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АО ТЧЯОsЭТРКЭОН ЭСО ЩСвsТМШ-МСОЦТМКХ КЧН ЭОМСЧШХШРТМКХ ЩrШЩОrЭТОs ШП ЩШаНОrs ШП ЧКЭЮrКХ ЮrКЧТЮЦ ШЛЭКТЧОН 
Лв ADU ЭОМСЧШХШРв . TШ КssОss ЭСО ОППОМЭ ШП ЭОЦЩОrКЭЮrО МКХМТЧКЭТШЧ ЩШХТЮrКЧКЭК КЦЦШЧТЮЦ (CPA) ШЧ ЭСО КМЭТЯТЭв 
ШП Uτβ ЩШаНОrs , К sОrТОs ШП ОбЩОrТЦОЧЭs СКН НШЧО. IЧ МШЧЧОМЭТШЧ аТЭС ЭСО МСШsОЧ МСКrКМЭОrТsЭТМs ШП ЭСО ЦШНОs 
аОrО МКХМЮХКЭОН МСКrКМЭОrТsЭТМs ШП ЮrКЧТЮЦ НТШбТНО ЩШаНОrs, ЭСО ЦТМrШsЭrЮМЭЮrО ШП ЮrКЧТЮЦ Uτβ ЭКЛХОЭs КХsШ аКs 
sЭЮНТОН. KОв аШrНsμ Uτβ- НТШбТНО ШП ЮrКЧТЮЦ, CPA- МКХМТЧКЭТШЧ ЩШХТЮrКЧКЭК КЦЦШЧТЮЦ. 
 

ȼɜɟɞɟɧɢɟ Ɇɧɨɝɨɥɟɬɧɢɣ ɦɢɪɨɜɨɣ ɨɩɵɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɚɛɥɟɬɢɪɨɜɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɣ 

ɜɵɪɚɛɨɬɚɥ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɺɦɵ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ, ɩɨɞɝɨɬɨɜɤɢ ɟɝɨ ɤ 

ɩɪɟɫɫɨɜɚɧɢɸ ɬɚɛɥɟɬɨɤ, ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɚɦɢɯ ɬɚɛɥɟɬɨɤ Д1Ж. Ʉɚɠɞɵɣ ɢɡ ɷɬɢɯ ɷɬɚɩɨɜ ɫɨɞɟɪɠɢɬ ɧɟɫɤɨɥɶɤɨ 

ɨɩɟɪɚɰɢɣ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɫɬɚɥɢ ɬɢɩɨɜɵɦɢ. Ɉɧɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɚɱɟɫɬɜ ɩɨɪɨɲɤɚ, 

ɤɨɬɨɪɵɟ ɞɟɥɚɸɬ ɟɝɨ ɦɚɬɟɪɢɚɥɨɦ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɨɪɬɚ – ɫɩɟɤɚɟɦɨɫɬɶ, ɬɟɤɭɱɟɫɬɶ ɢ ɩɪɟɫɫɭɟɦɨɫɬɶ. 

Ɂɚɤɥɚɞɵɜɚɸɬɫɹ ɷɬɢ ɫɜɨɣɫɬɜɚ, ɜ ɨɫɧɨɜɧɨɦ, ɧɚ ɫɬɚɞɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɩɟɪɟɞɟɥɚ Дβ–γЖ ɢ ɩɪɨɞɨɥɠɚɸɬ 

ɮɨɪɦɢɪɨɜɚɬɶɫɹ, ɩɪɢ ɢɯ ɮɢɡɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɨɫɥɟɞɢɬɶ 

ɢɡɦɟɧɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɢ ɩɪɢɦɟɫɟɣ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɞɢɨɤɫɢɞɟ 

ɭɪɚɧɚ. ɉɨɪɨɲɤɢ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ, ɩɨɥɭɱɟɧɧɵɟ ɱɟɪɟɡ ɨɫɚɠɞɟɧɢɟ ɩɨɥɢɭɪɚɧɚɬɨɜ ɚɦɦɨɧɢɹ (ADU-ɬɟɯɧɨɥɨɝɢɹΨ 

ДγЖ, ɨɛɵɱɧɨ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɨɬ ɨɤɢɫɥɟɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɜ ɫɪɟɞɟ ɫ ɩɨɧɢɠɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ, 

