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7. ɊȺɋɑЁɌ ȾɈɁȺɌɈɊɈȼ КОРМОВ 

Ȼɚɪɚɛɚɧɧɵɟ ɞɨɡɚɬɨɪɵ (ɪɢɫ. 10) ɞɟɥɹɬɫɹ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ, ɝɥɚɞ-

ɤɢɟ, ɪɢɮɥɟɧɵɟ, ɹɱɟɢɫɬɵɟ ɢ ɥɨɩɚɫɬɧɵɟ. ɐɢɥɢɧɞɪɢɱɟɫɤɢɟ, ɝɥɚɞɤɢɟ ɢ
ɝɪɚɧɟɧɵɟ ɞɨɡɚɬɨɪɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɡɢɪɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɡɚ ɫɱёɬ ɫɢɥ
ɬɪɟɧɢɹ ɢ ɫɰɟɩɥɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɛɚɪɚɛɚɧɚ. ȼ ɹɱɟɢɫɬɵɯ ɢ ɥɨɩɚɫɬɧɵɯ
ɛɚɪɚɛɚɧɚɯ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɚɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ ɢ
ɨɛɴёɦɨɦ ɫɟɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɹɱɟɣɤɢ ɨɩɪɟɞɟɥёɧɧɨɣ
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢɥɢ ɫɨɫɬɚɜɥɹɸɬɫɹ ɢɡ ɥɨɩɚɫɬɟɣ. ɉɨɞɚɱɚ ɦɚɬɟ-
ɪɢɚɥɚ ɜ ɩɟɪɜɵɯ ɞɜɭɯ ɞɨɡɚɬɨɪɚɯ ɢɡɦɟɧɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɨɱɧɨɣ ɡɚɫɥɨɧɤɨɣ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ ɜɵɫɨɬɭ ɜɵɝɪɭɠɚɟɦɨɝɨ ɛɚɪɚɛɚɧɨɦ ɫɥɨɹ ɩɪɢ ɩɨɫɬɨɹɧ-

ɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ, ɚ ɜ ɫɟɤɬɨɪɧɵɯ ɞɨɡɚɬɨɪɚɯ – ɢɡɦɟɧɟɧɢɟɦ ɱɚɫɬɨɬɵ
ɢɯ ɜɪɚɳɟɧɢɹ. 

ɐɢɥɢɧɞɪɢɱɟɫɤɢɟ ɝɥɚɞɤɢɟ ɢ ɦɟɥɤɨɪɢɮɥёɧɵɟ ɛɚɪɚɛɚɧɵ ɩɪɢɦɟɧɹɸɬ
ɞɥɹ ɞɨɡɢɪɨɜɚɧɢɹ ɩɨɪɨɲɤɨɜɵɯ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɫɟɤɬɨɪ-
ɧɵɟ – ɞɥɹ ɦɟɥɤɨ- ɢ ɫɪɟɞɧɟɤɭɫɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ 
ɛɚɪɚɛɚɧɨɜ ɫɨɫɬɚɜɥɹɟɬ 0,025…1 ɦ/ɫ. 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɞɨɡɚɬɨɪɚ q (ɤɝ/ɫ) ɫ ɝɥɚɞɤɢɦ ɢɥɢ ɦɟɥɤɨ-
ɪɢɮɥɟɧɵɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɛɚɪɚɛɚɧɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

ρϕπ= BDnhq ɦ ,                                       (51) 

ɝɞɟ hɦ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɦɚɬɟɪɢɚɥɚ, ɢɡɜɥɟɤɚɟɦɨɝɨ ɛɚɪɚɛɚɧɨɦ ɢɡ-ɩɨɞ ɪɟ-
ɝɭɥɢɪɨɜɨɱɧɨɣ ɡɚɫɥɨɧɤɢ, ɦ;  – ɲɢɪɢɧɚ ɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɛɭɧɤɟɪɚ
(ɪɚɛɨɱɚɹ ɞɥɢɧɚ ɛɚɪɚɛɚɧɚ), ɦ; D – ɞɢɚɦɟɬɪ ɛɚɪɚɛɚɧɚ, ɦ; n – ɱɚɫɬɨɬɚ
ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ, ɫ–1; ρ – ɨɛɴёɦɧɚɹ ɦɚɫɫɚ ɧɚɫɵɩɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɤɝ/ɦ3; ϕ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ, ɪɚɜɧɵɣ 0,7…0,9. 

                 )                               )                            )                         ) 

Ɋɢɫ. 10. Ȼɚɪɚɛɚɧɧɵɟ ɞɨɡɚɬɨɪɵ ɫ ɛɚɪɚɛɚɧɨɦ: 

 – ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɝɥɚɞɤɢɦ;  – ɪɢɮɥɟɧɵɦ;  – ɹɱɟɢɫɬɵɦ;  – ɥɨɩɚɫɬɧɵɦ; 

1 – ɨɫɶ; 2 – ɝɨɪɥɨɜɢɧɚ ɡɚɝɪɭɡɨɱɧɨɝɨ ɛɭɧɤɟɪɚ; 3 – ɨɫɶ ɫɤɪɟɛɤɚ;  
4 – ɫɤɪɟɛɨɤ ɞɥɹ ɫɧɹɬɢɹ ɢɡɛɵɬɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɫɟɤɰɢɹɯ;  
5 – ɹɱɟɣɤɚ ɛɚɪɚɛɚɧɚ; 6 – ɜɵɝɪɭɡɧɨɟ ɨɬɜɟɪɫɬɢɟ; 7 – ɛɚɪɚɛɚɧ 
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Ⱦɥɹ ɞɨɡɚɬɨɪɚ ɫ ɛɚɪɚɛɚɧɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞ 
ɜɵɩɭɫɤɧɵɦ ɨɬɜɟɪɫɬɢɟɦ ɛɭɧɤɟɪɚ, hɦ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ ɜɵɫɨɬɟ ɪɚɡɝɪɭ-
ɡɨɱɧɨɣ ɳɟɥɢ, ɢɡɦɟɪɹɟɦɨɣ ɨɬ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɪɚɛɚɧɚ ɞɨ 
ɜɟɪɯɧɟɣ ɤɪɨɦɤɢ ɪɟɝɭɥɢɪɨɜɨɱɧɨɣ ɡɚɫɥɨɧɤɢ. 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ Mɤɪ (ɇ·ɦ) ɧɚ ɜɚɥɭ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɛɚɪɚɛɚɧɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ ( )

2

ɰ0
ɤɪ

dfgGG
M

+= ,                                 (52) 

ɝɞɟ G – ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɧɚɫɵɩɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɛɚɪɚɛɚɧ, ɇ; G0 – ɦɚɫɫɚ 
ɛɚɪɚɛɚɧɚ, ɤɝ; d – ɞɢɚɦɟɬɪ ɰɚɩɮ ɛɚɪɚɛɚɧɚ, ɦ; fɰ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɜ ɰɚɩɮɚɯ (ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ ɤɚɱɟɧɢɹ fɰ = 0,05, ɞɥɹ ɩɨɞɲɢɩ-

ɧɢɤɨɜ ɫɤɨɥɶɠɟɧɢɹ fɰ = 0,15). 

