
 

 
 

 

 
 

 
 
 

Ʌɟɤɰɢɹ 3

 

ȾɂɇȺɆɂɑȿɋɄɂɃ ɊȺɋɑȿɌ ɉɍɌɂ ɇȺ ɉɊɈɑɇɈɋɌɖ

 

ɉɥɚɧ ɥɟɤɰɢɢ:

 

3.1. Ɉɫɧɨɜɵ

 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ .

 

3.2. ɉɟɪɟɦɟɧɧɵɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɭɬɶ.

 

3.3. ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ.

 

3.4.

 

Ɋɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ

 

ɧɚɩɪɹɠɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ

 

ɩɭɬɢ.

 

3.5. Ɉɩɪɟɞɟɥɟɧɢɟ ɞɨɩɭɫɤɚɟɦɵɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ.

 

3.6. Ⱦɨɩɭɫɤɚɟɦɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ.

 

 

3.1. Ɉɫɧɨɜɵ

 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ

 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɭɬɢ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɢɫɬɟɦɵ ɝɪɭɡɨɜ ɫɜɨɞɢɬ-
ɫɹ ɤ ɬɨɦɭ, ɱɬɨɛɵ ɧɚɣɬɢ ɨɞɧɭ ɬɚɤɭɸ ɫɢɥɭ, ɤɨɬɨɪɚɹ, ɛɭɞɭɱɢ ɫɬɚɬɢɱɟɫɤɢ ɩɪɢ-
ɥɨɠɟɧɧɨɣ ɜ ɪɚɫɱɟɬɧɨɦ ɫɟɱɟɧɢɢ, ɩɨ ɫɜɨɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɩɭɬɶ ɨɤɚɡɚ-
ɥɚɫɶ ɛɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɷɬɨ ɫɟɱɟɧɢɟ ɩɭɬɢ 
ɜɫɟɣ ɫɢɫɬɟɦɵ ɝɪɭɡɨɜ Д6Ж.

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɢɥ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɩɨɞɫɬɚɜɢɬɶ ɜ 
ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɢ ɩɨɥɭɱɢɬɶ ɜɟɥɢɱɢɧɵ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɢ ɩɪɨɝɢ-
ɛɚ ɪɟɥɶɫɚ, ɞɚɜɥɟɧɢɹ ɧɚ ɲɩɚɥɭ ɢ ɞɚɥɟɟ ɧɚɩɪɹɠɟɧɢɣ

 

ɜ ɷɥɟɦɟɧɬɚɯ ɩɭɬɢ.

 

ɋɬɚɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɭɬɶ ɫɬɨɹɳɟɝɨ ɷɤɢɩɚɠɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɟɝɨ ɦɚɫɫɨɣ ɢ ɱɢɫɥɨɦ ɨɫɟɣ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɨɡɞɟɣɫɬɜɢɟ ɷɤɢɩɚɠɚ ɧɚ ɩɭɬɶ 
ɫɬɚɧɨɜɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɨɠɧɟɟ. ȼ ɷɬɨ ɜɪɟɦɹ, ɤɪɨɦɟ ɫɢɥ ɬɹɠɟɫɬɢ, ɧɚ 
ɩɭɬɶ ɞɟɣɫɬɜɭɸɬ ɢ ɫɢɥɵ ɢɧɟɪɰɢɢ, ɩɨɹɜɥɹɸɳɢɟɫɹ ɩɪɢ ɫɨɜɦɟɫɬɧɵɯ ɤɨɥɟɛɚ-
ɧɢɹɯ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɭɬɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫ-
ɤɨɫɬɹɯ;

 

ɬɨɪɦɨɡɧɵɟ ɢ ɫɢɥɵ ɬɹɝɢ ɢ ɬ.

 

ɞ. Ʉɨɥɟɫɚ ɷɤɢɩɚɠɚ ɩɪɢ ɨɛɳɟɦ ɩɨɫɬɭ-
ɩɚɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɢɦɟɸɬ ɫɥɨɠɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, 
ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɤɨɥɟɛɚɧɢɹ ɪɟɫɫɨɪɧɵɯ ɤɨɦɩɥɟɤɬɨɜ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ 
ɧɢɯ ɤɭɡɨɜɚ Д1Ж.

 

ɧɨɣ ɨɫɢΨ; ɝɚɥɨɩɢɪɨɜɚɧɢɟ (ɜɨɤɪɭɝ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢΨ.
ɶ-: ɜɢɥɹɧɢɟ (ɜɨɤɪɭɝ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢΨ; ɛɨɤɨɜɚɹ ɤɚɱɤɚ (ɜɨɤɪɭɝ ɩɪɨɞɨɥɧɵɟ
ɶ-ɜɪɚɳɚɬɟɥ; ɨɬɧɨɫ (ɜɞɨɥɶ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢΨ ɢ (ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢΨ

: ɩɨɞɩɪɵɝɢɜɚɧɢɟ (ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢΨ; ɩɨɞɟɪɝɢɜɚɧɢɟ ɬɟɥɶɧɵɟɩɚ
-ɩɨɫɬɭ-ɜɨɡɜɪɚɬɧɨɠɧɵɟ ɤɨɥɟɛɚɧɢɹ ɤɭɡɨɜɚ ɩɪɢɧɹɬɨ ɪɚɡɞɟɥɹɬɶ ɧɚ ɋɥɨ
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Ʉɪɨɦɟ ɬɨɝɨ, ɩɭɬɶ ɢ ɤɨɥɟɫɚ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɢɦɟɸɬ ɪɹɞ ɧɟɫɨɜɟɪ-

ɲɟɧɫɬɜ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɜɵɡɵɜɚɟɬ ɞɨɛɚɜɨɱɧɵɟ ɫɢɥɵ ɢɧɟɪɰɢɢ Д1Ж. 
ɇɟɫɨɜɟɪɲɟɧɫɬɜɚ (ɧɟɪɨɜɧɨɫɬɢΨ ɧɚ ɩɭɬɢ: 
ɚΨ ɹɜɧɵɟ ɢɥɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɡɚ ɫɱɟɬ ɨɬɤɥɨɧɟɧɢɣ ɜ ɨɬɦɟɬɤɚɯ ɩɪɨ-

ɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɭɬɢ ɢ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨ-
ɥɨɜɤɢ ɪɟɥɶɫɨɜ; 

ɛΨ ɧɟɹɜɧɵɟ (ɩɨɬɚɣɧɵɟΨ ɢɥɢ ɫɢɥɨɜɵɟ ɡɚ ɫɱɟɬ ɧɟɩɥɨɬɧɨɝɨ ɩɪɢɥɟɝɚɧɢɹ 
ɷɥɟɦɟɧɬɨɜ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ ɞɪɭɝ ɤ ɞɪɭɝɭ ɢ ɜɵɛɨɪɤɢ ɥɸɮɬɨɜ ɩɨɞ 
ɧɚɝɪɭɡɤɨɣ. 

ɇɟɫɨɜɪɟɲɟɧɫɬɜɚ ɤɨɥɟɫ: 
ɚΨ ɧɟɫɨɜɩɚɞɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɤɨɥɟɫɚ ɫ ɰɟɧɬɪɨɦ ɜɪɚɳɟɧɢɹ (ɞɢɫɛɚ-

ɥɚɧɫΨ; 
ɛΨ ɨɜɚɥɶɧɨɫɬɶ ɤɨɥɟɫ; 
ɜΨ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢɡɧɨɫɚ ɤɨɥɟɫɚ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ. 
ȼɫɟ ɧɟɪɨɜɧɨɫɬɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɯɚɪɚɤɬɟɪɧɵɯ ɜɢɞɚ: ɢɡɨɥɢ-

ɪɨɜɚɧɧɵɟ (ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɫɢɥ ɢɧɟɪɰɢɢ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɞɨ ɫɥɟ-
ɞɭɸɳɟɣ ɧɟɪɨɜɧɨɫɬɢΨ; ɧɟɩɪɟɪɵɜɧɵɟ (ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɦɵɤɚɸɬ ɞɪɭɝ 
ɤ ɞɪɭɝɭΨ Д1Ж. 

