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ɋɉɂɋɈɄ ɈɋɇɈȼɇɕɏ ɈȻɈɁɇȺɑȿɇɂɃ   – ɪɚɛɨɬɚ, ɚɪɯɢɦɟɞɨɜɚ (ɜɵɬɚɥɤɢɜɚɸɳɚɹ ɫɢɥɚ)    –  ɭɫɤɨɪɟɧɢɟ, ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ  ɬɪɭɛɨɩɪɨɜɨɞɚ    ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɥɵ, ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ   – ɫɤɨɪɨɫɬɶ ɭɞɚɪɧɨɣ ɜɨɥɧɵ  ,  – ɞɢɚɦɟɬɪ    – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ 

 R,r – ɪɚɞɢɭɫ    – ɦɨɞɭɥɶ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢ ɠɢɞɤɨɫɬɢ   – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 

F, P – ɫɢɥɚ ℊ – ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ 

I – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɤɥɨɧ   – ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɤɥɨɧ 

k  – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ    – ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ    – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
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Q – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ     – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ    – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ 

S – ɩɥɨɳɚɞɶ 

t – ɜɪɟɦɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ ɐɟɥɶɫɢɸ 

T – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ Ʉɟɥɶɜɢɧɭ, ɫɢɥɚ ɬɪɟɧɢɹ 

U – ɫɢɥɨɜɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ 
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u – ɦɟɫɬɧɚɹ ɫɤɨɪɨɫɬɶ   – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ    – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɤ.ɩ.ɞ. 

Ȟ – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ   – ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ 

  – ɭɞɟɥɶɧɵɣ ɜɟɫ  – ɧɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

τ – ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
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  – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ    – ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ    – ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ    – ɫɦɨɱɟɧɧɵɣ ɩɟɪɢɦɟɬɪ 

Κ – ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ, ɦɨɞɭɥɶ ɪɚɫɯɨɞɚ 

Э – ɷɧɟɪɝɢɹ 

Re– ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ    – ɱɢɫɥɨ Ɏɪɭɞɚ    – ɱɢɫɥɨ ɗɣɥɟɪɚ 

Ma– ɱɢɫɥɨ Ɇɚɯɚ 

We– ɱɢɫɥɨ ȼɟɛɟɪɚ 

Ar– ɱɢɫɥɨ Ⱥɪɯɢɦɟɞɚ    – ɩɨɬɟɪɢ ɧɚɩɨɪɚ 

ξ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

Ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ 

į – ɬɨɥɳɢɧɚ ɬɪɭɛɵ, ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ   – ɚɛɫɨɥɸɬɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 
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h – ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ 

n – ɤɨɷɮɮɢɰɢɟɧɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ      – ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ    – ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɚɡɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ   – ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ   – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ 

μ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 

ф – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ 

n – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɪɢɫɬɨɫɬɢ ɝɪɭɧɬɚ    – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɞɨɨɬɞɚɱɢ    – ɞɥɢɧɚ ɡɨɧɵ ɜɥɢɹɧɢɹ ɨɬɤɚɱɤɢ ɝɪɭɧɬɨɜɨɣ ɜɨɞɵ 

 

ɉɪɢɦɟɱɚɧɢɟμ ɜ ɫɩɢɫɤɟ ɭɤɚɡɚɧɵ ɨɛɨɡɧɚɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ, ɜ ɨɫɧɨɜɧɨɦ, ɪɟɤɨ-

ɦɟɧɞɨɜɚɧɧɵɦ ɜ ɫɩɪɚɜɨɱɧɢɤɚɯ ɩɨ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɫɢɫɬɟɦɟ ɟɞɢɧɢɰ (ɋɂ) ɞɥɹ ɧɚɢɛɨɥɟɟ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ. ɑɚɫɬɶ ɛɭɤɜ ɥɚɬɢɧɫɤɨɝɨ ɢ ɝɪɟɱɟɫɤɨɝɨ ɚɥɮɚɜɢɬɨɜ ɢɫ-

ɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɩɢɫɚɧɢɹɯ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɪɢɜɨɞɹɬɫɹ ɩɨ ɬɟɤɫɬɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɛɴɹɫɧɟɧɢɹ ɩɪɢɧɹɬɵɯ ɨɛɨɡɧɚɱɟ-

ɧɢɣ. 
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1. ɎɂɁɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɀɂȾɄɈɋɌɂ 

ɀɢɞɤɨɫɬɶ – ɭɩɪɭɝɚɹ, ɧɟɩɪɟɪɵɜɧɚɹ ɫɪɟɞɚ, ɨɛɥɚɞɚɸɳɚɹ ɫɜɨɣɫɬɜɨɦ ɬɟɤɭɱɟ-

ɫɬɢ, ɬ.ɟ. ɫɩɨɫɨɛɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɚɥɵɯ ɫɢɥ ɩɪɢɧɢɦɚɬɶ ɥɸɛɭɸ ɮɨɪɦɭ ɛɟɡ 

ɧɚɪɭɲɟɧɢɹ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɵ.  

ɋɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɫɜɹɡɚɧɵ ɫ ɢɯ ɦɨɥɟɤɭɥɹɪɧɵɦ ɫɬɪɨɟɧɢɟɦ. ɇɚɢɛɨɥɟɟ ɪɚɫ-

ɩɪɨɫɬɪɚɧёɧɧɵɟ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɵ ɜ ɪɚɦɤɚɯ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɜɧɟɲɧɢɟ ɭɫɥɨɜɢɹ, 

ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɤ ɠɢɞɤɢɦ ɫɪɟɞɚɦ. Ɍɚɤɨɟ ɨɛɴɟɞɢɧɟɧɢɟ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ, 

ɧɟ ɢɫɤɥɸɱɚɸɳɟɟ ɭɱɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɤɚɠɞɨɝɨ ɜɟɳɟɫɬɜɚ (ɩɪɚɤɬɢɱɟ-

ɫɤɭɸ ɧɟɫɠɢɦɚɟɦɨɫɬɶ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ (ɜɨɞɚ, ɤɟɪɨɫɢɧ ɢ ɬ.ɩ.), ɛɨɥɶɲɭɸ 

ɫɠɢɦɚɟɦɨɫɬɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɠɢɞɤɨɫɬɟɣ (ɜɨɡɞɭɯ, ɩɚɪ ɢ ɬ.ɩ.)), ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨ-

ɢɬɶ ɢɯ ɨɛɳɭɸ ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ. Ɉɫɧɨɜɨɣ ɬɚɤɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɝɢɩɨɬɟɡɚ 

ɫɩɥɨɲɧɨɫɬɢ ɠɢɞɤɨɣ ɫɪɟɞɵ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɦɟɯɚɧɢɤɭ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɪɚɫ-

ɫɦɚɬɪɢɜɚɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɦɚɫɲɬɚɛɚ, ɧɚɦɧɨɝɨ ɩɪɟɜɵ-

ɲɚɸɳɟɝɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɜɟɳɟɫɬɜɚ. ɉɪɢ ɷɬɨɦ ɠɢɞɤɭɸ ɫɪɟɞɭ 

ɫɱɢɬɚɸɬ ɧɟɩɪɟɪɵɜɧɨɣ ɜ ɜɵɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɫɟ ɯɚɪɚɤɬɟɪɢɡɭ-

ɸɳɢɟ ɟɟ ɩɨɜɟɞɟɧɢɟ ɜɟɥɢɱɢɧɵ ɨɩɢɫɵɜɚɸɬ ɧɟɩɪɟɪɵɜɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɜɵɛɪɚɧ-

ɧɵɯ ɤɨɨɪɞɢɧɚɬ ɢ ɜɪɟɦɟɧɢ. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɢ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɣ ɫɪɟɞɵ ɜɵɞɟɥɹɸɬ ɟɟ ɦɚɥɵɣ 

(ɷɥɟɦɟɧɬɚɪɧɵɣ) ɨɛɴɟɦ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ, ɚ ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɧɟɦ 

ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ ɧɟ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. Ɍɚɤɨɣ ɷɥɟɦɟɧɬɚɪɧɵɣ 

ɨɛɴɟɦ ɧɚɡɵɜɚɸɬ ɠɢɞɤɨɣ ɱɚɫɬɢɰɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɨɛɴ-

ɟɦ, ɩɨɞɱɢɧɹɸɳɢɣɫɹ ɜɫɟɦ ɡɚɤɨɧɚɦ ɦɟɯɚɧɢɤɢ. 

ȼ ɦɟɯɚɧɢɤɟ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɮɢɡɢɱɟ-

ɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɹɜɥɟɧɢɹɦɢ ɢɧɟɪɰɢɢ, ɜɹɡɤɨɫɬɢ ɢ ɫɠɢɦɚɟɦɨɫɬɢ.  

Ɇɟɪɨɣ ɢɧɟɪɰɢɢ ɜɟɳɟɫɬɜɚ ɫɥɭɠɢɬ ɟɝɨ ɦɚɫɫɚ m. Ɇɚɫɫɭ ɟɞɢɧɢɰɵ ɨɛɴɟɦɚ 

ɜɟɳɟɫɬɜɚ ɧɚɡɵɜɚɸɬ ɩɥɨɬɧɨɫɬɶɸ      , ɤɝ/ɦ3, ɚ ɜɟɥɢɱɢɧɭ ɨɛɪɚɬɧɭɸ ɩɥɨɬ-

ɧɨɫɬɢ - ɭɞɟɥɶɧɵɦ ɨɛɴɟɦɨɦ       ⁄   ɦ3/ɤɝ. 

ɉɥɨɬɧɨɫɬɶ ɩɪɟɫɧɨɣ ɜɨɞɵ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 0.1Ɇɉɚ ɢ ɬɟɦɩɟɪɚ-

ɬɭɪɟ 4˚ɋ ɫɨɫɬɚɜɥɹɟɬ         ɤɝ/ɦ3
. 



8 

 

Ɍɟɪɦɢɧ «ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ» ɨɡɧɚɱɚɟɬ ɨɬɧɨɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ 

ɠɢɞɤɨɫɬɢ ɤ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ   ɋμ       ⁄    
ȼ ɬɚɛɥɢɰɟ 1.1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɮɢɤɫɢ-

ɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ 0.1Ɇɉɚ ɧɟɤɨɬɨɪɵɯ ɠɢɞɤɨɫɬɟɣ. 

Ɍɚɛɥɢɰɚ 1.1 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɞɚɜɥɟɧɢɢ 0.1 Ɇɉɚ 

ɀɢɞɤɨɫɬɶ Ɍɟɦɩɟɪɚɬɭɪɚ, t ɋ Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ 

1 2 3 

ȼɨɞɚ: 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ 

ɦɨɪɫɤɚɹ 

Ⱥɜɬɨɥ 10 

Ȼɟɧɡɢɧ:  
ɚɜɢɚɰɢɨɧɧɵɣ  
ɚɜɬɨɦɨɛɢɥɶɧɵɣ 

Ƚɥɢɰɟɪɢɧ(ɛɟɡɜɨɞɧɵɣ) 
Ⱦɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ 

Ʉɟɪɨɫɢɧ  

Ɇɚɡɭɬ 

Ɇɚɫɥɨ: 
ɚɜɬɨɬɪɚɤɬɨɪɧɨɟ ȺɄ-11 

ɜɟɪɟɬɟɧɧɨɟ Ⱥɍ  
ɢɧɞɭɫɬɪɢɚɥɶɧɨɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ 

ɬɭɪɛɢɧɧɨɟ 

Ɋɬɭɬɶ 

 

20 

20 

20 

 

20 

20 

20 

20 

20 

15 

 

20 

50 

50 

50 

50 

20 

 

0,998 

1,02-1,03 

0,920 

 

0,739-0,780 

0,712-0,761 

1,260 

0,831-0,861 

0,790-0,860 

0,890-0,940 

 

0,925-0,930 

0,888-0,896 

0,880-0,920 

0,286 

0,900 

13,5 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɠɢɞɤɨɫɬɢ ɪɚɫɲɢɪɹɸɬɫɹ ɢ ɢɯ ɩɥɨɬɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ɉɞɧɚɤɨ ɞɥɹ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ ɩɨ-ɪɚɡɧɨɦɭ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɨɫɬɨɹɧɢɟ ɠɢɞɤɨɝɨ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ ɪɚɜ-

ɧɨɜɟɫɢɢ ɨɩɢɫɵɜɚɸɬ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ  ሺ     ሻ   ,       (1.1) 

ɜ ɤɨɬɨɪɨɦ ɩɥɨɬɧɨɫɬɶ  , ɞɚɜɥɟɧɢɟ p ɢ ɬɟɦɩɟɪɚɬɭɪɚ Ɍ ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ, ɨɬ 

ɤɨɬɨɪɵɯ ɡɚɜɢɫɹɬ ɜɫɟ ɞɪɭɝɢɟ ɜɟɥɢɱɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɨɩɢɫɚɧɢɢ ɫɨɫɬɨɹɧɢɹ ɜɟ-

ɳɟɫɬɜɚ. 

Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɯɚɪɚɤ-

ɬɟɪɢɡɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ    – ɨɬɧɨɲɟɧɢɟɦ ɨɬɧɨ-

ɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜ-

ɥɟɧɢɢ 



9 

 

            ∙       1/ɬɟɩɥ. ɝɪɚɞɭɫ.                                                  

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɜ ɧɟɛɨɥɶɲɢɯ ɢɧɬɟɪɜɚɥɚɯ ɢɯ ɜɟ-

ɥɢɱɢɧ ɞɨɩɭɫɬɢɦɨ ɩɪɢɧɹɬɶ    = const ɢ ɪɚɫɫɱɢɬɵɜɚɬɶ ɨɛɴёɦ ɢ ɩɥɨɬɧɨɫɬɶ ɤɚɩɟɥɶ-

ɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢɛɥɢɠɟɧɧɨ 

W =   (1 +    ∙∆t), 

                    
Ⱦɥɹ ɩɪɢɦɟɪɚ ɜ ɬɚɛɥɢɰɟ 1.2 ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧ-

ɬɚ    , 1/˚ɋ. 

Ɍɚɛɥɢɰɚ 1.2 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜɨɞɵ 

Ⱦɚɜɥɟɧɢɟ, 
Ɇɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ,  C 

1-10 10-20 40-50 60-70 90-100 

0,1 0,000014 0,000150 0,000422 0,000556 0,000719 

10 0,000043 0,000165 0,000422 0,000548 0,000704 

20 0,000072 0,000180 0,000426 0,000539 0,000691 

50 0,000149 0,000236 0,000429 0,000523 0,000661 

90 0,000229 0,000289 0,000437 0,000514 0,000621 

 

ȼ ɫɥɭɱɚɟ ɝɚɡɨɨɛɪɚɡɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɜɨɡɞɭɯɚ, ɫ ɞɨɫɬɚɬɨɱɧɵɦ 

ɞɥɹ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɢ ɨɛɨɫɧɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɟɦ (1.1) ɫɱɢɬɚɸɬ ɭɪɚɜɧɟɧɢɟ 

Ʉɥɚɩɟɣɪɨɧɚ ɞɥɹ ɫɨɜɟɪɲɟɧɧɨɝɨ ɝɚɡɚ 

                  ሺ   ሻ                            (1.2) 

ɝɞɟ    – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ (ɞɥɹ ɜɨɡɞɭɯɚ          ሺ    ሻሻ  
      Ɍ   – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɝɪɚɞɭɫɚɯ Ʉɟɥɶɜɢɧɚ (Ɍ=273+t˚C). 

ɍɞɟɥɶɧɵɣ ɜɟɫ – ɷɬɨ ɜɟɫ ɟɞɢɧɢɰɵ ɨɛɴɟɦɚ ɜɟɳɟɫɬɜɚ      . 

ɍɞɟɥɶɧɵɣ ɜɟɫ ɢ ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɪɟɡ ɭɫɤɨɪɟ-

ɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ (g=9.81 ɦ/ɫ2
):      . 

ɋɜɨɣɫɬɜɨ ɠɢɞɤɨɫɬɢ ɨɤɚɡɵɜɚɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɫɞɜɢɝɭ ɟɟ 

ɱɚɫɬɢɰ ɧɚɡɵɜɚɸɬ ɜɹɡɤɨɫɬɶɸ (ɨɛɪɚɬɧɨɟ ɩɨɧɹɬɢɟ – ɬɟɤɭɱɟɫɬɶ). 

ɉɨ ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ – ɉɟɬɪɨɜɚ ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɟё ɫɥɨɢɫɬɨɦ ɬɟɱɟɧɢɢ ɡɚɜɢɫɹɬ ɨɬ ɪɨɞɚ ɠɢɞɤɨɫɬɢ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɵ ɩɨɩɟɪɟɱɧɨɦɭ ɝɪɚɞɢɟɧɬɭ ɫɤɨɪɨɫɬɢ ɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɞɚɜɥɟɧɢɹ. 
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ɉɟɪɟɦɟɳɟɧɢɟ ɫɨɫɟɞɧɢɯ ɫɥɨɟɜ u + ΔЮ ɢ u, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ Δy 

(ɪɢɫ.1.1), ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɨɩɟɪɟɱɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ                       

 

Ɋɢɫ 1.1. Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɫɢɥɵ ɬɪɟɧɢɹ ɜ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ 

 

ɇɚ ɝɪɚɧɢɰɟ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɫɥɨɟɜ ɜɨɡɧɢɤɚɸɬ ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ 

ɫɢɥɵ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ Ɍ 

                                                  ⁄   |    | , ɉɚ,                           (1.3.) 

ɝɞɟ S– ɩɥɨɳɚɞɶ ɬɪɟɧɢɹ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɫɥɨёɜ, ɦ2
; 

       Ș – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɉɚ ∙ ɫ; 

      |    |– ɦɨɞɭɥɶ ɩɨɩɟɪɟɱɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ, 1/ɫ. 

ɑɚɫɬɨ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɭɸɬ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ 

Ȟ =     , ɦ2/ɫ. 

ɂɫɩɨɥɶɡɭɸɬ ɢ ɞɪɭɝɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɜɹɡɤɨɫɬɢμ  

[ȘЖ= 1 ɉ(ɩɭɚɡ) = 1          = 0,1 ɉɚ ∙ ɫν 

ДȞЖ = 1 ɋɬ (ɫɬɨɤɫ) = 1     =         . 

ȼɹɡɤɨɫɬɶ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɟɬ-

ɫɹ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ 
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      �  = �  ቀ   ቁ 
 , 

ɝɞɟ �  – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ t C; 

      �   - ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ η0 C; 

      n – ɛɟɡɪɚɡɦɟɪɧɵɣ ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ  

             ɜɹɡɤɨɫɬɢ ɦɚɫɥɚ ɜ ɫɬɨɤɫɚɯ (n =   �   + 2,7). 

ɉɪɢɛɥɢɠɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨ-

ɫɬɟɣ ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɢɦɟɸɬ ɜɢɞ     ⁄  ሺ    ⁄ ሻn
, 

ɝɞɟ   ,    – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ t1 ɢ t2;   

      n – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɜɢɞɚ ɠɢɞɤɨɫɬɢ (ɧɚɩɪɢɦɟɪ, ɞɥɹ  

            ɦɢɧɟɪɚɥɶɧɨɝɨ ɦɚɫɥɚ ɜɹɡɤɨɫɬɶɸ 0,0η ɉɚ ɫ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

    η0 ˚ɋ ɩɨɤɚɡɚɬɟɥɶ n≈2,75). 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɹɡɤɨɫɬɶ ɝɚɡɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɬɥɢɱɢɟɦ 

ɢɯ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɨɬ ɩɨɜɟɞɟɧɢɹ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ. 

ȼ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ (ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɦɨɥɟɤɭɥ) ɨɫɥɚɛɥɹɟɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɫɜɹɡɢ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɞɢɧɚ-

ɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ. 

ȼ ɝɚɡɚɯ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɚɤɠɟ ɭɫɢɥɢɜɚɟɬɫɹ ɞɢɮɮɭɡɢɹ. ɇɨ 

ɢɦɟɧɧɨ ɷɬɨ ɭɫɢɥɟɧɢɟ ɨɛɦɟɧɚ ɢɦɩɭɥɶɫɚɦɢ ɱɟɪɟɡ ɩɥɨɫɤɨɫɬɶ ɫɞɜɢɝɚ ɨɩɪɟɞɟɥɹɟɬ 

ɪɨɫɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɝɚɡɨɜ. 

ȼɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹ, ɱɬɨ ɡɚɦɟɬɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɟɝɨ ɢɡɦɟɧɟɧɢɹɯ. ɇɚɩɪɢɦɟɪ, ɜɹɡɤɨɫɬɶ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚ-

ɫɟɥ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɝɢɞɪɨɫɢɫɬɟɦɚɯ, ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɞɚɜɥɟɧɢɹ ɞɨ η0 Ɇɉɚ ɦɨɠ-

ɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ    ⁄      ሺ  ሻ, 

ɜ ɤɨɬɨɪɨɣ ɩɶɟɡɨɤɨɷɮɮɢɰɢɟɧɬ k ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɢ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɟɧɶ 0,02…0,03 Ɇɉɚ-1
,    -  ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ.  

Ɋɚɡɥɚɝɚɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ 
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 ሺ                       ..) ɢ ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɞɜɭɦɹ ɩɟɪɜɵɦɢ ɱɥɟɧɚɦɢ 

ɪɚɡɥɨɠɟɧɢɹ, ɩɨɥɭɱɚɸɬ ɩɪɢɛɥɢɠɟɧɧɭɸ ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɢɧɠɟɧɟɪɧɨɣ 

ɩɪɚɤɬɢɤɢ    ⁄  ሺ    ሻ. 

ɉɪɢ ɞɚɜɥɟɧɢɹɯ ɫɜɵɲɟ η0 Ɇɉɚ ɥɢɧɟɣɧɨɫɬɶ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɪɭɲɚɟɬ-

ɫɹν ɩɪɢ ɞɚɜɥɟɧɢɢ ɩɨɪɹɞɤɚ 2000 Ɇɉɚ ɦɢɧɟɪɚɥɶɧɵɟ ɦɚɫɥɚ ɡɚɬɜɟɪɞɟɜɚɸɬ. 

Ɂɧɚɱɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɟɫɧɨɣ ɜɨɞɵ ɢ ɧɟɤɨɬɨɪɵɯ ɠɢɞɤɨ-

ɫɬɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.3. ɢ 1.4. 

Ɍɚɛɥɢɰɚ 1.3 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɟɫɧɨɣ ɜɨɞɵ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 

Э, ˚C �            Э, ˚C �            Э, ˚C �            Э, ˚C �            

0 

1 

2 

3 

4 

5 

0,0179 

0,0173 

0,0167 

0,0162 

0,0157 

0,0152 

7 

10 

12 

15 

17 

20 

0,0143 

0,0131 

0,0124 

0,0114 

0,0109 

0,0101 

25 

30 

35 

40 

45 

50 

0,0090 

0,0080 

0,0072 

0,0065 

0,0060 

0,0055 

60 

70 

80 

90 

100 

0,0048 

0,0042 

0,0037 

0,0033 

0,0029 

Ɍɚɛɥɢɰɚ 1.4 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɧɟɤɨɬɨɪɵɯ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜ-

ɥɟɧɢɢ 

ɀɢɞɤɨɫɬɶ  t, C Ȟ      ,   /ɫ 

1 2 3 

Ȼɟɧɡɢɧ  
Ƚɥɢɰɟɪɢɧ 

η0% ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ  
8θ% ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ  
ɛɟɡɜɨɞɧɵɣ 

Ʉɟɪɨɫɢɧ 

Ɇɚɡɭɬ ɬɨɩɨɱɧɵɣ 

Ɇɚɫɥɨ 

ɜɟɪɟɬɟɧɧɨɟ Ⱥɍ  
ɢɧɞɭɫɬɪɢɚɥɶɧɨɟ 

ɂ -ηȺ 

ɂ-100Ⱥ 

ɬɭɪɛɢɧɧɨɟμ 
Ɍɉ -30 

Ɍɉ-46 

ɇɟɮɬɶ 

ɥёɝɤɚɹ 

ɬɹɠɟɥɚɹ 

18 

 

20 

20 

20 

18 

20 

 

20 

 

50 

50 

 

50 

50 

 

18 

18 

0,0065 

 

0,0598 

1,0590 

8,7000 

0,025 

0,438-1,180 

 

0,490 

 

0,04-0,05 

0,90-1,18 

 

0,28-0,32 

0,44-0,48 

 

0,25 

1,40 
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Ɉɛɴɟɦɧɚɹ ɜɹɡɤɨɫɬɶ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɢɯ ɨɛɴɟɦɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ ɫ ɛɨɥɶɲɢɦɢ ɫɤɨɪɨɫɬɹɦɢ. Ⱦɥɹ ɩɪɢɦɟɪɚ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɞɢɧɚ-

ɦɢɱɟɫɤɨɣ   ɢ ɨɛɴɟɦɧɨɣ    ɜɹɡɤɨɫɬɟɣ ɬɪɟɯ ɠɢɞɤɨɫɬɟɣμ   , ɉɚ*ɫ              /   

  ȼɨɞɚ (1η˚ɋ)               0,0011     2,81 

  Ƚɥɢɰɟɪɢɧ (14˚ɋ)   61,6     1,03 

  Ɇɢɧɟɪɚɥɶɧɨɟ ɦɚɫɥɨ (30˚ɋ) 0,21                1,33 

ɀɢɞɤɨɫɬɢ, ɬɟɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɨɞɱɢɧɹɸɬɫɹ ɡɚɤɨɧɭ (1.3) ɧɚɡɵɜɚɸɬ ɧɶɸɬɨ-

ɧɨɜɫɤɢɦɢμ ɨɧɢ ɢɦɟɸɬ ɥɢɧɟɣɧɵɣ ɝɪɚɮɢɤ ɬɟɱɟɧɢɹ (ɪɢɫ. 1.2). Ⱦɪɭɝɢɟ ɬɟɤɭɱɢɟ ɦɚ-

ɬɟɪɢɚɥɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɹɜɥɹɸɳɢɟ ɭɩɪɭɝɨ-ɜɹɡɤɨ-ɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɧɚɡɵ-

ɜɚɸɬ ɧɟɧɶɸɬɨɧɨɜɫɤɢɦɢ ɠɢɞɤɨɫɬɹɦɢ, ɨɧɢ ɢɦɟɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɡɚɤɨɧɵ ɬɟɱɟ-

ɧɢɹ. Ʉ ɲɢɪɨɤɨɦɭ ɤɥɚɫɫɭ ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ ɠɢɞɤɨɫɬɟɣ ɨɬɧɨɫɹɬ ɪɚɫɩɥɚɜɵ ɢ ɪɚɫ-

ɬɜɨɪɵ ɩɨɥɢɦɟɪɨɜ, ɥɚɤɨɤɪɚɫɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɝɥɢɧɢɫɬɵɟ ɢ ɦɟɥɨɜɵɟ ɫɭɫɩɟɧɡɢɢ, 

ɰɟɦɟɧɬɧɵɟ ɢ ɛɟɬɨɧɧɵɟ ɫɦɟɫɢ (ɞɨ ɩɨɥɢɦɟɪɢɡɚɰɢɢ), ɫɚɯɚɪɢɫɬɵɟ ɢ ɠɟɥɚɬɢɧɨɜɵɟ 

ɦɚɬɟɪɢɚɥɵ ɜ ɩɢɳɟɜɨɣ ɨɬɪɚɫɥɢ ɢ ɬ.ɩ.  

ɚ)       ɛ) 

 

                    

Ɋɢɫ 1.2. Ƚɪɚɮɢɤɢ ɬɟɱɟɧɢɹ ɧɶɸɬɨɧɨɜɫɤɨɣ (ɚ) ɢ ɧɟɧɶɸɬɨɧɨɜɫɤɨɣ (ɛ)  

               ɠɢɞɤɨɫɬɟɣ 

ɋɠɢɦɚɟɦɨɫɬɶ ɠɢɞɤɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɛɴёɦɧɨɝɨ 

ɫɠɚɬɢɹ    - ɨɬɧɨɲɟɧɢɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ ɤ ɢɡɦɟɧɟɧɢɸ ɞɚɜɥɟ-

ɧɢɹ, ɜɵɡɜɚɜɲɟɦɭ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ, ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

                                                     ,  ɉɚ-1
 ,     (1.4)                       

ɝɞɟ ɡɧɚɤ «ɦɢɧɭɫ» ɭɱɢɬɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɨɛɴёɦɚ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ.  
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ȼ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɞɥɹ ɧɟɛɨɥɶɲɢɯ ɢɧɬɟɪɜɚɥɨɜ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ    ɞɥɹ ɪɚɫɱёɬɨɜ ɨɛɴёɦɚ ɢ ɩɥɨɬɧɨɫɬɢ ɫɠɚɬɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢɦɟɧɹɸɬ ɩɪɢɛɥɢɠɟɧ-

ɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ  

W2 =   (1 -    ∙ ∆ɪ)ν                                                   

  ρ2             . 

ȼɟɥɢɱɢɧɭ ɨɛɪɚɬɧɭɸ ɤɨɷɮɮɢɰɢɟɧɬɭ ɨɛɴɟɦɧɨɝɨ ɫɠɚɬɢɹ ɧɚɡɵɜɚɸɬ ɨɛɴɟɦ-

ɧɵɦ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ       ⁄ , ɉɚ.     (1.5)  

ȼ ɬɚɛɥ. 1.η ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɜɨɞɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɞɚɜɥɟɧɢɹɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜ ɬɚɛɥɢɰɟ 1.θ - ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɠɢɞɤɨɫɬɟɣ. 

 

Ɍɚɛɥɢɰɚ 1.η 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɜɨɞɵ ȿw, Ɇɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ,  C Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ 

0.5 1.0 2.0 4.0 8.0 

0 1890 1900 1920 1950 1980 

5 1930 1950 1970 2010 2070 

10 1950 1970 2010 2050 2120 

15 1970 2000 2030 2090 2170 

20 1980 2020 2060 2120 2217 

 

 

Ɍɚɛɥɢɰɚ 1.θ 

Ɇɨɞɭɥɢ ɭɩɪɭɝɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20˚ɋ ɢ ɚɬɦɨɫɮɟɪɧɨɦ 

ɞɚɜɥɟɧɢɢ 

ɀɢɞɤɨɫɬɶ ɂɡɨɬɟɪɦɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, Ɇɉɚ 

Ȼɟɧɡɢɧ  
Ƚɥɢɰɟɪɢɧ 

Ʉɟɪɨɫɢɧ 

Ɇɚɫɥɨμ 
ȺɆȽ-10 

ɢɧɞɭɫɬɪɢɚɥɶɧɨɟ 

ɬɭɪɛɢɧɧɨɟ 

ɰɢɥɢɧɞɪɨɜɨɟ 

ɋɢɥɢɤɨɧɨɜɨɟ 

Ɋɬɭɬɶ 

1305 

4464 

1275 

 

1305 

1362 

1717 

1768 

1030 

32373 

 



15 

 

ɂɫɯɨɞɹ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ 

dm=d(ρW)=ρdW+Wdρ=0, 

ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɫ ɭɱɟɬɨɦ ɨɩɪɟɞɟɥɟɧɢɣ (1.4) ɢ (1.η) ɦɨɠɧɨ ɩɪɟɞɫɬɚ-

ɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

Ew=ρdp⁄dρ. 

Ɍɚɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɢɫɩɨɥɶɡɭɸɬ ɜ ɢɧɠɟɧɟɪɧɨɣ ɝɪɚɮɢɤɟ ɞɥɹ ɨɰɟɧɤɢ 

ɭɩɪɭɝɨɫɬɢ ɝɚɡɨɜ. 

Ⱦɥɹ ɫɥɭɱɚɟɜ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɬɟɦɩɟɪɚ-

ɬɭɪɭ ɝɚɡɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɩɨɫɬɨɹɧɧɨɣ ɢ ɩɨ ɮɨɪɦɭɥɚɦ (1.2), (1.4) ɢ (1.η) ɧɚɣɬɢ 

ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢ ɝɚɡɚ 

Ewu=p.       (1.6) 

Ⱦɥɹ ɫɥɭɱɚɟɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɩɪɨ-

ɰɟɫɫ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦɭ. Ⱦɥɹ ɬɚɤɨɝɨ 

ɩɪɨɰɟɫɫɚ    ⁄       ,       (1.7) 

ɝɞɟ k – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ – ɨɬɧɨɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ  

     ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɤ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ  

    ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (ɞɥɹ ɜɨɡɞɭɯɚ k=1,4). 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɚɦɢ (1.4) ɢ (1.7) ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɨɛɴɟɦ-

ɧɨɣ ɭɩɪɭɝɨɫɬɢ ɝɚɡɚ       .       (1.8) 

ɋɨɨɬɧɨɲɟɧɢɹ (1.θ) ɢ (1.8) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɜɨɡɞɭɯɚ ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ 

ɦɨɞɭɥɶ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢ ɩɪɟɜɵɲɚɟɬ ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɜ 1.4 ɪɚɡɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ (ɡɜɭɤɚ) 

ɜ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɨɛɴɟɦɟ ɜɟɳɟɫɬɜɚ   √   ⁄ , ɦ/ɫ.     (1.9) 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɭɪɚɜɧɟɧɢɟɦ (1.2), ɧɚɯɨɞɹɬ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟ-

ɧɢɹ ɡɜɭɤɚ ɜ ɜɨɡɞɭɯɟ   √    , ɦ/ɫ.      (1.10) 
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ɋɜɨɣɫɬɜɨ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢɡɦɟɧɹɬɶ ɫɜɨɟ ɚɝɪɟɝɚɬɧɨɟ ɫɨɫɬɨɹɧɢɹ ɢ 

ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɩɚɪ ɧɚɡɵɜɚɸɬ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɟɦ. ɉɚɪɨɨɛɪɚɡɨɜɚɧɢɟ, ɩɪɨɢɫ-

ɯɨɞɹɳɟɟ ɥɢɲɶ ɧɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɧɚɡɵɜɚɸɬ ɢɫ-

ɩɚɪɟɧɢɟɦ. ɉɚɪɨɨɛɪɚɡɨɜɚɧɢɟ, ɩɪɨɢɫɯɨɞɹɳɟɟ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɠɢɞɤɨɫɬɢ, 

ɧɚɡɵɜɚɸɬ ɤɢɩɟɧɢɟɦ. Ʉɢɩɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 

ɡɚɜɢɫɹɳɟɣ ɨɬ ɞɚɜɥɟɧɢɹ. Ⱦɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɠɢɞɤɨɫɬɶ ɡɚɤɢɩɚɟɬ ɩɪɢ ɞɚɧ-

ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɚɡɵɜɚɸɬ ɞɚɜɥɟɧɢɟɦ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ pɧ.ɩ., ɟɝɨ ɡɧɚɱɟɧɢɟ 

ɡɚɜɢɫɢɬ ɨɬ ɪɨɞɚ ɠɢɞɤɨɫɬɢ ɢ ɟɟ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜ ɬɚɛɥɢɰɟ 

1.7 ɩɪɢɜɟɞɟɧɵ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜɨɞɵ.  

Ɍɚɛɥɢɰɚ 1.7 

Ⱦɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜɨɞɵ Ɇɉɚ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

Э, ˚C pɧ.ɩ. Э, ˚C pɧ.ɩ. Э, ˚C pɧ.ɩ. Э, ˚C pɧ.ɩ. 
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Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɨɜ ɜ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɦ ɪɚɫɬɜɨɪɢɦɨɫɬɢ kp, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɨɛɴɟɦɚ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɚɡɚ Wɝ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɤ ɧɨɪɦɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ (0˚ɋ ɢ ɚɬɦɨ-

ɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ), ɤ ɨɛɴɟɦɭ ɪɚɫɬɜɨɪɢɬɟɥɹ Wɠ. Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ, ɚ ɬɚɤɠɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɚ ɜ 

ɠɢɞɤɨɫɬɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɪɚɫɬɜɨ-

ɪɢɦɨɫɬɶ ɝɚɡɚ ɜ ɠɢɞɤɨɫɬɢ ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ. 

Ɉɛɴɟɦ ɝɚɡɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɪɚɫɬɜɨɪɹɬɫɹ ɜ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɞɨ ɟɟ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɫɵɳɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ            ⁄ ,     (1.11) 

ɝɞɟ p1 ɢ p2 – ɧɚɱɚɥɶɧɨɟ ɢ ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɉɨɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟ-

ɧɢɸ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɠɢɞɤɨɫɬɢ ɜɨɡɞɭɯɚ ɜ ɜɢɞɟ ɦɟɥɶɱɚɣɲɢɯ ɩɭɡɵɪɶɤɨɜ ɢ ɜɨɡ-

ɦɨɠɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɧɵ. 
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ɉɭɡɵɪɶɤɢ ɝɚɡɚ ɜ ɠɢɞɤɨɫɬɢ ɭɜɟɥɢɱɢɜɚɸɬ ɟɟ ɫɠɢɦɚɟɦɨɫɬɶ, ɭɦɟɧɶɲɚɸɬ 

ɩɥɨɬɧɨɫɬɶ, ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɚɪɭɲɟɧɢɸ ɫɩɥɨɲɧɨɫɬɢ ɩɨɬɨɤɚ ɞɜɢɠɟɧɢɹ. 

ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɡɞɭɯɚ ɜ ɧɟɤɨɬɨ-

ɪɵɯ ɠɢɞɤɨɫɬɹɯ ɞɥɹ ɩɪɢɦɟɪɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.8. 

Ɍɚɛɥɢɰɚ 1.8 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɡɞɭɯɚ ɜ ɧɟɤɨɬɨɪɵɯ ɠɢɞɤɨɫɬɹɯ ɩɪɢ 

20 ɋ ɢ ɞɚɜɥɟɧɢɢ 0.1 Ɇɉɚ. 
ɀɢɞɤɨɫɬɶ kɪ ɀɢɞɤɨɫɬɶ kɪ 

Ȼɟɧɡɢɧ  
ȼɨɞɚ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ 

Ʉɟɪɨɫɢɧ 

Ɇɚɫɥɨμ 
ȺɆȽ-10 

0,2200 

0,1600 

0,1270 

 

0,1038 

ɜɟɪɟɬɟɧɧɨɟ Ⱥɍ 

ȽɆɐ-2 

ɢɧɞɭɫɬɪɢɚɥɶɧɨɟ 12 

ɢɧɞɭɫɬɪɢɚɥɶɧɨɟ 20 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ  

0,0759 

0,1038 

0,0759 

0,0755 

0,0828 

 

ȼ ɞɜɢɠɭɳɢɟɫɹ ɠɢɞɤɨɫɬɢ ɜɨɡɦɨɠɧɵ ɦɟɫɬɧɵɟ (ɥɨɤɚɥɶɧɵɟ) ɢɡɦɟɧɟɧɢɹ 

ɞɚɜɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɨɛɬɟɤɚɬɟɥɟ ɬɜɟɪɞɵɯ ɬɟɥ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɫɜɵɲɟ 10ɦ/ɫ. 

ȼ ɡɨɧɟ ɨɛɬɟɤɚɧɢɹ ɜɨɡɦɨɠɧɵ ɭɱɚɫɬɤɢ ɫ ɩɨɧɢɠɟɧɧɵɦ ɞɚɜɥɟɧɢɟɦ, ɜɩɥɨɬɶ ɞɨ 

ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɜ ɡɨɧɟ ɨɛɬɟɤɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɜɫɤɢɩɚɧɢɟ ɠɢɞɤɨɫɬɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɟɥɶɱɚɣɲɢɯ ɩɭɡɵɪɶɤɨɜ ɩɚɪɚ. ɉɚɪɨɠɢɞ-

ɤɨɫɬɧɚɹ ɫɦɟɫɶ ɩɟɪɟɧɨɫɢɬɫɹ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɶɸ ɜ ɨɛɥɚɫɬɶ ɩɨɜɵɲɟɧɧɨɝɨ 

ɞɚɜɥɟɧɢɹ, ɝɞɟ ɩɭɡɵɪɶɤɢ ɩɚɪɚ ɦɝɧɨɜɟɧɧɨ ɡɚɯɥɨɩɵɜɚɸɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɦɝɧɨɜɟɧ-

ɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɨɜ. Ɍɚɤɨɟ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɸɬ ɤɚɜɢɬɚɰɢɟɣ. 

ɂɫɱɟɡɧɨɜɟɧɢɟ ɩɭɡɵɪɶɤɨɜ ɩɚɪɚ ɜ ɡɨɧɟ ɤɨɧɞɟɧɫɚɰɢɢ ɧɨɫɢɬ ɭɞɚɪɧɵɣ ɯɚ-

ɪɚɤɬɟɪ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɦɝɧɨɜɟɧɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜ ɨɛɴɟɦɟ ɢɫɱɟ-

ɡɚɸɳɟɝɨ ɩɭɡɵɪɶɤɚ ɩɚɪɚ. Ʉɚɜɢɬɚɰɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ   ɯɚɪɚɤɬɟɪɧɵɦ ɲɭɦɨɦ ɢ 

ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɷɪɨɡɢɟɣ, ɜɟɞɭɳɟɣ ɤ ɪɚɡɪɭɲɟɧɢɸ ɩɪɨɬɨɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ.  

ɉɪɨɰɟɫɫɵ ɤɢɩɟɧɢɹ ɢ ɤɚɜɢɬɚɰɢɢ ɧɚɪɭɲɚɸɬ ɫɩɥɨɲɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɱɬɨ 

ɧɟ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɟɟ ɤɚɤ ɨɞɧɨɪɨɞɧɭɸ ɫɪɟɞɭ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɩɨ ɜɫɟ-

ɦɭ ɨɛɴɟɦɭ ɫɜɨɣɫɬɜɚɦɢ. Ʉɢɩɟɧɢɟ ɢ ɤɚɜɢɬɚɰɢɹ ɨɝɪɚɧɢɱɢɜɚɸɬ ɩɪɢɦɟɧɟɧɢɟ ɡɚ-

ɤɨɧɨɜ ɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɯɚɧɢɤɢ ɠɢɞɤɨɫɬɟɣ ɝɚɡɚ, ɛɚɡɢɪɭɸɳɢɯɫɹ ɧɚ ɝɢɩɨɬɟɡɟ 

ɫɩɥɨɲɧɨɫɬɢ ɫɪɟɞɵ.  

ȼɚɠɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɹɜɥɟɧɢɟɦ ɜ ɦɟɯɚɧɢɤɟ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɹɜɥɹɟɬɫɹ 

ɤɚɩɢɥɥɹɪɧɨɫɬɶ.  
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ȼ ɠɢɞɤɨɫɬɢ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɦɟɠɞɭ ɟɟ ɦɨɥɟɤɭɥɚɦɢ ɜɡɚɢɦɧɨ ɭɪɚɜɧɨ-

ɜɟɲɟɧɵ, ɧɨ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɪɟɞ ɧɚ ɦɨɥɟɤɭɥɵ ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ, 

ɧɚɩɪɚɜɥɟɧɧɵɟ ɜɧɭɬɪɶ ɠɢɞɤɨɫɬɢ. ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɦɨɥɟɤɭɥ ɢɡɧɭɬɪɢ ɠɢɞɤɨ-

ɫɬɢ ɤ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɫɪɟɞ ɞɨɥɠɧɚ ɫɨɜɟɪɲɚɟɬɫɹ ɪɚɛɨɬɚ ɢ ɦɨɥɟɤɭɥɵ ɧɚ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɧɟɲɧɢɯ ɫɢɥ ɨɛɥɚɞɚɸɬ ɦɢɧɢɦɚɥɶɧɨɣ 

ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɢɧɢɦɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɩɥɨɳɚɞɶ 

ɩɨɜɟɪɯɧɨɫɬɢ (ɤɚɩɥɹ ɠɢɞɤɨɫɬɢ ɜ ɧɟɜɟɫɨɦɨɫɬɢ ɢɦɟɟɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ). 

Ɉɬɧɨɲɟɧɢɟ ɩɪɢɪɚɳɟɧɢɹ ɪɚɛɨɬɵ ΔȺ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ 

ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɧɚ ΔS, ɧɚɡɵɜɚɸɬ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢ-

ɟɦ          ⁄ , Ⱦɠ/ɦ2, ɇ/ɦ.     (1.12) 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20˚ɋ ɞɥɹ ɜɨɞɵ                , ɞɥɹ ɪɬɭɬɢ               . ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɞɥɹ 

ɩɚɪɵ ɫɪɟɞ ɭɦɟɧɶɲɚɟɬɫɹ. 

ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɦɨɠɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɢɬɶɫɹ ɩɪɢ ɜɧɟɫɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɚɞɫɨɪɛɢɪɨ-

ɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ.  

ȼɫɥɟɞɫɬɜɢɟ ɞɟɣɫɬɜɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ   ɧɚɬɹɠɟɧɢɹ ɭ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ   

ɫɪɟɞ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɢɨɛɪɟɬɚɟɬ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɮɨɪɦɭ (ɪɢɫ.1.3) ɢ 

ɜɨɡɧɢɤɚɟɬ ɞɚɜɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ           ሺ       ሻ⁄⁄ ,     (1.13) 

ɝɞɟ R1ɢ R2 – ɝɥɚɜɧɵɟ ɪɚɞɢɭɫɵ ɤɪɢɜɢɡɧɵ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɪɟɞ ɩɪɢ ɟɟ 

ɩɟɪɟɫɟɱɟɧɢɢ ɞɜɭɦɹ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɩɥɨɫɤɨɫɬɹɦɢ. 