ɢɡɦɟɥɶɱɚɸɬ ɜ ɦɟɥɶɧɢɰɟ ɢɥɢ ɞɪɨɛɢɥɤɟ ɞɥɹ ɭɫɪɟɞɧɟɧɢɹ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ДζЖ, ɭɩɥɨɬɧɹɸɬ ɢ ɝɪɚɧɭɥɢɪɭɸɬ ɞɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɟɫɫɨɜɚɧɢɹ ɧɚɫɵɩɧɨɝɨ ɜɟɫɚ ɢ ɬɟɤɭɱɟɫɬɢ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɤɚɥɤɢ ɩɨɥɢɭɪɚɧɚɬɚ ɚɦɦɨɧɢɹ (ɉɍȺΨ  

ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɩɨɪɨɲɤɨɜ Uτβ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɨɩɵɬɨɜ. ɐɟɯɨɜɭɸ ɩɚɫɬɭ ɉɍȺ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ ɩɪɨɤɚɥɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ζ00, η00, θ00 ɢ 7000C. ɉɨɥɭɱɟɧɧɵɟ ɩɨɪɨɲɤɢ Uγτ8 ɛɵɥɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ θ000ɋ. 

ɂɡ ɩɨɪɨɲɤɨɜ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɩɪɟɫɫɨɜɤɢ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. ɉɥɨɬɧɨɫɬɶ 

ɩɪɟɫɫɨɜɨɤ ɫɨɫɬɚɜɥɹɥɚ η,18-η,βθ ɝ/ɫɦγ. Ɍɟɫɬ ɧɚ ɫɩɟɤɚɟɦɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɜ ɤɨɥɩɚɤɨɜɨɣ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

17η0 0ɋ  ɫ ɜɵɞɟɪɠɤɨɣ ζ ɱɚɫɚ. 
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Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɚ ɧɚ ɫɩɟɤɚɟɦɨɫɬɶ ɩɨɪɨɲɤɨɜ Uτβ ɢɡ ɩɨɪɨɲɤɨɜ Uγτ8 ɫ ɪɚɡɥɢɱɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɨɤɚɥɤɢ, ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɢ θη0 0ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɪɨɤɚɥɤɢ 
Uγτ8, 0ɋ 

SSȻɗɌ  
Uγτ8,  
ɦβ/ɝ 

SSȻɗɌ 

Uτβ,  
ɦβ/ɝ 

ɉɥɨɬɧɨɫɬɶ ɬɚɛɥɟɬɨɤ, ɝ/ɫɦγ  

1 β γ ζ η 
ɋɪ. 

ɡɧɚɱ. 
η00 10,1 η,β 10,ηλ 10,η8 10,η8 10,η8 10,η7 10,η8 
θ00 θ,7η γ,θ 10,ζθ 10,ζθ 10,ζη 10,ζλ 10,ζθ 10,ζθ 
700 γ,0η 1,λ 10,βθ 10,βη 10,β7 10,βθ 10,β7 10,βθ 

 

Ȼɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɬɚɛɥɟɬɨɤ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ ɩɨɪɨɲɤɨɜ (ɪɢɫ.1Ψ. 

Ɍɚɛɥɢɰɚ β. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɚɪɚɦɟɬɪɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɚɛɥɟɬɨɤ ɢɡ ɩɨɪɨɲɤɨɜ, 
ɫɩɟɱɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ʋ 

SȻɗɌ, ɦβ/ɝ ɋɩɟɤɚɧɢɟ ɩɪɢ   1ζ00ɋ, ɋɩɟɤɚɧɢɟ ɩɪɢ 1θ00ɋ, ɋɩɟɤɚɧɢɟ ɩɪɢ 17η0ɨɋ 

 
ɋɪ. Ɋɚɡɦɟɪ 
ɡɟɪɧɚ, ɦɤɦ 

Ɍɟɪɦɢɱɟɫɤɚɹ 
ɫɬɚɛɢɥɶɧɨɫɬɶ 

% 

ɋɪ. Ɋɚɡɦɟɪ 
ɡɟɪɧɚ, ɦɤɦ 

Ⱦɨɫɩɟɤɚɟɦ
ɨɫɬɶ, % 

ɋɪ. Ɋɚɡɦɟɪ 
ɡɟɪɧɚ, ɦɤɦ 

Ⱦɨɫɩɟɤɚɟɦ
ɨɫɬɶ, % 

1 7,ζ 8 0,ηζ 18 0,β1 βη 0,11 
β η,η η 1,ζθ 11 0,71 1θ 0,γ7 
γ γ,η ζ 1,ηθ η 0,θ7 1ζ 0,ζθ 
ζ Ɋɟɩɟɪɧɵɣ ɜɚɪɢɚɧɬ ζ 1,βγ θ 0,η8 1γ 0,γζ 
 

 