ȼ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɥɹɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞɢɤɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱɟɬɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ Ɇ.Ɏ. ȼɟɪɢɝɨ, 
Ⱥ.ə. Ʉɨɝɚɧɚ Д15]. 

 

3.2. ɉɟɪɟɦɟɧɧɵɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɭɬɶ 

ȼɟɪɬɢɤɚɥɶɧɵɟ ɫɢɥɵ ɨɬ ɤɨɥɟɫ ɤ ɪɟɥɶɫɚɦ ɩɪɢɥɨɠɟɧɵ ɫɬɚɬɢɱɟɫɤɢ. ɇɨ 
ɜɟɥɢɱɢɧɚ ɫɢɥ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɤɢ. Ɋɚɫɫɦɨɬɪɢɦ ɨɩɪɟɞɟɥɟ-
ɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɤɭɡɨɜɚ 
ɢ ɧɟɨɛɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɫɨɜɟɪ-
ɲɟɧɫɬɜ ɩɭɬɢ ɢ ɤɨɥɟɫ. 

ɋɢɥɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɨɛɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɷɤɢɩɚɠɚ Ɋɪ. 

Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3.1 ɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɨɛɨ-
ɡɧɚɱɟɧɢɹ: 

ɤɆ  – ɦɚɫɫɚ ɤɭɡɨɜɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɤɨɥɟɫɭ; 
Z – ɫɠɚɬɢɟ ɪɟɫɫɨɪ ɩɪɢ ɞɜɢɠɟɧɢɢ ɷɤɢɩɚɠɚ ɩɨ ɧɟɪɨɜɧɨɫɬɢ ɧɚ ɩɭɬɢ; 

ɪɀ  – ɠɟɫɬɤɨɫɬɶ ɪɟɫɫɨɪɧɨɝɨ ɩɨɞɜɟɲɢɜɚɧɢɹ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɤɨɥɟɫɭ, 
3

ɪɀ (0,5 2,0Ψ 10  ɤɇ/ɦ. 4-
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Ɋɢɫ. 3.1. Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɤɨɥɟɛɚɧɢɣ  

ɨɛɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ 

 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɤɭɡɨɜɚ ɢɦɟ-

ɟɬ ɜɢɞ 

 
2

ɪ ɤ 2

d Zɀ Г Ɇ 0
d t

. (3.1) 

Ⱦɚɧɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɧɢɹ ɝɪɭɡɚ ɧɚ ɪɟɫɫɨɪɟ ɜ 
ɹɜɧɨɦ ɜɢɞɟ 

2
ɪ

2
ɤ

ɀd Z
Z 0

Ɇd t
.     (3.2) 

 
ȼ ɭɪɚɜɧɟɧɢɟ (3.2Ψ ɩɪɢɲɥɨɫɶ ɜ ɪɟɫɫɨɪɵ ɞɨɛɚɜɢɬɶ ɫɢɥɵ ɬɪɟɧɢɹ ( T)  – 

ɫɭɯɢɟ (ɩɫɟɜɞɨΨ ɢ ɜɹɡɤɢɟ (ɤɜɚɡɢΨ, ɢɧɚɱɟ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟ-
ɧɢɹ ɤV  ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɪɟɡɨɧɚɧɫɧɵɟ ɹɜɥɟɧɢɹ. ȿɫɥɢ ɪɟɥɶɫɵ 12,5 ɦ – 

ɤV 70 80 ɤɦ/ɱ, ɩɪɢ 25 ɦ – ɤV 140 160  ɤɦ/ɱ; ɪ 2

ɤ

ɀ
Ɇ

 – ɤɜɚɞɪɚɬ ɰɢɤ-

ɥɢɱɟɫɤɨɣ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɧɚ ɪɟɫɫɨɪɚɯ. ɐɢɤɥɢɱ-

ɧɨɫɬɶ – ɡɚ 2  ɫɟɤɭɧɞ; 
2

 – ɱɚɫɬɨɬɚ, Ƚɰ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɛɨɥɶɲɢɯ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢɧɹɬɨ ɨɩ-
ɪɟɞɟɥɹɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɢɥɭ ɢɧɟɪɰɢɢ ɨɬ ɤɨɥɟɛɚɧɢɣ ɤɭɡɨɜɚ ɧɚ ɪɟɫɫɨɪɚɯ 
ɤɚɤ 

 ɪ ɪɊ Г ɀ . (3.3) 

Ɂɧɚɱɟɧɢɹ Г ɩɪɢɧɢɦɚɸɬ ɩɨ ɦɚɬɟɪɢɚɥɚɦ ɢɫɩɵɬɚɧɢɣ ɩɨ ɫɥɟɞɭɸɳɟɣ ɡɚ-
ɜɢɫɢɦɨɫɬɢ 

 2Z a b V , (3.4) 

ɝɞɟ К, Л – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɩɨɞɜɢɠɧɵɯ ɟɞɢɧɢɰ Д2, 6Ж. 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɪ
ɪ ɪP 0,75Ɋ . 
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ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞɚɧɧɨɣ ɫɢɥɵ ɪS  ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɪɚɡɛɪɨɫ ɞɚɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɪТP  ɩɨ ɮɨɪɦɭɥɟ (3.3Ψ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɜɟɥɢɱɢɧ iZ . Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɪɟɞɧɟɟ ɚɪɢɮɦɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ 

ɪ ɫɪP . Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɟɬɫɹ ɨɬɤɥɨɧɟɧɢɟ ɤɚɠɞɨɣ ɜɟɥɢɱɢɧɵ ɫɢɥɵ ɪТP  ɨɬ 
ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɪ ɫɪP . ɉɨɥɭɱɟɧɧɚɹ ɪɚɡɧɨɫɬɶ ɜɨɡɜɨɞɢɬɫɹ ɜ ɤɜɚɞɪɚɬ. 
ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪS  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.5Ψ. 

 

1ɪɊ  
1Z  

1 1 ɫɪɪ p pS P P  
1 1 ɫɪ
2 2
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2 2 ɫɪ

2 2
ɪ p pS (P P )  

3ɪɊ  
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3 3 ɫɪ
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… … … … 

nɪɊ  
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n n ɫɪɪ p pS P P  
n n ɫɪ

2 2
ɪ p pS (P P )  

ɪ ɫɪɊ  
i

i n

ɪТ p ɫɪ
i 1

S 0, ɬɚɤ ɤɚɤ P P  i

2
p

ɪ
S

S
n 1

                     (3.5) 

 

ȼɇɂɂɀɌ ɫɨɩɨɫɬɚɜɢɥ ɪS  ɢ ɪɊ  ɢ ɭɫɬɚɧɨɜɢɥ, ɱɬɨ p pS 0,08 P . 

ɋɢɥɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɧɟɨɛɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ (ɤɨɥɟɫ-
ɧɚɹ ɩɚɪɚ, ɛɭɤɫɨɜɵɣ ɭɡɟɥ, ɪɟɫɫɨɪɚ) Ɋɧɩ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɢɥɵ ɢɧɟɪɰɢɢ, ɜɨɡɧɢɤ-
ɧɨɜɟɧɢɟ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢ-
ɱɢɟɦ ɧɟɪɨɜɧɨɫɬɢ ɧɚ ɩɭɬɢ. ɇɟɪɨɜ-
ɧɨɫɬɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ – 
ɷɬɨ ɢɫɤɚɠɟɧɢɹ ɜ ɩɪɨɮɢɥɟ (ɝɟɨ-
ɦɟɬɪɢɱɟɫɤɢɟ ɧɟɪɨɜɧɨɫɬɢ  – ɜɢ-
ɞɢɦɵɟΨ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɟɪɨɜɧɨ-
ɫɬɢ ɡɚ ɫɱɟɬ ɩɪɨɫɚɞɤɢ ɩɨɞɪɟɥɶɫɨ-
ɜɨɝɨ ɨɫɧɨɜɚɧɢɹ ɭ (ɪɢɫ. 3.2Ψ. 