Ɏɨɪɦɭɥɚ ɧɟ ɭɱɢɬɵɜɚɟɬ ɬɪɟɧɢɹ ɧɚɫɵɩɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɛɚɪɚɛɚɧɚ, ɩɨɫɤɨɥɶɤɭ ɫɢɥɚ ɬɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɥɟɠɚɳɟɝɨ ɩɨ ɥɟɜɭɸ 

ɫɬɨɪɨɧɭ ɨɬ ɨɫɢ ɛɚɪɚɛɚɧɚ, ɩɪɢɦɟɪɧɨ ɭɪɚɜɧɨɜɟɲɢɜɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ 
ɛɚɪɚɛɚɧ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɦɚɬɟɪɢɚɥɚ ɫ ɟɝɨ ɩɪɚɜɨɣ ɫɬɨɪɨɧɵ. 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɞɥɹ ɪɢɮɥёɧɵɯ ɛɚɪɚɛɚɧɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚ-
ɠɟɧɢɟɦ 
 ( )

22

ɰ001
ɤɪ

dfgGGGDfK
M

++= ,                       (53) 

 

ɝɞɟ K1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɪɨɲɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɞɟɣɫɬ-
ɜɢɟɦ ɪɟɛɟɪ ɛɚɪɚɛɚɧɚ (ɞɥɹ ɤɪɭɩɧɨɤɭɫɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ K1 = 2, ɚ ɞɥɹ 
ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ – K1 = 1); f0 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ  
ɦɚɬɟɪɢɚɥɚ. 

Ɇɨɳɧɨɫɬɶ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɩɪɢɜɨɞ N ɛɚɪɚɛɚɧɧɨɝɨ ɞɨɡɚɬɨɪɚ, ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 
 

η= nMK
N

ɤɪy
,                                     (54) 

 

ɝɞɟ Kɭ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɬɪɟɧɢɟ ɪɚ-
ɛɨɱɢɯ ɨɪɝɚɧɨɜ Kɭ (Kɭ = 1,1...1,2); η – ɄɉȾ ɩɪɢɜɨɞɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. 

ɉɨɞɚɱɚ ɫɟɤɬɨɪɧɨɝɨ ɢ ɥɨɩɚɫɬɧɨɝɨ ɛɚɪɚɛɚɧɧɨɝɨ ɞɨɡɚɬɨɪɚ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ  
 ϕρ= nlzFq ɠ ,                                       (55) 
 

ɝɞɟ Fɠ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɹɱɟɣɤɢ, ɦ2; l – ɞɥɢɧɚ ɪɚɛɨɱɟɣ 

ɱɚɫɬɢ ɹɱɟɣɤɢ, ɦ; z – ɱɢɫɥɨ ɹɱɟɟɤ; ρ – ɨɛɴёɦɧɚɹ ɦɚɫɫɚ ɧɚɫɵɩɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ, ɤɝ/ɦ3; ϕ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɞɨɡɚɬɨɪɚ (ϕ = 0,7...0,9). 
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ɋɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɚɪɚɛɚɧɭ ɥɨɩɚɫɬɧɨɝɨ ɛɚɪɚ-
ɛɚɧɧɨɝɨ ɞɨɡɚɬɨɪɚ 
 

lgRflHgRfM 3
10

2
2 ρ+θρ= ,                            (56) 

 

ɝɞɟ 12 , ff  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɪɟɧɢɹ ɤɨɪɦɚ ɨ ɤɨɪɩɭɫ ɞɨ-
ɡɚɬɨɪɚ ɢ ɜɧɭɬɪɢ ɤɨɪɦɨɜɨɣ ɦɚɫɫɵ; ρ – ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ɤɨɪɦɚ, ɤɝ/ɦ3; 

R – ɪɚɞɢɭɫ ɛɚɪɚɛɚɧɚ, ɦ; l – ɞɥɢɧɚ ɛɚɪɚɛɚɧɚ, ɦ; H0 – ɜɵɫɨɬɚ ɫɥɨɹ ɤɨɪɦɚ ɜ 
ɛɭɧɤɟɪɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɯɧɟɣ ɤɪɨɦɤɢ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ ɞɨɡɚɬɨɪɚ, ɦ; θ1 – ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɲɢɪɢɧɭ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ  
ɞɨɡɚɬɨɪɚ, ɪɚɞ. 

ȼɢɧɬɨɜɵɟ ɞɨɡɚɬɨɪɵ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɨɞɚɱɢ ɡɟɪɧɢɫɬɵɯ, ɦɟɥɤɨɤɭɫ-
ɤɨɜɵɯ, ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɢ ɫɜɹɡɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 
ɧɟɤɨɬɨɪɨɟ ɞɨɢɡɦɟɥɶɱɟɧɢɟ ɞɨɡɢɪɭɟɦɨɝɨ ɩɪɨɞɭɤɬɚ ɧɟ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟ-
ɫɤɨɝɨ ɡɧɚɱɟɧɢɹ. Ɉɧɢ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɢ ɧɚɤɥɨɧɧɨɦ 

ɩɨɥɨɠɟɧɢɹɯ. Ɉɬɥɢɱɚɸɬɫɹ ɩɨɫɬɨɹɧɫɬɜɨɦ ɩɨɞɚɱɢ ɢ ɧɚɞɟɠɧɨɫɬɶɸ ɜɵɩɨɥ-
ɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɉɨ ɫɜɨɟɦɭ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɢɫɩɨɥɧɟɧɢɸ ɜɢɧɬɨɜɵɟ ɞɨɡɚɬɨɪɵ ɞɟ-
ɥɹɬɫɹ ɧɚ ɨɞɧɨɜɢɧɬɨɜɵɟ, ɫɩɚɪɟɧɧɵɟ, ɫ ɤɚɧɚɥɨɦ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ, ɫ ɩɨɫɬɨ-
ɹɧɧɵɦ ɢ ɩɟɪɟɦɟɧɧɵɦ ɲɚɝɨɦ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢ ɧɚɤɥɨɧɧɵɟ. ɉɪɨɩɭɫɤ-
ɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜɢɧɬɨɜɵɯ ɞɨɡɚɬɨɪɨɜ ɪɟɝɭɥɢɪɭɸɬ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 
ɢ ɪɟɝɭɥɢɪɨɜɨɱɧɵɦɢ ɡɚɫɥɨɧɤɚɦɢ ɜ ɡɚɛɨɪɧɨɣ ɢɥɢ ɜɵɝɪɭɡɧɨɣ ɱɚɫɬɢ. 

ɉɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ q (ɤɝ/ɫ) ɨɞɧɨɜɢɧɬɨɜɵɯ ɞɨɡɚɬɨɪɨɜ ɨɩɪɟ-
ɞɟɥɹɸɬ ɩɨ ɜɵɪɚɠɟɧɢɸ 

 ( )[ ]
4

2 22
CnSdD

q
ϕρ−δ+π= ,                             (57) 

 

ɝɞɟ D – ɞɢɚɦɟɬɪ ɜɢɧɬɚ ɞɨɡɚɬɨɪɚ, ɦ; δ – ɪɚɞɢɚɥɶɧɵɣ ɡɚɡɨɪ ɦɟɠɞɭ ɤɪɨɦ-

ɤɨɣ ɜɢɧɬɚ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɠɭɯɚ ɲɧɟɤɚ, ɦ; d – ɞɢɚɦɟɬɪ 
ɜɚɥɚ ɜɢɧɬɚ; ɦ; S – ɲɚɝ ɜɢɧɬɚ, ɦ (S = 0,8…1,0)·D; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɜɢɧɬɚ, c–1 (ɞɥɹ ɩɨɞɜɢɠɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,66...1,3 c–1, 

ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɩɨɧɢɠɟɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ n = 0,33…0,66 ɫ–1); ϕ – ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ (ϕ = 0,8…1,0);  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸ-

ɳɢɣ ɫɧɢɠɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɢɧɬɨɜɨɝɨ ɞɨɡɚɬɨɪɚ ɨɬ ɭɝɥɚ 
ɟɝɨ ɧɚɤɥɨɧɚ β ɤ ɝɨɪɢɡɨɧɬɭ (ɩɪɢ β = 0°,  = 1; β = 30°,  = 0,58; β = 50°, 

 = 0,48). 

ɉɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɧɨɝɨɜɢɧɬɨɜɵɯ ɞɨɡɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɸɬ 
ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɮɨɪɦɭɥɟ ɫ ɩɨɩɪɚɜɨɱɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɤɪɚɬ-
ɧɵɦ ɱɢɫɥɭ ɜɢɧɬɨɜ ɜ ɞɨɡɢɪɭɸɳɟɦ ɦɟɯɚɧɢɡɦɟ. 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ N ɩɪɢɜɨɞɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɢ ɧɚɤɥɨɧɧɨ-
ɝɨ ɞɨ 20° ɤ ɝɨɪɢɡɨɧɬɭ ɜɢɧɬɨɜɨɝɨ ɞɨɡɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 
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( )
η

′′+′= kHkLgq
N ,                                  (58) 

 

ɝɞɟ L – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɭɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɝɪɭɡɚ, ɦ; k ′  – ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɜ ɤɨɪɩɭɫɟ ɞɨɡɚɬɨ-
ɪɚ (ɞɥɹ ɤɨɦɛɢɤɨɪɦɨɜ k ′= 1,2; ɦɢɧɟɪɚɥɶɧɵɯ ɞɨɛɚɜɨɤ k ′= 2,5; ɤɭɫɤɨɜɵɯ 
ɦɚɬɟɪɢɚɥɨɜ k′= 4);  – ɜɵɫɨɬɚ ɩɨɞɴёɦɚ ɝɪɭɡɚ, ɦ; k ′′  – ɤɨɷɮɮɢɰɢɟɧɬ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɜ ɩɨɞɲɢɩɧɢɤɚɯ ( k ′′ = 1,1...1,2); η – 

ɄɉȾ ɩɪɢɜɨɞɚ. 
Ⱦɥɹ ɞɨɡɚɬɨɪɨɜ ɫ ɭɝɥɨɦ ɧɚɤɥɨɧɚ ɤ ɝɨɪɢɡɨɧɬɭ ɨɬ 20° ɞɨ 45° ɩɨɬɪɟɛ-

ɧɭɸ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɫ ɭɱёɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ k 

(ɩɪɢ β = 25°, k = 1,05; β = 30°, k = 1,13; β = 45°, k = 1,4). 

Ɋɚɡɧɨɜɢɞɧɨɫɬɹɦɢ ɜɢɧɬɨɜɵɯ ɞɨɡɚɬɨɪɨɜ ɹɜɥɹɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚ ɫ ɤɨ-
ɧɢɱɟɫɤɢɦɢ ɲɧɟɤɚɦɢ ɢɥɢ ɜɢɧɬɚɦɢ ɩɟɪɟɦɟɧɧɨɝɨ ɲɚɝɚ ɜ ɡɚɛɨɪɧɨɣ ɱɚɫɬɢ 

ɞɨɡɚɬɨɪɚ. ȼɢɧɬɨɜɨɣ ɞɨɡɚɬɨɪ ɫ ɤɨɧɢɱɟɫɤɨɣ ɡɚɛɨɪɧɨɣ ɱɚɫɬɶɸ (ɪɢɫ. 11) 

ɫɨɫɬɨɢɬ ɢɡ ɤɨɠɭɯɚ 4 ɫ ɜɵɝɪɭɡɧɵɦ ɩɚɬɪɭɛɤɨɦ 3, ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɛɭɧɤɟ-
ɪɚ 1 ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ ɡɚɛɨɪɧɨɣ ɡɨɧɟ ɪɟɝɭɥɢɪɨɜɨɱɧɨɣ ɡɚɫɥɨɧɤɨɣ 2, 

ɩɟɪɟɤɪɵɜɚɸɳɟɣ ɤɨɧɢɱɟɫɤɢɣ ɭɱɚɫɬɨɤ ɜɢɧɬɚ 5 ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɨ-
ɫɬɭɩɚɸɳɢɣ ɢɡ ɛɭɧɤɟɪɚ ɦɚɬɟɪɢɚɥ ɩɨɩɚɞɚɟɬ ɧɚ ɭɱɚɫɬɨɤ, ɨɝɪɚɧɢɱɟɧɧɵɣ 

ɪɚɡɦɟɪɚɦɢ ɤɨɧɭɫɚ ɨɬ dɤ max ɞɨ dɤ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴёɦ ɤɨɪɦɨɜɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɩɨɞɚɜɚɟɦɵɯ ɧɚ ɜɵɝɪɭɡɤɭ ɩɪɢ ɜɪɚɳɟɧɢɢ ɜɢɧɬɚ, ɨɩɪɟɞɟɥɹɸɬ 
ɪɚɡɧɨɫɬɶɸ ɦɟɠɞɭ ɨɛɴёɦɨɦ ɰɢɥɢɧɞɪɚ ɫ ɞɢɚɦɟɬɪɨɦ ɜɢɧɬɚ ɞɨɡɚɬɨɪɚ D ɢ 

ɨɛɴёɦɨɦ ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ ɫ ɨɫɧɨɜɚɧɢɹɦɢ ɞɢɚɦɟɬɪɨɜ dɤ ɢ dɤ max ɫ ɪɚɜ-
ɧɵɦɢ ɜɵɫɨɬɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɜɟɥɢɱɢɧɟ ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ. 

 

 

 

Ɋɢɫ. 11. ɋɯɟɦɚ ɜɢɧɬɨɜɨɝɨ ɞɨɡɚɬɨɪɚ ɫ ɤɨɧɢɱɟɫɤɢɦ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ 
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ɉɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜɢɧɬɨɜɨɝɨ ɞɨɡɚɬɨɪɚ ɫ ɤɨɧɢɱɟɫɤɢɦ ɪɚɛɨ-
ɱɢɦ ɨɪɝɚɧɨɦ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 

( ) ( )
4

3

1
2 ɤɤmax ɤ

2
ɤ

2
max ɤ

2
CnSddddD

q

ϕρ⎥⎦
⎤⎢⎣

⎡ ++−δ+π
= ,        (59) 

 

ɝɞɟ dɤ max – ɞɢɚɦɟɬɪ ɨɫɧɨɜɚɧɢɹ ɤɨɧɭɫɚ ɜɢɧɬɚ, ɦ; dɤ – ɞɢɚɦɟɬɪ ɤɨɧɭɫɧɨɣ 

ɱɚɫɬɢ ɜɢɧɬɚ, ɩɨɝɪɭɠɟɧɧɨɣ ɜ ɡɨɧɭ ɧɚɫɵɩɧɨɝɨ ɝɪɭɡɚ, ɨɝɪɚɧɢɱɟɧɧɭɸ ɩɨ-
ɥɨɠɟɧɢɟɦ ɪɟɝɭɥɢɪɨɜɨɱɧɨɣ ɡɚɫɥɨɧɤɢ, ɦ; Sɤ – ɞɥɢɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɤɨ-
ɧɭɫɧɨɝɨ ɜɢɧɬɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɧɚɫɵɩɧɨɦ ɝɪɭɡɟ, ɦ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɫɜɨɞɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɡɨɧɟ ɡɚɝɪɭɡɨɱɧɨɝɨ 
ɨɤɧɚ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɧɚɫɬɪɨɣɤɟ ɧɚ ɦɚɥɭɸ ɩɨɞɚɱɭ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɞɨɡɚɬɨɪ, ɢɡɨɛɪɚɠёɧɧɵɣ ɧɚ ɪɢɫ. 12. Ⱦɨɡɚɬɨɪ ɜɤɥɸɱɚɟɬ ɲɧɟɤ, ɫɨ-
ɫɬɨɹɳɢɣ ɢɡ ɡɚɝɪɭɡɨɱɧɨɝɨ 8 ɢ ɜɵɝɪɭɡɧɨɝɨ 11 ɭɱɚɫɬɤɨɜ. ɒɧɟɤ ɧɚɯɨɞɢɬɫɹ 
ɜ ɤɨɠɭɯɟ 3, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧёɧ ɫ ɛɭɧɤɟɪɨɦ 7 ɱɟɪɟɡ ɡɚɝɪɭɡɨɱɧɨɟ ɨɤɧɨ 8. 

