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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɝɚɡɨɜɨɣ ɫɦɟɫɢ. Ɋɚɡɪɹɞ ɜɨɡɛɭɠɞɚɟɬɫɹ ɝɟɧɟɪɚɬɨɪɨɦ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɨɜ ɧɚɩɪɹɠɟɧɢɹ ɚɦɩɥɢɬɭɞɨɣ ɞɨ 10 ɤȼ ɢ 
ɱɚɫɬɨɬɨɣ ɞɨ β000 Ƚɰ. 

ɋɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɥɚ θ0 ɫɦγ∙ɦɢɧ-1, ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɫ ɪɚɡɪɹɞɧɨɣ 
ɡɨɧɨɣ 1β,η ɫ. Ⱥɧɚɥɢɡ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɩɪɨɜɨɞɢɥɫɹ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ (ȾɌɉ, 
ɧɚɛɢɜɧɚɹ ɤɨɥɨɧɤɚ ɞɥɢɧɨɣ γ ɦ, ɞɢɚɦɟɬɪɨɦ γ ɦɦ, ɫɨɪɛɟɧɬ ɉɨɪɚɩɚɤ QS, ɪɟɠɢɦ ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ).  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫ ɰɟɥɶɸ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɭɞɟɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ ɪɚɡɪɹɞɚ ɧɚ ɤɨɧɜɟɪɫɢɸ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɦɟɬɚɧɚ ɜ ɫɦɟɫɹɯ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɨɜɨɞɨɪɨɞɚ. 
ɍɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɪɚɡɪɹɞɚ ɢɡɦɟɧɹɥɢ, ɜɚɪɶɢɪɭɹ ɱɚɫɬɨɬɭ ɫɥɟɞɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ ɧɚɩɪɹɠɟɧɢɹ, ɟɝɨ ɚɦɩɥɢɬɭɞɭ, 
ɩɥɨɳɚɞɶ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

Ɂɚ ɨɞɢɧ ɩɪɨɯɨɞ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɱɟɪɟɡ ɪɟɚɤɬɨɪ ɩɨɥɧɨɟ ɭɞɚɥɟɧɢɟ ɫɟɪɨɜɨɞɨɪɨɞɚ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ȻɊ 7 ȼɬ ɢ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ 0,η% ɨɛ. ɋ ɞɚɥɶɧɟɣɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɟɝɨ ɫɦɟɫɢ ɫ ɦɟɬɚɧɨɦ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ȻɊ ɫ 7 ɞɨ γ ȼɬ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɟɝɨ 
ɤɨɧɜɟɪɫɢɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɧɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɭɞɚɥɟɧɢɟ 
ɫɟɪɨɜɨɞɨɪɨɞɚ ɬɚɤɠɟ ɫɧɢɠɚɸɬɫɹ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɨɬ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɪɚɡɪɹɞɚ ɢɦɟɟɬ ɜɢɞ ɤɪɢɜɨɣ ɫ ɧɚɫɵɳɟɧɢɟɦ, 
ɤɨɬɨɪɚɹ ɨɬɪɚɠɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɞɚɥɟɧɢɟ ɫɟɪɨɜɨɞɨɪɨɞɚ (ɛɨɥɟɟ λη % ɨɛ.) ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɨɣ 
ɷɧɟɪɝɢɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɨɡɚɬɪɚɬ ɧɚ ɭɞɚɥɟɧɢɟ ɫɟɪɨɜɨɞɨɪɨɞɚ ɨɬ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɪɚɡɪɹɞɚ 
ɢɦɟɟɬ ɷɤɫɬɪɟɦɚɥɶɧɵɣ ɜɢɞ, ɝɞɟ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɯ ɜɟɥɢɱɢɧɵ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɬɜɟɱɚɟɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ 
ɨɩɬɢɦɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɩɥɚɡɦɟ ɜ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɪɚɡɪɹɞɚ 
[1]. 

