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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɩɨ ɢɫɬɟɱɟɧɢɢ ɪɚɜɧɨɝɨ ɜɪɟɦɟɧɢ ɡɚɳɢɬɧɵɣ ɷɮɮɟɤɬ ɞɥɹ ɢɧɝɢɛɢɬɨɪɨɜ ʋ 1θ, 1 ɢ β0 
ɫɨɫɬɚɜɢɥ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ λ7,η%, γη% ɢ λθ%. ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɝɪɚɮɢɤɭ, ɹɜɥɹɟɬɫɹ 
ɩɪɨɱɧɨɫɬɶ ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɢ. Ⱦɚɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɩɨ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɜɨ 
ɜɬɨɪɨɣ ɱɚɫɬɢ ɝɪɚɮɢɤɚ. ɍ ɨɛɪɚɡɰɚ ʋγ ɜ ɩɟɪɢɨɞ ɫɬɚɛɢɥɢɡɚɰɢɢ, ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɧɚɱɢɧɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɷɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɥɟɧɤɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɢɧɝɢɛɢɬɨɪɨɦ ɫɦɵɜɚɟɬɫɹ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɡɚɳɢɬɧɨɦ ɞɟɣɫɬɜɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɥɭɱɲɢɦ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɹɜɥɹɟɬɫɹ ɪɟɚɝɟɧɬ ʋ1θ, ɫ 
ɜɵɫɨɤɢɦ ɡɚɳɢɬɧɵɦ ɞɟɣɫɬɜɢɟɦ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɷɮɮɟɤɬɨɦ. Ɋɟɚɝɟɧɬ ʋβ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɚɛɵɦ ɡɚɳɢɬɧɵɦ 
ɞɟɣɫɬɜɢɟɦ, ɚ ʋγ – ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɧɨ ɫɥɚɛɵɦ ɚɞɫɨɪɛɰɢɨɧɧɵɦ ɞɟɣɫɬɜɢɟɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɋɨɜɟɬɚ ɩɨ ɝɪɚɧɬɚɦ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɦɨɥɨɞɵɯ ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ – ɤɚɧɞɢɞɚɬɨɜ ɧɚɭɤ (ɆɄ-315.2014.5). 
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ɁȺȼɈȾɇȿɇɂə 

ɇ.Ɉ. Ɍɚɫɤɢɧ  
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ȼɨ ɜɪɟɦɹ ɪɚɡɜɢɬɢɹ ɧɟɮɬɟɞɨɛɵɜɚɸɳɟɣ ɨɬɪɚɫɥɢ ɫɬɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɨɣ ɦɟɬɨɞ ɤɚɤ ɡɚɜɨɞɧɟɧɢɟ ɩɥɚɫɬɚ. 
Ɂɚɜɨɞɧɟɧɢɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɥɚɫɬɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɢɫɬɨɳɚɸɳɟɝɨɫɹ ɤɨɥɥɟɤɬɨɪɚ ɢ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɬɨɤɚ ɧɟɮɬɢ ɤ ɞɨɛɵɜɚɸɳɢɦ ɫɤɜɚɠɢɧɚɦ. ȼɵɢɝɪɵɲ ɫɨɫɬɨɢɬ ɜ ɧɢɡɤɢɯ ɤɚɩɢɬɚɥɶɧɵɯ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬɚɯ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɫɪɚɜɧɢɜɚɬɶ ɫ ɛɨɥɶɲɢɧɫɬɜɨɦ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɭɜɟɥɢɱɟɧɢɹ 
ɧɟɮɬɟɨɬɞɚɱɢ, ɯɨɬɹ ɩɪɢ ɷɬɨɦ ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɢ ɡɚɬɪɚɬɵ ɧɚ ɛɭɪɟɧɢɟ ɧɨɜɵɯ ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ ɫɤɜɚɠɢɧ. ɇɨ ɝɥɚɜɧɚɹ 
ɩɪɨɛɥɟɦɚ ɩɪɨɰɟɫɫɚ ɡɚɜɨɞɧɟɧɢɹ ɩɥɚɫɬɚ ɫ ɧɟɮɬɶɸ - ɧɟɭɫɬɨɣɱɢɜɨɟ ɜɵɬɟɫɧɟɧɢɟ ɧɟɮɬɢ ɜɨɞɨɣ, ɧɚ ɱɬɨ ɢ ɧɚɰɟɥɟɧɨ 
ɜɧɢɦɚɧɢɟ ɞɚɧɧɨɣ ɫɬɚɬɶɢ. ɇɨ ɢɡ-ɡɚ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɜɨɞɚ ɨɩɟɪɟɠɚɟɬ ɧɟɮɬɶ ɢ ɩɪɨɧɢɤɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɞɚɥɶɲɟ, ɱɟɦ 
ɯɨɬɟɥɨɫɶ ɛɵ, ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɵɤɚɱɢɜɚɟɬɫɹ ɫɦɟɫɶ, ɫɨɞɟɪɠɚɳɚɹ ɜ ɨɫɧɨɜɧɨɦ ɜɨɞɭ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹμ ɪɚɫɫɦɨɬɪɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɹɱɟɣɤɟ ɏɟɥɟ-ɒɨɭ ɢ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɭɬɟɣ ɪɟɲɟɧɢɹ. 

