
 

2. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɛɵɤɧɨɜɟɧɧɨɝɨ ɨɞɢɧɨɱɧɨɝɨ ɫɬɪɟɥɨɱɧɨɝɨ 
ɩɟɪɟɜɨɞɚ 

2.1 Иɫхɨɞɧɵɟ ɞɚɧɧɵɟ 

ɉɟɪɟɱɟɧɶ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɢɯ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1 

Ɍɚɛɥɢɰɚ 2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɨɞɢɧɨɱɧɨɝɨ ɫɬɪɟɥɨɱɧɨɝɨ 
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Ɋɚɫɱɟɬɧɨɟ 
ɨɛɨɡɧɚɱɟɧɢɟ V W Ȗ0 j ν0 D G nmin 

ɑɢɫɥɨɜɨɟ 
ɡɧɚɱɟɧɢɟ 

        

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ V, W, g0 , j ɩɪɢɜɟɞɟɧɵ ɜ ɡɚɞɚɧɢɢ ɧɚ ɤɭɪɫɨɜɨɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ. ɉɚɪɚɦɟɬɪɵ ν0 , D ɢ G ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 1.2 ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɧɨɝɨ ɬɢɩɚ ɪɟɥɶɫɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɟɫɬɨɜɢɧɵ. 

Ɍɚɛɥɢɰɚ 1.2 ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ 

ɉɚɪɚɦɟɬɪ 
Ʉɨɧɫɬɪɭɤɰɢɹ 
ɤɪɟɫɬɨɜɢɧɵ 

Ɍɢɩ ɪɟɥɶɫɨɜ 

Ɋ50 Ɋ65 

D, ɦɦ 
ɋɛɨɪɧɚɹ 356 316 

ɐɟɥɶɧɨɥɢɬɚɹ 416 406 

G, ɦɦ 
ɋɛɨɪɧɚɹ 263 283 

ɐɟɥɶɧɨɥɢɬɚɹ 64 64 

ν0 ,ɦɦ  70 72,8 

 

 



 

2.2  Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɪɤɢ ɤɪɟɫɬɨɜɢɧɵ 

ȼɧɚɱɚɥɟ ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɨɫɬɪɹɤɚ (ɪɢɫɭɧɨɤ 2.1): 

ɧɚɱɚɥɶɧɵɣ ɭɝɨɥ ɨɫɬɪɹɤɚ ȕ, ɪɚɞɢɭɫ ܴ଴′  ɨɫɬɪɨɝɚɧɧɨɣ ɱɚɫɬɢ, ɪɚɞɢɭɫ 

ɧɟɨɫɬɪɨɝɚɧɧɨɣ ɱɚɫɬɢ ɨɫɬɪɹɤɚ ܴ଴′′
 , ɭɝɨɥ ɨɫɬɪɨɠɤɢ ɨɫɬɪɹɤɚ ε ɩɨ ɮɨɪɦɭɥɚɦ: 
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ɝɞɟ V ɜ ɤɦ/ɱ, W0 ɜ ɦ/ɫ, j0 ɢ Ȗ0 ɜ ɦ/ɫ2. 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɶ ɞɥɢɧɵ ɩɪɹɦɨɝɨ ɭɱɚɫɬɤɚ ɩɟɪɟɞ ɫɟɪɞɟɱɧɢɤɨɦ - d0 

(ɪɢɫɭɧɨɤ 2.2): ݀଴ = ݊௠�௡ + ݀ (2.2)  ;ܦ = ݀଴ + � ∙ �  (2.3) 

ɝɞɟ nmin – ɞɥɢɧɚ ɩɪɹɦɨɣ ɜɫɬɚɜɤɢ ɩɟɪɟɞ ɤɪɟɫɬɨɜɢɧɨɣ ɩɪɢɧɢɦɚɟɬɫɹ 

ɩɪɨɢɡɜɨɥɶɧɨ ɩɪɟɞɟɥɚɯ 0,5 – 4 ɦ, 

d - ɞɥɢɧɚ ɩɪɹɦɨɣ ɜɫɬɚɜɤɢ, ɦ. 



