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ȾɂɋȿɊɌȺɐІə 

ɏɊɈɆȺɌɈȽɊȺɎІɑɇІ ɌȺ ɈɉɌɂɑɇІ ɆȿɌɈȾɂ ȺɇȺɅІɁɍ ȾɅə 

ȼɂɁɇȺɑȿɇɇə ɁȺɅɂɒɄɈȼɂɏ ɄІɅЬɄɈɋɌȿɃ ȾȿəɄɂɏ ɅІɄȺɊɋЬɄɂɏ 

ɉɊȿɉȺɊȺɌІȼ ɉІɋɅə Ɉɑɂɓȿɇɇə ɎȺɊɆȺɐȿȼɌɂɑɇɈȽɈ 

ɈȻɅȺȾɇȺɇɇə 

 

02.00.02 – ɚɧɚɥɿɬɢɱɧɚ ɯɿɦɿɹ 

10 – ɉɪɢɪɨɞɧɢɱɿ ɧɚɭɤɢ 

 

ɉɨɞɚєɬɶɫɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɞɨɤɬɨɪɚ ɮɿɥɨɫɨɮɿʀ (ɤɚɧɞɢɞɚɬɚ ɧɚɭɤ) 

Ⱦɢɫɟɪɬɚɰɿɹ ɦɿɫɬɢɬɶ ɪɟɡɭɥɶɬɚɬɢ ɜɥɚɫɧɢɯ ɞɨɫɥɿɞɠɟɧɶ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɿɞɟɣ, 

ɪɟɡɭɥɶɬɚɬɿɜ ɿ ɬɟɤɫɬɿɜ ɿɧɲɢɯ ɚɜɬɨɪɿɜ ɦɚɸɬɶ ɩɨɫɢɥɚɧɧɹ ɧɚ ɜɿɞɩɨɜɿɞɧɟ ɞɠɟɪɟɥɨ  
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ɇɚɭɤɨɜɢɣ ɤɟɪɿɜɧɢɤ Єɝɨɪɨɜɚ Ⱥɥɥɚ ȼɨɥɨɞɢɦɢɪɿɜɧɚ, ɞɨɤɬɨɪ ɯɿɦɿɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 
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ȺɇɈɌȺɐІə 

Ɏɟɞɨɫɟɧɤɨ Ƚ. Ɉ. ɏɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɬɚ ɨɩɬɢɱɧɿ ɦɟɬɨɞɢ ɚɧɚɥɿɡɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. – Ʉɜɚɥɿɮɿɤɚɰɿɣɧɚ ɧɚɭɤɨɜɚ ɩɪɚɰɹ ɧɚ ɩɪɚɜɚɯ 

ɪɭɤɨɩɢɫɭ. 

Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɤɚɧɞɢɞɚɬɚ ɯɿɦɿɱɧɢɯ ɧɚɭɤ (ɞɨɤɬɨɪɚ 

ɮɿɥɨɫɨɮɿʀ) ɡɚ ɫɩɟɰɿɚɥɶɧɿɫɬɸ 02.00.02 – ɚɧɚɥɿɬɢɱɧɚ ɯɿɦɿɹ. – Ɏɿɡɢɤɨ-ɯɿɦɿɱɧɢɣ 

ɿɧɫɬɢɬɭɬ ɿɦ. Ɉ.ȼ. Ȼɨɝɚɬɫɶɤɨɝɨ ɇȺɇ ɍɤɪɚʀɧɢ, Ɉɞɟɫɚ, 2018. 

Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɩɪɢɫɜɹɱɟɧɚ ɪɨɡɪɨɛɰɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ ɬɚ ɨɩɬɢɱɧɢɯ 

ɦɟɬɨɞɢɤ ɚɧɚɥɿɡɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ɥɿɤɚɪɫɶɤɢɯ 

ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 

ȼɚɥɿɞɚɰɿɹ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɩɪɟɩɚɪɚɬɭ 

ɧɚ ɨɛɥɚɞɧɚɧɧɿ ɩɿɫɥɹ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ, ɬɚɤ ɫɚɦɨ ɹɤ ɿ ɜɚɥɿɞɚɰɿɹ ɛɭɞɶ-ɹɤɨʀ ɿɧɲɨʀ 

ɦɟɬɨɞɢɤɢ, ґɪɭɧɬɭєɬɶɫɹ ɧɚ ɜɫɬɚɧɨɜɥɟɧɧɿ ɜɢɦɨɝ ɞɨ ʀʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ. Ɂ’ɹɫɨɜɚɧɨ, ɳɨ 

ɨɫɧɨɜɨɸ ɞɥɹ ɜɢɪɨɛɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɩɨɜɢɧɧɚ ɫɬɚɬɢ ɦɟɠɚ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

ɦɟɬɨɞɢɤɢ (ɆɄȼ) ɬɚ ɪɨɡɪɨɛɤɚ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɩɨɜɢɧɧɚ 

ɜɤɥɸɱɚɬɢ, ɧɚɫɚɦɩɟɪɟɞ, ɜɢɛɿɪ ɦɟɬɨɞɭ ɚɧɚɥɿɡɭ, ɱɭɬɥɢɜɿɫɬɶ ɹɤɨɝɨ ɞɨɡɜɨɥɹє 

ɞɨɫɬɨɜɿɪɧɨ ɜɟɫɬɢ ɤɿɥɶɤɿɫɧɟ ɜɢɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɭ ɜ ɡɪɚɡɤɭ ɡɦɢɜɭ ɩɪɢ ɜɦɿɫɬɿ, ɳɨ ɧɟ 

ɩɟɪɟɜɢɳɭє ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɭ ɤɨɧɰɟɧɬɪɚɰɿɸ (ȽȾɄ). 

Ɇɟɬɨɞɚɦɢ ɦɚɬɢɦɚɬɢɱɧɨʀ ɫɬɚɬɢɫɬɢɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɦɨɝ ɧɚɥɟɠɧɨʀ 

ɜɢɪɨɛɧɢɱɨʀ ɩɪɚɤɬɢɤɢ (GMP) ɜɩɟɪɲɟ ɛɭɜ ɪɨɡɪɨɛɥɟɧɢɣ ɬɟɨɪɟɬɢɱɧɢɣ ɩɿɞɯɿɞ ɞɥɹ 

ɜɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɨʀ ɦɟɬɪɨɥɨɝɿɱɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɢɤ 

ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ 

ɪɟɡɭɥɶɬɚɬɭ ɜɢɦɿɪɸɜɚɧɧɹ. ȼɫɬɚɧɨɜɥɟɧɨ ɤɪɢɬɟɪɿʀ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɥɿɧɿɣɧɨɫɬɿ ɦɟɬɨɞɢɤ. 

ɇɚ ɩɪɢɤɥɚɞɿ ɚɤɬɢɜɧɨɝɨ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɿɧɝɪɟɞɿєɧɬɭ (ȺɎȱ) ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ ɡɚ 

ɦɟɬɨɞɨɦ «ɧɚɣɝɿɪɲɨɝɨ ɜɢɩɚɞɤɭ» ɡɚɩɪɨɩɚɧɨɜɚɧɿ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ 

(ɦɚɤɫɢɦɚɥɶɧɚ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɦɟɬɨɞɢɤɢ, ɥɿɧɿɣɧɿɫɬɶ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ, ɦɟɠɚ 

ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ, ɩɪɟɰɢɡɿɣɧɿɫɬɶ ɬɚ ɜɿɞɬɜɨɪɸɜɚɧɿɫɬɶ) ɜɚɥɿɞɚɰɿʀ ɚɧɚɥɿɬɢɱɧɨʀ 

ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɜɢɡɧɚɱɟɧɧɹ ɪɿɜɧɹ 

ɡɚɛɪɭɞɧɟɧɧɹ. 

ɉɪɢɝɨɬɭɜɚɧɧɹ ɜɢɩɪɨɛɨɜɭɜɚɧɢɯ ɪɨɡɱɢɧɿɜ, ɜɢɡɧɚɱɟɧɧɹ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ ɬɚ 



3 
 

ɨɛɪɨɛɤɭ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ ɩɪɨɜɨɞɢɥɢ ɡɚ ɧɚɜɟɞɟɧɢɦɢ 

ɭɧɿɮɿɤɨɜɚɧɢɦ ɩɪɨɩɢɫɚɦɢ ɬɚ ɮɨɪɦɭɥɚɦɢ. Ʉɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɿɜ ɜɢɡɧɚɱɚɥɢ ɡɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɦɢ ɝɪɚɮɿɤɚɦɢ. Ⱦɥɹ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ ɜɫɬɚɧɨɜɥɟɧɿ ʀɯ ɚɧɚɥɿɬɢɱɧɿ 

(ɞɿɚɩɚɡɨɧ ɥɿɧɿɣɧɨɫɬɿ ɦɟɬɨɞɢɤɢ, ɆɄȼ, ȽȾɄ), ɜɚɥɿɞɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚ ʀɯ 

ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ, ɚ ɬɚɤɨɠ ɫɬɭɩɟɧɿ ɜɢɥɭɱɟɧɧɹ ɚɧɚɥɿɬɿɜ. 

Ɋɨɡɪɨɛɥɟɧɨ ɬɚ ɜɚɥɿɞɨɜɚɧɨ ɦɟɬɨɞɢɤɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ (ɬɢɥɨɪɨɧɭ, L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ, ɤɨɥɚɝɟɧɭ, 

ɛɟɧɡɨɛɿɬɚɥɭ) ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ 

ɜɿɞɩɨɜɿɞɧɢɯ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ. ȼɢɡɧɚɱɟɧɧɹ ɬɢɥɨɪɨɧɭ,  

L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ, ɛɟɧɡɨɛɿɬɚɥɭ ɩɪɨɜɨɞɢɥɢ ɜ ɍɎ-ɨɛɥɚɫɬɿ ɫɩɟɤɬɪɭ. 

ȼɢɡɧɚɱɟɧɧɹ ɤɨɥɚɝɟɧɭ ɡɚɩɪɨɩɚɧɨɜɚɧɨ ɩɪɨɜɨɞɢɬɢ ɤɨɥɨɪɢɦɟɬɪɢɱɧɢɦ ɦɟɬɨɞɨɦ Ʌɨɭɪɿ. 

ɍ ɥɭɠɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ ɿɨɧɢ Cu2+ ɭɬɜɨɪɸɸɬɶ ɤɨɦɩɥɟɤɫ ɡ ɩɟɩɬɢɞɧɢɦɢ ɡɜ'ɹɡɤɚɦɢ, 

ɩɟɪɟɯɨɞɹɱɢ ɜ Cu+. Ɉɞɧɨɜɚɥɟɧɬɧɿ ɿɨɧɢ ɦɿɞɿ ɪɟɚɝɭɸɬɶ ɡ ɪɟɚɤɬɢɜɨɦ Ɏɨɥɿɧɚ 

(ɮɨɫɮɨɦɨɥɿɛɞɟɧɨɜɚ ɤɢɫɥɨɬɚ ɡ ɮɟɧɨɥɨɦ), ɭɬɜɨɪɸɸɱɢ ɧɟɫɬɚɛɿɥɶɧɢɣ ɩɪɨɞɭɤɬ, ɳɨ 

ɩɟɪɟɯɨɞɢɬɶ ɭ ɦɨɥɿɛɞɟɧɨɜɭ ɫɢɧɶ ɡ ɦɚɤɫɢɦɭɦɨɦ ɚɞɫɨɪɛɰɿʀ ɩɪɢ 750 ɧɦ. Ɂɛɿɥɶɲɟɧɧɹ 

ɚɞɫɨɪɛɰɿʀ ɩɪɢ 750 ɧɦ ɩɪɨɩɨɪɰɿɣɧɨ ɤɨɧɰɟɧɬɪɚɰɿʀ ɛɿɥɤɚ. Ɇɟɬɨɞ ɞɭɠɟ ɱɭɬɥɢɜɢɣ ɞɨ 

ɧɚɹɜɧɨɫɬɿ ɜ ɪɨɡɱɢɧɿ ɫɬɨɪɨɧɧɿɯ ɜɿɞɧɨɜɥɸɜɚɱɟɣ. ȼɫɬaɧɨɜɥɟɧɨ, ɳɨ ɤɨɦɩɨɧɟɧɬɢ 

ɩɥɚɰɟɛɨ ɧɟ ɡɚɜɚɠɚɸɬɶ ɜɢɡɧɚɱɟɧɧɸ ɛɿɥɤɭ.  

Ⱦɥɹ ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ (ɪɨɡɭɜɚɫɬɚɬɢɧɭ 

ɤɚɥɶɰɿɸ, ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ, ɚɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬɭ, ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬɭ) 

ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɜɢɜɱɟɧɨ ɜɩɥɢɜ ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ 

ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɪɿɡɧɢɯ ɪɨɡɱɢɧɧɢɤɿɜ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɦɚɤɫɢɦɚɥɶɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ 

ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɭ ɦɟɬɚɧɨɥɿ, ɮɥɭɩɿɪɬɢɧɭ 

ɦɚɥɟɚɬɭ – ɭ 0,1 Ɇ ɪɨɡɱɢɧɿ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ, ɚɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬɭ – ɭ 

ɟɬɚɧɨɥɿ. 

Ɋɨɡɪɨɛɥɟɧɨ ɬɚ ɜɚɥɿɞɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɩɨɥɹɪɢɦɟɬɪɢɱɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɝɥɸɤɨɡɢ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ 

ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɥɿɤɚɪɫɶɤɨɝɨ ɩɪɟɩɚɪɚɬɭ ɊȿȽȱɋɈɅ, ɩɨɪɨɲɨɤ ɞɥɹ ɨɪɚɥɶɧɨɝɨ 

ɪɨɡɱɢɧɭ ɩɨ 18,9 ɝ ɭ ɫɚɲɟ. 

ȼɩɟɪɲɟ ɡɚɫɬɨɫɨɜɚɧɨ ɚɬɨɦɧɨ-ɟɦɿɫɿɣɧɭ ɫɩɟɤɬɪɨɦɟɬɪɿɸ ɡ ɿɧɞɭɤɬɢɜɧɨ ɡɜ'ɹɡɚɧɨɸ 

ɩɥɚɡɦɨɸ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɿɤɪɨɤɿɥɶɤɨɫɬɟɣ ɤɚɥɿɸ ɬɚ ɧɚɬɪɿɸ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ 
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ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɡɚɫɨɛɭ ɊȿȽȱɋɈɅ® ɇȿɈ, ɹɤɢɣ ɦɿɫɬɢɬɶ ɧɚɬɪɿɸ ɯɥɨɪɢɞ, ɤɚɥɿɸ 

ɯɥɨɪɢɞ, ɧɚɬɪɿɸ ɰɢɬɪɚɬ. 

ɉɿɫɥɹ ɨɩɬɢɦɿɡɚɰɿʀ ɭɦɨɜ ɚɧɚɥɿɡɭ (ɬɢɩ ɫɨɪɛɟɧɬɭ, ɝɟɨɦɟɬɪɿɹ ɤɨɥɨɧɤɢ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɤɨɥɨɧɤɢ, ɫɤɥɚɞ ɟɥɸєɧɬɭ, ɞɿɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɿɣ ɨɪɝɚɧɿɱɧɨɝɨ ɦɨɞɢɮɿɤɚɬɨɪɚ ɭ 

ɪɭɯɨɦɿɣ ɮɚɡɿ, ɞɨɜɠɢɧɚ ɯɜɢɥɿ ɬɚ ɿɧ.) ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɧɨɜɿ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɿɜ ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ, ɮɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞɭ, ɤɥɨɧɿɞɢɧɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ, ɥɟɜɚɧɚ, ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ, ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬɭ, 

ɞɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ, ɮɟɧɿɛɭɬɭ ɦɟɬɨɞɨɦ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɨʀ ɪɿɞɢɧɧɨʀ 

ɯɪɨɦɚɬɨɝɪɚɮɿʀ (ȼȿɊɏ). Ⱦɥɹ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ ɜɫɬɚɧɨɜɥɟɧɿ ɩɨɤɚɡɧɢɤɢ 

ɩɪɢɞɚɬɧɨɫɬɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ ɫɢɫɬɟɦ (ɮɚɤɬɨɪ ɫɢɦɟɬɪɿʀ ɩɿɤɭ, ɱɢɫɥɨ ɬɟɨɪɟɬɢɱɧɢɯ 

ɬɚɪɿɥɨɤ, ɜɿɞɧɨɫɧɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɱɚɫɭ ɭɬɪɢɦɭɜɚɧɧɹ ɬɚ ɩɥɨɳɿ ɩɿɤɭ) ɩɪɢ 

ɜɢɡɧɚɱɟɧɧɿ ɜɢɜɱɟɧɢɯ ɩɪɟɩɚɪɚɬɿɜ. Ɉɰɿɧɤɚ ɤɥɸɱɨɜɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɪɢɞɚɬɧɨɫɬɿ 

ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɫɢɫɬɟɦɢ ɜɢɹɜɢɥɚ ɩɟɪɫɩɟɤɬɢɜɭ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɥɹ ɤɨɧɬɪɨɥɸ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɜ ɡɦɢɜɚɯ ɡ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ.  

ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɜɿɞɨɦɨɝɨ ɫɩɨɫɨɛɭ ɜɢɡɧɚɱɟɧɧɹ ɚɦɿɧɨɤɢɫɥɨɬ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɦɟɬɨɞɭ ȼȿɊɏ ɡ ɩɨɩɟɪɟɞɧɶɨɸ ɩɪɨɰɟɞɭɪɨɸ ʀɯ ɩɪɟɞɤɨɥɨɧɨɱɧɨʀ ɞɟɪɢɜɚɬɢɡɚɰɿʀ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɨ-ɮɬɚɥɟɜɨɝɨ ɚɥɶɞɟɝɿɞɭ ɜ ɹɤɨɫɬɿ ɞɟɪɢɜɚɬɢɡɭɸɱɨɝɨ ɚɝɟɧɬɭ, ɹɤɢɣ 

ɩɨɬɪɟɛɭє ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɪɭɝɨɝɨ ɤɨɦɩɨɧɟɧɬɭ – ɫɭɥɶɮɭɪɜɦɿɫɧɨɝɨ ɧɭɤɥɟɨɮɿɥɭ ɬɚ 

ɚɜɬɨɫɚɦɩɥɟɪɭ ɩɪɢɥɚɞɭ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɩɪɨɜɨɞɢɬɢ ɞɟɪɢɜɚɬɿɡɚɰɿɸ ɜ ɚɜɬɨɦɚɬɢɱɧɨɦɭ 

ɪɟɠɢɦɿ ɜɧɟɫɟɧɧɹ, ɪɨɡɜɟɞɟɧɧɹ ɿ ɡɦɿɲɭɜɚɧɧɹ ɬɚ ɫɩɟɰɿɚɥɶɧɭ ɤɨɥɨɧɤɭ Zorbax Eclipse 

ȺȺȺ, ɳɨ ɩɪɢɜɨɞɢɬɶ ɞɨ ɜɢɫɨɤɨʀ ɜɚɪɬɨɫɬɿ ɚɧɚɥɿɡɭ, ɧɚɦɢ ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɬɚ 

ɜɚɥɿɞɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ L-ɜɚɥɿɧɭ, L-ɥɟɣɰɢɧɭ ɬɚ 

L-ɿɡɨɥɟɣɰɢɧɭ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɦɟɬɨɞɨɦ 

ɨɛɟɪɧɟɧɨ-ɮɚɡɨɜɨʀ ȼȿɊɏ ɡ ɍɎ-ɞɟɬɟɤɬɭɜɚɧɧɹɦ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɥɹ 

ɩɪɟɞɤɨɥɨɧɨɱɧɨʀ ɞɟɪɢɜɚɬɢɡɚɰɿʀ ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɤɚɪɛɨɧɚɬɭ, ɳɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɜ 

ɨɪɝɚɧɿɱɧɨɦɭ ɫɢɧɬɟɡɿ ɞɥɹ ɡɚɯɢɫɬɭ ɚɦɿɧɨɝɪɭɩ. 

ȼɢɫɨɤɨɟɮɟɤɬɢɜɧɚ ɬɨɧɤɨɲɚɪɨɜɚ ɯɪɨɦɚɬɨɝɪɚɮɿɹ ɡɚɫɬɨɫɨɜɚɧɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ (ɡɚ ɜɦɿɫɬɨɦ 

ɤɜɟɪɰɟɬɢɧɭ) ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ɇɟɬɨɞ ɪɟɚɥɿɡɨɜɚɧ 

ɡɚɜɞɹɤɢ ɜɢɤɨɪɢɫɬɚɧɧɸ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ, ɹɤɚ ɩɟɪɟɲɤɨɞɠɚє 
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ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɸɜɚɧɧɸ ɤɜɟɪɰɟɬɢɧɭ ɡ ɫɢɥɿɤɚɬɨɦ ɰɢɧɤɭ (ȱȱ) (ɤɨɦɩɨɧɟɧɬɨɦ 

ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɿɧɞɢɤɚɬɨɪɚ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɩɥɚɫɬɢɧɤɢ). 

Ⱦɥɹ ȼȿɊɏ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɪɹɞɭ Ʌɉ ɜɩɟɪɲɟ ɛɭɥɢ 

ɨɩɬɢɦɿɡɨɜɚɧɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɭɦɨɜɢ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɞɨɫɬɭɩɧɢɯ ɪɭɯɨɦɢɯ ɮɚɡ ɧɚ 

ɫɨɪɛɟɧɬɚɯ ɬɢɩɭ ɋ8 ɿ ɋ18. ɉɨɤɚɡɚɧɨ, ɳɨ ɚɧɚɥɿɬɢɱɧɿ ɬɚ ɜɚɥɿɞɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ (ɞɿɚɩɚɡɨɧ ɥɿɧɿɣɧɨɫɬɿ ɦɟɬɨɞɢɤɢ, ɆɄȼ, ȽȾɄ) ɜɿɞɩɨɜɿɞɚɸɬɶ 

ɤɪɢɬɟɪɿɹɦ ɩɪɢɣɧɹɬɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ 

ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɩɪɟɩɚɪɚɬɭ ɜɫɬɚɧɨɜɥɟɧɨ 

ɤɨɟɮɿɰɿєɧɬ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ (%). 

Ⱦɥɹ ɞɟɹɤɢɯ ȺɎȱ ɪɨɡɪɨɛɥɟɧɨ ɞɜɚ ɦɟɬɨɞɢ: ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɥɸɤɨɡɢ – 

ɩɨɥɹɪɢɦɟɬɪɢɱɧɢɣ ɬɚ ȼȿɊɏ, ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ ɬɚ ɪɢɜɚɫɬɢɝɦɿɧɭ  

ɝɿɞɪɨɬɚɪɬɪɚɬɭ – ɥɸɦɿɧɟɫɰɟɧɬɧɢɣ ɬɚ ȼȿɊɏ. Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɞɜɨɯ ɦɟɬɨɞɿɜ 

ɡɚɫɬɨɫɭɜɚɥɢ ɫɬɚɬɢɫɬɢɱɧɢɣ ɤɪɢɬɟɪɿɣ F-ɪɨɡɩɨɞɿɥɭ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɩɨɪɿɜɧɸɜɚɬɢ 

ɜɟɥɢɱɢɧɢ ɜɢɛɿɪɤɨɜɢɯ ɞɢɫɩɟɪɫɿɣ ɞɜɨɯ ɪɹɞɿɜ ɫɩɨɫɬɟɪɟɠɟɧɶ, ɬɚ t-ɤɪɢɬɟɪɿɣ ɋɬɶɸɞɟɧɬɚ 

ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɛɿɠɧɨɫɬɿ ɫɟɪɟɞɧɿɯ ɡɧɚɱɟɧɶ ɜɢɦɿɪɸɜɚɧɶ. Ɉɬɪɢɦɚɧɿ ɞɚɧɿ ɜɤɚɡɭɸɬɶ ɧɚ 

ɡɚɞɨɜɿɥɶɧɭ ɡɛɿɠɧɿɫɬɶ ɬɚ ɜɿɞɬɜɨɪɸɜɚɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ, ɨɬɪɢɦɚɧɢɯ ɞɜɨɦɚ ɪɿɡɧɢɦɢ 

ɦɟɬɨɞɚɦɢ. ɉɟɪɟɜɚɝɨɸ ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ ɬɚ ɩɨɥɹɪɢɦɟɬɪɢɱɧɨɝɨ ɦɟɬɨɞɭ є ɩɪɨɫɬɨɬɚ 

ɜɢɤɨɧɚɧɧɹ ɚɧɚɥɿɡɭ ɬɚ ɧɟɜɟɥɢɤɚ ɜɢɬɪɚɬɚ ɪɟɚɝɟɧɬɿɜ, ɚɥɟ ȼȿɊɏ ɦɟɬɨɞ ɞɨɡɜɨɥɹє 

ɨɬɪɢɦɭɜɚɬɢ ɛɿɥɶɲ ɧɢɡɶɤɭ ɦɟɠɭ ɜɢɹɜɥɟɧɧɹ. 

Ɂɝɿɞɧɨ ɡ ɜɢɦɨɝɚɦɢ GMP ɩɨɤɚɡɚɧɚ ɦɨɠɥɿɜɿɫɬɶ ɟɤɫɩɪɟɫɧɨɝɨ 

ɜɧɭɬɪɿɲɧɶɨɜɢɪɨɛɧɢɱɨɝɨ ɤɨɧɬɪɨɥɸ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɩɪɢ 

ɜɢɪɨɛɧɢɰɬɜɿ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ. Ɇɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɥɟɜɚɧɚ, ɮɥɭɩɿɪɬɢɧɭ 

ɦɚɥɟɚɬɭ, ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ, ɮɟɧɿɛɭɬɭ ɬɚ ɩɚɪɚɰɟɬɚɦɨɥɭ ɜɩɪɨɜɚɞɠɟɧɿ ɭ 

ɩɪɚɤɬɢɤɭ ɪɨɛɨɬɢ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɩɿɞɩɪɢєɦɫɬɜɚ ɌȾȼ «ȱɇɌȿɊɏȱɆ». ɉɪɨɜɟɞɟɧɨ 

ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɨɛɥɚɞɧɚɧɧɹ 

ɩɿɞɩɪɢєɦɫɬɜɚ ɌȾȼ «ȱɇɌȿɊɏȱɆ». Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɩɿɞɬɜɟɪɞɢɥɢ ɡɚɞɨɜɿɥɶɧɭ 

ɹɤɿɫɬɶ ɨɱɢɳɟɧɧɹ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɦɟɬɨɞɢ ɚɧɚɥɿɡɭ, ɨɩɬɢɱɧɿ ɦɟɬɨɞɢ ɚɧɚɥɿɡɭ, 

ɡɚɥɢɲɤɨɜɿ ɤɿɥɶɤɨɫɬɿ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ, ɜɚɥɿɞɚɰɿɹ, ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ 
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SUMMARY 

Fedosenko G.O. Chromatographic and optical methods of analysis for the 

residual amounts determination of some drugs after the cleaning of 

pharmaceutical equipment. – As a manuscript. 

The thesis for the candidate’s degree of chemical sciences (Ph.D.) by the specialty 

02.00.02 – analytical chemistry (102 – Chemistry). – A.V. Bogatsky Physico-Chemical 

Institute of NAS of Ukraine, Odessa, 2018. 

The thesis is devoted to the development of chromatographic and optical methods 

of analysis for determination of the residual quantities of some drugs after cleaning of 

pharmaceutical equipment. 

Validation of analytical methods for residual amounts control of the drug on the 

equipment after the cleaning process, as well as the validation of any other method, is 

based on establishing requirements for its uncertainty. It has been established that the 

basic for the development of criteria should be the limit of quantification of the method 

(LOQ) and the development of a method for quality control of cleaning should include, 

first of all, the selection of the method of analysis, which sensitivity allows exact 

quantitative determination of the analyte in the rinse with content not exceeding 

maximum permissible concentration (MPC). 

For the first time, the theoretical approach for determination of the main 

metrological characteristic of analytical methods for quality control of the cleaning of 

equipment, the maximum permissible measurement error, has been developed by the 

method of mathematical statistics taking into account the requirements of Good 

Manufacturing Practice (GMP).  

The criteria for checking the linearity of the methods have been established. On the 

example of the active pharmaceutical ingredient (API), dequalinium chloride, according 

to the "worst case" method, the acceptance criteria (maximal uncertainty of the method, 

linearity of the calibration curve, limit of quantification, precision and reproducibility) 

of the validation of the analytical method for quality control of the cleaning of 

equipment and determination of contamination level have been proposed. 

Preparation of test solutions, determination of the recovery and processing of the 
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results for the developed methods were carried out using the unified prescripts and 

formulas. Concentrations of analytes were determined by calibration curves. For 

developed methods, the analytical (range of linearity of the method, LOQ, MPC), 

validation characteristics, their acceptance criteria and recovery have been established. 

The methods of spectrophotometric determination of residual amounts of APIs 

(tilorone, L-5-hydroxytryptophane, collagen, benzobital) on the surfaces of 

pharmaceutical equipment in the manufacture of the appropriate drugs have been 

developed and validated. Determination of tilorone, L-5-hydroxytryptophane, 

benzobital was carried out in the UV region of the spectrum. 

The determination of collagen was proposed by Lowry's colorimetric method. In 

alkaline medium, Cu2 + ions form a complex with peptide bonds, passing to Cu+. Copper 

ions (I) react with a Folin's reagent (phosphomolybdic acid with phenol) to form an 

unstable product that converts to molybdenum blue with a maximum adsorption at  

750 nm. An increasing of adsorption at 750 nm is proportional to the protein 

concentration. The method is very sensitive to the presence in the solution of interfering 

reducing agents. It has been established that the placebo components do not interfere for 

the determination of protein. 

Influence on the luminescence intensity of various solvents has been studied for 

fluorescence determination of residual amounts of APIs (rosuvastatin calcium, flupirtine 

maleate, abiraterone acetate, rivastigmine hydrotartrate) on the surfaces of 

pharmaceutical equipment. It has been established that the maximum luminescence 

intensity of rosuvastatin calcium is observed in methanol, flupirtine maleate – in  

0.1 M hydrochloric acid solution, abiraterone acetate – in ethanol. 

The method of polarimetric determination of residual amounts of API glucose on 

the surfaces of pharmaceutical equipment in the manufacture of the drug Regisol, a 

powder for oral solution of 18,9 g in a sachet, has been developed and validated. 

For the first time atomic emission spectrometry with inductively coupled plasma 

was used for the determination of potassium and sodium microquantities in the 

production of a multicomponent drug REGISOL® NEO containing sodium chloride, 

potassium chloride, sodium citrate. 
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After optimization of the analysis conditions (type of sorbent, column geometry, 

column temperature, eluent composition, range of concentrations of organic modifier in 

mobile phase, wavelength, etc.), new methods of determination of residues of sildenafil 

citrate, fenspiride hydrochloride, clonidine hydrochloride, levan, calcium rosuvastatin, 

rivastigmine hydrotartrate, daklatasvir dihydrochloride, phenybut by high performance 

liquid chromatography (HPLC) have been proposed. For developed methods, 

characteristics of the chromatographic systems suitability (peak symmetry factor, 

number of theoretical plates, relative standard deviation of retention time and peak area) 

were determined for determining the studied drugs. The estimation of the main 

characteristics of the chromatographic system suitability identified the perspective of 

using to control the residual amounts of APIs in rinse from technological equipment of 

pharmaceutical production. 

In contrast to the known method for determining amino acids using the HPLC 

method with the preliminary procedure for precolumn derivatization using o-phthalic 

aldehyde as a derivatization agent, which requires the use of a second component – 

sulfur-containing nucleophile and an autosampler of the device that allows 

derivatization in the automatic mode of introduction, dilution and mixing and special 

column Zorbax Eclipse AAA, which leads to high cost of analysis, we for the first time 

developed and validated the method of determination of residual amounts of L-valine, 

L-leucine and L-isoleucine in rinse after cleaning of pharmaceutical equipment by 

reversed-phase HPLC with UV detection using for precolumn derivatization di-tert-

butyldicarbonate which used in organic synthesis for the protection of amino groups. 

High-performance thin-layer chromatography has been used to determine the 

residual amounts of dry extract of ginkgo biloba leaves (by quercetin content) on the 

surfaces of pharmaceutical equipment. The method is realized due to the use of 

phosphoric acid, which prevents complexation of quercetin with zinc silicate (II)  

(a component of a fluorescence indicator of a chromatographic plate). 

For HPLC determination of residual amounts of some drugs chromatographic 

conditions was first optimized by using available mobile phases on sorbents type C8 

and C18. It is shown that the analytical and validation characteristics of the developed 
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methods (range of linearity of the method, LOQ, MPC) correspond to the acceptance 

criteria of the determination of residual amounts of APIs in rinse after cleaning of 

pharmaceutical equipment. For each drug, the recovery (%) has been established. 

For some APIs two methods have been developed: for glucose determination – 

polarimetric and HPLC, calcium rosuvastatin and rivastigmine hydrotartrate – 

luminescent and HPLC. To compare two methods, the statistical criterion of the  

F-distribution was used, which allows comparing the values of the sample variances of 

the two series of observations, and the Student's t-criterion to verify the convergence of 

the mean values of the measurements. The obtained data indicate satisfactory 

repeatability and reproducibility of the results obtained by two different methods. The 

advantage of the luminescence and polarimetric method is the simplicity of the analysis 

and the low consumption of reagents, but the HPLC method allows lower detection 

limit. 

According to the requirements of GMP, the possibility of express intra-industry 

control of cleaning of pharmaceutical equipment in the manufacture of drugs has been 

shown. Methods of the determination of levana, flupirtine maleate, rosuvastatin 

calcium, phenybut and paracetamol have been introduced into the practice of the 

pharmaceutical company SLC "INTERCHEM". Determination of residual amounts of 

some APIs on the surfaces of equipment of SLC "INTERCHEM" company has been 

carried out. The results confirmed the satisfactory quality of cleaning. 

 

Keywords: chromatographic methods of analysis, optical methods of analysis, 

residual quantities of drugs, validation, cleaning of the pharmaceutical equipment. 
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Ɇȼ – ɦɟɠɚ ɜɢɹɜɥɟɧɧɹ 

ɆɄȼ – ɦɟɠɚ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ  

ɊȽ – ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬ 

ɊɄ – ɪɨɡɭɜɚɫɬɚɬɢɧ ɤɚɥɶɰɿɸ 

ɊɋɁ – ɪɨɛɨɱɢɣ ɫɬɚɧɞɚɪɬɧɢɣ ɡɪɚɡɨɤ 

ɊɎ – ɪɭɯɨɦɚ ɮɚɡɚ  

ɌȾȼ – ɬɨɜɚɪɢɫɬɜɨ ɡ ɞɨɞɚɬɤɨɜɨɸ ɜɿɞɩɨɜɿɞɚɥɶɧɿɫɬɸ 

ɎɆ – ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬ 

ɐȽ – ɰɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞ  

GMP – Good Manufacturing Practice (GMP) (ɧɚɥɟɠɧɚ ɜɢɪɨɛɧɢɱɚ ɩɪɚɤɬɢɤɚ) 

ɆȺɋɈ (Xcrit) – ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɿɥɶɤɿɫɬɶ ɦɚɫɢ ɡɚɥɢɲɤɿɜ ɩɨɩɟɪɟɞɧɶɨɝɨ 

ɩɪɨɞɭɤɬɭ ɜ ɩɪɨɛɿ (ɜ ɡɦɢɜɿ ɡ ɩɥɨɳɿ S1, ɦɤɝ/ɫɜɚɛ) 
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ȼɋɌɍɉ 

Ⱥɤɬɭɚɥьɧɿɫɬь ɬɟɦɢ 

ɉɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɥɿɤɿɜ ɧɚɣɜɚɠɥɢɜɿɲɨɸ ɜɢɦɨɝɨɸ ɧɚɥɟɠɧɨʀ ɜɢɪɨɛɧɢɱɨʀ 

ɩɪɚɤɬɢɤɢ (GMP) є ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ, ɹɤɚ ɩɪɨɜɨɞɢɬɶɫɹ ɞɥɹ ɡɚɩɨɛɿɝɚɧɧɹ ɣɨɝɨ 

ɩɟɪɟɯɪɟɫɧɨʀ ɤɨɧɬɚɦɿɧɚɰɿʀ ɩɪɢ ɩɟɪɟɯɨɞɿ ɜɿɞ ɨɞɧɨɝɨ ɥɿɤɚɪɫɶɤɨɝɨ ɩɪɟɩɚɪɚɬɭ (Ʌɉ) ɞɨ 

ɿɧɲɨɝɨ. ȼɚɥɿɞɚɰɿɹ ɚɧɚɥɿɬɢɱɧɨʀ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɩɪɟɩɚɪɚɬɭ ɧɚ ɨɛɥɚɞɧɚɧɧɿ ɩɿɫɥɹ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ, ɬɚɤ ɫɚɦɨ ɹɤ ɿ ɜɚɥɿɞɚɰɿɹ  

ɛɭɞɶ-ɹɤɨʀ ɿɧɲɨʀ ɦɟɬɨɞɢɤɢ ɚɧɚɥɿɡɭ, ґɪɭɧɬɭєɬɶɫɹ ɧɚ ɜɫɬɚɧɨɜɥɟɧɧɿ ʀʀ ɨɫɧɨɜɧɨʀ 

ɦɟɬɪɨɥɨɝɿɱɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ 

ɪɟɡɭɥɶɬɚɬɭ ɜɢɦɿɪɸɜɚɧɧɹ max(Δx). ɉɪɢ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ Ʌɉ 

ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɦɿɪɸɜɚɧɧɹ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ 

ɧɚ ɩɿɞɫɬɚɜɿ ɧɨɪɦɚɬɢɜɧɨɝɨ ɞɨɩɭɫɤɭ ɜɦɿɫɬɭ ɚɤɬɢɜɧɨɝɨ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɿɧɝɪɟɞɿєɧɬɭ 

(ȺɎȱ) ɜ ɩɪɟɩɚɪɚɬɿ. ȼɟɥɢɱɢɧɚ max(Δx) ɫɥɭɠɢɬɶ ɨɫɧɨɜɨɸ ɪɨɡɪɚɯɭɧɤɭ ɤɪɢɬɟɪɿʀɜ 

ɩɪɢɣɧɹɬɧɨɫɬɿ, ɩɟɪɲ ɡɚ ɜɫɟ, ɥɿɧɿɣɧɨɫɬɿ ɝɪɚɞɭɸɜɚɧɧɹ. ɉɪɢ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ 

ɤɨɧɬɪɨɥɸ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ Ʌɉ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ ɬɚɤɢɣ ɩɿɞɯɿɞ ɧɟɩɪɢɣɧɹɬɧɢɣ, ɨɫɤɿɥɶɤɢ ɜ ɤɨɠɧɨɦɭ ɤɨɧɤɪɟɬɧɨɦɭ ɜɢɩɚɞɤɭ 

ɧɟɨɛɯɿɞɧɨ ɩɨɩɟɪɟɞɧɶɨ ɜɫɬɚɧɨɜɥɸɜɚɬɢ єɞɢɧɢɣ ɧɨɪɦɚɬɢɜ – ɰɟ ɞɟɹɤɟ ɤɪɢɬɢɱɧɟ 

ɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɿɜ ɩɪɟɩɚɪɚɬɭ ɏcrit ɧɚ ɨɞɢɧɢɰɿ ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ 

(ɧɚɣɱɚɫɬɿɲɟ ɰɟ – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɢɣ ɜɦɿɫɬ ɡɚɥɢɲɤɿɜ ɩɨɩɟɪɟɞɧɶɨɝɨ 

ɩɪɟɩɚɪɚɬɭ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɧɚ 100 ɫɦ2 ɩɨɜɟɪɯɧɿ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ). 

Ʉɨɧɬɪɨɥɶ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɡɜɨɞɢɬɶɫɹ ɞɨ ɬɨɝɨ, ɳɨɛ ɜɢɹɜɢɬɢ ɬɚ 

ɤɿɥɶɤɿɫɧɨ ɜɢɡɧɚɱɢɬɢ ɦɚɫɭ ɩɪɟɩɚɪɚɬɭ ɧɚ ɩɟɜɧɿɣ ɨɞɢɧɢɰɿ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ. 

ɍɦɨɜɨɸ ɹɤɿɫɧɨʀ ɨɱɢɫɬɤɢ є ɜɢɦɨɝɚ ɬɨɝɨ, ɳɨɛ ɡɧɚɣɞɟɧɚ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɚɧɨʀ 

ɦɟɬɨɞɢɤɢ, ɤɿɥɶɤɿɫɬɶ ɩɪɟɩɚɪɚɬɭ, ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɚ ɡɧɚɱɟɧɧɹ ɏcrit, ɹɤɟ ɡɚɥɟɠɢɬɶ ɜɿɞ 

ɛɚɝɚɬɶɨɯ ɩɚɪɚɦɟɬɪɿɜ (ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ, ɬɟɪɚɩɟɜɬɢɱɧɨʀ ɞɨɛɨɜɨʀ ɞɨɡɢ 

ɩɨɩɟɪɟɞɧɶɨɝɨ ɩɪɟɩɚɪɚɬɭ, ɧɚɣɦɟɧɲɨɝɨ ɪɨɡɦɿɪɭ ɫɟɪɿʀ ɩɨɞɚɥɶɲɨɝɨ ɩɪɟɩɚɪɚɬɭ ɬɚ ɬ.ɩ.) 

ɬɚ ɞɭɠɟ ɫɢɥɶɧɨ ɜɚɪɿɸєɬɶɫɹ ɜɿɞ ɩɪɟɩɚɪɚɬɭ ɞɨ ɩɪɟɩɚɪɚɬɭ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɭ ɮɚɪɦɚɰɟɜɬɢɱɧɿɣ ɩɪɨɦɢɫɥɨɜɨɫɬɿ ɧɟɨɛɯɿɞɧɿ ɦɟɬɨɞɢ, 

ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɫɟɥɟɤɬɢɜɧɿɫɬɸ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɚɧɚɥɿɬɭ ɬɚ ɞɨɦɿɲɤɚɦ – 

ɩɪɨɞɭɤɬɚɦ ɞɟɝɪɚɞɚɰɿʀ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɭ ɬɟɯɧɨɥɨɝɿɱɧɨɦɭ ɩɪɨɰɟɫɿ ɬɚ ɩɪɢ ɜɿɞɦɢɜɚɧɧɿ, 
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ɚ ɬɚɤɨɠ ɜɢɫɨɤɨɸ ɱɭɬɥɢɜɿɫɬɸ. Ⱦɨ ɬɚɤɢɯ ɦɟɬɨɞɿɜ, ɹɤ ɩɪɚɜɢɥɨ, ɜɿɞɧɨɫɹɬɶɫɹ 

ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɚ ɪɿɞɢɧɧɚ ɯɪɨɦɚɬɨɝɪɚɮɿɹ (ȼȿɊɏ), ɥɸɦɿɧɟɫɰɟɧɰɿɹ ɬɚ  

ɍɎ-ɫɩɟɤɬɪɨɫɤɨɩɿɹ.  

ɋɭɬɬєɜɨ, ɳɨ ɦɟɬɨɞɢɱɧɭ ɛɚɡɭ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɥɿɤɚɪɫɶɤɢɯ 

ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɜ ɍɤɪɚʀɧɿ ɬɿɥɶɤɢ 

ɩɨɱɢɧɚɸɬɶ ɫɬɜɨɪɸɜɚɬɢ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɚɤɬɭɚɥɶɧɿɫɬɶ ɞɚɧɨʀ ɪɨɛɨɬɢ ɩɨɥɹɝɚє ɭ 

ɧɚɭɤɨɜɨɦɭ ɨɛґɪɭɧɬɭɜɚɧɧɿ ɬɚ ɫɬɜɨɪɟɧɧɿ ɧɨɜɢɯ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɱɢɫɬɨɬɢ 

ɨɛɥɚɞɧɚɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ, ɫɢɫɬɟɦɧɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ʀɯ ɯɿɦɿɤɨ-

ɚɧɚɥɿɬɢɱɧɢɯ ɬɚ ɦɟɬɪɨɥɨɝɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɧɚɭɤɨɜɨɦɭ ɨɛґɪɭɧɬɭɜɚɧɧɿ ɩɿɞɯɨɞɿɜ ɞɨ 

ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ 

ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɳɨ ɞɨɡɜɨɥɢɬɶ ɡɚɛɟɡɩɟɱɢɬɢ ɤɨɧɤɭɪɟɧɬɧɭ 

ɫɩɪɨɦɨɠɧɿɫɬɶ ɮɚɪɦɚɰɟɜɬɢɱɧɨʀ ɩɪɨɞɭɤɰɿʀ ɜɿɬɱɢɡɧɹɧɢɯ ɜɢɪɨɛɧɢɤɿɜ. Ɉɛґɪɭɧɬɨɜɚɧɢɣ 

ɜɢɛɿɪ ɦɟɬɨɞɢɤ ɚɧɚɥɿɡɭ ɞɨɡɜɨɥɢɬɶ ɨɩɬɢɦɿɡɭɜɚɬɢ ɫɢɫɬɟɦɭ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɩɿɞɩɪɢєɦɫɬɜɚ, ɞɨɫɹɝɬɢ ɟɤɨɧɨɦɿɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɤɨɧɬɪɨɥɶɧɨ-ɜɢɦɿɪɸɜɚɥɶɧɨʀ ɚɩɚɪɚɬɭɪɢ. 

Ɂɜ’ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɬɟɦɚɦɢ, ɩɪɨɝɪɚɦɚɦɢ, ɩɥɚɧɚɦɢ  

Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɜɢɤɨɧɚɧɚ ɭ ɜɿɞɞɿɥɿ ɚɧɚɥɿɬɢɱɧɨʀ ɯɿɦɿʀ ɬɚ ɮɿɡɢɤɨ-ɯɿɦɿʀ 

ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ Ɏɿɡɢɤɨ-ɯɿɦɿɱɧɨɝɨ ɿɧɫɬɢɬɭɬɭ ɿɦ. Ɉ. ȼ. Ȼɨɝɚɬɫɶɤɨɝɨ  

ɇȺɇ ɍɤɪɚʀɧɢ ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡ ɜɿɞɨɦɱɢɦɢ ɬɟɦɚɦɢ «Ȼɿɨɚɧɚɥɿɬɢɱɧɟ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɥɸɦɿɧɟɫɰɟɧɬɧɢɯ ɡɨɧɞɿɜ ɧɚ ɨɫɧɨɜɿ ɧɨɜɢɯ ɤɨɦɩɥɟɤɫɧɢɯ ɫɩɨɥɭɤ ɥɚɧɬɚɧɿɞɿɜ»  

(2013 – 2014 ɪɪ., ɧɨɦɟɪ ɞɟɪɠ. ɪɟєɫɬɪɚɰɿʀ 0113U000198); «Ɋɨɡɪɨɛɤɚ, ɦɟɬɨɞɢɱɧɟ ɬɚ 

ɦɟɬɪɨɥɨɝɿɱɧɟ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɫɩɨɫɨɛɿɜ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɞɨɡɨɜɚɧɢɯ ɥɿɤɚɪɫɶɤɢɯ 

ɮɨɪɦ ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ ɬɚ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ» (2015 – 2016 ɪɪ., ɧɨɦɟɪ 

ɞɟɪɠ. ɪɟєɫɬɪɚɰɿʀ 0115U001061); «Ɋɨɡɪɨɛɤɚ ɬɚ ɜɚɥɿɞɚɰɿɹ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ» (2017 – 2018 ɪɪ., ɧɨɦɟɪ ɞɟɪɠ. ɪɟєɫɬɪɚɰɿʀ 0217U000101). 

Ɇɟɬɚ ɿ ɡɚɜɞɚɧɧɹ ɞɨɫɥɿɞɠɟɧɧɹ 

Ɇɟɬɚ ɪɨɛɨɬɢ ɩɨɥɹɝɚɥɚ ɭ ɪɨɡɪɨɛɰɿ ɬɟɨɪɟɬɢɱɧɨɝɨ ɩɿɞɯɨɞɭ ɞɨ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ 

ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɚ ɬɚɤɨɠ ɭ ɫɬɜɨɪɟɧɧɿ ɤɨɦɩɥɟɤɫɭ ɜɢɫɨɤɨɱɭɬɥɢɜɢɯ, 
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ɫɩɟɰɢɮɿɱɧɢɯ ɬɚ ɟɤɫɩɪɟɫɧɢɯ ɫɩɨɫɨɛɿɜ ɯɿɦɿɱɧɨɝɨ ɤɨɧɬɪɨɥɸ ɱɢɫɬɨɬɢ ɨɛɥɚɞɧɚɧɧɹ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɧɚ ɩɪɢɤɥɚɞɿ ɪɹɞɭ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɩɪɢ 

ɜɢɤɨɪɢɫɬɚɧɧɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ ɬɚ ɨɩɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɚɧɚɥɿɡɭ. 

Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛɯɿɞɧɨ ɛɭɥɨ ɜɢɪɿɲɢɬɢ ɬɚɤɿ ɡɚɜɞɚɧɧɹ: 

– ɪɨɡɪɨɛɢɬɢ ɩɿɞɯɨɞɢ ɞɨ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ (Ʌɉ) ɩɪɢ ɨɱɢɳɟɧɧɿ ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ; 

– ɪɨɡɪɨɛɢɬɢ ɫɩɨɫɨɛɢ ɫɩɟɰɢɮɿɱɧɨʀ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɿɜ 

ɩɪɢ ɤɨɧɬɪɨɥɿ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ; 

– ɪɨɡɪɨɛɢɬɢ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɬɚ ɨɩɬɢɱɧɿ ɦɟɬɨɞɢɤɢ ɚɧɚɥɿɡɭ ɞɥɹ ɨɞɧɨ- ɬɚ 

ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɥɿɤɚɪɫɶɤɢɯ ɡɚɫɨɛɿɜ, ɜɫɬɚɧɨɜɢɬɢ ɮɚɤɬɨɪɢ, ɳɨ ɡɚɛɟɡɩɟɱɭɸɬɶ 

ɱɭɬɥɢɜɿɫɬɶ ɬɚ ɫɩɟɰɢɮɿɱɧɿɫɬɶ ɜɢɡɧɚɱɟɧɶ ɚɧɚɥɿɬɿɜ ɜ ɡɦɢɜɚɯ ɡ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ; 

– ɜɫɬɚɧɨɜɢɬɢ ɦɟɬɪɨɥɨɝɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ ɞɥɹ 

ɩɿɞɬɜɟɪɞɠɟɧɧɹ ʀɯ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɜɫɬɚɧɨɜɥɟɧɢɦ ɤɪɢɬɟɪɿɹɦ ɬɚ ɜɢɡɧɚɱɢɬɢ ɫɮɟɪɢ ʀɯ 

ɩɪɚɤɬɢɱɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ. 

Ɉɛ’єɤɬ ɞɨɫɥɿɞɠɟɧɧɹ – ɤɨɧɬɪɨɥɶ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ. 

ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ – ɬɟɨɪɟɬɢɱɧɿ ɩɿɞɯɨɞɢ ɜɫɬɚɧɨɜɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ 

ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɪɨɡɪɨɛɤɚ ɬɚ ɜɚɥɿɞɚɰɿɹ ɦɟɬɨɞɢɤ 

ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ȺɎȱ ɞɥɹ ɤɨɧɬɪɨɥɸ ɱɢɫɬɨɬɢ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 

Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ – ȼȿɊɏ, ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɚ ɬɨɧɤɨɲɚɪɨɜɚ ɯɪɨɦɚɬɨɝɪɚɮɿɹ 

(ȼȿɌɒɏ), ɥɸɦɿɧɟɫɰɟɧɰɿɹ, ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɿɹ, ɚɬɨɦɧɨ-ɟɦɿɫɿɣɧɚ ɫɩɟɤɬɪɨɦɟɬɪɿɹ ɡ 

ɿɧɞɭɤɬɢɜɧɨ-ɡɜ’ɹɡɚɧɨɸ ɩɥɚɡɦɨɸ (Ⱥȿɋ-ȱɁɉ) ɬɚ ɩɨɥɹɪɢɦɟɬɪɿɹ. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥьɬɚɬɿɜ 

Ɇɟɬɨɞɚɦɢ ɦɚɬɢɦɚɬɢɱɧɨʀ ɫɬɚɬɢɫɬɢɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɦɨɝ GMP ɪɨɡɪɨɛɥɟɧɿ 

ɩɿɞɯɨɞɢ ɞɨ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ Ʌɉ ɩɪɢ 

ɨɱɢɳɟɧɧɿ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɩɨɤɚɡɚɧɚ ɦɨɠɥɢɜɿɫɬɶ ʀɯ ɩɪɚɤɬɢɱɧɨɝɨ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢ ɪɨɡɪɨɛɰɿ ɪɿɡɧɢɯ ɦɟɬɨɞɢɤ (ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ, ɨɩɬɢɱɧɢɯ) 
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ɜɢɡɧɚɱɟɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɨɞɧɨ- ɬɚ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ 

ɥɿɤɚɪɫɶɤɢɯ ɡɚɫɨɛɿɜ.  

Ɋɨɡɪɨɛɥɟɧɨ ɬɚ ɜɚɥɿɞɨɜɚɧɨ ɯɪɨɦɚɬɨɝɪɚɮɢɱɧɿ ɬɚ ɨɩɬɢɱɧɿ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜ ɪɚɡɿ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɥɿɤɚɪɫɶɤɢɯ ɡɚɫɨɛɿɜ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ ɧɟɨɛɯɿɞɧɨ ɩɪɨɜɨɞɢɬɢ ɩɨ ɦɚɠɨɪɧɢɦ ɬɚ ɜɚɠɤɨɪɨɡɱɢɧɧɢɦ ȺɎȱ. 

ȼɩɟɪɲɟ ɡɚɩɪɨɩɚɧɨɜɚɧɨ ɞɥɹ ȼȿɊɏ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɚɦɿɧɨɤɢɫɥɨɬ  

(L-ɜɚɥɿɧɭ, L-ɥɟɣɰɢɧɭ ɬɚ L-ɿɡɨɥɟɣɰɢɧɭ) ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɪɟɞɤɨɥɨɧɨɱɧɨʀ 

ɞɟɪɢɜɚɬɢɡɚɰɿʀ ɡ ɪɟɚɝɟɧɬɨɦ, ɹɤɢɣ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ ɨɪɝɚɧɿɱɧɨɦɭ ɫɢɧɬɟɡɿ 

ɞɥɹ ɡɚɯɢɫɬɭ ɚɦɿɧɨɝɪɭɩ – ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɤɚɪɛɨɧɚɬɨɦ.  

ȼɩɟɪɲɟ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɪɨɫɥɢɧɧɨʀ ɫɢɪɨɜɢɧɢ – ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ (ɡɚ ɜɦɿɫɬɨɦ 

ɤɜɟɪɰɟɬɢɧɭ) ɦɟɬɨɞɨɦ ȼȿɌɒɏ ɜ ɡɦɢɜɚɯ ɩɪɢ ɨɱɢɳɟɧɧɿ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ. ȼɢɹɜɥɟɧɨ, ɳɨ ɦɨɧɨɬɨɧɧɚ ɡɦɿɧɚ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɚɛɫɨɪɛɰɿʀ ɜ ɡɚɥɟɠɧɨɫɬɿ 

ɜɿɞ ɱɚɫɭ ɩɟɪɟɛɭɜɚɧɧɹ ɤɜɟɪɰɟɬɢɧɭ ɧɚ ɩɨɜɟɪɯɧɿ ɫɨɪɛɟɧɬɭ ɩɨɜ'ɹɡɚɧɚ ɡ ɣɨɝɨ 

ɜɡɚєɦɨɞɿєɸ ɡ ɮɥɭɨɪɟɫɰɟɧɬɧɢɦ ɿɧɞɢɤɚɬɨɪɨɦ UF 254 – ɫɢɥɿɤɚɬɨɦ ɰɢɧɤɭ (ȱȱ). 

Ⱦɨɜɟɞɟɧɨ ɩɨɡɢɬɢɜɧɢɣ ɜɩɥɢɜ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ, ɹɤɚ ɩɟɪɟɲɤɨɞɠɚє 

ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɸɜɚɧɧɸ, ɳɨ ɫɩɪɢɹє ɫɬɚɛɿɥɶɧɨɫɬɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ.  

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥьɬɚɬɿɜ  

Ɋɨɡɪɨɛɥɟɧɿ ɟɤɫɩɪɟɫɧɿ ɬɚ ɜɢɫɨɤɨɱɭɬɥɢɜɿ ɦɟɬɨɞɢɤɢ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨɝɨ (ȼȿɊɏ, 

ȼȿɌɒɏ) ɬɚ ɨɩɬɢɱɧɨɝɨ (ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɨɝɨ, ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ, 

ɩɨɥɹɪɢɦɟɬɪɢɱɧɨɝɨ, Ⱥȿɋ-ȱɁɉ) ɜɢɡɧɚɱɟɧɧɹ ɪɹɞɭ Ʌɉ ɜ ɡɦɢɜɚɯ ɡ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ. Ɇɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɥɟɜɚɧɚ, ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ, ɪɨɡɭɜɚɫɬɚɬɢɧɭ 

ɤɚɥɶɰɿɸ, ɮɟɧɿɛɭɬɭ ɬɚ ɩɚɪɚɰɟɬɚɦɨɥɭ ɜɩɪɨɜɚɞɠɟɧɿ ɭ ɩɪɚɤɬɢɤɭ ɪɨɛɨɬɢ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɩɿɞɩɪɢєɦɫɬɜɚ ɌȾȼ «ȱɇɌȿɊɏȱɆ» (ɦ. Ɉɞɟɫɚ) (ɞɨɞɚɬɨɤ 1). 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ 

Ⱥɧɚɥɿɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɚɧɢɯ, ɨɫɧɨɜɧɢɣ ɨɛ’єɦ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɬɚ ɨɛɪɨɛɤɚ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɤɨɧɚɧɿ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɚɜɬɨɪɨɦ. ȼɫɬɚɧɨɜɥɟɧɧɹ 

ɦɟɬɢ ɬɚ ɡɚɜɞɚɧɶ ɞɨɫɥɿɞɠɟɧɧɹ, ɚɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ, ɚ ɬɚɤɨɠ 
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ɮɨɪɦɭɥɸɜɚɧɧɹ ɡɚɝɚɥɶɧɢɯ ɜɢɫɧɨɜɤɿɜ ɩɪɨɜɟɞɟɧɨ ɫɩɿɥɶɧɨ ɡ ɧɚɭɤɨɜɢɦ ɤɟɪɿɜɧɢɤɨɦ. 

Ⱥɜɬɨɪ ɜɞɹɱɧɢɣ ɡɚ ɞɨɩɨɦɨɝɭ ɭ ɜɢɤɨɧɚɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɱɚɫɬɢɧɢ ɪɨɛɨɬɢ 

ɫɩɿɜɪɨɛɿɬɧɢɤɚɦ ɇȾȺɅ (ɌȾȼ «ȱɇɌȿɊɏȱɆ») – ɋɭɯɨɫɬɚɜɫɶɤɿɣ ɇ. Ɇ. (ɜɢɤɨɪɢɫɬɚɧɧɹ 

ȼȿɊɏ ɡ ɪɟɮɪɚɤɬɨɦɟɬɪɢɱɧɢɦ ɞɟɬɟɤɬɨɪɨɦ), Ƚɨɧɱɚɪɟɧɤɨ ȱ. ɉ. (ɡɚɫɬɨɫɭɜɚɧɧɹ ɚɬɨɦɧɨ-

ɟɦɿɫɿɣɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɡ ɿɧɞɭɤɬɢɜɧɨ-ɡɜ’ɹɡɚɧɨɸ ɩɥɚɡɦɨɸ), ɤ.ɯ.ɧ.  

ɘ. ȼ. ɋɤɪɢɩɢɧɟɰɶ (ɥɸɦɿɧɟɫɰɟɧɬɧɿ ɞɨɫɥɿɞɠɟɧɧɹ). Ⱥɜɬɨɪ ɜɢɫɥɨɜɥɸє ɳɢɪɭ ɩɨɞɹɤɭ  

ɞ.ɯ.ɧ., ɩɪɨɮɟɫɨɪɭ ȼ. ɉ. Ⱥɧɬɨɧɨɜɢɱɭ (Ɏɿɡɢɤɨ-ɯɿɦɿɱɧɢɣ ɿɧɫɬɢɬɭɬ  

ɿɦ. Ɉ. ȼ. Ȼɨɝɚɬɫɶɤɨɝɨ ɇȺɇ ɍɤɪɚʀɧɢ) ɬɚ Ƚ. ȼ. Ɇɚɥɶɰɟɜɭ (ɌȾȼ «ȱɇɌȿɊɏȱɆ») ɡɚ 

ɤɨɪɢɫɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ ɬɚ ɤɪɢɬɢɱɧɿ ɡɚɭɜɚɠɟɧɧɹ. 

Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥьɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ 

Ɉɫɧɨɜɧɿ ɦɚɬɟɪɿɚɥɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɞɨɩɨɜɿɞɚɥɢɫɹ ɧɚ Ʉɢʀɜɫɶɤɿɣ 

ɤɨɧɮɟɪɟɧɰɿʀ ɡ ɚɧɚɥɿɬɢɱɧɨʀ ɯɿɦɿʀ. ɋɭɱɚɫɧɿ ɬɟɧɞɟɧɰɿʀ (Ʉɢʀɜ, 2014, 2015, 2016 ɬɚ 2017), 

ȼɫɟɭɤɪɚʀɧɫɶɤɿɣ ɧɚɭɤɨɜɿɣ ɤɨɧɮɟɪɟɧɰɿʀ ɫɬɭɞɟɧɬɿɜ ɬɚ ɚɫɩɿɪɚɧɬɿɜ «ɏɿɦɿɱɧɿ Ʉɚɪɚɡɿɧɫɶɤɿ 

ɱɢɬɚɧɧɹ» (ɏɚɪɤɿɜ, 2015 ɬɚ 2017), Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

«Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɯɢɦɢɹ ɝɥɚɡɚɦɢ ɦɨɥɨɞɟɠɢ – 2015» (ɂɪɤɭɬɫɤ, 

Ɋɨɫɫɢɹ, 2015), 7th Black Sea Basin Conference on Analytical Chemistry (Varna, 

Bulgaria, 2015), ɏ ɇɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «ɍɩɪɚɜɥɿɧɧɹ ɹɤɿɫɬɸ ɜ 

ɮɚɪɦɚɰɿʀ» (ɏɚɪɤɿɜ, 2016), XVII Ʉɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ ɢ ɫɬɭɞɟɧɬɨɜ-

ɯɢɦɢɤɨɜ ɸɠɧɨɝɨ ɪɟɝɢɨɧɚ ɍɤɪɚɢɧɵ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ (Ɉɞɟɫɫɚ, 2015), 

IXth International conference in chemistry Kyiv-Touluse (Kyiv, 2017). 

ɉɭɛɥɿɤɚɰɿʀ 

Ɂɚ ɦɚɬɟɪɿɚɥɚɦɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɨɩɭɛɥɿɤɨɜɚɧɨ 7 ɫɬɚɬɟɣ ɭ ɮɚɯɨɜɢɯ 

ɩɟɪɿɨɞɢɱɧɢɯ ɧɚɭɤɨɜɢɯ ɜɢɞɚɧɧɹɯ, 12 ɬɟɡ ɞɨɩɨɜɿɞɟɣ ɭ ɡɛɿɪɧɢɤɚɯ ɦɚɬɟɪɿɚɥɿɜ 

ɧɚɭɤɨɜɢɯ ɤɨɧɮɟɪɟɧɰɿɣ. Ɉɬɪɢɦɚɧɨ 2 ɩɚɬɟɧɬɢ ɍɤɪɚʀɧɢ ɧɚ ɤɨɪɢɫɧɿ ɦɨɞɟɥɿ. 

ɋɬɪɭɤɬɭɪɚ ɬɚ ɨɛɫɹɝ ɞɢɫɟɪɬɚɰɿʀ 

Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɜɫɬɭɩɭ, 4 ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ, ɫɩɢɫɤɭ 

ɰɢɬɨɜɚɧɨʀ ɥɿɬɟɪɚɬɭɪɢ, ɳɨ ɧɚɪɚɯɨɜɭє 128 ɧɚɣɦɟɧɭɜɚɧɶ, ɦɿɫɬɢɬɶ 46 ɪɢɫɭɧɤɿɜ,  

12 ɬɚɛɥɢɰɶ ɬɚ 3 ɞɨɞɚɬɤɢ. Ɂɚɝɚɥɶɧɢɣ ɨɛɫɹɝ ɞɢɫɟɪɬɚɰɿʀ ɫɤɥɚɞɚє 168 ɫɬɨɪɿɧɤɢ 

ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɭ. 
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ɊɈɁȾІɅ 1 ȼɂɁɇȺɑȿɇɇə ɁȺɅɂɒɄɈȼɂɏ ɄІɅЬɄɈɋɌȿɃ 

ɅІɄȺɊɋЬɄɂɏ ɉɊȿɉȺɊȺɌІȼ ɉІɋɅə Ɉɑɂɓȿɇɇə ɎȺɊɆȺɐȿȼɌɂɑɇɈȽɈ 

ɈȻɅȺȾɇȺɇɇə (ɈȽɅəȾ ɅІɌȿɊȺɌɍɊɂ) 

1.1 ɋɭɱɚɫɧɿ ɜɢɦɨɝɢ ɞɨ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ  

ɋɭɱɚɫɧɟ ɜɢɪɨɛɧɢɰɬɜɨ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ, ɚ ɬɚɤɨɠ ɤɨɧɬɪɨɥɶ ɹɤɨɫɬɿ 

ɨɬɪɢɦɚɧɧɨʀ ɩɪɨɞɭɤɰɿʀ, ɜɢɡɧɚɱɚєɬɶɫɹ ɜɢɦɨɝɚɦɢ, ɡɚɡɧɚɱɟɧɢɦɢ ɭ «Good 

Manufacturing Practice for Medicinal Products (GMP)» (ɧɚɥɟɠɧɚ ɜɢɪɨɛɧɢɱɚ 

ɩɪɚɤɬɢɤɚ) [1, 2]. Ɉɛɨɜ’ɹɡɤɨɜɨɸ ɭɦɨɜɨɸ ɡɚɛɟɡɩɟɱɟɧɧɹ ɹɤɨɫɬɿ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ 

є ʀɯ ɜɢɪɨɛɧɢɰɬɜɨ ɡɝɿɞɧɨ ɡ ɩɪɚɜɢɥɚɦɢ GMP. ȼɢɦɨɝɢ ɧɚɥɟɠɧɨʀ ɜɢɪɨɛɧɢɱɨʀ ɩɪɚɤɬɢɤɢ 

ɜ ɪɿɡɧɢɯ ɤɪɚʀɧɚɯ ɦɚɸɬɶ ɫɜɨɸ ɫɩɟɰɢɮɿɤɭ, ɨɞɧɚɤ ɜɫɿ ɜɨɧɢ ɨɩɢɫɭɸɬɶ ɡɚɝɚɥɶɧɿ 

ɩɪɢɧɰɢɩɢ, ɜɢɤɨɧɚɧɧɹ ɹɤɢɯ ɞɨɡɜɨɥɹє ɨɪɝɚɧɿɡɭɜɚɬɢ ɜɢɪɨɛɧɢɰɬɜɨ ɡɝɿɞɧɨ ɡ ɩɪɚɜɢɥɚɦɢ 

GMP. Ɉɞɧɨɸ ɿɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɜɢɦɨɝ ɧɚɥɟɠɧɨʀ ɜɢɪɨɛɧɢɱɨʀ ɩɪɚɤɬɢɤɢ є ɨɱɢɳɟɧɧɹ 

ɨɛɥɚɞɧɚɧɧɹ. ȼ ɩɟɪɲɭ ɱɟɪɝɭ ɰɟ ɡɭɦɨɜɥɟɧɨ ɪɢɡɢɤɨɦ ɜɢɧɢɤɧɟɧɧɹ ɤɨɧɬɚɦɿɧɚɰɿʀ 

(ɩɟɪɟɤɪɟɯɪɟɧɨɝɨ ɡɚɛɪɭɞɧɟɧɧɹ) ɜɢɯɿɞɧɨʀ ɫɢɪɨɜɢɧɢ, ɧɚɩɿɜɩɪɨɞɭɤɬɭ, ɝɨɬɨɜɨʀ 

ɩɪɨɞɭɤɰɿʀ ɬɚ ɿɧɲɢɯ ɦɚɬɟɪɿɚɥɿɜ [3].  

Ɋɨɡɪɨɛɤɚ ɩɪɢɧɰɢɩɿɜ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɩɪɨɣɲɥɚ ɞɨɜɝɢɣ 

ɩɭɬɶ [4], ɩɨɱɢɧɚɸɱɢ ɡ ɩɟɪɲɢɯ ɧɚɫɬɚɧɨɜ FDA (Food and Drug Administration. 

ɍɩɪɚɜɥɿɧɧɹ ɡ ɫɚɧɿɬɚɪɧɨɝɨ ɧɚɝɥɹɞɭ ɡɚ ɹɤɿɫɬɸ ɯɚɪɱɨɜɢɯ ɩɪɨɞɭɤɬɿɜ ɬɚ ɦɟɞɢɤɚɦɟɧɬɿɜ), 

ɨɩɭɛɥɿɤɨɜɚɧɢɯ ɭ 1991 ɪɨɰɿ [5 – 7]. ɐɿ ɞɨɤɭɦɟɧɬɢ ɜ ɩɨɞɚɥɶɲɨɦɭ ɛɭɥɢ ɪɨɡɲɢɪɟɧɿ ɬɚ 

ɩɟɪɟɜɢɞɚɧɿ [8 – 12]. 

Ʌɿɤɚɪɫɶɤɿ ɩɪɟɩɚɪɚɬɢ (Ʌɉ) ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɛɪɭɞɧɟɧɿ ɿɧɲɢɦɢ ɚɤɬɢɜɧɢɦɢ 

ɮɚɪɦɚɰɟɜɬɢɱɧɢɦɢ ɫɭɛɫɬɚɧɰɿɹɦɢ, ɦɢɸɱɢɦɢ ɚɛɨ ɞɟɡɿɧɮɿɤɭɸɱɢɦɢ ɡɚɫɨɛɚɦɢ, 

ɦɿɤɪɨɨɪɝɚɧɿɡɦɚɦɢ, ɱɚɫɬɢɧɤɚɦɢ ɩɢɥɭ, ɦɚɫɬɢɥɶɧɢɦɢ ɦɚɬɟɪɿɚɥɚɦɢ, ɞɨɩɨɦɿɠɧɢɦɢ 

ɪɟɱɨɜɢɧɚɦɢ, ɩɪɨɦɿɠɧɨɸ ɩɪɨɞɭɤɰɿєɸ ɬɚ ɿɧ. Ⱦɨ ɬɨɝɨ ɠ, ɭ ɛɚɝɚɬɶɨɯ ɜɢɩɚɞɤɚɯ ɭ 

ɜɢɪɨɛɧɢɰɬɜɿ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɩɪɟɩɚɪɚɬɿɜ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɨɞɧє ɣ ɬɟ ɠ ɫɚɦɟ 

ɨɛɥɚɞɧɚɧɧɹ. Ɍɨɦɭ ɞɥɹ ɡɚɩɨɛɿɝɚɧɧɹ ɤɨɧɬɚɦɿɧɚɰɿʀ ɤɨɠɧɨɝɨ ɧɚɫɬɭɩɧɨɝɨ ɩɪɟɩɚɪɚɬɭ 

ɩɨɩɟɪɟɞɧɿɦ ɞɭɠɟ ɜɚɠɥɢɜɢɦ є ɩɪɨɜɟɞɟɧɧɹ ɟɮɟɤɬɢɜɧɨʀ ɩɪɨɰɟɞɭɪɢ ɨɱɢɳɟɧɧɹ 

ɨɛɥɚɞɧɚɧɧɹ ɡ ɨɛɨɜ’ɹɡɤɨɜɨɸ ɨɰɿɧɤɨɸ ɫɬɭɩɟɧɹ ɣɨɝɨ ɱɢɫɬɨɬɢ [13]. 

Ʉɨɧɬɚɦɿɧɚɰɿɹ ɜɢɪɚɠɚєɬɶɫɹ ɤɿɥɶɤɿɫɬɶɸ ɡɚɥɢɲɤɿɜ ɭ ɫɟɪɟɞɨɜɢɳɿ, ɧɚ ɨɛɥɚɞɧɚɧɧɿ 

ɚɛɨ ɦɚɬɟɪɿɚɥɿ. Ʉɨɧɬɚɦɿɧɚɰɿɹ ɡɚɡɜɢɱɚɣ ɜɢɪɚɠɚєɬɶɫɹ ɹɤ ɤɨɧɰɟɧɬɪɚɰɿɹ (ɱɢɫɥɨ, ɨɛ’єɦ) 
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ɡɚɥɢɲɤɿɜ ɧɚ ɩɟɜɧɿɣ ɩɥɨɳɿ (ɩɥɨɳɢɧɧɚ ɤɨɧɬɚɦɿɧɚɰɿɹ) ɚɛɨ ɭ ɩɟɜɧɨɦɭ ɨɛ’єɦɿ (ɨɛ’єɦɧɚ 

ɤɨɧɬɚɦɿɧɚɰɿɹ) [14]. 

Ɂ ɬɚɤɨʀ ɬɨɱɤɢ ɡɨɪɭ ɱɢɫɬɨɬɚ ɪɨɡɭɦɿєɬɶɫɹ, ɹɤ ɜɿɞɫɭɬɧɿɫɬɶ ɡɚɥɢɲɤɿɜ ɭ ɫɟɪɟɞɨɜɢɳɿ, 

ɧɚ ɨɛɥɚɞɧɚɧɧɿ ɚɛɨ ɦɚɬɟɪɿɚɥɿ. ɇɚ ɩɪɚɤɬɢɰɿ, ɨɞɧɚɤ, ɞɭɠɟ ɫɤɥɚɞɧɨ ɞɨɜɟɫɬɢ 

"ɜɿɞɫɭɬɧɿɫɬɶ" (ɡɚ ɨɤɪɟɦɢɦɢ ɜɢɧɹɬɤɚɦɢ), ɬɨɦɭ ɜɢɡɧɚɱɟɧɧɹ ɱɢɫɬɨɬɢ ɡɜɭɱɢɬɶ, ɹɤ 

ɧɢɡɶɤɚ ɫɬɭɩɿɧɶ ɤɨɧɬɚɦɿɧɚɰɿʀ, ɹɤɚ ɧɢɠɱɟ ɩɟɜɧɨʀ ɝɪɚɧɢɱɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɡɚɥɢɲɤɿɜ 

(ɬɚɤ ɡɜɚɧɢɣ, ɤɪɢɬɟɪɿɣ ɩɪɢɣɧɹɬɧɨɫɬɿ) [15]. Ɍɚɤɟ ɩɨɧɹɬɬɹ "ɱɢɫɬɨɬɢ" ɦɚє ɩɟɜɧɭ 

ɩɟɪɟɜɚɝɭ – ʀʀ ɦɨɠɧɚ ɞɨɫɹɝɬɢ ɩɪɚɤɬɢɱɧɨ ɬɚ ɨɰɿɧɢɬɢ. 

Ɂɚɥɟɠɧɨ ɜɿɞ ɩɪɢɪɨɞɢ ɡɚɥɢɲɤɿɜ ɪɨɡɪɿɡɧɹɸɬɶ ɬɚɤɿ ɬɢɩɢ ɤɨɧɬɚɦɿɧɚɰɿʀ: ɮɿɡɢɱɧɚ 

(ɦɟɯɚɧɿɱɧɚ); ɯɿɦɿɱɧɚ; ɛɿɨɥɨɝɿɱɧɚ. Ɂɚɥɟɠɧɨ ɜɿɞ ɫɩɨɫɨɛɭ ɪɨɡɫɿɸɜɚɧɧɹ ɡɚɥɢɲɤɿɜ ɩɨ 

ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ ɪɨɡɪɿɡɧɹɸɬɶ ɪɚɜɧɨɦɿɪɧɟ ɬɚ ɧɟɪɚɜɧɨɦɿɪɧɟ ɡɚɛɪɭɞɧɟɧɧɹ [16]. 