ɒɧɟɤ  ɜɵɩɨɥɧɟɧ ɫ ɭɜɟɥɢɱɢɜɚɸɳɢɦɫɹ ɜ ɫɬɨɪɨɧɭ ɜɵɝɪɭɡɧɨɝɨ ɨɤɧɚ 11 

ɲɚɝɨɦ, ɩɪɢɱёɦ ɧɚɜɢɜɤɚ ɲɧɟɤɚ ɜ ɡɨɧɟ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ 8 ɜɵɩɨɥɧɟɧɚ 
ɞɥɢɧɨɣ, ɪɚɜɧɨɣ ɞɥɢɧɟ ɷɬɨɝɨ ɨɤɧɚ. ȼ ɡɨɧɟ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ 8 ɭɫɬɚɧɨɜ-
ɥɟɧɚ ɩɨɞɜɢɠɧɚɹ ɡɚɫɥɨɧɤɚ 6 ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɫɢ 

ɲɧɟɤɚ ɜ ɫɬɨɪɨɧɭ ɜɵɝɪɭɡɧɨɝɨ ɨɤɧɚ 11. Ɂɚɫɥɨɧɤɚ 6 ɫɜɹɡɚɧɚ ɫ ɦɟɯɚɧɢɡɦɨɦ 

ɪɟɝɭɥɢɪɨɜɤɢ ɩɨɞɚɱɢ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɫɬɪɟɥɤɢ-ɭɤɚɡɚɬɟɥɹ 5 ɢ ɲɤɚɥɵ 4. 

ɉɪɢɜɨɞ ɲɧɟɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 1 ɢ ɪɟ-
ɞɭɤɬɨɪɚ 2. 

ȼ ɧɚɱɚɥɟ ɪɚɛɨɬɵ ɞɨɡɚɬɨɪɚ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɧɚ ɦɢɧɢɦɚɥɶɧɭɸ ɩɨɞɚɱɭ 
ɡɚɫɥɨɧɤɚ 6 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨ ɲɤɚɥɟ 4 ɜ ɩɨɥɨɠɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɞɚɱɢ ɤɨɪɦɚ Lmin (ɪɢɫ. 12). ɉɪɢ ɷɬɨɦ ɫ ɛɭɧɤɟɪɨɦ 7, ɜ 
ɡɨɧɟ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ 8, ɫɨɨɛɳɚɟɬɫɹ ɡɚɝɪɭɡɨɱɧɵɣ ɭɱɚɫɬɨɤ ɲɧɟɤɚ 9 ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɲɚɝɨɦ ɧɚɜɢɜɤɢ Smin. ɒɧɟɤ ɡɚɯɜɚɬɵɜɚɟɬ ɦɢɧɢɦɚɥɶɧɭɸ 

ɞɨɡɭ ɤɨɪɦɚ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬ ɟё ɤ ɜɵɝɪɭɡɧɨɦɭ ɨɤɧɭ 11. 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɨɞɚɱɢ ɡɚɫɥɨɧɤɚ 6 ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɜɵ-

ɝɪɭɡɧɨɝɨ ɨɤɧɚ 11 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɲɤɚɥɨɣ 4 ɜ ɩɨɥɨɠɟɧɢɟ Li 

(Lmin ≤ Li ≤ Lmax). ȼ ɡɨɧɟ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ 8 ɫ ɛɭɧɤɟɪɨɦ 7 ɫɨɨɛɳɚɟɬɫɹ 
ɡɚɝɪɭɡɨɱɧɵɣ ɭɱɚɫɬɨɤ ɲɧɟɤɚ 9 ɫ ɭɜɟɥɢɱɟɧɧɵɦ ɲɚɝɨɦ ɧɚɜɢɜɤɢ Si 

(Smin ≤ Si ≤ Smax), ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚɞɚɧɧɚɹ ɩɨɞɚɱɚ ɤɨɪɦɚ, ɤɨ-
ɬɨɪɚɹ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɲɤɚɥɵ 4. 

ɉɨɞɚɱɚ ɜ ɡɨɧɟ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 γ= vFQ ,                                           (60) 
 

ɝɞɟ ),,,(v 0 γτλ= Rf  – ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɤɨɪɦɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɢɡ ɛɭɧ-

ɤɟɪɚ, ɦ/ɫ; γ – ɨɛɴёɦɧɚɹ ɦɚɫɫɚ ɧɚɫɵɩɧɨɝɨ ɤɨɪɦɚ, ɤɝ/ɦ3; F  – ɩɥɨɳɚɞɶ  
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Ɋɢɫ. 12. ɋɯɟɦɚ ɞɨɡɚɬɨɪɚ: 
1 – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 2 – ɪɟɞɭɤɬɨɪ; 3 – ɤɨɠɭɯ; 4 – ɲɤɚɥɚ; 5 – ɫɬɪɟɥɤɚ-

ɭɤɚɡɚɬɟɥɶ; 6 – ɡɚɫɥɨɧɤɚ; 7 – ɛɭɧɤɟɪ; 8 – ɡɚɝɪɭɡɨɱɧɨɟ ɨɤɧɨ; 9 – ɡɚɝɪɭɡɨɱɧɵɣ  

ɭɱɚɫɬɨɤ ɲɧɟɤɚ; 10 – ɜɵɝɪɭɡɧɨɣ ɭɱɚɫɬɨɤ ɲɧɟɤɚ; 11 – ɜɵɝɪɭɡɧɨɟ ɨɤɧɨ 
 

ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɹ, ɦ2; 0τ  – ɧɚɱɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɫɞɜɢɝɭ, ɉɚ; ϕ  – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ; R – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 

ɪɚɞɢɭɫ ɨɬɜɟɪɫɬɢɹ ɢɫɬɟɱɟɧɢɹ, ɦ. 
Ɇɢɧɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ ɨɩ-

ɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɨɬɫɭɬɫɬɜɢɹ ɫɜɨɞɨɨɛɪɚɡɨɜɚɧɢɹ 
 

a
gaB

aB
L ′+ϕ+τ−γ′−

ϕ+′−τ≥
)sin1(2)(

)sin1)((2

0

0
min ,                    (61) 

 

ɝɞɟ Lmin – ɦɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɜɵɝɪɭɡɧɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɦ; B – ɲɢɪɢɧɚ 
ɜɵɝɪɭɡɧɨɝɨ ɨɬɜɟɪɫɬɢɹ (ɨɛɵɱɧɨ ɞɥɹ ɲɧɟɤɨɜɵɯ ɞɨɡɚɬɨɪɨɜ ɩɪɢɧɢɦɚɸɬ 
B = D + 2δ), D – ɞɢɚɦɟɬɪ ɲɧɟɤɚ, ɦ; δ – ɡɚɡɨɪ ɦɟɠɞɭ ɤɨɠɭɯɨɦ ɲɧɟɤɚ ɢ 

ɲɧɟɤɨɦ, ɦ; a′  – ɪɚɡɦɟɪ ɯɚɪɚɤɬɟɪɧɵɯ ɱɚɫɬɢɰ ɤɨɪɦɚ, ɦ. 