ȼ ɫɨɫɬɚɜɟ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɨɛɧɚɪɭɠɟɧɵ ɜɨɞɨɪɨɞ, ɷɬɚɧ, ɷɬɢɥɟɧ ɢ ɩɪɨɩɚɧ. Ƚɚɡɨɨɛɪɚɡɧɵɟ 
ɦɟɪɤɚɩɬɚɧɵ (ɦɟɬɢɥ-, ɷɬɢɥɦɟɪɤɚɩɬɚɧ) ɧɟ ɨɛɧɚɪɭɠɟɧɵ. ȼɨɞɨɪɨɞ ɹɜɥɹɟɬɫɹ ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɩɪɨɞɭɤɬɨɦ ɪɟɚɤɰɢɢ. ȿɝɨ 
ɫɨɞɟɪɠɚɧɢɟ ɫɧɢɠɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɪɚɡɪɹɞɚ. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ 
ɫɨɞɟɪɠɚɧɢɹ ɷɬɚɧɚ ɢ ɩɪɨɩɚɧɚ, ɚ ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɥɟɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɧɜɟɪɫɢɹ 
ɦɟɬɚɧɚ ɫ ɪɨɫɬɨɦ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɪɚɡɪɹɞɚ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɜɨɡɪɚɫɬɚɟɬ ɫ 0,η ɞɨ 1β % ɨɛ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɭɞɚɥɟɧɢɹ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢɡ ɫɦɟɫɢ ɫ ɦɟɬɚɧɨɦ 
ɤɨɧɜɟɪɫɢɹ ɫɟɪɨɜɨɞɨɪɨɞɚ ɩɪɟɜɵɲɚɟɬ ɜɟɥɢɱɢɧɭ λη % ɨɛ., ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 1β % ɨɛ. Ɍɚɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ ɦɟɬɚɧɚ ɨɬ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɩɥɚɡɦɟ ȻɊ ɩɨɡɜɨɥɹɸɬ ɫɱɢɬɚɬɶ ɟɝɨ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɣ ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ. 
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ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɞɨɰɟɧɬΝȼέȽέΝȻɨɧɞɚɥɟɬɨɜ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɟɣ ɢ ɩɪɨɜɨɞɨɜ ɞɥɹ ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɪɚɛɨɬ ɢ ɧɟɮɬɹɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɫɲɢɬɵɟ ɩɨɥɢɨɥɟɮɢɧɵ. ɂɡɦɟɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɫɲɢɬɨɦ 
ɩɨɥɢɦɟɪɟ ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɤɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ, ɚ ɢɦɟɧɧɨ – 
ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɭɞɚɪɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɧɚ ɪɚɡɪɵɜ, ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ ɢ ɫɬɨɣɤɨɫɬɶ ɤ 
ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɢ ɬ.ɞ. 

Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɫɲɢɬɵɯ ɩɨɥɢɨɥɟɮɢɧɨɜ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɫɢɥɚɧɨɥɶɧɨɣ ɫɲɢɜɤɢ. ȼ ɤɚɱɟɫɬɜɟ 
ɫɲɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ – ɫɢɥɚɧɵ. ɇɚɥɢɱɢɟ ɜ 
ɫɬɪɭɤɬɭɪɟ ɤɪɟɦɧɢɣɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɩɪɢɞɚɟɬ ɫɲɢɬɵɦ ɩɨɥɢɦɟɪɚɦ ɨɫɨɛɟɧɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚμ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɩɨɜɵɲɟɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɢ ɍɎ-ɢɡɥɭɱɟɧɢɸ, ɤɨɪɪɨɡɢɨɧɧɨ-ɯɢɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɧɢɡɤɨɟ 
ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɟ. ȼɚɪɶɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɪɚɫɲɢɪɟɧɢɟ ɧɨɦɟɧɤɥɚɬɭɪɵ ɫɢɥɚɧɨɥɶɧɵɯ ɫɲɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɨɡɦɨɠɧɨɫɬɟɣ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɢɡɦɟɧɟɧɢɹ ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɭɸɳɢɯɫɹ ɤɨɦɩɨɡɢɰɢɣ. Ⱦɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɲɢɬɵɯ ɩɨɥɢɨɥɟɮɢɧɨɜ ɢ ɢɯ ɫɨɩɨɥɢɦɟɪɨɜ Д1, βЖ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɫɲɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɜɢɧɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧɚ (ȼɌɗɋ) ɢ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ (ȾɐɉȾ). 

Ⱦɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ ɢ ɫɬɪɭɤɬɭɪɧɨ ɩɨɞɨɛɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɬɢɩɚ ɧɨɪɛɨɪɧɟɧɨɜ ɢ ɧɨɪɛɨɪɧɚɞɢɟɧɨɜ, ɹɜɥɹɸɬɫɹ 
ɧɨɜɵɦɢ ɨɛɴɟɤɬɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 
ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɷɬɨɝɨ ɪɹɞɚ ɦɨɧɨɦɟɪɨɜ ɧɚɩɪɹɠɟɧɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɧɟɩɪɟɞɟɥɶɧɵɦɢ 
ɫɜɹɡɹɦɢ ДγЖ. ɉɨɥɭɱɟɧɢɟ ɫɲɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɰɢɤɥɨ- ɢ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɢ ɢɯ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ 
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ɋȿɄɐɂə 13. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɉɈȾȽɈɌɈȼɄɂ ɈɋȼɈȿɇɂə ɂ 
ɉȿɊȿɊȺȻɈɌɄɂ ɆɂɇȿɊȺɅɖɇɈȽɈ ɂ ɍȽɅȿȼɈȾɈɊɈȾɇɈȽɈ ɋɕɊɖə. 