ȼ ɫɥɭɱɚɟ ɤɪɭɝɥɨɣ ɬɪɭɛɤɢ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ dɬɪ (ɪɢɫ 1.3) ɜɵɫɨɬɭ 

ɩɨɞɴɟɦɚ ɫɦɚɱɢɜɚɸɳɟɣ ɫɬɟɧɤɭ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɥɭɛɢɧɭ ɨɩɭɫɤɚɧɢɹ ɩɪɢ ɧɟɫɦɚ-

ɱɢɜɚɸɳɟɣ ɫɬɟɧɤɭ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ               ሺ     ሻ,      (1.14) 

ɝɞɟ ș – ɭɝɨɥ ɦɟɠɞɭ ɫɦɨɱɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɤɚɫɚɬɟɥɶɧɨɣ  

     ɤ ɦɟɧɢɫɤɭ. 
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ȼ ɫɬɟɤɥɹɧɧɨɣ ɬɪɭɛɤɟ ɞɢɚɦɟɬɪɨɦ dɬɪ=1ɦɦ ɜɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20˚ɋ 

ɩɨɞɧɢɦɚɟɬɫɹ ɧɚ ɜɵɫɨɬɭ Δh≈30ɦɦ, ɪɬɭɬɶ ɨɩɭɫɤɚɟɬɫɹ ɧɚ ΔС≈10ɦɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɩɢɥɥɹɪɧɨɫɬɶ ɦɨɠɟɬ ɡɚɦɟɬɧɨ ɜɥɢɹɬɶ ɧɚ ɬɨɱɧɨɫɬɶ ɢɡ-

ɦɟɪɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɠɢɞɤɨɫɬɧɵɯ ɩɪɢɛɨɪɨɜ (ɩɶɟɡɨɦɟɬɪɨɜ, ɠɢɞɤɨɫɬɧɵɯ ɦɚɧɨ-

ɦɟɬɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɬɭɬɧɵɯ) ɦɚɥɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ. 

 

Ɋɢɫ 1.3. ȼɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜ ɤɚɩɢɥɥɹɪɧɨɣ ɬɪɭɛɤɟ ɠɢɞɤɨɫɬɢ, ɫɦɚɱɢɜɚɸɳɟɣ (ɚ) 

ɢ ɧɟɫɦɚɱɢɜɚɸɳɟɣ (ɛ) ɬɪɭɛɤɭ 

əɜɥɟɧɢɟ ɤɚɩɢɥɥɹɪɧɨɫɬɢ ɭɱɢɬɵɜɚɸɬ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɚɤɬɢɤɟ ɩɪɢ 

ɨɰɟɧɤɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɮɢɥɶɬɪɚɰɢɢ ɝɪɭɧɬɨ-

ɜɵɯ ɜɨɞ.  

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. Ʉɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ? 

2. ɍɤɚɠɢɬɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɥɨɬɧɨɫɬɶɸ ɢ ɭɞɟɥɶɧɵɦ ɜɟɫɨɦ? 

3. ȼ ɱɟɦ ɪɚɡɥɢɱɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ? 

4. Ʉɚɤ ɢɡɦɟɧɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ ɜ ɫɦɟɫɢ ɠɢɞɤɨɫɬɢ ɢ ɜɨɡɞɭɯɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴɟɦɧɨɝɨ  ɝɚɡɨɫɨɞɟɪɠɚɧɢɹ? 

5. ȼ ɱɟɦ ɨɬɥɢɱɢɟ ɩɪɨɰɟɫɫɨɜ ɢɫɩɚɪɟɧɢɹ ɢ ɤɢɩɟɧɢɹ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ? 

6. ɉɨɹɫɧɢɬɟ ɫɭɳɧɨɫɬɶ ɹɜɥɟɧɢɹ ɤɚɜɢɬɚɰɢɢ? 

7. ɑɬɨ ɬɚɤɨɟ ɢɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ?  

8. Ʉɚɤɢɟ ɠɢɞɤɨɫɬɢ ɧɚɡɵɜɚɸɬ ɧɶɸɬɨɧɨɜɫɤɢɦɢ? Ⱥɧɨɦɚɥɶɧɵɦɢ? 

9. ȼ ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɹɜɥɟɧɢɟ ɤɚɩɢɥɥɹɪɧɨɫɬɢ? 
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2. ȽɂȾɊɈɋɌȺɌɂɄȺ 

2.1. Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢ ɟɝɨ ɫɜɨɣɫɬɜɚ 

ȼ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɞɟɣɫɬɜɭɸɬ ɦɚɫɫɨɜɵɣ (ɨɛɴɟɦɧɵɟ) ɢ ɩɨɜɟɪɯɧɨɫɬ-

ɧɵɟ ɫɢɥɵ. 

ȼɟɥɢɱɢɧɚ ɦɚɫɫɨɜɨɣ ɫɢɥɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɦɚɫɫɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɫɢɥɚ ɢɧɟɪɰɢɢ, ɫɢɥɚ ɬɹɠɟɫɬɢ. 

ȼɟɥɢɱɢɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɫɢɥɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɥɨɳɚɞɢ ɫɦɨɱɟɧɧɨɣ 

ɠɢɞɤɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɫɢɥɚ ɞɚɜɥɟɧɢɹ (ɫɢɥɭ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹ-

ɠɟɧɢɹ ɢɡ-ɡɚ ɟɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɧɟ ɭɱɢɬɵɜɚɸɬ, ɫɢɥɚ ɬɪɟɧɢɹ ɜ ɩɨɤɨɹ-

ɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɨɬɫɭɬɫɬɜɭɟɬ).  ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɫɢɥ ɜ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞ-

ɤɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬ ɝɢɞɪɨɫɬɚɬɢɱɟ-

ɫɤɢɦ ɞɚɜɥɟɧɢɟɦ          |    |, 
ɝɞɟ ∆F – ɫɢɥɚ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɩɥɨɳɚɞɤɭ ∆S. 

Ɂɚ ɟɞɢɧɢɰɭ ɞɚɜɥɟɧɢɹ ɜ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɫɢɫɬɟɦɟ ɟɞɢɧɢɰ (ɋɂ) ɩɪɢɧɹɬ 

ɩɚɫɤɚɥɶ  - 1 ɉɚ = 1     . 
ɂɫɩɨɥɶɡɭɸɬ ɢ ɞɪɭɝɢɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɬɟɯɧɢɱɟ-

ɫɤɭɸ ɚɬɦɨɫɮɟɪɭ:                                                                           
Ɋɚɡɥɢɱɚɸɬ ɚɬɦɨɫɮɟɪɭ ɬɟɯɧɢɱɟɫɤɭɸ ɢ ɚɬɦɨɫɮɟɪɭ ɮɢɡɢɱɟɫɤɭɸ,                          ሺ   ሻ           ɹɜɥɹɸɳɟɣɫɹ ɞɚɜɥɟɧɢɟɦ ɡɟɦɧɨɣ ɚɬɦɨ-

ɫɮɟɪɵ ɩɪɢ 20  ɧɚ ɭɪɨɜɧɟ ɦɨɪɹ ɜ ɬɨɱɤɟ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦɢ ɤɨ-

ɨɪɞɢɧɚɬɚɦɢ. 

Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɫɤɚɥɹɪɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɫɢɥɚ ɝɢɞɪɨ-

ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ – ɜɟɤɬɨɪɧɨɣ. Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɭɤɚɡɚɧɧɵɯ ɫɜɨɣɫɬɜ ɝɢɞɪɨ-

ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɜɨɞɹɬ ɦɟɬɨɞɨɦ ɨɬ ɩɪɨɬɢɜɧɨɝɨ. 
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ȿɫɥɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɨɛɴёɦɟ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ, ɪɚɡɞɟɥɟɧɧɨɦ ɧɚ ɞɜɟ 

ɱɚɫɬɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ∆S (ɪɢɫ 2.1), ɞɟɣɫɬɜɢɟ ɱɚɫɬɢ ɨɛɴɟɦɚ ɡɚɦɟɧɢɬɶ ɷɤɜɢɜɚ-

ɥɟɧɬɧɨɣ ɜɧɟɲɧɟɣ ɫɢɥɨɣ ∆F, ɩɪɨɢɡɜɨɥɶɧɨ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤ ɩɥɨɳɚɞɤɟ ɞɟɣɫɬɜɢɹ, 

ɨɧɚ ɛɭɞɟɬ ɢɦɟɬɶ ɧɨɪɦɚɥɶɧɭɸ ∆  ɢ ɤɚɫɚɬɟɥɶɧɭɸ     ɫɨɫɬɚɜɥɹɸɳɢɟ. 

                  

 

  

  

Ɋɢɫ 2.1.  Ʉ ɨɛɨɫɧɨɜɚɧɢɸ ɫɜɨɣɫɬɜ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɢɥɚ    , ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɚɥɢ n-n, ɤ 

ɩɥɨɳɚɞɤɟ ɞɟɣɫɬɜɢɹ ɛɭɞɟɬ ɫɢɥɨɣ ɫɠɚɬɢɹ, ɤɨɬɨɪɨɣ ɠɢɞɤɨɫɬɶ ɫɩɨɫɨɛɧɚ ɫɨɩɪɨɬɢɜ-

ɥɹɬɶɫɹ. ȿɫɥɢ ɛɵ ɫɢɥɚ     ɛɵɥɚ ɧɚɩɪɚɜɥɟɧɚ ɩɨ ɜɧɟɲɧɟɣ ɧɨɪɦɚɥɢ ɨɬ ɩɥɨɳɚɞɤɢ 

ɞɟɣɫɬɜɢɹ, ɬɨ ɪɚɜɧɨɜɟɫɢɟ ɧɟ ɫɨɯɪɚɧɢɥɨɫɶ ɛɵ, ɬɚɤ ɤɚɤ ɠɢɞɤɨɫɬɶ ɧɟ ɦɨɠɟɬ ɫɨɩɪɨ-

ɬɢɜɥɹɬɶɫɹ ɪɚɫɬɹɠɟɧɢɸ. 

ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɤɚɫɚɬɟɥɶɧɵɯ ɫɢɥ ɫɞɜɢɝɚ     ɠɢɞɤɨɫɬɶ ɩɪɢɞɟɬ ɜ ɞɜɢɠɟ-

ɧɢɟ, ɪɚɜɧɨɜɟɫɢɟ ɧɚɪɭɲɢɬɫɹ. Ɂɧɚɱɢɬ, ɫɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɟ ɞɨɥɠ-

ɧɚ ɢɦɟɬɶ ɬɚɧɝɟɧɰɢɚɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ    . 
ɉɟɪɜɨɟ ɫɜɨɣɫɬɜɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ: ɠɢɞɤɨɫɬɶ ɫɨɯɪɚɧɹɟɬ 

ɪɚɜɧɨɜɟɫɢɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɧɟɲɧɢɟ ɫɢɥɵ ɧɚɩɪɚɜɥɟɧɵ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɚ-

ɥɢ ɤ ɩɥɨɳɚɞɤɟ ɞɟɣɫɬɜɢɹ. 

Ⱦɥɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɨɬɫɭɬɫɬɜɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ɜ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɜɵɞɟɥɹɸɬ ɷɥɟɦɟɧɬɚɪɧɵɣ ɨɛɴɟɦ ɜ ɜɢɞɟ ɬɪɟ-
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ɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ ɫɨ ɫɬɨɪɨɧɚɦɢ dx, dy, dz, ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɨɫɹɦ ɤɨɨɪɞɢɧɚɬ (ɪɢɫ. 

2.1.), ɢ ɨɩɪɟɞɟɥɹɸɬ ɩɥɨɳɚɞɢ ɝɪɚɧɟɣ (ɛɨɤɨɜɵɯ 0,ηdydzν ɡɚɞɧɟɣ dxdzν ɧɢɠɧɟɣ 

dxdy; ɩɟɪɟɞɧɟɣ НбНЧ), ɚ ɬɚɤɠɟ ɦɚɫɫɭ ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴёɦɚ dm=0,5 dxdydz.  

ɋɱɢɬɚɸɬ, ɱɬɨ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɦɚɫɫɨɜɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ 

ɜɵɞɟɥɟɧɧɵɣ ɨɛɴёɦ ɠɢɞɤɨɫɬɢ, ɢɦɟɟɬ ɩɪɨɟɤɰɢɢ mX, mY, mZɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɨɫɢ ɤɨɨɪɞɢɧɚɬ, ɝɞɟ Б, В, Г – ɩɪɨɟɤɰɢɢ ɟɞɢɧɢɱɧɨɝɨ (Ц=1) ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɜɟɤ-

ɬɨɪɚ ɦɚɫɫɨɜɵɯ ɫɢɥ. 

ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɜɵɞɟɥɟɧɧɵɣ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ, ɹɜ-

ɥɹɸɬɫɹ ɫɢɥɚɦɢ ɞɚɜɥɟɧɢɹ. ɋɢɥɚ ɞɚɜɥɟɧɢɹ ɧɚ ɡɚɞɧɸɸ ɝɪɚɧɶ d   =     dxdz, ɫɢɥɚ 

ɞɚɜɥɟɧɢɹ ɧɚ ɛɨɤɨɜɭɸ ɝɪɚɧɶd   =   ∙ 0,5 dydz, ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɧɚ ɧɢɠɧɸɸ ɝɪɚɧɶ 

d   =   ∙dxdy, ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɧɚ ɩɟɪɟɞɧɸɸ ɝɪɚɧɶ d   =   ∙dx  sin (   ̂). 

ɀɢɞɤɨɫɬɶ ɜɧɭɬɪɢ ɜɵɞɟɥɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɨɛɴɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨ-

ɜɟɫɢɢ ɢ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɬɜɟɪɞɨɟ ɬɟɥɨ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɜ ɭɪɚɜɧɟɧɢɹɯ 

ɫɬɚɬɢɤɢ ɦɨɦɟɧɬɚɦɢ ɫɢɥ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

Ɍɨɝɞɚ ɜ ɩɪɨɟɤɰɢɹɯ ɧɚ ɥɸɛɭɸ ɢɡ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ, ɧɚɩɪɢɦɟɪ oy, ɭɪɚɜɧɟɧɢɟ 

ɪɚɜɧɨɜɟɫɢɹ ɢɦɟɟɬ ɜɢɞ d   –d   sТЧα + mY = 0. 

Ɋɚɫɤɪɵɜɚɹ ɡɧɚɱɟɧɢɹ ɫɥɚɝɚɟɦɵɯ, ɩɨɥɭɱɚɸɬ                      ሺ   ̂ሻ + 0,ηρ              
ɍɱɢɬɵɜɚɹ, ɱɬɨ        ሺ   ̂ሻ =   , ɚ ɬɪɟɬɶɟ ɫɥɚɝɚɟɦɨɟ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ 

ɨɫɬɚɥɶɧɵɯ, ɩɨɥɭɱɚɸɬ                   = 0 ɢɥɢ    =   . 

Ⱥɧɚɥɨɝɢɱɧɨ ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ   =   ,    =   , ɬɨ ɟɫɬɶ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ 

ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɩɨ ɥɸɛɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɨɞɢɧɚɤɨɜɨ, ɹɜɥɹɟɬɫɹ ɫɤɚɥɹɪɧɨɣ ɜɟɥɢ-

ɱɢɧɨɣ. ɗɬɨ ɜɬɨɪɨɟ ɫɜɨɣɫɬɜɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

ɉɨɫɤɨɥɶɤɭ ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɞɟɣɫɬɜɭɟɬ ɨɞɢɧɚɤɨɜɨ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ, 

ɨɫɬɚɜɚɹɫɶ ɪɚɡɥɢɱɧɵɦ ɜ ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɠɢɞɤɨɫɬɢ, ɬɨ ɞɚɜɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢ-

ɟɣ ɤɨɨɪɞɢɧɚɬμ p = f(x,y,z). ɗɬɨ ɬɪɟɬɶɟ ɫɜɨɣɫɬɜɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

 

 

2.2 . Ɋɚɜɧɨɜɟɫɢɟ ɩɨɤɨɹщɟɣɫɹ ɠɢɞɤɨɫɬɢ 
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ɉɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ ɩɨɤɨɹɳɟɣ-

ɫɹ ɠɢɞɤɨɫɬɢ ɜ ɧɟɣ ɜɵɞɟɥɹɸɬ ɷɥɟɦɟɧɬɚɪɧɵɣ ɨɛɴёɦ ɜ ɮɨɪɦɟ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚ-

ɪɚɥɥɟɥɟɩɢɩɟɞɚ, ɪɟɛɪɚ ɤɨɬɨɪɨɝɨ ɞɥɢɧɨɣ dx, dy, dz ɩɚɪɚɥɥɟɥɶɧɵ ɨɫɹɦ ɤɨɨɪɞɢɧɚɬ 

(ɪɢɫ 2.2). 

 

Ɋɢɫ 2.2.  Ʉ ɨɛɨɫɧɨɜɚɧɢɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ 

               ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ 

ɇɚ ɜɵɞɟɥɟɧɧɵɣ ɷɥɟɦɟɧɬɚɪɧɵɣ ɨɛɴɟɦ ɞɟɣɫɬɜɭɸɬ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɢɥɵ 

ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɦɚɫɫɨɜɵɟ ɫɢɥɵ. 

ɇɚɩɪɢɦɟɪ, ɧɚ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɝɪɚɧɹɯ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɤ ɨɫɢ ox, ɞɟɣ-

ɫɬɜɭɸɬ ɫɢɥɵ ɞɚɜɥɟɧɢɹ 

F1=pdydz; F2=(p+
       ሻ      

ɝɞɟ  ∂p/∂x - ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨ ɨɫɢ ɨɯ. 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, F3=pdxdy; F4=(p+
       ሻ      F5=pdxdz; 

F6=(p+
       ሻ    . 

Ɋɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɦɚɫɫɨɜɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɜɵɞɟɥɟɧɧɵɣ 

ɨɛɴёɦ ɠɢɞɤɨɫɬɢ, ɢɦɟɟɬ ɩɪɨɟɤɰɢɢ mX, mY, mZ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɫɢ ɤɨɨɪ-

ɞɢɧɚɬ. Ɇɚɫɫɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ dm= dxdydz. 

ɍɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ, ɧɚɩɪɢɦɟɪ, ɜ ɩɪɨɟɤɰɢɹɯ ɫɢɥ ɧɚ ɨɫɶ ɨɯ ɞɚɟɬ          ሺ∂ /∂ ሻ  ]                 

ɢɥɢ 

∂ /∂                  (2.1) 
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Ⱥɧɚɥɨɝɢɱɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɚɸɬ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɥ ɧɚ ɨɫɢ ɨy ɢ 

ɨz. 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 

{                                      (2.2) 

ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɧɚɹ ɜ 177η ɝ. Ʌ.ɗɣɥɟɪɨɦ, ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɢ. 

ɍɤɚɡɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɩɪɢɜɨɞɹɬ ɤ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɚɦμ 

ɭɦɧɨɠɢɜ ɤɚɠɞɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ ɧɚ dx, dy, dz, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɩɪɨɫɭɦɦɢ-

ɪɨɜɚɜ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɚɸɬ  ሺ∂ /∂ ሻ    (∂ /∂ ሻ   (∂ /∂ ) /d    ሺ           ሻ   (2.3) 

ɝɞɟ ɥɟɜɚɹ ɱɚɫɬɶ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ ɮɭɧɤɰɢɢ ɞɚɜɥɟɧɢɹ,        

ɬɚɤ ɱɬɨ     ሺ           ሻ         (2.4) 

ɍɪɚɜɧɟɧɢɟ (2.4) ɢɦɟɟɬ ɫɦɵɫɥ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɟɝɨ ɩɪɚɜɚɹ ɱɚɫɬɶ ɬɚɤɠɟ ɹɜ-

ɥɹɟɬɫɹ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɚ   ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɮɭɧɤ-

ɰɢɹ U = f (x, y, z),ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɫɢ-

ɥɵ (ɧɚɩɪɢɦɟɪ, ɫɢɥɵ ɝɪɚɜɢɬɚɰɢɢ, ɢɧɟɪɰɢɢ ɢ ɞɪ.),       ;  
      ;  

        
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɠɢɞɤɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɟɫɥɢ ɦɚɫɫɨɜɵɟ ɫɢɥɵ, 

ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɧɟё, ɢɦɟɸɬ ɩɨɬɟɧɰɢɚɥ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɟ (2.4) ɩɪɢɜɨ-

ɞɢɬɫɹ ɤ ɜɢɞɭ        .      (2.5) 

ɍɪɚɜɧɟɧɢɟ (2.5) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɞɚɜɥɟɧɢɟ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɨɤɨɹ-

ɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɩɪɢ ɭɫɥɨɜɢɢ ɢɡɜɟɫɬɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥɨɜɨɣ ɮɭɧɤ-

ɰɢɢ U ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. 

ɍɪɚɜɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɭɪɨɜɧɹ (ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɜɧɨɝɨ ɞɚɜɥɟɧɢɹ) ɩɨɥɭ-

ɱɚɸɬ ɢɡ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (2.4.), ɩɨɥɚɝɚɹ  dp=0:                          (2.6) 
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ɋɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ (ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɞɜɭɯ ɫɪɟɞ – ɠɢɞɤɨɣ ɢ ɝɚ-

ɡɨɨɛɪɚɡɧɨɣ) ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɭɪɨɜɧɹ (ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ     ), ɮɨɪɦɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ 

ɪɚɡɥɢɱɧɨɣ. 

 

2.3 . Ɋɚɜɧɨɜɟɫɢɟ ɠɢɞɤɨɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ 

ȼ ɫɥɭɱɚɟ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ ɪɟɡɭɥɶɬɢ-

ɪɭɸɳɢɣ ɜɟɤɬɨɪ ɟɞɢɧɢɱɧɨɣ (m=1) ɦɚɫɫɨɜɨɣ ɫɢɥɵ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɟɤɰɢɢ ɧɚ 

ɨɫɢ ɤɨɨɪɞɢɧɚɬ (ɪɢɫ 2.3)         ;  
        ;  

            

 

Ɋɢɫ 2.3. Ɋɚɜɧɨɜɟɫɢɟ ɠɢɞɤɨɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ 

Ɍɨɝɞɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɢ (2.4) ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ          ɢɥɢ   ሺ     ሻ       (2.7) 

ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (             ) 

ɩɨɥɭɱɚɸɬ ɫɥɟɞɭɸɳɭɸ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ,         ሺ    ሻ                                        (2.8) 

ɝɞɟ С – ɝɥɭɛɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɠɢɞɤɨɫɬɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɜɥɟɧɢɟ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ, ɧɚɯɨɞɹ-

ɳɟɣɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɪɚɜɧɨ ɫɭɦɦɟ ɞɚɜɥɟɧɢɹ ɧɚ ɫɜɨɛɨɞɧɨɣ ɩɨ-
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ɜɟɪɯɧɨɫɬɢ ɢ ɜɟɫɨɜɨɝɨ ɞɚɜɥɟɧɢɹ (ɨɬ ɜɟɫɚ ɫɬɨɥɛɚ ɠɢɞɤɨɫɬɢ, ɨɫɧɨɜɚɧɢɟɦ ɤɨɬɨɪɨɝɨ 

ɹɜɥɹɟɬɫɹ ɟɞɢɧɢɱɧɚɹ ɩɥɨɳɚɞɶ, ɚ ɜɵɫɨɬɚ ɪɚɜɧɚ ɝɥɭɛɢɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ 

ɠɢɞɤɨɫɬɢ). 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɭɱɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 

ɭɪɨɜɧɹ (2.6) ɩɪɢɧɢɦɚɟɬ ɜɢɞ                 
ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɥɭɱɚɸɬ ɭɪɚɜɧɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɥɨɫɤɨɫɬɟɣ z 

= const, ɨɬɫɬɨɹɳɢɯ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɚ ɜɟɥɢɱɢɧɭ z, 

ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɶɸ     . 

ɂɧɬɟɝɪɢɪɭɸ ɜɵɪɚɠɟɧɢɟ (2.7) ɫ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ             , ɩɨɥɭɱɚɸɬ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɜɢɞɟ        ሺ    ሻ. 

ɋɨɝɥɚɫɧɨ ɩɨɫɥɟɞɧɟɦɭ ɪɚɜɟɧɫɬɜɭ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ 2           ሺ     ሻ. 

ȿɫɥɢ ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ 1 ɤɚɤɢɦ-ɥɢɛɨ ɨɛɪɚɡɨɦ ɢɡɦɟɧɢɬɶ ɧɚ ∆ , ɬɨ ɞɚɜɥɟɧɢɟ 

ɜ ɬɨɱɤɟ 2 ɫɬɚɧɟɬ ɪɚɜɧɵɦ            ሺ     ሻ, 

ɬɚɤ ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɜɟɥɢɱɢɧɵ ɛɭɞɟɬ ɬɚɤɢɦ ɠɟ, ɤɚɤ ɢ ɜ ɬɨɱɤɟ 1ሺ  ሻ. 

Ɍɚɤ ɤɚɤ ɬɨɱɤɢ 1 ɢ 2 ɜɵɛɪɚɧɵ ɩɪɨɢɡɜɨɥɶɧɨ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɞɚɜɥɟ-

ɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɨɤɨɹɳɟɣɫɹ ɜ ɡɚɦɤɧɭɬɨɦ ɪɟɡɟɪɜɭɚɪɟ ɠɢɞɤɨɫɬɢ, 

ɩɟɪɟɞɚɟɬɫɹ ɨɞɢɧɚɤɨɜɨ ɜɫɟɦ ɬɨɱɤɚɦ ɜ ɩɪɟɞɟɥɚɯ ɡɚɧɢɦɚɟɦɨɝɨ ɠɢɞɤɨɫɬɶɸ ɨɛɴɟɦɚ.  

ȼ ɬɚɤɨɦ ɭɬɜɟɪɠɞɟɧɢɢ ɫɨɫɬɨɢɬ ɮɢɡɢɱɟɫɤɚɹ ɫɭɳɧɨɫɬɶ ɡɚɤɨɧɚ Ȼ. ɉɚɫɤɚɥɹ, ɭɫɬɚ-

ɧɨɜɥɟɧɧɨɝɨ ɜ 17 ɜɟɤɟ. 

ɍɫɬɪɨɣɫɬɜɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ ɉɚɫɤɚɥɹ, ɹɜɥɹɸɬɫɹ, 

ɧɚɩɪɢɦɟɪ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɪɟɫɫɵ ɢ ɞɨɦɤɪɚɬɵ, ɩɧɟɜɦɨ-ɝɢɞɪɨɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ, 

ɷɥɟɦɟɧɬɵ ɨɛɴɟɦɧɵɯ ɝɢɞɪɨɩɪɢɜɨɞɨɜ ɢ ɬ.ɩ.  

ɗɮɮɟɤɬ, ɞɨɫɬɢɝɚɟɦɵɣ ɷɬɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ 

ɡɧɚɱɢɬɟɥɶɧɵɯ ɭɫɢɥɢɣ ɩɪɢ ɧɟɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɟ ɩɪɢɥɚɝɚɟɦɨɝɨ ɭɫɢɥɢɹ. 
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Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɟɫɫ (ɪɢɫ. 2.4) ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɶɲɢɯ 

ɫɠɢɦɚɸɳɢɯ ɭɫɢɥɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɪɟɫɫɨɜɚɧɢɢ, ɤɨɜɤɟ, ɲɬɚɦ-

ɩɨɜɤɟ, ɢɫɩɵɬɚɧɢɢ ɦɚɬɟɪɢɚɥɚ ɢ ɬ.ɩ. 

 

Ɋɢɫ. 2.4. ɋɯɟɦɚ ɝɢɞɪɨɩɪɟɫɫɨɜɚɧɢɹ 

 

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɭɫɢɥɢɹ F1, ɩɪɢɥɨɠɟɧɧɨɝɨ ɤ ɩɥɭɧɠɟɪɭ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ d, 

ɞɚɜɥɟɧɢɟ ɩɨɞ ɩɥɭɧɠɟɪɨɦ ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ 

Δ          . 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ ɉɚɫɤɚɥɹ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞɚɟɬɫɹ ɜɫɟɦ 

ɬɨɱɤɚɦ ɠɢɞɤɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɨɞ ɩɨɪɲɟɧɶ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ D, ɨɛɟɫɩɟɱɢ-

ɜɚɹ ɭɫɢɥɢɟ ɩɪɟɫɫɨɜɚɧɢɹ                    
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɭɫɢɥɢɟ ɩɪɟɫɫɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɟ    ɢɡ-ɡɚ ɧɟɢɡ-

ɛɟɠɧɵɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɧɚ ɬɪɟɧɢɟ ɜ ɩɟɪɟɦɟɳɚɸɳɢɯɫɹ ɱɚɫɬɹɯ ɩɪɟɫɫɚ ɢ ɭɬɟɱɟɤ 

ɠɢɞɤɨɫɬɢ ɜ ɭɩɥɨɬɧɟɧɢɹɯ (ɤ.ɩ.ɞ. ɩɪɟɫɫɚ  =0,7η..0,λη), ɬɚɤ ɱɬɨ               . 

 

2.4. Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɨɣ ɠɢɞɤɨɫɬɢ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɨɣ ɠɢɞɤɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɫɥɭɱɚɟ ɭɫɤɨɪɟɧɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ ɫ ɡɚɩɨɥɧɹɸɳɟɣ ɟɝɨ ɠɢɞɤɨɫɬɶɸ ɢ ɨɬɫɭɬɫɬɜɢɹ ɩɟɪɟɦɟɳɟɧɢɹ 

ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ 

ɠɢɞɤɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɟɡɟɪɜɭɚɪɚ.  
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ɉɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɥɭɱɚɢ ɭɫɤɨɪɟɧɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɪɟɡɟɪɜɭɚɪɚ ɫ ɠɢɞɤɨɫɬɶɸ ɩɨ ɜɟɪɬɢɤɚɥɢ ɢɥɢ ɝɨɪɢɡɨɧɬɚɥɢ, ɚ ɬɚɤɠɟ ɟɝɨ ɪɚɜɧɨɦɟɪ-

ɧɨɝɨ ɜɪɚɳɟɧɢɹ. 

ȼ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɹ ɜɜɟɪɯ ɫ ɭɫɤɨɪɟɧɢɟɦ   ɪɟɡɟɪɜɭɚɪɚ ɫ ɠɢɞɤɨɫɬɶɸ, 

ɧɚɩɪɢɦɟɪ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫ. 2.3, ɭɱɢɬɵɜɚɸɬ ɫɢɥɭ ɢɧɟɪɰɢɢ, ɧɚɩɪɚɜɥɟɧ-

ɧɭɸ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɟɧɧɭɸ ɞɜɢɠɟɧɢɸ ɫɬɨɪɨɧɭ. ɉɪɨɟɤɰɢɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɜɟɤɬɨɪɚ ɟɞɢɧɢɱɧɵɯ  ሺ   ሻ ɫɢɥ            ሺ   ሻ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɨɟ ɭɪɚɜɧɟɧɢɟ (2.4.) ɩɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɮɭɧɤɰɢɢ ɞɚɜɥɟɧɢɹ       ሺ   ሻ .      (2.9) 

Ⱦɥɹ  ɫɥɭɱɚɹ ɭɫɤɨɪɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ ɫ ɠɢɞɤɨɫɬɶɸ ɜɧɢɡ       ሺ   ሻ ,      (2.10) 

ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ     (ɫɥɭɱɚɣ ɧɟɜɟɫɨɦɨɫɬɢ) ɞɚɜɥɟɧɢɟ    ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɠɢɞ-

ɤɨɫɬɢ ɨɞɢɧɚɤɨɜɨɟ. 

 ȼ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɥɭɱɚɹɯ ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ (2.8.), 

ɨɫɬɚёɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɶɸ. 

 ɋɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɧɟ ɨɫɬɚɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɜ ɫɥɭɱɚɟ 

ɪɚɜɧɨɭɫɤɨɪɟɧɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ, ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥ-

ɧɟɧɧɨɝɨ ɠɢɞɤɨɫɬɶɸ, ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

 ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɬɚɤɨɝɨ ɪɟɡɟɪɜɭɚɪɚ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɪɢɫ. 

2.η.) ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɧɚɤɥɨɧɹɟɬɫɹ ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

ɧɚ ɭɝɥ  , ɬɚɤ ɤɚɤ ɤɪɨɦɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɭɱɢɬɵɜɚɸɬ ɢ ɫɢɥɭ ɢɧɟɪɰɢɢ ɠɢɞɤɨɫɬɢ. 

           ɉɪɨɟɤɰɢɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɜɟɤɬɨɪɚ ɟɞɢɧɢɱɧɵɯ ሺ   ሻ ɦɚɫɫɨɜɵɯ ɫɢɥ               ɩɨɡɜɨɥɹɸɬ ɡɚɩɢɫɚɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (2.θ) 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ           ɢ ɨɩɪɟɞɟɥɢɬɶ ɭɝɨɥ ɟɟ ɧɚɤɥɨɧɚ ɤ 

ɝɨɪɢɡɨɧɬɚɥɢ 

     dz/dx a/g          (2.11) 

 ɉɪɢ ɪɚɜɧɨɭɫɤɨɪɟɧɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɪɟɡɟɪɜɭɚɪɚ ɫ ɠɢɞɤɨɫɬɶɸ ɩɨ ɧɚɤɥɨɧ-

ɧɨɣ ɩɨɞ  ɭɝɥɨɦ   ɤ ɝɨɪɢɡɨɧɬɚɥɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɨɟɤɰɢɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɜɟɤ-

ɬɨɪɚ                  ሺ        ሻ ɞɚɸɬ ɭɪɚɜɧɟɧɢɟ (2.θ) ɜ ɜɢɞɟ   

    –         ሺ       ሻ                   (2.12) 
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ɢɡ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɸɬ ɭɝɨɥ ɧɚɤɥɨɧɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

                  ሺ       ሻ.    (2.13) 

 ɉɪɢ ɦɚɥɵɯ ɭɤɥɨɧɚɯ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ሺ   ሻ ɜɵɪɚɠɟɧɢɟ (2.13) 

ɞɚɟɬ ɮɨɪɦɭɥɭ (2.11). 

 

Ɋɢɫ. 2.η. ɋɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɢ ɪɚɜɧɨɭɫɤɨɪɟɧɧɨɦ  

            ɩɟɪɟɞɜɢɠɟɧɢɢ ɪɟɡɟɪɜɭɚɪɚ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

 ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɜɪɚɳɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɰɢɥɢɧɞɪɚ ɫ 

ɠɢɞɤɨɫɬɶɸ (ɪɢɫ 2.θ.) ɤɪɨɦɟ ɫɢɥɵ ɬɹɠɟɫɬɢ mg ɜ ɜɵɞɟɥɟɧɧɨɣ ɬɨɱɤɟ M ɞɟɣɫɬɜɭɟɬ 

ɢ ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ m 2
r.  

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɟɞɢɧɢɱɧɵɯ ሺ   ሻ 

ɦɚɫɫɨɜɵɯ ɫɢɥ ɢɦɟɟɬ ɩɪɨɟɤɰɢɢ                 , ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɩɢ-

ɫɚɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (2.6) ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦμ                  . 

ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɥɭɱɚɸɬ ɭɪɚɜɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɭɪɨɜɧɹ       ሺ     ሻ       , 

ɤɨɬɨɪɨɟ ɫ ɭɱɟɬɨɦ ɭɪɚɜɧɟɧɢɹ ɨɤɪɭɠɧɨɫɬɢ          ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ              . 

ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɫɟɦɟɣɫɬɜɨɦ ɩɚɪɚɛɨɥɨɢɞɨɜ ɜɪɚɳɟɧɢɹ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɬ-

ɫɬɨɢɬ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɩɥɨɫɤɨɫɬɢ xoz ɧɚ ɪɚɫɫɬɨɹɧɢɟ o≤z≤zo. 

mg 
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Ɋɢɫ. 2.θ. Ɋɚɜɧɨɜɟɫɢɟ ɠɢɞɤɨɫɬɢ ɜ ɪɚɜɧɨɦɟɪɧɨ ɜɪɚɳɚɸɳɟɦɫɹ ɰɢɥɢɧɞɪɟ. 

  

 Ⱦɥɹ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤɠɟ ɢɦɟɸɳɟɣ ɮɨɪɦɭ ɩɚɪɚɛɨɥɨɢɞɚ ɜɪɚɳɟ-

ɧɢɹ, ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ       ɢ ɭɪɚɜɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ               . 

 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨɥɶɡɭɸɬɫɹ ɞɢɮɮɟɪɟɧ-

ɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ Ʌ.ɗɣɥɟɪɚ (2.4.) ɢ ɩɪɨɟɤɰɢɹɦɢ ɧɚ ɨɫɢ ɤɨɨɪɞɢɧɚɬ ɟɞɢɧɢɱ-

ɧɵɯ ɦɚɫɫɨɜɵɯ ɫɢɥ, ɬɚɤ ɱɬɨ     ሺ               ሻ.               (2.14) 

ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɭɪɚɜɧɟɧɢɹ ɨɤɪɭɠɧɨɫɬɢ          ɩɨ-

ɥɭɱɚɸɬ  

 
              .    (2.15) 

Ⱦɥɹ ɜɟɪɲɢɧɵ ɩɚɪɚɛɨɥɨɢɞɚ (              ሻ ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨ-

ɜɚɧɢɹ          , ɬɚɤ ɱɬɨ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ 

    
                                 (2.16) 
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ȼ ɩɨɫɥɟɞɧɟɦ ɭɪɚɜɧɟɧɢɢ ɜɟɥɢɱɢɧɚ            ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɧɨɣ ɩɪɢ 

ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɪɚɞɢɭɫɚ ɜɪɚɳɟɧɢɹ r, ɬɚɤ ɱɬɨ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɞɚɜɥɟɧɢɹ ɩɨ ɝɥɭɛɢɧɟ ɫɥɨɹ ɪɚɞɢɭɫɨɦ r ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ 

         ቀ           ቁ             (2.17) 

ɚ ɜɵɪɚɠɟɧɢɟ ɜ ɫɤɨɛɤɚɯ ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɬɭ ɠɢɞɤɨɫɬɢ ɜ ɥɸɛɨɦ ɫɥɨɟ ɜɪɚɳɟɧɢɹ r 

                                    (2.18)  

 ɝɞɟ u – ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɫɥɨɟ r, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ  

  ɩɟɪɢɮɟɪɢɢ ɜɪɚɳɟɧɢɹ, ɝɞɟ ɠɢɞɤɨɫɬɶ ɩɨɞɧɢɦɚɟɬɫɹ ɧɚ  

  ɧɚɢɛɨɥɶɲɭɸ ɜɵɫɨɬɭ             
 ɑɬɨɛɵ ɧɟ ɞɨɩɭɫɬɢɬɶ «ɜɵɩɥɟɫɤɢɜɚɧɢɹ» ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɤɪɚɣ ɰɢɥɢɧɞɪɚ, 

ɢɦɟɸɳɟɝɨ ɜɵɫɨɬɭ L, ɱɚɫɬɨɬɭ ɟɝɨ ɜɪɚɳɟɧɢɹ ɨɝɪɚɧɢɱɢɜɚɸɬ ɢɡ ɭɫɥɨɜɢɹ        , ɨɬɤɭɞɚ    √  ሺ    ሻ   .            (2.19) 

 ɀɢɞɤɨɫɬɶ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɪɟɡɟɪɜɭɚɪɟ, ɩɨɫɥɟ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɟɝɨ ɞɜɢɠɟɧɢɹ ɧɟ ɦɨɠɟɬ ɦɝɧɨɜɟɧɧɨ ɩɟɪɟɣɬɢ ɜ ɫɨɫɬɨɹɧɢɟ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɝɨ ɩɨɤɨɹ. Ɍɚɤɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɫɬɭɩɚɟɬ ɱɟɪɟɡ ɧɟɤɨɬɨɪɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟ-

ɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɜɫɟ ɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɜɨɜɥɟɤɚɸɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɜɦɟɫɬɟ ɫ ɪɟ-

ɡɟɪɜɭɚɪɨɦ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɪɚɜɧɨɜɟɫɢɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɟɟ ɩɟɪɟɧɨɫɧɨɦ ɞɜɢɠɟɧɢɢ 

ɜɦɟɫɬɟ ɫ ɪɟɡɟɪɜɭɚɪɨɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɩɪɢ ɭɫɥɨɜɢɹɯμ 

 ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɨɣ ɠɢɞɤɨɫɬɢ ɭɠɟ ɧɚɫɬɭɩɢɥν 

 ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ ɩɨɫɬɨɹɧɟɧ ɜɨ ɜɪɟɦɟɧɢ. 

 

2.5. ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ. Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨɫɬɚɬɢɤɢ 

Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɪɟɧɨ ɢ ɜɵɪɚɠɟɧɨ ɜ ɪɚɡɥɢɱ-

ɧɵɯ ɲɤɚɥɚɯ (ɪɢɫ 2.7). Ⱥɛɫɨɥɸɬɧɚɹ ɲɤɚɥɚ ɢɦɟɟɬ ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ, ɪɚɜɧɨɟ ɧɭɥɟɜɨ-

ɦɭ ɞɚɜɥɟɧɢɸ.  ȼɵɪɚɠɟɧɧɨɟ ɩɨ ɷɬɨɣ ɲɤɚɥɟ ɞɚɜɥɟɧɢɟ ɧɚɡɵɜɚɸɬ ɚɛɫɨɥɸɬɧɵɦ.  
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ɉɪɟɜɵɲɟɧɢɟ ɚɛɫɨɥɸɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚɞ ɚɬɦɨɫɮɟɪɧɵɦ ɧɚɡɵɜɚɸɬ ɢɡɛɵ-

ɬɨɱɧɵɦ (ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɦ) ɞɚɜɥɟɧɢɟɦ ሺ             ሻ. Ɉɬɫɱɟɬ ɩɨ ɲɤɚɥɟ ɢɡ-

ɛɵɬɨɱɧɵɯ ɞɚɜɥɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ    . 

ɇɟɞɨɫɬɚɬɨɤ ɚɛɫɨɥɸɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɧɚɡɵɜɚɸɬ ɜɚɤɭɭɦ-

ɦɟɬɪɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ  ሺ             ሻ . ȼɚɤɭɭɦɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 

ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɢɡɛɵɬɨɱɧɨɟ (ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɟ) ɞɚɜɥɟ-

ɧɢɟμ           . Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɚɤɭɭɦɦɟɬɪɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ɧɟ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ ɩɨ ɜɟɥɢɱɢɧɟ ɡɧɚɱɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ. 

 

Ɋɢɫ. 2.7. ɒɤɚɥɵ ɢɡɦɟɪɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɦɟɧɹɸɬ ɠɢɞɤɨɫɬɧɵɟ ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɢɹ ɩɪɢɛɨɪɵ. 

ɉɪɨɫɬɟɣɲɢɦ ɠɢɞɤɨɫɬɧɵɦ ɩɪɢɛɨɪɨɦ ɹɜɥɹɟɬɫɹ ɩɶɟɡɨɦɟɬɪ, ɢɡɦɟɪɹɸɳɢɣ 

ɞɚɜɥɟɧɢɟ ɜ ɠɢɞɤɨɫɬɢ ɜɵɫɨɬɨɣ ɫɬɨɥɛɚ ɬɨɣ ɠɟ ɠɢɞɤɨɫɬɢ. 

ɉɶɟɡɨɦɟɬɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɟɤɥɹɧɧɭɸ ɬɪɭɛɤɭ ɞɢɚɦɟɬɪɨɦ ɨɤɨɥɨ ηɦɦ, 

ɨɬɤɪɵɬɭɸ ɫ ɨɞɧɨɝɨ ɤɨɧɰɚ ɢ ɜɬɨɪɵɦ ɤɨɧɰɨɦ ɩɪɢɫɨɟɞɢɧɟɧɧɭɸ ɤ ɫɨɫɭɞɭ ɜ ɬɨɱɤɟ 

ɢɡɦɟɪɹɟɦɨɝɨ ɞɚɜɥɟɧɢɹ (ɪɢɫ 2.8, ɚ). 

Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɫɨ ɫɬɨɪɨɧɵ ɩɶɟɡɨɦɟɬɪɚ            , 

ɫɨ ɫɬɨɪɨɧɵ ɫɨɫɭɞɚ          , 

1 

2 
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ɬɚɤ ɱɬɨ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ                    

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɡɛɵɬɨɱɧɨɦɭ ɞɚɜɥɟɧɢɸ. Ж       ˞   ˢ лˢˡ  ˢ U -       ˞й  ˚ ˛е˚ ˞й       е е ˙  л˟- ˞й ሺ   е ˢе         ˟    ле  йሻ      е  ˞ ሺ       ሻ  
  

 

  

Ɋɢɫ. 2.8. ɀɢɞɤɨɫɬɧɵɟ ɦɚɧɨɦɟɬɪɵμ ɩɶɟɡɨɦɟɬɪ (ɚ),     - ɨɛɪɚɡɧɵɣ (ɛ), ɱɚɲɟɱɧɵɣ 

(ɜ) ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ (ɝ) 

 Ɉɛɴɟɞɢɧɹɸɳɟɣ ɨɫɧɨɜɨɣ ɠɢɞɤɨɫɬɧɵɯ ɦɚɧɨɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧ ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɠɢɞɤɨɫɬɢ ɨɬ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ (2.8.). ɇɚɩɪɢɦɟɪ, ɜ 

ɫɥɭɱɚɟ      - ɨɛɪɚɡɧɨɝɨ ɢ ɱɚɲɟɱɧɨɝɨ ɦɚɧɨɦɟɬɪɨɜ      (         ) ,  

ɩɪɢ ɷɬɨɦ ɞɥɹ ɱɚɲɟɱɧɨɝɨ ɦɚɧɨɦɟɬɪɚ ɜɟɥɢɱɢɧɚ        . 

ȼ ɫɥɭɱɚɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɦɚɧɨɦɟɬɪɚ 

̌) 

 

̍) 

   

 ̏) 
   ̐) 
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          (     )    . 

 Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɩɪɢɦɟɧɹ-

ɸɬ ɦɢɤɪɨɦɚɧɨɦɟɬɪɵ ɫ ɧɚɤɥɨɧɧɵɦ ɩɶɟɡɨɦɟɬɪɨɦ (ɪɢɫ.2.λ). Ⱦɚɜɥɟɧɢɟ ɧɚ ɫɜɨɛɨɞ-

ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɱɚɲɤɟ ɦɢɤɪɨɦɚɧɨɦɟɬɪɚ              . 

 Ɇɢɤɪɨɦɚɧɨɦɟɬɪ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɬɚɤ ɤɚɤ ɨɧ 

ɩɨɡɜɨɥɹɟɬ ɜɦɟɫɬɨ ɦɚɥɨɣ ɜɵɫɨɬɵ   ɨɬɫɱɢɬɵɜɚɬɶ ɞɥɢɧɭ ℓ ɬɟɦ ɛɨɥɶɲɭɸ, ɱɟɦ 

ɦɟɧɶɲɟ ɭɝɨɥ  . 

 

 

Ɋɢɫ.2.λ. ɋɯɟɦɚ ɦɢɤɪɨɦɚɧɨɦɟɬɪɚ ɫ ɧɚɤɥɨɧɧɵɦ ɩɶɟɡɨɦɟɬɪɨɦ 

 

 Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɜɚɤɭɭɦɚ ɫɥɭɠɚɬ ɠɢɞɤɨɫɬɧɵɟ ɜɚɤɭɭɦɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɩɪɢɧ-

ɰɢɩɢɚɥɶɧɨ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ    - ɨɛɪɚɡɧɵɯ ɦɚɧɨɦɟɬɪɨɜ. 

 Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɛɨɥɶɲɢɯ ɞɚɜɥɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɭɠɢɧɧɵɟ 

ɢ ɦɟɦɛɪɚɧɧɵɟ ɦɚɧɨɦɟɬɪɵ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢɛɨɪɵ. 

 ɉɨɥɨɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɠɢɞɤɨɫɬɢ ɡɚɞɚɸɬ 

ɫ ɩɨɦɨɳɶɸ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɩɨɦɨɳɶɸ ɢɯ ɝɟɨ-

ɦɟɬɪɢɱɟɫɤɢɯ ɜɵɫɨɬ    ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɟɣ ɫɪɚɜɧɟɧɢɹ    . 

 ȼ ɤɚɱɟɫɬɜɟ ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɜɵɛɢɪɚɸɬ ɥɸɛɭɸ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 

ɩɥɨɫɤɨɫɬɶ, ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɠɢɞɤɨɫɬɢ ɫɱɢɬɚɸɬ 

ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ ɨɬ ɬɨɱɤɢ ɞɨ ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ. ȿɫɥɢ ɬɨɱɤɚ ɪɚɫɩɨ-

ɥɚɝɚɟɬɫɹ ɜɵɲɟ ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ, ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɜɵɫɨɬɭ ɫɱɢɬɚɸɬ ɩɨɥɨɠɢ-

ɬɟɥɶɧɨɣ  ሺ   ሻ, ɧɢɠɟ – ɨɬɪɢɰɚɬɟɥɶɧɨɣ  ሺ   ሻ, ɟɫɥɢ ɬɨɱɤɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ 

ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ      . 

 ɋɭɦɦɭ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɢ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬ ɥɸɛɨɣ ɬɨɱɤɢ ɠɢɞɤɨɫɬɢ 

ɧɚɡɵɜɚɸɬ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɦ ɧɚɩɨɪɨɦ 
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                 .          (2.20) 

 ɋɯɟɦɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 2.10, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɥɸɛɵɯ ɬɨɱɤɚɯ ɩɨ-

ɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɨɞɢɧɚɤɨɜɵɣ, ɬ.ɟ.                 .      (2.21) 

ɋɨɨɬɧɨɲɟɧɢɟ (2.21) ɧɚɡɵɜɚɸɬ ɨɫɧɨɜɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɝɢɞɪɨɫɬɚɬɢɤɢ (ɢɧɨɝɞɚ ɬɚɤ 

ɧɚɡɵɜɚɸɬ ɢ ɭɪɚɜɧɟɧɢɟ 2.8). 

 

 

Ɋɢɫ.2.10. Ʉ ɨɛɨɫɧɨɜɚɧɢɸ ɨɫɧɨɜɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɤɢ 

 

 ɍɦɧɨɠɢɜ ɫɨɨɬɧɨɲɟɧɢɟ (2.21) ɧɚ ɜɟɫ   , ɩɨɥɭɱɚɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɫɨ-

ɫɬɚɜɥɹɸɳɭɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɤɨɹɳɢɟɫɹ ɠɢɞɤɨɫɬɢ     , ɜɤɥɸɱɚɸ-

ɳɭɸ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɷɧɟɪɝɢɢ ɩɨɥɨɠɟɧɢɹ     ɢ ɞɚɜɥɟɧɢɹ        . 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɥɢɱɢɧɵ ɜ ɨɫɧɨɜɧɨɦ ɭɪɚɜɧɟɧɢɢ ɝɢɞɪɨɫɬɚɬɢɤɢ (2.21) ɹɜ-

ɥɹɸɬɫɹ ɭɞɟɥɶɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɫɭ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɷɧɟɪɝɢɹɦɢ ɩɨɥɨɠɟ-

ɧɢɹ ሺ ሻ, ɞɚɜɥɟɧɢɹ ሺ  ሻ ɢ ɧɚɩɨɪɚ ሺ  ሻ, ɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɥɢɧɢɹ ɉɉ (ɪɢɫ.2.10) 

ɹɜɥɹɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɥɢɧɢɟɣ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɯɟɦɚ ɧɚ ɪɢɫ.2.10 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɫɨɨɛɳɚɸɳɢɯɫɹ ɫɨɫɭɞɚɯ 

ɭɪɨɜɧɢ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɹɜɥɹɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɨɧɢ ɠɟ ɡɚɜɢɫɹɬ ɨɬ ɮɨɪ-

ɦɵ ɫɨɫɭɞɨɜ. 
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2.7. Ⱦɚɜɥɟɧɢɟ ɩɨɤɨɹщɟɣɫɹ ɠɢɞɤɨɫɬɢ ɧɚ ɨɝɪɚɧɢɱɢɜɚɸщɢɟ ɩɨɜɟɪɯɧɨ-

ɫɬɢ 

 ɉɪɢ ɪɟɲɟɧɢɢ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɢ 

ɚɧɚɥɢɡɚ ɷɩɸɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨ ɫɦɨɱɟɧɧɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ ɢ ɬ.ɩ. 

 ɍɱɢɬɵɜɚɹ ɫɜɨɣɫɬɜɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɮɚɤɬɢɱɟɫɤɢ ɫɬɪɨɹɬ ɢ 

ɚɧɚɥɢɡɢɪɭɸɬ ɷɩɸɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭ-

ɸɳɢɯ ɧɚ ɩɥɨɳɚɞɤɢ ɟɞɢɧɢɱɧɨɣ ɩɥɨɳɚɞɢ ɫɦɨɱɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɩɪɢ ɷɬɨɦ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɟ      ɧɚɩɪɚɜɥɹɸɬ ɩɨ ɧɨɪɦɚɥɹɦ ɤ ɩɥɨ-

ɳɚɞɤɟ ɞɟɣɫɬɜɢɹ. 

 Ʌɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨ 

ɝɥɭɛɢɧɟ  ɠɢɞɤɨɫɬɢ (2.8) ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ 

ɷɩɸɪɨɣ ɚɛɫɨɥɸɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢɥɢ ɬɪɟɭɝɨɥɶɧɨɣ ɷɩɸɪɨɣ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 

(ɪɢɫ.2.11). 

 

 

Ɋɢɫ. 2.11. ɗɩɸɪɵ ɚɛɫɨɥɸɬɧɨɝɨ (ɚ) ɢ ɢɡɛɵɬɨɱɧɨɝɨ (ɛ) ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɬɢɤɚɥɶɧɵɟ 

ɫɬɟɧɤɢ 

 ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɫɬɟɧɤɭ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɬɚɤɠɟ ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ (ɪɢɫ.2.12). 

 

Paɬ 

��
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Ɋɢɫ.2.12. ɗɩɸɪɚ ɢɡɛɵɬɨɱɧɨɝɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɫɬɟɧɤɭ ɫɥɨɠɧɨɣ 

ɤɨɧɮɢɝɭɪɚɰɢɢ 

 ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɷɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɟɣ ɪɟɤɨɦɟɧɞɚɰɢɟɣμ ɤɪɢɜɨɥɢɧɟɣ-

ɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ AD (ɪɢɫ.2.13) ɞɟɥɹɬ ɧɚ ɭɱɚɫɬɤɢ, (ɧɚ ɪɢɫɭɧɤɟ ɜɵɛɪɚɧɵ ɬɪɢ 

ɭɱɚɫɬɤɚ – AB,AC,AD)ν ɞɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ (A,B,C,D) ɩɨɞɫɱɢɬɵɜɚɸɬ ɜɟɥɢɱɢɧɭ 

ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɜ ɦɚɫɲɬɚɛɟ ɩɨɫɬɪɨɟɧɢɹ ɷɩɸɪɵ ɨɬɤɥɚɞɵɜɚɸɬ ɨɬ-

ɪɟɡɤɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɤ ɤɚɫɚɬɟɥɶɧɵɦ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɤɚɠɞɨɣ 

ɬɨɱɤɟν ɩɨ ɨɬɪɟɡɤɚɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɞɚɜɥɟɧɢɹɦ ɜ ɬɨɱɤɚɯ     , ɩɪɨɜɨɞɹɬ ɥɢ-

ɧɢɸ MN, ɤɨɬɨɪɚɹ ɢ ɹɜɥɹɟɬɫɹ ɷɩɸɪɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ :      ሺ   ሻ                           . 

 

Ɋɢɫ. 2.13. ɗɩɸɪɚ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 

 ɉɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɨɤɨɹɳɢɣɫɹ ɠɢɞɤɨ-

ɫɬɢ ɢ ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɟɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɤɚɡɵɜɚɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɡɚɦɟɧɚ 

D

0 
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ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ (ɷɩɸɪɵ ɞɚɜɥɟɧɢɹ) ɧɚ ɫɨɫɪɟɞɨɬɨɱɟɧɧɭɸ 

ɧɚɝɪɭɡɤɭ – ɫɢɥɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɞɚɜɥɟɧɢɹ F ɧɚ ɫɦɨɱɟɧɧɭɸ ɩɥɨɫɤɨɫɬɶ ɥɸɛɨɣ ɮɨɪɦɵ 

ɢ ɩɥɨɳɚɞɶɸ S ɜɵɛɢɪɚɸɬ ɫɢɫɬɟɦɭ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-

ɡɨɦ (ɪɢɫ.2.14)μ ɨɫɶ oy ɧɚɩɪɚɜɥɹɸɬ ɩɨ ɫɥɟɞɭ ɮɢɝɭɪɵ Ⱥȼ, ɬɨɱɤɭ ɩɟɪɟɫɟɱɟɧɢɹ ɷɬɨɣ 

ɨɫɢ ɩɨɞ ɭɝɥɨɦ α ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɢɧɢɦɚɸɬ ɡɚ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ. 

Ɉɫɶ ɨɯ ɧɚɩɪɚɜɥɹɸɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɱɟɪɬɟɠɚ ɢ ɩɨɜɨɪɚɱɢɜɚɸɬ ɩɥɨɫ-

ɤɨɫɬɶ xoy ɧɚ λ0º
 ɞɥɹ ɫɨɜɦɟɳɟɧɢɹ ɫ ɩɥɨɫɤɨɫɬɶɸ ɱɟɪɬɟɠɚ, ɱɬɨ ɞɚɟɬ ɜɢɞ ɮɢɝɭɪɵ 

Ⱥȼ ɜ ɩɥɚɧɟ 

ɋɦɨɱɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɮɢɝɭɪɵ ɩɥɨɳɚɞɶɸ S ɪɚɡɛɢɜɚɸɬ ɧɚ ɷɥɟɦɟɧɬɚɪ-

ɧɵɟ ɩɥɨɳɚɞɤɢ dS, ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɝɥɚɫɧɨ ɨɫɧɨɜ-

ɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɝɢɞɪɨɫɬɚɬɢɤɢ              . 

ɋɢɥɚ ɞɚɜɥɟɧɢɹ ɧɚ ɷɥɟɦɟɧɬɚɪɧɭɸ ɩɥɨɳɚɞɤɭ    ሺ       ሻ  . 

ɋɭɦɦɢɪɭɹ ɩɚɪɚɥɥɟɥɶɧɨ ɞɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ dF, ɩɨɥɭɱɚɸɬ 

     ሺ       ሻ              . 

ɂɡɜɟɫɬɧɨ, ɱɬɨ SyydS c

s

  ɹɜɥɹɟɬɫɹ ɫɬɚɬɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ ɨɬɧɨɫɢɬɟɥɶ-

ɧɨ ɨɫɢ ox ɫɦɨɱɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ.2.14. Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɫɢɥɵ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɫɦɨɱɟɧɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɣ ɮɢɝɭɪɵ 

Ɍɨɝɞɚ ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɩɥɨɫɤɭɸ ɮɢɝɭɪɭ 
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   ሺ        ሻ           ,     (2.22) 

ɬ.ɟ. ɫɢɥɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɫɦɨɱɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɣ ɮɢ-

ɝɭɪɵ ɨɩɪɟɞɟɥɹɸɬ ɭɦɧɨɠɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜ ɰɟɧɬɪɟ ɬɹɠɟɫɬɢ ɮɢɝɭɪɵ ɢ ɟɟ ɩɥɨɳɚ-

ɞɢ. 

 Ʉɨɨɪɞɢɧɚɬɭ    ɰɟɧɬɪɚ ɞɚɜɥɟɧɢɹ (ɬɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ ɞɚɜɥɟɧɢɹ F ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɫɤɨɣ ɮɢɝɭɪɵ) ɩɨɥɭɱɚɸɬ ɢɡ ɪɚɜɟɧɫɬɜɚ ɦɨɦɟɧɬɚ ɫɢɥɵ ɞɚɜɥɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ox ɢ ɫɭɦɦɵ ɦɨɦɟɧɬɨɜ ɫɢɥ ɞɚɜɥɟɧɢɹ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɥɨ-

ɳɚɞɤɚɯ ds, ɬ. ɟ ሺ        ሻ      ሺ       ሻ    .    (2.23) 

 ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɪɚɜɨɣ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢɹ (2.23) ɫ ɭɱɟɬɨɦ ɝɥɚɜɧɨɝɨ 

ɦɚɦɨɧɬɚ ɢɧɟɪɰɢɢ 0  ɩɥɨɫɤɨɣ ɮɢɝɭɪɵ ɩɨɥɭɱɚɸɬ ɮɨɪɦɭɥɭ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɨɨɪ-

ɞɢɧɚɬɵ ɰɟɧɬɪɚ ɞɚɜɥɟɧɢɹ                     (2.24) 

ɢɥɢ ɞɥɹ ɫɥɭɱɚɹ ɜɟɪɬɢɤɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɮɢɝɭɪɵ             .        (2.25) 

ɇɚ ɪɢɫ.2.1η ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɡɨɪ ɮɨɪɦɭɥ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɫɢɥɵ ɢɡɛɵɬɨɱɧɨɝɨ ɝɢɞ-

ɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɰɟɧɬɪɚ ɞɚɜɥɟɧɢɹ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɢɧ-

ɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɩɥɨɫɤɢɯ ɮɢɝɭɪ ɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ. 

Ɏɨɪɦɭɥɚ (2.22) ɩɨɤɚɡɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɩɨɤɨɹɳɟɣɫɹ 

ɠɢɞɤɨɫɬɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ ɨɬ  ɩɥɨɬɧɨɫɬɢ   ɠɢɞɤɨɫɬɢ ɢ ɟɟ ɭɪɨɜɧɹ 

H ɧɚɞ ɩɥɨɳɚɞɤɨɣ S, ɜɨɫɩɪɢɧɢɦɚɸɳɢɟ ɞɚɜɥɟɧɢɟ. 

ɇɚɩɪɢɦɟɪ, ɫɢɥɵ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɚɜɧɨɜɟɥɢɤɢɟ 

ɞɧɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ.2.16 ɪɟɡɟɪɜɭɚɪɨɜ, ɡɚɩɨɥɧɟɧɧɵɯ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 

ɠɢɞɤɨɫɬɶɸ         

ɹɜɥɹɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ. Ɉɧɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɮɨɪɦɵ ɪɟɡɟɪɜɭɚɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɪɚɡɥɢɱɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɫɬɢ.  
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ɇɨɦɟɪ 
ɮɢɝɭɪɵ 

ɋɢɥɚ ɞɚɜɥɟɧɢɹ         
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Ɋɢɫ 2.1η. Ɉɛɡɨɪ ɮɨɪɦɭɥ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɢ ɟɟ ɰɟɧɬɪɚ 
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Ɋɚɧɧɟɟ ɫɱɢɬɚɥɨɫɶ ɩɚɪɚɞɨɤɫɚɥɶɧɵɦ ɪɚɜɟɧɫɬɜɨ ɫɢɥ ɞɚɜɥɟɧɢɹ ɧɚ ɞɧɢɳɚ ɪɟ-

ɡɟɪɜɭɚɪɨɜ, ɢɦɟɸɳɢɯ ɪɚɡɧɭɸ ɮɨɪɦɭ. 

Ɋɢɫ. 2.1θ. Ʉ ɨɛɴɹɫɧɟɧɢɸ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɚɪɚɞɨɤɫɚ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ ɨɛɴɟɦɧɭɸ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ) ɡɚɞɚɱɭ ɡɚɦɟ-

ɧɹɸɬ ɬɪɟɦɹ ɩɥɨɫɤɢɦɢ ɡɚɞɚɱɚɦɢμ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɨɟɰɢɪɭɸɬ ɧɚ 

ɬɪɢ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɤɨɨɪɞɢɧɚɬɧɵɟ ɩɥɨɫɤɨɫɬɢ (ɤɨɨɪɞɢɧɚɬɧɵɟ ɨɫɢ ox 

ɢ oy ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɨɫɶ oz ɧɚɩɪɚɜɥɹɸɬ ɜɧɢɡ) 

(ɪɢɫ.2.17), ɨɩɪɟɞɟɥɹɸɬ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚ ɩɥɨɫɤɢɟ ɮɢɝɭɪɵ, ɹɜɥɹɸɳɢɟɫɹ ɩɪɨɟɤ-

ɰɢɹɦɢ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɟ ɩɥɨɫɤɨɫɬɢ, ɢ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢ ɫɭɦɦɢɪɭɸɬ ɩɪɨɟɤɰɢɢ Fx, Fy, Fz  ɩɨɥɧɨɣ ɫɢɥɵ ɞɚɜɥɟɧɢɹ F, ɬɚɤ ɱɬɨ 

2 2 2

x y z
F F F F    ;     (2.26)    ሺ        ሻ    ;    ሺ        ሻ    ;    ሺ       ሻ    , (2.27) 

ɝɞɟ     ,     ,      - ɩɥɨɳɚɞɢ ɩɪɨɟɤɰɢɣ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ  

      ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɨɪɞɢɧɚɬɧɵɟ ɩɥɨɫɤɨɫɬɢ (ɪɢɫ.2.17);           ,     - ɝɥɭɛɢɧɵ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɟɤɰɢɣ  

             ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢν 

          - ɝɥɭɛɢɧɚ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

 ȼɟɪɬɢɤɚɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ    ɩɨɥɧɨɣ ɫɢɥɵ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɜɟɫ ɠɢɞɤɨɫɬɢ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɨɛɴɟɦɟ     ɬɟɥɚ ɞɚɜ-

ɥɟɧɢɹ. 

H 

F F F 
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 Ɉɛɴɟɦ ɬɟɥɚ ɞɚɜɥɟɧɢɹ – ɷɬɨ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ (ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɢɥɢ ɮɢɤ-

ɬɢɜɧɵɣ), ɨɝɪɚɧɢɱɟɧɧɵɣ ɫɧɢɡɭ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɥɨɳɚɞɶɸ S, ɫɜɟɪ-

ɯɭ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ ɢ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɜɟɪɬɢɤɚɥɶɧɚɹ 

ɨɛɪɚɡɭɸɳɚɹ ɤɨɬɨɪɨɣ ɩɪɨɯɨɞɢɬ ɩɨ ɤɨɧɬɨɪɭ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

 ɇɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɫɢɥɵ F ɨɩɪɟɞɟɥɹɸɬ ɤɨɫɢɧɭɫɚɦɢ ɭɝɥɨɜ     ɢ  , ɨɛ-

ɪɚɡɭɟɦɵɯ ɜɟɤɬɨɪɨɦ ɫɢɥɵ F c ɨɫɹɦɢ ɤɨɨɪɞɢɧɚɬμ         ;         ;         .     (2.28) 

 

Ɋɢɫ.2.17. Ʉ ɨɛɨɫɧɨɜɚɧɢɸ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɤɪɢɜɨ-

ɥɢɧɟɣɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 

 ɇɚ ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɩɨɝɪɭɠɟɧɧɨɟ ɜ ɠɢɞɤɨɫɬɶ ɬɟɥɨ ɞɟɣɫɬɜɭɟɬ ɜɵ-

ɬɚɥɤɢɜɚɸɳɚɹ ɫɢɥɚ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɚɤ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸ-

ɳɭɸ ɩɨɥɧɨɣ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. 

 ȿɫɥɢ ɬɟɥɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ ɩɨɥɧɨɫɬɶɸ ɩɨɝɪɭɠɟɧɨ ɜ ɠɢɞɤɨɫɬɶ, ɬɨ 

ɩɪɨɟɤɰɢɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɣ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ ɛɭɞɟɬ 

ɪɚɜɧɚ ɧɭɥɸ, ɩɪɨɟɤɰɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɣ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɩɥɨɫ-

ɤɨɫɬɶ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɫɢɥ ɞɚɜɥɟɧɢɹ     ɢ     (ɪɢɫ.2.18). 

ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (2.27)             ;       (2.29)             ,       (2.30) 

ɝɞɟ  S – ɩɥɨɳɚɞɶ ɩɪɨɟɤɰɢɢ ɬɟɥɚ ɧɚ ɫɜɨɛɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢν 

    - ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɜ ɝɪɚɧɢɰɚɯ 1-2-3-4-5-1 (ɫɦ.ɪɢɫ.2.18)ν 
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    – ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɜ ɝɪɚɧɢɰɚɯ 1-2-3-6-5-1. 

Ɋɚɡɧɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ     ɢ     ɨɩɪɟɞɟɥɹɟɬ ɜɵɬɚɥɤɢɜɚɸɳɭɸ ɫɢɥɭ    ሺ        ሻ  ሺ        ሻ    ሺ     ሻ     ,  (2.31) 

ɝɞɟ W – ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ, ɜɵɬɟɫɧɟɧɧɨɣ ɬɟɥɨɦ ɢɥɢ ɟɝɨ ɱɚɫɬɶɸ. 

Ɏɨɪɦɭɥɚ (2.31) ɜɵɪɚɠɚɟɬ ɡɚɤɨɧ Ⱥɪɯɢɦɟɞɚ: ɧɚ ɩɨɝɪɭɠɟɧɧɨɟ ɜ ɠɢɞɤɨɫɬɶ 

ɬɟɥɨ ɞɟɣɫɬɜɭɟɬ ɧɚɩɪɚɜɥɟɧɧɚɹ ɜɜɟɪɯ ɜɵɬɚɥɤɢɜɚɸɳɚɹ ɫɢɥɚ, ɪɚɜɧɚɹ ɜɟɫɭ 

ɠɢɞɤɨɫɬɢ, ɜɵɬɟɫɧɟɧɧɨɣ ɬɟɥɨɦ. 

 ȼɵɬɚɥɤɢɜɚɸɳɚɹ (ɚɪɯɢɦɟɞɨɜɚ) ɫɢɥɚ ɩɪɢɥɨɠɟɧɚ ɤ ɫɦɨɱɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɥɢɧɢɟɣ, ɩɪɨɯɨɞɹɳɟɣ ɱɟ-

ɪɟɡ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɠɢɞɤɨɫɬɢ, ɜ ɨɛɴɟɦɟ ɩɨɝɪɭɠɟɧɧɨɣ ɱɚɫɬɢ ɬɟɥɚ. ɗɬɭ ɬɨɱɤɭ (ɬ.0) 

ɧɚɡɵɜɚɸɬ ɰɟɧɬɪɨɦ ɜɨɞɨɢɡɦɟɳɟɧɢɹ . 

 Ƚɥɭɛɢɧɚ ɩɨɝɪɭɠɟɧɢɹ ɬɟɥɚ ɜ ɠɢɞɤɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɜɟ-

ɫɨɦ ɬɟɥɚ G ɢ ɜɵɬɚɥɤɢɜɚɸɳɟɣ ɫɢɥɨɣ A: 

-     – ɬɟɥɨ ɩɥɚɜɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɛɭɞɭɱɢ ɱɚɫɬɢɱɧɨ ɩɨɝɪɭɠɟɧ-

ɧɵɦ ɜ ɠɢɞɤɨɫɬɶν     – ɬɟɥɚ ɩɥɚɜɚɟɬ ɜ ɠɢɞɤɨɫɬɢ, ɛɭɞɭɱɢ ɩɨɥɧɨɫɬɶɸ ɩɨɝɪɭɠɟɧɧɵɦ ɜ ɠɢɞɤɨɫɬɶν     – ɬɟɥɨ ɬɟɪɹɟɬ ɩɥɚɜɭɱɟɫɬɶ. 

 

Ɋɢɫ 2.18. Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɢɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɨɝɪɭɠɟɧɧɨɟ 

ɜ ɠɢɞɤɨɫɬɶ ɬɟɥɨ 

ɍɤɚɡɚɧɧɵɟ ɭɫɥɨɜɢɹ ɩɥɚɜɚɧɢɹ ɬɟɥɚ ɜ ɠɢɞɤɨɫɬɢ ɫɩɪɚɜɟɞɥɢɜɵ ɢ ɞɥɹ ɜɨɡɞɭ-

ɯɨɩɥɚɜɚɧɢɹ. 

 ȼ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɚɤɬɢɤɟ ɡɚɤɨɧ Ⱥɪɯɢɦɟɞɚ ɩɪɢɦɟɧɹɸɬ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 

ɪɚɫɱɟɬɟ ɩɨɞɡɟɦɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ ɧɚ ɜɫɩɥɵɬɢɟ ɜ ɨɛɜɨɞɧɟɧɧɵɯ ɝɪɭɧɬɚɯ. ɇɚ 
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ɪɢɫ.2.1λ ɩɨɤɚɡɚɧ ɪɟɡɟɪɜɭɚɪ, ɱɚɫɬɢɱɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɢɠɟ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ 

ɜɨɞ (ɍȽȼ). Ɋɟɡɟɪɜɭɚɪ ɜɵɬɟɫɧɹɟɬ ɨɛɴɟɦ ɜɨɞɵ, ɪɚɜɧɵɣ ɨɛɴɟɦɭ ɩɨɝɪɭɠɟɧɧɨɣ ɧɢɠɟ 

ɍȽȼ ɱɚɫɬɢ ɪɟɡɟɪɜɭɚɪɚ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɚɪɯɢɦɟɞɨɜɨɣ ɫɢɥɵ. ȿɫɥɢ ɚɪɯɢ-

ɦɟɞɨɜɚ ɫɢɥɚ A ɩɪɟɜɵɫɢɬ ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɪɟɡɟɪɜɭɚɪɚ G, ɪɟɡɟɪɜɭɚɪ ɦɨɠɟɬ 

ɜɫɩɥɵɬɶ. 

 

Ɋɢɫ. 2.1λ. Ʉ ɨɛɨɫɧɨɜɚɧɢɸ ɚɪɯɢɦɟɞɨɜɨɣ ɫɢɥɵ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɪɟɡɟɪɜɭɚɪɚ ɜ  

  ɨɛɜɨɞɧɟɧɧɨɦ ɝɪɭɧɬɟ 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. Ʉɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɥɚɞɚɟɬ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ? 

2. ɑɬɨ ɬɚɤɨɟ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ? əɜɥɹɟɬɫɹ ɨɧɨ ɜɟɤɬɨɪɨɦ ɢɥɢ ɫɤɚɥɹɪɧɨɣ 
ɜɟɥɢɱɢɧɨɣ? 

3. Ʉɚɤɨɜɵ ɪɚɡɦɟɪɧɨɫɬɢ ɞɚɜɥɟɧɢɹ? 

4. ɑɟɦɭ ɪɚɜɧɨ ɢɡɛɵɬɨɱɧɨɟ ɢ ɜɚɤɭɭɦɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞ-
ɤɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɚɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ           ? 

5. ɑɬɨ ɬɚɤɨɟ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ, ɜɚɤɭɭɦɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɵ? 

6. Ɂɚɩɢɲɢɬɟ ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨɫɬɚɬɢɤɢ. 
7. Ʉɚɤɨɟ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɛɨɥɟɟ ɨɛɳɢɣ ɯɚɪɚɤɬɟɪ: 

ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨɫɬɚɬɢɤɢ ɢɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 
ɠɢɞɤɨɫɬɢ Ʌ.Эɣɥɟɪɚ? 

8. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ. 
9. Ɉɛɴɹɫɧɢɬɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɦɵɫɥ ɨɫɧɨɜɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɤɢ. 
10.  ɇɚɡɨɜɢɬɟ ɢɡɜɟɫɬɧɵɟ ɜɚɦ ɠɢɞɤɨɫɬɧɵɟ ɦɚɧɨɦɟɬɪɵ. 

11.  ɋɮɨɪɦɭɥɢɪɭɣɬɟ ɡɚɤɨɧ Ȼ.ɉɚɫɤɚɥɹ. 
12.  ɉɪɢɜɟɞɢɬɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɡɚɤɨɧɚ Ⱥɪɯɢɦɟɞɚ. 
13.  ɉɪɨɢɡɜɟɞɟɧɢɟɦ ɤɚɤɢɯ ɜɟɥɢɱɢɧ ɨɩɪɟɞɟɥɹɸɬ ɫɢɥɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ 

ɫɦɨɱɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɣ ɮɢɝɭɪɵ? 

14.  Ʉɚɤ ɨɩɪɟɞɟɥɹɸɬ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ? 

15.  Ɂɚɩɢɲɢɬɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɣ ɫɪɟɞɵ. 
16.  ɉɚɪɚɦɟɬɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɭ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɩɨ-

ɤɨɟ? 

3. ȽɂȾɊɈȾɂɇȺɆɂɄȺ 

3.1 Ɇɟɬɨɞɵ ɝɢɞɪɨɞɢɧɚɦɢɤɢ 

Ƚɢɞɪɨɞɢɧɚɦɢɤɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɨɛɳɢɟ ɡɚɤɨɧɵ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɫ ɰɟ-

ɥɶɸ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɹɜɥɹ-
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ɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ ɜ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ, ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɟ ɩɨɬɨɤɚ ɫ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. 

ȼ ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ 

Ʌɚɝɪɚɧɠɚ ɢ ɦɟɬɨɞ ɗɣɥɟɪɚ. 

ȼ ɦɟɬɨɞɟ Ʌɚɝɪɚɧɠɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɧɟɤɨɬɨɪɭɸ ɨɛɥɚɫɬɶ, ɡɚɧɹɬɭɸ ɩɨɬɨɤɨɦ 

ɠɢɞɤɨɫɬɢ. ɉɨɥɨɠɟɧɢɟ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ, ɞɜɢɠɭɳɢɯɫɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɬɪɚɟɤ-

ɬɨɪɢɹɦ, ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɚɜɢɫɢɦɨɫɬɹɦɢ  

{    ሺ          ሻ      ሺ          ሻ      ሺ          ሻ                                                         (3.1) 

ɝɞɟ          – ɧɚɱɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɦɚɬɟɪɢɚɥɶɧɵɯ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ. 

ɉɨɥɶɡɭɹɫɶ ɡɚɜɢɫɢɦɨɫɬɹɦɢ (3.1), ɨɩɪɟɞɟɥɹɸɬ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ 

ɠɢɞɤɨɫɬɢ ɢ ɨɩɪɟɞɟɥɹɸɬ ɫɤɨɪɨɫɬɢ ɢɯ ɞɜɢɠɟɧɢɹ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɜɵɞɟɥɟɧɧɨɣ ɨɛ-

ɥɚɫɬɢ                 ;           .                                                (3.2) 

Ɉ ɩɨɬɨɤɟ ɠɢɞɤɨɫɬɢ ɜ ɰɟɥɨɦ ɫɭɞɹɬ ɩɨ ɫɨɜɨɤɭɩɧɨɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ ɬɪɚɟɤ-

ɬɨɪɢɣ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ. 

Ɇɟɬɨɞ Ʌɚɝɪɚɧɠɚ ɜɜɢɞɭ ɟɝɨ ɫɥɨɠɧɨɫɬɢ ɧɟ ɧɚɲɟɥ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ 

ɬɟɯɧɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɟ ɠɢɞɤɨɫɬɟɣ. 

ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɭ ɗɣɥɟɪɚ ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɞɜɢɠɟɧɢɢ ɱɟ-

ɪɟɡ ɧɟɩɨɞɜɢɠɧɭɸ ɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɬɨɱɤɚɯ ɷɬɨɣ ɨɛɥɚɫɬɢ 

ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ   :       ሺ  );         ሺ  );        ሺ  ) ɢ ɬ.ɞ.                               (3.3) 

Ⱦɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ    ɩɨɬɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜɟɤɬɨɪɧɵɦ ɩɨɥɟɦ ɫɤɨɪɨɫɬɟɣ, 

ɩɪɢɱɟɦ ɤɚɠɞɵɣ ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ.  

ȼ ɫɥɟɞɭɸɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ ɬɟɯ ɠɟ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɬɨɱɤɚɯ ɫɤɨɪɨɫɬɢ       ሺ  );          ሺ  );         ሺ  ) ɢ ɬ.ɞ.                                    (3.4) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɨɥɭɱɚɸɬ ɞɪɭɝɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ. 
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ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɭ ɗɣɥɟɪɚ ɩɨɬɨɤ ɜ ɰɟɥɨɦ ɜ ɤɨɧɤɪɟɬɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɟɤɬɨɪɧɵɦ ɩɨɥɟɦ ɫɤɨɪɨɫɬɟɣ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɧɟɩɨɞɜɢɠɧɨɣ ɨɛɥɚ-

ɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

ɋɨɩɨɫɬɚɜɥɹɹ ɜɟɤɬɨɪɧɵɟ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ   ,   ɢ ɬ.ɞ., 

ɫɭɞɹɬ ɨɛ ɢɡɦɟɧɟɧɢɢ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ. 

 

3.2 ȼɢɞɵ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. ɋɬɪɭɣɧɚɹ ɦɨɞɟɥɶ ɩɨɬɨɤɚ 

Ɋɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢμ 

- ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ – ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɚ (ɧɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɶ ɢ 

ɞɚɜɥɟɧɢɟ) ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ                                                                                (3.5) 

- ɧɟɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ – ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɚ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɪɨ-

ɫɬɪɚɧɫɬɜɚ ɦɟɧɹɸɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ, ɬɚɤ ɱɬɨ     ሺ       ሻ;     ሺ       ሻ;                                                (3.6) 

- ɪɚɜɧɨɦɟɪɧɨɟ ɞɜɢɠɟɧɢɟ – ɪɚɡɦɟɪɵ ɩɨɬɨɤɚ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɧɟ ɦɟɧɹ-

ɸɬɫɹ ɩɨ ɞɥɢɧɟ ɩɨɬɨɤɚ, ɧɚɩɪɢɦɟɪ, ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɬɪɭɛɨ-

ɩɪɨɜɨɞɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹν 

- ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɞɜɢɠɟɧɢɟ – ɪɚɡɦɟɪɵ ɩɨɬɨɤɚ, ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɞɚɜɥɟ-

ɧɢɹ ɦɟɧɹɸɬ ɫɜɨɢ ɡɧɚɱɟɧɢɹ ɩɨ ɞɥɢɧɟ ɩɨɬɨɤɚ, ɧɚɩɪɢɦɟɪ, ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɩɟɪɟɦɟɧɧɨɝɨ ɫɟɱɟɧɢɹ, ɱɟɪɟɡ ɦɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹν 

- ɧɚɩɨɪɧɨɟ ɞɜɢɠɟɧɢɟ – ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɛɟɡ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢν 

- ɛɟɡɧɚɩɨɪɧɨɟ ɞɜɢɠɟɧɢɟ – ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨ-

ɫɬɶɸ (ɩɨɬɨɤ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɢɦ ɧɚɩɨ-

ɪɨɦ). 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜɜɨɞɹɬ ɩɨɧɹɬɢɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, 

ɥɢɧɢɢ ɬɨɤɚ ɢ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ. 

ɀɢɞɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɩɥɨɲɧɨɣ, ɭɩɪɭɝɨɣ ɢ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɨɣ, ɨɛɥɚ-

ɞɚɸɳɟɣ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɍɱɟɬ ɷɬɢɯ ɫɜɨɣɫɬɜ ɭɫɥɨɠɧɹɟɬ ɬɨɱɧɨɟ 

ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɝɢɞɪɨɦɟɯɚɧɢɤɢ. ɉɨɷɬɨɦɭ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɜɨɞɢɬ-
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ɫɹ ɬɚ ɢɥɢ ɢɧɚɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɟɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɦɨ-

ɞɟɥɟɣ ɹɜɥɹɟɬɫɹ ɩɨɧɹɬɢɟ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ. 

ɂɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ – ɷɬɨ ɚɛɫɨɥɸɬɧɨ ɧɟɫɠɢɦɚɟɦɚɹ ɠɢɞɤɨɫɬɶ, ɧɟ ɨɛɥɚ-

ɞɚɸɳɚɹ ɜɹɡɤɨɫɬɶɸ. ɂɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ ɜ ɩɪɢɪɨɞɟ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɹɜɥɹɟɬɫɹ ɚɛ-

ɫɬɪɚɤɬɧɵɦ ɩɨɧɹɬɢɟɦ.  

ɉɨɥɭɱɟɧɧɵɟ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɪɟɲɟɧɢɹ ɤɨɪɪɟɤɬɢɪɭɸɬ ɷɦɩɢɪɢɱɟ-

ɫɤɢɦɢ ɩɨɩɪɚɜɤɚɦɢ, ɩɨɥɭɱɚɟɦɵɦɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɩɵɬɨɜ. 

Ʌɢɧɢɹ ɬɨɤɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɚɛɫɬɪɚɤɬɧɵɦ ɩɨɧɹɬɢɟɦ. ɗɬɚ ɥɢɧɢɹ ɜ ɩɪɟɞɟ-

ɥɚɯ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɢɦɟɟɬ ɫɜɨɢɦɢ ɤɚɫɚɬɟɥɶɧɵɦɢ ɜɟɤɬɨɪɵ ɫɤɨɪɨɫɬɢ ɪɚɫ-

ɫɦɚɬɪɢɜɚɟɦɨɣ ɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ. ɉɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɨɧɚ ɫɨɜɩɚɞɚ-

ɟɬ ɫ ɬɪɚɟɤɬɨɪɢɟɣ ɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ (ɪɢɫ. 3.1.). 
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Ɋɢɫ. 3.1 Ʌɢɧɢɹ ɬɨɤɚ 

ɋɨɜɨɤɭɩɧɨɫɬɶ ɥɢɧɢɣ ɬɨɤɚ, ɩɪɨɜɟɞɟɧɧɵɯ ɱɟɪɟɡ ɜɫɟ ɬɨɱɤɢ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɩɥɨɳɚɞɤɢ dS, ɨɝɪɚɧɢɱɟɧɧɨɣ ɡɚɦɤɧɭɬɵɦ ɤɨɧɬɭɪɨɦ, ɧɚɡɵɜɚɸɬ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɫɬɪɭɣɤɨɣ (ɪɢɫ. 3.2.) 
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 Ɋɢɫ. 3.2. Ʉ ɩɨɧɹɬɢɸ «ɷɥɟɦɟɧɬɚɪɧɚɹ ɫɬɪɭɣɤɚ» 
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ɗɥɟɦɟɧɬɚɪɧɭɸ ɫɬɪɭɣɤɭ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɧɚɞɟɥɹɸɬ ɫɥɟɞɭ-

ɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢμ 

- ɫɬɪɭɣɤɚ ɧɟ ɦɟɧɹɟɬ ɫɜɨɸ ɮɨɪɦɭ ɢ ɨɪɢɟɧɬɚɰɢɸ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ ɟё ɜɧɟɲ-

ɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟɩɪɨɧɢɰɚɟɦɚ ɞɥɹ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢν 

- ɫɤɨɪɨɫɬɢ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɪɭɣɤɢ ɨɞɢɧɚɤɨɜɵɟν 

- ɩɨ ɞɥɢɧɟ ɫɬɪɭɣɤɢ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɥɨɳɚɞɤɢ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ dS ɢ 

ɫɤɨɪɨɫɬɢ u ɜ ɧɢɯ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɷɥɟɦɟɧɬɚɪɧɵɣ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ, ɡɚɤɥɸɱɟɧɧɵɣ ɜ ɫɬɪɭɣɤɟ 

ɦɟɠɞɭ ɟɟ ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɵɦɢ ɤɨɧɬɪɨɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢμ 

dW = dl ∙ ds       (3.7) 

ɉɪɢ ɨɩɢɫɚɧɢɹɯ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɩɪɢɦɟɧɹɸɬ ɫɬɪɭɣɧɭɸ ɦɨɞɟɥɶ: ɩɨɬɨɤ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ (ɩɭɱɨɤ) ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɪɭɟɤ. ɉɪɢ ɷɬɨɦ ɩɨɬɨɤ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɪɹɞɨɦ ɷɥɟɦɟɧɬɨɜ – ɠɢɜɵɦ ɫɟɱɟɧɢɟɦ, ɫɦɨɱɟɧɧɵɦ ɩɟɪɢɦɟɬɪɨɦ, 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɪɚɞɢɭɫɨɦ, ɪɚɫɯɨɞɨɦ ɠɢɞɤɨɫɬɢ. 

ɀɢɜɵɦ ɫɟɱɟɧɢɟɦ ɩɨɬɨɤɚ ɧɚɡɵɜɚɸɬ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɩɪɟɞɟɥɚɯ ɩɨɬɨɤɚ, ɧɨɪ-

ɦɚɥɶɧɭɸ ɜ ɤɚɠɞɨɣ ɫɜɨɟɣ ɬɨɱɤɟ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɥɢɧɢɹɦ ɬɨɤɚ. ȼ ɢɧɠɟɧɟɪɧɵɯ 

ɪɚɫɱёɬɚɯ ɜ ɤɚɱɟɫɬɜɟ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɨɬɨɤɚ. 

ɀɢɜɨɟ ɫɟɱɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɟɝɨ ɩɥɨɳɚɞɶɸ S ɢ ɫɦɨɱɟɧɧɵɦ ɩɟɪɢɦɟɬɪɨɦ. 

ɋɦɨɱɟɧɧɵɦ ɩɟɪɢɦɟɬɪɨɦ ɧɚɡɵɜɚɸɬ ɥɢɧɢɸ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɠɢɞɤɨɫɬɢ 

ɫɨ ɫɬɟɧɤɚɦɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɩɨɬɨɤ ɜ ɠɢɜɨɦ ɫɟɱɟɧɢɢ. Ʌɢɧɢɸ ɫɟɱɟɧɢɹ ɩɨ 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɜɤɥɸɱɚɸɬ ɜ ɫɨɫɬɚɜ ɫɦɨɱɟɧɧɨɝɨ ɩɟɪɢɦɟɬɪɚ. ɋɦɨɱɟɧ-

ɧɵɣ ɩɟɪɢɦɟɬɪ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɟɝɨ ɞɥɢɧɨɣ χ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɩɨɬɨɤɚ ɜ ɠɢɜɨɦ ɫɟɱɟɧɢɢ ɥɸɛɨɣ ɮɨɪɦɵ ɨɰɟɧɢɜɚ-

ɸɬ ɨɬɧɨɲɟɧɢɟɦ ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɤ ɞɥɢɧɟ ɟɝɨ ɫɦɨɱɟɧɧɨɝɨ ɩɟɪɢɦɟɬɪɚμ RГ 
=S/ χ. ɉɪɢɦɟɪɵ ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɞɢɭɫɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ 3.3. 
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                                         ሺ     ሻ   ሺ   ሻ                     ; 

Ɋɢɫ 3.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɞɢɭɫɵ ɩɨɬɨɤɨɜ ɜ ɧɚɩɨɪɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ (ɚ), 

ɤɜɚɞɪɚɬɧɨɣ (ɛ) ɬɪɭɛɚɯ, ɜ ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɦ ɡɚɡɨɪɟ (ɜ), ɜ ɨɬɤɪɵɬɨɦ ɤɚɧɚɥɟ ɩɪɹɦɨ-

ɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (ɝ) 

 

Эɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ ɱɟɬɵɪɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ 

ɪɚɞɢɭɫɚɦμ dЭ = 4 RГ  . 

