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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɢɡɨɬɪɨɩ-
ɧɨɝɨ ɬɟɥɚ ɩɪɢ ɭɩɪɭɝɨɦ ɪɚɫɬɹɠɟɧɢɢ ɢ ɫɠɚɬɢɢ. ɉɪɟɞɥɨɠɟɧɵ ɦɨɞɟɥɢ ɩɨɹɜɥɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɜ ɬɟɥɟ ɜɧɭɬɪɟɧɧɢɯ ɨɛɴɟɦɧɵɯ ɜɡɚɢɦɨɭɪɚɜɧɨɜɟɲɢɜɚɸɳɢɯɫɹ ɧɚɩɪɹɠɟɧɢɣ. ɇɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨ-
ɠɟɧɧɵɯ ɦɨɞɟɥɟɣ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɪɚɡɞɟɥɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɧɚ 
ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢɡ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ, ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫ ɞɜɭɯɨɫɧɵɦ ɫɠɚ-
ɬɢɟɦ, ɬɪɟɯɨɫɧɨɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɫɠɚɬɢɹ. ɉɨɤɚɡɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɯɟɦɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɣ ɞɟɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɩɪɢ ɞɜɭɯɨɫɧɨɦ ɢ ɬɪɟɯɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ, ɱɢɫɬɨɦ ɫɞɜɢɝɟ. 

Ʉɥɸчɟɜыɟ ɫɥɨɜа: ɞɟɮɨɪɦɢɪɭɟɦɨɟ ɢɡɨɬɪɨɩɧɨɟ ɬɟɥɨ, ɪɚɫɬɹɠɟɧɢɟ, ɫɠɚɬɢɟ, ɫɞɜɢɝ, ɞɟɮɨɪɦɚɰɢɹ, ɧɚɩɪɹ-
ɠɟɧɢɟ, ɭɞɟɥɶɧɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ. 
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In article the results of theoretical researches of a condition of balance of a deformable isotropic body at elastic exten-
sion and compression are presented. Models of occurance of cross-section deformations with formation of internal volume 
of interbalance tension in a body are offered. On the basis of the offered models the scheme of division of the deformed 
condition of uniaxial stretching by the sum of the deformed conditions from uniaxial stretching, uniaxial stretching with 
biaxial compression, triaxial uniform compression has been developed. The scheme application for the description of 
conditions of deformation at biaxial and triaxial stretching, pure shift has been shown. 

Keywords: deformable isotropic body, stretching, compression, shift, deformation, tension, specific potential 
energy. 
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ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɭɤɟ ɨ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɫɬɪɟɦɹɬɫɹ ɤ 
ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢ-
ɟɦ ɩɪɨɰɟɫɫɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɨɣ ɫɬɨɪɨɧɨɣ ɹɜɥɟɧɢɹ. Ʉɚɱɟɫɬɜɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɹ ɩɨɥɭɱɚ-
ɸɬɫɹ ɩɪɢ ɨɪɝɚɧɢɱɧɨɦ ɫɨɱɟɬɚɧɢɢ ɷɬɢɯ ɞɜɭɯ ɫɬɨ-
ɪɨɧ. ɉɪɨɰɟɫɫ ɪɟɚɥɢɡɚɰɢɢ ɜ ɦɚɬɟɪɢɚɥɟ ɧɚɝɪɭɠɚɟ-
ɦɨɝɨ ɬɟɥɚ ɞɟɮɨɪɦɚɰɢɣ – ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ, ɨɧ 
ɪɚɡɜɢɜɚɟɬɫɹ ɫɬɚɞɢɣɧɨ Д1–5Ж. ɋɧɚɱɚɥɚ ɪɟɚɥɢɡɭɸɬɫɹ 
ɦɟɯɚɧɢɡɦɵ ɫ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ ɚɤɬɢɜɚɰɢɢ (ɭɩɪɭɝɚɹ 
ɞɟɮɨɪɦɚɰɢɹ), ɡɚɬɟɦ – ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
(ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ). ɍɩɪɭɝɨɟ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɞɥɹ  
ɪɚɫɱɟɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ Д6–15Ж. ȼ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ, ɜ 
ɭɫɥɨɜɢɹɯ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢɥɢ ɫɠɚɬɢɹ  
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɢɡɨɬɪɨɩɧɨɝɨ ɬɟɥɚ ɜ ɧɟɦ ɩɨɹɜɥɹ-
ɸɬɫɹ ɞɟɮɨɪɦɚɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɫɬɹɠɟɧɢɹ ɢɥɢ ɫɠɚɬɢɹ, ɧɟ 
ɜɵɡɵɜɚɸɳɢɟ ɩɨɹɜɥɟɧɢɹ ɜ ɬɟɥɟ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟ-
ɧɢɢ ɧɚɩɪɹɠɟɧɢɣ. Ɉɞɧɚɤɨ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɲɢɪɨ-