Ȼɿɥɶɲɿɫɬɶ ɩɪɨɰɟɞɭɪ ɨɱɢɳɟɧɧɹ ɫɩɪɹɦɨɜɚɧɨ ɧɚ ɜɢɞɚɥɟɧɧɹ ɥɿɤɚɪɫɶɤɢɯ 

(ɚɤɬɢɜɧɢɯ) ɪɟɱɨɜɢɧ ɡ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ, ɩɪɢɫɬɨɫɭɜɚɧɶ ɬɚ ɨɫɧɚɳɟɧɧɹ. ȼ 

ɞɿɣɫɧɨɫɬɿ ɤɨɧɬɚɦɿɧɚɰɿɹ ɦɨɠɟ ɛɭɬɢ ɜɢɤɥɢɤɚɧɚ ɪɿɡɧɢɦɢ ɬɢɩɚɦɢ ɡɚɥɢɲɤɿɜ [17]. 

Ⱥɤɬɢɜɧɿ ɪɟɱɨɜɢɧɢ. Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɜɩɥɢɜɭ ɧɚ ɩɚɰɿєɧɬɚ ɦɚɸɬɶ ɛɭɬɢ ɜɢɞɚɥɟɧɿ ɡ 

ɩɨɜɟɪɯɨɧɶ (ɚɛɨ ɦɚɬɟɪɿɚɥɿɜ) ɜ ɩɟɪɲɭ ɱɟɪɝɭ. ȼ ɪɚɡɿ ɧɚɹɜɧɨɫɬɿ ɞɟɤɿɥɶɤɨɯ ɚɤɬɢɜɧɢɯ 

ɪɟɱɨɜɢɧ ɩɨɬɪɿɛɧɚ ɜɿɞɫɭɬɧɿɫɬɶ ɤɨɠɧɨɝɨ ɡ ɧɢɯ. 

ɉɪɨɞɭɤɬɢ ɪɨɡɩɚɞɭ. ɉɪɨɞɭɤɬɢ ɪɨɡɩɚɞɭ, ɹɤɿ ɱɢɧɹɬɶ ɚɤɬɢɜɧɭ ɞɿɸ ɧɚ ɩɚɰɿєɧɬɚ ɬɚ 

ɦɨɠɭɬɶ ɭɬɜɨɪɸɜɚɬɢɫɹ ɭ ɯɨɞɿ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ɚɛɨ ɜɿɞ ɤɨɧɬɚɤɬɭ ɡ ɦɢɸɱɢɦɢ 

ɡɚɫɨɛɚɦɢ, ɧɟɨɛɯɿɞɧɨ ɬɚɤɨɠ ɜɢɞɚɥɢɬɢ ɜ ɩɟɪɲɭ ɱɟɪɝɭ. 

Ⱦɨɩɨɦɿɠɧɿ ɪɟɱɨɜɢɧɢ. ɇɚɩɨɜɧɸɜɚɱɿ, ɚɪɨɦɚɬɢɡɚɬɨɪɢ, ɛɚɪɜɧɢɤɢ ɬɚ ɬ.ɩ., ɚ 

ɬɚɤɨɠ ɩɪɨɞɭɤɬɢ ʀɯ ɪɨɡɩɚɞɭ, ɧɟɨɛɯɿɞɧɨ ɧɚɞɿɣɧɨ ɭɫɭɜɚɬɢ. 

ɑɚɫɬɤɢ. ɉɪɨɰɟɞɭɪɢ ɨɱɢɳɟɧɧɹ ɦɚɸɬɶ ɡɚɛɟɡɩɟɱɭɜɚɬɢ ɜɢɞɚɥɟɧɧɹ ɬɚɤɨɠ 

ɧɟɪɨɡɱɢɧɧɢɯ ɱɚɫɬɨɤ. Ɇɚєɬɶɫɹ ɧɚ ɭɜɚɡɿ, ɧɚɫɚɦɩɟɪɟɞ, ɩɢɥ, ɜɨɥɨɤɧɚ, ɹɤɿ ɩɪɢɡɜɨɞɹɬɶ 

ɞɨ ɹɜɧɢɯ ɞɟɮɟɤɬɿɜ ɥɟɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ. 

Ɍɟɯɧɿɱɧɿ ɡɚɫɨɛɢ. Ɇɚɫɬɢɥɶɧɿ ɦɚɬɟɪɿɚɥɢ, ɦɚɫɥɚ, ɠɢɪɢ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 

ɞɥɹ ɩɪɚɜɢɥɶɧɨʀ ɪɨɛɨɬɢ ɬɚ ɬɟɯɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɨɛɥɚɞɧɚɧɧɹ, ɬɚɤɨɠ ɦɨɠɭɬɶ ɛɭɬɢ 

ɞɠɟɪɟɥɨɦ ɤɨɧɬɚɦɿɧɚɰɿʀ. ɇɚ ɩɪɚɤɬɢɰɿ ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɩɨ ɦɨɠɥɢɜɨɫɬɿ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɯɚɪɱɨɜɿ ɦɚɫɬɢɥɶɧɿ ɦɚɬɟɪɿɚɥɢ. 

Ɇɢɸɱɿ ɡɚɫɨɛɢ. Ɇɢɸɱɿ ɡɚɫɨɛɢ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɦɢɣɤɢ, ɫɥɿɞ 

ɨɛɨɜ’ɹɡɤɨɜɨ ɩɟɪɟɜɿɪɹɬɢ ɧɚ ʀɯ ɧɚɹɜɧɿɫɬɶ ɭ ɜɨɞɿ ɨɫɬɚɧɧɶɨɝɨ ɨɩɨɥɿɫɤɭɜɚɧɧɹ. Ⱦɥɹ 
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ɜɢɪɨɛɧɢɱɢɯ ɰɿɥɟɣ ɧɟɨɛɯɿɞɧɨ ɨɛɨɜ’ɹɡɤɨɜɨ ɡɧɚɬɢ ɫɤɥɚɞ ɦɢɸɱɨɝɨ ɡɚɫɨɛɭ ɬɚ ɨɫɧɨɜɧɭ 

ɭɜɚɝɭ ɩɪɢɞɿɥɹɬɢ ɩɪɨɛɥɟɦɧɢɦ ɤɨɦɩɨɧɟɧɬɚɦ. 

Ⱦɟɡɿɧɮɿɤɭɸɱɿ ɡɚɫɨɛɢ. Ⱦɟɡɿɧɮɿɤɭɸɱɿ ɡɚɫɨɛɢ ɡ ɚɧɬɿɦɿɤɪɨɛɧɢɦ ɟɮɟɤɬɨɦ ɦɚɸɬɶ 

ɛɭɬɢ ɜɢɞɚɥɟɧɿ ɡ ɭɫɿɯ ɩɨɜɟɪɯɨɧɶ ɩɿɫɥɹ ɜɩɥɢɜɭ ɨɫɬɚɧɧɿɯ ɧɚ ɦɿɤɪɨɨɪɝɚɧɿɡɦɢ. 

Ɇɿɤɪɨɨɪɝɚɧɿɡɦɢ. ɇɚɹɜɧɿɬɶ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɪɨɛɥɟɦ, 

ɧɚɫɚɦɩɟɪɟɞ, ɭ ɫɬɟɪɢɥɶɧɨɦɭ ɜɢɪɨɛɧɢɰɬɜɿ, ɚ ɬɚɤɨɠ ɭ ɜɢɪɨɛɧɢɰɬɜɿ ɩɟɪɨɪɚɥɶɧɢɯ 

ɩɪɟɩɚɪɚɬɿɜ. Ɍɨɦɭ ʀɯ ɧɟɨɛɯɿɞɧɨ ɜɢɞɚɥɹɬɢ ɡɚɜɠɞɢ ɬɚ ɩɨɫɥɿɞɨɜɧɨ. 

ɉɿɪɨɝɟɧɢ. Ɋɟɱɨɜɢɧɢ, ɹɤɿ ɜɢɤɥɢɤɚɸɬɶ ɩɿɞɜɢɳɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɬɿɥɚ ɭ ɜɢɳɢɯ 

ɨɪɝɚɧɿɡɦɿɜ, ɬɚ ɜɢɧɢɤɚɸɬɶ ɩɿɞ ɜɩɥɢɜɨɦ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ (ɧɚɩɪɢɤɥɚɞ, ɟɧɞɨɬɨɤɫɢɧɢ) 

ɚɛɨ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ. Ȳɯ ɧɟɨɛɯɿɞɧɨ ɜɢɞɚɥɹɬɢ ɜ ɩɟɪɲɭ ɱɟɪɝɭ ɧɚ ɜɢɪɨɛɧɢɰɬɜɿ 

ɩɚɪɟɧɬɟɪɚɥɶɧɢɯ ɫɬɟɪɢɥɶɧɢɯ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ. 

Ⱦɨɩɭɫɬɢɦɿ ɦɟɠɿ ɞɥɹ ɡɚɥɢɲɤɿɜ ɧɚ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ. 

ȼɫɬɚɧɨɜɥɟɧɧɹ ɞɨɩɭɫɬɢɦɢɯ ɦɟɠ ɡɚɥɢɲɤɿɜ ɧɚ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ ɩɿɫɥɹ 

ɩɪɨɜɟɞɟɧɨɝɨ ɨɱɢɳɟɧɧɹ – ɜɢɪɿɲɚɥɶɧɢɣ ɟɥɟɦɟɧɬ ɹɤɿɫɧɨʀ ɩɪɨɝɪɚɦɢ ɜɚɥɿɞɚɰɿʀ ɩɪɨɰɟɫɭ 

ɨɱɢɳɟɧɧɹ. ȱɫɧɭє ɪɿɡɧɢɰɹ ɦɿɠ ɤɪɢɬɟɪɿєɦ ɩɪɢɣɧɹɬɧɨɫɬɿ ɬɚ ɦɟɠɟɸ ɞɥɹ ɡɚɥɢɲɤɿɜ ɧɚ 

ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ. Ʉɪɢɬɟɪɿɣ ɩɪɢɣɧɹɬɧɨɫɬɿ ɨɡɧɚɱɚє ɤɪɢɬɟɪɿɣ ɞɥɹ ɩɪɢɣɧɹɬɬɹ 

ɪɿɲɟɧɧɹ ɡ ɱɢɫɬɨɬɢ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɚɤɢɯ ɚɫɩɟɤɬɿɜ, ɹɤ: 

– ɦɟɠɿ ɡɚɥɢɲɤɿɜ ɧɚ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ;  

– ɡɚɝɚɥɶɧɚ ɩɥɨɳɚ ɨɛɥɚɞɧɚɧɧɹ, ɡ ɹɤɨʀ ɩɪɨɜɨɞɢɜɫɹ ɩɪɨɛɨɜɿɞɛɿɪ;  

– ɫɩɨɫɿɛ ɩɪɨɛɨɜɿɞɛɨɪɭ;  

– ɫɩɨɫɿɛ ɩɪɢɝɨɬɭɜɚɧɧɹ ɩɪɨɛɢ;  

– ɭɦɨɜɢ ɚɧɚɥɿɬɢɱɧɨɝɨ ɦɟɬɨɞɭ. 

Ɇɟɠɟɸ ɞɥɹ ɡɚɥɢɲɤɿɜ ɧɚ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ, ɹɤɭ ɳɟ ɦɨɠɧɚ ɞɨɩɭɫɬɢɬɢ ɩɿɫɥɹ 

ɩɪɨɜɟɞɟɧɧɹ ɨɱɢɳɟɧɧɹ ɛɟɡ ɜɩɥɢɜɭ ɧɚ ɹɤɿɫɬɶ ɩɨɞɚɥɶɲɨɝɨ ɩɪɨɞɭɤɬɭ, є ɪɨɡɪɚɯɨɜɚɧɟ 

(ɬɟɨɪɟɬɢɱɧɟ) ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨʀ ɤɿɥɶɤɨɫɬɿ ɡɚɥɢɲɤɿɜ ɧɚ ɩɨɜɟɪɯɧɿ 

ɨɛɥɚɞɧɚɧɧɹ (MACɈ, maximum allowable carryover – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɟ 

ɩɟɪɟɧɟɫɟɧɧɹ, ɦɤɝ/ɫɜɚɛ) ɚɛɨ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɨɧɰɟɧɬɪɚɰɿɹ (ȽȾɄ, ɦɤɝ/ɦɥ) [18, 

19]. 

ɍ ɩɪɨɬɨɤɨɥɿ ɡ ɜɚɥɿɞɚɰɿʀ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ ɧɟɨɛɯɿɞɧɨ ɜɤɚɡɭɜɚɬɢ ɹɤ ɞɨɩɭɫɬɢɦɿ 

ɦɟɠɿ ɞɥɹ ɡɚɥɢɲɤɿɜ, ɬɚɤ ɿ ɤɨɧɤɪɟɬɧɿ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ.  

ɉɟɪɟɞɛɚɱɚєɬɶɫɹ, ɳɨ ɞɨɩɭɫɬɢɦɿ ɦɟɠɿ ɬɚ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ ɛɭɞɭɬɶ: 
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– ɩɪɚɤɬɢɱɧɢɦɢ ɬɚ ɚɞɟɤɜɚɬɧɢɦɢ ɞɥɹ ɮɚɤɬɢɱɧɨɝɨ ɨɱɢɳɟɧɧɹ; 

– ɩɟɪɟɜɿɪɹєɦɢɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɚɫɨɛɿɜ ɜɢɹɜɥɟɧɧɹ; 

– ɞɨɫɹɠɧɢɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɿɜ; 

– ɧɚɭɤɨɜɨ ɨɛґɪɭɧɬɨɜɚɧɢɦɢ. 

Ⱦɭɠɟ ɜɚɠɥɢɜɨ, ɳɨɛ ɦɟɠɿ ɞɥɹ ɨɱɢɳɟɧɧɹ ɨɛɢɪɚɥɢɫɶ ɧɚ ɩɿɞɫɬɚɜɿ ɧɚɭɤɨɜɢɯ ɬɚ 

ɥɨɝɿɱɧɢɯ ɨɛґɪɭɧɬɭɜɚɧɶ. ɇɚɭɤɨɜɟ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɱɢɫɟɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɮɚɤɬɢɱɧɨʀ 

ɦɟɠɿ ɦɚє ɛɭɬɢ ɥɨɝɿɱɧɢɦ, ɩɨɜɧɢɦ ɬɚ ɡɪɨɡɭɦɿɥɢɦ [20]. ɉɿɞɩɪɢєɦɫɬɜɨ ɫɚɦɨ ɩɨɜɢɧɧɨ 

ɜɫɬɚɧɨɜɥɸɜɚɬɢ ɞɨɩɭɫɬɢɦɿ ɦɟɠɿ ɜɦɿɫɬɭ ɡɚɥɢɲɤɿɜ ɩɪɨɞɭɤɬɿɜ (ɤɪɢɬɟɪɿʀ 

ɩɪɢɣɧɹɬɧɨɫɬɿ), ɜɡɹɜɲɢ ɞɨ ɭɜɚɝɢ ɪɟɱɨɜɢɧɢ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɚ ʀɯ 

ɬɟɪɚɩɟɜɬɢɱɧɭ ɞɨɡɭ. Ȳɯ ɡɧɚɱɟɧɧɹ ɦɚɸɬɶ ɛɭɬɢ ɨɛґɪɭɧɬɨɜɚɧɢɦɢ, ɞɨɫɹɠɧɢɦɢ ɬɚ ɦɚɸɬɶ 

ɩɿɞɞɚɜɚɬɢɫɹ ɩɟɪɟɜɿɪɰɿ [21, 22]. 

Ⱦɨ ɭɫɬɚɧɨɜɥɟɧɧɹ ɦɟɠ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɢɣ ɛɭɞɶ-ɹɤɢɣ ɡ ɧɚɫɬɭɩɧɢɯ 

ɩɿɞɯɨɞɿɜ: 

– ɩɪɨɜɟɞɟɧɧɹ ɜɚɥɿɞɚɰɿʀ ɨɱɢɳɟɧɧɹ ɞɥɹ ɤɨɠɧɨɝɨ ɡ ɩɪɟɩɚɪɚɬɿɜ, ɳɨ ɜɢɩɭɫɤɚєɬɶɫɹ; 

– ɝɪɭɩɭɜɚɧɧɹ ɩɪɟɩɚɪɚɬɿɜ ɬɚ ɜɢɛɿɪ ɩɪɟɩɚɪɚɬɭ, ɹɤɢɣ ɩɪɟɞɫɬɚɜɥɹє «ɧɚɣɝɿɪɲɢɣ 

ɜɢɩɚɞɨɤ»; 

– ɝɪɭɩɭɜɚɧɧɹ ɩɪɟɩɚɪɚɬɿɜ ɩɨ ɝɪɭɩɚɯ ɪɢɡɢɤɭ (ɧɚɩɪɢɤɥɚɞ, ɥɟɝɤɨɪɨɡɱɢɧɧɿ ɩɪɟɩɚɪɚɬɢ, 

ɩɪɟɩɚɪɚɬɢ ɡ ɩɨɞɿɛɧɨɸ ɚɤɬɢɜɧɿɫɬɸ, ɜɢɫɨɤɨɬɨɤɫɢɱɧɿ ɩɪɟɩɚɪɚɬɢ, ɚ ɬɚɤɨɠ ɩɪɟɩɚɪɚɬɢ, 

ɹɤɿ ɜɚɠɤɨ ɜɢɹɜɢɬɢ). 

Ɂɝɿɞɧɨ ɡ ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ PIC/S [23] ɞɨɩɭɫɬɢɦɚ ɤɿɥɶɤɿɫɬɶ ɡɚɥɢɲɤɿɜ ɩɪɟɩɚɪɚɬɭ 

ɩɨɜɢɧɧɚ ɜɿɞɩɨɜɿɞɚɬɢ ɧɚɫɬɭɩɧɢɦ ɤɪɢɬɟɪɿɹɦ: 

– ɜ ɦɚɤɫɢɦɚɥɶɧɿɣ ɞɨɛɨɜɿɣ ɞɨɡɿ ɩɪɟɩɚɪɚɬɭ ɦɨɠɟ ɦɿɫɬɢɬɢɫɶ ɧɟ ɛɿɥɶɲɟ 0,1 % ɫɪɟɞɧɶɨʀ 

ɬɟɪɚɩɟɜɬɢɱɧɨʀ ɞɨɡɢ ɛɭɞɶ-ɹɤɨɝɨ ɜɢɝɨɬɨɜɥɟɧɨɝɨ ɩɟɪɟɞ ɧɢɦ ɩɪɟɩɚɪɚɬɭ; 

– ɜ ɩɪɟɩɚɪɚɬɿ ɧɟ ɦɚє ɦɿɫɬɢɬɢɫɶ ɛɿɥɶɲɟ ɧɿɠ 10 ppm (particle per million) ɛɭɞɶ-ɹɤɨɝɨ 

ɿɧɲɨɝɨ ɩɪɟɩɚɪɚɬɭ; 

– ɩɿɫɥɹ ɡɚɜɟɪɲɟɧɧɹ ɩɪɨɰɟɞɭɪ ɨɱɢɳɟɧɧɹ ɧɚ ɨɛɥɚɞɧɚɧɧɿ ɧɟ ɦɚє ɛɭɬɢ ɜɢɞɢɦɢɯ 

ɫɥɿɞɿɜ. 

ɇɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɤɨɧɰɟɧɬɪɚɰɿɸ, ɩɪɢ ɹɤɿɣ ɫɬɚɸɬɶ ɜɢɞɢɦɢɦɢ ɧɚɛɿɥɶɲ 

ɚɤɬɢɜɧɿ ɿɧɝɪɟɞɿєɧɬɢ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɩɪɢ ɜɿɞɨɦɨɦɭ 

ɡɚɛɪɭɞɧɟɧɧɿ. Ɇɟɠɚ ɜɦɿɫɬɭ ɞɥɹ ɩɟɜɧɢɯ ɿɧɝɪɟɞɿєɧɬɿɜ, ɹɤɿ є ɚɥɟɪɝɟɧɚɦɢ (ɩɟɧɿɰɢɥɿɧɢ, 
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ɰɟɮɚɥɨɫɩɨɪɢɧɢ) ɚɛɨ ɫɢɥɶɧɨɞɿɸɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ (ɞɟɹɤɿ ɫɬɟɪɨʀɞɢ ɬɚ ɰɢɬɨɬɨɤɫɢɧɢ), 

ɦɚє ɛɭɬɢ ɧɢɠɱɟ ɦɟɠɿ ɜɢɹɜɥɟɧɧɹ, ɜɫɬɚɧɨɜɥɟɧɧɨɝɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɣɫɭɱɚɫɧɿɲɢɯ 

ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɿɜ [24]. 

ɉɪɨɰɟɫɢ ɨɱɢɳɟɧɧɹ ɦɨɠɭɬɶ ɡɚɩɨɛɿɝɬɢ ɫɟɪɣɨɡɧɢɦ ɧɚɫɥɿɞɤɚɦ ɩɟɪɟɯɪɟɫɧɨʀ 

ɤɨɧɬɚɦɿɧɚɰɿʀ ɩɪɨɞɭɤɰɿʀ, ɚɥɟ ʀɯ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɨɜɢɧɧɚ ɛɭɬɢ ɩɟɪɟɜɿɪɟɧɚ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɜɚɥɿɞɚɰɿʀ [25, 26].  

ȼɚɥɿɞɚɰɿɸ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɞɨɰɿɥɶɧɨ ɩɨɱɢɧɚɬɢ ɡ ɪɨɡɪɨɛɤɢ ɜɚɥɿɞɚɰɿɨɧɢɯ 

ɦɚɣɫɬɟɪ-ɩɥɚɧɿɜ ɨɱɢɳɟɧɧɹ, ɹɤɿ ɜɫɬɚɧɨɜɥɸɸɬɶ ɩɨɥɿɬɢɤɭ ɬɚ ɨɫɧɨɜɧɿ ɜɢɦɨɝɢ ɞɨ 

ɨɛ’єɦɭ ɬɚ ɩɨɪɹɞɤɭ ɩɪɨɜɟɞɟɧɧɹ ɜɚɥɿɞɚɰɿʀ ɨɱɢɳɟɧɧɹ, ɡɦɿɫɬɭ, ɨɮɨɪɦɥɟɧɧɸ, 

ɭɬɜɟɪɞɠɟɧɧɹ, ɡɛɟɪɿɝɚɧɧɹ, ɤɨɧɬɪɨɥɸ ɡɚ ɡɦɿɧɚɦɢ ɜɚɥɿɞɚɰɿɣɧɨʀ ɞɨɤɭɦɟɧɬɚɰɿʀ, 

ɜɪɚɯɭɜɚɧɧɹ ɚɧɚɥɿɡɿɜ ɪɢɡɢɤɿɜ, ɪɨɡɩɨɞɿɥɭ ɜɿɞɩɨɜɿɞɚɥɶɧɨɫɬɟɣ ɬɚ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 

ɨɛɨɜ'ɹɡɤɿɜ, ɬɟɪɦɿɧɚɦɢ ɩɪɨɜɟɞɟɧɧɹ ɫɭɩɭɬɧɶɨʀ ɚɛɨ ɩɨɜɬɨɪɧɨʀ ɜɚɥɿɞɚɰɿʀ ɬɚ ɬ.ɞ., ɬɢɦ 

ɫɚɦɢɦ ɞɨɡɜɨɥɹɸɱɢ ɩɿɞɩɪɢєɦɫɬɜɚɦ ɪɚɰɿɨɧɚɥɶɧɨ ɩɥɚɧɭɜɚɬɢ ɪɟɫɭɪɫɢ, ɱɚɫ ɬɚ 

ɫɨɛɿɜɚɪɬɿɫɬɶ ɪɨɛɿɬ ɡ ɜɚɥɿɞɚɰɿʀ ɨɱɢɳɟɧɧɹ [27, 28]. 

ɉɪɨɰɟɫ ɜɚɥɿɞɚɰɿʀ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɩɨɱɢɧɚєɬɶɫɹ ɩɿɫɥɹ ɡɚɤɿɧɱɟɧɧɹ 

ɪɨɡɪɨɛɤɢ ɰɢɤɥɭ ɨɱɢɳɟɧɧɹ. Ⱦɚɧɢɣ ɩɪɨɰɟɫ, ɡɝɿɞɧɨ ɡ ɩɪɚɜɢɥɚɦɢ GMP, ɜɤɥɸɱɚє 

ɪɨɡɪɨɛɤɭ ɩɪɨɬɨɤɨɥɿɜ, ɹɤɿ ɞɟɦɨɧɫɬɪɭɸɬɶ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɪɨɰɟɞɭɪ ɨɱɢɳɟɧɧɹ 

ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɡɚɫɬɨɫɨɜɭɜɚɧɢɯ ɡɚɫɨɛɿɜ ɞɥɹ ɱɢɳɟɧɧɹ. ȼɢɛɿɪ ɚɞɟɤɜɚɬɧɨɝɨ ɩɿɞɯɨɞɭ ɞɨ 

ɜɚɥɿɞɚɰɿʀ ɨɱɢɳɟɧɧɹ ɫɭɬɬɟɜɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɪɨɡɦɿɪɿɜ, ɫɤɥɚɞɧɨɫɬɿ ɬɚ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ 

ɫɢɫɬɟɦɢ ɨɱɢɳɟɧɧɹ. ɇɟɡɚɥɟɠɧɨ ɜɿɞ ɫɤɥɚɞɧɨɫɬɿ ɫɢɫɬɟɦɢ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɡɚɝɚɥɶɧɭ 

ɫɯɟɦɭ ɩɪɨɜɟɞɟɧɧɹ ɜɚɥɿɞɚɰɿʀ: ɩɿɫɥɹ ɩɪɨɜɟɞɟɧɧɹ ɬɟɫɬɿɜ, ɚɧɚɥɿɡɢ ɨɬɪɢɦɚɧɢɯ ɡɪɚɡɤɿɜ 

ɩɨɪɿɜɧɸɸɬɶ ɡ ɡɚɡɞɚɥɟɝɿɞɶ ɩɨɡɧɚɱɟɧɢɦɢ ɞɨɩɭɫɬɢɦɢɦɢ ɦɟɠɚɦɢ ɜɦɿɫɬɭ 

ɡɚɛɪɭɞɧɸɸɱɢɯ ɪɟɱɨɜɢɧ. Ɉɫɧɨɜɧɨɸ ɦɟɬɨɸ ɩɪɢ ɩɿɞɝɨɬɨɜɰɿ ɞɨ ɩɪɨɜɟɞɟɧɧɹ ɜɚɥɿɞɚɰɿʀ 

є ɜɢɛɿɪ ɦɟɬɨɞɿɜ ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɿɜ [29 – 31]. 

Ⱦɥɹ ɜɚɥɿɞɚɰɿʀ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ ɜɜɚɠɚєɬɶɫɹ ɤɪɢɬɢɱɧɢɦ ɦɨɦɟɧɬɨɦ ɩɟɪɟɜɿɪɤɚ 

ɦɟɬɨɞɭ ɩɪɨɛɨɜɿɞɛɨɪɭ ɜ ɩɨєɞɚɧɧɿ ɡ ɨɛɪɚɧɢɦ ɚɧɚɥɿɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɞɥɹ ɬɨɝɨ, ɳɨɛ 

ɩɟɪɟɜɿɪɢɬɢ ɩɪɚɜɢɥɶɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ [32, 33]. ȼɢɛɿɪ ɦɟɬɨɞɭ ɜɿɞɛɨɪɭ 

ɩɪɨɛ ɡɚɥɟɠɢɬɶ ɜɿɞ ɯɚɪɚɤɬɟɪɭ ɡɚɛɪɭɞɧɟɧɧɹ, ɞɨɩɭɫɬɢɦɨʀ ɤɿɥɶɤɨɫɬɿ ɡɚɛɪɭɞɧɟɧɧɹ ɬɚ 

ɤɨɧɫɬɪɭɤɰɿʀ ɨɛɥɚɞɧɚɧɧɹ [34]. 

ȼɿɞɛɿɪ ɩɪɨɛ ɧɟɨɛɯɿɞɧɨ ɩɪɨɜɨɞɢɬɢ ɩɿɫɥɹ ɡɚɤɿɧɱɟɧɧɹ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ ɬɚ 
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ɫɭɲɤɢ ɨɛɥɚɞɧɚɧɧɹ ɩɪɨɬɹɝɨɦ ɱɚɫɭ, ɡɚɡɧɚɱɟɧɨɝɨ ɜ ɩɪɨɬɨɤɨɥɿ ɜɚɥɿɞɚɰɿʀ. ɉɪɢ ɰɶɨɦɭ 

ɨɛɥɚɞɧɚɧɧɹ ɦɚє ɛɭɬɢ ɩɟɪɟɜɿɪɟɧɟ ɧɚ ɧɚɹɜɧɿɫɬɶ ɡɚɥɢɲɤɿɜ ɚɤɬɢɜɧɢɯ ɮɚɪɦɚɰɟɜɬɢɱɧɢɯ 

ɫɭɛɫɬɚɧɰɿɣ, ɞɨɩɨɦɿɠɧɢɯ ɪɟɱɨɜɢɧ, ɦɢɸɱɢɯ ɡɚɫɨɛɿɜ [35 – 37]. ɋɩɨɱɚɬɤɭ ɫɥɿɞ 

ɩɪɨɜɟɫɬɢ ɜɿɡɭɚɥɶɧɭ ɩɟɪɟɜɿɪɤɭ ɨɛɥɚɞɧɚɧɧɹ ɧɚ ɧɚɹɜɧɿɫɬɶ ɜɢɞɢɦɢɯ ɡɚɥɢɲɤɿɜ. 

ɉɪɹɦɢɣ ɜɿɞɛɿɪ ɩɪɨɛ ɡ ɩɨɜɟɪɯɧɿ (ɦɟɬɨɞ ɦɚɡɤɿɜ) ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɨɰɿɧɤɢ 

ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɬɢɯ ɩɨɜɟɪɯɨɧɶ ɨɛɥɚɞɧɚɧɧɹ, ɡ ɹɤɢɦɢ ɦɨɠɟ ɤɨɧɬɚɤɬɭɜɚɬɢ ɩɪɨɞɭɤɬ. 

ɐɟɣ ɦɟɬɨɞ ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɨɛɥɚɞɧɚɧɧɹ, ɹɤɟ ɦɚє ɧɟɪɿɜɧɿ 

ɩɨɜɟɪɯɧɿ ɚɛɨ ɹɤɟ ɧɟ ɞɚє ɡɦɨɝɢ ɨɬɪɢɦɚɬɢ ɡɪɚɡɤɢ ɦɟɬɨɞɨɦ ɡɦɢɜɭ (ɦɥɢɧɢ, ɬɚɛɥɟɬɩɪɟɫ, 

ɝɨɦɨɝɟɧɿɡɚɬɨɪɢ). ɉɪɨɛɢ ɫɥɿɞ ɜɿɞɛɢɪɚɬɢ ɧɟ ɦɟɧɲ ɧɿɠ ɡ ɩ’ɹɬɢ ɞɿɥɹɧɨɤ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɬɪɚɮɚɪɟɬɭ, ɹɤɢɣ ɦɚє ɫɬɚɧɞɚɪɬɧɢɣ ɪɨɡɦɿɪ, ɬɚ ɚɩɥɿɤɚɬɨɪɚ (ɫɜɚɛɚ), ɡɦɨɱɟɧɨɝɨ 

ɪɨɡɱɢɧɧɢɤɨɦ ɞɥɹ ɪɨɡɝɥɹɧɭɬɢɯ ɚɤɬɢɜɧɢɯ ɪɟɱɨɜɢɧ [38]. ɉɿɫɥɹ ɰɶɨɝɨ ɜɦɿɫɬ 

ɚɩɥɿɤɚɬɨɪɚ ɟɤɫɬɪɚɝɭɸɬɶ ɬɚ ɜɢɡɧɚɱɚɸɬɶ ɤɿɥɶɤɿɫɧɢɣ ɪɿɜɟɧɶ ɚɤɬɢɜɧɨʀ ɪɟɱɨɜɢɧɢ ɜ 

ɪɿɞɢɧɿ. Ⱦɚɥɿ ɧɟɨɛɯɿɞɧɨ ɪɨɡɪɚɯɭɜɚɬɢ ɡɚɝɚɥɶɧɭ ɤɿɥɶɤɿɫɬɶ ɡɚɥɢɲɤɿɜ, ɹɤɿ є ɧɚ ɩɨɜɟɪɯɧɿ. 

ɐɟɣ ɤɿɧɰɟɜɢɣ ɪɿɜɟɧɶ ɡɚɛɪɭɞɧɟɧɧɹ ɩɨɜɢɧɟɧ ɡɚɞɨɜɨɥɶɧɹɬɢ ɤɪɢɬɟɪɿɹɦ ɩɪɢɣɧɹɬɨɫɬɿ, 

ɜɫɬɚɧɨɜɥɟɧɢɦ ɪɚɧɿɲɟ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ. ɉɨɩɟɪɟɞɧɶɨ 

ɫɥɿɞ ɜɢɡɧɚɱɢɬɢ ɬɚɤɨɠ ɩɪɢɞɚɬɧɿɫɬɶ ɦɚɬɟɪɿɚɥɭ ɚɩɥɿɤɚɬɨɪɚ ɬɚ ɫɟɪɟɞɨɜɢɳɚ, ɹɤɿ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɜɿɞɛɨɪɭ ɩɪɨɛ. ȼɢɛɿɪ ɦɚɬɟɪɿɚɥɭ ɚɩɥɿɤɚɬɨɪɚ ɦɨɠɟ ɜɩɥɢɧɭɬɢ 

ɧɚ ɦɨɠɥɢɜɿɫɬɶ ɬɨɱɧɨɝɨ ɜɿɞɛɨɪɭ ɩɪɨɛɢ. Ɍɨɦɭ ɜ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ 

ɫɥɿɞ ɜɫɬɚɧɨɜɥɸɜɚɬɢ, ɹɤɚ ɤɿɥɶɤɿɫɬɶ ɚɤɬɢɜɧɨʀ ɪɟɱɨɜɢɧɢ ɩɟɪɟɯɨɞɢɬɶ ɡ ɚɩɥɢɤɚɬɨɪɚ ɭ 

ɫɟɪɟɞɨɜɢɳɟ ɞɥɹ ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ/ɚɛɨ ɪɨɡɱɢɧɧɢɤ. ȼɚɠɥɢɜɨ ɬɚɤɨɠ ɩɟɪɟɤɨɧɚɬɢɫɹ, ɳɨ 

ɫɟɪɟɞɨɜɢɳɟ ɞɥɹ ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ/ɚɛɨ ɪɨɡɱɢɧɧɢɤ ɝɨɬɨɜɿ ɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ (ɡɨɜɧɿɲɧɿɣ 

ɜɢɝɥɹɞ, ɫɬɪɨɤ ɩɪɢɞɚɬɧɨɫɬɿ ɬɚ ɿɧ.) [39]. 

Ɇɟɬɨɞ ɡɦɢɜɿɜ (ɚɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɩɪɨɦɢɜɧɢɯ ɜɨɞ – final rinse) ɡɪɭɱɧɢɣ ɞɥɹ 

ɨɰɿɧɤɢ ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɱɢɳɟɧɧɹ ɫɢɫɬɟɦ, ɞɨ ɹɤɢɯ ɧɟɦɚє ɩɪɹɦɨɝɨ ɞɨɫɬɭɩɭ, ɚɛɨ 

ɱɚɫɬɢɧ ɨɛɥɚɞɧɚɧɧɹ, ɹɤɿ ɧɟ ɦɨɠɧɚ ɡɧɿɦɚɬɢ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɰɶɨɝɨ ɦɟɬɨɞɭ ɞɨɡɜɨɥɹє 

ɩɪɨɜɨɞɢɬɢ ɜɿɞɛɿɪ ɩɪɨɛ ɡ ɜɟɥɢɤɨʀ ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ, ɚ ɬɚɤɨɠ ɞɥɹ ɫɢɫɬɟɦ, ɹɤɿ 

ɨɱɢɳɚɸɬɶɫɹ ɧɚ ɦɿɫɰɿ. ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɰɶɨɝɨ ɦɟɬɨɞɭ ɨɱɢɳɟɧɟ ɬɚ ɜɢɫɭɲɟɧɟ 

ɨɛɥɚɞɧɚɧɧɹ ɩɪɨɦɢɜɚɸɬɶ ɧɟɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ ɜɨɞɢ ɨɱɢɳɟɧɨʀ ɚɛɨ ɜɨɞɢ ɞɥɹ 

ɿɧ’єɤɰɿɣ. Ɋɿɞɢɧɭ ɞɥɹ ɜɿɞɛɨɪɭ ɩɪɨɛ ɫɥɿɞ ɨɛɢɪɚɬɢ, ɜɢɯɨɞɹɱɢ ɡ ɪɨɡɱɢɧɧɨɫɬɿ ɚɤɬɢɜɧɨʀ 

ɪɟɱɨɜɢɧɢ ɬɚ ʀʀ ɩɪɢɞɚɬɧɨɫɬɿ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ. Ⱦɚɥɿ ɧɟɨɛɯɿɞɧɨ ɜɿɞɿɛɪɚɬɢ ɬɚ 
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ɨɰɿɧɢɬɢ ɩɪɨɛɢ ɪɿɞɢɧɢ ɧɚ ɜɦɿɫɬ ɡɚɥɢɲɤɿɜ ɚɤɬɢɜɧɢɯ ɪɟɱɨɜɢɧ (ɜ ɦɝ/ɦɥ), ɚ ɩɨɬɿɦ 

ɪɨɡɪɚɯɭɜɚɬɢ ɡɚɝɚɥɶɧɭ ɤɿɥɶɤɿɫɬɶ ɡɚɥɢɲɤɿɜ, ɳɨ ɦɿɫɬɹɬɶɫɹ ɜ ɡɦɢɜɚɯ ɬɚ ɩɨɪɿɜɧɹɬɢ 

ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɡ ɤɪɿɬɟɪɿɹɦɢ ɩɪɢɣɧɹɬɨɫɬɿ. ɋɭɬɬєɜɢɦɢ ɬɪɭɞɧɨɳɚɦɢ ɩɪɢ 

ɜɢɤɨɪɢɫɬɚɧɧɿ ɞɚɧɨɝɨ ɦɟɬɨɞɭ є ɦɨɠɥɢɜɢɫɬɶ ɨɬɪɢɦɚɧɧɹ ɡɧɚɱɧɨɝɨ ɪɨɡɜɟɞɟɧɧɹ, ɬɨɦɭ 

ɤɿɥɶɤɿɫɧɢɣ ɜɦɿɫɬ ɚɤɬɢɜɧɨʀ ɪɟɱɨɜɢɧɢ ɧɟ ɡɚɜɠɞɢ ɦɨɠɧɚ ɛɭɞɟ ɜɢɡɧɚɱɢɬɢ ɧɚɹɜɧɢɦ 

ɚɧɚɥɿɬɢɱɧɢɦ ɦɟɬɨɞɨɦ. Ɍɨɦɭ ɫɥɿɞ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɛɦɟɠɟɧɢɣ ɡɚɝɚɥɶɧɿɣ ɨɛ’єɦ 

ɪɿɞɢɧɢ, ɹɤɚ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɡɦɢɜɭ, ɚɛɨ ɤɨɧɰɟɧɬɪɭɜɚɬɢ ɩɪɨɛɭ ɧɚɝɪɿɜɚɧɧɹɦ ɱɢ 

ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɚɤɭɭɦɧɨɝɨ ɫɭɲɿɧɧɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɫɬɚɛɿɥɶɧɨɫɬɿ ɡɚɥɢɲɤɿɜ. ɇɚ 

ɞɭɦɤɭ ɫɩɿɜɪɨɛɿɬɧɢɤɿɜ FDA [7], ɩɟɪɟɜɚɠɧɢɦ є ɩɪɹɦɢɣ ɦɟɬɨɞ ɜɿɞɛɨɪɭ ɩɪɨɛ ɡ 

ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ. 

Ɉɞɧɚɤ, ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɨɠɧɨɝɨ ɡ ɜɤɚɡɚɧɧɢɯ ɜɢɳɟ ɦɟɬɨɞɿɜ ɨɤɪɟɦɨ ɧɟ 

ɡɚɛɟɡɩɟɱɭɸɬɶ ɧɟɨɛɯɿɞɧɨʀ ɧɚɞɿɣɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɿɜ. Ⱦɥɹ ɧɚɞɿɣɧɨʀ ɨɰɿɧɤɢ 

ɪɿɜɧɨɦɿɪɧɿɫɬɿ ɪɨɡɩɨɞɿɥɭ ɡɚɥɢɲɤɿɜ ɧɚ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ ɧɟɨɛɯɿɞɧɨ 

ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɩɪɨɛɢ, ɨɬɪɢɦɚɧɿ ɦɟɬɨɞɨɦ ɦɚɡɤɿɜ ɡ ɩɨɜɟɪɯɨɧɶ, ɭ ɩɨєɞɚɧɧɿ ɡ 

ɩɪɨɛɚɦɢ, ɨɬɪɢɦɚɧɢɦɢ ɦɟɬɨɞɨɦ ɡɦɢɜɿɜ. Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɞɨɫɬɨɜɿɪɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ 

ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɦɨɠɥɢɜɨ ɩɪɨɜɟɫɬɢ ɚɧɚɥɿɡ ɨɫɬɚɧɧɶɨɝɨ 

ɤɨɧɞɟɧɫɚɬɭ ɩɚɪɢ, ɹɤɚ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɨɛɪɨɛɤɢ ɨɛɥɚɞɧɚɧɧɹ, ɳɨ ɡɚɛɟɡɩɟɱɭє 

ɞɨɫɹɝɧɟɧɧɹ ɜɚɠɤɨɞɨɫɬɭɩɧɢɯ ɞɿɥɹɧɨɤ. Ʉɪɿɦ ɬɨɝɨ, ɦɨɠɥɢɜɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɭ 

«ɩɥɚɰɟɛɨ», ɹɤɢɣ ɩɨɥɹɝɚє ɭ ɜɢɪɨɛɧɢɰɬɜɿ ɫɟɪɿɣ ɩɥɚɰɟɛɨ ɧɚ ɨɱɢɳɟɧɨɦɭ ɨɛɥɚɞɧɚɧɧɿ ɭ 

ɡɜɢɱɚɣɧɢɯ ɜɢɪɨɛɧɢɱɢɯ ɭɦɨɜɚɯ ɡ ɩɨɞɚɥɶɲɢɦ ɞɨɫɥɿɞɠɟɧɧɹɦ ʀɯ ɧɚ ɧɚɹɜɧɿɫɬɶ 

ɡɚɛɪɭɞɧɟɧɶ [40]. 

ȼɚɠɥɢɜɢɦ ɩɢɬɚɧɧɹɦ є ɨɰɿɧɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɪɨɰɟɞɭɪ ɨɱɢɳɟɧɧɹ ɳɨɞɨ 

ɜɢɞɚɥɟɧɧɹ ɡɚɥɢɲɤɿɜ ɦɢɸɱɢɯ ɡɚɫɨɛɿɜ. Ɇɢɸɱɿ ɡɚɫɨɛɢ ɧɟ ɜɯɨɞɹɬɶ ɞɨ ɫɤɥɚɞɭ 

ɩɪɨɞɭɤɬɭ. ȼɨɧɢ ɩɪɢɡɧɚɱɟɧɿ ɬɿɥɶɤɢ ɞɥɹ ɩɨɥɟɝɲɟɧɧɹ ɩɪɨɜɟɞɟɧɧɹ ɨɱɢɳɟɧɧɹ 

ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɧɟ ɦɚɸɬɶ ɡɚɥɢɲɚɬɢɫɹ ɧɚ ɨɛɥɚɞɧɚɧɧɿ ɩɿɫɥɹ ɨɫɬɚɧɧɶɨɝɨ 

ɨɩɨɥɿɫɤɭɜɚɧɧɹ, ɬɨɦɭ ɩɨɬɪɿɛɧɨ ɜɫɬɚɧɨɜɢɬɢ ɞɨɩɭɫɬɢɦɿ ɦɟɠɿ ɜɦɿɫɬɭ ɦɢɸɱɨɝɨ ɡɚɫɨɛɭ 

ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ, ɞɥɹ ɱɨɝɨ ɧɟɨɛɯɿɞɧɨ ɡɧɚɬɢ ʀɯ ɫɤɥɚɞ. ȼ ɿɞɟɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ 

ɡɚɥɢɲɤɢ ɦɢɸɱɢɯ ɡɚɫɨɛɿɜ ɧɟ ɩɨɜɢɧɧɿ ɛɭɬɢ ɜɢɹɜɥɟɧɿ. ɉɿɞ ɱɚɫ ɩɪɨɜɟɞɟɧɧɹ ɜɚɥɿɞɚɰɿʀ 

ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ ɡɞɚɬɧɿɫɬɶ ɦɢɸɱɨɝɨ ɡɚɫɨɛɭ ɞɨ ɪɨɡɩɚɞɭ 

[24]. 
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1.2 ɇɟɫɩɟɰɢɮɿɱɧɿ ɦɟɬɨɞɢ 

ɋɤɥɚɞɧɢɣ ɜɦɿɫɬ ɚɧɚɥɿɡɨɜɚɧɢɯ ɦɚɬɪɢɰɶ (ɨɫɨɛɥɢɜɨ ɩɪɢ ɧɢɡɶɤɨɦɭ ɜɦɿɫɬɿ Ʌɉ) 

ɜɢɦɚɝɚє ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɢɛɨɪɱɢɯ ɬɚ ɱɭɬɥɢɜɢɯ ɦɟɬɨɞɿɜ ʀɯ ɜɢɡɧɚɱɟɧɧɹ. ȼ ɬɨɣ ɠɟ ɱɚɫ 

ɧɟ ɦɟɧɲ ɡɧɚɱɭɳɨɸ є ɜɢɦɨɝɚ ɜɢɫɨɤɨʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɧɚɞɿɣɧɨɫɬɿ ɬɚ ɦɨɠɥɢɜɨɫɬɿ 

ɨɬɪɢɦɚɧɧɹ ɜɟɥɢɤɨɝɨ ɨɛɫɹɝɭ ɚɧɚɥɿɬɢɱɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɚɧɚɥɿɡɭ ɜ 

ɜɢɪɨɛɧɢɱɢɯ ɭɦɨɜɚɯ [13]. ȼɢɛɿɪ ɚɧɚɥɿɬɢɱɧɨɝɨ ɦɟɬɨɞɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɱɢɫɬɨɬɢ 

ɨɛɥɚɞɧɚɧɧɹ ɧɟɨɛɯɿɞɧɨ ɪɨɡɝɥɹɞɚɬɢ ɜ ɤɨɦɛɿɧɚɰɿʀ ɡ ɦɟɬɨɞɨɦ ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ 

ɞɨɩɭɫɬɢɦɢɦɢ ɦɟɠɚɦɢ ɩɪɢɣɧɹɬɨɫɬɿ ɡ ɱɢɫɬɨɬɢ ɨɛɥɚɞɧɚɧɧɹ. ȼ ɭɫɿɯ ɜɢɩɚɞɤɚɯ ɦɟɬɨɞ, 

ɹɤɢɣ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ, ɧɟɨɛɯɿɞɧɨ ɜɚɥɿɞɭɜɚɬɢ [41]. Ɇɟɬɨɞɢ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɦɿɠ 

ɫɨɛɨɸ ɡɚ ɫɩɨɫɨɛɨɦ ɜɢɤɨɧɚɧɧɹ, ɩɿɞɝɨɬɨɜɤɢ ɩɪɨɛɢ ɬɚ ɜɥɚɫɧɟ ɚɧɚɥɿɡɨɦ. 

Ɋɨɡɪɿɡɧɹɸɬɶ ɧɟɫɩɟɰɢɮɿɱɧɿ ɬɚ ɫɩɟɰɢɮɿɱɧɿ (ɜɢɛɿɪɤɨɜɿ) ɚɧɚɥɢɬɢɱɧɿ ɦɟɬɨɞɢ: 

– ɧɟɫɩɟɰɢɮɿɱɧɿ ɦɟɬɨɞɢ – ɜɢɡɧɚɱɟɧɧɹ ɡɚɝɚɥɶɧɨɝɨ ɨɪɝɚɧɿɱɧɨɝɨ ɜɭɝɥɟɰɸ, ɪɇ-ɦɟɬɪɿɹ, 

ɤɨɧɞɭɤɬɨɦɟɬɪɿɹ; 

– ɫɩɟɰɢɮɿɱɧɿ ɦɟɬɨɞɢ – ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿ (ȼȿɌɒɏ, ȼȿɊɏ, ȽɊɏ), ɚɬɨɦɧɨ-

ɚɛɫɨɪɛɰɿɣɧɿ, ɫɩɟɤɬɪɚɥɶɧɿ ɦɟɬɨɞɢ (ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɿɹ, ɮɥɭɨɪɟɫɰɟɧɰɿɹ), ɤɚɩɿɥɹɪɧɢɣ 

ɟɥɟɤɬɪɨɮɨɪɟɡ [42]. 

ɇɟɫɩɟɰɢɮɿɱɧɿ ɦɟɬɨɞɢ ɞɨɡɜɨɥɹɸɬɶ ɜɢɡɧɚɱɚɬɢ ɜɦɿɫɬ ɫɭɦɢ ɡɚɥɢɲɤɿɜ, ɜ ɬɨɣ ɱɚɫ 

ɤɨɥɢ ɫɩɟɰɢɮɿɱɧɿ ɦɟɬɨɞɢ ɞɨɡɜɨɥɹɸɬɶ ɜɢɡɧɚɱɚɬɢ ɚɧɚɥɿɬ ɜ ɩɪɢɫɭɬɧɨɫɬɿ ɿɧɲɢɯ 

ɡɚɛɪɭɞɧɸɜɚɱɿɜ. ɇɟɫɩɟɰɢɮɿɱɧɿ ɦɟɬɨɞɢ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɧɚ ɪɚɧɧɿɯ ɫɬɚɞɿɹɯ 

ɜɢɪɨɛɧɢɰɬɜɚ (in-bulk). ɋɩɟɰɢɮɿɱɧɿ ɚɧɚɥɢɬɢɱɧɿ ɦɟɬɨɞɢ ɡɚɬɪɟɛɭɜɚɧɿ, ɹɤ ɩɪɚɜɢɥɨ, ɞɥɹ 

ɜɚɥɿɞɚɰɿʀ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɡ ɜɢɪɨɛɧɢɰɬɜɚ ɝɨɬɨɜɢɯ ɥɿɤɚɪɫɶɤɢɯ ɮɨɪɦ 

ɬɚ ɞɥɹ ɰɿɥɟɣ ɪɭɬɢɧɧɨɝɨ ɦɨɧɿɬɨɪɿɧɝɭ.  

Ⱥɧɚɥɿɬɢɱɧɿ ɦɟɬɨɞɢ ɦɚɸɬɶ ɩɟɪɟɜɚɝɢ ɣ ɧɟɞɨɥɿɤɢ, ɚ ʀɯ ɜɢɛɿɪ ɡɚɥɟɠɢɬɶ ɜɿɞ 

ɛɚɝɚɬɶɨɯ ɮɚɤɬɨɪɿɜ (ɚɧɚɥɿɬɿɜ, ɨɛɥɚɞɧɚɧɧɹ, ɩɪɨɰɟɞɭɪɢ ɨɱɢɳɟɧɧɹ). 

ȼɿɡɭɚɥьɧɢɣ ɤɨɧɬɪɨɥь. Ɋɚɧɿɲɟ ɜɢɡɭɚɥɶɧɢɣ ɨɝɥɹɞ ɛɭɜ ɨɫɧɨɜɧɢɦ ɦɟɬɨɞɨɦ 

ɨɰɿɧɤɢ ɱɢɫɬɨɬɢ ɩɨɜɟɪɯɨɧɶ ɬɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɞɥɹ ɧɟɤɪɢɬɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ. 

ɉɨɧɹɬɬɹ «ɜɿɡɭɚɥɶɧɨ ɱɢɫɬɢɣ» ɜɿɞɨɜɿɞɚє ɩɪɢɛɥɢɡɧɨ ɪɿɜɧɸ ɡɚɛɪɭɞɧɟɧɧɹ 4 ɦɤɝ/ɫɦ2 

[36]. Ɂɝɿɞɧɨ ɡ ɩɪɚɜɢɥɚɦɢ GMP ɩɨɬɪɿɛɧɟ ɩɪɨɜɟɞɟɧɧɹ ɜɿɡɭɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɸ 

ɨɛɥɚɞɧɚɧɧɹ ɧɚ ɱɢɫɬɨɬɭ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɩɟɪɟɞ ɜɢɤɨɪɢɫɬɚɧɧɹɦ. ȼɿɡɭɚɥɶɧɢɣ ɤɨɧɬɪɨɥɶ 

ɹɜɥɹє ɫɨɛɨɸ ɤɨɦɛɿɧɚɰɿɸ ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ ɚɧɚɥɿɡɭ, ɤɨɥɢ ɫɩɨɫɬɟɪɿɝɚɱ ɩɪɨɜɨɞɢɬɶ 



29 
 

ɛɟɡɫɩɨɫɟɪɟɞɧє ɜɢɡɧɚɱɟɧɧɹ ɱɢɫɬɨɬɢ ɜɢɪɨɛɧɢɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɡɦɢɜɧɢɯ ɜɨɞ ɭ 

ɪɨɡɫɿɹɧɨɦɭ ɞɟɧɧɨɦɭ ɫɜɿɬɥɿ [43] (ɬɚɛɥɢɰɹ 1.1). ȼɿɡɭɚɥɶɧɢɣ ɤɨɧɬɪɨɥɶ ɜɢɪɨɛɧɢɱɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɫɭɜɨɪɿɲɢɦ ɡɚ ɪɚɯɭɧɨɤ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɫɜɿɬɥɟɧɧɹ 

ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ ɭɥɶɬɪɚɮɿɨɥɟɬɨɜɢɦ ɫɜɿɬɥɨɦ, ɳɨ ɟɮɟɤɬɢɜɧɟ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɬɢɯ 

ɡɚɥɢɲɤɿɜ, ɹɤɿ ɩɿɞ ɣɨɝɨ ɜɩɥɢɜɨɦ ɮɥɭɨɪɟɫɰɿɸɸɬɶ [44]. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɱɚɫɬɨɤ ɧɚ 

ɜɧɭɬɪɿɲɧɿɣ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ: 

– ɩɟɪɟɝɥɹɞ ɜ ɭɥɶɬɪɚɮɿɨɥɟɬɨɜɨɦɭ ɫɜɿɬɥɿ; 

– ɩɟɪɟɝɥɹɞ ɩɿɞ ɩɨɯɢɥɨ-ɩɚɞɚɸɱɢɦ ɛɿɥɢɦ ɫɜɿɬɥɨɦ ɜɢɫɨɤɨʀ ɿɧɬɟɧɫɢɜɧɨɫɬɿ; 

– ɜɿɞɥɿɤ ɬɚ ɜɢɦɿɪ ɪɨɡɦɿɪɭ ɱɚɫɬɨɤ ɡɚ ɞɨɩɨɦɨɝɨɸ ɨɩɬɢɱɧɨɝɨ ɦɿɤɪɨɫɤɨɩɭ. 

Ɍɚɤɨɠ ɡɚɫɨɛɨɦ ɞɥɹ ɩɨɫɢɥɟɧɧɹ ɨɩɬɢɱɧɨɝɨ ɤɨɧɬɪɨɥɸ є ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɚɪɜɧɢɤɚ 

(ɡɚɡɜɢɱɚɣ ɭ ɮɨɪɦɿ ɚɟɪɨɡɨɥɸ), ɹɤɢɣ ɭɬɜɨɪɸє ɡ ɩɟɜɧɢɦɢ ɡɚɥɢɲɤɚɦɢ (ɧɚɩɪɢɤɥɚɞ, 

ɩɪɨɬɟʀɧɚɦɢ) ɤɨɥɶɨɪɨɜɿ ɤɨɦɩɥɟɤɫɢ, ɚ ɨɫɬɚɧɧɿ, ɜ ɫɜɨɸ ɱɟɪɝɭ, ɥɟɝɲɟ ɩɿɞɞɚɸɬɶɫɹ 

ɜɢɹɜɥɟɧɧɸ, ɧɿɠ ɩɪɨɫɬɨ ɡɚɥɢɲɤɢ.  

ɋɟɪɟɞ ɦɟɬɨɞɿɜ, ɹɤɿ ɧɟ ɩɨɪɟɛɭɸɬɶ ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ 

ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ, ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɦɟɬɨɞɢ ɬɟɪɦɨɝɪɚɜɿɦɟɬɪɿʀ 

[45] ɬɚ Іɑ – ɫɩɟɤɬɪɨɫɤɨɩɿʀ ɡ ɤɨɪɢɫɬɚɧɧɹɦ ɞɥɹ ɞɟɬɟɤɬɭɜɚɧɧɹ ɚɧɚɥɿɡɚɬɨɪɚ Block 

Engineering's LaserScan™ Analyzer [46, 47]. 

ɉɨɬɟɧɰɿɨɦɟɬɪɢɱɧɢɣ ɦɟɬɨɞ ɦɨɠɟ ɫɥɭɠɢɬɢ ɜ ɹɤɨɫɬɿ ɱɭɬɥɢɜɨɝɨ ɬɟɫɬɭ ɡ 

ɨɱɢɳɟɧɧɹ: 

– ɭ ɜɢɩɚɞɤɭ ɡɚɥɢɲɤɿɜ ɤɢɫɥɨɝɨ ɱɢ ɥɭɠɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɩɪɨɜɨɞɹɬɶ ɜɢɦɿɪɸɜɚɧɧɹ 

ɪɇ; 

– ɭ ɜɢɩɚɞɤɭ ɡɚɥɢɲɤɿɜ ɫɨɥɟɣ ɩɪɨɜɨɞɹɬɶ ɜɢɦɿɪɸɜɚɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɿɨɧ-

ɫɟɥɟɤɬɢɜɧɢɯ ɟɥɟɤɬɪɨɞɿɜ [48]. 

Ⱦɨ ɜɟɥɢɤɨʀ ɩɟɪɟɜɚɝɢ ɞɚɧɨɝɨ ɩɪɹɦɨɝɨ ɦɟɬɨɞɭ ɫɥɿɞ ɜɿɞɧɟɫɬɢ ɬɨɣ ɮɚɤɬ, ɳɨ ɜɿɧ ɧɟ 

ɩɨɬɪɟɛɭє ɩɪɨɛɨɜɿɞɛɨɪɭ, ɚ ɩɨɤɚɡɚɧɧɹ ɦɨɠɧɚ ɨɬɪɢɦɭɜɚɬɢ ɩɿɫɥɹ ɩɪɹɦɨɝɨ ɡɚɧɭɪɟɧɧɹ 

ɡɨɧɞɚ ɪɇ-ɦɟɬɪɚ ɜ ɪɨɡɱɢɧ ɡɪɚɡɤɚ. Ɂɨɧɞɢ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɪɇ ɦɨɠɧɚ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ «on-line» ɞɥɹ ɪɿɡɧɨɦɚɧɿɬɧɨɝɨ ɜɢɪɨɛɧɢɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɫɢɫɬɟɦ 

ɜɨɞɨɩɿɞɝɨɬɨɜɤɢ. Ɍɚɤ ɹɤ ɤɨɦɟɪɰɿɣɧɢɦ ɞɟɬɟɪɝɟɧɬɚɦ ɩɪɢɬɚɦɚɧɧɿ ɫɢɥɶɧɨ ɤɢɫɥɿ ɚɛɨ 

ɥɭɠɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɬɚɤɟ ɩɪɨɫɬɟ ɜɢɦɿɪɸɜɚɧɧɹ ɫɥɭɠɢɬɶ ɭ ɹɤɨɫɬɿ ɞɨɞɚɬɤɨɜɨɝɨ 

ɩɿɞɬɜɟɪɠɞɟɧɧɹ ɬɨɝɨ, ɳɨ ɞɟɬɟɪɝɟɧɬ ɩɨ ɡɚɤɿɧɱɟɧɧɸ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ ɛɭɜ 
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ɜɢɞɚɥɟɧɢɣ [49]. 

Ʉɨɧɞɭɤɬɨɦɟɬɪɿɹ (ɜɢɦɿɪɸɜɚɧɧɹ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɨɫɬɿ) ɱɭɬɥɢɜɚ ɞɨ ɧɚɹɜɧɨɫɬɿ 

ɿɨɧɿɜ ɛɭɞɶ-ɹɤɨʀ ɩɪɢɪɨɞɢ ɬɚ ɜɢɤɨɪɢɬɨɜɭєɬɶɫɹ ɞɥɹ ɨɰɿɧɤɢ ɪɿɜɧɹ ɡɚɛɪɭɞɧɟɧɧɹ 

ɪɟɱɨɜɢɧɚɦɢ ɿɨɧɨʀ ɩɪɢɪɨɞɢ [50, 51], ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɜ ɦɟɬɨɞɿ «ɨɱɢɳɟɧɧɹ ɧɚ 

ɦɿɫɰɿ» (Cleaning-in-place, CIP – ɦɟɬɨɞ ɨɱɢɳɟɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɩɨɜɟɪɯɨɧɶ 

ɨɛɥɚɞɧɚɧɧɹ ɚɛɨ ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɫɢɫɬɟɦɢ ɜ ɰɿɥɨɦɭ, ɛɟɡ ɪɨɡɛɢɪɚɧɧɹ), ɹɤɢɣ ɩɟɪɟɞɛɚɱɚє 

ɜɢɞɚɥɟɧɧɹ ɡɚɥɢɲɤɿɜ ɦɢɸɱɢɯ ɡɚɫɨɛɿɜ. 

Ɇɟɬɨɞ ɜɢɡɧɚɱɟɧɧɹ ɡɚɝɚɥьɧɨɝɨ ɨɪɝɚɧɿɱɧɨɝɨ ɜɭɝɥɟɰɸ (ЗɈȼ) (ɌɈɋ – total organic 

carbon) ɩɪɚɰɸє ɡɚ ɩɪɢɧɰɢɩɨɦ ɤɚɬɚɥɿɬɢɱɧɨɝɨ ɨɤɢɫɧɟɧɧɹ ɩɪɢɫɭɬɧɶɨɝɨ ɜɭɝɥɟɰɸ ɬɚ 

ɜɢɦɿɪɸɜɚɧɧɹ ɜɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɭ, ɹɤɢɣ ɭɬɜɨɪɢɜɫɹ, ɡ ɩɨɞɚɥɶɲɨɸ ɪɟєɫɬɪɚɰɿєɸ  

ȱɑ-ɞɟɬɟɤɬɨɪɨɦ ɧɚ ɚɧɚɥɿɡɚɬɨɪɿ TOC. Ɉɞɧɢɦ ɿɡ ɲɥɹɯɿɜ ɞɨɞɚɬɤɭ ɦɟɬɨɞɭ ɁɈȼ ɞɥɹ 

ɜɚɥɿɞɚɰɿʀ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ є ɩɟɪɟɞɭɦɨɜɚ, ɳɨ ɜɫɿ ɡɧɚɣɞɟɧɿ ɡɚɥɢɲɤɢ ɜɿɞɧɨɫɹɬɶɫɹ 

ɞɨ ɤɨɦɩɨɧɟɧɬɭ-ɡɚɛɪɭɞɧɢɤɭ [52, 53].  

Ⱦɚɧɢɣ ɦɟɬɨɞ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɧɬɪɨɥɹ 

ɩɟɪɟɤɪɟɯɪɟɫɧɨɝɨ ɡɚɛɪɭɞɧɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɭ ɜɢɪɨɛɧɢɰɬɜɿ 

ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ [54 – 59] ɬɚ ɞɚє ɡɦɨɝɭ ɜɢɹɜɥɹɬɢ ɨɪɝɚɧɿɱɧɿ ɡɚɛɪɭɞɧɟɧɧɹ ɭ 

ɜɢɧɹɬɤɨɜɨ ɦɚɥɢɯ ɤɨɧɰɟɧɬɪɚɰɿɹɯ, ɞɨ ɪɿɜɧɹ ppt, ɚɥɟ ɞɚє ɡɚɝɚɥɶɧɭ ɤɚɪɬɢɧɭ 

ɡɚɛɪɭɞɧɟɧɧɹ. 

Ⱦɨɛɪɿ ɪɟɡɭɥɶɬɚɬɢ ɨɰɿɧɤɢ ɪɿɜɧɹ ɡɚɛɪɭɞɧɟɧɧɹ ɞɚє ɤɨɦɛɿɧɚɰɿɹ ɬɪɶɨɯ ɦɟɬɨɞɿɜ: 

ɩɨɬɟɧɰɿɨɦɟɬɪɢɱɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ pH, ɤɨɧɞɭɤɬɨɦɟɬɪɿʀ ɬɚ ɦɟɬɨɞɭ ɁɈȼ. ȱɫɧɭɸɬɶ 

ɚɧɚɥɿɡɚɬɨɪɢ, ɹɤɿ ɩɨɤɚɡɭɸɬɶ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ ɜɨɞɢ ɬɚ ɪɿɜɟɧɶ ɁɈȼ ɨɞɧɨɱɚɫɧɨ.  

1.3 ɋɩɟɤɬɪɨɫɤɨɩɿɱɧɿ ɦɟɬɨɞɢ  

ȼɚɠɥɢɜɨ, ɳɨɛ ɚɧɚɥɿɬɢɱɧɢɣ ɦɟɬɨɞ ɛɭɜ ɞɨɫɬɚɬɧɶɨ ɫɩɟɰɢɮɿɱɧɢɦ ɬɚ ɱɭɬɥɢɜɢɦ, ɚ 

ɬɚɤɨɠ ɫɭɦɿɫɧɢɦ ɡ ɞɨɩɭɫɬɢɦɢɦɢ ɦɟɠɚɦɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɟɪɟɤɪɟɯɪɟɫɧɨɝɨ 

ɡɚɛɪɭɞɧɟɧɧɹ ɝɨɬɨɜɨʀ ɩɪɨɞɭɤɰɿʀ ɬɚ ɜɢɪɨɛɧɢɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ɍɚɤɢɦ ɜɢɦɨɝɚɦ 

ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɫɩɟɤɬɪɨɫɤɨɩɿɱɧɿ ɬɚ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɦɟɬɨɞɢ ɚɧɚɥɿɡɭ, ɹɤɿ ɜɫɟ ɲɢɪɲɟ 

ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɜ ɚɧɚɥɿɬɢɱɧɿɣ ɩɪɚɤɬɢɰɿ ɤɨɧɬɪɨɥɸ ɩɪɨɰɟɫɿɜ ɯɿɦɿɤɨ-

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ.  

Ɇɟɬɨɞɢ ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɿɣɧɨʀ ɬɚ ɚɬɨɦɧɨ-ɟɦɿɫɿɣɧɨʀ ɫɩɟɤɬɪɨɫɤɨɩɿʀ (ȺȺɋ ɬɚ 

Ⱥȿɋ) ɲɢɪɨɤɨ ɡɚɫɬɨɜɨɜɭɸɬɶɫɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɧɚ 
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ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ʀɦ ɜɥɚɫɬɢɜɚ ɜɢɫɨɤɚ ɫɟɥɟɤɬɢɜɧɿɫɬɶ ɬɚ 

ɧɢɡɶɤɿ ɦɟɠɿ ɜɢɹɜɥɟɧɧɹ, ɩɪɨɫɬɨɬɚ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ [60, 61]. 

ȼɿɞɨɦɚ ɦɟɬɨɞɢɤɚ ɧɟɩɪɹɦɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɰɢɫɩɥɚɬɢɧɭ ɦɟɬɨɞɨɦ ȺȺɋ ɜ ɡɦɢɜɧɢɯ 

ɜɨɞɚɯ [60], ɹɤɚ ɛɚɡɭєɬɶɫɹ ɧɚ ɪɟɚɤɰɿʀ ɜɡɚєɦɨɞɿʀ ɰɢɫɩɥɚɬɢɧɭ ɡ ɞɿɟɬɢɥɞɢɬɿɨɤɚɪɛɚɦɚɬɨɦ 

(ȾȾɌɄ) ɡ ɭɬɜɨɪɟɧɧɹɦ ɤɨɦɩɥɟɤɫɭ Pt-ȾȾɌɄ, ɡ ɧɚɫɬɭɩɧɢɦ ɜɢɡɧɚɱɟɧɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ 

ɩɥɚɬɢɧɢ. ȼ ɪɨɛɨɬɿ [61] ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɥɿɬɿɸ ɦɟɬɨɞɨɦ 

ɚɬɨɦɧɨ-ɟɦɿɫɿɣɧɨʀ ɫɩɟɤɬɪɨɫɤɨɩɿʀ ɡ ɿɧɞɭɤɬɢɜɧɨ ɡɜ’ɹɡɧɨɸ ɩɥɚɡɦɨɸ (Ⱥȿɋ-ȱɁɉ). 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ ɬɚɤɨɠ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɩɟɤɬɪɨɦɟɬɪɿɸ ɿɨɧɧɨʀ ɪɭɯɥɢɜɨɫɬɿ (ɋȱɊ) (Ion 

Mobility Spectrometry – IMS). ȱɨɧɿɡɨɜɚɧɚ ɦɨɥɟɤɭɥɚ ɛɭɞɶ-ɹɤɨʀ ɪɟɱɨɜɢɧɢ ɜɨɥɨɞɿє 

ɫɬɪɨɝɨ ɜɢɡɧɚɱɟɧɨʀ ɪɭɯɥɢɜɿɫɬɸ ɜ ɫɥɚɛɤɨɦɭ ɟɥɟɤɬɪɢɱɧɨɦɭ ɩɨɥɿ. Ⱦɥɹ ɿɨɧɿɡɚɰɿʀ 

ɦɨɥɟɤɭɥ ɦɨɠɭɬɶ ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɹ ɪɚɞɿɨɚɤɬɢɜɧɿ ɿɡɨɬɨɩɢ, ɭɥɶɬɪɚɮɿɨɥɟɬɨɜɟ ɚɛɨ 

ɥɚɡɟɪɧɟ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ, ɤɨɪɨɧɧɢɣ ɪɨɡɪɹɞ, ɩɨɜɟɪɯɧɟɜɚ ɿɨɧɿɡɚɰɿɹ. Ɋɿɡɧɿ ɬɢɩɢ ɿɨɧɿɜ 

ɞɨɫɹɝɚɸɬɶ ɞɟɬɟɤɬɨɪɚ ɡɚ ɪɿɡɧɢɣ ɱɚɫ ɬɚ ɮɨɪɦɭɸɬɶ ɿɨɧɧɢɣ ɫɩɟɤɬɪ ɞɨɫɥɿɞɠɭɜɚɧɨʀ 

ɪɟɱɨɜɢɧɢ. ɐɟɣ ɦɟɬɨɞ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɜɢɫɨɤɨɸ ɱɭɬɥɢɜɿɫɬɸ ɬɚ ɟɤɫɩɪɟɫɧɿɫɬɸ [62 – 

64].  

Ʌɉ ɡɚɜɞɹɤɢ ɧɚɹɜɧɨɫɬɿ ɭ ɫɜɨʀɣ ɫɬɪɭɤɬɭɪɿ ɯɪɨɦɨɮɨɪɿɜ (ɤɨɧɞɟɧɫɨɜɚɧɿ 

ɚɪɨɦɚɬɢɱɧɿ, ɝɟɬɟɪɨɰɢɤɥɿɱɧɿ ɮɪɚɝɦɟɧɬɢ), ɡɞɚɬɧɿ ɿɧɬɟɧɫɢɜɧɨ ɩɨɝɥɢɧɚɬɢ  

ɍɎ-ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ. Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɪɭɬɢɧɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ 

ɡɚɫɬɨɫɨɜɭɸɬɶ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɢɣ ɚɧɚɥɿɡ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɜɥɚɫɧɨɦɭ ɩɨɝɥɢɧɚɧɧɿ 

ɜ ɍɎ-ɨɛɥɚɫɬɿ ɫɩɟɤɬɪɭ [65 – 70]. 

ɍ ɪɨɛɨɬɿ [66] ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɚ ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ 

ɤɿɥɶɤɨɫɬɟɣ ɞɢɤɥɨɮɟɧɚɤɭ ɧɚɬɪɿɸ ɦɟɬɨɞɨɦ ɍɎ-ɫɩɟɤɬɪɨɦɟɬɪɿʀ. ȼɢɡɧɚɱɟɧɧɹ ɜɟɞɟɬɶɫɹ 

ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 267 ɧɦ. Ɇɟɬɨɞɢɤɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɧɢɡɶɤɨɸ ɦɟɠɟɸ ɜɢɹɜɥɟɧɧɹ, 

ɹɤɚ ɫɬɚɧɨɜɢɬɶ 0,014715 ɦɝ/ɦɥ ɬɚ ɜɢɫɨɤɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ ɜɢɥɭɱɟɧɧɹ – 94,58 %. 

Ʌɉ ɡɞɚɬɧɿ ɩɪɨɹɜɥɹɬɢ ɜɥɚɫɧɭ ɮɥɭɨɪɟɫɰɟɧɰɿɸ ɚɛɨ ɦɨɠɭɬɶ ɛɭɬɢ ɩɟɪɟɬɜɨɪɟɧɿ ɭ 

ɪɟɱɨɜɢɧɢ, ɩɪɨɞɭɤɬɢ ɹɤɢɯ ɩɪɨɹɜɥɹɸɬɶ ɮɥɭɨɪɟɫɰɟɧɰɿɸ, ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ, 

ɬɨɦɭ ɞɥɹ ʀɯ ɜɢɡɧɚɱɟɧɧɹ ɧɚ ɩɨɜɟɪɯɧɹɯ ɩɟɪɫɩɟɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɥɸɦɿɧɟɫɰɟɧɬɧɢɣ [71] ɬɚ ɯɟɦɿɥɸɦɿɧɟɫɰɟɧɬɧɢɣ ɦɟɬɨɞɢ [72], ɹɤɿ ɞɨɫɬɚɬɧɶɨ 

http://chem21.info/info/499796
http://chem21.info/info/486655
http://chem21.info/info/168489
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ɟɤɫɩɪɟɫɧɿ ɬɚ ɜɢɫɨɤɨɱɭɬɥɢɜɿ (ɬɚɛɥ. 1.1).  

ɇɨɜɢɣ ɞɿɨɞɧɢɣ ɞɚɬɱɢɤ (light-emitting diode, LED) ɫɬɜɨɪɸє ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ 

ɩɪɢ ɩɪɨɩɭɫɤɚɧɧɿ ɱɟɪɟɡ ɧɶɨɝɨ ɟɥɟɤɬɪɢɱɧɨɝɨ ɫɬɪɭɦɭ, ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɜ ɹɤɨɫɬɿ 

ɚɧɚɥɿɬɢɱɧɨʀ ɦɟɬɨɞɨɥɨɝɿʀ ɞɥɹ ɨɧɥɚɣɧ-ɩɟɪɟɜɿɪɤɢ ɨɱɢɳɟɧɧɹ ɭ ɮɚɪɦɚɰɟɜɬɢɱɧɿɣ 

ɩɪɨɦɢɫɥɨɜɨɫɬɿ. ɐɟɣ ɞɚɬɱɢɤ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɦɨɠɥɢɜɿɫɬɸ ɞɢɧɚɦɿɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɹɤ 

ɞɨɜɠɢɧɨɸ ɯɜɢɥɿ ɡɛɭɠɞɟɧɧɹ, ɬɚɤ ɿ ɩɚɪɚɦɟɬɪɚɦɢ ɜɢɹɜɥɟɧɧɹ (ɟɦɿɫɿʀ), ɳɨ ɞɨɡɜɨɥɹє 

ɣɨɝɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɥɹ ɲɜɢɞɤɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɿɜ ɩɪɟɩɚɪɚɬɿɜ. ɐɹ 

ɨɫɨɛɥɢɜɿɫɬɶ ɪɨɛɢɬɶ ɣɨɝɨ ɿɞɟɚɥɶɧɨɸ ɚɥɶɬɟɪɧɚɬɢɜɨɸ ɡɜɢɱɚɣɧɿɣ ɚɧɚɥɿɬɢɱɧɿɣ 

ɦɟɬɨɞɨɥɨɝɿʀ ɬɚ ɞɨɡɜɨɥɹє ɡɧɚɱɧɨ ɫɤɨɪɨɬɢɬɢ ɱɚɫ ɚɧɚɥɿɡɭ, ɳɨ ɞɭɠɟ ɜɚɠɥɢɜɨ ɞɥɹ 

ɩɪɨɰɟɫɿɜ ɨɱɢɳɟɧɧɹ [71]. 