ȼɟɥɢɱɢɧɭ ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ ɞɥɹ ɡɚɞɚɧɧɨɣ ɩɨɞɚɱɢ ɤɨɪɦɚ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɮɨɪɦɭɥɵ (60) ɫ ɭɱёɬɨɦ ɮɨɪɦɭɥɵ (61): 

 

γ=
v

ɬɪ

B

Q
Li ,                                          (62) 

 

ɝɞɟ Qɬɪ – ɧɟɨɛɯɨɞɢɦɚɹ ɩɨɞɚɱɚ ɲɧɟɤɨɜɨɝɨ ɞɨɡɚɬɨɪɚ, ɤɝ/ɫ. 
Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɩɨɞɚɱɚ ɲɧɟɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 [ ]
4

)2( 22

ɬɪ
γ−δ+π= inSdD

Q ,                            (63) 
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ɝɞɟ d – ɞɢɚɦɟɬɪ ɜɚɥɚ ɲɧɟɤɚ, ɦ; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɲɧɟɤɚ, ɫ–1; Si – 

ɲɚɝ ɧɚɜɢɜɤɢ ɲɧɟɤɚ, ɦ (ɢɡɦɟɧɟɧɢɟ ɲɚɝɚ ɧɚɜɢɜɤɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɟɞɟ-
ɥɚɯ ɨɬ Smin ɞɨ Smax, ɩɪɢɱёɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɲɚɝɚ ɧɚɜɢɜɤɢ ɫɨɜ-
ɩɚɞɚɟɬ ɫ ɲɚɝɨɦ ɧɚɜɢɜɤɢ ɲɧɟɤɚ ɜ ɡɨɧɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɢ ɜɵɝɪɭɡɤɢ). 

ɒɚɝ ɜɢɧɬɨɜɨɣ ɧɚɜɢɜɤɢ ɲɧɟɤɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚ ɥɸɛɨɦ ɢɡ 
ɬɪёɯ ɭɱɚɫɬɤɨɜ ɩɨ ɜɵɪɚɠɟɧɢɸ 
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γ=−δ+γπ≥ ,              (64) 

 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɢɧɢɦɚɥɶɧɵɣ ɲɚɝ ɧɚɜɢɜɤɢ ɲɧɟɤɚ ɛɭɞɟɬ ɨɩɪɟɞɟ-
ɥɹɬɶɫɹ: 

 

[ ] ⎟⎟⎠
⎞

⎜⎜⎝
⎛ +ϕ+τ−γ−

ϕ+−τ
−δ+γπ

γ≥ '
)sin1(2)'(

)sin1)('(2

)2(

v4

0

0

22min a
gaB

aB

dDn

B
S .    (65) 

 

ɒɧɟɤɨɜɵɣ ɞɨɡɚɬɨɪ ɫ ɩɪɢɧɰɢɩɨɦ ɪɚɛɨɬɵ «ɲɧɟɤ ɜ ɲɧɟɤɟ» (ɪɢɫ. 13) 

ɫɨɫɬɨɢɬ ɢɡ ɛɭɧɤɟɪɚ 8 ɫ ɨɬɫɟɤɚɸɳɟɣ ɡɚɫɥɨɧɤɨɣ 7 ɢ ɪɚɡɞɚɸɳɢɦ ɲɧɟɤɨɦ 

3, ɡɚɝɪɭɡɨɱɧɚɹ ɢ ɜɵɝɪɭɡɧɚɹ ɱɚɫɬɢ ɤɨɬɨɪɨɝɨ ɫɨɟɞɢɧɟɧɵ ɤɚɧɚɥɨɦ ɨɛɪɚɬ-
ɧɨɝɨ ɯɨɞɚ, ɜ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɲɧɟɤ 4. ȼɵɝɪɭɡɧɨɟ 
ɨɬɜɟɪɫɬɢɟ ɪɚɡɞɚɸɳɟɝɨ ɲɧɟɤɚ ɩɟɪɟɤɪɵɬɨ ɡɚɫɥɨɧɤɨɣ 5. 

 

 
 

 

Ɋɢɫ. 13. ɋɯɟɦɚ ɞɨɡɚɬɨɪɚ «ɲɧɟɤ ɜ ɲɧɟɤɟ»: 

1 – ɪɚɦɚ ɩɪɢɜɨɞɚ; 2 – ɩɪɢɜɨɞ ɲɧɟɤɨɜ ɞɨɡɚɬɨɪɚ; 3 – ɲɧɟɤ;  
4 – ɤɚɧɚɥ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ ɜ ɜɢɞɟ ɲɧɟɤɚ; 5 – ɩɟɪɟɤɪɵɜɚɸɳɚɹ ɡɚɫɥɨɧɤɚ;  

6 – ɤɨɠɭɯ ɲɧɟɤɚ; 7 – ɨɬɫɟɤɚɸɳɚɹ ɡɚɫɥɨɧɤɚ; 8 – ɛɭɧɤɟɪ 
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Ⱦɨɡɚɬɨɪ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ʉɨɪɦ ɢɡ ɛɭɧɤɟɪɚ 8 ɩɨɫɬɭ-
ɩɚɟɬ ɧɚ ɡɚɝɪɭɡɨɱɧɭɸ ɱɚɫɬɶ ɲɧɟɤɚ 3 ɱɟɪɟɡ ɩɪɢɨɬɤɪɵɬɭɸ ɨɬɫɟɤɚɸɳɭɸ 

ɡɚɫɥɨɧɤɭ 7. Ɂɚɬɟɦ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɤ ɡɨɧɟ ɜɵɝɪɭɡɤɢ ɲɧɟɤɨɦ 3 ɢ ɱɚɫɬɶ 
ɤɨɪɦɚ, ɡɚɞɚɧɧɚɹ ɩɪɢ ɩɨɦɨɳɢ ɩɟɪɟɤɪɵɜɚɸɳɟɣ ɡɚɫɥɨɧɤɢ 5 ɞɨɡɚɬɨɪɚ, 
ɜɵɞɚɟɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɣ ɷɬɚɩ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ. ɂɡɥɢɲɤɢ ɤɨɪɦɚ 
ɜ ɡɨɧɟ ɜɵɝɪɭɡɧɨɝɨ ɨɤɧɚ ɡɚɯɜɚɬɵɜɚɸɬɫɹ ɲɧɟɤɨɦ 4 ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ 
ɜ ɡɨɧɭ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɤɧɚ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɲɧɟɤɨɜ ɩɨɞɨɛɪɚɧɚ ɬɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ ɨɬɫɟɤɚɸɳɟɣ ɡɚɫɥɨɧɤɟ 7 ɢ 

ɡɚɤɪɵɬɨɣ ɩɟɪɟɤɪɵɜɚɸɳɟɣ 5, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɲɧɟɤɨɜ 3 ɢ 4 ɪɚɜɧɵ. 

Ⱦɨɡɚɬɨɪ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧ-

ɧɨɣ ɜɵɞɚɱɢ ɪɚɡɥɢɱɧɵɯ ɩɨ ɤɨɧɫɢɫɬɟɧɰɢɢ ɤɨɪɦɨɜ ɢ ɨɛɟɫɩɟɱɢɬɶ ɧɟɩɪɟ-
ɪɵɜɧɭɸ ɪɚɛɨɬɭ ɩɪɢɜɨɞɚ ɞɨɡɚɬɨɪɚ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɪɚɫɩɨɥɨɠɟ-
ɧɢɹ ɤɚɧɚɥɚ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ ɜɧɭɬɪɢ ɪɚɡɞɚɸɳɟɝɨ ɲɧɟɤɚ 3, ɤɨɬɨɪɵɣ ɜɵ-

ɩɨɥɧɟɧ ɜ ɜɢɞɟ ɲɧɟɤɚ. ȼɵɝɪɭɡɧɨɟ ɨɬɜɟɪɫɬɢɟ ɪɚɡɞɚɸɳɟɝɨ ɲɧɟɤɚ ɩɟɪɟ-
ɤɪɵɜɚɟɬɫɹ ɡɚɫɥɨɧɤɨɣ ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɜɨɡɜɪɚɬɨɦ ɩɪɭɠɢɧɵ ɜ ɢɫɯɨɞɧɨɟ 
ɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɩɪɢɧɭɞɢɬɟɥɶɧɨɟ ɰɢɪɤɭɥɢɪɨɜɚ-
ɧɢɟ ɤɨɪɦɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨ ɪɚɛɨɬɚɸɳɢɯ ɲɧɟɤɚɯ, ɪɚɜɧɨɦɟɪɧɨ ɡɚɩɨɥɧɹɬɶ 
ɦɟɠɜɢɬɤɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɪɚɡɞɚɸɳɟɝɨ ɲɧɟɤɚ, ɢɫɤɥɸɱɢɬɶ ɧɚɩɪɟɫɫɨɜ-
ɤɭ, ɭɜɟɥɢɱɢɬɶ ɬɨɱɧɨɫɬɶ ɞɨɡɢɪɨɜɚɧɢɹ, ɨɫɨɛɟɧɧɨ ɧɚ ɫɭɯɢɯ ɪɚɫɫɵɩɧɵɯ 
ɤɨɪɦɚɯ. 

ɉɨɬɪɟɛɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɜɢɧɬɨɜɨɝɨ ɞɨɡɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɚɤ ɠɟ, ɤɚɤ ɢ ɞɥɹ ɨɛɵɱɧɵɯ ɲɧɟɤɨɜ. 

Ʌɟɧɬɨɱɧɵɟ ɞɨɡɚɬɨɪɵ (ɪɢɫ. 14) ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɞɨɡɢɪɨɜɚɧɢɹ ɩɥɨ-
ɯɨɫɵɩɭɱɢɯ, ɚ ɬɚɤɠɟ ɜɥɚɠɧɵɯ ɢ ɫɥɟɠɚɜɲɢɯɫɹ ɦɚɬɟɪɢɚɥɨɜ. Ʌɟɧɬɭ 1 

ɨɱɢɳɚɸɬ ɨɬ ɧɚɥɢɩɚɧɢɹ ɫɩɟɰɢɚɥɶɧɵɦ ɫɤɪɟɛɤɨɦ. Ⱦɨɡɚɬɨɪ ɦɨɠɧɨ ɭɫɬɚ-
ɧɚɜɥɢɜɚɬɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɢɥɢ ɧɚɤɥɨɧɧɨ. ȼɟɪɯɧɹɹ ɜɟɬɜɶ ɥɟɧɬɵ ɥɟɠɢɬ ɧɚ 
ɨɩɨɪɧɵɯ ɪɨɥɢɤɚɯ ɢɥɢ ɫɤɨɥɶɡɢɬ ɩɨ ɧɟɩɨɞɜɢɠɧɨɦɭ ɦɟɬɚɥɥɢɱɟɫɤɨɦɭ ɧɚ-
ɫɬɢɥɭ, ɚ ɧɢɠɧɹɹ ɫɜɨɛɨɞɧɨ ɩɪɨɜɢɫɚɟɬ ɦɟɠɞɭ ɛɚɪɚɛɚɧɚɦɢ. ȼɞɨɥɶ ɥɟɧɬɵ 

ɭɫɬɚɧɨɜɥɟɧɵ ɛɨɪɬɚ, ɫɨɡɞɚɸɳɢɟ ɠёɥɨɛ, ɩɨ ɤɨɬɨɪɨɦɭ ɞɜɢɠɟɬɫɹ ɩɨɞɚɜɚɟ-
ɦɵɣ ɢɡ ɛɭɧɤɟɪɚ ɦɚɬɟɪɢɚɥ. Ȼɭɧɤɟɪ ɭɫɬɪɨɟɧ ɬɚɤ, ɱɬɨ ɧɚ ɥɟɧɬɭ ɧɟ ɩɟɪɟɞɚ-
ёɬɫɹ ɞɚɜɥɟɧɢɟ ɫɬɨɥɛɚ ɤɨɪɦɚ. ɋɥɨɣ ɤɨɪɦɚ ɧɚ ɥɟɧɬɟ 1 ɪɟɝɭɥɢɪɭɸɬ ɩɨ ɜɵ-

ɫɨɬɟ ɡɚɫɥɨɧɤɨɣ 2. ɋɤɨɪɨɫɬɶ ɥɟɧɬɵ ɞɨɡɚɬɨɪɚ – 0,1…0,5 ɦ/ɫ. 
 

 
 

Ɋɢɫ. 14. Ɋɚɫɱёɬɧɚя ɫɯɟɦɚ ɥɟɧɬɨɱɧɨɝɨ ɞɨɡɚɬɨɪɚ 
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ɉɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɥɟɧɬɨɱɧɨɝɨ ɞɨɡɚɬɨɪɚ ɨɩɪɟɞɟɥɹɸɬ ɜɵɪɚ-
ɠɟɧɢɟɦ 

 ρϕ= vbhq ,                                         (66) 
 

ɝɞɟ b – ɲɢɪɢɧɚ ɥɟɧɬɵ, ɦ; h – ɬɨɥɳɢɧɚ ɞɨɡɢɪɭɟɦɨɝɨ ɫɥɨɹ, ɦ; v – ɫɤɨ-
ɪɨɫɬɶ ɥɟɧɬɵ, ɦ/ɫ; ρ – ɨɛɴёɦɧɚɹ ɦɚɫɫɚ ɦɚɬɟɪɢɚɥɚ, ɤɝ/ɦ3; ϕ – ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɠёɥɨɛɚ (ϕ = 0,75…0,8). 

Ɇɨɳɧɨɫɬɶ, ɪɚɫɯɨɞɭɟɦɭɸ ɧɚ ɩɪɢɜɨɞ Nɩɪ , ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 

21ɩp NNN += ,                                        (67) 
 

ɝɞɟ N1 – ɦɨɳɧɨɫɬɶ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɩɨɞɚɱɭ ɦɚɬɟɪɢɚɥɚ, ȼɬ; N2 – ɦɨɳ-

ɧɨɫɬɶ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɬɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨ ɫɬɟɧɤɢ ɠɟɥɨɛɚ, ȼɬ.  
Ɂɧɚɱɟɧɢɟ N1 ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 ( ) ɛ1 2,0 kHLqgN += ,                                (68) 
 

ɝɞɟ L – ɞɥɢɧɚ ɞɨɡɚɬɨɪɚ ɦɟɠɞɭ ɨɫɹɦɢ ɛɚɪɚɛɚɧɨɜ, ɦ;  – ɜɵɫɨɬɚ ɩɨɞɴёɦɚ 
ɩɪɨɞɭɤɬɚ, ɦ; kɛ = 1,2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɛɚɪɚɛɚɧɨɜ ɩɟɪɟɝɢɛɭ ɥɟɧɬɵ ɢ ɞɪ. 

Ɇɨɳɧɨɫɬɶ N2 ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 

vɩ
2

2 kflghN ρ= ,                                    (69) 
 

ɝɞɟ l – ɞɥɢɧɚ ɛɨɪɬɨɜ, ɦ; f – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɨɪɦɚ ɨ ɛɨɪɬ; kɩ – ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɩɨɞɜɢɠɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 

 

ϕ′+
ϕ′−=

sin1

sin1
ɩk ,                                      (70) 

 

ɝɞɟ ϕ′  – ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɩɪɢ ɞɜɢɠɟɧɢɢ, ɝɪɚɞ. 

ɋɤɪɟɛɤɨɜɵɣ ɞɨɡɚɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɛɭɧɤɟɪɚ 3 (ɪɢɫ. 15), ɜɧɭɬɪɢ ɤɨɬɨ-
ɪɨɝɨ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɚɬɱɢɤɢ ɜɟɪɯɧɟɝɨ 2 ɢ ɧɢɠɧɟɝɨ 6 ɭɪɨɜɧɟɣ ɤɨɪɦɨɜ, 
ɫɟɬɤɚ 1 ɢ ɜɨɪɨɲɢɬɟɥɶ 4. ɉɨɞ ɜɵɝɪɭɡɧɵɦ ɨɤɧɨɦ ɛɭɧɤɟɪɚ, ɡɚ ɲɢɛɟɪɧɨɣ 

ɡɚɫɥɨɧɤɨɣ 18, ɡɚɤɪɟɩɥёɧ ɤɨɠɭɯ 12, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧ ɫɤɪɟɛ-

ɤɨɜɵɣ ɬɪɚɧɫɩɨɪɬёɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɩɪɢɜɨɞɧɨɣ ɰɟɩɢ 11, ɤ ɤɨɬɨɪɨɣ ɤɪɟ-
ɩɹɬɫɹ ɫɤɪɟɛɤɢ 10 ɫ ɩɨɞɜɢɠɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ 9, ɪɚɡɦɟɳёɧɧɵɦɢ ɜ ɧɚ-
ɩɪɚɜɥɹɸɳɢɯ ɩɚɡɚɯ ɫɤɪɟɛɤɨɜ, ɢ ɥɟɧɬɚ 13. 

