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Аɧɧɨɬаɰиɹ: ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɫɬɪɨɢ-
ɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɢ ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɨɩɢɫɵɜɚɟɦɵɯ ɧɟɥɢɧɟɣɧɵɦɢ ɞɢɮɮɟɪɟɧɰɢ-
ɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ. Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɟɥɢɧɟɣɧɵɟ ɨɩɟɪɚɬɨɪɵ ɨɩɢɫɵɜɚɸɬɫɹ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶɸ ɥɢɧɟɣɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɜ ɢɧɤɪɟɦɟɧɬɚɥɶɧɨɣ ɮɨɪɦɟ, ɚ ɫɥɨɠɧɵɣ ɥɢɧɟɣɧɵɣ ɧɟɨɝɪɚɧɢɱɟɧɧɵɣ ɨɩɟ-
ɪɚɬɨɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɞɟɟɣ Ʌ.ȼ. Ʉɚɧɬɨɪɨɜɢɱɚ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦ ɥɢɧɟɣɧɵɦ ɧɟɨɝɪɚɧɢɱɟɧ-
ɧɵɦ ɨɩɟɪɚɬɨɪɨɦ.  
 

Ʉɥɸɱевые ɫɥɨва: ɧɟɥɢɧɟɣɧɚɹ ɫɬɪɨɢɬɟɥɶɧɚɹ ɦɟɯɚɧɢɤɚ, ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɝɪɭɠɟɧɢɣ,  
ɦɟɬɨɞ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ 
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Abstract: The algorithm of application of the method of steepest descent to the solution of problems of structur-
al mechanics and solid mechanics, described by nonlinear differential equations. For application of this method 
to nonlinear operators are described by a sequence of linear operators in incremental form, unlimited and com-
plex linear operator, in line with the idea of L. V. Kantorovich is limited to a simple linear unbounded operator. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɤɚɤ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ, ɬɚɤ 
ɢ ɜ ɡɚɪɭɛɟɠɧɨɣ ɩɪɚɤɬɢɤɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟ-
ɧɢɟ ɧɚɯɨɞɹɬ ɩɪɢɛɥɢɠɟɧɧɵɟ ɢ ɱɢɫɥɟɧɧɵɟ ɦɟ-
ɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ. 
ɉɨɫɬɪɨɟɧɢɟ ɡɚɦɤɧɭɬɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟ-
ɲɟɧɢɹ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɡɚɞɚɱ ɧɟ ɩɪɟɞɫɬɚɜ-
ɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɪɟɛɭɟɬ ɦɧɨɝɨ ɜɪɟɦɟ-
ɧɢ ɢ ɫɪɟɞɫɬɜ.  
Ⱦɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɡɟɪɜɧɵɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɚɬɟɪɢɚɥɚ ɤɨɧɫɬɪɭɤɰɢɣ 
ɭɫɥɨɠɧɹɸɬ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɢ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɢɟ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ. 
Чɚɳɟ ɜɫɟɝɨ ɬɚɤɨɟ ɭɫɥɨɠɧɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ 