ɉɪɢ ɜɵɬɟɫɧɟɧɢɢ ɠɢɞɤɨɫɬɶɸ ɫ ɦɚɥɨɣ ɜɹɡɤɨɫɬɶɸ ɞɪɭɝɨɣ ɠɢɞɤɨɫɬɢ, ɫ ɛɨɥɶɲɨɣ ɜɹɡɤɨɫɬɶɸ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ 
ɩɥɨɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɮɪɨɧɬɚ ɜɵɬɟɫɧɟɧɢɹ ɩɟɪɟɯɨɞɢɬ ɜ ɩɨɜɟɪɯɧɨɫɬɶ, ɧɚɩɨɦɢɧɚɸɳɭɸ ɩɚɥɶɰɵ ɩɟɪɱɚɬɤɢ. Ɍɚɤɢɟ 
ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɢɥɢ ɧɚɡɜɚɧɢɟ ɜɹɡɤɢɯ «ɩɚɥɶɰɟɜ». ɂɧɚɱɟ ɝɨɜɨɪɹ, ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ 
ɫɚɦɨɩɨɞɨɛɢɹ. Ⱥɧɚɥɢɡ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɢ ɫɩɨɫɨɛɨɜ ɛɨɪɶɛɵ ɫ ɧɢɦ ɨɱɟɧɶ ɜɚɠɟɧ ɞɥɹ ɩɪɚɤɬɢɤɢ. 

Ɉɛɡɨɪ ɩɪɨɛɥɟɦɵ 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɬɟɱɟɧɢɣ ɜ ɩɨɪɢɫɬɵɯ ɫɪɟɞɚɯ ɫ ɨɞɧɨɪɨɞɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɹɱɟɣɤɢ ɏɟɥɟ-ɒɨɭ. ɗɬɚ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɟ ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɥɚɫɬɢɧɵ, 
ɪɚɡɞɟɥɺɧɧɵɟ ɦɚɥɵɦ ɡɚɡɨɪɨɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɢɦ, ɱɟɦ ɲɢɪɢɧɚ ɩɥɚɫɬɢɧ. ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɚ ɜ ɤɨɧɰɟ IБ ɜɟɤɚ 
ɚɧɝɥɢɣɫɤɢɦ ɢɧɠɟɧɟɪɨɦ Ƚɟɧɪɢ ɏɟɥɟ-ɒɨɭ Д1Ж. 