ɤɢɯ ɨɛɪɚɡɰɨɜ ɢɡ ɥɢɫɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɪɚɫɬɹɠɟ-
ɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɬɟɪɹ ɨɛɪɚɡɰɨɦ ɭɫɬɨɣɱɢɜɨɫɬɢ 
(ɜɵɩɭɱɢɜɚɧɢɟ) ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɫɬɹɠɟɧɢɹ, ɱɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 
ɧɚɥɢɱɢɟ ɜ ɨɛɪɚɡɰɟ ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ  
Д16–25Ж. Ⱦɪɭɝɢɦ ɧɟɩɨɧɹɬɧɵɦ ɮɚɤɬɨɦ ɹɜɥɹɟɬɫɹ 
ɧɟɚɞɞɢɬɢɜɧɨɫɬɶ ɷɧɟɪɝɢɣ ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 
ɞɨɛɚɜɥɟɧɢɢ ɤ ɨɞɧɨɨɫɧɨɦɭ ɧɚɝɪɭɠɟɧɢɸ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɵɯ ɧɚɝɪɭɠɟɧɢɣ ɩɨ ɞɜɭɦ ɞɪɭɝɢɦ ɨɫɹɦ. ɐɟɥɶɸ 
ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɣ ɦɨɞɟɥɢ ɭɩɪɭɝɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɨɬɪɨɩ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɨɛɴɹɫɧɹɸɳɟɣ ɭɤɚɡɚɧɧɵɟ ɩɪɨɬɢ-
ɜɨɪɟɱɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦ-
ɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 3.3. «Ɍɟɯɧɨɥɨɝɢɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ, ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɟɚ-
ɥɢɡɚɰɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɤɨɧɫɬɪɭɢɪɨɜɚ-
ɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɢɡ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɰɢɮɪɨɜɵɯ ɦɟɬɨɞɨɜ, ɫɨɜɦɟɫɬɢɦɵɯ ɫ CAD/CAM/
CAE ɢ PLM ɫɢɫɬɟɦɚɦɢ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ 
ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») [26–29]. 
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Ɇɨɞɟɥɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɫɬɹ-
ɠɟɧɢɢ ɭɱɚɫɬɤɚ ɞɥɢɧɧɨɝɨ ɫɬɟɪɠɧɹ ɫ ɤɪɭɝɥɵɦ ɩɨɩɟ-
ɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ ɢɡ ɢɡɨɬɪɨɩɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɭɫɬɶ 
İ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɪɨɞɨɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɫɬɟɪɠɧɹ 
ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɤ ɧɟɦɭ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɧɚɝɪɭɡɤɢ,  
µ – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ. ȼ ɩɪɟɞɟɥɚɯ ɭɩɪɭɝɨɫɬɢ 
 ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɫɬɟɪɠɧɹ 0,5ޒµޒ0
ɪɚɜɧɨ İ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɢɚɦɟɬɪɚ ɫɬɟɪɠɧɹ 
ɪɚɜɧɨ -µİ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɥɨɳɚɞɢ ɛɨɤɨ-
ɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɪɠɧɹ ɪɚɜɧɨ İ(1-µ), ɨɬɧɨɫɢɬɟɥɶ-
ɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɪɚɜɧɨ İ(1-βµ). Ⱦɚɧɧɵɟ ɡɧɚɱɟ-
ɧɢɹ ɩɨɥɭɱɟɧɵ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ İ˂˂1, ɤɨɬɨɪɨɟ ɩɨɡɜɨ-
ɥɹɟɬ ɩɪɟɧɟɛɪɟɱɶ ɢɡ-ɡɚ ɢɯ ɧɟɡɧɚɱɢɬɟɥɶɧɨɫɬɢ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɵɦɢ ɫɥɚɝɚɟɦɵɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦɢ ɫɨɛɨɣ 
ɜɟɥɢɱɢɧɵ ɩɨɪɹɞɤɚ İβ ɢ İγ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 
-ɜ ɩɪɟɞɟɥɚɯ ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɨɬɧɨ 0,33ޒµޒ0
ɲɟɧɢɸ ɤ ɢɫɯɨɞɧɵɦ ɜɟɥɢɱɢɧɚɦ ɦɟɧɟɟ ɜɫɟɝɨ ɦɟɧɹɟɬɫɹ 
ɞɢɚɦɟɬɪ ɫɬɟɪɠɧɹ, ɡɚ ɧɢɦ ɫɥɟɞɭɸɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ 
ɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɧɚɢɛɨɥɶɲɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟ-
ɧɢɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɪɨɞɨɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ. ɉɪɨɰɟɫ-
ɫɵ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ, ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɥɢ-
ɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɹɜɥɹɸɬɫɹ ɨɛɪɚɬɢɦɵɦɢ. ɉɪɢɥɨɠɟɧ-
ɧɚɹ ɤ ɫɬɟɪɠɧɸ ɫɢɥɚ ɜɵɡɵɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɜ ɫɬɟɪɠɧɟ 
ɧɚɩɪɹɠɟɧɢɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɵɯ ɢ ɩɪɨ-
ɢɡɨɲɥɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɚɧɟɟ ɢɡɦɟɧɟɧɢɹ. ȼɵɛɨɪ ɜ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɩɟɪɟɦɟɧɧɨɣ İ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  
σ=F(İ ɩɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɥɨɝɢɱɧɵɦ ɢ ɞɥɹ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 
Д30–33Ж. 

Ɉɞɧɚɤɨ ɩɪɢ 0,33ޒµ0,5ޒ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟ-
ɧɢɟ ɞɢɚɦɟɬɪɚ ɫɬɟɪɠɧɹ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ. ɉɪɢɧɰɢɩ ɫɟɱɟɧɢɣ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ, ɩɟɪɟɧɟɫɟɧɧɵɣ ɢɡ ɬɟɨ-
ɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ, ɩɪɢɦɟɧɢɦ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ, 
ɨɞɧɚɤɨ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɟ ɦɟɯɚɧɢɡɦ ɨɩɪɟɞɟɥɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ σ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɫɬɟɪɠɧɹ, ɫɭɦɦɚ ɤɨɬɨ-
ɪɵɯ ɪɚɜɧɚ ɜɧɭɬɪɟɧɧɟɣ ɫɢɥɟ. Ⱦɚɞɢɦ ɩɨɹɫɧɟɧɢɹ ɷɬɨɦɭ 
ɫ ɩɨɦɨɳɶɸ ɪɢɫ. 1, ɧɚ ɤɨɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧ ɷɥɟɦɟɧɬ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɚ ɫ ɤɭɛɢɱɟɫɤɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ 
ɹɱɟɣɤɨɣ. ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜ ɬɚɤɨɦ 
ɬɟɥɟ ɧɚɯɨɞɢɬɫɹ ɜ ɫɢɦɦɟɬɪɢɱɧɨɦ ɫɢɥɨɜɨɦ ɩɨɥɟ ɫ ɦɢ-
ɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ (ɧɚ 
ɪɢɫɭɧɤɟ ɚɬɨɦ ɜɵɞɟɥɟɧ ɱɟɪɧɵɦ ɰɜɟɬɨɦ). Ʌɸɛɨɟ ɭɫɢ-
ɥɢɟ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɷɬɨɝɨ 
ɚɬɨɦɚ, ɜɵɡɨɜɟɬ ɩɨɹɜɥɟɧɢɟ ɜ ɬɟɥɟ ɭɩɪɭɝɨɝɨ ɨɛɴɟɦɧɨ-

ɝɨ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɢ 
ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ ɛɨɥɶɲɟ 0,33 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɬɟɪɠɧɹ 
ɫɥɟɞɭɟɬ ɨɰɟɧɢɜɚɬɶ ɫɤɨɪɟɟ ɤɚɤ ɨɛɴɟɦɧɨɟ ɬɪɟɯɨɫɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɚ ɧɟ ɨɞɧɨɨɫɧɨɟ ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɩɪɢ ɨɛɴɟɦɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Ɋɢɫ. 1. ɗɥɟɦɟɧɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɚ ɫ ɤɭɛɢɱɟ-

ɫɤɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɨɣ 

 
Ɋɚɛɨɬɚ ɜɧɟɲɧɟɣ ɫɢɥɵ ɢ ɭɜɟɥɢɱɟɧɢɟ ɡɚ ɟɟ ɫɱɟɬ 

ɩɨɥɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɫɬɟɪɠɧɹ 
ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɜɢɞɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧ-
ɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɟ ɢɡɦɟɧɹɬɫɹ, ɚ ɢɡɦɟɧɹɬɫɹ ɜɟɥɢɱɢ-
ɧɵ ɢ ɜɢɞ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ, ɮɨɪɦɢɪɭɸ-
ɳɢɯ ɷɬɭ ɷɧɟɪɝɢɸ. Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɨɞɟɥɢ ɰɟɥɟɫɨ-
ɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɦɨɞɟɥɢ ɜɟɥɢɱɢɧɵ ɢ 
ɮɭɧɤɰɢɢ ɪɚɡɞɟɥɢɬɶ ɧɚ ɜɟɥɢɱɢɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɢɡɦɟɪɟɧɧɵɟ ɢ ɭɫɥɨɜɧɨ ɨɩɪɟɞɟɥɟɧɧɵɟ. Ʉ ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨ ɢɡɦɟɪɟɧɧɵɦ ɜɟɥɢɱɢɧɚɦ ɨɬɧɨɫɹɬɫɹ: İ – 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɪɨɞɨɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɫɬɟɪɠɧɹ, 
µ – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ, ɜɟɥɢɱɢɧɚ ɪɚɛɨɬɵ 
ɜɧɟɲɧɟɣ ɫɢɥɵ ɢ ɭɜɟɥɢɱɟɧɢɟ ɡɚ ɟɟ ɫɱɟɬ ɩɨɥɧɨɣ 
ɭɞɟɥɶɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ. Ʉ ɭɫɥɨɜɧɨ 
ɨɩɪɟɞɟɥɟɧɧɵɦ ɜɟɥɢɱɢɧɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ  ɜɟɥɢ-
ɱɢɧɵ ɢ ɜɢɞ ɨɩɪɟɞɟɥɹɟɦɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

ȼ ɪɚɛɨɬɟ Д34Ж ɩɪɟɞɥɨɠɟɧɨ ɨɞɧɨɨɫɧɨɟ ɪɚɫɬɹɠɟ-
ɧɢɟ ɫ ɩɪɨɞɨɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ İ ɢ ɩɨɩɟɪɟɱɧɨɣ 
ɞɟɮɨɪɦɚɰɢɟɣ -µİ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɫɭɦɦɭ ɞɟɮɨɪ-
ɦɢɪɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢɡ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ 
ɫ ɩɪɨɞɨɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ  İ(1+µ) ɩɪɢ ɨɬɫɭɬ-
ɫɬɜɢɢ ɩɨɩɟɪɟɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɬɪɟɯɨɫɧɨɝɨ ɫɠɚ-
ɬɢɹ ɫ ɞɟɮɨɪɦɚɰɢɟɣ -µİ (ɪɢɫ. 2). ɉɪɢɧɹɬɢɟ ɞɚɧɧɨɝɨ 
ɞɨɩɭɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜ ɩɟɪɜɨɦ  

Ɋɢɫ. 2. Ɋɚɡɞɟɥɟɧɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɧɚ ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɢɡ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢ ɬɪɟɯɨɫɧɨɝɨ ɫɠɚɬɢɹ 
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ɫɥɚɝɚɟɦɨɦ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɬɹɠɟɧɢɹ ɫ ɜɟɥɢɱɢɧɵ Eİ 
(ɝɞɟ E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ) ɞɨ ɜɟɥɢɱɢɧɵ Eİ(1+µ). 
Ɍɪɟɯɨɫɧɨɟ ɫɠɚɬɢɟ ɫ ɞɟɮɨɪɦɚɰɢɟɣ -µİ ɜɵɡɨɜɟɬ 
ɩɨɹɜɥɟɧɢɟ ɲɚɪɨɜɨɝɨ ɬɟɧɡɨɪɚ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɫɠɚ-
ɬɢɹ σ=-Eµİ/(1-βµ). Ɍɟɧɡɨɪ ɧɟ ɧɚɪɭɲɚɟɬ ɫɢɥɨɜɨɟ 
ɭɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɱɢɬɵɜɚɟɬ 
ɩɨɹɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

ɉɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɝɪɭɠɟɧɢɹ ɫɬɟɪɠɧɹ 
ɩɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɭɩɪɭɝɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɜɧɚ 

Uɩ=Eİβ/β.      (1) 
ȼ ɫɥɭɱɚɟ ɨɞɧɨɨɫɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɷɬɚ ɷɧɟɪɝɢɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɚ ɧɚ ɷɧɟɪɝɢɸ, 
ɡɚɬɪɚɱɟɧɧɭɸ ɧɚ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ Uɨ, ɢ ɷɧɟɪɝɢɸ, 
ɡɚɬɪɚɱɟɧɧɭɸ ɧɚ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɫɬɟɪɠɧɹ Uɮ: 

 
Uɩ=Uɨ+Uɮ=(1-2 µ)Eİβ/6+(1+µ)Eİβ/γ.  (β) 

 
Ɉɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɣ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ  
Uɮ/Uɨ=2(1+µ)/(1-2µ)    (3) 

 
ɢ ɦɟɧɹɟɬɫɹ ɨɬ 2 ɩɪɢ µ=0 ɞɨ ˂ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ µ 
ɤ  ɡɧɚɱɟɧɢɸ 0,5, ɧɚɩɪɢɦɟɪ ɩɪɢ µ=0,33 – Uɮ=7,8Uɨ. 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɫɭɦɦɚɪɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɬɟɧ-
ɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɭɩɪɭɝɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 
       ɫɥɚɝɚɟɦɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ 
ɪɚɜɟɧɫɬɜɚ ɧɚ ɪɢɫ. 2, ɫɥɟɞɭɟɬ ɫɧɚɱɚɥɚ ɩɪɨɜɟɫɬɢ 
ɫɥɨɠɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ, ɚ ɬɨɥɶɤɨ ɡɚɬɟɦ ɩɪɨɜɨɞɢɬɶ 
ɪɚɫɱɟɬ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɛɭɞɟɦ ɩɨɥɭɱɚɬɶ ɧɟ-
ɜɟɪɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɤɜɚɞɪɚɬ ɫɭɦɦɵ 
ɞɜɭɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɱɢɫɟɥ ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɫɭɦɦɵ 
ɤɜɚɞɪɚɬɨɜ ɫɥɚɝɚɟɦɵɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɦɟɟɦ ɪɚɜɟɧ-
ɫɬɜɨ ɷɧɟɪɝɢɣ          