ɦɨɞɟɥɹɦ, ɨɩɢɫɵɜɚɟɦɵɦ ɧɟɥɢɧɟɣɧɵɦɢ ɞɢɮ-
ɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ. ȼɵɞɟɥɹɸɬ 
ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ, ɮɢɡɢɱɟɫɤɭɸ ɢ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɭɸ ɧɟɥɢɧɟɣɧɨɫɬɶ. ɉɪɢ ɪɟɲɟɧɢɢ ɪɹɞɚ 
ɡɚɞɚɱ, ɧɚɩɪɢɦɟɪ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɬɨɧɤɨɫɬɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɢɧɰɢɩ 
ɦɚɥɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɫɬɚ-
ɧɨɜɢɬɫɹ ɧɟɩɪɢɟɦɥɟɦɵɦ. ɇɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵ-
ɜɚɬɶ ɧɟɥɢɧɟɣɧɵɟ ɱɥɟɧɵ ɜ ɫɨɨɬɧɨɲɟɧɢɹɯ 
ɦɟɠɞɭ ɞɟɮɨɪɦɚɰɢɹɦɢ ɢ ɩɟɪɟɦɟɳɟɧɢɹɦɢ, ɩɪɢ 
ɷɬɨɦ ɮɨɪɦɢɪɭɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣ-
ɧаɹ ɡаɞаɱа. ȿɫɥɢ ɧɟ ɫɩɪɚɜɟɞɥɢɜ ɡɚɤɨɧ Ƚɭɤɚ, 
ɫɜɹɡɵɜɚɸɳɢɣ ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɟɮɨɪɦɚɰɢɢ, ɬɨ 
ɢɯ ɩɪɢɯɨɞɢɬɫɹ ɫɜɹɡɵɜɚɬɶ ɧɟɥɢɧɟɣɧɵɦɢ ɫɨ-
ɨɬɧɨɲɟɧɢɹɦɢ ɢ ɜɨɡɧɢɤɚɟɬ ɮɢɡɢɱɟɫɤɢ ɧɟɥɢ-
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ɧɟɣɧаɹ ɡаɞаɱа. ȼ ɫɥɭɱɚɟ ɧɟɥɢɧɟɣɧɵɯ ɝɪɚɧɢɱ-
ɧɵɯ ɭɫɥɨɜɢɣ ɜɨɡɧɢɤɚɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧаɹ ɧɟ-
ɥɢɧɟɣɧɨɫɬь. ɇɟɥɢɧɟɣɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɝɭɬ 
ɩɨɹɜɥɹɬɶɫɹ ɩɪɢ ɭɱɟɬɟ ɜɥɢɹɧɢɹ ɪɚɛɨɱɢɯ 
(ɚɝɪɟɫɫɢɜɧɵɯ ɜ ɨɬɧɨɲɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɤɨɧ-
ɫɬɪɭɤɰɢɣ) ɫɪɟɞ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɚɝɪɟɫɫɢɜ-
ɧɨɣ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɜɵɡɵɜɚɟɬ ɤɨɪɪɨɡɢɨɧɧɨɟ 
ɩɨɪɚɠɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɨɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɢ. Ɂɚɞɚɱɢ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɦɨɠɧɨ ɨɬ-
ɧɟɫɬɢ ɤ ɡɚɞɚɱɚɦ ɫ ɧɚɜɟɞɟɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨ-
ɫɬɶɸ ɫɜɨɣɫɬɜ. 
ɇɟɥɢɧɟɣɧɵɟ ɡɚɞɚɱɢ ɢɦɟɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ 
ɨɬɥɢɱɢɹ ɨɬ ɥɢɧɟɣɧɵɯ ɡɚɞɚɱ. Ɍɚɤ ɜ ɧɟɥɢɧɟɣ-
ɧɵɯ ɡɚɞɚɱɚɯ ɷɧɟɪɝɢɹ ɞɟɮɨɪɦɚɰɢɢ ɭɠɟ ɧɟ ɹɜ-
ɥɹɟɬɫɹ ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɭɧɤɰɢɟɣ, ɤɪɨɦɟ ɬɨɝɨ, 
ɧɟ ɫɩɪɚɜɟɞɥɢɜ ɩɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɢ ɨɫ-
ɧɨɜɚɧɧɵɟ ɧɚ ɷɬɨɦ ɩɪɢɧɰɢɩɟ ɤɥɚɫɫɢɱɟɫɤɢɟ 
ɬɟɨɪɟɦɵ ɦɟɯɚɧɢɤɢ. 
Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɝɪɚɧɢɱɧɵɯ ɡɚ-
ɞɚɱ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɦɟɧɹɸɬɫɹ 
ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɪɚɡɥɢɱɧɵɯ ɢɞɟɹɯ. 
Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɦɟɬɨɞ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ. Ɇɟɬɨɞ ɧɚɢɫɤɨ-
ɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɫɫɦɚɬɪɢ-
ɜɚɥɫɹ ɤɚɤ ɜɚɪɢɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɥɢ-
ɧɟɣɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. ɋɯɟɦɚ 
ɦɟɬɨɞɚ ɫɥɟɞɭɸɳɚɹ: ɫɬɪɨɢɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɶ ɩɪɢɛɥɢɠɟɧɢɣ ɤ ɦɢɧɢɦɭɦɭ ɮɭɧɤɰɢɨɧɚ-
ɥɚ ɬɚɤɨɝɨ ɪɨɞɚ, ɱɬɨ ɩɟɪɟɯɨɞ ɨɬ ɨɞɧɨɝɨ ɩɪɢ-
ɛɥɢɠɟɧɢɹ ɤ ɫɥɟɞɭɸɳɟɦɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɭɛɵɜɚɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɚ. Ɉɬɫɸɞɚ ɩɪɨɢɫɯɨɞɢɬ ɢ ɧɚɡɜɚ-
ɧɢɟ ɦɟɬɨɞɚ. Ⱦɨɤɚɡɚɧ ɪɹɞ ɬɟɨɪɟɦ Д1Ж ɨ ɫɯɨɞɢ-
ɦɨɫɬɢ ɦɟɬɨɞɚ ɞɥɹ ɥɢɧɟɣɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶ-
ɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɩɪɨɝɪɟɫɫɢɢ. 
ɂɞɟɹ ɦɟɬɨɞɚ ɜɨɫɯɨɞɢɬ ɤ Ʉɨɲɢ. ɉɟɪɜɨɧɚ-
ɱɚɥɶɧɨ ɨɧ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɤɚɤ ɜɚɪɢɚɰɢɨɧɧɵɣ 
ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɢ ɧɚɯɨɠɞɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɥɢɧɟɣɧɵɯ 
ɨɩɟɪɚɬɨɪɨɜ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɟɬɨɞ ɧɚɢɫɤɨ-
ɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɞɥɹ ɤɜɚɞɪɚɬɢɱɧɵɯ ɮɭɧɤɰɢɨ-
ɧɚɥɨɜ ɪɚɡɪɚɛɨɬɚɧ Ʌ.ȼ. Ʉɚɧɬɨɪɨɜɢɱɟɦ Д2]. 
ɉɪɢɧɰɢɩɢɚɥɶɧɨɟ ɨɬɥɢɱɢɟ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶ-
ɲɟɝɨ ɫɩɭɫɤɚ ɨɬ ɩɪɹɦɵɯ ɜɚɪɢɚɰɢɨɧɧɵɯ ɦɟɬɨ-
ɞɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-

ɧɵɟ ɩɪɢɛɥɢɠɟɧɢɹ ɩɨɥɭɱɚɸɬɫɹ ɧɟ ɜ ɚɩɪɢɨɪɧɨ 
ɜɵɛɪɚɧɧɨɣ ɮɨɪɦɟ, ɚ ɜ ɮɨɪɦɟ ɨɩɪɟɞɟɥɹɟɦɨɣ 
ɫɚɦɨɣ ɡɚɞɚɱɟɣ. 
Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɢɞɟɢ 
ɦɟɬɨɞɚ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɤ ɪɟɲɟɧɢɸ 
ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɢ ɦɟɯɚɧɢɤɢ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɟɥɚ, ɨɩɢɫɵɜɚɟɦɵɯ ɧɟɥɢ-
ɧɟɣɧɵɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ. 
Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɟɨɛɯɨɞɢɦɨ 
ɱɬɨɛɵ, ɜɨ-ɩɟɪɜɵɯ, ɡɚɞɚɱɚ ɨɩɢɫɵɜɚɥɚɫɶ ɨɝɪɚ-
ɧɢɱɟɧɧɵɦ ɥɢɧɟɣɧɵɦ ɨɩɟɪɚɬɨɪɨɦ ɢ, ɜɨ-
ɜɬɨɪɵɯ, ɷɬɨɬ ɨɩɟɪɚɬɨɪ ɞɨɥɠɟɧ ɛɵɬɶ ɨɝɪɚɧɢ-
ɱɟɧɧɵɦ. 
ɉɪɢ ɪɟɲɟɧɢɢ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɫ ɭɱɟɬɨɦ ɧɟɥɢ-
ɧɟɣɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ ɞɟ-
ɮɨɪɦɚɰɢɹɦɢ ɜ ɦɚɬɟɪɢɚɥɟ ɤɨɧɫɬɪɭɤɰɢɢ (ɮɢ-
ɡɢɱɟɫɤɚɹ ɧɟɥɢɧɟɣɧɨɫɬɶ) ɢɥɢ ɞɨɩɭɳɟɧɢɟɦ ɩɟ-
ɪɟɦɟɳɟɧɢɣ, ɫɨɩɨɫɬɚɜɢɦɵɯ ɫ ɬɨɥɳɢɧɨɣ ɤɨɧ-
ɫɬɪɭɤɰɢɢ (ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɧɟɥɢɧɟɣɧɨɫɬɶ), 
ɨɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɵɯ ɧɚɝɪɭɠɟɧɢɣ ɢɥɢ ɟɝɨ ɨɛɨɛɳɟɧɢɟ – 
ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɩɚɪɚ-
ɦɟɬɪɨɜ. ɉɨɞɪɨɛɧɨɟ ɢɡɥɨɠɟɧɢɟ ɷɬɢɯ ɦɟɬɨɞɨɜ 
ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɡɚɞɚɱ ɧɟɥɢɧɟɣ-
ɧɨɣ ɦɟɯɚɧɢɤɢ ɩɥɚɫɬɢɧɨɤ ɢ ɨɛɨɥɨɱɟɤ ɦɨɠɧɨ 
ɧɚɣɬɢ ɜ ɪɚɛɨɬɟ [3]. 
ɋɨɜɨɤɭɩɧɨɫɬɶ ɭɪɚɜɧɟɧɢɣ ɧɟɥɢɧɟɣɧɨɣ ɦɟɯɚ-
ɧɢɤɢ ɬɜɟɪɞɨɝɨ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɟɥɚ ɜɦɟɫɬɟ 
ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 
ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ ɨɩɟɪɚɬɨɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ:  
 