ȼ ɹɤɨɫɬɿ ɯɟɦɿɥɸɦɿɧɟɫɰɟɧɬɧɨʀ ɫɢɫɬɟɦɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɰɟɮɦɟɬɚɡɨɥɭ 

ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɫɢɫɬɟɦɚ ɧɚ ɨɫɧɨɜɿ ɥɸɦɿɧɨɥɭ [72].  

1.4 ɏɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɦɟɬɨɞɢ 

Ƚɨɥɨɜɧɢɦɢ ɩɪɢɱɢɧɚɦɢ, ɫɬɪɢɦɭɸɱɢɦɢ ɲɢɪɨɤɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ȼȿɊɏ ɜ 

ɪɭɬɢɧɧɿɣ ɩɪɚɤɬɢɰɿ, є ɧɚɫɬɭɩɧɿ: 

− ɜɿɞɧɨɫɧɨ ɜɢɫɨɤɚ ɫɤɥɚɞɧɿɫɬɶ ɬɚ ɜɚɪɬɿɫɬɶ ɨɛɥɚɞɧɚɧɧɹ ɞɥɹ ȼȿɊɏ, ɞɥɹ 

ɩɪɚɜɢɥɶɧɨʀ ɟɤɫɩɥɭɚɬɚɰɿʀ ɹɤɨɝɨ ɧɟɨɛɯɿɞɧɿ ɜɢɫɨɤɨɤɜɚɥɿɮɿɤɨɜɚɧɿ ɨɩɟɪɚɬɨɪɢ; 

− ɧɟɨɛɯɿɞɧɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɟɥɢɤɢɯ ɨɛ’єɦɿɜ ɫɩɟɰɿɚɥɶɧɨ ɨɱɢɳɟɧɢɯ ɬɚ, 

ɨɬɠɟ, ɞɨɪɨɝɢɯ ɪɨɡɱɢɧɧɢɤɿɜ ɞɥɹ ɪɭɯɨɦɢɯ ɮɚɡ. 

ȱɧɨɞɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɝɚɡɨɜɭ ɯɪɨɦɚɬɨɝɪɚɮɿɸ (Ƚɏ) ɬɚ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɭ 

ɬɨɧɤɨɲɚɪɨɜɭ ɯɪɨɦɚɬɨɝɪɚɮɿɸ (ȼȿɌɒɏ). 

Ɇɟɬɨɞ ɝɚɡɨɜɨʀ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɭ ɤɨɧɬɪɨɥɿ ɹɤɨɫɬɿ Ʌɉ 

ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɨɪɝɚɧɿɱɧɢɯ ɪɨɡɱɢɧɧɢɤɿɜ, ɚɥɟ ɦɨɠɧɚ ɣɨɝɨ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɪɟɱɨɜɢɧ ɧɚ ɩɨɜɟɪɯɧɹɯ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɦɟɬɨɞɢɤɢ ɝɚɡɨɜɨʀ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɨɥɭɦ'ɹɧɨ-ɿɨɧɿɡɚɰɿɣɧɨɝɨ ɞɟɬɟɤɬɨɪɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ 

ɤɿɥɶɤɨɫɬɟɣ ɿɡɨɩɪɨɩɚɧɨɥɭ, ɳɨ ɜɢɤɨɪɢɫɬɜɭєɬɶɫɹ ɜ ɹɤɨɫɬɿ ɦɢɸɱɨɝɨ ɚɝɟɧɬɚ ɩɪɢ 

ɨɱɢɳɟɧɧɿ ɨɛɥɚɞɧɚɧɧɹ [73], ɬɚ ɦɟɬɟɧɚɦɿɧ ɝɿɩɭɪɚɬɭ (ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɭ ɹɤɨɫɬɿ 

ɜɧɭɬɪɿɲɧɶɨɝɨ ɫɬɚɧɞɚɪɬɭ ɩ-ɤɪɟɡɨɥɭ) [74] ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ. ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɹɬɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɚɩɿɥɹɪɧɢɯ ɤɨɥɨɧɨɤ. 
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ȼɢɫɨɤɨɟɮɟɤɬɢɜɧɚ ɬɨɧɤɨɲɚɪɨɜɚ ɯɪɨɦɚɬɨɝɪɚɮɿɹ ȼȿɌɒɏ ɬɚɤɨɠ ɡɚɫɬɨɫɭєɬɶɫɹ 

ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ Ʌɉ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. ɋɭɱɚɫɧɿ ɬɟɯɧɢɱɧɿ 

ɪɿɲɟɧɧɹ ɞɥɹ ȼȿɌɒɏ ɫɬɚɜɥɹɬɶ ɰɟɣ ɦɟɬɨɞ ɜ ɨɞɢɧ ɪɹɞ ɡ ȼȿɊɏ. ɍ ȼȿɌɒɏ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɿ ɩɥɚɫɬɢɧɢ. Ⱦɥɹ ɧɚɧɟɫɟɧɧɹ ɩɪɨɛɢ ɧɚ ɩɥɚɫɬɢɧɭ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɚɜɬɨɦɚɬɢɱɧɢɣ ɚɩɥɿɤɚɬɨɪ. ɍ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɜ ȼȿɌɒɏ 

ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɫɤɚɧɭɸɱɢɣ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɢɣ ɍɎ-ɞɟɬɟɤɬɨɪ. ȼɚɥɿɞɚɰɿɹ 

ɨɱɢɳɟɧɧɹ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ȼȿɌɒɏ-ɚɧɚɥɢɡɭ ɦɨɠɟ ɛɭɬɢ ɩɪɨɜɟɞɟɧɚ ɡ ɧɟɨɛɯɿɞɧɨɸ 

ɬɨɱɧɿɫɬɸ. Ɇɟɬɨɞ ɩɪɨɫɬɢɣ ɬɚ ɲɜɢɞɤɢɣ. Ɋɟɡɭɥɶɬɚɬɢ, ɨɬɪɢɦɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɦɟɬɨɞɭ ɤɿɥɶɤɿɫɧɨʀ ɞɟɧɫɢɬɨɦɟɬɪɿʀ, ɬɨɱɧɿ ɣ ɞɨɫɬɨɜɿɪɧɿ [75, 76]. 

ɒɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɸɬɶ ɪɿɞɢɧɧɭ ɯɪɨɦɚɬɨɝɪɚɮɿɸ ɡ ɦɚɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɧɢɦ 

ɞɟɬɟɤɬɭɜɚɧɧɹɦ (Ɋɏ-Ɇɋ/Ɇɋ) [77, 78], ȼȿɊɏ ɫ ɮɥɭɨɪɟɫɰɟɧɬɧɢɦ [79], 

ɤɨɧɞɭɤɬɨɦɟɬɪɢɱɧɢɦ [80, 81] ɬɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɢɦ [82 – 117] ɞɟɬɟɤɬɨɪɚɦɢ. 

Ɋɹɞ ɦɟɬɨɞɢɱɧɢɯ ɞɟɬɚɥɟɣ (ɫɭɦɿɲɿ ɪɨɡɱɢɧɧɢɤɿɜ, ɪɇ ɫɟɪɟɞɨɜɢɳɚ, ɞɨɜɠɢɧɚ ɯɜɢɥɶ 

ɩɨɝɥɢɧɚɧɧɹ) ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 1.2. 

Ɋɨɡɪɨɛɥɟɧɨ ɱɭɬɥɢɜɢɣ ɬɚ ɫɟɥɟɤɬɢɜɧɢɣ ɫɩɨɫɿɛ ɜɢɡɧɚɱɟɧɧɹ ɪɹɞɭ 

ɰɟɮɚɥɨɫɩɨɪɢɧɨɜɢɯ ɚɧɬɢɛɿɨɬɢɤɿɜ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɦɩɥɟɤɫɭ ɪɿɞɢɧɧɨɝɨ 

ɯɪɨɦɚɬɨɝɪɚɮɚ – ɬɚɧɞɟɦɧɨɝɨ ɦɚɫ-ɫɩɟɤɬɪɨɦɟɬɪɚ. ɉɟɪɟɜɚɝɚ ɞɚɧɨʀ ɦɟɬɨɞɢɤɢ, 

ɩɨɪɿɜɧɹɧɨ ɡ ɜɿɞɨɦɢɦɢ ɪɚɧɿɲɟ, ɩɨɥɹɝɚє ɜ ɡɚɫɬɨɫɭɜɚɧɧɿ ɫɭɬɬєɜɨ ɦɟɧɲɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɨɪɝɚɧɢɱɧɢɯ ɟɤɫɬɪɚɝɟɧɬɿɜ. ɉɨєɞɧɚɧɧɹ ȼȿɊɏ ɡ Ɇɋ/Ɇɋ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ 

ɞɨɡɜɨɥɢɥɨ ɞɨɫɹɝɬɢ ɤɪɚɳɨʀ ɱɭɬɥɢɜɨɫɬɿ ɬɚ ɫɟɥɟɤɬɢɜɧɨɫɬɿ [78]. 

Ɂɞɚɬɧɿɫɬɶ Ʌɉ ɩɨɝɥɢɧɚɬɢ ɜ ɍɎ- ɞɿɚɩɚɡɨɧɿ ɞɨɡɜɨɥɹє ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ʀɯ 

ɜɢɡɧɚɱɟɧɧɹ ɨɛɟɪɧɟɧɨ-ɮɚɡɨɜɭ ȼȿɊɏ ɡ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɢɦ ɞɟɬɟɤɬɨɪɨɦ. 

ɍ ɪɚɡɿ, ɹɤɳɨ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɩɪɨɜɨɞɢɥɨɫɶ ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɿɡɧɨɦɚɧɿɬɧɢɯ 

ɦɢɸɱɢɯ ɚɝɟɧɬɿɜ, ɧɟɨɛɯɿɞɧɨ ɬɚɤɨɠ ɩɪɨɜɨɞɢɬɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɞɟɬɟɪɝɟɧɬɿɜ, ɹɤɿ ɛɭɥɢ ɜɢɤɨɪɢɫɬɚɧɿ. Ɇɟɬɨɞɨɦ ɿɨɧɧɨʀ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɜ ɪɨɛɨɬɿ [81] 

ɩɨɤɚɡɚɧɚ ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɥɭɠɧɨɝɨ ɞɟɬɟɪɝɟɧɬɚ CIP-100, ɡɚɫɧɨɜɚɧɚ ɧɚ 

ɜɢɡɧɚɱɟɧɧɿ ɣɨɝɨ ɤɨɦɩɨɧɟɧɬɚ – ɟɬɢɥɟɧɞɢɚɦɿɧɬɟɬɪɚɨɰɬɨɜɨʀ ɤɢɫɥɨɬɢ. 

ȼɢɫɨɤɨɟɮɟɤɬɢɜɧɢɣ ɪɿɞɢɧɧɢɣ ɯɪɨɦɚɬɨɝɪɚɮ ɡ ɱɭɬɥɢɜɢɦ ɞɿɨɞɧɨ-ɦɚɬɪɢɱɧɢɦ 

ɞɟɬɟɤɬɨɪɨɦ ɡɚɫɬɨɫɨɜɭɜɚɥɢ ɜ ɪɨɛɨɬɿ [92] ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɧɚɛɭɦɟɬɨɧɭ. ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɢɥɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɯɪɨɦɚɬɨɝɪɚɮɢɱɧɨʀ ɤɨɥɨɧɤɢ 
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Phenomenex Luna C18 4,6 ɦɦ×250 ɦɦ, ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 µm. ȼɢɡɧɚɱɟɧɧɹ 

ɩɪɨɜɨɞɢɥɢ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 230 ɧɦ. Ɇɟɠɚ ɜɢɹɜɥɟɧɧɹ ɫɤɥɚɞɚє 0,05 ɦɤɝ/ɦɥ. 

ɍ ɪɨɛɨɬɿ [85] ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɞɢɝɨɤɫɢɧɭ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ȼȿɊɏ ɡ 

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ. ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿɣ ɤɨɥɨɧɰɿ, ɹɤɚ ɦɿɫɬɢɬɶ 

ɫɨɪɛɟɧɬ, ɦɨɞɢɮɿɤɨɜɚɧɢɣ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦɢ ɝɪɭɩɚɦɢ, ɜ ɹɤɨɫɬɿ ɪɭɯɨɦɨʀ ɮɚɡɢ 

ɜɢɫɬɭɩɚɥɚ ɫɭɦɿɲ ɚɰɟɬɨɧɿɬɪɢɥ:ɜɨɞɚ (28:72, ɨɛ/ɨɛ). Ⱦɟɬɟɤɬɭɜɚɧɧɹ ɩɪɨɜɨɞɢɥɢ ɡɚ 

ɞɨɜɠɢɧɢ ɯɜɢɥɿ 220 ɧɦ. Ɇɟɠɚ ɜɢɹɜɥɟɧɧɹ – 0,010 ɦɤɝ/ɦɥ. 

ɍ ɪɨɛɨɬɿ [90] ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɞɜɨɯ ɤɨɦɩɨɧɟɧɬɿɜ – ɤɥɿɧɞɚɦɿɰɢɧɭ 

ɮɨɫɮɚɬɭ ɬɚ ɬɪɟɬɢɧɨʀɧɭ. ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɨɛɟɪɧɟɧɨ-ɮɚɡɨɜɨʀ 

ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɨʀ ɪɿɞɢɧɧɨʀ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɯɪɨɦɚɬɨɝɪɚɮɢɱɧɨʀ 

ɤɨɥɨɧɤɢ Hypersil BDS C18 4,6 ɦɦ×150 ɦɦ, ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 µm. Ɇɟɬɨɞɢɤɚ 

ɩɟɪɟɞɛɚɱɚє ɜɢɤɨɪɢɫɬɚɧɧɹ ɝɪɚɞɿєɧɬɧɨɝɨ ɪɟɠɢɦɭ, ɬɨɛɬɨ ɪɿɡɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɜɨɯ 

ɪɭɯɨɦɢɯ ɮɚɡ ɭ ɱɚɫɿ. Ɋɭɯɨɦɚ ɮɚɡɚ Ⱥ – ɫɭɦɿɲ ɬɪɢɟɬɢɥɚɦɿɧɨɜɨɝɨ ɛɭɮɟɪɭ ɡ ɪɇ 3,0 ɡ 

ɬɟɬɪɚɝɿɞɪɨɮɭɪɚɧɨɦ (95:5, ɨɛ/ɨɛ), ɪɭɯɨɦɚ ɮɚɡɚ Ȼ – ɚɰɟɬɨɧɿɬɪɢɥ. Ⱦɟɬɟɤɬɭɜɚɧɧɹ 

ɩɪɨɜɨɞɢɥɢ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 210 ɧɦ – ɞɥɹ ɤɥɿɧɞɚɦɿɰɢɧɭ ɮɨɫɮɚɬɭ ɬɚ 356 ɧɦ – ɞɥɹ 

ɬɪɟɬɢɧɨʀɧɭ, ɡ ɦɟɠɚɦɢ ɜɢɹɜɥɟɧɧɹ 0,63 ɦɤɝ/ɦɥ ɬɚ 0,013 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɇɟɬɨɞɨɦ ɨɛɟɪɧɟɧɨ-ɮɚɡɨɜɨʀ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɨʀ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɜ ɪɨɛɨɬɿ [96] 

ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɨɞɧɨɱɚɫɧɨ ɞɜɨɯ ɤɨɦɩɨɧɟɧɬɿɜ – ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ 

ɞɢɤɥɨɮɟɧɚɤɭ ɤɚɥɿɸ. ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɢɥɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɯɪɨɦɚɬɨɝɪɚɮɢɱɧɨʀ 

ɤɨɥɨɧɤɢ Hibar C18 4,6 ɦɦ×250 ɦɦ, ɫ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 µm, ɜ ɹɤɨɫɬɿ ɪɭɯɨɦɨʀ ɮɚɡɢ 

ɛɭɜ ɜɢɤɨɪɢɫɬɚɧɢɣ ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪ ɪɇ 3,0 ɬɚ ɚɰɟɬɨɧɿɬɪɢɥ (30:70 ɨɛ/ɨɛ). ɑɚɫ 

ɜɢɯɨɞɭ ɩɚɪɚɰɟɬɚɦɨɥɭ ɜ ɞɚɧɢɯ ɭɦɨɜɚɯ ɫɤɥɚɞɚє 3,1 ɯɜ, ɚ ɞɥɹ ɞɢɤɥɨɮɟɧɚɤɭ ɤɚɥɿɸ – 

7,4 ɯɜ. Ⱦɟɬɟɤɬɭɜɚɧɧɹ ɩɪɨɜɨɞɢɥɢ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 275 ɧɦ. 

ȼɿɞɨɦɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ȼȿɊɏ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɟɤɿɥɶɤɨɯ ȺɎȱ ɩɿɫɥɹ 

ɜɢɪɨɛɧɢɰɬɜɚ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɩɪɟɩɚɪɚɬɿɜ, ɧɚɩɪɢɤɥɚɞ, ɳɨ ɦɿɫɬɹɬɶ 

ɚɰɟɬɚɦɿɧɨɮɟɧ, ɤɨɮɟʀɧ ɬɚ ɤɨɞɟʀɧɭ ɮɨɫɮɚɬ [79], ɩɿɪɢɦɟɬɚɦɿɧ ɬɚ ɫɭɥɶɮɚɞɨɤɫɢɧ [83], 

ɤɥɿɧɞɚɦɿɰɢɧ ɮɨɫɮɚɬ ɬɚ ɬɪɟɬɢɧɨʀɧ [90], ɩɚɪɚɰɟɬɚɦɨɥ ɬɚ ɞɢɤɥɨɮɟɧɚɤ ɤɚɥɿɸ [96]. 

Ɋɿɡɧɨɦɚɧɿɬɧɿ ɜɚɪɿɚɧɬɢ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɧɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɬɨɦɭ ɳɨ 
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ɦɚɸɬɶ ɜɢɫɨɤɭ ɫɟɥɟɤɬɢɜɧɿɫɬɶ, ɟɤɫɩɪɟɫɧɿɫɬɶ ɬɚ ɧɢɡɶɤɿ ɦɟɠɿ ɜɢɹɜɥɟɧɧɹ, ɩɪɨɫɬɭ 

ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɭ ɬɚ ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɞɟɤɿɥɶɤɨɯ ɚɧɚɥɿɬɿɜ ɡ ɨɞɧɨɝɨ ɪɨɡɱɢɧɭ ɡɚ 

єɞɢɧɨɸ ɦɟɬɨɞɢɤɨɸ. 

1.5 ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 1 

ɋɢɫɬɟɦɚɬɢɡɨɜɚɧɿ ɬɚ ɩɪɨɚɧɚɥɿɡɨɜɚɧɿ ɥɿɬɟɪɚɬɭɪɧɿ ɞɚɧɿ ɨ ɦɟɬɨɞɚɯ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ. ɉɨɤɚɡɚɧɿ ɦɨɠɥɢɜɨɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɥɹ ɰɢɯ ɰɿɥɟɣ ɪɹɞɚ ɧɟɫɩɟɰɢɮɿɱɧɢɯ 

ɬɚ ɫɩɟɰɢɮɿɱɧɢɯ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɿɜ. 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ ɨɫɬɚɧɧɿɯ ɪɨɤɿɜ ɞɨɡɜɨɥɹє ɤɨɧɫɬɚɬɭɜɚɬɢ ɜɢɫɨɤɭ 

ɚɤɬɭɚɥɶɧɿɫɬɶ ɞɨɫɥɿɞɠɟɧɶ ɡ ɪɨɡɪɨɛɤɢ ɧɨɜɢɯ ɫɟɥɟɤɬɢɜɧɢɯ ɬɚ ɜɢɫɨɤɨɱɭɬɥɢɜɢɯ 

ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɞɥɹ ʀɯ ɤɨɧɬɪɨɥɹ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɚ ɬɚɤɨɠ ɜɤɚɡɭє ɧɚ ɜɿɞɫɭɬɧɿɫɬɶ ɨɛґɪɭɧɬɨɜɚɧɢɯ 

ɤɪɢɬɟɪɿʀɜ ɜɚɥɿɞɚɰɿʀ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɢɤ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ 

ɬɚ ɦɟɬɨɞɢɤ ɨɱɢɳɟɧɧɹ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɩɪɟɩɚɪɚɬɿɜ.  

Ⱦɨɰɿɥɶɧɢɦ ɬɚ ɩɟɪɫɩɟɤɬɢɜɧɢɦ є ɜɢɜɱɟɧɧɹ ɦɨɠɥɢɜɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɪɹɞɭ 

ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ (ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɨɞɧɨ- ɬɚ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɥɿɤɚɪɫɶɤɢɯ 

ɮɨɪɦ) ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ ɬɚ ɨɩɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɚɧɚɥɢɡɭ ɬɚ 

ɜɫɬɚɧɨɜɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ Ʌɉ 

ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 

 

http://chem21.info/info/499796
http://chem21.info/info/486655
http://chem21.info/info/168489
http://chem21.info/info/1624507
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Ɍɚɛɥɢɰɹ 1.1 

Ɇɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ 

Ʌɿɤɚɪɫɶɤɢɣ ɩɪɟɩɚɪɚɬ Ɇɟɬɨɞ ɍɦɨɜɢ ɟɤɫɩɟɪɢɦɟɧɬɭ 
ȱɧɬɟɪɜɚɥ 

ɤɨɧɰɟɧɬɪɚɰɿɣ 
Ɇȼ Ʌɿɬ. 

1 2 3 4 5 6 
ɏɥɨɪɞɿɚɡɟɩɨɤɫɢɞ ȼɿɡɭɚɥɶɧɢɣ Ɋɨɡɫɿɹɧɟ ɞɟɧɧɟ ɫɜɿɬɥɨ - - [43] 
Ʉɨɮɟʀɧ, ɪɭɬɢɧ ȼɿɡɭɚɥɶɧɢɣ ɍɎ-ɫɜɿɬɥɨ - - [44] 
ɏɥɨɪɢɞ-ɿɨɧ ɉɨɬɟɧɰɿɨɦɟɬɪɿɹ ȱɨɧɨɫɟɥɟɤɬɿɜɧɢɣ ɟɥɟɤɬɪɨɞ -  [48] 

Ⱦɟɬɟɪɝɟɧɬɢ 
ɉɨɬɟɧɰɿɨɦɟɬɪɿɹ ȼɢɦɿɪɸɜɚɧɧɹ ɪɇ 

10 – 1000 ɦɤɝ/ɦɥ - [49] Ʉɨɧɞɭɤɬɨɦɟɬɪɿɹ - 
Ⱦɟɡɢɧɮɿɤɭɸɱɢɣ ɡɚɫɿɛ Ʉɨɧɞɭɤɬɨɦɟɬɪɿɹ - - 1 ppm [50] 
ȺɎȱ ɉɮɚɣɡɟɪ ȱɑ-ɫɩɟɤɬɪɨɦɟɬɪɿɹ 2000 – 1200 ɫɦ-1 4 – 21 ɦɤɝ/ɫɦ2 4 ɦɤɝ/ɫɦ2 [47] 
ɐɟɮɪɚɞɢɧ ɁɈȼ ɌɈɋ ɚɧɚɥɿɡɚɬɨɪ 30 – 600 ɧɝ/ɦɥ 315 ɦɤɝ/ɦɥ [55] 
Ⱥɬɨɪɜɚɫɬɚɬɢɧ ɁɈȼ ɌɈɋ ɚɧɚɥɿɡɚɬɨɪ 7300 – 83800 ɦɤɝ 4,19 ɦɤɝ [54] 
ɐɟɮɬɪɢɚɤɫɨɧ ɁɈȼ ɌɈɋ ɚɧɚɥɿɡɚɬɨɪ 1 – 9 ppb 0.01 ppb [59] 
ȼɚɤɰɢɧɚ ɩɪɨɬɢ 
ɦɟɧɿɧɝɨɤɨɤɚ Ⱥ 

ɁɈȼ ɌɈɋ ɚɧɚɥɿɡɚɬɨɪ - < 500 ppb [57] 

ɉɨɥɿɫɨɪɛɚɬ 20 ɁɈȼ ɌɈɋ ɚɧɚɥɿɡɚɬɨɪ 0,25 – 5 ppm - [56] 

ɐɢɫɩɥɚɬɢɧ ȺȺɋ 
Pt-ȾȾɌɄ, ɟɤɫɬɪɚɝɟɧɬ- 
ɞɢɯɥɨɪɦɟɬɚɧ 

0,5 – 20 ppb 0,5 ppb [60] 

Ʌɿɬɿɣ Ⱥȿɋ-ȱɁɉ λ = 670,8 ɧɦ 0,2 – 20 ppb 0,1 ppb [61] 
Ⱦɿɚɰɟɬɢɥ ɦɿɞɟɤɚɦɿɰɢɧ ɋȱɊ - 0,04 – 4,5 ɦɤɝ/ɦɥ 0,012 ɦɤɝ/ɦɥ [63] 
Ɍɚɥɚɪɨɡɨɥ ɋȱɊ - - 43 ɧɝ/ɦɥ [64] 
Ƚɥɸɤɨɡɚ ɋɎ ɚɧɬɪɨɧɨɜɢɣ ɪɟɚɤɬɢɜ, λ = 625 ɧɦ - 5 ɦɤɝ/ɦɥ [65] 
Ⱦɢɤɥɨɮɟɧɚɤ ɧɚɬɪɿɸ ɋɎ λ= 267 ɧɦ 0,5 – 3,0 ɦɤɝ/ɦɥ 0,015 ɦɤɝ/ɦɥ [66] 
Ⱥɬɨɪɜɚɫɬɚɬɢɧ ɋɎ λ= 246 ɧɦ 5,0 – 25 ɦɤɝ/ɦɥ 0,419 ɦɤɝ/ɦɥ [54] 
Ɋɢɛɨɤɫɢɧ ɋɎ λ= 249 ɧɦ 0,5 – 10,0 ppm - [67] 
ɐɢɩɪɨɮɥɨɤɫɚɰɢɧ ɋɎ λ= 276 ɧɦ 2,0 – 10,0 ɦɤɝ/ɦɥ 0,514 ɦɤɝ/ɦɥ [68] 
ȼɚɥɫɚɪɬɚɧ ɋɎ λ= 233 ɧɦ 1,0 – 10,0 ɦɤɝ/ɦɥ 0,2 ɦɤɝ/ɦɥ [69] 
Ɉɮɥɨɤɫɚɰɢɧ ɋɎ λ= 318 ɧɦ 1,0 – 13,0 ɦɤɝ/ɦɥ - [70] 

ɐɟɮɦɟɬɚɡɨɥ ɏɟɦɿɥɸɦɿɧɟɫɰɟɧɰɿɹ ɥɸɦɿɧɨɥ 0,3 – 1,5 ɧɝ/ɦɥ 0,06 ɧɝ/ɦɥ [72] 
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ȱɡɨɩɪɨɩɚɧɨɥ 
(2-ɩɪɨɩɚɧɨɥ) 

Ƚɏ 
 

Ʉɚɩɿɥɹɪɧɚ ɤɨɥɨɧɤɚ, 4,9 ɦɥ\ɦɢɧ; 
200ºɋ (ɬɟɦɩɟɪɚɬɭɪɚ ɜɜɟɞɟɧɧɹ 
ɩɪɨɛ); 
280ºɋ (ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɬɟɤɬɨɪɚ) 

2,8 – 110,7 ɦɤɝ/ɦɥ 1,1 ɦɤɝ/ɦɥ [73] 

Ɇɟɬɟɧɚɦɿɧ 
ɝɿɩɭɪɚɬ 

Ƚɏ 
Ʉɚɩɿɥɹɪɧɚ ɤɨɥɨɧɤɚ  
Supelcowax®-10 

- 5,0 ɦɤɝ/ɦɥ [74] 

ɐɟɮɚɥɨɫɩɨɪɢɧɨɜɿ 
ɚɧɬɢɛɿɨɬɢɤɢ 

ȼȿɊɏ -MS/MS 
 

0,1 % ɦɭɪɚɲɢɧɚ ɤɢɫɥɨɬɚ: 
ɚɰɟɬɨɧɿɬɪɢɥ (10:90) - 10 ɮɝ [78] 

Ⱥɰɟɬɚɦɿɧɨɮɟɧ 
Ʉɨɮɟʀɧ 

ȼȿɊɏ λ= 210 ɧɦ 
0,11–26,29 ɦɤɝ/ɦɥ 
0,02–3,75 ɦɤɝ/ɦɥ 

0,233 ɦɤɝ/ɦɥ 
0,083 ɦɤɝ/ɦɥ 

[79] 
Ʉɨɞɟʀɧ ɮɨɫɮɚɬ 

ȼȿɊɏ 
(ɮɥɭɨɪɿɦɟɬɪɢɱɧɢɣ 
ɞɟɬɟɤɬɨɪ) 

λɡɛɭɞ = 245 ɧɦ 
λɟɦ = 345 ɧɦ 

0,01 – 2,23 ɦɤɝ/ɦɥ 0,016 ɦɤɝ/ɦɥ 

Ⱦɨɤɭɡɚɬ ɧɚɬɪɿɸ 
ȼȿɊɏ 
(ɤɨɧɞɭɤɬɨɦɟɬɪɢɱɧɢɣ 
ɞɟɬɟɤɬɨɪ) 

- 1 – 10 ppm - [80] 

Ʌɭɠɧɢɣ ɞɟɬɟɪɝɟɧɬ 
CIP -100 
(ɜɢɡɧɚɱɚɸɬɶ ȿȾɌȺ) 

ȼȿɊɏ 
(ɤɨɧɞɭɤɬɨɦɟɬɪɢɱɧɢɣ 
ɞɟɬɟɤɬɨɪ) 

- - 0,13 ppm [81] 

Ⱦɢɤɥɨɮɟɧɚɤ ɧɚɬɪɿɸ ȼȿɊɏ 
ɦɟɬɚɧɨɥ : ɜɨɞɚ (40:60) 
ɪɇ 3,5; λ= 218 ɧɦ 

2 – 10 ɦɤɝ/ɦɥ 0,175 ɦɤɝ/ɦɥ [82] 

ɉɿɪɢɦɟɬɚɦɿɧ 
ɋɭɥɶɮɚɞɨɤɫɢɧ 

ȼȿɊɏ 
ɦɟɬɚɧɨɥ : ɜɨɞɚ ɪɇ 3,0 (35:65) 
λ= 270 ɧɦ 

0,042 – 4,02 ɦɤɝ/ɦɥ 
0,040 – 4,06 ɦɤɝ/ɦɥ 

0,042 ɦɤɝ/ɦɥ 
0,040 ɦɤɝ/ɦɥ 

[83] 

Ⱦɢɝɨɤɫɢɧ 
ȼȿɊɏ 

ɜɨɞɚ : ɚɰɟɬɨɧɿɬɪɢɥ (70:30) 
λ= 218 ɧɦ 

0,025 – 05 ppm 0,01 ppm [84] 

ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɜɨɞɚ (28:72);  
λ= 220 ɧɦ 

1,05 – 12.5ɦɤɝ/ɦɥ 0,010 ɦɤɝ/ɦɥ [85] 

Ɇɟɥɨɤɫɢɤɚɦ ȼȿɊɏ 
0,2% ɪɨɡɱɢɧ ɚɦɨɧɿɸ ɮɨɫɮɚɬɭ ɪɇ 
7,0 : ɦɟɬɚɧɨɥ (63:37); λ= 254 ɧɦ 

0,11 – 88 ɦɤɝ/ɦɥ 0,11 ɦɤɝ/ɦɥ [85] 

ȼɿɧɩɨɰɟɬɢɧ ȼȿɊɏ 
0,2 Ɇ ɪɨɡɱɢɧ ɚɦɨɧɿɸ ɚɰɟɬɚɬɭ : 
ɚɰɟɬɨɧɿɬɪɢɥ (70:30),  
λ= 280 ɧɦ 

0,002 – 0,05 % 0,0005 % [87] 
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Ⱥɧɬɪɚɰɢɤɥɿɧ ȼȿɊɏ 
0,37% ɪɨɡɱɢɧ ɥɚɭɪɿɥ ɫɭɥɶɮɚɬɭ: 
ɦɟɬɚɧɨɥ:ɚɰɟɬɨɧɿɬɪɢɥ (54:16:30); 
ɪɇ 2,5; λ= 254 ɧɦ 

0,155 – 194 
ɦɤɝ/ɦɥ 

0,047 ɦɤɝ/ɦɥ [88] 

Ʉɥɿɧɞɚɦɿɰɢɧ ɮɨɫɮɚɬ 
Ɍɪɟɬɢɧɨʀɧ 

ȼȿɊɏ 
λ= 210 ɧɦ 
λ= 356 ɧɦ ; ɪɇ 3,0 

1,9 – 30,5 ɦɤɝ/ɦɥ 
0,04 – 30,2 ɦɤɝ/ɦɥ 

0,63 ɦɤɝ/ɦɥ 
0,013 ɦɤɝ/ɦɥ 

[90] 

ɇɚɛɭɦɟɬɨɧ ȼȿɊɏ 
ɦɟɬɚɧɨɥ:ɚɰɟɬɨɧɿɬɪɢɥ:ɜɨɞɚ 
(55:30:15); λ= 254 ɧɦ 

0,1 – 4,56 ɦɤɝ/ɦɥ 0,16 ɦɤɝ/ɦɥ [92] 

ȱɪɢɧɨɬɟɤɚɧɭ 
ɝɿɞɪɨɯɥɨɪɢɞ 

ȼȿɊɏ 
0,02 Ɇ ɤɚɥɿɸ ɮɨɫɮɚɬ ɪɇ 3,5 : 
ɦɟɬɚɧɨɥ: ɚɰɟɬɨɧɿɬɪɢɥ (60:20:20); 
λ= 220 ɧɦ 

0,024 – 0,143 ɦɤɝ/ɦɥ 0,008 ɦɤɝ/ɦɥ [93] 

ɐɟɮɞɢɧɿɪ ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ 
ɪɨɡɱɢɧ (85:15); λ= 254 ɧɦ 

14,5 – 74,5 ɦɤɝ/ɦɥ 
0,7 ɦɤɝ/ɦɥ 
 

[94] 

Ɉɥɦɟɫɚɪɬɚɧɭ 
ɦɟɬɨɞɨɤɫɨɦɿɥ 

ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɦɟɬɚɧɨɥ: ɛɭɮɟɪɧɢɣ 
ɪɨɡɱɢɧ (28:13:58); λ= 258 ɧɦ 

0,557 – 5,62 ɦɤɝ/ɦɥ 0,07 ɦɤɝ/ɦɥ [95] 

ɉɚɪɚɰɟɬɚɦɨɥ 
Ⱦɢɤɥɨɮɟɧɚɤ ɤɚɥɿɸ 

ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɪɨɡɱɢɧ ɤɚɥɿɸ 
ɝɿɞɪɨɮɨɫɮɚɬɭ (30:70); ɪɇ 3,0; 
λ= 275 ɧɦ 

10,0 – 60 ɦɤɝ/ɦɥ 
1,0 – 6,0 ɦɤɝ/ɦɥ 

0,1 ɧɝ/ɦɥ 
1,0 ɧɝ/ɦɥ 

[96] 

Ɍɢɪɨɮɿɛɚɧ ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɪɨɡɱɢɧ ɚɦɨɧɿɸ 
ɚɰɟɬɚɬɭ ɪɇ 6,0 (1,36 ɝ/ɥ) (29:71) 
λ= 227 ɧɦ 

1,0 – 2,9 ɦɤɝ/ɦɥ 0,04 ɦɤɝ/ɦɥ [97] 

Ⱥɰɟɬɢɥɫɚɥɿɰɢɥɨɜɚ 
ɤɢɫɥɨɬɚ 

ȼȿɊɏ 
ɜɨɞɚ: ɚɰɟɬɨɧɿɬɪɢɥ: ɮɨɫɮɨɪɧɚ 
ɤɢɫɥɨɬɚ (779:220:1); λ= 226 ɧɦ 

0,2 – 20,0 ɦɤɝ/ɦɥ 0,07 ɦɤɝ/ɦɥ [98] 

ȼɟɪɚɩɚɦɿɥ ȼȿɊɏ 
ɦɟɬɚɧɨɥ: ɜɨɞɚ: ɬɪɢɟɬɢɥɚɦɿɧ 
(70:30:02); λ= 278 ɧɦ 

1,7 – 50,0 ɦɤɝ/ɦɥ 0,09 ɦɤɝ/ɦɥ [99] 

Ɉɮɥɨɤɫɚɰɢɧ ȼȿɊɏ 
0,024 % ɪɨɡɱɢɧ ɥɚɭɪɿɥɫɭɥɶɮɚɬ 
ɧɚɬɪɿɸ: ɚɰɟɬɨɧɿɬɪɢɥ : ɨɰɬɨɜɚ 
ɤɢɫɥɨɬɚ (500:480:20); λ= 294 ɧɦ 

2,0 – 2000 ɧɝ/ɦɥ 0,55 ɧɝ/ɦɥ [100] 

Ʌɚɰɢɞɢɩɿɧ ȼȿɊɏ  
ɚɰɟɬɨɧɿɬɪɢɥ: 0,05 Ɇ ɪɨɡɱɢɧ 
ɚɦɨɧɿɸ ɚɰɟɬɚɬɭ (88:12);  
λ= 282 ɧɦ 

0,5 – 100  
ɦɤɝ/400 ɫɦ2 

0,1  
ɦɤɝ/400 ɫɦ2 

[101] 

Ⱥɦɥɨɞɢɩɿɧ ȼȿɊɏ  
ɚɰɟɬɨɧɿɬɪɢɥ:ɦɟɬɚɧɨɥ: ɬɪɢɟɬɢɥɚɦɿɧ 
ɪɇ 3,0 (15:35:5); λ= 278 ɧɦ 

0,39 – 1,56 ɦɤɝ/ɦɥ 0,02 ɦɤɝ/ɦɥ [102] 
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Ɋɭɬɢɧ ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɦɟɬɚɧɨɥ: ɛɭɮɟɪɧɢɣ 
ɪɨɡɱɢɧ ɪɇ 4,0 (15:10:75);  
λ= 354 ɧɦ 

0,0829 – 1,2435 
ɦɤɝ/ɦɥ 

0,0075 ɦɤɝ/ɦɥ [103] 

ɐɟɮɬɪɢɚɤɫɨɧ ɧɚɬɪɿɸ ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɜɨɞɚ: ɛɭɮɟɪɧɢɣ 
ɪɨɡɱɢɧ ɪɇ 7: ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ  
ɪɇ 5 (39:55:5,5:0,5); λ= 254 ɧɦ 

1,15 – 6,92 ɦɤɝ/ɦɥ 0,05 ɦɤɝ/ɦɥ [104] 

Ɏɟɧɿɬɨʀɧ ɧɚɬɪɿɸ ȼȿɊɏ 
ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ  
ɪɇ 3,5; λ= 254 ɧɦ  2,0 – 10,0 ɦɤɝ/ɦɥ 0,176 ɦɤɝ/ɦɥ [105] 

Ʉɥɨɛɟɬɚɡɨɥɭ 
ɩɪɨɩɿɨɧɚɬɭ 

ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ:ɜɨɞɚ (75:25); 
λ= 240 ɧɦ 

0,07 – 30 ɦɤɝ/ɦɥ 0,024 ɦɤɝ/ɦɥ [106] 

ɉɪɚɦɿɩɟɤɫɨɥ 
ɞɢɝɿɞɪɨɯɥɨɪɢɞ 

ȼȿɊɏ 
ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ  
ɪɇ 6,0 : ɚɰɟɬɨɧɿɬɪɢɥ : ɦɟɬɚɧɨɥ 
(75:15:10); λ= 260 ɧɦ 

0,004 – 0,04 ɦɤɝ/ɦɥ 0,001 ɦɤɝ/ɦɥ [108] 

ȼɚɥɝɚɧɰɢɤɥɨɜɿɪɭ 
ɝɿɞɪɨɯɥɨɪɢɞ 

ȼȿɊɏ 
2,5 % ɬɪɢɟɬɢɥɚɦɿɧ ɪɇ 3,0 : 
ɦɟɬɚɧɨɥ (93:7, %); λ= 254 ɧɦ 

0,031 – 2,0 ɦɤɝ/ɦɥ 0,08 ɦɤɝ/ɦɥ [107] 

Ⱥɡɚɬɿɨɩɪɢɧ ȼȿɊɏ 
ɦɟɬɚɧɨɥ:ɜɨɞɚ: ɨɰɬɨɜɚ ɤɢɫɥɨɬɚ 
(20:80:1); λ= 280 ɧɦ 

2,0 – 22,0 ɦɤɝ/ɦɥ 0,29 ɦɤɝ/ɦɥ [109] 

Ɍɟɪɛɿɧɚɮɿɧ ɝɿɞɪɨɯɥɨɪɢɞ ȼȿɊɏ 
0,1% ɪɨɡɱɢɧ ɬɪɢɟɬɢɥɚɦɿɧɭ: 
ɚɰɟɬɨɧɿɬɪɢɥ (15:85); λ= 224 ɧɦ 

0,02 – 20,0 ɦɤɝ/ɦɥ 0,007 ɦɤɝ/ɦɥ [110] 

Ⱦɭɥɨɤɫɟɬɢɧɭ 
ɝɿɞɪɨɯɥɨɪɢɞ 

ȼȿɊɏ 
0,01 Ɇ ɤɚɥɿɸ ɞɢɝɿɪɨɮɨɫɮɚɬ, ɪɇ 3: 
ɚɰɟɬɨɧɿɬɪɢɥ (60:40); λ= 230 ɧɦ 

0,05 – 5,0 ɦɤɝ/ɦɥ 0,006 ɦɤɝ/ɦɥ [111] 

Ⱦɿєɧɨɝɟɫɬ 
ȿɫɬɪɚɞɿɨɥ 
ȿɬɢɧɿɥɟɫɬɪɚɞɿɨɥ 
Ɏɿɧɚɫɬɟɪɢɞ 
Ƚɟɫɬɨɞɟɧ 
Ʌɟɜɨɧɨɪɝɟɫɬɪɟɥ 
ɇɨɪɟɬɢɫɬɟɪɨɧ ɚɰɟɬɚɬ 

ȼȿɊɏ 
ɚɰɟɬɨɧɿɬɪɢɥ: ɜɨɞɚ (48:52, ɨɛ/ɨɛ) 
λ= 220 ɧɦ 

0,12 – 4,55 ɦɤɝ/ɦɥ 
0,05 – 8,00 ɦɤɝ/ɦɥ 
0,05 – 1,51 ɦɤɝ/ɦɥ 
0,10 – 2,03 ɦɤɝ/ɦɥ 
0,15 – 1,04 ɦɤɝ/ɦɥ 
0,30 – 1,00 ɦɤɝ/ɦɥ 
0,35 – 8,00 ɦɤɝ/ɦɥ 

0,06 ɦɤɝ/ɦɥ 
0,02 ɦɤɝ/ɦɥ 
0,02 ɦɤɝ/ɦɥ 
0,05 ɦɤɝ/ɦɥ 
0,07 ɦɤɝ/ɦɥ 
0,15 ɦɤɝ/ɦɥ 
0,20 ɦɤɝ/ɦɥ 

[112] 
 

Ɋɚɧɿɬɢɞɢɧɭ 
ɝɿɞɪɨɯɥɨɪɢɞ 

ȼȿɊɏ ɦɟɬɚɧɨɥ: ɜɨɞɚ (50:50); λ= 320 ɧɦ 20 – 10 000 ɧɝ/ɦɥ 2 ɧɝ/ɦɥ [113] 

ɋɭɦɚɬɪɢɩɬɚɧɭ 
ɫɭɤɰɢɧɚɬ 

ȼȿɊɏ 
0,05 Ɇ ɚɦɨɧɿɸ ɞɢɝɿɪɨɮɨɫɮɚɬ: 
ɚɰɟɬɨɧɿɬɪɢɥ (84:16); λ= 228 ɧɦ 

0,05 – 25,0 ɦɤɝ/ɦɥ 0,012 ɦɤɝ/ɦɥ [114] 
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ɊɈɁȾІɅ 2 

ɊȿȺɄɌɂȼɂ ɌȺ ȺɉȺɊȺɌɍɊȺ 

2.1. ȼɢɯɿɞɧɿ ɫɩɨɥɭɤɢ ɬɚ ɦɚɬɟɪɿɚɥɢ 

Ⱦɥɹ ɩɪɢɝɨɬɭɜɚɧɧɹ ɪɭɯɨɦɢɯ ɮɚɡ, ɪɨɡɱɢɧɿɜ ɩɨɪɿɜɧɹɧɧɹ ɜɢɩɪɨɛɨɜɭɜɚɧɢɯ 

ȺɎȱ ɬɚ ɡɦɢɜɿɜ ɡɚɫɬɨɫɨɜɭɜɚɥɢ ɦɟɬɚɧɨɥ, ɚɰɟɬɨɧɿɬɪɢɥ (ɤɜɚɥɿɮɿɤɚɰɿʀ ɞɥɹ ȼȿɊɏ, 

MERCK), ɜɨɞɭ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ ɛɿɞɢɫɬɢɥɶɨɜɚɧɭ. ȼ ɪɨɛɨɬɿ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɪɟɚɤɬɢɜɢ ɤɜɚɥɿɮɿɤɚɰɿʀ ɧɟ ɧɢɠɱɟ ɱ.ɞ.ɚ. 

ɉɥɚɫɬɢɧɢ TLC Silica gel 60 F254 ɮɿɪɦɢ MERCK. 

Ɇɿɤɪɨɲɩɪɿɰ HAMILTON 1702N ɦɿɫɬɤɿɫɬɸ 100 ɦɤɥ (ɋɒȺ). 

ɋɜɚɛɢ Alpha® Sampling Swab ɦɚɪɤɢ TX715 (Texwipe). 

Ɉɬɪɢɦɚɧɿ ɪɨɡɱɢɧɢ ɮɿɥɶɬɪɭɜɚɥɢ ɱɟɪɟɡ ɦɟɦɛɪɚɧɧɢɣ ɮɿɥɶɬɪ (0,20 ɦɤɦ; 

Minisart RC 25, «Sartorius», ɇɿɦɟɱɱɢɧɚ). 

2.2. Ⱥɩɚɪɚɬɭɪɚ ɬɚ ɨɛɥɚɞɧɚɧɧɹ 

ɋɩɟɤɬɪɢ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɬɚ ɡɛɭɞɠɟɧɧɹ ɪɟєɫɬɪɭɜɚɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɫɩɟɤɬɪɨɮɥɭɨɪɢɦɟɬɪɚ Cary Eclipse «Varian» (Ⱥɜɫɬɪɚɥɿɹ) ɡ ɩɨɞɜɿɣɧɢɦɢ 

ɞɠɟɪɟɥɚɦɢ ɫɜɿɬɥɚ (ɤɫɟɧɨɧɨɜɚ ɥɚɦɩɚ 150-W ɫɭɰɿɥɶɧɨɝɨ ɫɩɟɤɬɪɚ ɬɚ ɿɦɩɭɥɶɫɧɚ 

ɥɚɦɩɚ). ȼɫɿ ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ (21 – 23ɋ). 

Ɍɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Cary Eclipse "Varian": ɲɢɪɢɧɚ ɿɦɩɭɥɶɫɭ 2 ɦɤɫ; 

ɨɩɬɢɤɚ ɒɜɚɪɰɲɢɥɶɞɚ; ɨɩɬɢɱɧɢɣ ɞɿɚɩɚɡɨɧ ɡɛɭɞɠɟɧɧɹ: 200 – 900 ɧɦ; ɨɩɬɢɱɧɢɣ 

ɞɿɚɩɚɡɨɧ ɟɦɿɫɿʀ: 200 – 900 ɧɦ; ɫɩɟɤɬɪɚɥɶɧɚ ɲɢɪɢɧɚ ɳɿɥɢɧ: 1,5; 2,5; 5; 10 ɬɚ  

20 ɧɦ; ɦɚɤɫɢɦɚɥɶɧɚ ɲɜɢɞɤɿɫɬɶ ɫɤɚɧɭɜɚɧɧɹ: 24000 ɧɦ/ɯɜ. 

ɋɩɟɤɬɪɢ ɩɨɝɥɢɧɚɧɧɹ ɪɟєɫɬɪɭɜɚɥɢ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɿ UV–2401 PC 

"Shimadzu" (əɩɨɧɿɹ), ɫɩɟɤɬɪɚɥɶɧɢɣ ɞɿɚɩɚɡɨɧ ɜɢɦɿɪɸɜɚɧɶ ɜɿɞ 190 ɧɦ ɞɨ  

900 ɧɦ, ɬɨɱɧɿɫɬɶ: ± 0,003 Ⱥ (ɩɨɝɥɢɧɚɧɧɹ). 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ Agilent 

1260 Infinity 2D LC System (ɋɒȺ) ɡ ɪɟɮɪɚɤɬɨɦɟɬɪɢɱɧɢɦ ɞɟɬɟɤɬɨɪɨɦ, ɍɎ- ɬɚ 

ɞɿɨɞɧɨ-ɦɚɬɪɢɱɧɢɦ ɞɟɬɟɤɬɨɪɨɦ, ɚ ɬɚɤɨɠ ɦɚɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɧɢɦ ɞɟɬɟɤɬɨɪɨɦ 

(6530 Accurate Mass Q-TOF, Agilent Technologies, ɋɒȺ, ɞɠɟɪɟɥɨ ɿɨɧɿɡɚɰɿʀ – 

ɟɥɟɤɬɪɨɫɩɪɟɣ (ESI)).  

Ʉɭɬ ɨɛɟɪɬɚɧɧɹ ɩɥɨɳɢɧɢ ɩɨɥɹɪɢɡɚɰɿʀ ɪɨɡɱɢɧɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ  
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(20±0,5) ºɋ ɜɢɡɧɚɱɚɥɢ ɧɚ ɩɨɥɹɪɢɦɟɬɪɿ Ɋ8000 (Kruess, ɇɿɦɟɱɱɢɧɚ). 

ɍ ɦɟɬɨɞɿ ȼȿɌɒɏ ɧɚ ɥɿɧɿɸ ɫɬɚɪɬɭ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɩɥɚɫɬɢɧɤɢ ɪɨɡɱɢɧɢ 

ɧɚɧɨɫɢɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɩɿɜɚɜɬɨɦɚɬɢɱɧɨɝɨ ɚɩɥɿɤɚɬɨɪɚ Linomat 5 (ɋAMAG, 

ɒɜɟɣɰɚɪɿɹ), ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɟ ɪɨɡɞɿɥɟɧɧɹ ɩɪɨɜɨɞɢɥɢ ɭ ɜɟɪɬɢɤɚɥɶɧɿɣ ɤɚɦɟɪɿ 

(ɋAMAG, ɒɜɟɣɰɚɪɿɹ) ɬɚ ɫɤɚɧɭɜɚɧɧɹ ɡɞɿɣɫɧɸɜɚɥɢ ɧɚ ɯɪɨɦɚɬɨɞɟɧɫɢɬɨɦɟɬɪɿ 

ɫɟɪɿʀ TLC SCANNER 4, ɮɿɪɦɢ CAMAG, ɒɜɟɣɰɚɪɿɹ. 

ȼɢɦɿɪɸɜɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɥɿɧɿɣ ɤɚɥɿɸ (ɧɚɬɪɿɸ) ɩɪɨɜɨɞɢɥɢ ɧɚ ɚɬɨɦɧɨ-

ɟɦɿɫɿɣɧɨɦɭ ɫɩɟɤɬɪɨɦɟɬɪɿ ɡ ɿɧɞɭɤɬɢɜɧɨ-ɡɜ’ɹɡɚɧɨɸ ɩɥɚɡɦɨɸ (ICAP 7400 DUO; 

Thermo Fisher Scientific Inc, ɋɒȺ). 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɢɯ ɝɪɚɮɿɤɿɜ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɩɪɨɝɪɚɦɭ 

Origin 7.5; Microcal software (2009, OriginLab). 

Ɂɧɚɱɟɧɧɹ ɪɇ ɪɨɡɱɢɧɿɜ ɜɢɦɿɪɸɜɚɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɇ-ɦɟɬɪɚ ɫɟɪɿʀ Seven 

Easy ɮɿɪɦɢ Mettler Toledo, Ʉɢɬɚɣ (ɞɿɚɩɚɡɨɧ ɜɢɦɿɪɸɜɚɧɶ ɪɇ ɜɿɞ 0,00 ɞɨ 14,00; 

ɜɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ ɜɢɦɿɪɸɜɚɧɶ ± 0,01 ɨɞ. ɪɇ) ɡɿ ɫɤɥɹɧɢɦ ɟɥɟɤɬɪɨɞɨɦ, 

ɤɚɥɿɛɪɭɜɚɧɧɹ ɹɤɨɝɨ ɩɪɨɜɨɞɢɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɬɚɧɞɚɪɬɧɢɯ ɛɭɮɟɪɧɢɯ 

ɪɨɡɱɢɧɿɜ. 

Ɍɨɱɧɿ ɧɚɜɚɠɤɢ ɪɟɱɨɜɢɧ ɛɪɚɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɧɚɥɿɬɢɱɧɢɯ ɜɚɝ AUX 220 

(Shimadzu) (220 ɝ ± 0,005 ɝ). 

Ɉɱɢɳɟɧɭ ɜɨɞɭ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɨɬɪɢɦɭɜɚɥɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɢɫɬɟɦɢ 

ɨɱɢɳɟɧɧɹ ɜɨɞɢ Arium® pro UV/UF ɮɿɪɦɢ Sartorius. 

ɉɪɢ ɩɪɨɛɨɩɿɞɝɨɬɨɜɰɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɦɚɝɧɿɬɧɿ ɦɿɲɚɥɤɢ ɬɢɩɭ ARE 

(VELP Scientifica, ȱɬɚɥɿɹ) ɡ ɩɿɞɿɝɪɿɜɨɦ. 
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ɊɈɁȾІɅ 3 

ȼȺɅІȾȺɐІə ɆȿɌɈȾɂɄ ɄɈɇɌɊɈɅɘ əɄɈɋɌІ Ɉɑɂɓȿɇɇə 

ɎȺɊɆȺɐȿȼɌɂɑɇɈȽɈ ɈȻɅȺȾɇȺɇɇə 

3.1 Ɋɨɡɪɨɛɤɚ ɩɿɞɯɨɞɿɜ ɞɨ ɜɫɬɚɧɨɜɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɩɪɢɣɧɹɬɧɨɫɬɿ ɞɥɹ 

ɜɚɥɿɞɚɰɿʀ ɚɧɚɥɿɬɢɱɧɨʀ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ 

(ɬɟɨɪɟɬɢɱɧɚ ɱɚɫɬɢɧɚ) 

Кіɥьɤіɫɧі ɜɢɩɪɨɛуɜɚɧɧя 

Ʉɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɚɧɚɥɿɬɢɱɧɨʀ ɦɟɬɨɞɢɤɢ 

ȼɚɥɿɞɚɰɿɹ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɩɪɟɩɚɪɚɬɭ ɧɚ ɨɛɥɚɞɧɚɧɧɿ ɩɿɫɥɹ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ, ɬɚɤ ɫɚɦɨ ɹɤ ɿ ɜɚɥɿɞɚɰɿɹ 

ɛɭɞɶ-ɹɤɨʀ ɿɧɲɨʀ ɦɟɬɨɞɢɤɢ, ґɪɭɧɬɭєɬɶɫɹ ɧɚ ɜɫɬɚɧɨɜɥɟɧɧɿ ɜɢɦɨɝ ɞɨ ʀʀ 

ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ. Ɉɞɧɚɤ, ɹɤɳɨ ɞɥɹ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ (ɆɄə) ɥɿɤɚɪɫɶɤɢɯ 

ɩɪɟɩɚɪɚɬɿɜ (ɫɭɛɫɬɚɧɰɿɣ ɬɚ ɝɨɬɨɜɢɯ ɥɿɤɚɪɫɶɤɢɯ ɮɨɪɦ) ɩɢɬɚɧɧɹ ɜɚɥɿɞɚɰɿʀ 

ɦɟɬɨɞɢɤ ɞɨɫɢɬɶ ɞɨɤɥɚɞɧɨ ɨɛɝɨɜɨɪɟɧɿ ɭ ɜɿɞɩɨɜɿɞɧɿɣ ɥɿɬɟɪɚɬɭɪɿ [118, 119], ɬɨ 

ɞɥɹ ɆɄə ɨɱɢɳɟɧɧɹ ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ ɩɨɞɿɛɧɚ ɿɧɮɨɪɦɚɰɿɹ ɜɤɪɚɣ ɦɿɡɟɪɧɚ. 

Ƚɨɥɨɜɧɨɸ ɜɿɞɦɿɧɧɿɫɬɸ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɥɿɤɚɪɫɶɤɢɯ ɡɚɫɨɛɿɜ ɜɿɞ 

ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ є ɬɟ, ɳɨ ɞɥɹ ɚɧɚɥɿɡɭ Ʌɉ 

ɧɨɦɿɧɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ ɬɚ ɞɨɩɭɫɤɢ ɜɠɟ ɧɚɩɟɪɟɞ ɡɚɞɚɧɿ, ɳɨ ɿ ɞɨɡɜɨɥɹє ɜ 

ɤɿɧɰɟɜɨɦɭ ɩɿɞɫɭɦɤɭ ɪɨɡɪɨɛɢɬɢ ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɿ ɩɿɞɯɨɞɢ ɞɨ ɜɚɥɿɞɚɰɿʀ ɬɚ 

ɜɫɬɚɧɨɜɢɬɢ ɫɬɚɧɞɚɪɬɧɿ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ. Ɂɚɜɞɚɧɧɹ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ 

ɨɱɢɳɟɧɧɹ ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ ɡɜɨɞɢɬɶɫɹ ɞɨ ɬɨɝɨ, ɳɨɛ ɜɢɹɜɢɬɢ ɬɚ ɤɿɥɶɤɿɫɧɨ 

ɜɢɡɧɚɱɢɬɢ ɦɚɫɭ ɩɪɟɩɚɪɚɬɭ ɧɚ ɞɟɹɤɿɣ ɨɞɢɧɢɰɿ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ. Ɉɫɧɨɜɧɨɸ 

ɜɢɦɨɝɨɸ ɞɨ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ є ɜɢɦɨɝɚ ɬɨɝɨ, ɳɨɛ ɡɧɚɣɞɟɧɟ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɞɚɧɨʀ ɦɟɬɨɞɢɤɢ ɤɿɥɶɤɿɫɬɶ ɩɪɟɩɚɪɚɬɭ ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɚ ɞɟɹɤɨɝɨ ɤɪɢɬɢɱɧɨɝɨ 

ɡɧɚɱɟɧɧɹ ɆȺɋɈ, ɹɤɟ ɜ ɫɜɨɸ ɱɟɪɝɭ ɡɚɥɟɠɢɬɶ ɜɿɞ ɛɚɝɚɬɶɨɯ ɩɚɪɚɦɟɬɪɿɜ (ɜ ɬɨɦɭ 

ɱɢɫɥɿ ɜɿɞ ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ) ɬɚ ɞɭɠɟ ɫɢɥɶɧɨ ɜɚɪɿɸєɬɶɫɹ ɜɿɞ 

ɩɪɟɩɚɪɚɬɭ ɞɨ ɩɪɟɩɚɪɚɬɭ. 

ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɡɚɜɞɚɧɧɹ ɧɚɝɚɞɭє ɡ ɨɞɧɨɝɨ ɛɨɤɭ ɜɢɩɪɨɛɭɜɚɧɧɹ ɧɚ 

ɨɞɧɨɪɿɞɧɿɫɬɶ ɜɦɿɫɬɭ ɞɿɸɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɞɨɡɨɜɚɧɨʀ ɨɞɢɧɢɰɿ, ɚ ɡ ɿɧɲɨɝɨ – 

ɤɨɧɬɪɨɥɶ ɞɨɦɿɲɨɤ. ȼɿɞɦɿɧɧɿɫɬɶ ɜɿɞ ɰɢɯ ɜɢɩɪɨɛɭɜɚɧɶ ɭ ɬɨɦɭ, ɳɨ ɜ ɪɚɡɿ 
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ɜɢɡɧɚɱɟɧɧɹ ɨɞɧɨɪɿɞɧɨɫɬɿ ɜɦɿɫɬɭ є ɦɨɠɥɢɜɿɫɬɶ ɞɨɫɥɿɞɠɭɜɚɬɢ ɞɨɫɢɬɶ ɜɟɥɢɤɭ 

ɤɿɥɶɤɿɫɬɶ ɞɨɡɨɜɚɧɢɯ ɨɞɢɧɢɰɶ, ɚ ɜ ɪɚɡɿ ɤɨɧɬɪɨɥɸ ɞɨɦɿɲɨɤ ɡɚɜɠɞɢ ɡɚɡɧɚɱɟɧɢɣ 

ɜɿɞɫɨɬɨɤ ɜɦɿɫɬɭ ɞɨɦɿɲɨɤ ɜɿɞ ɧɨɦɿɧɚɥɶɧɨʀ ɤɿɥɶɤɨɫɬɿ ȺɎȱ. Ɉɞɧɚɤ, ɡɿ ɡɦɿɫɬɭ 

ɩɨɫɬɚɜɥɟɧɨɝɨ ɡɚɜɞɚɧɧɹ ɨɱɟɜɢɞɧɨ, ɳɨ ɨɩɨɪɧɢɦ ɩɭɧɤɬɨɦ ɞɥɹ ɜɢɪɨɛɥɟɧɧɹ 

ɤɪɢɬɟɪɿʀɜ ɩɨɜɢɧɧɚ ɫɬɚɬɢ ɦɟɠɚ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɦɟɬɨɞɢɤɢ (ɆɄȼ). ɉɪɢ 

ɰɶɨɦɭ ɧɚɣɡɪɭɱɧɿɲɟ ɫɤɨɪɢɫɬɚɬɢɫɹ ɧɚɫɬɭɩɧɢɦ ɩɪɢɣɨɦɨɦ. 

ɇɟɯɚɣ ɩɪɨɜɨɞɢɬɶɫɹ ɜɢɦɿɪɸɜɚɧɧɹ, ɩɪɢ ɹɤɨɦɭ ɤɨɠɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ 

ɚɧɚɥɿɬɭ xi ɫɬɚɜɢɬɶɫɹ ɭ ɜɿɞɩɨɜɿɞɧɿɫɬɶ ɜɿɞɝɭɤ ɞɟɬɟɤɬɨɪɚ (ɚɛɨ ɚɧɚɥɿɬɢɱɧɢɣ 

ɫɢɝɧɚɥ) yi. ɉɪɢ ɩɟɜɧɨɦɭ ɜɚɪɿɸɜɚɧɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɭ ɦɢ ɨɬɪɢɦɭєɦɨ 

ɜɿɞɩɨɜɿɞɧɟ ɜɚɪɿɸɜɚɧɧɹ ɡɧɚɱɟɧɶ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ. Ⱦɚɥɿ ɩɪɢɣɦɚєɬɶɫɹ, ɳɨ 

ɦɿɠ ɜɟɥɢɱɢɧɚɦɢ x ɬɚ y ɿɫɧɭє ɞɟɹɤɚ ɡɚɥɟɠɧɿɫɬɶ. Ɉɫɤɿɥɶɤɢ ɜ ɚɧɚɥɿɬɢɱɧɿɣ 

ɩɪɚɤɬɢɰɿ, ɹɤ ɩɪɚɜɢɥɨ, ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɥɿɧɿɣɧɟ ɞɟɬɟɤɬɭɜɚɧɧɹ, ɬɨ ɜɿɞɝɭɤ 

ɞɟɬɟɤɬɨɪɚ ɧɚɥɚɲɬɨɜɭєɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɦɿɠ ɜɟɥɢɱɢɧɚɦɢ x ɬɚ y 

ɡɛɟɪɿɝɚɥɚɫɹ ɥɿɧɿɣɧɚ ɡɚɥɟɠɧɿɫɬɶ: 

xy   1 

ɇɚɩɪɢɤɥɚɞ, ɜ ɪɚɡɿ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɢɯ ɜɢɦɿɪɸɜɚɧɶ, ɩɪɢ ɩɟɜɧɢɯ 

ɭɦɨɜɚɯ, ɜ ɪɨɡɱɢɧɚɯ ɜɢɤɨɧɭєɬɶɫɹ ɡɚɤɨɧ Ȼɭɝɟɪɚ-Ʌɚɦɛɟɪɬɚ-Ȼɟɪɚ: ɨɩɬɢɱɧɚ 

ɝɭɫɬɢɧɚ ɡɚ ɞɚɧɨʀ ɞɨɜɠɢɧɢ ɯɜɢɥɿ ɩɪɹɦɨ ɩɪɨɩɨɪɰɿɣɧɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɭ ɜ 

ɪɨɡɱɢɧɿ: 

CA   , 2 

ɞɟ Aλ – ɨɩɬɢɱɧɚ ɝɭɫɬɢɧɚ ɪɨɡɱɢɧɭ, ελ ɬɚ ɋ – ɦɨɥɹɪɧɢɣ ɤɨɟɮɿɰɿєɧɬ 

ɩɨɝɥɢɧɚɧɧɹ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɚɧɚɥɿɬɭ. 

ȼɢɪɚɡ (2) ɫɩɿɜɩɚɞɚє ɡ ɜɢɪɚɡɨɦ (1) ɡɚ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɧɭɥɸ ɤɨɟɮɿɰɿєɧɬɚ  

α = 0. 

ɉɪɢ ɜɢɪɿɲɟɧɧɿ ɡɚɞɚɱɿ ɩɪɨ ɜɡɚєɦɨɡɜ'ɹɡɨɤ ɜɟɥɢɱɢɧ x ɬɚ y ɡɚɡɜɢɱɚɣ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɪɟɝɪɟɫɿɣɧɢɣ ɚɧɚɥɿɡ [120]. ɍ ɡɚɫɬɨɫɭɜɚɧɧɿ ɞɨ ɥɿɧɿɣɧɨʀ 

ɡɚɥɟɠɧɨɫɬɿ ɜɢɫɧɨɜɤɢ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ ɦɨɠɧɚ ɡɜɟɫɬɢ ɞɨ ɧɚɫɬɭɩɧɨɝɨ. 

ȱɫɧɭє ɝɟɧɟɪɚɥьɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ (1) ɡɚɥɟɠɧɨɫɬɿ ɜɟɥɢɱɢɧɢ y ɜɿɞ x, 

ɳɨ ɨɞɧɨɡɧɚɱɧɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɝɟɧɟɪɚɥɶɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ α ɬɚ β, ɨɰɿɧɤɚɦɢ 

ɹɤɢɯ є ɬɚɤɿ ɜɟɥɢɱɢɧɢ a ɬɚ b, ɳɨ ɡɜɟɪɬɚɸɬɶ ɜ ɦɿɧɿɦɭɦ ɫɭɦɭ ɤɜɚɞɪɚɬɿɜ ɜɿɞɯɢɥɟɧɶ 
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(ɦɟɬɨɞ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ): 

   minxbay

ni

1i

ii 




2 , 3 

ɩɪɢ ɰɶɨɦɭ ɥɿɧɿɣɧɚ ɮɭɧɤɰɿɹ Y = a + b·x (ɥɿɧɿɹ ɪɟɝɪɟɫɿʀ) є ɜɢɛɿɪɤɨɜɨɸ 

ɨɰɿɧɤɨɸ ɝɟɧɟɪɚɥɶɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ (1). Ɍɨɱɧɿɫɬɶ ɥɿɧɿʀ ɪɟɝɪɟɫɿʀ ɩɪɢ 

ɰɶɨɦɭ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ: 

– ɡɚɥɢɲɤɨɜɢɦ ɫɬɚɧɞɚɪɬɧɢɦ ɜɿɞɯɢɥɟɧɧɹɦ se: 

  

2

2
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ni
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e , 
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– ɫɬɚɧɞɚɪɬɧɢɦ ɜɿɞɯɢɥɟɧɧɹɦ sb ɞɥɹ ɨɰɿɧɤɢ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ b: 

  21 x

e
b

sn

s
s


 , 5 

– ɫɬɚɧɞɚɪɬɧɢɦ ɜɿɞɯɢɥɟɧɧɹɦ sa ɞɥɹ ɨɰɿɧɤɢ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ a: 
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x
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– ɞɨɜɿɪɱɢɦ ɿɧɬɟɪɜɚɥɨɦ Δɭ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ yk, ɩɟɪɟɞɛɚɱɟɧɨɝɨ 

ɥɿɧɿєɸ ɪɟɝɪɟɫɿʀ, ɞɥɹ ɰɶɨɝɨ ɡɧɚɱɟɧɧɹ x = xk ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ: 
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sn
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 , 7 

– ɤɨɟɮɿɰɿєɧɬɨɦ ɞɟɬɟɪɦɿɧɚɰɿʀ (ɚɛɨ ɦɿɪɨɸ ɜɢɡɧɚɱɟɧɨɫɬɿ) R2, ɩɨɤɚɡɭє ɹɤɚ 

ɱɚɫɬɤɚ ɜɚɪɿɚɰɿʀ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ ɩɨɹɫɧɸєɬɶɫɹ ɡɦɿɧɨɸ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ ɩɪɢ 

ɨɛɪɚɧɨʀ ɝɟɧɟɪɚɥɶɧɨʀ ɦɨɞɟɥɿ: 
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ɞɟ 
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n

xx
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i
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x
 – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɞɥɹ ɞɿɚɩɚɡɨɧɭ ɜɦɿɫɬɭ 
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ɚɧɚɥɿɬɭ, 

 

1
1

2











n

yy

s

ni

i

i

y  – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɞɥɹ ɚɧɚɥɿɬɢɱɧɢɯ 

ɫɢɝɧɚɥɿɜ, 

t(P, f) – ɞɜɨɛɿɱɧɢɣ ɤɜɚɧɬɢɥɶ ɪɨɡɩɨɞɿɥɭ ɋɬɶɸɞɟɧɬɚ, ɞɥɹ ɞɨɜɿɪɱɨʀ 

ɣɦɨɜɿɪɧɨɫɬɿ Ɋ ɬɚ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = n – 2. 

Ɇɟɠɟɸ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɦɟɬɨɞɢɤɢ (ɆɄȼ, хLQD), ɳɨ 

ɪɨɡɪɚɯɨɜɭєɬɶɫɹ ɡ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ, ɧɚɡɢɜɚɸɬɶ ɜɟɥɢɱɢɧɭ, ɹɤɚ є 

ɞɟɫɹɬɢɤɪɚɬɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ ɨɰɿɧɤɢ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ 

ɝɪɚɞɭɸɜɚɥɶɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɞɨ ʀʀ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ [118]: 

b

s
x a

LQD




10
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Ɂ ɨɝɥɹɞɭ ɧɚ ɜɢɪɚɡ (6), ɨɬɪɢɦɚєɦɨ: 
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ȼɦɿɫɬ ɚɧɚɥɿɬɭ xk, ɞɚɫɬɶ ɩɪɨɝɧɨɡ ɞɥɹ ɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ yk, 

ɳɨ ɥɟɠɢɬɶ ɜ ɿɧɬɟɪɜɚɥɿ yk = a +b·xk ± Δy, ɞɟ Δy ɜɢɡɧɚɱɚєɬɶɫɹ ɮɨɪɦɭɥɨɸ (7). 

Ɍɨɞɿ, ɚɧɚɥɿɬɢɱɧɢɣ ɫɢɝɧɚɥ yk ɞɚɫɬɶ ɩɪɨɝɧɨɡ ɞɥɹ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ xk ɡ ɞɨɜɿɪɱɢɦ 

ɿɧɬɟɪɜɚɥɨɦ Δx: 
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Ʉɨɦɛɿɧɚɰɿɹ ɜɢɪɚɡɿɜ (10) ɬɚ (11) ɞɚє ɡɚɥɟɠɧɿɫɬɶ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɜɦɿɫɬɭ 

ɚɧɚɥɿɬɭ Δx ɜɿɞ ɆɄȼ: 
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x
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Ɇɢ ɮɨɪɦɭɥɸєɦɨ ɜɢɦɨɝɢ ɞɨ ɆɄȼ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ [121]: ɦɟɠɚ 

ɤɿɥьɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ є ɞɨɫɬɚɬɧьɨɸ ɞɥɹ ɚɧɚɥɿɡɭ ɡɚ ɞɚɧɨɸ ɦɟɬɨɞɢɤɨɸ ɬɚ 
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ɧɟɡɧɚɱɢɦɨ ɜɩɥɢɜɚє ɧɚ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɩɪɨ ɹɤɿɫɬь, ɹɤɳɨ ɜɨɧɚ ɜ ɫɜɨɸ ɱɟɪɝɭ 

є ɧɟɡɧɚɱɧɨɸ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɝɪɚɧɢɱɧɢɦ ɜɦɿɫɬɨɦ ɚɧɚɥɿɬɭ. ȼɿɞɩɨɜɿɞɧɨ ɞɨ 

ɩɪɢɧɰɢɩɭ ɧɟɡɧɚɱɭɳɨɫɬɿ, ɞɥɹ ɰɶɨɝɨ ɞɨɫɬɚɬɧɶɨ, ɳɨɛ ɆɄȼ ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɚ 

32% ɝɪɚɧɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ xcrit , ɬɨɛɬɨ 

  critLQD x.xmax  320  ɚɛɨ ɭ ɜɿɞɧɨɫɧɢɯ ɨɞɢɧɢɰɹɯ 

   
% % 

x

xmax
% Xmax

crit

LQD

LQD 32100   
13 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɡ ɜɢɪɚɡɿɜ (12) ɬɚ (13), ɨɬɪɢɦɚєɦɨ ɨɫɬɚɬɨɱɧɢɣ ɜɢɪɚɡ ɞɥɹ 

ɜɿɞɧɨɫɧɨʀ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɦɟɬɨɞɢɤɢ: 

       
  2

2

2

crit

2

1

x 1
23 

xnsn

xnsn
f,Pt.%max

x

x

x




 . 14 

Ɂ ɨɬɪɢɦɚɧɨɝɨ ɜɢɪɚɡɭ ɜɢɩɥɢɜɚє, ɳɨ  % max x  ɛɭɞɟ ɜɢɡɧɚɱɚєɬɶɫɹ ɬɿɥɶɤɢ 

ɥɢɲɟ ɤɿɥɶɤɿɫɬɸ ɬɨɱɨɤ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨʀ ɡɚɥɟɠɧɨɫɬɿ n, 

ɫɬɚɧɞɚɪɬɧɢɦ ɜɿɞɯɢɥɟɧɧɹɦ ɞɥɹ ɞɿɚɩɚɡɨɧɭ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ sx, ɚ ɬɚɤɨɠ 

ɚɛɫɨɥɸɬɧɨɸ ɪɿɡɧɢɰɟɸ  x-x crit  ɦɿɠ ɝɪɚɧɢɱɧɢɦ ɜɦɿɫɬɨɦ ɬɚ ɰɟɧɬɪɨɦ ɞɿɚɩɚɡɨɧɭ 

ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ. əɤɳɨ ɝɪɚɧɢɱɧɢɣ ɜɦɿɫɬ ɚɧɚɥɿɬɭ xcrit ɜɢɛɪɚɬɢ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ 

ɰɹ ɜɟɥɢɱɢɧɚ ɛɭɥɚ ɜ ɰɟɧɬɪɿ ɞɿɚɩɚɡɨɧɭ ɜɢɡɧɚɱɟɧɧɹ ɦɟɬɨɞɢɤɢ, ɬɨ ɜɢɪɚɡ ɞɥɹ 

max(Δx)% ɞɟɳɨ ɫɩɪɨɳɭєɬɶɫɹ: 
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ȼɢɦɨɝɚ ɞɨ ɱɭɬɥɢɜɨɫɬɿ ɦɟɬɨɞɭ 

Ʉɨɧɬɪɨɥɶ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɡɜɨɞɢɬɶɫɹ ɞɨ ɬɨɝɨ, ɳɨɛ ɜɢɹɜɢɬɢ 

ɬɚ ɤɿɥɶɤɿɫɧɨ ɜɢɡɧɚɱɢɬɢ ɦɚɫɭ ɩɪɟɩɚɪɚɬɭ ɧɚ ɩɟɜɧɿɣ ɨɞɢɧɢɰɿ ɩɨɜɟɪɯɧɿ 

ɨɛɥɚɞɧɚɧɧɹ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ 

ɨɛɥɚɞɧɚɧɧɹ ɧɟɨɛɯɿɞɧɿ ɦɟɬɨɞɢ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɜɢɫɨɤɨɸ ɱɭɬɥɢɜɿɫɬɸ ɬɚ 

ɫɟɥɟɤɬɢɜɧɿɫɬɸ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɚɧɚɥɿɬɭ ɬɚ ɞɨɦɿɲɤɚɦ – ɩɪɨɞɭɤɬɚɦ 

ɞɟɝɪɚɞɚɰɿʀ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɜ ɬɟɯɧɨɥɨɝɿɱɧɨɦɭ ɩɪɨɰɟɫɿ ɬɚ ɩɪɢ ɜɿɞɦɢɜɚɧɧɿ. 