ȼɩɟɪɜɵɟ ɩɨɞɨɛɧɵɟ ɫɬɪɭɤɬɭɪɵ ɜɫɬɪɟɬɢɥɢɫɶ ɜ ɨɩɵɬɚɯ ɀɭɪɚɜɥɺɜɚ (1ληθ) ɢ SКППЦКЧ & TКвХШЫ (1λη8). ȼ 
ɹɱɟɣɤɟ ɏɟɥɟ-ɒɨɭ ɀɭɪɚɜɥɺɜɭ, ɋɚɮɮɦɷɧɭ ɢ Ɍɟɣɥɨɪɭ ɭɞɚɥɨɫɶ ɢɡɭɱɢɬɶ ɜɹɡɤɢɣ ɩɚɥɟɰμ ɪɚɫɫɱɢɬɚɬɶ ɮɨɪɦɭ 
ɚɧɚɥɢɬɢɱɟɫɤɢ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɪɚɜɟɧɫɬɜɚ ɞɚɜɥɟɧɢɣ ɧɚ ɦɟɠɮɚɡɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɟɣ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 
ɢɧɬɟɪɟɫ ɤ ɷɬɨɣ ɬɟɦɟ ɡɚɦɟɬɧɨ ɜɵɪɨɫ, ɢ ɛɵɥɚ ɜɵɞɜɢɧɭɬɚ ɬɟɨɪɢɹ ɨ ɮɪɚɤɬɚɥɶɧɨɣ ɩɪɢɪɨɞɟ ɨɛɴɟɤɬɨɜ.  

ɉɪɨɰɟɫɫ ɠɟ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ ɜɨɞɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɜɹɡɤɨɫɬɶɸ ɜɨɞɵ ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ (ɨɧɚ ɩɪɢɦɟɪɧɨ ɜ 80 ɪɚɡ ɦɟɧɶɲɟ ɜɹɡɤɨɫɬɢ ɧɟɮɬɢ). ȼɨɞɚ ɩɪɨɪɵɜɚɟɬ ɮɪɨɧɬ ɢ ɧɚɱɢɧɚɟɬ ɨɩɟɪɟɠɚɬɶ ɨɛɳɭɸ 
ɫɤɨɪɨɫɬɶ ɜɵɬɟɫɧɟɧɢɹ, ɞɜɢɝɚɹɫɶ ɩɨ ɬɪɟɳɢɧɚɦ ɜ ɜɵɬɟɫɧɹɟɦɨɣ ɠɢɞɤɨɫɬɢ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɞɪɨɛɥɟɧɢɟ ɤɨɧɱɢɤɨɜ 
«ɩɚɥɶɰɟɜ» ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɮɪɚɤɬɚɥɶɧɵɯ ɤɥɚɫɬɟɪɨɜ, ɬɨ ɟɫɬɶ ɩɨɜɟɞɟɧɢɟ ɛɨɥɟɟ ɩɪɨɬɹɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ 
ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɞɨɛɧɵɦ ɩɨɜɟɞɟɧɢɸ ɦɟɧɟɟ ɩɪɨɬɹɠɟɧɧɨɝɨ.  

Ɏɪɚɤɬɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɭɟɬɫɹ ɩɭɬɟɦ ɛɟɫɤɨɧɟɱɧɨɝɨ ɩɨɜɬɨɪɟɧɢɹ (ɢɬɟɪɚɰɢɢ) ɤɚɤɨɣ-ɥɢɛɨ ɢɫɯɨɞɧɨɣ 
ɮɨɪɦɵ ɜɨ ɜɫɟ ɭɦɟɧɶɲɚɸɳɟɦɫɹ (ɢɥɢ ɭɜɟɥɢɱɢɜɚɸɳɟɦɫɹ) ɦɚɫɲɬɚɛɟ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ, ɬ. ɟ. ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɪɨɰɟɞɭɪɨɣ. ɗɬɨɬ ɧɟɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɞɚɟɬ 
ɩɨɪɚɡɢɬɟɥɶɧɨ ɦɧɨɝɨɨɛɪɚɡɧɵɣ ɦɨɪɮɨɝɟɧɟɡ, ɧɟɪɟɞɤɨ ɩɨɞɨɛɧɵɣ ɫɨɡɞɚɧɢɸ ɩɪɢɪɨɞɧɵɯ ɮɨɪɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɮɪɚɤɬɚɥɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɚɦɨɩɨɞɨɛɢɟɦ, ɢɥɢ ɦɚɫɲɬɚɛɧɨɣ ɢɧɜɚɪɢɚɧɬɧɨɫɬɶɸ ДγЖ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 
Ɉɛɨɪɭɞɨɜɚɧɢɟμ ɣɨɞɢɧɨɥ (ɪɚɫɬɜɨɪ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɫ ɹɪɤɨɣ ɫɢɧɟɣ ɨɤɪɚɫɤɨɣ), ɪɚɫɬɜɨɪ ɝɥɢɰɟɪɢɧɚ 