ɋɥɚɛɵɦ ɦɟɫɬɨɦ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɯɟɦɟ ɪɚɡɞɟɥɟ-
ɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɨɫɧɨɝɨ 
ɪɚɫɬɹɠɟɧɢɹ ɧɚ ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨɫɬɨɹ-
ɧɢɣ ɢɡ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢ ɬɪɟɯɨɫɧɨɝɨ ɫɠɚ-
ɬɢɹ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫɠɢ-
ɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ. ȼɨɡɧɢɤɚɸɳɭɸ ɨɬ ɷɬɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɫɢɥɭ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɩɭɚɫɫɨɧɨɜɨɣ 
ɫɢɥɨɣ. Ɉɬɧɨɲɟɧɢɟ 

еσ/σе≈(1-2µ)/µ     (4) 
ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ µ ɢ ɩɪɢ ɡɧɚɱɟɧɢɹɯ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ ɛɨɥɶɲɟ 0,33 ɫɬɚɧɨɜɢɬɫɹ 
ɛɥɢɡɤɢɦ ɤ 1, ɚ ɩɪɢ µ=0,5 ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ 0. 

ȼɨɡɦɨɠɟɧ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɟ-
ɪɟɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɠɚɬɢɹ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɫɩɨ-
ɫɨɛɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ ɢɡɦɟɧɟ-
ɧɢɸ ɢɫɯɨɞɧɨɝɨ ɨɛɴɟɦɚ ɢ ɮɨɪɦɵ ɬɟɥɚ. ɍɩɪɭɝɨɟ 
ɨɛɴɟɦɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɢɡɦɟɧɟɧɢ-
ɟɦ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɢ ɨɛɴɟɦɚ ɫɨɨɬɧɨɲɟ-
ɧɢɟɦ Д35Ж 

σ=-dUɨ/dV,      (5) 
ɝɞɟ dUɨ – ɩɪɢɪɚɳɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨɣ ɷɧɟɪɝɢɢ ɫɬɟɪɠɧɹ, ɜɵɡɜɚɜɲɟɣ ɫɠɚɬɢɟ (ɪɚɫɲɢɪɟɧɢɟ) 
ɨɛɴɟɦɚ; dV – ɩɪɢɪɚɳɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ. 

 
ɉɪɢɪɚɳɟɧɢɟ ɷɧɟɪɝɢɢ ɪɚɜɧɨ ɪɚɛɨɬɟ, ɡɚɬɪɚɱɟɧ-

ɧɨɣ ɧɚ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ. ȼ ɫɥɭɱɚɟ ɪɚɫɬɹɠɟɧɢɹ 
ɫɬɟɪɠɧɹ ɷɧɟɪɝɢɹ ɢɡɦɟɧɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨɣ ɷɧɟɪɝɢɢ, ɜɵɡɜɚɜɲɟɣ ɪɚɫɲɢɪɟɧɢɟ ɨɛɴɟɦɚ, ɫɨ-
ɫɬɚɜɥɹɟɬ Uɨ=(1-2µ)Eİβ/6, ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɝɨ 
ɨɛɴɟɦɚ – V=İ(1-βµ). ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 
(5) ɩɨɥɭɱɚɟɦ σ=Eİ/γ. Ⱥɧɚɥɨɝɢɱɧɨɟ ɢɡɦɟɧɟɧɢɟ  
ɨɛɴɟɦɚ ɢɦɟɥɢ ɛɵ ɩɪɢ ɬɪɟɯɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɫ 
σ=Eİ/γ. ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɜ ɜɢɞɟ ɩɟɪɜɨɝɨ ɫɥɚɝɚɟ-
ɦɨɝɨ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɪɢɫ. 3. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɢɜɟ-
ɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɥɟɜɨɣ ɱɚɫɬɢ ɪɢɫ. 3 ɤ ɜɢɞɭ, ɚɧɚ-
ɥɨɝɢɱɧɨɦɭ ɞɟɮɨɪɦɚɰɢɹɦ ɜ ɥɟɜɵɯ ɱɚɫɬɹɯ ɪɢɫ. 2 ɢ 
4, ɧɟɨɛɯɨɞɢɦɚ ɪɟɚɥɢɡɚɰɢɹ ɤɨɦɛɢɧɚɰɢɢ ɞɟɮɨɪɦɚ-
ɰɢɣ, ɪɚɫɫɱɢɬɚɧɧɨɣ  ɫ ɩɨɦɨɳɶɸ ɨɛɨɛɳɟɧɧɨɝɨ ɡɚ-
ɤɨɧɚ Ƚɭɤɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ  
ɪɢɫ. 3. ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɧɟɧɢɟ  
ɨɛɴɟɦɚ ɬɟɥɚ, ɜɬɨɪɨɟ – ɮɨɪɦɵ ɬɟɥɚ. ɉɪɨɜɟɞɟɦ ɫɪɚɜɧɟ-
ɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɫɬɟɪɠɧɟɦ 
ɜ ɫɥɭɱɚɟ ɨɞɧɨɨɫɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɤɨɦ-
ɛɢɧɢɪɨɜɚɧɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. Ⱦɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ 
ɬɪɟɯɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ: Uɨ=(1-2µ)Eİβ/6, Uɮ=0. 
Ⱦɥɹ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫ ɞɜɭɯɫɬɨɪɨɧɧɢɦ ɪɚɜ-
ɧɨɦɟɪɧɵɦ ɫɠɚɬɢɟɦ ɢɦɟɟɦ Uɮ=(1+µ)Eİβ/γ, Uɨ=0. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ ɪɚɜɟɧɫɬɜɨ ɩɨɬɟɧɰɢɚɥɶ-
ɧɵɯ ɷɧɟɪɝɢɣ            ɢ ɨɬɫɭɬɫɬɜɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ɋɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ, ɱɬɨ ɢ ɷɬɚ ɤɥɚɫɫɢɱɟɫɤɚɹ  
ɫɯɟɦɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɪɚɡɞɟɥɟɧɢɢ ɞɟɮɨɪɦɚɰɢɣ ɧɚ 
ɞɟɮɨɪɦɚɰɢɢ, ɜɵɡɵɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɟ ɬɨɥɶɤɨ ɨɛɴ-
ɟɦɚ, ɢ ɞɟɮɨɪɦɚɰɢɢ, ɜɵɡɵɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɟ ɬɨɥɶ-
ɤɨ ɮɨɪɦɵ ɬɟɥɚ, ɞɚɥɟɤɚ ɨɬ ɪɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɟ-
ɮɨɪɦɢɪɨɜɚɧɢɹ. ɉɪɢ ɨɞɧɨɨɫɧɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ, 
ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 3 ɫɯɟɦɵ,  
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Ɋɢɫ. 3. Ɋɚɡɞɟɥɟɧɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɧɚ ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɢɡ ɪɚɜɧɨɦɟɪɧɨɝɨ ɬɪɟɯɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫ ɞɜɭɯɨɫɧɵɦ ɫɠɚɬɢɟɦ 
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ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɮɨɪɦɵ ɨɛɪɚɡɰɚ, ɩɨɞɚɜɥɹɸɬ ɜ ɩɨɩɟɪɟɱɧɵɯ ɧɚɩɪɚɜ-
ɥɟɧɢɹɯ ɞɟɮɨɪɦɚɰɢɢ ɪɚɫɬɹɠɟɧɢɹ, ɡɚɫɬɚɜɥɹɹ ɫɬɟɪ-
ɠɟɧɶ ɭɜɟɥɢɱɢɜɚɬɶ ɨɛɴɟɦ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɭɞɥɢɧɟ-
ɧɢɹ. ɇɨ ɨɫɬɚɟɬɫɹ ɧɟɹɫɧɵɦ ɦɟɯɚɧɢɡɦ ɩɨɹɜɥɟɧɢɹ ɜ 
ɩɨɩɟɪɟɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɞɟɮɨɪɦɚɰɢɣ ɪɚɫɬɹɠɟ-
ɧɢɹ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ. Ɍɪɟɯɨɫ-
ɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɩɨɫɤɨɥɶɤɭ ɧɟɬ 
ɭɫɥɨɜɢɣ ɞɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ. 

ɉɨɩɟɪɟɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɨɛɪɚɡɨɜɚɬɶɫɹ 
ɡɚ ɫɱɟɬ ɭɩɪɭɝɢɯ ɫɞɜɢɝɨɜ, ɪɟɚɥɢɡɭɸɳɢɯɫɹ ɨɬ 
ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɢɫɬɨɝɨ ɫɞɜɢɝɚ ɩɪɢ ɫɨ-
ɯɪɚɧɟɧɢɢ ɩɪɢ ɷɬɨɦ ɨɛɴɟɦɚ ɫɬɟɪɠɧɹ, ɚ ɬɚɤɠɟ ɡɚ 
ɫɱɟɬ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ, ɜɵɡɜɚɧɧɨɣ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟɦ ɦɚɬɟɪɢɚɥɚ ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɨɛɴɟɦɚ. ɉɨɥɭɱɚ-
ɟɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪ-
ɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɨ ɱɟɦ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ 
Д36Ж. Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɨɬɪɚɠɚɟɬ ɢɡɦɟɧɟɧɢɟ 
ɫɬɪɨɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɚɰɢɢ. ɉɪɢ 
ɩɨɹɜɥɟɧɢɢ ɢ ɪɨɫɬɟ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɞɨ-
ɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ µ=0,5. 

Ⱥɧɚɥɢɡ ɫɯɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 2 ɢ 3, 
ɩɪɢɜɨɞɢɬ ɤ ɫɯɟɦɟ ɧɚ ɪɢɫ. 4. ɇɚ ɞɚɧɧɨɣ ɫɯɟɦɟ ɞɟ-
ɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹ-
ɠɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɚɤ ɫɭɦɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 

ɫɨɫɬɨɹɧɢɣ ɢɡ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢ ɨɛɴɟɦɧɵɯ 
ɞɟɮɨɪɦɚɰɢɣ. Ⱦɟɮɨɪɦɚɰɢɹ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟ-
ɧɢɹ, ɚɧɚɥɨɝɢɱɧɨ ɫɯɟɦɟ ɧɚ ɪɢɫ. 3, ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɟɥɢɱɢɧɭ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɫɬɟɪɠɧɹ. Ɉɛɴɟɦɧɵɟ 
ɞɟɮɨɪɦɚɰɢɢ ɨɬɜɟɱɚɸɬ ɡɚ  ɢɡɦɟɧɟɧɢɟ ɬɨɥɶɤɨ ɮɨɪ-
ɦɵ ɬɟɥɚ. ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɫɯɟɦɟ ɢɫɤɥɸɱɟɧɨ ɩɨ-
ɹɜɥɟɧɢɟ ɜ ɩɨɩɟɪɟɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɞɟɮɨɪɦɚɰɢɣ 
ɪɚɫɬɹɠɟɧɢɹ, ɢ ɬɪɟɯɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɧɟ ɩɪɨɢɫɯɨ-
ɞɢɬ. ɋɯɟɦɚ ɧɚ ɪɢɫ. 4 ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɫɚɦɨɭɪɚɜ-
ɧɨɜɟɲɢɜɚɸɳɢɟɫɹ ɩɨɩɟɪɟɱɧɵɟ ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹ-
ɠɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɨɬ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɢ-
ɫɬɨɝɨ ɫɞɜɢɝɚ (ɪɢɫ. 5). Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɩɨɹɜɥɟɧɢɹ 
ɬɚɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɧɚɩɪɹɠɟɧɢɣ ɹɜɥɹɸɬɫɹ ɩɟɪɟ-
ɫɟɤɚɸɳɢɟɫɹ ɩɨɥɨɫɵ ɑɟɪɧɨɜɚ–Ʌɸɞɟɪɫɚ Д36–38Ж. 

Ɉɬɧɨɲɟɧɢɟ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤ  
ɫɠɢɦɚɸɳɟɦɭ ɧɚɩɪɹɠɟɧɢɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢ-
ɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ: 

еσ/σе≈(1+µ)/µ.     (6) 
Ƚɪɚɮɢɤɢ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɫɯɟɦ ɧɚ ɪɢɫ. 2 

ɢ 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 6. Ɉɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟ-
ɧɢɣ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɉɭɚɫɫɨɧɚ  ɢ ɩɪɢ ɫɬɪɟɦɥɟɧɢɢ µ ɤ 0,5 ɫɬɪɟɦɢɬɫɹ ɤ 3 
ɜ ɫɥɭɱɚɟ ɨɫɧɨɜɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɱɢɫɬɨ-
ɝɨ ɫɞɜɢɝɚ ɢɥɢ ɤ 0 ɞɥɹ ɫɯɟɦɵ ɧɚ ɪɢɫ. 2, ɤɨɝɞɚ ɦɚɬɟ-
ɪɢɚɥ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɚ. 

ɉɨɩɟɪɟɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɩɭɚɫɫɨɧɨɜɚ ɫɢɥɚ ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɢ ɡɚ ɫɱɟɬ 

Ɋɢɫ. 4. Ɋɚɡɞɟɥɟɧɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɧɚ ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɢɡ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫ ɞɜɭɯɨɫɧɵɦ ɫɠɚɬɢɟɦ 

Ɋɢɫ. 5. ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɫɠɢɦɚɸɳɢɯ ɧɨɪɦɚɥɶ-
ɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɱɢɫɬɨɝɨ ɫɞɜɢɝɚ 

Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɤ  ɫɠɢɦɚɸɳɟɦɭ ɧɚɩɪɹɠɟɧɢɸ ɨɬ ɜɟɥɢɱɢ-
ɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ: 

 – ɩɨ ɮɨɪɦɭɥɟ (6); ■ – ɩɨ ɮɨɪɦɭɥɟ (4) 
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ɤɨɦɛɢɧɚɰɢɢ ɞɟɮɨɪɦɚɰɢɢ ɭɩɪɭɝɢɯ ɫɞɜɢɝɨɜ ɢ ɞɟ-
ɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ, ɜɵɡɜɚɧɧɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɦɚɬɟ-
ɪɢɚɥɚ ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɨɛɴɟɦɚ. ɇɚ ɪɢɫ. 7 ɩɪɢɜɟɞɟɧɚ 
ɫɯɟɦɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɭɩɪɭɝɢɟ ɫɞɜɢɝɢ ɢ ɞɟɮɨɪɦɚɰɢɢ 
ɫɠɚɬɢɹ. ɉɨ ɫɭɬɢ, ɫɯɟɦɚ ɧɚ ɪɢɫ. 7 ɹɜɥɹɟɬɫɹ ɨɛɳɟɣ 
ɫɯɟɦɨɣ, ɢɡ ɤɨɬɨɪɨɣ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɹɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ a, b ɢ c ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɯɟɦɵ, 
ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 2–4, ɚ ɢɦɟɧɧɨ ɩɪɢ: 

1. a=(1+µ)/(1-2µ), b=0, c=µ – ɫɯɟɦɚ ɧɚ ɪɢɫ. 2; 
2. a=0, b=(1+µ)/3, c=-(1-2µ)/3 – ɫɯɟɦɚ ɧɚ ɪɢɫ. 3; 
3. a=1, b=µ, c=0 – ɫɯɟɦɚ ɧɚ ɪɢɫ. 4. 
ɋɪɚɜɧɢɦ ɫɯɟɦɵ ɧɚ ɪɢɫ. 4 ɢ 7. ɉɨɹɜɥɟɧɢɟ ɞɟ-

ɮɨɪɦɚɰɢɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɬɪɟɯɨɫɧɨɝɨ ɫɠɚɬɢɹ cİ 
ɜɨɡɦɨɠɧɨ ɩɪɢ ɡɧɚɱɟɧɢɹɯ a1ޓ. Ɂɧɚɱɟɧɢɹ a ɦɨɝɭɬ 
ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɡ ɭɪɚɜɧɟɧɢɹ  

aİ(1-βµ)-İ(1-βµ)=3cİ.    (7) 
Ɋɨɫɬ ɤɨɷɮɮɢɰɢɟɧɬɚ a ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɤɨɷɮɮɢɰɢɟɧɬɚ c ɢ ɭɦɟɧɶɲɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ b, 
ɩɨɫɤɨɥɶɤɭ b+c=µ. Ʉɨɷɮɮɢɰɢɟɧɬɵ a, b ɢ c ɜɡɚɢɦɨ-
ɡɚɜɢɫɢɦɵ: 

a=1+3c/(1-2µ), b=µ-c, 0≤c≤µ.   (8) 
Ɉɬɧɨɲɟɧɢɟ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤ 

ɫɠɢɦɚɸɳɟɦɭ ɧɚɩɪɹɠɟɧɢɸ ɩɪɢ c≠0 ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ 

еσ/σе=[(1-2µ)(1+µ)]/µ(1+3c-2µ),   (9) 
ɤɨɬɨɪɨɟ ɩɪɢ c→0 ɫɬɪɟɦɢɬɫɹ ɤ ɭɪɚɜɧɟɧɢɸ (6), ɚ 
ɩɪɢ c→µ ɫɬɪɟɦɢɬɫɹ ɤ ɭɪɚɜɧɟɧɢɸ (4) (ɪɢɫ. 8). 

Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɤ ɫɠɢɦɚɸɳɟɦɭ ɧɚɩɪɹɠɟɧɢɸ ɨɬ ɜɟɥɢɱɢɧɵ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ ɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ c: 

 – ɩɨ ɮɨɪɦɭɥɟ (6); ■ – ɩɨ ɮɨɪɦɭɥɟ (4);  – ɩɨ 
ɮɨɪɦɭɥɟ (9) ɩɪɢ c=µ/2; – ɩɨ ɮɨɪɦɭɥɟ (9) ɩɪɢ c=µ/4 

ɉɪɢ ɨɞɧɨɨɫɧɨɦ ɫɠɚɬɢɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɫɯɟɦɟ 
ɧɚ ɪɢɫ. 7 ɩɨɦɟɧɹɸɬ ɫɜɨɢ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚ ɩɪɨɬɢ-
ɜɨɩɨɥɨɠɧɵɟ. 

 
Ɋɟɡɭɥɶɬɚɬɵ 

ɉɪɢɦɟɧɢɦ ɨɛɳɭɸ ɫɯɟɦɭ ɪɚɡɞɟɥɟɧɢɹ ɞɟɮɨɪɦɢ-
ɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ 
ɧɚ ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢɡ ɨɞɧɨɨɫ-
ɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ, ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫ ɞɜɭɯ-
ɨɫɧɵɦ ɫɠɚɬɢɟɦ, ɬɪɟɯɨɫɧɨɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɫɠɚɬɢɹ 
(ɪɢɫ. 7) ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨɫɬɨɹ-
ɧɢɣ ɩɪɢ ɞɜɭɯ- ɢ ɬɪɟɯɨɫɧɨɦ ɧɚɝɪɭɠɟɧɢɢ. ɋɨɝɥɚɫɧɨ 
ɨɛɨɛɳɟɧɧɨɦɭ ɡɚɤɨɧɭ Ƚɭɤɚ, ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɵɯ 
ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ ɜ ɬɟɥɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɝɨ 
ɧɚɝɪɭɠɟɧɢɹ ɨɬ ɨɞɧɨɨɫɧɨɝɨ ɞɨ ɬɪɟɯɨɫɧɨɝɨ ɜɢɞɚ 
ɨɞɢɧɚɤɨɜɵɦ ɧɚɩɪɹɠɟɧɢɟɦ σ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɟɞɭ-
ɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

