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2. ɊȺɋɑЁɌ ɊȿɀɍɓȿȽɈ ȺɉɉȺɊȺɌȺ ȻȺɊȺȻȺɇɇɈȽɈ ɌɂɉȺ 

Ȼɚɪɚɛɚɧɧɵɟ ɪɟɠɭɳɢɟ ɚɩɩɚɪɚɬɵ ɧɚɯɨɞɹɬ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɨɫɨɛɟɧɧɨ ɜ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɞɪɨɛɢɥ-
ɤɚɯ ɢ ɫɢɥɨɫɨɭɛɨɪɨɱɧɵɯ ɤɨɦɛɚɣɧɚɯ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɜɜɢɞɭ ɢɯ ɩɪɟ-
ɢɦɭɳɟɫɬɜ: ɛɨɥɶɲɟɣ ɧɚɞёɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɬɨɱ-
ɤɢ ɥɟɡɜɢɹ ɛɟɡ ɞɟɦɨɧɬɚɠɚ ɧɨɠɚ, ɪɚɜɧɨɦɟɪɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɜɚɥ ɦɚɲɢɧɵ
ɢ ɤɨɦɩɚɤɬɧɨɫɬɢ. 

ȼɫɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɪɟɡɚɧɢɹ ɥɟɡɜɢɟɦ, ɜɵɜɟɞɟɧɧɵɟ ɞɥɹ
ɚɩɩɚɪɚɬɨɜ ɞɢɫɤɨɜɨɝɨ ɬɢɩɚ, ɫɩɪɚɜɟɞɥɢɜɵ ɢ ɞɥɹ ɛɚɪɚɛɚɧɧɵɯ ɪɟɠɭɳɢɯ 
ɚɩɩɚɪɚɬɨɜ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɧɟɤɨɬɨɪɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. 
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Ɋɢɫ. 2.28. ɋɯɟɦɚ ɤ ɨɛɨɫɧɨɜɚɧɢɸ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɨɪɥɨɜɢɧɵ  

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɛɚɪɚɛɚɧɚ ( ) ɢ ɪɚɡɜёɪɬɤɚ ɧɨɠɟɜɨɝɨ ɛɚɪɚɛɚɧɚ ( ) 

 

 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɝɨɪɥɨɜɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɚɥɚ ɛɚɪɚɛɚɧɚ ɩɨ ɜɟɪɬɢ-

ɤɚɥɢ (ɪɢɫ. 2.28, ) ɨɛɭɫɥɨɜɥɟɧɨ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɚɩ-

ɩɚɪɚɬɚ ɢ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ vɫɥ ɫɥɨɹ 

ɫɬɟɛɥɟɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ vɝɨɪ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ vɛ 
ɛɚɪɚɛɚɧɚ. 

ɂɡ ɫɯɟɦɵ ɜɢɞɧɨ, ɱɬɨ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɥɟɡ-
ɜɢɹ ɩɪɢ ɩɨɜɨɪɨɬɟ ɛɚɪɚɛɚɧɚ ɧɚ 90° ɢɡɦɟɧɹɟɬ ɫɜɨё ɡɧɚɱɟɧɢɟ ɨɬ vɛ ɞɨ 0 ɢ 

ɩɪɢ ɩɨɜɨɪɨɬɟ ɟɳё ɧɚ 90° ɨɬ 0 ɞɨ vɛ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨɫɬɭɩɚɬɟɥɶɧɚɹ ɫɤɨ-
ɪɨɫɬɶ vɫɥ ɩɨɞɚɱɢ ɫɥɨɹ ɨɫɬɚёɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɩɨ ɜɟɥɢɱɢɧɟ ɢ ɧɚɩɪɚɜɥɟ-
ɧɢɸ. ɉɪɢ ɜɫɬɪɟɱɟ ɥɟɡɜɢɹ ɫɨ ɫɥɨɟɦ ɜ I ɤɜɚɞɪɚɧɬɟ ɱɚɫɬɢɰɵ ɫɥɨɹ ɛɭɞɭɬ 
ɨɬɬɚɥɤɢɜɚɬɶɫɹ ɧɨɠɨɦ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɨɫɬɭɩɥɟɧɢɸ ɦɚɫɫɵ ɜ ɛɚɪɚɛɚɧ 

