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ШП ЭСТs аШrФ. 
 

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɩɪɨɰɟɫɫɨɜ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɢɯ ɫɜɹɡɶ ɫ 

ɩɨɜɟɞɟɧɢɟɦ ɧɟɮɬɹɧɵɯ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɦɢ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɜɹɡɤɢɟ ɢ ɜɵɫɨɤɨɡɚɫɬɵɜɚɸɳɢɟ ɧɟɮɬɢ, ɟɳɟ 

ɩɨɥɧɨɫɬɶɸ ɧɟ ɜɵɹɫɧɟɧɚ. ɗɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɞɨɫɬɚɬɨɱɧɨɣ ɱɟɬɤɨɫɬɢ ɜ ɜɨɩɪɨɫɚɯ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟɮɬɟɣ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦɦɚɪɧɨɝɨ 

ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜɵɫɨɤɨɩɚɪɚɮɢɧɢɫɬɨɣ ɜɵɫɨɤɨɡɚɫɬɵɜɚɸɳɟɣ 

ɧɟɮɬɢ ɡɚ ɫɱɟɬ ɫɞɜɢɝɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɬɪɭɛɨɩɪɨɜɨɞɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 

Ɋɚɫɱɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɧɟɮɬɟɣ ɩɪɨɜɨɞɢɥɫɹ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ Д1, βЖ. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 

ɪɨɬɚɰɢɨɧɧɨɦ ɜɢɫɤɨɡɢɦɟɬɪɟ BЫШШФПТОХН δ↑D↑ III+ (USAΨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ ɱɟɪɟɡ η ɫ ɩɪɢ ɧɚɪɚɫɬɚɧɢɢ 

ɫɞɜɢɝɨɜɨɣ ɫɤɨɪɨɫɬɢ ɞɨ γ0 ɫ-1, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢɧɟɣɧɵɦ ɫɤɨɪɨɫɬɹɦ ɬɟɱɟɧɢɹ ɧɟɮɬɢ ɩɪɢ ɩɟɪɟɤɚɱɤɟ ɩɨ 

ɬɪɭɛɨɩɪɨɜɨɞɭ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ.  

ɍɪɚɜɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟμ  

,u udW dQ dW dQ dA dZ         (1Ψ 

ɝɞɟ uW  – ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵν Q – ɬɟɩɥɨɬɚν A– ɪɚɛɨɬɚν Z – ɷɧɟɪɝɢɹ ɩɟɪɟɧɨɫɚ ɦɚɫɫɵ. ɉɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɩɟɪɟɧɨɫɚ ɦɚɫɫɵ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ udW  ɛɭɞɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɡɚ ɫɱɟɬ ɪɚɛɨɬɵ dA. ɉɥɨɳɚɞɶ ɦɟɠɞɭ ɤɪɢɜɵɦɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɷɧɟɪɝɢɢ ɪɚɡɪɭɲɟɧɢɹ 

ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟɮɬɢ udW  ɞɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ⱦɥɹ 
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ɨɩɪɟɞɟɥɟɧɢɹ А ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɣɬɢ ɨɬ ɫɞɜɢɝɨɜɵɯ ɫɤɨɪɨɫɬɟɣ   ɢ ɧɚɩɪɹɠɟɧɢɣ ɫɞɜɢɝɚ   ɤ ɦɨɦɟɧɬɚɦ 

iM  ɢ ɭɝɥɨɜɵɦ ɜɪɚɳɟɧɢɹɦ i .  

Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɪɚɳɟɧɢɸ ɰɢɥɢɧɞɪɚ ɪɨɬɚɰɢɨɧɧɨɝɨ ɜɢɫɤɨɡɢɦɟɬɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

22i iM Hr  ДɇɦЖ.      (βΨ 

ɍɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹμ 

i i

h

r
   Д1/ɫЖ,       (γΨ 

ɝɞɟ H  – ɜɵɫɨɬɚ ɰɢɥɢɧɞɪɚ, r  – ɪɚɞɢɭɫ ɰɢɥɢɧɞɪɚ, h  – ɡɚɡɨɪ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ ɰɢɥɢɧɞɪɨɜ ɜɢɫɤɨɡɢɦɟɬɪɚ. ɉɨ 

ɮɨɪɦɭɥɚɦ (βΨ ɢ (γΨ ɩɨ ɲɚɝɚɦ ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɤɪɢɜɵɟ ɬɟɱɟɧɢɹ  ɧɚ ɨɫɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɢ ɦɨɦɟɧɬɚ 

ɞɜɢɝɚɬɟɥɹ ɜɢɫɤɨɡɢɦɟɬɪɚ. ɉɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɞɜɢɝɨɜɨɣ ɫɤɨɪɨɫɬɢ ɨɬ 0 ɞɨ γ0 М-1 ɢ ɨɛɪɚɬɧɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚ 

180 ɫ. 

Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜɢɫɤɨɡɢɦɟɬɪɚ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

i i iP M .           (ζΨ 

ɑɬɨɛɵ ɩɪɨɫɱɢɬɚɬɶ ɫɭɦɦɚɪɧɭɸ ɷɧɟɪɝɢɸ cW , ɪɚɜɧɭɸ ɫɭɦɦɟ ɩɥɨɳɚɞɟɣ 1S  ɡɚ ɩɟɪɜɵɣ ɰɢɤɥ ɢ 2S  ɡɚ 

ɜɬɨɪɨɣ ɰɢɤɥ ɩɨ ɤɪɢɜɵɦ ɡɚɜɢɫɢɦɨɫɬɟɣ ( )iP t  ɞɥɹ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ, ɧɭɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɷɧɟɪɝɢɸ ɧɚ 

ɤɚɠɞɨɦ ɲɚɝɟ ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚμ  

,r N P t               (ηΨ 

ɝɞɟ P  – ɰɟɧɚ ɞɟɥɟɧɢɹ ɨɫɢ ɦɨɳɧɨɫɬɢν t  – ɰɟɧɚ ɞɟɥɟɧɢɹ ɨɫɢ ɜɪɟɦɟɧɢν N  – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɤɥɟɬɨɤ ɩɨɞ ɤɪɢɜɨɣ ɦɨɳɧɨɫɬɢ ( )iP w . Ɍɨɝɞɚ 

( . 1) (ɨɛɪ. 1Ψ ( . βΨ (ɨɛɪ. βΨ ( . γΨ (ɨɛɪ. γΨ( ) ( ) ( ).c r ɩɪ ɯɨɞ r ɯɨɞ r ɩɪ ɯɨɞ r ɯɨɞ r ɩɪ ɯɨɞ r ɯɨɞW W W W W W W         (θΨ 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɢɥɨɠɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɝɨ 

ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ QЭ. Ⱦɚɧɧɚɹ ɫɪɟɞɚ ɩɨɡɜɨɥɹɟɬ ɫɨɜɟɪɲɚɬɶ ɤɨɦɩɢɥɹɰɢɸ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɨɜɪɟɦɟɧɧɵɯ 

ɩɥɚɬɮɨɪɦ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ. ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɬɚɛɥɢɰ 

ɜ ɛɚɡɭ ɞɚɧɧɵɯ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɬɚɛɥɢɰɵ ɡɚɝɪɭɠɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɢ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ – 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɜɵɛɪɚɬɶ ɢɯ ɩɨ ɧɚɡɜɚɧɢɸ ɢɡ ɫɩɢɫɤɚ ɢ ɨɬɨɛɪɚɡɢɬɶ ɧɚ ɝɪɚɮɢɤɟ. Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɧɵɯ 

ɬɚɛɥɢɰ ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɷɧɟɪɝɢɢ ɩɨ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ ɦɟɬɨɞɢɤɟ. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɱɚɫɬɶ ɡɚɝɨɥɨɜɨɱɧɨɝɨ 

ɮɚɣɥɚ ɫ ɨɩɢɫɚɧɢɟɦ ɮɭɧɤɰɢɣ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɪɚɫɱɟɬɵ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ (1-θΨ.  

 

ɇɚ ɪɢɫ. β ɩɨɤɚɡɚɧɚ ɱɚɫɬɶ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɜɵɱɢɫɥɹɟɬ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɫɢɫɬɟɦɵ. ȼɟɥɢɱɢɧɵ 

ɷɧɟɪɝɢɢ ɜɵɱɢɫɥɹɸɬɫɹ ɧɚ ɤɚɠɞɨɦ ɨɬɞɟɥɶɧɨɦ ɨɬɪɟɡɤɟ, ɩɨɫɥɟ ɱɟɝɨ ɨɧɢ ɫɭɦɦɢɪɭɸɬɫɹ ɢɥɢ ɜɵɱɢɬɚɸɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɯɨɞɚ. ɉɨɥɶɡɨɜɚɬɟɥɸ ɞɨɫɬɭɩɧɵ ɤɥɸɱɟɜɵɟ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɪɚɫɱɟɬɨɜ – ɜɵɫɨɬɚ 

ɰɢɥɢɧɞɪɚ H, ɪɚɞɢɭɫ ɤɸɜɟɬɵ R ɢ ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ С. Ɍɚɤɠɟ ɩɪɢɥɨɠɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɧɚɫɬɪɚɢɜɚɬɶ ɩɚɪɚɦɟɬɪɵ 

ɨɬɨɛɪɚɠɟɧɢɹ ɝɪɚɮɢɤɨɜ ɢ ɫɨɯɪɚɧɹɬɶ ɢɯ ɜ ɨɬɞɟɥɶɧɵɣ ɮɚɣɥ. 

Ɋɢɫ. 1. ɑɚɫɬɶ ɡɚɝɨɥɨɜɨɱɧɨɝɨ ɮɚɣɥɚ ɫ ɨɩɢɫɚɧɢɟɦ 
ɮɭɧɤɰɢɣ, ɪɟɚɥɢɡɭɸɳɢɯ ɪɚɫɱɺɬɧɵɟ ɮɨɪɦɭɥɵ 
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ȼɢɞ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ ɨɬ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ 

(Ψ ɜɵɫɨɤɨɩɚɪɚɮɢɧɢɫɬɨɣ ɧɟɮɬɢ ɞɥɹ 

ɰɢɤɥɚ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ 

ɫɧɹɬɢɹ ɤɪɢɜɵɯ ɬɟɱɟɧɢɹ, ɜɯɨɞɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɜɢɫɤɨɡɢɦɟɬɪɚ, ɚ ɬɚɤɠɟ 

ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ 1-γ 

ɰɢɤɥɨɜ ɩɟɬɟɥɶ ɝɢɫɬɟɪɟɡɢɫɚ ɢ 

ɫɭɦɦɚɪɧɚɹ ɷɧɟɪɝɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫ. γ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ 

ɤɨɦɩɶɸɬɟɪɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɯɨɞɚ 

ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ 

ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜɵɫɨɤɨɩɚɪɚɮɢɧɢɫɬɨɣ ɜɵɫɨɤɨɡɚɫɬɵɜɚɸɳɟɣ ɧɟɮɬɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ 

ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɡɚ ɫɱɟɬ ɫɞɜɢɝɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɬɪɭɛɨɩɪɨɜɨɞɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
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