Ɋɚɫɯɨɞɨɦ ɧɚɡɵɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɩɪɨɬɟɤɚɸɳɟɣ ɱɟɪɟɡ ɠɢɜɨɟ ɫɟ-

ɱɟɧɢɟ ɩɨɬɨɤɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. Ɋɚɡɥɢɱɚɸɬμ  

- ɨɛɴёɦɧɵɣ ɪɚɫɯɨɞ                                                                          (3.8) 

- ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ                                                                   (3.9) 

- ɜɟɫɨɜɨɣ ɪɚɫɯɨɞ                                                            (3.10) 

 

3.3 ɍɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ.  ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 

ɍɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɨɬɪɚɠɚɟɬ ɜɚɠɧɟɣɲɢɣ ɮɢɡɢɱɟɫɤɢɣ ɡɚɤɨɧ ɫɨɯɪɚ-

ɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɧɟɫɥɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɛɚ-

ɥɚɧɫɚ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ, ɭɱɚɫɬɜɭɸɳɟɣ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɜ ɮɢɤɫɢɪɨ-

ɜɚɧɧɨɦ ɨɛɴɟɦɟ ɩɨɬɨɤɚ.  

Ⱦɥɹ ɷɬɨɝɨ ɜ ɩɨɬɨɤɟ ɠɢɞɤɨɫɬɢ ɜɵɞɟɥɹɸɬ ɷɥɟɦɟɧɬɚɪɧɵɣ ɨɛɴёɦ ɜ ɮɨɪɦɟ 

ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫɨ ɫɬɨɪɨɧɚɦɢ dx, dy, dz (ɪɢɫ. 3.4.) ɢ ɪɚɫɫɦɨɬ-

ɪɢɜɚɸɬ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɟɝɨ ɝɪɚɧɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ x, y, z. 
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Ɋɢɫ. 3.4 Ɍɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɨɛɴёɦɟ 

 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɝɪɚɧɶ ɡɚɩɢɫɵɜɚɸɬ 

ɫ ɭɱɟɬɨɦ ɝɪɚɞɢɟɧɬɚ ɫɤɨɪɨɫɬɟɣ ɩɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ. 

ɇɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ      ɱɟɪɟɡ ɩɪɚɜɭɸ ɝɪɚɧɶ ɫ ɭɱɟɬɨɦ 

ɫɤɨɪɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɥɟɜɭɸ ɝɪɚɧɶ    ɢ ɝɪɚɞɢɟɧɬɚ ɫɤɨɪɨɫɬɢ      ⁄                  
Ɇɚɫɫɚ ɠɢɞɤɨɫɬɢ, ɜɬɟɤɚɸɳɟɣ ɱɟɪɟɡ ɥɟɜɭɸ ɝɪɚɧɶ ɡɚ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ dt 

ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ                 
ɚ ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ, ɜɵɬɟɤɚɸɳɟɣ ɱɟɪɟɡ ɩɪɚɜɭɸ ɝɪɚɧɶ ɡɚ ɬɨɬ ɠɟ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟ-

ɦɟɧɢ dt          (          ሻ    
ɂɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ ɜ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɟё ɞɜɢɠɟɧɢɹ 

ɱɟɪɟɡ ɥɟɜɭɸ ɢ ɩɪɚɜɭɸ ɝɪɚɧɢ                             
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ɂɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ ɜ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɟё ɞɜɢɠɟɧɢɹ 

ɱɟɪɟɡ ɩɟɪɟɞɧɸɸ ɢ ɡɚɞɧɸɸ ɝɪɚɧɢ, ɱɟɪɟɡ ɜɟɪɯɧɸɸ ɢ ɧɢɠɧɸɸ ɝɪɚɧɢ ɨɩɪɟɞɟɥɹɸɬ-

ɫɹ ɚɧɚɥɨɝɢɱɧɨμ                                          
Ɍɚɤ ɤɚɤ ɠɢɞɤɨɫɬɶ ɧɟɫɠɢɦɚɟɦɚɹ, ɬɨ ɟɟ ɦɚɫɫɚ ɜ ɨɛɴёɦɟ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɚ-

ɪɚɥɥɟɥɟɩɢɩɟɞɚ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ, ɬɚɤ ɱɬɨ                
Ɋɚɫɤɪɵɜɚɹ ɫɥɚɝɚɟɦɵɟ ɜ ɩɨɫɥɟɞɧɟɦ ɪɚɜɟɧɫɬɜɟ, ɩɨɥɭɱɚɸɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɨɟ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɞɥɹ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ                      л       ⃗                                      (3.11) 

Ⱦɥɹ ɭɱɚɫɬɤɚ dl ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ (ɪɢɫ.3.2.) ɫɩɪɚɜɟɞɥɢɜɵ ɚɧɚɥɨɝɢɱɧɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ. ȿɫɥɢ ɡɚ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ dt ɱɟɪɟɡ ɫɟɱɟɧɢɟ 1-1 ɜ ɨɬɫɟɤ dl ɩɨ-

ɫɬɭɩɚɟɬ ɨɛɴёɦ ɠɢɞɤɨɫɬɢ d   ɢ ɡɚ ɬɨɬ ɠɟ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɱɟɪɟɡ ɫɟɱɟɧɢɟ 2-2 

ɢɡ ɨɬɫɟɤɚ dl ɜɵɬɟɤɚɟɬ ɨɛɴёɦ ɠɢɞɤɨɫɬɢ d  , ɠɢɞɤɨɫɬɶ ɧɟɫɠɢɦɚɟɦɚɹ, ɜɧɟɲɧɹɹ 

ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ ɧɟɩɪɨɧɢɰɚɟɦɚɹ, ɬɨ ɫ ɭɱɟɬɨɦ (3.7.) ɹɜɥɹɟɬɫɹ 

ɨɱɟɜɢɞɧɵɦ ɪɚɜɟɧɫɬɜɨμ 

d          =dl dS .                                         (3.12) 

Ɋɚɡɞɟɥɢɜ ɷɬɨ ɪɚɜɟɧɫɬɜɚ ɧɚ dt, ɩɨɥɭɱɚɸɬ ɪɚɜɟɧɫɬɜɨ ɨɛɴɟɦɧɵɯ ɪɚɫɯɨɞɨɜ  ɜ ɥɸɛɵɯ 

ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɹɯ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ             (dl/dt) dS = udS ,                                            (3.13)                 
ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ                                                           (3.14) 

ɢɡ ɤɨɬɨɪɨɝɨ ɜɢɞɧɨ, ɱɬɨ ɜ ɭɡɤɢɯ ɫɟɱɟɧɢɹɯ ɫɬɪɭɣɤɢ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ 

ɩɪɟɜɵɲɚɸɬ ɫɤɨɪɨɫɬɢ ɜ ɲɢɪɨɤɢɯ ɫɟɱɟɧɢɹɯ, ɬ.ɟ. ɫɤɨɪɨɫɬɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɵ ɩɥɨɳɚɞɹɦ ɠɢɜɵɯ ɫɟɱɟɧɢɣ. 

Ɋɚɫɯɨɞ ɩɨɬɨɤɚ ɩɨɥɭɱɚɸɬ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɪɚɫɯɨɞɨɜ ɜɫɟɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɫɬɪɭɟɤ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɩɨɬɨɤɚ         ሺ ሻ                                                        (3.15) 
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ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɪɚɫɯɨɞ ɩɨɬɨɤɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚ-

ɠɟɧɢɟ u(S) ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜ ɠɢɜɨɦ ɫɟɱɟɧɢɢ ɩɨɬɨɤɚ. ɉɪɢ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɜɜɨɞɹɬ ɩɨɧɹɬɢɟ ɫɪɟɞɧɟɪɚɫɯɨɞɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ - 

ɫɤɨɪɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɮɚɤɬɢɱɟɫɤɢɣ ɪɚɫɯɨɞ ɢ ɹɜɥɹɸɳɟɣɫɹ ɨɞɢɧɚɤɨɜɨɣ ɜɨ 

ɜɫɟɯ ɬɨɱɤɚɯ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɩɨɬɨɤɚ. Ɍɨɝɞɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɜɵɪɚɠɟɧɢɹ (3.1η) ɫ 

ɭɱɟɬɨɦ ɡɚɦɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɧɵɯ u(S) ɫɤɨɪɨɫɬɟɣ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɶɸ   

ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬɫɹ                           (3.16) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɯɨɞ ɩɨ ɞɥɢɧɟ ɩɨɬɨɤɚ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ, 

ɪɚɜɧɨɣ ɩɪɨɢɡɜɟɞɟɧɢɸ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜ ɠɢɜɨɦ ɫɟɱɟɧɢɢ ɢ ɩɥɨɳɚɞɢ ɷɬɨɝɨ ɫɟ-

ɱɟɧɢɹ. ɋɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɩɥɨɳɚɞɹɦ ɫɟɱɟɧɢɣ, ɬ.ɟ. ɜ 

ɭɡɤɨɦ ɫɟɱɟɧɢɢ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɜ ɲɢɪɨɤɨɦ – ɭɦɟɧɶɲɚɟɬɫɹ, ɩɪɢ 

ɷɬɨɦ ɪɚɫɯɨɞ ɩɨɬɨɤɚ ɜ ɫɟɱɟɧɢɹɯ ɧɟ ɢɡɦɟɧɢɬɫɹ. 

 

3.4. Ʉɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ ɢ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɩɨɬɨɤɚ 

Ʉɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ ɢ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɠɢɞɤɨɫɬɢ, ɩɪɨɬɟɤɚɸɳɟɣ 

ɱɟɪɟɡ ɠɢɜɨɟ ɫɟɱɟɧɢɟ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɪɟɦɟɧɧɨɣ ɩɪɨɦɟɠɭɬɨɤ   , ɪɚɫɫɦɚɬɪɢɜɚ-

ɸɬ ɜ ɤɚɱɟɫɬɜɟ ɟɟ ɜɚɠɧɵɯ ɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɤɢ-

ɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɚɪɚɥɥɟɥɶɧɨɫɬɪɭɣɧɨɣ ɦɨɞɟɥɢ ɩɨɬɨɤɚ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨ-

ɫɬɢ ɫɟɤɭɧɞɧɨɟ (ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ) ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɩɪɨɬɟɤɚ-

ɸɳɟɣ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɨɬɨɤɚ ɩɥɨɳɚɞɶɸ S , ɪɚɜɧɨ ɫɭɦɦɟ ɫɟɤɭɧɞɧɵɯ 

ɤɨɥɢɱɟɫɬɜ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɩɪɨɬɟɤɚɸɳɟɣ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧɢɹ    

ɜɫɟɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɪɭɟɤ, ɬ.ɟ.      ሺ ሻ       ሺ ሻ                     (3.17) 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɥɨɤɚɥɶɧɵɯ (ɦɟɫɬɧɵɯ) ɫɤɨɪɨɫɬɟɣ  ሺ ሻ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟ-

ɧɢɢ ɩɨɬɨɤɚ ɡɚɦɟɧɹɸɬ ɫɪɟɞɧɟɪɚɫɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ v ɢ ɜɵɱɢɫɥɹɸɬ ɭɫɥɨɜɧɭɸ ɜɟ-

ɥɢɱɢɧɭ ɫɟɤɭɧɞɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ    л      .                      (3.18) 
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Ⱦɥɹ ɭɪɚɜɧɢɜɚɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɢ ɭɫɥɨɜɧɨɝɨ ɤɨɥɢɱɟɫɬɜ ɞɜɢɠɟɧɢɹ ɜɜɨ-

ɞɹɬ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ       л⁄  ,       (3.19)    ˞  е ˞й ɤɨɷɮɮɢɰɢɟɧɬɨɦ Ȼɭɫɫɢɧɟɫɤɚ (          , ɜɟɥɢɱɢɧɚ ɫɩɪɚɜɨɱ-

ɧɚɹ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,       л       . 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɜɵɱɢɫɥɹɸɬ ɢ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ Э ɠɢɞɤɨɫɬɢ, 

ɩɪɨɬɟɤɚɸɳɟɣ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɨɬɨɤɚ,                     (3.20)       ሺ ሻ ሺ ሻ         ሺ ሻ    ሺ ሻ ;    (3.21)     л        ;        (3.22)       л.         (3.23) 

ȼɜɨɞɢɦɭɸ ɩɨɩɪɚɜɤɭ       л⁄  ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ Ʉɨɪɢɨɥɢɫɚ, ɭɱɢɬɵ-

ɜɚɸɳɢɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɩɨ ɠɢɜɨɦɭ ɫɟ-

ɱɟɧɢɸ ɩɨɬɨɤɚ (       ɜɟɥɢɱɢɧɚ ɫɩɪɚɜɨɱɧɚɹ, ɞɥɹ ɫɥɭɱɚɹ ɫɥɨɢɫɬɨɝɨ ɬɟɱɟɧɢɹ 

ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɢ ɞɨɤɚɡɚɧɨ    ). 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɠɢɞɤɨɫɬɢ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ (3.20) 

ɹɜɥɹɟɬɫɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɟɟ ɦɨɳɧɨɫɬɢ, ɚ ɨɬɧɟɫёɧɧɚɹ ɤ ɜɟɫɭ ɠɢɞɤɨ-

ɫɬɢ-ɭɞɟɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 

          л ሺ   ሻ      ሺ  ሻ.    (3.24) 

 

 

 

 

3.5 ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ 

ɉɨɬɨɤ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɵɯ, ɦɚɫɫɨɜɵɯ ɢ 

ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ. ɋɨɝɥɚɫɧɨ ɩɨɫɬɭɥɚɬɭ Ⱦɚɥɚɦɛɟɪɚ ɨɛɳɢɟ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ 

ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɡ ɭɪɚɜɧɟɧɢɣ ɫɬɚɬɢɤɢ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜ ɧɢɯ ɫɢɥ ɢɧɟɪɰɢɢ. 
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ɉɪɨɟɤɰɢɢ ɟɞɢɧɢɱɧɨɣ (m=1) ɫɢɥɵ ɢɧɟɪɰɢɢ           ⁄            ⁄           ⁄   ɞɨɛɚɜɥɹɸɬ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɵɟ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ (2.η) ɢ ɩɨɥɭɱɚɸɬ ɫɢɫɬɟɦɭ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ (ɭɪɚɜɧɟɧɢɹ Ʌ. 

ɗɣɥɟɪɚ) 

{ሺ   ሻሺ    ሻ⁄         ⁄  ሺ   ሻሺ    ሻ⁄         ⁄  ሺ   ሻሺ    ሻ⁄         ⁄                                                      (3.25) 

 

Ⱦɥɹ ɩɪɢɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ (3.25.) ɤ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɚɦ ɤɚɠɞɨɟ ɟɟ ɭɪɚɜɧɟ-

ɧɢɟ ɭɦɧɨɠɚɸɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ dx, dy, dz ɢ ɪɟɡɭɥɶɬɚɬɵ ɫɭɦɦɢɪɭɸɬ, ɬɚɤ ɱɬɨ 

 

  
  ቀ                    ቁ  ሺ           ሻ                                  

                                                       (3.26) 

ȼɵɪɚɠɟɧɢɟ ɜ ɩɟɪɜɵɯ ɫɤɨɛɤɚɯ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ ɮɭɧɤɰɢɢ 

ɞɚɜɥɟɧɢɹ, ɜɵɪɚɠɟɧɢɟ ɜɨ ɜɬɨɪɵɯ ɫɤɨɛɤɚɯ - ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ    ɫɢɥɨ-

ɜɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ (ɫɦ.2.7), ɜɵɪɚɠɟɧɢɟ ɜ ɬɪɟɬɶɢɯ ɫɤɨɛɤɚɯ ɫ ɭɱɟɬɨɦ 

dx/dt =   , dy/dt =    dz/dt =   ) ɩɪɟɨɛɪɚɡɭɸɬ ɤ ɩɨɥɧɨɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɭ ɫɤɨɪɨ-

ɫɬɢ:                      (           )     ሺ  ሻ  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɟ (3.2η) ɞɜɢɠɟɧɢɹ 

ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɩɨɥɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɚɯ 

     
             ሺ  ሻ    .                                                   (3.27) 

Ɉɬɦɟɬɢɦ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ Ʌ. ɗɣɥɟɪɚ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜɹɡ-

ɤɨɫɬɶ ɢ ɫɠɢɦɚɟɦɨɫɬɶ ɠɢɞɤɨɫɬɢ. 

Ʉɨɝɞɚ ɜ ɭɪɚɜɧɟɧɢɹ Ʌ. ɗɣɥɟɪɚ, ɡɚɩɢɫɚɧɧɵɟ ɜ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɨɪɦɟ (3.2η), 

ɞɨɛɚɜɥɹɸɬ ɫɥɚɝɚɟɦɵɟ, ɭɱɢɬɵɜɚɸɳɢɟ ɫɢɥɵ ɜɹɡɤɨɫɬɧɨɝɨ ɬɪɟɧɢɹ (1.3), ɨɬɧɟɫɟɧ-

ɧɵɟ ɤ ɦɚɫɫɟ, ɩɨɥɭɱɚɸɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɜɹɡɤɨɣ ɠɢɞɤɨ-

ɫɬɢ ɇɚɜɶɟ-ɋɬɨɤɫɚ. 
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Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɹɜɥɹɟɬɫɹ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚ-

ɱɟɣ, ɱɟɦ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ Ʌ. ɗɣɥɟɪɚ. 

ȼ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɭɥɶɫɢɪɭɸɳɢɦɢ 

ɢɡɦɟɧɟɧɢɹɦɢ ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ, ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɭɪɚɜɧɟɧɢɹ Ɉ. Ɋɟɣɧɨɥɶɞɫɚ, 

ɤɨɬɨɪɵɟ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɷɦɩɢɪɢɱɟɫɤɢɯ 

ɫɨɨɬɧɨɲɟɧɢɣ ɧɟ ɪɟɲɟɧɵ. 

ȼ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɦɚɫɫɨɜɵɯ ɫɢɥ ɧɚ ɞɜɢɠɭɳɭɸɫɹ ɠɢɞ-

ɤɨɫɬɶ ɞɟɣɫɬɜɭɟɬ ɥɢɲɶ ɫɢɥɚ ɬɹɠɟɫɬɢ, ɨɧɚ ɢ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɦ ɜɟɤɬɨɪɨɦ 

ɟɞɢɧɢɱɧɵɯ (m=1) ɦɚɫɫɨɜɵɯ ɫɢɥ, ɚ ɫɢɥɨɜɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ       

(ɨɫɶ z ɧɚɩɪɚɜɥɟɧɚ ɜɜɟɪɯ). Ⱦɥɹ ɬɚɤɢɯ ɭɫɥɨɜɢɹ ɭɪɚɜɧɟɧɢɟ (3.27) ɡɚɩɢɫɵɜɚɸɬ ɫɥɟ-

ɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ                 ⁄ .       (3.28) 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɟ (3.28) ɞɚɟɬ ɢɧɬɟɝɪɚɥ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ                                (3.29)                   

ɋɭɦɦɭ ɬɪɟɯ ɫɥɚɝɚɟɦɵɯ ɭɪɚɜɧɟɧɢɹ (3.2λ) ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɭɞɟɥɶɧɭɸ (ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɫɭ) ɷɧɟɪɝɢɸ ɠɢɞɤɨɫɬɢ ɜ ɞɚɧɧɨɦ ɠɢɜɨɦ ɫɟɱɟɧɢɢ, ɫɤɥɚɞɵɜɚɸ-

ɳɭɸɫɹ ɢɡ ɭɞɟɥɶɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ           ɢ ɭɞɟɥɶɧɨɣ ɤɢɧɟɬɢ-

ɱɟɫɤɨɣ        ሺ  ሻ ɫɨɫɬɚɜɥɹɸɳɢɯ. 

Ⱦɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɩɪɢɦɟɧɹɸɬ ɬɚɤɠɟ ɩɨɧɹɬɢɹ 

ɧɚɩɨɪɨɜμ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ          , ɫɤɨɪɨɫɬɧɨɝɨ     ሺ  ሻ  ɢ ɝɢɞɪɨ-

ɞɢɧɚɦɢɱɟɫɤɨɝɨ          ሺ  ሻ. 

ɇɚ ɪɢɫ. 3.η ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɪɚɮɢɱɟɫɤɚɹ ɢɥɥɸɫɬɪɚɰɢɹ ɭɪɚɜɧɟɧɢɹ Ⱦ. Ȼɟɪɧɭɥ-

ɥɢ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ ɤɨɧɬɪɨɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ 1-1 ɢ 2-

2 (ɡɞɟɫɶ Ɉ-Ɉ – ɩɥɨɫɤɨɫɬɶ ɫɪɚɜɧɟɧɢɹ, z – ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɰɟɧɬɪɨɜ ɬɹɠɟ-

ɫɬɢ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɣ, ɥɢɧɢɹ p-p ɩɨɤɚɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɤɨɧɬɪɨɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ, H-H – ɥɢɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɧɚɩɨɪɚ, ɤɨɬɨɪɚɹ ɜ ɫɥɭɱɚɟ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ). 

Ⱦɥɹ ɩɨɬɨɤɚ ɪɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɭɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɭɱɢɬɵɜɚɟɬ, ɱɬɨ 

ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ (ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ) ɜ ɤɚɠɞɨɦ ɩɨɫɥɟɞɭɸɳɟɦ ɫɟɱɟɧɢɢ 

ɦɟɧɶɲɟ, ɱɟɦ ɜ ɩɪɟɞɵɞɭɳɟɦ (     ሻ ɧɚ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ∆ɗ ɧɚ ɩɪɟ-
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ɨɞɨɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɬɪɟɧɢɟɦ,           ɢɥɢ ɜ ɟɞɢɧɢɰɚɯ ɧɚɩɨɪɚ                         

Ⱦɥɹ ɫɬɪɭɣɤɢ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɭɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɢɦɟɟɬ ɜɢɞ                                                                             (3.30) 

ɝɞɟ ∆  - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɫɬɪɭɣɤɟ ɦɟɠɞɭ ɤɨɧɬɪɨɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ. 

               Ⱦɥɹ ɩɨɬɨɤɚ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɪɭɟɤ ɩɨɫɥɟ ɫɭɦɦɢɪɨɜɚ-

ɧɢɹ ɩɨ ɫɬɪɭɣɤɚɦ ɜ ɤɚɠɞɨɦ ɤɨɧɬɪɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɢ ɩɟɪɟɯɨɞɚ ɤ ɭɞɟɥɶɧɵɦ ɜɟɥɢ-

ɱɢɧɚɦ ɫɥɚɝɚɟɦɵɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɫɨɨɬɧɨɲɟɧɟɦ (3.29), ɭɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɡɚ-

ɩɢɫɵɜɚɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ                                                                            (3.31.) 

 

Ɋɢɫ.3.η ɂɥɥɸɫɬɪɚɰɢɹ ɭɪɚɜɧɟɧɢɹ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɢɞɟɚɥɶɧɨɣ (ɚ) ɢ ɜɹɡɤɨɣ ɧɟ-

ɫɠɢɦɚɟɦɨɣ (ɛ) ɠɢɞɤɨɫɬɢ 

 

ɇɚ ɪɢɫ 3.η ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɪɚɮɢɱɟɫɤɚɹ ɢɥɥɸɫɬɪɚɰɢɹ ɭɪɚɜɧɟɧɢɹ ɞɥɹ 

ɩɨɬɨɤɚ ɪɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢμ ɥɢɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɇ-ɇ ɦɨɧɨɬɨɧ-

ɧɨ ɧɚɤɥɨɧɧɚ ɜ ɫɬɨɪɨɧɭ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɷɬɚ ɥɢɧɢɢ ɧɟ ɢɦɟɟɬ ɷɤɫɬɪɢɦɚɥɶ-

ɧɵɯ ɡɧɚɱɟɧɢɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɨ ɞɥɢɧɟ ɩɨɬɨɤɚ ɧɚɩɨɪɨɜ, ɹɜɥɹɸ-

ɳɢɯɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɢɫɩɨɥɶɡɭɸɬ ɩɨɧɹɬɢɹ ɭɤɥɨɧɨɜμ 

- ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ         ሺ     ሻ  ;    (3.32) 
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- ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ          ሺ       ሻ   ;   (3.33) 

- ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ          ሺ      ሻ        .  (3.34) 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɤɥɨɧ ɢɦɟɟɬ ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. ɉɶɟɡɨɦɟɬ-

ɪɢɱɟɫɤɢɣ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɭɤɥɨɧɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɢ (ɢɥɢ) ɨɬɪɢ-

ɰɚɬɟɥɶɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ.  

   ɗɧɟɪɝɢɹ   , ɬɟɪɹɟɦɚɹ ɩɨɬɨɤɨɦ ɠɢɞɤɨɫɬɢ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɬɪɟɧɢɹ, ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɩɥɨɜɭɸ ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

 Ɇɨɳɧɨɫɬɶ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɜ ɟɝɨ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ       , ɚ 

ɦɨɳɧɨɫɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɦɟɠɞɭ ɤɨɧɬɪɨɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ ɩɨɬɨɤɚ 

           .       (3.35) 

 

3.6 Ɋɟɠɢɦɵ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ. Ʉɪɢɬɟɪɢɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ 

Ɉ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ 

ɜɵɫɤɚɡɚɥɢɫɶ ɜ 18η4 ɝ. ɫɨɡɞɚɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 

Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜ ɢ ɧɟɦɟɰɤɢɣ ɢɧɠɟɧɟɪ Ƚ. ɏɚɝɟɧ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɪɟɠɢɦɵ ɬɟ-

ɱɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɜ 1883 ɝ. ɢɫɫɥɟɞɨɜɚɥ ɚɧɝɥɢɣɫɤɢɣ ɮɢɡɢɤ Ɉ. Ɋɟɣɧɨɥɶɞɫ. 

ȼ ɨɩɵɬɚɯ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɝɨɪɥɨɜɢɧɭ ɫɬɟɤɥɹɧɧɨɣ ɬɪɭɛɵ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɤɚ-

ɩɢɥɥɹɪɵ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɜ ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ ɩɨɞɚɜɚɥɢ ɢɧɟɪɬɧɵɣ ɢɧɞɢɤɚɬɨɪ – 

ɤɪɚɫɤɭ. 

ɉɪɢ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɩɨɬɨɤɚ ɫɬɪɭɣɤɢ ɤɪɚɫɤɢ ɧɟ ɪɚɡɦɵɜɚɥɢɫɶ ɢ ɞɜɢɝɚ-

ɥɢɫɶ ɜɞɨɥɶ ɩɨɬɨɤɚ, ɧɟ ɦɟɧɹɹ ɬɪɚɟɤɬɨɪɢɣ. ɗɬɨɬ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɧɚɡɵɜɚɸɬ ɥɚɦɢ-

ɧɚɪɧɵɦ (ɫɥɨɢɫɬɵɦ). 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɫɬɪɭɣɤɢ ɤɪɚɫɤɢ ɪɚɡɦɵɜɚɥɢɫɶ, ɩɨɬɨɤ 

ɨɤɪɚɲɢɜɚɥɫɹ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ. ɑɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɞɜɢɝɚɥɢɫɶ ɩɨ ɫɥɭɱɚɣɧɵɦ, ɧɟ-

ɨɩɪɟɞɟɥɟɧɧɨ ɢɫɤɪɢɜɥɟɧɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ. ɇɚɛɥɸɞɚɥɢɫɶ ɩɨɩɟɪɟɱɧɵɟ ɩɭɥɶɫɚɰɢɢ 

ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ. Ɋɟɠɢɦ ɬɚɤɨɝɨ ɬɟɱɟɧɢɹ ɧɚɡɵɜɚɸɬ ɬɭɪɛɭɥɟɧɬɧɵɦ (ɜɢɯɪɟɜɵɦ). 

Ɋɟɣɧɨɥɶɞɫ ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɪɟ-

ɠɢɦ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ  , ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɪɚɡ-

ɦɟɪ ɩɨɬɨɤɚ RГ, ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ   ɢ ɟё ɜɹɡɤɨɫɬɶ ƞ, ɨɛɴɟɞɢɧɟɧɧɵɟ ɜ ɛɟɡɪɚɡ-

ɦɟɪɧɵɣ ɤɨɦɩɥɟɤɫ, ɧɚɡɵɜɚɟɦɵɣ ɤɪɢɬɟɪɢɟɦ (ɱɢɫɥɨɦ) Ɋɟɣɧɨɥɶɞɫɚ, 



58 

                                                                         (3.36) 

ɚ ɬɚɤɠɟ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ, ɤɨɬɨɪɨɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɨɞɚ 

ɠɢɞɤɨɫɬɢ, ɪɚɡɦɟɪɨɜ ɢ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɹɜɥɹɹɫɶ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣμ      580. 

ɉɪɢ ɡɧɚɱɟɧɢɹɯ Re<     ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɥɚɦɢɧɚɪɧɵɣ, ɚ ɩɪɢ Re>       

ɬɭɪɛɭɥɟɧɬɧɵɣ.  

Ⱦɥɹ ɧɚɩɨɪɧɵɯ ɩɨɬɨɤɨɜ ɜ ɤɪɭɝɥɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɬɪɭɛɚɯ      ⁄ , ɬɚɤ 

ɱɬɨ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ                                                                          (3.37) 

ɭɜɟɥɢɱɢɜɚɹ ɜ 4 ɪɚɡɚ ɢ ɤɪɢɬɢɱɟɫɤɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ (     = η80ɯ4=2320). 

ɋɦɟɧɚ ɪɟɠɢɦɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ υɤɪ=Reɤɪ·Ȟ/Rɝ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɪɢɬɢɱɟɫɤɨɦɭ ɡɧɚɱɟɧɢɸ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ.  ȿɫɥɢ        - 

ɪɟɠɢɦ ɥɚɦɢɧɚɪɧɵɣν ɩɪɢ       -  ɪɟɠɢɦ ɬɭɪɛɭɥɟɧɬɧɵɣ. Ɍɚɤɚɹ ɪɟɤɨɦɟɧɞɚɰɢɹ 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ ɞɚɧɧɵɦɢ ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɦɟɧɚ ɪɟɠɢɦɨɜ ɜɨɡɦɨɠɧɚ ɢ ɩɪɢ ɛɨɥɟɟ 

ɧɢɡɤɢɯ ɢɥɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ. ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɫɦɟɧɚ 

ɪɟɠɢɦɨɜ ɧɚɛɥɸɞɚɥɚɫɶ ɢ ɩɪɢ RО≈100000 (ɩɨɥɢɪɨɜɚɧɧɵɟ ɬɪɭɛɵ, ɬɟɪɦɨɤɨɧɫɬɚɧɬ-

ɧɵɟ ɭɫɥɨɜɢɹ, ɜɢɛɪɨɡɚɳɢɬɚ ɭɫɬɚɧɨɜɤɢ ɢ ɞɪ.). 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɦɟɧɚ ɪɟɠɢɦɨɜ ɡɚɜɢɫɢɬ ɨɬ ɩɨɪɹɞɤɚ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ. ȿɫɥɢ 

ɪɚɡɜɢɜɚɬɶ ɬɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ ɢɡ ɥɚɦɢɧɚɪɧɨɝɨ, ɧɚɩɪɢɦɟɪ, ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢ-

ɱɢɜɚɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ, ɬɨ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ RО ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ, ɩɪɢɦɟɪ-

ɧɨ, ɜ ɩɹɬɶ ɪɚɡ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ RО ɞɥɹ ɫɥɭɱɚɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɚɦɢɧɚɪɧɨɝɨ 

ɩɨɬɨɤɚ ɢɡ ɬɭɪɛɭɥɟɧɬɧɨɝɨ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɫɜɨɣɫɬɜɨɦ ɩɨɬɨɤɚ “ɩɨ ɢɧɟɪɰɢɢ” ɫɨ-

ɯɪɚɧɹɬɶ ɩɪɟɞɲɟɫɬɜɭɸɳɟɟ ɫɨɫɬɨɹɧɢɟ. 

ȼ ɥɚɦɢɧɚɪɧɨɦ ɩɨɬɨɤɟ ɫɢɥɵ ɬɪɟɧɢɹ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɬɟɱɟɧɢɟ, ɩɨɞɚɜɥɹɹ 

ɜɨɡɦɭɳɟɧɢɹ, ɜɢɯɪɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɱɟɧɢɟ ɫɥɨɢɫɬɨɟ, ɭɩɨɪɹɞɨɱɟɧ-

ɧɨɟ, ɛɟɡ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ. 

ȼ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɜɢɯɪɟɜɵɯ ɬɟɱɟɧɢɣ ɠɢɞ-

ɤɨɫɬɶ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ. 
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ɀɢɞɤɨɫɬɶ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɦɚɫɫɨɜɵɯ ɫɢɥ, 

ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɤɨɬɨɪɵɯ ɪɚɜɟɧ ɫɢɥɟ ɢɧɟɪɰɢɢ    : 

   →              .      (3.37) 

ɍɤɚɡɚɧɧɵɟ ɫɢɥɵ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɮɢɡɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɩɪɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɥɧɨɝɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɩɨɞɨɛɢɹ.  

 ȼɦɟɫɬɟ ɫ ɬɟɦ, ɦɨɠɧɨ ɩɪɢɛɥɢɠɟɧɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɬɟɱɟɧɢɟ ɜɵɡɵɜɚɟɬ ɞɟɣ-

ɫɬɜɢɟ ɧɚ ɠɢɞɤɨɫɬɶ ɨɞɧɨɣ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɫɢɥɵ. Ⱦɥɹ ɬɚɤɢɯ ɫɥɭɱɚɟɜ ɩɪɢɧɢɦɚɸɬ 

ɤɪɢɬɟɪɢɢ ɱɚɫɬɢɱɧɨɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɞɟɣɫɬɜɢɟ ɥɢɲɶ 

ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɫɢɥɵ ɢ ɫɢɥɵ ɢɧɟɪɰɢɢ. 

 ɋɢɥɭ ɢɧɟɪɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

                                   ,    (3.38) 

 ɝɞɟ L – ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɜ ɫɯɨɞɫɬɜɟɧɧɵɯ ɬɨɱɤɚɯ 

     ɩɨɬɨɤɨɜ (ɞɢɚɦɟɬɪ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ, ɝɥɭɛɢɧɚ ɢ ɬ.ɩ.). 

Ɉɬɧɨɲɟɧɢɟ ɫɢɥɵ ɢɧɟɪɰɢɢ ɤ ɫɢɥɟ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɫ ɭɱɟɬɨɦ ɪɚɡɦɟɪɧɨɫɬɟɣ 

ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɨɤɚ ɞɚɟɬ ɛɟɡɪɚɡɦɟɪɧɨɟ ɱɢɫɥɨ 

              ሺ     ሻ                       .   (3.39) 

Ʉɪɢɬɟɪɟɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɩɨɬɨɤɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɞɟɣ-

ɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɹɜɥɹɟɬɫɹ ɱɢɫɥɨ Ɏɪɭɞɚ                            .     (3.40) 

 Ʉɨɝɞɚ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɹɜɥɹɟɬɫɹ ɫɢɥɚ ɞɚɜɥɟɧɢɹ, ɤɪɢɬɟɪɢɟɦ ɝɢɞɪɨɞɢɧɚɦɢ-

ɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɣ (ɱɢɫɥɨ) ɗɣɥɟɪɚ 

                                         ,                 (3.41) 

ɝɞɟ a – ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɡɜɭɤɚ ɜ ɠɢɞɤɨɫɬɧɨɣ ɫɪɟɞɟ. 

Ɉɬɧɨɲɟɧɢɟ     ⁄  ɧɚɡɵɜɚɸɬ ɤɪɢɬɟɪɢɟɦ (ɱɢɫɥɨɦ) Ɇɚɯɚ. Ɉɱɟɜɢɞɧɨ, ɩɪɢ 

Ɇɚ 1 ɩɨɬɨɤ ɹɜɥɹɟɬɫɹ ɞɨɡɜɭɤɨɜɵɦ (v a) ɩɪɢ Ɇɚ 1 – ɫɜɟɪɯɡɜɭɤɨɜɵɦ (v  ). 

ȼ ɫɥɭɱɚɟ ɩɪɟɨɛɥɚɞɚɧɢɹ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɤɪɢɬɟɪɢɟɦ ɞɢɧɚ-

ɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɹɜɥɹɟɬɫɹ ɱɢɫɥɨ ȼɟɛɟɪɚ 
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                               .     (3.42) 

ȿɫɥɢ ɩɪɟɨɛɥɚɞɚɟɬ ɜɵɬɚɥɤɢɜɚɸɳɚɹ (ɚɪɯɢɦɟɞɨɜɚ) ɫɢɥɚ, ɤɪɢɬɟɪɢɹɦ ɞɢɧɚ-

ɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɹɜɥɹɟɬɫɹ ɱɢɫɥɨ Ⱥɪɯɢɦɟɞɚ               ሺ    ሻ        ሺ    ሻ    ሺ    ሻ⁄ .   (3.43) 

Ɍɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɨɩɢɫɵɜɚɸɬ ɭɪɚɜɧɟɧɢɹɦɢ ɞɜɢɠɟɧɢɹ ɢ ɧɟɪɚɡɪɵɜɧɨɫɬɢ, 

ɧɚɱɚɥɶɧɵɦɢ ɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ.  

Ɍɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɬɚɤɠɟ ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬɫɹ ɟɟ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣ-

ɫɬɜɚɦɢ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɫ-

ɯɨɞɧɨɣ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɜɧɟɲɧɢɦɢ ɢ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɬɚɤ ɤɚɤ ɨɞɧɨ-

ɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɬ ɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ. 

ȿɫɥɢ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ ɫɨɫɬɚɜɥɟɧɵ ɬɨɥɶɤɨ ɢɡ ɭɫɥɨɜɢɣ ɨɞɧɨɡɧɚɱɧɨɫɬɢ, 

ɬɚɤɢɟ ɤɪɢɬɟɪɢɢ ɧɚɡɵɜɚɸɬ ɨɩɪɟɞɟɥɹɸɳɢɦɢ.  

Ɉɫɬɚɥɶɧɵɟ ɤɪɢɬɟɪɢɢ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɨɩɪɟɞɟɥɹɸɳɢɯ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ, 

ɨɬɧɨɫɹɬ ɤ ɱɢɫɥɭ ɧɟɨɩɪɟɞɟɥɹɸɳɢɯ. 

ɇɚɩɪɢɦɟɪ, ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ    ɜ ɧɚɩɨɪɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɞɢɚɦɟɬɪɨɦ Н 

ɢ ɞɥɢɧɨɣ  , ɢɦɟɸɳɟɦ ɲɟɪɨɯɨɜɚɬɭɸ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɜɵɫɨɬɨɣ ɜɵɫɬɭ-

ɩɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ  , ɩɪɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ υ ɜɹɡɤɨɣ (Ȟ) ɠɢɞɤɨɫɬɢ ɨɩɪɟ-

ɞɟɥɹɸɬ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

       ሺ          ሻ,      (3.44) 

ɜ ɤɨɬɨɪɨɦ ɤɪɢɬɟɪɢɣ ɗɣɥɟɪɚ ɹɜɥɹɟɬɫɹ ɧɟɨɩɪɟɞɟɥɹɸɳɢɦ (ɨɧ ɫɨɞɟɪɠɢɬ ɢɫɤɨɦɭɸ 

ɜɟɥɢɱɢɧɭ (∆p), ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ   ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ (ɟɝɨ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ). Ȼɟɡɪɚɡɦɟɪɧɵɟ ɨɬɧɨɲɟɧɢɹ     (ɨɬɧɨɫɢɬɟɥɶ-

ɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ) ɢ     (ɤɚɥɢɛɪ ɬɪɭɛɨɩɪɨɜɨɞɚ) ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸ-

ɳɢɦ ɤɪɢɬɟɪɢɹɦɢ ɩɨɞɨɛɢɹ ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ. 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. ɑɟɦ ɪɚɡɥɢɱɚɸɬɫɹ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɢ ɧɟɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨ-
ɫɬɢ? 

2. Эɥɟɦɟɧɬɚɪɧɚɹ ɫɬɪɭɣɤɚ ɢ ɟɟ ɫɜɨɣɫɬɜɚ? 

3. ɇɚɡɨɜɢɬɟ ɨɬɥɢɱɢɟ ɧɚɩɨɪɧɨɝɨ ɢ ɛɟɡɧɚɩɨɪɧɨɝɨ ɩɨɬɨɤɨɜ ɠɢɞɤɨɫɬɢ ɩɪɢ ɟɟ 
ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ. 
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4. Ⱦɚɣɬɟ ɨɩɪɟɞɟɥɟɧɢɹ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ, ɫɦɨɱɟɧɧɨɝɨ ɩɟɪɢɦɟɬɪɚ, ɝɢɞɪɚɜɥɢɱɟɫɤɨ-
ɝɨ ɪɚɞɢɭɫɚ. 

5. Ʉɚɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɫɪɟɞɧɟɧɢɟ ɦɟɫɬɧɨɣ (ɥɨɤɚɥɶɧɨɣ) ɫɤɨɪɨɫɬɢ ɩɨ ɠɢɜɨɦɭ 
ɫɟɱɟɧɢɸ ɢ ɩɨ ɜɪɟɦɟɧɢ? 

6. ɑɬɨ ɬɚɤɨɟ ɪɚɫɯɨɞ ɩɨɬɨɤɚ? ɇɚ ɤɚɤɭɸ ɜɟɥɢɱɢɧɭ ɨɬɥɢɱɚɸɬɫɹ ɨɛɴɟɦɧɵɣ ɢ 
ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞɵ? ɑɬɨ ɬɚɤɨɟ ɜɟɫɨɜɨɣ ɪɚɫɯɨɞ? Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɞɥɹ 
ɩɨɬɨɤɨɜ ɤɚɩɟɥɶɧɨɣ ɢ ɝɚɡɨɨɛɪɚɡɧɨɣ ɠɢɞɤɨɫɬɟɣ? 

7. Ɂɚɩɢɲɢɬɟ ɮɨɪɦɭɥɭ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɠɢɞɤɨ-
ɫɬɢ ɜ ɠɢɜɨɦ ɫɟɱɟɧɢɢ ɩɨɬɨɤɚ. 

8. Ʉɚɤɨɣ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɜɵɪɚɠɚɟɬ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ? 

9. ȼ ɱɟɦ ɡɚɤɥɸɱɚɸɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɨɬɥɢɱɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟ-
ɧɢɣ Эɣɥɟɪɚ, ɇɚɜɶɟ-ɋɬɨɤɫɚ ɢ Ɉ. Ɋɟɣɧɨɥɶɞɫɚ? ɍɱɢɬɵɜɚɸɬ ɥɢ ɨɧɢ ɜɥɢɹɧɢɹ ɫɢɥ ɬɪɟɧɢɹ? 

10. Ɉɩɢɲɢɬɟ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɢ ɬɭɪɛɭ-
ɥɟɧɬɧɵɯ ɪɟɠɢɦɚɯ? 

11. ɍɤɚɠɢɬɟ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ Ɉ. Ɋɟɣɧɨɥɶɞɫɚ. 
12. Ɂɚɜɢɫɢɬ ɥɢ ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɫɦɟɧɵ ɪɟɠɢɦɨɜ ɨɬ ɪɨɞɚ ɠɢɞɤɨɫɬɢ ɢ 

ɪɚɡɦɟɪɨɜ ɩɨɬɨɤɚ? 

13. ɇɚɡɨɜɢɬɟ ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɢɥɵ ɩɨ ɭɫɥɨɜɢɹɦ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ Ɋɟɣɧɨɥɶɞɫɚ; 
Ɏɪɭɞɚ; Эɣɥɟɪ; ȼɟɛɟɪɚ; Ⱥɪɯɢɦɟɞɚ. Ɂɚɩɢɲɢɬɟ ɭɤɚɡɚɧɢɟ ɤɪɢɬɟɪɢɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨ-
ɞɨɛɢɹ? 

14. Ɇɨɠɟɬ ɥɢ ɦɟɧɹɬɶɫɹ ɪɚɫɯɨɞ ɜɞɨɥɶ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ 
ɞɜɢɠɟɧɢɢ? 

15. Ɋɚɫɤɪɨɣɬɟ ɫɦɵɫɥ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ʉɨɪɢɨɥɢɫɚ ɢ Ȼɭɫɫɢɧɟɫɤɚ. 
16. ɑɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɶɸ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɩɨɬɨɤɚ ɩɪɢ ɭɜɟ-

ɥɢɱɟɧɢɢ (ɭɦɟɧɶɲɟɧɢɢ) ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ? 

17. Ʉɚɤɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɦɵɫɥ ɫɥɚɝɚɟɦɵɯ ɜ ɭɪɚɜɧɟɧɢɢ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɜɹɡɤɨɣ 
ɠɢɞɤɨɫɬɢ? Ʉɚɤɨɜɚ ɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ? 

18. Ʉɚɤɨɣ ɮɢɡɢɱɟɫɤɢɣ ɡɚɤɨɧ ɜɵɪɚɠɚɟɬ ɭɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ? 

 

 

 

 

 

 

 

 

 

 

 

 

4. ɉɈɌȿɊɂ ɇȺɉɈɊȺ 

ɉɪɢ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɭɞɟɥɶɧɚɹ ɦɟ-

ɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɩɨɬɨɤɚ – ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɜɟɥɢ-
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ɱɢɧɭ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ. Ɍɟɪɹɟɦɚɹ ɠɢɞɤɨɫɬɶɸ ɷɧɟɪɝɢɹ ɩɪɟɨɛɪɚɡɭ-

ɟɬɫɹ ɜ ɬɟɩɥɨɜɭɸ ɢ ɪɚɫɫɟɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

ɇɚ ɜɟɥɢɱɢɧɭ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜɥɢɹɸɬ ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟ-

ɧɢɹ ɩɨɬɨɤɚ, ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ ɢ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɧɟɪɰɢɨɧɧɨ-

ɝɨ ɬɪɟɧɢɹ – ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɨɬɨɤɚ ɢɧɟɪɰɢɨɧɧɨɟ ɬɪɟɧɢɟ ɜɨɡɪɚɫ-

ɬɚɟɬ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɨɡɪɚɫɬɚɸɬ ɡɚɬɪɚɬɵ ɧɚɩɨɪɵ ɧɚ ɟɝɨ ɩɪɟɨɞɨɥɟɧɢɟ. 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɪɚɡɞɟɥɹɸɬ ɧɚ ɦɟɫɬɧɵɟ ɢ ɥɢɧɟɣɧɵɟ. 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɜɵɪɚɠɚɸɬ ɜ ɞɨɥɹɯ ɭɞɟɥɶɧɨɣ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ (ɜ ɟɞɢɧɢɰɚɯ ɧɚɩɨɪɚ ɢɥɢ ɞɚɜɥɟɧɢɹ)         ;                  ,     (4.1) 

 ɝɞɟ ȟ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

 ɇɚɢɛɨɥɟɟ ɨɛɳeɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɢɧɟɣɧɵɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ ɩɪɟɨɞɨɥɟ-

ɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɮɨɪɦɭɥɚ Ⱦɚɪɫɢ – ȼɟɣɫɛɚɯɚ (ɜ ɟɞɢɧɢɰɚɯ 

ɧɚɩɨɪɚ ɢɥɢ ɞɚɜɥɟɧɢɹ)    �       ;           �      ,     (4.2) 

 ɝɞɟ Ȝ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹν 

          – ɞɥɢɧɚ ɢ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ. 