ɉɈȾɋȿɄɐɂə 1. ɉȿɊȿɊȺȻɈɌɄȺ ɇȿɎɌɂ ɂ ȽȺɁȺ. 
ɩɪɨɢɡɜɨɞɧɵɯ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɨɡɞɚɧɢɸ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ 
ɤɨɦɩɥɟɤɫɨɦ ɩɨɥɟɡɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɋɢɧɬɟɡ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɧɨɝɨ ɧɨɪɛɨɪɧɟɧɚ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɟɤɥɹɧɧɵɯ ɚɦɩɭɥɚɯ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ β10 ɨɋ ɢ ɪɚɡɥɢɱɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ. ɋɨɨɬɧɨɲɟɧɢɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ȾɐɉȾ ɢ 
ȼɌɗɋ ɫɨɫɬɚɜɥɹɥɨ 1 : β (ɦɨɥɶ). Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ əɆɊ 1ɇ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ 
ɧɚ əɆɊ–Ɏɭɪɶɟ-ɫɩɟɤɬɪɨɦɟɬɪɟ «AVAσωE AV γ000» («ψЫЮФОЫ») ɢ ɯɪɨɦɚɬɨɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɨɧɢɡɚɰɢɟɣ 
ɷɥɟɤɬɪɨɧɧɵɦ ɭɞɚɪɨɦ ɩɪɢ ɩɨɦɨɳɢ ɝɚɡɨɜɨɝɨ ɯɪɨɦɚɬɨɝɪɚɮɚ ɫ ɦɚɫɫ-ɫɟɥɟɤɬɢɜɧɵɦ ɞɟɬɟɤɬɨɪɨɦ, ɤɚɩɢɥɥɹɪɧɨɣ 
ɤɨɥɨɧɤɨɣ HP-IσστАAБ (ɩɨɥɹɪɧɚɹ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɜɚɹ ɮɚɡɚ). 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ȾɐɉȾ ɫ ȼɌɗɋ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɫɬɚɞɢɸ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ȾɐɉȾ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ (ɐɉȾ), ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ȼɌɗɋ. ɉɪɨɞɭɤɬɚɦɢ 
ɬɚɤɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɜɟɪɨɹɬɧɨ, ɹɜɥɹɸɬɫɹ ɰɢɤɥɢɱɟɫɤɢɟ ɢ ɛɢɰɢɤɥɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ 
ɚɞɞɭɤɬɚ ɪɟɚɤɰɢɢ ɜɵɫɬɭɩɚɟɬ ɛɢɰɢɤɥɨДβ.β.1Жɝɟɩɬ-5-ɟɧ-2-ɢɥ(ɬɪɢɷɬɨɤɫɢ)ɫɢɥɚɧ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɤɚɱɟɫɬɜɟ ɷɤɡɨ- ɢ ɷɧɞɨ-ɢɡɨɦɟɪɨɜ. ɋɯɟɦɚ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɢɠɟμ 
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ɉɨ ɞɚɧɧɵɦ ȽɏɆɋ ɫɭɦɦɚɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɤɡɨ- ɢ ɷɧɞɨ-ɚɞɞɭɤɬɨɜ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ 

12 ɱɚɫɨɜ ɞɨɫɬɢɝɚɟɬ ηη %, ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɬɢɯ ɩɪɨɞɭɤɬɨɜ 
ɢɡɦɟɧɹɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɪɢɫ. 1). Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ȾɐɉȾ ɢ ȼɌɗɋ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɚɞɞɭɤɬɨɜ (ɪɢɫ. 2). 

ɇɚ ɪɢɫ. γ ɩɪɟɞɫɬɚɜɥɟɧ əɆɊ 1ɇ-ɫɩɟɤɬɪ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
16 ɱɚɫɨɜ. ɋɢɝɧɚɥɵ ɧɟɧɚɫɵɳɟɧɧɵɯ ɫɜɹɡɟɣ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɨɛɥɚɫɬɢ η–θ ɦ.ɞ., ɫɢɝɧɚɥ ɜ ɨɛɥɚɫɬɢ θ,0–θ,1 ɦ.ɞ. 
ɨɬɧɨɫɢɬɫɹ ɤ ɩɪɨɬɨɧɚɦ ɧɨɪɛɨɪɧɟɧɨɜɵɯ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɚɞɞɭɤɬɚ (θ ɢ 7, ɪɢɫ. γ). ɋɢɝɧɚɥɵ ɜ ɨɛɥɚɫɬɢ γ,β–γ,8 ɢ 1,0–
1,2 ɦ.ɞ. ɨɬɧɨɫɹɬɫɹ ɤ ɩɪɨɬɨɧɚɦ ɷɬɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ (10, 13, 1θ ɢ 11, 14, 17, ɪɢɫ. γ). Ƚɪɭɩɩɵ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ 
0,46–0,5 ɦ.ɞ. ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɟɬɢɧɨɜɵɦ ɩɪɨɬɨɧɚɦ ɧɨɪɛɨɪɧɟɧɨɜɨɝɨ ɰɢɤɥɚ, ɫɨɫɟɞɫɬɜɭɸɳɢɦ ɫ 
ɬɪɢɷɬɨɤɫɢɫɢɥɚɧɨɥɶɧɨɣ ɝɪɭɩɩɨɣ (1, ɪɢɫ. 3). 