 

 

Ɋɢɫɭɧɨɤ 2.1 Ʉɪɢɜɨɥɢɧɟɣɧɵɣ ɨɫɬɪɹɤ ɫɟɤɭɳɟɝɨ ɬɢɩɚ 

 

 

Ɋɢɫɭɧɨɤ 2.2 Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɪɟɫɬɨɜɢɧɵ 

 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɭɝɨɥ φ 
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ɋɭɦɦɚ ɱɥɟɧɨɜ ɭɪɚɜɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɪɚɫɱɟɬɧɨɝɨ ɤɨɧɬɭɪɚ ɫɬɪɟɥɨɱɧɨɝɨ 

ɩɟɪɟɜɨɞɚ, ɧɟ ɡɚɜɢɫɹɳɢɯ ɨɬ ɭɝɥɚ ɤɪɟɫɬɨɜɢɧɵ: 



 

52,1coscoscos ''''   RRRɋ ɧ  (2.5) 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɭɝɨɥ (φ-α): 
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ɍɝɨɥ ɤɪɟɫɬɨɜɢɧɵ: 
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ɉɪɨɜɟɪɤɚ: 




 sin)()cos(cos)cos(cos52,1 0

''

0

'

0 
tg

G
dRR n  (2.9) 

Ɇɚɪɤɚ ɤɪɟɫɬɨɜɢɧɵ: � = ଵ��ሺ�ሻ  (2.10) 

Ɇɚɪɤɚ ɤɪɟɫɬɨɜɢɧɵ N ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɰɟɥɨɝɨ, ɡɚɬɟɦ ɧɚɯɨɞɢɬɫɹ 

ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ α. 

 

2.3  Ɉɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧɵ ɤɪɟɫɬɨɜɢɧɵ 

Ⱦɥɢɧɚ ɤɪɟɫɬɨɜɢɧɵ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɟɫɬɨɜɢɧɵ ɢ ɟɟ ɦɚɪɤɢ. 

Ⱦɥɢɧɚ ɤɪɟɫɬɨɜɢɧɵ lɤɪ ɫɨɫɬɨɢɬ ɢɡ ɞɥɢɧɵ ɩɟɪɟɞɧɟɝɨ ɜɵɥɟɬɚ h ɢ ɞɥɢɧɵ ɡɚɞɧɟɝɨ 

ɜɵɥɟɬɚ p (ɪɢɫɭɧɨɤ 2.3): 

lɤɪ = p + h (2.11) 

 

Ɋɢɫɭɧɨɤ 2.3 ɋɯɟɦɚ ɰɟɥɶɧɨɥɢɬɨɣ ɤɪɟɫɬɨɜɢɧɵ 



 

 

ȼɧɚɱɚɥɟ ɨɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɭɸ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɞɥɢɧɭ ɤɪɟɫɬɨɜɢɧɵ. 

Ɂɚɬɟɦ ɢɡ ɭɫɥɨɜɢɹ ɪɚɫɤɥɚɞɤɢ ɛɪɭɫɶɟɜ ɩɨɞ ɤɪɟɫɬɨɜɢɧɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɤɪɟɫɬɨɜɢɧɵ. 

Ⱦɥɹ ɰɟɥɶɧɨɥɢɬɨɣ ɤɪɟɫɬɨɜɢɧɵ ɦɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɩɟɪɟɞɧɟɝɨ ɜɵɥɟɬɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɭɫɥɨɜɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɚɤɥɚɞɨɤ (ɧɚɤɥɚɞɤɢ 

ɧɟ ɞɨɥɠɧɵ ɡɚɯɨɞɢɬɶ ɡɚ ɩɟɪɜɵɣ ɢɡɝɢɛ ɭɫɨɜɢɤɨɜ). 

 Ⱦɥɢɧɚ ɡɚɞɧɟɝɨ ɜɵɥɟɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɠɟ ɭɫɥɨɜɢɟɦ ɩɪɢɦɵɤɚɧɢɹ ɞɜɭɯ 

ɪɟɥɶɫɨɜ ɤ ɬɨɪɰɭ ɤɪɟɫɬɨɜɢɧɵ: 
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ɝɞɟ tɝ – ɲɢɪɢɧɚ ɠɟɥɨɛɚ ɜ ɝɨɪɥɟ ɤɪɟɫɬɨɜɢɧɵ (ɩɪɢ ɲɢɪɢɧɟ ɤɨɥɟɢ 1520, 

tɝ=0,064 ɦ); 

λ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɱɤɢ ɢɡɝɢɛɚ ɭɫɨɜɢɤɚ ɞɨ ɬɨɪɰɚ ɧɚɤɥɚɞɤɢ. ɉɪɢɧɢɦɚɟɦ 

ɪɚɜɧɵɦ 100 ɦɦ;  

lɧ – ɞɥɢɧɚ ɫɬɵɤɨɜɨɣ ɧɚɤɥɚɞɤɢ (R50 - lɧ=820 ɦɦ, R65 - lɧ=1000 ɦɦ); 

b – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɪɟɥɶɫɚ (Ɋ50 – 132 ɦɦ, Ɋ65 – 150 ɦɦ); 

v0 – ɲɢɪɢɧɚ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ (Ɋ50 – 72 ɦɦ, Ɋ65 – 75 ɦɦ); 

Δ – ɡɚɡɨɪ ɦɟɠɞɭ ɩɨɞɨɲɜɚɦɢ ɩɪɢɦɵɤɚɸɳɢɯ ɪɟɥɶɫɨɜ (ɩɪɢɧɢɦɚɟɬɫɹ 

ɪɚɜɧɵɦ 5 ɦɦ). 

 Ɇɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɩɟɪɟɞɧɟɝɨ ɢ ɡɚɞɧɟɝɨ ɜɵɥɟɬɨɜ ɤɪɟɫɬɨɜɢɧɵ ɫɥɭɠɢɬ 

ɨɪɢɟɧɬɢɪɨɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɥɢɧɵ ɤɪɟɫɬɨɜɢɧɵ ɩɨ ɭɫɥɨɜɢɸ 

ɪɚɫɤɥɚɞɤɢ ɛɪɭɫɶɟɜ. ɉɪɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɤɪɟɫɬɨɜɢɧɵ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɛɨɥɶɲɟ 

ɦɢɧɢɦɚɥɶɧɨɣ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɥɢɧɵ ɤɪɟɫɬɨɜɢɧɵ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɟɪɬɢɬɶ ɫɯɟɦɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɪɭɫɶɟɜ ɩɨɞ ɤɪɟɫɬɨɜɢɧɨɣ (ɪɢɫɭɧɨɤ 2.4). 



 

 

Ɋɢɫɭɧɨɤ 2.4 ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɪɭɫɶɟɜ ɩɨɞ ɤɪɟɫɬɨɜɢɧɨɣ 

 

ɉɪɢ ɪɚɫɤɥɚɞɤɟ ɛɪɭɫɶɟɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ: 

1. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɫɬɪɢɟ ɤɪɟɫɬɨɜɢɧɵ ɞɨɥɠɧɨ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɚ ɨɫɢ 

ɛɪɭɫɚ; 

2. Ȼɪɭɫɶɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɛɢɫɫɟɤɬɪɢɫɟ ɭɝɥɚ 

ɤɪɟɫɬɨɜɢɧɵ; 

3. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɛɪɭɫɶɟɜ ɞɨɥɠɧɨ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵɦ, ɤɪɚɬɧɵɦ 

5 ɦɦ ɢ ɪɚɜɧɵɦ a = (0,8 ÷ 0,95 )αɩɟɪ , 

ɝɞɟ aɩɟɪ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɲɩɚɥɚɦɢ ɧɚ ɩɟɪɟɝɨɧɟ (ɩɪɢ ɷɩɸɪɟ ɲɩɚɥ 1840 

ɲɬ/ɤɦ α = 55 ɫɦ, ɩɪɢ ɷɩɸɪɟ 2000 ɲɬ/ɤɦ; α = 50 ɫɦ, ɩɪɢ ɷɩɸɪɟ 1600 ɲɬ/ɤɦ α = 

63 ɫɦ). 

4. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɫɬɵɤɨɜɵɯ ɛɪɭɫɶɟɜ αɫɬ ɪɚɜɧɨ 420 ɦɦ ɩɪɢ 

ɪɟɥɶɫɚɯ Ɋ65, αɫɬ = 440 ɦɦ ɩɪɢ ɪɟɥɶɫɚɯ Ɋ50. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɚ ɩɪɨɥɟɬɨɜ ɩɨɞ ɩɟɪɟɞɧɢɦ ɢ ɡɚɞɧɢɦ ɜɵɥɟɬɚɦɢ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɩɪɨɟɤɰɢɸ ɦɢɧɢɦɚɥɶɧɨɣ ɞɥɢɧɵ ɩɪɨɥɟɬɨɜ ɧɚ ɛɢɫɫɟɤɬɪɢɫɭ 

ɭɝɥɚ ɤɪɟɫɬɨɜɢɧɵ. 
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 pphh  (2.13) 

Ɂɚɬɟɦ ɨɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ ɩɨɞ ɩɟɪɟɞɧɢɦ ɢ ɡɚɞɧɢɦ 

ɜɵɥɟɬɚɦɢ ɦɟɠɞɭ ɫɬɵɤɨɜɵɦɢ ɢ ɰɟɧɬɪɚɥɶɧɵɦɢ ɛɪɭɫɶɹɦɢ 
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ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ nh ɢ np ɨɤɪɭɝɥɹɸɬɫɹ ɞɨ ɰɟɥɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɛɨɥɶɲɭɸ 

ɫɬɨɪɨɧɭ. ɉɨɫɥɟ ɷɬɨɝɨ ɨɩɪɟɞɟɥɹɟɦ ɩɪɚɤɬɢɱɟɫɤɭɸ ɞɥɢɧɭ ɩɟɪɟɞɧɟɝɨ ɢ ɡɚɞɧɟɝɨ 

ɜɵɥɟɬɨɜ 
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  (2.15) 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɤɪɟɫɬɨɜɢɧɵ: 

lɤɪ =hɩɪ+pɩɪ (2.16) 

 

2.4  Ɋɚɫɱɟɬ ɫɬɪɟɥɤɢ 

Ʉ ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɫɬɪɟɥɤɢ ɨɬɧɨɫɹɬɫɹ:  

ɚ) ɩɚɪɚɦɟɬɪɵ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɨɫɬɪɹɤɚ: 

-ɧɚɱɚɥɶɧɵɣ ɭɝɨɥ, ȕɧ; 

-ɭɝɨɥ ɨɫɬɪɨɠɤɢ ɨɫɬɪɹɤɚ, İ; 

-ɪɚɞɢɭɫ ɨɫɬɪɨɝɚɧɧɨɣ ɱɚɫɬɢ, ܴ଴′′; 
-ɪɚɞɢɭɫ ɰɟɥɨɣ ɱɚɫɬɢ, ܴ଴′′; 
-ɞɥɢɧɚ ɨɫɬɪɨɠɤɢ, λ; 

-ɞɥɢɧɚ, l0; 

-ɩɨɥɧɵɣ ɫɬɪɟɥɨɱɧɵɣ ɭɝɨɥ, ȕ; 

ɛ) ɞɥɢɧɚ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ, lp. 

ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɨɩɪɟɞɟɥɟɧɵ ɜ ɩɪɟɞɵɞɭɳɢɯ ɩɨɞɪɚɡɞɟɥɚɯ. 

Ⱦɥɢɧɭ ɨɫɬɪɨɠɤɢ ɨɫɬɪɹɤɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

λ = (R′0+ ν0 )sin(İ) - R′0 ∙ sinȕɧ  (2.17) 

Ⱦɥɢɧɚ ɨɫɬɪɹɤɨɜ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɬɚɤɨɣ ɠɟ, ɤɚɤ ɜ ɬɢɩɨɜɵɯ 

ɫɬɪɟɥɨɱɧɵɯ ɩɟɪɟɜɨɞɚɯ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɟɟ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɱɢɫɥɟɧɧɨ 

ɪɚɜɧɨɣ ɰɟɥɨɦɭ ɱɢɫɥɭ ɪɚɫɫɱɢɬɚɧɧɨɣ ɦɚɪɤɢ ɤɪɟɫɬɨɜɢɧɵ, ɧɨ ɧɟ ɛɨɥɟɟ 25 ɦ. 

Ɉɫɬɪɹɤ ɛɨɤɨɜɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɞɜɨɣɧɨɣ 

ɤɪɢɜɢɡɧɵ ɫɟɤɭɳɟɝɨ ɬɢɩɚ. Ⱦɥɢɧɭ ɤɪɢɜɨɝɨ ɢ ɩɪɹɦɨɝɨ ɨɫɬɪɹɤɚ ɩɪɢɧɢɦɚɟɦ 

ɨɞɢɧɚɤɨɜɨɣ. 

 ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɧɨɝɨ ɫɬɪɟɥɨɱɧɨɝɨ ɭɝɥɚ ɜɧɚɱɚɥɟ ɜɵɱɢɫɥɹɟɦ ɞɥɢɧɭ 

ɞɭɝɢ ɨɫɬɪɨɝɚɧɧɨɣ ɱɚɫɬɢ ɨɫɬɪɹɤɚ: 
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0 ɇRl    (2.18) 

Ƚɞɟ İ ɢ ȕ – ɭɝɥɵ ɜ ɪɚɞɢɚɧɚɯ. 

ɍɝɨɥ, ɫɬɹɝɢɜɚɸɳɢɣ ɞɥɢɧɭ ɞɭɝɢ ɧɟɨɫɬɪɨɝɚɧɧɨɣ ɱɚɫɬɢ ɨɫɬɪɹɤɚ 
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  (2.19) 

ɉɨɥɧɵɣ ɫɬɪɟɥɨɱɧɵɣ ɭɝɨɥ ɪɚɜɟɧ 

ȕ = İ + ψ  (2.20) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧɵ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɟɪɬɢɬɶ ɫɯɟɦɭ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɪɭɫɶɟɜ ɩɨɞ ɫɬɪɟɥɤɨɣ ɢ ɨɩɪɟɞɟɥɢɬɶ ɩɨɪɹɞɨɤ ɪɚɫɤɥɚɞɤɢ ɛɪɭɫɶɟɜ 