ɉɨɞɜɢɠɧɵɟ ɩɥɚɫɬɢɧɵ ɢɦɟɸɬ ɜɵɫɬɭɩɵ, ɤɨɬɨɪɵɟ ɜɫɬɚɜɥɹɸɬɫɹ ɜ 
ɡɚɦɤɧɭɬɵɟ ɧɚɩɪɚɜɥɹɸɳɢɟ 14, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ɤɨ-
ɠɭɯɚ. Ʉɚɠɞɚɹ ɡɚɦɤɧɭɬɚɹ ɧɚɩɪɚɜɥɹɸɳɚɹ ɜ ɡɨɧɟ ɡɚɝɪɭɡɤɢ ɜɵɩɨɥɧɟɧɚ ɜ 
ɜɢɞɟ ɩɨɞɜɢɠɧɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɤɪɟɛɤɨɜɨɦɭ ɬɪɚɧɫɩɨɪɬёɪɭ ɢ ɫ ɪɚɫ-
ɲɢɪɟɧɧɨɣ ɜɯɨɞɧɨɣ ɱɚɫɬɶɸ ɫɟɤɰɢɢ 17, ɠёɫɬɤɨ ɫɜɹɡɚɧɧɨɣ ɫ ɨɬɫɟɤɚɸɳɟɣ 

ɡɚɫɥɨɧɤɨɣ 15, ɚ ɱɟɪɟɡ ɨɤɧɨ ɢ ɫ ɩɨɥɡɭɧɨɦ 16. 
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Ɋɢɫ. 15. ɋɯɟɦɚ ɫɤɪɟɛɤɨɜɨɝɨ ɞɨɡɚɬɨɪɚ: 
1 – ɫɟɬɤɚ; 2 – ɞɚɬɱɢɤ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ; 3 – ɛɭɧɤɟɪ; 4 – ɜɨɪɨɲɢɬɟɥɶ;  

5 – ɞɢɫɬɚɧɰɢɨɧɧɵɣ ɭɤɚɡɚɬɟɥɶ ɩɨɥɨɠɟɧɢɣ; 6 – ɧɢɠɧɢɣ ɞɚɬɱɢɤ ɭɪɨɜɧɹ;  
7 – ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ; 8 – ɪɵɱɚɝ; 9 – ɩɨɞɜɢɠɧɵɟ ɩɥɚɫɬɢɧɵ;  

10 – ɫɤɪɟɛɤɢ; 11 – ɩɪɢɜɨɞɧɚɹ ɰɟɩɶ; 12 – ɤɨɠɭɯ; 13 – ɥɟɧɬɚ;  
14 – ɡɚɦɤɧɭɬɵɟ ɧɚɩɪɚɜɥɹɸɳɢɟ; 15 – ɨɬɫɟɤɚɸɳɚɹ ɡɚɫɥɨɧɤɚ; 16 – ɩɨɥɡɭɧ;  

17 – ɩɨɞɜɢɠɧɚɹ ɫɟɤɰɢɹ; 18 – ɲɢɛɟɪɧɚɹ ɡɚɫɥɨɧɤɚ 
 
ɉɟɪɟɦɟɳɟɧɢɟ ɩɨɥɡɭɧɚ 16 ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɤɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  

ɜ ɧɚɩɪɚɜɥɹɸɳɢɯ ɜɪɭɱɧɭɸ ɪɵɱɚɝɨɦ 8, ɤɢɧɟɦɚɬɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɦ ɫ ɩɨɥ-
ɡɭɧɨɦ ɬɹɝɚɦɢ ɢ ɮɢɤɫɢɪɭɟɦɵɦ ɜ ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɧɚ ɫɟɤɬɨɪɟ.  
ȼ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɨɥɡɭɧ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥ-
ɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 7 ɫ ɜɵɜɨɞɨɦ ɩɨɤɚɡɚɧɢɣ ɩɨɞɚɱɢ ɧɚ ɞɢɫɬɚɧɰɢɨɧ-

ɧɨɦ ɭɤɚɡɚɬɟɥɟ ɩɨɥɨɠɟɧɢɹ 5. 

Ⱦɨɡɚɬɨɪ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɛɭɧɤɟɪ 5 ɱɟɪɟɡ ɡɚɝɪɭ-
ɡɨɱɧɭɸ ɝɨɪɥɨɜɢɧɭ ɩɨɞɚɸɬ ɤɨɦɛɢɤɨɪɦ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɫɟɢɜɚ-
ɧɢɟ ɟɝɨ ɱɟɪɟɡ ɫɟɬɤɭ 1. Ɂɚɝɪɭɡɤɚ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɞɚɬ-
ɱɢɤɚ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ 2, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 25 ɫɦ ɨɬ ɜɟɪɯ-
ɧɟɝɨ ɤɪɚɹ ɛɭɧɤɟɪɚ. ȼ ɡɚɞɚɧɧɨɟ ɜɪɟɦɹ ɨɬɤɪɵɜɚɸɬ ɡɚɫɥɨɧɤɭ 18, ɜɤɥɸɱɚ-
ɸɬ ɜɨɪɨɲɢɥɤɭ 4, ɫɤɪɟɛɤɨɜɵɣ ɬɪɚɧɫɩɨɪɬёɪ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɤɨɦɛɢ-

ɤɨɪɦ ɡɚɯɜɚɬɵɜɚɟɬɫɹ ɫɤɪɟɛɤɚɦɢ ɢ ɪɚɜɧɨɦɟɪɧɨ ɩɨɞɚёɬɫɹ ɧɚ ɜɵɞɚɱɭ. 
Ⱦɥɹ ɢɡɦɟɧɟɧɢɹ ɩɨɞɚɱɢ ɨɩɟɪɚɬɨɪ ɮɢɤɫɢɪɭɟɬ ɪɵɱɚɝ 8 ɧɚ ɫɟɤɬɨɪɟ ɜ 

ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢ ɱɟɪɟɡ ɬɹɝɢ ɩɟɪɟɦɟɳɚɟɬ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨ-
ɫɬɢ ɩɨɥɡɭɧ 16, ɚ ɜɦɟɫɬɟ ɫ ɧɢɦ ɩɨɞɜɢɠɧɭɸ ɫɟɤɰɢɸ 17 ɡɚɦɤɧɭɬɨɣ ɧɚ-
ɩɪɚɜɥɹɸɳɟɣ 14 ɢ ɨɬɫɟɤɚɸɳɭɸ ɡɚɫɥɨɧɤɭ 15. ɉɨɞɜɢɠɧɵɟ ɩɥɚɫɬɢɧɵ 9 