Ɉɛɳɚɹ ɩɪɨɫɚɞɤɚ ɤɨɥɟɫɚ ɜ ɡɨɧɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɪɨɜɧɨɫɬɢ ɪɚɜɧɚ 
( ɭΨ . 

ȼɟɪɬɢɤɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɤɨɥɟɫɚ ɧɚ ɷɬɨɦ ɩɟɪɟɦɟɳɟɧɢɢ: 

 
d( ɭΨ

dt
, (3.6) 

ɚ ɜɟɪɬɢɤɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ 
2

2

d ( ɭΨ
dt

. (3.7) 

η

y

Ɇɤ

mɩ

ɬɪɚɟɤɬɨɪɢɹ 
ɞɜɢɠɟɧɢɹ 
ɤɨɥɟɫɚ

 
 

Ɋɢɫ. 3.2. ɋɯɟɦɚ ɧɟɪɨɜɧɨɫɬɟɣ ɧɚ ɩɭɬɢ 
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ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɥɸɛɚɹ ɫɢɥɚ ɢɧɟɪɰɢɢ ɪɚɜɧɚ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɚɫɫɵ ɧɚ 
ɭɫɤɨɪɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɷɬɭ ɦɚɫɫɭ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɥɟɫɚ ɢ ɩɭɬɢ ɜ ɫɚɦɨɦ ɭɩɪɨɳɟɧɧɨɦ ɜɢɞɟ. 
ɍɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 R J T Q 0 . (3.8) 

ɝɞɟ R – ɪɟɚɤɰɢɹ ɪɟɥɶɫɚ; J – ɫɢɥɵ ɢɧɟɪɰɢɢ; T  – ɫɢɥɵ ɬɪɟɧɢɹ; Q – 
ɜɧɟɲɧɢɟ ɫɢɥɵ. 

ɋɢɥɚ ɭɩɪɭɝɨɝɨ ɨɬɩɨɪɚ (ɪɟɚɤɬɢɜɧɚɹ ɫɢɥɚΨ ɪɟɥɶɫɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟ-
ɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ 

 
1

ɭ
R

ɭ
, (3.9) 

ɝɞɟ ɭ – ɩɪɨɫɚɞɤɚ ɪɟɥɶɫɚ ɩɨɞ ɤɨɥɟɫɨɦ (ɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɝɢɛΨ; ɭ1 – ɜɟɥɢ-
ɱɢɧɚ ɩɪɨɫɚɞɤɢ ɩɨɞ ɟɞɢɧɢɱɧɨɣ ɫɢɥɨɣ. 

ȼ ɫɬɚɬɢɤɟ 

 1 ɩ
1

P K 1 K 1 2 U
y 1 y ; ɀ

2 U 2 U y K
, (3.10) 

ɝɞɟ ɩɀ  – ɠɟɫɬɤɨɫɬɶ ɩɭɬɢ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɤɨɧɬɚɤɬɭ ɤɨɥɟɫɚ ɢ ɪɟɥɶɫɚ, 
5

ɩɀ (0,5 2,0Ψ 10  ɤɇ/ɦ; 

 ɩR ɭ ɀ . (3.11) 

ȿɫɥɢ ɢɡɦɟɪɢɦ ɩɪɨɝɢɛ y ɩɨɞ ɧɟɢɡɜɟɫɬɧɨɣ ɫɢɥɨɣ xP , ɬɨ ɦɨɠɟɦ ɧɚɣɬɢ ɢ 

ɫɢɥɭ x
1

y
P

y
. 

ɋɢɥɵ ɢɧɟɪɰɢɢ ɞɥɹ ɫɢɫɬɟɦɵ «ɤɨɥɟɫɨ–ɩɭɬɶ» ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɵɪɚ-
ɠɟɧɢɸ 

 
2 2

ɤ ɩ2 2

d ( y) d y
J M m

dt dt
, (3.12) 

ɝɞɟ ɩm  – ɮɢɤɬɢɜɧɚɹ ɦɚɫɫɚ ɤɨɥɟɛɥɸɳɟɝɨɫɹ ɩɭɬɢ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɬɨɱɤɟ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɧɚ ɪɚɜɧɚ ɩɪɢɦɟɪɧɨ 2–4-ɦɟɬɪɨɜɨɦɭ 
ɤɭɫɤɭ ɪɟɥɶɫɚ [1]. 

ɋɭɦɦɚɪɧɵɟ ɫɢɥɵ ɬɪɟɧɢɹ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ 

 
2 3

0 1 2 3 42 3

dy d y d y
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, (3.13) 
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ɝɞɟ  0r  – ɩɚɪɚɦɟɬɪ ɫɢɥ ɬɪɟɧɢɹ, ɧɟɡɚɜɢɫɹɳɢɯ ɨɬ ɜɟɥɢɱɢɧɵ ɩɟɪɟɦɟɳɟɧɢɹ 
(ɩɨ ɛɨɤɨɜɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ ɲɩɚɥɵ, ɦɟɠɞɭ ɤɨɫɬɵɥɹɦɢ ɢ ɩɨɞɨɲɜɨɣ ɪɟɥɶ-
ɫɚΨ; 1r  – ɩɚɪɚɦɟɬɪ ɫɢɥ ɬɪɟɧɢɹ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɜɟɥɢɱɢɧɵ ɩɟɪɟɦɟɳɟɧɢɹ 
ɪɟɥɶɫɚ (ɫɢɥɵ ɬɪɟɧɢɹ ɜ ɛɚɥɥɚɫɬɟΨ; 2r  – ɩɚɪɚɦɟɬɪ ɫɢɥ ɬɪɟɧɢɹ, ɡɚɜɢɫɹɳɢɯ 
ɨɬ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚɝɪɭɡɤɢ (ɫɢɥɵ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹΨ. 

ɉɚɪɚɦɟɬɪɵ ɫɢɥ ɬɪɟɧɢɹ ɦɚɥɨ ɢɡɭɱɟɧɵ ɢ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɧɟ 
ɭɱɢɬɵɜɚɸɬɫɹ. 

ȼɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɫɢɥ Q ɦɨɠɟɬ ɢ ɧɟ ɛɵɬɶ. ɋ ɭɱɟɬɨɦ ɜɵɲɟɢɡɥɨ-
ɠɟɧɧɨɝɨ ɜ ɨɛɳɟɦ ɜɢɞɟ ɡɚɩɢɲɟɦ ɫɥɟɞɭɸɳɟɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜ-
ɧɟɧɢɟ 

 
2 2

ɤ ɩ2 2
1

y d ( y) d y
M m f(t) 0

y dt dt
. (3.14) 

ȼɵɩɨɥɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɩɨɥɭɱɢɦ 

 

1

2 2

ɤ ɩ ɤ2 2
1

f (t)

y d y d
(M m ) M f(t) 0;

y dt dt
 

 
2

12
1 ɤ ɩ ɤ ɩ

d y 1 1
y f (t),

y (M m ) M mdt
 (3.15) 

ɝɞɟ 2

1 ɤ ɩ

1

y (M m )
 – ɤɜɚɞɪɚɬ ɰɢɤɥɢɱɟɫɤɨɣ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟ-

ɛɚɧɢɣ ɫɢɫɬɟɦɵ «ɤɨɥɟɫɨ–ɩɭɬɶ». 
Ɍɨɝɞɚ ɨɫɧɨɜɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ ɞɢɧɚ-

ɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ ɡɚɩɢɲɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 

 
2

2
12

ɤ ɩ
ɜɧɟɲɧɢɟ ɫɢɥɵ

d y 1
y f (t)

M mdt
, (3.16) 

ɝɞɟ 2  – ɤɜɚɞɪɚɬ ɰɢɤɥɢɱɟɫɤɨɣ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ 
«ɤɨɥɟɫɨ–ɩɭɬɶ», 

 2

ɤ ɤ

1 2 U g

qK K q

2 U g

, (3.17) 

g – ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ; qɤ – ɧɟɨɛɪɟɫɫɨɪɟɧɧɵɣ ɜɟɫ, ɩɪɢɯɨɞɹɳɢɣɫɹ 
ɧɚ ɤɨɥɟɫɨ. 
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ɉɟɪɢɨɞ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ «ɤɨɥɟɫɨ–ɩɭɬɶ» ɩɪɢ ɢɡɜɟɫɬ-
ɧɨɣ ɱɚɫɬɨɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
2

T . (3.18) 

ɉɪɨɮɟɫɫɨɪ ɋ.ɉ. Ɍɢɦɨɲɟɧɤɨ (1909 ɝ.Ψ ɢɫɫɥɟɞɨɜɚɥ ɬɪɢ ɜɢɞɚ ɧɟɪɨɜɧɨɫɬɢ 
ɧɚ ɩɭɬɢ: 

 ɬɪɟɭɝɨɥɶɧɭɸ; 
 ɩɚɪɚɛɨɥɢɱɟɫɤɭɸ; 
 ɤɨɫɢɧɭɫɨɢɞɚɥɶɧɭɸ. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɮɨɪɦɨɣ ɧɟɪɨɜɧɨ-
ɫɬɢ ɧɚ ɩɭɬɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɝɢɛɚ ɪɟɥɶɫɚ ɭ ɢ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɫɢɥɵ ɢɧɟɪɰɢɢ ɹɜɥɹɟɬɫɹ ɤɨɫɢɧɭɫɨɢɞɚɥɶɧɚɹ. 

Ⱦɚɧɧɚɹ ɧɟɪɨɜɧɨɫɬɶ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 

 
ɧ

a 2
(1 cos x),

2
 (3.19) 

ɝɞɟ ɚ – ɧɚɢɛɨɥɶɲɚɹ ɨɪɞɢɧɚɬɚ (ɚɦɩɥɢɬɭɞɚΨ ɧɟɪɨɜɧɨɫɬɢ; ɧ  – ɞɥɢɧɚ ɧɟ-
ɪɨɜɧɨɫɬɢ; ɯ – ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɧɟɪɨɜɧɨɫɬɢ, x V t . 

ȼɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɨɬ ɭɪɚɜɧɟɧɢɹ (3.19Ψ ɛɵɥɚ ɩɨɞɫɬɚɜɥɟɧɚ ɜ ɩɪɚɜɭɸ 

ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ (3.16) (
2

2

d

dt
 – ɜɧɟɲɧɹɹ ɫɢɥɚ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɪɨɜɧɨɫɬɢΨ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ 

 ɤ
2

ɤ ɩ 00

Ma 1 2 2
y cos t cos t

2 Ɇ Ц T TɌ
1

Ɍ

, (3.20) 

ɝɞɟ  0T  – ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɤɨɥɟɫɨɦ ɧɟɪɨɜɧɨɫɬɢ, ɧ
0T

V
; T  – ɩɟɪɢɨɞ 

ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ [ɮɨɪɦɭɥɚ (3.18Ψ]. 
ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɝɢɛɚ ɪɟɥɶɫɚ y, ɜɵɡɜɚɧɧɨɝɨ 

ɧɟɪɨɜɧɨɫɬɶɸ (t), ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɫɢɥɚ ɢɧɟɪɰɢɢ Д6, 16] 

 
2

ɧɩ ɤ
U

R P i q V
K2g

, (3.21) 

ɝɞɟ  i – ɭɤɥɨɧ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟɪɨɜɧɨɫɬɢ, 
ɧ

2a
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ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɩɭɬɢ ɫ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɲɩɚɥɚɦɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɪɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ 

 8
ɧɩ 1 ɫɪ ɤ

U
P 0,8 10 P q V

K
, (3.22) 

ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɬɢɩɚ ɪɟɥɶɫɨɜ ɧɚ ɨɛɪɚɡɨɜɚ-
ɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟɪɨɜɧɨɫɬɢ ɧɚ ɩɭɬɢ ( 1 – ɞɥɹ Ɋ50; 0,87  – ɞɥɹ 
Ɋ65; 0,82  – ɞɥɹ Ɋ75);  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɪɨɞɚ 
ɛɚɥɥɚɫɬɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟɪɨɜɧɨɫɬɢ ɧɚ ɩɭɬɢ ( 1 – ɞɥɹ 
ɳɟɛɧɹ; 1,1 – ɞɥɹ ɝɪɚɜɢɹ; 1,5  – ɞɥɹ ɩɟɫɤɚ);   – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɨɫɹɦɢ ɲɩɚɥ, ɫɦ; Ɋɫɪ – ɫɪɟɞɧɹɹ ɫɨ ɫɬɨɪɨɧɵ ɤɨɥɟɫɚ ɧɚɝɪɭɡɤɚ, ɞɟɣɫɬɜɭɸɳɚɹ 
ɧɚ ɩɭɬɶ; V – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɤɦ/ɱ; α1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɜɥɢɹɧɢɟ ɤɨɥɟɛɥɸɳɟɣɫɹ ɦɚɫɫɵ ɩɭɬɢ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟ-
ɪɨɜɧɨɫɬɢ ɧɚ ɩɭɬɢ ( 1 0,931 – ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɲɩɚɥ; 1 1,000  – 

ɞɥɹ ɞɟɪɟɜɹɧɧɵɯ ɲɩɚɥ);  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɠɟɫɬ-
ɤɨɫɬɢ ɩɭɬɢ ɧɚ ɜɟɥɢɱɢɧɭ ɭɤɥɨɧɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟɪɨɜɧɨɫɬɢ ( 0,322 – 
ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɲɩɚɥ; 1 – ɞɥɹ ɞɟɪɟɜɹɧɧɵɯ ɲɩɚɥ). 

ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞɚɧɧɨɣ ɫɢɥɵ: 

 i

2ɫɪ
ɧɩ ɧɩ

ɧɩ ɧɩ ɧɩ

P P
S , S 0,707 Ɋ .

N
 (3.23) 

ɋɢɥɵ ɢɧɟɪɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɥɢɱɢɟɦ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɧɟɪɨɜɧɨ-
ɫɬɟɣ ɧɚ ɤɨɥɟɫɚɯ ɢɧɤɊ . 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɤɨɥɟɫɚ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɩɥɚɜɧɨɣ ɧɟɪɨɜɧɨɫɬɶɸ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ (ɩɨɥɡɭɧ, ɜɵɛɨɢɧɚΨ ɩɨɥɭɱɚɟɬɫɹ ɭɞɚɪ. ȼ ɪɚɫɱɟɬɚɯ ɩɭ-
ɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɤɨɥɟɫɨ ɩɪɨɤɚɬɵɜɚɟɬɫɹ ɩɨ 
ɪɟɥɶɫɭ ɫɜɨɟɣ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɪɨɜɧɨɫɬɶɸ ɛɟɡ ɨɬɪɵɜɚ, ɬ.ɟ. ɛɟɡɭɞɚɪɧɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ. 

