɚɧɬɨɦ�ɩɟɪɟɭɫɬɪɨɣɫɬɜɚ, ɧɨ�ɢ�ɩɪɢɜɹɡɤɨɣ�ɨɬɞɟɥɶɧɵɯ�ɤɨɧɬɪɨɥɶɧɵɯ�ɬɨɱɟɤ�ɤ 
ɧɟɤɨɬɨɪɨɦɭ� ɩɨɫɬɨɹɧɧɨɦɭ� ɮɢɤɫɢɪɨɜɚɧɧɨɦɭ� ɩɭɧɤɬɭ (ɪɟɩɟɪɭ) ɧɚ� ɦɟɫɬɧɨɫɬɢ. 
ɉɪɢɜɹɡɤɭ�ɨɩɪɟɞɟɥɹɸɬ�ɩɨ�ɢɡɦɟɪɟɧɧɨɦɭ�ɪɚɫɫɬɨɹɧɢɸ�ɨɬ�ɞɚɧɧɨɣ�ɬɨɱɤɢ�ɷɥɟɦɟɧ-
ɬɚ�ɩɭɬɢ�ɢɥɢ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɞɨ�ɪɟɩɟɪɚ. Ⱦɥɹ�ɬɨɱɧɨɣ�ɮɢɤɫɚɰɢɢ�ɤɨɨɪɞɢ-
ɧɚɬ�ɬɨɱɤɢ�ɢɫɩɨɥɶɡɭɸɬ�ɩɪɹɦɨɭɝɨɥɶɧɭɸ�ɫɢɫɬɟɦɭ�ɤɨɨɪɞɢɧɚɬ (ɪɢɫɭɧɨɤ 7.1). 
 

 

 

 

 

Ɋɢɫɭɧɨɤ 7.1 – ɉɪɢɜɹɡɤɚ�ɰɟɧɬɪɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɤ�ɪɟɩɟɪɭ 

ɇɚɱɚɥɨ� ɫɢɫɬɟɦɵ� ɤɨɨɪɞɢɧɚɬ� ɧɚɯɨɞɢɬɫɹ� ɜ� ɬɨɱɤɟ� ɩɟɪɟɫɟɱɟɧɢɹ� ɨɫɟɣ Ɉɏ� ɢ 
OY. Ɉɫɶ Ɉɏ� ɨɪɢɟɧɬɢɪɭɸɬ� ɩɚɪɚɥɥɟɥɶɧɨ� ɩɭɬɹɦ, ɨɫɶ OY – ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ. 
Ʉɨɨɪɞɢɧɚɬɵ�ɰɟɧɬɪɚ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ 1 ɨɩɪɟɞɟɥɹɸɬ�ɩɨɫɪɟɞɫɬɜɨɦ�ɩɪɨ-
ɟɰɢɪɨɜɚɧɢɹ�ɞɚɧɧɨɣ�ɬɨɱɤɢ�ɧɚ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɨɫɢ. Ɂɧɚɱɟɧɢɹ�ɤɨɨɪɞɢɧɚɬ�ɬɨ-
ɱɟɤ�ɩɨɥɨɠɢɬɟɥɶɧɵ�ɢɥɢ�ɨɬɪɢɰɚɬɟɥɶɧɵ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɤɜɚɞɪɚɧɬɚ, ɜ�ɤɨɬɨɪɨɦ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ� ɞɚɧɧɚɹ� ɬɨɱɤɚ. ɉɨɷɬɨɦɭ�ɞɥɹ� ɪɢɫɭɧɤɚ 7.1 ɡɧɚɱɟɧɢɟ ɏɐɉ1 ɛɭɞɟɬ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ (ɬɨɱɤɚ�ɩɪɨɟɤɰɢɢ�ɪɚɫɩɨɥɚɝɚɟɬɫɹ�ɩɪɚɜɟɟ�ɧɚɱɚɥɶɧɨɣ�ɬɨɱɤɢ�ɨɬ-
ɫɱɟɬɚ 0), ɚ Yɐɉ1 – ɨɬɪɢɰɚɬɟɥɶɧɵɦ (ɧɢɠɟ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɚɱɚɥɶɧɨɣ�ɬɨɱɤɢ�ɨɬ-
ɫɱɟɬɚ 0). ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɪɚɫɫɬɨɹɧɢɹ�ɨɬ�ɬɨɱɤɢ 0 ɞɨ�ɩɪɨɟɤɰɢɣ  ɩɨ�ɨɫɹɦ OX 
ɢ OY�ɛɭɞɭɬ�ɡɧɚɱɟɧɢɹɦɢ�ɤɨɨɪɞɢɧɚɬ�ɰɟɧɬɪɚ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ 1.  

ȼ�ɩɪɚɤɬɢɤɟ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ� ɫɬɚɧɰɢɣ�ɢɫɩɨɥɶɡɭɸɬ� ɥɨ-
ɤɚɥɶɧɵɟ� ɢ� ɝɥɨɛɚɥɶɧɵɟ� ɫɢɫɬɟɦɵ� ɤɨɨɪɞɢɧɚɬ. Ʌɨɤɚɥɶɧɵɟ� ɫɢɫɬɟɦɵ� ɤɨɨɪɞɢɧɚɬ 
ɩɪɢɜɹɡɵɜɚɸɬ�ɤ�ɧɟɤɨɬɨɪɵɦ�ɮɢɤɫɢɪɨɜɚɧɧɵɦ�ɬɨɱɤɚɦ�ɫɭɳɟɫɬɜɭɸɳɢɯ�ɨɛɴɟɤɬɨɜ 
ɧɚ�ɬɟɪɪɢɬɨɪɢɢ�ɫɬɚɧɰɢɣ, ɨɛɥɚɞɚɸɳɢɯ�ɜɵɫɨɤɨɣ�ɭɫɬɨɣɱɢɜɨɫɬɶɸ�ɤ�ɫɦɟɳɟɧɢɹɦ 
�ɦɨɧɨɥɢɬɧɵɟ�ɤɨɧɫɬɪɭɤɰɢɢ�ɡɞɚɧɢɣ, ɨɩɨɪ, ɫɬɨɥɛɨɜ�ɢ�ɞɪ.). Ƚɥɨɛɚɥɶɧɵɟ�ɫɢɫɬɟ-
ɦɵ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɩɭɧɤɬɚɦɢ�ɨɩɨɪɧɨɣ�ɝɟɨɞɟɡɢɱɟɫɤɨɣ�ɫɟɬɢ.  

Ⱦɥɹ�ɤɨɧɤɪɟɬɧɨɣ� ɫɬɚɧɰɢɢ�ɤɨɨɪɞɢɧɚɬɧɭɸ�ɩɪɢɜɹɡɤɭ� ɨɫɭɳɟɫɬɜɥɹɸɬ� ɤ� ɨɫɹɦ 
ɩɟɪɜɨɝɨ�ɝɥɚɜɧɨɝɨ�ɩɭɬɢ (ɨɫɶ Ɉɏ) ɢ�ɨɫɢ�ɩɚɫɫɚɠɢɪɫɤɨɝɨ�ɡɞɚɧɢɹ (ɨɫɶ OY). ɉɟɪɟ-
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ɫɟɱɟɧɢɟ�ɷɬɢɯ�ɨɫɟɣ�ɭɤɚɡɵɜɚɟɬ�ɧɚ�ɩɨɥɨɠɟɧɢɟ�ɬɨɱɤɢ�ɨɬɫɱɟɬɚ. ȿɫɥɢ�ɜɫɟ�ɫɬɚɧɰɢ-
ɨɧɧɵɟ�ɩɭɬɢ� ɪɚɫɩɨɥɚɝɚɸɬɫɹ� ɩɚɪɚɥɥɟɥɶɧɨ�ɩɟɪɜɨɦɭ� ɝɥɚɜɧɨɦɭ, ɬɨ�ɞɚɧɧɚɹ� ɫɢɫ-
ɬɟɦɚ�ɤɨɨɪɞɢɧɚɬ�ɹɜɥɹɟɬɫɹ�ɧɚɢɛɨɥɟɟ�ɭɞɨɛɧɨɣ�ɢ�ɩɪɨɫɬɨɣ�ɞɥɹ�ɩɪɢɜɹɡɤɢ.  