1( , ,... ) 0mА u                       (1) 

 
ɝɞɟ А – ɧɟɥɢɧɟɣɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟ-
ɥɟɧɧɵɣ ɨɩɟɪɚɬɨɪ ɜ ɝɢɥɶɛɟɪɬɨɜɨɦ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟ H, u – ɢɫɤɨɦɵɣ ɷɥɟɦɟɧɬ ɷɬɨɝɨ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ɉɩɟɪɚɬɨɪ А ɡɚɞɚɧ ɧɚ 
ɧɟɤɨɬɨɪɨɦ ɦɧɨɠɟɫɬɜɟ ɮɭɧɤɰɢɣ  D A , ɨɛɥɚ-
ɞɚɸɳɢɯ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɮɭɧɤɰɢɢ 
ɢ ɢɯ ɩɟɪɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɚɛɫɨɥɸɬɧɨ ɧɟɩɪɟ-
ɪɵɜɧɵ ɜ ɨɛɥɚɫɬɢ   (  – ɤɨɧɟɱɧɚɹ ɨɛɥɚɫɬɶ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɨɨɪɞɢɧɚɬ, ɡɚɧɹɬɚɹ ɩɥɚɫɬɢɧɤɨɣ 
ɢɥɢ ɨɛɨɥɨɱɤɨɣ), ɧɚ ɝɪɚɧɢɰɟ ɨɛɥɚɫɬɢ Ƚ ɮɭɧɤ-
ɰɢɢ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɡɚɞɚɧɧɵɦ ɝɪɚɧɢɱɧɵɦ 
ɭɫɥɨɜɢɹɦ. Ɉɩɟɪɚɬɨɪ А ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɨɩɟ-
ɪɚɬɨɪɨɦ ɞɚɧɧɨɣ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ, m ,...,1  – 
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ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɧɚ ɪɟɲɟɧɢɟ 
ɡɚɞɚɱɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɚɪɚɦɟɬɪɵ k  

ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɩɪɢɪɨɞɭ, ɫɪɟɞɢ ɷɬɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɢɦɟɸɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ, ɮɢɡɢ-
ɱɟɫɤɢɟ ɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɩɚɪɚɦɟɬɪɵ ɜɧɟɲɧɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ. 
ȿɫɥɢ ɦɚɥɨɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɚ k  ɜɵɡɵ-
ɜɚɟɬ ɦɚɥɵɟ ɢɡɦɟɧɟɧɢɹ ɷɥɟɦɟɧɬɚ ɢ, ɬɨ ɬɚɤɨɣ 
ɩɚɪɚɦɟɬɪ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɜɟɞɭɳɢɦ. ȼ ɜɨɡ-
ɦɭɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɭɪɚɜɧɟɧɢɟ (1) ɡɚɩɢɲɟɦ 
ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 
 

1( , ,..., ,.., ) 0k k mА u u             (2) 

 
ȼɵɱɢɬɚɹ ɢɡ ɭɪɚɜɧɟɧɢɹ (2) ɭɪɚɜɧɟɧɢɟ (1) ɩɨ-
ɥɭɱɢɦ 
        A u u A u A u u O u          (3) 

 
ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɟɫɬɶ ɥɢ-
ɧɟɣɧɚɹ ɮɭɧɤɰɢɹ ɨɬ u , ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɚɹ 
ɮɭɧɤɰɢɸ    A u u A u   ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 
ɜɟɥɢɱɢɧ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ ɜɵɫɲɟɝɨ, ɱɟɦ 

u . ɉɪɨɢɡɜɟɞɟɧɢɟ  A u u   ɧɚɡɵɜɚɟɬɫɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ Ƚɚɬɨ ɧɟɥɢɧɟɣɧɨɝɨ ɨɩɟɪɚɬɨ-
ɪɚ А, ɚ  A u  ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɢɡɜɨɞɧɨɣ Ƚɚɬɨ 
ɧɟɥɢɧɟɣɧɨɝɨ ɨɩɟɪɚɬɨɪɚ А ɜ ɬɨɱɤɟ u . Ʌɢɧɟɣ-
ɧɚɹ ɮɭɧɤɰɢɹ ɨɬ u  ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɩɨ 
ɮɨɪɦɭɥɟ 
 

   
0

d
A u u A u u

d               (4) 

 
ȿɫɥɢ ɡɚ ɜɟɞɭɳɢɣ ɩɚɪɚɦɟɬɪ ɩɪɢɧɹɬ ɩɚɪɚɦɟɬɪ 
ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ k , ɬɨ ɢɧɤɪɟɦɟɧɬɚɥɶɧɨɟ 
ɭɪɚɜɧɟɧɢɟ ɧɚ j-ɨɦ ɷɬɚɩɟ ɢɡɦɟɧɟɧɢɹ ɜɟɞɭɳɟɝɨ 
ɩɚɪɚɦɟɬɪɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
  1 1 ,, ,...,j m j k jA u u                  (5) 

ɝɞɟ j=1,2,…,N – ɧɨɦɟɪ ɷɬɚɩɚ ɜɨɡɦɭɳɟɧɢɹ, ɚ 
ɥɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥ Ƚɚɬɨ ɧɟɥɢɧɟɣɧɨɝɨ ɨɩɟɪɚɬɨɪɚ 
А. ɗɥɟɦɟɧɬ 1ju   ɢɡɜɟɫɬɟɧ ɢɡ ɪɟɲɟɧɢɣ ɧɚ 
ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɚɯ ɪɟɲɟɧɢɹ ɢ ɜɵɱɢɫɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ  
 

1

1
1

k j

j k
k

u u
 

 
  . 