(1/γ ηη% ɝɥɢɰɟɪɢɧɚ), ɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɩɨɪɨɲɨɤ, ɥɚɦɩɚ, ɧɚɛɨɪ ɲɩɪɢɰɨɜ, ɞɜɟ ɩɥɚɫɬɢɧɵ ɢɡ ɨɪɝɫɬɟɤɥɚ. 
Ɇɟɬɨɞɢɤɚμ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɟɪɜɨɣ ɩɥɚɫɬɢɧɵ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɨ ɜ ɰɟɧɬɪ ɧɚɧɨɫɢɬɫɹ ɠɢɞɤɨɫɬɶ, ɞɚɥɟɟ 

ɧɚɤɪɵɜɚɟɬɫɹ ɜɬɨɪɨɣ, ɩɪɢ ɷɬɨɦ ɩɪɨɜɨɞɹɬɫɹ ɪɨɛɨɬɵ ɩɨ ɭɞɚɥɟɧɢɸ ɨɫɬɚɜɲɟɝɨɫɹ ɜɨɡɞɭɯɚ. ɑɟɪɟɡ ɜɬɨɪɭɸ ɩɥɚɫɬɢɧɭ, 
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ɋȿɄɐɂə 12. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɊȺɁɊȺȻɈɌɄɂ ɇȿɎɌəɇɕɏ ɂ 
ȽȺɁɈȼɕɏ ɆȿɋɌɈɊɈɀȾȿɇɂɃ. 

 
ɤɨɬɨɪɚɹ ɨɛɨɪɭɞɨɜɚɧɚ ɜ ɰɟɧɬɪɟ ɨɬɜɟɪɫɬɢɟɦ ɢ ɬɪɭɛɤɨɣ ɞɥɹ ɜɜɨɞɚ ɞɪɭɝɨɣ ɠɢɞɤɨɫɬɢ, ɫ ɩɨɦɨɳɶɸ ɲɩɪɢɰɚ ɜɜɨɞɹɬ 
ɜɬɨɪɭɸ ɠɢɞɤɨɫɬɶ, ɨɛɥɚɞɚɸɳɭɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɪɭɝɨɣ ɜɹɡɤɨɫɬɶɸ. 

ɗɤɫɩɟɪɢɦɟɧɬ ʋ1 
Ƀɨɞɢɧɨɥ ɛɵɥ ɜɜɟɞɺɧ ɜ ɪɚɫɬɜɨɪ ɝɥɢɰɟɪɢɧɚ. Ɉɛɪɚɡɨɜɚɧɢɟ ɹɡɵɤɨɜ ɧɚɱɚɥɨɫɶ ɫɪɚɡɭ ɫ ɦɨɦɟɧɬɚ ɤɨɧɬɚɤɬɚ 

ɠɢɞɤɨɫɬɟɣ, ɢ ɮɪɚɤɬɚɥɶɧɚɹ ɤɚɪɬɢɧɚ ɧɚɱɚɥɚ ɬɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ (ɪɢɫ.1). 