 

ɚ

ɚ

ɬɪɚɟɤɬɨɪɢɹ ɰɟɧɬɪɚ 
ɬɹɠɟɫɬɢ ɤɨɥɟɫɚ

 
 

Ɋɢɫ. 3.3. ɋɯɟɦɚ ɤɨɥɟɫɚ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɪɨɜɧɨɫɬɶɸ:  
ɚ – ɩɨɥɡɭɧ (ɜɵɛɨɢɧɚΨ 

 

ɋɨɝɥɚɫɧɨ ɉɌɗ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɝɥɭɛɢɧɚ ɧɟɪɨɜɧɨɫɬɢ ɞɨɩɭɫɤɚɟɬɫɹ ɞɥɹ 
ɤɨɥɟɫ ɫ ɩɨɞɲɢɩɧɢɤɚɦɢ ɫɤɨɥɶɠɟɧɢɹ – 2 ɦɦ; ɫ ɩɨɞɲɢɩɧɢɤɚɦɢ ɤɚɱɟɧɢɹ – 
1,0 ɦɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɩɨɥɧɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɩɨɥɭɱɟɧɚ ɫɥɟ-
ɞɭɸɳɚɹ ɪɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ Д6, 16]: 
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, (3.24) 

ɝɞɟ maxy  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɪɨɝɢɛ ɪɟɥɶɫɚ ɩɪɢ ɩɪɨɯɨɠ-
ɞɟɧɢɢ ɤɨɥɟɫɨɦ ɤɨɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɧɟɪɨɜɧɨɫɬɢ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɟɞɢɧɢɰɟ 

ɝɥɭɛɢɧɵ ɧɟɪɨɜɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɨɬɧɨɲɟɧɢɸ 0T

T
, ɝɞɟ 0T  – ɩɟɪɢɨɞ 

ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨɥɟɫɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɢɦ ɧɟɪɨɜɧɨɫɬɢ; T  – 

ɩɟɪɢɨɞ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ «ɤɨɥɟɫɨ–ɩɭɬɶ». 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ 0T  ɢ T  ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

 0 i
0T 0,036

V
 ɢ ɤKq

T 5,56
gU

; (3.25) 

  0 1 20 ɫɦ ɢ 0 2 d;  2g 981ɫɦ/М .   

ɉɪɢ 0 0T T
0,71

T T
, maxy 1,47 ; ɩɪɢ ɞɪɭɝɢɯ ɡɧɚɱɟɧɢɹɯ maxy  ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɩɨ ɝɪɚɮɢɤɭ ɩɪɨɮɟɫɫɨɪɚ ɋ.ɉ. Ɍɢɦɨɲɟɧɤɨ (ɪɢɫ. 3.4Ψ ɤɚɤ ɧɚɢɛɨɥɶ-
ɲɚɹ ɜɟɥɢɱɢɧɚ ɜ ɢɧɬɟɪɜɚɥɟ ɡɧɚɱɟɧɢɣ. 
 

0 0,2 0,6 1,0 1,4

0,2

Ɍ0/ɌȌ3,02,62,21,8

0,6

1,0

1,4

ymax

1,47

0,71

1,37
0T

1,25 0,71
T

maxy 1,47e ɩɪɢ  Ɍ0/ɌȌ>0,71

 
 

Ɋɢɫ. 3.4. Ʉɪɢɜɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɝɢɛɚ ɪɟɥɶɫɚ ymax 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 
i
0T

T
 

 
Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ymax ɫɜɨɞɢɬɫɹ ɤ ɧɚɯɨɠɞɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɣ 

ɫɤɨɪɨɫɬɢ ɤɪV , ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɧɚɞ ɤɨɬɨɪɨɣ ɡɚɞɚɧɧɨɣ iV  maxy 1,47 . Ʉɪɢ-
ɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 
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. (3.26) 

 
ȿɫɥɢ ɤɪ ТV V , ɬɨ ymax ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɝɪɚɮɢɤɭ ɩɪɢ ɡɧɚɱɟɧɢɢ 

ɤ0

U g
0,129

K qT

T V
 ɢɥɢ ɩɪɢ 0T

0,71
T

 – ɩɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɨɦɭ ɜɵɪɚɠɟ-

ɧɢɸ ɤɪɢɜɨɣ ɭɤɚɡɚɧɧɨɝɨ ɝɪɚɮɢɤɚ 

1,37
0T

1,25 0,71
T

maxy 1,47e , ɚ ɩɪɢ 0T
0,71

T
 – 

ɩɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɡɚɦɟɧɹɸɳɟɣ ɤɪɢɜɨɥɢɧɟɣɧɨɟ ɨɱɟɪɬɚɧɢɟ ɷɬɨɝɨ 
ɭɱɚɫɬɤɚ ɜ ɝɪɚɮɢɤɟ (ɟ – ɨɫɧɨɜɚɧɢɟ ɧɚɬɭɪɚɥɶɧɵɯ ɥɨɝɚɪɢɮɦɨɜΨ. 

ȼ ɮɨɪɦɭɥɟ (3.24Ψ 1a  – ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɪɨɜɧɨɫɬɢ 
ɧɚ ɤɨɥɟɫɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜɟɥɢɱɢɧɨɣ 2/3 ɨɬ ɞɨɩɭɫɤɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨ ɉɌɗ 
( 1a 0,065  ɫɦ – ɩɪɢ ɩɨɞɲɢɩɧɢɤɚɯ ɤɚɱɟɧɢɹ ɢ 1a 0,133  ɫɦ – ɩɪɢ ɩɨɞɲɢɩ-
ɧɢɤɚɯ ɫɤɨɥɶɠɟɧɢɹΨ; 0  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɤɨɥɟɛ-
ɥɸɳɟɣɫɹ ɦɚɫɫɵ ɩɭɬɢ ( 0 0,433  – ɩɪɢ ɞɟɪɟɜɹɧɧɵɯ ɲɩɚɥɚɯ, 0 0,403  – 

ɩɪɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɲɩɚɥɚɯΨ. 
ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞɚɧɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ ɪɚɜ-

ɧɨ ɫɥɟɞɭɸɳɟɣ ɜɟɥɢɱɢɧɟ 

 ɢɧɤ ɢɧɤ ЦКб 1 0
U

S 0,25Ɋ 0,5в ɚ
K

. (3.27) 

ɋɢɥɵ ɢɧɟɪɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɥɢɱɢɟɦ ɧɟɩɪɟɪɵɜɧɨɣ ɧɟɪɨɜɧɨɫɬɢ 
ɧɚ ɤɨɥɟɫɟ ɧɧɤɊ . 

ɇɟɩɪɟɪɵɜɧɵɟ ɧɟɪɨɜɧɨɫɬɢ ɧɚ ɤɨɥɟɫɟ ɩɨɹɜɥɹɸɬɫɹ ɡɚ ɫɱɟɬ ɧɟɫɨɜɩɚɞɟ-
ɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɤɨɥɟɫɚ ɫ  ɰɟɧɬɪɨɦ ɬɹɠɟɫɬɢ ɨɫɢ ɢ ɰɟɧɬɪɨɦ ɜɪɚɳɟɧɢɹ 
(ɪɢɫ. 3.5, ɚΨ, ɡɚ ɫɱɟɬ ɨɜɚɥɶɧɨɫɬɢ ɤɨɥɟɫ (ɪɢɫ. 3.5, ɛΨ ɢ ɡɚ ɫɱɟɬ ɧɟɪɚɜɧɨɦɟɪ-
ɧɨɫɬɢ ɢɡɧɨɫɚ ɤɨɥɟɫ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɢ ɩɟɪɟɯɨɞɚ ɤɪɭɝɚ ɤɚɱɟɧɢɹ ɫ 
ɞɢɚɦɟɬɪɚ Ⱦ1 ɧɚ Ⱦ2 (ɪɢɫ. 3.5, ɜ). 