 
Ɋɟɤɭɪɪɟɧɬɧɨɟ ɭɪɚɜɧɟɧɢɟ (5) ɛɵɥɨ ɧɚɡɜɚɧɨ ɜ 
[4] ɭɪɚɜɧɟɧɢɟɦ ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɧɚɝɪɭɠɟɧɢɣ. ȼ ɩɪɨɰɟɫɫɟ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟ-
ɞɭɪɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɩɚɪɚ-
ɦɟɬɪɨɜ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨɪɹɞɤɚ 
ɧɨɪɦɵ ɩɪɢɪɚɳɟɧɢɹ ɷɥɟɦɟɧɬɚ u. ɗɬɭ ɩɨɝɪɟɲ-
ɧɨɫɬɶ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ, ɢɡɦɟɧɹɹ ɜɟɥɢɱɢ-
ɧɭ ɩɪɢɪɚɳɟɧɢɹ ɜɟɞɭɳɟɝɨ ɩɚɪɚɦɟɬɪɚ.  
ɉɪɨɰɟɫɫ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫ ɩɨɡɢɰɢɣ ɢɧɤɪɟ-
ɦɟɧɬɚɥɶɧɨɝɨ ɩɨɞɯɨɞɚ ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶɸ ɫɨɫɬɨɹɧɢɣ ɪɚɜɧɨɜɟɫɢɹ S0, S1,..., Sn. 
ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ S0  ɦɨɞɟɥɶ ɯɚɪɚɤɬɟɪɢɡɭ-
ɟɬɫɹ ɧɚɱɚɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Sn – ɤɨɧɟɱɧɨɟ ɫɨɫɬɨɹ-
ɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹ-
ɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ  ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ, 
ɢɥɢ ɪɟɲɢɬɶ ɞɪɭɝɢɟ ɡɚɞɚɱɢ. kS  – ɩɪɨɢɡɜɨɥɶɧɨɟ 
ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɋɱɢɬɚ-
ɟɬɫɹ, ɱɬɨ ɜ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ ɢɡɜɟɫɬɧɵ ɜɫɟ ɩɚɪɚ-
ɦɟɬɪɵ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɰɟɫɫɚ: ɭɪɨ-
ɜɟɧɶ ɩɪɢɥɨɠɟɧɧɵɯ ɧɚɝɪɭɡɨɤ, ɭɪɨɜɟɧɶ ɞɟɝɪɚɞɚ-
ɰɢɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɬɟɧɡɨɪɵ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚ-
ɰɢɣ ɢ ɜɟɤɬɨɪ ɩɟɪɟɦɟɳɟɧɢɹ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɤɨɧ-
ɫɬɪɭɤɰɢɢ. ɉɨɥɚɝɚɟɦ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ 
ɢɡɜɟɫɬɧɵ ɧɟ ɬɨɥɶɤɨ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ Sj, 
ɧɨ ɢ ɜɨ ɜɫɟɯ ɩɪɨɣɞɟɧɧɵɯ ɡɚ ɢɫɬɨɪɢɸ ɩɪɨɰɟɫɫɚ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹɯ S1,..., Sj-1. Ʉɚɠɞɨɟ 
ɢɡ ɫɨɫɬɨɹɧɢɣ ɧɚɡɵɜɚɟɬɫɹ ɲɚɝɨɦ ɩɪɨɰɟɫɫɚ ɞɟ-
ɮɨɪɦɢɪɨɜɚɧɢɹ. 
ɉɪɢ j=1 ɭɪɚɜɧɟɧɢɟ (3) ɜɵɪɨɠɞɚɟɬɫɹ ɜ ɭɪɚɜ-
ɧɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ. 
ɉɪɢɫɜɚɢɜɚɹ j ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
1,2,3,...,N ɦɵ ɛɭɞɟɦ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜɞɨɥɶ ɜɟ-
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ɞɭɳɟɝɨ ɩɚɪɚɦɟɬɪɚ, ɪɟɲɚɹ ɩɪɢ ɷɬɨɦ ɩɨɫɬɚɜ-
ɥɟɧɧɭɸ ɧɟɥɢɧɟɣɧɭɸ ɡɚɞɚɱɭ. 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɜɨɡɦɭɳɚɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɟɫɤɨɥɶɤɨ ɩɚɪɚɦɟɬɪɨɜ, 
ɩɨɥɭɱɢɦ ɪɟɤɭɪɪɟɧɬɧɨɟ ɢɧɤɪɟɦɟɧɬɚɥɶɧɨɟ 
ɭɪɚɜɧɟɧɢɟ 
  1 1 ,; ,..., 0j m j m j

m m

A
A u u  

     ,  (6) 