Ɋɢɫ.1 ɗɤɫɩɟɪɢɦɟɧɬ ʋ1 
 
ɗɤɫɩɟɪɢɦɟɧɬ ʋβ 
ɉɨɥɧɨɫɬɶɸ ɚɧɚɥɨɝɢɱɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬɭ ʋ1, ɧɨ ɜ ɪɚɫɬɜɨɪ ɝɥɢɰɟɪɢɧɚ ɛɵɥ ɞɨɛɚɜɥɟɧ ɥɸɦɢɧɟɫɰɟɧɬɧɵɣ 

ɩɨɪɨɲɨɤ, ɢ ɜɫɺ ɛɵɥɨ ɩɨɞɫɜɟɱɟɧɨ ɪɬɭɬɧɨɣ ɥɚɦɩɨɣ ɫ ɰɟɥɶɸ ɭɥɭɱɲɢɬɶ ɜɢɡɭɚɥɶɧɨɟ ɜɨɫɩɪɢɹɬɢɟ ɩɪɨɰɟɫɫɚ (ɪɢɫ. β). 
ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɤɚɪɬɢɧɚ ɜɹɡɤɢɯ ɩɚɥɶɰɟɜ, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɮɪɚɤɬɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɜɧɟɞɪɟɧɢɹ 
ɠɢɞɤɨɫɬɢ ɜ ɛɨɥɟɟ ɜɹɡɤɭɸ ɜ ɩɪɨɰɟɫɫɟ ɜɵɬɟɫɧɟɧɢɹ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɢɡ-ɡɚ ɨɩɢɫɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɜɨɞɚ ɨɩɟɪɟɠɚɟɬ ɧɟɮɬɶ ɢ ɩɪɨɧɢɤɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɞɚɥɶɲɟ, ɱɟɦ 
ɯɨɬɟɥɨɫɶ ɛɵ, ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɵɤɚɱɢɜɚɟɬɫɹ ɫɦɟɫɶ, ɫɨɞɟɪɠɚɳɚɹ ɜ ɨɫɧɨɜɧɨɦ ɜɨɞɭ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ 
ɢɦɟɟɬ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɩɨ ɬɪɟɳɢɧɚɦ. ɉɪɢ ɱɪɟɡɦɟɪɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɚɯ ɧɚɝɧɟɬɚɧɢɹ ɜ ɩɥɚɫɬ ɜɨɞɵ 
ɢɥɢ, ɧɚɩɪɨɬɢɜ, ɱɪɟɡɦɟɪɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɚɯ ɨɬɛɨɪɚ ɠɢɞɤɨɫɬɢ ɢɡ ɩɥɚɫɬɚ ɜɨɡɧɢɤɚɸɬ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ 
ɨɩɟɪɟɠɚɸɳɟɟ ɞɜɢɠɟɧɢɟ ɜɨɞɵ ɩɨ ɬɪɟɳɢɧɚɦ ɜɟɞɟɬ ɤ "ɛɥɨɤɢɪɨɜɤɟ" ɩɨɪɢɫɬɵɯ ɛɥɨɤɨɜ ɢ "ɡɚɳɟɦɥɟɧɢɸ" ɜ ɧɢɯ ɧɟɮɬɢ. 

Ɉɛɡɨɪ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ ɧɟɝɚɬɢɜɧɨɝɨ ɷɮɮɟɤɬɚ ɡɚɜɨɞɧɟɧɢɹ 
Ɉɛɟɫɩɟɱɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ ɢɡ ɩɥɚɫɬɚ ɩɭɬɟɦ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɧɨɫɬɢ ɜ  ɩɨɞɜɢɠɧɨɫɬɢ 

ɞɥɹ ɧɟɮɬɢ ɢ ɜɵɬɟɫɧɹɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɚɝɟɧɬɚ. 
Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɨɯɜɚɬɚ ɩɥɚɫɬɚ ɡɚɜɨɞɧɟɧɢɟɦ  ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɛɨɱɢɟ ɚɝɟɧɬɵ ɫ 