7.2 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɰɟɧɬɪɨɜ�ɩɟɪɟɜɨɞɨɜ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ  

ɐɟɧɬɪ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ� ɹɜɥɹɟɬɫɹ� ɤɨɧɬɪɨɥɶɧɨɣ� ɬɨɱɤɨɣ, ɨɩɪɟɞɟɥɹɸ-
ɳɟɣ�ɟɝɨ�ɩɨɥɨɠɟɧɢɟ�ɩɨ�ɨɬɧɨɲɟɧɢɸ�ɤ�ɞɪɭɝɢɦ�ɷɥɟɦɟɧɬɚɦ�ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢɬɢɹ. 
Ɍɚɤ�ɤɚɤ�ɫɬɪɟɥɨɱɧɵɟ�ɩɟɪɟɜɨɞɵ�ɭɤɥɚɞɵɜɚɸɬ�ɩɨ�ɨɩɪɟɞɟɥɟɧɧɵɦ�ɫɯɟɦɚɦ�ɜɡɚɢɦ-
ɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ (ɫɦ. ɩɨɞɪɚɡɞ. 2), ɬɨ�ɞɨɫɬɚɬɨɱɧɨ�ɪɚɫɫɱɢɬɚɬɶ�ɤɨɨɪɞɢɧɚɬɵ 
ɩɟɪɜɨɝɨ�ɩɟɪɟɜɨɞɚ�ɜ�ɬɚɤɨɣ�ɫɜɹɡɧɨɣ�ɰɟɩɢ, ɢ�ɞɚɥɟɟ�ɦɨɠɧɨ�ɜɵɱɢɫɥɢɬɶ�ɤɨɨɪɞɢ-
ɧɚɬɵ�ɜɫɟɯ�ɩɨɫɥɟɞɭɸɳɢɯ�ɰɟɧɬɪɨɜ�ɩɟɪɟɜɨɞɨɜ (ɪɢɫɭɧɨɤ 7.2). 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 7.2 – ɋɬɪɟɥɨɱɧɚɹ�ɭɥɢɰɚ�ɜ�ɤɨɨɪɞɢɧɚɬɧɨɣ�ɫɢɫɬɟɦɟ�ɩɪɢɜɹɡɤɢ 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ� ɪɚɫɱɟɬɚ� ɤɨɨɪɞɢɧɚɬ� ɰɟɧɬɪɨɜ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ 
1–5 ɞɚɧɧɨɣ�ɫɯɟɦɵ�ɧɚɱɢɧɚɸɬ�ɨɬ�ɐɉ1 ɤ�ɐɉ2, ɞɚɥɟɟ – ɨɬ�ɐɉ1 ɤ�ɐɉ3 ɢ�ɐɉ4, ɚ 
ɧɚ� ɨɤɨɧɱɚɬɟɥɶɧɨɦ� ɷɬɚɩɟ� ɪɚɫɱɟɬɨɜ –  ɨɬ�ɐɉ3  ɤ�ɐɉ5.  ɉɪɢ� ɷɬɨɦ� ɜɚɠɧɨ�ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ� ɤɨɨɪɞɢɧɚɬɵ� ɧɚɱɚɥɶɧɨɣ� ɬɨɱɤɢ�ɐɉ1 ɜɫɟɣ� ɪɚɫɱɟɬɧɨɣ� ɰɟɩɢ� ɭɠɟ� ɢɡ-
ɜɟɫɬɧɵ. ɇɚ�ɪɢɫɭɧɤɟ 7.2 ɪɚɫɫɬɨɹɧɢɟ�ɨɬ�ɧɚɱɚɥɚ�ɤɨɨɪɞɢɧɚɬ�ɞɨ�ɞɚɧɧɨɝɨ�ɰɟɧɬɪɚ 
ɩɟɪɟɜɨɞɚ�ɨɬɦɟɱɚɸɬ�ɤɚɤ L, ɬ. ɟ. ɏɐɉ1 = L. Yɐɉ1 = 0, ɬɚɤ�ɤɚɤ�ɐɉ1 ɧɟ�ɢɦɟɟɬ�ɨɬ-
ɤɥɨɧɟɧɢɹ�ɨɬ�ɨɫɢ OY�ɜɧɢɡ�ɢɥɢ�ɜɜɟɪɯ.  

ɋɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ 2 ɫɜɹɡɚɧ�ɫ�ɐɉ1 ɩɨ�ɫɯɟɦɟ�ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ 4 
�ɫɦ. ɪɢɫɭɧɨɤ 2.1, ɝ), ɩɨɷɬɨɦɭ  

ɏɐɉ2 = ɏɐɉ1 + ǻɯ2, ɝɞɟ�ǻɯ2 = ɟctg Į. 
Yɐɉ2 = Yɐɉ1 = 0. 

ɋɨɝɥɚɫɧɨ�ɩɪɢɜɟɞɟɧɧɨɣ�ɜɵɲɟ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ�ɨɩɪɟɞɟɥɹɸɬ�ɤɨɨɪɞɢɧɚ-
ɬɵ�ɜɫɟɯ�ɩɨɫɥɟɞɭɸɳɢɯ�ɰɟɧɬɪɨɜ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ.  

ɏɐɉ3 = ɏɐɉ1 + ǻɯ3, ɝɞɟ�ǻɯ3 = (bɐɉ1 + d + ɚɐɉ3)cos Į, 
Yɐɉ3 = Yɐɉ1 + ǻy3, ɝɞɟ�ǻy3= (bɐɉ1 + d + ɚɐɉ3)sin Į, 
ɏɐɉ4 = ɏɐɉ3 + ǻɯ4, ɝɞɟ�ǻɯ4 = (bɐɉ3 + d + ɚɐɉ4)cos Į, 
Yɐɉ4 = Yɐɉ3 + ǻy4, ɝɞɟ�ǻy4 = (bɐɉ3 + d + ɚɐɉ4)sin Į, 

ɏɐɉ5 = ɏɐɉ3 + ǻɯ5, ɝɞɟ�ǻɯ5= ɟctg Į · cos 2Į, 
Yɐɉ5 = Yɐɉ3 + ǻy5, ɝɞɟ�ǻy5 = ɟctg Į · sin 2Į. 
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ȼ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɤɨɧɤɪɟɬɧɨɣ�ɫɯɟɦɵ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ�ɦɨɠɟɬ�ɛɵɬɶ�ɧɟ-
ɫɤɨɥɶɤɨ�ɰɟɩɨɱɟɤ�ɜɡɚɢɦɧɨɣ�ɭɜɹɡɤɢ�ɢ�ɪɚɫɱɟɬɚ�ɤɨɨɪɞɢɧɚɬ�ɩɟɪɟɜɨɞɨɜ. 

7.3 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɩɨɥɨɠɟɧɢɣ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ  

Ʉɨɨɪɞɢɧɚɬɵ� ɩɪɟɞɟɥɶɧɨɝɨ� ɫɬɨɥɛɢɤɚ� ɪɚɫɫɱɢɬɵɜɚɸɬ� ɢɫɯɨɞɹ� ɪɚɫɫɬɨɹɧɢɹ 
ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ�ɦɟɠɞɭ�ɩɭɬɹɦɢ, ɧɟ�ɦɟɧɟɟ�ɝɚɛɚɪɢɬɧɨɝɨ (ɪɢɫɭɧɨɤ 7.3).  

ɚ) 

 

 

ɛ) 

 

 

 

 

Ɋɢɫɭɧɨɤ 7.3 –ɍɫɬɚɧɨɜɤɚ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ:  
ɚ – ɪɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ; ɛ – ɩɪɢɜɹɡɤɚ�ɤɨɨɪɞɢɧɚɬ  

ɉɪɢɜɹɡɤɭ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ�ɜɵɩɨɥɧɹɸɬ�ɤ�ɰɟɧɬɪɭ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟ-
ɜɨɞɚ, ɭ� ɤɨɬɨɪɨɝɨ� ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ� ɞɚɧɧɵɣ� ɩɪɟɞɟɥɶɧɵɣ� ɫɬɨɥɛɢɤ. ɋɨɝɥɚɫɧɨ 
ɪɢɫɭɧɤɭ 7.3, ɚ 

                                             lɩɪ = 2,05 / tg (Į/2).                                         (7.1) 

ɉɪɢ�ɢɡɜɟɫɬɧɨɦ�ɩɨɥɨɠɟɧɢɢ�ɫɢɫɬɟɦɵ�ɤɨɨɪɞɢɧɚɬ (ɫɦ. ɪɢɫɭɧɨɤ 7.3, ɛ) 

ɏɉɋ1 = ɏɐɉ1 + ǻɯ1, ɝɞɟ�ǻɯ1 = lɩɪ,  
Yɉɋ1 = Yɐɉ1 + ǻy1, ɝɞɟ�ǻy1 = 2,05 ɦ.  