Ⱥɤɬɢɜɧɨɫɬɶ ɩɨɪɨɲɤɚ Uτβ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɦɢɝɪɚɰɢɢ ɝɪɚɧɢɰ ɡɟɪɟɧ. ɉɨɪɵ, 

ɨɬɨɪɜɚɜɲɢɫɶ ɨɬ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɨɫɬɚɸɬɫɹ ɜɧɭɬɪɢ ɨɛɴɟɦɚ ɡɟɪɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɥɟɱɢɜɚɸɬɫɹ, ɚ 

ɤɨɚɝɭɥɢɪɭɸɬ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɠɟ ɦɚɥɨ ɜɥɢɹɸɬ ɧɚ  ɞɨɫɩɟɤɚɟɦɨɫɬɶ ɬɚɛɥɟɬɨɤ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɟɤɚɧɢɟ ɜ ɤɨɥɩɚɤɨɜɨɣ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɞɢɚɩɚɡɨɧɟ 1ζ00-17η0ɋ ɬɚɛɥɟɬɨɤ ɢɡ 

ɩɨɪɨɲɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨ ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɨɬɧɨɲɟɧɢɹ Ɉ/U ɦɟɬɨɞɨɦ 

ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɨɤɢɫɥɟɧɢɹ, ɩɨɤɚɡɚɥɨ ɩɨɜɵɲɟɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɨɪɨɲɤɚ Uτβ ɫ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ (7,ζ ɦβ/ɝΨ. Ɍɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɩɥɨɬɧɨɫɬɢ ɢ ɞɨɫɩɟɤɚɟɦɨɫɬɢ ɬɚɛɥɟɬɨɤ ɞɨɫɬɢɝɚɟɬɫɹ ɭɠɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 1θ00ɋ ɞɚɠɟ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɩɪɟɫɫɨɜɨɤ η,γ ɝ/ɫɦγ.  

ȼɵɜɨɞɵ ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɮɚɤɬɨɪɵ, ɬɚɤɢɟ ɤɚɤ ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ, ɬɟɤɭɱɟɫɬɶ, ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

ɚ ɛ 
Ɋɢɫ.1. Ɂɺɪɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɬɚɛɥɟɬɨɤ ɢɡ ɩɨɪɨɲɤɨɜ Uτβ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɤɚɥɤɢ ɉɍȺ – 

η00 0ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹμ ɚ – η00 0ɋν ɛ – θ00 0ɋ 
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ɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ɜɥɢɹɸɬ ɧɚ ɤɚɱɟɫɬɜɨ ɫɩɟɱɺɧɧɵɯ ɬɚɛɥɟɬɨɤ.  

ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɛɥɚɝɨɞɚɪɹ ɫɬɚɞɢɢ ɩɚɫɫɢɜɚɰɢɢ, ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɩɨɪɨɲɤɢ Uτβ ɫ 

ɜɟɥɢɱɢɧɨɣ SȻɗɌ ɩɨɪɹɞɤɚ 10 ɝ/ɫɦγ. 

Ɍɟɯɨɩɪɨɛɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɥɨɬɧɨɫɬɢ ɫɩɟɱɟɧɧɵɯ ɬɚɛɥɟɬɨɤ, ɧɢɡɤɭɸ ɩɨɪɢɫɬɨɫɬɶ, 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪ ɡɟɪɧɚ ɜ ɬɚɛɥɟɬɤɚɯ, ɫɩɟɱɟɧɧɵɯ ɢɡ ɚɤɬɢɜɧɵɯ ɩɨɪɨɲɤɨɜ Uτβ.  

ɉɥɨɬɧɨɫɬɶ ɫɩɟɱɟɧɧɵɯ ɬɚɛɥɟɬɨɤ ɡɚɜɢɫɢɬ ɨɬ ɬɚɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ Uτβ, ɤɚɤ ɩɨɥɧɚɹ 

ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɨɬɧɨɲɟɧɢɟ τ/U, (ɩɪɹɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶΨ ɢ ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ (ɨɛɪɚɬɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶΨ. 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɫɩɟɱɟɧɧɵɯ ɬɚɛɥɟɬɨɤ, ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɩɨɥɭɱɟɧɢɹ 

ɚɤɬɢɜɧɨɝɨ ɩɨɪɨɲɤɚ Uτβ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ.  

Ⱦɚɧɧɵɟ ɬɟɯɨɩɪɨɛɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɬɨɩɥɢɜɧɵɯ ɬɚɛɥɟɬɨɤ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɟɱɟɣ TER ɥɢɛɨ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 

ɫɩɟɤɚɧɢɢ ɚɤɬɢɜɧɵɯ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ ɩɨɪɨɲɤɨɜ Uτβ 
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