1. Uɩ=σ/E=Eİβ/β – ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟ-
ɧɢɢ ɢɥɢ ɫɠɚɬɢɢ; 

2. Uɩ=σ-µ)/E=Eİβ-µ) – ɩɪɢ ɞɜɭɯɨɫɧɨɦ ɪɚɫ-
ɬɹɠɟɧɢɢ; 

3. Uɩ=σ+µ)/E=Eİβ+µ) – ɩɪɢ ɱɢɫɬɨɦ ɫɞɜɢɝɟ; 
4. Uɩ=3σ-µ)/E=3Eİβ-µ)/2 – ɩɪɢ ɬɪɟɯɨɫ-

ɧɨɦ ɪɚɫɬɹɠɟɧɢɢ, ɢɥɢ 
  1–4: 1:2(1-µ):21+µ):3(1-2µ). 

ɍɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪ-
ɝɢɣ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɢɫɥɭ 
ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɢɥɨɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɡɚɜɢ-
ɫɢɬ ɨɬ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ. ɋɥɟ-
ɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ ɢɦɟɥɚ 
ɛɵ ɦɟɫɬɨ ɩɪɢ µ=0. ɉɪɢ ɡɧɚɱɟɧɢɹɯ 0ޒµ0,125ޒ 
ɫɚɦɵɣ ɷɧɟɪɝɨɨɩɚɫɧɵɣ ɜɢɞ ɧɚɝɪɭɠɟɧɢɹ – ɬɪɟɯ-
ɨɫɧɨɟ ɪɚɫɬɹɠɟɧɢɟ, ɭɠɟ ɩɪɢ µ0,125ޓ ɢɦ ɫɬɚɧɨ-
ɜɢɬɫɹ ɱɢɫɬɵɣ ɫɞɜɢɝ, ɩɪɢ µ0,25ޓ ɡɚ ɫɞɜɢɝɨɦ 
ɢɞɟɬ ɞɜɭɯɨɫɧɨɟ ɪɚɫɬɹɠɟɧɢɟ. Ɇɟɯɚɧɢɡɦɵ ɩɨɹɜ-
ɥɟɧɢɹ ɬɚɤɢɯ ɭɞɟɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ 
ɜ ɬɟɥɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɢɞɚ ɟɝɨ ɧɚɝɪɭɠɟɧɢɹ ɫɬɚ-
ɧɨɜɹɬɫɹ ɨɱɟɜɢɞɧɵɦɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɳɟɣ 
ɫɯɟɦɵ ɪɚɡɞɟɥɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹ-
ɧɢɹ. ɇɚ ɪɢɫ. 9 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɩɨɥɭɱɟɧɢɹ  
ɞɜɭɯɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢɡ ɞɜɭɯ ɨɞɧɨɨɫɧɵɯ ɪɚɫ-
ɬɹɠɟɧɢɣ. ɉɪɚɜɵɟ ɱɚɫɬɢ ɧɚ ɪɢɫɭɧɤɟ ɩɨɹɫɧɹɸɬ 
ɭɦɟɧɶɲɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɡɚ ɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɉɭɚɫɫɨɧɚ, ɥɟɜɵɟ ɱɚɫɬɢ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɦɟɯɚ-
ɧɢɡɦ ɭɦɟɧɶɲɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ ɨɞɧɨɨɫ-
ɧɵɯ ɪɚɫɬɹɠɟɧɢɣ ɡɚ ɫɱɟɬ ɫɨɯɪɚɧɟɧɢɹ ɢɫɯɨɞɧɨɣ 
ɷɧɟɪɝɢɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ. 

Ɋɢɫ. 7. Ɋɚɡɞɟɥɟɧɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɧɚ ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɢɡ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ, ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫ ɞɜɭɯɨɫɧɵɦ ɫɠɚɬɢɟɦ ɢ ɬɪɟɯɨɫɧɨɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ 
ɫɠɚɬɢɹ 
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Ɋɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɩɨ ɡɧɚɱɟɧɢ-
ɹɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ a, b ɢ c ɞɥɹ ɞɜɭɯɨɫɧɨɝɨ ɪɚɫɬɹ-
ɠɟɧɢɹ. Ⱦɥɹ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɫɬɹɠɟɧɢɹ ɫ ɭɱɟɬɨɦ 
ɮɨɪɦɭɥ (8) ɩɨɥɭɱɚɟɦ 

aİ(1-βµ)+bİ-βcİ=İ(1-µ),   (10) 
ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɠɚɬɢɹ 

2bİ+βcİ=βµ,     (11) 
ɱɬɨ ɫɨɜɩɚɞɚɟɬ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɥɟɜɵɯ 
ɱɚɫɬɟɣ ɭɪɚɜɧɟɧɢɣ. 

ɉɪɢ ɱɢɫɬɨɦ ɫɞɜɢɝɟ ɪɚɫɱɟɬɵ ɡɧɚɱɟɧɢɣ ɞɟɮɨɪɦɚ-
ɰɢɣ ɩɨ ɡɧɚɱɟɧɢɹɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ a, b ɢ c ɢɦɟɸɬ 
ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 

– ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɫɬɹɠɟɧɢɹ 
aİ(1-βµ)+3bİ-βcİ=İ(1+µ),    (12) 

– ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɠɚɬɢɹ 
aİ(1-βµ)+3bİ+βcİ=İ(1+µ),   (13) 

 
– ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɞɟɮɨɪɦɚɰɢɹ ɨɬɫɭɬ-

ɫɬɜɭɟɬ, 
c=0,      (14) 

ɱɬɨ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɞɜɭɯɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ, ɫɨɜɩɚ-
ɞɚɟɬ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɥɟɜɵɯ ɱɚɫɬɟɣ 
ɭɪɚɜɧɟɧɢɣ. 

ɉɪɢɜɟɞɟɦ ɟɳɟ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɞɥɹ ɬɪɟɯ-
ɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ. ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɜɫɟ ɬɪɢ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɜɧɨɡɧɚɱɧɵ, ɩɨɥɭɱɚ-
ɟɦ b=0, c=µ ɢ 

aİ(1-βµ)-3cİ=İ(1-βµ),    (15) 
ɱɬɨ ɫɨɜɩɚɞɚɟɬ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɥɟɜɵɯ 
ɱɚɫɬɟɣ ɭɪɚɜɧɟɧɢɣ. 

Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 

ɍɩɪɭɝɨɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨ-
ɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 
ɫɨɫɬɨɹɧɢɟɦ ɞɥɹ ɪɚɫɱɟɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɨɱ-
ɧɨɫɬɶ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɨɛɳɟɧɧɵɦ ɡɚɤɨɧɨɦ 
Ƚɭɤɚ, ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢɥɢ ɫɠɚ-
ɬɢɹ ɢɡɨɬɪɨɩɧɨɝɨ ɬɟɥɚ ɜ ɧɟɦ ɩɨɹɜɥɹɸɬɫɹ ɞɟɮɨɪɦɚ-
ɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟ-
ɧɢɸ ɪɚɫɬɹɠɟɧɢɹ ɢɥɢ ɫɠɚɬɢɹ, ɧɟ ɜɵɡɵɜɚɸɳɢɟ ɩɨ-
ɹɜɥɟɧɢɹ ɜ ɬɟɥɟ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚɩɪɹɠɟɧɢɣ. 
Ɋɟɚɥɶɧɨ ɷɬɢ ɧɚɩɪɹɠɟɧɢɹ ɢ ɜɨɡɧɢɤɚɸɳɚɹ ɨɬ ɧɢɯ 
ɫɢɥɚ, ɧɚɡɜɚɧɧɚɹ ɩɭɚɫɫɨɧɨɜɨɣ ɫɢɥɨɣ, ɫɭɳɟɫɬɜɭɸɬ, 
ɩɨɫɤɨɥɶɤɭ ɥɸɛɨɟ ɭɫɢɥɢɟ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɧɚ ɢɡɦɟ-
ɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɚɬɨɦɨɜ ɜ ɬɟɥɟ, ɜɵɡɨɜɟɬ ɩɨɹɜɥɟ-
ɧɢɟ ɜ ɬɟɥɟ ɭɩɪɭɝɨɝɨ ɨɛɴɟɦɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɢɱɢɧɨɣ ɢɯ ɨɬ-
ɫɭɬɫɬɜɢɹ ɜ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɭɟ-
ɦɵɣ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɩɪɹɠɟɧɢɣ ɦɟɬɨɞ ɫɟɱɟɧɢɣ, ɨɬ-
ɧɨɫɹɳɢɣ ɜɫɟ ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɬɟɥɟ ɧɚɩɪɹɠɟɧɢɹ ɢ 
ɞɟɮɨɪɦɚɰɢɢ ɤ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɬɟɥɚ ɢ ɟɝɨ 
ɩɪɨɞɨɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ɋɚɛɨɬɚ ɜɧɟɲɧɟɣ ɫɢɥɵ ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɡɚ ɟɟ ɫɱɟɬ ɩɨɥɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɬɟɧɰɢ-
ɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɬɟɥɚ ɩɪɢ ɷɬɨɦ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ 
ɜɢɞɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɧɟ ɢɡɦɟɧɹɸɬɫɹ, ɚ ɢɡɦɟɧɹɸɬɫɹ ɜɟɥɢɱɢɧɵ ɢ ɜɢɞ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ, ɮɨɪɦɢɪɭɸɳɢɯ ɷɬɭ 
ɷɧɟɪɝɢɸ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɥɨɜɢɣ ɪɚɜɧɨɜɟ-
ɫɢɹ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɢɡɨɬɪɨɩɧɨɝɨ ɬɟɥɚ ɩɪɢ ɭɩɪɭ-
ɝɨɦ ɪɚɫɬɹɠɟɧɢɢ ɢ ɫɠɚɬɢɢ ɩɨɡɜɨɥɢɥɢ ɪɚɡɪɚɛɨɬɚɬɶ 

Ɋɢɫ. 9. ɋɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɞɜɭɯɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫɥɨɠɟɧɢɟɦ ɞɟɮɨɪɦɚɰɢɣ ɞɜɭɯ ɨɞɧɨɨɫɧɵɯ  
ɪɚɫɬɹɠɟɧɢɣ 
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ɦɨɞɟɥɢ ɩɨɹɜɥɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɫ ɨɛɪɚ-
ɡɨɜɚɧɢɟɦ ɜ ɬɟɥɟ ɜɧɭɬɪɟɧɧɢɯ ɨɛɴɟɦɧɵɯ ɜɡɚɢɦɨɭɪɚɜ-
ɧɨɜɟɲɢɜɚɸɳɢɯɫɹ ɧɚɩɪɹɠɟɧɢɣ. ɇɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨ-
ɠɟɧɧɵɯ ɦɨɞɟɥɟɣ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɪɚɡɞɟɥɟɧɢɹ  
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹ-
ɠɟɧɢɢ ɧɚ ɫɭɦɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢɡ 
ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ, ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫ 
ɞɜɭɯɨɫɧɵɦ ɫɠɚɬɢɟɦ, ɬɪɟɯɨɫɧɨɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɫɠɚ-
ɬɢɹ. ɉɪɢ ɨɞɧɨɨɫɧɨɦ ɫɠɚɬɢɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɩɪɟɞɥɨ-
ɠɟɧɧɨɣ ɫɯɟɦɟ ɦɟɧɹɸɬ ɫɜɨɢ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚ ɩɪɨɬɢɜɨ-

ɩɨɥɨɠɧɵɟ. Ɇɧɨɝɨɨɫɧɵɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɟ ɫɨɫɬɨɹ-
ɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɥɨɠɟɧɢɟɦ ɫɨɫɬɨɹɧɢɣ 
ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢ ɨɞɧɨɨɫɧɨɝɨ ɫɠɚɬɢɹ. ɉɨɤɚ-
ɡɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɯɟɦɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɣ  
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ ɞɜɭɯɨɫɧɨɦ ɢ ɬɪɟɯɨɫɧɨɦ ɪɚɫ-
ɬɹɠɟɧɢɢ, ɱɢɫɬɨɦ ɫɞɜɢɝɟ. ɇɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ-
ɫɹ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɡɚ ɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɉɭɚɫɫɨɧɚ ɢ ɦɟɯɚɧɢɡɦ ɢɡɦɟɧɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪ-
ɝɢɢ ɨɞɧɨɨɫɧɵɯ ɧɚɩɪɹɠɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɪɢ ɦɧɨɝɨ-
ɨɫɧɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ. 
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