 

 
 

Ɋɢɫ. 1 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ (2R)-ɛɢɰɢɤɥɨД2,2,1Жɝɟɩɬ-5-ɟɧ-2-ɢɥ(ɬɪɢɷɬɨɤɫɢ)ɫɢɥɚɧɚ (1) ɢ (2S)-ɛɢɰɢɤɥɨ 
[2,2,1] ɝɟɩɬ-5-ɟɧ-2-ɢɥ(ɬɪɢɷɬɨɤɫɢ)ɫɢɥɚɧɚ (2) ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ 

 

 
 

Ɋɢɫ. 2 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɐɉȾ (1) ɢ ȼɌɗɋ (2) ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

 
 
 

Ɋɢɫ. 3 əɆɊ 1ɇ-ɫɩɟɤɬɪ ɚɞɞɭɤɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ȾɐɉȾ ɢ ȼɌɗɋ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɨɜɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɫ ɜɢɧɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧɨɦ. ɋ 

ɩɨɦɨɳɶɸ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢ əɆɊ 1ɇ–ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ 
ɷɤɡɨ- ɢ ɷɧɞɨ-ɢɡɨɦɟɪɵ ɛɢɰɢɤɥɨДβ,β,1Жɝɟɩɬ-5-ɟɧ-2-ɢɥ(ɬɪɢɷɬɨɤɫɢ)ɫɢɥɚɧɚ. ɋɭɦɦɚɪɧɵɣ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɩɨɥɭɱɟɧɧɵɯ 
ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ 1β ɱɚɫɨɜ ɫɨɫɬɚɜɥɹɟɬ ηη %. 

ɇɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɛɢɰɢɤɥɨДβ,β,1Жɝɟɩɬ-5-ɟɧ-2-ɢɥ(ɬɪɢɷɬɨɤɫɢ)ɫɢɥɚɧɚ ɤɪɟɦɧɢɣɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɢ 
ɨɪɝɚɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɝɪɭɩɩ ɞɟɥɚɟɬ ɟɝɨ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɲɢɜɚɸɳɢɦ ɚɝɟɧɬɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɩɨɥɢɨɥɟɮɢɧɨɜ ɫ ɨɛɴɟɦɧɨɣ (ɤɚɪɤɚɫɧɨɣ) ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɭɫɬɨɣɱɢɜɨɣ ɤ ɚɝɪɟɫɫɢɜɧɵɦ ɫɪɟɞɚɦ. 
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Introduction 
The surface of heterogeneous catalysts is the key factor influencing the selectivity and activity in many 

chemical reactions. It is therefore of big importance to investigate changes occurring in the near surface region in situ. 
This work is dealing with InPd and its behavior under methanol steam reforming (MSR) conditions. To investigate these 
changes in situ surface sensitive x-ray diffraction (GIXRD) [1] and x-ray photoelectron spectroscopy (XPS) [2] 
measurements are performed. Both methods complement the understanding of the surface of a material. Whereas XPS 
has its benefits in the discrimination of the different oxidation states of an element, it is possible to differentiate the 
respective intermetallic compounds by GIXRD measurements. [3] 

 
Experimental 
InPd bulk samples were synthesized by melting of elemental indium (99,999%, ChemPur, granules) and 

palladium (99,95%, ChemPur, 1-3 mm shots) in an СТРС ПЫОqЮОЧМв ПЮЫЧКМО КЭ КЩЩЫШбТЦКЭОХв 10η0°ω. TСО ШЛЭКТЧОН ТЧРШЭЬ 
аОЫО КЧЧОКХОН КЭ 800°ω ПШЫ 1β НКвЬ КЧН qЮОЧМСОН ТЧ аКЭОЫ КПЭОЫаКЫНЬ. τЧО ЩКЫЭ ШП ЭСО ТЧРШЭЬ аКЬ МЮЭ ТЧЭШ ЬХТМОЬ КЧН 
polished thoroughly for grazing incident angle x-ray diffraction (GIXRD) measurements at the MPI-IS Beamline at 
ANKA. Measurements were performed in an in situ XRK-900 measurement cell from AntonPaar. Diffractograms were 
detected with a PILATUS® ge of 20 to 90 
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