(ɪɢɫɭɧɨɤ 2.5). ȼɧɚɱɚɥɟ ɧɚ ɫɯɟɦɟ ɩɨɤɚɡɵɜɚɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɫɬɵɤɨɜɵɯ ɢ 

ɮɥɸɝɚɪɨɱɧɵɯ ɛɪɭɫɶɟɜ, ɨɛɨɡɧɚɱɚɟɬɫɹ ɩɟɪɟɞɧɢɣ ɜɵɥɟɬ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ q, ɞɥɢɧɚ 

ɩɪɨɟɤɰɢɢ ɨɫɬɪɹɤɚ ɧɚ ɪɚɦɧɵɣ ɪɟɥɶɫ, ɡɚɞɧɢɣ ɜɵɥɟɬ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ m2 . 

Ɏɥɸɝɚɪɨɱɧɵɟ ɛɪɭɫɶɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɬɚɤ, ɱɬɨ ɨɫɬɪɢɟ ɨɫɬɪɹɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ 

ɮɥɸɝɚɪɨɱɧɨɦ ɛɪɭɫɟ ɧɚ 41 ɦɦ ɛɥɢɠɟ ɨɫɢ ɛɪɭɫɚ ɤ ɩɟɪɟɞɧɟɦɭ ɫɬɵɤɭ (ɫɦ. ɪɢɫɭɧɨɤ 

2.5). 

Ⱦɥɢɧɚ ɩɟɪɟɞɧɟɝɨ ɜɵɥɟɬɚ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɬɚɤɨɣ, ɱɬɨɛɵ ɩɨɞ 

ɧɢɦ ɭɦɟɳɚɥɨɫɶ ɨɬ ɨɞɧɨɝɨ ɞɨ ɜɨɫɶɦɢ ɰɟɥɵɯ ɩɪɨɥɟɬɨɜ α = (0,8 – 0,95)αɩɟɪ , ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɪɤɢ ɩɟɪɟɜɨɞɚ. 

 

Ɋɢɫɭɧɨɤ 2.5 ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧɵ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ 



 

 

ɉɟɪɟɞɧɢɣ ɢ ɡɚɞɧɢɣ ɫɬɵɤɢ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬ ɨɫɬɪɹɤɚ ɢ ɨɬ ɤɨɪɧɹ ɨɫɬɪɹɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨɫɬɚɬɨɱɧɨɦ ɞɥɹ 

ɝɚɲɟɧɢɹ ɜɥɢɹɧɢɹ ɩɨɜɵɲɟɧɧɨɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɭɬɶ ɜ ɫɬɵɤɚɯ 

ɨɬ ɤɨɥɟɫ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
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  (2.21) 

ɝɞɟ ni - ɱɢɫɥɨ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɪɨɥɟɬɨɜ ɩɨɞ ɩɟɪɟɞɧɢɦ ɜɵɥɟɬɨɦ ɪɚɦɧɨɝɨ  

ɪɟɥɶɫɚ. 

ȼ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɩɪɢɧɢɦɚɟɬɫɹ: ɩɪɢ ɦɚɪɤɟ ɤɪɟɫɬɨɜɢɧɵ N ɞɨ 1/9, ni =5; 

ɩɪɢ ɦɚɪɤɟ N ɨɬ 1/9 ɞɨ 1/11, ni =7; ɩɪɢ ɦɚɪɤɟ N ɛɨɥɟɟ 1/11 ni =9.  

ɋ – ɧɨɪɦɚɥɶɧɵɣ ɫɬɵɤɨɜɨɣ ɩɪɨɥɟɬ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɩɪɢ ɪɟɥɶɫɚɯ Ɋ65 

ɋ=420 ɦɦ, ɩɪɢ ɪɟɥɶɫɚɯ Ɋ50 ɋ=440 ɦɦ;  

į - ɜɟɥɢɱɢɧɚ ɫɬɵɤɨɜɨɝɨ ɡɚɡɨɪɚ (10 ɦɦ); 

m0 - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɩɟɪɜɨɝɨ ɮɥɸɝɚɪɨɱɧɨɝɨ ɛɪɭɫɚ ɞɨ ɨɫɬɪɢɹ ɨɫɬɪɹɤɚ, 

ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 41 ɦɦ.  