 

4.1 Ɇɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

Ɇɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ – ɷɬɨ ɤɨɪɨɬɤɢɟ ɭɱɚɫɬɤɢ ɬɪɭɛɨ-

ɩɪɨɜɨɞɨɜ, ɤɚɧɚɥɨɜ, ɟɫɬɟɫɬɜɟɧɧɵɯ ɪɭɫɟɥ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɹɬ ɢɡɦɟɧɟɧɢɹ ɫɤɨ-

ɪɨɫɬɢ ɩɨ ɜɟɥɢɱɢɧɟ ɢ (ɢɥɢ) ɧɚɩɪɚɜɥɟɧɢɸ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɡɨɧ  ɜɢɯɪɟɜɵɯ ɬɟɱɟ-

ɧɢɣ. ȼ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɷɬɨ ɜɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɢɥɢ ɫɭɠɟɧɢɟ, ɩɥɚɜɧɨɟ ɪɚɫɲɢ-

ɪɟɧɢɟ (ɞɢɮɮɭɡɨɪ) ɢɥɢ ɫɭɠɟɧɢɟ (ɤɨɧɮɭɡɨɪ), ɨɬɜɨɞ, ɩɨɜɨɪɨɬ, ɜɫɹɤɨɝɨ ɪɨɞɚ ɩɪɟ-

ɩɹɬɫɬɜɢɹ ɧɚ ɩɭɬɢ ɩɨɬɨɤɚ ɜ ɜɢɞɟ ɤɪɚɧɨɜ, ɡɚɞɜɢɠɟɤ, ɞɢɚɮɪɚɝɦ, ɤɥɚɩɚɧɨɜ, ɮɢɥɶ-

ɬɪɨɜ, ɮɥɚɧɰɟɜɵɯ ɢ ɫɜɚɪɧɵɯ ɫɬɵɤɨɜ ɢ ɞɪ. 

ȼ ɤɚɱɟɫɬɜɟ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɷɥɟɦɟɧɬɵ ɝɢɞɪɨɮɢɰɢ-

ɪɨɜɚɧɧɨɝɨ (ɩɧɟɜɦɨɮɢɰɢɪɨɜɚɧɧɨɝ) ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɚɲɢɧ ɢ 
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ɦɟɯɚɧɢɡɦɨɜ, ɦɟɯɚɬɪɨɧɧɵɯ  ɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦ ɬɟɩ-

ɥɨɫɧɚɛɠɟɧɢɹ, ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɢ ɬ.ɞ. 

 Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, 

ɢɯ ɡɧɚɱɟɧɢɹ ɩɪɢɜɨɞɹɬɫɹ ɜ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ. 

   Ʉɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ȟ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ 

(ɪɢɫ.4.1). ɉɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɶ ȟ=П(RО) ɜɟɫɶɦɚ ɡɧɚɱɢ-

ɬɟɥɶɧɚɹ. 

ɉɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɜɥɢɹɧɢɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɜɟɫɶɦɚ ɫɥɚɛɨɟμ ɩɪɢ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɱɢɬɚɸɬ ɡɚɜɢ-

ɫɹɳɢɦɢ ɬɨɥɶɤɨ ɨɬ ɜɢɞɚ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɢɯ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟ-

ɧɢɣ. 

 

Ɋɢɫ. 4.1. ɏɚɪɚɤɬɟɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ  

               ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɫɤɨɪɨɫɬɢ ɩɪɨɬɟɤɚɸɳɟɣ ɠɢɞɤɨɫɬɢ 

 

 Ɇɟɫɬɧɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɟ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɦɟɫɬɧɵɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɬ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨɬɟɪɶ ɧɚ ɤɚɠɞɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ:      ሺ     ሻ ሺ  ሻ.      (4.3) 

 ȼ ɫɥɭɱɚɟ ɭɱɚɫɬɤɨɜ ɬɪɭɛɨɩɪɨɜɨɞɚ ɨɞɢɧɚɤɨɜɨɝɨ ɞɢɚɦɟɬɪɚ 
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      ሺ  ሻ   ሺ  ሻ.      (4.4) 

ɋɭɦɦɢɪɨɜɚɧɢɟ ɦɟɫɬɧɵɯ ɩɨɬɟɪɶ ɫɩɪɚɜɟɞɥɢɜɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɢɯ ɜɡɚ-

ɢɦɧɨɝɨ ɜɥɢɹɧɢɹ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɜɚɪɢɚɧɬ ɫɭɦɦɢɪɨɜɚɧɢɹ ɞɨɩɭɫɤɚ-

ɟɬɫɹ ɩɪɢ ɪɚɫɫɬɨɹɧɢɹɯ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɦɟɫɬɧɵɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ     ሺ     ሻ . 

 Ⱦɥɹ ɧɚɩɨɪɧɨɝɨ ɩɨɬɨɤɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɥɢɧɟɣɧɵɟ ɢ 

ɦɟɫɬɧɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɫɭɦɦɢɪɭɸɬ 

       ቀ�       ቁ                ,    (4.5) 

ɩɪɢ ɷɬɨɦ ɜɵɪɚɠɟɧɢɟ ɜ ɫɤɨɛɤɚɯ ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢ-

ɫɬɟɦɵ (      ). 
 ȼ ɫɥɭɱɚɟ ɩɪɨɬɹɠɟɧɧɨɝɨ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟ-

ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɦɟɫɬɧɵɟ ɩɨɬɟɪɢ ɩɪɢɧɢɦɚɸɬ 

ɪɚɜɧɵɦɢ ɧɟ ɛɨɥɟɟ 10…15 ɩɪɨɰɟɧɬɨɜ ɨɬ ɥɢɧɟɣɧɵɯ, ɬɚɤ ɱɬɨ 

       ሺ       ሻ  . 

  

4.2 Ʌɢɧɟɣɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

 Ɉɬɫɟɤ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ, ɜɵɞɟɥɟɧɧɵɣ ɤɨɧɬɪɨɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ 1 ɢ 2 ɧɚ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɭɱɚɫɬɤɟ ɤɪɭɝɥɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɬɪɭɛɨɩɪɨ-

ɜɨɞɟ (ɪɢɫ.4.2), ɞɜɢɠɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɹɯ, 

ɩɪɟɨɞɨɥɟɜɚɹ ɫɢɥɭ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ         ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɥɨɳɚɞɶɸ          . ɋɭɦɦɚ ɩɪɨɟɤɰɢɢ ɭɤɚɡɚɧɧɵɯ ɫɢɥ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɨɫɶ ሺ    ሻ                   (4.6) 

ɩɨɡɜɨɥɹɟɬ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɩɨɪɧɨɝɨ ɬɟɱɟɧɢɹ         ɢ 

ɨɩɪɟɞɟɥɢɬɶ ɥɢɧɟɣɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɢɥ ɝɢɞɪɚɜɥɢɱɟ-

ɫɤɨɝɨ ɬɪɟɧɢɹ ɜ ɤɨɚɤɫɢɚɥɶɧɨ-ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɫɥɨɹɯ      :        .        (4.7) 

ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɞɨɫɬɢɝɚɸɬ ɧɚ 

ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ  
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         .        (4.8)  

ɋɨɜɦɟɫɬɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɜɹɡɤɨɫɬɧɨɝɨ ɬɪɟɧɢɹ (1.3) ɢ ɭɪɚɜɧɟ-

ɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɬɟɱɟɧɢɹ (4.7) ɩɨɡɜɨɥɹɟɬ ɡɚɩɢɫɚɬɶ ɪɚɜɟɧɫɬɜɨ             .       (4.9) 

 

 

Ɋɢɫ. 4.2. Ʉ ɭɪɚɜɧɟɧɢɸ ɪɚɜɧɨɦɟɪɧɨɝɨ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢμ ɚ – ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚν 

      ɛ – ɷɩɸɪɚ ɧɚɩɪɹɠɟɧɢɣ ɫɢɥ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ 

Ɋɚɡɞɟɥɹɹ ɜ ɩɨɫɥɟɞɧɟɦ ɜɵɪɚɠɟɧɢɢ ɩɟɪɟɦɟɧɧɵɟ u ɢ r, ɩɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚ-

ɧɢɹ ɫ ɭɱɟɬɨɦ ɩɪɢɥɢɩɚɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ ሺ           ሻ  ɩɨɥɭɱɚɸɬ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜ 

ɠɢɜɨɦ ɫɟɱɟɧɢɢ ɥɚɦɢɧɚɪɧɨɝɨ ɩɨɬɨɤɚ ɜ ɤɪɭɝɥɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɬɪɭɛɟ (ɪɢɫ. 

4.3)          ቀ      ቁ      ሺ      ሻ,     (4.10) 

ɝɞɟ           ሺ   ሻ - ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɨɫɢ ɩɨɬɨɤɚ ሺ   ሻ. 

 Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɪɢɜɟɞɟɧ-

ɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɥɚɦɢɧɚɪɧɨɝɨ ɩɨɬɨɤɚ.   

Ɂɧɚɹ ɦɟɫɬɧɭɸ ɫɤɨɪɨɫɬɶ (4.10) ɜ ɤɨɚɤɫɢɚɥɶɧɨ-ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɬɨɥɳɢɧɨɣ dr ɢ 

ɩɥɨɳɚɞɶɸ dS=2πrdr ɫɥɨɟ, ɨɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɜ ɬɚɤɨɦ ɫɥɨɟ             ቀ      ቁ      .      (4.11) 

1 

r 

r 

   

̌) ̍) 
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Ɋɢɫ. 4.3. ɉɪɨɮɢɥɶ ɫɤɨɪɨɫɬɟɣ ɩɨ ɫɟɱɟɧɢɸ ɧɚɩɨɪɧɨɝɨ ɩɨɬɨɤɚ ɜ ɤɪɭɝɥɨɣ 

               ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɬɪɭɛɟ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ 

 Ɋɚɫɯɨɞ ɩɨɬɨɤɚ ɨɩɪɟɞɟɥɹɸɬ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɜɫɟ ɤɨɥɶɰɟɜɵɟ 

ɫɟɱɟɧɢɹ                 ቀ      ቁ      .    (4.12) 

ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɚ ɩɨɥɭɱɚɸɬ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ                               (4.13) 

 Ɉɬɧɨɫɹ ɪɚɫɯɨɞ ɤ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɬɨɤɚ, ɩɨɥɭɱɚɸɬ ɫɪɟɞ-

ɧɸɸ ɫɤɨɪɨɫɬɶ           ,         (4.14) 

ɤɨɬɨɪɚɹ ɩɨ ɜɟɥɢɱɢɧɟ ɜɞɜɨɟ ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ (4.10), ɬ.ɟ.           ɢɥɢ        . 

 ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɥɚɦɢɧɚɪɧɨɝɨ ɩɨɬɨɤɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨ-

ɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɧɵɯ ɫɤɨɪɨɫɬɟɣ (ɤɨɷɮɮɢɰɢɟɧɬɚ Ʉɨɪɢɨɥɢɫɚ)    . 

 ɂɡ ɭɪɚɜɧɟɧɢɹ (4.13), ɡɚɩɢɫɚɧɧɨɦ ɜ ɹɜɧɨɦ ɜɢɞɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɟɪɶ ɞɚɜ-

ɥɟɧɢɹ, ɫɥɟɞɭɟɬ ɮɨɪɦɭɥɚ ɉɚɭɡɟɣɥɹ ɜ ɟɞɢɧɢɰɚɯ ɞɚɜɥɟɧɢɹ                             (4.15) 

ɢɥɢ ɜ ɟɞɢɧɢɰɚɯ ɧɚɩɨɪɚ 
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                       .  `     (4.16) 

 ȼ ɩɨɫɥɟɞɧɟɦ ɜɵɪɚɠɟɧɢɢ ɜɵɞɟɥɹɸɬ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɩɨɬɨɤɚ ɢ ɩɨɥɭɱɚɸɬ 

ɤɪɢɬɟɪɢɚɥɶɧɭɸ ɡɚɩɢɫɶ ɮɨɪɦɭɥɵ ɉɚɭɡɟɣɥɹ                .        (4.17) 

 ɋɪɚɜɧɢɜɚɹ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫ ɮɨɪɦɭɥɨɣ (4.1), ɩɨɥɭɱɚɸɬ ɜɵɪɚɠɟɧɢɟ 

ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɜ ɤɪɭɝɥɨɣ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɬɪɭɛɟ �       .         (4.18) 

 Ɏɨɪɦɭɥɭ ɉɚɭɡɟɣɥɹ ɧɟ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɬɟɱɟɧɢɣ ɜ ɤɚɩɢɥɥɹɪɚɯ ɢ ɡɚɡɨɪɚɯ 

ɦɟɧɶɲɢɯ          , ɞɥɹ ɬɟɱɟɧɢɣ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɛɨɥɟɟ η0Ɇɉɚ, ɞɥɹ ɧɚɱɚɥɶɧɨɝɨ 

ɭɱɚɫɬɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɚɦɢɧɚɪɧɨɝɨ ɩɨɬɨɤɚ (ɞɥɢɧɭ ɬɚɤɨɝɨ ɭɱɚɫɬɤɚ ɦɨɠɧɨ ɨɩɪɟ-

ɞɟɥɢɬɶ, ɧɚɩɪɢɦɟɪ, ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ Ʌ.ɒɢɥɥɟɪɚ -    ˚           ). 

Ⱦɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɯɚɪɚɤɬɟɪɧɨ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɠɢɞɤɨɫɬɢ, ɫɨ-

ɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɩɭɥɶɫɚɰɢɹɦɢ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɟɫɬɧɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜ-

ɥɟɧɢɣ (ɪɢɫ.4.4).  

 

Ɋɢɫ.4.4. ɏɚɪɚɤɬɟɪ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɞɢɚɝɪɚɦɦɵ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ   

    ɦɟɫɬɧɨɣ ɫɤɨɪɨɫɬɢ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ 

 ȼ ɤɚɠɞɨɣ ɬɨɱɤɟ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɩɪɨɞɨɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɭɥɶɫɢɪɭɟɬ – 

ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ, ɬɚɤ ɱɬɨ    ሺ ሻ. 

Ɇɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɨɞɨɥɶɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɨɱɤɟ 

ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ  ሺ ሻ      , 
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ɝɞɟ ū – ɨɫɪɟɞɧɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢν    - ɩɭɥɶɫɚ-

ɰɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨɞɨɥɶɧɨɝɨ ɬɟɱɟɧɢɹ. 

 Ɉɫɪɟɞɧɟɧɧɚɹ ɦɟɫɬɧɚɹ ɫɤɨɪɨɫɬɶ – ɷɬɨ ɫɪɟɞɧɹɹ ɚɪɢɮɦɟɬɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ ɢɡ 

ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɡɚ ɛɚɡɨɜɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ T       ሺ ሻ  ሺ ሻ . 

 ɇɚɪɹɞɭ ɫ ɩɭɥɶɫɚɰɢɹɦɢ    ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ 

ɫɭɳɟɫɬɜɭɸɬ ɢ ɩɨɩɟɪɟɱɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ. ɋɤɨɪɨɫɬɢ ɩɨɩɟɪɟɱ-

ɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɬɚɤɠɟ ɢɦɟɸɬ ɫɜɨɢ ɩɭɥɶɫɚɰɢɢ. 

 ɍɤɚɡɚɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɸɬ ɚɧɚɥɢɡ ɬɭɪɛɭɥɟɧɬɧɨɝɨ 

ɬɟɱɟɧɢɹ, ɚ ɨɬɫɭɬɫɬɜɢɟ ɫɬɪɨɣɧɨɣ ɬɟɨɪɢɢ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɝɢɩɨɬɟɡ. əɜɥɹɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɝɢɩɨɬɟɡɚ Ʌ.ɉɪɚɧɞɬɥɹ ɨ ɞɥɢɧɟ 

ɩɭɬɢ ɫɦɟɲɟɧɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫɢɥɵ ɢɧɟɪɰɢɨɧɧɨ-

ɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ  

       |    |     , 

ɝɞɟ ℓ - ɞɥɢɧɚ ɩɭɬɢ ɫɦɟɲɟɧɢɹ (ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɱɚɫɬɢɰɚ ɠɢɞɤɨɫɬɢ ɫɨɯɪɚ-

ɧɹɟɬ ɫɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ ɞɨ ɩɨɩɚɞɚɧɢɹ ɜ ɫɥɨɣ ɫ ɢɧɵɦ ɡɧɚɱɟɧɢɟɦ ɫɤɨɪɨ-

ɫɬɢ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɞɪɭɝɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɜɢɠɟɧɢɹ).  

ɂɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɭ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ ɜɵɡɵɜɚɸɬ ɧɚɩɪɹɠɟ-

ɧɢɟ    ɫɢɥɵ ɢɧɟɪɰɢɨɧɧɨɝɨ ɬɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɬ ɧɚɩɪɹɠɟ-

ɧɢɟ ɫɢɥɵ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ. ɋ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɩɪɢɫɬɟɧɧɨ-

ɝɨ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ ɧɚɩɪɹɠɟɧɢɟ ɫɢɥɵ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ 

ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɭɤɚɡɚɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

 ɉɪɢɧɰɢɩɢɚɥɶɧɨ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɜɫɟɝɞɚ 

ɹɜɥɹɟɬɫɹ ɧɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ. 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɢɩɨɬɟɡɵ ɉɪɚɧɞɬɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɩɨɥɭɱɟɧɵ ɩɨɥɭ-

ɷɦɩɢɪɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɫɟɱɟɧɢɸ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ 

ɨɫɪɟɞɧɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ. 
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 ɗɩɸɪɚ ɫɤɨɪɨɫɬɟɣ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɫɨɞɟɪɠɢɬ 

ɞɜɚ ɨɫɪɟɞɧɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɥɨɤɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ – ɩɨ ɜɪɟɦɟɧɢ (ɞɥɹ ũ) ɢ ɩɨ ɦɟɫɬɭ 

ũ(r). 

 ɋɬɪɭɤɬɭɪɚ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɧɟɨɞɧɨɪɨɞɧɚ (ɪɢɫ.4.η)μ ɭ ɫɬɟɧɨɤ, ɨɝɪɚɧɢ-

ɱɢɜɚɸɳɢɯ ɩɨɬɨɤ, ɧɚɯɨɞɢɬɫɹ ɫɥɨɣ ɫ ɥɚɦɢɧɚɪɧɵɦ ɬɟɱɟɧɢɟɦ. ȿɝɨ ɬɨɥɳɢɧɚ   ɡɚɜɢ-

ɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚμ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɬɨɥɳɢɧɚ 

ɩɪɢɫɬɟɧɧɨɝɨ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɬ.ɟ.       . 

 ȼ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɨɞɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ ɞɥɹ ɨɰɟɧɤɢ 

ɬɨɥɳɢɧɵ ɩɪɢɫɬɟɧɧɨɝɨ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ. 

Ɂɚ ɩɪɟɞɟɥɚɦɢ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɬɭɪɛɭɥɟɧɬɧɨɟ ɹɞɪɨ ɫ ɩɟɪɟɦɟɲɢ-

ɜɚɧɢɟɦ ɠɢɞɤɨɫɬɢ.  

 

Ɋɢɫ. 4.η. ɋɬɪɭɤɬɭɪɚ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ  

                      ɨɫɪɟɞɧɟɧɧɵɯ ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɦɟɫɬɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ  ɹɞɪɟ ɡɧɚ-

ɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɥɚɦɢɧɚɪɧɨɦ ɫɥɨɟ, ɬɚɤ ɱɬɨ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ   ሺ       ሻ    , ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɧɵɯ 

ɫɤɨɪɨɫɬɟɣ (ɤɨɷɮɮɢɰɢɟɧɬɚ Ʉɨɪɢɨɥɢɫɚ)    . 

Ɉɝɪɚɧɢɱɢɜɚɸɳɢɟ ɩɨɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɸɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɲɟɪɨɯɨɜɚ-

ɬɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɦɚɬɟɪɢɚɥɨɦ ɬɪɭɛɵ, ɫɩɨɫɨɛɨɦ ɟɟ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɩɪɨɞɨɥ-

ɠɢɬɟɥɶɧɨɫɬɶɸ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼɵɫɨɬɚ ɜɵɫɬɭɩɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ (ɚɛɫɨɥɸɬɧɚɹ 

ɲɟɪɨɯɨɜɚɬɨɫɬɶ) ∆ ɩɪɢɜɨɞɢɬɫɹ ɜ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ.  
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Ɉɫɧɨɜɧɨɣ ɪɚɫɱɟɬɧɨɣ ɮɨɪɦɭɥɨɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɢɧɟɣɧɵɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ 

ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɹɜɥɹɟɬɫɹ ɮɨɪɦɭɥɚ (4.2.). 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ Ȝ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨ-

ɬɨɤɚ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɬɨɥɳɢɧɵ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ   ɢ ɚɛɫɨɥɸɬɧɨɣ ɲɟ-

ɪɨɯɨɜɚɬɨɫɬɢ ∆ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵν ɩɪɢ ɷɬɨɦ ɪɚɡɥɢɱɚɸɬ ɪɟɠɢɦ ɝɢɞ-

ɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɨɣ ɬɪɭɛɵ ሺ   ሻ ɢ ɪɟɠɢɦ ɲɟɪɨɯɨɜɚɬɨɣ ɬɪɭɛɵ ሺ   ሻ, ɬɚɤ ɱɬɨ 

ɜ ɭɤɚɡɚɧɧɵɯ ɪɟɠɢɦɚɯ ɦɨɠɟɬ «ɪɚɛɨɬɚɬɶ» ɨɞɧɚ ɢ ɬɚ ɠɟ ɬɪɭɛɚ. 

ɇɚ ɪɢɫ. 4.θ ɩɪɢɜɟɞɟɧ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ �   ሺ    ሻ ɢ ɜɵɞɟɥɟɧɵ ɱɟ-

ɬɵɪɟ ɨɛɥɚɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ. 

 

         Ɋɢɫ. 4.θ. ɏɚɪɚɤɬɟɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ 

ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɪɭɫɥɚμ 1 – ɨɛɥɚɫɬɶ ɥɚɦɢɧɚɪɧɨɝɨ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹν 2 – ɨɛɥɚɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɯ ɬɪɭɛ ሺ   ሻ; 3 – 

ɞɨɤɜɚɞɪɚɬɢɱɧɚɹ (ɩɟɪɟɯɨɞɧɚɹ) ɨɛɥɚɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ሺ   ሻ; 4 – ɤɜɚɞɪɚɬɢɱɧɚɹ 

(ɚɜɬɨɦɨɞɟɥɶɧɚɹ) ɨɛɥɚɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ሺ   ሻ. 

 ɋɩɪɚɜɨɱɧɚɹ ɥɢɬɟɪɚɬɭɪɚ ɫɨɞɟɪɠɢɬ ɷɦɩɢɪɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɨɜ 

ɤɨɷɮɮɢɰɢɟɧɬɚ Ȝ, ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 

ɋɨɜɪɟɦɟɧɧɵɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ (ɧɚɩɪɢɦɟɪ, ɋɇɢɉ – ɫɬɪɨɢɬɟɥɶɧɵɟ 

ɧɨɪɦɵ ɢ ɩɪɚɜɢɥɚ) ɪɟɤɨɦɟɧɞɭɸɬ ɤ ɩɪɢɦɟɧɟɧɢɸ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɮɨɪɦɭɥɭ Ⱥ.Ⱦ. 

Ⱥɥɶɬɲɭɥɹ.  

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɞɥɹ ɩɨɬɨɤɨɜ ɜ ɬɪɭɛɚɯ ɧɟɤɪɭɝɥɨɝɨ ɩɪɨɮɢɥɹ ɪɚɫɫɱɢɬɵɜɚɸɬ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɢɚɦɟɬɪɚ       . 
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Ɍɚɛɥɢɰɚ 4.1. 

Ɉɛɡɨɪ ɷɦɩɢɪɢɱɟɫɤɢɯ ɮɨɪɦɭɥ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ Ȝ 

Ɏɨɪɦɭɥɚ Ⱥɜɬɨɪɵ ɍɫɥɨɜɢɹ ɩɪɢɦɟɧɟɧɢɹ 

1 2 3 �  ሺ            ሻ   ɉ.Ʉ.Ʉɚɧɚɤɨɜ        �               Ƚ.Ȼɥɚɡɢɭɫ        �      ሺ   ሻ     Ȼ.ɒɢɮɪɢɧɫɨɧ           

 �            Ɏ.Ⱥ.ɒɟɜɟɥɟɜ 

Ⱦɥɹ ɫɬɚɪɵɯ ɫɬɚɥɶɧɵɯ ɢ ɱɭ-
ɝɭɧɧɵɯ ɬɪɭɛ ɩɪɢ      , 

ɞɢɚɦɟɬɪ d ɜ ɦɟɬɪɚɯ �      ሺ       ሻ     Ⱥ.Ⱦ.Ⱥɥɶɬɲɭɥɶ         

 

4.3 Ɇɨɞɭɥɶ ɪɚɫɯɨɞɚ 

ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɢ ɪɚɫɱɟɬɚɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɯɨɞɢɬɫɹ ɪɚɫɫɦɚɬ-

ɪɢɜɚɬɶ ɪɚɡɜɢɬɵɟ ɬɭɪɛɭɥɟɧɬɧɵɟ ɩɨɬɨɤɢ, ɜ ɤɨɬɨɪɵɯ ɩɨɬɟɪɢ ɧɚɩɨɪɚ, ɚ ɡɧɚɱɢɬ ɢ 

ɧɚɩɪɹɠɟɧɢɹ ɫɢɥ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɤɜɚɞɪɚɬɭ ɫɤɨɪɨɫɬɢ 

ɩɨɬɨɤɚ (ɤɜɚɞɪɚɬɢɱɧɚɹ ɢɥɢ ɚɜɬɨɦɨɞɟɥɶɧɚɹ ɨɛɥɚɫɬɶ ɧɚ ɪɢɫ.4.θ), ɬɚɤ ɱɬɨ ɦɨɠɧɨ ɡɚ-

ɩɢɫɚɬɶ           ,       (4.19) 

ɝɞɟ C - ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, ɢɦɟɸɳɢɣ ɪɚɡɦɟɪɧɨɫɬɶ     /ɫ  

               ɢ ɧɚɡɵɜɚɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬɨɦ  ɒɟɡɢ.  

Ɏɨɪɦɭɥɭ (4.8) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɞɢɭ-

ɫɚ ሺ          ሻ, ɬɚɤ ɱɬɨ            .         (4.20) 

ɂɡ ɪɚɜɟɧɫɬɜɚ ɥɟɜɵɯ ɱɚɫɬɟɣ ɜɵɪɚɠɟɧɢɣ (4.1λ) ɢ (4.20) ɫɥɟɞɭɟɬ           .        (4.21) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɒɟɡɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ɮɨɪɦɭɥɚɦ, ɧɚɩɪɢɦɟɪ, 

ɩɨ ɮɨɪɦɭɥɟ Ɇɚɧɧɢɧɝɚ          ,        (4.22) 

ɝɞɟ n – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶ  

        ɪɭɫɥɚ ɩɨɬɨɤɚ, ɫɩɪɚɜɨɱɧɚɹ ɜɟɥɢɱɢɧɚν 

               - ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɠɢɜɨɝɨ ɬɟɱɟɧɢɹ ɩɨɬɨɤɚ ɜ ɦɟɬɪɚɯ.  
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Ɇɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɒɟɡɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ 

Ȝ ɫɭɳɟɫɬɜɭɸɬ ɨɞɧɨɡɧɚɱɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ. ȿɫɥɢ ɮɨɪɦɭɥɭ (4.21) ɡɚɩɢɫɚɬɶ ɜ ɹɜɧɨɦ 

ɜɢɞɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɟɪɶ ɧɚɩɨɪɚ (ɫ ɭɱɟɬɨɦ       ) ɢ ɜɵɞɟɥɢɬɶ ɫɤɨɪɨɫɬɧɨɣ 

ɧɚɩɨɪ, ɧɟɫɥɨɠɧɨ ɩɨɥɭɱɢɬɶ                         (4.23) 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɷɬɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɫ ɮɨɪɦɭɥɨɣ (4.2) ɨɱɟɜɢɞɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ �        ɢɥɢ   √   �.      (4.24) 

ɉɟɪɟɯɨɞɹ ɜ ɮɨɪɦɭɥɟ (4.23) ɤ ɪɚɫɯɨɞɭ (Q=υ   ɝɞɟ   – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨ-

ɝɨ ɫɟɱɟɧɢɹ, ɫɜɹɡɚɧɧɚɹ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɪɚɞɢɭɫɨɦ), ɮɨɪɦɭɥɭ (4.23) ɡɚɩɢɫɵɜɚɸɬ 

ɜ ɜɢɞɟ             .        (4.25) 

Ɂɧɚɦɟɧɚɬɟɥɶ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ ɨɛɨɡɧɚɱɚɸɬ Ʉ2, ɚ ɜɟɥɢ-

ɱɢɧɭ Ʉ ɧɚɡɵɜɚɸɬ ɪɚɫɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɢɥɢ ɦɨɞɭɥɟɦ ɪɚɫɯɨɞɚ. Ɋɚɫɱɟɬ ɥɢ-

ɧɟɣɧɵɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɞɥɹ ɩɨɬɨɤɨɜ ɫ ɪɚɡɜɢɬɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶɸ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɩɪɨɳɚɟɬɫɹ          .         (4.26) 

ɉɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɪɚɫɤɪɵɜɚɟɬ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɦɨɞɭɥɹ ɪɚɫɯɨɞɚμ Ʉ – 

ɷɬɨ ɪɚɫɯɨɞ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɪɚɜɧɵ ɞɥɢɧɟ ɩɨɬɨɤɚ (ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 

ɭɤɥɨɧ ɪɚɜɟɧ ɟɞɢɧɢɰɟ). 

Ⱦɥɹ ɬɪɭɛ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɫɨɪɬɚɦɟɧɬɚ ɜɟɥɢɱɢɧɵ K ɬɚɛɭɥɢɪɨɜɚɧɵ, ɬ.ɟ. ɡɚ-

ɪɚɧɟɟ ɩɨɞɫɱɢɬɚɧɵ ɫ ɭɱɟɬɨɦ ɞɢɚɦɟɬɪɨɜ, ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɬɪɭɛ, ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɜ ɬɚɛɥɢɰɟ 4.2. ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɫɬɚɥɶɧɵɯ ɬɪɭɛ. 

ȼ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɨɞɹɬɫɹ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɟɣ ɪɚɫ-

ɯɨɞɚ Ʉ ɞɥɹ ɬɪɭɛ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɫɨɪɬɚɦɟɧɬɚ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɮɢɥɹ, ɢɡ ɪɚɡɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ (ɫɬɚɥɶ, ɱɭɝɭɧ, ɩɥɚɫɬɦɚɫɫɵ, ɫɬɟɤɥɨ, ɤɟɪɚɦɢɤɚ, ɛɟɬɨɧ, ɚɫɛɨɰɟɦɟɧɬ, 

ɞɪɟɜɟɫɢɧɚ, ɮɚɧɟɪɚ ɢ ɞɪ.), ɫ ɭɱɟɬɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞ-
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ɫɬɜɚ, ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɭɛ, ɩɨɥɧɨɬɵ ɡɚɩɨɥɧɟɧɢɹ ɢɯ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ 

ɩɨɬɨɤɨɦ ɠɢɞɤɨɫɬɢ. 

Ɋɚɫɱɟɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɬɨɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɭ-

ɥɟɣ ɪɚɫɯɨɞɚ ɬɪɭɛ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɟɟ ɬɪɭɞɨɟɦɤɢɟ. 

ɉɪɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɧɚɩɨɪɧɵɯ ɬɪɭɛɨɩɪɨɜɨ-

ɞɨɜ ɮɨɪɦɭɥɭ (4.2θ), ɩɪɢɦɟɧɹɹ ɜ ɤɚɱɟɫɬɜɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɣ ɨɬɧɨɲɟɧɢɟ       , ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɜɢɞɟ         .        (4.27) 

Ɍɚɛɥɢɰɚ 4.2  

Ɂɧɚɱɟɧɢɹ ɪɚɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɭɝɥɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɬɪɭɛ 

Ⱦɢɚɦɟɬɪ d, ɦɦ Ɍɪɭɛɵ ɛɵɜɲɢɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ  
K     , ɦ3/ɫ 

Ɍɪɭɛɵ ɧɨɜɵɟ   
K      , ɦ3/ɫ 

50 8,31 10,1 

75 24,8 29,7 

100 53,6 63,7 

125 97,4 115 

150 158 186 

200 341 398 

250 616 716 

300 999 1160 

350 1500 1735 

400 2140 2460 

450 2920 3350 

500 3860 4420 

600 6240 7130 

700 9360 10670 

800 13300 15130 

900 18200 20590 

1000 23900 27100 

1100 30700 34800 

 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɤɨɧɬɪɨɥɹ 

1. Ʉɚɤ ɡɚɜɢɫɹɬ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɬ ɫɤɨɪɨɫɬɢ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɢ ɬɭɪɛɭɥɟɧɬɧɨɦ 
ɪɟɠɢɦɚɯ? 

2. ɑɬɨ ɬɚɤɨɟ ɩɭɥɶɫɚɰɢɨɧɧɵɟ ɢ ɨɫɪɟɞɧɟɧɧɵɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ? 

3. Ʉɚɤɨɣ ɪɟɠɢɦ ɞɜɢɠɟɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɜ ɬɪɭɛɟ, ɞɢɚɦɟɬɪɨɦ d, ɟɫɥɢ              ? 

4. Ʉɚɤ ɡɚɩɢɫɵɜɚɸɬ ɮɨɪɦɭɥɭ Ⱦɚɪɫɢ – ȼɟɣɫɛɚɯ?  ɒɟɡɢ? 

5. Ɉɬ ɤɚɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɤɚɤ ɡɚɜɢɫɹɬ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɨɝɨ ɬɪɟɧɢɹ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ? ɉɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɟ? 
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6. ɉɟɪɟɱɢɫɥɢɬɟ ɨɛɥɚɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɚɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ 
ɨɧɢ ɨɬɥɢɱɚɸɬɫɹ? 

7. ɑɬɨ ɬɚɤɨɟ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɧɚ ɱɬɨ ɬɪɚɬɢɬɫɹ ɧɚɩɨɪ (ɷɧɟɪɝɢɹ) ɩɨɬɨɤɚ 
ɩɪɢ ɟɝɨ ɩɪɟɨɞɨɥɟɧɢɢ? 

8. Ʉɚɤ ɡɚɜɢɫɢɬ ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɫɤɨɪɨɫɬɢ ɩɪɢ ɥɚɦɢ-
ɧɚɪɧɨɦ ɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɚɯ? ɋɭɳɟɫɬɜɭɟɬ ɥɢ ɚɧɚɥɨɝɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɹɯ     ሺ  ሻ ɢ    ሺ  ሻ? 

9.  Ɇɨɝɭɬ ɥɢ ɦɟɧɹɬɶɫɹ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɪɹɞɨɦ ɞɪɭɝɨɝɨ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ? 

10.  ȼ ɤɚɤɨɦ ɫɥɭɱɚɟ ɬɪɭɛɵ ɫɱɢɬɚɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɦɢ? 

11. Ɋɚɫɤɪɨɣɬɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧ ɜ ɮɨɪɦɭɥɟ Ⱥ.Ⱦ.Ⱥɥɶɬɲɭɥɹ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ? 

12.  ɍɤɚɠɢɬɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɒɟɡɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ  λ? 

13.  ɑɬɨ ɬɚɤɨɟ ɪɚɫɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (ɦɨɞɭɥɶ ɪɚɫɯɨɞɚ) ɞɥɹ ɬɪɭɛ ɩɪɨɦɵɲ-
ɥɟɧɧɨɝɨ ɫɨɪɬɚɦɟɧɬɚ? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. ȽɂȾɊȺȼɅɂɑȿɋɄɂɃ ɊȺɋɑȿɌ ɇȺɉɈɊɇɕɏ ɌɊɍȻɈɉɊɈȼɈȾɈȼ 
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ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ ɩɪɢɦɟɧɹɸɬ 

ɬɪɭɛɵ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ. ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɞɨɫɬɢɝɚɟɬ ɫɨɬɟɧ ɢ ɬɵɫɹɱ ɤɢɥɨɦɟɬɪɨɜ. 

Ɋɚɡɥɢɱɚɸɬ ɩɪɨɫɬɵɟ (ɛɟɡ ɪɚɡɜɟɬɜɥɟɧɢɣ, ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ) ɢ ɫɥɨɠɧɵɟ 

ɬɪɭɛɨɩɪɨɜɨɞɵ. Ʉ ɫɥɨɠɧɵɦ ɨɬɧɨɫɹɬ ɬɪɭɛɨɩɪɨɜɨɞɵ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ 

ɜɟɬɜɟɣ, ɪɚɡɜɟɬɜɥɟɧɧɵɟ, ɪɚɡɨɦɤɧɭɬɵɟ (ɬɭɩɢɤɨɜɵɟ) ɢ ɡɚɦɤɧɭɬɵɟ (ɤɨɥɶɰɟɜɵɟ). 

Ɋɚɡɥɢɱɚɸɬ ɤɨɪɨɬɤɢɟ ɢ ɩɪɨɬɹɠɟɧɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ. Ʉɨɪɨɬɤɢɦɢ ɫɱɢɬɚɸɬ 

ɬɪɭɛɨɩɪɨɜɨɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɞɥɢɧɵ, ɜ ɤɨɬɨɪɵɯ ɦɟɫɬɧɵɟ ɩɨɬɟɪɢ ɩɪɟ-

ɜɵɲɚɸɬ 10 % ɨɬ ɥɢɧɟɣɧɵɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ. Ⱦɥɹ ɤɨɪɨɬɤɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɨɛɳɢɟ 

ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɩɪɟɞɟɥɹɸɬ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɪɚɫɱɟɬɧɵɯ ɥɢɧɟɣɧɵɯ ɢ ɦɟɫɬɧɵɯ ɩɨ-

ɬɟɪɶ ɧɚɩɨɪɚ (4.5). 

Ⱦɥɹ ɩɪɨɬɹɠɟɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɦɟɫɬɧɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɩɪɢɧɢɦɚɸɬ ɜ 

ɞɨɥɹɯ ɨɬ ɥɢɧɟɣɧɵɯ ɩɨɬɟɪ, ɨɛɵɱɧɨ ɞɨ 10%. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɨɜɨɞɹɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟ-

ɪɨɜ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɟɝɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɷɧɟɪɝɨɟɦɤɨɫɬɢ (ɩɨɬɟɪɶ ɧɚɩɨ-

ɪɚ). ɂɫɯɨɞɧɵɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɹɜɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹ Ⱦ. Ȼɟɪɧɭɥɥɢ ɢ ɧɟɪɚɡɪɵɜɧɨɫɬɢ 

ɩɨɬɨɤɚ, ɫɜɟɞɟɧɢɹ ɨ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɢ ɦɟɫɬɧɵɯ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹɯ, ɫɢɬɭɚɰɢɨɧɧɵɣ ɩɥɚɧ ɫ ɭɤɚɡɚɧɢɹɦɢ ɨ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɬɪɚɫɫɵ ɬɪɭɛɨ-

ɩɪɨɜɨɞɚ ɢ ɟɟ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɨɬɦɟɬɤɚɯ. 

Ⱦɥɹ ɩɨɬɨɤɚ ɜ ɩɪɨɢɡɜɨɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɨɫɬɨɦ ɬɪɭ-

ɛɨɩɪɨɜɨɞɟ ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɢ ɞɥɢɧɨɣ l, ɫɨɞɟɪɠɚɳɟɝɨ ɦɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢ-

ɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɭɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ, ɫɜɹɡɵɜɚɸɳɟɟ ɤɨɧɬɪɨɥɶɧɵɟ ɫɟ-

ɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɜɯɨɞɧɨɟ ɢ ɜɵɯɨɞɧɨɟ, ɢɦɟɟɬ ɜɢɞ                           .             

(5.1) 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɞɥɹ ɩɨɬɨɤɚ ɜ ɬɚɤɨɦ ɩɪɨɫɬɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɪɚɫɤɪɵɜɚɸɬ 

ɜɵɪɚɠɟɧɢɹ (4.η) ɢ (η.1) ɫ ɭɱɟɬɨɦ ɭɪɚɜɧɟɧɢɹ ɧɟɪɚɡɪɵɜɧɨɫɬɢ 

       ሺ     ሻ  ሺ     ሻ ሺ  ሻ           ሺ     ሻ               
(5.2) 
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ȼɵɪɚɠɟɧɢɟ (5.2) ɩɨɤɚɡɵɜɚɟɬ ɜɟɫɶɦɚ ɫɢɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɬɪɭɛɨɩɪɨɜɨɞɚ ɨɬ ɟɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɞɢɚɦɟɬɪɚ. 

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɞɢɚɦɟɬɪɚ ɬɪɭɛɵ, ɧɚɩɪɢɦɟɪ, ɧɚ 10% ɩɨɬɟɪɹ ɧɚɩɨɪɚ ɩɪɢ 

ɡɚɞɚɧɧɨɦ ɪɚɫɯɨɞɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 40% (ɥɚɦɢɧɚɪɧɵɣ ɪɟɠɢɦ) ɢɥɢ ɧɚ η0% (ɬɭɪ-

ɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ), ɚ ɩɪɢ ɡɚɞɚɧɧɨɦ ɩɟɪɟɩɚɞɟ ɧɚɩɨɪɨɜ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɹɯ 

ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɬɟɯ ɠɟ ɩɪɟɞɟɥɚɯ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɪɭɛɨɩɪɨɜɨɞɚ. ɂ 

ɧɚɨɛɨɪɨɬ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɢɚɦɟɬɪɚ ɬɪɭɛɵ ɧɚ ɬɟ ɠɟ, ɧɚɩɪɢɦɟɪ, 10% ɩɨɬɟɪɢ 

ɧɚɩɨɪɚ ɫɧɢɠɚɸɬɫɹ ɧɚ 40-η0%, ɚ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  

ɋɢɮɨɧɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɞɥɹ ɩɨɞɚɱɢ ɠɢɞɤɨɫɬɢ ɢɡ ɪɟɡɟɪɜɭɚɪɚ Ⱥ ɜ ɪɟɡɟɪɜɭ-

ɚɪ Ȼ (ɪɢɫ. η.1) ɨɬɧɨɫɹɬ ɤ ɤɨɪɨɬɤɨɦɭ ɬɪɭɛɨɩɪɨɜɨɞɭ. 

 

Ɋɢɫ. η.1 ɋɯɟɦɚ ɫɢɮɨɧɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ 

ɍɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɣ 0-0 ɢ 2-2 ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ 0-0 ɩɪɢɜɨɞɢɬɫɹ ɤ ɜɢɞɭ      . 

ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ 

         ቀ      ቁ    ሺ  ሻ     (5.3) 

ɨɬɤɭɞɚ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ ɫɢɮɨɧɟ 

      √     ሺ�      ሻ ,    (5.4) 

ɚ ɟɝɨ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ  

             √     ሺ�      ሻ.     (5.5) 

 ɍɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɟɱɟɧɢɣ 0-0 ɢ 1-1 
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                     ሺ�      ሻ                        (5.6) 

ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɞɚɜɥɟɧɢɟ ɜ ɜɟɪɯɧɟɣ ɬɨɱɤɟ ɫɢɮɨɧɚ (ɫɟɱɟɧɢɟ 1-1) 

               ሺ        ሻ      ,                    (5.7) 

ɬ.ɟ. ɜ ɜɟɪɯɧɟɣ ɬɨɱɤɟ ɫɢɮɨɧɚ ɨɛɪɚɡɭɟɬɫɹ ɜɚɤɭɭɦ (           ). 

Ⱦɚɜɥɟɧɢɟ    ɜ ɜɟɪɯɧɟɣ ɬɨɱɤɟ ɫɢɮɨɧɚ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɧɚɫɵ-

ɳɟɧɧɨɝɨ ɩɚɪɚ       ɠɢɞɤɨɫɬɢ ɫ ɰɟɥɶɸ ɧɟɞɨɩɭɳɟɧɢɹ ɫɪɵɜɚ ɪɚɫɯɨɞɚ ɜ ɫɢɮɨɧɟ ɢɡ-

ɡɚ ɤɚɜɢɬɚɰɢɢ, ɤɨɬɨɪɚɹ ɧɚɫɬɭɩɚɟɬ ɩɪɢ         . ɍɤɚɡɚɧɧɨɟ ɭɫɥɨɜɢɟ ɨɝɪɚɧɢɱɢɜɚ-

ɟɬ ɞɨɩɭɫɬɢɦɭɸ ɜɵɫɨɬɭ ɜɫɚɫɵɜɚɧɢɹ ɫɢɮɨɧɚ    ]        ]              ሺ        ሻ   ሺ  ሻ  .                     (5.8) 

Ɍɪɭɞɨɟɦɤɨɫɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɧɚɩɨɪɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɞɥɹ ɫɥɭɱɚɟɜ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɨɜ ɫ ɪɚɡɜɢɬɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶɸ 

(ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ, ɤɜɚɞɪɚɬɢɱɧɚɹ ɨɛɥɚɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ). 