ɢ ɧɚɪɭɲɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɟɡɚɧɢɹ. ɉɪɢ ɜɫɬɪɟɱɟ ɜɨ II ɤɜɚɞɪɚɧɬɟ ɥɟɡɜɢɟ ɛɭ-
ɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɜɬɹɝɢɜɚɧɢɸ ɫɥɨɹ ɜ ɡɚɡɨɪ ɪɟɠɭɳɟɣ ɩɚɪɵ, ɨɛɟɫɩɟɱɢ-

ɜɚɹ ɷɬɢɦ ɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɚɩɩɚɪɚɬɚ. ɋɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɩɨɞɚɱɚ ɦɚɬɟɪɢɚɥɚ ɤ ɧɨɠɭ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜɨ II ɤɜɚɞɪɚɧɬɟ 
ɛɚɪɚɛɚɧɚ ɢ ɢɦɟɧɧɨ ɨɤɨɥɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɛɚɪɚɛɚɧɚ, ɬɚɤ ɤɚɤ 
ɞɚɥɟɟ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɤɨɪɨɫɬɶ ɟɝɨ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɚ ɩɨɱɬɢ ɜɞɨɥɶ 
ɫɥɨɹ ɢ ɭɫɥɨɜɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɛɭɞɭɬ ɧɚɪɭɲɟɧɵ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɝɨɪɥɨɜɢɧɭ ɜ ɞɚɧɧɵɯ ɚɩɩɚɪɚɬɚɯ ɞɟɥɚɸɬ ɧɟɛɨɥɶɲɨɣ ɜɵɫɨɬɵ, ɢ ɦɚɬɟɪɢɚɥ 
ɜ ɛɚɪɚɛɚɧ ɩɨɞɚɸɬ ɬɨɧɤɢɦ ɫɥɨɟɦ. 

Ɋɟɡɧɢɤ ɇ. ȿ. ɪɟɤɨɦɟɧɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɟ h ɜɨɡɜɵɲɟɧɢɹ ɨɫɢ 

ɜɚɥɚ ɛɚɪɚɛɚɧɚ ɧɚɞ ɩɪɨɬɢɜɨɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɨɣ ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ D – ɞɢɚɦɟɬɪ ɛɚɪɚɛɚɧɚ, ɦ;  – ɬɨɥɳɢɧɚ ɫɥɨɹ, ɪɚɜɧɚɹ ɜɵɫɨɬɟ ɝɨɪɥɨ-
ɜɢɧɵ (ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 40…60 ɦɦ). 

ɉɪɢ ɷɬɨɦ ɪɚɛɨɱɚɹ ɤɪɨɦɤɚ ɩɪɨɬɢɜɨɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɵ ɪɚɫɩɨɥɚɝɚ-
ɟɬɫɹ ɧɚ ɨɤɪɭɠɧɨɫɬɢ, ɨɩɢɫɵɜɚɟɦɨɣ ɥɟɡɜɢɟɦ ɧɨɠɚ, ɢ ɭɞɚɥɟɧɚ ɨɬ ɜɟɪɬɢ-

ɤɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɛɚɪɚɛɚɧɚ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 
 

n

h
u ψ=

tg
,                                          (2.59) 

 

ɝɞɟ ψn – ɭɝɨɥ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɣ ɤɪɨɦɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɫɢ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ ( )Dhn 2sin =ψ , ɝɪɚɞ. 

Ɋɟɠɭɳɢɣ ɚɩɩɚɪɚɬ ɛɚɪɚɛɚɧɧɨɝɨ ɬɢɩɚ ɨɬɥɢɱɚɟɬɫɹ ɩɪɨɫɬɵɦɢ ɫɨɨɬ-
ɧɨɲɟɧɢɹɦɢ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɠɢɦɚ ɟɝɨ ɪɚɛɨɬɵ. ȿɫɥɢ 