Ɋɨɡɪɨɛɤɚ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɩɨɜɢɧɧɚ ɜɤɥɸɱɚɬɢ, 
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ɧɚɫɚɦɩɟɪɟɞ, ɜɢɛɿɪ ɦɟɬɨɞɭ ɚɧɚɥɿɡɭ, ɱɭɬɥɢɜɿɫɬɶ ɹɤɨɝɨ ɞɨɡɜɨɥɹє ɞɨɫɬɨɜɿɪɧɨ 

ɜɟɫɬɢ ɤɿɥɶɤɿɫɧɟ ɜɢɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɭ ɜ ɡɪɚɡɤɭ ɡɦɢɜɭ ɩɪɢ ɜɦɿɫɬɿ, ɳɨ ɧɟ 

ɩɟɪɟɜɢɳɭє ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɭ ɤɨɧɰɟɧɬɪɚɰɿɸ (ȽȾɄ). ɐɟ ɛɟɡɩɨɫɟɪɟɞɧɶɨ 

ɩɨɜ'ɹɡɚɧɨ ɡ ɭɦɨɜɨɸ ɞɨ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ – ɜɢɦɨɝɨɸ ɬɨɝɨ, ɳɨɛ ɡɧɚɣɞɟɧɟ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɞɚɧɨɝɨ ɦɟɬɨɞɭ ɤɿɥɶɤɿɫɬɶ ɩɪɟɩɚɪɚɬɭ ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɚ ɡɧɚɱɟɧɧɹ 

ɆȺɋɈ. 

Ɇɟɬɨɞɢɤɚ ɤɨɧɬɪɨɥɸ ɨɱɢɳɟɧɧɹ ɩɨɜɢɧɧɚ ɞɨɡɜɨɥɢɬɢ ɤɿɥɶɤɿɫɧɨ ɜɢɡɧɚɱɚɬɢ 

ɦɿɧɿɦɚɥɶɧɭ ɤɨɧɰɟɧɬɪɚɰɿɸ ɚɧɚɥɿɬɭ (xmin). ɇɟɨɛɯɿɞɧɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɬɚɤɚ 

ɜɟɥɢɱɢɧɚ ɧɟ є ɦɟɠɟɸ ɜɢɹɜɥɟɧɧɹ ɦɟɬɨɞɢɤɢ (Ɇȼ), ɩɨ ɫɭɬɿ ɰɟ – ɧɚɣɦɟɧɲɚ ɬɨɱɤɚ 

ɞɿɚɩɚɡɨɧɭ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɡɚɥɟɠɧɨɫɬɿ ɫɢɝɧɚɥɭ 

ɞɟɬɟɤɬɨɪɚ ɜɿɞ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɭ. Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɩɢɬɚɧɧɹ ɩɪɨ ɩɪɢɣɧɹɬɧɿɫɬɶ 

ɜɟɥɢɱɢɧɢ xmin, ɧɟɨɛɯɿɞɧɨ ɩɪɨɜɟɫɬɢ ɩɨɪɿɜɧɹɧɧɹ xmin ɡ ɤɪɢɬɢɱɧɨɸ 

ɤɨɧɰɟɧɬɪɚɰɿєɸ ɚɧɚɥɿɬɭ (ɯcrit), ɹɤɚ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɆȺɋɈ ɧɚ 

ɡɦɢɜ ɡ ɤɨɧɬɪɨɥɶɨɜɚɧɨʀ ɩɨɜɟɪɯɧɿ. ɇɟɨɛɯɿɞɧɟ ɪɿɲɟɧɧɹ ɩɪɨ ɩɪɢɞɚɬɧɿɫɬɶ 

ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ ɚɧɚɥɿɡɭ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨɝɨ ɡɚɜɞɚɧɧɹ. Ⱦɥɹ 

ɰɶɨɝɨ ɩɨɜɢɧɟɧ ɛɭɬɢ ɜɫɬɚɧɨɜɥɟɧɢɣ ɤɪɢɬɟɪɿɣ ɩɪɢɣɧɹɬɧɨɫɬɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɰɢɯ 

ɜɟɥɢɱɢɧ. ɇɟɞɨɫɬɚɬɧɶɨ ɩɪɢɣɧɹɬɢ, ɳɨ xmin ɦɚє ɛɭɬɢ ɦɟɧɲɟ ɯcrit, ɧɟɨɛɯɿɞɧɨ 

ɜɫɬɚɧɨɜɢɬɢ ɤɿɥɶɤɿɫɧɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɰɢɯ ɞɜɨɯ ɜɟɥɢɱɢɧ, ɳɨ 

ɧɟɡɧɚɱɢɦɨ ɜɩɥɢɜɚє ɧɚ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɩɪɨ ɹɤɿɫɬɶ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ Ɇȼ ɬɚ ɆɄȼ (Ɇȼ = 0,33·ɆɄȼ), ɡ 

ɭɦɨɜɢ (13) ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɭɦɨɜɭ ɞɥɹ Ɇȼ (xLD): 

critLD x.x  110
 . 16 

əɤɳɨ ɜ ɫɜɨɸ ɱɟɪɝɭ ɞɥɹ xmin ɩɨɫɬɚɜɢɬɢ ɭɦɨɜɭ 

  critLDmin x.x maxx  10
 , 17 

ɬɨ ɨɬɪɢɦɚєɦɨ ɜɢɦɨɝɭ ɞɨ ɦɿɧɿɦɚɥɶɧɨʀ ɬɨɱɤɢ ɞɿɚɩɚɡɨɧɭ ɤɨɧɰɟɧɬɪɚɰɿɣ ɚɧɚɥɿɬɭ: 
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ɍɦɨɜɚ (18) є ɤɪɢɬɟɪɿєɦ ɩɪɢɣɧɹɬɧɨɫɬɿ ɦɟɬɨɞɭ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɞɥɹ 
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ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɩɪɨɜɨɞɢɬɢ ɤɿɥьɤɿɫɧɟ 

ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɭ ɡɚɛɪɭɞɧɟɧɧɹ ɩɨɜɟɪɯɧɿ, ɹɤɳɨ ɣɨɝɨ ɱɭɬɥɢɜɿɫɬь ɫɬɚɧɨɜɢɬь 

ɧɟ ɛɿɥьɲɟ 10 % ɜɿɞ ȽȾɄ. 

Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɜɢɛɨɪɭ ɤɪɢɬɟɪɿʀɜ ɩɪɢɣɧɹɬɧɨɫɬɿ ɡɪɭɱɧɨ ɡɪɨɛɢɬɢ 

ɩɟɪɟɧɨɪɦɭɜɚɧɧɹ ɤɨɨɪɞɢɧɚɬɢ x ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨ ɧɨɪɦɨɜɚɧɢɣ ɜɦɿɫɬ ɚɧɚɥɿɬɭ 

ɩɪɢɣɦɚєɬɶɫɹ ɡɚ 100% ɬɚ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɰɟɧɬɪɿ ɞɿɚɩɚɡɨɧɭ. Ⱦɥɹ ɦɟɬɨɞɢɤ 

ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɦɿɧɿɦɚɥɶɧɨ ɞɨɫɬɚɬɧɿɦ є ɜɢɤɨɪɢɫɬɚɧɧɹ n = 9 ɬɨɱɨɤ, 

ɪɨɡɩɨɞɿɥɟɧɢɯ ɪɿɜɧɨɦɿɪɧɨ ɡ ɤɪɨɤɨɦ d, ɞɥɹ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɫɭɩɪɨɜɿɞɧɢɯ 

ɞɨɦɿɲɨɤ ȾɎɍ ɞɨɩɭɫɤɚє ɞɨɫɬɚɬɧɿɦ 5 ɤɨɧɰɟɧɬɪɚɰɿɣ [118]. Ɂɜɟɪɬɚєɬɶɫɹ ɭɜɚɝɚ ɧɚ 

ɬɟ, ɳɨ ɰɟ ɞɨɫɬɚɬɧɶɨ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɆɄȼ, ɨɞɧɚɤ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɚɜɢɥɶɧɨɫɬɿ ɬɚ ɬɨɱɧɨɫɬɿ ɞɨɰɿɥɶɧɨ ɩɪɨɜɨɞɢɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɧɚ 

9 ɤɨɧɰɟɧɬɪɚɰɿɹɯ. ɍ ɛɭɞɶ-ɹɤɨɦɭ ɜɢɩɚɞɤɭ, ɜɢɯɨɞɹɱɢ ɡ ɥɨɝɿɤɢ ɩɨɛɭɞɨɜɢ 

ɪɨɡɪɚɯɭɧɤɭ ɜɟɥɢɱɢɧɢ max(Δx) %, ɞɿɚɩɚɡɨɧ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɣɨɝɨ ɧɢɠɧɹ ɦɟɠɚ ɛɭɥɚ ɦɟɧɲɟ ɆɄȼ. 

Ɉɞɧɚɤ ɜɢɛɿɪ ɞɿɚɩɚɡɨɧɭ ɦɨɠɟ ɡɚɥɟɠɚɬɢ ɬɚɤɨɠ ɜɿɞ ɿɧɲɢɯ ɡɚɜɞɚɧɶ ɭ ɩɨєɞɧɚɧɧɿ ɡ 

ɩɪɚɤɬɢɱɧɨɸ ɡɪɭɱɧɿɫɬɸ ɩɪɢɝɨɬɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. Ⱦɭɠɟ ɱɚɫɬɨ є ɧɟɨɛɯɿɞɧɿɫɬɶ 

ɞɨɫɥɿɞɢɬɢ ɨɛɥɚɫɬɶ ɤɨɧɰɟɧɬɪɚɰɿɣ ɩɨɛɥɢɡɭ Ɇȼ ɦɟɬɨɞɭ. Ɂ ɨɝɥɹɞɭ ɧɚ ɭɦɨɜɭ (18) 

ɞɨɰɿɥɶɧɨ ɜɢɛɪɚɬɢ ɧɢɠɧɸ ɦɟɠɭ ɞɿɚɩɚɡɨɧɭ ɛɥɢɡɶɤɨ 10 % ɜɿɞ ɧɨɦɿɧɚɥɶɧɨʀ 

ɤɿɥɶɤɨɫɬɿ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ. ɉɪɢ ɰɶɨɦɭ ɦɨɠɥɢɜɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɿɚɩɚɡɨɧɢ ɹɤ ɡ 

ɪɿɜɧɢɦ ɤɪɨɤɨɦ, ɬɚɤ ɿ ɡ ɧɟɪɿɜɧɨɦɿɪɧɨɸ ɡɦɿɧɨɸ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɭ. ɇɚɦɢ 

ɛɭɥɨ ɞɨɫɥɿɞɠɟɧɨ ɩ'ɹɬɶ ɜɢɩɚɞɤɿɜ ɞɿɚɩɚɡɨɧɿɜ ɤɨɧɰɟɧɬɪɚɰɿɣ ɡ ɪɿɜɧɨɦɿɪɧɢɦ 

ɤɪɨɤɨɦ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ: n = 5, 7, 9, 11 ɬɚ 13.  

ɍ ɬɚɛɥɢɰɿ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ 

ɞɥɹ ɤɨɠɧɨɝɨ ɡ ɬɚɤɢɯ ɞɿɚɩɚɡɨɧɿɜ ɬɚ ɜɿɞɩɨɜɿɞɧɨʀ ɝɪɚɧɢɱɧɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ 

ɪɟɡɭɥɶɬɚɬɭ ɜɢɦɿɪɸɜɚɧɧɹ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɨɜɧɚ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɭ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɭ 

ɩɪɟɩɚɪɚɬɭ ɧɚ ɩɨɜɟɪɯɧɿ ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ (Δx), ɭ ɜɿɞɫɨɬɤɚɯ, ɜɢɪɚɠɟɧɚ ɹɤ 

ɞɜɨɛɿɱɧɢɣ ɜɿɞɧɨɫɧɢɣ ɿɧɬɟɪɜɚɥ ɞɥɹ ɪɿɜɧɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ 95 %, ɧɟ 

ɩɨɜɢɧɧɚ ɩɟɪɟɜɢɳɭɜɚɬɢ ɜɤɚɡɚɧɿ ɡɧɚɱɟɧɧɹ ɞɥɹ ɡɚɞɚɧɢɯ ɞɿɚɩɚɡɨɧɿɜ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɦɟɬɨɞɢɤɢ.
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Ɍɚɛɥɢɰɹ 3.1 

Ɋɟɤɨɦɟɧɞɨɜɚɧɿ ɞɿɚɩɚɡɨɧɢ ɤɨɧɰɟɧɬɪɚɰɿɣ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ 
ɝɪɚɮɿɤɚ ɦɟɬɨɞɢɤ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɡ ɪɿɜɧɨɦɿɪɧɢɦ ɤɪɨɤɨɦ ɬɚ ɜɿɞɩɨɜɿɞɧɿ 

ɡɧɚɱɟɧɧɹ ɝɪɚɧɢɱɧɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ 

ɤɿɥɶɤɿɫɬɶ 

ɬɨɱɨɤ, 

n 

ɤɪɨɤ, 

d, % 
Ⱦɿɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɿɣ ɚɧɚɥɿɬɭ ɜɿɞɧɨɫɧɨ ȽȾɄ,% 

sx, 

% 

max(Δx), 

% 

5 45 10; 55; 100; 145; 190 71,15 5,5 

7 30 10; 40; 70; 100; 130; 160; 190 64,81 4,2 

9 22.5 10; 32.5; 55; 77.5; 100; 122.5; 145; 167.5 190 61,62 3,8 

11 18 10; 28; 46; 64; 82; 100; 118; 136; 154; 172; 190 59,70 3,6 

13 15 10; 25; 40; 55; 70; 85; 100; 115; 130; 145; 160; 175; 190 58,42 3,4 

 

ȼɢɦɨɝɢ ɞɨ ɜɚɥɿɞɚɰɿɣɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɇɨɪɦɚɥɿɡɨɜɚɧɿ ɤɨɨɪɞɢɧɚɬɢ 

Ⱦɥɹ ɫɬɚɧɞɚɪɬɢɡɚɰɿʀ ɤɪɢɬɟɪɿʀɜ ɩɪɢɣɧɹɬɧɨɫɬɿ ɜ ɚɧɚɥɿɡɿ ɫɢɫɬɟɦɚɬɢɱɧɢɯ 

ɫɤɥɚɞɨɜɢɯ ɩɨɯɢɛɤɢ ɜɢɦɿɪɸɜɚɧɧɹ ɜɢɧɢɤɚє ɧɟɨɛɯɿɞɧɿɫɬɶ ɧɨɪɦɚɥɿɡɚɰɿʀ ɨɛɨɯ 

ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɬɚɤɨʀ ɩɪɨɰɟɞɭɪɢ ɩɟɪɟɧɨɪɦɭɜɚɧɧɹ ɦɢ ɪɨɡɝɥɹɧɭɥɢ 

ɞɜɚ ɩɿɞɯɨɞɢ: ɡɨɜɧɿɲɧɸ ɬɚ ɜɧɭɬɪɿɲɧɸ ɧɨɪɦɚɥɿɡɚɰɿɸ. 

Зɨɜɧɿɲɧɹ ɧɨɪɦɚɥɿɡɚɰɿɹ ɩɟɪɟɞɛɚɱɚє, ɳɨ ɨɞɧɚ ɬɨɱɤɚ ɜɢɦɿɪɸɜɚɧɧɹ 

ɩɪɢɣɦɚєɬɶɫɹ ɡɚ ɫɬɚɧɞɚɪɬ (xst, yst) ɬɚ ɜɿɞɧɨɫɧɨ ɧɟʀ ɡɞɿɣɫɧɸєɬɶɫɹ ɜɿɞɥɿɤ ɭɫɿɯ 

ɿɧɲɢɯ ɬɨɱɨɤ. ɇɨɪɦɚɥɿɡɨɜɚɧɿ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ ɤɨɨɪɞɢɧɚɬɢ ɦɚɬɢɦɭɬɶ ɜɢɝɥɹɞ: 

%
x

x

st

i  100X
i

 , ɬɚ %
y

y

st

i  100Y
i
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Ɉɞɧɚɤ, ɩɪɢɩɢɫɚɜɲɢ ɜɢɩɚɞɤɨɜɢɦ ɜɟɥɢɱɢɧɚɦ ɮɿɤɫɨɜɚɧɿ ɡɧɚɱɟɧɧɹ, ɦɢ ɬɢɦ 

ɫɚɦɢɦ ɠɟɪɬɜɭєɦɨ ɤɿɥɶɤɿɫɬɸ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ, ɡɦɟɧɲɢɜɲɢ ʀʀ ɧɚ ɨɞɢɧɢɰɸ 

(ɬɨɛɬɨ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɢ ɡɨɛɨɜ'ɹɡɚɧɿ ɩɪɨɜɨɞɢɬɢ ɜɫɿ ɪɨɡɪɚɯɭɧɤɢ ɞɥɹ ɫɬɭɩɟɧɿɜ 

ɫɜɨɛɨɞɢ f = n – 3), ɚɛɨ ɡɛɿɥɶɲɢɬɢ ɤɿɥɶɤɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ɨɞɢɧɢɰɸ, ɡ ɬɢɦ, 

ɳɨ ɛ ɡɛɟɪɟɝɬɢ ɤɿɥɶɤɿɫɬɶ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = n – 2, ɚɥɟ ɜɢɤɥɸɱɢɜɲɢ ɩɪɢ 

ɰɶɨɦɭ ɨɞɧɭ ɬɨɱɤɭ ɜɢɦɿɪɸɜɚɧɧɹ ɡ ɪɨɡɪɚɯɭɧɤɿɜ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɬɚɤɢɣ 

ɩɿɞɯɿɞ ɩɪɢɜɚɛɥɢɜɢɣ ɬɢɦ, ɳɨ ɞɿɚɩɚɡɨɧ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ ɧɚɨɱɧɨ ɩɨɤɚɡɭє ɡɦɿɧɭ 



 

 

50 

ɤɨɧɰɟɧɬɪɚɰɿɣ ɳɨɞɨ ɧɨɦɿɧɚɥɭ. 

ȼɧɭɬɪɿɲɧɹ ɧɨɪɦɚɥɿɡɚɰɿɹ ɡɚɫɧɨɜɚɧɚ ɧɚ ɬɨɦɭ, ɳɨ ɨɰɿɧɤɢ ɩɚɪɚɦɟɬɪɿɜ 

ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿʀ, ɪɨɡɪɚɯɨɜɚɧɿ ɡɚ ɦɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ (3), ɦɚɸɬɶ 

ɬɚɤɭ ɜɥɚɫɬɢɜɿɫɬɶ, ɳɨ ɫɭɦɚ ɜɫɿɯ ɡɚɥɢɲɤɿɜ ɪɟɝɪɟɫɿʀ ɡɜɟɪɬɚєɬɶɫɹ ɜ ɧɭɥɶ [122]: 

   0




ni

1i

ii xbay . 20 

Ɂ ɰɶɨɝɨ ɫɥɿɞɭє ɜɡɚєɦɨɡɜ'ɹɡɨɤ ɦɿɠ ɫɟɪɟɞɧɿɦɢ ɡɧɚɱɟɧɧɹɦɢ ɤɨɨɪɞɢɧɚɬ: 

xbay  . 21 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ (21) ɞɨɡɜɨɥɹє ɡɪɨɛɢɬɢ ɜɧɭɬɪɿɲɧє ɩɟɪɟɧɨɪɦɭɜɚɧɧɹ 

ɤɨɨɪɞɢɧɚɬ ɳɨɞɨ ɫɟɪɟɞɧɿɯ, ɳɨ ɞɨɡɜɨɥɹє ɡɛɟɪɟɝɬɢ ɩɪɢ ɰɶɨɦɭ ɤɿɥɶɤɿɫɬɶ ɫɬɭɩɟɧɿɜ 

ɫɜɨɛɨɞɢ f = n – 2. ɉɪɢ ɰɶɨɦɭ ɧɨɪɦɚɥɿɡɨɜɚɧɿ ɤɨɨɪɞɢɧɚɬɢ ɜɢɡɧɚɱɚɸɬɶɫɹ 

ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: 

%
x

x
i  100X
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y
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i
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ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ, ɨɞɧɚɤ, ɜɢɧɢɤɚє ɧɟɨɛɯɿɞɧɿɫɬɶ «ɜɿɞɫɬɟɠɢɬɢ» ɧɨɦɿɧɚɥ ɬɚ 

ɜɬɪɚɱɚєɬɶɫɹ ɡɝɚɞɚɧɚ ɜɢɳɟ ɧɚɨɱɧɿɫɬɶ, ɹɤɚ ɧɚɫɩɪɚɜɞɿ ɜɢɹɜɥɹєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ 

ɰɿɥɨɱɢɫɥɟɧɿɣ ɤɪɚɬɧɨɫɬɿ ɡɦɿɧɢ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɭ. Ɍɢɦ ɧɟ ɦɟɧɲɟ, 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɧɭɬɪɿɲɧɶɨʀ ɧɨɪɦɚɥɿɡɚɰɿʀ ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɧɚɦ ɧɚɣɛɿɥɶɲ 

ɨɛґɪɭɧɬɨɜɚɧɢɦ, ɨɫɤɿɥɶɤɢ ɞɨɡɜɨɥɹє ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɭɜɟɫɶ ɦɚɫɢɜ ɞɚɧɢɯ 

ɟɤɫɩɟɪɢɦɟɧɬɭ ɬɚ ɧɟ ɩɨɪɭɲɭє ɩɪɢ ɰɶɨɦɭ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɩɨɛɭɞɨɜɢ ɜɢɫɧɨɜɤɿɜ 

ɬɟɨɪɿʀ. 

ɇɟ ɜɚɠɤɨ ɩɨɦɿɬɢɬɢ, ɳɨ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɦɟɬɨɞɢɤɢ, 

ɪɨɡɪɚɯɨɜɚɧɚ ɡɚ ɮɨɪɦɭɥɚɦɢ (14, 15) ɡɚɥɢɲɚєɬɶɫɹ ɧɟɡɦɿɧɧɨɸ, ɹɤ ɩɪɢ ɡɨɜɧɿɲɧɿɣ, 

ɬɚɤ ɿ ɩɪɢ ɜɧɭɬɪɿɲɧɿɣ ɧɨɪɦɚɥɿɡɚɰɿʀ. 

Ʌɿɧɿɣɧɿɫɬь 

Ⱦɥɹ ɩɟɪɟɜɿɪɤɢ ɥɿɧɿɣɧɨɫɬɿ ɝɪɚɞɭɸɜɚɥɶɧɢɯ ɝɪɚɮɿɤ ɛɭɞɭɸɬɶ ɜ 

ɧɨɪɦɚɥɿɡɨɜɚɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ, ɩɚɪɚɦɟɬɪɢ ɪɟɝɪɟɫɿʀ ɨɛɱɢɫɥɸɸɬɶ ɦɟɬɨɞɨɦ 

ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ (ɆɇɄ): 

ii XbaY  ,  

ɞɟ: a – ɜɿɥɶɧɢɣ ɱɥɟɧ ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿʀ (ɜɿɞɪɿɡɨɤ, ɳɨ ɜɿɞɫɿɤɚєɬɶɫɹ ɧɚ ɨɫɿ 
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ɨɪɞɢɧɚɬ); 

b – ɤɭɬɨɜɢɣ ɤɨɟɮɿɰɿєɧɬ ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿʀ (ɬɚɧɝɟɧɫ ɤɭɬɚ ɧɚɯɢɥɭ ɩɪɹɦɨʀ ɞɨ ɨɫɿ 

ɚɛɫɰɢɫ). 

ȼɢɦɨɝɢ ɞɨ ɜɿɥьɧɨɝɨ ɱɥɟɧɚ  

Ʉɪɢɬɟɪɿɣ ɫɬɚɬɢɫɬɢɱɧɨʀ ɧɟɡɧɚɱɭɳɨɫɬɿ. ȼɿɥɶɧɢɣ ɱɥɟɧ α ɭ ɪɿɜɧɹɧɧɿ (1) 

ɝɟɧɟɪɚɥɶɧɨʀ ɥɿɧɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ є ɚɞɢɬɢɜɧɨɸ ɫɤɥɚɞɨɜɨɸ ɫɢɫɬɟɦɚɬɢɱɧɨʀ 

ɩɨɯɢɛɤɢ ɬɚ ɦɨɠɟ ɛɭɬɢ ɡɚɜɠɞɢ ɜɢɤɥɸɱɟɧɢɣ ɩɪɨɫɬɢɦ ɩɟɪɟɧɨɪɦɭɜɚɧɧɹɦ 

(ɧɚɥɚɲɬɭɜɚɧɧɹ ɞɟɬɟɤɬɨɪɚ). Ɉɞɧɚɤ ɣɨɝɨ ɨɰɿɧɤɚ a ɦɨɠɟ ɛɭɬɢ ɜɿɞɦɿɧɧɚ ɜɿɞ ɧɭɥɹ 

(ɹɤ ɩɪɚɜɢɥɨ, ɬɚɤ ɿ ɛɭɜɚє ɜ ɛɚɝɚɬɶɨɯ ɜɢɩɚɞɤɚɯ). ȼɚɠɥɢɜɨ ɩɪɢ ɰɶɨɦɭ: ɡɧɚɱɢɦɨ 

ɚɛɨ ɧɟɡɧɚɱɢɦɨ ɨɰɿɧɤɚ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɧɭɥɹ. ɍ ɫɬɚɬɢɫɬɢɱɧɨʀ 

ɬɟɨɪɿʀ ɪɟɝɪɟɫɢɜɧɨɝɨ ɚɧɚɥɿɡɭ ɞɨɜɨɞɢɬɶɫɹ, ɳɨ ɜɟɥɢɱɢɧɚ 
as

 a 
 ɫɥɿɞɭє 

ɪɨɡɩɨɞɿɥɭ ɋɬɶɸɞɟɧɬɚ ɡ n – 2 ɫɬɭɩɟɧɹɦɢ ɫɜɨɛɨɞɢ. Ɉɫɤɿɥɶɤɢ ɡɚɜɠɞɢ ɦɨɠɧɚ 

ɞɨɦɨɝɬɢɫɹ ɬɨɝɨ, ɳɨɛ α = 0, ɬɨ ɭɦɨɜɚ ɫɬɚɬɢɫɬɢɱɧɨʀ ɧɟɡɧɚɱɭɳɨɫɬɿ ɜɿɥɶɧɨɝɨ 

ɱɥɟɧɚ ɛɭɞɟ ɜɢɤɨɧɭɜɚɬɢɫɹ, ɹɤɳɨ ɡɧɚɱɟɧɧɹ ɣɨɝɨ ɨɰɿɧɤɢ a ɧɟ ɩɟɪɟɜɢɳɢɬɶ ɫɜɨɝɨ 

ɞɨɜɿɪɱɨɝɨ ɿɧɬɟɪɜɚɥɭ (Δɚ): 

  aa Snf %, t a  295 , 23 

ɞɟ: Sa – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ ɪɟɝɪɟɫɿʀ; 

t – ɞɜɨɛɿɱɧɢɣ ɤɜɚɧɬɢɥɶ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ 95% ɬɚ ɱɢɫɥɚ 

ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = n – 2. 

Ʉɪɢɬɟɪɿɣ ɩɪɚɤɬɢɱɧɨʀ ɡɧɚɱɭɳɨɫɬɿ. əɤɳɨ ɤɪɢɬɟɪɿɣ (23) ɧɟ ɜɢɤɨɧɭєɬɶɫɹ, 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɤɪɢɬɟɪɿɣ ɩɪɚɤɬɢɱɧɨʀ ɧɟɡɧɚɱɭɳɨɫɬɿ ɞɥɹ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ. 

ɋɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ ɩɨɜ'ɹɡɚɧɨ ɡ ɆɄȼ ɦɟɬɨɞɢɤɢ ɜɢɪɚɡɨɦ 

(9). Ɉɫɤɿɥɶɤɢ ɜ ɧɨɪɦɚɥɿɡɨɜɚɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɤɭɬɨɜɢɣ ɤɨɟɮɿɰɿєɧɬ b ɦɚє 

ɡɧɚɱɟɧɧɹ ɛɥɢɡɶɤɟ ɞɨ ɨɞɢɧɢɰɿ, ɚ ɬɚɤɨɠ, ɡ ɨɝɥɹɞɭ ɧɚ ɜɢɦɨɝɭ, ɳɨ ɆɄȼ ɧɟ 

ɩɨɜɢɧɧɚ ɩɟɪɟɜɢɳɭɜɚɬɢ 32 %, ɞɨ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ ɩɪɟɞ'ɹɜɥɹɸɬɶ ɬɚɤɭ ɜɢɦɨɝɭ 

ɩɪɚɤɬɢɱɧɨʀ ɧɟɡɧɚɱɭɳɨɫɬɿ: 

   29523  nf %, t.%max a 
a ,  24 

ɞɟ: 3,2 – ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ 
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ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿʀ (%); 

t – ɨɞɧɨɛɿɱɧɢɣ  ɤɜɚɧɬɢɥɶ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ 95 % ɬɚ ɱɢɫɥɚ 

ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = n – 2. 

ɇɟɜɢɤɨɧɚɧɧɹ ɭɦɨɜɢ (23) ɨɡɧɚɱɚє, ɳɨ ɡ ɣɦɨɜɿɪɧɿɫɬɸ 95 % є ɩɿɞɫɬɚɜɢ 

ɜɚɠɚɬɢ ɜɿɞɦɿɧɧɨɸ ɜɿɞ ɧɭɥɹ ɚɞɢɬɢɜɧɭ ɫɤɥɚɞɨɜɭ ɫɢɫɬɟɦɚɬɢɱɧɨʀ ɩɨɯɢɛɤɢ 

ɪɟɡɭɥɶɬɚɬɭ ɜɢɦɿɪɸɜɚɧɧɹ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ. ɍɦɨɜɚ (24) ɨɡɧɚɱɚє, ɳɨ 

ɧɚɹɜɧɿɫɬɶ ɬɚɤɨʀ ɩɨɯɢɛɤɢ ɧɟɡɧɚɱɢɦɨ ɜɩɥɢɜɚє ɧɚ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɩɪɨ 

ɪɟɡɭɥɶɬɚɬ ɜɢɦɿɪɸɜɚɧɧɹ ɞɥɹ ɞɚɧɨɝɨ ɞɿɚɩɚɡɨɧɭ ɤɨɧɰɟɧɬɪɚɰɿɣ. 

ȼɢɦɨɝɢ ɞɨ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ 

Ʉɭɬɨɜɢɣ ɤɨɟɮɿɰɿєɧɬ ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿʀ є ɮɚɤɬɨɪɨɦ ɜɿɞɝɭɤɭ ɞɟɬɟɤɬɨɪɚ. Ⱦɥɹ 

ɧɨɪɦɚɥɿɡɨɜɚɧɢɯ ɤɨɨɪɞɢɧɚɬ ɣɨɝɨ ɝɟɧɟɪɚɥɶɧɟ (ɬɟɨɪɟɬɢɱɧɟ) ɡɧɚɱɟɧɧɹ ɞɨɪɿɜɧɸє 

ɨɞɢɧɢɰɿ. ȼɿɞɯɢɥɟɧɧɹ ɜɿɞ ɨɞɢɧɢɰɿ ɣɨɝɨ ɨɰɿɧɤɢ b, ɨɬɪɢɦɚɧɨʀ ɡ ɞɚɧɢɯ ɜɢɛɿɪɤɢ ɩɨ 

ɆɇɄ, ɯɚɪɚɤɬɟɪɢɡɭє ɦɭɥɶɬɢɩɥɿɤɚɬɢɜɧɭ ɫɤɥɚɞɨɜɭ ɫɢɫɬɟɦɚɬɢɱɧɨʀ ɩɨɯɢɛɤɢ 

ɜɢɦɿɪɸɜɚɧɧɹ. ɍɦɨɜɚ ɫɬɚɬɢɫɬɢɱɧɨʀ ɧɟɡɧɚɱɭɳɨɫɬɿ ɜɿɞɯɢɥɟɧɧɹ ɤɭɬɨɜɨɝɨ 

ɤɨɟɮɿɰɿєɧɬɚ ɜɿɞ ɨɞɢɧɢɰɿ ɛɭɞɟ ɜɢɤɨɧɭɜɚɬɢɫɹ, ɹɤɳɨ ɣɨɝɨ ɚɛɫɨɥɸɬɧɟ ɜɿɞɯɢɥɟɧɧɹ 

ɜɿɞ ɨɞɢɧɢɰɿ ɧɟ ɩɟɪɟɜɟɪɲɢɬɶ ɣɨɝɨ ɞɨɜɿɪɱɢɣ ɿɧɬɟɪɜɚɥ (Δb): 

 
bb

Snf%,tb  2  95  1 , 25 

ɞɟ: Sb – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ; 

t – ɞɜɨɛɿɱɧɢɣ ɤɜɚɧɬɢɥɶ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ 95 % ɬɚ ɱɢɫɥɚ 

ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = n – 2. 

ȼɢɦɨɝɢ ɞɨ ɡɚɥɢɲɤɨɜɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ 

Ⱦɨɜɿɪɱɢɣ ɿɧɬɟɪɜɚɥ ɞɥɹ ɩɟɪɟɞɛɚɱɟɧɧɹ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ Δx ɜɢɡɧɚɱɚєɬɶɫɹ 

ɮɨɪɦɭɥɨɸ (11). əɤɳɨ ɩɪɢɣɧɹɬɢ, ɳɨ ɞɥɹ ɧɶɨɝɨ ɜ ɬɨɱɰɿ xk = xcrit ɜɢɤɨɧɭєɬɶɫɹ 

ɭɦɨɜɚ: 
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ɬɨ ɨɬɪɢɦɭєɦɨ ɭɦɨɜɭ ɞɥɹ ɡɚɥɢɲɤɨɜɨʀ ɞɢɫɩɟɪɫɿʀ: 
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ɞɟ: sɟ – ɡɚɥɢɲɤɨɜɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿʀ. 

əɤɳɨ ɭɦɨɜɚ (25) ɞɥɹ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɜɢɤɨɧɭєɬɶɫɹ, ɬɨ ɜ 

ɧɨɪɦɚɥɿɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ ɡɧɚɱɟɧɧɹ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ b ɛɥɢɡɶɤɟ 

ɞɨ ɨɞɢɧɢɰɿ ɬɚ ɦɨɠɧɚ ɩɪɢɣɧɹɬɢ, ɳɨ e
e s
b

s  . Ɍɨɞɿ, ɡɚɥɢɲɤɨɜɟ ɫɬɚɧɞɚɪɬɧɟ 

ɜɿɞɯɢɥɟɧɧɹ ɬɨɱɨɤ ɜɿɞ ɥɿɧɿʀ ɪɟɝɪɟɫɿʀ ɦɨɠɟ ɜɜɚɠɚɬɢɫɹ ɩɪɢɣɧɹɬɧɢɦ, ɹɤɳɨ ɞɥɹ 

ɧɶɨɝɨ ɞɨɬɪɢɦɚɸɬɶɫɹ ɧɚɫɬɭɩɧɿ ɜɢɦɨɝɢ: 
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əɤɳɨ ɩɪɢ ɩɨɛɭɞɨɜɿ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɝɪɚɧɢɱɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ 

ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɰɟɧɬɪɿ ɞɿɚɩɚɡɨɧɭ, ɬɨɛɬɨ xxcrit   , ɬɨ ɜɢɪɚɡ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

se ɫɩɪɨɳɭєɬɶɫɹ: 
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ȼɢɦɨɝɢ ɞɨ ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɟɥɹɰɿʀ 

Ʉɜɚɞɪɚɬ ɤɨɟɮɿɰɿєɧɬɚ ɥɿɧɿɣɧɨʀ ɤɨɪɟɥɹɰɿʀ (ɬɨɛɬɨ ɦɿɪɚ ɜɢɡɧɚɱɟɧɨɫɬɿ) 

ɩɨɤɚɡɭє, ɹɤɚ ɱɚɫɬɤɚ ɜɚɪɿɚɰɿʀ ɜɿɞɝɭɤɭ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ ɩɨɹɫɧɸєɬɶɫɹ 

ɜɚɪɿɚɰɿєɸ ɮɚɤɬɨɪɚ (ɜ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɤɿɥɶɤɿɫɬɸ ɪɟɱɨɜɢɧɢ) ɩɪɢ ɡɚɞɚɧɨʀ 

ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɡɚɥɟɠɧɨɫɬɿ (ɜ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɥɿɧɿɣɧɨʀ). ɋɚɦɟ ɬɚ ɱɚɫɬɤɚ 

ɜɚɪɿɚɰɿʀ, ɹɤɚ ɥɿɧɿɣɧɨʀ ɦɨɞɟɥɥɸ ɧɟ ɩɨɹɫɧɸєɬɶɫɹ, ɛɭɞɟ ɪɨɛɢɬɢ ɜɧɟɫɨɤ ɞɨ 

ɩɨɯɢɛɤɢ ɜɢɦɿɪɸɜɚɧɧɹ. Ɂɜɿɞɫɢ ɩɪɨɫɬɟɠɭєɬɶɫɹ ɡɜ'ɹɡɨɤ ɦɿɠ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ 

ɚɩɪɨɤɫɢɦɚɰɿʀ (ɬɨɛɬɨ ɤɨɟɮɿɰɿєɧɬɨɦ ɤɨɪɟɥɹɰɿʀ ɚɛɨ ɦɿɪɨɸ ɜɢɡɧɚɱɟɧɨɫɬɿ) ɬɚ 

ɧɟɜɢɡɧɚɱɟɧɿɫɬɸ ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɦɿɪɸɜɚɧɧɹ. Ʉɨɟɮɿɰɿєɧɬ ɥɿɧɿɣɧɨʀ ɤɨɪɟɥɹɰɿʀ r ɦɿɠ 

ɞɜɨɦɚ ɜɟɥɢɱɢɧɚɦɢ x ɬɚ y ɜɢɡɧɚɱɚєɬɶɫɹ ɮɨɪɦɭɥɨɸ: 
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ɞɟ b – ɨɰɿɧɤɚ ɩɚɪɚɦɟɬɪɚ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ, ɜɢɡɧɚɱɟɧɚ ɦɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ 

ɤɜɚɞɪɚɬɿɜ. ɍ ɪɚɡɿ ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿɣɧɨʀ ɦɨɞɟɥɿ ɤɜɚɞɪɚɬ ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɟɥɹɰɿʀ 
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ɬɨɬɨɠɧɨ ɞɨɪɿɜɧɸє ɦɿɪɿ ɜɢɡɧɚɱɟɧɨɫɬɿ ɚɛɨ ɤɨɟɮɿɰɿєɧɬɚ ɞɟɬɟɪɦɿɧɚɰɿʀ (8) [123]: 
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Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɟ ɡɧɚɱɟɧɧɹ ɞɥɹ ɡɚɥɢɲɤɨɜɨʀ ɞɢɫɩɟɪɫɿʀ 2
es  

ɜɢɡɧɚɱɚєɬɶɫɹ ɜɢɪɚɡɨɦ (26). ȼɫɬɚɧɨɜɢɦɨ ɬɟɩɟɪ ɧɢɠɧɸ ɦɟɠɭ ɞɥɹ ɜɢɛɿɪɤɨɜɨʀ 

ɞɢɫɩɟɪɫɿʀ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ 2
ys . Ɂɚ ɜɢɡɧɚɱɟɧɧɹɦ ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɟɥɹɰɿʀ 

(29): 
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ɡɜɿɞɤɢ ɫɥɿɞɭє ɭɦɨɜɚ ɞɥɹ ɧɢɠɧɶɨʀ ɦɟɠɿ 2
ys : 

222
xy sbs  . 31 

Ʉɨɦɛɿɧɭɸɱɢ ɜɢɪɚɡɢ (26), (30) ɬɚ (31), ɨɬɪɢɦɚєɦɨ ɭɦɨɜɭ ɞɥɹ ɦɿɧɿɦɚɥɶɧɨ 

ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɟɥɹɰɿʀ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɞɥɹ 

ɞɿɚɩɚɡɨɧɭ, ɜ ɹɤɨɦɭ ɜɚɥɿɞɭєɬɶɫɹ ɦɟɬɨɞɢɤɚ: 
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ɍ ɪɚɡɿ ɞɿɚɩɚɡɨɧɿɜ ɤɨɧɰɟɧɬɪɚɰɿɣ, ɞɥɹ ɹɤɢɯ ɧɨɦɿɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ 

ɫɩɿɜɩɚɞɚє ɡ ɰɟɧɬɪɨɦ ɞɿɚɩɚɡɨɧɭ, ɮɨɪɦɭɥɚ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɝɪɚɧɢɱɧɨɝɨ 

ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɟɥɹɰɿʀ ɫɩɪɨɳɭєɬɶɫɹ: 
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ɞɟ: n – ɤɿɥɶɤɿɫɬɶ ɬɨɱɨɤ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ; 

sɯ – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɞɿɚɩɚɡɨɧɭ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɢɤɢ, ɳɨ ɜɚɥɿɞɭєɬɶɫɹ; 

t(P, f) – ɞɜɨɛɿɱɧɢɣ ɤɜɚɧɬɢɥɶ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ Ɋ = 95 % ɬɚ 

ɱɢɫɥɚ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = n – 2. 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɜɢɡɧɚєɬɶɫɹ ɡɚɞɨɜɿɥɶɧɢɦ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɨʀ ɤɿɥɶɤɨɫɬɿ ɩɪɟɩɚɪɚɬɭ ɧɚ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ, ɹɤɳɨ ɤɨɟɮɿɰɿєɧɬ 

ɤɨɪɟɥɹɰɿʀ ɪɟɝɪɟɫɿɣɧɨʀ ɥɿɧɿʀ ɧɟ ɦɟɧɲɟ ɝɪɚɧɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ, ɪɨɡɪɚɯɨɜɚɧɨɝɨ ɡɚ 
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ɮɨɪɦɭɥɨɸ (32). Ʉɪɢɬɢɱɧɿ ɬɨɱɤɢ ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɟɥɹɰɿʀ ɞɥɹ ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ 

ɞɿɚɩɚɡɨɧɿɜ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɢɤɢ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 3.2. 

ɉɪɚɜɢɥьɧɿɫɬь ɬɚ ɩɪɟɰɢɡɿɣɧɿɫɬь 

ɉɪɚɜɢɥьɧɿɫɬь ɦɟɬɨɞɢɤɢ ɚɧɚɥɿɡɭ ɡɚɡɜɢɱɚɣ ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɦɟɬɨɞɨɦ 

«ɜɜɟɞɟɧɨ-ɡɧɚɣɞɟɧɨ» ɲɥɹɯɨɦ ɞɨɤɚɡɭ ɩɪɚɤɬɢɱɧɨʀ ɧɟɡɧɚɱɭɳɨɫɬɿ ɫɢɫɬɟɦɚɬɢɱɧɨʀ 

ɫɤɥɚɞɨɜɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ (ΔR), ɬɨɛɬɨ ɜɿɞɯɢɥɟɧɧɹ ɪɟɡɭɥɶɬɚɬɭ ɜɢɦɿɪɸɜɚɧɧɹ ɜɿɞ 

ɫɜɨɝɨ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɨɱɿɤɭɜɚɧɧɹ (100 %). ɍ ɪɚɡɿ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ 

ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɜɟɥɢɱɢɧɚ, ɨɬɪɢɦɚɧɚ ɦɟɬɨɞɨɦ «ɜɜɟɞɟɧɨ-ɡɧɚɣɞɟɧɨ», є 

ɫɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ ɪɟɱɨɜɢɧɢ (k) ɡ ɦɨɞɟɥɶɧɨʀ ɩɨɜɟɪɯɧɿ, ɹɤɚ ɞɨɩɭɫɤɚє 

ɜɚɪɿɸɜɚɧɧɹ ɜ ɲɢɪɨɤɢɯ ɦɟɠɚɯ (ɜɿɞ 50 % ɞɨ 100 %) ɬɚ ɹɜɥɹє ɫɨɛɨɸ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɟɬɨɞɢɤɢ ɜ ɱɚɫɬɢɧɿ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ. ɋɢɫɬɟɦɚɬɢɱɧɚ ɩɨɯɢɛɤɚ 

ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɧɚ ɩɪɚɤɬɢɱɧɨ ɧɟɡɧɚɱɧɨɸ, ɹɤɳɨ 

ɜɢɤɨɧɭєɬɶɫɹ ɭɦɨɜɚ ɧɟɡɧɚɱɭɳɨɫɬɿ ɰɿєʀ ɫɢɫɬɟɦɚɬɢɱɧɨʀ ɫɤɥɚɞɨɜɨʀ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ 

ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɸ ɧɟɜɢɡɧɚɱɟɧɿɫɬɸ ɚɧɚɥɿɡɭ: 

 xR max. k % Δ320100Δ  . 34 

əɤɳɨ ɜɢɦɨɝɚ (34) ɩɪɚɤɬɢɱɧɨʀ ɧɟɡɧɚɱɭɳɨɫɬɿ ɜɿɞɯɢɥɟɧɧɹ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ 

ɜɢɤɨɧɭєɬɶɫɹ, ɬɨ ɜɪɚɯɭɜɚɧɧɹ ɜɟɥɢɱɢɧɢ k ɜ ɤɿɧɰɟɜɿɣ ɚɧɚɥɿɬɢɱɧɿɣ ɨɩɟɪɚɰɿʀ ɧɟ 

ɩɨɬɪɿɛɧɨ. ȼ ɿɧɲɨɦɭ ɜɢɩɚɞɤɭ, ɩɪɢ ɪɨɡɪɚɯɭɧɤɭ ɪɟɡɭɥɶɬɚɬɭ ɧɟɨɛɯɿɞɧɨ 

ɜɪɚɯɨɜɭɜɚɬɢ ɫɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ ɪɟɱɨɜɢɧɢ ɡ ɩɨɜɟɪɯɧɿ. Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɿ 

ɡɧɚɱɟɧɧɹ ɜɿɞɯɢɥɟɧɧɹ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ ɜɿɞ 100 % (max(ΔR)) ɧɚɜɟɞɟɧɿ ɜ 

ɬɚɛɥɢɰɿ 3.2. 

Ⱦɥɹ ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɩɪɟɰɢɡɿɣɧɨɫɬɿ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ 

ɨɛɥɚɞɧɚɧɧɹ ɞɨɫɢɬɶ ɩɨɤɚɡɚɬɢ, ɳɨ ɜɿɞɧɨɫɧɢɣ ɨɞɧɨɛɿɱɧɢɣ ɞɨɜɿɪɱɢɣ ɿɧɬɟɪɜɚɥ ɞɥɹ 

ɫɟɪɟɞɧɶɨɝɨ ɡɧɚɱɟɧɧɹ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ (Δk) ɡ ɦɨɞɟɥɶɧɨʀ ɩɨɜɟɪɯɧɿ, 

ɨɬɪɢɦɚɧɢɣ ɡ m ɜɢɩɪɨɛɭɜɚɧɶ ɜ ɞɿɚɩɚɡɨɧɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɢɤɢ, ɳɨ 

ɜɚɥɿɞɭєɬɶɫɹ, ɧɟ ɩɟɪɟɜɢɳɭє ɝɪɚɧɢɱɧɭ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɦɟɬɨɞɢɤɢ ɧɚ ɪɿɜɧɿ 

ɡɧɚɱɭɳɨɫɬɿ 5 %. Ɍɨɛɬɨ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚєɬɶɫɹ ɩɪɟɰɢɡɿɣɧɨʀ, ɹɤɳɨ ɜɢɤɨɧɭєɬɶɫɹ 

ɜɢɦɨɝɚ: 



 

 

56 

   
x

k

k
max

m

S
m%,t  195 , 35 

ɞɟ: Sk – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ, ɪɨɡɪɚɯɨɜɚɧɟ ɞɥɹ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ; 

t(95 % ,m – 1) – ɨɞɧɨɛɿɱɧɢɣ ɤɜɚɧɬɢɥɶ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ  

Ɋ = 95 % ɬɚ ɱɢɫɥɚ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = m – 1. 

Ɍɚɛɥɢɰɹ 3.2 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɭ 
ɜɢɡɧɚɱɟɧɧɹ ɬɚ ɤɪɢɬɢɱɧɢɯ ɡɧɚɱɟɧɶ ɞɥɹ ɩɚɪɚɦɟɬɪɿɜ ɥɿɧɿɣɧɨɫɬɿ, ɩɪɟɰɢɡɿɣɧɨɫɬɿ ɬɚ 

ɩɪɚɜɢɥɶɧɨɫɬɿ ɞɥɹ ɡɚɡɧɚɱɟɧɢɯ ɞɿɚɩɚɡɨɧɿɜ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɢɤɢ ɬɚ ɤɿɥɶɤɨɫɬɿ 
ɬɨɱɨɤ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ 

ɤɿɥɶɤɿɫɬɶ 
ɬɨɱɨɤ, 

n 

ɤɪɨɤ 
ɞɿɚɩɚɡɨɧɭ 

d % 

Xmin = 10% 

max(Δx), 

% 

max(ΔR), 

% 

max(Se), 

% 
rmin 

max|a|, 

% 

5 45 5,5 1,75 3,84 0,99891 7,53 

7 30 4,2 1,35 4,36 0,99812 6,45 

9 22,5 3,8 1,22 4,82 0,99732 6,06 

11 18 3,6 1,15 5,25 0,99651 5,87 

13 15 3,4 1,10 5,65 0,99571 5,75 
 

ȼɿɞɬɜɨɪɸɜɚɧɿɫɬь 

ȼɿɞɬɜɨɪɸɜɚɧɿɫɬɶ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ 

ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ (k) ɡ ɦɨɞɟɥɶɧɨʀ ɩɨɜɟɪɯɧɿ 

ɜ ɭɦɨɜɚɯ ɜɢɜɱɟɧɧɹ ɩɪɚɜɢɥɶɧɨɫɬɿ ɬɚ ɩɪɟɰɢɡɿɣɧɨɫɬɿ. Ⱦɥɹ ɰɶɨɝɨ ɩɪɨɜɨɞɹɬɶ 

ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɡɧɚɱɟɧɧɹ, ɨɬɪɢɦɚɧɢɯ ɜ ɪɿɡɧɿ ɞɧɿ ɨɞɧɢɦ ɚɧɚɥɿɬɢɤɨɦ, 

ɧɚ ɨɞɧɨɦɭ ɩɪɢɥɚɞɿ (ɜɧɭɬɪɿɲɧɶɨɥɚɛɨɪɚɬɨɪɧɚ ɜɿɞɬɜɨɪɸɜɚɧɿɫɬɶ). ȼɫɿ ɪɟɡɭɥɶɬɚɬɢ 

ɩɨɜɢɧɧɿ ɧɚɥɟɠɚɬɢ ɨɞɧɿєʀ ɣ ɬɿєʀ ɠ ɝɟɧɟɪɚɥɶɧɿɣ ɫɭɤɭɩɧɨɫɬɿ. ɉɟɪɟɜɿɪɤɭ 

ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɩɪɨɜɨɞɢɬɢ ɦɟɬɨɞɨɦ ɞɢɫɩɟɪɫɿɣɧɨɝɨ ɚɧɚɥɿɡɭ [124]. Ɉɬɪɢɦɚɧɟ 

ɡɧɚɱɟɧɧɹ F-ɤɪɢɬɟɪɿɸ ɞɥɹ m ɜɢɩɪɨɛɭɜɚɧɶ ɩɪɨɬɹɝɨɦ g ɞɧɿɜ ɧɟ ɩɨɜɢɧɧɨ 

ɩɟɪɟɜɢɳɭɜɚɬɢ ɬɚɛɥɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ 95 % ɬɚ g – 1 

ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ ɱɢɫɟɥɶɧɢɤɚ ɬɚ m·(g – 1) ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ ɡɧɚɦɟɧɧɢɤɚ. 

Ɇɟɠɚ ɜɢɹɜɥɟɧɧɹ (Ɇȼ) ɬɚ ɦɟɠɚ ɤɿɥьɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ (ɆɄȼ) 

Ɇȼ ɢ ɆɄȼ ɦɨɠɭɬɶ ɛɭɬɢ ɪɨɡɪɚɯɨɜɚɧɿ ɩɪɢ ɜɢɜɱɟɧɧɿ ɥɿɧɿɣɧɨɫɬɿ ɡɿ 
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ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ ɬɚ ɤɭɬɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ: 

b

SМВ a





3

10
, 

b

SМКВ a



10   

Ɇɟɠɚ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ є ɞɨɫɬɚɬɧɶɨɸ ɞɥɹ ɚɧɚɥɿɡɭ ɡɚ ɞɚɧɨɸ 

ɦɟɬɨɞɢɤɨɸ ɬɚ ɧɟɡɧɚɱɢɦɨ ɜɩɥɢɜɚє ɧɚ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɩɪɨ ɹɤɿɫɬɶ, ɹɤɳɨ 

ɜɨɧɚ ɜ ɫɜɨɸ ɱɟɪɝɭ є ɧɟɡɧɚɱɧɨɸ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɝɪɚɧɢɱɧɢɦ ɜɦɿɫɬɨɦ ɚɧɚɥɿɬɭ. 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɩɪɢɧɰɢɩɭ ɧɟɡɧɚɱɭɳɨɫɬɿ ɞɥɹ ɰɶɨɝɨ ɞɨɫɬɚɬɧɶɨ, ɳɨɛ ɜɿɞɧɨɫɧɟ 

ɡɧɚɱɟɧɧɹ ɆɄȼ ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɨ 32 %:  

  %МКВmaxМКВ  32   36 

Ʉɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ ɩɪɢɞɚɬɧɨɫɬɿ ɫɢɫɬɟɦɢ ɩɨ ɡɛɿɠɧɨɫɬɿ 

ɪɟɡɭɥьɬɚɬɿɜ ɩɨɜɬɨɪɧɢɯ ɿɧɠɟɤɰɿɣ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ ɦɟɬɨɞɢɤ 

Ⱦɥɹ ɩɟɪɟɜɿɪɤɢ ɡɛɿɠɧɨɫɬɿ ɩɚɪɚɥɟɥɶɧɢɯ ɿɧɠɟɤɰɿʀ ȾɎɍ [118] ɪɟɤɨɦɟɧɞɭє 

ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɜɿɞɧɨɫɧɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ – RSD ɩɚɪɚɥɟɥɶɧɢɯ 

ɜɢɦɿɪɸɜɚɧɶ ɬɚ ɩɨɪɿɜɧɸɜɚɬɢ ʀɯ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦ RSDmax. Ɋɨɡɪɚɯɭɧɨɤ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ RSD ɡɚɫɧɨɜɚɧɢɣ ɩɪɢ ɰɶɨɦɭ ɧɚ ɫɬɚɬɢɫɬɢɰɿ ɪɨɡɩɨɞɿɥɭ 

ɋɬɶɸɞɟɧɬɚ. ɉɪɢ ɩɪɚɤɬɢɱɧɨɦɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɚɤɨɝɨ ɤɪɢɬɟɪɿɸ ɰɟ ɧɟ ɡɚɜɠɞɢ є 

ɡɪɭɱɧɢɦ. Ⱦɿɣɫɧɨ, ɩɪɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɤɨɧɬɪɨɥɿ ɩɪɨɫɬɿɲɟ ɬɚ ɲɜɢɞɲɟ 

ɪɨɡɪɚɯɭɜɚɬɢ ɪɨɡɦɚɯ ɦɿɠ ɩɚɪɚɥɟɥɶɧɢɦɢ ɜɢɦɿɪɚɦɢ, ɧɿɠ ɨɛɱɢɫɥɢɬɢ ɫɬɚɧɞɚɪɬɧɟ 

ɜɿɞɯɢɥɟɧɧɹ. Ⱦɥɹ ɜɢɜɱɟɧɧɹ ɡɛɿɠɧɨɫɬɿ ɩɪɢ ɧɟɜɟɥɢɤɿɣ ɤɿɥɶɤɨɫɬɿ ɜɢɦɿɪɿɜ 

ɡɪɭɱɧɢɦɢ є ɤɪɢɬɟɪɿʀ, ɡɚɫɧɨɜɚɧɿ ɧɚ ɩɨɪɹɞɤɨɜɢɯ ɫɬɚɬɢɫɬɢɤɚɯ [125]. Ɉɞɧɢɦ ɡ 

ɬɚɤɢɯ ɤɪɢɬɟɪɿʀɜ є ɤɪɢɬɟɪɿɣ ɫɬьɸɞɟɧɬɢɡɨɜɚɧɨɝɨ ɪɨɡɦɚɯɭ. ɋɬɚɬɢɫɬɢɤɚ 

ɤɪɢɬɟɪɿɸ ɜɢɡɧɚɱɚєɬɶɫɹ ɜɿɞɧɨɲɟɧɧɹɦ ɪɨɡɦɚɯɭ ɜɢɩɪɨɛɭɜɚɧɨʀ ɜɢɛɿɪɤɢ ɞɨ 

ɤɨɧɬɪɨɥɶɧɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ [126]. ȼ ɹɤɨɫɬɿ ɤɨɧɬɪɨɥɸ ɜ ɧɚɲɨɦɭ 

ɜɢɩɚɞɤɭ ɜɢɫɬɭɩɚє ɦɚɤɫɢɦɚɥɶɧɟ ɧɨɪɦɚɥɿɡɨɜɚɧɟ ɡɚɥɢɲɤɨɜɟ ɫɬɚɧɞɚɪɬɧɟ 

ɜɿɞɯɢɥɟɧɧɹ (26). əɤɳɨ ɜɢɤɨɧɭєɬɶɫɹ ɭɦɨɜɚ (23) ɧɟɡɧɚɱɭɳɨɫɬɿ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ 

ɪɟɝɪɟɫɿʀ, ɬɨ ɰɿɥɤɨɦ ɞɨɩɭɫɬɢɦɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ ɡɨɜɧɿɲɧɶɨɝɨ ɫɬɚɧɞɚɪɬɭ 

ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɿɧɲɢɯ ɜɢɦɨɝ ɞɨ ɥɿɧɿɣɧɨɫɬɿ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜ ɹɤɨɫɬɿ 

ɫɬɚɧɞɚɪɬɭ ɩɨɜɢɧɧɚ ɛɭɬɢ ɨɛɪɚɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɚɧɚɥɿɬɭ, ɜɿɞɩɨɜɿɞɧɚ 

ɧɨɦɿɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ (xst ≈ xcrit). ɇɟɯɚɣ ɞɚɥɿ ɡ m ɩɚɪɚɥɟɥɶɧɢɯ ɜɢɦɿɪɸɜɚɧɶ 
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(ɿɧɠɟɤɰɿʀ) ɨɬɪɢɦɚɧɿ yi ɡɧɚɱɟɧɶ ɚɧɚɥɿɬɢɱɧɢɯ ɫɢɝɧɚɥɿɜ (ɩɥɨɳ ɩɿɤɿɜ ɧɚ 

ɯɪɨɦɚɬɨɝɪɚɦɿ) ɞɥɹ ɧɨɦɿɧɚɥɶɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɭ. Ɍɨɞɿ ɜɢɦɨɝɚ 

ɩɪɢɞɚɬɧɨɫɬɿ ɫɢɫɬɟɦɢ ɩɨ ɡɛɿɠɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɿɜ ɩɨɜɬɨɪɧɢɯ ɿɧɠɟɤɰɿʀ ɡɜɨɞɢɬɶɫɹ 

ɞɨ ɜɫɬɚɧɨɜɥɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɪɨɡɦɚɯɭ Wmax ɧɨɪɦɚɥɿɡɨɜɚɧɢɯ 

ɡɧɚɱɟɧɶ ɚɧɚɥɿɬɢɱɧɢɯ ɫɢɝɧɚɥɿɜ (ɩɥɨɳ ɩɿɤɿɜ), ɨɬɪɢɦɚɧɢɯ ɡ m ɩɚɪɚɥɟɥɶɧɢɯ 

ɜɢɦɿɪɸɜɚɧɶ (ɿɧɠɟɤɰɿʀ). ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɫɬɚɬɢɫɬɢɤɭ ɫɬɶɸɞɟɧɬɢɡɨɜɚɧɨɝɨ 

ɪɨɡɦɚɯɭ, ɨɬɪɢɦɚєɦɨ ɭɦɨɜɭ ɞɥɹ ɡɛɿɠɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɿɜ ɩɚɪɚɥɟɥɶɧɢɯ ɿɧɠɟɤɰɿɣ: 

   
e

min Smaxf,m,Pq%
y

y



 max

max W  100
y
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ɞɟ: ymax, ymin – ɜɿɞɩɨɜɿɞɧɨ ɦɚɤɫɢɦɚɥɶɧɟ ɬɚ ɦɿɧɿɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɢɱɧɨɝɨ 

ɫɢɝɧɚɥɭ, ɨɬɪɢɦɚɧɿ ɡ m ɩɚɪɚɥɟɥɶɧɢɯ ɜɢɦɿɪɸɜɚɧɶ; 

y  – ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ, ɨɬɪɢɦɚɧɟ ɡ m ɩɚɪɚɥɟɥɶɧɢɯ 

ɜɢɦɿɪɸɜɚɧɶ; 

max(Se) – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɟ ɜɿɞɧɨɫɧɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ 

ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ, ɪɨɡɪɚɯɨɜɚɧɟ ɡɚ ɮɨɪɦɭɥɨɸ (26). 

q(P,m,f) – ɤɜɚɧɬɢɥɶ ɪɨɡɩɨɞɿɥɭ ɫɬɶɸɞɟɧɬɢɡɨɜɚɧɨɝɨ ɪɨɡɦɚɯɭ ɞɥɹ ɞɨɜɿɪɱɨʀ 

ɣɦɨɜɿɪɧɨɫɬɿ Ɋ, ɱɢɫɥɚ ɩɚɪɚɥɟɥɶɧɢɯ ɜɢɦɿɪɸɜɚɧɶ m ɬɚ ɱɢɫɥɚ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ 

ɞɥɹ ɡɚɥɢɲɤɨɜɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ f = n – 2. 

ɉɪɢ ɜɢɛɨɪɿ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ Ɋ ɜ ɚɧɚɥɿɬɢɱɧɿɣ ɯɿɦɿʀ ɩɪɢɣɧɹɬɧɢɣ 

ɪɿɜɟɧɶ ɡɧɚɱɭɳɨɫɬɿ α = 5 %. Ⱥɥɟ ɜ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɦɨɜɚ ɣɞɟ ɧɟ ɩɪɨ ɩɨɞɚɧɧɹ 

ɪɟɡɭɥɶɬɚɬɭ ɚɧɚɥɿɡɭ, ɚ ɩɪɨ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ: ɜɢɡɧɚɬɢ ɚɛɨ ɧɟ ɜɢɡɧɚɬɢ ɞɟɹɤɭ 

ɜɢɛɿɪɤɭ ɨɛ'єɦɨɦ m ɬɚɤɨɸ, ɳɨ ɞɨɡɜɨɥɢɥɚ ɛ ɩɪɟɞɫɬɚɜɢɬɢ ɪɟɡɭɥɶɬɚɬ ɚɧɚɥɿɡɭ ɡ 

ɧɟɨɛɯɿɞɧɨɸ ɞɥɹ ɚɧɚɥɿɬɢɱɧɨʀ ɯɿɦɿʀ ɞɨɫɬɨɜɿɪɧɿɫɬɸ. ɋɭɬɶ ɩɪɨɛɥɟɦɢ ɩɨɥɹɝɚє ɜ 

ɬɨɦɭ, ɳɨ ɜɫɿ ɪɨɡɝɥɹɧɭɬɿ ɜɚɪɿɚɧɬɢ ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ ɦɚɥɨɱɢɫɟɥɶɧɢɯ ɜɢɛɿɪɨɤ, ɚ ɡɿ 

ɡɦɟɧɲɟɧɧɹɦ ɨɛɫɹɝɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɡɪɨɫɬɚє ɣɦɨɜɿɪɧɿɫɬɶ ɬɨɝɨ, ɳɨ 

ɞɨɫɥɿɞɧɢɤ, ɡɪɨɛɢɜɲɢ ɜɢɫɧɨɜɨɤ ɩɪɨ ɧɚɥɟɠɧɿɫɬɶ ɞɚɧɨʀ ɜɢɛɿɪɤɢ ɞɨ ɞɟɹɤɨʀ 

ɝɟɧɟɪɚɥɶɧɨʀ ɫɭɤɭɩɧɨɫɬɿ, ɡɪɨɛɢɬɶ ɩɪɢ ɰɶɨɦɭ ɫɬɚɬɢɫɬɢɱɧɭ ɩɨɯɢɛɤɭ ɩɟɪɲɨɝɨ 

ɪɨɞɭ. Ɍɚɤɚ ɣɦɨɜɿɪɧɿɫɬɶ ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɦɚɥɢɯ ɜɢɛɿɪɨɤ ɩɨɜɢɧɧɚ ɛɭɬɢ 

ɜɪɚɯɨɜɚɧɚ, ɚ ɧɟ ɡɚɞɚɧɚ ɹɤ ɚɩɪɿɨɪɧɚ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ, ɧɚɦɢ ɪɨɡɝɥɹɧɭɬɨ ɩɢɬɚɧɧɹ 
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ɩɪɨ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɜɢɛɨɪɭ ɪɿɜɧɹ ɡɧɚɱɭɳɨɫɬɿ ɞɥɹ ɤɪɢɬɟɪɿɸ ɩɪɢɣɧɹɬɬɹ 

ɫɬɚɬɢɫɬɢɱɧɨʀ ɝɿɩɨɬɟɡɢ ɩɪɨ ɨɞɧɨɪɿɞɧɿɫɬɶ ɜɢɛɿɪɤɢ. 

ɉɪɢ ɜɢɪɿɲɟɧɧɿ ɰɶɨɝɨ ɡɚɜɞɚɧɧɹ ɦɢ ɜɢɯɨɞɢɥɢ ɡ ɬɨɝɨ ɨɱɟɜɢɞɧɨɝɨ ɮɚɤɬɭ, 

ɳɨ ɤɪɢɬɢɱɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɛɭɞɭɬɶ ɟɤɫɬɪɟɦɚɥɶɧɿ ɪɟɡɭɥɶɬɚɬɢ ɜɢɦɿɪɸɜɚɧɶ, 

ɬɨɛɬɨ ɦɿɧɿɦɚɥɶɧɿ ɬɚ ɦɚɤɫɢɦɚɥɶɧɿ ɜɿɞɥɿɤɢ. ɐɿɥɤɨɦ ɩɪɢɪɨɞɧɶɨ ɩɪɢ ɰɶɨɦɭ 

ɭɹɜɢɬɢ ɜɢɛɿɪɤɭ ɭ ɜɢɝɥɹɞɿ ɜɚɪɿɚɰɿɣɧɨɝɨ ɪɹɞɭ, ɬɨɛɬɨ ɪɨɡɬɚɲɭɜɚɬɢ ɜɿɞɥɿɤɢ ɩɨ 

ɡɪɨɫɬɚɧɧɸ, ɿɧɚɤɲɟ ɤɚɠɭɱɢ, ɩɟɪɟɣɬɢ ɞɨ ɩɨɪɹɞɤɨɜɨʀ ɫɬɚɬɢɫɬɢɤɢ. Ʉɪɢɬɢɱɧɿ 

ɦɟɠɿ ɬɚɤɨɝɨ ɪɹɞɭ, ɬɨɛɬɨ ɞɨɩɭɫɬɢɦɿ ɡɧɚɱɟɧɧɹ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɜɿɞɥɿɤɿɜ, 

ɦɢ ɛɭɞɟɦɨ ɧɚɡɢɜɚɬɢ ɦɟɠɚɦɢ ɰɟɧɡɭɪɭɜɚɧɧɹ. ɋɥɿɞ ɜɿɞɪɚɡɭ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɬɚɤɢɣ 

ɩɿɞɯɿɞ ɛɚɝɚɬɨ ɜ ɱɨɦɭ ɜɢɡɧɚɱɚє ɜɢɛɿɪ ɤɪɢɬɟɪɿɸ, ɹɤɢɣ ɦɨɠɟ ɛɭɬɢ ɡɚɫɧɨɜɚɧɢɣ 

ɫɚɦɟ ɧɚ ɩɨɪɹɞɤɨɜɢɯ ɫɬɚɬɢɫɬɢɤɚɯ. Ɉɛɪɚɧɢɣ ɧɚɦɢ ɤɪɢɬɟɪɿɣ ɫɬɶɸɞɟɧɬɢɡɨɜɚɧɨɝɨ 

ɪɨɡɦɚɯɭ є ɨɞɧɢɦ ɡ ɬɚɤɢɯ ɤɪɢɬɟɪɿʀɜ. 

ȼɢɯɨɞɹɱɢ ɡ ɩɨɫɬɚɜɥɟɧɨɝɨ ɡɚɜɞɚɧɧɹ, ɫɥɿɞɭє, ɳɨ ɦɟɠɿ ɰɟɧɡɭɪɭɜɚɧɧɹ 

ɜɢɛɿɪɤɢ ɩɨɜɢɧɧɿ ɡɚɥɟɠɚɬɢ ɜɿɞ ʀʀ ɨɛɫɹɝɭ ɬɚ, ɩɪɢɡɧɚɱɚɸɱɢ ɬɭ ɱɢ ɿɧɲɭ ɦɟɠɭ, 

ɧɟɨɛɯɿɞɧɨ ɨɰɿɧɢɬɢ ɪɿɜɟɧɶ ɡɧɚɱɭɳɨɫɬɿ α = 100 – Ɋ, ɬɨɛɬɨ ɣɦɨɜɿɪɧɿɫɬɶ ɜɿɞɫɿɤɬɢ 

ɹɤɭɫɶ ɱɚɫɬɢɧɭ ɜɿɞɥɿɤɿɜ, ɳɨ ɧɚɥɟɠɚɬɶ ɞɨ ɨɛɪɨɛɥɸɜɚɧɨʀ ɜɢɛɿɪɤɢ. ɐɟɣ ɪɿɜɟɧɶ 

ɡɧɚɱɭɳɨɫɬɿ ɦɨɠɟ ɛɭɬɢ ɨɛɪɚɧɢɣ ɧɚ ɩɿɞɫɬɚɜɿ ɧɚɫɬɭɩɧɢɯ ɦɿɪɤɭɜɚɧɶ. Ʉɿɥɶɤɿɫɬɶ m 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɜɿɞɥɿɤɿɜ ɪɨɡɛɢɜɚɸɬɶ ɨɛɥɚɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɧɚ m + 1 

ɿɧɬɟɪɜɚɥɿɜ ɬɚ ɦɿɠ ɤɪɚɣɧɿɦɢ ɱɥɟɧɚɦɢ ɜɚɪɿɚɰɿɣɧɨɝɨ ɪɹɞɭ ɭɤɥɚɞɟɧɨ m – 1 

ɿɧɬɟɪɜɚɥɿɜ. əɤɳɨ ɩɪɢɡɧɚɱɢɬɢ ɦɟɠɿ ɰɟɧɡɭɪɭɜɚɧɧɹ ɬɚɤ, ɳɨɛ ɜɿɞɫɬɚɧɶ ɦɿɠ ɧɢɦɢ 

ɫɩɿɜɩɚɞɚɥɚ ɡ ɜɿɞɫɬɚɧɧɸ ɦɿɠ ɤɪɚɣɧɿɦɢ ɬɨɱɤɚɦɢ, ɬɨ ɧɚɣɦɟɧɲɚ ɩɨɯɢɛɤɚ ɭ 

ɜɢɡɧɚɱɟɧɧɿ ɤɨɨɪɞɢɧɚɬɢ ɰɟɧɬɪɭ ɪɨɡɩɨɞɿɥɭ ɛɭɞɟ ɩɪɢɡɜɨɞɢɬɢ ɞɨ ɬɨɝɨ, ɳɨ ɨɞɧɚ ɡ 

ɤɪɚɣɧɿɯ ɬɨɱɨɤ ɛɭɞɟ ɧɚɞɚɜɚɬɢɫɹ ɡɚ ɦɟɠɟɸ ɰɟɧɡɭɪɭɜɚɧɧɹ, ɬɨɛɬɨ ɩɪɢɡɧɚɱɟɧɧɹ 

ɦɟɠ ɡ ɞɨɜɿɪɱɨɸ ɣɦɨɜɿɪɧɿɫɬɸ %
m

m
P   100

1

1





  ɡɚɛɟɡɩɟɱɢɬɶ ɡɚɜɠɞɢ ɜɿɞɫɿɤɚɧɧɹ 

ɹɤɨʀɫɶ ɨɞɧɿєʀ ɬɨɱɤɢ ɜɢɛɿɪɤɢ (ɡɥɿɜɚ ɱɢ ɫɩɪɚɜɚ). əɤɳɨ ɠ ɩɨɫɬɚɜɢɬɢ ɭɦɨɜɭ, ɳɨ 

ɦɟɠɿ ɰɟɧɡɭɪɭɜɚɧɧɹ ɩɨɜɢɧɧɿ ɜ ɫɟɪɟɞɧɶɨɦɭ ɜɿɞɫɿɤɚɬɢ ɦɟɧɲɟ ɨɞɧɿєʀ ɬɨɱɤɢ 

ɜɢɛɿɪɤɢ, ɬɨ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɣɦɨɜɿɪɧɿɫɬɶ ɬɚɤɨʀ ɩɨɞɿʀ ɛɭɞɟ ɞɨɪɿɜɧɸɜɚɬɢ 

%
m

m
P  100

1



  ɬɚ ɲɭɤɚɧɢɣ ɪɿɜɟɧɶ ɡɧɚɱɭɳɨɫɬɿ ɛɭɞɟ ɞɨɪɿɜɧɸɜɚɬɢ[127]: 
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ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɤɪɢɬɢɱɧɿ ɬɨɱɤɢ ɫɬɶɸɞɟɧɬɢɡɨɜɚɧɨɝɨ ɪɨɡɦɚɯɭ, ɧɚɦɢ 

ɪɨɡɪɚɯɨɜɚɧɿ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɿ ɡɧɚɱɟɧɧɹ ɜɿɞɧɨɫɧɨɝɨ ɪɨɡɦɚɯɭ 

ɚɧɚɥɿɬɢɱɧɢɯ ɫɢɝɧɚɥɿɜ (ɩɥɨɳ ɩɿɤɿɜ), ɨɬɪɢɦɚɧɢɯ ɡ m ɩɚɪɚɥɟɥɶɧɢɯ ɜɢɦɿɪɸɜɚɧɶ 

ɞɥɹ ɪɿɜɧɿɜ ɡɧɚɱɭɳɨɫɬɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɛɫɹɝɭ ɜɢɛɿɪɤɢ. Ɋɟɡɭɥɶɬɚɬɢ ɧɚɜɟɞɟɧɿ ɜ 

ɬɚɛɥɢɰɿ 3.3. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɚ ɫɢɫɬɟɦɚ ɦɨɠɟ ɜɜɚɠɚɬɢɫɹ ɩɪɢɞɚɬɧɨɸ 

ɞɥɹ ɚɧɚɥɿɡɭ, ɹɤɳɨ ɜɿɞɧɨɫɧɢɣ ɪɨɡɦɚɯ ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɦɿɪɸɜɚɧɶ ɚɧɚɥɿɬɢɱɧɢɯ 

ɫɢɝɧɚɥɿɜ, ɨɬɪɢɦɚɧɢɣ ɡ m ɩɚɪɚɥɟɥɶɧɢɯ ɜɢɦɿɪɸɜɚɧɶ, ɧɟ ɩɟɪɟɜɢɳɢɬɶ ɫɜɨʀɯ 

ɤɪɢɬɢɱɧɢɯ ɡɧɚɱɟɧɶ (ɬɚɛɥɢɰɹ 3.3). 