Ⱦɥɹ ɬɚɤɢɯ ɭɫɥɨɜɢɣ ɪɚɫɱɟɬɵ ɜɟɞɭɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦɭɥɵ (4.2θ) ɢ ɪɚɫɯɨɞɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɭɛ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɬɪɭɛɨɩɪɨɜɨɞɚ ɞɥɹ ɫɥɭɱɚɹ ɞɜɢɠɟɧɢɹ ɬɭɪɛɭ-

ɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɜ ɞɨɤɜɚɞɪɚɬɢɱɧɨɣ ɨɛɥɚɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɚɤ ɠɟ ɢɫɩɨɥɶɡɭɸɬ 

ɮɨɪɦɭɥɭ (4.2θ) ɫ ɩɨɩɪɚɜɤɨɣ   ɧɚ «ɧɟɤɜɚɞɪɚɬɢɱɧɨɫɬɶ» ɨɛɥɚɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹμ 

             .                (5.9) 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ   ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɞɥɹ ɞɨɤɜɚɞɪɚɬɢɱɧɨɣ ɨɛɥɚɫɬɢ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ (�   ሺ       ሻሻ ɤ ɨɞɧɨɢɦɟɧɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɥɹ ɤɜɚɞɪɚɬɢɱɧɨɣ (ɚɜɬɨ-

ɦɨɞɟɥɶɧɨɣ) ɨɛɥɚɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (�   ሺ   ሻ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ � ɩɨ 

ɮɨɪɦɭɥɟ Ⱥ.Ⱦ. Ⱥɥɶɬɲɭɥɹ ɤ  � ɩɨ ɮɨɪɦɭɥɟ ɒɢɮɪɢɧɫɨɧɚ (ɫɦ. ɬɚɛɥ. 4.1)μ 

           ሺ    ሻ]                  (5.10) 

Ⱦɥɹ ɩɨɬɨɤɚ ɜ ɫɥɨɠɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɦɢ 

ɭɱɚɫɬɤɚɦɢ, ɢɦɟɸɳɢɦɢ ɪɚɡɥɢɱɧɵɟ ɞɢɚɦɟɬɪɵ ɢ ɞɥɢɧɵ, ɜɵɩɨɥɧɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ 

ɧɟɪɚɡɪɵɜɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɪɚɫɯɨɞ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɨɫɬɚɟɬɫɹ ɨɞɢɧɚɤɨɜɵɦ, ɚ ɩɨ-

ɬɟɪɢ ɧɚɩɨɪɚ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɫɭɦɦɢɪɭɸɬμ 

           ሺ       ሻ       ,         (5.11) 
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ɝɞɟ ɩɪɢɧɹɬɵ ɨɛɨɡɧɚɱɟɧɢɹ ɫɨɝɥɚɫɧɨ (4.27). 

 ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɪɭɛɨɩɪɨɜɨɞɚ 

     √   ሺ      ሻ  √     .     (5.12)  

ɉɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɬɪɭɛ ɦɚɝɢɫɬɪɚɥɶɧɵɣ ɬɪɭɛɨ-

ɩɪɨɜɨɞ ɪɚɡɜɟɬɜɥɹɟɬɫɹ ɜ ɭɡɥɨɜɨɣ ɬɨɱɤɟ Ⱥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɭɱɚɫɬɤɨɜ ɪɚɡɥɢɱɧɨɝɨ 

ɞɢɚɦɟɬɪɚ ɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ, ɫɯɨɞɹɳɢɯɫɹ ɜ ɬɨɱɤɟ ȼ (ɪɢɫ. η.2). 

ȼ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ ɫɭɦɦɚ ɪɚɫɯɨɞɨɜ ɜɯɨɞɹɳɢɯ ɩɨɬɨɤɨɜ ɪɚɜɧɚ ɫɭɦɦɟ ɪɚɫɯɨ-

ɞɨɜ ɜɵɯɨɞɹɳɢɯ ɩɨɬɨɤɨɜ ሺ          ሻ  , ɚ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɚɯ 

ɦɟɠɞɭ ɭɡɥɨɜɵɦɢ ɬɨɱɤɚɦɢ ɨɞɢɧɚɤɨɜɵɟ                                    .            (5.13) 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɠɞɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ 

     √     .       (5.14) 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜɫɟɝɨ ɭɱɚɫɬɤɚ ɦɟɠɞɭ ɭɡɥɨɜɵɦɢ ɬɨɱɤɚɦɢ 

        √   √ ሺ    ሻ.      (5.15) 

 

Ɋɢɫ. η.2 ɋɯɟɦɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɬɪɟɯ ɭɱɚɫɬɤɨɜ 

Ɉɞɢɧɚɤɨɜɵɟ ɪɚɫɯɨɞɵ ɧɚ ɤɚɠɞɨɦ ɢɡ ɩɚɪɚɥɥɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɨɛɟɫɩɟɱɢɜɚ-

ɸɬɫɹ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ   √     √     √  .                                                             (5.16) 

ɢɥɢ 
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 √     √     √      
ȿɫɥɢ ɫɥɨɠɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɩɚɪɚɥɥɟɥɶɧɨ 

ɫɨɟɞɢɧɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɪɚɡɥɢɱɧɵɯ ɞɢɚɦɟɬɪɨɜ ɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ (ɭɱɚɫɬɤɢ ɞɥɹ 

ɩɪɨɫɬɨɬɵ ɫɭɠɞɟɧɢɣ ɩɪɢɧɹɬɵ ɜ ɨɞɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɪɢɫ η.3), ɪɚɫ-

ɯɨɞ ɧɚ ɭɱɚɫɬɤɟ 1 ɪɚɜɟɧ ɫɭɦɦɟ ɪɚɫɯɨɞɨɜ ɧɚ ɭɱɚɫɬɤɚɯ 2 ɢ 3μ 

         .        (5.17) 

 

Ɋɢɫ. η.3 ɋɯɟɦɚ ɫɥɨɠɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

Ⱦɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɭɱɚɫɬ-

ɤɨɜ 1, 2 ɢ 1, 3             ሺ     ሻ           
                         ሺ     ሻ        ,                 (5.18) 

ɨɬɤɭɞɚ 

                                     (5.19) 

Ɋɟɲɚɹ ɫɨɜɦɟɫɬɧɨ ɭɪɚɜɧɟɧɢɹ (η.17), (5.18) ɢ (η.19), ɧɚɯɨɞɹɬ ɪɚɫɯɨɞɵ ɧɚ 

ɤɚɠɞɨɦ ɢɡ ɭɱɚɫɬɤɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɫɯɟɦɟ ɫɥɨɠɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ 

ɜɵɝɥɹɞɹɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ    ሺ  √      ሻ√ √  (  √     )    , 

   √ √  (  √     )    , 

   √      √ √  (  √     )    . 



80 

 

ȼ ɬɪɭɛɨɩɪɨɜɨɞɟ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɜɧɨɦɟɪɧɵɦ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ q ɩɭɬɟ-

ɜɵɦ ɨɬɛɨɪɨɦ ɩɟɪɟɦɟɳɚɟɦɨɣ ɠɢɞɤɨɫɬɢ (ɪɢɫ. η.4) ɫɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ 

ɞɨ ɬɨɱɤɢ Ⱥ         ,                                                              (5.20) 

ɝɞɟ    - ɬɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞν 

            – ɫɭɦɦɚɪɧɵɣ ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ. 

 

Ɋɢɫ. η.4 ɋɯɟɦɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɩɭɬɟɜɵɦ ɨɬɛɨɪɨɦ  

ɩɟɪɟɦɟɳɚɟɦɨɣ ɠɢɞɤɨɫɬɢ 

Ɋɚɫɯɨɞ ɜ ɥɸɛɨɦ ɫɟɱɟɧɢɢ, ɭɞɚɥɟɧɧɨɦ ɧɚ ɪɚɫɫɬɨɹɧɢɟ x ɨɬ ɭɡɥɨɜɨɣ ɬɨɱɤɢ Ⱥ,           ⁄  .                                                   (5.21) 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɟ ɫ ɩɭɬɟɜɵɦ ɪɚɡɛɨɪɨɦ ɠɢɞɤɨɫɬɢ 

            ሺ               ሻ  .                                 (5.22) 

ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɨɬɛɨɪɟ ɧɚ ɭɱɚɫɬɤɟ AB ɜɫɟɣ ɠɢɞɤɨɫɬɢ ሺ    ሻ ɩɨɬɟɪɢ 

ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɟ                                                                        (5.23) 

ɹɜɥɹɸɬɫɹ ɜɬɪɨɟ ɦɟɧɶɲɢɦɢ, ɱɟɦ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɪɨɫɬɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɚɤɨɣ 

ɠɟ ɞɥɢɧɵ ɢ ɞɢɚɦɟɬɪɚ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɪɭɛɨɩɪɨɜɨɞɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ 

ɜɨɡɦɨɠɧɨɦɭ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦɭ ɭɞɚɪɭ.  

ɋɱɢɬɚɸɬ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɬɪɭɛɨɩɪɨɜɨɞɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɭɫɥɨɜɢɹ 

      ሺ     ሻ      ],     (5.24) 

ɝɞɟ       – ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɚɜɧɨɦɟɪɧɨɦ 

         ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢν 
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    – ɡɚɛɪɨɫ ɞɚɜɥɟɧɢɹ ɩɪɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɭɞɚɪɟν 

      – ɬɨɥɳɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

ȿɫɥɢ ɭɤɚɡɚɧɧɨɟ ɭɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 

ɡɚɳɢɬɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɨɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ ɢɥɢ ɥɨɤɚɥɢɡɚɰɢɢ ɟɝɨ ɩɨɫɥɟɞ-

ɫɬɜɢɣ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɞɚɪ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɥɭɱɚɟɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 

ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɦ ɭɞɚɪɨɦ ɧɚɡɵɜɚɸɬ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨ-

ɩɪɨɜɨɞɟ (ɤɚɧɚɥɟ), ɜɵɡɜɚɧɧɨɟ ɜɧɟɡɚɩɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɠɢɞ-

ɤɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɛɵɫɬɪɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ ɡɚɩɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɤɪɚɧɨɜ, ɡɚ-

ɞɜɢɠɟɤ, ɨɛɪɚɬɧɵɯ ɤɥɚɩɚɧɨɜ ɢ ɬ.ɩ.), ɩɪɢ ɜɧɟɡɚɩɧɨɣ ɨɫɬɚɧɨɜɤɟ ɧɚɫɨɫɨɜ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚ-

ɪɚ ɜɩɟɪɜɵɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜ 18λ8 ɝ. ɇ.ȿ. ɀɭɤɨɜɫɤɢɦ, ɨɬɤɪɵɜɲɢɦ ɭɤɚɡɚɧɧɨɟ 

ɮɢɡɢɱɟɫɤɨɟ ɹɜɥɟɧɢɟ. 

Ɏɢɡɢɱɟɫɤɚɹ ɫɭɳɧɨɫɬɶ ɹɜɥɟɧɢɹ ɫɜɹɡɚɧɚ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɩɪɢ 

ɪɟɡɤɨɦ ɢɡɦɟɧɟɧɢɢ ɟɟ ɫɤɨɪɨɫɬɢ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɜɨɥɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢ ɠɢɞɤɨɫɬɢ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɜɧɭɬɪɟɧɧɟɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

Ɋɚɫɩɪɨɫɬɪɚɧɹɸɳɭɸɫɹ ɜɞɨɥɶ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜɨɥɧɭ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚɡɵɜɚɸɬ ɩɪɹɦɨɣ ɭɞɚɪɧɨɣ ɜɨɥɧɨɣ, ɚ ɜɨɥɧɭ ɩɨɧɢɠɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ – ɨɬɪɚɠɟɧ-

ɧɨɣ ɢɥɢ ɨɛɪɚɬɧɨɣ ɭɞɚɪɧɨɣ ɜɨɥɧɨɣ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɮɚɡɵ ɭɞɚɪɧɨɣ ɜɨɥɧɵ Tɮ ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɭɞɜɨɟɧɧɨɣ ɞɥɢɧɵ ɬɪɭɛɨɩɪɨɜɨɞɚ ɤ ɫɤɨɪɨɫɬɢ   ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ, ɬ.ɟ.        . 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɞɚɪ ɹɜɥɹɟɬɫɹ ɡɚɬɭɯɚɸɳɢɦ ɩɪɨɰɟɫɫɨɦ (ɪɢɫ. η.η), ɬɚɤ ɤɚɤ 

ɷɧɟɪɝɢɹ ɭɞɚɪɚ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɦɧɨɝɨɤɪɚɬɧɵɟ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɞɟɮɨɪɦɚɰɢɢ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢ ɡɚɩɨɥɧɹɸɳɟɣ ɟɝɨ ɠɢɞɤɨɫɬɢ. 
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Ɂɚ ɫɱɟɬ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɜ ɫɢɫɬɟɦɟ «ɬɪɭɛɚ-ɠɢɞɤɨɫɬɶ» ɟɟ ɦɟɯɚɧɢɱɟɫɤɚɹ 

ɷɧɟɪɝɢɹ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɩɥɨɬɭ ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, 

ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢ ɫɚɦɭ ɫɢɫɬɟɦɭ. 

 

Ɋɢɫ. η.η ɋɯɟɦɚ ɭɞɚɪɧɨɣ ɞɢɚɝɪɚɦɦɵ 

Ɋɚɡɥɢɱɚɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɞɚɪ ɩɨɥɧɵɣ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɚɹ ɨɫɬɚ-

ɧɨɜɤɚ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ, ɢ ɧɟɩɨɥɧɵɣ, ɤɨɝɞɚ ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ    

ɫɧɢɠɚɟɬɫɹ ɞɨ ɧɟɤɨɬɨɪɨɝɨ ɡɧɚɱɟɧɢɹ v, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɱɚɫɬɢɱ-

ɧɨɦ ɩɟɪɟɤɪɵɬɢɢ ɡɚɩɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

Ɋɚɡɥɢɱɚɸɬ ɬɚɤɠɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɞɚɪ ɩɪɹɦɨɣ, ɤɨɝɞɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɡɚɤɪɵɬɢɹ ɡɚɞɜɢɠɤɢ    ɦɟɧɶɲɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɮɚɡɵ ɝɢɞɪɨɭɞɚɪɚ(      ሻ, ɢ 

ɧɟɩɪɹɦɨɣ (     ). 

ɉɨɜɵɲɟɧɢɟ (ɡɚɛɪɨɫ) ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ ɇ.ȿ. ɀɭɤɨɜɫɤɨ-

ɝɨμ 

- ɩɪɹɦɨɣ ɩɨɥɧɵɣ ɭɞɚɪ                           ;                                       (5.25) 

- ɩɪɹɦɨɣ ɧɟɩɨɥɧɵɣ ɭɞɚɪ                     ሺ    ሻ;                            (5.26) 

- ɧɟɩɪɹɦɨɣ ɧɟ ɩɨɥɧɵɣ ɭɞɚɪ                ሺ    ሻ     ⁄ .                          (5.27) 

ɇ.ȿ. ɀɭɤɨɜɫɤɢɦ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɨɪɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ, ɩɪɟɞɥɨɠɟɧɵ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɷɬɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟ-

ɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɞɚɪɧɨɣ ɜɨɥɧɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɫɜɨɣɫɬɜɚ 

ɠɢɞɤɨɫɬɢ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɟɫɥɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨɞɱɢɧɹɟɬɫɹ ɥɢɧɟɣɧɨɦɭ 

ɡɚɤɨɧɭ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ (ɡɚɤɨɧɭ Ƚɭɤɚ), ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɞɥɹ ɜɵɱɢɫ-
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ɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɩɪɢɦɟɧɹɸɬ ɫɥɟɞɭɸɳɭɸ ɮɨɪ-

ɦɭɥɭ  

      √           ,                                (5.28) 

ɝɞɟ ɚ – ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ (ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ) ɜ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɨɛɴɟɦɟ  

            ɠɢɞɤɨɫɬɢ (1.9); 

        – ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɠɢɞɤɨɫɬɢν 

       – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɵν 

    d –    ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵν 

    į –    ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ. 

 ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɞɚɪɧɨɣ ɜɨɥɧɵ, ɧɚɩɪɢɦɟɪ, ɜ ɫɬɚɥɶɧɵɯ ɦɚɝɢ-

ɫɬɪɚɥɶɧɵɯ ɜɨɞɨɜɨɞɚɯ ɫɨɫɬɚɜɥɹɟɬ 800-1200ɦ/ɫ. 

ȼ ɩɥɚɫɬɢɱɧɵɯ ɜɨɞɨɜɨɞɚɯ (ɩɥɚɫɬɢɤɨɜɵɯ, ɪɟɡɢɧɨɬɤɚɧɟɜɵɯ ɢ ɬ.ɩ.) ɫɤɨɪɨɫɬɶ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɞɚɪɧɵɯ ɜɨɥɧ ɢ ɡɚɛɪɨɫɚ ɞɚɜɥɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɟ, ɱɟɦ ɜ 

ɠɟɫɬɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɥɢ ɛɟɬɨɧɧɵɯ. 

Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɧɚɩɨɪɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɹɜɥɹ-

ɟɬɫɹ ɩɪɨɜɟɪɤɚ ɬɪɭɛ ɧɚ ɩɪɨɱɧɨɫɬɶ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɬɚɤɨɣ ɡɚɞɚɱɢ ɬɪɭɛɵ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɫɨɪɬɚɦɟɧɬɚ ɪɚɫɫɦɚɬɪɢ-

ɜɚɸɬ ɤɚɤ ɬɨɧɤɨɫɬɟɧɧɵɟ ɰɢɥɢɧɞɪɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɬɧɨɲɟɧɢɟ ɬɨɥɳɢɧɵ   ɤ ɜɧɭɬ-

ɪɟɧɧɟɦɭ ɞɢɚɦɟɬɪɭ d ɬɪɭɛɵ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɩɨɥɨɠɟɧɢɹɦɢ 

ɛɟɡɦɨɦɟɧɬɧɨɣ ɬɟɨɪɢɢ ɩɪɨɱɧɨɫɬɢ ɨɛɨɥɨɱɟɤ ɜɟɥɢɱɢɧɵ         . 

ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɬɪɭɛɵ ɜɵɡɵɜɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɝɢɞɪɨɫɬɚ-

ɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɧɭɬɪɟɧɧɸɸ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɬɪɭɛɵ.  

ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɜɵɪɚɠɟɧɢɟɦ (2.27) 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɟ ɢ ɩɥɨɳɚɞɢ ɩɪɨɟɤɰɢɢ 

ɜɧɭɬɪɟɧɧɟɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ ɧɚ ɥɸɛɭɸ ɩɥɨɫɤɨɫɬɶ, ɩɟɪɩɟɧ-

ɞɢɤɭɥɹɪɧɭɸ ɤ ɪɚɞɢɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɬɪɭɛɵ (ɪɢɫ. η.θ). 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɥɨɳɚɞɶ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɪɨɟɤɰɢɢ ɜɧɭɬɪɟɧɧɟɣ ɰɢɥɢɧɞɪɢ-

ɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ    , ɫɢɥɚ ɝɢɞɪɨɫɬɚɬɢ-
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ɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ          , ɤɨɬɨɪɚɹ ɫɨɡɞɚɟɬ ɜ ɩɥɨɳɚɞɤɚɯ     ɨɤɪɭɠɧɵɟ 

ɧɚɩɪɹɠɟɧɢɹ                                                (5.29) 

ɉɪɨɱɧɨɫɬɶ ɬɪɭɛɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɟɫɥɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɟɟ ɤɨɧɫɬɪɭɤɰɢɨɧ-

ɧɨɦ ɦɚɬɟɪɢɚɥɟ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ   ]. 

 

Ɋɢɫ. η.θ ɋɯɟɦɚ ɤ ɨɛɨɫɧɨɜɚɧɢɸ ɩɪɨɱɧɨɫɬɢ ɤɪɭɝɥɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɬɪɭɛɵ 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɭɱɚɫɬɨɤ ɬɪɭɛɵ ɢɦɟɟɬ ɬɨɪɰɟɜɵɟ ɤɪɵɲɤɢ, ɜɨɫɩɪɢ-

ɧɢɦɚɸɳɢɟ ɩɪɨɞɨɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɢɥɵ ɞɚɜɥɟɧɢɹ           , ɫɨɡɞɚɸ-

ɳɭɸ ɩɪɨɞɨɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɟ ɬɪɭɛɵ 

        ሺ   ሻ           ,    (5.30) 

ɤɨɬɨɪɵɟ ɜɞɜɨɟ ɦɟɧɶɲɟ ɨɤɪɭɠɧɵɯ ɧɚɩɪɹɠɟɧɢɣ  . 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɫɥɨɜɢɸ 

             ].       (5.31) 

 ɉɪɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢɫɩɨɥɶɡɭɸɬ ɢ ɝɪɚɮɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ. ɂɯ ɩɪɢɦɟɧɟɧɢɟ ɭɩɪɨɳɚɟɬ ɪɟɲɟɧɢɟ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɢɫ-

ɫɥɟɞɨɜɚɧɢɢ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɧɟɫɤɨɥɶɤɢɯ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɧɚ ɨɞɢɧ ɨɛ-

ɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ. 

 ɉɨɬɟɪɢ ɧɚɩɨɪɚ (ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ) ɜ ɩɪɨɫɬɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɢɥɢ ɧɚ ɥɢ-

ɧɟɣɧɨɦ ɭɱɚɫɬɤɟ ɫɥɨɠɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɡɚɜɢɫɹɬ ɨɬ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ, ɬ.ɟ.     ሺ ሻ . Ɋɚɫɱɟɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɟɫɬɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɪɟɞɫɬɜ ɩɨ ɚɥɝɨɪɢɬɦɚɦ, ɛɥɨɤ-ɫɯɟɦɵ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 5.7(ɚ,ɛ). 
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                          ɧɟɬ 

 

Ɋɢɫ η.7 Ⱥɥɝɨɪɢɬɦɵ ɪɚɫɱɟɬɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɩɨɪɧɵɯ  

             ɬɪɭɛɨɩɪɨɜɨɞɨɜ 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɸ ɨɞɢɧɚɤɨɜɨɝɨ ɜɵɫɨɬɧɨ-

ɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ (    ) ɜɯɨɞɧɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɣ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢ ɨɬ-

ɫɭɬɫɬɜɢɸ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɫɜɨɛɨɞɧɨɝɨ ɧɚɩɨɪɚ    . ȼ ɩɪɨɬɢɜɧɵɯ ɫɥɭɱɚɹɯ ɪɟ-

ɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɜɟɥɢɱɢɧɵ     ɫɥɟɞɭɟɬ ɭɬɨɱɧɢɬɶ, ɩɪɢɧɹɜ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɟ ɪɚɜɧɵɦɢ                 ,    (5.32) 

ɝɞɟ ɡɧɚɤ «ɩɥɸɫ» ɛɟɪɭɬ ɞɥɹ ɫɥɭɱɚɹ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɟ-

ɱɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɯɨɞɧɨɦɭ ɫɟɱɟɧɢɸ. 

 ɋɨɜɦɟɳɟɧɢɟ ɧɚ ɨɞɧɨɦ ɝɪɚɮɢɤɟ (ɪɢɫ η.8) ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢ 

ɧɚɫɨɫɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɪɚɛɨɱɭɸ ɬɨɱɤɭ Ʉ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɟɬ ɪɚɫɯɨɞ 

ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɞɚɱɭ ɧɚɫɨɫɚ) ɢ ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɣ 

ɧɚɩɨɪ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɨɩɪɨɜɨɞɚ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɫɨɫɚ), 

ɚ ɬɚɤɠɟ ɦɨɳɧɨɫɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ           . 

 

Ɋɢɫ. η.8. ɋɨɜɦɟɳɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɪɢ      ሺ ሻ        ሺ  ሻ     ሺ   ሻ ɫ ɧɚɩɨɪɧɨ-ɪɚɫɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɧɚɫɨɫɚ (2) 

 

ост̦̌о̏ 
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ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɥɨɠɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ 

ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɫɭɦɦɢɪɭɸɬ ɩɨɬɟɪɢ ɧɚɩɨ-

ɪɚ ɭɱɚɫɬɤɨɜ ɩɪɢ ɤɚɠɞɨɦ ɡɧɚɱɟɧɢɢ ɪɚɫɯɨɞɚ, ɜ ɫɥɭɱɚɟ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

ɭɱɚɫɬɤɨɜ ɫɭɦɦɢɪɭɸɬ ɪɚɫɯɨɞɵ ɩɪɢ ɤɚɠɞɨɦ ɡɧɚɱɟɧɢɢ ɩɨɬɟɪɶ ɧɚɩɨɪɚ. 
ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. ɑɬɨ ɬɚɤɨɟ ɩɪɨɫɬɨɣ ɢ ɫɥɨɠɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞɵ? 

2. Ʉɚɤɢɟ ɭɪɚɜɧɟɧɢɹ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɪɚɫɱɟɬɚ ɩɪɨɫɬɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ? 

3. ɇɚɡɨɜɢɬɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɱɟɬɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɭɱɚɫɬɤɚɦɢ? 

4. Ɉɛɴɹɫɧɢɬɟ ɮɢɡɢɱɟɫɤɭɸ ɫɭɳɧɨɫɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ? 

5. ɑɬɨ ɬɚɤɨɟ ɭɞɚɪɧɨɟ ɞɚɜɥɟɧɢɟ, ɨɬ ɤɚɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɤɚɤ ɨɧɨ ɡɚɜɢɫɢɬ? 

6. əɜɥɹɟɬɫɹ ɥɢ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɝɢɞɪɨɭɞɚɪɟ ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɢɥɢ ɧɟɬ? 

7. ɑɬɨ ɬɚɤɨɟ ɩɨɥɧɵɣ ɢ ɧɟɩɨɥɧɵɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɞɚɪ? Ʉɚɤɨɜɵ ɦɟɪɵ ɛɨɪɶɛɵ ɫ ɭɞɚ-
ɪɨɦ ɢ (ɢɥɢ) ɨɝɪɚɧɢɱɟɧɢɹ ɟɝɨ ɩɨɫɥɟɞɫɬɜɢɣ? 

8. ȼ ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɪɚɡɥɢɱɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɤɨɪɨɬɤɨɝɨ ɢ ɩɪɨɬɹɠɧɨɝɨ 
(ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ) ɬɪɭɛɨɩɪɨɜɨɞɨɜ? 
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6. Ɍȿɑȿɇɂȿ ɀɂȾɄɈɋɌɂ ɑȿɊȿɁ ɈɌȼȿɊɋɌɂə ɂ ɇȺɋȺȾɄɂ  

Ⱦɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɢɥɢ ɧɚɫɚɞɨɤ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɢɜ-

ɲɢɦɫɹ, ɟɫɥɢ ɩɚɪɚɦɟɬɪɵ ɢɫɬɟɱɟɧɢɹ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ. ȼ ɩɪɨ-

ɬɢɜɧɨɦ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɟ ɩɪɨɬɟɤɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ, 

ɱɬɨ ɧɚɛɥɸɞɚɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɨɩɨɪɨɠɧɟɧɢɢ ɪɟɡɟɪɜɭɚɪɚ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɢɥɢ 

ɧɚɫɚɞɨɤ. 

Ɉɬɜɟɪɫɬɢɟ ɫɱɢɬɚɟɬɫɹ ɦɚɥɵɦ, ɟɫɥɢ ɟɝɨ ɜɟɪɬɢɤɚɥɶɧɵɣ ɪɚɡɦɟɪ h (ɪɢɫ. θ.1) ɧɟ 

ɩɪɟɜɵɲɚɟɬ ɞɟɫɹɬɨɣ ɱɚɫɬɢ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɬɜɟɪ-

ɫɬɢɹ ɜ ɟɝɨ ɧɚɩɨɪɧɨɣ ɨɛɥɚɫɬɢ. 

 

Ɋɢɫ. θ.1 Ɍɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɦɚɥɨɟ ɨɬɜɟɪɫɬɢɟ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ 

 

ȿɫɥɢ ɬɨɥɳɢɧɚ ɤɪɨɦɤɢ ɨɬɜɟɪɫɬɢɹ  ሺ       ሻ   ɨɬɜɟɪɫɬɢɟ ɫɱɢɬɚɸɬ ɜɵ-

ɩɨɥɧɟɧɧɵɦ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ. 

ɇɚ ɪɚɫɫɬɨɹɧɢɢ l≈(0,5÷1,0)h ɨɬ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ɨɛɪɚɡɭɟɬɫɹ 

ɫɠɚɬɨɟ ɫɟɱɟɧɢɟ ɫɬɪɭɢ ɋ – ɋ, ɜ ɤɨɬɨɪɨɦ ɬɟɱɟɧɢɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɚɪɚɥɥɟɥɶɧɨ-
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ɫɬɪɭɣɧɵɦ. ɋɠɚɬɢɟ ɫɬɪɭɢ ɨɰɟɧɢɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɠɚɬɢɹ - ɨɬɧɨɲɟɧɢɟɦ 

ɩɥɨɳɚɞɢ ɫɠɚɬɨɝɨ ɫɟɱɟɧɢɹ ɤ ɩɥɨɳɚɞɢ ɨɬɜɟɪɫɬɢɹμ ε=Sc/S. 

ȿɫɥɢ ɫɬɟɧɤɢ ɪɟɡɟɪɜɭɚɪɚ ɭɞɚɥɟɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɧɟ ɦɟɧɟɟ ɱɟɦ ɜɬɪɨɟ ɩɪɟ-

ɜɵɲɚɸɳɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɡɦɟɪ ɨɬɜɟɪɫɬɢɹ, ɫɠɚɬɢɟ ɫɬɪɭɢ ɫɱɢɬɚɸɬ ɫɨɜɟɪ-

ɲɟɧɧɵɦ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ - ɧɟɫɨɜɟɪɲɟɧɧɵɦ.  

ɉɨɥɧɨɟ ɫɠɚɬɢɟ ɫɬɪɭɹ ɢɫɩɵɬɵɜɚɟɬ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɩɨɥɧɵɦ ɩɟɪɢɦɟɬɪɨɦ 

ɤɪɨɦɤɢ ɨɬɜɟɪɫɬɢɹ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɫɠɚɬɢɟ ɫɬɪɭɢ ɫɱɢɬɚɸɬ 

ɧɟɩɨɥɧɵɦ.  

ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɫɠɚɬɢɹ ɫɬɪɭɢ ɧɚ ɟё ɫɤɨɪɨɫɬɶ ɢ ɪɚɫɯɨɞ ɭɱɢɬɵɜɚɟɬɫɹ ɱɢɫ-

ɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɤɨɪɨɫɬɢ φ ɢ ɪɚɫɯɨɞɚ ȝ.  

Ɋɚɡɥɢɱɚɸɬ ɢɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɢ ɧɚɫɚɞɤɢ ɩɪɢ ɩɨɫɬɨɹɧ-

ɧɨɦ ɢɥɢ ɩɟɪɟɦɟɧɧɨɦ ɧɚɩɨɪɟ, ɢɫɬɟɱɟɧɢɟ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ ɢɥɢ ɩɨɞ ɭɪɨɜɟɧɶ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɬɪɭɢ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɜ ɝɚɡɨ-

ɜɭɸ ɫɪɟɞɭ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɧɚɩɨɪɟ (ɪɢɫ. θ.2) ɭɪɚɜɧɟɧɢɟɦ Ⱦ. Ȼɟɪɧɭɥɥɢ ɫɨɟɞɢɧɹ-

ɸɬ ɫɟɱɟɧɢɹ 1-1(ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɧɚɩɨɪɧɨɦ ɪɟɡɟɪɜɭɚɪɟ) ɢ 

ɫɠɚɬɨɟ ɫɟɱɟɧɢɟ ɫɬɪɭɢμ                                          , 
ɝɞɟ         – ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚɞ ɨɫɶɸ ɨɬɜɟɪɫɬɢɹν 

          - ɞɚɜɥɟɧɢɟ ɧɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɪɟɡɟɪɜɭɚɪɟν 

         1- ɫɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɠɢɞɤɨɫɬɢ ɤ ɨɬɜɟɪɫɬɢɸ (ɩɪɢ ɲɢɪɨɤɨɦ   

              ɪɟɡɟɪɜɭɚɪɟ v1=0);  

         -ɞɚɜɥɟɧɢɟ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ (ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɜ ɚɬɦɨɫɮɟɪɭ       ); 

        ɫ- ɫɤɨɪɨɫɬɶ ɫɬɪɭɢ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢν 

       α  –ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ ɞɥɹ ɫɠɚɬɨɝɨ ɫɟɱɟɧɢɹ ɫɬɪɭɢν  

       ȟ-   ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬɜɟɪɫɬɢɹ. 
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Ɋɢɫ. θ.2. ɂɫɬɟɱɟɧɢɟ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ 

ɉɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ, ɡɚɩɢɫɚɧɧɨɟ ɜ ɹɜɧɨɦ ɜɢɞɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɤɨɪɨɫɬɧɨɝɨ 

ɧɚɩɨɪɚ ɫɬɪɭɢ,      ሺ    ሻ            , 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɤɨɪɨɫɬɶ ɫɬɪɭɢ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ 

     √  ሺ      ɫ  ሻ,                         (6.1) 

ɝɞɟ   √  ሺ    ሻ ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɤɨɪɨɫɬɢ (   ሻ.  

Ɋɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɜ ɥɸɛɨɦ ɫɟɱɟɧɢɢ ɫɬɪɭɢ                   √  ሺ      ɫ  ሻ . 

ɉɪɨɢɡɜɟɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɠɚɬɢɹ İ ɢ ɫɤɨɪɨɫɬɢ φ ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɦ ɪɚɫɯɨɞɚ ȝ=İφ ɢ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ ɡɚɩɢɫɵɜɚɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 

      √  ሺ         ሻ.                    (6.2) 

ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɬɟɱɟɧɢɹ İ, φ ɢ ȝ ɨɩɪɟɞɟɥɹɸɬ 

ɨɩɵɬɧɵɦ ɩɭɬёɦ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɫɩɪɚɜɨɱɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ (ɧɚ ɪɢɫɭɧɤɟ θ.3 ɩɪɢ-

ɜɟɞɟɧ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɬɟɱɟɧɢɹ ɨɬ ɤɪɢɬɟɪɢɹ Ɋɟɣɧɨɥɶɞ-

ɫɚ). 
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Ɋɢɫ. θ.3. Ƚɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɬɟɱɟɧɢɹμ 1-İν 2-φν 3-ȝ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɬɪɭɢ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɩɨɞ ɭɪɨɜɟɧɶ 

(ɪɢɫ. θ.4) ɭɪɚɜɧɟɧɢɟɦ Ⱦ. Ȼɟɪɧɭɥɥɢ ɬɚɤɠɟ ɫɨɟɞɢɧɹɸɬ ɫɜɨɛɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 

ɠɢɞɤɨɫɬɢ ɜ ɧɚɩɨɪɧɨɦ ɪɟɡɟɪɜɭɚɪɟ ɢ ɫɠɚɬɨɟ ɫɟɱɟɧɢɟ, ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɩɶɟ-

ɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚɞ ɨɫɶ ɨɬɜɟɪɫɬɢɹ          :                                               .         (6.3) 

 

C ɭɱɟɬɨɦ ɩɨɫɬɨɹɧɫɬɜɚ ɧɚɩɨɪɨɜ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɫɬɢ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ 

ɠɢɞɤɨɫɬɢ v1 ɤ ɨɬɜɟɪɫɬɢɸ                         ሺ    ሻ . 
ɋɤɨɪɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ      √  ሺ               ሻ   √  ሺ            ሻ, (6.4)                    

ɪɚɫɯɨɞ     √  ሺ            ሻ.       (6.5)                

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɬɟɱɟɧɢɹ İ, φ ɢ ȝ ɞɥɹ ɡɚɬɨɩɥɟɧɧɵɯ ɨɬɜɟɪɫɬɢɣ 

ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɬɚɤɢɦɢ ɠɟ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɢɫɬɟɱɟɧɢɹ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ. 



93 

 

 

Ɋɢɫ. θ.4. ɂɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɨɞ ɭɪɨɜɟɧɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɧɚɩɨɪɟ  

 

 

Ⱦɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɟɪɟɦɟɧɧɨɦ ɧɚɩɨɪɟ ɹɜɥɹɟɬɫɹ ɧɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ, 

ɩɚɪɚɦɟɬɪɵ ɢɫɬɟɱɟɧɢɹ (ɫɤɨɪɨɫɬɶ, ɪɚɫɯɨɞ, ɧɚɩɨɪ) ɢɡɦɟɧɹɸɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟ-

ɧɢ. ȿɫɥɢ ɢɡɦɟɧɟɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɦɟɞɥɟɧɧɨ ɢɧɟɪɰɢɨɧɧɵɦ ɧɚɩɨ-

ɪɨɦ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ɍɚɤɨɟ ɞɨɩɭɳɟɧɢɟ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɡɚɞɚɱ ɢɧɠɟɧɟɪɧɨɣ 

ɩɪɚɤɬɢɤɢ ɞɚёɬ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɟ ɪɟɲɟɧɢɹ. 

ɇɚɩɪɢɦɟɪ, ɡɚɞɚɱɚ ɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɩɨɪɨɠɧɟɧɢɹ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ 

ɪɟɡɟɪɜɭɚɪɚ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɨɬ 

H1 ɞɨ H2 (ɪɢɫ. θ.η).  
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Ɋɢɫ. θ.η. Ɉɩɨɪɨɠɧɟɧɢɟ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɪɟɡɟɪɜɭɚɪɚ 

Ɉɛɨɡɧɚɱɢɜ ɩɟɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ z, ɚ ɟɝɨ ɩɨɧɢɠɟɧɢɟ ɡɚ ɛɟɫɤɨ-

ɧɟɱɧɨ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ       ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɨɱɟɜɢɞɧɵɣ ɛɚɥɚɧɫ 

ɨɛɴɟɦɚ ɜɵɬɟɤɚɸɳɟɣ ɱɟɪɟɡ ɦɚɥɨɟ ɨɬɜɟɪɫɬɢɟ ɠɢɞɤɨɫɬɢμ  

                              √                                            (6.6) 

     ɝɞɟ  S0=const - ɩɥɨɳɚɞɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ  

                  ɪɟɡɟɪɜɭɚɪɚ ɧɚ ɥɸɛɨɦ ɭɪɨɜɧɟ z; 

             S -  ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɹ (ɧɚɫɚɞɤɚ). 

Ɂɧɚɤ «ɦɢɧɭɫ» ɭɱɢɬɵɜɚɟɬ, ɱɬɨ ɜ ɜɵɛɪɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɭɪɨɜɟɧɶ z  ɭɦɟɧɶɲɚ-

ɟɬɫɹ ɫ ɪɨɫɬɨɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ  ɢɫɬɟɱɟɧɢɹ t. 

Ɂɚɩɢɫɚɜ ɩɨɫɥɟɞɧɟɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜ ɹɜɧɨɦ ɜɢɞɟ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ            √    ,  ɩɨ-

ɫɥɟ ɫɭɦɦɢɪɨɜɚɧɢɹ dt ɞɥɹ ɜɫɟɯ dz ɜ ɩɪɟɞɟɥɚɯ          ɩɨɥɭɱɚɸɬ ɩɪɨɞɨɥ-

ɠɢɬɟɥɶɧɨɫɬɶ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɜ ɠɢɞɤɨɫɬɢ ɜ ɩɪɢɡɦɚɬɢɱɟɫɤɨɦ ɪɟɡɟɪɜɭɚɪɟμ  

                                  √  (√   √  )                           (6.7) 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɨɥɧɨɝɨ ɨɩɨɪɨɠɧɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ (H2 = 0) 

                           √    √                                                             (6.8) 



95 

 

 ɢɥɢ, ɭɦɧɨɠɢɜ ɱɢɫɥɢɬɟɥɶ ɢ ɡɧɚɦɟɧɚɬɟɥɶ ɧɚ √   , ɩɨɥɭɱɚɸɬμ 

                                  √         , 

    ɝɞɟ W ɢ Q – ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɜ ɪɟɡɟɪɜɭɚɪɟ ɢ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶ-

ɧɨɦ ɧɚɱɚɥɶɧɨɦ ɧɚɩɨɪɟ H1. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɨɥɧɨɝɨ ɨɩɨɪɨɠɧɟɧɢɹ ɩɪɢɡɦɚɬɢɱɟ-

ɫɤɨɝɨ ɪɟɡɟɪɜɭɚɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɭɞɜɨɟɧɧɨɝɨ ɨɛɴёɦɚ ɠɢɞɤɨɫɬɢ ɤ 

ɪɚɫɯɨɞɭ ɩɪɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɧɚɩɨɪɟ. 

ȼ ɫɥɭɱɚɟ ɧɟɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɪɟɡɟɪɜɭɚɪɚ ሺ         ሻ  ɞɥɹ ɪɟɲɟɧɢɹ 

ɭɪɚɜɧɟɧɢɹ (θ.θ) ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɳɚɞɢ 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɨɬ ɟё ɭɪɚɜɧɟɧɢɹ z ɜ ɪɟɡɟɪɜɭɚɪɟ, ɬ.ɟ. ɡɚɜɢ-

ɫɢɦɨɫɬɶ S0(z). 

ȼ ɫɥɭɱɚɟ ɪɟɡɟɪɜɭɚɪɚ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɤɨɝɞɚ ɩɨɫɬɪɨɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ S0(z) ɡɚɬɪɭɞɧɟɧɨ, ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ (θ.θ) ɦɨɠɧɨ ɩɪɨɢɡ-

ɜɨɞɹɬ ɱɢɫɥɟɧɧɵɦɢ ɢɥɢ ɝɪɚɮɢɱɟɫɤɢɦɢ ɫɩɨɫɨɛɚɦɢ.  

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɢɦɟɧɟɧɢɟ 

3D – ɩɪɢɧɬɟɪɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɥɨɟɜ ɠɢɞɤɨɫɬɢ ɜ ɪɟɡɟɪ-

ɜɭɚɪɟ ɫɥɨɠɧɨɣ ɮɨɪɦɵ. 

ɇɚɫɚɞɤɨɦ ɧɚɡɵɜɚɟɬɫɹ ɤɨɪɨɬɤɢɣ ɩɚɬɪɭɛɨɤ, ɩɪɢɫɨɟɞɢɧёɧɧɵɣ ɤ ɨɬɜɟɪɫɬɢɸ 

ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ. Ⱦɥɢɧɧɚ ℓ ɧɚɫɚɞɤɚ ɫɨɫɬɚɜɥɹɟɬ 2÷η ɟɝɨ ɜɧɭɬɪɟɧɧɢɯ ɞɢɚɦɟɬɪɨɜ. 

ɉɪɢ ℓ ξ 2d ɩɪɨɜɨɞɹɬ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɢɫɬɟɱɟɧɢɹ ɱɟɪɟɡ ɦɚɥɨɟ ɨɬɜɟɪɫɬɢɟ ɜ 

ɬɨɧɤɨɣ ɫɬɟɧɤɟν ɩɪɢ ℓ > ηd ɪɚɫɫɱɢɬɵɜɚɸɬ ɤɨɪɨɬɤɢɣ ɬɪɭɛɨɩɪɨɜɨɞ. 

ɇɚɫɚɞɤɢ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɬɢɩɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. θ.1. 

Ɍɚɛɥɢɰɚ. θ.1  

ɍɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɬɟɱɟɧɢɹ ɞɥɹ ɧɚɫɚɞɤɨɜ  
ɧɚɫɚɞɨɤ Ʉɨɷɮɮɢɰɢɟɧɬɵ (ɩɪɢ Re>10

4
) 

ɫɠɚɬɢɹ ɛ ɪɚɫɯɨɞɚ µ ɫɤɨɪɨɫɬɢ φ ɩɨɬɟɪɶ ȟ 
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ȼɧɟɲɧɢɣ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɢɣ

 

1,0 0,82 0,82 0,5 

ȼɧɭɬɪɟɧɧɢɣ ɰɢɥɢɧ-
ɞɪɢɱɟɫɤɢɣ 

 

1,0 0,71 0,71 0,1 

 

 

 

 

Ʉɨɧɢɱɟɫɤɢɣ ɫɯɨɞɹ-
ɳɢɣɫɹ, α≈13˚ 

 

0,98 0,94 0,96 0,07 

Ʉɨɧɢɱɟɫɤɢɣ ɪɚɫɯɨɞɹ-
ɳɢɣɫɹ, α=η÷7˚ 

1,0 0,45-0,5 0,45-0,5 3,0-4,0 

Ʉɨɧɨɢɞɚɥɶɧɵɣ (ɫɨɩɥɨ) 1,0 0,97 0,97 0,06 

ɉɪɢ ɢɫɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɜɧɟɲɧɢɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɫɚ-

ɞɨɤ, ɬɚɤ ɠɟ ɤɚɤ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ, ɜ ɧɟɩɨ-

ɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɜɯɨɞɧɨɣ ɤɪɨɦɤɢ ɨɛɪɚɡɭɟɬɫɹ ɫɠɚɬɨɟ ɫɟɱɟɧɢɟ 

(ɪɢɫ.θ.θ). 