ɩɨɞɜɢɠɧɨɫɬɶɸ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɣ, ɱɟɦ ɩɨɞɜɢɠɧɨɫɬɶ ɜɨɞɵ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ ɞɨɛɚɜɤɢ ɜ ɜɨɞɭ ɩɨɥɢɦɟɪɚ 
 (ɩɨɥɢɦɟɪɧɨɟ ɡɚɜɨɞɧɟɧɢɟ), ɉȺȼ - ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɝɨ  ɜɟɳɟɫɬɜɚ (ɦɢɰɟɥɥɹɪɧɨ-ɩɨɥɢɦɟɪɧɨɟ  ɡɚɜɨɞɧɟɧɢɟ)  ɢɥɢ 
ɩɭɬɟɦ ɡɚɤɚɱɤɢ ɨɬɨɪɨɱɟɤ ɜɨɞɨɧɟɮɬɹɧɨɣ ɷɦɭɥɶɫɢɢ ɨɛɪɚɬɧɨɝɨ ɬɢɩɚ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ⱦɨɛɚɜɥɟɧɢɟ ɩɨɥɢɦɟɪɨɜ ɜ ɜɨɞɭ, ɢɫɩɨɥɶɡɭɟɦɭɸ ɞɥɹ ɡɚɜɨɞɧɟɧɢɹ ɤɨɥɥɟɤɬɨɪɚ, ɩɨɜɵɲɚɟɬ ɟɟ ɜɹɡɤɨɫɬɶ. ɗɬɨ 
ɫɧɢɠɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɜɢɠɧɨɫɬɢ ɜɨɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɮɬɢ ɢ ɨɛɥɟɝɱɚɟɬ ɜɵɬɟɫɧɟɧɢɟ ɧɟɮɬɢ ɤ ɞɨɛɵɜɚɸɳɢɦ 
ɫɤɜɚɠɢɧɚɦ. ɋɚɦ ɩɨ ɫɟɛɟ ɩɟɪɟɯɨɞ ɤ ɩɨɥɢɦɟɪɧɨɦɭ ɡɚɜɨɞɧɟɧɢɸ ɧɟ ɬɪɟɛɭɟɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɨɥɶɲɢɯ ɤɚɩɢɬɚɥɶɧɵɯ 
ɡɚɬɪɚɬ, ɨɞɧɚɤɨ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɬɟɤɭɳɢɟ ɢɡɞɟɪɠɤɢ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɨɥɢɦɟɪɨɜ ɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ. 

Ɍɟɩɥɨɜɵɟ ɦɟɬɨɞɵ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɚɪɨɬɟɩɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɥɚɫɬ, ɜɧɭɬɪɢɩɥɚɫɬɨɜɨɟ ɝɨɪɟɧɢɟ, 
ɜɵɬɟɫɧɟɧɢɟ ɧɟɮɬɢ ɝɨɪɹɱɟɣ ɜɨɞɨɣ, ɩɚɪɨɰɢɤɥɢɱɟɫɤɢɟ ɨɛɪɚɛɨɬɤɢ ɫɤɜɚɠɢɧ, ɚ ɬɚɤɠɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɣ. Ɋɨɫɫɢɹ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɡɚɩɚɫɚɦɢ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ (λ,0 ɦɥɪɞ ɬɨɧɧ), ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɤɚɤ ɜɚɠɧɵɣ ɪɟɡɟɪɜ ɫɵɪɶɟɜɨɣ ɛɚɡɵ. ɂɡ ɜɫɟɯ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ ɩɥɚɫɬɨɜ, 
ɧɚɫɵɳɟɧɧɵɯ ɬɹɠɟɥɵɦɢ ɧɟɮɬɹɦɢ, ɤɚɤ ɜ Ɋɨɫɫɢɢ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ, ɧɚɢɛɨɥɟɟ ɩɨɞɝɨɬɨɜɥɟɧɧɵɦɢ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ 
ɨɬɧɨɲɟɧɢɢ ɹɜɥɹɸɬɫɹ ɬɟɪɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɞɨɛɵɜɚɬɶ ɧɟɮɬɶ ɜɹɡɤɨɫɬɶɸ ɞɨ 10 000 ɦɉɚ.ɫ, 
ɭɜɟɥɢɱɢɜɚɹ ɧɟɮɬɟɨɬɞɚɱɭ ɫ θ – β0% ɞɨ γ0 – η0%, ɱɬɨ ɫɟɝɨɞɧɹ ɧɟɜɨɡɦɨɠɧɨ ɞɨɫɬɢɱɶ ɧɢɤɚɤɢɦɢ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. 

Ɍɟɩɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɫɧɢɠɟɧɢɢ ɜɹɡɤɨɫɬɢ ɧɟɮɬɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ, ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɟɟ ɩɨɞɜɢɠɧɨɫɬɢ ɜ ɩɥɚɫɬɨɜɵɯ ɭɫɥɨɜɢɹɯ ДζЖ. 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

Ɋɢɫ.2 ɗɤɫɩɟɪɢɦɟɧɬ ʋ2 
 
Ƚɚɡɨɜɨɟ ɡɚɜɨɞɧɟɧɢɟ – ɬɟɯɧɨɥɨɝɢɹ ɪɚɡɪɚɛɨɬɤɢ ɧɟɮɬɹɧɵɯ ɡɚɥɟɠɟɣ, ɫɨɱɟɬɚɸɳɚɹ ɩɪɟɢɦɭɳɟɫɬɜɚ ɝɚɡɚ ɢ 

ɜɨɞɵν ɜɵɬɟɫɧɟɧɢɟ ɧɟɮɬɢ ɢɞɺɬ ɦɟɬɨɞɨɦ ɰɢɤɥɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɦɟɧɨɣ ɚɝɟɧɬɚμ ɜɨɞɚ, ɜ ɧɭɠɧɵɣ ɦɨɦɟɧɬ ɝɚɡ, 
ɫɧɨɜɚ ɜɨɞɚ ɢ ɬ.ɞ. ȼɵɹɜɢɦ ɞɨɫɬɨɢɧɫɬɜɚ ɧɚ ɞɚɧɧɵɯ ɫ Ɇɨɫɤɭɞɶɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹμ ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɬɟɫɧɟɧɢɹ 
ɧɟɮɬɢ ɜɨɞɨɣ ɪɚɜɟɧ 0,η, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɯɜɚɬɚ ɩɥɚɫɬɨɜ ɜɵɬɟɫɧɟɧɢɟɦ ɪɚɜɟɧ 0,7. ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ 
ɧɟɮɬɟɨɬɞɚɱɢ 0,γη. ȼ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ ɝɚɡɨɦ ɪɚɜɟɧ 1,0, ɩɨɬɨɦɭ ɱɬɨ ɝɚɡ ɪɚɫɬɜɨɪɢɦ 
ɜ ɧɟɮɬɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɯɜɚɬɚ ɩɥɚɫɬɨɜ ɜɵɬɟɫɧɟɧɢɟɦ ɪɚɜɟɧ 0,βη, ɩɨɬɨɦɭ ɱɬɨ ɜɟɥɢɤɨ ɫɨɨɬɧɨɲɟɧɢɟ ɩɨɞɜɢɠɧɨɫɬɟɣ 
ɝɚɡɚ ɢ ɧɟɮɬɢ, ɢ ɜ ɢɬɨɝɟ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɮɬɟɨɬɞɚɱɢ ɩɨɥɭɱɚɟɬɫɹ ɪɚɜɧɵɦ 0,βη, ɱɬɨ ɩɨɱɬɢ ɜ ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ 
ɜɵɬɟɫɧɟɧɢɢ ɧɟɮɬɢ ɜɨɞɨɣ ДβЖ.  ȿɫɥɢ ɫɨɟɞɢɧɢɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ ɡɚɤɚɱɤɢ ɝɚɡɚ ɢ ɡɚɤɚɱɤɢ ɜɨɞɵ – ɨɬ ɝɚɡɚ ɜɡɹɬɶ ɜɵɫɨɤɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ 1,0, ɚ ɨɬ ɜɨɞɵ ɜɡɹɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɯɜɚɬɚ ɩɥɚɫɬɨɜ 
ɜɵɬɟɫɧɟɧɢɟɦ 0,7 ɢ ɜ ɢɬɨɝɟ ɩɨɥɭɱɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɮɬɟɨɬɞɚɱɢ ɛɥɢɡɤɢɣ ɤ 0,7, ɬ.ɟ. ɜɦɟɫɬɨ ɨɛɵɱɧɨɝɨ ɡɚɜɨɞɧɟɧɢɹ 
ɨɫɭɳɟɫɬɜɢɬɶ ɝɚɡɨɜɨɟ ɡɚɜɨɞɧɟɧɢɟ ɢ ɩɨɱɬɢ ɜ β ɪɚɡɚ ɭɜɟɥɢɱɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɮɬɟɨɬɞɚɱɢ ɩɥɚɫɬɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɩɨɱɬɢ ɜ β ɪɚɡɚ ɭɜɟɥɢɱɢɬɶ ɧɚɱɚɥɶɧɵɟ ɢɡɜɥɟɤɚɟɦɵɟ ɡɚɩɚɫɵ ɧɟɮɬɢ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɧɚɱɚɥɶɧɵɯ ɛɚɥɚɧɫɨɜɵɯ 
ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɡɚɩɚɫɚɯ ɧɟɮɬɢ. 