ȿɫɥɢ�ɩɪɟɞɟɥɶɧɵɣ�ɫɬɨɥɛɢɤ�ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ�ɭ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ, ɨɪɢ-
ɟɧɬɢɪɨɜɚɧɧɨɝɨ� ɩɨ� ɨɬɧɨɲɟɧɢɸ� ɤ� ɫɢɫɬɟɦɟ� ɤɨɨɪɞɢɧɚɬ� ɩɨɞ� ɭɝɥɨɦ� Į (ɫɬɪɟɥɨɱ-
ɧɵɣ�ɩɟɪɟɜɨɞ 5 ɧɚ�ɪɢɫɭɧɤɟ 7.3, ɛ), ɬɨ 

ɏɉɋ5 = ɏɐɉ5 + ǻɯ5, ɝɞɟ�ǻɯ5 = lɩɪcos Į – 2,05sin Į,  
Yɉɋ5 = Yɐɉ5 + ǻy5, ɝɞɟ�ǻy5 = lɩɪsin Į + 2,05cos Į.  

7.4 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɫɢɝɧɚɥɨɜ�ɧɚ�ɫɬɚɧɰɢɢ  

ȼɯɨɞɧɵɟ, ɜɵɯɨɞɧɵɟ� ɢ� ɦɚɧɟɜɪɨɜɵɟ� ɫɢɝɧɚɥɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ� ɧɚ� ɫɬɚɧ-
ɰɢɢ, ɢɦɟɸɬ�ɤɨɨɪɞɢɧɚɬɧɭɸ�ɩɪɢɜɹɡɤɭ�ɤ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ�ɷɥɟɦɟɧɬɚɦ�ɩɭɬɟɜɨ-
ɝɨ�ɪɚɡɜɢɬɢɹ (ɪɢɫɭɧɨɤ 7.4). 
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ɚ) 

 

 
 
 

 
ɛ) 

 
 
 
 
 

Ɋɢɫɭɧɨɤ 7.4 – Ɋɚɫɱɟɬɧɵɟ�ɫɯɟɦɵ�ɭɫɬɚɧɨɜɤɢ�ɫɢɝɧɚɥɨɜ�ɧɚ�ɫɬɚɧɰɢɢ�ɫ�ɩɟɪɜɵɦ�ɫɬɪɟɥɨɱ-
ɧɵɦ�ɩɟɪɟɜɨɞɨɦ�ɩɪɢ�ɩɪɢɟɦɟ�ɩɨɟɡɞɨɜ�ɧɚ�ɫɬɚɧɰɢɸ: ɚ – ɩɪɨɬɢɜɨɲɟɪɫɬɧɵɦ; ɛ – ɩɨɲɟɪɫɬɧɵɦ   

ȼɯɨɞɧɵɟ�ɫɢɝɧɚɥɵ�ɭɫɬɚɧɚɜɥɢɜɚɸɬ�ɫ�ɩɪɢɜɹɡɤɨɣ�ɤ�ɩɟɪɜɨɣ�ɫɬɪɟɥɤɟ�ɜ�ɡɚɜɢɫɢ-
ɦɨɫɬɢ�ɨɬ�ɟɟ�ɪɚɫɩɨɥɨɠɟɧɢɹ. ɉɪɢ�ɩɪɨɬɢɜɨɲɟɪɫɬɧɨɣ�ɫɬɪɟɥɤɟ  (ɫɦ. ɪɢɫɭɧɨɤ 7.4, ɚ) 
ɪɚɫɫɬɨɹɧɢɟ�ɨɬ�ɦɟɫɬɚ�ɭɫɬɚɧɨɜɤɢ�ɫɢɝɧɚɥɚ�ɞɨ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ 1 ǻx1 = 50 ɦ + ɚ 
�ɞɥɹ�ɬɟɩɥɨɜɨɡɧɨɣ�ɬɹɝɢ) ɢ�ǻx1 = 300 ɦ + ɚ (ɞɥɹ�ɷɥɟɤɬɪɨɜɨɡɧɨɣ�ɬɹɝɢ). ȿɫɥɢ�ɩɟɪ-
ɜɵɣ�ɩɨ�ɯɨɞɭ�ɩɪɢɟɦɚ�ɩɨɟɡɞɚ�ɧɚ�ɫɬɚɧɰɢɸ�ɫɬɪɟɥɨɱɧɵɣ�ɩɟɪɟɜɨɞ�ɩɨɲɟɪɫɬɧɵɣ (ɫɦ. 
ɪɢɫɭɧɨɤ 7.4, ɛ), ɬɨ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ�ɪɚɫɫɬɨɹɧɢɟ�ɨɬɫɱɢɬɵɜɚɸɬ�ɞɨ�ɩɪɟɞɟɥɶɧɨɝɨ 
ɫɬɨɥɛɢɤɚ�ɞɚɧɧɨɣ�ɫɬɪɟɥɤɢ, ɤɨɬɨɪɨɟ�ɪɚɜɧɨ 50 ɦ�ɞɥɹ�ɬɟɩɥɨɜɨɡɧɨɣ�ɬɹɝɢ�ɢ 300 ɦ – 
ɞɥɹ�ɷɥɟɤɬɪɨɜɨɡɧɨɣ. 

Ɍɨɝɞɚ  
ɏɑ1 = ɏɐɉ1 – ǻɯ1, Yɑ1 = 0 – ɟɝ (ɞɥɹ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 7.4, ɚ), 

ɏɑ1 = ɏɐɉ1 – ǻɯ1, – lɩɪ, Yɑ1 = 0 – ɟɝ (ɞɥɹ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 7.4, ɛ), 

ɝɞɟ ɟɝ – ɝɚɛɚɪɢɬ�ɩɪɢɛɥɢɠɟɧɢɹ�ɫɬɪɨɟɧɢɣ, ɟɝ = 3,10 ɦ.  
ȼɵɯɨɞɧɵɟ� ɢ�ɦɚɧɟɜɪɨɜɵɟ� ɫɢɝɧɚɥɵ� ɤɨɨɪɞɢɧɢɪɭɸɬ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɫɯɟɦ 

ɜɡɚɢɦɧɨɝɨ�ɪɚɫɩɨɥɨɠɟɧɢɹ�ɦɟɫɬ�ɢɯ�ɭɫɬɚɧɨɜɤɢ�ɢ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ, ɨɝɪɚɧɢ-
ɱɢɜɚɸɳɢɯ� ɞɜɢɠɟɧɢɟ� ɫ� ɩɭɬɟɣ. ɋɯɟɦɚ 1 ɨɩɪɟɞɟɥɹɟɬ� ɭɫɬɚɧɨɜɤɭ� ɫɢɝɧɚɥɚ� ɩɟɪɟɞ 
ɩɪɨɬɢɜɨɲɟɪɫɬɧɵɦ�ɫɬɪɟɥɨɱɧɵɦ�ɩɟɪɟɜɨɞɨɦ. ɋɨɝɥɚɫɧɨ�ɪɢɫɭɧɤɭ 7.4, ɚ 

ɏɆ1 = ɏɐɉ1 – ɚ, YɆ1 = 0 – ɟɝ, 

ɝɞɟ ɚ – ɪɚɫɫɬɨɹɧɢɟ�ɨɬ�ɩɟɪɟɞɧɟɝɨ�ɫɬɵɤɚ�ɪɚɦɧɨɝɨ�ɪɟɥɶɫɚ�ɞɨ�ɰɟɧɬɪɚ�ɩɟɪɟɜɨɞɚ 1. 
ɋɯɟɦɚ 2 ɩɨɡɢɰɢɨɧɢɪɭɟɬ� ɭɫɬɚɧɨɜɤɭ� ɜɵɯɨɞɧɵɯ� ɢ� ɦɚɧɟɜɪɨɜɵɯ� ɫɢɝɧɚɥɨɜ� ɜ 