ȼ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɋ-ɋ ɞɢɚɦɟɬɪ ɫɬɪɭɢ dc 0,8d, ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟ-

ɧɢɢ ɞɢɚɦɟɬɪ ɫɬɪɭɢ ɪɚɜɟɧ ɜɧɭɬɪɟɧɧɟɦɭ ɞɢɚɦɟɬɪɭ ɧɚɫɚɞɤɚ dɜ=d.  
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɯɨɞɚ ɜɧɟɲ-

ɧɟɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɧɚɫɚɞɤɚ µɧ=0,82. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫ-

ɯɨɞɚ ɧɚɫɚɞɤɚ ɢ ɨɬɜɟɪɫɬɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɧɟɲɧɢɣ ɰɢɥɢɧɞɪɢ-

ɱɟɫɤɢɣ ɧɚɫɚɞɨɤ, ɩɪɢɦɟɪɧɨ, ɧɚ 30% ɛɨɥɶɲɢɣ, ɱɟɦ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɜ 

ɬɨɧɤɨɣ ɫɬɟɧɤɟ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ. 

 

Ɋɢɫ. θ.θ ɂɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɜɧɟɲɧɢɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ  

               ɧɚɫɚɞɨɤ 

 

ɉɪɢ ɢɫɬɟɱɟɧɢɢ ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ 

ɜɚɤɭɭɦɚ. ɍɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɠɚɬɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɣ ɩɪɢɧɢɦɚ-

ɟɬ ɜɢɞ (ɦɚɥɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɟ ɭɱɢɬɵɜɚɸɬ) 

        
                      ,                                                                  (6.9) 

ɨɬɤɭɞɚ ɜɚɤɭɭɦɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ                                        ,                                                   (6.10) 

ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 7η% ɨɬ ɩɨɥɧɨɝɨ ɧɚɩɨɪɚ ɧɚ ɨɫɢ ɧɚɫɚɞɤɚ. ɉɪɢ ɢɫɬɟ-

ɱɟɧɢɢ ɜɨɞɵ ɜɨɡɦɨɠɧɨɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɚɤɭɭɦɚ       ⁄  = 10 ɦ ɜɨɞ.ɫɬ., 

ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɩɨɪɭ Hmax=13,η ɦ. ɉɪɢ ɧɚɩɨɪɚɯ H>Hmax ɩɪɨɢɫɯɨɞɢɬ ɫɪɵɜ 

ɜɚɤɭɭɦɚ ɢ ɧɚɫɚɞɨɤ «ɪɚɛɨɬɚɟɬ» ɤɚɤ ɨɬɜɟɪɫɬɢɟ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ. 

ɉɪɢ ɢɫɬɟɱɟɧɢɢ ɜ ɚɬɦɨɫɮɟɪɭ ɫɤɨɪɨɫɬɶ ɫɬɪɭɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɫɚɞɤɚ ɢ ɟɝɨ 

ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɫ ɭɱɟɬɨɦ ɧɚɩɨɪɚ ɧɚ ɨɫɢ ɧɚɫɚɞɤɚ 
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                  √          √   ,                              (6.11) 

ɝɞɟ φ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬɭ  

             ɪɚɫɯɨɞɚ (ɧɚ ɜɵɯɨɞɟ ɧɚɫɚɞɨɤ «ɪɚɛɨɬɚɟɬ» ɩɨɥɧɵɦ   

             ɫɟɱɟɧɢɟɦ). 

       S – ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɫɚɞɤɚ. 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɬɟɱɟɧɢɹ ɞɥɹ ɧɚɫɚɞɤɨɜ ɩɪɢɜɨɞɹɬɫɹ ɜ 

ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ. Ⱦɥɹ ɩɪɢɦɟɪɚ ɜ ɬɚɛɥɢɰɟ θ.1 ɩɪɢɜɟɞɟɧɵ ɭɫɪɟɞ-

ɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɬɟɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɧɚɫɚɞɤɨɜ, ɪɚɫ-

ɫɱɢɬɚɧɧɵɟ ɩɨ ɜɵɯɨɞɧɨɦɭ ɫɟɱɟɧɢɸ. 

ȼɧɭɬɪɟɧɧɢɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɫɚɞɨɤ ɢɦɟɟɬ ɛɨɥɶɲɟɟ ɝɢɞɪɚɜɥɢ-

ɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɦɟɧɶɲɢɣ ɪɚɫɯɨɞ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɧɟɲɧɢɦ 

ɧɚɫɚɞɤɨɦ. 

ȼ ɤɨɧɢɱɟɫɤɨɦ ɫɯɨɞɹɳɟɦɫɹ ɧɚɫɚɞɤɟ ɤɪɨɦɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɠɚɬɢɹ 

ɫɬɪɭɢ ɩɪɨɢɫɯɨɞɢɬ ɢ ɟɟ ɜɧɟɲɧɟɟ ɫɠɚɬɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɫɚɞɤɚν ɫɬɪɭɹ ɧɚ 

ɜɵɯɨɞɟ ɤɨɦɩɚɤɬɧɚɹ, ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ. 

ȼ ɤɨɧɢɱɟɫɤɨɦ ɪɚɫɯɨɞɹɳɟɦɫɹ ɧɚɫɚɞɤɟ ɫɬɪɭɹ ɛɨɥɟɟ ɫɩɨɤɨɣɧɚɹ, ɱɟɦ 

ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɧɚɫɚɞɤɟ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɜɵɯɨɞɧɨɦ 

ɫɟɱɟɧɢɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɤɨɧɭɫɧɨɫɬɶ 

ɧɚɫɚɞɤɚ ɨɝɪɚɧɢɱɟɜɚɸɬ (α < η÷7 ɭɝɥɨɜɵɯ ɝɪɚɞɭɫɨɜ).  

Ʉɨɧɨɢɞɚɥɶɧɵɣ ɧɚɫɚɞɨɤ ɢɦɟɸɬ ɮɨɪɦɭ ɛɥɢɡɤɭɸ ɤ ɬɪɚɟɤɬɨɪɢɢ ɱɚ-

ɫɬɢɰ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ, ɩɨɷɬɨɦɭ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɦɢɧɢ-

ɦɚɥɶɧɵν ɧɚɫɚɞɨɤ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɜɵɫɨɤɨɜɹɡɤɢɯ 

ɠɢɞɤɨɫɬɟɣ. 

ɇɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɠɟɥɚɬɟɥɶɧɨ ɢɦɟɬɶ 

ɛɨɥɶɲɨɣ ɪɚɫɯɨɞ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɞɢɚɦɟɬɪɟ ɢ ɦɚɥɵɯ ɜɵɯɨɞɧɵɯ ɫɤɨɪɨ-

ɫɬɹɯ, ɞɚёɬ ɧɚɫɚɞɨɤ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ ɤɨɧɨɢɞɢɚɥɶɧɨ-

ɝɨ ɧɚɫɚɞɤɚ ɢ ɞɢɮɮɭɡɨɪɚ. Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɧɚɫɚɞ-

ɤɨɜ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɩɪɢ ɧɚɩɨɪɚɯ H  4ɦ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜ ɫɭɠɟɧ-

ɧɨɣ ɱɚɫɬɢ ɧɚɫɚɞɤɚ ɜɨɡɧɢɤɚɟɬ ɤɚɜɢɬɚɰɢɹ, ɪɚɫɬёɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ 

ɭɦɟɧɶɲɚɟɬɫɹ ɟɝɨ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ.  
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ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. ɇɚɩɢɲɢɬɟ ɢ ɨɛɴɹɫɧɢɬɟ ɫɬɪɭɤɬɭɪɭ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɯɨɞɚ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɢɥɢ ɧɚɫɚɞɨɤ? 

2. Ʉɚɤɨɟ ɨɬɜɟɪɫɬɢɟ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ ɫɱɢɬɚɸɬ ɦɚɥɵɦ? 

3. ɑɬɨ ɬɚɤɨɟ ɫɠɚɬɨɟ ɫɟɱɟɧɢɟ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ? 

4. Ʉɚɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɥɢɹɸɬ ɧɚ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɥɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ 
ɬɨɧɤɨɣ ɫɬɟɧɤɟ? 

5. Ɉɬ ɤɚɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɹɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɤɨɪɨɫɬɢ ɢ ɪɚɫɯɨɞɚ 
ɦɚɥɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢ ɧɚɫɚɞɤɚ? 

6. Ɉɛɴɹɫɧɢɬɟ ɨɬɥɢɱɢɹ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ ɢ ɩɨɞ ɭɪɨɜɟɧɶ ɱɟɪɟɡ ɦɚ-
ɥɨɟ ɨɬɜɟɪɫɬɢɟ ɢ ɧɚɫɚɞɨɤ? 

7. ɑɬɨ ɬɚɤɨɟ ɧɚɫɚɞɨɤ? ɇɚɡɧɚɱɟɧɢɟ ɧɚɫɚɞɤɨɜ? 

8. ɉɨɹɫɧɢɬɟ ɨɬɥɢɱɢɟ ɜ ɪɚɫɱɟɬɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɩɨɪɨɠɧɟɧɢɹ ɩɪɢɡɦɚɬɢɱɟɫɤɨ-
ɝɨ ɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ ɪɟɡɟɪɜɭɚɪɨɜ? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ ɋɌɊɍɂ ɂ ɉɊȿȽɊȺȾɕ  
ɋɬɪɭɹ, ɜɵɬɟɤɚɸɳɚɹ ɢɡ ɨɬɜɟɪɫɬɢɹ ɢɥɢ ɧɚɫɚɞɤɚ, ɞɟɣɫɬɜɭɟɬ ɧɚ ɩɪɟɝɪɚɞɭ ɫ 

ɭɫɢɥɢɟɦ, ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɢ ɪɚɡɦɟɪɨɜ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɪɭɢ, 

ɮɨɪɦɵ ɩɪɟɝɪɚɞɵ ɢ ɟё ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɬɪɭɟ. Ɍɚɤɨɟ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɬɪɭɢ ɧɚ ɥɨɩɚɫɬɢ ɚɤɬɢɜɧɵɯ ɝɢɞɪɚɜ-
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ɥɢɱɟɫɤɢɯ ɬɭɪɛɢɧ, ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɝɪɭɧɬɚ ɫɬɪɭɟɣ ɝɢɞɪɨɦɨɧɢɬɨɪɚ, ɩɪɢ ɬɭɲɟɧɢɢ 

ɩɥɚɦɟɧɢ ɫɬɪɭɟɣ ɩɨɠɚɪɧɨɝɨ ɛɪɚɧɞɫɩɨɣɬɚ ɢ ɬ.ɩ. 

ȼɟɥɢɱɢɧɭ ɫɢɥɵ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɧɚ ɩɪɟɝɪɚɞɭ ɨɩɪɟɞɟɥɹɸɬ ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɟɦɵ ɨɛ ɢɡɦɟɧɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɪɟɧɟ-

ɛɪɟɝɚɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɬɪɟɧɢɟɦ ɜ ɫɬɪɭɟ, ɚ ɬɚɤɠɟ ɬɪɟɧɢɟɦ ɫɬɪɭɢ ɨ ɝɚɡɨɜɭɸ 

ɫɪɟɞɭ ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɟɝɪɚɞɵ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɫɬɪɭɢ, ɧɚɩɪɢɦɟɪ, ɧɚ ɜɵɩɭɤɥɭɸ ɧɟɩɨɞɜɢɠɧɭɸ ɩɪɟɝɪɚɞɭ 

(ɪɢɫ. 7.1) ɜɟɤɬɨɪ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɫɬɪɭɢ mv ɨɬɤɥɨɧɹɟɬɫɹ ɧɚ ɩɪɟɝɪɚɞɟ ɧɚ 

ɭɝɨɥ   ɢ ɜ ɩɪɨɟɤɰɢɹɯ ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɫɬɪɭɢ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ        . ɂɡɦɟ-

ɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɪɚɜɧɨ ɫɢɥɟ ɚɤɬɢɜɧɨɝɨ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɢ ɩɪɟɝɪɚɞɵ 

                     ሺ      ሻ.    (7.1) 

ȼ ɫɥɭɱɚɟ ɩɥɨɫɤɨɣ ɩɪɟɝɪɚɞɵ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɧɚɩɪɚɜɥɟ-

ɧɢɸ ɫɬɪɭɢ (     ሻ            , ɟɫɥɢ ɩɨɞ ɭɝɥɨɦ  , ɬɨ          . 

ȿɫɥɢ ɩɪɟɝɪɚɞɚ ɹɜɥɹɟɬɫɹ ɠɟɥɨɛɨɦ, ɤɨɬɨɪɵɣ ɦɟɧɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɫɬɪɭɢ ɧɚ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ (      ሻ, ɢɡ ɮɨɪɦɭɥɵ (7.1) ɫɥɟɞɭɟɬμ         ሺ  ሻ]      .  

ɋɢɥɚ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɧɚ ɩɥɨɫɤɭɸ ɩɪɟɝɪɚɞɭ ɩɪɢɦɟɪɧɨ ɜɞɜɨɟ 

ɩɪɟɜɵɲɚɟɬ ɫɢɥɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ P ɧɚ ɩɥɚɫɬɢɧɭ, ɩɟɪɟɤɪɵɜɚɸɳɭɸ 

ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɬɪɭɢ ɫɨ ɫɬɨɪɨɧɵ ɧɚɩɨɪɧɨɝɨ ɪɟɡɟɪɜɭɚɪɚμ 

             (√   )                     (7.2) 

 

ȼ ɫɥɭɱɚɟ ɩɨɞɜɢɠɧɨɣ ɩɪɟɝɪɚɞɵ ɜ ɮɨɪɦɭɥɚɯ ɫɢɥɵ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɫɬɪɭɢ ɜɦɟɫɬɨ ɫɤɨɪɨɫɬɢ ɫɬɪɭɢ   ɫɥɟɞɭɟɬ ɩɨɞɫɬɚɜɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ е     : 

- ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɣ ɞɜɢɠɟɧɢɹ ɩɪɟɝɪɚɞɵ ɢ ɫɬɪɭɢ О =  -u; 

- ɩɪɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɞɜɢɠɟɧɢɹ О =  +u. 

Ɇɨɳɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɢ ɩɨɞɜɢɠɧɨɣ ɩɪɟɝɪɚɞɵ ɨɩɪɟɞɟɥɹɸɬ 

ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɫɢɥɵ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɫɤɨɪɨɫɬɢ ɩɪɟɝɪɚɞɵ. ɇɚɩɪɢɦɟɪ, ɜ 

ɫɥɭɱɚɟ ɩɥɨɫɤɨɣ ɩɨɞɜɢɠɧɨɣ ɩɪɟɝɪɚɞɵ 

             ሺ   ሻ      (7.3) 
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Ⱥɧɚɥɢɡ ɜɵɪɚɠɟɧɢɹ (7.3) ɧɚ ɥɨɤɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ (∂N / ∂Ю = 0, ∂2
N / ∂u

2
 

ξ0) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɨɳɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɢ ɩɨɞɜɢɠɧɨɣ ɩɪɟɝɪɚɞɵ 

ɛɭɞɟɬ ɧɚɢɛɨɥɶɲɟɣ ɩɪɢ u = 0,5 . 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɫ ɩɨɞɜɢɠɧɵɦɢ ɩɪɟɝɪɚɞɚɦɢ ɧɚɛɥɸɞɚɟɬɫɹ, ɧɚɩɪɢ-

ɦɟɪ, ɜ ɚɤɬɢɜɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɬɭɪɛɢɧɚɯ. 

ɋɬɪɭɹ, ɜɵɬɟɤɚɸɳɚɹ ɢɡ ɪɟɡɟɪɜɭɚɪɚ ɨɤɚɡɵɜɚɟɬ ɧɚ ɧɟɝɨ ɪɟɚɤɬɢɜɧɨɟ ɞɟɣɫɬɜɢɟ 

ɫ ɫɢɥɨɣ Fɪ , ɧɚɩɪɚɜɥɟɧɧɨɣ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɫɬɪɭɢ 

ɫɬɨɪɨɧɭ, ɢ ɱɢɫɥɟɧɧɨ ɪɚɜɧɭɸ ɫɢɥɟ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɬɪɭɢ. 

 
 

Ɋɢɫ. 7.1. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɬɪɭɢ ɫ ɩɪɟɝɪɚɞɨɣ. 
 

ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɮɨɪɦɭɥɵ ɞɥɹ ɫɢɥɵ ɢ ɦɨɳɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ 

ɢ ɩɪɟɝɪɚɞɵ ɩɨɥɭɱɚɸɬ ɧɚ ɨɫɧɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɣ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɞɜɢɠɟɧɢɹ. 

ɂɡɦɟɧɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɨɛɴɹɫɧɹɸɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɢɥɵ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɩɨɝɪɭɠɟɧɧɨɝɨ ɜ ɞɜɢɠɭɳɭɸɫɹ 

ɠɢɞɤɨɫɬɶ. ɉɪɢ ɷɬɨɦ ɫɱɢɬɚɸɬ, ɱɬɨ ɨɛɬɟɤɚɧɢɟ ɠɢɞɤɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ ɨɛɟɫ-

ɩɟɱɢɜɚɟɬ ɫɢɥɭ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ, ɚ ɮɨɪɦɚ ɬɟɥɚ ɫɜɹɡɚɧɧɚ ɫ ɜɢɯɪɟɨɛɪɚɡɨɜɚ-

ɧɢɟɦ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɢɥɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ɋɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤ-

ɬɨɪ ɭɤɚɡɚɧɧɵɯ ɫɢɥɵ ɢɦɟɟɬ ɩɪɨɟɤɰɢɢ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɨɫɢ 
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ɤɨɨɪɞɢɧɚɬ. ȼɟɪɬɢɤɚɥɶɧɭɸ ɩɪɨɟɤɰɢɸ ɧɚɡɵɜɚɸɬ ɩɨɞɴɟɦɧɵɣ ɫɢɥɨɣ, ɝɨɪɢɡɨɧɬɚɥɶ-

ɧɭɸ ɩɪɨɟɤɰɢɸ ɧɚɡɵɜɚɸɬ ɫɢɥɨɣ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɋɢɥɭ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɟɦɵ ɨ ɢɡɦɟɧɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɬɟɥɨɦ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

             ሺ    ሻ   ,   (7.3) 

ɝɞɟ ɋ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɜɟɥɢɱɢɧɚ  

   ɫɩɪɚɜɨɱɧɚɹ,    ሺ  ሻ); 

       S -  ɩɥɨɳɚɞɶ ɩɪɨɟɤɰɢɢ ɨɦɵɜɚɟɦɨɣ ɠɢɞɤɨɫɬɶɸ ɱɚɫɬɢ ɬɟɥɚ  

    ɧɚ ɩɥɨɫɤɨɫɬɶ, ɧɨɪɦɚɥɶɧɭɸ ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɫɬɪɭɢ; 

          – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɬɟɥɚν 

         -  ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɨɦɵɜɚɸɳɟɣ ɬɟɥɨ ɠɢɞɤɨɫɬɢ. 
  

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. ɋɮɨɪɦɭɥɢɪɭɣɬɟ ɬɟɨɪɟɦɭ ɦɟɯɚɧɢɤɢ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɣ ɪɚɫɫɱɢɬɵɜɚɸɬ ɫɢɥɵ 
ɚɤɬɢɜɧɨɝɨ ɢ ɪɟɚɤɬɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɢ ɩɪɟɝɪɚɞɵ? 

2. ɍɤɚɠɢɬɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɫɢɥɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɢ ɩɪɟɝɪɚɞɵ? 

3. Ɂɚɩɢɲɢɬɟ ɮɨɪɦɭɥɭ ɫɢɥɵ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɧɚ ɞɜɢɠɭɳɭɸɫɹ ɩɪɟɝɪɚɞɭ? 

4. ɉɪɢ ɤɚɤɨɣ ɮɨɪɦɟ ɩɪɟɝɪɚɞɵ ɦɨɳɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɢ ɩɪɟɝɪɚɞɵ ɛɭɞɟɬ 
ɧɚɢɛɨɥɶɲɟɣ? 

5. ɉɪɢ ɤɚɤɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɪɟɝɪɚɞɵ ɢ ɫɬɪɭɢ ɦɨɳɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɛɭɞɟɬ ɧɚɢɛɨɥɶɲɟɣ? 

 

 

 

 

 

 

 

 

8. ɉɈɌɈɄ ɋɈ ɋȼɈȻɈȾɇɈɃ ɉɈȼȿɊɏɇɈɋɌɖɘ 

Ɋɚɫɱёɬ ɩɨɬɨɤɨɜ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɨɫɬɨɢɬ ɜ ɪɟɲɟɧɢɢ ɫɨɜɦɟɫɬɧɨɣ 

ɡɚɞɚɱɢ ɨ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ Q ɩɪɢ ɞɨɩɭɫɬɢɦɵɯ ɫɤɨɪɨɫɬɹɯ ɩɨɬɨɤɚ υ ɢ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢɯ ɭɤɥɨɧɚɯ iɝ ɪɭɫɥɚ. ɉɨɬɨɤɢ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɤɚ-

ɧɚɥɢɡɚɰɢɨɧɧɵɯ ɬɪɭɛɚɯ, ɞɨɪɨɠɧɵɯ ɥɨɬɤɚɯ, ɤɚɧɚɥɚɯν ɜ ɩɪɢɪɨɞɟ — ɜ ɪɟɤɚɯ, ɪɭɱɶ-

ɹɯ. 
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ɉɪɢ ɪɚɫɱёɬɟ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɜɨɞɹɬ ɞɨɩɭɳɟɧɢɟ ɨ ɪɚɜ-

ɧɨɦɟɪɧɨɦ ɞɜɢɠɟɧɢɢ ɩɨɬɨɤɚμ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɭɤɥɨɧ ɞɧɚ, ɭɤɥɨɧ ɫɜɨɛɨɞɧɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ (ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɤɥɨɧ) ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɤɥɨɧ (ɭɤɥɨɧ ɧɚɩɨɪɧɨɣ 

ɥɢɧɢɢ) ɹɜɥɹɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ, ɬɚɤ ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɞɧɚ 1, ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯ-

ɧɨɫɬɶ ɩɨɬɨɤɚ 2 ɢ ɧɚɩɨɪɧɚɹ ɥɢɧɢɹ 3 ɩɚɪɚɥɥɟɥɶɧɵ ɞɪɭɝ ɞɪɭɝɭ (ɪɢɫ.8.1). 

 

Ɋɢɫ.8.1. ɉɨɬɨɤ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸμ 1 – ɞɧɨν 2 – ɫɜɨɛɨɞɧɚɹ ɩɨ-

ɜɟɪɯɧɨɫɬɶν 3 - ɧɚɩɨɪɧɚɹ ɥɢɧɢɹ, 4-ɬɪɭɛɤɚ ɉɢɬɨ, η – ɩɥɨɫɤɨɫɬɶ ɫɪɚɜɧɟɧɢɹ 

Ⱦɜɢɠɭɳɟɣ ɫɢɥɨɣ ɬɚɤɨɝɨ ɩɨɬɨɤɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɶɧɚɹ (ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ) G  ɫɨ-

ɫɬɚɜɥɹɸɳɚɹ ɟɝɨ ɜɟɫɚ G. 

ɍɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɟɱɟɧɢɣ Ⱥ ɢ ȼ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 

ɫɪɚɜɧɟɧɢɹ Ɉ- Ɉ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɟ Ⱥ – ȼ ɪɚɜɧɵ ɪɚɡɧɨɫɬɢ 

ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɨɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɟɱɟɧɢɣ, ɬ.ɟ. zhT  .  

Ɇɟɫɬɧɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ     ɜɨɡɧɢɤɚɸɬ ɜ ɩɨɬɨɤɟ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨ-

ɫɬɶɸ ɜ ɦɟɫɬɚɯ ɟɝɨ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɬɟɦ ɠɟ ɩɪɢɱɢɧɚɦ, ɱɬɨ ɢ ɜ ɧɚɩɨɪɧɵɯ ɩɨɬɨɤɚɯ.  

 

Ɉɞɧɚɤɨ ɜ ɪɚɫɱёɬɚɯ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɧɭ    ɨɛɵɱɧɨ ɧɟ ɭɱɢɬɵɜɚɸɬ (ɞɟɮɨɪɦɚɰɢɢ ɪɭɫɥɚ ɩɨɬɨɤɚ ɩɪɢɜɨɞɹɬ ɤ ɦɟɫɬɧɵɦ 

ɢɡɦɟɧɟɧɢɹɦ ɮɨɪɦɵ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ). 

ɉɪɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɪɚɫɱёɬɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɶɸ, ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɹɯ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɯ ɬɪɭɛ, ɜɜɨɞɹɬ ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ ɫɤɨɪɨɫɬɢ υ, ɧɚɩɨɥɧɟɧɢɸ ɬɪɭɛ h/d ɢ ɭɤɥɨɧɭ ɞɧɚ ir: 
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,15.0i  1/d

0,6;  h/d3,0

;/,47,0

r 




 

Ⱦɥɹ ɪɚɫɱёɬɚ ɪɚɜɧɨɦɟɪɧɵɯ ɩɨɬɨɤɨɜ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɢɦɟɧɹ-

ɸɬ ɮɨɪɦɭɥɭ ɒɟɡú (4.21), ɡɚɩɢɫɚɧɧɭɸ ɫ ɭɱɟɬɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɤɥɨɧɚ 

ГT ih  , ɢ ɮɨɪɦɭɥɭ  ɪɚɫɯɨɞɚ SvQ  ,                 .     (8.1) 

ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞ-

ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

IIi pr          (8.2) 

ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɨɬɨɤɚ (8.1). 

ȼɚɠɧɟɣɲɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɹɜ-

ɥɹɸɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɢ 

ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ. 

Ƚɥɭɛɢɧɭ hɧ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɡɵɜɚɸɬ 

ɧɨɪɦɚɥɶɧɨɣ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɫɬɪɨɹɬ ɝɪɚɮɢɤ ɗ = f(h). Ⱦɥɹ ɩɨ-

ɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɩɪɨɜɨɞɹɬ ɩɥɨɫɤɨɫɬɶ ɫɪɚɜɧɟɧɢɹ ɱɟɪɟɡ ɧɢɠɧɸɸ ɬɨɱɤɭ ɠɢɜɨɝɨ 

ɫɟɱɟɧɢɹ ɢ, ɜɚɪɶɢɪɭɹ ɝɥɭɛɢɧɭ h, ɨɩɪɟɞɟɥɹɸɬ ɭɞɟɥɶɧɭɸ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɗn= h ɢ 

ɭɞɟɥɶɧɭɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɗɤ = υ2 
/(2g) ɷɧɟɪɝɢɢ ɜ ɠɢɜɨɦ ɫɟɱɟɧɢɢ, ɝɪɚɮɢɤɢ ɗɩ ɢ ɗɤ 

ɫɭɦɦɢɪɭɸɬ (ɪɢɫ.8.2). 

ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɨɞɧɨɦɭ ɡɧɚɱɟɧɢɸ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɫɟɱɟɧɢɹ ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɬ ɞɜɟ ɝɥɭɛɢɧɵ - h΄ ɢ С΄΄, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬ ɫɨɩɪɹɠɟɧɧɵɦɢ. 

Ɇɢɧɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɷɧɟɪɝɢɢ ɫɟɱɟɧɢɹ ɗmin ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɢɬɢɱɟ-

ɫɤɚɹ ɝɥɭɛɢɧɚ hɤ. 

ȿɫɥɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɪɚɫɯɨɞɟ ɢ ɭɤɥɨɧɟ ɞɧɚ ɧɨɪɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ 

hɧ<hɤ, ɫɨɫɬɨɹɧɢɟ ɩɨɬɨɤɚ ɫɱɢɬɚɸɬ ɛɭɪɧɵɦ, ɩɪɢ hɧ>hɤ  - ɫɩɨɤɨɣɧɵɦ, ɩɪɢ hɧ = hɤ ɩɨ-

ɬɨɤ ɫɱɢɬɚɸɬ ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 

̏ ̥̥
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Ɋɢɫ.8.2. Ƚɪɚɮɢɤ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɩɨɬɨɤɚ  

ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

           

 ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 8.3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɞɧɚ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɯɟɦ ɫɨ-

ɩɪɹɠɟɧɢɹ ɛɭɪɧɨɝɨ ɭɱɚɫɬɤɚ ɩɨɬɨɤɚ ɧɚ ɜɨɞɨɫɥɢɜɟ ɩɥɨɬɢɧɵ ɢ ɫɩɨɤɨɣɧɨɝɨ ɭɱɚɫɬɤɚ 

)( "

kH hhh  ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɥɨɬɢɧɵ ȽɌɋ. 

 

 

Ɋɢɫ.8.3. ɋɯɟɦɚ ɫɨɩɪɹɠɟɧɢɹ ɭɱɚɫɬɤɨɜ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ  

            ɩɨɜɟɪɯɧɨɫɬɶɸ ɱɟɪɟɡ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɵɠɨɤ ɩɪɢ  

 h’ 

∇В  

∇   
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       ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɩɨɬɨɤɚ 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. Ɉɛɥɚɞɚɟɬ ɥɢ ɠɢɞɤɨɫɬɶ ɜ ɠɢɜɨɦ ɫɟɱɟɧɢɢ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɝɢɞ-
ɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɧɚɩɨɪɨɦ? ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɦ ɧɚɩɨɪɨɦ? 

2. ɋɩɨɫɨɛɟɧ ɥɢ ɩɨɬɨɤ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɚɜɧɨɦɟɪɧɨ ɞɜɢɝɚɬɶɫɹ ɩɨ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɦɭ ɞɧɭ? ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɭɤɥɨɧɟ ɞɧɚ? ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɭɤɥɨɧɟ ɞɧɚ? 

3. ɉɨ ɤɚɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɜɜɨɞɹɬ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɶɸ? 

4. Ɂɚɩɢɲɢɬɟ ɨɫɧɨɜɧɭɸ ɪɚɫɱɟɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɨɬɨɤɚ ɫɨ 
ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ? 

5. ɉɚɪɚɥɥɟɥɶɧɵ ɢɥɢ ɧɟɬ ɥɢɧɢ ɞɧɚ, ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɩɨɥɧɨɝɨ ɧɚɩɨɪɚ ɞɥɹ ɩɨɬɨɤɚ 
ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ ɫɥɭɱɚɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɞɜɢɠɟɧɢɹ? ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ 
ɩɥɚɜɧɨɢɡɦɟɧɹɸɳɟɝɨɫɹ ɞɜɢɠɟɧɢɹ? 

6. Ɉɛɴɹɫɧɢɬɟ ɯɚɪɚɤɬɟɪ ɝɪɚɮɢɤɚ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɛɟɡɧɚɩɨɪɧɨɝɨ ɩɨ-
ɬɨɤɚ? ɱɬɨ ɬɚɤɨɟ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ? ɧɨɪɦɚɥɶɧɚɹ ɢ ɤɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɵ? 

 

 

 

 

 

 

 

 

9.  ɎɂɅɖɌɊȺɐɂə ȽɊɍɇɌɈȼɕɏ ȼɈȾ  

Ɍɟɨɪɢɹ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ  ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɡɚɤɨ-

ɧɨɦɟɪɧɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɵ ɫ ɰɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɪɚɫɱёɬɨɜ 

ɩɪɢɬɨɤɚ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɤ ɜɨɞɨɡɚɛɨɪɧɵɦ ɫɨɨɪɭɠɟɧɢɹɦ (ɫɤɜɚɠɢɧɚɦ, ɤɨɥɨɞɰɚɦ ɢ 

ɬ.ɞ.)νɪɚɛɨɬɵ ɮɢɥɶɬɪɨɜ ɧɚ ɫɬɚɧɰɢɹɯ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢν ɩɨɞɬɨɩɥɟɧɢɹ ɩɨɞɡɟɦɧɵɦɢ 

ɜɨɞɚɦɢ ɬɟɪɪɢɬɨɪɢɣ ɡɚɫɬɪɨɣɤɢ; ɫɢɫɬɟɦ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɜɨɞɨɩɨɧɢɠɟɧɢɹ ɞɥɹ ɤɨɬ-

ɥɨɜɚɧɨɜ, ɬɪɚɧɲɟɣ ɢɥɢ ɩɨɞɡɟɦɧɵɯ ɩɪɨɯɨɞɨɤ ɜ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɪɭɧɬɚɯν  ɩɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ  ɞɪɟɧɚɠɟɣ, ɩɨɧɢɠɚɸɳɢɯ ɭɪɨɜɟɧɶ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɞɥɹ ɡɚɳɢɬɵ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɨɬ ɩɨɞɬɨɩɥɟɧɢɹ. 

Ɏɢɥɶɬɪɚɰɢɟɣ ɧɚɡɵɜɚɸɬ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ. 

ɉɨɞ ɫɪɟɞɨɣ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɬɜёɪɞɭɸ ɮɚɡɭ. 
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Ⱦɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɨɨɛɳɚɸɳɢɦɫɹ ɦɟɠɞɭ ɫɨɛɨɣ 

ɩɨɪɚɦ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦɢ ɞɥɹ ɩɪɨɩɭɫɤɚ ɠɢɞɤɨɫɬɢ ɢɥɢ 

ɝɚɡɚ. ɋɪɟɞɵ ɫ ɬɚɤɢɦɢ ɩɨɪɚɦɢ ɧɚɡɵɜɚɸɬ ɮɢɥɶɬɪɭɸɳɢɦɢ ɢɥɢ ɩɪɨɧɢɰɚɟɦɵɦɢ, 

ɧɚɩɪɢɦɟɪ, ɩɟɫɤɢ, ɫɭɩɟɫɶ, ɩɨɪɢɫɬɵɟ ɛɟɬɨɧɵ, ɳɟɛɟɧɶ, ɤɢɪɩɢɱɧɵɟ ɤɥɚɞɤɢ ɢ ɬ.ɩ. 

ȼɨɞɨɭɩɨɪɧɵɟ ɫɪɟɞɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɩɭɫɤɚɸɬ ɜɨɞɭ, ɬɚɤ ɤɚɤ ɢɦɟɸɬ ɧɟ-

ɫɨɨɛɳɚɸɳɢɟɫɹ ɩɨɪɵ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ. ɇɚɩɪɢɦɟɪ, ɝɥɢɧɵ, ɦɟɪɝɟɥɢ, ɝɢɞɪɨɢɡɨɥɹ-

ɰɢɨɧɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɰɟɦɟɧɬɧɵɣ ɪɚɫɬɜɨɪ, ɛɟɬɨɧɧɵɟ ɦɚɫɫɵ, ɪɭɛɟ-

ɪɨɢɞ ɢ ɬ.ɩ).  

ȼɥɚɝɚ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ, ɜɨɞɨɟɦɨɜ ɢ ɬ.ɩ., ɩɪɨɫɚɱɢɜɚɹɫɶ ɜ ɝɪɭɧɬ, ɡɚ-

ɞɟɪɠɢɜɚɟɬɫɹ ɧɚ ɜɨɞɨɭɩɨɪɟ (ɩɥɨɬɧɚɹ ɝɥɢɧɚ, ɫɤɚɥɚ ɢ ɬ.ɩ.) ɢ ɞɜɢɠɟɬɫɹ ɧɚɞ ɟɝɨ ɩɨ-

ɜɟɪɯɧɨɫɬɶɸ ɜ ɦɟɠɩɨɪɨɜɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɜɨɞɨɧɚɫɵɳɟɧɧɨɝɨ ɫɥɨɹ. 

Ⱦɜɢɠɟɧɢɟ ɜɨɞɵ, ɫɨɝɥɚɫɧɨ ɬɟɨɪɢɢ ɮɢɥɶɬɪɚɰɢɢ, ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ 

ɮɨɪɦɟ ɫɩɥɨɲɧɨɝɨ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ, ɠɢɜɵɦ ɫɟɱɟɧɢɟɦ ɤɨɬɨɪɨɝɨ ɫɱɢɬɚɸɬ 

ɫɭɦɦɚɪɧɭɸ ɩɥɨɳɚɞɶ ɩɨɪ, ɡɚɩɨɥɧɟɧɧɵɯ ɜɨɞɨɣ, ɢ ɬɜɟɪɞɨɣ ɮɚɡɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ – ɜɚɠɧɟɣɲɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ, 

ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɦɟɠɩɨɪɨɜɵɯ ɩɪɨ-

ɫɬɪɚɧɫɬɜɚɯ. 

Ɏɢɥɶɬɪɚɰɢɨɧɧɵɣ ɩɨɬɨɤ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɡɵɜɚɸɬ ɛɟɡɧɚɩɨɪ-

ɧɵɦ (ɯɨɬɹ ɜ ɤɚɠɞɨɦ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɨɧ ɨɛɥɚɞɚɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɧɚɩɨ-

ɪɨɦ). Ɍɚɤ ɤɚɤ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ Фv ɜɟɫɶɦɚ ɦɚɥɚɹ, ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ )(2g2

Ɏv

ɧɟ ɭɱɢɬɵɜɚɸɬ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɧɚɩɨɪ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɦɭ. 

ɇɚ ɷɬɨɦ ɠɟ ɨɫɧɨɜɚɧɢɢ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢ-

ɨɧɧɨɝɨ ɩɨɬɨɤɚ ɥɢɧɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɢ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɨɜ ɫɱɢɬɚɸɬ 

ɫɨɜɩɚɞɚɸɳɢɦɢ ɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɥɢɧɢɢ ɜɨɞɨɭɩɨɪɚ (ɪɢɫ.λ.1). 
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Ɋɢɫ. λ.1. Ɋɚɜɧɨɦɟɪɧɵɣ (ɚ) ɢ ɧɟɪɚɜɧɨɦɟɪɧɵɣ (ɛ) ɩɨɬɨɤɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞμ 1 – 

ɜɨɞɨɭɩɨɪν 2 – ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶν 3 – ɫɤɜɚɠɢɧɚ 

Ⱦɜɢɠɟɧɢɟ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɜɫɟɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɜɥɢɹɧɢɟɦ ɪɚɡ-

ɧɨɫɬɢ ɧɚɩɨɪɨɜ ∆H, ɨɬɫɱɢɬɵɜɚɟɦɵɯ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ. 

Ɏɢɥɶɬɪɚɰɢɨɧɧɵɣ ɩɨɬɨɤ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ ɜɫɟɝɞɚ ɬɟɪɹɟɬ ɧɚɩɨɪ ɢɡ-ɡɚ ɝɢɞ-

ɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ. Ɉɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ∆H ɤ ɞɥɢɧɟ ɩɭɬɢ ɮɢɥɶɬɪɚɰɢɢ 

  ɞɚёɬ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɤɥɨɧ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ 

ɭɤɥɨɧɨɦ, ɬ.ɟ 

  HddHII p .      (9.1) 

 Ɉɫɧɨɜɧɨɣ ɡɚɤɨɧ ɮɢɥɶɬɪɚɰɢɢ (ɡɚɤɨɧ Ⱦɚɪɫɢ) ɫɜɹɡɵɜɚɟɬ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚ-

ɰɢɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ kф, ɪɚɡɧɨɫɬɶ ɧɚɩɨɪɨɜ   (ɩɨɬɟɪɢ 

ɧɚɩɨɪɚ) ∆H ɢ ɞɥɢɧɭ ɩɭɬɢ ɮɢɥɶɬɪɚɰɢɢ ℓμ 

ɊФФ IkHkv Ɏ/   .      (9.2) 

Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɪɢɫɬɵɯ ɫɪɟɞ ɨɩɪɟɞɟɥɹɸɬ ɨɩɵɬɧɵɦ 

ɩɭɬёɦ, ɧɟɤɨɬɨɪɵɟ ɢɯ ɧɢɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.1. 

 

 

 

Ɍɚɛɥɢɰɚ λ.1 

Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɪɢɫɬɵɯ ɫɪɟɞ 
ɉɨɪɢɫɬɚɹ ɫɪɟɞɚ Ʉɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ kф, 

ɦ/ɫɭɬ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɨɞɨɨɬɞɚɱɢ ȝɜ 

ȼɨɞɨɭɩɨɪɧɵɟ ɝɥɢɧɵ, 
ɉɥɨɬɧɵɣ ɛɟɬɨɧ 

ɋɭɝɥɢɧɤɢ 

ɋɭɩɟɫɢ 

ɉɟɫɤɢ 

- 

Ɇɟɧɟɟ 0,01 

0,01 – 0,5 

0,5 – 2 

2 - 50 

- 

Ɇɟɧɟɟ 0,0η 

0,05- 0,1 

0,1 – 0,2 

0,2 – 0,25 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ kф ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨɪɢɫɬɨɣ ɫɪɟ-

ɞɵ. Ʉɨɷɮɮɢɰɢɟɧɬ ɜɨɞɨɨɬɞɚɱɢ ȝɜ (ɜɟɥɢɱɢɧɚ ɛɟɡɪɚɡɦɟɪɧɚɹ) ɩɨɤɚɡɵɜɚɟɬ, ɫɤɨɥɶɤɨ 

ɜɨɞɵ ɦɨɠɟɬ ɨɬɞɚɬɶ ɝɪɭɧɬ (ɜ ɞɨɥɹɯ ɟɞɢɧɢɰɵ ɨɛɴёɦɚ) ɩɪɢ ɟɝɨ ɨɫɭɲɟɧɢɢ. 

ɋɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ - ɷɬɨ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ 

ɦɟɠɞɭ ɩɨɥɧɨɫɬɶɸ ɜɨɞɨɧɚɫɵɳɟɧɧɨɣ ɩɨɪɢɫɬɨɣ ɫɪɟɞɨɣ ɢ ɟё  ɨɫɭɲɟɧɧɨɣ ɱɚɫɬɶɸ. 

ɇɚ ɷɬɨɣ ɝɪɚɧɢɰɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ ɚɬɦɨɫɮɟɪɧɨɦɭ. 

ɋɜɹɡɶ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɮɢɥɶɬɪɚɰɢɢ Ф ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɜɢ-

ɠɟɧɢɹ ɜ ɦɟɠɩɨɪɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ  

ɩɨɪɢɫɬɨɫɬɢ ɝɪɭɧɬɚ np – ɨɬɧɨɲɟɧɢɹ ɨɛɴɟɦɚ ɩɨɪ ɝɪɭɧɬɚ ɤ ɫɭɦɦɚɪɧɨɦɭ ɨɛɴɟɦɭ ɩɚɪ 

ɢ ɱɚɫɬɢɰ ɝɪɭɧɬɚμ 

vnv ɊФ  . 

ɂɡ ɮɨɪɦɭɥ (λ.1) ɜɢɞɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ Ф ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɭɤɨɥɚ ɜ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ. Ɏɨɪɦɭɥɚ ɨɬɧɨɫɢɬ-

ɫɹ ɤ ɥɚɦɢɧɚɪɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɢ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɝɪɚɧɢɰɵ ɩɪɢɦɟɧɢɦɨɫɬɢ, 

ɧɚɩɪɢɦɟɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɷɦɩɢɪɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 07,001,0  TФ dv , ɝɞɟ 

ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ Фv ɛɟɪɭɬ ɜ ɫɦ/ɫν ɞɢɚɦɟɬɪ ɱɚɫɬɢɰɵ ɝɪɭɧɬɚ Td  ɛɟɪɭɬ ɜ ɫɦ. 

ȿɫɥɢ ɩɨɫɥɟɞɧɟɟ ɭɫɥɨɜɢɟ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬɫɹ, ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɬɭɪɛɭɥɟɧɬ-

ɧɭɸ ɮɢɥɶɬɪɚɰɢɸ, ɩɨɥɚɝɚɹ ɤɜɚɞɪɚɬɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɭɤɥɨ-

ɧɚ ɨɬ ɫɤɨɪɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢμ  
2

Ɏ Фp bvavI  , 

ɝɞɟ a ɢ b – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ (ɜɟɥɢɱɢɧɵ ɫɩɪɚɜɨɱɧɵɟ). 

ȼ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ ɩɥɚɜɧɨɢɡɦɟɧɹɸɳɟɝɨɫɹ ɩɨɬɨɤɚ ɝɪɭɧɬɨɜɨɣ ɜɨɞɵ ɠɢɜɨɟ 

ɫɟɱɟɧɢɟ, ɢɦɟɸɳɟɟ ɤɪɢɜɨɥɢɧɟɣɧɨɟ ɨɱɟɪɬɚɧɢɟ (ɥɢɧɢɢ ɬɨɤɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ 

ɠɢɜɨɦɭ ɫɟɱɟɧɢɸ), ɡɚɦɟɧɹɸɬ ɩɥɨɫɤɢɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ. 