 
ɤɨɬɨɪɨɟ ɛɵɥɨ ɧɚɡɜɚɧɨ ɧɚɦɢ [5] ɭɪɚɜɧɟɧɢɟɦ 
ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɩɚ-
ɪɚɦɟɬɪɨɜ. 
Ɍɚɤ ɤɚɤ ɭɪɚɜɧɟɧɢɟ (6) ɥɢɧɟɣɧɨɟ, ɬɨ ɩɪɢ ɟɝɨ 
ɪɟɲɟɧɢɢ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɩɪɢɧɰɢɩ ɫɭɩɟɪ-
ɩɨɡɢɰɢɢ ɢ ɦɟɧɹɬɶ ɜɟɞɭɳɢɣ ɩɚɪɚɦɟɬɪ. ȼ 
ɭɪɚɜɧɟɧɢɢ (6) ɫɨɞɟɪɠɢɬɫɹ ɪɹɞ ɦɟɬɨɞɨɜ ɪɟ-
ɲɟɧɢɹ ɧɟɥɢɧɟɣɧɵɯ ɡɚɞɚɱ ɪɚɫɱɟɬɚ ɛɚɥɨɤ, ɩɥɚ-
ɫɬɢɧɨɤ ɢ ɨɛɨɥɨɱɟɤ: ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
ɢɡɦɟɧɟɧɢɹ ɠɟɫɬɤɨɫɬɢ, ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɪɢɜɢɡɧɵ, ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɛɥɚɫɬɢ ɢɧɬɟɝɪɢɪɨɜɚ-
ɧɢɹ, ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɧɚɪɚɳɢɜɚɧɢɹ 
ɪɟɛɟɪ, ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ, 
ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɢ ɢ ɪɹɞ ɞɪɭɝɢɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɧɚɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ k  ɜ (6). ɇɟɤɨɬɨɪɵɟ ɢɡ 
ɷɬɢɯ ɦɟɬɨɞɨɜ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɪɹɞɨɦ ɚɜɬɨ-
ɪɨɜ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ, ɧɨ ɩɨ ɫɜɨɟɣ ɫɭɬɢ 
ɷɬɨ ɨɞɢɧ ɢɧɤɪɟɦɟɧɬɚɥɶɧɵɣ ɦɟɬɨɞ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɭɪɚɜ-
ɧɟɧɢɟ (2.5) ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɪɚɡɥɢɱɧɵɟ 
ɫɬɪɚɬɟɝɢɢ. ɇɚɩɪɢɦɟɪ, ɫɧɚɱɚɥɚ ɡɚ ɜɟɞɭɳɢɣ 
ɩɚɪɚɦɟɬɪ ɩɪɢɧɢɦɚɟɬɫɹ ɜɧɟɲɧɹɹ ɧɚɝɪɭɡɤɚ, ɢ 
ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɝɪɭɠɚɟɬɫɹ 
ɞɨ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ ɩɨɩɟɪɟɱɧɨɣ ɧɚɝɪɭɡɤɢ. 
Ɂɚɬɟɦ ɜɟɞɭɳɢɦ ɩɚɪɚɦɟɬɪɨɦ ɫɬɚɧɨɜɢɬɫɹ ɬɟɦ-
ɩɟɪɚɬɭɪɚ, ɢ ɧɚɩɪɹɠɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɵ. Ɂɚɬɟɦ ɢɡɭɱɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɧɚɝɪɭɠɟɧɧɨɣ ɢ ɧɚɝɪɟɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ 
ɚɝɪɟɫɫɢɜɧɨɣ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ (ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ) ɢ ɬɚɤ 
ɞɚɥɟɟ. ȼɨɡɦɨɠɟɧ ɢ ɞɪɭɝɨɣ ɧɚɛɨɪ ɫɬɪɚɬɟɝɢɣ. 
ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɤɚɠɞɨɝɨ ɢɡ ɜɟɞɭɳɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɪɟɲɚɟɬɫɹ ɧɟɥɢɧɟɣɧɚɹ ɡɚɞɚɱɚ. Ⱦɥɹ ɩɨ-
ɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧ Д6] 

ɞɜɭɯɲɚɝɨɜɵɣ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡ-
ɦɭɳɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɜɨɥɹɸɳɢɣ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ ɢ ɫɨ-
ɤɪɚɬɢɬɶ ɱɢɫɥɨ ɷɬɚɩɨɜ ɧɚɝɪɭɠɟɧɢɹ. Ɍɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɟɥɢɧɟɣɧɨɝɨ ɨɩɟɪɚɬɨ-
ɪɚ А ɜ ɢɧɤɪɟɦɟɧɬɚɥɶɧɨɣ ɮɨɪɦɟ ɩɨɡɜɨɥɹɟɬ 
ɭɫɬɪɚɧɢɬɶ ɩɟɪɜɨɟ ɩɪɟɩɹɬɫɬɜɢɟ ɞɥɹ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɦɟɬɨɞɚ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ. 
Ʌ.ȼ. Ʉɚɧɬɨɪɨɜɢɱɭ ɩɪɢɧɚɞɥɟɠɢɬ ɢɞɟɹ ȼ – 
ɨɝɪɚɧɢɱɟɧɧɵɯ ɨɩɟɪɚɬɨɪɨɜ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɜ 
ɬɨɦ, ɱɬɨ ɫɥɨɠɧɵɣ ɥɢɧɟɣɧɵɣ ɧɟɨɝɪɚɧɢɱɟɧ-
ɧɵɣ ɨɩɟɪɚɬɨɪ L  ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶ ɩɪɨ-
ɫɬɵɦ ɥɢɧɟɣɧɵɦ ɧɟɨɝɪɚɧɢɱɟɧɧɵɦ ɨɩɟɪɚɬɨ-
ɪɨɦ ȼ. Ʌ.ȼ. Ʉɚɧɬɨɪɨɜɢɱɟɦ ɞɨɤɚɡɚɧɚ ɬɟɨɪɟɦɚ: 
ɟɫɥɢ ɨɩɟɪɚɬɨɪ L  ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧ ɢ 
ȼ – ɨɝɪɚɧɢɱɟɧ 
      , , , ,

                              0 ,

m Bu u Lu u M Bu u

m M

 
          (7) 

 
ɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ȼ-ɫɯɨɞɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ 
ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɤ ɪɟɲɟɧɢɸ ɢɫɯɨɞɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ ɫ ɛɵɫɬɪɨɬɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɨ-
ɝɪɟɫɫɢɢ. ɗɬɚ ɬɟɨɪɟɦɚ ɞɨɤɚɡɚɧɚ ɞɥɹ ɫɥɭɱɚɹ 
ɤɨɝɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɡɚɞɚɱɚ ɨɩɢɫɵɜɚɟɬɫɹ 
ɥɢɧɟɣɧɵɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢ-
ɹɦɢ. Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɧɹɬɨɟ 
ɨɛɨɡɧɚɱɟɧɢɟ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɮɭɧɤ-
ɰɢɣ ɜ ɜɢɞɟ (..., ...). 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨ-
ɫɬɪɨɢɬɶ ɫɢɦɦɟɬɪɢɱɧɵɣ, ɩɨɥɨɠɢɬɟɥɶɧɨ ɩɨɥɭ-
ɨɝɪɚɧɢɱɟɧɧɵɣ ɨɩɟɪɚɬɨɪ ȼ ɪɨɞɫɬɜɟɧɧɵɣ ɨɩɟ-
ɪɚɬɨɪɭ L  
    , ,Bu u u u                      (8) 