ɦɟɠɞɭɩɭɬɶɢ, ɝɞɟ� ɪɚɫɩɨɥɚɝɚɟɬɫɹ� ɩɪɟɞɟɥɶɧɵɣ� ɫɬɨɥɛɢɤ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ, 
ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ�ɞɜɢɠɟɧɢɟ�ɩɨɟɡɞɚ�ɢɥɢ�ɥɨɤɨɦɨɬɢɜɚ�ɫ�ɞɚɧɧɨɝɨ�ɩɭɬɢ. ɉɪɢɦɟɪɚ-
ɦɢ�ɭɫɬɚɧɨɜɤɢ�ɫɢɝɧɚɥɨɜ�ɩɨ�ɷɬɨɣ�ɫɯɟɦɟ�ɹɜɥɹɸɬɫɹ�ɇI, ɇ2, ɇ3 ɢ�ɇ4. 
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ɏɇI = ɏɐɉ1 + ǻx3, YɇI = Yɐɉ1 + ǻy3, 
ɏɇ2 = ɏɐɉ3 + ǻx4, Yɇ2 = Yɐɉ3 + ǻy4, 
ɏɇ3 = ɏɐɉ7 + ǻx5, Yɇ2 = Yɐɉ7 + ǻy5, 
ɏɇ4 = ɏɐɉ9 + ǻx6, Yɇ2 = Yɐɉ9 + ǻy6, 

ɝɞɟ�ǻy3, ǻy4, ǻy5, ǻy6 = ɟ / 2, ɟ – ɪɚɫɫɬɨɹɧɢɹ�ɦɟɠɞɭ�ɩɭɬɹɦɢ�ɩɚɪɤɚ (ɟ = 5,30 ɦ). 
ɋɯɟɦɚ 3 ɨɩɪɟɞɟɥɹɟɬ�ɭɫɬɚɧɨɜɤɭ�ɫɢɝɧɚɥɨɜ�ɩɪɢ�ɢɯ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɩɨ�ɞɪɭɝɭɸ 

ɫɬɨɪɨɧɭ� ɨɬ� ɩɪɟɞɟɥɶɧɨɝɨ� ɫɬɨɥɛɢɤɚ� ɫɬɪɟɥɨɱɧɨɝɨ� ɩɟɪɟɜɨɞɚ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ 
ɞɜɢɠɟɧɢɟ�ɩɨɟɡɞɚ�ɫ�ɞɚɧɧɨɝɨ�ɩɭɬɢ (ɇ5, ɇ6 ɞɥɹ�ɪɢɫɭɧɤɚ 7.4, ɚ). 

ɏɇ5 = ɏɉC9 + ǻx7, Yɇ5 = YɉC9 + ǻy7, 
ɏɇ6 = ɏɉC5 + ǻx8, Yɇ6 = YɉC5 + ǻy8. 

7.5 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɤɨɧɬɪɨɥɶɧɵɯ�ɬɨɱɟɤ�ɤɪɭɝɨɜɵɯ�ɤɪɢɜɵɯ  
ɋɨɩɪɹɠɟɧɢɟ�ɫɬɪɟɥɨɱɧɵɯ�ɭɥɢɰ� ɫ�ɩɚɪɤɨɜɵɦɢ�ɩɭɬɹɦɢ�ɩɪɨɢɡɜɨɞɹɬ� ɫ�ɩɨɦɨ-

ɳɶɸ�ɤɪɢɜɨɥɢɧɟɣɧɵɯ�ɭɱɚɫɬɤɨɜ�ɩɭɬɟɣ�ɪɚɞɢɭɫɨɦ, ɤɚɤ�ɩɪɚɜɢɥɨ, ɧɟ�ɦɟɧɟɟ 200 ɦ. 
Ʉɨɨɪɞɢɧɚɬɧɭɸ�ɩɪɢɜɹɡɤɭ�ɜɵɩɨɥɧɹɸɬ� ɞɥɹ�ɧɚɱɚɥɚ, ɤɨɧɰɚ� ɤɪɢɜɨɣ� ɢ� ɜɟɪɲɢɧɵ 
ɭɝɥɚ�ɩɨɜɨɪɨɬɚ (ɪɢɫɭɧɨɤ 7.5). 
 

 
 
 
 

 

 
 

Ɋɢɫɭɧɨɤ 7.5 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɤɨɨɪɞɢɧɚɬ 
ɤɨɧɬɪɨɥɶɧɵɯ�ɬɨɱɟɤ�ɤɪɭɝɨɜɨɣ�ɤɪɢɜɨɣ 

Ⱦɥɹ� ɤɪɢɜɨɣ, ɫɨɟɞɢɧɹɸɳɟɣ� ɫɬɪɟɥɨɱɧɵɣ� ɩɟɪɟɜɨɞ 3 ɫ� ɩɭɬɟɦ 3, ɫɨɝɥɚɫɧɨ 
ɪɚɫɱɟɬɧɨɣ� ɫɯɟɦɟ� ɪɢɫɭɧɤɚ 7.5 ɪɚɫɱɟɬ� ɧɚɱɢɧɚɸɬ� ɫ� ɨɩɪɟɞɟɥɟɧɢɹ� ɤɨɨɪɞɢɧɚɬ 
ɜɟɪɲɢɧɵ�ɭɝɥɚ�ɩɨɜɨɪɨɬɚ. 

ɏȼɍ1 = ɏɐɉ1 + ǻɯ1, ɝɞɟ�ǻɯ1= ɟ1ctg Į1, 
Yȼɍ1 = Yɐɉ1 + ǻy1, ɝɞɟ�ǻy1 = (b1 + d + a3 + b3 + f2 + T2)sin Į1, 

f2 = ɟ1ctg Į1 – b1 – d – a3 – b3 – T2. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɏȼɍ2 = ɏɐɉ3+ ǻɯ2, ɝɞɟ�ǻɯ2= (e1 + e2 – Yɐɉ3)ctg (Į1 + Į2), 
Yȼɍ2 = Yɐɉ3 + ǻy2, ɝɞɟ�ǻy2 = e1 + e2 – Yɐɉ3. 

ɇɚɱɚɥɚ�ɢ�ɤɨɧɰɵ�ɤɪɢɜɵɯ�ɪɚɫɩɨɥɨɠɟɧɵ�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ�ɞɥɢɧɵ�ɬɚɧɝɟɧɫɨɜ, ɩɨɷɬɨɦɭ 

ɏɇɄ3 = ɏȼɍ1 – Ɍ2cos Į1, YɇɄ3 = Yȼɍ1 – Ɍ2sin Į1, 
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ɏɄɄ3 = ɏȼɍ1 + Ɍ2, YɄɄ3 = Yȼɍ1, 
ɏɇɄ4 = ɏȼɍ2 – Ɍ1cos (Į1 + Į2), YɇɄ4 = Yȼɍ2 – Ɍ1sin (Į1 + Į2), 

ɏɄɄ4 = ɏȼɍ2 + Ɍ1, YɄɄ4 = Yȼɍ2. 

7.6 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  

Ɂɚɞɚɱɚ 1� Ɋɚɫɫɱɢɬɚɬɶ� ɤɨɨɪɞɢɧɚɬɵ�ɰɟɧɬɪɨɜ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ 2–5 ɩɨ 
ɩɪɢɜɟɞɟɧɧɨɣ�ɫɯɟɦɟ�ɧɚ�ɪɢɫɭɧɤɟ 7.2 ɩɪɢ ɏɐɉ1 = 550,00, Yɐɉ1 = 0, tg Į = 1/9, ɟ = 
5,30 ɦ, b = 15,64 ɦ, a = 15,46 ɦ, d = 12,50 ɦ.  

Ɂɚɞɚɱɚ 2� Ɂɚɩɢɫɚɬɶ� ɨɛɳɢɟ�ɮɨɪɦɭɥɵ�ɞɥɹ� ɜɵɱɢɫɥɟɧɢɹ�ɚɛɫɰɢɫɫ�ɩɨɥɨɠɟɧɢɣ 
ɰɟɧɬɪɨɜ� ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ ɏɐɉ1� ɢ ɏɐɉ5 � ɩɨ�ɩɪɢɜɟɞɟɧɧɵɦ�ɮɨɪɦɭɥɚɦ�ɪɢ-
ɫɭɧɤɚ 7.3, ɛ, ɟɫɥɢ ɏɉɋ1 = k1, ɏɉɋ5 = k2. 