 

Ɍɚɛɥɢɰɹ 3.3 

Ʉɪɢɬɢɱɧɿ ɬɨɱɤɢ ɜɿɞɧɨɫɧɨɝɨ ɪɨɡɦɚɯɭ W ɚɧɚɥɿɬɢɱɧɢɯ ɫɢɝɧɚɥɿɜ  
(ɩɥɨɳ ɩɿɤɿɜ) ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɩɪɢɞɚɬɧɨɫɬɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɫɢɫɬɟɦɢ ɩɨ 

ɡɛɿɠɧɨɫɬɿ ɩɚɪɚɥɟɥɶɧɢɯ ɿɧɠɟɤɰɿɣ 

n 
max(Δx), 

% 
f 

max(Se), 

% 

ɱɢɫɥɨ ɩɚɪɚɥɟɥɶɧɢɯ ɿɧɠɟɤɰɿʀ m 

2 3 4 5 6 

ɪɿɜɟɧɶ ɡɧɚɱɭɳɨɫɬɿ α, % 

33,33 25,00 20,00 16,67 14,29 

ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɢɣ ɜɿɞɧɨɫɧɢɣ ɪɨɡɦɚɯ, Wmax % 

5 5,5 3 3,84 6,25 11,08 14,73 17,78 20,46 

7 4,2 5 4,36 6,59 11,33 14,641 17,25 19,45 

9 3,8 7 4,82 7,08 12,02 15,34 17,901 20,00 

11 3,6 9 5,25 7,59 12,78 16,21 18,80 20,90 

13 3,4 11 5,65 8,08 13,55 17,11 19,77 21,91 
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Гɪɚɧɢчɧі ɜɢɩɪɨɛуɜɚɧɧя 

Ʉɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɚɧɚɥɿɬɢɱɧɨʀ ɦɟɬɨɞɢɤɢ ɜ ɪɚɡɿ 

ɝɪɚɧɢɱɧɢɯ ɜɢɩɪɨɛɭɜɚɧь 

Ƚɪɚɧɢɱɧɿ ɜɢɩɪɨɛɭɜɚɧɧɹ ɨɡɧɚɱɚɸɬɶ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ, ɳɨ ɪɟɡɭɥɶɬɚɬɨɦ 

ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɚɧɚɥɿɬɢɱɧɨʀ ɦɟɬɨɞɢɤɢ є 

ɜɢɫɧɨɜɨɤ ɩɪɨ ɬɟ, ɩɟɪɟɜɟɪɲɭє ɚɛɨ ɧɟ ɩɟɪɟɜɢɳɭє ɡɧɚɣɞɟɧɢɣ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɞɚɧɨʀ ɦɟɬɨɞɢɤɢ ɜɦɿɫɬ ɚɧɚɥɿɬɭ ɞɟɹɤɢɣ ɤɪɢɬɢɱɧɢɣ ɪɿɜɟɧɶ, ɬɨɛɬɨ ɜ ɚɫɩɟɤɬɿ 

ɪɨɡɝɥɹɧɭɬɨʀ ɩɪɨɛɥɟɦɢ ɪɟɡɭɥьɬɚɬɨɦ ɚɧɚɥɿɡɭ ɛɭɞɟ: 

critxx   ɚɛɨ critxx  , 39 

ɛɟɡ ɿɫɬɨɬɧɨɝɨ ɭɬɨɱɧɟɧɧɹ ɤɿɥɶɤɿɫɧɨɝɨ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ. 

Ɇɟɬɨɞɨɥɨɝɿɹ ɩɨɛɭɞɨɜɢ ɜɢɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨɝɨ ɡɚɜɞɚɧɧɹ ɩɪɢ ɰɶɨɦɭ 

ɩɨɜɢɧɧɚ ɡɚɥɢɲɢɬɢɫɹ ɬɚɤɨɸ ɠ ɫɚɦɨɸ. Ⱥɥɟ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɢ ɩɨɜɢɧɧɿ ɛɭɥɢ ɛ 

ɜɢɯɨɞɢɬɢ ɧɟ ɡ ɜɢɡɧɚɱɟɧɧɹ ɭɦɨɜɢ ɞɥɹ ɆɄȼ, ɚ ɡ ɬɚɤɨʀ ɠ ɭɦɨɜɢ ɞɥɹ Ɇȼ. Ɍɨɛɬɨ, 

ɞɥɹ ɬɨɝɨ, ɳɨ ɛ ɦɟɠɚ ɜɢɹɜɥɟɧɧɹ ɛɭɥɚ ɞɨɫɬɚɬɧьɨɸ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɚɧɚɥɿɡɭ ɡɚ 

ɞɚɧɨɸ ɦɟɬɨɞɢɤɨɸ ɬɚ ɧɟɡɧɚɱɧɨ ɜɩɥɢɜɚɥɚ ɧɚ ɪɟɡɭɥьɬɚɬ, ɜɨɧɚ ɩɨɜɢɧɧɚ ɛɭɬɢ 

ɧɟɡɧɚɱɧɨɸ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɝɪɚɧɢɱɧɢɦ ɜɦɿɫɬɨɦ ɚɧɚɥɿɬɭ. ȼɿɞɩɨɜɿɞɧɨ ɞɨ, ɜɠɟ 

ɡɝɚɞɚɧɢɦ ɩɪɢɧɰɢɩɨɦ ɧɟɡɧɚɱɭɳɨɫɬɿ, ɞɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɬɚ ɞɨɫɬɚɬɧɶɨ, ɳɨɛ 

Ɇȼ ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɚ 32% ɝɪɚɧɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ xcrit, ɬɨɛɬɨ 

 
critLD x.xmax  320  40 

Ɉɫɤɿɥɶɤɢ ɦɿɠ Ɇȼ ɬɚ ɆɄȼ ɿɫɧɭє ɨɞɧɨɡɧɚɱɧɚ ɜɿɞɩɨɜɿɞɧɿɫɬɶ, ɚ ɫɚɦɟ: 

LDLQD
xx  3 ,  

ɬɨ, ɭɦɨɜɚ (40) ɞɥɹ Ɇȼ ɟɤɜɿɜɚɥɟɧɬɧɨ ɬɚɤɿɣ ɭɦɨɜɿ ɞɥɹ ɆɄȼ 

  %%%Xmax
LQD
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Ɍɨɞɿ ɥɟɝɤɨ ɨɬɪɢɦɚɬɢ ɜɢɪɚɡ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɦɟɬɨɞɢɤɢ 

ɜ ɪɚɡɿ ɝɪɚɧɢɱɧɢɯ ɜɢɩɪɨɛɭɜɚɧɶ: 
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Єɞɢɧɨɸ ɿɫɬɨɬɧɨɸ ɜɿɞɦɿɧɧɿɫɬɸ ɪɨɡɪɚɯɭɧɤɿɜ ɤɪɢɬɟɪɿʀɜ ɞɥɹ ɝɪɚɧɢɱɧɢɯ 

ɜɢɩɪɨɛɭɜɚɧɶ ɜɿɞ ɪɨɡɪɚɯɭɧɤɿɜ ɞɥɹ ɤɿɥɶɤɿɫɧɢɯ ɞɨɫɥɿɞɠɟɧɶ є ɬɟ, ɳɨ ɜ ɪɚɡɿ 

ɝɪɚɧɢɱɧɢɯ ɬɟɫɬɿɜ ɫɥɿɞ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɞɧɨɛɿɱɧɢɣ ɤɜɚɧɬɢɥь ɪɨɡɩɨɞɿɥɭ 

ɋɬьɸɞɟɧɬɚ. 

 

3.2 ȼɢɡɧɚɱɟɧɧɹ ɞɨɩɭɫɬɢɦɨɝɨ ɪɿɜɧɹ ɡɚɛɪɭɞɧɟɧɧɹ ɡɚ ɦɟɬɨɞɨɦ «ɧɚɣɝɿɪɲɨɝɨ 

ɜɢɩɚɞɤɭ» 

ɉɪɢ ɪɨɡɪɚɯɭɧɤɭ ɦɟɠɿ ɜɦɿɫɬɭ ȺɎȱ ɧɚ ɨɛɥɚɞɧɚɧɧɿ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɬɚ 

ɨɱɢɳɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɩɿɞɯɿɞ, ɹɤɢɣ ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɩɪɢɧɰɢɩɿ 

«ɧɚɣɝɿɪɲɨɝɨ ɜɢɩɚɞɤɭ» ɡ ɚɤɬɢɜɧɨɫɬɿ ɬɚ ɧɚ ɞɨɩɭɳɟɧɧɿ ɩɟɪɟɧɟɫɟɧɧɹ ɩɟɜɧɨʀ 

ɱɚɫɬɤɢ ɩɟɪɲɨɝɨ ȺɎȱ ɭ ɧɚɫɬɭɩɧɟ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɞɨɛɨɜɢɯ ɞɨɡ [23]. ɐɹ ɱɚɫɬɤɚ 

ɡɦɟɧɲɭєɬɶɫɹ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬ. ɡ. ɮɚɤɬɨɪɚ ɛɟɡɩɟɤɢ (ɞɨɩɭɫɬɢɦɨʀ ɱɚɫɬɤɢ 

ɩɨɩɟɪɟɞɧɶɨɝɨ ȺɎȱ ɜɿɞ ɣɨɝɨ ɬɟɪɚɩɟɜɬɢɱɧɨʀ ɞɨɡɢ ɜ ɦɚɤɫɢɦɚɥɶɧɿɣ ɞɨɛɨɜɿɣ ɞɨɡɿ 

ɧɚɫɬɭɩɧɨɝɨ), ɛɟɡɪɨɡɦɿɪɧɨʀ ɜɟɥɢɱɢɧɢ, ɹɤɢɣ є ɮɚɤɬɨɪɨɦ ɨɰɿɧɤɢ ɪɢɡɢɤɭ. Ƀɨɝɨ 

ɡɧɚɱɟɧɧɹ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɢɩɭ ɥɿɤɚɪɫɶɤɢɯ ɡɚɫɨɛɿɜ, ɳɨ ɜɢɝɨɬɨɜɥɹɸɬɶɫɹ. Ⱦɥɹ 

ɩɪɟɩɚɪɚɬɿɜ ɩɟɪɨɪɚɥɶɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ (ɬɚɛɥɟɬɤɢ, ɤɚɩɫɭɥɢ, ɫɚɲɟ ɿ ɬ. ɩ.) 

ɡɚɡɜɢɱɚɣ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɡɧɚɱɟɧɧɹ ɜɿɞ 0,1 % ɞɨ 1,0 % (ɬɚɛɥɢɰɹ 3.4) [18]. 

ȼɚɪɿɸɜɚɧɧɹ ɮɚɤɬɨɪɚ ɛɟɡɩɟɤɢ ɡɚɥɟɠɢɬɶ ɜɿɞ ɱɭɬɥɢɜɨɫɬɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɦɟɬɨɞɭ 

ɤɨɧɬɪɨɥɸ. əɤɳɨ ɣɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɟ ɡɧɚɱɟɧɧɹ 1,0 % ɞɚє ɩɪɢ 

ɪɨɡɪɚɯɭɧɤɭ ɡɧɚɱɟɧɧɹ ȽȾɄ ɡɚɥɢɲɤɿɜ ɩɪɟɩɚɪɚɬɭ, ɳɨ ɧɟ ɩɟɪɟɜɢɳɭє ɡɧɚɱɟɧɧɹ 

ɆɄȼ ɦɟɬɨɞɢɤɢ ɜ ɬɪɢ ɪɚɡɢ, ɬɨ ɬɚɤɢɣ ɦɟɬɨɞ ɚɧɚɥɿɡɭ ɩɨɜɢɧɟɧ ɛɭɬɢ ɜɢɡɧɚɧɢɣ 

ɧɟɩɪɢɞɚɬɧɢɦ ɞɥɹ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ. ɇɚɜɩɚɤɢ, ɹɤɳɨ 

ɱɭɬɥɢɜɿɫɬɶ ɦɟɬɨɞɭ ɞɨɡɜɨɥɹє ɞɨɫɬɨɜɿɪɧɨ ɜɢɡɧɚɱɚɬɢ ɧɢɡɶɤɿ ɤɨɧɰɟɧɬɪɚɰɿʀ, ɬɨ 

ɿɫɧɭє ɦɨɠɥɢɜɿɫɬɶ ɜɢɛɪɚɬɢ ɡɧɚɱɟɧɧɹ ɮɚɤɬɨɪɚ ɛɟɡɩɟɤɢ ɦɟɧɲ ɧɿɠ 0,1 % ɬɚ, 

ɬɚɤɢɦ ɱɢɧɨɦ, ɩɨɫɢɥɢɬɢ ɜɢɦɨɝɢ ɞɨ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ. ɍ ɞɚɧɿɣ ɪɨɛɨɬɿ ɡɧɚɱɟɧɧɹ 

ɮɚɤɬɨɪɚ ɛɟɡɩɟɤɢ ɞɥɹ ɪɿɡɧɢɯ ɩɪɟɩɚɪɚɬɿɜ ɜɚɪɿɸɜɚɥɨɫɹ ɜɿɞ 0,004 % ɞɨ 1,0 %, ɜ 

ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɱɭɬɥɢɜɨɫɬɿ ɦɟɬɨɞɭ, ɬɚɤ ɳɨɛ ɡɚɛɟɡɩɟɱɢɬɢ ɜɢɤɨɧɚɧɧɹ ɜɢɦɨɝɢ ɞɨ 

ɆɄȼ – ɧɟ ɛɿɥɶɲɟ 32 % ɜɿɞ ȽȾɄ.  
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Ɍɚɛɥɢɰɹ 3.4  
Ɏɚɤɬɨɪɢ ɛɟɡɩɟɤɢ ɞɥɹ ɪɿɡɧɢɯ ɞɨɡɨɜɚɧɢɯ ɮɨɪɦ 

Ɏɚɤɬɨɪ ɛɟɡɩɟɤɢ Ɍɢɩ ɥɿɤɚɪɫɶɤɨɝɨ ɡɚɫɨɛɭ 

1/10 – 1/100 ɩɪɨɞɭɤɬɢ ɞɥɹ ɡɨɜɧɿɲɧɶɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ 

1/100 – 1/1000 ɩɟɪɨɪɚɥɶɧɿ ɩɪɟɩɚɪɚɬɢ 

1/1000 – 1/10000 ɿɧ'єɤɰɿɣɧɿ ɬɚ ɨɱɧɿ ɩɪɟɩɚɪɚɬɢ 

1/10000 – 1/100000 ɞɨɫɥɿɞɧɢɰɶɤɿ ɩɪɟɩɚɪɚɬɢ 

 

Ƚɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɦɚɫɚ ɩɨɩɟɪɟɞɧɶɨɝɨ ɩɪɨɞɭɤɬɭ ɜ ɦɚɤɫɢɦɚɥɶɧɿɣ 

ɞɨɛɨɜɿɣ ɞɨɡɿ ɧɚɫɬɭɩɧɨɝɨ, D (ɦɝ) ɫɤɥɚɞɟ: 

100

SFTD
D


 , 43 

ɞɟ: TD – ɬɟɪɚɩɟɜɬɢɱɧɚ ɞɨɡɚ ɩɨɩɟɪɟɞɧɶɨɝɨ ɩɪɨɞɭɤɬɭ, ɦɝ; 

SF – ɮɚɤɬɨɪ ɛɟɡɩɟɤɢ,%. 

Ɍɟɨɪɟɬɢɱɧɟ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɟ ɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɿɜ ɩɨɩɟɪɟɞɧɶɨɝɨ 

ɩɪɨɞɭɤɬɭ ɧɚ ɜɫɶɨɦɭ ɨɛɥɚɞɧɚɧɧɿ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ET  (ɦɝ): 

3

20

1 10




Nm

ND
E

T
, 44 

ɞɟ: N1 – ɧɚɣɦɟɧɲɟ ɡɚɜɚɧɬɚɠɟɧɧɹ ɬɚɛɥɟɬɦɚɫɢ ɧɚɫɬɭɩɧɨɝɨ ɩɪɨɞɭɤɬɭ, ɤɝ; 

N2 – ɦɚɤɫɢɦɚɥɶɧɟ ɱɢɫɥɨ ɞɨɡɨɜɚɧɢɯ ɮɨɪɦ ɜ ɞɨɛɨɜɿɣ ɞɨɡɿ ɧɚɫɬɭɩɧɨɝɨ ɩɪɨɞɭɤɬɭ, 

ɲɬ; m0 – ɦɚɫɚ ɨɞɧɿєʀ ɞɨɡɨɜɚɧɨʀ ɮɨɪɦɢ ɧɚɫɬɭɩɧɨɝɨ ɩɪɨɞɭɤɬɭ, ɝ. 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɧɚ ɜɫɿɣ ɩɥɨɳɿ S2, ɹɤɚ ɤɨɧɬɚɤɬɭє ɡ ɩɪɨɞɭɤɬɨɦ, ɦɚє 

ɡɧɚɯɨɞɢɬɢɫɶ ET ɦɝ ɩɨɩɟɪɟɞɧɶɨɝɨ ɩɪɨɞɭɤɬɭ, ɜ ɩɪɨɛɿ, ɜɡɹɬɨʀ ɡ ɞɿɥɹɧɤɢ 

ɨɛɥɚɞɧɚɧɧɹ ɡ ɩɨɜɟɪɯɧɟɸ ɩɪɨɛɨɜɿɞɛɨɪɭ ɩɥɨɳɟɸ S1, ɦɚє ɡɧɚɯɨɞɢɬɢɫɶ 

ɬɟɨɪɟɬɢɱɧɨ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɿɥɶɤɿɫɬɶ ɦɚɫɢ ɡɚɥɢɲɤɿɜ ɩɨɩɟɪɟɞɧɶɨɝɨ 

ɩɪɨɞɭɤɬɭ ɜ ɩɪɨɛɿ (ɜ ɡɦɢɜɿ ɡ ɩɥɨɳɿ S1) – ɆȺɋɈ (ɦɤɝ/ɫɜɚɛ): 

3

2

1 10



S

SEМАСО T , 45 

Ƚɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ – ȽȾɄ (xcrit) – 

ɪɨɡɪɚɯɨɜɭєɬɶɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɛɫɹɝɭ ɪɨɡɱɢɧɧɢɤɚ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɞɥɹ 

ɜɢɥɭɱɟɧɧɹ ȺɎȱ ɡɿ ɫɜɚɛɭ. 
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Пɪɢɤɥɚд  

 
Ⱦɥɹ ɜɫɬɚɧɨɜɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɩɪɢɣɧɹɬɧɨɫɬɿ ɜɚɥɿɞɚɰɿʀ ɚɧɚɥɿɬɢɱɧɨʀ 

ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɜɢɡɧɚɱɟɧɧɹ ɞɨɩɭɫɬɢɦɨɝɨ 

ɪɿɜɧɹ ɡɚɛɪɭɞɧɟɧɧɹ ɡɚ ɦɟɬɨɞɨɦ «ɧɚɣɝɿɪɲɨɝɨ ɜɢɩɚɞɤɭ» ɪɨɡɝɥɹɧɭɬɚ ɦɟɬɨɞɢɤɚ 

ɜɢɡɧɚɱɟɧɧɹ ȺɎȱ ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ (Ⱦɏ) ɜ ɡɦɢɜɚɯ ɦɟɬɨɞɨɦ ȼȿɊɏ  

(ɞɢɜ. ɩ 4.2.2). 

Ɋɨɡɪɚɯɭɧɨɤ ȽȾɄ ɡɚɥɢɲɤɿɜ ɩɨɩɟɪɟɞɧьɨɝɨ ɩɪɟɩɚɪɚɬɭ 

Ⱦɥɹ ɮɚɤɬɢɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɆȺɋɈ ɞɥɹ Ⱦɏ ɛɭɜ ɨɛɪɚɧɢɣ ɧɚɫɬɭɩɧɢɣ 

ɩɪɟɩɚɪɚɬ ɡ ɧɚɣɛɿɥɶɲɨɸ ɦɚɤɫɢɦɚɥɶɧɨɸ ɞɨɛɨɜɨɸ ɞɨɡɨɸ, ɹɤɢɣ ɜɢɪɨɛɥɹєɬɶɫɹ ɧɚ 

ɜɢɪɨɛɧɢɱɿɣ ɞɿɥɹɧɰɿ ɌȾȼ «ȱɇɌȿɊɏȱɆ» – ɚ ɫɚɦɟ ɌɊȺɇɄȼȱɅȺɊ® ȱɋ, ɬɚɛɥɟɬɤɢ 

ɩɨ 0,5 ɝ ȺɎȱ, ɦɚɤɫɢɦɚɥɶɧɟ ɱɢɫɥɨ ɞɨɡɨɜɚɧɢɯ ɮɨɪɦ ɭ ɞɨɛɨɜɿɣ ɞɨɡɿ ɹɤɨɝɨ 

ɫɬɚɧɨɜɢɬɶ N2 = 20 ɲɬ, ɚ ɧɚɣɦɟɧɲɟ ɡɚɜɚɧɬɚɠɟɧɧɹ ɬɚɛɥɟɬɦɚɫɢ ɫɟɪɿʀ –  

N1 = 0,150 ɤɝ, ɧɨɦɿɧɚɥɶɧɚ ɦɚɫɚ ɨɞɧɿєʀ ɬɚɛɥɟɬɤɢ m0 = 0,550 ɝ. 

Ɍɟɪɚɩɟɜɬɢɱɧɚ ɞɨɡɚ ɩɨɩɟɪɟɞɧɶɨɝɨ ɩɪɟɩɚɪɚɬɭ, ɳɨ ɦɿɫɬɢɬɶ Ⱦɏ, ɫɬɚɧɨɜɢɬɶ 

6 ɬɚɛɥɟɬɨɤ ɡɝɿɞɧɨ ɡ ɿɧɫɬɪɭɤɰɿєɸ ɞɨ ɡɚɫɬɨɫɭɜɚɧɧɹ Ʌɉ. ȼɦɿɫɬ ȺɎȱ Ⱦɏ ɜ 1 

ɬɚɛɥɟɬɰɿ – 0,25 ɦɝ, ɬɚɤɢɦ ɱɢɧɨɦ, ɬɟɪɚɩɟɜɬɢɱɧɚ ɞɨɡɚ Ⱦɏ ɞɨɪɿɜɧɸє 1,5 ɦɝ. 

Ɂɚɝɚɥɶɧɚ ɩɥɨɳɚ ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɹɤɚ ɤɨɧɬɚɤɬɭє ɡ ɩɪɨɞɭɤɬɨɦ, ɫɬɚɧɨɜɢɬɶ 

S2 = 8165 cɦ2. ɉɪɢ ɮɚɤɬɨɪɿ ɛɟɡɩɟɤɢ SF = 1 %, ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɟ ɡɧɚɱɟɧɧɹ 

ɦɚɫɢ ɡɚɥɢɲɤɿɜ ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ ɜ ɡɦɢɜɿ ɡ ɩɥɨɳɿ S1 = 100 cɦ2 ɫɤɥɚɞɟ  

ɆȺɋɈ = 2,5 ɦɤɝ/ɫɜɚɛ. Ɉɫɤɿɥɶɤɢ ɡ ɨɞɧɨɝɨ ɫɜɚɛɭ ɜɢɥɭɱɟɧɧɹ ɚɧɚɥɿɬɭ ɩɪɨɜɨɞɹɬɶ 

5,0 ɦɥ ɪɨɡɱɢɧɧɢɤɚ, ɬɨ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɨɧɰɟɧɬɪɚɰɿɹ (ȽȾɄ) ɜɦɿɫɬɭ 

ɚɧɚɥɿɬɭ ɫɤɥɚɞɚє xcrit = 0,5 ɦɤɝ/ɦɥ. 

ȼɫɬɚɧɨɜɥɟɧɧɹ ɦɚɤɫɢɦɚɥьɧɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɦɟɬɨɞɢɤɢ 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɿɜ 

ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ ɨɛɪɚɧɢɣ ɞɿɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɿɣ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɨɡɱɢɧɭ  

10 %, 20 %, 30 %, 60 %, 70 %, 80 %, 100 % ɬɚ 150 % ɜɿɞ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨʀ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ – 0,5 ɦɤɝ/ɦɥ. 

Ⱦɚɧɿ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ max(Δx): 

– ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɞɿɚɩɚɡɨɧɭ x = 65,0 %; 

– ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɞɥɹ ɞɿɚɩɚɡɨɧɭ Sx = 46,29 %; 
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– ɞɜɨɛɿɱɧɢɣ  ɤɜɚɧɬɢɥɶ ɪɨɡɩɨɞɿɥɭ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ  

Ɋ = 95 % ɬɚ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ f = n – 2 = 6, t (P, f) = 2,4469. 

Ɂɚ ɮɨɪɦɭɥɨɸ (14) ɨɬɪɢɦɚєɦɨ: 
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ȼɢɦɨɝɢ ɞɨ ɥɿɧɿɣɧɨɫɬɿ ɝɪɚɞɭɸɜɚɥьɧɨɝɨ ɝɪɚɮɿɤɚ 

Ɇɿɧɿɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɟ ɡɧɚɱɟɧɧɹ ɞɥɹ ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɟɥɹɰɿʀ 

ɪɨɡɪɚɯɨɜɭɜɚɥɢ ɡɚ ɮɨɪɦɭɥɨɸ (32): 
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Ȼɭɞɭɜɚɥɢ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ, ɜɿɞɤɥɚɞɚɸɱɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ, ɭ ɜɿɞɫɨɬɤɚɯ ɜɿɞ ȽȾɄ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – 

ɧɨɪɦɚɥɿɡɨɜɚɧɿ ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ (ɪɢɫɭɧɨɤ 3.1). 

ɆɄȼ ɦɟɬɨɞɢɤɢ, ɪɨɡɪɚɯɨɜɚɧɚ ɡɚ ɮɨɪɦɭɥɨɸ (9), ɫɤɥɚɥɚ 0,08 ɦɤɝ/ɦɥ. ɐɹ 

ɤɿɥɶɤɿɫɬɶ ɫɤɥɚɞɚє 16 % ɜɿɞ xcrit = 0,5 ɦɤɝ/ɦɥ ɬɚ ɧɟ ɩɟɪɟɜɢɳɭє ɣɨɝɨ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɨɩɭɫɤɭ – 0,16 ɦɤɝ/ɦɥ, ɬɨɛɬɨ 32 % ɜɿɞ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨɝɨ 

ɜɦɿɫɬɭ ɚɧɚɥɿɬɭ, ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɩɪɢɧɰɢɩɭ ɧɟɡɧɚɱɭɳɨɫɬɿ (13). 

Ɋɟɡɭɥɶɬɚɬɢ ɡɚ ɪɨɡɪɚɯɭɧɤɨɦ ɤɪɢɬɟɪɿʀɜ ɩɪɢɣɧɹɬɧɨɫɬɿ ɥɿɧɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ 

ɞɥɹ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ ɜ 

ɡɦɢɜɚɯ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 3.5. əɤ ɜɢɞɧɨ ɡ 

ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɜ ɬɚɛɥɢɰɿ ɞɚɧɢɯ, ɜɫɿ ɩɚɪɚɦɟɬɪɢ ɥɿɧɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɩɥɨɳ ɩɿɤɿɜ 

Ⱦɏ ɜɿɞ ɤɨɧɰɟɧɬɪɚɰɿɣ, ɩɨɛɭɞɨɜɚɧɨʀ ɭ ɜɿɞɧɨɫɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ, ɜɢɬɪɢɦɭɸɬɶ 

ɜɫɬɚɧɨɜɥɟɧɿ ɜɢɦɨɝɢ ɞɨ ɜɚɥɿɞɚɰɿɣɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɭɦɨɜɚɯ ɞɚɧɨʀ ɦɟɬɨɞɢɤɢ. 

ɇɚ ɩɿɞɫɬɚɜɿ ɰɶɨɝɨ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɪɨɡɪɨɛɥɟɧɚ ɦɟɬɨɞɢɤɚ 

ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɩɪɢɣɧɹɬɧɨɸ ɥɿɧɿɣɧɿɫɬɸ ɞɥɹ ɡɚɞɚɧɨɝɨ ɞɿɚɩɚɡɨɧɭ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɭ ɩɪɢ ɡɚɞɚɧɨʀ ɦɚɤɫɢɦɚɥɶɧɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ. 
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Ɋɢɫɭɧɨɤ 3.1. Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɡɚɥɟɠɧɨɫɬɿ ɩɥɨɳɿ ɩɿɤɭ Ⱦɏ ɜɿɞ 
ɤɨɧɰɟɧɬɪɚɰɿʀ ɜ ɧɨɪɦɚɥɿɡɨɜɚɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ 

Ɍɚɛɥɢɰɹ 3.5 

Ʉɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ ɝɪɚɞɭɸɜɚɧɨɝɨ ɝɪɚɮɿɤɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ Ⱦɏ 

ɜ ɧɨɪɦɚɥɿɡɨɜɚɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ 

ɉɚɪɚɦɟɬɪ 
ɥɿɧɿɣɧɨʀ 

ɡɚɥɟɠɧɨɫɬɿ 

Ɏɚɤɬɢɱɧɟ 
ɡɧɚɱɟɧɧɹ 

Ⱦɨɜɿɪɱɢɣ 
ɿɧɬɟɪɜɚɥ,  

Δ t (95 %, 6) = 
2.4469 

ȼɢɦɨɝɚ ȼɢɫɧɨɜɨɤ 

ɤɨɟɮɿɰɿєɧɬ 
ɥɿɧɿɣɧɨʀ 

ɤɨɪɟɥɹɰɿʀ r 
0,99876 – 

ɧɟ ɦɟɧɲɟ 
0,99495 

ɜɿɞɩɨɜɿɞɚє 

ɤɭɬɨɜɢɣ 
ɤɨɟɮɿɰɿєɧɬ 
ɪɟɝɪɟɫɿʀ b 

1,0238 0,0511 b
 b 1  ɜɿɞɩɨɜɿɞɚє 

ɜɿɥɶɧɢɣ ɱɥɟɧ 
ɪɟɝɪɟɫɿʀ a 

- 3,92 3,99 a
 a   ɜɿɞɩɨɜɿɞɚє 

ɡɚɥɢɲɤɨɜɟ 
ɫɬɚɧɞɚɪɬɧɟ 

ɜɿɞɯɢɥɟɧɧɹ Se 
2,56 – ɧɟ ɛɿɥɶɲɟ 5,02 ɜɿɞɩɨɜɿɞɚє 

ɆɄȼ 
0,08 ɦɤɝ/ɦɥ 

 
– 

ɧɟ ɛɿɥɶɲɟ 
0,16 ɦɤɝ/ɦɥ 

(32 % ɜɿɞ 
ȽȾɄ) 

ɜɿɞɩɨɜɿɞɚє 

 

ɉɪɚɜɢɥьɧɿɫɬь, ɩɪɟɰɢɡɿɣɧɿɫɬь ɬɚ ɜɿɞɬɜɨɪɸɜɚɧɿɫɬь. 

ɍ ɦɨɞɟɥɶɧɢɯ ɞɨɫɥɿɞɚɯ ɜ ɯɨɞɿ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɭ ɪɨɛɢɥɢ ɡɦɢɜɢ ɫɜɚɛɨɦ, 
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ɡɦɨɱɟɧɢɦ 96 % ɟɬɢɥɨɜɢɦ ɫɩɢɪɬɨɦ, ɡ ɩɨɜɟɪɯɧɿ (100 ɫɦ2), ɧɚ ɹɤɭ ɲɬɭɱɧɨ 

ɧɚɧɨɫɢɥɢ 2,5 ɦɤɝ ȺɎȱ Ⱦɏ, ɞɚɥɿ ɩɪɨɜɨɞɢɥɢ ɜɢɥɭɱɟɧɧɹ 5,0 ɦɥ ɪɨɡɱɢɧɭ ɞɥɹ 

ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ (0,5 ɦɤɝ/ɦɥ). Ȼɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɫɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ 

ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ ɜ ɤɿɧɰɟɜɢɣ ɪɨɡɱɢɧ ɫɬɚɧɨɜɢɬɶ ɛɥɢɡɶɤɨ 75 % (ɬɚɛɥɢɰɹ 3.6), 

ɬɨɛɬɨ ɜɢɦɨɝɚ (34) ɞɨ ɩɪɚɜɢɥɶɧɨɫɬɿ ɧɟ ɜɢɤɨɧɭєɬɶɫɹ: 

  %  81  65320320 100 .%..max.k x  .  

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɢ ɪɨɡɪɚɯɭɧɤɭ ɪɟɡɭɥɶɬɚɬɭ ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ 

ɫɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ ɪɟɱɨɜɢɧɢ. 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɞɨɜɿɪɱɢɣ ɿɧɬɟɪɜɚɥ ɞɥɹ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ ɧɟ 

ɩɟɪɟɜɢɳɭє ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɦɟɬɨɞɢɤɢ (5,6 %). Ɍɨɛɬɨ, 

ɦɟɬɨɞɢɤɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɡɚɞɨɜɿɥɶɧɨɸ ɩɪɟɰɢɡɿɣɧɿɫɬɸ (ɭɦɨɜɚ (35)). 

Ɍɚɛɥɢɰɹ 3.6 

ɋɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ (k, %) ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ ɡ ɩɨɜɟɪɯɧɿ 

 
ɇɨɦɟɪ ɡɦɢɜɭ 

k  Δk 
1 2 3 4 5 

1-ɣ ɞɟɧɶ 74,7 80,7 74,7 79,3 68,5 75,6 5,4 

2-ɣ ɞɟɧɶ 71,8 80,9 76,5 71,3 80,1 76,1 5,1 

 

ɉɟɪɟɜɿɪɤɭ ɜɿɞɬɜɨɪɸɜɚɧɨɫɬɿ ɩɪɨɜɨɞɢɥɢ ɩɨɪɿɜɧɹɧɧɹɦ ɪɟɡɭɥɶɬɚɬɿɜ, 

ɨɬɪɢɦɚɧɢɯ ɡɚ ɞɜɚ ɞɧɿ ɦɟɬɨɞɨɦ ɞɢɫɩɟɪɫɿɣɧɨɝɨ ɚɧɚɥɿɡɭ (ɬɚɛɥɢɰɹ 3.7). Ɉɬɪɢɦɚɧɟ 

ɡɧɚɱɟɧɧɹ F-ɤɪɢɬɟɪɿɸ ɞɥɹ 5 ɜɢɩɪɨɛɭɜɚɧɶ ɩɪɨɬɹɝɨɦ 2 ɞɧɿɜ ɧɟ ɩɟɪɟɜɢɳɭє 

ɬɚɛɥɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɞɥɹ ɞɨɜɿɪɱɨʀ ɣɦɨɜɿɪɧɨɫɬɿ 95 %. 

Ɍɚɛɥɢɰɹ 3.7 

ɉɟɪɟɜɿɪɤɚ ɜɿɞɬɜɨɪɸɜɚɧɨɫɬɿ ɞɢɫɩɟɪɫɿɣɧɢɦ ɚɧɚɥɿɡɨɦ 

ɞɠɟɪɟɥɨ ɜɚɪɿɚɰɿʀ df S2 F- ɮɚɤɬɢɱɧɟ F- ɤɪɢɬɢɱɧɟ 

ɦɿɠɝɪɭɩɨɜɚ 1 0,729 
0,034 5,318 

ɡɚɥɢɲɤɨɜɚ 8 21,557 

 

Ɂ ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɦɟɬɨɞɢɤɚ 

ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɡɚɞɨɜɿɥɶɧɨɸ ɜɿɞɬɜɨɪɸɜɚɧɿɫɬɸ. 
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3.3 ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 3 
 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɬɨɞɚɦɢ ɦɚɬɢɦɚɬɢɱɧɨʀ ɫɬɚɬɢɫɬɢɤɢ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɦɨɝ GMP ɛɭɜ ɪɨɡɪɨɛɥɟɧɢɣ ɩɿɞɯɿɞ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɨʀ 

ɦɟɬɪɨɥɨɝɿɱɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ 

ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɭ 

ɜɢɦɿɪɸɜɚɧɧɹ. ȼɫɬɚɧɨɜɥɟɧɨ ɤɪɢɬɟɪɿʀ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɥɿɧɿɣɧɨɫɬɿ ɝɪɚɞɭɸɜɚɥɶɧɢɯ 

ɡɚɥɟɠɧɨɫɬɟɣ, ɩɪɟɰɢɡɿɣɧɨɫɬɿ ɬɚ ɜɿɞɬɜɨɪɸɜɚɧɨɫɬɿ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɿɜ 

ȺɎȱ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 
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ɊɈɁȾІɅ 4 

ɆȿɌɈȾɂɄɂ ȼɂɁɇȺɑȿɇɇə ɁȺɅɂɒɄɈȼɂɏ ɄІɅЬɄɈɋɌȿɃ ȾȿəɄɂɏ 

ɅІɄȺɊɋЬɄɂɏ ɉɊȿɉȺɊȺɌІȼ ɉІɋɅə Ɉɑɂɓȿɇɇə 

ɎȺɊɆȺɐȿȼɌɂɑɇɈȽɈ ɈȻɅȺȾɇȺɇɇə 

Ɋɨɡɪɨɛɥɟɧɿ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ȺɎȱ ɜ 

ɡɦɢɜɚɯ ɡ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. ɉɪɢɝɨɬɭɜɚɧɧɹ ɜɢɩɪɨɛɨɜɭɜɚɧɢɯ 

ɪɨɡɱɢɧɿɜ, ɜɢɡɧɚɱɟɧɧɹ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ ɬɚ ɨɛɪɨɛɤɭ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ 

ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ ɩɪɨɜɨɞɢɥɢ ɡɚ ɧɚɜɟɞɟɧɢɦɢ ɭɧɿɮɿɤɨɜɚɧɢɦ ɩɪɨɩɢɫɚɦɢ ɬɚ 

ɮɨɪɦɭɥɚɦɢ. Ʉɨɧɰɟɧɬɪɚɰɿɸ ɚɧɚɥɿɬɭ ɜɢɡɧɚɱɚɥɢ ɡɚ ɝɪɚɞɭɸɜɚɥɶɧɢɦ ɝɪɚɮɿɤɨɦ. 

ȼɢɩɪɨɛɨɜɭɜɚɧɢɣ ɪɨɡɱɢɧ. Ⱥɩɥɿɤɚɬɨɪ ɡɿ ɡɦɢɜɨɦ ɡ ɩɨɜɟɪɯɧɿ 

ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ (ɩɥɨɳɚ ɡɦɢɜɭ – 100 ɫɦ2) ɩɨɦɿɳɚɸɬɶ ɭ ɯɿɦɿɱɧɭ ɫɤɥɹɧɤɭ 

ɦɿɫɬɤɿɫɬɸ 25 ɦɥ, ɞɨɞɚɸɬɶ 5,0 ɦɥ ɜɿɞɩɨɜɿɞɧɨɝɨ ɪɨɡɱɢɧɧɢɤɚ ɬɚ ɩɪɨɜɨɞɹɬɶ 

ɞɟɫɨɪɛɰɿɸ ɩɪɨɬɹɝɨɦ 10 ɯɜ. ɉɪɢ ɧɟɨɛɯɿɞɧɨɫɬɿ ɪɨɡɱɢɧ ɩɪɨɛɢ ɪɨɡɛɚɜɥɹɸɬɶ ɞɨ 

ɤɨɧɰɟɧɬɪɚɰɿʀ, ɹɤɚ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɿɧɬɟɪɜɚɥɿ ɥɿɧɿɣɧɨɫɬɿ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ. 

ȼɦɿɫɬ ɚɧɚɥɿɬɭ (ɏ), ɜ ɦɿɤɪɨɝɪɚɦɚɯ ɜ ɡɦɢɜɿ, ɪɨɡɪɚɯɨɜɭɸɬɶ ɡɚ ɮɨɪɦɭɥɨɸ: 

k
VCХ 100
  , 

ɞɟ:  ɋ – ɤɨɧɰɟɧɬɪɚɰɿɹ ɚɧɚɥɿɬɭ, ɨɬɪɢɦɚɧɚ ɡ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ, ɜ 

ɦɤɝ/ɦɥ; 

V – ɨɛ’єɦ ɪɨɡɱɢɧɧɢɤɚ, ɹɤɢɣ ɜɢɤɨɪɢɫɬɜɭєɬɶɫɹ ɞɥɹ ɜɢɥɭɱɟɧɧɹ ȺɎȱ ɡɿ 

ɫɜɚɛɭ; 

k – ɫɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ. 

ɋɬɭɩɿɧь ɜɢɥɭɱɟɧɧɹ. ɍ ɦɨɞɟɥɶɧɢɯ ɞɨɫɥɿɞɚɯ ɜ ɯɨɞɿ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤɢ 

ɪɨɛɢɥɢ ɡɦɢɜɢ ɫɜɚɛɨɦ, ɡɦɨɱɟɧɢɦ ɜɿɞɩɨɜɿɞɧɢɦ ɪɨɡɱɢɧɧɢɤɨɦ, ɡ ɩɨɜɟɪɯɧɿ  

(100,0 ɫɦ2), ɧɚ ɹɤɭ ɲɬɭɱɧɨ ɧɚɧɨɫɢɥɢ ɪɨɡɱɢɧɢ ɚɧɚɥɿɬɭ ɜɿɞɨɦɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɬɚ ɜɢɫɭɲɭɜɚɥɢ, ɞɚɥɿ ɩɪɨɜɨɞɢɥɢ ɜɢɥɭɱɟɧɧɹ ɜɿɞɩɨɜɿɞɧɢɦ ɨɛ’єɦɨɦ ɪɨɡɱɢɧɧɢɤɚ 

ɩɪɨɬɹɝɨɦ 10 ɯɜ (ɨɬɪɢɦɭɜɚɥɢ ɪɨɡɱɢɧɢ ɞɟɤɿɥɶɤɨɯ ɤɨɧɰɟɧɬɪɚɰɿɣ, ɹɤɿ ɡɧɚɯɨɞɹɬɶɫɹ 

ɜ ɿɧɬɟɪɜɚɥɿ ɥɿɧɿɣɧɨɫɬɿ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ). Ⱦɚɥɿ ɜɢɡɧɚɱɚɥɢ ɜɦɿɫɬ ɚɧɚɥɿɬɭ. 

ɋɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ ɚɧɚɥɿɬɭ (k, %) ɪɨɡɪɚɯɨɜɭɸɬɶ ɡɚ ɮɨɪɦɭɥɨɸ: 

100
ɪечɨвиɧи ɤіɥьɤіɫɬь ɧаɧеɫеɧа
ɪечɨвиɧи ɤіɥьɤіɫɬь авɫɬаɧɨвɥеɧ

k  
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Ɇɟɠɭ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ȺɎȱ ɪɨɡɪɚɯɨɜɭɸɬɶ ɡɚ ɮɨɪɦɭɥɨɸ (9): 

b

sМКВ a



10

,  

ɞɟ: sa – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ; 

b – ɬɚɧɝɟɧɫ ɤɭɬɚ ɧɚɯɢɥɭ ɝɪɚɞɭɸɜɚɥɶɧɨʀ ɩɪɹɦɨʀ. 

Ⱥɧɚɥɿɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ (ɞɿɚɩɚɡɨɧ ɥɿɧɿɣɧɨɫɬɿ 

ɦɟɬɨɞɢɤɢ, ɆɄȼ, ȽȾɄ) ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 3.1 Ⱦ (ɞɨɞɚɬɨɤ 3). ȼɚɥɿɞɚɰɿɣɧɿ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚ ʀɯ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ ɞɥɹ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɧɚɜɟɞɟɧɿ ɜ 

ɬɚɛɥɢɰɿ 3.2 Ⱦ (ɞɨɞɚɬɨɤ 3), ɫɬɭɩɟɧɿ ɜɢɥɭɱɟɧɧɹ ɚɧɚɥɿɬɿɜ (%) – ɜ ɬɚɛɥɢɰɿ 3.3 Ⱦ 

(ɞɨɞɚɬɨɤ 3). 

ɉɨɤɚɡɚɧɚ ɦɨɠɥɿɜɿɫɬɶ ɟɤɫɩɪɟɫɧɨɝɨ ɜɧɭɬɪɿɲɧɶɨɜɢɪɨɛɧɢɱɨɝɨ ɤɨɧɬɪɨɥɸ 

ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɥɿɤɚɪɫɶɤɢɯ 

ɩɪɟɩɚɪɚɬɿɜ. 

 

4.1 Ɉɩɬɢɱɧɿ ɦɟɬɨɞɢ ɚɧɚɥɿɡɭ 

4.1.1 ɋɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɟ ɜɢɡɧɚɱɟɧɧɹ ɬɢɥɨɪɨɧɭ,  

L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ, ɤɨɥɚɝɟɧɭ, ɛɟɧɡɨɛɿɬɚɥɭ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɢɥɨɪɨɧɭ, L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ, ɤɨɥɚɝɟɧɭ, 

ɛɟɧɡɨɛɿɬɚɥɭ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɪɨɡɪɨɛɥɟɧɿ 

ɧɨɜɿ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɿ ɦɟɬɨɞɢɤɢ. Ɇɟɬɨɞɢɤɢ ɡɚɫɧɨɜɚɧɿ ɧɚ ɜɢɦɿɪɸɜɚɧɧɿ 

ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɫɜɿɬɥɨɩɨɝɥɢɧɚɧɧɹ ɪɨɡɱɢɧɿɜ ɞɚɧɢɯ ȺɎȱ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ʀɯ 

ɤɨɧɰɟɧɬɪɚɰɿɣ.  

 

Ɍɢɥɨɪɨɧ (ɞɢɝɿɞɪɨɯɥɨɪɢɞ 2,7-ɛɿɫ-[2-(ɞɿɟɬɢɥɚɦɿɧɨ)ɟɬɨɤɫɢ]ɮɥɭɨɪɟɧ-9-ɨɧɭ) 

є ɟɮɟɤɬɢɜɧɢɦ ɧɢɡɶɤɨɦɨɥɟɤɭɥɹɪɧɢɦ ɫɢɧɬɟɬɢɱɧɢɦ ɿɧɞɭɤɬɨɪɨɦ ɿɧɬɟɪɮɟɪɨɧɭ: 

O

OO
NH

+NH
+

CH3
CH3

CH3
CH3

Cl
-

Cl
-

 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ  

Ɋɨɡɱɢɧ ɊɋЗ ɬɢɥɨɪɨɧɭ. 0,0250 ɝ ɊɋɁ ɬɢɥɨɪɨɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 



 

 

71 

ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 15 ɦɥ ɜɨɞɢ ɬɚ ɪɨɡɱɢɧɹɸɬɶ, ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɨ 

ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 

100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɨ ɩɨɡɧɚɱɤɢ (10 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 50 ɦɥ ɜɧɨɫɹɬɶ ɩɨ 0,5; 1,5; 2;5; 3,5; 5,0; 12,5 ɬɚ 

25,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɬɢɥɨɪɨɧɭ, ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɨ ɩɨɡɧɚɱɤɢ, ɨɬɪɢɦɭɸɬɶ 

ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɬɢɥɨɪɨɧɭ 0,1; 0,3; 0,5; 0,7; 1,0; 2,5 ɬɚ 5,0 ɦɤɝ/ɦɥ, 

ɜɿɞɩɨɜɿɞɧɨ. Ɋɨɡɱɢɧɢ ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɜɢɦɿɪɸɸɬɶ ɨɩɬɢɱɧɭ ɝɭɫɬɢɧɭ 

ɩɪɢɝɨɬɨɜɚɧɢɯ ɪɨɛɨɱɢɯ ɪɨɡɱɢɧɿɜ ɊɋɁ ɬɢɥɨɪɨɧɭ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 270 ɧɦ ɭ 

ɤɸɜɟɬɿ ɡ ɬɨɜɳɢɧɨɸ ɲɚɪɭ 1,0 ɫɦ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɜ ɹɤɨɫɬɿ ɪɨɡɱɢɧɭ ɩɨɪɿɧɹɧɧɹ 

ɜɨɞɭ (ɪɢɫɭɧɨɤ 4.1, ɚ). Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.1, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɬɢɥɨɪɨɧɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɨɩɬɢɱɧɨʀ ɝɭɫɬɢɧɢ.  
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Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0,00147 0,00222

B 0,1467 0,00102

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0,99988 0,00439 7 <0.0001

А

Кɨɧɰɟɧɬɪɚɰɿɹ ɬɢɥɨɪɨɧɭ, ɦɤɝ/ɦɥ

ɛ)

 

Ɋɢɫɭɧɨɤ 4.1. ɋɩɟɤɬɪɢ ɩɨɝɥɢɧɚɧɧɹ ɪɨɡɱɢɧɿɜ ɬɢɥɨɪɨɧɭ (ɚ) ɬɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɬɢɥɨɪɨɧɭ  

0,1 – 5,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧ (2-ɚɦɿɧɨ-3-(5-ɝɿɞɪɨɤɫɢ-1H-ɿɧɞɨɥ-3-ɿɥ) 

ɩɪɨɩɚɧɨɜɚ ɤɢɫɥɨɬɚ) – ɚɦɿɧɨɤɢɫɥɨɬɚ, ɳɨ ɜɯɨɞɢɬɶ ɞɨ ɫɤɥɚɞɭ ɛɿɥɤɿɜ, є 
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ɩɪɟɤɭɪɫɨɪɨɦ ɧɟɣɪɨɬɪɚɧɫɦɢɬɟɪɚ ɫɟɪɨɬɨɧɿɧɭ: 
  

N
H

OH

NH2

OH

O

 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ  

Ɋɨɡɱɢɧ L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ. 100 ɦɝ L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ  

(CAS 4350-09-8) ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 70 ɦɥ 

ɜɨɞɢ. Ɋɨɡɱɢɧ ɩɟɪɟɦɿɲɭɸɬɶ ɧɚ ɦɚɝɧɢɬɧɿɣ ɦɿɲɚɥɰɿ ɩɪɨɬɹɝɨɦ 30 ɯɜ, ɨɬɪɢɦɚɧɢɣ 

ɪɨɡɱɢɧ ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,4; 1,0; 1,2; 

1,6; 1,8; 2,0; 2,4 ɦɥ ɪɨɡɱɢɧɭ L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ, ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ 

ɜɨɞɨɸ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ 1,0; 2,0; 4,0; 

10,0; 12,0; 16,0; 18,0; 20,0; 24,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɋɨɡɱɢɧɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɜɿɠɨɩɪɢɝɨɬɨɜɚɧɢɦɢ. 

Ʉɨɦɩɟɧɫɚɰɿɣɧɢɣ ɪɨɡɱɢɧ. ȼɨɞɚ. 

ȼɢɦɿɪɸɸɬɶ ɨɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɨɬɪɢɦɚɧɢɯ ɪɨɡɱɢɧɿɜ ɜɿɞɧɨɫɧɨ 

ɤɨɦɩɟɧɫɚɰɿɣɧɨɝɨ ɪɨɡɱɢɧɭ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɿ ɭ ɦɚɤɫɢɦɭɦɿ ɩɨɝɥɢɧɚɧɧɹ ɡɚ 

ɞɨɜɠɢɧɢ ɯɜɢɥɿ 275 ɧɦ ɭ ɤɸɜɟɬɿ ɡ ɬɨɜɳɢɧɨɸ ɩɨɝɥɢɧɚɸɱɨɝɨ ɲɚɪɭ 1,0 ɫɦ 

(ɪɢɫɭɧɨɤ 4.2, ɚ). Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ 

(ɪɢɫɭɧɨɤ 4.2, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ  

L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɨɩɬɢɱɧɨʀ 

ɝɭɫɬɢɧɢ.  

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ  

L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ 1,0 – 24,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

Ʉɨɥɚɝɟɧ – є ɮɿɛɪɢɥɹɪɧɢɦ ɛɿɥɤɨɦ ɝɥɿɤɨɩɪɨɬɟʀɞɧɨʀ ɩɪɢɪɨɞɢ, ɳɨ 

ɫɤɥɚɞɚєɬɶɫɹ ɿɡ ɦɚɤɪɨɦɨɥɟɤɭɥ, ɹɤɿ ɦɚɸɬɶ ɭɧɿɤɚɥɶɧɭ ɬɪɢɫɩɿɪɚɥɶɧɭ ɫɬɪɭɤɬɭɪɭ. 

Ʉɨɥɚɝɟɧɨɜɿ ɜɨɥɨɤɧɚ ɡɚɩɨɜɧɸɸɬɶ ɦɿɠɤɥɿɬɢɧɧɢɣ ɩɪɨɫɬɿɪ, ɜɢɤɨɧɭɸɬɶ 

ɫɬɪɭɤɬɭɪɧɭ ɮɭɧɤɰɿɸ ɬɚ ɮɭɧɤɰɿɸ ɡɛɟɪɟɠɟɧɧɹ ɜɨɥɨɝɢ, ɜɿɞɩɨɜɿɞɚɸɬɶ ɡɚ 
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ɩɪɭɠɧɿɫɬɶ ɲɤɿɪɢ.  
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0.6 Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A -0,002 0,00168

B 0,02507 1,18379E-4

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0,99992 0,00277 9 <0.0001

А
 

Кɨɧɰɟɧɬɪɚɰɿɹ L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ , ɦɤɝ/ɦɥ

ɛ)

 

Ɋɢɫɭɧɨɤ 4.2. ɋɩɟɤɬɪɢ ɩɨɝɥɢɧɚɧɧɹ ɪɨɡɱɢɧɿɜ L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ (ɚ) 
ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

 

ȼɢɡɧɚɱɟɧɧɹ ɤɨɥɚɝɟɧɭ ɡɚɩɪɨɩɚɧɨɜɚɧɨ ɩɪɨɜɨɞɢɬɢ ɤɨɥɨɪɢɦɟɬɪɢɱɧɢɦ 

ɦɟɬɨɞɨɦ Ʌɨɭɪɿ. ɍ ɥɭɠɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ ɿɨɧɢ Cu2+ ɭɬɜɨɪɸɸɬɶ ɤɨɦɩɥɟɤɫ ɡ 

ɩɟɩɬɢɞɧɢɦɢ ɡɜ'ɹɡɤɚɦɢ, ɩɟɪɟɯɨɞɹɱɢ ɜ Cu +. Ɉɞɧɨɜɚɥɟɧɬɧɿ ɿɨɧɢ ɦɿɞɿ ɪɟɚɝɭɸɬɶ ɡ 

ɪɟɚɤɬɢɜɨɦ Ɏɨɥɿɧɚ (ɮɨɫɮɨɦɨɥɿɛɞɟɧɨɜɚɹ ɤɢɫɥɨɬɚ ɡ ɮɟɧɨɥɨɦ), ɭɬɜɨɪɸɸɱɢ 

ɧɟɫɬɚɛɿɥɶɧɢɣ ɩɪɨɞɭɤɬ, ɳɨ ɩɟɪɟɯɨɞɢɬɶ ɭ ɦɨɥɿɛɞɟɧɨɜɭ ɫɢɧɶ, ɡ ɦɚɤɫɢɦɭɦɨɦ 

ɚɞɫɨɪɛɰɿʀ ɩɪɢ 750 ɧɦ. Ɂɛɿɥɶɲɟɧɧɹ ɚɞɫɨɪɛɰɿʀ ɩɪɢ 750 ɧɦ ɩɪɨɩɨɪɰɿɣɧɨ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɛɿɥɤɚ. Ɇɟɬɨɞ ɞɭɠɟ ɱɭɬɥɢɜɢɣ ɞɨ ɧɚɹɜɧɨɫɬɿ ɜ ɪɨɡɱɢɧɿ ɫɬɨɪɨɧɧɿɯ 

ɜɿɞɧɨɜɥɸɜɚɱɟɣ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɤɨɦɩɨɧɟɧɬɢ ɩɥɚɰɟɛɨ ɧɟ ɡɚɜɚɠɚɸɬɶ 

ɜɢɡɧɚɱɟɧɧɸ ɛɿɥɤɚ.  

ȼɢɩɪɨɛɨɜɭɜɚɧɢɣ ɪɨɡɱɢɧ. Ⱦɨ 2,0 ɦɥ ɪɨɡɱɢɧɭ, ɨɬɪɢɦɚɧɨɝɨ ɡɚ 

ɭɧɿɮɿɤɨɜɚɧɢɦ ɩɪɨɩɢɫɨɦ, ɞɨɞɚɸɬɶ 2,0 ɦɥ ɪɟɚɤɬɢɜɭ ɦɿɞɿ ɥɭɠɧɨʀ [118] ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ. Ɂɚɥɢɲɚɸɬɶ ɧɚ 10 ɯɜ. ɉɨɬɿɦ ɞɨɞɚɸɬɶ 1,5 ɦɥ ɮɨɫɮɨɪɧɨ-

ɦɨɥɿɛɞɟɧɨɜɨɝɨ ɪɟɚɤɬɢɜɭ ɪɨɡɜɟɞɟɧɨɝɨ [118], ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɡɚɥɢɲɚɸɬɶ ɩɪɢ 

ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɧɚ 30 ɯɜ. 

ɏɨɥɨɫɬɢɣ ɪɨɡɱɢɧ. Ⱦɨ 4,0 ɦɥ ɜɨɞɢ ɞɨɞɚɸɬɶ 4,0 ɦɥ ɪɟɚɤɬɢɜɭ ɦɿɞɿ ɥɭɠɧɨʀ 

ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. Ɂɚɥɢɲɚɸɬɶ ɧɚ 10 ɯɜ. ɉɨɬɿɦ ɞɨɞɚɸɬɶ 3,0 ɦɥ ɮɨɫɮɨɪɧɨ-
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ɦɨɥɿɛɞɟɧɨɜɨɝɨ ɪɟɚɤɬɢɜɭ ɪɨɡɜɟɞɟɧɨɝɨ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɡɚɥɢɲɚɸɬɶ ɩɪɢ 

ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɧɚ 30 ɯɜ. 

Ɋɨɡɱɢɧɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɜɿɠɨɩɪɢɝɨɬɨɜɚɧɢɦɢ. 

ȼɢɦɿɪɸɸɬɶ ɨɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɜɢɩɪɨɛɨɜɭɜɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɪɨɛɢ ɡɦɢɜɿɜ ɡ 

ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 750 ɧɦ ɭ ɤɸɜɟɬɿ ɡ ɬɨɜɳɢɧɨɸ 

ɲɚɪɭ 1,0 ɫɦ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɯɨɥɨɫɬɢɣ ɪɨɡɱɢɧ ɭ ɹɤɨɫɬɿ ɤɨɦɩɟɧɫɚɰɿɣɧɨɝɨ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

ȼɢɯɿɞɧɢɣ ɪɨɡɱɢɧ ɤɨɥɚɝɟɧɭ. 100,0 ɦɝ ɤɨɥɚɝɟɧɭ ɬɢɩɭ I (fish) ɚɛɨ ɬɢɩɭ II 

(chicken) (ɜɿɞɩɨɜɿɞɧɨɝɨ ɞɚɧɿɣ ɫɟɪɿɿ ɞɿєɬɢɱɧɨʀ ɞɨɛɚɜɤɢ) ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ 

ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 70 ɦɥ ɜɨɞɢ. Ɋɨɡɱɢɧ ɩɟɪɟɦɿɲɭɸɬɶ ɧɚ 

ɦɚɝɧɢɬɧɿɣ ɦɿɲɚɥɰɿ ɩɪɨɬɹɝɨɦ 10 ɯɜ Ⱦɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɬɢɦ ɫɚɦɢɦ 

ɪɨɡɱɢɧɧɢɤɨɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,3; 0,5; 0,7; 0,9; 

1,0; 1,1; 1,2; 1,5 ɦɥ ɜɢɯɿɞɧɨɝɨ ɪɨɡɱɢɧɭ ɤɨɥɚɝɟɧɭ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦɢ ɪɨɱɢɧɿɜ 

ɜɨɞɨɸ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ 

2,0; 4,0; 6,0; 10,0; 14,0; 18,0; 20,0; 22,0; 24,0; 30,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ⱦɨ 2,0 ɦɥ ɤɨɠɧɨɝɨ ɿɡ ɪɨɡɱɢɧɿɜ (ɝɪɚɞɭɸɜɚɥɶɧɿ ɪɨɡɱɢɧɢ) ɞɨɞɚɸɬɶ 2,0 ɦɥ 

ɪɟɚɤɬɢɜɭ ɦɿɞɿ ɥɭɠɧɨʀ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. Ɂɚɥɢɲɚɸɬɶ ɧɚ 10 ɯɜ. ɉɨɬɿɦ ɞɨɞɚɸɬɶ 

1,5 ɦɥ ɮɨɫɮɨɪɧɨ-ɦɨɥɿɛɞɟɧɨɜɨɝɨ ɪɟɚɤɬɢɜɭ ɪɨɡɜɟɞɟɧɨɝɨ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ 

ɡɚɥɢɲɚɸɬɶ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɧɚ 30 ɯɜ. 

Ɋɨɡɱɢɧɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɜɿɠɨɩɪɢɝɨɬɨɜɚɧɢɦɢ. 

ȼɢɦɿɪɸɸɬɶ ɨɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɨɬɪɢɦɚɧɢɯ ɪɨɡɱɢɧɿɜ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ  

750 ɧɦ ɭ ɤɸɜɟɬɿ ɡ ɬɨɜɳɢɧɨɸ ɲɚɪɭ 1,0 ɫɦ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɯɨɥɨɫɬɢɣ ɪɨɡɱɢɧ ɭ 

ɹɤɨɫɬɿ ɤɨɦɩɟɧɫɚɰɿɣɧɨɝɨ (ɪɢɫɭɧɨɤ 4.3, ɚ). Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.3, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ 

ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ ɤɨɥɚɝɟɧɭ, ɜ ɦɤɝ/ɦɥ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ 

ɨɩɬɢɱɧɨʀ ɝɭɫɬɢɧɢ. 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɤɨɥɚɝɟɧɭ 

2,0 – 30,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
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Ɋɢɫɭɧɨɤ 4.3. ɋɩɟɤɬɪɢ ɩɨɝɥɢɧɚɧɧɹ ɪɨɡɱɢɧɿɜ ɤɨɥɚɝɟɧɭ (ɚ) ɬɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ȼɟɧɡɨɛɿɬɚɥ (1-ɛɟɧɡɨʀɥ-5-ɟɬɢɥ-5-ɮɟɧɿɥɛɚɪɛɿɬɭɪɨɜɚ ɤɢɫɥɨɬɚ), ɩɪɨɹɜɥɹє 

ɩɪɨɬɢɫɭɞɨɦɧɭ ɞɿɸ, ɩɪɚɤɬɢɱɧɨ ɧɟ ɜɢɹɜɥɹє ɫɧɨɞɿɣɧɨʀ ɞɿʀ: 

N

N
H

O O

OO

CH3  

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɛɟɧɡɨɛɚɪɛɿɬɚɥɭ. 0,050 ɝ ɊɋɁ ɛɟɧɡɨɛɚɪɛɿɬɚɥɭ ɩɨɦɿɳɚɸɬɶ ɜ 

ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ, ɞɨɞɚɸɬɶ 30 ɦɥ ɟɬɚɧɨɥɭ (96 %) ɬɚ ɪɨɡɱɢɧɹɸɬɶ. 

Ɉɬɪɢɦɚɧɢɣ ɪɨɡɱɢɧ ɞɨɜɨɞɹɬɶ ɟɬɚɧɨɥɨɦ (96 %) ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ 

(1000,0 ɦɤɝ/ɦɥ). 5,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ 0,01 Ɇ ɪɨɡɱɢɧɨɦ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ (100,0 ɦɤɝ/ɦɥ). 5,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ 

ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ 

ɩɨɡɧɚɱɤɢ 0,01 Ɇ ɪɨɡɱɢɧɨɦ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ  

(10,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 20,0 ɦɥ ɜɧɨɫɹɬɶ ɩɨ 0,2; 0,6; 1,0; 1,4 (ɿɡ ɪɨɡɱɢɧɭ 



 

 

76 

ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ 10 ɦɤɝ/ɦɥ); 0,2; 0,6; 1,0; 1,4 ɦɥ (ɿɡ ɪɨɡɱɢɧɭ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ 

100 ɦɤɝ/ɦɥ) ɨɬɪɢɦɚɧɢɯ ɪɨɡɱɢɧɿɜ ɛɟɧɡɨɛɚɪɛɿɬɚɥɭ ɬɚ ɞɨɜɨɞɹɬɶ  

0,01 Ɇ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨɸ ɤɢɫɥɨɬɨɸ ɞɨ ɩɨɡɧɚɱɤɢ.  

Ɋɨɡɱɢɧɢ ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɜɢɦɿɪɸɬɶ ɨɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɜɿɞɧɨɫɧɨ ɪɨɡɱɢɧɭ 

0,01 Ɇ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 257 ɧɦ ɭ ɤɸɜɟɬɿ ɡ 

ɬɨɜɳɢɧɨɸ ɲɚɪɭ 5,0 ɫɦ (ɪɢɫɭɧɨɤ 4.4, ɚ). 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 

4.4, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ ɛɟɧɡɨɛɚɪɛɿɬɚɥɭ,  

ɜ ɦɤɝ/ɦɥ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɨɩɬɢɱɧɨʀ ɝɭɫɬɢɧɢ  
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Ɋɢɫɭɧɨɤ 4.4. ɋɩɟɤɬɪɢ ɩɨɝɥɢɧɚɧɧɹ ɪɨɡɱɢɧɿɜ ɛɟɧɡɨɛɚɪɛɿɬɚɥɭ (ɚ) ɬɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɛɟɧɡɨɛɚɪɛɿɬɚɥɭ 0,1 – 7,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

4.1.2 Ʌɸɦɿɧɟɫɰɟɧɬɧɟ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥьɰɿɸ, 

ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ, ɚɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬɭ, ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬɭ 

Ɋɨɡɭɜɚɫɬɚɬɢɧ ɤɚɥьɰɿɸ (ɤɚɥɶɰɿєɜɚ ɫɿɥɶ ɛɿɫ {(3R, 5S, 6ȿ)-7-{4-(4-

ɮɬɨɪɮɟɧɿɥ)-6-ɿɡɨɩɪɨɩɿɥ-2-[ɦɟɬɢɥ(ɦɟɬɢɥɫɭɥɶɮɨɧɿɥ)ɚɦɿɧɨ]ɩɿɪɢɦɿɞɢɧ-5-ɿɥ}-3,5-

ɞɢɝɿɞɪɨɤɫɿɝɟɩɬ-6-ɟɧɨɜɨʀ ɤɢɫɥɨɬɢ}, ɊɄ) – ɝɿɩɨɥɿɩɿɞɟɦɿɱɧɢɣ ɡɚɫɿɛ ɡ ɝɪɭɩɢ 

ɫɬɚɬɢɧɿɜ, ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɡɦɟɧɲɟɧɧɹ ɩɿɞɜɢɳɟɧɨɝɨ ɪɿɜɧɹ ɡɚɝɚɥɶɧɨɝɨ 
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ɯɨɥɟɫɬɟɪɢɧɭ, ɿɧɝɿɛɿɬɨɪ ȽɆȽ-ɄɨȺ-ɪɟɞɭɤɬɚɡɢ:  
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ɍɎ-ɫɩɟɤɬɪ ɊɄ ɦɚє ɩɨɥɨɫɭ ɩɨɝɥɢɧɚɧɧɹ ɜ ɍɎ-ɨɛɥɚɫɬɿ ɡ ɦɚɤɫɢɦɭɦɨɦ ɡɚ 

ɞɨɜɠɢɧɢ ɯɜɢɥɿ 241 ɧɦ (ε = 5,4104 ɥɦɨɥɶ-1ɫɦ-1). ɋɩɟɤɬɪ ɡɛɭɞɠɟɧɧɹ 

ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɊɄ ɩɨɞɿɛɧɢɣ ɫɩɟɤɬɪɭ ɣɨɝɨ ɩɨɝɥɢɧɚɧɧɹ (λɡɛɭɞ = 250 ɧɦ). 

ɇɚɦɢ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɫɭɛɫɬɚɧɰɿɹ ɊɄ ɩɪɚɤɬɢɱɧɨ ɧɟ ɪɨɡɱɢɧɹєɬɶɫɹ ɭ ɜɨɞɿ. 

ȼɢɜɱɟɧɢɣ ɜɩɥɢɜ ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɥɸɦɿɧɟɫɰɟɧɰɿʀ (Iɥɸɦ) ɊɄ ɦɟɬɚɧɨɥɭ, ɟɬɚɧɨɥɭ, 

ɚɰɟɬɨɧɿɬɪɢɥɭ, ɞɢɦɟɬɢɥɮɨɪɦɚɦɿɞɭ, ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɭ, ɩɪɨɩɚɧɨɥɭ (70 ɨɛ/ɨɛ). 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɦɚɤɫɢɦɚɥɶɧɚ ɥɸɦɿɧɟɫɰɟɧɰɿɹ ɊɄ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɭ ɦɟɬɚɧɨɥɿ 

(ɪɢɫɭɧɨɤ 4.5).  
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Ɋɢɫɭɧɨɤ 4.5. ȼɩɥɢɜ ɨɪɝɚɧɿɱɧɢɯ ɪɨɡɱɢɧɧɢɤɿɜ ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ 

ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɊɄ (CɊɄ = 100,0 ɦɤɝ/ɦɥ) 

 

Ɂɿ ɡɛɿɥɶɲɟɧɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ ɦɟɬɚɧɨɥɶɧɨɝɨ ɪɨɡɱɢɧɭ ɊɄ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ 

ɡɛɿɥɶɲɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɣɨɝɨ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ (ɪɢɫɭɧɨɤ 4.6, ɚ). 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥьɰɿɸ. 0,025 ɝ ɊɋɁ ɪɨɡɭɜɚɫɬɚɬɢɧɭ 

ɤɚɥɶɰɿɸ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 15 ɦɥ 
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ɦɟɬɚɧɨɥɭ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ 

ɪɨɡɱɢɧɧɢɤɨɦ (1000,0 ɦɤɝ/ɦɥ). Ɋɨɡɱɢɧɢ ɊɄ (100,0 ɦɤɝ/ɦɥ, 10,0 ɦɤɝ/ɦɥ) 

ɝɨɬɭɸɬɶ ɪɨɡɜɟɞɟɧɧɹɦ ɨɞɟɪɠɚɧɨɝɨ ɪɨɡɱɢɧɭ. 

Ɋɨɡɱɢɧɢ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɝɨɬɭɸɬɶ ɜ ɦɿɪɧɢɯ ɤɨɥɛɚɯ 

ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɿɡ ɪɨɡɱɢɧɿɜ ɊɄ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ 10 ɦɤɝ/ɦɥ ɬɚ  

100 ɦɤɝ/ɦɥ. Ɋɨɡɱɢɧɢ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɦɟɬɚɧɨɥɨɦ. ɉɚɪɚɥɟɥɶɧɨ 

ɜɢɦɿɪɸɸɬɶ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɦɟɬɚɧɨɥɭ ɜ ɰɢɯ ɭɦɨɜɚɯ (Iɯɨɥ). 

ɑɟɪɟɡ 5 ɯɜ ɜɢɦɿɪɸɸɬɶ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɥɸɦɿɧɟɫɰɟɧɰɿʀ (IɊɄ) ɩɪɢ  

λɟɦ = 456 ɧɦ (λɡɛɭɞ = 250 ɧɦ) (ɪɢɫɭɧɨɤ 4.6, ɚ). Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɯɨɥɨɫɬɨʀ, ɩɪɨɛɢ ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.6, 

ɛ), ɹɤɢɣ ɨɩɢɫɭєɬɶɫɹ ɪɿɜɧɹɧɧɹɦ IɊɄ – Iɯɨɥ = 18,39 + 128,33·ɋɊɄ – 4,36·ɋɊɄ
2  

(R = 0,99702).  
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Parameter Value Error

------------------------------------------------------------

A 18,39326 9,32851

B1 128,32612 5,41384

B2 -4,35965 0,57374

------------------------------------------------------------

R-Square(COD) SD N P

------------------------------------------------------------

0,99702 17,71006 13 <0.0001
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Ɋɢɫɭɧɨɤ 4.6. ɋɩɟɤɬɪɢ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɦɟɬɚɧɨɥɭ (1), ɪɨɡɱɢɧɿɜ ɊɄ ɫ 
ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ ɜɿɞ 0,1 ɦɤɝ/ɦɥ (2) ɞɨ 100,0 ɦɤɝ/ɦɥ (3) (ɚ) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɊɄ (λɡɛɭɞ = 250 ɧɦ, λɟɦ = 456 ɧɦ; 

ɳɿɥɢɧɢ 10-10; ɩɨɫɢɥɟɧɧɹ 750)  
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɧɚɜɟɞɟɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɊɄ  

0,1 – 10,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

Ɏɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬ 

Ɏɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬ (ɟɬɢɥɨɜɢɣ ɟɮɿɪ [2-ɚɦɿɧɨ-6-(4-ɮɬɨɪɛɟɧɡɿɥɚɦɿɧɨ)-

ɩɿɪɢɞɢɧ-3-ɿɥ] ɤɚɪɛɚɦɿɧɨɜɨʀ ɤɢɫɥɨɬɢ ɦɚɥɟɚɬ, ɎɆ) – ɧɟɨɩɿɨʀɞɧɢɣ ɚɧɚɥɶɝɟɬɢɤ 

ɰɟɧɬɪɚɥɶɧɨʀ ɞɿʀ, ɹɤɢɣ ɧɟ ɜɢɤɥɢɤɚє ɡɚɥɟɠɧɨɫɬɿ ɬɚ ɡɜɢɤɚɧɧɹ, ɤɪɿɦ ɬɨɝɨ, ɧɚɞɚє 
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ɦɿɨɪɟɥɚɤɫɭɸɱɭ ɬɚ ɧɟɣɪɨɩɪɨɬɟɤɬɢɜɧɭ ɞɿɸ: 

NH N

F

NH2

NH

OO CH3

OH

OH

O

O ɎɆ 

ɇɚɦɢ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɫɭɛɫɬɚɧɰɿɹ ɎɆ ɩɪɚɤɬɢɱɧɨ ɧɟ ɪɨɡɱɢɧɹєɬɶɫɹ ɭ ɜɨɞɿ.  

ȼɢɜɱɟɧɨ ɜɩɥɢɜ ɧɚ ɜɥɚɫɧɭ ɥɸɦɿɧɟɫɰɟɧɰɿɸ ɪɨɡɱɢɧɭ ɎɆ ɨɪɝɚɧɿɱɧɢɯ 

ɪɨɡɱɢɧɧɢɤɿɜ ɪɿɡɧɨʀ ɩɪɢɪɨɞɢ (ɪɢɫɭɧɨɤ 4.7). ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɪɢ ɨɛ'єɦɧɢɯ 

ɜɦɿɫɬɚɯ 90 ɨɛ/ɨɛ ɜɫɿ ɪɨɡɱɢɧɧɢɤɢ ɩɪɚɤɬɢɱɧɨ ɧɟ ɜɩɥɢɜɚɸɬɶ ɧɚ ɥɸɦɿɧɟɫɰɟɧɰɿɸ 

ɎɆ, ɚɰɟɬɨɧ, ȾɆɎȺ ɬɚ ȾɆɋɈ ɡɦɟɧɲɭɸɬɶ Iɥɸɦ ɎɆ ɭ ~2 ɪɚɡɢ. 
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Ɋɢɫɭɧɨɤ 4.7. ȼɩɥɢɜ ɨɪɝɚɧɿɱɧɢɯ ɪɨɡɱɢɧɧɢɤɿɜ ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ 

ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɪɨɡɱɢɧɭ ɎɆ (ɋɎɆ=0,1 ɦɤɝ/ɦɥ; λɡɛɭɞ = 345 ɧɦ; ɳɿɥɢɧɢ 10-10; 

ɩɨɫɢɥɟɧɧɹ 600) 

 

ȼ ɟɬɢɥɨɜɨɦɭ ɫɩɢɪɬɿ ɬɚ ɜ 0,1 Ɇ ɪɨɡɱɢɧɿ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ 

ɜɿɞɛɭɜɚєɬɶɫɹ ɩɨɜɧɟ ɪɨɡɱɢɧɟɧɧɹ ɫɭɛɫɬɚɧɰɿʀ ɎɆ, ɚɥɟ ɩɪɢ ɰɶɨɦɭ ɨɩɬɢɱɧɚ 

ɝɭɫɬɢɧɚ ɪɨɡɱɢɧɭ ɎɆ ɜ ɟɬɢɥɨɜɨɦɭ ɫɩɢɪɬɿ ɧɢɠɱɟ, ɧɿɠ ɭ 0,1 Ɇ ɪɨɡɱɢɧɿ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ. ɋɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɛɚɬɨɯɪɨɦɧɢɣ ɡɫɭɜ ɦɚɤɫɢɦɭɦɭ 

ɩɨɝɥɢɧɚɧɧɹ ɧɚ 5 ɧɦ ɜ ɟɬɚɧɨɥɶɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ (ɪɢɫɭɧɨɤ 4.8, ɚ). ɋɩɟɤɬɪ 

ɩɨɝɥɢɧɚɧɧɹ ɎɆ ɭ 0,1 Ɇ ɪɨɡɱɢɧɿ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ 

ɧɚɹɜɧɿɫɬɸ ɿɧɬɟɧɫɢɜɧɢɯ ɫɦɭɝ ɜ ɍɎ-ɨɛɥɚɫɬɿ ɫɩɟɤɬɪɚ ɡ ɦɚɤɫɢɦɭɦɚɦɢ ɩɪɢ  

λ = 245 ɧɦ (ε = 1,23104 ɥɦɨɥɶ-1ɫɦ-1) ɬɚ λ = 345 ɧɦ (ε = 1,90 104 ɥɦɨɥɶ-1ɫɦ-1). 