ȼ ɜɢɞɭ ɦɚɥɨɫɬɢ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɝɪɭɧɬɨɜɨɣ ɜɨɞɵ ɫɤɨɪɨɫɬɧɵɦɢ ɧɚɩɨ-

ɪɚɦɢ ɩɪɟɧɟɛɪɟɝɚɸɬ ɢ ɫɱɢɬɚɸɬ ɨɛɨɫɧɨɜɚɧɧɵɦ ɩɪɢɦɟɧɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

ɝɢɞɪɨɫɬɚɬɢɤɢ (ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɨɞɢɧɚɤɨɜɵɣ), ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɬɨɱɤɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨɬɨɤɚ. Ɍɨɝɞɚ ɢ ɥɨɤɚɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɜɨ 

ɜɫɟɯ ɬɨɱɤɚɯ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɱɢɬɚɸɬ ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ ɫɪɟɞɧɟɣ 
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ɫɤɨɪɨɫɬɢ   ɩɨɬɨɤɚ ɝɪɭɧɬɨɜɨɣ ɜɨɞɵ. ɗɬɭ ɫɤɨɪɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

Ⱦɸɩɸɢμ  

ddHk /Ɏ ,        (9.3) 

ɝɞɟ H – ɜɨɡɜɵɲɟɧɢɟ ɬɨɱɤɢ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɧɚɞ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɶɸ ɫɪɚɜɧɟɧɢɹν ddH /  - ɭɤɥɨɧ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ 

ɫɨɜɦɟɫɬɧɨɦ ɪɚɫɫɦɨɬɪɟɧɢɢ ɭɪɚɜɧɟɧɢɹ Ⱦɸɩɸɢ ɢ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɩɥɚɜɧɨɢɡ-

ɦɟɧɹɸɳɟɝɨɫɹ ɩɨɬɨɤɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (8.2), ɡɚɩɢɫɚɧɧɨɦ ɜ ɜɢɞɟ  

ddhiI p / .        (9.4) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɧɟɫɥɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɮɢɥɶ-

ɬɪɚɰɢɢ Ф ɜ ɤɨɧɤɪɟɬɧɨɦ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚμ 

)/(Ɏ ddhikФ  ,       (9.5) 

ɝɞɟ h – ɝɥɭɛɢɧɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɜ ɟɝɨ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ. 

Ɍɚɤ ɤɚɤ ɝɥɭɛɢɧɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɝɨɪɚɡɞɨ ɦɟɧɶ-

ɲɚɹ, ɱɟɦ ɟɝɨ ɲɢɪɢɧɚ B, ɭɞɟɥɶɧɵɣ ɧɚ ɟɞɢɧɢɰɭ ɲɢɪɢɧɚ ɩɨɬɨɤɚ ɪɚɫɯɨɞ 

)/(/ Ɏ ddhihkBQq  .      (9.6) 

ɉɪɢ ɦɚɥɵɯ ɭɤɥɨɧɚɯ ɜɨɞɨɭɩɨɪɚ ɩɪɢɧɢɦɚɸɬ 0i ɢ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɝɪɭɧ-

ɬɨɜɨɣ ɜɨɞɵ 

dhdhkq /Ɏ .       (9.7) 

Ɋɚɡɞɟɥɹɹ ɩɟɪɟɦɟɧɧɵɟ h ɢ  , ɩɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɞɥɹ ɭɱɚɫɬɤɚ ɞɥɢɧɨɣ 

ɦɟɠɞɭ ɞɜɭɦɹ ɤɨɧɬɪɨɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ ɩɨɥɭɱɚɸɬ 


2121

2

2

2

1

Ɏ 22

hhhhhh

k

q 






 .      (9.8) 

ɉɨɫɥɟɞɧɹɹ ɡɚɩɢɫɶ ɪɚɫɤɪɵɜɚɟɬ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɫɨɦɧɨɠɢɬɟɥɟɣμ 

2/)( 21 hh   - ɫɪɟɞɧɹɹ ɧɚ ɭɱɚɫɬɤɟ   ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ, /)(h 21 h  - ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ 

ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɭɤɥɨɧɚ ɧɚ ɷɬɨɦ ɭɱɚɫɬɤɟ. 

ɉɨ ɭɪɚɜɧɟɧɢɸ (λ.8), ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɭɪɚɜɧɟɧɢɟɦ Ⱦɸɩɸɢ, ɧɟ-

ɫɥɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɤɪɢɜɭɸ ɞɟɩɪɟɫɫɢɢ ɩɨɬɨɤɚ ɝɪɭɧɬɨɜɨɣ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɧɚɣɬɢ ɜɟ-

ɥɢɱɢɧɭ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɚɫɯɨɞɚ q. 
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ɉɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɮɢɥɶɬɪɚɰɢɹ ɜɨɞɵ ɢɡ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

ɜ ɧɢɠɧɢɣ ɱɟɪɟɡ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ, ɢɦɟɸɳɢɣ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ, ɧɚɩɪɢɦɟɪ, 

ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɮɨɪɦɭ (ɪɢɫ. λ.2). 

 

Ɋɢɫ. λ.2. Ɏɢɥɶɬɪɚɰɢɹ ɱɟɪɟɡ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ 

ɋɨɝɥɚɫɧɨ (λ.8) ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɜɨɞɵ 

)2/()( 2

2

2

1Ɏ Lhhkq  .       (9.9) 

ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ hx ɬɟɤɭɳɭɸ ɝɥɭɛɢɧɭ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɜ ɩɪɨɢɡ-

ɜɨɥɶɧɨɦ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ x ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɩɪɚɜɟɞɥɢɜɚ ɡɚɩɢɫɶ  

)2/()( 2

2

2

Ɏ xhhkq x  .       (9.10) 

ɉɪɢ ɫɨɜɦɟɫɬɧɨɦ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɵɪɚɠɟɧɢɣ (λ.λ) ɢ (λ.10) ɩɨɥɭɱɚɸɬ 

ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɞɥɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɜ ɝɪɭɧɬɨɜɨɦ ɦɚɫɫɢɜɟ    √    ሺ       ሻ   .      (9.11) 

ɉɨɫɥɟɞɧɢɟ ɜɵɪɚɠɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɨɞɧɨɪɨɞɧɨɝɨ ɝɪɭɧɬɚ ɤɪɢ-

ɜɚɹ ɞɟɩɪɟɫɫɢɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ Фk

, ɬ.ɟ. ɨɬ ɫɬɟɩɟɧɢ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɝɪɭɧɬɚ. 

ȼ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɚɤɬɢɤɟ ɦɧɨɝɢɟ ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɱёɬɵ ɫɜɹɡɚɧɵ ɫ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɜɨɞɨɩɪɢɬɨɤɚ ɝɪɭɧɬɨɜɵɯ ɜɨɞ Q. 

Ɉɫɧɨɜɨɣ ɬɚɤɢɯ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ ɡɚɤɨɧ Ⱦɚɪɫɢ (λ.2) ɢ ɭɪɚɜɧɟɧɢɟ Ⱦɸɩɸɢ 

(9.3). 
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ɇɚɩɪɢɦɟɪ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɩɪɢɬɨɤ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɜ ɬɪɚɧɲɟɸ, ɪɚɫɩɨɥɨɠɟɧ-

ɧɭɸ ɧɚ ɜɨɞɨɭɩɨɪɟ ɢ ɢɡ ɤɨɬɨɪɨɣ ɩɨɫɬɨɹɧɧɨ ɨɬɤɚɱɢɜɚɟɬɫɹ ɜɨɞɚ (ɪɢɫ. λ.3), ɫɤɨ-

ɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɢ ɩɪɢɬɨɤ ɜɨɞɵ ɜ ɬɪɚɧɲɟɸ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ 

ФTФ LHHk /)( 1Ɏ  , ɦ/ɫɭɬɤɢν 

Ɏ
22

1Ɏ /)( LHHBkQ T , ɦ3/ɫɭɬɤɢ, 

ɝɞɟ TH - ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɬɪɚɧɲɟɢν 

     B – ɞɥɢɧɚ ɬɪɚɧɲɟɢ ɜ ɩɥɚɧɟν 

    ɎL - ɞɥɢɧɚ ɡɨɧɵ ɜɥɢɹɧɢɹ ɨɬɤɚɱɤɢ. 

ɋɪɟɞɧɟɸ ɝɥɭɛɢɧɭ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɫɨ ɫɬɨɪɨɧɵ ɤɚɠɞɨɣ ɛɨɤɨɜɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɚɧɲɟɢ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ 2/)( 1 THHH  . 

Ɂɨɧɚ ɜɥɢɹɧɢɹ ɨɬɤɚɱɤɢ Lɮ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɡ-ɡɚ ɨɫɭɲɟ-

ɧɢɹ ɝɪɭɧɬɚ ɜɛɥɢɡɢ ɬɪɚɧɲɟɢ, ɤɪɢɜɚɹ ɞɟɩɪɟɫɫɢɢ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɩɨɥɨɝɨɣ ɢ ɩɪɨ-

ɬɹɠɟɧɧɨɣ. Ⱦɥɢɧɭ ɡɨɧɵ ɜɥɢɹɧɢɹ ɨɬɤɚɱɤɢ ( ɜ ɦɟɬɪɚɯ) ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦμ        √       В,       (9.12) 

ɝɞɟ t – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɤɚɱɤɢ, ɫɭɬɤɢ. 

 

Ɋɢɫ. λ.3. Ɏɢɥɶɬɪɚɰɢɹ ɜ ɬɪɚɧɲɟɸμ 1 – ɜɨɞɨɭɩɨɪν  2 – ɟɫɬɟɫɬɜɟɧɧɵɣ  

ɭɪɨɜɟɧɶ ɝɪɭɧɬɨɜɵɯ ɜɨɞν  3 – ɤɪɢɜɚɹ ɞɟɩɪɟɫɫɢɢν 4 – ɧɚɫɨɫ 

ɉɪɢɬɨɤ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɮɢɥɶɬɪɭɸɳɢɯɫɹ ɜ ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɜɨɞɨɭɩɨɪɟ 

ɤɨɥɨɞɟɰ (ɫɤɜɚɠɢɧɭ) ɪɚɞɢɭɫɨɦ r ,ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

)/ln(/)( Ɏ
22

1Ɏ rRHHkQ K  , ɦ3/ɫɭɬɤɢ,     (9.13) 

ɝɞɟ ɇɤ – ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɤɨɥɨɞɰɟ (ɫɤɜɚɠɢɧɟ)ν 
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      Rɮ – ɪɚɞɢɭɫ ɜɥɢɹɧɢɹ ɨɬɤɚɱɤɢ )./5,1( ɜ1ɮɮ tHkR     

Ⱦɥɹ ɨɰɟɧɤɢ ɩɪɢɬɨɤɚ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɜ ɤɨɬɥɨɜɚɧ ɪɟɚɥɶɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ 

ɤɨɬɥɨɜɚɧɚ ɩɪɢɜɨɞɹɬ ɤ ɪɚɜɧɨɜɟɥɢɤɨɦɭ ɤɪɭɝɥɨɦɭ ɤɨɬɥɨɜɚɧɭ ɢ ɩɪɢɬɨɤ ɨɰɟɧɢɜɚɸɬ 

ɩɨ ɮɨɪɦɭɥɟ (λ.13). 

ɉɪɢɦɟɪɨɦ ɧɚɩɨɪɧɨɝɨ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɚɪɬɟɡɢɚɧ-

ɫɤɢɟ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ, ɤɨɬɨɪɵɟ ɩɪɢ ɛɭɪɟɧɢɢ ɫɤɜɚɠɢɧ ɞɚɸɬ ɮɨɧɬɚɧ. 

Ɏɢɥɶɬɪɚɰɢɹ ɝɚɡɚ - ɟɝɨ ɞɜɢɠɟɧɢɟ ɱɟɪɟɡ ɩɨɪɢɫɬɵɟ ɫɪɟɞɵ, ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ 

ɨɬɪɚɫɥɢ ɢɦɟɟɬ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ. 

ɏɨɥɨɞɧɵɣ ɧɚɪɭɠɧɵɣ ɜɨɡɞɭɯ ɩɪɨɧɢɤɚɟɬ ɜ ɩɨɦɟɳɟɧɢɹ ɱɟɪɟɡ ɩɨɪɵ ɢ ɦɢɤɪɨ-

ɬɪɟɳɢɧɵ ɫɬɟɧ, ɱɟɪɟɡ ɳɟɥɢ ɨɤɨɧ, ɞɜɟɪɟɣ, ɱɬɨ ɩɨɪɨɠɞɚɟɬ ɫɤɜɨɡɧɹɤɢ ɢ ɩɨɧɢɠɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ.  

Ⱦɥɹ ɪɚɫɱёɬɚ ɫɤɨɪɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢ ɝɚɡɚ ɢɫɩɨɥɶɡɭɸɬ ɡɚɤɨɧ Ⱦɚɪɫɢ, ɡɚɩɢɫɚɧ-

ɧɵɣ ɜ ɜɢɞɟ 



ɩɪ0
pk

ф





 ,        (9.14) 

ɝɞɟ k0 – ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɦ2
 (ɜɟɥɢɱɢɧɚ ɫɩɪɚɜɨɱɧɚɹ)ν 

Ș – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɉɚ∙ɫν 

         ∆ɪɩɪ – ɪɚɡɧɨɫɬɶ ɩɪɢɜɟɞёɧɧɵɯ ɞɚɜɥɟɧɢɣ, ɜɵɡɵɜɚɸɳɢɯ ɞɜɢɠɟɧɢɟ ɝɚɡɚ, ɉɚν 

         ℓ - ɞɥɢɧɚ ɩɭɬɢ ɮɢɥɶɬɪɚɰɢɢ, ɦ. 

Ⱦɨɩɭɫɬɢɦɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ ɭɫɬɚɧɚɜ-

ɥɢɜɚɸɬ ɫɬɪɨɢɬɟɥɶɧɵɟ ɧɨɪɦɵ. 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. ɑɬɨ ɬɚɤɨɟ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨ-
ɬɨɤɚ? 

2. Ɂɚɩɢɲɢɬɟ ɡɚɤɨɧ ɮɢɥɶɬɪɚɰɢɢ Ⱦɚɪɫɢ? 

3. ȼ ɱɟɦ ɨɬɥɢɱɢɟ ɡɚɤɨɧɚ ɮɢɥɶɬɪɚɰɢɢ Ⱦɚɪɫɢ ɢ ɮɨɪɦɭɥɵ Ⱦɸɩɸɢ ɞɥɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ 
ɩɨɬɨɤɚ? 

4. ɉɨɹɫɧɢɬɟ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ? 

5. ɑɬɨ ɨɬɪɚɠɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɞɨɨɬɞɚɱɢ ɝɪɭɧɬɚ? 

6. ɑɬɨ ɬɚɤɨɟ ɤɪɢɜɚɹ ɞɟɩɪɟɫɫɢɢ? 

7. Ɉɬ ɤɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɜɢɬ ɩɪɢɬɨɤ ɝɪɭɧɬɨɜɨɣ ɜɨɞɵ ɤ ɜɨɞɨɨɬɥɢɜɧɨɣ ɬɪɚɧɲɟɟ? 

8. ȼ ɱɟɦ ɨɬɥɢɱɢɟ ɧɚɩɨɪɧɨɝɨ ɢ ɛɟɡɧɚɩɨɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ? 

9. Ɂɚɜɢɫɢɬ ɥɢ ɮɨɪɦɚ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ 
ɨɬ ɫɬɟɩɟɧɢ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɝɪɭɧɬɚ? 

10.  Ɉɬ ɤɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɜɢɬ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɝɚɡɚ ɱɟɪɟɡ ɩɟɪɢɫɬɵɟ ɫɪɟɞɵ? 
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10.  ɗɅȿɆȿɇɌɕ ɋɌɊɈɂɌȿɅɖɇɈɃ ȺɗɊɈɆȿɏȺɇɂɄɂ  

ȼ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɫɜɹɡɚɧɵ, ɝɥɚɜ-

ɧɵɦ ɨɛɪɚɡɨɦ, ɫ ɜɨɡɞɭɯɨɦ. 
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ɉɪɢɧɰɢɩɵ ɝɢɞɪɨɫɬɚɬɢɤɢ ɢ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɫɩɪɚɜɟɞɥɢɜɵ ɢ ɞɥɹ ɝɚɡɨɜ. ɉɨ-

ɥɨɠɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɤɢ, ɧɚɩɪɢɦɟɪ, ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ, ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 

ɪɚɫɱёɬɚ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ ɢ ɝɚɡɨɫɧɚɛɠɟɧɢɹ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭ-

ɡɨɤ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɢ ɨɰɟɧɤɟ ɜɨɡɞɭɯɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɬɟɧ, 

ɨɤɨɧɧɵɯ ɢ ɞɜɟɪɧɵɯ ɩɪɨёɦɨɜ ɡɞɚɧɢɣ. 

Ɉɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɩɥɨɬɧɨɫɬɢ ρ, ɭɞɟɥɶɧɨɝɨ ɜɟɫɚ γ, ɞɢɧɚɦɢɱɟɫɤɨɣ Ș ɢ ɤɢɧɟ-

ɦɚɬɢɱɟɫɤɨɣ   ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɨɫɬɚɸɬɫɹ ɜ ɫɢɥɟ ɢ ɞɥɹ ɜɨɡɞɭɯɚ. Ɉɞɧɚɤɨ, ɢɦɟ-

ɸɬɫɹ ɢ ɨɬɥɢɱɢɹ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɫɨɜɟɪɲɟɧɧɨɝɨ ɝɚɡɚ ɨɬ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɬɪɚɠɚɟɬ ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ (1.2). 

ɋ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢɛɥɢɠɟɧɢɟɦ ɩɪɢɧɢɦɚɸɬ, 

ɱɬɨ ɭɪɚɜɧɟɧɢɟ (1.2) ɹɜɥɹɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦ ɢ ɞɥɹ ɜɨɡɞɭɯɚ.  

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ  20 °C, ɧɨɪɦɚɥɶɧɨɦ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟ-

ɧɢɢ  pа  = 101325ɉа  ɫ ɭɱёɬɨɦ ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɟɬ 

  3

0 ɤɝ/ɦ 2,1)27320(287/101325  . 

ɉɪɢ ɭɫɥɨɜɢɹɯ ɨɬɥɢɱɧɵɯ ɨɬ ɧɨɪɦɚɥɶɧɵɯ 

       ሺ    ሻሺ    ሻ: 

 - ɞɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ          ; 

 - ɞɥɹ ɢɡɨɛɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ          ; 

 - ɞɥɹ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ            (ɡɞɟɫɶ k - ɩɨɤɚɡɚɬɟɥɶ 

ɚɞɢɚɛɚɬɵ – ɨɬɧɨɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɤ 

ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ, ɞɥɹ ɜɨɡɞɭɯɚ k≈1,4). 

ɉɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɬɟɩɥɨɨɛɦɟɧɟ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭ-

ɯɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɨɣ. ɂɡɨɬɟɪɦɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢ ɜ 

ɬɚɤɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ (1.θ). Ⱦɥɹ ɫɥɭɱɚɟɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ 

ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨ-

ɫɬɢ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ (1.7).  

ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ ɜ ɜɨɡɞɭɯɟ (ɫɤɨɪɨɫɬɶ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɢɹ ɡɜɭɤɚ) ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ (1.λ) ɢ (1.10). 
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Ⱦɥɹ ɭɫɥɨɜɢɣ ɭɞɚɥɟɧɢɹ ɧɚɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ ɢɡ ɩɨɦɟɳɟɧɢɣ ɩɨ ɤɚɧɚɥɚɦ ɟɫɬɟ-

ɫɬɜɟɧɧɨɣ ɜɵɬɹɠɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬ ɭɩɪɨɳёɧɧɨμ 

ɩɪɢɧɢɦɚɸɬ ɭɫɥɨɜɢɟ ɩɨɫɬɨɹɧɫɬɜɚ ɞɚɜɥɟɧɢɹ (ɢɡɨɛɚɪɧɵɣ ɩɪɨ-

ɰɟɫɫ p=pа =101325 ɉа) ɢ  ɫɱɢɬɚɸɬ ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ρ  ɡɚɜɢɫɹɳɟɣ ɬɨɥɶɤɨ ɨɬ 

ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ 0º ɋ ɟɝɨ ɩɪɨɬ-

ɧɨɫɬɶ ρ = 1,2 (20+273)/273=1,2λ ɤɝ/ɦ3
. 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɜɨɡɞɭɯɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ, ɧɚɩɪɢɦɟɪ,  ɩɨ 

ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ Ɋ.ɗ. Ɇɢɥɥɢɤɟɧɚ ɫ ɭɱёɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɝɪɚɞɭɫɚɯ 

ɐɟɥɶɫɢɹμ                             , ɉɚ·ɫ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɹɡɤɨɫɬɶ ɝɚɡɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɠɢɞɤɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɬɚɧɨɜɹɬɫɹ ɦɟɧɟɟ ɜɹɡɤɢɦɢ. 

ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ p  , ɞɟɣɫɬɜɭɸɳɟɟ ɜ ɩɨɤɨɹɳɟɦɫɹ ɝɚɡɟ, ɫɤɥɚɞɵɜɚɟɬɫɹ 

ɢɡ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɚɡ po ɧɚ ɧɟɤɨɬɨɪɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɭɪɨɜɧɟ ɢ ɞɚɜɥɟ-

ɧɢɹ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɝɚɡɚ (ɜɟɫɨɜɨɝɨ ɞɚɜɥɟɧɢɹ) 

p   = po + ρРh ,       (10.1) 

ɝɞɟ h — ɜɵɫɨɬɚ ɫɥɨɹ ɝɚɡɚ ɧɚɞ ɬɨɱɤɨɣ, ɜ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬ  

    ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ. 

ɉɪɢɜɟɞёɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɜ ɝɚɡɟ, ɤɚɤ ɢ ɜ ɠɢɞɤɨ-

ɫɬɢ, ɫ ɢɡɦɟɧɟɧɢɟɦ ɜɵɫɨɬɵ ɦɟɧɹɟɬɫɹ ɩɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ.  

ɉɪɢ ɪɚɫɱёɬɚɯ ɧɚ ɩɪɨɱɧɨɫɬɶ ɡɚɦɤɧɭɬɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɨɝɪɚɠɞɚɸɳɢɯ ɝɚɡ, 

ɷɩɸɪɵ ɞɚɜɥɟɧɢɹ ɫɬɪɨɹɬ ɛɟɡ ɭɱёɬɚ ɜɟɫɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. 

ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɧɟ ɜɵɪɚɠɚɟɬ ɭɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɩɨɤɨɹɳɟɝɨɫɹ ɝɚɡɚ, 

ɬɚɤ ɤɚɤ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨ ɜɵɫɨɬɟ ɬɨɱɤɚɯ ɩɨɤɨɹɳɟɝɨɫɹ ɝɚɡɚ ɜɟɥɢɱɢɧɚ p   ɪɚɡɧɚɹ.  

ȿɫɥɢ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɬɨɱɤɚɯ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɨɬɪɚɠɚɟɬ ɝɢɞɪɨ-

ɫɬɚɬɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɤɨɬɨɪɵɣ ɞɥɹ ɜɫɟɯ ɬɨɱɟɤ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɨɞɢɧɚɤɨɜ, ɬɨ 

ɞɥɹ ɝɚɡɚ ɧɚɩɨɪ ɧɟ ɭɞɨɛɧɨ ɜɜɨɞɢɬɶ ɢɡ-ɡɚ ɩɟɪɟɦɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɡɚɜɢɫɹɳɟɣ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɬɨɱɟɤ ɝɚɡɚ ɢɫɩɨɥɶɡɭɸɬ ɩɨɧɹ-

ɬɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ  

pɩɪ.   = ρ g z + p    ,                                         (10.2) 
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          ɝɞɟ ρРz — ɞɚɜɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɜ ɬɨɱɤɟ ɝɚɡɚ, ɨɬɫɬɨɹɳɟɣ ɧɚ ɜɵɫɨɬɭ z ɨɬ  

                   ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ O-O;  

                 ρ   — ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɟ  

        ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɟ. 

        Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ 

ɬɹɠɟɫɬɢ (2.7) ɫɩɪɚɜɟɞɥɢɜɨ ɢ ɞɥɹ ɝɚɡɚ ɫ ɭɱɟɬɨɦ ɟɝɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹ-

ɧɢɹ (1.2), ɬɚɤ ɱɬɨ 

                       .   (10.3) 

 Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (10.3) ɞɥɹ ɫɥɭɱɚɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɡɞɭɯɚ 

(Ɍ=const) ɩɪɢɜɨɞɢɬ ɤ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɜ ɫɬɨɥɛɟ ɜɨɡɞɭɯɚ 

ɨɬ ɟɝɨ ɜɵɫɨɬɵ h=-z(ɨɫɶ z ɧɚɩɪɚɜɥɟɧɚ ɜɜɟɪɯ): 

           ሺ        ሻ            ሺ    ሻ] ,  (10.4) 

 ɝɞɟ p0, T0 – ɞɚɜɥɟɧɢɟ ɢ ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɬɨɱɤɟ z=0.  

 ɋ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɩɨ ɜɵɫɨɬɟ 

             ሺ ሻ     .    (10.5) 

 Ⱦɥɹ ɫɥɭɱɚɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

      ሺ ሻ        ,      (10.6) 

 ɝɞɟ    – ɢɡɦɟɧɟɧɢɟ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɧɚ ɤɚɠɞɨɦ ɦɟɬɪɟ 

ɜɵɫɨɬɵ ɜɨɡɞɭɲɧɨɝɨ ɫɬɨɥɛɚ, 

     
          ሺ      ሻ.      (10.7) 

 Ɋɟɲɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

         ሺ        ሻ       .    (10.8) 

 ɇɚɩɪɢɦɟɪ, ɞɥɹ ɡɟɦɧɨɣ ɚɬɦɨɫɮɟɪɵ ɫ ɭɱɟɬɨɦ ɟɟ ɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

(                                 ) ɢɦɟɸɬμ 

        ሺ         ሻ       ɩɪɢ zξ11000ɦ (ɬɪɨɩɨɫɮɟɪɚ)ν 

            ሺ       ሻ       ɩɪɢ z>11000ɦ (ɫɬɪɚɬɨɫɮɟɪɚ). 

Ⱦɢɧɚɦɢɤɚ ɝɚɡɚ ɢɡɭɱɚɟɬ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɨɬɨɤɨɜ ɝɚɡɨɜ. 

Ⱦɜɢɠɟɧɢɟ ɩɨɬɨɤɚ ɝɚɡɚ ɩɨɞɨɛɧɨ ɞɜɢɠɟɧɢɸ ɠɢɞɤɨɫɬɢ. Ɉɬɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬ-

ɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ ɝɚɡɚ ɜɟɥɢɱɢɧ ɞɚɜɥɟɧɢɹ ɜɦɟɫɬɨ ɧɚɩɨɪɚ. 
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ɉɨɬɨɤ ɝɚɡɚ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɹɟɬ ɫɟɱɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢɥɢ ɡɚɤɪɵɬɨɝɨ ɤɚ-

ɧɚɥɚ, ɜɨɡɞɭɯɨɜɨɞɚ, ɩɨɷɬɨɦɭ ɩɨɬɨɤ ɝɚɡɚ ɹɜɥɹɟɬɫɹ ɧɚɩɨɪɧɵɦ.  

Ȼɟɡɧɚɩɨɪɧɵɦɢ ɩɨɬɨɤɚɦɢ ɝɚɡɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɫɜɨɛɨɞɧɵɟ ɫɬɪɭɢ, ɧɚɩɪɢɦɟɪ, 

ɫɬɪɭɢ ɬёɩɥɨɜɵɯ ɜɨɡɞɭɲɧɵɯ ɡɚɜɟɫ. 

Ⱦɥɹ ɤɚɧɚɥɨɜ ɢ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɱёɬɧɵɦ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ d, ɩɪɢ ɧɟɤɪɭɝɥɨɦ ɫɟɱɟɧɢɢ – ɷɤ-

ɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ dɷ = 4 Rr. 

ɍɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɩɨɬɨɤɚ ɝɚɡɚ 

ρ1υ1S1 = ρ2υ2S2 = Qm,       (10.9) 

ɨɬɪɚɠɚɟɬ ɮɢɡɢɱɟɫɤɢɣ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ ɝɚɡɚ ɜ ɟɝɨ ɩɨɬɨɤɟ ɢ ɩɨɤɚɡɵɜɚɟɬ, 

ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, 

ɢ ɧɚɨɛɨɪɨɬ, ɩɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɝɚɡɚ ɢ ɟɝɨ 

ɩɥɨɬɧɨɫɬɶ. 

Ɋɚɡɥɢɱɚɸɬ ɥɚɦɢɧɚɪɧɵɣ(ɫɩɨɤɨɣɧɵɣ, ɩɚɪɚɥɥɟɥɶɧɨ ɫɬɪɭɣɧɵɣ) ɢ ɬɭɪɛɭɥɟɧɬ-

ɧɵɣ (ɜɢɯɪɟɨɛɪɚɡɧɵɣ) ɪɟɠɢɦɵ ɞɜɢɠɟɧɢɹ ɝɚɡɚ. Ɋɟɠɢɦ ɞɜɢɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɢɫ-

ɥɨ Ɋɟɣɧɨɥɶɞɫɚ Re  ɢ ɟɝɨ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ  Reкɪ ≈ 2000. 

ɉɪɢ Re ‹ Reкɪ ɪɟɠɢɦ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɥɚɦɢɧɚɪɧɵɣ, ɩɪɢ Re › Reкɪ 

- ɬɭɪɛɭɥɟɧɬɧɵɣ. 

ȼ ɥɸɛɨɣ ɬɨɱɤɟ ɞɜɢɠɭɳɟɝɨɫɹ ɝɚɡɚ ɞɟɣɫɬɜɭɟɬ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ 

                                           pɩ = ρРz + p   + p ,                                (10.10) 

        ɝɞɟ   p  = ρυ2
/2—ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ. 

ɋɭɦɦɚ ρРz + p   ɨɬɪɚɠɚɟɬ ɭɞɟɥɶɧɭɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɛɴёɦɭ ɩɨɬɟɧɰɢɚɥɶ-

ɧɭɸ ɷɧɟɪɝɢɸ, ɫɥɚɝɚɟɦɨɟ  p   - ɭɞɟɥɶɧɭɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɛɴёɦɭ ɤɢɧɟɬɢɱɟɫɤɭɸ 

ɷɧɟɪɝɢɸ. 

ɉɨɬɨɤ ɝɚɡɚ, ɩɪɨɯɨɞɹɳɢɣ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɩɟɪɟɦɟɧɧɨɝɨ ɫɟɱɟɧɢɹ, ɧɟɨɛɪɚ-

ɬɢɦɨ ɪɚɫɯɨɞɭɟɬ ɱɚɫɬɶ ɩɪɢɜɟɞёɧɧɨɝɨ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ  ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɚɷɪɨɞɢ-

ɧɚɦɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ. ɗɬɚ ɱɚɫɬɶ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɩɥɨ ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚ-

ɸɳɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬɚɤ ɱɬɨ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɫɟɱɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɚ ɩɨɬɨɤɚ ɭɦɟɧɶɲɢɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ∆pТ. 
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ɍɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ, ɜɵɪɚɠɚɸɳɟɟ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɩɨɬɨɤɚ ɝɚɡɚ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 

              pɩɪ.ɩ1 = pɩɪ.ɩ2+ ∆pТ.                                                 (10.11) 

ȿɫɥɢ ɜ ɩɨɫɥɟɞɧɟɦ ɪɚɜɟɧɫɬɜɟ ɪɚɫɤɪɵɬɶ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɩɨɥɧɵɯ 

ɞɚɜɥɟɧɢɣ (ɫɦ. 10.13), ɭɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɥɭɱɚɹ ɞɨɡɜɭɤɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɩɨɬɨɤɚ ɝɚɡɚ ɡɚɩɢɫɵɜɚɸɬ ɬɚɤμ 

                 ρ1gz1 + ɪɫɬ1 + ρ1υ1
2
/2 = ρ2gz2 + ɪɫɬ2 + ρ2υ2

2 / 2 + ∆ɪɌ .                   (10.12) 

Ⱦɜɚ ɩɨɫɥɟɞɧɢɯ ɭɪɚɜɧɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ 

ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɪɚɡɧɨɫɬɢ ɩɪɢɜɟɞɟɧɧɵɯ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢɡ ɩɨɦɟɳɟɧɢɣ ɡɞɚɧɢɹ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɟɧ-

ɬɢɥɹɰɢɟɣ ɩɪɢɜɟɞɟɧɧɨɟ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɹ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶ-

ɲɢɦ, ɱɟɦ ɫɧɚɪɭɠɢ. 

ɉɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɝɚɡɚ ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢ-

ɧɨɣ ɟɝɨ ɞɜɢɠɟɧɢɹ, ɚ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ∆ɪɌ — ɫɥɟɞɫɬɜɢɟɦ ɞɜɢɠɟɧɢɹ ɝɚɡɚ. 

ȼɚɠɧɨɣ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɧɚɩɨɪɧɵɯ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨ-

ɤɨɜ, ɩɟɪɟɦɟɳɚɸɳɢɯ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɜ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɤɚɧɚɥɚɯ, ɭɫɬɚɧɨɜɤɚɯ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɚ ɢ ɞɪ., ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɜɢɬɚɧɢɹ     . 

ɇɚ ɨɞɢɧɨɤɭɸ ɬɜɟɪɞɭɸ ɱɚɫɬɢɰɭ, ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɜɨɫɯɨɞɹɳɟɦ ɜɨɡɞɭɲɧɨɦ 

ɩɨɬɨɤɟ, ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ ɥɨɛɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɜɨɡɞɭ-

ɯɚ ɨ ɱɚɫɬɢɰɭ, ɢɦɟɸɳɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɫɢɥɭ F, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧ-

ɧɭɸ ɫɢɥɟ ɜɟɫɚ ɱɚɫɬɢɰɵ G. 

ɋɢɥɭ F ɜɵɪɚɠɚɸɬ ɱɟɪɟɡ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɫ ɭɱɟɬɨɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ C, ɩɥɨɳɚɞɢ  ɩɪɨɟɤɰɢɢ S ɱɚ-

ɫɬɢɰɵ ɧɚ ɩɥɨɫɤɨɫɬɶ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ, ɢ ɩɥɨɬ-

ɧɨɫɬɢ ɜɨɡɞɭɯɚ (ɫɦ. 7.3)μ 

              .      (10.13) 

ɋɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɩɪɟɨɞɨɥɟɜɚɟɬ ɜɟɫ ɱɚ-

ɫɬɢɰɵ ɢ ɫɨɨɛɳɚɟɬ ɟɣ ɭɫɤɨɪɟɧɢɟ a, ɬɚɤ ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰɵ ɢɦɟɟɬ 

ɜɢɞ 

          .     (10.14) 
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ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ F=G ɱɚɫɬɢɰɚ ɨɤɚɡɵɜɚɟɬɫɹ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 

(a=0). 

ɋɤɨɪɨɫɬɶ ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɬɜɟɪɞɚɹ ɱɚɫɬɢɰɚ ɧɚɯɨɞɢɬɫɹ ɜɨ 

ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɧɚɡɵɜɚɸɬ ɫɤɨɪɨɫɬɶɸ ɜɢɬɚɧɢɹ. 

ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɜɫɥɟɞɫɬɜɢɟ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ 

ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɱɚɫɬɢɰɵ ɧɟ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧ-

ɧɵɦ ɢ ɱɚɫɬɢɰɚ ɦɟɧɹɟɬ ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɩɨɬɨɤɟ, ɫɨɜɟɪɲɚɹ ɯɚɨɬɢɱɧɵɟ ɨɫɰɢɥɥɢ-

ɪɭɸɳɢɟ ɞɜɢɠɟɧɢɹ ɜɛɥɢɡɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɨɥɨɠɟɧɢɹ. ɉɪɟɧɟɛɪɟɝɚɹ ɨɫɰɢɥɥɹɰɢɟɣ, 

ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɢɬɚɸɳɟɣ ɱɚɫɬɢɰɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨ-

ɬɨɤɚ ɪɚɜɧɚ ɧɭɥɸ ɢ ɫɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɬɨɤɚ ɧɚ ɱɚɫɬɢɰɭ ɪɚɜ-

ɧɚ ɜɟɫɭ ɱɚɫɬɢɰɵ, ɬ.ɟ.               ,       

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ 

            √    ሺ   ሻ .     (10.15) 

 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ ɫɤɨɪɨɫɬɶ ɜɢɬɚɧɢɹ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ 

ɪɚɫɱɟɬɨɜ ɬɨɱɧɨɫɬɶɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɞɥɹ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. 

Ⱦɥɹ ɫɮɟɪɢɱɟɫɤɨɣ ɱɚɫɬɢɰɵ ɞɢɚɦɟɬɪɨɦ d ɩɥɨɳɚɞɶ ɦɢɞɟɥɟɜɨɝɨ ɫɟɱɟɧɢɹ          ɢ ɦɚɫɫɚ          . ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɩɥɨɳɚɞɨɤ ɫɟɱɟɧɢɹ ɢ ɦɚɫɫɵ ɜ 

ɮɨɪɦɭɥɭ (10.15) ɩɨɥɭɱɚɸɬ 

        √         ,       (10.16) 

ɝɞɟ    – ɩɥɨɬɧɨɫɬɶ ɱɚɫɬɢɰɵν  

       ɋ=0.47 (ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɣ ɱɚɫɬɢɰɵ). 

 Ⱦɥɹ ɱɚɫɬɢɰ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ ɫɤɨɪɨɫɬɶ ɜɢɬɚɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɥɢɲɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ. Ⱦɥɹ ɷɬɨɝɨ ɪɟɚɥɶɧɭɸ ɱɚɫɬɢɰɵ ɡɚɦɟɧɹ-

ɸɬ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɲɚɪɨɦ, ɢɦɟɸɳɢɦ ɦɚɫɫɭ ɱɚɫɬɢɰɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɢɚɦɟɬɪ ɷɤ-

ɜɢɜɚɥɟɧɬɧɨɝɨ ɲɚɪɚ 

       √   ሺ   ሻ  √      
,      

 ɝɞɟ    – ɨɛɴɟɦ ɱɚɫɬɢɰɵ. 
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 ȼɟɥɢɱɢɧɚ ɫɤɨɪɨɫɬɢ ɜɢɬɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɭɪɚɜɧɟɧɢɸ (10.16) ɞɥɹ ɱɚ-

ɫɬɢɰ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɯɨɪɨɲɨ ɫɨɜɩɚɞɚɟɬ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɜɟɥɢɱɢɧɚ-

ɦɢ. Ⱦɥɹ ɱɚɫɬɢɰ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɢɬɚɧɢɹ, ɪɚɫɫɱɢɬɚɧɧɵɟ 

ɩɨ ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɞɢɚɦɟɬɪɭ, ɪɟɞɤɨ ɫɨɜɩɚɞɚɸɬ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɡɧɚɱɟ-

ɧɢɹɦɢ. ɉɨɷɬɨɦɭ ɜɟɥɢɱɢɧɭ ɫɤɨɪɨɫɬɢ ɜɢɬɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɩɪɟɞɟɥɹɸɬ ɷɤɫɩɟ-

ɪɢɦɟɧɬɚɥɶɧɨ.    

ȼɟɬɪɨɜɵɟ ɩɨɬɨɤɢ ɩɪɢ ɨɛɬɟɤɚɧɢɢ ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ, ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɟ-

ɯɚɧɢɡɦɨɜ ɦɨɝɭɬ ɧɚɪɭɲɚɬɶ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɪɚɡɪɭɲɚɬɶ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤ-

ɰɢɢ.  

ɉɪɢ ɨɛɬɟɤɚɧɢɢ ɡɞɚɧɢɹ ɡɚ ɧɢɦ ɨɛɪɚɡɭɟɬɫɹ ɜɢɯɪɶ ɢ ɨɛɥɚɫɬɶ ɩɨɧɢɠɟɧɧɨɝɨ ɞɚɜɥɟ-

ɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɚɜɥɟɧɢɟɦ ɧɚ ɧɚɜɟɬɪɟɧɧɨɣ ɫɬɨɪɨɧɟ ɡɞɚɧɢɹ (ɪɢɫ.10.1). 

 

Ɋɢɫ.10.1 ɋɯɟɦɚ ɨɛɬɟɤɚɧɢɹ ɡɞɚɧɢɹ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ɢ  

           ɷɩɸɪɵ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 

ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ ɡɞɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɤɜɨɡɧɹɤɚɦ ɜ ɩɨ-

ɦɟɳɟɧɢɹɯ ɱɟɪɟɡ ɧɟɩɥɨɬɧɨɫɬɢ ɨɤɨɧ, ɞɜɟɪɟɣ ɢ ɞɪ. 

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɤɚɪɬɢɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɡɞɚɧɢɹ ɫɬɪɨɹɬ ɷɩɸɪɵ ɞɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟ-

ɧɢɹ  ɩɪɢɧɢɦɚɸɬ ɩɨ ɧɨɪɦɚɬɢɜɧɵɦ ɭɤɚɡɚɧɢɹɦ ɞɥɹ  ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɣɨɧɚ ɫɬɪɨ-

ɢɬɟɥɶɫɬɜɚ. Ɋɟɚɥɶɧɵɟ ɷɩɸɪɵ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ  ɢɦɟɸɬ ɤɪɢɜɨɥɢɧɟɣɧɵɟ ɨɱɟɪɬɚ-

ɧɢɹ, ɨɞɧɚɤɨ ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ ɭɩɪɨɳёɧɧɨ ɩɪɢɦɟɧɹɸɬ ɩɪɹɦɨɭɝɨɥɶɧɵɟ 

ɷɩɸɪɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
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ȼɟɥɢɱɢɧɭ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

ɪɜɟɬɪ = kɜɋρυ2
/2 , 

        ɝɞɟ  kв  — ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ  ɩɨ  

     ɜɵɫɨɬɟ, (ɜɟɥɢɱɢɧɚ ɫɩɪɚɜɨɱɧɚɹ, ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ  kɜ = 1); 

       C  —    ɛɟɡɪɚɡɦɟɪɧɵɣ  ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬν 

         ρ —    ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ (ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ  

ɩɪɢɧɢɦɚɸɬ 1,22     ⁄ ); 

            υ  — ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ C, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ 

ɢ ɭɫɥɨɜɢɣ ɨɛɬɟɤɚɧɢɹ (ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɨɪɢɟɧɬɚɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɨɫɩɨɞ-

ɫɬɜɭɸɳɟɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɬɪɨɜ), ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ 

ɤɨɧɫɬɚɧɬɭ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɧɚɜɟɬɪɟɧɧɨɣ ɫɬɟɧɵ C = +0,8 , ɚ ɞɥɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ 

(ɩɨɞɜɟɬɪɟɧɧɨɣ) ɫɬɨɪɨɧɵ ɤɨɷɮɮɢɰɢɟɧɬ C = –0,6  (ɡɧɚɤ «ɦɢɧɭɫ» ɭɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɞɚɜɥɟɧɢɟ ɜɟɬɪɚ ɧɚɩɪɚɜɥɟɧɨ ɨɬ ɫɬɟɧɵ, ɜɟɬɟɪ ɫɬɪɟɦɢɬɫɹ ɨɬɨɪɜɚɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɨɬ 

ɡɞɚɧɢɹ). 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. ɉɨɹɫɧɢɬɟ ɩɨɧɹɬɢɹ «ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ»? «ɉɪɢɜɟɞɟɧɧɨɟ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟ-
ɧɢɟ»? «ɉɨɥɧɨɟ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ» ɜ ɝɚɡɟ? 

2. Ʉɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɜɥɢɹɸɬ ɧɚ ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ ɜ ɝɚɡɟ? 

3. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɞɥɹ ɩɨɬɨɤɚ ɝɚɡɚ? 

4. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ Ⱦ. Ȼɟɪɧɭɥɥɢ ɞɥɹ ɩɨɬɨɤɚ ɝɚɡɚ? 

5. ɉɨɹɫɧɢɬɟ ɬɟɪɦɢɧ «ɞɢɧɚɦɢɱɟɫɤɨɟ» ɞɚɜɥɟɧɢɟ ɝɚɡɚ? 

6. Ⱦɥɹ ɤɚɤɢɯ ɭɫɥɨɜɢɹɯ ɫɤɨɪɨɫɬɶ ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɝɚɡɚ ɧɚɡɵɜɚɸɬ ɫɤɨɪɨɫɬɶɸ ɜɢ-
ɬɚɧɢɹ? 

7. Ɉɬ ɤɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɜɢɫɢɬ ɫɢɥɚ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɟ ɧɚ ɡɞɚɧɢɟ? 

8. Ɇɨɠɟɬ ɥɢ ɜɟɬɪɨɜɨɟ ɞɚɜɥɟɧɢɟ ɢ ɩɪɢ ɤɚɤɢɯ ɭɫɥɨɜɢɹɯ ɛɵɬɶ ɜɚɤɭɭɦɦɟɬɪɢɱɟɫɤɢɦ? 

 

 

 

 

 ȻɂȻɅɂɈȽɊȺɎɂɑȿɋɄɂɃ ɋɉɂɋɈɄ  
Ɉɫɧɨɜɧɚɹ ɥɢɬɟɪɚɬɭɪɚ 

1. ɑɭɝɚɟɜ, Ɋ. Ɋ. Ƚɢɞɪɚɜɥɢɤɚ (Ɍɟɯɧɢɱɟɫɤɚɹ ɦɟɯɚɧɢɤɚ ɠɢɞɤɨɫɬɢ) ДɌɟɤɫɬЖ μ 
ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ / Ɋ. Ɋ. ɑɭɝɚɟɜ. - ɂɡɞ. θ-ɟ, ɪɟɩɪɢɧɬɧɨɟ. - Ɇɨɫɤɜɚ μ Ȼɚɫɬɟɬ, 
2013. - θ72 ɫ. 
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2. Ʌɚɩɲɟɜ, ɇ. ɇ. Ƚɢɞɪɚɜɥɢɤɚ ДɌɟɤɫɬЖ μ ɭɱɟɛɧɢɤ / ɇ. ɇ. Ʌɚɩɲɟɜ. - 3-ɟ ɢɡɞ., 
ɫɬɟɪ. - Ɇ. μ Ⱥɤɚɞɟɦɢɹ, 2010. - 272 ɫ.  

3. Ƚɭɫɟɜ, Ⱥ.  Ⱥ. Ƚɢɞɪɚɜɥɢɤɚ ДɌɟɤɫɬЖ μ ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ / Ⱥ. Ⱥ. Ƚɭɫɟɜ. - Ɇ. μ 
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