Ɂɚɞɚɱɚ 3� Ɉɩɪɟɞɟɥɢɬɶ� ɤɨɨɪɞɢɧɚɬɵ� ɜɯɨɞɧɨɝɨ� ɫɢɝɧɚɥɚ� ɩɨ� ɫɯɟɦɟ� ɪɢɫɭɧɤɚ 
7.4, ɚ, ɟɫɥɢ�ɢɡɜɟɫɬɧɨ, ɱɬɨ�ɞɜɢɠɟɧɢɟ�ɩɨɟɡɞɨɜ�ɧɚ�ɭɱɚɫɬɤɟ�ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ�ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ�ɬɹɝɨɣ�ɢ ɏɐɉ1 = 655,50, Yɐɉ1 = 0, ɚ = 14,06 ɦ. 

Ɂɚɞɚɱɚ 4�Ɉɩɪɟɞɟɥɢɬɶ,  ɧɚ� ɫɤɨɥɶɤɨ� ɫɦɟɳɚɟɬɫɹ�ɩɨɥɨɠɟɧɢɟ� ɫɢɝɧɚɥɚ�ɇ5  (ɫɦ.  
ɪɢɫɭɧɨɤ 7.4, ɚ) ɭ�ɩɪɹɦɨɝɨ�ɢ�ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ�ɭɱɚɫɬɤɨɜ�ɩɭɬɟɣ. 

Ɂɚɞɚɱɚ 5�ȼɵɜɟɫɬɢ�ɨɛɳɭɸ�ɮɨɪɦɭɥɭ�ɪɚɫɱɟɬɚ�ɩɚɪɚɦɟɬɪɚ f2�ɞɥɹ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 7.5. 

7.7 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ 1.� ɉɨ� ɮɨɪɦɭɥɚɦ� ɩɨɞɪɚɡɞ. 7.2 ɩɪɨɢɡɜɨɞɹɬ� ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɟ�ɜɵɱɢɫɥɟɧɢɹ. 

ɏɐɉ2 = ɏɐɉ1 + ɟctg Į = 550,00 + 5,30 · 9 = 597,70. 
Yɐɉ2 = Yɐɉ1 = 0. 

ɏɐɉ3 = ɏɐɉ1 + (bɐɉ1 + d + ɚɐɉ3)cos Į = 597,70 +  
+ (15,64 + 12,50 + 15,46) · 0,9939 = 641,03. 

Yɐɉ3 = Yɐɉ1 + (bɐɉ1 + d + ɚɐɉ3)sin Į = 0 + (15,64 + 12,50 +  
+ 15,46) · 0,1104 = 4,81. 

ɏɐɉ4 = ɏɐɉ3 + (bɐɉ3 + d + ɚɐɉ4)cos Į = 641,03 + (15,64 + 12,50 +  
+ 15,46) · 0,9939 = 684,36. 

Yɐɉ4 = Yɐɉ3 + (bɐɉ3 + d + ɚɐɉ4)sin Į = 4,81 + (15,64 + 12,50 +  
+ 15,46) · 0,1104 = 9,62. 

ɏɐɉ5 = ɏɐɉ3 + ɟctg Į · cos 2Į = 641,03 + 5,30 · 9 · 0,9756 = 687,57. 
Yɐɉ5 = Yɐɉ3 + ɟctg Į · sin 2Į = 4,81 + 5,30 · 9 · 0,2195 = 15,28. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 2.�Ɍɚɤ�ɤɚɤ  
ɏɉɋ1 = ɏɐɉ1 + lɩɪ, 

ɬɨ  
ɏɐɉ1 = ɏɉɋ1 – lɩɪ = k1– lɩɪ.   

ɏɉɋ5 = ɏɐɉ5 + lɩɪ · cos Į, ɏɐɉ5 = ɏɉɋ5 – lɩɪcos Į = k2 – lɩɪcos Į. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 3.�ȼɯɨɞɧɨɣ�ɫɢɝɧɚɥ�ɭɫɬɚɧɚɜɥɢɜɚɸɬ�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ 300 ɦ 
ɨɬ�ɩɟɪɟɞɧɟɝɨ�ɫɬɵɤɚ�ɪɚɦɧɨɝɨ�ɪɟɥɶɫɚ�ɩɟɪɜɨɣ�ɜɯɨɞɧɨɣ�ɫɬɪɟɥɤɢ  (ɢɥɢ 300 ɦ + ɚ 
ɞɨ�ɰɟɧɬɪɚ�ɞɚɧɧɨɝɨ  ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ). ɉɨɷɬɨɦɭ 
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ɏɑ1 = ɏɐɉ1 – (300 + ɚ) = 655, 50 – 300 – 14,06 = 341,44. 
Yɑ1 = 0 – ɟɝ = –3,10. 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 4.�Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɭɫɬɚɧɨɜɤɢ�ɫɢɝɧɚɥɚ�ɇ5 ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ� ɨɩɪɟɞɟɥɟɧɢɢ� ɝɚɛɚɪɢɬɚ� ɟɝɨ� ɩɪɢɛɥɢɠɟɧɢɹ� ɤ� ɩɭɬɢ. ɉɪɢ� ɷɬɨɦ� ɫɢɝɧɚɥ� ɦɨɠɟɬ 
ɪɚɫɩɨɥɚɝɚɬɶɫɹ�ɭ�ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ�ɩɭɬɢ�ɢɥɢ�ɜ�ɤɪɢɜɨɣ (ɪɢɫɭɧɨɤ 7.6). 

ɚ)      ɛ) 
 

 
 

Ɋɢɫɭɧɨɤ 7.6 – ɋɯɟɦɵ�ɭɫɬɚɧɨɜɤɢ�ɜɵɯɨɞɧɨɝɨ�ɫɢɝɧɚɥɚ�ɫ�ɩɭɬɢ: 
ɚ – ɧɚ�ɩɪɹɦɨɦ�ɭɱɚɫɬɤɟ�ɩɭɬɢ; ɛ – ɜ�ɤɪɢɜɨɣ 

Ⱦɥɹ�ɪɚɫɱɟɬɚ�ɩɨɥɨɠɟɧɢɹ� ɫɢɝɧɚɥɚ� ɭ�ɩɪɹɦɨɝɨ�ɩɭɬɢ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ�ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ�ɪɚɫɱɟɬɧɭɸ�ɫɯɟɦɭ (ɪɢɫɭɧɨɤ 7.7). 

 
Ɋɢɫɭɧɨɤ 7.7 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ 

ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɤɨɨɪɞɢɧɚɬ�ɜɵɯɨɞɧɨɝɨ�ɫɢɝɧɚɥɚ 
ɩɨ�ɩɪɹɦɨɦɭ�ɩɭɬɢ 

ɫ�ɩɪɢɜɹɡɤɨɣ�ɤ�ɩɪɟɞɟɥɶɧɨɦɭ�ɫɬɨɥɛɢɤɭ  
 

ɂɡ�ɜɵɞɟɥɟɧɧɨɝɨ�ɬɪɟɭɝɨɥɶɧɢɤɚ 
z = (3,10 + 2,05)tg Į. 

Ɍɨɝɞɚ 
w = 3,50 – z = 3,50 – 5,15tg Į. 

ɉɨɷɬɨɦɭ 
ǻx8 = w · cos Į = (3,50 – 5,15tg Į)cos Į,  

ǻy8 = z / sin Į. 
Ɋɟɚɥɢɡɚɰɢɹ�ɫɯɟɦɵ�ɪɢɫɭɧɤɚ 7.6, ɛ�ɫɥɨɠɧɟɟ, ɬɚɤ�ɤɚɤ�ɜɵɯɨɞɧɨɣ�ɫɢɝɧɚɥ�ɪɚɫɩɨ-

ɥɚɝɚɟɬɫɹ�ɜ�ɤɪɢɜɨɣ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ�ɪɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 7.8. 
 