 
Ɉɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ȼ ɞɨɥɠɧɚ 
ɫɨɜɩɚɞɚɬɶ ɫ ɨɛɥɚɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ 
L , ɤɪɨɦɟ ɬɨɝɨ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɧɟɪɚɜɟɧ-
ɫɬɜɨ (7). ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ 
ɦɟɯɚɧɢɤɢ ȼ-ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɨɩɟɪɚɬɨɪɚ L  
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɟɫɥɢ ɭɩɪɭɝɚɹ ɫɢɫɬɟɦɚ, ɨɩɢ-
ɫɵɜɚɟɦɚɹ ɨɩɟɪɚɬɨɪɨɦ ȼ ɨɤɚɡɵɜɚɟɬɫɹ ɦɚɠɨ-
ɪɚɧɬɨɣ, ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɠɟɫɬɤɨɣ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɢɫɯɨɞɧɨɣ, ɨɩɢɫɵɜɚɟɦɨɣ ɨɩɟɪɚɬɨɪɨɦ L  
[8]. ɉɨɷɬɨɦɭ ɨɩɟɪɚɬɨɪ ȼ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɡɚ-



Ɋɟɲɟɧɢɟ ɧɟɥɢɧɟɣɧɵх ɡаɞаɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟхаɧɢɤɢ ɦɟɬɨɞɨɦ ɧаɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤа 
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ɞɚɱɢ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɢɫɯɨɞɹ ɢɡ ɢɧɠɟɧɟɪ-
ɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɚ ɛɵɫɬɪɨɬɚ ɫɯɨɞɢɦɨɫɬɢ 
ɦɟɬɨɞɚ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɟɝɨ ɭɞɚɱɧɨɝɨ ɜɵɛɨ-
ɪɚ.  
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (5) 
ɦɟɬɨɞɨɦ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɫɨɫɬɨɢɬ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ.  
ɇɭɥɟɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ (ɧɚɩɪɚɜɥɟɧɢɟ ɧɚɢɫɤɨ-
ɪɟɣɲɟɝɨ ɫɩɭɫɤɚ) ɢɳɟɬɫɹ ɤɚɤ ɪɟɲɟɧɢɟ ɭɪɚɜ-
ɧɟɧɢɹ 
 

0Bu b                            (9) 

 
ɉɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɫɬɪɨɢɬɫɹ ɜ ɜɢɞɟ 
 

1 0 1 1u u z                        (10) 

 
ɝɞɟ 1z  ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ  
 

1 0Bz Lu b                        (11) 

 
ɩɪɚɜɚɹ ɱɚɫɬɶ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɧɟɜɹɡɤɭ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
 

0Lu b . 

 
ȼɟɥɢɱɢɧɚ ɫɩɭɫɤɚ 1  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭ-
ɸɳɟɣ ɮɨɪɦɭɥɟ 
   1 1

1
1 1

,

,

Bz z

Lz z
                       (12) 

 
ɉɨɜɬɨɪɹɹ ɷɬɨɬ ɩɪɨɰɟɫɫ, ɩɨɥɭɱɢɦ 
 

1n n n nu u z                       (13) 

 
ɝɞɟ nz  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟ-
ɧɢɹ 
 

1n nBz Lu b                       (14) 

 
ɚ n  ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

  ,

,
n n

n
n n

Bz z

Lz z
                      (15) 

 
ȿɫɥɢ ɧɚ ɤɚɠɞɨɦ j-ɨɦ ɷɬɚɩɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɝɨ ɧɚɝɪɭɠɟɧɢɹ ɩɪɢɧɹɬɶ ɜ ɷɬɨɣ ɫɯɟɦɟ ɪɟɚɥɢ-
ɡɚɰɢɢ ɦɟɬɨɞɚ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɜ ɤɚɱɟ-
ɫɬɜɟ ɥɢɧɟɣɧɨɝɨ ȼ-ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɨɩɟɪɚɬɨɪɚ 
L  ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɨɩɟɪɚɬɨɪ  1jA u  , ɬɨ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɧɚɪɚɳɢɜɚ-
ɧɢɹ ɱɢɫɥɚ ɷɬɚɩɨɜ ɧɚɝɪɭɠɟɧɢɹ ɩɨɥɭɱɢɦ ɪɟɲɟ-
ɧɢɟ ɧɟɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ. 
ȼ ɪɚɛɨɬɟ Д6] ɢɞɟɹ ɦɟɬɨɞɚ ɧɚɢɫɤɨɪɟɣɲɟɝɨ 
ɫɩɭɫɤɚ ɨɛɫɭɠɞɚɥɚɫɶ ɞɥɹ ɪɟɲɟɧɢɹ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɯ ɡɚɞɚɱ, ɡɞɟɫɶ ɛɭɞɟɦ ɪɚɫ-
ɫɦɚɬɪɢɜɚɬɶ ɮɢɡɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɟ ɡɚɞɚɱɢ. 
Ɇɟɬɨɞɢɤɭ ɪɟɲɟɧɢɹ ɩɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ ɧɚ 
ɫɚɦɨɣ ɩɪɨɫɬɨɣ ɡɚɞɚɱɟ – ɢɡɝɢɛ ɛɚɥɤɢ ɢɡ ɧɟɥɢ-
ɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ʌɨɝɢɤɚ 
ɪɚɫɫɭɠɞɟɧɢɣ ɩɪɢ ɪɟɲɟɧɢɢ ɛɨɥɟɟ ɫɥɨɠɧɵɯ 
ɡɚɞɚɱ ɮɢɡɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ ɩɥɚɫɬɢɧ 
ɢ ɨɛɨɥɨɱɟɤ ɫɨɯɪɚɧɹɟɬɫɹ.  
ɇɟɥɢɧɟɣɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɢɡɝɢɛɚ ɛɚɥɤɢ ɢɡ ɧɟɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɢɦɟɟɬ ɜɢɞ: 
 

   2 2

2 2c

d d W
J W q x

dx dx

     .          (16) 

 
ɝɞɟ  W x  – ɩɪɨɝɢɛ ɛɚɥɤɢ,  q x  – ɡɚɞɚɧɧɚɹ 
ɩɨɩɟɪɟɱɧɚɹ ɧɚɝɪɭɡɤɚ, ɚ ɩɟɪɟɦɟɧɧɚɹ ɩɨ ɞɥɢɧɟ 
ɛɚɥɤɢ ɠɟɫɬɤɨɫɬɶ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