Ⱦɚɥɟɟ ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɢɧɚ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ. Ɉɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ 

ɫɭɦɦɵ m1+݈଴′′ ɧɚ ɜɟɥɢɱɢɧɭ (α+420) ɦɦ ɢ ɛɨɥɟɟ ɢ ɛɵɬɶ ɤɪɚɬɧɨɣ 6,25 ɦ ɞɨ 

ɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ: ݈˓˓ = ݉ଵ + ݈଴′′ + ܽ + ͶʹͲ (2.22) 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ ɩɨɞ ɨɫɬɪɹɤɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
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ɝɞɟ ݈଴′′ - ɩɪɨɟɤɰɢɹ ɨɫɬɪɹɤɚ ɧɚ ɪɚɦɧɵɣ ɪɟɥɶɫ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 
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Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ ɩɨɞ ɡɚɞɧɢɦ ɜɵɥɟɬɨɦ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ: 
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Ⱦɪɨɛɧɚɹ ɱɚɫɬɶ ɱɢɫɥɚ ɩɪɨɥɟɬɨɜ n0 ɢ nɡ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ ɦɟɠɞɭ 

ɲɩɚɥɶɧɵɦɢ ɩɪɨɥɟɬɚɦɢ, ɱɬɨɛɵ ɫɨɛɥɸɞɚɥɨɫɶ ɭɫɥɨɜɢɟ α=(0,8 ÷ 0,95)αɩɟɪ. 

 

2.5  Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɞɥɹ ɪɚɡɛɢɜɤɢ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ  
Ɉɫɧɨɜɧɵɟ ɪɚɡɛɢɜɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ ɩɪɢɜɟɞɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 2.6. 

 

Ɋɢɫɭɧɨɤ 2.6 Ɉɫɧɨɜɧɵɟ ɪɚɡɛɢɜɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ 

 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɩɟɪɟɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɉɪɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɩɟɪɟɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

ɩɪmɩɪ pZmZ  1
  (2.27) 

Ɇɚɥɵɟ ɩɨɥɭɨɫɢ ɩɟɪɟɜɨɞɚ: ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɫɬɪɢɹ 

ɤɪɟɫɬɨɜɢɧɵ ɞɨ ɰɟɧɬɪɚ ɩɟɪɟɜɨɞɚ ɢ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɬɪɢɹ ɞɨ ɰɟɧɬɪɚ ɩɟɪɟɜɨɞɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ: 

 tgtg

S
b

52,1
0  , (2.28) 

00 bZa m   (2.29) 

Ȼɨɥɶɲɢɟ ɩɨɥɭɨɫɢ ɩɟɪɟɜɨɞɚ: 
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Ɉɪɞɢɧɚɬɵ ɩɟɪɟɜɨɞɧɨɣ ɤɪɢɜɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɥɹ ɪɚɡɛɢɜɤɢ ɟɟ ɩɪɢ 

ɭɤɥɚɞɤɟ ɩɟɪɟɜɨɞɚ. Ɂɚ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɱɤɚ ɧɚ ɪɚɛɨɱɟɣ ɝɪɚɧɢ 

ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ ɩɪɨɬɢɜ ɤɨɪɧɹ ɨɫɬɪɹɤɚ (ɬ. А ɧɚ ɪɢɫɭɧɤɟ 2.7). 

 

Ɋɢɫɭɧɨɤ 2.7 ɋɯɟɦɚ ɩɟɪɟɜɨɞɧɨɣ ɤɪɢɜɨɣ 

 

Ⱥɛɫɰɢɫɫɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɞɨɥɶ ɪɚɦɧɨɝɨ ɪɟɥɶɫɚ ɜ ɬɨɱɤɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 

ɱɟɪɟɡ ɞɜɚ ɦɟɬɪɚ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ʉɨɧɟɱɧɚɹ ɚɛɫɰɢɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

  sinsin"

0  Rxk  (2.31) 

ɇɚɱɚɥɶɧɚɹ ɨɪɞɢɧɚɬɚ ɜ ɤɨɪɧɟ ɨɫɬɪɹɤɚ: 

    coscoscoscos "

0

'

00  RRy h  (2.32) 

Ɍɟɤɭɳɢɟ ɨɪɞɢɧɚɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ii Ryy  coscos0  , (2.33) 

ɝɞɟ R - ɪɚɞɢɭɫ ɩɟɪɟɜɨɞɧɨɣ ɤɪɢɜɨɣ (ɩɪɢɧɢɦɚɟɦ "

0RR  ); 

i - ɭɝɨɥ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɚɧɧɨɣ ɚɛɫɰɢɫɫɟ ix . 