ɋɩɟɤɬɪ ɡɛɭɞɠɟɧɧɹ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɎɆ ɩɨɞɿɛɧɢɣ ɫɩɟɤɬɪɭ ɣɨɝɨ 

ɩɨɝɥɢɧɚɧɧɹ (ɪɢɫɭɧɨɤ 4.8, ɛ). 
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ȱɡ ɡɛɿɥɶɲɟɧɧɹɦ pH ɜ ɚɰɟɬɚɬɧɨ-ɚɦɿɚɱɧɨɦɭ ɛɭɮɟɪɧɨɦɭ ɪɨɡɱɢɧɿ 

ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɦɟɧɲɟɧɧɹ ɜɥɚɫɧɨʀ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɎɆ  

(ɜ ~ 3 ɪɚɡɢ) ɡ ɝɿɩɫɨɯɪɨɦɧɢɦ ɡɫɭɜɨɦ ɦɚɤɫɢɦɭɦɭ ɧɚ 35 ɧɦ (ɪɢɫɭɧɨɤ 4.9). Ⱦɥɹ 

ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɢɛɪɚɧɨ ɪɨɡɱɢɧɟɧɧɹ ɫɭɛɫɬɚɧɰɿʀ ɜ 0,1 Ɇ ɪɨɡɱɢɧɿ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ, ɬɚɤ ɹɤ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ Iɥɸɦ ɪɨɡɱɢɧɭ ɎɆ 

ɦɚɤɫɢɦɚɥɶɧɚ. 

ɚ) 
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Ɋɢɫɭɧɨɤ 4.8. ɋɩɟɤɬɪɢ ɩɨɝɥɢɧɚɧɧɹ (ɚ) ɪɨɡɱɢɧɿɜ ɎɆ ɭ 0,1 Ɇ ɪɨɡɱɢɧɿ 
ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɬɚ ɟɬɚɧɨɥɿ (ɋɎɆ=10,0 ɦɤɝ/ɦɥ; l = 1 ɫɦ) ɬɚ 
ɡɛɭɞɠɟɧɧɹ ɥɸɦɿɧɟɫɰɟɧɰɿʀ (ɛ) ɪɨɡɱɢɧɭ ɎɆ (ɋɎɆ=1,0 ɦɤɝ/ɦɥ; λɟɦ =427 ɧɦ; 

ɳɿɥɢɧɢ 5-5; ɩɨɫɢɥɟɧɧɹ 600) 
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Data: Data1_B

Model: Boltzmann

Equation: 

y = A2 + (A1-A2)/(1 + exp((x-x0)/dx))

Weighting: 

y No weighting

  

Chi^2/DoF = 242.50218

R^2 =  0.99874

  

A1 923.34731 ±9.11686

A2 161.52188 ±7.68176

x0 5.71256 ±0.03207

dx 0.3894 ±0.02896

ɪɇ
 

Ɋɢɫɭɧɨɤ 4.9. ɋɩɟɤɬɪɢ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɎɆ (ɚ) (λɡɛɭɞ=345 ɧɦ; 

ɳɿɥɢɧɢ 5-5; ɩɨɫɢɥɟɧɧɹ 600) ɜ ɿɧɬɟɪɜɚɥɿ ɪɇ 1,05 – 10,77 ɬɚ ɡɚɥɟɠɧɿɫɬɶ Iɥɸɦ  

ɎɆ (ɛ) ɜɿɞ ɪɇ (λɟɦ=427 ɧɦ) 

ȼɢɹɜɥɟɧɨ, ɳɨ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ ɎɆ ɜ ɫɟɪɟɞɨɜɢɳɿ 0,1 Ɇ 

ɪɨɡɱɢɧɭ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɩɪɹɦɨɥɿɧɿɣɧɟ ɡɛɿɥɶɲɟɧɧɹ 
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ɣɨɝɨ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ. 0,025 ɝ ɊɋɁ ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ 

ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 15 ɦɥ 0,1 Ɇ ɪɨɡɱɢɧɭ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ 

ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ (1000,0 ɦɤɝ/ɦɥ). Ɋɨɡɱɢɧɢ ɎɆ (100,0 ɦɤɝ/ɦɥ, 10,0 ɦɤɝ/ɦɥ, 

1,0 ɦɤɝ/ɦɥ) ɝɨɬɭɸɬɶ ɪɨɡɜɟɞɟɧɧɹɦ ɨɞɟɪɠɚɧɨɝɨ ɪɨɡɱɢɧɭ. 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɜ ɪɹɞ ɦɿɪɧɢɯ ɤɨɥɛ ɦɿɫɬɤɿɫɬɸ  

10,0 ɦɥ ɜɧɨɫɹɬɶ ɩɨ 0,1; 0,3; 0,5; 0,7; 1,0 ɦɥ ɪɨɡɱɢɧɭ ɎɆ (1,0 ɦɤɝ/ɦɥ), 0,1; 0,3; 

0,5; 0,7; 1,0 ɦɥ ɪɨɡɱɢɧɭ ɎɆ (10,0 ɦɤɝ/ɦɥ) ɬɚ 0,2; 0,3 ɦɥ ɪɨɡɱɢɧɭ ɎɆ  

(100,0 ɦɤɝ/ɦɥ). Ɋɨɡɱɢɧɢ ɞɨɜɨɞɹɬɶ ɞɨ 10,0 ɦɥ 0,1 Ɇ ɪɨɡɱɢɧɨɦ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. ɑɟɪɟɡ 5 ɯɜɢɥɢɧ ɜɢɦɿɪɸɸɬɶ Iɥɸɦ 

ɩɪɢ λɟɦ=427 ɧɦ (λɡɛɭɞ=345 ɧɦ) (ɪɢɫɭɧɨɤ 4.10, ɚ). Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.10, ɛ). 
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Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 8,89396 6,63259

B 1954,25327 30,16685

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0,99905 13,75291 10 <0.0001

 

Ɋɢɫɭɧɨɤ 4.10. ɋɩɟɤɬɪɢ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɪɨɡɱɢɧɿɜ ɎɆ (ɚ) (ɳɿɥɢɧɢ 
10-10) (λɡɛɭɞ=345 ɧɦ; ɩɨɫɢɥɟɧɧɹ 600) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ 

ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɎɆ  

0,01 – 0,5 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

Ⱥɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬ (3β)-17-(ɉɿɪɢɞɢɧ-3-ɿɥ)ɚɧɞɪɨɫɬɚ-5,16-ɞɿєɧ-3b-ɿɥ 

ɚɰɟɬɚɬ, ȺȺ) є ɿɧɝɿɛɿɬɨɪɨɦ ɛɿɨɫɢɧɬɟɡɭ ɚɧɞɪɨɝɟɧɭ. Ɂɨɤɪɟɦɚ, ɚɛɿɪɚɬɟɪɨɧ 

ɫɟɥɟɤɬɢɜɧɨ ɿɧɝɿɛɭє ɮɟɪɦɟɧɬ 17α-ɝɿɞɪɨɤɫɢɥɚɡɭ/C17,20-ɥɿɚɡɭ (CYP17): 
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Ɋɢɫɭɧɨɤ 4.11. ȼɩɥɢɜ ɨɪɝɚɧɿɱɧɢɯ ɪɨɡɱɢɧɧɢɤɿɜ ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ 

ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɪɨɡɱɢɧɭ ȺȺ (ɋȺȺ=2,0 ɦɤɝ/ɦɥ; λɡɛɭɞ = 253 ɧɦ; ɳɿɥɢɧɢ 10-10; 

ɩɨɫɢɥɟɧɧɹ 600) 
 

ȼɢɹɜɥɟɧɨ, ɳɨ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ ȺȺ ɜ ɟɬɚɧɨɥɿ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ 

ɩɪɹɦɨɥɿɧɿɣɧɟ ɡɛɿɥɶɲɟɧɧɹ ɣɨɝɨ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɚɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬɭ. 0,025 ɝ ɊɋɁ ɚɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬɭ 

ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 15 ɦɥ ɟɬɚɧɨɥɭ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ  

(1000,0 ɦɤɝ/ɦɥ). Ɋɨɡɱɢɧɢ ȺȺ (100,0 ɦɤɝ/ɦɥ, 10,0 ɦɤɝ/ɦɥ) ɝɨɬɭɸɬɶ 

ɪɨɡɜɟɞɟɧɧɹɦ ɨɞɟɪɠɚɧɨɝɨ ɪɨɡɱɢɧɭ. 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɜ ɪɹɞ ɦɿɪɧɢɯ ɤɨɥɛ ɦɿɫɬɤɿɫɬɸ  

10,0 ɦɥ ɜɧɨɫɹɬɶ ɩɨ 0,05; 0,1; 0,3; 0,5; 0,8; 1,0 ɦɥ ɪɨɡɱɢɧɭ ȺȺ (10,0 ɦɤɝ/ɦɥ) ɬɚ 

0,2; 0,3; 0,4; 0,5; 0,6; 0,7 ɦɥ ɪɨɡɱɢɧɭ ȺȺ (100,0 ɦɤɝ/ɦɥ). Ɋɨɡɱɢɧɢ ɞɨɜɨɞɹɬɶ ɞɨ 

10,0 ɦɥ ɟɬɚɧɨɥɨɦ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. ɑɟɪɟɡ 5 ɯɜɢɥɢɧ ɜɢɦɿɪɸɸɬɶ Iɥɸɦ ɩɪɢ 
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λɟɦ=350 ɧɦ (λɡɛɭɞ=253 ɧɦ) (ɪɢɫɭɧɨɤ 4.12, ɚ). Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.12, ɛ). 
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Ɋɢɫɭɧɨɤ 4.12. ɋɩɟɤɬɪɢ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɪɨɡɱɢɧɿɜ ȺȺ (ɚ)  
(λɡɛɭɞ=253 ɧɦ; ɳɿɥɢɧɢ 10-10; ɩɨɫɢɥɟɧɧɹ 600) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ 

ɣɨɝɨ ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ȺȺ  

0,05 – 7,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

Ɋɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬ (3-[(1S)-1-(ɞɢɦɟɬɢɥɚɦɿɧɨ)ɟɬɢɥ]ɮɟɧɿɥ-N-

ɟɬɢɥ-N-ɦɟɬɢɥɤɚɪɛɚɦɚɬ ɝɿɞɪɨ(2R,3R)-2,3-ɞɢɝɿɞɪɨɤɫɢɛɭɬɚɧɞɿɨɚɬ, ɊȽ) – 

ɫɟɥɟɤɬɢɜɧɢɣ ɿɧɝɿɛɿɬɨɪ ɚɰɟɬɢɥɯɨɥɿɧɟɫɬɟɪɚɡɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɤɭ ɤɚɪɛɚɦɚɬɧɨɝɨ 

ɬɢɩɭ, ɡɚɫɬɨɫɨɜɭɸɬɶ ɩɪɢ ɫɢɦɩɬɨɦɚɬɢɱɧɨɦɭ ɥɿɤɭɜɚɧɧɿ ɞɟɦɟɧɰɿʀ, ɨɛɭɦɨɜɥɟɧɨʀ 

ɯɜɨɪɨɛɨɸ Ⱥɥɶɰɝɟɣɦɟɪɚ: 
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ɋɩɟɤɬɪ ɩɨɝɥɢɧɚɧɧɹ ɊȽ ɭ ɜɨɞɿ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɧɚɹɜɧɿɫɬɸ ɫɦɭɝɢ ɜ  

ɍɎ-ɨɛɥɚɫɬɿ ɫɩɟɤɬɪɚ ɡ ɦɚɤɫɢɦɭɦɨɦ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 263 ɧɦ  

(ε = 2,6103 ɥɦɨɥɶ-1ɫɦ-1). ɋɩɟɤɬɪ ɡɛɭɞɠɟɧɧɹ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɊȽ 

ɩɨɞɿɛɟɧ ɫɩɟɤɬɪɭ ɣɨɝɨ ɩɨɝɥɢɧɚɧɧɹ (λɡɛɭɞ = 262 ɧɦ). 

ȼɢɜɱɟɧɨ ɜɩɥɢɜ ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɥɸɦɿɧɟɫɰɟɧɰɿʀ (Iɥɸɦ) ɊȽ ɦɟɬɚɧɨɥɭ, 

ɟɬɚɧɨɥɭ, ɚɰɟɬɨɧɿɬɪɢɥɭ, ɞɢɦɟɬɢɥɮɨɪɦɚɦɿɞɭ, ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɭ, ɩɪɨɩɚɧɨɥɭ. 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɦɚɤɫɢɦɚɥɶɧɚ ɥɸɦɿɧɟɫɰɟɧɰɿɹ ɊȽ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɭ ɜɨɞɧɨɦɭ 
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ɫɟɪɟɞɨɜɢɳɿ. ȼɢɹɜɥɟɧɨ, ɳɨ ɿɡ ɡɛɿɥɶɲɟɧɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ ɊȽ 

ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɛɿɥɶɲɟɧɧɹ ɣɨɝɨ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ (ɪɢɫɭɧɨɤ 4.13, ɚ). 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬɭ. 0,025 ɝ ɊɋɁ ɪɢɜɚɫɬɢɝɦɿɧɭ 

ɝɿɞɪɨɬɚɪɬɪɚɬɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 15 ɦɥ 

ɜɨɞɢ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ 

(1000,0 ɦɤɝ/ɦɥ). Ɋɨɡɱɢɧɢ ɊȽ (100,0 ɦɤɝ/ɦɥ, 10,0 ɦɤɝ/ɦɥ) ɝɨɬɭɸɬɶ ɪɨɡɜɟɞɟɧɧɹɦ 

ɨɞɟɪɠɚɧɨɝɨ ɪɨɡɱɢɧɭ. 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɜ ɪɹɞ ɦɿɪɧɢɯ ɤɨɥɛ ɦɿɫɬɤɿɫɬɸ  

10,0 ɦɥ ɜɧɨɫɹɬɶ ɩɨ 0,5; 1,0 ɦɥ ɪɨɡɱɢɧɭ ɊȽ (10 ɦɤɝ/ɦɥ), 0,3; 0,4; 0,5; 0,7; 1,0; 

2,0 ɦɥ ɪɨɡɱɢɧɭ ɊȽ (100 ɦɤɝ/ɦɥ). Ɋɨɡɱɢɧɢ ɞɨɜɨɞɹɬɶ ɞɨ 10,0 ɦɥ ɜɨɞɨɸ. ɑɟɪɟɡ  

5 ɯɜ ɜɢɦɿɪɸɸɬɶ Iɥɸɦ ɩɪɢ λɟɦ = 293 ɧɦ (λɡɛɭɞ = 262 ɧɦ). Ɂɚ ɨɬɪɢɦɚɧɢɦɢ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.13, ɛ).  
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Ɋɢɫɭɧɨɤ 4.13. ɋɩɟɤɬɪɢ ɜɥɚɫɧɨʀ ɥɸɦɿɧɟɫɰɟɧɰɿʀ ɊȽ (ɚ); ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ ɞɥɹ ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɊȽ (ɛ) (λɡɛɭɞ = 262 ɧɦ; ɳɿɥɢɧɢ 10-10; 

ɩɨɫɢɥɟɧɧɹ 560) 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɊȽ  

0,5 – 20,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

4.1.3 ɉɨɥɹɪɢɦɟɬɪɢɱɧɟ ɜɢɡɧɚɱɟɧɧɹ ɝɥɸɤɨɡɢ 

Ƚɥɸɤɨɡɚ – ɦɨɧɨɫɚɯɚɪɢɞ, ɳɨ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɝɪɭɩɢ ɚɥɶɞɨɝɟɤɫɨɡ. Ƚɥɸɤɨɡɭ 

ɡɚɫɬɨɫɨɜɭɸɬɶ ɭ ɦɟɞɢɰɢɧɿ ɹɤ ɩɨɠɢɜɧɭ ɪɟɱɨɜɢɧɭ ɬɚ ɤɨɦɩɨɧɟɧɬ ɤɪɨɜɨɡɚɦɿɫɧɨʀ 

ɬɚ ɩɪɨɬɢɲɨɤɨɜɨʀ ɪɿɞɢɧɢ:  
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Ɉɛ'єɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɚ ɝɥɸɤɨɡɚ, ɹɤɚ ɜɯɨɞɢɬɶ ɞɨ ɫɤɥɚɞɭ ɩɪɟɩɚɪɚɬɭ 

ɊȿȽȱɋɈɅ (ɌȾȼ «ȱɇɌȿɊɏȱɆ», ɍɤɪɚʀɧɚ), ɩɨɪɨɲɨɤ ɞɥɹ ɨɪɚɥɶɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨ 

18,9 ɝ ɭ ɫɚɲɟ. ȼɢɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ ɝɥɸɤɨɡɢ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɩɨɥɹɪɢɦɟɬɪɿʀ.  

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧɢ ɊɋЗ ɝɥɸɤɨɡɢ. ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɜɧɨɫɹɬɶ ɩɨ 

0,05; 0,1; 0,5; 0,8; 0,9; 1,0; 1,1 ɬɚ 1,2 ɝ ɊɋɁ ɝɥɸɤɨɡɢ, ɪɨɡɱɢɧɹɸɬɶ ɜ 80 ɦɥ ɜɨɞɢ 

ɩɪɢ ɩɟɪɟɦɿɲɭɜɚɧɧɿ ɧɚ ɦɚɝɧɿɬɧɿɣ ɦɿɲɚɥɰɿ ɩɪɨɬɹɝɨɦ 15 ɯɜ, ɞɨɞɚɸɬɶ 0,1 ɦɥ 

ɪɨɡɱɢɧɭ ɚɦɿɚɤɭ ɪɨɡɜɟɞɟɧɨɝɨ [118], ɜɢɬɪɢɦɭɸɬɶ ɩɪɨɬɹɝɨɦ 30 ɯɜ ɬɚ ɞɨɜɨɞɹɬɶ 

ɨɛ'єɦ ɪɨɡɱɢɧɭ ɜɨɞɨɸ ɞɨ 100,0 ɦɥ. 

Ʉɨɦɩɟɧɫɚɰɿɣɧɢɣ ɪɨɡɱɢɧ. 0,1 ɦɥ ɪɨɡɱɢɧɭ ɚɦɿɚɤɭ ɪɨɡɜɟɞɟɧɨɝɨ ɞɨɜɨɞɹɬɶ 

ɜɨɞɨɸ ɞɨ 100,0 ɦɥ. 

Ɋɨɡɱɢɧɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɜɿɠɨɩɪɢɝɨɬɨɜɚɧɢɦɢ. 

ȼɢɡɧɚɱɚɸɬɶ ɧɭɥɶ ɩɨɥɹɪɢɦɟɬɪɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɦɩɟɧɫɚɰɿɣɧɨɝɨ 

ɪɨɡɱɢɧɭ ɬɚ ɤɭɬ ɨɛɟɪɬɚɧɧɹ ɩɥɨɳɢɧɢ ɩɨɥɹɪɢɡɚɰɿʀ (α) ɜɢɩɪɨɛɨɜɭɜɚɧɨɝɨ ɪɨɡɱɢɧɭ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ (20±0,5) ºɋ. 

ȼɫɬɚɧɨɜɥɟɧɚ ɥɿɧɿɣɧɚ ɡɚɥɟɠɧɿɫɬɶ ɤɭɬɚ ɨɛɟɪɬɚɧɧɹ ɜɿɞ ɜɦɿɫɬɭ ɝɥɸɤɨɡɢ 

(ɪɢɫɭɧɨɤ 4.14) ɞɥɹ ʀʀ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ.  
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Ɋɢɫɭɧɨɤ 4.14. Ʌɿɧɿɣɧɚ ɡɚɥɟɠɧɿɫɬɶ ɤɭɬɚ ɨɛɟɪɬɚɧɧɹ ɜɿɞ ɤɨɧɰɟɧɬɪɚɰɿʀ 
ɝɥɸɤɨɡɢ  
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Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɞɿɚɩɚɡɨɧɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɝɥɸɤɨɡɢ 

0,5 – 12,0 ɦɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

4.1.4 Ⱥȿɋ-ІɁɉ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥьɤɨɫɬɟɣ ɤɚɥɿɸ 

ɬɚ ɧɚɬɪɿɸ 

Ɋɨɡɪɨɛɥɟɧɚ Ⱥȿɋ-ȱɁɉ (ɚɬɨɦɧɨ-ɟɦɿɫɿɣɧɚ ɫɩɟɤɬɪɨɦɟɬɪɿɹ ɡ ɿɧɞɭɤɬɢɜɧɨ 

ɡɜ'ɹɡɚɧɨɸ ɩɥɚɡɦɨɸ) ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɤɚɥɿɸ ɬɚ 

ɧɚɬɪɿɸ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɧɚ ɹɤɨɦɭ 

ɜɢɪɨɛɥɹɸɬɶɫɹ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɿ ɥɿɤɚɪɫɶɤɿ ɮɨɪɦɢ (ɫɚɲɟ), ɳɨ ɦɿɫɬɹɬɶ ɧɚɬɪɿɸ 

ɯɥɨɪɢɞ, ɤɚɥɿɸ ɯɥɨɪɢɞ, ɧɚɬɪɿɸ ɰɢɬɪɚɬ. ɐɶɨɦɭ ɦɟɬɨɞɭ ɜɥɚɫɬɢɜɚ ɭɧɿɤɚɥɶɧɚ 

ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɡ ɨɞɧɿєʀ ɩɪɨɛɢ ɜɟɥɢɤɨʀ ɤɿɥɶɤɨɫɬɿ ɟɥɟɦɟɧɬɿɜ, ɚ ɬɚɤɨɠ 

ɜɢɫɨɤɚ ɲɜɢɞɤɿɫɬɶ ɜɢɦɿɪɸɜɚɧɧɹ (ɦɟɧɲɟ 1 ɯɜ) ʀɯ ɧɢɡɶɤɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ. 

ɍ ɥɿɤɚɪɫɶɤɨɦɭ ɡɚɫɨɛɿ ɊȿȽȱɋɈɅ® ɇȿɈ, ɫɚɲɟ ɩɨ 7,5 ɝ (ɌȾȼ 

«ȱɇɌȿɊɏȱɆ», ɍɤɪɚʀɧɚ), ɜɦɿɫɬ ɞɿɸɱɢɯ ɪɟɱɨɜɢɧ ɜ ɨɞɧɨɦɭ ɫɚɲɟ є ɧɚɫɬɭɩɧɢɦɢ: 

ɧɚɬɪɿɸ ɰɢɬɪɚɬ – 580 ɦɝ, ɧɚɬɪɿɸ ɯɥɨɪɢɞ – 350 ɦɝ, ɤɚɥɿɸ ɯɥɨɪɢɞ – 300 ɦɝ. 

ȼɢɦɿɪɸɸɬɶ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɟɦɿɫɿʀ ɧɚ ɚɬɨɦɧɨ-ɟɦɿɫɿɣɧɨɦɭ ɫɩɟɤɬɪɨɦɟɬɪɿ ɡ 

ɿɧɞɭɤɬɢɜɧɨ-ɡɜ’ɹɡɚɧɨɸ ɩɥɚɡɦɨɸ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɧɚɫɬɭɩɧɿ ɩɚɪɚɦɟɬɪɢ: 

– ɚɧɚɥɿɬɢɱɧɚ ɥɿɧɿɹ Ʉ – 766,490 ɧɦ; 

– ɚɧɚɥɿɬɢɱɧɚ ɥɿɧɿɹ Na – 818,326 ɧɦ; 

– ɪɟɠɢɦ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɩɥɚɡɦɢ – ɚɤɫɿɚɥɶɧɢɣ; 

– ɩɨɬɭɠɧɿɫɬɶ ɩɥɚɡɦɢ – 1150 ȼɬ; 

– ɱɚɫ ɿɧɬɟɝɪɭɜɚɧɧɹ ɫɢɝɧɚɥɭ – 60 ɫ; 

– ɞɨɩɨɦɿɠɧɢɣ ɩɨɬɿɤ ɚɪɝɨɧɭ – 0,5 ɥ/ɯɜ; 

– ɪɨɡɩɢɥɸɜɚɱ – SeaSpray Nebulizer; 

– ɩɨɬɿɤ ɚɪɝɨɧɭ ɭ ɪɨɡɩɢɥɸɜɚɱɿ – 0,50 ɥ/ɯɜ; 

– ɲɜɢɞɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɧɚɫɨɫɭ – 50 ɨɛ/ɯɜ. 

ȼɫɬɚɧɨɜɥɟɧɚ ɥɿɧɿɣɧɚ ɡɚɥɟɠɧɿɫɬɶ ɟɦɿɫɿʀ ɪɨɡɱɢɧɿɜ ɤɚɥɿɸ ɬɚ ɧɚɬɪɿɸ, ɜɿɞ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɜ ɿɧɬɟɪɜɚɥɿ 50 – 5000 ɦɤɝ/ɥ). 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 10000 ɦɝ/ɥ.  

ɇɚɜɚɠɤɭ 1,9070 ɝ ɩɨɩɟɪɟɞɧɶɨ ɜɢɫɭɲɟɧɨɝɨ ɩɪɢ 105 ºɋ ɩɪɨɬɹɝɨɦ  
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3-ɯ ɝɨɞɢɧ ɤɚɥɿɸ ɯɥɨɪɢɞɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, 

ɪɨɡɱɢɧɹɸɬɶ ɭ 80 ɦɥ ɜɨɞɢ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ. 

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɧɚɬɪɿɸ 10000 ɦɝ/ɥ.  

ɇɚɜɚɠɤɭ 2,5420 ɝ ɩɨɩɟɪɟɞɧɶɨ ɜɢɫɭɲɟɧɨɝɨ ɩɪɢ 105 ºɋ ɩɪɨɬɹɝɨɦ  

3-ɯ ɝɨɞɢɧ ɧɚɬɪɿɸ ɯɥɨɪɢɞɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 

100,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɭ 80 ɦɥ ɜɨɞɢ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ  

ɜɨɞɨɸ. 

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 100 ɦɝ/ɥ. 

1,0 ɦɥ ɪɨɡɱɢɧɭ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 10000 ɦɝ/ɥ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ.  

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɧɚɬɪɿɸ 100 ɦɝ/ɥ. 

1,0 ɦɥ ɪɨɡɱɢɧɭ ɩɨɪɿɜɧɹɧɧɹ ɧɚɬɪɿɸ 10000 ɦɝ/ɥ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ.  

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 5000 ɦɤɝ/ɥ ɬɚ ɧɚɬɪɿɸ 5000 ɦɤɝ/ɥ (5). 

ɉɨ 5,0 ɦɥ ɪɨɡɱɢɧɿɜ ɩɨɪɿɜɧɹɧɧɹ ɧɚɬɪɿɸ 100 ɦɝ/ɥ ɬɚ ɤɚɥɿɸ 100 ɦɝ/ɥ 

ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ.  

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 50 ɦɤɝ/ɥ ɬɚ ɧɚɬɪɿɸ 50 ɦɤɝ/ɥ (1). 

1,0 ɦɥ ɪɨɡɱɢɧɭ ɩɨɪɿɜɧɹɧɧɹ (5) ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 

100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ.  

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 250 ɦɤɝ/ɥ ɬɚ ɧɚɬɪɿɸ 250 ɦɤɝ/ɥ (2). 

5,0 ɦɥ ɪɨɡɱɢɧɭ ɩɨɪɿɜɧɹɧɧɹ (5) ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 

100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ.  

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 500 ɦɤɝ/ɥ ɬɚ ɧɚɬɪɿɸ 500 ɦɤɝ/ɥ (3). 

10,0 ɦɥ ɪɨɡɱɢɧɭ ɩɨɪɿɜɧɹɧɧɹ (5) ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 

100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ.  

Ɋɨɡɱɢɧ ɩɨɪɿɜɧɹɧɧɹ ɤɚɥɿɸ 2500 ɦɤɝ/ɥ ɬɚ ɧɚɬɪɿɸ 2500 ɦɤɝ/ɥ (4). 

50,0 ɦɥ ɪɨɡɱɢɧɭ ɩɨɪɿɜɧɹɧɧɹ (5) ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 

100,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ.  

Ɋɨɡɩɢɥɸɸɬɶ ɪɨɡɱɢɧɢ ɜ ɩɥɚɡɦɭ ɭ ɜɤɚɡɚɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ: ɪɨɡɱɢɧɢ 

ɩɨɪɿɜɧɹɧɧɹ (1) – (5), ɤɨɧɬɪɨɥɶɧɢɣ ɬɚ ɜɢɩɪɨɛɨɜɭɜɚɧɢɣ ɪɨɡɱɢɧɢ, ɪɟєɫɬɪɭɸɬɶ 

ɫɢɝɧɚɥɢ ɟɦɿɫɿʀ. Ɇɿɠ ɪɨɡɱɢɧɚɦɢ ɜ ɩɥɚɡɦɭ ɪɨɡɩɢɥɸɸɬɶ ɜɨɞɭ. 
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Ʉɨɧɰɟɧɬɪɚɰɿʀ ɧɚɬɪɿɸ ɬɚ ɤɚɥɿɸ, ɭ ɦɤɝ/ɥ, ɭ ɪɨɡɱɢɧɚɯ ɨɛɱɢɫɥɸɸɬɶ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɫɩɟɤɬɪɨɦɟɬɪɚ, ɚɛɨ ɲɥɹɯɨɦ ɩɨɛɭɞɨɜɢ 

ɤɚɥɿɛɪɭɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɟɦɿɫɿʀ ɧɚɬɪɿɸ/ɤɚɥɿɸ  

ɤɨɧɰɟɧɬɪɚɰɿɹ ɧɚɬɪɿɸ/ɤɚɥɿɸ ɜ ɪɨɡɱɢɧɚɯ ɩɨɪɿɜɧɹɧɧɹ. Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɭ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɥɿɧɿɣɧɭ ɮɭɧɤɰɿɸ. 

ɋɩɟɤɬɪɢ ɟɦɿɫɿʀ ɪɨɡɱɢɧɿɜ ɩɨɪɿɧɹɧɧɹ ɤɚɥɿɸ ɬɚ ɧɚɬɪɿɸ ɭ ɜɨɞɿ ɞɥɹ ɪɿɡɧɢɯ 

ɤɨɧɰɟɧɬɪɚɰɿɣ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɚɯ 4.15 ɬɚ 4.16. 

 

Ɋɢɫɭɧɨɤ 4.15. ɋɩɟɤɬɪɢ ɟɦɿɫɿʀ ɪɨɡɱɢɧɿɜ ɩɨɪɿɜɧɹɧɧɹ, ɨɞɟɪɠɚɧɢɯ ɩɪɢ 
ɜɢɡɧɚɱɟɧɧɿ ɤɚɥɿɸ 

 

Ɋɢɫɭɧɨɤ 4.16. ɋɩɟɤɬɪɢ ɟɦɿɫɿʀ ɪɨɡɱɢɧɿɜ ɩɨɪɿɜɧɹɧɧɹ, ɨɞɟɪɠɚɧɢɯ ɩɪɢ 
ɜɢɡɧɚɱɟɧɧɿ ɧɚɬɪɿɸ 

Ʉɨɧɬɪɨɥьɧɢɣ ɪɨɡɱɢɧ. ɑɢɫɬɢɣ ɫɜɚɛ ɩɨɦɿɳɚɸɬɶ ɭ ɥɚɛɨɪɚɬɨɪɧɢɣ ɫɬɚɤɚɧ 

ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ, ɞɨɞɚɸɬɶ 5 ɦɥ ɜɨɞɢ ɬɚ ɩɪɨɜɨɞɹɬɶ ɞɟɫɨɪɛɰɿɸ ɩɪɨɬɹɝɨɦ  

10 ɯɜ. Ɉɬɪɢɦɚɧɢɣ ɪɨɡɱɢɧ ɮɿɥɶɬɪɭɸɬɶ ɱɟɪɟɡ ɦɟɦɛɪɚɧɧɢɣ ɮɿɥɶɬɪ. 

Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ (ɪɢɫɭɧɨɤ 4.17) ɥɿɧɿɣɧɿ ɜ ɞɿɚɩɚɡɨɧɿ ɤɨɧɰɟɧɬɪɚɰɿɣ 

50 – 5000 ɦɤɝ/ɥ ɞɥɹ ɤɚɥɿɸ (ɧɚɬɪɿɸ).  
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Ɋɢɫɭɧɨɤ 4.17. Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɚɥɿɸ (ɚ) ɬɚ ɧɚɬɪɿɸ (ɛ) 

 

ȼɦɿɫɬ ɤɚɥɿɸ/ɧɚɬɪɿɸ (ɏ), ɜ ɦɿɤɪɨɝɪɚɦɚɯ ɭ ɡɦɢɜɿ, ɪɨɡɪɚɯɨɜɭɸɬɶ ɡɚ 

ɮɨɪɦɭɥɨɸ: ɏ = (ɋ – ɋ0)·0,005, 

ɞɟ: ɋ – ɤɨɧɰɟɧɬɪɚɰɿɹ ɤɚɥɿɸ/ɧɚɬɪɿɸ ɜ ɜɢɩɪɨɛɨɜɭɜɚɧɨɦɭ ɪɨɡɱɢɧɿ, 

ɪɨɡɪɚɯɨɜɚɧɚ ɡ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ, ɦɤɝ/ɥ; 

ɋ0 – ɤɨɧɰɟɧɬɪɚɰɿɹ ɤɚɥɿɸ/ɧɚɬɪɿɸ ɜ ɤɨɧɬɪɨɥɶɧɨɦɭ ɪɨɡɱɢɧɿ, ɪɨɡɪɚɯɨɜɚɧɚ ɡ 

ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ, ɦɤɝ/ɥ. 

4.2 ɏɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɦɟɬɨɞɢɤɢ ɚɧɚɥɿɡɭ 

Ⱦɥɹ ɤɨɠɧɨɝɨ ɩɪɟɩɚɪɚɬɭ ɨɩɬɢɦɿɡɨɜɚɧɿ ɭɦɨɜɢ ɚɧɚɥɿɡɭ: ɬɢɩ ɫɨɪɛɟɧɬɭ, 

ɪɨɡɦɿɪ ɱɚɫɬɨɤ ɬɚ ɞɿɚɦɟɬɪ ɩɨɪ ɫɨɪɛɟɧɬɭ, ɞɨɜɠɢɧɚ ɤɨɥɨɧɤɢ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɤɨɥɨɧɤɢ, ɜɦɿɫɬ ɬɚ ɲɜɢɞɤɿɫɬɶ ɟɥɸєɧɬɭ, ɞɿɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɿɣ ɨɪɝɚɧɿɱɧɨɝɨ 

ɦɨɞɢɮɿɤɚɬɨɪɚ ɭ ɪɭɯɨɦɿɣ ɮɚɡɿ, ɞɨɜɠɢɧɚ ɯɜɢɥɿ ɬɚ ɱɚɫ ɞɟɬɟɤɬɭɜɚɧɧɹ. 

ɍ ɹɤɨɫɬɿ ɪɭɯɨɦɢɯ ɮɚɡ ɜ ɦɟɬɨɞɢɤɚɯ ɞɥɹ ɨɛɟɪɧɟɧɨ-ɮɚɡɨɜɨʀ ȼȿɊɏ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɜɨɞɧɿ ɪɨɡɱɢɧɢ ɡ ɞɨɞɚɜɚɧɧɹɦ ɨɪɝɚɧɿɱɧɢɯ ɪɨɡɱɢɧɧɢɤɿɜ 

(ɦɟɬɚɧɨɥ, ɚɰɟɬɨɧɿɬɪɢɥ). Ɂ ɦɟɬɨɸ ɨɬɪɢɦɚɧɧɹ ɜɿɞɬɜɨɪɸɜɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ 

ɡɧɚɱɟɧɧɹ pH ɪɭɯɨɦɢɯ ɮɚɡ ɩɿɞɬɪɢɦɭɜɚɥɢ ɜ ɡɚɞɚɧɢɯ ɦɟɠɚɯ, ɡɚɫɬɨɫɨɜɭɸɱɢ 

ɞɨɞɚɜɚɧɧɹ ɜɿɞɩɨɜɿɞɧɢɯ ɫɨɥɟɣ ɚɛɨ ɤɢɫɥɨɬ. Ⱦɥɹ Ʌɉ, ɹɤɿ ɦɿɫɬɹɬɶ ɨɫɧɨɜɧɿ ɝɪɭɩɢ, 

ɜɪɚɯɨɜɭɜɚɥɢ ɪɨɛɨɱɢɣ ɞɿɚɩɚɡɨɧ ɤɨɥɨɧɨɤ, ɪɄ ɚɧɚɥɿɡɨɜɚɧɢɯ Ʌɉ, ɜɥɚɫɬɢɜɨɫɬɿ 

ɜɿɥɶɧɢɯ ɫɢɥɚɧɨɥɶɧɢɯ ɝɪɭɩ ɫɨɪɛɟɧɬɭ. ɇɚɦɢ ɩɨɤɚɡɚɧɨ, ɳɨ ɪɭɯɨɦɢ ɮɚɡɢ ɡ  

ɪɇ 2 – 5 є ɧɚɣɤɪɚɳɢɦɢ ɞɥɹ ɪɨɡɞɿɥɟɧɧɹ ɬɚ ɩɨɥɿɩɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɩɢɤɿɜ, ɚ ɬɚɤɨɠ 

ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɪɨɡɞɿɥɟɧɧɹ ɚɧɚɥɿɬɿɜ, ɬɨɦɭ ɳɨ ɧɢɡɶɤɿ 

ɡɧɚɱɟɧɧɹ ɪɇ ɡɦɟɧɲɭɸɬɶ ɫɬɭɩɿɧɶ ɜɡɚєɦɨɞɿʀ ɡ ɡɚɥɢɲɤɨɜɢɦɢ ɫɢɥɚɧɨɥɶɧɢɦɢ 
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ɝɪɭɩɚɦɢ ɩɨɜɟɪɯɧɿ ɫɨɪɛɟɧɬɭ, ɹɤɿ ɜ ɤɢɫɥɨɦɭ ɫɟɪɟɞɨɜɢɳɿ ɩɪɨɬɨɧɨɜɚɧɿ.  

Ⱦɥɹ ɡɛɿɥɶɲɟɧɧɹ ɱɚɫɭ ɭɬɪɢɦɭɜɚɧɧɹ ɞɨɞɚɜɚɥɢ ɞɨ ɪɭɯɨɦɨʀ ɮɚɡɢ ɜ ɹɤɨɫɬɿ 

ɞɢɧɚɦɢɱɧɢɯ ɦɨɞɢɮɿɤɚɬɨɪɿɜ ɝɿɞɪɨɮɨɛɧɿ ɚɦɨɧɿєɜɿ ɤɚɬɿɨɧɢ, ɩɨɜɟɪɯɧɟɜɨ-ɚɤɬɢɜɧɿ 

ɪɟɱɨɜɢɧɢ. Ⱦɥɹ ɩɨɤɪɚɳɟɧɧɹ ɫɟɥɟɤɬɢɜɧɨɫɬɿ ɩɪɢ ɪɨɡɞɿɥɟɧɧɿ ɬɚ ɩɨɤɪɚɳɟɧɧɹ 

ɩɚɪɚɦɟɬɪɿɜ ɩɢɤɿɜ ɜɜɨɞɢɥɢ ɿɨɧ-ɩɚɪɧɿ ɪɟɚɝɟɧɬɢ. 

Ʉɨɧɰɟɧɬɪɚɰɿʀ ɚɧɚɥɿɬɿɜ ɭ ɜɢɩɪɨɛɨɜɭɜɚɧɨɦɭ ɪɨɡɱɢɧɿ ɜɢɡɧɚɱɚɥɢ ɡɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɦ ɝɪɚɮɿɤɨɦ. 

ɉɪɢɞɚɬɧɿɫɬɶ ɯɪɨɦɚɬɨɝɪɚɮɢɱɧɨʀ ɫɢɫɬɟɦɢ ɜɢɡɧɚɱɚɥɢ ɡɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 

ɫɢɝɧɚɥ/ɲɭɦ (ɧɟ ɦɟɧɲ ɧɿɠ 3 – 5), ɪɨɡɪɚɯɨɜɚɧɧɨɝɨ ɞɥɹ ɩɢɤɭ ɚɧɚɥɿɬɭ ɡ 

ɯɪɨɦɚɬɨɝɪɚɦɢ ɪɨɡɱɢɧɭ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɩɪɢɞɚɬɧɨɫɬɿ (ɪɨɡɱɢɧ ɡ ɦɿɧɿɦɚɥɶɧɨɸ 

ɤɨɧɰɟɧɬɪɚɰɿєɸ ɿɧɬɟɪɜɚɥɭ ɥɿɧɿɣɧɨɫɬɿ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ). 

Ⱦɥɹ ɩɟɪɟɜɿɪɤɢ ɫɩɟɰɢɮɿɱɧɨɫɬɿ ɦɟɬɨɞɢɤ ɡɚɩɢɫɭɜɚɥɢ ɯɪɨɦɚɬɨɝɪɚɦɢ 

ɪɨɡɱɢɧɿɜ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɩɪɨɦɢɜɧɨɝɨ ɪɨɡɱɢɧɭ ɡ ɱɢɫɬɨɝɨ ɫɜɚɛɭ (ɧɚ ɧɢɯ 

ɦɚɸɬɶ ɛɭɬɢ ɜɿɞɫɭɬɧɿ ɩɿɤɢ, ɹɤɿ ɡɚɜɚɠɚɸɬɶ ɜɢɡɧɚɱɟɧɧɸ ɚɧɚɥɿɬɿɜ) ɬɚ ɦɨɞɟɥɶɧɢɯ 

ɪɨɡɱɢɧɿɜ ȺɎȱ (ɱɚɫ ɭɬɪɢɦɭɜɚɧɧɹ ɩɿɤɭ ɚɧɚɥɿɬɭ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɿ 

ɜɢɩɪɨɛɨɜɭɜɚɧɨɝɨ ɪɨɡɱɢɧɭ ɦɚє ɫɩɿɜɩɚɞɚɬɢ ɡ ɱɚɫɨɦ ɭɬɪɢɦɭɜɚɧɧɹ ɧɚ 

ɯɪɨɦɚɬɨɝɪɚɦɿ ɜɿɞɩɨɜɿɞɧɨɝɨ ɡɨɜɧɿɲɧɶɨɝɨ ɫɬɚɧɞɚɪɬɭ). 

 

4.2.1 ȼȿɊɏ ɜɢɡɧɚɱɟɧɧɹ ɞɟɹɤɢɯ ȺɎІ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ 

ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɢɯ ɩɪɟɩɚɪɚɬɿɜ 

ɋɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬ (5-[2-ȿɬɨɤɫɢ-5-[(4-ɦɟɬɢɥɩɿɩɟɪɚɡɢɧ-1-

ɿɥ)ɫɭɥɶɮɨɧɿɥ]ɮɟɧɿɥ]-1-ɦɟɬɢɥ-3-ɩɪɨɩɿɥ-1,6-ɞɢɝɿɞɪɨ-7ɇ-ɩɿɪɚɡɨɥɨ[4,3-

d]ɩɿɪɢɦɿɞɢɧ-7-ɨɧ ɞɢɝɿɞɪɨɝɟɧ 2-ɝɿɞ-ɪɨɤɫɢɩɪɨɩɚɧ-1,2,3-ɬɪɢɤɚɪɛɨɤɫɢɥɚɬ) – 

ɿɧɝɿɛɿɬɨɪ ɮɨɫɮɨɞɿɟɫɬɟɪɚɡɢ ɬɢɩɭ 5. Ʌɿɤɚɪɫɶɤɢɣ ɡɚɫɿɛ ɞɥɹ ɥɿɤɭɜɚɧɧɹ ɟɪɟɤɬɢɥɶɧɨʀ 

ɞɢɫɮɭɧɤɰɿʀ: 
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ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɹɬɶ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɿɞɢɧɧɢɣ ɯɪɨɦɚɬɨɝɪɚɮ ɫ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

https://uk.wikipedia.org/wiki/%D0%95%D1%80%D0%B5%D0%BA%D1%82%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0_%D0%B4%D0%B8%D1%81%D1%84%D1%83%D0%BD%D0%BA%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D1%80%D0%B5%D0%BA%D1%82%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0_%D0%B4%D0%B8%D1%81%D1%84%D1%83%D0%BD%D0%BA%D1%86%D1%96%D1%8F


 

 

91 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɨɪɛɟɧɬɨɦ ɬɢɩɭ Zorbax Eclipse XDB-C18 ɫ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ;  

– ɪɭɯɨɦɚ ɮɚɡɚ: ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ – ɦɟɬɚɧɨɥ – ɚɰɟɬɨɧɿɬɪɢɥ 

(500:330:190); 

– ɲɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,5 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 25 °C; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɚɜɬɨɫɚɦɩɥɟɪɭ: 20 °C; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 50 ɦɤɥ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 290 ɧɦ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 5 ɯɜ. 

Ȼɭɮɟɪɧɢɣ ɪɨɡɱɢɧ. 70 ɦɥ ɬɪɢɟɬɢɥɚɦɿɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɪɇ 4,0 ɤɢɫɥɨɬɨɸ ɮɨɫɮɨɪɧɨɸ.  

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ. 0,025 ɝ ɊɋɁ ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ 

ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 15 ɦɥ ɦɟɬɚɧɨɥɭ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɦɟɬɚɧɨɥɨɦ. 1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ 

ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 50 ɦɥ ɪɭɯɨɦɨʀ 

ɮɚɡɢ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɪɭɯɨɦɨɸ ɮɚɡɨɸ  

(10,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,3; 0,5; 1,0; 2,0; 

4,0; 6,0; 8,0 ɬɚ 10,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɪɭɯɨɦɨɸ 

ɮɚɡɨɸ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ 0,1; 0,2; 0,3; 0,5; 

1,0; 2,0; 4,0; 6,0; 8,0 ɬɚ 10,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ.  

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.18, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.18, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɫɢɥɞɟɧɚɮɿɥɭ 

ɰɢɬɪɚɬɭ 0,1 – 10,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
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------------------------------------------------------------

A -0,26119 0,32207
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Кɨɧɰɟɧɬɪɚɰɿɹ ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ, ɦɤɝ/ɦɥ

ɛ)

 

Ɋɢɫɭɧɨɤ 4.18. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ 

(ɚ) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ɏɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞ (8-(2-ɮɟɧɿɥɟɬɢɥ)-1-ɨɤɫɚ-3,8-

ɞɿɚɡɚɫɩɿɪɨ[4,5]ɞɟɤɚɧ-2-ɨɧɭ ɝɿɞɪɨɯɥɨɪɢɞ) – ɫɢɧɬɟɬɢɱɧɢɣ ɩɪɟɩɚɪɚɬ, ɩɨɯɿɞɧɟ 

ɨɤɫɚɡɨɥɿɞɢɧɨɧɿɜ, ɳɨ ɦɚє ɜɥɚɫɬɢɜɨɫɬɿ ɧɟɫɬɟɪɨʀɞɧɨɝɨ ɩɪɨɬɢɡɚɩɚɥɶɧɨɝɨ 

ɩɪɟɩɚɪɚɬɭ, ɚɧɬɢɝɿɫɬɚɦɿɧɧɢɯ ɩɪɟɩɚɪɚɬɿɜ ɬɚ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɭ ɥɿɤɭɜɚɧɧɿ 

ɡɚɯɜɨɪɸɜɚɧɶ ɞɢɯɚɥɶɧɨʀ ɫɢɫɬɟɦɢ: 

ClH
N

O

NH

O

·

 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɨɪɛɟɧɬɨɦ ɬɢɩɭ Zorbax Eclipse XDB-C18 ɫ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ: 2,76 ɝ ɧɚɬɪɿɸ ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ ɦɨɧɨɝɿɞɪɚɬɭ ɩɨɦɿɳɚɸɬɶ ɭ 

ɦɿɪɧɭ ɫɤɥɹɧɤɭ ɦɿɫɬɤɿɫɬɸ 2000 ɦɥ ɬɚ ɪɨɡɱɢɧɹɸɬɶ ɭ 800,0 ɦɥ ɜɨɞɢ ɞɥɹ 

ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɞɚɸɬɶ 200,0 ɦɥ ɦɟɬɚɧɨɥɭ ɬɚ ɞɨɜɨɞɹɬɶ ɤɢɫɥɨɬɨɸ ɮɨɫɮɨɪɧɨɸ 

ɞɨ pH 3.0; 

– ɲɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,5 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 °C; 

https://uk.wikipedia.org/w/index.php?title=%D0%9E%D0%BA%D1%81%D0%B0%D0%B7%D0%BE%D0%BB%D1%96%D0%B4%D0%B8%D0%BD%D0%BE%D0%BD%D0%B8&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B3%D1%96%D1%81%D1%82%D0%B0%D0%BC%D1%96%D0%BD%D0%BD%D1%96_%D0%BF%D1%80%D0%B5%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
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– ɬɟɦɩɟɪɚɬɭɪɚ ɚɜɬɨɫɚɦɩɥɟɪɭ: 20 °C; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 50 ɦɤɥ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 210 ɧɦ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 5 ɯɜ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɮɟɧɫɩɿɪɢɞɭ ɝɢɞɪɨɯɥɨɪɢɞɭ. 0,025 ɝ ɊɋɁ ɮɟɧɫɩɿɪɢɞɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 10 ɦɥ 

ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ 

ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ (ɪɨɡɱɢɧ Ⱥ).  

0,5 ɦɥ ɪɨɡɱɢɧ Ⱥ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ ɬɚ 

ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ (ɪɨɡɱɢɧ B). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,5; 1,0; 3,0; 5,0; 7,0;  

10,0 ɦɥ ɪɨɡɱɢɧɭ B ɬɚ 0,2; 0,3; 0,5; 1,0 ɦɥ ɪɨɡɱɢɧɭ Ⱥ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ 

ɤɨɠɧɨɝɨ ɡ ɪɨɡɱɢɧɿɜ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ ɩɨɡɧɚɱɤɢ, ɨɬɪɢɦɭɸɱɢ 

ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɮɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞɭ 0,5; 1,0 3,0; 5,0; 7,0; 10,0; 20,0; 

30,0; 50,0 ɬɚ 100,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ.  

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.19, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.19, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɮɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  
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Кɨɧɰɟɧɬɪɚɰɿɹ ɮɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞɭ, ɦɤɝ/ɦɥ  
 

Ɋɢɫɭɧɨɤ 4.19. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɮɟɧɫɩɿɪɢɞɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ (ɚ) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ
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Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɮɟɧɫɩɿɪɢɞɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ 0,5 – 100,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

Ʉɥɨɧɿɞɢɧ ɝɿɞɪɨɯɥɨɪɢɞ (2,6-ɞɢɯɥɨɪ-N-(ɿɦɿɞɚɡɨɥɿɞɿɧ-2-ɿɥɿɞɟɧ)ɚɧɿɥɿɧ 

ɝɿɞɪɨɯɥɨɪɢɞ) – є ɚɧɬɢɝɿɩɟɪɬɟɧɡɢɜɧɢɦ ɡɚɫɨɛɨɦ ɰɟɧɬɪɚɥɶɧɨʀ ɞɿʀ: 

ClH·

Cl
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ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɫ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ: ɦɟɬɚɧɨɥ – ɪɨɡɱɢɧ Ⱥ – ɮɨɫɮɨɪɧɚ ɤɢɫɥɨɬɚ (500:500:1, 

ɨɛ/ɨɛ/ɨɛ), ɞɨɜɨɞɹɬɶ pH ɡɚ ɞɨɩɨɦɨɝɨɸ 1 Ɇ ɪɨɡɱɢɧɭ ɧɚɬɪɿɸ ɝɿɞɪɨɤɫɢɞɭ ɞɨ 3,0; 

– ɲɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,0 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 25 ɨɋ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 220 ɧɦ; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 50 ɦɤɥ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 8 ɯɜ. 

ɉɪɢɝɨɬɭɜɚɧɧɹ ɪɨɡɱɢɧɭ Ⱥ. 2,2 ɝ ɧɚɬɪɿɸ ɨɤɬɚɧɫɭɥɶɮɨɧɚɬɭ ɪɨɡɱɢɧɹɸɬɶ ɭ 

900 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ 1000,0 ɦɥ ɜɨɞɨɸ 

ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɤɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ. 25,0 ɦɝ ɊɋɁ ɤɥɨɧɿɞɢɧɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 20 ɦɥ 

ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ 

ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ (1000,0 ɦɤɝ/ɦɥ). 

1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

100,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ (10,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,10; 0,25; 0,50; 0,75; 
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1,25; 2,5; 3,5; 5,0 ɬɚ 6,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɤɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ ɬɚ ɞɨɜɨɞɹɬɶ 

ɨɛ’єɦɢ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ 

ɤɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ 0,10; 0,25; 0,50; 0,75; 1,25; 2,50; 3,50; 5,00 ɬɚ  

6,00 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.20, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.20, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɤɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  
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Кɨɧɰɟɧɬɪɚɰɿɹ ɤɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ , ɦɤɝ/ɦɥ

Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0.11286 0.33743

B 42.44069 0.10074

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0.99998 0.69747 10 <0.0001П
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Ɋɢɫɭɧɨɤ 4.20. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɤɥɨɧɿɞɢɧɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ (ɚ) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɤɥɨɧɿɞɢɧɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ 0,1 – 6,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

Ɋɨɡɭɜɚɫɬɚɬɢɧ ɤɚɥьɰɿɸ 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ ɍɎ-

ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɧɚɫɬɭɩɧɢɯ ɭɦɨɜ: ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ 

× 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ 

Zorbax Eclipse XDB-C18 ɫ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; ɪɭɯɨɦɚ ɮɚɡɚ: 0,2 % (ɨɛ/ɨɛ) 

ɪɨɡɱɢɧ ɤɢɫɥɨɬɢ ɨɰɬɨɜɨʀ : ɚɰɟɬɨɧɿɬɪɢɥ (50:50); ɲɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ:  

1,0 ɦɥ/ɯɜ; ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 25 °ɋ; ɬɟɦɩɟɪɚɬɭɪɚ ɚɜɬɨɫɚɦɩɥɟɪɚ: 4 °ɋ; ɱɚɫ 

ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 6 ɯɜ; ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 248 ɧɦ; ɨɛ’єɦ 

ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ; ɱɚɫ ɭɬɪɢɦɭɜɚɧɧɹ ɪɨɡɭɜɚɫɬɚɬɢɧɭ: 3,0 ɯɜ. 

0,2 % (ɨɛ/ɨɛ) ɪɨɡɱɢɧ ɤɢɫɥɨɬɢ ɨɰɬɨɜɨʀ. 2,0 ɦɥ ɤɢɫɥɨɬɢ ɨɰɬɨɜɨʀ ɥɶɨɞɹɧɨʀ 
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ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ 

ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

Ɋɨɡɱɢɧ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ. 500,0 ɦɥ 0,2 % (ɨɛ/ɨɛ) ɪɨɡɱɢɧɭ ɤɢɫɥɨɬɢ 

ɨɰɬɨɜɨʀ ɡɦɿɲɭɸɬɶ ɡ 250,0 ɦɥ ɦɟɬɚɧɨɥɭ ɬɚ 250,0 ɦɥ ɚɰɟɬɨɧɿɬɪɢɥɭ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɨɯɨɥɨɞɠɭɸɬɶ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥьɰɿɸ. 0,025 ɝ ɊɋɁ ɪɨɡɭɜɚɫɬɚɬɢɧɭ 

ɤɚɥɶɰɿɸ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25,0 ɦɥ, ɞɨɞɚɸɬɶ 15 ɦɥ ɪɨɡɱɢɧɭ 
ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ 

ɪɨɡɱɢɧɧɢɤɨɦ.  

0,1 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

100,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ (1,0 ɦɤɝ/ɦɥ). 
ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,3; 0,5; 1,0; 3,0; 5,0; 

10,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ 

ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɪɨɡɭɜɚɫɬɚɬɢɧɭ 

ɤɚɥɶɰɿɸ 0,01; 0,03; 0,05; 0,1; 0,3, 0,5 ɬɚ 1,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.21, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.21, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɊɄ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  
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Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0.56068 0.35242

B 221.65588 0.80146

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0.99997 0.71134 7 <0.0001

Кɨɧɰɟɧɬɪɚɰɿɹ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥьɰɿɸ, ɦɤɝ/ɦɥ
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Ɋɢɫɭɧɨɤ 4.21. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɊɄ (ɚ) ɬɚ 
ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
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Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɊɄ  

0,01 – 1,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

ɍ ɦɨɞɟɥɶɧɢɯ ɞɨɫɥɿɞɚɯ ɜ ɯɨɞɿ ɜɚɥɿɞɚɰɿʀ ɦɟɬɨɞɢɤ ɪɨɛɢɥɢ ɡɦɢɜɢ ɡɦɨɱɟɧɢɦ 

96% -ɧɢɦ ɫɩɢɪɬɨɦ ɫɜɚɛɨɦ ɡ ɩɨɜɟɪɯɧɿ (100,0 ɫɦ2), ɧɚ ɹɤɭ ɲɬɭɱɧɨ ɧɚɧɨɫɢɥɢ 

0,005 ɝ ȺɎȱ ɊɄ, ɞɚɥɿ ɩɪɨɜɨɞɢɥɢ ɜɢɬɹɝ 5,0 ɦɥ ɦɟɬɚɧɨɥɭ. 0,1 ɦɥ ɨɞɟɪɠɚɧɨɝɨ 

ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɥɢ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɬɚ ɞɨɜɨɞɢɥɢ ɞɨ ɩɨɡɧɚɱɤɢ 

ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ (ȼȿɊɏ) ɚɛɨ ɦɟɬɚɧɨɥɨɦ (ɥɸɦɿɧɟɫɰɟɧɰɿɹ)  

(1,0 ɦɤɝ/ɦɥ). 1,0 ɦɥ ɨɞɟɪɠɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɥɢ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

10,0 ɦɥ ɬɚ ɞɨɜɨɞɢɥɢ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ (ȼȿɊɏ) ɚɛɨ 

ɦɟɬɚɧɨɥɨɦ (ɥɸɦɿɧɟɫɰɟɧɰɿɹ) (0,1 ɦɤɝ / ɦɥ). Ⱦɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɸ ɊɄ ɜɢɡɧɚɱɚɥɢ ɜ 

ɭɦɨɜɚɯ, ɡɚɡɧɚɱɟɧɢɯ ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɦɟɬɨɞɢɤɚɯ. Ȼɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ 

ɤɿɥɶɤɿɫɧɢɣ ɜɢɬɹɝ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ ɜ ɤɿɧɰɟɜɢɣ ɪɨɡɱɢɧ ɫɬɚɧɨɜɢɬɶ 93,2% – 

97,1 % (ȼȿɊɏ) ɬɚ 90,9 % – 95,6 % (ɥɸɦɿɧɟɫɰɟɧɰɿɹ) (ɬɚɛɥ. 4.1). 

Ɍɚɛɥɢɰɹ 4.1 

ɉɨɪɿɜɧɹɧɧɹ ɫɬɭɩɟɧɿɜ ɜɢɥɭɱɟɧɧɹ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ, ɨɞɟɪɠɚɧɢɯ ɡɚ ȼȿɊɏ 
ɬɚ ɥɸɦɿɧɟɫɰɟɧɬɧɢɦ ɦɟɬɨɞɚɦɢ 

№ 

ɩɪɨɛɢ 

ɋɬɭɩɿɧɶ ɜɢɥɭɱɟɧɧɹ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ k,% 

ȼȿɊɏ Ʌɸɦɿɧɟɫɰɟɧɰɿɹ 

Ɂɧɚɣɞɟɧɨ kɫɪ±Δk Sr, % Ɂɧɚɣɞɟɧɨ kɫɪ±Δk Sr, % 
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93,40±2,27 1,96 

 

Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɞɜɨɯ ɦɟɬɨɞɿɜ ɡɚɫɬɨɫɭɜɚɥɢ ɫɬɚɬɢɫɬɢɱɧɢɣ ɤɪɢɬɟɪɿɣ 

F-ɪɨɡɩɨɞɿɥɭ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɩɨɪɿɜɧɸɜɚɬɢ ɜɟɥɢɱɢɧɢ ɜɢɛɿɪɤɨɜɢɯ ɞɢɫɩɟɪɫɿɣ 

ɞɜɨɯ ɪɹɞɿɜ ɫɩɨɫɬɟɪɟɠɟɧɶ, ɬɚ t-ɤɪɢɬɟɪɿɣ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɛɿɠɧɨɫɬɿ 

ɫɟɪɟɞɧɿɯ ɡɧɚɱɟɧɶ. Ⱦɥɹ ɨɛɱɢɫɥɟɧɧɹ Fɟɤɫ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɮɨɪɦɭɥɭ: 
2
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Ɋɨɡɪɚɯɨɜɚɧɢɣ F-ɤɪɢɬɟɪɿɣ ɡɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ (Fɟɤɫ = 1,40) 

ɩɨɪɿɜɧɹɥɢ ɡ ɬɚɛɥɢɱɧɢɦ ɡɧɚɱɟɧɧɹɦ (Fɬɚɛɥ = 6,39). ɇɚ ɩɿɞɫɬɚɜɿ ɬɨɝɨ, ɳɨ 

ɬɚɛɥеɤɫ FF  ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɪɨɡɛɿɠɧɿɫɬɶ ɦɿɠ ɞɢɫɩɟɪɫɿɹɦɢ ɞɥɹ ɞɜɨɯ 

ɧɚɛɨɪɿɜ ɞɚɧɢɯ ɦɨɠɧɚ ɜɢɡɧɚɬɢ ɫɬɚɬɢɫɬɢɱɧɨ ɧɟɡɧɚɱɭɳɢɦ ɡ ɿɦɨɜɿɪɧɿɫɬɸ 95%. 

Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɫɟɪɟɞɧɿɯ ɞɜɨɯ ɜɢɛɿɪɨɤ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ t-ɤɪɢɬɟɪɿɣ 

ɋɬɶɸɞɟɧɬɚ, ɹɤɢɣ ɪɨɡɪɚɯɨɜɭɜɚɥɢ ɡɚ ɮɨɪɦɭɥɨɸ: 
2
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– ɨɛ'єɞɧɚɧɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ. Ɋɨɡɪɚɯɨɜɚɧɢɣ ɡɚ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ t-ɤɪɢɬɟɪɿɣ (tɟɤɫ = 2,00) ɩɨɪɿɜɧɹɥɢ ɡ ɬɚɛɥɢɱɧɢɦ 

ɡɧɚɱɟɧɧɹɦ ɞɥɹ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ 8 ɿ Ɋ = 95 % (tɬɚɛɥ = 2,37). ɇɚ ɩɿɞɫɬɚɜɿ ɬɨɝɨ, 

ɳɨ ɬɚɛɥеɤɫ tt   ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɪɨɡɛɿɠɧɿɫɬɶ ɦɿɠ ɫɟɪɟɞɧɿɦɢ ɞɜɨɯ 

ɜɢɛɿɪɨɤ є ɫɬɚɬɢɫɬɢɱɧɨ ɧɟɡɧɚɱɧɢɦ ɡ ɣɦɨɜɿɪɧɿɫɬɸ 95 %. Ɍɚɤɢɦ ɱɢɧɨɦ, є 

ɩɿɞɫɬɚɜɢ ɜɜɚɠɚɬɢ, ɳɨ ɨɛɢɞɜɿ ɜɢɛɿɪɤɢ ɧɚɥɟɠɚɬɶ ɨɞɧɿɣ ɝɟɧɟɪɚɥɶɧɿɣ ɫɭɤɭɩɧɨɫɬɿ. 

Ɉɬɪɢɦɚɧɿ ɞɚɧɿ ɜɤɚɡɭɸɬɶ ɧɚ ɡɚɞɨɜɿɥɶɧɭ ɡɛɿɠɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ, ɨɞɟɪɠɚɧɢɯ 

ɞɜɨɦɚ ɪɿɡɧɢɦɢ ɦɟɬɨɞɚɦɢ. Ɍɚɤɢɦ ɱɢɧɨɦ, ȼȿɊɏ ɬɚ ɥɸɦɿɧɟɫɰɟɧɬɧɢɣ ɦɟɬɨɞɢ 

ɞɚɸɬɶ ɛɥɢɡɶɤɿ ɪɟɡɭɥɶɬɚɬɢ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ ɜ ɦɨɞɟɥɶɧɢɯ 

ɡɦɢɜɚɯ (ɬɚɛɥ. 4.1). ȼɨɧɢ ɦɚɸɬɶ ɛɥɢɡɶɤɭ ɜɿɞɬɜɨɪɸɜɚɧɧɿɫɬɶ: ɜɿɞɯɢɥɟɧɧɹ 

ɩɚɪɚɥɟɥɶɧɢɯ ɜɢɡɧɚɱɟɧɶ ɜɿɞ ɫɟɪɟɞɧɶɨɝɨ ɫɬɚɧɨɜɢɬɶ ± 1,92 % ɬɚ 2,27 %, 

ɜɿɞɩɨɜɿɞɧɨ. ɉɟɪɟɜɚɝɨɸ ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ ɦɟɬɨɞɭ є ɩɪɨɫɬɨɬɚ ɜɢɤɨɧɚɧɧɹ 

ɚɧɚɥɿɡɭ ɬɚ ɧɟɜɟɥɢɤɚ ɜɢɬɪɚɬɚ ɪɟɚɝɟɧɬɿɜ, ɨɞɧɚɤ, ȼȿɊɏ ɦɟɬɨɞ ɞɨɡɜɨɥɹє 

ɨɬɪɢɦɭɜɚɬɢ ɛɿɥɶɲ ɧɢɡɶɤɭ ɦɟɠɭ ɜɢɹɜɥɟɧɧɹ (ɧɚ ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɢ). 

Ʌɟɜɚɧɚ (ɦɨɧɨ-[7-ɛɪɨɦ-2-ɨɤɫɨ-5-(2-ɯɥɨɪɮɟɧɿɥ)-2,3-ɞɢɝɿɞɪɨ-1ɇ-

ɛɟɧɡɨ[1,4]-ɞɿɚɡɟɩɿɧ-3-ɿɥ]ɫɭɤɰɢɧɚɬɭ ɦɨɧɨɝɿɞɪɚɬ) – ɧɚɥɟɠɢɬɶ ɞɨ ɝɪɭɩɢ ɩɨɯɿɞɧɢɯ 

ɛɟɧɡɨɞɿɚɡɟɩɿɧɭ, є ɱɚɫɬɤɨɜɢɦ ɫɟɥɟɤɬɢɜɧɢɦ ɚɝɨɧɿɫɬɨɦ ȽȺɆɄ Ⱥ-ɪɟɰɟɩɬɨɪɧɨɝɨ 

ɤɨɦɩɥɟɤɫɭ, ɱɢɧɢɬɶ ɜɢɪɚɠɟɧɭ ɫɧɨɞɿɣɧɭ, ɚɧɤɫɿɨɥɿɬɢɱɧɭ, ɩɨɦɿɪɧɭ 

ɦɿɨɪɟɥɚɤɫɚɧɬɧɭ ɬɚ ɩɪɨɬɢɫɭɞɨɦɧɭ ɞɿɸ: 
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ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɹɬɶ ɦɟɬɨɞɨɦ ɪɿɞɢɧɧɨʀ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, 

ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɿɞɢɧɧɢɣ ɯɪɨɦɚɬɨɝɪɚɮ ɡ ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,25 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax Eclipse 

XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

 ɪɭɯɨɦɚ ɮɚɡɚ: ɚɰɟɬɨɧɿɬɪɢɥ : ɜɨɞɚ : ɤɢɫɥɨɬɚ ɮɨɫɮɨɪɧɚ (400:600:2,0); 

 ɲɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,5 ɦɥ/ɯɜ; 

 ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ɨɋ; 

 ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 12 ɯɜ; 

 ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 230 ɧɦ; 

 ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 10 ɦɤɥ; 

 ɱɚɫ ɭɬɪɢɦɭɜɚɧɧɹ ɥɟɜɚɧɚ: 7,8 ɯɜ; 

 ɱɚɫ ɭɬɪɢɦɭɜɚɧɧɹ 7-ɛɪɨɦ-3-ɝɿɞɪɨɤɫɢ-5-(2-ɯɥɨɪɮɟɧɿɥ)-1,3-

ɞɢɝɿɞɪɨɛɟɧɡɨ[1.4]ɞɿɚɡɟɩɿɧ-2-ɨɧɚ: 5,7 ɯɜ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɥɟɜɚɧɚ. 0,020 ɝ ɊɋɁ ɥɟɜɚɧɚ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 70,0 ɦɥ ɚɰɟɬɨɧɿɬɪɢɥɭ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ 

ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ.  

1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

10,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɚɰɟɬɨɧɿɬɪɢɥɨɦ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ  

(20,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 20,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,4; 0,5; 0,6; 

0,8; 1,0; 1,1 ɬɚ 1,2 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɥɟɜɚɧɚ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ 

ɚɰɟɬɨɧɿɬɪɢɥɨɦ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɥɟɜɚɧɚ 0,1; 0,2; 0,4; 0,5; 0,6; 

0,8; 1,0; 1,1 ɬɚ 1,2 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ.  

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.22, ɚ) ɛɭɞɭɸɬɶ 

ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.22, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ 

ɤɨɧɰɟɧɬɪɚɰɿɣ ɥɟɜɚɧɚ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ. 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɥɟɜɚɧɚ  

0,1 – 1,2 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
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Ɋɢɫɭɧɨɤ 4.22. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɥɟɜɚɧɚ (ɚ) ɬɚ 
ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

 

Ɋɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬ 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

 ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax Eclipse 

XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

 ɪɭɯɨɦɚ ɮɚɡɚ: ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ: ɦɟɬɚɧɨɥ (30:70); 

 ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,8 ɦɥ/ɯɜ; 

 ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 25 ɨɋ; 

 ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 20,0 ɦɤɥ; 

 ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 214 ɧɦ; 

 ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 5 ɯɜ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬɭ. 50,0 ɦɝ ɊɋɁ ɪɢɜɚɫɬɢɝɦɿɧɭ 

ɝɿɞɪɨɬɚɪɬɪɚɬɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɭ  

25 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ 

ɪɨɡɱɢɧɧɢɤɨɦ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ (1000 ɦɤɝ/ɦɥ) (ɪɨɡɱɢɧ Ⱥ). 

0,2 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ Ⱥ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

20,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ (10 ɦɤɝ/ɦɥ) (ɪɨɡɱɢɧ Ȼ). 
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ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,5; 0,7; 1,0; 2,0; 3,0;  

5,0 ɦɥ ɪɨɡɱɢɧɭ Ȼ ɬɚ 0,1; 0,3 ɬɚ 0,5 ɦɥ ɪɨɡɱɢɧɭ Ⱥ ɊɋɁ ɪɢɜɚɫɬɢɝɦɿɧɭ 

ɝɿɞɪɨɬɚɪɬɪɚɬɭ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɨɬɪɢɦɭɸɱɢ 

ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɊȽ 0,5; 0,7; 1,0; 2,0; 3,0; 5,0; 10,0; 30,0 ɬɚ  

50,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ. 4.23, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.23, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɊȽ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ ɪɢɜɚɫɬɢɝɦɿɧɭ.  
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Ɋɢɫɭɧɨɤ 4.23. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɊȽ (ɚ) ɬɚ 
ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɊȽ  

0,5 – 50,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

Ⱦɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞ (ɦɟɬɢɥ [(2S)-1-{(2S)-2-[4-(4’-{2-[(2S)-1-

{(2S)-2-[(ɦɟɬɨɤɫɢɤɚɪɛɨɧɿɥ)ɚɦɿɧɨ]-3-ɦɟɬɢɥɛɭɬɚɧɨɿɥ}-2ɩɿɪɨɥɿɞɢɧɿɥ]-1H-

ɿɦɿɞɚɡɨɥ-4-ɿɥ}-4-ɛɿɮɟɧɿɥɿɥ]-1H-ɿɦɿɞɚɡɨɥ-2-ɿɥ]-1-ɩɿɪɨɥɿɞɢɧɿɥ}-3-ɦɟɬɢɥ-1-ɨɤɫɨ-

2-ɛɭɬɚɧɿɥ]ɤɚɪɛɚɦɚɬ ɞɢɝɿɞɪɨɯɥɨɪɢɞ) – ɩɨɤɚɡɚɧɢɣ ɞɥɹ ɥɿɤɭɜɚɧɧɹ ɿɧɮɟɤɰɿʀ 

ɯɪɨɧɿɱɧɨɝɨ ɝɟɩɚɬɢɬɭ ɋ: 
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Ȼɭɮɟɪɧɢɣ ɪɨɡɱɢɧ. 6,8 ɝ ɤɚɥɿɸ ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɜ 900 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɜɨɞɹɬɶ 

ɪɇ ɞɨ 3,0 ɡɚ ɞɨɩɨɦɨɝɨɸ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɜɨɞɨɸ 

ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,25 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax  

Eclipse XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ Ⱥ: ɚɰɟɬɨɧɿɬɪɢɥ : ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ (30:70 ɨɛ/ɨɛ) 

 (50 %); ɪɭɯɨɦɚ ɮɚɡɚ ȼ: ɦɟɬɚɧɨɥ (50 %); 

– ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,5 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 °ɋ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 5 ɯɜ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 306 ɧɦ; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɞɚɤɥɚɬɚɫɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ. 50,0 ɦɝ ɊɋɁ ɞɚɤɥɚɬɚɫɜɿɪɭ 

ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɭ 

80 ɦɥ ɦɟɬɚɧɨɥɭ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ 

ɪɨɡɱɢɧɧɢɤɨɦ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ.  

5,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

50,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ 0,1 Ɇ ɪɨɡɱɢɧɨɦ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ (50 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,05; 0,1; 0,2; 0,5; 0,7; 

1,0; 2,0; 5,0 ɬɚ 10,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɞɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ ɬɚ ɞɨɜɨɞɹɬɶ 

ɞɨ ɩɨɡɧɚɱɤɢ 0,1 Ɇ ɪɨɡɱɢɧɨɦ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ 

ɡ ɜɦɿɫɬɨɦ ɞɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ 0,025; 0,05; 0,1; 0,25; 0,35; 0,5; 1,0; 2,5 

ɬɚ 5,0; ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.24, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 
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ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.24, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɞɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ, ɜ ɦɤɝ/ɦɥ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ 

ɩɿɤɿɜ ɞɚɤɥɚɬɚɫɜɿɪɭ.  
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Ɋɢɫɭɧɨɤ 4.24. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɞɚɤɥɚɬɚɫɜɿɪɭ 

ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ (ɚ) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɞɚɤɥɚɬɚɫɜɿɪɭ 

ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ 0,025 – 5,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

Ɏɟɧɿɛɭɬ (4-ɚɦɿɧɨ-3-ɮɟɧɿɥɛɭɬɚɧɨɜɨʀ ɤɢɫɥɨɬɢ ɝɿɞɪɨɯɥɨɪɢɞ) – ɩɪɨɹɜɥɹє 

ɧɨɨɬɪɨɩɧɭ ɚɤɬɢɜɧɿɫɬɶ, ɡɦɟɧɲɭє ɧɚɩɪɭɠɟɧɿɫɬɶ, ɬɪɢɜɨɝɭ, ɩɨɥɿɩɲɭє ɫɨɧ: 

ClH·
NH2

O

OH

 

Ɋɨɡɱɢɧ ɤɚɥɿɸ ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ. 3,4 ɝ ɤɚɥɿɸ ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ ɩɨɦɿɳɚɸɬɶ 

ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɜ 900 ɦɥ ɜɨɞɢ ɞɥɹ 

ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ ɞɨ ɩɨɡɧɚɱɤɢ 

ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax  

Eclipse XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 
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– ɪɭɯɨɦɚ ɮɚɡɚ: 800 ɦɥ ɪɨɡɱɢɧɭ ɤɚɥɿɸ ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ ɩɨɦɿɳɚɸɬɶ ɜ 

ɤɨɧɿɱɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 2000 ɦɥ ɬɚ ɪɨɡɱɢɧɹɸɬɶ 2,0 ɝ ɧɚɬɪɿɸ 

ɝɟɤɫɚɧɫɭɥɶɮɨɧɚɬɭ, ɞɨɞɚɸɬɶ 200 ɦɥ ɦɟɬɚɧɨɥɭ, 2,0 ɦɥ ɬɪɢɟɬɢɥɚɦɿɧɭ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ, ɞɨɜɨɞɹɬɶ ɪɇ ɞɨ 6,0 ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɢɫɥɨɬɢ ɮɨɫɮɨɪɧɨʀ; 

– ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,3 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 25 °ɋ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 5 ɯɜ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 210 ɧɦ; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɮɟɧɿɛɭɬɭ. 100,0 ɦɝ ɊɋɁ ɮɟɧɿɛɭɬɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɭ 75 ɦɥ 0,1 Ɇ ɪɨɡɱɢɧɿ ɤɢɫɥɨɬɢ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ 

ɪɨɡɱɢɧɧɢɤɨɦ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ.  