 

Ɋɢɫɭɧɨɤ 7.8 – Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ 
ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɤɨɨɪɞɢɧɚɬ 

ɜɵɯɨɞɧɨɝɨ�ɫɢɝɧɚɥɚ 
ɜ�ɤɪɢɜɨɣ 
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ɍɱɚɫɬɨɤ�ɤɪɢɜɨɣ�ɦɟɠɞɭ�ɩɪɨɟɤɰɢɹɦɢ�ɬɨɱɟɤ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɬɨɥɛɢɤɚ�ɢ�ɦɟɫɬɚ 
ɭɫɬɚɧɨɜɤɢ� ɫɢɝɧɚɥɚ Ʉ1 =  ʌRȕ/180. ɂɡ�ɡɚ�ɧɟɡɧɚɱɢɬɟɥɶɧɨɫɬɢ� ɜɟɥɢɱɢɧɵ� ɭɝɥɚ� ȕ 
ɩɪɢɧɢɦɚɟɦ, ɱɬɨ Ʉ1�§ |Ⱥɋ| = 3,5. Ɍɨɝɞɚ  

.
ʌ

3,5180ȕ
R
×

=  

ɂɡ�ǻȺȼɋ 

ɯ = Ʉ1tgȕ  

ɢɥɢ 

.ɦ 0,061
2003,14
3,51803,5tg

ʌ
3,51803,5tg =

×
×=×=

R
x  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɨɠɟɧɢɟ�ɫɢɝɧɚɥɚ�ɜ�ɤɪɢɜɨɣ�ɧɚ 6,1 ɫɦ�ɫɦɟɳɚɟɬɫɹ�ɤ� ɨɫɢ 
ɩɭɬɢ�ɜ�ɤɪɢɜɨɣ�ɩɨ�ɪɢɫɭɧɤɭ 7.8 ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɪɚɡɦɟɳɟɧɢɟɦ�ɫɢɝɧɚɥɚ�ɭ�ɩɪɹ-
ɦɨɝɨ�ɩɭɬɢ (ɫɦ. ɪɢɫɭɧɨɤ 7.7). 

Ɋɟɲɟɧɢɟ�ɡɚɞɚɱɢ 5.�ɋɨɝɥɚɫɧɨ�ɩɪɨɜɟɞɟɧɧɵɦ�ɜ�ɩɨɞɪɚɡɞ. 7.5 ɪɚɫɱɟɬɚɦ 

(b3 + f2 + T2)sinĮ1 = e1 – Yɐɉ3, 
ɨɬɤɭɞɚ 

 f2 = (e1 – Yɐɉ3) / sin Į1 –  b3 – T2. 

7.8 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ 

1 Ʉ�ɱɟɦɭ�ɩɪɨɢɡɜɨɞɹɬ�ɩɪɢɜɹɡɤɭ�ɤɨɨɪɞɢɧɚɬ�ɤɨɧɬɪɨɥɶɧɵɯ�ɬɨɱɟɤ�ɫɬɚɧɰɢɨɧ-
ɧɵɯ�ɨɛɴɟɤɬɨɜ? 

2 Ⱦɥɹ�ɤɚɤɢɯ�ɬɨɱɟɤ�ɤɪɢɜɵɯ�ɨɩɪɟɞɟɥɹɸɬ�ɤɨɨɪɞɢɧɚɬɵ�ɢɯ�ɩɨɥɨɠɟɧɢɹ? 
3 ɋɤɨɥɶɤɨ�ɪɚɡɥɢɱɧɵɯ�ɫɯɟɦ�ɭɫɬɚɧɨɜɤɢ�ɜɵɯɨɞɧɵɯ�ɢ�ɦɚɧɟɜɪɨɜɵɯ�ɫɢɝɧɚɥɨɜ 

ɧɚ�ɫɬɚɧɰɢɢ? 
4 ɇɚ�ɤɚɤɨɦ�ɪɚɫɫɬɨɹɧɢɢ� ɨɬ�ɩɪɟɞɟɥɶɧɨɝɨ� ɫɬɨɥɛɢɤɚ�ɩɨɲɟɪɫɬɧɨɝɨ� ɫɬɪɟɥɨɱ-

ɧɨɝɨ�ɩɟɪɟɜɨɞɚ�ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ�ɜɯɨɞɧɵɟ�ɫɢɝɧɚɥɵ�ɩɪɢ�ɬɟɩɥɨɜɨɡɧɨɣ�ɬɹɝɟ?    
5 Ʉɚɤɚɹ�ɨɫɨɛɟɧɧɨɫɬɶ�ɭɫɬɚɧɨɜɤɢ�ɫɢɝɧɚɥɚ�ɜ�ɦɟɠɞɭɩɭɬɶɟ, ɜ�ɤɨɬɨɪɨɦ�ɪɚɫɩɨ-

ɥɚɝɚɟɬɫɹ�ɩɪɟɞɟɥɶɧɵɣ�ɫɬɨɥɛɢɤ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ�ɞɜɢɠɟɧɢɟ�ɩɨɟɡɞɚ�ɫ�ɞɚɧɧɨɝɨ 
ɩɭɬɢ?  
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ɁȺɄɅɘɑȿɇɂȿ 

ɉɭɬɟɜɨɟ� ɪɚɡɜɢɬɢɟ� ɩɪɢɟɦɨɨɬɩɪɚɜɨɱɧɵɯ, ɫɨɪɬɢɪɨɜɨɱɧɵɯ, ɬɪɚɧɡɢɬɧɵɯ� ɢ 
ɞɪɭɝɢɯ�ɩɚɪɤɨɜ�ɫɬɚɧɰɢɣ�ɫɨɫɬɨɢɬ�ɢɡ�ɨɬɞɟɥɶɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɩɭɬɟɣ�ɢ�ɫɬɪɟɥɨɱɧɵɯ 
ɩɟɪɟɜɨɞɨɜ. ɂɯ� ɜɡɚɢɦɧɨɟ� ɫɨɱɟɬɚɧɢɟ� ɢ� ɪɚɡɥɢɱɧɵɟ� ɤɨɦɛɢɧɚɰɢɢ� ɩɨɡɜɨɥɹɸɬ� ɜ 
ɪɚɜɧɨɣ�ɫɬɟɩɟɧɢ�ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ�ɪɚɛɨɬɨɫɩɨɫɨɛɧɵɟ�ɢ�ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɵɟ� ɫɬɪɭɤɬɭɪɵ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ� ɫɬɚɧɰɢɣ� ɢɥɢ� ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɟ� ɢ� ɫɥɨɠ-
ɧɵɟ�ɜ�ɷɤɫɩɥɭɚɬɚɰɢɢ�ɫɨɟɞɢɧɟɧɢɹ�ɢ�ɩɟɪɟɫɟɱɟɧɢɹ�ɩɭɬɟɣ. Ɂɧɚɧɢɟ�ɩɪɟɢɦɭɳɟɫɬɜ 
ɢ�ɧɟɞɨɫɬɚɬɤɨɜ�ɤɨɧɤɪɟɬɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɫɨɟɞɢɧɟɧɢɣ�ɢ�ɩɟɪɟɫɟɱɟɧɢɣ, ɞɨɩɨɥɧɟɧ-
ɧɨɟ�ɝɥɭɛɨɤɢɦ�ɩɨɧɢɦɚɧɢɟɦ�ɬɟɯɧɨɥɨɝɢɢ�ɪɚɛɨɬɵ�ɫɬɚɧɰɢɣ, ɩɨɡɜɨɥɹɟɬ�ɩɨɥɭɱɢɬɶ 
ɤɚɱɟɫɬɜɟɧɧɨɟ�ɩɭɬɟɜɨɟ�ɪɚɡɜɢɬɢɟ.  