ɉɨ ɭɬɨɱɧɟɧɧɵɦ ɞɚɧɧɵɦ ɩɪɨɮɟɫɫɨɪɚ Ɇ.Ɏ. ȼɟɪɢɝɨ Д6Ж ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 
ɫɢɥɭ ɢɧɟɪɰɢɢ ɡɚ ɫɱɟɬ ɧɟɩɪɟɪɵɜɧɨɣ ɧɟɪɨɜɧɨɫɬɢ ɧɚ ɤɨɥɟɫɟ ɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 
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, (3.28) 

ɝɞɟ V – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɤɦ/ɱ; Н – ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ, ɫɦ. 
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ɰɟɧɬɪ ɤɪɭɝɚ 
ɤɚɬɚɧɢɹ

ɰɟɧɬɪ ɨɫɢ Ⱦ2

Ⱦ1 ≠ Ⱦ2

ɚ ɛ
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Ɋɢɫ. 3.5. ɇɟɩɪɟɪɵɜɧɵɟ ɧɟɪɨɜɧɨɫɬɢ ɧɚ ɤɨɥɟɫɟ 

 
ɋɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞɚɧɧɨɣ ɫɢɥɵ  

 ɧɧɤ ɧɧɤS 0,225 Ɋ . (3.29) 

 
3.3. ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɪɨɹɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɭɦɦɚɪɧɨɣ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɵ. 

ȼɟɪɨɹɬɧɨɫɬɧɚɹ ɤɨɦɩɨɡɢɰɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɫɥɟ-
ɞɭɸɳɟɦ ɜɢɞɟ 

 * * * *
ɪɚɫɱ ɫɬ ɪ ɧɩ ɢɧɤ ɧɧɤɊ Ɋ Ɋ Ɋ Ɋ Ɋ . (3.30) 

Ɋɚɫɱɟɬɧɭɸ ɫɢɥɭ ɧɚɞɨ ɫɨɫɬɚɜɢɬɶ ɫ ɡɚɞɚɧɧɨɣ 
ɫɬɟɩɟɧɶɸ ɜɟɪɨɹɬɧɨɫɬɢ. ɉɭɫɬɶ ɢɡɦɟɪɟɧɨ N ɪɚɡ 
ɡɧɚɱɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɵ ɜ ɫɟɱɟɧɢɢ ɩɭɬɢ. 
ɉɨɫɬɪɨɢɦ ɝɢɫɬɨɝɪɚɦɦɭ ɩɥɨɬɧɨɫɬɢ ɱɚɫɬɨɫɬɟɣ 
(ɜɟɪɨɹɬɧɨɫɬɟɣΨ (ɪɢɫ. 3.6Ψ. ȼɟɫɶ ɞɢɚɩɚɡɨɧ ɫɢɥ ɨɬ 

minɊ  ɞɨ maxɊ  ɪɚɡɞɟɥɢɦ ɧɚ ɪɚɜɧɵɟ ɢɧɬɟɪɜɚɥɵ 
(ɪɚɡɪɹɞɵΨ ɜɟɥɢɱɢɧɨɣ Ɋ  (ɲɚɝ ɢɧɬɟɪɜɚɥɚΨ. 

 

Ɋmin Ɋmax

Ni

ΔɊ
 

Ɋɢɫ. 3.6. Ƚɢɫɬɨɝɪɚɦɦɚ  
ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɋi 

I

t
I

I

A

28 



 

Ɉɛɨɡɧɚɱɢɦ: 
Ni – ɱɚɫɬɨɬɚ ɧɚɛɥɸɞɟɧɢɣ ɜɟɥɢɱɢɧɵ Ɋ ɜ Т-ɦ ɢɧɬɟɪɜɚɥɟ; 

i
i

N Ɏ
N

 – ɱɚɫɬɨɫɬɶ (ɜɟɪɨɹɬɧɨɫɬɶΨ ɩɨɹɜɥɟɧɢɹ ɫɢɥ iP  ɜ Т-ɦ ɢɧɬɟɪɜɚɥɟ; 

i
i

N
W

N Ɋ
 – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɩɥɨɬɧɨɫɬɶ ɜɟ-

ɪɨɹɬɧɨɫɬɟɣ (ɱɚɫɬɨɫɬɟɣΨΨ. 
ɉɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɢɡɦɟɧɟɧɢɢ ɩɥɨɬ-

ɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɤɪɢɜɚɹ ɩɨɞɱɢɧɹɟɬ-
ɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɸ Ƚɚɭɫɫɚ (ɪɢɫ. 3.7Ψ ɢ 
ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ 

2

2ɫɪi

S2

)PР(

i е
2S

1
W .       (3.31) 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ƚɚɭɫɫɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɱɟɬɵɪɟɦ ɩɨɥɨɠɟɧɢɹɦ: 
1) ɤɪɢɜɚɹ ɫɢɦɦɟɬɪɢɱɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ Ɋɫɪ 

 
N

ɊɊ i
ɫɪ ; (3.32) 

2) ɩɥɨɳɚɞɶ ɦɟɠɞɭ ɤɪɢɜɨɣ ɢ ɨɫɶɸ ɚɛɫɰɢɫɫ ɪɚɜɧɚ ɟɞɢɧɢɰɟ. ɉɥɨɳɚɞɶ 
ɤɚɠɞɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɝɢɫɬɨɝɪɚɦɦɵ 

 
N

N

PN

N
P ii

i , (3.33) 

ɩɥɨɳɚɞɶ ɜɫɟɣ ɝɢɫɬɨɝɪɚɦɦɵ ɪɚɜɧɚ ɟɞɢɧɢɰɟ 

 1
N

N

N

N

N

N ii
i ; (3.34) 

3Ψ ɱɟɦ ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɨ N, ɬɟɦ ɛɨɥɶɲɟ Ni ɜ ɤɚɠɞɨɦ Т-ɦ ɢɧɬɟɪɜɚɥɟ; 
4Ψ ɱɟɦ ɲɢɪɟ ɢɧɬɟɪɜɚɥ Ɋ , ɬɟɦ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɭɱɚɟɜ ɩɚɞɚɟɬ 

ɧɚ ɧɟɝɨ. 
Ʉɪɢɜɚɹ ɜɟɪɨɹɬɧɨɫɬɟɣ Ƚɚɭɫɫɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɟɥɢɱɢɧɨɣ Ɋɫɪ ɢ S. ȿɫ-

ɥɢ ɩɪɢɧɹɬɶ ɡɚ ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɢɥɭ, ɬɨ 
1) ɪɚɫɱ ɫɪɊ Ɋ  (ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ 0,5Ψ; 
2) ɪɚɫɱ ɫɪɊ Ɋ S(0,159Ψ; 
3) ɪɚɫɱ ɫɪɊ Ɋ 2S(0,023Ψ ; 

4) ɪɚɫɱ ɫɪɊ Ɋ 2,5S(0,006Ψ; 
5) ɪɚɫɱ ɫɪɊ Ɋ 3S(0,001Ψ ; 

Ɋmin ɊmaxɊɫɪ

ωi Wi

ȍ

 
 

Ɋɢɫ. 3.7. Ʉɪɢɜɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ (ȽɚɭɫɫɚΨ 
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6) ɪɚɫɱ ɫɪɊ Ɋ 6S(0,0Ψ. 

ȼ ɩɪɚɜɢɥɚɯ ɪɚɫɱɟɬɚ [2, 3, 6] ɩɪɢɧɹɬɨ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɢ ɫɢɥɵ ɦɨɝɭɬ ɩɪɟ-
ɜɵɫɢɬɶ ɜ 6 ɫɥɭɱɚɹɯ ɢɡ 1000 ɪɚɫɱɟɬɧɵɟ ɫɢɥɵ, ɬ. ɟ. 