ȿɝɨ ɪɟɚɥɢɡɚɰɢɹ ɩɨɡɜɨɥɢɬ ɪɟɲɢɬɶ ɫɪɚɡɭ ɞɜɟ ɩɪɨɛɥɟɦɵμ ɩɨɜɵɫɢɬɶ ɩɪɨɰɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (ɭɬɢɥɢɡɚɰɢɢ) 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ (ɩɨɩɭɬɧɨɝɨ) ɝɚɡɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɧɟɮɬɟɨɬɞɚɱɭ ɩɥɚɫɬɚ ɡɚ ɫɱɺɬ ɭɦɟɧɶɲɟɧɢɹ ɷɮɮɟɤɬɚ 
ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɢ ɮɪɚɤɬɚɥɶɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɜɨɞɵ. Ⱥ ɝɥɚɜɧɨɟ ɫɬɨɢɦɨɫɬɶ ɪɟɚɥɢɡɚɰɢɹ ɬɚɤɨɝɨ ɦɟɬɨɞɚ 
ɧɢɡɤɚ. ɇɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɪɟɡɭɥɶɬɚɬɚ ɧɭɠɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɫɢɫɬɟɦɭ, ɩɨɡɜɨɥɹɸɳɭɸ ɩɪɨɜɨɞɢɬɶ 
ɦɨɧɢɬɨɪɢɧɝ ɫɤɜɚɠɢɧɵ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ – ɫɢɫɬɟɦɭ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɤɜɚɠɢɧ ɞɥɹ ɡɚɤɚɱɢɜɚɧɢɹ ɝɚɡɚ ɜ 
ɧɟɨɛɯɨɞɢɦɵɣ ɦɨɦɟɧɬ. 

ȼɵɜɨɞɵ 
1. ɉɪɨɜɟɞɺɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ ɜ ɹɱɟɣɤɟ ɏɟɥɟ-ɒɨɭ ɛɵɥ ɜɨɫɩɪɨɢɡɜɟɞɺɧ ɩɪɨɰɟɫɫ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 

ɜɵɬɟɫɧɟɧɢɹ ɨɞɧɨɣ ɠɢɞɤɨɫɬɶɸ ɞɪɭɝɨɣ ɛɨɥɟɟ ɜɹɡɤɨɣ. 
2. ɉɨɥɭɱɟɧɚ ɤɚɪɬɢɧɚ ɜɹɡɤɢɯ ɩɚɥɶɰɟɜ ɢ ɜɢɡɭɚɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɯ ɮɪɚɤɬɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ. 
3. ȼɵɹɜɥɟɧɚ ɬɟɧɞɟɧɰɢɹ ɪɚɡɜɢɬɢɹ ɦɟɬɨɞɨɜ ɧɟɮɬɟɞɨɛɵɱɢ ɢ ɪɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ ɝɚɡɨɜɨɝɨ ɡɚɜɨɞɧɟɧɢɹ, 

ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ. 
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