''

0

sinsin
R

xi

i    (2.34) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 









 )(sincos(arcsincos

''

0

"

00
R

x
Ryy i

i 
 (2.35) 



 

Ʉɨɧɟɱɧɭɸ ɨɪɞɢɧɚɬɭ ɜ ɷɬɨɣ ɬɚɛɥɢɰɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɩɨ 

ɜɵɪɚɠɟɧɢɸ: 

  )arcsin(sin
''

0R

xɤ
  (2.36) 

2.6  Ɉɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧɵ ɪɟɥɶɫɨɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ 

 

Ɋɢɫɭɧɨɤ 2.8 ɋɯɟɦɚ ɪɟɥɶɫɨɜɵɯ ɧɢɬɟɣ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɩɟɪɟɜɨɞɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.8, ɞɥɢɧɵ ɪɟɥɶɫɨɜɵɯ ɧɢɬɟɣ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ 

ɨɛɨɡɧɚɱɟɧɵ 4321 ,,, llll . Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

ppɩɪ lZl 1  (2.37) 

  ɩɪhdRl 





  

2

0"

02  (2.38) 

ɩɪm hlZl  ''

03  (2.39) 

14 ll   (2.40) 

Эɬɢ ɞɥɢɧɵ ɹɜɥɹɸɬɫɹ ɢɫɯɨɞɧɵɦɢ ɞɥɹ ɪɚɫɤɪɨɹ ɪɟɥɶɫɨɜɵɯ ɧɢɬɟɣ ɧɚ 

ɨɬɞɟɥɶɧɵɟ ɪɟɥɶɫɵ. ɉɪɢ ɪɚɫɤɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ: 

1. ȼɨɡɦɨɠɧɨɫɬɶ ɪɚɡɛɨɪɤɢ ɟɝɨ ɧɚ ɬɪɢ ɨɬɞɟɥɶɧɵɯ ɛɥɨɤɚ: ɫɬɪɟɥɨɱɧɚɹ 

ɱɚɫɬɶ, ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ, ɤɪɟɫɬɨɜɢɧɧɚɹ ɱɚɫɬɶ; 

2. ȼ ɩɟɪɟɜɨɞɟ ɞɨɥɠɧɵ ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɟɥɶɫɵ 

ɫɬɚɧɞɚɪɬɧɨɣ ɞɥɢɧɵ 12,5 ɢ 25 ɦ. 



 

3. ȼ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɩɟɪɟɜɨɞɚ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɨɥɠɧɵ 

ɛɵɬɶ ɭɫɬɪɨɟɧɵ ɢɡɨɥɢɪɭɸɳɢɟ ɫɬɵɤɢ. ɂɡɨɥɢɪɭɸɳɢɟ ɫɬɵɤɢ ɧɚ ɜɧɟɲɧɢɯ 

ɪɟɥɶɫɨɜɵɯ ɧɢɬɹɯ ɩɟɪɟɜɨɞɚ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɞɧɨɦ ɩɪɨɥɟɬɟ ɦɟɠɞɭ 

ɛɪɭɫɶɹɦɢ, ɢ ɫɦɟɳɟɧɵ ɞɨ 1,5 ɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɡɨɥɢɪɭɸɳɢɯ ɫɬɵɤɨɜ ɧɚ 

ɜɧɭɬɪɟɧɧɢɯ ɧɢɬɹɯ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɭɫɬɪɚɢɜɚɸɬ “ɧɚ ɜɟɫɭ” ɜ ɨɞɧɨɦ ɩɪɨɥɟɬɟ. 

4. ɋɬɵɤɨɜɵɟ ɡɚɡɨɪɵ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦɢ 8-10 ɦɦ, ɤɪɨɦɟ ɡɚɡɨɪɨɜ ɜ 

ɫɬɵɤɚɯ ɤɪɟɫɬɨɜɢɧɵ ɤɨɬɨɪɵɟ ɪɚɜɧɵ ɧɭɥɸ, ɢ ɡɚɡɨɪɨɜ ɜ ɤɨɪɧɟ ɨɫɬɪɹɤɨɜ, ɤɨɬɨɪɵɟ 

ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦɢ 0-5 ɦɦ. 

5. Ⱦɥɢɧɚ ɪɟɥɶɫɨɜɵɯ ɪɭɛɨɤ ɦɟɧɶɲɟ 4,5 ɦ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 

 

2.7  Уɤɚɡɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɷɩɸɪɵ 

Эɩɸɪɚ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ ɦɚɪɤɢ Ɇ = 1/N ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɯɟɦɭ 

ɭɤɥɚɞɤɢ ɢ ɪɚɡɛɢɜɤɢ, ɜɵɱɟɪɱɟɧɧɭɸ ɜ ɦɚɫɲɬɚɛɟ. ɇɚ ɧɟɣ ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ 

ɪɚɡɦɟɪɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɡɛɢɜɤɢ ɧɚ ɩɭɬɢ, ɞɥɢɧɵ ɢ ɩɨɪɹɞɨɤ ɪɚɫɤɥɚɞɤɢ 