ɇɚɢɛɨɥɟɟ�ɭɡɤɢɦ�ɡɜɟɧɨɦ�ɜɫɟɣ�ɫɬɪɭɤɬɭɪɵ�ɫɜɹɡɟɣ�ɩɭɬɟɣ�ɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟ-
ɜɨɞɨɜ� ɹɜɥɹɸɬɫɹ� ɝɨɪɥɨɜɢɧɵ� ɫɬɚɧɰɢɣ, ɜ� ɤɨɬɨɪɨɣ� ɩɟɪɟɫɟɤɚɸɬɫɹ� ɩɪɚɤɬɢɱɟɫɤɢ 
ɜɫɟ�ɦɚɪɲɪɭɬɵ�ɩɟɪɟɞɜɢɠɟɧɢɹ�ɫɨɫɬɚɜɨɜ�ɢ�ɨɞɢɧɨɱɧɵɯ�ɥɨɤɨɦɨɬɢɜɨɜ. ɉɨɷɬɨɦɭ 
ɜɫɟɝɞɚ� ɭɞɟɥɹɟɬɫɹ�ɨɫɨɛɨɟ�ɜɧɢɦɚɧɢɟ�ɢɦɟɧɧɨ�ɝɨɪɥɨɜɢɧɚɦ�ɩɪɢ�ɚɧɚɥɢɡɟ�ɪɚɛɨɬɵ 
ɫɭɳɟɫɬɜɭɸɳɢɯ� ɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɧɨɜɵɯ� ɫɬɚɧɰɢɣ. Ɋɚɰɢɨɧɚɥɶɧɚɹ� ɜɡɚɢɦɧɚɹ 
ɭɤɥɚɞɤɚ� ɜ� ɝɨɪɥɨɜɢɧɚɯ� ɫɬɪɟɥɨɱɧɵɯ� ɩɟɪɟɜɨɞɨɜ� ɨɩɪɟɞɟɥɟɧɧɵɯ�ɦɚɪɨɤ� ɤɪɟɫɬɨ-
ɜɢɧ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɦɢɧɢɦɚɥɶɧɵɟ�ɩɪɨɛɟɝɢ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ, ɡɧɚɱɢɬɟɥɶɧɭɸ 
ɷɤɨɧɨɦɢɸ�ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ, ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ�ɩɨɬɟɪɢ�ɩɨ�ɨɠɢɞɚɧɢɹɦ�ɨɫɜɨɛɨɠ-
ɞɟɧɢɹ� ɦɚɪɲɪɭɬɨɜ� ɢɡ�ɡɚ� ɜɪɚɠɞɟɛɧɨɫɬɢ� ɦɚɧɟɜɪɨɜɵɯ� ɢ� ɩɨɟɡɞɧɵɯ� ɩɟɪɟɞɜɢɠɟ-
ɧɢɣ. ɉɨɷɬɨɦɭ�ɬɪɟɛɭɸɬɫɹ�ɫɩɟɰɢɚɥɶɧɵɟ�ɡɧɚɧɢɹ�ɢ�ɧɚɜɵɤɢ�ɭ�ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ, 
ɩɨɡɜɨɥɹɸɳɢɟ�ɩɨɥɭɱɢɬɶ� ɝɪɚɦɨɬɧɵɣ�ɩɪɨɟɤɬ� ɪɟɤɨɧɫɬɪɭɤɰɢɢ� ɫɬɚɧɰɢɢ� ɫ� ɜɵɛɨ-
ɪɨɦ�ɧɚɢɛɨɥɟɟ� ɷɮɮɟɤɬɢɜɧɨɝɨ�ɜɚɪɢɚɧɬɚ� ɪɚɡɜɢɬɢɹ� ɝɨɪɥɨɜɢɧ� ɫ� ɭɱɟɬɨɦ� ɨɫɨɛɟɧ-
ɧɨɫɬɟɣ�ɭɤɥɚɞɤɢ�ɩɭɬɟɣ�ɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ.  

Ɇɚɬɟɪɢɚɥ�ɞɚɧɧɨɝɨ�ɩɨɫɨɛɢɹ�ɨɪɢɟɧɬɢɪɨɜɚɧ�ɧɚ�ɩɨɥɭɱɟɧɢɟ�ɫɢɫɬɟɦɧɵɯ�ɛɚɡɨ-
ɜɵɯ�ɡɧɚɧɢɣ�ɩɨ�ɭɤɥɚɞɤɟ�ɫɜɹɡɧɵɯ�ɫɬɚɧɰɢɨɧɧɵɯ�ɫɬɪɭɤɬɭɪ, ɫɨɫɬɨɹɳɢɯ�ɢɡ�ɭɱɚɫɬ-
ɤɨɜ�ɩɭɬɟɣ�ɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ, ɤ�ɤɨɬɨɪɵɦ�ɩɪɟɞɴɹɜɥɹɸɬɫɹ�ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɬɟɯɧɢɱɟɫɤɢɟ�ɢ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ�ɬɪɟɛɨɜɚɧɢɹ. Ɉɜɥɚɞɟɧɢɟ�ɷɬɢɦ�ɦɚɬɟɪɢɚɥɨɦ�ɜ 
ɩɨɥɧɨɦ�ɨɛɴɟɦɟ�ɩɨɡɜɨɥɢɬ�ɜ�ɞɚɥɶɧɟɣɲɟɦ�ɥɟɝɤɨ�ɭɫɜɨɢɬɶ�ɡɧɚɧɢɹ�ɩɨ�ɩɪɨɟɤɬɢɪɨ-
ɜɚɧɢɸ�ɭɱɚɫɬɤɨɜɵɯ�ɢ�ɫɨɪɬɢɪɨɜɨɱɧɵɯ�ɫɬɚɧɰɢɣ.  

 



 
 

ɋɉɂɋɈɄ�ɅɂɌȿɊȺɌɍɊɕ 

1 ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɟ�ɫɬɚɧɰɢɢ�ɢ�ɭɡɥɵ : ɭɱɟɛ. ɞɥɹ�ɜɭɡɨɜ�ɠ.-ɞ. ɬɪɚɧɫɩ. / ȼ. Ƚ. ɒɭɛɤɨ 
>ɢ�ɞɪ.] ; ɩɨɞ�ɪɟɞ. ȼ. Ƚ. ɒɭɛɤɨ�ɢ�ɇ. ȼ. ɉɪɚɜɞɢɧɚ. – Ɇ. : Ɍɪɚɧɫɩɨɪɬ, 2002. – 368 ɫ. 

2 ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɟ�ɫɬɚɧɰɢɢ�ɢ�ɭɡɥɵ (ɡɚɞɚɱɢ, ɩɪɢɦɟɪɵ, ɪɚɫɱɟɬɵ) / ɇ. ȼ. ɉɪɚɜɞɢɧ 
>ɢ�ɞɪ.] ; ɩɨɞ�ɪɟɞ. ɇ. ȼ. ɉɪɚɜɞɢɧɚ, ɋ. ɉ. ȼɚɤɭɥɟɧɤɨ. – Ɇ. : Ɇɚɪɲɪɭɬ, 2015. – 649 ɫ. 

3 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ�ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ�ɬɪɚɧɫɩɨɪɬɚ (ɫɬɚɧɰɢɢ, ɠɟ-
ɥɟɡɧɨɞɨɪɨɠɧɵɟ� ɢ� ɬɪɚɧɫɩɨɪɬɧɵɟ� ɭɡɥɵ) / ɇ. ȼ. ɉɪɚɜɞɢɧ [ɢ� ɞɪ.] ; ɩɨɞ� ɪɟɞ.                      
ɇ. ȼ. ɉɪɚɜɞɢɧɚ, ɋ. ɉ. ȼɚɤɭɥɟɧɤɨ. – Ɇ. : ɍɆɐ�ɩɨ�ɨɛɪɚɡɨɜɚɧɢɸ�ɧɚ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ 
ɬɪɚɧɫɩɨɪɬɟ, 2011. – 1086 ɫ. 

4 ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɟ�ɫɬɚɧɰɢɢ�ɢ�ɭɡɥɵ / ȼ. ɂ. Ⱥɩɚɬɰɟɜ [ɢ�ɞɪ.] ; ɩɨɞ�ɪɟɞ. ȼ. ɂ. Ⱥɩɚɬ-
ɰɟɜɚ, ɘ. ɂ. ȿɮɢɦɟɧɤɨ. – Ɇ. : ɍɆɐ�ɩɨ�ɨɛɪɚɡɨɜɚɧɢɸ�ɧɚ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ�ɬɪɚɧɫɩɨɪ-
ɬɟ, 2014. – 855 ɫ. 

 



69 
 

ɈȽɅȺȼɅȿɇɂȿ 
ȼȼȿȾȿɇɂȿ ..........................................................................................................   3 
1 ɈȻɓȺə�ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ�ɋɌɊȿɅɈɑɇɕɏ�ɉȿɊȿȼɈȾɈȼ........................   4 

1.1 ɍɫɬɪɨɣɫɬɜɨ�ɢ�ɧɚɡɧɚɱɟɧɢɟ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ  ......................................   4 
1.2 ɂɡɨɛɪɚɠɟɧɢɹ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ�ɜ�ɪɟɥɶɫɚɯ�ɢ�ɜ�ɨɫɹɯ�ɩɭɬɟɣ  ..................   6 
1.3 Ɍɢɩɵ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ .......................................................................   8 
1.4 Ɍɟɯɧɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ .................................   9 
1.5 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  ....................................................................................... 10 
1.6 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ  ............................................................................................ 10 
1.7 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ  ................................................................................ 14 