ɪɚɫɫɦɨɬɪɟɬɶ ɪɚɡɜёɪɬɤɭ ɛɚɪɚɛɚɧɚ (ɪɢɫ. 2.28, ), ɬɨ ɫɩɢɪɚɥɶɧɨɟ ɥɟɡɜɢɟ 
ɧɨɠɚ ɩɪɟɞɫɬɚɜɢɬɫɹ ɩɪɹɦɨɣ ɥɢɧɢɟɣ, ɧɚɤɥɨɧёɧɧɨɣ ɤ ɨɛɪɚɡɭɸɳɟɣ ɰɢɥɢɧ-

ɞɪɚ, ɨɩɢɫɵɜɚɟɦɨɝɨ ɷɬɢɦ ɥɟɡɜɢɟɦ, ɩɨɞ ɭɝɥɨɦ χ ɪɚɫɬɜɨɪɚ, ɪɚɜɧɵɦ ɭɝɥɭ 
ɫɤɨɥɶɠɟɧɢɹ τ, ɢ ɨɧ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɵɟ ɡɧɚɱɟɧɢɹ (ɜ ɩɪɟɞɟɥɚɯ 30°). 

ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɪɚɞɢɭɫɟ ɛɚɪɚɛɚɧɚ ɧɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɬɚɤɠɟ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ. 

Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɡɚ ɩɪɨɯɨɞ ɨɞɧɨɝɨ ɧɨɠɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ 
ɧɚɝɪɭɠɟɧɧɵɣ ɭɱɚɫɬɨɤ ΔS ɥɟɡɜɢɹ ɢɡɦɟɧɹɟɬ ɫɜɨё ɡɧɚɱɟɧɢɟ: ɨɬ ɬɨɱɤɢ  ɞɨ 
ɬɨɱɤɢ  ɨɧ ɜɨɡɪɚɫɬɚɟɬ, ɡɚɬɟɦ ɞɨ ɬɨɱɤɢ  ɫɨɯɪɚɧɹɟɬ cɜɨё ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɢ ɞɚɥɟɟ ɭɛɵɜɚɟɬ ɞɨ ɧɭɥɹ. ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɧɚɝɪɭ-
ɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɝɪɚɮɢɱɟɫɤɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɪɚɜɧɨɫɬɨɪɨɧ-

ɧɟɣ ɬɪɚɩɟɰɢɢ. 

ɂɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɧɚɝɪɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɜɵɡɵɜɚɟɬ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɨɟ ɟɦɭ ɢɡɦɟɧɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɚɧɢɸ. ɑɬɨɛɵ 

ɜɵɪɨɜɧɹɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɜɚɥ, ɧɨɠɢ ɧɚ ɪɚɡɜёɪɬɤɟ ɛɚɪɚɛɚɧɚ ɪɚɡɦɟɳɚɸɬ ɫ 
ɩɟɪɟɤɪɵɬɢɟɦ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɪɚɜɧɹɬɶɫɹ ɬɨɥɳɢɧɟ ɫɥɨɹ, ɬ.ɟ. ɜɵɫɨɬɟ  

ɝɨɪɥɨɜɢɧɵ. 

ɉɪɢ ɷɬɨɦ ɞɥɢɧɚ ɞɭɝɢ ɨɯɜɚɬɚ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɥɟɡɜɢɟ ɨɞɧɨɝɨ ɧɨ-
ɠɚ, ɨɩɪɟɞɟɥɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ Rɛ – ɪɚɞɢɭɫ ɛɚɪɚɛɚɧɚ, ɦ; ψ1 – ɭɝɨɥ ɨɯɜɚɬɚ ɧɨɠɚ, ɪɚɞ; z – ɱɢɫɥɨ ɧɨ-
ɠɟɣ; lɛ – ɞɥɢɧɚ ɛɚɪɚɛɚɧɚ, ɦ; τ – ɭɝɨɥ ɧɚɤɥɨɧɚ ɧɨɠɚ ɤ ɩɪɨɬɢɜɨɪɟɠɭɳɟɣ 