1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

100,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɞɨ ɩɨɡɧɚɱɤɢ 0,1 Ɇ ɪɨɡɱɢɧɨɦ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ (10 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,5; 1,0; 2,0; 4,0; 5,0; 7,5; 

10,0; 11,0 ɬɚ 12,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɮɟɧɿɛɭɬɭ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ  

0,1 Ɇ ɪɨɡɱɢɧɨɦ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ 

ɮɟɧɿɛɭɬɭ 0,1; 0,2; 0,4; 0,8; 1,0; 1,5; 2,0; 2,2 ɢ 2,4 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.25, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.25, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɮɟɧɿɛɭɬɭ, ɜ ɦɤɝ/ɦɥ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɮɟɧɿɛɭɬɭ  

0,1 – 2,4 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

4.2.2 ȼȿɊɏ ɜɢɡɧɚɱɟɧɧɹ ɞɟɹɤɢɯ ȺɎІ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ 

ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɩɪɟɩɚɪɚɬɿɜ 

ɉɪɢ ɪɨɡɪɨɛɰɿ ɦɟɬɨɞɢɤ ɚɧɚɥɿɡɭ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɞɥɹ 
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------------------------------------------------------------

A       0.62249   3.88069
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------------------------------------------------------------
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ɛ)

 

Ɋɢɫɭɧɨɤ 4.25. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɮɟɧɿɛɭɬɭ (ɚ) ɬɚ 
ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ (ɛ) ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

 

ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɩɪɟɩɚɪɚɬɿɜ, ɨɤɪɟɦɿ ɫɩɨɥɭɤɢ ɹɤɢɯ ɦɨɠɭɬɶ ɛɭɬɢ 

ɩɪɢɫɭɬɧɿɦɢ ɧɚ ɩɨɜɟɪɯɧɹɯ ɱɚɫɬɢɧ ɨɛɥɚɞɧɚɧɧɹ, ɨɩɬɢɦɿɡɚɰɿєɸ ɭɦɨɜ 

ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɡɚɛɟɡɩɟɱɟɧɢɣ ɜɢɯɿɞ ɡ ɤɨɥɨɧɤɢ ɭɫɿɯ ɤɨɦɩɨɧɟɧɬɿɜ, 

ɦɿɧɿɦɿɡɨɜɚɧɢɣ ɱɚɫ ɚɧɚɥɿɡɭ. ȼ ɹɤɨɫɬɿ ɜɢɡɧɚɱɚєɦɨɝɨ ȺɎȱ ɨɛɪɚɥɢ ɦɚɠɨɪɧɢɣ 

ɤɨɦɩɨɧɟɧɬ, ɭ ɹɤɨɝɨ ɧɚɣɝɿɪɲɚ ɪɨɡɱɢɧɧɿɫɬɶ. 

ɉɪɢ ɨɞɧɨɱɚɫɧɨɦɭ ɜɢɡɧɚɱɟɧɧɿ ɞɟɤɿɥɶɤɨɯ Ʌɉ ɡɚɫɬɨɫɨɜɭɜɚɥɢ ɬɪɶɨɯ- ɚɛɨ 

ɧɚɜɿɬɶ ɱɨɬɢɪɶɨɯɤɨɦɩɨɧɟɧɬɧɿ ɪɭɯɨɦɿ ɮɚɡɢ, ɹɤɿ ɫɤɥɚɞɚɥɢɫɹ ɡ ɦɟɬɚɧɨɥɭ, 

ɚɰɟɬɨɧɿɬɪɢɥɭ, ɛɭɮɟɪɭ ɬɚ ɚɥɤɿɥɚɦɿɧɿɜ, ɜ ɿɡɨɤɪɚɬɿɱɧɨɦɭ ɬɚ ɝɪɚɞɿєɧɬɧɨɦɭ 

ɪɟɠɢɦɚɯ ɟɥɸɸɜɚɧɧɹ. Ɇɟɬɨɞɨɦ ȼȿɊɏ ɪɨɡɪɨɛɥɟɧɿ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɦɚɠɨɪɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɧɚ ɹɤɨɦɭ ɜɢɪɨɛɥɹɸɬɶɫɹ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɿ 

ɥɿɤɚɪɫɶɤɿ ɮɨɪɦɢ (ɬɚɛɥɟɬɤɢ, ɫɚɲɟ). ȼɦɿɫɬ ɩɪɟɩɚɪɚɬɿɜ ɩɪɟɞɫɬɚɜɥɟɧ ɭ  

ɬɚɛɥɢɰɿ 4.2.  

ɉɚɪɚɰɟɬɚɦɨɥ (N-(4-ɝɿɞɪɨɤɫɢɮɟɧɿɥ)ɚɰɟɬɚɦɿɞ) – ɰɟ ɚɧɚɥɶɝɟɬɢɤ ɬɚ 

ɚɧɬɢɩɿɪɟɬɢɤ (ɡɧɟɛɨɥɸɜɚɥɶɧɢɣ ɬɚ ɠɚɪɨɡɧɢɠɭɸɱɢɣ ɡɚɫɿɛ): 

OH

NH CH3

O

 

ȼ ɡɦɢɜɚɯ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɪɟɩɚɪɚɬɭ ȺɆȱɐɂɌɊɈɇ®, ɩɨɪɨɲɨɤ ɞɥɹ 

ɨɪɚɥɶɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨ 23,0 ɝ ɭ ɫɚɲɟ, ɜɢɡɧɚɱɚɥɢ ɩɚɪɚɰɟɬɚɦɨɥ. 
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Ɍɚɛɥɢɰɹ 4.2 
ȼɦɿɫɬ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɩɪɟɩɚɪɚɬɿɜ, ɞɥɹ ɹɤɢɯ ɪɨɡɪɨɛɥɟɧɿ ɦɟɬɨɞɢɤɢ  

ȼȿɊɏ-ɜɢɡɧɚɱɟɧɧɹ 
ɉɪɟɩɚɪɚɬ ȺɎȱ 

ȺɆȱɐɂɌɊɈɇ®, ɩɨɪɨɲɨɤ ɞɥɹ 
ɨɪɚɥɶɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨ 23,0 ɝ ɭ 
ɫɚɲɟ 

ɩɚɪɚɰɟɬɚɦɨɥ 500 ɦɝ 
ɮɟɧɿɥɟɮɪɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 10 ɦɝ 
ɮɟɧɿɪɚɦɿɧɭ ɦɚɥɟɚɬ 20 ɦɝ 

ȺɆȱɐɂɌɊɈɇ® ɉɅɘɋ   
ɜɿɞ ɤɚɲɥɸ, ɩɨɪɨɲɨɤ ɞɥɹ 
ɨɪɚɥɶɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨ 5,0 ɝ 

ɩɚɪɚɰɟɬɚɦɨɥ 500 ɦɝ 
ɝɜɚɣɮɟɧɟɡɢɧ 200 ɦɝ 
ɮɟɧɿɥɟɮɪɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 10 ɦɝ 

ɌȿɈɎȿȾɊɂɇ ȱɋ®, ɬɚɛɥɟɬɤɢ 

 

ɩɚɪɚɰɟɬɚɦɨɥ 200 ɦɝ 
ɬɟɨɮɿɥɿɧ ɛɟɡɜɨɞɧɢɣ 100 ɦɝ 
ɤɨɮɟʀɧ ɛɟɡɜɨɞɧɢɣ 50 ɦɝ 
ɟɮɟɞɪɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 20 ɦɝ 
ɮɟɧɨɛɚɪɛɿɬɚɥ 20 ɦɝ 
ɰɢɬɢɡɢɧ 0,1 ɦɝ 

ȺɆȱɐɂɌɊɈɇ® ȿɄɋɌɊȺɌȺȻ, 
ɬɚɛɥɟɬɤɢ, ɜɤɪɢɬɿ ɩɥɿɜɤɨɜɨɸ 
ɨɛɨɥɨɧɤɨɸ 

ɩɚɪɚɰɟɬɚɦɨɥ 650 ɦɝ 
ɮɟɧɿɥɟɮɪɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 10 ɦɝ 
ɯɥɨɪɮɟɧɿɪɚɦɿɧɭ ɦɚɥɟɚɬ 4 ɦɝ 

ɉȿɇɌȺɅȽȱɇ ȱɋ®, ɬɚɛɥɟɬɤɢ 

 

 

ɦɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ 300 ɦɝ 
ɩɚɪɚɰɟɬɚɦɨɥ 200 ɦɝ 
ɤɨɮɟʀɧ-ɛɟɧɡɨɚɬ ɧɚɬɪɿɸ 50 ɦɝ 
ɮɟɧɨɛɚɪɛɿɬɚɥ 10 ɦɝ 
ɤɨɞɟʀɧɭ ɮɨɫɮɚɬ 9,5 ɦɝ 

ȺɆȱɅȺɊ ȱɋ 

ɬɚɛɥɟɬɤɢ ɞɥɹ ɪɨɡɫɦɨɤɬɭɜɚɧɧɹ 
ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞ 0,25 ɦɝ 
ɰɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 0,03 ɦɝ 

AɇȾɂɎȿɇ ȱɋ, ɬɚɛɥɟɬɤɢ ɦɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ ɦɨɧɨɝɿɞɪɚɬ 250 ɦɝ 
ɮɟɧɨɛɚɪɛɿɬɚɥ 20 ɦɝ 
ɩɚɩɚɜɟɪɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 20 ɦɝ 
ɛɟɧɞɚɡɨɥɭ ɝɿɞɪɨɯɥɨɪɢɞ 20 ɦɝ 

ȼɋȺȺ ɫɦɚɪɬ, ɬɚɛɥɟɬɤɢ ɠɭɜɚɥɶɧɿ 
ɡɿ ɫɦɚɤɨɦ ɚɩɟɥɶɫɢɧɭ 

L-ɥɟɣɰɢɧ 1000,0 ɦɝ 
L-ɿɡɨɥɟɣɰɢɧ 500,0 ɦɝ 
L-ɜɚɥɿɧ 500,0 ɦɝ 

ɊȿȽȱɋɈɅ ȱɋ 
ɩɨɪɨɲɨɤ ɞɥɹ ɨɪɚɥɶɧɨɝɨ ɪɨɡɱɢɧɭ 
ɩɨ 18,9 ɝ ɭ ɫɚɲɟ 

ɧɚɬɪɿɸ ɯɥɨɪɢɞ 3,5 ɝ 
ɤɚɥɿɸ ɯɥɨɪɢɞ 2,5 ɝ 
ɧɚɬɪɿɸ ɰɢɬɪɚɬ 2,9 ɝ 
ɝɥɸɤɨɡɚ ɛɟɡɜɨɞɧɚ 10,0 ɝ 

 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 4,6 ɦɦ × 50 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Poroshell 120 SB  
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C-18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 2,7 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ Ⱥ: ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ ɪɇ 6,0; 

– ɪɭɯɨɦɭ ɮɚɡɚ ȼ: ɚɰɟɬɨɧɿɬɪɢɥ; 

– ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,0 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ºɋ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 215 ɧɦ – ɩɪɨɬɹɝɨɦ ɩɟɪɲɢɯ 1,5 ɯɜ, ɡɚ 

ɞɨɜɠɢɧɢ ɯɜɢɥɿ 280 ɧɦ – ɩɪɨɬɹɝɨɦ ɧɚɫɬɭɩɧɢɯ 2,0 ɯɜ, ɞɚɥɿ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 

215 ɧɦ – ɩɪɨɬɹɝɨɦ ɧɚɫɬɭɩɧɢɯ 3,5 ɯɜ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 5,2 ɯɜ; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɭɸ ɩɪɨɝɪɚɦɭ ɝɪɚɞɿєɧɬɭ: 

ɑɚɫ (ɯɜ) 
Ɋɭɯɨɦɚ ɮɚɡɚ Ⱥ 

(% ɨɛ/ɨɛ) 
Ɋɭɯɨɦɚ ɮɚɡɚ ȼ  

(% ɨɛ/ɨɛ) ɉɪɢɦɿɬɤɚ 

0 – 4,0 95→40 5→60 Ʌɿɧɿɣɧɢɣ ɝɪɚɞɿєɧɬ 

4,0 – 5,2 40→95 60→5 Ʌɿɧɿɣɧɢɣ ɝɪɚɞɿєɧɬ 

Post time 2 ɯɜ 
 

Ɏɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ ɪɇ 6,0. 5,44 ɝ ɤɚɥɿɸ ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ 

ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɜ 900 ɦɥ ɜɨɞɢ ɞɥɹ 

ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɜɨɞɹɬɶ 0,5 Ɇ ɪɨɡɱɢɧɨɦ ɤɚɥɿɸ ɝɿɞɪɨɤɫɢɞɭ ɞɨ ɪɇ 6,0 ± 0,1 ɬɚ 

ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ ɩɨɡɧɚɱɤɢ, ɩɟɪɟɦɿɲɭɸɬɶ. 

0,5 Ɇ ɪɨɡɱɢɧ ɤɚɥɿɸ ɝɿɞɪɨɤɫɢɞɭ. 500 ɦɥ 1 Ɇ ɪɨɡɱɢɧɭ ɤɚɥɿɸ ɝɿɞɪɨɤɫɢɞɭ 

ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ 

ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ ɩɨɡɧɚɱɤɢ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɩɚɪɚɰɟɬɚɦɨɥɭ. 0,050 ɝ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɩɨɦɿɳɚɸɬɶ ɭ 

ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 50 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ. 4,0 ɦɥ 

ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɜɨɞɹɬɶ 

ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ (20,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,3; 0,4; 0,5; 1,0; 
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2,5; 7,5; 10,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɜɨɞɨɸ 

ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɩɚɪɚɰɟɬɚɦɨɥɭ 0,2; 0,4; 0,6; 

0,8; 1,0, 2,0; 5,0; 15,0 ɬɚ 20,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.26, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.26, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɩɚɪɚɰɟɬɚɦɨɥɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  
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Кɨɧɰɟɧɬɪɚɰɿɹ ɩɚɪɚɰɟɬɚɦɨɥɭ, ɦɤɝ/ɦɥ

ɛ)

 

Ɋɢɫɭɧɨɤ 4.26. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɩɚɪɚɰɟɬɚɦɨɥɭ (ɚ) ɬɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɤ ɝɪɚɮɿɤ ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ (ɛ) 
 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɩɚɪɚɰɟɬɚɦɨɥɭ 0,2 – 20,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

ɉɚɪɚɰɟɬɚɦɨɥ, ɝɜɚɣɮɟɧɟɡɢɧ 

ȼ ɡɦɢɜɚɯ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɪɟɩɚɪɚɬɭ ȺɆȱɐɂɌɊɈɇ® ɉɅɘɋ  ɜɿɞ ɤɚɲɥɸ 

ɜɢɡɧɚɱɚɥɢ ɩɚɪɚɰɟɬɚɦɨɥ, ɞɨɞɚɬɤɨɜɨ – ɞɪɭɝɢɣ ɦɚɠɨɪɧɢɣ ɤɨɦɩɨɧɟɧɬ 

ɝɜɚɣɮɟɧɟɡɢɧ ((RS)-3-(2-ɦɟɬɨɤɫɿɮɟɧɨɤɫɿ)ɩɪɨɩɚɧ-1,2-ɞɿɨɥ), ɹɤɢɣ ɡɧɢɠɭє 

ɜ’ɹɡɤɿɫɬɶ ɦɨɤɪɨɬɢɧɧɹ ɬɚ ɩɨɥɟɝɲɭє ɣɨɝɨ ɜɿɞɯɨɞɠɟɧɧɹ ɲɥɹɯɨɦ ɫɬɢɦɭɥɹɰɿʀ 

ɫɟɤɪɟɰɿʀ ɤɨɦɩɨɧɟɧɬɿɜ ɛɪɨɧɯɿɚɥɶɧɨɝɨ ɫɥɢɡɭ: 

O

O
CH3

OH

OH

 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 4,6 ɦɦ ɯ 100 ɦɦ, ɡɚɩɨɜɧɟɧɚ 
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ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax Eclipse  

Plus C18 ɡ ɪɚɡɦɿɪɨɦ ɱɚɫɬɨɤ 3,5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ Ⱥ: ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ ɪɇ 6,0; 

– ɪɭɯɨɦɚ ɮɚɡɚ ȼ: ɦɟɬɚɧɨɥ; 

– ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,0 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ºɋ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 215 ɧɦ – ɩɪɨɬɹɝɨɦ ɩɟɪɲɢɯ 2,3 ɯɜ, 

ɞɚɥɿ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 280 ɧɦ – ɩɪɨɬɹɝɨɦ ɧɚɫɬɭɩɧɢɯ 2,7 ɯɜ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 5 ɯɜ; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 50 ɦɤɥ. 

ȼɢɤɨɪɢɬɨɜɭɸɬɶ ɬɚɤɭ ɩɪɨɝɪɚɦɭ ɝɪɚɞɿєɧɬɭ: 

ɑɚɫ (ɯɜ) 
Ɋɭɯɨɦɚ ɮɚɡɚ Ⱥ 

(% ɨɛ/ɨɛ) 
Ɋɭɯɨɦɚ ɮɚɡɚ ȼ  

(% ɨɛ/ɨɛ) 

0 – 2,0 85→50 15→50 

2,0 – 2,2 50→40 50→60 

2,2 – 5,0 40→35 60→65 

Post time 1,5 ɯɜ 
 

Ɋɨɡɱɢɧ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ. Ɂɦɿɲɭɸɬɶ 700 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ 

ɬɚ 300 ɦɥ ɦɟɬɚɧɨɥɭ, ɨɯɨɥɨɞɠɭɸɬɶ. 

Ɏɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ ɪɇ 6,0. 5,44 ɝ ɤɚɥɿɸ ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ 

ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɜ 900 ɦɥ ɜɨɞɢ ɞɥɹ 

ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɜɨɞɹɬɶ 0,5 Ɇ ɪɨɡɱɢɧɨɦ ɤɚɥɿɸ ɝɿɞɪɨɤɫɢɞɭ ɞɨ ɪɇ 6,0 ± 0,1 ɬɚ 

ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ ɩɨɡɧɚɱɤɢ, ɩɟɪɟɦɿɲɭɸɬɶ. 

0,5 Ɇ ɪɨɡɱɢɧ ɤɚɥɿɸ ɝɿɞɪɨɤɫɢɞɭ. 500 ɦɥ 1 Ɇ ɪɨɡɱɢɧɭ ɤɚɥɿɸ ɝɿɞɪɨɤɫɢɞɭ 

ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ 

ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ ɩɨɡɧɚɱɤɢ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɝɜɚɣɮɟɧɟɡɢɧɭ. 0,500 ɝ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ, 
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0,200 ɝ ɊɋɁ ɝɜɚɣɮɟɧɟɡɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, 

ɞɨɞɚɸɬɶ 50 ɦɥ ɪɨɡɱɢɧɭ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ 

ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ.  

1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

100,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ (50,0 ɦɤɝ/ɦɥ ɩɚɪɚɰɟɬɚɦɨɥɭ; 20,0 ɦɤɝ/ɦɥ ɝɜɚɣɮɟɧɟɡɢɧɭ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,3; 0,5; 0,7; 

0,9; 1,0; 2,0; 5,0 ɬɚ 10,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɝɜɚɣɮɟɧɟɡɢɧɭ, 

ɞɨɜɨɞɹɬɶ ɨɛ’єɦɢ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɨɬɪɢɦɭɸɱɢ 

ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɩɚɪɚɰɟɬɚɦɨɥɭ (ɝɜɚɣɮɟɧɟɡɢɧɭ) 0,05 ɦɤɝ/ɦɥ (0,02 ɦɤɝ/ɦɥ),  

0,1 ɦɤɝ/ɦɥ (0,04 ɦɤɝ/ɦɥ), 0,15 ɦɤɝ/ɦɥ (0,06 ɦɤɝ/ɦɥ), 0,25 ɦɤɝ/ɦɥ (0,1 ɦɤɝ/ɦɥ), 

0,35 ɦɤɝ/ɦɥ (0,14 ɦɤɝ/ɦɥ), 0,45 ɦɤɝ/ɦɥ (0,18 ɦɤɝ/ɦɥ), 0,5 ɦɤɝ/ɦɥ (0,2 ɦɤɝ/ɦɥ), 

1,0 ɦɤɝ/ɦɥ (0,4 ɦɤɝ/ɦɥ), 2,5 ɦɤɝ/ɦɥ (1,0 ɦɤɝ/ɦɥ) ɬɚ 5,0 ɦɤɝ/ɦɥ (2,0 ɦɤɝ/ɦɥ), 

ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.27) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɿ 

ɝɪɚɮɿɤɢ (ɪɢɫɭɧɨɤ 4.28), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɝɜɚɣɮɟɧɟɡɢɧɭ ɜ ɦɤɝ/ɦɥ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ 

ɩɿɤɿɜ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɝɜɚɣɮɟɧɟɡɢɧɭ, ɜɿɞɩɨɜɿɞɧɨ. 
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Ɋɢɫɭɧɨɤ 4.27. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ 

ɝɜɚɣɮɟɧɟɡɢɧɭ (1 – ɩɚɪɚɰɟɬɚɦɨɥ; 2 – ɝɜɚɣɮɟɧɟɡɢɧ) 
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Ɋɢɫɭɧɨɤ 4.28. Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɰɟɬɚɦɨɥɭ (ɚ) 

ɬɚ ɝɜɚɣɮɟɧɟɡɢɧɭ (ɛ) 
 

Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɥɿɧɿɣɧɿ ɜ ɿɧɬɟɪɜɚɥɚɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɩɚɪɚɰɟɬɚɦɨɥɭ 

0,05 – 5,0 ɦɤɝ/ɦɥ ɬɚ ɝɜɚɣɮɟɧɟɡɢɧɭ 0,02 – 2,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ,  

3.2 Ⱦ). 

ɉɚɪɚɰɟɬɚɦɨɥ, ɬɟɨɮɿɥɿɧ 

ȼ ɡɦɢɜɚɯ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɪɟɩɚɪɚɬɭ ɌȿɈɎȿȾɊɂɇ ȱɋ® ɜɢɡɧɚɱɚɥɢ 

ɩɚɪɚɰɟɬɚɦɨɥ, ɞɨɞɚɬɤɨɜɨ – ɞɪɭɝɢɣ ɦɚɠɨɪɧɢɣ ɤɨɦɩɨɧɟɧɬ ɬɟɨɮɿɥɿɧ (1,3-

ɞɢɦɟɬɢɥ-7H-ɩɭɪɢɧ-2,6-ɞɿɨɧ), ɹɤɢɣ ɡɛɭɞɠɭє ɰɟɧɬɪɚɥɶɧɭ ɧɟɪɜɨɜɭ ɫɢɫɬɟɦɭ, 

ɪɨɡɲɢɪɸє ɫɭɞɢɧɢ ɫɟɪɰɹ, ɦɨɡɤɭ, ɚ ɬɚɤɨɠ ɛɪɨɧɯɢ: 

N
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O

O

CH3

CH3

N
H

N

 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax Eclipse 

XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ Ⱥ: ɪɨɡɱɢɧ ɤɢɫɥɨɬɢ ɮɨɫɮɨɪɧɨʀ: ɦɟɬɚɧɨɥ: ɬɪɢɟɬɢɥɚɦɿɧ 

(800:200:17); ɪɭɯɨɦɚ ɮɚɡɚ ȼ: ɦɟɬɚɧɨɥ; 

– ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 2,0 ɦɥ/ɯɜ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ɨɋ; 

https://uk.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D0%BD%D0%B5%D1%80%D0%B2%D0%BE%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D1%86%D0%B5
https://uk.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D0%BE%D0%B2%D0%BD%D0%B8%D0%B9_%D0%BC%D0%BE%D0%B7%D0%BE%D0%BA_%D0%BB%D1%8E%D0%B4%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%91%D1%80%D0%BE%D0%BD%D1%85%D0%B8
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– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 212 ɧɦ – ɩɪɨɬɹɝɨɦ ɩɟɪɲɢɯ 5 ɯɜ ɬɚ ɡɚ 

ɞɨɜɠɢɧɢ ɯɜɢɥɿ 220 ɧɦ – ɩɪɨɬɹɝɨɦ ɧɚɫɬɭɩɧɢɯ 5 ɯɜ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɭ ɩɪɨɝɪɚɦɭ ɝɪɚɞɿєɧɬɭ: 

ɑɚɫ (ɯɜ) 
Ɋɭɯɨɦɚ ɮɚɡɚ Ⱥ 

(% ɨɛ/ɨɛ) 
Ɋɭɯɨɦɚ ɮɚɡɚ ȼ 

(% ɨɛ/ɨɛ) 
0 – 4,5 100 0 

4,5 – 5,0 100 → 80 0 → 20 
5,0 – 10,0 80 20 

Post time – 2 ɯɜ 
 

Ɋɨɡɱɢɧ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ. Ɂɦɿɲɭɸɬɶ 700 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ 

ɬɚ 300 ɦɥ ɦɟɬɚɧɨɥɭ, ɨɯɨɥɨɞɠɭɸɬɶ. 

Ɋɨɡɱɢɧ ɤɢɫɥɨɬɢ ɮɨɫɮɨɪɧɨʀ. 16,7 ɝ ɤɢɫɥɨɬɢ ɮɨɫɮɨɪɧɨʀ ɩɨɦɿɳɚɸɬɶ ɭ 

ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ 

ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɩɚɪɚɰɟɬɚɦɨɥɭ, ɬɟɨɮɿɥɿɧɭ. 0,050 ɝ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ,  

0,050 ɝ ɊɋɈ ɬɟɨɮɿɥɿɧɭ ɛɟɡɜɨɞɧɨɝɨ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

50,0 ɦɥ, ɞɨɞɚɸɬɶ 25 ɦɥ ɪɨɡɱɢɧɭ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ 

ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ.  

1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

100,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ (10,0 ɦɤɝ/ɦɥ ɩɚɪɚɰɟɬɚɦɨɥɭ; 10,0 ɦɤɝ/ɦɥ ɬɟɨɮɿɥɿɧɭ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,05; 0,1; 0,25; 0,5; 1,0; 

1,5; 2,0; 3,5; 5,0 ɬɚ 10,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ, ɬɟɨɮɿɥɿɧɭ ɬɚ ɞɨɜɨɞɹɬɶ 

ɨɛ’єɦɢ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ 

ɜɦɿɫɬɨɦ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɬɟɨɮɿɥɿɧɭ 0,05; 0,1; 0,25; 0,5; 1,0; 1,5; 2,0; 3,5; 5,0 ɬɚ 

10,0 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.29) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɿ 

ɝɪɚɮɿɤɢ (ɪɢɫɭɧɨɤ 4.30), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɬɟɨɮɿɥɿɧɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ 

ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɬɟɨɮɿɥɿɧɭ, ɜɿɞɩɨɜɿɞɧɨ. 
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Ɋɢɫɭɧɨɤ 4.29. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ 
ɬɟɨɮɿɥɿɧɭ (1 – ɩɚɪɚɰɟɬɚɦɨɥ; 2 – ɬɟɨɮɿɥɿɧ) 
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Y = A + B * X

Parameter Value            Error

------------------------------------------------------------

     A          -1.06472            3.49973

     B         275.10909            0.91963

------------------------------------------------------------

     R                 SD               N         P

------------------------------------------------------------

0.99996             8.61237        10    <0.0001

ɛ)

 

Ɋɢɫɭɧɨɤ 4.30. Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɰɟɬɚɦɨɥɭ (ɚ) ɬɚ 

ɬɟɨɮɿɥɿɧɭ (ɛ) 
 

Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɥɿɧɿɣɧɿ ɜ ɿɧɬɟɪɜɚɥɚɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɩɚɪɚɰɟɬɚɦɨɥɭ 

0,05 – 10,0 ɦɤɝ/ɦɥ ɬɚ ɬɟɨɮɿɥɿɧɭ 0,05 – 10,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

ɉɚɪɚɰɟɬɚɦɨɥ 

ȼ ɡɦɢɜɚɯ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɪɟɩɚɪɚɬɭ ȺɆȱɐɂɌɊɈɇ® ȿɄɋɌɊȺɌȺȻ, 

ɬɚɛɥɟɬɤɢ, ɜɤɪɢɬɿ ɩɥɿɜɤɨɜɨɸ ɨɛɨɥɨɧɤɨɸ, ɜɢɡɧɚɱɚɥɢ ɩɚɪɚɰɟɬɚɦɨɥ. 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 
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– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ Discovery  

HS PEG ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ: ɮɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ ɪɇ 6,0: ɚɰɟɬɨɧɿɬɪɢɥ 

(70:30); 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ɨɋ; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 215 ɧɦ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɭ ɩɪɨɝɪɚɦɭ ɝɪɚɞɿєɧɬɭ: 

ɑɚɫ (ɯɜ) 
ɒɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ, ɦɥ/ɯɜ 

 
0 – 5,5 1 

5,5 – 6,0 1 → 2 
6,0 – 10,0 2 

 

Ɏɨɫɮɚɬɧɢɣ ɛɭɮɟɪɧɢɣ ɪɨɡɱɢɧ ɪɇ 6,0. 2,30 ɝ ɤɢɫɥɨɬɢ ɮɨcɮɨɪɧɨʀ 

ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɞɨɞɚɸɬɶ 900 ɦɥ ɜɨɞɢ, 

ɞɨɜɨɞɹɬɶ 1 Ɇ ɪɨɡɱɢɧɨɦ ɧɚɬɪɿɸ ɝɿɞɪɨɤɫɢɞɭ ɞɨ ɪɇ 6,0 ± 0,1, ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɨ 

ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɩɚɪɚɰɟɬɚɦɨɥɭ. 0,015 ɝ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɩɨɦɿɳɚɸɬɶ ɭ 

ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 70 ɦɥ ɪɭɯɨɦɨʀ ɮɚɡɢ, ɩɟɪɟɦɿɲɭɸɬɶ 

ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ.  

10,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

100,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɪɭɯɨɦɨɸ ɮɚɡɨɸ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ  

(15,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,5; 1,0; 2,0; 5,0; 

10,0 ɬɚ 50,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦɢ ɞɨ ɩɨɡɧɚɱɤɢ 

ɪɭɯɨɦɨɸ ɮɚɡɨɸ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɩɚɪɚɰɟɬɚɦɨɥɭ 0,015; 0,075; 

0,15; 0,3; 0,75; 1,5 ɬɚ 7,5 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.31, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.31, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɩɚɪɚɰɟɬɚɦɨɥɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  
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ɛ)

 

Ɋɢɫɭɧɨɤ 4.31. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɩɚɪɚɰɟɬɚɦɨɥɭ (ɚ) ɬɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɤ ɝɪɚɮɿɤ ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ (ɛ) 
 

Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɥɿɧɿɣɧɿ ɜ ɿɧɬɟɪɜɚɥɚɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɩɚɪɚɰɟɬɚɦɨɥɭ 

0,015 – 7,5 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

ɉɚɪɚɰɟɬɚɦɨɥ 

ȼ ɡɦɢɜɚɯ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɪɟɩɚɪɚɬɭ ɉȿɇɌȺɅȽȱɇ ȱɋ®, ɬɚɛɥɟɬɤɢ, 

ɜɢɡɧɚɱɚɥɢ ɩɚɪɚɰɟɬɚɦɨɥ. 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax  

Eclipse XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ Ⱥ: ɪɨɱɢɧ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ : ɦɟɬɚɧɨɥ : ɬɪɢɟɬɢɥɚɦɿɧ 

(800:200:17); 

– ɪɭɯɨɦɚ ɮɚɡɚ ȼ: ɦɟɬɚɧɨɥ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ɨɋ; 

– ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 2,0 ɦɥ/ɯɜ; 

– ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 205 ɧɦ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɭ ɩɪɨɝɪɚɦɭ ɝɪɚɞɿєɧɬɭ: 
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ɑɚɫ (ɯɜ) 
Ɋɭɯɨɦɚ ɮɚɡɚ Ⱥ 

(% ɨɛ/ɨɛ) 
Ɋɭɯɨɦɚ ɮɚɡɚ ȼ 

(% ɨɛ/ɨɛ) ɉɪɢɦɿɬɤɚ 

0 – 4,7 100 0 ȱɡɨɤɪɚɬɢɱɧɢɣ ɪɟɠɢɦ 

4,7 – 5,7 100→75 0→25 Ʌɿɧɿɣɧɢɣ ɝɪɚɞɿєɧɬ 

5,7 – 9 75 25 ȱɡɨɤɪɚɬɢɱɧɢɣ ɪɟɠɢɦ 

9 – 10 75→100 25→0 Ʌɿɧɿɣɧɢɣ ɝɪɚɞɿєɧɬ 

10 – 12 100 0 (Post time) 
 

Ɋɨɡɱɢɧ ɤɢɫɥɨɬɢ ɮɨɫɮɨɪɧɨʀ. 16,7 ɝ ɤɢɫɥɨɬɢ ɮɨɫɮɨɪɧɨʀ ɩɨɦɿɳɚɸɬɶ ɜ 

ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ. 

Ɋɨɡɱɢɧ ɩɚɪɚɮɨɪɦɚɥьɞɟɝɿɞɭ ɬɚ ɧɚɬɪɿɸ ɦɟɬɚɛɿɫɭɥьɮɿɬɭ. 10 ɝ 

ɩɚɪɚɮɨɪɦɚɥɶɞɟɝɿɞɭ ɬɚ 25 ɝ ɧɚɬɪɿɸ ɦɟɬɚɛɿɫɭɥɶɮɿɬɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 1000,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɭ ɜɨɞɿ ɩɪɢ ɫɢɥɶɧɨɦɭ ɧɚɝɪɿɜɚɧɧɿ, 

ɨɯɨɥɨɞɠɭɸɬɶ, ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

Ɋɨɡɱɢɧ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ. Ɋɨɡɱɢɧ ɩɚɪɚɮɨɪɦɚɥɶɞɟɝɿɞɭ ɬɚ ɧɚɬɪɿɸ 

ɦɟɬɚɛɿɫɭɥɶɮɿɬɭ : ɦɟɬɚɧɨɥ (70:30). 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɩɚɪɚɰɟɬɚɦɨɥɭ. 0,050 ɝ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɩɨɦɿɳɚɸɬɶ ɭ 

ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ, ɞɨɞɚɸɬɶ 30 ɦɥ ɪɨɡɱɢɧɭ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ.  

0,5 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

50,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ ɬɚ 

ɩɟɪɟɦɿɲɭɸɬɶ (10,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,05; 0,1; 0,25; 0,5; 0,75; 

1,0; 1,5; 2,0; 3,5; 5,0 ɬɚ 10,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɩɚɪɚɰɟɬɚɦɨɥɭ ɬɚ ɞɨɜɨɞɹɬɶ ɨɛ’єɦɢ 

ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ 

ɩɚɪɚɰɟɬɚɦɨɥɭ 0,05; 0,1; 0,25; 0,5; 0,75; 1,0; 1,5; 2,0; 3,5; 5,0; 10,0 ɦɤɝ/ɦɥ, 

ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.32, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.32, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɩɚɪɚɰɟɬɚɦɨɥɭ (ɦɤɝ/ɦɥ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ.  
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Ɋɢɫɭɧɨɤ 4.32. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɩɚɪɚɰɟɬɚɦɨɥɭ (ɚ) ɬɚ 

ɝɪɚɞɭɸɜɚɥɶɧɢɤ ɝɪɚɮɿɤ ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ (ɛ) 
 

Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɥɿɧɿɣɧɿ ɜ ɿɧɬɟɪɜɚɥɚɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɩɚɪɚɰɟɬɚɦɨɥɭ 

0,05 – 10 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

Ⱦɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞ (Ⱦɏ) (1,1’-(ɞɟɤɚɧ-1,10-ɞɢɿɥ)ɛɿɫ(4-ɚɦɿɧɨ-2-

ɦɟɬɢɥɯɿɧɨɥɿɧɿɸ) ɞɢɯɥɨɪɢɞ) – ɟɮɟɤɬɢɜɧɢɣ ɳɨɞɨ ɝɪɚɦɩɨɡɢɬɢɜɧɢɯ ɬɚ 

ɝɪɚɦɧɟɝɚɬɢɜɧɢɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ, ɝɪɢɛɿɜ, ɜɿɪɭɫɿɜ. Ɇɚє ɩɪɨɬɢɡɚɩɚɥɶɧɭ ɬɚ 

ɝɟɦɨɫɬɚɬɢɱɧɭ ɞɿɸ. Ɂɚɫɬɨɫɨɜɭɸɬɶ ɩɪɢ ɥɿɤɭɜɚɧɧɿ ɡɚɩɚɥɶɧɢɯ ɩɪɨɰɟɫɿɜ ɜ 

ɩɨɪɨɠɧɢɧɿ ɪɨɬɚ ɿ ɝɥɨɬɤɢ: 

N
+

N
+

NH2

NH2
CH3

CH3

2Cl-

 

Ɉɩɬɢɦɿɡɨɜɚɧɿ ɭɦɨɜɢ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: ɪɭɯɨɦɚ ɮɚɡɚ Ⱥ: 2,0 ɝ ɧɚɬɪɿɸ 

ɝɟɤɫɚɧɫɭɥɶɮɨɧɚɬɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɫɤɥɹɧɤɭ ɦɿɫɬɤɿɫɬɸ 2000 ɦɥ, 

ɪɨɡɱɢɧɹɸɬɶ ɭ 300 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɜɨɞɹɬɶ ɞɨ ɪɇ 4,0 ɤɢɫɥɨɬɨɸ 

ɨɰɬɨɜɨɸ, ɞɨɞɚɸɬɶ 700 ɦɥ ɦɟɬɚɧɨɥɭ; ɪɭɯɨɦɚ ɮɚɡɚ ȼ: ɦɟɬɚɧɨɥ; ɲɜɿɞɤɿɫɬɶ 

ɪɭɯɨɦɨʀ ɮɚɡɢ: 2,0 ɦɥ/ɯɜ; ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 25°ɋ; ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ 

4 ɯɜ; ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 240 ɧɦ; ɨɛ’єɦ ɿɧɠɟɤɰɿʀ 100 ɦɤɥ; ɤɨɥɨɧɤɚ 

ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,25 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ ɫɢɥɿɤɚɝɟɥɟɦ 

ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax Eclipse XDB-C18 ɡ 

ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ. 
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ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɹɬɶ ɭ ɝɪɚɞɿєɧɬɧɨɦɭ ɪɟɠɢɦɿ ɡɚ ɧɚɫɬɭɩɧɨɸ ɩɪɨɝɪɚɦɨɸ: 

ɑɚɫ, ɯɜ Ɋɭɯɨɦɚ ɮɚɡɚ Ⱥ %, ɨɛ/ɨɛ Ɋɭɯɨɦɚ ɮɚɡɚ ȼ %, ɨɛ/ɨɛ 

0→5 100 0 
5→5,1 100→70 0→30 

5,1→10 70 30 
 

Ɋɨɡɱɢɧ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ. 700 ɦɥ ɦɟɬɚɧɨɥɭ ɡɦɿɲɭɸɬɶ ɡ 300 ɦɥ ɜɨɞɢ 

ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɩɟɪɟɦɿɲɭɸɬɶ ɬɚ ɨɯɨɥɨɞɠɭɸɬɶ ɞɨ ɤɿɦɧɚɬɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ. 100,0 ɦɝ ɊɋɁ Ⱦɏ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ 

ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 200,0 ɦɥ, ɞɨɞɚɸɬɶ 150 ɦɥ ɪɨɡɱɢɧɭ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɧɚ ɦɚɝɧɿɬɧɿɣ ɦɿɲɚɥɰɿ ɩɪɢ ɧɚɝɪɿɜɚɧɧɿ (40 ºɋ), ɨɯɨɥɨɞɠɭɸɬɶ ɬɚ 

ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ. 0,5 ɦɥ ɨɬɪɢɦɚɧɨɝɨ 

ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɞɨ 

ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ (5,0 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 10,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,3; 0,6; 0,7; 0,8; 

1,0 ɬɚ 1,5 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɊɋɁ Ⱦɏ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɪɨɡɱɢɧɨɦ 

ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ Ⱦɏ 0,05; 0,10; 0,15; 0,30; 

0,35; 0,40; 0,50 ɬɚ 0,75 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.33) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ, ɜɿɞɤɥɚɞɚɸɱɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ ɞɟɤɜɚɥɿɧɿɸ 

ɯɥɨɪɢɞɭ, ɭ ɜɿɞɫɨɬɤɚɯ ɜɿɞ ȽȾɄ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɧɨɪɦɚɥɿɡɨɜɚɧɿ ɡɧɚɱɟɧɧɹ 

ɩɥɨɳ ɩɿɤɿɜ (ɪɢɫɭɧɨɤ 3.1).  
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Ɋɢɫɭɧɨɤ 4.33. ɏɪɨɦɚɬɨɝɪɚɦɢ ɪɨɡɱɢɧɿɜ ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ  
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ɐɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞ (ɐȽ) (2-ɛɭɬɨɤɫɢ-N-[2-(ɞɢɟɬɢɥɚɦɿɧɨ)ɟɬɢɥ]-

ɯɿɧɨɥɿɧ-4-ɤɚɪɛɨɤɫɚɦɿɞ ɝɿɞɪɨɯɥɨɪɢɞ) – ɦɟɯɚɧɿɡɦ ɞɿʀ ɡɭɦɨɜɥɟɧɢɣ ɛɥɨɤɚɞɨɸ 

ɱɭɬɥɢɜɢɯ ɧɟɪɜɨɜɢɯ ɡɚɤɿɧɱɟɧɶ ɭ ɲɤɿɪɿ ɚɛɨ ɫɥɢɡɨɜɢɯ ɨɛɨɥɨɧɤɚɯ, ɡɚɫɬɨɫɨɜɭєɬɶɫɹ 

ɝɨɥɨɜɧɢɦ ɱɢɧɨɦ ɞɥɹ ɩɨɜɟɪɯɧɟɜɨʀ ɚɧɟɫɬɟɡɿʀ, ɨɫɤɿɥɶɤɢ є ɨɞɧɢɦ ɿɡ ɧɚɣɛɿɥɶɲ 

ɫɢɥɶɧɢɯ ɿ ɬɨɤɫɢɱɧɢɯ ɦɿɫɰɟɜɢɯ ɚɧɟɫɬɟɬɢɤɿɜ: 

ClH·
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O

CH3

NH

O

N CH3
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ɐȽ 

Ⱦɥɹ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɰɢɧɯɨɤɚʀɧɭ ɦɟɬɨɞɨɦ ȼȿɊɏ ɡ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɢɦ ɞɟɬɟɤɬɨɪɨɦ ɦɿɧɿɦɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ, ɹɤɚ ɦɨɠɟ ɛɭɬɢ 

ɡɧɚɣɞɟɧɚ, ɫɤɥɚɞɚє 0,04 ɦɤɝ/ɦɥ, ɳɨ ɫɬɚɧɨɜɢɬɶ 67 % ɜɿɞ ȽȾɄ. Ɍɚɤɢɦ ɱɢɧɨɦ, 

ɜɢɦɨɝɚ ɞɨ ɱɭɬɥɢɜɨɫɬɿ ɦɟɬɨɞɭ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɧɟ ɜɢɤɨɧɭєɬɶɫɹ, ɬɚɤɢɦ ɱɢɧɨɦ 

ɞɚɧɢɣ ɦɟɬɨɞ ɞɟɬɟɤɬɭɜɚɧɧɹ ɫɢɝɧɚɥɭ ɧɟ ɞɨɡɜɨɥɹє ɩɪɨɜɨɞɢɬɢ ɤɿɥɶɤɿɫɧɟ 

ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɭ ɰɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ (ɐȽ) ɧɚ ɩɨɜɟɪɯɧɿ 

ɮɚɪɦɨɛɥɚɞɧɚɧɧɹ. Ɉɞɧɢɦ ɡ ɦɟɬɨɞɿɜ ɞɟɬɟɤɬɭɜɚɧɧɹ ɡ ɛɿɥɶɲ ɜɢɫɨɤɨɸ ɱɭɬɥɢɜɿɫɬɸ 

ɬɚ ɫɩɟɰɢɮɿɱɧɿɫɬɸ є ɦɚɫ-ɫɩɟɤɬɪɨɦɟɬɪɿɹ. ɇɚɦɢ ɪɨɡɪɨɛɥɟɧɚ ɦɟɬɨɞɢɤɚ 

ɜɢɫɨɤɨɱɭɬɥɢɜɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɫɥɿɞɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɐȽ ɜ ɡɦɢɜɚɯ ɡ ɩɨɜɟɪɯɨɧɶ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɩɿɫɥɹ ɣɨɝɨ ɨɱɢɳɟɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɨɞɭ 

ɪɿɞɢɧɧɨʀ ɯɪɨɦɚɬɨ-ɦɚɫ-ɫɩɟɤɬɪɨɦɟɬɪɿʀ. Ⱦɟɬɟɤɬɭɜɚɧɧɹ ɐȽ ɩɪɨɜɨɞɢɥɢ ɡɚ 

ɫɢɝɧɚɥɨɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɚɬɿɨɧɚ ɨɫɧɨɜɧɨʀ ɪɟɱɨɜɢɧɢ ɡ 344 m/z (ɪɢɫɭɧɨɤ 4.34).  

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ 

ɡɚɞɨɜɿɥɶɧɨɸ ɥɿɧɿɣɧɿɫɬɸ ɜ ɞɿɚɩɚɡɨɧɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɜɿɞ 0,006 ɦɤɝ/ɦɥ ɞɨ  

0,114 ɦɤɝ/ɦɥ ɐȽ ɬɚ ɞɨɡɜɨɥɹє ɨɬɪɢɦɭɜɚɬɢ ɩɪɚɜɢɥɶɧɿ ɪɟɡɭɥɶɬɚɬɢ, ɳɨ 

ɩɿɞɬɜɟɪɞɠɟɧɨ ɫɬɚɬɢɫɬɢɱɧɨ ɧɟɡɧɚɱɧɨɸ ɫɢɫɬɟɦɚɬɢɱɧɨɸ ɩɨɯɢɛɤɨɸ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɰɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ. ɇɚɜɚɠɤɭ 10,0 ɦɝ ɊɋЗ ɐȽ 

ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɭ 30 ɦɥ ɜɨɞɢ ɞɥɹ 

ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɞɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ ɞɨ ɩɨɡɧɚɱɤɢ 

ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ 
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ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɜɨɞɹɬ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ 

ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

 

Ɋɢɫɭɧɨɤ 4.34. MS- ɫɩɟɤɬɪ ɩɿɤɭ ɰɢɧɯɨɤɚʀɧɭ 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,60; 1,95; 3,30; 4,65; 

6,00; 7,35; 8,70; 10,05 ɬɚ 11,40 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɐȽ, ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ 

ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ.  

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ  

ɦɚɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɧɢɦ ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,10 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɢɩɭ Zorbax  

Eclipse XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 3,5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ: 1 ɦɥ ɤɢɫɥɨɬɢ ɦɭɪɚɲɢɧɨʀ ɡɦɿɲɭɸɬɶ ɡ 1000 ɦɥ ɜɨɞɢ 

ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɱɢɧɭ ɚɦɿɚɤɭ 

ɤɨɧɰɟɧɬɪɨɜɚɧɨɝɨ ɞɨɜɨɞɹɬɶ ɡɧɚɱɟɧɧɹ ɪɇ ɞɨ 7,3. 200 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ 

ɡɦɿɲɭɸɬɶ ɡ 800 ɦɥ ɦɟɬɚɧɨɥɭ; ɲɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ 0,50 ɦɥ/ɯɜ; 

–   ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 25 ɨɋ; ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ; 

– ɦɚɫ-ɞɟɬɟɤɬɭɜɚɧɧɹ: ɿɨɧɿɡɚɰɿɹ – ɟɥɟɤɬɪɨɫɩɪɟɣ; ɩɨɥɹɪɧɿɫɬɶ – 

ɩɨɡɢɬɢɜɧɚ; ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ – 250ɨɋ; ɲɜɿɞɤɿɫɬɶ ɝɚɡɭ – 11 ɥ/ɯɜ;  
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ɟɧɟɪɝɿɹ – 210 ȼ; ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 8 ɯɜ. 

ɏɪɨɦɚɬɨɝɪɚɮɭɸɬɶ ɩɨɩɟɪɟɦɿɧɧɨ ɝɪɚɞɭɸɜɚɥɶɧɿ ɪɨɡɱɢɧɢ (ɪɢɫɭɧɨɤ 4.35). 

Ȼɭɞɭɸɬɶ ɝɪɚɮɿɤ ɥɿɧɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɩɥɨɳɿ ɩɿɤɭ ɦɚɫɨɸ 344 m/z ɜɿɞ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɪɨɡɱɢɧɭ (ɪɢɫɭɧɨɤ 4.36). 

 

Ɋɢɫɭɧɨɤ 4.35. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɐȽ ɞɥɹ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ 
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Ɋɢɫɭɧɨɤ 4.36. Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɡɚɥɟɠɧɨɫɬɿ ɩɥɨɳɿ ɩɿɤɭ ɜɿɞ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɐȽ 
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Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɐȽ  

0,006 ɦɤɝ/ɦɥ ɞɨ 0,114 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

Ɇɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ (ɧɚɬɪɿɸ [(1,5-ɞɢɦɟɬɢɥ-3-ɨɤɫɨ-2-ɮɟɧɿɥ-2,3-ɞɢɝɿɞɪɨ-

1ɇ-ɩɿɪɚɡɨɥ-4-ɿɥ)-N-ɦɟɬɢɥɚɦɿɧɨ]ɦɟɬɚɧɫɭɥɶɮɨɧɚɬ ɦɨɧɨɝɿɞɪɚɬ) – ɚɧɚɥɶɝɟɬɢɱɧɢɣ 

ɟɮɟɤɬ ɨɛɭɦɨɜɥɟɧɢɣ ɿɧɝɿɛɿɰɿєɸ ɐɈȽ ɬɚ ɛɥɨɤɭɜɚɧɧɹɦ ɫɢɧɬɟɡɭ ɩɪɨɫɬɚɝɥɚɧɞɢɧɿɜ 

ɡ ɚɪɚɯɿɞɨɧɨɜɨʀ ɤɢɫɥɨɬɢ, ɳɨ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɭ ɮɨɪɦɭɜɚɧɧɿ ɛɨɥɶɨɜɢɯ ɪɟɚɤɰɿɣ; 

ɦɚє ɡɧɟɛɨɥɸɜɚɥɶɧɭ, ɠɚɪɨɡɧɢɠɭɜɚɥɶɧɭ ɬɚ ɩɪɨɬɢɡɚɩɚɥɶɧɭ ɞɿʀ: 
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ɍ ɡɦɢɜɚɯ ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɪɟɩɚɪɚɬɭ AɇȾȱɎȿɇ ȱɋ, ɬɚɛɥɟɬɤɢ 

ɜɢɡɧɚɱɚɥɢ ɦɚɠɨɪɧɢɣ ɤɨɦɩɨɧɟɧɬ ɦɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ. ȼɢɡɧɚɱɟɧɧɹ ɩɪɨɜɨɞɹɬɶ 

ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹɦ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ 

ɭɦɨɜ: 

– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,15 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɨɪɛɟɧɬɨɦ ɬɢɩɭ Zorbax Eclipse XDB-C18 ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ Ⱥ: 2,0 ɝ ɧɚɬɪɿɸ ɝɟɤɫɚɧɫɭɥɶɮɨɧɚɬɭ ɩɨɦɿɳɚɸɬɶ ɭ ɫɤɥɹɧɤɭ 

ɦɿɫɬɤɿɫɬɸ 2000 ɦɥ, ɪɨɡɱɢɧɹɸɬɶ ɭ 800 ɦɥ ɪɨɡɱɢɧɭ 3,4 ɝ/ɥ ɤɚɥɿɸ 

ɞɢɝɿɞɪɨɮɨɫɮɚɬɭ, ɞɨɞɚɸɬɶ 200 ɦɥ ɦɟɬɚɧɨɥɭ, ɩɟɪɟɦɿɲɭɸɬɶ, ɨɯɨɥɨɞɠɭɸɬɶ ɬɚ 

ɞɨɜɨɞɹɬɶ ɤɢɫɥɨɬɨɸ ɮɨɫɮɨɪɧɨɸ ɞɨ ɪɇ 4,5; ɪɭɯɨɦɚ ɮɚɡɚ ȼ: ɦɟɬɚɧɨɥ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ɨɋ; ɨɛ’єɦ ɿɧɠɟɤɰɿʀ: 100 ɦɤɥ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 240 ɧɦ – ɩɪɨɬɹɝɨɦ ɩɟɪɲɢɯ 3,5 ɯɜ,  

210 ɧɦ – ɧɚɫɬɭɩɧɿ 2,5 ɯɜ, 240 ɧɦ – ɡ 6,0 ɯɜ ɞɨ 10,0 ɯɜ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɭɸ ɩɪɨɝɪɚɦɭ ɝɪɚɞɿєɧɬɭ: 

ɑɚɫ (ɯɜ) 
Ɋɭɯɨɦɚ ɮɚɡɚ Ⱥ 

(% ɨɛ/ɨɛ) 
Ɋɭɯɨɦɚ ɮɚɡɚ ȼ 

(% ɨɛ/ɨɛ) 
ɒɜɿɞɤɿɫɬɶ ɪɭɯɨɦɨʀ 

(ɦɥ/ɯɜ) 
0 – 3,5 75 25 1,5 

3,5 – 6,0 75→25 25→75 1,5→0,8 
6,0 – 10,0 25 75 0,8 

Post time 2 ɯɜ 
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Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɊɋЗ ɦɟɬɚɦɿɡɨɥɭ ɧɚɬɪɿɸ. 0,250 ɝ ɊɋɁ ɦɟɬɚɦɿɡɨɥɭ ɧɚɬɪɿɸ 

ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 50 ɦɥ 0,1 Ɇ ɪɨɡɱɢɧɭ 

ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ ɤɢɫɥɨɬɢ, ɩɟɪɟɦɿɲɭɸɬɶ ɩɪɢ ɧɚɝɪɿɜɚɧɧɿ (70 ºɋ) ɩɪɨɬɹɝɨɦ  

15 ɯɜ, ɨɯɨɥɨɞɠɭɸɬɶ, ɞɨɜɨɞɹɬɶ ɨɛ'єɦ ɪɨɡɱɢɧɭ ɬɢɦ ɠɟ ɪɨɡɱɢɧɧɢɤɨɦ ɞɨ 

ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

1,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  

100,0 ɦɥ, ɞɨɜɨɞɹɬɶ ɨɛ'єɦ ɪɨɡɱɢɧɭ 0,1 Ɇ ɪɨɡɱɢɧɨɦ ɤɢɫɥɨɬɢ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ 

ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ (25 ɦɤɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,5; 1,0; 1,5; 2,0; 

4,0; 6,0; 8,0; 10,0; 12,0 ɬɚ 14,0 ɦɥ ɪɨɡɱɢɧɭ ɊɋɁ ɦɟɬɚɦɿɡɨɥɭ ɧɚɬɪɿɸ ɬɚ ɞɨɜɨɞɹɬɶ 

ɨɛ’єɦɢ ɞɨ ɩɨɡɧɚɱɤɢ 0,1 Ɇ ɪɨɡɱɢɧɨɦ ɤɢɫɥɨɬɢ ɯɥɨɪɢɫɬɨɜɨɞɧɟɜɨʀ, ɨɬɪɢɦɭɸɱɢ 

ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɦɟɬɚɦɿɡɨɥɭ ɧɚɬɪɿɸ 0,025; 0,125; 0,25; 0,375; 0,5; 1,0; 1,5; 

2,0; 2,5; 3,0 ɬɚ 3,5 ɦɤɝ/ɦɥ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.37, ɚ) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ (ɪɢɫɭɧɨɤ 4.37, ɛ), ɜɿɞɤɥɚɞɚɸɱɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɦɟɬɚɦɿɡɨɥɭ ɧɚɬɪɿɸ, ɜ ɦɤɝ/ɦɥ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ 

ɦɟɬɚɦɿɡɨɥɭ. 
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0.99939                    4.41375          11  <0.0001
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Ɋɢɫɭɧɨɤ 4.37. ɏɪɨɦɚɬɨɝɪɚɦɢ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ ɦɟɬɚɦɿɡɨɥɭ ɧɚɬɪɿɸ (ɚ, 
1- ɩɿɤ ɦɟɬɚɦɿɡɨɥɭ ɧɚɬɪɿɸ) ɬɚ ɝɪɚɞɭɸɜɚɥɶɧɢɤ ɝɪɚɮɿɤ ɞɥɹ ɣɨɝɨ ɜɢɡɧɚɱɟɧɧɹ (ɛ) 

 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɦɟɬɚɦɿɡɨɥɭ 
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ɧɚɬɪɿɸ 0,025 – 3,5 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 
 

 L-ɜɚɥɿɧ, L-ɥɟɣɰɢɧ ɬɚ L-ɿɡɨɥɟɣɰɢɧ – ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ ɧɟɡɚɦɿɧɧɢɯ 

ɚɦɿɧɨɤɢɫɥɨɬ (ȺɄ), ɜɢɤɨɧɭɸɬɶ ɪɨɥɶ ɧɟɣɪɨɦɟɞɿɚɬɨɪɿɜ ɚɛɨ є ʀɯ ɩɨɩɟɪɟɞɧɢɤɚɦɢ, 

ɧɟɨɛɯɿɞɧɿ ɞɥɹ ɧɨɪɦɚɥɶɧɨʀ ɪɨɛɨɬɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɤɭ, ɚ ɬɚɤɨɠ ɡɚɛɟɡɩɟɱɭɸɬɶ 

ɟɧɟɪɝɿєɸ ɦ'ɹɡɨɜɭ ɬɤɚɧɢɧɭ:  
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CH3  NH2
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L-ɥɟɣɰɢɧ L-ɿɡɨɥɟɣɰɢɧ L-ɜɚɥɿɧ 

 

ȼɿɞɨɦɢɣ ɫɩɨɫɿɛ ɜɢɡɧɚɱɟɧɧɹ ɚɦɿɧɨɤɢɫɥɨɬ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ ȼȿɊɏ ɡ 

ɩɨɩɟɪɟɞɧɶɨɸ ɩɪɨɰɟɞɭɪɨɸ ɩɪɟɞɤɨɥɨɧɨɱɧɨʀ ʀɯ ɞɟɪɢɜɚɬɢɡɚɰɿʀ [128] ɩɟɪɟɞɛɚɱɚє 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɨ-ɮɬɚɥɟɜɨɝɨ ɚɥɶɞɟɝɿɞɭ (ɈɎȺ) ɜ ɹɤɨɫɬɿ ɞɟɪɢɜɚɬɢɡɭɸɱɨɝɨ ɚɝɟɧɬɭ. 

ɈɎȺ ɜ ɩɪɢɫɭɬɧɨɫɬɿ ɫɭɥɶɮɭɪɜɦɿɫɧɨɝɨ ɧɭɤɥɟɨɮɿɥɭ ɲɜɢɞɤɨ ɬɚ ɤɿɥɶɤɿɫɧɨ 

ɜɡɚєɦɨɞɿє ɡ ɚɦɿɧɨɤɢɫɥɨɬɚɦɢ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ. ɉɪɢ ɰɶɨɦɭ 

ɭɬɜɨɪɸɸɬɶɫɹ ɧɟɫɬɿɣɤɿ ɩɨɯɿɞɧɿ ɈɎȺ, ɳɨ є ɧɟɞɨɥɿɤɨɦ ɞɚɧɨɝɨ ɦɟɬɨɞɭ. Ɍɚɤɨɠ 

ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɚɜɬɨɫɚɦɩɥɟɪ ɩɪɢɥɚɞɭ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɩɪɨɜɨɞɢɬɢ 

ɞɟɪɢɜɚɬɿɡɚɰɿɸ ɜ ɚɜɬɨɦɚɬɢɱɧɨɦɭ ɪɟɠɢɦɿ ɜɧɟɫɟɧɧɹ, ɪɨɡɜɟɞɟɧɧɹ ɿ ɡɦɿɲɭɜɚɧɧɹ ɬɚ 

ɫɩɟɰɿɚɥɶɧɭ ɤɨɥɨɧɤɭ Zorbax Eclipse ȺȺȺ, ɳɨ ɝɨɜɨɪɢɬɶ ɩɪɨ ɜɢɫɨɤɭ ɜɚɪɬɿɫɬɶ 

ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɜɢɬɪɚɬɧɢɯ ɦɚɬɟɪɿɚɥɿɜ. Ⱦɨ ɰɶɨɝɨ ɳɟ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɞɪɭɝɢɣ ɤɨɦɩɨɧɟɧɬ – ɫɭɥɶɮɭɪɜɦɿɫɧɢɣ ɧɭɤɥɟɨɮɿɥ (ɧɚɩɪɢɤɥɚɞ, 

ɦɟɪɤɚɩɬɨɟɬɚɧɨɥ). 

ɇɚɦɢ ɪɨɡɪɨɛɥɟɧɚ ɩɪɨɫɬɚ ɭ ɜɢɤɨɧɚɧɧɿ ɦɟɬɨɞɢɤɚ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

ɚɦɿɧɨɤɢɫɥɨɬ, L-ɜɚɥɿɧɭ, L-ɥɟɣɰɢɧɭ ɬɚ L-ɿɡɨɥɟɣɰɢɧɭ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ 

ɩɪɟɞɤɨɥɨɧɨɱɧɨʀ ɞɟɪɢɜɚɬɢɡɚɰɿʀ ɡ ɪɟɚɝɟɧɬɨɦ, ɹɤɢɣ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ 

ɨɪɝɚɧɿɱɧɨɦɭ ɫɢɧɬɟɡɿ ɞɥɹ ɡɚɯɢɫɬɭ ɚɦɿɧɨɝɪɭɩ – ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɤɚɪɛɨɧɚɬ 

(ȼɨɫ2Ɉ):  
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 (ȼɨɫ2Ɉ) 

ɉɟɪɟɜɚɝɚ ɦɟɬɨɞɢɤɢ ɬɚɤɨɠ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɞɥɹ ɍɎ ɞɟɬɟɤɬɭɜɚɧɧɹ 
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ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɪɚɞɢɰɿɣɧɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɤɨɥɨɧɤɢ ɡ ɫɢɥɿɤɚɝɟɥɟɦ 

ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ (ɋ18). 

ȼ ɭɦɨɜɚɯ ɪɨɡɪɨɛɥɟɧɨʀ ɦɟɬɨɞɢɤɢ ɩɪɨɩɨɧɭєɬɶɫɹ ɩɪɨɜɨɞɢɬɢ 

ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɭ ɜ ɩɪɢɫɭɬɧɨɫɬɿ 0,5 Ɇ ɪɨɡɱɢɧɭ ɝɿɞɪɨɤɫɢɞɭ ɧɚɬɪɿɸ. ɍ ɥɭɠɧɨɦɭ 

ɫɟɪɟɞɨɜɢɳɿ ȺɄ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɚɧɿɨɧɧɿɣ ɮɨɪɦɿ ɬɚ ɪɟɚɤɰɿɹ ɡ Boc2O ɩɪɨɬɿɤɚє ɡɚ 

ɧɚɫɬɭɩɧɨɸ ɫɯɟɦɨɸ: 

O N
H

O RCH
3

CH
3

CH
3

O

O
NH

2

R

O

O Boc2O

- CO2

- (CH3)3COH  

Ʉɿɥɶɤɿɫɧɟ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɚɦɿɧɨɤɢɫɥɨɬ (L-ɜɚɥɿɧ,  

L-ɥɟɣɰɢɧ ɬɚ L-ɿɡɨɥɟɣɰɢɧ) ɧɚ ɩɨɜɟɪɯɧɿ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɧɚ 

ɹɤɨɦɭ ɜɿɞɛɭɜɚɥɨɫɶ ɜɢɪɨɛɧɢɰɬɜɨ ɞɿєɬɢɱɧɨʀ ɞɨɛɚɜɤɢ «BCAA ɫɦɚɪɬ»  

(ɌȾȼ «ȱɇɌȿɊɏȱɆ», ɍɤɪɚʀɧɚ), ɩɪɨɜɨɞɢɥɢ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ȼȿɊɏ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ 

Ɋɨɡɱɢɧ ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɤɚɪɛɨɧɚɬɭ. 21,90 ɝ ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɤɚɪɛɨɧɚɬɭ 

(CAS 24424-99-5) ɩɨɦɿɳɚɸɬɶ ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɜɨɞɹɬɶ 

ɨɛ’єɦ ɪɨɡɱɢɧɭ ɚɰɟɬɨɧɿɬɪɢɥɨɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ. 

Ɋɨɡɱɢɧ ɊɋЗ L-ɥɟɣɰɢɧɭ, ɊɋЗ L-ɜɚɥɿɧɭ, ɊɋЗ L-ɿɡɨɥɟɣɰɢɧɭ. ɍ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɜɧɨɫɹɬɶ 300,0 ɦɝ ɊɋɁ L-ɥɟɣɰɢɧɭ, 150,0 ɦɝ ɊɋɁ L-ɜɚɥɿɧɭ, 

150,0 ɦɝ ɊɋɁ L-ɿɡɨɥɟɣɰɢɧɭ, ɪɨɡɱɢɧɹɸɬɶ ɜ 70 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɬɚ 

ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ.  

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,1; 0,2; 0,3; 0,5; 1,0; 3,0; 

5,0; 8,0 ɬɚ 10,0 ɦɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ, ɞɨɞɚɸɬɶ 2,0 ɦɥ 0,5 Ɇ ɪɨɡɱɢɧɭ ɧɚɬɪɿɸ 

ɝɿɞɪɨɤɫɢɞɭ, 30 ɦɥ ɦɟɬɚɧɨɥɭ ɬɚ 1,0 ɦɥ ɪɨɡɱɢɧɭ ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɤɚɪɛɨɧɚɬɭ, 

ɩɟɪɟɦɿɲɭɸɬɶ ɧɚ ɦɚɝɧɿɬɧɿɣ ɦɿɲɚɥɰɿ ɩɪɨɬɹɝɨɦ 30 ɯɜ (ɱɚɫɭ ɩɟɪɟɦɿɲɭɜɚɧɧɹ 

ɞɨɬɪɢɦɭɜɚɬɢɫɹ ɨɛɨɜ'ɹɡɤɨɜɨ). Ⱦɨɜɨɞɹɬɶ ɨɛ’єɦ ɪɨɡɱɢɧɭ ɦɟɬɚɧɨɥɨɦ ɞɨ ɩɨɡɧɚɱɤɢ 

ɬɚ ɩɟɪɟɦɿɲɭɸɬɶ.  

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɧɚ ɪɿɞɢɧɧɨɦɭ ɯɪɨɦɚɬɨɝɪɚɮɿ ɡ 

ɍɎ-ɞɟɬɟɤɬɨɪɨɦ ɡɚ ɬɚɤɢɯ ɭɦɨɜ: 
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– ɤɨɥɨɧɤɚ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɪɨɡɦɿɪɨɦ 0,10 ɦ × 4,6 ɦɦ, ɡɚɩɨɜɧɟɧɚ 

ɫɢɥɿɤɚɝɟɥɟɦ ɨɤɬɚɞɟɰɢɥɫɢɥɿɥɶɧɢɦ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ  

3,5 ɦɤɦ; 

– ɪɭɯɨɦɚ ɮɚɡɚ: ɫɭɦɿɲ ɚɰɟɬɨɧɿɬɪɢɥ : 0,1 % (ɨɛ/ɨɛ) ɪɨɡɱɢɧ ɦɭɪɚɲɢɧɨʀ 

ɤɢɫɥɨɬɢ (30:70 ɨɛ/ɨɛ); 

– ɲɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ: 1,0 ɦɥ/ɯɜ; 

– ɨɛ’єɦ ɩɪɨɛɢ, ɳɨ ɜɜɨɞɢɬɶɫɹ: 10 ɦɤɥ; 

– ɞɟɬɟɤɬɭɜɚɧɧɹ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ: 200 ɧɦ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ: 30 ºɋ; 

– ɱɚɫ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: 17 ɯɜ. 

ɏɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ ɩɪɨɜɨɞɹɬɶ ɜ ɿɡɨɤɪɚɬɢɱɧɨɦɭ ɪɟɠɢɦɿ (ɧɚ ɪɢɫɭɧɤɭ 

4.38 ɧɚɜɟɞɟɧɨ ɯɪɨɦɚɬɨɝɪɚɦɢ ɪɨɡɱɢɧɿɜ ɊɋɁ ȺɄ ɞɥɹ ɝɪɚɞɭɸɜɚɥɶɧɢɯ ɝɪɚɮɿɤɿɜ, 

ɞɟ 1 – L-ɜɚɥɿɧ, 2 – L-ɿɡɨɥɟɣɰɢɧ, 3 – L-ɥɟɣɰɢɧ). 

 

Ɋɢɫɭɧɨɤ 4.38. ɏɪɨɦɚɬɨɝɪɚɦɢ ɪɨɡɱɢɧɿɜ ɊɋɁ ȺɄ ɞɥɹ ɝɪɚɞɭɸɜɚɥɶɧɢɯ 

ɝɪɚɮɿɤɿɜ, ɞɟ 1 – L-ɜɚɥɿɧ, 2 – L-ɿɡɨɥɟɣɰɢɧ, 3 – L-ɥɟɣɰɢɧ) 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ, 

ɜɿɞɤɥɚɞɚɸɱɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɦɿɧɨɤɢɫɥɨɬ, ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – 

ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɚɛɫɨɪɛɰɿʀ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 200 ɧɦ (ɩɥɨɳɿ ɩɿɤɿɜ) 
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Ƚɪɚɞɭɸɜɚɥɶɧɿ ɡɚɥɟɠɧɿɫɬɿ ɩɥɨɳ ɩɿɤɿɜ ɜɿɞ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɦɿɧɨɤɢɫɥɨɬ ɧɚɜɟɞɟɧɨ 

ɧɚ ɪɢɫɭɧɤɭ 4.39. 
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Ɋɢɫɭɧɨɤ 4.39. Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ȺɄ, ɞɟ  

ɚ – L-ɜɚɥɿɧ, ɛ – L-ɿɡɨɥɟɣɰɢɧ, ɜ – L-ɥɟɣɰɢɧ 

 

Ƚɪɚɞɭɸɜɚɥɶɧɿ ɝɪɚɮɿɤɢ ɥɿɧɿɣɧɿ ɜ ɿɧɬɟɪɜɚɥɚɯ ɤɨɧɰɟɧɬɪɚɰɿɣ L-ɜɚɥɿɧɭ  

1,5 – 150,0 ɦɤɝ/ɦɥ, L-ɿɡɨɥɟɣɰɢɧɭ 1,5 – 150,0 ɦɤɝ/ɦɥ ɬɚ L-ɥɟɣɰɢɧɭ 3,0 –  

300,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

Ƚɥɸɤɨɡɚ  

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɰɭɤɪɿɜ, ɰɭɤɪɨɜɢɯ ɫɩɢɪɬɿɜ, ɹɤɿ ɧɟ ɩɨɝɥɢɧɚɸɬɶ ɚɛɨ ɫɥɚɛɨ 

ɩɨɝɥɢɧɚɸɬɶ ɫɜɿɬɥɨ ɜ ɍɎ-ɨɛɥɚɫɬɿ (ɧɚɩɪɢɤɥɚɞ, ɝɥɸɤɨɡɚ) ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 

ɪɟɮɪɚɤɬɨɦɟɬɪɢɱɧɢɣ ɞɟɬɟɤɬɨɪ, ɚ ɬɚɤɨɠ ɩɨɬɪɿɛɧɚ ɥɿɝɚɧɞɨɨɛɦɿɧɧɚ ɤɨɥɨɧɤɚ, 

ɡɚɩɨɜɧɟɧɚ ɫɢɥɶɧɨɸ ɤɚɬɿɨɧɧɨɨɛɦɿɧɧɨɸ ɫɦɨɥɨɸ (ɤɚɥɶɰɿєɜɚ ɮɨɪɦɚ),  
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0,30 ɦ × 7,8 ɦɦ ɡ ɪɨɡɦɿɪɨɦ ɱɚɫɬɨɤ 9 ɦɤɦ. ɍɦɨɜɢ ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ: ɪɭɯɨɦɚ 

ɮɚɡɚ – ɜɨɞɚ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ; ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ – 80ɨ ɋ; ɬɟɦɩɟɪɚɬɭɪɚ 

ɞɟɬɟɤɬɨɪɚ – 40 ºɋ; ɲɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨʀ ɮɚɡɢ – 1,0 ɦɥ/ɯɜ; ɱɚɫ 

ɯɪɨɦɚɬɨɝɪɚɮɭɜɚɧɧɹ – 10 ɯɜ; ɨɛ’єɦ ɿɧɠɟɤɰɿʀ – 100 ɦɤɥ. 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ  

ȼɢɩɪɨɛɨɜɭɜɚɧɿ ɪɨɡɱɢɧɢ. 1,0 ɝ ɝɥɸɤɨɡɢ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ 

ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ, ɞɨɞɚɸɬɶ 70 ɦɥ ɜɨɞɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ, ɪɨɡɱɢɧɹɸɬɶ ɬɚ 

ɞɨɜɨɞɹɬɶ ɨɛ'єɦ ɞɨ ɩɨɡɧɚɱɤɢ ɬɢɦ ɫɚɦɢɦ ɪɨɡɱɢɧɧɢɤɨɦ (10 ɦɝ/ɦɥ). 

ɍ ɦɿɪɧɿ ɤɨɥɛɢ ɦɿɫɬɤɿɫɬɸ 100,0 ɦɥ ɩɨɦɿɳɚɸɬɶ ɩɨ 0,05; 0,1; 0,5; 1,0; 5,0; 

10,0; 20,0 ɦɥ ɪɨɡɱɢɧɭ ɝɥɸɤɨɡɢ ɬɚ ɞɨɜɨɞɹɬɶ ɜɨɞɨɸ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɿʀ ɞɨ 

ɩɨɡɧɚɱɤɢ, ɨɬɪɢɦɭɸɱɢ ɪɨɡɱɢɧɢ ɡ ɜɦɿɫɬɨɦ ɝɥɸɤɨɡɢ 0,005; 0,01; 0,05; 0,1; 0,5; 

1,0 ɿ 2,0 ɦɝ/ɦɥ ɜɿɞɩɨɜɿɞɧɨ.  

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ (ɪɢɫɭɧɨɤ 4.40) ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ 

ɝɪɚɮɿɤ, ɜɿɞɤɥɚɞɚɸɱɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɥɸɤɨɡɢ (ɦɝ/ɦɥ), ɚ 

ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ ɩɥɨɳ ɩɿɤɿɜ (ɪɢɫɭɧɨɤ 4.41).  