2 ȼɁȺɂɆɇɈȿ�ɊȺɋɉɈɅɈɀȿɇɂȿ�Ⱦȼɍɏ�ɋɌɊȿɅɈɑɇɕɏ�ɉȿɊȿȼɈȾɈȼ ......... 15 
2.1 ȼɚɪɢɚɧɬɵ�ɜɡɚɢɦɧɨɣ�ɭɤɥɚɞɤɢ�ɨɛɵɤɧɨɜɟɧɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ ......... 15 
2.2 ɋɨɟɞɢɧɟɧɢɹ�ɫɢɦɦɟɬɪɢɱɧɵɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ  ...................................... 16 
2.3 ȼɡɚɢɦɧɚɹ�ɫɥɨɠɧɚɹ�ɭɤɥɚɞɤɚ�ɧɟɫɤɨɥɶɤɢɯ�ɫɬɪɟɥɨɱɧɵɯ�ɩɟɪɟɜɨɞɨɜ ................. 17 
2.4 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  ....................................................................................... 19 
2.5 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ  ............................................................................................ 19 
2.6 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ  ................................................................................ 24 

3 ɋɈȿȾɂɇȿɇɂə�Ⱦȼɍɏ�ɉɍɌȿɃ ........................................................................ 25 
3.1 ɋɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�ɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ ....................................................... 25 
3.2 ɋɨɟɞɢɧɟɧɢɹ�ɞɜɭɯ�ɧɟɩɚɪɚɥɥɟɥɶɧɵɯ�ɩɭɬɟɣ ................................................... 27 
3.3 ɋɨɜɦɟɳɟɧɢɟ�ɩɭɬɟɣ ...................................................................................... 27 
3.4 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  ...................................................................................... 28 
3.5 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ  ............................................................................................ 28 
3.6 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ  ............................................................................... 29 

4 ɉȿɊȿɋȿɑȿɇɂə�Ⱦȼɍɏ�ɉɍɌȿɃ ....................................................................... 30 
4.1 ɉɟɪɟɫɟɱɟɧɢɟ�ɩɭɬɟɣ�ɫ�ɩɨɦɨɳɶɸ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɫɬɪɟɥɨɱɧɨɝɨ�ɩɟɪɟɜɨɞɚ  ...... 30 
4.2 Ƚɥɭɯɨɟ�ɩɟɪɟɫɟɱɟɧɢɟ�ɩɭɬɟɣ........................................................................... 30 
4.3 ɍɫɬɪɨɣɫɬɜɚ�ɩɭɬɢ�ɞɥɹ�ɩɨɜɨɪɨɬɚ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ................................... 31 
4.4 ɋɩɥɟɬɟɧɢɟ�ɩɭɬɟɣ  ......................................................................................... 31 
4.5 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ ........................................................................................ 32 
4.6 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ  ............................................................................................ 32 
4.7 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ  ................................................................................ 37 

5 ɋɌɊȿɅɈɑɇɕȿ�ɍɅɂɐɕ ................................................................................... 38 
5.1 ɋɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ�ɩɨɞ�ɭɝɥɨɦ, ɤɪɚɬɧɵɦ�ɦɚɪɤɟ�ɤɪɟɫɬɨɜɢɧɵ ....................... 38 
5.2 ɋɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ�ɩɨɞ�ɭɝɥɨɦ, ɧɟ�ɤɪɚɬɧɵɦ�ɦɚɪɤɟ�ɤɪɟɫɬɨɜɢɧɵ .................. 39 
5.3 ȼɟɟɪɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ ........................................................................ 39 
5.4 Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ�ɫɬɪɟɥɨɱɧɵɟ�ɭɥɢɰɵ ........................................................ 41 
5.5 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  ....................................................................................... 42 
5.6 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ  ............................................................................................ 42 
5.7 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ  ................................................................................ 45 

6 ɊȺɋɑȿɌ� ɉȺɊȺɆȿɌɊɈȼ� ɂ� ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ� ɉɍɌȿȼɈȽɈ� ɊȺɁȼɂ-
Ɍɂə�ɂ�ɌȿɏɇɂɑȿɋɄɈȽɈ�ɈɋɇȺɓȿɇɂə�ɋɌȺɇɐɂɃ  ................................... 46 
6.1 ɍɜɹɡɤɚ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɭɬɟɣ�ɜ�ɝɨɪɥɨɜɢɧɚɯ ................................................... 46 
6.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ�ɩɚɫɫɚɠɢɪɫɤɢɯ�ɢ�ɝɪɭɡɨɜɵɯ�ɭɫɬɪɨɣɫɬɜ  .............................. 47 
6.3 ɍɫɬɚɧɨɜɤɚ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ�ɢ�ɫɢɝɧɚɥɨɜ�ɧɚ�ɫɬɚɧɰɢɢ  ........................ 47 

6.3.1 ɍɫɬɚɧɨɜɤɚ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ  .................................................... 47 
6.3.2 ɍɫɬɚɧɨɜɤɚ�ɜɵɯɨɞɧɵɯ�ɢ�ɦɚɧɟɜɪɨɜɵɯ�ɫɢɝɧɚɥɨɜ  .................................. 49 



70 
 

6.3.3 ɍɫɬɚɧɨɜɤɚ�ɜɯɨɞɧɵɯ�ɫɢɝɧɚɥɨɜ  ........................................................... 50 
6.4 Ɉɩɪɟɞɟɥɟɧɢɟ�ɩɨɥɟɡɧɨɣ�ɢ�ɩɨɥɧɨɣ�ɞɥɢɧ�ɩɭɬɟɣ  ............................................ 50 
6.5 Ɋɚɫɱɟɬ�ɩɚɪɚɥɥɟɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɩɭɬɢ  ....................................................... 51 
6.6 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ  ...................................................................................... 52 
6.7 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ  ............................................................................................ 52 
6.8 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ  ............................................................................... 58 

7 ɊȺɋɑȿɌ�ɄɈɈɊȾɂɇȺɌ�ɄɈɇɌɊɈɅɖɇɕɏ�ɌɈɑȿɄ�ɈȻɔȿɄɌɈȼ�ɉɍɌȿȼɈ-
ȽɈ�ɊȺɁȼɂɌɂə�ɋɌȺɇɐɂɂ ....................................................................................... 59 
7.1 ȼɵɛɨɪ�ɫɢɫɬɟɦɵ�ɤɨɨɪɞɢɧɚɬɧɨɣ�ɩɪɢɜɹɡɤɢ  .................................................... 59 
7.2 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɰɟɧɬɪɨɜ�ɩɟɪɟɜɨɞɨɜ�ɫɬɪɟɥɨɱɧɨɣ�ɭɥɢɰɵ  .......................... 60 
7.3 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɩɨɥɨɠɟɧɢɣ�ɩɪɟɞɟɥɶɧɵɯ�ɫɬɨɥɛɢɤɨɜ................................. 61 
7.4 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɫɢɝɧɚɥɨɜ�ɧɚ�ɫɬɚɧɰɢɢ ....................................................... 61 
7.5 Ɋɚɫɱɟɬ�ɤɨɨɪɞɢɧɚɬ�ɤɨɧɬɪɨɥɶɧɵɯ�ɬɨɱɟɤ�ɤɪɭɝɨɜɵɯ�ɤɪɢɜɵɯ  ........................... 63 
7.6 Ɂɚɞɚɱɢ�ɩɨ�ɪɚɡɞɟɥɭ ........................................................................................ 64 
7.7 Ɋɟɲɟɧɢɟ�ɡɚɞɚɱ.............................................................................................. 64 
7.8 Ʉɨɧɬɪɨɥɶɧɵɟ�ɜɨɩɪɨɫɵ ................................................................................. 66 

ɁȺɄɅɘɑȿɇɂȿ .................................................................................................... 67 
ɋɉɂɋɈɄ�ɅɂɌȿɊȺɌɍɊɕ  ................................................................................... 68 
 

 



 
 

 

 

 

 

 

 

 

 

 

 

 
 

Учебное издание 
 

ГОЛОВНИЧ Александр Константинович 
НОВИКОВ Сергей Петрович 

 
 

Расчет основных параметров устройств на станции 
Учебно-методическое пособие 

 
 

Технический редактор В. Н. К у ч е р о в а 
Корректор Т. А. П у г а ч 

 
Подписано в печать 05.07.2017  Формат 60×84 1/16. 

Бумага офсетная. Гарнитура Таймс. Печать на ризографе. 
Усл. печ. л. 4,18  Уч.-изд. л. 4,16 Тираж 300 экз. 

Зак. №             Изд. № 33 
 

Издатель и полиграфическое исполнение: 
Белорусский государственный университет транспорта. 

Свидетельство о государственной регистрации издателя, изготовителя, 
распространителя печатных изданий 

№ 1 / 361 от 13.06.2014. 
№ 2 / 104 от 01.04.2014. 

Ул. Кирова, 34, 246653, г. Гомель 