ɩɥɚɫɬɢɧɟ, ɝɪɚɞ (ɫɦ. ɩɪɢɥ. Ƚ). 
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Ɉɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɛɚɪɚɛɚɧɧɨɝɨ ɪɟɠɭɳɟɝɨ ɚɩɩɚɪɚɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɞɢɭɫ ɛɚɪɚɛɚɧɚ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 
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ɑɢɫɥɨ ɧɨɠɟɣ ɩɪɢɧɢɦɚɸɬ ɨɬ 2 ɞɨ 8 ɢ ɨɛɹɡɚɬɟɥɶɧɨ ɱёɬɧɨɟ ɢɡ ɫɨɨɛ-

ɪɚɠɟɧɢɹ ɛɚɥɚɧɫɢɪɨɜɤɢ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɟɠɭɳɟɝɨ ɚɩɩɚɪɚɬɚ ɛɚɪɚɛɚɧɧɨɝɨ ɬɢɩɚ ɢɫ-
ɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɚɲɢɧɵ ɢ ɪɚɫɱёɬɧɚɹ 
ɞɥɢɧɚ ɪɟɡɤɢ. 

ɉɨɫɬɪɨɟɧɢɟ ɫɯɟɦɵ ɪɟɠɭɳɟɝɨ ɚɩɩɚɪɚɬɚ ɛɚɪɚɛɚɧɧɨɝɨ ɬɢɩɚ ɜɟɞɭɬ ɜ 
ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

1.  ɉɨ ɡɚɞɚɧɧɵɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɪɚɫɱёɬɧɨɣ ɞɥɢɧɟ ɪɟɡɤɢ 

ɧɚɯɨɞɹɬ ɲɢɪɢɧɭ ɝɨɪɥɨɜɢɧɵ (ɞɥɢɧɭ ɛɚɪɚɛɚɧɚ)  
 ρω= zalQb p16,0 .                                   (2.62) 

 

ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɛɚɪɚɛɚɧɚ ɞɥɹ ɫɨɥɨɦɨɫɢɥɨɫɨɪɟɡɨɤ ɩɪɢɧɢɦɚɟɬɫɹ 
ω = 40…60 ɫ–1. 

2.  ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ b ɜ ɮɨɪɦɭɥɭ (2.61), ɧɚɯɨɞɹɬ 
ɪɚɞɢɭɫ ɛɚɪɚɛɚɧɚ  

 

π
+ρωτ=

2

16,0tg p
ɛ

zaalQ
R .                            (2.63) 

 

3.  ɋɬɪɨɹɬ ɪɚɡɜёɪɬɤɭ ɛɚɪɚɛɚɧɚ (ɫɦ. ɪɢɫ. 2.28, ) ɢ ɨɩɪɟɞɟɥɹɸɬ ɜɟ-
ɥɢɱɢɧɭ ɩɟɪɟɤɪɵɬɢɹ m, ɢɦɟɹ ɜ ɜɢɞɭ ɭɫɥɨɜɢɟ m ≥ a. Ⱦɭɝɚ ɨɯɜɚɬɚ ɨɞɧɨɝɨ 
ɧɨɠɚ ɫɨɫɬɚɜɢɬ Rɛψ1 ≈ btgτ. 

4.  ɉɪɢ ɧɚɣɞɟɧɧɵɯ ɪɚɡɦɟɪɚɯ ɫɯɟɦɵ ɭɬɨɱɧɹɸɬ ɬɟɨɪɟɬɢɱɟɫɤɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɩɪɨɜɟɪɹɸɬ ɧɚɞёɠɧɨɫɬɶ ɡɚɳɟɦɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ 
ɩɨ ɭɫɥɨɜɢɸ χɡɚɳ = 2ϕmin. 

5.  Ɉɩɪɟɞɟɥɹɸɬ ɡɧɚɱɟɧɢɟ ɦɨɦɟɧɬɚ ɪɟɡɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɛcpɛɪɟɡ RSqqbRM Δ== ,                              (2.64)  

 

ɝɞɟ q – ɧɨɪɦɚɥɶɧɨɟ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ (ɞɥɹ ɭɝɥɨɜ τ = 24..30°), q = 

= (0,7…0,75)q0, ɇ/ɦ. 

6.  Ɉɩɪɟɞɟɥɹɸɬ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɜɪ = 5 ɪɟɡ. ɫɪ / 3. 

7.  Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɧɚɯɨɞɹɬ ɢɡ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɵ  
 

Nɞɜ = Mɜɪω.                                          (2.65) 
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