     / 2
2

/ 2

h

c c i

h

J W E z b z dz


  .          (17) 

 
Ɂɞɟɫɶ cE  ɫɟɤɭɳɢɣ ɦɨɞɭɥɶ, h – ɜɵɫɨɬɚ ɛɚɥ-
ɤɢ,  b z  ɩɟɪɟɦɟɧɧɚɹ ɲɢɪɢɧɚ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɛɚɥɤɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɧɢɱɧɵɟ 
ɭɫɥɨɜɢɹ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɱɟɪɟɡ ɩɪɨɝɢɛ ɛɚɥɤɢ 
ɬɚɤ, ɤɚɤ ɷɬɨ ɩɪɢɧɹɬɨ ɜ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɦɚɬɟ-
ɪɢɚɥɨɜ. 
ɉɪɢ ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɝɢɩɨɬɟɡɵ ɩɥɨɫɤɢɯ ɫɟɱɟ-
ɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɟɮɨɪɦɚɰɢɣ ɡɚɜɢɫɢɬ ɨɬ 
ɜɟɥɢɱɢɧɵ ɩɪɨɝɢɛɚ  
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2

2i x

d W
z

dx
    . 

 
Ɍɚɤ ɤɚɤ ɫɟɤɭɳɢɣ ɦɨɞɭɥɶ ɹɜɥɹɟɬɫɹ ɧɟɥɢɧɟɣ-
ɧɨɣ ɮɭɧɤɰɢɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ, 
ɬɨ ɩɟɪɟɦɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ ɛɚɥɤɢ ɛɭɞɟɬ ɧɟɥɢ-
ɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɩɪɨɝɢɛɚ, ɜɢɞ ɤɨɬɨɪɨɣ ɡɚ-
ɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɢɚɝɪɚɦɦɵ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ.  
ɂɧɤɪɟɦɟɧɬɚɥɶɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜ-
ɧɟɧɢɟ ɢɡɝɢɛɚ ɛɚɥɤɢ ɢɦɟɟɬ ɜɢɞ Д3Ж: 
 

     22
1

2 2

j j
k j

d wd
J x q x

dx dx
       .     (18) 

 
ɝɞɟ j – ɧɨɦɟɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ, 
ɩɟɪɟɦɟɧɧɚɹ ɩɨ ɞɥɢɧɟ ɛɚɥɤɢ ɠɟɫɬɤɨɫɬɶ 

   1j
kJ x  ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

         / 2
1 1 2

/ 2

,
h

j j
k k

h

J x E x z z b z dz 


       (19) 

 

ɡɞɟɫɶ  1j
kE   ɤɚɫɚɬɟɥɶɧɵɣ ɦɨɞɭɥɶ, ɜɵɱɢɫɥɟ-

ɧɢɟ ɤɨɬɨɪɨɝɨ ɧɟ ɜɵɡɵɜɚɟɬ ɡɚɬɪɭɞɧɟɧɢɣ, ɬɚɤ 
ɤɚɤ ɨɧ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɢɡɜɟɫɬɧɨɝɨ ɢɡ 
ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɨɜ ɧɚɝɪɭɠɟɧɢɹ, ɧɚɤɨɩɥɟɧ-
ɧɨɝɨ ɩɪɨɝɢɛɚ ɛɚɥɤɢ 1jW  . Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 
ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɱɟɪɟɡ ɩɪɢɪɚɳɟɧɢɹ ɩɪɨɝɢɛɚ 
ɛɚɥɤɢ jw . 

ɇɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɧɚɝɪɭɠɟɧɢɹ ɭɪɚɜɧɟɧɢɟ (18) 
ɛɭɞɟɦ ɪɟɲɚɬɶ ɦɟɬɨɞɨɦ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫ-
ɤɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɦɟɬɨɞɨɦ ɩɨɫɬɪɨɢɦ 
ɧɭɥɟɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ, ɤɚɤ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 
ɢɡɝɢɛɚ ɛɚɥɤɢ ɩɨɫɬɨɹɧɧɨɣ ɮɢɤɬɢɜɧɨɣ ɠɟɫɬɤɨ-
ɫɬɢ. Ɏɢɤɬɢɜɧɭɸ ɠɟɫɬɤɨɫɬɶ ɨɩɪɟɞɟɥɢɦ, ɡɚɦɟ-
ɧɹɹ ɩɟɪɟɦɟɧɧɭɸ ɠɟɫɬɤɨɫɬɶ    1j

kJ x
 ɧɟɤɨɬɨ-

ɪɨɣ ɩɨɫɬɨɹɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ  1j
kJ   , ɜɟɥɢɱɢ-

ɧɚ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ȼ-
ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɨɩɟɪɚ-
ɬɨɪɚ ɭɪɚɜɧɟɧɢɹ (18). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɚɥɤɚ, 
ɢɦɟɸɳɚɹ ɮɢɤɬɢɜɧɭɸ ɠɟɫɬɤɨɫɬɶ, ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɢɫɯɨɞɧɨɣ ɛɚɥɤɨɣ ɛɭɞɟɬ ɛɨɥɟɟ ɠɟɫɬɤɨɣ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɛɚɥɤɢ 
c kE E  ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ c kJ J , ɜ ɤɚɱɟ-

ɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɮɢɤ-
ɬɢɜɧɭɸ ɠɟɫɬɤɨɫɬɶ  1j

ɫJ  
 ɨɩɪɟɞɟɥɢɦ ɤɚɤ 

ɨɫɪɟɞɧɟɧɧɭɸ ɩɨ ɞɥɢɧɟ ɛɚɥɤɢ l ɠɟɫɬɤɨɫɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ  
 

   1 1

0

1 l
j j

ɫ cJ J dx
l

    . 

 
Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɪɚɠɟɧɢɹ  
    1 1

,max
j j

ɫ cJ J      ɢɥɢ   0J EJ  . 