 

Ɋɢɫɭɧɨɤ 4.40. ɏɪɨɦɚɬɨɝɪɚɦɢ ɪɭɯɨɦɨʀ ɮɚɡɢ (1), ɤɨɧɬɪɨɥɶɧɨɝɨ ɞɨɫɥɿɞɭ 

(ɱɢɫɬɢɣ ɫɜɚɛ) (2), ɪɨɡɱɢɧɿɜ ɝɥɸɤɨɡɢ (3 – 9)  

 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɝɥɸɤɨɡɢ 

0,005 – 2,0 ɦɤɝ/ɦɥ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

ɉɪɢ ɨɰɿɧɰɿ ɩɪɢɞɚɬɧɨɫɬɿ ɪɨɡɪɨɛɥɟɧɢɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɧɢɯ ɦɟɬɨɞɢɤ 
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ɮɚɤɬɨɪ ɫɢɦɟɬɪɿʀ ɩɿɤɭ ɧɟ ɩɟɪɟɜɢɳɭɜɚɜ 1,5, ɱɢɫɥɨ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚɪɿɥɨɤ (ɬ.ɬ.)  
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Ɋɢɫɭɧɨɤ 4.41. Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɥɸɤɨɡɢ 

 

ɩɟɪɟɜɢɳɭє 2000, ɜɿɞɧɨɫɧɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɱɚɫɭ ɭɬɪɢɦɭɜɚɧɧɹ (τɭɬɪ) ɬɚ 

ɩɥɨɳɿ ɩɿɤɭ (Sɩɿɤɭ) ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɨ 2,0 % ɩɪɢ n = 5. ȼ ɬɚɛɥɢɰɿ 4.3 ɧɚɜɟɞɟɧɿ 

ɩɨɤɚɡɧɢɤɢ ɩɪɢɞɚɬɧɨɫɬɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ ɫɢɫɬɟɦ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɜɢɜɱɟɧɢɯ 

ɩɪɟɩɚɪɚɬɿɜ. Ɉɰɿɧɤɚ ɤɥɸɱɨɜɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɪɢɞɚɬɧɨɫɬɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ 

ɫɢɫɬɟɦɢ ɜɢɹɜɢɥɚ ɩɟɪɫɩɟɤɬɢɜɭ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɥɹ ɤɨɧɬɪɨɥɸ ɡɚɥɢɲɤɨɜɢɯ 

ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɜ ɡɦɢɜɚɯ ɡ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɜɢɪɨɛɧɢɰɬɜɚ. 

Ɇɟɬɨɞɢɤɢ ɪɨɡɪɨɛɥɟɧɿ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɦɟɬɨɞɢɱɧɢɯ ɬɚ ɦɟɬɪɨɥɨɝɿɱɧɢɯ ɜɢɦɨɝ, 

ɜɚɥɿɞɨɜɚɧɿ ɡɚ ɧɚɫɬɭɩɧɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ: ɫɩɟɰɢɮɿɱɧɿɫɬɶ, ɥɿɧɿɣɧɿɫɬɶ, ɬɨɱɧɿɫɬɶ, 

ɦɟɠɚ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ. 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɦɟɬɨɞɢɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ 

ɡɚɞɨɜɿɥɶɧɨɸ ɥɿɧɿɣɧɿɫɬɸ, ɧɢɡɶɤɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɦɟɠ ɜɢɹɜɥɟɧɧɹ (Ɇȼ) ɿ ɦɟɠ 

ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ (ɆɄȼ) ɬɚ ɞɨɡɜɨɥɹɸɬɶ ɨɬɪɢɦɭɜɚɬɢ ɞɨɫɬɨɜɿɪɧɿ 

ɪɟɡɭɥɶɬɚɬɢ ɤɨɧɬɪɨɥɸ ɨɱɢɳɟɧɧɹ ɩɨɜɟɪɯɨɧɶ ɨɛɥɚɞɧɚɧɧɹ. ɉɪɢ ɰɶɨɦɭ ɆɄȼ ɧɟ 

ɩɟɪɟɜɢɳɭɸɬɶ ɜɟɥɢɱɢɧ ɞɨɩɭɫɬɢɦɢɯ ɡɚɥɢɲɤɿɜ (ȽȾɄ) (ɬɚɛɥ. 3.1 Ⱦ, ɞɨɞɚɬɨɤ 3). 
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Ɍɚɛɥɢɰɹ 4.3  
Ɉɰɿɧɤɚ ɩɪɢɞɚɬɧɨɫɬɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɫɢɫɬɟɦɢ (n = 5) 

ȺɎȱ ɫɢɦɟɬɪɿɹ 
ɩɿɤɭ 

ɱɢɫɥɨ 
ɬ.ɬ 

τɭɬɪ  
RSD % 

 

Sɩɿɤɭ  
RSD % 

 
Ɋɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬ  1,0 2011 0,9 0,7 

Ʌɟɜɚɧɚ 0,8 3045 0,4 0,9 
ɋɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬ 1,5 4356 0,8 0,7 

Ɏɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞ 0,9 4992 0,4 0,9 
Ʉɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 1,1 3781 1,1 1,3 
Ɋɨɡɭɜɚɫɬɚɬɢɧ ɤɚɥɶɰɿɸ  0,8 2881 0,5 0,7 

Ⱦɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞ 1,1 4304 0,3 0,6 
ɉɚɪɚɰɟɬɚɦɨɥ  

(ȺɆȱɐɂɌɊɈɇ®, ɫɚɲɟ) 
0,9 3120 0,4 1,2 

ɉɚɪɚɰɟɬɚɦɨɥ  
(ȺɆȱɐɂɌɊɈɇ® ɉɅɘɋ, ɫɚɲɟ) 1,0 2064 0,2 1,4 

Ƚɜɚɣɮɟɧɟɡɢɧ 1,1 4680 1,1 1,8 
ɉɚɪɚɰɟɬɚɦɨɥ  

(ɌȿɈɎȿȾɊɂɇ ȱɋ®, ɬɚɛɥɟɬɤɢ) 0,8 3028 0,5 1,5 

Ɍɟɨɮɿɥɿɧ 0,9 2211 0,2 1,7 
Ⱦɟɤɜɚɥɢɧɿɸ ɯɥɨɪɢɞ 1,1 3254 1,1 0,8 

ɐɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 1,0 4100 1,0 1,1 

Ɇɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ 1,1 2501 1,3 1,6 
L-ɥɟɣɰɢɧ 1,2 3511 0,5 1,4 
L-ɜɚɥɢɧ 1,0 4778 0,8 1,2 

L-ɿɡɨɥɟɣɰɢɧ 1,0 4896 0,6 1,5 
Ƚɥɸɤɨɡɚ  1,1 3564 0,5 1,7 

ɤɪɢɬɟɪɿɣ ɩɪɢɣɧɹɬɧɨɫɬɿ 0,8 – 1,5 ≥ 2000 < 2 < 2 
 

4.2.3 ȼȿɌɒɏ ɜɢɡɧɚɱɟɧɧɹ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ (ɩɨ 

ɤɜɟɪɰɟɬɢɧɭ) 

ȼɚɠɥɢɜɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɳɨ ɜɿɞɨɛɪɚɠɚє ɹɤɿɫɬɶ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ 

ɩɿɫɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɥɿɤɚɪɫɶɤɢɯ ɮɨɪɦ ɿ ɛɿɨɞɨɛɚɜɨɤ, ɳɨ ɦɿɫɬɹɬɶ ȺɎȱ ɪɨɫɥɢɧɧɨɝɨ 

ɩɨɯɨɞɠɟɧɧɹ, є ɜɦɿɫɬ ɦɚɠɨɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɭ ɧɚ ɩɨɜɟɪɯɧɿ ɜɿɞɩɨɜɿɞɧɨɝɨ 

ɭɫɬɚɬɤɭɜɚɧɧɹ (ɜ ɪɚɡɿ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ – ɤɜɟɪɰɟɬɢɧɭ). 

Ⱦɨ ɫɤɥɚɞɭ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ ɜɯɨɞɹɬɶ ɪɿɡɧɿ 

ɛɿɨɥɨɝɿɱɧɨ ɚɤɬɢɜɧɿ ɪɟɱɨɜɢɧɢ (ȻȺɊ), ɜ ɬɨɦɭ ɱɢɫɥɿ ɮɥɚɜɨɧɨʀɞɢ, ɬɟɪɩɟɧɨɜɿ 

ɬɪɿɥɚɤɬɨɧɢ, ɚɥɤɚɥɨʀɞɢ, ɨɪɝɚɧɿɱɧɿ ɤɢɫɥɨɬɢ ɬɚ ɦɿɤɪɨɟɥɟɦɟɧɬɢ. ɐɿ ȻȺɊ ɦɚɸɬɶ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɭ, ɩɪɨɬɢɿɲɟɦɿɱɧɭ, ɩɪɨɬɢɧɚɛɪɹɤɨɜɭ, ɚɧɬɢɚɝɪɟɝɚɧɬɧɭ, 
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ɞɿɭɪɟɬɢɱɧɭ ɬɚ ɧɟɣɪɨɩɪɨɬɟɤɬɨɪɧɭ ɞɿɸ. 

Ʉɜɟɪɰɟɬɢɧ – 3,3',4',5,7 – ɩɟɧɬɚɝɿɞɪɨɤɫɢɮɥɚɜɨɧ ɞɢɝɿɞɪɚɬ. 

OH

OH

OOH

OH O
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∙ 2 ɇ2Ɉ 

ɉɪɢ ɪɨɡɪɨɛɰɿ ɦɟɬɨɞɢɤɢ, ɹɤ ɪɨɡɱɢɧɧɢɤ ɞɥɹ ɩɪɢɝɨɬɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ, ɛɭɜ 

ɜɢɤɨɪɢɫɬɚɧɢɣ ɦɟɬɚɧɨɥ. ɉɪɢ ɩɨɛɭɞɨɜɿ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ ɡɚɥɟɠɧɨɫɬɿ 

ɩɥɨɳɿ ɩɿɤɭ ɜɿɞ ɦɚɫɢ ɤɜɟɪɰɟɬɢɧɭ ɧɚ ɩɥɚɫɬɢɧɰɿ ɛɭɥɨ ɜɢɹɜɥɟɧɨ, ɳɨ ɜɟɥɢɱɢɧɚ 

ɜɿɥɶɧɨɝɨ ɱɥɟɧɚ ɪɿɜɧɹɧɧɹ ɝɪɚɞɭɸɜɚɥɶɧɨʀ ɡɚɥɟɠɧɨɫɬɿ (ɭ = 32,094ɯ – 1294,3) ɦɚє 

ɞɭɠɟ ɜɟɥɢɤɟ ɧɟɝɚɬɢɜɧɟ ɡɧɚɱɟɧɧɹ ɬɚ ɧɚɣɦɟɧɲɟ ɧɚɧɟɫɟɧɧɹ, ɳɨ ɞɟɬɟɤɬɭєɬɶɫɹ, 

ɜɿɞɩɨɜɿɞɚє ɦɚɫɿ ɛɥɢɡɶɤɨ 50 ɧɝ/ɩɥɹɦɭ. 

Ɇɢ ɩɪɢɩɭɫɬɢɥɢ, ɳɨ ɰɟ ɩɨɜ'ɹɡɚɧɨ ɿɡ ɜɡɚєɦɨɞɿєɸ ɤɜɟɪɰɟɬɢɧɭ ɡ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɨɪɛɟɧɬɭ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɛɭɥɚ ɞɨɫɥɿɞɠɟɧɚ ɪɨɛɚɫɬɧɿɫɬɶ 

ɦɟɬɨɞɢɤɢ ɩɨ ɡɚɥɟɠɧɨɫɬɿ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɫɢɝɧɚɥɭ ɜɿɞ ɱɚɫɭ ɡɧɚɯɨɞɠɟɧɧɹ 

ɪɟɱɨɜɢɧɢ ɧɚ ɩɥɚɫɬɢɧɰɿ. Ⱦɥɹ ɰɶɨɝɨ ɧɚ ɩɥɚɫɬɢɧɤɭ ɧɚɧɨɫɢɥɢ ɩɨ 100 ɧɝ 

ɤɜɟɪɰɟɬɢɧɭ ɡ ɿɧɬɟɪɜɚɥɨɦ 15 ɯɜ ɦɿɠ ɤɨɠɧɨɸ ɚɩɥɿɤɚɰɿєɸ, ɜɫɶɨɝɨ 5 ɧɚɧɟɫɟɧɶ. 

Ȼɭɥɚ ɜɢɹɜɥɟɧɚ ɦɨɧɨɬɨɧɧɚ ɡɦɿɧɚ ɫɢɝɧɚɥɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɱɚɫɭ ɩɟɪɟɛɭɜɚɧɧɹ 

ɪɟɱɨɜɢɧɢ ɧɚ ɩɨɜɟɪɯɧɿ ɫɨɪɛɟɧɬɭ. Ɉɫɤɿɥɶɤɢ ɜ ɚɧɚɥɿɡɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 

ɩɥɚɫɬɢɧɢ ɡ ɮɥɭɨɪɟɫɰɟɧɬɧɢɦ ɿɧɞɢɤɚɬɨɪɨɦ UF 254, ɚ ɜ ɹɤɨɫɬɿ ɿɧɞɢɤɚɬɨɪɚ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɫɢɥɿɤɚɬ ɰɢɧɤɭ (ȱȱ), ɛɭɥɨ ɩɪɢɩɭɳɟɧɨ, ɳɨ ɧɚ ɩɨɜɟɪɯɧɿ 

ɫɨɪɛɟɧɬɭ ɜ ɦɿɫɰɿ ɧɚɧɟɫɟɧɧɹ ɜɿɞɛɭɜɚєɬɶɫɹ ɨɛɨɪɨɬɧɚ ɜɡɚєɦɨɞɿɹ ɤɜɟɪɰɟɬɢɧɭ ɡ 

ɫɿɥɥɸ ɰɢɧɤɭ (ȱȱ) ɡɚ ɧɚɫɬɭɩɧɨɸ ɫɯɟɦɨɸ: 
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ɉɪɢɧɰɢɩɨɜɨ ɜɚɠɥɢɜɨ, ɳɨ ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɫɯɟɦ ɜɡɚєɦɨɞɿʀ (ɩɨ 

ɨɪɬɨɨɤɫɿɤɚɪɛɨɧɿɥɶɧɨɦɭ ɚɛɨ ɞɿɮɟɧɨɥɶɧɨɦɭ ɭɝɪɭɩɨɜɚɧɧɹɦ) ɪɟɚɤɰɿɹ ɩɪɨɯɨɞɢɬɶ ɡ 

ɜɢɬɿɫɧɟɧɧɹɦ ɩɪɨɬɨɧɚ. 

Ⱦɥɹ ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɰɿєʀ ɝɿɩɨɬɟɡɢ ɛɭɜ ɩɪɨɜɟɞɟɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ ɡ 

ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɫɢɝɧɚɥɭ ɜɿɞ ɱɚɫɭ ɡɧɚɯɨɞɠɟɧɧɹ 



 

 

132 

ɪɟɱɨɜɢɧɢ ɧɚ ɩɥɚɫɬɢɧɰɿ ɡ ɫɨɪɛɟɧɬɨɦ ɛɟɡ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɿɧɞɢɤɚɬɨɪɚ. Ȼɭɥɨ 

ɜɢɹɜɥɟɧɨ, ɳɨ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɧɟ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɫɬɚɬɢɫɬɢɱɧɨ ɡɧɚɱɭɳɨʀ 

ɡɦɿɧɢ ɩɥɨɳɿ ɩɿɤɭ ɤɜɟɪɰɟɬɢɧɭ ɡɚɥɟɠɧɨ ɜɿɞ ɱɚɫɭ ɡɧɚɯɨɞɠɟɧɧɹ ɪɟɱɨɜɢɧɢ ɧɚ 

ɩɥɚɫɬɢɧɰɿ. Ɂ ɧɚɜɟɞɟɧɨʀ ɫɯɟɦɢ ɜɡɚєɦɨɞɿʀ ɫɥɿɞɭє, ɳɨ ɞɨɞɚɜɚɧɧɹ ɩɪɨɬɨɧɧɨʀ 

ɤɢɫɥɨɬɢ ɛɭɞɟ ɡɦɿɳɭɜɚɬɢ ɪɿɜɧɨɜɚɝɭ ɜɥɿɜɨ ɬɚ ɩɟɪɟɲɤɨɞɠɚɬɢ 

ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɸɜɚɧɧɸ. Ⱦɥɹ ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɰɶɨɝɨ ɛɭɥɢ ɩɪɢɝɨɬɨɜɚɧɿ ɪɨɡɱɢɧɢ 

ɤɜɟɪɰɟɬɢɧɭ ɜ ɦɟɬɚɧɨɥɿ ɡ ɞɨɞɚɜɚɧɧɹɦ ɤɨɧɰɟɧɬɪɨɜɚɧɨʀ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ 

(85 %) ɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 2: 1, 1: 1 ɬɚ 1: 2 (ɦɤɝ ɪɟɱɨɜɢɧɢ ɧɚ ɦɤɥ ɤɢɫɥɨɬɢ) ɬɚ 

ɜɢɜɱɟɧɚ ɫɬɚɛɿɥɶɧɿɫɬɶ ɤɜɟɪɰɟɬɢɧɭ ɧɚ ɩɨɜɟɪɯɧɿ ɫɨɪɛɟɧɬɭ ɡ ɮɥɭɨɪɟɫɰɟɧɬɧɢɦ 

ɿɧɞɢɤɚɬɨɪɨɦ (ɪɢɫɭɧɨɤ 4.42). 

Ȼɭɥɨ ɜɢɹɜɥɟɧɨ, ɳɨ ɫɬɚɛɿɥɶɧɿɫɬɶ ɞɨɫɹɝɚєɬɶɫɹ ɩɪɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 

ɤɜɟɪɰɟɬɢɧ – ɤɨɧɰɟɧɬɪɨɜɚɧɚ ɮɨɫɮɨɪɧɚ ɤɢɫɥɨɬɚ (85 %) = 1: 1. 

ȼɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ 

(ɡɚ ɜɦɿɫɬɨɦ ɤɜɟɪɰɟɬɢɧɭ) ɧɚ ɩɨɜɟɪɯɧɿ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɧɚ ɹɤɨɦɭ 

ɜɿɞɛɭɜɚɥɨɫɶ ɜɢɪɨɛɧɢɰɬɜɨ ɥɿɤɚɪɫɶɤɨɝɨ ɡɚɫɨɛɭ ɧɚ ɨɫɧɨɜɿ ɞɚɧɨɝɨ ɚɤɬɢɜɧɨɝɨ 

ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɿɧɝɪɟɞɿєɧɬɭ, ɩɪɨɜɨɞɢɥɢ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɨʀ 

ɬɨɧɤɨɲɚɪɨɜɨʀ ɯɪɨɦɚɬɨɝɪɚɮɿʀ (ȼȿɌɒɏ). 

 
Ɋɢɫɭɧɨɤ 4.42. Ɂɚɥɟɠɧɿɫɬɶ ɩɥɨɳɿ ɩɿɤɭ ɤɜɟɪɰɟɬɢɧɭ ɜɿɞ ɱɚɫɭ ɡɧɚɯɨɞɠɟɧɧɹ 

ɪɟɱɨɜɢɧɢ ɧɚ ɩɥɚɫɬɢɧɰɿ ɬɚ ɤɿɥɶɤɨɫɬɿ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ: 1 – ɛɟɡ ɤɢɫɥɨɬɢ,  
2 – ɤɜɟɪɰɟɬɢɧ – ɮɨɫɮɨɪɧɚ ɤɢɫɥɨɬɚ 2: 1, 3 – ɤɜɟɪɰɟɬɢɧ-ɮɨɫɮɨɪɧɚ ɤɢɫɥɨɬɚ 1: 1, 
4 – ɤɜɟɪɰɟɬɢɧ–ɮɨɫɮɨɪɧɚ ɤɢɫɥɨɬɚ 1: 2 

 



 

 

133 

Ƚɪɚɞɭɸɜɚɥьɧɢɣ ɝɪɚɮɿɤ ɛɭɞɭɸɬɶ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ:  

– ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 50,0 ɦɥ ɜɧɨɫɹɬɶ 10,0 ɦɝ ɤɜɟɪɰɟɬɢɧɭ, 

ɪɨɡɱɢɧɹɸɬɶ ɜ 20 ɦɥ ɦɟɬɚɧɨɥɭ ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ ɦɟɬɚɧɨɥɨɦ. 1,0 ɦɥ 

ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɩɨɦɿɳɚɸɬɶ ɜ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 20,0 ɦɥ, ɞɨɞɚɸɬɶ  

0,2 ɦɥ ɤɨɧɰɟɧɬɪɨɜɚɧɨʀ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ (85 %) ɬɚ ɞɨɜɨɞɹɬɶ ɞɨ ɩɨɡɧɚɱɤɢ 

ɦɟɬɚɧɨɥɨɦ; 

– ɧɚ ɥɿɧɿɸ ɫɬɚɪɬɭ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɩɥɚɫɬɢɧɤɢ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɧɚɩɿɜɚɜɬɨɦɚɬɢɱɧɨɝɨ ɚɩɥɿɤɚɬɨɪɭ Linomat 5 ɧɚɧɨɫɹɬɶ 1, 2, 3, 4, 5 ɦɤɥ (10, 20, 30, 

40, 50 ɧɝ ɤɜɟɪɰɟɬɢɧɚ, ɜɿɞɩɨɜɿɞɧɨ) ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ. ɉɥɚɫɬɢɧɤɭ ɩɨɦɿɳɚɸɬɶ 

ɜ ɤɚɦɟɪɭ ɿɡ ɫɭɦɿɲɲɸ ɪɨɡɱɢɧɧɢɤɿɜ ɬɨɥɭɨɥ – ɟɬɢɥɚɰɟɬɚɬ – ɤɢɫɥɨɬɚ ɦɭɪɚɲɢɧɚ 

(50: 40: 2). Ʉɨɥɢ ɮɪɨɧɬ ɪɨɡɱɢɧɧɢɤɿɜ ɩɪɨɣɞɟ 5 ɫɦ ɜɿɞ ɥɿɧɿʀ ɫɬɚɪɬɭ, ɩɥɚɫɬɢɧɤɭ 

ɜɢɣɦɚɸɬɶ ɡ ɤɚɦɟɪɢ, ɫɭɲɚɬɶ ɭ ɩɨɬɨɰɿ ɬɟɩɥɨɝɨ ɩɨɜɿɬɪɹ ɩɪɨɬɹɝɨɦ 20 ɯɜ ɬɚ 

ɫɤɚɧɭɸɬɶ ɧɚ ɯɪɨɦɚɬɨɞɟɧɫɿɬɨɦɟɬɪɿ TLC Scanner 3 ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 380 ɧɦ. 

Ⱥɩɥɿɤɚɰɿɸ ɡɪɚɡɤɿɜ ɩɪɨɜɨɞɹɬɶ ɡɚ ɧɚɫɬɭɩɧɢɯ ɭɦɨɜ: 
– ɨɛ’єɦ ɲɩɪɢɰɚ, ɦɤɥ – 100 

– ɨɛ’єɦ ɩɪɟɞɨɡɭɜɚɧɧɹ, ɦɤɥ – 2 

– ɜɿɞɫɬɚɧɶ ɜɿɞ ɤɪɚɸ ɩɥɚɫɬɢɧɤɢ ɞɨ ɰɟɧɬɪɭ ɩɟɪɲɨɝɨ ɬɪɟɤɭ, ɦɦ – 15 

– ɜɿɞɫɬɚɧɶ ɜɿɞ ɧɢɠɧɶɨɝɨ ɤɪɚɸ ɩɥɚɫɬɢɧɤɢ ɞɨ ɫɬɚɪɬɭ, ɦɦ – 15 

– ɞɨɜɠɢɧɚ ɫɦɭɝɢ ɧɚɧɟɫɟɧɧɹ, ɦɦ – 6 

– ɜɿɞɫɬɚɧɶ ɦɿɠ ɰɟɧɬɪɚɦɢ ɬɪɟɤɿɜ, ɦɦ – ɧɟ ɦɟɧɲɟ ɧɿɠ 10 

– ɲɜɢɞɤɿɫɬɶ ɞɨɡɭɜɚɧɧɹ, ɧɥ/ɫɟɤ – 200. 

ɋɤɚɧɭɜɚɧɧɹ ɯɪɨɦɚɬɨɝɪɚɦɢ ɩɪɨɜɨɞɹɬɶ ɡɚ ɭɦɨɜ: 
– ɪɨɡɦɿɪ ɳɿɥɢɧɢ, ɦɦ × ɦɦ – 4,00 × 0,30 

– ɲɜɢɞɤɿɫɬɶ ɫɤɚɧɭɜɚɧɧɹ, ɦɦ/ɫɟɤ – 20 

– ɪɨɡɞɿɥɟɧɧɹ, ɦɤɦ/ɤɪɨɤ – 100 

– ɞɨɜɠɢɧɚ ɯɜɢɥɿ ɫɤɚɧɭɜɚɧɧɹ, ɧɦ – 380 

– ɦɿɧɿɦɚɥɶɧɚ ɜɢɫɨɬɚ ɩɿɤɭ – 5 

– ɦɿɧɿɦɚɥɶɧɚ ɩɥɨɳɚ ɩɿɤɭ – 20. 

ȼɢɦɿɪɸɸɬɶ ɩɥɨɳɿ ɨɬɪɢɦɚɧɢɯ ɩɥɹɦ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɿ. Ɂɚ ɨɬɪɢɦɚɧɢɦɢ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɛɭɞɭɸɬɶ ɝɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ, ɜɿɞɤɥɚɞɚɸɱɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ 
ɡɧɚɱɟɧɧɹ ɦɚɫɢ ɤɜɟɪɰɟɬɢɧɭ (ɧɝ/ɩɥɹɦɭ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɧɹ 
ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɚɛɫɨɪɛɰɿʀ ɡɚ ɞɨɜɠɢɧɢ ɯɜɢɥɿ 380 ɧɦ (ɩɥɨɳɚ ɩɿɤɭ). 

ɇɚ ɪɢɫɭɧɤɭ 4.43 ɩɪɟɞɫɬɚɜɥɟɧɚ ɥɿɧɿɣɧɚ ɡɚɥɟɠɧɿɫɬɶ ɩɥɨɳɿ ɩɿɤɭ ɜɿɞ ɦɚɫɢ 
ɤɜɟɪɰɟɬɢɧɭ.  
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Мɚɫɚ ɤɜɟɪɰɟɬɢɧɭ, ɧɝ/ɩɥɹɦɭ
 

Ɋɢɫɭɧɨɤ 4.43. Ƚɪɚɞɭɸɜɚɥɶɧɚ ɡɚɥɟɠɧɿɫɬɶ ɩɥɨɳɿ ɩɿɤɭ ɜɿɞ ɦɚɫɢ ɤɜɟɪɰɟɬɢɧɭ, 
ɧɚɧɟɫɟɧɨɝɨ ɧɚ ȼȿɌɒɏ-ɩɥɚɫɬɢɧɤɭ  

 

Ƚɪɚɞɭɸɜɚɥɶɧɢɣ ɝɪɚɮɿɤ ɥɿɧɿɣɧɢɣ ɜ ɿɧɬɟɪɜɚɥɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɤɜɟɪɰɟɬɢɧɭ 

10,0 – 50,0 ɧɝ/ ɩɥɚɦɭ (ɞɢɜ. ɬɚɛɥɢɰɿ 3.1 Ⱦ, 3.2 Ⱦ). 

ɇɚ ɪɢɫɭɧɤɭ 4.44 ɧɚɜɟɞɟɧɿ ɜɿɞɩɨɜɿɞɧɿ 3D ɯɪɨɦɚɬɨɝɪɚɦɢ. 

 

Ɋɢɫɭɧɨɤ 4.44. 3D ɯɪɨɦɚɬɨɝɪɚɦɢ: 1 – ɩɪɨɦɢɜɧɨɝɨ ɪɨɡɱɢɧɭ ɡ ɱɢɫɬɨɝɨ 

ɚɩɥɿɤɚɬɨɪɭ; 2 – 6 ɫɬɚɧɞɚɪɬɧɢɯ ɪɨɡɱɢɧɿɜ ɤɜɟɪɰɟɬɢɧɭ (10, 20, 30, 40,  

50 ɧɝ/ɩɥɹɦɭ); 7,8 – ɪɨɡɱɢɧɿɜ ɩɿɫɥɹ ɨɛɪɨɛɤɢ ɫɜɚɛɿɜ, ɹɤɢɦɢ ɪɨɛɢɥɢ ɡɦɢɜɢ ɡ 
ɩɨɜɟɪɯɧɿ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ 
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ɇɚ ɪɢɫɭɧɤɭ 4.45 ɧɚɜɟɞɟɧɚ ɮɨɬɨɝɪɚɮɿɹ ȼȿɌɒɏ-ɩɥɚɫɬɢɧɢ ɩɪɢ 254 ɧɦ: 

ɬɪɟɤɢ 1 – 5 ɜɿɞɩɨɜɿɞɚɸɬɶ ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɨɡɱɢɧɭ ɤɜɟɪɰɟɬɢɧɭ (10, 20, 30, 40,  

50 ɧɝ/ɩɥɹɦɭ), ɬɪɟɤɢ 6 – 10 (70, 90, 110, 150, 200 ɧɝ/ɩɥɹɦɭ). ȼ ɡɦɢɜɚɯ 

ɤɜɟɪɰɟɬɢɧ ɜɿɞɫɭɬɧɿɣ. 

 

Ɋɢɫɭɧɨɤ 4.45 Ɏɨɬɨɝɪɚɮɿɹ ȼȿɌɒɏ-ɩɥɚɫɬɢɧɢ  

ȼɢɩɪɨɛɨɜɭɜɚɧɢɣ ɪɨɡɱɢɧ. ɋɜɚɛ ɡɿ ɡɦɢɜɨɦ ɡɚɛɪɭɞɧɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ 

(ɩɥɨɳɚ ɡɦɢɜɭ – 100,0 ɫɦ2) ɩɨɦɿɳɚɸɬɶ ɜ ɥɚɛɨɪɚɬɨɪɧɿɣ ɫɬɚɤɚɧ ɦɿɫɬɤɿɫɬɸ 25 ɦɥ, 

ɞɨɞɚɸɬɶ 5,0 ɦɥ ɪɨɡɱɢɧɭ ɞɥɹ ɩɪɨɛɨɩɿɞɝɨɬɨɜɤɢ (100 ɦɥ ɦɟɬɚɧɨɥɭ, ɡɦɿɲɚɧɨɝɨ ɡ 

0,1 ɦɥ ɤɨɧɰɟɧɬɪɨɜɚɧɨʀ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ (85 %)), ɩɪɨɜɨɞɹɬɶ ɞɟɫɨɪɛɰɿɸ 

ɩɪɨɬɹɝɨɦ 10 ɯɜ ɬɚ ɧɚɧɨɫɹɬɶ 40 ɦɤɥ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɱɢɧɭ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɭ 

ɩɥɚɫɬɢɧɤɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɩɿɜɚɜɬɨɦɚɬɢɱɧɨɝɨ ɚɩɥɿɤɚɬɨɪɭ. Ⱦɚɥɿ ɩɨɫɬɭɩɚɸɬɶ ɹɤ 

ɩɪɢ ɩɨɛɭɞɨɜɿ ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ. 

ȼɦɿɫɬ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ (ɏ), ɜ ɦɤɝ/ɡɦɢɜ 

ɪɨɡɪɚɯɨɜɭɸɬɶ ɡɚ ɮɨɪɦɭɥɨɸ: 

,
40

100005

Х
P

1250
q

m

P

q
m 





  

ɞɟ: mq – ɦɚɫɚ ɤɜɟɪɰɟɬɢɧɭ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɿ ɜɢɩɪɨɛɨɜɭɜɚɧɨɝɨ ɪɨɡɱɢɧɭ, 

ɨɬɪɢɦɚɧɚ ɡɚ ɝɪɚɞɭɸɜɚɥɶɧɢɦ ɝɪɚɮɿɤɨɦ, ɧɝ/ɩɥɹɦɭ; 

Ɋ – ɜɦɿɫɬ ɤɜɟɪɰɟɬɢɧɭ ɜ ɞɚɧɿɣ ɫɟɪɿʀ ȺɎȱ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ-

ɛɿɥɨɛɚ, %. 
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Аɧɚɥіɡ ɫɜɚɛіɜ.  

Ɂ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ ɩɪɨɜɟɞɟɧɨ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɬɚɛɥɟɬɨɤ, ɫɚɲɟ, ɤɚɩɫɭɥ, ɹɤɿ ɦɿɫɬɹɬɶ ɞɚɧɢɣ ȺɎȱ, 

ɦɟɬɨɞɨɦ ɦɚɡɤɿɜ (ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɜɚɛɿɜ). ɇɚ ɯɪɨɦɚɬɨɝɪɚɦɚɯ, ɫɩɟɤɬɪɚɯ 

ɩɨɝɥɢɧɚɧɧɹ ɬɚ ɥɸɦɿɧɟɫɰɟɧɰɿʀ, ɨɬɪɢɦɚɧɢɯ ɩɪɢ ɚɧɚɥɿɡɿ ɫɜɚɛɿɜ, ɹɤɢɦɢ 

ɩɪɨɜɨɞɢɥɢ ɜɢɥɭɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɡ ɩɨɜɟɪɯɧɿ ɨɛɥɚɞɧɚɧɧɹ, 

ɱɚɫɢ ɭɬɪɢɦɭɜɚɧɧɹ ɩɿɤɿɜ, ɦɚɤɫɢɦɭɦɢ ɩɨɝɥɢɧɚɧɧɹ ɬɚ ɥɸɦɿɧɟɫɰɟɧɰɿɿ ɧɚ 

ɯɪɨɦɚɬɨɝɪɚɦɚɯ ɬɚ ɫɩɟɤɬɪɚɯ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɪɨɡɱɢɧɿɜ ɬɚ ɦɨɞɟɥɶɧɢɯ ɪɨɡɱɢɧɿɜ 

ɊɋɁ ɞɥɹ ɝɪɚɞɭɸɜɚɥɶɧɢɯ ɝɪɚɮɿɤɿɜ ɡɛɿɝɚɸɬɶɫɹ. ɐɟ ɩɿɞɬɜɟɪɞɠɭє ɫɩɟɰɢɮɿɱɧɿɫɬɶ 

ɜɢɡɧɚɱɟɧɧɹ ȺɎȱ, ɩɪɢɫɭɬɧɿɯ ɜ ɡɦɢɜɚɯ ɬɚ ɜ ɪɨɡɱɢɧɚɯ ɊɋɁ, ɚ ɬɚɤɨɠ ɜɿɞɫɭɬɧɿɫɬɶ ɜ 

ɡɦɢɜɚɯ ɩɪɨɞɭɤɬɿɜ ʀɯ ɞɟɝɪɚɞɚɰɿʀ. 

Ɋɟɡɭɥɶɬɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɡ ɩɨɜɟɪɯɧɿ 

ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɜɢɪɨɛɧɢɱɨʀ ɞɿɥɶɧɢɰɿ ȽɅɁ ɩɿɞɩɪɢєɦɫɬɜɚ  

ɌȾȼ «ȱɇɌȿɊɏȱɆ» ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɩɿɞɫɭɦɤɨɜɿɣ ɬɚɛɥɢɰɿ 4.4.  

Ɂ ɬɚɛɥɢɰɿ 4.4 ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɜɫɿ ɪɟɡɭɥɶɬɚɬɢ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɧɟ ɩɟɪɟɜɢɳɭɸɬɶ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɟ ɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɿɜ ɜ ɡɦɢɜɚɯ (ɬɚɛɥɢɰɹ 3.1 Ⱦ, ɞɨɞɚɬɨɤ 3), ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɡɚɞɨɜɿɥɶɧɭ 

ɹɤɿɫɬɶ ɨɱɢɳɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 
 

4.3 ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 4 

ɍ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɧɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɳɨɞɨ ɪɨɡɪɨɛɤɢ ɬɚ ɜɚɥɿɞɚɰɿʀ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɧɢɯ ɬɚ ɨɩɬɢɱɧɢɯ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ɞɟɹɤɢɯ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ⱦɥɹ ɤɨɠɧɨɝɨ 

ɩɪɟɩɚɪɚɬɭ ɨɩɬɢɦɿɡɨɜɚɧɿ ɭɦɨɜɢ ɚɧɚɥɿɡɭ. Ⱦɥɹ ȼȿɊɏ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ 

ɤɿɥɶɤɨɫɬɟɣ ɪɹɞɭ Ʌɉ ɜɩɟɪɲɟ ɛɭɥɢ ɨɩɬɢɦɿɡɨɜɚɧɿ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɿ ɭɦɨɜɢ ɩɪɢ 

ɜɢɤɨɪɢɫɬɚɧɧɿ ɞɨɫɬɭɩɧɢɯ ɪɭɯɨɦɢɯ ɮɚɡ ɧɚ ɫɨɪɛɟɧɬɚɯ ɬɢɩɭ ɋ8 ɬɚ ɋ18.  

ɉɨɤɚɡɚɧɨ, ɳɨ ɚɧɚɥɿɬɢɱɧɿ ɬɚ ɜɚɥɿɞɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɡɪɨɛɥɟɧɢɯ 

ɦɟɬɨɞɢɤ (ɞɿɚɩɚɡɨɧ ɥɿɧɿɣɧɨɫɬɿ ɦɟɬɨɞɢɤɢ, ɆɄȼ, ȽȾɄ) ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɪɢɬɟɪɿɹɦ 

ɩɪɢɣɧɹɬɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ 

ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɩɪɟɩɚɪɚɬɭ 

ɜɫɬɚɧɨɜɥɟɧɨ ɤɨɟɮɿɰɿєɧɬ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ (%). 
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Ɍɚɛɥɢɰɹ 4.4. 

Ɋɟɡɭɥɶɬɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɞɟɹɤɢɯ ȺɎȱ 

ȺɎȱ 

ɡɚɥɢɲɤɨɜɿ ɤɿɥɶɤɨɫɬɿ ȺɎȱ (ɦɤɝ/ɦɥ) 

Ƚɪɚɧɭɥɹɬɨɪ
-ɫɭɲɚɪɤɚ 

Ɍɚɛɥɟɬɤɨɜɢɣ 
ɩɪɟɫ 

Ɇɚɲɢɧɚ 
ɞɥɹ 

ɧɚɩɨɜɧɟɧɧɹ 
ɤɚɩɫɭɥ 

Ɇɚɲɢɧɚ ɞɥɹ 
ɮɚɫɭɜɚɧɧɹ 
ɩɨɪɨɲɤɭ ɭ 

ɫɚɲɟ 
Ɍɢɥɨɪɨɧ 0,45 0,32   
L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧ   0,68 0,72 
Ʉɨɥɚɝɟɧ   5,81  
Ȼɟɧɡɨɛɿɬɚɥ 0,37 0,28   
Ɋɨɡɭɜɚɫɬɚɬɢɧ ɤɚɥɶɰɿɸ (ɥɸɦ.)  0,10   
Ɋɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬ 
(ɥɸɦ.)   1,68  

Ƚɥɸɤɨɡɚ (ɩɨɥɹɪɢɦɟɬɪɿɹ) 0,95   1,04 

Ʉɚɥɿɣ    0,63 

ɇɚɬɪɿɣ    0,34 

ɋɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬ 0,11 0,08   

Ɏɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞ 1,45 1,30   

Ʉɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 0,05 0,04   

Ʌɟɜɚɧɚ 0,08 0,05   

Ɏɟɧɿɛɭɬ 0,25 0,27   

ɉɚɪɚɰɟɬɚɦɨɥ  
(ȺɆȱɐɂɌɊɈɇ®, ɫɚɲɟ) 0,18   0,29 

ɉɚɪɚɰɟɬɚɦɨɥ  
(ȺɆȱɐɂɌɊɈɇ® ɉɅɘɋ, ɫɚɲɟ)    0,15 

Ƚɜɚɣɮɟɧɟɡɢɧ    0,03 

ɉɚɪɚɰɟɬɚɦɨɥ  
(ɌȿɈɎȿȾɊɂɇ ȱɋ®, ɬɚɛɥɟɬɤɢ) 0,16 0,15   

Ɍɟɨɮɿɥɿɧ  0,14 0,13   

ɉɚɪɚɰɟɬɚɦɨɥ (ȺɆȱɐɂɌɊɈɇ® 
ȿɄɋɌɊȺɌȺȻ, ɬɚɛɥɟɬɤɢ) 

0,11 0,17   

ɉɚɪɚɰɟɬɚɦɨɥ (ɉȿɇɌȺɅȽȱɇ ȱɋ®, 
ɬɚɛɥɟɬɤɢ) 

0,18 0,23   

Ⱦɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞ 0,14 0,08   

ɐɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 0,017 0,009   

Ɇɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ 0,27 0,22   

L-ɥɟɣɰɢɧ  11,12   

L-ɜɚɥɿɧ  4,93   

L-ɿɡɨɥɟɣɰɢɧ  3,78   

ɫɭɯɢɣ ɟɤɫɬɪɚɤɬ ɥɢɫɬɹ ɝɿɧɤɝɨ 
ɛɿɥɨɛɚ (ɩɨ ɤɜɟɪɰɟɬɢɧɭ)   < ɆɄȼ  



 

 

138 

ȼɂɋɇɈȼɄɂ 

1. Ɇɟɬɨɞɚɦɢ ɦɚɬɢɦɚɬɢɱɧɨʀ ɫɬɚɬɢɫɬɢɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɦɨɝ GMP 

ɪɨɡɪɨɛɥɟɧɿ ɩɿɞɯɨɞɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ 

ɦɟɬɨɞɢɤ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɿɧɲɢɯ 

ɜɚɥɿɞɚɰɿɣɧɢɯ ɤɪɢɬɟɪɿʀɜ, ɹɤɿ ɡɚɫɬɨɫɨɜɚɧɿ ɩɪɢ ɫɬɜɨɪɟɧɧɿ ɧɨɜɢɯ 

ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɢɯ ɬɚ ɨɩɬɢɱɧɢɯ ɦɟɬɨɞɢɤ ɚɧɚɥɿɡɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ 

ɤɿɥɶɤɨɫɬɟɣ ɪɹɞɭ ɚɤɬɢɜɧɢɯ ɮɚɪɦɚɰɟɜɬɢɱɧɢɯ ɿɧɝɪɟɞɿєɧɬɿɜ, ɧɟɨɛɯɿɞɧɢɯ ɞɥɹ 

ɜɿɬɱɢɡɧɹɧɨɝɨ ɩɪɨɦɢɫɥɨɜɨɝɨ ɜɢɩɭɫɤɭ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ. 

2. ɇɚ ɩɪɢɤɥɚɞɿ ȺɎȱ ɞɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞɭ ɡɚ ɦɟɬɨɞɨɦ «ɧɚɣɝɿɪɲɨɝɨ 

ɜɢɩɚɞɤɭ» ɡɚɩɪɨɩɚɧɨɜɚɧɿ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ ɜɚɥɿɞɚɰɿʀ ɚɧɚɥɿɬɢɱɧɨʀ 

ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɨɱɢɳɟɧɧɹ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɜɢɡɧɚɱɟɧɧɹ ɪɿɜɧɹ 

ɡɚɛɪɭɞɧɟɧɧɹ (ɦɚɤɫɢɦɚɥɶɧɚ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɦɟɬɨɞɢɤɢ, ɥɿɧɿɣɧɿɫɬɶ 

ɝɪɚɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ, ɦɟɠɚ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ, ɩɪɟɰɢɡɿɣɧɿɫɬɶ ɬɚ 

ɜɿɞɬɜɨɪɸɜɚɧɿɫɬɶ). 

3. Ɋɨɡɪɨɛɥɟɧɨ ɬɚ ɜɚɥɿɞɨɜɚɧɨ ɦɟɬɨɞɢɤɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɧɨɝɨ 

(ɬɢɥɨɪɨɧɭ, L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧɭ, ɤɨɥɚɝɟɧɭ, ɛɟɧɡɨɛɿɬɚɥɭ), 

ɩɨɥɹɪɢɦɟɬɪɢɱɧɨɝɨ (ɝɥɸɤɨɡɢ) ɬɚ ɥɸɦɿɧɟɫɰɟɧɬɧɨɝɨ (ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ, 

ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ, ɚɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬɭ, ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬɭ) 

ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ȺɎȱ ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ 

ɨɛɥɚɞɧɚɧɧɹ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɜɿɞɩɨɜɿɞɧɢɯ ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ. 

4. ȼɩɟɪɲɟ ɡɚɫɬɨɫɨɜɚɧɨ ɚɬɨɦɧɨ-ɟɦɿɫɿɣɧɭ ɫɩɟɤɬɪɨɦɟɬɪɿɸ ɡ ɿɧɞɭɤɬɢɜɧɨ 

ɡɜ'ɹɡɚɧɨɸ ɩɥɚɡɦɨɸ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɿɤɪɨɤɿɥɶɤɨɫɬɟɣ ɤɚɥɿɸ ɬɚ ɧɚɬɪɿɸ ɩɪɢ 

ɜɢɪɨɛɧɢɰɬɜɿ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɡɚɫɨɛɭ ɊȿȽȱɋɈɅ® ɇȿɈ, ɹɤɢɣ ɦɿɫɬɢɬɶ 

ɧɚɬɪɿɸ ɯɥɨɪɢɞ, ɤɚɥɿɸ ɯɥɨɪɢɞ, ɧɚɬɪɿɸ ɰɢɬɪɚɬ. 

5. ɉɿɫɥɹ ɨɩɬɢɦɿɡɚɰɿʀ ɭɦɨɜ ɚɧɚɥɿɡɭ (ɬɢɩ ɫɨɪɛɟɧɬɭ, ɝɟɨɦɟɬɪɿɹ ɤɨɥɨɧɤɢ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ, ɫɤɥɚɞ ɟɥɸєɧɬɭ, ɞɿɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɿɣ ɨɪɝɚɧɿɱɧɨɝɨ 

ɦɨɞɢɮɿɤɚɬɨɪɚ ɭ ɪɭɯɨɦɿɣ ɮɚɡɿ, ɞɨɜɠɢɧɚ ɯɜɢɥɿ ɬɚ ɿɧ.) ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɧɨɜɿ 

ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɿɜ ɫɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬɭ, ɮɟɧɫɩɿɪɢɞɭ 

ɝɿɞɪɨɯɥɨɪɢɞɭ, ɤɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞɭ, ɥɟɜɚɧɚ, ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ, 

ɪɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬɭ, ɞɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞɭ, ɮɟɧɿɛɭɬɭ ɦɟɬɨɞɨɦ 

ȼȿɊɏ. 
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6. ȼɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɬɚ ɜɚɥɿɞɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɜɢɡɧɚɱɟɧɧɹ 

ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ L-ɜɚɥɿɧɭ, L-ɥɟɣɰɢɧɭ ɬɚ L-ɿɡɨɥɟɣɰɢɧɭ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ 

ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɦɟɬɨɞɨɦ ɨɛɟɪɧɟɧɨ-ɮɚɡɨɜɨʀ ȼȿɊɏ ɡ 

ɍɎ-ɞɟɬɟɤɬɭɜɚɧɧɹɦ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɥɹ ɩɪɟɞɤɨɥɨɧɨɱɧɨʀ ɞɟɪɢɜɚɬɢɡɚɰɿʀ  

ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɤɚɪɛɨɧɚɬɭ, ɳɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɜ ɨɪɝɚɧɿɱɧɨɦɭ ɫɢɧɬɟɡɿ ɞɥɹ 

ɡɚɯɢɫɬɭ ɚɦɿɧɨɝɪɭɩ.  

7. ȼɢɫɨɤɨɟɮɟɤɬɢɜɧɚ ɬɨɧɤɨɲɚɪɨɜɚ ɯɪɨɦɚɬɨɝɪɚɮɿɹ ɡɚɫɬɨɫɨɜɚɧɚ ɞɥɹ 

ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ ɫɭɯɨɝɨ ɟɤɫɬɪɚɤɬɭ ɥɢɫɬɹ ɝɿɧɤɝɨ ɛɿɥɨɛɚ (ɡɚ 

ɜɦɿɫɬɨɦ ɤɜɟɪɰɟɬɢɧɭ) ɧɚ ɩɨɜɟɪɯɧɹɯ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ɇɟɬɨɞ 

ɪɟɚɥɿɡɨɜɚɧ ɡɚɜɞɹɤɢ ɜɢɤɨɪɢɫɬɚɧɧɸ ɮɨɫɮɨɪɧɨʀ ɤɢɫɥɨɬɢ, ɹɤɚ ɩɟɪɟɲɤɨɞɠɚє 

ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɸɜɚɧɧɸ ɤɜɟɪɰɟɬɢɧɭ ɡ ɫɢɥɿɤɚɬɨɦ ɰɢɧɤɭ (ȱȱ) (ɤɨɦɩɨɧɟɧɬɨɦ 

ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɿɧɞɢɤɚɬɨɪɚ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɩɥɚɫɬɢɧɤɢ).  

8. ɉɨɤɚɡɚɧɨ, ɳɨ ɚɧɚɥɿɬɢɱɧɿ ɬɚ ɜɚɥɿɞɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ (ɞɿɚɩɚɡɨɧ ɥɿɧɿɣɧɨɫɬɿ ɦɟɬɨɞɢɤɢ, ɆɄȼ, ȽȾɄ) 

ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɪɢɬɟɪɿɹɦ ɩɪɢɣɧɹɬɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɤɿɥɶɤɨɫɬɟɣ 

ȺɎȱ ɜ ɡɦɢɜɚɯ ɩɿɫɥɹ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. Ⱦɥɹ ɤɨɠɧɨɝɨ 

ɩɪɟɩɚɪɚɬɭ ɜɫɬɚɧɨɜɥɟɧɨ ɤɨɟɮɿɰɿєɧɬ ɫɬɭɩɟɧɹ ɜɢɥɭɱɟɧɧɹ (%). 

9. ɉɨɤɚɡɚɧɚ ɦɨɠɥɿɜɿɫɬɶ ɟɤɫɩɪɟɫɧɨɝɨ ɜɧɭɬɪɿɲɧɶɨɜɢɪɨɛɧɢɱɨɝɨ 

ɤɨɧɬɪɨɥɸ ɨɱɢɳɟɧɧɹ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ 

ɥɿɤɚɪɫɶɤɢɯ ɩɪɟɩɚɪɚɬɿɜ. Ɇɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɥɟɜɚɧɚ, ɮɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬɭ, 

ɪɨɡɭɜɚɫɬɚɬɢɧɭ ɤɚɥɶɰɿɸ, ɮɟɧɿɛɭɬɭ ɬɚ ɩɚɪɚɰɟɬɚɦɨɥɭ ɜɩɪɨɜɚɞɠɟɧɿ ɭ ɩɪɚɤɬɢɤɭ 

ɪɨɛɨɬɢ ɮɚɪɦɚɰɟɜɬɢɱɧɨɝɨ ɩɿɞɩɪɢєɦɫɬɜɚ ɌȾȼ «ȱɇɌȿɊɏȱɆ». 
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Додаток 3 

Ɍɚɛɥɢɰɹ 3.1 Ⱦ.  

Ⱥɧɚɥɿɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤ 

ȺɎІ Ɇɟɬɨɞ 

Ⱦɿɚɩɚɡɨɧ 

ɦɟɬɨɞɢɤɢ, 

ɦɤɝ/ɦɥ 

ȽȾɄ, 

ɦɤɝ/ɦɥ 

ɆɄȼ, ɦɤɝ/ɦɥ 

SF, % ɜɢɦɨɝɚ ɮɚɤɬ. 

Ɍɢɥɨɪɨɧ ɋɎ 0,1 – 5,0 2,50 0,800 0,151 0,031 

L-5-ɝɿɞɪɨɤɫɢ 

ɬɪɢɩɬɨɮɚɧ 
ɋɎ 1,0 – 24,0 20,00 6,400 0,672 0,294 

Ʉɨɥɚɝɟɧ ɋɎ 2,0 – 30,0 20,00 6,400 5,690 0,037 

Ȼɟɧɡɨɛɿɬɚɥ ɋɎ 0,1 – 7,0 5,00 1,600 0,273 0,074 

Ɋɨɡɭɜɚɫɬɚɬɢɧ 

ɤɚɥьɰɿɸ 

ȼȿɊɏ  0,01 – 1,0 0,50 0,160 0,016 0,035 

Ʌɸɦɿɧɟɫɰɟɧɰɿɹ 0,1 – 10,0 4,00 1,280 0,726 0,282 

Ɏɥɭɩɿɪɬɢɧɭ 

ɦɚɥɟɚɬ 
Ʌɸɦɿɧɟɫɰɟɧɰɿɹ 0,01 – 0,5 0,25 0,080 0,034 0,004 

Ⱥɛɿɪɚɬɟɪɨɧɭ 

ɚɰɟɬɚɬ 
Ʌɸɦɿɧɟɫɰɟɧɰɿɹ 0,05 – 7,0 5,00 1,600 0,390 0,029 

Ɋɢɜɚɫɬɢɝɦɿɧɭ 

ɝɿɞɪɨɬɚɪɬɪɚɬ 

Ʌɸɦɿɧɟɫɰɟɧɰɿɹ 0,5 – 20,0 7,00 2,240 1,527 0,515 

ȼȿɊɏ 0,5 – 50,0 5,00 1,600 1,144 0,368 

Ƚɥɸɤɨɡɚ 

ɩɨɥɹɪɢɦɟɬɪɿɹ 0,5 – 12,0 10,00 3,200 0,854 0,029 

ȼȿɊɏ  
ɪɟɮɪɚɤɬ. 
ɞɟɬɟɤɬɨɪ 

0,005 – 2,0 0,55 0,176 0,042 0,002 

Ʉɚɥɿɣ Ⱥȿɋ-Іɋɉ 50 – 5000
* 

2500
*
 800

*
 624

*
 0,074 

ɇɚɬɪɿɣ Ⱥȿɋ-Іɋɉ 50 – 5000
*
 2500

*
 800

*
 268

*
 0,074 

ɋɢɥɞɟɧɚɮɿɥɭ 

ɰɢɬɪɚɬ 
ȼȿɊɏ 0,1 – 10,0 8,00 2,560 0,080 0,084 

Ɏɟɧɫɩɿɪɢɞɭ 
ɝɿɞɪɨɯɥɨɪɢɞ 

ȼȿɊɏ 0,5 – 100,0 10,00 3,200 1,250 0,092 

Ʉɥɨɧɿɞɢɧɭ 

ɝɿɞɪɨɯɥɨɪɢɞ 
ȼȿɊɏ 0,1 – 6,0 0,40 0,128

**
 0,080

**
 0,980 

Ʌɟɜɚɧɚ ȼȿɊɏ 0,1 – 1,2 0,80 0,256 0,033 0,294 

Ⱦɚɤɥɚɬɚɫɜɿɪɭ 

ɞɢɝɿɞɪɨɯɥɨɪɢɞ 
ȼȿɊɏ 0,025 – 5,0 2,50 0,800 0,059 0,031 

Ɏɟɧɿɛɭɬ ȼȿɊɏ 0,1 – 2,4 2,00 0,640 0,247 0,002 

ɉɚɪɚɰɟɬɚɦɨɥ 
(ȺɆІɐИɌɊɈɇ®, 

ɫɚɲɟ) 
ȼȿɊɏ 0,2 – 20,0 5,00 1,600 0,132 0,007 

ɉɚɪɚɰɟɬɚɦɨɥ 

(ȺɆІɐИɌɊɈɇ® 
ɉɅЮɋ, ɫɚɲɟ) 

ȼȿɊɏ 0,05 – 5,0 2,50 0,800 0,050 0,007 

Ƚɜɚɣɮɟɧɟɡɢɧ ȼȿɊɏ 0,02 – 2,0 0,40 0,128 0,004 0,006 
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Ɍɚɛɥɢɰɹ 3.1 Ⱦ. (ɩɪɨɞɨɜɠɟɧɧɹ) 

ȺɎІ Ɇɟɬɨɞ 

Ⱦɿɚɩɚɡɨɧ 

ɦɟɬɨɞɢɤɢ 

ɦɤɝ/ɦɥ 

ȽȾɄ, 

ɦɤɝ/ɦɥ 

ɆɄȼ, ɦɤɝ/ɦɥ 

SF, % ɜɢɦɨɝɚ ɮɚɤɬ. 

ɉɚɪɚɰɟɬɚɦɨɥ 
(ɌȿɈɎȿȾɊИɇ 
Іɋ®

, ɬɚɛɥɟɬɤɢ) 
ȼȿɊɏ 0,05 – 10,0 5,00 1,600 0,080 0,007 

Ɍɟɨɮɿɥɿɧ ȼȿɊɏ 0,05 – 10,0 2,00 0,640 0,127 0,029 

ɉɚɪɚɰɟɬɚɦɨɥ 
(ȺɆІɐИɌɊɈɇ®

 

ȿɄɋɌɊȺɌȺȻ, 

ɬɚɛɥɟɬɤɢ) 

ȼȿɊɏ 0,015 – 7,5 1,50 0,480 0,014 0,004 

ɉɚɪɚɰɟɬɚɦɨɥ 
(ɉȿɇɌȺɅȽІɇ 
Іɋ®

, ɬɚɛɥɟɬɤɢ) 
ȼȿɊɏ 0,05 – 10,0 5,00 1,600 0,083 0,007 

Ⱦɟɤɜɚɥɿɧɿɸ 
ɯɥɨɪɢɞ 

ȼȿɊɏ 0,05 – 0,75 0,50 0,160 0,080 0,998 

ɐɢɧɯɨɤɚʀɧɭɝɿɞɪ
ɨɯɥɨɪɢɞ 

ȼȿɊɏ –ɦɚɫɫ-

ɞɟɬɟɤɬɨɪ 

 

0,006 – 0,114 0,06 0,019 0,006 1,000 

Ɇɟɬɚɦɿɡɨɥ 
ɧɚɬɪɿɸ 

ȼȿɊɏ 0,025 – 3,5 2,50 0,800 0,208 0,015 

L-ɥɟɣɰɢɧ ȼȿɊɏ 3,0 – 300 150,00 48,000 10,809 0,221 

L-ɜɚɥɿɧ ȼȿɊɏ 1,5 – 150 75,00 24,000 4,892 0,221 

L-ɿɡɨɥɟɣɰɢɧ ȼȿɊɏ 1,5 – 150 75,00 24,000 3,647 0,221 

Ʉɜɟɪɰɟɬɢɧ ȼȿɌШɏ 10,0 – 50,0
***

 40,0 13,8 13,521 0,100 
*– ɨɞɢɧɢɰɹ ɜɢɦɿɪɭ –ɦɤɝ/ɥ. 

**ɞɥɹ ɤɥɨɧɿɞɢɧɭ ɧɚɜɟɞɟɧɨ ɦɚɤɫɢɦɚɥьɧɟ ɞɨɩɭɫɬɢɦɟ ɡɧɚɱɟɧɧɹ ɦɟɠɿ ɜɢɹɜɥɟɧɧɹ (Ɇȼ) ɨɫɤɿɥьɤɢ 
ɱɭɬɥɢɜɿɫɬь ɦɟɬɨɞɢɤɢ ɞɨɡɜɨɥɹє ɩɪɨɜɨɞɢɬɢ ɬɿɥьɤɢ ɝɪɚɧɢɱɧɿ ɜɢɩɪɨɛɭɜɚɧɧɹ 

***– ɨɞɢɧɢɰɹ ɜɢɦɿɪɭ – ɧɝ/ɩɥɹɦɭ. 

ɋɥɿɞ ɡɜɟɪɧɭɬɢ ɭɜɚɝɭ, ɳɨ ɜ ɞɟɹɤɢɯ ɜɢɩɚɞɤɚɯ ɭ ɪɨɡɪɨɛɥɟɧɢɯ ɦɟɬɨɞɢɤɚɯ ɆɄȼ 
ɧɟɡɧɚɱɧɨ ɩɟɪɟɜɢɳɭє ɧɢɠɧɸ ɦɟɠɭ ɚɧɚɥɿɬɢɱɧɨɝɨ ɞɿɚɩɚɡɨɧɭ ɤɨɧɰɟɧɬɪɚɰɿɣ. ɐɟ, ɨɞɧɚɤ, ɧɟ 
ɨɡɧɚɱɚє, ɳɨ ɧɚ ɜɿɞɪɿɡɤɭ ɜɿɞ ɆɄȼ ɞɨ ɦɿɧɿɦɚɥьɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɞɿɚɩɚɡɨɧɭ ɧɟ ɦɨɠɧɚ ɜɟɫɬɢ 
ɜɢɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɭ. ɆɄȼ – ɰɟ ɪɨɡɪɚɯɭɧɤɨɜɚ ɜɟɥɢɱɢɧɚ, ɹɤɚ ɜɢɡɧɚɱɚєɬьɫɹ ɡ ɩɚɪɚɦɟɬɪɿɜ 

ɥɿɧɿɣɧɨʀ ɪɟɝɪɟɫɿʀ ɬɚ, ɬɚɤɢɦ ɱɢɧɨɦ, ɜ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɡɚɥɟɠɢɬь ɹɤ ɜɿɞ ɪɨɡɤɢɞɭ ɬɨɱɨɤ 

ɳɨɞɨ ɜɫɿєʀ ɨɰɿɧɨɱɧɨʀ ɥɿɧɿʀ ɪɟɝɪɟɫɿʀ, ɬɚɤ ɿ ɜɿɞ ɩɨɛɭɞɨɜɢ ɞɿɚɩɚɡɨɧɭ ɜɢɡɧɚɱɟɧɧɹ. ɉɨ ɫɭɬɿ 
ɆɄȼ – є ɞɨɜɿɪɱɢɣ ɿɧɬɟɪɜɚɥ ɞɥɹ ɫɬɚɬɢɫɬɢɱɧɨ ɧɭɥьɨɜɨʀ ɤɨɧɰɟɧɬɪɚɰɿɣɧɨʀ ɬɨɱɤɢ, 
ɪɨɡɪɚɯɨɜɚɧɢɣ ɡ ɜɢɫɨɤɨɸ ɜɿɪɨɝɿɞɧɿɫɬɸ «10 ɫɢɝɦɚ». Єɞɢɧɨɸ ɜɢɦɨɝɨɸ ɩɪɚɤɬɢɱɧɨɝɨ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɚɡɧɚɱɟɧɢɯ ɚɧɚɥɿɬɢɱɧɢɯ ɞɿɚɩɚɡɨɧɿɜ, є ɜɢɦɨɝɚ ɬɨɝɨ, ɳɨɛ ɪɨɡɪɚɯɨɜɚɧɟ ɡɧɚɱɟɧɧɹ 
ɆɄȼ ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɨ 32% ɜɿɞ ȽȾɄ ɚɧɚɥɿɬɭ. ɍ ɪɨɛɨɬɿ ɞɨɜɨɞɢɬьɫɹ, ɳɨ ɬɚɤɚ ɭɦɨɜɚ 

ɡɚɛɟɡɩɟɱɭє ɤɿɥьɤɿɫɧɟ ɜɢɡɧɚɱɟɧɧɹ ɚɧɚɥɿɬɭ ɡ ɜɫɬɚɧɨɜɥɟɧɨɸ ɩɪɟɰɢɡɿɣɧɿɫɬɸ ɬɚ ɩɪɚɜɢɥьɧɿɫɬɸ ɡɚ 
ɪɟɝɥɚɦɟɧɬɨɜɚɧɢɯ ɭɦɨɜ ɧɚ ɜɫьɨɦɭ ɞɿɚɩɚɡɨɧɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɢɤɢ. 
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Ɍɚɛɥɢɰɹ 3.2 Ⱦ.  

ȼɚɥɿɞɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɨɞɢɤ ɬɚ ʀɯ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ 

ȺɎІ Δx, % r Se, % | a |, % |1 – b|,% 

ɜɢɦɨɝɚ ɮɚɤɬ. ɜɢɦɨɝɚ ɮɚɤɬ. ɜɢɦɨɝɚ ɮɚɤɬ. max|a| Δa, % ɮɚɤɬ. Δb, % ɮɚɤɬ. 

Ɍɢɥɨɪɨɧ 7,7 1,3 0,99626 0,99988 6,65 1,19 8,64 1,54 0,40 0,01775 0,00689 

L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧ 6,1 5,8 0,99261 0,99992 5,37 0,56 7,71 0,80 0,40 0,01124 0,00674 

Ʉɨɥɚɝɟɧ 4,4 0,9 0,99443 0,99576 5,22 4,37 7,49 6,26 3,45 0,07184 0,04604 

Ȼɟɧɡɨɛɿɬɚɥ 9,2 0,8 0,99212 0,99979 6,95 1,13 8,15 1,32 0,45 0,02029 0,01020 

Ɋɨɡɭɜɚɫɬɚɬɢɧ 
ɤɚɥьɰɿɸ 

ȼȿɊɏ 7,9 2,0 0,99633 0,99997 6,80 0,64 8,66 0,81 0,50 0,00921 0.00882 

ɥɸɦ,* 4,7 0,6 - - - - - - - - - 

Ɏɥɭɩɿɪɬɢɧɭ ɦɚɥɟɚɬ (ɥɸɦ.) 5,7 0,7 0,99442 0,99905 6,80 2,74 7,56 3,05 1,77 0,03465 0,02668 

Ⱥɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬ 7,4 1,5 0,98855 0,99935 7,83 1,84 7,29 1,72 0,58 0,02505 0,01167 

Ɋɢɜɚɫɬɢɝɦɿɧɭ 
ɝɿɞɪɨɬɚɪɬɪɚɬ 

ɥɸɦ, 6,3 1,9 0,99885 0,99951 5,52 3,45 9,32 5,82 4,00 0,04162 0.03859 

ȼȿɊɏ 7,0 1,3 0,99975 0,99988 8,22 5,56 7,91 5,34 2,97 0,01347 0.01307 

Ƚɥɸɤɨɡɚ 
ɩɨɥɹɪɢɦɟɬɪɿɹ 4,9 1,5 0,99523 0,99967 4,66 1,22 7,98 2,09 0,07 0,02554 0.00099 

ȼȿɊɏ 6,9 2,1 0,99885 0,99994 7,14 1,62 8,70 1,98 0,36 0,01254 0.00379 

Ʉɚɥɿɣ  9,0 1,9 0,99823 0,99908 5,80 4,44 10,99 8,42 3,92 0,08374 0,05907 

ɇɚɬɪɿɣ  9,0 1,0 0,99823 0,99983 5,80 1,83 10,99 3,48 1,22 0,03458 0,01831 

ɋɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬ 9,5 1,2 0,98733 0,99999 7,63 0,23 7,61 0,23 0,08 0,00392 0,00202 

Ɏɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞ 6,5 1,4 0,99961 0,99994 8,95 3,36 7,49 2,81 1,03 0,00789 0,00500 

Ʉɥɨɧɿɞɢɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 20,7 0,4 0,99945 0,99998 20,33 4,10 22,68 4,58 0,66 0,00547 0,00105 

Ʌɟɜɚɧɚ 4,1 1,3 0,99582 0,99993 4,81 0,61 7,68 0,97 0,60 0,01034 0,00737 

Ⱦɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞ 8,8 3,6 0,99324 0,99997 8,24 0,58 7,91 0,56 0,03 0,00735 0,00064 

Ɏɟɧɿɛɭɬ 6,3 1,2 0,99278 0,99897 5,65 2,13 7,73 2,91 0,20 0,04044 0,00336 
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Ɍɚɛɥɢɰɹ 3.2 Ⱦ. (ɩɪɨɞɨɜɠɟɧɧɹ) 

ȼɚɥɿɞɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɨɞɢɤ ɬɚ ʀɯ ɤɪɢɬɟɪɿʀ ɩɪɢɣɧɹɬɧɨɫɬɿ 

ȺɎІ Δx, % r Se, % | a |, % |1 – b|,% 

ɜɢɦɨɝɚ ɮɚɤɬ. ɜɢɦɨɝɚ ɮɚɤɬ. ɜɢɦɨɝɚ ɮɚɤɬ. max|a| Δa, % ɮɚɤɬ. Δb, % ɮɚɤɬ. 
ɉɚɪɚɰɟɬɚɦɨɥ  

(ȺɆІɐИɌɊɈɇ®, ɫɚɲɟ) 
6,4 1,8 0,99866 0,99999 8,12 0,64 7,90 0,62 0,34 0,00365 0,00338 

ɉɚɪɚɰɟɬɚɦɨɥ  

(ȺɆІɐИɌɊɈɇ® ɉɅЮɋ, ɫɚɲɟ) 8,8 0,9 0,99156 0,99997 8,64 0,52 7,67 0,46 0,22 0,00637 0,00529 

Ƚɜɚɣɮɟɧɟɡɢɧ 6,3 1,2 0,99865 1,00000 8,64 0,25 7,67 0,22 0,06 0,00122 0,00056 

ɉɚɪɚɰɟɬɚɦɨɥ  
(ɌȿɈɎȿȾɊИɇ Іɋ®, ɬɚɛɥɟɬɤɢ) 

7,9 1,9 0,99239 0,99998 8,15 0,39 7,64 0,37 0,02 0,00485 0,00032 

Ɍɟɨɮɿɥɿɧ 6,0 1,5 0,99879 0,99996 8,15 1,57 7,64 1,47 0,19 0,00772 0,00162 

ɉɚɪɚɰɟɬɚɦɨɥ (ȺɆІɐИɌɊɈɇ® 
ȿɄɋɌɊȺɌȺȻ, ɬɚɛɥɟɬɤɢ) 

7,6 1,4 0,99922 1,00000 7,80 0,21 8,79 0,24 0,03 0,00125 0,00035 

ɉɚɪɚɰɟɬɚɦɨɥ  
(ɉȿɇɌȺɅȽІɇ Іɋ®, ɬɚɛɥɟɬɤɢ) 8,2 0,3 0,99066 0,99998 8,63 0,43 7,47 0,37 0,23 0,00513 0,00504 

Ⱦɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞ 5,6 5,5 0,99495 0,99875 5,02 2,65 7,83 3,99 3,92 0,05109 0,02381 

ɐɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 3,9 1,5 0,99722 0,99971 4,90 1,56 7,69 2,45 2,06 0,02126 0,02062 

Ɇɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ 6,8 2,6 0,99055 0,99939 7,17 1,78 7,40 1,84 1,02 0,02575 0,01894 

L-ɥɟɣɰɢɧ 6,7 1,3 0,99564 0,99979 7,45 1,62 7,85 1,71 0,10 0,01813 0,00155 

L-ɜɚɥɿɧ 6,7 0,8 0,99564 0,99983 7,45 1,46 7,85 1,54 0,00 0,01638 0,00006 

L-ɿɡɨɥɟɣɰɢɧ 6,7 1,2 0,99564 0,99991 7,45 1,10 7,85 1,16 0,44 0,01230 0,00708 

Ʉɜɟɪɰɟɬɢɧ 5,4 0,9 0,99766 0,99752 3,12 3,24 10,42 10,81 0,38 0,13040 0,00508 
* – ɞɥɹ ɥɸɦɿɧɟɫɰɟɧɬɧɨʀ ɦɟɬɨɞɢɤɢ ɧɟ ɪɨɡɪɚɯɨɜɭɜɚɥɢɫɹ ɜɚɥɿɞɚɰɿɣɧɿ ɤɪɢɬɟɪɿʀ, ɨɫɤɿɥьɤɢ ɡɚɥɟɠɧɿɫɬь ɚɧɚɥɿɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ ɜɿɞ ɤɨɧɰɟɧɬɪɚɰɿʀ 
ɧɟɥɿɧɿɣɧɚ 
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Ɍɚɛɥɢɰɹ 3.3 Ⱦ.  

ɋɬɭɩɿɧь ɜɢɥɭɱɟɧɧɹ 

ȺɎІ ɋɬɭɩɿɧь ɜɢɥɭɱɟɧɧɹ (k), % RSD, 

% 
Δk 

1 2 3 4 5 

Ɍɢɥɨɪɨɧ 98,36 95,92 97,63 98,21 96,45 1,11 1,3 

L-5-ɝɿɞɪɨɤɫɢɬɪɢɩɬɨɮɚɧ 75,58 87,17 86,04 79,96 82,15 5,72 5,8 

Ʉɨɥɚɝɟɧ 92,18 90,78 90,45 91,26 92,04 0,83 0,9 

Ȼɟɧɡɨɛɿɬɚɥ 95,54 96,72 97,11 95,94 96,30 0,64 0,8 

Ɋɨɡɭɜɚɫɬɚɬɢɧ ɤɚɥьɰɿɸ (ɥɸɦ.) 90,94 95,62 92,54 93,23 94,67 1,96 2,27 

Ɋɨɡɭɜɚɫɬɚɬɢɧ ɤɚɥьɰɿɸ 
(ȼȿɊɏ) 93,25 95,30 96,81 97,14 95,23 1,62 1,92 

Ɏɥɭɩɿɪɬɢɧ ɦɚɥɟɚɬ  97,05 96,85 96,17 97,31 97,73 0,60 0,7 

Ⱥɛɿɪɚɬɟɪɨɧɭ ɚɰɟɬɚɬ 82,34 85,11 82,93 82,65 81,97 1,48 1,5 

Ɋɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬ 

(ɥɸɦ.) 82,57 81,94 80,32 83,89 84,01 1,84 1,9 

Ɋɢɜɚɫɬɢɝɦɿɧɭ ɝɿɞɪɨɬɚɪɬɪɚɬ 

(ȼȿɊɏ) 82,57 83,14 84,32 84,89 85,01 1,29 1,3 

Ƚɥɸɤɨɡɚ (ɩɨɥɹɪɢɦɟɬɪɿɹ) 93,98 93,54 95,44 95,90 96,21 1,25 1,5 

Ƚɥɸɤɨɡɚ (ȼȿɊɏ) 91,52 93,49 95,67 92,55 95,08 1,84 2,1 

Ʉɚɥɿɣ  98,62 95,80 99,21 98,76 99,59 1,52 1,9 

ɇɚɬɪɿɣ  97,51 99,63 98,40 98,33 99,15 0,83 1,0 

ɋɢɥɞɟɧɚɮɿɥɭ ɰɢɬɪɚɬ 96,81 97,53 99,14 98,91 97,70 1,00 1,2 

Ɏɟɧɫɩɿɪɢɞɭ ɝɿɞɪɨɯɥɨɪɢɞ 92,09 92,49 93,01 90,04 91,82 1,23 1,4 

Ʉɥɨɮɟɥɿɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 95,49 95,83 96,28 95,74 96,12 0,33 0,4 

Ʌɟɜɚɧɚ 92,84 94,12 95,73 93,95 93,59 1,13 1,3 

Ⱦɚɤɥɚɬɚɫɜɿɪɭ ɞɢɝɿɞɪɨɯɥɨɪɢɞ 91,58 88,65 93,78 95,67 89,49 3,18 3,6 

Ɏɟɧɿɛɭɬ 98,17 99,94 100,04 98,02 99,53 0,98 1,2 

ɉɚɪɚɰɟɬɚɦɨɥ 

(ȺɆІɐИɌɊɈɇ®, ɫɚɲɟ) 
85,64 88,01 89,33 87,61 86,54 1,62 1,8 

ɉɚɪɚɰɟɬɚɦɨɥ 

(ȺɆІɐИɌɊɈɇ® ɉɅЮɋ, 
ɫɚɲɟ) 

96,97 98,59 96,84 97,43 97,60 0,71 0,9 

Ƚɜɚɣɮɟɧɟɡɢɧ 98,17 99,53 99,84 97,48 98,23 1,01 1,2 

ɉɚɪɚɰɟɬɚɦɨɥ (ɌȿɈɎȿȾɊИɇ 
Іɋ®, ɬɚɛɥɟɬɤɢ) 

88,18 91,23 90,56 92,21 89,74 1,69 1,9 

Ɍɟɨɮɿɥɿɧ 93,43 91,28 94,56 92,77 93,14 1,28 1,5 

ɉɚɪɚɰɟɬɚɦɨɥ 

(ȺɆІɐИɌɊɈɇ®
 

ȿɄɋɌɊȺɌȺȻ, ɬɚɛɥɟɬɤɢ) 

93,56 92,89 93,41 93,06 95,74 1,23 1,4 

ɉɚɪɚɰɟɬɚɦɨɥ (ɉȿɇɌȺɅȽІɇ 
Іɋ®, ɬɚɛɥɟɬɤɢ) 

99,82 99,31 99,90 99,45 99,89 0,28 0,3 

Ⱦɟɤɜɚɥɿɧɿɸ ɯɥɨɪɢɞ 74,47 80,07 74,47 79,23 68,99 5,90 5,5 

ɐɢɧɯɨɤɚʀɧɭ ɝɿɞɪɨɯɥɨɪɢɞ 85,21 86,32 87,12 87,55 88,41 1,40 1,5 

Ɇɟɬɚɦɿɡɨɥ ɧɚɬɪɿɸ 80,63 84,20 82,14 85,50 85,34 2,53 2,6 

L-ɥɟɣɰɢɧ 90,02 92,61 90,34 91,50 90,81 1,13 1,3 

L-ɜɚɥɢɧ 91,70 91,92 92,10 91,41 93,13 0,71 0,8 

L-ɿɡɨɥɟɣɰɢɧ 91,21 93,20 91,72 93,52 92,81 1,07 1,2 

Ʉɜɟɪɰɟɬɢɧ 95,20 95,00 96,31 96,10 96,72 0,77 0,9 
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