ɪɟɥɶɫɨɜ ɜ ɭɜɹɡɤɟ ɫ ɪɚɫɤɥɚɞɤɨɣ ɫɬɪɟɥɨɱɧɵɯ ɛɪɭɫɶɟɜ, ɞɚɧɵ ɨɪɞɢɧɚɬɵ ɩɟɪɟɜɨɞɧɨɣ 

ɤɪɢɜɨɣ ɢ ɲɢɪɢɧɚ ɤɨɥɟɢ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɩɟɪɟɜɨɞɚ. Ⱦɟɥɚɸɬ ɞɜɟ 

ɨɬɞɟɥɶɧɵɟ ɫɯɟɦɵ: ɫɯɟɦɭ ɭɤɥɚɞɤɢ ɢ ɫɯɟɦɭ ɪɚɡɛɢɜɤɢ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɛɪɭɫɶɹ ɞɟɥɹɬɫɹ ɧɚ ɝɪɭɩɩɵ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɨɫɟɞɧɟɣ ɧɚ 25 ɫɦ (ɨɬ 3,00 ɞɨ 5,50). 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɫɤɥɚɞɵɜɚɸɬ ɛɪɭɫɶɹ ɭ ɜɫɟɯ ɫɬɵɤɨɜ, ɭ ɨɫɬɪɢɹ ɨɫɬɪɹɤɚ, ɧɚ 

ɤɪɟɫɬɨɜɢɧɟ, ɚ ɬɚɤɠɟ ɮɥɸɝɚɪɨɱɧɵɟ. ɇɚ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɛɪɭɫɶɹ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ 

ɜɨɡɦɨɠɧɨ ɪɚɜɧɨɦɟɪɧɟɟ. ȼɟɥɢɱɢɧɚ ɫɬɵɤɨɜɵɯ ɩɪɨɥɟɬɨɜ ɋ=420 ɦɦ ɩɪɢ ɪɟɥɶɫɚɯ 

Ɋ65 ɢ ɋ=440 ɦɦ ɩɪɢ Ɋ50. 

ɉɨ ɞɥɢɧɟ ɛɪɭɫɶɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɪɚɫɫɬɨɹɧɢɟ, ɦɦ, ɨɬ ɪɚɛɨɱɟɣ 

ɝɪɚɧɢ ɪɟɥɶɫɚ ɞɨ ɬɨɪɰɚ ɛɪɭɫɶɟɜ ɛɵɥɨ ɧɟ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɩɭɬɢ:  ݁ = ଶ଻ହ଴−ଵହଶ଴ଶ = ͸ͳͷ ሺˏˏሻ,  (2.50) 

ɝɞɟ 2750 - ɞɥɢɧɚ ɞɟɪɟɜɹɧɧɨɣ ɲɩɚɥɵ, ɦɦ;  

1520 - ɲɢɪɢɧɚ ɤɨɥɟɢ, ɦɦ.  

ɋɯɟɦɚ ɪɚɡɛɢɜɤɢ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ ɢ ɪɚɫɤɥɚɞɤɚ ɛɪɭɫɶɟɜ ɩɨɞ 

ɩɟɪɟɜɨɞɨɦ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.9. 



 

 
ɋɩɟɰɢɮɢɤɚɰɢɹ ɪɟɥɶɫɨɜ  ɋɩɟɰɢɮɢɤɚɰɢɹ ɛɪɭɫɶɟɜ 

Ⱦɥɢɧɚ, ɦɦ Ɍɢɩ ɪɟɥɶɫɚ Ʉɨɥɢɱɟɫɬɜɨ, ɲɬ  Ⱦɥɢɧɚ ɛɪɭɫɶɟɜ, ɦ Ɍɢɩ Ʉɨɥɢɱɟɫɬɜɨ, ɲɬ 

18750 Ɋ50 2  2,75 ɞɟɪɟɜɨ 10 

13000 Ɋ50 2  3,0 ɞɟɪɟɜɨ 18 

14709 Ɋ50 2  3,25 ɞɟɪɟɜɨ 10 

11393 Ɋ50 1  3,5 ɞɟɪɟɜɨ 8 

11351 Ɋ50 1  3,75 ɞɟɪɟɜɨ 6 
    4,0 ɞɟɪɟɜɨ 5 

    4,25 ɞɟɪɟɜɨ 8 

    4,5 ɞɟɪɟɜɨ 4 

    4,75 ɞɟɪɟɜɨ 6 
    5,0 ɞɟɪɟɜɨ 7 

    5,25 ɞɟɪɟɜɨ 6 

    5,5 ɞɟɪɟɜɨ 7 

 

ɋɬɪɟɥɨɱɧɵɣ ɩɟɪɟɜɨɞ ɦɚɪɤɢ 1/13 