 
ɗɬɨ ɨɬɪɚɡɢɬɫɹ ɧɚ ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ ɦɟɬɨ-
ɞɚ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɪɟɞɟɥɚɯ ɷɬɚɩɚ ɧɚɝɪɭɠɟɧɢɹ 
(ɞɚɥɟɟ ɢɧɞɟɤɫ j ɨɩɭɫɤɚɟɦ) ɧɭɥɟɜɨɟ ɩɪɢɛɥɢ-
ɠɟɧɢɟ ɟɫɬɶ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ 
 

 4
0

4

d w
J q x

dx
    ,               (20) 

 
ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɪɭɞɚ. 
Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɧɟɜɹɡɤɭ ɪɟɲɟɧɢɹ  F x , 

ɩɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɨɟ ɧɭɥɟɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ 
ɜ ɭɪɚɜɧɟɧɢɟ (18). ɉɨɥɭɱɢɦ 
 

     22
0

0 2 2k

d wd
F x J x q x

dx dx

         (21) 

 
ɉɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɫɬɪɨɢɬɫɹ ɜ ɜɢɞɟ 
 

1 0 1 1w w z                       (22) 

 
ɝɞɟ 1z  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 

 

 4
1

04

d z
J F x

dx
  ,                    (23) 
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ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɬɪɭɞɚ. 
ȼɟɥɢɱɢɧɚ ɫɩɭɫɤɚ 1  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸ-
ɳɢɦ ɭɪɚɜɧɟɧɢɟɦ 
   1 1

1
1 1

,

,

Bz z

Lz z
  ,                        (24) 

 
ɝɞɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɤɚɥɹɪɧɵɟ ɩɪɨɢɡɜɟɞɟ-
ɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɪɦɭɥɚɦɢ 
 

 
   

4
1

1 1 1 4
0

22
1

1 1 1 2 2
0

, ,

           , .

l

l

k

d z
Bz z J z dx

dx

d zd
Lz z z J x dz

dx dx


    




  (25) 

 
Ⱦɚɥɟɟ ɢɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ. 
 

1n n n nw w z                     (26) 

 
ɝɞɟ nz  ɟɫɬɶ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ 

 

 4

14
n

n

d z
J F x

dx                     (27) 

 
ɝɞɟ ɩɪɚɜɭɸ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
 

     22
1

1 2 2
n

n k

d wd
F x J x q x

dx dx


     ,   (28) 

 
ɚ n  ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

   ,

,
n n

n
n n

Bz z

Lz z
  . 

 
ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɡɞɟɫɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɩɪɢɛɥɢɠɟɧɢɹ ɩɨɥɭɱɚɸɬɫɹ 
ɧɟ ɜ ɚɩɪɢɨɪɧɨ ɜɵɛɪɚɧɧɨɣ ɮɨɪɦɟ, ɤɚɤ ɜ ɜɚɪɢ-
ɚɰɢɨɧɧɵɯ ɦɟɬɨɞɚɯ, ɚ ɜ ɮɨɪɦɟ ɨɩɪɟɞɟɥɹɟɦɨɣ 
ɫɚɦɨɣ ɡɚɞɚɱɟɣ. 

ɉɪɨɰɟɫɫ ɪɟɲɟɧɢɹ ɫɥɟɞɭɟɬ ɧɚɱɢɧɚɬɶ ɫ ɚɩ-
ɩɪɨɤɫɢɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɞɢɚɝɪɚɦɦɵ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɛɚɥɤɢ ɩɨɞɯɨɞɹ-
ɳɢɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɟɦ ɢ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ cE  ɢ kE . 

ȿɫɥɢ ɜ ɢɧɬɟɪɟɫɭɸɳɟɦ ɧɚɫ ɞɢɚɩɚɡɨɧɟ ɞɟɮɨɪ-
ɦɚɰɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɟɮɨɪ-
ɦɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ  
 

3
i i iE m    ,                     (29) 

 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɟɤɭɳɢɣ ɢ ɤɚɫɚɬɟɥɶɧɵɣ ɦɨɞɭ-
ɥɢ ɩɪɢɧɢɦɚɸɬ ɜɢɞ: 
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    (30) 

 
ɀɟɫɬɤɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɛɚɥɤɢ ɩɨɫɬɨɹɧɧɨɣ 
ɲɢɪɢɧɵ b const  ɢɦɟɸɬ ɜɢɞ: 
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 (31) 

ɝɞɟ 0J  – ɨɫɟɜɨɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨ-
ɝɨ ɫɟɱɟɧɢɹ ɛɚɥɤɢ. ɉɨɞɫɬɚɜɥɹɹ (31) ɜ (18), ɩɨ-
ɥɭɱɢɦ ɢɧɤɪɟɦɟɧɬɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡɝɢɛɚ 
ɛɚɥɤɢ: 
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 (32) 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɧɚɝɪɭɠɟɧɢɹ 
ɢɦɟɟɦ ɥɢɧɟɣɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟ-
ɧɢɟ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ɉɩɟ-
ɪɚɬɨɪ L  ɜ ɫɯɟɦɟ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɧɚɢɫɤɨ-
ɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɜɢɞ 
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Рɢɫɭɧɨɤ 1. Иɥɥɸɫɬɪаɰɢɹ ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ ɦɟɬɨɞа ɧаɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤа. 
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    (33) 

 
ɚ ɨɩɟɪɚɬɨɪ ȼ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ ɨɩɟɪɚɬɨɪ L , 
ɢɦɟɟɬ ɜɢɞ  
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ɝɞɟ ɨɫɪɟɞɧɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
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Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ ɦɟ-
ɬɨɞɚ ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɧɚ ɪɢɫ. 1 ɜ ɛɟɡ-
ɪɚɡɦɟɪɧɨɣ ɮɨɪɦɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɚ ɛɚɥɤɢ ɢɡ ɧɟɥɢɧɟɣɧɨ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɞɟɫɹɬɢ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɵɯ ɧɚɝɪɭɠɟɧɢɣ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɷɬɨɣ 
ɫɭɦɦɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧ-
ɫɢɜɧɨɫɬɶ ɞɟɮɨɪɦɚɰɢɣ ɫɨɫɬɚɜɥɹɥɚ ɩɨɪɹɞɤɚ 
2,5%. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɜɦɟɫɬɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɟ-
ɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɝɪɭɠɟɧɢɣ ɢ ɦɟɬɨɞɚ 
ȼ-ɨɝɪɚɧɢɱɟɧɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɩɨɡɜɨɥɹɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɟɲɟɧɢɹ ɧɟɥɢɧɟɣɧɵɯ ɡɚɞɚɱ 
ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɷɮɮɟɤɬɢɜɧɵɣ ɦɟɬɨɞ 
ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ.  
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