ɫɤɪɟɛɤɨɜ 10 ɜ ɡɨɧɟ ɡɚɝɪɭɡɤɢ ɫɜɨɢɦɢ ɜɵɫɬɭɩɚɦɢ ɜɯɨɞɹɬ ɜ ɪɚɫɲɢɪɟɧɧɭɸ 

ɱɚɫɬɶ ɩɨɞɜɢɠɧɨɣ ɫɟɤɰɢɢ ɢ ɢɡɦɟɧɹɸɬ ɨɛɳɭɸ ɜɵɫɨɬɭ ɫɤɪɟɛɤɨɜ. ɂɡɥɢɲ-

ɤɢ ɤɨɪɦɚ ɧɚɞ ɫɤɪɟɛɤɚɦɢ ɫɱɢɳɚɸɬɫɹ ɨɬɫɟɤɚɸɳɟɣ ɡɚɫɥɨɧɤɨɣ 15. ɉɪɢ 

ɞɚɥɶɧɟɣɲɟɦ ɞɜɢɠɟɧɢɢ ɜɵɫɬɭɩɵ ɩɨɞɜɢɠɧɵɯ ɥɨɩɚɬɨɤ ɧɚɯɨɞɹɬ ɧɚ ɧɚ-



43 

ɤɥɨɧɧɭɸ ɱɚɫɬɶ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɹɸɳɢɯ ɢ ɫɤɪɟɛɤɢ ɩɪɢɧɢɦɚɸɬ ɦɚɤɫɢ-

ɦɚɥɶɧɭɸ ɜɵɫɨɬɭ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɩɟɪɟɜɚɥɢɜɚɧɢɟ ɤɨɪɦɚ ɱɟɪɟɡ ɫɤɪɟɛɤɢ ɜɨ 
ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬёɪɚ. ȼɪɟɦɹ ɜɵɞɚɱɢ ɤɨɦɛɢɤɨɪɦɚ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɤɨɪɦɨɰɟɯɚ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ ɪɟ-
ɥɟ ɜɪɟɦɟɧɢ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɨɡɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 ρ= ɫɤviBhQ ,                                       (71) 
 

ɝɞɟ ɫɤv  – ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɫɤɪɟɛɤɚ, ɦ/ɫ; ih  – ɜɵɫɨɬɚ ɫɤɪɟɛɤɚ, ɦ; 

 – ɲɢɪɢɧɚ ɫɤɪɟɛɤɚ, ɦ. 

ɒɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɞɨɡɢɪɨɜɚɧɢɹ ɫɭɯɢɯ ɪɚɫɫɵɩɧɵɯ ɤɨɪɦɨ-
ɫɦɟɫɟɣ ɧɚɯɨɞɹɬ ɬɚɪɟɥɶɱɚɬɵɟ ɞɨɡɚɬɨɪɵ. ɋɯɟɦɚ ɬɚɪɟɥɶɱɚɬɨɝɨ ɞɨɡɚɬɨɪɚ 
ȾɌɄ-1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 16. Ⱦɨɡɚɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 2, ɡɚɤɪɟɩ-

ɥёɧɧɵɯ ɧɚ ɜɚɥɭ ɱɟɪɜɹɱɧɨɝɨ ɪɟɞɭɤɬɨɪɚ ɬɚɪɟɥɢ 3 ɢ ɩɨɛɭɞɢɬɟɥɹ, ɭɫɬɚɧɨɜ-
ɥёɧɧɨɝɨ ɧɚɞ ɧɢɦ ɩɨɞɜɢɠɧɨɝɨ ɰɢɥɢɧɞɪɚ 4 ɫ ɪɟɝɭɥɢɪɨɜɨɱɧɨɣ ɝɚɣɤɨɣ ɫ 
ɪɭɤɨɹɬɤɨɣ, ɩɨɜɨɪɨɬɨɦ ɤɨɬɨɪɨɣ ɢɡɦɟɧɹɟɬɫɹ ɡɚɡɨɪ ɦɟɠɞɭ ɰɢɥɢɧɞɪɨɦ ɢ 

ɬɚɪɟɥɶɸ. Ⱦɥɹ ɩɪɢёɦɚ ɤɨɪɦɚ ɧɚ ɤɨɪɩɭɫ ɭɫɬɚɧɨɜɥɟɧ ɛɭɧɤɟɪ, ɚ ɞɥɹ ɫɛɪɨɫɚ 
ɤɨɪɦɚ ɫ ɬɚɪɟɥɢ ɜ ɫɚɦɨɬɟɱɧɭɸ ɬɪɭɛɭ ɧɚ ɧɟɣ ɭɫɬɚɧɨɜɥɟɧ ɧɨɠ. ɉɪɢɜɨɞ 
ɞɨɡɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

 

 
 

Ɋɢɫ. 16. ɋɯɟɦɚ ɬɚɪɟɥɶɱɚɬɨɝɨ ɞɨɡɚɬɨɪɚ: 
1 – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 2 – ɤɨɪɩɭɫ; 3 – ɬɚɪɟɥɶ;  

4 – ɰɢɥɢɧɞɪ ɫ ɩɨɞɴёɦɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
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Ɋɚɛɨɬɚɟɬ ɞɨɡɚɬɨɪ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɂɡ ɩɪɢёɦɧɨɝɨ ɛɭɧɤɟɪɚ 
ɤɨɦɩɨɧɟɧɬɵ ɩɨɫɬɭɩɚɸɬ ɜ ɰɢɥɢɧɞɪ, ɜɵɫɵɩɚɸɬɫɹ ɧɚ ɬɚɪɟɥɶ, ɚ ɡɚɬɟɦ ɡɚ 
ɤɚɠɞɵɣ ɨɛɨɪɨɬ ɫ ɧɟё ɫɧɢɦɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɨɠɚ ɨɩɪɟɞɟɥёɧɧɚɹ ɩɨɪɰɢɹ 
ɦɚɬɟɪɢɚɥɚ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɧɚ ɬɚɪɟɥɢ ɜ ɜɢɞɟ ɤɨɥɶɰɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɫɟɱɟ-
ɧɢɹ (ɪɢɫ. 17) ɢ ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɫɚɦɨɬɟɱɧɭɸ ɬɪɭɛɭ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɨɡɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
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Q ,                                 (72) 

 

ɝɞɟ hi – i-ɹ ɜɵɫɨɬɚ ɩɨɞɴёɦɚ ɰɢɥɢɧɞɪɚ ɧɚɞ ɬɚɪɟɥɶɸ, ɦ; n – ɱɚɫɬɨɬɚ ɜɪɚ-
ɳɟɧɢɹ ɬɚɪɟɥɢ, ɫ–1; ρ – ɨɛɴёɦɧɚɹ ɦɚɫɫɚ ɞɨɡɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɝ/ɦ3;  

R – ɜɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ ɰɢɥɢɧɞɪɚ, ɦ; α0 – ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ 
ɞɨɡɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɥɚ, ɝɪɚɞ. 

Ɇɨɳɧɨɫɬɶ ɧɚ ɩɪɢɜɨɞ ɞɨɡɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 
 

0

2

0

2

tg2

2
cos1

tg3

2

α
⎥⎥⎦
⎤

⎢⎢⎣
⎡ ⎟⎠

⎞⎜⎝
⎛ ⎟⎠

⎞⎜⎝
⎛ β+⎟⎟⎠

⎞
⎜⎜⎝
⎛

α+ωπρ
=

k
h

Rgfh

N

i
i

,               (73) 

 

ɝɞɟ ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɬɚɪɟɥɢ, ɫ–1; β – ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ 

ɫɤɪɟɛɤɚ (ɡɚɦɟɪɢɬɶ ɧɚ ɭɫɬɚɧɨɜɤɟ), ɝɪɚɞ; f – ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɦɚɬɟ-
ɪɢɚɥɚ ɨ ɫɤɪɟɛɨɤ; k2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɪɭɝɢɟ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ (k2 = 1,5...2,0). 

 

 

 

 
Ɋɢɫ. 17. Ɋɚɫɱёɬɧɚя ɫɯɟɦɚ ɬɚɪɟɥɶɱɚɬɨɝɨ ɞɨɡɚɬɨɪɚ: 

1 – ɤɨɪɩɭɫ; 2 – ɬɚɪɟɥɶ; 3 – ɧɨɠ; 4 – ɰɢɥɢɧɞɪ 
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