 ɪɚɫɱ ɫɪɊ Ɋ 2,5 S , (3.35) 

ɝɞɟ S – ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɜɫɟɯ ɩɟɪɟɦɟɧɧɵɯ ɫɢɥ, ɞɟɣ-
ɫɬɜɭɸɳɢɯ ɧɚ ɩɭɬɶ ɫɨ ɫɬɨɪɨɧɵ ɤɨɥɟɫɚ; 

 ɫɪ ɫɬ ɪɊ Ɋ 0,75 Ɋ . (3.36) 

Ɍɟɨɪɢɟɣ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɞɢɫɩɟɪɫɢɹ ɪɹɞɚ ɧɟɡɚɜɢɫɢ-
ɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɪɚɜɧɚ ɫɭɦɦɟ ɞɢɫɩɟɪɫɢɣ ɤɚɠɞɨɣ ɜɟɥɢɱɢɧɵ, ɬ. ɟ. 

 2
i

2 SS , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 2
iSS . (3.37) 

Ɍɨɝɞɚ Д2, 3, 6Ж, ɭɱɢɬɵɜɚɹ ɤɨɥɢɱɟɫɬɜɨ ɢɡɨɥɢɪɨɜɚɧɧɵɯ (5 %Ψ ɢ ɧɟɩɪɟ-
ɪɵɜɧɵɯ (95 %Ψ ɧɟɪɨɜɧɨɫɬɟɣ ɧɚ ɤɨɥɟɫɟ 

 2
ɧɧк

2
иɧк

2
ɧɩ

2
p S95,0S05,0SSS . (3.38) 

 
3.4. Ɋɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ  

ɜ ɷɥɟɦɟɧɬɚɯ ɩɭɬɢ 

ɇɚɩɪɹɠɟɧɢɹ ɢɡɝɢɛɚ ɜ ɤɪɨɦɤɚɯ ɩɨɞɨɲɜɵ ɪɟɥɶɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 

 

ɫɪ

ɪɚɫɱ

ɤ
ɪ ɫɬ ɪ ɫɪ

ɩ
Ɋ

Ɋ

f
(Ɋ 0,75 Ɋ 2,5 S Ɋ Ψ

4 W Ʉ
, (3.39) 

ɝɞɟ П – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɟɣɫɬɜɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɨɩɟɪɟɱ-
ɧɵɯ ɫɢɥ, ɜɧɟɰɟɧɬɪɟɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ ɢ ɩɨɞɭɤɥɨɧɤɢ 
ɪɟɥɶɫɨɜ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɩɪɢɜɟɞɟɧ ɜ [2, ɬɚɛɥ. 3]. 

ɇɚɩɪɹɠɟɧɢɹ ɫɦɹɬɢɹ ɜ ɲɩɚɥɚɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 

 ɫɪɪɚɫɱɲ РР
2

К 
, (3.40) 

ɝɞɟ  – ɩɥɨɳɚɞɶ ɩɟɪɟɞɚɱɢ ɞɚɜɥɟɧɢɹ ɧɚ ɲɩɚɥɭ ɱɟɪɟɡ ɩɨɞɤɥɚɞɤɭ ɢɥɢ ɩɪɨ-
ɤɥɚɞɤɭ (ɩɪɢ ɛɟɫɩɨɞɤɥɚɞɨɱɧɨɦ ɫɤɪɟɩɥɟɧɢɢΨ. 

ɇɚɩɪɹɠɟɧɢɹ ɫɠɚɬɢɹ ɜ ɛɚɥɥɚɫɬɟ ɜ ɩɨɞɪɟɥɶɫɨɜɨɣ ɡɨɧɟ ɪɚɜɧɨ 
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 ɫɪɪɚɫɱɛ РР
2

К 
, (3.41) 

ɝɞɟ  – ɷɮɮɟɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɧɢɠɧɟɣ ɩɨɫɬɟɥɢ ɩɨɥɭɲɩɚɥɵ (ɫ ɭɱɟɬɨɦ 
ɟɟ ɢɡɝɢɛɚΨ. 

 

3.5. Ɉɩɪɟɞɟɥɟɧɢɟ ɞɨɩɭɫɤɚɟɦɵɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ ɢɧɨɝɞɚ ɩɪɢɯɨɞɢɬɫɹ ɪɟ-
ɲɚɬɶ ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɞɨɩɭɫɤɚɟɦɵɯ ɫɤɨɪɨɫɬɟɣ ɨɛɪɚ-
ɳɟɧɢɹ ɩɨɞɜɢɠɧɵɯ ɟɞɢɧɢɰ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɩɭɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɫ-
ɫɦɚɬɪɢɜɚɸɬ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ ɡɚɞɚɧɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɞɚɧɧɨɣ ɩɨɞɜɢɠɧɨɣ ɟɞɢɧɢɰɵ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɫɤɨɪɨɫɬɹɦɢ ɜ ɩɪɹɦɵɯ ɢ ɤɪɢɜɵɯ ɪɚɡɧɵɯ ɪɚɞɢɭɫɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɸɬ 
ɝɪɚɮɢɤɢ ɤ

ɪ f(V) , ɩɨɞɨɛɧɵɟ ɪɢɫ. 3.8. 
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Ɋɢɫ. 3.8. ɇɚɩɪɹɠɟɧɢɹ ɜ ɤɪɨɦɤɚɯ ɩɨɞɨɲɜɵ ɪɟɥɶɫɚ ɬɢɩɚ Ɋ50 
ɩɪɢ ɩɪɨɯɨɞɟ ɥɨɤɨɦɨɬɢɜɚ 

 
ɉɪɢ ɧɚɧɟɫɟɧɢɢ ɧɚ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɹ ɨɰɟɧɨɱɧɨɝɨ ɤɪɢɬɟɪɢɹ ɩɪɨɱɧɨɫɬɢ ɜ 

ɬɨɱɤɟ ɟɝɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɪɚɫɱɟɬɧɨɣ ɜɟɥɢɱɢɧɨɣ ɩɨɥɭɱɚɸɬ ɞɨɩɭɫɤɚɟɦɭɸ 
ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɞɜɢɠɧɨɣ ɟɞɢɧɢɰɵ. ɇɚ ɪɢɫ. 3.8 ɜ ɤɚɱɟɫɬɜɟ ɩɨɞɜɢɠ-
ɧɨɣ ɟɞɢɧɢɰɵ ɩɨɤɚɡɚɧ ɥɨɤɨɦɨɬɢɜ ɫ ɤɪɢɬɟɪɢɟɦ ɩɪɨɱɧɨɫɬɢ ɩɨ ɧɚɩɪɹɠɟɧɢɹɦ 
ɜ ɪɟɥɶɫɚɯ ɤ[ ] 240  Ɇɉɚ Д2Ж ɧɚ ɭɱɚɫɬɤɟ ɩɭɬɢ ɫ ɝɪɭɡɨɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɨɬ 
10 ɞɨ 24 ɦɥɧ ɬɤɦ ɛɪ. ɧɚ ɤɦ ɜ ɝɨɞ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɨɩɭɫɤɚɟɦɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɭɫ-
ɬɚɧɚɜɥɢɜɚɸɬ ɩɨ ɧɚɩɪɹɠɟɧɢɹɦ ɜ ɪɟɥɶɫɚɯ. ȿɫɥɢ ɜ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɚɯ ɜɟɪɯɧɟ-
ɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ (ɧɚ ɲɩɚɥɚɯ, ɛɚɥɥɚɫɬɟ, ɨɫɧɨɜɧɨɣ ɩɥɨɳɚɞɤɟ ɡɟɦɥɹɧɨɝɨ ɩɨ-
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ɥɨɬɧɚΨ ɪɚɫɱɟɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɛɨɥɶɲɟ ɞɨɩɭɫɤɚɟɦɵɯ, ɬɨ ɩɪɢɧɢɦɚɸɬ ɪɟɲɟ-
ɧɢɟ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɢɯ ɦɨɳɧɨɫɬɢ (ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ, ɪɚɡɦɟɪɨɜΨ. 

ɂɧɨɝɞɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ (ɪɟɤɨɧɫɬ-
ɪɭɤɰɢɢΨ ɩɭɬɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɩɨ ɩɨɞɨɛɧɵɦ 
ɝɪɚɮɢɤɚɦ (ɪɢɫ. 3.8Ψ ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɬɨɦ, ɤɚɤɢɟ ɤɪɢɜɵɟ ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ 
ɫɦɹɝɱɢɬɶ ɢ ɞɨ ɤɚɤɨɝɨ ɪɚɞɢɭɫɚ. 

 

3.6. Ⱦɨɩɭɫɤɚɟɦɵɟ ɧɚɩɪɹɠɟɧɢɹ  
ɜ ɷɥɟɦɟɧɬɚɯ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ 

ȼ Ɇɟɬɨɞɢɤɟ ɨɰɟɧɤɢ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚ ɩɭɬɶ ɩɨ ɭɫɥɨ-
ɜɢɹɦ ɨɛɟɫɩɟɱɟɧɢɹ ɟɝɨ ɧɚɞɟɠɧɨɫɬɢ Д2Ж ɭɤɚɡɚɧɧɵɟ ɱɟɬɵɪɟ ɤɪɢɬɟɪɢɹ ɩɪɨɱ-
ɧɨɫɬɢ ɩɭɬɢ ɨɩɪɟɞɟɥɟɧɵ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɩɭɬɢ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɤɥɚɫɫɚ (ɤɥɚɫɫɵ ɩɭɬɟɣ ɧɨɪɦɢɪɭɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɉɨɥɨɠɟɧɢɟɦ ɨ ɫɢɫɬɟɦɟ ɜɟɞɟɧɢɹ ɩɭɬɟɜɨɝɨ ɯɨɡɹɣɫɬɜɚ ɧɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨ-
ɝɚɯ ɊɎΨ: 

ɤ[ ] – ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɤɚɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɬɤɚɡɨɜ 
ɪɟɥɶɫɨɜ ɡɚ ɩɟɪɢɨɞ ɧɨɪɦɚɬɢɜɧɨɣ ɧɚɪɚɛɨɬɤɢ; 

ɲ[ ] – ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɤɚɟɦɨɝɨ ɢɡɧɨɫɚ ɲɩɚɥ ɢ ɩɪɨ-
ɤɥɚɞɨɤ ɩɨɞ ɩɨɞɤɥɚɞɤɚɦɢ ɡɚ ɩɟɪɢɨɞ ɧɨɪɦɚɬɢɜɧɨɣ ɧɚɪɚɛɨɬɤɢ; 

ɛ[ ] ɢ ɡ[ ] – ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɤɚɟɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɧɚɤɨɩɥɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɛɚɥɥɚɫɬɟ ɢ ɧɚ 
ɨɫɧɨɜɧɨɣ ɩɥɨɳɚɞɤɟ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. 

ɗɬɢ ɤɪɢɬɟɪɢɢ ɧɚɡɜɚɧɵ ɨɰɟɧɨɱɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ ɩɭɬɢ. ɑɢɫ-
ɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɰɟɧɨɱɧɵɯ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ ɩɭɬɢ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɝɪɚɞɚɰɢɢ ɝɪɭɡɨɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɨɥɨɠɟɧɢɟɦ ɨ ɫɢɫɬɟɦɟ ɜɟ-
ɞɟɧɢɹ ɩɭɬɟɜɨɝɨ ɯɨɡɹɣɫɬɜɚ ɧɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ ɊɎ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3.1. 

 

Ɍɚɛɥɢɰɚ 3.1 

Ɉɰɟɧɨɱɧɵɟ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɭɬɢ 

Ʉɪɢɬɟɪɢɢ 
ȼɢɞɵ 

ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ 

Ɂɧɚɱɟɧɢɹ ɨɰɟɧɨɱɧɵɯ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ, Ɇɉɚ, 
ɩɪɢ ɝɪɭɡɨɧɚɩɪɹɠɟɧɧɨɫɬɢ, ɦɥɧ. ɬ ɛɪɭɬɬɨ/ɤɦ ɜ ɝɨɞ* 

ɛɨɥɟɟ 50 50–25 24–10 ɦɟɧɟɟ 10 

ɤ[ ] Ʌɨɤɨɦɨɬɢɜɵ 190 200 240 340 
ȼɚɝɨɧɵ 150 160 200 300 

ɲ[ ]  Ʌɨɤɨɦɨɬɢɜɵ 1,2 1,6 2,0 3,0 
ȼɚɝɨɧɵ 1,1 1,5 1,8 2,7 

ɛ[ ]  Ʌɨɤɨɦɨɬɢɜɵ 0,4 0,42 0,45 0,50 
ȼɚɝɨɧɵ 0,26 0,30 0,35 0,40 

ɡ[ ] Ʌɨɤɨɦɨɬɢɜɵ 0,10 0,10 0,11 0,12 
ȼɚɝɨɧɵ 0,08 0,08 0,09 0,10 

 

*Ⱦɥɹ ɧɨɜɨɫɬɪɨɟɤ – ɧɚ ɞɟɫɹɬɵɣ ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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Ⱦɚɧɧɵɟ ɬɚɛɥ. 3.1 ɩɪɢɦɟɧɢɦɵ: 
ɤ[ ] – ɞɥɹ ɬɢɩɨɜɵɯ ɧɟɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɯ ɪɟɥɶɫɨɜ ɜ ɩɪɹɦɵɯ ɢ ɤɪɢɜɵɯ 

ɪɚɞɢɭɫɨɦ ɛɨɥɟɟ 1000 ɦ. ȼ ɤɪɢɜɵɯ ɪɚɞɢɭɫɨɦ 1000 ɦ ɢ ɦɟɧɟɟ ɞɟɣɫɬɜɭɸ-
ɳɢɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɩɥɨɲɧɚɹ ɫɦɟɧɚ 
ɪɟɥɶɫɨɜ ɦɟɠɞɭ ɤɚɩɢɬɚɥɶɧɵɦɢ ɪɟɦɨɧɬɚɦɢ ɩɭɬɢ: R 1000 651 ɦ – ɨɞɢɧ 
ɪɚɡ, ɩɪɢ R 651 351 ɦ – ɞɜɚ ɪɚɡɚ ɢ ɩɪɢ R 350  ɦ – ɬɪɢ ɪɚɡɚ. ɉɨɷɬɨɦɭ 
ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɩɭɬɢ ɜ ɬɚɤɢɯ 
ɤɪɢɜɵɯ ɡɧɚɱɟɧɢɟ ɨɰɟɧɨɱɧɵɯ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ ɪɟɥɶɫɨɜ ɩɪɢɧɢɦɚɟɬɫɹ 

ɤ[ ] 240 Ɇɉɚ ; ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɨɥɶɤɨ ɬɟɪɦɨɭɩɪɨɱɟɧɧɵɯ ɪɟɥɶɫɨɜ 
ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥ. 3.1 ɡɧɚɱɟɧɢɹ ɤ[ ] ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɧɚ 14 %; 

ɛ[ ] – ɞɥɹ ɳɟɛɟɧɨɱɧɨɝɨ ɢ ɚɫɛɟɫɬɜɨɝɨ ɛɚɥɥɚɫɬɚ; ɩɪɢ ɩɟɫɱɚɧɨɦ ɛɚɥɥɚ-
ɫɬɟ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥ. 3.1 ɡɧɚɱɟɧɢɹ ɛ[ ] ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɢɬɶ ɜ 1,6 
ɪɚɡɚ, ɚ ɩɪɢ ɤɪɶɟɪɧɨɦ ɝɪɚɜɢɢ ɢ ɪɚɤɭɲɤɟ – ɜ 1,4 ɪɚɡɚ; 

ɡ[ ] – ɞɥɹ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɢɡ ɫɭɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ. 
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